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1.01 Meeting Notices and Agendas 



11615 Sterling Avenue, Riverside, California 92503 • (909) 354-4220 • Administration FAX (909) 785-7076 • Planning FAX (909) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
  STORMWATER QUALITY STANDARDS STUDY 
 
 
 

Thursday, Sept. 18, 2003 9:00 a.m.  
 

Santa Ana Watershed Project Authority 
11615 Sterling Avenue, Riverside, California 

  
 
    
1) Call to Order 
 
2) Introductions 
 
3) Update on Process to Develop Study Workplan - CDM 
  
4) Status of Prop 13 Grant Funding Proposal  - SAWPA 
 
5) Schedule Future Meetings - SAWPA 
 
6) Photo Tour of Orange, Riverside and San Bernardino County Water Bodies  
 
7) Recreational Use Definition Matrix 
 
8) Adjournment 
 



11615 Sterling Avenue, Riverside, California 92503 • (909) 354-4220 • Administration FAX (909) 785-7076 • Planning FAX (909) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
DATE/TIME:  Wednesday, January 21, 2004  9:00 a.m. – 12:00 noon. 
LOCATION:  Santa Ana Watershed Project Authority 

11615 Sterling Avenue, Riverside, California 
  
     
1) Introductions 
 
2) Prop 13 Water Bond Grant Application Status - SAWPA 
 
3) SCCWRP Presentation on Microbial Source Tracking - John Griffith, Microbiologist 
 
4)  Work Plan Review 
 Overview of Final Draft Work Plan 

 Discussion & Comments 

 Completion of Final Work Plan 

5)  Moving Forward 
 Phase 1 Work Plan Implementation Activities 

- Initial Tasks 

- Funding/grant status 

- Schedule 

 Stakeholder process 

6) Schedule Next Meeting 
 
7) Adjournment 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Sharon Kreul at (909) 354-4247, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (909) 354-4220 • Administration FAX (909) 785-7076 • Planning FAX (909) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
DATE/TIME:  Wednesday, March 10, 2004 1:00 pm – 4:00 pm. 
LOCATION:  Santa Ana Watershed Project Authority 

11615 Sterling Avenue, Riverside, California 
  
     
1) Introductions 

2) Overview Presentation on updated EPA Guidance on Pathogen Standards – EPA 

3) Proposed final revisions to Work Plan (in particular Phase I)  

4) Consultant Roles for study  

5) Task Force Participation and Funding Support 

6) Data/information requests for Phase I Technical Tasks  

7) Planning/scheduling Phase I Workshops and future meetings 

8) Adjournment 

 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Sharon Kreul at (909) 354-4247, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (909) 354-4220 • Administration FAX (909) 785-7076 • Planning FAX (909) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Wednesday, May 12, 2004  1:00 p.m. – 5:00 p.m. 
 

Santa Ana Watershed Project Authority 
11615 Sterling Avenue, Riverside, California 

  
     
 
1) Introductions 
 
2) Presentation of New Pathogen Guidance (EPA) 
  
3) Summary of State and Federal Requirements in Designating Beneficial Use (Moore) 
 
4)  Distribution of First Set of Delphi Questions (Moore) 
 
5)  Review plan and current status of data collection efforts (CDM) 
 
6) Next Meeting, June 2, 2004  1:00 P.M.- 4:00 P.M. 
 
7) Adjournment 
 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 909/354-4248, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (909) 354-4220 • Administration FAX (909) 785-7076 • Planning FAX (909) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Wednesday, June 2, 2004  1:00 p.m. – 4:00 p.m. 
 

Santa Ana Watershed Project Authority
11615 Sterling Avenue, Riverside, California 

  
     
 
1) Introductions and opening comments 
 
2) Status report on data collection (CDM) 
  
3) Task progress report (CDM) 
 
4)  Discussion of first set of DELPHI questions (Moore) 
 
5)  Distribution of second set of DELPHI questions (Moore) 
 
6) Next Meeting, June 30, 2004,  1:00 P.M.- 4:00 P.M. 
 
7) Adjournment 
 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 909/354-4248, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (909) 354-4220 • Administration FAX (909) 785-7076 • Planning FAX (909) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Wednesday, June 30, 2004  12:00 p.m. – 4:00 p.m. 
(Lunch served at 11:30 a.m.) 

 
Santa Ana Watershed Project Authority

11615 Sterling Avenue, Riverside, California 
  
     
1)  Introductions and opening comments 
 
2) Approval of minutes (May 12 and June 2) 
 
3) Status report on data collection (CDM) 
  
4) Task progress report (CDM) 
 
4)  Discussion of second set of DELPHI questions (#3 and 4) (Moore) 
 
5)  Distribution of third set of DELPHI questions (#5 and 6) (Moore) 
 
6) Next Meeting, July 28, 2004, 12:00 P.M. - 4:00 P.M. 
 
7) Adjournment 
 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 909/354-4248, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (909) 354-4220 • Administration FAX (909) 785-7076 • Planning FAX (909) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, August 12, 2004  12:00 p.m. 
(Light lunch at 11:30 a.m.) 

 
Santa Ana Watershed Project Authority 

11615 Sterling Avenue, Riverside, California 
Board Room 

  
    
  
1)  Introductions and opening comments 
 
2) Approval of meeting notes (June 30, 2004) 
 
3) Status report on data collection and analysis (CDM) 
  
4) Task progress report (CDM) 
 
5)  Discussion of third set of DELPHI questions #5 and 6 (Moore) 
 
6)  Distribution of next set of DELPHI questions (#7 and 8) (Moore) 
 
7) Next Meeting: August 25, 2004, 12:00 p.m. 
 
8) Adjournment 
 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 909/354-4248, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (909) 354-4220 • Administration FAX (909) 785-7076 • Planning FAX (909) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Wednesday, August 25, 2004  12:00 p.m. 
(Light lunch at 11:30 a.m.) 

 
Santa Ana Watershed Project Authority 

11615 Sterling Avenue, Riverside, California 
Board Room 

  
    
  
1)  Introductions and opening comments 
 
2) Update on data collection and analysis (CDM) 
 
3) Discussion of task force schedule (Moore) 
 
4)  Discussion of Delphi matrix, including field trip observations (Moore) 
 
5)  Distribution of next set of Delphi questions (Moore) 
 
6) Next Meeting: September 29, 2004, 12:00 p.m. 
 
7) Adjournment 
 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4248, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (909) 354-4220 • Administration FAX (909) 785-7076 • Planning FAX (909) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, September 16, 2004   
1:00  - 4:00 p.m. 

 
Santa Ana Watershed Project Authority 

11615 Sterling Avenue, Riverside, California 
Board Room 

  
    
  
1)  Introductions and opening comments 
 
2) Update on task progress - technical memoranda (CDM) 
 
3) Representative site analysis (CDM) 
 
4)  Development of draft definitions for REC-1, Limited REC-1 and Not REC-1 (Moore) 
 
5)  Distribution of next set of Delphi questions (Moore) 
 
6) Next Meeting: T.B.A. 
 
7) Adjournment 
 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4248, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (909) 354-4220 • Administration FAX (909) 785-7076 • Planning FAX (909) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Wednesday, October 13, 2004   
1:00  - 4:00 p.m. 

 
NOTE CHANGE IN MEETING LOCATION: 

Orange County Sanitation District 
10844 Ellis Avenue, Fountain Valley, CA 92708 

Conference Room C, Administration Building 
  
    
  
1)  Introduction and opening comments 
 
2)  Adoption of meeting notes (9/16/04) 
 
3) Update on task progress – (technical memoranda) (CDM) 
  
4)  Discussion of field trip and last set of Delphi questions (Moore) 
 
5)  Distribution of next set of Delphi questions (Moore) 
 
6) Next Meeting: T.B.A. 
 
7) Adjournment 
 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4248, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Wednesday, February 2, 2005   
1:30 - 4:30 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

 
  
 
 
1)  Introductions and Opening Comments 
 
2)  Final Summary of Phase I (Moore) 
 
3) Discussion of Phase II Scope of Work (Moore/CDM) 
  
4)  Review of Task Force Process- What Works and What Needs to be Fixed (McKenney) 
 
5) Set Date for Next Meeting 
 
6)  Adjournment 
  
 
 
 
 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, March 3, 2005   
1:00 - 4:00 p.m. 

(Light Lunch Available at 12:30 p.m.) 
11615 Sterling Avenue, Riverside, CA  92503 

 
  
 
 
1)  Introductions and Opening Comments 
 
2)  Discussion of Relationship between the Task Force and Ongoing TMDL Efforts 

(Schneider)) 
 
3) Overview of the Santa Ana River Beneficial Use Survey (Whetsel/Rice) 
  
4)  Discussion of Phase II Scope of Work (CDM/Moore) 
 
5) Set Date for Next Meeting 
 
6)  Adjournment 
  
 
 
 
 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, April 14, 2005   
9:00 a.m. - 12:00 p.m. 

11615 Sterling Avenue, Riverside, CA  92503 
 
1)  Introductions and Opening Comments 
 
2) Approval of Meeting Notes (March 3, 2005) 
 
3) Discussion of Task Force Phase II Meeting Dates 
 
4)  Further Discussion of Potential Partnering Opportunities between the Task Force and 

Ongoing TMDL Efforts (Schneider) 
 
5) Review of SWRCB vs. City of Burbank (Moore) 
  
6) Summarize Phase II Outlook (Moore) 
 
7)  Approval of Phase II Scope, Schedule and Deliverables (Bounds/Moore) 
 
8) Brainstorming Site List of Potential UAA Pilot Studies (Bounds/Moore) 
 
9) Set Date for Next Meeting (May 26) 
 
10)  Recap of Tasks for the Next Meeting and Adjournment 
  
 
 
 
 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, May 26, 2005   
 9:00 a.m. - 12:00 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

 
 
1)  Introductions and Opening Comments 
 
2) Discussion of Meeting Notes (April 14, 2005) and Website 
 
3) Task Force CASQA Conference Abstract 
 
4)  Task Force and Ongoing TMDL Efforts- Partnering Progress 
 
5) Summarize Phase II Activities (Moore/Bounds) 
 
6) Stream Segment Selection for UAA (Moore) 
 
7)  Discussion of Recreational Use Surveys (Moore/Bounds) 
 
8) Date for Next Meeting (June 23- 1:00 p.m.) (Please note afternoon time) 
 
9)  Adjournment 
  
 
 
 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, June 23, 2005   
 1:00 p.m. - 4:00 p.m. 

(Light lunch available at 12:30 p.m.) 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
1)  Introductions and Opening Comments 
 
2)  Ongoing TMDL Efforts 
  Summary of Middle Santa Ana Watershed TMDL (Whetsel) 
  Future of Total and Fecal Coliform Metrics? 
   
3) Discussion of Surveillance Camera Selection (Bounds) 
 
4) Update on Technical Tasks (Bounds) 
 
5)  Development of Use Survey Criteria (Moore/Bounds) 
 
6) Review Study Site Selection Matrix (Moore) 
 
7) Discussion of the Utility of Cameras on the Santa Ana Mainstem (Moore) 
 
8) Date for Next Meeting (July 28- 9:00 a.m.)  
 
9)  Adjournment 
  
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, July 28, 2005   
9:30 a.m. – 12:30 p.m. 

(Note: Later start time) 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
1)  Introductions and Opening Comments 
 
2)  Ongoing TMDL Efforts 
  - Summary of Recent Helicopter Flight to Survey Recreational Use 
   
3) Discussion of High Flow Suspension of REC-1 Use (Moore) 
 
4)  Recreational Use Survey Update (Bounds/ Moore) 
  - Camera Installation Update 
  - Data Review Process 
 
5) Research Task Update (Bounds) 
 
6) Storm Flow Characterization Update (Bounds) 
 
7) Date for Next Meeting (August 25- 9:30 a.m.)  
 
8)  Adjournment 
  
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, August 25, 2005   
9:30 a.m. – 12:30 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

 
 
1)  Introductions and Opening Comments 
 
2)  Ongoing TMDL Update 
   
3) SCRWP Research Update (Eric Stein) 
 
4)  Recreational Use Survey Update (CDM) 
 
5) Research Task Update (CDM) 
 
6) Flow Analysis Presentation (CDM) 
 
7) Channel Attribute Determination (CDM) 
 
8) Discussion of Delphi Questions (Moore) 
  
9) Adjourn (Next Meeting Date: Sept. 29, 9:30 a.m.) 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, September 29, 2005   
9:30 a.m. - 2:00 p.m. 

(Light lunch provided) 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
1)  Introductions and Opening Comments 
 
2)  Ongoing TMDL Update 
   
3) Criteria Research Task Update (CDM) 
 
4)  Channel Attribute Determination Update (CDM) 
 
5) Recreational Use Survey Update/ Discussion (CDM) 
 
6) Remaining Technical Task Discussion/ Direction (CDM) 
 
7) Delphi Discussion – High Flow Suspension for REC-1 Uses (Risk Sciences) 
 
8) Delphi Discussion – Limited REC-1 Definition (Risk Sciences) 
 
9) Adjourn (Next Meeting Date: October 17, 9:30 a.m. - 3:30 p.m.) 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Monday, October 17, 2005   
9:30 a.m. – 3:30 p.m. 
(light lunch provided) 

 
11615 Sterling Avenue, Riverside, CA  92503 

 
 
1)  Introductions and Opening Comments 
 
2)  Ongoing TMDL Update 
   
3) Update on Technical Tasks (CDM) 
 
4)  Conclusion of Delphi Discussion: Draft Basin Plan Language to Implement a High 
  -Flow Suspension (Risk Sciences) 
 
5) Initiation of Delphi Discussion: Draft Basin Plan Language to Subcategorize REC-1  

to Include a Limited Use Category (Risk Sciences) 
 

6)  Adjourn (Next meeting date: November 17, 2005, 9:30 a.m.- 12:30 p.m.) 
 
 
 
 
 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, November 17, 2005   
9:30 a.m. – 1:30 p.m. 
(light lunch provided) 

 
11615 Sterling Avenue, Riverside, CA  92503 

 
 
1)  Introductions and Opening Comments 
  Review Revised Phase II Schedule 
  Set Meeting Dates for Remainder of Phase II 
 
2) Ongoing TMDL update 
 
3) Update on Technical Tasks (CDM) 
  a. Delivery of Final Technical Memoranda 
   Water Quality Criteria Summary 
   Receiving Water Attribute Mapping 
   Stormflow Characterization 
  b. Recreational Use Survey Update 
  c. Update on EPA Criteria Research 
  e. Economic Analysis Discussion 
 
4)  Consider Locations for High Flow Suspension (continues August Delphi work) 
 
5) Consider Locations for Limited REC-1 Classification (continues October Delphi work) 

 
6)  Adjourn (Next meeting date: December 16, 2005, 9:30 a.m. - 12:00 p.m.) 

 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Friday, December 16, 2005   
9:30 a.m. – 2:30 p.m. 
(light lunch provided) 

 
11615 Sterling Avenue, Riverside, CA  92503 

 
 
1)  Introductions and Opening Comments 
  Review Revised Phase II Schedule 
  Set Meeting Dates for Remainder of Phase II 
 
2) Ongoing TMDL update 
 
3) Update on Technical Tasks (CDM) 
  a. Delivery of Final Technical Memoranda 
   Water Quality Criteria Summary 
   Receiving Water Attribute Mapping 
   Stormflow Characterization 
  b. Recreational Use Survey Update 
  c. Update on EPA Criteria Research 
  e. Economic Analysis Discussion 
 
4)  Consider Locations for High Flow Suspension (continues August Delphi work) 
 
5) Consider Locations for Limited REC-1 Classification (continues October Delphi work) 

 
6)  Adjourn (Next meeting date: December 16, 2005, 9:30 a.m. - 12:00 p.m.) 

 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, January 19, 2006   
9:30 a.m. – 1:00 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

 
 
1)  Introductions and Opening Comments 
  a. Review Revised Phase II Schedule 
  b. Budget Issues 
 
2) TMDL update 
  a. Improving Communication 
  b. Middle Santa Ana TMDL Scheduling 
 
3) Update on Technical Tasks (CDM) 
  a. EPA Guidance Research 
  b. Recreational Use Survey  
  c. Economic Analysis Progress 
 
4)  Delphi Discussion- Water Quality Objectives for REC-1 and Limited REC-1 Uses 
 
5) Adjourn (Next meeting date: February 16, 2006, 9:30 a.m. - 1:00 p.m.) 

 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, February 16, 2006   
9:30 a.m. – 1:00 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

(Light lunch provided) 
 
 
1)  Introductions and Opening Comments 
  a. Basin Planning Roundtable Group Public Review Document Availability 
  b. Budget Issues 
 
2) Delphi Discussion: Water Quality Objectives for REC-1 and Limited REC-1 Uses  
 
3) Update on Technical Tasks (CDM) 
 
4) TMDL Update 
  a. Middle Santa Ana Pathogen Modeling Demonstration (Feb. 21) 
   b. Middle Santa Ana Implementation Schedule 
 
5) Adjourn (Next meeting date: March 2, 2006, 9:30 a.m. - 1:00 p.m.) 

 
 
 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, March 2, 2006   
9:30 a.m. – 1:00 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

(Light lunch provided) 
 
 
1)  Introductions and Opening Comments 
  a. Basin Planning Roundtable Group Update 
  b. Web-page Update 
  c. Summary of Technical Tasks:  Pending and Completed 
 
2) Summary of Consensus Conclusions to Date 
 
3) Delphi Discussion of Water Quality Objectives for Bacteria 
 
4) Technical Task Update (CDM) 
   
5) TMDL Update 
  a. Middle Santa Ana Pathogen Modeling Demonstration Report 
 
6) Adjourn (Next meeting date: April 20, 2006, 9:30 a.m. - 1:00 p.m.) 

 
 
 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, April 20, 2006   
9:30 a.m. – 1:00 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

(Light lunch provided) 
 
 
1)  Introductions and Opening Comments 
  a. Basin Planning Roundtable Group Update 
  b. Summary of Technical Tasks:  Pending and Completed 
 
2) Budget and Scope of Work for Phase III  
 
3) Delphi Discussion of Water Quality Objectives for Bacteria 
 
4) Recommendations for New Camera Locations 
   
5) Technical Task Update (CDM) 
   
6) Adjourn (Next meeting date: May 18, 2006, 9:30 a.m. - 1:00 p.m.) 

 
 
 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, May 18, 2006   
9:30 a.m. – 1:00 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

(Light lunch provided) 
 
 
1)  Introductions and Opening Comments 
  a. Basin Planning Roundtable Group Update (Regional Board) 
  b. Middle Santa Ana TMDL Update (TMDL Participants) 
 
2) Technical Tasks Update (CDM) 
  a. UAA Workplan Outline 
  b. Recreational Use Survey 
  c. Compliance Alternatives Analysis 
 
3) Scope of Work for Phase III of the Task Force (CDM & Risk Sciences) 
 
4) Water Quality Objectives Discussion (Risk Sciences) 
   
6) Adjourn (Next meeting date: June 15, 2006, 9:30 a.m. - 1:00 p.m.) 

 
 
 
 
 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, June 15, 2006   
9:30 a.m. – 1:00 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

(Light lunch provided) 
 
 
1)  Introductions and Opening Comments 
  a. Basin Planning Roundtable Group Update (Regional Board) 
  b. Middle Santa Ana TMDL Update (TMDL Participants) 
  c. Sign-ups for Warm Season Site Visits (Woelfel) 
  d. Triennial Review Basin Plan Priority List 
 
2) Technical Tasks Update (CDM) 
  a. Recreational Use Survey 
  b. Draft UAA Workplan 
  c. Compliance Alternatives Analysis 
 
3) Scope of Work for Phase III of the Task Force (CDM & Risk Sciences) 
 
4) Water Quality Objectives Discussion (Risk Sciences) 
  a. Definition of “existing uses” 
  b. Indicator Pathogen Objectives for REC-2 
 
5) Adjourn (next meeting date: July 13, 2006, 9:30 a.m. - 1:00 p.m.) 

 
 
 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

    



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, August 3, 2006   
9:30 a.m. – 1:00 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

(Light lunch provided) 
 
1)  Introductions and Opening Comments 
  a. Basin Planning Roundtable Group Update (Woelfel) 
  b. Middle Santa Ana TMDL Model Update (Whetsel) 
  c. Sign-ups for Warm Season Site Visits (Woelfel) 
  d. Comments on Triennial Review Basin Plan Priority List 
  e. Schedule September Meeting with EPA and State Board Staff (Schneider) 
 
2) Technical Tasks Update (CDM) 
  a. Recreational Use Survey 
  b. Draft UAA Workplan- Draft Revisions 
  c. Concepts for Attainment Assessment Task 
 
3) Review Conclusions To-Date (Risk Sciences) 
 
4) Scope of Work for Phase III of the Task Force (CDM & Risk Sciences) 
  a. Phase II Amendment to Move Greenville Banning Camera 
  b. Phase III Scope for CDM and Risk Sciences 
 
 
5) Adjourn (tentative meeting date: August 24, 2006, 9:30 a.m. - 1:00 p.m.) 

 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, August 24, 2006   
9:30 a.m. – 1:00 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

(Light lunch provided) 
 
1)  Introductions and Opening Comments 
  a. Basin Planning Roundtable Group Update (Woelfel) 
  b. Middle Santa Ana TMDL Model Update (TMDL participants) 
  c. Warm Season Site Visits (Woelfel) 
  d. San Francisco Travel Planning (Sept. 18 trip) 
  e. Schedule November and December meeting 
  f. Regional Board Roundtable Presentation (August 31) (Moore) 
 
2) Technical Tasks Update (CDM) 
  a. Recreational Use Survey- Data Reports for Santa Ana Delhi Channel 
  b. Attainment Assessment Process- Draft 
   
3) Discuss “Candidate Final Text for Basin Plan Amendment” (Risk Sciences) 
 
4) Scope of Work for Phase III of the Task Force (CDM & Risk Sciences) 
   
 
5) Adjourn (tentative meeting date: October 12, 2006, 9:30 a.m. - 1:00 p.m.) 

 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, October 12, 2006   
9:30 a.m. – 1:00 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

(Light lunch provided) 
 
1)  Introductions and Opening Comments 
 
 
2) Finalize Candidate Basin Plan Language (Risk Sciences) 
 
 
3) Adjourn (next meeting date: November 9, 2006, 9:30 a.m. - 1:00 p.m.) 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, November 9, 2006   
9:30 a.m. – 1:00 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

(Light lunch provided) 
 

1) Introductions and Opening Comments 
a. 2007 Schedule 
 
 

2) Technical Task Update (CDM) 
a. Recreational Use Survey Update 
b. Additional Water Quality Analysis 
 
 

3) Finalize Basin Plan Amendment Recommendations 
 
 
4) Regulatory Proposal for EPA Comment 

 
 

5) Regional Board Presentation (Dec 1) 
 
 

6) Adjourn (next meeting date:  November 30, 2006, 9:30 a.m. – 1:00 p.m.) 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, November 30, 2006   
9:30 a.m. – 1:00 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

(Light lunch provided) 
 

1) Introductions and Opening Comments 
a. Development of Site-Specific Selenium Objectives (County of Orange) 
 

2) Technical Task Update (CDM) 
a. Recreational Use Survey Update 

i. Completed surveys 
ii. Public Access of Survey Images 

iii. Mainstem Survey Design 
iv. Beach Survey Design 

b. Phase III Scope- Economic Analysis Additions 
 

3) Revised Wording for Final Candidate Text (Risk Sciences) 
 
4) Outline of EPA Proposal (Risk Sciences) 

 
5) Regional Board Presentation (Dec. 1) 

 
6) 2007 Workplan (Risk Sciences/CDM) 

 
7) Adjourn (next meeting date: January 10, 2007, 9:30 a.m. – 1:00 p.m.) 

(Note: WEDNESDAY meeting date) 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Wednesday, January 10, 2007   
9:30 a.m. – 1:00 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

(Light lunch provided) 
 

1) Introductions and Opening Comments 
a. Workgroup to Develop Statewide Bacterial Standards 

 
 
2) Discussion of Draft REC-1 and REC-2 Beneficial Use Definitions 

 
 

3) Adjourn (next meeting date: February 1, 2007) 
(Note: THURSDAY meeting date) 
 
 
 
 
 
 
 
 
 
 

 
 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, February 1, 2007   
9:30 a.m. – 1:00 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

(Light lunch provided) 
 

1) Introductions and Opening Comments 
a. Update on Workgroup to Develop Statewide Bacterial Standards 
b. Public Use of Recreational Survey Data (Beehler) 

 
 
2) Revised Project Schedule/ Task Force Direction (Risk Sciences/ CDM) 

a. Budget Updates 
 
 

3) Recreational Use Survey Update (CDM) 
 
 

4) Discussion of New Camera Locations (Risk Sciences) 
 
 

5) Review Revised Draft Candidate Basin Plan Amendment Language (Risk Sciences) 
 
 

6) Review Existing Use (REC-1 & REC-2) Nomenclature 
 
 

7)  Adjourn (Next meeting: Thursday, March 1, 2007; Progress Report to Regional 
Board, Friday, March 2, 2007)) 

 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, March 1, 2007   
9:00 a.m. – 12:30 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

(Light lunch provided) 
 

1) Introductions and Opening Comments 
a. Regional Board Presentation (March 2) 
b. Chicago Area Waterways Secondary Contact Study (Beehler) 

 
 
2) Recreational Use Survey Update (CDM) 

 
 

3) Phase III: Budget, Tasks, and Schedule (CDM/Risk Sciences) 
 
 

4) Outline for UAA Documents (Risk Sciences) 
 
 

5) UAA Reach Boundaries 
 
 

6) Economic Analysis Parameters 
 
 

7)  Adjourn (Next meeting: Thursday, April 19, 2007) 
 

 
 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, April 19, 2007   
9:30 a.m. – 1:00 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

(Light lunch provided) 
 

1) Introductions and Opening Comments 
a. State Board Roundtable on REC-1 Standards 

 
2) Regional Board Presentation Feedback (Risk Sciences) 

 
 

3) UAA Reach Boundaries (CDM) 
 
 

4) Confirm Recreational Use Survey Locations (CDM) 
 
 

5) Discussion of UAA Outline (CDM/Risk Sciences) 
 
 

6) Recreational Use Survey Update (CDM) 
 
 

7)  Adjourn (Next meeting: Thursday, May 31, 2007) 
 

 
 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Wednesday, June 27, 2007   
1:00 p.m. – 4:30 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

 
 

1) Introductions and Opening Comments 
a. State Board Roundtable on REC-1 Standards 

 
2) Task Force Schedule 

 
 

3) Discussion of Strawman Proposal 
 
 

4) UAA Technical Reports- Draft 
 
 

5) Engineering Alternatives Analysis Approach 
 
 

6) Recreational Use Survey Update  
 
 

7)  Adjourn (Next scheduled meeting: Thursday, August 23, 2007) 
 

 
 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Wednesday, July 11, 2007   
1:00 p.m. – 4:30 p.m. 

 
11615 Sterling Avenue, Riverside, CA  92503 

 
 

1) Introductions and Opening Comments 
a. State Board Roundtable on REC-1 Standards 

 
2) Task Force Schedule 

 
 

3) Discussion of Strawman Proposal 
 
 

4) UAA Technical Reports- Draft 
 
 

5) Engineering Alternatives Analysis Approach 
 
 

6) Recreational Use Survey Update  
 
 

7)  Adjourn (Next scheduled meeting: Thursday, August 23, 2007) 
 

 
 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, September 6, 2007   
9:30 a.m. – 1:00 p.m. 

(Light Lunch Provided) 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 

1) Introductions and Opening Comments 
a. State Board Roundtable on REC-1 Standards 

 
2) Task Force Schedule 

 
 

3) Discussion of Strawman Proposal 
 
 

4) UAA Technical Reports- Draft 
 
 

5) Engineering and Economics Analysis 
a. Economic Analysis Framework 
b. Engineering Alternatives Analysis Approach 

 
 

6) Recreational Use Survey Update  
 
 

7)  Adjourn (Next scheduled meeting: Thursday, October 11, 2007) 
 

 
 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, October 11, 2007   
9:30 a.m. – 1:00 p.m. 

(Light Lunch Provided) 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 

1) Introductions and Opening Comments 
a. State Board Roundtable on REC-1 Standards 
b. Task Force Schedule Update 

 
2) Strawman Update (Risk Sciences) 

 
 

3) Economic Considerations (Risk Sciences/ CDM) 
 
 

4) UAA Staff Reports and Supporting Documents (CDM) 
 
 

5) Economic Analysis for Santa Ana Delhi Update (CDM) 
 
 

6) Recreational Use Survey Update (CDM) 
 
 

7)  Adjourn (Next scheduled meeting: Thursday, November 29, 2007) 
 

 
 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, February 28, 2008   
9:30 a.m. – 1:00 p.m. 

(Light Lunch Provided) 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 

1) Introductions and Opening Comments 
a. State Board Roundtable on REC-1 Standards (Regional Board) 
b. Regional Board Presentation Recap (Risk Sciences) 

 
 
2) Recreational Use Survey Update (CDM) 

 
 

3) Santa Ana Delhi Economic Alternatives Analysis (CDM) 
 
 

4) Basin-Wide Economic Analysis: Status (CDM) 
 
 

5) EPA Strawman Comments (Risk Sciences) 
 
 

6) Regional Board Staff Report Outline (Risk Sciences) 
 
 

7)  Adjourn (Next scheduled meeting: March 20, 2008) 
 

 
 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, March 20, 2008   
9:30 a.m. – 1:00 p.m. 

(Light Lunch Provided) 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 

1) Introductions and Opening Comments 
a. State Board Roundtable on REC-1 Standards (Regional Board) 
b. Request for EPA Comment 

 
 
2) Matrix of Regulatory Alternatives and Current Direction (Risk Sciences) 

 
 

3) Staff Reports and UAA Report Documents (Risk Sciences/ CDM) 
 
 

4) Basin-Wide Economic Analysis: Status (CDM) 
 
 

5) Recreational Use Survey Update (CDM) 
 
 

6)  Adjourn (Next scheduled meeting: April 17, 2008) 
 

 
 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, June 5, 2008   
9:30 a.m. – 1:00 p.m. 

(Light Lunch Provided) 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 

1) Introductions and Opening Comments 
• State Board Roundtable on REC-1 Standards (Regional Board) 

 
 
2) Recreational Use Survey Update (CDM) 

 
 

3) Review of Written Strawman Comments (Risk Sciences) 
 
 

4) Alternative Implementation Strategy (Risk Sciences) 
 
 

5) Future Activities- Direction (Task Force) 
 
 

6)  Adjourn (Next scheduled meeting: July 17, 2008) 
 

 
 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, July 17, 2008   
9:30 a.m. – 1:00 p.m. 

(Light Lunch Provided) 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 

1) Introductions and Opening Comments 
• State Board Roundtable on REC-1 Standards (Regional Board) 
• Regional Board Meeting Presentation- Rescheduled 

 
 
2) Recreational Use Survey Update (CDM) 

 
 

3) Implementation Options (Risk Sciences) 
 
 

4) Adjourn (Next scheduled meeting: September 4, 2008) 
 
 
 
 
 
 
 
 
 
 

 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, September 11, 2008   
8:30 a.m. – 1:00 p.m. 

(Light Lunch Provided) 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 

1) Introductions and Opening Comments 
• REC-1 Standards- CEQA Scoping Meeting (Regional Board Staff) 

 
2) Recreational Use Survey Update (CDM) 

 
3) Regional Board Presentation Summary (Risk Sciences) 
 
4) Presentation to State Water Resources Control Board (Nov. 4) (Risk Sciences) 
 
5) Strawman Task Force Direction 
 
6) Schedule and Contract Approval 

 
 

 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, October 23, 2008   
8:30 a.m. – 1:00 p.m. 

(Light Lunch Provided) 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 

1) Introductions and Opening Comments 
• REC-1 Standards - CEQA Scoping Meeting Report 

 
2) Recreational Use Survey Update (CDM) 

 
3) Review Revisions to Proposed Basin Plan Amendment (Risk Sciences) 
 
4) High Flow Suspension (Risk Sciences) 
 
5) 2009 Schedule 
 
6) Adjourn (Next Meeting November 20) 

 
 

 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

 



S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, November 20, 2008   
9:30 a.m. – 1:00 p.m. 

(Light Lunch Provided) 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 

1) Introductions and Opening Comments 
  Review of SWRCB Presentation 
 
2) Camera Survey Work in the Chino Basin (Ryan Shaw, IEUA) 

 
3) Recreational Use Survey Update (CDM) 
 
4) Review of Revised Strawman Text (Risk Sciences) 
 
5) High Flow Suspension (Risk Sciences) 
 
6) Adjourn (Next Meeting December 4) 

 
 

 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, November 29, 2007   
9:30 a.m. – 1:00 p.m. 

(Light Lunch Provided) 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 

1) Introductions and Opening Comments 
a. State Board Roundtable on REC-1 Standards (Regional Board) 
b. Task Force Schedule Update (Risk Sciences) 

 
2) Recreational Use Survey Update (CDM) 

 
 

3) Santa Ana Delhi Engineering Alternatives Analysis (CDM) 
 
 

4) Basin-Wide Economic Analysis: Concepts (CDM) 
 
 

5) Strawman Approval (Risk Sciences) 
 
 

6) Regional Board Issues (Risk Sciences) 
a. Progress Report (November 30) 
b. Preparation of Staff Reports 

 
 

7)  Adjourn (Next scheduled meeting: TBD) 
 

 
 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, December 4, 2008   
9:30 a.m. – 1:00 p.m. 

(Light Lunch Provided) 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 

1) Introductions and Opening Comments 
 
2) Survey Camera Locations (CDM) 

 
3) High Flow Suspension (Risk Sciences) 
 
4) 2009 Schedule (Risk Sciences) 
 
5) Great Lakes REC-1 Standards (CDM) 
 
6) Adjourn (Next Meeting January 15) 

 
 

 
 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Marie Jauregui at 951/354-4220, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Wednesday, January 7, 2009   
9:30 a.m. – 1:00 p.m. 

(Light Lunch Provided) 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 

1) Introductions and Opening Comments 
  Confirm Budget Approval for 2009 
  Confirm Accelerated Schedule for 2009 (including Task Assignments) 
 
2) Finalize REC Definitions (Risk Sciences) 

 
3) Finalize Bacterial Objectives, including Single Sample Maximums (Risk Sciences) 
 
4) Finalize High Flow Suspension Language (Risk Sciences) 
 
5) Finalize Specific UAA Locations and Designations (Risk Sciences) 
 
6) Distribution of Handout: Use Frequency Definitions of Other States (CDM) 
 
7) Adjourn  

 

 
 

 
Any person with a disability who requires accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in 
order to make a request for a disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
NOTICE AND AGENDA 

 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Thursday, January 22, 2009   
9:30 a.m. – 1:00 p.m. 

 

11615 Sterling Avenue, Riverside, CA  92503 
 
 

1) Introductions and Opening Comments 
   
2) Review Final Strawman Language  

A.  Strawman Language to EPA 
 

3) Subcommittee Reports: 
A.  Frequent/Infrequent Use Designation  
B.  Controllable/Uncontrollable Sources Definition  

 
4) Task Force Direction to Other Subcommittees:  

A.  High Flow Suspension 
B. Monitoring Program 
C. BMP Implementation 
 

5) Assign Drafting Responsibilities: 
 A. Basin Plan Amendment(s) 
 B. Resolution of Adoption for BPA 
 C. Staff Report(s) 
 D. UAA Reports 
 E. 13241 Analysis for REC1 Objectives 
 
6) Revise Meeting Schedule  
 
7) Schedule Regional Board Progress Report  
 
8)       Adjourn (next meeting scheduled for Thurs., February 12, 2009 at 9:30 a.m.) 
 

 
 

Any person with a disability who requires accommodation in order to participate in this meeting should telephone Task 
Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a request for a 
disability-related modification or accommodation. 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
NOTICE AND AGENDA 

 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Monday, February 9, 2009   
1:30 – 4:00 p.m. 

 

11615 Sterling Avenue, Riverside, CA  92503 
 

  
1.    Introductions and Opening Comments 
 
2.    Update on SWRCB Bacteria Roundtable (Regional Board) 

   
3.    Recreation Survey Update (CDM) 
  
4.    Update on Peer Review Requirements (Regional Board) 
  
5.    Discussion of Sending Revised Strawman to EPA 
  

       Decision:  Should the revised strawman language be sent to EPA before proceeding  
       further? 
  
6.    Review Revised Strawman Language 
  

       Decision:  Should we proceed with developing the staff report to support proposed Basin Plan    
       amendments? 
  
7.    Sub-Committee Progress Reports: 
  

        A)    Frequent/Infrequent Classification for REC1 Designated Waterbodies 
        B)    Controllable/Uncontrollable Sources Definition 
        C)    High Flow Suspension Implementation Plan 
        D)    Monitoring Program 
  
8.    Task Assignments and Deliverable Deadlines: 
  

        A)    Basin Plan Amendment(s) and Adoption Resolution 
        B)    Draft Staff Report(s) 
        C)    13241 Analysis 
        D)    Use Attainability Analyses (UAA) 
  
9.    Budget Discussions 
 

10.   Adjourn (next meeting is scheduled for Thursday, March 5, 2009 at 9:30 a.m.) 
 

Any person with a disability who requires accommodation in order to participate in this meeting should telephone Task 
Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a request for a 
disability-related modification or accommodation. 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
            AGENDA 

 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Thursday, March 5, 2009   
9:30 a.m. – 1:00 p.m. 

 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
1.  Introductions and Announcements 

  
2.  Reports 
 

     A.  Regional Board Roundtable Report  (Dave Woefel) 
 

     B.  Recreational Use Surveys (CDM) 
 
3.  Status of Peer Review Requirements  (Joanne Schneider) 
 
4.  Final Review of Strawman Language  (Tim Moore) 
 
5.  Outline of UAA Template  (Tim Moore/CDM) 
 
6.  Subcommittee Reports: 
 

     A.  13241 Analysis (Susan Paulson/Tim Moore) 
 

     B.  Definition of Controllable vs. Uncontrollable Sources (Karen Baroldi) 
 

C.  Determination of Class A vs. Class B REC1 Waters [formerly "Frequent vs. Infrequent Use"]    
      (Autumn DeWoody) 

 

     D.  High Flow Suspension (Jason Uhley) 
 

     E.  Monitoring Program (Matt Yeager) 
 

     F.  BMO Implementation (Chris Crompton) 
 

7.   Adjourn (next meeting is scheduled for Thursday, March 26, 2009 at 9:30 a.m.) 
 
 
 

Any person with a disability who requires accommodation in order to participate in this meeting should telephone Task 
Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a request for a 
disability-related modification or accommodation. 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
NOTICE AND AGENDA 

 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Thursday, March 26, 2009   
9:30 a.m. – 1:00 p.m. 

 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
 
1.  Introductions and Announcements 

  
2.  Final Strawman Language 
 

     
3.  Finalize Class-A vs. Class-B Definition 
 
4.  Review Proposed Definitions of “Controllable vs. Uncontrollable Sources”  
 
5.  Finalize Template Outline for UAA Technical Report  
 
6.  Discuss Approach for Completing 13241Analysis 
 
7.  Review Schedule (including Peer Review requirements) 
 
8.  Other Subcommittee Reports: 
     A.  Monitoring Program 
     B.  High Flow Suspension     

     
 9.   Adjourn (next meeting is scheduled for Thursday, April 23, 2009 at 9:30 a.m.) 

 
 
 

Any person with a disability who requires accommodation in order to participate in this meeting should telephone Task 
Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a request for a 
disability-related modification or accommodation. 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 

NOTICE AND AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Thursday, April 23, 2009   
1:30 p.m. – 4:00 p.m. 

 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
 
1.   Introductions and Announcements 
  a.  Status of Statewide Water Quality Effort 
  b.  Status of Peer Review Requirements 
  
2.   Summary of Regional Board Presentation (Risk Sciences) 
 

     
3.   Discussion of REC-2 Objectives 
 
4.   UAA Technical Report – Progress (CDM) 
 
5.   Use of Survey Images to Support High Flow Suspension (CDM) 
 
6.   Review Final Definitions of “Controllable vs. Uncontrollable Sources”  
 
7.   BMP Subcommittee Report  
 
8.   Schedule Issues 
 

  9.   Adjourn (next meeting is scheduled for Thursday, May 21, 2009 at 9:30 a.m.) 
 
 

Any person with a disability who requires accommodation in order to participate in this meeting should telephone Task 
Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a request for a 
disability-related modification or accommodation. 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Thursday, May 21, 2009   
9:30 a.m. – 1:00 p.m. 

 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
 
1.   Introductions and Opening Comments 

• REC-1 Standards Roundtable  - CEQA Progress (Regional Board Staff) 
  
2.   Recreational Use Survey Update (CDM) 
 
3.   Draft Santa Ana Delhi UAA Report (CDM) 
 
4.   13241 Report Outline (Risk Sciences) 
 

 5.   Adjourn (the next meeting is scheduled for Thursday, June 18, 2009 at 9:30 a.m.) 
 
 
 

Any person with a disability who requires accommodation in order to participate in this meeting should telephone Task 
Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a request for a 
disability-related modification or accommodation. 

 



11615 Sterling Avenue, Riverside, California 92503  (951) 354-4220  Administration FAX (951) 785-7076  Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Thursday, July 9, 2009   
9:30 a.m. – 1:00 p.m. 

 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
 
1.   Introductions and Opening Comments 

 REC-1 Standards Roundtable - CEQA Progress (Regional Board Staff) 
 Draft MS4 Permit Discussion (Risk Sciences) 
 Draft Surface Water Ambient Monitoring Plan- Scoping Meeting (July 13) 

  
2.   Recreational Use Survey Results and Update (CDM) 
 
3.   Use Attainability Analysis Update and Revised Santa Ana Delhi UAA (CDM) 
 
4.   Other UAA Locations (CDM) 
 
5. Draft Staff Report (Risk Sciences) 
 
6.   Adjourn (Next meeting is scheduled for Thursday, August 6 at 9:30 a.m.) 

 
 
 

Any person with a disability who requires accommodation in order to participate in this meeting should telephone Task 
Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a request for a 
disability-related modification or accommodation. 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Thursday, August 6, 2009   
9:30 a.m. – 1:00 p.m. 

 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
 
1.   Introductions and Opening Comments 

• REC-1 Standards Roundtable  - CEQA Progress (Regional Board Staff) 
 
2.   Technical Task Update (CDM) 
 
3. Implementation Section – Draft Outline Review (Risk Sciences) 
 
4. Adjourn (next meeting is scheduled for Thursday, August 27, 2009?) 
 

 
 
 

 

Any person with a disability who requires accommodation in order to participate in this meeting should telephone Task 
Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a request for a 
disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, August 27, 2009   
9:30 a.m. – 1:00 p.m. 

 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
 
1.   Introductions and Opening Comments 
 
2.   Technical Task Update (CDM) 
 
3. Revised Implementation Section – Follow-up  (Risk Sciences) 
 
4. Adjourn (next meeting is scheduled for Thursday, September 24, 2009?) 
 

 
 
 

 

Any person with a disability who requires accommodation in order to participate in this meeting should telephone Task 
Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a request for a 
disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • Administration FAX (951) 785-7076 • Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, September 24, 2009   
9:30 a.m. – 1:00 p.m. 

 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
 
1.   Introductions and Opening Comments 

A. Alternative Recreation Video 
 
2.   Technical Task Update: UAA & Recreational Use Survey (CDM) 
 
3. Basin Plan Amendment (Risk Sciences) 

A.  Review of Proposal 
B.  Discussion of Comment Letter from Coastkeeper and IE Waterkeeper 

 
4. Implementation Plan: Economic Analysis (Risk Sciences) 
 
5.  Adjourn (proposed change of next meeting to Thursday, October 22, 2009) 
 

 
 
 

 

Any person with a disability who requires accommodation in order to participate in this meeting should telephone Task 
Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a request for a 
disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503  (951) 354-4220  Administration FAX (951) 785-7076  Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, October 22, 2009   
1:30 p.m. – 4:30 p.m. 

 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
 
1.   Introductions and Opening Comments 
 
2.   Technical Task Update: UAA & Recreational Use Summary (CDM) 
 
3. Economic Analysis Scope (Risk Sciences) 
 
4. Discussion of MS4 Permits and Task Force Efforts (Risk Sciences) 
 
5. Schedule Discussion (Risk Sciences) 
 
6. Talking Points for Upcoming Regional Board Update Presentation 
 
7.  Adjourn (Next meeting: Thursday, November 5, 2009 at 9:30 a.m.) 
 

 
 
 

 

Any person with  a disabi lity who requires accommodation in orde r to participate in th is meeting should tel ephone Task 
Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a request for a 
disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503  (951) 354-4220  Administration FAX (951) 785-7076  Planning FAX (951) 352-3422 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 
 

Thursday, November 5, 2009   
9:30 a.m. – 1:00 p.m. 

 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
 
1.   Introductions and Opening Comments 
 
2.   Task Force Updates  

 State Board REC Use Proposal: CEQA 
 Task Force Regional Board Presentation 
 Discussion with EPA and SWRCB on Anti-backsliding Issues 

 
3. REC-2 Implementation and Anti-backsliding (Risk Sciences) 
 
4. Risk Sciences Scope of Work (2010) (Risk Sciences) 
 
5.  Adjourn (Next Meeting: Wednesday, December 9, 2009 at 9:30 a.m.) 
 

 
 
 

 

Any person with a disability who requires accommodation in order to participate in this meeting should telephone Task 
Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a request for a 
disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503  (951) 354-4220  FAX (951) 785-7076 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

NOTICE AND AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Thursday, January 7, 2010   
9:30 a.m. – 2:30 p.m. 

 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
1.   Introductions and Opening Comments 
 
 
2.   Task Force Updates  

 State Board REC Use Proposal: CEQA 
 Update on Anti-backsliding Issues 
 CEQA Scoping Meeting- January 28 

 
 
3. Technical Task Update (CDM) 

 Finalize UAA templates and REC Use Survey Documents 
 
 
4. Task Force Staff Report (Risk Sciences) 
 
 
5. Compliance Engineering/Cost Analysis (CDM/Risk Sciences) 
 
 
6. 13241 Socio-Economic Analysis:  Outline (Risk Sciences) 
 
 
7.  Adjourn (next meeting TBD) 

 
 

 

Any person with a disability who requires accommodation in order to participate in this meeting should telephone Task 
Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a request for a 
disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503  (951) 354-4220  FAX (951) 785-7076 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 

NOTICE AND AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Thursday, February 11, 2010   
9:30 a.m. – 1:00 p.m. 

 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
1.   Introductions / Opening Comments 
 
2.   Task Force Updates  

 State Board REC Use Proposal - CEQA 
 CEQA Scoping Meeting Report 

 
3. Technical Task Update (CDM) 

 Finalize UAA Technical Documents 
 Finalize REC Use Survey Documents 
 Request for Information: Field Visit Documentation 
 Preparation of CEQA Functional Equivalent Document 
 Anti-degradation Water Quality Analysis - Update 

 
4. Basin-Wide Compliance Analysis (CDM) 
 
5. High-flow Suspension: Supporting Text (CDM) 
 
6. Task Force Process Summary (Risk Sciences) 
 
7.  MS-4 Permit Requirements (Risk Sciences) 

 
8. Status Reports (Risk Sciences) 

 Revised EPA Bacteria Criteria 
 Implementation Plan 
 Monitoring Plan 

 
9. Adjourn (Next Meeting:  Wednesday, March 17, 2010   1:30 p.m.  –  4:00 p.m.) 

 
 
 

 

Any person with a disability who requires accommodation in order to participate in this meeting should telephone Task 
Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a request for a 
disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503  (951) 354-4220  FAX (951) 785-7076 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 

AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Thursday, April 29, 2010   
9:30 a.m. – 3:00 p.m. 

(Light lunch provided) 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
1.   Introductions / Opening Comments 
 
2.   Task Force Updates  

 State Board REC Use Proposal - CEQA 
 303d list update 

 
3. Technical Task Update (CDM) 

 UAA Technical Documents (complete) 
 REC Use Survey Documents (complete) 
 High flow suspension supporting text (complete) 
 Update- CEQA Functional Equivalent Document 
 Update- Remaining technical tasks 

 
4. Summary of Task Force Process (Risk Sciences) 
 
5. Summary of Scientific Basis for Pathogen Indicator Bacteria Objectives (Risk Sciences) 
 
6. Draft Basin Plan Amendment: Detailed Review (Risk Sciences) 
 
7. Adjourn (Next Meeting:  TBD) 

 
 
 

 
 

 

Any person with a disability who requires accommodation in order to participate in this meeting should telephone Task 
Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a request for a 
disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503  (951) 354-4220  FAX (951) 785-7076 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 

AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Wednesday, June 9, 2010   
9:30 a.m. – 1:00 p.m. 

 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
1.   Introductions / Opening Comments 
 
2.   Task Force Updates  

 State Board REC Use Proposal - CEQA 
 303d list update 

 
3. Summary of EPA Pathogen Indicator Bacteria for Staff Report  (Risk Sciences) 
 
4. Draft Monitoring Program (Risk Sciences) 

 
5. Regional Board Progress Report – June 10, Irvine Ranch Water District 
 
6. Technical Task Update (CDM) 

 UAA Technical Documents  
 High Flow Suspension Supporting Text 
 Basin Wide Compliance Analysis 
 SED Documentation 

 
7. Adjourn (Next Meeting:  TBD) 

 
 
 
 
 

 
 

 

Any person with a disability who requires accommodation in order to participate in this meeting should telephone Task 
Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a request for a 
disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503  (951) 354-4220  FAX (951) 785-7076 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 

AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Wednesday, July 22, 2010   
12:00 – 4:00 p.m. 

 
11615 Sterling Ave., Riverside, CA  92503 

(Lunch will be provided) 
 
 
1.   Introductions / Opening Comments 
 
2.   Task Force Updates  

 State Board REC Use Proposal - CEQA 
 303d List Update- State Board Discussion Summary 

 
3. Review Revised Single Sample Maximum Sub-classifications  (Risk Sciences) 
 
4. Revised Draft Monitoring Program (Risk Sciences) 

 
5. 13241 Economic Analysis: Update (Risk Sciences) 
 
6. Technical Task Update (CDM) 

 UAA Technical Documents  
 Draft  Compliance Analysis 
 Draft SED Documentation 

 
7. Adjourn (Next Meeting:  TBD) 

 
 
 
 
 

 
 

 

Any person with a disability who requires a special accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a 
request for a disability-related modification or accommodation. 
 

 



11615 Sterling Avenue, Riverside, California 92503 • (951) 354-4220 • FAX (951) 785-7076 

 

S    A    W    P    A 
SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 

AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Tuesday, August 17, 2010   
11:30 a.m. – 2:30 p.m. 

 
11615 Sterling Ave., Riverside, CA  92503 

(Lunch will be provided) 
 
 
1.   Introductions / Opening Comments 
 
2.   Task Force Updates  

• State Board REC Use Proposal – Update 
• 303d listing update 

 
3. Finalize  Revised Single Sample Maximum Sub-classifications  (Risk Sciences) 
 
4. Revised Draft Monitoring Program (Risk Sciences) 

 
5. 13241 Economic Analysis: Update (Risk Sciences) 
 
6. Technical Task Update (CDM) 

• SED Update 
• Dry Weather Diversion Memos 

 
7. Adjourn (Next Meeting:  TBD) 

 
 
 
 
 

 
 

 

Any person with a disability who requires a special accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a 
request for a disability-related modification or accommodation. 
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AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Wednesday, September 15, 2010   
11:30 a.m. – 2:30 p.m. 

 
11615 Sterling Ave., Riverside, CA  92503 

(Lunch will be provided) 
 
 
1.   Introductions / Opening Comments 
 
2.   Task Force Updates  

 State Board REC Use Proposal – Update 
 303d listing update 

 
3. Revised Draft Monitoring Program (Risk Sciences) 
 
4. REC-1 Classifications (A, B, C, D) (Risk Sciences) 

 
5. 13241 Economic Analysis: Update (Risk Sciences) 
 
6. Technical Task Update (CDM) 

 SED Update 
 Revised Dry Weather Diversion Memos 

 
7. Adjourn (Next Meeting:  TBD) 

 
 
 
 
 

 
 

 

Any person with a disability who requires a special accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a 
request for a disability-related modification or accommodation. 
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AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Thursday, March 3, 2011   
9:30 a.m. – 12:30 p.m. 

 
11615 Sterling Ave., Riverside, CA  92503 

(Lunch will be provided) 
 
 
1.   Introductions / Opening Comments 
 
2.   Task Force Updates  

 State Board REC Use Proposal (Woelfel) 
 Status of Remaining Deliverables (Risk Sciences) 
 Schedule and Agreements 

 
3. MUN Designation  (Risk Sciences) 

 
4. Monitoring Plan Revisions (Regional Board) 
 
5. Implementation Strategies of other Task Force Efforts: Relationship to Stormwater  (CDM) 
 
6. Peer Review (Schneider) 
 
7. Set meeting dates (until Regional Board Hearing) 
 
8. Adjourn (Next Meeting:  TBD) 

 
 
 
 
 

 
 

 

Any person with a disability who requires a special accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a 
request for a disability-related modification or accommodation. 
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AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Thursday, April 21, 2011   
9:30 a.m. – 12:30 p.m. 

 
11615 Sterling Ave., Riverside, CA  92503 

 
 
1.   Introductions / Opening Comments 
 
2.   Task Force Updates  

 State Board REC Use Proposal (Woelfel) 
 Status of Remaining Deliverables (Risk Sciences) 

 
3. Surface Water Monitoring Program and Relationship to Other Projects (Risk Sciences) 

 
4. Implementation Plan Issues (Risk Sciences) 

 

a. Status of Task Force’s Plan  
 

b. 13241 Factors 
 

c. Relationship to Proposed CBRP Implementation Approach  
 

d. Compliance:  Implementation and the MEP Standard After the Basin Plan Amendment 
 
5. Next meeting date:  June 2, 2011, 9:30 a.m. 
 
6. Adjourn  

 
 
 
 

 
 

 

Any person with a disability who requires a special accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a 
request for a disability-related modification or accommodation. 
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SANTA  ANA  WATERSHED  PROJECT  AUTHORITY 

 
 
 

 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Thursday, June 2, 2011   
9:30 a.m. – 1:00 p.m. 

 
11615 Sterling Ave., Riverside, CA  92503 

 
 
1.   Introductions / Opening Comments 
 
2.   Task Force Updates  

• State Board REC Use Proposal (Woelfel) 
• New Task Force Agreement 
• Regional Board Workshop 

 
3. Implementation Plan Issues (Risk Sciences) 

 

a. Status of Deliverables  
 

b. 13241 Factors 
 

c. Relationship to Proposed CBRP Implementation Approach  
 

4. Peer Review  
 

5. Monitoring Program and Agreement (Risk Sciences) 
 
6. Next meeting date:  June 30, 2011, 9:30 a.m. 
 
7. Adjourn  

 
 
 
 

 
 

 

Any person with a disability who requires a special accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a 
request for a disability-related modification or accommodation. 
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AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Thursday, June 30, 2011   
9:00 a.m. – 12:00 p.m. 

 
Held at SAWPA 

 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
 
1.   Introductions / Opening Comments 
 
2.   Task Force Updates:  

 State Board REC Use Proposal (Woelfel) 
 New Task Force Agreement (McKenney) 
 Regional Board Workshop July 15 – Outline of Presentation 

 
3. Review and Comment on Documents: 

a. UAA Technical Memos 
b. Proposed MUN Actions 
c. Antidegradation Targets and Implementation Language 
d. Monitoring Program 
e. High Flow Suspension:  Definition and Identification of Water Bodies 
f. Draft 13241 Analysis 
g. Monitoring Program and Agreement 
h. Draft Administrative Record Index 
i. Draft Executive Summary 
j. Updated Schedule for Regional Board Hearing 
 

4.  Additional Issues: 
a. MEP and Waste Load Allocations in this BPA 
b. Update Field Verification of Non-Use 
c. Update Status of Plans for Recreational Use for UAA Reaches 

 
5. Next Meeting Date 
 
6. Adjourn  

 
 
 

 

Any person with a disability who requires a special accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a 
request for a disability-related modification or accommodation. 
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AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Tuesday, August 16, 2011   
9:30 a.m. – 12:30 p.m. 

 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
 
1.   Introductions / Opening Comments 
 
2.   Task Force Updates: 

 State Board REC Use Proposal (Woelfel) 
 New Task Force Agreement (McKenney) 
 Regional Board July 15 Workshop (Schneider) 
 Regional Board Appointments and Meetings Outlook (McKenney) 

 
3. Review and Comment on Documents: 

a. Draft Basin Plan Amendment 
b. UAA Reports 
c. CEQA Document 
d. Executive Summary 
 

4.  Additional Tasks: 
a. Proposed MUN Actions: Verify Table 3-1 
b. Antidegradation Targets:  Numeric proposals for REC2 waters; protocol for follow up 
c. High Flow Suspension:  Review Table 5-HFS and Table 3-1 note
d.   Update Field Verification of Non-Use 
e. Update Status of Plans for Recreational Use for UAA Reaches  
 

 
5. Next Meeting Date 
 
6. Adjourn 

 
 
 
 

 

Any person with a disability who requires special accommodations in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make 
a request for a disability-related modification or accommodation. 
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AGENDA 
 
 

 STORMWATER QUALITY STANDARDS TASK FORCE 
 

Wednesday, September 14, 2011   
1:30 – 4:30 p.m. 

 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
 
1.   Introductions / Opening Comments 
 
 
2.   Task Force Updates:  

 US EPA BACT Criteria 
 
 
3. Review and Comment on Documents: 

a. Draft Basin Plan Amendment 
b. UAA Reports 
c. CEQA Document 
d. Draft Executive Summary 
 
 

4.  Additional Issues: 
a. Update Field Verification of Non-Use 
b. Update Status of Plans for Recreational Use for UAA Reaches  
c. Future Task Force Meetings 

 
 

5. Adjourn  
 
 
 
 
 

 

Any person with a disability who requires a special accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a 
request for a disability-related modification or accommodation. 
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AGENDA 
 
 

 STORMWATER QUALITY STANDARDS STUDY TASK FORCE 
 

Thursday, March 1, 2012   
2:30 – 4:00 p.m. 

 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
 
1.   Introductions / Opening Comments 
 
 A.   Status of Statewide REC Standards Project 
 
 
2. Review of Comments Received on Proposed Basin Plan Amendment 

 
A.  US EPA Comments 
B.  Support Letters 

 
 

3. March 16 Public Hearing 
 

A. Approach to EPA Comments 
B. Coordination of Presentation 

 
 

4. Adjourn  
 
 
 
 
 
 
 

 

Any person with a disability who requires a special accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a 
request for a disability-related modification or accommodation. 
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AGENDA 
 
 

 STORMWATER QUALITY STANDARDS STUDY TASK FORCE 
 

Thursday, April 26, 2012   
9:30 – 11:30 a.m. 

 
 

11615 Sterling Avenue, Riverside, CA  92503 
 
 
 
1.   Introductions / Opening Comments 
 
 
2. Review of March EPA Hearing 

 

A. US EPA Comments 
 
 

3. Preview of Presentation for April 27 Public Hearing 
 

A. Approach to Comments 
B. Presentation Coordination/Attendance 

 
 

4. Task Force Contracts 
 

A. Consultant Task Orders 
B.   Potential Draft Agreement 

 
 
5. Adjourn 

 
 
 
 
 
 
 

 

Any person with a disability who requires a special accommodation in order to participate in this meeting should 
telephone Task Force Secretary Dawna Munson at 951/354-4247, at least 48 hours prior to the meeting in order to make a 
request for a disability-related modification or accommodation. 
 

 



 

 

 

1.02 Meeting Summaries 

 



Santa Ana Basin Stormwater Quality 
Standards Study 
 
Meeting Summary 
Stormwater Quality Standards Study Workshop 1 – February 20, 2003 
 
Introductions 
Don Schroeder (CDM) led Workshop 1 attendee introductions.  Don Schroeder and 
Susan Morea of CDM, and Tim Moore of Risk Sciences as a subconsultant to CDM, led 
and facilitated workshop discussions.  A PowerPoint presentation was used to prompt 
discussions.  A presentation was provided on February 20, 2003.  Changes made to the 
presented concepts and study approach as a result of Workshop 1 are presented in this
summary. 
 
An agreement between SAWPA and the Counties of Orange, Riverside, and San 
Bernardino will be finalized soon to formally establish the Stormwater Quality 
Standards Study Task Force. 
 
The purpose of this workshop was to establish the process for future workshop activities 
and set future workshop dates, as well as to address how to involve stakeholders in the 
process. 
 
Study Goals and Objectives 
A working model of the study goal and approach was presented.  Through discussion, 
the study goal was revised to read: 
 

The goal of the Santa Ana Basin Stormwater Quality Standards Study is to 
review and evaluate established beneficial use classifications and water quality 
objectives, make recommendations for appropriate changes, and gain regulatory 
and public consensus. 

 
Three steps were identified by the meeting attendees for implementation of this goal: 
 

1. Identify decision criteria for review and evaluation of established beneficial uses 
and water quality criteria 

2. Identify feasible regulatory strategies based upon existing law and regulations to 
support recommendations for potential changes 

3. Apply the best available science to support the recommendations 
 
Basin Planning Process and Relationship to NPDES Permits 
Identifying the decision criteria at the beginning of the process was agreed upon as 
critical by all attendees.  It was mentioned that the Regional Board currently has a 



prioritization for basin plan amendment, and that any recommendations generated by 
the Task Force may alter those prioritizations. 
 
Tim Moore presented a formula for study success, and an approach for making 
decisions within that formula.  Insight into how the Regional Board makes decisions was 
provided.  REC 1, REC 2, WARM, and municipal water supply issues were discussed.  
An explanation of both existing and beneficial uses was also provided.  A graphic was 
displayed to explain that not all uses are beneficial, not all uses are attainable, not all 
existing uses are designated, some designated uses are non-beneficial, and that all 
existing uses however, are beneficial.  The graphic is attached to this summary. 
 
All water bodies were described as having an existing REC1 use standard, and that any 
change from that REC1 designation would require verification every three years.  The 
seasonal suspension of use designations was described as a possibility.  Segmentation of 
uses was discussed as being successful in other states.   
 
Water quality criteria objectives were discussed, including: 
 

1. The protection of the most sensitive uses 
2. The protection of the most sensitive population 
3. The protection of downstream uses 

 
Work Plan Development 
A schedule for Task Force workshops, key tasks, and completion milestones was 
presented.  The schedule is attached to this summary.  Key milestones are described on 
the schedule, with estimated time frames for completion, and proposed completion 
dates.  Task Force Workshop dates are scheduled prior to Regional Board meetings.  
Meeting attendees concurred with the proposed schedule. 
 
The Task Force will strongly encourage other interested parties to provide input through 
workshop participation.  As it is the intent of the Task Force to involve all interested 
parties in the study process, the term “voting” will not be used within the workshop 
process context, as it is exclusionary to other stakeholders. 
 
The meeting attendees agreed that EPA should be involved with Task Force activities 
early on in the process, as the Task Force must have EPA, State Board, and Regional 
Board support at the end of the process.  A representative from EPA will be requested at 
the next workshop.  Mark Norton of SAWPA was tasked with formally approaching 
Maria Rea, EPA, regarding attending future workshops.  Jo Ann Schneider, Regional 
Board, was tasked with approaching Maria Rae in support of the request. Bob Hultquist, 
Department of Health Services, will also be requested to address pathogen concerns.  It 
was acknowledged that these organizations have limited resources, and that the Task 
Force may have to provide funding for travel expenses. 
 
Environmental groups were viewed as key stakeholders in the study.  As their 
involvement was viewed as necessary, workshop agendas and announcements will be 



made available through SAWPA’s website.  Also, the Regional Board’s mailing list for 
Basin Planning will be provided to SAWPA to notify all potentially interested parties. 
 
The next Task Force meeting, Workshop 2, will be held at SAWPA on April 3, 2003 
from 9:00am to 4:00 pm. 
 
For Workshop 2, a preliminary FY 2003-04 budget estimate will be generated and 
presented, as well as a review of existing use criteria and how the criteria were 
established.  CDM will prepare workshop invitation language and an agenda for 
Workshop 2 and forward it to SAWPA for posting and distribution to interested parties.  
The invitation will contain issues and questions to be answered at the workshop. 



Santa Ana Basin Stormwater Quality Standards 
Study 
 
Meeting Summary 
Stormwater Quality Standards Study Workshop 2 – April 3, 2003 
 
Introduction 
This document summarizes the presentation and discussions that took place during 
Workshop 2.  Workshop 2 included a recap of progress made during Workshop 1, 
presentation of regulatory approaches, an overview of basin plan approval processes 
and implementation requirements, introduction to technical work elements that may be 
required for evaluating basin plan objectives, and a preliminary budget estimate. 
 
Regulatory Approaches 
After a brief recap of the mission statement and goals set at Workshop 1, Tim Moore of 
Risk Sciences kicked off Workshop 2 with a description of different regulatory 
approaches.  He explained that triennial review of the Basin Plan was a high priority, as 
well as an obligation, and that the Regional Board, the public, and stormwater agencies 
all have concerns.  A brief description of Chapters 3, 4, & 5 of the Basin Plan was 
provided.  Designating beneficial uses, particularly REC 1 uses, was discussed.  Current 
classifications were described.  The concepts of seasonal uses, risk based uses, and 
restricted uses were discussed.  Subcategorization of beneficial uses was also discussed 
as a possible regulatory approach. 
 
Tim Moore added that EPA has new draft ambient criteria for bacteria that include 
different indicators that the Regional Board must consider.  He questioned 
hypothetically why criteria for fecal coliform bacteria are 200/100ml, yet POTW 
discharge permit limits are 2/100ml sample.  He added that that gap could be closed, 
but there were several issues that must be considered.  Jo Ann Schneider (Regional 
Board) added that the primary focus of the Task Force is on REC 1 standards.  Tim 
Moore reinforced the focus by adding that beach closures are of prime importance to the 
public, as well as some contact usage of the Santa Ana River.  Fishing was also 
mentioned as important REC 1 usage, as well as wading.  A representative from the Fish 
and Wildlife Service added that several protected species exist within the Basin, and the 
Endangered Species Act must be complied with. 
 
Jo Ann Schneider stated that the Regional Board understands Fish and Wildlife Service 
concerns, and that they would not be diminished through the review process.  Others in 
attendance stated that the building and development community also had concerns.  
Environmental groups were also mentioned as having concerns, though no 
representatives from the various environmental groups were in attendance.  Jo Ann 
made it clear to those in attendance that several environmental groups were invited to 
participate by letter from the Regional Board, and that the invitations would continue.  It 



was mentioned that the CEQA process would further engage public concerns.  Tim 
Moore added that local stormwater agencies were also concerned. 
 
Tim Moore described waters as a regulatory term, and explained that all waters 
considered REC 1 must be fishable and swimmable.  He added that there are many REC 
1 designated waters in the Santa Ana Basin. An attendee inquired as to the legal 
definition of existing uses, and stated that if someone swims in a water, it doesn’t make 
it an existing use.  Tim Moore added that point could be argued.  Jo Ann explained that 
the actual use as well as water quality conditions must be considered. 
 
An attendee explained that a primary concern of the regulated community is the cost of 
achieving REC 1 standards for non-point sources.  The attendee added that the cost must 
be fully explained to the public.  Tim Moore added that cost to comply, the ability to 
comply, and the benefit to the public must all be considered.  An attendee added that 
the term “stormwater permit” is changing in some areas to “urban runoff permit” to 
change the perception of those not associated with the beaches.  Tim Moore explained 
that under Federal law, cost must be evaluated at the time of setting standards and 
when designating uses.  Discussion followed regarding maximum extent practicable 
(MEP), the regulatory standard for municipal stormwater permits, as MEP has a cost 
element.   
 
Tim Moore continued discussion of MEP by stating that MEP is a moving standard, 
based upon cost, technology, and public perception.  An attendee stated that most of the 
regulated community was out of money to fund programs to achieve MEP, as no fee 
structure is in place.  Others added that economics must be considered when setting 
standards in the Basin Plan. 
 
Tim Moore handed out Section 13241 of the California Water Code, and explained that 
items e through f of the Section were added after initial water body designations were 
put in place.  He also added that there are no seasonality variables with the 
designations.  
 
An attendee stated that there can be conflicting purposes in setting standards. For 
example, protecting fish and wildlife concerns can compete with other objectives, such 
as bacteria objectives.  Tim Moore added that the source of bacteria does matter, and 
objectives could be written to distinguish between sources as long as equivalent 
protection is provided. 
 
Tim Moore stated that in reaches of improved channels, such as Cucamonga Creek, 
recreational activities are prohibited, though their existing use is designated.  He also 
described warm vs. cold-water habitat designations,  explaining that this was the only 
subcategorization that has been approved in the Santa Ana Basin Plan.  A question was 
asked regarding how upstream vs. downstream issues are addressed.  Tim Moore 
explained that compliance downstream must be achieved upstream, and the use of 
decay equations could apply. 
 



Discussion took place regarding the fact that some streams are hydromodified flood 
control channels.  Tim Moore explained that a “flood” designation has been discussed in 
the past with little Regional Board interest, but added that the Regional Board may now 
care about stream physicality. 
 
Maria Rea (EPA Region 9) described a list of six “downgrade criteria” contained within 
40CFR, adding that EPA did not like the use of the “downgrade” term. 
 
Tim Moore then opened discussion of seasonal use designations as an option, stating 
that public usage is often seasonal, and that seasonal REC 1&2 standards have been 
designated in Ohio.  An attendee stated that this was not Ohio, and that the water 
quality concerns are different in California.  The attendee wanted to know the 
constraints that exist within California.  AB411 issues were raised.  Tim Moore 
responded to these by discussing a risk-based approach, stating that signs have been 
posted in certain areas so that the user assumes the risk they are taking.  He believed this 
is a type of adjustment that could be made in California. 
 
An attendee asked how the Task Force might get around the problem of less stringent 
objectives upstream, when more restrictive objectives may exist downstream.  Tim 
Moore described a strategy of showing equivalent protection downstream using science, 
new methodologies, and new metrics.  He added that there is an enormous amount of 
inertia to overcome, and that revising water quality objectives to higher numbers is 
usually very difficult. 
 
Several adjustment factors were discussed.  Ingestion assumptions were discussed, as 
the current assumption is that contact includes swallowing some water.  Department of 
Health Services (DHS) concerns were raised, and how proposing to change the 
assumption on ingestion might result in conflict between the Regional and State Boards 
and EPA and DHS.  Jo Ann Schneider stated that any such process would not occur in 
isolation of DHS.  Lake contact vs. stream contact issues were raised, and there was 
discussion about lakes concentrating bacteria.  Jo Ann Schneider mentioned that effluent 
bacteria standards apply to POTW discharges, and that DHS standards apply at the 
“end of pipe”. 
 
The ambient concentration of bacteria in stormwater channels was discussed, with 
questions regarding bacteria in these channels being natural in origin (animals) or non-
natural (pets). The infectious dose measure was also discussed.   
 
Freshwater vs. marine receiving water conditions were discussed.  Decay equations in 
the two environments are different due to different water chemistry. 
 
An attendee inquired as to the standards that apply at the ocean.  Jo Ann Schneider 
responded that the Ocean Plan applied to costal waters and described bacterial 
standards.  She explained that AB411 bacterial indicator criteria have not been 
incorporated into the basin plan, but are dictating when beaches are posted, and affect 
TMDLs and NPDES permits.  It was stated that some AB411 requirements are analogous 
to fresh water.  An attendee asked when the ocean ends and tidal influence begins.  Jo 



Ann replied by stating that the Ocean Plan tries to define that point, sometimes by 
stream, and that the shoreline outward is considered ocean water. 
 
Tim Moore then described points of compliance, by trying to define how to separate 
uses and water quality issues when considering segmenting water bodies.  He stated 
that segmentation could be considered initially without necessarily changing beneficial 
uses or water quality as a phased approach.   
 
Tim Moore described an averaging period where offsets could be used to “bank health” 
providing average protective quality. For example, earning credit for being below 
standards for use later when above standards.  An issues was raised regarding two 
types of standards: EPA proposed health risk standard for ocean water is 19/1000, and 
for fresh water 8/1000.  It was stated that EPA will not support a fresh water standard 
over 14/1000.  Maria from EPA stated that available data will not allow over 14/1000, 
but the EPA guidance is draft and may change.  Tim Moore raised the issue of pollutant 
trading.  An attendee stated that the Task Force is looking at the appropriateness of 
basin plan objectives, not at how to alternatively comply with existing standards, and 
added that use attainability should not be taken off the table, REC 1 changes for reaches 
should be considered, and the easy roads and hard roads for doing so must be 
determined. 
 
Tim Moore handed out a list of key technical questions for people to consider beyond 
the workshop. 
 
Implementation Requirements 
Jerry King, Psomas, gave a brief overview of the Regional Board’s perspective.  He 
explained that amendments to a basin plan are a process, and the Task Force should 
focus on building trust through participation, by including all stakeholders to the 
process.  He stated that science will always be debated, and the key to success is 
working with Regional Board staff.  He added that creative mitigation is always open for 
discussion, and sometimes a successful avenue, and that the Task Force should pull 
objectives together for success.  He stated that watershed approaches are linking all 
factors together from start to finish, and the end result must address the needs of all 
involved. 
 
An attendee asked when economics would be considered.  Jerry explained that Porter 
Cologne required economic consideration during planning, through the basin plan 
amendment process. Also, economic are suppose to be considered in determining MEP. 
 
Jerry concluded by stating that some regulations are not structured to require 
consideration of other regulations, but it is essential.  He added that there is no “right” 
answer for setting standards.  A zero-illness standard would be great, but not attainable.  
Some cost expectations are unrealistic. 
 
Mary Jane Foley gave a brief State Board perspective.  She explained that a major lesson 
learned was to get EPA involved at the very beginning of any effort.  She added that 
science is good, but situation arise where “dueling scientists” have opposing findings, 



and both sets of findings are correct.  A key is agreeing on the best science for the 
situation.  
 
Maria Rea, EPA Region 9, offered an EPA perspective.  She stated that the Task Force 
was doing the right thing with a public process, adding that having EPA involved at the 
beginning is preventing problems father down the road.  She recommended using use 
attainability analysis when setting water quality standards to provide for continuous 
improvement.  She warned not to collect a lot of data if a goal for the data was not 
established.  She described that she is fond of the cumulative effect of small changes.  
She explained that assurances from regulatory agencies are rare, because of the 
uncertainty of where things might be heading. 
 
Maria Rea recommended a memorandum of understanding be generated between the 
Task Force, the Regional Board, the State Board, and EPA to help facilitate the study 
process. 
 
She stated that considering economic analysis did not have to be difficult, and that EPA 
had guidance for doing so. 
 
She stated that variances from basin plan requirements were an option, for example, a 
five year variance due economic impact, where compliance is ensured long term, but 
impracticable at present.   
 
She also mentioned revisiting TMDLs for certain pollutants, adding that the Task Force 
goals were similar to a TMDL process, and getting ahead of a TMDL was not necessarily 
a bad thing.   
 
Sara Roser, EPA, stated that new guidance was coming from EPA in May.  She handed 
out criteria from 1996, describing some flexibility in the system via a range of upper 
limits and illness rates.  She recommended making use of any related studies that may 
be occurring. 
 
Maria Rea was asked if ongoing research for better and faster indicators had yielded 
results. Maria explained that it was to early in the process.  She explained that EPA does 
not consider source differential for large exemptions, but might for small initiatives.  An 
attendee mentioned that the World Health Organization assesses stream reaches by 
source.  An attendee mentioned that SCCWRP is conducting research on source 
identification to investigate false positives in stream analysis. 
 
An attendee asked when the Task Force might consider land use analysis in the work 
plan.  Using bight study information was mentioned as an option.   
 
Technical Work Elements 
Sue Morea, CDM, presented technical elements that the proposed work plan might 
have. See the attached PowerPoint presentation for details.  
 



Mark Norton, SAWPA, suggested using the Chino Basin TMDL process study for the 
work plan.  An attendee mentioned that other Chino Basin studies were coming up as 
well. 
 
Preliminary Cost Estimate 
A preliminary cost estimate for the first year of work plan implementation was 
distributed for those with budgetary planning needs. The budget estimate was 
$1,000,000, for various tasks that might be included in the work plan. 
 
Conclusion – Planning for Workshop 3 
Attendees stated that a roadmap to form the study plan was necessary, followed by a 
roadmap to modify the basin plan.  The group desired tasks mapped toward goals.  Tim 
Moore suggested that at Workshop 3, the group be prepared to answer the key 
questions he distributed so such tasks could be identified.   
 
Mark Norton explained that he was interested in other UAAs across the county, and felt 
that not enough research had been performed for the Task Force in identifying successes 
and failures nationally. 
 
As Workshop 2 was coming to a close, a May 9, 2003 deadline for filing Proposition 13 
proposals was discussed.  Everyone was in support of submitting a proposal for funds 
to support Stormwater Quality Standards Study activities. 
 
Priorities were set for the generation of the work plan.  These included identifying 
resource constraints, permit and other deadlines, identifying stakeholder expectations, 
and identifying how far out of compliance conditions are currently.  Jerry King 
mentioned that a pending court decision on groundwater issues may affect the study.   
 
CDM was tasked with coming to Workshop 3 with a “straw man” road map for 
identifying approaches to take, or not to take.  
 
The next Task Force workshop, Workshop 3, was set for May 15, from 9:00 am to 4:00 
pm. 
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STORM WATER QUALITY STANDARDS TASK FORCE 

MEETING NOTES 
 

MAY 12, 2004 
 
 
Participant     Representing    
Richard Meyerhoff    CDM 
Dan Bounds     CDM 
Susan Hatfield     US EPA 
Maria Rea     US EPA 
Sara Roser     US EPA 
Mike Loving     City of Irvine 
Rod Cruze     City of Riverside 
Matt Yeager     San Bernardino County Flood Control District 
Mark Smythe     Regional Water Quality Control Board 
Dave Woelfel     Regional Water Quality Control Board  
Mark Adelson     Regional Water Quality Control Board 
Bill Rice     Regional Water Quality Control Board 
Joanne Schneider (via teleconference) Regional Water Quality Control Board 
Ray Hiemstra     Orange County Coast Keeper 
Valerie Housel    City of San Bernardino MWD 
Amanda Carr     County of Orange 
Gene Estrada     County of Orange 
Larry McKenney    County of Orange 
Jerry A. King     McGuire Environmental Consulting 
Gary Hackney     Inland Empire Utilities Agency 
Nancy Palmer     City of Laguna Niguel 
Susan Paulsen     Southern California Water Quality Coalition 
Tom Rheiner     Riverside County Flood Control District 
Steve Stump     Riverside County Flood Control District 
Shandra Beltran    Latham and Watkins 
Mike Balsamo     Building Industry Association of Orange County 
Dan Gildar     NRDC 
Sat Tamaribuchi    The Irvine Company 
Chandra Johannesson    Orange County Sanitation District 
Brenda Meyer     Western Municipal Water District 
Jayne Joy     Eastern Municipal Water District 
Tim Moore     Risk Sciences 
Mark Norton     Santa Ana Watershed Project Authority 
Jeff Beehler     Santa Ana Watershed Project Authority 
Dawna Munson    Santa Ana Watershed Project Authority 
 
1.  Call to Order & Introductions 
The Storm Water Quality Task Force meeting was called to order at 1:00 p.m. by Mr. Mark Norton at 
the Santa Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by the 
attendees. 
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As part of the introductions for the first formal Stormwater Quality Standards meeting, Mr. Norton 
asked the Task Force members for input as to how the meeting notes should be prepared.  Joanne 
Schneider and Tim Moore both stated that more detailed meeting notes are preferable.  It was decided 
that due to the large number of meeting attendees, those speaking will be referred to as Participant.  A 
suggestion was made to email attendees the draft meeting notes for review prior to the next meeting.  
Mr. Norton replied that it can be done.  A participant commented that the value of the meeting notes is 
found in keeping them as a valuable tool in order to capture the full benefit rather than for accountability 
reasons.  For those who wish to say something that could cause concern, they are welcome to say that it 
is an “off the record comment.” 
 
Larry McKenney stated that the Task Force is a partnership to look at standards and the task at hand is 
the recreational use pathogen standards.  Several issues will be addressed today having to do with the 
ongoing effort to review standards.  A key player in any discussion about recreational use pathogen 
standards is the EPA.  One of the reasons the Regional Board had prioritized this issue in its task list is 
because of forthcoming guidance from the EPA about standards that the Regional Board wanted to 
modify in order to update them in alignment with EPA’s guidance.   Joanne Schneider added that it is 
not strictly a matter of guidance, but also the fact that in 1986, the EPA prepared the ambient water 
quality criteria for bacteria and the guidance document is intended to assist in implementing those 
criteria.   
 
2.  Presentation of New Pathogen Guidance (EPA) 
Maria Rea of the US EPA was introduced to present the new Pathogen Guidance for the EPA.  Sara 
Roser and Susan Hatfield will then present more specific details. 
 
Marie Rea began her PowerPoint presentation.  The ambient water quality criteria guidance for bacteria 
was published in 1986 and with one exception, has not changed much since then.  The criteria were 
based in epidemiological studies that were initiated in the early ‘70’s extending to the ‘80’s with the 
goal to determine the health risks associated with swimming and water contaminated with sewage and to 
learn what illnesses resulted.  The next step was to determine the quantitative relationship between water 
quality and health risks and then to determine which bacterial indicator was best correlated to swimming 
associated health effects.  In the study, three marine sites and two fresh water sites were investigated, 
two impaired beaches at each site.  One beach received little contamination and the other beach’s water 
quality was barely acceptable as it was contaminated with pollution from point sources.  In these studies, 
multiple indicators of water quality were used to monitor the water since it wasn’t known at that point 
which indicator of water quality had the best relationship to illness. 
 
Three things came out of the study.  This study linked sewage contaminated water with health risks for 
bathers, and there also were significant swimming associated rates for gastroenteritis observed at the 
more polluted of the impaired beaches.   Symptoms unrelated to gastroenteritis usually did not show a 
significant excess of illness at either of the beaches at each study location, such as skin rashes, eye or ear 
infections, etc.  For that reason, that indicator was based on the strength of the relationship between 
gastroenteritis rates and indicator rates.  Indicators that resulted from the early studies were for fresh 
water E coli and enteroccocus, and from marine water, enteroccocus.  From these studies, a quantifiable 
relationship was established between the density of an indicator and the health risks of swimming in 
recreational waters.  Using the results, the EPA’s 1986 criteria were developed.  There are two parts to 
the criteria, a geometric mean and central value which were used as a way to measure long-term impact, 
and then also the upper percentile value, which in the ’86 criteria is called the Single Sample Maximum 
Value, good for evaluating single samples.  The geometric route mean was developed from the 
distribution around the mean of the data and then the single sample numbers were developed from the 
upper percentile values.  The 75th percentile is the most protective single sample number.  The 1986 
criteria contained a range of single sample values that ranged up to the 95th percentile, which would be a 
less restrictive number applied to less intensively used areas.  The lower single sample maximum 
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number at the 75th percentile should be assigned to a designated beach that should be used to evaluate 
water quality in heavily used areas, and the 96th percentile can be applied to less intensively used area. 
The risk level is eight illnesses per 1,000 freshwater swimmers at the geometric means that was 
developed through the epidemiological studies.  That risk level was the best estimate that could be made 
of the accepted illness rate for areas that previously applied to fecal coliform criteria.  The geometric 
mean was set at 33 per 100 ML.   
 
A participant asked for clarification as to what it actually says about risks to swimmers.  Ms. Rea stated 
that swimmers are accepting a little bit of risk by swimming in the water, but they want to be at an area 
thought to be reasonably protective.  Tim Moore said that it is more of a confidence factor and referred 
to the percentile rates in expressing the certainty that that level of effect will occur.   Ms. Rea continued 
that the marine criteria risk level was 19 illnesses per 1,000 swimmers, an estimate of the protection that 
was afforded by the fecal coliform criteria in marine waters.      
 
Ms. Rea said that the EPA has been encouraging the State to adopt the criteria.  Things haven’t changed 
much with one exception, since 1986.  The Beach Act of 2000 is now causing things to move along 
quickly for the marine waters and requires states to adopt EPA’s criteria by April 2004.  It also requires 
the EPA to conduct studies to provide additional information to strengthen the standards, and to update 
studies and provide faster test methods.  The epidemiological studies are currently being updated and 
started in the summer of 2002 with the pilot and studies will be conducted until 2006 by the office of 
Research and Development.  The results of the study won’t be available right away so we still need to 
act on the current criteria.  In the Beach Act, the definition of a coastal water is from the mouth of the 
river or sea.  The proposed rule for the promulgation of the bacteria criteria in regard to the Beach Act is 
scheduled to be posed in the Federal Register by June 30th 2004.  The preamble to the proposed rule will 
contain specific criteria that will be promulgated.  Even though for California, Hawaii, and states in the 
region that will be included in the promulgation, it is only marine criteria that applies to those waters, it  
is important to watch what criteria is promulgated for the Great Lakes States because it will determine 
whether the entire range of single sample numbers will be promulgated or just one specific single 
sample number, the 75th percentile.  The decision hasn’t been made yet on that yet. The epidemiological 
studies currently underway both at freshwater and marine water sites, still focus on point sources just as 
the original studies did.  The results from the non-point sources will come later. 
 
The Draft Implementation Guidance for Ambient Water Quality Criteria for Bacteria has been in draft 
for awhile now, with drafts from 2000, a draft in May 2002, and the latest draft from November 2003.  
The same people working on the promulgation are the people working on the draft guidance so it has 
been stalled a little bit.   The range of illness rates for fresh water was proposed in earlier drafts and was 
not contained in the 1986 criteria. The risk level of eight was published in the 1986 document.   The 
guidance suggests a little flexibility and allows a range of illness levels to be used and that goes up to 10 
illnesses.  A decision has not been made yet on whether 9 or 10 illnesses will be acceptable, which is 
also an issue that will be cleared up in the preamble to the proposed rule under the Beach Act.  We 
should hear something more specific by the end of June.   
 
Even though the guidance has not been finalized, the Los Angeles Regional Board still is moving 
forward with the amendments to the Basin Plan.  It has been working in three areas toward adopting the 
criteria, with the implementation, provisions and also the beneficial uses.  The Los Angeles Regional 
Board adopted and re-approved in 2002 their criteria, the geometric means for enteroccocus for marine 
waters and the most protective single sample numbers, the 75th percentile.  For freshwater, they switched 
over to E Coli and adopted the criteria for E Coli in freshwater with a geometric means of 126, the most 
protective single sample number associated with E Coli. In 2002, along with the Santa Monica Bay 
TMDL, they adopted implementation provisions for their bacteria objectives.  In the provisions within 
the TMDL, the geometric mean is always applied in all circumstances, but within the context of the 
TMDL, they allowed the single sample objective to be implemented according to a reference system or 
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a natural sources exclusion approach.  The reference system approach is based on a monitoring point in 
its associated drainage area that is not impacted by human activities that affect pathogen levels, and they 
use this as a reference point.  This approach recognizes that there are natural sources of bacterial 
indicators. It is not the intent of the Regional Board to treat natural sources of bacterial indicators within 
a TMDL.  So, it permits a certain frequency of exceedences of the single sample maximum objective, 
based on the observed frequency of the exceedence in the monitoring point associated with the drainage.  
It ensures that water quality is at least as good as the reference beach and no degradation of water 
quality is permitted where existing bacteriological water quality is better than a selected reference 
system.  When an un-impacted reference system was not available, they used the natural sources 
exclusion and that required that all anthropogenic sources of bacterial indicators had to be controlled 
and then a certain frequency of exceedence of single sample objectives could be permitted.  So it was 
based on the residual exceedence frequency of the specific water body, and that residual exceedence 
frequency is defined as a background level of exceedence through the natural sources.  It was then a 
TMDL and the procedures could only be implemented within the context of a TMDL, addressing 
municipal storm waters, and the provisions could not apply to NPDES discharges other than MS4.  That 
is all posted on the EPA’s website for those who would like to see more details. 
 
In 2003, the Los Angeles Regional Board adopted and the EPA is in the process of approving the 
Suspension of Recreational Uses in Engineered Channels during Unsafe Wet Weather Conditions.  It 
temporarily suspends REC-1 and REC-2 uses in engineered storm channels with restricted access.  The 
storm event was defined to be triggered as one-half inch of rain continuing for 24 hours after.  They 
gave definitions for the engineered storm channel which is restricted access in a storm event and also the 
method for monitoring rainfall.   
 
Ms. Rea referred to a slide from the Arizona Water Quality Standards that is similar to the Regional 
Board’s proposal for Ballona Creek, but was adopted. In Arizona, they protected all of their recreational 
waters with consistent geometric means of 126 and then used the flexibility in the 1986 criteria to apply 
the more protective single sample number for full body contact and a less restrictive single sample 
number for partial body contact.   
 
Susan Hatfield presented the handout “Appropriate Approaches to Managing Risk in Recreational 
Waters.” She began with the series of possibilities for recreation. First is the primary contact recreation.  
The first question asked in the guidelines is where the primary contact recreation applies.   Pursuant to 
Federal regulations, it must be adopted unless such uses are shown not to be attainable, and it must be 
adopted wherever necessary to protect such uses downstream; this is the regulatory underpinning of the 
whole primary contact recreational use.  The Clean Water Act has a goal of having primary contact 
recreation in all places if possible.  The other point the guidance makes is that in doing so, the water 
body use by children and other susceptible groups must be considered.  As with other water quality 
issues, protection is different toward people that are the most susceptible to having an illness based on 
contacting pathogens.  The document has a whole set of discussions about the kind of modifications that 
the guidance says are useful to adopt under certain circumstances. 
 
The first risk management approach is Seasonal Recreation Use, which applies more to back east and 
cold weather, but not so much to California.  The second one is the recreational use subcategories of 
high flow events and Wildlife Impacted Recreations.  In both these cases the idea is to have a 
subcategory which lowers the protection in some ways from the primary contact recreation.  That is the 
reason why it requires a Use Attainability Analysis (UAA).  The high flow events are considered 
something that would be applied on a water body-by-water body basis in most cases.  However, it could 
be applied as a subcategory such as is done in Los Angeles as a way of dealing with these high flow 
events.  It may be useful to this group that there is a whole set of questions and answers for this kind of 
high flow exception:  1) Will other beneficial uses be protected?  Fishing is one and in some degree in 
Los Angeles, there was concern about trash coming down the river; 2) Would conditions during the 
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event attract recreational uses; 3) What would be the trigger and for what length of time; 4) Will the 
exclusion be a condition/criteria or a recreational subcategory; 5) Has a UAA shown that additional 
controls within the watershed are not feasible or would they result in substantial and widespread social 
and economic impact; and 6) What effect would the exclusion have on implementing controls for 
bacteria?   
 
Then there is also the Secondary Recreation Use which has been adopted in many states including some 
in this region.  Again, if it is adopted as the use is not for primary recreation, it requires a UAA.   
 
Ms. Hatfield said her last three points are more about the conclusions that a UAA would derive.  One 
being the idea of the five factors and in this document, the policy is to use a suite of factors rather than 
just the physical factors.  Second, it is not appropriate to establish broad methods for characterizing use 
that result in less than full body recreation where flows or water depths are below a certain level.  Third 
is that the flows and depths would be evaluated differently where children have access.  Ms. Hatfield 
said there are some thoughts about using variances or other methods of dealing with situations where 
there are exceedences.  This subject isn’t covered in the guidelines, but it does cover that there are two 
parts of the standards to use within the criteria and it’s a matter of how to use the regulatory tools to do 
it. 
 
A participant asked about earlier discussion about The Beach Act where Ms. Hatfield said that current 
studies continue to look at point sources.  Some discussion ensued as to where the source enters in, 
associations with the POTWs and whether or not it really affects the studies; the potential use of the 
sanitary survey approach, and what the allowable bacterial levels are based upon the information 
obtained from the sanitary survey.   
 
A participant asked if the data is available from the studies that supported the guidance for the 1986 
criteria and Ms. Rea replied that it is available.  A participant stated that he believes the EPA has said 
that there’s no reason the two risk levels shouldn’t be the same, but with the data in the studies, they 
can’t predict what the numbers would be at the higher levels anything above ten. So, they agree that they 
should be the same but they are limited by the availability of data.  Tim Moore said the question that 
often comes up is why any illness would be tolerated.  He added that we’re not tolerating any illness of 
which we have control.  Discussion ensued on measures in which the numbers were reached and the 
EPA’s assessment of the risk level, the   conceptual data, and about the wildlife impacted recreation 
requirements. 
 
 Ms. Roser noted that the guidance is still a draft, so if there is some other reasonable answer that applies 
to the circumstances here, it should be discussed in this group.  A participant expressed concern about 
the use of a single sample as a limit rather than as an indicator, because in order to comply with the 
single sample number, you actually drive the median down and change the risk level significantly.  Ms. 
Rea said the idea of the single sample is to provide assurance that the geometric mean is met.  She 
continued that the Beach Act requirements for monitoring, the single sample is used as a trigger for 
additional monitoring.  The participant said it makes sense to use it as a trigger, but not as an absolute 
limitation.  Some discussion ensued regarding the data for any creeks meeting enteroccocus criteria; the 
geometric mean being low for enteroccocus; the epidemiological studies being conducted now; the 
protocols for collecting samples, and determining the best indicators in the studies.   Mr. McKenney 
stated that one of the issues to grapple with is that the EPA is doing more research and supporting more 
epidemiological studies which take a long time.  In the meantime, millions of dollars are being spent on 
the Orange County coast and in the Santa Ana area on the indicators, particularly with regard to beach 
posting.  There isn’t a well developed process for bringing all that knowledge to bear on regulatory 
changes.  Phase one may need to conclude with a modest agreement about what can be done and an 
agreement on a process to go back more frequently to look at it. 
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After a short break, the agenda was reorganized to take item 5 next. 
 
5.  Review Plan and Current Status of Data Collection Efforts 
A representative from Camp, Dresser & McKee (CDM) reviewed the data collection efforts and said 
they need mapping, flow monitoring, water quality monitoring, use information, restrictions in uses, and 
photographs.  They noted that there is a lot of information already, but it must be accelerated to maintain 
the schedule.  A June 15 deadline will be set for anything the group wants included in the study so that it 
can be processed in the phase one effort to be included in the phase one report.  Flow monitoring data is 
needed in particular.  A lot of water quality monitoring information has been collected.  He reviewed the 
water quality monitoring data collected so far from Chino Basin, San Jacinto, Newport Bay and OCSD.  
They need everyone’s information and input to drive the process and they also want to fully document 
the basis for the actual samples.  Mark Norton suggested a web page for the study and to make it 
accessible to create an on-line library to see what data they already have.  CDM will send the 
information to Mr. Norton. 
 
3.  Summary of State and Federal Requirements in Designating Beneficial Use  
Tim Moore distributed a set of nine handouts to the Task Force for discussion.  He said several 
documents will be used during the meeting and some referred to at future meetings.   Mr. Moore said 
that this is such a complex topic that sometimes there’s a tendency to slide between the issues in a free 
forum and not resolve the issues.  He stressed that the only way to move through this complex topic is in 
“bite size” chunks.  He emphasized that nothing of what the Task Force has worked on is finalized until 
the Regional Board votes on it.  It may not be for a year or so before getting to the questions of cost.  
The work must be done sequentially.  This project is divided into three phases:  1) Identification of what 
we’re trying to protect; 2) What it takes to protect that beneficial use and 3) How we interpret the water 
quality standards.  The next four months of meetings will focus on what we’re trying to protect.  The 
next phase is water quality criteria which can’t be addressed until the Task Force determines what 
they’re trying to protect. 
 
Mr. Moore started describing what is required and the work group’s approach.  He emphasized taking 
the EPA’s advice as much as possible and see how much of the existing guidance will solve the 
problems.  New methods won’t be sought if the existing ones don’t fix the problems. 
 
He further emphasized that existing uses could have both physical and legal meanings.  The attainment 
is both what we call the use and what we call the criteria.  Behavior by itself does not affirm the existing 
use.   
 
Under the Porter-Cologne Act, there is the opportunity for the Regional Board to consider unique 
guidelines, the UAA.   This is the legal basis of what we want to do here and it has to be done in the 
context of these two documents.   The Clean Water Act prohibits a state from designating a beneficial 
use to a water body for transporting or storing waste.  Our goal is to give as much flexibility as possible, 
without creating whole new categories of beneficial use, which increases costs.  It is better to do 
regulation under existing structure of the basin plan, and it will be easier for us.  It’s an area of 
flexibility that exists and we’ll spend some time on whether it realistically can be approved.   
 
Mr. Moore noted that we need to figure out where there is controversy and where there isn’t.  The 
beaches are going to remain REC-1 and aren’t likely to get a seasonal exemption.  We may also find 
other areas that definitely are not REC-1 and then we can figure out where the controversy remains.  We 
would like to figure out where we agree and take a different track.  There may be an occasion that there 
is recreational use in the water, but not necessarily a beneficial use.  He gave an example of a cold water 
fishery in an area with a beneficial use for warm water fish.   
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4.  Distribution of First Set of Delphi Questions   
Tim Moore said the best approach will be to carve up the issues into small sections, all without 
attribution.  This is done because it helps foster clear statement and it is a forum for working out these 
issues.  In order for the process to work, it must be without attribution.  Further, if you don’t participate, 
it doesn’t work.  Also for the EPA, it is far more important to get your reactions to the comments.  He 
further stated that this has worked well to bring arguments to the front and that this approach 
emphasizes both reason and evidence.  This process will take place in three or four meetings.  Larry 
McKenney stressed that everyone participates and that others who aren’t here today get the information 
from the meeting.  Mr. Moore stated that it doesn’t need to be a long narrative and a bulleted format 
would be useful. 
 
Mark Norton asked that everyone submit the responses to Jeff Beehler, who will be the main 
administrator on the Task Force.  Mr. Moore said that the comments will be reduced down to a matrix 
so that the comments can be tracked, and agreement or disagreement can be documented. 
 
A participant questioned as to why these two questions.  Tim Moore responded that they were the most 
controversial.  Further, these questions go toward the topics scheduled to be discussed in June.   Mr. 
Moore asked that the Task Force members avoid non-definitive answers such as “it depends,” and they 
should state what it depends on.  He said to give examples and be specific wherever possible.  There are 
some issues that are data dependent, but some are not.  
 
6. Schedule Next Meeting 
Next meeting is scheduled for June 2, 2004 at 1:00.  
 
There being no further business for review, the meeting adjourned at 4:42 p.m. 
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STORM WATER QUALITY STANDARDS TASK FORCE 

MEETING NOTES 
 

June 2, 2004 
 
 
Participant     Representing    
Richard Meyerhoff    CDM 
Dan Bounds     CDM 
Don Schroeder     CDM 
Susan Hatfield     US EPA 
Mike Schule     US EPA 
Mike Loving     City of Irvine 
Rod Cruze     City of Riverside 
Matt Yeager     San Bernardino County Flood Control District 
Naresh Varma     San Bernardino County Flood Control District 
Jerry Thibeault     Regional Water Quality Control Board 
Mark Smythe     Regional Water Quality Control Board 
Dave Woelfel     Regional Water Quality Control Board  
Mark Adelson     Regional Water Quality Control Board 
Joanne Schneider (via teleconference)  Regional Water Quality Control Board 
Valerie Housel     City of San Bernardino Water Dept. 
Chris Compton     County of Orange 
Gene Estrada     County of Orange 
Larry McKenney    County of Orange 
Mary Jane Foley    MJF Consulting 
Rosanna Lacarra    Weston Solutions 
Jerry A. King     McGuire Environmental Consulting 
Gary Hackney     Inland Empire Utilities Agency 
Nancy Palmer     City of Laguna Niguel 
Michele Colbert    City of Corona 
Susan Paulsen     Southern California Water Quality Coalition 
Tom Rheiner     Riverside County Flood Control District 
Steve Stump     Riverside County Flood Control District 
Patricia Guerrero    Latham and Watkins 
Sat Tamaribuchi    The Irvine Company 
Ray Hiemstra     Orange County Coast Keeper 
Jim Colston     Orange County Sanitation District 
Greg Woodside    Orange County Water District 
Brenda Meyer     Western Municipal Water District 
Jayne Joy     Eastern Municipal Water District 
Tim Moore     Risk Sciences 
Mark Norton     Santa Ana Watershed Project Authority 
Jeff Beehler     Santa Ana Watershed Project Authority 
Dawna Munson    Santa Ana Watershed Project Authority 
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1.  Call to Order & Introductions 
The Storm Water Quality Task Force meeting was called to order at 1:00 p.m. by Mr. Larry McKenney 
at the Santa Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by 
the attendees.  Mr. McKenney reminded the Task Force of its purpose. 
 
Jeff Beehler asked for any comments on the meeting notes from May 3, 2004.  He said he received one 
comment via email which has been addressed.  It was decided that the Task Force members will contact 
Jeff Beehler with any other changes.  The meeting notes will be approved at the next meeting. 
 
2.  Status Report on Data Collection (CDM) 
Dan Bounds of CDM provided a brief update on the progress of data collection.  He said they have 
collected a lot of information and will continue to do so over the next few weeks.  He quickly reviewed 
the collection effort stating that they are looking at all the monitoring data and have started building a 
foundation of information.  He said he has collected GIS information, some photos that are very helpful, 
“pilot watershed” ideas, and some anecdotal information that is also very useful.  They have started 
coordinating with OCWD and OSHA and they are also following other leads such as a study done by 
UC Riverside.  He reviewed the task progress status points; the watershed inventory mapping, and said 
they are just now starting the mapping of monitoring locations.  He reviewed several maps showing the 
watershed divided by use, and other slides with flow monitoring sites.  Tim Moore noted a correction 
from the last meeting regarding the Crystal Clear Lagoon.  He said the Crystal Clear portion is part of 
the Riverside effluent discharge, not an area, but a specific location.  
 
Mr. Bounds showed slides of other sites where bacterial data had been collected, such as near the t-
levees near Imperial and the Cucamonga Creek/Mill Creek junction.  He reviewed the use inventory 
tasks; the collection of water quality data inventory and characterization; flow data from gauging 
stations, and the second of the task’s existing major control programs. There is a lot of information 
about programs such as the Chino Basin pathogen TMDL program, the Chino Basin optimal basin plan, 
and the county-wide annual reports from all three counties, such as source control programs that are put 
into place to prevent bacteria and other types of pollutants from entering surface waters.  He said more 
information is needed on the existing structural measures; about such areas as dry weather diversions in 
Orange County; about Riverside County areas such as Lake Matthews, and a couple of natural treatment 
systems at Irvine and in the Prado area wetlands.  He concluded by reminding the Task Force of the 
June 15 deadline for collecting the data. 
 
Some comments were made regarding other structures in place that may not necessarily be feasible for 
bacterial removal, and it was noted that it is better to be broader in this area when looking at examples 
rather than ruling out structures.  Comments were made that there are examples where these structures 
are in place, but they have remained untouched.  Larry McKenney reminded the Task Force that the 
point of the exercise for the near term is in looking at the beneficial use designation, and part of the 
exercise is to consider the costs to meet certain objectives.  Mark Norton mentioned that there currently 
are some experimental wetlands where research is being done, which might be of some interest as well.  
Sat Tamaribuchi commented that his office has some data on the Crystal Cove Project that he could 
provide. 
 
3.  Task Progress Report 
Discussed and covered as part of Agenda Item 2 above. 
 
 
4.  Discussion of First Set of Delphi Questions  
Tim Moore reviewed that the goal of the process is to review the current beneficial use designations that 
are associated with water quality objectives, to suggest improvements if appropriate, and to make 
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recommendations to the Regional Board for consideration as updates to the Basin Plan.  To facilitate the 
process, the Delphi questions are a method designed to set out the issues, properly structure them, and 
then get them on the table with the first order reactions to those issues raised.  This process helps keep 
order and facilitates decision as to whether or not there are areas for compromise. The process begins by 
asking critical regulatory questions, usually focused on the most difficult and most controversial aspects 
of the issues.  It seeks to answer the questions in writing without attribution, and the answers will be 
copied and distributed to the Task Force.  The reactions will be resubmitted and re-circulated to the 
group, and then a matrix will be made from the information for easy reference.  The goal of this process 
is to force a disciplined reaction to the process and it provides a chance for everyone to defend their 
assumptions and beliefs, as well as to clarify the issues. 
 
Mr. Moore distributed the comments and said that he had received some feedback afterward, generally 
suggesting that this was a near hopeless, expansive process.  He explained that the Delphi process 
always starts off with a sense of futility, which is part of the process in seeking the answers, collecting 
them, and putting them into the matrix.  It is a way to generate honest communication and for people to 
be able to make the most accurate statements.  He provided a few examples, such as there was almost 
unanimous comment about the general consensus for California regarding REC 1 uses.  Mr. Moore 
assured everyone that the purpose is not to take votes, but to get a consensus of where the areas of 
agreement may be, and to put together proposals.  The Task Force will then move from a drafting mode 
of language into an agreement mode.  The goal today and for the next few months is to see if this Task 
Force can agree on the larger principals.  If agreement can be reached, then the details can be hammered 
out to make it work.  If the Task Force can’t agree, then there is no point in wasting time on concept 
definitions.  For example, if the Task Force cannot agree that it’s possible to have people in the water 
and yet not have that be, by definition, an existing use, then there is no point in having the discussion as 
to how many people it takes, how often and where.  Likewise, if it cannot be agreed upon that there is 
some level of flow which would cause recreation uses to go into suspense where it would no longer be 
physically possible, let alone advisable to swim, wade, splash or do any other body contact recreation, 
then it is useless to try to decide at what point that flow occurs. The process won’t be finished today and 
there will be plenty of opportunity to resubmit comments. 
 
Mr. Moore continued that in setting context, the two key questions focused on today are assuming that 
REC 1 exists as it does today, and if there is a set of circumstances under REC 1 conditions that exist at 
one time and not at another time due to some definable condition related to flow.  Mr. Moore said the 
second question asked was if the recreational activity automatically defines the designation of the use, or 
is it possible to have the activity itself in the water, and not be REC 1. 
 
Regarding the flow related issue, at present the Basin Plan already has a model for a two-tiered system 
with sub-categories in place for aquatic life.  There is a designation for warm water aquatic life and a 
separate designation for cold water aquatic life. He discussed examples of exceptions under policies 
regarding the sources of drinking water and reclaimed water.  He commented on the Regional Board’s 
designation of a category called warm-limited aquatic life, which recognized that in certain water bodies 
such as a concrete channel, though spawning may be impossible, some limited aquatic life may arise.  
Mr. Moore gave an analogy using the First Amendment of freedom of speech; even though courts have 
interpreted it to protect public interest, the courts have ruled there are some exceptions to that, such as 
slander.  He noted that courts have ruled that even protected speech could be regulated with respect to 
time, place, and manner. Likewise, if there are some exceptions to how REC 1 beneficial use works, 
there are instances of regulating and protecting it with respect to time, place and manner where it does 
not work or it is not attainable.  He also noted all the comments made which are related to whether or 
not the uses that should be protected refer to illegal activities.  The illegality issue will be deferred. 
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He said there are also other issues to discuss,  including (1) are there certain flow conditions causing 
REC 1 to go into suspense (both high and low flow conditions), and (2) how much contact does there 
have to be to assume whether or not there was an existing or designated beneficial use.  Mr. Moore 
reviewed the Delphi questions and provided examples of where clarification or more information is 
needed to support the arguments.  He discussed examples of problems for which a solution is 
unattainable or seeking a solution will cause greater problems. He reviewed the main question for 
discussion: Are there conditions where REC 1 would exist under some flow conditions and not under 
others?  The answers that came back in the reaction comments were that recreation tends to occur under 
all observed flow conditions, and therefore the use exists.  There may be a difference in the frequency 
and magnitude of use, but it doesn’t change that the use exists.  Discussion ensued regarding the 
clarification and differentiation of recreational beneficial uses; how the law recognizes it; the example of 
the California Vacaville case law; examples of suspension of standards in other areas;  the level of 
protection that is needed and the specific distinctions of recreational use;  the need for protection once it 
has been established that it’s an existing use; the distinctions in the high-flow exemption; the cost 
benefit ratios, and whether in certain high flow levels, if the decision to recreate is reasonable, 
appropriate or beneficial.  
 
A participant called attention to the reactions to the Delphi questions, page 16, line 624-627, regarding 
beneficial uses that may be protected, including recreation. The participant said the water code itself 
presumes all recreational activities are beneficial; however, discussion continues as to what recreational 
use may be considered reasonable, appropriate or beneficial, using the example of someone falling into 
the water, which several participants debated as being considered an existing recreational use, dependent 
upon the circumstances.  Extensive discussion ensued about trying to decide when a reasonable person 
would decide to use a water site for recreation depending on conditions; when the water legally would 
be designated for recreational use; if there are exceptions, and considering exceedences of the standards.  
 
Mr. Moore provided an exercise of defining both ends of the spectrum of recreational use and non- 
recreational use, where beaches are considered recreation and closed culverts are not.  He then listed the 
factors for each end such as the actual activity; the accessibility to the site; other risks or dangers such as 
high flows or the slope of the bank etc.; public encouragement such as if it is posted and encouraged or 
discouraged under different circumstances, and the legality of use.  He used an example of the Santa 
Ana River main-stem where recreation is common, it is accessible, there are moderate risks depending 
on where the person gains access, encouragement is neutral, i.e. it’s posted but not enforced and in some 
cases it’s fenced but not sufficiently, and in most instances it is illegal (posted, but not enforced).  This 
scenario would make it difficult for the regulatory community to say that recreation here is an 
unprotected use. The Task Force must consider both the level of protection for that use and the cost 
factor involved in protecting that use.  He further stated that the purpose of the exercise is that if 
significant distinctions can be drawn, then federal and state laws both allow writing different water 
quality objectives to reflect these different circumstances. If there are no distinctions, then water quality 
objectives cannot be implemented in regard to these differences.  He said the EPA suggests that 
frequency of use is an appropriate adjustment criterion regarding distribution of risk.  In order to apply 
that, there must be a rational basis for distinguishing it; the Task Force must draw the distinctions itself, 
to create the basis in order to tap into that flexibility.   
 
The third group in the recreational use exercise is the concrete engineered flood control channels and the 
Santa Ana River main-stem high flow condition.  Under these conditions, usage is rare—few people; 
accessibility is difficult; there is high risk from high flows; the posting and/or closed gates discourages 
its use, and it remains an illegal use. 
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The last category in the exercise is entitled “unobserved” where usage is mostly infrequent and very 
seldom observed—it can be conceived of but it is not yet witnessed.  The two categories on either end 
are easy to classify, however the two middle categories are not as distinct.  A participant noted that even 
in the “easy to classify” cases, in some of the existing recreation uses now, there are distinctions made 
between high flow conditions and low flow.  Mr. Moore noted that many concrete flood control 
channels have other more natural beaches and recreational water possibilities nearby, and so there is no 
reason to go to the concrete channels.  Thus, to the extent that you have nearby alternatives, the need to 
protect the concrete channels diminishes.  Making the first two categories REC 1 and knowing the last 
category is definitely not REC 1, leaves the third category as “REC I Suspended” as it is called in Los 
Angeles, or “REC 1 Intermittent,” and then those conditions must be defined.  However, this concept 
does not address the isolated occurrences of use, i.e. traffic accidents, slip and fall, etc. 
 
Some discussion ensued as to whether this is the appropriate way to make distinctions and what criteria 
is used in other states.  Mr. Moore outlined how the California Water Code describes beneficial uses as 
opposed to non-beneficial uses; the federal guidelines don’t recognize this distinction. The federal 
guidelines do say the state must designate appropriate uses.  Therefore, there must be uses which are 
inappropriate.  
 
Comments were made to distinguish between the use and value of water, as relating to Federal law. Use 
is the behavior; value is the judgment society makes about that behavior. The words use and value also 
appear in the California Water Code. Many states blanket REC 1.  A participant noted that in Arizona 
scenic areas, certain waters were determined to be an inappropriate use for recreation, even though they 
may have a drinking water or agriculture use approved. Another example cited was Ohio, where the 
state could suspend certain provisions, presumably because it determined an inappropriate use under 
certain low temperature conditions under which recreational swimming use, although occurring, is not a 
reasonable expectation.  It was also noted there are many states which suspend their REC 1 usage during 
certain seasonal and flow events, as being inappropriate usage under certain conditions, although not all 
the time.  Mr. Moore explained that the Clean Water Act sets forth recreation as a preeminent goal 
(along with aquatic life and marine life protection). Wherever attainable, attainment of that recreational 
use is to be protected. He said it is important though, that the presumption of REC 1 use does not mean 
it is not rebuttable. The question was raised how the EPA Region 9 allowed Arizona to operate without 
the REC 1 designations; and a similar question arose about EPA Region 5 agreeing with Ohio about 
lifting REC 1 designations there.  There was a discussion of the use of the diagrammed categories, such 
as rate of flow.  Mr. Moore stated if there is agreement that the category exists, the details can be 
worked out. Discussion focused on attempting a goal of protection in the 95-99 percentage range, 
wherein there remains only the rare, the isolated, unusual, and infrequent within reason categories. It 
was noted by a participant that the point of this exercise was not to lower protection standards, but to see 
that the finite amount of money available to protect recreational uses is appropriately utilized.  Another 
comment was made that mitigations such as directing expenditures to producing municipal pools and 
such alternatives also should be considered. 
 
5.  Distribution of Second Set of Delphi Questions   
The second set of the Delhi questions was distributed.  Mr. Moore said that the comments will be 
brought back to this forum and discussed.  A participant asked about the “silence” from the 
environmental groups etc., and asked how the arguments about anti-backsliding and such issues will be 
built into the final plan.  Mr. Moore explained that there cannot be any anti-backsliding from that which 
has not yet been attained. He assumes most of the areas under discussion are those which have not been 
consistently attained, so anti-backsliding would not be an issue.  Regarding a question about anti-
degradation, this question was answered similarly.  As much will be done as is economically feasible, 
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and so it cannot be conceived as getting worse.  He said that the question to ask is how much better will 
the water quality get. 
Mr. Moore reviewed changes and improvements made to the Delphi questions, including references to 
relevant comments. 
 
Comments were raised about an example of an extreme low-flow situation and the consideration that the 
risk is different when a person is not submerged.  A participant recommended that the Task Force make 
allowances for these factors. 
  
A discussion ensued about determining different categories of REC 1 based on different probabilities of 
full body submersion or ingestion, suggesting as a possibility a REC I with the footnote “shallow.” It 
was discussed that there are studies on relevant disease-causing issues but it is not clear which, if any, 
would benefit from such “shallow” water REC 1 categorization by this Task Force.  Extensive 
discussion ensued about disease issues, and the need to integrate the scientific studies with the 
recommendations of this Task Force. 
 
Schedule Next Meeting 
The next meeting is scheduled for June 30, 2004 at from 12:00 – 4:00 p.m.  A light lunch will be 
provided at 11:30 a.m.  
 
There being no further business for review, the meeting adjourned at 4:00 p.m. 
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STORM WATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
June 30, 2004 

 
 
Participant     Representing    
Richard Meyerhoff    CDM 
Dan Bounds     CDM 
Don Schroeder     CDM 
Susan Hatfield     US EPA 
Maria Rea     US EPA 
Mark Smythe     Regional Water Quality Control Board-Region 8 
Dave Woelfel     Regional Water Quality Control Board-Region 8  
Joanne Schneider     Regional Water Quality Control Board-Region 8 
Matt Yeager     San Bernardino County Flood Control District 
Naresh Varma     San Bernardino County Flood Control District 
Stacy Aldstadt     City of San Bernardino Water Dept. 
Tom Rheiner     Riverside County Flood Control District 
Steve Stump     Riverside County Flood Control District 
Larry McKenney    County of Orange 
Chris Compton     County of Orange 
Gene Estrada     County of Orange 
Amanda Carr     County of Orange 
Mike Loving     City of Irvine 
Rod Cruze     City of Riverside 
Nancy Palmer     City of Laguna Niguel 
Michele Colbert    City of Corona 
Don Williams     City of Corona 
Geraldine Lucas    City of Huntington Beach 
Valerie Housel     City of San Bernardino Water Dept. 
Mary Jane Foley    MJF Consulting 
Susan Paulsen     Southern California Water Quality Coalition 
Ray Hiemstra     Orange County Coast Keeper 
Jayne Joy     Eastern Municipal Water District 
Larry Bazel     Stoel-Rives, LLP 
Tim Moore     Risk Sciences 
Jeff Beehler     Santa Ana Watershed Project Authority 
Dawna Munson    Santa Ana Watershed Project Authority 
 
1.   Introductions & Opening Comments 
The Storm Water Quality Task Force meeting was called to order at 12:00 p.m. by Larry McKenney at 
the Santa Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by the 
attendees.   
 
2.  Approval of Meeting Notes 
Jeff Beehler asked for any comments on the meeting notes from June 2, 2004 or from May 12, 2004.  
He had received a few comments via email which have been addressed.  The Task Force members will 
contact Jeff Beehler with any other changes.  The meeting notes were approved for both the June 2nd and 
May 12th meetings as prepared.  
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3.  Status Report on Data Collection (CDM) 
Dan Bounds of CDM provided an update on the data collection efforts and progress, and some 
information showing what was learned from the data so far.  He said some existing information is still 
needed in the areas of bacterial monitoring and some GIS information for drainage receiving waters; he 
reviewed the data collected to date.  They are continuing to gather monitoring data from both Riverside 
County and OCWD.  He also has reviewed the flow monitoring data sites at Riverside, San Bernardino 
and Orange Counties and USGS sites; the water/watershed inventory mapping and entering bacterial 
monitoring data and flow data, and developing the GIS functionality to the interactive in order to look at 
different data sets spatially and make comparisons, and the flow and water quality for the four corners 
site in Riverside County.  He reviewed some of the other tasks such as the use inventory; existing major 
control programs, and existing structural measures information that they continue to gather. 
 
Some discussion ensued as to the standards and quality of the data provided and provisions for how the 
data will need to be defended; the potential data gaps and how those will be addressed, tracking the data, 
and how some of the data issues arising from the Task Force discussions will be characterized. Larry 
McKenney said the focus is on getting through Phase I of getting the data; Phase II will specifically 
address the data collected, the quality control issues, and the questions that arise from that.  When 
starting Phase II, the Task Force may want to divide into sub-groups to discuss how to achieve the kind 
of data collection that needs to be achieved to answer the questions the group has come up with. 
 
4.  Discussion of Second Set of Delphi Questions #3 and #4  
Tim Moore first introduced Larry Bazel, an attorney with a background in water quality, who will attend 
the Stormwater Quality Standards meetings as needed to provide answers to any water quality legal 
issues and to help keep the Task Force on the right track.   
 
Mr. Moore asked if anyone has any suggestions or comments about the Delphi process that may be 
helpful.  A participant said it might be useful to do some sort of case study.  Mr. Moore said there is 
some consensus in the group that some of the alternatives being presented in the Delphi matrixes are 
mutually exclusive to such an extent as to being irresolvable, but when digging down, they find there is 
little disagreement on the larger issues.  He suggested that some of the frustration emanating from the 
nature of the Delphi process possibly stems from the abstract discussion.  However, he has deliberately 
tried to avoid citing any particular water body in order to facilitate focusing debate on the areas of 
agreement, rather than the exceptions.  He said a suggestion has been made to take a field trip in the 
future to help everyone get a clearer sense of what the group is discussing specifically, particularly with 
regard to time, place, and manner for REC 1 issues.   
 
A participant asked how many Delphi questions there will be and suggested that perhaps it would be 
better to see the whole process by having all the questions at once.  Mr. Moore said there will be as 
many Delphi questions as deemed appropriate to aid the Task Force.  He also said that it is feasible to 
provide the group with at least an outline of the Delphi questions, although they frequently change.  He 
said it is best to proceed in a very linear manner. 
 
He said there also had been questions as to why there hasn’t been discussion on the economics side of it.   
Mr. Moore said the group can’t get to the estimates of money and what it takes to comply, until the areas 
of uses and criteria are resolved.  The exception is that first order estimates of the status quo can 
probably be done now.  He suggested having the questions settled to avoid multiple tiered scenario-
based economics which can be very expensive. By narrowing it down to what it will most likely look 
like, the cost question then can be addressed more effectively.  He briefly explained that it is a bit 
complicated due to the differences in the Federal and State laws in this area that can create somewhat of 
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a legal bind.  Mr. Moore said that for these and other reasons, the best way to proceed is in a very linear 
fashion, one necessary step at a time to assure that all areas are covered without skipping steps, which 
could be detrimental later on. 
 
Mr. Moore said that he believes that the perception that there is an impasse of mutually exclusive 
alternatives is a false one.  He said one of the comments made the last round which he strongly 
considers is a legitimate need to think about state-wide consistency.   He said while thinking about 
alternatives for the Santa Ana, if there is more than one way to do something, the alternatives that are 
most like existing plans, will have an easier time going through the process than those that don’t.  He 
encouraged the group to look for the second and third right answer.  He said the goal today is to outline 
more thoroughly the potential solutions to see if conceptually they are fitting. 
 
Mr. Moore showed a chart outlining his perception of the areas of general agreement, stating that the 
Task Force needs to start thinking about how it would apply to individual cases, and discuss it with a 
specific proposal in mind.  He continued that in reviewing the first two months of Delphi sets, it 
becomes clear that there are locations, occasions and conditions that could be described as “Full Time 
Unlimited REC 1.”  He said examples of what this includes, although not definitive, include the ocean 
beaches and the inland lakes, excluding the water reservoirs such as Lake Matthews. This is a starting 
point where for the most part, REC 1 is beyond dispute, it occurs all the time, and it doesn’t change 
based on weather.  He then distinguished this group from the others.  He said for everything else they 
would distinguish the Non-Flood from the Flood conditions.  The non-flood conditions would be 
considered normal and typical conditions, and the flood conditions, yet to be defined, is the wet values 
and that time in which the velocity and volume of water is such that a person would no longer have 
control of their own destiny in the water.  Different agencies define that differently and it varies from 
location to location depending on the characteristics and morphology of the channel. He commented that 
this was an area where the LA Regional Board struggled to define, and now this Task Force needs to 
define as well.  Extensive discussion ensued on the LA Regional Board’s work in the area. 
 
Mr. Moore noted an important point about federal regulations, distinguishing between a sub-categorized 
use and a seasonal use.  He said the group seems to be in agreement that the concept of seasonality is not 
very workable in California.  It’s important because sub-categories of uses require a lot more work and 
particularly require a UAA, where seasonality requires less work.  If this Task Force can determine the 
“on” and “off” conditions, it would be easier to apply.  
 
The normal, non-flood flow conditions were addressed first, i.e. whatever the conditions usually are for 
the area, and the sub-categories within that: one is unlimited (REC 1) and the other is limited (REC 1 
limited).  With regard to the concept of limited versus unlimited, many comments made by the Task 
Force members were the need for a suite of factors:  
 

1)  Accessibility (fencing, posting, legality and physical accessibility); 
   

2)  Occurrence of the activity considering frequency, magnitude and the presence of children.  Mr. 
Moore commented that this is an area which frequently causes debate on the exceptions due to the      
presence of children;  
 

3)  Channel morphology—the shape, structure, and composition of it; 
 

4)  Alternatives—the proximity of the reasonable alternatives to the channel such as a public swimming 
pool or other more attractive options, even if illegal. Mr. Moore noted the importance of alternatives as a 
factor when doing surveys and mapping work, that a relationship probably could be developed between 
the factors that is predictive, and where generalizations can be made;  
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5)  Water Quality.  What if the water quality is such that the standards can’t be met, and is it an       
engineering problem or a financial problem;  
 

6)  Adjacent land uses which can be considered a destination characteristic; the question of what initially       
prompted that person come to that area; 
 

7)  Flow.  Mr. Moore said that this factor generated the most comment from the group.  Some believed      
that the risk of ingestion was lower with the low flow.  Discussion ensued about examples such as      
Lytle Creek and Mill Creek where there is only a trickle of water but the rocks and debris can make      
for small dams that impound water; and 
 

 8) Activity type—this is a type of sub-set of flow because the depth of the water has a lot to do with    
what the activity is in the water.  The probability of ingestion is different based on the depth of water.  A 
counter argument is that it isn’t the case when it involves children, because of the activities of children 
playing in the water. 
 
Mr. Moore asked if there were any other factors that the group would like to include.  A participant 
commented that there isn’t a clear factor where economics is considered.  Mr. Moore replied that it 
belongs there, but it was deliberately omitted at this time because it’s one of those factors that can’t be 
considered as a part of the objectives and compliance requirement.  There isn’t much that can be done 
with it at this point.   
 
A participant asked for further clarification as to how this all relates to REC 1 and the question of what 
is an existing use.  Mr. Moore said he had hoped there would be better definition to the existing use 
question with some additional research, and there isn’t a lot in the area.  There’s a very large gap with 
two schools of thought on this issue.  One is that existing use means existing activity, and the other is 
the existing use is the activity and the water quality necessary to protect the activity.  It is a very 
important question with not much guidance at this point, so it is being deferred for now. 
 
Larry McKenney commented on the uniqueness of the Task Force and its special opportunity to protect 
the environment and the people using the watershed resources and doing it in a way that makes financial 
sense.  If this Task Force can agree on the best method to do that, then everyone will work on a way to 
meet legal and regulatory requirements.  
 
Tim Moore said the next task is to gain input and list those characteristics that would distinguish an 
unlimited REC 1 from a limited REC 1 and asked that the Task Force members put some labels in the 
“cells” to complete the chart, and to do so without thinking about a particular water body.  He instructed 
that they are a suite of factors, but they need to be described as thoroughly as possible.  He noted the 
usage of the word “aberrational” meaning REC 1 can occur with a very low frequency and it can still 
not be considered REC 1; for example, finding cold water fish in a warm water stream.  Mr. Moore 
notated an important section from the EPA guidance with questions and answers about antidegradation 
within an appendix to the Water Quality Standards handbook about whether the use is legally protected.  
It says if it is small, if it’s a margin of the population, or if it’s an artifact; all atypical.  The guidance 
doesn’t say that it automatically makes it not a REC 1 use, but that it does cause for appropriate 
consideration. The threshold of what is considered to be small, marginal, artifactual and aberrational is 
defined by this suite of factors.  The fewer factors there are causes it to fall more into the category of 
potential use. 
 
In attempting to develop a predictive model for REC 1 use, Mr. Moore reminded the Task Force that 
these factors are not final at this point and that he would consider any of the factors for now. 
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1)  Access – Limited access is the concept of it being illegal and evidence of illegality such as fencing 
and locked gates, and physical signs such as road access and proximity to parking; steep slopes, rip-rap, 
vegetation, and parking.  The unlimited use factors are that there is easy access, it’s legal, and it’s 
natural.  Extensive discussion ensued on the many issues associated with this factor. 
 

2)  Channel Morphology.  The unlimited use factors are channels that are more natural, unaltered, sand 
bars, it’s near trees, fish habitat, the pooling potential and it’s attractive so it tends to draw more people.  
The limited use factors considered unsuitable for REC 1 would include conditions such as quicksand, 
flood control improvements, poor bottom condition, depth and width, sun/shade, and turbidity factors.  
 

3)  Frequency/Magnitude is the “occurrence” of use.  For limited use it is rare, aberrant, small, marginal, 
artifactual, accidental, and “incidental.”  For unlimited use categorization, it’s common, frequent, 
promoted, tolerated, repeated, and there is the presence of children. 
 

4) Flow.  The use limitations are it is extremely shallow, there’s flow velocity, the dimensions of the 
channel, volume, hazard interactions such as slippery bottom or brush, temperature, it’s from a non-
point source, and there is inconsistency. The unlimited use factors are that the flow is attractive and 
tranquil. 
 

5)  Water Quality.  The limited use conditions listed are odor, turbidity, foam/sheen, cold temperature, 
algae growth, vector control, posted warnings, bird waste, and it’s from a non-point bacteria source. 
 

6)  Adjacent Land Use.  Unlimited use factors are parks, residential areas, trails, bike/horse paths, a rural 
atmosphere, coastal beach crossings, public pools, other recreation, public land, golf courses, and 
schools. The limited factors include industrial or commercial surroundings, dairies, high crime areas, 
and transportation corridors. 
 

7)  Alternatives. The unlimited use factor listed is environmental justice; the limited factors include 
proximate alternatives, convenience, and cost such as parking.  Mr. Moore noted that the relative change 
in the other factors against the cost, convenience, and proximity is what decides if the alternative is real 
or not. 
 
5.  Distribution of Third Set of Delphi Questions #5 and #6   
Mr. Moore referred to the handout chart “Factors for Consideration when Designating REC-1 Beneficial 
Uses.  He said this is an assignment in lieu of the third set of Delphi questions, and that he is not asking 
the Task Force to fill it out, but that the next Delphi questions become the reaction to the chart.  Does it 
sound like a suitable basis for designating uses in the Santa Ana Watershed? Concept one is the full time 
REC 1 use concept. There also is the concept that there are flow conditions so extreme as to temporarily 
suspend REC 1. There also is a third category of natural flow conditions that are limited or unlimited.  
Unlimited use basically means lower risk because of lower exposure.  The definition of the factors 
would be sub-categories.  Mr. Moore asked the group to respond to the framework, and particularly, if 
the issues which are driving the concerns are likely to be addressed within that framework; this is 
somewhat of a check to determine whether or not we have the broad outlines of a win-win approach. 
 
He said the second assignment is for the Task Force members to start formulating a list of the data type 
questions that the Task Force needs to start answering.  The questions will help suggest what categories 
are needed, and these questions will be used to formulate the scope of work for CDM.   
 
6.  Schedule Next Meeting 
Discussion resumed about the benefits of a field trip for the Task Force members.  Jeff Beehler said that 
they will aim for the field trip to be in conjunction with the next Task Force meeting on July 28, and that 
further details will be provided to everyone by email.  Transportation arrangements need to be made.    
 
There being no further business, the meeting adjourned at 3:44 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
August 25, 2004 

 
 
Participant     Representing    
Richard Meyerhoff    CDM 
Dan Bounds     CDM 
Mike Loving     City of Irvine 
Rod Cruze     City of Riverside 
Matt Yeager     San Bernardino County Flood Control District 
Mark Smythe     Regional Water Quality Control Board 
Dave Woelfel     Regional Water Quality Control Board  
Mark Adelson     Regional Water Quality Control Board 
Joanne Schneider     Regional Water Quality Control Board 
Ray Hiemstra     Orange County Coast Keeper 
Valerie Housel    City of San Bernardino MWD 
Amanda Carr     County of Orange 
Larry McKenney    County of Orange 
Nancy Palmer     City of Laguna Niguel 
Susan Paulsen     Southern California Water Quality Coalition 
Tom Rheiner     Riverside County Flood Control District 
Steve Stump     Riverside County Flood Control District 
Tim Moore     Risk Sciences 
Mark Norton     Santa Ana Watershed Project Authority 
Jeff Beehler     Santa Ana Watershed Project Authority 
Dawna Munson    Santa Ana Watershed Project Authority 
 
 
1.  Call to Order & Introductions 
The Stormwater Quality Standards Task Force meeting was called to order at 12:32 p.m. by Mr. Larry 
McKenney at the Santa Ana Watershed Project Authority, Riverside, California.  Brief introductions 
were made by the attendees.  
 
Larry McKenney mentioned an article of interest to the Task Force from the Los Angeles Times, 
“Residents Would Pay to Clean Runoff, Survey Finds.” Orange County residents had been polled as to 
whether they are willing to pay more for protection of urban water quality.  He said copies of the article 
are available for anyone interested. 
 
Mark Norton commented that looking at the stormwater quality impacts and finding a funding 
mechanism is not just a coastal effort, and the San Jacinto River Watershed Council is involved in 
addressing nutrient TMDLs and helping people to understand the TMDLs in general.  The group also is 
to try to determine how these measures can be funded in the future.  Mr. McKenney said several 
counties and entities are having discussions and it would be helpful to have coordination between them 
and keep the information gathering process as focused as possible. 
 
Tim Moore said he received a copy of the EPA’s letter approving the LA Board’s high water exception 
to REC-1.  The letter specifically called out the certain unsafe flow conditions and the locations that are 
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exempt from REC-1.  Copies of the letter will be provided to those interested in seeing it.  Mr. Moore 
also briefly summarized some of the comments from the recent Regional Board Meeting.  
 
Jeff Beehler informed the Task Force that the webpage for the Stormwater Quality Standards Task 
Force is now on SAWPA’s website.  Under the projects section is a link to the Task Force’s agendas, 
meeting notes, handouts, site photos, and other information.  It will be continually updated. 
 
2.  Update on Data Collection and Analysis (CDM) 
Dan Bounds of CDM provided a brief PowerPoint presentation starting with a recap of the recent data 
analysis activity including the Task Force goals, the agreed upon watershed-wide analysis and the 
representative sites they selected for use in the Task Force study.  In discussing data analysis and the 
watershed-wide scale, he noted the analysis for comparison of existing fecal coliform data to REC-1; the 
variability of bacteria over time, and the stream data compared to lake data that could be done.   Mr. 
Bounds said this is brought before the group because there are many ways that CDM is able to approach 
this information and they want to make sure they are taking the approach and desired by the Task Force. 
Extensive discussion ensued.  Larry McKenney commented that most of the interest in this discussion 
involves questions to answer later down the road, but not necessarily for Phase I; it will be more 
relevant under the protection of uses phase. 
 
Mr. Bounds next reviewed the detailed data analysis and the representative sites suggested for further 
analysis. This section covers channel type description and flow characterization/history; the changes in 
flow characteristics over time; the source of water, whether the water has high effluent contribution or 
nuisance runoff; the water quality characterization for bacteria; fecal coliform concentrations and its 
variability over time, and the potential to relate changes in percent of land use to fecal coliform 
concentrations using specific 10-year periods as benchmarks.  Mr. Bounds asked the group for 
suggestions on any other potential representative sites, particularly those that embody issues to be 
addressed in the earlier stage. A suggestion was made to add the frequency and use of the channels that 
were looked at during the morning’s tour.  Mr. McKenney summarized that the Task Force needs CDM 
to look at the existing data collected about use in these representative areas.  It is expected that there will 
be some data gaps, but part of what will be learned in this step is what other data needs to be targeted for 
future collection. 
 
Mr. Bounds reviewed the watershed map noting the concentrations of the fecal coliform analyses 
criteria prior to and after 1996.  He displayed a graph of the fecal coliform analysis; the E Coli analysis 
single samples exceedance criteria before and after 1996, and the analysis for wet weather conditions.  
The Task Force exchanged their ideas for potential representative sites for detailed analysis such as at 
the main-stem Santa Ana River, Corona Del Mar coastal waters, and the tributaries.  Mr. Bounds asked 
the group to think about suggestions for other sites over the next few days and he requested that any 
input about the representative sites be sent within the next few days.  Mr. Bounds said that CDM staff 
will start on the representative sites next week.  He will send the list and map to the Task Force 
members. 
  
Mr. Bounds briefly covered the next steps, based on what has been discussed today, are to continue to 
verify and QA/QC the data sets including the metadata; perform all the analysis on the watershed-wide 
scale discussed and the representative sites; continue the other tasks of the use analysis work and BMP 
measures and the flow data analysis, and present the preliminary findings for all tasks at the next 
meeting on September 16th. 
 
 
BREAK 
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3.  Discussion of Delphi Matrix & Field Trip Observations 
Tim Moore said the next step for the group is to take what is basically a regulatory concept and turn it 
into a more tangible document.  The Task Force needs to flesh out some of the factors to make the 
system work with a higher level of certainty and more predictability.  These efforts will assist the 
Regional Board in considering all the relevant factors, and although they all can’t be listed, the Task 
Force can put them in writing and also narratively describe what distinguishes the uses between REC-1, 
REC-1 Limited and Not REC-1.   This will help provide a foundation to work from.  Basically, the Task 
Force does the leg work and it is up to the Regional Board to determine what regulations follow.  
 
Mr. Moore highlighted a few of the comments he received about the matrix he recently distributed.  He 
reviewed the chart used for meeting discussion purposes, “Linking Federal and State Use Designation 
Factors to Recreational Use Subcategories and Decision Factors Considered During Previous Delphi 
Discussions.”  He reviewed the parameters of the chart, noting that the factors as listed on the chart are 
the factors considered by the Regional Board when setting objectives and setting permit limits. He also 
noted that the chart does not directly show that the existing uses must be considered.   However, that 
factor is indirectly captured in the chart on Row 7.   
 
Mr. Moore said that several good suggestions had been made to improve the chart to make it more 
workable.  He instructed that the purpose of the meeting, as based on the tour, is to get to the next level 
and take the matrix worked on today and solidify the range by giving definition to the factors.  Mr. 
Moore asked the Task Force to begin by defining what is clearly a 0, i.e. it is Not REC-1, and what is 
clearly a “3”, meaning it is an existing REC-1 site, and then recognize the “1” and “2” ratings by 
identifying characteristics to distinguish between them.  He began with the Ease of Access factor.  A 
suggestion was made that an example of Not REC-1 is Temescal Creek above Corona (Site 1), as there 
is no easy access/entry, it’s all fenced, and there was a very low nuisance flow.  The group agreed that 
the Santa Ana River at Etiwanda (Site 7) would be considered a “3”, REC-1, as there was road-side 
parking, there were signs posted of the park, and there were no signs prohibiting entrance or swimming.  
Mr. Moore gave another example of Chino Creek at Pine Ave (Site 4a on the matrix), where water 
ponded and it is easily accessible.  Another comment was made that Tequesquite Arroyo at the Santa 
Ana River (Site 11) could be considered a “3” because of easy accessibility; however there wasn’t 
parking, so a rating of “2” would be more suitable. Participants agreed that Cucamonga Creek on the 
downstream side would be rated as a “1” due to the rip rap and the brush surrounding it.  Discussion 
continued on the factors that specifically cause a site to rate a 0 through 3, and the group focused on the 
factors when considered alone and in combination with others in determining the appropriate rating. 
 
The next factor for consideration was the Channel Slope and whether it was natural or concrete when 
examining the 14 sites.   For example, a trapezoidal shape and a rip-rap side slope would be considered 
a “2”; a vertical wall would rate a “0”; a trapezoidal shape of 2 to 1 would be considered a “1”, a 
concrete wall could be considered a “1” etc. 
 
The Flow, Depth, and Volume factors were discussed for the sites.  Most Task Force members agreed 
that there wasn’t enough flow at any of the sites for full body immersion.  There also was agreement that 
sites 4, 8, 11 and 13 could be rated as a “3,” site 5 could be considered a “2,” and site 1 could be 
considered a “0”.  A suggestion was made to base decisions on the number of inches of water, which 
would then determine the channel’s rating.  For example, over 6” of water could be considered a “3”. 
Extensive discussion ensued on utilizing that method as a guide and as to what the depth and flow may 
be for each site at other times of the year.  Mr. Moore said that the group will discuss the velocity factor 
at a later time. 
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Water Quality and Aesthetics was discussed next.  Examples of 0-3 were given by Task Force members 
and discussion ensued on the differing viewpoints and considerations.  For example, some considered 
sites 3 and 11 to rate a “0”, while examples of a “3” rating were indicated at sites 1, 2, 7, and 10. 
 
4.  Distribution of Next Set of Delphi Questions 
Mr. Moore assigned the Task Force to fill in a “ballot” that will be provided by email as to whether each 
site is REC-1, REC-1 Limited, or Not REC-1.  He noted that the October 13 meeting will be an all-day 
event in Orange County, and this exercise will be done again.  He asked that the assignment be 
completed by Monday at 5:00 p.m.  Jeff Beehler reminded the group that photos from each of the 
stormwater sites will be posted on the SAWPA website.   
 
5.  Schedule Next Meeting 
The next meeting is scheduled for September 16, 2004 from 1:00 to 4:00 p.m. at SAWPA.   
 
There being no further business for review, the meeting adjourned at 4:18 p.m. 
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STORM WATER QUALITY STANDARDS TASK FORCE 
 

MEETING NOTES 
 

September 16, 2004 
 
 
Participant     Representing    
Richard Meyerhoff    CDM 
Dan Bounds     CDM 
Don Schroeder    CDM 
Mark Smythe     Regional Water Quality Control Board 
Dave Woelfel     Regional Water Quality Control Board  
Joanne Schneider     Regional Water Quality Control Board 
Susan Hatfield     US EPA 
Maria Rea     US EPA 
Ray Hiemstra     Orange County Coast Keeper 
Larry Honeybourne    Orange County Health Dept. 
Larry McKenney    County of Orange 
Chris Crompton    County of Orange 
Gene Estrada     County of Orange 
Brenda Meyer     Western Municipal Water District 
Chandra Johannesson    Orange County Sanitation District 
Rod Cruze     City of Riverside 
Nancy Palmer     City of Laguna Niguel 
Michele Colbert    City of Corona 
Mary Jane Foley    MJF Consulting 
Susan Paulsen     Southern California Water Quality Coalition 
Naresh Varma     San Bernardino County Flood Control District 
Matt Yeager     San Bernardino County Flood Control District 
Damien Meins     Riverside County Environmental Health 
Tom Rheiner     Riverside County Flood Control District 
Steve Stump     Riverside County Flood Control District 
Tim Moore     Risk Sciences 
Mark Norton     Santa Ana Watershed Project Authority 
Jeff Beehler     Santa Ana Watershed Project Authority 
Dawna Munson    Santa Ana Watershed Project Authority 
 
1.  Call to Order & Introductions 
The Storm Water Quality Task Force meeting was called to order at 1:00 p.m. by Mr. Jeff Beehler at the 
Santa Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by the 
attendees.  There were no comments or corrections made on the meeting notes. 
 
2.  Update on Task Progress – Technical Memorandum (CDM) 
Dan Bounds said they have made major progress based on direction received from the Task Force at the 
last meeting. They continue to work on the watershed-wide scale items to include in the technical 
memorandum for the Task Force’s benefit, and they also have done significant work on the 
representative sites agreed upon at the last meeting.  He said the Task Force had agreed upon the scope 
and content of the watershed-wide analysis and of the representative sites, and to use those as 
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representative sites throughout the watershed where those conditions prevail: the Santa Ana River at the 
MWD crossing and at the Imperial Highway Crossing in Orange County, the tributaries to the main-
stem which would be the Temescal Creek upstream of Prado, Chino Creek at Schaeffer Road crossing, 
the Santa Ana Delhi Channel, and the San Antonio Creek, which replaces Mill Creek.  He cited the 
reasons why San Antonio Creek was substituted for Mill Creek such as a site research problem with 
flow monitoring data and also the recommendation to include a site with minimal development.  
 
3.  Representative Site Analysis (CDM) 
Mr. Bounds displayed a site map of the representative sites and said that CDM has obtained basic 
channel type information; flow characterization/history, and the bacterial water quality/history.  He said 
that CDM has started putting together some of the land use information for some of the sites.  He 
showed an aerial view of San Antonio Creek at Mountain Ave.   
 
San Antonio Creek site: Mr. Bounds reviewed the sample results, complete bacteria record of the site 
data for E. coli and the fecal coliform data at San Antonio Creek for 2002-2004.   
 
Chino Creek at Schaeffer Avenue:  Mr. Bounds summarized the site as a concrete-lined channel, a width 
of 60’; the slope of a little more than two-to-one, and a base flow of about three inches.  He said there 
was no direct evidence of people being there, but there was an open gate where there is easy entry and a 
footpath leading to the gate.  He reviewed the evaluation criteria points for that site as rated by the Task 
Force members who attended last month’s tour.  There was a question and some discussion as to what 
constitutes evidence of usage. Tim Moore summarized that part of CDM’s job at this point is to record 
what they see without any judgment, and then it’s the job of Task Force to make decisions about it from 
there.   
 
Mr. Bounds next reviewed a chart showing the land use distribution in the drainage area to Chino Creek 
and Schaefer Ave, and the 1990 and 1993 SCAG land use data in pie-chart form for this site.  He 
displayed a chart and reviewed the flow data and using the channel geometry to generate a type of 
frequency curve to determine flow velocity and the percentage of time that flow velocity equaled or 
exceeded the value shown for the period of 1984–2004. He then showed data for bacterial sampling 
based on the flow rate for wet weather, winter dry weather and summer dry weather.  He noted that they 
haven’t seen a strong correlation between flow rate and bacterial count, and it looks like there is an 
overall downward trend in the count. 
   
Temescal Creek site:  Mr. Bounds provided some general information about the site such as how the 
creek transitions from a concrete-lined channel to an unlined channel at Lincoln Avenue; the bottom 
width of 60’; the side/bank slope equaled 1.5-1 ratio, and a shallow flow of less than one inch.  The area 
was partially fenced and there was some prohibited use signage. Photos were displayed of upstream and 
downstream segments of the Creek.  He said there was no direct evidence of recreation, but plenty of 
indirect evidence, such as footprints.  There is low flow depth and volume at this site and low aesthetic 
quality until going further down Lincoln Avenue. Some discussion ensued about dividing the site into 
two, as this one changes drastically from one part of the site to another.  Mr. Bounds also reviewed the 
channel velocity curve for Temescal Creek above Lincoln Ave, and he reviewed the E. coli sampling 
data at this site for 2002-2004.   
 
Santa Ana Delhi Channel site: The site characteristics are that it is a rectangular channel, vertical side 
slopes, 50’ width, six inches base flow, the channel is protected by a fence, and there are prohibitive 
signs.  Photos were shown of the upstream and downstream sides of the site.  In rating the channel, there 
was no direct or indirect indication of recreation, no vegetation, and no water quality aesthetics.  Mr. 
Bounds showed the land use percentages for the site for 1990, 1993, and 2000 land use data and he said 
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there were not a lot of changes in the record over the ten years.  The historical  record for fecal coliform 
was also reviewed.  Information on the flow depth will be provided at the next meeting.   
Santa Ana River at the MWD crossing site:  There are two bacteria sampling sites nearby where data is 
being examined. The site has fairly easy access, a concrete slope with a natural bottom, a 150’ width, the 
flow depth varies, it has good aesthetics and vegetation, and prohibitive signage is posted.  Mr. Bounds 
reviewed the flow velocity and flow depth curves, and the historical sampling data for fecal coliform 
and some E. coli for 1984, 1992 and for 2001-2003.    
 
Santa Ana River at Imperial Highway site: There is a large 200’ width concrete-lined slope; the depth 
varies; fencing is present with gates, and there are adjacent parks and bike paths.  Mr. Bounds displayed 
photos of the site showing a bike and foot path, and noted how easily a person could get to the water’s 
edge.  He reviewed the historical data for E coli and the fecal coliform sampling for the site.  A question 
arose as to sewage spill impacts on the readings, which may have created the higher spikes.  Mr. Bounds 
said there is nothing in the sampling record for that.  He asked the Task Force if that is a good 
correlation to try to make, particularly with regard to the data gaps.  Discussion ensued about whether or 
not the level of effort would be worth obtaining that information. Chris Crompton said that Orange 
County has some information on all the sewage spills in the area; Mr. Bounds will contact them for that 
information. 
 
Mr. Bounds covered the next steps which are to complete the set of information as done for Chino 
Creek, for the other representative sites, where some flow data is missing and also complete the 
watershed-wide data analyses for the technical memos. CDM will prepare the draft technical 
memorandum for the Task Force concerning the watershed mapping and inventory of channel 
information; the recreational use inventory; water quality data inventory and characterization; the flow 
data analysis; the inventory/analysis of the existing stormwater programs and BMP measures and what 
they are now doing to directly or indirectly affect bacteria quality, and the existing structural programs. 
 
A comment was made to exercise caution when stating that these are the representative sites, 
particularly for when others read the technical memorandum, as it is not completely clear that they are in 
fact representative sites.  A suggestion was made to call them sample sites or reference sites.  Other 
comments were made about stating that the sites are representative of the Santa Ana River region, and 
that there are parts of the Santa Ana River that aren’t represented.  Discussion ensued. 
 
Don Schroeder commented that much of what’s been discussed is the channel’s physical characteristics, 
and second, the flow regime in the channels; the high and low, and how it may make a difference for use 
designations. There’s more that can be done but the hydrology is drastically different between areas in 
Southern California. The water quality data is an important part of it, but we want to make sure the 
sample sites are used to look at physical, land use, flow, accessibility, low-flow and high-flow 
characteristics and how that plays out in defining it.  The water quality is another whole dimension and 
is a variable. The Task Force needs to make sure there’s a good way of describing and understanding the 
sites to the extent that we can state that these are good representative sites.  
 
A comment was made that there are sites that perhaps aren’t recreational now, but may be restored and 
perhaps that should be taken into consideration as well.  There were several other comments and 
discussion on the data available on the sources and where the data came from that makes up the 
exceedence standards.  
 
Joanne Schneider complimented the Task Force for their commitment so far, and the stakeholder 
agencies for providing the funding so the work can be done.  However, she cautioned that the 
participation has significantly tapered off and the success of the Task Force, and particularly of the 
Delphi process, is contingent upon active and committed participation by all the members.  The Task 
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Force will have difficulty moving forward without aggressive and active participation from all the 
members.  She continued that this is an exceptional opportunity and the Task Force members should all 
take advantage of it.  Larry McKenney added that with summer vacation season over and renewed 
participation, the Task Force is going to do the last round of Delphi questions over again and all the 
responses are greatly needed this time around. 
 
4.  Development of Draft Definitions for REC-1, Limited REC-1 and Not REC-1  
Tim Moore began by posing a question to CDM and the Task Force in regard to what was just presented 
and solicited the group’s comments as to whether or not the sites used are representative sites.  He said 
the Task Force needs to be able to say that it has one good archetypal example of a site being REC-1, 
Limited REC-1 and Not REC-1.  The group needs to focus on whether it has good clear examples of 
those three conditions.  Comments were made as to what transpired after completing the form toward 
finalizing the matrix and having the full spectrum; the “voting” system, and where the points of 
contention resided.  Mr. Moore stated that in the last round of voting, there was much agreement on 
REC-1 and Limited REC-1.  The ambiguity centered on Limited REC-1 versus NOT REC-1.  Most of 
the disagreement stemmed from the fact that the site was one way above the bridge, and a different way 
below it, which is going to lead to the issue of how to define a segment, and whether the use is defined 
by the predominant type or by the exception if the exception is REC-1. This will be difficult, 
particularly when determining the channel characterization.  Mr. Moore added that as a matter of 
Federal regulation, if the current segment has REC-1 in it, that segment is REC-1 unless it is re-
segmented.  Although re-segmentation is possible, it wasn’t expected to be done with only 100 feet here 
and there. Discussion is all preliminary at this point and the group can talk about the concepts abstractly, 
but the group only can go so far when discussing it conceptually.  There’s a lot of ambiguity in the 
transition zones and the Delphi exercise needs to reflect that.  Therefore, it is worthwhile to do this 
section of the assignment correctly, so it needs to be done again at the same four sites, but now they will 
be split into upstream and downstream portions.   
 
Mr. Moore said that the next Delphi exercise is to go back and rescore the sites, but to divide them into 
upstream and downstream. Then the Task Force will come back to where the disagreements are found 
and do the justification to examine why.  He added that based on comments received, he requested that 
people describe why Temescal Creek at Main Street in Corona (Site 1), where there was a 4 to 4 vote, 
should be categorized differently than Temescal Creek above Corona (Site 2), where there was a 7 to 1 
split.  The big difference between the two is Site 2 has more water, cleaner looking water, it’s not very 
deep or fast, the sides are trapezoidal, and it has a slightly denser population.  The differences need to be 
clarified and this input helps to figure out the rating.  For example, was it the addition of water, or was it 
just that much more accessible that made the site appear REC-1 Limited to some Task Force members. 
Mr. Moore said he will also add satellite imagery to assist in the decision making by seeing what the 
surrounding land use looks like overall. 
 
Several comments were made about recognizing the potential for restoration at a site, and if footnotes 
should be included for the site’s rating as to whether or not the site has that potential.  Mr. Moore said to 
rate the site as it is now, but then note in the comments that there is potential and indicate whether that 
would affect how we categorize the score now.  Joanne Schneider commented that the group must be 
careful that by virtue of designating something as Limited REC-1, that we don’t forestall an opportunity 
for improvement or restoration to a full REC-1 use. The designations shouldn’t be a disincentive to 
achieve the fullest possible use, as some of the channels have excellent restoration opportunities.   
 
A question was asked concerning clarification as to what exactly Limited REC-1 means, and extensive 
discussion ensued.  Tim Moore added that full REC-1 is at the end of the EPA’s spectrum that suggests 
high levels of protection; Limited REC-1 is at the other end of the recommended range of water quality 
criteria, and Not REC-1 is yet to be decided because it’s outside of EPA’s guidance criteria.  The EPA 



projects/stormwater/mtgnotes/2004-9-16 5

also has in its guidance Secondary Uses.  So the Task Force will come back to determine if Limited 
REC-1 is at the less-stringent end of the water quality criteria, or if it is analogous to what the EPA calls 
Secondary Uses.  Mr. Moore noted that the terms are not exactly parallel with the EPA Guidance.   
 
Another comment was made about some sites having only 100 yards here or there, largely due to the 
construction going on.  Once growth comes to the area, a requirement for flood protection will be to 
install a vertical wall.  There were questions as to what the Task Force should do in a situation like that.  
Ms. Schneider responded that they eventually may need to think of creative solutions other than vertical 
box culverts as a way to provide flood protection, although there’s some controversy there.  Also, when 
doing water quality standards certification, which would be necessary for channel modifications, there is 
the responsibility to ask whether or not the installation of a concrete channel would adversely affect 
water quality standards, and the presumption would be REC-1.  Larry McKenney commented that the 
group has grappled with this issue about trying to deal with infrastructure issues that are driven by 
growth that’s approved a long time in advance, often by general purpose governments that aren’t 
familiar with water quality issues down the road.  What’s changing is that the land use approval 
governments are now the MS4 permitees having to grapple with the issue.  Some hard choices are going 
to need to be made in approving future development.     
 
A comment was made about scoring the sites and that in looking upstream and downstream, the Task 
Force members probably should consider the site as a type of snapshot—what is seen specifically in the 
lens so to speak.  Then the group can articulate what the arguments are and what characteristics made 
the site different.  Then it will be CDM’s job to map where those occur and what’s the extent of those 
different characteristics.  That will help the Task Force determine whether there might be some sub-
areas that have those distinctive characteristics that can be focused on in the next phase when initiating 
revised definitions. 
 
Mr. Moore said that if the Task Force intends to subcategorize a use, then it must be done on the basis of 
one of the reasons allowed under Federal law, the downgrade criteria, which are also used as the sub-
categorization criteria.  He referred to and read aloud the section on the matrix which addresses the 
concept of restoration.  In some areas, restoration is conceivable, but not probable.  Some discussion 
ensued.  Mr. Moore provided a handout; Using Specific Language to Describe Risk and Probability.  He 
said it particularly addresses the difficulty the Task Force is having in differentiating and describing the 
concept of probability.  He encouraged the group to read the handout as it will go to the heart of his 
discussion about probable scenarios.  Mr. Moore stressed that the language differentiations are critical to 
the exercise. 
 
 
5.  Distribution of Next Set of Delphi Questions 
Mr. Moore said that as just discussed, the assignment is to place each site into the three categories, split 
them into upstream and downstream, and submit the worksheet to Jeff Beehler by September 23rd. He 
asked the group to justify the difference between Site 1 and Site 2 (as previously described for Temescal 
Creek in Corona).  Mr. Moore noted that anyone is welcome to visit the sites, particularly if they were 
unable to go on the tour.  The map will be posted on the website 
 
6.  Schedule Next Meeting 
The next meeting is scheduled for October 13, 2004 at 1:30 p.m. at Orange County Water District.  
There will be another tour of the storm channels in the morning and the group needs to meet at 9:00 a.m. 
Further details will be sent to everyone by email.   
 
There being no further business for review, the meeting adjourned at 4:16 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
 

MEETING NOTES 
 

October 13, 2004 
 
 
Participant     Representing    
Richard Meyerhoff    CDM 
Dan Bounds     CDM 
Dave Woelfel     Regional Water Quality Control Board  
Joanne Schneider     Regional Water Quality Control Board 
Maria Rea     EPA 
Susan Hatfield     EPA 
Mike Loving     City of Irvine 
Sat Tamaribuchi    Irvine Company 
Michelle Colbert    City of Corona 
Yolanda Macalalad    City of Corona 
Tom Rheiner     Riverside County Flood Control District 
Matt Yeager     San Bernardino County Flood Control District 
Valerie Housel     City of San Bernardino MWD 
Greg Woodside    Orange County Water District 
Jayne Joy     Eastern Municipal Water District 
Chandra Johannesson    Orange County Sanitation District 
Larry McKenney    County of Orange 
Chris Crompton    County of Orange 
Mary Jane Foley    County of Orange 
Gene Estrada     County of Orange 
Nancy Palmer     City of Laguna Niguel 
Tim Moore     Risk Sciences 
Jeff Beehler     Santa Ana Watershed Project Authority 
Mark Norton     Santa Ana Watershed Project Authority 
Dawna Munson    Santa Ana Watershed Project Authority 
 
1.  Call to Order & Introductions 
The Stormwater Quality Standards Task Force meeting was called to order at 1:35 p.m. by Mr. Larry 
McKenney at the Orange County Sanitation District at 10844 Ellis Avenue, Fountain Valley, Calif.  
Brief introductions were made by the attendees.  
 
2.  Adoption of Meeting Notes of September 16, 2004 
One correction was made to the meeting notes: page 4, paragraph 3, transpose the tour locations with 
corresponding votes to read that Temescal Creek at Main Street in Corona had  a 7 to 1 split in votes and 
Temescal Creek above Corona had a 4 to 4 split in votes.  The meeting notes were then approved. 
 
3.  Update on Task Progress – Technical Memorandum (CDM) 
Dan Bounds quickly updated the Task Force about the progress of the Technical Memorandum, stating 
that they are about half way through. Each Technical Memorandum is around 20 pages long and is more 
report-like, so for that reason they propose to do the Technical Memorandums in the form of a single 
report.  Going through each, it is difficult to not talk about flow data when talking about the bacteria 
data on each of the study sites being analyzed, so those two memos will be put together into one 
document.   
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Receiving Water and Watershed Inventory Mapping Memo – This memo will summarize all the water 
quality data provided; the inventory and GIS layers, integration of all those together; the GIS model 
implementation, which contains bacteria compliance figures and charts, and also within that memo will 
be identification of where data gaps exist and some initial recommendations on filling those gaps. 
 
Recreational Use Inventory Memo – This will include the existing recreational uses and activities within 
the watershed. Reports are based on anecdotal information and on interviews they conducted, what has 
been heard in touring the sites, as well the evidence found in each of the field trip sites.  The memo also 
will include the recreational use noted at the study sites where they have been researching doing detailed 
analysis.   
 
Water Quality Data Inventory and Data Characterization Memo (combined with the flow monitoring 
memo) – This will include the water quality data provided to CDM and the metadata, details about the 
data itself and the database in which all the water quality information has been combined.  It also will 
include all the sample locations. 
 
Watershed-wide Analysis Memo – It will include the methodology where CDM compared dry weather 
versus wet weather sampling during the time periods of 1975 and 1996 and post 1996.  Those findings 
will be summarized in the memo and they will identify data gaps and provide recommendations for 
future sampling.  It also will include all the information showed at the last few meetings such as flow 
depth and volume, channel section type, drainage area characteristics, land use characteristics and 
recreational use criteria.  The memo will also summarize the E coli sampling and bacteria data over time 
for the study sites.  It will describe the commonalities and differences at the study sites and also identify 
data gaps with suggestions. 
 
Existing Major Control Structure/Measure Memo – This covers POTW discharges and treatment 
requirements; locations of wastewater facilities; levels of treatment; the county stormwater programs 
and their BMP programs; any structural BMPs. Any information regarding the effectiveness of the 
different BMPs for bacteria will be covered.   
 
The next step is to continue working on the memo reports and work with Risk Sciences on the suggested 
findings.  They will present those preliminary findings and recommendations at the next Task Force 
meeting. They also will provide a progress report to the Regional Board at their meeting November 5th. 
Don Schroeder clarified that the CDM recommendations are more about how the information supports 
the discussions of the Task Force and any additional technical information.  Extensive discussion ensued 
on assuring that the Task Force members have ample opportunity to provide input on the Regional 
Board presentation prior to the November 5th meeting with the Regional Board. 
 
A comment was made about looking at existing studies that may relate to the effort, in particular Mr. 
Stan Grant’s work at UCI.  It was noted that Mr. Grant recently gave a presentation at Riverside County 
Flood Control Dept. and his data supports what the Task Force is trying to accomplish.  A suggestion 
was made to have Mr. Grant give a presentation to the Task Force at the next meeting.  
 
Larry McKenney said it initially had been decided not to tackle issues of numeric objectives or selection 
of indicators in Phase I of the study. The focus was to be on beneficial use definitions.  There will be a 
possible future phase where the Task Force would go back and look at those numbers.  In doing that, 
there must be consideration as to whether the Task Force is looking at the right bacterial indicators and 
how sampling protocol plays into what the numbers should be.  Mr. McKenney noted that another 
related ongoing study of interest to the Task Force is the Mission Bay study, and perhaps a presentation 
of that should be made to the Task Force at a future meeting.  He continued that there are critical 
decisions to make in the next month as to the direction of the Task Force, particularly with regard to 
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wrapping up Phase I and what Phase II may encompass.  He said it has been agreed that Phase I is the 
first step toward reviewing REC-1, and there may be possible subsequent phases of doing more work on 
that, but the Task Force is a viable forum to look at any type of water quality issues. 
 
4.  Discussion of Field Trip and Last Set of Delphi Questions (Moore) 
Mr. Moore first reviewed the next steps for the Task Force.  He said he will put together a straw-man 
summary of Task Force recommendations, and included in that will be the elements wherein the Task 
Force currently lacks consensus. This will go out to the Task Force members for comment on October 
25th and he will need to turn it around by October 29th.  Mr. Moore will make the adjustments and then 
the Task Force will grapple with those non-consensus elements at the next meeting.  Mr. Moore said 
included with that is an improved flow chart that takes into account all the various issues discussed, in 
particular integrating the notion of existing uses, as well as theoretical archetypes of the four major 
groups of REC-1, Not REC-1, Limited REC-1 and REC-2—the ones where there appears to be 
agreement.   At the next meeting, the Task Force will decide if there is enough agreement to make it 
worthwhile to consider Phase II.   The Task Force can then take that piece if it works well enough, set it 
aside and then go to Phase II to discuss the water quality objectives, recognizing that the whole package 
ultimately gets reviewed again to make sure that it all fits.  The group can come back to the water 
quality use designations at the very end.  The Task Force can work from that foundation and continue to 
work on objectives in Phase II.  Mr. Moore noted that rather than defining things abstractly, it has been 
very productive working with actual locations as to specifically where REC-1, Not REC-1, Limited 
REC-1 and REC-2 categories exist.  Today’s field trip in Orange County proved to be more complex, 
particularly with a location being REC-1, but not REC-1 when looking 50 feet further down from that 
location. 
 
Extra field trip maps and rating sheets were distributed to those who did not attend the field trip.  Mr. 
Moore said he added some categories as suggested by Task Force members in order to simplify it, and 
he retitled some of the categories, removed the original scaling criteria and started putting in suggested 
terms that were repeatedly heard from Task Force members.  Now the Task Force needs to give those 
terms clearer meaning.  Ideally, this can be done by choosing sites that appear to offer clear distinctions 
between REC-1, Not REC-1, Limited REC-1 and a REC-2.  The REC-2 category was recently included 
in order to keep it in mind for future discussions; it’s important because the EPA’s Guidance document 
makes specific mention of the term Secondary Recreation. Although it is not exactly the same as REC-
2, which in California is non-contact recreation, it’s important to keep the concept in place. 
 
A comment was made that a lot of work has been done on the current uses, but there still is the issue of 
potential future uses and restoration. There is also the issue of how the current use can change quickly in 
some reaches and how the Regional Board and EPA will review the linkages.  Mr. Moore said that the 
evaluation criteria have to be justified on the basis of the CWA 131.10G criteria and that is where the 
linkage will occur.   
 
Another comment was made that it still all comes back to the specific language and the Regional 
Board’s comfort with new, different interpretations.  Mr. Moore said a lot of the questions haven’t been 
answered yet on a systematic basis. They must be answered with valid justifications, substantiated and 
documented well.  They also must show consistency with the Federal and State regulations. If we 
develop a consensus in this watershed, it goes to the Regional Board without opposition.  That is the 
goal.  He said he believes the Task Force is able to get it down in writing so that it will be legally sound, 
though it is a lot of work.   
 
In addressing an earlier comment, Mr. Moore said that he will need to move the existing use title into 
the non-consensus category.  Conceptually, it’s possible to have people at a location without it being an 
existing use, but it’s difficult to assign an opinion with it that can be enumerated.  Discussion ensued.  
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Joanne Schneider said there is some question at this point as to how to address the existing use question 
for waters that the Task Force has identified as Not REC-1.  Maria Rea stressed the importance of 
finding a way to capture that and answer that question.  She said that regionally, there needs to be 
something that makes sense addressing the historical data and somehow accounting for the level of 
hydrologic modification due to flood control and how that may have affected water quality.   Mr. Moore 
said in scoping out the Phase II suggestions, they have done exactly what she described—starting a 
kick-off to see what kind of demonstration, investigation or research can be made to answer that 
question.  The difficult part is the historical use question.  Mr. Moore said there isn’t a conclusion yet, 
but they will address at the next meeting what it will take to answer that question and decide whether or 
not it is worth it to go to Phase II.  Larry McKenney added they should also note the places where it 
might really matter.  Chris Crompton commented that one variable to consider is that a lot of the 
channel sections that had been hydro-modified were modified well before 1975.  Mr. Moore said that’s 
the kind of demonstration that they will need to make.  Discussion ensued.  
 
Joanne Schneider commented that looking at some of the locations now for Not REC-1, it becomes a 
question of when the hydro-modification took place, such as if it was prior to 1975, was there existing 
REC-1 use in the channel before it was modified, and to what extent is there a presumption for when 
there is no documentation.  Tim Moore gave an example of a similar situation in Kansas that was 
approached specifically on the question of presumption just as Ms. Schneider indicated. In Kansas, they 
eventually re-designated a large number of tributaries after thorough study and documentation of when 
it was dry and when it wasn’t.  In the absence of doing that, the presumption applied so the 
documentation was critical.  Mr. Moore summarized saying his main goal is to illuminate to the 
Regional Board where they have discretion and where they don’t, and to the best of the Task Force’s 
ability, describe the principles upon which that discretion has been exercised in the past. 
 
To facilitate the next discussion on the sites visited, Mr. Moore distributed a description of how the 
English language is used in this endeavor, particularly when discussing probability.  He reiterated its 
importance because in the Porter Cologne Act, the first thing the Regional Board must consider when 
doing water quality objectives is the past, the present, and the probable future beneficial uses of the 
water.  The chart shows the range of how the percentage of people would describe each word such as 
always, almost, probable, etc. on a 0 to 100% scale of probability.  He briefly reviewed the chart and 
said he wanted to give some objective criteria for interpreting the word probable.  For example, the 
word probable generally means about a 75% chance or more of something happening.  The word 
possible comes up often, but covers such a wide range of being viewed as “probable” that it takes on 
little meaning when trying to rate a site.    
 
Mr. Moore began by asking the group to name the sites without yet looking at the slides, which would 
rate as “rarely” to “never” being considered REC-1. Suggested sites were named by the Task Force 
members such as 5, 5a, 1a and 1b.  Slides were shown of the sites toured in the morning and the sites 
were discussed, reviewed and categorization was attempted using criteria such as existing water contact 
recreation and the likelihood of people being in the water; the site’s accessibility; the general channel 
conditions; water conditions such as depth, velocity and aesthetics, and preliminary designation.  Each 
of the few sites displayed brought about further discussion and points such as the distinction between the 
probability of maneuvering straight walls versus vertical walls; how inviting the site is; and the issue of 
frequency of probable use.   
 
There also was extensive discussion on the priority of funding for the areas of agreement—i.e. where the 
dollars would be best spent; the distinguishing factors in choosing one rating over another; giving a 
REC-1 rating based on the amount of water at the site, causing the site to have an “intermittent” rating 
as is used by the Regional Board; giving a rating based on a site’s natural condition; the issue of the best 
place to capture and treat within a site; and trying to gain consensus on the areas of flexibility.  
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5.  Distribution of Next Set of Delphi Questions 
Delphi questions were not distributed; Tim Moore will provide Task Force members with a list of areas 
of consensus and areas of disagreement. 
 
6.  Next Meeting:  
The next Task Force meeting was scheduled for Wednesday, November 3rd at 9:00 a.m. at SAWPA 
(later changed to December 7th at 12:30 p.m.). 
 
7.  Adjourn 
The meeting adjourned at 4:25 p.m. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Common/projects/Stormwater/MeetingNotes/2004-10-13 



projects/stormwaterqltystands/meetingnotes/2004-12-7 1 

STORM WATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
December 7, 2004 

 
 
Participant     Representing    
Richard Meyerhoff CDM 
Dan Bounds CDM 
Wendy Katagi CDM  
Maria Rea US EPA 
Susan Hatfield US EPA 
Rod Cruze City of Riverside 
Phuong Hunter City of Moreno Valley 
Matt Yeager San Bernardino County Flood Control District 
Greg Woodside Orange County Water District 
Brenda Meyer Western Municipal Water District 
Jayne Joy Eastern Municipal Water District 
John List Flow Science  
Mark Smythe Regional Water Quality Control Board 
Dave Woelfel Regional Water Quality Control Board  
Joanne Schneider  Regional Water Quality Control Board 
Chandra Johannesson Orange County Sanitation District 
Ray Hiemstra Orange County Coast Keeper 
Valerie Housel City of San Bernardino Mun.Water District 
Larry McKenney County of Orange 
Chris Crompton County of Orange 
Gene Estrada County of Orange 
Mary Jane Foley County of Orange Consultant 
Nancy Palmer City of Laguna Niguel 
Michele Colbert City of Corona 
Tom Rheiner Riverside County Flood Control District 
Jason Uhley Riverside County Flood Control District 
Tim Moore Risk Sciences 
Mark Norton Santa Ana Watershed Project Authority 
Jeff Beehler Santa Ana Watershed Project Authority 
Dawna Munson Santa Ana Watershed Project Authority 
 
1.  Call to Order & Introductions 
The Storm Water Quality Task Force meeting was called to order at 12:35 p.m. by Mr. Larry 
McKenney at the Santa Ana Watershed Project Authority, Riverside, California.  Brief introductions 
were made by the attendees. 
 
2.  Approval of the Meeting Notes 
A comment was made about page 4, first paragraph.  Change it to read, “…there is some question as 
to how to address the existing use question for waters that the Task Force has identified as Not REC-
1.”  The meeting notes were then approved as amended. 
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3.  Overview of Technical Task Findings (CDM) 
Dan Bounds said he has provided a preview of the technical memorandums via the SAWPA website.  
He had added on an overview of the findings and some direction for consideration in Phase II.  Mr. 
Bounds reviewed the Technical Memoranda (TM) and the individual section highlights. 
 
TM 1 – Receiving Water and Watershed Inventory Mapping – Mr. Bounds discussed the inventory of 
GIS mapping layers, the complexity of the drainage system, the data gaps and some 
recommendations.  A key point will be reidentification of the relevant channel attributes, including 
and conducting field verifications where needed. 
 
A participant confirmed that the relevant channel attributes haven’t been included in the technical 
report but are available. 
 
TM 2 – Recreational Use Inventory – Mr. Bounds reviewed the areas within the basin that promote 
water contact recreation, beaches and inland lakes; access is prohibited in modified urban channels. 
He noted that several parks are planned along the river, but few are planned for contact recreation.  
Formal use surveys on channels, streams and reaches throughout the watershed are very limited.  A 
use analysis would be valuable, including when, how often and who. 
 
TM 3 – Flow and Water Quality Data Inventory and Characterization – There are long periods of 
very low flow during the dry weather months (April through November); depths in inches are 
common; primary source of flow during these months is urban run-off with no precipitation during 
this time of year.  For wet weather periods, storm events occur ten to twenty times per year primarily 
during the winter months. He said the data gaps and recommendations were largely dependent on the 
outcome of the regulatory review effort. He also reviewed the potential areas for further study which 
include the fate and transport of bacteria, the role of sediments as a bacterial reservoir, the sources of 
bacteria under dry and wet weather conditions; and the economic feasibility of compliance with the 
potential objectives and criteria. 
 
There was a discussion on the transfer of State Project Water and how it is reflected in the flow data.  
An additional comment was made that there would be a record of these transfers in the data base 
used by the Nitrogen TDS Task Force.  In order to produce a model, we will need to know when the 
water was from some place other then the local supply.  
 
TM 4 – Existing Major Control Programs and Structural Measures – Mr. Bounds noted that POTWs 
have all met Title 22 requirements resulting in bacteria levels at or below detection limits. Structural 
control measures are aimed at reducing bacterial urban runoff.  These include low-flow diversions to 
sanitary sewer systems, recharge infiltration basins, detention basins, natural treatment wetlands and 
UV disinfection. The current water quality data is insufficient to demonstrate improvements in 
bacterial levels.  Mr. Bounds recommended setting up a monitoring event to take a look at these 
different types of control measures. 
 
Mr. Bounds reviewed the next steps:  Stakeholders are to submit comments on the preview copy of 
the Technical Memoranda to CDM December 24th.  The final Technical Memo will be submitted by 
the second week of January.  Jeff Beehler will provide a CD with print quality materials to anyone 
interested, but will need mailing addresses or those interested can use the email link via the SAWPA 
website for lower quality print material.   
 
4.  Discussion of Draft Consensus Document (Risk Sciences) 
Mr. Moore said he had some difficulty preparing this document in addressing all the comments in 
sufficient detail.  He documented the items where there was some general agreement.  He chose 
specific examples where there was a very high level of consensus on what was considered Unlimited 
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REC-1, Limited REC-1 and Not REC-1. Having clear examples of each category to go with general 
definitions in mind is extremely useful.   
Consensus Document – There will be an emphasis on consensus items.  The group generally agrees 
that there are flows and conditions that are unsafe and recreational use will be suspended in high flow 
conditions.  Headwater streams will be removed from the table.  Mr. Moore noted that the document 
should say “high storm flow conditions” which are flows precipitated by a storm event. 
 
 It appears that the current beneficial use categories specified in the Santa Ana River Basin Plan do 
not adequately describe the range of potential recreational activities that are likely to occur in or 
around the water.  In particular, the REC-1 beneficial use should be subdivided to distinguish two 
levels, one being traditional REC-1, and the other being secondary contact.  At this point, some of the 
terms are vague and not completely clear.  Mr. Moore suggested locking down what we can, such as 
the most obvious examples.  The group agreed that more than one category is needed. 
 
Mr. Moore reviewed the list of key factors to be considered when differentiating between Unlimited 
REC-1 uses and Limited REC-1.  These are a) uses such as the actual recreational activities that have 
occurred at the site since November 1975; b) the hydrologic modifications and related changes in 
physical conditions; c) the low or intermittent flow conditions that may inhibit body contact 
recreational activity, and d) the human-caused sources of pollution that cannot be remedied without 
causing more environmental damage to correct it than to change it.   Ms. Rea commented that 
children were not mentioned in these factors and it was thought that there had been some consensus 
in the importance of being protective of children.  Mr. Moore explained that the same level of 
protection is provided to all, with no distinction made for children, except for the site’s accessibility 
to children.  
 
Mr. Moore stated that he rarely called out a specific location because the basin plan generally 
describes the watershed.  He reminded the group that they can only focus on the issues for the 
Regional Board.  Discussion ensued about fishing and wading.  Several comments were made that 
more emphasis needs to be placed with regard to children.  Another comment was that the inclusion 
of the phrase “with a very low risk of immersion or ingestion” was sufficient to take into account the 
wading aspect.  Mr. Moore reminded the Task Force that it must be careful to not focus on the 
extreme conditions.   
 
Mr. McKenney reminded the Task Force that it needs to look at a high flow suspension, and in the 
future, work on some type of administrable rule to use for a high flow suspension.  He further noted 
that the group is not talking at this point about a distinction based on the channel type. 
 
Mr. Moore reviewed what can be defined as examples of Unlimited REC-1: all ocean beaches, Big 
Bear Lake, Lake Elsinore, and everything above Seven Oaks Dam including mountain segments.  
Defining Limited REC-2 and Not REC-1 will be more difficult but there is agreement that Temescal 
Creek at Magnolia to Rincon and the Greenville Channel are not REC-1. 
 
5. Wrap up and Discussion of Phase II Efforts 
Larry McKenney said that the Task Force is essentially wrapping up Phase I. Additional comments 
on the Technical Memos should be given directly to Dan Bounds.  There had been a lot of discussion 
on Mr. Moore’s draft consensus document, but additional input can be provided to Mr. Moore within 
the next ten days—by December 18th.  The group has discussed beneficial uses and it must also 
devise a Phase II work plan.  We will also need to consider a presentation to the Regional Board, 
with the page one consensus and page two recommendations being key to the presentation.  In the 
near term, the partners should participate in a meeting with EPA senior staff to encourage further 
participation. 
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Tim Moore added the following items to consider for the Phase II work plan:  1) Get cost estimates 
for meeting standards as they are today, and 2) Figure out how to do the historical review using an 
agreed upon procedure.  Tom Rheiner commented about the sampling effort going on with the 
TMDL and the possibility of using the survey effort that has just been kicked-off.   
 
The date for the Phase II Scoping Meeting is January 27, 2005, 1:00 p.m. at SAWPA 
 
6.  Adjournment 
There being no further business for review, the meeting adjourned at 4:05 p.m. 



projects/stormwaterqltystands/meetingnotes/2005-2-2 1 

STORM WATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
February 2, 2005 

 
 
Participant     Representing    
Richard Meyerhoff    CDM 
Dan Bounds     CDM 
Susan Hatfield     US EPA 
Mike Loving     City of Irvine 
Rod Cruze     City of Riverside 
Dave Woelfel     Regional Water Quality Control Board  
Mark Adelson     Regional Water Quality Control Board 
Joanne Schneider     Regional Water Quality Control Board 
Ray Hiemstra     Orange County Coast Keeper 
Valerie Housel    City of San Bernardino MWD 
Perica Bell     BIA/OC 
Chris Crompton    County of Orange 
Gene Estrada     County of Orange 
Larry McKenney    County of Orange 
Greg Woodside    Orange County Water District 
Heather Dion     Orange County Water District 
Mary Jane Foley    Orange County; MJF Consulting 
Nancy Palmer     City of Laguna Niguel 
Jayne Joy     Eastern Municipal Water District 
Brenda Meyer     Western Municipal Water District 
Tom Rheiner     Riverside County Flood Control & WCD 
Steve Stump     Riverside County Flood Control & WCD 
Jason Uhley     Riverside County Flood Control & WCD 
Susan Paulsen     Southern California Water Quality Coalition 
Naresh Varma     San Bernardino County Flood Control District 
Matt Yeager     San Bernardino County Flood Control District 
Tim Moore     Risk Sciences 
Jeff Beehler     Santa Ana Watershed Project Authority 
Dawna Munson    Santa Ana Watershed Project Authority 
 
 
1.  Call to Order & Introductions 
The Storm Water Quality Task Force meeting was called to order at 1:35 p.m. by Mr. Jeff Beehler at 
the Santa Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by 
the attendees. 
 
Mr. Beehler said that today’s discussion is to focus mainly on Phase II.  He called attention to the CD 
for Phase I that was distributed to the Task Force members.  The disk contains every document 
utilized in Phase I, including progress reports, technical memoranda, meeting notes, photos, maps 
and all the various meeting handouts.  It also can be found on the SAWPA webpage at 
www.SAWPA.org. 
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2.  Final Summary of Phase I  
Tim Moore said the Phase I summary document dated January 20th that had been distributed at a 
previous meeting is a revised version of a November 30, 2004 document that had been distributed 
previously.  The revisions are based on the comments submitted on the earlier Summary document.  
He emphasized that although the document says “final”, it is only to distinguish it from the previous 
version.   It simply shows were the Task Force is at this point and that it is a final product out of 
Phase I, reflecting the status and fairly strong consensus of the group.  Where there wasn’t strong 
consensus, he removed that particular item for discussion at a later time. He said the reason for that is 
he would like in the next phase to lock down some of the consensus items in  Basin Plan Amendment 
language and provide a few examples of where it ought to be applied. This will move the process 
along faster and produce a more useful product, showing good faith to the Regional Board and the 
US EPA as to the Task Force’s intentions to get things done.  He said he is trying to integrate some 
of the implementation tasks along the way.  He reminded the Task Force that they are providing 
suggested language to the Regional Board for the amendment to the Basin Plan.  It is the Regional 
Board’s task to determine if these suggestions merit consideration. 
 
Mr. Moore mentioned that he hadn’t included a page of items listing where there was no consensus, 
and he will prepare a more detailed document for the next meeting.  However, he listed those non-
consensus issues: 1) How to define an existing use. There are at least two interpretations: one is that 
if the activity is occurring, then it is by definition an existing use; and the other is that not only must 
the activity be occurring, but that the water quality must be meeting the standards for it to be 
considered an existing use.  These interpretations have very different implications. He has listed that 
issue as “inconclusive”, requiring additional work; 2) The definition of what is reasonably attainable. 
This is linked to the question of the effectiveness of the BMPs and the cost of compliance.  This was 
also set aside for future evaluation; 3) How we know when we’re protecting a downstream use.  It’s 
clear that downstream uses must be protected, but how do we assess compliance with that, especially 
if something changes between the point of discharge and when it reaches the downstream location; 
this turns out to be a very site specific question.  In Phase I, the focus was on what the uses are at a 
given location, so it’s entirely likely that we are going to see an upstream location and a small 
tributary, mostly dry, that is soon to be either REC-1 Limited or Not REC-1 at all; but when it is wet, 
the water from that tributary may ultimately reach the beach, which the Task Force has determined to 
always be considered REC-1.  The interaction between those two gets complicated and goes to the 
question of what the objectives should be and also what the permit limits should be.  Mr. Moore 
stressed the importance of recognizing the difference between a water quality objectives question and 
a beneficial uses question. 
 
Mr. Moore noted that the Task Force did a good job of defining what characteristics mattered such as 
access, public safety, etc. However, it hasn’t done a final job of writing it down in a conclusive 
manner. There are good obvious examples in each category, which will help us move forward to 
Basin Plan Amendment language with some specific locations.  There also is a large list of sites that 
are not as clear.  He cited the example of the second location in Corona that strongly varied from 
upstream to downstream within just a few miles.  He said that in these sites, the Task Force needs a 
better set of decision rules out of the process to say whether it is Limited REC-1, REC-1 or Not 
REC-1, and why.  The goal was for the Task Force to see if it can justify conceptually the existence 
of a Limited REC-1 use and conceptually the existence of a Not REC-1 use.  The Task Force may 
find that it can’t work out and determine the sites that are not clearly REC-1 or REC-1 Limited, and 
it ultimately may be for the Regional Board to decide.  It may turn out that the Task Force can only 
provide some clarification on these issues. 
 



 3

Mr. Moore stated that the Task Force spent virtually no time on the definition of REC-2, probably 
because it is non-contact and he doesn’t foresee any changes. It becomes relevant in the next phase, 
which will encompass what the appropriate water quality objective is for REC-2.  The issue of what 
ought to be the standard for non-contact recreational use is an objective question, and not a use 
question.  The Task Force at this time probably will not be making any recommendations about 
REC-2 per se.  However, we cannot assume that everything that isn’t REC-1 is REC-2. 
 
Some discussion ensued on the definition of reasonably attainable uses.  This discussion covered the 
definition of “reasonable,” versus “unreasonable,” distinctions that were drawn between high flow 
and low flow and where those conditions would be considered unsafe; defining designated uses 
quantitatively (how CDM’s hydrograph uses “beyond the 98th percentile”), and how meeting the 
safety standards is site specific.  Discussion ensued on the use of the 98th percentile of the 
hydrograph as an indicator of high flow conditions. Susan Hatfield commented that the hydrograph 
method is consistent with what the LA Regional Board is doing, and it is not so much considered a 
definitive number, but it’s more of a general guideline. Mr. Moore said that the 98th percentile 
provides a good threshold as a starting point.  Guidance for high flow designation likely will be 
quantitative.  All of this is in the category of being site specific. 
 
A suggestion was made to more clearly define what is meant by hydrograph.  Mr. Moore said if the 
hydrograph is described in terms of volume of flow, then a place that consistently has a greater flow, 
such as a desalter outfall, will look different from a place defined as a calendar hydrograph, where 
flow is usually greatly reduced.  It’s important to be mindful of what is meant by that.   
 
Another comment was made that the part of the document that covers the unsafe flow conditions 
should be reworded to, if the volume or the velocity is sufficiently increased over the normal 
condition (which relates back to a hydrograph percentile).  Therefore, each case would have a normal 
condition, and then a percentile or hydrograph analysis used would show where it can be considered 
to be a high flow condition.  Mr. Moore said that the suggested description/wording is a good 
suggestion and he will note that.  
 
A comment was made about the futility of having water quality standards set up where compliance is 
frequently difficult, and basically sets up people for violations.  Mr. Moore restated that the flow 
issue must be split from the water quality issue.  Flow may preclude a use from being attained 
upstream solely due to high flow conditions.  Regardless of water quality, the use is unattainable 
because it is unsafe due to increased flow.  These conditions are intrinsic to flowing water.  In the 
ocean, there may be red-flag surf conditions, but there isn’t flow the same way there is in a stream 
where the flow itself is the danger.  That is why that type of exemption doesn’t exist for the beaches 
and the lake. Theoretically, one could argue that under high flow conditions, if sufficient bacterial 
concentrations hit the beach from upstream and it isn’t preventable, then it can be argued that real use 
can be suspended for naturally occurring water quality conditions. That situation only would be 
allowed under one of the two definitions of existing use.  That is, in order for it to be an existing use, 
the water quality would have to have been attained also. If that definition is not used, even the 
exception for naturally occurring bacterial concentrations would not apply to a beach. When a permit 
is written, it is written to not only protect the point of discharge, but downstream uses as well. It is 
entirely likely that downstream objectives could drive an upstream permit limit even if the upstream 
water quality standard were less stringent.  Mr. Moore said more of these issues will be discussed in 
Phase II.  The Task Force must consider the existing law on existing uses.  
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A question was asked about fishing activities being considered Limited REC-1 and if the Task Force 
is contemplating revising the REC-1 definition to exclude fishing, or if it will be considered as a 
separate beneficial use.  Mr. Moore said the beneficial use which will drive use attainability is the 
most sensitive use.  Regardless of whether or not fishing is occurring, if other water contact activity 
is occurring, then that other recreational use makes it REC-1 independently.  Fishing doesn’t nullify 
the other uses.  If only fishing were occurring, then attainment may depend on the nature of the 
fishing. This fact is stated in section 3a of the Summary document.   The Task Force is trying to be 
consistent with the US EPA methods. Where primary and secondary contact nomenclature is utilized, 
the EPA considers fishing activities to be secondary contact.  Their secondary contact definition is 
not the same as California’s REC-2 designation.  Discussion ensued about considerations for fishing 
being in REC-1; the merits of carving out fishing separately; what the Los Angeles Regional Board is 
doing; the parallels in language to the EPA Guidance; and the potential for doing an UAA. 
 
3.  Discussion of Phase II Scope of Work 
Jeff Beehler said it is important at this point to discuss where the Task Force goes from here, i.e., the 
priorities, the time tables and the schedules the Task Force would like to set.  He referred to a one-
page summary that had been distributed, addressing steps for moving forward.  Tim Moore said he 
took the consensus results of Phase I and integrated them into the one-page document.  He said he 
attempted to prioritize them as the Task Force won’t be able to do them all right away.  His intent is 
to design a program where there are intermediate benefits that are “hardened” into the Basin Plan as 
the Task Force goes along, rather than waiting for all the changes to happen at the end. 
 
A question arose as to the specific function of the Meeting Notes for the Task Force.  Jeff Beehler 
stated that the group had decided early on that it did not want verbatim notes, and that the notes were 
more of a means to jog everyone’s memory as to what issues were discussed.   Tim Moore added that 
all the documents utilized, including the meeting notes, are a part of the administrative record.  He 
added that the working papers used during the Task Force meetings are the main content and thus, 
the critical records.  The main content emphasis of the record will be in the Delphi answers and the 
matrices, etc.; however, the meeting notes are simply in support of that.  He continued that the notes 
should capture the action items for the Task Force and where there wasn’t agreement, without any 
attribution.  Mr. Moore said that everything is part of the administrative record, which includes every 
document used, the meeting notes and the recording tapes. Mr. Beehler asked the group if it was the 
consensus that more detail should be included in future meeting notes.  The consensus was that the 
meeting notes, as they currently are prepared, suit the Task Force’s purposes.  Jeff Beehler also noted 
that when the meeting notes are sent out, Task Force members are always welcome to email him 
about something specific that he or she feels should be included or changed.   
 
In discussing the Phase II Scope of Work, Mr. Moore said that the Task Force needs to be mindful of 
two things.  First, the Regional Board has specific needs as part of the Triennial Review process. 
Second, those who financially sponsor the activity have specific needs as well.  He said he tried to 
scope activities that could be done in the next year.  These wouldn’t just be interim work products, 
but accomplishments that could be acted upon by the Regional Board.  Mr. Moore said he tried to 
place the objectives in priority order of where he believes the emphasis should be in going forward in 
the next year or so. 
 
Tim Moore said a first priority would be to get E. coli and Enterococci objectives in the Basin Plan 
for REC-1 water bodies.  It is an obligation of the Regional Board as part of the Triennial Reviews to 
do so.  A suggestion was made that the Task Force shouldn’t endeavor to “add E. coli and 
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Enterococci,” but should consider E. coli or Enterococci instead.  Mr. Moore continued that the next 
priority is to flesh out the extreme high-flow storm suspension criteria for REC-1 waters. 
Larry McKenney commented that the group has begun to talk about the idea that the economic 
evaluation will have to be done.  Joanne Schneider said that time, place, and manner of compliance 
are going to have to be evaluated as part of considering the objectives.  The Regional Board has an 
obligation to consider economics when establishing new objectives.  Tim Moore commented that the 
new objectives could be put into the Basin Plan while at the same time noting that the Water Code 
demonstration hasn’t been done for each place where these objectives may be applied.  
 
Mr. McKenney asked the Task Force members if these are essentially the things the Task Force 
agrees it wants to do in the next year.  Discussion ensued on the E. coli data collection and the effects 
of changing the direction of the data collection objectives, and the direction the studies have taken.  
Mr. McKenney said questions about the appropriateness of E. coli data are good questions that won’t 
be answered in the context of today’s meeting, and it’s an issue that needs to be noted for future 
discussion.  He continued that questions about E. coli don’t change the items listed as ones the Task 
Force wants to address. 
 
A suggestion was made to do a preliminary economic analysis.  Mr. McKenney said that it may be 
more appropriate to first go through and discuss what the Task Force believes is doable within a year 
and the things it wants done, and then discuss the priority order.  Discussion ensued on some of the 
objectives; the appeals in the LA case, and the risk levels.  
 
Mr. McKenney addressed an earlier comment by Joanne Schneider that she takes very seriously the 
Regional Board’s basic obligation to consider the 13241.  He said that this Task Force has agreed 
that part of its role is to assist the Regional Board in doing that.  
 
Joanne Schneider expressed some concern that the whole Task Force process was started with the 
idea that the Task Force was going to explicitly segregate some of the beneficial use decisions from 
water quality objectives decisions. It is important that the water quality objective related decisions 
did not in any way influence the beneficial use decisions.  She continued that if the Task Force 
appears to abandon the beneficial use focus at this point and now moves to economic analysis, 
there’s concern about the perception that economics may be viewed as the sole determinant of 
beneficial use related decisions.  Also, economic factors are just one of the factors that need to be 
considered.  Mr. Moore emphasized that many of the items on the proposed list of priorities for Phase 
II would be conducted concurrently; thus there would not be sole focus on economics. 
 
The priority order was summarized as being memo objective numbers 1C, D and E, and 6.  A 
participant asked what the Task Force should tell CDM to do first.  Tim Moore said that Items 1A 
and 1B do not need to be done as one of the very first tasks in Phase 2, but if we’re not making 
significant progress toward change within a year, the Board is going to expect to see the default 
implemented.  It’s important for us to let the Regional Board know that the Task Force is aware of 
those obligations.  A participant commented that the exercise of going through the identification of 
source will show everything else that needs to be considered and provide input for the next step.  Mr. 
Moore added that it also will set the BAT threshold because the permitees are required to do what is 
affordable to make water quality as good as possible, before hitting the wall of economics. 
 
Mr. McKenney noted that there is agreement that items 1A-1E are all things the Task Force wants to 
do in Phase II, along with number 6, the economic analysis first cut.  Tim Moore added that items 
2A, B, C, and D are an extension of the hardening into the Basin Plan work in Phase I.  The goal now 
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is to focus on the desirable wording to go into the Basin Plan and convert the conclusions from the 
last phase into implementation in the next phase, down to the text of the Basin Plan Amendment.  
The four concepts in 2A through 2D will need to be defined, and then in item number 2, state the 
water quality objectives that should go with each of those.  The difficult one will be the Limited 
REC-1. The next task will be to list the technical tasks that support the discussion that is going on in 
item 2A through 2D—the technical tasks that need to be done to go with it.  Mr. Moore said that item 
number 3 on the list is so closely tied in to implementation that it should be brought forward.   
 
Mr. Moore said that items 4A and 4B will distinguish between Limited REC-1 and Unlimited REC-
1.  At some point, the Task Force will need to map out the river system and characterize the features 
that we said were important. These will need to be confirmed by survey work.    
 
Larry McKenney provided Task Force members the opportunity to note if anything had been left off 
the list, should be added, or if something should be removed.  No comments were made.  Mr. 
McKenney instructed CDM that the Task Force would like for them to determine the cost for each 
item that was outlined, make recommendations as to the funding; whether or not they can achieve 
those results, and if there is a real cost break point to get to the next level.  
 
4. Review of Task Force Process – What Works and What May Need to be Fixed 
Larry McKenney commented about the impressive level of participation at the monthly meetings.  
He asked if the Task Force members felt that the current meeting format is working well and if 
anyone has any suggestions for improvement.  One suggestion was made to meet in the morning for 
better participation.  Jeff Beehler said he will need to check with the EPA participants as to how that 
would work with their schedules. 
 
5.  Set Date for Next Meeting 
The next meeting was set for March 3, 2005 from 1:00-4:00 p.m. at SAWPA.  
 
As there was no further business for review, the meeting adjourned at 4:13 p.m. 
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Susan Hatfield US EPA 
Rod Cruze City of Riverside 
Matt Yeager San Bernardino County Flood Control District 
Brenda Meyer Western Municipal Water District 
Susan Paulson Flow Science  
Hope Smythe Regional Water Quality Control Board 
Dave Woelfel Regional Water Quality Control Board  
Joanne Schneider  Regional Water Quality Control Board 
Mark Smythe     Regional Water Quality Control Board 
Valerie Housel City of San Bernardino Mun.Water District 
Mike Loving     City of Irvine 
Jim Colston     Orange County Sanitation District 
Naresh Varma     San Bernardino County Flood Control District 
Larry McKenney    County of Orange 
Mary Jane Foley Orange County; MJF Consulting 
Michele Colbert City of Corona 
Tom Rheiner Riverside County Flood Control District 
Jason Uhley Riverside County Flood Control District 
Tim Moore Risk Sciences 
Jeff Beehler Santa Ana Watershed Project Authority 
Dawna Munson Santa Ana Watershed Project Authority 
 
 
1.  Call to Order & Introductions 
The Storm Water Quality Task Force meeting was called to order at 1:00 p.m. by Mr. Jeff Beehler at 
the Santa Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by 
the attendees.  Mr. Beehler asked that any comments or changes to the meeting notes be provided 
within the next week.  Meeting notes, agendas, and meeting documents will be posted to the website 
for Phase II in the same manner it was done for Phase I. 
 
2.  Discussion of Relationship between the Task Force and Ongoing TMDL Efforts 
Jeff Beehler said that there have been questions about how the specific objectives of the Task Force 
relate to the ongoing TMDL efforts. He had asked Joanne Schneider to address the issue. Ms. 
Schneider said she also asked Hope Smythe to attend today’s meeting to help discuss ongoing TMDL 
efforts since she is involved with the activities related to the middle Santa Ana River Prado 
Stream/Chino Basin pathogen TMDL.   
 
At the Regional Board’s last meeting, a workshop was conducted on the middle Santa Ana River 
pathogen TMDL.  The Regional Board staff was expecting to go to the Board for a hearing to adopt 
the Basin Plan Amendment to incorporate that TMDL with a phased implementation plan in May.  
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One of the things discussed at the Regional Board meeting after the TMDL presentation was that the 
proposed pathogen TMDL is based on fecal coliform bacteria, while Board staff are simultaneously 
being engaged in this Task Force process to consider whether those objectives need to be changed.  
Ms. Schneider said one point she had made to the Regional Board was that we are moving forward 
with the pathogen TMDL due to the commitment to the EPA. However, it is recognized that the 
TMDL will have to be revised if the Regional Board adopts revised bacterial water quality 
objectives. It’s unfortunate that the Stormwater Quality Standards Task Force process couldn’t be 
concluded and any new objectives put into place before going forward with the pathogen TMDL.  
She said the pathogen TMDL is proposed as a phased TMDL with an extended 2020 compliance 
schedule.  It would be fruitful to allow some latitude for that implementation process to take place so 
adjustments can be made in the TMDL to assure that the measures that are undertaken are 
appropriate to the bacterial indicators that the Board ultimately adopts.  It would have been ideal to 
finish this stormwater process and make sure appropriate objectives are in place, but the practicality 
of the situation and the commitment to get the TMDLs done wouldn’t suit that objective.  
 
A question was asked as to whether this TMDL has an associated implementation plan or if it will be 
adopted without it.  Hope Smythe said the implementation plan must be adopted when the TMDL is 
established.  A question was asked as to clarification of whether a numeric target had to be named 
rather than a narrative target.  Ms. Smythe said a numeric target was required. She continued that 
there is a commitment that all the Regional Boards have made to get the TMDLs in place, and that 
the anticipated adoption schedule is for May 2005.   
 
A participant commented that a concern of the TMDL Workgroup is that in order to fund any kind of 
implementation, they must be able to substantiate what the specific implementation activities are.  So 
basically, the stronger the argument is to go ahead with a solid implementation plan, the stronger the 
potential becomes for securing the funding. 
 
A comment was made about funding the Stormwater Task Force efforts while also funding the 
TMDLs and the practicality of doing both.   Joanne Schneider reiterated that the TMDL must be 
done now to satisfy the commitment to the EPA.  They are fully cognizant that this (Stormwater 
Quality Standards Task Force) effort is ongoing, and the TMDL is specifically designed to be 
flexible and incorporate any changes coming out of the process.  
 
A suggestion was made to have some Task Force members get together in a small group to represent 
the urban stakeholders and propose language that the early phases of the TMDL implementation 
would include participation in the stormwater effort; get that written into the TMDL.  Joanne 
Schneider said that they would be open to that suggestion as part of the implementation plan.   
 
3.  Overview of the Santa Ana River Beneficial Use Survey 
Hope Smythe distributed a summary document from the Santa Ana River Beneficial Use Survey.  
She said that SAWPA had obtained some 205j funding to do this study and some related work in the 
watershed.  One task was to try to determine to what degree the Santa Ana River is being used for 
recreational purposes.  SAWPA had contracted with Wildermuth Environmental to conduct a 
Beneficial Use Survey at sites along the Santa Ana River and along the Chino Creek tributaries for 
the period of November 2004 through August 2005.  Wildermuth Environmental is cataloging what 
people are doing along the River; whether it is full or partial immersion, whether they’re just fishing, 
whether there are kids or adults, etc. The results will provide a good database as to actual water body 
usage.  They also are recording other data such as the air temperature and the time of day that the 
activities were recorded. 
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The only survey sites that are not along the Santa Ana River are the Riverside effluent channel, 
Chino Corona Road (Mill Creek), and Central Avenue (Chino Creek).  In reviewing and discussing 
some of the sites, Tim Moore commented that the high number of people at Mill Creek is 
unexpected. However, the Task Force had discussed that area as being REC-1 anyway. 
 
Tim Moore asked what prompted collecting that recreational usage information.  Ms. Smythe 
responded that it was partly due to a lot of the questions being asked by this Task Force.  Further, 
when looking at establishing numeric targets or criteria, it’s extremely useful to know how the water 
bodies are being used.  Discussion ensued on the sites potentially considered to be in the secondary 
use category. 
 
Discussion of Water Quality Order – Los Angeles Regional Board 
Tim Moore said that since the last Task Force meeting, the State Board revisited some of the Ballona 
Creek decisions made by the Los Angeles Regional Board.  There were a number of changes to the 
Basin Plan proposed by the LA Regional Board staff which would change the designated uses based 
on low flow conditions and/or channel morphology.  The LA Regional Board did not approve staff’s 
recommendation. However, the LA Regional Board did approve high flow suspension criteria and 
sent it on to the State Board, which approved it as well.  The State Board reviewed on its own motion 
the LA Regional Board’s decision to reject the staff recommendations to revised recreational use 
standards for Ballona Creek. They overturned the Regional Board’s decision and amended the LA 
Basin Plan to de-designate two reaches of Ballona Creek as potential REC-1, to adopt Limited REC-
1 for one reach and to adopt revised bacterial objectives for the Limited REC-1 designated reach.  In 
making this determination (Order WQO 2005-0004), the State Board put into writing many of the 
same factors that this Task Force has been discussing and defining.  In particular, they recognized 
that restricted access, low flow, and physical conditions are significant factors. Specifically, they said 
that low flow by itself is not sufficient to nullify a water body from being REC-1, but when 
combined with other relevant factors such as those just listed, it could be concluded that either it is 
not REC-1, or that it is Limited REC-1.  The State Board placed great emphasis on actual evidence of 
the presence or absence of people.  They also made a distinction between vertical concrete walls and 
sloping walls, and distinctions based on the adjacent land uses.  All these distinctions are very similar 
to what this Task Force had determined in past meetings. 
 
The bottom line is that the State Board ruled based on the UAA criteria that the natural low flow 
conditions, combined with hydrological modifications, worked to establish or justify a change in 
beneficial use.  They also distinguished wading from full immersion swimming as a basis for 
considering a water body to be Limited REC-1 instead of full REC-1.  The State Board viewed 
incidental wading contact as distinctly different from full REC-1; the factors considered were the 
same as the ones that this Task Force has discussed and identified.  It appears that this Task Force 
didn’t conclude anything in Phase I that is in conflict with the State Board decision.  Mr. Moore 
continued that the State Board recognized and agreed that all of this was unlikely to change water 
quality permit limits, in this case.   The State Board also recognized that the uses may change over 
time because there was considerable discussion about a management plan for those seeking to restore 
habitat in Ballona Creek. They pointed out that the Basin Plan is to be reviewed at least once every 
three years as required by Federal regulation, so it could be revised at any time.  Revision to a full 
REC-1 use would not require a UAA.  It also was noted that the management plan only described 
habitat restoration and there was no discussion about recreational use involving body contact.  He 
added that hypothesizing about an undefined improvement at a future date was not sufficient 
evidence by itself to forestall a redesignation.   
 
Break from 2:45 p.m. to 2:57 p.m. 
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4.  Discussion of Phase II Scope of Work 
Tim Moore said the State Board’s decision on Ballona Creek would have a profound effect on this 
Task Force’s thinking and decision making, and some priorities may shift.  In reviewing Mr. Moore’s 
Draft Scope of Work, he said he listed the tasks that he felt were the most important goals and 
objectives for the Task Force: 
 

1) Finalize the modified REC-1, Limited REC-1, and Not REC-1 definitions from Phase I and write 
them in Basin Plan proposal amendment language including language for a high flow REC-1 
suspension; 
 

2) Develop a study plan to distinguish between REC-1 uses, Limited and Unlimited.  The idea is to 
take the matrix from Phase I and put it into a type of “field guide.” Someone going out would know 
specifically what they’re looking for, what they must document, how often they need to look and 
where they need to look.  The Task Force needs to identify in advance what questions we’re trying to 
answer in order to know what specific tasks that someone going out to gather data will complete. It 
must be very specific and in priority order.  Mr. Moore said that his recommendation is to do a pilot 
study in at least one location in each county in this phase.  It needs to design the architecture to make 
the assessment of distinguishing between REC-1 and Limited REC-1, do a UAA as Federal 
regulation requires, and choose three sites that are relatively non-controversial to show that the 
architecture with the decision criteria and field guide works in the most extreme and obvious cases. 
This lets us move forward with the sorts of changes to the Basin Plan that has been discussed from 
the beginning.  The goal is to do that in a timely, expeditious way;  
 

3) Work on developing water quality objectives for each of the beneficial uses being considered.  Mr. 
Moore suggested also identifying how these objectives are implemented, and what are the points of 
compliance. The implementation is complex and the guidance is virtually void of recommendations 
in that area.  Along with this item, there are some underlying factors which go to the development of 
criteria, in particular, what ought to be the risk tolerance levels.  Risk tolerance is mainly a State 
decision and the question of how much illness can be tolerated is an important factor.  Built into 
those risk calculations are exposure conditions that may or may not be relevant, particularly when 
dealing with very low flows and different exposure frequency magnitude curves.   If this Task Force 
suggests some different objectives, we must be able to scientifically support them.  But we first must 
know what the assumptions and the variables were built upon.  Mr. Moore commented that it is a 
very complex undertaking and the burden of proof is on this Task Force. 
 
Larry McKenney commented that the Task Force should move forward as best it can with the data it 
is generating, being suitably cautious while acting.  We also need to thoroughly document everything 
throughout the process.  
 
Tim Moore said that one of the most useful things that should come out of Task 3 is that if we run a 
sensitivity analysis on what the assumptions are and the equations that tend to drive the regulatory 
outcome, we may find that there are some assumptions that are incorrect.  This will help to figure out 
where to allocate resources. We also may find out that it’s the assumptions, not the data that drives 
the final number.  The sensitivity analysis that comes from this process is very valuable for resource 
allocation;   
 

4) This task would push us toward re-designating, de-designating, and subcategorizing beneficial 
uses within the next year. This also would require section 13241 reviews.  Getting through that 
process and discovering the pitfalls is a very good idea early on.  Pilot scale work makes a lot of 
sense in this case and helps determine whether we’re on the right track.  A part of the 13241 for the 
Task Force is an economic analysis.  But, rather than focus exclusively on economics, it is important 
to include all the factors. 
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5) Mr. Moore suggested that we also will need a long term integrated water quality plan.  Early on 
we should develop a comprehensive monitoring program to go with regulating pathogens.  
Integrating it from top to bottom will save everyone a lot of money; it’s better to create an integrated 
plan from the beginning.  Particularly, we will begin to answer the fate and transport questions. 
 
A comment was made that along with Task number 5, the first line should read …to establish 
management objectives that weren’t monitoring.  Mr. Moore said that this strategy is important.  He 
continued that it is common in these processes to jump into technical discussions, but the discussions 
must be task driven by a regulatory question.  He added that his Scope of Work focuses on what 
question we’re trying to answer, how the Task Force will answer it, how the data will be analyzed, 
and what must the data show in order to make a decision.  His job is to facilitate this Task Force in 
relation to these goals. 
 
Mr. Moore said he put together a tentative schedule and tried to make it as close to CDM’s schedule 
as possible.  He said that the Task Force ideally should be able to complete the Scope within a year, 
but based upon past experience, it probably will take about 18 months. 
 
Dan Bounds stated that CDM’s mission is to support the Task Force process technically.  Several 
tasks had been identified for CDM to perform at the last meeting.  Task 1 in CDM’s Scope is the 
preliminary economic analysis which everyone agreed was important to do. The first step was to 
select sites and once selected, assign some sort of treatment compliance method. Section 1.3 was to 
develop the model that considers bacteria up and down stream, fate and transport, how the system 
actually would work, and then statistically determine an output at different levels of compliance.  
Section 1.4 is what would develop a cost model that could be applied to the different levels of 
compliance.  They extrapolated that in section 1.6, what the watershed would have to do to be in 
compliance, which starts to fully develop the economic impact and provide that in a report (Section 
1.7).  Mr. Bounds provided an overview of CDM’s approach, and he briefly reviewed the other tasks 
in the memo.  He said that Task 4 of their draft Scope of Work may change due to what has been 
discussed today.  He briefly touched upon CDM’s proposed schedule and fees. 
 
Larry McKenney asked for clarification about Task 1 regarding doing the calculations with some 
assumptions using the existing standards for what the cost of compliance is projected to be, and then 
comparing that to the cost of implementing alternative standards.  Tim Moore added that the Task 
Force had previously discussed a three-tiered approach based on flow. The Task Force would 
determine what it would take to comply with current standards and/or the default that the EPA 
recommended as good indicator standards. If nothing changes, it will be REC-1. The way it would be 
tiered wouldn’t be by different objectives, but on different inflection points on the hydrograph.  Mr. 
McKenney suggested making some language changes to the current scope language stating that we 
are going to develop a cost calculation for existing standards. It would be helpful in justifying to the 
counties funding the project.  The approach is going to take some finesse, as the first thing people 
want to know is precisely what it will cost. It is a relevant question, but exact figures can’t be 
calculated at this point. Tim Moore pointed out that the question to ask is, what is the no-action 
alternative?  He made a suggestion of having the money from CDM’s scope that’s dedicated to 
watershed-wide mapping be brought into a pilot concept, where one or two locations are chosen in 
each county.  By doing a thorough job of the economic analysis, the water quality analysis, and the 
channel morphology and database development for those sites, we can define the continuum in each 
of the three counties.    
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Mr. Moore noted the value of developing a generic system-wide tool versus building a tool from the 
bottom up.  It saves money.  This model is based on collecting data only when it’s needed, collecting 
enough data to make valid decisions for several locations, and then building those as archetypical 
locations.  This process is actually doing a UAA as opposed to simply designing a UAA. It will 
accelerate some of what was planned for Phase II.  We hadn’t originally planned to do a UAA in this 
phase, but given the recent decisions on Ballona Creek, it isn’t nearly so onerous.  
 
Joanne Schneider agreed this was a good conceptual approach.  She asked if perhaps someone on the 
outside looking at these two scopes of work who hasn’t participated in these meetings might wonder 
how the two scopes would be integrated and whether they speak to each other at present. Further, she 
asked where the Task Force goes from here in terms of integrating the two scopes of work.  Tim 
Moore responded that CDM’s job has been to provide technical support in answering the questions 
being asked by the Task Force.  It should be fairly easy to go back and integrate the two and make it 
more understandable.   
 
A suggestion was made that it would be worthwhile to have a type of “drop-down” chart so people 
can see the tasks for considering amendments to the Basin Plan, the development of the appropriate 
water quality objectives, and then summarize how those tasks fit together.  Then when looking at the 
monitoring question, unless there is good rationale for an activity, it should be removed.  Joanne 
Schneider said it would seem that here’s an opportunity in the development of this monitoring 
program to satisfy other TMDL monitoring requirements.  
 
Tim Moore said he has noted that when it comes time to make these decisions, there is a real 
preference for more detailed data at specific locations than there is for more broadly based data sets. 
One reason to do a pilot project is to get much more data about a location rather than a wide swath of 
data about many different locations.  This implies that it would be better to spend more money 
focusing on one location. This will radically change CDM’s scope.  In order to make a decision about 
splitting REC-1 from Limited REC-1 from NOT REC-1, it is better to do several pilot studies and get 
more detailed information about those locations than it is to try to cover more of the watershed.  It 
changes our technique as well as the scope. 
 
Larry McKenney said that if this Task Force wants to talk meaningfully about risk and treatment 
scenarios, it will need to simultaneously look at source tracking.  Mr. Moore said the Task Force 
probably can address some of the special study issues (seen at the bottom of the original outline) or 
individual locations in greater depth.  We probably will see some of these special studies come back 
into a pilot scale level of effort.   
 
Mr. McKenney asked if it was the consensus of the Task Force to move forward with the concept of 
pilot studies for Phase II.  No dissention was heard.  Mr. McKenney said then the next step is for Tim 
Moore to coordinate with CDM on combining the scopes.  A comment was made that these 
combinations come from the four core consensus issues.  Mr. McKenney said that if anyone has 
some suggested language to assist in doing the scope, to get that information to CDM by the end of 
tomorrow, March 4th. 
 
A comment was made that it’s important to get study information distributed as much as possible as a 
type of status report to the stakeholders.  It’s also important to get the results of these types of studies 
communicated within organizations as much as possible.  These results will impact the planning and 
the political decision makers when they’re considering funding, and other activities. Mr. McKenney 
said it is a good idea to keep that communication in mind.  It also would be beneficial for Tim Moore 
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to have a certain number of days in his schedule to make presentations to other groups to keep 
everyone apprised of this work. 
 
Dan Bounds said in going through the CDM scope and moving from a broad scale economic analysis 
to applying it only to several locations, he needs the Task Force input on the locations.  Tim Moore 
said for CDM to price the sites in each county with an optional cost to do an additional one. 
 
5. Set Date for Next Meeting 
The date for the Phase II Task Force meeting is April 14th from 9 a.m. to 12:00 p.m.    
 
6.  Adjournment 
As there was no further business, the meeting adjourned at 4:12 p.m. 
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STORM WATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
April 14, 2005 

 
 
Participant     Representing    
Don Schroeder     CDM 
Dan Bounds     CDM 
Mike Loving     City of Irvine 
Rod Cruze     City of Riverside 
Michele Colbert    City of Corona 
Valerie Housel     City of San Bernardino MWD 
Dave Woelfel     Regional Water Quality Control Board  
Mark Adelson     Regional Water Quality Control Board 
Joanne Schneider     Regional Water Quality Control Board 
Mark Smythe     Regional Water Quality Control Board 
Ray Hiemstra     Orange County Coast Keeper 
Gene Estrada     County of Orange 
Larry McKenney    County of Orange 
Chandra Johannesson    Orange County Sanitation District 
Brenda Meyer     Western Municipal Water District 
Tom Rheiner     Riverside County Flood Control & WCD 
Jason Uhley     Riverside County Flood Control & WCD 
Susan Paulsen     Flow Science 
Naresh Varma     San Bernardino County Flood Control District 
Matt Yeager     San Bernardino County Flood Control District 
Tim Moore     Risk Sciences 
Jeff Beehler     Santa Ana Watershed Project Authority 
Mark Norton     Santa Ana Watershed Project Authority 
Dawna Munson    Santa Ana Watershed Project Authority 
 
 
1.   Call to Order & Introductions 
The Storm Water Quality Task Force meeting was called to order at 9:13 a.m. by Jeff Beehler at the 
Santa Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by the 
attendees. 
 
Larry McKenney provided an update of the Task Force’s activities at the annual Urban Water 
Institute (UWI) conference held in Newport Beach.  He said the Regional Board and the EPA made 
very positive comments about the Task Force process.  The UWI continually places this Task Force 
on the agenda because there is great interest in its activities, and some other counties are anxious to 
see what this group does in hopes of using it as a model.  Mr. McKenney noted that Secretary Lloyd 
had commented in public speeches about the need for good science practices to obtain the necessary 
data for addressing water quality issues.  He also stated if we’re not willing to go back and change 
conclusions based on new findings, then we’re not doing good science.  
 
Mr. McKenney said a question was asked of the speaker from SCAG about involving land use 
planners more in water issues.  As it is a key issue, he would like to put together a workshop for the 
Santa Ana watershed and agency planners to talk about the integration of water quality issues into 
planning.  Mr. McKenney said the workshop will be put together in the next few months. 
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2.   Approval of Meeting Notes  
After a brief discussion on one of the sentences regarding the timing for determining REC-1 and 
REC-2, the meeting notes were approved as prepared. 
 
3.   Discussion of Phase II Meeting Dates 
Jeff Beehler said a few of the meeting dates previously sent out to the Task Force would not work out 
for many members, so the dates were adjusted.  The date of July 21st was changed to July 28th, and 
June 23rd changed from starting at 9:00 a.m. to starting at 1:00 p.m. 
 
4.   Discussion of Potential Partnering Opportunities between the Task Force and Ongoing   
      TMDL Efforts 
Larry McKenney noted that there was considerable discussion at last month’s meeting about the 
ongoing TMDL work in the central part of the Santa Ana River watershed.  He wanted to follow up 
on whether there are other opportunities for partnering or collaboration.  Joanne Schneider said that 
based on comments they’ve received, there is some concern about the middle Santa Ana River 
pathogen TMDL being prepared. Suggestions have been made about making revisions to the TMDL.  
She stated that it isn’t the Regional Board’s intent to require implementation of duplicative 
requirements.  To the extent that the TMDL requirements will be satisfied by Task Force efforts, the 
Regional Board certainly will acknowledge that.  However, it is essential for the Regional Board to 
include all the requirements in the TMDL to assure a comprehensive implementation plan, 
particularly for when it goes to the State Board and to the EPA for approval.  Further, in the unlikely 
event that the Task Force dissolves, a TMDL modified to address the Task Force commitments could 
leave us with a TMDL in the Basin Plan that is not whole. The Regional Board will continue to 
include what it sees as appropriate requirements in the TDML; it may be possible to demonstrate that 
those requirements have been satisfied by the Task Force efforts.   
 
Ms. Schneider said there was discussion at the last meeting about some Task Force members getting 
together to propose specific language for the TMDL. The Regional Board is willing to consider 
whether there might be some language included in the TMDL to reflect that the Task Force effort is 
ongoing and some of the work may be done within the Task Force efforts.  However, the language is 
needed by the end of this month.  Mark Norton commented that at the Chino Basin TMDL meeting, a 
date was set for April 25th to review and incorporate any revisions from the Regional Board’s 
comments. 
 
5.   Review of SWRCB vs. City of Burbank 
Larry McKenney said this case pertains to the recent court decision between the State Water 
Resources Control Board (State Board) and the City of Burbank.  The case dealt with whether the 
State, when issuing permits, made an error in not adequately considering the economics of the 
requirements placed on the NPDES permits.  
 
Tim Moore reviewed the basics of the case and the California Supreme Court decision.  He related 
the case to a very similar case from the 1970’s, the Rancho Caballero case, which went to the 
California Supreme Court where the ruling was not in favor of the Regional and State Boards.  In this 
recent case, the Los Angeles Regional Board issued waste discharge permits with restrictions on 
pollutants to waste treatment facilities operated by the cities of Los Angeles and Burbank that had an 
implied cost of millions of dollars, and that cost could amount to doubling the City’s operating 
budget in order to meet the new requirements.  The challenge stated that the Regional Board was 
obligated to, but failed to consider a cost benefit analysis (economics) when setting permit limits.  
The Regional Board claimed that it didn’t do economics and couldn’t do it under Federal law at the 
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time of permitting.  The central argument presented by regulators was that they were not allowed to 
consider economics during permitting, as it was contrary to Federal law.  The last section of the 
California Water Code (CWC) and Porter Cologne became relevant to the Court’s decision (section 
13377). After the Clean Water Act was adopted, the State Legislature amended Porter Cologne and 
the CWC to make them consistent with the Clean Water Act (CWA).  The Court concluded that to 
the extent there is a conflict between State and Federal laws, such as the issue as to whether 
economic impacts should be considered at the time of standards setting, the State cannot be required 
to do something that Federal law precludes or prohibits them from doing. 
 
Tim Moore noted that an interesting part of the decision is the concurring opinion by Justice Brown 
that addresses the “Catch 22” nature of setting the water quality standards. Mr. Moore stated that this 
means that this Task Force is functioning just as it is supposed to—going back to water quality 
standards setting, reviewing every three years the basis for permit limits.  He said it also nicely 
coincides with the Regional Board’s preparations to replace coliform with better metrics indicators.  
Economics considerations will figure into this discussion as it is supposed to. 
 
Mr. Moore noted that he had an opportunity to review Riverside County’s comments on the Reach 3 
TMDL implementation.  The comments were similar to the City of Burbank’s original comments 
with heavy emphasis placed on the cost of compliance and how these costs were considered when the 
TMDL was developed.  Mr. Moore believes that the recent California Supreme Court decision is 
going to stall basin planning in the State.  These issues, including costs, now must be hammered out 
at the TMDL and water quality basin planning stages.  Mr. Moore added that triennial reviews will 
become vastly more important and he believes that once the Regional Board becomes aware that 
there is a significant cost implication to the implementation of a standard, the Board probably will 
reconsider cost allocations at the next triennial review.  
 
Within the watershed, the Rancho Caballero decision is analogous to the decisions discussed earlier. 
The Santa Ana Regional Board tried to issue a permit in the early 1970’s that did not comply with its 
own basin plan objectives.  They did so because the ambient background water quality did not meet 
the basin plan objective, and the proposed discharge was better than ambient.  Although logical, the 
permit wasn’t legal.  The Court said as the basin plan has been adopted, there was ample time for 
comments, and objections should have been raised then.    The purpose of the triennial review is for 
the Regional Board to take any new information into account; that new information may lead to 
standards where there previously were none.  This opportunity will arise in the next triennial review.  
Mr. Moore continued that there is nothing in the Court’s decision saying that once water quality 
standards are set, they are unchangeable.  However, to be consistent with Federal regulations, the 
changes usually can be done only through a UAA.  
  
The Court remanded the Burbank case back to the trial court to determine whether the permit limits 
meet or exceed federal standards.  The Court found that to the extend that the limits were based on 
State standards that exceeded federal standards, then California law allows the Regional Board to 
take into account the economic factors, including the discharger’s cost of compliance.  This makes 
things even more complicated. 
 
Larry McKenney commented that this decision sets the stage to review standards when facts change.  
He provided an example of standards changing from point sources to non-point sources.  Mr. 
McKenney said that at his panel discussion at the recent conference, he pointed out that this Task 
Force will consider economic issues, but it doesn’t assume that considering economic analysis means 
doing a cost benefit analysis.  He further explained to the panel that the Task Force is working out 
how to do economic analysis in the context of an implementation plan for targeted representative 
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areas of the watershed.  He commented that this also will make it important for the Task Force in 
becoming a model for considering economic factors.    
 
Mr. Moore pointed out that the court case also is intriguing in how it will work out determining what 
are State requirements and what are Federal requirements. 
 
6.   Summarize Phase II Outlook 
Mr. Moore said the Task Force has spent a year working on water quality objectives which is a very 
important step. However, for the most part, setting objectives has little to do with changing permit 
limits. The one exception is if you change a use to the point where the use no longer exists, which 
would have a dramatic and immediate effect on permitting.  The next couple of months will be spent 
working on setting water quality objectives, and Mr. Moore will outline where he believes this may 
be headed.  There exists an obligation to meet public expectations and to allocate resources to meet 
the goals of public health and safety.   
 
Mr. Moore said he sees the exercise of discretion as a resource allocation question; which problems 
the Task Force wants to address first, get funds for first, etc.  Going into this next phase, we need to 
address how we allocate resources to meet the public expectation about public health and safety.  To 
that end, he wants to describe the realm of possible outcomes—what the final solution may look like 
at the end of Phase II. This will provide better initial understanding of why certain discussions need 
to take place, particularly with regard to looking for better alignment between the resources to be 
expended and the reductions to be achieved.  Because there is a range of discretion, each element in 
the discretionary process will be addressed as to where it may lead and what needs to be discussed 
about those elements.  The group needs to refocus on the regulatory questions, and specifically, on 
the individual items of regulatory discretion we have to work with and how it may or may not result 
in a different water quality objective.  The discussion will start with certain assumptions already in 
place: 
 

a) How we designate the beneficial uses determines the level of flexibility exercised by the Task   
    Force;   
b) Downstream uses must be protected; 
c) We cannot propose uses that require less stringent objectives if those are existing uses; 
d) An anti-degradation review will be necessary independent of all the use protection issues; and, 
e) Regardless of the water quality effluent limits, there is also an obligation to use best management 
    practices. 
 

Within the realm of adopting pathogen objectives, there are several sub-elements that can be 
modified or are subject to the discretion of the Regional Board.  They are as follows 
 

1) The first thing that may be modified is the selection of an acceptable contagion rate percentage. 
The risk level can go either lower or higher than those set by the EPA, but the more diversion, the 
more controversial it becomes among the stakeholders and those who approve it on a Federal level.  
The Task Force should consider what it can defend and the level of effort required to do so. 
 

2) The ambient background level or concentration is one of the major drivers in determining water 
quality objectives.  However, it is extremely difficult to try to figure out what the ambient 
background condition is in an area that is heavily developed.  Trying to find a reference condition 
becomes a matter of considerable debate. The selection of the ambient background level and/or the 
reference reach becomes a fundamental area in which the objectives can be adjusted.  How and 
where to measure probably have the greatest influence over the final target number.  

3) The EPA’s guidance also takes into account the frequency, duration, and magnitude of exposure.  
Magnitude of exposure also goes to the issue of the nature of exposure, i.e. wading, full body 
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immersion, which impacts the risk.  The EPA’s main concern is the overall rate at which people 
become ill.  The acceptable pathogen concentration could be higher if it is shown that it is more than 
offset by one of the other variables, such that the formula still results in less than 8 to 10 illnesses per 
1,000 people.  Mr. Moore summarized the Task Force’s challenge using the range of alternatives 
available to work to realign resources with public expectations for public health and safety. 
 

4) Averaging periods.  This could be considered at the water quality standards setting phase or 
permitting phase, but it is easier at the water quality standards phase.  We will be required to have a 
sound scientific basis for determining a period and be able to demonstrate functionally equivalent 
protection showing that water quality standards are being met as a whole.  The water quality standard 
we’re trying to meet ultimately is the illness/contagion rate.  Because that is difficult to measure, it is 
often replaced with a surrogate objective of something expressed in concentration form.  If the focus 
stays on minimizing illness, there are ways to structure the implementation strategies so that the 
outcome is as good or better, but it is unequally distributed. Equal distribution of risk is not a 
requirement of the CWA and risk can be unequal provided that the equivalent protection standards 
are met as a whole. 
 

5) Selection of the points of compliance.  This can be one of the reasons for allowing the higher or 
lower illness/contagion factor, as previously discussed, provided there is compliance and protection 
of the use where it is identified.  It is possible to imagine structurally, various numbers being applied 
throughout a tributary system as long as when water gets to the river, it complies with where the 
beneficial uses are occurring. Therefore, the selection of the points of compliance and how to assess 
water quality attainment are extremely important.   
 

Mr. Moore noted that in some cases averaging makes sense, but in others it may make sense to create 
different objectives such as seasonal or conditional objectives. 
 

6)  The metrics or the end points used.  They are currently fecal coliform, E. coli and Enterococci. 
The trouble with using these intermediate “surrogates” as measures is that they introduce variation 
and uncertainty into the system and sometimes may lead us off track.  It would be better to find a 
more direct way to measure risk.  He summarized a suggestion to have a water quality objective that 
is based directly on water-borne illnesses.   
 
7) Controllability. This is a phrase that comes directly out of section 13241 of the Water Code about 
being able to coordinate control of all water quality factors in the region. It also is meant to suggest 
the same UAA criteria for natural background concentrations, and/or manmade sources of pollution 
that cannot be eliminated or where removal would cause more environmental damage than to be left 
in place.  These are meant to be asked as engineering and technical feasibility questions, not as an 
economics question, although solutions are based on the assumption of unlimited funds.   Mr. Moore 
posed the question, assuming there are unlimited funds, if we did what’s necessary to capture, divert 
and treat all the stormwater to meet a standard, what kind of infrastructure does that imply?  Further, 
if we actually got a permit to build it, would we be able to actually do it?  Larry McKenney 
commented that this also is the area where the other environmental consequences question comes in, 
such as ecological balance.  Discussion ensued regarding the impact of those measures on the 
ecosystem. 
 
8) Economics.  There are two ways to look at the economics question.  In the first way, the EPA’s 
guidance focuses heavily on affordability—whether a community has the bonding capacity and the 
appropriate tax base. The other way to look at it is the EPA’s UAA Downgrade Sub-categorization 
Criteria, which establishes a threshold where widespread substantial economic impacts are incurred. 
In the UAA done in Santa Ana in the 1990’s, the thinking was to consider the effects of moving 
those dollars in and out of the economy.  These issues have been widely studied. Health impacts or 
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health benefits clearly can be shown for both conditions. The health impacts/benefits balance must be 
thoroughly accounted for and measured within the economic realm. 
 
Mr. Moore asked the Task Force to think about what data from CDM’s first phase shows. He said it’s 
important to divide the wet weather from dry weather conditions.  He emphasized that small changes 
in water quality standards are not going to result in significant changes.  Small changes may mean 
being in compliance more often than before, but it doesn’t imply any real cost difference.  If the Task 
Force only works within the easy range of the EPA’s uncontroversial guidance, there isn’t going to 
be substantial relief.  Discussion ensued on wet conditions versus dry conditions.  
 
Mr. Moore said that the ultimate solution is working with a combination of all the above factors to 
try to get valid numbers, and at the same time the BAT/BMP requirement is moving us toward the 
most reductions possible.  Hopefully at some point these all will cross to where it creates a 
compliance condition.  Working only within EPA’s Guidance will not come close to ambient quality 
data.  There is a huge gap between the current standards and the current water quality.  The only way 
to close that large of a gap is by a major shift in measuring and counting things differently.  
 
Tim Moore said he believes that the two greatest barriers to the widespread implementation of 
alternative solutions are: 1) existing uses; to the extent we deal with an existing use, we disallow 
changing water quality standards in a way that results in less-stringent criteria.   Because we’re 
switching the metrics, there is an opportunity to be able to adjust the water quality standards without 
declaring them less stringent because there is no longer direct comparison of old coliform numbers to 
new coliform numbers.  The concept of an existing use is ill-defined, but is very controversial; 2) the 
notion of needing to protect downstream waters; the Santa Ana River is at least seasonally REC-1.  
There is a point of compliance at the beaches and at the main stem that have to at least be met 
seasonably.  The issue of creating a different standard for those areas that are not REC-1 (or Limited 
REC-1)may become irrelevant if there is not a material change in the fate of the bacterial pathogen as 
it moves from a Not REC-1 location to the designated REC-1 stream segment.  Putting resources into 
fine-tuning water quality standards in the tributaries will not result in significant change at the permit 
level unless we can show some radically different fate and transport mechanisms at work. 
 
Mr. Moore asked the Task Force to also think about creating from scratch a risk-based regulatory 
system. Using the work done by EPA as guidance, the Task Force could ask what is our health goal 
and how do we want to measure it. We then can develop the linkages and correlations backwards up 
the system. A risk-based system offers an opportunity to realign resources and allow a different 
prioritization in how permits are written.  Mr. Moore said the new regulatory system needs to be split 
into wet and dry conditions.  In distinguishing between them, the wet season has high flows that are 
dramatically different from the low flow normal condition.  Identifying these differences allows 
separate standards for the two conditions. 
 
Mr. Moore said his Scope of Work is to explore each of the alternatives and in combination, figure 
out if a risk-based regulatory system can be created that is sound and defensible. 
 
7. Approval of Phase II Scope, Schedule and Deliverables 
A suggestion was made that both of the Scopes be as specific as possible without some of the 
assumptions that have been made in meetings as to what also will be included.  Another comment 
was made that the Task Force cannot approve the Scope at this point when some of the comments 
made have not been addressed in the Scope.  A suggestion was made to show more detail in the cost 
as to the hours per task.  Dan Bounds said that a greater level of detail can be added if that’s the 
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consensus of the group.  Several Task Force members agreed to address remaining issues before the 
scopes moved forward. 
 
8.   Brainstorming Site List of Potential UAA Pilot Studies  
A question was asked as to CDM’s site selection and whether they are different than Tim Moore’s 
sites.  Mr. Moore proposed sites to be used as prototype pilots for Not REC-1, the Corona site at 
Temescal & Magnolia, and Greenville Banning channel. Greenville Banning may be REC-2 because 
of the bike path and park nearby.  In the Limited REC-1 category, he suggested using either Mill 
Creek or Cucamonga Creek at Hellmann where it changes from a concrete channel to a natural 
condition.  Another site for consideration is Chino Creek by Prado Lake at Euclid.  The third site 
suggested and he categorized as “unknown” is the Delhi Channel.   
 
As there was no further business for review, the meeting adjourned at 12:35 p.m.  
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STORM WATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
May 26, 2005 

 
 

Participant     Representing    
Don Schroeder    CDM 
Dan Bounds     CDM 
Mike Loving     City of Irvine 
Michele Colbert    City of Corona 
Joanne Schneider     Regional Water Quality Control Board 
Ray Hiemstra     Orange County Coast Keeper 
Valerie Housel    City of San Bernardino Municipal Water Dept. 
Chris Crompton    County of Orange 
Gene Estrada     County of Orange 
Larry McKenney    County of Orange 
Brenda Meyer     Western Municipal Water District 
Steve Stump     Riverside County Flood Control & WCD 
Jason Uhley     Riverside County Flood Control & WCD 
Susan Paulsen     Flow Science 
Naresh Varma     San Bernardino County Flood Control District 
Matt Yeager     San Bernardino County Flood Control District 
Tim Moore     Risk Sciences 
Jeff Beehler     Santa Ana Watershed Project Authority 
Mark Norton     Santa Ana Watershed Project Authority 
Dawna Munson    Santa Ana Watershed Project Authority 
 
 

1.   Call to Order & Introductions 
The Storm Water Quality Task Force meeting was called to order at 9:13 a.m. by Jeff Beehler at the Santa 
Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by the attendees.  
 
2.   Approval of Meeting Notes  
It was noted that on Page 4, Item 6 of the April 14th meeting notes, that the word Axioms should be replaced 
with Assumptions.  The meeting notes were then approved. 
 
3.   Task Force CASQA Conference Abstract 
Jeff Beehler emailed the Task Force an abstract of the CASQA Conference for their review.  The 
Conference will be on October 3-5, 2005 at the Ontario Doubletree Hotel.  The Task Force approved 
preparation of a detailed abstract by CDM.  It will be circulated to the Task Force members before 
submission and the Task Force will be listed as co-authors. 
 
Jeff Beehler demonstrated the SAWPA website showing information from Phase IV, as well as reports 
from Phase I.  Dr. Beehler said that if anyone wants to link their stormwater sites, to forward the link to 
him.   
 
4.   Task Force and Ongoing TMDL Efforts – Partnering Progress   
Joanne Schneider said the TMDL documents need to be able to stand on their own.  She reiterated that the 
Task Force efforts may be able to satisfy some of the TMDL efforts, but it was the responsibility of those 
implementing the TMDL to demonstrate how Task Force efforts fulfill TMDL requirements. 
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5.   Summarize Phase II Activities 
Tim Moore outlined the process the Task Force will use to examine water quality objectives.  He said that 
the closer we stay to the way EPA has addressed water quality objectives, the greater the Task Force’s 
probability of success.   
 
Mr. Moore said that the EPA’s original pathogen guidance set the tolerance level at ten illnesses per 1,000 
people (1%).  This is one of the areas where we can explore some modifications.  For example, why should 
the fresh water number be different than the marine number?  The EPA readily acknowledges the 
disconnection here.  These numbers do not represent a value judgment, but existing conditions.  The idea is 
that the exposure regime multiplied by the pathogen concentration is what leads us to the guidance number.  
He reviewed some of the variables that must be taken into consideration when determining that number.  
He noted that when EPA did their original bacteriological studies, they did them at freshwater lake beaches 
and in designated swimming areas.  Those conditions are not necessarily typical of what you find out here 
in the western states, particularly inland.  It is probably reasonably typical of what is found at the saltwater 
beaches and freshwater beaches like Big Bear Lake or at Lake Elsinore.  He noted that it is a stretch to start 
assuming that the kind of exposure regimes you see in those sorts of lakes are the same as we might expect 
to see in the sorts of streams we have locally.  He said that if we understand the original calculations and 
assumptions, then we can test them again with our site specific conditions. 
 
As with any water quality criteria, there are frequency components, magnitude components and duration 
components.  There are two types of criteria:  acute (short-term exposure) and chronic (long-term or 
continuous exposure).  We want to distinguish between short-term exposures and long-term exposures, not 
in the sense of toxicology, but in the sense of ingestion risk or contagion risk.  If there are different 
exposure conditions, you therefore would have different water quality criteria.  This is the distinction 
between deliberate, intentional, long-term swimming (fully immersed) and the incidental splash that may 
occur if you literally were walking your dog across the water and caught nothing more than a drop or two 
that got splashed.  EPA’s bacteriological guidance makes a distinction between primary and secondary 
recreational contact.  Primary recreation is defined as being deliberate, invited, intentional recreational 
swimming, wading, etc.  Secondary recreation is a less intense exposure condition.  The EPA also states 
that secondary recreation is less intense not just from the nature of the exposure, but from the reduced 
number of people likely to be exposed.  Frequency should be thought of as numbers of people in an hour, 
month, year, etc.  Duration is the amount of time that someone is exposed.  In terms of swimming, an hour 
could be the long-term condition set and the short-term would be the seconds/minutes condition set.  
Magnitude can be seen as an expression of concentration.  Since we already have concentration, magnitude 
will be called immersion, the nature of the exposure/how they are exposed.  Risk is these factors multiplied 
by each other and multiplied by concentration (Risk = Frequency x Duration x Magnitude x 
Concentration).   
 
The concept of functional equivalence was discussed next.  Mr. Moore reviewed functional equivalence 
using an analogy from wastewater – Title 22.  Title 22 requires a level of treatment for tertiary effluent.  It 
is expressed as bacterial counts or coliform counts and is translated into levels of treatment required to 
achieve those objectives.  The State does not tell you how to attain the goals.  However, they do allow new 
methods/techniques to achieve the same objectives as a functionally equivalent alternative that provides 
functionally equivalent protection.  What we are going to propose to do here, by analogy, is no different 
than what is routinely done with pathogens with respect to Title 22.  One of the first technical tasks is to 
define these conditions for the equation as it was originally developed in the 1986 Guidance.  Essentially, 
we will review the original data.  We want to define all the conditions that went into this part of the 
equation.  EPA defined what the background level risk was and used that to make calculations about the 
ambient water quality chemistry.  This contagion is a function of all these other factors (number of people, 
how long they were there, the nature of their exposure, the water quality chemistry that was present at the 
time and the sources). 
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There are two things to understand about frequency, duration, and magnitude.  First, we want to see where 
we are in comparison to the baseline equation that was used to develop the water quality criteria.  We need 
to make a worst case assumption that the exposure is linear; for each additional minute at a given 
concentration the risk goes up, and for each lesser minute the risk goes down. We want to get to 
functionally equivalent protection.  Second, our goal has been to find surrogate variables that are predictive 
of frequency, duration and magnitude.  For example, the frequency of exposure which is the number of 
people we expect to find at any given stream segment is likely a function of things like the location 
(proximity to industrial corridors versus residences, school yards versus retail/commercial).  The 
probability of someone being found in the water on a given stream segment is a function of what is around 
that area.  These data will be developed.  Frequency is likely a function of accessibility (fencing), and 
channel morphology.  Magnitude is a function of depth, velocity, and aesthetic water quality.  In other 
words, it is people’s willingness to immerse themselves in water and it is a function of whether they 
perceive the water as “yucky” or not.  Since everyone’s idea of “yuck” is different, we will develop a data 
set.  As attributes like water color cannot be recorded by monitoring cameras, the crews checking the 
cameras will also take photos of the water using high resolution photography.  Our goal is to relate 
frequency, depth, and velocity with location, access, channel morphology, etc., in a predictive way.  If we 
can do this and validate it, then it is not necessary to place a camera in every single location to make a 
decision about uses or criteria.   
 
Mr. Moore said we’re proposing to do what the State Board did with Ballona Creek.  The State Board 
agreed with the Los Angeles Board staff about the factors that were relavent to distinguishing it from a 
Full-REC condition.  They used factors that were discussed in Phase I (accessibility, channel morphology, 
nature of the flow, etc.).   We want to take the State Board’s decision to the next level.  If there is one 
example of use in place, we can mathematically describe it.  We will end up with a hybrid between a 
translator based water quality criteria system and a narrative based binary on and off switch based on flow 
and safety.  It gets us to a rationally based water quality regulatory system.   
 
6.   Stream Segment Selection for UAA 
Tim Moore reviewed a handout of the Phase II implementation schedule.  By the next meeting, he hopes to 
show videos or pictures for at least one of the locations under surveillance.  He stated it would be more cost 
effective to buy the cameras rather than to rent them as this will be a long-term project and they can be used 
again later.  Discussion ensued regarding the types of cameras.  
 
One of the first objectives of Phase II is to go after the high flow suspension of REC-1 and to write basin 
plan type language.  Chris Compton commented that there were conditions where there are dam releases 
ahead of storm events and that these should be taken into consideration.  
 
By September, the background research should be finished.  We will discuss how to determine the water 
quality objectives for our different use categories.  Mr. Moore said he hopes to have some video footage at 
the time water quality objectives are discussed.  In the spring of 2006, we will start to go through the 13241 
process that builds the technical and regulatory justification for amending the Basin Plan.  A participant 
asked whether the 13241 includes the 131.10(g) Federal factors.  The 13241 analysis pertains to 
consideration of new or revised objectives, while the 131.10(g) factors address beneficial uses and use 
attainability analyses.  However, the analyses have commonalities. 
  
We want to get sites that are not REC-1 (sites where no recreation is expected to occur and if it did, it 
would be an anomaly) and some sites that are Limited REC-1 early in Phase II.   
 
The first site suggested is in Corona near Magnolia Avenue and McKinley Street.  This is located in a 
transportation corridor where the I-15 freeway meets the 91 Freeway.  It is a heavily industrial site and is 
virtually inaccessible.  The next site is the Greenville-Banning channel in Orange County.  There are two 
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locations for cameras here - one under the bridge facing upstream and the other is where a pipeline crosses 
the Santa Ana River.  We would like to place a camera facing upstream to capture the channel itself and the 
Fairview Park area where there is an access point.  Discussion briefly ensued regarding whether harbors, 
beaches and parks have plans to complete Orange Coast River Park.  Discussion further ensued regarding 
the goals of camera placement.  A participant commented on whether we needed to do two sites that were 
Not REC-1.  Mr. Moore stated that he would like to present all the sites before decisions are made as to 
how to ration the cameras.  
 
The third site for consideration is the Santa Ana Delhi Channel.  Mr. Moore stated that there are three 
locations here.  The first one is where Delhi meets Newport Bay.  He noted that we are not planning to 
shoot the camera downstream.  The second one is on the pedestrian bridge.  He stated that this is a 
transition zone.  We are assuming that Newport Bay is REC-1.  The fourth site is at the Delhi Channel at 
Irvine Boulevard, which is a quarter-mile upstream from the third site.  Mr. Moore stated that although the 
sites seem redundant, the variables/characteristics slowly change as we move through these sites.  The fifth 
site suggested is the schoolyard at Delhi Channel and Sunflower.   
 
The last site is Cucamonga Creek at Hellmann Avenue.  He noted that there is an enormous amount of 
algae at this site, both upstream and downstream.  The depth is mostly at six inches.  This is an important 
location because it transitions from concrete to rip-rap to completely natural channel.  He stated that of all 
the places that were visited, this site posed the most difficulty in placing the cameras.  It is a very remote 
location and that the bridge is a concern for vandalism.  To protect the cameras from vandalism, it was 
proposed that they be placed under the bridge or hidden in a tree.  He would like to place two cameras at 
this site – one upstream and one downstream.     
 
Larry McKenney said it is important to understand why some sites are being selected, and why some sites 
aren’t.  For example, the Greenville-Banning Channel gives us a chance to prove the site that we view as 
Not REC-1.  The pictures don’t tell us how we are going to manage at the site because the rubber dam itself 
is a bacteria BMP.  Mr. Moore added that just because a person shows up, it does not necessarily imply that 
the site is no longer Not REC-1.  For example, next to the Banning Channel we can actually see where 
people have been walking their dogs in the Santa Ana Mainstem.  Walking dogs through the water is 
different than people recreating in the water. 
 
A comment was made that it’s difficult to justify the sites Mr. Moore selected without a clear 
understanding of the selection criteria.  Mr. Moore said it was a subjective selection.  When trying to prove 
a negative, you must go to a location where you think it is a genuine negative, and empirically demonstrate 
that what you thought wasn’t happening did not happen.  These locations were deliberately chosen to show 
that in the most extreme circumstances you find in this watershed, that something is not happening.  Mr. 
Moore will provide the group with the methodology used for determining site locations.  A participant 
inquired about the percentage of the budget that will be used for buying, installing, and operating the 
cameras.  Mr. Moore stated that it is approximately 20%.  Discussion ensued regarding the costs associated 
with running the cameras. 
 
Discussion further ensued about the sites and the viability of using the Corona site over the Delhi Channel 
at the Irvine site.  There was agreement on Hellmann Avenue; Delhi at the mouth of upper Newport; Delhi 
at the schoolyard (Sunflower), and Greenville-Banning Channel.  It was the consensus of the Task Force to 
move ahead with buying all seven cameras, but to set up only the first five where there is site agreement.  
The other sites will be selected at the next meeting. 
 
7. Discussion of Recreational Use Surveys 
Deferred to the next meeting. 
 
The next meeting is scheduled for June 23, 2005 at 1:00 p.m.  
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Participant     Representing    
Richard Meyerhoff    CDM 
Dan Bounds     CDM 
Susan Hatfield     US EPA 
Joanne Schneider     Santa Ana Regional Water Quality Control Board 
Dave Woelfel     Santa Ana Regional Water Quality Control Board 
Chris Crompton    County of Orange 
Gene Estrada     County of Orange 
Larry McKenney    County of Orange 
Steve Stump     Riverside County Flood Control & WCD 
Tom Rheiner     Riverside County Flood Control & WCD 
Susan Paulsen     Flow Science 
Tim Moore     Risk Sciences 
Rudy Fandel     City of Corona 
Michele Colbert    City of Corona 
Yolanda Macalaled    City of Corona 
Greg Woodside    Orange County Water District 
Matt Yeager     San Bernardino County Flood Control District 
John Dahlke     Western Municipal Water District 
Adam Feffer     Santa Ana Watershed Project Authority 
Rick Whetsel     Santa Ana Watershed Project Authority 
Jeff Beehler     Santa Ana Watershed Project Authority 
Dawna Munson    Santa Ana Watershed Project Authority 
 
 
1.   Call to Order & Introductions 
The Storm Water Quality Task Force meeting was called to order at 1:10 p.m. by Larry McKenney at the 
Santa Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by the 
attendees.  
 

Jeff Beehler informed the Task Force that the meeting notes for the May 26th meeting will be sent shortly.  
He also reviewed the SAWPA website for the Stormwater Quality Standards Task Force and how the links 
to others’ programs works. 
 
2.   Ongoing TMDL Efforts 
Jeff Beehler introduced Rick Whetsel, Watershed Planner for SAWPA.  Mr. Whetsel has been working on 
the TMDL projects and was asked to give a brief presentation on the Middle Santa Ana River Pathogen 
TMDL.  The information he presented is adapted from the presentation made by Bill Rice for the Regional 
Board workshop.  In 1988, the Regional Board listed Reach 3 of the Santa Ana River as impaired due to 
elevated bacteria levels.  In 1994, Chino Creek, Reach 1, Mill Creek, and Prado Park Lake were added to 
the list of impaired waters.  In 1998, Chino Creek, Reach 2 and Cucamonga Creek, Reach 1 also were 
added to the list of impaired waters.  In 2001, the Regional Board initiated a TMDL development process.  
In August 2001, the Chino Basin TMDL Workgroup was formed.  In 2005, the Regional Board issued the 
Draft “Staff Report” on Bacterial Indicator TMDLs in the Middle Santa Ana River watershed.  He noted 
that in August 2005 and in 2006, it is anticipated that the Regional Board’s adoption of the TMDLs and the 
EPA’s adoption of the TMDLs will occur, respectively.  He stated that the next public workshop date is 
tomorrow, June 24, 2005. 
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Mr. Whetsel reviewed the watershed’s geography and the stations used for TMDL monitoring. He noted 
that they are currently working on a Beneficial Use Survey.  He summarized the Middle Santa Ana River 
Pathogen TMDL findings.  He noted that urban runoff is a major contributor of bacterial indicators year-
round, with storm and dry weather runoff from areas associated with or adjacent to agricultural operations 
containing high densities of fecal coliform. Open space and wilderness areas are not significant sources of 
fecal coliform under dry weather conditions. POTW discharges are not major sources of fecal coliform; and 
it is unknown if there is survival and reproduction of bacterial indicators used to monitor water quality in 
sediments of impaired water bodies.  He stated that TMDL allocations are the same standards that are 
currently in the Basin Plan.  He described the standards and noted that these targets for the TMDLs are to 
be achieved no later than December 2020.  He further reviewed some of the TMDL workgroup activities 
such as seasonal pathogen monitoring, Middle Santa Ana River Beneficial Use Survey, storm monitoring 
for pathogens done by the United States Geological Survey (USGS), and the pathogen modeling done by 
USGS, which is scheduled to be completed by March 2006. 
 
Ms. Joanne Schneider commented that three or four changes to the TMDLs will be discussed at the 
workshop tomorrow.  One change is the inclusion of an explicit ten-percent margin of safety.  The Regional 
Board received a number of comments about accounting for the additional margin of safety.  There also 
were comments that compliance for wet weather by 2020 would be difficult, so the Regional Board staff 
will propose to divide TMDL compliance between the dry and wet seasons.  2012 will be the compliance 
date for dry season flows, and 2025 for wet season flows.  One of the more significant changes suggested, 
based on comments received, is the addition of proposed targets based on E. coli.  Ms. Schneider made 
clear that the fecal coliform provisions of the TMDLs would not be deleted. However, Board staff is 
proposing the addition of language in the TMDLs that would make the fecal coliform provisions ineffective 
when and if the E. coli objectives are in place. A participant inquired about the functional difference for the 
permittees between the water quality objectives, which currently are in the Basin Plan, and future E. coli 
based objectives. They specifically asked whether an economic analysis is required if E. coli targets are 
included in the TMDLs and/or when E. coli objectives are adopted into the Basin Plan.  Ms. Schneider 
stated that the 13241 analysis is required when the objectives are considered for adoption in the Basin Plan.  
The targets can stay in place based on the EPA’s criteria.  A participant inquired whether the Regional 
Board was in a 13241 review of the E. coli target.  Discussion briefly ensued regarding E. coli, the 13241 
process, and the Beneficial Use Survey.  Rick Whetsel noted that the TMDL report states “the inclusion of 
objectives based upon E. coli and possibly Enterococcus, either as a supplement or replacement to the fecal 
coliform objective”.  Ms. Schneider stated that Mr. Whetsel was referring to proposed language that would 
make fecal coliform provisions for the TMDL unnecessary if fecal coliform is replaced by the E. coli 
objective. Discussion briefly ensued about identifying responsible parties, the 13241 analysis, EPA 
comments, and margins of safety issues.  Rick Whetsel suggested that people with concerns regarding the 
proposed TMDLs attend tomorrow’s workshop to voice their concerns.  A participant asked whether there 
was a cost-sharing agreement funding the efforts of the TMDL Workgroup.  Mr. Whetsel said that, 
currently, there is no cost-sharing agreement amongst any of the stakeholders.  However, as TMDL 
compliance becomes part of the Basin Plan, there may be a need to form a task force group with cost-
sharing amongst the stakeholders to work on TMDL implementation.  Discussion briefly ensued regarding 
funding, the current Basin Plan objectives, compliance, and possible consequences should the compliance 
dates not be met. 
 
3.   Discussion of Surveillance Camera Selection 
Dan Bounds suggested combining agenda items numbers 3 and 4 for discussion.  CDM has started on the 
technical tasks.  They are summarizing how other states are adopting similar objectives and compatibility 
with the EPA’s recommended guidance and criteria.  They also have done preliminary work on the 
recreational use survey tasks.  The Santa Ana Delhi site had been agreed upon as an appropriate pilot UAA 
site at the last meeting, so CDM focused field efforts there.   
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Mr. Bounds discussed the “General Site Selection Criteria to Perform Pilot-Scale UAA for Recreational 
Uses” handout.  He demonstrated the camera that was selected.  Two concerns with regard to equipment 
were that there would not be an outlet to plug the camera into, nor would there be phone line to transfer the 
data.  They selected equipment that could be self-sufficient for power and data transfer.  Other concerns 
such as vandalism, cost, and weather-proofing also were considered.  The cameras selected are self-
powered and transfer data through a built in cell phone unit.  CDM has attached a cable to a D-cell battery 
similar to a motorcycle battery to get a longer life out of the battery pack.  Batteries are $20 each and can 
be recharged.  Mr. Bounds will check to see if the cameras have a GPS tracking system built in, in case of 
theft.  He discussed experiences of other customers and field applications with Colorado Video, the vendor 
that supplied the cameras.  He noted that the cameras shown have been in the field for up to five years.  In 
some cases, it was necessary to replace the cell phone unit because the cell phone networks did not support 
the older equipment. 
 
Mr. Bounds displayed some photos from the two sites where the cameras have been installed.  Images are 
uploaded approximately every 15 minutes.  The cameras are programmed to deactivate later in the evening 
and to start up again well before daybreak.  As the images are uploaded, they are location stamped by file 
name; date stamped; and time stamped using a 24-hour format.  Discussion ensued regarding legal issues 
with using the cameras. 
 
Next, the Task Force will need to decide upon sites for additional camera installations.  
 
4.   Update on Technical Tasks   
This was combined with agenda item number 3 above. 
 
5.   Development of Use Survey Criteria 
Mr. Bounds briefly discussed the “Recreational Use Survey Criteria Development” Memorandum that both 
CDM and Risk Sciences worked on collaboratively.  It is the instrument for gathering the data from the 
images and site visits.  He then suggested discussing Item No. 6 before Item No. 5 because it is critical that 
the sites are selected before another month goes by. 
 
A suggestion was made to place a clause in the site selection criteria list stating that additional information 
being considered will include bacterial data.  Discussion briefly ensued.  A participant inquired how we can 
use data from other studies and whether it could be incorporated into the analysis.  It was asked if there 
would be any value in trying to use the Ballona Creek survey data.  Regarding the criteria that Risk 
Sciences and CDM have put together, a participant inquired whether all the information with the exception 
of water temperature can be obtained without getting into the water.  Discussion further ensued regarding 
safety of sampling teams.   
 
6.   Review Study Site Selection 
Mr. Bounds recalled talking about three locations on the Delhi Channel. Two cameras already have been 
installed here (horse bridge location that opens up into the bay and the Mesa Avenue crossing).  The third 
location is the Sunflower Avenue crossing near a school.  Tim Moore summarized the criteria sheet that 
was handed out.  He stated that there was a lot of discussion at the last meeting about site selection, and it 
was suggested to put the reasoning for choosing those sites on paper.  He further stated that as this is a pilot 
scale UAA, the reasoning of the Task Force must be clearly stated.  Initial sites were not selected randomly.  
They were selected with a full expectation that the Task Force thought they knew what those sites were.  
We can validate and confirm that, but they need to assure or verify that the UAA technology works 
correctly.  It is analogous to calibrating an instrument to measure water quality.  The sites were specifically 
chosen as there was nearly unanimous consent about what they were likely to be and these sites will help us 
establish the calibration curve.  We are trying to affirm that there are, in fact, more levels of REC use than 
are presently represented in the Basin Plan.   
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Tim Moore discussed their approach to reach their goal.  Mr. Moore said we need to first identify 
calibration sites, particularly the lower and upper extremes – Full REC to Not REC, and midpoint 
calibration – Limited REC.  Then we will need to apply a calibration assessment tool to an undesignated 
site (the unknown) and then use the tool to figure out where on the continuum the unknown site fits. 
 
The first sites considered are going to be the archetypes of the four primary REC designations.  Each REC 
designation should be consistent across the board.  Mr. Moore stated that the number one priority for this 
year is to make sure the extreme values are nailed down in setting the REC/No REC continuum.  We 
should expect the calibration sites to be representative sample locations that have features in common with 
other similar locations. 
 
The Regional Board determined that Delhi Channel is priority site.  Unlike the calibration sites, we are not 
sure about the answers.  We can test our system on the Delhi location.   
 
Mr. Moore further discussed specific rationale in support of each pilot-scale location.  The first Not REC-1 
site is Temescal Creek at Magnolia Avenue in Corona.  He showed photos of the sites.  The second 
Temescal site discussed was Temescal Creek at Main Street.  There was some concern in the group about 
overlap.  Those two locations were thought to be examples of Not REC-1, or perhaps, in the case of the 
Main Street location, limited REC-s.  Richard Meyerhoff noted that one camera will be at the Greenville-
Banning Channel, pointing upstream from the bridge so the Fairview Channel access can be seen.  Tim 
Moore inquired whether the camera should be at Temescal Creek at Main, or at Temescal Creek and 
Magnolia Avenue.  He stated that Temescal Creek at Magnolia Avenue is very similar to the Greenville-
Banning Channel.  Discussion briefly ensured regarding the sites and how representative they would be.  
Larry McKenney commented that if we have sites that are similar in most characteristics except that one 
has more water in it, if there is no REC use, it is relatively easy to extrapolate that a similar channel 
configuration with less water would not have more REC use.  Discussion further ensued about the 
characteristics.  There was agreement to place a camera at the Temescal Creek at Main Street site facing 
upstream, rather than at the Temescal Creek at Magnolia site. 
 
For Limited REC-1, the group had agreed on Mill-Cucamonga Creek at Hellman Avenue as a calibration 
site because it transitions from a fully concrete-lined channel to a soft bottomed, natural channel.  An 
alternative to that location was Chino Creek at Euclid Avenue.  There are two cameras at the Mill-
Cucamonga Creek at Hellman Avenue site, one facing upstream and one facing downstream.  The camera 
can be aimed at where potential swimmers would enter.  Discussion further ensued.  It was agreed to keep 
the Mill-Cucamonga Creek at Hellman Avenue site as the Limited REC-1 location. 
 
The undesignated sites were the Santa Ana Delhi site at the footbridge facing upstream, the Santa Ana 
Delhi Channel at Mesa Drive, the Santa Ana Delhi Channel at Sunflower Street.  Discussion briefly ensued 
regarding the cameras, camera placement, and the sites.  Mr. Moore noted that we do not have any cameras 
assigned to Full REC-1.  He recalled that at the last meeting, it was suggested that Full REC-1 could be 
done with existing webcams that point at beach locations along the Pacific Coast.  The only downfall is that 
we do not control the webcams.  He has been talking with the Santa Ana River Dischargers Association.  
They are giving serious consideration to buying more camera setups and adding cameras to the Santa Ana 
Mainstem.  Even though we see the Santa Ana Mainstem as Full REC-1, we should document that to 
calibrate our calibration curve properly.   Right now, we won’t have the REC-1 case documented.   At least 
one camera at Big Bear Lake will be pointing at a common swimming beach in another study and it may be 
possible to use that data.  Discussion briefly ensued. 
 
7. Discussion of the Utility of Cameras on the Santa Ana Mainstem 
This was combined with agenda item number 6 above. 
 
The next meeting is scheduled for July 28th at 9:30 a.m. 
 
As there was no further business, the meeting adjourned at 4:05 p.m. 
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Richard Meyerhoff    CDM 
Dan Bounds     CDM 
Susan Hatfield     US EPA 
Dave Woelfel     Regional Water Quality Control Board  
Joanne Schneider     Regional Water Quality Control Board 
Michele Colbert    City of Corona 
Susan Paulson (via teleconference)  Flow Science 
Ray Hiemstra     Orange County Coast Keeper 
Chris Crompton    County of Orange 
Greg Woodside    Orange County Water District 
Dindo Carrillo     Orange County Sanitation District 
Jayne Joy     Eastern Municipal Water District 
Rod Cruze     City of Riverside 
Steve Stump     Riverside County Flood Control & WCD 
Jason Uhley     Riverside County Flood Control & WCD 
Valerie Housel     City of San Bernardino MWD 
Naresh Varma     San Bernardino County Flood Control District 
Matt Yeager     San Bernardino County Flood Control District 
Tim Moore     Risk Sciences 
Jeff Beehler     Santa Ana Watershed Project Authority 
Mark Norton     Santa Ana Watershed Project Authority 
Dawna Munson    Santa Ana Watershed Project Authority 
 
 
 

1.  Call to Order & Introductions 
The Storm Water Quality Task Force meeting was called to order at 9:37 a.m. by Jeff Beehler at the 
Santa Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by the 
attendees. 
 
2.  Ongoing TMDL Efforts – Summary of Helicopter Flight to Survey Recreational Use  
Recently, there was a two-hour helicopter survey of the recreational use in the middle Santa Ana River 
as part of the TMDL efforts.  Rod Cruze reviewed the flight path, which started at Riverside Airport and 
went along the River up to Seven Oaks Dam, then down below Prado and back up to Prado. There was 
flow the length of the River and approximately 50 people were observed along or in the River, a few 
with floats; another 40-50 people were seen in the surrounding areas as well.  Many people were seen 
around the horse staging area between the Riverside Treatment Plant and Prado Dam, as this site is near 
a large parking area. Mr. Cruze highlighted portions of the video from the flight.  He said that they hope 
to be able to do the flight survey a few more times. 
 
The video is 97 minutes long and anyone interested in seeing the entire video can contact Jeff Beehler 
for information. 
 
 



 2

  
3.  Discussion of High Flow Suspension of REC-1 Use 
Tim Moore said as part of Phase I, it was decided that it made sense to propose a system by which REC-
1 would be suspended during certain high flows in stormwater channels, based on public health and 
safety.  This follows what was done in Ballona Creek by the Los Angeles (L.A.) Regional Board.  This 
was approved by the EPA and we would like to do something similar.  The Task Force agreed to this 
concept conceptually, but now we need to firm it up. We need to actually write the language for the 
Basin Plan and develop a draft implementation strategy.  Mr. Moore provided a hand-out of a draft 
document toward that goal, High Flow Suspension for Streams Designated as REC-1.  He said he 
initially approached it as a very general document, where we would be trying to adopt a suspension that 
would be watershed-wide.  He ultimately decided it is best to stay with the Pilot UAA model and think 
about it as suspension criteria for the three to four locations that we’re already examining, bearing in 
mind that this probably would set a precedent that would be used elsewhere in the watershed.  So 
although the document is written generically, it is done so with the mind that we are going to discuss it 
only from the standpoint of the three or four locations where the pilot UAA studies are being conducted. 
 
He said the document is consistent with the axioms paper previously provided which assured we 
understood where the regulatory limits are. He included the prerequisite stipulations at the beginning of 
the draft document (1.1 through 1.5), to make it clear what the Task Force is not doing, as well as what 
it is doing. Mr. Moore focused on the prerequisite stipulations.  If we agree that the high-flow 
suspension criteria are appropriate and should be applied, they only would be applied if five conditions 
were met.  First, changes still require a UAA on each stream segment where the suspension criteria 
would be applied; proof and demonstration must be made.  As suspension criteria are not a blanket, 
regulatory determination made watershed wide, they must be done this way because of the current REC-
1 designations in the Basin Plan, and anything less than that would be considered a down-grade or sub-
categorization, which triggers the UAA requirement.  Second, the EPA’s guidance clearly states that the 
high flow suspensions can’t be based solely on the physical limitations of the stream channel, but should 
be based on a “suite of factors” that collectively suggest that REC-1 cannot occur.  Mr. Moore briefly 
reviewed a photo-copied page from the EPA Guidance covering this criterion.  This means that mere 
characterization of a concrete-lined and fenced stormwater channel only looks at physical factors and 
the EPA would not see that characterization as sufficient.  Third, the region would have to apply these 
high flow suspensions on a case-by-case basis.  Mr. Moore said his suggestion as to how that would be 
done is close to a precedent that already exists in the Basin Plan, the use of footnotes. Fourth, 
temporarily suspending REC-1 use on a given segment does not nullify the obligations to continue 
meeting downstream objectives if those downstream uses have not also been suspended. Fifth, if 
something were to significantly change with respect to the channel or flow conditions such that the high-
flow hazards were to be ameliorated, the temporary suspension could be discarded and the footnote 
removed from the Basin Plan. 
 
Mr. Moore next reviewed the footnote language in the Basin Plan.  He said he initially considered what 
the Los Angeles Board did, which was to develop quantitative threshold trigger-style suspension 
criteria.  It may be better to do the footnotes narratively and then elsewhere in the document, perhaps 
where REC-1 uses are defined, provide additional narration covering the sorts of factors the Regional 
Board would look at when applying the criteria.  However, we can’t use one quantitative trigger to fit 
all.  It’s relevant and useful, but making that the basis of the footnote wouldn’t work very well.  Instead, 
footnote language that says, “The REC-1 designation is temporarily suspended when high flows caused 
by stormwater run-off preclude safe water contact recreation in the flood control channel.  The 
temporary suspension is automatically terminated when flow conditions have returned to a safe level, 
would be relevant.  This is pure narrative that allows the Regional Board to make a determination as to 
what’s a high flow, what is stormwater run-off, what’s a flood control channel, and when have flow 
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conditions returned to a safe level.   He said he deliberately intended to include flood control channels 
that are not concrete-lined, but to exclude natural channels.  This allows the Regional Board the 
flexibility to look at all the factors being presented to them.  It is the burden of proof on the Flood 
Control District to make the demonstration that a channel is indeed a flood control channel.  In the 
absence of demonstration, the Regional Board will default to an assumption that is not a flood control.  
These demonstrations must be made to the Regional Board’s satisfaction and there is some guidance, as 
appears in Section 3 of the draft document, as to what they want to be shown.  Mr. Moore noted that the 
document he distributed is a proposal for discussion to help get things going.  
 
Mr. Moore asked Joanne Schneider for her thoughts on the narrative approach.  Ms. Schneider said that 
while her initial impression is that this approach makes sense, it will take a lot of time and effort to go 
through all the relevant channels and make the necessary demonstrations; however, this process must be 
done anyway.  Mr. Moore said that after looking at the specific examples that will be covered by UAA 
pilot studies, it should become evident that the trigger factors are going to work fairly well.  The next 
step is for the group to try to create default expectations.  
 
Mr. Moore said in section 3.1 of the document covering key factors for determining when REC-1 
designations should be suspended, he borrowed factors from the State Board’s discussion of the L.A. 
Regional Board’s approach. He altered the language some and borrowed conceptually from what they 
did in the Nitrogen TDS Task Force, which was to create trigger criteria that help explain how the 
Regional Board is likely to interpret something, without being completely proscriptive. In other words, 
the Regional Board would look at flows of a certain type as being indicative of being unsafe, but that 
would be considered a rebuttable presumption. Someone disagreeing with the trigger in this instance 
could argue to the contrary, but the burden of proof would be on the opponent.  If someone disagrees, 
there is an expectation that they will bring some evidence to bear.  That’s why he used the phrase 
“presumptively unsafe,” meaning our initial assumption is that it is unsafe, but it is rebuttable. 
 
In Section 3.2 of the document, “Caused by stormwater runoff,” Mr. Moore said he used what the L.A. 
Board did, which is rainfall that is greater or equal to one-half inch in 24 hours as measured by unbiased 
scientific methods of measurement.  He said that this section also is up for debate.  Section 3.3, 
“Returned to safe level” will be combined with Section 3.2 and the actual data examined later in the 
meeting. 
 
In Section 3.4, “Safe water contact recreation,” Mr. Moore said he used the definition that is used for 
water quality standards, which is that the risk of illness is less than one in 100.  That level is 
presumptively safe for water contact.  The threshold of what we’re willing to tolerate, the one in 100 
illnesses, also appears to be subjective.  Mr. Moore summarized the section and said the idea is to 
supply the Regional Board with a suite of factors to work from and some quantitative analysis.  If the 
Task Force agrees conceptually to this, then the next level is to actually flesh out the text until getting to 
the draft basin plan language. Susan Hatfield commented that an important part of the suite of factors 
used by the L.A. Board was the presence of fences and locked gates so people couldn’t get in.   Mr. 
Moore said that this is a very good point and that it will be included as a set of factors for Section 3.5.  
These factors will include channel morphology, concrete lining or rip-rap, slopes, fencing, posting, and 
water temperature as other factors that would aid in determining whether a high flow suspension should 
be applied.  Mr. Moore said he was indecisive as to whether water quality should be added to the list—
naturally occurring sources of pathogens for example. His concern was mixing up the issues so natural 
pathogens were removed. 
 
Sections 4.0 and 5.0 address justification for an exemption under Federal law.  We must make sure our 
suggested language is connected to both State and Federal laws.  In particular, the Federal law has to be 
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connected to one of the UAA sub-categorization criteria. Federal law states that where the depth and 
velocity of flow precludes safe activity, natural, ephemeral, intermittent water levels prevent attainment 
of the use.  Section 4.2 states that modifications made to improve the drainage capacity and efficiency of 
the stormwater channel significantly increase the risk or personal injury, i.e. adding to fast running 
water a concrete lined channel makes an even more difficult situation.  The downgrade criteria of the six 
criteria are dam diversions and hydrological modifications.  The modifications increase risk, thereby 
adding weight to the Regional Board’s decision that a temporary suspension is probably appropriate.  
Increased risk will be more likely when there is an improved channel and less likely when there is a 
natural channel.  
 
Last in this section, that steep side slopes and concrete lining are necessary to minimize the flood 
damage goes to factor 4 of the downgrade criteria, human caused conditions that prevent the attainment 
of the use and that cannot be remedied.  In summary, it’s important that the findings must connect to one 
of the Federal rationales for limiting use. 
 
Mr. Moore reviewed Section 5.0, Justification under California Law, which listed the two resolutions 
that currently govern the downgrade process.  Mr. Moore referred to the Ballona Creek case, where after 
the State Board approved the bacterial criteria, it then directed the Regional Board to take another look 
at the REC-1 designations under these high flow conditions in light of the comments shown in Section 
5.1.  The point that the State Board made in their comments was that the adoption of the bacterial 
criteria per se was not the time to reconsider whether or not beneficial uses were appropriate.  As long as 
the uses were designated, protective water quality criteria had to be adopted.  Joanne Schneider added 
that the State Board also emphasized that the Regional Board needed to consult with other agencies to 
determine the feasibility of enhancement or restoration.   
 
In summarizing the State’s 2002 Resolution, Mr. Moore said the Task Force still should consider the 
idea of a “seasonality” based suspension criteria.  This is why he asked CDM to produce some graphs 
and tables that would show hypothetical seasonal suspensions. 
 
Mr. Moore said that Section 5.2 is the actual State Board Resolution approving high flow suspension 
criteria. There were 39 L.A. locations where the suspension was applied.  The Resolution specifically 
makes the point that in engineered flood control channels constructed in a way to convey stormwater 
run-off as efficiently as possible, modifications make life-threatening swift water conditions.  REC-1 
beneficial uses are not obtainable in those conditions.  Also, if these dangers are inherent, they already 
have been documented by other impartial agencies, including the Swift Water Rescue Committee.  The 
third party designation carried a lot of weight with both the L.A. Board and the State Board.  He 
emphasized that in this case, the definition of an engineered flood control channel is one that is concrete 
lined.  Mr. Moore noted that neither the L.A. Regional Board nor the State Board cited just one factor, 
but a suite of factors that converged to cause them to believe that a suspension should be applied.  For 
example, they considered whether the access gates were locked all the time, or specifically locked when 
rain was anticipated or when it began to rain.  The action taken to limit public access was a very 
important factor and showed that there was a genuine public safety issue here.  Discussion ensued on 
public accessibility versus private accessibility.  Mr. Moore commented on the standards criteria used in 
Kansas for example. The decision matrix had become extremely detailed and complex, making 
implementation very difficult.   Mr. Moore said that one of the rationales for forming the Task Force 
was to close the gap in the record as to why POTWs have a 2 MPN number instead of a 200 MPN 
number.  This issue will be set aside until we know whether we’re going to have coliform based 
regulatory numbers or E coli based numbers. 
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Mr. Moore said that as was done earlier in the year, everyone will be asked to respond to the proposed 
narrative criteria and respond to the suggested trigger factors as part of the Delphi process. 
 
4. Recreational Use Survey Update 
Dan Bounds provided a PowerPoint review/update on the technical tasks being performed by CDM, 
particularly the survey camera installation progress. 
 
In reviewing the camera installation, he said that cameras have been installed at the Delhi Channel Bay 
area at the horse bridge, at the Mesa Crossing, at the Sunflower Crossing on the Delhi, at Greenville-
Banning Channel facing upstream looking at the Fairview Channel entrance, at the Temescal Channel at 
the main crossing looking upstream, and at Cucamonga Creek at the Hellmann Crossing facing 
downstream.  They’re awaiting approval to install on the upstream side of the bridge at Cucamonga 
Channel.  Mr. Bounds showed photos of the channels.  He said there had been some concern about 
vandalism at a few of the sites.  A fiberglass casing was constructed around the camera at Temescal 
Channel to discourage vandalism.  Mr. Bounds said that the photos taken have not shown any contact 
water recreation. 
 
Mr. Bounds distributed a set of proposed spreadsheets that will be used to collect data from the images 
and from weekly field visits. The Image Data Collection Spreadsheet is where CDM will record data 
from the images that show something that is of concern such as direct or indirect evidence of recreation.  
The second document is a Draft Event Analysis Spreadsheet, where each image of interest will be 
followed up by a more detailed explanation of what specifically was recorded, such as how many 
persons, length of time there, etc.  The third sheet is Draft Weekly Data Collection Summary Form, 
summarizing how many photos were taken for each camera each week, and how many direct recreation 
and indirect recreation events were recorded.  The sheet also will summarize the weekly field visit 
information such as air temperature, water temperature etc.   
 
It was noted that each designated body portion that gets wet, such as below the ankle, or between the 
ankle and waist, etc. receives a rating of “1,” and every portion that does not get wet receives a “0” 
rating on the form.  So a person completely immersed in the water would receive a rating of 1 in each of 
the boxes indicating which body portions got wet.  Some discussion ensued on contact levels, i.e. 
fishing, kayaking, etc. for placement categories on the forms.  Mr. Moore suggested creating a column 
indicating incidental contact, such as fishing and then writing in the details on the form. Mr. Bounds 
said they will try to separate “working contact” from other recreational contact, possibly adding a 
separate column. 
 
A question was asked about distinguishing children from adults on the form.  Mr. Bounds said it would 
be difficult to determine children from adults.  Another comment was made as to the necessity of having 
the two columns, “contact above the waist” and “contact above the neck,” considering it’s presumed that 
if there is the opportunity for one, there is opportunity for the other.  Mr. Moore said at this particular 
stage, we’re first just writing down what is seen and then specific details can be recorded as the next 
step.  
 
A suggestion was made for the Draft Data Collection Detail Form to indicate the “wettest" person seen 
if observing more than one person at one incident.  Another suggestion was made regarding the need to 
show some of the categories such as water clarity.  Mr. Bounds said he will reference the EPA 
Standards’ words used for clarity.  Mr. Moore suggested that perhaps an “algae present” column could 
be added. He also reminded the group that any questionable images can be pulled up and studied by the 
whole group.   
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5.  Research Task Update 
Richard Meyerhoff reviewed the three-part research tasks for CDM.  The first one is literature review. 
CDM will report back to the Task Force periodically on what’s new in the field, such as monitoring, and 
gathering information from local sources. They also alert the Task Force to EPA and other agency 
guidance.  They will be reporting back to the Task Force on a regular basis over the next year. 
 
The second part of the research is to look at the basis for the recommended EPA Water Quality Criteria.  
CDM is reviewing key documents that provide the basis for current pathogen criteria recommendations 
such as looking at the EPA Guidance and the National Research Council documents.  The last task is to 
continue looking at other States’ water quality criteria, with an emphasis on the western states. 
However, it also may be interesting and useful to look at some of the other states criteria such as 
Kansas’ E. coli Criteria – Classified Streams.  CDM also reviewed Idaho’s E. Coli Criteria’s 
Recreational Use Chart for Primary and Secondary Contact, where compliance is determined by using 
a geometric mean equation.  Mr. Meyerhoff said that this is a summary of a lot of information and he 
will distribute a technical memorandum to the Task Force in the fall. 
 
6.  Storm Flow Characterization Update 
Mr. Bounds reviewed several storm flow characterization slides starting with Cucamonga Creek at 
Hellman Avenue.  He highlighted the annual flow regime seasonally showing the daily maximum peak 
flows in two-week increments. Another graph showed the percent of time that flow rate, or depth or 
velocity exceeded a certain level.  Mr. Moore noted how flows exceeded the base flows only a small 
percentage of the time.  After some discussion, it was agreed to strike the words “representative storm” 
from that data description. 
 
Mr. Moore said there is much in this presentation to consider when answering Delphi questions.  It will 
be placed on the website, so people can look at the charts and tables more closely and think them 
through when working on the Delphi questions.  
 
Mr. Moore requested that CDM try to obtain the temperature curves for the locations where the EPA did 
its ingestion-immersion studies.  What was the average water temperature at those locations seasonally, 
and whether anyone recorded the length of time that persons were exposed.  This information would be 
useful for comparison purposes. 
 
Mr. Moore said the Delhi exercise will be emailed out to everyone tomorrow.  Task Force members will 
have one week to respond.  
 
A participant asked about the timeframe for the high flow suspension possibilities.  Mr. Moore replied 
that the Task Force is on schedule.  The Task Force should be looking at Basin Plan language before the 
end of the year.  
 
Susan Hatfield expressed a concern about public participation and continuing to make people aware of 
the ongoing studies.  The Task Force discussed public participation, identifying where participation has 
been good, and making suggestions for further participation. 
 
The next meeting is set for August 25, 2005 at 9:30 a.m. to 1:00 p.m. at SAWPA.  Jeff Beehler noted 
that Eric Stein from SCWRP will be at the meeting to talk about their source tracking work in the 
watershed.. 
 
The meeting adjourned at 12: 44 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 

August 25, 2005 
 
 
Participant     Representing    
Don Schroeder     CDM 
Steven Woolosoff    CDM 
Dave Woelfel     Regional Water Quality Control Board  
Joanne Schneider     Regional Water Quality Control Board 
Michele Colbert    City of Corona 
Yolanda Macaleled    City of Corona 
Susan Paulson     Flow Science 
Dane Jensen     Flow Science 
Ray Hiemstra     Orange County Coast Keeper 
Chris Crompton    County of Orange 
Larry McKenney    County of Orange 
Chandra Johannesson    Orange County Sanitation District 
Jayne Joy     Eastern Municipal Water District 
Rod Cruze     City of Riverside 
Tom Rheiner     Riverside County Flood Control & WCD 
Steve Stump     Riverside County Flood Control & WCD 
Jason Uhley     Riverside County Flood Control & WCD 
Naresh Varma     San Bernardino County Flood Control District 
Matt Yeager     San Bernardino County Flood Control District 
Stacy Aldstadt     City of San Bernardino Water 
Tim Moore     Risk Sciences 
Jeff Beehler     Santa Ana Watershed Project Authority 
Mark Norton     Santa Ana Watershed Project Authority 
Dawna Munson    Santa Ana Watershed Project Authority 
 
 

1.  Call to Order & Introductions 
The Storm Water Quality Task Force meeting was called to order at 9:35 a.m. by Jeff Beehler at 
the Santa Ana Watershed Project Authority, Riverside, California.  Brief introductions were made 
by the participants. 
 
A comment was made expressing some disappointment in some of the responses to the Delphi 
questions.  Tim Moore reminded the group that one of the purposes of the Delphi process is to 
identify and address these types of comments and issues as early as possible.  It is an important 
step so that all issues can be brought to the forum, addressed in detail, and a record created that 
supports a decision adequately.  Mr. Moore said that many people and/or groups that don’t 
necessarily attend Task Force meetings participate by providing comments through the Delphi 
question process.  This Task Force has repeatedly emphasized the importance of public 
participation.  The anonymously-written response process is encouraged for everyone and it was 
set up to collect a broad range of opinions. 
 
Jeff Beehler announced that Babcock Labs is having a technical seminar on Stormwater Runoff if 
anyone is interested, and he distributed an informational flyer about the seminar. 
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2.  Ongoing TMDL Efforts - Update 
Joanne Schneider said the middle Santa Ana River bacterial TMDL will be considered at the 
Santa Ana Regional Board meeting tomorrow.  Board staff has responded to comments, some of 
which recommended that the requirements be removed for Enterococcus monitoring.  Ms. 
Schneider said she doesn’t recall any other substantive changes.  There also was a 
recommendation to modify the definitions of the wet and dry seasons; however, the Regional 
Board will not recommend that particular change. 
 
3.  SCCWRP Research Update 
Jeff Beehler introduced Eric Stein from SCCWRP to provide an update on the group’s research 
efforts.  Mr. Stein provided an introduction to SCCWRP, the Southern California Coastal Water 
Research Project.  SCCWRP is a joint powers agency established in 1969.  He said the agency is 
comprised of both regulators and dischargers.  Their role is to provide technical support and 
research activities related to the management needs of the member entities. 
 
SCCWRP has begun a project entitled, Assessment of Water Quality Levels from Natural 
Landscapes.  Today’s goal is to provide some background on the project focusing on the question 
of bacterial reference levels on unimpacted portions of the watershed.  The issues they face are 
similar to some of the REC-1 issues faced by this stormwater Task Force.  The first phase of the 
project was funded under an EPA 104B grant; the majority of the project is funded under a 
Proposition 13 grant.   
 
Mr. Stein said in the many impaired water bodies throughout southern California, there are 
unanswered questions as to how these water bodies relate to the other unimpaired water bodies in 
the region.  There currently is no basis for differentiating water quality problems from natural 
variability.  The main goal of the project is to understand, on a regional level, the range of natural 
background levels for a suite of constituents. The information will be used to understand what are 
the appropriate natural levels of these constituents, and also when modeling, what source of 
contribution from the natural areas should be put into the models and calibrated.  The 20 proposed 
sampling sites cover five counties and 13 watersheds.    A brief question and answer period 
followed. 
 
4. Recreational Use Survey Update (CDM) 
Don Schroeder said to help keep on schedule with all that needs to be covered, agenda items 4-7 
will be combined since they are all interrelated. 
 
For Task 1, Technical Research, CDM continues to summarize information from other states and 
obtain other regulatory information for bacterial standards.  Mr. Schroeder touched on a few of 
the critical differences, most of which are based on seasonality and water body types.  A summary 
will be circulated for more detailed discussion at next month’s meeting.    
 
As part of Task 2, the Pilot UAA Tech Support Recreational Use Survey, the survey cameras were 
installed in six locations and are receiving images.  One image showed someone in the water at 
the Horsebridge site.  Mr. Schroeder reviewed several images taken at each location.  
 
Unfortunately, there was considerable theft and vandalism.  Within three weeks of placement, the 
cameras were stolen from the Greenville-Banning channel and the Temescal Wash site, and the 
battery was stolen at the Cucamonga Creek site.  Mr. Schroeder discussed the options of camera 
replacement.  Replacing the cameras would cost approximately $16,500.  It would cost an 
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additional $40,000 to further protect the cameras from vandalism.  Other options included leaving 
the existing cameras in operation and not replacing the others;  use the image review budget to 
make two additional site visits at non-camera locations (three visits per week total), or abandon all 
camera usage and use the budget for two additional site visits at each camera location.  Some 
suggestions made by the Task Force were to contact nearby private property owners to have the 
cameras installed on light poles on their private property; hanging the camera further underneath 
the bridge structure, and placing danger/high voltage signage at the sites.  The danger signage was 
successful at projects on Lake Elsinore.  There was consensus that cameras should not be installed 
at the same place where they were stolen and that alternative sites should be determined.  CDM 
will look at alternative sites, and particularly investigate the feasibility of installing cameras on 
private property.  Larry McKenney said this issue will be discussed via conference call next 
month before any action is taken. 
 
The three reaches being worked on as part of the Channel Attribute Characterization are the Santa 
Ana Delhi Channel from upper Newport Bay to Warner Avenue in the City of Santa Ana, 
Temescal Wash from Prado Wetlands back to the Riverside Canal, and Mill Creek/Cucamonga 
Creek from Prado wetlands to the confluence of Deer Creek and Cucamonga Creek.  Mr. 
Schroeder distributed a document that reviews the attributes that CDM will characterize, the 
details they’ll provide, and the information sources.  A suggestion was made to add to the form 
the category of predominant surrounding land use.  Mr. Schroeder suggested that Task Force 
members contact him if they have anything else to add.  CDM will report back at the September 
Task Force meeting. 
 
For Flow Characterization, there is one location in each of the three study reaches where there is 
good USGS flow gauge data.  CDM has the flow records from RDMD in Orange County and 
from USGS for the other two reaches.  CDM is focusing on the relationship between depth and 
velocity together which helps define conditions that may or may not be safe.  In all of the sites, a 
typical dry weather period is seen and then an inflection point with the sudden onset of high flow 
conditions.  In most cases, the depth is low.  Temescal Creek and Delhi each have a low flow 
section that must be considered. 
 
CDM also is conducting an events analysis, zeroing in on what they believe to be wet weather 
conditions.  For example, at the Hellman Avenue location, it appears that there were about 1,200 
wet weather events in 17 years of records.  A wet weather event occurs when channel flows 
exceed base flow conditions.  
 
Mr. Schroeder next discussed a time series analysis where they looked at a typical hydrograph for 
different rainfall frequencies at each of the locations.  This was done to see how long these 
conditions last in the watersheds.  In almost all cases, including the three-inch rainfall events, high 
flows receded to near dry weather conditions in less than 24 hours.   
 
A question was raised about whether the Task Force will address a gap in the data for the time 
data isn’t being collected due to the camera situation, and will the schedule be extended.  Mr. 
Schroeder said that now that they have some direction for possible options to consider, the Task 
Force can determine then if the schedule needs to be extended.  A Task Force participant 
suggested sending some staff out in the field three or four times per week to help fill in some of 
the data gaps.  Mr. Schroeder said that at a minimum, CDM will continue to do weekly visits 
while the Task Force is deciding the next course of action.  A suggestion was made to have CDM 
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make these site visits at times when recreation is most likely to be occurring.  Mr. Schroeder said 
they would do that. 
5.  Discussion of Delphi Questions 
Tim Moore said there were many thoughtful, useful comments on the Delphi questions.  Today’s 
focus will be on the comments that are policy oriented.  There were a number of comments about 
stipulations that were general comments that they believed  the Task Force should consider. 
 
The first comment was that the suggested stipulations don’t account for the fact that a stormwater 
agency could trap and store stormwater so that it can be released during one of the high flow 
events when the recreational use was suspended; therefore an agency would not have to comply at 
all.  Mr. Moore stated that not only would that be logistically improbable, it wouldn’t be 
economically or legally possible.  
 
The second general comment was that any type of temporary suspension would discourage water 
quality clean-up upstream.  There must be preventative actions upstream to alleviate pollution 
prior to flood conditions so that there is better compliance when the flood conditions arrive.  Mr. 
Moore said that should be a consideration.  He noted that he always tried to acknowledge the 
existing legal requirements when preparing the stipulations.   
 
The third general comment was that the consideration of water quality, especially from naturally 
occurring sources, should be added to the list of factors to address.  Mr. Moore said that when this 
was previously discussed, we were aware that there also was an ambient water quality basis for 
suspending a use; however, to keep the discussion simpler, he didn’t want to merge this issue of 
whether or not ambient natural background can meet standards with the pure flow-based flood 
hazard issue at this time.   
 
Next, a Delphi comment inquired if we apply a REC-1 flow suspension for flood conditions, is it 
our intention to limit that suspension to the REC-1 objectives that were designed to protect human 
swimming and exposure, or is it also intended to address all other water quality objectives which 
may arise out of REC-1.  This includes situations under the California Toxics Rule (CTR) that 
have to do with human consumption and are related to other recreational activities like fishing.  
Mr. McKenney noted that aside from fishing, the question becomes, would the suspension apply 
to other constituents that are relevant to body contact? The answer is yes.  Mr. Moore added that 
incidental body contact uses have a whole different set of objectives.  This Task Force is primarily 
focused on the pathogens.  The concern appears to be that we may be inadvertently suspending 
other objectives.  We will limit our discussion to the pathogens for now.   
 
Lunch break 
 
Mr. Moore next addressed the need for a UAA.  The Delphi suggestions were that we create a 
process to streamline doing the UAA once the important factors are identified, so that it need not 
involve an extremely detailed, long-term expensive study.  This approach makes sense because 
once we determine a set of factors, they will be very similar from site to site; it should be 
relatively easy to do these designations from that point forward.  Mr. Moore said that this is 
similar to the process that was used in Kansas—they agreed on the factors and then they decide 
whether or not they apply.  
 
Another suggestion that was made is that perhaps we shouldn’t get locked into a footnote 
approach in amending the Basin Plan.  Rather, we should write in a paragraph under the part of 
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the Basin Plan describing what REC-1 is and what Limited REC-1 will be, stating that these 
recreational uses are suspended under the following conditions. Then they could be generically 
applied as part of the definitional process of REC-1.  Mr. Moore said that this makes good sense 
and implementation would be easier.  It also was suggested that the first of our many factors could 
function in the Basin Plan as generically universal—when that condition exists, the REC-1 
conditions do not.  Mr. Moore asked the group to consider the ease of implementing this type of 
rule.   
 
In the UAA portion of the Delphi questions, there was one other question which asked if we are 
stating that there is no existing use during a high flow event.  Mr. Moore stated that there is no 
existing beneficial use during these flows, and that must be made more clear.  One last Delphi 
comment in this section was to state that suspending REC-1 does not suspend any of the other 
designated beneficial uses. 
 
In the Delphi discussion where we state that the high flow suspension can’t be based solely on 
physical limitations of the stream channel, the first comment suggested talking about a suite of 
factors. It should be made more clear whether all the REC-1 suspension factors present must be 
met or just some of the factors.  Further, if some of them are minimum-mandatory conditions, 
which are they?  Mr. Moore said these are good questions and in discussing the factors, those 
must be identified. 
 
Another suggestion was that we should try to do the suspension of REC-1 use a bit more 
generically in the Basin Plan, rather than by using a footnote.  Mr. Moore said this is a question 
that will be answered when discussing the factors. 
 
A Delphi comment arose about making sure that we continue protecting other designated uses that 
are not suspended.  That stipulation will be stated explicitly in any suggested language. 
 
A Delphi comment indicated that any suspension is something that would have to be reviewed 
with each triennial review.  Mr. Moore said that this review would be necessary.  Anytime we’re 
using a UAA to subcategorize, we’re obligated in each triennial review to determine whether 
conditions have changed.  That is not the same as going back and doing the UAA from scratch.  
That review also will consider remediation strategies that may have become available since the 
previous review.  The subcategory is then either affirmed, revised or deleted with each triennial 
review.   
 
Mr. Moore said that where the Delphi statement stipulates that the NPDES permit limits will 
remain the same, it should have stated for POTWs.  There was no intention to refer to stormwater 
permits.  He said that based on his discussions with the Regional Board staff, we don’t expect 
there to be any changes in POTW permits.   Mr. Moore also received a Delphi comment that 
stated that one of the primary missions of this Task Force was to fill in the gaps that exist in the 
Basin Plan that describe the basis for the coliform limits specified in the POTW permits.   Mr. 
Moore said it is still one of the charter missions of the Task Force to take up the issue.  Discussion 
ensued. 
 
  
The proposed footnote language defining the basis for REC-1 suspension was well received in the 
Delphi process.  A common remark of respondents was that the application only to flood control 
channels may be too limited; the hazard also exists in natural channels.  A good question was 
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raised about where the Santa Ana River fits.     Another Delphi comment was that if this will be 
done on a case by case basis anyway, then does the channel type need to be stated.  Mr. .Moore 
said if we just say that REC-1 use is temporarily suspended during high flows caused by 
stormwater runoff that precludes safe water contact recreation, we can evaluate on a case by case 
basis whether or not it is a flood control channel.  It need not be limited to flood control channels 
in the narrative language.  It is one of the factors.  
 
Another Delphi comment was that we need to think about how the tributary rule is going to work 
with a suspension. If the tributary rule is being used to push REC-1 upstream, then the suspension 
would get pushed upstream as well.  Mr. Moore said that he believes that is true, but it is a good 
question for consideration.   Joanne Schneider said she didn’t believe the Task Force could 
interpret the tributary rule that way.  The presumption in the Clean Water Act is of REC-1 in all 
cases, and as we’ve discussed, if we decide that something is not REC-1 or if REC-1 is 
temporarily suspended, then it requires the necessary demonstrations to justify changes.  
Discussion ensued.  Mr. Moore said that his working assumption is that to stay within the law, 
we’d need to do demonstrations on a site by site basis.  Then we will work out a relatively simple 
and inexpensive way to make the evaluations based on a suite of factors in a matrix.   It still 
would be necessary to go out and confirm those factors at each site.  A suspension wasn’t going to 
be generically applied watershed-wide without some actual field work.  Mr. McKenney said the 
whole basis of regulation within the Clean Water Act is reach-based.  We have to be able to 
generalize within a reach.  If we aren’t comfortable doing that, then the reaches must be 
subdivided.   
 
Tim Moore said the last important Delphi comments made about the narrative footnote language 
were that uncontrollable high bacterial levels also preclude safe water contact recreation.  Health 
and safety are another dimension of safety and these conditions should have been included in this 
narrative.  Mr. Moore said we’ll separate flood hazard risk from high flow water quality risks and 
they will be treated separately.  It is a much larger issue where we’ve spent a lot of time, so it will 
be deferred. The Task Force concurred.  Mr. Moore noted that the remainder of the Delphi 
comments on the narrative addressed some rewording for clarity. 
 
Next discussed were the key factors in a suspension of REC-1.  Mr. Moore said we need to add 
the factor actual use.  The EPA is very clear on this point.  How we deal with actual use data is 
still up to the Task Force, but it must be evaluated.  Another comment was to add economic 
feasibility to these factors.  Larry McKenney commented that feasibility moves the whole 
discussion from characterizing what is there to what we visualize that channel can be made into, 
which is a whole different approach.  Mr. Moore provided an example of how the State Board 
handled feasibility with the L.A. Regional Board. He summarized that there must be some 
realistic expectation that that restoration will occur.  Examples of that include management and 
implementation plans.   
 
The primary trigger is a flow condition that is presumptively unsafe.  Mr. Moore had listed a 
USGS standard of 10 f²/sec.  Some suggestions were made that this was too lenient and that we 
need to use a 25-year storm event trigger. On the other end of the flow spectrum, both the 
National Weather Service and the Red Cross warn us about six inches of water.  This 10 f/²sec 
standard is the USGS standard for water sampling by professionally trained adults working in 
teams with safety precautions.  It probably is not strong enough, particularly when talking about 
children.  Extensive discussion ensued on whether or not there is value in differentiating between 
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children and adults; where to draw the line; the Red Cross and the USGS standards, and the 
National Weather Service source material on this issue, which Mr. Moore will try to obtain.   
 
A comment was made that in the name of protecting children, you can’t elect to not protect the 
adult population.   Joanne Schneider commented that when presenting alternatives to the Regional 
Board, the Task Force needs to be able to show that we have considered various alternatives.  
These flow level considerations are among the most important.   
 
Mr. Moore said he suggested at the last meeting that we may want to consider seasonal or 
calendar-based approaches in suspending high flow REC-1 uses.  That suggestion also was among 
the Delphi responses.  It would be easier to do it on a calendar basis because it is much easier to 
implement.  However, if we do use a seasonal approach, we’d be taking off weeks or months from 
REC-1 instead of days.  More time would be taken out of the system in exchange for a much 
easier implementation.     
 
A common Delphi issue that arose was the question of what if it takes longer than 24 hours for 
high flows to recede.  Mr. Moore said that the intention here was that we’d make this a 
presumption.  If we proceed on a case by case basis or there is a location where the hydrograph 
looks different, that demonstration must be made.  It is a rebuttable presumption.  
 
Another Delphi comment was that the 98 percentile is too generous for suspension and we only 
should look at 25-year storm events.  Mr. Moore said we can clearly show that the morbidity, 
mortality and drowning data is not limited to the 25-year storm event.  Incidences of drowning 
can be shown related to storm flows far less than the 25-year storm events.  
 
6.  Adjournment 
Larry McKenney said to plan for the September 29th meeting to go from 9:30 a.m. until 1:30 p.m., 
which will give us an extra hour. 
 
The meeting adjourned at 1:26 p.m. 
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STORM WATER QUALITY STANDARDS TASK FORCE 

MEETING NOTES 
 

September 29, 2005 
 
 
Participant     Representing    
Dan Bounds     CDM 
Joanne Schneider     Regional Water Quality Control Board 
Dave Woelfel     Regional Water Quality Control Board 
Mark Smythe     Regional Water Quality Control Board 
Susan Hatfield     US EPA 
Chris Crompton    County of Orange 
Gene Estrada     City of Orange 
Larry McKenney    County of Orange 
Michele Colbert    City of Corona 
Dane Jensen     Flow Science 
Steve Stump     County of Riverside 
Tom Rheiner     County of Riverside 
Jason Uhley     County of Riverside 
Naresh Varma     San Bernardino County Flood Control District 
Mike Recupero     Recupero & Associates 
Tim Moore     Risk Sciences 
Jeff Beehler     Santa Ana Watershed Project Authority 
Mark Norton     Santa Ana Watershed Project Authority 
Dawna Munson    Santa Ana Watershed Project Authority 
 
 
1.   Call to Order & Introductions 
The Storm Water Quality Task Force meeting was called to order at 9:13 a.m. by Mr. Larry McKenney 
at the Santa Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by 
the attendees.  
 
It was noted that the Orange county Sanitation District is now a financial participant in the Task Force 
work. 
 
Jeff Beehler asked if there were announcements about the upcoming CASCA meeting. Richard 
Meyerhoff of CDM will be giving a presentation at the conference where he will summarize the Task 
Force activity, research and goals. 
 
Task Force scheduling issues were discussed.  It was determined that the November meeting will remain 
on the 17th. The December meeting was scheduled for Friday, December 16th from 9:30 a.m. to 12:00 
p.m. 
 
2.   Ongoing TMDL Update  
The Regional Board approved the middle Santa Ana River Bacterial TMDL; the EPA is close to 
approving the Lake Elsinore/Canyon Lake TMDL. 
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3.   Criteria Research Task Update 
Dan Bounds distributed a Technical Memorandum prepared by CDM, consisting of a detailed summary 
describing how other states put together recreational uses and the associated water quality objectives. He 
noted that CDM also has made major progress on the channel attribute characterization.  They also did 
some more work on flow characterization based on rainfall and channel responses.  CDM will request 
further direction on the remaining tasks over the next several months.   
 
In looking at the state summary document, Mr. Bounds noted that approaches within each EPA region 
are very similar because those states likely receive similar guidance from each region.  There were two 
approaches observed: the western states predominantly follow a use-based approach, where they define 
uses and then apply them to the appropriate water-bodies.  The eastern states use a class-based approach 
where they first define classes of a water bodies and then assign combinations of uses, including 
recreational uses to the established classes.  For example, a Class A or Class I water body would have 
uses with the most stringent objectives.  It is frequently not clear how water bodies are assigned to a 
particular class.  While these alternative approaches are fundamentally different, they have little bearing 
on the water quality objectives established.  Most states differentiate “primary” and “secondary” types 
of contact recreation, though the terminology employed varies (primary contact may be called full-body 
contact or immersion recreation), while secondary contact may be identified as partial-body contact, 
incidental contact). The “Limited REC-1” concept being considered by the Task Force is very common 
nationally.  The REC-2 beneficial use concept is rare outside of California.  There is considerable 
variation from state to state regarding the objectives applicable to recreational uses.  A narrative 
objective for secondary contact is used in some states, but the primary contact recreational uses always 
have numerical objectives.  Although there were variations in approach getting to numeric objectives, 
the objectives ultimately were similar.  Seasonal exemptions also were commonly used.   There were 
many unique ways the states were defining uses and arriving at numeric objectives, reflecting the 
flexibility provided in EPA’s guidance.  While EPA’s national criteria document recommends the use of 
E. coli as the primary freshwater pathogen indicator, many states continue to rely on some combination 
of fecal coliform, E. coli, or total coliform objectives. 
 
There was agreement among the Task Force members to compile a list of the issues for more in-depth 
investigation.  Mr. McKenney noted the broad variety of methods used by other states and the variability 
between the EPA regions.  Discussion ensued. 
 
Once CDM receives everyone’s comments, they will be prioritized. Mr. McKenney stated that everyone 
needs to read the summary and note the areas where it would be helpful to have more thorough research 
into the implementation of the objectives.  These need to be emailed to Jeff Beehler by October 7th.  
 
4.   Channel Attribute Determination Update   
Dan Bounds reviewed the approach used in describing the channel attributes.  CDM provided a list of 
channel attributes at the last meeting and others were provided by the Task Force.  CDM took all the 
channel attributes and went through the as-builts, and did some field visits.  Mr. Bounds asked for any 
suggestions as to how the Task Force members would like the final deliverable prepared. He said that 
CDM needs to do field verifications and perform a QA/QC on this document.  A suggestion was made 
to include the tributaries like Temescal Channel and Santa Ana Delhi channels. 
 
Larry McKenney asked if the Task Force prefers having the reaches distinguished so finely or if it 
would be more appropriate to use more latitude and identify longer reaches.  Joanne Schneider pointed 
out that the Basin Plan is not as detailed as the current channel attribute characterization approach.  
Discussion ensued and suggestions were made for changes to the channel attribute characteristics map. 
A suggestion was made to use the color coding in a more meaningful way, e.g., indicating the nature of 
adjacent land use.  Mr. Bounds said CDM will start changing the colors and patterns representing the 
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different attributes.  Mr. Moore said that he will discuss with Mr. Bounds having the color gradation 
moving toward a darker color as it gets closer to the kind of adjacent property that is most likely to have 
people.  Mr. Bounds asked the group whether they prefer having a CD or hard copy as a deliverable for 
this task.  The group agreed upon the hard copy.  Mr. Bounds said it probably won’t be done by the 
October Task Force meeting as it is only two weeks away. 
 
5.   Recreational Use Survey Update/Discussion 
Mr. Bounds reviewed the recreational use survey image data collection status and the number of images 
recorded at each location.  There hasn’t been any contact recreation observed at any sites monitored 
since the last meeting.  The camera at the Santa Ana Delhi bay location had a few transition issues that 
are being worked out.  The battery was stolen at the Mesa Drive crossing site.  Over 10,000 images were 
taken at the Santa Ana Delhi Channel Bay and no contact recreation has been observed.  There was one 
image of someone kayaking in the lower Santa Ana Delhi Channel by the bay, and there also was much 
activity along the adjacent bike path.  
 
As instructed at the last meeting, CDM brought a proposal for replacing damaged or stolen cameras. The 
Temescal camera will be moved to the City of Corona Waste Water Treatment Plant, which is more 
secure and has limited access.  CDM also proposed moving the camera at Greenville Banning Channel 
to a different crossing on the channel.  Upon approval from the County of Orange, they will place the 
camera underneath the bridge to make it less accessible.  They also will fortify the camera security at 
Greenville Banning and at the Mill-Cucamonga Creek location in both the upstream and downstream 
views.  
 
Insurance issues also were discussed regarding transferring camera ownership to SAWPA and providing 
insurance on the cameras if vandalism continues.  Jeff Beehler said when the cameras are installed, the 
change order is written to transfer ownership to SAWPA and then they will be covered under SAWPA’s 
insurance policy.  Dan Bounds said it may take several more weeks to get the cameras installed, which 
puts us beyond the current project schedule.  Mark Norton suggested that we document the fact in these 
meeting notes that at the conference call discussing the camera insurance issue, a motion was made and 
approval received for a change order to make these camera positioning/fortification changes, and that 
the funding will come from the available contingency.  
 
Jeff Beehler noted that in light of some Task Force members’ concerns that not many images were 
collected at some sites, we should keep in perspective that this Task Force is collecting far more data for 
this survey than anyone has ever collected for similar use surveys.  This is a tremendous amount of data 
and it is still a great effort. 
 
6.   Remaining Technical Task Discussion/Direction 
Mr. Bounds said that when CDM reviewed the detailed hydraulic analysis on the study reaches, a 
suggestion was made to correlate a rainfall event with a depth-velocity product response in the channel.  
CDM used a reliable rainfall gauge with hourly data to reconsider the data.  It showed that the larger 
rainfall events resulted in a higher depth-velocity product, which CDM could then reduce to a trend line.  
He displayed graphs from the different sites considered, the trends, and the calculation process they 
used.  The correlations don’t appear to be strong enough to use as a decision model.  Discussion ensued 
on other potential methods.  Tim Moore said the question is can rainfall be used as our trigger for 
whether or not we suspend REC-1 use.  This was done in Los Angeles where the REC-1 beneficial use 
was suspended at .5 inches of precipitation.  Larry McKenney suggested making .5 inches of rain the 
starting point and then looking to see how many times the conditions would have been safe based on the 
flow threshold of 10 cfs, though REC-1 was suspended because of precipitation of .5 inches or more.  
Mr. Bounds reported that there would be relatively few instances in which the suspension would be in 
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place due to precipitation, but flow conditions remained under 10 cfs.  The assumption is that when 
flows are very high, people naturally decide not to get into the water because it’s obviously unsafe.  Mr. 
Bounds said CDM may be able to get some more representative gauges and make the correlations 
tighter, but there still will be some natural variability. 
 
Mr. Bounds said that next month CDM will have the research on the EPA guidance document for the 
Task Force to review. CDM will continue to work on getting the cameras in place and doing the QA/QC 
on the channel characterization work for delivery by November.  The technical tasks remaining are the 
research on the EPA bacterial criteria, the attainment assessment process and the preliminary economic 
analysis.  A draft memorandum on the EPA criteria research is expected to be ready for the next Task 
Force meeting.  Mr. Bounds proposed that CDM start on that economic analysis sooner than planned. It 
will not delay any of the other tasks and the information could become useful sooner than we planned.  
Mr. Moore indicated that the analysis should address the question of the costs associated with strategies 
to meet existing bacterial objectives at specific reaches (perhaps those being investigated by the Task 
Force, or the water bodies identified in the Middle Santa Ana River pathogen TMDL).  The Task Force 
concurred.   
 
Lunch Break 12:00 
 
7. Delphi Discussion – High Flow Suspension for REC-1 Uses  
Deferred until the next meeting in October. 
 
8. Delphi Discussion – Limited REC-1 Definition 
Tim Moore distributed a handout that had excerpts from the Basin Plan.  He began by discussing a 
relevant issue at Big Bear Lake where they were considering whether or not to do a TMDL for 
pathogens on Knickerbocker Creek, which drains to Big Bear Lake. The Creek has been listed for 
pathogen exceedences and the issue came before the Board staff as to whether to do a TMDL or use 
existing permits to reach compliance.  The Creek is designated as REC-1, but there is no likely 
recreational use activity occurring in these streams that are a tributary to Big Bear Lake.  However, in 
reviewing the Basin Plan for this issue, it was recognized that the Creek also has a Municipal use 
designation assigned to it, which has its own set of coliform objectives.  The REC-1 use is assigned a 
fecal coliform number of 2004, but the Municipal use has a total coliform limit of 100.  The Municipal 
use objective is more stringent than the REC-1 use objective.  Mr. Moore has met with some of the 
Regional Board staff about the implications of the municipal use, and they reviewed all the possible 
options.  It is apparent that this issue will arise in other areas as well.  Mr. Moore had photo-copied 
some representative pages from the Basin Plan to call attention to some of the places such as Santiago 
Creek, Silverado Creek, Aliso Creek, Carbon Canyon Creek and Coyote Creek, which are all designated 
as full REC-1.  There are others that are intermittent REC-1, such as Mill Creek, little San Gorgonio 
Creek, some of the park drains, and Sunnyslope Channel, which were originally agriculture conveyance 
channels.   Further, under California Law, all surface waters are assumed to support municipal water 
supply unless they are specifically exempted through application of criteria identified in the Sources of 
Drinking Water Policy.  This only has been done successfully in this region. There is one set of criteria 
for changing, amending, down-grading or deleting uses that are under the Federal Clean Water Uses 
Act, and we also have specific exemption criteria that go with the Sources of Drinking Water Policy.  
The question becomes what if we meet one of the Federal downgrade criteria, but it in turn is not one of 
the sources of drinking water exemption criteria.  Can the use be changed or can the designated MUN 
use be removed?  Joanne Schneider commented that she believes that if it the Sources of Drinking 
Water Policy exemption criteria aren’t met, then we’re done—the water body must be designated MUN.  
She will confirm this with the Regional Board’s legal counsel.  Mr. Moore said that the concern is that 
we’re spending a lot of time on the issue of finding the right REC-1 standards and the objectives that go  
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with them. Ultimately, we may find that we have thoroughly modern REC-1 objectives and designation 
use assignments, but an antiquated Municipal use designation that drives everything.  This issue is being 
brought up now because it demonstrates how complicated it all could be as we actually try to put the 
Task Force findings and recommendations into action.  He suggested that the Task Force consider this 
question and put it into the scope of work.  Larry McKenney commented that it should be remembered 
that the Task Force was established to address a number of Basin Plan issues and concerns, with initial 
focus on REC-1.  He indicated that this is a lengthy process that can be broken down into discrete steps, 
but if it makes sense to add the consideration of Municipal use, then so be it.  The Task Force concurred.   
 
Mr. Moore directed the Task Force to the handouts he distributed.  The second page is a straw man first 
cut of how the language of the Basin Plan might be amended to allow the creation of a limited water 
contact recreational use.  The handout was a photocopy of the Basin Plan page where the existing text 
describes water contact recreation (REC-1) and non-contact water recreation (REC-2).  The handout 
shows proposed modifications to the REC-1 definition, essentially establishing and defining two tiers of 
REC-1 activities:  Full Water Contact Recreation (REC-1A) and Limited Water Contact Recreation 
(REC-1B).  The proposed definitions are based on the prior Task Force discussions.  Mr. Moore 
indicated that this approach is essentially equivalent to EPA’s “primary contact recreation” and 
“secondary contact recreation” terms.  No changes to the definition of REC-2 are proposed at this time.  
The activities included in the definition of REC-1, except fishing, remain in the revised definition for 
Full REC-1.  Fishing was removed from the language of full water contact REC-1A, and moved to 
REC-1B.  He also added the last sentence, “All surface waters of the state are assumed to be suitable 
for full water contact recreation unless a formal UAA is conducted to demonstrate that the REC-1A 
designation is not appropriate for a specific location.”  Discussion ensued on naming the reaches where 
that may apply.  A suggestion was made to change the word “assumed” to “presumed” to make it more 
of a definition for this region.  Joanne Schneider said she isn’t convinced that the last sentence should be 
added, but there’s no detriment to it being there.  Mr. Moore said it helps provide a starting presumption.  
Some discussion ensued on the best place to include wading – in the definition of Full REC-1 or Limited 
REC-1.  Mr. Moore indicated that the EPA considers fishing and wading as secondary contact activities.  
Some states classify wading as primary contact recreation, while others define it as secondary contact. 
 
Mr. Moore said he had highlighted the phrases the State Board used in the Ballona Creek decision to 
create the paragraph language, with the goal to stay as close as possible to what the State Board already 
approved.  Then the Task Force will provide the list of factors to be considered in determining which of 
the use classifications apply.  Later, we could write it up in either the implementation section of the 
Basin Plan or in the separate guidance document where more specificity is required.  He had previously 
asked the Task Force in the Delphi questions where they would like the specificity—in the definition or 
in the implementation statements later.   
 
In the Limited Water Contact Recreation (REC1-B) the words incidental and infrequent are the key 
words the State Board used in the Ballona Creek decision.  Susan Hatfield expressed some concern that 
non-contact has boating in it, but does not have fishing and wading. The proposed language would be a 
large change from what is common in California now.  Mr. McKenney said we would have a non-
contact definition as well and Limited REC-1 is not meant to replace that.  Mr. Moore said the goal is to 
make the State’s strategy even more consistent with EPA’s guidance. Discussion ensued regarding the 
definition of wading, the secondary contact objectives, and the recreational categories the Task Force is 
working to set up.  Mr. Moore said it’s important to stay as close as possible to the existing guidance 
and especially where it is precedential. It is important to identify the range of options and alternatives 
that we believe are available because they have been approved elsewhere.  Whether they can be 
factually applied in this instance is a separate question.  That’s why we try to take it in small steps.  The 
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idea was to keep things presently REC-1 within REC-1 and not push them to REC-2.  There are a 
number of ways to do the implementation after deciding what distinctions are useful to make.  
 
More discussion ensued on the use of the word “secondary.” Mr. Moore said the more common phrase 
used rather than “limited” is “partial” water body contact.  Mr. Moore noted that he wants to make it 
clear that the fact that we describe this by analogy as being similar to EPA’s secondary category does 
not mean there is any presumption.  It may end up being a distinction without a difference, as it is in 
other states.  
 
Mr. Moore said there are two words not in our definition that the Task Force should consider where, if 
anywhere, they would be added:  immersion and submergence.  These words often are used in other 
states to go with the part of the sentence, “the probability of ingestion is low.”  Mr. Moore said in the 
proposed Limited REC-1 definition, he converted the phrase “low flows” to “very shallow” because 
low flows don’t necessarily mean shallow.  A suggestion was made that it may be better to use “low 
flow.”  Another suggestion was to use “shallow, low, or intermittent flows,” and the Task Force 
concurred.  
 
Mr. Moore said the phrase “ease of access” used by the State Board, is what we describe as parking, 
fencing, and the grade of the slope.  “Access restriction” as used by the State Board is a specific 
reference to ordinances, signage and fences.   “Adjacent land uses” and “proximity to parks” are also 
both phrases found in State Board decisions.  He noted that words such as “natural” and implications 
from characterizing background levels are very important.   
 
Mr. Moore said what’s missing from the paragraph is economic considerations and the technical 
engineering feasibility limitations on attainability.   Joanne Schneider said she would add the words 
“and type” to the last sentence of the Limited REC-1 definition, i.e. “...and the level and type of the 
activity occurring.”   
 
Discussion ensued about the water quality characteristic portion of the sentence and whether it should be 
further clarified.  A comment was made about the phrase “natural background water quality” being in 
the definition.  There will be a full set of objectives for Full REC-1, and a set of objectives for Limited 
REC-1. 
 
Mr. Moore asked if greater specificity is needed to define terms such as “shallow” flows. A suggestion 
was made to have a note in the definition to clearly define wading.  Discussion ensued about 
differentiating between small children and adults.  Mr. Moore said he will add it to the list to better 
define wading.  A suggestion also was made to add the phrase “possibility of ingestion” rather than 
further define wading.  A suggestion was made to write it as “…these may include” and then list the 
factors.   He asked the group if wading should stay in the Limited REC-1 category or move up to full 
recreation.  A suggestion was made to include the definition of it in both sections with clarification. 
 
Jeff Beehler reminded the group that all the site photos are on the CD’s that were distributed as part of 
Phase I, as well as on the website.  Mr. Moore will email the proposed definitions to everyone tomorrow 
with the modifications discussed today. The comments are due back by October 7th and everyone will 
have them back by October 10th. 
 
The meeting adjourned at 2:00 p.m. 
 
The next meeting is scheduled for October 17th from 9:30 a.m. to 3:30 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
October 17, 2005 

 
 
Participant     Representing    
Richard Meyerhoff    CDM 
Dan Bounds  (via teleconference)  CDM 
Dave Woelfel     Santa Ana Regional Water Quality Control Board  
Joanne Schneider     Santa Ana Regional Water Quality Control Board 
Mark Smythe     Santa Ana Regional Water Quality Control Board 
Susan Hatfield     US EPA 
Nancy Yoshikawa    US EPA 
Susan Paulsen     Flow Science 
Jayne Joy     Eastern Municipal Water District 
Gene Estrada     City of Orange 
Chris Crompton    County of Orange 
Larry McKenney    County of Orange 
Chandra Johannesson    Orange County Sanitation District 
Tom Rheiner     Riverside County Flood Control & WCD 
Steve Stump     Riverside County Flood Control & WCD 
Valerie Housel     San Bernardino Municipal Water Department 
Naresh Varma     San Bernardino County Flood Control District 
Matt Yeager     San Bernardino County Flood Control District 
Tim Moore     Risk Sciences 
Larry Bazel     Briscoe Ivester and Bazel 
Jeff Beehler     Santa Ana Watershed Project Authority 
Dawna Munson    Santa Ana Watershed Project Authority 
 
 
1. Call to Order & Introductions 
The Storm Water Quality Task Force meeting was called to order at 9:35 a.m. by Larry McKenney 
at the Santa Ana Watershed Project Authority, Riverside, California.  Brief introductions were made 
by the participants. 
 
Susan Hatfield introduced Nancy Yoshikawa, as Ms. Hatfield will be transferring to a new position 
within the EPA and Ms. Yoshikawa will be working with the Task Force. 
 
2. Ongoing TMDL Efforts - Update 
Joanne Schneider reviewed the recently adopted Santa Ana Regional Water Quality Control Board 
(Regional Board) pathogen TMDL.  She noted that the REC-1 objectives in this region are based on 
fecal coliform.  This TMDL is for the middle Santa Ana River Watershed.  The Regional Board 
staff has been working with stakeholders to develop this pathogen TMDL and begin 
implementation.  A participant commented that the recent Santa Ana River Beneficial Use Survey is 
part of the pathogen TMDL effort.  Another participant inquired whether the Task Force intended to 
propose an E. coli objective for the REC-1 uses to replace coliforms in the coming year.  Discussion 
ensued.  The pathogen TMDL has been sent to the State Board for adoption.  From there, the 
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TMDL goes to the Office of Administrative Law, and then on to the EPA.  There will be an 
opportunity for further comments with the State Board.   
 
There was a presentation given at the recent CASQA conference on methodology for tracking 
bacterial sources.  The study found that pathogen indicators are a poor reflection of actual pathogen 
risk.  Larry McKenney commented that there are some questions about the relationship between the 
indicators we are using and actual human health risks.  One of the reasons this Task Force was 
formed is because the body contact recreation standards are now being incorporated into TMDLs 
and municipal stormwater permits.  Ms. Yoshikawa requested that the Task Force forward 
information to her on these studies.  Ms. Schneider stated that we entered this process focusing 
initially on beneficial uses while deliberately separating ourselves from the question of water 
quality objectives.  We are trying to put “blinders” on as to what objectives would apply and ask 
ourselves how it is best to define recreational uses within the region. 
 
3. Update on Technical Tasks 
Richard Meyerhoff provided an overview of all the technical tasks to date.  He began with the State 
water quality objectives research.  That research had been discussed in detail at the last meeting, so 
he reviewed the questions that arose from that discussion.  One question asked was why secondary 
and tertiary canals were exempt in Florida.  He stated that CDM will be contacting the agency in 
Florida to get feedback.  He said that Illinois had an interesting narrative statement about 
application of criteria, and noted that Dan Bounds will discuss the question further.   
 
Another question arose as to why there are no recreational uses established for the canals in 
Arizona.  Mr. Meyerhoff stated that this question refers specifically to the Phoenix area canals and 
the Yuma area canals.  Those canals are listed in Arizona’s standards and have beneficial uses 
applied to them.  These canals are typically called delivery canals.   There are neither recreational 
uses nor aquatic life beneficial uses on these canals, but there has been discussion of developing 
these uses.  The canals were built for agriculture use and public water supply.  They are dry for at 
least six weeks of the year for maintenance purposes.  The canals are not safe for recreational uses 
and are completely fenced.  Discussion briefly ensued.   
 
There was a question about “children-based” recreational use in Iowa.   There is a beneficial use in 
Iowa that says “children-based recreation”, but the criteria or objectives are the same as for adult-
use recreation.  Mr. Meyerhoff noted that CDM will get more information from the final report.   
 
CDM has received additional comments on the draft recreational use summary since the last 
meeting.  Mr. Meyerhoff said that the comments will be addressed in the final report.  CDM will 
address technical comments to the extent the budget allows, i.e. states not included in the draft; 
summarizing California Regional Board objectives, and specific state-related questions. 
 
Dan Bounds then reviewed the Illinois State Standards.  Their recreational use is assumed not to 
occur during wet weather due to safety risks.  This assumption has not been put into any guidance 
document or written standard.  The exemption is regularly applied to waters receiving POTW 
discharges when permittees are seeking a disinfection exemption.  The criteria used to apply this 
exemption are: 1) if the receiving stream has less than two feet average water depth; 2) if a 
Recreational Use Survey demonstrates conformance with the “unlikely to be used routinely” 
definition; 3) the receiving stream does not flow through or is not adjacent to parks or residential 
areas; and 4) the stream must not be a public water supply.  In addition to using these criteria, the 



 3

Illinois EPA posts a public notice for any water body that will receive the exemption and actively 
seeks public comment.  Discussion briefly ensued. 
 
Mr. Meyerhoff summarized the EPA criteria research and reviewed the specific EPA documents 
supporting the criteria.  He further noted that CDM has completed primary data gathering, and 
distributed a document list for comment.  CDM developed the list of supporting documentation 
beginning with key EPA and National Research Council documents.  The 1986 criteria that 
provided the guidance for E. coli and Enterococcus were based on 1983-1984 EPA publications. 
These are key documents because they describe how the EPA criteria were derived.  CDM gathered 
the references cited in those key documents.  They are currently reviewing the underlying material 
and preparing a summary in a technical memo format for Task Force review in November.  Mr. 
Meyerhoff asked the Task Force to review the handout on supporting documents over the next 
week, and forward comments to him.   
 
Mr. Bounds reviewed the survey using cameras.  The Santa Ana Delhi Channel cameras continue to 
operate and are checked daily.  He noted that there is a 4,000-5,000 image range per camera.  The 
battery that was stolen at the Mesa Avenue crossing was replaced and the camera is now 
operational.  Camera replacement for other locations is progressing well.  The additional cameras 
and enclosures have been acquired.  Installation will be in approximately three weeks.  A request 
was made that Mr. Bounds prepare a couple of side-by-side photos of each of the locations – one in 
a dry weather condition and the other in a wet weather condition. 
 
Next, CDM received some additional channel attribute characterizations.  There had been several 
comments last meeting about how to improve the graphical displays.  Field QA/QC has been 
performed on each site considered, and the data presentation comments on the draft maps are being 
incorporated, including a graphical way to represent the channel characteristic along the channel 
line.  The attribute summary should be available for November’s meeting. 
 
CDM also did some additional flow characterization analysis.  They reanalyzed the rainfall data vs. 
peak depth-velocity product channel response using more localized rainfall gauges. They also 
looked again at temperature data.  Mr. Bounds reviewed a slide showing the relationship of peak 
depth velocity product in the Santa Ana Delhi channel and the total event rainfall from the Laguna 
Beach Meteorological Station.  CDM also obtained new data from the Ontario Fire Station-
Meteorological Station and ran a comparison of rainfall depth to channel depth-velocity product.  
They got similar correlations to the previous stations they were using at Lake Elsinore.  This 
correlation shows that more rain results in higher flow, which results in a higher depth-velocity 
product response in the channel.  However, the correlation diminishes quickly when using smaller 
rainfall events.  A participant inquired why the focus was on the first inch of rainfall.  Tim Moore 
stated we have been working with the idea that flows above 10-feet² per second are unsafe for 
swimming.  In lieu of having actual stream gauges and constant measuring, the LA Regional Board 
stated that anything above one-half inch of rain after 24 hours would be considered unsafe for 
swimming.  Does this one-half inch rainfall metric correlate with a force coefficient that would 
represent the unsafe flow condition?  In the one-inch rainfall range, which metric is best in 
correlating with the 10-feet² per second threshold that is being used as our tentative trigger for 
unsafe swimming conditions?  The 10-feet² per second value comes from the USGS sampling 
manual stating that trained personnel should not be sampling water under these conditions for safety 
reasons.     
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The LA County Public Works Department shuts off public access to channels when there is a rain 
prediction.  Their approach is based more on access rather than flow.   A comment was made that 
there is a lot of scatter in high velocity data.  How do we use the conditions that we have to design 
something that will allow us to have a reasonable expectation of compliance and maximize our 
ability to protect health?  Discussion briefly ensued.   
 
Mr. Meyerhoff said that in putting together the state objectives summary, they were surprised by the 
number of states using seasonal exemptions, particularly along the north coast.  Mr. Moore had 
shown a graph at the July meeting that depicted the average low, overall, and the average maximum 
temperatures over a three-year period for the Santa Ana mainstem at one particular site.  Mr. 
Meyerhoff discussed this slide showing the average temperature data at additional selected sites, 
with typical seasonal exemption dates. 
 
The next major technical task for CDM is a preliminary economic analysis.  Mr. Meyerhoff briefly 
reviewed the objectives of this work.  They will select three sites and set up a model at a 
reconnaissance level.  He noted that this model is not based on a full engineering design, but it is to 
get an idea of what it would take to comply, given selected methodologies.  The scope consists of 
five sequenced tasks:  1) site selection; 2) compliance method identification; 3) development of an 
economic water quality model; 4) development of cost models, and 5) completion of an economic 
analysis report.  Sites will be selected based on: 1) the availability of data; 2) the surrounding land 
use characteristics, and 3) the relationship to the Santa Ana River TMDL model.  Based on 
meetings last week, the sites being considered are the Santa Ana Delhi Channel for its heavy urban 
environment; Chino Creek for its emerging residential land use, and Temescal Channel for its 
industrial land use.  The next steps are to bring back use and compliance method identification 
suggestions for each, finalize other states’ research, draft the EPA criteria research memo, 
install/reinstall cameras to reinitiate data collection, finalize the flow analysis technical memo, 
finalize the channel characteristics mapping and methodology technical memo, and the preliminary 
economic analysis.  Discussion briefly ensued. 
 
Mr. Moore noted that when he met with CDM last week, they discussed the problems with the 
existing cameras.  Cameras were deliberately put in places to confirm that people would not be 
there.  Cameras were not placed where we assumed people were present.  The question of when 
people stop swimming in a calendar-based approach means that additional cameras should be 
placed on the mainstem locations in the winter.  The idea is to track whether recreational activity 
stops in the winter, and to track recreational use in relation to rainfall and temperature.  The 
cameras currently don’t do that because they are located in places compounded with other factors.  
Additional cameras must be placed where we know swimming occurs when conditions are 
amenable.  Mr. Moore strongly recommended adding two or three cameras to locations on the 
mainstem to track where people are seen consistently.  Mr. McKenney commented that based on 
experience of getting the first cameras out there, is it feasible to do that (i.e., identifying the new 
sites, getting permission to place the cameras at the sites, figuring out how to mount the cameras, 
installation, etc.) by January.  Mr. Moore listed suggested sites based on previous experience: 
Corona’s treatment plant, RIX outfall, and the West Riverside treatment plant.  He noted that a 
couple of cameras could be installed in time for winter.  The Regional Board is in favor of using 
additional cameras.  Discussion briefly ensued regarding seasonal exemptions.   
 
Mr. McKenney asked Mr. Bounds about the costs per camera for installation, operation, and image 
review over a six-month period.  Mr. Bounds stated that he will compile an accurate cost estimate, 
but it will cost roughly $20,000 per camera.  The majority of the costs is visiting the camera 
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weekly, taking the additional field measurements, and reviewing the images each week.  The 
camera is approximately $2,000 and the equipment (i.e., getting a field crew with the right 
equipment and hardware for installation, cellular phone service activation, and enclosures around 
the camera to protect against vandalism) is approximately $3,000.  Mr. Moore noted that additional 
cameras at the suggested sites would be needed for one year.  Mr. Bounds said that getting approval 
to install the cameras and getting the field crews out to do installation are usually what take the 
most time.  A participant suggested limiting camera installation to one location where a lot of 
activity occurs.  Mr. Moore suggested that at least two cameras be required.  It was the consensus of 
the Task Force that cameras should be installed at some of the suggested locations.  Mr. McKenney 
will discuss feasibility with the funding partners.  Mr. Meyerhoff added that he looked up Arizona 
standards noting that there are no bacteriological standards on domestic water supply.  The 
standards for municipal water drinking supplies predate the surface water disinfection rules.  The 
reason for the bacterial standards in Arizona was to protect recreation.   
 
Mr. McKenney noted that at today’s lengthy meeting, a lot of summary information is being 
presented, particularly through detailed PowerPoint slides and hand-outs.  He reminded the Task 
Force that the recording secretary’s focus is on creating a meeting summary.  Specific presentations 
and documents discussed at the meetings are posted on the website.   
 
4. Conclusion of Delphi Discussion: Draft Basin Plan Language to Implement a High-Flow 

Suspension 
Mr. Moore said that when he met with CDM, they agreed that the Task Force may run into 
problems that could stall efforts at the regulatory level.  He recalled from the last meeting where 
Ms. Hatfield asked:   1) where is this leading; 2) how does this sit with water quality objectives, and 
3) whether or not REC-1B objectives would be five times the REC-1A objectives.  He noted that 
the Task Force has partitioned the question of uses and objectives to make the process more 
rigorous.   
 
In California, REC-1 and REC-2 encompasses all the contact recreation and the non-contact 
recreation, respectively.  There was no partial contact or incidental contact in this Basin Plan or in 
the State until the State Board adopted it for the LA basin in January 2005.  The LA Board adopted 
the concept of Limited REC-1; thus, REC-1 became Full REC-1.  Federal guidance has primary 
recreational contact and secondary recreational contact; however, there is no discussion of non-
contact recreation.  The problem we face is the similarity of terms and the overlap of certain 
activities.  For example, REC-2 and secondary recreation are not necessarily the same.  In the 
Federal context, a secondary use is partial, incidental, casual body contact.  REC-1 is full body 
immersion and there is a high risk of ingestion.  On the other hand, REC-2 has a “relatively lower 
risk of ingestion.”  Full primary contact recreation is what was considered when the water quality 
criteria were developed.  Criteria were based on a high level of exposure of all the upper body 
orifices (i.e., ear, nose, mouth, or eyes) and not hand-to-mouth contact.  Secondary contact in the 
EPA guidance refers to such things as wading where there is a relatively lower risk of actual 
ingestion through upper body orifices and allows for hand-to-mouth contact. 
 
Wading is categorized as REC-1 in California, but in Federal guidance, it is considered secondary 
contact.  There are two categories in California that are imperfectly aligned with the two categories 
defined by the EPA in Federal guidance.  As a result, we do not have as much opportunity to apply 
the flexibility in existing guidance as we could if our definitions more closely aligned with Federal 
definitions.  We intended to keep the Full REC-1 concept using the State Board’s language at the 
top tier, keep the REC-2 non-contact towards the bottom tier, and insert REC-1 limited, which 
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encompasses the idea of partial or incidental body contact using EPA’s guidance about infrequent 
body contact.  Rather than two tiers, there will be three.  The bottom tier is not discussed in EPA 
guidance, but it exists in State regulations.  The upper tier exists in both State regulations and EPA 
guidance.  The middle tier exists only in the EPA guidance, but it has been established indirectly in 
the State via the State Board decision in Region 4.  The Task Force effort is directed toward 
creating the middle tier.  In the upper level, the objectives are 126 for E. coli and 200 for fecal 
coliform.  The REC-2 standards are ten times the REC -1 objectives for fecal coliform.  There are 
no corresponding E. coli numbers yet.  In other states, Limited REC-1 generally tends to default to 
five times the 200/400 value.  At this time, we are not proposing that scenario.    Mr. Moore stated 
that he wants to confirm the presence of three tiers: full contact, partial/incidental/infrequent 
contact, and no contact.  Mr. McKenney commented that an alternative would be to go with two 
tiers.  This would require a change in the State’s standard and there would not be a “no contact” 
level.  If you have only two standards, you get the two distinct gauges – full and no contact.  It 
doesn’t let you treat anything in the middle differently.  Ms. Schneider noted that in the 
implementation guidance, her recollection was that secondary contact was referred to as “unlikely 
to have body contact” as opposed to “partial contact.”  Discussion ensued. 
 
Mr. Moore stated that the foundation principal of this Task Force is that we’re working with three 
tiers.  Discussion briefly ensued regarding the three tiers.  The middle tier does not have to be what 
the EPA says is secondary contact.  The Federal guidance shows that there is more flexibility in the 
Clean Water Act than the Task Force has been allowing under the proposed Basin Plan 
Amendment.  Mr. Moore commented that the LA Board recognized the presence of three distinct 
categories that should be treated differently.   The question is, why did the State Board carve out 
Limited REC-1 if it already had REC-2 in its listings?  Ms. Schneider commented that the Region 4 
approach was a little more analogous to saying REC-1 opportunities are still present, but the 
frequency of use justifies less stringent objectives comparable to using EPA’s implementation 
guidance to set a sliding scale for recreational activity with different risks.  Ms. Hatfield commented 
that the Task Force does not have to adopt exactly what the EPA has suggested, although it does 
have to be as stringent.  Mr. Moore noted that Ms. Hatfield’s comment is the reason why CDM 
looked at what the other states did to resolve the issue.  In the vast majority of cases, the other states 
separated the recreational categories into tiers to make it more distinct and to make the 
implementation easier.  He suggested first looking for a solution among things that have already 
been considered and adopted in other regions or states.   The concept of Limited REC-1 gets us to 
the same place with less confusion than changing REC-2 standards.  Mr. McKenney commented 
that in effect, Limited REC-1 provides a fourth layer.  Discussion ensued regarding the 
classifications. 
 
Mr. Moore stated that if there were an infinite number of video cameras, whether people were 
recreating or not could be measured empirically, and uses could be set accordingly.  Since there is a 
limited number of cameras and a strict budget, CDM attempted to establish a predicative 
relationship between existing conditions and the nature or frequency of contact.  Essentially, a 
model is being built that says there is a high probability of frequent contact when predictive factors 
result in conditions favoring large crowds.  As the factors change, the number of people recreating 
changes.  In essence, the model can be applied based on the characteristics of a channel without 
always having to install the video cameras.   
 
Discussion ensued about where resources should be allocated first.  Mr. Moore said that as the 
highest priorities are resolved, we then can move onto the next problem in priority order with a 
reasonable assurance that each dollar spent brought a maximum reduction in societal illness.  He 
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discussed the disconnect between what it takes to reduce illness for an individual versus what it 
takes to reduce risk for a society.  Mr. Moore recommended more cameras because we have 5,000-
6,000 images per site with no body contact.  Consequently, we do not currently have the data to 
build the model discussed because there are no instances of contact or people being present.  There 
needs to be instances where people are present to be able to discriminate the variables that cause 
people to be there.  None of the 30,000 frames currently collected by the Task Force depicts any 
occurrence of REC-1 activity.   
 
Mr. Moore said that the relationship between recreation and the composite predictive factors is non-
linear. However, the relationships related to compliance are primarily linear to flow.  The allocation 
of resources needs to go toward maximum illness reduction.   The goal for this effort was to create 
the categories which would establish priorities.  REC-1A will be the likely focus of enforcement 
efforts, which is where the resources will go.  The Task Force should want a system where 
resources first go to where it’s most beneficial and protective of public health.  Thus, the goal is to 
create a set of predictive factors in a ranked priority order and validate these factors.  Nothing can 
be done with the model without data for REC-1A or REC-1B. 
 
A large number of states have developed use distinctions and have adopted water quality criteria 
that are indistinct.  In other words, the states have drawn distinctions without a difference.  If this 
process is leading in that direction, it needs to be terminated now.  However, if the distinctions can 
make a difference, it should be pursued.  The issue that Mr. Moore deals with when reading 
responses to the Delphi questions is whether the current positions will result in useful and 
meaningful distinctions.  The Task Force should not proceed until these issues are clarified.   
 
5.  Initiation of Delphi Discussion: Draft Basin Plan Language to Subcategorize REC-1 to 

Include a Limited Use Category 
The issue of where compliance occurs dramatically changes the options for compliance.  REC-1A 
has a high risk of ingestion, and therefore, there is a high risk of illness if the water quality is poor.  
This use is characterized by many people, many occurrences and use is routine, prolonged and 
significant, and there is contact with a high possibility of ingestion and illness.  These conditions are  
found by the beach, Big Bear Lake, and along the mainstem of the Santa Ana River under certain 
conditions.  The Task Force as a group defined that the mainstem will be REC-1A under certain 
specific conditions, although all the conditions have not been decided.  If there can be agreement 
that the beaches represent the high end of REC-1A use and the Santa Ana River mainstem 
represents the low end, the curve can be defined by using cameras. 
 
REC-1B activities are relatively lower risk of illness in comparison to REC-1A activities.  The Task 
Force needs to think in terms of relative risk because this is a resource allocation and prioritization 
question.  Rather than imagining what happens to an individual, risk should be focused on what 
happens collectively to the members of the society.  The REC-1B condition of lower risk is defined 
as few people, infrequent occurrences, incidental, with insignificant contact.  Mr. Moore used as an 
example considered by the State Board regarding a woman walking her dog in a creek.  That use is 
considered water contact; however, the probability of shoe-to-mouth contact is relatively low.  The 
State Board elected to put this example in the Limited-REC category.  The State Board did not call 
the example non-contact; they called it limited contact.  
 
Not REC-1 is virtually no people or contact.  The State Board used term “aberrant” and “atypical”.  
A woman walking her dog is not atypical.  Not REC-1 is essentially where water quality is 
irrelevant to societal health.  There is a difference between risk of illness and absolute illness.  
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Absolute illness depends on the risk of illness and the vector for contagion (the probability of 
exposure to the condition that creates the illness).  We find it useful to be able to distinguish these 
categories so we can allocate our resources.  The Regional Board has the same issue with regard to 
enforcement – allocation of resources for enforcement activities.  A system is needed that places the 
money where it does the most good.  
 
Suppose the cameras are left in place for five years and all the photos show nothing.  Would that 
site stay Limited REC-1?  We are theorizing that certain factors, when they turn on and off, will 
cause recreation to turn on and off.  The goal is to define the thresholds between REC-1A, REC-1B, 
and not REC-1 based on the factors in such a way that they will be brought out by the cameras 
when the data become available.  A participant inquired about REC-2.  Mr. Moore stated that he 
was working under the assumption that REC-2, despite its narrative, would remain non-contact.  He 
was considering what to do with Not-REC.  Furthermore, he has been toying with the idea of 
splitting REC-2 into “A” and “B” categories, where “A” is aesthetically pleasing and “B” is not.  
Discussion briefly ensued. 
 
Mr. McKenney commented that this approach is different than what is typically discussed as a 
mandated program.  However, it is very similar to everything else municipalities do because when 
you discuss how much resource is allocated to certain programs (fire prevention, police protection, 
social services, etc.), there is always more that could be done.  From a municipal perspective, it 
makes sense to put the water program into that context.  The challenge is to do that as a stakeholder 
function and then translate it into a language that is regulatory.  Mr. Moore noted that in a couple of 
important EPA documents, the agency sets forth that within certain boundaries, risk management is 
a state discretionary issue.  Discussion further ensued.  Mr. Moore stated that every three years, 
anything that is not designated as REC-1 has to be reviewed and reaffirmed to ensure that there is 
no new data to suggest that the circumstances have changed.  
 
Mr. Moore noted that there is a new experiment here in the form of the Limited REC-1 adopted by 
State Board.  There is one other Regional Board (possibly Central Valley) that distinguishes uses in 
the Basin Plan between “existing” and “potential”.  This Basin Plan does not make that distinction; 
however, other Basin Plans use an “E” or a “P” to represent whether it is “existing” or “potential”.  
The ability to recognize that distinction is the ability to regulate differences.  Discussion ensued. 
 
Mr. Moore commented that in a commercial environment, there would be metrics that would guide 
you as to where to put money where it will generate the most return on investment.  If all the 
locations were REC-1, there is no legal basis to treat any location differently from any other 
location.  The ability to distinguish and refine based on sub-categories (“existing” and “potential”) 
is what allows us to legally treat locations differently so we can spend, prioritize, and enforce 
differently.  In order to remedy the disconnection between health risks and compliance, we need to 
understand that compliance is no longer based on surface area.   
 
Ms. Hatfield commented that there is a disconnection between a large number of people at the 
beaches and a small number of people at the tributaries.  She further commented that looking at risk 
in relation to children would help.  Mr. Moore stated that if there is evidence of children in the 
water, they will be protected.  Discussion briefly ensued.   Mr. McKenney noted that the Task Force 
recognizes that children are a sensitive population that deserves protection in the water quality 
program.  The Task Force also recognizes the overall concept that there is more to be done than can 
ever be done; we cannot provide 100% protection from illness.  This is a prioritization issue and a 
resource allocation issue. 
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Mr. Moore discussed the Delphi materials and noted that they were the first cut at trying to 
construct Basin Plan language for implementation.  There has been a lot of discussion of Limited 
REC-1, but we didn’t have a name for the REC-1A category.  This concept of having class A and 
class B is very common among other states.  There was some discussion last month that the class 
categorization nomenclature was an unnecessary complication, and does not exist in California.  
However, we have a State Board decision that distinctly uses Limited REC-1 and Full REC-1.   It is 
better to stay as close as possible to the State Board decisions.  In other words, the old REC-1 
would be called “full contact water recreation” and the new Limited REC-1 would be “limited 
contact water recreation.”   Mr. Moore further agreed with the Delphi respondent in that it is more 
important to be consistent with our own state than with other states. 
 
The next Delphi question that received the largest response was “wading.”  Wading already exists 
in the definition the State uses and it is already REC-1.  There are different views of wading and the 
corresponding risks of ingestion.  Mr. Moore provided a couple of wading examples.  Some states 
do not consider two feet of water or less as REC.  Wading is best decided empirically, which is why 
we need the cameras.  We do know, empirically, that you can go out to the Santa Ana mainstem 
during the summer and there are people routinely at Van Buren and Etiwanda.  The waters at those 
locations are a minimum of six inches deep and have been predefined as REC-1.  Mr. Moore 
recommended trying to define wading in inches.  He emphasized that the definition should not be 
written as a hard number, but more of a general guidance; we need a starting place.  Several 
comments received in the Delphi state that the focus should be on whether ingestion is likely or not.  
However, the meaning of words such as “likely” is debatable.  Discussion briefly ensued regarding 
protection for children and the cut-off points.  Ms. Schneider suggested using the word wading and 
qualifying it in both categories.  The proposed definition language says, “‘may include’ such cases 
as...” She said she believes that doing Limited REC-1 designations is going to require site specifics.  
Mr. Moore commented on the idea of moving “wading” to Limited REC-1 and define it as “walking 
upright”, and in Full REC-1, taking the idea of “child’s play.”  In this part of the country, wading is 
generally considered walking upright in the water.  “Child’s play” which is viewed as a REC-1 
activity where there is a significant risk of immersion and ingestion, becomes a question of 
frequency.  Whether the activity occurs with significant frequency to merit overall REC-1 is a 
different issue.  In other words, if we find the activity, it is a factor or presumption in favor of 
finding it as REC-1. 
 
Mr. Moore stated that many Delphi respondents suggested that the hand-to-mouth vector qualifies 
as REC-1.  If it is considered REC-1, we are departing significantly from EPA guidance and rapidly 
departing from EPA criteria.  The EPA criteria were not based on the hand-to-mouth vector.  It 
clearly specified an upper body orifice as the vector of contagion.  We have been treating hand-to-
mouth as potentially incidental; we are keeping it in the Limited REC-1 category.  Discussion 
ensued.   
 
A fairly strong argument in the Delphi responses was made to move kayaking and canoeing from 
Limited REC-1 to Full REC-1.  Mr. Moore cautioned that we are discussing the Santa Ana 
Watershed and that there are very few places where it is possible to engage in these activities.  The 
question is where do kayaking and canoeing fit best given the conditions of our watershed.  
Discussion briefly ensued regarding kayaking and canoeing in inland areas as opposed to the ocean 
where it is already considered Full REC-1.  Mr. McKenney stated that the assumption is if enough 
kayaking or canoeing was observed in this water body, you can say it was an existing beneficial 
use.  However, if you observe only one instance of it, a decision has to be made as to whether or not 
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it is an existing beneficial use.  The question is if a large amount of kayaking and canoeing was 
observed, what kind of beneficial use would it be if one did not exist?  Discussion further ensued.  
Kayaking and canoeing were not addressed by the LA Board in their recent decision.  Mr. Moore 
stated that kayaking and canoeing won’t be controversial because they occur in waters that are 
already Full REC-1 along with jet-skiing.  Ms. Schneider commented that trying to place kayaking 
and canoeing in discrete categories may create more trouble than it’s worth to include it.  Those 
activities are not specifically in the definitions now. 
 
Next, with respect to limited water contact recreation, there was a discussion about the phrase “low 
or intermittent flows”, which is probably best replaced by references to depth rather than flow.  
There can be an abundance of flow, but very little depth because the channels are wide.  There also 
can be a little flow and a large depth.  Ms. Schneider commented that the Regional Board 
recognizes that the flow could be low, yet significant.  The distinguishing factor is that the water 
levels are shallow.  Mr. Moore suggested using the phrase “low water levels or depth” noting that 
we are characterizing whether to use the word “flows” or “depth.”  Ms. Schneider inquired if we 
can say “hydrologic regime.” Discussion ensued.  Mr. Moore commented that high-flow suspension 
is covered elsewhere, so we do not need to generalize “hydrologic regime.” Further, we want to stay 
as close to the State Board language used in the LA case.  A participant commented that we may 
want to prohibit or discourage recreation in areas that otherwise might be safe, because at 
unexpected times it can become dangerous.  Another participant commented that we need to define 
“hydrologic regime” as it is so broad.  The “hydrologic regime” definition would be in chapter and 
five under the implementation section of the Basin Plan.  Ms. Schneider commented that some 
discussion should also be included in the beneficial use chapter to provide more clarity.  Mr. Moore 
concurred.  Discussion briefly ensued. 
 
Mr. Moore discussed another Delphi suggestion that naturally occurring sources of pathogens, 
particularly in wildlife, should be added to the mix of factors for consideration in limited water 
contact recreation.  We have natural background water quality characteristics, including aesthetic 
conditions of the water.  The suggestion was that, with respect to REC-1A, it would have to be all 
these things in addition to having no natural sources of pathogens and wildlife that would cause the 
water quality standards not to be met.  Ms. Schneider commented that if the issue is about pathogen 
contributions to natural sources, it is not readily apparent to anyone that is going to recreate in the 
water.  Therefore, it should not be the basis for beneficial use limitation.  Discussion briefly ensued.   
 
Larry McKenney said that source tracking techniques are imperfect at this point.  He said if we 
assume there are different health risks from natural and anthropogenic sources, then the question is 
what difference it makes in terms of regulation.   Discussion ensued on bacterial sources, beneficial 
uses impairment, the impact of wildlife sources on health risk, and the most appropriate language to 
cover all the bases.  Mr. Moore said that the UAA criteria include naturally occurring pollutant 
concentrations that prevent the attainment of the use; this criterion could be used in this situation. 
There was consensus on using that language, as well as leaving in the aesthetic conditions. 
 
Mr. Moore said there was a Delphi suggestion that the Task Force should adopt the LA Board 
wording verbatim.  Their point was that it already has been approved, so what is the advantage of 
using anything else.  Mr. Moore said this strategy would give us two adjacent Regional Boards with 
essentially identical definitions.  He asked the Task Force members if we prefer our definition over 
the one adopted by the LA Regional Board.  A comment was made that ours is more detailed.  A 
participant commented that it doesn’t differ substantially.   
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Mr. Moore said another Delphi statement made was that the definition is too broad and we’ll need 
UAAs everywhere.  Mr. Moore said that analysis is correct.  We will need to do UAAs because one 
is required for each downgrade.   
 
Another Delphi suggestion was that fishing is really REC-1A rather than Limited REC-1 as 
fishermen do in fact ingest the water, particularly when fly-fishing.  Discussion ensued on the 
relevance and there was concurrence that it should be clarified. 
 
Mr. Moore said at the next Task Force meeting, we will go through each of the locations in terms of 
the REC-1A and REC-1B classifications.  We have most of the concepts in place, but now must go 
to the actual application at the individual locations.  That classification will be the focus at the next 
meeting. 
 
6.  Adjournment 
 
The next meeting date is scheduled for Thursday, November 17th from 9:30 a.m. – 12:30 p.m. 
 
The meeting adjourned at 3:30 p.m. 
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1.  Introductions & Opening Comments 
The Storm Water Quality Task Force meeting was called to order at 9:45 a.m. by Jeff Beehler at the 
Santa Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by the 
participants. 
 
The Task Force discussed the 2006 meeting schedule for the remainder of Phase II.  The dates agreed 
upon were January 19, February 16, March 2, April 20, May 18, June 15, and July 13.  The time slot 
will be from 9:30 a.m. until 1:00 p.m. 
 
Tim Moore briefly reviewed the revised schedule of topics for the meetings for the remainder of 
Phase II.  One schedule change is that the analysis of the three individual sites will be done in one 
day, rather than having one single meeting per each site. He distributed a revised schedule.  The 
group will spend January through March working on water quality objectives for both Full REC-1 
and Limited REC-1, and REC-2.  By April, the Task Force will look at doing a 13241 pilot UAA 
analysis. We want to make formal recommendations for the Regional Board’s consideration, which 
means we’ll take what we’ve done through the winter and convert it into Basin Plan language.  The 
months of June and July will focus entirely on developing the draft language.   
 
By May, the group will need to consider how the Task Force will proceed with Phase III.  A place 
marker will be put on the agenda as a reminder to discuss the topic.  Additionally, Mr. Moore will 
discuss with CDM where to place the MUN issue into the schedule as it also must be addressed early 
in 2006.   
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2.  Ongoing TMDL Efforts - Update 
Joanne Schneider reported on the TMDL process.  Tim Moore suggested that we should start 
thinking about fully integrating the Middle Santa Ana River TMDL effort with the Task Force effort, 
perhaps in Phase III.  There is a lot of overlap between the groups, and both groups at that point will 
be focusing on implementation tasks.  It may be more efficient to combine efforts.  Discussion 
ensued on the benefits of blending the two groups.  Larry McKenney suggested having a few 
representatives from each group meet to discuss how they may be able to coordinate efforts.  Jason 
Uhley will schedule the meeting with the interested parties.  Jeff Beehler suggested including Mark 
Norton on the meeting. 
 
Larry McKenney provided a brief informational report on a recent San Diego Regional Board 
meeting.  The San Diego staff discussed a region-wide bacterial TMDL approach.  In their 
presentation, they described their approach to developing a wet weather and dry weather TMDL for 
drainages to the beach.  The point of compliance for each of the watersheds is at the mouth of the 
river.  They’ve modeled wet weather and dry weather flow using assumptions about loadings from 
about 17 different categories of land use, basically following the Santa Monica TMDL approach, and 
came up with annual mass loads of bacteria.  They are proposing a 10-year interim TMDL, followed 
by a permanent TMDL.  During the 10-year TMDL interim period, they are using the Santa Monica 
Bay reference watershed approach whereby during wet weather you are not considered out of TMDL 
compliance if the single sample standards do not exceed standards 22% of the time.  However, in the 
permanent TMDL, they won’t include a reference watershed because the Basin Plan doesn’t allow a 
reference watershed approach.    
 
Tim Moore provided a brief review of his recent Stormwater Quality Standards Task Force update to 
the Santa Ana Regional Board.  In his presentation, he walked the Board through the photos of each 
location, noting the issues the Task Force is considering.  Several of the Regional Board members 
expressed surprise about spending so much money on the survey cameras in an attempt to “prove the 
obvious.”  One board member asked why it isn’t the EPA’s responsibility to look at each channel and 
prove that it is recreational.  Mr. Moore walked the Board through the rationale and explained how 
the Task Force’s goal over time is to develop a type of dictionary of site characterization qualities, 
supported by video surveillance, that reflect a certain probability of people being there.  In the future, 
this negates the need for a camera at every location.  The cameras can be moved around over time, 
but there was no prerequisite that there be a camera at every location to make a reasonable judgment 
about what the beneficial use designation should be.  The cost would decline over time.  Mr. Moore 
said the Board appeared to be receptive overall and very engaged in the Task Force’s activities. 
 
3.  Update on Technical Tasks 
Dan Bounds said significant progress has been made on the technical tasks.  CDM has finished three 
technical memos and they incorporated comments.  He distributed the three Technical Memos, 1) 
Other States’ Criteria; 2) Receiving Water Attributes Mapping, and 3) Flow Characterization. 
  
Mr. Bounds first reviewed the Technical Memo on other states criteria, which now includes all 50 
states in the analysis.  The Task Force had provided several comments.  CDM has incorporated them 
and addressed several of them in detail.  He highlighted some of the criteria for several of the states. 
 
CDM also finished the Receiving Water Attribute mapping tasks. They performed field verification 
on the attributes and incorporated the comments from the Task Force.  CDM improved the graphical 
representation of the information by use of color shading for differing land uses.  They also included 
introductory text and an overall summary table of the information.  CDM color-coded and symbol-
coded the different channel attributes to better define them in all three reaches. 
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CDM completed the Storm Flow Characterization Technical Memo. In the memo, they provided 
more detailed information about depth velocity product, as well as the temperature data, as 
previously requested by Task Force members. 
 
Mr. Bounds next provided an update on the Recreational Use Survey.  The damaged and stolen 
cameras have been replaced and installed in either the same place or in alternate locations as 
discussed earlier.  The cameras are more strongly reinforced to thwart vandalism.  At the new 
Greenville Banning location, the camera is high up on the bridge and is very difficult to access.   He 
showed the new location at Temescal Wash at the Corona Wastewater Treatment Plant (WWTP), 
where the camera was mounted to one of the light poles.   
 
Regarding overall camera functionality, Mr. Bounds said that the Santa Ana Delhi channel cameras 
continue working well.  The new Greenville Banning camera and the Cucamonga Creek camera 
looking upstream are also working very well.  The Cucamonga Creek camera looking downstream 
and the Temescal Wash camera at the Corona plant are working for only a few days before draining 
the batteries.  The problem appears to be signal related.  The camera takes an image and tries to 
transfer it, but can’t get the image through due to a weak signal.  It tries to send the image repeatedly, 
wearing down the battery.   
 
Overall, 31,000 images have been collected to date.  CDM has reviewed them and hasn’t seen any 
contact recreation.  There have been 9,000 images taken at the Santa Ana Delhi at Newport Bay, over 
9,000 images at the Mesa crossing, and 8,300 at Sunflower.  At the Greenville-Banning Channel at 
Adams (new location), 825 images have been taken since it was installed.  The Cucamonga Creek at 
Hellman site looking upstream has 580 images, and the downstream camera has 1,700 images from 
July 26 to present.  The Temescal Wash camera when it was at Main Street had 500 images from late 
July to early August, and there are 700 additional images at the new location on the light pole at the 
Corona WWTP from November 1st to present.   
 
Mr. Bounds next reviewed the potential options for improving the performance of the cameras that 
aren’t working well:  1) continue as is – some cameras covering only two or three days per week; 2) 
install solar panels to provide a continuous source or a dedicated power line, 3) install booster 
antennas; or 4) reprogram cameras from 15-minute intervals to hourly. The solar panels and booster 
antennas will cost around $300 to $500 for the equipment, and $3,000 for a crew install them. 
Extensive discussion ensued on the most cost effective methods for improving the cameras and the 
battery performance at the sites currently experiencing problems.  A suggestion was made to see if 
someone from the Corona WWTP could help with the weekly QA/QC.  CDM will follow up on the 
suggestion.  Jeff Beehler said that on Tuesday, the SAWPA Commission approved the change order 
for CDM to install the cameras.  He and Dan Bounds wanted to first get guidance from the Task 
Force before moving forward.  Mr. McKenney said in light of the urgency, they should move ahead 
as planned.  Mr. Bounds said then they’ll start looking at sites and get the cameras ordered. Tim 
Moore said he was leaning toward a location between Van Buren and Etiwanda, which is the most 
populated section of the mainstem in the summertime.   The second two choices are convenient; one 
location is at the Riverside Treatment Plant, and the third location is much further upstream closer to 
the RIX, north of Riverside Avenue and the 60 Freeway.   CDM will coordinate with Jeff Beehler on 
selecting the sites. 
 
Richard Meyerhoff gave a brief review of the Regional Boards’ recreational beneficial uses and 
objectives within California, as previously requested by Joanne Schneider.  CDM found that they all 
have the same definition of REC-1 and REC-2.  However, there are differences in the objectives.  



 4

Two Regional Boards don’t have REC-2 objectives, only REC-1.  There were two Boards that had 
identical language as to how they relate REC-1and REC-2.  Both have a qualifier saying that if there 
is no REC-1, then REC-2 standards apply.  He briefly reviewed other differences between the 
Regional Boards in California.  It was surprising to find so many differences across the State.  Joanne 
Schneider said there is a state-wide effort to adopt new bacterial objectives, focusing on REC-1.  
Dave Woelfel commented that a Basin Planning Task Force Group, which is made up of all the 
Regional Boards, the State Board and the EPA, is working on objectives.  They’re going to soon 
produce a CEQA document that this Task Force can review.  Extensive discussion ensued about the 
potential duplication of efforts, coordinating resources, and being able to get more information on 
this group’s activities.  Ms. Schneider said she will try to obtain some more information on the 
group, their status and schedule so it can be discussed in January.   
 
Richard Meyerhoff gave an update on EPA Criteria Research.  He distributed a draft memo, 
Scientific Basis for EPA Recommended Water Quality Objectives for Bacteria.  Mr. Meyerhoff asked 
the Task Force to review it, start thinking whether or not this is the information they want or if any 
information is missing, and whether there is some aspect that the Task Force would really like CDM 
to focus on.  He said they followed three steps: 1) they researched available documentation including 
the history of EPA recommendations; documents cited by the EPA and other related documents; 2) 
they researched conditions and assumptions used to generate EPA recommended objectives and their 
applicability to the Santa Ana River watershed; and 3) they prepared a draft memo for the Task 
Force’s review and comment.  Mr. Moore stressed that this document is essential reading in order to 
discuss it at future Task Force meetings.  Jeff Beehler will send a reminder note about this with the 
next agenda.   
 
Dan Bounds discussed the Economic Analysis task and the associated modeling CDM was tasked to 
do.  They have proposed some sites and received consensus on looking at modeling compliance costs 
at the Santa Ana Delhi, which represents a heavily urbanized environment; Chino Creek as a 
residential land use environment, and the Temescal Channel as an industrial land use environment.  
He said that the next step is to think about a compliance method at those sites.  He reviewed the 
modeling approach: 1) set up a model for compliance at each site; 2) consider a compliance method 
with reasonable expectation for achieving compliance, such as flow diversion, infiltration and 
wetland construction, and use available effectiveness data; and 3) develop a compliance cost model.  
For a compliance method in the Santa Ana Delhi channel, we had previously discussed flow 
diversion.  For the Chino Creek area, we looked at infiltration/treatment wetlands technology; and 
flow diversion again at the Temescal Channel.  Concern was raised about projecting pilot scale 
studies across an entire watershed.  A comment was made that dry weather flows will also decline in 
the future and that the reduction should be considered.  CDM will provide an update on their 
progress report in January.  Joanne Schneider said we also must consider the environmental impacts 
of implementing the options.  Tim Moore said that the controllability factor is also a large part of our 
discussion, the issue being if there is any way to comply regardless of cost. Economics is only one of 
the compliance factors.   First we need to look at if it can be done, how it will be done, and then we 
look at the cost factor.  Where is the controllability threshold?  This is a question that will have to be 
asked as part of the 13241 analysis.  
 
 
4. Consider Locations for High Flow Suspension (continues August Delphi work) 
 Deferred.  
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5.  Consider Locations for Limited REC-1 Classification (continues October Delphi work) 
Tim Moore said the next task is to prepare a rough cut of what the Task Force is likely to recommend 
a given water segment to be to the Regional Board.  He emphasized that these are preliminary 
recommendations.  He also emphasized that there is the presumed existence of a REC-1 use.  He 
referred to the handout, “Preliminary Recreational Use Assessment Form” for each water body 
location.  The categories for each factor are Full REC-1, Limited REC-1 and Not REC-1.  He said he 
is holding off on REC-2 for now.  He mentioned that factors 1 – Actual Activity (from 1975 until 
now), factor 8 – Natural Water Quality, and factor 9 – Economics, are listed on the sheet as 
placeholders, and won’t be discussed today.  Mr. Moore said our intention is to address the 
characteristics that we have been working with up through today.   The Task Force hasn’t yet 
finalized definitions as to what constitutes Full REC-1, Limited REC-1 and Not REC-1.  Today, we 
will break the REC-1 use question into sections.  After filling out the matrix with comments to the 
side as to the reasons for selection, we’ll look at the overall pattern to decide what the ultimate 
designation should be.  Mr. Moore said we will not use Factor 1, Actual Activity, until the survey 
camera segment is finished.   The Task Force went through each site to arrive at the following 
preliminary designations. 
 
 
Greenville-Banning Channel: 
Access:  It is possible to walk down to the channel through Fairview Park, or to walk up through the 
beach.  It was thought to not be REC-1.   
Channel conditions:  It is concrete, it has no rip-rap, it has vertical sides and a person would have to 
scale down the side of it.  Not REC-1 
Flow conditions: There is always water in the bottom, but usually only 2-3 inches deep.  Not REC-1 
Aesthetic Qualities: The water is murky, muddy, and silty.  Not REC-1 
Adjacent Land Uses:  Fairview Park and residences directly adjoin the channel with a bike path 
nearby. REC-1 
Available Alternatives:  The beach is only a mile or so away.  Most people would choose to use the 
beach for recreation.  Limited REC-1 
Summary: Unless actual activity eventually shows us otherwise through the survey camera images, 
the Task Force presumes this site to be Not REC-1. 
 
Santa Ana Delhi Channel – Upper Newport Bay: 
Mr. Moore asked the group to consider if this location going up from Mesa should be treated as one 
segment.   
Access:  There are virtually no restrictions, making it Full REC-1. 
Channel Conditions:  It isn’t that easy to get into the channel; Limited REC-1. 
Flow Conditions:  It always has water, making it Full REC-1. 
Aesthetic Qualities:  The water is muddy, but has more natural appearing water conditions; Full 
REC-1. 
Adjacent Land Uses:  Newport Bay is close by and it’s park-like; Full REC-1. 
Available Alternative:  There are several alternatives, particularly the beach close by; Limited REC-1 
Summary:  After some discussion on the site, Mr. Moore summarized that everything downstream of 
the bridge is REC-1.  He asked if the definition changes for the other portion going upstream.  It was 
decided that this location currently falls between Full and Limited REC-1, and it would be best to 
wait until we see what the survey photos show about actual activity. 
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Santa Ana Delhi Channel near Mesa Road in Costa Mesa: 
Standing downstream looking at the channel: 
Access Restrictions:   Fenced; Not REC-1 
Channel Conditions:  Vertical walls; Not REC-1 
Flow Conditions:  Less than 6 inches deep as a result of the trash boom; Not REC-1 
Aesthetic Conditions:  Strong odor; Not REC-1 
Adjacent Land Uses:  Golf courses nearby; REC-1 
Available Alternatives:  Not REC-1 
Summary:  With the aesthetic quality of the water, the vertical walls and the fencing; Not REC-1. 
 
Santa Ana Delhi Channel near Sunflower Ave. in Costa Mesa: 
Access Restrictions:  It is an enclosed, fenced channel.  However, though it isn’t easy, a person can 
get in through the street side; Limited REC-1  
Channel Conditions:  Rip-rap and trapezoidal sides; Limited REC-1 
Flow Conditions:  Depth is usually about 6 inches; Full REC-1 
Aesthetic Qualities:  Virtually no algae, no odor; Full REC-1 
Adjacent Land Uses:  Elementary school close by; Full REC-1 
Available Alternatives:  We need to do more research on this. 
Summary:  There was discussion as to the site falling between Full and Limited REC-1, leaning more 
toward Limited.  Again, it is contingent upon seeing if there is actual activity through the survey 
camera images.  It is Limited REC-1 pending review of the photos. 
 
Mill-Cucamonga Creek Above Hellman Avenue: 
Access Restrictions:  Fenced entire length upstream side; Limited REC-1 
Channel Conditions:  Concrete lined, trapezoidal; Limited REC-1 
Flow Conditions: Effluent from IEUA RP1 100% of time; usually 2-3 inches deep; Limited REC-1 
Aesthetic Quality:  Coming from the treated effluent and is very clear water; Full REC-1 
Adjacent Land Uses:  Low density housing currently; Limited REC-1 
Available Alternatives:  Prado Lakes area not far from the location; Limited REC-1 
Summary:  Limited REC-1 
 
Mill-Cucamonga Creek Below Hellman Avenue 
Access Restrictions: No fencing restrictions; Full REC-1 
Channel Conditions: Rip rap; largely natural conditions; Full REC-1 
Flow Conditions: 2-3” depth, pooling at edge of concrete before spreading out; Limited REC-1 
Aesthetic Quality:  Water is clear; Full REC-1 
Adjacent Land Uses:  Dairy nearby; Limited REC-1 
Available Alternatives:  Prado lakes area;  Full REC-1 
Summary:  Full REC-1 location although there have been no images of people in the channel.   
 
Temescal Creek Near Magnolia Avenue in Corona 
Access Restrictions:  Severe; Not REC-1 
Channel Conditions:  Concrete, vertical walls; Not REC-1 
Flow Conditions:  Very little, if any flow; Not REC-1 
Aesthetic Quality: Water good; Full REC-1 
Adjacent Land Uses:  Industrial; Not REC-1 
Available Alternatives:  Prado Basin a couple of miles away or upstream Temescal; Not REC-1 
Summary:  Not REC-1 
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Temescal Creek Near Main Street in Corona 
Access Restrictions:  Fenced, but passable, latter rungs; Undecided. 
Channel Conditions:  Concrete, trapezoidal sides; Not REC-1 
Flow Conditions:  Little flow, but need to recheck the flow since photo was taken; Limited REC-1 
Aesthetic Quality:  Water is clear; Full REC-1 
Adjacent Land Uses:  Commercial to residential; Limited REC-1 
Available Alternatives:  Corona Golf Course; Not REC-1 
Summary:  Limited REC-1 
 
Larry McKenney reminded the group of the required reading that needs to be done before the next 
Task Force meeting. 
 
6.  Adjournment 
 
The meeting adjourned at 2:48 p.m. 
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Nancy Yoshikawa (via teleconference) US EPA 
Dave Woelfel     Santa Ana Regional Water Quality Control Board  
Joanne Schneider     Santa Ana Regional Water Quality Control Board 
Mark Smythe     Santa Ana Regional Water Quality Control Board 
Richard Meyerhoff    CDM 
Dan Bounds     CDM 
Don Schroeder     CDM 
Michelle Colbert    City of Corona 
Gene Estrada     City of Orange 
Rod Cruze     City of Riverside 
Larry McKenney    County of Orange 
Mandy Revell     Inland Empire Waterkeeper 
Dane Jensen      Flow Science 
Ray Hiemstra     Orange County Coastkeeper 
Chandra Johannesson    Orange County Sanitation District 
Greg Woodside    Orange County Water District 
Tim Moore     Risk Sciences 
Jason Uhley     Riverside County Flood Control & WCD 
Tom Rheiner     Riverside County Flood Control & WCD 
Steve Stump     Riverside County Flood Control & WCD 
Matt Yeager     San Bernardino County Flood Control District 
Naresh Varma     San Bernardino County Flood Control District 
Valerie Housel     San Bernardino Municipal Water Department 
Jeff Beehler     Santa Ana Watershed Project Authority 
Mark Norton     Santa Ana Watershed Project Authority 
Rick Whetsel     Santa Ana Watershed Project Authority 
Marie Jauregui     Santa Ana Watershed Project Authority 
 
 

1. Introductions & Opening Comments 
The Stormwater Quality Standards Task Force meeting was called to order at by Larry McKenney at the 
Santa Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the 
participants. 
 
Mr. McKenney asked if there were any budget issues that need to be addressed. The Task Force needs to 
look at what we expect in Phase III. We also need to ask whether we want CDM and Tim Moore to 
assemble something for our review. There are a couple of assumptions that can be made: 1) we need to 
continue on; and 2) the counties are assuming, for the moment, that the level of effort is going to be the 
same as what it has been. If more resources are required for additional work, the first thing would be to 
find more partners. A participant inquired about the possibility of grant funding. Grant applications for 
studies to evaluate or re-evaluate regulations have not been successful. Discussion briefly ensued. 
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Mr. McKenney noted that the Task Force should be looking for grant funding, but we will most likely 
be funding it ourselves. The possibility of looking for other cost sharing partners should be explored. 
The first step here is to determine what the next phase will look like. The budget issues will be left on 
the agenda as a recurring placeholder. Last week, Mr. Moore and CDM discussed the budget and 
concurred that the level of effort would remain the same. Discussion briefly ensued regarding the level 
of effort. 
 
Mr. Moore was asked what tasks he envisions for Phase III. The largest, most costly task would be more 
camera sites. If the process is done for a two to three year period, the entire conceptual model and its 
nuances will be flushed out. There is a need for more locations and pictures across different kinds of 
land uses and to re-validate the conclusion (prove a negative). There will possibly one or two more years 
of camera monitoring. The second task/priority is the recommended REC-1 objectives, which will be 
put in order in Phase III. However, there will be a strong desire to further refine the limited use 
objectives (water quality criteria) for specific circumstances in another year. Mr. Norton inquired 
whether we are seeking to amend the Basin Plan Amendment for the new limited REC-1 this year. Mr. 
Moore commented that our goal is to have it in “camera-ready” format and ready for public comments 
at the end of the Phase II effort.  The third task/priority would be to manage the adoption process. 
 
2. TMDL Update 
Mr. Norton gave a brief update on the Middle Santa Ana River Watershed Pathogen TMDL. It has been 
approved by the Regional Board and is going through review by the State Board.  It will most likely be 
six to eight months before it is approved. At the last meeting, both Mr. Moore and Chris Crompton 
provided the TMDL workgroup with a brief presentation on how coordination and communication 
between the two efforts can be improved in the future. At the TMDL meetings, there have been 
discussions to hold the meetings following the Task Force meetings. The idea is to have some of the key 
players participate in the Middle Santa Ana River Watershed Pathogen TMDL to avoid a duplication of 
efforts and to assist each other. Mr. Moore provided an example of an integration opportunity noting 
that USGS is working on a flow runoff and bacteria model for the TMDL workgroup. The USGS model 
is a large part of what CDM needs to do to accomplish their plans and analyses for other tasks. The 
USGS model may be an opportunity for CDM to save time and avoid a duplication of efforts by picking 
up where USGS left off. Dan Bounds has already spoken with Joe Hevesi/USGS. Mr. Hevesi will be 
providing an in-depth presentation on their model on February 21st at noon at SAWPA before the 
Middle Santa Ana River Watershed Pathogen TMDL meeting. The Task Force is invited to attend the 
meeting. 
 
Joanne Schneider has not heard any definitive information as to the TMDL adoption scheduling. There 
was a brief discussion about the effective date of the TMDL. Ms. Schneider stated that the Regional 
Board’s working assumption is that EPA approval is required prior to the TMDL becoming effective. 
The effective date of the TMDL will have to be confirmed. 
 
3. Update on Technical Tasks 
Richard Meyerhoff gave a brief overview of the EPA criteria research. He briefly discussed the 
scientific basis for recommended EPA water quality objectives. Mr. Meyerhoff gave a background on 
how the numbers in today’s Basin Plan Amendment were derived. There was brief discussion about the 
definition of “swimmer” and EPA numbers. The background illness rate for all studies is around 12 to 
15 per 1000. A “high risk of ingestion” is part of EPA’s definition in their study. The amount of time for 
a person to be considered a swimmer in the EPA study is ten minutes, an arbitrary number. A common 
assumption that has made its way to EPA documents is that children are more susceptible to illness than 
adults. 
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The 2003 EPA document provides recommendations for secondary contact. Mr. McKenney commented 
that EPA’s definition of secondary contact (non-swimmers) could be people swimming, fully immersed 
in the water, but for less than ten minutes. This is not what the Task Force classifies as REC-2; rather it 
is conceptually similar to limited REC-1. Mr. McKenney wanted to clarify that EPA’s definition of 
secondary contact is not REC-2 under our Basin Plan. Nancy Yoshikawa commented that the EPA 
defines secondary contact as “activities where there is little direct contact with water”. When the EPA is 
talking about secondary contact, they are talking about some contact. When the Task Force is talking 
about REC-2, it means no contact. Discussion briefly ensued.  
 
Mr. Meyerhoff noted that single samples should not be used to make decisions; they should be used as a 
trigger for further analysis. Mr. McKenney stated that beaches are not closed based on the numbers, 
rather, the beaches are posted. 
 
Rod Cruze referred to the 1999 World Health Organization’s Report Annapolis protocol sponsored by 
the EPA. He noted that the source of bacteria has been an on-going debate even within the EPA in terms 
of their stance on sources of bacteria as a contributing factor in setting standards. Discussion briefly 
ensued. Mr. Cruze further noted that attainability was another issue. One of the things that EPA did in 
their early studies was Attainability Studies. Before standards were proposed, EPA did studies to see if 
they were attainable. Mr. McKenney commented that until 1986, when the EPA discussed what was 
attainable, it did not include stormwater and TMDL implementation. These studies would be useful in 
deciding how to set effluent limits for point sources, but applicability beyond that is questionable. 
Attainment today may mean something different. Discussion briefly ensued. Mr. Meyerhoff requested 
that any comments on the EPA standard setting be given to CDM as soon as possible.  
 
Mr. McKenney stated that at the last meeting, there was discussion about another agency doing the same 
task (research into where the numbers came from). A group from EPA and the Regional Boards will 
soon release a CEQA document will be out on nine policy alternatives for public comment. A few of 
them overlap with the Task Force. One issue is “what bacteria indicator to use for freshwater” and 
another is “what risk should be used with REC-1”. Other issues discussed are effluent standards, mixing 
zones, etc. Mr. Woelfel will notify the Task Force of when the CEQA document for public comment is 
out and will provide a copy noting that there is a 30-day period of comment. The Task Force will 
comment on it. There was a brief discussion about the State Board processes and about reducing 
redundancy. A comment was made that the document coming out in February is a draft document and 
can be shaped with our comments. Another comment was made that moving forward, better 
communication needs to occur to avoid duplication of efforts. 
 
With regards to the Recreational Use Survey, nearly 40,000 images have been collected and reviewed to 
date. Because of battery reliability issues, the Cucamonga Creek upstream camera was reprogrammed to 
obtain hourly images rather than 15-minute intervals. There have been discussions about a mid-week 
battery change for the camera at the Temescal Wash location. CDM has been discussing and negotiating 
with the supervisors at the Corona Water Treatment Plant to see if they can change the batteries for us or 
if there is a way to hardwire the camera to the light pole as a power source. Several Santa Ana River 
Mainstem locations have been evaluated for two new survey camera sites. The Santa Ana Delhi has 
collected at or over 10,000 images, Greenfield-Banning has collected over 2,500 images, Cucamonga 
Creek at Hellman upstream has collected 1,000 images and the downstream camera has collected over 
2,300 images, Temescal at Main has collected 500 images, and the re-install at the Corona Plant has 
collected 1,400 images. 
 
Proposed locations for additional cameras where recreation is likely to occur are the Santa Ana River 
Mainstem downstream of Prado Dam in Yorba Linda adjacent to Featherly Regional Park, and 
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Riverside adjacent to Martha McLean Anza Narrows Park. The Featherly Park location is approximately 
one mile east of Gypsum Canyon Road and is a noted area of recreation. The camera can be faced either 
direction, but will most likely be placed facing upstream. There is a bike path on the north side of the 
Santa Ana River that follows up La Palma Avenue to the location and from there it is easy pedestrian 
access. The Martha McLean Park has an expansive view of the Santa Ana River. A potential camera 
mounting site is on the Union Pacific Railroad bridge. The camera will be mounted to the railroad 
bridge. The purpose of installing this camera where it is anticipated to be Full REC-1 is to look at 
seasonal effects. Discussion briefly ensued. 
 
Mr. Bounds provided an evaluation of the sites selected for economic analysis. Temescal Wash at Main 
Street Crossing has a 200-square-mile drainage in Riverside County, with mixed land uses. He noted 
that at Lincoln Avenue, there is an Orange County Coastkeeper water quality monitoring site and flow 
gauges. The second site selected is at the Delphi Channel at University Avenue which has a 20-square-
mile drainage area in Orange County. It is a highly developed urban watershed. The compliance point 
for analysis would be Upper Newport Bay. The last site selected is Chino Creek at Euclid Avenue which 
has a 140-square-mile drainage area in San Bernardino County, with agricultural and residential land 
uses. The compliance point would be upstream of where the Cucamonga Channel comes in through the 
Prado Wetland area. 
 
Mr. Bounds reminded the Task Force that he is talking about compliance at a point of analysis, not 
compliance at every point upstream. A participant inquired whether Mr. Bounds was attempting to do a 
hydraulic analysis. Mr. Bounds noted that for the three locations, a hydraulic component will definitely 
be done. Dry weather conditions, the types of flow, and storm events will also have to be dealt with. A 
participant inquired how compliance strategies and economics would be linked. When it comes time to 
select BMPs and the approaches to achieving compliance, there will be cost numbers that can be 
estimated associated with the BMP selections which is how we make a tie to economics. These options 
will be brought to next month’s meeting. Discussion briefly ensued. 
 
A participant commented that the Temescal Watershed could be complicated by high flow volumes 
from Lake Elsinore. Depending on the fullness of the lake, a half-inch storm could bring water out of 
Lake Elsinore. A participant commented that there is a compliance problem of continuous flow from 
Lake Elsinore every seven to ten years. A participant inquired about the basis for the high flow 
suspension and safety. Mr. Moore and CDM were trying to find a way to easily choose an easily 
regulatable number. Rainfall was supposed to be a surrogate for safe flow levels. However, the 
correlation between the two was not as great as hoped. Events less than a half-inch produced a lot of 
flow, but did not trigger proposed high flow exemptions. The Regional Board is tasked to consider many 
factors simultaneously. The safety factor that we relied on for the high flow suspension without 
dedicated metering equipment is difficult to implement. Discussion briefly ensued regarding 
characterization, section 13241 regulatory factors, cost, economics, and potential benefits. 

 
4. Delphi Discussion – Water Quality Objectives for REC-1 and Limited REC-1 Uses 
Mr. Moore handed out a newspaper clipping titled “Goose dropping pave park in Oakland”, Delphi 
Discussion questions, and a Structuring Water Quality Objectives for Pathogens outline. He wants the 
group to summarize the elements of the two documents from CDM (State regulatory document and 
Criteria Summary document) and begin thinking about which combination of variables is most 
appropriate for each of the conditions of concern. He will produce a summary on where we are on 
criteria for the next meeting. 
 
One of the things we discussed in our attempt to define beneficial uses is that there was some ambiguity. 
Mr. Moore used the example of going from a vertical wall to a trapezoidal channel, noting that there is a 
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significant shift within the Task Force as to whether it is Limited REC-1 or Not REC. The Task Force 
concluded that for things that are on the borderline, they would wait for the data from the cameras to 
decide. Mr. Moore stated that the Task Force needs to start thinking about water quality objectives. He 
noted that there is an enormous amount of flexibility in how objectives are created and implemented; 
thus, we may find that it is not necessary to refine the beneficial use objectives so rigorously.  
 
Mr. Moore briefly discussed the Structuring Water Quality Objectives for Pathogens handout. Direct 
Exposure Variables are what one considers when we look at regulatory compliance. Objectives can be 
either a single sample or multiple samples. The factors that have the greatest influence on the limits or 
objectives are the number of people exposed, the type of exposure, and the risk tolerance. If risk 
tolerance is changed, it has an enormous impact on the final acceptable number of E. coli. In turn, the 
risk tolerance is often governed by other variables (number of people exposed and type of exposure). 
The risk tolerance may be adjusted by frequency and nature of contact. There is a mistaken assumption 
that the 8 per 1000 individual illnesses is individualistically applied; it can be interpreted at a societal 
level. He encouraged the Task Force to think about risk multiplied by exposure, and noted that the 
recognition of children as unique receptors would not change the value. Mr. McKenney inquired 
whether anyone has questioned risk tolerance numbers. CDM used different numbers for risk tolerance 
in their analysis. The idea is to think of the numbers as detection levels for further action rather than 
policy objectives. Confidence levels would be a way to deal with the number of people exposed to the 
risk tolerance number. If sampling is not done on a continuous basis (i.e., once a day), there is a risk that 
sampling may not have occurred when natural exceedances occurred. In other words, how low or how 
high does the number have to be to be reasonably certain that there is a 95% confidence that no 
exceedance occurred during the sample times? Adjusting that factor adjusts the actual threshold of 
compliance. 
 
Indirect Exposure Variables. When there is high flow versus low flow, water quality objectives may 
change. The flow regime is closely tied to the type of exposure in the Direct Exposure Variables. Mr. 
Moore told the Task Force to think of high flow and low flow as swimmable depth and wadable depth, 
respectively. The distinction that Mr. Moore is trying to draw is that in EPA studies, wading is a 
secondary contact type activity and swimming is a primary contact type activity. Enough water depth 
would result in a lot of immersion and a high risk of ingestion. A little bit of water would significantly 
reduce the risk of immersion and ingestion. Flow regime is a different way of expressing the concept of 
type of exposure. A participant inquired whether floods were being equated with rain storms. When 
there is a flood or high flow, it would ideally be deemed unsafe; however, it is nonsensical to instrument 
every creek and channel to determine when a flood occurs. Discussion briefly ensued. Mr. Moore noted 
that rather than seasonal beneficial use definitions, he is proposing seasonal water quality objectives. 
Seasonality is a surrogate to the number of people exposed in the Direct Exposure Variables. It is hard to 
implement a regulation that is based on frequency of exposure. There is a good estimate for the number 
of people at a location during the winter and the summer, or there is a magnitude of difference in 
exposure between winter and summer conditions. Mr. Moore briefly discussed the concept of exposure 
credits noting that it may be more cost effective to earn a credit by controlling low flows rather than 
high flows. He noted that this is an example of the 80-20 rule. You get 80% of the benefit for 20% of the 
funds in the summer. The flipside is that compliance by the books causes 20% of the benefit for 80% of 
the costs. Several months ago, the Task Force said that it was interested in creating a framework which 
would prioritize resources to provide the greatest public health benefit. Mr. Moore reiterated that 
seasonality is a surrogate to the number of people exposed. Discussion briefly ensued.  
 
Source Variables have been accepted in the past as how an objective is expressed or measured. Natural 
background concentration is sometimes expressed as a frequency of exceedance. The second source 
variable, which is not common in California, is the acknowledgement that the original source of 

 5



bacteria may be of non-human nature. Human bacterial sources are treated as being a threat, whereas 
animal bacterial sources are significantly less threatening. EPA studies used total coliform to consider 
risk. From that, EPA used a fraction for fecal coliform which would be a surrogate to human activity. 
Discussion briefly ensued. Today, EPA is not certain that exposure to animal waste is not injurious to 
humans. That fact is also something that may be inferred from the Mission Bay Study. Discussion 
briefly ensued. Mr. Moore posed the question that if a water body is not compliant, and the 
noncompliance is shown to be the natural background, what does that say about the attainability of that 
use. This is a large policy question. Mr. McKenney stated that this is an issue that is going to come up 
when Region 9 proposes their bacterial TMDL because their modeling shows that: 1) they are coming 
up with annual load values; and 2) the loading of bacteria from natural areas in the watershed greatly 
exceeds the standards. Mr. Moore commented that all states’ new TMDL Guidance instructs the 
Regional Boards to account for natural background levels in load allocations. 
 
The first four categories (direct exposure, indirect exposure, source, and sampling) lead to trigger 
variables, which are concentrations that are used for compliance. While multi-sample averages are very 
common, single samples are sometimes used and are triggers to more monitoring. The single sample 
numbers were set up to be protective of Full REC; it may not be appropriate to use single sample 
maximums in a Limited REC situation. A participant inquired whether a group of people recreating in a 
waterbody could make a claim that they were not being protected if the water sampled during the time 
they were exposed exceeded the objectives. Mr. Moore commented that the people can make a claim; 
however, it is unlikely that they would win a challenge. There was a brief discussion about claims. Los 
Angeles’ approach is exceedance frequency, which says how many exceedances will occur in the 
watershed under natural conditions. On an average basis, there are 17 days of exceedance because that is 
the number of wet weather days. Discussion briefly ensued regarding the high-flow suspension and the 
303(d) listing. 
 
Exceedance Variables can be monitoring-type triggers or violation-type triggers. Mr. McKenney feels 
that this is where the Task Force should explore now. If the standards of AB411 are violated, it requires 
that warning signs be posted. It does not necessarily mean that there is impairment. Discussion briefly 
ensued. 
 
Mr. Moore noted that Full REC-1 water quality objective language was promised to the Regional Board 
this year. Although Limited REC-1 water quality objectives were not promised to the Regional Board 
this year, Mr. Moore would like to try to provide them. A participant requested that Mr. Moore provide 
the goals of Phase II at the next meeting. 
 
Mr. Moore commented that the next Delphi Questions are self explanatory. He further commented that 
if there should be a different answer for marine environments. The Delphi questions are due 
electronically by 3 p.m. on February 1st. Comments for the December 16, 2005, meeting notes are due 
the same time the Delphi questions are. 
 
Beginning in February, Limited REC-1 Delphi questions will be discussed. Mr. Moore wanted to know 
whether the Task Force felt that building from scratch and building up to an objective would be more 
effective than modifying actual objectives. Mr. McKenney feels that at least one round of starting from 
scratch would be beneficial because he is concerned about “push-back”.  
 
5. Adjournment 
The next meeting is scheduled for Thursday, February 16, 2006, at 9:30 a.m. to 1:00 p.m. 
 
The meeting adjourned at 1:03 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 

February 16, 2006 
 
Participant     Representing    
Nancy Yoshikawa  (via teleconference) US EPA 
Bill Rice     Santa Ana Regional Water Quality Control Board 
Dave Woelfel     Santa Ana Regional Water Quality Control Board  
Joanne Schneider     Santa Ana Regional Water Quality Control Board 
Richard Meyerhoff    CDM 
Dan Bounds     CDM 
Gene Estrada     City of Orange 
Rod Cruze     City of Riverside 
Larry McKenney    County of Orange 
Susan Paulsen     Flow Science 
Mary Jane Foley    MJF Consulting 
Ray Hiemstra     Orange County Coastkeeper 
Chandra Johannesson    Orange County Sanitation District 
Tim Moore     Risk Sciences 
Steve Stump     Riverside County Flood Control & WCD 
Matt Yeager     San Bernardino County Flood Control District 
Valerie Housel     San Bernardino Municipal Water Department 
Jeff Beehler     Santa Ana Watershed Project Authority 
Mark Norton     Santa Ana Watershed Project Authority 
Marie Jauregui     Santa Ana Watershed Project Authority 
 
 

1. Introductions & Opening Comments 
The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the 
Santa Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the 
participants. 
 
Mr. McKenney announced that the Orange County Coastal Coalition, a broad stakeholder forum that is 
chaired by an Orange County Supervisor, is having a meeting on February 23rd on eco-system 
performance metrics. The Coalition has been working extensively with the Army Corps of Engineers 
trying to facilitate discussions between the Corps and the Office of Management and Budget. Normally, 
the meetings are held on the fourth Thursday of every month. At March’s meeting, the main speaker 
will be Wayne Nastri, EPA Administrator for Region 9. During and after the meeting, it is anticipated 
that there will be an opportunity to discuss the Stormwater Quality Standards Task Force and its 
importance to the EPA. Anyone interested should let Mr. McKenney know so they can be added to the 
e-mail distribution list. The meetings are normally 9 a.m. to 11 a.m. at the Muth Interpretive Center in 
Upper Newport Bay. 
 
Draft meeting notes for the last meeting will be sent out electronically. Any comments should be sent to 
Jeff Beehler by March 1st. Mr. Beehler announced that anyone who plans to attend the HSPF Model 
Demonstration by USGS on February 21st should contact Rick Whetsel.  
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Basin Planning Roundtable 
A representative from each of the Regional Boards along with the State Board and EPA make up the 
Basin Planning Roundtable Group which discusses basin planning issues. They hired a consultant using 
grant funds to look at different issues. Dave Woelfel mentioned that the Basin Planning Roundtable 
Group is looking at nine different policy areas related to new bacterial objectives. The nine different 
areas are: 1) bacterial indicators; 2) level of protection for contact REC (REC-1 risk level); 3) 
calculation of effluent limits; 4) mixing zones; 5) averaging periods; 6) effluent monitoring and 
reporting; 7) analytical methods; 8) compliance schedules and interim requirements; and 9) site-specific 
objectives. The next step for the group is a CEQA scoping meeting, which could be in a couple of 
months. Mr. Woelfel has recommended having a scoping meeting in Southern California as well as 
Northern California. The Basin Planning Roundtable Group also did a review of the epidemiological 
studies, which complements what Richard Meyerhoff has done, and they also did a review of different 
analytical methods. Tim Moore inquired whether the appendices were available electronically so they 
could be posted to the website. Although the Basin Planning Roundtable Group is ready to share the two 
appendices, they are not ready to share the discussions on the policy alternatives because they are draft 
and have not yet been reviewed by the State Board management.  
 
Mr. Woelfel also stated that he does not see the track that the Task Force is on as being inconsistent with 
that of the policy alternatives developed by the Basin Planning Roundtable. Furthermore, different 
Regional Boards have different bacterial standards. The document is a functional equivalent to a CEQA 
document and a scoping meeting will occur within the next few months. Mr. Woelfel stressed that 
because the policy alternatives are draft and pending management review, they cannot be shared. 
 
Mr. McKenney inquired about site-specific objectives, asking whether the product of the Roundtable 
process would be a policy on setting objectives or whether the State Board will set the objectives. Mr. 
Woelfel thinks that it will be a policy on setting site-specific objectives and noted that any 
recommendations are still preliminary. He noted that the State Board is looking at a statewide freshwater 
risk level. An inquiry was made as to whether an envoy from the Task Force could participate in the 
Basin Planning Roundtable Group. Mr. Woelfel noted that the only option for comments is currently at 
the upcoming scoping meeting. He will request that a Southern California scoping meeting be scheduled 
specifically in this watershed. He also noted that the Basin Planning Roundtable Group is aware of the 
Task Force effort. 
 
The State Board may not proceed with all nine policy alternatives. All the alternatives under 
consideration relate to bacteria. The State Board will be looking at issues such as to how to account for 
the possibility of re-growth in the calculation of effluent limits.  
 
The timeline for completion of the nine policy alternatives have been pushed back. EPA may be 
updating their criteria/standards based on the Beach Act and it should be available in the fall. Discussion 
briefly ensued. Mr. McKenney stated that one of the things we are advocating is that EPA put resources 
into epidemiology studies to follow up on the Mission Bay study. Beaches are not limited to marine 
waters, but they are recreational waters where there is very high usage and frequent exceedances of the 
existing objectives. There has been no expression of interest from EPA, and there has been no funds 
appropriated for this study. The worst case scenario is if a policy that is developed is significantly 
different from our efforts. Ms. Schneider commented that the focus of the Basin Planning Roundtable 
Group is to establish objectives for REC-1, whereas, the focus of the Task Force is much broader. The 
statewide effort has potential to impact part of what the Task Force is doing. Mr. McKenney inquired 
whether in the scoping comments the Task Force should suggest the State look at beneficial use 
definitions as well. Discussion briefly ensued. 
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Other Comments 
The “budget issues” item is a placeholder. Mr. Beehler recapped what was discussed at the last Task 
Force meeting regarding Phase III costs. The cost share contributors should have already included in 
their budgets something similar to last year’s budget. The scope for Phase III will be defined based on 
available budget. 
 
2. Delphi Discussion: Water Quality Objectives for REC-1 and Limited REC-1 Uses 
Mr. Moore noted that most of today’s discussion will focus on freshwater because marine water 
discussions may lead to conflict with the Ocean Plan. He commented that he found more unanimity in 
the responses than expected. He was encouraged that the Task Force is closer to consensus than he 
anticipated. Therefore, he will introduce some discussion on Limited REC-1 even though Delphi work 
for Limited REC-1 has not occurred. 
 
Mr. Moore created a matrix (see table below) that depicts the major factors that we need to consider 
when suggesting objectives and how those factors would apply to both Full REC-1 and Limited REC-1. 
Furthermore, Mr. Moore split Full REC-1 into two categories – Full REC-1(A) and Full REC-1(B) and 
wants to keep that idea open to discussion. Mr. Moore defines Full REC-1(A) locations as those where 
recreation is encouraged and Full REC-1(B) as those locations, such as the Mainstem of the Santa Ana 
River, where recreation is discouraged but occurs. The factors that will be discussed are: 1) risk level 
associated with each condition; 2) indicator criteria (E. coli); 3) averaging periods; and 4) source.  The 
table used in discussion can be found attached to these meeting notes. 
 
The group was near unanimity regarding risk level for Full REC-1, stating that it should be 8-10 
illnesses per thousand. The rationale behind the 8-10 illnesses per thousand is that: 1) it was historically 
accepted, which would make regulatory approval easy; 2) there is no substantial evidence to support 
anything that deviates from the 8-10 illnesses per thousand; 3) additional empirical or epidemiological 
studies would be needed to support anything radically different from the 8-10 illnesses per thousand; 
and 4) the epidemiology studies would require high costs. Risk level is distinct from the water quality 
criteria. The 8-10 illnesses per thousand risk level is arbitrary; there was no social policy judgment. 
Rather, the 8-10 illnesses per thousand were derived by back-calculating to measured detectable excess 
illness rates (i.e., above background) from the data available when the risk level was determined. Susan 
Paulsen noted that the 8-10 level was derived from studies done in the late 1940’s/early 1950’s, in areas 
affected by sewage discharges.  She pointed out that POTW treatment at that time was not at the level 
common today and posed the question of whether the data today would represent the same risk level. 
Rod Cruze commented that based on the epidemiological studies, EPA does not have confidence in the 
data above the 8-10 range. EPA is not saying that a higher illness rate is not acceptable; they are saying 
that the data they have to build criteria to support the higher risk rate is not available. Based on the data 
available, EPA ended up with the 8-10 illnesses per thousand, which became the risk tolerance level. 
EPA says that the range can be between 8 and 19; however, the criteria do not support anything greater 
than 10 because of lack of confidence in the data. A significant development activity lies ahead if 
something greater than 10 illnesses per thousand is chosen. Mr. McKenney commented that, in the 
responses to the Delphi questions, nobody stated that the numbers should be re-evaluated based on 
background illness rates, cost of compliance, other activities and risk of injury, etc. Discussion briefly 
ensued. 
 
Mr. Moore suggested that for Full REC-1(B), we might think about using the empirical risk level range 
of 10-14 illnesses per thousand. For Limited REC-1, we might think about two different approaches for 
developing objectives. One is based on a risk level of 14-19/1000; the other is calculating the objectives 
by multiplying by five or ten times the Full REC-1 number. These possible risk levels/objectives for 
Full REC-1(B) and Limited REC-1 are supported by the EPA guidance.  Discussion briefly ensued 
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regarding the 2002 EPA document. The Basin Plan defines REC-2 as no contact. REC-1(B) activities 
have enough people to merit protection at a higher level. The essential difference between REC-1(A) 
and REC-1(B) is the intensity of use. Mr. Moore posed the question of whether the intensity of use 
between the Mainstem and the destination recreation beaches and lakes are equivalent enough to merit 
the same level of protection. Discussion further ensued. Ms. Schneider commented that another way to 
handle the difference between REC-1(A) and REC-1(B) is to change the criteria rather than the risk 
level. EPA identifies different criteria for a given risk level that are based on the intensity of use. It was 
pointed out that, per EPA’s recommended criteria, the upper percentile values change in response to 
varying intensity, not the geometric means. Mr. McKenney commented that two things would come out 
from the division of REC-1 (REC-1(A) and REC-1(B)). One is that it is going to appear as if less 
protection in areas is being proposed, posing environmental justice concerns. The second is that it is 
probably easier to protect water quality in a waterbody where there are fewer engaged in recreation. 
Discussion briefly ensued. 
 
The Santa Ana River is almost meeting the 8 illnesses per thousand risk level and it would be difficult to 
increase that number. Currently, it is not a destination recreation area, like an ocean beach or one of the 
Region’s freshwater lakes (REC-1(A)); however, it could become one in the future. Several states have 
the standards applied at places that are designated as REC-1(A); thus the highest level of protection is 
assigned to those locations. Discussion briefly ensued regarding the distinction between REC-1(A) and 
REC-1(B). 
 
For the indicator criteria, the consensus is that we should rely on E. coli. For discussion purposes, the 
criteria for REC-1(A) could be proposed as a geometric mean, with a single sample maximum (max) 
that would serve as a trigger for further investigation. The use of the single sample max was never 
intended by EPA to be a limit. It was only intended to be a surrogate for the geometric mean, and is a 
cost savings measure. Nancy Yoshikawa commented that the criteria that are adopted do not have to be 
expressed in permits exactly the same way as they are expressed in standards. For example, if the Task 
Force wanted to adopt one of the numbers at the 75th percentile, people would look at that in standard 
listings. However, it may be expressed differently in a permit. Discussion briefly ensued regarding 
AB 411 standards, triggers, and listings. 
 
For REC-1(B), the geometric mean would also be used; however, the single sample max might not be 
included. Mr. Moore commented that a solid monitoring program offers more regulatory flexibility that 
will pay for itself in the long-run. The single sample maximum triggers would be included in the REC-
1(A) objective because you are looking for layers of protection and early indications. Discussion further 
ensued regarding triggers. The difference between the REC-1(A), REC-1(B), and Limited REC-1 is the 
measure of the geometric mean used and the temporal-spatial number of samples you use to calculate 
that mean. 
 
Currently, the Basin Plan REC-1 objectives have a 30-day averaging period. Mr. Moore suggested the 
possibility that the Full REC-1(B) have the five-day rolling average over a 30-day period in the summer 
months and have a seasonal six-month average or annual average for the winter months. Limited REC-1 
objectives might have an annualized averaging period for compliance determination purposes. 
Discussion briefly ensued. POTWs use a 7-day rolling median. There is also 303(d) listing 
considerations. Discussion ensued regarding listings and compliance. 
 
The last major factor that the Delphi questions addressed was how to account for pathogen source. The 
original risk studies were done in lakes that were downstream of treatment plants. Indicator bacteria are 
surrogates for things not being measured. The risk is based on studies performed in areas where there is 
a significant exposure to a source of human pathogens. Mr. Moore posed the question “if you knew that 
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you had the same bacteria levels, and simultaneously knew that the source was not human, would that 
imply the same overall risk?” The suggestion from the Delphi is that the same overall risk would not be 
implied. Therefore, carrying that assumption forward may not be appropriate. The issue is how to 
integrate the knowledge about sources into the adjustment of the water quality criteria. The more 
relevant concern with respect to how the criteria were originally developed and implemented has to do 
with whether the bacteria being measured are from a human source. Mr. McKenney commented that 
human sources have to be considered. As Mission Bay is a waterbody that is chronically exceeding the 
criteria, San Diego fixed its sewage collection system and diverted a lot of urban runoff. A recent 
Mission Bay Study found that: 1) 5% of the bacteria were attributable to human source and 67% were 
attributable to birds; 2) they continue to chronically exceed the standard, and 3) there is no correlation 
with bacteria and illness. Mr. Woelfel commented on the Santa Monica Bay Study. It is a study that 
showed illness was not caused by sewage contamination; rather, illness was caused by proximity to 
storm drains. Discussion briefly ensued regarding other studies. A comment was made that it is 
ridiculous for society to try to set a standard that is not achievable in nature. Discussion briefly ensued 
regarding human sources. 
 
The TMDL model can be used to approach the question of bacterial objectives. The TMDL model has a 
narrative objective and implements these objectives using targets. The targets take the form of the 
indicator response variables. The indicator response variables use things like the various 
bacterial/pathological indicators and some source studies to discuss where bacteria originate. Mr. Moore 
further noted that the Santa Ana River has some human source in it, but when you get down to the 
tributary, there should be no human sources unless there are septic leaks. If you want to be able to adjust 
for different factors in many combinations, the most expedient way to do so is using a narrative 
objective. If that is the way the group wants to go, at the next meeting, we will try to write narrative 
objectives along with the associated targets. He inquired about which implementation strategy the group 
thinks is the best in moving resources to where they would do the most good. Ms. Schneider commented 
that while looking at the Delphi responses, she was struck by the suggestion of a narrative objective and 
use of the E. coli criteria as triggers or benchmarks; if these benchmarks were exceeded then further 
investigation to identify the causes would be initiated.  Appropriate actions could be taken to assure that 
the narrative pathogen objective is met and public health and beneficial uses are protected. Given the 
underlying scientific uncertainty about bacteria indicator levels and health risk (as described in the CDM 
Technical Memorandum), it is important to have a narrative objective in place that addresses pathogens. 
She further commented that no matter what is ultimately done, a narrative objective should be there and 
the group should proceed in developing one. The narrative objective would assist the Regional Board in 
its triennial review commitment to include language that bridges the analytical gap between the bacterial 
objectives in the Basin Plan and the imposition of more stringent coliform limitations in POTW 
discharge permits. 
 
Ms. Yoshikawa was asked whether the approach of not adopting the national criteria as objectives, but 
rather employing them as triggers or targets would be acceptable to the Region 9 EPA. She responded 
that adopting a narrative objective apart from the numeric indicator criteria is fine, but not adopting the 
numeric criteria will be very problematic for EPA. The states are required to adopt numeric criteria 
based on EPA’s national criteria recommendations. Having just a narrative objective and no other 
adopted criteria will not suffice. Ms. Schneider commented that the narrative objective would be 
accompanied in the Basin Plan by specific implementation language that will describe explicitly how the 
indicator criteria will be utilized as triggers for further investigation and corrective action, where 
appropriate. The numeric targets would essentially be translations of the narrative objective. If the Basin 
Plan specifies a narrative objective and numeric targets which are translations of the narrative objective, 
then they work as toxicity does in the Basin Plan. Ms. Schneider clarified that the Task Force would not 
recommend that the Board consider a narrative objective and ignore for the time being the national 

 5



criteria. What we would be contemplating is a narrative objective complemented by numeric targets 
based on the national criteria. Discussion briefly ensued regarding targets and water quality standards. 
Ms. Yoshikawa stated that EPA regulations require that numeric criteria be in place when feasible. She 
indicated that use of the national criteria in implementation procedures rather than as standards would 
not likely be approved by EPA.  Ms. Schneider then asked whether an alternative approach would be 
approvable, namely, an objective that includes both the narrative language and numeric targets based on 
the national criteria.  This would be coupled with specific implementation language that would outline 
the steps that would be used to implement the targets and thereby the narrative objective. The national 
criteria would not be ignored. They would be applied in a different manner (much more protective of 
human health) than what is typically contemplated. Ms Yoshikawa indicated that this approach would 
probably be approvable. Mr. McKenney noted that Ms. Schneider’s approach is an approach that Maria 
Rea told the group to take. Mr. Moore noted that EPA only accepts narratives when an implementation 
procedure has been specified to go with it. Adopting the national criteria as a standard or part of a 
standard is key in satisfying EPA requirements. Discussion briefly ensued. 
 
Mr. Moore would like to draft a straw-man narrative objective and a factor table for Delphi reaction. He 
wants be sure of the elements that should be expressed and included in narrative objectives. 
He suggested that elements that should be expressed in the narrative: 

 What are we trying to achieve (human health protection, minimization of risk, etc.)? 
 Source. 
 Risk levels. 
 Protective language. 
 Controllable water quality factors (included in Basin Plan). 
 Idea that protection levels should increase as the level of exposure increases. 
 Prioritize source control efforts to areas of greatest exposure. 
 Make narrative objective as simple as possible (go to Basin Plan and borrow language). 
 Reduce, minimize or eliminate (discharge) human sources of pathogens. 
 Keep narrative objective language as simple and straight-forward as possible. 
 Inclusion of exceedance frequency of natural background levels. 
 Is there a definitional piece based on monitoring? 

 
Mr. Moore requested direction on what the group wants to do with marine objectives. The Regional 
Board went through a considerable effort in 1996 to abandon their recreational objectives for ocean 
water in favor of reliance on the State Board Ocean Plan. Are we prepared to re-evaluate the ocean 
objectives? There are Beach Act objectives and Ocean Plan objectives in place that the group needs to 
keep in mind. Discussion briefly ensued regarding the Ocean Plan. It was the consensus of the group to 
not do anything with the marine objectives. 
 
3. Update on Technical Tasks 
The cameras have taken a total of 50,000 images so far, and very little contact recreation has been 
observed. Mr. Bounds showed two images that depicted contact recreation. One was at the Cucamonga 
Creek Channel downstream and at the other was in the Santa Ana Delhi Channel at Sunflower Crossing. 
In the Cucamonga Creek Channel downstream image, Mr. Bounds was asked to look at the image 
before and the image after water contact to see if the other object visible in the picture is present or 
whether it was floating by. In the Santa Ana Delhi Channel at Sunflower Crossing image, there is a boy 
in the channel. Mr. Bounds classified the image as ankle-deep; however, since the boy is on a rock and 
not in the water, the image will be re-classified as Not REC.  
 
Images taken to date are: Cucamonga Creek upstream, 1,400; Cucamonga Creek downstream, 4,100; 
Temescal Wash, 3,000; Santa Ana Delhi Channel at Mesa, 13,100; Santa Ana Delhi Channel at Bay, 
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11,900; Santa Ana Delhi at Sunflower, 12,800; and Greenville-Banning, 2,900. Mr. Moore suggested 
moving the Santa Ana Delhi cameras before the next swimming season begins because there is a good 
year of pictures at the three locations. Furthermore, the Greenville-Banning camera has generally 
outlived it usefulness; however, images for summer months are not solid. Mr. McKenney agreed and 
would like to see some of the images from the Greenville-Banning Channel. From that location, we see 
the bike paths on the side, and people on the bike path have been observed. Mr. Bounds provided the 
group with a chart that showed the dates of operation for each of the cameras. There was a brief 
discussion on whether it is worth reinstalling a camera at the Greenville-Banning location. 
 
Mr. Moore will e-mail a list of proposed camera locations to the group and provide it at the next 
meeting. Mr. Bounds will bring images of Greenville-Banning to the next meeting. 
 
Mr. Bounds noted that the Cucamonga Creek upstream camera was reprogrammed to obtain hourly 
images rather than at 15-minute intervals because of the battery issue. Unfortunately, there has been no 
improvement. The Greenville-Banning camera started to act up, and it stopped working completely. The 
camera is under warranty and can be replaced. In addition, CDM’s FTP server malfunctioned and a 
number of images were lost. The issue was resolved. At the Temescal Wash location, CDM was 
discussing with the Corona Wastewater Treatment Plant staff about doing a battery change once a week. 
There was discussion about the possibility of installing solar cells at the Temescal Wash location. It can 
be done at this location because it is a secure location. Mr. Bounds provided an update for the 
proposed/additional camera locations. The permit approval process is complete and final approval is 
underway for Featherly Regional Park. The permit will have to be placed on the Yorba Linda Water 
District Board agenda for approval.  
 
Mr. Bounds provided an update on the economic analysis noting that CDM has developed a tool for 
internally following localized in-stream analysis, which is based on historical actual flow data. They 
then simulated in-stream bacteria counts based on the actual bacteria sampling performed for fecal 
coliform. Also developed into the tool is a set of user-friendly controls. The tool allows CDM to 
produce annual simulations based on daily time steps. He provided a probability distribution function of 
fecal coliform data based on the Santa Ana Delhi Channel. Discussion briefly ensued. Mr. Bounds asked 
Mr. Beehler to poll the group regarding data for this effort via e-mail. Mr. McKenney suggested asking 
the State Board about what has been achieved with the money that has been granted for the beach issue. 
Mr. Bounds listed CDM’s next steps with regards to the economic analysis report. 
 
4. TMDL Update 
USGS will be providing an HSPF model demonstration on February 21, 2006, at noon. HSPF is a runoff 
model. The Middle Santa Ana River TMDL meeting will follow the Stormwater meeting. A 
Recreational Use Survey has been completed in the Middle Santa Ana River TMDL.  
 
5. Adjournment 
The next meeting is scheduled for Thursday, March 2, 2006, from 9:30 a.m. to 1:00 p.m. 
 
The meeting adjourned at 12:55 p.m. 
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Dave Woelfel     Santa Ana Regional Water Quality Control Board  
Joanne Schneider     Santa Ana Regional Water Quality Control Board 
Dan Bounds     CDM 
Richard Meyerhoff    CDM 
Michelle Colbert    City of Corona 
Jessica Chin     City of Riverside 
Rod Cruze     City of Riverside 
Chris Crompton    County of Orange 
Jayne Joy     EMWD 
Susan Paulsen     Flow Science 
Mandy Revell     Inland Empire WaterKeeper 
Mary Jane Foley    MJF Consulting 
Chandra Johannesson    Orange County Sanitation District 
Tim Moore     Risk Sciences 
Jason Uhley     Riverside County Flood Control & WCD 
Matt Yeager     San Bernardino County Flood Control District 
Naresh Varma     San Bernardino County Flood Control District 
Valerie Housel     San Bernardino Municipal Water Department 
Sat Tamaribuchi    The Irvine Company 
Jeff Beehler     Santa Ana Watershed Project Authority 
Mark Norton     Santa Ana Watershed Project Authority 
Poornima Muraligopal    Santa Ana Watershed Project Authority 
Marie Jauregui     Santa Ana Watershed Project Authority 
 
 

1. Introductions & Opening Comments 
The Stormwater Quality Standards Task Force meeting was called to order by Jeff Beehler at the Santa 
Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by the 
participants. 
 
Basin Planning Roundtable Group Update 
There is nothing new to report. 
 
Web-page Update 
Mr. Beehler commented that the Review of Epidemiological Studies and the Analytical Methods and 
Monitoring Summary from the Basin Planning Roundtable Group have been posted on the SAWPA 
website.  Also posted on the website are the agendas, meeting notes, and CDM technical updates. 
 
Summary of Technical Tasks: Pending and Completed 
Dan Bounds noted that final comments are being wrapped up on the EPA criteria memo.  The 
recreational camera survey is continuing, and there are two proposed new camera locations.  He noted 
that there are some preliminary results from the economic analysis, which he will have at next meeting.  
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He also noted that a couple of tasks have not been started because CDM requires direction from the 
Task Force.  As the memos become final, they will be posted on the website. 
 
2. Summary of Consensus Conclusions to Date 
Deferred to the next meeting. 
 
3. Delphi Discussion of Water Quality Objectives for Bacteria 
Tim Moore handed out a Draft Text for Narrative Pathogen Objectives and gave a brief background on 
the narrative objectives.  He “cut and pasted” examples from the current Santa Ana River Basin Plan, 
noting that the italicized text is the actual objective and the plain text is the narrative that leads up to the 
objective.   
 
He pointed out that the algae narrative objective has been driving the nutrient TMDLs.  Therefore, it 
causes us to choose nutrient targets which are dramatically lower than the current numeric water quality 
objectives for nitrogen and phosphorus.  The algae narrative objective implicitly recognizes that some 
algal growth is natural, and the concern is with excess algal growth.  The objective isolates waste 
discharges; thus, it is intentionally excluding of natural background.  He noted that this approach is what 
we want to use with respect to pathogens as well.  He then pointed out the sulfide narrative objective 
noting that it also implicitly recognizes that some sulfides are natural; and the objective does not 
prohibit sulfides, it prohibits increases in sulfides from “controllable water quality factors”.  The level 
that is considered to be adversely affecting beneficial uses is determined on a case-by-case basis. 
 
He briefly discussed the hybrid objectives with narrative and numeric components; and provided 
turbidity, temperature, and radioactivity as examples from the current Santa Ana River Basin Plan.  
Turbidity objectives regulate not only on total turbidity, but also whether turbidity is increased over and 
above the natural background.  The turbidity example goes from a pure narrative to a percent increase 
hybrid-numeric adjustment.  Turbidity represents all the alternatives at once in a single objective.  
Temperature objectives also start off as a narrative.  This objective is a hybrid because it states that 
waterbodies designated as COLD should not be 5 degrees Fahrenheit higher than the receiving water.  
For the waterbodies designated as WARM, the temperature should not go above 90 degrees Fahrenheit 
from June through October and 78 degrees Fahrenheit the rest of the year.  Furthermore, the temperature 
of the lakes should not be 4 degrees Fahrenheit higher than that of the established normal values.  
 
The current bacteria objective does not have any narrative elements; it goes directly to numeric-style 
objectives.  The objectives expressed are total and fecal coliform.  If the Task Force wants to address 
pathogen objectives, the bacteria-coliform objective needs to be changed.  There are numerous 
pathogens that are not necessarily correlated to coliform or E. coli or enterococci.  Mr. Moore recalled 
the discussion from the last meeting about the need to develop water quality objectives.  From the 
discussion, it became apparent that the Task Force wanted flexibility to tailor the water quality 
objectives to different circumstances.  At a minimum, we would want to be able to distinguish between 
Full REC-1, Limited REC-1, REC-2, and Not REC.  He noted that it is becoming increasingly evident 
that even in the broad categories, it is likely that flexibility regarding when and how objectives are 
applied will be wanted.  He noted, as an example, that the Santa Ana Mainstem during the summer 
months is Full REC-1; however, its status during the winter months is less clear.  He further noted that it 
may be appropriate to develop seasonal objectives where a waterbody is Full REC-1 during one part of 
the year and Limited REC-1 during the other part of the year.  As the factors become more complex, the 
objectives matrix becomes more complex.  The Task Force’s conclusion from the last meeting was to 
try it out as a narrative recognizing that an implementation procedure in the Basin Plan needs to 
accompany the narrative objective to explain to EPA precisely how attainment and compliance with the 
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objective will be assessed.  He provided examples, noting that in the end, numeric translations of the 
narrative objectives will be needed.   
 
Mr. Moore pointed out that the draft objective he wrote is only for fresh water, noting that marine water 
in the Basin Plan is separated.  He reiterated the list from the last meeting of what the Task Force 
wanted included in the narrative.  He also used the same style the Regional Board used with regards to 
the Basin Plan – preamble then objective (in italics).  He used how the previous objectives were done as 
his working model.  He then discussed each sentence of the narrative.   
 
Sentence 1 identifies more than just bacteria as pathogens and acknowledges that some of these things 
occur naturally.  Joanne Schneider suggested adding to the end of the first sentence “and may be present 
in waste discharges.” 
 
Sentence 2 shows language taken from different narrative objectives that are in the Basin Plan.  It 
distinguishes that human pathogen sources are particularly risky, and they adversely affects the 
beneficial uses.  “Prolonged contact” is basically the same definition that EPA uses in their studies, 
which is ten minutes.  He acknowledges that although ten minutes is what EPA used in their study, it 
does not mean that it is EPA’s definition/criteria.  “Prolonged contact” is a placeholder used to 
distinguish the intensity of contact.  There was a suggestion to change “contact” to “ingestion”.  EPA’s 
criteria address ingestion and gastrointestinal illness.  There was a suggestion to include more language 
about EPA’s criteria.  The ingestion language appears in the current beneficial use definition; thus, it 
should be carried through.  A comment was made that we are trying to establish a narrative objective 
that recognizes that pathogen indicators are not necessarily representative of the full world of pathogens 
that may affect public health.  Mr. Moore commented that we have acknowledged that there are 
pathogens in the environment; we are concerned about incremental increases in pathogens from human 
activities.  We have distinguished that the intensity of use matters; and that pathogens are something we 
want to avoid.   
 
Ms. Schneider suggested replacing the second sentence with “Some of these microorganisms are 
pathogenic, that is, they may cause illness in people who drink the water or recreate in it.  It is the 
Regional Board’s policy to protect municipal and recreational beneficial uses by minimizing the risk of 
illness and disease as a result of controllable pathogen concentrations.”  A participant commented that 
“illness and disease” should be used rather than “infection”.  After a brief discussion, it was suggested to 
change the second sentence to read “This pathogen objective is established to minimize…”  There was a 
brief discussion about “infectious dose”.  A comment was made that “infectious dose” is too clinical a 
term to use in the draft.  A suggestion was made to check the definition of “infectious” because it is a 
medical term, and the Office of Administrative Law (OAL) may want “infectious dose” defined.  A 
comment was made that “dose” is an entirely different epidemiological parameter.  There is a different 
set of indicator pathogens that cause skin problems as opposed to those that cause ingestion problems.  
Ms. Schneider commented that “we are trying to write is recognizing that science, over time, will catch 
up with the problem that the current criteria focuses solely on gastrointestinal illness and are not 
addressing things that are skin related.  We are trying to write a narrative pathogen objective that will 
enable the Regional Board to say, ‘thou shall not discharge pathogens at levels that cause risk of illness, 
and thereby adversely affect municipal supply or recreational beneficial uses’.”  Given the current stage 
of science, we could use E. coli as implementation triggers or surrogates.  Mr. Moore added “…at levels 
or conditions with that cause…” to Ms. Schneider’s addition.  He commented that it is a 
concentration/exposure matrix.  A participant commented that we need to keep in mind that we are not 
proposing to regulate away all risk; we are actually adopting a standard that is going to allow for a 
certain risk.  Discussion briefly ensued. 
 



 4

Sentence 3 states what we are trying to do in the Basin Plan. 
 
Sentence 4 is an attempt on how to characterize why measuring pathogens directly is not done.  Direct 
measurement is too hard and slow to be useful; there is no standard for it.  There was a suggestion to 
borrow language from EPA’s guidance document.  A comment was made that there are no approved 
methods and there are no standards.  A participant commented that “microorganisms” is too 
expansive/broad.  If “microorganisms” in the draft refer to pathogens, it should be changed from 
“microorganisms” to “pathogens”.  A question was asked whether fungi should be on the list.  Some 
pathogens and bacteria are beneficial.  There was a suggestion to keep the language consistent.  Mr. 
Moore was deliberately not trying to use the same terminology/words.  He stated that using the same 
words over and over again would not help define the term; different words help clarify the definition.  A 
comment was made that with every new word added, a new potential definition is also added.  When 
Mr. Moore was writing the draft, he was thinking about the flexibility we are trying to give to the 
Regional Board.  He used the concept of ingestion as an example.  Although the term “ingestion” is not 
used, it is implied in the idea of “prolonged contact infection”.  If the Regional Board saw a location that 
they believed was not likely to develop in prolonged contact and/or infection (consequence of 
ingestion), that would be the basis for an adjustment to the translator at that location.  Discussion briefly 
ensued.  Mr. Moore commented that beneficial use means to prevent illness and disease. 
  
Sentence 5 clarifies that E. coli concentrations are surrogates, not direct indicators of pathogens.  E. coli 
was the only one used as a surrogate because the draft only addresses fresh water.  There was a concern 
about the phrase “acceptably low levels”.  Mr. Moore was concerned that minimization would imply an 
on-going obligation to reduce the level of pathogens further.  A suggestion was made to change 
“acceptable” to “protective”.  Mr. Moore commented that the point was to allow the debate to occur so 
the Regional Board has flexibility.  Discussion briefly ensued and the Draft Text for Narrative Pathogen 
Objective revision #1 was handed out. 
 
Mr. Moore noted that the first element that we are concerned with is that pathogens and bacteria occur 
naturally in the environment.  Since they occur naturally, we need to figure out the class of bacteria we 
are considering.  There was a comment to remove the phrase “infectious dose” because it is too much of 
a medical term.  There was consensus to remove “to an infectious dose” in the second sentence of 
revision #1, and have the sentence end with “exposed persons”.  Mr. Moore commented that a qualifier 
of the nature of the exposure is missing.  A suggestion was made to add “i.e., prolonged contact and 
exposed contact” as the qualifier.  Ms. Schneider stated that the attempt is to keep the narrative as 
simple as possible; noting that the implementation plan could be used to get into the issues of level of 
exposure, etc.  She also feels that a basic narrative will need to be included as part of the introduction to 
the implementation plan.  Furthermore, she is inclined to leave “exposed” as it is in revision #1 and use 
the implementation language to further elaborate.  A comment was made that there is a disconnect 
between the first and third sentence in revision #1.  There was a suggestion to switch the two sentences.  
Another participant suggested beginning the narrative with a definition of pathogens.  There was a 
suggestion to italicize the new first sentence.  Ms. Schneider commented that she feels that the last 
sentence does not reflect the group’s discussion.  A print-out of revision #2 to the narrative was handed 
out. 
 
Mr. Moore made changes to revision #2 and printed it out for the group.  He noted that revision #3 is the 
latest version, and next month’s discussion will continue from revision #3.  Therefore, edits to the 
narrative should be made to revision #3.   
 
Mr. Moore discussed the objective (i.e., italicized paragraph).  He wanted to identify where phrases 
were pulled from in relation to the other narratives. 
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Sentence 1 of the objective focused on waste discharges rather than natural background runoff 
conditions.  The objective is not intended to deal with natural runoff.  The “excessive risk of infection” 
is incremental.  “Pathogenic to human beings” implies that there are bacteria that are not bad for 
humans.  A comment was made that infection is not the same as illness. 
 
Sentence 2 ties the objective section with the implementation section, but gives it obligatory language.  
Whatever is called out in the implementation section is the basis of compliance.  There was a question 
as to the difference between this approach and that of the turbidity objective.  Mr. Moore noted that 
unlike turbidity, we expect there be a broader combination of circumstances/conditions and 
concentrations. 
 
One of the purposes of the Task Force is to close the regulatory gap on how permit limits are done on 
POTWs for bacteria.  Sentence 3 addresses that particular issue.  A suggestion was made to have the 
Department of Health Services (DHS) present for discussion purposes.  There was a brief discussion 
regarding Title 22.  Ms. Schneider’s discussion concept was to not have a specific reference to Title 22 
due to potential issues.  Her thought was if we have a narrative pathogen objective, we have a basis, 
perhaps not satisfactory to POTWs, for justifying the application of more stringent standards on the 
basis that they have a high potential for human pathogens.  She suggested revising the word “reclaimed” 
to “recycled”, and revising the word “described” to “recommended”.  Discussion further ensued 
regarding Title 22.   
 
Mr. Moore commented that it makes sense to delete the reference to Title 22, and is working under the 
assumption that the current objective for discharge will not be changed as a result of the Task Force’s 
efforts.  Discussion further ensued.  Ms. Schneider suggested dropping the last sentence.  Perhaps there 
could be a special section for implementation of pathogen objectives relative to POTWs.  Mr. Moore 
stated that there are two ways to look at this issue.  One is, scientifically and the Regional Board does 
not have any intention to open a debate this morning.  Ms. Schneider reiterated that she wanted to bridge 
an analytical gap so that the Regional Board is not subject to litigation on the basis that we have REC-1 
objectives on one level and yet POTWs are on a more strict level.  It is important to have a pathogen 
objective that assists us in resolving the POTW issue, and in a broader sense, with the definition of 
recreation-related objectives.  Discussion further ensued.  The last sentence will be taken out of the 
objective section and placed in the implementation section. 
 
Delphi Questions 
Mr. Moore handed out the next round of Delphi questions for Limited REC-1.  The Delphi Questions 
are written to address fecal coliform, but we will be moving to an E. coli objective.  The responses are 
due March 22, 2006.  
 
Other 
The meeting notes from February will be sent out electronically, and the deadline for comments is 
March 22, 2006.  Mr. Beehler requested that the date that Wayne Nastri from EPA will be speaking be 
sent to him so he can forward it on to those interested.   
 
4. Technical Task Update 
Survey Status Update 
Dan Bounds reviewed the performance of all the cameras.  Although the Cucamonga Creek upstream 
camera was reprogrammed to hourly operation due to battery issues, its performance has not improved.  
At the last meeting, the Greenville-Banning Channel camera stopped working, and CDM was asked to 
bring images from the Greenville-Banning site to determine whether to relocate the camera.  The power 



 6

issues remain at the Temescal Wash camera.  CDM is going to obtain a solar cell to see if that will give 
the camera a continuous power source.  He discussed the status of the two proposed camera locations. 
 
All the equipment and necessary service for the two proposed camera locations is ready.  CDM is 
waiting on approval from the respective agencies.  On March 9, 2006, the Yorba Linda Water District 
Board will review the permit approval process.  The second camera’s new proposed location is on a 
Rubidoux Community Services District (RCSD) station.  Mr. Bounds described the station.  He also 
provided photos of the RCSD station and what the camera would see from the proposed site.  CDM has 
initiated communications with RCSD.  There were suggestions to place the camera as high as possible, 
perhaps on the antennae.  There was also some vegetation in front of the fence surrounding the potential 
camera site.  If the vegetation is Arundo, it will soon grow to block views of the River.  CDM will 
investigate.   
 
Mr. Bounds noted that there was recent activity observed at the Temescal Channel.  Three individuals 
were observed passing through; however, there was no water contact.  At the last meeting, Mr. Bounds 
showed an image of a man standing in the water at the Cucamonga Creek downstream camera view, and 
there were questions regarding the object in the picture.  The man was observed in another image on 
February 22, 2006.  The object in question belongs to the man because both are not in the image before 
or the image after.  That means that the man in the image is only there for approximately 15 minutes.  
CDM has logged the image under recreation, unless other information becomes available. 
 
Mr. Bounds displayed images of the Greenville-Banning Channel.  No activity in the water has been 
observed; however, people have been observed on the bike path adjacent to the channel.  He wanted to 
see if the images would help the Task Force determine whether to relocate the camera.  
 
Economic Analysis Update 
The Economic Analysis has confirmed in all three analysis sites that there is no correlation between 
flow and bacteria counts.  Mr. Bounds developed a table that outlines the control strategies (control 
options, effect, and site applicability). Dry Weather Sanitary Diversion, Stormwater Treatment System, 
Infiltration, and Wetland Treatment are the control options that Mr. Bounds developed for the analysis.  
Infiltration and Wetland Treatment would only work at the Chino Creek location, whereas the Dry 
Weather Sanitary Diversion and the Stormwater Treatment System would work at all locations. There 
was a question as to why the Wetland Treatment is not good enough for compliance. Mr. Bounds 
commented that this has not been proven yet. CDM will take the Monte Carlo simulations for the data, 
apply the control measures, and produce a curve similar to that of the flow analysis.  At the next 
meeting, Mr. Bounds will provide a cost for each control option and develop a source control program 
within the analysis.  It was noted that the economic analysis was not a cost-benefit analysis.  CDM’s 
analysis addressed the cost to achieve current standards.  Discussion briefly ensued. 
 
A suggestion was made that projects that were successful in the 13241 process could be used as a 
model.  Extensive analysis was done for the Santa Ana River in the Use Attainability Analysis (UAA).  
Georgia also has an example of a successful 13241.  The demonstrations are logically similar, and 
Boston is close to being successful.  A comment was made that the Nitrogen/TDS objectives were 
subjected to the 13241 process.  Discussion further ensued. 
 
Video Camera Locations 
A list of the video camera locations was handed out.  The cameras at the Santa Ana River Reach 2 and 3 
are not operational yet, and will stay on the list until next year.  The Greenville-Banning Channel 
camera is not operational, and Mr. Moore would like to know whether the Task Force would like the 
camera moved or repaired.  It was suggested that the Task Force start looking at other channels that are 
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not so extreme (i.e., vertical wall or chain-link fence).  Perhaps the Task Force would be better off 
placing the cameras at similar locations to affirm what we logically believed to be true.  A comment was 
made to be careful to not vary more than one variable at a time.  The question of whether more valuable 
information can be obtained elsewhere. 
 
The issue with the Greenville-Banning Channel camera is that it was not working well during the peak 
summer season.  A comment was made that the Greenville-Banning Channel images represent the most 
extreme end, and for scientific integrity, the camera should be left at the location for the summer 
months.   
 
Mr. Moore stressed that the potential camera sites are not recommendations.  Huntington Beach is on 
the potential list because CDM is making a model.  In order to have a complete model, they must 
consider conditions from one extreme to another.  A comment was made that the State may have 
information on the number of people that visit the beach.  The handout will be discussed at the next 
meeting and CDM will bring recommendations to the group. 
 
5. TMDL Update 
No update provided. 
 
6. Adjourn 
The next meeting is scheduled for Thursday, April 20, 2006, from 9:30 a.m. to 1:00 p.m. 
 
The meeting adjourned at 12:59 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
April 20, 2006 

 
Participant Representing    
Nancy Yoshikawa (via teleconference) US EPA 
Bill Rice Santa Ana Regional Water Quality Control Board 
Dave Woelfel Santa Ana Regional Water Quality Control Board 
Joanne Schneider  Santa Ana Regional Water Quality Control Board 
Dan Bounds CDM 
Don Schroeder CDM 
Richard Meyerhoff CDM 
Steven Wolosoff CDM 
Rod Cruze City of Riverside 
Chris Crompton County of Orange 
Larry McKenney County of Orange 
Susan Paulsen Flow Science 
Mandy Revell Inland Empire WaterKeeper 
Chandra Johannesson Orange County Sanitation District 
Tim Moore Risk Sciences 
Jason Uhley Riverside County Flood Control & WCD 
Linda Garcia Riverside County Flood Control & WCD 
Tom Rheiner Riverside County Flood Control & WCD 
Matt Yeager San Bernardino County Flood Control District 
Naresh Varma San Bernardino County Flood Control District 
Valerie Housel San Bernardino Municipal Water Department 
Stacey Aldstadt San Bernardino Municipal Water Department 
Jeff Beehler Santa Ana Watershed Project Authority 
Mark Norton Santa Ana Watershed Project Authority 
Marie Jauregui Santa Ana Watershed Project Authority 
 
1. Introductions & Opening Comments 
The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the 
Santa Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by the 
participants. 
 
Basin Planning Roundtable Group Update 
No update provided. 
 
Summary of Technical Tasks: Pending and Completed 
Dan Bounds provided an update of the technical task completion progress.   
 

Work Plan Task Status 
1.1, 2.1, 2.5, 4 Ongoing 
1.2, 1.3, 2.2, 2.3 Complete 
2.4 Initiated 
3 Not Started 
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2. Budget and Scope of Work for Phase III 
Jeff Beehler wanted to keep this item as a placeholder to remind stakeholders to include approximately the 
same budget for this year’s effort as last year’s budget.  A general scope of work for Phase III was 
distributed.  Tim Moore stated that their Task Order for Phase II is scheduled to end in July 2006.  By that 
time, a draft Basin Plan Amendment (BPA) needs to be complete and be ready for submission to the 
Regional Board.  CDM and Risk Sciences are on track with a draft BPA.  There is a great deal of additional 
work that needs to be completed after the draft BPA is completed.  Mr. Moore stated that it is their hope 
that by the end of 2006, or early 2007, the Regional Board will be acting on a BPA.  It was noted that if the 
Task Force is going to undertake BPAs, external peer reviews are required per the Health and Safety Code. 
 
Mr. Moore discussed a list of the Potential BP amendments.  He pointed out number 11 (modify coliform 
objectives related to MUN protection) on the list of potential amendments, stating that the Santa Ana River 
and many tributaries are exempt from MUN.  He reminded the Task Force that the coliform objective for 
MUN predates the Surface Water Treatment Rule. 
 
Mr. Moore also discussed the items on the BPA Process list.  He noted that number 1 on the task list, 
develop draft BPA(s), will be completed by July 2006, and numbers 2-13 are steps that will be part of Phase 
III.  He further noted that the majority of the processes are the responsibility of the Regional Board staff.  
He pointed out, however, that he believed that it is the Regional Board’s expectation that the Task Force 
will assist the Regional Board where possible with the documents.  Ms. Schneider confirmed that this is the 
case. A participant inquired whether drafts of all of the Potential BPAs listed would be completed by July 
2006.  It was noted that the Task Force will try to complete all the items listed; however, number 9 (modify 
monitoring requirements in the implementation section of the Basin Plan) is unclear, and number 11 
(modify coliform objectives related to MUN protection) will not be completed.  A participant commented 
that it makes sense to complete the process as a whole.  It was noted that number 7, establish Enterococci 
objective for REC-1 in marine waters (ocean beaches), requires the Regional Board staffs’ time; it is not a 
Task Force task.  Joanne Schneider commented that the Regional Board amended the Basin Plan to delete 
their own ocean water bacteria objectives so they could rely on the Ocean Plan.  She recommends the Task 
Force take the same approach.  A brief discussion ensued regarding removing number 7 from the list.  Mr. 
McKenney commented that perhaps number 7, which does not include bays, should be included for 
uniformity issues, to ensure that there is no conflict with the other recommendations of the Task Force for 
changes to beneficial use definitions and objectives. Discussion briefly ensued regarding the Ocean Plan. 
 
Although the BPA Process is mostly linear, it was noted that numbers 2-9 will be a minimum of six months 
due to public comment periods, hearings, responses, peer reviews, etc.  A participant inquired how number 
11 on the list of Potential BPAs, modify coliform objectives related to MUN protection, fits in with the 
Canyon Lake Pathogen TMDL.  Ms. Schneider stated that she will discuss that issue with Hope Smythe.  It 
was noted that number 13 on the Basin Plan Amendment Process List, MS4 permit integration issues, is not 
part of the BPA process, but it is wise to discuss how the requirements proposed will be integrated into the 
MS4 permits.  The BPA should specify how the permits should be amended.  The earliest that the BPA can 
be voted on is January 2007. 
 
Mr. Moore discussed the proposed schedule for Phase II and Phase III.  He noted that the assumption that 
was made while preparing the schedule is “zero-gap,” which means that a revised draft BPA will be 
reviewed in July 2006.  The schedule is the most ambitious it could be, so everyone must understand that it 
may slide.  Ms. Schneider commented that she does not see a point in modifying the schedule.  Mr. Moore 
pointed out that another assumption he made while drafting the schedule is that much of the draft material 
is initially from CDM and himself working closely with Ms. Schneider and her staff.  He will work with the 
Regional Board to structure an outline of the draft BPA so that it is aligned with what they want.  He also 
noted that they underestimated the effort required to create the administrative record, so they expect to 
begin the administrative record immediately. 
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The next Task Force meeting will focus on the compliance assessment analysis because we must consider 
more than just economics.  He noted that at one or both of the Regional Board meetings (May 19th and July 
14th) should include a progress report from the Task Force because there are new Board members.  Ms. 
Schneider will see about putting the Task Force on the Regional Board schedule for May’s meeting.  Mr. 
McKenney suggested that a conference call with the cost sharing partners, Mr. Moore, and Ms. Schneider 
occur a week prior to the Regional Board meeting.   
 
It was noted that a final staff report never comes from the Task Force; the Task Force prepares a revised 
draft, and the Regional Board prepares the final.  The Task Force will present their recommendations to the 
Regional Board at the October workshop.  The public participation process and the request for public 
comments will be initiated at that time. 
 
Mr. Moore discussed a list of recommended tasks for Phase III, which he sees as the end of the Task Force.  
The Regional Board has expressed interest in going on a field trip.  He noted that tasks 1-5 on this list are 
related to the BPA, whereas tasks 6-10 are related to implementing the BPA.  He referred to the schedule, 
noting that the blank lines are devoted to do the tasks at different sites.  He would like to see about ten to 
twelve sites actually monitored by the end of the Task Force.  Moving the cameras would provide a nice 
distribution of the range of data in this watershed. 
 
The template UAA Work Plan is currently being developed by CDM in this phase, but in Phase III, they 
will conduct a UAA at the six new camera sites.  The more locations being considered, the less data for 
each location you will have and the more examples you will have.  The idea is to build a composite model 
as to how recreational beneficial uses are going to be defined and applied.  Using this model, you can 
evaluate a location with no flow data which resembles several locations that have been done, and make 
inferences from that with confidence.  The new camera sites are for the Task Force to decide.  The channels 
that Mr. Moore is recommending are designed to close gaps so the beneficial use model is more robust.  
The ultimate goal is not to need a camera each time an assessment is done.  With regards to number 8 on 
the list of Recommended Phase III Tasks, implement monitoring plan (developed in Phase II), two of the 
three counties have specific obligations to implement a monitoring plan because of the bacteria TMDL.  It 
was noted that implementation can be done either individually or collectively, which is more cost effective.  
Mr. Moore stated that number 9 on this list, prepares and submits documentation to support additional use 
classification changes, belongs within the first five recommended tasks for Phase III. 
 
Mr. Moore noted that the purpose of this discussion was to confirm the work that the Task Force would like 
to see done so a detailed scope and cost schedule can be developed.  She further commented that it would 
be advantageous to move forward with specific monitoring requirements for implementation of new 
objectives (number 9 of the Potential Basin Plan Amendments).  Ms. Schneider suggested not completing 
number 9 of the recommended Phase III tasks (prepare and submit documentation to support additional 
use classification changes) as part of the BPA that the Task Force anticipates having in draft form by July 
2006.  She inquired whether it would be advantageous instead to proceed with an amendment that changes 
the standards or recommends changes to the standards.  She noted that it may be wise to separate the BPA, 
which would contemplate revisions to the standards, from the UAA even though it would mean additional 
work.  Mr. Moore provided the TIN/TDS Task Force as an example.  Discussion briefly ensued. 
 
Mr. McKenney requested that Mr. Moore elaborate on why he believed monitoring (number 9 on the list of 
Potential Basin Plan Amendments) might not be in Phase II.  Mr. Moore noted that his reasoning for not 
having monitoring in Phase II has to do with the ongoing permit renewal schedules.  Mr. Moore noted that 
monitoring objectives were to demonstrate compliance attainment with the TMDLs, the Basin Plan, and 
water quality objectives.  He further noted that the Regional Board has a formal procedure by which they 
evaluate nitrogen level compliance.  He discussed the process, noting that the Regional Board uses a trend 
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line over the years to determine whether the waterbody is in attainment or not with Reach 2 objectives.  
Discussion briefly ensued.  Mr. McKenney reflected back on one of the earliest Task Force meetings when 
Maria Rea was the EPA representative.  She suggested that it would be good if the Task Force focused 
more on implementation and compliance rather than theoretical issues.  He noted that the Task Force is 
trying to figure out on the ground level what makes sense to protect public health.  Mr. Moore commented 
that the final watershed-wide outcome of the BPA is likely to be a new emphasis on regional treatment.  
The most frequent use of water for recreation use is downstream, so the system will no longer be driven by 
point compliance upstream.  In order to get the best water quality where it affects and benefits the most 
people, the focus of the monitoring program has to shift from compliance at each location to one that is 
more focused downstream.  Mr. McKenney commented that he had to ponder about number 9, modify 
monitoring requirements in the implementation section of the Basin Plan, because the Basin Plan typically 
does not list monitoring requirements.  He further commented that Mr. Moore is simply suggesting that the 
Task Force think about how monitoring is done when thinking about what the objectives are going to be.  
The Task Force is not going to write a monitoring plan to incorporate into the Basin Plan.  Mr. Moore 
stated that the Basin Plan will have an implementation section which will have a requirement to do a 
monitoring plan, which is also required by the MS4 permits.  Discussion briefly ensued.  Mr. Moore 
inquired whether the Task Force felt that his list of proposed tasks is conceptually acceptable.  If so, he will 
develop a detailed cost schedule.  The participants agreed that the list of proposed tasks is conceptually 
acceptable, and Mr. Moore will develop the cost schedule prior to the conference call.  Mr. McKenney is 
currently working to obtain additional funding for the epidemiological study at Doheny State Beach.  
 
3. Delphi Discussion of Water Quality Objectives for Bacteria 
A matrix table “Examples of Implementation Targets for Narrative Pathogen Objectives”, CDM’s Memo 
dated April 10, 2006, regarding Scientific Basis for EPA Recommended Water Quality Objectives for 
Bacteria, and DELPHI answers were handed out.  Mr. Moore discussed the first handout noting that since 
the last meeting, feedback was received from EPA stating that it would be difficult to implement a pure 
narrative objective with numeric targets in the implementation section of the Basin Plan.  Mr. Moore and 
CDM have developed a matrix noting that the Task Force is headed toward a hybrid objective, which is a 
combination of a narrative with numeric objectives expressed in tabular form in the objectives section of 
the Basin Plan.  The Task Force will want to develop in writing the objective in tabular form.  EPA’s 
guidance allows that pure narrative objectives are more appropriate for Limited REC than for Full REC-1.   
 
Mr. Moore wanted to focus on the content of the matrix handout, which the recent DELPHI questions 
helped fill in.  He emphasized that the recommendations in the matrix are tentative and are for discussion 
purposes. He briefly discussed the need for Class A and Class B for Full REC-1, noting that the EPA 
guidance allows the frequency/intensity of use to be distinguished when setting objectives.  If that 
distinction is to be made, there needs to be a way to subcategorize.  It was noted that the Class A standards 
in the matrix are EPA’s recommended primary contact recreation standards based on an accepted risk level 
of 8 per 1000. .  Mr. Moore had not considered whether those standards need to be changed.  Full REC-1 
Class A in EPA terms is heavy-use popular beach, where the highest level of protection is warranted.  If 
there is only one type of Full REC-1, there will be a split in opinions.  A one-size fits all standard will 
result in a philosophical debate.  He noted that Full REC-1 covers a wide spectrum of activities.  He 
suggested using the high-end of the spectrum (8 per 1000) for waterbodies that are heavily used, and using 
the low-end of the spectrum (10 per 1000) for waterbodies that are lightly used.  Waterbodies that are 
lightly used have a dramatically lower social risk.  Mr. McKenney pointed out that risk is defined as 
societal risk, not individual risk.   
 
A participant inquired if there were enough data to determine whether or not there is any practical 
difference in implementation between 126 and 206 for E. coli.  Mr. Moore commented that he intentionally 
did not bring that to the Task Force.  However, he acknowledged that it is pointless to discuss something 
that makes no difference.  Although it will be brought up during implementation, he noted that there needs 
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to be a solid conceptual foundation prior to discussing implementation.  He further noted that it is not just 
the E. coli number; it is the combination of the E. coli number and the averaging period.  A participant 
inquired how a geo-mean is obtained if sampling is done monthly – five times in a 30-day period.  Mr. 
Moore noted that you allow that it is based on the most recent five data points.  Discussion briefly ensued 
regarding the averaging periods.  Mr. Moore commented that although Full REC-1 Class B is less 
protective, it does not necessarily imply more illnesses given the number of people exposed.  He reiterated 
that these are calculations of societal risk, not individual risk. 
 
Mr. Moore commented that the main difference between Class A and Class B is the averaging period.  
Discussion briefly ensued regarding the risk tolerance numbers and analysis.  Seasonal averaging is 
suggested for Class B, with monthly monitoring to get a geo-mean for the season.  The seasonality may be 
determined with cameras.  Mr. Moore feels that there is a highly seasonal element to inland contact 
recreation.  The cameras will prove out the seasonal components empirically.  Mr. Moore then discussed 
the table and pointed out all the differences.  Discussion briefly ensued regarding seasonality, risk 
tolerance, and a standard for the number.  The reason that seasonal averaging and segment monitoring is 
done is for the development of a more conservative number.  Mr. McKenney noted that reported illnesses 
should be part of an implementation monitoring program.  Discussion briefly ensued.  She is not sure that 
the 19 per 1000 will be likely approved.  Mr. Moore stated that he did not want to go down a path that will 
most likely not be approved.  Larry McKenney inquired about the cost to do the 19 per 1000 evaluation.  
Discussion further ensued. 
 
Mr. Moore discussed the handout showing the draft narrative pathogen objective, which is in hybrid form.  
The narrative is in plain text, and the objective is the italicized text.  He noted that the objective references 
Table 1, which would look similar to the matrix discussed earlier.  It was noted that “indicator pathogen” 
should be changed to read “pathogen indicators”, and “infection” in the narrative section should be changed 
to “illness”. 
 
Mr. Moore stated that EPA expects that numerical values be adopted for Full REC-1.  However, they are 
less clear as to whether numbers are required for Limited REC-1.  He further stated that it would be easier 
for EPA to approve the implementation procedure if the full protection is in place for the Full REC-1, Class 
A and B.  Alternatively, the Task Force could stay on its current path and work on what the actual number 
should be based on epidemiology.  Based on EPA guidance, there is more flexibility for Limited REC-1 
than there is for Full REC-1, Class A and B.  If the Task Force comes up with numbers for Limited REC-1, 
the “times 5” option and the “times 10” option were brought up. 
 
He reviewed some of the DELPHI comments noting that the most powerful comment that resulted from the 
“times 10” group was “you are taking the non-contact number from the State and turning it into a limited 
contact multiplier.”  That is unacceptable.  Mr. Moore noted that the “times 10” is based on no contact; 
thus, using it for a limited contact situation is not appropriate.  A participant commented that he did not 
think that people thought they were changing the risk level when they multiplied the criteria by 10.  Mr. 
Moore commented that if we are going to use the State’s approach for secondary contact (arbitrarily 
multiply by 10), it is not sellable.  Multiplying the criteria by 10 is not the same as multiplying the risk by 
10.  He used EPA’s table noting that by raising the criteria by a factor of 10, the risk is approximately 19 
per 1000 which is the acceptable risk level for EPA’s recommended marine criteria.  He noted that a 
technical justification could be made that for Limited REC-1 stating that we want the same level of 
protection that would normally be assigned to heavily-used marine beach areas.  He noted that it was a 
technical defense, not an arbitrary 10 times defense that is based on assumptions that 19 is an acceptable 
risk at the beaches.  Mr. Moore stated that New Mexico did a risk based approach.  In their secondary REC 
group (Limited REC-1), they took the risk from the 1% level to 1.4%.  By doing so, the geo-mean 
increased from 126 to 548.  He said that we could look at this as a risk-based question.  However, there will 
likely be opposition from EPA as we are outside the extrapolation threshold of their curve.  Although this 
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approach has been approved elsewhere, it was approved prior to the EPA guidance being rewritten.  
Discussion briefly ensued.   
 
The “times 5” approach is acknowledged by EPA as an approvable approach.  Other states have done the 
“times 5” approach, and it has been approved.  The “times 5” number is approvable especially in the 
Limited REC-1 situation where the cameras show the exposure regime is orders of magnitude less.  Thus, 
the social risks are very low.  From a social cost perspective, it is probably disproportionately protective.   
 
Nancy Yoshikawa inquired about the geometric mean.  Mr. Moore commented that meeting a geometric 
mean is easier than a single sample maximum.  She also suggested looking at different averaging periods, 
which has been built into the table.  Mr. Moore commented that averaging annually would make a 
difference in how resources are used.  Ms. Yoshikawa noted that the averaging periods are going to relate 
to how the permits are going to look.  Realistically, it makes sense to figure out and discuss what you can 
meet.  Her impression is that, from an EPA approval perspective, having different flexibility and averaging 
periods is a better bet than trying to establish a higher risk level.  Mr. Moore’s recommendation to the Task 
Force is that a specific risk tolerance for Limited REC-1 not be set.  Rather, the Task Force should develop 
the geo-mean based on the “times 5” approach as suggested in the guidance.  In other words, we do not 
specify the risk tolerance and calculate the criteria.  We do it the other way around.  For Limited REC-1 on 
the matrix, you would leave risk tolerance blank and make the geo-mean five times the Full REC-1, Class 
B number (i.e., 1,030).  Ms. Yoshikawa inquired about the rationale for five times 206 (Class B) rather than 
five times 126 (Class A).  Mr. Moore stated that in this area, if there was an argument about having only 
one number for REC-1, the 206 would be the number accepted because of the ephemeral nature of the 
water system.  Ms. Schneider commented that what we are proposing is that there is a difference in risk 
level between Class A and Class B, reflecting a difference in frequency and magnitude of use. It makes 
sense to suggest a Limited REC-1 objective based on the Class B objective since there is even less use and 
less risk of ingestion associated with Limited REC-1.    Ms. Yoshikawa commented that the Task Force 
should be careful not to mix up two different types of approaches.  Discussion briefly ensued regarding 
what other states have done.  Mr. Moore commented approvability is not an issue because there is 
precedence for each scenario he discussed.  Ms. Schneider noted that all points need to be made during the 
workshop and hearing.  Discussion further ensued.  Mr. Moore noted that one thing that is not apparent on 
the matrix is “controllable water quality factors”, which need to be integrated into the compliance section. 
 
The Los Angeles Regional Board used the same geo-mean as Full REC-1 for their Limited REC-1, but they 
raised the single sample maximum.  Mr. Moore noted that it would not make any difference for 
compliance.  The notion of distinguishing source ID (human versus non-human) has been discussed, but 
has not been included in the document.  He did not feel confident about how that distinction would be 
implemented.  However, he pointed out that it is not being discarded. 
 
Ms. Schneider commented that she was surprised by the REC-2 responses because many responses 
appeared to assume that if the REC-2 objectives were deleted, there would be no relevant objectives 
applied to a waterbody.  She noted that whether or not there are REC-2 objectives does not negate the fact 
that there would be objectives that pertain to REC-1 or Limited REC-1, if that designation is approved.  It 
is a false presumption that if there were no REC-2 standards, there would not be any REC-1 standards 
either.  Discussion briefly ensued. 
 
Mr. McKenney presented the 2006 CASQA Conference Abstract.  It is an abstract of the presentation that 
CDM will be doing at the conference.  Dan Bounds submitted it for review, and like last year, the Task 
Force is the co-author.  Mr. McKenney also noted that at 7:30 am Sunday morning (4/16) on KROQ, he 
talked about the stormwater program.  It will be re-aired on KCBS-FM (Jack FM) on Sunday, April 23, 
2006, at 6 a.m. 
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4. Recommendations for New Camera Locations 
Mr. Moore provided a list of video camera locations broken down into three categories: current, 
recommended, and other possible locations of interest.  He listed nine camera locations noting those he 
recommends moving.  He reminded the Task Force of why the locations were originally chosen.  The 
original plan was to pick examples that represented the categorical uses and include some locations where 
there was controversy.  He briefly discussed each of the current camera locations.  Moving the cameras will 
have to occur in Phase III due to two factors: 1) proper weather conditions for easy installation; and 2) 
availability of funds.  A participant inquired whether the cameras should be moved during the July or 
August timeframe, or whether moving the cameras should wait until the end of the summer season.  Mr. 
Moore stated that it is important to pick up all four seasons and holidays at each location. 
 
Mr. Moore discussed the recommended camera locations noting that most of the locations are from the 
original list.  The recommended locations represent some change in condition from the current conditions 
to allow for a more comprehensive data set.  A participant recommended placing a camera at Chino Creek 
at Central Avenue looking south, noting that the Central Avenue overpass could be used to mount the 
camera.  The second recommended camera location on the list, Day Creek at Limonite Avenue, is similar 
to Hellman Avenue both upstream and downstream.  The third camera on the list, River Road at Second 
Street, is a concrete-lined flood control channel located behind residences on the west side of River Road.  
On the upstream side, the channel is adjacent to an undeveloped parking lot that is behind a strip mall.  The 
fourth camera on the list, Lytle Creek near the Korean Camp, is the best example of an inland stream with a 
lot of people.  Mr. Moore is very interested in the seasonal attributes at this site.  The fifth recommended 
camera location on the list, Santa Ana River Reach 2 at Tustin Avenue or Lincoln Avenue, is to help 
resolve the fishing issue.  This location is where the OCWD’s ponds are.  One pond in particular is a 
fishing pond; the other two are off limits.  Mr. Moore stated that the question is “when people are fishing, 
what is the nature of their water contact?”  This discussion is about OCWD’s fishing pond, not the Santa 
Ana River at Imperial Highway.  Mr. McKenney stated that if people are in contact with the water in a way 
that risks ingestion, we should consider the issue as the objective of the Task Force is to protect public 
health.  The last recommended camera locations, Sorenson Drain, Bolsa Chica Channel, La Mirada Creek, 
or Coyote Creek, are channels in Orange County that are surrounded by residences.  They are mostly 
concrete lined.  There is currently no example of these channels in the database.  The question is that if 
people are so close to the ocean, will they recreate in these channels when there are better opportunities 
nearby?  The flows in these channels are unknown.  However, it can be speculated that the nuisance flows 
are fairly significant due to irrigation.  The last recommended camera locations are intended to examine the 
beach question.  Discussion briefly ensued. 
 
A participant noted that Mill Creek south of Chino-Corona Road is a more popular recreation location.  He 
noted that it is approximately ¼ mile from the Hellman Avenue location.  In his experience, while driving 
down the Chino-Corona Road to the south, are people fishing.  Mr. Moore stated that high on the priority 
list is time.  If a camera is placed at a location like the participant described, it is similar to Chino Creek.  
Thus, a camera does not have to be placed at Chino Creek; the Mill Creek south of Chino-Corona Road can 
serve as a surrogate for all the sites like this site.  Mr. Moore noted that assuming the six cameras are 
moved, three additional cameras could be placed.  Mr. McKenney clarified that the purpose of the cameras 
is not to find where the uses are occurring.  Rather, it is to say that for certain conditions, what are the uses 
and to determine whether seasonality is a factor.  If the participant is confident that the location described 
has a lot of use, the question would be whether the recreation is seasonal.  Mr. Moore commented that 
placing a camera at the Chino Creek location would serve only to classify whether the location is A or B of 
REC-1, which has to do with immersion.  He noted that the seasonal component is not controversial enough 
to merit placing a camera at that location.  Mr. McKenney commented that the cameras are for sites where 
there is doubt as to use patterns.  Additional cameras are not being contemplated.     
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5. Technical Task Update (CDM) 
Mr. Bounds provided an update on the data from existing cameras.  Although the Cucamonga Creek 
upstream camera was reprogrammed to obtain hourly images, there has been no improvement.  The 
Greenville-Banning Channel camera stopped working, and they are contemplating relocating the camera.  
Although solar panels were installed on the Temescal Wash camera, the camera stopped working on April 
4, 2006, and will need to be repaired.  Mr. Bounds provided image status updates for each location.  He 
displayed an image of a clean up crew by the Santa Ana Delhi Channel at Sunflower.  He displayed another 
image captured by the Cucamonga Creek at Hellman downstream camera that showed two horseback 
riders.  It was classified as non-contact recreation.  He then displayed images of a man in the water with the 
bucket captured by the Cucamonga Creek at Hellman downstream camera.  This man has been recorded on 
12/24/05, 2/22/06, 3/14/06, 3/25/06, and 3/29/06.  He is a contract-hired sampler for San Bernardino 
County.  This information is being confirmed. 
 
Mr. Bounds provided an update on the new camera locations.  He noted that the camera that was installed 
along the Mainstem at Featherly Park is functioning and has a two- to three-day battery life.  It is a couple 
of miles from the dam.  There is a potential issue with that location – signal strength, which is used for data 
transfer.  The camera that is to be installed along the Mainstem at Martha McLean Anza Narrows Park is 
ready for installation.  They are waiting for a Riverside County Park access permit.  A participant suggested 
switching cell phone providers for better signal strength.   
 
Mr. Bounds discussed the economic alternatives analysis, noting that a draft technical memo has been 
completed.  CDM is awaiting review of the memo by the Task Force.  They need input from the Task Force 
with regards to approach, data, assumptions, and expectations.  Mr. Bounds briefly discussed the economic 
alternatives memo, noting that it includes the treatment control options, the feasibility of options per study 
site, their modeling techniques applied, and the preliminary modeling results.  He also noted that in the 
memo, they left two placeholders – alternative costs and executive summary.  He plans on sending 
electronically an update of the memo that includes the completed placeholders.  He briefly discussed the 
next steps for CDM.  Discussion briefly ensued regarding BMP sites.  Mr. Moore noted that he advised 
CDM to treat the economic alternative analysis as an engineering contract question. 
 
Comments for the Economic Alternatives Analysis are due by Friday, May 5th. 
Comments to the April 18th Meeting Notes will also be due by Friday, May 5th. 
 
6. Adjourn 
The next meeting is scheduled for Thursday, May 18, 2006, from 9:30 a.m. to 1:00 p.m. 
 
The meeting adjourned at 1:10 p.m. 
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Susan Hatfield (via teleconference) US EPA 
Bill Rice Santa Ana Regional Water Quality Control Board 
Dave Woelfel Santa Ana Regional Water Quality Control Board 
Joanne Schneider  Santa Ana Regional Water Quality Control Board 
Mark Smythe Santa Ana Regional Water Quality Control Board 
Dan Bounds CDM 
Don Schroeder CDM 
Richard Meyerhoff CDM 
Steven Wolosoff CDM 
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Susan Paulsen Flow Science 
Mandy Revell Inland Empire WaterKeeper 
Ray Hiemstra Orange County CoastKeeper 
Jim Colston Orange County Sanitation District 
Greg Woodside Orange County Water District 
Tim Moore Risk Sciences 
Jason Uhley Riverside County Flood Control & WCD 
Steve Stump Riverside County Flood Control & WCD 
Tom Rheiner Riverside County Flood Control & WCD 
Matt Yeager San Bernardino County Flood Control District 
Naresh Varma San Bernardino County Flood Control District 
Valerie Housel San Bernardino Municipal Water Department 
Jeff Beehler Santa Ana Watershed Project Authority 
Mark Norton Santa Ana Watershed Project Authority 
Marie Jauregui Santa Ana Watershed Project Authority 
 
Introductions & Opening Comments 
The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by the participants. 
 
A participant discussed the recent “Wading in Waste” article in Scientific American. 
 
Basin Planning Roundtable Group Update 
No update provided. 
 
Middle Santa Ana TMDL Update 
Joanne Schneider noted that the State Board approved the Middle Santa Ana River Watershed Pathogen 
TMDL last week. 
 
Tim Moore discussed the DC Circuit Court case that was decided on April 25, 2006 regarding the definition 
of what constitutes a daily load in a Total Maximum Daily Load (TMDL).  The ruling was that daily means 
daily.  The DC Circuit Court case could have a potentially significant impact on TMDLs that were written 
with annual, seasonal, or rolling-season averages.  The Middle Santa Ana River Watershed Pathogen TMDL 
uses a 30-day average when determining compliance.  However, the decision is currently binding to the DC 
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Circuit.  Another Circuit Court noted that it would be absurd to do daily monitoring.  Neither of these Circuit 
Court cases is binding in this region.  However, if the daily compliance issue is challenged, there is a 
potential that the DC Circuit Court case could eventually have a significant impact on TMDL compliance.  
The DC Circuit Court has allowed EPA to petition for a stay to amend the regulation.  Ms. Schneider 
mentioned that the State Board is in the process of developing a memo that evidently concludes that daily 
does not mean daily. 
 
Currently, the Task Force is working on water quality objectives that have longer averaging periods than 
daily.  The DC Circuit Court case did not address water quality criteria or water quality objectives.  The 
TMDL is an intermediate step in the regulatory process, which goes from water quality objectives to targets 
to TMDLs to wasteload/load allocations to effluent limits or other permit requirements.  Mr. Moore noted 
that ironically, we could be out of compliance with the TMDL if expressed on a daily basis, but if we were in 
compliance with the long-term average, which is the objective, a TMDL would not be needed.  Discussion 
briefly ensued.  There was discussion about whether EPA could amend a TMDL (Basin Plan Amendment) 
independent of State Board/Regional Board action.  Ms. Schneider stated that the States have discretion in 
implementing the TMDLs in permitting.   
 
Mr. McKenney commented on the proposed WDR for spreading State project water and Colorado River 
water to meet the modified Basin Plan objectives for TIN/TDS.  He noted that the proposed order has created 
discussion, and is a good example of regulatory limitations in implementing the consensus results of a 
stakeholder process.  In his opinion, the controversy has nothing to do with the created objectives, the 
management program that is being put in place, or the stakeholder process.  The controversy is the semantic 
issue that the only tool that we feel we have available to regulate salt loads is a WDR.  Mr. McKenney noted 
that two concerns that people have are: 1) semantically, nobody wants to label State project water or 
Colorado River water a waste; and 2) the assumption that anything done in Region 8 as a result of the 
stakeholder process, everyone else will have to do.  Overall, he feels that the issue is worth tracking.  We 
should think about the implications of the issue and how they will affect what we want to achieve and the 
potential hurdles.  Ms. Schneider commented that the RWQCB does not intend to suggest that State project 
water or Colorado River water is waste; rather, it is the salt contained therein that is the concern.  Mr. 
McKenney noted that the ACWA Board of Directors voted to write a letter to Jerry Thibeault requesting the 
consideration of a stakeholder process to work on this issue. 
 
Mr. Moore noted that the TIN/TDS Task Force spent years developing their position in a purposeful process.  
He briefly discussed the TIN/TDS Task Force.  There was concern with State-wide consistency.  The 
authority question was traded for the maximum benefit findings, which changed water quality objectives.  
Mr. McKenney noted that there are two sides to the State-wide consistency issue.  One is the watershed 
process that is being done here, and the other is the assumption that what one Regional Board does will be 
applicable State-wide.  Mr. Moore highlighted the differences between the Task Force and the rest of the 
State as: 1) the idea of moving fishing from full contact to partial contact; 2) creation of REC-1 Class A and 
Class B; 3) high-flow suspension (except Regional Board 4); and 4) this Task Force is the first to attempt in 
the State to do probabilistic water quality objectives as recommended in EPA’s guidance. 
 
Technical Tasks Update (CDM) 
 
UAA Workplan Outline 
Dan Bounds handed out Task 2.4 – Use Attainability Analysis (UAA) Work Plan Concept and Draft Outline.  
He noted that not every UAA will require a channel or flow characterization.  CDM is hoping that they can 
come up with archetypes or model examples.  Mr. Bounds discussed the outline for the Work Plan, which 
shows how the next phase will be laid out.  The Work Plan will describe how to summarize the data and 
produce a UAA.  A participant inquired whether recommendations for the Santa Ana Delhi Channel, which 
is not explicitly identified in the Basin Plan, would be made regarding the beneficial uses that apply, such as 
WARM or MILD.  Mr. Moore stated that it has to be assumed to be WARM.  Since the focus of the Task 
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Force is on recreation-related uses, a UAA for that channel will not make recommendations pertaining to 
anything other than recreation; it will not speak for other uses.  He suggested that when the UAAs are done, 
they should be added as case study appendices in the back of the Work Plan for future reference. 
 
Ms. Schneider requested clarification on what CDM anticipates including in 2b of the UAA Work Plan 
handout.  She inquired whether it would be a discussion of the UAA criteria.  She further inquired whether 
the document itself would include a description of the underlying rules and regulations that pertain to the 
UAA.  Mr. Bounds noted that 2b would describe the UAA, but they would need to think about specifics and 
define them.  Mr. Moore noted that the factors need to be defined in the outline and how they relate to this 
demonstration.  It should also discuss the State equivalents since the factors are Federal.  He further noted 
that if the definitions are placed ahead of the data, it will explain why the data are being collected. 
 
Mr. McKenney inquired about 2i, asking whether the lack of data is the reason why modeling would be done.  
He noted that you can never have enough data.  It is a matter of using the data that we have to address the 
right questions.  Modeling is not just to supplement information; it is used to make predictions.  A participant 
noted that depending on the factors, modeling may not be needed, as specific water quality objectives may 
not be needed in some cases.  Mr. Moore stated that there are two specific instances where they thought that 
2i would be necessary.  One is if flow data are lacking, a runoff coefficient-type model can calculate what the 
hydrologic flow ought to be at a given location.  The second is if water quality data are lacking, it can be 
predicted given the surrounding land use with the flow data.  Essentially, models can predict flow and water 
quality data based on surrounding land use.   
 
Ms. Schneider commented that the Task Force has put off the question of defining existing use.  For the 
purposes of developing a generic section on the legal framework, the question of what constitutes an existing 
use will have to be addressed.  Mr. Moore suggested placing Ms. Schneider’s concern on the agenda for the 
next meeting.  A participant inquired whether a specific reference watershed has been selected.  Mr. Moore 
stated that, in a sense, a reference watershed has been selected.  Traditionally, reference watersheds are 
thought to be in an unimpaired condition from a UAA context.  He further stated that we took a similar 
approach via archetypes.  Discussion briefly ensued regarding the archetypes in relation to a reference 
watershed.  A participant inquired about the archetypes with relation to Cucamonga-Mill Creek since part of 
it is a lined channel and the other part is unlined.  Mr. Bounds commented that the extent of analysis needs to 
be determined.  There is a segment in the UAA Work Plan that will discuss both Mill Creek and Cucamonga 
Creek.  Discussion briefly ensued.  Ms. Schneider commented that from the standpoint of assuring 
downstream protection, there can be different use designations upstream and downstream.  Discussion 
further ensued.  Mr. Moore noted that the locations are being carefully chosen.  A draft UAA Work Plan will 
be available for the next meeting, and will be sent out prior to the meeting. 
 
Recreational Use Survey 
The RCSD camera has been installed and has an on-site power feed.  To date, it has taken 400 images.  The 
Santa Ana River Mainstem camera at Yorba Linda has taken 1,000 images to date.  The solar panels at the 
Temescal Wash camera location have maintained battery power for two weeks, and the camera has taken 
over 4,000 images to date.  The Santa Ana Delhi cameras continue to operate well, and have taken 
approximately 17,000 to 18,000 images each.  Overall, 70,000 images have been collected from all the 
cameras.  Mr. Bounds displayed images from the RCSD camera, noting that they are going to try to increase 
the resolution for better images.  He also displayed images from the Yorba Linda camera and will ask the 
Park Ranger whether he has seen anyone in the water. 
 
Compliance Alternatives Analysis 
The draft technical memo has been completed and CDM has received great feedback.  Mr. Bounds 
introduced Steve Wolosoff, who will be providing a presentation on the Compliance Alternatives Analysis.  
Mr. Wolosoff discussed the compliance scenarios that were evaluated, the study sites, feasibility assessment, 
the available data and model inputs, and the cost estimates for potentially feasible options.  Mr. Moore 
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inquired why UV disinfection was chosen as an alternative for compliance rather than chlorination/de-
chlorination.  Don Schroeder stated that UV is getting more use and it is more robust and cost effective than 
ozone.  Furthermore, chlorination/de-chlorination will have TDS impacts.  Mr. McKenney asked whether the 
technical feasibility, volume that can be treated, removal effectiveness and cost are all being evaluated as 
part of the compliance alternatives analysis. He is concerned with UV in that we are getting a lot of 
experience with UV with respect to effectiveness and cost.  He also is concerned with the potential issues 
regarding the effectiveness of UV in relation to re-growth issues.  Discussion briefly ensued regarding UV, 
re-growth, and filtering.   
 
Mr. Wolosoff discussed: 1) the target flow conditions for the Santa Ana Delhi Channel, Temescal Wash, and 
Chino Creek; and 2) the assumptions that CDM made for the alternatives considered.  He displayed pictures 
and maps of the three locations, noting the types of data available.  He provided the Task Force with a matrix 
that depicted what would be feasible for each location given the different criteria.  There was a brief 
discussion regarding urban run-off.  It was asked whether the urban run-off could be incorporated with the 
effluent from the treatment plants and be discharged to the ocean.  The San Diego Regional Board has stated 
that incorporating the urban run-off with effluent would not be possible.  Ms. Schneider commented that they 
would not dismiss the idea; however, she would need to know what is in the urban run-off to determine 
whether it would trigger any permit violations at the treatment plant.  A participant noted that disinfection is 
the key.  In the long run, the urban run-off will not be an issue because the dry weather flow will be diverted 
to go through the treatment system and put into the groundwater system.  There was a brief discussion 
regarding Carbon Canyon and dry weather flow.   
 
Mr. Wolosoff talked about the water quality model for each of the three sites and developed the indicator 
bacteria PDF curve.  He noted that a Monte Carlo simulation of bacterial mass balance for feasible options 
was done.  It was determined that there is no correlation between flow and bacteria concentration, and there 
is no common source.  It was noted that most of the water quality data were collected during dry weather.  
He discussed the approach they used to estimate the costs and the various infiltration methods for each site.  
It was noted that the more flow that is treated, larger components will be needed, which results in higher 
costs.   
 
Mr. Wolosoff reviewed their preliminary findings, noting that: 1) while some costs are high, some 
alternatives may be technically feasible up to certain flow rates; 2) the detention of run-off is the 
predominant cost for the constructed wetland and UV disinfection systems; and 3) infiltration and 
constructed wetland options have a lower capital cost, but require more land.   
 
Mr. Moore inquired about the error band around the costs.  Mr. Schroeder noted that the error band around 
what must be viewed as conceptual estimates is roughly -25% to +50%.  A participant commented that what 
has been completed to date for the Compliance Alternatives will identify what needs to be completed for the 
Economic Analysis.  It was noted that there are a large number of issues that cannot be addressed at this 
preliminary level.  Discussion briefly ensued.  Mr. Moore commented that an Economic Analysis is a 
standard part of future UAAs and objective setting, so integrating it into the UAA poses the question of 
“what constitutes an adequate additional economic analysis?”  It also raises the questions of what people who 
are making an economic argument need to bring, how rigorous the alternatives analysis needs to be, and what 
assumptions they are allowed to make.  The Economic Analysis will be done for the three locations, but the 
question is “what more needs to be done with respect to the three specific analyses?”  Mr. McKenney 
inquired about the cost and how many analyses will need to be done noting that the three sites will not bring 
the watershed into compliance. 
 
Dan Bounds discussed CDM’s next steps, which are to incorporate comments, answer questions, and make 
editorial and title/term changes to the Compliance Alternatives Analysis.  A draft UAA Work Plan and 
Prioritization document will be prepared and finalized, and will be sent to the Task Force’s review before the 
next Task Force meeting.  Mr. Moore commented that with regards to the cost estimate document, while the 
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Compliance Alternatives Analysis establishes compliance at the points chosen, regional treatment is difficult 
to legally implement.  It does not necessarily establish compliance for anywhere other than immediately 
below where the treatment occurs; it does not establish the continuous compliance as required in the Clean 
Water Act for the entire reach.  Mr. Schroeder commented that they should recognize that they are not trying 
to ignore the other options for source control.  They will clarify that in the document. 
 
Mr. McKenney briefly discussed the San Diego Regional Board workshop regarding water quality in the 
Aliso Creek Watershed.  The proposed region-wide pathogen TMDL has a 10-12 year compliance time span 
and uses annual loads at a critical point in the watershed.  There are seven or eight waterbodies that the San 
Diego Regional Board is proposing to cover with the proposed TMDL.  They developed load allocations and 
reductions based on land use modeling from the Santa Monica TMDL process.  There are 17 land use types 
that they have predicted loadings from based on the Santa Monica TMDL.  In addition, they validated the 
model mainly on data that were collected on Aliso Creek.  The TMDL is an extrapolation of what is being 
done in Aliso Creek.  Mr. McKenney provided a brief background of Aliso Creek, and displayed a dry 
weather data graph depicting the quarterly geo-mean of fecal concentration at the Aliso Creek mouth.  He 
noted that in ten years, the goal of the Aliso Creek Watershed will not be achieved by doing BMPs.  He listed 
the BMP and monitoring investments associated with the Aliso Creek Watershed TMDL, which has been 
funded by seven cities in the watershed.  There were inquiries regarding whether typing was done to 
distinguish the sources between human and non-human.  Mr. McKenney noted that typing was not done in 
the San Diego Watershed. 
 
Scope of Work for Phase III of the Task Force (CDM & Risk Sciences) 
A Draft Proposed Phase II Scope of Work for CDM was handed out.  The scope of work is based on an 
18-month schedule.  Mr. Bounds discussed the budget, noting that should things change; the budget will be 
adjusted accordingly.  The differences between Phase II and Phase III were discussed.  The value of weekly 
site visits and field forms were discussed.  He inquired about locations where the batteries last longer than 
one week (RCSD and Temescal Wash), and wondered if visits could be done only often enough to keep the 
cameras reliable and functioning.  It was noted that some locations will have to be visited on a weekly basis 
due to battery changes.  He further noted that the weekly visits are the bulk of the costs.  Mr. McKenney 
suggested pursuing the idea of visiting the camera sites on a need-to basis and changing the way the use 
survey program is being implemented for savings; however, the budget should not be changed at this point.  
Jeff Beehler inquired whether anything was learned from the weekly visits that were not learned from the 
photos and occasional visits.  Mr. Bounds commented that their staff is at the site for 15-20 minutes to 
change the batteries and fill out the field forms, and recreation has not been observed.  Mr. Beehler inquired 
whether the field form yields any more data than the photo.  Mr. Bounds commented that flow depth and 
flow velocity is being estimated.  Mr. Moore inquired what field truth the Task Force is looking to see that 
the cameras do not provide.  A participant was amazed that nobody has been seen recreating.  Mr. Moore 
commented that it may be more cost effective to increase the image capture rate.  It was noted that the 
direction the cameras are facing offer the maximum opportunity to observe someone recreating.  Discussion 
briefly ensued regarding camera locations.  Mr. Moore is concerned that there is credibility that 70,000 
images have been taken and none include people recreating.  It was suggested to organize a group of 
volunteers from the Task Force to visit the sites on the weekends with cameras to verify the results in the 
field.  Dave Woelfel will develop a matrix of the sites and dates for visits so that volunteers can sign up.  Ms. 
Schneider commented that it is important to capture images while the water is warm. 
 
The purpose of the camera is not to provide evidence that there is nobody in the river anywhere in the 
watershed.  The purpose is to determine whether there are people in a certain type of reach and to assess the 
type and frequency of such use.  It was noted that there are no pictures of people acting as if they see a 
camera.  A participant commented that he would like to see more detail in the Phase III scope of work (i.e., 
what CDM will provide).  There was a brief discussion regarding the tasks.  It was noted that San Bernardino 
County Flood Control (SBCFC) is working on channel attribution, which CDM could use to avoid 
redundancy in work.  Most of the data from SBCFC will be available in six months.  CDM will identify the 
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attributes that they need.  For Task 2.3, the water quality data have been collected; however, it has not been 
reviewed.  Comments to the scope of work are due by Friday, May 26th.  A revised scope of work will be 
sent the week following the deadline for comments.  It was suggested that a conference call be planned to 
discuss the revised scope.  One of the tasks that Mr. Moore added to his scope of work was a 2008 data 
request for 303(d) listings.  The Task Force should now be in a position to request that some of the listings be 
reconsidered.   
 
Water Quality Objectives Discussion (Risk Sciences) 
The discussion at last month’s meeting was how the water quality objectives for Limited REC-1 should be 
calculated.  The 10 times number was not chosen because it was not legally defensible.  Mr. Moore had 
proposed the 5 times strategy because it would be relatively easy to approve.  Last month’s meeting 
discussed whether it should be 5 times the 126 value (reflecting an 8/1000 risk) or 5 times the 206 value 
(reflecting a 10/1000 risk).  Mr. Moore noted that he received comments after last month’s meeting that 
using the 5 times approach is still arbitrary and not risk based.  He also received analysis of what other states 
were doing.  Because the comment that the 5 times approach remains arbitrary and too valid to ignore, he has 
another recommendation for the Task Force. 
 
Mr. Moore noted that we currently have 70,000 images with zero contract recreation and with zero 
immersion.  The probability of contact in addition to ingestion can be deduced.  He thinks that the risk of 
ingestion in many of the waters the Task Force is investigating is no more than one-tenth (and probably 
much less) that what it is in a high use recreational situation.  He indicated that this assumption could be 
validated with the camera images. He accepted Ohio’s assumption that if you are in an immersion 
environment, ingestion will occur.  He posed the question of what the risk would be if the recreation 
environment is one where ingestion is much more difficult.  The risk of infection is equal to the risk of 
ingestion times the concentration.  If the EPA E. coli recommended concentration based on ingestion at a risk 
level of 8/1000 (i.e., 126) is multiplied by ten times to reflect a risk of ingestion reduced to one-tenth, the 
resulting concentration (1260) translates to a risk of infection that is increased to about 17/1000, or about two 
times. A graphic displaying this was handed out. A risk level of 17/1000 is still less than that assumed in by 
EPA in their bacteria criteria for ocean waters (19/1000), where intense recreation occurs, with a high 
probability of ingestion. It is not required to assume that everyone who touches the water will consume an 
infectious dose; it is only assumed if there are no data.  We are assuming that if ingestion occurs, it results in 
infection.  The epidemiology is not being challenged here.  What is being challenged is some EPA 
assumptions. 
 
A participant inquired whether there would be a different level of effort required for CDM.  Although it 
would be more work to count the number of people per image, the only images that will be an issue are from 
the beach cameras.  It was noted that if ingestion occurs, it does not necessarily mean that they will get sick.  
Mr. McKenney noted that another thing that can be done with the data is to say that with the standards as 
they are now, and the way the Task Force is proposing to change them, we should be able to predict with 
some statistical certainty actual infection risk.  There was a brief discussion regarding immersion and risk of 
ingestion. 
 
It was noted that the abstract submitted for the CASQA conference inadvertently left OCSD off of the list of 
partners.  Ms. Schneider handed out a flyer advertising a public meeting on designated uses and UAAs.  It is 
the last in the series of three public meetings. 
 
Comments to the April meeting notes are due by May 26th.  
 
Adjourn 
The next meeting is scheduled for Thursday, June 15, 2006, from 9:30 a.m. to 1:00 p.m. 
 
The meeting adjourned at 1:05 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
June 15, 2006 

 
PARTICIPANT REPRESENTING    
Susan Hatfield (via teleconference) US EPA 
Bill Rice Santa Ana Regional Water Quality Control Board 
Dave Woelfel Santa Ana Regional Water Quality Control Board 
Joanne Schneider  Santa Ana Regional Water Quality Control Board 
Mark Smythe Santa Ana Regional Water Quality Control Board 
Dan Bounds CDM 
Michele Colbert City of Corona 
Chris Crompton County of Orange 
Larry McKenney County of Orange 
Susan Paulsen Flow Science 
Mandy Revell Inland Empire WaterKeeper 
Ray Hiemstra Orange County CoastKeeper 
Jim Colston Orange County Sanitation District 
Greg Woodside Orange County Water District 
Tim Moore Risk Sciences 
Steve Stump Riverside County Flood Control & WCD 
Tom Rheiner Riverside County Flood Control & WCD 
Matt Yeager San Bernardino County Flood Control District 
Naresh Varma San Bernardino County Flood Control District 
Valerie Housel San Bernardino Municipal Water Department 
Sat Tamaribuchi The Irvine Company 
Jack Nelson Yucaipa Valley Water District 
Jeff Beehler Santa Ana Watershed Project Authority 
Mark Norton Santa Ana Watershed Project Authority 
Rick Whetsel Santa Ana Watershed Project Authority 
Marie Jauregui Santa Ana Watershed Project Authority 
 
Introductions & Opening Comments 
The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by the participants. 
 
Basin Planning Roundtable Group Update (Regional Board) 
No update provided. 
 
Middle Santa Ana TMDL Update (TMDL Participants) 
Rick Whetsel provided an update on the State Consolidated Grant Program.  A proposal was developed for 
BMP Implementation and a Source Evaluation Study.  The Consolidated Grant Program Application was for 
$600,000 in grant funding, with $250,000 in matching funds provided by San Bernardino County Flood 
Control and Riverside County Flood Control.  The State will notify the applicants in September as to whether 
the grant application was approved for funding.  Anyone wanting a copy of the completed application should 
let Mr. Whetsel know. 
 
Tim Moore noted that the San Diego Regional Board recently tabled the Mission Bay Pathogen TMDL in 
light of the finding that the bacteria present were not a source of illness in people.  The Mission Bay 
Pathogen TMDL Study showed that the bacteria were not of human origin, and an associated 
epidemiological study showed that people were not getting sick from contact with Mission Bay water.  Mr. 
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McKenney pointed out an additional step to the Mission Bay Pathogen TMDL may have been considered.  
Prior to the source evaluation study and the epidemiology study for this area, the City and County had 
effectively eliminated human sources.  He also mentioned that in the San Diego region, it was announced 
that grant funds were approved to do a Doheny Beach epidemiology study and source tracking evaluation. 
This may be of particular interest because dry weather runoff has not been eliminated. It was noted that it is 
not probable that an epidemiology study will be done in the inland area. 
 
The results of the proposed Consolidated Grant Program Source Evaluation Study would be used by the 
Middle Santa Ana River TMDL Workgroup to determine where to site and locate BMPs for maximum 
effectiveness at reducing human pathogens.  The Source Evaluation Study has become regulatorily more 
significant due to the San Diego Regional Board’s action.  It is the same kind of work that the Colorado 
Regional Board elected to do as part of their TMDL prior to adoption.  Mr. Moore noted that the Middle 
Santa Ana River Watershed Pathogen TMDL Workgroup would like to marry the efforts of the San Diego 
Regional Board and the Colorado Regional Board with an existing requirement to do source evaluation and 
BMP planning.   
 
At the next Middle Santa Ana River Watershed Pathogen TMDL Workgroup meeting, Joe Hevesi of USGS 
will provide a workshop and a final wrap-up presentation of the pathogen model. 
 
Sign-ups for Warm Season Site Visits (Dave Woelfel/Regional Board) 
Dave Woelfel developed the site visitation list and briefly discussed the format.  He also provided a 
Recreational Use Survey Form.  Joanne Schneider inquired whether the Survey Form was consistent with 
CDM’s efforts.  Mr. Norton suggested using the Beneficial Use Survey Form that was used for the Middle 
Santa Ana River Watershed Pathogen TMDL.  Dan Bounds will give Mr. Woelfel the field sheet that CDM 
uses on a weekly basis.  Both the Survey Form and Sign-up Sheet will be posted on the website.  The time 
expectations for the site visits would be at least 30 minutes.  It was suggested to bring disposable cameras for 
the visit.  Cameras located at each site are programmed to capture images every 15 minutes beginning at the 
top of the hour. 
 
Triennial Review Basin Plan Priority List 
It was noted that there is still an opportunity to comment on the draft Triennial Review Basin Plan Priority 
List, in which the Task Force work is listed as Issue #2.  There will be another stakeholder meeting in 
August, and comments will be accepted until then.  The County of Orange has already sent a comment letter 
regarding the list.  Mr. Woelfel noted that the Regional Board has received good comments regarding the list.  
Chris Crompton commented that some of the items in issues 13 and 15 may logically fall under Task Force 
priorities.  Mr. McKenney concurred; however, he did not think that it is likely that the Task Force will get to 
these issues within the next year.  Mr. Moore commented that if issues 13 and 15 are added as Task Force 
issues, the likelihood of completing the tasks listed in issues 13 and 15 are greater.  It was noted that if the 
issues farther down the list are added to issue #2, the resources may be increased to reflect the additional 
work.  Ms. Schneider commented that the scope of the proposed Task Force work was broader when it was 
placed on the list in 2002, and agreed that it would be advisable to revise the description of Issue #2 to 
maintain this broader perspective.  Discussion briefly ensued.  It was noted that the list does not reflect 
comments received to date.  Mr. Woelfel noted that CalTrans wrote a letter to the Regional Board 
commenting on the list.  CalTrans would like a modification of the REC-1 and REC-2 standards.  The 
comments received by the Regional Board will soon be available on their website.   
 
Technical Tasks Update (CDM) 
CDM is nearing the end of their Phase II scope, which is the UAA Work Plan, Study Location/Prioritization, 
and Task 4.  CDM recently began working on Task 4, the Attainment Assessment Process document.  Dan 
Bounds noted that the document will describe averaging periods, data quality, and how attainment will be 
assessed. 
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Recreational Use Survey 
Although there has been an increase in activity in and around the camera sites, not much water contact has 
occurred.  Mr. Bounds provided the following update on the cameras: 

• The Santa Ana River Mainstem at RCSD camera has taken 1,850 images.  It was taken down to 
reprogram for higher resolution, but will be put back up today. 

• The Santa Ana River Mainstem at Yorba Linda camera has taken 1,900 images.  It is operating for 3-5 
days on the battery change. 

• The Temescal Canyon camera has taken 5,400 images and is hooked up to a solar panel. 
• The three Santa Ana Delhi cameras have taken between 18,600-20,000 images each. 
• The Cucamonga Creek downstream camera has taken 7,600 images, and the upstream camera has taken 

5,000 images.  The upstream camera is operating for 2-3 days before needing a battery change. 
• The Greenville-Banning Channel camera has taken 2,500 images, and is currently idle.  CDM is awaiting 

a decision regarding camera relocation. 

Overall, 80,000 images have been taken from all the cameras.  Mr. Bounds provided images from the sites 
noting that although people are present, recreation is not occurring in the water.  Also, the image quality 
depends on the amount of light available, and images taken at dawn or dusk are of poor quality.  The man 
that has been seen in the images at Cucamonga Creek that was presumed to be SBCFC personnel is, in fact, 
not one of their staff persons. 
 
Mr. Bounds discussed an interview with Ron Nadeau, the Park Ranger for Featherly Park.  Mr. Nadeau 
informed CDM that the only contact that he has observed is either foot or shoe.  Mr. Bounds will investigate 
park rules about going into the water.  It was noted that ½-mile upstream of the current camera location is a 
mountain lion crossing.  Discussion briefly ensued. 
 
Draft UAA Work Plan 
Mr. Bounds handed out the Draft Technical Memorandum – Prioritization of Waterbodies for Additional 
Study and the Draft UAA Work Plan.  He noted that the Prioritization of Waterbodies for Additional Study 
Technical Memorandum will be attached to the end of the Work Plan.  There was a brief discussion 
regarding the Work Plan.  Although CDM would like comments on the documents as soon as possible, it is 
up to the Task Force to set the deadline for the documents.  Matt Yeager noted that he has sent his comments 
regarding the UAA Work Plan to CDM, and he briefly discussed his comments.  He noted that it is not 
productive to comment on the Work Plan in its present form because it is too vague.  Overall, he would like 
to see an outline and decision tree that shows how it links to the regulatory requirements and how it will link 
to what the Regional Board will ultimately see.  Mr. Moore agreed with Mr. Yeager’s assessment. However, 
he stated that there is enormous danger in holding off on developing the Work Plan until analyses are begun 
because the Task Force could be accused of manipulating the UAA outcome.  He suggested acknowledging 
why the three sites are being done and a revision cycle.  Discussion briefly ensued regarding the UAA and 
the EPA.  Mr. McKenney commented that there was consensus on the need for decision-making logic; at 
issue is the degree of specificity provided.  He suggested producing an outline with decision-making logic, 
based on the applicable regulations, and then tries to decide on the amount of data/detail needed. A flow 
chart/outline initial approach could be developed into guidance.  
 
Mr. Moore clarified that on page 2 of the Draft Technical Memorandum – Prioritization of Waterbodies for 
Additional Study that: 1) a UAA and changes in recreation standards are not being proposed for Huntington 
Beach; 2) Lytle Creek may be used to assess seasonality of recreational activity; and, 3) the inclusion of Lake 
Elsinore and the Santa Ana River Mainstem does not presuppose anything.  It was suggested that Canyon 
Lake should be put in place of Lake Elsinore because Canyon Lake is listed as impaired for pathogens.  
Although the general public cannot recreate in Canyon Lake, there is a large community surrounding it.  
There was concern that Canyon Lake would not be representative of the population.  Jeff Beehler noted that 
Canyon Lake could provide a population of known size for risk assessment.  Discussion briefly ensued. 
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Compliance Alternatives Analysis 
Approximately 60 comments have been received.  CDM is currently working on incorporating the 
comments.  He noted that a per capita benefit is calculated by drainage shed – the population within the 
drainage shed that would be served by the BMP.  There was a brief discussion as to how projected BMP 
costs should be broken down.  The three counties will provide Mr. Bounds comments on how the costs 
should be broken down specific to their area.  If he does not hear from the three counties, he will continue 
with his work.  It was noted that the important number is the overall cost rather than how the cost is 
distributed.  Discussion briefly ensued regarding scaling and different ways to determine cost of BMP 
Implementation. 
 
CDM’s next steps are to: 1) deliver the final Compliance Alternatives Analysis; 2) obtain further direction 
for the UAA and Prioritization document; and 3) begin the Draft Attainment Process Assessment document.   
 
Mr. Bounds inquired whether conference calls could be scheduled to discuss the scope for Phase III.  Mr. 
McKenney inquired about the major issues with the Phase III Work Plan with the exception of the UAA.  
Mr. Bounds noted that the CDM scope of work is still draft and there is uncertainty as to which technical 
tasks would be necessary at which locations.  Given the new direction for the Work Plan, the Work Plan 
could be finalized in Phase III.  He noted that there could be modifications of Phase III tasks and 
postponement of Phase II tasks into Phase III.  Mr. Yeager commented that it would be helpful to see how 
Risk Sciences’ and CDM’s tasks flow together.  Mr. McKenney suggested getting a revised scope of work 
and schedule conference calls to discuss it thereafter.  He inquired about what would be accomplished in a 
conference call or whether a UAA meeting has to be done first.  The representatives from SBCFC would like 
to see the Work Plan first.  Discussion briefly ensued.  There is confidence that Phase III will occur.  A 
participant inquired whether it would be worth doing an interim, short-term scope.  Mr. Moore noted that he 
would like to see the Greenville-Banning camera moved to the Huntington Beach site ASAP.  Mr. 
McKenney stated that the tasks should be addressed in three pieces: 1) for the scheduled July 13th meeting, 
focus work on the UAA Work Plan and finish Phase III scope; 2) address issues in the next two weeks via 
conference call; and 3) move the Greenville-Banning camera to Huntington Beach now.  The camera move 
will be an Amendment to Phase II. 
 
Scope of Work for Phase III of the Task Force (CDM & Risk Sciences) 
Mr. Moore briefly reviewed what the Task Force members should expect between now and the next meeting: 
a first cut of recommendations based on the 2+years of Task Force work thus far (this summary to be 
distributed by July 5, 2006; it will highlight where the Task Force is and where there is not agreement); and, 
initial drafting of Basin Plan amendment language.  Ms. Schneider commented that it seems like an 
appropriate time to schedule a meeting with EPA.  Mr. Moore stated that after the next meeting, if the Task 
Force is comfortable with the summary language, he would like to meet with EPA and State Board staffs to 
brief them on where the Task Force is, what the Task Force is thinking about doing, what the rationale is, and 
solicit their review and input.  Susan Hatfield agreed.  Ideally, it is most efficient to do one presentation/brief 
with both the EPA and State Board.  Ms. Hatfield commented that San Francisco would be the ideal location, 
and may be done in lieu of the September meeting.  Ms. Schneider commented that she does not want to wait 
until September to talk with EPA and the State Board.  Ms. Hatfield will check EPA and State Board staffs’ 
availability for August 10th and 17th.  It was noted that key staff from the EPA and State Board will be in 
attendance as well as other folks such as those involved in the TMDL.  Discussion briefly ensued.  Ms. 
Hatfield will help identify essential people and let Mr. Beehler know.  Ms. Schneider will help with the State 
Board schedule and potential dates for travel to San Francisco.  Mr. Moore will have the material out to the 
Task Force in July.  The July meeting has been changed to August 3, 2006, due to a conflict with the 
CASQA meeting.   
 
Water Quality Objectives Discussion (Risk Sciences) 
Mr. Moore indicated that the principal issues for discussion were the definition of existing uses and REC-2. 
He distributed a handout that included information pertaining to determining “existing uses”, a proposed 
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recreation use hierarchy and simplified designation matrix for recreational uses, and revised draft text for the 
proposed narrative pathogen objective being developed by the Task Force.   He pointed out that the last 
sentence (underlined) of the draft narrative pathogen objective language has been revised.  The modification 
is intended to reflect findings and action by the San Diego Regional Board with regard to the Mission Bay 
pathogen TMDL studies:  in this case, all the known human sources were eliminated, as demonstrated by 
DNA work that the original source of bacteria was non-human, and the epidemiology demonstrated no 
adverse impacts to the population recreating in the area.  It was pointed out at a NWRI presentation that 
everyone wants the benefit of the finding, but does not want to do the work involved to support it. 
  
Definition of “existing uses” 
Mr. Moore indicated that it was necessary to cite the rules associated with existing uses and discuss each.  
Given the rules, the Task Force needs to determine what constitutes an existing use.  He briefly discussed 
items that he thought were “given” and his recommendations.  He noted that there are some uses that occur 
but that cannot be designated or treated as existing uses, such as waste transport.  Mr. Moore indicated that 
the legality of the activity is something that needs to be considered when designating uses.  Ms. Schneider 
commented that legality of use is not a UAA criterion.  Mr. Moore briefly discussed California Water Code 
Section 1300.  In summary, Water Code 13241 discusses how to set objectives and Water Code 13000 
discusses standards. 
 
Mr. Moore noted that an important question is what has been attained historically.  The existing use will be 
held to whatever level was being attained historically.  In other words, if historically, the existing use was 
held at Class A, it cannot be downgraded to Class B.  He wants to ensure that the Task Force is not reducing 
protection for something that held a higher level of protection in the past.  Furthermore, if there is a standard 
in place, it still has to be met unless the standard changes.  Discussion briefly ensued. 
 
Ms. Schneider indicated concern with the third item shown as a “given”, which is that attained uses are those 
that have met water quality standards.  She pointed out that there is State Board precedent for defining 
“existing use” as one that has actually occurred and/or for which water quality suitable to protect the use has 
been attained since 1975.  Application of the State Board definition would affect the “Recommended” 
considerations # 5, 6, and 7. Based on the discussions, Mr. Moore is going to reflect that recommendations 5-
7 are not near consensus.  Bill Rice inquired whether use by transient populations has been defined and 
suggested clarification.  Mr. Moore will cite EPA’s guidance. 
 
Recreation Use Hierarchy, Indicator Pathogen Objectives for REC-2 
Mr. Moore discussed a proposed revised nomenclature.  From now on in our discussion, the concept of 
Limited REC-1 would be changed to REC-1C.  There is still confusion about REC-2 and EPA’s secondary 
REC term.  Per the Clean Water Act, an existing use cannot be downgraded to make it less stringent.  
Employing a REC-1 class A, B and C characterization approach would more clearly reflect the Task Force’s 
intent, which is to identify sub-classifications based on differing frequency and type of use.  Mr. Moore 
noted that it does not change what is trying to be done, and that REC-2 remains no contact.  REC-1 is contact 
and the difference between A-C is the degree, frequency, and number of people for contact.  He discussed the 
simplified designation matrix for recreational uses.  Class A-C would be expected to have different water 
quality objectives.  Risk is adjusted for people and degree of contact.  “Hard numbers” will be presented to 
the Task Force in July.  Discussion briefly ensued. 
 
Consideration of the current Basin Plan REC-2 designation and the need for water quality objectives to 
protect it was done in the form of Delphi questions in April, and the comments were evenly split.  Half of 
those who commented suggested that objectives should be specified for REC-2, while others argued that the 
bacterial quality objectives should be deleted.  Some of these arguments were repeated during the discussion. 
Mr. Moore indicated that secondary contact waters, as defined by US EPA should have numeric standards.  
EPA’s secondary REC is essentially the REC-1C sub-classification being proposed by the Task Force.  He 
indicated that the proposed narrative pathogen objective would apply to all waters, whether designated REC-
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1 A, B or C or simply REC-2.  Together with the antidegradation policy, this would provide an adequate and 
appropriate regulatory basis for action by the Regional Board to assure the protection of water quality and 
beneficial uses. A narrative standard does not prevent the Regional Board from adopting numeric standards 
where it is appropriate to do so and on a site specific basis where unique circumstances advise it.  Discussion 
briefly ensued regarding REC-2 waters and E. coli, narrative standards, and antidegradation. 
 
A participant inquired about REC-2 only waterbodies.  Mr. Moore noted that the Greenville-Banning site 
was REC-2 because of the bike path.  If there was no bike path, the site would likely be categorized as 
without REC use (i.e.,“undesignated” per the recreational use hierarchy and simplified designation matrix 
shown in the handout).  Ms. Schneider commented that she does not see a point to have numeric bacterial 
objectives for REC-2 and feels that the Regional Board has more than ample opportunity, with 
antidegradation and the proposed narrative pathogen objective to assure protection of immediate and 
downstream waters.  A participant inquired about the classification of fishing.  Mr. Moore noted that the 
classification of fishing is uncertain.  That is why cameras are being placed at sites where fishing is known to 
occur to try to discern how fishing should be classified.  Mr. McKenney feels that fishing from the shore is 
REC-2, but wading into the water to fish is REC-1.  Mr. Moore will provide a write up.  Discussion briefly 
ensued. 
 
Adjourn 
The next meetings are scheduled for Thursday, August 3, 2006, and Thursday, August 24, 2006, from 9:30 
a.m. to 1:00 p.m. 
 
The meeting adjourned at 1:08 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
August 3, 2006 

 
PARTICIPANT REPRESENTING 
Nancy Yoshikawa (via teleconference) US EPA 
Bill Rice Santa Ana Regional Water Quality Control Board 
Dave Woelfel Santa Ana Regional Water Quality Control Board 
Joanne Schneider  (via teleconference) Santa Ana Regional Water Quality Control Board 
Mark Smythe Santa Ana Regional Water Quality Control Board 
Dan Bounds CDM 
Don Schroeder CDM 
Richard Meyerhoff CDM 
Angie Burgh City of Irvine 
Mike Loving City of Irvine 
Gene Estrada City of Orange 
Chris Crompton County of Orange 
Larry McKenney County of Orange 
Mary Jane Foley County of Orange 
Jayne Joy Eastern Municipal Water District 
Susan Paulsen Flow Science 
Mandy Revell Inland Empire WaterKeeper 
Chandra Johannesson Orange County Sanitation District 
Greg Woodside Orange County Water District 
Brian Diaz Recupero and Associates 
Tim Moore Risk Sciences 
Jason Uhley Riverside County Flood Control & WCD 
Steve Stump Riverside County Flood Control & WCD 
Matt Yeager San Bernardino County Flood Control District 
Naresh Varma San Bernardino County Flood Control District 
Valerie Housel San Bernardino Municipal Water Department 
Justin Ashby Santa Ana Watershed Project Authority 
Rick Whetsel Santa Ana Watershed Project Authority 
Marie Jauregui Santa Ana Watershed Project Authority 
 
Introductions & Opening Comments 

The Stormwater Quality Standards Task Force meeting was called to order by Chris Crompton at the Santa 
Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by the participants. 

Basin Planning Roundtable Group Update (Dave Woelfel/Regional Board) 

Dave Woelfel noted that the Basin Planning Roundtable Group will be using a grant to update the bacteria 
standards for the State.  At the end of August, the Basin Planning Roundtable Group will be holding a 
meeting in Riverside.  Mr. Woelfel will inquire with the Chairman of the Basin Planning Roundtable Group 
whether they would have an interest in a summary briefing them about the Task Force’s efforts. 

Middle Santa Ana TMDL Update (Rick Whetsel/SAWPA) 

At last month’s Middle Santa Ana River Watershed Pathogen TMDL meeting, USGS provided a 
presentation on the final results of the pathogen modeling project.  Rick Whetsel commented that it was a 
rather successful modeling effort and also is a good flow model representation of the watershed.  The draft 
report is anticipated to be available for the next Stormwater meeting.  Mr. Whetsel noted that per Matt 



 2

Yeager’s suggestion, copies of the draft report will be brought to the next Stormwater meeting for Task 
Force review. 

The Middle Santa Ana River Watershed Pathogen TMDL is awaiting approval from EPA.  The main issue 
after the USGS report is finalized will be the kind of work the TMDL will move into next (i.e., joint funding 
agreement or additional studies). 

Mr. Yeager commented that the model presentation was done very well, and the hydrology is well calibrated.  
He is concerned that the model uses a build-up/wash-off algorithm to simulate the bacteria process. Those 
who read the report should be clear on the assumptions, data, and model output.  It was noted that, to date, 
there has not been any successful bacteria modeling. 

Tim Moore commented that EPA recently published a draft memorandum regarding the DC Circuit Court 
case ruling that “daily means daily” for Total Maximum Daily Loads.  He noted that EPA’s memorandum 
points out that a TMDL may have to be daily, but permits need not be.  Furthermore, it states that in addition 
to daily, you can have minimums, maximums, averages, etc.  He noted that there is much flexibility in the 
regulation.  Mr. Moore pointed out a paragraph in the memorandum that discusses the State’s course of 
action for anything that is pending and not yet approved.  The Middle Santa Ana River Watershed Pathogen 
TMDL is currently on EPA’s desk, and Mr. Moore speculates that EPA will ask the Regional Board how the 
TMDL would be expressed as daily averages.  Discussion briefly ensued regarding TMDLs and EPA’s 
memorandum. 

Sign-ups for Warm Season Site Visits (Dave Woelfel/Regional Board) 

Mr. Woelfel stated that the weekend site visits are to ground-truth the camera’s findings.  Weekends are 
more ideal because that is when people are most likely to be there.  Survey forms from the site visits need to 
be turned in to Jeff Beehler.  During the site visits, people have been observed swimming and fishing.  He 
passed around photos that were taken during the site visits.  It was suggested to post maps to the camera 
locations on the website.  Mr. Woelfel listed the sites and dates that volunteers are needed and passed around 
sign-up sheets. 

Comments on Triennial Review Basin Plan Priority List 

Mr. Woelfel spoke with Mark Adelson.  It was noted that another stakeholder meeting will be held on 
Tuesday, September 5th from 1-5.  The Triennial Review Basin Plan Priority List will be revised based on 
comments that have been received.  Descriptions of all the triennial review issues will also be provided.  It is 
anticipated that the Triennial Review Basin Plan Priority List will be final and presented for Board approval 
at the Regional Board’s October meeting. 

Schedule September Meeting with EPA and State Board Staff (Joanne Schneider/Regional Board) 

September 18th is available to the Task Force to meet with EPA and State Board Staff.  However, the time 
and duration of the meeting has yet to be confirmed.  Rick Rasmussen of the State Water Resources Control 
Board has committed to participate in the meeting.  Ms. Schneider noted that there is an opportunity to meet 
with Alexis Strauss, Director of EPA’s Water Division, for an hour.  The best schedule would be a morning 
schedule.  Discussion briefly ensued regarding the meeting time and the best option for including Ms. Strauss 
as much as possible.  It was decided to hold the meeting from 9 a.m. to 12 p.m. based on Ms. Strauss’ 
schedule.  EPA staff that will be in attendance at the meeting include Ms. Strauss; Doug Eberhardt, Office 
Director; Susan Hatfield; Nancy Yoshikawa; and Terry Fleming, an EPA staff member interested in 
monitoring issues.  Maria Rea was invited; however, it is unclear whether she will attend.  A participant 
suggested to Ms. Yoshikawa that EPA arrange a conference line for the meeting.  Ms. Schneider commented 
that what she is looking to gain from the meeting with EPA is: 1) to get a sense of whether and where the 
Task Force recommendations may be going off the approval track; 2) whether there is anything that the Task 
Force is contemplating that would cause either EPA or State Board concern with respect to ultimate 
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approval; 3) whether there is something that the Task Force has not done that needs to be done; and 4) 
whether, in their opinion, the Task Force is doing something that should not be done.  The overall message is 
that the Task Force is on the track to propose Basin Plan Amendments.  Ms. Schneider wants to ensure that 
the Task Force is on a track with approvable items and will not cause regulatory concern.  The purpose of the 
meeting is to become aware of any concerns so that they may be appropriately addressed. 

Technical Tasks Update (CDM) 

Dan Bounds stated that CDM has completed the Compliance Alternatives Analysis document which has 
been delivered electronically.  For the Compliance Alternatives Analysis document, CDM addressed the 
comments and questions received.  He noted that the costs in the document are represented as total estimated 
cost per capita and per household. 

He further noted that the original recreational use surveys are in the final stages of completion.  The 
remaining tasks are the UAA Work Plan, the Attainment Assessment Process document, and the Santa Ana 
River Mainstem Recreational Use Surveys. 

Recreational Use Survey 

Mr. Bounds commented that the Santa Ana Delhi cameras began working quite well upon installation and 
reached 12 months of operation in July.  CDM is currently working on data reports with the images collected 
from the Santa Ana Delhi cameras.  Both the Cucamonga Creek downstream and Temescal Wash cameras 
are nearing 12 months of operation.  It was noted that the cameras that have been operational for 12 full 
months are still in place, but are not taking any images because CDM let the batteries run down.  It was 
suggested that the cameras be removed to avoid the risk of theft because there would be no way of knowing 
if the cameras were stolen since they are not currently operational. 

Mr. Bounds displayed a matrix depicting the number of images from each camera site for each month, 
including months when the cameras were non-operational, and a current total number of images for each site.  
He provided a brief history of the cameras and the reasoning for data/image gaps.  He displayed several 
images from the camera sites noting that although more activity has been seen during the summer months, 
there has not been any more water contact than seen in the other months. 

Draft UAA Work Plan – Draft Revisions 

The comments that were received have been incorporated and a revised draft has been completed.  It was 
inquired whether CDM is intending to show Ms. Strauss the document.  Since Mr. Moore has been tasked to 
develop the agenda for the EPA/State Board meeting, he could confer with Mr. Bounds as to what should be 
discussed at the meeting.  It was noted that Mr. Eberhardt would be the person to brief on the specifics of the 
Draft UAA Work Plan.  A participant commented that she did not know of anyone who is doing a UAA 
successfully at this time.  She feels that there has to be good concurrence with the Regional Board, State 
Board, and EPA regarding the framework of the UAA and what is going to be achieved prior to moving 
forward.   

Any comments on the draft should be either emailed to Mr. Bounds or brought to the next Task Force 
meeting.  Mr. Bounds noted that while CDM was working on the UAA, they referenced other UAA 
processes that both the State Board and EPA have seen in the past.  It was noted that defining existing uses 
and other issues have not been integrated into the Draft UAA Work Plan.  Discussion briefly ensued 
regarding the waterbodies chosen for the UAA. 
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Concepts for Attainment Assessment Task 

Mr. Bounds handed out an outline on the concepts developed for review and comment.  He noted that the 
outline contains the original thought and structure of what the document will look like.  It also contains an 
introduction and purpose for the document from the scope of work. 

He noted that CDM’s next steps are to wrap up the original recreational use surveys and continue the Santa 
Ana River Mainstem surveys, complete the Draft UAA Work Plan and Draft Attainment Assessment Process 
document. 

Review Conclusions To-Date (Risk Sciences) 

Mr. Moore handed out a candidate final text for recreational use subcategories.  He said that the edits made 
were minor, and the handout would be discussed further at the next Task Force meeting.  He noted that there 
is a lot of detail that is not included in this part of the Basin Plan that would go into the staff report for 
adoption and into the implementation section of the Basin Plan. 

Rather than Full REC-1 and Limited REC-1, the proposal now being considered is to recommend REC-1 
with three sub-classes.  Limited REC-1 is now REC-1 Class C.  The reasoning for changing the 
nomenclature is to ensure that the Task Force remains consistent with EPA’s guidance.  Mr. Moore is trying 
to eliminate the confusion of what EPA calls Secondary contact and what the State calls REC-2, which is 
non-contact.  EPA’s Secondary contact concept is now called REC-1 Class C.  Primary contact under EPA’s 
guidance is Class A and Class B.  He noted that the different classes are common in other places that have 
gone through a similar exercise.  Additionally, it may make approval easier based on previous work.   

The highest subclass of REC-1 that a waterbody has achieved will help with the existing use issue.  By 
carefully following the State Board principles and outlines in what they did in the LA region and closely 
adhering to EPA’s guidance, it will be easier to do the risk-based adjustment for the criteria that the Task 
Force has been discussing.  The only difference between REC-1 Class A and Class B is the number of 
people.  Mr. Moore noted that the EPA guidance makes that distinction.  Risk adjustment can be made for 
the magnitude of exposure.  He further noted that REC-1 Class A would be waterbodies where recreational 
use is encouraged, such as the designated destination beaches.  REC-1 Class B, on the other hand, would be 
“improvised” recreational opportunities and are not necessarily encouraged.  There was a brief discussion 
regarding the term “surface water of the State”.  It was noted that the document will be sent to Jeff Beehler as 
a word file.  He will forward it to the Task Force so comments and edits can be made on the document using 
tracked changes. 

A participant inquired about the relationship of fishing, which is listed under REC-1 Class C, to the 
California Toxics Rule (CTR) because any type of REC-1 triggers the CTR.  Ms. Schneider stated that apart 
from the REC-1 designation, there is a presumption in the Clean Water Act that any surface water of the 
United States is presumed to be suitable for fishing unless a UAA demonstrates otherwise.  Furthermore, it is 
also expressed in State Board Order No. 2003-0012.  There is an underlying presumption irrespective of any 
recreational related use that every surface water is used for fishing.  The other presumption that is reflected in 
the State Board Order is that if a waterbody can be used for fishing, it has to be assumed that consumption 
could or is likely to occur.   

Mr. Moore noted that the water quality objectives need to be set to either the appropriate use classification, 
or if the water quality is better than that, the objectives need to be set at the better level.  Furthermore, the 
objectives cannot be downgraded because of antidegradation (unless specific tests identified in the 
antidegradation policy (State Water Board Resolution No. 68-16) are met).  The classes are set based on the 
use, not what the objectives should be.  There was a brief discussion regarding Big Bear Lake because of 
seasonality.  Although Big Bear Lake meets the standards all year round, the question is whether the use can 
occur.  The purpose is to accurately define the uses.  Discussion briefly ensued regarding the segmentation 
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language and use designations.  A participant expressed concern regarding the phrase “all surface waters are 
presumed to be Class A or Class B” in relation to REC-2.  Ms. Schneider commented that the presumption is 
that all waters are swimmable.  Either Class A or Class B would fall into that category and are differentiated 
by the frequency of use.  Mr. Moore added that some waters are no longer Class A or Class B, but that would 
be because they have been de-designated somehow.  A participant commented that Statewide, other regions 
use the terms “existing” and “potential” and that there are many waterbodies listed as “potential”.  That is 
why the Task Force argued not to be equivalent to “existing” even though it is enforced as such.  Mr. Moore 
listed Greenville-Banning, Temescal Creek, and Santa Ana Delhi at Mesa as Not REC-1.  If the Task Force 
feels that the issue is controversial, it will be addressed at the next Task Force meeting.  Discussion further 
ensued regarding use designations and the definition of terms.  Mr. Moore will draft definitions and send 
them out prior to the next Task Force meeting for discussion at that meeting.   

Page three of the handout is the narrative pathogen objective which includes numeric indicators (Table 1).  
There were only minor changes to the text.  One change was the last word in the paragraph changed from 
“infection” to “illness”.  Ms. Schneider inquired whether the text was an “indicator pathogen objective” or a 
“pathogen objective”.  Mr. Moore stated that the issue is that E. coli is not necessarily pathogenic; they are 
indicators of pathogens.  Bill Rice commented that the Regional Board refers to them as “bacterial 
indicators”.  It was noted that there is no single sample as water quality criteria.  However, it will show up in 
Section 5 of the Basin Plan as a monitoring requirement and as a trigger.  The single sample would be used 
as a trigger for more sampling, but not as enforceable water quality objectives themselves.  Discussion 
briefly ensued regarding monitoring.  Mr. Moore commented that because REC-1 Class C is both low use 
and low contact it is proposed to use five times the REC-1 Class B number.  Additionally, the REC-2 
indicator pathogen criteria are an unresolved issue.   

Page four of the handout is the candidate final text for high flow suspension language.  Mr. Moore noted that 
very little about the text has changed since the Task Force last saw the language (early 2005).  The idea is 
that on a segment-by-segment basis, the Regional Board would apply the high flow suspension as a footnote 
to whatever recreational use designation appears in Table 3.1 of the Basin Plan.  It was noted that the first 
paragraph is the language that would appear as a footnote, and the remaining text is expected to appear at 
other locations in the Basin Plan.  A participant commented that “improved channel” should be used in place 
of “flood control” or “engineered”.  Discussion briefly ensued regarding terminology and water transfer.  The 
Basin Plan would give the flexibility to the Executive Officer of the Regional Board to apply certain rules to 
certain reaches.  Discussion further ensued.  Mr. Moore noted that in addition to the 10ft2/sec, another trigger 
would be a flash flood warning.  There was a suggestion to list the parties that maintain rain gauges.  Mr. 
Moore considered what LA did and added the language about the site-specific basis.  A participant 
commented that the LA rule is based on an expectation of ½” rain because that triggers County Flood 
Control to close access gates. 

Six issues that Mr. Moore feels are outstanding are listed on the last page of the handout.  Larry McKenney 
added the relationship with MUN and the relationship with shellfish to the second outstanding issue.  
Although shellfish falls under marine and the Task Force was not going to do marine uses, it is possibly a 
tributary issue.  Mr. Moore noted that a Delphi process was done for what the pathogen indicator bacteria for 
REC-2 should be.  He reviewed the responses that came from the Delphi process.  Ms. Schneider commented 
that she feels there is no need for a numeric pathogen indicator objective for REC-2; the Task Force should 
rely on the narrative objective and antidegradation.  Mr. Moore concurs.  He recommends that for REC-2, 
text be added stating that antidegradation applies and strengthen the language about bacteria not being able to 
create a nuisance.  A participant inquired whether monitoring would have to be done for REC-2.  It was 
noted that monitoring would be triggered by a nuisance-type event.  There was consensus.  Mr. Moore noted 
that the State Board does not have a REC-2 E. coli objective.  A participant inquired if the existing Basin 
Plan REC-2 objective for fecal coliform would be eliminated.  Mr. Moore stated that the expectation is that 
in addition to what is being added, the total and fecal coliform objectives would be pulled from the Basin 
Plan. 
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Mr. Moore indicated that the bacterial objectives for MUN predate the surface water disinfection rule, and 
are unnecessarily restrictive. The idea is that the Task Force would want to be able to suggest that the surface 
water disinfection rule renders the bacterial objectives for MUN obsolete.  A participant commented that to 
the best of her knowledge, this Basin Plan is the only one that has an objective for MUN.  Mr. McKenney 
inquired whether it would be appropriate to acknowledge in the Basin Plan that this beneficial use requires 
treatment rather than have a numeric objective associated with it.  Ms. Schneider commented that it would be 
worth considering given that additional explanatory language which reflects application of the narrative 
objective, antidegradation and where the various classes of REC-1 bacterial objectives apply would remain in 
place.  Mr. Moore noted that the language used in the narrative objective specifically states that pathogens 
have the potential to adversely affect municipal supply as well as recreational uses. The narrative was 
planned to cover both.  Discussion ensued. 

The next outstanding issue, should there be an indicator pathogen objective during a high-flow suspension, 
was discussed.  Because the use is suspended, it was asked how the objective would be defined.  The next 
outstanding issue, what will be done with actual lack of contact, will be discussed at the next Task Force 
meeting.  A participant commented that this issue would relate back to the definition of uses.  Discussion 
briefly ensued. 

Scope of Work for Phase III of the Task Force (CDM & Risk Sciences) 

Phase II Amendment to Move Greenville Banning Camera 

The Phase II Amendment is currently moving through the approval process.  There was an inquiry about the 
Greenville-Banning site with regards to the UAA.  Mr. Moore noted that there are other locations that are 
similar to Greenville-Banning that they can use as archetypes for the other sites. 

Phase III Scope for CDM and Risk Sciences 

Mr. McKenney noted that there was a conference call regarding the Phase III scope of work and wanted to 
address the issues raised.  Through discussion on the conference call, it was noted that the Task Force is 
looking for two things: 1) a matrix that depicts what the Task Force has accomplished based on what they 
committed to do; and 2) additional detail to the scope of work.  Mr. Bounds commented that they have laid 
out the goals and outcomes of Phase I, and the goals and current/proposed outcome of Phase II and how it 
relates to Phase III.  A participant expressed concerns about the UAA Work Plan.  He requested clarification 
on what the UAA Work Plan would be, noting that, at this stage, detail would not be needed.  What are 
needed, however, are the components of the UAA Analysis.  He commented that the detailed text would be 
best done after the components are understood.  There needs to be clarity on where the Task Force is going 
and “what supports what”.  Discussion briefly ensued. 

Adjourn 

The next meetings are scheduled for Thursday, August 24th and October 12th from 9:30 a.m. to 1:00 p.m. 

The meeting adjourned at 1:27 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

August 24, 2006 

PARTICIPANT REPRESENTING 
Nancy Yoshikawa (via teleconference) US EPA 
Susan Hatfield (via teleconference) US EPA 
Bill Rice Santa Ana Regional Water Quality Control Board 
Dave Woelfel Santa Ana Regional Water Quality Control Board 
Joanne Schneider   Santa Ana Regional Water Quality Control Board 
Linda Pardy San Diego Regional Water Quality Control Board 
Larry Bazel Briscoe Ivester & Bazel LLP 
Dan Bounds CDM 
Richard Meyerhoff CDM 
Rod Cruze City of Riverside 
Larry McKenney County of Orange 
Jayne Joy Eastern Municipal Water District 
Susan Paulsen Flow Science 
Mandy Revell Inland Empire WaterKeeper 
Ray Hiemstra Orange County CoastKeeper 
Jim Colston Orange County Sanitation District 
Greg Woodside Orange County Water District 
Tim Moore Risk Sciences 
Benjie Cho Riverside County Flood Control & WCD 
Matt Yeager San Bernardino County Flood Control District 
Naresh Varma San Bernardino County Flood Control District 
Valerie Housel San Bernardino Municipal Water Department 
Jeff Beehler Santa Ana Watershed Project Authority 
Mark Norton Santa Ana Watershed Project Authority 
Rick Whetsel Santa Ana Watershed Project Authority 
Marie Jauregui Santa Ana Watershed Project Authority 

Introductions & Opening Comments 

The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by the participants. 

Mr. McKenney wants to ensure that everyone is clear about the Task Force’s purpose.  He reminded the 
participants of some of the ground rules established at the outset, i.e., that the Task Force would identify 
recommendations that comply with relevant federal and state law. He reiterated that the permit holders who 
are involved in the Task Force are municipalities whose role is to protect public health and safety as well as 
to make wise use of the public funds.  They are not regulated dischargers trying to get out of doing things.  
Furthermore, while reading the next steps for the Phase III scope, he wanted to ensure that the Task Force 
understood the approach to UAAs.  He reminded the Task Force that UAA does not mean compliance 
minimization analysis or cost minimization analysis.  It means that the Task Force is supposed to be looking 
at whether and how the uses that are seen in the channels can be attained even if they are not currently being 
attained.  A participant commented that the groundwater recharge beneficial use does not have specific water 
quality criteria in the Basin Plan.  The participant wanted to ensure that the path the Task Force is going 
down will not result in a relaxation or reduction in standards of disinfection for POTWs.  Mr. McKenney 
commented that the participant’s comment was a valid point because the Task Force has focused on surface 
water and specifically has not addressed drinking water as a beneficial use.  The Task Force’s focus is on 
contact recreation.  However, there is an unresolved issue about the MUN beneficial use.  Joanne Schneider 
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commented that the participant’s point is specific to another beneficial use that the Task Force has not 
discussed – the use of surface water for groundwater recharge.  She believes that the Regional Board would 
be inclined to any less stringent disinfection requirements for POTWs.  It was also noted that implementation 
and monitoring are inextricably bound to the proposed standards changes.  

Basin Planning Roundtable Group Update (Dave Woelfel/Regional Board) 

Dave Woelfel commented that Tim Moore will be speaking to the Basin Planning Roundtable Group on 
Thursday around 10 a.m.  Representatives from all the Regional Boards will be participating in the meeting, 
some in person and others via teleconference.  This will serve as a dry run for the presentation to be made at 
the meeting with US EPA and State Board staff in September. 

Middle Santa Ana TMDL Update (Rick Whetsel/SAWPA) 

There is nothing new to report on the Middle Santa Ana River Watershed Pathogen TMDL.  The next 
meeting is scheduled to follow the Stormwater meeting on October 12th, where they will discuss an approach 
to address the specific TMDL tasks and the type of agreements that should be made to facilitate and 
prioritize tasks.  It was noted that the TMDL is still being reviewed by OAL.  At last month’s TMDL 
meeting, a presentation on the draft USGS HSPF modeling report was given.  This draft report was handed 
out at today’s meeting and comments can be submitted to either Rick Whetsel or Jeff Beehler by September 
8th.   

The Regional Board has not received a formal request from EPA to re-express/convert the prepared TMDL 
to daily form.  In addition, the Regional Board is not planning to do so absent a formal request.  A participant 
commented that EPA will not likely change the form if the TMDL is too far along in process.  Ms. Schneider 
stated that EPA would prefer that the Regional Board go forward with other TMDLs rather than go back and 
revise adopted TMDLs. 

Warm Season Site Visits (Dave Woelfel/Regional Board) 

Mr. Woelfel wanted to remind everyone to turn in their field forms and pictures to Mr. Beehler.  Once all the 
forms and pictures from the site visits have been collected, a presentation will be made. This is the last 
weekend that the site visits will occur.  However, if the Task Force chooses, the site visits can be extended 
until September. 

San Francisco Travel Planning 

Mr. McKenney told Susan Hatfield to plan for eight attendees.  Mr. Moore will require a projector.  The 
meeting will be from 9 a.m. to 12 p.m. on September 18th.  Jeff Beehler will send lodging information in San 
Francisco to those who plan on attending the meeting.  Additionally, Ms Hatfield would like a list of the 
attendees (names and affiliation) so that the security badges are ready when the attendees arrive.   

Schedule November and December Meeting 

The next Task Force meetings are scheduled for Thursday, October 12th, November 9th (tentatively), and 
November 30th from 9:30 a.m. to 1:00 p.m. 

Regional Board Roundtable Presentation 

Mr. Moore is treating this meeting as a dry-run for the meeting in San Francisco.  He wants to ensure that the 
other Regional Boards, regardless of their feelings for the Task Force’s process, know first-hand what the 
Task Force is doing.  He believes that it is important that there are not a lot of strong objections from the 
nearby Regional Boards for the Task Force’s success in the long-run at the State Board and EPA.  Mr. 
McKenney suggested scheduling a conference call with the Task Force funding partners to discuss Mr. 
Moore’s presentation.  A conference call was scheduled for August 30th at 4 p.m. 
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Technical Tasks Update (CDM) 

Mr. Moore feels that the images should be available on the website.  It was suggested having a DVD of all 
the photos available.  Suggestions will be provided at the next meeting.   

Recreational Use Survey – Draft Data Reports for Santa Ana Delhi Channel 

Dan Bounds handed out the Draft Recreational Use Survey Data Report – Santa Ana Delhi Channel, which 
is complete.  He noted that since the last meeting, there were no images with water contact or potential water 
contact.  Authorization to move a camera to the Huntington Beach location was received.  They are currently 
looking for a site with power at that location.  He referenced Table 1 of the handout, which lists the start date 
and end date of each camera and the number of images taken.  Table 3 presents the date and time a person 
was observed directly contacting the water and indirectly contacting the water at the three sites.  Observation 
of a person in a single image was estimated at 15 minutes, and 30 minutes for two images.  He showed 
images to date that depicted water contact at the Newport Bay site.  He noted that indirect contact is depicted 
in Appendix A.  Discussion briefly ensued regarding the images. 

A participant inquired whether the raw data is being reported or interpreted.  He commented that the first 
thing to do is report the data.  He also noted that the terms “direct” and “indirect” should not be used, and 
perhaps “presence of people” should be used.  Mr. McKenney commented that perhaps the terms should be 
“evidence of contact” and “evidence of presence”.  A participant inquired whether CDM has a rationale for 
making the classifications or if they are subjectively looking at the images.  Mr. Moore commented that he 
wants the Task Force and the Regional Board to determine the image’s classification.  He is concerned that 
he and CDM may be accused of censoring the data.  Discussion briefly ensued regarding the duration 
column.  It was suggested to make the table as objective as possible.  It was noted that there needs to be 
consistency for each site.  Also, the data report for Huntington Beach will be different than these sites.  It was 
concluded that the duration column be removed.   

Table 4 refers to non-contact recreation and is broken down by site.  It was noted that April 1 to September 
30 was the timeframe for the summer months and October 1 to March 31 was the timeframe for the winter 
months.  There was some discussion about the images that captured people walking outside the fence.  A 
comment was made that including those people in the numbers for non-contact recreation is confusing the 
data and therefore should not be included in the count.  However, people observed on the inside of the fence, 
walking along side the channel, should be included in the count for non-contact.  A suggestion was made to 
further refine the category by having a column for the number of people observed inside the fence and a 
column for people observed outside the fence.  That way a person at the Regional Board can see what the 
fence looks like and make a determination as to whether those outside the fence should be included in the 
counts for non-contact. 

Mr. Bounds summarized the results noting that they may scale back on the summary if the Task Force wants 
other people to make the interpretations of the data. 

Attainment Assessment Process – Draft 

Mr. Bounds noted that they are at a standstill with the UAA work plan and the Attainment Assessment 
Process document until they are clear on Task Force direction.  They are continuing to further some concepts 
using the current EPA guidance/framework, the existing data sources, and the process for assessment as 
described by local TMDLs and other local sources; and linking that to the Basin Plan. 

Discuss “Candidate Final Text for Basin Plan Amendment” 

Mr. Moore handed out a Candidate Final Text for Recreational Use Subcategories, which shows definitions 
for REC1-Class A (High Use, Full Body Contact), REC1-B (Low Use, Full Body Contact) and REC1-C 
(Infrequent Use, Limited Body Contact).  He emphasized that we are not at a point where we can make a 
formal recommendation to the Regional Board.  He deliberately named the handout a Candidate Final Text.  
It does not represent Task Force consensus; rather, it represents Mr. Moore’s understanding of a near 
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consensus position.  It is a proposal for what the Task Force should consider.  Bill Rice pointed out the 
difference between Mill Creek and Cucamonga Creek in the Prado area.   

Mr. Moore stated that with respect to classification, he has not received any comments to date to suggest that 
the definitions themselves are deficient.  Rather, the comments received have focused on how the Task Force 
intends to apply the definitions.  A participant commented that REC-1 Class B seems frivolous because the 
proposed objective is so close to that proposed for the REC-1 Class A.  It merely seems like a way to 
reclassify a larger number of streams.  Furthermore, the participant stated that, from an environmental 
standpoint, if the waterbody is that close to meeting the Class A objective, the environmental community will 
want to see the Class A objective met.  He also noted that REC-1 Class C would be a Limited REC or REC-2 
designation.  He believes that REC-1 is REC-1A, and if the waterbody is not REC-1A, it should be classified 
as something else.  He is not comfortable with the class distinction.  Ms. Schneider inquired whether the 
participant would be comfortable with REC-1A and REC-1C as currently defined.  She further inquired if the 
participant would not be bothered with the distinction between full-body contact and limited body contact.  
The participant felt that there is room for limited body contact, which is like REC-2.  Something with very 
limited contact can be taken into account.  Ms. Schneider commented that REC-2 states no body contact.  
Thus, it does not make sense to have objectives for REC-2 since no body contact or risk of ingestion is 
anticipated.  The participant noted that he thought that limited use would be a location where there is always 
water, but ingestion or immersion is virtually impossible.  He provided Temescal Canyon at Main Street as 
an example.   

He noted that if the more than 50% of the waterbodies were re-classified, the environmental community 
would not be satisfied because it would seem that we were backsliding on the Clean Water Act.  Although 
Mr. McKenney is also concerned about perception, he is equally concerned that we would not address 
changing the waterbody’s objective even after extensive studies of the sites because of perception.  The 
participant reiterated that the environmental community may be concerned because reclassifying the streams 
may seem like back-tracking.  Mr. McKenney noted that the concern the Task Force is trying to address is 
that enforcing REC-1 standards on waterbodies that are not truly REC-1 is not the wisest use of public funds.  
Discussion briefly ensued.  REC-1 Class C is based on the kind of contact and Class B is based on the 
quantity of contact.  Discussion further ensued regarding REC-1 Class B and C.   

Mr. Moore commented that the Class C description, generically, is acceptable.  He would like the Task Force 
to make a recommendation to apply it to at least one site so there is at least one example of it being done.  
The intention was that REC-1 Class C would reflect the State Board’s definition of Limited REC when they 
did the Ballona Creek decision in January 2005, and the existing EPA guidance which distinguished between 
full body contact recreation and secondary contact, where there is “dramatically less risk of ingestion”.  
Thus, the Task Force should try to create the categories/formalize the categories that the State Board says 
exists and EPA recommends.  Dividing REC-1 into classes is an approach that is used in many states.   

Mr. Moore wanted the Task Force to focus on the utility of Class B.  He noted that he had pushed for Class B 
because he anticipated a debate over which water quality objective should be applied to Full REC-1.  EPA 
guidance allows that the Full REC-1 should fall in the range of eight and ten illnesses per thousand – the 
difference between 126 and 206 E. coli.  He anticipated that people would argue for eight illnesses per 
thousand where there were many people present.  At the same time, he anticipated that the MS4s would 
argue for ten illnesses per thousand because it provides for better fund prioritization.  He was looking for a 
solution to not have to choose.  He recommended that it be split so that eight illnesses per thousand would be 
for Class A and ten illnesses per thousand would be for Class B.  This might alleviate debate over the use of 
eight versus ten illnesses per thousand as the basis of the Full REC-1 objective.  

Another distinction between Class A and B comes from EPA’s Beach Act Guidance.  This distinction is the 
difference between a designated destination beach, where recreation is a promoted activity (e.g., Lake 
Elsinore and Big Bear Lake), and locations where recreation is not designated and is prohibited but 
nevertheless, occurs.  EPA makes it clear that waterbodies needs to be protected if recreation is occurring 
even if it is illegal.  The idea is to accept EPA’s guidance by using one end of the recommended range for the 
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promoted activity and another end of the recommended range for the prohibited activity.  Although eight and 
ten illnesses per thousand are deemed to be fully protective, it becomes a question of application.  There are 
issues of whether or not use intensity is a legitimate distinction, issues of environmental justice, and the 
question of public perception, especially the question of whether the distinction appears to be less protective.  
Mr. Moore recommended that the Task Force now table the Class B concept for now and pursue REC-1 
Class A/full body contact and REC-1 Class C /infrequent use/ limited body contact.  Mr. McKenney added 
that if the change is made, he would like to keep the parenthetical comments pertaining to intensity of use.  
The issue of low use full contact may arise in a couple of years.  Discussion briefly ensued. 

A participant commented that REC-1 Class C also can have high use (e.g. 1,000 people fishing) and still be 
limited body contact.  Mr. Moore will delete the comma between “infrequent use, limited body contact) and 
put “and/or” in place of it.  Ms. Schneider commented that we still need to address the key question – “how 
do you handle limited body contact with high use?”  Mr. Moore stated that we addressed the issue by naming 
which category fishing belonged in.  Fishing, as defined in Class C, is shoreline and boat fishing.  Fishing, 
while wading, would be included in Class A.  There was a brief discussion regarding fishing and the 
definition of wading.  Linda Pardy commented that she thinks of fishing as supported by good quality water.  
She doesn’t think fishing would be in a category that is not REC-1.  She also commented that her definition 
of wading is anything around your ankles or deeper.  Mr. McKenney proposed changing the Class C 
definition to specify “shallow” wading and “shore” fishing.  A participant further commented that there is 
confusion as to the definition of wading.  He suggested using the term “recreational wading” and “incidental 
wading” rather than “shallow wading”.  Mr. Moore suggested using Temescal at Main in Corona as a Class 
C site.  He intends to delete Class B for now, which will also delete consideration of the locations that would 
have been classified as Class B.  Furthermore, the objective for Class B would be tabled for now as well.  As 
a matter of  consistency with other EPA-approved approaches, the proposed Class C objective would then be 
five times the Class A number.  So, the recommended Class C objective would be 630 rather than 1,030. 

Mr. McKenney commented that the implementation analysis will need to be revisited based on the revised 
proposal for objectives.   

It was noted that seasonality was excluded in analysis except for Big Bear Lake.  Mr. Moore proposed that 
rather than reclassifying the winter months as Class C, a footnote could be added to the Basin Plan that 
recognizes that Big Bear Lake is at times frozen over.  He would like to hold off on the discussion about the 
Santa Ana Delhi.  The channel spans the spectrum from Full REC to Not REC and is clearly not a candidate 
for an archetype.   

Scope of Work for Phase III of the Task Force (CDM & Risk Sciences) 

Since the last Task Force meeting, there was some discontent regarding the way the Phase III scope was 
fashioned.  From CDM’s and Risk Science’s point of view, they were having difficulty writing a scope that 
was responsive to the concerns being raised by the funding partners of the Task Force.  CDM and Risk 
Sciences concluded that over the past three years, they have been doing tasks in parallel.  The tasks have 
been split – CDM would handle the technical aspects and Mr. Moore would handle the regulatory aspects.  
Mr. Moore stated that for the first time in a three-year process, it would be a mistake to continue on a parallel 
track.  Mr. Moore has asked that, for at least for a two-month window, CDM delay the planning for the work 
plan for the next set of UAA sites until: 1) the Task Force discusses future directions with State, Federal, and 
Regional regulators; and 2) the Task Force gets a chance to come back to discuss the outcomes of those 
meetings and what it means for the process.  CDM, as originally requested, was to develop a work plan.  The 
Task Force did not ask CDM to write a UAA guidance document.  After discussions with Matt Yeager, Mr. 
Moore is getting the sense that the Task Force is going to need a site-specific UAA guidance document.  
Then, a work plan derived from that document will make more sense.  Because the UAA guidance document 
cannot be written at this time, it would be futile to write the work plan at this time.  However, there are some 
tasks that Mr. Moore sees as being necessary and urgent; thus, there is a specific portion of CDM’s scope 
that should be approved.  In particular, the cameras need to be moved to new locations.  Additionally, the 
Task Force is planning to propose certain use re-designations and reclassifications to the Regional Board 
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depending on the outcome of the next meeting and CDM has to be preparing the documentation to support 
consideration of the old sites.  In the new scope of work, Mr. Moore shows CDM as lending technical 
support to the Basin Plan Amendments which are already in process by the Task Force.  Discussion of any 
new sites is being taken off the table until meeting with EPA and the State Board.  He is looking for 
agreement from the Task Force to defer some of the tasks that CDM has been tasked. 

Mr. Moore handed out a Draft Integrated Task Schedule for Phase III table.  He noted that everything until 
next June represents the tasks that they are recommending moving forward with immediately.  CDM’s tasks 
after June 2007 are optional per Task Force approval.  Mr. Moore is not proposing those additional tasks 
today; he is merely showing them on the schedule based on requests received.  July and August 2007 are 
shown as idle on the schedule.  That allows for some flexibility in the schedule.  The main concern that Mr. 
Moore has with the proposed schedule is “does the Regional Board staff believe that we are still making a 
good faith effort; that we are making progress?”  Ms. Schneider stated she can confidently report to the 
Regional Board that the Task Force is moving forward with all due speed.   

Mr. Moore briefly described the Task Force process.  In the end, we should end up with a revised UAA 
document that becomes a template for future work.  A participant inquired that when the representative sites 
and UAA are done and approved, whether similar levels of effort will still have to be done for similar sites 
that require a formal UAA or if the template can be cited.  Mr. Moore commented that the goal is to be able 
to use the template, which is why the Task Force is spending the time checking against real sites.  The idea is 
to abbreviate subsequent UAAs unless the situation is unusually complex or remarkably different from 
anything considered previously.  Ms. Schneider commented that there is no such thing as a formal or 
informal UAA.  It is merely a matter of how intensive the investigation needs to be to adequately address 
UAA requirements.   

A participant suggested that it may be beneficial to have another benefits summary sheet.  Discussion briefly 
ensued regarding the schedule and approval of the revised scope of work. 

Mr. McKenney inquired if water quality sampling has been done or needs to be done at the archetypical sites 
to determine the existing bacterial loads are.  Mr. Bounds commented that the Phase II study sites have some 
sampling data, which is one of the reasons they were selected for the study.  As CDM moves to other 
locations in the watershed, data become less available.  Thus, for the new sites, it will be likely that water 
quality monitoring will have to be done.  Mr. Bounds commented that monitoring at additional sites would 
also require monitoring above and below the sites.  The Task Force will have to at some point discuss 
monitoring.  Mr. McKenney inquired about what happened to the implementation analysis.  It was noted that 
it was converted to a site-specific analysis.  CDM was tasked to consider the question “if you had to comply, 
how would you do so at these locations” which was limited to current use objectives.  CDM, however, has 
not been tasked to look at implementation strategies with respect to revised objectives and standards.  Mr. 
McKenney commented that it seems to be an important task and inquired whether that needs to be added to 
Phase III.  It was noted a modified objective would change the inputs in CDM’s model.  Discussion briefly 
ensued.  The scope will be written so that it indicates that changes may be made mid-course.  There was no 
objection to the scope.   

An amendment to move a camera to the Huntington Beach location has been received by CDM.  They are 
currently looking for a site.   

Adjourn 

Comments on the August 3rd meeting notes are due on September 7th. 

The next meetings are scheduled for Thursday, October 12th, November 9th, and November 30th from 9:30 
a.m. to 1:00 p.m. 

The meeting adjourned at 1:09 p.m. 
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Introductions & Opening Comments 

The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by the participants. 

Mr. McKenney briefly recapped the meeting with EPA and the State Board in San Francisco on September 
18th.  He noted that the overall tenure of that meeting was very encouraging.  He further noted that it would 
be helpful to both the EPA and the State Board if the Task Force reached a consensus for the proposed Basin 
Plan and beneficial use definition language.  Alexis Strauss seemed to be enthusiastic about the Task Force 
process, and expressed limitations on support that EPA can provide.  Joanne Schneider commented that Rick 
Rasmussen seemed to be very positive about the Task Force process, and did not see any conflict between 
what the Task Force is doing and what the Basin Planning Roundtable Group is doing.  He also did not see 
any statewide consistency issues. 

Finalize Candidate Basin Plan Language (Risk Sciences) 

At the meeting with the State Board and EPA, it became apparent that the Task Force unintentionally left the 
impression that the documents that have been circulated with the candidate final language were interpreted as 
a complete package.  There was considerable concern from EPA and the State Board as to whether or not the 
Task Force had properly justified language changes.  It was noted that a staff report, which will accompany 
the final text, will be completed after agreement on the final text is reached.  The immediate next step, 
however, is to prepare such a justification.  Tim Moore will create an outline of the staff report for the next 
Task Force meeting.  He provided three handouts for the participants, two of which are from EPA’s website.   

The first sentence of the last paragraph on page three of the EPA guidance document entitled Water Quality 
Standards for Coastal Recreation Waters: Considerations for States as they Select Appropriate Risk Levels, 
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says that states may wish to consider establishing subcategories of their primary contact recreation.  Mr. 
Moore noted that the Task Force proposed to subcategorize contact recreation.  The document discusses 
where states have discretion, where the flexibility lies, and where it may be useful to consider setting 
different subcategories of use within the primary contact recreation category. 

What the Task Force has proposed is creating two subcategories of the primary contact recreation – REC 1A 
and REC 1B, which is consistent with EPA’s August 2006 guidance.  No changes to the Candidate Final 
Text for Recreational Use Subcategories have been made since the last meeting.  Mr. Moore wanted 
feedback from the Task Force as to whether, conceptually, the subcategories have been described adequately.  
A participant commented that wading, not defined as stream crossing, should be included in REC 1A.  There 
was some discussion as to whether the text was modified from the last meeting based on participants’ 
recollections of topics/ideas discussed.  Mr. Moore remembered that “very shallow water” appears in the first 
sentence of REC 1B, other adjectives to differentiate between the types of wading were not used.  He 
inquired if the present language concept was adequate and the staff report would elaborate on it, or whether it 
needed to be changed.  It was noted that EPA treats wading as secondary contact recreation, and it is not 
mentioned in the State’s definition of REC 1.  Mr. Moore would like to treat wading as a staff report 
discussion.  Ms. Schneider commented that she is personally inclined to include wading in both REC 1A and 
REC 1B.  Mr. Moore does not mind having wading in both categories; however, there needs to be a way to 
distinguish it.  A participant suggested incidental versus recreational.  Dave Woelfel commented that the 
most important distinction is that the wading is incidental, infrequent, partial body contact with a low risk of 
ingestion.  Discretion comes in with the phrase “…may include, but are not limited to…”   

Mr. Moore intends to explain the distinctions in more detail in the staff report, which is part of the 
administrative package.  However, he is concerned because the staff reports usually tend to be archived and 
the text in the Basin Plan is the only thing most people see.  Suggestions from the Task Force included: 1) 
reiterating “incidental” in front of wading; 2) make the sentence structure for REC 1A and REC 1B parallel; 
3) footnote the word “wading”; and 4) put some explanatory language in the Basin Plan stating that more 
detail is provided in the staff report.  Mr. Moore will add wading to both REC 1A and REC 1B, change the 
sentence structure of REC 1A and REC 1B so that both are parallel, will try to write a footnote for wading, 
and conclude with the different types of wading.  Mr. McKenney commented that the key thing to identify in 
the footnote is the risk of ingestion.  The Task Force acknowledges that although wading occurs in both 
categories of recreational uses, it has two different meanings. 

Mr. Moore commented that the Task Force is not proposing to change the current definition of REC 2, which 
has “beach combing” as part of its definition.  Mr. Moore referred back to the photo of the boy crossing the 
rocks at the Sunflower location.  The Task Force is still undecided as to how to classify that photo.  Mr. 
Moore thought that the beach combing, tide pool behavior was analogous to the boy standing on the rocks 
looking down at the water.  The current Basin Plan language would classify the photo as REC 2.  However, 
the Task Force wants to treat the photo differently because there is some ingestion risk.  Thus, activities 
where a person gets wet, but is only from incidental contact will be moved from REC 2 to REC 1B.  Those 
activities will be in a higher level of protection than what is in the existing Basin Plan language.  There is a 
risk of getting wet, but the risk of ingestion for beach combing and tide pool studying is quite low.  There 
was a discussion regarding the definition of beach combing and tide pool studying.  It was noted that Contact 
recreation for 1B is defined as contact from the ankle and below.  It was also noted that regardless of the 
activity at the beaches, they are REC 1A.  The list of activities for REC 1B is intended to be exemplary; it 
does not have to be exhaustive.  That is where the “…may include but not limited to…” statement comes into 
play.  Putting beach combing in REC 1B helps address the issue of the Santa Ana Delhi.  It makes the 
concept of incidental and infrequent more tangible.  The Task Force has agreed to include “beach combing” 
in REC 1B. 

There have been discussions about the possibility of distinguishing between potential and existing uses.  
However, no conclusion was ever reached.  The topic arose again in San Francisco.  Ms. Strauss made clear 
that when a UAA is done, it is not just about what has historically occurred at a given location or what is 
presently happening.  There is also an attainability assessment that considers what its potential could be.  Mr. 
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Moore noted that defining whether something is an existing or non-existing use is legally significant as to the 
flexibility at a given location.  If an attainability assessment is going to be done and the conclusion is that 
something has a potential use, but use has not occurred, it would be wise to describe it as such so it is not 
accidentally interpreted as an existing use.  Mr. Woelfel feels that distinguishing between potential and 
existing uses should be left alone because what is done for one will have to be done for the others.  An 
example is the Chino area which is heavily agricultural and remote.  Mr. Moore suspects that presently, it is 
at best Limited REC 1.  However, he acknowledges that Chino is an area that is rapidly changing.  The Task 
Force may want to distinguish similar areas.  He stated that a designated use is not an existing use.  It was 
agreed that distinguishing between existing and potential uses not be done.   

The concept of a more careful refinement of beneficial use designations between existing and potential uses 
was discussed.  The existing Basin Plan does not explicitly distinguish between the two, but there is a certain 
designation that states certain uses are existing or potential.  Ms. Schneider feels that the distinction between 
existing and potential uses could be taken on by the Task Force at a later date.  She feels that it is more 
important for the Task Force to move forward with defining recreational subcategories, applying it to 
specific waters.  Nancy Yoshikawa commented that to her knowledge, there is nothing in the Clean Water 
Act with regards to potential uses.  However, potential uses are discussed in the Basin Plan.  A participant 
commented that it is important that the Task Force clarifies that existing use versus potential use does not 
default to existing use.  Ms. Schneider commented that the participant may be looking for more generic 
language in the Basin Plan chapter that discusses the legal definition of existing use and how it is applied to 
our designation.  She further commented that the Clean Water Act anticipates that uses that can be attained 
will be protected.  Mr. McKenney suggested that the administrative record indicate that the question of 
distinguishing between existing and potential uses was considered and decided that it was not something that 
the Task Force felt should be solved at this time.   

Mr. Woelfel suggested that the first sentence for REC 1B be changed to “…recreational activities, often in 
very shallow water, involving…” because he feels that the Task Force would be limiting itself.  He provided 
Mystic Lake as an example.  In Mystic Lake, neither swimming nor boating is allowed.  Duck hunting is 
allowed and hunters send dogs in the water to get the ducks.  He also noted that Mystic Lake is sometimes 
thirty feet deep.   

Mr. Moore noted that subcategories will appear in the staff report because it was something that seemed to 
resonate very strongly with EPA and State Board representatives at the San Francisco meeting.  At that 
meeting, when the importance of subcategories were explained, the value of defining tributaries as REC 1B 
to a downstream location that was designated as REC 1A was questioned.  He wanted to affirm that the 
notion of legalizing regional treatment alternatives, which helps the Task Force define points of compliance, 
was going to be prominent in the staff report.  He provided the inflatable dams at Greenville-Banning as an 
example noting that similar approaches could occur in other locations.  Mr. McKenney noted that the Task 
Force does not want to create the false impression that what we are trying to facilitate is the conversion of 
existing good recreational or potentially recreational waterbodies as something else to facilitate regional 
treatment.  In other words, the Task Force should acknowledge reality and take advantage of the flexibility 
subdivision gives while protecting what is actually there.  Ms. Schneider commented that subdivision 
becomes part of the Task Force’s analysis of 13241 sections of the Water Code.  The mission of the Task 
Force is not to identify the benefits; rather, it is to try to make rational decisions based on science of what 
recreational use sub-classifications should be and what the objectives are that support these uses.  She noted 
that she would be comfortable with having a statement in the staff report that one of the reasons the Task 
Force is making that change is because it will allow the flexibility for regional treatment and changes help 
identify the points of compliance.  She noted that it is not the reason for the work as the outcome of what the 
Task Force has done which has that affect. 

The Task Force was in agreement on the proposed definition of the beneficial use subcategories.  Mr. 
McKenney inquired whether the teleconference participants from EPA had any comments on the wording of 
REC 1A and REC 1B.  It was clarified that the handouts at today’s meeting were the same as those 
distributed in San Francisco.  The changes that will be made to the definition of the beneficial use 
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subcategories were summarized as follows: 1) REC 1A will be full contact recreation; 2) REC 1B will be 
limited contact recreation; 3) REC 2 will be non-contact recreation; and 4) there will be an undesignated null 
set.  In the current Basin Plan, if something is not designated, it is left blank.  The working assumption is that 
all surface waters have to be recreational (REC 1) unless shown otherwise with a UAA.  Ms. Schneider 
commented that if the Task Force goes through a UAA process for a specific water to determine that it 
should not be determined to be REC in any way, it may be useful to make reference in the Basin Plan that it 
has been subjected to a UAA data collection effort.  It was noted that doing so would also trigger the triennial 
reviews that are required.  Furthermore, it is a matter of information and clarity for future reference.  An 
example of REC 2 is Greenville-Banning.  Temescal at Magnolia is undesignated.  Mr. McKenney 
commented that the Task Force may want to reflect in the Basin Plan that because of the presumption of 
being fishable or swimmable, an affirmative determination has been made at every reach, including a 
determination to have no designation.  From there, when the triennial review is approved by the Board, there 
has to be a finding that reaffirms the designations.   

Mr. Woelfel inquired that if REC 2 has no standard, why the undesignated waterbodies could not be given a 
REC 2 designation.  The issue is that there currently is a bacterial standard for REC 2, which the Task Force 
is looking to change.  If the bacterial standard is changed, then the undesignated waterbodies would be given 
the REC 2 designation.  It was noted that the pathogen standard for REC 2 is being changed to a narrative 
and is not being removed.  Mr. Moore is inclined to Mr. Woelfel’s suggestion to give undesignated 
waterbodies a REC 2 designation because it is simpler and associates a waterbody to a narrative objective.  It 
was noted that the interpretation of the narrative objective in terms of TMDL compliance will be done on a 
case-by-case basis because there is no default objectives.  A participant commented that she would be 
concerned about how the narrative reads.  Mr. McKenney commented that you would be looking for some 
condition that violates the narrative standard because it causes or contributes to excessive risk of illness from 
non-contact activities.  A participant stated that if there is something that cannot be clearly observed, then it 
should not be designated as REC 2 because it does not rise to that level of value.  Thus, he disagrees in 
principle.  It was noted that the other water quality objectives associated with REC 2 are all narrative.  Ms. 
Schneider suggested that the issue is not something that the Task Force needs to worry about at this point.  
Should the Task Force get to a specific waterbody where it is determined to be undesignated, it may be 
appropriate to include some recognition that a UAA has been done.  Doing so would make it easier for the 
future.   

The next topic that Mr. Moore discussed was the pathogen objectives.  No changes to the narrative objective 
have been made since the last discussion.  The numeric values in the table have not been finalized.  Also, the 
Task Force has not necessarily done what needed to be done to facilitate the Regional Board ability to 
continue to require the wastewater treatment permits’ effluent limits be based upon fecal coliform.  Mr. 
Moore is unsure if the Task Force closed the gap between the implementation of a narrative objective and 
why the permit limits in the POTWs are less than the receiving water objectives.  He called attention to the 
guidance documents that EPA published in August.  In the guidance document, EPA explicitly states that 
when it comes to setting objectives and protecting risk, they can approve any State-selected risk within the 
range of eight to ten illnesses per thousand.  Anywhere within that range, EPA views as functionally 
equivalent to the 1986 criteria of 200 fecal coliform without doing a UAA.  The Task Force decided after 
some discussion that the eight per thousand would be used for Full REC 1A waters, and use EPA’s 
suggestion from the guidance that multiplies the REC 1A number by five to get the REC 1B value.  He 
stressed that eight illnesses per thousand is the more stringent end of EPA’s recommended guidance.  He 
briefly discussed the analysis used with EPA noting that the question of “are we making our standards less 
stringent” came up in his presentation to the Basin Planning Round Table Group and in the meeting with 
EPA and the State Board in San Francisco.   

To illustrate his point, Mr. Moore instructed the participants to turn to page nine of his handout and mark the 
range between eight and ten illnesses per thousand.  That range translates to an ingestion dose of 126 and 
206, respectively.  Eight illnesses per thousand will be used for the REC 1A standard.  The adjustment for 
REC 1B comes from the images which do not show types of behavior that will likely lead to ingestion by an 
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individual.  If the Task Force could conservatively argue that for an individual, the risk of ingestion is 
reduced by half as is the amount the individual is likely to ingest.  Therefore, the volume of ingestion is ¼ 
(½ * ½).  Nancy Yoshikawa requested clarification.  She stated that an individual will either ingest or not.  
She does not feel that the likelihood of ingestion can be shown in fractional amounts.  Mr. Moore 
commented that the images show the risk of ingestion as zero.  Although he is speaking in theoretical terms, 
he noted that the likelihood of ingestion and the amount ingested need to be considered.  If data on those two 
items were available, it could be adjusted accordingly.  The working assumption is that in REC 1A waters, 
there is a 100% risk of ingestion and a 100% chance of ingesting the volume of water to get 126 E. coli.  
Looking at EPA’s risk table, if the dose goes down, the risk of illness goes down.  The dose can go down by 
a reduction either in the risk of ingestion or in the volume of ingestion.  Both are likely in a Limited REC 1B 
environment, which is the Task Force’s conclusion because the images show that people are not in a position 
to ingest.  By reasoning from the images that ingesting is not occurring, Mr. Moore bypasses the need to 
quantify what is being ingested while still being conservative.  He noted that large adjustments do not need to 
be made to rationalize why 630 E. coli is protective.  By using his theory, ½ the risk of ingestion times ½ the 
volume of ingestion times 630 is within EPA’s acceptable range.  He stated that if you start with the 
assumption that everyone in every waterbody is equally likely to ingest an equally large sum of water, then 
what the Task Force is doing can be interpreted as less protective.  However, that assumption is categorically 
false because it cannot be supported by the pictorial evidence. 

A key issue for EPA is proof.  He posed the question of whether the Task Force would need quantitative, 
site-specific proof of actual ingestion rates or whether the Task Force could use a deductive reasoning 
process if extreme conservativeness can be demonstrated.  On an individual basis, those going into the water 
are as protected as if they would be in a REC 1A situation because they are less likely to ingest and less 
likely to ingest as much water.  When the math is done, that population is likely to be significantly below the 
eight per thousand.  Additionally, Mr. Moore is also trying to avoid the cost and expense of doing a formal 
ingestion study.  Mr. McKenney commented that there are three different concerns/issues.  The Task Force is 
trying to be accurate and reasonable in how the resources are allocated for implementation, but there is a 
perception issue (the Task Force does not want to be perceived as being slack on the issue), a reputational 
issue (the Task Force does not want to be perceived as the watershed that does not care about public health), 
and a tributary issue (the Task Force is not going to let a waterbody go).  Basically, the Task Force is trying 
to give itself some reasonable flexibility.  Discussion briefly ensued. 

In San Francisco, EPA questioned why the Task Force insists on manipulating the geomean to address the 
risk rather than changing the single sample maximums to make the risk adjustments.  Mr. Moore stated that 
in some places there is a mistaken idea that the single sample maximum works like an acute criteria and the 
geomean works like a chronic criteria.  This is disclaimed at the bottom of page two and the top of page three 
of EPA’s guidance entitled Water Quality Standards for Coastal Recreation Waters: Using Single Sample 
Maximum Values in State Water Quality Standards.  The single sample maximum is intended to be used as a 
tool for probabilistically determining whether the geomean is exceeded when there is a limited data set.  The 
guidance states that the single sample maximum is a statistical construct.  The question is if the single data 
point is higher, what is the likelihood the geomean was exceeded?  The single sample maximum is not a 
means for a risk adjustment; it is a confidence adjustment estimating whether or not the geomean was 
exceeded.  The issue of what constitutes a correct geomean is a risk-management, State discretion issue.  The 
Task Force had decided that rather than increasing the risk level, we wanted to show that the risk assumed by 
individuals was functionally equivalent or better.  The question is how to reason/rationalize the dose. 

Ms. Yoshikawa inquired whether the Task Force would still be concerned about incidences, not just about 
mean average value.  Mr. Moore stated that the Task Force will use the geomeans to express the water 
quality objectives and will also use a single sample maximum as a reporting and monitoring trigger (e.g. 
beach notifications and closures, accelerated monitoring, calculating the geomean in the way that EPA 
describes to appraise compliance or more data collection in the absence of data).  However, it will not be 
used as a dual objective (acute and chronic).  The Task Force will do it as described in EPA’s fact sheet.  The 
table in the handout implies omission of single sample maximums which implies that they will not be used.  
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The table will be changed to show single sample maximums as monitoring, reporting, various triggers, data 
monitoring accelerators, and in some cases compliance endpoints.  The guidance explains why adjusting the 
single sample value is not a risk adjustment, it is a data construct. 

A participant requested clarification on the indicator pathogen criteria graph used in determining risk levels.  
The graph is derived from EPA’s recommended equation, and did not come from an experiment where dose 
was administered.  It was noted that “dose” is the combination of exposure event and concentration.  Ms. 
Schneider commented that for clarity, the graph should explicitly state “illness rate per thousand swimmers.”  
The graph is based on the assumption that if people swam, they ingested 100 mL.  Discussion briefly ensued.  
Mr. Moore stated that the Task Force has a large library of images showing nobody in a position to ingest.  
The activities show that the only possibility of ingestion would be by means of a slip-and-fall where the 
amount ingested is likely to be a fraction of what is expected from prolonged swimming and immersion.  The 
question then is “what is the fraction?”  Mr. Moore clarified the steps taken to arrive at 630 E. coli.  He 
commented that EPA and the State Board are resistant because going from 126 to 630 as a geomean is 
viewed as backsliding. 

The Task Force process and 13241 requirements call for a review of the appropriateness of the standards 
based on all considerations including those listed in 13241.  The narrative objective on which Table 1 is 
reflected refers to waste dischargers.  It can be demonstrated that the issue is not caused by waste dischargers 
(sentence 1).  Furthermore, “as a result of controllable water quality factors” is directly from the 13241.  One 
of the things the Task Force needs to do is consider the alternatives, which can be done from 13241 and 
CEQA.  If the Task Force proposes something, we have to consider: 1) not doing anything; 2) doing what we 
are doing; and 3) one or two other theoretical alternatives.  EPA has been asking why the Task Force doesn’t 
adjust the single sample maximum as an alternative to adjusting the geomean.  Mr. McKenney commented 
that it would be a good way to address the issue in the staff report.   

Mr. McKenney noted that 630 E. coli is protective, but asked if it is more protective than required.  There are 
those that feel that 630 E. coli is not protective enough.  Mr. Moore noted that the objectives for REC 1A 
and REC 1B are more protective than at beach locations which are 19 illnesses per thousand.  The argument 
is about the degree of protection.  Mr. McKenney asked if the Task Force still had significant objections that 
the 126 and 630 E. coli were inadequate in terms of protecting public health.  He feels that the Task Force 
has a strong argument that the 126 and 630 standards are protective of public health and are quite 
conservative.  Ms. Yoshikawa noted that it is difficult for her to think of REC 1B as EPA’s REC 2.  She is 
not comfortable using the risk graph because it was not derived in a robust way.  Ms. Schneider inquired 
about how else the Task Force should proceed.  She stated that the indicator criteria developed by EPA 
pertains to swimmers with a likelihood of ingestion.  The Task Force is talking about a sub-categorization of 
waters where the same level of ingestion is not likely to occur.  She asked Ms. Yoshikawa if she agreed that 
it would be appropriate to revise the criteria that pertain to those waters to levels that are less stringent than 
those used for swimming.  Ms. Yoshikawa commented that during the meeting in San Francisco, EPA said 
that they wanted to see the geometric mean remain the same, but the single sample maximum can be used to 
adjust for risk.  Mr. Moore noted that Ms. Yoshikawa’s comment is contrary to EPA’s new guidance.  She 
stressed that although they are EPA representatives, they cannot make the final decision for EPA.  Susan 
Hatfield commented that there is a difference between what was done as a means to develop numbers to 
characterize risk of illness versus what the objectives are protecting.  Ms. Schneider noted that the focus is on 
swimmers and the likelihood of ingestion.  She further noted that EPA has defaulted in terms of defining 
criteria for their classification of secondary contact.  The guidance references the approach that other states 
have taken which is five times the primary contact number.  Ms. Hatfield commented that the five times the 
primary contact number is implementation guidance.  When the coastal rule came out, that was not the way it 
was characterized.  It had to do with the number of people/swimmers at risk, which is the single sample 
maximum.  The eight and ten illnesses per thousand are in the document and are said to be the same as the 
objectives. 

Mr. McKenney asked what the EPA representatives would be inclined to recommend to other EPA staff if 
the Task Force sent a proposal that proposed the 126 and 630 set of numbers today.  Ms. Yoshikawa 
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commented that her personal sense is that if the Task Force feels the eight and ten are the best that can be 
done and they make sense, she suggested going back to the implementation to determine (without using the 
graph): 1) why the numbers make sense; 2) why the numbers are needed; 3) and why they are appropriate.  
She may then begin to feel comfortable about some of the justifications.  She commented that the Task Force 
is stepping beyond what others have done, but cannot necessarily say that something approved in Georgia ten 
years ago will be approved today in Region 9.  Ms. Schneider expressed that since the beginning, the Task 
Force has been trying to use the science and not precede it with practical implications.  She feels that it is 
reflected in what the Task Force is trying to propose as to appropriate pathogen objectives.  The Task Force 
is using EPA’s science and applying it to the best extent possible, which is better than an arbitrary approach.  
Ms. Yoshikawa, in her personal opinion, does not think there is enough science available to do what Ms. 
Schneider is suggesting.  She feels that the Task Force is extrapolating too much.  Ms. Schneider asked if 
Ms. Yoshikawa would agree that it is appropriate to say that there is a fundamental difference in terms of risk 
of exposure and risk of illness between swimmers and non-swimmers.  Ms. Yoshikawa noted that in her 
personal opinion, it is not the risk to one person.  A person who fell in and is gasping for breath may ingest as 
much as a swimmer.  If there is no contact then there is zero risk.  She is not sure how the Task Force can 
quantify the amount ingested.  A participant inquired if Ms. Yoshikawa thinks that there is a greater risk, less 
risk, or same risk.  She is uncomfortable with the idea of people ingesting “half as much” because there is no 
evidence of that, but there is a risk of someone falling in and having to swim by accident which is the same 
as swimming for that one person.   

Mr. McKenney expressed concern that her statements about the science undermine the Task Force program.  
He feels that it is very difficult for EPA to use as a cautionary argument against an evaluation of an 
alternative stance.  He hears her saying that there is no basis for the system that everyone is held to now.  Ms. 
Yoshikawa commented that the basis is that the numbers have been used historically and EPA can see when 
there are and are not problems.  Ms. Yoshikawa stated that she heard from several EPA staff members that 
they are uncomfortable with changing the geometric mean based on risk.  Mr. Moore asked if Ms. 
Yoshikawa would be more comfortable if REC 1B was deleted altogether and have REC 1 and REC 2 which 
would be defined as it presently is along with incidental contact in that category.  Ms. Yoshikawa stated that 
there are similar scenarios they have investigated in the past.  This is what the Regional Board 4.  Once they 
start going outside the boundaries of what they have been comfortable with in the past, concerns are raised.  
They do not have an issue with delineating the different REC 1A and REC 1B; it is an issue of the numbers 
and what people are comfortable with using for the different categories.  Mr. Moore inquired whether Ms. 
Yoshikawa would be comfortable using the 630 number for REC 2.  She thinks that people would be 
comfortable with that because that is the standard.  Currently in California, it is ten times the primary 
recreation number.   

Ms. Yoshikawa requested that the Task Force compile the other targets as a package so they can get 
comments from their peers.  Mr. McKenney stated that the Task Force was putting together an explanation of 
some alternatives that were considered discarded and a couple of alternatives that would be carried forward 
to the Regional Board with one being recommended.  He feels that it is important for the Task Force to know 
how EPA would view the recommendation and likelihood of approvability if it based purely on the 
relationship to the published guidance rather than being based on information the Task Force may have on 
being protective of public health and conservative.  Ms. Yoshikawa thinks that everything needs to be 
included in the package along with why the numbers need to be changed and what can be met.  She noted 
that EPA will look at what is realistic.  Ms. Schneider commented that the Task Force acknowledges that 
anti-degradation needs to be satisfied.  The Task Force is conceptually proposing changes to standards that 
would be applied to specific water bodies after anti-degradation has been satisfied.  It was suggested to the 
Task Force to develop a full proposal package for EPA.  The EPA representatives at the Task Force will 
circulate it amongst their staff for review.  Ms. Schneider inquired about who would be reviewing the 
proposal package.  She is hearing fundamental concerns about the illness rates data and the graph.  She 
thinks that it would be worthwhile for the Task Force to get input from the individuals involved in 
developing that data, the national criteria, and the implementation guidance as to whether the Task Force is 
applying the data makes sense and is defendable based on the data.  Ms. Yoshikawa cannot guarantee that 
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EPA staff will have time to review the proposal at the level it is – a “pre-pre-draft”.  Ms. Yoshikawa noted it 
would be better to send the “pre-pre-draft” package for review than having the reviewers participate in 
person or via teleconference.  She also noted that having alternatives is a good idea.  Mr. Moore will write 
the alternatives. 

Ms. Schneider suggested using “pathogen objectives” rather than “pathogen criteria” on Table 1.  Mr. Moore 
then confirmed the following:  

• The Task Force is not going to use enterococci for fresh waters.  The Task Force will use E. coli only; 
• The Task Force is likely to recommend deleting the coliform objectives that exist in the current Basin 

Plan as receiving water objectives.  As objectives in the Basin Plan assigned to receiving waters, the 
coliform will be replaced by E. coli; 

• Total coliform will be deleted for the MUN designation and will be replaced by the narrative pathogen 
objectives; and 

• The Regional Board intends to keep the total coliform objective as an indicator of disinfection efficacy.  
However, it needs to be stated in either the Basin Plan or in the staff report.  Mr. Moore thinks that if the 
narrative objective is going to be translated, it needs to be in the Basin Plan.  Ms. Schneider concurs. 

When a single sample maximum is done, a confidence level has to be selected for calculation.  The definition 
of REC 1A would go to the more stringent confidence level.  It was clarified that the single sample 
maximum is a trigger, but the geomean stays the same.  A participant commented that the Task Force should 
state what the single sample maximum and geomean are and not assume the frequency of use of the Santa 
Ana River because that will be determined by the Regional Board.  Doing so will allow the Regional Board 
to go back and adjust the Basin Plan.  Putting the alternatives in the Basin Plan allows it to be used and 
tailored to the criteria.   

For the next Task Force meeting, Mr. Moore will bring an outline on the alternatives; discuss language 
agreement; and discuss a schedule for moving forward with the package, peer review, and public comments.  
He noted that the high flow suspension needs to be worked out.   

Richard Meyerhoff provided a brief update noting that CDM will provide more information at the next 
meeting.  He also noted that the final draft of the Santa Ana Delhi Recreational Use Survey will be posted on 
the website.  With regards to the Huntington Beach camera, the City of Huntington Beach said that it could 
not be mounted to the pier.   

It was noted that on December 1st, a progress report will be given to the Regional Board at their meeting 
which will be held at either Loma Linda or Orange County.   

Adjourn 

The next meetings are scheduled for Thursday, November 9th, and November 30th from 9:30 a.m. to 1:00 
p.m. 

The meeting adjourned at 12:27 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

November 9, 2006 

PARTICIPANT REPRESENTING 
Dave Woelfel Santa Ana Regional Water Quality Control Board 
Joanne Schneider  (via teleconference) Santa Ana Regional Water Quality Control Board 
Dan Bounds CDM 
Don Schroeder CDM 
Jessica Chin City of Riverside 
Chris Crompton County of Orange 
Larry McKenney County of Orange 
Mary Jane Foley County of Orange 
Susan Paulsen Flow Sciences 
Mandy Revell Inland Empire WaterKeeper 
Ray Hiemstra Orange County CoastKeeper 
Greg Woodside Orange County Water District 
Chandra Johannesson Orange County Sanitation District 
Brian Diaz Recupero and Associates 
Tim Moore Risk Sciences 
Jason Uhley Riverside County Flood Control & WCD 
Steve Stump Riverside County Flood Control & WCD 
Matt Yeager San Bernardino County Flood Control District 
Naresh Varma San Bernardino County Flood Control District 
Jeff Beehler Santa Ana Watershed Project Authority 
Mark Norton Santa Ana Watershed Project Authority 
Marie Jauregui Santa Ana Watershed Project Authority 

Introductions & Opening Comments 

The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by the participants. 

Larry McKenney mentioned that on November 8th, MWDOC, OCWD and IRWD gave Tam Doduc, the 
SWRCB Chair, a tour of some of their projects.  She is very interested in several topics that the Task Force is 
interested in such as Regional Board consistency, Regional BMPs, how to improve the effectiveness of the 
303-d listing process TMDLs, etc.  She sees value in what the Task Force is doing. 

Tim Moore had an opportunity to facilitate a meeting of all the Regional Board members, the State Board 
members, and the executive officers.  He expected to confirm that a big issue among the Regional Boards is 
consistency.  However, somewhat surprisingly and positively from the standpoint of the Task Force effort, 
the State Board is very comfortable with the notion that Regional Boards are not necessarily required to be 
consistent.  Each Regional Board can choose its own path based on its priorities so long as it is intellectually 
defensible.  However, they will draw the line if the Regional Boards are interpreting the exact same legal 
standard differently.  Moreover, they are comfortable with the fact that regions are different and one should 
not expect the Regional Board to be the same from region to region. 

The Task Force has discussed in the past how some of its efforts are different from what neighboring 
Regional Boards are doing.  Given the position of the State Board on Regional Board consistency, Mr. 
Moore indicated his belief that the State Board will be content to defend the Santa Ana Regional Board’s 
right to do something differently than how they would approach the same issue.  Mary Jane Foley concurred.   
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2007 Schedule 

The Regional Board will be asked to approve its proposed Board meeting schedule at the December 1st Board 
meeting.  The proposed schedule for 2007 is as follows: February 2nd; March 2nd; April 20th; June 1st; July 
13th; August 24th; October 12th; and November 30th.  Tentative meeting dates for the Task Force in 2007 will 
be the Thursday before the Regional Board meeting.  The Task Force will finalize its schedule at the next 
meeting. 

Technical Task Update (CDM) 

Recreational Use Survey Update 

Dan Bounds noted that three more cameras (Cucamonga Channel at Hellman downstream; Cucamonga 
Channel at Hellman upstream; and Temescal Wash at Lincoln) have reached their 12-month operation point 
in November.  Once a camera has reached its 12-month operation point, it becomes non-operational because 
its operating budget has been expended. 

The Cucamonga Channel at Hellman downstream camera collected approximately 15,000 images.  Of those 
15,000 images, six persons were seen during the winter months and three persons were seen during the 
summer months for contact water recreation.  Mr. Bounds noted that the person seen sampling was included 
in the count.  That individual was included in the count because the Task Force was not able to confirm who 
the individual was or which agency, if any, he came from.  As for non-water contact, 15 persons were seen 
during the winter months and 21 during the summer months.  Only one maintenance event was recorded for 
the period between November 2005 and November 2006.  Mr. Bounds displayed images of the water contact 
recreation.   

The Cucamonga Channel at Hellman upstream camera collected approximately 2,200 images.  Of those 
2,200 images, no water contact or non-water contact events were seen.  For the period between November 
2005 and November 2006, twelve maintenance events occurred.  Mr. Bounds displayed an image captured 
on September 9th of a vehicle in the channel.  He is unsure as to how to classify the image.  There was a brief 
discussion.  The image will be sent to Matt Yeager.  It was decided to classify the image of the vehicle as an 
individual in the channel.   

The Temescal Wash at Lincoln camera collected approximately 10,000 images.  Of those 10,000 images, one 
person was seen for water contact.  For non-water contact, seven persons were seen during the winter months 
and 21 during the summer months.  During the period of November 2005 to November 2006, there were five 
maintenance events recorded.  Mr. Bounds displayed several images.  

He then provided an update on the Greenville-Banning Channel camera, the Santa Ana River Mainstem at 
Yorba Linda camera, and the Santa Ana River Mainstem – Riverside camera.  The Greenville-Banning 
Channel camera operated during July 2005 and the period between November 2005 and January 2006.  
During that time the camera collected approximately 3,000 images.  No contact or non-contact recreation 
was seen at this location.  Also, no maintenance events occurred. 

Although there are some signal strength issues at the Santa Ana River Mainstem at Yorba Linda camera, it is 
operating well.  It collects, on average, approximately 400 to 700 images per month.  To date, no water 
contact recreation has been seen; however, people have been seen at the bank of the channel. 

The Santa Ana River Mainstem – Riverside camera is also operating well.  It collects over 1,500 images per 
month.  To date, no recreational use has been observed.  Mr. Bounds noted that at this location, the 
vegetation is beginning obstruct the camera’s view.  Thus, he proposed to stop the surveying at this location, 
and discussed the proposed survey options.  The Task Force concurred that this location is a REC-1 site.  
There was a suggestion that the remaining operating budget for the camera at this site be used for 
summarizing the information that is available about recreational use in the channel and physical site visit 
surveys throughout various times during the year because there may be some questions about seasonality.  
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All the available information will be sent to CDM so they can better assess what to do with the budget.  They 
will address how to get data for the winter months at the next Task Force meeting. 

Mr. Bounds stated that the Huntington Beach pier location was not approved, and CDM has further evaluated 
Orange County platforms near the Santa Ana River opening to the beach.  He displayed images that they 
took to show what would be seen at the proposed location.  The camera used to capture the images was a 
better digital camera than the ones used at the sites.  Mr. Bounds listed several concerns with the usable 
location: 1) it is rather far from where they would be able to distinguish the same person from consecutive 
images; 2) it would be difficult to count the number of individuals from the usable location; and 3) security.  
A suggestion to look at other beaches and piers was made.  There was a brief discussion regarding possible 
camera locations on the beach.  For this location, whether an individual gets in the water or not is 
unnecessary information.  The only information that the Task Force needs is the number of people at this 
location.  The purpose of having a beach count is to show the relative magnitude and account for seasonality.  
Mr. Bounds will re-design the survey at the beach.  A participant commented that the lifeguards keep a count 
of how many people are at the beach.  The County of Orange will work on trying to get the lifeguards’ 
counts on individuals at the beach.  Some alternative options to obtaining a beach count were aerial 
photography or sending someone out.  The County of Orange has an intern who may be able to go out and 
take images at intervals.  Mr. Moore noted there is a Task Force component built into the imagery.  If there is 
duration information for a place that is viewed as REC-1, the Task Force could make a meaningful statement 
about exposure.  EPA’s original criterion is based on being in the water for at least ten minutes, which is 
almost the same interval that the Task Force is using for its cameras.  The beach count will show the same 
individual in multiple frames, whereas, in the stormwater channels, the individual is only seen in one frame.  
The Task Force can then confidently say that it is not the same water contact exposure.  It is not merely the 
number of people; it is also the nature and duration of their exposure.  However, Mr. Moore noted that the 
same information can be obtained with a single, intense day of analysis.  The Task Force can use that 
information and connect it with what the lifeguards use.  Chandra Johannesson will do some research for the 
lifeguards’ information. 

Additional Water Quality Analysis 

Mr. Bounds noted that at the last meeting, different objective numbers and potential compliance scenarios 
were discussed.  He displayed a matrix of additional water quality analysis noting that CDM used calendar 
months as 30 days to do the geomean averaging rather than a 30-day rolling average.  Furthermore, the 
seasonal average is from April to November.  Mr. Bounds noted that the numbers would be about the same if 
a rolling average was done.  The amount of the exceedance, when there is one, has not been calculated.   

Finalize Basin Plan Amendment Recommendations 

Joanne Schneider briefly summarized her discussions with the State Board and EPA.  The message she got is 
that EPA is not necessarily opposed to what the Task Force is doing.  However, because what the Task Force 
is doing is new and different for EPA, they will be taking a more cautious approach.  The two “hottest” 
standards issues for EPA nationwide are nutrients and bacteria objectives.  Ms. Schneider noted that there are 
internal disagreements amongst EPA staff nationwide about how the bacterial standards issues should be 
addressed.  The conclusion was that Doug Eberhardt wants to engage as many people as he can at EPA on 
the Task Force’s consideration of what it is proposing.  Having a written proposal in hand would greatly 
facilitate the process.  The written proposal should be a written statement of what the Task Force is 
proposing, but does not have to be too complicated.  One of Mr. Eberhardt’s concerns was the issue of 
attainability.  He feels that the process by which the Task Force will address attainability must be identified 
explicitly in the written proposal.  Ms. Schneider also spoke with Rik Rasmussen of State Board staff.  He 
does not have an issue with what the Task Force is proposing.  He feels that what the Task Force is 
proposing has logic and that other Regional Boards statewide may want to pursue the approach.  Mr. Moore 
clarified that the “new and different” from what EPA has done in the past is in reference to Region 9, not 
EPA in general.  Ms. Schneider concurred and thinks that it is specific to the Ballona Creek approach where 
a Limited REC use was approved, but the objective was based on the same geomean as the Full REC-1 use.  
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Ballona Creek’s objective for Limited REC differed only as to the single sample maximum.  The Task Force 
is recommending a different approach, which she believes makes more sense. 

The Task Force has aligned its approach closely with what the State Board did in adopting the Limited REC 
subcategory for LA when it over-rode the LA Board decision.  That is one of the reasons that the Task Force 
chose the nomenclature of REC-1A and REC-1B, full contact and limited contact.  EPA is apparently 
uncomfortable with the idea of subcategorizing REC-1 because they consider all of REC-1 to be primary 
contact recreation, and the Task Force is trying to apply EPA’s secondary contact recreation guidance to a 
REC-1B subcategory.  In Ms. Schneider’s discussions with Mr. Eberhardt, he made clear that the specific 
nomenclature is not as important as how the definitions line up.  In other words, how comparable is the Task 
Force’s definition of Limited REC use to EPA’s definition of secondary contact. 

One recurring subject from Ms. Schneider’s discussions was the idea of alternative nomenclature which 
keeps the function of the definitions as the Task Force has described them.  However, rather than thinking of 
the definitions in terms of sub-categories (REC-1A, REC-1B, and REC-2), Mr. Moore suggested that the 
Task Force think of them as three distinct categories (primary contact recreation, secondary contact 
recreation, and non-contact recreation).  The definition of REC-1A is what would be used for primary 
contact recreation, and the water quality objectives would be what EPA recommends – 126 as the geomean.  
Limited Contact REC-1B is EPA’s secondary contact recreation.  The water quality objectives for REC-1B 
still need to be discussed.  Non-contact recreation’s definition is from the existing statewide standard for 
REC-2.  Thus, the numeric distinctions would disappear which would leave primary, secondary, and non-
contact recreation.  Mr. Moore noted that the Task Force is running into some resistance on what we are 
proposing for use categories and water quality objectives because it is different from what LA did.  By using 
secondary contact recreation rather than limited contact recreation, the Task Force has the opportunity to 
draw different distinctions and apply different water quality objectives.  In addition, the Task Force will 
avoid conflict at the State Board level associated with why the Santa Ana Region is proposing something 
different than the LA Region.  Mr. Moore noted that it may therefore be better to follow the Federal model 
rather than the State Board model. 

The proposed primary contact recreation definition remains unchanged from the proposed definition for Full 
REC-1.  The issue that EPA had the most difficulty with was the discussion about how the Task Force gets 
from a limited contact definition to a limited contact water quality objective.  Mr. Moore was analogizing 
that the cameras showed that people were not in a position to ingest.  The denominator in that ratio would be 
zero compared to a 100% risk of ingestion in a REC-1A environment.  The most contact that the Task Force 
has seen through the images is ankle-deep contact.  The Task Force tried to argue that because of the nature 
of the orders of magnitude of difference, the Task Force should be comfortable with multiplying the indicator 
pathogen criteria by five.  Multiplying by five comes from EPA’s guidance.  The statistical discussion on 
multiplying by five was to give comfort as to whether or not multiplying by five could be scientifically 
sustained, and to demonstrate conservatism.  The cameras show that the multiplier could be substantially 
larger because there is essentially no significant risk of ingestion in the behaviors observed to date through 
the cameras. 

Additionally, the secondary contact recreation definition that the Task Force is proposing could also remain 
unchanged.  Secondary contact recreation is either use or recreational activities in very shallow waters and 
incidental and infrequent.  Mr. Moore commented that perhaps the Task Force should be considering a 
definition that follows the State language that there is no reasonable possibility of significant ingestion.  
What is expected for secondary contact waters is skin contact, but not ingestion.  In primary contact waters, 
ingestion is expected.  In non-contact waters, neither ingestion nor epidermal contact is expected.  The 
distinction is more categorical. 

Rather than working from the “5x” number, and trying to justify what is already stated in EPA’s guidance, 
the Task Force should start by determining what the actual multiplier would be based on whether or not there 
is anyone engaging in the behavior with a risk of ingestion.  The Task Force knows that the number will be 
quite high, and will show that the resulting recommended objective will be in the thousands by doing the 
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math.  Mr. Moore stated that the Task Force is not recommending the objective be in the thousands; they are 
merely showing what the risk level would be.  Thus, if the Task Force were to propose an objective in the 
600 to 1,000 range as they have been discussing, they can readily demonstrate that what they are doing is 
extremely conservative for the type of behavior that is occurring.  In order to do so, Mr. Moore thinks that 
the language the Task Force has been using needs to be slightly changed.  The Task Force has been using 
“incidental and infrequent partial body contact,” but the language in the regulation deals with whether there 
is a “reasonable possibility of ingestion” or not.  Mr. Moore feels that the Task Force should more closely 
follow the guidance language.  Based on the images and should it continue with subsequent survey work, 
there is no reasonable probability of ingestion.  Furthermore, there will need to be a numeric standard for the 
incidental and infrequent type of contact.  The cameras show that categorically, that there is no risk of 
ingestion.  Mr. Moore is not leading the Task Force to a different outcome; however, he is trying to 
restructure the text to more closely with EPA’s expectations.   

Mr. McKenney inquired if changing the language of REC-1B to a secondary recreation standard creates an 
issue with the State Board in regards to the protection of children.  Ms. Schneider does not think so.  She 
does not think that the Task Force included an explicit reference to children in the proposed primary contact 
recreation definition.  Moreover, the Task Force did not speak to children explicitly in the proposed REC-1B 
or secondary contact recreation definition.  EPA defines secondary contact uses as “including activities 
where most participants would have very little direct contact with the water and where ingestion of water is 
unlikely.”  Ms. Schneider is not sure that “low risk of ingestion” is much different than “unlikely.”  She is 
not troubled by changing terminology, does not think that the issue of children arises, and believes that the 
Task Force has already addressed the children issue.  Mr. McKenney concurred.  Mr. Moore commented that 
from the Task Force’s point of view, there is not much difference between “low risk of ingestion” and 
“unlikely,” but there may be a difference on how EPA will evaluates the Task Force’s efforts.  A key 
difference is that EPA starts with the assumption that if there is contact, there is ingestion, whereas the Task  
Force does not.  EPA’s risk graph refers to swimmers.  If the individual is not swimming, the nature of 
exposure is categorically different which, in turn, means that the risk is different.  If ingestion is assumed, a 
higher concentration of E. coli increases the risk.  However, if ingestion is not assumed, the risk is not the 
same.  Mr. Moore stressed that the secondary contact recreation more accurately reflect that ingestion is not 
expected except for the most incidental natures (epidermal and hand-to-mouth).  He is trying to clarify the 
definition so it is less subtle.  It is more categorical because the images are categorical and helps to build 
confidence in the Task Force’s conclusion.  Mr. McKenney expressed favor in having the definition be more 
aligned with EPA’s language.  Ms. Schneider concurred noting that she thinks it is merely a semantics 
difference, not one of substance. 

Mr. Moore then discussed potential issues noting that two have arisen with respect to a conversion of 
terminology.  One, by going to a primary versus secondary recreation, is the burden of doing a UAA to get to 
secondary from primary contact increasing?  He does not see any difference in the effort required.  Ms. 
Schneider concurred noting that the Task Force explicitly states in its proposed definition of full recreational 
use that anything less than that use is going to require a UAA.  In addition, the nature of the UAA is not 
different, nor is it the Task Force’s intent.  Mr. Moore will confirm that.  The second issue that has arisen is 
the nature of dealing with existing uses.  All of the locations that the Task Force presently has are designated 
as REC-1.  The mistake that is often made is the assumption that something that is designated as REC-1 is 
assumed to be an existing use.  It may be an existing designation, but it is not necessarily an existing use.  
Mr. Moore commented that it will be harder to differentiate between two different subcategories of REC-1 
(REC-1A and REC-1B) without the REC-1 nomenclature.  Ms. Schneider disagreed.  In other Regional 
Boards, the fact that a waterbody was designated REC-1 would be viewed as an existing use which would 
make the use unchangeable.  If this Regional Board does not view the designation as necessarily constituting 
whether or not a use is existing, there is no problem and the Task Force will have to do the demonstration.  
Furthermore, the Basin Plan, when designating use, shows existing or potential.  Mr. Moore does not see the 
nomenclature as being an issue.   
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At the last Task Force meeting, wading was discussed.  EPA’s definition of secondary contact recreation 
includes wading.  The Task Force has distinguished that there are different types of wading.  Mr. Moore was 
directed to include wading in both definitions with footnotes.  Ms. Schneider was advised by Maria Reay that 
the direction given to Mr. Moore was not the best strategy.  Ms. Reay pointed out that there was a decision in 
Oregon that disapproved standards where it was unclear where they would apply.  Even though the Task 
Force tried to provide the Regional Board some discretion without being explicit up front, the Task Force 
may have some difficulty.  Mr. Moore recommended not using wading in either category definition because 
it is not helpful to either side.  Additionally, it will be addressed in the staff report using illustrations rather 
than words.  Ms. Schneider concurs.  It was noted that primary and secondary are the most frequently used 
categorical distinctions.  The Task Force agreed to not use wading in either category definition. 

Mr. Moore is unsure what the numbers for the secondary contact recreation.  He noted that the Task Force 
does not have a lot of data on a site specific basis.  In his opinion, regardless of how the Task Force derives 
the water quality objectives for secondary contact, he cannot imagine the Task Force proposing to the 
Regional Board a number that is higher than 1030.  EPA can approve anything in the range of 126 E. coli 
and 206 E. coli.  The other two numbers – 630 and 1030 represent anything five times the lower and upper 
range.  The REC-2 standard is ten times the primary contact number.  Assuming that the ingestion rates are 
the same, 1030 has twice the risk of 126.  EPA is troubled by this because they begin with the assumption 
that the ingestion rates are the same.  If the Task Force assumes that the ingestion rate is 1/10 or 1/100 of a 
full immersion environment, then those individuals are far less likely to become sick even though the 
concentration of E. coli is higher.  Once the calculations for the real risk of becoming ill, the secondary 
contact recreation standard adjusted for ingestion will most likely be in the thousands.  He emphasized that 
the Task Force not recommend that to the Regional Board.  Although it is technically defensible, it is not 
politically defensible.  A participant commented that the Task Force is going to have to stay on the more 
protective side.  He is concerned with the jump from 73% exceedances with the 126 to 25% exceedances 
with 1030.  Mr. McKenney commented that Mr. Moore and CDM only looked at the frequency of 
exceedance, not where.  Moreover, the Task Force does not know that if any of the waterbodies that are 
exceeding now would become compliant.  Mr. Moore noted that by changing the numbers and thereby 
reducing the number of exceedances, it will only reduce the number of times the waterbody is non-
compliant; it will not bring any stream into compliance.  At the Mainstem, everything has to be compliant 
with the 126.  A good example is Greenville-Banning.  If the numbers are higher at the tributaries, how can 
the Task Force be sure that the waterbody will meet the standard once it reaches the Santa Ana River?  A 
participant stated that the goal of the Task Force was to determine the best place to spend the money to 
protect public health and provided Aliso Creek as an example.  Another participant noted that part of the 
psychological and philosophical difficulty with REC-2 was the thought of protecting the individual versus 
the societal level.  It comes back to a societal decision. 

Mr. Moore noted that seven things which are a part of the implementation discussion are: 1) averaging 
period; 2) determination of points of compliance; 3) adjustment for natural background conditions, if any; 
4) definition of uncontrollable sources; 5) frequency of exceedance; 6) seasonality; and 7) high flow 
suspension.  Mr. Moore posed the question of how the water quality criteria would be turned into permit 
limits.  Ms. Schneider commented that one thing that is permissible is to include compliance schedules built 
into water quality standards.  Discussion briefly ensued.  Even if the Task Force went to 1030 and assumed 
equal rates of ingestion, individuals are at less risk than the standard for primary contact marine beach-goers.  
When the Task Force writes the staff report, it will be acknowledged that other studies are occurring which 
will leave opportunity for changes and adjustments in the future. 

Regulatory Proposal for EPA Comment 

Mr. Moore is proposing to develop straw-man proposal for EPA.  He will be laying out the argument that he 
would like the Task Force to consider on how he would like to write the initial draft.  He wants to change 
over the structure for primary, secondary, and non-contact recreation.  He also wants to use the 126, but is 
unsure whether to use the 630 or 1030.  He will follow the advice as to whether the number can be developed 
technically and bring it back to the Task Force for finality.  Mr. McKenney suggested that Mr. Moore start 
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with the 1030 number for the first draft.  Mr. Moore would like to write it that way to see if the rationale can 
be supported particularly by the NGOs.  The straw-man will be given to EPA for review in the spring of 
2007, which means that the Basin Plan Amendment with the Regional Board will be delayed for a year.  Mr. 
Moore noted that the Task Force wants to go into the Regional Board amendment process with no objections 
from EPA.  A participant expressed concern about the change from 630.  The plan is to have a meeting in 
January with an approval to ship the proposal to EPA on February 1st.  There is concern about when the 
proposal will be sent to EPA for discussion.  An outline will be discussed at the November 30th Task Force 
meeting. 

Mr. Moore noted that the original rationale for attainment was that it was based on stream channel conditions 
that were readily identifiable (fencing, slope, access, nearby land uses, etc.).  The purpose of the cameras was 
to be the back-up demonstrator and to confirm the Task Force’s reasoning.  The logic was based on 
identifiable factors and the cameras merely proved it out.  Mr. Moore thinks that EPA is mistakenly 
concluding that the Task Force is relying on the cameras as the sole demonstration of whether a use exists or 
is not presently in attainment.  The Task Force is planning to make a demonstration based on physical factors 
which we think directly influence the probability of someone being in or near the water, and that the cameras 
were merely there to validate the reasoning.  The Task Force will continue to use the cameras for a couple of 
more years to build confidence to the conclusions.  It is expected that if the factors have not changed, neither 
will the attainability.  The Task Force is trying to build a model based on channel characteristics with the 
cameras.  Thus, a camera does not have to be installed at every location where a change in use is being 
proposed.  Mr. Moore suggested that future attainability is a function of channel characteristics and the 
factors identified.  Ms. Schneider clarified that Mr. Moore will be essentially be indicating to EPA in the 
written proposal that the Task Force will be considering attainability and identifying one or more of the use 
attainability criteria as a basis for a standards change.  Mr. Moore recalled a matrix chart that showed the 
factors the Task Force was considering next to the equivalent in EPA’s language of those UAA criteria and 
next to the equivalent of statewide factors that are in the 13241 criteria.  Ms. Schneider stated that the Task 
Force has to address the existing use question, not just attainability.  Through her conversation with Mr. 
Eberhardt, she understood that Task Force did not need to provide an in-depth analysis of how they were 
going address existing uses.  Rather, there needed to be explicit recognition that the Task Force did need to 
address existing uses and would be doing so for each case in which a standard change is proposed.  She is 
unsure about how much depth is needed for the written proposal.  Mr. Moore noted that the Task Force has a 
strategy for dealing with existing uses, and in this instance, the cameras perform an empirical demonstration 
that the use is not occurring.  Discussion briefly ensued. 

The issue of how the high flow suspension would be triggered remains unresolved.  The LA Region limited 
its high flow suspension to engineered flood control channels.  The Task Force has applied the flood control 
channels, but did not include the term “engineered.”  In essence, the Task Force’s position is that there are 
flood conditions regardless of whether the channel is natural or engineered; it is an unsafe, unattainable use.  
The key concern was that it could not be done safely.  The candidate final text for high flow suspension 
states that “the REC-1 use designation is temporarily suspended when high flows, caused by stormwater 
runoff, preclude safe water contact recreation in flood control channels.”  There was a suggestion to end the 
sentence at “contact recreation.”  Mr. Moore commented that by stopping the sentence at “contact 
recreation,” it would also suspend REC-1 uses in lakes and beaches.  Mr. McKenney commented that it 
would only do so if it was concluded that recreating in the lake during storms was unsafe.  It was noted that 
the high flow suspension was not included on the tables for ocean and lakes.  Thus, it would not be on the 
tables that it does not apply.  A participant commented on the high flow suspension for LA.  The Task Force 
defined what was presumptuously unsafe – 10 ft/sec2 of 8 ft/sec regardless of depth, and temporarily 
included in the table what LA used.  Mr. Moore received information on how the US Weather Service issues 
a flood warning which he would like to integrate.  The US Weather Service is a good objective trigger that is 
controlled by an entity with no vested interest in the water quality aspect.  The answer that the Task Force 
came up with last time was that the flows were presumptuously unsafe.  Mr. Moore is unsure how the Task 
Force can do more than that.  Discussion briefly ensued regarding LA’s triggers and US Weather Service 
triggers. 
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Shoreline fishing and boat fishing will be included in the definition for secondary contact recreation, and 
flow fishing will be included in the definition for primary contact recreation.  OCWD does not want to ruin 
anything for the future and feels that a separate side meeting is required.  They have bacterial data for 
Anaheim Lake, but because it is a lake, the high flow suspensions do not apply.  The high flow suspension 
does not apply to lakes, but it does apply to streams.  Mr. Moore would be careful to say that the high flow 
suspension collectively applies everywhere all the time.  That, along with trying to stay close to the precedent 
established by LA, is the reason that “flood control channel” is included in the candidate final text for 
temporary high flow suspension.  SBCFC said that their definition of a flood control channel is anything they 
own and operate.  RCFC&WCD said that their definition of a flood control channel is anything that moves 
urban runoff starting at the gutter.  Ms. Schneider commented that the Regional Board would apply the high 
flow suspension on a case-by-case basis as a footnote in the tables.  Mr. Moore added that it would only be 
presumptively so under certain conditions.  If those conditions never existed, the high flow suspension would 
not apply.  Mr. McKenney inquired how hard it would be for the Regional Board to go through the tables, 
line-by-line and waterbody-by-waterbody, to determine whether the high flow suspension would apply under 
certain conditions as part of the Basin Plan Amendment.  Ms. Schneider commented that the Task Force 
should go after the basic standard changes as a coherent package and wondered whether the high flow 
suspension should be considered as a separate amendment package.  She is unsure and will have to think it 
over.  It was decided to end the first sentence of the candidate final text for temporary high flow suspension 
at “recreation.” 

Regional Board Presentation (Dec 1) 

Mr. Moore does not plan to suggest to the Regional Board the Task Force has resolved the numbers (630 or 
1030), but he plans to show that the Task Force is working through it along with the issues that have arisen.  
This is the first update presentation since the EPA meeting.  A participant commented that it may be 
beneficial to let the Regional Board know that the Task Force has met with EPA, given them the background 
on the Task Force’s role and mission, and inform the Regional Board that there was a good attendance at the 
EPA meeting.  Mr. McKenney concurred.  Ms. Schneider feels that it is important that the Task Force 
informs the Regional Board that a meeting with EPA and State Board staff occurred along with subsequent 
discussions, and the issues that came out of the meeting.  Furthermore, she thinks the presentation should 
highlight the fact that bacterial standards issues are one of the most difficult issues that EPA is currently 
dealing, and that there are internal conflicts in EPA as to how to proceed.  That, along with ensuring that 
EPA is comfortable with the direction the Task Force is taking, is the reason for the proposal to EPA. 

Adjourn 

The next meetings are scheduled for Thursday, November 30th and Wednesday, January 10th from 9:30 a.m. 
to 1:00 p.m. 

The meeting adjourned at 12:49 p.m. 
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Dan Bounds CDM 
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Rod Cruze City of Riverside 
Chris Crompton County of Orange 
Karen Hauptly County of Orange 
Larry McKenney County of Orange 
Susan Paulsen Flow Sciences 
Mandy Revell Inland Empire WaterKeeper 
Mary Jane Foley MJF Consulting 
Ray Hiemstra Orange County CoastKeeper 
Chandra Johannesson Orange County Sanitation District 
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Jason Uhley Riverside County Flood Control District 
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Naresh Varma San Bernardino County Flood Control District 
Steve Ray Santa Ana River Watershed Alliance 
Jeff Beehler Santa Ana Watershed Project Authority 
Dawna Munson Santa Ana Watershed Project Authority 

Introductions & Opening Comments 
The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by the participants. 

Development of Site-Specific Selenium Objectives (County of Orange) 
Karen Hauptly provided the Task Force with a brief presentation on the County of Orange’s Nitrogen Selenium 
Management Program.  She briefly discussed the workgroup’s workplan and its independent advisory panel.  
The Program is directed toward Newport Bay.  The workgroup consists of approximately 22 stakeholders, 
including the Regional Board and the Orange County CoastKeeper. 

The workgroup will begin having discussion with EPA regarding specific objectives.  Mr. McKenney noted that 
there is a possibility Ms. Hauptly may meet with EPA in San Francisco to discuss the progress of the Nitrogen 
Selenium Task Force.  Mr. McKenney is unsure if this presents an opportunity to address EPA on different 
issues.   

Joanne Schneider noted that she has had discussions with EPA, but there is uncertainty at EPA on how to handle 
bacterial standards.  EPA needs a specific proposal in writing to review and comment.  The bacterial and 
nutrient standards are the two most difficult standards issues that EPA is working on now.  The Task Force’s 
expectation was that EPA was following along with the written versions of documents produced monthly 
because they have provided written comments on some of the documents.  In September, the Task Force 
discovered that: 1) EPA was uncertain that they were looking at a proposal and thus, did not provide any official 
EPA input; and 2) EPA was not engaged in the Task Force’s process.  The Task Force will need to develop a 
firm proposal prior to sending it to EPA. 
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Mr. McKenney inquired whether Ms. Hauptly and the workgroup investigated other procedural alternatives with 
regards to the SSO process.  She noted that they have deadlines under the NPDES permit that back up against 
legislative deadlines provided by State Implementation Policy.  Also, the workgroup will have to initiate the 
BMP process in December otherwise they will not have time to complete it.  Discussion briefly ensued 
regarding the SSO and fish flesh numbers.  Although the workgroup has an independent review panel, they may 
still be required to have an additional independent review.  Mr. McKenney commented that it sounds 
cumbersome to have a panel review the reviewers.  Joanne Schneider is unsure if the workgroup will be able to 
persuade the State Board with their panel setup; however, it is an argument that can be tried. 

Technical Task Update (CDM) 
Dan Bounds provided a review of the technical tasks.  Since the last Task Force meeting, CDM and Mr. Moore 
have discussed the Phase III tasks for redoing the alternatives analysis for compliance or the economic analysis. 

Recreational Use Survey Update 
Completed Surveys 
The Cucamonga Channel at Hellman downstream camera has collected approximately 1,500 images 
between November 2005 and November 2006.  Of the 1,500 images, six persons were observed in the 
winter months and one person was observed in the summer months.   

The Cucamonga Channel at Hellman upstream camera has collected approximately 2,200 images between 
November 2005 and November 2006.  Of the 2,200 images, no water contact or non-water contact 
recreation was observed.  However, 12 maintenance or sampling events were observed.   

The Temescal Wash camera collected approximately 11,000 images at two locations – Main Street and the 
water treatment plant.  One person was observed engaging in contact recreation. 

The Greenville Banning Channel camera collected approximately 3,000 images for the period of July 2005 
and between November 2005 and January 2006.  No activity or maintenance events were observed.  

The Santa Ana River Mainstem at Yorba Linda camera is still operating well.  The camera is collecting 
hundreds of pictures each month.  This camera collects images for three days after each battery change.  Mr. 
Bounds noted that there are signal strength issues at this location.  No water contact recreation has been 
observed to date; however, new non-contact recreation has been observed (a tent and some people walking 
around).   

Public Access of Survey Images 

CDM has researched the options for public accessibility to recreational use images.  Using the web will 
require a web page front end reviewing the use survey and reasons for it, as well as user instructions on how 
to navigate through the data.  Two pieces of software will be needed for it; one is freeware and the other one 
would cost approximately $500.  They recommend a third party host it.  CDM estimates that it would cost 
approximately $200 per month, or $2,400 per year to manage a dedicated server. 

Jeff Beehler will check with SAWPA about the potential to manage the site.  CDM will write up a 
recommendation for posting images to the web.  Mr. Moore noted that new sites will be considered for some 
time to come.  The Task Force will need to have an archive because the Regional Board will need to access 
the archive in years to come.  Questions arose as to the legal issues and implications related to posting 
people in the images.  Mr. Beehler noted that the people recreating in the areas do not have any privacy 
expectations because the people are in a public area where there is no expectation of privacy.  Also, the 
quality of the images is such that the identity of the person in the image would be impossible.   

Mainstem Survey Design 
CDM has been collecting both the known and anecdotal information about recreational use around Martha 
McLean Anza Narrows Park.  After reviewing the remaining budget for this location, it was determined that 
they could have a person on site for about ten select days with about two or three hours each day for 
surveying.  The ten select days could be used during the weekday, weekend, holiday, different seasons, 
different weather conditions, etc.  CDM is currently determining which days would be the best.   
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Beach Survey Design 
At the last Task Force meeting, there were discussions about having a camera on a bridge platform owned 
by Orange County.  CDM has further evaluated the potential camera site and are rethinking the survey intent 
and limitations of the camera.  To do a survey, CDM would need to collect duration and magnitude of water 
contact data.  Thus, they recommend doing a physical survey rather than a camera survey.  For the physical 
survey, they would select different periods over different seasons.  By doing so, CDM feels that they would 
collect more accurate observations. 

After reviewing the budget for the beach camera, CDM determined that 40 survey dates could be done with 
six hours at each date.  A benefit of a physical survey is that it is not limited.  The surveyor can move to 
where the people are recreating; whereas the camera is stationary and therefore limited in its view.  Mr. 
Moore added that in order to get the cameras to do what the Task Force needs, the cameras need to be 
zoomed in enough to count individuals for tracking.  Along with doing so, the Task Force needs to be 
sensitive to people having their photo taken, which is particularly troublesome with regards to children.  
Richard Meyerhoff added that another consideration is getting consistency when different people collect 
data.  Mr. Moore commented that the idea is to identify, if possible, whether there is a recreational use 
pattern associated with season.  A suggestion was made to do some of the seasonal surveying at Martha 
McLean Anza Narrows Park.  The Task Force agreed.  There was discussion about combining the budget 
for the beach camera and the budget for Martha McLean Anza Narrows Park to develop a plan which 
allocates the resources as wisely as possible.  Mr. Bounds will combine the budgets, work on the survey 
design, and come back to the Task Force with a specific proposal. 

Phase III Scope – Economic Analysis Additions
Mr. Bounds presented several points about the Phase III Economic Analysis to open up discussion.  Discussion 
briefly ensued on the question of implications of the economic impact analysis.  A suggestion was made to look 
at the CalTrans Study on water quality economics.  Mr. McKenney commented that the Task Force should 
concentrate on “costs” rather than the “economic” impact.  Mr. Moore noted that it is termed “economic impact” 
because that is how it is termed in a UAA. 

Mr. Bounds said that several people have asked when CDM will take a hard look at the economics and that is 
why they presented these summary points to the group.  He noted that O&M or life cycle costs were included in 
the previous analyses.  Mr. McKenney asked if there was agreement among Task Force members on points of 
compliance.  It was noted that points of compliance analysis locations are the same three locations as the 
original Phase II locations (Chino Creek, Temescal, and Cucamonga), but new data will be added to the current 
model.  CDM initiated an economics analysis, but were given direction to further refine it.  In the mean time, 
CDM still has a task to do economics for proposed water quality objectives, which has been deferred until the 
Task Force determines the proposed objectives.  Discussion briefly ensued regarding: 1) the incremental cost of 
regional treatment; 2) the high costs of compliance in the Santa Ana River Mainstem; 3) the analysis including 
the cost of the high flow suspension; and 4) adjusting the risk factor to meet the compliance.   

Mr. Bounds asked for any group consensus regarding proposed scope additions.  He inquired if there was any 
use in dividing the cost to comply among jurisdictions.  Mr. McKenney felt that there was no need to divide 
compliance costs among jurisdictions.  Mr. Bounds inquired whether there was any interest in determining 
compliance costs if there were a high flow suspension versus no high flow suspension.  The Task Force agreed 
that it would be useful.  Mr. Bound will prepare a proposal which he will present at the next Task Force 
meeting. 

Revise Wording for Final Candidate Text (Risk Sciences) 
Mr. Moore said the handout, Candidate Final Text for Recreational Use Subcategories, reflects all the changes 
to date, as well as a few items that will be discussed.  He noted that the nomenclature of the beneficial use 
categories was changed to reflect EPA’s sub-categorization while maintaining the State’s current REC-2 
classification.  Thus, the nomenclature is primary, secondary, and non-contact.  The REC-1 and REC-2 
nomenclature will go away.  As requested, the language was changed to reflect a parallel structure.  In order to 
do so, Mr. Moore changed the wording for the secondary contact recreation.  He omitted “very shallow water”, 
and inserted “shallow water wading” a few lines down.  The type of wading being discussed (shoe depth 
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walking across the water) will be clarified in a staff report.  Mr. Moore noted that no changes were made to the 
non-contact recreation definition.  The definition is verbatim from the existing Basin Plan.  Discussion briefly 
ensued regarding “natural hot springs” in the primary contact recreation definition.  It was noted that a “natural 
hot spring” is a waterbody as opposed to a use.  Mr. Moore reviewed the other changes to the text noting that 
they were changes that the Task Force requested.  He noted that the suggestion of what the objectives ought to 
be does not yet include a discussion about economics or a finalized implementation report.  Discussion briefly 
ensued regarding what the term “illness” includes.   

Mr. Moore referred to the page three of the handout.  He noted that there is little disagreement about what the 
primary contact number should be.  For the non-contact number, there is also little disagreement, but Mr. Moore 
recommends a narrative approach to provide the Regional Board flexibility.  He noted that there is no consensus 
where the secondary contact number should be.  Part of this issue is that the Task Force is trying to infer what 
the true risk of ingestion is in a low risk ingestion environment. 

Alternative #1 on the handout reflects the three categories – primary, secondary, and non-contact.  There are two 
characteristics that matter – the nature of the contact and the possibility of ingestion.  There is agreement that 
primary contact will not only have epidermal contact, but ingestion is likely.  For secondary contact, epidermal 
contact is possible, but ingestion is unlikely.  Neither ingestion nor epidermal contact is expected to occur with 
non-contact recreation.  The images that have been collected support these definitions.  The images either show 
a lot of people with full immersion, or people doing nothing more than getting the bottom of their shoes wet.  
The Task Force does not have images that show middle ground.  Mr. Moore is concerned about the other 
adverse affects in secondary contact.  The issue is that EPA admits to not knowing how to set objectives for 
those types of situations.  The Task Force differs with EPA because for secondary contact, the Task Force works 
with the assumption that ingestion will not occur, whereas EPA works with assumption that it could occur.  He 
discussed the risk tolerance and EPA guidance for primary and secondary contact recreation.  For primary 
contact recreation, he suggested that the Task Force retain the ranges from EPA’s guidance (126-206 E. coli).  
Discussion briefly ensued.  For secondary contact recreation, he suggested that the Task Force use the five times 
number (1030 E. coli) because ingestion is not occurring.   

Mr. Moore displayed images from Temescal and the Sunflower Channel to show that: 1) these distinctions may 
help; and 2) all the photos show few people (1) in contact with the water.  He noted that those in contact with the 
water are mainly just walking through the area because they are not in consecutive images.  None of the images 
show any persons in a position to ingest water.  The images that Mr. Moore displayed are examples of where the 
objectives can be reasonably set at 1030 E. coli. 
The next set of images Mr. Moore displayed was from the Cucamonga Creek Channel downstream camera.  He 
noted that the nature of the contact of this recreation is different than the other two locations.  Furthermore, the 
evidence of more contact indicates that this location should be more toward 630 E. coli than 1030 E. coli.  
Because the three locations that Mr. Moore discussed are all secondary contact recreation locations, he feels that 
the Task Force should retain the range (630 E. coli to 1030 E. coli) so the Task Force can reflect the nuance 
between the sites.   

Mr. Moore noted that for Alternative #1, the archetypal examples for primary contact would be Big Bear Lake, 
Lake Elsinore, and Reach 3 of the Santa Ana River.  Archetypal examples for secondary contact would be where 
water contact does not really occur.  The Task Force is still being conservative because of how the secondary 
contact sites are being categorized.  Archetypal examples for non-contact include Greenville-Banning Channel 
and the Santa Ana Delhi at Mesa Road.  Where a UAA has been done and it has been determined none of these 
categories apply, the Task Force will have to show in the Basin Plan some designation that the waterbody is Not 
REC because a blank space in the Basin Plan would cause people to think presumptively that the waterbody is 
REC-1.  The Task Force will need to show that the waterbody was analyzed and determined to be Not REC.   

Mr. Moore posed the question of how the Task Force is to determine where a waterbody should fall.  He 
emphasized that it nothing is done, the waterbody defaults to 126 E. coli for primary contact and 1030 E. coli at 
secondary contact.  Absent a UAA, all waters are assumed to be primary contact – 126 E. coli.  He noted that it 
takes an affirmative action by someone to request that a waterbody be made secondary contact (1030 E. coli) 
and another affirmative action if someone believed the waterbody should be at 630 E. coli instead.  He 
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emphasized that he strongly believes that the downstream objectives are going to drive classifications.  Mr. 
Moore is trying to set up a market-based incentive and priority system that will move the money where it will 
produce the greatest benefit the soonest.  Discussion briefly ensued.   

It was noted that the Basin Plan designates a use for each River Reach.  Mr. McKenney expressed concern about 
the potential difficulties in changing the default numeric objectives for a waterbody in the future.  There would 
only be an anti-degradation issue if the waterbody attained the numeric objective.  Ray Hiemstra expressed 
concern that 1030 is a less protective number than 630.  He is opposed to the idea of using the 1030 number.  He 
feels that it opens the Task Force up to lawsuits and causes a lot of confusion.  He is also opposed to the idea 
that the Task Force will have to do more work to prove that a secondary contact recreation waterbody is 630 as 
opposed to 1030.  Mr. McKenney posed the scenario of eliminating the range for secondary contact recreation 
and using 166 E. coli for primary contact recreation, which would make secondary contact recreation 830 E. 
coli.  Mr. Hiemstra stated that changing primary contact recreation to 166 E. coli from 126 E. coli would not be 
acceptable because it is not the most protective.  Discussion briefly ensued. 

Mr. Moore then referred to the Alternative #2 table in the handout.  He noted that the REC-2 descriptions from 
the Alternative #2 table and the non-contact descriptions from the Alternative #1 table are similar to what the 
Task Force has been discussing as secondary contact recreation.  The Alternative #2 table depicts a scenario 
where the Task Force does not adopt a secondary contact description.  He posed the question, “what would we 
do if we were only doing what the Regional Board set out to do – put E. coli in for the existing categorization 
structure.”  The distinguishing characteristic in the language of REC-1 versus REC-2 is whether ingestion is 
reasonably possible or not.  EPA does not know how to set a water quality objective for REC-2 or secondary 
REC because there is not enough evidence to do it.  Mr. Moore noted that if the Task Force got hung up on 
secondary contact, it might be easier to stick with REC-1 and REC-2 in their current definitions (126 E. coli for 
REC-1 and a narrative for REC-2).  Doing so would eliminate the five times number for REC-2.  Mr. 
McKenney commented that this could create implementation problems in the future because of the tributary 
rule.  Mr. Moore stated that the tributary rule only applies when a specific river segment is not designated.  
Thus, if the Task Force designates a segment as REC-2 only and not REC-1, the tributary rule is addressed.  
This alternative sets standards for REC-1 where the Task Force has evidence to do it and it recognizes that there 
is no science to support REC-2.  Mr. Moore noted that the Task Force intentionally made the middle category 
conservative so some of the non-contact recreation waterbodies were moved to the secondary contact.  This was 
seen as an improvement in water quality protection.  However, the EPA and NGOs do not feel the same.  
Discussion briefly ensued.   

Mr. Moore suggested the Task Force set this issue aside for now and work on implementation issues next.  He 
will identify the issues that need to be addressed and outline some of the choices that the Task Force will be 
considering.  In addition, he will prepare a set of Delphi questions and give people a chance to respond in 
writing to identify areas of consensus and disagreement. 

Outline of EPA Proposal (Risk Sciences) 
Deferred. 

Regional Board Presentation (Dec. 1) 
Deferred. 

2007 Workplan (Risk Sciences/CDM) 
Deferred. 

Adjourn 
The next meeting is scheduled for Wednesday, January 10, 2007 from 9:30 a.m. to 1:00 p.m.   

The meeting adjourned at 1:30 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

January 10, 2007 

PARTICIPANT REPRESENTING 
Suesan Saucerman (via teleconference) EPA 
Bill Rice Santa Ana Regional Water Quality Control Board 
Dave Woelfel Santa Ana Regional Water Quality Control Board 
Jerry Thibeault Santa Ana Regional Water Quality Control Board 
Joanne Schneider (via teleconference) Santa Ana Regional Water Quality Control Board 
Don Schroeder CDM 
Richard Meyerhoff CDM 
Michele Colbert City of Corona 
Gene Estrada City of Orange 
Jessica Chin City of Riverside 
Rod Cruze City of Riverside 
Valerie Housel City of San Bernardino Municipal Water Department 
Chris Crompton County of Orange 
Larry McKenney County of Orange 
Susan Paulsen Flow Sciences 
Mandy Revell Inland Empire WaterKeeper 
Ray Hiemstra Orange County CoastKeeper 
Chandra Johannesson Orange County Sanitation District 
Benjie Cho Riverside County Flood Control & WCD 
Jason Uhley Riverside County Flood Control & WCD 
Steve Stump Riverside County Flood Control & WCD 
Tim Moore Risk Sciences 
Roger Turner Roger Turner and Associates 
Matt Yeager San Bernardino County Flood Control District 
Naresh Varma San Bernardino County Flood Control District 
Celeste Cantú Santa Ana Watershed Project Authority 
Jeff Beehler Santa Ana Watershed Project Authority 
Mark Norton Santa Ana Watershed Project Authority 
Marie Jauregui Santa Ana Watershed Project Authority 

Introductions & Opening Comments 
The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by the participants. 

Don Schroeder stated that CDM has revised their scope to go forward with recreational use survey activities 
at the beach and in Reach 3 of the Santa Ana River rather than using the cameras.  They provided Jeff 
Beehler with a proposed revised scope that would transfer the budget available to a limited number of 
recreational use surveys over the next year.  Mr. Beehler will e-mail the proposed revised scope to the Task 
Force for their review.  Naresh Varma inquired if there is still a need for recreational use surveys at all of 
these locations.  He stated that at this point in time, the San Bernardino County Flood Control District is not 
going to approve more funding.  Mr. McKenney commented that the Task Force spent the funds to determine 
the most appropriate standards.  Mr. Varma voiced his frustrations stating that everyone is struggling for 
funds, and the Regional Board needs to understand that if the cost for compliance increases, adequate funds 
may not be available.  He feels that there has to be an understanding that compliance is not as easy as the 
Regional Board thinks it is and common sense needs to be used. 
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Workgroup to Develop Statewide Bacterial Standards 
Dave Woelfel provided a brief update on the Basin Planning Roundtable Group.  He noted that not much has 
happened since his report in February 2006.  The Basin Planning Roundtable Group decided to investigate 
bacterial standards throughout the State, and they hired a consultant to do so.  The Basin Planning 
Roundtable Group’s main focus is freshwater primary contact recreation standards.  In February 2006, the 
Basin Planning Roundtable Group developed a list and discussion of policy considerations related to 
establishing and implementing primary contact recreation freshwater standards: 1) what the bacterial 
indicator would be; 2) risk levels; 3) how effluent limits would be calculated; 4) mixing zones; 5) averaging 
periods; 6) effluent monitoring; 7) what analytical methods should be used; and 8) compliance schedules.  
Mr. Woelfel noted that the draft effort was finished in February 2006.  In addition, the consultant did a 
review of epidemiological studies for freshwater and the report has been posted on the Task Force’s web 
page.   

In the beginning of 2007, the State Board will have a CEQA scoping meeting – one in Southern California 
and one in Northern California.  Mr. Woelfel noted that people can add their name to an e-mail list, which 
will keep them apprised of when the scoping meetings are.  Mr. Beehler will post the availability and a link 
to the list on the Task Force web page.  Joanne Schneider commented that Stephanie Rose from the State 
Board, who will be leading the effort, was asked if the focus of the project was still the REC-1 bacterial 
standards.  She was also asked if the State Board staff was contemplating that any State Board action on 
statewide bacterial objectives for REC-1 waters would preclude Regional Board deviation.  The key question 
was whether the effort would potentially have any effect on our Task Force recommendations.  Ms. Rose’s 
response was that the current focus remains REC-1 pathogen objectives.  She encouraged all those who want 
to comment on the desirability of maintaining Regional Board discretion to do so at the scoping meeting and 
future workshops. 

Discussion of Draft REC-1 and REC-2 Beneficial Use Definitions 
Tim Moore gave provided a brief background on the Task Force and the recent work with regards to 
objectives.  He then discussed limited contact recreation which falls between the State’s definition of REC-1 
and REC-2.  The set of Delphi questions from December revealed a significant difference of opinion.  He 
noted that the responses to the set of Delphi questions for secondary contact recreation were evenly split 
between more stringent (630 E. coli) and less stringent (1030 E. coli).  The Task Force had discussed using 
the upper limit (1030 E. coli); however, there was significant opposition because it could be viewed as not as 
protective as it could be.  Mr. Moore noted that most states have approved a secondary contact standard that 
is 5X their primary contact standard; this decision did not include any risk analysis but was essentially a 
ministerial decision.  

Also included in the responses to the Delphi questions were comments on possible litigation.  Mr. Moore 
reviewed the Delphi responses to try to derive some consensus, taking into account the following factors: 1) 
what is technically defensible; 2) what is legally defensible; and 3) what produces the most useful and 
productive  outcome.  With regards to secondary contact recreation, there is currently no technical basis for 
setting secondary contact objectives.  It also became clear to Mr. Moore that the Task Force may have 
reached an impasse with regards to secondary contact recreation and that if we are at a value question, we 
will need to leave it up to the Regional Board.  A participant inquired if there is a statistically discernable 
difference in risk.  Mr. McKenney pointed out that the statistics are about ingestion and primary use.  Ms. 
Schneider added that there is no epidemiology to support the selection of an objective for secondary contact 
recreation.  Discussion briefly ensued. 

Mr. Moore referred to the handout, Axioms for Setting or Changing Stormwater Standards.  Number 20 was 
added to this handout and states California’s antidegradation policy.  Several responses on the set of Delphi 
questions noted that there are locations where water quality may be better than what the Task Force will 
propose.  Ms. Schneider clarified that the policy is intended to address setting objectives and issuing 
discharge permits.  Mr. Moore added that the antidegradation policy is one of the three elements of all water 
quality standards – beneficial uses, water quality criteria, and antidegradation.  Antidegradation has the same 
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stature as beneficial uses and water quality objectives setting.  Ms. Schneider noted that any action resulting 
in a lowering of water quality is subject to the antidegradation requirement.  It was noted that the 
antidegradation policy is waterbody specific, which means that where a change to the REC beneficial use 
designation for a specific waterbody is proposed, the objectives need to be set for that waterbody taking 
antidegradation into account.  Discussion briefly ensued.  It was noted that the fundamental goal of bacterial 
objectives is to remove controllable sources of pathogenic bacteria from the waters.  EPA’s position on 
bacterial objectives is that two things need to be done – the source of bacteria needs to be identified and 
epidemiological studies need to show that the bacteria is not a threat.  The Task Force’s position, on the other 
hand, is that human sources of bacteria are more dangerous, and categorically, animal sources less 
dangerous.  The Task Force will use a hierarchy to prioritize what needs to be considered first.  Thus, the 
implementation strategy will reflect a tiered risk analysis. 

Mr. Moore noted that the Task Force is in agreement on the following: 

• EPA’s objective of 126 E. coli for primary contact recreation is the preferred standard. 

• The single sample maximum ought to be used as a trigger criterion for more sampling and investigation 
and should not be applied as an independent objective. 

• Under certain high flow conditions, REC uses are temporarily suspended. 

• A narrative water quality objective for pathogen indicators should be developed along with numeric 
objectives.  The Regional Board needs the ability to regulate pathogens without getting too tied into the 
specific metrics.  This will also assist the Regional Board in doing the translation they need to apply a 
slightly different performance based approach to the POTW permits. 

• Evaluation criteria for determining a probable future beneficial use, e.g., access, channel characteristics, 
etc. 

• It is necessary to use and do UAAs, particularly when there is doubt on which use category a waterbody 
should be designated. 

(These and other points were summarized in a one-page document “Proposal for Consideration at SWQSTF 
Meeting on January 10, 2007) 

The Task Force is having difficulties reaching consensus on how to develop secondary contact recreation 
criteria.  Mr. Moore noted that EPA also had the same difficulty.  He referred to the last paragraph of Delphi 
Response 3-6, which pointed out that the photographic evidence is more aligned with two tiers rather than 
three.  Where there is clear evidence of an individual in a position to ingest water, the Task Force would 
routinely suggest that the waterbody should be classified as REC-1.  The Task Force’s secondary contact 
recreation definition and the existing REC2 definition in the Basin Plan are not really different. Thus, the 
utility of defining a third recreational beneficial use category appears to have limited utility, particularly 
given the conservatism of the 126 E. coli objective that the Task Force is recommending for REC-1.  It 
occurred to Mr. Moore that there is a legally defensible, technically defensible, and perhaps useful approach 
that is better than what has been described to date. 

Jerry Thibeault requested clarification between the Task Force consensus points and San Bernardino County 
Flood Control’s frustrations with the process.  Mr. Moore summarized the conflicts, noting that all of EPA’s 
guidance on recreational objectives is based on the premise of ingestion.  There is, however, another use 
category that acknowledges there is no ingestion with the possibility of dermal-type contact.  Unfortunately, 
none of EPA’s guidance is helpful in setting objectives for this category.  EPA’s recommendation to use 
multiples of an existing primary contact objective is purely arbitrary.  Since ingestion is not occurring, the 
question of assessing risk arises.  Mr. Moore handed out a proposal for consideration and excerpts from 
Technical Memorandum #3.   

The Task Force has agreed that the Santa Ana River Mainstem should be REC-1 and have a pathogen 
standard of 126 E. coli.  The issue is the limited options the Task Force has if 126 E. coli has to be met in 
each of the tributaries.  This would eliminate any type of regional treatment strategy.  If the 126 E. coli only 
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has to be met at the Santa Ana River Mainstem, more regional treatment strategies become viable.  He 
provided the Greenville-Banning Channel as an example. 

The disagreement on secondary contact recreation occurred when one group of stakeholders said that 
objectives should be set at 630 E. coli.  The 630 E. coli is five times the primary contact recreation objective, 
easy for EPA to approve, seen as being protective and easier to explain to the public.  Mr. Moore referred to 
the top graph on the second page of the Technical Memorandum #3 excerpt noting that 630 E. coli is not 
high enough to assure that compliance will be achieved a majority of the time.  The other group of 
stakeholders says that 1030 E. coli is equally approvable by EPA, legal, and five times the upper end of 
EPA’s primary contact recreation objective range.  Although the 1030 E. coli will bring the Task Force 
closer to compliance, it is unacceptable to the other stakeholders.  Mr. McKenney added that there is no 
point in spending more money to evaluate the technical aspects if, in the end, the Task Force decides to 
go with what has been approved in the past regardless of the technical findings.   

The Task Force is thus far unable to reach a consensus on this issue and is facing the possibility of going 
to the Regional Board with no agreement on this issue.  One alternative is to go to the Regional Board 
with no Task Force agreement on the secondary contact recreational use issue.  They will choose 
between 630 E. coli and 1030 E. coli.  The other alternative is to: 1) not choose between 630 E. coli and 
1030 E. coli; 2) not set a secondary contact recreation objective; 3) use the existing REC-2 objective 
(2000 fecal coliform organisms/100m/L); 4) agree with EPA that secondary contact recreation and the 
State’s definition of REC-2 are similar; and 5) acknowledge that, based upon photographic evidence, the 
sites that would have fallen into the intermediate category would likely fall into the secondary contact 
recreation category.  Going with this second alternative would only require EPA and the Regional Board 
to approve: 1) the change to 126 E. coli for primary contact recreation; 2) the addition of a narrative 
objective; 3) the high flow suspension; and 4) the re-designation of six locations.  In addition, the 
second alternative would shift from theoretical risk analysis to a factual, site specific analysis.  The Task 
Force will need site-specific UAAs to show that locations designated as REC-1 are either REC-2 or 
neither.  This proposal does not require the Task Force to drop the idea of Limited REC; rather, non-
contact would be changed to Limited contact.   

Mr. Moore handed out a Pathogen Criteria White Paper (ASIWPCA).  The White Paper indicates that 
EPA’s guidance does not help resolve the issues.  It was noted that this White Paper is from a well 
respected group of State regulators, not from the regulated community.  Mr. Moore stated that the Task 
Force has relied on two versions of EPA’s guidance since the beginning of this process, and has been 
assuming that the final guidance will be similar to these drafts.  However, the White Paper states that EPA 
has placed the finalization of the guidance on a semi-permanent hold.  By doing so, it diminishes the value of 
the draft guidance documents to the Task Force.  Thus, rather than looking at the guidance document, the 
Task Force will have to look at what EPA did when they had the chance to do rule- making on freshwater 
criteria.  Mr. Moore handed out two documents from the Federal Register – EPA’s proposed and final rules 
on water quality standards for Coastal and Great Lakes Recreation Waters. 

In these documents, EPA clearly states that there is no basis for establishing a secondary contact recreation 
objective for E. coli and Enterococci at this time.  Furthermore, EPA’s rulemaking document states that 
there is no given reason for why the risk standards are different (marine waters and fresh waters).  In 
addition, there is no reason why a state could not adopt a higher risk standard.  EPA was not endorsing eight 
to ten illnesses per thousand; they were saying that 126 E. coli is functionally equivalent in terms of 
protection to 200 fecal coliform. 

Mr. Moore referred back to the Proposal document, and briefly discussed each point.  Point five of the 
proposal states that for REC-2, the existing fecal coliform objectives would remain in place along with a new 
narrative objective.  He noted that antidegradation for REC-2 objectives is relevant as well.  He believes that 
the issue of setting a secondary contact objective will not be resolved within a year (there will not likely be 
any new technical or epidemiological evidence to support an objective), and suggests the Task Force leave it 
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up to the Regional Board.  He reminded that the evidence to date is not yet sufficient enough to generalize.  
Some individual locations can be discussed with specificity, detail, and confidence; however, the Task Force 
cannot yet take images/findings from one location and apply them to another location.  He stressed that 
points seven and eight on the Proposal are not generalizable, and are only specific to the locations listed.  He 
noted that, legally, a UAA has to be done for each individual site; however, the amount of evidence required 
to make a sufficient showing can become more general over time.  As confidence is developed in the 
photographic evidence, the conclusions about what drives the people to be in the channel can also be 
generalized.  Discussion briefly ensued. 

Mr. Moore noted that Not REC does not have numeric standards; the recommended narrative objective 
would apply.  The narrative objective would become a general receiving water objective. He further noted 
that REC-2 is not Not REC; it is secondary contact.  Additionally, REC-1 and REC-2 do not address wildlife.  
The Task Force will keep the REC-2 standard, but will suggest waterbodies that fall into that category.  The 
types of waterbodies brought into the REC-2 standard using the secondary contact recreation definition are 
waterbodies that both EPA and the Regional Board have suggested that a narrative standard alone would not 
be adequate.  Mr. Moore stressed that the Task Force is not going to change the definition or the title of 
REC-2 because doing so would require approval from both EPA and the State Board.  Mr. McKenney asked 
Ray Hiemstra if the NGO stakeholders would find it misleading for the Task Force to not change the REC-2 
standard and incorporate some of the limited contact sites into the REC-2 category.  Mr. Hiemstra does not 
see it as misleading; however, he noted that it may be misleading to someone that reads it and takes a narrow 
view.  He commented that he does not think that the 2000 fecal coliform for REC-2 is the most protective 
reasonable number.  He would be more comfortable if the fecal coliform objective for REC-2 was closer to 
the 630 E. coli translation/conversion.  Discussion briefly ensued. 

Mr. McKenney stated that he would like to get a Task Force position regarding the REC-2 objective.  It was 
noted that EPA Region 9 would not have been inclined to approve what Kansas adopted if Kansas was in this 
Region.  Furthermore, the County of Orange does not want the reputation of having one of the lowest 
numeric objectives in the country.  Mr. Moore stated that there is no problem with the very protective 
numbers where there are people.  However, the Task Force wants to ensure that the resources are spent on 
where the people are using the water for recreation.  The unintentional application of an overprotective 
standard for every location will dilute the available resources and result in a less positive benefit where it is 
needed the most.  Thus, the idea is to create risk tiers to determine where the funds can be prioritized.  Water 
quality is a high priority and people are willing to fund it.  Discussion briefly ensued regarding the funding 
process.   

It is unclear as to whether the 21 states that have adopted the five times number are attaining that standard.  
A participant commented that the standards may not be attainable based on reports regarding the 
effectiveness of BMPs.  A lot can be spent trying to achieve these standards; however, it is likely that they 
are not achievable.  Ms. Schneider agrees that the other states’ attainability record would be of interest.  This 
also speaks to one or more of the Delphi responses that pointed out that it is time for the Task Force to 
consider ambient water quality conditions and economic implications of meeting various standards because 
antidegradation will drive the objectives that are ultimately adopted for specific waterbodies.  With regards 
to REC-2 and using 2000 fecal coliform without making any changes, Ms. Schneider thinks that: 1) it 
appears that the State Board or the Basin Planning Roundtable Group is going to focus on REC-1 objectives; 
and 2) the other best rationale for adopting Mr. Moore’s recommendation goes back to the real lack of 
scientific evidence that would support any of the E. coli objectives suggested for REC-2.  It makes sense for 
the Task Force to not fight the REC-2 standards fight given the level of present knowledge.  Mr. McKenney 
concurred.  He noted that another pragmatic consideration for the Task Force is to reach a compromise on 
how to handle REC-2 for the time being which will allow the Task Force to move forward with other issues 
discussed.   

Ms. Schneider thinks that Mr. Moore’s proposal is a practical, pragmatic, sensible approach, and she 
recommends the Task Force pursue it.  The Task Force agrees with the items listed on the Proposal; 
however, the issue is item #5.  Mr. Hiemstra is looking for the most protective standard, within reason, 
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possible.  Although he disagrees with the 2000 fecal coliform objective for REC-2, he feels that it is a way 
for the Task Force to move forward with the other issues.  Mr. McKenney commented that if the Task Force 
suggestion is to keep the 2000 fecal coliform standard, it will imply to the Regional Board that the Task 
Force feels that it is an appropriate standard.  Mr. Moore envisions the recommendation being that the Task 
Force was unable to discern a technical basis for changing the existing standard and was unable to form a 
consensus on any alternative approach.  The Regional Board will then draw their conclusions whether they 
wish to change the standard or not.  Mr. McKenney inquired whether anything will be gained from the 
recommendation when UAAs are done as in item #7.  A participant inquired whether it would be worth 
discussing again making the REC-2 numbers triggers for implementation actions rather than enforceable 
numeric objectives.  Mr. Moore has mentioned the idea to Ms. Schneider several times before, and he thinks 
that they are imagining a portion in the Implementation section of the Basin Plan that would describe a risk-
based tiered approach to compliance.  He noted that all sites in exceedance should not be treated equally.  It 
depends on the risk exposure, the number of people present, as well as other factors.  Ms. Schneider 
commented that the Regional Board does have discretion to include implementation as part of a standard.  
The goal is to spend the funds where it will do the most good first.  Discussion briefly ensued. 

A participant inquired about item #6 on the Proposal.  Mr. Moore explained that the State has two sets of 
criteria – one for listing a waterbody and one for delisting a waterbody.  Once a waterbody is shown to be out 
of compliance, it is placed on the 303(d) list.  Mr. Yeager commented that, with regards to the overall 
proposal, it would be useful for some of the stakeholders to have backup documentation as to how the 
decisions fit into what the Task Force has been doing.  The value of the Task Force is not the fact that we are 
not going to choose a number for REC-2 at this time; it is why the Task Force is not going to choose a 
number.  The biggest service the Task Force can do to those that follow is to identify why a number cannot 
be chosen right now.  A participant stated that the Task Force is struggling with what an appropriate number 
is because there currently is no scientifically defensible number.  In EPA’s guidance document, they steer 
clear of hinting that they are making recommendations for setting a REC-2 standard.  If the Task Force were 
to set an objective for REC-2 now, it could become the “right” number and written in stone.  Mr. Moore 
handed out a copy of the results of the epidemiology study that EPA did in the Great Lakes area.  He made 
clear that the results of the epidemiological study were published by the study team, not EPA.   

With regards to item #5 on the proposal, Mr. Woelfel inquired about how many waterbodies will be able to 
be classified as REC-2.  He noted that many of the waterbodies have attained less than 2000 fecal coliform.  
In addition, by using the old definition, fishing would fall into the REC-1 category.  He feels that a more 
appropriate number for REC-2 would be determined in the future after UAAs are done.  He also feels that the 
Task Force is losing its flexibility, and is inclined to the three subcategories – primary, secondary, and non-
recreation.  Mr. Moore is worried about the fishing and wading issue.  He stressed that it will be important 
how the staff report is written.  Discussion briefly ensued. 

Mr. Moore briefly discussed the task order that he is currently working on, which is to draft language for a 
Basin Plan Amendment.  He is unclear as to whether the Task Force still wants him and CDM to continue to 
work on preparing the straw man summary and proposal for EPA, noting that there needs to be some new 
discussion as to what needs to be done next.  CDM is also waiting for Task Force direction.  Mr. Moore does 
not believe that it is still necessary to write a straw man proposal as previously discussed, provided that the 
annotated version is sufficient.  The Task Force is adopting EPA’s recommendation of 126 E. coli for 
primary contact recreation and is following EPA’s guidance regarding secondary contact recreation.  Based 
on Mr. Yeager’s comments, it is important to document the rationale for the Task Force’s new Proposal.  Mr. 
Moore noted that he needs CDM to begin assembling the UAAs, and the CDM began working on the outline 
for the UAA workplan.  He decided to structure the UAA as a series of questions that CDM will have to 
answer.  Two of the main questions will be whether REC-1  is an existing use and whether it is a probable 
future beneficial use.  By doing it this way, CDM is not placed in a position to decide how a waterbody 
should be classified.  CDM will only present the facts because they will be presented with fact-based 
questions.  The hardest question that the Task Force will have to address is the question of historical use.  A 
waterbody’s current existing use is different than its historical use.  Mr. Moore plans on addressing the 
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historical use question with public comments.  The question of historical use will be explicitly recognized in 
written documentation as a question that needs to be addressed.  Don Schroeder added that although there 
will be little to no historical data on the actual use, there will be data on the waterbody’s attributes (lined, 
unlined, etc.).  Mr. Moore clarified that research on historical uses will only be done for the six sites listed on 
items #7 and 8.  Ms. Schneider will make preliminary contact with EPA and inform them of the Task Force’s 
new strategy.  Mr. Moore assumes that CDM will be working on the 13241 factors for the 126 E. coli for 
REC-1.  Discussion briefly ensued regarding 13241 factors.  Mr. Moore briefly discussed the responses to 
the Delphi questions. 

Mr. McKenney asked three questions: 

• Does the Proposal look good to go forward?  Is the Task Force in agreement with the Proposal as 
discussed and with the limitations discussed about item #5. 

There was concern about fishing and wading.  A participant suggested changing the REC-1 definition to 
be consistent with EPA’s definition since the Task Force is going to be proposing a new standard based 
on EPA’s criteria and is keeping the REC-2 definition alone.  An annotated version of the Proposal will 
be discussed and reviewed at the February Task Force meeting.  It was noted that the implementation 
plan for the Basin Plan will not be part of the annotated version.  There was consensus on the Proposal as 
discussed. 

• In order to support the approach, what does CDM need to do? 

The suggestion is that there is no need to go forward with some of the other data collection efforts 
previously discussed.  Rather, CDM should redirect their efforts into assembling the information that 
would be supportive of the six UAAs.  Mr. Moore noted that in addition to the annotated version, he will 
provide an outline of what he thinks the UAA should look like. 

• How will CDM be paid?  Do the contract and/or budget need to be changed? 

The work that the Task Force is describing is currently in CDM’s scope of work.  Mr. Schroeder noted 
that to date, CDM has spent very little on of their currently authorized new task order.  For the next Task 
Force meeting, CDM will provide a layout of their tasks and how the funds will be spent. 

The cameras at the six sites are all idle except for the one downstream of Prado Dam which is still 
operational.  CDM will temporarily hold off on the beach camera.  They will also finish the middle Santa 
Ana River Reach with some supplemental on-ground survey work and tie it in with the other data that has 
been collected.  He noted that they would set aside fair amount of budget which would have gone towards 
the beach camera. 

For the next meeting, Mr. Moore will provide the Task Force with a new proposal for camera sites.  Mr. 
Schroeder will layout CDM’s tasks and send it to Mr. Beehler for distribution to the Task Force so it can be 
discussed at the next Task Force meeting. 

Adjourn 
The next meeting is scheduled for Thursday, February 1, 2007 from 9:30 a.m. to 1:00 p.m.   

The meeting adjourned at 12:46 p.m. 



STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

February 1, 2007 

PARTICIPANT REPRESENTING
Suesan Saucerman (via teleconference) EPA 
Bill Rice    (arrived after 11:30 lunch break) Santa Ana Regional Water Quality Control Board 
Joanne Schneider  Santa Ana Regional Water Quality Control Board 
Frank Salazar  City of San Bernardino Municipal Water Department 
Chi Diep  CA Department of Health Services 
Brian Diaz  Recupero and Associates 
Don Schroeder CDM 
Richard Meyerhoff CDM 
Michele Colbert City of Corona 
Gene Estrada City of Orange 
Jessica Chin City of Riverside 
Rod Cruze City of Riverside 
Valerie Housel City of San Bernardino Municipal Water Department 
Chris Crompton County of Orange 
Susan Paulsen Flow Sciences 
Autumn DeWoody Inland Empire WaterKeeper 
Ray Hiemstra Orange County CoastKeeper 
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Jason Uhley Riverside County Flood Control & WCD 
Tim Moore Risk Sciences 
Matt Yeager San Bernardino County Flood Control District 
Naresh Varma San Bernardino County Flood Control District 
Jeff Beehler Santa Ana Watershed Project Authority 
Marie Jauregui Santa Ana Watershed Project Authority 

Introductions & Opening Comments 
The Stormwater Quality Standards Task Force meeting was called to order by Jeff Beehler at the Santa Ana 
Watershed Project Authority, Riverside, California.  Brief introductions were made by the participants. 

Update on Workgroup to Develop Statewide Bacterial Standards 
The Basin Planning Roundtable Group will post meeting dates and drafts via the Lyris discussion 
list.  The contact information was provided at the last Task Force meeting.  A link to the Lyris 
discussion list will be available on the Stormwater Phase III webpage 
(www.sawpa.org/documents/stormwater/phaseIII/update on development for SWTASK Force.doc). 

Public Use of Recreational Survey Data 
SAWPA investigated the options for posting the images taken by the recreational use cameras on the 
web.  Setting it up would cost between $20,000 and $25,000.  Mr. Beehler does not see tremendous 
value in spending $25,000 to post images on the web.  A significantly less expensive alternative is to 
provide the funding partners with DVDs along with a viewer.  The DVDs will also be archived at 
SAWPA.  A participant suggested posting where the public can access the DVDs on the Stormwater 
webpage.  Another participant suggested organizing the files so that the images with activity are 
separate from the images with no activity for each site.  It was noted that as more images are 
collected, more DVDs can be added to the DVD Library. 
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Revised Project Schedule/Task Force Direction 

Budget Updates 
Don Schroeder handed out the CDM Phase II and Phase III Progress Report.  CDM listed all tasks 
from the Phase II scope of work.  Most of the tasks from the Phase II scope of work are complete 
except for Tasks 2.4 and 3, which have been put on hold.   

Mr. Schroeder noted the Santa Ana River Mainstem at Yorba Linda camera has a few more months 
of data collection left.  Thereafter, CDM will provide the Task Force with a Final Recreational Use 
Survey Report.  In addition, CDM has stopped surveying at the Santa Ana River Mainstem at 
Riverside site where vegetation growth and distance from the river made activities difficult to 
resolve.  Because the survey at this site has stopped, there is approximately $70,000 or 
approximately 700 hours of labor available. 

CDM has only scratched the surface for Phase III.  They have attended some Task Force meetings 
and have done some work researching options to make the images accessible to the public.  The vast 
majority of the approved Phase III budget is unused.  Mr. Schroeder discussed CDM’s tasks for 
Phase III as listed on the handout provided to the Task Force. 

The Recreational Use Survey Camera Status handout summarizes the location, status, and condition 
of the nine cameras.  A participant inquired why the cameras that are currently not being used are 
still at the sites.  Mr. Schroeder noted that it is more cost effective to move a camera from one site to 
another rather than have it brought into CDM’s office and later installed at a site.  He further noted 
that if it will be several months before new camera sites are assigned, they will go get the cameras.  
He reminded the Task Force that other than the beach camera location, CDM has budget to help 
decide where to re-deploy the cameras.  However, any further budget to move cameras and start new 
locations is a different piece of the Phase III budget which has not yet been authorized. 

Mr. Moore pointed out an additional issue with CDM’s budget.  Task 1 of the Phase III scope of 
work discusses documentation for three UAAs.  The Task Force has discussed doing up to six 
UAAs.  Mr. Moore will write the structural outline for the UAA for Task Force review.  CDM will 
help Mr. Moore develop this outline, which will expend the budget for Task 2.4.  Mr. Schroeder 
commented that the one big unknown is the extent of economic impact.  CDM will receive direction 
from the Task Force at the next meeting regarding what should go into the UAA analysis.  Task 5 of 
the Phase III scope of work will also be discussed at the next Task Force meeting.   

There was a brief discussion regarding the budget and shifting tasks.  It was noted that the $216,670 
does not include new camera sites.  Richard Meyerhoff stated that they will close out Phase II and 
re-scope Phase III.  A participant commented that it would be okay to have unallocated costs because 
this is an adaptive process. 

Recreational Use Survey Update 
The Santa Ana River Mainstem camera at Featherly Park is the only camera that is currently taking 
photographs.  It collected approximately 1,300 images during December 2006 and January 2007.  The 
camera is collecting images closer than the 15-minute interval.  Of the 1,300 images taken during December 
2006 and January 2007, six images had evidence of people in the vicinity of the waterbody.  The entire time 
sequence for the six consecutive images was approximately 45 minutes.  It was noted that this camera is still 
operational, the other camera surveys have been completed, and the survey at a beach location has been put 
on hold.  Reports have been completed for Temescal, Cucamonga Creek, Santa Ana Delhi, and Greenville 
Banning.  Mr. Schroeder mentioned that the Santa Ana River Mainstem at Riverside camera stopped 
collecting images several months ago because the images were not useful due to location and surrounding 
vegetation.  There have, however, been discussions on the use of the remaining budget from this location to 
do some field surveys. 

Discussion of New Camera Locations 
Mr. Moore has assumed from the beginning that the cameras would be used for a while.  He believes that it is 
the Regional Board’s expectation that the Task Force needs to build confidence in our conclusions about: 
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1) the presence or absence of people; and 2) the probability of water contact that would result in ingestion.  
The last round of Delphi questions pointed out that only so much can be done with regards to inferring 
generalizible conclusions from either a single or a couple camera locations over a year.  The more the Task 
Force re-demonstrates, re-validates, and confirms a conclusion, it is believed to be more generally true.  The 
Task Force is currently at a point where we can draw conclusions about and possibly reclassify the places 
being investigated; however, we are nowhere near being able to generalize our conclusions and apply them to 
other similar locations.  Furthermore, it was never Mr. Moore’s expectation to do camera surveys at each 
location for re-designation purposes.  After a while, the Task Force may be able to generalize from the 
channel characteristics that have been identified and a library of documentation that accurately predicts 
activity at the location in question.   

Mr. Moore briefly discussed the handout, Proposed Video Camera Locations, noting that eight cameras are 
currently available and one more will become available in April 2007.  The list represents Mr. Moore’s 
personal recommendation based on discussion with the Task Force.  Also, on the bottom of the handout are 
other sites that he has proposed and would like the Task Force to take them into consideration as well.  He 
would like to finalize as many of the camera locations as possible, and would like to identify, in rank order, 
the sites where the Task Force would like to have a camera so the cameras can be moved.  He noted that 
several creeks and their streams in the Middle Santa Ana River region are on the 303(d) list for which a 
TMDL has been adopted.  Those sites went to the top of the list.  Mr. Moore emphasized that we want to 
ensure that the cameras operate well (e.g., signal strength, vegetation, blockage, camouflaging the camera, 
etc.) at each of the sites chosen.  In other words, the Task Force will choose sites to survey and CDM will 
evaluate each site from a logistics standpoint. 

First, Mr. Moore listed the characteristics of Chino Creek, noting that it is on the 303(d) list.  There is 
evidence of fishing, but whether it is shoreline fishing or another kind is unknown.  Additionally, there are 
questions about the nature of recreational contact and whether immersion is occurring.  Because this site is 
on the 303(d) list, there is an urgent priority to implement BMPs.  Mr. Moore is trying to determine where 
the priority should fall.  The Task Force agreed that surveying should be done at this location. 

Prado Park Lake is also on the 303(d) list. Both fishing and swimming are not allowed; however, people 
have been seen fishing.  In addition, this site has occasional fish kills.  The reason that this site is listed could 
be because rain events have carried runoff from dairies.  Mr. Moore noted that it may turn out that the only 
times the exceedances occur are when it rains.  It may help determine where the Task Force’s priority is for 
camera placement depending on which of Prado Park Lakes rebounds to a compliance position.  Discussion 
briefly ensued.  The Task Force decided to not put a camera at this location because it is part of the Middle 
Santa Ana River Watershed Pathogen TMDL.  Rather, the camera that was going to be used for this location 
should be moved to Temescal Creek so both upstream and downstream can be surveyed provided there is not 
going to be development in the future that alters the channel. 

The third proposed camera location on the list is Temescal Creek at River Road near Second Street.  Mr. 
Moore described the location noting that: 1) there is a concrete-lined, vertical-walled flood control channel 
adjacent to the neighborhoods on the west side; and 2) on the east side, water flows behind a strip mall and 
into an undeveloped, vacant lot that is very shallow and choked with green algae.  It was noted that this 
location is actually the North Norco Channel.  Mr. Beehler mentioned that he saw a “for sale” sign around 
the area and CDM will verify the planned land use for the site.  This may be one of the sites that will have 
two cameras – one facing upstream and one facing downstream.  The Task Force agreed to survey this 
location with at least one camera; however two cameras will be used provided there is not going to be a 
development constructed on the east side in the future. 

The fourth proposed camera location on the list is Reach 2 of the Santa Ana River Mainstem at Tustin 
Avenue or Lincoln Avenue by the OCWD ponds.  The questions are: 1) whether the fishing ponds are 
considered to be waters of the U.S.; and 2) where cameras should be placed if they are used here.  A 
participant commented that the Task Force may be able to obtain fishing data with a camera focused on a 
drop structure on the Santa Ana River.  There is such a drop structure at Yorba Park downstream of Weir 
Canyon Road between Weir Canyon Road and Imperial Highway.  It was noted that Mr. Moore is not only 
looking for presence of people; rather, he is looking for presence of fishing and the type of protection it 
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requires.  A full year of images may not be needed to answer this question.  It was noted that Greg Woodside 
may have some data that would be helpful to the Task Force. 

The fifth proposed camera location on the list is Reach 4 of the Santa Ana River Mainstem immediately 
downstream of the Rapid Infiltration Extraction (RIX) facilities.  Reach 4 is 303(d) listed, but it does not yet 
have a TMDL.  The question is whether the swimming activity that occurs at Reach 3 (Etiwanda) occurs at 
this location.  Mr. Beehler noted that there are some images from a few years ago of people washing clothes 
in this area, but he is unsure whether “clothes washing” is considered a recreational use.  Another participant 
commented that there are also images of a person bathing at this location – she had a towel in her hair.  It 
was noted that this location is also important Santa Ana sucker habitat.  The Task Force agreed to change this 
camera location to one of RCFC&WCD MS4’s choice.  RCFC&WCD will provide a list of locations in 
priority order to Mr. Moore and CDM. 

The sixth proposed camera location on the list is Mill Creek at Redlands, otherwise known as Mentone 
Beach.  The purpose of surveying at this location is that it would be used to establish a baseline condition 
because it is a known recreational area during low flow periods.  The only issue, however, would be signal 
strength as the location is in the canyon.  There are some wells in the vicinity of Mentone Beach where the 
Task Force may be able to install a camera, share the power, and have some fencing protection.  The camera 
would also be facing Mill Creek if installed here.  Having a camera at this location would provide essentially 
the same information as having a camera at Lytle Creek.  Mr. Moore will see if he can get permission to 
mount a camera to the wells via a temporary pole.   

The seventh proposed camera location is Temescal Creek at Magnolia Avenue in Corona.  This site was not 
on the list for camera installation until the last Task Force meeting where it was decided that some places 
would fall into the Not REC category.  Mr. Moore is not sure there is sufficient evidence to support a Not 
REC finding.  This location is very similar to the Greenville-Banning site.  Although this site is 
uncontroversial from the Task Force’s point of view, Mr. Moore suggested gathering additional evidence 
here.  It was noted that the cell signal strength at this location is good.  Ray Hiemstra believes that this site is 
the “classic” Not REC, and he is not concerned by the lack of images.  Ms. Schneider concurred.  It was 
decided that a camera is not needed at this location.   

The eighth proposed camera location on the list is an Orange County storm drain such as: 1) Coyote Creek; 
2) Sorenson Drain; 3) Bolsa Chica Channel; or 4) La Mirada Creek.  The purpose of placing a camera at one 
of these sites is to collect data similar to that collected at Sunflower.  Because of the site locations, there is an 
expectation that children will be present.  It will be possible to further explore the type of recreation 
occurring in or near the channel.  The Task Force agreed that this camera location will be the County of 
Orange’s choice.  They will provide a list of locations in priority ranking to Mr. Moore and CDM. 

The ninth proposed camera location on the list is Reach 3 of the Santa Ana River Mainstem near Anza 
Narrows Park.  The Task Force has previously attempted to collect data at this location; water depth will be 
an issue here.  Doing ground visual surveys rather than camera surveys was previously discussed for this 
location.  It was noted that the ducks are walking across the Anza drain, not swimming.  Mr. Moore 
emphasized that the purpose of this location is not reclassification, but it is to help make meaningful 
statements about the other locations.  A participant commented that there may be a similar site near the 
Market Street Bridge.  The Task Force decided to keep this camera unallocated.  Discussion briefly ensued. 

Mr. Moore discussed the Riverside channels (Magnolia Drain, Sunnyslope Channel, and Anza Park Drain) 
listed at the bottom of the table.  Rod Cruze had noted that some of the storm channels have more water more 
frequently than others.  One of the Riverside channels may be considered in lieu of Reach 3 of the Santa Ana 
River Mainstem near Anza Narrows Park.  Mr. Moore suggested having one camera in each County at a site 
similar to that of Sunflower.  The object is to find a location with attractive flows that is also accessible.  Mr. 
Cruze suggested using the Middle Santa Ana River Watershed Pathogen TMDL’s flyover and Recreational 
Use Surveys. 

Cameras were placed near Big Bear Lake and Knickerbocker Creek two weeks ago as part of the Big Bear 
TMDL.  There will be two cameras at the Creek location – one facing upstream and the other facing 
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downstream.  The view is excellent for both directions.  The technology used at this location is slightly 
different with no cell phone service needed.   

A participant inquired about how many more camera surveys are required.  Mr. Moore noted that it is based 
on the Regional Board’s discretion.  The real question is how much data is needed so the Regional Board can 
draw a conclusion about a location that did not have a camera based upon previous camera surveys at similar 
locations.  Mr. Moore assumes that camera surveys will be done for at least one more year.  Ms. Schneider 
commented that she does not have a problem recommending to the State Board that Greenville-Banning, 
Temescal at Magnolia, and channels with similar characteristics be designated as Not REC.  Furthermore, 
she feels that if the Regional Board saw images from those locations, there would be no doubt that they 
would be categorized as Not REC.  There was a brief discussion regarding the length of the camera surveys. 

A participant inquired what would be done for the next camera survey cycle once this camera survey cycle is 
complete.  Mr. Moore noted that for the next cycle, the cameras will be moved to the Counties for individual 
applications and individual UAAs where: 1) the conditions are a little more uncertain; 2) the Regional Board 
asks a camera survey be done; or 3) there is opposition.  He feels that after three years of camera surveys, the 
Task Force will have a fairly good model.  Then the cameras will be used selectively and only when there is 
disagreement.  A participant inquired if Mr. Moore could pose the question of REC-1 versus REC-2 use to 
the Regional Board when he gives his presentation in March.  Mr. Moore stated he will provide examples to 
the Regional Board to see their reaction rather than making statements about suggested re-categorizations for 
REC-1 versus REC-2.  Discussion briefly ensued.  It should be noted that the Regional Board has to revisit 
the designations every three years as part of a triennial review.  Designations made now may be modified in 
the future based on changing conditions.  The reason for categorizing the waterbodies in this manner is to 
efficiently allocate resources where they can do the most good. 

Review Revised Draft Candidate Basin Plan Amendment Language 
Mr. Moore handed out a schedule showing what needs to be accomplished when asking for Regional Board 
consideration of reclassification of uses.  The Task Force needs to work on a product for public comment and 
documentation to accompany it (i.e., staff report).  A progress report on our efforts will be made to the 
Regional Board on March 2, 2007.  He would like to spend April and May drafting the support documents.  
The idea is to have the document in workshop-ready format for early June, the beginning of the public 
comment period, and to have a second workshop in late summer.  The first workshop is to discuss the 
conceptual changes to the Basin Plan, adoption of a narrative objective for pathogens, switching to E. coli, 
the high flow suspension approach, etc.  The second workshop will discuss the specific reclassification 
proposal depending upon UAA results.  Mr. Moore commented that the two workshops would be a set of 
Basin Plan Amendments that would ideally be adopted together, but are going to be done separately.  CDM 
needs time to prepare the UAAs into draft form for public comment.  For a June 1st workshop, there will be 
at least one draft staff report.  Mr. Moore anticipates having a revised staff report in May to present to the 
Regional Board which will then be distributed for public comment.  He is trying to have the Basin Plan 
Amendments and the UAA Basin Plan Amendments done by the last Board meeting in 2007.   

It was noted that a 13241 review needs to occur prior to a hearing.  Furthermore, a 13241 review does not 
need to be done for REC-2.  It is only required for the adoption of a narrative objective and the adoption of 
126 E. coli for REC-1.  Ms. Schneider briefly reviewed the process noting that there is a CEQA requirement 
for a scoping meeting, which can be accomplished either individually or as a Regional Board workshop.  
Ideally, a CEQA scoping meeting will occur in advance of a Regional Board workshop.  Also, a CEQA 
checklist needs to be prepared before the workshop.  Ideally, 30 days prior to a Regional Board workshop, a 
staff report and a CEQA checklist, which reflects the results of the scoping meeting, is assembled.  From 
there, the Regional Board proceeds with additional workshops, as necessary.  Ms. Schneider feels that June is 
not a realistic date for a workshop.  However, that does not mean that the Basin Plan Amendments cannot be 
presented for consideration by the November 30th date.  Ms. Schneider thinks that it is important for the 
Basin Plan Amendment to include the 13241 analysis at the first workshop.  Mr. Moore requested that Ms. 
Schneider create a realistic schedule for the regulatory process.  She will bring a detailed outline and 
schedule to the next Task Force meeting.   
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Mr. Moore handed out the Candidate Final Text for Recreational Use Designations.  He noted that at the last 
Task Force meeting, it was decided that the REC-1 and REC-2 nomenclature and structure continue to be 
used.  There are no changes to the “REC-1: Primary Contact Recreation” text.  For “REC-2: Non-Contact 
Recreation”, the name and definition remained the same, except for the addition of “partial” and the 
inclusion of “shoreline fishing”.  He would have strongly preferred to merge REC-2 and secondary contact.  
However, because of the potential conflicts, he did not change the nomenclature.   

Mr. Moore inquired about “partial” noting that “partial body contact” comes from EPA’s definition of 
secondary contact.  In addition, EPA believes that their secondary contact definition is the same as the Task 
Force’s REC-2 definition.  Mr. Moore is trying to put into words what EPA thinks is functionally equivalent.  
Ms. Schneider commented that the term should be changed to “secondary” and that “partial” should remain 
in the definition.  It was noted that obtaining EPA’s opinion requires a straw man proposal be submitted to 
them.  Furthermore, if EPA does not have any apparent concern, REC-2 will be changed to “Secondary 
Contact Recreation”.  The Basin Plan Amendment staff report will document the reasoning for the changes.  
With respect to the addition of “shoreline fishing” to the definition, the REC-1 definition has fishing without 
a distinction between shoreline and other types.  It was noted that a straw man proposal would be for both 
State Board and EPA consideration.  In summary, Mr. Moore will move the factors, change the name to 
“Secondary Contact Recreation”, and draft a straw man proposal, which will start to put together some of the 
things for the staff report that will be describing, in bullet form, the rationale.   

Mr. Moore handed out the Candidate Final Text for Revised Indicator Pathogen Objectives.  He noted that 
no changes were made except for Table 1, where the current water quality objective for REC-2 was added.  
He reminded the Task Force that in this watershed, the single sample maximum was not going to be used as a 
water quality criterion.  The plan is to state in the Implementation section of the Basin Plan that exceedances 
of the single sample maximum will trigger more detailed sampling.  Ms. Schneider commented that the straw 
man proposal needs to address the single sample maximum.  Mr. Moore is going to follow EPA’s guidance 
as closely as possible.  A participant commented that it should be “less than or equal to” 126 E. coli rather 
than “less than” 126 E. coli.  Mr. Moore noted that there is no pathogen numeric objective for the Not REC 
category.  However, he reminded the Task Force that anti-degradation always applies. 

Mr. Moore noted that no changes were made to Candidate Final Text for Temporary High Flow Suspension 
handout.  The first paragraph is the Basin Plan Amendment language, which will be placed with the use 
definitions.  The text below the first paragraph will be included in the staff report or the Implementation 
section of the Basin Plan.  Mr. Moore noted that EPA cited the high flow suspension in LA as an example of 
a simple UAA in their most recent guidance document.  Nevertheless, it was an example of something that 
needed a complete UAA.  Discussion briefly ensued.  Mr. Moore will revert back to the LA exemption 
wording and bring it back to the Task Force for review.  A participant expressed concern about adding REC-
2 across the board and potential arguments.  Ms. Schneider concurred.  Discussion briefly ensued regarding 
rain gauges.  A participant commented that the last sentence in the rainfall paragraph is unclear and requested 
that it be clarified.   

Review Existing Use (REC-1 & REC-2) Nomenclature 
Mr. Moore provided a handout on Determining “Existing Uses”.  He expressed concern regarding having 
two categories rather than three.  He recalled that the conclusion for having three categories was that the 
Task Force would argue that any given location thought to be Limited REC-1 was still included in a REC-1 
category.  Having only two categories would make the question of whether or not the waterbody is an exiting 
use more pronounced.  Merely having a designated use does not imply an existing use.  The Task Force 
needs to show that the use has not been attained.  Ms. Schneider commented that it is wise to rely on State 
Board precedence because if the Task Force cannot get approval from the State Board, EPA’s view on the 
issue is irrelevant.  She provided Vacaville as an example noting that the State Board’s question was whether 
the water quality is sufficient to protect the uses that occurred and/or has the use actually occurred.  A 
participant expressed concern noting that once a waterbody is declared an existing use, it must meet a 
standard that may have never been achieved in the past regardless of whether the impairment is due to 
natural conditions.  Mr. Moore stated that the question of whether a waterbody rises to an existing use 
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depends greatly on the magnitude of historic activity.  Transient uses are not enough.  Discussion briefly 
ensued regarding the Vacaville decision. 

Ms. Schneider stated that the challenge for the Task Force is to decide whether or not REC-1 is an existing 
use in any of the waters being proposed for re-categorization.  The question of what constitutes an existing 
use was raised.  Ms. Schneider noted that the reality of the Task Force’s situation is evidence by the cameras.  
There is a significant dichotomy; either there are people in the water or there are people standing on the side 
looking at it.  She posed the question of whether the Task Force is going to find itself in the position to 
decide whether or not a couple of people suffice to justify an existing use designation.   

Adjourn 
The next meeting is scheduled for Thursday, March 1, 2007 from 9:00 a.m. to 12:30 p.m.   

The meeting adjourned at 1:00 p.m. 
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Matt Yeager San Bernardino County Flood Control District 
Jeff Beehler Santa Ana Watershed Project Authority 
Mark Norton Santa Ana Watershed Project Authority 
Marie Jauregui Santa Ana Watershed Project Authority 

Introductions & Opening Comments 
The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California.  Brief introductions were made by the participants. 

Dave Woelfel reported that the Basin Round Table Group will have CEQA scoping meetings in three months 
regarding statewide efforts to reduce standards.  They will have one meeting in Southern California and one 
meeting in Northern California.  The Southern California meeting will most likely be held in Riverside.  Jeff 
Beehler was given permission from the Task Force to provide the Stormwater Task Force distribution list to 
Mr. Woelfel so the Task Force can be added to the State Lyris list.  Mr. Woelfel will coordinate with Jason 
Uhley regarding meeting room accommodations for approximately 200 people. 

Regional Board Presentation (March 2) 

The last presentation to the Regional Board was December 1, 2006.  The meeting will be in Loma Linda 
at the City Hall Building.   

The focus of the presentation is to: 1) explain the latest beneficial use structure the Task Force is 
discussing and how it differs from what has been presented in the past; and 2) begin to engage the 
Regional Board on the issue of evidentiary burdens of proof in Use Attainability Analyses.  In addition to 
providing a status report, Mr. Moore would like to have the Regional Board provide guidance.  Mr. 
McKenney asked if questions to the Regional Board could be framed in a way that presents two or three 
alternatives discussed in the Task Force.  Mr. Moore said that it is essentially one type of environment or 
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stream location that seems to be the most controversial, and he will ask the Regional Board how they 
want the Task Force to approach these controversial locations.  For at least the next couple of years, 
cameras will be placed in locations where there is controversy as a means to gather data to solidify the 
recreational use factors for those types of locations.  The idea is to build confidence in our conclusions 
and to be able to generalize about a location via common characteristics.  Mr. Moore’s working 
assumption is that the camera surveys will be done for three years.  He expects that after the third year, 
each county will elect to survey controversial locations for reclassification.  The more locations like the 
Sunflower channel area in Orange County, the more one-year surveys will be required.   

Mr. McKenney asked if Mr. Moore would be inquiring about the Regional Board’s opinion regarding: 
1) the Task Force process; or 2) the amount of evidence that is required for a site or a comparable site.  
Mr. Moore wants a simple agreement from the Regional Board that it is not their expectation that each 
UAA requires a camera.  The requirements will vary with the level of uncertainty and controversy.  In 
addition, he is trying to get away from the idea that the Task Force accidentally established a precedent 
that the only time reclassification can be done is when there are 15,000 images.  He does not expect to 
elicit a specific response.  However, he does expect to invite thinking and comment.   

A participant commented that EPA also has to approve the UAA, and he does not recall EPA providing 
the Task Force feedback regarding how they see the process.  Mr. Moore plans to tell the Regional Board 
that the Task Force intends to prepare a straw man of recommendations for the Regional Board, State 
Board, and EPA.  He is, however, very reluctant because of his past experiences with EPA.  Joanne 
Schneider commented that there are different levels of decision making within EPA and different 
perceptions among various EPA staff.  She feels very comfortable and confident that at a higher policy 
level, the Task Force has a good opportunity to make a persuasive case.  At a national level, EPA realizes 
that there are issues and they are searching for solutions.  Doug Eberhardt made it very clear that 
bacterial standards are one of the hottest topics for EPA nationwide.   

Mr. McKenney suggested that in addition to a status report, Mr. Moore present to the Regional Board an 
explanation of some of the issues the Task Force is facing, and let them know that the Task Force is 
discussing those issues.  He feels that it is too soon to ask for specific feedback.  Matt Yeager disagreed.  
At the last meeting, Mr. Yeager suggested asking the Regional Board how much evidence is enough.  He 
recalled that at the last Board presentation, the Regional Board felt that the amount of evidence is more 
than what is needed.  Therefore, he feels that it would be useful to get a sense for whether or not the 
Regional Board’s opinion has changed.  Ms. Schneider commented that expecting specific feedback 
from the Regional Board is premature.  Some of the Board members were distressed that public funds 
were being expended to install cameras in some locations that were obviously not recreational water 
bodies.  She feels that it is appropriate to present the issue and let the Regional Board know that in the 
long run, they will have to make judgment calls.  Furthermore, asking the Regional Board to provide 
specific feedback without having gone through the Task Force process is expecting too much.  Mr. 
McKenney concurred.  Mr. Moore intends to make the process for reconsidering beneficial uses after the 
Basin Plan Amendment clear to the Regional Board at the Board meeting. 

The Task Force thinks that a year’s worth of images is ample survey duration.  Ms. Schneider thinks that 
it would be useful for future UAAs to poll the Regional Board before getting into the process of any 
specific waterbody to determine the evidence that is necessary to address any specific UAA.  That way, 
the Task Force does not address the Regional Board with an opinion of what is ample evidence because 
the Board’s opinion may be different.  Mr. Moore concurs. 

A participant inquired whether EPA’s role and their incremental disengagement in the process would be 
discussed at the Board meeting.  Mr. Moore does not plan to discuss EPA’s role to the Regional Board.  
Ms. Schneider commented that EPA has been expecting a straw man from the Task Force.  Additionally, 
EPA staff participation in the Task Force meeting for the past several months can be viewed as a 
reflection of their interest to help.  EPA staff was told that they are done with the Task Force until they 
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receive a straw man.  A participant inquired about what will be included in the straw man as well as an 
estimated time frame for delivery.  The straw man will show that: 

• The Task Force intends to remain with a two-tiered system (REC-1 and REC-2). 
• The Task Force will be redefining the text of REC-1.  
• Fishing in REC-1 will be clarified to include contact fishing (float fishing and wader fishing) so that not 

all fishing will be treated the same. 
• REC-1 will be re-written, but REC-2 cannot be changed because the Task Force’s goal is to leave as 

much of REC-2 alone as possible.  In doing so, there will be nothing for EPA to approve, disapprove, or 
review.  However, the Task Force will be clarifying that we understand that based upon EPA’s guidance 
to us that our definition of REC-2 is functionally equivalent to EPA’s definition of secondary contact 
recreation.  With the clarification, the Task Force will apply EPA’s guidance for secondary REC to 
REC-2.  Doing so will help determine each waterbody’s classification. 

• The Task Force will be recommending 126 E. coli as a 30-day geomean of at least five samples for 
REC-1. 

• The Task Force will not be recommending a single sample criteria; however, in the implementation, 
there will be a sample trigger.  Thus, if there is a single sample exceedance, sufficient sampling will have 
to be done in order to calculate the geomean. 

• The Task Force will include the high flow suspension, as well as a narrative objective for the pathogen 
water quality objective. 

Mr. Moore suggested splitting up the straw man.  He feels that the Task Force should send to EPA 
information on how we intend to gather the necessary evidence to make the reclassification decisions.  In 
addition to REC-1 and REC-2, there is a Not REC.  He hopes that the draft will be ready for the next 
Task Force meeting.  It was noted that legally, the straw man that will submitted to EPA does not need to 
include implementation language.  Ms. Schneider commented that implementation language needs to be 
included in the straw man to reassure EPA that the Task Force is using the single sample maximum as an 
implementation tool because that was one of the messages from the EPA meeting in San Francisco.  
Additionally, the Task Force needs to provide the assurance that the critical questions (i.e., existing use, 
attainability, and anti-degradation) are going to be considered in the process, and that each site will be 
subject to those types of analyses. 

It was noted that the both the spatial extent of where the UAA would be applied and the high flow 
suspension would not be discussed at the Regional Board meeting.  Also, Mr. Moore is not going to 
discuss the objectives in too much detail.  He is going to discuss how the Task Force has restructured the 
beneficial uses. 

Chicago Area Waterways Secondary Contact Study 

Jeff Beehler went to a meeting at the Metropolitan Water Reclamation District of Greater Chicago.  The 
presentations from the meeting are posted on their website, and Mr. Beehler will send the link to the 
Task Force.  He provided a brief background on the District noting that they are doing a very detailed 
epidemiological exposure study with the University of Illinois on incidental contact recreation on the 
Chicago area waterways, which includes boating, kayaking, canoeing, and fishing.  The District had an 
expert review panel review EPA’s water quality criteria for bacteria and draft Implementation Guidance.  
Their conclusions were that there is currently no scientific basis for developing the standards.  Their 
findings confirm what the Task Force has been doing.  Although their incidental contact is equivalent to 
our REC-2, kayaking and boating in this watershed is considered a REC-1 use.  The District is currently 
developing their scope of work for an incidental contact epidemiological study. 

The Task Force has been debating between eight and ten illnesses per thousand.  For a population of 
1,000 people, the background exposure for acute gastrointestinal symptoms in the general population is 
50 per 1,000 per month.  Therefore, what is really trying to be determined is whether 58 people per 1,000 
or 60 people per thousand are getting sick.  For the District to perform a meaningful study, 8,400 
participants per category are required.  They are reducing it to 5,400 people over two years because that 
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is what they can afford to do for an epidemiological study.  Therefore, if an epidemiological study on 
wading in the Santa Ana River was done, it would take five to ten years before a meaningful number of 
people wading could be studied for a true epidemiological study.  Discussion briefly ensued regarding 
the epidemiology study and the Mission Bay Study. 

Mr. Beehler said that everyone at the meeting was fascinated by the use of the cameras.  They thought 
that it is the greatest way to do a recreational use survey.   

Recreational Use Survey Update 
Currently, the only camera collecting images is below Prado Dam in the Featherly Park area.  It collected 
approximately 1,800 images last month.  There is no evidence of people in the images, which is not 
surprising because of the cold weather.  The survey for this location is due to be completed at the end of 
April 2007.  The camera at the pump station at the middle of the Santa Ana River is not active because of the 
image quality.  CDM suggested alternatives, such as moving grant funds to perform ground surveys and data 
compilation. 

Phase III: Budget, Tasks, and Schedule 
The CDM Proposed Task Summary – March 1, 2007 table was distributed.  CDM tried to show the tasks that 
could be accomplished with $194,000, which is derived from closing out the Phase II Task Order and 
combining the remaining funds from Phase II with the funds that have been authorized in Phase III.  Mr. 
Schroeder discussed each line item of the budget.  He noted that the six UAA documents in Task 5 will be 
somewhat similar to each other, but they will all be distinct.  CDM believes that there is enough in the budget 
to do all of the six UAA documents for each distinct reach as the prototypes.  The actual deployment for a 
year of the six new camera sites; the maintenance of those sites; the downloading, review, and assessment of 
the data; and writing the reports is an additional budget item.  It is part of the budget in Phase III that has not 
yet been authorized.  He noted that there is some contingency in the estimate, but it will cost approximately 
$50,000 per location.  There is, however, enough in the existing budget to start finalizing the site locations 
and investigating the permits required for those sites. 

A participant inquired whether CDM has an in-house economist to complete Task 6, Economic Analysis.  
Mr. Schroeder commented that Task 6 is a cost analysis.  Mr. McKenney asked how CDM determined that 
Task 6 would require an estimated 270 hours.  The estimated 270 hours for Task 6 is similar to the budget 
that was established for the current Phase III budget.  Task 6 is the Engineering Alternatives Analysis 
associated with the UAA, and is not the 13241 Economic Considerations analysis.  The purpose of this 
particular task is to look at the engineering alternatives for treatment using non-structural alternatives to meet 
the objectives for the six sites.  Mr. Moore noted that three of the sites (Not REC sites) will most likely not 
have a significant engineering alternatives analysis.  The budget for the Economic Analysis is targeted 
toward the three sites that are more controversial (i.e., Temescal location near the Corona Treatment Plant, 
Mill Cucamonga Creek at Hellman Avenue upstream, and Santa Ana Delhi at Sunflower).  The more 
controversial the site, the more work it will require.   

Jeff Beehler suggesting doing a Change Order to reflect the tasks for which CDM is now working.  Also, the 
camera task is an optional task that the Task Force has not yet authorized.  The Task Force concurred. 

Outline for UAA Documents 
The Federal Criteria for Reclassifying a Designated Use document was distributed.  Mr. Moore noted that it 
is important to distinguish between two different kinds of analyses.  He briefly discussed the conversations 
that he has had with CDM and Susan Paulsen.  He noted that their discussions began with engineering 
alternatives analyses that need to be done for the UAA and how costs should be estimated.  The discussions 
evolved into the fact that, even if UAAs are not done anywhere, the Task Force is planning to recommend a 
water quality objective change for REC-1 (coliform to E. coli), which triggers a 13241 analysis.  Page two of 
the handout distributed lists the 13241 factors.  One of the factors is Economic Considerations, which is not 
necessarily a cost-benefit analysis.  It is more appropriately considered as a cost analysis.  Because economic 
considerations are mostly watershed-wide, the Regional Board is looking at the overall impact of adopting a 
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new objective.  In order to know what costs might be implied by the new objective, whether or not the 
waterbody is currently in compliance needs to be known.  Discussion briefly ensued regarding other 
Regional Boards’ actions and fecal coliform versus E. coli standards. 

One of the reasons the Task Force is recommending that the Regional Board adopt a E. coli standard is 
because EPA says there is no relationship between fecal coliform and the illness rate.  The assumption that 
fecal coliform and E. coli are equivalent in risk protection is based on an erroneous reasoning process.  Mr. 
Moore proposed that the Task Force inform the Regional Board that we do not know how to do the economic 
consideration requirement holistically.  The Task Force knows how to do the economic considerations on a 
case-by-case basis, and could extrapolate, to a certain extent, from that analysis to get a general idea of costs.  
The problematic legal issue is that when a water quality objective is adopted, undergoes a 13241 analysis, 
and is ultimately approved, it will later be applied as a permit limit.  The Regional Board is not required to go 
back and perform another 13241 analysis at the permit level.  The plan is to do the economic analysis 
correctly in the beginning because there will not be a second chance unless a placeholder is left in the system 
to do the economic analysis on a case-by-case basis.  Thus, there will be an opportunity to raise economic 
issues as each standard is applied to each site.  Ms. Schneider suggested being honest with the Regional 
Board and letting them know that the cost depends on whether or not compliance is being achieved.  This 
consideration will be built into the UAA process.  Lake Elsinore, Big Bear Lake, Canyon Lake, and Reach 3 
of the Santa Ana River Mainstem are indisputably REC-1.  The Task Force will let EPA know that those 
waterbodies are REC-1, an existing use, and the objective will be applied.  The idea is to tell EPA that we 
believe we have strongly protected those locations where the people actually are engaging in recreational 
activity.  The other locations will be dealt with on a case-by-case basis through the UAA process, and will 
continue to be assumed REC-1 unless determined otherwise.  It will be stated that the economic analysis for 
those sites has not yet been done, and will be considered on a case-by-case basis.  The Task Force is going to 
ask the Regional Board for permission to leave open the 13241 and legitimize bringing it up later in the 
process.  This 13241 analysis is limited to the actual change from fecal coliform to E. coli.  Discussion 
briefly ensued. 

The Task Force proposed that the objective be set on the basis on eight illnesses per thousand (126 E. coli).  
The Regional Board has discretion to set the water quality objective higher than 126 E. coli if it can be 
demonstrated as being fully protective of the use.  In the Great Lakes rule making, EPA said that they could 
and would approve objectives criteria that were protective up to 19 per 1,000 for freshwater if the 
epidemiological data was available to show that the value is protective.  The question is the tolerable number 
of illnesses.  If the State is willing to say that the tolerable number of illnesses is 19 then the objective can be 
set higher.  It has been suggested to set the risk level to 19 illnesses per 1,000, and set the water quality 
criteria to 126 E. coli because that is what the current epidemiological data allows.  The Regional Board 
would still have discretion to say that the epidemiological data allows a lower risk level, but the economic 
data may allow a higher risk level.   

A participant commented that the risk level would remain the same, but would allow the Regional Board to 
utilize a different expression of the specific risk.  In other words, the 19 illnesses per 1,000 risk level would 
remain the same, but the expression of how people below that risk would be protected would be subject to 
change.  The Regional Board will have to justify the objective to use.  Discussion briefly ensued.  Ms. 
Schneider commented that the Regional Board is going to have to consider a variety of alternatives if they 
consider revising the REC-1 objectives on a case-specific basis for any given waterbody rather than 
attempting to do it in a generic watershed fashion.  The Task Force could present the range of alternatives 
that the Regional Board could consider to protect the existing uses such as eight or ten illnesses per 1,000, 
which EPA has said are approvable.  The Task Force could identify the extreme of what EPA has committed 
to approving in the Great Lakes rule.  It could be reflected in the Basin Plan that when adequate data are 
available to support a specific objective, EPA has indicated their willingness to support a risk level as high as 
19.  Ms. Schneider stated that there would have to be a variety of potential objective alternatives that the 
Regional Board could consider.  The economic implications as well as other 13241 considerations are factors 
that they would need to consider in determining the number to apply.  Part of the analysis done for any 
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specific site needs to include the cost implications of reaching 126 E. coli, 206 E. coli, and perhaps another 
objective. 

Mr. Moore stated that, as of today, the working assumption was that the number required to protect a REC-1 
designated stream was 126 E. coli.  It is currently expressed that way in the Basin Plan.  He is thinking 
about using the same process for this issue as was used for the site specific objectives for toxics, which is to 
tell the Regional Board in both the staff report and in adopting resolutions that there was additional room 
available.  It would, however, require a subsequent Board action at a future date.  A participant commented 
that, often times, the staff report cannot be found after adoption.  It was suggested that the ideas be stated in 
the adopting resolutions of the Basin Plan.  Ms. Schneider commented that the site specific objectives for 
metals have specific discussion in the Basin Plan about its conservative nature.  Mr. Moore proposed 
describing what EPA has approved, but not take a position on it.  It was suggested that Mr. Moore’s proposal 
be placed in a record that is easily accessible.   

There was concern regarding Task Force agreement on 126 E. coli being the default number for REC-1.  
Matt Yeager commented that Naresh Varma is not in favor of having the 126 E. coli be the default.  The 
question is whether the Task Force is agreeing upon the 126 E. coli because it is approvable or because it is 
what the Task Force believes to be correct.  Mr. McKenney commented that there is not full agreement on 
the eight or ten illnesses per thousand; however, Mr. Varma was not suggesting the risk level be 19 per 
1,000.  Mr. Moore stated that his working assumption, reservations aside, is that: 1) the recommendation of 
the Task Force is going to be 126 E. coli, which is what he is planning to recommend at tomorrow’s Board 
meeting; 2) the alternatives analysis will easily show a 206 E. coli alternative; and 3) any other alternatives 
would require a change in the risk number.  A participant commented that the risk number decision should be 
made with both the economic analysis and the 13241.  Mr. Moore commented that if the Task Force chooses 
some areas known to be REC-1, two of the three (Lake Elsinore, Canyon Lake and Reach 3 of the Santa Ana 
River) waterbodies will meet 126 E. coli.  He is trying to create a template archetype and demonstrate to 
EPA that the Task Force is covering the places that the people are using for recreation.  The issue will be 
Reach 3 of the Santa Ana River, which will default to 126 E. coli, but there will also be a discussion that it 
should be 206 E. coli (risk level of 10 illnesses per 1,000).  Discussion briefly ensued.   

Mr. Moore summarized by saying that the economic analysis will be done on the three UAA sites and on the 
Santa Ana River Mainstem.  He noted that this analysis cannot be done holistically.  An economic analysis 
can be done for the three UAA sites and Reach 3 of the Santa Ana River Mainstem.  Ms. Schneider said that 
the conclusion the Task Force has reached is that there is not adequate data to do a responsible 13241 
analysis to adopt any objective for the entire watershed.  An option is to acknowledge the fact that there is 
not adequate data and identify a prioritized phased approach by which the Task Force is going to consider E. 
coli objectives for waterbodies where: 1) adequate information is available; 2) the Task Force thinks it is 
most important to do so; and 3) the Task Force does a 13241 analysis that provides economic information as 
well as other relevant information that would assist everyone in making an appropriate recommendation to 
those specific waterbodies and a recommendation to the Regional Board as to what an appropriate objective 
is.  Mr. Moore suspects that there will be REC-1 objectives that are expressed as both fecal coliform and E. 
coli.  Where a 13241 analysis has been done, those waterbodies will only have E. coli objectives.  Where a 
13241 analysis has not yet been done, those waterbodies will have a fecal coliform objective, and not yet the 
E. coli objective.  Where a UAA has been done, those waterbodies will have an objective based upon what is 
appropriate for the UAA.  Mr. McKenney commented that rather than setting an objective of 126 E. coli for 
every REC-1 waterbody, the Task Force should evaluate what the risks are and do an evaluation of 
appropriate standards.  Ms. Schneider stated that the UAA is being done to consider whether or not the 
beneficial use needs to be revised.  Discussion briefly ensued. 

Ms. Schneider stated that the Task Force is contemplating: 1) a change from fecal coliform to E. coli 
objectives for REC-1 waters; and 2) a change in the beneficial use designation for selected sites (REC-2 or 
Not REC).  In order for the Task Force to recommend a change from fecal coliform to E. coli, a 13241 
analysis needs to be done.  The idea is to do this on a watershed-wide basis; however, that is not feasible due 
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to the lack of adequate data.  Furthermore, in order for the Task Force to recommend a change in the 
beneficial use designation for selected sites, a UAA, which requires an economic analysis, needs to be done.  
Her understanding is that the Task Force is contemplating doing UAAs for several specific sites, which will 
entail considerations of the change in the beneficial use designations as well as a potential change in the 
objective.  If the Task Force recommends that the Regional Board adopts a REC-2 use, we would say that the 
REC-1 objectives do not apply and that we are not recommending a change in the REC-2 objectives 
currently in the Basin Plan because there is no scientific basis to justify any objectives.  As for EPA’s central 
interest in getting the Regional Board to consider objectives for REC-1 waterbodies that is based on EPA’s 
national criteria (fecal coliform to E. coli for REC-1 freshwater).  This is where the 13241 analysis is done.  
The conclusion is that there is not enough data to make the change to 126 E. coli on a watershed-wide basis.  
Ms. Schneider is, however, open to the idea of including language in the Basin Plan and the adopting 
resolution that take note of the Great Lakes rule and EPA’s determination that numbers as high as 19 are 
acceptable.  Discussion briefly ensued.  Mr. McKenney commented that the UAA outline is intended to be a 
template for the Regional Board.   

Mr. Moore made two points.  One, the Task Force will be doing substantial analysis to upgrade to E. coli and 
reassess uses.  Regardless of what risk levels are chosen, there will be no changes to the Basin Plan without 
the appropriate analyses being complete.  Otherwise, the Task Force will start with what is available (i.e., 
existing Basin Plan and objectives) and on a case-by-case basis.  It is not known whether the costs for the 
UAA and the 13241 are comparable.  In general, it costs less to do a 13241 analysis.  The second point that 
Mr. Moore made is that one of the benefits of choosing eight illnesses per thousand rather than ten illnesses 
per thousand is that the Task Force is planning to make note of the fact that the Regional Board has 
discretion for where they set the default number for REC-1 (126 E. coli to 206 E. coli) in the adopting 
resolution.  By selecting the lower end of the range, there is no need to apply an additional safety factor 
(margin of safety) at any subsequent phase of implementation.  If the Task Force explicitly states the range 
and chooses the lower end to provide a margin of safety, there is no need to apply a redundant margin of 
safety for the TMDLs.  Basically, the Task Force’s intention is to avoid redundant safety factors.   

Mr. Moore explained that when states adopted 200/400 fecal coliform, EPA’s position is that the states were 
simultaneously implicitly adopting a risk level of eight to ten illnesses per thousand.  Thus, if the states 
wanted to adopt 1030 E. coli (14 illnesses per thousand), EPA’s position is that 1030 E. coli is less stringent 
than 200/400 fecal coliform (eight to ten illnesses per thousand).  EPA believes that 200 fecal coliform is 
functionally equivalent to 126 E. coli because it represents the same risk from a policy standpoint.  Eight to 
ten illnesses per thousand is easy to approve because EPA position is that it represents no change in the level 
of protection.  EPA’s statement in the Great Lakes rule making shows that the level of protection can be 
changed.  In doing so, it needs to be stated that the new risk level is 19.  However, from EPA’s point of view, 
that is a State discretion item.  Furthermore, the risk level cannot be changed to be higher than the available 
water quality data shows.  Discussion briefly ensued. 

Mr. Moore briefly discussed the handout he provided noting that the first page is a verbatim transcription of 
the six UAA reclassification criteria from the Federal regulations.  EPA will use those criteria to make their 
justification for the waterbodies’ classification.  EPA’s assumption is that all locations are presumed to be 
suitable for REC-1 until proven otherwise using one or more of the six UAA reclassification criteria.  The six 
UAA reclassification criteria guide the UAA.  Mr. Moore noted that the Task Force is not required to make a 
demonstration against all six of the factors; a demonstration only needs to be made against one.  
Furthermore, it is not necessary to do an economic analysis in order to justify a UAA in a location.  It is 
merely an alternative that is available under criteria #6.  It was noted that criteria #5, which has to do with 
natural habitat features, is a non-issue for the Task Force’s purposes.   

Mr. Moore’s goal is to keep CDM’s work separate from policy discussion by asking them objective 
questions.  The Task Force is asking CDM about the facts of the case and the facts are structured along the 
lines of the six UAA reclassification criteria for which EPA has expressed interest.  If the outline is agreeable 
to the Task Force, Mr. Moore plans to ask CDM specific questions in relation to the topics on the third page 
of the handout such as: 
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• Is there infrastructure present that would tend to inhibit recreational use of the waterbody?   
• Are there infrastructure improvements which tend to encourage the use of the waterbody?                      

(e.g., designated parking, bicycle stands, maintained paths, etc.) 
He plans to ask questions objectively for the evidence on how uses can and cannot be attained. 

Mr. Moore emphasized that for Recreational Use Activities (Outline for UAA Technical Reports handout), 
the goal is to start to create a template.  The Task Force does not want to imply that cameras are a minimum 
requirement of a recreational existing use analysis.  He will most likely combine Camera Survey Results 
(bullet A) and Field Survey Results (bullet B) to Field Survey, which is required.  However, how the field 
survey is done and the level of intensity will vary (e.g., one site visit with a disposable camera to a one-year 
survey with wireless cameras).  The Task Force is required to evaluate whether or not the waterbody 
supports an existing use.  He noted that Local Control Requirements (bullet C) are ordinances.  For 
Comparables Analysis (bullet D), the Task Force will, in several years, begin to compare one location with 
others where a decision has already been made.  Mr. Moore noted that this bullet item will be more 
significant as the years pass.   

It was noted that the Task Force is also required to consider whether the waterbody had an existing use since 
1975.  Mr. Moore proposes working through the issue of historical data through the public comment process.  
No literature review will be done by CDM.  Discussion briefly ensued regarding available historic data.  The 
burden of historic data will be placed on the public because the waterbody structure has likely been changed 
and cannot be restored.  Information can be solicited during the CEQA scoping process.  It was noted that the 
level of effort required to adequately search for historical data is a Regional Board decision.  Mr. Moore 
drew a distinction between exiting use and existing water quality because it relates to anti-degradation and 
water quality issues.  The existing use evaluation is, as discussed, the actual level of activity that occurred in 
the channel.  The existing water quality evaluation that is done for anti-degradation is done on the historical 
records.  If the data shows that the waterbody consistently attainted better water quality, then that level of 
water quality must be protected.  Mr. Moore emphasized that existing water quality should not be confused 
with existing use.  Mr. Moore emphasized that the Task Force is not going to ask CDM to draw conclusions.  
Rather, the Task Force is going to ask CDM to describe the waterbodies’ characteristics in detail, and it will 
be up to the Task Force to draw from their technical document the rationale to justify a change in the Basin 
Plan Amendment. 

UAA Reach Boundaries 
Mr. Moore recommended that for Temescal Creek, the concrete-lined portion that is vertically walled is 
going to be Not REC.  However, where it becomes trapezoidal and natural, he recommends REC-2.  Mill 
Cucamonga Creek from Hellman Avenue to Philadelphia (RP1 near IEUA) will be REC-2.  Mr. McKenney 
suggested that the reaches be described using the channel characteristics and using the street crossings as 
reference.  Mr. Moore is going to draw a boundary in Greenville-Banning and Santa Ana Delhi at Mesa 
Avenue where the channel is no longer vertical.  For the Santa Ana Delhi at Mesa Avenue, the reach will 
begin at Sunflower Avenue, where the channel is vertical.  It was noted that Temescal Creek and Mill 
Cucamonga Creek are in the Basin Plan.  However, the Santa Ana Delhi is not.  It was suggested to 
investigate whether the reaches under consideration are defined in the Basin Plan.  Discussion briefly ensued. 

Economic Analysis Parameters 
For the Engineering Alternatives Analysis, CDM will be doing a water quality analysis at each site which 
will show whether compliance is being achieved.  If the waterbody is not in compliance, solutions to bring 
the waterbody into compliance may be engineered or non-structural.  The Engineering Alternatives Analysis 
will show what would need to be done to achieve compliance.  Apart from the UAAs, when new water 
quality objectives are adopted, a 13241 analysis, which includes consideration of the economic impact, needs 
to be done.  The idea is that the type of information developed on a case-by-case analysis could be 
extrapolated to determine costs on a watershed-wide basis.  Mr. McKenney views Task 6 as an engineering 
analysis to determine the impacts of changing from 1030 E. coli to 630 E. coli.  Mr. Moore noted that the 
engineering analysis was more important when the Task Force was proposing three tiers.  A participant 

 8



commented that for REC-1, an Engineering Alternatives Analysis should be done to investigate the cost 
difference between eight and ten illnesses per thousand because it could have significant impact.  Ms. 
Schneider commented that the difference between the eight and ten illnesses per thousand is addressed in the 
13241 analysis, not the UAA.  Mr. Moore is trying to keep the UAA and the 13241 analysis issues separate.   

Although the UAA is technically a Basin Plan Amendment, the 13241 does not apply to it unless site specific 
objectives are going to be adopted.  The UAAs that Mr. Moore and CDM are working on contain only three 
categories – REC-1, REC-2, and Not REC.  Each of the three categories will have water quality objectives 
that will have already gone through the 13241 analysis.  Thus, there will be no new 13241 analysis required 
to apply to REC-1, REC-2, and Not REC.  However, if the Task Force decides to do anything site specific, 
which would establish a new and different objective than what is on record, will require a 13241 analysis.  It 
was noted that the 13241 is only tied to the establishment of water quality objectives.  Ms. Schneider 
commented that economic implications (CEQA) need to be considered when the Basin Plan is amended.   

Mr. McKenney commented that when the State has its scoping sessions for its Statewide look at REC-1 
standards, it may be really helpful for the Task Force to suggest n some specifics that the State should take 
on with regards to the economics or 13241 evaluations.  He suggested asking CDM to develop suggestions 
for comments for Task Force to discuss the scoping and economic evaluation for the statewide effort.  The 
Task Force concurred noting that it would help coordinate the two efforts.  CDM will develop suggestions 
and frame them as scoping questions to the State. 

Ms. Schneider is hopeful that the Task Force will be able to prioritize recreational sites that should be    
REC-1, and an economic analysis associated with changing the objective from fecal coliform to E. coli for 
those sites would be done.  Progress needs to be able to be demonstrated. 
Adjourn 
The next meeting is scheduled for Thursday, April 19, 2007 from 9:30 a.m. to 12:24 p.m.   

The meeting adjourned at 1:00 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
April 19, 2007 

 
PARTICIPANT REPRESENTING
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Joanne Schneider  Santa Ana Regional Water Quality Control Board 
Dan Bounds CDM 
Don Schroeder CDM 
Steven Wolosoff CDM 
Eric Strahan Centech Stormwater Solutions 
Jessica Chin City of Riverside 
Valerie Housel City of San Bernardino Municipal Water Department 
Chris Crompton County of Orange 
Larry McKenney County of Orange 
Susan Paulsen Flow Sciences 
Autumn DeWoody Inland Empire WaterKeeper 
Mary Jane Foley  MJF Consulting 
Karen Baroldi Orange County Sanitation District 
Dan Bott Orange County Water District 
Tim Moore Risk Sciences 
Diana Hernandez Riverside County Flood Control & WCD 
Jason Uhley Riverside County Flood Control & WCD 
Steve Ray Santa Ana River Watershed Alliance 
Jeff Beehler Santa Ana Watershed Project Authority 
Mark Norton Santa Ana Watershed Project Authority 
Marie Jauregui Santa Ana Watershed Project Authority 
 
Introductions & Opening Comments 
The Stormwater Quality Standards Task Force meeting was called to order by Jeff Beehler at the Santa Ana 
Watershed Project Authority, Riverside, California.  Brief introductions were made by the participants. 
Steve Ray mentioned that the Santa Ana River Watershed Alliance is holding its Second Annual River of Life 
Conference on May 15th and 16th at the Green River Golf Course.  (Note: the conference has been rescheduled 
to Fall, 2007).   
 
Jeff Beehler discussed the One Water One Watershed Plan, and distributed a brief description.  The Plan is 
different than what has been done in the past in that it is a much broader integrated watershed plan.  Larry 
McKenney has offered to head up the stormwater and flood control section of the plan.  The Plan is geared 
toward creating partnerships within the Watershed and an eventual Proposition 84 application.  The idea is to 
develop a shared regional effort.  Mr. Beehler noted that the Plan is in the very early stages of the process.  Mr. 
McKenney commented that he is taking volunteers for the stormwater and flood control section, and would 
like someone from Riverside County Flood Control & WCD to participate.  In addition to the ten section 
experts (pillars), there will be a steering committee.  The steering committee is comprised of three mayors, 
three supervisors (one from each county), two SAWPA commissioners, and a representative from both the 
environmental community and development community. 
 
State Board Round Table on REC-1 Standards 

The Basin Round Table Group is trying to coordinate a CEQA meeting in Riverside.  Dave Woelfel will 
work with Riverside County Flood Control to reserve a room.  It was noted that the workshops will not 
occur until after June.   

K:\projects\Stormwater Quality Std Study\Meeting Notes\2007-4-19 Fin.doc 
1 



Regional Board Presentation Feedback 
Tim Moore reported that he brought the Regional Board up-to-date on the Task Force’s efforts and discussed 
the Task Force’s next steps.  The outcome of the Board meeting was that the Regional Board would prefer a 
beneficial use classification recommendation from the Task Force, but reserves the right to debate it.  They 
directed the Task Force to develop the definitional archetypes.  Furthermore, the Regional Board is looking to 
the Task Force to make the process easier and more predictable while recognizing that each site is unique.   
A CEQA compliance outline soon will be produced by the Regional Board.  Mr. Moore noted that there is an 
opportunity to request Regional Board action by the end of the year.  He also noted that the Basin Plan 
Amendment will not be written until there is approval from both the EPA and the State Board. 
 

UAA Reach Boundaries 
Mr. Moore stated that there are numerous sites where the Task Force is seeking to re-designate beneficial uses.  
These sites are intended to be archetypes, and non-controversial examples of each type of recreational use that 
the Task Force envisions.  There should be Task Force unanimity for these sites.  Mr. Moore noted that a 
critical question is “when a re-designation is done, to what segment or area does the re-designation apply?”  
He noted that for the Basin Plan, boundaries for the upper and lower end of each reach need to be specified. 
 
Dan Bounds used the channel attributes map and overlaid where similar conditions existed to determine the 
boundaries for each reach.  The first reach boundary discussed was Greenville-Banning – the vertical-lined 
section from the confluence of the Santa Ana River to the 405 Freeway.  It was noted that this location 
currently is not included in the Basin Plan.  Eventually, there will be two reaches for Greenville-Banning 
discussed in the Plan.  However, the vertical-lined section is the only section that will be discussed in the first 
phase. 
 
The second reach boundary discussed was Cucamonga Creek – the trapezoidal section upstream from Hellman 
Avenue until it becomes vertically-lined.  The selected reach boundary does not pass through the vertical-lined 
section because our purpose is to define archetypes.  The archetypes eventually would become models 
defining how to designate new sites.  The Task Force will be developing moving criteria for conditions that 
identify a reach with a very low risk of immersion and ingestion.  The archetypes, in essence, merely show that 
certain factors are true.  More factors result in more model stability.  Discussion briefly ensued. 
 
The third reach boundary discussed was Temescal Wash – the trapezoidal section from Lincoln Avenue to 
where the channel becomes vertical.  It was noted that this section is similar to Mill-Cucamonga Creek likely 
to be designated as REC-2.  Mr. Moore suggested using an excess camera to survey the section above IEUA’s 
RP-1 treatment plant.   
 
The fourth reach boundary discussed was the vertical section of Temescal Wash.  This location is similar to 
Greenville-Banning and is more likely to be designated as Not REC.  Mr. Moore commented that the Task 
Force should expect the flow regime to change.  Thus, at the triennial review, it will need to be discussed 
whether flow has changed enough to consider a re-designation of the reach for any reason.  It was noted that 
the archetype locations will also have the high flow suspension.  The reasoning behind designating two 
different reaches for Temescal Creek is that there could be two different recommendations.  The purpose is to 
determine whether there are other variables that could make a difference.  Joanne Schneider commented that 
the Task Force should keep anti-degradation and pathogen objectives in mind. 
 
The fifth reach boundary discussed was the vertical section of the Santa Ana Delhi.  It was suggested that the 
reach begin from Sunflower downstream to where the channel becomes trapezoidal.  The channel goes from 
being a vertical, concrete-lined channel to a trapezoidal channel to a natural channel.  Mr. Moore suggested 
treating the area up to the flood control structure as Newport Bay.  Where the concrete ends is where Newport 
Bay begins.  Furthermore, the underground, vertical section will not be considered Not REC.  In this channel, 
there is Not REC, REC-2 (only a couple of hundred yards long), and REC-1.  Mr. Moore suggested classifying 
the Not REC all the way to the end of the flood channel, which opens up an opportunity for regional treatment 
before the water reaches the REC-1 section of the channel.  Discussion briefly ensued.   
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Mr. Moore discussed the Santa Ana Delhi at Sunflower location.  It is rip-rap for approximately one mile and 
turns into a vertical, concrete channel and then goes underground.  This location was going to be an archetype 
for REC-2.  It was suggested that a footnote be included in Basin Plan stating that rip-rap or natural sections of 
the Santa Ana Delhi would be REC-1 or REC-2, depending on what the Task Force suggests, and the 
underground, concrete-lined section would be Not REC.  Ms. Schneider expressed concern noting that there is 
a need for pathogen indicators.  Mr. Moore wanted to verify that the Task Force still feels that the Sunflower 
location is REC-2.  Autumn DeWoody will confirm with Ray Hiemstra his position regarding the beneficial 
use classification for Sunflower.  Discussion briefly ensued regarding burden of proof issues.  It was noted that 
the Santa Ana Delhi is not listed in the current Basin Plan.  Because the Regional Board wanted to add the 
Santa Ana Delhi, by name, to the Basin Plan, it was made a priority to the Task Force.  Ms. Schneider 
commented that if the Regional Board were to consider adding a waterbody to the list of waterbodies in the 
Basin Plan, a deliberate decision would have to be made as to whether the waterbody is MUN or specifically 
exempt from MUN designation as per the drinking water policy.  Mr. Moore noted that the working 
assumption for other tributary channels is to work under the tributary rule for MUN until an affirmative 
declaration has been made by the Regional Board.  Ms. Schneider recalled that the Regional Board has 
exempted certain surface waters from the MUN designation and that U.S. EPA has questioned whether those 
particular exceptions were adequately justified through a UAA process. 
 
Mr. Moore discussed two issues with the Sunflower location: 1) private property; and 2) whether upstream 
treatment would be necessary because there are two drains upstream.  It was noted that the need to protect 
Newport Bay will drive effluent limits.  Dave Woelfel suggested sampling to determine current conditions in 
the Newport Bay.  Chris Crompton noted that UCI will soon be releasing bacteria data that has been collected 
at the bridge on the Santa Ana Delhi.  It was noted that this dataset has not yet been published.  Mr. Crompton 
thinks that the Santa Ana Delhi may be a significant source of bacteria to the Bay.  Mary Jane Foley 
commented that there are four TMDLs in the Bay and the Regional Board is going to ask why the Santa Ana 
Delhi, because of its proximity to the Bay, goes from Not REC to REC-1.  She noted that it would be easier for 
the Regional Board to understand the logic of having a Not REC classification so close to a REC-1 waterbody 
if the Task Force uses a narrative to describe that it will provide an opportunity for regional treatment.  
Discussion briefly ensued. 
 
Confirm Recreational Use Survey Locations 
Dan Bounds reviewed the camera locations that were previously discussed – Chino Creek, North Norco 
Channel, Santa Ana River Reach 2, Mill Creek (Mentone Beach), a Riverside County location, and an Orange 
County location.  He reported that CDM investigated the first four sites noting that Mentone Beach was the 
most challenging.  Bill Rice suggested a camera near Central Avenue for Chino Creek.  Surveys at Pine 
Avenue and Euclid Avenue were also discussed.  The Task Force agreed to install a camera at Chino Creek on 
Central Avenue provided there are no logistical difficulties. 
 
The installation of a camera at Prado Park Lake was also discussed.  It was decided that this location be moved 
further down on the priority list. 
 
There were also discussions about installing a camera in the vertical-walled channel next to IEUA’s RP-1 to 
answer the question of whether a vertical, concrete-lined channel has recreational use with or without flow.  
Installing a camera at this location will fill data gaps for Mill-Cucamonga Creek.  Mr. Moore will follow up 
with IEUA. 
 
The County of Orange suggested San Diego Creek, which is a large tributary channel and readily accessible, 
as a surveying location in their area.  The San Diego Creek location is adjacent to Woodbridge High School 
and an apartment building.  A camera could potentially be mounted to either the apartment building or the high 
school.  It can be mounted to a bridge.  The channel where it would be surveyed is concrete-lined.  CDM will 
investigate the possibility of installing a camera at the high school location first. 
 
Riverside County suggested EMWD’s Moreno Valley Plant (Perris Valley Channel) as a survey location.  It 
was noted that there is a park adjacent to the proposed camera site.  The camera would be faced upstream 
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toward the park.  The channel goes from trapezoidal to concrete-lined and vertical.  The channel is located in 
the San Jacinto Watershed, which drains to both Temescal Creek and the Santa Ana River.  Mr. Moore will 
follow up with Jayne Joy from EMWD.  The Task Force agreed to install a camera at this location facing the 
park. 
 
The next site that was discussed was the North Norco Channel at Second Street.  It was originally proposed to 
have two cameras at this site along River Road.  One camera would be facing upstream and the other 
downstream.  There is a strip mall and homes adjacent to the channel at this location.  The channel is concrete-
lined and vertical behind the homes.  An issue with this site is Norco EDA is looking to build some houses on 
the undeveloped piece of property near the channel.  Jason Uhley stated that the Norco EDA had asked the 
Riverside County Flood Control & WCD about improving the reach in the channel for them.  He added that, to 
his knowledge, the project is not moving forward.  Thus, cameras can be installed at this location for survey 
purposes.  Mr. Moore stated that the main purpose of installing a camera at this location is to improve the 
generalizable model about vertical, concrete channels.  Other sites will be investigated. 
 
Mill Creek at Mentone Beach was then discussed.  The flow in the creek at this location will be researched.  If 
the flow during the current drought is not significant, there would be no point in surveying at this location.  An 
alternative to Mentone Beach is the RIX location.  San Bernardino Municipal Water Department has offered to 
install the camera, but the Task Force will have to do the data analysis.  It was noted that Reach 4 of the Santa 
Ana River is also on the 303(d) list for pathogens.  Ms. Schneider commented that Reach 4 of the Santa Ana 
River, in her opinion, is automatically REC-1.  Mr. Moore stated that installing a camera at this location would 
be to determine seasonality of recreational use. 
 
Yorba Regional Park was suggested as a survey site to capture fishing data (i.e., nature of contact). 
 
Mr. Moore showed the Task Force where the cameras for the Big Bear Lake TMDL are going to be installed. 
 
It was noted that options for other methods of capturing images have not yet been investigated. 
 
The five confirmed locations from this discussion are: 1) Chino Creek at Central Avenue; 2) Santa Ana River, 
Reach 2 at Yorba Regional Park; 3) San Diego Creek; 4) Perris Valley Channel; and 5) Mill Cucamonga Creek 
near IEUA’s RP-1.  CDM will work on permitting issues with these locations.  Mr. Beehler will develop 
change orders for CDM once estimated costs are provided and the funding partners approve. 
 
Discussion of UAA Outline 
Mr. Moore referred to the outline for UAA Technical Reports that was distributed at the March Task Force 
meeting.  He noted that the UAA outline will be converted into a straw man, for discussion by EPA.  The Task 
Force’s intent is to ask CDM objective questions and questions of fact so they are not drawing conclusions in 
their preparation of technical reports. 
 
Recreational Use Survey Update 
Mr. Bounds reported that the Yorba Linda camera has been in place for one year.  April 14, 2007, was the last 
day for image collection.  Overall, the camera collected more than 12,000 images.  He displayed several 
images collected during March 2007 at this camera location.  There were no images of water contact at this 
location.  There were several images of people walking around the area, but they did not approach the River. 
 
Adjourn 
The next meeting is scheduled for Wednesday, June 27, 2007, from 1:00 p.m. to 4:30 p.m.   
The meeting adjourned at 1:06 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 

September 6, 2007 
 

PARTICIPANT REPRESENTING 
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Joanne Schneider  Santa Ana Regional Water Quality Control Board 
Dan Bounds CDM 
Richard Meyerhoff CDM 
Frank Tolerico Contech Stormwater Solutions 
Michelle Hindersinn City of Corona 
Chandra Johannesson City of Riverside 
Jessica Chin City of Riverside 
Rod Cruze City of Riverside 
Frank Salazar City of San Bernardino Water Department 
Chris Crompton County of Orange 
Larry McKenney County of Orange (RBF) 
Mary Jane Foley  County of Orange (MJF Consulting) 
Susan Paulsen Flow Sciences 
Lee Reeder Inland Empire WaterKeeper 
Ray Hiemstra  Orange County CoastKeeper 
Karen Baroldi Orange County Sanitation District 
Dan Bott Orange County Water District 
Brian Diaz Recupero and Associates 
Tim Moore Risk Sciences 
Benjie Cho Riverside County Flood Control & WCD 
Jason Uhley Riverside County Flood Control & WCD 
Matt Yeager San Bernardino County Flood Control 
Naresh Varma San Bernardino County Flood Control 
Celeste Cantú Santa Ana Watershed Project Authority 
Jeff Beehler Santa Ana Watershed Project Authority 
Mark Norton Santa Ana Watershed Project Authority 
Marie Jauregui Santa Ana Watershed Project Authority 
 
Introductions & Opening Comments 
The Stormwater Quality Standards Task Force meeting was called to order by Jeff Beehler at the Santa Ana 
Watershed Project Authority, Riverside, California.  Brief introductions were made by the participants. 
 

State Board Roundtable on REC-1 Standards 
There was nothing to report. 

 
Task Force Schedule 
Tim Moore briefly discussed the Revised Schedule for Phase III Tasks, which he distributed to Task Force 
members.  The schedule was drafted with the assumption that: 1) the strawman will be delivered to EPA this 
month; and 2) the Task Force will be working in parallel with EPA’s review of the strawman.  However, if 
EPA has extensive comment on the strawman, the schedule will need to be revised.  Joanne Schneider 
commented that a CEQA scoping meeting will need to be added to the schedule.  She noted that it may be 
possible to combine the CEQA scoping meeting with the Task Force status report at the Regional Board 
meeting in November, but she will have to verify.  Furthermore, it may be more prudent to schedule the CEQA 
scoping meeting as a separate meeting so the Board has ample time for discussion. 
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Discussion of Strawman Proposal 
The Executive Summary: Proposed Revisions to Santa Ana Region’s Basin Plan for Recreational Use 
Classifications and Related Water Quality Objectives and one set of comments were distributed.  Mr. Moore 
stated that he received many comments on the strawman, and that the distributed document incorporates the 
non-controversial comments.  There were a number of comments that went to the heart of what the Task Force 
agreed upon, such as REC-2.  Mr. Moore noted that although he agreed conceptually with the 
recommendation, REC-2 would remain unaltered so that there would be one less item for both EPA and the 
Regional Board to consider.  He then discussed the recommendations listed in the Executive Summary.  Mr. 
Moore stated that the strawman document is merely a tool to convey the concepts to EPA.  It will not be the 
version that becomes the Regional Water Quality Control Board Staff Report.   
 
Recommendation #1 
The recommendation was to replace the word “likely” with “reasonably possible”.  EPA uses the word 
“likely”.  Mr. Moore discussed the background of the word choice.  Discussion briefly ensued regarding how 
“reasonably possible”, “probable”, and “likely” are inferred.  The Task Force agreed to keep the word “likely”. 
 
Recommendation #2 
The recommendation was to eliminate “…and aesthetic enjoyment in conjunction with the above activities.”  
Mr. Moore noted that the quoted section is both the present text of the REC-2 definition in the current Basin 
Plan and the state-wide definition of REC-2.  He further noted that he did not make the recommended change 
because the Task Force agreed to not change any text in REC-2.  He emphasized that the ramifications of 
clarifying the language for REC-2 was more costly than not clarifying it.  Furthermore, the Task Force 
concluded that there was no real reason to change REC-2 since there was no basis to modify the water quality 
objectives. 
 
Recommendation #3 
Mr. Moore reordered the language and added “…suite of factors…” per recommendations since the beginning 
of these discussions. 
 
It was also recommended that the parenthetical phrase be changed to “including pollutant impacts on the 
aesthetic condition of the water”.  Mr. Moore did not include this recommendation because he did not want to 
limit the review of said issue to just the qualified pollutants.  The aesthetic conditions are all the affected uses 
including those that would be not only caused by pollutants, but also could include those that would be there 
naturally.  Ms. Schneider inquired whether aesthetic conditions would be considered natural sources of 
pollution.  The aesthetic conditions that are being discussed are related to the naturally-occurring sources of 
pollution.  In order for it to be a factor to be considered when setting uses, it has to fit one of the six factors 
that EPA will allow for consideration.  One of the six factors includes naturally-occurring sources of pollution.  
Mr. Moore suggested including the matrix on the six factors. 
 
A participant commented that EPA repeatedly mentions “potential future use”.  Mr. Moore stated that 
“potential future use” needs to be included, and it was an unintentional omission. 
 
Another comment that was submitted had to do with “…designate a waterbody as REC1, REC2, both or 
neither.”  The comment was that the concept of Not REC, which is the “neither” in the statement, had not been 
previously discussed.  Mr. Moore stated that the concept of Not REC was discussed rather thoroughly and 
provided the Greenville-Banning Channel as an example.  
 
Recommendation #4 
There was a comment to the effect that the way the recommendation is written, the second sentence in the 
recommendation says in effect that all human sources are pathogenic.  The recommendation is to clarify the 
sentence because there are other human sources of bacteria that are not pathogenic.  Mr. Moore will take this 
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recommendation as something that the Task Force needs to think carefully about when he writes the Staff 
Report. 
 
Mr. Moore noted that the phrase “more accurate and reliable” was omitted from “…with the regulatory 
flexibility to implement more accurate and reliable water quality monitoring technologies…”  Now the 
statement reads as “…with the regulatory flexibility to rely on new water quality monitoring technologies…” 
 
It was suggested that “…from total coliform to fecal coliform…” be changed to “…total coliform and fecal 
coliform to…”  Also, “even better” will be changed to “better”.   
 
Recommendation #5 
There was discussion of the language in this recommendation concerning reopening established bacterial 
indicator TMDLs to delete provisions, including numeric targets that are based on the existing fecal coliform 
objectives.    Ms. Schneider thought that the relevant TMDLs (Middle Santa Ana River TMDLs) have 
automatic defaults if the fecal coliform objectives are deleted and E. coli objectives are adopted, and believes 
that the defaults are built into the TMDL.  Mr. Moore will review the TMDL language, and will rewrite the 
section accordingly.  It was clarified that the Task Force is only working with freshwater criteria in the 
document and is concentrating on inland surface waters. 
 
Recommendation #6 
The potential problem here is with the way the established fecal coliform objective for REC2 is expressed in 
the Basin Plan as an average.  However, fecal coliform distribution is not normal; it is geometrically 
distributed and use of an average is inappropriate.  An inappropriate average for the fecal coliform dataset is 
being used because of the way the Basin Plan is written.  In order to correctly follow EPA’s guidance, the 
objective should be expressed as a geomean. Mr. Moore recommended that the error be corrected via changing 
the term “average” to “geometric means” to assure. that the arithmetic mean is not improperly applied to log 
normally distributed data.  It was suggested to correct the definition of average versus geomean through a 
footnote.  A participant commented that if REC-2 language was to remain unchanged, then a footnote should 
not be added.  It was ultimately decided to pose this as a question to EPA in the strawman to determine 
whether EPA would perceive as substantive a change from “average” to “geometric means”.  
 
Mr. Moore would like to add the statement “where a waterbody is both REC-1 and REC-2, only the more 
stringent REC-1 objectives will apply unless the Regional Board makes a contrary declaration on a case-by-
case basis” to the proposed Table 1 “Indicator Pathogen Criteria for Fresh Waters”.   He used Canyon Lake as 
an example, noting that it is in compliance with REC-1 objectives, which are believed to be more stringent, but 
out of compliance with the current REC-2 fecal coliform objective.  As a means to maintain flexibility for the 
Regional Board, the statement provides for Regional Board discretion.  
Recommendation #9 
This recommendation discusses the REC-1 and REC-2 use designations and temporary suspensions of these 
uses.  A comment was that this is not necessarily consistent with all REC-2 uses because some may occur even 
in high-flow conditions.  Mr. Moore he tried to stay as close as possible to what the Los Angeles Regional 
Board did.  The effect of temporarily suspending the REC-2 use is that it temporarily suspends the water 
quality objective.  A participant commented that the rationale for the high flow exemption is based on physical 
danger.  Thus, if the danger does not limit certain uses, how can they be suspended?  Mr. Moore stated that the 
suspension is intended to suspend the activities particular to a water quality objective, which were put in place 
to protect a subset of REC-2 activities.  The document will expand and clarify this issue.  It was suggested to 
break the sentence into two parts.  The first sentence will address REC-1 and the second sentence will address 
REC-2.  Ms. Schneider suggested adding a footnote to the REC-2 objective in the tables.  The Task Force 
concurred.  Discussion briefly ensued regarding the high flow suspension. 
 
The document entitled Bacteria TMDLs: Overlaying Water Quality, Hydrology and Corrective Measures on 
Stream Recreation by the Kansas Department of Health and Environment was distributed.  The document 
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discusses how flow affects uses.  It provides a specific depth which is used to determine when uses are 
suspended.  He emphasized that he is not suggesting that the Task Force use Kansas’ numbers for the high 
flow suspension, noting that they use two different high flow suspension numbers depending on whether 
children are present.  It was suggested that the strawman document be written making the high flow 
suspension a “case-by-case” because there is a need to make it more specific.   
 
A document entitled Water Quality Standards: Beneficial Uses, Policies, and Criteria for Oregon was 
distributed.  It was noted that Oregon has an objective exemption in their standard.  Mr. Moore referred to the 
second bullet under “Statewide Narrative Criteria” which states that when the natural background conditions 
exceed the standard, these conditions become the new standard.  Both Mr. Moore and CDM will be conducting 
a background search on other recent documents that may provide examples.  It was suggested that they focus 
on states in EPA Region 9. 
 
Recommendation #10 
There is a small section of Temescal Creek below Lincoln Avenue that is natural.  There was a suggestion to 
reclassify that section.  Mr. Moore noted that the Regional Board dealt with this issue in the Prado Basin 
Management Zone.  In essence, Temescal Creek officially ends when the concrete ends.  The Prado Basin 
Management Zone, which is deemed part of Reach 3, is situated below.  Ms. Schneider will research the 
implications.  Mr. Moore noted that there used to be a Reach of Temescal Creek called 1A.  It was deleted and 
EPA approved the change. 
 
A participant commented that, with regards to Recommendations 10, 12, and 15, the recommendation to 
reassess the beneficial uses in some areas to REC-2 is arbitrary, and as the Task Force has agreed that the 
REC-2 standard is arbitrary.  He can see environmental communities supporting it as part of an active plan to 
improve water quality downstream.  However, to merely raise the limits for those areas is questionable.  Mr. 
Moore commented that it is only a temporary fix because there is photographic evidence showing that those 
waterbodies clearly are not REC-1, and do not meet the level of Not REC.  Leaving those waterbodies in the 
REC-2 classification provides an interim level of protection.  Should conditions change and require more 
protection, it will be reviewed in three years.  Furthermore, the downstream uses will continue to drive the 
standard.  The participant commented that he and the environmental community cannot accept a REC-2 
designation without knowing how it will affect the public.  Discussion briefly ensued.  It was noted that the 
document seems incomplete.  Also, it is not clear how changes will be implemented. 
 
Mr. Moore stated that when the first six UAA locations were chosen to go before the Regional Board as part of 
the Basin Plan Amendment, five sites appeared to be non-controversial and one is controversial (Santa Ana 
Delhi at Sunflower).  The group was divided about the appropriate use designation for Temescal Creek.  A 
participant commented that changing the use designations of certain waterbodies to REC-2 as part of an 
overall integrated plan would not be an issue.  However, a wholesale elimination of water quality standards for 
locations where there is no agreement is not acceptable.  Ms. Schneider clarified that, as a practical matter, she 
does not think there can be a wholesale change in the Basin Plan unless there is agreement with the specific 
recommendation.  Mr. McKenney stated that the Task Force agreed that our work should be scientifically 
valid, reach consensus, find a way to protect the public that was actually contacting water, and there is no 
interest in creating a system of regulations that creates an idea that the region has the most relaxed standards.  
Mr. McKenney emphasized that Orange County relies on high-quality water as it is a tourist destination.  
Furthermore, Orange County wants people to realize that they are being smart, efficient, effective, and not 
wasting money on projects with little benefit.  It was noted that the environmental community will be watching 
the process carefully. 
 
UAA Technical Reports – Draft 
Dan Bounds provided a brief presentation to the Task Force.  CDM will be preparing Draft UAA documents 
for six locations.  Mr. Bounds discussed how the UAA document will be formatted.  Comments on the drafts 
should be submitted to either Dan Bounds or Jeff Beehler by September 20, 2007.  A participant suggested that 
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the questions the UAA is supposed to address be circulated.  Mr. Moore distributed copies of the Use 
Attainability Analysis Technical Questions.  Mr. Beehler will distribute the information.  Comments provided 
at the Task Force meeting included: 
• Whether there was a way to organize the Report as in a question-answer format.   
• Whether a summary table of the channel characteristics for each site could be provided as part of the 

UAA.  Richard Meyerhoff commented that this could be done by describing each channel without making 
regulatory conclusions.   

• Clarification regarding the velocity and the rating curves.   
• Review of the graphs on pages 2-6 and 2-11.   
• The second paragraph on page 2-7 needs clarification.  There were also questions regarding the 

significance of the numeric values presented.   
• There were some inquiries regarding the graphs on page 2-9.  Mr. Moore commented the graph shows the 

percent of time the uses would be offline due to high flow.  According to the graph, the use would be 
suspended 2% of the time or less, i.e., seven days out of the year.  CDM will research the time of year 
when uses would be suspended.  Mr. Moore stated that he is trying to find an easier way for the Regional 
Board to regulate the suspension concept. 

• Clarify that the data used to calculate the graph on page 2-15 was directly measured. 
• The dates of the storm events would be helpful.  Mr. Bounds believes that the dates may be on the 

technical memo, but he will verify. 
 
Discussion briefly ensued regarding rainfall data, flow suspension, and how a suspension will be implemented.   
 
Engineering and Economics Analysis 
There are places where economic issues need to be considered, i.e., doing use assignments, and adopting or 
revising water quality objectives under State law, adopting a standard that is more rigorous than a Federal 
requirement, or permitting.  One of the factors allowed to be considered for these beneficial use assignments is 
whether the cost of compliance would cause widespread substantial adverse economic impacts to the region. 
 

Mr. Moore discussed the use assignments first.  He noted that there are six specific UAAs at six different 
locations.  The Task Force is allowed to make an argument based on economics at each location, but is not 
required to do so.  His recommendation is that where the proposed or recommended beneficial use assignment 
can be made relatively uncontroversial, no economic arguments be used.  Mr. Moore used the Greenville-
Banning Channel as an example.  He stated that there is unanimity in the Task Force that the REC-1 use 
cannot be attained.  The conclusion is based on the channel morphology, not economic factors.  There is no 
need to layer an additional justification when the current rationale is more than adequate to inform a decision.  
On the other hand, there may be situations, such as those the Task Force members disagreed on, where 
economics may be a determining factor.   The Sunflower location is likely the only location where the 
economic analysis will be done with respect to use assignments in this phase. 
 
Under State law, when new or revised water quality objectives are adopted, economic impacts needs to be 
considered as part of the analysis.  The Regional Board intends to adopt an E. coli objective to replace the 
fecal coliform objective in the current Basin Plan.  As such, an economic analysis must be done to support the 
proposal.  Although an economic analysis is required by State law, it cannot be used as a condition under 
Federal law to change an existing use.  There is, however, some flexibility.  Mr. Moore used Reach 3 of the 
Santa Ana River as an example.  Although the Task Force is recommending using E. coli numbers with a 
geomean of 126, the EPA could easily approve values up to 206.  If, however, EPA accepted 206 E. coli, but 
the State insisted on 126 E. coli, it is reasonable argument that the State is being more stringent than what is 
required by Federal regulations.  Consequently, it then becomes a question of whether an economic analysis 
would be required at that location.  The Regional Board would then have to conduct an economic analysis to 
consider having 126 E. coli rather than 206 E. coli.  If an economic analysis shows that it was prohibitively 
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expensive to comply with 126 E. coli, and it was more cost effective to comply with 206 E. coli, then the 
Regional Board would need to justify the difference or adopt 206 E. coli.   
 
Mr. Moore stated that he tasked CDM with doing an economic analysis of the change in water quality 
objectives with special emphasis on the cost differential between 126 E. coli and 206 E. coli.  He noted that, 
after doing some research, it was concluded that there was no way of knowing the cost differential because the 
question is so expansive.  The Regional Board is considering the adoption of an E. coli objective for the entire 
watershed.  However, there is nowhere near the amount of data needed to indicate what the costs are to comply 
with the proposed objective watershed-wide or to determine the differential costs of 126 E. coli versus 206 E. 
coli.  Mr. Moore recommended the Task Force inform the Regional Board that there is no way of estimating 
the cost of compliance on a watershed-wide basis.  However, it can be done for sub-watersheds, beginning 
with Sunflower.  The Task Force can then extrapolate from the sub-watershed studies what range the 
watershed-wide costs would be.  Also, Mr. Moore proposed that in the Basin Plan Amendment, a specific 
finding stating “the Task Force is unable to comply with 13241 at this time for this factor, and it will be 
considered on a case-by-case, location-by-location basis at the time of permitting per 13263.”  In essence the 
economic question is left open.  Under the law, if that option is not open, once the objective is adopted, the 
opportunity to argue the economic questions is largely foreclosed.  It was noted that the burden of proof falls 
on the project proponents, i.e., those who would argue that it is economically unreasonable to comply.  
Discussion briefly ensued.  Ms. Schneider indicated her concern that such an approach might not be legally 
feasible. 
 
Recreational Use Survey Update 
The Recreational Use Surveys have been completed for the first round.  The reports will be posted on the 
SAWPA website, and DVDs have been prepared.  Seven field visits were done for Reach 3 of the Santa Ana 
River.  Both field survey forms and photos were completed.  Mr. Bounds reviewed what was observed during 
the field visits.  
 
The locations for second round of the Recreational Use Survey are at San Diego Creek at Lake Road, Santa 
Ana River near Yorba Park, Perris Valley Channel at the Moreno Valley Water Reclamation Facility, 
Cucamonga Creek at RP-1, Chino Creek at Central Avenue, Declez Channel at Poplar Avenue, and Demens 
Creek Channel at Banyan Street (alternative). 
 
Adjourn 
The next meeting is scheduled for Thursday, October 11, 2007, from 9:30 a.m. to 12:00 p.m.   
The meeting adjourned at 1:07 p.m. 
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Introductions & Opening Comments 
The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the participants. 
Mr. McKenney announced that there will be a One Water One Watershed Town Hall Meeting on October 31st 
at the California Citrus State Historic Park. He also announced that the Water Resources Institute will be 
hosting a conference on November 5th and 6th. 
 

State Board Roundtable on REC-1 Standards 
Dave Woelfel reported that the CEQA scoping document is complete and currently being reviewed. 
The document soon will be circulated. A CEQA scoping meeting will be held, and is tentatively 
scheduled for December 2007. A period for public comments will be available prior to the scoping 
meeting. Dave Woelfel will verify whether the public comments will be circulated prior to the scoping 
meeting. He will contact Stephanie Rhodes and request a copy of the CEQA scoping document so it 
can be forwarded to the Task Force. There will be one scoping meeting held in Northern California 
and one held in Southern California. Irvine might be the venue for the scoping meeting in Southern 
California.  
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The Roundtable is reviewing the 1986 EPA recommendations, and Mr. Woelfel thinks that they will 
be providing recommendations on those. It was noted that the CEQA scoping document will address 
all the issues that the Roundtable was considering, not just bacteria objectives. 

 
Task Force Schedule Update 
The Task Force schedule will be determined once the strawman document is finalized. The last 
scheduled Task Force meeting is November 29, 2007. Jeff Beehler stated that the dates for future Task 
Force meetings will be discussed at the next meeting. Tim Moore suggested meeting monthly, as a 
means to accelerate our efforts. 

 
Strawman Update 
The document entitled, Appendix B: Evaluation Factors for UAA’s Related to Human Recreation, was 
distributed. Mr. Moore noted that this document was an accidental omission from the strawman that was 
emailed. He then referred to the Executive Summary: Proposed Revisions to Santa Ana Region’s Basin Plan 
for Recreational Use Classifications and Related Water Quality Objectives handout, and discussed the changes 
in the document. Changes include: 
 
Background ~ Page 2 
The first paragraph in the strawman is new. He received a comment that the prioritization paradigm that was 
developed was not included in the document. Thus, a brief explanation of the Task Force’s intention, which is 
to direct resources where they will do the most good, was added. Additionally, he brought some of the Task 
Force axioms forward into this document because he felt that they were too important to state at the end of the 
document. Thus, the last section of the new paragraph discusses the need to protect downstream uses. 
 
Mr. McKenney suggested changing the tense of the first paragraph. It was also suggested that “is now 
concluding its work and” be removed. It was noted that the strawman is a memo to EPA. The Regional Board 
is not adopting the document. 
 
Recommendation #1 ~ Page 3 
There was a question about the statement “the burden-of-proof is not on the Regional Board to demonstrate 
that a given waterbody is suitable for contact recreation but, rather, the burden-of-proof is on those who claim 
otherwise”. A participant commented that it is the Regional Board’s responsibility to classify the uses for 
streams, and the text suggests that they have no hand in that determination. Mr. Moore stated that these 
determinations are not the Regional Board’s responsibility. All surface waters of the United States are to be 
assumed suitable for REC-1 until demonstrated otherwise. Discussion briefly ensued. Mr. Moore will cite the 
relevant Federal regulations and omit the “burden-of-proof” text.  
 
Recommendation #3 ~ Page 4 
A comment that Mr. Moore received was that EPA is sensitive to making certain that they look at both 
potential and existing uses. He added that the Regional Board must take conscious notice of the uses that have 
occurred, are occurring, or likely to occur. Mr. Moore also added the concept of REC-X as a means to avoid 
future confusion about waters that are undesignated and waters that have actually been through a UAA.  
“REC-X” is defined as a waterbody that has been looked at and has undergone the UAA process, and the 
Regional Board has determined that it is not recreational. Mr. Moore commented that there are many 
waterbodies that are not currently designated. However, this does not mean that those are Not REC. It simply 
means that no formal determination has been made. He provided Greenville-Banning as an example. There 
was a suggestion to add a definition for “REC-X” because there is a definition for REC-1 and REC-2 outside 
the beneficial use chapter. It also was suggested to change “potential” to “probable future”. Mr. Moore stated 
that “potential” was used because that is what EPA used in their discussions. Furthermore, the Task Force is 
affirming that “potential” means “probable future”.  
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Mr. Moore stated that under the Rationale section of Recommendation #3, the axiom that existing uses cannot 
be downgraded or deleted and the existing water quality must continue to be protected in accordance with anti-
degradation regulations will be carried forward into the policy. It was suggested that a comma should be added 
after “deleted”. 
 
Mr. Moore referred to the added footnote on the bottom of Page 4, noting that Appendix B is a simplification 
of a chart that the Task Force developed a couple of years ago. It is designed to show EPA the technical factors 
that the Task Force will be considering, and how the factors relate to one of the six UAA factors. 
 
A participant expressed concern regarding the term “potential” because although it appears in EPA Guidance, 
the term does not appear in the Clean Water Act. Furthermore, “probable future” seems like a clearer term. 
There is a trial in December that is looking at the administrative record for the LA Basin Plan. One of the 
issues being reviewed is whether potential uses should be enforced to the same extent that existing uses are, as 
well as where the burden-of-proof lies. Mr. Moore suggested removing “existing and potential” from the 
paragraph. The Task Force concurred. Ms. Schneider suggested changing the last sentence to read “Where the 
Regional Board determines through a UAA process that a waterbody cannot support …” 
 
A participant inquired whether the text should read anti-degradation “regulations” or “policies”. Mr. Moore 
stated that he deliberately chose “regulations” because a policy is required by Federal regulations. The policy 
is part of the water quality standards. If the policy was not there and not enforceable, there would be no 
standards. That is the reason he uses “state and federal anti-degradation regulations”.  
 
Recommendation #4 ~ Page 5 
A participant inquired about the language about how pathogens are going to be measured. Mr. Moore 
commented that the language is not used anywhere other than in narrative objectives. It is not intended to 
imply that viruses will be measured. How pathogens will be measured will be addressed in both the staff report 
and the implementation plan. It was suggested adding “to” after “fecal coliform” in the first sentence of the 
last paragraph. Ms. Schneider suggested changing the text of the second sentence to read “…better surrogate 
indicators and direct measurements of pathogen indicators available.” 
 
Recommendation #5 ~ Page 6 
A sentence was added from an Oregon regulation document. This sentence was added as a result of discussion 
with the State Board legal counsel. In essence, footnotes cannot be put in the Basin Plan that turn on and off 
water quality objectives. The Task Force is responsible for controllable water quality factors. Assuming that 
the Regional Board makes a finding that a waterbody is an uncontrollable natural condition, then that finding 
supersedes the current objective rather than suspends the current objective. 
 
Mr. Moore referred to Table 1, noting that it has changed. The Regional Board staff objected to the approach 
of where a waterbody was both REC-1 and REC-2, only REC-1 objectives would apply. There are only two 
kinds of recreation in the Basin Plan – those that are designated REC-1 and REC-2 and those that are REC-2 
only. There is no instance in the Basin Plan of a REC-1 only designation. Mr. Moore restructured the Table to 
reflect that water quality objectives are now set for when a waterbody is designated for REC-1 and REC-2, as 
well as REC-2 only. There is an objective for each designation that appears in the Basin Plan. The text under 
the table refers to a high flow suspension. He also pointed out that the last sentence of the Rationale section is 
a clarification sentence. 
 
Mr. Moore asked if the Task Force agreed on the re-wording of Table 1. Ms. Schneider thinks the text on 
Table 1 is acceptable because it specifically states that the objective for waterbodies that are both REC-1 and 
REC-2 will be 126 E. coli. A participant inquired about the parenthetical phrase under REC-2 only 
waterbodies in Table 1, noting that it is interpreted as 10% of single samples. Mr. Moore will modify the text 
so it does not say both average and geomean. He is going to verify with EPA that a geomean is the average 
considered in the guidance. 
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A participant inquired whether the beneficial use would be changed if it was not attainable because the natural 
background level exceeds the standard. Ms. Schneider stated that determination would depend on whether the 
use was occurring. The State Board precedence is water quality for use. Mr. Moore inquired how the Regional 
Board would define the water quality objective for a waterbody with potential use, but the natural condition 
was not controllable. Ms. Schneider stated that some type of 13241 analyses will have to be done. She asked if 
Oregon had anything comparable to 13241 in their statute. Mr. Moore will have to research this question. Ms. 
Schneider commented that she is not sure that, based on the language, the waterbody default to the natural 
condition. She thinks that the Regional Board will have to be approached with the facts and the natural 
conditions, and if the recommendation is to have the natural conditions become the objective. Ms. Schneider 
does not think that added narrative will suffice. She thinks that the Task Force will be forced to go back and 
separately consider UAAs, SSOs, or what the appropriate objective may be. She will review the issue with the 
Regional Board legal counsel. She asked if there was anything else in Oregon’s statutes that would pertain to 
the approach in terms of UAAs. She believes that the Oregon action needs to be put in a separate context. The 
Task Force fully understands what was done and why. Mr. Moore will remove the addition, do more research, 
and bring it back to the Task Force with more detail for consideration. He noted that the strawman will go to 
EPA without the addition. 
 
It was suggested that the Table 1 title and column header read as “Pathogen Indicator Objective” rather than 
“Indicator Pathogen Objective”. It was also suggested that, under the Rationale section, “functionally 
equivalent” be defined and “Therefore” be removed. Another suggestion under the Rationale section was to 
either remove “Therefore” from the third sentence, or change it to read “The proposed E. coli objective is 
thought to provide water quality protection…” It also was suggested to either: 1) change “e.g.” to “i.e.”; or 2) 
omit it. 
 
Recommendation #7 ~ Page 7 
At the last meeting, there was discussion regarding the equivalency of averages and geometric means. Mr. 
Moore referred to the EPA document that he distributed, which states that “EPA recommends that secondary 
contact criteria be geometric mean values using a 30 day, seasonal, or annual averaging period.” He noted that 
if the data distribution is log normal, it is mathematically incorrect to use an arithmetic average without 
transforming the data. Mr. Moore referred to the excerpt from EPA’s manual on statistics noting that his 
marked pages three and four describe the log normal distribution. He briefly discussed the document and 
called attention to section 4.6.2 of the document, which describes how to deal with extreme values. In 
particular, the document states that transformations are necessary to efficiently estimate the quantities such as 
the mean and variance of a log normal distribution. 
 
Another section in the handout is a Technical Support Document for Water Quality-based Toxics Control. This 
document from EPA is essentially a manual for permit writers with regards to toxics control. Page E-3 of this 
document discusses log normal distribution. It makes the point that most pollutants are log normal distributed. 
Mr. Moore believes that the data will show true for bacteria as well. The document then proceeds to describe 
that a normal distribution is not an appropriate model for describing the parameters of a data test with respect 
to pollutants. On the last page of the handout, the document discusses the monthly averages for log normal 
distributions. The document uses “average” as it is used in the Guidance Document, the Basin Plan, and in the 
permit. Thus, “average” can still be of log transformed data. Mr. Moore is recommending that the Task Force 
put together what is mathematically correct and present it to EPA.  
 
In the Rationale section, Mr. Moore added narratives to support Table 1 from Recommendation #5. The 
narrative’s phraseology comes from Federal regulations and is intended to provide a model acceptable to EPA.  
 
A participant commented that the first and second sentence in the recommendation are contradictory. The first 
sentence states “should not be changed” and the second sentence states “should be changed”. The Task Force 
agreed that REC-2 should not be changed, which means no change in the language. It was decided that the first 
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sentence remain the same. The added text should be posed as a question in a separate section. The issue will be 
further discussed in the Canyon Lake TMDL. Ms. Schneider suggested changing the last sentence under 
Rationale to read “…E. coli objectives shall apply and assure protection of both uses”. The last sentence also 
will be move up within the paragraph. 
 
Recommendation #8 ~ Page 8 
The new sentence at the bottom of the first paragraph in this section was included at OCWD’s request. Mr. 
Moore clarified that the sentence is not defining what constitutes Title-22 compliance. The paragraph that was 
added under the Rationale section merely adds additional explanation that effluent limits of most NPDES 
permits today are for tertiary treatment and are technology-based effluent limits, not water quality-based 
effluent limits. Ms. Schneider commented that the Regional Board calls them water quality-based when they 
exceed the technology-based requirements of the Clean Water Act for secondary treatment. Mr. Moore 
clarified that he is using “technology-based” the way the State uses it with respect to Title-22. He noted that 
the limits are a measure of disinfection efficiency, which makes them technology-based standards. 
Ms. Schneider commented that, under the Rationale section, “technology-based” is an incorrect term. 
Discussion briefly ensued regarding water quality-based effluent limits and technology-based effluent limits. 
Ms. Schneider stated that not only objectives be considered, but beneficial uses be considered as well. It was 
noted that the effluent limit for NPDES permits is driven by Title-22, which is about providing adequately 
disinfected wastewater. Because adequate disinfection is usually a treatment-based process, it is a technology-
based standard. If there is going to be a narrative objective, “technology-based” will be omitted. The last 
sentence under Rationale will read “The limits for tertiary or equivalent treatment will continue…” 
 
Ms. Schneider commented that the first sentence of the second paragraph under Rationale suggests that the 
Regional Board did something they should not have. Mr. Moore concurred. A suggestion was to change it to 
“Many of the region’s surface waters were exempted.” Ms. Schneider added “and are designated REC-1”. Mr. 
Moore will use the idea of REC-X and make it parallel to the MUN language. There was discussion regarding 
the exemption criteria. 
 
Recommendation #9 ~ Page 9 
The highlighted text was changed from “preclude safe water contact recreation” to “preclude safe recreation in 
the stream channel”. 
 
It was suggested that in the first sentence under Rationale, be changed to read “In the semi-arid Santa Ana 
Region, most dry weather stream flows are relatively placid”. It was also suggested that “relatively placid” 
should be changed so it is stated more objectively. There was a question as to whether “unrelated” was 
necessary in the last sentence of the first paragraph under Rationale. Mr. Moore noted that the sentence comes 
from a Federal guidance. It was suggested to change “water quality” to “solutions”. However, after discussion, 
it was decided that it remain unchanged. There was concern regarding the word “intermittent” because EPA’s 
definition is different than what is usually meant (i.e., dry some of the time). 
 
A participant suggested that the Task Force make a recommendation for unsafe flows. Mr. Moore suggested 
listing the ways that unsafe flows have been characterized. The Regional Board can use their discretion in 
selecting on one or more of the methods. The Regional Board will have examples of what has been done 
previously. A participant suggested suspending the use at ¾ inch at the nearest gauge and reinstating the use 
after 24 hours. Another suggestion was to use the LA Regional Board high flow suspension (suspend uses at ½ 
inch and reinstate after 24 hours) as an example. Discussion briefly ensued. 
 
Recommendation #10 ~ Pages 9 & 10 
Mr. Moore noted that Recommendation #10 is new. It is a result of discussions between Mr. Moore, Joanne 
Schneider, and Hope Smythe. He noted that EPA is sensitive as to how single sample maximums are to be 
used. The Task Force elected to not use them as part of water quality objectives, but that does not mean they 
are not used at all. The single sample maximums will not be applied as water quality objectives, but can be 
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used to enhance monitoring requirements. In the Rationale section, Mr. Moore cites the actual EPA guidance 
memo, which states that single sample maximums are not intended to be used as objectives. They are intended 
to be used as surrogate assessment tools where there is inadequate data. He included a statement that the Task 
Force is recommending a watershed-wide monitoring program be developed to identify appropriate points-of-
compliance. It was noted that the November 2003 Guidance document is different from the August 2006 
Guidance document.  
 
Mr. Moore noted that there was discussion of the single sample maximum when the objective was being 
discussed. It was noted that a single sample maximum will apply for REC-1 only. Ms. Schneider commented 
that this recommendation needs to be more affirmative because EPA expects to see the single sample 
maximum as part of the standard in some way. Mr. Moore stated that the single sample maximums are 
surrogate implementation measures, not standards.  
 
A participant commented that the first sentence of the second paragraph under Rationale may be problematic. 
After some discussion, the sentence will be modified to read as “The Task Force recommends that the 
watershed-wide monitoring programs be reviewed to ensure that there is adequate data to calculate the relevant 
geomeans at the appropriate locations.” 
Recommendation #11 ~ Page 10 
Temescal Creek is concrete trapezoidal from the Arlington drain to Cota Street. From there, it goes for 
approximately 2,000 feet into a rip-rap trapezoidal then to natural conditions. Mr. Moore recalled that by the 
time the channel becomes natural, the Prado Basin Management Zone requirements need to be met. He 
provided an example where Sunflower is mostly trapezoidal rip-rap. There is also a small section that is 
concrete. He rewrote the description of the channel so the point of compliance is changed by 2,000 feet, noting 
the change is not going to make a big difference if the waterbody has to be REC-1. Since the cameras do not 
represent what is below Cota Street, the recommendations should not represent these conditions. A participant 
suggested using footnotes to explain the complexities. Mr. Moore suggested sending the strawman to EPA as 
is, and let the specific issues get resolved in site specific UAAs. It was suggested that Greenville-Banning 
Channel be added to the Basin Plan so that there is an example of REC-X and no confusion. 
 
Appendix A ~ Page 14 
Mr. Moore noted that the only thing that changed with Appendix A is the title. 
 
It was noted that strawman will be split into two pieces – the recommendations and the rationales, which will 
become part of the staff report. Revisions will be done by end of next week and will be sent to the Task Force 
via email.  
 
Economic Considerations 
At September’s Task Force meeting, it was suggested that one way of handling the 13241 analysis is to leave a 
placeholder in the Basin Plan so it is addressed on a case-by-case basis at the time of permitting. Because the 
State Board legal counsel disagreed, a complete 13241 analysis will have to be done for the watershed. Mr. 
Moore is going to keep CDM on the current path, which is to try and develop methods of compliance on a 
micro level (e.g., Santa Ana Delhi), and tell the Regional Board that the effective cost is zero if the waterbody 
is in compliance. If, however, the data shows that the waterbody is not in compliance, the Task Force can at 
best estimate the watershed-wide total cumulative costs by extrapolating from the micro analysis done at the 
Santa Ana Delhi. A participant commented that SCCWRP’s new study, which considered 15 streams and 
shows that reference streams meet standards, is going to be released soon. The study does not represent the 
valley areas, but it represents the urbanized parts of the region. Another participant commented that there are 
other studies available that have found the opposite. Discussion briefly ensued regarding previous studies. Mr. 
Moore stated that we will extrapolate from the data available.  
 
A participant commented that it would be useful to think about how to structure an economic analysis so 
Regional Board members will find it useful in making decisions. Mr. Moore commented that in CDM’s scope 
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of work, there is nothing about scaling, which will have to be changed. He asked for direction from the Task 
Force for CDM to prepare a scope to answer the questions and create boundary estimates. Mr. Moore will draft 
a list of questions that the Task Force would like answered as part of the economic analysis. CDM will tell the 
Task Force what they can reasonably answer. He noted that this analysis is not a social economic cost nor is it 
a cost-benefit analysis. It is an analysis of engineering costs. Discussion briefly ensued. Mr. Moore will 
circulate the draft questions for CDM to the Task Force for comments, additions, and deletions prior to having 
CDM formulate a scope of work. The draft questions will be sent out by October 26, 2007. 
 
UAA Staff Reports and Supporting Documents 
Deferred. 
 
Economics Analysis for Santa Ana Delhi Update 
CDM has started an Economic Analysis for the Santa Ana Delhi and has taken some first steps. The section of 
the Santa Ana Delhi that they are working on is a one-mile reach that is trapezoidal rip-rap where there was no 
consensus as to whether or not it should be REC-1. They have broken up the watershed and its flow inputs 
going into the channel. CDM is planning to analyze treating everything from dry weather flow up to a ½ inch 
runoff or rainfall, with the presumption that the ½ inch high flow threshold will be adopted. It was noted that 
capital costs would be what would need to be built to have enough infrastructure to treat up to the ½ inch of 
runoff or rainfall. Discussion briefly ensued.  
 
Recreational Use Survey Update 
It was reported that the cameras installed at Lower Santa Ana River above the spreading grounds, RP-1 on 
Cucamonga Channel, and Perris Valley Wastewater Treatment Plant are functioning.  
 
Adjourn 
The next meeting is scheduled for Thursday, November 29, 2007, from 9:30 a.m. to 12:00 p.m.  
The meeting adjourned at 1:09 p.m. 
 
Comments on the September 6, 2007, meeting notes are due by Wednesday, October 31, 2007. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
November 29, 2007 

 
PARTICIPANT REPRESENTING
Cindy Lin (via teleconference) U.S. EPA 
Bill Rice  Santa Ana Regional Water Quality Control Board 
Joanne Schneider  Santa Ana Regional Water Quality Control Board 
Don Schroeder CDM 
Richard Meyerhoff CDM 
Gene Estrada  City of Orange 
Chandra Johannesson City of Riverside 
Jessica Chin City of Riverside 
Rod Cruze City of Riverside 
Frank Tolerico Contech 
Chris Crompton County of Orange 
Larry McKenney County of Orange (RBF) 
Susan Paulsen Flow Sciences 
Autumn DeWoody Inland Empire WaterKeeper 
Ray Hiemstra  Orange County CoastKeeper 
Karen Baroldi Orange County Sanitation District 
Dan Bott Orange County Water District 
Brian Diaz Recupero and Associates 
Tim Moore Risk Sciences 
Benjie Cho Riverside County Flood Control & WCD 
Matt Yeager San Bernardino County Flood Control 
Jeff Beehler Santa Ana Watershed Project Authority 
Mark Norton Santa Ana Watershed Project Authority 
Marie Jauregui Santa Ana Watershed Project Authority 
 
Introductions & Opening Comments 
The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the participants. 
 

State Board Roundtable on REC-1 Standards 
Joanne Schneider commented that there is a statewide interest in bacterial objectives that apply to the 
shellfish harvesting. Furthermore, there may be a statewide effort to review shellfish beneficial uses 
around the State. In California, shellfish uses have not been interpreted as anything other than marine. 
Cindy Lin stated that the San Diego Regional Board has been trying to get a shellfish on a bacterial 
TMDL for fresh water, but it has been rather difficult partly because the State Board had to figure out 
how to address shellfish use. It was noted that the criteria for the shellfish bacteria objective was 
developed by the County Health Department, who worked on both marine and fresh water species. 
 
Task Force Schedule Update 
The Revised Schedule for Phase 3 Tasks – November 2007 was distributed. Tim Moore discussed the 
schedule, noting that it integrates the suggestions (i.e., CEQA scoping meeting, peer reviews, etc.) that 
were provided at the last Task Force meeting. Based on the schedule, it is anticipated that the Basin 
Plan Amendment and Staff Report will be presented to the Regional Board in December 2008.  
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Mr. McKenney inquired about the scope of work listed in February 2008. It was suggested that, 
because of the budget process, a two-fiscal year scope of work from both Tim Moore and CDM be 
provided. 
 
Ms. Lin will e-mail Susan Saucerman to advise her about the strawman. We will request that EPA 
provide a written response after their review. However, if the Task Force wants a meeting with EPA, it 
can be scheduled. Mr. Moore commented that it would be helpful if EPA could be present at the 
February 2008 meeting to provide informal comments on the strawman. Ms. Lin suggested setting up 
a meeting with the standards office in either Los Angeles or San Francisco after the strawman is sent. 
The meeting will be an informational meeting so a written response from EPA can be received in a 
timely manner. The meeting will include both Suesan Saucerman and Doug Eberhardt. Ms. Lin will 
check the availability of EPA staff. 
 
Jeff Beehler will work with Mr. Moore to coordinate a virtual meeting in December with the funding 
partners. Task Force meetings for 2008 have been scheduled for January 24th (tentative), February 28th, 
March 20th (tentative), April 17th, June 5th, July 17th, September 4th, October 23rd, and December 4th.  
 

Recreational Use Survey Update 
Don Schroeder reported on the progress of the second round of cameras. The first camera site that he discussed 
is located at the Santa Ana River across from Yorba Park, and was installed on October 2, 2007. The second 
camera site that he discussed is located at the Perris Valley Channel at the Moreno Valley WRF, and was 
installed on October 3, 2007. He noted that the lens on this particular camera will be replaced with a long-
range lens as a means to capture clearer images. The third camera that Mr. Schroeder discussed is located on 
Cucamonga Creek at IEUA’s RP-1, and also was installed on October 2, 2007. Overall, no activity has been 
observed to date at any of these sites. 
 
Mr. Schroeder discussed progress toward installing cameras at these additional sites (i.e., San Diego Creek at 
Lake Road, Chino Creek at Central Avenue, and Demens Creek Channel at Banyan Street). There is enough in 
the budget to survey one additional site. The potential sites that have been considered are: 1) downstream of 
Brea Dam, 2) Declez Channel in Fontana, and 3) Carbon Canyon Channel in Chino Hills. Mr. Schroeder 
discussed technical challenges for each of the sites investigated. He asked that any site recommendations be 
provided to CDM.  
 
Santa Ana Delhi Engineering Alternatives Analysis 
A Memorandum on the Economic Analysis of Compliance Alternatives for the Trapezoidal Segment of the 
Santa Ana Delhi was distributed. Mr. Schroeder reviewed the UAA process noting that one or more of the six 
EPA factors are used when considering use changes. He referred to Factor Six (controls more stringent than 
those required), which will be used for the trapezoidal segment of the Santa Ana Delhi Channel. The Task 
Force generally agreed that most of the other use changes or UAAs could be based on Factors two or four. Of 
all the test/pilot reaches that were discussed, the Task Force was not comfortable without full consensus that a 
UAA could be based on Factors two or four for the Santa Ana Delhi. Thus, the Task Force directed CDM to 
provide additional information for decision making. 
 
Mr. Schroeder provided a brief summary of the alternatives that CDM developed, noting that for the 
conceptual design, the watershed was broken into three sub-watersheds. He displayed charts for the wet-
weather flow, stating that they presumed the high flow suspension would occur at a ½ inch, six-hour rainfall 
event. He then discussed proposed facilities for: 1) dry weather flow only; and 2) wet weather and dry weather 
flow. He discussed potential land sites for underground storage and UV disinfection treatment systems. He 
also provided images of the concepts for the sub-watersheds. Mr. Schroeder discussed the results of both the 
cost estimates and economic impacts for the alternatives. It was suggested that a bulleted list or a table that 
covers some of the assumptions be provided. Discussion briefly ensued. Comments on the document should be 
sent to Don Schroeder (schroederds@cdm.com) by the end of December. 
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Basin-Wide Economic Analysis: Concepts 
The Economics Alternatives Analysis was done at three locations – Santa Ana Delhi at Sunflower, Chino 
Creek drainage, and Temescal Creek. These three locations represent three different levels of land use, 
development, and population. Additionally, using these three diverse locations will provide more flexibility as 
to the range of facilities that can be designed. The objective is to reflect a range of cost estimates over the 
watershed. Mr. Moore is trying to bracket the cost estimates as a means to provide the Regional Board with a 
range. Furthermore, the watershed-wide costs will be devolved into a cost-per-acre to treat drainage estimate. 
This will be adjusted for the number of people within the acre. Then, it will be further broken down into a 
utility rate per household. One issue, however, is how to pay for compliance where it is not populated. 
Theoretically, cost should be able to be calculated on a per populated acre basis. Both Mr. Moore and CDM 
are working on the assumption that compliance is demonstrated at a discharge point. If compliance can be 
demonstrated at the point of discharge, compliance will work the same as it does for POTWs (if it is out of 
compliance later, it does not change the fact that whoever treated and discharged it is, in fact, in compliance 
with the MS4 permit). Mr. Moore is making the assumption that re-growth is not going to be a liability in the 
system if he can show that clean water is discharged. One location has been done (Santa Ana Delhi at 
Sunflower), and CDM is prepared to go forward with the other two locations. Once the three sites are 
complete, both CDM and Mr. Moore will research what pro-rated basis the three examples could be used to 
scale-up to a watershed estimate. 
 
A participant commented that it would be helpful to have CDM clearly define the objectives of this analysis. 
Mr. Schroeder stated that there are two different objectives for two different things. One (use attainability) is 
speaking to one of the EPA factors and whether or not the assigned use is appropriate. This objective does not 
deal with water quality objectives; it deals with the use (REC-1 use). The basin-wide economics analysis is 
addressing the implications of meeting the water quality objectives for REC-1, REC-2, or Not REC. It 
considers the economics of water quality objectives, whereas the other speaks to the economics of use 
attainability. Mr. Moore asked the Task Force how much effort/funds should be put into the UAA portion of 
the analysis rather than the 13241 portion of the analysis. A participant suggested finding a way to write an 
Implementation Plan under 13242.  
 
It was noted that the only site that economic factors will be used as part of the UAA demonstration is the Santa 
Ana Delhi. The other five locations for which UAAs will be done in the first round do not fall into a category 
where economic analysis will be useful. However, economics as a UAA question may be relevant to one of the 
future UAAs. Mr. McKenney inquired whether there was a way to validate the assumption of whether the plan 
would be compliant before the Task Force makes a decision. It was noted, there is no assurance that the plan 
would be found to be in compliance. Ms. Schneider commented that the kinds of costs that CDM has described 
do not rise to the level of justifying application of a UAA economic criterion.  
 
Mr. McKenney stated that there are two questions being asked. The first is whether the annual household fee 
of $161/$174 (as described in the memorandum handout) would raise an issue for meeting Factor six 
(economic). He inquired whether Ms. Lin thought that it was too much to expect people to pay or whether it is 
in the range of what she thought was acceptable. The second question is what confidence level the Task Force 
should have with the program that developed the costs for it to be considered compliant. Ms. Lin stated that, 
for the first question, she thinks that it would be hard for EPA to answer not knowing the results. Ms. 
Schneider commented that she thinks the key is that the $161/$174 would be two alternatives that would 
assure that MS4 dischargers to that reach of the Santa Ana Delhi channel would comply with bacterial 
objectives for REC-1. The question is whether the cost per household rise to the level of meeting UAA 
criterion for demonstrating widespread social or economic impact. The related question is: 1) to what extent is 
EPA open to considering both the socioeconomic status of the affected population; and 2) to what extent is 
EPA open to considering the overall context of the expenses that the population would incur to meet all 
categories of water quality related requirements. Ms. Lin stated that her general guess is that she thinks EPA 
would be open to discuss whether it would meet the UAA requirements or compliance requirements. With 
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regards to the first question, she stated that she is not the appropriate EPA person that should answer this 
question. However, she suggested that the Task Force email her the questions and she will forward them on to 
the appropriate EPA personnel to try to get a response. Both the memorandum from CDM and an elaboration 
of the questions will be emailed to Ms. Lin, who will forward them to the appropriate EPA personnel(s) to 
answer the questions. 
 
Mr. Moore noted that EPA said that if we were not compliant after implementing measures, we would need to 
take some more measurements, and if the measurements repeatedly show non-compliance, then “we would 
have a problem”. In a TMDL 303(d) scenario, if a stream stays in non-attainment, the targets and load 
allocations have to be revisited, and the conclusion is that there is no assimilative capacity in the stream. This 
can ultimately lead to discharge limits that are less than the water quality criteria. The purpose of having the 
cost discussion during today’s Task Force meeting was because Mr. Moore was suggesting that the cost 
figures are not in the right ballpark for use in the UAA factor. Mr. Moore commented that they will write 
down as part of their assumptions that implementation will demonstrate compliance at the point of discharge, 
but it does not assume attainment in the stream. Ms. Schneider said that, from her point of view, the Task 
Force looks at the terms of the MS4 permit and determines if the dischargers are in compliance. If it turns out 
that, within the streams there are conditions of non-attainment, then it becomes an open question as to what 
needs to be done. Her initial reaction is to ask what extent the MS4 dischargers are responsible by virtue of re-
growth. This is similar to the same question that is asked regarding POTW dischargers. Mr. McKenney does 
not expect EPA to approve the memo. However, he would like comments. Mr. Moore commented that, in 
CDM’s revision, he would like them to add the cost of building a municipal swimming pool at a park. This is a 
means to include the offset concept into the analysis. The reason for this is because if money is spent and 
compliance is demonstrated at the discharge point, but the water is out of compliance downstream, all the 
public paid for is compliance. There was not beneficial use attainment. In other words, the same funds that 
would be used to “pay for compliance” would be used instead to provide a recreational amenity. He believes 
that the Regional Board would be interested in real-world solutions to provide recreational opportunity. 
Although the Regional Board does not have the authority to mandate these solutions, they do have the 
authority to accept them as an offset. Additionally, it poses the question of whether it is reasonable for us to 
pay for legal compliance, but not have beneficial use attainment in the stream.  
 
Mr. McKenney inquired whether the Task Force understood the relationship between what CDM is currently 
doing and what the TMDL Task Force is doing. Mr. Moore noted that there is budget to do the analysis of 
three locations; however the cost to do analysis is not in the current budget. Discussion briefly ensued. Mr. 
Schroeder reported that the purpose of the basin-wide analysis is to support the potential change in the water 
quality objective as opposed to the UAA. It is intended to provide additional information to address specific 
13241 considerations. He discussed the steps that will have to be taken for a basin-wide alternatives analysis, 
and provided a list of alternatives analysis that CDM has previously performed. He also discussed the analysis 
in concept and the anticipated results. The next step is to turn the basin-wide analysis into a scope and budget. 
It was noted that both CDM and Mr. Moore are planning to include an economist in their project. 
 
Strawman Approval 
Mr. Moore received additional comments to the strawman. One comment was with regards to the way that 
Table 1 was written. The way that REC-2 was previously written used “geomean”. Mr. Moore changed it back 
to “average” because it was agreed to keep the definition of REC-2 unchanged. EPA will be asked to define 
the appropriate way to calculate the average is so a geomean can be done without changing the objective that 
EPA has previously approved. Another comment referred to the term “controllable” in the narrative objective. 
Mr. Moore explained that “controllable” was included in the objective because it clearly appeared in the 13241 
consideration. It makes perfect sense as we are trying to limit the narrative objective to those things that are 
within our control. Furthermore, because we are not responsible for wildlife, “controllable” was left in the text. 
 
Mr. McKenney commented that the key thing for everyone to remember is that the strawman is not the Task 
Force’s recommendation to the Regional Board. EPA has not been involved in our meetings, and needed a 
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document to distribute around their office. He emphasized that the strawman is a tool for EPA to participate 
and there is no final agreement on the strawman. A participant commented that, in his opinion, once a 
document is provided from the Task Force, it appears to represent consensus. He feels that there needs to be 
some agreement on the document. Mr. McKenney agreed, noting that he does not think that the Task Force has 
reached final agreement on every detail. However, he feels that a lot of work has been done and the strawman 
is a good work product. The Task Force is close to agreement on most recommendations. Mr. Moore plans to 
provide the Regional Board with a copy of the strawman on Friday. He noted that he will distinguish between 
the conceptual structural outline and the actual Basin Plan Amendment staff report so one is not mistaken for 
the other. 
 
A participant inquired whether Recommendation 15 and 16 referred to Sunflower or Flower. Mr. Moore will 
change it so it is more precise. A participant suggested changing the title to “Strawman” or something to 
reflect that it is a means to receive comment from EPA. Another comment made was to change the footer. The 
Task Force agreed to send the strawman to EPA. The suggested changes will be made, and the strawman will 
be mailed to EPA next week. 
 
Regional Board Issues 
 

Progress Report 
Mr. Moore said that tomorrow’s report to the Regional Board will be more of a standard progress 
report/administrative summary.  
 
Preparation of Staff Reports 
Mr. Moore will prepare a draft outline of the staff report and the Basin Plan Amendment for 
discussion at the next Task Force meeting. Mr. Moore stated that it will be the first time that the Task 
Force will be thinking about how the UAA technical support documents will fit with the staff report. 

 
Adjourn 
The next meeting is tentatively scheduled for Thursday, January 24, 2008, from 9:30 a.m. to 12:00 p.m. 
 
The meeting adjourned at 1:06 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
February 28, 2008 

 
PARTICIPANT REPRESENTING
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Joanne Schneider  Santa Ana Regional Water Quality Control Board 
Dan Bounds  CDM 
Richard Meyerhoff CDM 
Thomas Lo CDM 
Gene Estrada  City of Orange 
Chandra Johannesson City of Riverside 
Jessica Chin City of Riverside 
Jennifer Bell City of San Bernardino Municipal Water Department 
Chris Crompton County of Orange 
Larry McKenney County of Orange (RBF) 
Jayne Joy Eastern Municipal Water District 
Susan Paulsen Flow Sciences 
Mary Jane Foley MJF Consulting 
Dan Bott Orange County Water District 
Tim Moore Risk Sciences 
Jason Uhley Riverside County Flood Control & WCD 
Matt Yeager San Bernardino County Flood Control 
Naresh Varma San Bernardino County Flood Control 
Alex Pohlman Santa Ana Watershed Project Authority 
Jeff Beehler Santa Ana Watershed Project Authority 
Mark Norton Santa Ana Watershed Project Authority 
Rick Whetsel Santa Ana Watershed Project Authority 
Marie Jauregui Santa Ana Watershed Project Authority 
 
Introductions & Opening Comments 
The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the participants. 
 
Larry McKenney mentioned that there are several interesting processes occurring at the State level, including 
the next round revision to Bulletin No. 160. The State also has announced that it is going to coordinate statewide 
water planning with local flood control planning for plans after 2008. The State is also requesting public input 
for the development of a statewide policy on watershed management through the Department of Conservation. 
The plan is to have a draft document prepared for the Secretary of Resources by June 2008. Mr. McKenney 
stated that there are only a few meetings scheduled for input in Southern California. The next scheduled meeting 
for input is scheduled for March 12, 2008, at the Duck Club at Irvine. Mark Norton announced that a meeting 
for input also will be held at SAWPA on April 2, 2008, at 1:30 p.m. 
 
Jason Uhley commented that the District is going through some personnel changes. Steve Stump will be moving 
to the Operations and Maintenance Division, and Mark Wills will be assuming Mr. Stump’s responsibilities as 
Regulatory Chief. 
 

State Board Roundtable on REC-1 Standards 
Dave Woelfel reported that the State Board is planning to have a CEQA scoping meeting, but the date 
has not yet been determined. He noted that upper management is still reviewing the relevant CEQA 
documents. 

Recreational Use Survey Update 
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Dan Bounds provided an update on the Recreational Use Surveys. He noted that the reports from Round 1 of the 
surveys are complete. Mr. Bounds also delivered DVDs containing the reports from Round 1 of the surveys 
along with all the images that have been taken (>120,000). Also, the surveys for Round 2 are currently 
underway. 
 
Thomas Lo provided an update and displayed images on the Round 2 survey sites. He noted that there are five 
operational survey sites, one pending site with the City of Irvine, and one proposed site. The five survey sites 
are: 1) Santa Ana River in Anaheim across from Yorba Park; 2) Perris Valley Channel at the Moreno Valley 
WRF, where the lens was replaced with an enhanced telephoto lens and the camera utilizes a solar panel for 
power; 3) Cucamonga Creek at IEUA’s RP-1, which has a camera/memory card issue; 4) Chino Creek at 
Central Avenue, which has signal strength and battery issues; and 5) Demens Creek Channel at Banyan Street. 
Tim Moore requested that a high resolution image of the measuring station at the Demens Creek Channel 
location be taken the next time CDM’s staff is out to replace the battery. That way, there is something to 
compare it to in the future. Mr. Lo stated that one of the challenges they are experiencing is double image 
posting. The cameras are programmed to take four images per hour at 15-minute intervals; however, the cameras 
are taking eight images per hour. CDM intends to resolve the issue as a means to preserving the battery life. 
Another challenge CDM faced was an interruption of image posting in January. Mr. Lo displayed a chart of the 
image counts for each location from October 2007 to February 2008. It was noted that of the five sites, Chino 
Creek at Central Avenue is the most important. CDM will research the logistics of that camera placement, as 
well as ways to improve its signal strength. A participant suggested using multiple cameras at that location. 
Another participant suggested taking land surveys when CDM’s field staff goes to collect the samples 
downstream of that location for the Middle Santa Ana River TMDL. Mr. Moore suggested using a motion 
sensor camera. 
 
Mr. Lo discussed potential locations for the spare camera. He noted that San Diego Creek at Lake Road is a 
possibility. He also noted that a proposed location is the Anza Channel at John Bryant Park. It was suggested 
that the spare camera be temporarily installed at the Cucamonga Creek location until the SIM card issue is 
resolved. CDM will also test the solar panel and the antenna issue at the Chino Creek location. Once a solution 
is found, another camera will be installed at that location so one camera will face upstream and one will face 
downstream. 
 
Santa Ana Delhi Economic Alternatives Analysis 
The economic analysis of compliance alternatives for the Santa Ana Delhi Channel is complete. All the 
comments received have been addressed. The document will be posted on the website.  
 
It was noted that the UAA support documentation is currently on hold. A participant inquired about the 
Temescal UAA. Mr. Moore stated that it is part of the overall UAA documentation package. Mr. Uhley 
commented that even though the Temescal UAA is on hold, he wanted to note that he disagrees with Ray 
Hiemstra’s recommendation that the downstream reach be adjusted. After doing some research, Mr. Uhley 
discovered that there are some good opportunities for regional BMPs in the lower reach. In fact, OCWD also has 
proposed some regional BMPs. Mr. Moore commented that there were some changes made at the last meeting 
about how to define the segment that might be a candidate for REC-2 designation. However, there were some 
issues with those changes, and therefore changes have not been resolved.  
 
Basin-Wide Economic Analysis: Status 
The Basin-wide Economic Analysis approach, which is needed to address Porter Cologne Section 13241 and not 
the Federal Clean Water Act, has been distributed for comment to some Task Force members and will be 
distributed to all for discussion at the next meeting 
 
EPA Strawman Comments 
The document entitled Summary of EPA & SWRCB Suggestions Regarding Strawman Document was 
distributed. Tim Moore said that approximately ten days ago, both EPA and the State Board finished their 
review of the preliminary document. EPA staff first contacted Joanne Schneider to provide her with a courtesy 
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briefing on their comments. A follow-up conference call with both EPA and State Board staff was held. Mr. 
Moore participated in that call, as did Ms. Schneider, Mr. Woelfel and legal counsel for the Regional Board. The 
handout summarizes the substance of the discussion. Ms. Schneider emphasized to the EPA and State Board 
representatives that the Task Force is committed to an open process and that both EPA and the State Board are 
welcome to present their comments at one of the future Task Force meetings. Mr. Moore commented to the Task 
Force that, although EPA and the State Board have some reservations and concerns, in his opinion, they are non-
substantive. The EPA/State Board reservations and concerns will probably result in some changes to the Task 
Force recommendations, but Mr. Moore does not believe that it will make a substantive difference in the 
outcome of how the watershed is regulated. It was noted that Rik Rasmussen, Chief of Freshwater Standards 
was the State Board spokesperson. Mr. Rasmussen indicated during the conference call that he had had 
conversations about the Strawman recommendations with the State Board’s Chief Counsel and Jon Bishop, one 
of the Assistant Executive Directors, and that the comments he provided reflected their input. 
 
Mr. Moore reviewed the State Board/EPA staff comments. EPA/State Board staff was reluctant to revise the 
definition of REC-1, as proposed in the Strawman. In particular, there was concern about the removal of wading 
as an example of REC-1 activities. EPA/State Board staff suggested that it would be better to pursue a 
subcategory, such as the Limited REC category identified by the L.A. Regional Board. During the conference 
call, Mr. Moore recalled that the Task Force recommended revising the REC-1 definition, rather than pursuing 
Limited REC-1 or REC1-A subcategory (as it had considered previously), because an EPA staff person urged 
the Task Force to revise it rather than go through the process of designating Limited REC-1. Mr. Moore pointed 
out during the Task Force meeting that the Task Force also moved from a three-tiered system (REC-1, Limited 
REC, REC-2) to a two-tiered system (REC-1, REC-2) because it would be easier to implement while providing 
essentially the same result. Mr. Moore advised EPA/State Board staff that, with the intent of making the Task 
Force recommendations easier to approve, and with the belief that REC-1 and REC-2 are functionally equivalent 
to EPA’s primary and secondary contact, the Task Force attempted to align the State’s definition of REC-1 with 
the Federal definition of REC-1. The Task Force’s revision to REC-1 was intended to conform (as closely as 
possible) to the Federal guidance while keeping as much of the language as the State definition. One big 
difference was that “fishing” and “wading” were withdrawn from the State definition. The Task Force wanted to 
recognize that there are different types/varying levels of each activity – some are considered REC-1 and some 
are not – and these would be decided on a case-by-case basis. EPA/State Board staff expressed greater concern 
with the proposed deletion of “wading” rather than “fishing”. Their rationale was that if a person was wading to 
fish, he/she would be covered under “wading”. The State Board staff made it clear that there are numerous 
appeals regarding REC-1 beneficial uses so that changes to the definition would be highly sensitive and likely 
result in greater contention. The Task Force’s definition of REC-1 would most likely not find favor in Regions 
1, 4, or 6, and would result in inconsistency across the State, which the State Board did not want to adjudicate. 
The State Board staff position was that the revised REC-1 definition would be hard to approve because: 1) it 
gives the appearance of being less protective; and 2) the statewide consistency issue. Ms. Schneider pointed out 
to both EPA and the State Board representatives that the Task Force is not excluding wading as a potential REC-
1 activity, but is merely acknowledging that there are different types of wading. There was no disagreement with 
Ms. Schneider’s statements. Both EPA and the State Board staff felt that the intent of the change was 
acceptable. However, they also felt that there would be resistance to the Task Force’s recommended approach.  
 
Mr. McKenney commented that there is value in statewide consistency, but inquired whether the Task Force is 
conceding good policy to conform. Furthermore, whether REC-1 in this region is equivalent to REC-1 in 
another region is still unclear. Mr. Moore stated that the Task Force always has the option to debate what it 
thinks is appropriate. Mr. McKenney said that statewide consistency is ideal for implementation, e.g., permits 
and enforcement, but Basin Plans have always been distinct to reflect regional differences. He inquired whether 
the State is suggesting that each region should have common definitions for all beneficial uses. Ms. Schneider 
stated that common definitions for all beneficial uses ultimately would be the State’s goal. In addition, during 
the teleconference, she emphasized that although statewide consistency is important, it is also important to 
ensure that it is applied to those issues where consistency is appropriate and correct, and that if consistency is to 
be applied, we should seek to identify and agree on the most appropriate approach to be consistent about. 
Therefore, Ms. Schneider suggested that the Task Force’s efforts should perhaps serve as a basis for what other 
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Regional Boards should do. Furthermore, she emphasized that the Task Force is doing exactly what the Federal 
EPA headquarters standards staff had encouraged individual states to do, that is, take a close look at beneficial 
uses and make sure they are properly defined. EPA has encouraged states to make sure that the objectives are 
suited to those redefined beneficial uses so there are no unnecessary TMDL situations. Ms. Schneider noted to 
the Task Force that the expressed preference for consistency is likely a reflection, at least in part, of the desire to 
make administration of regulatory programs easier. It is possible from an individual State Board perspective that 
the desire for consistency makes it easier for them in the long run. Discussion briefly ensued. 
 
Mr. Moore stated that, in addition to the concern with deleting “wading” and “fishing”, both EPA and the State 
Board staff expressed concern with changing the language from “ingestion is reasonably possible” (in the 
current Basin Plan) to “ingestion is likely” and adding the qualifier “frequent and prolonged contact”, because it 
seems less protective. Ms. Schneider pointed out during the teleconference her conversation with EPA and the 
State Board staff that the language is essentially the same as EPA’s definition of primary contact. However, 
State Board staff are concerned that this revision would be perceived as being less protective. Mr. Moore stated 
that he provided both EPA and the State Board staff with examples as seen in the survey images (Temescal 
Creek – proximity to the channel of person walking their dog). Both EPA and the State Board staff stated that 
ingestion is not reasonably possible with the Temescal example. The issue is that to some people, “reasonably 
possible” means “conceivable”, and to others it means “prove it is impossible”. Although ingestion was not 
reasonably possible in the example that Mr. Moore provided, the Task Force needed to find a way to convey that 
risk level. Thus, the Task Force chose to use EPA’s language because it was clearer. Both EPA and the State 
Board staff on the teleconference agreed with the Task Force but are reluctant to change the definition as a 
solution. As an alternative to changing the definition, Mr. Moore pursued the idea of adding qualifying language 
regarding wading and “reasonably possible”. EPA and State Board staff appeared to be open to this idea. Mr. 
Moore suggested to the Task Force that there may be an easy fix to address the concerns identified, and that this 
would be preferable to “butting heads”. Mr. Moore suggested to the Task Force that this qualifying language 
might be included in the Implementation Section of the Basin Plan. The new language would be put to a “real-
world” test during the UAA process. Mr. Moore indicated to the Task Force that there would be two advantages 
of adding the qualifying language in the Implementation Section of the Basin Plan. One is that there is more 
flexibility with respect to EPA’s review of the section. The other is that it does not change the standards, but it 
does establish a different level of proof for the UAA process. Therefore, the only controversial element in this 
scenario should be how standards are applied in any given region. Furthermore, no statewide precedent is being 
established to redefine REC-1. Thus, one Regional Board will not feel like another Regional Board is governing 
how REC-1 or REC-2 is applied to an individual segment in their individual regions. Based on the 
teleconference, there was tremendous support, particularly from the State Board staff, that this approach made 
more sense. Erik Spiess, Regional Board legal counsel, stated on the teleconference that the alternative is a good 
solution and one that the State Board staff can support while achieving the Task Force’s goals. It was suggested 
that the Task Force create a matrix of the decision thresholds that would distinguish Not REC from REC-2 from 
REC-1.  
 
Mr. Moore commented that during the teleconference, State Board staff stated their view that this State’s 
definition of REC-1 is not necessarily intended to be identical with the Federal definition of primary contact 
recreation. Their position is that it probably is intended to be slightly more stringent. Therefore, the Task Force 
should not continue to push the argument that the State’s definition of REC-1 is functionally equivalent to and 
should be synonymous with the Federal definition of primary contact recreation. Dave Woelfel inquired whether 
“fishing” would be removed from the REC-1 definition even if no other changes to the definition would be 
made to address the concerns identified. Mr. Moore thinks that the definition can be left entirely alone and the 
Task Force can address “fishing” and “wading” in the Implementation Section. Thus, Mr. Moore believes that 
no additional approval would be needed, thereby, simplifying the process. Mr. Moore also stated that the REC-1 
definition can be more narrative and further elaborated upon in the Implementation Section. Ms. Schneider 
commented that the proposed narrative needs to be included in the Basin Plan in order to indicate what the 
Regional Board’s intent is. She also commented that she is unsure as to whether describing how the uses will be 
applied belongs in the Implementation Section or in the beneficial use chapter. Mr. Moore stated that the 
language will be the same regardless of which chapter it falls. Ms. Schneider commented that her 
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recommendation is to include any qualifying language in the beneficial use chapter. Mr. Moore intends to build 
a case using the existing language. 
 
Susan Paulsen commented that she has a stack of memos from the State Board to the Regional Boards from the 
1970s when the original Basin Plans were being developed. She is fairly certain that there is a memo that defines 
the beneficial uses that were used in the 1975 Basin Plans, including REC-1. She will review the set of State 
Board memos and forward them to Mr. Moore.  
 
There was further discussion during the conference call about why the Task Force was not doing what the LA 
region did and apply Limited REC. Ms. Schneider pointed out that in the L.A. Region’s application, Limited 
REC was a distinction without a difference. The geomeans were the same, and the only difference was the single 
sample maximums, which do not have any meaningful regulatory impact. Furthermore, Limited REC does not 
accurately reflect the assumptions that underlie the criteria. She also pointed out to both EPA and the State 
Board staff that the Task Force spent approximately two years thinking about Limited REC, but was unsure as 
to how to develop a specific water quality objective for it. Thus, the Task Force decided to: 1) go back to REC-1 
and REC-2; 2) slightly redefine REC-1; and 3) use the existing objectives to simplify everything. However, 
State Board/EPA staff reiterated that Limited REC was easier to approve. Mr. Moore commented that Limited 
REC is still an alternative; however, it is the less efficient alternative. The Task Force could revisit the concept 
of Limited REC, but will still face the challenge of setting objectives for it.  
 
When the State Board staff and EPA talk about Limited REC, they talk about it in the manner employed by the 
LA Board. The LA Regional Board used the same geomean for both REC-1 and Limited REC, but different 
single sample maxima. Rik Rasmussen indicated State Board staff’s openness to the use of different risk levels 
in establishing objectives; the choice of risk level is a policy decision. (This does not appear to be consistent 
with the argument for statewide consistency.) The extent of flexibility in applying “different” risk levels was not 
explored in detail. Mr. Moore’s instinct is that the Limited REC E. coli objective would be calculated based on 
the upper risk level (10 illnesses per 1000) in EPA’s criteria (e.g., 206 times five). He emphasized that there is 
no scientific basis for this particular derivation of a Limited REC number. It is just an approvable scenario.. Mr. 
Woelfel commented that five times 126 E. coli (630) would be more palatable and to him that is still a 
conservative number given the waters in this region. Mr. Moore stated that the Task Force can go down this 
particular path, but if there is going to be a disagreement, the Task Force should fight for what is more 
scientifically defensible even if it is less politically tenable. He also stated that in a two-tiered system (REC-1 
and REC-2), even after redefining wading, the Task Force may still find itself looking at waters that are 
problematic (i.e., Mystic Lake). Additionally, there is great sensitivity over having the appearance of being less 
protective. It may be useful to consider the Limited REC category as a means for compromise. Mystic Lake and, 
most likely, the Sunflower Channel would probably fall into the Limited REC category. Going to a three-tiered 
approach would give the Task Force the opportunity to prioritize the expenditures and control efforts. However, 
it is difficult to tell whether a two-tiered approach or a three-tiered approach is better until implementation 
language is written. 
 
The State Board staff was also unclear as to why the Task Force was still using the fecal coliform numbers for 
REC-2. Ms. Schneider responded that there was no scientific basis anywhere in EPA’s studies or guidance for 
setting a REC-2 secondary contact objective. Thus, the Task Force recommends no change, obviating any need 
for State Board or EPA approval, until there is a sound scientific basis for establishing a REC-2 objective.  
 
It was noted during the Task Force meeting that there are ongoing organizational changes at EPA Region 9 and 
that Terry Fleming, will be assuming the responsibilities for standards, at least on an interim basis.. Cindy Lin 
from EPA did not participate in the teleconference, but did participate in the internal discussions at EPA. Also, 
Susan Hatfield from EPA soon will be retiring. Mr. McKenney inquired whether the Delphi and other Task 
Force records should be sent to those at EPA that have not been involved in the Task Force process, including 
such as Mr. Fleming. The Strawman was presented with no supporting documents. It was suggested that the 
Task Force have a meeting with Terry Fleming or prepare a document that highlights or chronicles where the 
Task Force has been and the associated thought processes. Mary Jane Foley suggested giving a presentation to 
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Tam Doduc and Dorothy Rice. She suggested that the Task Force brief Ms. Doduc along the way. Ms. 
Schneider commented that it is a good suggestion. However, she would feel more comfortable checking with 
Mr. Spiess before doing so in light of concerns about ex parte contacts. 
 
Mr. Moore feels that the Task Force preferred the three-tiered approach, but changed the scheme to be more 
regulatorily approvable. Both EPA and the State Board staff appear to actually prefer that approach too. 
Discussion briefly ensued regarding approvability, risk levels, and appearing less protective. A participant 
commented that he feels the Task Force is past the point of appearances, and needs to move forward with its 
agreed-upon conviction. Naresh Varma said that the Task Force members have invested large amounts of time 
and money. He would be very reluctant to support the Task Force further if we continue to “roll over” because it 
allows for easier approvability. A participant commented that it is difficult because “approvability” is a moving 
target. Matt Yeager inquired whether clarification can be obtained from the State Board staff regarding their 
perspective of “looking at a different risk level”. Ms. Schneider stated that she could speak about this with Mr. 
Rasmussen. Although he is not in a decision-making position, she suspects that his recommendation likely 
would be ten illnesses per thousand because EPA has stated that they are willing to accept eight to ten illnesses 
per thousand for freshwater.  
 
A participant inquired whether EPA will be providing a set of written comments. Ms. Schneider stated that it 
was not confirmed during the teleconference, but did make it clear that the Task Force expects written 
comments. Her guess is that EPA and the State Board assumed that she and Mr. Moore would discuss the 
comments received with the Task Force and see if any changes would be recommended prior to providing a 
written set of comments. Mr. Yeager commented that he is reluctant to spend any more funds on revising 
anything or taking any action without written confirmation from EPA and the State Board. Mr. McKenney 
commented that the Task Force needs to insist on having something in writing because their position changes 
every few months. Plus, having their comments in writing would require them to think more about specific 
issues. Discussion briefly ensued. Ms. Schneider will contact both Mr. Rasmussen and Mr. Fleming to see what 
sort of briefing would bring them up to speed with the Task Force. Additionally, she will indicate to them the 
importance of written feedback because of contrary advice received in the past and to help the Task Force better 
understand the technical and legal rationale for EPA’s and the State Board’s comments. It was suggested that a 
summary of the discussion during the teleconference be provided to EPA and the State Board staff for 
confirmation, modification, elaboration, etc. to facilitate their written responses. There was discussion of 
whether Alexis Strauss should be copied on the transmittal letter. A participant suggested inviting both Mr. 
Rasmussen and Mr. Fleming to a Task Force meeting so there can be a dialogue and a briefing. Mr. Moore 
confirmed with the Task Force that until all that is done, he is not to proceed with the other elements of the 
Work Plan. The Task Force agreed. 
 
Another concern expressed by EPA and the State Board staff is that they would like more details and specificity 
on two topics. First, they would like to see a matrix – decision rules on how REC-1 would be distinguished from 
REC-2, from Not REC and from Limited REC (if applicable). Second, they would like more details for the 
trigger levels for a high flow suspension. EPA mentioned that their headquarters is working on the same issue 
and is looking at the depth versus flow product constant. This scenario is what the Task Force is considering. 
 
EPA staff also indicated that the UAA factors needed to be clearly differentiated from other factors identified in 
the Strawman. EPA pointed out that the only factors that are allowed to be considered as part of a specific UAA 
are identified in 40CFR136.10(g). Mr. Moore pointed out that the Task Force is required to comply with both 
Federal and State law when doing UAAs. Furthermore, the list of factors that the Task Force uses encompasses 
both Federal and State law. EPA and the State Board staff thought that ordinances that prohibit access, channel 
morphology, and adjacent land use are not appropriate considerations for regulation. Mr. Moore also pointed out 
that those considerations are, to some extent at least, surrogates for one of the factors on EPA’s list. EPA and the 
State Board staff pointed out that there is also a requirement to look at the actual water quality. Ms. Schneider 
affirmed that the Task Force is aware of the need to investigate water quality conditions.  
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EPA also indicated that single sample maxima (SSMs) are part of the bacterial criteria (304a) that were 
published in 1986. Therefore, SSMs must be included in water quality standards of the State. The Task Force 
has some flexibility as to how single sample maximums are implemented, e.g., as triggers for additional 
monitoring, notification and the like. At the Task Force meeting, the document entitled, Regulatory Analysis of 
Using Single Sample Maximums in Bacteria Standards, was distributed. Mr. Moore briefly summarized the 
document, noting that single sample maxima are part of the 304(a) criteria intended to fill a gap when there are 
not enough data to calculate a geomean. He further noted that the guidance is absolutely clear that single sample 
maxima are not intended to be a separate set of instantaneous, acute criteria. They are merely translations of the 
30-day criteria. In other words, there are two different ways to express the same value. However, if a state used 
its discretion and elected to use the geomean only where the sample size “N” was 5 or greater, then they needed 
to develop an alternative approach for the situation when N is less than 5 – this is where the single sample 
maxima would be used. He noted that the State Board staff agreed with Ms. Schneider’s point that while single 
sample maxima were okay for beach notifications and closures, they are not scientifically rigorous enough to be 
appropriate for all Clean Water Act purposes (e.g., NPDES permit limits, 303(d) listings, TMDLs, etc.). The 
State Board staff pointed out that, where a single sample maximum exists in Basin Plans or the Ocean Plan, it 
would not be appropriate to use it solely to determine whether a waterbody is included on a 303(d) list. State 
Board legal counsel advised that an approach to the use of the single sample maximum was identified as part of 
amendments to the Ocean Plan. While the intended application of the single sample maximum can be specified, 
the SSM is nevertheless part of the standards and litigation regarding their proper application as such would 
remain a possibility. Mr. Moore offered a two-part solution. First is to use a geomean and use the single sample 
maximums as a trigger to collect more data so a geomean can be attained. Second is to define formal points of 
compliance for the stream body segments. The reasoning for this is so that when another individual takes a 
sample from an area that is not at the point of compliance that is in violation, the Task Force is not obligated to 
obtain four more samples to create a geomean. In other words, the defined points of compliance are chosen to be 
protective, and while other sampling is informative, it is not dispositive. Mr. Moore noted that, in his opinion, 
the NGOs would be supportive if the points of compliance are chosen in the proximity of where people recreate. 
Discussion briefly ensued. Ms. Schneider inquired whether the suggested revised single sample maximum 
approach will be reflected in what will be sent to EPA for their comment. Mr. Moore’s understanding is that 
prior to showing EPA how things will be revised, the Task Force wanted written confirmation of the comments 
and concerns.  
 
The handout will be further discussed at the next Task Force meeting. 
 
Regional Board Staff Report Outline 
The staff report is currently on hold. Ms. Schneider commented that before a CEQA scoping meeting is 
scheduled, there needs to be draft Basin Plan Amendments and a draft Implementation Plan available for review.  
 
Adjourn 
The next meeting is scheduled for Thursday, March 20, 2008, from 9:30 a.m. to 1:00 p.m. 
 
The meeting adjourned at 12:42 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
March 20, 2008 

 
PARTICIPANT REPRESENTING 
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Joanne Schneider (via teleconference) Santa Ana Regional Water Quality Control Board 
Don Schroeder  CDM 
Richard Meyerhoff CDM 
Thomas Lo CDM 
Chandra Johannesson City of Riverside 
Jessica Chin City of Riverside 
Jennifer Bell City of San Bernardino Municipal Water Department 
Chris Crompton County of Orange 
Larry McKenney County of Orange (RBF) 
Autumn DeWoody Inland Empire Waterkeeper 
Ray Hiemstra Orange County CoastKeeper 
Karen Baroldi Orange County Sanitation District 
Dan Bott Orange County Water District 
Tim Moore Risk Sciences 
Chuck Strey Riverside County Environmental Health 
Jason Uhley Riverside County Flood Control & WCD 
Matt Yeager San Bernardino County Flood Control 
Naresh Varma San Bernardino County Flood Control 
Vada Yoon The Irvine Company 
Celeste Cantú Santa Ana Watershed Project Authority 
Jeff Beehler Santa Ana Watershed Project Authority 
Marie Jauregui Santa Ana Watershed Project Authority 
 
Introductions & Opening Comments 
The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the participants. 
 

Request for EPA Comment 
The email Joanne Schneider sent to both EPA and the California State Water Quality Control Board 
requesting written comments, along with the attachment was distributed. Ms. Schneider commented 
that she is not expecting to see comments from Rik Rasmussen before March 31, 2008, because he 
will be going on vacation. However, she is confident that they will be provided shortly thereafter. 
With regards to EPA, she has not heard from them, but will follow-up. Tim Moore noted that the 
email attachment was distributed (in bulleted format) at the last Task Force meeting. He emphasized 
that neither the State Board nor EPA said that they would not approve what was recommended. They 
were very cautious not to pre-judge the proposal, and merely warned where the “speed bumps” might 
be. Ms. Schneider concurred. 
 

Matrix of Regulatory Alternatives and Current Direction 
A matrix entitled, Alternative Approaches to Classify Recreational Uses Considered by Stormwater Quality 
Standards Task Force, was distributed. Both the State Board and EPA had requested a chronicle of the various 
alternatives that the Task Force considered. It was noted that this matrix is not exhaustive. There are some 
additional nuance subdivisions of the alternatives that were considered. However, it captures the majority of 
the decisions that were made over the past several years, and chronicles the deliberate process. Mr. Moore 
feels that this matrix will be very useful to the Task Force in the future. Although the current matrix will not 
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rise to the level of a CEQA alternatives analysis, it will create an abstract that can be elaborated upon when the 
need arises. Mr. Moore asked that if anyone felt that a significant shift was missed to let him know so it can be 
properly documented. The purpose is to make the chronicle as accurate as possible, especially for CEQA 
equivalence purposes.  
 
Both EPA and the State Board recommended using a three-tiered beneficial use approach, which the Task 
Force considered in 2006. The Task Force changed its strategy and promoted a two-tiered system with 
refinements. Mr. Moore thinks it might be useful to reconsider the value of the tiered, sub-categorization 
system. He stated that the Task Force needs to decide whether it wants to change or defend its 
recommendation. He understands the cost sharing partners’ reluctance to further fund the process to merely re-
discuss issues where there will be no change in outcome. Mr. McKenney added that their reluctance is not 
merely with re-discussing issues, but to re-discuss those issues and decide that nothing will change because of 
the challenges/obstacles. Furthermore, the Task Force never set out to “change the rules”, rather only to 
“determine what is appropriate”.  
 
Mr. Moore referred to the list of options on the last page of the handout, noting that the Task Force needs to 
make a decision on how to move forward. He briefly discussed each option, and noted that the list was not 
exhaustive. He does not recommend Option One or Option Two. Based on the recent teleconference with EPA 
and State Board staff, it seems that they would be more inclined to Option Three. He suggested writing the 
definition clarifications in either Chapter Three (Beneficial Uses) or Chapter Five (Implementation) rather than 
as a guidance memorandum. Additionally, the Task Force could revisit the REC-1B/Limited REC-1 concept 
and make it more explicitly like EPA’s secondary contact classification. This is similar to what the LA Board 
did. However, the LA Board did not adopt a different geomean for the Limited REC-1 objective. In other 
words, the Full REC-1 and the Limited REC-1 have the same 126 E. coli geomean, but have different single 
sample maximums (SSM). Mr. Moore noted that it became apparent that this solution to fecal coliform 
compliance was not as useful as anticipated.  
 
Option Four is based on the Kansas model. It does not consider their numeric objectives. If the Task Force 
uses the Kansas model along with the State Board and EPA’s recommendation to keep the existing definitions 
of REC-1 and REC-2, then using sub-categories of REC-1 and REC-2 can be considered. Mr. Moore’s opinion 
is that the distinction could be along the lines of the Beach Act Guidance. REC-1A would be a waterbody 
where recreation is encouraged (e.g., Lake Elsinore, Big Bear Lake). REC-1B would be a waterbody where 
recreation is discouraged, prohibited, or illegal, but nonetheless, still occurring. Those that would recreate at a 
REC-1B waterbody are entitled to REC-1 protection, but with a higher assumed risk. Mr. Moore feels that 
REC-1A and REC-1B are distinctions that are useful and helpful. However, the Task Force may debate in a 
UAA where the classifications should apply. He noted that refinements do not imply where they would be 
used, but rather that they could be used. Mr. McKenney emphasized that he did not want to lose sight of the 
Task Force’s intention, which is to direct funds where they would benefit the greatest number of people. In 
Mr. Moore’s opinion, the Regional Board is looking for ways to recognize nuances that will stand the test of 
critical reasoning. Discussion briefly ensued. Mr. Moore discussed Option Five, which is based on the idea of 
ranges and defaults. If the Task Force is going to have to stay with the current REC-1 definition, with some 
clarification about wading and fishing, this option would provide the Regional Board with more flexibility.  
 
A participant inquired how EPA will respond to the strawman (e.g., recommendation-by-recommendation). 
Because there was language in the strawman that the recommendation itself was pending the UAA, Mr. Moore 
does not think that EPA will feel obligated to comment on any of the case examples. He does, however, think 
that EPA will respond to the policy recommendations (the items before the UAA case examples), and expects 
EPA to respond in writing, as promised at the September 2006 meeting. He strongly agrees with Mr. 
McKenney in that nothing is changed until the written responses have been received.  
 
In Mr. Moore’s opinion, the path that offers the least amount of regulatory resistance  is to retain the existing 
REC-1 and REC-2 definition, but include text immediately following the definitional paragraphs that describe 
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“fishing” and “wading” with greater clarity. Thus, it does not become a definitional issue, but rather a UAA 
issue on a site-by-site basis. He suggests that a tiered REC-1 not be added. Clarifying the definition is similar 
to rewriting the definition without doing so. If that is followed with case examples, actual UAAs and actual 
decisions where the Board is deciding between REC-1 and REC-2, it will create case precedence. Thus, this 
model will provide real-world examples that can be built upon. The Federal language about incidental contact 
will be used to help explain the difference between REC-1 and REC-2, and help determine what type of 
wading belongs in which beneficial use classification. Then there will be no need to change the recommended 
objectives (126 E. coli for REC-1 and fecal coliform for REC-2). This would be functionally equivalent to 
what was recommended, but still leaves the single sample maximum question. 
 
Mr. McKenney inquired whether Alexis Strauss will have to review the written comments before the Task 
Force receives them. Ms. Schneider commented that she doubts that Ms. Strauss will have to review the 
comments, but is uncertain. She will follow-up with EPA and ask that they be specific on each of the 
strawman recommendations so a thorough Task Force response can be provided. 
 
Mr. Moore said he prefers Options Four and Five. Option Four helps the Task Force address the existing use 
issue less controversially. He believes the Task Force can work out its differences regarding what the default 
objectives ought to be, but realizes that it will require more time and resources. He assumes that Option Two is 
not attractive to the Task Force. At this time, Naresh Varma feels that is a valid statement. He is not ready to 
move forward until written comments have been received from both the State Board and EPA, and will not 
make a decision until the responses and implications are assessed. Mr. McKenney does not feel that Orange 
County and Riverside County disagree. Mr. Moore feels that little can be done until the written comments are 
received. Mr. Varma stated that certain tasks can still be done, and is ready to invest some more in doing tasks 
such as data gathering.  
 
A participant inquired whether there would be any advantage to having the stakeholders communicate with 
EPA. Ms. Schneider commented that she wanted to see EPA’s response first. A participant commented that he 
would like to see EPA staff meet with the Task Force once the written comments have been received. Dave 
Woelfel suggested that Terry Fleming participate in a Task Force meeting. Mr. Moore agrees, adding that 
those making the recommendations to Ms. Strauss should participate in a meeting with the Task Force. He 
does not want to involve Ms. Strauss until the appeal process. Cindy Lin and Suesan Saucerman also will be 
involved in the review process, but Ms. Schneider will focus her communication efforts with Terry Fleming 
and Cindy Lin. 
 
The document entitled Regulatory Analysis of Using Single Sample Maximums in Bacteria Standards was 
distributed. Mr. Moore summarized the document, noting that when EPA wrote the Bacteria Criteria Guidance 
document in 1986, they expressed their recommendation as both a geomean and a SSM. This was interpreted 
by many as representations of chronic and acute objectives. In actuality, it is only a single standard based on a 
geomean with the recognition that often there are not enough data to appropriately calculate a geomean. Thus, 
the SSM was considered a second method for determining compliance using less data. EPA’s point is that if 
there is both a geomean and a single sample maximum, then there would be an applicable objective in 
instances where insufficient data are available to calculate the geomean. EPA’s solution to those that do not 
want to use the geomean regardless of the number of samples collected is the SSM. Mr. Moore indicated that 
EPA’s preferred approach is to adopt a geomean without a minimum number of samples; the geomean would 
apply irrespective of the number of samples collected. (This would encourage the collection of more data.) 
EPA feels that the use of SSMs is a matter of state discretion. In other words, if the state elects to use a 
geomean that applies all of the time, then there would be no need for SSMs. However, if there is a minimum 
sample size, then there needs to be an alternative for when that number of samples is not collected.  
 
The Task Force proceeded with the assumption that the only the geomeans would be used as the water quality 
objectives. Thus, the geomeans were expressed conditionally (i.e., minimum of five samples). If there were 
less than five samples, it would trigger accelerated testing. This approach is very similar to EPA’s preference, 
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which also is consistent with the State’s 303(d) listing process for the Ocean Plan. The State Board determined 
that SSMs are not sufficient by themselves to make an impairment determination. There cannot be a situation 
where lack of data implies the water quality objective itself is in suspense. That is not an acceptable alternative 
to EPA.  
 
Mr. Moore referred to the alternative implementation strategies listed on the last page of the handout. He noted 
that EPA wants the Task Force to be explicit on how attainment, compliance, impairment, water quality 
assessments, and permit determinations will be demonstrated. His response is that the Task Force would still 
use a geomean with a minimum sample size, and is uncomfortable with the idea of using the SSMs to 
determine compliance. The SSMs are statistical tools only, not separate acute criteria. Thus, the preference is 
to obtain more data. The preferred approach would be a geomean accompanied by a monitoring program 
requirement that would assure ample data from representative locations.The narrative criteria would apply 
when there are not enough data, which would trigger requirements to collect more data when the SSMs 
indicate a waterbody might be out of compliance. A watershed-wide monitoring program and an accelerated 
monitoring program triggered by SSM results should get the Task Force to where it wants to go. The success 
of this program with EPA will require the Task Force to commit to a long-term monitoring program of the 
watershed. Because the Middle Santa Ana River TMDL has a monitoring program, the Task Force may be 
able to coordinate efforts. Mr. McKenney commented that he likes the approach because it shows how 
protection is supposed to work. Furthermore, the Task Force should be collecting sufficient data in a planned 
and logical way as a means to show the program is science-based. Discussion briefly ensued.  
 
A participant inquired what was being asked of the Task Force. Mr. Moore reviewed the Task Force’s position 
in the past, stating that the primary question that is being asked is how to write the objectives, noting that it 
would be written conditionally – five samples, which was thought to be sufficient. EPA, however, asked how 
compliance would be determined when there are less than five samples. The issue is how to write the 
objectives to ensure that there is always protection. Mr. Moore indicated that EPA has stated that they prefer 
the geomean to apply all the time. Although the Task Force’s position is similar to EPA’s, the Task Force 
would prefer that the system encourage more data gathering. Mr. McKenney noted that the key point is to not 
advocate the SSM as a compliance measure, but rather describe exactly how to ensure enough data will be 
collected to calculate a geomean. Mr. Moore said that an alternative is to create a monitoring program, specify 
the sites, and describe why those sites are representative.  
 
Mr. Moore asked the Task Force to agree, at least conceptually, that the result of the process with the Regional 
Board is a recommendation for an integrated bacterial monitoring program that is high quality, permanent, and 
builds upon experience with the TMDL process. Discussion briefly ensued. Mr. Moore commented that he is 
asking the Task Force to agree to design a program conceptually, as well as to determine how it will be funded 
and implemented. He asked whether it should be added to the Task Force’s list of tasks. Mr. McKenney 
commented that there may be additional partners other than the MS4 Permittees. Furthermore, this is a two-
step process. The first step is to verify the standards with EPA. The second step will be to develop the 
monitoring program. Ms. Schneider concurred. She likes the concept of using the geomean, having a 
comprehensive monitoring program in place that assures adequate data so the geomean is reliable, and the 
application of the narrative criterion. Because EPA Region 9 has made it clear that the SSM must be part of 
the objective, Ms. Schneider is unclear as to whether the geomean, monitoring program, and narrative criterion 
would suffice in place of the SSM or whether the SSM would be included as part of the objective. 
Furthermore, she is unclear as to what Mr. Moore’s proposal entails regarding the actual numerical SSM in the 
objective. Mr. Moore noted that he is asked for permission to develop a more specific proposal. He believes 
that the SSM can be used in a number of ways including acceleration triggers, and with a comprehensive 
monitoring program, make the SSM irrelevant most of the time. Discussion briefly ensued. A participant 
commented that he supports the concept, and feels the SSM will have to be incorporated. Potential funding 
partners of the monitoring program would be the MS4s, construction sites, or industrial sites. Discussion 
briefly ensued regarding funding. A participant expressed concern, noting that he would like to hold off on any 
decisions until the written comments have been received. Ms. Schneider appreciates the forward thinking of 



 5

the Task Force, and understands the Task Force’s desire to wait for written comments. However, in this 
instance, she thinks that the Task Force can expect to receive the same comment/objection regarding SSM that 
was voiced by EPA during the teleconference. 
 
Staff Reports and UAA Report Documents 
On hold. 
 
Basin-Wide Economic Analysis: Status 
On hold. 
 
Recreational Use Survey Update 
Thomas Lo provided an update on the Recreational Use Surveys. He provided the image counts for each 
camera, and displayed images that showed people in the channels. Mr. Moore requested that the next time 
CDM performs maintenance on the cameras, a picture of the cut in the fence at the Perris Valley Channel at 
Moreno Valley WRF be taken. It was noted that the level of water in the channel is only dry weather flow. Mr. 
McKenney inquired whether or not an image can be taken of the depth of the water with a ruler.  
 
Mr. Lo briefly discussed the challenges.  He reported that: 1) the camera at Cucamonga Creek has been 
replaced; 2) an antenna, solar panel, and a battery-operated motion sensor camera (facing the same direction as 
the camera in place) will be installed at Chino Creek. Co-locating the cameras will help with the confidence; 
3) CDM’s IT staff is researching the FTP site and double image posting issue; 4) a permit has been approved 
for the San Diego Creek site at Lake Road in Irvine. There are additional fees for the permit, such as an 
inspection fee ($900); and 5) the permit is in process for the Anza Channel site at John Bryant Park in 
Riverside.  
 
Adjourn 
The next meeting is tentatively scheduled for Thursday, April 17, 2008, from 9:30 a.m. to 1:00 p.m. 
 
Comments on the meeting notes are due to JB by April 1st. 
Also, a workshop on BMPs is scheduled for April 9th.  
 
The meeting adjourned at 12:34 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
June 5, 2008 

 
PARTICIPANT REPRESENTING 
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Hope Smythe  Santa Ana Regional Water Quality Control Board 
Joanne Schneider  Santa Ana Regional Water Quality Control Board 
Don Schroeder  CDM 
Richard Meyerhoff CDM 
Chandra Johanneson City of Riverside 
Jessica Chin City of Riverside 
Jennifer Bell City of San Bernardino Municipal Water Department 
Chris Crompton County of Orange 
Susan Paulsen Flow Sciences 
Autumn DeWoody Inland Empire WaterKeeper 
Tracy Krueger Larry Walker Associates 
Ray Hiemstra Orange County CoastKeeper 
Karen Baroldi Orange County Sanitation District 
Larry McKenney RBF (Consulting for County of Orange) 
Tim Moore Risk Sciences 
Albert Martinez Riverside County Flood Control & WCD 
Jason Uhley Riverside County Flood Control & WCD 
Mark Wills Riverside County Flood Control & WCD 
Matt Yeager San Bernardino County Flood Control 
Kevin Coyne Ventura County Public Works Agency 
Tommy Liddell Ventura County Watershed Protection District 
Jeff Beehler Santa Ana Watershed Project Authority 
Marie Jauregui Santa Ana Watershed Project Authority 
 
Introductions & Opening Comments 
The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the 
Santa Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the 
participants. 
 
No update on the State Board Roundtable on REC-1 Standards was given. 

 
Recreational Use Survey Update 
Don Schroeder provided an update on the Recreational Use Surveys. The FTP site double image posting 
issue was resolved in early April. The camera at the Cucamonga Creek site has been replaced and is 
working well. Installation of the solar panel, cellular antenna, and co-installation of a motion-sensor 
digital camera is scheduled to be completed today at the Chino Creek site. Co-locating a traditional 
camera with a motion-sensor camera will help build confidence in the motion-sensor technology. The 
motion-sensor camera will not transmit images to the FTP site. It will record video for a preset amount of 
time or until motion ceases and save to an SD card. Additionally, the sensitivity of the sensor can be 
adjusted to calibrate the camera to human movement. 
 
The cameras at the Perris Valley Channel site and the Santa Ana River in Anaheim site had some 
technical difficulties, which are reflected in the April/May and April image counts, respectively. The 
camera located at Demens Channel is very reliable. Mr. Schroeder displayed a table of the image counts 
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for each camera from October 2007 to present. He reported that there are two new cameras scheduled for 
installation – San Diego Creek at Lake Road in Irvine (6/5) and Anza Channel at John Bryant Park in 
Riverside (6/6). He then showed the images collected where people were present. 
 
Review of Written Strawman Comments 
Tim Moore distributed and briefly discussed a Water Quality Standard flowchart that showed the 
different language EPA and the State Board use. The flowchart is intended to help explain some 
regulatory concepts and differences between federal and California approaches. He noted that sometimes 
“standard” is used to mean “criteria” (EPA) or “objective” (State), which is not correct. He also pointed 
out that there are separate Federal and State requirements for anti-degradation. Furthermore, the phrase 
“beneficial” does not appear in the Clean Water Act. Only the term “uses” appears. “Beneficial” comes 
from Porter-Cologne. There is also a distinction between beneficial uses and designated uses.  
 
The strawman responses from both EPA and the State Board were distributed. These responses and the 
substance of discussion with EPA and State Board staff concerning the Task Force recommendations 
were discussed: 
 
Task Force Recommendation No. 1 was to revise and update the REC-1 definition that is in the Basin 
Plan. The Task Force was trying to harmonize the Basin Plan definition of REC-1 with the EPA guidance 
definition of primary contact recreation. Thus, a revised definition of REC-1 was constructed using 
terminology from EPA’s guidance, the Vacaville case, and Ballona Creek decision. However, both the 
State Board and EPA staff expressed reluctance to endorse the Task Force’s recommendation to change 
Basin Plan definition of REC-1. One concern was that the current Basin Plan REC-1 definition, which is 
used consistently statewide, was the result of an intense collaborative effort between the State Board, 
EPA, and the 9 regional boards’ staff and that the definition should not now be changed on a regional 
basis. Furthermore, both agencies believe that specific proposed changes in wording would change the 
thresholds for REC-1 designation, rendering them less protective. Specifically, EPA and State Board staff 
are concerned that the Task Force recommends (1) adding the phrase “frequent and prolonged” water 
contact, and (2) changing “…ingestion of water is reasonably possible” in the existing definition to 
“ingestion of water is likely”. EPA suggested that it would be advisable to pursue a Limited REC-1 
designation since it would more accurately reflect the situation where frequent and prolonged use is 
unlikely and where ingestion is unlikely but possible. EPA noted that single sample maxima can be 
adjusted to reflect areas where use is less frequent. Concern was also expressed with the Task Force 
proposal to remove fishing and wading from the list of REC-1 activities. State Board staff indicated that 
at the least, wading should continue to be protected under REC-1 designation. Joanne Schneider 
explained that the proposed deletion of wading and fishing as examples of REC-1 activities was intended 
only to reflect that those activities may or may not be REC-1; the determination would need to be made 
on a case-specific basis. The option was discussed of adding some explanatory language in the text to 
make this point.  
 
Ms. Schneider commented that, in her opinion, it is likely that the State Board is going to want to see a 
consistent statewide definition. She thinks that the Task Force, in terms of approvability at the State 
Board level, will have difficulty in proceeding with the revised definition. Ms. Schneider indicated that in 
her conversations with State Board staff and EPA, she made the suggestion that although a consistent 
approach may be easier to manage from a regulatory perspective, perhaps the Task Force’s new definition 
ought to be the basis for the consistent statewide definition. She emphasized that the Task Force’s 
approach has been to revise the beneficial use definitions to match the nature of the underlying bacteria 
criteria in EPA’s guidance. 
 
Mr. Moore noted that the State Board staff acknowledges the Task Force’s desire to clarify the REC-1 
definition. The State Board’s letter responding to the strawman, as in EPA’s letter, states that the existing 
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definition is a result of collaboration. Mr. Moore cautioned that although the State Board may agree that 
new Basin Plan Amendments approved by the Regional Board are correct, justifiable, and reasonable, 
they could be disapproved in the interest of statewide consistency. There is a different value set, and 
being right is not necessarily enough. Ms. Schneider commented that in her teleconference with EPA and 
the State Board, she emphasized that it is not the Task Force’s intent to revise the beneficial use 
definitions in order to provide any less protection. She noted that the revised definition includes explicit 
language regarding the presumption of REC-1, unless a UAA demonstrates that this designation is 
inappropriate. Mr. McKenney added that the Task Force’s intent also is not to give the appearance that 
protection is being reduced. 
 
EPA would like the Task Force to consider using a Limited REC-1 along the lines of what the LA Board 
did that reflects the likelihood of ingestion, frequency of exposure, etc. If this is done, EPA’s guidance 
specifically allows an adjustment to be made in the single sample maximum criteria. Ms. Schneider 
explained to EPA and the State Board that changing only the single sample maximum to accompany a 
Limited REC-1 designation is a distinction without a difference and results in no changes in 
implementation. 
 
Neither EPA nor the State Board disagreed with the Task Force’s intent. They disagreed with the strategy 
to implement that intent. They agreed that mere contact with water does not necessarily constitute 
wading. In EPA’s guidance, wading is in secondary contact recreation. Thus, the Task Force made the 
definition consistent with EPA’s definition. The State Board, however, said that in California, their 
definition of REC-1 is deliberately intended to be more restrictive than the Federal definition of primary 
contact recreation versus secondary contact recreation. If the State Board elects to be more stringent than 
Federal rules require, that triggers a set of additional requirements under State law, particularly with 
respect to the 13241 requirements and the idea of unfunded mandates. 
 
The Task Force concluded that EPA and the State Board can be taken at their words. If all parties have 
the same intent, the definition does not necessarily need to be changed in the Basin Plan. All the Task 
Force would need to do is add additional text to define wading and REC-1 fishing. Some of the words that 
were included in the proposed definition could be placed in the text of the Basin Plan next to the 
definition. When this approach was suggested during the teleconference, the State Board was very 
supportive because it preserves both the definition and the intent. The utility of this approach is that 
elaboration and clarification of the terms do not constitute a change. When considering wading, specific 
language will need to be included to describe what types of wading are considered REC-1 and what types 
are not. The Task Force will build this case by using phrases from EPA’s guidance based on existing 
language. In Mr. Moore’s opinion, the easiest solution is to clarify the text provided as it achieves the 
same end.  
 
Task Force Recommendation No. 2 was to maintain the existing definition of REC-2. EPA and the 
State Board noted that the Task Force did not move wading and fishing to REC-2. Since it was deleted 
from the REC-1 definition, this is what led them to believe that wading and fishing would not be 
protected at all. Both EPA and the State Board do not oppose the Task Force recommendation keeping the 
REC-2 definition. The Task Force will be adding narrative under the formal definition of REC-1 and 
REC-2 because beach combing and tide pool watching behavior needs to be emphasized. Furthermore, 
the Task Force will want to make the case that REC-2 use is synonymous with EPA’s definition of 
secondary contact recreation. Mr. Moore is operating under the assumption that the Task Force is dealing 
with a two-tiered system (REC-1 and REC-2) rather than a three-tiered system (REC-1, Limited REC-1, 
and REC-2).  
 
Task Force Recommendation No. 3 creates a new category called REC-X, which denoted those 
locations where a UAA has been done and concluded that the location was neither REC-1 nor REC-2, and 
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thus affirmatively determined to be Not REC. Otherwise, the absence of a designation would be 
misinterpreted as a location that was not yet designated and default to REC-1. EPA states in their letter on 
the Strawman that a UAA must be done and must be focused on six very specific UAA criteria. EPA is 
concerned that the Task Force’s proposal deviates from the six criteria. They state that the Task Force 
should identify which factors would be used in UAAs to evaluate “REC-1” vs. “REC-1 vs. REC-X” 
designations and how these related to the six UAA criteria.  
 
Mr. Moore referred to the paragraph under the list of criteria on page four of EPA’s letter, as well as the 
flowchart. The issue is that when talking about a potential beneficial use, the likelihood of whether that 
potential will ever be met must be addressed by the Task Force. Based on EPA’s letter, it appears that 
they consider the potential use question to be exclusively related to water chemistry. Mr. Moore believes 
that this is something that must be considered, but does not believe that it is the only thing that can be 
considered when determining whether a waterbody has a potential use or not. This issue will require more 
discussion with EPA to ensure that it is being correctly interpreted. It also is possible to interpret the letter 
as EPA merely stating that if, in fact, there is water quality that has attained the criteria then there is an 
existing use. This is part of the existing use analysis and does not limit the analysis for potential use. Not 
only does the Task Force rely on the photographic evidence to show that recreation is not occurring, it 
also relies on the other evidence (six factors) to describe why it will not occur. Mr. Moore thinks the issue 
is that EPA is only thinking about the difference between REC and Not REC.  They are not thinking 
about the distinction between what needs to be used to determine a sub-category of those (i.e., REC-1 and 
REC-2) uses. It is important that the Task Force show how the words used (e.g., access, flow, adjacent 
land use, etc.) are a sub-factor of one of the six factors that EPA describes. The Task Force will have to 
use EPA’s words to describe the factors. This will require a significant rewrite. Mr. McKenney 
commented that he thinks EPA is saying that access cannot be looked at as an example and use it in a 
UAA. The only time that it can be used, in EPA’s view, is in writing definitions. Mr. Moore said that if 
the Task Force leaves the definition alone, the phrase in REC-1 is where ingestion is reasonably possible. 
The Task Force will add the reasons for why ingestion is not reasonably possible (e.g., it is inaccessible, 
there is no flow, etc.), which become proof of the phrase. Discussion briefly ensued.  
 
A participant asked if the Task Force also would be re-defining reasonably possible to likely when 
clarifying the definition for fishing and wading. Mr. Moore said that if the Task Force uses likely, it will 
be viewed as a change in threshold value. This will be a State risk management decision that will 
determine how reasonably possible is defined. Additionally, a beneficial use designation must be debated 
at the UAA stage. Thus, the controversial sites will be debated individually. A participant inquired 
whether the potential uses would be designated and that distinction be made. Currently, the Basin Plan 
has an X for existing or potential. Mr. Moore stated that anywhere a change is proposed it will have to be 
proven that the use is not existing. He described this as a rebuttable presumption.  
 
A participant questioned the use of the word “or” in the State Board discussion of Task Force 
Recommendation #3 (“…a federally ‘existing’ use can be established by demonstrating that the uses have 
actually been attained since November 28, 1975, or that the water quality was sufficient to support the 
use.”). Mr. Moore reminded the Task Force that one of its charters is not to consider the option of 
changing State law/policy. He feels that both the State Board and the Regional Board believe that it 
should be an “or”. Therefore, a change is outside the charter of this Task Force for now. Ms. Schneider 
stated that it seems that, based upon EPA’s comment letter, they are saying that water quality is the key to 
determining existing/potential use, which may conflict with the position expressed by the State Board. 
This needs to be clarified. 
 
It was noted that an X in the Basin Plan Table of Beneficial Uses can be either existing or potential. If it is 
truly an existing use, then that designation use cannot be deleted. An X in the box in the Table does not 
mean that the use is forever unchangeable. Mr. Moore said that it would be useful, when doing the 
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amendments, to acknowledge that most of the designations were done in blanket fashion. Discussion 
briefly ensued regarding existing and potential beneficial uses.  
 
Mr. Moore stated that EPA wanted the Task Force to believe that this issue of factors to be considered 
was somehow inappropriate for UAAs. The single most important distinction that the Task Force is going 
to draw between REC-1 and REC-2 is that one has a reasonably possible risk of ingestion and the other 
does not. It is an ingestion-based distinction. Thus, the six UAA criteria have to be used to describe 
whether or not ingestion is reasonably possible. What the Task Force calls factors is not synonymous with 
what EPA calls factors. The Task Force will discuss the proofs of the six factors used to determine 
whether or not something is reasonably possible. In addition, Mr. Moore rejects the notion that there is an 
independent burden of proof that water quality cannot be attained. To Mr. Moore’s knowledge, there is no 
independent requirement to show that the waterbody is incapable of attaining the required water quality 
regardless of the beneficial use designation. EPA states that the probable risk of ingestion and exposure 
goes only to the issue of what ought to be the criteria or objective, not the designation of the use. 
Discussion briefly ensued.  
 
Task Force Recommendation No. 4 was to add a narrative pathogen objective. Both the State Board and 
EPA agreed with this recommendation. 
 
Task Force Recommendation Nos. 5 and 6 were to update the objectives, and replace fecal coliform 
objectives with E. coli objectives and a geomean 126 with five samples over 30 days for REC-1, 
respectively. Also, the Task Force is not intending to use single sample maximums (SSM). EPA does not 
have issue with replacing fecal coliform. However, EPA believes that a single sample “standard” must be 
part of the proposal for their approval. EPA will not allow the absence of sufficient data to calculate a 
geomean to mean that there are no applicable criteria. 
 
The State Board said that if the SSM is not in the objective, it needs to be in the Implementation Section 
of the Basin Plan. EPA disagreed, saying that the SSM needs to be in the objective. They feel that there 
needs to be a way to assess compliance when there are not enough samples to calculate a geomean. In 
essence, the SSM is a statistical translation of the five-sample geomean. EPA is very clear that it is not 
two different criteria; it is two different ways of expressing a single standard. They have a strong 
preference for the geomean. Mr. Moore indicated that the alternative is to have a formal, comprehensive, 
integrated sampling program with designated compliance points so that adequate data are provided to 
calculate the geomean. The Task Force will have to deal with times when there are not enough samples. 
In Mr. Moore’s opinion, this is an implementation issue, and should be resolved as such. The Task Force 
is not proposing to not use SSMs. The SSMs will be used as short-term triggers for further sampling. 
Discussion briefly ensued regarding SSMs.  
 
Task Force Recommendation Nos. 7 and 10 were to clarify the use of average in the REC-2 bacterial 
indicator objective and use the SSM for fecal coliform as a trigger for monitoring only. Both EPA and the 
State Board questioned why the Task Force does not propose changing the REC-2 objective from fecal 
coliform to E. coli. The reason for this is that there is no scientific basis for establishing an E. coli 
objective for REC-2. The existing fecal coliform objective is simply ten times the REC-1 objective. The 
multiplier and resultant objective are arbitrary. It was noted that Terry Fleming acknowledged the lack of 
scientific basis REC-2 objectives as well.  
 
Task Force Recommendation No. 8 was to eliminate the 100 total coliform objective that is used to 
protect the MUN standard for surface waters. This was recommended because it is obsolete. Originally, 
this was designed to protect water quality when there was not necessarily any treatment between the river 
and the tap. The surface water disinfection rule means that the water quality going to the tap is protected 
from pathogenic bacteria. EPA has no objection to this recommendation. The State Board is concerned 
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that the MUN use is broader that the use covered under the Surface Water Treatment Rule. It includes 
landscape irrigation, where ingestion of water could be likely. State Board staff would like the rationale 
for the recommendation expanded to include the totality of the MUN use and how MUN uses not covered 
by the Treatment Rule would be protected. Discussion briefly ensued. 
 
Task Force Recommendation No. 9 was to develop a temporary high flow suspension (HFS). Both EPA 
and the State Board stated that the Task Force needs to be more specific about the conditions under which 
the HFS would be triggered. Mr. Moore and CDM will research the hydrological data as well as 
bacteriological data. The “or other” in the Task Force’s recommendation was too vague. The State Board 
referred to the LA Region’s 24-hour, ½ inch rain, and three days thereafter model. Discussion briefly 
ensued. 
 
Both EPA and the State Board had no comments on Task Force Recommendation Nos. 11 through 16.  
 
Alternative Implementation Strategy 
Deferred. 
 
Future Activities – Direction 
Deferred. 
 
Adjourn 
The next meeting is tentatively scheduled for Thursday, July 17, 2008, from 9:30 a.m. to 1:00 p.m. 
 
Mr. Moore will bring details of his tasks to the next Task Force meeting. 
 
The meeting adjourned at 1:10 p.m. 



STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
July 17, 2008 

 
PARTICIPANT   REPRESENTING 
Hope Smythe    Santa Ana Regional Water Quality Control Board 
Joanne Schneider   Santa Ana Regional Water Quality Control Board 
Richard Meyerhoff   CDM 
Thomas Lo    CDM 
Gene Estrada    City of Orange 
Chandra Johannesson   City of Riverside 
Jessica Chin    City of Riverside 
Jennifer Bell    City of San Bernardino Municipal Water Department 
Chris Crompton    County of Orange 
Susan Paulson    Flow Sciences 
Ryan Shaw (via teleconference)  Inland Valley Utilities Agency 
Autumn DeWoody   Inland Empire WaterKeeper 
Ray Hiemstra    Orange County Coast Keeper 
Karen Baroldi    Orange County Sanitation District 
Larry McKenney   RBF (Consulting for County of Orange) 
Tim Moore    Risk Sciences 
Albert Martinez    Riverside County Flood Control & WCD 
Jason Uhley    Riverside County Flood Control & WCD 
Matt Yeager    San Bernardino County Flood Control 
Kevin Coyne    Ventura County Public Works Agency 
Tommy Liddell    Ventura County Watershed Protection District 
Jeff Beehler    Santa Ana Watershed Project Authority 
Marie Jauregui    Santa Ana Watershed Project Authority 
 
INTRODUCTION & OPENING COMMENTS 
The County of Orange has changed the suffix of their email to @pfrd.ocgov.com. Riverside county Flood 
Control has changed their email suffix to @rcflood.org. 
 
REGIONAL BOARD MEETING PRESENTATIONS—RESCHEDULED 
Because the Regional Board decided to only address Consent Calendar items at the next meeting, the 
Task Force presentation has been rescheduled. 
 
RECREATIONAL USE SURVEY UPDATE 
Thomas Lo provided an update on the Recreational Use Surveys. All seven planned cameras are in place. 
At the Chino Creek site, the camera was replaced and a solar panel, as well as a cellular antenna has been 
installed. Due to technical problems with the camera, the camera at Chino Creek, as well as the camera at 
Demens Channel will be changed out. As a means to boost the battery life, the camera at Anza Channel 
and San Diego Creek, either solar panel will be installed or the cameras will be rotated. 
 
IMPLEMENTATION OPTIONS 
The Task Force, proposed to revise the definition of REC-1 in the strawman. The phrase “activities that 
are frequent and prolonged water contact where ingestion of water is likely” was added. It was noted that 
both the EPA and the State Board argued that the Task Force, in effect, altered the thresholds of REC-1 
making it more difficult to define a body of water as REC-1 and therefore, less protective. From the 



EPA’s perspective, “REC-1 & REC-2 are fundamentally equivalent to primary and secondary contact as 
defined by the EPA.” In December of 2006, the Task Force came to the same conclusion and decided to 
use their language to avoid confusion. 
 
Tim Moore stated that the Task Force agreed in January 2007 to not change the definition of REC-2, as a 
compromise and to minimize the risk of State Board and EPA disapproval. 



STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
September 11, 2008 

 
PARTICIPANT   REPRESENTING 
Dave Woelfel    Santa Ana Regional Water Quality Control Board 
Hope Smythe      Santa Ana Regional Water Quality Control Board 
Joanne Schneider   Santa Ana Regional Water Quality Control Board 
Don Schroeder    CDM 
Gene Estrada    City of Orange 
Jessica Chin    City of Riverside 
Rod Cruze    City of Riverside 
Frank Salazar    City of San Bernardino Municipal Water Department 
John Claus    City of San Bernardino Municipal Water Department 
Chris Crompton    County of Orange 
LeAnne Hamilton   Inland Empire Utilities Agency 
Autumn DeWoody   Inland Empire WaterKeeper 
Ray Hiemstra    Orange County CoastKeeper 
Jamiann Questa    Orange County Sanitation District 
Dan Bott    Orange County Water District 
Larry McKenney   RBF (representing the County of Orange) 
Tim Moore    Risk Sciences 
Jason Uhley    Riverside County Flood Control & WCD 
Matt Yeager    San Bernardino County Flood Control 
Jeff Beehler    Santa Ana Watershed Project Authority 
Mark Norton    Santa Ana Watershed Project Authority 
Marie Jauregui    Santa Ana Watershed Project Authority 
 
INTRODUCTION & OPENING COMMENTS 
The Urban Water Institute will hold a Clean Water Act Conference on October 30 & 31, 2008 at the 
Irvine Marriott. 
 
REC-1 STANDARDS CEQA SCOPING MEETING (Regional Board Staff) 
A CEQA scoping meeting will be held from 1-5pm on October 22 at the City of Anaheim Council 
Chambers. 
 
It was decided that the written comments (due November 5, 2008) will be submitted by the Task Force. 
This will include a comment letter provided by the Task Force, and the individual supporting letters from 
each agency.  Larry McKenney will draft an outline for the scoping meeting presentation and send it to 
the Task Force. 
 
RECREATIONAL USE SURVEY UPDATE (CDM) 
Don Schroeder provided an update on recreational use surveys. He noted that the Chino Creek camera 
was replaced on August 20 to improve image quality. A solar panel was installed at the Anza Channel on 
the same day and another one will be installed at the San Diego Creek location on September 15, 2008. A 
list of the next camera sites will be developed at the next meeting. 
 
PRESENTATION TO SWRCB ON NOV. 4, 2008 (Risk Sciences) 
At the Regional Board Presentation, Tom Doduc invited the Task Force to provide an update to the State  
Water  Resources Control Board on November 4.  Tim Moore will work on the presentation to the State 
Board and distribute it to the Task Force prior to the meeting. 
 



STRAWMAN: TASK FORCE DIRECTION 
Option 1: 
 The REC-2 paragraphs (italicized and plain text) will be moved and be part of Option 2. 
 
Option 2: 
 The Task Force decided that because the key term is ingestion, the word immersion in the document 

would be removed. The sentence now reads as “…recreational activities involving deliberate and 
prolonged water contact, especially by children, where ingestion is likely”.  

 

 It was decided to keep the word “prolonged” in the first sentence and move the parenthetical phrase 
after it to the explanatory paragraph. 

 

 Option 2, a portion of the definition of REC-1 now reads as “Primary Contact Recreation (REC-1) 
waters used for recreational activities involving deliberate and prolonged water contact, especially by 
children, where ingestion is likely. Examples of Primary Contact Recreation may include, but …”  

 

 The word “classify” in the first sentence of the second paragraph will be changed to “reclassify.” 
 

 The parenthetical phrase “such as shoreline or dock fishing” will be moved to the REC-2 clarification 
paragraph.  

 

 Change “lower extremities” to “body extremities” and add a parenthetical phrase “hands and feet” 
after it. 

 

 Joanne Schneider stated that the maximum extent possible (MEP) applies to stormwater. Tim Moore 
will rework the last sentence.  

 

 The phrase “implement best efforts” should be added after “…discharges of the responsibility to” in 
the last sentence of the third paragraph.  

 

 The word “safe” will be added after “…severely restrict” under the Related Data and Evidence 
column for UAA Factor 4.  

 

 Where Table 1 is referenced in the second paragraph, the following sentence will be modified to, 
“Many factors are identified…” to imply includes but not limited to.  

 
The Task Force decided to designate compliance locations for all the streams and set up a monitoring 
program to ensure that there is enough data collected to use geomeans. 



STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
October 23, 2008 

 
PARTICIPANTS   REPRESENTING 
Dave Woelfel    Santa Ana Regional Water Quality Control Board 
Hope Smythe    Santa Ana Regional Water Quality Control Board 
Joanne Schneider   Santa Ana Regional Water Quality Control Board 
Richard Meyerhoff   CDM 
Thomas Lo    CDM 
Gene Estrada    City of Orange 
Jessica Chin    City of Riverside 
Rod Cruze    City of Riverside 
Valerie Housel    City of San Bernardino Municipal Water Department 
Frank Tolerico    Contech 
Del Ross    EDAL 
Vada Yoon    Flow Sciences 
Kevin Coyne    Larry Walker and Associates 
Tracy Krueger    Larry Walker and Associates 
Ray Hiemstra    Orange County CoastKeeper 
Karen Baroldi    Orange County Sanitation District 
Dan Bott    Orange County Water District 
Larry McKenney   RBF (Representing the County of Orange) 
Tim Moore    Risk Sciences 
Matt Riha    Riverside County Environmental Health 
Albert Martinez   Riverside County Flood Control & WCD  
Jason Uhley    Riverside County Flood Control & WCD    
Matt Yeager    San Bernardino County Flood Control 
Jeff Beehler    Santa Ana Watershed Project Authority 
Mark Norton    Santa Ana Watershed Project Authority 
Marie Jauregui    Santa Ana Watershed Project Authority 
 
 

INTRODUCTIONS & OPENING COMMENTS 
 

State Board Meeting – Nov. 4 
Celeste Cantú, Jeff Beehler, Larry McKenney, and Tim Moore will be in attendance at the November 4 
SWRCB meeting in Sacramento. Joanne Schneider was planning to provide the State Board with a briefing 
on the triennial review, 13241 issues, and a background on the Task Force effort. 
 
An outline of the presentation will be distributed to the Task Force funding partners by the end of October. 
The State Board meeting will be Webcast.  Hope Smythe will send the Webcast information to Jeff Beehler 
for posting. 
 
RECREATIONAL USE SURVEY UPDATE (CDM) 
Thomas Lo provided a presentation on the recreational use survey. He reported that a solar panel was 
installed at the Anza Channel in August.  Since then there have been some camera malfunctions in 
September at this location.  Now that three sites are complete, some of the cameras will be rotated out. 
 
REVIEW REVISIONS TO PROPOSED BASIN PLAN AMENDMENT (Risk Sciences) 
Page 1: Primary Contact Recreation (REC-1) 
 REC-X is now defined as not meeting either the REC-1 or REC-2 definitions. It is a way to put in the 

language that an affirmation is being made for the water bodies that are not listed as REC-1 or REC-2. 



 Remove the term “prolonged” and move the last sentence of the second paragraph (without “however”) 
into the italicized text.  

 Also remove from the last sentence of the second paragraph the phrase “as there is no reasonable 
possibility of ingestion.”  

 
Page 2: Non- Contact Water Recreation (REC-2) 
 There were no changes to the italicized text.  Tim Moore noted that the parenthetical phrase “a few 

minutes at most” was designed to be a cap.  
 There was a brief discussion regarding the term “accidental”. Joanne Schneider suggested changing the 

last sentence to “…only incidental water contact…” 
 
Page 3: Water Quality Objectives 
 The footnotes currently at the bottom of the page will be deleted.   
 
 There was concern about the phrase “at designated compliance points” in footnote 2 located in the table. 

The footnotes included in the table would be moved to the Implementation Section.  
 
The Task Force had decided that a permanent watershed monitoring program would be established with 
designated compliance points near where recreation is occurring. Therefore, there will be a fixed point of 
compliance along with a formal monitoring program and a commitment to perform that monitoring. That 
way, there will be enough data to calculate a geomean, and calculations can be done correctly. Other samples 
collected would be used to trigger additional monitoring or source investigations, but wouldn’t be used to 
trigger an independent enforcement action. 
 
It also was decided to use footnotes at the bottom of the page. 
 
Page 4 
Note: Table 3 was included because of EPA’s concern regarding SSM. It corresponds to Table 3 in EPA’s 
guidance. 



STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
November 20, 2008 

 
PARTICIPANTS   REPRESENTING 
David Rice    State Water Resources Control Board 
Dave Woelfel    Santa Ana Regional Water Quality Control Board 
Hope Smythe    Santa Ana Regional Water Quality Control Board 
Jerry Thibeault    Santa Ana Regional Water Quality Control Board 
Joanne Schneider   Santa Ana Regional Water Quality Control Board 
Richard Meyerhoff   CDM 
Thomas Lo    CDM 
Gene Estrada    City of Orange 
Bobby Gustafson   City of San Bernardino Municipal Water Department 
Valerie Housel    City of San Bernardino Municipal Water Department 
Chris Crompton    County of Orange 
Autumn DeWoody   Inland Empire WaterKeeper 
Tracy Krueger    Larry Walker and Associates 
Ray Hiemstra    Orange County CoastKeeper 
Karen Baroldi    Orange County Sanitation District 
Dan Bott    Orange County Water District 
Larry McKenney   RBF (Representing the County of Orange) 
Brian Diaz    Recupero and Associates 
Tim Moore    Risk Sciences 
Matt Riha    Riverside County Environmental Health 
Jason Uhley    Riverside County Flood Control & WCD 
Matt Yeager    San Bernardino County Flood Control 
Jeff Beehler    Santa Ana Watershed Project Authority 
Mark Norton    Santa Ana Watershed Project Authority 
Marie Jauregui    Santa Ana Watershed Project Authority 
  
 
INTRODUCTIONS & OPENING STATEMENTS 
 

Review of SWRCB Presentation on Nov. 4 
Jerry Thibeault will send a DVD copy of the State Board presentation to Jeff Beehler for Web posting. 
 
RECREATIONAL USE SURVEY UPDATE (CDM) 
Thomas Lo provided a brief update on ongoing recreational use surveys. The Anza Channel camera was 
experiencing periods of malfunction in October. The camera was replaced with the former Santa Ana River 
Anaheim camera. Both the Demens Channel camera and the San Diego Creek Chanel camera also 
malfunctioned, but since have been resolved. 
 
It was decided that the San Diego Creek Channel site is to be surveyed beyond the usual 12 months, to at 
least the end of July to assure a full year’s data. The same conclusion was made for the Anza Channel site. 
 
Page 1: Primary Contact Recreation (REC-1) 
 The word “prolonged” was deleted in favor of the word “deliberate”.   
 There was an addition of the phrase “to occur” at the end of the first paragraph.  
 It was decided by the Task Force that the last sentence of the first paragraph of the discussion section be 

moved to the definition section.   
 It also was decided to change the last sentence to “…is not generally considered to be REC-1.” 



 
 It was decided to remove the last two sentences of the second paragraph and combine the second and 

third paragraphs.  Tim Moore will draft a paragraph on the presumptive application of 
fishable/swimmable and the need for UAAs in general.  That way, the “suite of factors” can be 
referenced in the Beneficial Use Chapter and explained in the Implementation Section. He also will 
mention the 40CFR 131.10(g) because it will help during the EPA’s review by providing a linkage. 

 
Page 2: Non-Contact Water Recreation (REC-2*) 
 The addition of the phrase “definition of the” in the first sentence of the second paragraph was added for 

clarity purposes.  
 The last sentence of the second paragraph was changed to parallel the REC-1 definition, as requested at 

the last Task force meeting.  
 The footnote for REC-2 will be changed to reflect that of the REC-1 footnote. 
 
Page 3: Water Quality Objectives 
 Footnote 5 is new and reflects the EPA’s guidance that the Regional Board has discretion to accept 

averaging periods other than monthly, but will require a separate Basin Plan Amendment.   
 The first sentence of footnote 5 will be changed to “the Regional Board may elect to adopt through the 

Basin Plan process other…”  
 
Page 4: Water Quality Objectives continued 
 Tim Moore will place the SSM paragraph from the Ocean Plan into the Implementation Section. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
MEETING NOTES 

 
December 4, 2008 

 
PARTICIPANT REPRESENTING 
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Hope Smythe  Santa Ana Regional Water Quality Control Board 
Gerry Thibeault  Santa Ana Regional Water Quality Control Board 
Joanne Schneider   (via teleconference) Santa Ana Regional Water Quality Control Board 
Richard Meyerhoff  CDM 
Thomas Lo CDM 
Gene Estrada City of Orange 
Jessica Chin City of Riverside 
Bobby Gustafson City of San Bernardino Municipal Water Department 
Chris Crompton County of Orange 
Susan Paulsen Flow Science 
Autumn DeWoody Inland Empire Waterkeeper 
Kevin Coyne Larry Walker and Associates 
Ray Hiemstra Orange County Coastkeeper 
Karen Baroldi Orange County Sanitation District 
Dan Bott Orange County Water District 
Larry McKenney RBF (Representing the County of Orange) 
Tim Moore Risk Sciences 
Albert Martinez Riverside County Flood Control & WCD 
Jason Uhley Riverside County Flood Control & WCD 
Matt Yeager San Bernardino County Flood Control 
Jeff Beehler Santa Ana Watershed Project Authority 
Marie Jauregui Santa Ana Watershed Project Authority 
 
Introductions & Opening Comments 
The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the participants. 
 
The November 4 State Board meeting video has been posted to SAWPA’s FTP site. Only the presentation is 
posted on the Stormwater Webpage.  Contact Jeff Beehler for FTP site access instructions. 
 
Survey Camera Locations (CDM) 
A section of the PowerPoint presentation was distributed. Thomas Lo discussed the completed and on-going 
survey sites. Richard Meyerhoff provided a summary of the findings, and discussed their recommendations 
for where additional data collection should occur (i.e., channels with some natural features, locations where 
fishing could occur, and locations where existing contact recreation is occurring). He also discussed their 
recommendations with regard to the aging equipment. 
 
CDM asked for direction as to whether: 1) the Task Force shares the same level of agreement on waterbody 
types where sufficient data have been collected; 2) new data collection activities; and 3) replacing 
equipment.  Larry McKenney said that there are some sites where the Task Force has a year’s worth of data 
with nobody in the channels, which is indicative of those types of channels. Gerry Thibeault commented that 
a conclusion can be drawn if the key boundary conditions can be set (i.e., fencing, depth of vertical walls, 
etc.).  Discussion ensued regarding future and potential uses, and REC-2 beneficial use designations. It was 
noted that there was no point in adding new cameras for “proof of concept” for sites like Sunflower. 
Furthermore, the Task Force should take this opportunity to nail down the seasonality issue and high flow 
suspension because the highest flow is during the coldest time of the year. Doing so will allow the Task 
Force to collect seasonality data for a site that is REC-1. The sites being surveyed for seasonality would not 
be surveyed year-long, but surveyed intensively for a short time. 
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Tim Moore and CDM will refine the ideas and provide to the cost-sharing partners a proposal and budget for 
the next round of camera sites.  
 
High Flow Suspension (Risk Sciences) 
Larry McKenney reminded the Task Force that the intention is to not change the rules in a way that will 
affect safety. This discussion is to determine how the characteristics of the channel and flow should affect 
what is invested in protecting a REC-1 use from a contamination perspective. The practical effects of how 
the high flow suspension is set will determine how treatment strategies are designed and how monitoring will 
be planned and implemented. The defining of high flow suspension must take into consideration predictive 
measures.  Tim Moore concurred, noting that the practical regulatory implications are that a high flow 
suspension mainly will determine whether or not a data point is used. The Task Force will look to simplify 
high flow suspension. He distributed high flow suspension excerpts from CDM’s reports.  He emphasized 
that a vast majority of time the watershed is at baseline flow conditions if there is no rain. However, if it does 
rain, the flows quickly increase and quickly recede. He referred to page 18 of the handout, noting that all the 
flows return to pre-storm conditions in approximately 24 hours. The average number of days of non-
attainment due to high flow suspension is seven days per year. Most of those days where the data is not 
accounted for are during the winter when most people are indoors.  
 
Tim Moore referred to page 1 of the handout that both the EPA and the State Board are uncomfortable with 
how the strawman was written. Although agencies’ safety levels were listed, EPA wanted it to be more 
specific and include numbers. The idea of page 2 is to create a presumption that rainfall is occurring. Jerry 
Thibeault said he is more comfortable with suspending the uses during 0.50” of rain than 0.25” of rain 
because the 0.25” is where the flood control districts start to see a rise in the flow. That is not something that 
is dangerous in the channels; it is just starting.  Discussion briefly ensued. Dave Woelfel mentioned that the 
State Board is working on developing a statewide high flow suspension, which may provide some good 
ideas.  Joanne Schneider added that the Task Force can serve as a model and would be better off trying to do 
what is appropriate for the Santa Ana Region rather than relying on a statewide approach. Mr. Woelfel will 
check with the State Board on their progress. Discussion further ensued regarding 0.50” and 0.25”, volume 
versus flow, and channel design. 
 
Tim Moore suggested using the August 2006 language from the Candidate Final Text for Temporary High 
Flow Suspension in the strawman. This would retain the language that different triggers can be used and be 
changed on a site-specific basis. Discussion ensued regarding velocity, seasonality, risk factors, certified rain 
gauges, and LA’s methods. A suggestion was made to simplify the issue by stating that the geomeans would 
apply only during static sampling conditions. By relying on geomean data that is not wet weather data, there 
would be no need for high flow suspension. However, EPA would want to know how compliance would be 
determined during wet weather conditions, and would rely on single sample maximums. Discussion ensued. 
 
Larry McKenney asked if it would be valuable to review what CDM did at those three sites, and review the 
volume issue, implementation costs, and then re-approach Gerry.  Tim Moore commented that those analyses 
were done with the assumption that they would be scaled for use in the 13241 analyses. He will revise the 
language based on the discussion, and bring it back for review at the next meeting. CDM also will bring back 
for discussion the studies they did before. Mr. Moore emphasized retaining the idea that any rainfall 
determination can be used, and that the Task Force is not locked into one. Discussion ensued regarding rain 
gauges, engineered channels, natural channels, flow, and how land use affects flow. 
 
2009 Schedule (Risk Sciences) 
The Draft Schedule to Submit Basin Plan Amendment by Dec., 2009 was distributed.  Tim Moore anticipates 
conducting an adoption hearing for the Regional Board in December 2009. He plans to ask for a special 
Board meeting where the Basin Plan Amendment is the only item on the agenda. He noted that revising the 
implementation section needs to be completed before the UAAs for the Round 1 sites can be completed, 
which needs to be finished before the preliminary 13241 review for E. coli objectives can be prepared. All 
these tasks need to be completed before the staff report can be done.  
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The Task Force adopted the meeting schedule that was distributed.  Joanne Schneider said she will further 
investigate the best way to divide the work because the Regional Board staff may not be able to do it all on 
their own in the timeframe provided. 
 
The subtask under line item #2 to update Bacteria TMDLs will be deleted.  
 
Great Lakes REC-1 Standards (CDM) 
Richard Meyerhoff said that the Great Lakes Rule is really the Beach Act, which lists both Great Lakes and 
coastal states that were non-compliant with the 1986 criteria for bacteria. EPA did their promulgation and 
listed which states were included and which states were not. CDM found only two states (Ohio and 
Maryland) that were included in the promulgation, where it is worthwhile to investigate further. They spoke 
with people from each state. Ohio has the perfect structure, but their issue is that they have a concept out to 
the regulatory community, who has a significant amount of time to comment before it goes to rulemaking. 
Ohio would like to have a 90-95% consensus before they pursue a rulemaking package. CDM will prepare a 
memo of what Ohio is doing, along with their existing standard. 
 
Maryland, however, changed their standards to comply with the Beach Act by adopting what EPA adopted. 
They used a sanitary survey approach, and are trying to develop tiers for marine beaches, not freshwater. 
 
As for the states not included in the Beach Act, they were not included because they use at least enterrococci 
rather than E. coli. CDM has not yet looked at the San Diego Board. 
 
Adjourn 
The next meeting is tentatively scheduled for Wednesday, January 7, 2009, from 9:30 a.m. to 1:00 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
 

MEETING NOTES 
 

January 7, 2009 
 

PARTICIPANTS REPRESENTING 
Joanne Schneider (Via Conf. Call) Santa Ana Regional Water Quality Control Board 
Jerry Thibeault  Santa Ana Regional Water Quality Control Board  
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Anna Millay Calif Dept. Fish and Game 
Richard Myerhoff CDM 
Susan Paulson Flow Science 
Lisa Austin Geosyntec 
Autumn DeWoody Inland Empire WaterKeeper 
Gene Estrada City of Orange 
Chris Crompton County of Orange 
Ray Hiemstra Orange County CoastKeeper 
Karen Baroldi Orange County Sanitation District 
Larry McKenney RBF (Consulting for County of Orange) 
Tim Moore Risk Sciences 
Jessica Chin City of Riverside 
Chandra Johannesson City of Riverside 
Michael Mistica County of Riverside Env. Health 
Jason Uhley Riverside County Flood Control & WCD 
Albert Martinez Riverside County Flood Control & WCD 
Matt Yeager San Bernardino County Flood Control 
Bobby Gustafson San Bernardino City Water 
Lee Reeder Santa Ana Watershed Association 
Jeff Beehler Santa Ana Watershed Project Authority 
Dawna Munson Santa Ana Watershed Project Authority 
 
Introductions & Opening Comments: 
 

The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the 
Santa Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the 
participants. 
 
Jeff Beehler announced that Dawna Munson will now be working for the Task Force in taking streamlined 
meeting notes. 
 
Task Force Meeting Summary: 
 

1.  The Task Force agreed to meet the accelerated schedule presented at the meeting. 
 
2.  The Task Force established five discussion groups and group leaders to work on issues between Task 
Force meetings:  
 

• High Flow Suspension – Jason Uhley  
• Monitoring Program & Compliance Points – Matt Yeager  
• Controllable and Uncontrollable Sources – Karen Baroldi 
• BMP/Implementation – Chris Crompton 
• Sections 13241 and CEQA – Joanne Schneider.  
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A sign-up sheet will be distributed for participation in each subcommittee.  The group leaders will set up 
the meetings and will coordinate through Jeff Beehler. Each group is to bring back a strawman model for 
the Task Force to review.   
 
3.  The Task Force agreed to the finalized language on the following sections as shown on the attached 
document: 
 

• Primary Contact Recreation (REC1) 
• Non-Contact Recreation (REC2) 
• Water Quality Objectives 
• Temporary High Flow Suspension for Recreational Uses 
 
As noted by the Task Force, Tim Moore will rephrase the last sentence of the section, Temporary High 
Flow Suspension for Recreation Uses.  The high-flow subcommittee will make any additional 
recommendations and suggested language.  
 
4.  CDM will revise their budget to show immediate items as items that can be deferred.  Richard Myerhoff 
briefly reviewed CDM’s memorandum, Designation of Recreational Uses Based on Intensity of Use.   
 
5.  The Task Force confirmed the following locations for the UAA analysis Phase IV: 
 

• Greenville Banning - RECX 
• Temescal Corona upstream vertical section - RECX 
• Temescal Creek lower section trapezoidal - REC2 
• Delhi vertical section near Mesa - RECX 
• Sunflower at Flower trapezoidal and rip-rap - TBD 
• Mill Cucamonga (from Helmann) trapezoidal above our sampling point where it’s concrete - REC2 
 
One change was made to the locations:  The REC2 portion of Temescal Creek will extend down to Lincoln. 
 
Adjourn 
 

The next meeting is scheduled for Thursday, January 22, 2009, at 9:30 a.m.  Jeff Beehler announced that 
the Task Force luncheons must be curtailed due to reduced staff for that effort.  Everyone is welcome to 
bring their lunch. 
 
The meeting adjourned at 1:13 p.m. 
 
 
Attachment 
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STORMWATER QUALITY STANDARDS TASK FORCE 

 
MEETING SUMMARY 

 
January 22, 2009 

 
PARTICIPANTS REPRESENTING 
Joanne Schneider  Santa Ana Regional Water Quality Control Board 
Jerry Thibeault  Santa Ana Regional Water Quality Control Board  
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Hope Smythe Santa Ana Regional Water Quality Control Board 
Richard Myerhoff CDM 
Dan Bounds (Via conf. call) CDM 
Susan Paulson Flow Science 
Dean Kirk Irvine Compay 
Autumn DeWoody Inland Empire WaterKeeper 
Chris Crompton County of Orange 
Ray Hiemstra Orange County CoastKeeper 
Karen Baroldi Orange County Sanitation District 
Larry McKenney RBF (Consulting for County of Orange) 
Tim Moore Risk Sciences 
Jessica Chin City of Riverside 
Chandra Johannesson City of Riverside 
Jason Uhley Riverside County Flood Control & WCD 
Matt Yeager San Bernardino County Flood Control 
Bobby Gustafson San Bernardino City Water 
Jeff Beehler Santa Ana Watershed Project Authority 
Dawna Munson Santa Ana Watershed Project Authority 
 
1.  Introductions & Opening Comments: 
 

The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the 
Santa Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the 
participants. 
 
Richard Meyerhoff distributed three technical memos for the Task Force’s review. 
 
Changes were made to the Task Force meeting schedule:  The February 12 meeting moved to February 9 at 
1:30 p.m. The April 16 and April 30 meetings will be condensed into one meeting on April 23 at 1:30. 
 
2.  Task Force Meeting Summary: 
 

A.  Strawman Language 
 

The Task Force reviewed the final strawman language.  Tim Moore reviewed the Amendment sections 
and the language that was finalized at the last meeting. 

 
Discussion ensued regarding the single sample maximum (SSM) on Table 3, Alternate Method for 
Assessing Compliance with the Pathogen Indicator Bacteria Objective for Freshwaters Designated 
REC1 When Insufficient Data are Available to Calculate a Geometric Mean for E. coli.  It was 
determined that the table would include a footnote that an assumption was made for the Single Sample 
Maximum of 126. 
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Language will be added as to what’s expected to occur when single sample maximums (SSM) are 
exceeded.  The options that are available will be listed. 
 
Language will be added to describe how the SSM is to be used; that it’s inappropriate to use SSM data 
alone, but appropriate to use it as one of several criterions. 
 
Consideration will be given to returning to an earlier version of the table that showed the Statistical 
Confidence Factor to stay more closely tied to EPA’s structure. 
 
Per Task Force instructions given at the last meeting, Tim Moore had restructured the section entitled, 
Temporary High Flow Suspension for Recreational Uses, mainly for improved clarity (attached).  

 
B.   Subcommittee Reports:  

 

1.   Frequent/Infrequent Use Definitions – The group has nothing to report yet. 
 

2.  Controllable/Uncontrollable Sources Definition – Karen Baroldi reviewed that the group discussed  
clarifying how the language should be framed; focusing on developing a list of uncontrollable 
sources, assuming all others are controllable; and the types of different data reports that can be used 
to help narrow the list of sources. The group hopes to have a draft to distribute by the next meeting. 

 
 

C.  Other Subcommittee Reports: 
 

1.    High Flow Suspension – The Committee has not had a meeting yet. 
 

   2.    Monitoring Program – The Committee has not had a meeting yet. 
 

3.  BMP Implementation – Chris Crompton said they haven’t had a meeting yet; however, he 
distributed the group’s first step document, Stormwater Bacteria BMP Fact Sheet.  

 
D.  Drafting Responsibilities:  

  

Tim Moore distributed the handout “Draft Task Breakdown for SWQSTF Basin Plan Amendments.”  
 
Joanne Schneider said that Dave Woelfel will be asked to prepare a draft of the basin plan amendments.  
They will do the peer review memo and the public notices including CEQA scoping.   
 
Jason Uhley will coordinate preparation of the implementation plan.  
 
As for the Regional Board staff report, the group is to provide input and text as to how they will draft a 
plan. It will be a joint effort to pull it all together with the Regional Board Staff. For the purpose of a 
staff report, there needs to be a description of the task force processes.  Tim Moore will address the 
Delhi process, and CDM will address the technical tasks.  It was suggested that it also would be useful 
to have Tim Moore provide some basic information as to the EPA criteria.  
 
The 13241 Committee has not yet met.   

 
 

Adjourn 
 

The next meeting is scheduled for Thursday, February 9, 2009 at 1:30 p.m.   
 
The meeting adjourned at 1:13 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 

 
MEETING SUMMARY 

 
February 9, 2009 

 
PARTICIPANTS REPRESENTING 
Joanne Schneider (via conference call) Santa Ana Regional Water Quality Control Board 
Jerry Thibeault  Santa Ana Regional Water Quality Control Board  
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Hope Smythe Santa Ana Regional Water Quality Control Board 
Don Schroeder CDM 
Dean Kirk Irvine Company 
Autumn DeWoody Inland Empire WaterKeeper 
Chris Crompton County of Orange 
Ray Hiemstra Orange County CoastKeeper 
Karen Baroldi Orange County Sanitation District 
Gene Estrada (via conference call) City of Orange 
Larry McKenney RBF (Consulting for County of Orange) 
Tim Moore Risk Sciences 
Jessica Chin City of Riverside 
Chandra Johannesson City of Riverside 
Bobby Gustafson San Bernardino City Water 
Jeff Beehler Santa Ana Watershed Project Authority 
Dawna Munson Santa Ana Watershed Project Authority 
 
Introductions & Opening Comments: 
 

The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the participants. 
 
Task Force Meeting Summary: 
 
1. Update on SWRCB Bacteria Roundtable – Dave Woelfel said there will be a discussion next week on 
the statewide bacteria effort, and he will learn more information at that time.  Larry McKenney instructed the 
Task Force members to email Dave any suggestions of questions. 
 
2.    Recreation Survey Update – Don Schroeder distributed the hand out, Recreation Use Survey – Image 
Count/Percent Capture, to keep all appraised on the camera activity at each of the sites. There is no new activity 
to report. There are no plans to put in any new cameras this calendar year. 
 
3. Update on Peer Review Requirements – Joanne Schneider had reviewed with the State Board the 
amendments proposed by the Task Force as to whether they thought an independent peer review is needed.  She 
should have a response soon.  The overall peer review requirements will be simplified. 
 
4. Discussion and Decision on Sending Revised Strawman to EPA – It will not be sent at this time. It 
was noted that we need to make sure that EPA’s Terry Fleming is on the distribution list 
 
  

5. Review Revised Strawman Language – Tim Moore reviewed that no changes were made to pages 1, 
2, 3, or 4.  On page 5, we need to be clear that the SSM is not its own water quality objective.  The changes on 
page 5 are not different substantively; Mr. Moore continues to work with phrasing for clarity.  On page 6, high 
flow suspension, a fourth bullet point was added and there was slight rewording in the second paragraph. 
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Further revisions to the document: 
 
Primary Contact Recreation (REC 1) Section 
 Paragraph 1, last line: change ...because ingestion is not “considered” to ...ingestion is not “likely.” 

 
Non-Contact Water Recreation (REC 2) Section  
 Paragraph 2, line 1: delete “is intended to be” and replace with “...is functionally equivalent.” 

 
Water Quality Objectives 
 Paragraph 1: remove quotation marks from “existing uses”.  
 Paragraph 4, line 4: change “Adopting a narrative objective...” to “This narrative objective for pathogens...”   
 Paragraph 4, line 5: change “...will provide greater regulatory flexibility...” to “...is intended to provide...” 

Paragraph 4, line 2: place a period after “freshwaters” and delete the rest of the sentence.   
 
Table 2: Pathogen Indicator Bacteria Objectives for Fresh Waters   
 Footnote 1: include a cross-reference to the appropriate basin plan text that defines the temporary 

suspensions.  
 Footnote 2, line 3: add phrase at end - “except as a trigger for notification/additional monitoring purpose.” 

Also, include a cross reference to the basin plan text to explain how we propose to use the SSM values.  
 Footnote 4, end of sentence 1: add “for any 30-day period.” 
 
Table 3 
 Change “data is” to “data are” in title. 
 Footnote 3: call out the lower tolerance number in the header as a default.  
 Footnote 1: indicate what the abbreviation SSM stands for. 
 Footnote 2 will be split into two sentences. 
 Footnotes 3 and 4: Tim will work on phraseology of “lower statistical tolerance” and “higher statistical 

tolerance” for better clarity. 
 Footnote 3: Tim Moore will rework the footnote to incorporate the Task Force suggestions along the lines of 

adding “...However, the Regional Board has the discretion to use the more stringent SSM values to protect 
existing ambient water quality objectives...” and  “where there’s greater confidence that the geomean is 
being met in water bodies that are used for frequent primary contact recreation, and where the Regional 
Board determines that increased levels is necessary to protect existing water quality uses...”   

 
This section will be discussed at the next meeting once Mr. Moore incorporates the suggested language into the 
footnote. 
 
Temporary High Flow Suspension for REC Uses 
 Change fourth bullet to say flow “rate” instead of flow “volume”.   
 First paragraph – Add “in this watershed” after “flow conditions are presumptively unsafe”   Tim Moore 

will reorganize it for better clarity. 
 Paragraph 2, line 3 – Tim Moore will rework the paragraph to add “under the Clean Water Act” after “high 

flow suspension applies.” 
 
The Task Force concurred that it will proceed with developing the staff report for only the first three pages of 
the document. 
 
Sub-Committee Progress Reports: 
 
A. Frequent/Infrequent Classification for REC1 Designated Water Bodies – Group Leader Autumn 

DeWoody said that the group prepared a spreadsheet of all the current water bodies, indicating whether 
each is low or high, and separated the concrete from natural.  For lakes and reservoirs, they agreed on five 
lakes that are low SSM. The group has reached consensus on half of the lakes and most of the streams and 
will meet again to cover the others.  Upon consensus of all the water bodies, it will be brought to the Task 
Force.  
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B. Controllable/Uncontrollable Sources Definition – Group Leader Karen Baraldi summarized that the 

group has drafted a definition and list of potential sources for uncontrollable bacteria sources, which she 
sent out last week. There have been no responses yet.  Committee members are gathering other information 
and they will have something ready soon.  

 
C. High Flow Suspension – Group Leader Jason Uhley was not present for comment. 
 
D. Monitoring Program – Group Leader Matt Yeager was not present for comment. 
 
 
Task Assignments and Deliverable Deadlines: 
 
A. Basin Plan Amendments and Adoption Resolution –  Joanne Schneider said that they will take the lead 

on drafting what the Basin Plan Amendment will look like in terms of the redline version, etc.  They will 
take care of the resolution also.  If a peer review is necessary, they will take the lead on that as well. 

 
B. Draft Staff Report(s) – Joanne Schneider said that the Regional Board staff is to take the lead on this, and 

distribute the pieces for work by the subcommittee meetings.  They’ll need to edit those items submitted by 
the consultants, and determine who would be best to do which tasks and what needs to be covered.  Tim 
Moore will take the lead on putting the draft together for the Regional Board to review, and then bring it 
before the Task Force workgroup.   

 
C. 13241 Analysis – This will be a joint exercise.  Susan Paulson is taking the lead on the high flow 

suspension part of it, and the group will meet on the 18th to determine how they’ll prepare the section.  Tim 
Moore will prepare the history of it and how it’s intended to be used, etc.  To save time, it will be reviewed 
in sections initially, rather than waiting until the end. 

 
D. Tim Moore and CDM will prepare drafts for the Regional Board to review. 
 
E. Use Attainability Analyses (UAA) – CDM will take the lead on this with Tim Moore. 
 
 
Adjourn 
The next meeting is scheduled for Thursday, March 5, 2009 at 9:30 a.m.   
 
The meeting adjourned at 3:50 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
 

MEETING SUMMARY 
 

March 5, 2009 
 

PARTICIPANTS REPRESENTING 
Joanne Schneider (via conference call) Santa Ana Regional Water Quality Control Board 
Gerry Thibeault  Santa Ana Regional Water Quality Control Board  
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Hope Smythe Santa Ana Regional Water Quality Control Board 
Richard Meyerhoff CDM 
Thomas Lo CDM 
Dan Bounds (via conference call) CDM 
Susan Paulson Flow Science 
Chris Crompton County of Orange 
Ray Hiemstra Orange County CoastKeeper 
Karen Baroldi Orange County Sanitation District 
Larry McKenney RBF (Consulting for County of Orange) 
Tim Moore Risk Sciences 
Jason Uhley Riverside County 
Albert Martinez Riverside County Flood Control District 
Matt Yeager San Bernardino County 
Bobby Gustafson San Bernardino Water District 
Mark Norton Santa Ana Watershed Project Authority 
Jeff Beehler Santa Ana Watershed Project Authority 
Dawna Munson Santa Ana Watershed Project Authority 
 
 Introductions & Opening Comments: 
 

The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the participants. 
 
Task Force Meeting Summary: 
 
1.   Reports: 
 

A.  Regional Board Roundtable Report – Dave Woelfel said that the State Board still is working on the 
CEQA document, but he hasn’t heard anything specific yet.  Their next meeting is in May. 
 
B.  Recreational Use Surveys – Thomas Lo of CDM briefly reviewed some photos from two of the three 
remaining operational cameras for the period of November 2008 until February 2009.  There has not been much 
activity seen in Chino Creek for quite some time, but a few images were captured recently where people were in 
the photos, as well as in the San Diego Creek area. 
 
2.   Status of Peer Review Requirements 
Joanne Schneider said that the focus of the peer review likely will be on single sample maximums. She 
forwarded to the State Board the recreational use survey information last week, stressing that the proposed 
implementation is not significantly different from the EPA, and therefore really doesn’t need a peer review.  The 
Board will review it this week, and hopefully they will agree that there’s no scientific reason to have the peer 
review. 
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3.   Final Review of Strawman Language 
 

Tim Moore said that very few changes were made, which he highlighted on the document. 
 

 Page 1 – Primary Contact Recreation:  paragraph 1-“likely to occur” instead of “ingestion is possible”. 
   
 Page 3 –Water Quality Objectives: paragraph 1-  changed “will be” to “would”   
 

 Paragraph 4 – add “or Enterococus” to the narrative pathogen objective (highlighted – see attached). 
 
 Page 4 – Pathogen Indicator Bacteria Objectives in Fresh Waters: footnote 3 was reworded for clarity 

(highlighted - see attached). 
 
 Page 5 – Alternative Method for Assessing Probable Compliance with the E. coli Objective in 

Freshwaters Designated REC1 When Insufficient Data are Available to Calculate a Geometric Mean: 
A few rewording changes were made for clarity (highlighted – see attached).  He also used the nomenclature 
that’s common in other states.  The waterbody categories “frequent/infrequent” were changed to “Class A” 
and “Class B”.  

 

 Basically, the classes were renamed and are more clearly described; he also added “assuming geometric 
mean = 126 organisms per 100 mL” under the header of Maximum Expected Single Sample Value for E. 
coli”.  

 

 The only change not made on the document as suggested at the last meeting was the suggestion to describe 
the confidence factor, because it is a formula and it may cause confusion or miscalculation of numbers. He 
also added that it’s “a more stringent” Statistical Confidence Factor… to footnote 3. 

 

 Footnote 4 - will be reworded for clarity by using lowercase “i”, “ii” and “iii” to differentiate the examples. 
 

 Footnote 4 - a suggestion was made to insert a cross-reference to wildlife sources. 
 

 Footnote 2 - was slightly rewritten for clarity. 
 
 Page 6 – Temporary High Flow Suspension for Recreational Uses:  There are no substantive changes, 

but some restructuring was done (highlighted – see attached).  Tim Moore said he restricted the discussion 
to the Santa Ana Watershed, being sensitive to what would require a peer review and what would not.  The 
group concurred that it should be changed to Santa Ana “Region” rather than “Watershed”. Tim Moore 
added that there had been discussion at previous meetings about the primary indicators and surrogate 
indicators, so he changed the structure of the page about surrogacy for better clarity, but he did not change 
the language itself.   

 

 Footnote 1 – added “where representative gauges are not available.”  
 

 Footnote 2 – remove the word ‘hydrograph’ as it may cause confusion.  It was noted that it is more of an 
“accumulative probability distribution chart.”  Tim Moore will work on a more understandable term or 
reword the footnote. 

 

 Paragraphs 1 and 2 – One consistent term will be used for “feet”, “ft/sec” etc. 
 

 Paragraphs 3 and 4 – Some slight clean up was done for clarity.  
 
4.   Outline of UAA Template 
Tim Moore distributed the handout, “Template Outline for UAA Technical Reports.” He created the outline 
using EPA’s structure to simplify things.  He reviewed the sub-divided proof sections.  In section 2.2.2, he will 
change the word “waterbody” to “wetlands”.  Upon discussion, the Task Force concurred that section 3.2.2 
needs to be rewritten for clarity.   
 
Tim Moore will take the group’s comments from today, flesh out the document a bit more, and bring it back to 
the Task Force as a finished document.  The Task Force members concurred that it is a very useful document. 
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5.    Sub-Committee Progress Reports: 
 

A. 13241 Analysis – The group has met, but the report will be deferred to the next meeting. 
 
B. Definition of Controllable vs. Uncontrollable Sources – Sub-committee leader Karen Baroldi distributed 

a handout that the committee had prepared with the definition of controllable and uncontrollable sources, as 
well as a list of the sources. She briefly recapped some of the committee’s noteworthy issues. The Task 
Force will discuss more specifically how it wants to use this information at the next meeting. 

 
C.  Determination of Class A vs. Class B REC1 Waters (was frequent vs. Infrequent Use) – Tim Moore 

distributed a handout prepared by the committee (Sub-committee leader Autumn DeWoody was unable to 
attend today’s meeting). Mr. Moore noted that he wanted to introduce this document today and point out the 
potential controversies, and then agendize it for a future meeting.  

 
D.  High Flow Suspension – No discussion today. 
 
E. Monitoring Program – Sub-committee leader Matt Yeager briefly reviewed the group’s main objectives. 

The committee also will examine some of the existing models and distill from those resources into this 
monitoring plan. 

 
F. BMP Implementation – Deferred. 
 
Tim Moore distributed an informational comment received via email from Dr. Jan Vandersloot for Task Force 
review.  
 
Adjourn 
The next meeting is scheduled for Thursday, March 26, 2009 at 9:30 a.m.   
 
The meeting adjourned at 1:00 p.m. 
 
Attachments 
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STORMWATER QUALITY STANDARDS TASK FORCE 
 

MEETING SUMMARY 
 

March 27, 2009 
 

PARTICIPANTS REPRESENTING 
Joanne Schneider  Santa Ana Regional Water Quality Control Board 
Gerry Thibeault  Santa Ana Regional Water Quality Control Board  
David Woelfel  Santa Ana Regional Water Quality Control Board 
Richard Meyerhoff CDM 
Don Schroeder CDM 
Dan Bounds (via conference call) CDM 
Chris Crompton County of Orange 
Gene Estrada County of Orange 
Amanda Carr County of Orange 
Rod Cruze Cruze Environmental 
Autumn DeWoody Inland Empire Water Keeper 
Karen Baroldi Orange County Sanitation District 
Jessica Chin City of Riverside 
Larry McKenney RBF (Consulting for County of Orange) 
Tim Moore Risk Sciences 
Bobby Gustafson San Bernardino City Water Dept. 
Matt Yeager San Bernardino County 
Mark Norton Santa Ana Watershed Project Authority 
Jeff Beehler Santa Ana Watershed Project Authority 
Nikki Wibert Santa Ana Watershed Project Authority 
Dawna Munson Santa Ana Watershed Project Authority 

 
Introductions & Opening Comments 
 

The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the participants. 
 
Dave Woelfel said that the CEQA document has been completed and has been sent to management for review.  
 
Task Force Meeting Summary 
 

1.   Finalize Strawman Language: 
The final strawman language was distributed to the Task Force.  Tm Moore will present it to the Regional Board tomorrow.  
He noted the following minor changes to the strawman: 
 
• Page 3: added a placeholder for footnote 1 where controllable vs. uncontrollable factors will be. 
• Page 6, Footnote 2:  reworded for clarity; however, he noted that it would be better to illustrate it through a picture or 

an example.  Discussion ensued as to methods for illustrating the concept in a quantitative way.  
 
2.   Class-A vs. Class-B Definition Categories 
Tim Moore distributed a handout showing Monte Carlo probability graphs for E. coli and fecal coliform using 
high and low flow conditions within an example compliant data set.  Those high and low conditions have been 
categorized as Class A and Class B.  Discussion ensued on the graphs and some alternative methods for using 
different geometric means, and the potential for correcting the error in the existing guidance document by using 
“or” in place of “and”. 
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Autumn DeWoody led the discussion as to categorizing some of the subcommittee’s current list of water bodies 
as either Class-A or Class-B.  The subcommittee has made much progress naming some of the water bodies on 
the list.  
 
3.   Review Proposed Definitions of “Controllable vs. Uncontrollable Sources” 
Karen Baraldi said the list was revised at the last meeting. Aerial Deposition has been added to the 
uncontrollable list.  Per the group’s suggestion, the Committee will make changes to the document as follows: 
• List the sources that are controllable first, and then list the uncontrollable sources second.  
• Delete the text as to including runoff from roadways, etc. to avoid confusion.   
• Change Santa Ana Watershed, to Santa Ana Region as was done on the strawman. 
 
4.   Finalize UAA Template 
Larry McKenney noted that this template is critically important to the overall tasks.  Tim Moore distributed for 
discussion the handout, Template for UAA Tech Reports.   
 
CDM will have the draft template for review at the next meeting. 
 
5.    Discuss Approach for Completing 13241 Analysis 
Tim Moore referred to the handout, California Water Code and briefly reviewed what the subcommittee did.  
Discussion ensued on a few of the points.  
 
6.    Review Schedule (including Peer Review Requirements 
Joanne Schneider updated the group as to the schedule for Peer Review requirements.  She will continue trying 
to clarify to the State Board the level of peer review, if any. 
 
7.    Other Sub-Committee Progress Reports: 
 

A. Monitoring Program – Matt Yeager distributed an outline of the Compliance Monitoring Program, 
briefly reviewing each of the outline’s sections, and he updated the group as to the subcommittee’s 
progress.   

 
B.   High Flow Suspension – No action was taken. 

 
Adjourn 
 

The next meeting is scheduled for Thursday, April 23, 2009 at 1:30 p.m.   
 
The meeting adjourned at 1:20 p.m. 
 
 
 



 
STORMWATER QUALITY STANDARDS TASK FORCE 

 
MEETING SUMMARY 

 
April 24, 2009 

 
PARTICIPANTS REPRESENTING
Joanne Schneider  Santa Ana Regional Water Quality Control Board 
Gerry Thibeault  Santa Ana Regional Water Quality Control Board  
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Hope Smythe  Santa Ana Regional Water Quality Control Board 
Don Schroeder  CDM 
Richard Meyerhoff CDM 
Dan Bounds (via conference call) CDM 
Chris Crompton County of Orange 
Stuart Goong County of Orange 
Amanda Carr County of Orange 
Gene Estrada County of Orange 
Karen Baroldi (via conference call) Orange County Sanitation District 
Rod Cruze Cruze Environmental 
Autumn DeWoody Inland Empire Water Keeper 
Jason Uhley County of Riverside 
Jessica Chin City of Riverside 
Larry McKenney RBF (Consulting for County of Orange) 
Tim Moore Risk Sciences 
Bobby Gustafuson San Bernardino City Water Co. 
Matt Yeager San Bernardino County 
Mark Norton Santa Ana Watershed Project Authority 
Jeff Beehler Santa Ana Watershed Project Authority 
Dawna Munson Santa Ana Watershed Project Authority 
 
Introductions & Opening Comments 
 

The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the participants. 
 
Joanne Schneider noted that with respect to the single sample maximum, this Task Force is proposing two 
categories instead of four, and because of that change, a peer review is required. The State Board is interested in 
the peer review being done mainly because of the Task Force’s unique proposal.  Consequently, there is special 
interest that every detail is in place.  Currently, it looks like the peer review must be done due to the SSM values 
as listed in Table 3.  This Task Force needs to move forward and pull together our staff report, and prepare a 
peer review request letter. 

 
Task Force Meeting Summary 
 

Larry McKenney reorganized the agenda to accommodate time schedules, as reflected below. 
 
2.   UAA Technical Report - Progress 
Richard Meyerhoff distributed a preliminary draft of the UAA Technical Report.  The Task Force needs to start 
fleshing out the outline.  Dan Bounds reviewed the sections of the report.  He asked that any comments on the 
structure of the document be provided to him by May 5. 
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3.   Use of Survey Images to Support High Flow Suspension 
As previously requested by the Task Force, Richard Meyerhoff presented a PowerPoint display of the survey 
images at the San Diego Creek site. 
 
4.    Review Final Definitions of Controllable vs. Uncontrollable Sources 
A definition sheet was distributed regarding the controllable and uncontrollable bacteria sources.  Karen Baroldi 
asked the group to review the sheet and provide comments.  A suggestion was made to add to the controllable 
sources list:  failing subsurface disposal systems for sanitary waste. 
 
5.   Summary of Regional Board Presentation: 
Tim Moore reviewed his presentation to the Regional Board last month.  The only significant change for the 
Board was the REC-2 category; however, the Board’s reception was positive and it appeared that the Board was 
eager for the Task Force to bring forth the final submittal.  He also discussed with the Board their range of 
discretion and that there is a State compliance decision that needs to be made.   
 
6.   Discussion of Alternatives for REC-2 Objectives 
Tim Moore reviewed the compliance graphs for REC-2 and the handout “Alternatives for REC-2 Objectives”, 
which provides the options and pros and cons for each alternative.  He also introduced an Option 6, which was 
not listed on the page.  Discussion ensued.  Tim Moore will provide some real world data sets. 
 
Extensive discussion ensued on having a numeric objective for REC-2.  The final suggestion being considered 
by the Task Force is to delete the use protection objectives for REC-2 (2,000/4,000 numbers). For those streams 
that may be downgraded to REC-2 from REC-1, the UAA will include this anti-degradation analysis. And if the 
data is available, we would be establishing an antidegradation objective in lieu of setting a numeric bacterial use 
protection objective.  So if the geomean is 800, then that becomes the bacterial objective for the REC-2 
category, thus the new REC-2 objective, as a matter of antidegradation.  It would be based on site-specific data.  
If site-specific data is unavailable, then it would be established that data is available from other similar sites 
within that range. 
 
7.    BMP Subcommittee Report 
Chris Crompton introduced Stuart Goong, who distributed for discussion and review, a table summarizing 
stormwater bacterial BMPs. This table will be useful in preparing a 13241 analysis for a UAA.   
 
8.    Schedule Issues 
The Task Force has one week to make any comments on the UAA structure.  Comments are to be sent to CDM, 
and a copy emailed to Jeff Beehler. 
 
June 18 is the due date for reviewing the Santa Ana Delhi UAA Draft.  
 
Adjourn 
The next meeting is scheduled for Thursday, May 21, 2009 at 9:30 a.m.   
 
The meeting adjourned at 1:10 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 

 
MEETING SUMMARY 

 
May 21, 2009 

 
PARTICIPANTS REPRESENTING 
Joanne Schneider  Santa Ana Regional Water Quality Control Board 
Gerry Thibeault  Santa Ana Regional Water Quality Control Board  
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Hope Smythe  Santa Ana Regional Water Quality Control Board 
Don Schroeder  CDM 
Richard Meyerhoff CDM 
Dan Bounds (via conference call) CDM 
Amanda Carr County of Orange 
Karen Baroldi  Orange County Sanitation District 
Susan Paulson Flow Science 
Autumn DeWoody Inland Empire Water Keeper 
Jessica Chin City of Riverside 
Valerie Housel City of San Bernardino MWD 
Larry McKenney RBF (Consulting for County of Orange) 
Tim Moore Risk Sciences 
Bobby Gustafuson San Bernardino City Water Co. 
Matt Yeager San Bernardino County FCD&WCD 
Mark Norton Santa Ana Watershed Project Authority 
Jeff Beehler Santa Ana Watershed Project Authority 
Dawna Munson Santa Ana Watershed Project Authority 
 
Introductions & Opening Comments 
 

1. The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the participants. 
 
Dave Woelfel reported that the CEQA document still is being reviewed by State Board management and that 
they don’t know yet when it will be released. 
 
Task Force Meeting Summary 
 

2.   Recreational Use Survey Update 
 

Richard Meyerhoff provided an update on the recreational use survey.  The Chino Creek site is now shut down, 
and the Demens Channel site was finished in February. It was noted that we have 6,000 images in warm 
weather. There was discussion as to whether or not to shut down the cameras at the other sites. It was decided to 
run the survey for another month.  There has been a lot of activity at San Diego Creek at Lake Road. 
 
3.   Draft Santa Ana Delhi UAA Report 
 

 The UAA report has been updated since the last meeting and CDM has addressed all the comments.  It’s 
now out again for comments in the next phase.  Regarding getting historic information, CDM obtained 
access to an EIR that was done and it has been incorporated into this document and referenced.  The water 
quality has been updated to December 2008, and the flow data also has been brought up to date.  

  
 Section one will need to be redrafted at some point. 
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 CDM will take any comments today, and for the next two weeks. 
 
 Joanne Schneider will discuss some editorial comments with Richard Meyerhoff.  She noted that there is no 

specific reference to historic use, and also believes that an explanation of our intent should be included -- 
that we intend to put out the document, and if we receive any information, it will be considered.  Our intent 
of filling in the recommendations needs to at least be acknowledged.  The Task Force concurred.   

 
 The Task Force also concurred that the recommendations in Section 6 should be removed, and CDM will 

not draw conclusions.  As these are findings of fact, linking facts to argument in recommendations should be 
avoided.  However, the recommendations will be kept as to what one would look at in triennial reviews to 
see if whether or not it changed. 

 
 Discussion ensued regarding the tributary rule (page 2-1) and the presumptive REC-1 and REC-2 use with 

regard to specific channels. The Task Force concurred that it is prudent to not mention the tributary rule. 
 
 It was noted that there needs to be more discussion as to terminology.  There is new terminology about 

water contact events, and there also are terms as to water contact activity and non-contact activity.  Richard 
Meyerhoff noted that CDM needs to work with Joanne Schneider as to the best, most consistent 
terminology. 

 
 Joanne Schneider noted that the antidegradation section needs clarification as to what objectives would 

apply if a beneficial use designation change were to be made.   
  
 Any other comments need to be turned in to Richard Meyerhoff by June 4, 2009. 
 
 Richard Meyerhoff asked about moving forward on the other UAAs that need to be done and the timing of 

how the documents should come together.  The Task Force concurred that CDM is on track and should 
proceed.  CDM will move parallel with the other UAA documents while taking comments and doing clean 
up.  

 
4.    13241 Report Outline 
 

 Tim Moore said that some of the responsibilities for the report have been reassigned for 
efficiency/expediency. CDM will revert to their technical support role, and Tim Moore will undertake the 
primary authorship responsibilities of the 13241document.  Tim Moore has requested of CDM a list support 
documentation he needs, and he will write the argument as to evaluating compliance and making 
recommendations.  

 
 CDM is working on the economic analysis of compliance, and Tim Moore is structuring the individual 

13241 factors.  He distributed the most recent summary CDM has supplied with regard to our analysis of E. 
coli and fecal coliform data coming out of the current TMDL work—the Middle Santa Ana River TMDL 
report; what we’re presently obtaining. He reviewed the implications of some of the numbers on the 
summary sheet.   

 
 Extensive discussion ensued as to defining an antidegradation threshold, doing an antidegradation analysis 

as an alternative, and the ramifications of not having an antidegradation standard for REC-2 objectives.  It 
was proposed to remove the existing numeric objective for REC-2 and to rely on an antidegradation 
objective of 2,000. The implications were discussed as to reaching a decision for what numbers should be 
used, the E coli objectives applying to both REC-1 and REC-2 waters, and the UAA process where water 
quality conditions need to be addressed.  The group also needs to decide how this will be written into the 
staff report and basin plan amendment.  
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 It was proposed to remove the 2,000/4,000 numbers as water quality-based standards and propose one or 
more defaults, to the extent that we can identify them based on dry weather/wet weather, as the 
antidegradation gate keepers, with the presumption that if someone feels that their numbers should be 
different, they will have the opportunity to make that demonstration.   Extensive discussion ensued as to the 
proposal and defining the method.  Joanne Schneider noted that the Task Force will make recommendations, 
but also has the obligation to identify potential alternatives, as well as to make suggestions.  One of them 
might be the analysis of what it may cost to get to 126 in comparison to what it may cost to get to a higher 
risk level.  It may be a compelling argument to accept the higher risk.   

 
 The method used for a data set approach needs to be written into the basin plan.  It was agreed that it is 

useful to describe the methodology for the antidegradation approach.   Tim Moore will have a complete 
outline for the 13241 report.  CDM will be working on additional UAA documents and providing Mr. 
Moore with updated TMDL information. 

 
Adjourn 
 

The meeting adjourned at 12:40 p.m. 
 
The next meeting is scheduled for Thursday, June 18, 2009 at 9:30 a.m.   
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STORMWATER QUALITY STANDARDS TASK FORCE 

 
MEETING SUMMARY 

 
July 9, 2009 

 
PARTICIPANTS REPRESENTING
Joanne Schneider (via conference call) Santa Ana Regional Water Quality Control Board 
Gerry Thibeault  Santa Ana Regional Water Quality Control Board  
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Hope Smythe  Santa Ana Regional Water Quality Control Board 
Richard Meyerhoff CDM 
Dan Bounds (via conference call) CDM 
Thomas Lo CDM 
Amanda Carr County of Orange 
Chris Crompton County of Orange 
Karen Baroldi  Orange County Sanitation District 
Jim Colston Orange County Sanitation District 
Susan Paulson Flow Science 
Autumn DeWoody Inland Empire Water Keeper 
Jessica Chin City of Riverside 
Larry McKenney RBF (Consulting for County of Orange) 
Tim Moore Risk Sciences 
Bobby Gustafuson San Bernardino City Water Co. 
Matt Yeager San Bernardino County 
Albert Martinez San Bernardino County Flood Control District 
Mark Norton Santa Ana Watershed Project Authority 
Jeff Beehler Santa Ana Watershed Project Authority 
Dawna Munson Santa Ana Watershed Project Authority 
 
Introductions & Opening Comments 
 

1. The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the participants. 

 
REC-1 Standards Roundtable:  There is no information to report at this time. 
 
Draft MS4 Permit Discussion:  Tim Moore noted that the Draft MSR permit for San Bernardino recently came 
out and Riverside County’s will be out shortly.  Both permits now have the language from the bacterial TMDL 
inserted.  The permits impose the current water quality objectives for fecal coliform and a ten-percent safety 
factor into the permit as numeric effluent via the wasteload allocation process.  He reviewed the target dates and 
noted that the Middle Santa Ana River TMDL Task Force is working on this as well as the San Bernardino 
County MS4 Task Force.  Tim Moore wanted the Task Force to be aware of how the groups overlap one 
another, and the reasons for the urgency in completing the stormwater quality standards process. 
 
Scheduling:  Some meeting dates may need to be changed due to the Regional Board’s revised schedule and 
furlough days.  Discussion ensued about the February deadline, and the value of having members of this Task 
Force at the August 3 workshop to talk about the TMDL issue. 
 
Draft Surface Water Ambient Monitoring Plan – Scoping Meeting:  Mark Norton distributed an agenda for 
the July 13 Scoping Meeting for Surface Water Ambient Monitoring Plan for the Santa Ana Region (SWAMP), 
which is required annually.  A plan has been drafted by Regional Board staff and they would like this Task 
Force’s input, as this data will be used for future assessments.  Tim Moore will attend the meeting. 
 



 2

Additional Agenda Item/Informational: Dave Woelfel and Autumn DeWoody did some additional E. coli 
sampling of Lake Norconian, the Delhi Channel at Sunflower, and the Gardens at Segerstrom. The Task Force 
reviewed the data. 
 
Task Force Meeting Summary 
 

2.   Recreational Use Survey Update (CDM) 
 

CDM updated the group on the two active cameras – Anza Channel and San Diego Creek.  There were some 
camera issues in May that have been fixed. The San Diego site camera is operating well; the Chino Creek survey 
was finished May 23.  CDM briefly reviewed the survey report updates, all of which are posted on SAWPA’s 
Website.  It was noted that there was a lot of activity at Chino Creek, even though it is not easy to access. 
 
3. Use Attainability Analysis Update and Revised Santa Ana Delhi UAA (CDM) 
 

Dan Bounds said a revised version of the technical report for the Santa Ana Delhi UAA has been put on the 
SAWPA Website.  There were some slight modifications to Reach 1; a section was added, “Expected 
Improvement in Water Quality from BMP Implementation, additional future potential use information, and 
placeholders for any modifications necessary for linking it to the staff report. He recommended that everyone 
review it. He updated the Task Force on the report.  Discussion ensued on categorizing some of the reaches and 
micro-reaches. 
 
Joanne Schneider commented that there are some minor wording changes on the current draft that she’ll provide 
to Dan Bounds.  Regarding the existing uses, there still remains the question of historic activity. We need to 
acknowledge that the existing use question hinges not only on evidence of current or recent recreational activity, 
but also on whether or not that activity took place since November 1975; at least acknowledge that efforts have 
been made to identify relevant information and historic use, and report on the findings.  She also suggested 
sending the UAA support document out as part of the package, discussing specific issues as part of our CEQA 
scoping to elicit any relevant, reliable information from interested parties.  
 
On page 4-1, there are five UAA factors listed, but the fifth factor isn’t listed because it pertains to the question 
of aquatic life protection.  Joanne Schneider suggested listing that factor, but providing a footnote indicating 
why it doesn’t apply to consideration of changes in recreation standards. 
 
On page 5-1, Joanne Schneider suggested that the antidegradation analysis be a part of the staff report, but not 
part of the UAA Report.  The Task Force concurred. The report looks good other than some of the minor 
changes. 
 
The Task Force concurred that a table or list is needed within the report showing what has been done for each 
project, such as CEQA, permits, easements, funding, etc.  
 
In Section 2-1 regarding the REC-2 definition, it was suggested to add a phrase saying “as currently defined” in 
the basin plan and list the REC-1 and REC-2 definitions, and then add a footnote indicating that these 
definitions are being reviewed and may change.  
 
Page 2, second paragraph on ground water, groundwater management zone is the terminology now being used. 
 
Any comments need to be sent to Dan Bounds within the next two weeks. 
 
4. Other UAA Locations (CDM) 
 

Dan Bounds said that the UAA drafts are underway for three other reaches: Greenville Banning Channel, 
Temescal Creek’s two reaches, and Cucamonga Creek from Hellman Avenue to Deer Creek.  CDM is focusing 
on channel characterization and obtaining field information at this point.  They will be contacting the city and 
county agencies for further information and historical use information as discussed by this Task Force.  CDM 
will have drafts for these other three by the next meeting. 
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5. Draft Staff Report (Risk Sciences) 
Tim Moore distributed the Draft Outline: Staff Report for Proposed Basin Plan Amendments.  This is the first 
cut of the outline he is using to write the basin plan amendment proposals. He used old basin plan amendments 
and staff reports for a template.  Each section includes what’s proposed, the rationale, and the alternatives 
considered. Mr. Moore reviewed each section to test the arguments, and get Task Force comments and approval. 
 
The draft first provides some background as to how the system works.  Section II is an explanation of water 
quality standards, State implementation strategies, and the review process.  Section III is a summary of current 
water quality standards to protect recreational uses, divided into subsections.  
 
It was noted that Section 3A needs to include the MUN use. 
 
In Section III-E, 6e, Tim Moore will summarize the recommendations. 
 
In Section IV, recreational use definitions, Tim Moore reminded the group that we will clarify that we are not 
changing anything that is substantive meaning of a definition, but using different words to be more precise so 
it’s less prone to misinterpretation.  In order to use the criteria that EPA intended, we need to make sure that our 
definitions align with theirs; we’re creating equivalency, and this is consistent with the most common approach 
used in most states. 
 
Section IV-D will explain the range of alternative approaches that were considered, and why the Task Force 
ultimately abandoned the alternatives. 
 
Section IV-E makes the formal recommendation for each section, and then includes the revised text at the end.  
 
Section V covers what should be the pathogen indicator objective for REC-1, describes the current objectives, 
describes proposed objectives, and gives the rationale for recommended objectives.  Tim Moore reviewed the 
rationale and the narrative objectives. Discussion ensued on controllability and consistency with 13241 factors.   
 
It was noted that rather than talking about surrogate indicators for pathogens, it should be recognized as a 
statistical relationship between the presence of the indicators of human sources and illness.   Also, the rationale 
needs to be included for both the E. coli and the fecal coliform objectives. 
 
Section V-E1 through E4 explains risk tolerances. It should be noted that this comes as close to zero as possible. 
 
Section VI covers what we’re going to propose for REC-2.  We are deleting the fecal coliform objectives as use 
protection thresholds, and explaining the rationale.  
 
A placeholder will be inserted on Section V-4 acknowledging that EPA is working on this, particularly the 
secondary contact, and it’s on the radar to reconsider numeric REC-2 objectives for pathogen indicators when 
the EPA makes its recommendation. 
 
Section VI-F, Tim suggested preparing a completely separate outline for 13241; it could be done as an appendix. 
 
Discussion ensued about the need for an Implementation Section, having a guide for the division of 
responsibility, and which pieces need to be incorporated into the Basin Plan formally.   

 
Adjourn 
 

The meeting adjourned at 1:10 p.m. 
 
The next meeting is scheduled for Thursday, August 7, 2009 at 9:30 a.m.   
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STORMWATER QUALITY STANDARDS TASK FORCE 

 
MEETING SUMMARY 

 
August 27, 2009 

 
PARTICIPANTS REPRESENTING
Joanne Schneider   Santa Ana Regional Water Quality Control Board 
Gerry Thibeault  Santa Ana Regional Water Quality Control Board  
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Hope Smythe  Santa Ana Regional Water Quality Control Board 
Richard Meyerhoff CDM 
Amanda Carr Orange County Watersheds 
Maryanne Skorpanich County of Orange 
Susan Paulsen Flow Science 
Autumn DeWoody Inland Empire Water Keeper 
Ray Hiemstvia Orange County Costkeeper 
Chandra Johanesson City of Riverside 
Jessica Chin City of Riverside 
Larry McKenney RBF (Consulting for County of Orange) 
Tim Moore Risk Sciences 
Valerie Housel San Bernardino City Water Co. 
Matt Yeager San Bernardino County 
Jason Uhley San Bernardino County Flood Control District 
Mark Norton Santa Ana Watershed Project Authority 
Jeff Beehler Santa Ana Watershed Project Authority 
Sara Villa Santa Ana Watershed Project Authority 
 
1.   Introductions & Opening Comments 
 

The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, CA at 9:45a.m. Brief introductions were made by the participants.  
 
2.  Technical Task Update (CDM) 
  

Richard Meyerhoff said he will present a draft of the results from the two cameras at the next meeting, as well as 
give an update on any visual of activity, as they are in the process of wrapping up the last two sites.   He noted 
that they are working with the counties and cities to gather information for the probable future use section of the 
report.  Mr. Meyerhoff stated that they have chosen not to post them at this time simply because it is still being 
worked on. If anyone wants to go in and review, send an email to Jeff to post the documents as they are. 
 
Tim Moore provided the Task Force with business cards reflecting his updated contact information.   
 
3.  Revised Implementation Section – Follow-Up (Risk Sciences) 
Tim Moore provided handouts entitled “Conceptual Implementation Plan” and “Elements of the Conceptual 
Surveillance Plan”. Discussion ensued on each section of the handouts. Mr. Moore stated that after discussion 
on the handouts and edits/corrections to the text, he will provide a draft with the changes at the next meeting.  
 
A handout entitled “Anti-backsliding Questions” also was discussed. He requested a copy of any information 
that Task Force members may have on the anti-backsliding issue.  
 
Mr. Moore provided a letter written by Garry Brown of Orange County Coastkeeper regarding Implementation 
Axioms for Pathogen Indicator Bacteria, dated August 24, 2009. He asked that the letter be reviewed for 
discussion at the next meeting.  
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Adjourn 
 

The meeting adjourned at 12:46 p.m. 
 
The next meeting is scheduled for Thursday, September 24, 2009 at 9:30 a.m.   
 



 
STORMWATER QUALITY STANDARDS TASK FORCE 

 
MEETING SUMMARY 

 
September 24, 2009 

 
PARTICIPANTS REPRESENTING
Joanne Schneider (via conference call) Santa Ana Regional Water Quality Control Board 
Gerry Thibeault  Santa Ana Regional Water Quality Control Board  
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Hope Smythe  Santa Ana Regional Water Quality Control Board 
Richard Meyerhoff CDM 
Amanda Carr County of Orange 
Jim Colston Orange County Sanitation District 
Maryanne Skorpanich County of Orange 
Susan Paulson Flow Science 
Jessica Chin City of Riverside 
Jason Uhley Riverside County Flood Control District &WCD 
Albert Martinez Riverside County Flood Control District 
Larry McKinney RBF (Consulting for County of Orange) 
Tim Moore Risk Sciences 
Bobby Gustafuson San Bernardino City Water Co. 
Matt Yeager San Bernardino County 
Val Housel San Bernardino City Water Company 
Mark Norton Santa Ana Watershed Project Authority 
Jeff Beehler Santa Ana Watershed Project Authority 
Dawna Munson Santa Ana Watershed Project Authority 

 
Introductions & Opening Comments 
 

1. The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California. Brief introductions were made. 
 
It was announced that the next Task Force meeting will be held October 22nd at 1:30 p.m.  The group also 
concurred that the December 3rd meeting be changed to December 9that 9:30 a.m.  The November 5th meeting 
may be changed to November 12th; it will be further discussed at the October meeting. 
 

 
Task Force Meeting Summary 
 

2.   Technical Task Update: UAA & Recreational Use Survey 
 

Richard Meyerhoff provided a brief update on the recreational use camera survey.  He said that the UAA 
Technical Reports will start be posted next week on the Task Force Web site for everyone’s review and any 
comments.  No comments were received on the Demens or Chino surveys.  The last two surveys – San Diego 
Channel and Anza – will be ready soon.  The conclusion of sampling at these last two locations will mark the 
end of the camera survey.  
 
3.   Basin Plan Amendment (Risk Sciences) 

 

Tim Moore said that the Task Force has been working on the implementation section and the details are still 
being working out.  At the September meeting, he had distributed for Task Force review the comment letters 
received from Orange County Coastkeeper, and from Inland Empire Waterkeeper.   
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Ray Hiemstra summarized the Coastkeeper’s two main concerns. One is the how the REC-2 standard is going to 
work. They would like to comment on a written proposal. The second concern is that the MS4 process is being 
brought into this bacteria standards task force. Tim Moore began by summarizing what he believes the Task 
Force has agreed upon so far: 
 
REC-2:  The Task Force had concluded that it doesn’t have a technical scientific basis for establishing a water 
quality objective for REC-2, incidental contact recreation.  The Task Force doesn’t have the scientific basis to 
establish what the appropriate water quality numeric standard should be. The EPA is working on it and will 
develop it; therefore, we aren’t establishing a numeric bacteria standard for REC-2 specifically.  Instead, we will 
set the water quality objective to the level we consistently attain already, and won’t allow water quality to 
degrade from that level. A Resolution cannot be made unless you can make a demonstration that provides 
maximum benefit to the people of California, which we will not be doing in this process.  We’re at least holding 
the line on the number we’ve already achieved.    
 
Discussion ensued.  It was noted that each time an antidegradation value gets added to the REC-2 table, it is 
vetted through a public process. 
 
Tim Moore reviewed the process and noted that he will need to rework the Task Force schedule.  As requested, 
he also will prepare for the Task Force’s review a simplified bullet-point paper on what the Task Force is going 
to do.  He’ll prepare it as a strawman proposal for the Task Force to review at the November meeting. 
 
Tim Moore said that the Coastkeeper’s second issue was the relationship between the Task Force and the MS4 
permits.  Larry McKenney summarized the issue.    
 
Lengthy discussion ensued as to why it needs to be worked on concurrently in this Task Force; the process of 
overall task force efforts; having a clear number for REC-2; the potential for anti-backsliding arguments; the 
TMDL allocation and MS4 permit correlation; the permitting issues affecting the basin plan; challenging the 
permit and alternative ways to address the potential conflicts.    
 
The implementation of MS4 permits also was discussed in detail.  The Task Force discussed a legal challenge to 
the permits and followed by a request that the challenge be held in abeyance.  Gerry Thibeault stated that the 
idea of a “friendly” challenge to a permit may be a sound strategy for MS4 permit holders as it leaves their 
future options open. 
 
 

4. Implementation Plan: Economic Analysis (Risk Sciences) 
Tim Moore suggested deferring discussion on the implementation plan while discussions are going on about the 
MS4 permits.  The Task Force concurred. 
 
Larry McKenney asked for some discussion on the schedule, as it has become clear that it’s all not going to get 
done this year. The question was asked if it is realistic to think that the Task Force will have its amendments to 
the Board in March.  Tim Moore said he believes it is doable.  Tim Moore is writing the other pieces. The 
CEQA lead time also needs to be factored into the schedule. 
 
The Task Force discussed the OC Coastkeeper’s other comments about the implementation axioms, on a point-
by-point basis, and made changes to the implementation axioms.  The group concurred with these changes. 
 

 
Adjourn 
 

The meeting adjourned at 12:40 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 

 
MEETING SUMMARY 

 
October 22, 2009 

 
PARTICIPANTS REPRESENTING 
Joanne Schneider   Santa Ana Regional Water Quality Control Board 
Gerry Thibeault  Santa Ana Regional Water Quality Control Board  
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Richard Meyerhoff CDM 
Amanda Carr County of Orange 
Susan Paulson Flow Science 
Autumn DeWoody Inland Empire Waterkeeper 
Larry McKenney RBF (Consulting for County of Orange) 
Tim Moore Risk Sciences 
Jessica Chin City of Riverside 
Albert Martinez Riverside County Flood Control District 
Jason Uhley Riverside County Flood Control and WCD 
Bobby Gustafuson San Bernardino Municipal Water District 
Val Housel San Bernardino Municipal Water District 
Matt Yeager San Bernardino County Flood Control District 
Sandy Caldwell Southstar Engineering 
Jeff Beehler Santa Ana Watershed Project Authority 
Dawna Munson Santa Ana Watershed Project Authority 
 
Introductions & Opening Comments 
 

1. The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California. Brief introductions were made. 

 
Dave Woelfel reported that a CEQA document is being prepared for the State Board to update for State-wide 
REC use.  They will propose a Limited REC-1 use, and they’re considering a high flow suspension.  Comments 
from this Task Force are welcome. 
 
He also reported that Coachella Valley Water District is going to update REC use standards for 17 miles of the 
Coachella Valley storm drain to meet a TMDL.  They’ll update the REC-1 standards similar to the State 
Board’s.  Their management is suggesting a single sample maximum other than the most restricted one, and 
they’ll have a high-flow suspension for the channel.  They hope to go to their Regional Board to adopt this 
standard this year.  
 
Jeff Beehler reported that there is some concern about excessive use of the Santa Ana River because some of the 
beach areas of the river have become so popular, i.e. parking and restroom needs, etc.  The area of particular 
concern is at the end of Tyler Avenue. The issues are being addressed by the County.  It’s the first time there has 
been discussion of a formally endorsed beach area at the Santa Ana River. 
 
Task Force Meeting Summary 
 

2.   Technical Task Update (CDM) 
 

Richard Meyerhoff provided a brief overview of the latest REC use survey information.  All four documents 
will be posted on SAWPA’s Website for comment (www.sawpa.org).  If it’s easier to provide comment on a 
Word document, notify Jeff Beehler.  Comments are due November 20. The last two surveys were completed at 
the end of September and they’ll be posted in about two weeks, along with an updated all-survey summary.  He 
displayed a few photos of the San Diego and Anza Channels showing some people in the channels. 
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3.  Economic Analysis Scope (Risk Sciences) 
Tim Moore said David Sunding has been subcontracted to do the economic impact analysis to help with the 
13241 review.  He briefly reviewed the process that’s being considered to complete the analysis. Larry 
McKenney summarized that they’ll discuss costs, health benefits, and loading.  The analysis should be ready by 
December 2009. 
 
4.  Discussion of MS4 Permits and Task Force Efforts (Risk Sciences) 
Tim Moore said he wants to keep the Middle Santa Ana River TMDL Task Force and this Stormwater Quality 
Standards Task Force in sync. He also wanted to clarify some of the current permitting issues. The new permits 
require compliance with the wasteload allocations in the TMDL.  We need to address the implementation of the 
permits to make sure they dovetail with the Task Force effort.  The expectation is that we will find a way to 
obtain the water quality standards by 2015. 
 
The issue is that we agreed as a group to do the economic analysis to the best of our ability and address it on a 
case-by-case basis.  We need to assure that that is clearly recognized.   Joanne Schneider noted that two issues 
that need resolution are anti-backsliding and the numeric effluent limits; we will need a numeric effluent limit.  
Discussion ensued. 
 
Tim Moore summarized that this item is informational only; there is no resolution of this issue today as there is 
ongoing discussion.  
 
5.  Schedule Discussion (Risk Sciences) 
Tim Moore distributed the current Task Force schedule, and asked for any input in revising the schedule.  
Joanne Schneider said that she will draft up a new schedule for the Task Force to review at the next meeting. 
 
Jeff Beehler asked for the Task Force’s feedback as to having a CEQA scoping meeting in January.  The Task 
Force will discuss the schedule more at the next meeting, as well as provide some solid dates for the scoping 
meeting. 
 
6.   Talking Points for Upcoming Regional Board Update Presentation 
Tim Moore asked the Task Force for any input as to any other talking points for the update presentation before 
the Regional Board. He noted that the specific MS4permitting issues will not be reviewed at that time.  The 
Regional Board meeting is tomorrow, October 23rd. 
 
Adjourn 
 

The meeting adjourned at 4:05 p.m. 
 
The next meeting is scheduled for Thursday, November 5, 2009 at 9:30 a.m.   



 
STORMWATER QUALITY STANDARDS TASK FORCE 

 
MEETING SUMMARY 

 
November 5, 2009 

 
PARTICIPANTS REPRESENTING
Joanne Schneider (via conference call) Santa Ana Regional Water Quality Control Board 
Gerry Thibeault  Santa Ana Regional Water Quality Control Board  
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Hope Smythe  Santa Ana Regional Water Quality Control Board 
Don Schroeder CDM 
Dan Bounds (via conference call) CDM 
Chris Crompton County of Orange 
Ray Hiemstra Orange County Coast Keeper 
Autumn DeWoody Inland Empire Water Keeper 
Susan Paulson Flow Science 
Jessica Chin City of Riverside 
Jason Uhley Riverside County Flood Control and WCD 
Albert Martinez Riverside County Flood Control and WCD 
Mike Shetler Riverside County 
Larry McKenney RBF (Consulting for County of Orange) 
Tim Moore Risk Sciences 
Bobby Gustafuson San Bernardino City Water Co. 
Matt Yeager San Bernardino County 
Mark Norton Santa Ana Watershed Project Authority 
Jeff Beehler Santa Ana Watershed Project Authority 
Dawna Munson Santa Ana Watershed Project Authority 
 
Introductions & Opening Comments 
 

1. The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the participants. 

 
Task Force Meeting Summary 
 

2.   Task Force Updates 
 

Dave Woelfel reported that the CEQA document is still under review and should be ready in January.  
 

Joanne Schneider said that the Task Force‘s presentation before the Regional Board went well. She also noted 
that as to discussions with EPA and the SWRCB regarding anti-backsliding policy, they’ve begun to review the 
issue in detail, but there is no information to report at this time. 
 
3.  REC-2 Implementation and Anti-backsliding (Risk Sciences) 
Tim Moore distributed the handout, Revised Conceptual Implementation Plan for review. He reiterated that it’s 
a revised implementation plan and that it’s conceptual.  He briefly reviewed the tasks as a whole, the responsible 
agencies, and the schedule.  
 
The Task Force reviewed the second handout, Calculating Ambient Bacteria Concentration to Establish Anti-
Degradation Objectives.  Tim Moore outlined the premises for discussion. 
 
Extensive discussion ensued about arriving at antidegradation objectives for REC-2; the potential for using 
rebuttable default values; varying from the default based on site-specific data; using a numeric range instead of a 
single sample number; establishing antidegradation objectives based on a geomean; using the traditional 
equation-based objective setting approach; the EPA procedure for estimating maximum expected concentration; 
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choosing an approach using a watershed-scale evaluation; and using a reach-by-reach approach.. Joanne 
Schneider suggested that in terms of getting the Basin Plan Amendment process completed and hopefully 
approved in the near future, the Task Force is more likely to be successful with identifying the algorithm as we 
go along in site specific UAAs, rather than trying to document validity of a default value.  When we get to an 
individual UAA, we’ll most likely do an analysis to confirm whether or not that default was appropriate.  The 
Task Force concurred that for now, trying to create a default may create more work that ultimately may not 
strengthen the potential for approval.   
 
Tim Moore summarized from the discussion that there is general agreement that we can use EPA’s logarithm 
distribution technique from Appendix E of their guidance, allowing that some adjustment may be necessary for 
extreme values.  We’ll then divide warm and cold, and exclude wet weather conditions. The result will be a 
baseline dry weather number for warm seasons and cold seasons that’s site specific.  Some discussion ensued as 
to using the same method for both dry weather and wet weather flows. 
  
Tim Moore distributed the handout, Data Analysis Report – Results and Analysis (attached). This document 
came from the report CDM prepared for the Middle Santa Ana River TMDL Task Force, and is posted on the 
SAWPA Website. The group first reviewed Tables 5-10 and 5-11 showing statistical distribution (cfu/100 mL) 
of bacterial indicators for all sites during the warm months and cool months, with and without regard for 
location or flow conditions, respectively.  The dry/wet seasons are used for flow value, and the warm/cool is 
used for seasonality. Discussion ensued regarding the statistical tables in the document. 
 
 
4.  Risk Sciences Scope of Work (Risk Sciences) 
Tim Moore distributed two handouts: Option 2 – January 2010 CEQA Scoping Meeting, and the Schedule of 
Deliverables (attached).  He reviewed the schedule.  Joanne Schneider noted that we it’s a very ambitious 
schedule and the June 10 hearing date may need to be pushed back.   Mr. Moore noted that the Task Force will 
make more progress once the draft documents are on the table to edit. 
 
Jeff Beehler reminded the group that the CEQA Scoping Meeting will be held at SAPWA January 28, 10 a.m. – 
12:00 p.m. 
 
 
Adjourn 
 

The meeting adjourned at 12:40 p.m. 
 
The next meeting is scheduled for January 7, 2010 from 9:30 a.m.  – 2:30 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 

 
MEETING SUMMARY 

 
January 7, 2010 

 
PARTICIPANTS REPRESENTING 
Joanne Schneider (via conference call) Santa Ana Regional Water Quality Control Board 
Gerry Thibeault  Santa Ana Regional Water Quality Control Board  
Dave Woelfel (via conference call) Santa Ana Regional Water Quality Control Board 
Hope Smythe  Santa Ana Regional Water Quality Control Board 
Richard Meyerhoff CDM 
Steven Wolosoff CDM 
Dan Bounds (via conference call) CDM 
Susan Paulson Flow Science 
Maria Elena Kennedy Quail Valley Task Force 
Chris Crompton County of Orange 
Maryanne Skorpanich County of Orange 
Ray Hiemstra Orange County Coast Keeper 
Marsha Westropp Orange County Water District 
Autumn DeWoody Inland Empire Water Keeper 
Kevin Street City of Riverside 
Albert Martinez Riverside County Flood Control and WCD 
Larry McKenney RBF (Consulting for County of Orange) 
Tim Moore Risk Sciences 
Bobby Gustafuson San Bernardino City Water Co. 
Matt Yeager (via conference call) San Bernardino County 
Val Housel City of San Bernardino MWD 
Sandy Caldwell Southstar Engineering 
Jessica Chin Consultant 
Rod Cruze 
Jeff Beehler Santa Ana Watershed Project Authority 
Dawna Munson Santa Ana Watershed Project Authority 
 
Introductions & Opening Comments 
 

The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the participants. 
 
Task Force Meeting Summary 
 

Task Force Updates 
• Joanne Schneider said that according to State Board staff, the questions specific to the Task Force continue 

to be in management review, and that process has been slowed by the furloughs. 
• The CEQA Scoping Meeting is scheduled for January 28th from 10 a.m. – noon at SAWPA. 
 
Technical Task Update (CDM) 
Dan Bounds asked if the four technical tasks and recreational use survey (DeAnza and San Diego Channels) 
information on the Website is at a point where CDM can finalize the document.  It was agreed that everyone has 
until January 21 to comment.  It will be finalized after that. 
 
Task Force Staff Report (Risk Sciences) 
Tim Moore said the Draft Staff Report will be ready to present at the CEQA hearing on the 28th.  The 
implementation plan and a portion of the monitoring plan will be ready next week. The 13241 section will be 
done last, after the CEQA Scoping Meeting, to allow for comments and input.   
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He suggested providing as appendices items such as CDM’s Report and a chronological view of the science 
behind how the group arrived at the objectives.  The Staff Report will serve as a summary and then will 
reference the original science/appendices. It’s also important is to cite the EPA Bacteria Implementation 
Guidance of 2004. 
 
He reviewed his goals for preparing the Draft Staff Report for the Regional Board, as well as formatting 
considerations and how to best layout the arguments.  He said that then perhaps the Regional Board could take it 
from that point. Joanne Schneider suggested that CDM is better positioned to detail how we arrived at high flow 
suspension criteria.  She continued that the report also needs an explanation of the technical basis for how we 
reached the consensus (for clarity), and the documentation.  It’s critical that people understand the health risks 
related to gastro-intestinal illness.  We can encapsulate the scientific basis of the objectives in CDM’s report and 
refer to it, but everyone needs to understand the scientific basis of health risk decisions.   
 
It also would be helpful to have greater discussion of the Task Force process, including consideration of 
scientific basis, studying what other states have done, reviewing beneficial use designations, and whether or not 
the underlying uses of REC-1 were accurately portrayed. All this led us to look at beneficial use designations 
and a host of other considerations and studies.  She noted that this Task Force should take credit for the 
remarkable work it has done, and should lay it all out even if it means making the staff report more voluminous.  
There are many components that need to be addressed, but all the decision points need to be thoroughly 
explained. CDM needs to focus on high flow suspension and make a compelling case for why we arrived at the 
high flow suspension criteria – explaining the different considerations that led us through our thought process.  
Organizationally, she suggested including regulatory background for those not as familiar with it, and then the 
Task Force summary of its formation, activities, ground rules, and cross references to reports.  
 
Extensive discussion ensued on formatting the report and assuring that it is thoroughly documented and 
referenced to make a strong case for why the objectives should be changed.  An Executive Summary will be 
prepared after it’s assembled for those who don’t want to delve into all the details and process.  In terms of the 
actual amendments, the group concurred that the place to start the narrative is with the objectives. 
 
It was agreed that before Tim Moore turns over the report to Joanne Schneider, he will do another revision that 
will reflect the input from today’s meeting as to more detailed descriptions of the overall process, organization 
of the text, the task force process and activities, and allow him to receive feedback on the best use of the 
appendices and/or other particular issues.  CDM will lend their technical support, particularly with high-flow 
suspension.  Tim Moore noted the importance of getting each foundational principal of the report in the logical 
order before proceeding with writing the next sections.  Richard Meyerhoff and Tim Moore will discuss the best 
way to get the outline done.  A suggestion was made to include site specific data. 
 
Joanne Schneider will prepare the outline and will put together the water quality standards section.  Richard 
Meyerhoff suggested that when writing the outline, to note places that may call out for graphics. 
 
Tim Moore reviewed the remainder of the draft staff report, noting that page five lists the most salient 
recommendations.  He queried the group as to consensus on the topics, and asked for any comments.  The Task 
Force suggested some changes in the Summary of Recommendations: 
 

No. 2: delete words “believed to be” 
No. 5: more detail is needed 
No. 12: clarification is needed regarding TMDLs: Where there are additional bacteria-related TMDLs, we would 
consider revisions to this comprehensive monitoring plan to address any needs that may arise.   
 
Discussion ensued on some of the definitions and the alternative categories, if any were missed, and how much 
detail is needed.  The Task Force concurred that there were no other major alternatives.    
 
A question arose about the discussion of REC-2.  It was agreed that even though there were no changes made to 
it, that all the discussion and work on it should be reflected in the report. 
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Tim Moore noted that he needs to add discussion on the idea that one should measure pathogens directly.  It 
needs to be addressed because the language in the Basin Plan states that alternate methods may come along that 
more directly measure pathogens, and at that time, the Board may consider using those instead. 
 
Further discussion ensued regarding potential additions and language for the Draft Report. 
 
Compliance Engineering/Cost Analysis (CDM/Risk Sciences) 
Steve Wolosoff of CDM gave a presentation on the objectives of the compliance engineering study done in San 
Bernardino County.  He reviewed a map of the waterbodies in the County for REC-1 use protection; criteria for 
identifying outfalls from MS4s; the diversion facility concept; the planning level cost estimate including the 
costs for diversion and conveyance, estimated at $1.8 million per diversion facility (City of LA, 2009); the key 
assumptions in developing an estimate of POTW capacity and treatment costs; the planning level cost estimate – 
summary of potential costs for San Bernardino County MS4s within the Santa Ana River Watershed, and the 
limitations of the analysis. 
 
Tim Moore noted that this is to be taken as a pilot, and asked the group for comments.  He suggested that the 
Task Force provide bullet-list comments as to what they would like to see in the first cut of the cost analysis. 
 
13241 Socio-Economic Analysis:  Outline (Risk Sciences) 
Deferred. 
 
Adjourn 
 

The meeting adjourned at 2:30 p.m. 
 
The next meeting is scheduled for Thursday, February 11, 2010; 9:30 a.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 

 
MEETING SUMMARY 

 
February 11, 2010 

 
PARTICIPANTS REPRESENTING 
Joanne Schneider (via conference call) Santa Ana Regional Water Quality Control Board 
Gerry Thibeault  Santa Ana Regional Water Quality Control Board  
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Richard Meyerhoff CDM 
Dan Bounds (via conference call) CDM 
Susan Paulson Flow Science 
LeAnne Hamilton Inland Empire Utilities Agency 
Amanda Carr County of Orange 
Marsha Westropp Orange County Water District 
Larry McKenney RBF (Consulting for County of Orange) 
Jason Uhley Riverside County Flood Control and WCD 
Jessica Chin Consultant 
Tim Moore Risk Sciences 
Jeff Beehler Santa Ana Watershed Project Authority 
Mark Norton Santa Ana Watershed Project Authority 
Dawna Munson Santa Ana Watershed Project Authority 

 
INTRODUCTIONS AND OPENING COMMENTS 
 

The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the participants. 

 
MEETING SUMMARY 
 
Task Force Updates 
• Dave Woelfel said the documents are still under review and there is no news to report.  
• Larry McKenney provided a brief review of the CEQA scoping meeting held January 28th. 
 
Technical Task Update (CDM) 
Dan Bounds updated the Task Force on the following: 
 

Finalize UAA Tech Docs – CDM has collected and addressed all the comments, which will be forwarded to 
Jeff Beehler for posting. 
 
Finalize REC Use Survey Docs – All are complete draft documents and will be forwarded to Jeff Beehler.  
They still need to summarize all the efforts. 
 
Request for Information: Field Visit Documentation – Dan Bounds requested that if anyone has any items to 
add for the record, i.e. photo documentation etc., to get it to Jeff Beehler within the next two weeks.  It all will 
be incorporated into a CD. 
 
Preparation of CEQA Functional Equivalent Document – Now that the CEQA scoping is finished, Dan 
Bounds will work via conference call with Tim Moore and Joanne Schneider on this document. 
 
Anti-degradation Water Quality Analysis – Update – The analysis is complete and they will do a QA/QC on 
it. 
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Basin Wide Compliance Analysis (CDM) 
Dan Bounds said that they have taken more basin-wide steps.  They need the Orange County GIS information 
for the drainage.  Larry McKenney will contact Chris Crompton to check on its status. 
 
High-flow Suspension: Supporting Text (CDM) 
Dan Bounds said that the most time and effort was spent on the high-flow suspension text, pulling together 
correlations or supporting information for what’s being proposed as an amendment to the Basin Plan: 8 
feet/second velocity and 10 feet squared per second depth velocity product. They’re initially seeing that both 
may be necessary.  For the Delhi Channel, the depth velocity product correlates well with the half-inch rainfall 
event and events around one-half inch.  The velocities of 8 feet/sec typically are slower.  For the Temescal and 
Cucamonga Creeks, the depth velocity products are not correlating well, but the velocities being about a half-
inch storm events, are coming in around 10-12 feet per second and correlating well.  Overall, everything on the 
depth velocity product and velocity as a proposed amendment is within the range of the half-inch storm events; 
the data supports that well.  The write up should be ready in about one week. 
 
Joanne Schneider said that a staff report needs to be prepared describing the high flow suspension rationale and 
how the Task Force came to identifying the criteria that we propose to use for that suspension.  The language 
should explain the basis of and provide support for the high-flow suspension.  Extensive discussion ensued as to 
the level of detail to include, and developing a monitoring plan and implementation measures. 
 
Task Force Process Summary (Risk Sciences) 
Tim Moore distributed the Outline for the Storm Water Quality Standards Task Force Process and said that he 
prepared this outline as requested at last month’s meeting.    It’s a description of the deliberation process the 
Task Force used to come to its recommendations—how we did our work. It lays out the objectives and 
emphasizes that it reflects our bias in terms of talking about pathogens first and uses second.   
 
The outline lists the three objectives this Task Force set out to do: 1) to update the water quality objectives and 
pathogen indicator objectives based on the best available scientific information; 2) to insure that we properly 
designated all the fresh water lakes and streams to which those objectives are going to be applied, and 3) to 
develop an implementation plan including water quality monitoring program to determine whether the standards 
are being obtained.  
 
Next on the outline is the Task Force’s approach, beginning with reviewing the scientific basis for the current 
objectives and the proposed objectives, which includes the original epidemiological studies for primary and 
secondary contact.  This review also included looking at relevant Federal guidance as to implementing water 
quality standards for bacteria, the State Board policy guidance and precedential decisions related to 
implementing these kinds of objectives and standards, and studying the implementation strategies that other 
states have used and the EPA approved.  
 
The next section outlines the work on local issues, the activities such as characterizing the range of recreational 
uses likely to occur in local streams and creeks.  These include the site visits, the video cameras, the aerial 
recon, the field validation surveys done, expert interviews, etc. as a way of cataloging our basis for 
understanding the uses and the nature of those uses as they actually occur.  
 
Mr. Moore reviewed the other activities and studies in the outline including the deliberation process, the axioms 
used, developing the recommendations using the Delphi technique, a summary of the evolution of alternatives 
considered, and the strawman 1 and 2 of test proposals.  He then reviewed the handout section on the Task Force 
Review Process, where he emphasized the level of participation that has been provided for (i.e. meeting notices, 
emails, Web postings, ability to participate by phone, etc.). This section also will include listing the progress 
reports to the Regional Board, and may include a date list of meetings, and list of participants. 
 
The Task Force members provided feedback as to clarifying and strengthening the outline.  They concurred that 
the outline is on point as presented.  Mr. Moore said that the first version of it, incorporating today’s comments, 
will be ready next week. 
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MS-4 Permit Requirements (Risk Sciences) 
Larry McKenney said that two permits were adopted recently and he briefly discussed how they fit with the 
Task Force effort  

 
 

Revised EPA Bacteria Criteria – A draft should be ready within the next two weeks. 
 
Implementation Plan – Tim Moore will work on in draft in the last week of February.   
 
Monitoring Plan  – Jessica Chin has been asked to help with the monitoring plan.  CDM and Joanne Schneider 
will review the outline.  If everyone agrees that it’s good, they’ll release it to Ms. Chin to start writing it. The 
Task Force will see the draft  and be kept in the loop as well.  
 
There’s an enormous amount of work to be done within the next three weeks.  Larry McKenney commented that 
it would be great if all the documents are in the Task Force’s hands at least a week before the next meeting.  
Everything should be ready three weeks from tomorrow (March 5). 
 
 
The meeting adjourned at 1:00 p.m. 
 
The next meeting is tentatively scheduled for Wednesday, March 17, 2010; 1:30 p.m. 



 

STORMWATER QUALITY STANDARDS TASK FORCE 
 

MEETING SUMMARY 
 

April 29, 2010 

 
PARTICIPANTS REPRESENTING 
Joanne Schneider   Santa Ana Regional Water Quality Control Board 
Gerry Thibeault  Santa Ana Regional Water Quality Control Board  
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Richard Meyerhoff CDM 
Dan Bounds (via conference call) CDM 
Susan Paulson Flow Science 
LeAnne Hamilton Inland Empire Utilities Agency 
Amanda Carr County of Orange 
Chris Crompton County of Orange 
Marsha Westropp Orange County Water District 
Larry McKenney RBF (Consulting for County of Orange) 
Jason Uhley Riverside County Flood Control and WCD 
Jessica Chin Consultant 
Tim Moore Risk Sciences 
Matt Yeager San Bernardino Flood Control and WCD 
Val Housel County of San Bernardino 
Jeff Beehler Santa Ana Watershed Project Authority 
Mark Norton Santa Ana Watershed Project Authority 
Dawna Munson Santa Ana Watershed Project Authority 

 
INTRODUCTIONS AND OPENING COMMENTS 
 

The Stormwater Quality Standards Task Force meeting was called to order by Larry McKenney at the Santa 
Ana Watershed Project Authority, Riverside, California. Brief introductions were made by the participants. 
 
MEETING SUMMARY 
 

Technical Task Update (CDM) 
Dan Bounds updated the Task Force on the following: 
 

UAA Technical Documents – CDM has received a lot of supporting work.  The UAA documents have now 
been revised to near completion and will be forwarded to Jeff Beehler. 
 
REC Use Survey Documents – The recreational use survey documents are complete.  All the reports are 
completed and will be posted on the FTP site.  Jeff Beehler will forward the site-specific CDs that were done.  
Richard Meyerhoff distributed CDs of the draft recreational use survey summary, which is a collection of 
reports and images from all the survey sites, as well as some photos of recreation at reaches other than the 
survey channels. 
 
High Flow Suspension Supporting Text – CDM has incorporated the comments received from Matt Yeager 
and Autumn DeWoody, and the final version will be forwarded to Jeff Beehler.  Discussion ensued as to 
whether or not the Task Force would have to do a UAA at every site, and the task force concurred that it was not 
necessary. Larry McKenney summarized that we’re not changing the rationale; however, it will need to be 
thoroughly explained.  Joanne Schneider said that the staff report still needs to be completed, and CDM will 
address the justification of the high flow suspension.  Tim Moore said that he will be preparing a portion of the 
report.  Richard Meyerhoff will meet with him within the next two weeks to prepare the revision. 
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Update - CEQA Functional Equivalent Document – CDM has focused much of their efforts on this 
document, taking steps to analyze what needs to be done in the water quality data, changes in UAA’s, etc., and 
prepare a matrix for those.  The framework was sent to Joanne Schneider to review, and that information will be 
combined into a single document. Joanne Schneider noted that it is the most sensible way to proceed.  CDM 
documented for the record whether or not there were any significant impacts as a result of the changes. 
 
Update – Remaining Technical Documents – CDM has received the Orange County’s GIS data, which suits 
their needs well.  Joanne Schneider asked to revisit the…issue… Discussion ensued.  Summary at of what CDM 
will do  107:35.   
 
Tim Moore said that all the pieces needed to prepare the documents are there, but writing the argument for each 
has not been assigned. Larry McKenney asked for volunteers to be the lead on the other 13241 factors, other 
than economic.  
 
Draft Basin Plan Amendment (Risk Sciences) 
The Task Force reviewed Attachment X to Resolution No. R8-2010-00XX prepared by the Regional Board.  
Tim Moore noted that the Task Force needs to assure that all the “cut and paste” pieces are accurately placed. 
The comments that previously were sent to him have been incorporated.   
 
Discussion ensued about the use of the words “or potential” (x); the table note needs to be consistent with the 
text.  Discussion ensued about changing the language to “existing or probable future” for consistency with the 
State Board usage, and adding a clarifying footnote regarding the word “potential” — that the reference to 
“potential” is equivalent to the use of the State Board’s “probable future.” 
 
The Task Force reviewed the document and discussed suggested changes for Tim Moore to make. 
 
Dave Woelfel reviewed the changes that were made to Tables 3-1 Beneficial Uses, and 4-1 Water Quality 
Objectives.  Extensive discussion ensued regarding the REC-1 and REC-2 delineations in comparison to the 
UAA.  
 
A brief discussion ensued regarding the Santa Ana River to California Street and making it REC 1 or REC 2.   
 
On the Table 3-3 Inland Surface Waters – Class B REC 1 Waters was discussed as to adding a divider on the 
Imperial location.  It was asked that Ray Heimstra check it out and make a decision on it since they’ve been out 
there. 
 
Summary of Task Force Process (Risk Sciences)  
Tim Moore is writing a comment letter on behalf of the Task Force.  A draft is due to Mark Norton on May 10.  
 
Summary of Scientific Basis for Pathogen Indicator Bacteria Objectives (Risk Sciences) 
Tim Moore provided a four-page document and asked everyone to read it and provide comments to him for 
discussion at the next meeting. 
 
 
Adjourn 
 
The meeting adjourned at 3:24 p.m. 
 
The next meeting tentatively is scheduled for May 25, 2010 at 9:30 a.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 

 
MEETING SUMMARY 

 
June 9, 2010 

 
PARTICIPANTS REPRESENTING 
Joanne Schneider (via conference call) Santa Ana Regional Water Quality Control Board 
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Richard Meyerhoff CDM 
Dan Bounds (via conference call) CDM 
Susan Paulson Flow Science 
Autumn DeWoody Inland Empire Coastkeeper 
LeAnne Hamilton Inland Empire Utilities Agency 
Ray Heimstra Orange County Coastkeeper 
Amanda Carr County of Orange 
Larry McKenney RBF (Consulting for County of Orange) 
Jason Uhley Riverside County Flood Control and WCD 
Jessica Chin Consultant 
Tim Moore Risk Sciences 
Matt Yeager San Bernardino County Flood Control District 
Val Housel City of San Bernardino 
Jeff Beehler Santa Ana Watershed Project Authority 
Dawna Munson Santa Ana Watershed Project Authority 

 
INTRODUCTIONS AND OPENING COMMENTS 
 

The Stormwater Quality Standards Task Force meeting was called to order at 9:40 a.m. by Larry 
McKenney at the Santa Ana Watershed Project Authority, Riverside, California. Brief introductions were 
made by the participants. 

 
MEETING SUMMARY 
 
2. Task Force Updates 
• 303d List Update – Tim Moore distributed two letters from the SWRCB regarding comments on the 

2010 Integrated Report.  The 303d List is scheduled to go to the State Board on June 15.  Joanne 
Schneider said that the State Board staff is putting together responses on Monday. Discussion ensued 
as to how much effect the 303d List has on the Task Force’s Basin Plan Amendment. The Task Force 
concurred that there is no need for Tim Moore to go to Sacramento for the State Board meeting on 
Tuesday.  Larry McKenney encouraged all to read the Regional Board’s letter.  

 
3. Draft Monitoring Program (Risk Sciences) 
Tim Moore distributed the hand-out, Draft Monitoring Plan for Pathogen Indicator Bacteria in 
Freshwaters.  The handout describes basically what the Regional Board expects.  Extensive discussion 
ensued including what to do with the various sites using a three-tier system rather than Class A and Class 
B.  There also was discussion about the waters that may be subject to monitoring on an as-needed basis. 
Tim Moore suggested that if the Task Force is considering using more than two categories, then perhaps it 
would be best to use the four categories that EPA already has in place. 
 
The Task Force concurred that Tim Moore would work on rewriting the four categories to match the 
EPA’s.  
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It was agreed that Tim Moore will remove the last sentence of paragraph 5 on page 2 and move it to the 
general section of the implementation plan. He also will clarify the difference between controllable 
sources and uncontrollable natural background sources for E. coli.  
 
Tim Moore will make the revisions to the Monitoring Plan as discussed today and email it to the Task 
Force for review at the next meeting.  
 
4. Summary of EPA Pathogen Indicator Bacteria for Staff Report (Risk Sciences) Moved to #4 -was 
#3 
Tim Moore said that he is in the process of consolidating the sub-committee’s work into the Basin Plan 
itself. There were some specific concerns about the list in defining controllable versus uncontrollable 
sources.  Joanne Schneider reviewed the issues with the proposed language that was developed using 
various examples, and discussed whether or not it is sufficiently definitive for regulatory purposes.  She 
referred to page 15 of Attachment X to Resolution R8-2010-XX regarding controllable and uncontrollable 
sources of bacteria, and noted that the language has been included as initially proposed, as well as some 
alternative language regarding POTWs.  She asked the Task Force to consider whether or not the 
inclusion of this language is helpful.  The Task Force agreed that the alternative language is useful and 
the language should be kept in. 
 
The Task Force next reviewed and discussed the handouts Table 3-1 – Reasonable Potential Multiplying 
Factors: 99% Confidence Level and 99% Probability Basis, and Fecal Coliform.  Tim Moore suggested 
changing the distribution rate to the 95% percentile from 99%.  The Task Force concurred.   The Task 
Force will not be determining antidegradation in the future.  
 
Dave Woefel discussed the handout, Table 3-1 Beneficial Uses.  On pages 13 and 14, Mill Creek, the only 
changes made were to REC-1 and REC-2.  Categories 1A and 1B will go back to being ‘1’ again, and the 
UAA will be done for REC-1 and REC-2.  He reviewed the other changes to the document.  It was noted 
to revise the footnote on page 2 to make sure that Delhi and Greenville Banning channels are listed 
separately and should be considered separately from the category of tidal prisms.   
 
Dave Woefel reviewed a few more changes and said he will discuss the others with Chris Crompton. 
 
5. Regional Board Progress Report (June 10, 2010 at Irvine Ranch Water District) 
Tim Moore will attend.  There was no further discussion. 
 
6. Technical Task Update (CDM) 
Dan Bounds provided a brief update on the following and will follow-up by email with the details. 
• UAA Docs – These have been modified, but CDM will modify some of the reaches as discussed 

today.   
• High Flow Suspension Supporting Text 
• Basin Wide Compliance Analysis – Major strides have been made in this section, but there still is 

information they need from others. 
 
Larry McKenney noted that there are several pieces of work, particularly technically supporting work that 
need to come together, and that everyone needs to be responsive to requests. 
 
The meeting adjourned at 1:20 p.m. 
 
The next meeting is tentatively scheduled for July 22, 2010 from 12:00 to 4:00 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
 

MEETING SUMMARY 
 

July 22, 2010 

 
PARTICIPANTS REPRESENTING 
Joanne Schneider (via conference call) Santa Ana Regional Water Quality Control Board 
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Dan Bounds CDM 
Autumn DeWoody Inland Empire Coastkeeper 
LeAnne Hamilton Inland Empire Utilities Agency 
Ray Heimstra Orange County Coastkeeper 
Amanda Carr County of Orange 
Chris Crompton County of Orange 
Marsha Westropp Orange County Water District 
Jim Colston Orange County Sanitation District 
Larry McKenney RBF (Consulting for County of Orange) 
Jason Uhley Riverside County Flood Control and WCD 
Jessica Chin Consultant 
Tim Moore Risk Sciences 
Matt Yeager San Bernardino County Flood Control District 
Jennifer Shepardson City of San Bernardino 
Val Housel City of San Bernardino 
Bobby Gustafson City of San Bernardino Water 
Mark Norton Santa Ana Watershed Project Authority 
Jeff Beehler Santa Ana Watershed Project Authority 
Dawna Munson Santa Ana Watershed Project Authority 

 
INTRODUCTIONS AND OPENING COMMENTS 
 

The Stormwater Quality Standards Task Force meeting was called to order at 12:15 p.m. by Larry 
McKenney at the Santa Ana Watershed Project Authority, Riverside, California.  Brief introductions were 
made by the participants. 

 
UPDATES 
 

State Board REC Use Proposal – CEQA:  Dave Woelfel reported on communication from State Board 
staff saying that they expect that the proposal will be ready in a couple more months. 
 
303d List Update – State Board Discussion Summary: Tim Moore said that handouts used at the State 
Board meeting had been distributed to the Task Force.  He referenced the handout, Regional Board 
Conclusions. State Board staff was not present at the meeting.  The State Board members asked good 
questions and made some comments that hadn’t been in the written comments.  They wanted to know the 
specific legal rationale supporting this listing.  Joanne Schneider noted that they understand our 
arguments and the implications of the 303d listing, and they believe that the most conservative approach 
should be taken.  Some discussion ensued and Larry McKenney summarized that amid this 303d list 
issue, there’s no reason why the Task Force can’t forge ahead and finish their work.  
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MEETING SUMMARY 
 

Review Revised Single Sample Maximum Sub-classifications 
Tim Moore referenced the handout, SWQSTF Sub-Committee’s Revised Single Sample Maximum Sub-
Classifications. He reviewed the reasons for the sub-committees revisions, discussed in more detail the 
more controversial channel classifications, and asked the Task Force members to provide input and any 
additional information they may have that would clarify or strengthen the rationale for the designations. 
The Task Force discussed and came to agreement on each of the designations. 
 
Larry McKenney noted that this document isn’t final until it goes to the State Board, so additional 
changes still can be made if any further information comes about in the next few meetings.  
 
Tim Moore referenced the handout EPA’s Recommended Single Sample Maximum Values for E. Coli.  
 
Revised Draft Monitoring Program  
Deferred.  Tim Moore will distribute this to the Task Force within the next week. 
 
13241 Economic Analysis – Update  
Tim Moore said he received a preliminary report from Dr. Sunding.  Discussion ensued about the pieces 
to evaluate and how it will be assumption-based.  The revised document draft will be available by the 
next Task Force meeting. 
 
 
6.  Technical Task Update (CDM) 
Dan Bounds provided a brief update on the following and will follow-up by email with the details. 
 

• Draft Compliance Analysis – CDM is in the process of receiving comments.  The comments received 
so far have included some common themes and also some differences of opinion.  He suggested that 
we need to prepare a statement up front explaining the purpose of why the assumptions were done, 
and to help set up the framework.  He reviewed some of the comments received.  CDM will work 
with the Task Force to determine the level of detail to include, and perhaps include in the statement 
outline what was and was not included as factors in the analysis. 
 

• UAA Technical Documents – These have been in draft form for a while in case there were other 
questions to answer, but they’re at the point now where they can be finalized. 

 
• Draft SED Documentation – This is out for review and CDM is starting to receive comments on it.  

The comments so far have been very helpful.  They haven’t started responding to comments yet.  The 
Task Force set the date of August 29 to finish receiving comments. 

 
 
The meeting adjourned at 4:00 p.m. 
 
The next meeting tentatively is scheduled for Tuesday, August 17, 2010 from 11:30 a.m. to 2:30 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
 

MEETING SUMMARY 
 

August 17, 2010 

 
PARTICIPANTS REPRESENTING 
Joanne Schneider (via conference call) Santa Ana Regional Water Quality Control Board 
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Richard Meyerhoff CDM 
Dan Bounds (via conference call) CDM 
Jennifer Shepardson City of San Bernardino Water 
Chris Crompton County of Orange 
Vada Yoon Flow Science 
Autumn DeWoody Inland Empire Coastkeeper 
LeAnne Hamilton Inland Empire Utilities Agency 
Ray Heimstra Orange County Coastkeeper 
Marsha Westropp Orange County Water District 
Tom Meregillan Orange County Sanitation District 
Larry McKenney RBF (County of Orange) 
Tim Moore Risk Sciences 
Jason Uhley Riverside County Flood Control and WCD 
Matt Yeager San Bernardino County Flood Control District 
Jessica Chin Consultant 
Mark Norton Santa Ana Watershed Project Authority 
Jeff Beehler Santa Ana Watershed Project Authority 
Sara Villa  Santa Ana Watershed Project Authority 
 
1. Introductions / Opening Comments 
 

The Stormwater Quality Standards Task Force meeting was called to order at 11:43 a.m. by Larry 
McKenney at the Santa Ana Watershed Project Authority, Riverside, California. Brief introductions were 
made by the participants. 
 
2. Task Force Updates 
• State Board REC Use Proposal Update - Dave Woelfel said that there isn’t anything new to report. 
 

• 303d List Update – Tim Moore said he had a meeting in Sacramento with a few Board Members and 
they elected not to add the 303d listing.  He said that the EPA most likely will try to convince the 
State Board to approve the listing.  Joanne Schneider said that there won’t be any action for a month 
because it is going to take time to revise the documentation.  Jeff Beehler will prepare a letter to Mary 
Jane Foley thanking her for her efforts in the process. 

 
3. Finalize Revised Single Sample Maximum Sub-classifications (Risk Sciences) 
Tim Moore said that he had some concerns with the A, B, C, and D Classification System.  It is still okay 
to use the A, B, C, and D system for the recreational side, but to continue to use the pair in N because it’s 
a natural water body that’s expected to meet the highest water quality standard.  He would like to 
reconvene with Autumn DeWoody and Dave Woelfel and review the list.  If they run into any issues, 
he’ll bring it back to the Task Force.   
 
4. Revised Draft Monitoring Program (Risk Sciences) 
Tim Moore referenced the handout, Revised Draft Monitoring Plan for Pathogen Indicator Bacteria in 
Freshwaters.  He said that the Stakeholders are to develop a comprehensive Monitoring Plan that 
implements the revised objectives, and it is due 90 days after the EPA approves the Santa Ana Basin Plan 
Amendment.  There will be weekly monitoring at the 12 water body locations.  He then will proceed with 
the NPDES permit requirements and revise accordingly to assess ongoing compliance with the revised 



 2 

pathogen indicator objectives.  The Task Force concurred to add language that the program should be 
designed to acquire data capable of correctly calculating a geomean.  Discussion ensued.  It was decided 
to delete the fourth paragraph on page two of the handout, limit the routine monitoring, and to refer to 
chapter four and not use the E. coli.  It also should be referred to as Entity vs. Agency, to keep it 
consistent.  Joanne Schneider said that this plan will need to be re-written to indicate that the Regional 
Board will revise permits to require entities, etc., and to decide on a reasonable timeframe for when to 
submit the plan. Tim Moore will make the changes and bring it before the Task Force at the next meeting. 
 
5. 13241 Economic Analysis: Update (Risk Sciences) 
Tim Moore said that he stopped the Work Order with Dr. Sunding because it is not going to meet the 
Regional Board’s needs.  He suggested that the Task Force establish a sophisticated record called the 
Economic Factors, which means taking the CDM Reports and Pendleton Reports and putting those into 
our administrative record as the high end of what it would cost.  He also suggested including all the 
analysis that the LA Board gave, and bringing forward UAA Volume 5.  Discussion ensued and Joanne 
Schneider concurred that the Task Force do the analysis.  Tim Moore said he can provide a list that he 
currently is working on and have the Task Force provide any input. 
 
6. Technical Task Update (CDM) 
• SED Update – Dan Bounds said that CDM has all the comments incorporated within the document 

and he is waiting to include the Class A, B, C, and D water bodies.  They’re also waiting to see if 
Knickerbocker Creek will be included in the document and the Amendment.  

 
• Dry Weather Diversion Memos – CDM is working on incorporating the comments received and it 

currently is through internal review.  CDM is looking into having an updated version by next week 
for the Task Force to review. 

 
Other Business 
• Dan Bounds said that the UAA documents need to be highlighted better for historical use 

information.  He will take the research that was done on historical use and bring it out in probable 
future uses, so that it is more recognizable. 

 
• Dan Bounds and Tim Moore wrote a draft on the Force of Flow, and they will post it on the Website 

once it’s finished. 
 

• As to the status on the peer review requirements, Joanne Schneider said she will have something back 
to the Task Force at the next meeting. 

 
The meeting adjourned at 2:26 p.m. 
 
The next meeting is scheduled for September 15, 2010, from 11:30 a.m. to 2:30 p.m. 
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STORMWATER QUALITY STANDARDS TASK FORCE 
 

MEETING SUMMARY 
 

September 15, 2010 

 
PARTICIPANTS REPRESENTING 
Joanne Schneider   Santa Ana Regional Water Quality Control Board 
Dave Woelfel  Santa Ana Regional Water Quality Control Board 
Dan Bounds  CDM 
Jennifer Shepardson City of San Bernardino Water 
Amanda Carr County of Orange 
Vada Yoon Flow Science 
LeAnne Hamilton Inland Empire Utilities Agency 
Ray Heimstra Orange County Coastkeeper 
Marsha Westropp Orange County Water District 
Larry McKenney RBF (County of Orange) 
Tim Moore Risk Sciences 
Jason Uhley Riverside County Flood Control and WCD 
Matt Yeager (via conference call) San Bernardino County Flood Control District 
Jessica Chin Consultant 
Jeff Beehler Santa Ana Watershed Project Authority 
Dawna Munson  Santa Ana Watershed Project Authority 

 
1.  Introductions / Opening Comments 
 

The Stormwater Quality Standards Task Force meeting was called to order at 11:46 a.m. by Larry 
McKenney at the Santa Ana Watershed Project Authority, Riverside, California.  Brief introductions were 
made. 
 
2.  Task Force Updates 
 State Board REC Use Proposal Update - Dave Woelfel said that there isn’t anything new to report. 
 

 303d List Update – Joanne Schneider said that there is nothing to report.  
 
3.  Revised Draft Monitoring Program (Risk Sciences) 
Tim Moore sent out the draft monitoring program last week with all the changes made to date; it’s at the 
finish line. The Task Force reviewed the handout, Revised Draft - Ambient Water Monitoring Plan for 
Pathogen Bacteria in Freshwaters.  Some clarification was requested as to how antidegradation 
monitoring for the REC-2 waters was going to be handled specifically.  Tim Moore said that the 
monitoring plan will be deferred for now.  Joanne Schneider said she would like the opportunity to 
rephrase some portions into more regulatory language.  Tim Moore referenced page 2 of the draft, noting 
that this language is silent on REC-2 and REC-X; therefore, he will add a sentence saying that those will 
be addressed.  The Task Force also concurred that it would be good to cite the existing programs in that 
section as well. 
 
4.  REC-1 Classification (A, B, C, D) (Risk Sciences) 
Tim Moore referenced the handout, Proposed Definitions for Application of SSM Tiers to Freshwaters in 
the Santa Ana Region. He emphasized the use of the word “tiers” now, in place of “classes”.  He also 
stressed to the Task Force that we are translating the data in the section, but not translating the objective. 
This section will go into the implementation section of the basin plan. 
 
Tim Moore reviewed each of the Tiers, highlighting the significant areas of each description and allowing 
for discussion. 
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Joanne Schneider suggested adding a frame of reference condition and archetypes in Tier A.  Also in the 
Natural Condition section, perhaps we need to make it clear that this is a rebuttable presumption.  Tim 
Moore suggested making it clear that it is a supportable conclusion, but it is rebuttable.  The Task Force 
concurred. 
 
Tim Moore noted that Page 2 of the handout reflects what the Task Force requested at the last meeting, 
although it still shows several classification C’s on the list.  For this first pass, he asked that the group 
focus on which of the C’s should be changed to D’s.  
 
Referencing the SWQSTF Sub-Committee handout listing the individual water bodies, the Task Force 
reviewed each water body and arrived at a consensus as to which ones should be changed from C to D, 
i.e. the Lower Santa Ana River, Reach 1 should be a D, and Reach 2 should remain a C, etc., and which 
should be removed from the high priority list. It was noted that if there is uncertainty about a reach, it 
should be classified as D for now.  Joanne Schneider added that through the public participation process, 
we may get additional information as to why a reach may need to be classified differently. 
 
The group next considered which water bodies should be removed from the high priority list.  Some of 
the lakes were re-categorized to a B in light of new information provided. 
 
 
5.  13241 Economic Analysis: Update (Risk Sciences) 
Referencing the handout CWC, Section 13241, Tim Moore said that this is the outline for the new 
discussion of the analysis of the appropriateness for the objectives.  The handout shows the actual text of 
13241 and then outlines the key points and considerations.  Tim Moore said that the 13241 economic 
analysis will be written as a subsection of the Staff Report. 
 
 
6.  Technical Task Update (CDM) 
 SED Update – Dan Bounds said that the only thing outstanding is the Tiers, which now can be used, 

except the examples have changed.  He’ll work on the definitions and forward to Jeff Beehler next 
week. 

 

 Dry Weather Diversion Memos – Dan Bounds said they have received two sets of comments so far.  
CDM needs to have the comments by Wednesday, September 22.  CDM will be available to answer 
questions as this starts wrapping up. 

 
 

Other Business 
 
The meeting adjourned at 2:30 p.m. 
 
The next meeting date is to be determined.  Notice will be sent out. 



 

 

 

1.03 Meeting Handouts 

 



ITEM: 8 

0 Q 
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SUBJECT: TRIENNIAL REVIEW OF THE WATER QUALITY CONTROL PLAN FOR 
THE SANTA ANA RIVER BASIN (BASIN PLAN) 

DISCUSSION 

The purpose of this hearing is to give the public additional opportunity to comment on 
the proposed Triennial Review Priority List and Work Plan, and for the Regional Board to 
consider adoption of proposed Resolution No. R8-2002-0070, approving the Triennial 
Review Priority List. 

Federal and State Law both mandate periodic review of water quality control plans 
(basin plans). Federal law requires that the review be completed every three years 
(hence the term "Triennial Review''). Public participation is an important part of this 
process. On April 26, 2002, the Regional Board conducted a workshop to solicit 
comments on staff's draft Triennial Review list, which identified 28 Basin Plan issues, 
their proposed priority, and the resources expected to be necessary to address them. 
Over 900 announcements of this Triennial Review workshop were mailed to interested 
parties. 

At the April 26, 2002, workshop, staff explained that the Regional Board's current and 
assumed future budget for Triennial Review related activities is 1.6 Personnel Years 
(PY). At this funding level, only the first 6 or 7 issues on the proposed priority list could 
be addressed by staff during this Triennial Review. As a result, the Regional Board 
directed staff to determine whether there is stakeholder interest in committing resources 
to assist the Board in studies of priority Triennial Review issues. 

In response to the Board's direction, on June 14, 2002, Board staff held a meeting of 
interested stakeholders. Notice of this meeting was mailed to interested parties. The 16 
participants at the meeting (representing 10 public agencies and 3 private sector 
associations) all expressed interest in providing financial support for one or more 
Triennial Review issues, but indicated their need to understand the level of participation 
by the Board and Board staff that could be expected before making specific 
commitments. Further, the stakeholders pointed out that there had not been sufficient 
time to develop specific proposals. Finally, there were many questions about the 
process for and timing of stakeholder participation, and whether and how this 
participation would be factored into the proposed Triennial Review Priority list. The 
meeting discussion centered on these process and timing issues. 

Briefly, in response to the concerns and questions raised, Board staff indicated our 
agreement that it would be crucial to have Regional Board/Board staff participation in 
any studies conducted so that all parties would be assured that the results would 
ultimately be considered valid. This would include participation in the development of 
scopes of work, consultant selection, and the conduct of the studies. We indicated that if 
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and when specific proposals for Triennial Review studies are presented by the 
stakeholders, we would estimate the resources necessary for our participation and 
recommend to the Regional Board appropriate revisions to the Triennial Review list. We 
emphasized the need for broad stakeholder input and representation throughout this 
process, via peer review committees and the like, to assure that all interests have 
adequate opportunity to participate. Board staff also emphasized that there could not be 
any guarantees regarding the outcome of any studies conducted. These studies might, 
but would not necessarily result in Basin Plan amendments. Further, if Basin Plan 
amendments were to be considered, they might or might not reflect the desires of the 
stakeholders. 

There was particular interest in item 12 on the draft list, that is, the consideration of 
Water Code Section 13241 factors in relation to compliance with water quality objectives 
during wet weather. It was suggested that review of this item might support work on 
other items on the proposed Triennial Review list (e.g. the addition of water bodies such 
as Buck Gully, Los Trancos Canyon Creek and the Santa Ana Delhi Channel, and the 
designation of appropriate beneficial uses for those waters). 

A letter was submitted by the Orange County Public Facilities and Resources 
Department on behalf of the Cities of Santa Ana, Irvine, Tustin, Newport Beach and 
Lake Forest, the Riverside and San Bernardino County Flood Control Departments, the 
Irvine Ranch Water District, and the Southern California Water Quality Coalition 
(representing homeowners associations, business and income property owners, 
chambers of commerce, etc.) expressing their interest in participating in Triennial 
Review studies. Similar letters were submitted by the City of Santa Ana and the City of 
Irvine after the June 14, 2002 meeting. Copies of these letters are attached to this 
report (Attachment E). 

Board staff had an opportunity to discuss these matters further with these stakeholders 
during a teleconference on June 27, 2002. At that time, the stakeholders discussed their 
rough draft of the action items that they believed would comprise a Water Code Section 
13241 analysis. It became evident to staff that these stakeholders are contemplating, at 
least preliminarily, major, complex, and likely controversial work to evaluate not only 
water quality objectives in relation to the 13241 factors, but also to review beneficial 
uses. The beneficial use review would almost certainly entail use attainability analyses. 
This work would likely address, or at least support, work on Triennial Review tasks other 
than the consideration of the 13241 factors, including the revision of the REC-1 and 
REC-2 bacterial objectives for surface waters, and the designation of beneficial uses for 
waterbodies proposed to be added to the Basin Plan (e.g., Buck Gully, Santa Ana Delhi 
Channel, etc.). 

Given the magnitude, and likely expense, of the work that would be involved, it is 
probable that a phased approach to the studies would be recommended. The 
stakeholders again indicated to Board staff their firm commitment to provide the financial 
resources necessary to complete this work. There was discussion of the need to work 
with Board staff to define the objectives of these studies and to develop scopes of work. 
Obviously, this would require the expenditure of Board staff Triennial Review resources, 
which could impact staff's ability to work on other Triennial Review issues. Board staff 
believes that it would be appropriate to dedicate the resources (estimated at O.SPY) to 
work with the stakeholders in the development of scopes of work for these studies, since 
we believe that this would include work that would be necessary in any event in order to 
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complete other Triennial Review tasks. This includes work to review REC-1/REC-2 
bacterial objectives, and, likely, the designation of beneficial uses for added water 
bodies. The draft Triennial Review Priority list has been revised accordingly. These 
changes include placing the 13241 factors analyses as Issue No. 4, with a revised 
estimate for staff expenditure (from 2.0 PYs to 0.5 PYs) to reflect the fact that our 
participation would be in an advisory capacity. Also, given that staff's work related to the 
13241 analyses will likely affect work on the REC-1 /REC-2 bacterial objective review 
and the addition/beneficial use designation of new waterbodies, these issues have been 
placed as Issues No.7 and 8, respectively (rather than their original proposed ranking as 
Issues No.4 and 5). The resource estimate for the REC-1/REC-2 objective review has 
also been revised (from 0.9 to 0.5 PYs). It should be emphasized that both of these 
issues should remain fundable with current Triennial Review resources and that it is 
staff's expectation that work will be cqnducted/completed on these items during this 
Triennial Review period. 

In addition, a commitment to fund all work associated with the designation of new 
reaches of existing streams, including Lytle Creek, Mill Creek, and parts of the Santa 
Ana River, to more accurately assign beneficial uses has been made by the FERC 
Water Agencies Task Force. This Task Force includes the following cities/agencies: 
San Bernardino Valley Municipal Water District, City of Redlands, Yucaipa Valley Water 
District, East Valley Water District, West San Bernardino Water Conservation District, 
Big Bear Lake Municipal Water District, City of San Bernardino, Bear Valley Mutual 
Water Company, Crafton Water Company, and San Bernardino Water Conservation 
District. (This work was identified as Issue No. 1 0 in the draft Triennial Review list 
presented at the April26, 2002 workshop. In response to comments by Board member 
Solorio at that workshop, staff now proposes that this issue be moved up on the priority 
list to Issue No. 5). A copy of the e-mail correspondence indicating this commitment is 
included in Attachment E. In light of this resource commitment, staff has modified the 
estimate for resources necessary to work on this issue from 0.2 PY to 0.1 PY. 

Finally, the resources shown for incorporating revised nutrient objectives for San Diego 
Creek into the Basin Plan (Issue No. 3 on the priority list) have been reduced from 0.2 to 
0 PY for 2002/2003. It must be emphasized that work to develop these nutrient 
objectives will continue during this time, supported by TMDL implementation funds. 
However, staff does not believe that we will be in a position to recommend Basin Plan 
amendments to incorporate the revised San Diego Creek nutrient objectives during 
2002/2003. This is because of the unexpected complexity of revising these objectives, 
and the certainty that work on the objectives will not be completed during 2002/2003. 
The resources (0.2 PYs) that would have been used to incorporate these objectives into 
the Basin Plan during 2002/2003 have instead been allocated to other Triennial review 
issues. 

The following attachments are part of this report: 

Attachment A - Tentative Resolution No. RS-2002-0070 

Attachment B - Table 1 -Triennial Review Priority List and Work Plan 

Attachment C - Discussion of Issues 
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These documents have also been posted at www.swrcb.ca.gov/rwgcb8 , the Regional 
Board's web site. 

RECOMMENDATION: 

Board Staff recommends adopting Resolution No. RS-2002-0070, approving the 
proposed Triennial Review Priority List and Work Plan. 



Attachment B 

Table 1 
Triennial Review Priority List and Work Plan 

Issue Issue Description Estimated Staff Resources (PYs) 
I No. 

FY FY FY FY Total : 
01-02 02-03 03-04 04-05 PYs 

I 
I 

1. Address the findings of the Nitrogen!TDS Study: [1.0] [2.0] [0.5] 0 [3.5] 1 ' 

• Revise water quality objectives for TDS and Nitrogen for groundwater 
• Revise groundwater subbasin boundaries 
• Revise wasteload allocations for TDS and TIN 
• Update TDS/Nitrogen strategies in Chapter 5 

• Consider deletion of water quality objectives/increments for individual mineral 
constituents (components of TDS) 

• Adopt Reclamation Guidance Document 

2. Incorporate newly adopted or revised TMDL Basin Plan amendments (e.g., [8.0] [8.0] [8.0] [8.0] (32.0) 
TMDLs for the Newport Bay/San Diego Creek Watershed, Chino Basin, Big Bear 2 

Lake and Lake Elsinore). 

3. Review nutrient objectives for San Diego Creek. Incorporate revised objectives in 0.1 0 0.2 0.5 0.8 3 

Basin Plan. 

4. Consider Water Code Section 13241 factors in relation to compliance with water 0 0.5 0.5 0.5 1.54 

quality objectives during wet weather (especially costs and need for housing). 

l. Nitrogen/TDS Taskforce expected to provide these resources. 
2. TMDL rather than Basin Planning resources will be used for the all TMDL-related work. 
3. Review of these objectives is a nutrient TMDL implementation task to be funded largely with TMDL resources. 
4. Stakeholders have indicated a willingness to fund support study of this issue. Staff resources will be used to participate in developing a scope 

of work, reviewing consultants, taking part in study group meetings, etc. 

0 

0 
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3 year period, Board staff expects to develop TMDLs, and the associated implementation plans, 
for inclusion in the Basin Plan for the following waterbodies: 

• Newport Bay and San Diego Creek for toxic substances, including selenium, diazinon and 
chlorpyrifos; 

• Lake Elsinore for nutrients, sediment and toxics; 
• Canyon Lake for nutrients and pathogens; 
• Big Bear Lake, Summit Creek, Rathbone Creek and Grout Creek for nutrients; 
• Big Bear Lake and Rathbone Creek for sediment; 
• Knickerbocker Creek (Big Bear Lake tributary) for pathogens; and, 
• Chino Creek, Cucamonga Creek/Mill Creek, Santa Ana River (Reach 3) for pathogens. 

Estimated Resources: 
Total Staff time: 32 PYs (to be supported by TMDL funds) 
Contract$: $1,200,000 

Duration: 4 years 

Issue No.3 
Review Nutrient Objectives for San Diego Creek. Incorporate revised objectives in the 
Basin Plan. 
In 1998, the Regional Board approved a nutrient total maximum daily load (TMDL) for the 
Newport Bay/San Diego Creek watershed to address eutrophic conditions (nutrient over
enrichment). The TMDL requires the Regional Board to review and revise as necessary the 
nutrient (total inorganic nitrogen) water quality objectives for San Diego Creek, Reaches 1 and 
2, that are now specified in the Basin Plan. These objectives were intended to address the 
protection of underlying groundwater quality and not necessarily in-stream or in-bay 
eutrophication. Studies are underway to consider appropriate objectives. 

Estimated Resources: 
Staff time: 0.8 PY (TMDL funds will be used to conduct most of the work); 0.8 PY 

Contract$: 
Duration: 

Issue No.4 

of Basin Planning Resources are expected to be required to support 
amendment of the Basin Plan to incorporate any new objectives 
$155,550 
4 years 

Consider Water Code Section 13241 factors in relation to compliance with water quality 
objectives during wet weather (especially costs and need for housing). 
During the consideration of reissuance of the areawide stormwater NPDES permit for those 
parts of Orange County within the Santa Ana Region, the co-permittees expressed concern 
about their ability to comply, and the costs of compliance, with established water quality 
objectives during wet weather. The co-permittees questioned whether the factors cited in 
Section 13241 of the California Water Code, especially costs and the need for housing in the 
area had been taken into account in establishing the objectives. The adopted permit states that 
Board staff would recommend that this matter be placed on the Triennial Review list. Staff 
believes that such a review would likely be a major undertaking. The Board's stakeholder 
community has expressed a strong interest in and tentative commitment to undertaking the 
studies necessary address this issue. · Staff resources would be used to participate in 
stakeholder-led efforts to develop scopes of work, screen and select consultants, take part in 
study group meetings, etc. 
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Estimated Resources: 
Staff time: 1 .5 PY 
Contract $: undetermined 

Duration: 3 years 

Issue No.5 

0 

Designate new reaches of existing streams, to more accurately assign beneficial uses. 
In order to more accurately assign existing wildlife habitat beneficial uses, a number of new 
reaches of currently listed waters should be designated, including the following: 
• San Diego Creek - from Upper Newport Bay mean high tide to drop structure upstream of 

MacArthur Blvd. (Reach 1 A); include EST 

3 

• Lytle Creek- from Miller Narrows downstream to Interstate 15 (Intermediate Reach); include 
WARM; 

• Mill Creek- from Forest Falls Road downstream to Highway 38 (Intermediate Reach); 
include WARM; 

• Santa Ana River- from Alder Creek downstream to Seven Oaks Dam (Reach 6}; include 
WARM; 
Santa Ana River- from Alder Creek to Headwaters (Reach 7); remain COLD 

A task force of stakeholders with interests along Lytle and Mill Creeks and upper reaches of the 
Santa Ana River have committed to support studies of this issue. Staff resources will be used to 
participate in task force activities. 

Estimated Resources: 
Staff time: 0.35 PY 
Contract $: none 

Duration: 3 years 

Issue No.6 
Develop criteria for mitigating impacts to wetlands and other Waters of the State. Revise 
wetlands discussion to be consistent with current regulations. 
Staff proposes to develop regional criteria for determining appropriate mitigation when wetlands 
and other Waters of the State are impacted by various construction activities, primarily those 
involving dredging and filling. Dredging and filling activities are subject to: 
• Permits issued by the U.S. Army Corps of Engineers under Clean Water Act (CWA) Section 

404; and, 
• Water quality standards certifications issued by the SWRCB or Regional Board (under CWA 

Section 401 ). 
In some cases, waste discharge requirements are adopted by the Board (pursuant to the 
California Water Code) for dredge and fill projects. These regulatory actions implement federal 
and state requirements for "no net loss of wetlands" as a result of land use practices, and state 
and federal policies encouraging the expansion of existing wetlands and creation of new ones. 

Successful mitigation of the loss of wetlands and other Waters of the State depends on a 
number of factors, including consideration of the ecological functions and values of the impacted 
area, and the location of the proposed mitigation (within or outside of the impacted watershed), 
among others. The criteria that staff proposes to develop will enable both staff and the 
regulated community to more easily and consistently determine appropriate mitigation projects 
when wetlands and other Waters of the State are affected by construction or development. 
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4 March 2004 
 
 
TO:  Stormwater Task Force 

FROM: Tim Moore 

RE:  Explanation of Accelerated Delphi Approach 
 
 
 
Background 
 
DELPHI was originally developed by the Department of Defense as a forecasting tool for 
wargame scenarios.  Because it was uncannily accurate in predicting subjective phenomenon, it 
has since been modified for use as a consensus-building tool.  Experience across many 
government and corporate applications, including the Nitrogen-TDS Task Force in the Santa 
Ana River watershed, shows that it works very well. 
 
We recommend this approach in order to assure that the process for developing methods and 
definitions is objective and rigorous.  There must be general agreement with, and commitment 
to, the recommendations in order to avoid serious legal disputes later in the regulatory revision 
cycle. 
 
We believe a “structured” consensus-building strategy Is necessary because previous l efforts 
(JMM TIN/TDS Study & the SAR-UAA) show that ad hoc approaches increase cost, delay, 
hostility, and uncertainty.  DELPHI was selected because is a well-defined and well-proven 
technique which would minimize any future claim that the decision process was biased. 
 
We propose to do two separate DELPHI series:  one for beneficial use designations and one for 
establishing impairment appropriate water quality criteria.  Both would share the same basic 
structure, but would be conducted in two distinct phases.  In addition, the process has been 
modified from that used during the Nitrogen-TDS Task Force to accelerate the discussions and 
decisionmaking. 
 
Here is how we would apply the DELPHI structure to the issues facing the Stormwater Task 
Force: 
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STEP 1:  SUMMARY OF ISSUES 
 

We would begin by preparing and submitting a "Focus Document" to the Task Force.  
The document would posit several key questions that the Task Force must seek to 
answer.  It will also include a "strawman" proposal for Task Force consideration.  Task 
Force participants will receive the Focus Document approximately 3-4 weeks before the 
next scheduled meeting.  
 
DELPHI emphasizes a "visual approach" to argument.  By forcing arguments into matrix 
cells, it becomes immediately apparent when there are or aren't opposing arguments in 
the adjacent cell.  DELPHI imposes structure on the deliberation process. 

 
 
STEP 2:  INITIAL POSITION MEMOs 
 

Each Task Force participant must prepare a written response to the questions posed and 
strawman proposal in the Focus Document.  Each participant would also be encouraged 
to identify any other critical concerns of their agency/group as well as to propose 
strawman alternatives of their own.  Participants will be asked to share all evidence 
which supports their positions and provide appropriate reference citations. 
 
DELPHI procedure encourages initial positions and reactions to be made anonymously.  
The written responses are submitted without attribution and are never deemed to be an 
official agency position.  This encourages more open and frank discussion.    In addition, 
the requirement that everything be written tends to make responses much clearer, briefer, 
and better supported.  The whole process minimizes ego-attacks and encourages freer 
dialogue.  It also makes more efficient use of meeting time because initial positions are 
already well-defined. 

 
 
STEP 3:  SUMMARY MATRIX 
 

The consultant will read each written response and summarize the various arguments and 
alternative proposals into a tabular matrix.  The matrix will be copied and sent to all Task 
Force participants approximately 10 days before the next scheduled meeting.  Email and 
the internet will be used to speed Task Force communications. 
 
Where appropriate, supporting documentation and reference citations will be appended to 
the Summary Matrix.  Whenever possible, such documentation will be scanned and made 
available for electronic download from SAWPA's website. 
 
Task Force participants are encouraged to review the arguments and prepare written 
responses where appropriate.  These, too, will be submitted to SAWPA and the 
consultant/facilitator no more than 5 days after receipt. 
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STEP 5:  CONSENSUS MEETINGS 
 

Participants come together to continue the dialogue.  Consultant will summarize the 
argument matrix emphasizing areas of agreement and disagreement.  The meetings 
themselves take the form of an intense Socratic dialogue with strong emphasis on 
supporting various claims with credible evidence. 
 
Unlike traditional moderated discussion groups, the role of the consultant-facilitator is to 
act as a surrogate advocate for all of the positions held by Task Force members.  In 
addition, the consultant-facilitator serves as a devil's advocate to challenge all positions 
held by Task Force members.   
 
Because the Task Force meetings are an integral part of the Basin Planning update 
process, silence by participants has meaning.  The purpose of the Task Force is to 
identify and debate the issues in a forum where there is more time and expertise then is 
generally available in Regional Board workshops and hearings. 

 
Because DELPHI is a consensus-building tool, no attempt is made to “foist” a final 
recommendation on the group without general agreement.  There is no vote-taking based 
on majority-rule.  DELPHI is intended to identify the areas of agreement and the areas of 
disagreement.  Even a little agreement, can make the Task Force process significantly 
more cost-efficient.  And, the areas of disagreements serve identify the areas where more 
rigorous analysis in necessary. 

 
When the progress reports are written; the areas of agreement and disagreement will be 
noted.  When appropriate, additional rounds of anonymous written responses can be 
initiated. 
 
When the Task Force is able to reach consensus, the agreement is documented in writing 
and resubmitted for final consideration and approval.  Where concensus cannot be 
reached, opposing positions with the relevant supporting evidence are summarized in 
writing and presented to the Regional Water Quality Control Board at the next regularly 
scheduled progress workshop.  The purpose of the presentation is to get a sense of the 
Board's thinking on the subject, not to seek an up or down vote from the Board members. 
 
Often, stubborn issues are set aside to consider other concerns for a while.  Near the end 
of each project phase, the tough issues are brought back to the Task Force for further 
consideration.  If consensus cannot be reached, the viability and utility of subsequent 
project phases may or may not be affected depending on the specific issue in dispute.  
Identifying impasses early in the process is one of the key benefits to using the DELPHI 
technique.  It prevents the needless expenditure of resources when the likelihood of 
success is small. 
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ALABAMA 
 
335-6-10-.03 Water Use Classifications 
 

(1) Outstanding Alabama Water 
(2) Public Water Supply 
(3) Swimming and Other Whole Body Water-Contact Sports 
(4) Shellfish Harvesting 
(5) Fish and Wildlife 
(6) Limited Warmwater Fishery 
(7) Agricultural and Industrial Water Supply 

 
 
335-6-10-.05 General Conditions Applicable to All Water Quality Criteria- 
 
(5)All water, where attainable, shall bed suitable for recreation in and on the waters during the 
months of June through September except that  recreational use is not recommended in the 
vicinity of discharges or other conditions which the Department or the Department of Public 
Heath does not control. 
 
 
ALASKA 
 
18 AAC 70.020.  PROTECTED WATER USE CLASSES AND SUBCLASSES. 
 
Freshwater 
 

(a) Water supply – drinking, culinary, and food processing, 2) agriculture, including 
irrigation and stock watering, 3) aquaculture, 4) industrial.. 

(b) Water recreation -  1) contact recreation and 2) secondary recreation. 
(c) Growth and propagation of fish, shellfish, and other aquatic life and wildlife . 

 
 
ARIZONA 
 
R18-11-101.  Definitions 
 
27.  Full-body Contact – means the use of a surface water for swimming or other recreational 
activity that causes the human body to come into direct contact with the water to the point of 
complete submergence.  The use is such that ingestion of the water is likely and sensitive body 
organs, such as the eyes, ears, or nose may be exposed to direct contact with the water.   
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36. Partial-body Contact – means the recreational use of a surface water that may cause the 
human body to come into direct contact with the water, but normally not to the point of complete 
submergence (for example, wading or boating).  The  use is such that ingestion of the water is 
not likely and sensitive body organs, such as the eyes, ears, or nose, will not normally be 
exposed to direct contact with the water. 
 
 
CONNECTICUT 
 
Federal regulations specify that Water Quality Standards should, wherever attainable, provide 
water quality for the protection and propagation of fish, shellfish and wildlife and for recreation 
in and on the water, taking into consideration their use and value for public water supplies, 
propagation of fish, shellfish and wildlife, recreation in and on the water and agricultural, 
industrial and other purposes including navigation. 
 
It is the State’s goal to restore or maintain the chemical, physical, and biological integrity of 
surface waters.  Where attainable, the level of water quality that provides for the protection and 
propagation of fish, shellfish, and wildlife and recreation in and on the water shall be achieved. 
 
Existing and designated uses ….is to be maintained and protected. 
 
Assessment of environmental value will be based on the characteristics of the receiving surface 
water including but not limited to:  
 
Type of water body, velocity, depth , number and type of aquatic inhabitants, migration patterns, 
nature of the food chain, level or productivity, water temperature, ability of tributaries to provide 
biological recruitment, presence of endangered species and value to human uses (aesthetic, 
commercial, sport fishing, and recreational uses.). 
 
 
FLORIDA 
 
62-302.200 Definitions 
 
Exceptional Recreational Significance – shall mean unusual value as a resource for outdoor 
recreation activities.  Outdoor recreational activities include, but are not limited to, fishing, 
boating, canoeing, water skiing, swimming, scuba diving, or nature observation.  The exceptional 
significance may be the intensity of present recreational usage, in an unusual quality of 
recreational experience, or in the potential for unusual future recreational use or experience. 
 
62-302.400 Classification of Surface Waters, Usage,  Reclassification, Classified Waters 
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Class 1     Potable Water Supplies 
Class II     Shellfish Propagation or Harvesting 
Class III    Recreation, Propagation and Maintenance of a Healthy, Well-balanced population of 
fish and wildlife 
Class IV    Agricultural Water Supplies 
Class V      Navigation, Utility, and Industrial Use 
 
Class I, II and III surface waters share water quality criteria established to protect recreation and 
the propagation and maintenance of healthy, well-balanced population of fish and wildlife. 
 
The majority of surface waters in Florida are classified as Class III. 
 
 
ILLINOIS 
 
 
Title 35:  Environmental Protection 
Subtitle C:  Water Pollution 
Chapter 1:  Pollution Control Board 
Part 302 
Water Quality Standards 
 
Subpart A:  General Water Quality Provisions 
Subpart B:  General Use Water Quality Standards 
Subpart C:  Public and Food Processing Water Supply Standards 
Subpart D:  Secondary Contact and Indigenous Aquatic Life Standards 
Subpart E:  Lake Michigan Basin Water Quality Standards 
Subpart F;  Procedures for Determining Water Quality Criteria 
 
 
Title 35:  Environmental Protection 
Subtitle C:  Water Pollution 
Chapter 1:  Pollution Control Board 
Part 303 
Water Use Designations and Site Specific Water Quality Standards 
 
Note:  A description of recreational  activities is not provided in the definition section. 
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INDIANA 
 
327 IAC 2-1-10  Reclassification proposals for limited or exceptional use designation 
  

(2) Factors relating to exceptional use designations: 
(a) the presence of a unique or exceptional habitat or species in the water body 
(b) the presence of a rare or endangered species in the water body 
(c) the presence of exceptional aesthetic quality in the immediate environs of the water body 
(d) the water body is within the boundaries of or flow through a designated natural area, 

nature preserve, or state or national park or forest 
(e) the water body support an excellent sports fishery 
(f) the water body possesses exceptional quality or 
(g) intensive recreational use is made of the water body. 

 
Note:  Regulations distinguish between full body contact recreational uses and also establish 
effluent limits during the recreational season – which is defined as the months of April through 
October, inclusive. 
 
 
KANSAS 
 
Designated Uses 
 

a. Agricultural Water Supply Use 
b. Aquatic Life Support Use 
c. Domestic Water Supply Use 
d. Food Procurement Use 
e. Groundwater Recharge Use 
f. Industrial Water Supply Use 
g. Recreational Use 

a. Primary Contact Recreation 
b. Secondary Contact Recreation 
 

 
Surface water used for primary or secondary contact recreation. 
 

1. Primary Contact Recreation.  Primary contact recreational use  is evaluated differently for 
each of two main categories of waters:  1) surface waters other than classified stream 
segments, and 2) classified stream segments.  For each category, the determining factor 
for primary contact recreation is body immersion in the water to the extent that some 
inadvertent ingestion of water is probable. 

 
The primary contact recreation season is from April 1 through October 31 of each year.  During 
the non-recreation season, secondary contact recreation standards apply. 
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Surface Waters other than Classified Stream Segments.  Uses supported in this category include 
boating, mussel harvesting, swimming, skin diving, water skiing, and wind surfing. 
 
Classified Stream Segments.  There are three classes of primary contact recreation for classified 
stream segments that include: 
 

i.) Primary contact recreational uses – Class A.  This class applies to those classified 
stream segments that have been designated as public swimming area.  Uses supported 
in this category include activities such as, kayaking, mussel harvesting, swimming, 
skin diving, water skiing, and wind surfing. 

ii.) Primary contact recreational uses – Class B.  A classified stream segment that is 
designated as primary contact recreational use- Class B is expected to have moderate 
full body contact from activities  that include kayaking, mussel harvesting, 
swimming, skin diving, water skiing, and wind surfing.  A classified stream segment 
under this classification must be by law or written permission of the landowner open 
to and accessible by the public. 

iii.) Primary contact recreational uses – Class C.  A classified stream segment that is 
designated as primary contact recreational use- Class C is capable of supporting 
boating, mussel harvesting, swimming, skin diving, water skiing, wind surfing, 
wading, or fishing and has infrequent full body contact.  Under Kansas’s law, a 
classified stream segment in this classification is not open to and accessible by the 
public. 

 
 
NEBRASKA 
 
Title 117 
Chapter 4 – Standards for Water Quality 
 
001/  The beneficial uses defined by these standards are: 
 
Primary Contact Recreation 
 
Aquatic Life 
   Coldwater (Class A and B) 
    Warmwater (Class A and B) 
 
Water Supply 
   Public Drinking Water 
   Agricultural 
   Industrial 
 
Aesthetics 
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002.  Primary Contact Recreation 
 
This use applies to surface water which are used, or have a high potential to be used, for primary 
contact recreational activities.  Primary contact recreational activities where the body may come 
into prolonged  or intimate contact with the water, such that the water may be accidentally 
ingested and sensitive body organs (e.g. eyes, ears, nose, etc.) may be exposed.  Although the 
water may be accidentally ingested, it is not intended to be used as potable water supply unless 
acceptable treatment is applied.  These waters may be used for swimming, water skiing, 
canoeing, and similar activities.  
 
 
NEVADA 
 
Recreation involving contact with the water – There must be no evidence of manmade pollution, 
floating debris, sludge accumulation, or similar pollutants. 
 
Recreation not involving contact with the water – The water must be free from: 
 

1. Visible floating, suspended or settled solids arising from man’s activities, 
2. Sludge banks, 
3. Slime infestation, 
4. Heavy growth of attached plants, blooms or high concentrations of plankton, 

discoloration or excessive acidity or alkalinity that leads to corrosion of boats and docks, 
5. Surfactants that foam when the water is agitated or aerated, and, 
6. Excessive water temperatures 

 
 
NEW HAMPSHIRE 
 
Env-WS 1703.01  Water Use Classifications. 
 

a. State surface water shall be divided into class A and class B, pursuant to RSA 485-A:8, I, 
II, and III.  Each class shall identify the most sensitive use which it is intended to protect.  

Env-Ws 1702.28  Most sensitive use means the use which is most susceptible to degradation by a 
specific pollutant, combination of pollutants, or activity, such as: 
 

a. drinking 
b. swimming 
c. boating 
d. fish and aquatic life propagation 
e. fish consumption by higher level consumer including man, or, 
f. irrigation. 
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NEW MEXICO 
 
Primary contact – means any recreational or other water use in which there is prolonged and 
intimate contact with the water, such as swimming and water skiing involving considerable risk 
of ingesting water in quantities sufficient to pose a significant health hazard.  Primary contact 
also means any use of surface waters of the state for native American traditional, cultural, 
religious, or ceremonial purposes in which there is intimate contact with the water that involves 
considerable risk sufficient to pose a significant health risk.  The contact may include but is not 
limited to ingestion or immersion. 
 
Secondary contact – means any recreational or other water use in which contact with the water 
may occur and in which the probability ingesting appreciable quantities of water is minimal, 
such as fishing, wading, commercial and recreational boating and any limited seasonal contact. 
 
 
NEW YORK 
 
Primary contact recreation – means recreational activities where the human body may come in 
direct contact with raw water to the point of complete body submergence.  Primary contact 
recreation includes but is not limited to, swimming, diving, water skiing, skin diving and surfing. 
 
Secondary contact recreation – means recreational activities where contact with the water is 
minimal and where ingestion of the water is not probable.  Secondary contact recreation includes 
but is not limited to, fishing and boating. 
 
 
NORTH CAROLINA 
 
 
Section .0300 – Assignment of Stream Classifications 
 
.0301 Classifications: General 
 

(d) Classifications.  The classifications assigned to the waters of North Carolina are denoted 
by the letters WS-1, WS-II, WS-III, WS-IV, WS-V, B, C, SA, SB, and SC in the column 
headed class.  Best usage descriptions are provided. 

 
Note:  Definition specific to recreation was not found. 
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OHIO 
 
3745-1-07 
 

(4) Recreation 
 
These use designations are in effect only during the recreation season, which is the period from 
May first to October fifteenth, for all water bodies except those designated seasonal salmonid 
habitat.  The recreation season for streams designated seasonal salmonid habitat is June 1st to 
September 13th. 
 
 

a) Bathing  waters – these are waters that, during the recreation season, are suitable for 
swimming where a lifeguard and/or bathhouse facilities are present and include any 
additional such areas where the water quality is approved by the director.  Water bodies 
assigned the bathing waters use designation are not necessarily indicated in the rules 
3745-1-08 to 3745-1-30 of the Administrative Code but include local areas of those water 
bodies meeting this definition. 

b) Primary Contact – these are waters that, during the recreational season, are suitable for 
full-body contact recreation such as, but not limited to , swimming, canoeing, and scuba 
diving with minimal threat to public health as a result of water quality.  In addition to 
those water body segments designated in rule – all lakes and reservoirs, except upground 
storage reservoirs and those lakes and reservoirs meeting the definition of bathing water 
are designated primary contact recreation. 

c) Secondary contact – these are water that, during the recreation season, are suitable for 
partial body contact recreation such as, but not limited to, wading with minimal threat to 
public health as a result of water quality. 

 
 
OKLAHOMA 
 
Title 785.  Oklahoma Water Resources Board 
Chapter 45.  Oklahoma’s Water Quality Standards 
 
785:45-5-16.  Primary Body Contact Recreation  
 
Primary Body Contact Recreation involves direct body contact with the water where a possibility 
of ingestion exists.  In theses cases the water shall not contain chemical, physical or biological 
substances in concentrations that are irritating to skin or sense organs or are toxic or cause illness 
upon ingestion by human beings. 
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785:45-5-16.  Secondary Body Contact Recreation  
 
The water quality requirements for Secondary Body Contact Recreation are usually not as 
stringent as for Primary Body Contact Recreation. 
 
The secondary body contact recreation beneficial uses is designated where ingestion of water is 
not anticipated. 
 
Associated activities may include boating, fishing or wading. 

 
 

OREGON 
 
OAR, CHAPTER 340, DIVISION 041 
 
340-041-0002 Definitions 
 
Note:  Distinction between primary and secondary contact recreation is not made.  However, 
recreational uses are mentioned throughout the document. 
Specifically mentions a summer recreation season.    Also, indicates that sewerage construction 
programs should be designed to eliminate raw sewage bypassing during the summer recreation 
season (except for a storm event greater than the 10 year, 24-hour storm).   
 
 
SOUTH CAROLINA 
 
Definitions are provided for primary contact recreation and secondary contact recreation. 
 
Primary contact recreation means any activity with the intended purpose of direct water contact 
by the human body to the point of complete submergence, including but not limited to 
swimming, water skiing, and skin diving. 
 
Secondary contact recreation means any activity  occurring on or near the water which does not 
have an intended purpose of direct water contact by the human body to the point of complete 
submergence, including but not limited to fishing, boating, canoeing, and wading.   
 
 
TEXAS 
 
Chapter 307 – Texas Surface Water Quality Standards 
 
(12) Contact recreation – Recreational activities involving a significant risk of ingestion of water, 
including wading by children, swimming, water skiing, diving and surfing. 



DRAFT  (work-in-progress) 10

 
(35) Non-contact recreation – Aquatic recreational pursuits not involving a significant risk of 
water ingestion; including fishing, commercial and recreational boating, and limited body 
contact incidental to shoreline activity.   
 
 
UTAH 
 
R317-2-6.  Use Designations 
 
The Board as required by Section 19-5-110, shall group the waters of the state into classes so as 
to protect against controllable pollution the beneficial uses designated within each class as set 
forth below.   Surface waters of the state are hereby classified as shown in R317-2-13. 
 
Class 1 – Protected for use as a raw water source for domestic water systems. 
Class 2 – Protected for recreational use and aesthetics 
Class 2A – Protected for primary contact recreation such as swimming. 
Class 2B – Protected for secondary contact recreation such as boating, wading, or similar uses 
Class 3  - Protected for use by aquatic wildlife. 
Class 4 – Protected for agricultural uses including irrigation of crops and stock watering. 
Class 5 – the Great Salt Lake.  Protected for primary and secondary contact recreation, aquatic 
wildlife, and mineral extraction. 
 
 
Note:  Exact definition for recreation not found in the regulations – but the terms recreation is 
used throughout. 
 
 
VIRGINIA 
 
9 VAC 25-260-5  Definitions 
 
Primary Contact Recreation – means any water-based form of recreation, the practice of which 
has a high probability for total body immersion or ingestion of water (examples include but are 
not limited to swimming, water skiing, canoeing and kayaking). 
 
9 VAC 25-260-5  Designation of Uses 
 
All state waters, including wetlands, are designated for the following uses:  recreational uses, the 
propagation and growth of a balanced, indigenous population of aquatic life, including game 
fish, which might reasonably be expected to inhabit them, wildlife, and the production of edible 
and marketable natural resources, like fish and shellfish. 
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WASHINGTON 
 
Chapter 173-201A WAC 
 
WAC 173-201A-020  Definitions.   
 
Primary contact recreation means activities where a person would have direct contact with water 
to the point of complete submergence including, but not limited to, skin diving, swimming, and 
water skiing. 
 
Secondary contact recreation means activities where a person’s water contact would be limited 
(wading or fishing) to the extent that bacterial infections of eyes, ears, respiratory or digestive 
systems, or urogenital areas would be normally avoided. 
 
 
WEST VIRGINIA 
 
Title 46 
Legislative Rule 
Environmental Quality Board 
 
46-1-6. Water Use Categories 
At a minimum, all waters of the state are designated for the propagation and maintenance of fish 
and other aquatic life and for water contact recreation consistent with Federal Act goals.   
Incidental utilization for whatever purpose may or may not constitute a justification for 
assignment of a water use category to a particular stream segment. 
 
Category C – Water Contact Recreation – this category includes swimming, fishing, water skiing 
and certain types of pleasure boating such as sailing in very small craft and outboard motor 
boats. 
 
 
WISCONSIN 
 
Chapter NR 102   
Water Quality Standards for Wisconsin Surface Waters 
 
Note:  definitions for recreation uses of water not specifically mentioned, however recreation is a 
term used throughout the water quality document. 
 
 
NR 102.04  Categories of Standards given in general terms. 
 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

MEMORANDUM 

SUBJECT: Determination of "Existing Uses" for Purposes of 
Water Quality Standards Implementation 

FROM: Patrick Tobin, Director 
Criteria and Standards Division (WH-585) 

TO: Water Management Division Directors, Regions I-X 
WQS Coordinators, Regions I-X 

The antidegradation policy calls for the protection of 
existing uses and the level of water quality to protect those 
uses. Questions continue to be asked on defining existing uses, 
particularly in the recreational area, and who defines them. 
This memorandum provides guidance on these questions.1/ 

Recreational uses have traditionally been divided into 
primary contact and secondary contact recreation (i.e., swimming 
vs. boating; that is recreation "in" and “on” the water.) However, 
these two broad uses can logically be subdivided into an almost 
infinite number of subcategories (e.g., wading, sailing, power- 
boating, rafting, etc.). The water quality standards regulation 
does not establish a level of specificity which each State must 
apply in determining what "uses” exist. However, the regulation 
directly or indirectly establishes the following principles 
applicable to that process. 

The State selects the level of specificity it desires for 
identifying existing uses (that is, whether to treat secondary 
contact recreation as a single use or to define subcategories 
of secondary recreation 1. There are two limitations to the State 
decision: (1) the State must be at least as specific as the uses 
listed in sections 101(a) and 303(c) of the Clean Water Act, and 
(2) the State must be at least as specific as the written descrip- 
tion of the use classifications adopted by the State. 

If the State use classification system is very specific in 
describing subcategories of a use, then such specifically defined 
uses, if they exist, must be protected fully under our regulation 

1 With regard to aquatic protection uses, questions 7, 10, 11, 
and 16 of Questions and Answers on Antidegradation provide guidance 
for determining whether such uses exist, as does the Waterbody 
Survey and Assessment Guidance in Chapter 3 of the Water Quality 
Standards Handbook.) 
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and policies. A State with a broadly written use classification 
system may, as a matter of policy, interpret its classifications 
more specifically for determining existing uses - as long as 
it does so consistently. A State may also redefine its use 
classification system, subject to the downgrading constraints in 
40 CFR 131.10. 

If the use classification system in a State is defined in 
broader terms such as primary contact recreation, secondary 
contact recreation, or boating, then it is a State determination 
whether to allow changes in the type of primary or secondary 
contact recreation or boating activity which would occur on a 
specific water body as long as the basic use classification is 
met. For example, if a State defines a use simply as "boating", 
it is the State’s decision whether to allow something to occur 
which would change the type of boating from canoeing to power- 
boating as long as the resulting water quality allows the “boat- 
ing” use to be met. (The public record used originally to 
establish the use may provide a clearer indication of the use 
intended to be attained and protected by the State.) 

Our rationale is that the required water quality will allow 
a boating use to continue and that use meets the goal of the Act. 
For EPA to determine for a State what kind of boating, fishing, 
or recreation that should occur, where the question has not been 
addressed through the State's use classification system, appears 
to us to be extending a Federal presence beyond the scope intended 
by the Clean Water Act. Water quality is the key, This interpre- 
tation may allow a State to change activities within a specific 
use category but it does not create a mechanism to downwardly 
change use classifications - this latter action is governed 
solely by the downgrading provisions of the standards regulation 
(§131.10(g)). 

One situation where EPA might conceivably be called upon to 
decide what constitutes an existing use is where EPA is writing 
an NPDES permit. EPA has the responsibility under §301(b) (l)(C) 
to determine what is needed to protect existing uses under the 
State’s antidegradation policy, 
"existing uses" 

and accordingly may define 
for the purpose of writing that permit if the 

State has not done so. 

Ordinarily, it is the State which selects the level of 
specificity for identifying existing uses within its waters; EPA 
has the right of review and approval/disapproval just as we have 
on any aspect of water quality standards. (The general process, 
including emphasis on the State role, is described in the Water 
Quality Standards Handbook (pages 1-4 to 1-6)). 

cc: James M. Conlon 
Ed Johnson 
Ned Notzon 
Rebecca Hanmer 
Martha Prothro 
Bill Whittington 
Cathy Winer 
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Axioms for Setting or Changing Stormwater Standards 
 
1) Appropriate beneficial uses must be designated.  (40 CFR 131.10a) 

2) Uses must be designated where the use is actually being attained.  (40 CFR 131.10i) 

3) Water quality objectives must protect the designated uses.  (40 CFR 131.11a) 

4) Water quality objectives must protect the most sensitive use.  (40 CFR 131.11a) 

5) Existing uses may not be downgraded or deleted.  (40 CFR 131.10-h-1) 

6) The level of water quality necessary to protect existing uses shall be maintained.  (40 CFR 
131.12a) 

7) Existing uses are those uses actually attained in the water body on or after November 28, 1975, 
whether or not they designated.  (40 CFR 131.3e) 

8) REC-1 and Aquatic Life Habitat (ALH) are presumed to be attainable  (40 CFR 131.10d) 

9) Failure to designate REC-1 and ALH requires a UAA (40 CFR 131.10j) 

10) Water quality objectives must protect downstream beneficial uses (40 CFR 131.10b) 

11) Deleting or downgrading a designated use requires a UAA (40 CFR 131.10j) 

12) Subcategorizing w/ less stringent water quality criteria requires a UAA (40 CFR 131.10j) 

13) Uses are deemed attainable, and may not be removed, if the use can be achieved with cost-
effective and reasonable best management practices for nonpoint source control.  (40 CFR 
131.10d and 40 CFR 131.10-h-2) 

14) May delete, downgrade or subcategorize a use only under certain conditions (40 CFR 131.10g) 

15) Seasonal uses are allowed.  (40 CFR 131.10f) 

16) EPA's recommended water quality criteria are presumed to be protective for the associated 
designated uses.  (40 CFR 131.11) 

17) States may adopt and implement mixing zones, variances and low flow policies (40 CFR 131.13) 

18) Regional Board must consider factors identified in Section CWC §13241, including "economics," 
when adopting water quality objectives to protect beneficial uses. 

19) Undesignated waterbodies have the same beneficial uses as the designated waterbodies to which 
they are tributary (SAR Basin Plan, pg. 3-5) 



 
28 July 2004 
 
 
TO:  Stormwater Standards Task Force Members 
FROM: Tim Moore 
RE:  New Delphi Questions 
 
 
After our last Task Force meeting, I prepared 2 documents to summarize our discussions (attached).  These draft documents are intended to help the 
group begin formulating tangible decision criteria to distinguish one type or level of recreational beneficial use from another. 
 
There appears to some consensus developing around the "Factors" that should be considered when evaluating recreational uses.  Agreement on 
specific threshold values for each of the factors is less evident.  To that end, it might be useful to consider a "Scoring System" that appraises each 
waterbody or stream segment on a continuum of different variables.  Ultimately, if we have a few good examples to serve as archetypes for each 
category and sub-category of recreational uses, we should be able to use the scoring system as a "clustering tool" in a manner analogous to the way 
EPA's Rapid Bioassessment Protocol (RBP) is used to evaluate aquatic habitat. 
 
For the next DELPHI discussion, we will do only 1 round of responses.  The opportunity for reaction and rebuttal will come in the next Task Force 
meeting (scheduled from Noon 'til 4:00pm on Thursday, August 12th at SAWPA;  buffet lunch available at 11:30a.m. for any who are interested). 
 
DELPHI Question #5: 
 

Does the factor matrix shown in Figure 1 (attached) provide a fair and accurate basis for categorizing and subcategorizing recreational uses?  
Suggest additional specific quantitative criteria, like those shown in Figure 2, to appraise the potential for recreational uses? 

 
DELPHI Question #6: 
 

Assuming decision criteria like those reflected in Figure 1 and 2 will be used to evaluate various waterbodies (segments) throughout the 
region, what data will be required?  Answer by preparing a list of questions we must be able to answer before designating uses at any given 
location. 

 
Send all answers, via email, to jbeehler@sawpa.org by 3:00pm on Thursday, August 5th.  We will copy and redistribute the next day. 



 
Figure 1:  Draft  Decision  Matrix  for  Designating  Recreational  Uses  in the  Santa Ana River  Watershed 

 
Use 

Evaluation 
Factor 

 
Not  REC-1 

 
Limited REC-1 

 
REC-1 (unlimited) 

 
Accessability 

Physical access nearly impossible without special 
equipment (e.g. ladders, ropes).  Near vertical 
side slopes.  Well-maintained fences inhibit 
access to the waterbody. 

Physical barriers make access sufficiently difficult 
to deter common use (incl. fencing or thick 
vegetation); little or no parking nearby;  

Easy access with no significant barriers (incl. 
fencing) precluding water contact;  access 
restrictions (if any) are not enforced 

Channel 
Morphology 

Significant alteration to support flood control 
purposes (concrete sides and/or bottom), few 
natural qualities; unsightly; dangerous physical 
conditions 

Steep and/or armored slopes;  heavy tree canopy 
reduces sunlight; lack of meaningful vegetation for 
shade; poor fish habitat. 

Largely unaltered natural channel; with 
attractive trees and vegetation and beach-like 
resting areas (sand bars).  Suitable habitat for 
fishing. 

Frequency & 
Magnitude 

of Use 

Body contract recreation is not expected and 
would be considered atypical, aberrational or 
artifactual if it ever occurred. 

Body contract recreation is relatively rare.  
Relatively few people seen in proximity to water.  
Children (<13 years old) are not present. 

Body contact recreation is frequent, common 
and accepted.  Children are often present. 

Normal 
Flow 

Regime 

Unreliable "trickle" flows only.  Measurable 
depth averages less than an inch or two.  No 
realistic possibility of immersion under normal 
flow conditions. 

Shallow or uncertain flows and channel dimensions 
make flow significantly less attractive for play.  
Measurable depth averages less than 6 to 8 inches 
and risk of ingestion is significantly lower. 

Regular flows with opportunities for full (or 
significant) immersion.  Materials that may be 
used to construct wading/play pools by 
building temporary dams. 

Aesthetic 
Qualities 

Stagnant water; algae and mosquitoes are 
common; significant trash/litter; unpleasant 
odors.  Sediment is muddy or silty. 

Water appears turbid or cloudy.  Brown or green 
tints caused by silt and/or algae.   

Clear water with no perceptible negative 
physical qualities (odor, sheen, foam, etc).  
Water temperature is suitable for extended 
body contact. 

Adjacent 
Land Use 

Primary land uses are largely commercial, 
industrial, or agricultural.  Transportation 
corridors. 

Undeveloped lands or incompatible uses (golf 
courses, cemeteries). 

Public parks and beaches, roadside picnic 
areas, residential areas 

Available 
Alternatives 

REC-1 or Limited REC-1 opportunities within a 
short distance such that no reasonable person 
would choose to play in this waterbody when 
those others are so much more attractive. 

No nearby REC-1 alternatives.  Best available 
recreational resource, especially for those with 
lower incomes or that lack ready transportation. 

Recreation is expected and (often) encouraged.  
Strong environmental justice concerns. 

Conditional 
Exceptions 

 
---None--- 

Limited REC-1 may be suspended during, and for a 
short time after, storm events due to unsafe flow 
conditions. 

REC-1 may be suspended during, and for a 
short time after, storm events if unsafe flow 
conditions exist. 

Archetype 
Examples 

Cucamonga Creek north of I-10, Chino Creek 
north of Carbon Canyon WWTP, MET 
Reservoirs, Warm Creek north of I-10 

Tequesquite Arroyo, Sunnyslope Channel, 
Temescal Creek,  

Huntington Beach, Big Bear Lake, Reach 3 of 
the Santa Ana River, Lake Elsinore, Newport 
Bay, segments of Lytle Creek 

Likely 
Pathogen 
Objectives 

Pathogen objectives are not applicable. Default to EPA's recommended water quality 
criteria unless site-specific water quality objectives 
are developed. 

As recommended in EPA guidance for 
protection of body contact recreation. 

 



 
Figure 2:  Draft  Framework  for  Proposed  Scoring System  to  Appraise  the  Potential  for  Recreational Uses 

 
 
 NOT  Rec-1              Unlimited  REC-1 

Accessability 
 Very Difficult Access  1 2 3 4 5 6 7 8 9 10  Very Easy Access 
 Controlled Access  1 2 3 4 5 6 7 8 9 10  Uncontrolled Access 
 

Channel Morphology 
 Severely Altered  1 2 3 4 5 6 7 8 9 10  Natural Conditions 
 Steep Slopes   1 2 3 4 5 6 7 8 9 10  Shallow Slopes 
 

Frequency & Magnitude of Use 
 Very Rare   1 2 3 4 5 6 7 8 9 10  Common 
 Few People   1 2 3 4 5 6 7 8 9 10  Many People 
 No Children   1 2 3 4 5 6 7 8 9 10  Lots of Kids 
 

Suitability of Normal Flows 
 Unpredictable   1 2 3 4 5 6 7 8 9 10  Reliable 
 Shallow Trickle  1 2 3 4 5 6 7 8 9 10  Volume & Velocity OK 
 

Aesthetic Qualities 
 Cloudy Water   1 2 3 4 5 6 7 8 9 10  Clear Water 
 Muddy Sediment  1 2 3 4 5 6 7 8 9 10  Sandy Sediment 
 Too Cold   1 2 3 4 5 6 7 8 9 10  Temperature OK 
 Smelly    1 2 3 4 5 6 7 8 9 10  Odorless 
 

Adjacent Land Use 
 Commercial/Industrial 1 2 3 4 5 6 7 8 9 10  Public Parks 
 Agric. or Undeveloped 1 2 3 4 5 6 7 8 9 10  Residential 
 

Available Alternatives 
 Many alternatives  1 2 3 4 5 6 7 8 9 10  Few alternatives 
 Alternatives nearby  1 2 3 4 5 6 7 8 9 10  Alternatives too distant 
 
 

Note:  presumably, "Limited REC-1" will fall somewhere between the two boundary conditions.  Where?  Ay, there's the rub! 



Linking Federal and State Use Designation Factors to Recreational Use Subcategories and Decision Factors Considered During Previous Delphi Discussions 

A B C D E  
Federal UAA "Factors" 

(40 CFR 131.10g) 
California "Factors" 

(CWC §13241) 
Unlimited REC-1 Limited REC-1 Not REC-1 

 
1 

"1)  Naturally occurring pollutant concentrations 
prevent attainment of the use." 

"b)  Environmental characteristics of the 
hydrographic unit under consideration, including 
quality of water available thereto" 

Natural pathogen concentrations 
consistently meet EPA guidelines. 

Natural pathogen concentrations 
preclude attainment of the use under 
certain flow conditions. 

Natural pathogen concentrations 
consistently exceed EPA guidelines. 

 
 
2 

"2)  Natural, ephemeral, intermittent or low flow 
conditions or water levels prevent attainment of the use, 
unless these conditions may be compensated for by the 
discharge of sufficient volume of discharges without 
violating State water conservation requirements to 
enable uses to be met." 

"a) Past, present, and probable future beneficial 
uses of water." 

"b)  Environmental characteristics of the 
hydrographic unit under consideration…" 

Flows are consistently sufficient 
to allow full-body contact to occur 
(swimming, diving, tubing, 
kayaking, waist-deep wading).  
Full immersion and/or accidental 
ingestion are likely. 

Natural flows are very shallow;  water 
recreation is limited to partial body 
contact activities (e.g. fishing, ankle deep 
wading) with a low probability of 
immersion and a low risk of significant 
ingestion. 

Waterbody is normally ephemeral; flow is 
only present during and immediately after 
storm events.  Dry weather flow limited to 
stagnant puddles and trickle flows from 
nuisance runoff. 

 
 
3 

"3)  Human caused conditions or sources of pollution 
prevent the attainment of the use and cannot be 
remedied or would cause more environmental damage 
to correct than to leave in place." 

"c)  Water quality conditions that could 
reasonably be achieved through the coordinated 
control of all factors which affect water quality in 
the area." 

"e)  The need for developing housing within the 
region." 

Reasonable BMPs and BAPCT's 
ensure that pathogen 
concentrations will consistently 
comply with EPA's guidelines. 

Reasonable BMPs and BAPCT's will 
ensure compliance under most, but not 
all, flow conditions.  People are unlikely 
to be present under conditions where full 
compliance cannot be assured. 

Reasonable BMPs and BAPCT's will not 
ensure that pathogen concentrations will 
meet EPA's guidelines. 

 
 
4 

"4)  Dams, diversions or other types of hydrologic 
modifications preclude attainment of the use, and it is 
not feasible to restore the water body to its original 
condition or to operate such modifications in a way that 
would result in attainment of the use." 

"a) Past, present, and probable future beneficial 
uses of water." 

"e)  The need for developing housing within the 
region." 

Waterbody is largely unaltered 
and retains significant natural 
characteristics likely to attract 
people (esp. children) seeking 
recreational opportunities. 

Rip-rap and steep side slopes necessary 
for erosion control significantly restrict 
access to an otherwise natural the 
waterbody.  Consequently, recreational 
activities rarely (if ever) occur at such 
locations. 

Significant channel modifications, 
especially concrete lining and near vertical 
side-walls, virtually eliminates all water-
contact, especially recreational activities, 
in the waterbody. 

 
 
5 

"5)  Physical conditions related to the natural features 
of the water body, such as the lack of proper substrate, 
cover, flow, depth, pools, riffles, and the like, unrelated 
to water quality, preclude attainment of aquatic life 
protection uses." 

 
 

This Federal factor relates solely to aquatic life protection uses;  not relevant to recreational use discussions. 

 
 
6 

"6)  Controls more stringent than those required by 
Sections 301(b) and 306 of the Act would result in 
substantial and widespread economic and social 
impact." 
 
Note:  this is a Socioeconomic Impact Analysis not a 
traditional Cost-Benefit Analysis. 

"d)  Economic considerations." 

"e)  The need for developing housing within the 
region." 
 

Necessary BMPs and BAPCT's 
are cost-effective, reasonable and 
impose no significant economic 
hardship to the area. 

Cost-effective BMPs will ensure 
compliance under some, but not all, 
conditions.  However, such BMPs will 
assure that ambient water quality meets 
EPA guidelines when people are most 
likely to be present in the waterbody. 

BMP's and BAPCT's will not ensure water 
quality meets EPA guidelines; no cost-
effective treatment technology available; 
economic impact of minimally-sufficient 
treatment technology would result in a net 
increase in the risk of human morbidity. 

 
 
7 

"…water quality standards should, wherever attainable, 
provide water quality for the protection of fish, 
shellfish, and wildlife and for recreation in and on the 
water and take into consideration their use and value of 
public water supplies, propagation of fish, shellfish, and 
wildlife, recreation in and on the water, and 
agricultural, industrial, and other purposes including 
navigation."  (40 CFR 131.2) 

“...activities and factors which may affect the 
quality of the waters of the state shall be regulated 
to attain the highest water quality which is 
reasonable, considering all demands being made 
and to be made on those waters and the total 
values involved, beneficial and detrimental, 
economic and social, tangible and intangible.” 
(CWC §13000) 

People, especially children, 
commonly engage in water 
contact activities where immersion 
and ingestion are likely thereby 
demonstrating the "high value" 
placed on recreational uses in the 
waterbody. 

Very few people, and no children, 
engage in recreational activities due to 
relatively permanent conditions (poor 
access, poor flow, unsafe channels, etc.) 
that drastically inhibit full-body water 
contact and significantly limit the 
probability of accidental ingestion. 

No known or expected human presence in 
the waterbody under normal flow 
conditions.  Official public policy actively 
and successfully discourages recreational 
activities in the waterbody.  Absence of 
people demonstrates "low value" for 
recreational uses in the waterbody. 

Note:  BMP = Best Management Practices (generally refers pollution prevention and source control);  BAPCT = Best Available and Practical Control Technology (usually refers to treatment strategies). 
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Abstract 

Good assessment of environmental issues, such as climate change, requires effective communication of the 

degree of uncertainty associated with numerous possible outcomes. One strategy that accomplishes this, 

while responding to people’s difficulty understanding numeric probability estimates, is the use of specific 

language to describe probability ranges. This is the strategy adopted by the Intergovernmental Panel on 

Climate Change in their Third Assessment Report. There is a problem with this strategy, however, in that it 

uses words differently from the way lay readers of the assessment typically do. An experiment conducted 

with undergraduate science students confirms this. The IPCC strategy could result in miscommunication, 

leading readers to under-estimate the probability of high-magnitude possible outcomes. 

 

Introduction 

The potential impacts of climate change vary not only according to their timing and magnitude, 

but also according to the probability with which they will occur. Some of the most consequential 

potential impacts—such as rapid seas level rise due to the disintegration of the West Antarctic Ice 

Sheet—thankfully will probably not occur. Effective assessment of climate change allows policy-

makers to take into account scientific knowledge about not only the most likely outcomes of 

environmental change, but also these less likely, but more consequential possibilities. A 

significant challenge confronting the Intergovernmental Panel on Climate Change (IPCC) and 
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other assessment panels is to communicate the broad range of beliefs, and the uncertainties 

associated with those beliefs, about the future course of global climate, so that policy-makers can 

make responsible decisions about societal actions. 

The task of communicating uncertainty is made difficult both by the disagreements within the 

scientific community about what the probabilities are, and by lay people’s general difficulty 

thinking in probabilistic terms. Assessment authors must first resolve among themselves the 

uncertainty over uncertainty: what the probability of an event’s occurring actually is when there is 

disagreement over that probability. Then, they must figure out how to communicate that 

uncertainty to a lay audience—policy makers and the public—so that the assessment audience 

will be able to make effective tradeoffs with society’s scarce resources. 

The latest report from the IPCC, Climate Change 2001, systematically communicates 

probability using well-defined descriptive language, words such as very unlikely (Houghton et al, 

2002). Doing so avoids having to arrive at a single point estimate for the probability of an event, 

or even a precise range of estimates. It also responds to the public’s difficulty interpreting 

quantified probabilities. The IPCC strategy achieves several important objectives, such as 

promoting internal consensus among chapter authors and conveying a sense of confidence in 

outcomes of climate. At the same time, the IPCC’s strategy does not exactly match people’s 

common use of language, in which the words used to describe the probability of an event also 

depend on the event’s potential magnitude; the IPCC is communicating probability using 

language commonly used to describe risk, the combination of probability and consequence.  

In this paper we examine the potential biases that could result from the possible mismatch 

between the IPCC’s use of words describing probability and people’s intuitive understanding of 

their meaning. After background sections on people’s cognitive biases interpreting probability, 

and the ways that assessments have commonly addressed these biases, we present the results of a 

simple experiment testing the use and interpretation of descriptive words to describe potential 

weather events. What we find is a reassuring symmetry in how people use language to describe 

possible events. Risk communicators exaggerate the likelihood of high consequence events, at the 

same time that their audience expects such exaggeration, and de-codes accordingly. The IPCC 

strategy, however, removes the possibility of exaggeration on the part of the communicators, 

since each descriptive word is assigned a specific probability range that insensitive to event 

magnitude. Unless the audience adjusts—ceasing the practice of correcting for expected 

exaggeration—the result could be a biased under-response to high magnitude events. 
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Probability Interpretation 

Both psychologists and behavioral economists have shown that people’s descriptions and 

understanding of probabilities depend on contextual factors such as objective probability, base-

rate, and event magnitude (Weber, 1994). In terms of objective probability, Kahneman and 

Tversky (1979) identify a weighting function people use to interpret evidence of probabilities, 

shown in Figure 1. People tend to overestimate the probability of relatively infrequent events 

(such as dying from botulism) and underestimate the probability of relatively frequent events 

(such as dying from heart disease. The change in people’s reactions when an event’s assessed 

probability goes from 0% to 1% is much greater than when it goes from 36% to 37% (Patt and 

Zeckhauser, 2002). For very small probabilities, people’s responses are more binary than 

continuous (Kammen et al., 1997; Covello, 1990). Below a certain threshold of concern people 

view the event as impossible; above the threshold, they take measures to prevent it, measures that 

may not be justified by the event’s small probability. People are relatively insensitive to changes 

in assessed probability in the middle of the scale, treating all such probabilities as roughly fifty-

fifty. 

 

Figure 1—Probability Weighting 

 

In terms of base rates, Wallsten et al.(1986) observe that people’s interpretation of probability 

descriptors depends on the background frequency of an event. Hence, people interpret a “slight 

chance” of rain in London as meaning a higher numeric probability than a “slight chance” of rain 

in Madrid. Windschitl and Weber (1999) observe a similar phenomenon even when people are 
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given numeric estimates of event probabilities. In one experiment, subjects are told that a person 

has a 30% chance of contracting a mild form of malaria during a trip to a tropical destination. 

Some of the subjects are led to believe that the destination is Calcutta, while others are told 

Honolulu. Subjects then describe, on a verbal scale, the likelihood of malaria. Those people who 

are told that the trip is to Calcutta tend to describe the likelihood of malaria with more certain 

language (choosing terms such as “somewhat unlikely”) than do the people who are told the trip 

is to Honolulu (choosing terms such as “quite unlikely”). Later, the same subjects are asked to 

recall the numeric probability of contracting malaria. Those for whom Calcutta was the 

destination remember higher numeric probabilities. 

In terms of event magnitude, Weber and Hilton (1990) observe people’s probability word 

interpretation responding not only to base rates, but also to the negative utility associated with 

different events. In one experiment, subjects were asked to decide on the numeric probability they 

believe their doctor had in mind when describing the likelihood of medical conditions such as 

warts, stomach ulcers, and skin cancer. For each medical condition the doctor used same 

probability words, such as “slight chance”, People’s initial estimates of numeric probability are 

initially lower for the more serious events, such as cancer. The researchers attribute this to the 

base-rate phenomenon: base rates and severity are usually inversely correlated, and people 

generally assume higher magnitude negative outcomes are less likely. Later in the experiment, 

however, people were informed that the base rates were the same for the different conditions. 

With this new information, people show a non-linear response to event severity.  As the severity 

of events increased, people first showed higher numeric estimates of probability. However, as the 

events started to become life threatening, subjects’ estimates of probability begin to decrease. 

Hence for serious events, such as cancer, subjects again “de-coded” the physician’s language to  

assign a lower numeric probability than for the events of intermediate magnitude. 

The sensitivities to changes in assessed probability, base rates, and event magnitude all create 

challenges for assessors. For example, risk communicators may have to work very hard to 

convince people that it is more worthwhile reducing one risk from 45% to 30% than another risk 

from 0.01% to 0.005%. They may have to convince people that even though a given risk has a 

0% base rate—it has never happened before—it is still possible that it will happen in the future. 

And they will need to convince help people distinguish between event magnitude and probability, 

so that they can properly compare different risks to make more accurate decisions. 
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Uncertainty Assessment 

Fortunately, scientific assessors have increasingly appeared sensitive to audience perceptions, 

revealed in a variety of ways they have communicated uncertainty. Some assessments fail to 

report highly uncertain information, or else avoid quantification of uncertainty by giving ranges 

of expected outcomes without clarifying the probability bounds for that range. This approach 

offers information that is easy to understand, yet at the same time incomplete. Patt (1999) 

examines the assessment of a highly unlikely yet highly consequential result of climate change—

the rapid collapse of the West Antarctic Ice Sheet—across different types of assessment. He finds 

that the large, consensus-oriented assessments, such as the IPCC, were less likely to provide 

information on the event. Smaller assessments, both those conducted by advocacy groups and 

those responding to specific questions of their intended audience, tended to provide greater detail 

on the issue. There are several explanations. First, consensus within the assessment team might be 

difficult to achieve for high-consequence low-probability events. For example, Morgan and Keith 

(1995) obtained subjective probability judgments from a number of climate change scientists, 

using a variety of expert elicitation techniques. What they observed was disagreement, often 

between disciplines, with many experts’ ranges failing to overlap. As events become more and 

more speculative, it is likely that expert opinion will diverge even more. Patt also concluded that 

for these extreme events, it is possible that assessment authors would be tempted to view any 

treatment as counterproductive. Because people’s responses to low-probability events are likely 

to be binary and polarized, discussion of such events may in fact lead to greater conflict within 

the policy community. If assessment authors see their task as building consensus, not only among 

themselves but also among decision-makers, then they will limit their discussion to events that 

are either certain or of middle-probability. 

Van der Sluijs (1997), likewise, examines how the IPCC has described the range of future 

temperature changes associated with climate change. He observes that the range has remained 

fairly constant, even as new evidence has become available. Assessors were reluctant to depart 

from a previously stated position, and “anchored” on the old estimate absent a compelling reason 

to change it. To maintain intellectual honesty, they failed to quantify the probabilities associated 

with that temperature range. As long as it remained unclear what a given temperature range 

actually meant, they could continue to use it. Like the strategy of omitting treatment of extreme 

events altogether, the anchoring phenomenon is a way of avoiding the rigorous treatment of 

uncertainty, when being rigorous could make consensus difficult, or could confuse the audience.   

Other assessments—assessments of health and technological risks in particular—present 

quantified probability estimates. This approach offers more information but may be difficult to 
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interpret by an untrained audience. The history of these difficulties is well documents. Leiss 

(1996), for example, describes three stages in risk communication practice. In the first stage, risk 

communicators believed that if they simply communicated their best estimates, people would use 

that information to make consistent tradeoffs. This strategy lasted until the 1980s, by which point 

it became clear that people were systematically over-reacting to some kinds of risk, and under-

reacting to others. In response, risk communicators saw their jobs evolving to include more 

salesmanship—they would convince people of which risks were worthwhile, and which risks 

were not—in which the communicator was deliberately trying to bring about a specific behavior 

pattern that might not have occurred otherwise. Alternatively, many risk assessors and 

communicators started to suggest that decision-making on such issues be insulated from popular 

opinion (Breyer, 1993). In many cases, however, such strategies led to increased public 

resentment of the risk assessors and decision-makers (Freudenberg, 1996; Irwin and Wynne, 

1996). The third stage, as Leiss and others (e.g. Fischhoff, 1996) see it, is characterized by a 

greater attention to public participation, to building partnership between risk assessors and 

decision-makers in developing appropriate responses to the information. The approach seems to 

work across issues and cultures to increase the credibility and salience of the information, and to 

help people respond wisely (Patt, in press). 

Many of these considerations entered into the design consideration for the IPCC Third 

Assessment Report. The challenge was to provide understandable and complete information 

about uncertainty in a context—the written document—where the audience would be unable to 

participate. Moss and Schneider (2000) reported to the IPCC lead authors on the communication 

of uncertainty, recommending a seven-step approach for describing each uncertainty. They 

suggested, for example, that authors should identify and describe the sources of uncertainty, 

document the ranges and distribution for each uncertain variable, identify the level of precision 

possible for describing the variable, and place the expert judgments within a formal decision-

analytic framework. The IPCC authors accepted some of Moss and Schneider’s 

recommendations, and not others. Of particular note, however, was the decision by lead authors 

to use specific qualitative language—words such as likely, very likely, and virtually certain, to 

describe quantitative probability ranges. Early in the report they define the probability ranges for 

seven qualitative descriptive terms, and then use those terms rather than numbers (see Table 1). 

This is a more simple strategy than the one that Moss and Schneider (2000) suggest. 
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Table 1—IPCC Qualitative Descriptors 

 

Probability Range Descriptive Term 
 

< 1% 

1–10% 

10–33% 

33–66% 

66–90% 

90–99% 

> 99% 

Extremely Unlikely 

Very Unlikely 

Unlikely 

Medium Likelihood 

Likely 

Very Likely 

Virtually Certain 
 

 

 

There may be good reasons for this approach. First, using language such as very likely or 

virtually certain to describe an uncertain outcome avoids the problem of experts having to reach 

consensus on a particular probability estimate or range. Since it may well be impossible for 

experts to reach consensus, the alternative to the use of such language may well be complete 

omission of the uncertain outcome. Obviously, it is better to describe an event than to omit it, 

even if the probability range is wide and not completely precise. Second, many people 

understand, or feel they understand, the meanings of such words better than they do accurate 

numbers or ranges (Wallsten et al., 1986). This is especially true for forecasts of one-time events 

(e.g., the chances of one meter sea level rise), as opposed to forecasts of frequent outcomes (e.g., 

the chances of any one person contracting malaria during a visit to Honolulu) (Pinker, 1997). To a 

lay audience, a numeric probability for the frequent event makes sense; the typical person stands 

an X% chance of contracting malaria, since X people in 100 actually do contract the disease. But 

for the one time event, for which there is no past data, the meaning of the X% is somewhat 

different. The probability estimate conveys a degree of confidence in the outcome occurring, 

rather than a description of past data. The use of probability language to describe degrees of 

confidence, rather than numeric estimates, makes more sense to most people (Moss and 

Schneider, 2000). Additional information, the accurate numerical data, may simply upset this 

simple approach toward communicating uncertainty. 
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An important component of this approach, in addition to the use of words rather than 

numbers, is the adoption of a context-independent scale. Thus, the language the IPCC authors use 

to describe uncertainty depends only on the probability of the outcome, or the confidence with 

which they believe it will occur, and not on other characteristics of the event, such as its 

magnitude. However, the language that people use to discuss uncertainty and the meanings they 

give to various descriptors depend on the event being described and the context within which it 

falls: the total risk of an event. When both the communicators and the audience are using 

uncertainty descriptors to describe risk, and not simply probability, accurate understanding will 

pass from communicator to audience without bias (Brun and Teigen, 1988). But when the 

communicators use words to describe probabilities, and the audience still interprets them as 

describing risk, miscommunication can result. The result of that miscommunication could be for 

the audience systematically to underweight the both the probability and the riskiness of high 

magnitude events. 

Experiment 

To illustrate how the use of context independent descriptors, we conducted a simple experiment, 

in which we polled 152 undergraduate science students at Boston University, randomly 

distributing equal numbers of four different survey questions. The surveys differed across two 

dimensions, allowing for a controlled experiment. Half of the surveys asked subjects to translate, 

in the role of risk communicators, numeric probabilities into words—choosing one of the IPCC’s 

seven descriptive terms, from virtually certain to extremely unlikely—to describe an event of 10% 

probability. The other half of the surveys asked subjects to assign a probability range—again one 

the IPCC’s seven ranges, from greater than 99% chance to less than 1% chance—to an event 

described as “unlikely, perhaps very unlikely.” This task is equivalent to that of an IPCC 

audience, making an estimate of the likelihood of an event based on the probability description 

they hear or read. Within each group, half the surveys asked subjects to describe or interpret the 

likelihood of a high-impact outcome: a hurricane due to hit land near Boston. The other half 

involved a low-impact outcome, early season snow flurries. Table 2 shows the four survey 

versions.  

Subjects were aware that we had distributed several versions of the survey, but were not 

aware of how the versions differed, or the purpose of the experiment. They were also not 

generally aware of the IPCC’s choice of language to describe uncertainty in Working Group I of 

the Third Assessment Report. Clearly, undergraduate college students differ in their technical 

expertise from policy-makers and other readers of the IPCC report. However, what we are testing 
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is whether there exists a basic behavioral tendency for people in general to interpret probability 

language describing weather events in a way that responds to event magnitude, as others have 

observed in the literature. It may well be that highly-trained individuals will demonstrate less of a 

bias. But by using college students as subjects, we can draw conclusions about people’s 

underlying decision-making biases. 

Table 2—Survey Versions 

Communicators Audience 

High Magnitude 
Outcome 

Low Magnitude 
Outcome 

High Magnitude 
Outcome 

Low Magnitude 
Outcome 

Imagine that you are the weather person for a 
Boston television station. The date is 
September 8, 2001. 

Imagine that the date is September 8, 2001, and 
you are watching the weather report on 
television. 

You are somewhat 
concerned about a 
very powerful 
hurricane currently 
near Bermuda. 
Usually these 
hurricanes hit land in 
the Carolinas, or else 
track out to sea, but in 
this case conditions 
make it possible that 
the hurricane could hit 
land near Boston, 
devastating the region 
with sustained winds 
of over 100 mph and 
extensive flooding. 

You are somewhat 
concerned about a cold 
front currently over 
western New York 
State. Usually at this 
time of the year these 
fronts bring isolated 
thunderstorms and 
chilly temperatures 
(40s to 50s) to the 
region, but in this case 
conditions make it 
possible that Boston 
will see some snow 
flurries and 
temperatures dipping 
into the high 30s. 

The weather person is 
talking about a very 
powerful hurricane 
currently near 
Bermuda. Usually 
these hurricanes hit 
land in the Carolinas, 
or else track out to 
sea, but in this case 
conditions make it 
possible that the 
hurricane could hit 
land near Boston, 
devastating the region 
with sustained winds 
of over 100 mph and 
extensive flooding. 

The weather person is 
talking about a cold 
front currently over 
western New York 
State. Usually at this 
time of the year these 
fronts bring isolated 
thunderstorms and 
chilly temperatures 
(40s to 50s) to the 
region, but in this case 
conditions make it 
possible that Boston 
will see some snow 
flurries and 
temperatures dipping 
into the high 30s. 

The National Weather Service is currently 
predicting the chances of this happening at 
10%, and you believe this to be a good 
estimate. Which of the following language 
would you use to describe to your viewers the 
chances of this happening? 

a. Extremely Unlikely 
b. Very Unlikely 
c. Unlikely 
d. Medium Likelihood 
e. Likely 
f. Very Likely 
g. Virtually Certain 

The weather person, whom you trust, is 
saying that it is unlikely, perhaps very 
unlikely, that this will actually happen. 
Based on this forecast, what do you think 
the chances of this event happening actually 
are? 

a. < 1% 
b. 1–10% 
c. 10–33% 
d. 33–66% 
e. 66–90% 
f. 90–99% 
g. > 99% 
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The results show significant (χ2 test, p < .01) differences between the two outcomes across 

the two groups of subjects. Among communicators, subjects were more likely to use greater 

likelihood descriptors to describe the hurricane than to describe the snow flurries, as seen in 

Figure 2. While the mode descriptor for both events was unlikely, more subjects chose the 

descriptors medium likelihood, likely, and very likely to describe the hurricane than to describe the 

snow flurries; likewise, more subjects choose the descriptors very unlikely and exceptionally 

unlikely to describe the snowfall. Among the audience, subjects estimated lower probabilities of 

occurrence for the hurricane than for the snow flurries, as seen in Figure 3. The mode estimate for 

the hurricane was 1—10% chance, with several subjects estimating <1% chance. For the snow 

flurries, the mode estimate was 10–33% chance, with more subjects estimating 66–90% chance 

for the snow flurries than for the hurricane. 

 

Figure 2—Communicators’ Probability Words 

Discussion 

Clearly, the experimental results—surveying only upon undergraduate science students—do not 

distinguish between different groups of assessment audiences. They are, however, consistent with 

existing literature on the use of probabilistic language, and they do suggest an important feature 

of these probability descriptors: that people both use and interpret them as containing information 

about event magnitude as well. People are more likely to choose more certain sounding 
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probability descriptors (e.g., likely instead of unlikely) to discuss more serious consequence 

events. But people are also sensitive to this practice in others, expecting a certain amount of 

exaggeration about the likelihood of high magnitude events.  

 

 

Figure 3—Audience’ Probability Estimates 

 

A weather forecaster might describe a 10% probable snow flurry as very unlikely, which the 

television viewer would accurately interpret to mean about 10%. Likewise, a weather forecaster 

might describe a 10% probable hurricane as medium likelihood, which the television viewer 

would again accurately interpret to mean about 10%. The symmetry of the two groups allows for 

effective communication. Figure 4a illustrates this pattern. Assigning a fixed probability scale to 

describe uncertain event with significantly different magnitudes of impact could disrupt that 

symmetry, as seen in Figure 4b. What would happen if forecasters were to use a single phrase, 

such as unlikely, to describe both the hurricane and snowfall? Attempting to correct for the 

assumed exaggeration, the viewers would understand the single word unlikely as implying a 

smaller chance for the hurricane than for the snow flurries.  
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Figure 4a—Exaggeration and Decoding 

 

 

Figure 4b—Fixed Scale and De-Coding 
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Biased Mitigation Efforts 

In response to the fixed probability scale, people will have a tendency to over-estimate the 

likelihood of low-magnitude events, and under-estimate the likelihood of high-magnitude events. 

Importantly, the two errors do not balance each other out, but introduce a bias in people’s 

aggregate responses to the two events. Imagine, for example, that the hurricane, if it hits Boston, 

will cause damages of $10 million. The probability of this outcome is 10%, yielding an expected 

loss of $1 million, but people underestimate this probability to be 5%, yielding an expected loss 

of $0.5 million. The snow-flurries will cause very small damages, perhaps one additional road 

accidents costing $10,000. The probability is 10%, yielding an expected loss of $1000, but people 

overestimate the probability to be 15%, yielding an expected loss of $1500. The underestimate of 

damages for the high-magnitude event completely overshadows the overestimate from the low-

magnitude event. People’s expectation of damages from the two combined events will be biased 

downward. 

The efficiency of people’s efforts to mitigate damages, through advance preparation, will also 

be biased downward, with a net loss in welfare. To see how this is so, consider one possible 

mitigation strategy an individual or local area might pursue: the purchasing of insurance. First, 

imagine that it is possible to insure against each event at an actuarially fair rate, i.e., 10% of the 

possible loss from each event. Rational risk-averse actors would gain the greatest expected 

benefit from fully insuring against each event, purchasing $1 million of coverage for the 

hurricane, and $10,000 of coverage for the snow flurries, reducing to zero the variance of possible 

outcomes while leaving the expected outcome unchanged. But if people believed the probability 

of the hurricane were 5%, the insurance at a 10% rate would appear overpriced, and they would 

underinsure, i.e., purchasing insurance to cover < $1 million. Likewise, estimating the likelihood 

of snow-flurries at 15%, people would over-insure. In each case, they would have purchased the 

wrong amount of insurance, resulting in positive variance, and a lowering of expected utility, for 

each event. Second, imagine that it is possible to purchase a single insurance policy for cover 

both events. At an actuarially fair rate of 10%, this policy would cost slightly more than $1 

million. With the two errors in probability understanding, people would estimate losses at slightly 

more than $0.5 million. The policy would appear too expensive, and people would purchase less 

than full coverage. 
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The IPCC Strategy 

Climate change will bring many predictable impacts such as a rise in mean annual temperature, 

changing precipitation patterns, or mild coastal flooding. It also may bring less probable, more 

extreme impacts such as major coastal flooding (if polar ice were to deteriorate quickly), 

prolonged regional droughts, or large increases in storm frequency or intensity. Ideally, policies 

to mitigate and adapt to climate change will rely on an unbiased appraisal of both the probability 

and magnitude of each of these different possible outcomes. The communication strategy that the 

IPCC Third Assessment Report adopts—referring to probabilities through descriptive language 

matched to precise probability ranges—at first seems to be the best possible approach. Not only 

does it allow the IPCC more easily to achieve consensus within their own ranks about how to 

describe levels of confidence, but it also provides a lay audience with information that they can 

more easily digest.  

At closer inspection, however, the strategy could be introducing an unintended bias into the 

policy process, namely one of under-responding to the aggregate risks associated with climate 

change. A careful reading of the report, in which the reader takes pains to note the precise 

probability ranges for each potential outcome, would avoid such a bias. Many readers, however, 

may lack the time to read the report so carefully. Bias could enter in when readers make intuitive 

judgements about the likelihood of events, based on less attentive reading in which they fail 

continuously to match words with probability ranges. 

Assessors can take steps to address this bias. If policy-makers read the report with attention to 

detail, they will both notice and adopt the IPCC’s precise, potentially counterintuitive, meaning 

of probabilistic language. Scientists and assessors hence need to encourage the practice of careful 

reading, in particular highlighting the meaning of the probabilistic language, and not counting on 

the audience to do so on their own. But there are also steps that scientists can take to make sure 

that this happens. Most importantly, scientists should be aware that the potential for bias exists 

when an audience makes intuitive judgement. When communicating with policy makers or the 

lay public, scientists should encourage attention to detail. Whenever possible, scientists should 

refer to uncertainty with greater specificity than the report provides. Scientists should use not 

only the descriptive language of the report, but also matching those words to their respective 

probability ranges. As Moss and Schneider (2000) suggest, one approach could be to incorporate 

the uncertainty into decision-analytic frameworks, such as that carried out above for the 

simplified choice about purchasing insurance. Putting the numbers to use in this way encourages 

quantitative rigor, and through this rigor the audience can better understand the relative 

importance of the different potential outcomes of climate change. From a normative standpoint, 
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the risks associated with low-probability high-magnitude events may be the most important 

elements of a rational decision-making framework addressing climate change. However, unless 

scientists encourage quantitative rigor on the part of policy-makers, it is likely the policy-makers 

will not give enough attention to these risks, and will take inadequate steps either to avoid or to 

prepare for these risks. 

Conclusion 

The strategy of using specifically defined language to describe the probabilities of climate change 

risks achieves important objectives, but may also introduce bias into policy-makers responses. 

Intuitively, people use such language to describe both the probability and magnitude of risks, and 

they expect communicators to do the same. Assessors need to emphasize that the IPPC’s use of 

this language departs from people’s expectations. Unless policy-makers appreciate this fact, their 

response to the assessment is likely to be biased downward, leading to insufficient efforts to 

mitigate and adapt to climate change. 
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30 November 2004              via email:  3 pgs. 
 
 
TO:  Members of the Stormwater Quality Standards Review Task Force 

FROM: Tim Moore 

RE:  Draft Summary of Phase 1 
 
 
Consensus Conclusions 
 
 
1) REC-1 and REC-2 uses are generally not attainable in most of the rivers, creeks, streams, 

washes and flood control channels in the Santa Ana watershed during high flow 
conditions due to the unsafe physical conditions associated with water contact at such 
times.  This finding does not generally apply to ocean beaches or freshwater lakes. 

 
2) In some instances, the current beneficial use categories specified in the Santa Ana River 

Basin Plan do no adequately describe the range of potential recreational activities likely 
to occur in or on the water.  In particular, the REC-1 beneficial use should be subdivided 
to distinguish between reaches where full body contact is likely to occur and reaches 
where the probability of water contact recreation is very low. 

 
3) Key factors to be considered when differentiating between "Unlimited" REC-1 uses and 

"Limited REC-1" uses should include all of the following: 
 
 a) The actual recreational activities that have occurred in the stream segment since 

November of 1975, including the type of water contact, number of people and 
frequency of recurrence  (per 40 CFR 131.10i) 

 
 b) Hydrologic modifications and related changes in physical conditions, such as 

concrete channel lining, fencing, and steep side-slopes, that may restrict safe 
access to the waterbody  (per 40 CFR 131.10[g]4) 

 
 c) Low or intermittent flow conditions that may inhibit body contact recreational 

activities  (per 40 CFR 131.10[g]2 
 
 d) Human-caused sources of pollution that cannot be remedied without causing more 

environmental damage to correct than to leave in place;  specifically, where the 
only means of assuring consistent compliance is to intercept and divert flows 
thereby dehydrating the stream  (per 40 CFR 131.10(g)3 
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Recommendations 
 
 
1) Revise the description of the Santa Ana River (beginning on page 1-6) in the current 

Basin Plan to include a discussion of the Recreational Uses that have occurred or are 
occurring in the watershed  (see suggested text attached as appendix A) 

 
2) Amend Chapter 3 of the Basin Plan to add "Limited Water Contact Recreation (LREC1)" 

as a subcategory of the REC1 beneficial use.  The definition of LREC1 should be: 
 

"Limited Water Contact Recreation waters support only incidental 
body contract activities with a very low risk of immersion or 
ingestion.  Naturally low flow conditions and/or hydrological 
modifications severely restrict the potential for human recreational 
activities to occur in or on the water in segments designated 
LREC1." 
 

3) Identify all of the small streams, creeks, washes and stormwater channels in the 
watershed using state-of-the-art GIS mapping techniques.  Designate beneficial uses for 
each reach, segmenting as necessary to facilitate consistent and accurate application of 
the relevant classifications.. 

 
4) Revise Table 3-1 in the Basin Plan to indicate that the REC1 (and LREC1, if adopted) 

beneficial use is "Intermittent" for many of the inland rivers and streams.  The REC1 
occurs when flow conditions permit safe access to the water and do not occur when flow 
conditions preclude safe access to the water. Unsafe flow conditions would be defined as 
volumes and velocities sufficient to sweep a young child off his/her feet as are likely to 
occur during and for a short while after storm events. 

 
5) Reaffirm that all of the following waterbodies as examples of  full-time, unlimited REC1: 
  a) All ocean beaches 
  b) Big Bear Lake and Lake Elsinore 
  c) Reach 6 of the Santa Ana River 
 
6) Designate all of the following as examples of Intermittent d REC1  (unlimited): 
  a) Reaches 2 & 3 of the Santa Ana River mainstem 
  b) Reach 1 of Chino Creek 
  c) Mill Creek below Helman Ave. 
 
7) Designate all of the following as examples of Intermittent, Limited REC1: 
  a) Reaches 1, 4 & 5of the Santa Ana River mainstem 
  b) Temescal Creek above the abandoned railroad line near Sherborn St. 
 
8) Perform a UAA to consider deleting REC1 designations from all of the following: 
  a) Temescal Creek from Magnolia Ave to Rincon Rd. 
  b) Greenville Channel 
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Appendix A: 
 

(insert after subsection entitled "Aquatic Environment in the Santa Ana River" 
and before section entitled "Water Supply and Wastewater Reclamation") 

 
 
Water Recreation in the Santa Ana River  
 
A wide range of recreational activities occurs in the Santa Ana River watershed.  The nearby beaches of 
the Pacific Ocean are world renowned for the swimming, surfing, fishing and boating opportunities 
available.  Many of the inland lakes in the area also serve as recreation destinations millions of California 
residents and others visiting from out-of-state. 
 
The level of recreational activity varies greatly with the conditions at any given location.  Ocean beaches 
and freshwater lakes offer perennial recreational opportunities even during severe drought conditions.  In 
addition, vast quantities of high quality reclaimed water have made the once ephemeral Santa Ana River 
more attractive and inviting for those seeking fun and relaxation.  In the warm summer month, it is not 
unusual to observe adults and children fully submerged as they lie prone in the main channel of the Santa 
Ana River.   
 
Many of the major and minor tributaries to the Santa Ana River remain largely ephemeral with little or no 
flow except during and after storm events.  Recreational opportunities in these streams are severely 
limited by the lack of sufficient flow during the times people are most likely to engage in water contact 
activities. 
 
In addition, many of the natural creeks and streams were heavily modified as part of on-going efforts to 
manage municipal stormwater flows.  In some cases, the channels have been armored with concrete or 
rock rip-rap.  Such flood control improvements serve to protect property and infrastructure in urban areas 
but, at the same time, also tend to reduce or restrict public access to the modified stormwater channels.  In 
most cases, the modifications are sufficient to limit recreational opportunities and, in some instances, 
recreation may be precluded entirely. 
 
Even easily accessible river reaches that support recreational uses under normal flow conditions may not 
be suitable for such uses when stormwater runoff causes the creeks to rise.  Greater volume and higher 
velocities often make it very dangerous to be in or near the water when it rains.  Nevertheless, when the 
weather permits, these same stream segments pose no significant threat to  swimmers and waders 
recreating in the water.  Such intermittent uses are common throughout the watershed. 
 
Finally, as noted earlier, fish are routinely found throughout the Santa Ana River and its tributaries.  
Consequently, recreational fishing is nearly as ubiquitous.  Generally, shoreline fishing rarely results in 
more than incidental water contact for anglers.  So, a stream too shallow to swim in may still offer limited 
opportunities to fish. 
 
There is a growing trend, particularly in Orange County, to intercept and divert dry weather nuisance 
flows that are the by-product of runoff from landscape irrigation.  Such flows have been found to be 
relatively high in pathogen concentrations and are therefore diverted to wastewater plants for treatment 
rather than allowed to contaminate the Santa Ana mainstem or the ocean beaches.  This management 
strategy for urban runoff has the advantage of protecting beneficial uses where they are most likely to 
occur while, at the same time, precluding recreational uses where low flows and poor channel conditions 
make recreation far less likely. 
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20 January 2005                 via email:  5 pgs. 
 
 
TO:  Members of the Stormwater Quality Standards Review Task Force 

FROM: Tim Moore 

RE:  Final Summary of Phase 1 
 
 
Consensus Conclusions 
 
 
1) REC-1 uses are generally not attainable in most of the valley rivers, creeks, 

streams, washes and flood control channels in the Santa Ana watershed during high 
storm flow conditions that result in unsafe physical conditions.  This finding does 
not generally apply to ocean beaches or freshwater lakes. 

 
 
2) In some instances, the current beneficial use categories specified in the Santa Ana 

Region Basin Plan do no adequately describe the range of potential recreational 
activities likely to occur in or on the water.  In particular, the REC-1 beneficial use 
should be subdivided into two subcategories:  Unlimited REC-1 to protect primary 
contact recreation and Limited REC-1 to protect secondary contact recreation. 

 
 
3) Key factors to be considered when differentiating between "Unlimited" REC-1 uses 

and "Limited REC-1" uses should include all of the following: 
 

 a) The actual recreational activities that have occurred in the stream segment 
since November of 1975, including the type of water contact, number of 
people and frequency of recurrence  (per 40 CFR 131.10i).  Where full body 
contact and/or immersion is occurring or likely to occur, especially by 
children, the segment should be designated REC-1.  Where the probability 
of full body contact or immersion is very low now and in the foreseeable 
future, the waterbody should be designated Limited REC-1.  In general, 
fishing activities would be considered Limited REC-1 where only incidental 
water contact is expected to occur. 

 

 b) Hydrologic modifications and related changes in physical conditions, such 
as concrete channel lining, fencing, and steep side-slopes, that may restrict 
safe access to the waterbody  (per 40 CFR 131.10[g]4). 
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 c) Low or intermittent baseflow conditions that may inhibit body contact 

recreational activities  (per 40 CFR 131.10[g]2 
 
 
 d) Human-caused sources of pollution that cannot be remedied without 

causing more environmental damage to correct than to leave in place;  
specifically, where the only means of assuring consistent compliance (after 
implementing reasonable BMPs, is to intercept and divert flows thereby 
dehydrating the stream  (per 40 CFR 131.10[g]3 

 
 
e) Naturally occurring concentrations of pollutants (e.g. such as those from 

non-human animal sources), preclude attainment of the applicable water 
quality standard even after implementing all reasonable Best Management 
Practices.  ((per 40 CFR 131.10[g]1 

 
 
4) In some instances, the factors identified above may occur in such a way  or in such 

combinations so as to preclude recreational uses entirely.  Although infrequent, 
such cases may merit a full Use Attainability Analysis to affirm or revise the 
designated beneficial uses. 

 
 
Recommendations 
 

1) Revise the description of the Santa Ana River (beginning on page 1-6) in the 
current Basin Plan to include a discussion of the Recreational Uses that have 
occurred or are occurring in the watershed  (see suggested text attached as 
Appendix A) 

 

2) Amend Chapter 3 of the Basin Plan to add "Limited Water Contact Recreation 
(LREC1)" as a subcategory of the REC1 beneficial use.  The definition of LREC1 
should be: 

 
"Limited Water Contact Recreation waters support only 
incidental body contract activities with an extremely low risk 
of immersion or ingestion.  Naturally low flow conditions 
and/or hydrological modifications severely restrict the 
potential for human recreational activities to occur in or on 
the water in segments designated Limited-REC1." 
 

3) Identify all of the small streams, creeks, washes and stormwater channels in the 
watershed using state-of-the-art GIS mapping techniques.  Designate beneficial 
uses for each reach, segmenting as necessary to facilitate consistent and accurate 
application of the relevant classifications.. 
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4) Revise Table 3-1 in the Basin Plan to indicate that the REC1 (and LREC1, if 

adopted) beneficial use may be suspended when extreme high flow conditions 
preclude safe access to the water. Unsafe flow conditions occur during and for a 
short while after storm events and are defined as volumes and velocities sufficient 
to create a substantial risk of injury or drowning.  Unsafe conditions may also occur 
in the mountain reaches when summer thunderstorms increase the risk of flash 
floods.  In general, "extreme high flow conditions" occur at or above the 98th-
percentile on the site-specific hydrograph for each stream segment.. 

 

5) Reaffirm that all of the following waterbodies as examples of  full-time, unlimited 
REC1: 

  a) All ocean beaches 
  b) Big Bear Lake and Lake Elsinore 
 

6) Designate all of the following as examples of Suspendable REC1  (unlimited): 
  a) Reach 2 of the Santa Ana River mainstem  (Prado Dam to 17th St.) 
  b) Reach 1 of Chino Creek  (approx, Prado Dam to Central Ave) 
  c) Mill Creek below Helman Ave.  (unlined section in Prado wetlands) 
 

7) Designate all of the following as examples of Suspendable, Limited REC1: 
  a) Reach 1 of the Santa Ana River mainstem  (Ocean to 17th St.) 
  b)  Reach 5 of the Santa Ana River mainstem  (I-10 to 7 Oaks Dam) 
 

8) Perform a UAA to consider deleting REC1 designations from all of the following: 
  a) Temescal Creek from Magnolia Ave to Rincon Rd. 
  b) Greenville Channel 
 

9) Develop and apply appropriate water quality objectives to protect each of the 
designated recreational uses (including the various subcategories) per 40 CFR 
131.11[a].  Continue to ensure that downstream uses will remain fully protected 
(per 40 CFR 131.10[b]. 

 

10) Economic impacts should be considered at the time water quality objectives are 
being developed for each of the recreational use subcategories  (per CWC Sec. 
13241 and 40 CFR 131.10[g]6). 

 

11) Establish a formal review process Identify other examples similar to those 
described in consensus items #5, #6, #7 & #8 (above).  Designate the waterbodies 
accordingly.  Perform UAA where necessary as required by 40 CFR 131.10[j].. 
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Revised Appendix A: 
 

(insert in Chapter 1, Introduction, after subsection entitled "Aquatic 
Environment in the Santa Ana River" and before section entitled "Water 
Supply and Wastewater Reclamation") 

 
 
Water Recreation in the Santa Ana River Watershed 
 
A wide range of recreational activities occurs in the Santa Ana River watershed.  The 
nearby beaches of the Pacific Ocean are world renowned for the swimming, surfing, 
fishing and boating opportunities available.  Many of the inland lakes in the area also serve 
as recreation destinations for millions of California residents and other out-of-state visitors. 
 
The level of recreational activity varies greatly with the conditions at any given location.  
Ocean beaches and freshwater lakes offer perennial recreational opportunities even during 
severe drought conditions.  In addition, discharges of large  quantities of reclaimed water 
have made previously ephemeral segments of the Santa Ana River flow perennially, 
making them more attractive and inviting for those seeking fun and relaxation.  In the 
warm summer months, it is not unusual to observe adults and children lie fully submerged 
in the middle segments of the Santa Ana River's main channel.   
 
Many of the major and minor tributaries to the Santa Ana River remain largely ephemeral 
with little or no flow except during and after storm events.  Recreational opportunities in 
these streams are severely limited by the lack of sufficient flow during the times people are 
most likely to engage in water contact activities. 
 
In addition, many of the natural creeks and streams were heavily modified as part of on-
going efforts to manage stormwater flows.  In some cases, the channels have been armored 
with concrete, steel piles,  rock rip-rap or other material.  Such flood control modifications 
serve to protect property and infrastructure in urban areas but, at the same time, also tend 
to reduce or restrict public access to the modified channels.  In most cases, the 
modifications are sufficient to limit recreational opportunities and, in some instances, 
recreation may be precluded entirely. 
 
Even easily accessible river reaches that support recreational uses under normal flow 
conditions may not be suitable for such uses when stormwater runoff causes the creeks to 
rise.  Greater volume and higher velocities often make it very dangerous to be in or near 
the water when it rains.  Nevertheless, when the weather permits, these same stream 
segments pose no significant threat to  swimmers and waders recreating in the water. 
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Finally, fishing is a common recreational activity and is especially so in the lakes and 
mountain streams within the watershed.  However, fishing rarely occurs in most of the 
smaller valley tributaries due to shallow, naturally ephemeral, flows.  Generally, fishing 
rarely results in more than incidental water contact for shoreline anglers. 
 
There is a growing trend, particularly in Orange County, to intercept and divert dry 
weather nuisance flows that are the by-product of runoff from landscape irrigation, 
residential car-washing, etc.  Such flows have been found to be relatively high in pathogen 
concentrations and are therefore diverted to wastewater plants for treatment rather than 
allowed to discharge into the Santa Ana river, its tributaries, or the nearby ocean beaches.  
This management strategy for urban runoff has the advantage of protecting downstream 
waters such as the ocean beaches where recreation is likely.  But, it may also limit 
recreational activities and other uses, such as wildlife habitat, in the immediate receiving 
waters.  The Board evaluates potential conflicts between beneficial uses on a case-by-case 
basis. 
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Evaluation of Background Bacteria Levels in Natural Streams 
Project Prospectus and Preliminary Budget 

 
 
Introduction 
High fecal indicator bacteria levels are one of the most common sources of surface water 
impairment in southern California.   Frequent exceedances of bacterial water quality 
standards have resulted in development of Total Maximum Daily Loads (TMDL) as a 
regulatory mechanism to address bacterial contamination in several southern California 
watersheds.  
 
Current water quality standards for freshwater use fecal coliforms or E. coli as an 
indicator of fecal contamination because their presence is well correlated with the many 
waterborne disease-causing organisms or pathogens.  However, fecal coliforms and E. 
coli are naturally present in the intestines of warm-blooded.  Consequently, fecal 
contamination of surface waters can result from numerous sources of fecal pollution, 
including human sewage, manure from livestock operations, indigenous wildlife and 
urban runoff (Griffith et al., 2003).  In undeveloped areas wildlife, such as small and 
large mammals and birds, have the potential to be a significant source of fecal bacteria to 
surface waters.  Schiff and Kinney (2001) investigated the sources of fecal indicator 
bacteria in two watersheds in San Diego County and found fecal coliform levels between 
103 and 105 MPN/100ml throughout the watersheds.  Furthermore, they concluded that 
the contribution of indicator bacteria from non-urban land uses was similar to surface 
flows measured from urban land uses, such as residential, commercial, and industrial 
areas. 
 
In recognition of the potential for natural sources to affect bacteria levels in surface 
waters, several TMDLs either allow or require development of numeric targets that 
account for natural bacteria levels.  For example, the Malibu Creek Bacteria TMDL 
requires responsible jurisdictions to monitor unimpaired streams in the local watershed 
area during dry weather, dry winter weather and wet weather for at least one full year in 
order develop a representative numeric target for allowable bacteria exceedance days.  
Several similar studies are currently being considered or proposed in Ventura, Los 
Angeles, Orange, and San Diego counties; however, there is currently no coordination 
between these proposed studies. 
 
The objective of the proposed project is to assess natural bacteria levels in numerous 
streams throughout southern California in order to provide a regional characterization of 
background bacteria concentrations.   Bacterial indicators would be monitored daily 
during several index periods throughout the year, including summer dry weather (if there 
is flow), winter dry weather, and immediately following storm events.  Measurements 
would be taken at sufficient frequency to calculate meaningful geometric means and 
variances.  Sites would be selected to encompass a range of natural settings throughout 
southern California in order to characterize spatial variability.  The outcome of this study 
may be used to help develop numeric targets for multiple watersheds that account for 
natural background levels of bacteria.   Accounting for natural background levels will 
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result in waste load allocations that are more reflective of the contributions from natural 
sources, i.e. limits on exceedence days will account for the frequency of natural 
exceedences.  
 
Relationship to Existing Research 
SCCWRP is currently conducting a regional study of water quality in natural streams, 
entitled Assessment Of Water Quality Loadings From Natural Landscapes (Natural 
Loadings).   Under the Natural Loadings project, SCCWRP is evaluating a suite of 
constituents, including nutrients, metals, and bacteria, at 22 sites in 12 watersheds 
throughout southern California (Table 1).  The proposed project would be coordinated 
with the Natural Loadings project by potentially using some of the same sites and 
coordinating sampling.  This proposal recommends that additional sites be added and the 
sampling frequency be increased from the quarterly sampling being conducted under the 
Natural Loadings project to daily or weekly sampling intervals in order to provide the 
temporally intensive data needed for this project.   
 
 
  Table 1:  Sampling sites for SCCWRP Natural Loadings project 

Site Watershed 

Ventura County 
Piru Creek Santa Clara 
Bear Creek Matilija 
Sespe Creek  Santa Clara 
Runkle Canyon Calleguas 

San Bernardino County 
Mill Creek Santa Ana 
Cajon Creek Santa Ana 
Forest Falls Creek Santa Ana 
Unnamed trib behind 7-Oaks Dam Santa Ana 

Los Angeles County 
Chesebro Creek Malibu 
Cold Creek Malibu 
Cattle Canyon Creek San Gabriel 
North Fork San Gabriel River San Gabriel 
West Fork San Gabriel River San Gabriel 
Arroyo Seco Los Angeles 

Orange County 
Critianitos Creek San Mateo 
Silverado Creek Santa Ana 
Bell Canyon Creek San Juan 
Santiago Creek Santa Ana 
San Juan Creek San Juan 

San Diego County 
Fry Creek San Luis Rey 
Devils Canyon  San Mateo 
De Luz Creek Santa Margarita 
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General Approach 
The proposed project would consist of the following four tasks: 
 
Task 1: Steering Committee 
This task would involve forming a technical steering committee, chaired by SCCWRP, 
consisting of representatives and stakeholders from the three Water Quality Control 
Board regions in southern California (Regions 4, 8, and 9).   This group would be 
responsible for developing the work plan and identifying the study sites for this project 
 
Task 2:  Work Plan Development 
Under this task, the steering committee would develop a work plan that describes the 
sampling design and identifies potential additional sampling sites, beyond those already 
included in the Natural Loadings project. 
 
Task 3:  Sampling and Laboratory Analysis 
This task would involve collecting temporally intensive samples (e.g. daily) from all the 
study sites during at least 3 index periods over the course of a year.  The precise sampling 
strategy would be determined by the steering committee during development of the work 
plan.  Several potential sampling strategies are summarized below and on Table 3.  
Additional strategies may be identified by the steering committee.  
 

• Strategy A – daily sampling for 3, 2-week periods over the course of one year 
(during 3 index periods) 

 
• Strategy B – daily sampling for 3, 4-week periods over the course of one year 

(during 3 index periods) 
 

• Strategy C – weekly sampling (i.e. one sample/week) for 52 weeks 
 

• Strategy D – daily sampling for 3, 1-week periods over the course of one year 
(during 3 index periods), combined with weekly sampling for the remaining 49 
weeks. 

 
• Strategy E – daily sampling for 52 weeks.  This strategy assumes approximately 

30 storm days during which time samples would not be collected. 
 

Tasks 3b: Analysis of Presence of Human Bacteroides (optional):   
As an optional subtask, a subset of samples could be analyzed for Bacteroides 
fragilis.  Bacteroides are anaerobic bacteria that comprise the majority of 
microorganisms that inhabit the human digestive tract.  As such, they may be a 
more reliable measure of human fecal matter or pathogens than E. coli.  Under 
this task a portion of samples would be analyzed for Bacteroides as a negative 
control for human bacteria sources.   The absence of Bacteroides would suggest 
that bacteria observed in the surface waters were of predominantly non-human 
origin. 
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Task 4:  Data Analysis and Reporting 
Under this task, SCCWRP would analyze and interpret the results of the field sampling 
and prepare a technical report or draft manuscript summarizing the study findings. 
 
 
Budget and Schedule 
The cost of the proposed project will depend on the sampling strategy selected and the 
number of sites sampled.   Table 2 provides a summary of the costs associated with 
project management, data analysis, and reporting (including siting of 3-5 new sampling 
locations).   Table 3 provides a summary of the costs associated with laboratory analysis 
and sampling for various study design options (including the option for Bacteroides 
analysis).  Sampling costs could also be covered as in-kind services by participating 
agencies.  Total project costs would consist of the combination of costs summarized in 
Tables 2 and 3.  
 
 
 

Table 2:  Budget for project management, 
 data analysis and reporting 

Task Budget 
Task 1 $4,800  
Task 2 $13,750  
Task 3 see Table 3 
Task 4 $24,000  

 
 
 
Table 3:  Budget for various sampling design scenarios 

       No. of Sites   
      10 20 30 

Strategy # Index 
periods Interval 

Total 
samples Lab  Travel Lab  Travel Lab  Travel 

A 3 daily for 2 weeks 42 $37,800 $126,000 $75,600 $252,000 $113,400 $378,000 
B 3 daily for 4 weeks 84 $75,600 $252,000 $151,200 $504,000 $226,800 $756,000 
C 1 weekly for 1 year 52 $46,800 $156,000 $93,600 $312,000 $140,400 $468,000 

D 3 daily for 1 week, 
weekly thereafter 70 $63,000 $210,000 $126,000 $420,000 $189,000 $630,000 

E 1 daily for 52 weeks 335 $301,500 $1,005,000 $603,000 $2,010,000 $904,500 $3,015,000
  Bacteroides sampling (optional) $18,000  $36,000  $54,000 

 
**Assumptions:  3 bacterial indicators measured at each site 
  3-4 sites sampled in any given day per sampling team 
  Option E assumes 30 storm days during which no sampling would occur 
  9 Bacteroides samples analyzed per site 
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A general schedule for the proposed project is provided in Table 4. 
 
Table 4:  Schedule     Month        
 2 4 6 8 10 12 14 16 18 20 22 24 26 
Task 1: Steering Committee                          
Task 2: Work Plan                          
Task 3: Sampling and Lab Analysis                          
Task 4: Data Analysis and Reporting                          
**Schedule begins at first meeting of the Steering Committee 
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Storm Water Quality Standards Task Force 

DELPHI to Develop Water Quality Objectives for Indicator Bacteria 
 
 
 
QUESTION #1: 
 
How should the water quality objective for pathogens be developed for a Limited REC-1 
waterbody?  Choose and defend one of the four options identified below.  In addition, 
please explain why the other three options are less appropriate: 

Option #1) Apply EPA's recommended approach for "Secondary Recreation" 
standards; multiply the Full REC-1 objective by five. 

Option #2) Apply California's current approach for establishing REC-2 
standards; multiply the REC-1 objective by 10. 

Option #3) Adopt one or more of the approaches already approved by EPA in 
another state or region  (identify the specific state standard). 

 Option #4) Develop a new approach  (describe in detail). 
 
 
 
Respondent #1: 
 
Option 1 where full REC -1 objectives are multiplied by 5 seem to be the most appropriate 
objectives for a Limited REC-1 designation.  Our Limited REC-1 designation is comparable to 
EPA’s Secondary Recreation designation as used in Colorado because Limited REC-1 
recognizes that people may be in the water but with limited possibilities for swimming and there 
is a small risk of water ingestion.  In Colorado, Secondary Recreation was approved by EPA 
where there was no reasonable potential for primary contact, which involves a high potential for 
ingestion of water. 
 
Therefore, EPA’s Secondary Recreation objectives appear to be the most suitable.   It is 
recognized by EPA and provides the greatest opportunity for approval.  Using California’s Non-
contact Recreation objectives of multiplying REC-1 objectives by 10 would be inconsistent with 
our definition of Limited REC-1.  In the basin plan, Non-contact Recreation involves no direct 
water contact.  In our definition of Limited REC-1 we assume some contact and therefore Non-
contact Recreation objectives would be inappropriate. 
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Respondent #2: 
 
Option #1) Apply EPA's recommended approach for "Secondary Recreation" standards; 
multiply the Full REC-1 objective by five. 
 
No, EPA identifies Secondary Recreation as “where most participants have very little direct 
contact with the water and where ingestion of water is unlikely” (November 2003 Guidance). 
There is fine line but our LREC-1 waters are not really Secondary Recreation waters as 
described in the EPA November 2003 guidance.  In our LREC-1 waters someone using the water 
like the guy in Cucamonga Creek that was photographed is having quite a bit of contact with the 
water rather than the “very little direct contact.”  In addition, EPA directs the states to not use 
more than the 1% risk level for primary contact recreational waters.  If we were to apply 
secondary recreation standards to LREC-1 waters we would likely have to complete a UAA but 
not if we used the EPA approved 1% risk level (November 2003 Guidance Table 3-2 page 32).     
 
Option #2) Apply California's current approach for establishing REC-2 standards; multiply 
the REC-1 objective by 10. 
 
No, much too high and not protective of beneficial uses. 
 
Option #3) Adopt one or more of the approaches already approved by EPA in another state or 
region  (identify the specific state standard). 
 
Yes, if we used the 1% risk level, as Colorado does for potential primary contact waters (waters 
in which there was no UAA performed demonstrating that a secondary contact REC use would 
be acceptable), there would not be the requirement for supporting analysis that could include a 
UAA (November 2003 Guidance Table 3-2 page 32).  Therefore it would be easier to get EPA 
approval.   
 
Maybe, use a higher risk level than the 1% such as New Mexico’s 1.4% risk level (548 cfu /e. 
coli) that is used for secondary contact waters. Although it is for secondary contact waters there 
definition of secondary contact is similar to our LREC1 definition.  The 1.4% risk level is still in 
the EPA recommended criterion risk range (2003 EPA Implementation Guidance Fig. 1.2) and is 
not an arbitrarily chosen number like 5 times the primary contact (REC –1) objective.  However, 
EPA states that anything over 1% is above the linear dose-response relationship (2003 
Implementation Guidance page 8) so that issue would have to be addressed with EPA.   
 
 
Respondent #3: 
 
Option one should be adopted since it is the most protective of the options and is already 
accepted by the USEPA. Option two is not acceptable as it does not provide the maximum 
accepted protection to the public that may come in contact with the waters in question, and 
reduces the incentive to decrease water pollution that should be occurring in any case.  Option 
three is not acceptable, we should go with the most protective nationally accepted standard.  
Option four is too expensive and time consuming for us to consider at this time. 
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Respondent #4: 
 
No discernable scientific reasoning is provided for the determination of LREC-1 numeric criteria 
as per Options 1 and 2.  Furthermore, in a review of CDM’s Technical Memorandum – Review of 
State Recreational Use and Bacteria Objectives no scientific basis could be found among those 
states reviewed for secondary recreation criteria (equivalent to our proposed LREC-1 use), where 
they existed.  The numeric criteria for full REC-1 waters is based on epidemiological studies that 
link bacteria indicator exposure via full immersion and swimming activities to human illness. 
These studies have not examined or quantified the relationship between human illness and 
LREC-1 use exposure to indicator bacteria.  Although Options 1 and 2 are ‘traditional,’ there is 
really no scientific underpinning for these approaches. 
  
Rather, a combination of Options 3 and (1 or 2) is likely more appropriate, and more consistent 
with the narrative/benchmark hybrid approach under consideration for the full REC-1 objective.  
CDM’s Technical Memorandum – Review of State Recreational Use and Bacteria Objectives 
reports that Oklahoma, Rhode Island, and Mississippi utilize some form of narrative objective 
for waters classified as LREC-1 (equivalent to secondary contact) waters.  For example, 
Oklahoma’s narrative objective reads, “Waters so designated [secondary body contact 
recreation] shall be maintained to be free from human pathogens in numbers which may produce 
adverse health effects in humans.”  In conjunction with a narrative objective for LREC-1 waters, 
non-enforceable benchmark criteria may be utilized to determine when further monitoring, 
bacteria source identification studies, sanitary survey-type investigations, and/or BMP upgrades 
may be required.  Either of the approaches outlined in Options 1 or 2 could be used as non-
enforceable benchmark criteria for LREC-1 waters.  However, the averaging period for the 
calculation of geometric means for LREC-1 benchmarks should be seasonal, and single samples 
should be evaluated using upper percentile criteria developed based on site-specific data, to the 
extent possible.  The upper percentile values should be based on infrequent use/risk of exposure 
(i.e., higher excursions of single samples might be allowed than for full REC-1 waters). (Note 
that a multiple of the (new) full REC-1 standard would be more appropriate than continued use 
of fecal coliform, as the E. coli standard for REC-1 is at least loosely tied to a risk of illness.) 
 
Supporting information. 
We note that the CDM document lists Oklahoma, Rhode Island, and Mississippi as providing 
narrative objectives for secondary recreation standards.  Further review of those states with 
“secondary recreation” standards revealed that numeric criteria for coliform units (fecal or total) 
were either between 2 to 10 times higher than “primary recreation” standards.  E. coli and 
enterococci standards for “secondary recreation” had no distinct factor applied – instead, the risk 
rates and associated confidence ratios were increased. 
 
At p.39-40 if EPA’s “Implementation Guidance for Ambient Water Quality Criteria for Bacteria, 
May 2002 Draft,” EPA acknowledges the lack of scientifically derived criteria for secondary 
contact: 
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“During the development of this guidance document, EPA explored the feasibility of 
scientifically deriving criteria for secondary contact waters and found it infeasible for 
several reasons. In reviewing the data generated in the epidemiological studies conducted by 
EPA that formed the basis for its 1986 criteria recommendations, EPA found that these data 
would be unsuitable for the development of a secondary contact criterion. The exposure data 
collected were associated with swimming-related activities involving immersion. Secondary 
contact recreation activities generally do not involve immersion in the water, unless it is 
incidental (e.g., slipping and falling into the water or water being inadvertently splashed in the 
face). While the main illness likely to be contracted during primary contact recreation is 
gastrointestinal illness, illnesses contracted from secondary contact recreation activities may just 
as likely be diseases and conditions affecting the eye, ear, skin, and upper respiratory tract. 
Because of the different exposure scenarios and the different exposure routes that are likely 
to occur under the two different types of uses, EPA is unable to derive a national criterion 
for secondary contact recreation based upon existing data. 
 
Despite the lack of information necessary to develop a risk-based secondary contact recreation 
criterion, EPA believes that waters designated for secondary contact recreation should also have 
in place an accompanying numeric criterion. Protecting waters designated for secondary contact 
recreation with a numeric criterion for bacteria provides the basis for the development of effluent 
limitations and, where applicable, the implementation of best management practices. Such an 
approach also provides a mechanism to assure that downstream uses are protected and, where 
adopted as part of a seasonal recreation use, help to assure that the primary contact recreation use 
is not precluded during the recreation season. Adoption of a numeric criterion is a 
straightforward approach, transparent to the public, and consistent with historical practices. In 
pursuing this approach, states and authorized tribes may wish to adopt a criterion five times 
that of the geometric mean component of the criterion adopted to protect primary contact 
recreation, similar to the approach states and authorized tribes have used historically in the 
adoption a secondary contact criterion for fecal coliforms. In evaluating attainment with this 
criterion, states and authorized tribes may wish to calculate geometric mean values based on 
samples taken over a 30 day period or on a seasonal or annual basis. Another approach would be 
the adoption of numeric criterion as a maximum value protective of the secondary contact 
recreation use. EPA feels that this would also be an appropriate approach, particularly for states 
and authorized tribes that are unable to collect sufficient monitoring data to calculate a geometric 
mean value. A narrative criterion along with implementation procedures may also form the 
basis for these measures. States and authorized tribes may also pursue an alternate approach to 
the protection of secondary contact recreation waters, and EPA will work with the state or 
authorized tribe to ensure the approach is protective of the designated use and meets the above 
objectives. 
 
 
Respondent #5: 
 
No Answer Provided 
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Respondent #6: 
 
I believe it would be reasonable to use option #2 in conjunction with the proposed REC-1 Class-
B objective. This conclusion is based on three considerations. First, as we have seen, the 
proposed criteria were developed assuming a high probability of ingestion. The proposed uses 
associated with limited REC-1 use would have a low probability of ingestion. Second, the 
relationship between the risk of becoming ill and the number of indicator organisms is not linear. 
Multiplying the full REC-1 standard by 10 less than doubles the “risk” of becoming ill if you 
ingest the water. Lastly, if we use the E. coli equations developed by EPA and included in the 
1986 criteria document, the proposed geometric mean of 2050 per 100 ml (205 X 10) equals a 
risk level of 19 excess illnesses per 1000 exposed individuals. That is the same risk level that is 
used for full REC-1 standards in marine water.   
 
 
Respondent #7: 
 
I would choose Option 4.  First, the context of the numeric bacterial objectives/thresholds/values 
(terminology subject to further discussion) would be as part of a narrative pathogen objective, 
coupled with specific implementation language concerning the application of the bacterial 
values, determinations of compliance and requirements for further investigation.  Second, the E. 
coli  objectives/thresholds/values for Limited REC-1 waters would be derived by multiplying 
EPA’s recommended E. coli  density at the 10/1000 risk level by five, i.e., a geometric mean of 
1030. [I’m not sure about the trigger value to perform supplemental monitoring.  One approach 
might be multiply the EPA 90 or 95 % upper percentile values by five.]  Rationale:  The 
approach is consistent with EPA guidance and should therefore be approvable.  It makes sense to 
apply the 10/1000 risk level for two reasons:  first, this reflects the limits of data used by EPA to 
correlate with illness rates; and, second, assumption of a higher risk level as the basis for 
determining the E. coli numbers makes sense given the significantly reduced exposure 
anticipated for Limited REC-1 waters. 
 
Re Option 1:  The Option 4 alternative identified above is similar to Option 1.  The significant 
difference between the two is the context of the narrative pathogen objective. 
 
Re Option 2:  Since I don’t believe that numeric bacterial objectives should be specified for 
REC-2 waters (see Response to Question 2), I don’t think it makes sense to rely on the current 
REC-2 objectives to define new, Limited REC-1 objectives. 
 
Re Option 3:  The option 4 alternative identified above is generally consistent with many other 
state approaches in terms of the 5X multiplication.  The Task Force is working on language for a 
narrative objective, which would reference to numeric values based on E. coli,  that is likely to 
be unique. 
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Respondent #8: 
 
Option #1 is a sound choice because the data supporting this approach is easily understood.  
Option #2 also has merit, because the REC-1 standard was based on 100ml ingested, it seems a 
reasonable exposure for REC-2 (via hand washing, face wiping, contact w/an open sore, etc.) 
would be 1/10 the risk?  Simply opinion, don’t fully understand the State’s rational for 10 but on 
the surface it makes sense.  
 
Don’t feel comfortable selecting Option #3 as I’m not familiar enough with out of state 
approaches and how they arrived at the conclusions they did.  Option #4 as stated at the last 
meeting would be way too challenging to get adopted in the short-term due to the fact that new 
equations would have to be derived to determine a functional equivalent for risk. 
 
 
Respondent #9: 
 
Answer:  Option #1 because it is the most widely accepted approach, and is the most protective 
standard of the options.  Although it may be an arbitrary number, I would have to err on the side 
of caution when analyzing the environmental costs of creating a less protective standard. 
 
 Option #2 is a less protective standard than #1, and is therefore inadequate.   
 
 Option #3 is less appropriate because I can’t think of another state’s approach that stood 

out during our analysis of other objectives that proved to be a better approach. 
 
 For a new approach to be more appropriate in my eyes, it would have to more protective 

than option #1.  This remains to be seen, but I would be open to hearing new approaches 
that are scientifically/economically/environmentally sound.   

  
 
Respondent #10: 
 
Option #1) Not preferred.  Even EPA guidance recognizes that the 5X number is arbitrary.  It 

would be preferable to base it on risk as it relates to level of use. 
 
Option #2) Recommend Option #2.  Although the REC-2 use as currently written in the Basin 

Plan is not identical to the Limited REC-1 use as discussed by the Task Force, it 
is similar.  It would be necessary to establish the risk level, and why the 10X 
factor was appropriate.  The averaging period and other factors could be used to 
make the standard more or less stringent for the anticipated use/risk level.  Unless 
it is established that bona-fide contact recreation is occurring in a particular reach, 
the least stringent approvable standard makes sense from a resource allocation 
and public health protection perspective. 

 
Option #3) Most of the approaches are a variation on EPA’s 5X approach.  California REC 

designations are not directly comparable to EPA’s.  
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Option #4) A strict risk-based approach might be an option.  If the Task Force cameras allow 

a quantification of Limited REC, then a new set of criteria might be developable 
and approvable.  The other “new” approach would be to include a determination 
of pathogen indicators from specific sources as a factor.  If from a non-human or 
non-controllable source, then a standard would not apply to that portion.  This 
would require source-ID analyses to implement. 

 
 
Respondent #11: 
 
 
Recommendation:  Select Option #2.  Additionally, due to uncertainties cited in EPA documents 
and supporting literature, develop a future epidemiological study to determine a correlation with 
an acceptable level of statistical significance between bacterial indicators and illness risk for both 
Full REC-1 (ingestion likely) and Limited REC-1 (ingestion unlikely).   Current objectives are 
based on studies during 1948-50 evaluating total coliform levels and estimating a percentage 
fecal coliform from those results.  The present E. coli objectives are based on work performed in 
1984 (Dufour) on study results from two freshwater bodies - Keystone Reservoir near Tulsa, 
Oklahoma and Lake Erie, Pennsylvania.  A future study should examine inland surface waters 
primarily in the arid western United States to resolve deficiencies in previous methods and focus 
on E. coli as the indicator bacteria. 
 
Rationale for selecting Option #2 
 
EPA recognizes and encourages the use of a "risk-based" approach that considers an acceptable 
number of illnesses (EPA 1986 and 2003).  The 1986 document indicates that the acceptable 
illness rate for freshwater was 8 illnesses per 1000 persons.  Thus, the water contact recreational 
use objective where ingestion is likely (Full REC-1) was based on this criteria for fecal coliform 
and E.coli bacterial indicators. 
 
EPA initially established criteria for general recreational use of surface waters, secondary use,  in 
the Green Book (1968) based on exercising professional judgment to estimate illness risk of 
"ingestion unlikely" use as 10 times the primary use (ingestion likely).  The basis for this 
recommendation was that the "risk is considered to be one-tenth that for primary contact 
recreation… Further research will be necessary to arrive at precise criteria for secondary contact 
recreation activities."  
 
EPA later restated their recommendation for the secondary contact use in the 2003 draft 
guidance.  In this restatement, EPA acknowledges that deriving criteria for secondary contact 
waters is infeasible for several reasons which are cited in the document. 
 
However, EPA continues that they also believe waters designated for secondary contact 
recreation should have numeric criteria.  Therefore, "accordingly, states… may wish to adopt a 
secondary contact criterion which is five times their primary contact criterion." 
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Both the "5-times" and "10-times" estimates are decisions based on professional judgment as to 
risk of illnesses considering documented research and level of confidence in the conclusions of 
the research.  Numerous limitations in reaching reliable conclusions for appropriate numerical 
objectives are cited by EPA in three key documents: Cabelli (1983), Dufour (1984), and McKee 
(1980).   
 
The 1986 EPA bacteria guidance changed the recommended bacteria objectives from freshwater 
from fecal coliform to E. coli.  While the rationale for existing E.coli standards are marginally 
indicative of trends that there are more illnesses in swimmers vs. non-swimmers associated with 
exposure to E. coli bacteria densities, the results of the underlying studies are not conclusive that 
a direct correlation exists between increased bacterial indicator levels and increased risk of 
enteric illness. (EPA 1986 and 2003 documents). 
 
As such, the recommendation for a proposed Limited REC-1 use objective is to use 10-times the 
Full REC-1 use standard until an improved epidemiological study provides more refined results. 
 
 
Respondent #12: 
 
We choose option 3 as the best.  First, though, we need to point out again, on option #1, the 5X 
multiplier is not "EPA's recommended approach" this wording is incorrect.  The only 
recommendation EPA makes on the topic (from the 2003 draft guidance) is that there should be a 
numeric criterion.   The draft guidance mentions the 5X, but only as an 
approach that has been taken by some states. 
 
The approach we recommend is the approach taken by Regional Board 4 for 
Ballona Creek.   The geometric mean assigned to REC-1 was also used for 
REC-2, but a new single sample maximum was applied.   RB4 adopted E. 
coli water quality objectives based on EPA’s 1986 criteria guidance for the single sample 
maximum for infrequent bathing.  We believe applying the same geometric mean to REC-1 and 
LREC-1 protects downstream uses. 
Additionally, this approach has already been approved by SB, OAL, and EPA, and adopting this 
approach will foster consistency throughout the region. 
 
The numbers adopted for Ballona Creek are: 
 
                  Geometric Mean Limits 
                  E. coli density shall not exceed 126/100 ml. 
                  Fecal coliform density shall not exceed 200/100 ml. 
 
                  Single Sample Maximum Limits 
                  E. coli density shall not exceed 576/100 ml. 
                  Fecal coliform density shall not apply. 
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QUESTION #2:   
 
The State of California defines REC-2 as "Non-Contact Recreation."  Should the pathogen 
objectives be deleted from the Basin Plan for waters classified as REC-2?  Why or why 
not? 
 
 
 
Respondent #1: 
 
Pathogen objectives for Non-contact Recreation should be deleted from the basin plan.  In Non-
contact Recreation there is no direct use of water, consequently, there is very little risk of 
someone becoming ill due to bacteria in the water.  EPA’s original bacteria objectives were set 
based on swimming and ingestion of water.  Non-contact Recreation is equivalent to sitting on 
the beach.   Individuals run the risk of becoming ill just from being part of the living 
environment.  Therefore, it does not make sense to have a bacteria objectives for Non-contact 
Recreation. 
 
 
Respondent #2: 
 
No.  A pathogen objective should be assigned to REC-2. Possibly the 10 times the REC-1 
objective could remain.  A pathogen objective for REC-2 protects the incidental (and maybe 
accidental) use by homeless persons, kids and others and protects downstream waters and very 
likely stray dogs and wildlife.  So it would be protective of other beneficial uses such as WILD 
and WARM.  In addition, the sections of true REC-2 waters often are in close proximity to 
schools, parks, and neighborhoods.  What looks like an inaccessible reach may be very 
accessible just a short distance up or down stream.    
This sets a bad precedent, to give up on waters.  Appropriate BMPs should be able to reduce the 
bacteria indicators to levels below the objective (at least the 10x objective). The use of more 
bioswales, water quality wetlands, detention basins, and the removal of concrete lined channels 
to be replaced by vegetated dirt channels would very likely allow all waters to meet the objective 
and would be a MEP effort.    
 
 
Respondent #3: 
 
The pathogen objectives should not be dropped for waters classified as REC-2 because there is 
still the need for human health to be protected and for the waterways to be treated with respect. 
Dropping all bacteria standards opens the waterways to become dumping grounds for point and 
non point source pollution that needs to be controlled to a reasonable level regardless of the level 
of use. 
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Respondent #4: 
 
Yes, enforceable indicator bacteria objectives should be deleted from the Basin Plan for REC-2 
waters that do not also carry a REC-1 or LREC-1 designation.  Current indicator bacteria 
concentrations and human illness rates are based on full immersion epidemiological studies and 
are therefore not reflective of human illnesses that would result from a complete lack of contact 
with water.  We are unaware of any non-contact exposure pathway for pathogens. 
 
 
Respondent #5: 
 
Reply:   No – REC2 as described in the Basin Plan includes activities such as beachcombing, 
sightseeing, and aesthetic enjoyment that bring people in proximity to water.  Since people are in 
proximity to water, with some chance of water contact (e.g., tripping, accidental entry), there 
should be a bacterial objective to protect public health. 
 
 
Respondent #6: 
 
If these are truly non-contact waters then the use of an ingestion based standard would be 
illogical. It would make more sense to propose a narrative standard that requires waters 
designated as REC-2 to comply with downstream standards or waste load allocations prior to 
entering waters designated as REC-1 or limited REC-1.  
 
 
Respondent #7: 
 
I think it would be appropriate to delete the numeric bacterial objectives currently specified in 
the Basin Plan for REC-2 waters and to recommend to the Regional Board that no numeric 
bacterial objectives be established for this use.  Since the REC-2 definition specifies that there is 
no contact with water, it does not make sense to impose numeric bacterial objectives that are 
intended to address public health risk resulting from such contact. This would be consistent with 
the approach taken by Regional Boards 1 and 5.  If a narrative objective is adopted, then it would 
apply to all surface waters, including those designated REC-2.  An appropriately defined 
narrative pathogen objective, coupled with antidegradation requirements, should provide 
adequate basis for Regional Board regulatory actions. 
 
 
Respondent #8: 
 
Inconsistent terminology between the State and EPA is terribly confusing, as a side note it’d be 
great if everyone was using the same language.  I’d vote for REC-1, Limited-REC, and Non-
Contact REC…do away with REC-2 altogether.  Bottom line if there is no contact then do away 
with the standard, why have a standard for a use that’s not occurring???  None of the other 
designated uses have a non-existing use equivalent.  It of course makes sense to have a limited 
objective included though.   
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Respondent #9: 
 
Answer:  No.  In the interest of economic efficiency and environmental protection, the pathogen 
objectives should not be deleted from the Basin Plan for REC-2.  To delete pathogen objectives 
completely from the Basin Plan for waters classified as REC-2, even though designated “Non-
Contact” would be too much of a slippery slope (no pun intended).  There must be standards to 
again, err on the side of caution and environmental protection. 
 
 
Respondent #10: 
 
Yes.  Basin Plan REC-2 designation appears to be meant to apply to uses where “normally”, 
ingestion of water is not “reasonably possible.”  Therefore, WQOs for pathogen indicators based 
on the risk of ingestion are not appropriate or necessary to protect REC-2 beneficial uses.   
 
 
Respondent #11: 
 
The Pathogen objectives to protect human health should be deleted for REC-2 use as it is 
currently defined in the Santa Ana Basin Plan.  The current definition identifies REC-2 as non-
contact recreation "…involving proximity to water, but not normally involving body contact with 
water where ingestion of water would be reasonably possible" (page 3-2 Basin Plan). 
 
If the proposed reclassification system of Full REC-1 A & B, Limited REC-1 (equivalent to 
EPA's secondary contact), and Not REC-1 is established, non-contact recreation will be 
addressed in either the Full or Limited REC categories.  There should be no case where human 
health needs protection in waters that are designated other than the Full REC-1 A & B, or 
Limited REC-1 uses. 
 
 
Respondent #12: 
 
No, the pathogen objective should not be deleted from REC-2 waters. 
First of all, EPA regs require numeric objectives, unless infeasible, and the draft 2003 EPA 
guidance states that secondary REC waters should have numeric criteria associated with them.  
Practically, numeric criteria serves to protect downstream uses, and to provide a basis for 
effluent limitations. 
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Candidate Final Text for Temporary High Flow Suspension 

 
 

"The REC1 use designation is temporarily suspended when high flows, caused by 
stormwater runoff, preclude safe water contact recreation in flood control channels.  
The temporary suspension is automatically terminated when flow conditions have 
returned to a safe level." 
 
The Regional Board will apply the temporary high flow suspension on a case-by-
case basis, as a footnote in Table 3-1 of the Basin Plan, after reviewing all relevant 
information regarding a specific stream segment.  High flow suspensions are 
authorized based on a suite of factors including, but not limited to, hydraulic flow 
conditions and channel characteristics. 
 
Flow conditions are presumptively unsafe when depth (ft.) times velocity (fps) is 
greater than 10 ft.2/sec. or the velocity is greater than 8 fps regardless of depth.  
Unsafe flow conditions are presumed to exist when rainfall is greater than or equal 
to 0.5" in 24 hours as measured by the nearest or most relevant certified rain gauge, 
Doppler radar data, validated runoff model or other unbiased scientific method.  
Flow conditions are presumed to have returned to a safe level 24 hours after the 
rainfall ends.  All presumptions may be adjusted based on site-specific data subject 
to approval of the Executive Officer. 
 
Temporarily suspending REC1 uses on a given waterbody does not nullify the 
obligation to continue meeting downstream water quality objectives where 
designated beneficial uses have not been suspended.  Temporary suspensions may 
be deleted if channel conditions or flow controls significantly change so as to 
eliminate the hazard to recreational users. 



Issue No.1 

2006 TRIENNIAL REVIEW 
DESCRIPTION OF ISSUES 
Updated October 23, 2006 

Attachment C 

Amend the Basin Plan to include a prohibition on the use of septic tank 
subsurface disposal systems in the Quail Valley area 

A large number of septic systems in the Quail Valley area of Riverside County are 
failing due to the high density of systems, poor soil conditions, high groundwater and 
other conditions, causing a public health threat and contributing to water quality 
impairment of surface waters. Eastern Municipal Water District and Elsinore Valley 
Municipal Water District are evaluating the design and financing of sewer systems for 
the area. The proposed Basin Plan amendment would prohibit the use of new septic 
systems in most areas of Quail Valley and would require the residents to connect to the 
sanitary sewer system within one year of its availability. The prohibition was adopted by 
the Regional Board on October 3, 2006. 

Estimated Resources: 
Total Staff Time: 
Contract$: 

Duration:· 

Issue No.2 

0.6 PY (RWQCB enforcement program staff resources) 
none 
2 years 

Consider changes to beneficial uses and associated objectives, taking the Water 
Code Section 13241 factors into account, in relation to standards compliance 
during wet weather. The immediate focus is to consider revisions to REC-1 and 
REC-2 beneficial uses and bacterial water quality objectives for surface waters, 
based on USEPA's national criteria (E. coli and/or enterococci) and the 
recommendations of the Storm Water Quality Standards Task Force (SWQSTF). 
SWQSTF recommendations are now likely to include: 1) adoption of a REC-1 
subcategory beneficial use definition and redesignation of the REC subcategory 
that applies to certain waters; 2) adoption of a high flow suspension of REC-1 
standards; 3) removal of REC from certain waters. Add rationale for the 2.2 
mpn/1 00 ml Coliform discharge limit for POTWs discharging to the Santa Ana 
River and its tributaries. 
The SWQSTF has indicated its commitment to assist with other tasks identified in 
this list. Commencement of this support work is contingent on the schedule for 
completion of the ongoing REC-related standards review. 

During the public participation process leading to the development of the 2002 Triennial 
Review list and work plan, co-permittees in the Regions' urban, area-wide storm water 
runoff NPDES permits and other stakeholders in the Region recommended that the 



2006 Triennial Review 
Discussion of Issues 

question of compliance with water quality objectives during wet weather be considered, 
including whether and to what extent the Water Code Section 13241 factors had been 
evaluated in this context. The stakeholders also recommended that beneficial use 
designations be reviewed to assure that established water quality objectives were 
appropriate. This issue was identified as a lower priority item on the draft list, with the 
note that significant stakeholder resources would be necessary to conduct the 
recommended review, in light of Board staff resource limitations. 

The draft 2002 Triennial Review list included as a high priority the review of REG
related bacterial quality objectives to consider US EPA's national bacteria quality 
criteria, which are based on E. coli and enterococcus. The current Basin Plan 
objectives are based on fecal coliform. 

Based on commitments from the stakeholders to provide requisite support, the 
approved 2002 Triennial Review list placed the standards review issue identified by the 
stakeholders high on the list. In part, the Board recognized the merit of conducting the 
standards review to assure that the WC Section 13241 factors were properly evaluated 
when considering changes to the bacterial quality objectives. 

2 

In response to the adopted 2002 Triennial Review, the Stormwater Quality Standards 
Task Force was initiated. While the Task Force (or other stakeholder groups) may 
ultimately elect to dedicate resources necessary to conduct standards reviews on a 
broad scale (including other items on the proposed 2006 Triennial Review list), the initial 
focus of the Task Force effort is on REG-related standards. The Task Force has 
developed preliminary recommendations, including: (1) a high flow suspension of REC 
standards; (2) adoption of a "limited" REC subcategory; (3) adoption of E. coli 
objectives; (4) adoption of a narrative pathogen objective; and, (5) adoption of 
objectives based on E. coli . . The Task Force is also preparing recommendations, 
based on Use Attainability Analyses, for re-designation and de-designation of certain 
waters. The documents prepared by the Task Force are posted on the Santa Ana 
Watershed Project Authority website (www. sawpa.org). SAWPA is a key sponsor of 
and facilitator for the Task Force effort. 

As stated above, the immediate focus of the SWQSTF is to consider revisions to REC-
1 and REC-2 beneficial uses and bacterial water quality objectives. The 1995 Basin 
Plan includes a bacterial quality objective for REC-1 waters of a log mean of <200 fecal 
coliform organisms per 100 ml based on five or more samples per 30-day period. In 
1986, the EPA published national criteria guidance Ambient Water Quality Criteria for 
Bacteria- 1986 (EPA 440/5-84-002), recommending the use of Escherichia coli and 
enterococci as indicator bacteria. The epidemiological data upon which the criteria 
guidance is based indicate that E. coli and enterococci are better correlated with health 
effects related to water-contact recreation. USEPA's Action Plan for Beaches and 
Recreational Waters (EPA/600/R-98/079, March 1999) has directed all states to adopt 
bacterial standards that are consistent with current EPA guidance by 2003. The use of 
E. coli and enterococc.i as bacterial indicators is reflected in Title 17 of the California 
Code of Regulations, Sec. 7956, et seq., regulations for public beaches and ocean 
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water-contact sports areas. These regulations implement Assembly Bill411. In 
addition, the Ocean Plan, 2004, adopted by the State Water Resources Control Board, 
includes standards implementing CCR Section 7956, et seq., applicable to marine 
waters of the state, including the Santa Ana Region. 

The Regional Board has implemented the recommendations of the Department of 
Health Services when setting effluent limitations for the discharge of treated municipal 
wastewater to the Santa Ana River and other waters that are used for water contact 
recreation. The Department's recommendations derive, in part, from the science 
underlying the Reclamation Criteria developed by the Department for various recycled 
water uses, including discharges to nonrestricted recreational impoundments. These 
Criteria are codified in Title 22 of the California Code of Regulations. Briefly, these 
criteria specify that discharges of recycled water to nonrestricted recreational 
impoundments (i.e., those with REC-1 uses) must be adequately oxidized, coagulated, 
clarified, filtered and disinfected (tertiary treated or equivalent). The Criteria establish a 
performance standard of 2.2 mpn/1 00 ml total coliform to define adequate disinfection. 
The intent of these criteria is to assure that when recycled water is used for REC 1 
purposes, it is essentially pathogen-free, thereby protecting public health. The 
Department also developed wastewater disinfection guidelines for discharges of 
wastewater to REC-1 surface waters ("Wastewater Disinfection for Public Health 
Protection"). These disinfection guidelines recommend the same treatment requirements 
for wastewater discharges to REC-1 waters as those stipulated in Title 22 for supply of 
recycled water to nonrestricted recreational impoundments, since the public health risks 
under both scenarios are analogous. Accordingly, to assure the protection of public 
health, the Board's waste discharge requirements for POTW discharges to REC-1 
waters apply this 2.2 mpn/1 00 ml performance standard. 

3 

Comments have been received regarding this regulatory approach. The comments 
indicate that: (1) the Reclamation Criteria do not apply to discharges to surface waters 
and cannot, therefore, be used as the basis of setting effluent limitations in permits for 
POTW discharges to surface waters; and, (2) there is inconsistency between the 200 
fecal coliform organism/1 00 ml objective and the 2.2 mpn/1 00 ml standard included in 
the Board's permits, and this inconsistency must be addressed before the 2.2 mpn/1 00 
ml standard can be lawfully applied. Findings in the Regional Board's waste discharge 
requirements have been augmented to provide a more detailed explanation of the basis 
for implementing this standard. However, explanatory language should also be 
included in the Basin Plan. The narrative pathogen objective being developed by the 
Stormwater Quality Standards Task Force, if approved, would be used to support the 
application of the coliform performance standard in POTW permits. 

Estimated Resources: 
Total Staff Time: 
Contract$: 

Duration: 

0.5 PY/year 
none 
3 years+ (assumes ongoing work by the SQSTF) 
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Issue 
No. 

1. 

2. 

Attachment A -- Resolution RS-2006-0085 

Final 2006 Basin Plan Triennial Review Priority List 
Revised November 15, 2006 

Issue Description 

Amend the Basin Plan to include a prohibition on the use of septic tank subsurface 
disposal systems in the Quail Valley area. 

Consider changes to beneficial uses and associated objectives, taking the Water Code 
Section 13241 factors into account, in relatio~ to standards compliance during wet 
weather. The immediate focus is to consider revisions to REC-1 and REC-2 beneficial 
uses and bacterial water quality objectives for surface waters based on USEPA's national 
criteria (E. coli and/or enterococci) and the recommendations of the Storm Water Quality 
Standards Task Force (SWQSTF}. SWQSTF recommendations are now likely to include: 
1) adoption of recreational use subcategory beneficial use definitions and redesignation 
of certain waters; 2) adoption of a high flow suspension of REC-1 standards; 3) removal 
of REC from certain waters3

. Add rationale for the 2.2 mpn/1 00 ml Coliform discharge 
limit for POTWs discharging to the Santa Ana River and its tributaries. 
The SWQSTF has indicated its commitment to assist with other tasks identified in this list. 
Commencement of this support work is contingent on the schedule for completion of the 
ongoing REG-related standards review. 

Estimated Basin Planning Staff 
Resources1 

(Supporting stakeholders, if any, 
designated in footnotes) 
[Bracketed resources are 

provided by programs other than 
Basin Planning] 

FY FY FY Total 
06-07 07-08 08-09 PYs 
[0.5] [0.1] [0.6]£ 

0.5 0.5 0.5 1.54 

1 Basin Planning resources, unless otherwise noted. 2.0 personnel years (PY) per year of Basin Planning resources are currently available. 
2 Enforcement program staff resources. 
3 A Use Attainability Analysis will be required for these activities. 
4 Ongoing work supported by the SWQSTF. 



 

 
 

Axioms for Setting or Changing Stormwater Standards 
 

 
1) Appropriate beneficial uses must be designated.  (40 CFR 131.10a) 

2) Uses must be designated where the use is actually being attained.  (40 CFR 131.10i) 

3) Water quality objectives must protect the designated uses.  (40 CFR 131.11a) 

4) Water quality objectives must protect the most sensitive use.  (40 CFR 131.11a) 

5) Existing uses may not be downgraded or deleted.  (40 CFR 131.10-h-1) 

6) The level of water quality necessary to protect existing uses shall be maintained.  (40 CFR 
131.12a) 

7) Existing uses are those uses actually attained in the water body on or after November 28, 1975, 
whether or not they designated.  (40 CFR 131.3e) 

8) REC-1 and Aquatic Life Habitat (ALH) are presumed to be attainable  (40 CFR 131.10d) 

9) Failure to designate REC-1 and ALH requires a UAA (40 CFR 131.10j) 

10) Water quality objectives must protect downstream beneficial uses (40 CFR 131.10b) 

11) Deleting or downgrading a designated use requires a UAA (40 CFR 131.10j) 

12) Subcategorizing w/ less stringent water quality criteria requires a UAA (40 CFR 131.10j) 

13) Uses are deemed attainable, and may not be removed, if the use can be achieved with cost-
effective and reasonable best management practices for nonpoint source control.  (40 CFR 
131.10d and 40 CFR 131.10-h-2) 

14) May delete, downgrade or subcategorize a use only under certain conditions (40 CFR 131.10g) 

15) Seasonal uses are allowed.  (40 CFR 131.10f) 

16) EPA's recommended water quality criteria are presumed to be protective for the associated 
designated uses.  (40 CFR 131.11) 

17) States may adopt and implement mixing zones, variances and low flow policies (40 CFR 131.13) 

18) Regional Board must consider factors identified in Section CWC §13241, including "economics," 
when adopting water quality objectives to protect beneficial uses. 

19) Undesignated waterbodies have the same beneficial uses as the designated waterbodies to which 
they are tributary (SAR Basin Plan, pg. 3-5) 

20) Where current water quality is better than necessary to protect designated uses that existing 
higher quality must be preserved unless allowing lower quality is demonstrated to continue to 
protect existing uses and would provide "maximum benefit to the people of California."  
(SWRCB Res. No. 68-16) 



           CDM 

Proposed Video Camera Locations 
 
 

# Location Description 

1 Chino Creek 
(@ Pine Ave. or Euclid Ave.) 

Major tributary to Reach 3; 303(d) listed; 
semi-natural; evidence of fishing; nature 
of recreational contact unknown. 

2 
 
Prado Park Lakes 

303(d) listed;  swimming prohibited; 
fishing prohibited; nature of recreational 
contact unknown. 

3 Temescal Creek 
(@ River Rd. – near 2nd St.) 

Vertical concrete channel thru residential 
neighborhood;  access thru culvert; nature 
of recreational contact unknown. 

4 Santa Ana River – Reach 2 
(@ Tustin Ave. or Lincoln Ave.) 

Near fishing ponds; nature of recreational 
contact unknown. 

5 Santa Ana River – Reach 4 
(immediately downstream of RIX) 

303(d) listed; semi-natural channel; 
shallow perennial flow; nature of 
recreational contact unknown. 

6 Mill Creek – "Mentone Beach" 
(Alt. Lytle Creek near Korean Camp Rd) 

Known recreational areas in low flow 
regime; used as a reference reach to 
establish baseline condition. 

7 Temescal Creek 
(@ Magnolia Ave. in Corona) 

Expected to be designated "Not REC" 
Needed to supplement Greenville-
Banning video library 

8 
Orange County storm drains:  Coyote 
Creek, Sorenson Drain, Bolsa Chica 
Channel, La Mirada Creek 

Stormwater drains thru residential 
neighborhoods.  Nature of recreational use 
unknown. 

9 
Santa Ana River – Reach 3 
(near Anza Narrows Park) 

Known recreational area; reference reach 
to establish changing use patterns with 
weather and flow. 

 
Riverside channels:  Magnolia Drain,  Sunnyslope Channel, Anza Park Drain 
 
San Bernardino channels:  Santa Ana River – Reach 5 (Alabama Ave.), Warm Creek, 
 
Lakes:  Canyon Lake,  Hole Lake,  Lake Elsinore 



Task CDM Phase II Scope of Work Budget Status Progress Detail
1.1 Literature Review $10,160 Complete
1.2 Summarize Scientific Basis for EPA's Recommended Criteria $10,540 Complete
1.3 Summarize Water Quality Criteria Other States Use $5,300 Complete
2.1 Recreational Use Surveys $120,000 Complete
2.2 Map Channel Attributes $35,000 Complete
2.3 Flow Monitoring / Modeling $23,000 Complete
2.4 Establish UAA Work Plan and Identify Priority Sites $17,000 Pending Site Prioritization Completed; Draft Work Plan Versions Completed; Awaiting Consensus
2.5 Preliminary Economic Analysis $100,000 Complete
3 Establish Process to Assess Attainment with Standards $31,000 Pending Pending Task Force Direction
4 Meetings and Presentations $79,000 Complete

Amendment CDM Phase II Amendments Budget Status Progress Detail
1 Replace and Reinforce Vandalized Survey Eqipment $26,500 Complete
2 Two Recreational Use Surveys, Equipment and Survey $57,100 Ongoing Mainstem @ Yorba Linda to Complete, Survey Stopped at Riverside
3 Contract Term Extension $0
4 Relocation of Greenville Banning Survey to Huntington Beach $52,570 Pending Awaiting Direction on Alternative Site to Place Camera or Perform Survey Work

$70,070 Approx. 700 Hours, If All Used for Labor Charges

Task CDM Phase III Scope of Work Budget Status Progress Detail
1 Documentation for Three (3) Use Re-Designations $22,450 Not Started
2 As-Needed Support for Basin Plan Amendments $16,280 Not Started
3 Meeting and Presentations $83,410 Ongoing Monthly Meetings and Presentations 
4 Prepare Data for Public Access $5,420 Ongoing Developing with SAWPA
5 Evaluate Implementation Impact of Proposed Objectives $35,540 Not Started

$146,600

Budget Expended Budget Remaining
$567,170 $497,100 $70,070
$163,100 $16,500 $146,600

Total Budget Remaining
$216,670

CDM Phase II and Phase III Progress Report

CDM Phase II Budget
CDM Phase III Budget

CDM Phase II Budget Remaining

CDM Phase III Budget Remaining

Overall Budget Summary
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Regulatory Analysis of Using Single Sample Maximums in Bacteria Standards1 

 
 
1) EPA states that recommended water quality criteria for bacteria are expressed as both 

geometric means and as single sample maximums. 
 

"The 1986 EPA Ambient Water Quality Criteria for Bacteria document clearly identifies the 
single sample maximum values and the geometric mean values as part of the criteria.  
Therefore, consistent with section 303(i)(2)(A) of the Clean Water Act, EPA included both 
components of the criteria in the BEACH Act rule."2 (pg. 1) 

 
"For a state now adopting water quality standards for coastal recreation waters to be as 
protective of human health as EPA's 1986 bacteria criteria and seeking EPA approval, would 
a state need to adopt into its water quality standards for coastal recreation waters both the 
geometric mean and the single sample maximum components of the criteria?  Yes.  As 
stated in the preamble to the BEACH Act rule, one of the considerations EPA uses in 
reviewing state water quality standards submissions related to bacteria criteria for coastal 
recreation waters is whether or not those standards include not only a geometric mean, but 
also appropriate single sample maximums for all coastal recreation waters.  EPA expects 
those states adopting their own water quality standards as protective as EPA's 1986 bacteria 
criteria to use the single sample maximums to make short-term decisions in the beach 
monitoring and notification context.  States adopting their own water quality standards have 
the flexibility to determine how to use the single sample maximum in other Clean Water Act 
programs."  (pg. 5 & 6) 

 
 
2) States may adopt a geometric mean without a single sample maximum, for some 

purposes, if the criterion is applied without conditions (e.g. minimum sample sets). 
 

"Alternatively, states may elect to apply the geometric mean criterion regardless of the 
number of samples used to calculate the geometric mean, which is the approach EPA 
envisioned when it promulgated the BEACH Act rule.  In this case, the geometric mean 
criterion would apply in all instances, and a state could elect not to use the single sample 
maximum for Clean Water Act purposes as a substitute for the geometric mean, other than 
for beach monitoring and notification."  (pg. 6) 

                                                 
1    All citations excerpted from:  U.S. EPA.  Water Quality Standards for Coastal Recreation Waters:  Using Single 

Sample Maximum Values in State Water Quality Standards.  EPA-823-F-06-013  (Aug., 2006) 
2    Water Quality Standards for Coastal and Great Lakes Recreation Waters;  69 FR 67217;  November 16, 2004 
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3) Specifying a minimum sample size for the geometric mean triggers the requirement to 

also use single sample maximums when minimum sample sizes are not met. 
 

"Some states have included a provision in their water quality standards that limits the 
application of the geometric mean component of the criterion to situations only where five 
or more samples are available.  EPA expects those states to use the single sample maximum 
for all Clean Water Act purposes if the geometric mean cannot be used because, for 
example, the sample set is fewer than the minimum number of samples required by the 
state's water quality standards.  EPA has this expectation because the criteria have to be as 
protective of human health as EPA's 1986 bacteria criteria.  If the geometric mean criterion 
does not apply for some specified condition, such as when there are fewer than five samples, 
then some other aspect of the criterion would need to apply, in this case the single sample 
maximum."  (pg. 7) 
 
"In adopting new standards in coastal recreation waters, States may elect to include a 
minimum sample set size as part of its geometric mean criterion.  If it does so, it would need 
to have another component of its criteria that would apply when there are fewer samples 
than the minimum sample set size.  This is because the criteria have to be as protective of 
human health as EPA's 1986 bacteria criteria.  If the geometric mean criterion does not 
apply for some specified condition, such as when there are fewer than five samples, then 
some other aspect of the criterion would need to apply, in this case the single sample 
maximum."  (pg. 6) 

 
 
4) EPA's recommended water quality criteria for bacteria limits the applicability of single 

sample maximums to beach monitoring, notification and closure decisions. 
 

"The single sample maximum discussion in the 1986 bacteria criteria document refers only 
to beach monitoring, and does not discuss how or whether the single sample maximums 
should be implemented for other Clean Water Act applications, such as establishing Total 
Maximum Daily Loads or National Pollutant Discharge Elimination System permit 
limitations."  (pg. 1 & 2) 
 
"The single sample maximum values in the 1986 EPA Ambient Water Quality Criteria for 
Bacteria were not developed as acute criteria; rather, they were developed as statistical 
constructs to allow decisionmakers to make informed decisions to open or close beaches 
based on small data sets."  (pg. 3) 
 
"For States and Territories that are subject to the  [BEACH Act] rule, they have the 
flexibility to determine how they choose to apply the single sample maximum outside the 
beach monitoring and notification context."  (pg. 2) 
 
"…the single sample maximums may, but need not, also play a role in implementing other 
Clean Water Act programs.  Except in the beach notification and closure context, EPA 
expects that states will determine whether and how to use the single sample maximum 
criteria in the context of their other programs implementing the Clean Water Act."  (pg. 2) 
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4) States have discretion as to whether and how to use single sample maximums to 

implement bacteria standards except for beach monitoring and notification decisions. 
 

"States, however, retain discretion to determine whether and how to use the single sample 
maximums in other Clean Water Act programs."  (pg. 1) 
 
"EPA intends that States and Territories covered by the BEACH Act rule retain discretion to 
use single sample maximum values as they deem appropriate in the context of Clean Water 
Act implementation programs other than beach notification and closure, consistent with the 
Clean Water Act and its implementing regulations."  (pg. 3 & 4) 
 
"The BEACH Act rule was not intended to constrain the states included in the rule in how 
they could use single sample maximum values in the context of Clean Water Act 
implementation programs such as the Total Maximum Daily Load program and the National 
Pollutant Discharge Elimination System (NPDES) program."  (pg. 4) 

 
 
5) Single sample maximums were never intended to serve as separate criterion distinct 

from the geometric means. 
 
"The single sample maximums were not designed to provide any more protection of human 
health than provided by the geometric mean criterion."  (pg. 3) 
 
"Other than in the beach notification and closure decision context, the geometric mean is the 
more relevant value for ensuring that appropriate actions are taken to protect and improve 
water quality.  The geometric mean is generally more relevant because it is usually a more 
reliable measure of long term water quality, being less subject to random variation, and 
more directly linked to the underlying studies upon which the 1986 bacteria criteria were 
based."  (pg. 1) 
 
"Treating the single sample maximum as equivalent to acute criteria (i.e., with a specified 
duration of exposure of just one second) for purposes of complying with Section 303(d) of 
the Clean Water Act would result in a large number of waters being listed as impaired even 
though the waters may not have exceeded the applicable geometric mean criteria."  (pg. 3) 
 
"It would not be appropriate for a state to use a single sample maximum as a substitute for 
the geometric mean if there is more than one measurement (sample) because a geometric 
mean could be calculated with more than one grab sample."  (pg 5) 

 
 
6) States must describe implementation strategy for single sample maximums. 
 

"When states adopt the 1986 bacteria criteria into water quality standards for their coastal 
recreation waters, states should specify, in the water quality standards, how the single 
sample maximums will be used in particular Clean Water Act applications.  This helps make 
it clear to EPA, state regulators, dischargers and the public how the single sample maximum 
will be used in NPDES permits, assessment, TMDLs, and beach monitoring and 
notification."  (pg. 6) 
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7) Alternative implementation strategies  (in no specific order): 
 
 A) Express the bacteria criteria as a geometric mean with a minimum sample size and 

apply single sample maximum when available data fails to meet sample size 
requirements.  (Current Approach) 

 
 B) Express the bacteria criteria as a geometric mean with no minimum sample size.  

(EPA's Preferred Approach) 
 
 C) Express the bacteria criteria as a geometric mean with a minimum sample size and 

apply the narrative criteria when available data fails to meet sample size 
requirements.  Revise "Implementation" Section of Basin Plan to indicate that single 
sample maximums are one of many factors that Regional Board may consider when 
making 303(d) assessments, developing TMDLs, issuing NPDES permits or 
evaluating compliance with those permits. 

 
 D) Establish a two subcategories of REC-1: 
 
  (i) REC-1A would be designated recreational beaches where the BEACH Act 

would apply (examples:  ocean beaches, Big Bear Lake, Lake Elsinore), 
and… 

 
  (ii) REC-1B would be waterbodies where water contact is likely to occur but 

which are not considered designated recreational beaches as defined by the 
BEACH Act  (examples flood control channels or drinking water reservoirs 
where access is prohibited by law and no public accommodations are 
provided). 

 
 E) Restrict application of single sample maximums to limited purposes: 
 
  (i) Short-term beach notification and closure decisions where insufficient data 

exists to calculate a proper geometric mean, and… 
 
  (ii) Triggering enhanced monitoring requirements to ensure sufficient data is 

made available to calculate a proper geometric mean. 
 
 F) Identify and designate specific monitoring sites that will serve as the "official" 

location for determining compliance with water quality standards in a given segment.  
Sampling locations must be selected to provide maximum water quality protection to 
proximate water contact recreation. 

 
 G) Compliance with bacteria standards must be assessed using geometric means, rather 

than single sample maximums, where sufficient data is available to calculate such 
means. 

 
NOTE: The alternatives described in Section 7 (above) are intended solely to stimulate discussion;  they should 

not be considered recommendations of or to the Stormwater Quality Standards Task Force. 
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Primary Contact Recreation (REC1) 
 
 
Primary Contact Recreation (REC1*):  are waters used for recreational activities involving 
deliberate water contact, especially by children, where ingestion is likely to occur.  Examples of 
REC1 may include, but are not limited to:  swimming, water-skiing, surfing, whitewater rafting, 
float-tubing, bathing in natural hot springs, skin diving, scuba diving and some forms of wading 
and fishing.  Incidental or accidental water contact resulting in brief exposures that is limited 
primarily to body extremities (e.g. hands and feet, is not deemed to be REC1. 
 
 
All defined waters of the U.S. are presumed to be capable of supporting Primary Contact 
Recreation and shall be designated REC1 unless a Use Attainability Analysis (UAA) 
demonstrates that this use is not an existing use and is not attainable and the Basin Plan is revised 
accordingly.  The Regional Board will consider a suite of factors when determining whether to 
downgrade or delete the REC1 use from any waterbody.  The relevant factors are identified in 
both federal and state regulations (see, for example, 40 CFR 131.10[g] and §13000, §13241 and 
§13242 of the California Water code). 
 
 
Where the Regional Board determines, through a UAA and requisite public hearing(s), that a 
waterbody or portion of a waterbody has not and cannot support REC1 or REC2 uses, that 
waterbody or portion of a waterbody will be designated "REC-X."  Waters designated REC2 but 
not REC1 and waters designated REC-X will be reassessed as part of the Basin Plan triennial 
review process to determine whether conditions have changed sufficiently to warrant a REC1 
designation. 
 
 
Existing Footnote on Page 3-2 of Basin Plan: 
 
* The REC1 and REC2 beneficial use designations assigned to surface waterbodies in this Region should not 

be construed as encouraging recreational activities.  In some cases, such as Lake Matthews and certain 
reaches of the Santa Ana River, access to the waterbodies is prohibited because of potentially hazardous 
conditions and/or because of the need to protect other uses, such as municipal supply or sensitive wildlife 
habitat.  Where REC1 or REC2 is indicated as a beneficial use in Table 3-1, the designations are intended 
to indicate that uses exist or that the water quality of the waterbody could support recreational uses. 

 
Proposed alternative text for the sentence deleted from the footnote: 
 

"Where REC1 or REC is indicated as a beneficial use in Table 3-1, the designations are intended 
to indicate that such uses may occur or that the water quality of the waterbody may be capable of 
supporting recreational uses unless a Use Attainability Analysis demonstrates otherwise and the 
Regional Board amends the Basin Plan accordingly." 
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Non-Contact Water Recreation (REC2*) 
 
 
"Non-contact Water Recreation (REC2) waters are used for recreational activities involving 
proximity to water, but not normally involving body contact with water where ingestion of water 
would be reasonably possible.  These uses may include, but are not limited to, picnicking, 
sunbathing, hiking, beachcombing, camping, boating, tidepool and marine life study, hunting, 
sightseeing, and aesthetic enjoyment in conjunction with the above activities." 
 
 
The definition of the REC2 beneficial use is functionally-equivalent to that described by U.S. 
EPA as "Secondary Contact Recreation."  Therefore, the Regional Board will rely on federal 
regulation and guidance to determine which waterbodies should be designated REC2.  Relatively 
brief unintentional or incidental water contact confined primarily to the body extremities (e.g. 
hands or feet) is generally considered REC2 because it is not likely to result in ingestion. 
 

 
Existing Footnote on Page 3-3 of Basin Plan: 

 
* The REC1 and REC2 beneficial use designations assigned to surface waterbodies in this Region should not 

be construed as encouraging recreational activities.  In some cases, such as Lake Matthews and certain 
reaches of the Santa Ana River, access to the waterbodies is prohibited because of potentially hazardous 
conditions and/or because of the need to protect other uses, such as municipal supply or sensitive wildlife 
habitat.  Where REC1 or REC2 is indicated as a beneficial use in Table 3-1, the designations are intended 
to indicate that uses exist or that the water quality of the waterbody could support recreational uses. 

 
 
Proposed alternative text for the sentence deleted from the footnote: 
 

"Where REC1 or REC is indicated as a beneficial use in Table 3-1, the designations are intended 
to indicate that such uses may occur or that the water quality of the waterbody may be capable of 
supporting recreational uses unless a Use Attainability Analysis demonstrates otherwise and the 
Regional Board amends the Basin Plan accordingly." 
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Water Quality Objectives 
 

"Waste discharges shall not cause or contribute to excessive risk of illness from 
microorganisms pathogenic to human beings.  Pathogen indicator concentrations 
shall not exceed the values specified in Table 2 (below) as a result of controllable 
water quality factors unless it is demonstrated to the Regional Board's 
satisfaction that the elevated indicator concentrations do not result in excessive 
risk of illness among people recreating in or near the water.  In all cases, the 
level of water quality necessary to protect "existing uses" must be maintained.  
Where existing water quality is better than necessary to protect the designated 
use, the higher level of water quality must be maintained unless it is demonstrated 
that existing beneficial uses will be protected and that water quality consistent 
with maximum benefit to the people of California would be maintained as 
specified in the state Antidegradation Policy (SWRCB Resolution No. 68-16).  
Recycled water discharged to freshwaters designated REC1 or REC2 must 
comply with Title-22 requirements specified by the California Department of 
Public Health (CDPH). 

 
Table 2:  Pathogen Indicator Bacteria Objectives for Fresh Waters 

 
Recreational Use 

Classification Pathogen Indicator Objectives1 

REC1 and REC2 <126  E. coli per 100 ml 
(geometric mean of at least 5 samples in a 30-day period)2,5 

REC2-only3 <2000 fecal coliform per 100 ml 
(geometric mean of at least 5 samples in a 30-day period)4,5 

 

1 The water quality objectives specified in Table 2 and Table 3 do not apply if the relevant 
designated uses have been temporarily suspended due to unsafe flow conditions in a river or 
stream during the period the recreational uses are suspended. 

2 In the absence of sufficient data to calculate an appropriate and representative geometric mean 
for E. coli, no single sample shall exceed the values calculated by using the values and 
formula shown in Table 3. 

3 Waterbodies classified REC2 but not classified as REC1.  Where a waterbody is classified as 
both REC1 and REC2 only the more stringent REC1 objectives shall apply. 

4 In the absence of sufficient data to calculate an appropriate and representative geometric mean 
for fecal coliform, no single sample shall exceed the values shown in Table 4. 

 
5The Regional Board may also elect to adopt other alternative averaging periods (such as 

annual or seasonal averages) where appropriate.  Such action requires an amendment to the 
Basin Plan and approval by the SWRCB, OAL and USEPA. 
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Table 3: Alternate Method for Assessing Compliance with the Pathogen Indicator 
Bacteria Objective for Freshwaters Designated REC1 When Insufficient 
Reliable Data is Available to Calculate a Geometric Mean for E. coli 

 

Predominant Pattern 
of REC1 Activities 

Confidence Level 
Factor (CLF) 

Designated Beach Area1 0.68 

Moderate Full-body Contact Recreation2 0.94 

Lightly Used Full-body Contact Recreation3 1.28 

Infrequently Used Full-body Contact Recreation4 1.65 

No Known or Expected Full-body Contact Recreation5 2.33 

Maximum allowed E. coli concentration in a single sample  =  ECO * 10(CLF * LSD) 
 
ECO = E. Coli Objective for REC1 = 126, and 

CLF = Appropriate Confidence Level Factor, and 

LSD = Log Standard Deviation of site-specific E. coli data.  If site-specific data 
            is not available, the LSD is assumed to equal 0.4.  The LSD is defined as 
            the standard deviation of the log-transformed E. coli dataset.  Log values 
            are calculated using base-10. 

                                                 
1 "Designated Beach Area:  those recreation waters that, during the recreation season, are heavily used (based upon a 

comparison of use within the state) and may have a lifeguard, bathhouse facilities, or public parking for beach 
access."  U.S. EPA.  Water Quality Standards for Coastal and Great Lakes Recreation Waters – Final Rule.  
69FR220, 67242  (Nov. 16, 2004).  In the Santa Ana region, examples of Designated Beach Areas include Big 
Bear Lake, Lake Perris and Lake Elsinore. 

2 "Moderate Full Body Contact Recreation:  those recreation waters that are not designated bathing beach waters but 
typically, during the recreation season, are used by at least half the number of people as at typical designated 
bathing beach waters within the state."  U.S. EPA.  69FR220, 67242.  In the Santa Ana region, an example of 
Moderate Full Body Contact Recreation is Reach 3 of the Santa Ana River. 

3 "Lightly Used Full Body Contact Recreation:  those recreation waters that are not designated bathing beach waters 
but, typically, during the recreation season, are used by less than half the number of people as at typical designated 
bathing beach waters with the state, but are more than infrequently used."  U.S. EPA.  69FR220, 67242.  In the 
Santa Ana region, examples of Lightly Used Full Body Contact Recreation include the non-concrete-lined 
segments of Chino Creek and Mill-Cucamonga Creek. 

4 "Infrequently Used Full Body Contact:  those recreation waters that are rarely or occasionally used."  U.S. EPA.  
69FR220, 67242.  In the Santa Ana region, examples of Infrequently Used Full-Body Contact Recreation include 
stormwater channels with restricted access and very low base flows such as Temescal Creek in the City of Corona. 

5 No Known or Expected Full Body Contact:  those recreation waters that are designated REC1 where no full body 
contact is known or expected to occur.  In the Santa Ana region, examples of No Known or Expected Fully Body 
Contact include fenced and concrete-lined vertical flood control channels that are presently designated REC1 but 
are likely to be reclassified as REC2 or REC-X after a Use Attainability Analysis (UAA) is completed. 
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Table 4: Alternate Method for Assessing Compliance with the Pathogen Indicator 
Bacteria Objectives for Freshwaters Designated REC2-Only When 
Insufficient Reliable Data is Available to Calculate a Geometric Mean for 
Fecal coliform 

 
 

Current Use 
Classification 

Predominant 
Activity 

Fecal coliform 
Objective  (FCO) 

Expected 
Data Range 

 
 

REC2-only 

 
 

All REC2 
Activities 

 
<200 fecal coliform 

per 100 ml 
 

(geometric mean of at 
least 5 samples in a 

30-day period) 

 
No more than 10% of 

samples may be 
greater than 4,000 
fecal coliform per 

100 ml. 

 
 

Bacteria, viruses, protozoa and parasites occur naturally in the environment and may also be 
present in waste discharges.  Some of these organisms, particularly those that originate from 
human sources, are pathogenic and may cause illness to exposed persons.  The presence of these 
pathogens in waterbodies may impair recreational uses and/or municipal water supplies. 
 
Direct measurement of all pathogens is impractical because standard methods have not yet been 
approved, nor have water quality criteria been established for each and every microorganism that 
may be harmful.  Therefore, EPA recommends using surrogate indicators, such as E. coli 
concentrations, to demonstrate that water quality is adequate to protect human health against 
excessive risk of illness to those making deliberate recreational contact with the water where 
ingestion of water is likely. 
 
Over time, the recommended surrogate indicators to protect primary contact recreation has 
changed from total and fecal coliform to E. coli for freshwaters and Enterococci for marine 
waters.  On-going epidemiological research may demonstrate that there are better direct or 
surrogate indicators available.6  Adopting a narrative objective for pathogens, in addition to 
numeric water quality objectives for surrogate indicators, will provide greater regulatory 
flexibility to specify more appropriate permit limitations and monitoring requirements as EPA's 
recommended bacteria criteria change and/or water quality monitoring technologies improve.7 
 

                                                 
6 See, for example, U.S. EPA.  Report of the Experts Scientific Workshop on Critical Research Needs for the 

Development of New or Revised Recreational Water Quality Criteria.  June 15, 2007  (EPA 823-R-07-006) 
7 See, for example, U.S. EPA.  Criteria Development Plan and Schedule for Recreational Water Quality Criteria.  

Aug. 31, 2007.  (823-R-08-003) 
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Primary Contact Recreation (REC1) 
 
 
Primary Contact Recreation (REC1*) waters are used for recreational activities involving 
deliberate water contact, especially by children, where ingestion is likely to occur.  Examples of 
REC1 may include, but are not limited to:  swimming, water-skiing, surfing, whitewater rafting, 
float-tubing, bathing in natural hot springs, skin diving, scuba diving and some forms of wading 
and fishing.  Brief incidental or accidental water contact that is limited primarily to the body 
extremities (e.g. hands and feet), is not generally deemed Primary Contact Recreation because 
ingestion is not considered reasonably possible. 
 
All defined waters of the U.S. are presumed to be capable of supporting Primary Contact 
Recreation and shall be designated REC1 unless a Use Attainability Analysis (UAA) 
demonstrates that this use is not an existing use and is not attainable and the Basin Plan is revised 
accordingly.  The Regional Board will consider a suite of factors when conducting the UAA to 
determine whether to downgrade or delete the REC1 use from any waterbody.  The relevant 
factors are identified in federal and state regulations. 
 
Where the Regional Board determines, through a UAA and requisite public hearing(s), that a 
waterbody or portion of a waterbody has not supported and cannot support REC1 or REC2 uses, 
that waterbody or portion of a waterbody will be designated "REC-X."  Waters designated REC2 
but not REC1 and waters designated REC-X will be reassessed as part of the Basin Plan triennial 
review process to determine whether conditions have changed sufficiently to warrant a REC1 
designation. 
 
 

 
*Footnote: "The REC1 and REC2 beneficial use designations assigned to surface 

waterbodies in this Region should not be construed as encouraging or authorizing 
recreational activities.  In some cases, such as Lake Mathews and certain reaches 
of the Santa Ana River and its tributaries, access to the waterbodies is prohibited 
by other authorized authorities because of potentially hazardous conditions and/or 
because of the need to protect other uses such as municipal water supply or 
sensitive wildlife habitat.  Where REC1 or REC2 is indicated as a beneficial use 
in Table 3-1, the designations are only intended to indicate that such uses may 
occur or that the water quality of the waterbody may be capable of supporting 
recreational uses unless a Use Attainability Analysis demonstrates otherwise and 
the Regional Board amends the Basin Plan accordingly." 
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Non-Contact Water Recreation (REC2) 

 
 
"Non-contact Water Recreation (REC2*) waters are used for recreational activities involving 
proximity to water, but not normally involving body contact with water where ingestion of water 
would be reasonably possible.  These uses may include, but are not limited to, picnicking, 
sunbathing, hiking, beachcombing, camping, boating, tidepool and marine life study, hunting, 
sightseeing, and aesthetic enjoyment in conjunction with the above activities." 
 
The definition of the REC2 beneficial use is intended to be functionally-equivalent to that 
described by U.S. EPA as "Secondary Contact Recreation."  Therefore, the Regional Board will 
rely on federal regulation and guidance to determine which waterbodies should be designated 
REC2.  Relatively brief incidental or accidental water contact that is limited primarily to the 
body extremities (e.g. hands or feet) is generally deemed REC2 because ingestion is not 
considered reasonably possible. 
 
 

 
*Footnote: "The REC1 and REC2 beneficial use designations assigned to surface 

waterbodies in this Region should not be construed as encouraging or authorizing 
recreational activities.  In some cases, such as Lake Mathews and certain reaches 
of the Santa Ana River and its tributaries, access to the waterbodies is prohibited 
by other authorized authorities because of potentially hazardous conditions and/or 
because of the need to protect other uses such as municipal water supply or 
sensitive wildlife habitat.  Where REC1 or REC2 is indicated as a beneficial use 
in Table 3-1, the designations are only intended to indicate that such uses may 
occur or that the water quality of the waterbody may be capable of supporting 
recreational uses unless a Use Attainability Analysis demonstrates otherwise and 
the Regional Board amends the Basin Plan accordingly." 
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Water Quality Objectives 
 

"Waste discharges shall not cause or contribute to excessive risk of illness from 
microorganisms pathogenic to human beings.  Pathogen indicator concentrations 
shall not exceed the values specified in Table 2 (below) as a result of controllable 
water quality factors unless it is demonstrated to the Regional Board's 
satisfaction that the elevated indicator concentrations do not result in excessive 
risk of illness among people recreating in or near the water.  In all cases, the 
level of water quality necessary to protect "existing uses" must be maintained.  
Where existing water quality is better than necessary to protect the designated 
use, the higher level of water quality must be maintained unless it is demonstrated 
that existing beneficial uses will be protected and that water quality consistent 
with maximum benefit to the people of California would be maintained as 
specified in the state Antidegradation Policy (SWRCB Resolution No. 68-16).  The 
Regional Board may also require recycled water discharged to freshwaters 
designated REC1 or REC2 to comply with other limitations recommended by the 
California Department of Public Health (CDPH). 

 
 
Bacteria, viruses, protozoa and parasites occur naturally in the environment and may also be 
present in waste discharges.  Some of these organisms, particularly those that originate from 
human sources, are pathogenic and may cause illness to exposed persons.  The presence of these 
pathogens in waterbodies may impair recreational uses and/or municipal water supplies. 
 
Direct measurement of all pathogens is impractical because standard methods have not yet been 
approved, nor have water quality criteria been established for each and every microorganism that 
may be harmful.  Therefore, EPA recommends using surrogate indicators, such as E. coli 
concentrations, to demonstrate that water quality is adequate to protect human health against 
excessive risk of illness to those making deliberate recreational contact with the water where 
ingestion of water is likely. 
 
Over time, the recommended surrogate indicators to protect primary contact recreation have 
changed from total and fecal coliform to E. coli for freshwaters and Enterococci for marine 
waters.  On-going epidemiological research may someday demonstrate that there are better direct 
or surrogate indicators available.1  Adopting a narrative objective for pathogens, in addition to 
numeric water quality objectives for surrogate indicators, will provide greater regulatory 
flexibility` to specify more appropriate permit limitations and monitoring requirements as EPA's 
recommended bacteria criteria change and/or water quality monitoring technologies improve.2 
 
 
1 See, for example, U.S. EPA.  Report of the Experts Scientific Workshop on Critical Research Needs for the 

Development of New or Revised Recreational Water Quality Criteria.  June 15, 2007  (EPA 823-R-07-006) 
 
2 See, for example, U.S. EPA.  Criteria Development Plan and Schedule for Recreational Water Quality Criteria.  

Aug. 31, 2007.  (823-R-08-003) 
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Table 2:  Pathogen Indicator Bacteria Objectives for Fresh Waters 

 
 

Recreational Use 
Classification1 

Pathogen Indicator Objective 

(geometric mean of at least 5 samples in a 30-day period)5 

REC1 and REC2 <126  E. coli organisms per 100 ml2 

REC2-only3 <2000 fecal coliform organisms per 100 ml4 
 

1 The water quality objectives specified in Table 2 and Table 3 do not apply if the recreational uses are 
temporarily suspended due to unsafe flow conditions in a river or stream. 

2 In the absence of sufficient data to calculate a representative geometric mean for E. coli, no single 
sample shall exceed the values calculated by using the formula shown in Table 3.  Where there is 
sufficient data to calculate a representative geometric mean for E. coli, the single sample maximum 
specified in Table 3 shall not apply. 

3 Waterbodies classified REC2 but not classified as REC1.  Where a waterbody is classified as both 
REC1 and REC2 only the more stringent REC1 objectives shall apply. 

4 In the absence of sufficient data to calculate a representative geometric mean for fecal coliform, no 
more than 10% of the individual water quality samples may exceed 4,000 fecal coliform organisms per 
100 ml.  Where there are sufficient data to calculate a representative geometric mean for fecal coliform, 
only the geometric mean value may be used to assess compliance with the fecal coliform objective. 

5 The Regional Board may adopt other alternative averaging periods, such as annual or seasonal averages, 
through the basin planning process. 
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Table 3: Alternate Method for Assessing Compliance with the Pathogen 
Indicator Bacteria Objective for Freshwaters Designated REC1 When 
Insufficient Data are Available to Calculate a Geometric Mean for E. 
coli1 

 
 

Level of 
Public Exposure 

Single Sample Maximum 
(SSM) E. coli Concentration2 Freshwater Default Value3 

Frequent Primary 
Contact Recreation4 SSM = 126 * 10(0.68 * LSD) 235 E. coli organisms / 100 ml 

Infrequent Primary 
Contact Recreation5 SSM = 126 * 10(1.65 * LSD) 576 E. coli organisms / 100 ml 
 

1 The alternate method adjusts for the probability of sampling error when using small data (n<5) sets to 
estimate compliance with an E. coli objective that is specified as the geometric mean of at least 5 samples 
in 30 days as recommended by EPA in Water Quality Standards for Coastal and Great Lakes Recreation 
Waters – Final Rule.  69 Fed. Reg. 220, 67242  (Nov. 16, 2004).   

 
2 The Single Sample Maximum shall be calculated using the log standard deviation (LSD) of measured E. 

coli concentrations where adequate representative local data is available and the Regional Board has 
approved the site-specific calculation through the normal public notice and comment process.  In general, 
data acceptability shall be determined using the guidelines described in the State Water Resources Control 
Boards Water Quality Control Policy for Developing California's Clean Water Act Section 303(d) List 
[Sept., 2004]. 

 
3 If there is insufficient representative data to calculate the log standard deviation (LSD) of measured E. coli 

concentrations, then the Single Sample Maximum shall be calculated using an assumed LSD value of 0.4 
for freshwaters as recommended by EPA. 

 
4 Per EPA, Frequent Primary Contact Recreation applies to "those recreation waters that, during the 

recreation season, are heavily used (based upon a comparison of use within the state) and may have a 
lifeguard, bathhouse facilities or public parking for beach access."  69 Fed. Reg. 220, 67242  (Nov. 16, 
2004). 

 
5 Per EPA, Infrequent Primary Contact Recreation applies to "those recreation waters that are rarely or 

occasionally used."  69 Fed. Reg. 220, 67242  (Nov. 16, 2004). 
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Temporary High Flow Suspension for Recreational Uses 

 
Recreational use designations are temporarily suspended when high flows, caused 
by stormwater runoff, preclude safe recreation in creeks and streams.  Flow 
conditions are presumptively unsafe if one or more of the following conditions 
occurs: 
 
 * Stream velocity is greater than 8 fps regardless of depth 
 
 * Depth (ft.) times velocity (fps) is greater than 10 ft.2/sec 
 
 * Rainfall in the area tributary to the waterbody is greater 
  than or equal to 0.5 inches in 24 hours.  
 
It may be unsafe to engage in recreational activities under other flow and weather 
conditions.  Any determination that a particular stream is suitable for recreation is 
solely for the purpose of assessing compliance with applicable water quality 
objectives.  Such determinations are not intended to imply that the stream is 
actually meeting the relevant water quality objectives or that there are no other 
serious risks to public health and safety. 
 
The temporary suspension is automatically terminated when flow conditions have 
returned to a safe level.  Flow conditions are presumed to have returned to a safe 
level 24 hours after the rainfall ends unless streamflow data indicate otherwise.  
 
Rainfall measurements may be estimated using representative gauges, Doppler 
radar data, or other scientifically defensible methods.  The hydrology of individual 
waterbodies varies greatly;  therefore, all presumptions related to rainfall and 
streamflow may be adjusted based on site-specific data analysis and/or runoff 
models, subject to approval of the Regional Board through the normal public 
notice and comment process. 
 
Temporarily suspending recreational uses on a given waterbody does not nullify the obligation to 
meet downstream water quality objectives when and where designated beneficial uses have not 
been suspended.  The Regional Board may determine, through the basin planning process, that 
the temporary suspension of recreational uses is not applicable to one or more specific 
waterbodies if it is demonstrated that channel conditions or flow controls significantly change so 
as to eliminate the hazard to recreational users. 
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Template Outline for UAA Technical Reports 
 
 
 
Section 1.0: Introduction 
 
 
Section 2.0: Waterbody Description 
 
 2.1 Segment Identification 

  2.1.1 Basin Plan Nomenclature 

  2.1.2 Hydrologic Connectivity 

  2.1.3 Map w/ GPS Coordinates 

  2.1.4 Aerial/Satellite Photo(s) 
 
 2.2 Channel Characterization 

  2.2.1 Describe structure, slope, materials 

  2.2.2 Describe surrounding land uses and access to waterbody 

  2.2.3 Representative photographs 
 
 
Section 3.0: Eligibility Analysis 
 
 3.1 Existing Use? 

  3.1.1 Evidence of actual recreational activity (incl. interview & photos) 

  3.1.2 Analysis of representative water quality monitoring data 
 
 3.2 Probable Future Use? 

  3.2.1 Review of relevant county, and municipal master plans 

  3.2.2 Expected improvement in water quality w/ BMP implementation 
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Section 4.0: UAA Factor Evaluation  [40 CFR 131.10(g)(1-6)] 
 
 4.1 Naturally occurring pollutant concentrations 

  4.1.1 Describe water quality data 

  4.1.2 Analyze ability to attain REC1 use 
 
 4.2 Natural, ephemeral, intermittent or low flow conditions or water levels 

  4.2.1 Describe flow conditions and water levels 

  4.2.2 Analyze ability to attain REC1 use 
 
 4.3 Human caused conditions or sources of pollution 

  4.3.1 Describe human sources of pollution 

  4.3.2 Analyze ability to attain REC1 use 
 
 4.4 Dams, diversions or other types of hydrologic modifications 

  4.4.1 Describe hydrologic modifications 

  4.4.2 Analyze ability to attain REC1 use 
 
 4.5 Economic and social impacts 

  4.5.1 Describe controls required by Section 301(b) and 306 of the Act 

  4.5.2 Describe supplemental controls required to achieve REC1 standards 

  4.5.3 Describe economic and social impacts of supplemental controls 

  4.5.4 Analyze ability to attain REC1 use 
 
 
Section 5.0: Antidegradation Analysis 
 
 5.1 Is current water quality better than necessary to protect the use? 

 5.2 Is water quality lowered by reclassifying the waterbody? 

 5.3 Does lowering water quality provide "maximum benefit?" 

 5.4 Describe proposed anti-degradation threshold 
 
 
Section 6.0: Recommendations 
 
 5.1 Recommended Beneficial Use Designation 

 5.2 Recommended Water Quality Objective 

 5.3 Recommended Consideration at Subsequent Triennial Reviews 
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Federal Criteria for Reclassifying a Designated Use 

40 CFR 131.10[g] 
 
 

1) Naturally occurring pollutant concentrations prevent attainment 
of the use. 

 
 
2) Natural, ephemeral, intermittent or low flow conditions or 

water levels prevent attainment of the use, unless these 
conditions may be compensated for by the discharge of 
sufficient volume of discharges without violating State water 
conservation requirements to enable uses to be met. 

 
 
3) Human caused conditions or sources of pollution prevent the 

attainment of the use and cannot be remedied or would cause 
more environmental damage to correct than to leave in place. 

 
 
4) Dams, diversions or other types of hydrologic modifications 

preclude attainment of the use, and it is not feasible to restore 
the water body to its original condition or to operate such 
modifications in a way that would result in attainment of the 
use. 

 
 
5) Physical conditions related to the natural features of the water 

body, such as the lack of proper substrate, cover, flow, depth, 
pools, riffles, and the like, unrelated to water quality, preclude 
attainment of aquatic life protection uses. 

 
 
6) Controls more stringent than those required by Sections 301(b) 

and 306 of the Act would result in substantial and widespread 
economic and social impact. 
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CALIFORNIA WATER CODE 
Section 13000 

 
“...activities and factors which may affect the quality of the waters of the state 
shall be regulated to attain the highest water quality which is reasonable, 
considering all demands being made and to be made on those waters and the total 
values involved, beneficial and detrimental, economic and social, tangible and 
intangible.” 

 
 
 
 

CALIFORNIA WATER CODE 
Section 13241 

 
“It is recognized that it may be possible for the quality of water to be changed to 
some degree without unreasonably affecting beneficial uses.  Factors to be 
considered by a regional board in establishing water quality objectives shall 
include, but not necessarily be limited to, all of the following: 
 

a) Past, present, and probable future beneficial uses of water. 
 
b) Environmental characteristics of the hydrographic unit under 
consideration, including quality of water available thereto. 
 
c) Water quality conditions that could reasonably be achieved through the 
coordinated control of all factors which affect water quality in the area. 
 
d) Economic considerations. 
 
e) The need for developing housing within the region 
 
f) The need to develop and use recycled water.” 
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Primary Contact Recreation (REC1) 
 
 
Primary Contact Recreation (REC1*) waters are used for recreational activities involving deliberate 
water contact, especially by children, where ingestion is likely to occur.  Examples of REC1 may 
include, but are not limited to:  swimming, water-skiing, surfing, whitewater rafting, float-tubing, 
bathing in natural hot springs, skin diving, scuba diving and some forms of wading and fishing.  Brief 
incidental or accidental water contact that is limited primarily to the body extremities (e.g. hands and 
feet), is not generally deemed Primary Contact Recreation because ingestion is not likely to occur. 
 
All defined waters of the U.S. are presumed to be capable of supporting Primary Contact Recreation 
and shall be designated REC1 unless a Use Attainability Analysis (UAA) demonstrates that this use is 
not an existing use and is not attainable and the Basin Plan is revised accordingly.  The Regional Board 
will consider a suite of factors when conducting the UAA to determine whether to downgrade or delete 
the REC1 use from any waterbody.  The relevant factors are identified in federal and state regulations. 
 
Where the Regional Board determines, through a UAA and requisite public hearing(s), that a 
waterbody or portion of a waterbody has not supported and cannot support REC1 or REC2 uses, that 
waterbody or portion of a waterbody will be designated "REC-X."  Waters designated REC2 but not 
REC1 and waters designated REC-X will be reassessed as part of the Basin Plan triennial review 
process to determine whether conditions have changed sufficiently to warrant a REC1 designation. 
 
 

 
*Footnote: "The REC1 and REC2 beneficial use designations assigned to surface waterbodies in 

this Region should not be construed as encouraging or authorizing recreational 
activities.  In some cases, such as Lake Mathews and certain reaches of the Santa Ana 
River and its tributaries, access to the waterbodies is prohibited by other agencies 
because of potentially hazardous conditions and/or because of the need to protect other 
uses such as municipal water supply or sensitive wildlife habitat.  Where REC1 or 
REC2 is indicated as a beneficial use in Table 3-1, the designations are only intended to 
indicate that such uses may occur or that the water quality of the waterbody may be 
capable of supporting recreational uses unless a Use Attainability Analysis 
demonstrates otherwise and the Regional Board amends the Basin Plan accordingly." 
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Non-Contact Water Recreation (REC2) 

 
 
"Non-contact Water Recreation (REC2*) waters are used for recreational activities involving 
proximity to water, but not normally involving body contact with water where ingestion of water would 
be reasonably possible.  These uses may include, but are not limited to, picnicking, sunbathing, hiking, 
beachcombing, camping, boating, tidepool and marine life study, hunting, sightseeing, and aesthetic 
enjoyment in conjunction with the above activities." 
 
The definition of the REC2 beneficial use is functionally-equivalent to that described by U.S. EPA as 
"Secondary Contact Recreation."  Therefore, the Regional Board will rely on federal regulation and 
guidance to determine which waterbodies should be designated REC2.  Relatively brief incidental or 
accidental water contact that is limited primarily to the body extremities (e.g. hands or feet) is 
generally deemed REC2 because ingestion is not considered reasonably possible. 
 
 

 
*Footnote: "The REC1 and REC2 beneficial use designations assigned to surface waterbodies in 

this Region should not be construed as encouraging or authorizing recreational 
activities.  In some cases, such as Lake Mathews and certain reaches of the Santa Ana 
River and its tributaries, access to the waterbodies is prohibited by other agencies 
because of potentially hazardous conditions and/or because of the need to protect other 
uses such as municipal water supply or sensitive wildlife habitat.  Where REC1 or 
REC2 is indicated as a beneficial use in Table 3-1, the designations are only intended to 
indicate that such uses may occur or that the water quality of the waterbody may be 
capable of supporting recreational uses unless a Use Attainability Analysis 
demonstrates otherwise and the Regional Board amends the Basin Plan accordingly." 
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Water Quality Objectives 
 

"Waste discharges shall not cause or contribute to excessive risk of illness from 
microorganisms pathogenic to human beings.  Pathogen indicator concentrations shall 
not exceed the values specified in Table 2 (below) as a result of controllable water 
quality factors unless it is demonstrated to the Regional Board's satisfaction that the 
elevated indicator concentrations do not result in excessive risk of illness among people 
recreating in or near the water.  In all cases, the level of water quality necessary to 
protect existing uses must be maintained.  Where existing water quality is better than 
necessary to protect the designated use, the higher level of water quality must be 
maintained unless it is demonstrated that existing beneficial uses would be protected 
and that water quality consistent with maximum benefit to the people of California 
would be maintained as specified in the state Antidegradation Policy (SWRCB 
Resolution No. 68-16).  The Regional Board may also require recycled water 
discharged to freshwaters designated REC1 or REC2 to comply with other limitations 
recommended by the California Department of Public Health (CDPH). 

 
 
Bacteria, viruses, protozoa and parasites occur naturally in the environment and may also be present in 
waste discharges.  Some of these organisms, particularly those that originate from human sources, are 
pathogenic and may cause illness to exposed persons.  The presence of these pathogens in waterbodies 
may impair recreational uses and/or municipal water supplies. 
 
Direct measurement of all pathogens is impractical because standard methods have not yet been 
approved, nor have water quality criteria been established for each and every microorganism that may 
be harmful.  Therefore, EPA recommends using surrogate indicators, such as E. coli concentrations, to 
demonstrate that water quality is adequate to protect human health against excessive risk of illness to 
those making deliberate recreational contact with the water where ingestion of water is likely. 
 
Over time, the recommended surrogate indicators to protect primary contact recreation have changed 
from total and fecal coliform to E. coli for freshwaters.  On-going epidemiological studies and 
laboratory research may someday indentify better pathogen indicators.1  This narrative objective and 
the related numeric objectives for surrogate indicators are intended to provide the permitting flexibility 
needed to assure appropriate regulatory application as water quality monitoring technology improves 
or EPA revises the recommended bacteria criteria.2 
 
 
1 See, for example, U.S. EPA.  Report of the Experts Scientific Workshop on Critical Research Needs for the Development 

of New or Revised Recreational Water Quality Criteria.  June 15, 2007  (EPA 823-R-07-006) 
 
2 See, for example, U.S. EPA.  Criteria Development Plan and Schedule for Recreational Water Quality Criteria.  Aug. 31, 

2007.  (823-R-08-003) 



3/5/2009 DRAFT:  Do Not Quote or Cite. Page 4

 
Table 2:  Pathogen Indicator Bacteria Objectives for Fresh Waters 

 
 

Recreational Use 
Classification1 

Pathogen Indicator Objective 

(geometric mean of at least 5 samples in a 30-day period)2 

REC1 and REC2 <126  E. coli organisms per 100 mL3 

REC2-only4 <2000 fecal coliform organisms per 100 mL5 
 

1 The water quality objectives specified in Table 2 and Table 3 do not apply if the recreational uses are 
temporarily suspended due to unsafe flow conditions in a river or stream  (see Section XX.XX of the 
Basin Plan). 

2 The Regional Board may adopt other alternative averaging periods, such as annual or seasonal averages, 
through the basin planning process. 

3 In the absence of sufficient data to calculate a representative geometric mean for E. coli, no single 
sample shall exceed the values calculated by using the formula shown in Table 3.  Where there are 
sufficient data to calculate a representative geometric mean for E. coli, the single sample maximum 
specified in Table 3 shall not be used to assess compliance with the E. coli objective.  However, the 
single sample maximum values may continue to be used to implement public notification programs 
and/or to trigger additional monitoring requirements  (see Section YY.YY of the Basin Plan). 

4 Waterbodies classified REC2 but not classified as REC1.  Where a waterbody is classified as both 
REC1 and REC2 only the more stringent REC1 objectives shall apply. 

5 In the absence of sufficient data to calculate a representative geometric mean for fecal coliform, no 
more than 10% of the individual water quality samples may exceed 4,000 fecal coliform organisms per 
100 ml for any 30-day period.  Where there are sufficient data to calculate a representative geometric 
mean for fecal coliform, only the geometric mean value may be used to assess compliance with the 
fecal coliform objective. 
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Table 3: Alternative Method for Assessing Probable Compliance with the E. coli Objective 
in Freshwaters Designated REC1 When Insufficient Data are Available to 
Calculate a Geometric Mean. 

 
Maximum Expected Single Sample Value for E. coli1 

(assuming geometric mean = 126 organisms per 100 mL) E. coli Data 
Variability2 

(Log Std. Dev.) Class-A  REC1  Waters3 
(SCF=0.68) 

Class-B  REC1  Waters4 
(SCF=1.65) 

0.1 147 organisms/100 mL 184 organisms/100 mL 
0.2 172 organisms/100 mL 269 organisms/100 mL 

 

0.3 202 organisms/100 mL 394 organisms/100 mL 
Default 0.4 236 organisms/100 mL 576 organisms/100 mL 

0.5 276 organisms/100 mL 842 organisms/100 mL 
0.6 322 organisms/100 mL 1,231 organisms/100 mL 
0.7 377 organisms/100 mL 1,800 organisms/100 mL 
0.8 441 organisms/100 mL 2,633 organisms/100 mL 
0.9 516 organisms/100 mL 3,849 organisms/100 mL 
1.0 603 organisms/100 mL 5,628 organisms/100 mL 
1.1 705 organisms/100 mL 8,229 organisms/100 mL 
1.2 825 organisms/100 mL 12,033 organisms/100 mL 
1.3 965 organisms/100 mL 17,594 organisms/100 mL 
1.4 1,128 organisms/100 mL 25,726 organisms/100 mL 
1.5 1,319 organisms/100 mL 37,616 organisms/100 mL 
1.6 1,543 organisms/100 mL 55,001 organisms/100 mL 
1.7 1,805 organisms/100 mL 80,421 organisms/100 mL 
1.8 2,110 organisms/100 mL 117,590 organisms/100 mL 

 

1.9 2,468 organisms/100 mL 171,937 organisms/100 mL 
 
1 EPA's recommended formula for calculating the maximum expected single sample value is: 

SSM = ECO * 10(SCF * LSD), where… 

SSM = Single Sample Maximum expected value 
ECO = E. coli Objective expressed as the geometric mean of a minimum number of samples 
SCF = the appropriate Statistical Confidence Factor 
LSD = the Log Standard Deviation of measured E. coli concentrations. 
 

2 Variability is calculated as the standard deviation of the log-transformed E. coli data.  In the absence of adequate 
representative data to estimate E. coli variability,  the maximum expected single sample value will be calculated based on 
the assumption that the LSD = 0.4  as suggested by EPA [69 FR 220, 67242;  11/16/04].  Where adequate representative 
data are available to estimate E. coli variability, the Regional Board must approve the calculated LSD value through the 
normal public participation process.   Data acceptability shall generally be determined using the guidelines described in 
the Water Quality Control Policy for Developing California's Clean Water Act Section 303(d) List [Sept., 2004].   

 
3 REC-1 waterbodies are generally deemed Class-A when frequent primary contact recreation occurs or ambient water 

quality is expected to meet existing numeric water quality objectives for pathogen indicators (such as in water supply 
reservoirs or in undeveloped natural areas).  EPA recommends a more stringent Statistical Confidence Factor (SCF) of 
0.68 where frequent primary contact recreation occurs. 

 
4 REC-1 waterbodies are generally deemed Class-B when primary contact recreation rarely occurs and the waterbody has 

only intermittent and ephemeral low flows, or the stream channel has been significantly modified to support flood control 
requirements, or water quality is heavily influenced by wildlife.  EPA recommends a less stringent Statistical Confidence 
Factor (SCF) of 1.65 where primary contact recreation rarely occurs. 
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Temporary High Flow Suspension for Recreational Uses 

 
Recreational use designations are temporarily suspended when high flows preclude safe recreation in 
or near the stream channels.  Flow conditions in the Santa Ana watershed are presumptively unsafe if 
one or more of the following conditions occurs: 
 
 * Stream velocity is greater than 8 feet-per-second regardless of depth1 
 
 * The product of stream depth (feet) and stream velocity (feet-per-second) is greater than 

10 ft.2/sec. 2 
 
It may also be unsafe to engage in recreational activities under other flow conditions.  The above 
definitions are intended solely for the purpose of determining when designated recreational uses should 
be temporarily suspended.  Such determinations are not intended to imply that it is actually safe to 
recreate in or near the waterbody when stream flows are lower than the thresholds identified above. 
 
The temporary suspension is automatically terminated when flow conditions have returned to a safe 
level.  Flow conditions are presumed to have returned to a safe level 24 hours after the rainfall ends 
unless actual stream flow data indicate otherwise.   The hydrology of individual waterbodies varies 
greatly;  therefore, all thresholds and presumptions related to rainfall and stream flow may be adjusted 
based on site-specific data analysis and/or runoff models, subject to approval of the Regional Board 
through the normal public participation process. 
 
Temporarily suspending recreational uses on a given waterbody does not modify any other obligation 
to meet downstream water quality objectives when and where those objectives apply.  The Regional 
Board may determine, through the normal basin planning process, that the temporary suspension of 
recreational uses is not applicable to one or more specific waterbodies if it is demonstrated that local 
channel conditions or flow controls effectively eliminate any safety hazard to recreational users. 
 
 
 
 
 
1  Where representative stream gauges are not available, flow velocity is presumed to be greater than 8 feet-per-second 

when rainfall in the area tributary to the stream is greater than or equal to 0.5 inches in 24 hours.  Rainfall measurements 
may be estimated using representative gauges, Doppler radar data, or other scientifically defensible methods.   

 
 
2  The product of stream depth (feet) and stream velocity (feet-per-second) is presumed to be greater than 10 ft.2/sec. if the 

flow rate (cubic-feet-per-second) exceeds the 98th percentile condition as calculated from a calibrated hydrograph for the 
stream.  



 
 

 
 
 

 
 



Controllable bacteria sources refer to any indicator bacteria source for which reasonable 
actions can be taken through best management practices or other mechanisms to 
reduce or eliminate the contribution of those sources within the watershed. These 
sources are predominately anthropogenic in nature and can be reduced in varying 
degrees. Specific anthropogenic controllable indicator bacteria sources within the Santa 
Ana Region may include: 
 

• Improper use of fertilizers on residential and commercial properties and 
agricultural lands 

• Improper handling of pet waste  
• Cross-connections between the sanitary and storm sewer systems 
• Leaky sanitary sewer conveyances 
• Discharges from POTWs 
• Improper handling and disposal of food waste  
• Improper management of CAFO waste and washwater  
• Runoff from yards containing fertilizers, pet waste, and lawn trimmings  
• Homeless encampments  

In circumstances where controllable sources are identified or located, it is expected that 
reasonable actions will be taken to eliminate or mitigate these sources. Excess bacteria 
that remain after reasonable actions are taken are considered uncontrollable.   

Uncontrollable bacteria sources refer to contributions of bacteria within the watershed 
from nonpoint sources that are not readily managed through technological or natural 
mechanisms and that may result in exceedances of water quality objectives for indicator 
bacteria. Specific uncontrollable indicator bacteria sources within the Santa Ana Region 
may include: 

• Wildlife activity and waste 
• Bacterial regrowth within sediment 
• Resuspension from disturbed sediment 
• Marine vegetation (wrack) along high tide line 
• Concentration (flocks) of water fowl  
• Shedding during swimming  
• Aerial deposition 

In addition, certain techniques are available to ID human sources, when practical those 
techniques should be used in areas where persistent exceedances of bacteria occur. 
These source definitions and categories may be further refined as more science 
becomes available. 
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Implementation Axioms for Pathogen Indicator Bacteria 
 
 
Use Classifications 
 
1) All waterbodies have been or will be classified correctly in accordance with the recent 

clarifications by the Santa Ana Regional Water Quality Control Board and the following 
state and federal guidance: 

 
 A) SWRCB Order No. 2005-0004  (Limited REC-1 in Ballona Creek, Los Angeles) 
 B) SWRCB Order No. 2002-   (REC-1 in Old Alamo Creek, Vacaville) 
 C) U.S. EPA xxFRxxx  xxxxxx   (Great Lakes Rule) 
 

Given the number of streams and flood control channels in the watershed, it is expected 
that the process of updating the recreational use classifications may take 5-10 years and 
will require substantial resource support from the stakeholders throughout the region. 

 
2) All waterbodies are initially presumed to be capable of supporting both REC-1 and REC-

2 uses until the Regional Board, State Board and EPA approve a reclassification based on 
Use Attainability Analysis through the normal public hearing process. 

 
3) Water quality standards will be temporarily suspended when high flows create safety 

hazards that preclude attainment of the designated recreational uses. 
 
4) Assumes that most concrete-lined flood control channels are likely to be reclassified 

REC-2 or REC-X through the UAA process.  Further assumes that the vast majority of all 
natural lakes and streams will remain classified REC-1 unless ephemeral flows or other 
natural conditions preclude attainment of the use on a seasonal basis. 

 
5) Flood control and pollution prevention are both core government functions.  Therefore, 

management programs must balance the need to prevent flooding and the need to prevent 
infectious disease in a manner that provides the greatest level of protection for public 
health and safety. 

 
6) Flowing waters are essential to support other beneficial uses including aquatic habitat, 

riparian habitat, and groundwater recharge.  Therefore, implementation programs must be 
designed to avoid protecting some designated uses (e.g. REC-1 & REC-2) at the 
unintentional expense of threatening other uses (e.g. WARM, COLD, WILD, RARE, & 
GWR). 
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Objectives 
 
7) Water quality objectives and permit conditions must continue to protect downstream 

waterbodies that are designated REC-1. 
 
8) Federal and state anti-degradation policies will continue to apply as before. 
 
9) Title-22 requirements requiring adequate effluent filtration and disinfection will continue 

to apply to all discharges of recycled water from POTWs. 
 
10) The proposed E. coli objective will be applied in a manner consistent with U.S. EPA's 

recommended water quality criteria for bacteria (1984) and the related epidemiological 
studies used to support those recommendations.  Specifically, the REC-1 objectives are 
intended to reduce the risk of excess illness from water contact activities where 
significant ingestion is likely to occur (e.g. swimming, skiing, scuba-diving, etc.).  EPA 
did not develop nor recommend specific bacteria criteria for recreational activities 
involving only incidental or accidental water contact where significant ingestion is not 
likely to occur (e.g. beach-combing, barefoot wading, fish from shore, docks or boats, 
etc.) 

 
11) The E. coli objectives will be implemented in a manner consistent with the 13241 

analysis presented in the adoption proceedings and that if the SWRCB or U.S. EPA 
substantially alter the proposed amendments so as to undermine that consistency the 
13241 analysis must be redone to support the revised implementation strategy. 

 
12) The Regional Board retains legal authority to adopt new pathogen indicator objectives 

based on different risk tolerances provided that the revised standards continue to protect 
existing uses, and comply with federal and state anti-backsliding and anti-degradation 
policies. 

 
13) The total coliform objectives previously adopted to protect Municipal Water Supply 

(MUN) uses will be deleted from the Basin Plan.  The Surface Water Disinfection Rule 
has made these objectives obsolete. 

 
 
TMDLs 
 
14) The proposed E. coli objectives already include several safety factors including the 

selection of conservative risk tolerances.  Therefore, no additional adjustments are 
necessary or appropriate when establishing TMDL or WLAs to meet these water quality 
objectives. 

 
15) Impairments caused by excessive bacterial pollution will be addressed in order of priority 

based on relative risk to public health and safety taking into consideration the frequency 
and magnitude of exceedances, the number of people likely to be exposed, and whether 
the contamination appears to contain elevated levels of untreated human sewage. 
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Compliance Monitoring 
 
16) Compliance will be evaluated by establishing a number of permanent water quality 

monitoring stations immediately upstream of locations where REC-1 activities are known 
(or most likely) to occur. 

 
17) Compliance will be determined using the best available water quality data and take into 

consideration the normal and expected variability in bacterial measurements. 
 
18) Monitoring programs will be designed to prioritize exceedances based on relative risk 

with special emphasis on identifying bacterial loads that appear to be contaminated with 
untreated (or inadequately treated) human sewage. 

 
19) People cannot control bacterial loads contributed by naturally-occurring sources such as 

birds, wildlife, feral dogs and cats, rodents, etc.  Where such loads cause E. coli 
objectives to be exceeded, these conditions will not be deemed to violate narrative or 
numeric limits in the MS4 permits. 

 
20) Monitoring programs will be designed to provide sufficient data to calculate appropriate 

geometric means from representative sampling locations.  Compliance status shall not be 
evaluated using Single Sample Maximums where adequate data is available to calculate a 
geometric mean. 

 
21) Single Sample Maximum data will be used for other legitimate regulatory purposes 

including public health warnings and notifications, triggers to initiate accelerated 
monitoring requirements, scientific studies, and general water quality characterization 
assessments. 

 
22) All data used to assess compliance with the bacterial objectives must be collected and 

analyzed in a manner consistent with the state's Surface Water Ambient Monitoring 
Program (SWAMP) pursuant to an approved Quality Assurance Project Plan (QAPP). 

 
23) All samples must be collected in a manner which assures the safety of the sampling staff.  

No person is required to collect a sample when conditions present an unacceptable risk of 
injury.  Failure to collect such samples will not be deemed a violation provided that a 
reasonable effort to collect a substitute sample is made as soon as the dangerous 
condition abates. 

 
24) The Regional Board has the legal authority to establish different averaging periods (e.g. 

weekly, monthly, quarterly, seasonal, annual) where necessary to implement the proposed 
bacterial objectives effectively and efficiently. 
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Implementation Requirements 
 
25) MS4s will be required to reduce E. coli concentrations to the Maximum Extent 

Practicable using Best Management Practices. 
 
26) MS4s will be required to monitor the effectiveness of BMPs.  The resulting data will be 

used to guide future BMP selection and ascertain the need for additional BMPs. 
 
27) MS4s will be required to maintain a technical database of BMP alternatives for reducing 

bacterial loads in urban runoff.  The database must be regularly updated and made readily 
available to developers, contractors, property owners and the general public. 

 
28) The Regional Board strongly encourages the use of Regional Treatment Solutions to 

reduce bacterial loads whenever and wherever possible. 
 
29) The Regional Board understands that interception and diversion is the most effective 

alternative for assuring compliance with proposed bacterial objectives but believes these 
strategies also have many adverse unintended consequences and should be considered a 
"last resort." 

 
30) Nuisance flows that occur during non-storm conditions are prohibited by law and should 

be eliminated whenever and wherever possible. 
 
31) BMP implementation should focus first on eliminating all known or suspected sources of 

untreated or inadequately treated human sewage. 
 
32) MS4s will be required to submit a detailed implementation plan describing the specific 

BMPs that will be implemented in order to reduce bacterial loads from urban stormwater 
sources, the basis for selecting those particular BMPs, a schedule for implementation, and 
a monitoring program to demonstrate effectiveness.  The MS4s will be required to 
implement the plan upon approval by the Regional Board.  The plan will be reviewed, 
revised and resubmitted for new approval every 3 years.  Failure to submit or implement 
the plan in a timely manner will be deemed a violation of the MS4 permit.  Where 
previously approved BMPs are shown to be ineffective at meeting bacterial objectives, 
the permittees will not be held in violation provided that they submit a new plan to 
address these deficiencies or adequate evidence to demonstrate that the bacterial sources 
are natural or otherwise uncontrollable or that attempting to control such sources would 
be impracticable.  The Regional Board must review and approve any such plan or 
evidentiary declaration through the normal public hearing process. 

 
33) The 13241 analysis performed in conjunction with the Regional Board's adoption of new 

bacterial objectives should be considered a "programmatic review" under CEQA.  The 
Board acknowledges that it is necessary and appropriate to consider additional economic 
factors as individual projects are proposed to comply with specific permit requirements.  
The Board retains legal authority to adjust bacterial objectives on a site-specific basis 
after considering these factors through the normal public hearing process. 
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I. Executive Summary 
 
 
 
II. Background 
One of the foremost goals of the Clean Water Act is to protect recreational activities "in and on 
the water."1

 

  States are required to establish and enforce water quality standards designed to 
achieve this purpose.  Water quality standards are comprised of three parts:  1) designated 
beneficial uses (such as swimming, fishing or drinking),  2) water quality objectives (safe levels) 
to protect those uses, and 3) an antidegradation policy to preserve water quality that already better 
than necessary to protect the designated uses. 

In California, nine Regional Water Quality Control Boards are responsible for implementing the 
water quality standards.  And, the standards themselves are published in a Basin Plan that is 
specific to each region.2

 

  In the Santa Ana region, all major waterbodies and the associated 
beneficial uses are identified in Chapter 3 of the Basin Plan.  The relevant water quality 
objectives adopted to protect those uses are specified in Chapter 4 of the Basin Plan.  And, the 
state-wide antidegradation policy is cited in Chapter 2 of the Basin Plan.  The water quality 
standards found within the Basin Plan form the foundation of the Regional Board's 
implementation strategy. 

In order to assure that water quality standards continue to provide the level of environmental 
protection intended, they must be updated regularly to reflect the best available scientific 
information.  Therefore, federal law requires each state to review and revise (if necessary) the 
water quality standards every three years (aka "Triennial Review").3

 
 

In addition, each Regional Board must periodically assess whether each waterbody in its 
jurisdiction is meeting the applicable water quality standard.4  When there is sufficient data to 
demonstrate that a beneficial use may be adversely affected by elevated pollutant concentrations, 
that waterbody is added to the California list of impaired waters (aka "303d List").5  When that 
occurs, state authorities are required to develop and implement a plan for attaining the water 
quality standard by issuing waste discharge permits strictly regulating the amount of pollutants 
coming from controllable sources.6

 
 

The Santa Ana Basin Plan defines two different types of recreational uses:  water contact 
recreation (REC1) and non-contact recreation (REC2.  These use designations are functionally-
equivalent to the two classifications recommended in federal guidance:  Primary Contact 
Recreation for activities in the water (swimming) and Secondary Contact Recreation for activities 
on or near the water (e.g. fishing, wading, boating).  The distinction is drawn based on the 
probability that someone may ingest water while engaged in one of the recreational activities.   

                                                           
1  
2  
3  
4  
5  
6  



Page 2 of 24 SWQSTF Staff Report DRAFT:  1/1/10 

 
Where immersion and ingestion is likely, EPA recommends the waterbody be designated to 
protect Primary Contact Recreation.7  Where immersion and ingestion is unlikely, EPA 
recommends the waterbody be designated Secondary Contact Recreation.8  And, where no 
significant recreation is expected to occur, such waterbodies need not be assigned either 
classification.  However, the state must first conduct a Use Attainability Analysis (UAA) to prove 
that a given waterbody is incapable of supporting Primary Contact Recreation before a lesser (or 
no) recreational use can be assigned.9

 
 

Federal presume that all surface waters of the state are capable of sustaining Primary Contact 
Recreation and should be so designated.  Consistent with this presumption, all major lakes and 
streams were designated "REC1" when the first Basin Plan was enacted in the mid-1970's.  In 
addition, the Regional Board adopted water quality objectives limiting the maximum 
concentration of fecal coliform bacteria that could occur both freshwaters and marine waters.  
The objectives established to protect REC1 activities were ten-times more stringent than those 
instituted to protect REC2 activities as recommended in EPA guidance. 
 
EPA's original recommendations were based on epidemiological studies performed in the mid-
20th century.  Subsequent research revealed that there were methods for assessing the health risks 
associated with potential pathogens in the water column.10  In 1986, EPA began recommending 
that states use E. coli or Enterococci concentrations, rather than fecal coliform levels, as the 
primary measure of whether water was safe to swim in.11

 
 

Over the years, regular water quality monitoring data has indicated that some of the freshwater 
lakes and streams are not meeting either the old (current) or new (proposed) bacteria standards.  
Consequently, the State Board declared these waterbodies as "impaired" and added them to 
California's 303(d) list.12  In 2005, the Regional Board adopted a Total Maximum Daily Load 
(TMDL) and an implementation plan to regulate bacteria concentrations in the impaired waters. 13 
This action set in motion a series of events that requires state and local authorities to remediate 
pathogen pollution to the maximum extent practicable.14

                                                           
7  

 

8  
9  
10  
11  
12 Identify waterbodies and the date they were added to the 303d list. 
13  
14  
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In 2002, as part of the regularly-scheduled Triennial Review process, staff recommended that the 
Board allocate resources to update the bacteria objectives in the Santa Ana Basin Plan.15  Several 
stakeholders in the region suggested that, in order to ensure proper and consistent 
implementation, the entire water quality standard (e.g. uses, objectives) should be brought up-to-
date at the same time.  They proposed that a Task Force be formed to recommend appropriate 
bacterial objectives based on the best available scientific information.  They also proposed that 
individual stream conditions be reassessed to confirm that the recreational uses were correctly 
designated for each waterbody.16  The Regional Board concurred with these suggestions and 
agreed to participate in the Task Force if the stakeholders would commit sufficient resources to 
develop the necessary scientific documentation.  After more than a year of planning and scoping, 
the Task Force was established and the studies were initiated.17

 
 

Although funded primarily be the Riverside, San Bernardino and Orange County Flood Control 
Districts (and the various municipalities within each district), the Task Force is made up of a wide 
variety of stakeholders and representatives from a number of different federal and state agencies 
(see Table w).  The Santa Ana Watershed Project Authority (SAWPA) was asked to manage the 
process.  SAWPA contracted with Risk Sciences to serve as the group facilitator and with CDM 
to provide engineering and technical support.  The meeting were always open to the public and all 
work products were routinely posted to the internet.18

 
 

 
 
[INSERT TABLE w:  List of Task Force Participants] 
 
 
 
The Task Force had several objectives: 
 
The primary mission was to update the water quality objectives to take into consideration new 
scientific information and EPA's revised recommendations. 
 
A second goal was to determine what pathogen indicator bacteria (E. coli or Enterococci) should 
be used to replace fecal coliform in the water quality standard. 
 
The third purpose was to decide what concentration(s) of pathogen indicator bacteria should serve 
as the "safe level(s)" to protect primary and secondary contact recreation. 
The fourth task was to review the recommended water quality objective (and various alternatives) 
taking into consideration the factors identified in Section 1324119 of the California Water Code 
and relevant CEQA requirements.20

                                                           
15  

 

16  
17  
18  
19  
20  
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Fifth, the Task Force agreed to develop a plan to implement the recommended water quality 
objectives, including a comprehensive monitoring plan, as set forth in Section 13242 and 13243 
of the California Water Code. 
 
Sixth, the Task Force performed Use Attainability Analyses on several streams to determine 
whether each was classified correctly and to recommend changes where needed.  This includes 
establishing evaluation criteria for each of the factors that must be considered in accordance with 
federal regulations.21

 
 

In essence, the mission of the Task Force was to determine when and where recreational uses 
were occurring, identify the nature of those uses in order assess the likelihood of ingesting water, 
then recommend appropriate water quality objectives to protect those uses.  Quarterly progress 
reports were presented to the Regional Board.   
 
The purpose of the Task Force was to recommend Basin Plan revisions that reflected the best 
available science, EPA's most recent guidance, and any relevant site-specific adjustments allowed 
by state and federal law.  By common agreement, the Task Force constrained itself to work within 
the scope of existing regulations rather than seeking to change the governing statutes.  The 
discussion boundaries were defined by a number of "axioms" to which all participants must 
stipulate.22

 
 

In addition to the quarterly progress reports presented at regularly scheduled meetings of the 
Regional Board, staff conduced a CEQA scoping workshop to solicit public comment on the 
SWQSTF's suggestions.  A draft of the proposed Basin Plan amendments and this staff report 
were published on ___________________ and the public was invited to submit written 
comments.  Staff prepared and published written responses to all comments received before the 
date specified in the notice (_______________).  
 
Acting under the supervision of Regional Board staff, the Task Force and its consultants prepared 
a Functional Equivalent Document as required under CEQA.  This document was also made 
available to the public for review and comment.  Finally, where necessary, the state contracted 
with experts to provide independent peer review of the data and methods support key technical 
conclusions.  Staff prepared written responses to the peer review recommendations and posted 
both the original reports and the related responses on the internet. 
 
The remainder of this staff report discusses each of the specific recommendations in greater detail 
and reviews various other alternatives to the proposed Basin Plan amendments.  It is important to 
note that several years were required to review the scientific data and develop a broad consensus 
among the many different stakeholders.  The administrative record for the proposed Basin Plan 
revisions includes several thousand pages of supporting documentation.  This staff report 
summarizes, rather than replaces, all of that information. 
 
 

                                                           
21  
22  
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Summary of Recommendations: 
 
1)  The current fecal coliform objective for freshwaters designated REC1 or REC2 should be 
deleted from Chapter 4. 
 
2)  A narrative objective prohibiting the discharge of pathogenic pollutants at concentrations 
believed to be harmful to humans should be added to Chapter 4. 
 
4)  A numeric water quality objective of 126 organisms per 100/mL should be added to Chapter 
4.  E. coli should serve as the pathogen indicator bacteria for freshwaters designated REC1.  The 
objective should be expressed as the geometric mean of at least 5 samples collected in a 30-day 
period. 
 
5)  An alternate method of assessing compliance with the numeric E. coli objective when there is 
insufficient data to calculate a proper geometric mean should be added to Chapter 4. 
 
6)  Where a UAA recommends that a given freshwater body be designated REC2-only, that UAA 
should also include an analysis of the historical data for bacteria concentrations in order to 
ascertain what level of water quality has been consistently attained pursuant to implementing the 
state antidegradation policy. 
 
7)  The total coliform objective for surface freshwaters designated MUN should be deleted from 
Chapter 4 of the Basin Plan. 
 
8)  The definition of water contact recreation (REC1) in Chapter 3 should be revised to more 
accurately convey the original intent and reduce the possibility of misinterpretation and assure 
proper application of this use classification. 
 
9)  Table 3-1 in Chapter 3 should be revised by adding a footnote to indicate that recreational uses 
are precluded during certain high flow conditions and that water quality objectives for pathogen 
indicator bacteria are temporarily suspended at such times. 
 
10)  Some freshwater stream segments, identified in Table 3-1, should be redesignated as REC2-
only or REC-X (signifying no expected recreation) on the basis of results from UAAs performed 
on these waterbodies. 
 
11)  Chapter 5 of the Basin Plan should be revised to adopt an Implementation Plan necessary to 
assure attainment of the revised water quality standard for pathogen indicator bacteria.  The 
Implementation Plan includes a schedule for performing additional UAAs throughout the 
watershed over the next five years. 
 
12)  Chapter 5 of the Basin Plan should be revised to specify a comprehensive water quality 
monitoring plan to assess compliance with the revised water quality standard for pathogen 
indicator bacteria and any associated TMDLs. 
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IV. Clarifying the Definition of Water Contact Recreation (REC1) 
 
 
The Basin Plan presently includes the following definition for Water Contact Recreation 
(REC1): 
 
"Water Contact Recreation (REC 1*) waters are used for recreational activities involving 
body contact with water where ingestion of water is reasonably possible.  These uses may 
include, but are not limited to, swimming, wading, water-skiing, skin and scuba diving, 
surfing, whitewater activities, fishing and use of natural hot springs."23

 
  

 
The current definition is difficult to administer because some of the key terms are subject 
to widely varying interpretation.  For example, it is unclear what the relative probability 
of ingestion must be in order to be deemed "reasonably possible."24

 

  As a result, there is 
no consensus on when or where the REC1 standard ought to apply.   

The uncertainty is compounded by the apparent inconsistency between federal and state 
definitions for water contact recreation.  Federal guidance draws a distinction between 
Primary Contact Recreation and Secondary Contact Recreation.25

 

  Primary contact refers 
to those recreational activities, such as swimming, surfing, water-skiing and other 
activities, where the degree of immersion makes the probability of ingestion "likely to 
occur."  Secondary contact refers to those recreational activities, such as wading or 
fishing, where ingestion is "unlikely to occur."  However, California presently includes 
wading and fishing in the definition of REC1. 

There is no doubt that some forms of wading and fishing involve significant water 
contact.  Float fishing is a good example.  However, the probability of ingesting water is 
much lower for persons traversing a shallow, ephemeral creek while hiking, jogging or 
walking the dog.  Although, technically, the term "wading" may encompass to any 
situation where a person is crossing through water regardless of its depth, the intended 
regulatory context is based on the more common usage of the word and generally refers 
to recreational activities in water that is at least knee-deep. 
 
Staff believes when the word "reasonably" is used to modify the term "possible" in the 
phrase "reasonably possible," the intent is to include recreational activities where 
ingestion is "likely to occur" due to the nature of water contact associated with those 
activities.  Although the federal and state definitions use slightly different wording, no 
substantive distinction was ever intended.  Some wading and fishing activities are 
deemed REC1 and some are not.  The difference depends on the probability of ingestion 
associated with each recreational endeavor. 

                                                           
23  California Regional Water Quality Control Board – Santa Ana Region.  Water Quality Control Plan – 

Santa Ana River Basin (8)  Jan. 24, 1995  (as updated Feb., 2008) 
24  Patt, Anthony G. and Daniel P. Schrag.  Using Specific Language to Describe Risk and Probability.  

Climatic Change.  Vol. 61, 2003.  Pp. 17-30. 
25  U.S. EPA.  Ambient Water Quality Criteria for Bacteria – 1986.  EPA 440/5-84-002  (Jan., 1986) 
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Additional support for this long-standing interpretation may be found by noting that 
"beachcombing" and "tidepool study" are presently defined as REC2 in California despite 
the fact these activities frequently result in some water contact (usually limited to the 
hands or feet).  If the term "wading" were intended to include any activity where one is 
walking through water, regardless of depth, than walking along the shoreline picking up 
shells ("beachcombing") could be also considered a form of wading.  Likewise, bridge-
fishing and tidepool study may both involve limited water contact when handling aquatic 
organisms, but neither activity carries any significant risk of ingestion. 
 
The terms "wading" and "fishing" include a large number of recreational activities where 
the probability of water ingestion ranges from "almost certain" to "nearly impossible."  
Taken as a whole, the current definition of REC1 is intended to include those wading and 
fishing activities where water ingestion is "reasonably possible."  When wading and 
fishing involves only incidental water contact with a low risk of ingestion, such 
recreational activities are more properly considered REC2.  To ensure that the REC1 
designation is applied as originally intended, the SWQSTF suggests refining the 
definition as follows: 
 

Primary Contact Recreation (REC1*) waters are used for recreational 
activities involving deliberate water contact, especially by children, where 
ingestion is likely to occur.  Examples of REC1 may include, but are not 
limited to:  swimming, water-skiing, surfing, whitewater rafting, float-
tubing, bathing in natural hot springs, skin diving, scuba diving and some 
forms of wading and fishing.  Brief incidental or accidental water contact 
that is limited primarily to the body extremities (e.g. hands and feet), is not 
generally deemed Primary Contact Recreation because ingestion is not 
likely to occur. 

 
 
The recommended revisions are not intended to change the fundamental scope of the 
REC1 designation.  Rather, the proposed definition merely describes the Regional 
Board's traditional understanding and historical practice more clearly.  The revisions 
resolve any unintended inconsistencies between the federal and state wording without 
incurring any adverse affect on public health.26  Similar language has been consistently 
approved by EPA and is widely used in other states.27

                                                           
26  U.S. EPA.  Implementation Guidance for Ambient Water Quality Criteria for Bacteria.  EPA-823-B-04-

002.  March, 2004. 

 

27  A more detailed summary is provided in the CDM Technical Memorandum entitled:  "Review of State 
Recreational Uses and Bacteria Objectives" prepared at the request of the SWQSTF and submitted on 
Dec. 12, 2005 
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Clarifying the REC1 definition does not, by itself, increase or decrease the number of 
waterbodies assigned this designation.  All surface waters of the state will continue to be 
presumed capable of supporting primary contact recreation, regardless of whether those 
waters have been officially designated REC1, until the Regional Board amends the Basin 
plan to declare otherwise.  Such an amendment requires a Use Attainability Analysis 
(UAA)28

 

 and must go through the normal public comment and hearing process prior to 
approval.  In recognition of these facts, the footnote related to the current REC1 
definition should also be revised to improve clarity.  The existing footnote states: 

"* The REC 1 and REC 2 beneficial use of designations assigned to surface waterbodies 
in this Region should not be construed as encouraging recreational activities. In some 
cases, such as Lake Matthews and certain reaches of the Santa Ana River, access to the 
waterbodies is prohibited because of potentially hazardous conditions and/or because of 
the need to protect other uses, such as municipal supply or sensitive wildlife habitat. 
Where REC 1 or REC 2 is indicated as a beneficial use in Table 3-1, the designations are 
intended to indicate that the uses exist or that the water quality of the waterbody could 
support recreational uses."29

 
 

The SWQSTF recommends that the footnote should be revised as follows: 
 
* "The REC1 and REC2 beneficial use designations assigned to surface waterbodies in 
this Region should not be construed as encouraging or authorizing recreational 
activities.  In some cases, such as Lake Mathews and certain reaches of the Santa Ana 
River and its tributaries, access to the waterbodies is prohibited by other agencies 
because of potentially hazardous conditions and/or because of the need to protect other 
uses such as municipal water supply or sensitive wildlife habitat.  Where REC1 or REC2 
is indentified as a beneficial use in Table 3-1, the designations are only intended to 
indicate that such uses may occur or that the water quality of the waterbody may be 
capable of supporting recreational uses unless a Use Attainability Analysis demonstrates 
otherwise and the Regional Board amends the Basin Plan accordingly." 
 
It is important to note that the proposed revisions are intended to document the Regional 
Board's understanding of the existing Basin Plan more accurately.  The sole purpose is to 
reduce the possibility that recreational use classifications may be misinterpreted or 
misapplied due to ambiguities in the current definitions. 

                                                           
28  40 CFR 131.10(g);  the factors to be considered during the UAA are described in Chapter 5 

("Implementation") of the Basin Plan. 
29  California Regional Water Quality Control Board – Santa Ana Region.  Water Quality Control Plan – 

Santa Ana River Basin (8)  Jan. 24, 1995  (as updated Feb., 2008) 
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Clarifying the REC1 definition also ensures that the water quality objectives adopted to 
protect primary contact recreation are applied in a manner consistent with the scientific 
assumptions used to develop those objectives.  EPA's recommended water quality criteria 
for pathogen indictor bacteria are intended to prevent disease where "ingestion is likely."  
Therefore, harmonizing the federal and state definitions assures proper application of 
EPA's bacteria guidance. 
 
Staff considered other alternatives to achieve the same result.  One option is to publish 
regional guidance to clarify the existing REC1 definition.  This approach is not 
recommended because such memoranda may not be binding and, therefore, may increase 
rather than decrease the current regulatory uncertainty.  In addition, because the public 
assigns such high value to water contact recreation, it is important that they have an 
opportunity to confirm our mutual understanding through the normal comment and 
hearing process. 
 
Another alternative is to expand the current 2-tiered recreational use designations to three 
tiers.  A new tier would be established between REC1 and REC2 to recognize "limited-
contact recreation."  This strategy is commonly used in other states30 and a similar 
approach was recently enacted in the Los Angeles region.31  The 3-tiered system is not 
recommended for three reasons.  First, it is unnecessary.  The existing use classifications 
already distinguish the relevant differences based on the probability of ingesting water.  
Photographic evidence collected from the long-term recreational use surveys clearly 
shows that all of the observed activities can easily be classified as REC1 or REC2;  no 
useful purpose is served by creating a category between them.32

 
 

Second, at present, there is insufficient scientific information available to establish an 
appropriate water quality objective to protect "limited contact recreation."33  The Los 
Angeles Regional Board chose to apply the same pathogen indicator objective to both 
REC1 and Limited REC1 waterbodies.34

                                                           
30  A more detailed summary is provided in the CDM Technical Memorandum entitled:  "Review of State 

Recreational Uses and Bacteria Objectives" prepared at the request of the SWQSTF and submitted on 
Dec. 12, 2005. 

  If the water quality objectives for the 3-tiered 
system are functionally-equivalent to the existing 2-tiered system, there is little practical 
benefit to establishing new use classifications. 

31  California State Water Resources Control Board.  Water Quality Order No. 2005-0004.  Jan. 20, 2005. 
32 Recognize natural existence of REC-X when neither REC1 or REC2 apply 
33 U.S. EPA.  Implementation Guidance for Ambient Water Quality Criteria for Bacteria.  EPA-823-B-04-

002.  March, 2004 
34 California Regional Water Quality Control Board – Los Angeles Region.  Resolution No. R4-2001-018  

(Oct. 25, 2001) 
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Finally, replacing the 2-tier system with a 3-tier system would constitute a significant 
departure from present state-wide practice.  As noted earlier, staff concluded that there is 
no serious deficiency with the current use classifications provided that the REC1 
definition is interpreted as originally intended.  Therefore, clarifying the existing 
definition provides a simpler solution while continuing to value consistency among 
Regional Boards. 
 
A third alternative is to adopt the definition of primary contact recreation found in federal 
guidance.  Such an approach would make it easy to obtain EPA approval and has been 
done by several other states.  However, there is concern that wholesale substitution of the 
federal definition may, inadvertently, reduce the level of protection California intended to 
provide some forms of wading and fishing.  Just as some may misconstrue the fact that 
wading and fishing are named in the current REC1 definition to mean that ALL wading 
and ALL fishing are REC1 activities, some may misconstrue the federal decision 
assigning wading and fishing to the secondary contact recreation category as evidence 
that NO wading and NO fishing are REC1.  At best, adopting the federal definition fails 
to resolve the problem of ambiguity.  At worst, adopting the federal definition may 
materially alter the scope of activities included in REC1 in a manner contrary to the 
Regional Board's original and true intent. 
 
Finally, staff considered the option of making no clarifying revisions to the present 
definition of REC1.  This alternative is not recommended.  There is no legitimate 
justification to allow unintended ambiguity to persist when the lack of clarity may lead to 
misunderstanding and misapplication of the underlying water quality standard.  The 
Regional Board's mission to protect water quality is best served by regulations that are 
clear and easy to understand so that there is no uncertainty as to what is required to 
comply. 
 
 
Recommendation: 
 
Staff recommends adoption of the proposed Basin Plan amendment to clarify the 
definition of REC1 (including related footnotes) to assure the meaning and application 
are consistent with the Regional Board's original intent.  Staff further recommends that 
the Board reaffirm its historical understanding of the functional equivalence between the 
federal and state definitions of Primary Contact Recreation as REC1 and Secondary 
Contact Recreation as REC2. 
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V. Updating Water Quality Objectives for Pathogen Indicator Bacteria in 

Freshwater Lakes and Streams 
 
 
To protect public health, the Basin Plan includes water quality objectives for coliform 
bacteria.  The current bacteria objectives for surface freshwaters are as follows: 
 
"Fecal bacteria are part of the intestinal flora of warm-blooded animals.  Their presence 
in surface waters is an indicator of pollution.  Total coliform is measured in terms of the 
number of coliform organisms per unit volume.  Total coliform numbers can include non-
fecal bacteria, so additional testing is often done to confirm the presence and numbers of 
fecal coliform bacteria.  Water quality objectives for numbers of total and fecal coliform 
vary with the uses of the water, as shown below. 

Lakes and Streams 
MUN  Total coliform:  lees than 100 organisms/100mL. 
REC-1 Fecal coliform;  log mean less than 200 organisms/100mL based 

on five or more samples /30 day period, and not more than 10% 
of the samples exceed 400 organisms/100 mL for any 30-day 
period. 

REC-2 Fecal coliform;  average less than 2000 organisms/100mL and 
not more than 10% of samples exceed 4000 organisms/100 mL 
for any 30-day period." 

 
The Regional Board established fecal coliform objectives in the mid-1970's as part of the 
first Basin Plan.  Initially, the threshold values were based on recommendations made by 
the Federal Water Pollution Control Administration (FWPCA) on the basis of 
epidemiological studies performed by the U. S. Public Health Service during the 1940's 
and 50's.35  Those studies showed that when average fecal coliform concentrations in 
freshwaters were less than 400 organisms per 100 mL there was no statistically-
significant difference in the incidence of gastrointestinal illness (symptoms include: 
nausea, cramps, diarrhea) reported by swimmers vs. non-swimmers in the week following 
their recreational activities.36  The FWPCA's Technical Advisory Committee applied a 2x 
safety factor to derive the final recommendation.  Thus, the fecal coliform standard was 
set to 200 organisms per 100 mL (one-half the No Observed Effect Level of 400 
organisms/100 mL).  U.S. EPA subsequently endorsed that same fecal coliform standard 
to protect swimmers from common waterborne illnesses.37

                                                           
35 U.S. Dept. of Interior; Federal Water Pollution Control Administration.  Report of the Committee on 

Water Quality Criteria.  1968  (aka "Green Book") 

  

36 Subjects exposed to the water for at least 10 minutes and showing evidence of "wet hair" were deemed to 
be "swimmers" with sufficient intimate water contact to conclude that immersion and ingestion were 
likely. 

37 U.S. EPA.  Quality Criteria for Water.  1976  (aka "Red Book") 
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It should be noted that fecal coliform are not necessarily the direct cause of disease.  But, 
because fecal coliform concentrations were correlated with the presence of other 
infectious viruses and microbes, they were deemed a "pathogen indicator bacteria."  
Although modern analytical technology makes it possible to detect a wide variety of 
pathogens more directly, doing so is still difficult, time-consuming and expensive.  
Therefore, EPA continues to recommend the use surrogates such as pathogen indicator 
bacteria to assess water quality. 
 
In 1986, EPA published new bacteria guidance recommending the use E. coli or 
Enterococci, rather than fecal coliform, as the primary pathogen indicator bacteria.38  
EPA cited a number of larger and more sophisticated epidemiological studies to support 
its conclusion that E. coli and Enterococci concentrations provided a more accurate and 
reliable metric to gauge the probability of gastrointestinal illness among swimmers.39  
The agency also provided a detailed mathematical analysis to demonstrate the 
recommended water quality criteria for E. coli and Enterococci provide a level of risk 
protection that is functionally-equivalent to the previous fecal coliform standard.  States 
are expected to replace the obsolete fecal coliform objectives with one of the new 
pathogen indicator bacteria during the normal triennial review process.40

 
   

The SWQSTF undertook a comprehensive review of the bacterial objectives and related 
beneficial uses beginning in 2003.  Following several years of study and analysis the 
Task Force found that the existing bacterial objectives for freshwater were obsolete and 
suggested several significant changes: 
 
First, the SWQSTF recommended that a new narrative receiving water limitation 
prohibiting the discharge of pathogenic organisms be added to the Basin Plan.  Such an 
approach is more efficient than attempting to develop a specific numeric objective for 
each individual virus, parasite, or bacteria that may harbor disease.  And, it is consistent 
with the regulatory strategy already employed to address other adverse effects (e.g. 
"toxicity" or "nuisance") that may arise from a large number of different pollutants.  The 
current Basin Plan does not have a narrative objective for pathogens; therefore, staff 
proposes adding the following receiving water limitation: 
 

"Waste discharges shall not cause or contribute to excessive risk of illness 
from microorganisms pathogenic to human beings." 

                                                           
38 U.S. EPA.  Ambient Water Quality Criteria for Bacteria – 1986.  EPA 440/5-84-002  (Jan., 1986) 
39 A more detailed summary is provided in a CDM Technical Memorandum entitled:  Scientific Basis for 

EPA Recommended Water Quality Objectives for Bacteria.  Prepared at the request of the SWQSTF and 
submitted on April 10, 2006. 

40 U.S. EPA.  Letter to California Environmental Protection Agency.  Undated  (circa 2004). 



Page 13 of 24 SWQSTF Staff Report DRAFT:  1/1/10 

 
Second, the SWQSTF recommended that compliance with the new narrative objective be 
evaluated using E. coli concentrations.  Just as surrogate test organisms are employed to 
detect potential toxicity in the water column, E. coli can serve as a reliable pathogen 
indicator bacteria.  This approach translates the narrative receiving water limitation into 
measurable numeric values.  Thus, the proposed bacteria objective also includes the 
following requirement: 
 

"Pathogen indicator concentrations shall not exceed the values specified 
in Table x (below) as a result of controllable water quality factors unless 
it is demonstrated to the Regional Board's satisfaction that the elevated 
indicator concentrations do not result in excessive risk of illness among 
people recreating in or near the water." 
 

 
Table x:  Pathogen Indicator Bacteria Objectives for Fresh Waters 

 
Recreational Use 

Classification1 
Pathogen Indicator Objective 

(geometric mean of at least 5 samples in a 30-day period)2 
REC1-only or 

REC1 and REC2 <126  E. coli organisms per 100 mL3 

REC2-only4 Determined in accordance with state non-degradation policy5 
 
1 The water quality objectives specified in Table x and Table y do not apply if the recreational uses are 
temporarily suspended due to unsafe flow conditions in a river or stream  (see Section zz.zz of the Basin 
Plan). 
2 The Regional Board may adopt other alternative averaging periods, such as annual or seasonal averages, 
through the basin planning process. 
3 In the absence of sufficient data to calculate a representative geometric mean for E. coli, no single sample 
shall exceed the values calculated by using the formula shown in Table y.  Where there are sufficient data 
to calculate a representative geometric mean for E. coli, the single sample maximum specified in Table y 
shall not be used to assess compliance with the E. coli objective.  However, the single sample maximum 
values may continue to be used to implement public notification programs and/or to trigger additional 
monitoring requirements  (see Section qq.qq of the Basin Plan). 
4 Waterbodies classified REC2 but not classified as REC1.  Where a waterbody is classified as both REC1 
and REC2 only the more stringent REC1 objectives shall apply. 
5 State Board Resolution No. 68-16;  See Section rr.rr of the Basin Plan for detailed procedures. 
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The proposed E. coli objective for freshwaters designated REC1 is derived from EPA's 
1986 Bacteria Guidance.  In that document, EPA reports the results of several studies 
showing that there is no statistically-significant difference in the reported incidence of 
gastrointestinal illness for swimmers vs. non-swimmers when the average E. coli 
concentration remains below 126 E. coli organisms per 100 mL.  Therefore, this 
threshold value assures a level of public health protection, for water contact recreation, 
that is functionally-equivalent to that provided by the previous fecal coliform objective. 
 
Because the E. coli objective is expressed as the average of at least five data points over a 
30-day period, multiple samples must be collected in order to make the necessary 
calculations.  Alternatively, when the minimum dataset is not available, compliance can 
be estimated based on the E. coli concentration in a single sample using a mathematical 
equation developed by EPA.  To simplify implementation, a table of look-up values was 
prepared using EPA's formula (see Table y). 
 
 
Table y: Alternative Method for Assessing Probable Compliance with the E. 

coli Objective in Freshwaters Designated REC1 When Insufficient 
Data are Available to Calculate a Geometric Mean. 

 
 E. coli Data 

Variability2 
(Log Std. Dev.) 

Maximum Expected Single Sample Value for E. coli1 

(assuming geometric mean = 126 organisms per 100 mL) 
Class-A  REC1  Waters3 

(SCF=0.68) 
Class-B  REC1  Waters4 

(SCF=1.65) 
0.1 147 organisms/100 mL 184 organisms/100 mL 
0.2 172 organisms/100 mL 269 organisms/100 mL 
0.3 202 organisms/100 mL 394 organisms/100 mL 

Default 0.4 236 organisms/100 mL 576 organisms/100 mL 
 0.5 276 organisms/100 mL 842 organisms/100 mL 

0.6 322 organisms/100 mL 1,231 organisms/100 mL 
0.7 377 organisms/100 mL 1,800 organisms/100 mL 
0.8 441 organisms/100 mL 2,633 organisms/100 mL 
0.9 516 organisms/100 mL 3,849 organisms/100 mL 
1.0 603 organisms/100 mL 5,628 organisms/100 mL 
1.1 705 organisms/100 mL 8,229 organisms/100 mL 
1.2 825 organisms/100 mL 12,033 organisms/100 mL 
1.3 965 organisms/100 mL 17,594 organisms/100 mL 
1.4 1,128 organisms/100 mL 25,726 organisms/100 mL 
1.5 1,319 organisms/100 mL 37,616 organisms/100 mL 
1.6 1,543 organisms/100 mL 55,001 organisms/100 mL 
1.7 1,805 organisms/100 mL 80,421 organisms/100 mL 
1.8 2,110 organisms/100 mL 117,590 organisms/100 mL 
1.9 2,468 organisms/100 mL 171,937 organisms/100 mL 

 



Page 15 of 24 SWQSTF Staff Report DRAFT:  1/1/10 

 
The equation used to prepare Table y includes two variables that should be adjusted to fit 
site-specific conditions.  The first adjusts the formula to account for the expected 
variability that normally occurs when measuring E. coli concentrations.  EPA suggests 
using an assumed estimate of 0.4 until sufficient data is available to substitute a more 
appropriate local value.41  The default value in Table y reflects EPA's recommendation 
and the footnotes describe the data acceptance criteria for developing a site-specific 
coefficient of variability for E. coli bacteria42

 
. 

The second adjustment accounts for the level of scientific certainty ("statistical 
confidence factor" or SCF) desired when using a small dataset to draw general 
conclusions about water quality.  EPA recommends adjusting the SCF to provide a larger 
margin of safety as the number of persons engaged in water contact recreation increases.  
The SWQSTF agreed with EPA's recommendation and suggested that freshwaters 
designated REC1 be divided into two subcategories, Class A and Class B, when relying 
on small datasets to assess compliance. 
 
REC1 waterbodies are generally deemed Class-A when frequent primary contact 
recreation occurs or ambient water quality is expected to meet existing numeric water 
quality objectives for pathogen indicators (such as in water supply reservoirs or in 
undeveloped natural areas).  Class-B waters are those where primary contact recreation 
rarely occurs and the waterbody has only intermittent and ephemeral low flows, or the 
stream channel has been significantly modified to support flood control requirements, or 
water quality is heavily influenced by wildlife.  Class-B is used to identify those 
waterbodies presently designated REC1 that are likely to be redesignated upon 
completion of a UAA in the near future.  Table 3-1 in the Basin Plan has been updated to 
reflect the proposed class assignment for each freshwater lake or stream named in the 
table.  These initial assignments were thoroughly reviewed by the SWQSTF and are 
endorsed without dissent. 
 
It is important to note that Class-A and Class-B waters must both meet the same E. coli 
objective in Table x.  The only difference is the degree of statistical certainty needed 
when there is insufficient data to calculate the geometric mean of at least 5 samples 
collected over a 30-day period (Table y).  Where water contact recreation is known to 
occur, a larger margin of safety is applied.  Where significant water contact recreation is 
not expected to occur, a smaller margin of safety is appropriate.  The Los Angeles 
Regional Board used the same procedure to develop a site-specific bacterial objective to 
protect engineered flood control channels designated as "Limited REC1" and the related 
basin plan amendment was subsequently approved by the State Board and EPA.43

                                                           
41 U.S. EPA.  Water Quality Standards for Coastal and Great Lakes Recreational Waters – Final Rule.  69 

Fed. Reg. 220  (Nov. 16, 2004) 

 

42 SWRCB.  Water Quality Control Policy for Developing California's Clean Water Act Section 303(d) 
List.  Sept., 2004 

43 California Regional Water Quality Control Board – Los Angeles Region.  Resolution No. R4-2001-018  
(Oct. 25, 2001).  California State Water Resources Control Board Res. No. 2002-0142  (July 18, 2002). 
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The revised water quality objective for pathogen indicator bacteria continues to recognize 
the legal requirement to protect existing uses.44  It also acknowledges the need to comply 
with state and federal Antidegradation policies.45  And, finally, it makes no change to the 
way in which the Regional Board imposes effluent limitations to regulate the quality of 
recycled water as recommended by the California Department of Public Health.  In 
particular, the Regional Board should continue requiring wastewater treatment plants to 
demonstrate adequate disinfection using coliform bacteria as described in Title 22.46

 
   

Staff worked closely with the SWQSTF to identify and evaluate other alternatives for 
developing water quality objectives to protect REC1 activities.  One option was to adopt 
a standard requiring routine monitoring to show no detectable levels of bacteria to 
demonstrate compliance.  This approach provides the highest margin of safety but is 
impractical to implement.  Bacteria also arise from a large number of natural sources that 
cannot be controlled.  A "zero-tolerance" standard would virtually guarantee permanent 
non-compliance throughout the watershed.  More important, there is no scientific 
evidence to show that such a standard is necessary to protect beneficial uses. 
 
A second option would be to adopt an E. coli objective if approximately 206 organisms 
per 100 mL.  This is at the upper end of the range EPA has declared provides risk 
protection functionally-equivalent to the current fecal coliform standard.  The SWQSTF 
concluded that it would be preferable to provide higher water quality if possible.  
Therefore, the recommended default objective for E. coli is 126 organisms per 100/mL.  
However, the Regional Board retains full authority to choose the higher value if later 
evidence shows that it is technically impracticable or economically unreasonable to 
comply with the more stringent objective.  Any E. coli concentration between 126 and 
206 organisms per 100 mL is deemed to protect the REC1 use and can be approved by 
EPA.  Therefore, the final determination rests upon the other factors that the Regional 
Board must consider under state law when establishing a new water quality objective.47

 
 

A third option is to develop a water quality objective for pathogen indicator bacteria that 
provides the same level of public health protection for REC1 activities in freshwater as 
for REC1 activities at ocean beaches.  The current bacterial objective for marine waters is 
based on an acceptable risk that is nearly double that tolerated in freshwaters.  If the E. 
coli objective for freshwaters were calculated using the same risk-level now used for 
marine waters, the resulting standard would be nearly 15 times higher (approx. 1,865 
organisms/100mL).  

                                                           
44 40 CFR 131.10(g) 
45 40 CFR 131.12 and State Board Resolution No. 68-16 
46 California Code of Regulations, Title 22, Article 3, Section 60305  "Use of Recycled Water for 

Impoundments" (as previously applied);  see, for example, NPDES No. CA8000304 adopted Dec. 1, 
2006. 

47 California Porter-Cologne Water Quality Control Act;  §13241 
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There is no reason to provide greater health protection to those swimming in lakes vs. 
those swimming at the ocean, especially considering there are tens of millions of people 
at the beach each year.  The fact that there are different risk tolerances is purely 
accidental.  Originally, the same fecal coliform standard was applied to both locations 
(e.g. 200/100mL).  Later, it was determined that the same fecal coliform concentration 
did not provide the same level of risk protection due to other environmental factors that 
were not known when the standard was first established.  Thus, there was never any 
intent to treat the two recreational venues differently.  Nor is there any historical evidence 
to indicate that a deliberate decision was made to accept a higher risk level in marine 
waters.  Therefore, it would be inappropriate to assume such risk was acceptable when 
developing an E. coli objective for freshwaters.  In addition, even if the higher risk was 
acceptable, EPA has stated that the current formula for calculating the relevant E. coli 
objective has not been validated for use with such extreme input values.  While the state 
may be entitled to adopt freshwater objectives that are based on the same risk levels as 
are used for marine standards, it would first be necessary to perform comprehensive 
epidemiological studies to recalibrate EPA's water quality criteria model for E. coli.  
Such studies would cost several million dollars and take many years to complete.  There 
are not sufficient resources available to perform this research in the Santa Ana watershed. 
 
A fourth option is to defer adopting a pathogen indicator objective until after EPA 
completes its on-going epidemiological studies and publishes new guidance (currently 
scheduled to occur in 2012).48  Although EPA is continuing a rigorous research program, 
there is nothing to suggest that the E. coli criteria recommended in the 1986 guidance is 
defective.  There is sufficient scientific and technical support to justify replacing the 
obsolete fecal coliform objectives immediately.  Nothing prevents the Regional Board 
from revising the pathogen indicator objectives again at some future date on the basis of 
new information.  In fact, the law requires water quality standards to be reviewed every 
three years to ensure such information is considered.49

 
  

Updating the bacterial objective immediately has significant advantages.  For example, 
recent data indicates that water quality in Canyon Lake consistently complies with the 
proposed E. coli objective for REC1.  But, it is not meeting the obsolete fecal coliform 
objective.  Failure to update the objectives would force Canyon Lake to remain on the 
303(d) list and require stakeholders to expend hundreds of thousands of dollars to 
develop and implement a TMDL for fecal coliform that is legally required but 
biologically unnecessary.  Similar data shows that Prado Park Lakes might also be 
removed from the state's list of impaired waterbodies after the new E. coli objectives are 
adopted.  Doing so would allow scarce resources to be redirected toward reducing 
bacterial concentrations where there is a more genuine threat to public health. 

                                                           
48 U.S. EPA.  Critical Path Science Plan for the Development of New or Revised Recreational Water 

Quality Criteria.  823-R-08-002  (Aug. 31, 2007). 
49 33 U.S.C. §1313(c)(4)(A) 
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The proposed Basin Plan amendment deletes the existing water quality objective for 
Total Coliform in surface waters.  The total coliform objective was established at a time 
when surface waters were routinely diverted directly to municipal distribution systems 
without any additional treatment.  However, after EPA enacted the Enhanced Surface 
Water Treatment Rule,50

 

 requiring adequate disinfection and regular monitoring, there 
was no longer a need to regulate total coliform concentrations.  Because nearly every 
surface water designated MUN is also designated REC1, the proposed E. coli objective 
will also provide adequate protection to raw water supplies.  Therefore, the total coliform 
objective for surface waters is obsolete and should be removed from the Basin Plan.  
However, the total coliform objective should be retained for groundwaters designated 
MUN because the Surface Water Treatment Rule does not apply to subterranean sources. 

The proposed Basin Plan amendment also deletes the existing fecal coliform objective for 
REC2.  Presently, every waterbody designated REC2 is also designated REC1.  Since the 
applicable REC1 objective is more restrictive, there is no need for a separate REC2 
objective.  The current REC2 objective is based on the now-obsolete fecal coliform 
objective previously applied to REC1 waters.  Historical research shows that FWPCA 
arbitrarily multiplied the primary contact recreation standard by a factor of 10 to derive 
the fecal coliform criteria intended to protect "general recreation" (later called "secondary 
contact recreation").51  There was not then, and is not now, any scientific or technical 
basis to support such an approach.  Moreover, EPA has acknowledged that there still isn't 
sufficient data to develop an appropriate bacteria standard for secondary contact 
activities.52

 
 

Until adequate scientific information becomes available to establish an appropriate 
threshold for using pathogen indictor bacteria to protect secondary contact recreation, the 
Regional Board may rely on the new narrative receiving water limitation without a 
specific numeric translator.  In addition, the Board may continue to use fecal coliform or 
E. coli data to enforce state and federal antidegradation policies consistent with the 
implementation provisions of the Basin Plan.  This approach is currently used by other 
Regional Boards that have not yet adopted numeric bacteria objectives for REC2 uses.53

                                                           
50 U.S. EPA.  Interim Enhanced Surface Water Treatment Rule (IESWTR).  63 Fed. Reg. 241, 69478  (Dec. 

16, 1998)  and Revisions to the IESWTR.  66 Fed. Reg. 10, 3770  (Jan. 16, 2001). 

 

51 U.S. Dept. of Interior Federal Water Pollution Control Administration.  Report of the Committee on 
Water Quality Criteria.  1968 

52 U.S. EPA.  Implementation Guidance for Ambient Water Quality Criteria for Bacteria.  EPA-823-B-04-
002.  March, 2004 

53 See, for example, the Basin Plans for the North Coast Region, the Central Valley Region & the Lahontan 
Region. 
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The SWQSTF evaluated other alternatives to develop a numeric bacterial objective for 
REC2.  One option is to multiply the REC1 objective by a factor of 10 just as had been 
done when the fecal coliform objectives were established.  However, as noted earlier, this 
procedure was purely arbitrary and had no scientific support.  No other state has used this 
approach for E. coli and there is considerable doubt as to whether EPA would/could 
approve it.  Nor is there a consensus among members of the SWQSTF that "tradition" 
constitutes a reasonable basis for continuing to use the 10x multiplier. 
 
Another option is to multiply the E. coli objective for REC1 by a factor of 5.  This 
procedure has been used by a number of other states.  Although there is no scientific 
evidence to support choosing a multiplier of 5 rather than 10, EPA has approved this 
approach because the calculation resulted in a water quality standard that was more 
stringent than the previous fecal coliform standard for REC2.  However, given the lack of 
solid technical justification, it is likely that any REC2 objective derived by use of 
arbitrary multipliers would be vulnerable to successful legal challenge.  It should also be 
noted that while EPA has approved this approach, it stops short of "recommending" it in 
federal guidance.54

 
 

A third option is to consider adopting tiered bacterial objectives similar to those 
developed in Idaho and Kansas.55

 

  After reviewing the available documentation, it is 
unclear how the recommended values had been derived or what scientific justification 
existed for doing so.  In addition, EPA has not yet approved these alternatives and the 
SWQSTF is reluctant to endorse any option that lacked precedent. 

Finally, there is the option to retain the existing fecal coliform objectives for REC2.  The 
Board could accomplish this by simply doing nothing.  However, this option is contrary 
to the Boards commitment to revise state water quality standards based on the best 
available science during each triennial review.  Allowing the technical deficiencies in the 
current REC2 fecal coliform objectives to go uncorrected would undermine the overall 
credibility of the Basin Plan.  Therefore, this option is not recommended. 
 
Recommendation: 
 
Staff recommends that the existing fecal coliform objectives and total coliform objective 
for freshwater lakes and streams be deleted from the Basin Plan.  Staff further 
recommends that the Basin Plan be amended to include a narrative receiving water 
limitation prohibiting the discharge of pathogenic pollutants and adopting a numeric E. 
coli objective to implement that new receiving water limitation. 
 

                                                           
54 U.S. EPA.  Implementation Guidance for Ambient Water Quality Criteria for Bacteria.  EPA-823-B-04-

002.  March, 2004 
55 A more detailed summary is provided in the CDM Technical Memorandum entitled:  "Review of State 

Recreational Uses and Bacteria Objectives" prepared at the request of the SWQSTF and submitted on 
Dec. 12, 2005. 
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VI. Temporarily Suspend Recreational Use Standards During High Flows in 
Freshwater Streams 

 
 
The current Basin Plan presumes recreational activities can occur whenever water is 
present.56  While generally true, this assumption is not always correct.  In semi-arid areas 
like southern California, irregular rains pose a serious risk of flash flooding.  Storm water 
runoff significantly increases the volume and velocity of local stream flows.  Such flows 
create a severe hazard to public safety and temporarily preclude attainment of 
recreational uses.57

 
   

Federal regulations allow states to adopt "seasonal uses" as an alternative to reclassifying 
a waterbody requiring less stringent water quality objectives.58  For example, some states 
exempt cold winter months when designating lakes and streams for water contact 
recreation.59

 

  However, southern California rarely experiences the prolonged periods of 
cold wet weather that merits a traditional "seasonal use" designations. 

Although infrequent and transient, rainy weather in the Santa Ana watershed can impede 
safe water contact recreation when it does occur.  Therefore, it is appropriate to 
acknowledge this natural constraint on the proper application and administration of water 
quality standards.  Staff recommends that the following text be added as a footnote to 
Table 3-1 in the Basin Plan: 
 
"Recreational use designations (REC1 and REC2) are temporarily suspended when high 
flows preclude safe recreation in or near the stream channels.  Flow conditions in the 
Santa Ana watershed are presumptively unsafe if one or more of the following conditions 
occurs:  1) Stream velocity is greater than 8 feet-per-second regardless of depth, or 2) 
The product of stream depth (feet) and stream velocity (feet-per-second) is greater than 
10 ft.2/sec." 
 
 
The first threshold criteria (stream velocity >8 fps) was derived from ____________.60  
The second threshold criteria (stream depth*velocity >10ft.2/sec.) comes from the safety 
manual used by the USGS when collecting water samples.61

                                                           
56 Pg. 3-18 

  It is reasonable to assume 
that when flow conditions are unsafe for trained professionals, they are also unsafe for 
children and untrained adults.  Therefore, the recommended default thresholds may be 
considered environmentally conservative.  Recreational uses are likely to cease 
voluntarily long before the temporary suspensions would interrupt application of water 
quality standard. 

57 USGS stream sampling safety criteria 
58 40 CFR 131.10(f) 
59 Examples from CDM report 
60 ADD CITATION 
61 USGS Field Sampling Manual 
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Where representative stream gauge data is not available, flow velocity is presumed to be 
greater than 8 feet-per-second when rainfall in the area tributary to the stream is greater 
than or equal to 0.5 inches in 24 hours.62

 

  Rainfall measurements may be estimated using 
gauges, Doppler radar data, or other scientifically-defensible methods.  In addition, the 
product of stream depth (feet) and stream velocity (feet-per-second) is presumed to be 
greater than 10ft.2/sec. if the flow rate (cubic-feet-second) exceeds the 98th percentile 
condition as calculated from a calibrated hydrograph for the stream. 

The temporary suspension is automatically terminated when flow conditions have 
returned to a safe level.  A review of hydrographs for local streams shows that most flows 
return to pre-storm levels within 24 hours after the rain showers end.  Therefore, stream 
flows will be presumed to be safe again, and the temporary suspension will be lifted, one 
day after the storms pass unless actual flow data demonstrates otherwise. 
 
The hydrology of individual waterbodies varies greatly; therefore, all thresholds and 
presumptions related to rainfall and stream flow may be adjusted based on site-specific 
data analysis and/or runoff models, subject to approval by the Regional Board through 
the normal public participation process.  In addition, it may be unsafe to engage in 
recreational activities under lower flow conditions.  The default thresholds are intended 
solely for the purpose of determining when designated recreational uses should be 
temporarily suspended for purposes of administering the Clean Water Act.  Such 
determinations are not intended to imply that it is always safe to recreate in or near a 
waterbody when stream flows are lower than the default thresholds specified in the Basin 
Plan. 
 
Temporarily suspending recreational uses is intended to exempt a specific stream 
segment from meeting water quality standards for a short period of time.  But, the 
suspension does not nullify the obligation to meet downstream standards unless the 
recreational uses have also been suspended at those locations during the same time.  
Temporary suspensions may only be applied freshwater rivers and streams.  Temporary 
suspensions do not apply to freshwater lakes or ocean beaches.  The Regional Board may 
also determine, through the normal basin planning process, that recreational uses should 
not be suspended in some specific streams if it is demonstrated that local channel 
conditions or flow controls effectively eliminate any safety hazard to the public. 

                                                           
62 LA Board 



Page 22 of 24 SWQSTF Staff Report DRAFT:  1/1/10 

 
An analysis of typical flow patterns at several representative stream locations in the Santa 
Ana watershed indicates that, on average, recreational uses will remain in full force and 
effect 348 days each year (98% of the time).63  In addition, uses are most likely to be 
suspended during the cooler winter months when the actual incidence of potential water 
contact recreation is at its lowest level.  Therefore, staff believes the temporary 
suspensions will impose no increased risk to public health and is consistent with previous 
Board decisions to apply different water quality standards during extreme wet weather 
conditions.64  The proposed approach is also consistent with similar implementation 
strategies approved by the State Board and EPA for the Los Angeles Region.65

 
 

Staff considered a number of alternatives.  One option would be to adopt a high-flow 
suspension criteria identical to the one enacted by the Los Angeles Board.  However, the 
LA approach limits eligibility to "engineered channels."  Recent deaths due to flash 
flooding in natural streams near the base of the San Bernardino mountains suggests that 
the risk is not limited to concrete flood control facilities.66

 

  Unsafe flows may preclude 
attainment of recreational uses regardless of the stream morphology has been 
reconstructed.  Therefore, this approach is not recommended. 

A second option would be to adopt seasonal recreational uses based on defined calendar 
dates as other states have done.  Although easier to administer, this approach would tend 
to restrict the designated use to a much smaller number of days then are actually suitable 
in the warmer California climate.  It is desirable to limit the temporary suspensions to the 
fewest number of days and shortest amount of time needed to account for the natural rain 
events that preclude recreational uses from occurring.  Thus, the second option is not 
recommended. 
 
A third option would be to suspend recreational uses whenever it is raining.  Once again, 
although somewhat easier to administer, such an approach fails to take into account the 
way rainfall in one area can dramatically affect stream flows in far away locations where 
the sun is still shining.  It also assumes, incorrectly, that any amount of rain automatically 
equates to unsafe flow conditions in the stream.  The actual relationship between rainfall, 
runoff and stream flow is dependent on a wide variety of factors.  Suspending 
recreational uses whenever it rains is an unjustified oversimplification inconsistent with 
state and federal law to protect water quality to the maximum extent practicable. 

                                                           
63 CDM Hydrology Report 2005.  ADD CHARTS? 
64 Tertiary filtration not required if  dilution > 20:1 
65 LA Board Resolution 
66 Cite news article 
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A fourth option would be to adopt different criteria for suspending the recreational uses 
or terminating those suspensions.  Staff recognizes that the thresholds may vary between 
locations.  However, the Regional Board lacks the resources to define site-specific values 
for each and every stream segment that may be entitled to a temporary use suspension.  
Therefore, the proposed Basin Plan amendment provides an option for stakeholders to 
develop local rainfall-runoff models to demonstrate when and where recreational uses 
should be suspended if they disagree with the default thresholds. 
 
A final option would be to forego suspending recreational uses for any reason.  
Continuing to use the current approach would require freshwater streams to achieve water 
quality standards at all times.  This, in turn, would obligate local flood control agencies to 
meet bacterial objectives regardless of the volume of water that must be managed.  It is 
technically infeasible and economically impracticable to comply with such requirements 
during some wet weather conditions.67

 

  The proposed Basin Plan amendment limits the 
temporary use suspension to only those times when it is unreasonable to expect 
compliance and unnecessary to do so. 

It is important to note that the estimated cost-of-compliance for the proposed E. coli 
objective for is based on the assumption that the objective will not apply during certain 
high flow conditions.68

 

  Temporary suspension of recreational use standards are a critical 
element in the implementation plan developed to support the proposed E. coli objective.  
If the Regional Board decides to reject the use of temporary suspensions, the 
implementation plan and related economic analyses must be redone. 

Recommendation: 
 
Staff recommends that the Regional Board  Table 3-1 in the Basin Plan by adding a 
footnote to indicate that the REC1 and REC2 designations for freshwater streams  do not 
apply and are temporarily suspended under certain high flow conditions that preclude 
safe recreation in or near the water at such times. 
 
 
VII. 13241 Analysis  
 
 
 
VIII. 13242 Implementation Plan 
 
 
 
IX. 13243 Surveillance Plan 

                                                           
67 CDM Hydrology Report 2005 
68 Berkeley Report 



Survey Location Representative Site Photo Channel Characteristics Land Use Conditions Equipment Installed Survey Start Date Survey End Date
Number of 

Images 
Collected

Greenville Banning Channel at 
Adams Ave

Concrete lined, vertical walled channel Residential and open space Camera - Observer IV, 
External Battery 11/17/2005 1/3/2006 2,552

Greenville Banning Channel at 
Pedestrian Bridge

Concrete lined, vertical walled channel Residential and Vacant Natural Land Camera - Observer IV, 
External Battery 7/7/2005 7/27/2005 425

Santa Ana Delhi Channel at Concrete lined vertical walled channel Residential / Open Space and Camera - Observer IV, 6/20/2005 7/13/2006 21 284

Recreational Use Survey Summary

Vertical Channel

Mesa Ave
Concrete lined, vertical walled channel Recreation External Battery 6/20/2005 7/13/2006 21,284

Cucamonga Creek at IEUA
Concrete Lined / Vertical Walled 

Channel
Industrial/commercial and Open 

Space/recreation
Camera - Observer IV, 

External Battery 10/2/2007 10/10/2008 27,122

Anza Channel at John Bryant 
Park

Concrete Lined / Vertical Walled 
Channel Residential and open space/ public park

Camera - Observer IV, 
Solar Panel, External 

Battery
6/6/2008 ongoing 3,400

Demens Channel
Concrete Lined / Vertical Walled 

Channel Residential and open space Camera - Observer IV, 
External Battery 2/1/2008 ongoing 15,619
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Survey Location Representative Site Photo Channel Characteristics Land Use Conditions Equipment Installed Survey Start Date Survey End Date
Number of 

Images 
Collected

Recreational Use Survey Summary

Cucamonga Creek at Hellman 
Ave (Upstream)

Trapezoidal channel, concreted lined 
wall and bottom Agriculture Camera - Observer IV, 

External Battery 11/1/2005 11/1/2006 2,546

Temescal at Main Street
Trapezoidal channel, concreted lined 

wall and bottom Industrial / Commercial Camera - Observer IV, 
External Battery 7/26/2005 8/4/2005 513

Temescal at City of Corona Trapezoidal channel, concreted lined Industrial / Commercial
Camera - Observer IV, 
Solar Panel External 11/1/2005 11/1/2006 10 653

Trapezoidal Channel

WWTP No. 2 wall and bottom Industrial / Commercial Solar Panel, External 
Battery

11/1/2005 11/1/2006 10,653

Santa Ana Delhi Channel at 
Sunflower Ave

Trapezoidal channel, rip rap side slopes, 
natural bottom Commercial/ residential/ school Camera - Observer IV, 

External Battery 7/7/2005 7/9/2006 20,978

Cucamonga Creek at Hellman 
Ave (Downstream)

Trapezoidal channel, rip rap side slopes, 
natural bottom Agriculture Camera - Observer IV, 

External Battery 7/26/2005 11/1/2006 17,678

Perris Valley Channel at 
Moreno Valley WRF

Trapezoidal Channel / concrete lined 
side slope and concrete/natural bottom

Industrial/ Residential/school and open 
space/public park

Camera - Observer IV, 
Solar Panel, External 

Battery
10/3/2007 10/10/2008 21,962
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Images 
Collected

Recreational Use Survey Summary

SAR at Anaheim
Trapezoidal Channel / Rip rap side 

slopes and natural bottom
Industrial/ commercial and open 

space/public park
Camera - Observer IV, 

External Battery 10/2/2007 10/5/2008 25,904

Chino Creek at Central Ave
Trapezoidal Channel / Rip rap slope and 

bottom Industrial / commercial
Camera - Observer IV, 
Solar Panel, External 

Battery
12/19/2007 ongoing 12,387

San Diego Creek at Irvine
Trapezoidal Channel / Natural side Residential/commercial/school and open Camera - Observer IV, 

Solar Panel External 6/10/2008 ongoing 5 220

Trapezoidal Channel (continued)

San Diego Creek at Irvine slopes and bottom space Solar Panel, External 
Battery

6/10/2008 ongoing 5,220
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Number of 

Images 
Collected

Recreational Use Survey Summary

Santa Ana Delhi Channel at 
Newport Bay

Natural channel Open spce/ commercial Camera - Observer IV, 
External Battery 6/20/2005 6/6/2006 20,203

SAR at Yorba Linda Natural channel Residential / Open space Camera - Observer IV, 
External Battery 4/11/2006 4/6/2007 12,645

Natural Channel

4



 
 

ATTACHMENT X TO RESOLUTION NO. R8-2010-00XX 
 

 
(NOTE: Changes to the recreation standards for inland fresh waters within the Santa Ana 
Region and related explanatory narrative and implementation strategies are proposed to be 
incorporated in Chapter 3, Beneficial Uses, Chapter 4, Water Quality Objectives, and 
Chapter 5, Implementation.  Certain surface waters not currently listed in the Basin Plan are 
proposed to be added, and two reservoirs no longer in existence are proposed to be 
removed. Other editorial changes are proposed. If the Basin Plan Amendment is approved, 
corresponding changes will be made as necessary to the Table of Contents, the List of 
Tables, page numbers, and page headers in the plan.  Formatting changes, including page 
numbers, page headers and table and figure identifiers may be modified for the purposes of 
possible re-publication of the Basin Plan.  However, no substantive changes to the text, 
tables or figures would occur absent a Basin Plan amendment.)  
 
 In the text and tables that follow, added language is underlined; deleted language is 
shown in strikeout type.  
 
 
CHANGES TO CHAPTER 3 – BENEFICIAL USES 
 
Amend CHAPTER 3 – BENEFICIAL USES, INTRODUCTION, second paragraph, first 
sentence: 
 
Section 303(d) of the federal Clean Water Act (33 U.S.C. § 1313) defines water quality 
standards as consisting of both the uses of the surface (navigable) waters involved, and the 
water quality criteria which are applied to protect those uses and an antidegradation policy. 
Under the Porter-Cologne Water Quality Control Act (California Water Code, Division 7, 
Chapter 2 § 13050) these concepts the uses of waters and water quality criteria are 
separately considered as beneficial uses and water quality objectives.  Beneficial uses and 
water quality objectives are to be established for all waters of the state, both surface and 
subsurface (groundwater). 
 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USES section, last sentence 
of second paragraph, third paragraph and fourth paragraph:  
 
Shortly thereafter, this revised Beneficial Use table was reviewed again and changes were 
made, including the addition of the Water Contact Recreation (REC1) use for some 
waterbodies, the revision of some Beneficial Use designations from intermittent (I) to 
existing or potential (x), and the addition of more waterbodies (RWQCB Resolution No. 89-
99).  
 
In theis update to the Basin Plan approved by the Regional Board in 1994 (RWQCB 
Resolution No. 94-1), further changes to the Beneficial Use table were have been made.  
Significant waterbodies not previously identified are were included and their beneficial uses are 
were designated. Certain of these waters are were excepted from the MUN designation. The 
designation RARE has been was added where substantial evidence indicatesd that the 
waterbody supports rare, threatened or endangered species (Appendix II). Certain known 
wetlands in the Region are were listed in a new waterbody category (see wetlands discussion 
below). A revised list of Beneficial Uses was developed as part of a comprehensive statewide 
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update of all Basin Plans. In all, twenty-three beneficial uses were defined statewide. This list 
was used to update the list of beneficial use definitions in the Basin Plan. Nineteen of the 
beneficial uses were recognized Using this revised statewide list as a guide, this Basin Plan 
updates the list of Beneficial Uses definitions contained in the 1983 Plan.  [delete sentence 
spacing; no new paragraph] 
In all, twenty-three beneficial uses are now defined statewide; of these, nineteen are 
recognized within the Santa Ana Region. (The four not utilized are Migration of Aquatic 
Organisms, Freshwater Replenishment, Inland Saline Water Habitat and Aquaculture).  One 
beneficial use specific to the Region, Limited Warm Freshwater Habitat, has been was added, 
bringing the total number of beneficial uses recognized in the Santa Ana Region to twenty.  
 
In response to recommendations from the Stormwater Quality Standards Task Force, formed 
in response to the 2002 triennial review of the Basin Plan, changes to recreation water quality 
standards were approved by the Regional Board in 2010 (RWQCB Resolution No. R8-2010-
xxxx). These modifications included revision of the name of the REC1 beneficial use from 
“Water Contact Recreation” to “Primary Contact Recreation” (see BENEFICIAL USE 
DEFINITIONS, below) and a revised definition of this use. The changes also included the 
designation of inland surface REC1 waters as “Class A” or “Class B”, for the purposes of 
assigning applicable single sample maximum values (see Chapter 4). The REC1/REC2 
designations for specific inland surface waters were revised based on the results of completed 
Use Attainability Analyses (see RECREATION BENEFICIAL USES, below).  Revised water 
quality objectives to protect the REC1 use of inland freshwaters were also approved (see 
Chapter 4), and criteria for temporary suspension of recreation use designations and 
objectives were identified (see RECREATION BENEFICIAL USES , below, and Chapter 5, 
Implementation, xxxx[section reference]).  The 2010 Basin Plan revisions to incorporate the 
changes in recreation standards included the addition of certain waters to the list of the 
Region’s waters in Table 3-1 and the designation of beneficial uses for those waters. Where 
appropriate, the added waters were excepted from the MUN designation. Two reservoirs no 
longer in existence were deleted from the list. 
[add space; new paragraph] 
The region’s beneficial uses are listed and described below. 
 
 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE DEFINITIONS, Water 
Contact Recreation (REC 1*):  

 
Water Contact Recreation Primary Contact Recreation (REC 1*) waters are used for 
recreational activities involving deliberate water body contact, especially by children,  with 
water where ingestion of water is likely to occur reasonably possible. Examples of REC1 
These uses may include, but are not limited to, swimming, wading, water-skiing, skin and 
scuba diving, surfing, whitewater rafting activities,, float tubing, bathing in natural hot springs, 
skin diving, scuba diving and some forms of wading and fishing. fishing and use of natural hot 
springs. Brief incidental or accidental water contact that is limited primarily to the body 
extremities (e.g. hands and feet), is not generally deemed Primary Contact Recreation 
because ingestion is not likely to occur. 

 
 
 

Comment [JES1]: Also chapter 5??? 
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Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE DEFINITIONS, add the 
following after the definition of Primary Contact Recreation (REC1*):   
 
Class A REC1 waters:frequent primary contact recreation occurs or ambient water quality is 
expected to meeting existing numeric water quality objectives for pathogen indicators.   
 
Class B REC1 waters: primary contact recreation rarely occurs and: (1) the waterbody has 
only intermittent and ephemeral low flows; (2) the stream channel has been significantly 
modified to support flood control requirements; or, (3) water quality is heavily influenced by 
wildlife.  
 
Amend CHAPTER 3 – BENEFICIAL USES,  footnote “*” (associated with REC1 and 
REC2  (i.e., REC1*, REC2*) beneficial use definitions):  
   
*  The REC 1 and REC 2 beneficial use designations assigned to surface waterbodies in this 
Region should not be construed as encouraging recreational activities. In some cases, such as 
Lake Matthews and certain reaches of the Santa Ana River, access to the waterbodies is 
prohibited because of potentially hazardous conditions and/or because of the need to protect 
other uses, such as municipal supply or sensitive wildlife habitat. Where REC 1 or REC 2 is 
indicated as a beneficial use in Table 3-1, the designations are only intended to indicate that 
such the uses may occur exist or that the water quality of the waterbody could support 
recreational uses may be capable of supporting recreational uses unless a Use Attainability 
Analysis demonstrates otherwise and the Regional Board amends the Basin Plan accordingly. 
 
 

Amend CHAPTER 3 – BENEFICIAL USES - add the following section after the 
BENEFICIAL USE DEFINITIONS  section: 
 

RECREATION BENEFICIAL USES 
 

Pursuant to the federal Clean Water Act and implementing regulation, all defined waters of the 
United States are presumed to be capable of supporting Primary Contact Recreation and shall 
be designated REC 1 unless a Use Attainability Analysis (UAA) demonstrates that this use is 
not an existing use and is not attainable and the Basin Plan is revised accordingly.  The 
Regional Board will consider a suite of factors when conducting the UAA to determine whether 
to downgrade or delete the REC 1 use from any waterbody.  The relevant factors are identified 
in federal and state regulations.  
 
Where the Regional Board determines, through a UAA and requisite public hearing(s), that a 
waterbody or portion of a waterbody has not supported and cannot support REC 1 or REC1 
and REC 2 uses, that waterbody or portion of a water will be identified with table note “u” in 
Table 3-1, below, and, for clarity, also listed in Table 3-2. Waters designated REC 2 but not 
REC 1, and waters not  designated either REC1 or REC2 , will be reassessed as part of the 
Basin Plan triennial review process to determine whether conditions have changed sufficiently 
to warrant a REC 1 designation.   
 

Comment [JES2]: Dave – I’ve highlighted this 
because it is an addition to what the Task Force 
discussed.  We need to identify those changes we 
propose to make so that the Task Force can 
comment… 
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The definition of the REC 2 beneficial use is functionally-equivalent to that described by 
USEPA as “Secondary Contact Recreation.”  Therefore, the Regional Board will rely on federal 
regulation and guidance to determine which waterbodies should be designated REC 2.  
Relatively brief incidental or accidental water contact that is limited primarily to the body 
extremities (e.g. hands or feet) is generally deemed REC 2 because ingestion is not 
considered reasonably possible.    
 
Recreational use of inland surface waters is precluded under certain flow conditions that make 
recreational activities unsafe. Recreation use designations (and the applicable pathogen 
objectives) are temporarily suspended when such conditions exist. The criteria for suspension 
of recreation uses (and objectives), and for termination of the suspension, are described in 
detail in Chapter 5, Implementation, section referencexxxx) . Temporary suspensions of 
recreation standards do not apply to waters other than inland surface streams.  For these other 
waters, including coastal ocean waters, high flow conditions may be preferred by some 
members of the public for recreational activities such as surfing.    

 
It is recognized that a variety of factors affect the suitability of a water body for primary contact 
recreation, including the morphology of stream channels, the depth, velocity and aesthetic 
quality of the flows, access to the site by the public, and the extent to which recreational 
activity is actively encouraged by local authorities by providing parking, access, restrooms and 
other amenities.  Federal guidance and regulation [United States Environmental Protection 
Agency, “Ambient Water Quality Criteria for Bacteria”, January 1986, and “Water Quality 
Standards for coastal and Great Lakes Recreation Waters; Final Rule”, November 2004] 
directs states to differentiate primary contact waters on the basis of the intensity of use, and 
other conditions as states deem appropriate, for the purposes of assigning single sample 
maximum pathogen indicator values. These single sample maximum values are to be used as 
an indicator of whether established pathogen objectives (typically expressed as geometric 
means) are being met. The single sample maximum values are intended to provide a timely 
measure of the apparent quality of the water for primary contact recreation for public 
notification (posting) and, where necessary, closure purposes.  In accordance with this 
approach, inland freshwater primary contact recreation waters within the Region are 
differentiated as Class A or Class B. Class B waters are listed in Table 3-3.  All other inland 
freshwaters in the Region are assumed to be Class A.  The  Class A and B determinations are 
subject to modification through the basin planning process.  
 
 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE TABLE, first paragraph: 
 
Table 3-1 lists the designated beneficial uses for waterbodies within the Santa Ana Region. In 
this table, an “X” indicates that the waterbody has an existing or potential use. Many of the 
existing uses are well-known; some are not. Lakes and streams may have potential beneficial 
uses established because plans already exist to put the water to those uses, or because 
conditions (e.g., location, demand) make such future use likely. The establishment of a 
potential beneficial use serves to protect the quality of that water for such eventual use. 
  
An “I” in Table 3-1 indicates that the waterbody has an intermittent beneficial use. This may 
occur be because water conditions do not allow the beneficial use to exist occur year-round. 
The most common example of this is an ephemeral stream. Ephemeral streams in this region 
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include, at one extreme, those which flow only while it is raining or for a short time afterward, 
and at the other extreme, established streams which flow through part of the year but also dry 
up for part of the year. While such ephemeral streams are flowing, beneficial uses  may be 
made of the water. Because such uses depend on the presence of water, they are intermittent. 
Waste discharges which could impair intermittent beneficial uses, whether they are made while 
those uses exist occur or not, are not permitted. 

 
As described above, Table 3-2 shows inland surface waters for which Use Attainability 
Analyses demonstrated that the REC1 or REC1 and REC2 designations do not apply. These 
waters will be evaluated at least once every three years to determine whether these 
designations should be added based on changed conditions.  
 
Table 3-3 identifies those inland surface waters that are designated REC1, Class B.  
 
Amend CHAPTER 3 – BENEFICIAL USES, REFERENCES: 
 
 
City of Big Bear Department of Water and Power, “Final Report – Task 4, Revised Water Quality Objectives, Big 
Bear Ground Water Basins,” April 1993. 
 
United States Environmental Protection Agency “Ambient Water Quality Criteria for Bacteria – 1986” EPA 440/5-
84-002, January 1986. 

 
United States Environmental Protection Agency “National Guidance-Water Quality Standards for Wetlands,” EPA 
440/s-90-011, July 1990. 
 
United States Environmental Protection Agency “Water Quality Standards for Coastal and Great Lakes 
Recreation Waters; Final Rule” (40 CFR 131.41), November 2004. 
 
Governor Pete Wilson, “California Wetlands Conservation Policy,” August, 1993. 

 
 

 
CHAPTER 3 TABLES: [these are shown in a separate file [filename]] 
 
Amend CHAPTER 3 – BENEFICIAL USES, TABLE 3-1, as shown in the following pages. 
 
Add Table 3-2 Summary of Approved Use Attainability Analyses (UAAs) to Re-Designate 
Recreational Beneficial Uses in some Inland Waterbodies (see below) 
 
Add Table 3-3 Inland Surface Waters – Class B REC1 Waters (see below) 
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CHANGES TO CHAPTER 4- WATER QUALITY OBJECTIVES 
 
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, INTRODUCTION, fourth and fifth 
paragraphs: 
 
The water quality objectives in this plan supersede and replace those adopted in the 1983 Basin 
Plan.  Perhaps the most significant difference between this and the prior Plan is the inclusion of 
new objectives for un-ionized ammonia and site-specific objectives for the middle Santa Ana River 
system for copper, cadmium and lead. 
 
Some of these water quality objectives refer to “controllable sources” or “controllable water quality 
factors.” Controllable sources include both point and nonpoint source discharges, such as 
conventional discharges from pipes, as well as  and discharges from land areas or other diffuse 
sources. Controllable sources are predominantly anthropogenic in nature. Controllable water 
quality factors are those characteristics of the discharge and/or the receiving water which can be 
controlled by treatment or management methods. Examples of other activities which may not 
involve waste discharges, but which also constitute controllable water quality factors, include the 
percolation of storm water, transport/delivery of water via natural stream channels, and stream 
diversions.  Uncontrollable sources of pollutants can occur naturally or as the result of 
anthropogenic activities. These sources are not readily managed through technological or natural 
mechanisms. For example, bacteria and other microorganisms are introduced to surface waters as 
the result of wildlife activity and waste and swimmer shedding. 
 
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, ENCLOSED BAYS AND ESTUARIES:  
 
Bacte ria , Coliform   
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence in bay and 
estuarine waters is an indicator of pollution. Total coliform is measured in terms of the number of 
coliform organisms per unit volume. Total coliform numbers can include non-fecal bacteria, so 
additional testing is often done to confirm the presence and numbers of fecal coliform bacterial. 
Water quality objectives for numbers of total and fecal coliform vary with the uses of the water, as 
shown below. 
 
Bays and Estuaries 
 

REC-1 Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30 day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30-day period. 

 
SHEL Fecal coliform: median concentration not more than 14 MPN (most   probable 
number )/100 ml and not more than 10% of samples exceed 43 mpn /100 mL 
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Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, ENCLOSED BAYS AND ESTUARIES - 
insert the following between the Oxygen, Dissolved and pH objectives:   

 
Pathogen Indicator Bacteria 
 
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence in bay and 
estuarine waters is an indicator of pollution. Total coliform is measured in terms of the number of 
coliform organisms per unit volume. Total coliform numbers can include non-fecal bacteria, so 
additional testing is often done to confirm the presence and numbers of fecal coliform bacterial. 
Water quality objectives for numbers of total and fecal coliform vary with the uses of the water, as 
shown below. 
 
Bays and Estuaries 
 

REC-1 Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30 day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30-day period. 
 
Note:  The USEPA promulgated enterococci criteria for coastal recreation waters, 
including enclosed bays and estuaries, in 2004 (40 CFR 131.41). The established 
geometric mean enterococci value is 35/100mL.  No averaging period was specified, 
leaving that determination to the state’s discretion. USEPA also identified single sample 
maximum enterococci values, which vary based on the frequency of use of the REC1 
waters.  The Regional Board intends to consider a Basin Plan amendment in the future 
to formally recognize the enterococci criteria established for enclosed bays and 
estuaries, to define an appropriate averaging period for the application of the geometric 
mean criterion, and to define appropriate application of the single sample maximum 
values to varying areas within enclosed bays and estuaries in the Region. Until the Basin 
Plan amendment process is completed, the Regional Board will implement the criteria on 
a best professional judgment basis, with full opportunity for public participation and 
comment. 

 
SHEL Fecal coliform: median concentration not more than 14 MPN (most   probable 
number)/100 mL and not more than 10% of samples exceed 43 mpn /100 mL 

 
 
 
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS: 
 
Bacteria, Coliform 
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence in surface 
waters is an indicator of pollution. Total coliform is measured in terms of the number of coliform 
organisms per unit volume. Total coliform numbers can include non-fecal bacteria, so additional 
testing is often done to confirm the presence and numbers of fecal coliform bacteria. Water 
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quality objectives for numbers of total and fecal coliform vary with the uses of the water, as shown 
below. 
 
Lakes and Streams 
    MUN Total coliform: less than 100 organisms/100 mL 
 

REC-1 Fecal coliform: log mean less than 200 organisms/100 mL based on  
five or more samples/30 day period, and not more than 10% of the samples exceed 
400 organisms/100 mL for any 30-day period 

 
REC-2 Fecal coliform: average less than 2000 organisms/100 mL and not more than 10% of 

samples exceed 4000 organisms/100 mL for any 30-day period 
 
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS - insert 
the following between the Oxygen, Dissolved and pH objectives:  
 
Pathogen Indicator Bacteria 
 
Bacteria, viruses, protozoa and parasites occur naturally in the environment and may also be 
present in waste discharges.  Some of these organisms, particularly those that originate from 
human sources, are pathogenic and may cause illness to exposed persons.  The presence of 
these pathogens in waterbodies may impair recreational uses and/or municipal water supplies. 
 
Direct measurement of all pathogens is impractical because standard methods have not yet been 
approved, nor have water quality criteria been established for each and every microorganism that 
may be harmful.  Therefore, the USEPA recommends using surrogate indicators, such as E. coli 
densities, to demonstrate that water quality is adequate to protect human health against 
excessive risk of illness to those making deliberate recreational contact with the water where 
ingestion of water is likely.  
 
Over time, the recommended surrogate indicators to protect primary contact recreation have 
changed from total and fecal coliform to E. coli or Enterococcus for freshwaters (USEPA, 1986).  
Ongoing epidemiological studies and laboratory research may someday identify better pathogen 
indicators. The following narrative objective and the related numeric objectives for surrogate 
indicators in Table 4pio – Pathogen Indicator Bacteria Objectives for Fresh Waters, below, are 
intended to provide the permitting flexibility needed to assure appropriate regulatory application 
as water quality monitoring technology improves or USEPA revises the recommended bacteria 
criteria.   

 
Waste discharges shall not cause or contribute to excessive risk of illness from microorganisms 
pathogenic to human beings.  Pathogen indicator concentrations shall not exceed the values 
specified in the table below as a result of controllable water quality factors (see discussion above 
and in Chapter 5?) unless it is demonstrated to the Regional Board’s satisfaction that the 
elevated indicator concentrations do not result in excessive risk of illness among people 
recreating in or near the water. In all cases, the level of water quality necessary to protect 
existing uses must be maintained. Where existing water quality is better than necessary to 
protect the designated use, the higher level of water quality must be maintained unless it is 

Comment [JES3]: Need to consider further how 
to handle the controllable sources product from the 
Task Force 
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demonstrated that existing or potential beneficial uses would be protected and that water quality 
consistent with maximum benefit to the people of California would be maintained, as specified in 
the state antidegradation policy (SWRCB Resolution No. 68-16).  The Regional Board may also 
require recycled water discharged to freshwaters designated REC 1 or REC 2 to comply with 
other limitations recommended by the California Department of Public Health (CDPH).    

 
 
 

Table 4 pio - Pathogen Indicator Bacteria Objectives for Fresh Waters 
 

Recreational Use 
Classification1 

Pathogen Indicator Objective 

(geometric mean of at least 5 samples in a 30-day period)2 

REC1-only or 
REC1 and REC2 

<126  E. coli organisms per 100 mL3, 4, 5 

REC2-only6 Determined in accordance with state antidegradation policy7 
 

1 
The water quality objectives specified in Table 4-pio and Table 4-ssv do not apply to a river or 

stream if and when the recreational uses are temporarily suspended due to unsafe flow 
conditions therein. (See Chapter 5- Implementation, Recreation Water Quality Standards, High  
Flow Suspension).  

2 
The Regional Board may adopt other alternative averaging periods, such as annual or seasonal 

averages, through the basin planning process. 

3 
This value is for use with analytical methods 1103.1, 1603, or 1604 or any equivalent method 

that measures viable bacteria. 

4 
In the absence of sufficient data to calculate a representative geometric mean for E. coli, no 

single sample shall exceed the values calculated by using the formula shown in Table 4-ssv.  
Where there are sufficient data to calculate a representative geometric mean for E. coli, the 

single sample maximum specified in Table 4-ssv shall not be used to assess compliance with the 
E. coli objective.  However, the single sample maximum values may continue to be used to 

implement public notification programs and/or trigger additional monitoring requirements.   

5
 This value applies to E. coli regardless of origin, unless a sanitary survey shows that sources of 

the indicator bacteria are non-human and an epidemiological study shows that the indicator 
densities are not indicative of a human health risk. 

6 
Waterbodies classified REC2 but not classified as REC1.  Where a waterbody is classified as 

both REC1 and REC2 only the more stringent REC1 objectives shall apply. 

7
 State Board Resolution No. 68-16 (Statement of Policy with Respect to Maintaining the High 

Quality of Waters in California) (see Text) 
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Table 4-ssv:  Alternative Method for Assessing Probable Compliance with the E. coli 
Objective in Freshwaters Designated REC1 when Insufficient Data are Available 
to Calculate a Geometric Mean1 

 

Data 
Variability5 

(Log Std. Dev.) 

Maximum Expected Single Sample Value for E. coli2,3,4  
 (assuming true geometric mean is <126 organisms/mL) 

Class A REC1 waters6 
(SCF=0.68) 

Class B REC1 waters7 
(SCF=1.65) 

0.1 147 organisms/mL 184 organisms/mL 

0.2 172 organisms/mL 269 organisms/mL 

0.3 202 organisms/mL 394 organisms/mL 

0.4 (default)5 236 organisms/mL 576 organisms/mL 

0.5 276 organisms/mL 842 organisms/mL 

0.6 322 organisms/mL 1,231 organisms/mL 

0.7 377 organisms/mL 1,800 organisms/mL 

0.8 441 organisms/mL 2,633 organisms/mL 

0.9 516 organisms/mL 3,849 organisms/mL 

1.0 603 organisms/mL 5,628 organisms/mL 

1.1 705 organisms/mL 8,229 organisms/mL 

1.2 825 organisms/mL 12,033 organisms/mL 

1.3 965 organisms/mL 17,594 organisms/mL 

1.4 1,128 organisms/mL 25,726 organisms/mL 

1.5 1,319 organisms/mL 37,616 organisms/mL 

1.6 1,543 organisms/mL 55,001 organisms/mL 

1.7 1,805 organisms/mL 80,421 organisms/mL 

1.8 2,110 organisms/mL 117,590 organisms/mL 

1.9 2,468 organisms/mL 171,937 organisms/mL 
1 
In the absence of sufficient data to calculate a representative geometric mean for E. coli, no single sample 

shall exceed the values calculated by using the formula shown in Table note 4, below.  Where there are 
sufficient data to calculate a representative geometric mean for E. coli, the single sample maximum values 
specified in this Table shall not be used to assess compliance with the E. coli objective.  However, the single 

sample maximum values may continue to be used to implement public notification programs and/or trigger 
additional monitoring requirements.   

2 
These values are for use with analytical methods 1103.1, 1603, or 1604 or any equivalent method that 

measures viable bacteria. 

3  
These values apply to E. coli regardless of origin, unless a sanitary survey shows that sources of the 

indicator bacteria are non-human and an epidemiological study shows that the indicator densities are not 
indicative of a human health risk. 

4
 EPA's recommended formula for calculating the maximum expected single sample value is: 

SSM = ECO * 10
(SCF * LSD)

, where… 

ECO = E. coli Objective expressed as geometric mean of a minimum number of samples; Assumed 

ECO=126. 
SCF = the appropriate Statistical Confidence Level Factor for the given waterbody; SCF=0.68 

corresponds with the 75% confidence level; SCF=1.65 corresponds with the 95% confidence level. 
LSD = the Log Standard Deviation of measured E. coli concentrations. 

 
5
 Variability is calculated as the standard deviation of the log-transformed E. coli data.  In the absence of 
adequate representative data to estimate E. coli variability, the maximum expected single sample value will 
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be calculated based on the assumption that the LSD = 0.4, as recommended by EPA [40 CFR 131.41 (69 
Fed. Reg. 220, 67242; Nov. 16, 2004)].  Application of an alternative LSD value(s) must be approved by the 
Regional Board through the normal public notice and comment process.  Data acceptability shall generally 
be determined using the guidelines described in the Water Quality Control Policy for Developing California's 
Clean Water Act Section 303(d) List [Sept., 2004].   

 
6
 Generally, lower statistical confidence is more appropriate for Class A waterbodies, for which  greater 
conservatism is appropriate since frequent primary contact recreation occurs, or the waterbody serves as a 
drinking water supply reservoir, or the waterbody is located in a relatively undeveloped area where E. coli 
concentrations are expected to meet the relevant water quality objective.  All freshwaters designated REC1 
are Class A unless they are listed as Class B in Table 3-3 Class B Inland Surface REC1 Waters. 

 
7
Generally, higher statistical confidence is more appropriate for Class B waterbodies, for which less 
conservatism is appropriate since primary contact recreation rarely occurs, or the waterbodies have only 
intermittent and ephemeral low flows, or the stream channels have been significantly modified to support 

flood control requirements, or the waterbodies heavily influenced by wildlife. Class B waters are listed in 

Table 3-3 Class B Inland Surface REC1 Waters.  
 
 
Objectives for REC2 only freshwaters 
 
Designation of a waterbody as REC2 but not REC1 requires a demonstration that the REC1 
use has not been attained and is not attainable, based on one or more of the Use Attainability 
Analysis (UAA) factors identified in federal regulations (40 CFR 131.10(g)(1-6)). Where water 
quality consistently meets the REC1 (or REC1 and REC2) pathogen indicator objectives in 
Table 4-pio, then it is unlikely that a UAA would successfully demonstrate that the REC1 use 
is not attainable. Accordingly, the waterbody would likely be designated REC1 (and REC2), 
and the objectives in Table 4-pio would apply. For fresh waterbodies designated only REC2, 
through a successful UAA, the intent of specifying pathogen indicator objectives is to assure 
that water quality conditions are not degraded as the result of controllable water quality 
factors. Pathogen indicator objectives for REC2 only waters will be developed in accordance 
with the state’s antidegradation policy at the time the UAAs are conduced for those waters. 
Like the REC2 designation itself, these objectives will be reviewed and revised as necessary 
as part of the Basin Plan triennial review process. The process of establishing antidegradation 
objectives is expected to entail the following.  First, available and acceptable bacteria quality 
data will be collected and compiled.  Data acceptability will generally be determined using the 
guidelines described in the State Board’s “Water Quality Control Policy for Developing 
California's Clean Water Act Section 303(d) List” [Sept., 2004, or subsequent updates].  
Considerable variation among waterbodies is expected with respect to the availability and 
period of record for data on pathogen indicator quality.  Therefore, different methods may 
need to be developed and used to define current and historic ambient conditions for the 
purposes of defining antidegradation pathogen indicator objectives. Each proposed 
methodology and resultant recommendations will be considered on a case-by-case as 
amendments to the Basin Plan to incorporate REC2 only use designations and objectives are 
considered.  
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Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, add REFERENCES: 

 
REFERENCES 
 

State Water Resources Control Board , “Water Quality Control Policy for Developing California’s Clean Water Act 
Section 303(d) List, September 2004.  
 
United States Environmental Protection Agency “Ambient Water Quality Criteria for Bacteria – 1986” EPA 440/5-
84-002, January 1986. 
 
United States Environmental Protection Agency “Water Quality Standards for Coastal and Great Lakes 
Recreation Waters; Final Rule” (40 CFR 131.41), November 2004. 
 

 
 

CHANGES TO CHAPTER 5- IMPLEMENTATION 
  
 
Amend CHAPTER 5 – IMPLEMENTATION – insert the following between TOTAL DISSOLVED 
SOLIDS and NITROGEN MANAGEMENT and NONPOINT SOURCE PROGRAM: 
 
Recreation Water Quality Standards 
 
Since the early 1970’s, this Basin Plan has specified recreation water quality standards for surface 
waters in the Region, including REC1 and/or REC2 beneficial use designations and water quality 
objectives intended to protect those uses. Because of analytical constraints that make routine 
direct measurement of pathogens impractical, these objectives have been and continue to be 
based on levels of surrogate bacteria indicators.  As noted in Chapter 4, the surrogate indicators 
recommended by the USEPA to protect primary contact recreation have changed from total and 
fecal coliform to E. coli or enterococcus for freshwaters, and enterococcus for marine waters 
(USEPA 1986).  Epidemiological and laboratory investigations are ongoing and may lead to 
revised recommendations regarding the appropriate water quality criteria to protect recreation 
uses.  
 
In 2010, the Regional Board adopted changes to the recreation standards, based on the work and 
recommendations of the Stormwater Quality Standards Task Force. These changes included 
revised bacteria quality objectives applicable to freshwaters (see Chapter 4), changes to the 
recreation use designations for specific fresh waters, and revision of the definition of REC1 (see 
Chapter 3).  Specific implementation strategies pertaining to the revised standards for freshwaters 
were also approved. This section describes those implementation strategies, comprised of the 
following:  
 

• REC1: expression of the geometric mean objective for freshwater – more needed ? 

• Intended application of single sample maximum values in REC1 waters  

• High flow suspension or recreation standards 

• Monitoring to assess compliance  
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High Flow Suspension  
 
 

In semi-arid areas like much of the Santa Ana Region, irregular rains pose a serious risk of flash 
flooding. Stormwater runoff significantly increases the volume and velocity of local stream flows. 
Dam releases and other intermittent sources, such as the introduction of imported water, can also 
result in dramatic, though transitory, increases in stream flow and velocity. Such flows create a 
severe hazard to public safety and temporarily preclude attainment of recreational uses.  
 
This Plan recognizes these circumstances and specifies that the recreational use designations and 
(REC1 and REC2) and pathogen indicator objectives of freshwater stream channels are 
temporarily suspended when high flows preclude safe recreation in or near the channels. (See also 
Chapter 3, Table 3-1 footnote **). Flow conditions in freshwater streams in the Santa Ana 
watershed are presumptively unsafe if one or more of the following conditions occurs:  (1) stream 
velocity is greater than 8 feet-per-second (fps); or, (2) the product of stream depth (feet) and 
stream velocity (fps) (the depth-velocity product) is greater than 10 ft2.  Where representative 
stream gauge data are not available, flow velocity is presumed to be greater than 8 fps when 
rainfall in the area tributary to the stream is greater than or equal to 0.5 inches in 24 hours. Rainfall 
measurements may be estimated using gauges, Doppler radar data, or other scientifically 
defensible methods. In addition, the depth-velocity product is presumed to be greater than 10 ft2 if 
the flow rate (cubic feet per second (cfs)) exceeds the 98th percentile condition as calculated from 
a calibrated hydrograph for the stream. Stream flows will be presumed to return to safe conditions 
and the temporary suspension of recreation standards will cease one day after the end of the 
storm event, unless actual flow data demonstrates that the suspension conditions identified above 
either continue or terminate prior to the 24 hour period.  
 
Temporary suspensions of recreation standards do not apply to freshwater lakes or ocean 
beaches but, rather, apply only to freshwater streams. The hydrology of these individual fresh 
waterbodies varies greatly. Therefore, the above thresholds and presumptions related to rainfall 
and stream flow may be adjusted based on site-specific data analysis and/or runoff models, 
subject to approval by the Regional Board through the normal public participation process. The 
Regional Board may also determine that recreation standards should not be suspended in some 
specific streams if it is demonstrated that stream channel conditions or flow controls effectively 
eliminate any safety hazard to the public.  
 
It is recognized that, because of channel morphology, substrate type or other conditions, it may be 
unsafe to engage in recreational activities under lower flow conditions in stream channels. 
Suspension of recreation standards under high flow conditions does not imply that it is always safe 
to recreate in or near a waterbody when stream flows do not meet the velocity and/or depth-
velocity product thresholds identified above.  
 
Finally, it is important to emphasize that temporary suspensions of recreation standards in specific 
waters do not nullify the obligation to meet downstream standards, unless the recreation standards 
have also been suspended for those waters at the same time.  
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Application of single sample maximum values in REC1 freshwaters  Note:  this section 
very rough 
 
Table 4-ssv in Chapter 4 identifies maximum expected single sample values for E. coli for 
freshwaters identified as Class A or Class B (see Chapter 3). These single sample 
maximum values were derived from USEPA’s recommended bacteria criteria (USEPA 
1986). USEPA developed single sample maximum values as statistical constructs designed 
to allow decision makers to make informed decisions to open or close beaches based on 
small data sets. The single sample maximum values provide information regarding the 
likelihood that the geometric mean E. coli objective is being met in the waterbody. The 
geometric mean is the more relevant value for ensuring that appropriate actions are taken to 
protect and improve water quality, since the geometric mean is less subject to random 
variation and thus a more reliable measure of long term water quality.  States have 
discretion to employ the single sample maximum values in the context of Clean Water Act 
programs, apart from their use for beach closure purposes.  
 
As specified in Table 4-pio and Table 4-ssv (see table notes), where there are sufficient 
data to calculate a representative geometric mean for E. coli, the single sample maximum 
values specified in Table 4-ssv shall not be used to assess compliance with the geometric 
mean E. coli objective specified in Table 4-pio. A monitoring program designed to assure 
that sufficient data are collected to determine the geometric mean in REC1 waters will be 
implemented. The expected elements of that program, which is subject to approval by the 
Regional Board through the normal public participation process, are described in the next 
section. 
 
The expected principal use of single sample maximum values for the freshwaters of this 
Region is to implement public notification programs and/or to trigger additional monitoring 
and investigation to determine whether there are sources of pathogen input of public health 
concern.  
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Draft Text Summarizing Scientific Basis for Pathogen Indicator Bacteria Criteria 
 
Protecting recreational activities in and on the water is one of the foremost goals of the Clean 
Water Act.  Therefore, it is appropriate to regulate the discharge of pollutants that may pose a 
risk to human health.  In particular, it is desirable to limit the concentration of pathogenic 
organisms (e.g. bacteria, viruses and protozoa) that increase the risk of illness among persons 
engaged in water contact recreation. 
 
At present, there exists no technology to detect each and every micro-organism that may be 
pathogenic to humans.  As such, U.S. EPA recommends using surrogate indicators to determine 
whether water quality poses minimal risk to swimmers and bathers.  Various epidemiological 
studies indicate that the concentration of certain bacteria at recreational beaches is strongly 
correlated with the incidence of gastro-intestinal illness among those that were exposed to 
prolonged and intimate water contact where ingestion was likely to occur.  Therefore, these 
bacteria may serve as a reliable means of assessing whether water quality meets acceptable 
sanitary conditions. 
 
Periodically, EPA revise the recommended water quality criteria for pathogen indicator bacteria 
to reflect the latest scientific information regarding the risk associated with these surrogate 
assessment tools.  State and local authorities are expected to update their related water quality 
standards in accordance with EPA’s revised recommendations as part of the normal triennial 
review process.  To facilitate and justify such a change in the Santa Ana  Basin Plan, it is 
important to understand the scientific and technical basis for both the existing and proposed 
pathogen indicator bacteria objectives. 
 
Current Pathogen Indicator Objective to Protect REC-1 Uses 
 
The current Basin Plan specifies the following water quality objective to protect REC-1 (primary 
contact) activities in freshwater lakes and streams: 
 

Fecal coliform:  log mean less than 200 organisms/100 mL based on five or more 
samples/30 day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30-day period.1 

 
This pathogen indicator objective was included with the original Basin Plan when it was enacted 
in 1975 and has remained unchanged since then.  The fecal coliform objective was consistent 
with EPA’s recommended water quality criteria for pathogen indicator bacteria that was 
published one year later in 1976. 
 
A review of the historical record reveals the fecal coliform criteria were originally developed by 
the Federal Water Pollution Control Administration (FWPCA, a predecessor agency to EPA 
within the Department of the Interior).  In 1968, four years prior to authorization of the Clean 
Water Act, the FWPCA recommended that: 

                                                 
1 Santa Ana Regional Water Quality Control Board.  Santa Ana Water Quality Control Plan.   Feb., 2008;  pg. 4-9 
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“Fecal coliform should be used as the indicator organism for evaluating the 
microbiological suitability of recreation waters.  As determined by multiple-tube 
fermentation or membrane filter procedures and based on a minimum of not less 
than five samples taken over not more than a 30-day period, the fecal coliform 
content of primary contact recreation waters shall not exceed a log mean of 
200/100 ml, or shall more than 10% of total samples during any 30-day period 
exceed 400/100 ml.” 2 

 
The FWPCA’s Technical Advisory Committee defined primary contact recreation as: 
 

“…activities in which there is prolonged and intimate contact with the water 
involving considerable risk of ingesting water in quantities sufficient to pose a 
significant health hazard.  Examples are wading and dabbling by children, 
swimming, diving, water skiing and surfing.  (Secondary contact sports include 
those in which contact with the water is either incidental or accidental and the 
probability of ingesting appreciable quantities of water is minimal.”3 

 
The FWPCA relied exclusively on three epidemiological studies performed by the U.S. Public 
Health Service (PHS) in the mid-1940’s and early-50’s.  According to the Technical Advisory 
Committee, “these studies were far from definitive and were conducted before the acceptance of 
fecal coliform as a more realistic measure of health hazard.”  Nevertheless, the studies showed a 
detectable adverse effect on human health (e.g. increases in gastroenteritis, diarrhea, nausea or 
vomiting) when total coliform concentrations reached 2,300-2,700 organisms per 100 ml.  Later 
it was estimated that fecal coliforms may have comprise approximately 18% of the total coliform 
at one of the two study locations.  Therefore, the FWPCA inferred that detectable health effects 
may occur at fecal coliform levels of 400 per ml (i.e. 18% of 2,300 total coliform). 
 
Based on other studies, FWPCA also found that there will be approximately one virus particle in 
each milliliter of municipal wastewater following secondary treatment and the ratio of fecal 
coliform bacteria to viruses is 10,000-to-1.  Therefore, a swimmer exposed to 400 fecal 
coliforms per 100 ml should expect to be exposed to approximately 0.02 virus particles in the 
same 100 ml sample. 
 
Since measurable adverse health effects were detected when total coliforms reached 2,300 
organisms per 100 ml, and this was assumed to be equivalent to 400 fecal coliforms per ml, these 
levels were deemed the Lowest-Observed-Effect-Concentration (LOEC).  The FWPCA 
subsequently established the recommended fecal coliform criteria by dividing the LOEC in half 
to estimate the probable No-Observed-Effect-Concentration (NOEC).  The resulting value of 200 
fecal coliform organisms per 100 ml represented the water quality threshold at which no 
excessive health hazards are expected to occur as a result of water contact recreation activities.  
However, the FWPCA also warned that there was an “urgent need for research to refine the 
correlations of various indicator organisms, including fecal coliforms, to water-borne disease.” 

                                                 
2 Federal Water Pollution Control Administration.  Water Quality Criteria:  Report of the National Technical 
Advisory Committee to the Secretary of the Interior.  1968;  pg. 12. 
3 Ibid, pg. 11 
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In 1972, the Environmental Studies Board of the National Academy of Sciences and the National 
Academy of Engineering declined to endorse FWPCA’s recommendation citing the lack of 
adequate epidemiological information and a number of design deficiencies in the PHS studies. 
 
In 1976, EPA reviewed FWPCA’s recommendations and the related epidemiological data.  EPA 
found that “these studies demonstrated that an appreciably higher overall illness incidence may 
be expected among swimmers when compared to non-swimmers, but the data are inconclusive.”4  
EPA agreed that the risk of exposure to pathogens was greater for swimmers compared to non-
swimmers when fecal coliform concentrations were elevated above certain levels.5   However, 
EPA was unable to establish a correlation describing how illness rates changed in response to 
increasing fecal coliform concentrations.  The agency initiated series of follow-on studies.  
 
Following several years of additional research, EPA repudiated its previous recommendation and 
came to the “unequivocal conclusion… that the fecal coliform criteria for recreation is not a 
reliable indicator of illness to swimmers.”6  As a result, the existing bacteria objectives in the 
Santa Ana Basin Plan are no longer scientifically defensible and must be updated. 
 
Current Pathogen Indicator Objectives to Protect REC-2 Uses 
 
The Santa Ana Basin Plan currently specifies the following water quality objective to protect 
REC-2 (secondary contact) activities in freshwater lakes and streams: 
 

Fecal coliform:  average less than 2000 organisms/100 mL and not more than 
10% of the samples exceed 4000 organisms/100 mL for any 30-day period.7 

 
As with the pathogen indicator objectives adopted to protect REC-1, the fecal coliform criteria 
implemented to protect REC-2 uses were derived directly from FWPCA’s 1968 Report and have 
not been changed since 1975.  In 1968, the FWPCA’s Technical Advisory Committee made the 
following recommendation to the U.S. Secretary of the Interior: 
 

“Surface waters should be suitable for use in ‘secondary contact’ recreation – 
activities not involving significant risks of ingestion – without reference to official 
designation of recreation as a water use.  For this purpose, in addition to 
aesthetic criteria, surface waters should be maintained in a condition to minimize 
potential health hazards by utilizing fecal coliform criteria.  In the absence of 
local epidemiological experience, the Subcommittee recommends an average not 
exceeding 2,000 fecal coliforms per 100 ml and a maximum of 4,000 per 100 ml 
except in specified mixing zones adjacent to outfalls.”8 

                                                 
4 U.S. EPA.  Quality Criteria for Water.  1976;  pg. 86 
5 U.S. EPA.  Quality Criteria for Water.  1976;  pg. 87 
6 U.S. EPA.  Water Quality Standards for Coastal and Great Lakes Recreational Waters – Final Rule.  69 FR 220, 
67227  (Nov. 16, 2004). 
7 Santa Ana Regional Water Quality Control Board.  Santa Ana Water Quality Control Plan.   Feb., 2008;  pg. 4-9 
8 Federal Water Pollution Control Administration.  Water Quality Criteria:  Report of the National Technical 
Advisory Committee to the Secretary of the Interior.  1968;  pg. 8. 
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The rationale for selecting the aforementioned criteria was stated as: 
 

“This level of fecal coliforms could be expected when concentrations of viral and 
other pathogens in receiving waters have been reduced to less than infectious 
levels for casual water contact by humans, with the risk considered to be one-
tenth that for primary contact recreation.  Further research will be necessary to 
arrive at precise criteria for secondary contact recreation activities.”9 

 
According to the FWPCA, secondary contact recreation refers to “activities not involving 
significant risks of ingestion.”  However, no evidence was cited by the FWPCA to support the 
claim that the risk related to secondary contact recreation was “one-tenth that for primary contact 
recreation.  And, a review of the historical scientific literature reveals that this was simply an 
undocumented assumption made by the Technical Advisory Committee. 
 
U.S. EPA did not endorse FWPCA’s recommended criteria for secondary contact recreation in 
the 1976 water quality criteria document.10  And, in 1986, EPA explicitly Neither the 1976 or the 
1986 federal water quality criteria recommended a pathogen indicator bacteria criteria for  
 

"EPA explored the feasibility of scientifically deriving criteria for secondary contact 
waters and found it infeasible for several reasons.  In reviewing the data generated in the 
epidemiological studies conducted by EPA that formed the basis for its 1986 
recommendations, EPA found these data would be unsuitable for development of a 
secondary contact criterion.  Secondary contact recreation activities generally do not 
involve immersion in the water, unless it is incidental (e.g. slipping and falling into the 
water or water being inadvertently splashed in the face).  While the main illness likely to 
be contracted during primary contact recreation is gastrointestinal illness, illness 
contracted from secondary contact recreation activities may just a likely be diseases and 
conditions affecting the eye, ear, skin, and upper respiratory tract.  Because of the 
different exposure scenarios and the different exposure routes that are likely to occur 
under the two different types of uses, EPA is unable to derive a national criterion for 
secondary contact recreation based upon existing data."11 

 
However, EPA has allowed state authorities to continue relying on FWPCA’s recommendations 
until such time as more appropriate federal water quality criteria are promulgated to protect 
secondary water contact recreation activities.  Prior to 1986, most states (including California) 
simply relied on the FWPCA recommendation and multiplied the fecal coliform objective for 
REC-1 by a factor of ten to derive a water quality objective to protect REC-2 uses.  To the extent 
that the REC-1 objective for fecal coliform is now deemed obsolete, any REC-2 standard derived 
from that criteria is also invalid and must be updated.  In addition, the application of arbitrary 
multiplication factors must be replaced with a more scientifically defensible justification. 

                                                 
9 Federal Water Pollution Control Administration.  Water Quality Criteria:  Report of the National Technical 
Advisory Committee to the Secretary of the Interior.  1968; pg. 9. 
10 U.S. EPA.  Quality Criteria for Water.  1976 
11 U.S. EPA.  Implementation Guidance for Ambient Water Quality Criteria for Bacteria [Draft].  May, 2002;  pg. 
39;  draft document was cited by EPA in 69 FR 220,  67218 (Nov. 16, 2004) 
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Table 3-1  BENEFICIAL USES   
 

OCEAN WATERS 

 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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EST Primary Secondary 

NEARSHORE ZONE* 
 
 
 

   San Gabriel River to Poppy             
   Street in Corona Del Mar  
 

+  X   X  X X X     X X X X X  801.11  

   Poppy Street to Southeast 
   Regional Boundary 
 

+ 
  

  X  X X X    X X X X X X  801.11  

OFFSHORE ZONE  
    Waters Between Nearshore 
    Zone and Limit of State         

Waters 
        

+  X   X  X X X     X X X X       

                             
X  Present Existing or Potential Beneficial Use  *  Defined by Ocean Plan Chapter II B-1.: “Within a zone bounded by shoreline and a distance of 1000 feet from       
I    Intermittent Beneficial Use                            shoreline or the 30-foot depth contour, whichever is further from shoreline…” 
+  Excepted from MUN (see text)                   
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Table 3-1  BENEFICIAL USES - Continued  
 

BAYS, ESTUARIES, AND 
TIDAL PRISMS 

 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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EST Primary Secondary 

Los Cerritos Wetlands +       X X      X X X X   801.11  
Anaheim Bay – Outer Bay   
 +     X  X¹ X     X X X X X   801.11  

Anaheim Bay – Seal Beach  
National Wildlife Refuge 
 

+ 
  

    X X X    X X X X X  X 801.11  

Sunset Bay – Huntington 
Harbor        +     X  X X X     X X X X   801.11    

Bolsa Bay  +       X X X    X X X X X X    

Bolsa Chica Ecological Reserve +       X X     X X X X X  X 801.11  

Lower Newport Bay +     X  X X X     X X X X X  801.11  

Upper Newport Bay +       X X X    X X X X X X X 801.11  

Santa Ana River Salt Marsh +       X X     X X X  X  X 801.11  

Huntington Beach Wetlands +       X X X    X X X X X X  801.11  
Tidal Prism of Santa Ana River  
(to within 1000’ of Victoria 
Street) and Newport Slough 

+       X X X     X X  X   801.11  

Tidal Prism of San Gabriel River  
 - River Mouth to Marina Drive 
    

+  X     X X X     X X  X X X 845.61  

Tidal Prisms of Flood Control  
Channels Discharging to 
Coastal or Bay Waters¹ 

+       X X X     X *  X   801.11  

 
X  Present Existing or Potential Beneficial Use ¹  No Access prohibited in all or part access per agency with jurisdiction (U.S. Navy)  
I    Intermittent Beneficial Use                           * Tidal prisms of Santa Ana-Delhi and Greenville Banning Channels’ tidal prisms are designated have RARE 

(X)beneficial use 
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+  Excepted from MUN (see text) 
Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 

 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
 

AG
R

 

IN
D

 

PR
O

C
 

G
W

R
 

N
AV

 

PO
W

 

R
EC

1 ** 
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R
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Primary Secondary 

LOWER SANTA ANA RIVER 
BASIN  

    Santa Ana River  
        Reach 1 – Tidal Prism to 17th 
        Street  in Santa Ana   
                     

+      
 

X² X  I    I  
  801.11  

        Reach 2 – 17th Street in Santa  
        Ana to Prado Dam  
 

+ X   X  
 

X X  X    X X 
  801.11 801.12 

        Aliso Creek X    X   X X  X    X X   845.63  

        Carbon Canyon Creek X    X   X X  X    X X   845.63  

    Santiago Creek Drainage  

        Santiago Creek  

        Reach 1 – below Irvine Lake X    X   X² X  X    X    801.12 801.11 

        Reach 2 – Irvine Lake (see  
        Lakes, pg. 3-23       
    

      
 

         
    

        Reach 3 – Irvine Lake to 
        Modjeska Canyon 
 

I    I  
 

I I  I    I  
  801.12  

        Reach 4 – Modjeska Canyon X    X   X X  X    X    801.12  

     Silverado Creek X    X   X X  X    X    801.12  

X  Present Existing or Potential Beneficial Use **  Recreational use designations (REC1 and REC2) are temporarily suspended when high flows preclude safe           
I   Intermittent Beneficial Use                                    recreation in or near the stream channels. (see Chapter 5 Recreation Water Quality Standards, High Flow               
+  Excepted from MUN (see text)      Suspension)                                  per Agency with jurisdiction 
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                                                                                                                     2      Access prohibited in all or part by Orange County Resources Development and Management Division (RDMD) 
Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 

 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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Primary Secondary 

LOWER SANTA ANA RIVER 
BASIN  

   Santiago Creek Drainage  
        Black Star 
                     I    I   I I  I    I    801.12  

        Ladd Creek 
 I    I   I I  l    I I   801.12  

    San Diego Creek Drainage  

        San Diego Creek  
            Reach 1 – below Jeffrey  
            Road +       X² X  X    X    801.11  

            Reach 2 – above Jeffrey 
            Road to Headwaters    +    I   I I  I    I    801.11  

        Other Tributaries: Bonita Creek,     
        Serrano Creek, Peters Canyon   
        Wash, Hicks Canyon Wash,  
        Bee Canyon Wash, Borrego  
        Canyon Wash, Agua Chinon  
        Wash, Laguna Canyon Wash, 
        Rattlesnake Canyon Wash,    
        Sand Canyon Wash*, and other 
        Tributaries to these Creeks 

+ 

   

I 

 

 I I 

 

I 

   

I 

 

  801.11  

 
X Present Existing or Potential Beneficial Use      **   Recreational use designations (REC1 and REC2) are temporarily suspended when high flows preclude  
I   Intermittent Beneficial Use                                       safe recreation in or near the stream channels (See Chapter 5, Recreation Water Quality Standards, High  
+  Excepted from MUN (see text)         Flow Suspension)                    per Agency with jurisdiction 
                                                                               ²    Access prohibited in all or part by Orange County Resources Development and Management Division  
                                                                   *    Sand Canyon Wash also has RARE Beneficial Use                  
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 

 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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Primary Secondary 

San Gabriel River Drainage  
    Coyote Creek (within Santa Ana 
     Regional Boundary) X       X X  X    X    845.61        X X  X    X X  X 801.10  

Newport Bay Watershed   

   Santa Ana-Delhi Channel  
     Reach 1 – End of Tidal Prism to 
     Sunflower Avenue              +       u u  X    X    801.10  
     Reach 2 – above Sunflower  
     Avenue to Warner Avenue +       u X  X    X    801.10  

Lower Santa Ana River Watershed  

   Greenville Banning Channel  
     Reach 1 – Santa Ana River to  
     California Street                    +       u u  X    X     801.10  

UPPER SANTA RIVER BASIN  

  Santa Ana River  
     Reach 3 – Prado Dam to Mission 
     Blvd. in Riverside + X   X   X X  X    X X X  801.21 801.21, 

801.25 
 
X  Present Existing or Potential Beneficial Use  **  Recreational use designations (REC1 and REC2) are temporarily suspended when high flows             
I   Intermittent Beneficial Use                     preclude safe recreation in or near the stream channels (See Chapter 5, Recreation Water Quality   
+  Excepted from MUN (see text)                                           Standards, High Flow Suspension) 
                                                                                          u   REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 5,    
                                                                                               Recreation Water Quality Standards, UAA)  
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 

 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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       Reach 4 – Mission Blvd. in     
       Riverside to San Jacinto Fault  
       in San Bernardino  
 

+    X  
 

X³ X  X    X  X 
 801.27 801.44 

       Reach 5 – San Jacinto Fault in 
       Bernardino to Seven Oaks Damt X* X   X   X³ X  X    X X   801.52 801.57 

       Reach 6 – Seven Oaks Dam to 
       Headwaters (see also Individual  
       Tributary Streams) 

X X   X  
 
X 

 
X X    X  X  

 
X 

 801.72  

    San Bernardino Mountain Streams   

       Mill Creek Drainage:   

         Mill Creek  
           Reach 1 – Confluence with  
           Santa Ana River to Bridge  
           Crossing Route 38 at Upper 
           Powerhouse  

I I   I  
 

I I  X  I  I I 
  801.58  

          Reach 2 – Bridge Crossing  
           Route 38 at Upper  
           Powerhouse Headwaters       
    

X X   X  X X X      X  

  801.58  

 
X  Present Existing or Potential Beneficial Use  *   MUN applies upstream of Orange Avenue (Redlands); downstream, water is excepted from MUN 
I    Intermittent Beneficial Use    **  Recreational use designations (REC1 and REC2) are temporarily suspended when high flows 
+  Excepted from MUN (see text)                                preclude safe recreation in or near the stream channels (See Chapter 5, Recreation Water Quality 
                                                                                               Standards, High Flow Suspension)                    
                                                                                           t   Reach 5 uses are intermittent upstream of Waterman Avenue 
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                                                                                           3    Access prohibited in some portions per agency with jurisdictionby San Bernardino County Flood 
Control 
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 

 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
 

AG
R

 

IN
D

 

PR
O

C
 

G
W

R
 

N
AV

 

PO
W

 

R
EC

1** 

R
EC

2** 

C
O

M
M

 

W
AR

M
 

LW
R

M
 

C
O

LD
 

BIO
L 

W
ILD

 

R
AR

E
 

SP
W

N
 

EST 

Primary Secondary 

       Mountain Home Creek X    X  X X X    X  X    801.58  
       Mountain Home Creek, East    
       Fork 

X    X X X X X    X  X  X  801.70  

       Monkey Face Creek        
                     X    X   X X    X  X    801.70  

       Alger Creek 
 X    X   X X    X  X    801.70  

       Falls Creek X    X  X X X    X  X    801.70  

       Vivian Creek X    X   
 X X    X  X  

 
 

 801.70  

       High Creek X    X   X X    X  X    801.70  
       Other Tributaries: Lost, Oak  
       Cove, Green, Skinner, Momyer, 
       Glen Martin, Camp, Hatchery,    
       Rattlesnake, Slide, Snow,  
       Bridal Veil, and Oak Creeks 
       and other Tributaries to these 
       Creeks     

I 

   

I 

  

I I 

   

I 

 

I 

   

801.71 

 

    Bear Creek Drainage:   

       Bear Creek X    X  X X X    X  X X X  801.71  

      Siberia Creek X    X   X X    X  X  X  801.71  

      Slide Creek  I    I   I I    I  I    801.71  

      Johnson Creek  I    I   I I    I  I    801.71  
X  Present Existing or Potential Beneficial Use      **  Recreational use designations (REC1 and REC2) are temporarily suspended when high flows preclude                            
I   Intermittent Beneficial Use                                       safe recreation in or near the stream channel (See Chapter 5, Recreation Water Quality Standards,   
+  Excepted from MUN (see text)                                High Flow Suspension) 
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 

 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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       All other Tributaries to these  
       Creeks   I    I   I I    I  I    801.71  
       Big Bear Lake (see Lakes, pg.  
       3-23) 

                    

    Big Bear Lake Tributaries:      
                      

       North Creek 
 X    X   X X    X  X  X  801.71  

       Metcalf Creek X    X   X X    X  X  X  801.71  

       Grout Creek X    X   
 X X    X  X  

X 
 

 801.71  

       Rathbone (Rathbun) Creek X    X   X X    X  X    801.71  

       Meadow Creek     X    X   X X    X  X    801.71  

       Summit Creek  I    I   I I    I  I    801.71  

       Knickerbocker Creek       

        Reach 1 – concrete channel I    I   I I    I  I    801.71  

        Reach 2 – natural channel  I    I   I I    I  I    801.71  
       Other Tributaries to Big Bear  
       Lake: Knickerbocker, Johnson,  
       Minnelusa, Polique, and Red  
       Ant Creeks and other  
       Tributaries to these Creeks  

I    I   I I    I  I    801.71  

 
X  Present Existing or Potential Beneficial Use **  Recreational use designations (REC1 and REC2) are temporarily suspended when high flows preclude  
I    Intermittent Beneficial Use                               safe recreation in or near the stream channels (See Chapter 5, Recreation Water Quality Standards, High  
+  Excepted from MUN (see text)      Flow Suspension) 

Formatted: Highlight

Formatted: Highlight
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
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    Baldwin Lake (see Lakes, pg. 
    3-23)                        

    Baldwin Lake Drainage:  

       Shay Creek X    X   X X    X  X X   801.73  
       Other Tributaries to Baldwin 
       Lake: Sawmill, Green, and  
       Caribou Canyons and other 
       Tributaries to these Creeks      
                     

I 

   

I 

  

I I 

   

I 

 

I 

   

801.73 

 

    Other Streams Draining to Santa                                    
    Ana River (Mountain Reaches‡)           
        

 

       Cajon Canyon Creek X    X   X X    X  X X   801.52 801.51 

       City Creek X X   X   
 X X    X  X X X  801.57  

       Devil Canyon Creek X    X   X X    X  X    801.57  
       East Twin and Strawberry  
       Creeks                   X X   X   X X    X  X  X  801.57  

 
X  Present Existing or Potential Beneficial Use   **  Recreational use designations (REC1 and REC2) are temporarily suspended when high flows preclude  
I    Intermittent Beneficial Use                                safe recreation in or near the stream channels (See Chapter 5, Recreation Water Quality Standards, High 
+  Excepted from MUN (see text)       Flow Suspension) 
                                                                                                                         ‡    The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or 
                                                                                             San Gabriel Mountains
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Table 3-1  BENEFICIAL USES - Continued  
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      Waterman Canyon Creek  X    X   X X    X  X    801.57  

      Fish Creek  X    X   X X    X  X  X  801.57  

      Forsee Creek X    X   X X    X  X  X  801.72  

      Plunge Creek  X X   X   X X    X  X X   801.72  

     Barton Creek X X   X   X X    X  X    801.72  
     Bailey Canyon Creek    
                     

I    I   I I    I  I    801.72  

 
X  Present Existing or Potential Beneficial Use   **  Recreational use designations (REC1 and REC2) are temporarily suspended when high flows preclude  
I    Intermittent Beneficial Use                                safe recreation in or near the stream channels (See Chapter 5, Recreation Water Quality Standards, High 
+  Excepted from MUN (see text)       Flow Suspension) 
                                                                                                                         ‡    The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or 
                                                                              San Gabriel Mountains
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Table 3-1  BENEFICIAL USES - Continued  
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     Kimbark Canyon, East Fork 
     Kimbark Canyon, Ames   
     Canyon and West Fork Cable  
     Canyon Creeks 

X 

   
X   X X  X  X  X    801.52  

     Valley Reaches‡ of Above  
     Streams I    I   

 I I    I  I   
 

 801.52  

     Other Tributaries (Mountain  
     Reaches‡): Alder, Badger  
     Canyon, Bledsoe Gulch, Borea 
     Canyon, Breakneck, Cable  
     Canyon, Cienega Seca, Cold,  
     Converse, Coon, Crystal, Deer, 
     Elder, Fredalba, Frog,  
     Government, Hamilton, Heart      
     Bar, Hemlock, Keller, Kilpecker,   
     Little Mill, Little Sand Canyon,  
     Lost, Meyer Canyon, Mile,  
     Monroe Canyon, Oak,       
     Rattlesnake, Round Cienega,     
     Sand, Schneider, Staircase,  
     Warm Springs Canyon, and    
     Wild Horse Creeks and other  
     Tributaries to these Creeks 

I    I   I I    I  I 

   

801.72 801.71, 801.57 

 
X  Present Existing or Potential Beneficial Use  **   Recreational use designations (REC1 and REC2) are temporarily suspended when high flows preclude   
I    Intermittent Beneficial Use                               safe recreation in or near the stream channels (See Chapter 5, Recreation Water Quality Standards, High   
+  Excepted from MUN (see text)      Flow Suspension) 
                                                                                                                       ‡    The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or 
                                                                                  San Gabriel Mountains 
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    San Gabriel Mountain Streams 
    (Mountain Reaches‡)     

       San Antonio Creek X X X X X  X X X    X  X    801.23  
       Lytle Creek (South, Middle,  
       and North Forks) and  
       Coldwater Canyon Creek      
                     

X X X X X  X X X    X  X X   

801.41 801.42, 801.52, 
801.59 

       Day Creek X   X X   X X    X  X    801.21  

       East Etiwanda Creek X   X X   
 X X    X  X X  

 
 801.21  

       Valley Reaches ‡ of Above  
       Streams   I    I   I I  I    I    801.21  

       Cucamonga Creek      
           Reach 1A – Confluence with  
           Mill Creek to 750 ft below  
           confluence with Deer Creek 

+    X   u³ u   X   X    801.21  

 
X  Present Existing or Potential Beneficial Use   **  Recreational use designations (REC 1 and REC 2) are temporarily suspended when high flows preclude  
I    Intermittent Beneficial Use                             safe recreation in or near the stream channels (See Chapter  5, Recreation Water Quality Standards, High 
+  Excepted from MUN (see text)                Flow Suspension) 
                                                                                                                     ‡  The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or 
                                                                    San Gabriel Mountains 
                 u   REC 1 and/or REC 2 are not attainable as determined by a UAA.(See Table 3-2 and  Chapter 5, Recreation 
                               Water Quality Standards, UAA) 
                                                                                                          ³    Access prohibited in some portions per agency with jurisdictionby San Bernardino County Flood Control 
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
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           Reach 1B – Confluence with  
           Lower Deer Creek to 23 rd. St. +    X   X X   X   X    801.21  

           Reach 2 (Mountain Reach‡)  
           - 23 rd St. In Upland to 
           headwaters 

X    X  X X X    X  X  X  801.24 
 

       Mill Creek (Prado Area)      +       X X  X    X X   801.25  

     Other Tributaries (Mountain 
     Reaches ‡): Cajon Canyon, San 
     Sevaine, Deer, Duncan Canyon, 
     Henderson Canyon, Bull, Fan, 
     Demens, Thorpe, Angalls,  
     Telegraph Canyon, Stoddard 
     Canyon, Icehouse Canyon,  
     Cascade Canyon, Cedar, Falling 
     Rock, Kerkhoff, and Cherry  
     Creeks and other Tributaries to 
     these Creeks 

I    I   I I    I  I    801.21 801.23 

     Valley Reaches‡ of Above Streams I    I   I I  I    I    801.21 801.43 

         
San Timoteo Area Streams               

     San Timoteo Creek  
         Reach 1A – Santa Ana River 
         Confluence to Barton Road + I      

 I³ I  I    I   
 

 801.52  

 
X  Present Existing or Potential Beneficial Use   **   Recreational use designations (REC1 and REC2) are temporarily suspended when high flows preclude safe  
I    Intermittent Beneficial Use                                recreation in or near the stream channels (See Chapter 5, Recreation Water Quality Standards, High Flow 
+  Excepted from MUN (see text)                   Suspension) 
³   Access prohibited in some portions by              ‡   The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino                                       
    San Bernardino County Flood Control                    or San Gabriel Mountains   
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INLAND SURFACE STREAMS 

 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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       Reach 1B – Barton Road to  
       Gage at San Timoteo Canyon  
       Rd    

+ I   I   I³ I  I    I    801.52  

       Reach 2–Gage at San Timoteo     
       Creek to confluence with  
       Yucaipa Creek 

+    X   X³ X  X    X    801.61  

       Reach 3 – Confluence with  
       Yucaipa Creek to confluence 
       with little San Gorgonio and  
       Noble Creeks (Headwaters of  
       San Timoteo Creek) 

+    X   X X  X    X X 

  

801.61  

    Oak Glen, Potato Canyon, and  
    Birch Creeks    

X    X   X X  X    X    801.67  

    Little San Gorgonio Creek X    X   
 X X    X  X   

 
 801.69 801.62, 801.63 

    Yucaipa Creek   I    I   I I  I    I    801.67 801.61, 801.62, 
801.64 

    Other Tributaries to these  
    Creeks-Valley Reaches‡ I    I   I I  I    I    801.62 801.52, 801.53 

    Other Tributaries to these  
    Creeks-Mountain Reaches‡ I    I   I I    I  I    801.69 801.67 

  Anza Park Drain X       X X  X    X  X  801.27  
 
X  Present Existing or Potential Beneficial Use  ** Recreational use designations (REC1 and REC2) are temporarily suspended when high flows preclude safe  
I    Intermittent Beneficial Use                             recreation in or near the stream channels (See Chapter 5, Recreation Water Quality Standards, High Flow   
+  Excepted from MUN (see text)                Suspension) 
                                                                                                                     ‡  The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or   
                    San Gabriel Mountains   
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  Sunnyslope Channel X       X X  X    X  X  801.27  
  Tequesquite Arroyo (Sycamore 
  Creek) +    X   X X  X    X  X  801.27  

  Prado Area Streams    

     Chino Creek  
         Reach 1A – Santa Ana River 
         confluence to downstream of  
         confluence with Mill Creek  
        (Prado Area)   

+       X X  X    X X 

  

801.21 

 

         Reach 1B – Confluence with 
         Mill Creek (Prado Area) to 
         beginning of concrete lined 
         channel south of Los 
         Serranos Rd.*** 

+ 

      

X X 

 

X 

   

X X 

  

801.21  

 
X  Present Existing or Potential Beneficial Use  ** Recreational use designations (REC1 and REC2) are temporarily suspended when high flows preclude safe  
I    Intermittent Beneficial Use                             recreation in or near the stream channels (See Chapter 5, Recreation Water Quality Standards, High Flow   
+  Excepted from MUN (see text)                Suspension) 
                                                                                                                     ‡  The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or   
                    San Gabriel Mountains   
                                                                          ***  The confluence of Mill Creek is in Chino Creek, Reach 1B 
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Table 3-1  BENEFICIAL USES - Continued  
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         Reach 2 – Beginning of  
         concrete lined south of Los  
         Serranos Rd. to confluence  
         with San Antonio Creek 

+    X  
 
 X³ X   X   X   

 

 
801.21 

 

    Temescal Creek    
        Reach 1 – Lincoln Ave. to  
        91 Freeway +       u X  X    X    801.25  

        Reach 2 – 91 Freeway 
        to 1400 ft. upstream of 
        Magnolia Avenue 

+       u u  X    X    801.25  

        Reach 3 –1400 ft. upstream of 
        Magnolia Avenue to Lee Lake  
         

+ I I  I    I I   I   I    801.25  

 
X  Present Existing or Potential Beneficial Use    **  Recreational use designations (REC1 and REC2) temporarily suspended when high flows preclude    
I    Intermittent Beneficial Use                                   safe recreation in or near the stream channels (see Chapter 5, Recreation Water Quality Standards, High    
+   Excepted from MUN (see text)                  Flow Suspension) 
                                                                           ***  The confluence of Mill Creek is in Chino Creek, Reach 1B                                                                                                          

                                                   ³     Access prohibited in some portions by San Bernardino County Flood Control Districtper agency with jurisdiction 
                             4       Access prohibited in some portions by Riverside County Flood Control Districtper agency with jurisdiction 
                                                                      u    REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 5, Recreation  
                                                                    Water Quality Standards, High Flow Suspension 



DRAFT – Attachment to Resolution No. R8-2010-xxx     Table 3-1  p. 18 of 28 

Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
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         Reach 4 – Lee Lakes (see Lakes, 
         Page 3-36)                     

         Reach 5 – Lee Lake to Mid-Section 
         Line of Section 17 (downstream end 
         of freeway cut) 

+ I   I   I I  I    I X 
  

801.34 
 

         Reach 6 – Mid-section line of  
         Section 17 (downstream end of  
         freeway cut) to Elsinore Ground- 
         water Subbasin Boundary   

+ X   X   X X  X    X X 

  
801.35 

 

         Reach 7 – Elsinore Groundwater 
         Subbasin Boundary to Lake  
         Elsinore Outlet 

+    I   I I  I    I 
   

801.35 
 

     Coldwater Canyon Creek X X   X   
 X X  X    X   

 
 801.32  

     Bedford Canyon Creek +    I   I I  I    I    801.32  

     Dawson Canyon Creek I    I   I I  I    I    801.32  

     Other Tributaries to these Creeks I    I   I I  I    I    801.32  

  SAN JACINTO RIVER BASIN  

     San Jacinto River  
        Reach 1 – Lake Elsinore to Canyon  
        Lake  I I   I   I I  I    I    801.32 802.31 

        Reach 2 – Canyon Lake (see Lakes  
        Pg. 3-37)                     

 
X  Present Existing or Potential Beneficial Use            ** Recreational use designations (REC1 and REC2) temporarily suspended when high flows preclude safe 
I    Intermittent Beneficial Use                                    recreation in or near the stream channels (See Chapter 5, Recreation Water Quality Standards, High 
+  Excepted from MUN (see text)                                     Flow Suspension) 
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
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         Reach 3 – Canyon Lake to Nuevo 
         Road + I   I   I I  I    I    802.11  

        Reach 4 – Nuevo Road to North- 
        South Mid-Section Line, T4S/R1W-S8 + I   I   I I  I    I    802.21 802.21 

        Reach 5 – North-South Mid-Section 
        Line, T4S/R1 W-S8, to confluence 
        With Poppet Creek  

+ I   I   I I  I    I 
   

802.21  

        Reach 6 – Poppet Creek to 
        Cranston Bridge 

I I   I   I I  I    I    802.21  

        Reach 7 – Cranston Bridge to Lake 
         Hemet X X   X   X X    X  X    801.21  

    Bautista Creek – Headwaters to Debris 
    Dam  X X   X   X X    X  X    802.21 802.23 

    Strawberry Creek and San Jacinto 
    River, North Fork   X X   X   X X    X  X    801.21  

    Fuller Mill Creek X X   X   X X    X  X    802.22  

    Stone Creek X X   X   X X    X  X    802.21  

    Salt Creek  +       I I  I    I    802.12  

    Goodhart Canyon +       I I  I    I    802.15  
    Other Tributaries:  Logan, Black 
    Mountain, Juaro Canyon, Indian,  
    Hurkey, Poppet, and Potrero Creeks 
    and other Tributaries to these Creeks 

I I   I   I I  I    I    802.21 802.22 

 
X  Present Existing or Potential Beneficial Use             **  Recreational use designations (REC1 and REC2) temporarily suspended when high flows                                              
I   Intermittent Beneficial Use                                              preclude safe recreation in or near the stream channels (See Chapter 5, Recreation Water Quality 
+  Excepted from MUN (see text)                            Standards, High Flow Suspension) 
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UPPER SANTA ANA RIVER BASIN  

    Baldwin Lake +       
 I I  I  I I I I  

 
 801.73  

    Big Bear Lake  X X   X   X X  X  X  X X   801.71  

    Erwin Lake  X       X X    X X X X   801.73  

    Evans, Lake   +       X X  X  X  X    801.27  

    Jenks Lake  X X   X   X X    X  X    801.72  

    Lee Lake + X X  X   X X  X    X    802.34  

    Mathews, Lake X X X X X   X5 X  X    X X   802.33  

    Mockingbird Reservoir + X      X6 X  X    X    802.26  

    Norconian, Lake  +       X X  X    X    802.25  

LOWER SANTA ANA RIVER BASIN  

    Anaheim Lake  +    X   X X  X    X    801.11  

    Irvine Lake (Santiago Reservoir) X X      X X  X    X    801.12  
    Laguna, Lambert, Peters Canyon, 
    Rattlesnake, Sand Canyon, and 
    Siphon Reservoirs                  

+ X      X7 X  X    X    801.11  

 
X  Present Existing or Potential Beneficial Use 5 Access prohibited by the Metropolitan Water District.per agency with jurisdiction  
I    Intermittent Beneficial Use                           6 Access prohibited per agency with jurisdictionby the Gage Canal Company (owner-operator)     
+  Excepted from MUN (see text)              7 Access prohibited per agency with jurisdictionby the Irvine Company and/or the Irvine Ranch Water District    
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SAN JACINTO RIVER BASIN  

    Canyon Lake (Railroad Canyon 
    Reservoir) X X   X   

 X X  X    X  
 
 

 802.11 802.12 

    Elsinore, Lake  +       X X  X    X    802.31  

    Fulmor, Lake  X X      X X  X  X  X    802.21  

    Hemet, Lake  X X   X  X X X  X  X  X  X  802.22  

    Mystic Lake +       I I  I   X X X   802.11  

    Perris, Lake X X X X X   X X X X  X  X    802.11  
 
X  Present Existing or Potential Beneficial Use              .  
I    Intermittent Beneficial Use                            
+  Excepted from MUN (see text) 
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WETLANDS (INLAND) 

 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
 

AG
R

 

IN
D

 

PR
O

C
 

G
W

R
 

N
AV

 

PO
W

 

R
EC

1 

R
EC

2 

C
O

M
M

 

W
AR

M
 

LW
R

M
 

C
O

LD
 

BIO
L 

W
ILD

 

R
AR

E
 

SP
W

N
 

EST 

Primary Secondary 

 San Joaquin Freshwater  
 Marsh** +       

 X X  X   X X X  
 

 801.11 801.14 

 Shay Meadows I       I I    I  I    801.73  

 Stanfield Marsh** X       X X    X  X X   801.71  
 Prado Basin Management  
 Zone@  +       X X  X    X X   802.21  

 San Jacinto Wildlife  
 Preserve** +       X X  X   X X X   802.21 802.14 

 Glen Helen X       X X  X    X    801.59  
       
X  Present Existing or Potential Beneficial Use **  This is a created wetland as defined in the wetland discussion 
I    Intermittent Beneficial Use                           @  The Prado Basin Management Zone includes the Prado Flood Control Basin, a created wetland  
+  Excepted from MUN (see text)                   as defined in the Basin Plan (see Chapter 3, pages 3-4 through 3-7) 
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UPPER SANTA ANA RIVER BASIN 
 
 
 

Big Bear Valley X   X               801.71 801.73 

Beaumont X X X X               801.62 801.63, 801.69 

Bunker Hill - A  X X X X               801.52 801.52 

Bunker Hill - B X X X X               802.52 801.53, 801.54, 
801.57, 801.58 

Colton X X X X               801.44 801.45 

Chino North “maximum benefit”++ X X X X               801.21 481.21, 481.23 

Chino 1 – “antidegradation”++ X X X X               801.21 481.21 

Chino 2 – “antidegradation”++ X X X X               801.21  

Chino 3 – “antidegradation”++ X X X X               801.21  

Chino East @ X X X X               801.21 801.27 

Chino South @ X X X X               801.21 801.25, 801.26 

Cucamonga X X X X               801.24 801.21 
 
X  Present Existing or Potential Beneficial Use   ++  Chino North “maximum benefit” management zone applies unless Regional Board determines that lowering of   
I    Intermittent Beneficial Use                                water quality is not of maximum benefit to the people of the state; in that case, the Chino 1, 2, and 3  
+  Excepted from MUN (see text)                  “antidegradation” management zones would apply (see also discussion in Chapter 5). 
                                                                             @  Chino East and South are the designations in the Chino Basin Watermaster “maximum benefit” proposal 
                                                                      (see Chapter 5) for the management zones identified by Wildermuth Environmental , Inc. (July 2000) as 
                                                                                    Chino 4 and 5, respectively 
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Lytle X X X X               801.59 801.42 

Rialto X X X X               801.44 801.21, 801.43 

San Timoteo X X X X               801.62 801.61 

Yucaipa X X X X               801.61 801.55, 801.63, 
801.67 

MIDDLE SANTA ANA RIVER BASIN  

Arlington X X X X               801.26  

Bedford X X X X               801.32 481.31 

Coldwater X X X X               801.31  

Elsinore X X  X               802.31  

Lee Lake  X X X X               801.34  

Riverside - A X X X X               801.27 801.44 

Riverside – B  X X X X               801.27 801.44 

Riverside - C  X X X X               801.27  

Riverside - D X X X X               801.27 801.26 

Riverside - E X X X X               801.27  
 
X  Present Existing or Potential Beneficial Use               
I    Intermittent Beneficial Use                               
+  Excepted from MUN (see text)                  
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Riverside - F X X X X               801.27  

Temescal  X X X X               801.25  

SAN JACINTO RIVER BASIN  

Garner Valley X X                 802.22  

Idyllwild Area X  X                802.22 802.21 

Canyon  X X X X               802.21  

Hemet - South X X X X               802.15 802.13, 802.21 

Lakeview – Hemet North  X X X X               802.14 802.15 

Menifee X X  X               802.13  

Perris North  X X X X               802.11  

Perris South   X X                 802.11 802.12, 802.13 

San Jacinto - Lower X X X                802.21 802.11 

San Jacinto - Upper X X X X               802.27 802.23 
 
X  Present Existing or Potential Beneficial Use               
I    Intermittent Beneficial Use                               
+  Excepted from MUN (see text) 
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Table 3-1  BENEFICIAL USES - Continued  
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Primary Secondary 

LOWER SANTA ANA RIVER BASIN  

La Habra X X                 845.62  

Santiago  X X X                801.12 801.11 

Orange   X X X X               801.11 801.13, 801.14 
845.61, 845.63 

Irvine X X X X               801.11  
 
X  Present Existing or Potential Beneficial Use               
I    Intermittent Beneficial Use                               
+  Excepted from MUN (see text)  
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Table 3-2 Summary of Approved Use Attainability Analyszes (UAA) to Re-designate Recreational Beneficial Uses in some Inland 
Waterbodies 

 
 
 

 
Waterbody 

 

Segment/ 
Reach Lower Boundary Upper Boundary REC1 REC2 

Agency 
Approval 
Dates1 

Greenville-Banning 
Channel 

Reach 1 
 

Santa Ana River California Street no no  2                       

Santa Ana Delhi 
Channel 

Reach 1 
 

Tidal Prism Sunflower Avenue no no  

Reach 2 
 

Sunflower Avenue Warner Avenue no X  

Temescal Creek 
Reach 2 Lincoln Avenue 91 Freeway no   (I)  

Reach 3 91 Freeway 1400 ft. upstream of 
Magnolia Avenue no no  

Cucamonga Creek Reach 1A Confluence with Mill Creek  750 downstream of Deer 
Creek confluence no no  

 
X  Existing or Potential Beneficial Use  
I   Intermittent Beneficial Use 
1. Approved by Regional Board Resolution …  
2. State Board…….; USEPA …….. 
 
 
 
Add Knickerbocker? Formatted: Font: (Default) Arial
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DECISION ID 16572 Region 8     

Santa Ana River, Reach 2

 
Pollutant: Escherichia coli (E. coli)
Final Listing Decision: List on 303(d) list (TMDL required list)
Last Listing Cycle's Final
Listing Decision:

New Decision

Revision Status Revised
Sources: Urban Runoff/Storm Sewers
Expected TMDL Completion
Date:

2021

Impairment from Pollutant or
Pollution:

Pollutant

 
Conclusion: Regional Board Conclusion:

This pollutant is being considered for placement on the section 303(d) list under section 3.3of the
Listing Policy. Under section 3.3 a single line of evidence is necessary to assess listing status.

One line of evidence is available in the administrative record to assess this pollutant. Thirty of 64
samples exceeded the EPA's single sample value of 236. While the frequency of measurements
above this single sample value would warrant listing pursuant to the Listing Policy (Table 3.2),
listing on the bases of these data is not appropriate at this time, based on the following:

(1). The samples were collected on a monthly basis; insufficient samples were collected to derive
geomeans. EPA has made clear in relevant guidance and regulation on EPA's bacteria criteria
(e.g., Section IV B 3 of 40 CFR Part 131 (Water Quality Standards for Coastal and Great Lakes
Recreation Waters; Final Rule) that the geometric mean is the more relevant value for ensuring
that appropriate actions are taken to protect and improve water quality because it is a more
reliable measure, being subject to less random variation and more directly linked to the underlying
studies on which the 1986 bacteria criteria were based. EPA has consistently stated that the
single sample standard is best used in making beach notifications and closure decisions.

(2). The single sample value of 236 employed for comparative purposes is inappropriate since it
is based on inappropriate assumptions regarding data variability and the intensity of recreational
use at the sites (there are not designated beach areas).

The value of 236 is derived based on the assumptions that (1) the log standard deviation of
measured E. coli concentrations is 0.4 (essentially a default value that is assumed in the absence
of adequate data/analysis), and (2) that the 75th percentile value should be selected to protect
designated beach areas. EPA recommends that this percentile value be used for designated
beach areas where a higher level of confidence is needed to assure that the geomean is being
met. (As described in detail by EPA, single sample maximum values are statistical constructs
designed to provide the assurance that geomean objectives are met. Greater confidence is
needed where recreational use, and the threat of exposure, is highest; where there is limited
recreational use, lower confidence is needed that the geomean is achieved.)

However, the waters at issue here are not designated beach areas and receive little recreational
use. Further, data variability is higher than the default value of 0.4. As a result, the applicable
single sample value for comparative assessment purposes is not 236, but a higher value (which
should be determined through a standards setting process; the Stormwater Quality Standards
Task Force is engaged in this effort right now.Based on the readily available data and information,
the weight of evidence indicates that there is sufficient justification against placing this water
segment-pollutant combination on the section 303(d) list in the Water Quality Limited Segments
category.

This conclusion is based on the staff findings that:
1. The data used satisfies the data quality requirements of section 6.1.4 of the Policy.
2. The data used satisfies the data quantity requirements of section 6.1.5 of the Policy.
3. Thirtyof 64 samples exceeded the Ocean Plan's single sample standard and this standard is
not appropriate on which to base listing decisions. The geometric mean standard is the
appropriate standard on which to base listing decisions. The data available consists of monthly
samples and geometric means can not be calculated.
4 Pursuant to section 3 11 of the Listing Policy no additional data and information are available
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4. Pursuant to section 3.11 of the Listing Policy, no additional data and information are available
indicating that standards are not met.

State Board Review and Conclusion:
As a result of State Board staff review, State Water Board staff does not concur with RWQCB
Decision to not place this water body-pollutant combination on the section 303(d) list of water
quality limited segments. Listing Policy section 6.1 requires all readily available data and
information shall be evaluated. In the absence of geometric mean information single sample data
will be assessed. State Water Board staff used the assessment contained in the associated LOE
developed by Regional Board which is based on, water quality criteria of 235 MPN per 100ml
(REC-1). The Listing Policy shall not be used to revise water quality objectives. Section 1 of the
Listing Policy states that Â“the Policy shall not be used to establish, revise, or refine any water
quality objectives or beneficial uses.Â”

It is State Water Boards position that based on the readily available data and information, the
weight of evidence indicates that there is sufficient justification in support of placing this water
segment-pollutant combination on the section 303(d) list in the Water Quality Limited Segments
category.

This conclusion is based on the staff findings that:
1. The data used satisfies the data quality requirements of section 6.1.4 of the Policy.
2. The data used satisfies the data quantity requirements of section 6.1.5 of the Policy.
3. Thirty-three of 199 samples exceeded the single sample water quality objective for E. coli in
fresh water and this exceeds the allowable frequency listed in Table 3.2 of the Listing Policy.
4. Pursuant to section 3.11 of the Listing Policy, no additional data and information are available
indicating that standards are not met.

 
RWQCB Board Staff
Recommendation:

After review of the available data and information, RWQCB staff concludes that the water
body-pollutant combination should not be placed on the section 303(d) list because applicable
water quality standards are not being exceeded..

 
SWRCB Board Staff
Recommendation:

SWRCB staff does not concur with the RWQCB recommendation. After review of the available
data and information SWRCB staff concludes that the water body-pollutant combination should be
placed on the section 303(d) list because applicable water quality standards are exceeded and a
pollutant contributes to or causes the problem.

 
USEPA Decision:
 
 
Line of Evidence (LOE) for Decision ID 16572, Escherichia coli (E. coli) Region 8     

Santa Ana River, Reach 2

 
LOE ID: 26082
 
Pollutant: Escherichia coli (E. coli)
LOE Subgroup: Pollutant-Water
Matrix: Water
Fraction: None
 
Beneficial Use: Water Contact Recreation
 
Number of Samples: 199
Number of Exceedances: 33
 
Data and Information Type: PATHOGEN MONITORING
Data Used to Assess Water Quality: Of the 199 samples collected, 33 exceeded the recommended criteria. This data was

obtained by the Orange County Coast Keeper through a Clean Water Act Section 319
(h) Grant.

Data Reference: Orange County Coast Keeper Coastal Watersheds Project
 
Water Quality Objective/Criterion: USEPA Recommended Ambient Water Quality Criteria for Bacteria -1986: E. coli: log

mean less than 126 organisms/100 mL based on five or more samples per 30Â–day
period, and single sample shall not exceed 235 organisms/100mL.

Objective/Criterion Reference: Ambient Water Quality Criteria for Bacteria - 1986. EPA440/5-84-002
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  Summary of Issues Raised in Stakeholder's Comment Letter re:  Bacteria  State staff's original rationale (4/19/20): 

"The Santa Ana Water Board made Do Not List recommendations for 12 
water bodies.  Water quality data for bacteria were assessed by the 
Santa Ana Water Board staff using the USEPA freshwater standard of 
235 MPN/100ml.  The LOEs for all water bodies show exceedances of 
the fresh water standard of 235 MPN/100 ml in most of the samples 
used in the LOE.  The Santa Ana Water Board staff rationale for the Do 
No List decision is based on the fact that stakeholders in the Region are 
in the process of developing new criteria for freshwater as there may be 
evidence that these waters are not designated beaches and that the 235 
MPN/100ml single sample maximum should not apply.  Although the 
standards for these water bodies may change in the future, based on 
the data and information State Water Board staff recommend to List 
these 12 water bodies that exceeded the current USEPA fresh water 
standard for bacteria." 

 
State staff's summary of Stakeholder comments: 

"Commenter strongly opposes the listings for the following water bodies 
for bacteria:  Bolsa Chica Channel, Borrego Creek (Irvine to Barranca), 
Buck Gully Creek (Irvine to Barranca), Goldenstar, Peters Canyon 
Channel, Santa Ana Delhi Channel, Santa Ana River Reach 2, Temescal 
Creek Reach 6, Morning Canyon Creek, San Diego Creek Reach 1, San 
Diego Creek Reach 1, San Diego Creek Reach 2, and Serrano Creek 
because of State Water Board staff's use of USEPA's recommended 
criteria for E. coli." 
 

State staff's response to stakeholder comments  (6/20/10): 

"The Santa Ana Water Board made Do Not List recommendations for 12 
water bodies.  Water quality data for bacteria were assessed by the 
Santa Ana Water Board staff using the USEPA freshwater standard of 
235 MPN/100ml.  The LOEs for all water bodies show exceedances of 
the fresh water standard of 235 MPN/100 ml in most of the samples 
used in the LOE.  Although the standards for these water bodies may 
change in the future, based on the data and information State Water 
Board staff recommend to List these 12 water bodies that exceeded the 
current USEPA fresh water standard for bacteria." 

1  EPA has adopted no water quality standard for E. coli bacteria in 
freshwaters except for the Great Lakes. 

2  According to EPA, the Great Lakes Rule establishes no binding precedent 
on other inland freshwaters. 

3  According to EPA, the 1986 bacteria guidance is "not regulatory" until 
formally adopted as a water quality standard by the states. 

4  Santa Ana Basin plan authorizes only the use of fecal coliform, not E. coli, 
as a water quality standard for bacteria in freshwaters. 

5  According to state listing guidance,  applicable water quality standards 
are found only in CA Code of Regulations or Basin Plans. 

6  According to the State's listing guidance, bacteria objectives "should be 
implemented as stated in the Basin Plans." 

7  According to the State's guidance, the listing policy was revised to require 
that water quality objectives be "implemented as adopted." 

8  State staff's reliance on an unadopted E. coli objective is inconsistent with 
their disallowance of an "unapproved translator" when evaluating metals 
data. 

9  According to EPA, E. coli concentrations up to 206 MPN/100mL provide "a 
level of protection that is functionally‐equivalent" to the current fecal 
coliform objective.  Therefore, state staff's decision to impose an 
assumed threshold of 126 MPN/100 ml is more stringent than required by 
CWA and constitutes an unfunded mandate. 

10  According to EPA, States are only required to use the SSM for beach 
notification and closure decisions.  States have discretion whether to use 
SSMs for other CWA purposes.  Therefore, State staff's decision to apply 
the SSM in the 303(d) listing process constitutes an unfunded mandate. 

11  Contrary to EPA guidance, State staff used a generic default value rather 
than actual data to estimate underlying variability when selecting the 
target SSM. 

12  Contrary to EPA guidance, State staff used an inappropriate statistical 
confidence factor to select SSM;  the waterbodies are not "designated 
bathing beaches." 

13  The true SSM ranges between 2,633‐12,033 MPN/100ml not 235 
MPN/100 ml. 

14  According to other State Board staff, SSMs cannot be used in the Santa 
Ana region until formally peer‐reviewed. 
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Key Federal Guidance re:  Bacteria Standards 
 
 
1)  "For purposes of listing waters under §130.10(d)(2), applicable standard means a numeric 

criterion for a priority pollutant promulgated as part of a state water quality standard."1  (italic 
emphasis in original) 

 
 
2)  "For the Santa Ana Region, EPA supports the State's decision to list 12 waterbodies (see below) 

that exceeded applicable water quality standards for E. coli.  We recognize that new standards 
are being developed, however, federal listing regulations require states to determine whether 
the current applicable water quality standards are being implemented.  The Santa Ana Region 
initially made assessments using inappropriate criteria not protective of the REC‐1 use 
designated for these waterbodies.  It is not appropriate to assess against uses or water quality 
standards that have not been approved by EPA."2 

 
 
3)  "The term 'water quality criteria' is used in two sections of the Clean Water Act, section 

304(a)(1) and Section 303(c)(2).  The term has a different program impact in each section.  In 
section 304, the term represents a non‐regulatory, scientific assessment of ecological and public 
health effects.  The criteria presented in this publication [the 1986 Bacteria guidance] are such 
scientific assessments.  Water quality criteria associated with specific ambient water uses when 
adopted as State water quality standards under section 303 become enforceable maximum 
acceptable levels of a pollutant in ambient waters.  The water quality criteria adopted in the 
State water quality standards could have the same numerical limits as the criteria developed 
under section 304.  However, in many situations States may want to adjust water quality criteria 
developed under section 304 to reflect local environmental conditions and human exposure 
patterns before incorporation into water quality standards.  It is not until their adoption as part 
of the State water quality standards that the criteria become regulatory."3 

 
 
4)  "One commenter expressed concern that the rule could establish a binding precedent for EPA's 

review of pathogen criteria for inland waters that do not fall within the definition of a coastal 
recreation water.  As discussed above, section 303(i) of the Clean Water Act does not apply to 
inland waters other than the Great Lakes because such waters are explicitly excluded from the 
definition of "coastal recreation waters" in section 502(21) of the Clean Water Act…EPA's 
decisions in today's rule should not be considered as binding on States and Territories adopting 
bacteria criteria for inland waters other than the Great Lakes."4 

 
   

                                                            
1 USEPA.  40 CFR Part 130.10(d)(4) 
2 USEPA.  Letter from Alexis Strauss to Charles Hoppin dated May 28, 2010 (commenting on California's proposed 
2010 Integrated Report).  Pg. 2 

3 USEAP.  Ambient Water Quality Criteria for Bacteria – 1986.  EPA 440/5‐84‐002  (Jan., 1986)  pg. iii 
4 USEPA.  Water Quality Standards for Coastal and Great Lakes Recreation Waters.  69 FR 220, 67222  (Nov. 16, 
2004) 
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Key State Guidance re:  Bacteria Standards 
 
1)  "3.3  Numerical Water Quality Objectives or Standards for Bacteria Where Recreational Uses 

Apply.  In the absence of a site‐specific exceedance frequency, a water segment shall be placed 
on the section 303(d) list if bacteria water quality standards in California Code of Regulations, 
Basin Plans or statewide plans are exceeded using the binomial distribution as described in 
section 3.2."5 

 
2)  "Water contact‐related water quality objectives should be implemented as stated in the Basin 

Plans."6 
 
3)  "Comment:  The applicable bacteria standards are not specified.  Response:  Applicable bacteria 

standards are contained in the Ocean Plan, California Code of Regulations (adopted pursuant 
AB411), and Basin Plans."7 

 
4)  "Comment:  The provision that encourages application of a reference watershed approach to 

assessment of bacteria standards exceedances is inconsistent with state water quality standards 
except in Region 4, the only Region in which a reference watershed approach to bacteria 
standards implementation has been adopted as a component of its water quality standards.  
Response:  this section of the Policy has been revised to acknowledge this point and to require 
that water quality objectives be implemented as adopted."8 

 
5)  "RWQCBs would assess compliance with each water quality standard using the data and 

information generated by the regulatory activities of the RWQCBs and various local 
agencies…These changes would be compared to applicable water quality standards in regional 
water quality control plans (basin plans) or bacterial standards contained in CCR."9 

 
6)  "The Policy shall not be used to … establish, revise or refine any water quality objective or 

beneficial use or translate narrative water quality objectives for the purpose of regulating point 
sources."10 

 
7)  "It is inappropriate to fail to assess available data with current standards and to delay the 

assessment in order to use water quality standards that are not yet in effect."11 
   

                                                            
5 SWRCB.  Water Quality Control Policy for Developing California's Clean Water Act Section 303(d) List.  Sept, 2004.  
Pg. 4 

6 SWRCB.  Final Functional Equivalent Document – Appendix B:  Response to Comments.  Water Quality Control 
Policy for Developing California's Clean Water Act Section 303(d) List.  Sept, 2004.  Pg. B‐87 

7 SWRCB.  Final Functional Equivalent Document – Appendix B:  Response to Comments.  Water Quality Control 
Policy for Developing California's Clean Water Act Section 303(d) List.  Sept, 2004.  Pg. B‐88 

8 SWRCB.  Final Functional Equivalent Document – Appendix B:  Response to Comments.  Water Quality Control 
Policy for Developing California's Clean Water Act Section 303(d) List.  Sept, 2004.  Pg. B‐87 

9 SWRCB.  Final Functional Equivalent Document – Water Quality Control Policy for Developing California's Clean 
Water Act Section 303(d) List.  Sept, 2004.  Pg. 74. 

10 SWRCB.  Water Quality Control Policy for Developing California's Clean Water Act Section 303(d) List.  Sept, 
2004.  Pg. 1 
11 SWRCB.  2010 Integrated Report – Response to Comments.  June 12, 2010.  Pg. 58 of 77. 
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Key EPA Guidance re:  Single Sample Maximums (SSMs) 

 
 
1)  "The single sample maximum discussion in the 1986 bacteria criteria document refers only to 

beach monitoring, and does not discuss how or whether the single sample maximums should be 
implemented for other Clean Water Act applications, such as establishing Total Maximum Daily 
Loads or National Pollutant Discharge Elimination System permit limitations."12  

 
 
2)  "The single sample maximum values in the 1986 EPA Ambient Water Quality Criteria for Bacteria 

were not developed as acute criteria; rather, they were developed as statistical constructs to 
allow decisionmakers to make informed decisions to open or close beaches based on small data 
sets... Treating the single sample maximum as equivalent to acute criteria (i.e., with a specified 
duration of exposure of just one second) for purposes of complying with Section 303(d) of the 
Clean Water Act would result in a large number of waters being listed as impaired even though 
the waters may not have exceeded the applicable geometric mean criteria."13  

 
 
3)  "In adopting new standards in coastal recreation waters, States may elect to include a minimum 

sample set size as part of its geometric mean criterion.  If it does so, it would need to have 
another component of its criteria that would apply when there are fewer samples than the 
minimum sample set size.  This is because the criteria have to be as protective of human health 
as EPA's 1986 bacteria criteria.  If the geometric mean criterion does not apply for some 
specified condition, such as when there are fewer than five samples, then some other aspect of 
the criterion would need to apply, in this case the single sample maximum."14 

 
Note:  the existing Santa Ana Basin Plan makes allowance for this by imposing two distinct fecal 
coliform objectives:  a geometric mean and a requirement that not more than 10% of the values 
exceed 400.  Thus, there is no need to use SSMs even where there is insufficient data to calculate 
a geometric mean.  There is no instance when one or the other of the two objectives would not 
apply. 

 
 
4)  "EPA expects those states adopting their own water quality standards as protective as EPA's 

1986 bacteria criteria to use the single sample maximums to make short‐term decisions in the 
beach monitoring and notification context.  States adopting their own water quality standards 
have the flexibility to determine how to use the single sample maximum in other Clean Water 
Act programs."15 

   

                                                            
12 USEPA.  Water Quality Standards for Coastal Recreation Waters:  Using Single Sample Maximum 
Values in State Water Quality Standards.  EPA‐823‐F‐06‐013  (Aug., 2006), pg. 1 & 2 

13 Ibid, pg. 3 
14 Ibid, pg. 6 
15 Ibid, pg. 5 & 6 
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Key Federal and State Guidance re:  State Discretion on SSMs 
 
 
1)  "States retain the discretion to determine whether and how to use the SSM in other Clean 

Water Act programs…The SSM may, but need not, also play a role in implementing other Clean 
Water Act programs.  Except in the beach notification and closure context, EPA expects that 
States will determine whether and how to use the SSM criteria in the context of their other 
programs implementing the Clean Water Act."16  

 
 
2)  "EPA intends that States and Territories covered by the BEACH Act rule retain the discretion to 

use SSM values as they deem appropriate in the context of Clean Water Act implementation 
programs other than beach notification and closure, consistent with the Clean Water Act and its 
implementing regulations… Of course, states are always free to establish water quality criteria 
more protective of human health and aquatic ecosystems than those required or recommended 
by EPA."17 

 
 
3)  "A State or Territory could, at its discretion, apply the single sample maximum for designated 

bathing beaches (the lowest single sample maximum) to all its coastal recreation waters 
because this approach would be more protective of human health than the structure for single 
sample maximums in 40 CFR 131.41(b) and (c) … EPA declines to take this approach in today's 
rule.  EPA acknowledges the reasons expressed in the comments.  However, EPA believes this 
would be more restrictive than necessary to ensure that the promulgated water quality criteria 
are as protective of human health as the 1986 bacteria criteria document, which provides single 
sample maximums for four categories of waters."18 

 
 
4)  "When states adopt the 1986 bacteria criteria into water quality standards for their coastal 

recreation waters, states should specify, in the water quality standards, how the single sample 
maximums will be used in particular Clean Water Act applications.  This helps make it clear to 
EPA, state regulators, dischargers and the public how the single sample maximum will be used in 
NPDES permits, assessment, TMDLs, and beach monitoring and notification."19  

 
 
5)  "Staff alone cannot choose a new single sample maximum to use based only on professional 

judgment.  Formal action must be taken and the new standard must be approved by the State 
Water Board and the USEPA before it can be used in water quality assessment."20 

                                                            
16 U.S. EPA.  Water Quality Standards for Coastal Recreation Waters:  Using Single Sample Maximum Values in 
State Water Quality Standards.  EPA‐823‐F‐06‐013.  August, 2006; pg. 1 & 2. 

17 U.S. EPA.  Water Quality Standards for Coastal Recreation Waters:  Using Single Sample Maximum Values in 
State Water Quality Standards.  EPA‐823‐F‐06‐013.  August, 2006; pg. 3 & 4. 

18 USEPA.  Water Quality Standards for Coastal and Great Lakes Recreation Waters.  69 FR 220, 67226  (Nov. 16, 
2004 

19 U.S. EPA.  Water Quality Standards for Coastal Recreation Waters:  Using Single Sample Maximum Values in 
State Water Quality Standards.  EPA‐823‐F‐06‐013.  August, 2006; pg. 6 

20 SWRCB.  2010 Integrated Report – Response to Comments.  June 12, 2010.  Pg. 58 of 77. 



 

 
 
 
 
 

EPA's Recommended Single Sample Maximum Values for E. Coli 

(accounting for data variability and actual use intensity) 
 
 

Log 
Std. Dev. 

Heavily
Used 

Moderate
Use 

Lightly
Used 

Rarely 
Used 

0.1  147  156 169 184 
0.2  172  194 227 269 
0.3  202  240 305 394 
0.4  236  298 409 576 
0.5  276  369 550 842 
0.6  322  458 738 1,231 
0.7  377  568 991 1,800 
0.8  441  705 1,330 2,633 
0.9  516  874 1,786 3,849 
1.0  603  1,084 2,399 5,628 
1.1  705  1,344 3,221 8,229 
1.2  825  1,667 4,325 12,033 
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WATER BODY (PAGE 3-23 OF BASIN PLAN) REC 1 
CLASS A, B, C, OR 

D 

NOTES 

LOWER SANTA ANA RIVER -  
 REACH 1 C Lack of water, access 
 REACH 2 B OR C? Featherly Park access 
 ALISO CREEK (Chino Hills State Park) A Natural condition 
 CARBON CANYON CREEK B OR C? Some development, park 
SANTIAGO CREEK - - 
 REACH 1 C Intermittent, no access, in park 
 REACH 2 (Lake) A  
 REACH 3 A Natural condition 
 REACH 4 A Natural condition 
SILVERADO CREEK A Natural condition 
BLACK STAR A Natural condition 
LADD CREEK A Natural condition 
SAN DIEGO CREEK - - 
 REACH 1 D Impaired listing.  No contact, some 

fishing, park, no one in water 
 REACH 2 D Impaired listing.  
            BONITA CREEK  D Flood control 
            SERRANO CREEK D Impaired listing. 
            PETERS CANYON WASH D No one in water 
            HICKS CANYON WASH D  
            BEE CANYON WASH D  
            RATTLESNAKE CANYON WASH D  
            SAND CANYON WASH D  
            And other tributaries to these creeks. D  
SAN GABRIEL RIVER DRAINAGE - - 
            COYOTE CREEK D Fenced, concrete 
NEWPORT BAY WATERSHED   
Santa Ana-Delhi Channel   

Reach 1 – below Mesa Drive   
Reach 2 – above Mesa Drive to Sunflower 
Ave. 

  

Reach 3 – above Sunflower Ave to Warner 
Ave. 

  

LOWER SANTA ANA RIVER WATERSHED   
Greenville-Banning Channel   

Reach 1 – SAR to California St.   
Reach 2 – California St., to Centennial 
Regional Park 

  

Reach 3 – Centennial Regional Park   
UPPER SANTA ANA RIVER -  
            REACH 3 A High use 
            REACH 4 B Some water, no swimming 
            REACH 5 D No water 
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            REACH 6 A Natural condition 
SAN BERNARDINO MOUNTAIN STREAMS -  
MILL CREEK (Mentone) -  
            REACH 1 A High use 
            REACH 2 A Natural condition 
            MOUNTAIN HOME CREEK A Natural condition 
            MOUNTAIN HOME CREEK, EAST FORK A Natural condition 
            MONKEY FACE CREEK A Natural condition 
            ALGER CREEK A Natural condition 
            FALLS CREEK A Natural condition 
            VIVIAN CREEK A Natural condition 
            HIGH CREEK A Natural condition 
            OTHER: LOST, OAK GREEN, SKINNER, 
MOMYER, GLEN MARTIN, CAMP, 
HATCHERY, RATTLESNAKE, SLIDE, SNOW, 
BRIDAL VAIL, OAK CREEKS AND OTHER 
tributaries to these. 

A Natural condition 

BEAR CREEK A Natural condition 
SIBERIA CREEK A Natural condition 
SLIDE CREEK A Natural condition 
JOHNSON CREEK   
            ALL OTHER TRIBUTARIES TO THESE A Natural condition 
BIG BEAR LAKE - - 
            NORTH CREEK A Natural condition 
            METCALF CREEK A Natural condition 
            GROUT CREEK A Natural condition 
            RATHBUN CREEK A Natural condition 
            MEADOW CREEK A Natural condition 
            SUMMIT CREEK A Natural condition 
            KNICKERBOCKER 1 (natural) A Natural condition 
            KNICKERBOCKER 2 (concrete) D Concrete, vertical walls, cameras 

show no use 
            OTHER TRIBUTARIES: MISSELUSA, 
POLIQUE, RED ANT CREEKS AND 
TRIBUTARIES TO THESE. 

A Natural condition 

BALDWIN LAKE - - 
            SHAY CREEK A Natural condition 
            OTHER: SAWMILL, GREEN, CARIBOU, 
AND ANY OTHER TRIBUTARIES TO THESE 

A Natural condition 

OTHER TRIBUTARIES TO SANTA ANA RIVER 
(MOUNTAIN REACHES) 

A Natural condition 

CAJON CANYON CREEK A Natural condition 
CITY CREEK A Natural condition 
DEVIL CANYON CREEK A Natural condition 
EAST TWIN AND STRAWBERRY CREEKS A Natural condition 
WATERMAN CANYON CREEK A Natural condition 
FISH CREEK A Natural condition 
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FORSEE CREEK A Natural condition 
PLUNGE CREEK A Natural condition 
BARTON CREEK A Natural condition 
BAILEY CANYON CREEK A Natural condition 
KIMBARK CANYON, EAST FORK,  AMES 
CANYON, WEST FORK CABLE CREEK 

A Natural condition 

VALLEY REACHES OF ABOVE STREAMS D  
OTHER TRIBUTARIES (MOUNTAIN 
REACHES): ALDER, BADGER CANYON, 
BLEDSOE GULCH, BOREA CANYON, 
BREAKNECK, CABLE CANYON, CIENEGA 
SECA, COLD, CONVERSE, COON, CRYSTAL, 
DEER, ELDER, FREDALBA, FROG, 
GOVERNMENT, HAMILTON, HEART BAR, 
HEMLOCK, KELLER, KILPECKER, LITTLE 
MILL LITTLE SAND CANYON, LOST, MEYER 
CANYON, MILE, MONORE CANYON, OAK, 
RATTLESNAKE, ROUND CIENEGA, SAND, 
SCHNEIDER, STAIRCASE, WARM SPRINGS 
CANYON, WILD HORSE CANYON AND 
OTHER TRIBUTARIES TO THESE. 

A Natural condition 

   
SAN GABRIEL MOUNTAIN STREAMS -  
            SAN ANTONIO CYN A High use 
           LYTLE CREEK (SOUTH, MIDDLE, 
NORTH FORKS) AND COLDWATER CANYON 
CREEK 

A High use 

           DAY CREEK A Natural condition 
           EAST ETIWANDA CREEK A Natural condition 
           VALLEY REACHES OF ABOVE STREAMS D Concrete, fenced  
CUCAMONGA CREEK -  
           REACH 1 (valley reach) UAA UAA underway 
           REACH 2 (mountain reach) A Natural condition 

MILL CREEK (PRADO AREA) C  
OTHER TRIBUTARIES (MOUNTAIN 
REACHES): SAN SEVAINE, DEER, DUNCAN 
CYN, HENDERSON CYN, BULL, FAN, 
DEMENS, THORPE, ANGALLS, TELEGRAPH 
CYN, STODDARD CYN, ICEHOUSE CYN, 
CASCADE CYN, CEDAR, FAILING ROCK, 
KERKHOFF, AND CHERRY CREEKS AND 
OTHER TRIBUTARIES TO THESE. 

A Natural condition 

VALLEY REACHES OF ABOVE STREAMS D Concrete, fenced 
SAN TIMOTEO CREEK -  
           REACH 1A D  
           REACH 1B C  
           REACH 2 C OR D? Use level? 
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           REACH 3 C OR D? Use level? 
OAK GLEN, POTATO CYN, BIRCH CREEKS         A  
LITTLE SAN GORGONIO CREEK A  
YUCAIPA CREEK A  
OTHER TRIBUTARIES TO THESE CREEKS 
(VALLEY REACHES) 

D  

OTHER TRIBUTARIES TO THESE CREEKS 
(MOUNTAIN REACHES) 

A Natural condition 

ANZA PARK DRAIN (Lake Evans drain) B OR C?   
SUNNYSLOPE CHANNEL (Rubidoux Nature 
Ctr) 

B OR C? Perennial, rising groundwater, 
Sucker habitat 

TEQUESQUITE ARROYO (Sycamore Creek) B OR C?  
PRADO AREA STREAMS -  
           CHINO CREEK -  
                      REACH 1A C  
                      REACH 1B C  
                      REACH 2 D  
           TEMESCAL CREEK -  

UAA UAA                        REACH 1       
REACH 2   

 (proposed Reach 1) 
UAA UAA 

                      REACH 3 (proposed Reach 2) C  
                      REACH 4 (proposed Reach 3) C  
                      REACH 5 (proposed Reach 4) C  
                      REACH 6 (proposed Reach 5) C OR D?  
COLDWATER CANYON CREEK  
(SANTA ANA MOUNTAINS) 

A Natural condition 

BEDFORD CANYON CREEK A Natural condition 
DAWSON CANYON CREEK A Natural condition 
OTHER TRIBUTARIES TO THESE CREEKS A Natural condition 
   
SAN JACINTO RIVER -  
           REACH 1 B Moderate use 
           REACH 2 (Canyon Lake) A High use 
           REACH 3 D  
           REACH 4 D  
           REACH 5 D  
           REACH 6 D  
           REACH 7 D  
BAUTISTA CREEK A Natural condition 
STRAWBERRY CREEK AND SAN JACINTO 
RIVER, NORTH FORK 

A Natural condition 

FULLER MILL CREEK A Natural condition 
STONE CREEK A Natural condition 
SALT CREEK D Intermittent valley stream 
GOODHART CANYON D  
PIXLEY CANYON D  
ST. JOHN’S CANYON D  
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OTHER TRIBUTARIES: LOGAN, BLACK 
MOUNTAIN, JUARO CANYON, INDIAN, 
HERKEY, POPPET, AND POTRERO CREEKS 
AND OTHER TRIBUTARIES TO THESE. 

A Natural condition 

   
LAKES & RESERVOIRS -  
BALDWIN C  
BIG BEAR A  
ERWIN (Sugar Loaf, Hwy 38/State St.) C  
EVANS (Fairmount Park) C  
JENKS (Barton Flats) A Natural  
LEE (Corona Lake) A OR B?  
MATHEWS A  
MOCKINGBIRD RESERVOIR (Gage Canal 
Basin) 

C or D?  

NORCONIAN (US Navy) C  
ANAHEIM C Recharge basin, fishing 
IRVINE (Santiago Reservoir) B OR C? Fishing, park 
PETERS CANYON D Patrolled  
RATTLESNAKE,  
SAND,  
SIPHON 

D 
D 
D 

Patrolled 

CANYON LAKE A  
ELSINORE A  
FULMOR (San Jacinto Mtn.) B  
HEMET A  
PERRIS A  
Glen Helen Regional Park Lake A *need to confirm uses, swimming, 

source?* 
MYSTIC LAKE C  
 -  
WETLANDS -  
San Joaquin Freshwater Marsh D  
Shay Meadows (Big Bear) D  
Stanfield Marsh (Big Bear) D Heavily patrolled 
Prado Basin Management Zone C Many homeless 
San Jacinto Wildlife Area C  
 



SWQSTF SUB‐COMMITTEE  
Autumn, Dave Woelfel, Tim Moore 7‐15‐10 

6 

 

WHAT MAY BE ADDED TO BASIN PLAN AS PART OF TRIENNIAL REVIEW?  

Wintersberg Channel  
Bolsa Chica Channel 
Fullerton Creek 
 Springbrook Wash  
Anaheim Burbur Channel  
Talbert Channel 
Banning Channel  
Santa Ana Gardens Channel 
Paularino Channel 
Agua Chinone  
Berrago Wash 
Box Springs Channel 
Morning Canyon Creek 
Goldenstar Creek 
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Revised Draft Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters 

(for inclusion as a subset section of the Implementation Plan) 
 
 
Bacteria monitoring data are regularly collected from a wide a variety of sources.  The 
Regional Board will continue to rely on authority granted pursuant to CWC §13225c, 
§13242c and §13267 to collect appropriate water quality monitoring data.  NPDES permits, 
waste discharge requirements and waivers will be revised as necessary to asses on‐going 
compliance with the revised pathogen indicator objectives. 
 
The common regulatory purpose is to reduce the incidence of preventable waterborne 
illness.  To that end, Regional Board policy is to support bacteria monitoring requirements 
designed to produce the greatest public health benefit.  This can best be accomplished by 
focusing available resources to monitor those waterbodies where primary contact 
recreation is most likely to occur (see Table XX). 
 
 

Table XX: 
High Priority Monitoring Locations for Pathogen Indicator Bacteria in Freshwaters 
 

LAKES  STREAMS 
Big Bear Lake  Lytle Creek 
Lake Perris  Mill Creek (Redlands Area) 
Lake Elsinore  Chino Creek 
Canyon Lake  Mill Creek (Prado Area) 
Lee Lake  Santa Ana River – Reach 3 & 4 
Lake Hemet  Santa Ana River – Reach 4 
   

 
 
The Regional Board will require entities discharging to freshwaters to submit a 
comprehensive monitoring plan for pathogen indicator bacteria (E. coli) in these high 
priority lakes and streams.  It is reasonable and appropriate that the bacteria monitoring 
plans be coordinated with other water quality monitoring programs to minimize 
redundant efforts.  Therefore, permittees may submit individual bacteria monitoring plans 
or combined plan(s) on behalf of their collective agencies.  The comprehensive monitoring 
plans will be due 90 days after the EPA approves the revised water quality objectives for 
pathogen indicator bacteria in the Santa Ana Basin Plan. 
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All water quality monitoring for pathogen indicator bacteria must be conducted in 
accordance with a Quality Assurance Project Plan (QAPP) that has been approved by the 
Regional Board's Executive Officer.  In addition, related bacteria monitoring data must be 
compatible with the state's Surface Water Ambient Monitoring Program (SWAMP).  At a 
minimum, each high priority waterbody must be sampled for pathogen indicator bacteria 
every seven days (year‐round).  However, waterbodies need not be monitored when water 
temperatures or flow conditions preclude safe access by sampling staff (such as when there 
is ice on the lake or there is a high risk of flash flooding). 
 
The designated sampling locations must be selected so as to characterize bacteria 
concentrations immediately upstream of areas where the greatest level of recreational 
activity normally occurs.  The monitoring plans must identify the latitude and longitude of 
routine sampling location(s), the rationale for selecting that location, other locations 
considered but rejected, and the agency responsible for collecting and analyzing the sample 
from each high priority location.  The monitoring plan(s) must also describe the sampling 
locations and frequency for collecting pathogen indicator bacteria data in lakes and 
streams designated REC‐1 but where recreational activities are far less likely to occur 
(Class B, C or D waterbodies).   
 
Results from the comprehensive bacteria monitoring program must be submitted annually.  
The responsible stakeholders may submit  the data collectively as part of the Annual 
Report of Santa Ana River Water Quality currently prepared by the Santa Ana Watershed 
Project Authority or as part of each individual agency’s annual report to the Regional 
Board.  .  The bacteria monitoring plan(s) must be reviewed and updated periodically.  At a 
minimum, dischargers must submit a revised plan, as an attachment to the Report of Waste 
Discharge, when seeking to renew their NPDES permit. 
 
Where water quality monitoring data indicates persistent non‐compliance with the 
applicable pathogen indicator objective, agencies discharging to that waterbody must 
submit a plan to the Regional Board to identify the pollutant source unless routine 
monitoring data shows that their particular discharge is not causing or contributing to the 
exceedance.  The source evaluation plan must be implemented upon approval by the 
Executive Officer. 
 
The Regional Board acknowledges that the obligation to gather, analyze and report water 
quality data does not, by itself, establish any specific liability for pollutant remediation.  
That responsibility depends on identifying the source(s) of bacterial contamination.  The 
Regional Board strongly supports proactive voluntary efforts organized through local Task 
Forces to accomplish these objectives.  However, where necessary, the Regional Board will 
continue to impose monitoring and remediation requirements through the TMDL process 
in order to protect water quality for recreational uses. 
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Memorandum 
 
To: Santa Ana Stormwater Quality Standards Task Force 
 
From: CDM 
 
Date: August 20, 2010 
 
Subject: Draft – Force of High Velocity Channel Flow on a Person    

This technical memorandum has been prepared to assist the Santa Ana Stormwater Quality 
Standards Task Force with developing recommendations for revisions to the Santa Ana River 
Basin Plan. A better understanding of the force of high velocity flows on a person attempting 
to recreate in a flowing water body may aid in forming recommendations regarding the 
suspension of recreational uses during certain high flow conditions. This memorandum 
describes theoretical forces of water at high velocity conditions and the process used to 
determine the forces. 

Force Analysis 

Factors that influence the force of moving water on an object include flow velocity, the surface 
area of the object, and the density of the water. Factors that influence flow velocity in water 
bodies include hydrologic response within the watershed, the longitudinal slope of the water 
body, and other physical conditions such as channel roughness. To simplify the variability of 
these factors, flow depths of 1 ft, 2 ft, 3 ft, and 4 ft were used for this analysis.    

The force of flowing water on a stationary object is given by the equation:  

2** vSAForce ρ=  

where:    
 SA = surface area being acted upon by the water 
 ρ = density of water 
 v = water velocity 

For this analysis, the density of water is assumed to be a typical 1.94 slugs/ft3 (1 g/mL) or 62.4 
lb/ft3.  
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Persons come in many shapes and sizes. For this analysis, the surface area of the average 
sized adult American male and female body types was used.  Typical heights and weights are 
presented in Table 1.   

Table 1: Heights and Weights of Average Americans over Age 201

 
 

Weight  
(kg) 

Weight  
(lb) 

Height  
(cm) 

Height  
(in) 

Males 88.3 194.7 176.3 69.4 
Females 74.7 164.7 162.2 63.8 

 

Using these average values, the total surface area of a person, or Body Surface Area (BSA), 
was estimated for the average American adult.  BSA is calculated using the following 
equation by DuBois and DuBois2

007184.0*)*( 725.0425.0 HWBSA =

:  

 

where:    
 W = body weight in kilograms 
 H = body height in centimeters 

The BSA for one side of a person (the portion of the total body surface area being acted upon 
by the water) was assumed to be the total BSA divided by 3. A person’s body shape can be 
represented by a rectangle and trapezoid as shown in Figure 1, assuming there is an equal 
amount of BSA on the top half of the human body as the bottom half, with the person’s waist 
line as the dividing point.  

 

 

 

 

                                                           
1 McDowell, Margaret A. Ph.D., M.P.H., R.D.; Cheryl D. Fryar, M.S.P.H.; Cynthia L. Ogden, Ph.D.; and Katherine M. Felgal, Ph.D. 
(2008) Anthropometric Reference Data for Children and Adults 2003-2006. National Health Statistics Reports, U.S. Department of 
Health and Human Services, Centers for Disease Control and Prevention, National Center for Health Statistics. 

2 DuBois D, DuBois EF. A formula to estimate the approximate surface area if height and weight be known. Arch Intern 
Medicine. 1916; 17:863-71.  
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Figure 1: Simplified Human Body Shape 

 

The surface area for the average person was used to estimate the force of water on a person at 
flow depths ranging from 0 to 4 ft with a range of flow velocities up to 8 ft/s.  Forces in units 
of pound-force, or lbf, were plotted versus flow velocity as shown in Figure 2 and 
summarized in Table 2. One pound-force is equivalent to 4.44 Newtons (32.2 pound foot per 
second) described as the mass of a 16-ounce object multiplied by the standard acceleration 
due to gravity (9.81 m/s2). At the Earth’s surface, where the acceleration of gravity is 32.17 
ft/s2, pound-force is the same as pounds-mass. In plain English and in a manner that most 
can relate to, a bathroom scale measures pound-force. 

Figure 2: Estimated Force of Flowing Water on a Person with Increasing Velocity 
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Table 2: Forces at Varying Flow Depths (Velocity = 8 ft/s) 

Flow 
Depth 

(ft) 

Force on a Person 
(lbf) 

1 122 
2 280 
3 474 
4 632 

 

For illustrative purposes, Figure 3 shows forces on a person plotted versus increasing depth-
velocity product (stream depth multiplied by flow velocity). The United States Geological 
Survey (USGS) uses the depth-velocity product value to assess whether flow conditions are 
safe for physical stream entry (such as for wading to obtain samples).  For trained field staff, 
USGS sets this value at a maximum of 10 ft2/s.   

Figure 3: Estimated Force of Flowing Water on a Person with Increasing 
 Depth-Velocity Product 
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Conclusions 

Table 2 contains theoretical forces on a person within varying depths of water moving at 8 
ft/s. Based on this analysis, a person attempting to maintain a stable position in water moving 
at the assumed velocity and a flow depth of 2 feet would have to sustain forces nearing 300 
pound-force. A depth of flow of only 1 foot moving at 8 ft/s could produce forces of over 120 
pound-force on a person.  Figure 2 illustrates that as flow depth increases, so does the force 
on a person.  At deeper flow depths, velocity increases result in forces on a person increasing 
at a faster rate.   

Figure 3 shows that near a depth-velocity product of 10 ft2/s, the value at which trained field 
staff do not consider it safe for physical water entry, forces are in the range of 50 to 100 
pound-force at 2 to 4 ft depths.  Forces begin to exceed these “safe” force values at velocities 
of 3 to 5 ft/s for 2 to 4 ft depths respectively, therefore forces would be expected to far exceed 
safe values at velocities like 8 ft/s. 

Without a frame of reference, the pound-force values provided above are somewhat abstract. 
To relate to 300 pound-force acting upon a person, envision attempting to maintain your 
position while a 300 pound person is falling over upon you. As an additional reference, the 
force of moving water at a velocity of 8 ft/s upon the side of a typical car (2010 Ford Taurus) 
was estimated, as presented in Table 3.  The force of water on a car per varying depths is 
much greater than that on a person given the much greater surface area of the car. To relate 
the respective forces on a person or a car, depths as low as 0.5-feet of flowing water can 
eliminate the stability of a small car, and depths of 1 to 2 feet of flowing water can carry away 
most vehicles including sport utility vehicles (SUV) and trucks (Driving Flood Facts - 
http://www.fema.gov/areyouready/flood.shtm). At the assumed flow rate, the forces on a 
person at similar flow depths could be expected to have similar loss of stability results. 

Table 3: Estimated Forces at Varying Flow Depths 

Flow Depth 
(ft) 

Force on a Person 
(lbf) 

Force on a Car 
(lbf) 

1 122 2,099 
2 280 4,198 
3 474 6,298 

 

http://www.fema.gov/areyouready/flood.shtm�
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PROPOSED BASIN PLAN AMENDMENTS MODIFYING RECREATIONAL WATER 
QUALITY STANDARDS FOR FRESHWATERS IN THE SANTA ANA REGION 
 
1. Delete the current Basin Plan fecal coliform objectives for REC1 and REC2 and 

replace with E. coli objectives, as follows:  
a. For waters designated both REC1 and REC2, replace the fecal coliform 

objectives with a geometric mean objective of less than 126 E. coli organisms 
per 100 mL (expressed as the geometric mean of at least 5 samples over a 
30-day period).   

b. For waters that are designated only REC2 pursuant to an approved Use 
Attainability Analysis, the applicable E. coli objective will be determined, as 
part of that analysis, in conformance with the state antidegradation policy. 
 

2. Establish a narrative pathogen objective requiring that waste discharges not cause or 
contribute to excessive risk of illness from human pathogens. 
 

3. Add expected maximum single sample E. coli values for REC1 waters sub-divided 
into Tier “A”,”B”, “C” or “D”, according to known or anticipated frequency of REC1 
use.  Add definitions for each tier. These values are to be used as an alternative 
method for assessing probable compliance with the geometric mean E. coli objective 
when insufficient data are available to calculate the geometric mean.  The principal 
intended use of these single sample values is for beach notification and posting 
purposes, and as a trigger for further investigation of sources contributing to high 
bacteria indicator densities. 

 
4. Establish criteria for the temporary suspension of recreation bacteria objectives and 

beneficial uses for inland surface streams. 
 
5. Rename the REC1 use from “Water Contact Recreation” to “Primary Contact 

Recreation”.  Clarify the current Basin Plan definition of the REC1 use. 
 
6. Re-designate specific waters (portions of the Santa Ana-Delhi Channel, Greenville-

Banning Channel, Temescal Creek and Cucamonga Creek) to remove the REC1 or 
REC1 and REC2 uses, based on Use Attainability Analyses.  Any such re-
designated waters would be reviewed at least once every three years, pursuant to 
federal requirements for the triennial review of water quality standards, to determine 
whether conditions had changed such that the designation of REC1 or REC2 was 
warranted. 

 
7. Delete the bacterial quality objective for MUN waters, which was made obsolete by 

USEPA’s surface water treatment rules (Final Long Term 2 Enhanced Surface Water 
Treatment Rule (71 FR 3, 653-702  January 5, 2006 (with subsequent corrections)); .  
Final Long Term 1 Enhanced Surface Water Treatment Rule (67 FR 1812, January 
14, 2002) 

 
8. Add specific waters and beneficial use designations, and revise reach descriptions 

for certain waters.  Waters not currently listed in the Basin Plan are proposed to be 
added, and appropriate beneficial uses designated.   Where appropriate, the 
rationale for exception of the water body from the MUN use, per the exception 
criteria specified in the State Water Board’s Sources of Drinking Water Policy, is 
provided.  Delete two reservoirs (Laguna and Lambert) that no longer exist. 
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Bacteria Objectives to Protect Municipal and Domestic Supply (MUN) Uses 
 
 
1)  Definition of MUN 
 

"Municipal and Domestic Supply (MUN) waters are used for community, military, 
municipal or individual water supply systems. These uses may include, but are not 
limited to, drinking water supply." 

 
Water Quality Control Plan – Santa Ana River Basin (8).  January 24, 1995 
(updated February, 2008)  pg. 3‐2 

 
 
2)  Bacteria Objectives for Inland Surface Waters 
 

"Bacteria, Coliform:  Fecal bacteria are part of the intestinal flora of warm‐blooded 
animals. Their presence in surface waters is an indicator of pollution. Total coliform is 
measured in terms of the number of coliform organisms per unit volume. Total coliform 
numbers can include non‐fecal bacteria, so additional testing is often done to confirm 
the presence and numbers of fecal coliform bacteria. Water quality objectives for 
numbers of total and fecal coliform vary with the uses of the water, as shown below. 
 
Lakes and Streams 
 
MUN Total coliform: less than 100 organisms/100 mL 
 
REC‐1 Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30 day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30‐day period 
 
REC‐2 Fecal coliform: average less than 2000 organisms/100 mL and not more than 10% 
of samples exceed 4000 organisms/100 mL for any 30‐day period" 

 
 

Water Quality Control Plan – Santa Ana River Basin (8).  January 24, 1995 
(updated February, 2008)  pg. 4‐9 
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2)  Sources of Drinking Water Policy  (SWRCB Res. No. 88‐63) 
 

"All surface and ground waters of the State are considered to be suitable, or potentially 
suitable, for municipal or domestic water supply and should be so designated by the 
Regional Boards with the exception of: 
 

1. Surface and ground waters where: 
 

a. The total dissolved solids (TDS) exceed 3,000 mg/L (5,000 uS/cm, 
electrical conductivity ) and it is not reasonably expected by Regional 
Boards to supply a public water system, or 
 
b. There is contamination, either by natural processes or by human 
activity (unrelated to specific pollution incident), that cannot reasonably 
be treated for domestic use using either Best Management Practices or 
best economically achievable treatment practices, or 
 
c. The water source does not provide sufficient water to supply a single 
well capable producing an average, sustained yield of 200 gallons per 
day. 
 

2. Surface Waters Where: 
 

a. The water is in systems designed or modified to collect or treat 
municipal or industrial wastewaters, process waters, mining 
wastewaters, or storm water runoff, provided that the discharge from 
such systems is monitored to assure compliance with all relevant water 
quality objectives as required by the Regional Boards; or, 
 
b. The water is in systems designed or modified for the primary purpose 
of conveying or holding agricultural drainage waters, provided that the 
discharge from such systems is monitored to assure compliance with all 
relevant water quality objectives as required by Regional Boards." 
 
 
 

Note:  statewide policy establishes a rebuttable presumption that all freshwater lakes and 
streams have the potential to serve as municipal or domestic supplies.  Therefore, water quality 
objectives explicitly established to protect MUN uses will be presumed to apply directly or, 
indirectly, via the tributary rule. 
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3)  Major Inland Surface Waters Designated as Exempt from MUN 
 

SAR‐Reaches 1, 2, 3, 4 & Reach 5 downstream of Orange Ave. only 
San Diego Creek ‐ Reaches 1, 2 and all tributaries to the San Diego Creek drainage 
Cucamonga Creek ‐ Reach 1 
Mill Creek (Prado Area) 
San Timoteo Creek – Reaches 1A, 1B, 2, & 3 
Tequesquite Arroyo (Sycamore Creek) 
Chino Creek – Reaches 1A, 1B, & 2 
Temescal Creek – Reaches 1, 2, 3, 4, 5 & 6 
Bedford Canyon Creek 
San Jacinto River – Reaches 3, 4 & 5 
Salt Creek 
Baldwin Lake 
Lake Evans 
Lee Lake 
Mockingbird Reservoir 
Lake Norconian 
Anaheim Lake 
Laguna, Lambert, Peters Canyon, Rattlesnake, Sand Canyon, and Siphon Reservoirs 
Lake Elsinore 
San Joaquin Freshwater Marsh 
Prado Basin Management Zone 
San Jacinto Wildlife Preserve 

 
 
4)  Significant Valley Creeks NOT Exempt from MUN Use Designation 
 

Aliso Creek 
Carbon Canyon Creek 
Santiago Creek – Reaches 1 & 4 
Silverado Creek 
Coyote Creek 

SAR – Reaches 5 & 6 above Orange Ave. 
Anza Park Drain 
Sunnyslope Channel 
Coldwater Canyon Creek 
San Jacinto River – Reach 7 
 

 
Note:  nearly all mountain segments are designated MUN.  Many valley segments of 
named mountain streams are designated "Intermittent" MUN with no other exemption 
applied.  Key examples include San Antonio Creek, Lytle Creek, Day Creek, and East 
Etiwanda Creek.  Most major lakes are also designated MUN (e.g.:  Big Bear, Irwin, 
Jenks, Mathews, Irvine Lake/Santiago Reservoir, Canyon Lake, Fulmer, Hemet, Perris). 

 
Water Quality Control Plan – Santa Ana River Basin (8).  January 24, 1995 
(updated February, 2008)  See Table 3‐1 on pgs. 3‐23 thru 3‐38. 



Uncontrollable bacteria sources refer to contributions of bacteria within the watershed 
from nonpoint sources that are not readily managed through technological or natural 
mechanisms and that may result in exceedances of water quality objectives for indicator 
bacteria. Uncontrollable sources can occur from both natural and anthropogenic 
sources, and include runoff from the roadways, residential, industrial and agricultural 
land use, and wildlife activity. Specific uncontrollable indicator bacteria sources within 
the Santa Ana Watershed may include: 

 Wildlife activity and waste 
 Bacterial regrowth within sediment 
 Resuspension from disturbed sediment 
 Marine vegetation (wrack) along high tide line 
 Concentration (flocks) of semi-wild water fowl  
 Shedding during swimming  

 
Controllable bacteria sources refer to any indicator bacteria source for which reasonable 
actions can be taken, to the maximum extent practicable, through best management 
practices or other mechanisms to reduce or eliminate the contribution of those sources 
within the watershed. These sources are predominately anthropogenic in nature and 
can be reduced in varying degrees. Specific anthropogenic controllable indicator 
bacteria sources within the Santa Ana Watershed may include: 
 

 Improper use of fertilizers on residential and commercial properties and 
agricultural lands 

 Improper handling of pet waste  
 Cross-connections between the sanitary and storm sewer systems 
 Leaky sanitary sewer conveyances 
 Discharges from POTWs 
 Improper handling and disposal of food waste  
 Improper management of CAFO waste and washwater  
 Runoff from yards containing fertilizers, pet waste, and lawn trimmings  
 Homeless encampments  

In circumstances where controllable sources are identified or located, it is expected that 
reasonable actions will be taken to eliminate or mitigate these sources.  In addition, 
certain techniques are available to ID human sources, when practical those techniques 
should be used in areas where persistent exceedances of bacteria occur. These source 
definitions and categories may be further refined as more science becomes available. 
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Revised Conceptual Implementation Plan 
 
Task 

# 
Description of Actions Required to Achieve Water Quality Objectives 

(Section 13242a) 
Responsible  

Agency 
Schedule 

(Section 13242b) 
1 Establish comprehensive water quality monitoring program to assess attainment 

of bacteria objectives (Section 13242c) Dischargers 2010-11 

2 Identify all fresh waterbodies where REC1 is an existing use Regional Board 2010 
3 Develop and implement control strategy designed to achieve bacteria objectives 

in waterbodies where REC1 is a confirmed existing use (*see list below) Dischargers 2011? 

4 Perform UAA to reclassify some flood control channels (primarily vertically-
walled, concrete-lined with restricted access) as No-REC Dischargers 2011-12 

5 Perform UAA to reclassify some stream segments as REC2-Only (primarily 
concrete-lined, trapezoidal channels with very low dry-weather flows) Dischargers 2013-14 

6 Establish alternative numeric objectives for pathogen indicator bacteria to 
prevent water quality degradation in stream segments designated REC2-Only Regional Board 2014-15 

7 Consider amending Basin Plan to reclassify designated recreational uses where 
UAA results indicate such revisions are justified Regional Board 2011-2015 

8 Re-evaluate 303(d) listing status for  bacteria in Canyon Lake Regional Board 2010 
9 Re-evaluate 303(d) listing status for bacteria in Prado Park Lakes Regional Board 2012 
10 Re-evaluate 303(d) listing status for bacteria in Knickerbocker Creek Regional Board 2012 
11 Consider revising acceptable risk level and related water quality objectives for 

pathogen indicator bacteria in some REC1 waterbodies if control strategy (Task 
#3) has been implemented and stakeholders demonstrate that it is technically 
and/or economically impracticable to meet current standards 

 
Regional Board 

 
2016+ 

 
*Priority Fresh Waters with Confirmed Existing REC1 Uses 

 
1) Big Bear Lake 
2) Lake Elsinore 
3) Lake Perris 
4) Canyon Lake 
5) Santa Ana River – Reach 3 
6) Mill Creek (Redlands Area) 
7) Lytle Creek (mountain reach) 

 
 
Note:  this is a preliminary list.  Other waterbodies may also 
qualify for inclusion on the list but have not yet been discussed in 
any detail.  The purpose of establishing this list is to identify 
those waterbodies where stakeholders believe the existing use 
designations are appropriate and are, therefore, committed to 
implement additional Best Management Practices (BMPs) to 
reduce controllable bacteria loads to the maximum extent 
practicable.  Available resources will be reallocated to encourage 
more rapid implementation in priority REC1 waters. 



 
 
 
CWC Section 13241:  Factors to be considered by a regional board in establishing water 
quality objectives shall include, but not necessarily be limited to, all of the following: 
 
a) Past, present, and probable future beneficial uses of water. 
 
 1. Present Uses & Past Uses  (since Nov. 28, 1975) 
  * Historical Archives & Nexus Search 
  * Agency Inquiry  (Flood Control & Parks Dept.) 
  * Surveillance Cameras & Other Field Surveys 
  * Public Solicitation 
 
 2. Probable Future Uses 
  * Zoning Maps 
  * Planning Agencies & Master Planning Documents 
  * CEQA Database 
  * City, County, State Budget Authorizations 
 
 
b) Environmental characteristics of the hydrographic unit under consideration, 

including quality of water available thereto. 
 
 1. Seasonal Baseflows 
 2. Steam and Channel Characteristics 
 3. Application of High Flow Suspension Criteria 
 
 
c) Water quality conditions that could reasonably be achieved through coordinated 

control of all factors which affect water quality in the area. 
 
 1. Water Quality Conditions 
  * Data Characterization 
  * Compliance Analysis 
 
 2. Coordinated Control 
  * Controllable Sources 
  * Naturally-occurring and Other Uncontrollable Sources 
  * Alternative Control Methods 
   - Source Control & Pollution Prevention BMPs 
   - Flow Control (incl. diversion and infiltration) 
   - Treatment Technologies 
 



Regular Compliance Monitoring – MS4 Permittees

Semi-Annual Data Review – MS4 Permittees

Annual Water Quality Monitoring Report – MS4 Permittees

Bi-Annual 303(d) Assessment – Regional Board, State Board, & EPA

Triennial TMDL Review – Regional Board

5-year Watershed Reassessment Study – MS4 Permittees

Risk-Based Waterbody Prioritization – MS4 Permittees & Regional Board

Focused Source Evaluation Investigations – MS4 Permittees

Compliance Alternatives Analysis – MS4 Permittees

* Source Control *  Natural Treatment *  Intercept/Divert
* Retention/Detention *  Mechanical Filtration *  Reclassification
* Infiltration *  Disinfection *  Site-specific WQO

BMP Implementation – MS4 Permittees

BMP Effectiveness Assessments – MS4 Permittees

BMP Implementation Plan – MS4 Permittees & Regional Board

Conceptual Approach for Developing and Implementing
the Comprehensive Bacteria Reduction Plan  (CBRP)
Using an Iterative and Adaptive Management Strategy
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Key Provisions to Include in the Program of Implementation for the Bacteria Amendment 
 
 
1)  Conclusions and recommendations from the 13241 analysis are premised on the 

representations made in the proposed Program of Implementation.  Any significant 
deviation from that Implementation Program may require a new 13241 analysis or CEQA 
review to be performed. 

 
2)  Revisions to the REC‐1 definition are not intended to either broaden or reduce the scope 

of the previous definition.  Rather, the sole purpose is to use more precise terms in 
order to more accurately convey the original meaning and to ensure that the new E. coli 
objective is applied in a manner that is consistent with the specific exposure 
assumptions described in the federal bacteria criteria and EPA's related guidance 
documents. 

 
3)  Because all waters are initially presumed to be capable of supporting a REC‐1 use, it will 

be necessary to conduct UAA's and update Table 3 in the Basin Plan where substantial 
evidence indicates this presumption is not true.  The Regional Board intends to apply 
the new E. coli only to waters where REC‐1 is an existing or probable future beneficial 
use.  Given the cost and complexity of performing a UAA and amending the Basin Plan, 
the Regional Board expects that 5‐10 years will be required to reassess the numerous 
engineered flood control channels that may qualify for redesignation.  The responsibility 
for preparing UAAs rests primarily on the local stakeholders.  Petitions for 
reclassification, where supported by a UAA, will be given a high priority during the 
regular triennial review process. 

 
4)  There are also numerous lakes and streams in the Santa Ana region where Primary 

Contact Recreation is known to occur and these waterbodies will be designated REC‐1 
and the new E. coli objective will be applied without delay.  In addition, where intensive 
use is occurring, the Regional Board will impose monitoring requirements designed to 
provide the data needed to assess compliance with the new E. coli objective. 

 
5)  Because there are so many different organisms (viruses, bacteria, protozoa) that may be 

pathogenic to humans, and it is technically impossible to establish a numeric water 
quality objective for each one, it is appropriate to adopt a narrative objective and adopt 
a surrogate indicator (such as E. coli) to implement that objective. 
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6)  A narrative objective will be employed to protect Secondary Contact Recreation (REC‐2) 

uses until such time as U.S. EPA or the SWRCB recommends an appropriate numeric 
pathogen criteria pursuant to Section 304(a) of the Clean Water Act. 

 
7)  Consistent with Section 13241 of the CWC, the dischargers will be expected to comply 

the narrative objective by implementing programs to ensure that controllable sources 
meet the recommended E. coli objective.  In general, the Regional Board considers all of 
the following to be controllable sources  (ADD SUBCOMMITTEE's LIST). 

 
8)  The narrative objective will be implemented by adding an appropriate receiving water 

limitation prohibiting the discharge of pathogenic substances in pathogenic 
concentrations to all NPDES permits, Waste Discharge Requirements and Conditional 
Waivers. 

 
9)  The narrative objective will be implemented by adding a numeric effluent limitation for 

E. coli to all NPDES permits, Waste Discharge Requirements. 
 
10)  The Regional Board will continue to require POTWs to comply with Title‐22 prior to 

discharge.  Regardless of the adoption of new E. coli objectives, POTWs must continue 
to meet current numeric effluent limitations for bacteria to demonstrate adequate 
coagulation, floculation, filtration and disinfection of municipal effluent. 

 
11)  The Regional Board does not consider natural background sources of bacteria to be 

reasonably controllable.  In general, uncontrollable sources include  (ADD 
SUBCOMMITTEE's LIST). 

 
12)  The Regional Board elected to establish the E. coli objective and the lower (more 

conservative) end of the range recommended by U.S. EPA in order to provide an explicit 
safety factor.  As such, there is no need to apply additional "safety factors" when 
developing waste load allocations or load allocations to implement a TMDL. 

 
13)  Since the primary purpose of the new E. coli objective is to protect human health, the 

Regional Board strongly endorses a risk‐based implementation strategy which targets 
available resources to water quality monitoring programs and water quality protection 
projects in proportion to the intensity of use that is expected to occur in various 
waterbodies.  This approach is not intended to waive compliance for any waterbody but, 
rather, to ensure that the implementation efforts are prioritized to provide the greatest 
level of protection to the largest number of people in the shortest amount of time. 

 
14)  The Regional Board acknowledges the need for active flood control efforts to protect 

public safety and does not intend to implement the new E. coli objective in a manner 
that would severely compromise the such programs. 
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15)  Consistent with Section 13241 of the CWC, the Regional Board has considered the 

hydrographic characteristics of the watershed and concluded that water recreation 
cannot safely occur under certain extreme flow conditions and that the REC‐1/REC‐2 
standards (uses & objectives) will be temporarily suspended at such times. 

 
16)  Implementation programs should place the highest priority on preventing or reducing 

bacterial pollution from sources known or suspected of conveying organisms most likely 
to be pathogenic to humans (septic systems, sewer spills, untreated waste, etc.). 

 
17)  The Regional Board believes that the reasonably foreseeable means of compliance may 

include any of the following:  public education, landscape irrigation restrictions, on‐site 
retention, reducing flows from non‐storm discharges, increasing vigilance through 
enhanced inspection and enforcement programs, diversion of non‐storm flows to off‐
channel percolation basins or to municipal sewer systems, in situ or regional treatment 
alternatives. 

 
18)  The existing effluent limitations in current CAFO permits is expected to achieve 

compliance with the new E. coli objective by prohibiting all discharges less than the 25‐
year, 24‐hour storm event.  Runoff in excess of that threshold are not considered 
reasonably controllable by the Regional Board. 

 
19)  The Regional Board recognizes that some implementation strategies designed to 

achieve compliance with the new E. coli objective by reducing or eliminating non‐storm 
runoff may adversely affect other beneficial uses assigned to some waterbodies.  In such 
circumstances, the Regional Board will modify the implementation requirements as 
necessary to balance the competing uses as required by Section 13000 of the CWC. 

 
20)  With limited and well‐defined exceptions, non‐storm discharges from urban areas 

during dry weather conditions are expressly prohibited in the area‐wide MS4 permits 
and must be prevented irrespective of whether the discharge meets the new E. coli 
objective. 

 
21)  Similar to restrictions presently found in California's existing Ocean Plan, freshwater 

lakes and streams will not be added to the state's 303(d) list of impaired waterbodies 
solely on the basis of exceedances of the Single Sample Maximum values shown in Table 
X. 

 
22)  Where insufficient scientific information exists to establish an appropriate numeric 

bacterial objective to protect waterbodies designated REC‐2 but not REC‐2, E. coli or 
fecal coliform data will be used to implement state and federal antidegradation policies. 
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23)  The current Total Coliform objective specified to protect surface waters designated 

MUN will be deleted from the Basin Plan.  The federal Enhanced Surface Water 
Disinfection Rule, the state's Title‐22 requirements, and the new E. coli objective 
combine to make the total coliform objective obsolete and unnecessary.  Note, that 7 of 
the 9 Regional Boards do not even have bacterial objectives for MUN in their Basin 
Plans. 

 
24)  The Regional Board acknowledges that, short of intercepting and diverting all non‐storm 

urban runoff to local sewers, there is no BMP technology that can assure consistent 
compliance with the new E. coli objective.  Therefore, the Board supports a long‐term 
strategy of adaptive management to reduce pathogen levels from controllable sources 
to the maximum extent practicable using best available technology.  It is expected that 
new and more effective technologies will be adopted as they become available until the 
water quality standard is ultimately achieved. 

 
25)  Notwithstanding the need to gather data to demonstrate compliance, nothing in the 

proposed program of implementation or related monitoring requirements compels any 
person to risk life or limb in order to collect samples during unsafe flow conditions.  
Failure to collect mandatory samples, when such conditions are present, will not be 
deemed a violation provided that a reasonable effort is made to obtain a substitute 
sample as soon as the dangerous condition abates. 

 
26)  The Regional Board reserves the right to express TMDL targets, waste load allocations, 

load allocations, and effluent limitations for the new E. coli objectives using averaging 
periods other than those expressed in the objective where doing so would provide 
functionally‐equivalent protection to the designated beneficial use.  This may include 
weekly, monthly, quarterly, seasonal or annual averages where appropriate to 
accurately reflect the true nature of recreational activities occurring in a given 
waterbody. 

 
27)  Single Sample Maximum values will not be used to assess compliance with the E. coli 

objective where sufficient data is available to determine compliance with the relevant 
geometric mean. 

 
28)  Where, based on a UAA, the Regional Board has determined that a REC‐1 use is not 

attainable, and the waterbody has been redesignated accordingly, that finding shall be 
reassessed and revalidated as part of the regular triennial review process.  It is not 
necessary to redo the UAA; it is sufficient to demonstrate that there has been no 
significant change in the factor or factors on which the Regional Board originally relied 
to justify reclassifying the waterbody as something other than REC‐1. 

 



Summary of Photographic Survey Results 

Camera Location(s)  Channel Type  Total #
Images 

Immersive
Contact1 

Incidental
Contact2 

Non‐
Contact3 

Greenville‐Banning Channel @ Adams Ave. Vertical, Concrete  2,977 0 (0.00%) 0 (0.00%) 0 (0.00%) 
Santa Ana Delhi @ Mesa Ave.  Vertical, Concrete  21,284 0 (0.00%) 0 (0.00%) 0 (0.00%) 
Cucamonga Creek @ IEUA‐RP1 WWTP Vertical, Concrete  27,122 0 (0.00%) 0 (0.00%) 0 (0.00%) 
Anza Channel @ Bryant Park  Vertical, Concrete  20,386 0 (0.00%) 2 (0.01%) 0 (0.00%) 
Demens Channel @ Banyan St.  Vertical, Concrete  21,382 0 (0.00%) 0 (0.00%) 0 (0.00%) 
Cucamonga Creek @ N. of Hellman Ave. Trapezoidal, Concrete  2,546 0 (0.00%) 0 (0.00%) 1 (0.04%) 
Perris Valley Channel @ Moreno Valley WRF Trapezoidal, Concrete  21,962 0 (0.00%) 0 (0.00%) 68 (0.31%) 
Temescal Creek @ Main St. & Corona WWTP #2 Trapezoidal, Concrete  11,120 0 (0.00%) 2 (0.02%) 31 (0.28%) 
Santa Ana Delhi @ Sunflower Ave. Trapezoidal, Rip‐Rap  20,978 0 (0.00%) 1 (0.01%) 6 (0.03%) 
Santa Ana River @ Anaheim Park  Trapezoidal, Rip‐Rap  25,904 0 (0.00%) 0 (0.00%) 57 (0.22%) 
Chino Creek @ Central Ave.  Trapezoidal, Rip‐Rap  23,913 0 (0.00%) 10 (0.04%) 20 (0.08%) 
Cucamonga Creek @ S. of Hellman Ave. Natural, Rip‐Rap  17,678 0 (0.00%) 10 (0.06%) 27 (0.15%) 
San Diego Creek @ Irvine Ave.  Natural  24,801 0 (0.00%) 4 (0.02%) 127 (0.50%) 
Santa Ana Delhi @ Newport Bay  Natural  20,203 0 (0.00%) 2 (0.01%) 36 (0.18%) 
Santa Ana River @ Yorba Linda  Natural  12,645 0 (0.00%) 0 (0.00%) 0 (0.00%) 

TOTAL  274,901 0 (0.00%) 31 (0.01%) 373 (0.14%) 
 

                                                       
1 Immersive Contact = # of photographs showing evidence of primary contact recreation activities (e.g. swimming, wading above the knee) and % of total at this location. 
2 Incidental Contact = # of photographs showing evidence of secondary contact activities (wetted hands or feet only) and % total at this location. 
3 Non‐Contact = # of photographs showing evidence of people in or near the channel but not touching the water in any way and % total at this location. 



Relevant Provisions of EPA's New Bacteria Criteria  (EPA-820-F-12-058) 
 
1) Recommended Geometric Mean for E. coli remains 126 cfu/100 mL in any 30-day period.  For data reported 

below the MDL, the Geomean should be calculated after substituting the MDL value for the non-detect cases. 
 
2) The criteria no longer specifies a minimum number of data points needed in the 30-day period.  Instead, EPA 

"recommends that states consider the number of samples evaluated in order to minimize the possibility of 
incorrect use attainment decisions." 

 
3) Recommended criteria now include dual provisions specifying the frequency, duration and magnitude of 

exceedance.  In addition to the geometric mean, the waterbody must also comply with the Statistical Threshold 
Value (STV).  The STV is calculated using the 90% confidence level for E. coli in freshwaters.  Consequently, no 
more than 10% of the sampling data can exceed 410 cfu/100 mL in any 30-day period.  For practical purposes, 
this becomes a "not-to-exceed" value unless you analyze at least 10 samples per month at each site. 

 
4) EPA recommended an "optional and precautionary" Beach Action Value (BAV) that States may elect to use in 

their monitoring and notification programs.  The BAV for E. coli is 235 cfu/100 mL in any single sample. 
 
5) The new criteria does not include the actual equation used to calculate the STV (formerly SSM).  So, it appears 

the option to adjust the STV based on site-specific variability in the monitoring data is no longer available. 
 
6) The new criteria does not include any provision to adjust the STV based on recreational us intensity.  EPA no 

longer recommends the use of Tiered SSMs but stops short of actually prohibiting the previous approach. 
 
7) The new criteria are based on a new measure of gastrointestinal illness;  a corroborating fever is no longer a 

required element as it was in the 1986 criteria.  The range of acceptable risk, using the new metric, is 32 - 36 per 
1,000 swimmers.  This range is functionally-equivalent to a range of 7.1 - 8.0 illness per 1,000 swimmers using 
the old metric.  EPA no longer supports the position that a geomean of 206 cfu/100 mL (10 illness per 1,000) will 
protect primary contact recreation.  The background illness rate, using the new metric, is 63 illnesses per 1,000 
non-swimming recreators (vs. a background rate of 14 illnesses per 1,000 non-swimmers using the old metric).  

 
8) States are expected to make their own "risk management decision" regarding which illness rate (32 per 1,000 or 

36 per 1,000) is deemed to be acceptable;  however, EPA does recommend that any such determination be 
made on a "statewide basis."   

 
9) The 2012 document includes an explicit finding that meeting the recommended criteria "will prevent most types 

of recreational waterborne illness" (e.g. upper respiratory illness, rash, eye ailments, earache and infected cuts). 
 
10) The recommended freshwater and marine criteria are no longer based on different levels of acceptable risk. 
 
11) Culturable E. coli was not included in any of the NEEAR epidemiological studies used to derive the new criteria.  

However, EPA cites several other scientific studies to demonstrate that E. coli remains a "useful indicator" of 
contamination in fresh waters.  All of the new freshwater calculations were done using Enterococci. 

 
12) EPA states that the new criteria are intended to protect Primary Contact Recreation;  this is defined as: 
 

"Primary contact recreation typically includes activities where immersion and ingestion are likely 
and there is a high degree of bodily contact with the water, such as swimming, bathing, surfing, 
water skiing, tubing, skin diving, water play by children, or similar water-contact activities." 

 
13) The new document does not discuss the concept of Secondary Contact Recreation and offers no 

recommendations regarding bacteria criteria for REC2-type activities. 



 

 

 

1.04 Comments 

 



California Regional Water Quality Control Board 
Santa Ana Region 

Winston H. Hickox 
Secretary for 

Environmental 
Protection 

Internet Address: http://www.swrcb.ca.gov/rwqcb8 
3737 Main Street, Suite 500, Riverside, California 92501-3348 

Phone (909) 782-4 I 30 - FAX (909) 78 I -6288 

The energy challenge facing California is real. Ever)' Californian needs to take immediate action to reduce energy consumption. 
For a list of simple ways you can reduce demand and cut your energy costs, see our website at ·www.swrcb.ca.gov/rwqcb8. 

Apri125, 2003 

To: Stormwater Quality Standards Task Force Agencies 

Gray Davis 
Governor 

In 2002, the Santa Ana Regional Water Quality Control Board (Regional Board) was 
approached by a coalition of agencies, including the County of Orange, San Bernardino County 
Flood Control District and the Riverside County Flood Control and Water Conservation District, 
to support the Regional Board's Basin Plan Triennial Review process. Specifically, the 
agencies expressed the desire to support efforts to evaluate Basin Plan water quality objectives 
and beneficial uses, particularly as they relate to stormwater. In response to the Regional 
Board's Triennial Review priorities, the coalition indicated that they would focus initial study 
efforts on evaluating established REC-1 water quality objectives and beneficial uses. These 
efforts may result in recommendations for changes to these water quality standards. 

We are aware that the coalition of local agencies, along with the Santa Ana Watershed Project 
Authority (SAWPA), are in the process of forming a Task Force whose purpose will be to assist 
the Regional Board with the Triennial Review. The Task Force agencies have requested that 
the Regional Board take an active role in the Task Force meetings, and have appointed the 
Regional Board as an advisory member. Given the commitment of agency resources that this 
work will require, the Task Force understandably seeks a commitment that the Regional Board 
will remain an active participant and will pursue the recommendations of the Task Force to 
make appropriate changes to the Basin Plan. 

Board staff have been active participants in coalition and Task Force meetings to date. Based 
on these meetings, it is evident that the Task Force agencies are committed to a process that 
will be governed by a number of fundamental and, we believe essential principles. The studies 
conducted by the Task Force will be objective, based on sound science and existing law and 
regulation, and be subjected to third party peer review. It is recognized that the protection of 
downstream waters and the most sensitive uses must be assured in any Task Force 
recommendations. The Task Force clearly recognizes the need for open public and agency 
participation, as reflected in extensive outreach efforts to stakeholders, including environmental 
groups and other agencies such as the Department of Health Services, the State Board and the 
U.S. Environmental Protection Agency. Finally, the Task Force agencies recognize that there 
can be no guarantee of outcome; the study efforts are not intended to assure regulatory relief 
but rather to make appropriate Basin Plan recommendations, which may or may not provide 
such relief. 

Given this, the Regional Board is fully supportive of the Task Force agencies' efforts and will 
provide representation and review services to study efforts that support the Triennial Review, to 
the extent that our resources allow. It should be emphasized that the Regional Board has 
committed approximately 1.0 Personnel Years (PYs) (of a total of 1.5 PYs available for Triennial 
Review work) to the Task Force effort and issues related to REC-1 standards. This significant 
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commitment of resources, and the placement of this Task Force effort high on the Triennial 
Review priorities list, reflects the Board's conviction that this joint approach can result in 
meaningful and efficient review of the Basin Plan. It also reflects the Board's strong desire and 
commitment to make changes to the Basin Plan, where justified. 

The Regional Board acknowledges and sincerely appreciates the commitment of Task Force 
agencies' resources to this work. We welcome the opportunity to work closely with the Task 
Force agencies and watershed stakeholders in this important review and update of the water 
quality program for the Santa Ana Region. 

1 ' 
Sincerely, 1/ 
l-fa~(l{L 
Gerard J. Thibeault 
Executive Officer 

cc: Regional Board 

California Environmental Protection Agency 
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Riverside, CA 92503 
Phone 951-689-6842 
Fax 951-689-6273 
Website www.iewaterkeeper.org 

 

September 9, 2009 

 

Via Electronic Mail:  mmacario@waterboards.ca.gov  

 

Chair Carole H. Beswick and Members of the Board  

California Regional Water Quality Control Board, Santa Ana Region   

Attn: Maria E. Macario, Water Resources Control Engineer 

3737 Main Street, Suite 500 

Riverside, CA 92501-3348 

 

RE:  Comments on the proposed San Bernardino County MS4 Permit 
 

Dear Chair Beswick and Members of the Board,  

 

Inland Empire Waterkeeper (“Waterkeeper”) is an environmental organization with the mission 

to protect and enhance the water quality of the Upper Santa Ana River Watershed through programs of 

advocacy, education, research, restoration and enforcement.  On behalf of our members, we submit the 

following comments on Draft Tentative Order No. R8-2009-0036, San Bernardino County Flood Control 

District, County of San Bernardino and Incorporated Cities of San Bernardino County, Area-Wide Urban 

Storm Water Runoff Management Program  (“Permit”), NPDES Permit No. CAS618036.  Our comments 

focus on technical and substantive areas of concern the modification of which would help to resolve San 

Bernardino County’s chronic water quality issues.   

 

Waterkeeper commends the Santa Ana Regional Water Quality Control Board’s (“Regional 

Board”) commitment to increasing the water quality of the Santa Ana River Watershed and sincerely 

hope to continue our partnership in making the Inland Empire a cleaner and more secure environment.  

We appreciate the amount of hard work and dedication the creation of a draft MS4 permit demands and 

hope our comments and recommendations are considered in the light they are delivered.  We seek to 

make a good draft MS4 permit better by seeking clarification, encouraging the development of ideas, and 

ensuring uniform application of the Permit’s mandates and requirements.  In cooperation with the 

Regional Board, Waterkeeper believes this Permit could become a model for future MS4 permits and 

encourages all participants to embrace this opportunity.   

 

In the interest of the reader, this comment letter’s format mirrors that of the Permit and focuses on 

those sections which demand the greatest amount of revision.   

 

Section XI.A. – General Requirements  

 
 Section A.1. - Section A.1. of the Permit seeks to ensure the continuation of the previous permit’s 

requirement that all construction sites greater than one acre and sites less than one acre if part of a 

common plan or development file with the State Board a Notice of Intent for coverage under the State’s 

General Construction Permit and obtain a valid Waste Discharge Identification (WDID) number.  

Compliance with the state-wide construction permit is not complete until the WDID number is obtained 

and an adequate SWPPP is developed.   Therefore, Waterkeeper suggests that the section be modified to 
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add “…and have developed a SWPPP” following the requirement for the applicant to obtain a WDID 

number.  This modification will provide clarity to the section.   

 

Section A.4 -   Section A.4 describes a frequent event effecting a significant portion of San 

Bernardino County which results in our office being contacted by distraught property owners that now 

have a flooding problem on their hands, including bills from weed management and vector control that 

forces them to litigate against the source of the runoff.   

 

For example, at the city/county boundary between Woodcrest and Orange Crest, runoff from a 

housing tract flows onto privately owned property within the county creating year-round standing water, 

15 foot high cattails, vector breeding grounds and other problems that the property owner must now bear. 

 

Section XI.B – Watershed Action Plan  

 
 Section B.1. – Waterkeeper recognizes the need for an integrated Watershed Action Plan to be 

thoughtfully developed and implemented effectively manage the impacts of urbanization on water quality 

and stream stability but is concerned that this section provides the impetus for one year of uncoordinated 

activity.  The water quality problems facing San Bernardino County are tangible and cannot be further 

delayed by an unreasonably distant drafting and implementation of a Watershed Action Plan.   

 

 Section B.2 -  In recognition of impaired water quality in San Bernardino County and serious 

drought conditions resulting in the Governor’s issuance of an order directed to the Department of Water 

Resources to “join with other appropriate agencies to launch a statewide water conservation campaign,” 

the Regional Board should revise Section B.2 to require the Principal Permittee to facilitate the formation 

of a Technical Advisory Committee to develop a Watershed Action Plan within 6 months of the adoption 

of the Permit.
1
 This accelerated schedule would reflect the nature of California’s water quality and 

quantity predicament responsibly.   

 

 Section B.3.b - The Permit should be revised to omit “…that are vulnerable to geomorphological 

changes due to hydromodification,” because, by their nature, all unarmored channels are vulnerable. To 

suggest that unarmored channels are only partially vulnerable to physical changes due to alterations in 

flow rates depending on the time the events occur would be patently false.   

 

 Section B.3.c – Section B.3.c is subject to a number of interpretations and Waterkeeper suggests 

the subsection is revised for clarity to ensure proper compliance with the meaning the Regional Board 

intends to apply to the subsection.  Vagueness is a constant hurdle for administrative agencies, regulated 

industries, and third parties seeking regulatory accountability.  Therefore, this section should revised for 

clarity to prevent the potential for an argument of vagueness.   

 

Section XI.C - Consideration of Watershed Protection Principles in California Environmental 

Quality Act (CEQA) and Planning Process  

 
 Section C.1 – Waterkeeper identified a potential timing conflict between the mandate that within 

twelve months after the adoption of the Permit, each Permittee shall complete a review of CEQA, the 

general plan, development standards, zoning codes, conditions of approval, development project 

guidance, and WQMP despite the fact that the Watershed Action Plan is not scheduled to be completed 

                                                      
1
 Office of the Governor of the State of California, Gov. Schwarzenegger Takes Action to 

Address California’s Water Shortage, February 27, 2009, available at, 

http://gov.ca.gov/index.php?/print-version/press-release/11556/. 
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for eighteen months.  It logically follows that after the development and approval of the Watershed 

Action Plan an additional review of the same programs and regulations could be required to ensure 

compliance.  This inconsistency is potentially significant and would likely prolong the implementation of 

the Permit’s enforcement mechanisms.   

 

 Waterkeeper suggests, in connection with suggestions previously mentioned, that the Regional 

Board retain the deadline in this section and modify the deadlines in earlier sections in order to reach 

compliance.  An efficient and responsive Watershed Action Plan should be reviewed contemporaneous 

with the programs and regulations detailed in this section.   

 

Section C.3.a – In recognition of the nature of natural water bodies and drainage systems the 

Regional Board should change “limit” to “avoid” and include “…and flood plains…” after “drainage 

systems.” 

 

Section XI.D – Water Quality Management Plan (WQMP) for Priority Projects 
 

 Section D.4.h – Footnote 80 should be modified to include further information concerning the 

rationale for a waiver for the specific high pollution areas described.  Even after reading “Managing Wet 

Weather with Green Infrastructure: Green Streets” the provision of waivers in this section requires 

additional clarity to provide regulators with the ability to fully understand the applicability of the waiver 

requirements.   

 

 Section D.5 – Waterkeeper is concerned over the likelihood that the “obligation to install 

structural BMPs at new development” if the “BMPs are constructed with the requisite capacity to serve 

the entire common project” will actually be achieved.  During periods such as this current economic 

downturn there is a real threat that common plan developments begin construction with the intent to have 

structural BMPs satisfy the entire project’s obligations that are never actually constructed because the 

common development stalls and is either not completed or placed on indefinite hiatus.  These situations 

allow the possibility of new developments which would fall within the requirements of this MS4 permit 

to avoid actual construction of required BMPs because the development ceases construction and those 

houses already built will be without the otherwise required BMPs.     

 

Likewise, Waterkeeper has concerns with WQMP’s that defer installation of permanent treatment 

BMPs until such time that the Home Owner’s Association (HOA) can provide them.  We feel strongly 

that this caveat should not be allowed and that it is the responsibility of the project proponent to complete 

the project in its entirety.  It could be years until the HOA is developed and fully capitalized so we urge 

the Regional Board to close this loophole with this permit revision. 

 

Section XI.E – Low Impact Development (LID) and Hydromodification Management to Minimize 

Impacts from New Development/Significant Redevelopment  

 
 Section XI.E.2.h – Revise this subsection to define “narrow streets.”  EPA document “Managing 

Wet Weather with Green Infrastructure: Green Streets” defines “narrow streets” and is used in footnote 

80 of the Permit.  Waterkeeper is unaware of alternative definitions to this term, however, if the Regional 

Board intends to utilize the definition as it is understood in the EPA document then it should directly 

reference that document to provide Permittees with proper notice.   

 

Section XI.E.5 – Waterkeeper encourages the Regional Board to modify the language of the 

section and change the last sentence to “Any portion of the design capture volume that cannot be 



Chair Beswick and Members of the Board  
RWQCB Santa Ana Region  
September 9, 2009 
 

infiltrated, harvested….”  This modification reiterates the Regional Board’s commitment to LID BMPs 

and belief that it is the preferred option.   

 

Section XI.F – Alternative and In-Lieu Programs  

 
Section XI.F.1 – This section places an understandable but improper emphasis on cost as the 

central measure of infeasibility that critics of improved water quality would likely exploit.  This section 

would be improved by listing factors of infeasibility such as construction that is lot-line to lot-line, 

subterranean parking, high groundwater, unfavorable or unstable soil conditions where infiltration is 

attempted, and any other factor submitted to the Regional Board for consideration.  Su ch  

 

 Section XI.F.3 – Waterkeeper strongly encourages the revision of this section to ensure that if a 

waiver is granted then an urban runoff fund “shall” be established even if the Permittees failed to 

collectively or individually propose to establish such a fund.  The failure to establish the fund should 

preclude the issuance of waivers, otherwise the parties seeking a waiver could avoid BMP installation 

without taking into account the costs avoided.  In other words, the issuance of a waiver should 

automatically trigger the establishment of urban runoff fund.   

 

General Clarifications  
 

Waterkeeper requests a determination from Regional Board counsel what the implications would 

be as a result of the following expected actions:  In the event that a REC-1 waterbody listed for fecal 

coliform impairment undergoes a Use Attainability Analysis to change the beneficial use to REC-2 or 

REC-X, while simultaneously the fecal coliform objectives are removed from the Basin Plan and replaced 

with an E. Coli objective - what would the new bacteria objective be? Would the waterbody still be 

impaired? Does this constitute back-sliding? 
  

We expect the fecal coliform objectives for REC-1 and REC-2  to be replaced with E. Coli 

objectives.  We also expect many REC-1 waters to be changed to REC-2, and many REC-2 waters 

changed to REC-X as a result of UAA's.  The resulting scenarios should be analyzed and solutions 

considered to avoid degradation of water quality or back-sliding of regulations. 

 

Risk Sciences – Task Force Suggestion  

 

Tim Moore of Risk Sciences suggested, which was supported by the San Bernardino County 

Permittees, that the task force model used in TMDL implementation be incorporated into the MS4 permit.  

Although Waterkeeper usually supports the collaborative “task force” approach for TMDL 

implementation, we cannot support this approach to be used in permitting as part of the MS4 permit.  

Showing “good faith efforts” should not be the bar by which permittees are measured.  We foresee this 

approach causing an unending chain of meetings for both the Regional Board staff and permittees 

resulting in little action, deferred compliance, a false sense of accomplishment on behalf of co-permittees 

and even less enforcement.  

 

Technical and Formatting Issues  
 

Section XI.D. – This section of the Permit is improperly numbered and should be renumbered to 

reflect the reordering of subsection 5 which is repeated twice.  Therefore, as corrected, the Water Quality 

Management Plan for Priority Project would have eight subsections and not the current seven.    

 



Chair Beswick and Members of the Board  
RWQCB Santa Ana Region  
September 9, 2009 
 

Section XI.E.6.d.iv.e – This section should be redrafted to reference subsections “b, c, and d” 

instead of subsections “1, 2, and 3.”   

 

Conclusion  
 

 Waterkeeper appreciates the effort the Regional Board and its staff have put towards developing 

an effective MS4 permit for San Bernardino County which effectively and efficiently addresses the 

environmental concerns of the watershed in a transparent and comprehensive approach.   

 

When reviewing any administrative document concerning water quality it is critically important 

to reflect upon the purpose of the Clean Water Act (“Act”), that being to “restore and maintain the 

chemical, physical and biological integrity of the nation’s waters”
2
 and to accomplish the lofty goal of 

“eliminating the discharges of pollutants by 1985, and to enhance water quality nationally to a 

‘fishable/swimmable’ level by 1983.’”
3
  The fact that the Act’s original Congressional mandate has not 

been met should not be minimized or forgotten.   

 

 Finally, the Regional Board should be resolute in ensuring the adoption of this Permit in 

recognition of the increasing need for clean water.  Brief economic disruptions, while regrettable and 

unenviable, provide an insufficient rationale for regulatory delay.  Although the global recession has 

impacted San Bernardino County to a significant degree the Regional Board must remember that 

recessions are transitory and cannot be allowed to dictate foundational regulatory mandates such as those 

under the Act.   

 

In conclusion, the Regional Board should avoid granting extensions because all parties possessed 

advanced notice of the expiration of the existing MS4 permit and San Bernardino County and Riverside 

County staff were in attendance at regional MS4 permit meetings over the past year.  This actual 

knowledge by county staff of the criteria considered by the Regional Board and stakeholders concerning 

the issuance of new MS4 permits provided staff with adequate time to prepare for the deliberations 

concerning the San Bernardino MS4 permit.  The granting of an extension would unreasonably delay 

attaining increased water quality objectives and recharging depleted groundwater through the wider 

implementation of LID principles.   

 

Sincerely, 

 
Garry Brown 

Executive Director 

 
 

                                                      
2
 33 U.S.C. § 1251(a); see also Catskill Mountains Chapter of Trout Unlimited v. City of New York, 273 

F.3d 481 (2d Circ. 2001).   
3
 33 U.S.C. §§ 1251(a)(1), (2); Philip Weinberg and Kevin A. Reilly, Understanding Environmental Law, 

118,119, Second Edition, LexisNexis 2008. 



Tim Moore 

From: 
Sent: 
To: 

Cc: 
Subject: 

Importance: 

Hello: 

Garry Brown [Garry@coastkeeper.org] 
Tuesday, September 15, 2009 11 :45 AM 
Gerard Thibeault; hsmythe@waterboards.ca.gov; Larry McKenney; Ray Hiemstra; Autumn 
DeWoody 
Tim Moore; Garry Brown 
Water Quality Standards Task Force 

High 

I am writing you to express my concern that the direction the task force is currently 
taking is leading to a quagmire. Over the last four years, the taskforce has worked 
slowly but steadily toward developing a workable set of bacteria standards for the inland 
waters for region 8. Up until recently, this process has had the support from a wide 
variety of interests and substantial progress has been made. Though Coastkeeper has alone 
represented the environmental community, we have had occasional conference calls with both 
NRDC and Heal the Bay to keep them informed of progress and issues before the Task Force. 
They have cautiously concurred with our advocacy positions. 

However, over the last few meetings the task force has seemingly veered off track. 
First of all, the taskforce has still not agreed£q the bacs~~i~~ ?KC~ 
waters. There has been some brier dlscussion of an idea that we could support but until 
the specifics are developed we can only support keeping the current fecal coliform 
standard. We have brought this issue up at the last two meetings and in writing, yet to 
date, there has been no discussion to resolve this substantial issue. Second and more 
importantly, as the task force took on the important issue of how to implement the 
bacteria standards being proposed, somehow a decision was made to try to integrate this 
issue with the MS4 permits being considered for t iul~9~s. These are totally 
separa e lssues an s ou e rea e as such. 

As you are aware Coastkeeper does not support the circular logic being proposed by 
Dr. Moore and now others for the MS4 permit. Our opposition is based on our understanding 
of this proposal as one that promotes perpetual discussion, very little action and even 
less enforcement. It is our opinion that this proposal is clearly backslidipg. It is easy 
to understand why discharges are supportive of the plan. We do not support its inclusion 
in the Task Force's discussion of implementation of the bacteria standards. 

Coastkeeper joined this task force to assist in developing bacteria standards that 
are clear, enforceable and acceptable to the local stakeholders and the USEPA. The new 
standards will result in substantial regulatory relief and cost savings to the agencies 
involved so that they can focus their efforts on actually meeting the standards in waters 
where recreational uses exist. While the REC 1 standard developed so far meets these 
goals, we have not achieved this for REC 2. The implementation plan currently being 
discussed seems to be desi§""n"E:td.-"more to .d~lay implementation than require it. 

From our statements at the meetings and the letter we submitted to the taskforce 
(which was distributed at the end of the meeting rather than the beginning for 
discussion), it should be clear to all Task Force members that Coastkeeper can only accept 
an implementation plan that sets solid benchmarks for compliance in a reasonable 
timeframe. 

I propose that we schedule a meeting before the next SWTF meeting to discuss these 
important issues and decide how to move forward rather than continuing the current path 
into a swamp of dissention, which will quickly erode the progress that has been made. I 
would suggest participants at least 
include: Gerry thibeault, Hope Smythe, Tim Moore, Larry McKinney, Ray Hiemstra, Autumn 
DeWoody, and Garry Brown. 

Sincerely, 

Garry Brown, Executive Director 
Orange County Coastkeeper 
Inland Empire Waterkeeper 
3151 Airway Ave. Suite F-110 
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23 November 2009 
 
Mr. Gerard Thibeault 
Regional Water Quality Control Board 
 - Santa Ana Region 
3737 Main St., Suite 500 
Riverside,  CA  92501 
 
RE: Comments on Tentative Order No. R8-2009-0036  (NPDES No. CAS618036) 
 
Dear Mr. Thibeault: 
 
Thank you for the opportunity to review the second draft of the proposed MS4 permit for San 
Bernardino County.  In previous correspondence the Permittees encouraged Regional Board staff 
to implement the water quality-based effluent limits (WQBELs) through an iterative best 
management practices (BMP) approach rather than expressing the wasteload allocations (WLAs) 
as numeric effluent limits (NELs).  It appears from the many revisions throughout the draft 
document that the Regional Board has accepted the Permittee's recommendation. 
 
Commenting on the draft permit, U.S. EPA acknowledged that the Regional Board could rely on 
the BMP approach to achieve compliance with the aforementioned WLAs.1  However, EPA also 
indicated that, in order to do so, the administrative record for the permit must contain "technical 
documentation demonstrating that specific BMPs would achieve the WLAs."  Risk Sciences has 
been asked review the administrative record and supplement it as necessary to meet EPA's 
requirements. 
 
It appears that EPA is unaware that this issue was carefully considered at the time the TMDLs 
were adopted.  And, in each instance, the Regional Board made specific findings that various 
BMPs identified in the TMDL implementation plans were expected to achieve compliance with 
the WLAs.2   By incorporating the TMDLs, WLAs, and related implementation plans into the 
draft permits (by reference), the administrative record already contains the scientific evidence 
needed to demonstrate the probable success of the BMP requirements in the permit.  Therefore, 
the permittees hereby request that the entire administrative record related to the Big Bear Lake 
Nutrient TMDL (Order No. R8-2006-0023) and the Middle Santa Ana River Bacteria TMDL 
(Order No. R8-2005-0001) be added (by reference) to the administrative record for the proposed 
MS4 permit. 

                                                 
1 U.S. EPA.  Letter to Maria Macario, California Regional Water Quality Control Board-Santa Ana Region.  Re:  
Draft MS4 Permit for San Bernardino County and Incorporated Cities within San Bernardino County (NPDES 
Permit No. CAS 618036).  Sept. 9, 2009. 
2 In addition to the adoption resolutions for each TMDL, see the Regional Water Quality Control Board's related 
Staff Reports and Response to Comments for the Big Bear Lake Nutrient TMDLs and the Middle Santa Ana River 
Bacterial Indicators TMDLs. 



 
 
 
There are several different Task Forces working on implementation planning for both of the 
adopted TMDLs in San Bernardino County.  Much of the technical documentation relied on to 
support using the BMP approach was developed by these Task Forces.  Therefore, the MS4 
permittees hereby request that all of the technical reports, scientific articles, meeting minutes and 
other documents previously presented to the Regional Board by the Big Bear Lake TMDL Task 
Force, Storm Water Quality Standards Task Force, and Middle Santa Ana River TMDL Task 
Force be incorporated (by reference) into the administrative record for the proposed MS4 permit. 
 
In addition, new evidence continues to become available to support the Regional Board's 
decision.  For example, on Thursday, November 19, 2009, the Middle Santa Ana River TMDL 
Task Force reviewed routine water quality monitoring data (attached as Appendix A).  These 
data indicate that bacteria concentrations are declining significantly and the Permittees are 
actively working to sustain these improvements in order to meet the WLA on schedule.  Other 
documents recently prepared by the Storm Water Quality Standards Task Force (attached as 
Appendix B) describe the additional BMPs that are expected to close the remaining gap.  Finally, 
a brief bibliography of the scientific and technical papers reviewed by the Task Force is included 
as Appendix C to this letter. 
 
Collectively, there is substantial evidence to support the Regional Board's conclusion that WLAs 
could be achieved by implementing one or more of the BMPs identified in the record.  The State 
Board and U.S. EPA also affirmed this conclusion when each subsequently approved the 
TMDLs.  Any claim that the administrative record is deficient with respect to BMP effectiveness 
is incorrect. 
 
 
Submitted on behalf of the MS4 Permittees in San Bernardino County, 

 
Timothy F. Moore 
Risk Sciences 
125 New Dawn Rd. 
Rockvale,  TN  37153 
 
Office:  615-274-2745 
Fax:  615-370-5188 
Email:  tmoore@risk-sciences.com 
 
 
w/ 3 attachments 



 
 
 

 
Appendix A: 

 
 

Summary of Water Quality Monitoring Data 
 

for the Middle Santa Ana River Bacteria TMDL 
 

Presented by Dr. Richard Meyerhoff, CDM on November 19, 2009 
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Bacteria BMP Type Storm? Parameter
Mean Influent 

#/100 mL
Mean Effluent 

#/100 mL n Percent Removal
Construction Cost            

(excluding land costs) Annual O & M Cost Source

Y FC 11700 100 NR 99 CalTrans (2004) study in SoCal
N FC 4400 20 NR 99 CalTrans (2004) study in SoCal

FC 1929 515 9 73 BMP dB; Fremont, CA
FC 58 5 24 91 BMP dB; Largo, FL
FC 4231 2475 16 41.5 BMP dB; Valhalla, NY

Y FC NR 1779 10 90 Schueler (2000); ON
Y FC NR 2858 10 64 Schueler (2000); ON
Y E. coli NR NR 10 86 Schueler (2000); ON
Y E. coli NR NR 10 51 Schueler (2000); ON

Y/N FC 152 63 84 58 Mallin et al. (2002); NC 
Y FC 900 2000 NR -122 CalTrans (2004) study in SoCal; storm
Y FC 6700 7500 NR -12 CalTrans (2004) study in SoCal; storm
Y FC 27 27 8 0 USGS (2004) study in USVI
Y FC 3412 724 35 79 Harper et al. (1999) study in FL
N E. coli 563 515 18 9 MSAR (2009)
N FC 957 738 18 23 MSAR (2009)
Y E. coli 149 204 12 -37 MSAR (2009)
Y FC 380 490 12 -29 MSAR (2009)

Y/N FC 33.8 7.4 5 78 Hinds et al. (2004); Columbus
N FC 760 80 10 89 LN & COO (2004); Laguna Niguel
N FC 1915 116 9 94 LN & COO (2004); Laguna Niguel
N FC 5178 101 12 98 LN & COO (2004); Laguna Niguel
N E. coli 4163 27 10 99 LN & COO (2004); Laguna Niguel
N E. coli 1897 107 9 94 LN & COO (2004); Laguna Niguel
N E. coli 630 73 9 88 LN & COO (2004); Laguna Niguel
Y FC 5800 1400 NR 76 CalTrans (2004) study in SoCal

FC NR 18528 -85 City of Austin (1997)
Y FC NR NR 36 Glick et al. (1998); Austin, TX

Disinfection (UV, ozone, chlorine) N FC 32800** 16** 99.9% (inversely proportional 
to turbidity)

For facilities to treat 1,250-5,000 cfs peak 
flow: $19.2-30.5 million for ozone, $48-

87.8 million for UV

$534,000-657,000 for ozone, 
$248,000-992,000 for UV **County of Orange (2008)

Diversion 100% of diverted fraction $14,400-2,071,000 for diversions of up to 
0.5 MGD in Orange County $2,800-83,000 RBF (2003)

Y FC 386 459 NR -19 BMP dB; Altadena, Caltrans (2004)
Y FC 84853 47 NR 99.9 BMP dB; Carlsbad, Caltrans (2004)
Y FC 490 1122 NR -129 BMP dB; Cerritos, Caltrans (2004)
N E. coli 20651 717 18 97 MSAR (2009); dry
N FC 16293 675 18 96 MSAR (2009); dry
Y E. coli 2448 2904 12 -19 MSAR (2009); wet
Y FC 3954 4196 12 -6 MSAR (2009); wet
Y FC 65 105 NR -62 BMP dB; Downey, Caltrans (2004)
Y FC 9460 9168 NR 3 BMP dB; Lakewood, Caltrans (2004)
Y FC 1366 239 NR 82 BMP dB; Vista, CA, Caltrans (2004)

Y FC 80-5000 <23 9 >99 LASGRWC (2005)
Y E. coli 20-1300 <6.9 9 >99
Y FC 500 ND-800 8
Y FC ND-13000 11-110 8
Y E. coli ND-120 ND 8 >99
Y FC 230 ND 5 >99
Y E. coli 310 ND 5 >99

100% for infiltrated fraction USEPA (1999); Arvind & Pitt (2006)
Low Impact Development (LID) No data. N/A N/A

Agricultural BMPs No data Variable Variable
Public Education/Outreach No data Variable (up to $1,000,000+) Variable

Routine Inspection/Maintenance of 
Sewer and Septic Systems No data Variable Variable

NR = Not reported; ND = Not detected
Cost estimates from CASQA (2003), Olivieri et al. (2007), RBF (2003), and Narayanan & Pitt (2006)
Shaded percent removal values were not statistically significant
BMP categorization scheme mostly from Minton (2002) and Olivieri et al. (2007)

Water Treatment BMPs

Appendix B:  Stormwater Bacteria BMPs

<$3,000 per basin or trench

Constructed Wetlands (Stormwater 
wetlands, wetland basins, shallow 
marshes, extended detention 
wetlands).  "Essentially shallow wet 
basins."

Dry Basins (Dry ponds, detention 
or extended detention basins or 
ponds).  Designed to empty within 
several days.

$0.30-1.00/ft³                         
Typically < $100,000 per acre $3,100-10,000 per pond

 Vegetated Swales or Channels 
(Grassed channels, dry swales, 
retention swales). Only includes 
those features with little to 
moderate soil infiltration.

$0.50/ft²  (<$35,000 for 3 ft x 21 ft x 1,000 
ft swale)

Volume Reduction BMPs

Media Filters $6,600-18,500 per acre drainage   Total 
$230,000-$485,000 in So CA 5% of construction costs

32% of construction costs

Source Control BMPs

Wet Basins (Retention ponds, wet 
ponds, wet extended detention 
ponds, stormwater ponds, retention 
basins).  Retains permanent pool.

$1.00-12.25/ft³                        
Typically <$100,000 per acre Up to $10,000 per pond

$0.35-1.30/ft³, or $26,325-55,485/acre of 
wetland $1,500-2,700/hectare

Infiltraton Basins & Trenches $1.25-20.76/ft³                        
<$110,000 per 1 ac basin



Appendix C: Scientific and Technical Literature on Bacteria BMP Effectiveness 
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http://www.lasgrwc.org/WAS/Documents/WAS%20Phase%20II%20Final%20Report_20
05.pdf 
 
LN and COO. 2004. Clean-up and Abatement Order 99-211. 14th quarterly progress 
report. City of Laguna Niguel, County of Orange, and Orange County Flood Control 
District. 
http://www.ocwatersheds.com/documents/AlisoCreek_9th_qtr_Appendix_G2_J03P02.pdf 
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efficacy of three wet detention ponds.  J. Environ. Qual. 31:  654-660. 
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MSAR. 2009.  Middle Santa Ana River bacterial indicator TMDLs BMP test results.  
Personal communication from Richard Meyerhoff, CDM Consulting, April 13, 2009. 
 
Narayanan, A. and R. Pitt. 2006.  Costs of urban stormwater control practices. 
Preliminary report.  Department of Civil and Environmental Engineering, University of 
Alabama, Tuscaloosa. 
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assessment of microorganisms in separate stormwater systems – Chapter 5: Treatment 
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2009. Draft Newport Bay Fecal Coliform Source Management Plan. Prepared for the 
County of Orange by EOA, Inc. and Soller Environmental. Oakland, CA. 
 
Schueler, T.R. 2000. Pollutant removal dynamics of three wet ponds in Canada. Article 
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http://www.cwp.org/Resource_Library/pwp.htm 
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Washington, D.C. 
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Virgin Islands. USGS #2003VI9B. United States Geological Survey, Washington D.C. 
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From: 
"Joanne Schneider" <jschneider@waterboards.ca.gov> 
To: 
Terrence Fleming/R9/USEPA/US@EPA 
Date: 
04/08/2010 01:22PM 
Subject: high flow suspension of REC standards 
 
Good afternoon, Terry. I wanted to touch bases with you on the REC 
Standards amendments that we continue to work on, specifically, the 
proposed high flow suspension. I think it advisable to confirm your 
expectations regarding the demonstrations necessary to approve the high 
flow suspension. I note that the LA Reg. Bd. essentially prepared a 
categorical UAA. However, I wonder whether the suspension would be 
considered more akin to the approval of seasonal uses, which, as I 
understand it, would not require a UAA. The evidentiary basis for the. 
suspension would be essentially the same, I believe, but I wonder whether 
the formality of a UAA and "explicit" reliance on one or more of the UM 
factors are required. Could you please confirm for me at your earliest 
opportunity? Thanks! 
 
Cindy Lin asked about the status of these amendments a few weeks ago and I 
advised that a summary is posted at our website. We had hoped to proceed 
to the Regional Board in June, but we have experienced unexpected delays. 
We have not yet set our new schedule, but I expect that we will go to the 
Regional Board in July or September. 
Hope all is well with you! 
 
Joanne 
 
Joanne 
»> <Fleming.Terrence@epamail.epa.gov> 04/08/10 4:14PM>» 
Hi Joanne, Thanks for the heads up. The answer to your question really 
depends on how your Basin Plan amendment is structured. So here is my 
take. 
 
Removal of the use (going from REC1 to RECX) would require a UAA. 
A change in the use (going from REC1 to limited REC1) would require a UAA. 
A temporary suspension of the use (eg High flow suspension) would require 
a UAA. 
 
On the other hand 
I am not sure that going from a high use beach to a moderate use beach 
(and adjusting the SSM) would require a UAA, but it would be a standards 
change requiring EPA approval. 
 
Terrence Fleming 
US Environmental Protection Agency (WTR-2) 
75 Hawthorne Street 
 
 



From: 
"Joanne Schneider'' <jschneider@waterboards.ca.gov> 
To: Terrence Fleming/R9/USEPA/US@EPA 
Cc: 
Cindy Lin/R9/USEPA/US@EPA, Suesan Saucerman/R9/USEPA/US@EPA, Philip 
Woods/R9/USEPA/US@EPA, "David Woelfel" <DWoelfel@waterboards.ca.gov>, 
"Hope Smythe" <hsmythe@waterboards.ca.gov> 
Date:04/09/2010 02:57 PM 
 
Subject: Re: high flow suspension of REC standards 
 
Thanks for the rapid and complete response, Terry. One quick follow-up 
question on the last item about SSMs and adjusting from high to moderate 
(or low) intensity REC1 use: is it your working assumption that there is 
a rebuttable presumption that all REC1 areas are high use (with an E. coli 
SSM of 235)? 
Thanks again, and have a good weekend. 
 
 
From: <Fleming. Terrence@epamail. epa. gov> 
To: "Joanne Schneider'' <jschneider@waterboards.ca.gov> 
<Lin.Cindy@epamail.epa.gov>, "David Woelfel" <DWoelfel@waterboards.ca.go ... 
 
Date:4/9/2010 3:23PM 
 
Subject:Re: high flow suspension of REC standards 
 
Yes, I would say that there is a rebuttable presumption that all REC1 
areas are high use. 
 
Terrence Fleming 
US Environmental Protection Agency (WTR-2) 
75 Hawthorne Street 
San Francisco CA 94105 
 
 
From: Joanne Schneider 
To: Fleming. Terrence@epamail. epa. gov 
CC: Lin.Cindy@epamail.epa.gov,Saucerman.Suesan@epamail.epa.gov,Woods.Philip@ 
Date: 4/10/2010 4:28 PM 
 
Subject: Re: high flow suspension of REC standards 
 
Thanks. I thought that this must be your view, but I would appreciate it if you would provide a 
fuller explanation of the basis for this assumption. Do you believe that the 235 E. coli values is 
essentially equivalent to the 400 fecal coliform "maximum value" now specified in our and some 
other regional board basin plans? 
 
I can certainly see that states need to make an effort to differentiate REC1 areas on the basis of 
high –to-low use for the purposes of applying different SSMs, per the 1986 criteria. But in the 
absence of that substantial effort, it really seems improper (and, I would argue, not required by 



the CWA) to assume that all REC1 areas are designated beaches, when the evidence on the 
ground is so clearly to the contrary. I'm guessing that your premise is in fact that 235 is 
considered roughly equally protective to the fecal coliform "SSM" of 400 now specified in our 
Basin Plan, so that unless and until a change is made to recognize lower REC1 use and the 
propriety of a higher SSM, all areas must be considered to have the 235 SSM. However, I'm not 
sure that there is any scientific basis to support the assumption of "equivalency" of 400 fecal 
coliform and 235 E. coli. If there is, please let me know.  
 
The assumption that 235 applies until a standards changes makes a higher SSM applicable has 
real world consequences, of course. For example, you may be aware that the State Board (as 
we understand it at EPA's urging) is prepared to 303(d) list a number of our waterbodies on the 
basis of evaluation of limited SSM data in comparison to the 235 for designated beaches. 
However, I think that without exception, none of these waterbodies is (or has the potential to be) 
a designated beach area with high intensity use. In fact, these areas generally (at least) receive 
little or no REC1 activity. As far as I know, no region in CA, and few states (apart perhaps from 
some of the Great Lakes states) have gone through the process of differentiating their REC1 
waters on the basis of intensity of use. (I am aware, of course, of the Ballona Creek example, 
but that is clearly very limited in scope.) If you have had an opportunity to review the summary 
of proposed REC standards related amendments that is our on website, you'll see that we are 
proposing to tackle this differentiation, for freshwaters only at this time. To do so, we relied on a 
subcommittee of the Task Force, including Orange County Coastkeeper, Inland Empire 
Waterkeeper and ourselves, to review the list of our freshwaters and determine, based on our 
knowledge of these waters, whether each should be considered high or low REC1 use; the 
proposed amendments specify different applicable SSMs according to this determination. It 
seems to me that this is the ideal way to proceed, without the additional burden and angst 
imposed by 303(d) listings that are simply not warranted; this is particularly true when the 
listings would rely on single sample data, which, as you know, are subject to significant 
variation. In short, it really seems to me that to apply the 235 in blanket fashion 
and adopt 303(d) listings on the basis of single sample exceedances of that value is pushing 
beyond the envelope of sound science. That troubles me, when our collective resources to 
address water quality problems are so limited, and, at least from a state perspective, likely to 
decline in the future. All of this said, Terry, both we and the Task Force as a whole are 
committed to execute changes to the Basin Plan in a legally defensible manner. Perhaps this is 
one area where the requirements of the law are subject to some interpretation. 
Thanks again for getting back to me so quickly. 
 
Joanne 
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TO: Darrin Polhemus, Chief 
Division of Water Quality 
STATE WATER RESOURCES CONTROL BOARD 

FROM:	 Gerard J. Thibeault 
Executive Officer 
SANTA ANA REGIONAL WATER QUALITY CONTROL BOARD 

DATE:	 May 26,2010 

SUB..IECT:	 SANTA ANA REGION COMMENTS ON THE 2010 INTEGRATED REPORT 

Regional Board staff have reviewed the April 19, 2010 Integrated Report, including the 
proposed additions to the 303(d) List of impaired waters, and have a number of comments and 
concerns related to proposed listings. Our comments reflect significant differences in 
interpretation that we believe warrant State Board staff review and re-consideration. 

Use of E. coli single sample results to assess the REC 1 beneficial use 
The State Board Integrated Report Staff Report includes the recommendation to add several 
waterbodies in Region 8 to the 303(d) List as the result of exceedances of the "... USEPA fresh 
water standard of 235 MPN/100 mL (sic)". As you know, the 235/100mL value is a "single 
sample maximum" (SSM) value calculated in accordance with USEPA's "Ambient Water Quality 
Criteria for Bacteria - 1986" document, which provides recommendations for states to consider 
in updating their water quality standards for primary contact recreation waters. (The criteria 
identified are for "Bathing (Full Body Contact) Recreational Waters").The 235/100 mL SSM, 
calculated using the 75% confidence level factor, applies to designated bathing beaches, which 
are presumed to receive high primary contact recreation use. The 1986 criteria document also 
identifies other confidence level factors to be used in calculating SSMs; the resultant, less 
stringent SSM values apply to waters that receive moderate, light and infrequent primary 
contact use. The calculation of all of these SSM values relies on the assumption of a default 
standard deviation value, determined from USEPA's epidemiological studies. However, where 
sufficient data to support an alternative standard deviation are available, that alternative value 
can be used to calculate a different set of SSMs. ("Ambient Water Quality Criteria for Bacteria 
1986", p. 16, "EPA Criteria for Bathing (Full Body Contact) Recreational Waters, Freshwater".) 

In relevant part, the 1986 criteria document identifies recommended geometric mean objectives 
for E. coli for freshwater that are based on different levels of excess gastrointestinal illness in 
swimmers (8/1000 swimmers or 10/1000 swimmers). States have the discretion, as a policy 
matter, to select the allowable excess health risk. The 1986 criteria document also identifies 
"single sample maximum" values, which are statistical constructs designed solely to provide 
information concerning the likelihood that the geometric mean values are being met. USEPA 
has clearly stated its expectation that the SSM values are to be used for making beach 
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notification and closure decisions (see, for example, the 2004 Water Quality Standards for 
Coastal and Great Lakes Recreation Waters; Final Rule, p. 67224 ff.). States are left to 
determine whether and how to use SSM criteria in the context of their broader programs 
implementing the Clean Water Act. Given the high degree of variability in SSM data, USEPA 
recognizes that the geometric mean is the more relevant value for ensuring that appropriate 
actions are taken to protect and improve water quality. Clearly, taking such actions is the very 
intent of identifying impaired waters and developing and implementing TMDLs. 

For these reasons, in part, Regional Board staff asserts that the use of SSM values to conduct 
impairment assessments and determine the necessity of TMDLs should not rely on SSM data 
alone. We recognize that the Listing Policy allows the use of SSMs and other guidelines for 
impairment assessment purposes, provided that the guidelines used have been peer reviewed. 
(The matter of peer review of SSMs is addressed below.) However, we believe strongly that the 
Listing Policy should be revised to eliminate the use of SSMs as the sole basis for 303(d) listing; 
at the most, SSM data evaluation should be limited to consideration of placement of 
waterbodies on the Category 3 list. 

The Integrated Report correctly states that Region 8 stakeholders are in the process of 
developing new bacteria objectives for freshwater. However, as we have discussed repeatedly 
with State Board staff and USEPA, this is not the sole reason that Regional Board staff 
recommends against listing the waters. As discussed above, we believe strongly that SSM data 
alone should not be used for impairment assessment purposes. As further discussed with State 
Board staff, even if we accept the use of SSM data for impairment assessment, we do not 
believe that use of the 235 /100 mL SSM is appropriate for the waters under consideration. 
None of these waters are designated beach areas. If SSMs are to be used for impairment 
assessments, then the appropriate SSM should be applied, based on our knowledge of these 
waters and the extent of primary contact recreational use, if any. Again, the waters under 
consideration are not designated beaches; in fact, with one possible exception, these waters 
receive infrequent, if any, recreation use. Thus, at most, a 575/100 mL SSM should be used for 
impairment assessment purposes. Again, we argue that SSM data are by their nature too 
variable to serve as a useful or appropriate tool for making TMDL decisions, particularly when 
these decisions have significant consequences for the expenditure of public funds (see further 
comment below). 

We discussed with both State Board staff and USEPA the matter of the assumption of 235 /100 
mL as the appropriate SSM for impairment assessment purposes. State Board staff, relying at 
least in part on opinion provided by USEPA, have indicated that the 235/100 mL is a rebuttable 
presumption, Le., that all surface waters must be assumed to be designated beaches, until a 
standards action is taken to modify that presumption. In our view, common sense dictates that it 
is simply inappropriate to presume that all surface waters in this Region (and in the state and in 
this country) are designated beaches, with anticipated high use that warrants the most stringent 
SSM for notification purposes. The presumption for high use beaches is that recreational use is 
actually encouraged (with facilities, access, lifeguards, etc.) such that relatively high use is 
expected. It is unrealistic to apply this premise to all surface waters. Again, we argue that it is 
at best tenuous to apply SSM data to impairment assessments in the first place: the data are 
too variable and SSMs were not intended for this purpose. To add to that the remarkable 
presumption that the most stringent SSM applies and can determine the need for TMDLs is only 
a further misapplication of SSMs that will lead to needless expenditure. 
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In our discussions of this matter, State Board staff expressed some surprise at our position, 
given that the proposed 303(d) listings would place the waters as a low priority, giving us and 
affected stakeholders the opportunity to make appropriate standards changes to rebut the 
designated beach assumption, to collect additional data for de-listing, etc. We find this very 
troublesome, for two reasons. First, in our view, productive and efficient interaction with 
stakeholders depends on a commitment, on both sides, to approaches and solutions that are 
scientifically and legally defensible. We are not persuaded that the proposed listings meet either 
test. Second, even low priority listings have real world implications that cannot be minimized or 
ignored. The listings themselves place a burden on Regional Board staff and the other 
stakeholders in the Region to address the purported water quality problem. Where there is a 
demonstrable problem, that is appropriate. But where, as in the case of the proposed E. coli 
listings, the assertion of a water quality problem that necessitates TMDL development and 
implementation relies on misapplication of SSMs and presumptions, though rebuttable, that 
simply make no sense, then to proceed with the listings is damaging and ultimately 
counterproductive. It reduces our credibility and it causes needless expenditure of time, effort 
and money that is already in very short supply. We should never minimize the impact of 303(d) 
listings, whether or not identified as low priority. 

Finally, a word about peer review. As noted above, we are working with a committed group of 
stakeholders to make recommendations for revised bacteria objectives. As part of that process, 
we are proposing to categorize primary contact recreation waters based on the level of use, per 
the direction of the 1986 criteria document, for the purposes of identifying the appropriate SSM 
value for each water. Regional Board staff has discussed peer review needs for the Basin Plan 
amendments needed to effect the recommended changes. With respect to the SSM-related 
recommendations, Gerald Bowes has indicated that peer review is necessary. We believe that 
this is a misunderstanding on his part and hope to dissuade him from this opinion since, in our 
view, the SSM-related modifications are not scientific issues, but rather matters of policy subject 
to the Regional Board's discretion. We do not question the SSM values that would apply to 
waters of varying intensity of use, or the science underlying them. Rather, we are trying to 
identify, as a factual matter, the extent of recreation use of each of the waters and to assign the 
USEPA derived SSM accordingly. This is entirely consistent with USEPA's expectations, as 
expressed in the 1986 criteria document and the Coastal and Great Lakes Recreation Waters 
Rule. However, if we are ultimately required to conduct peer review related to the application of 
the SSMs in Region 8, then we must ask how State Board staff can presume that the selection 
of the 235 /100 mL SSM has been peer reviewed, and that it is thus a suitable measure for 
impairment assessment purposes. The two positions don't seem to match. 

In brief, we strongly recommend the following: First, the Listing Policy should be revised to 
preclude the use of SSM data alone as the basis for 303(d) listing. Second, the Region 8 
waters identified for 303(d) listing on the basis of SSM data should be included, at most, in the 
list of Category 3 waterbodies so that additional data can be collected and considered to 
determine whether there is actual impairment of recreation uses. 

Clarification on the use of the centralized database: 
Chino Creek Reach 1A, Mill Creek-Prado Area, Santiago Creek Reach 4 and City Creek are 
proposed to be added to the 303(d) List of impaired waters. The State Board Staff Report 
incorrectly indicates that Regional Board staff did not use the centralized database to prepare 
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the Regional Board staff report. Due to the large number of waterbody and pollutant 
combinations, staff used query reports from the centralized assessment database to prepare the 
staff report. Regional Board staff realize that there were inconsistencies between the Regional 
Board staff report and the data and information in the centralized assessment database, but 
these were due to problems in downloading specific information needed from the queries of the 
database and not because Regional Board staff did not use the database. 

Notwithstanding the issues noted above, Regional Board staff does not disagree with the 
proposed inclusion of these waterbodies on the 303(d) List of impaired waters. In fact, we note 
that Chino Creek Reach 1A, Mill Creek-Prado Area and Santiago Creek Reach 4 were already 
on the 2006 303(d) List for the pollutants identified in the State Board Staff Report and should 
remain on the 303(d) List. 

Use of metals translators 
The State Board Staff Report indicates that USEPA staff commented to the Regional Board on 
the use of metals translators to evaluate metals data for the Santa Ana River and its tributaries. 
While Regional Board staff did have discussions with USEPA staff on issues related to 
assessing metals data, we are not aware of any formal comments from USEPA to either the 
Regional Board or to Regional Board staff on this issue. The State Board Staff Report should 
.clarify this. 

Should you have any questions about these comments, please feel free to contact me at 
(951)782-3284, or you may contact Joanne Schneider at (951)782-3287 or Hope Smythe at 
(951)782-4493. 

cc:	 Regional Board 
Jeanne Townsend, Clerk to the State Board, commentletters@waterboards.ca.gov 
Shakoora Azimi-Gaylon, Division of Water Quality, SWRCB, sagaylon@waterboards.ca.gov 
David Rice, Office of Chief Counsel, SWRCB, davidrice@waterboards.ca.gov 
Mark Norton, Santa Ana Watershed Project Authority, mnorton@sawpa.org 
Tim Moore, Risk Sciences, tmoore@risksciences.com 
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March 30, 2011 

Mr. Jason Uhley 
Chief of Watershed Protection Division 
Riverside County Flood Control and Water Conservation District 
1995 Market Street 
Riverside, CA 92501 

SANTA ANA REGIONAL WATER QUALITY CONTROL BOARD COMMENTS ON THE 
DRAFT COMPREHENSIVE BACTERIA REDUCTION PLAN, ORDER R8-2010-0033, 
NPDES NO. CAS618033, SECTION VLD.1.c. 

Dear Mr. Uhley: 

We have received your letter, dated December 30, 2010, transmitting the Draft 
Comprehensive Bacteria Reduction Plan (draft CBRP). The draft CBRP was submitted in 
accordance with Section VI.D.1.c of Santa Ana Regional Board Order No. R8-2010-0033, 
NPDES No. CAS618033 (MS4 permit). We have reviewed the draft CBRP and find that 
additional information is needed prior to Regional Board consideration of approval of the 
CBRP. Please submit a revised CBRP addressing the issues listed below. 

Overarching Comments 
We recognize the significant efforts the MS4 agencies have made to comply with MS4 
permit and Middle Santa Ana River bacteria indicator TMDL (MSAR TMDL) requirements 
and to develop and submit the draft CBRP. Overall, we believe that the draft CBRP 
identifies appropriate, potential mechanisms to address bacterial indicator management. 
However, the draft CBRP fails to identify a specific plan and schedule to implement one or 
more of these mechanisms, apart from certain measures explicitly required by the MS4 
permit (e.g., activities related to illicit discharges (lODE program». This is contrary to our 
expectations, which we had discussed during the development of the MS4 permit terms; it is 
also contrary to the explicit requirements of the MS4 permit itself. Section VI.D.1.c provides 
the method by which the Final WQBELs for MSAR TMDL Bacterial Indicator TMDL under 
dry weather conditions should be developed and implemented. This includes the option to 
submit and implement a CBRP that describes, in detail, the specific actions that have been 
taken or will be taken to achieve compliance with the urban wasteload allocation under dry 
weather conditions by December 31, 2015 (the compliance date specified in the MSAR 
TMDL, as incorporated into the Water Quality Control Plan (Basin Plan». (Sec. VI.D.1.c.i) 
The MS4 permit also specified items that must be included in the CBRP. (Sec. VI.D.1.c.L(1
10» These include the scientific and technical documentation used to conclude that the 
CBRP, once fully implemented, is expected to achieve compliance with the urban wasteload 
allocation for indicator bacteria by December 31, 2015. (Sec. VI.D.1.c.L(5» 

In contrast, the draft CBRP largely identifies a plan to develop plans, Le., a plan to evaluate 
various potential bacteria reduction mechanisms, with the development of more specific 
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implementation plans contingent on the results of those evaluations and other 
considerations, including financial feasibility. While scientific and technical evidence is 
provided in Section 6 of the draft CBRP regarding the expectation that the urban wasteload 
allocation will be met, this evidence is based solely on hypothetical implementation of the 
potential mechanisms identified in the draft CBRP, rather than actual analysis of the 
expected effect of specific measures proposed to be implemented. 

While we understand and appreciate the need for an adaptive approach, we believe that 
there has been adequate time since the approval of the TMDLs in 2005 to complete most if 
not all of the requisite evaluations, such that a specific program of actions should now be 
identifiable. Accordingly, the CBRP must identify these actions, and commitments to 
implement them, before Board staff can recommend its approval. This is particularly true 
given the regulatory significance of the CBRP: as you are aware, under the terms of the 
MS4 permit (Section II.F.13.c.vii), in the absence of an approved CBRP, the WLAs 
identified in the permit become the final numeric water quality-based effluent limits that must 
be achieved by December 31, 2015. To fulfill its performance-based, alternative role, the 
CBRP cannot simply identify a plan to develop plans; itmust describe, in detail, the specific 
actions that have been taken or will be taken to achieve compliance with the urban 
wasteload allocation under dry weather conditions. 

Additionally, it is important to clarify or correct the language in Section 1.2.2 regarding the 
applicability of the CBRP, and in Section 1.2.3 regarding compliance with the urban 
wasteload allocations. The first bullet item in Section 1.2.2 states that the CBRP is designed 
to mitigate, to the maximum extent practicable (MEP), controllable urban sources of 
bacterial indicators that cause non-attainment of water quality objectives. [Emphasis added] 
Likewise, Section 1.2.3 of the CBRP states, "[t]his CBRP is designed to achieve compliance 
with the dry weather urban wasteload allocation to the MEP by December 31, 2015." 
[Emphasis added] These references to MEP are extraneous and inconsistent with the clear 
permit terms. The MS4 permit requires compliance with the Final WQBELs no later than 
December 31, 2015. The Final WQBELs may be the development and implementation of a 
CBRP that will achieve compliance with the urban wasteload allocations under dry weather 
conditions, not compliance with the urban wasteload allocations to the MEP. (Obviously, 
the draft CBRP you have submitted is intended to fulfill this requirement.) Alternatively, if 
the CBRP approach is not completed in a timely manner, the urban wasteload allocations 
for dry weather conditions become the final numeric WQBELs. In either case, the MS4 
permit expectation is that these WQBELs will be met by December 31, 2015. 

Finally, we are concerned about language in the draft CBRP (e.g., Section 1.2. Applicability, 
first bullet) that refers to "watershed-wide compliance sites". We recognize that a Regional 
Board approved watershed-wide monitoring program is in place and is intended to provide 
information concerning compliance with bacterial indicator objectives in the receiving 
waters. We also understand that, as a practical matter, it is infeasible to monitor receiving 
water compliance at every point in the watershed and that it is therefore reasonable and 
appropriate to identify specific sites where compliance will be assessed. However, the 
language in the first bullet (Bacteria Indicator Sources) could be read to indicate that the 
CBRP will be designed to address controllable bacterial indicator sources that cause non
attainment of bacteria objectives only at the watershed-wide compliance sites. It should be 
acknowledged that the e.xpectation is that measures will be implemented to assure 
compliance with applicable objectives throughout the watershed. 
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While we believe that substantive revision of the draft CBRP is needed to fulfill the 
applicable MS4 permit requirements described above, we offer the following specific 
comments on the draft CBRP, which may be helpful in making the needed revisions. 

Specific Draft CBRP Comments 

1.	 The approach for compliance proposed in the draft CBRP assumes that all required 
regulatory agencies will adopt the recommendations for changes to recreation 
standards developed by the Storm Water Quality Standards Task Force (SWQSTF), 
including changes to bacterial indicator water quality objectives, and removal of 
REC1 and/or REC2 designations for specific waters through use attainability 
analyses (UAAs). However, whether and to what extent changes to the recreation 
standards will be adopted is not certain. The draft CBRP should identify the actions 
that will be taken to assure standards compliance if changes to recreation standards 
are not approved. 

2.	 Section 5.2.1 of the draft CBRP describes the use of water conservation and 
pathogen control ordinances as management practices that may help reduce dry 

.weather flows (DWFs) and thus bacterial indicator levels in impaired water bodies. 
However, the draft CBRP did not include a clear commitment to adopting specific 
ordinances or providing funding for enforcement of these ordinances. The draft 
CBRP should identify obstacles to the adoption of specific ordinances, a schedule 
for consideration of adoption of these ordinances, and a clear commitment to 
support and fund enforcement of these ordinances, when and if approved. In 
addition, please indicate how the effects of these ordinances will be measured and a 
schedule for collecting such measurement data. 

3.	 Section 5.2.2.1 of the draft CBRP indicates that there are two essential questions 
that need to be evaluated prior to fully engaging in a process that involves 
eliminating transient camps. However the questions are not explicitly stated. Please 
clearly state the questions and how their answers will be used to shape this draft 
CBRP element. 

4.	 Section 5.2.2.2 of the draft CBRP describes development of an illicit discharge, 
detection, and elimination program (lODE) in accordance with MS4 permit 
requirements. However, other than development of the program, the draft CBRP did 
not indicate who would be conducting inspections nor did it provide specific details 
regarding specific goals and objectives for the program (Le., number of inspections 
per given time period, length of water body per inspection, etc.). Please provide this 
information. 

5.	 Section 5.2.2.3 of the draft CBRP indicates that existing street sweeping programs 
will be evaluated and that a plan and schedule for a revised program will be 
developed based upon the evaluation. A summary of debris (tons) collected from 
street sweeping in Riverside County municipalities was provided for the years 2005
09. However, specific and contextual details regarding existing street sweeping 
activities were not provided. Please provide thenumber of curb-miles. in the 
watershed, the number of curb-miles that are swept on a regular basis, and the 
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.frequency of street sweeping activities. In addition, please indicate what will be done 
for the remaining un-swept curb-miles and a specific schedule for full implementation 
of the updated street sweeping program. 

6.	 Section 5.2.2.4 of the draft CBRP describes development of a Residential Program 
to evaluate irrigation and water conservation practices. However, specific goals and 
objectives for the program were not provided. Please provide specific numeric goals 
and objectives for the irrigation and conservation practices described in the CBRP. 
In addition, the draft CBRP discusses landscape irrigation audits; however, it does 
not include evaluating the outcome of such audits or applying the results to the 
implementation of specific management. measures. Since the draft CBRP states that 
irrigation audits are highly effective, the permittees should identify a specific 
commitment to follow up on irrigation audits. 

7.	 Section 5.2.2.6 of the draft CBRP describes development of a septic system 
inventory and program. However, specific details for this program were not 
provided. Please provide a schedule for completion of the septic system inventory 
and mapping tasks. In addition, please indicate how public education and its 
effectiveness ·regarding septic systems will be measured. Also, please indicate 
goals and objectives for septic system inspections (e.g., describe how many septic 
system inspections will be completed per given time period, specific steps of the 
inspection process, etc.). 

8.	 Section 5.2.3 of the draft CBRP attempts to address the requirement to include the 
specific inspection criteria used to identify and manage urban sources of bacterial 
indicators. However, the information provided does not clearly describe the 
inspection criteria or specific details of the inspection program. Please indicate the 
following regarding the inspection program: 

A.	 The questions that will be answered by performance of inspections and 
controllability assessments 

B.	 The number of inspections that will be completed during given time periods 

C.	 Personnel assigned to perform inspections 

D.	 The specific components or steps of an inspection 

E.	 The criteria affecting decisions and completion of specific inspection steps 

F.	 Please provide additional background information regarding inspection 
nodes. 

G.	 Please explain the extent to which MS4 inspections will be able to locate 
transient encampments. 

9.	 Many actions are considered in Section 5 of the draft CBRP. This section should 
also include descriptions of specific activities designed to measure reductions in 
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bacterial indicators and DWF, and identify specific reductions expected to be 
achieved following implementation of key CBRP elements by specific dates. 

10.	 Section 5 of the draft CBRP should describe what additional actions will be taken to 
achieve TMDL targets by 2015 if the 2014 Annual Report shows that the estimated 
reductions in Section 6 are not being realized and/or monitoring data demonstrate 

. that the water quality objectives and/or urban wasteload allocation is not being met. 

12.	 The draft CBRP states that preparation of use attainability analyses (UAAs) will be 
included in the inspection program (pg. 5-13), that completion of UAAs will be 
implemented in parallel with source evaluation activities (pg. 5-13), and that UAAs 
are incorporated into the inspection program (pg. 5-23). Please provide clarification 
and specific details regarding the intent of these statements. 

13;	 Many sections of the draft CBRP discuss hydrologic disconnection; however, 
hydrologic disconnection is not clearly defined. Please include a clear definition of 
hydrologic disconnection. Furthermore, considering that a significant portion of the 
compliance approach within the draft CBRP relies upon the assumption of hydrologic 
disconnection of water-bodies and sub-watershed areas within the MSAR 
watershed, the inspection strategy must include clear determinations regarding 
hydrologic disconnection. 

13.	 Section 6 contains an analysis to demonstrate the potential for the types of actions' 
proposed in the draft CBRP to result in TMDL compliance. However, the draft CBRP 
does not provide requisite specifics regarding the numbers, types, locations or 
schedules of the actions that will actually be implemented. In short, Section 6 
provides a theoretical analysis. As stated in our overarching comments, what is 
required of the CBRP is a specific plan and schedule for actions that will result in 
compliance with the urban wasteload allocation.. 

15.	 On page 6-1 of Section 6.1, the draft CBRP states that an analysis used the 5
sample/30-day Logarithmic Mean for E. Coli and that several key questions were 
addressed to complete an analysis. Please identify which analysis is being 
addressed and describe the details of the analysis. 

16.	 In Section 3.2 (pg. 3-9) and Section 6.2.1 (pg 6.2), the draft CBRP lists general 
sources of DWF. Please provide a brief description of each of these sources. 

17.	 In Section 6 of the draft CBRP, discrepancies were found in reference to tables and 
figures in the section. 

A.	 On page 6-4, the draft CBRP states that typical DWF is shown in column 2 of 
Table 6-3, however, this column contains the Numeric Target in terms of daily 
bacteria load (billion cfu/day). 

B.	 On page 6-9, the draft CBRP states that Figure 6-3 shows large amounts of 
unaccounted-for bacterial indicators; however, Figure 6-3 (page 6-24) depicts 
the probability density function of the Monte Carlo simulation. 

.California Environmental Protection Agency 
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C.	 In Table 6-7 (page 6-18), for the column labeled Drainage Area with 
Increased Street Sweeping, please indicate the unit for the numbers 
contained in the column. 

D.	 Please provide units for the quantities listed in Table 6-8 Compliance Analysis 
Strategy (pg. 6-22). 

18.	 On page 6-4 of Section 6, the draft CBRP states that the presence of a non-urban 
source was determined to be responsible for the elevated DWF rates. Please 
describe how this determination was made. 

19.	 In Section 6.3, the draft CBRP states that Alternative 2 is the preferred method of 
determining compliance. However, Figure 6-1 shows the MS4/urban DWF to be 
significantly smaller relative to POTW and non-urban sources and Figure 6-2 also 
shows unaccounted for sources that appear to be more significant than MS4 sources 
in at least two watershed-wide locations. The unaccounted for sources do not 
appear to rule out unaccounted for urban sources. This information appears to 
assume that the MS4 sources may not be sufficiently significant to cause receiving 
water impairment. Please clarify what additional data will be obtained to 
demonstrate whether receiving water impairment is caused by the MS4 and that 
would then trigger the need for any bacterial source indicator reduction by the 
permittees. We understood the draft CBRP to be a BMP-based implementation plan 
to reduce bacterial indicators from urban sources. It's not clear how this alternative 
will demonstrate bacterial source reduction that will lead to compliance by 2015. 

20.	 Please correlate area-wide projected reduction in Table 6-8 to probable reduction in 
the WLA compared to baseline or currently known levels at the watershed-wide 
monitoring locations and projected necessary reduction from MS4 sources (Table 6
3). These target reductions should be included in the milestones with associated 
metrics in Table 7-3. Also, please describe how projected reductions will be 
validated on a watershed-wide basis. 

21.	 The draft CBRP contains a description of proposed bacteria reduction activities that 
will be implemented in accordance with the schedule proposed in Section 7. In 
addition, the draft CBRP states in Section 7 that progress towards implementing 
CBRP activities will be summarized and reported in the Annual Report, which is due 
by November 15 of each year. Rather than summaries, please include detailed 
descriptions of all CBRP activities, results, and conclusions completed each year. In 
addition, please indicate that the Annual Report will contain a comprehensive 
schedule of all CBRP tasks and activities planned to be completed during the year 
subsequent to each Annual Report. 

22.	 Section 8.2 (page 8-1) of the draft CBRP states that the CBRP is not intended to 
address bacterial indicator impairments that arise from within the impaired water
body. Please clarify the intent of this statement. 

23.	 Please include implementation tirnelines in the Figure 8-1 CBRP implementation 
strategy. 
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24.	 If determination is made that MS4 discharges are not causing or significantly 
contributing to receiving water impairment, this should be determined and reported in 
the 2014 Annual Report to allow regional board staff to redirect its efforts prior to the 
2015 compliance date. 

A final version of the CBRP addressing the comments described in this letter must be 
submitted to the Regional Board. Per the requirements of the MS4 permit (Sec. VI.D.1.c.ii), 
the final version CBRP must be submitted no more than 90 days after receiving these 
comments. If you have any questions, please contact Hope Smythe at (951) 782-4493 or 
hsmvthe@waterboards.ca.gov or William Rice at (951) 782-4459 or 
wrice@waterboards.ca.gov. 

Sincerely, /) J-l- n J
r::-::tV ~ 

Kurt V. Berchtold 
Executive Officer 
Santa Ana Regional Water Quality Control Board 

cc:	 Regional Board 
Mark Norton, Santa Ana Watershed Project Authority, mnorton@sawpa.org 
Rick Whetsel, Santa Ana Watershed Project Authority, rwhetsel@sawpa.org 
David Rice, State Water Resources Control Board, DavidRice@waterboards.ca.gov 
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Stormwater Quality Standards 
Task Force

Outgrowth of 2002 Triennial Review Process

Review bacterial quality objectives for REC-1 and REC-2 
based on EPA’s recommended criteria and guidance

Stakeholders recommended review of all Basin Plan 
objectives/beneficial uses

• Existing standards may be inappropriate and/or not previously 
subjected to Water Code Section 13241 analysis

• Economics of compliance

• TMDL considerations
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Stakeholder recommendation given low 
priority on draft 2002 Triennial Review List

Stakeholder resources required to complete/give 
high priority

• Regional Board recognized benefit of joint effort on 
review of REC objectives

Stakeholders agreed:  SQSTF initiated
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Stormwater Quality Standards Task Force

Funding partners:  Orange, Riverside, San 
Bernardino Counties, OCSD, SAWPA

Other participants include:  USEPA, Regional 
Board, Coastkeeper, Inland Empire Waterkeeper, 
cities, water and wastewater agencies

Initial focus on REC-related standards
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2006 Triennial Review List (draft)

Consider 
recommendations of 
Stormwater Quality 
Standards Task Force
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Importance to the Community
Protecting Public Health

Allocating Resources

Working Together
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Does One Size Fit All?
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EPA:  “Specificity  =  Flexibility”

Marine  vs.  Freshwater

WARM  vs.  COLD

Spawning

Shellfish

WILD and RARE

REC-1 vs. REC-2



8

Recommended  Approaches

EPA:

• Primary Contact Recreation

• Secondary Contact Recreation

SWRCB:

• “Full” REC-1

• “Limited” REC-1

• “Non-Contact” REC-2
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SWQSTF  Priorities

Develop a method to evaluate actual and potential 
recreational uses and a “suite of factors” to distinguish 
primary (full) contact recreation from secondary (limited) 
contact recreation.

Perform Use Attainability Analyses (UAA) to evaluate 
specific pilot locations and recommend appropriate 
classifications.

Develop site-specific water quality objectives for pathogen 
indicator bacteria to protect different recreational use 
classifications.
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SWQSTF

Ground-Rules

Stay within existing regulatory structure.

Inclusive and open public process.

Explore successful, EPA-approved precedents.

Seek wide-ranging stakeholder consensus.

Specific outcomes are not guaranteed.
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Subcategorizing  Recreational  Uses

REC-1A:  Full Recreational Use

• Significant, frequent & prolonged water contact

• Ingestion of water reasonably possible

REC-1B:  Limited Recreational Use

• Incidental & infrequent partial body contact

• Low risk of ingesting water

REC-2:  Non-Contact Recreational Use
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REC-1A:  Full Recreational Use
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REC-1B:  Limited Recreational Use
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REC-2:  Non-Contact Recreation
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No  Recreational  Use



16

Factors Considered When 
Designating Recreational Uses

Past and Present Instream Activity

Flow Conditions

Channel Structure

Access Restrictions

Seasonal  Air & Water Temperatures

Ambient Background Water Quality
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Difficult  Decisions
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Special High-Flow Use Suspension
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Developing Water Quality Objectives

Follow EPA Guidance

Apply Conservative 
Assumptions

Use  a Risk-based 
Approach

Functionally-equivalent 
Health Protection
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Possible Water Quality Objectives

REC-1A:  126 E. coli  (national criteria)

REC-1B:  630 E. coli  (5x REC-1A criteria)

REC-2:  Narrative pathogen objective only
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Are We Weakening Standards?
Risk of illness is lower in REC-1B (limited use) channels than in 

REC-1A (full use) streams after accounting for and documenting the 
significantly lower probability of pathogen ingestion.

Cumulative number of actual illnesses is also likely to be very low 
given the extraordinarily small number of people likely to be present in 
channels designated as REC-1B.

The proposed E. coli objective for REC-1B (limited contact 
recreation) still provides a higher level of protection against illness than 
is applied at the most populated ocean beaches (even if one assumes an 
equal risk of ingestion at both locations).

Risk-based approach encourages finite public resources to be 
directed at mitigation strategies that provide the greatest public health 
benefit and allows regional treatment alternatives to be considered.

Not unlike adjusting metals criteria for hardness, ammonia criteria  
for temperature or pH, or using EPA’s WER or resident species recalc 
procedure to account for important site-specific factors that affect risk.
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Protecting  Downstream  Uses
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Probable Basin Plan Amendments
Establish Rec-1A Full Use Subcategory

Establish Rec-1B Limited Use Subcategory

Adopt Narrative Water Objective for Pathogens

Adopt E. coli Objectives for Each Subcategory

Delete or Revise Obsolete Coliform Objectives

Establish Temporary High Flow Suspension

Reclassify Some Example Waterbodies in Each
Subcategory  (…after completing a UAA…)
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Executive Summary: 
 

Proposed Revisions to Santa Ana Region's Basin Plan for 
 

Recreational Use Classifications and Related Water Quality Objectives 
 
 
 

Background 
 
In mid-2000 U.S. EPA encouraged the Santa Ana Regional Water Quality Control Board to "update 
bacteria indicator organism objectives for REC1 and REC2 beneficial uses" at the next triennial 
review.1  Specifically, EPA recommended using E. coli and/or Enterococci as these bacteria were 
"better correlated to health effects related to water-contact recreation."   
 
At the next triennial review (2002), the Regional Board received significant public comment on the 
issue and determined that updating the bacteria indicator organism objectives in the Basin Plan 
should be a high priority.  Stakeholders strongly recommended that the Regional Board should 
conduct a comprehensive scientific and technical review of all water quality standards related to 
recreational uses in the watershed.  In late 2002, a Task Force was formed to undertake and fund the 
effort.  The Santa Ana Watershed Project Authority  (SAWPA) served as the Task Force 
administrator. 
 
All interested stakeholders were invited to join the Task Force and participation was not 
conditioned on providing any financial contribution.  Representatives from all of the major water 
and wastewater agencies, stormwater management agencies, environmental interest groups, the 
Regional Board and U.S. EPA have been meeting regularly for four years to develop appropriate 
recommendations for updating recreational water quality standards in the Santa Ana Basin Plan. 
 
From the outset, all Task Force participants agreed to seek only solutions that comport with state 
and federal regulations.  These requirements were summarized into a set of "Axioms" that governed 
the discussion of alternatives (copy attached as Appendix A).  In addition, considerable emphasis 
was placed on following U.S. EPA's recommended water quality criteria for bacteria2 and other 
related implementation guidance even where such guidance was not yet final.3  The latter was 
particularly helpful in developing a systematic approach to distinguish between primary contact 
recreational uses (REC1) and secondary contact recreational uses (REC2). 
 
The Task Force is now concluding its work and is planning to recommend the following Basin Plan 
amendments to the Santa Ana Regional Water Quality Control Board later this year: 

                                                 
1 See letter from U.S. EPA - Region IX to the State Water Resources Control Board dated May 30, 2000 @ pg. 8 
2 U.S. EPA.  Ambient Water Quality Criteria for Bacteria - 1986.  (EPA 440/5-84-002) 
3 U.S. EPA.  Implementation Guidance for Ambient Water Quality Criteria for Bacteria.  May, 2002 Draft (EPA-823-B-
02-003) and November, 2003 Draft (EPA-823-B-03-XXX) 
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Recommendation #1 
 
The definition of "Contact Recreation (REC1)" should be revised to read: 
 
 "REC1 - Primary Contact Recreation:  waters used for recreational activities involving 

frequent and prolonged water contact, especially by children, where ingestion of water is 
likely including, but not limited to:  swimming, water-skiing, surfing, whitewater rafting, 
float-tubing, natural hot springs, skin and scuba diving.  All waters of the U.S. are presumed 
to be capable of supporting primary contract recreation unless a Use Attainability Analysis 
(UAA) demonstrates that such a designation is not attainable and the Basin Plan is revised 
accordingly." 

 
Rationale: 
 
U.S. EPA's recommended water quality criteria for bacteria were developed to protect primary 
contact recreation.  Therefore, in order to avoid any confusion when implementing the bacteria 
criteria, the Task Force recommends that the definition of REC1 conform, as closely as possible, to 
EPA's description of Primary Contact Recreation. 
 
Representatives from EPA informed the Task Force that the federal agency has long held that the 
designated use called "REC1" in California was functionally-equivalent to "Primary Contact 
Recreation" in EPA's published guidance.  The Task Force concurred with EPA's conclusion and so 
sought to harmonize the specific definitions at every opportunity. 
 
One important addition to the REC1 definition is the acknowledgement that all surface waters are 
initially assumed to be capable of supporting primary contact recreation.  This statement is 
consistent with the stated goals of the Clean Water Act and related federal regulations.4  It is 
intended to clearly indicate that the burden-of-proof is not on the Regional Board to demonstrate 
that a given waterbody is suitable for contact recreation but, rather, the burden-of-proof is on those 
who claim otherwise.  That burden-of-proof can only be met by performing a Use Attainability 
Analysis (UAA) and by convincing the Regional Board to revise the relevant water quality 
standards (uses and criteria) in the Basin Plan through a formal public process.  The State Water 
Resources Control Board and the U.S. EPA must also approve Basin Plan amendments. 
 
The only substantive change between the current REC1 definition and the proposed REC1 
definition is that "fishing" was deleted from the list of example activities identified as primary 
contact recreation.  This was done to distinguish different types of fishing activities that incur 
different risks of immersion and ingestion.  Fishing in waders or from float tubes, where the angler 
is in direct and prolonged contact with the water, will continue to be considered primary contact 
recreation (REC1).  However, fishing from the shoreline or from boats involves very little direct 
water contract and is more likely to be protected as a REC2 activity.  Since the list of example 
activities is not exclusive, it was decided to omit "fishing" altogether rather than try to specify all of 
the different variants that may occur.  It is not the act of fish, per se, that determines whether an 
activity is REC1 but, rather, the degree to which the anglers come into contact with the water and 
the risk that such contact will lead to ingestion of water. 

                                                 
4 See 40 CFR 131.10(j) 
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Recommendation #2 
 
The definition of "Non-Contact Recreation - REC2" should not be changed.  The current definition 
reads: 
 

"Non-contact Water Recreation (REC2) waters are used for recreational activities involving 
proximity to water, but not normally involving body contact with water where ingestion of 
water would be reasonably possible.  These uses may include, but are not limited to, 
picnicking, sunbathing, hiking, beachcombing, camping, boating, tidepool and marine life 
study, hunting, sightseeing, and aesthetic enjoyment in conjunction with the above 
activities." 

 
Rationale: 
 
The Task Force accepts EPA's interpretation that the REC2 designated use is functionally-
equivalent to the definition of "secondary contact recreation" identified in federal guidance.  That 
guidance indicates that incidental and infrequent partial body contact need not be considered 
primary contact recreation if the ingestion of water is unlikely.  The list of activities identified as 
examples of REC2-type behavior is consistent with EPA's description of secondary contact 
recreation.  Therefore, no revision to the Basin Plan is necessary. 
 

Recommendation #3 
 
The section entitled "Beneficial Uses" on page 3-1 of the Basin Plan should be revised to add the 
following text: 
 

"Factors the Regional Board may consider when determining whether to designate a 
waterbody as REC1 and/or REC2 (or neither) include, but are not limited to:  flow 
conditions, ease of access, adjacent land uses, proximity to parks and/or residences, channel 
modifications, naturally-occurring sources of pollution (including aesthetic conditions of the 
water), legal restrictions, public safety concerns, and the actual nature of recreational 
activities that have historically occurred in the waterbody or in other waterbodies with 
substantially similar characteristics." 

 
Rationale: 
 
The purpose of the additional text is to identify the factors that should be considered and evaluated 
by those intending to conduct a Use-Attainability Analysis.  The list of factors was derived directly 
from U.S. EPA's draft implementation guidance for bacteria standards5 and the State Board's 
"precedential decision" regarding recreational use designations in Ballona Creek.6  As noted earlier, 
any factor the Regional Board relies on to delete or downgrade a REC1 use must also conform to 
one or more of the six UAA factors specified in federal regulations.7  

                                                 
5 U.S. EPA.  Implementation Guidance for Ambient Water Quality Criteria for Bacteria.  May, 2002 Draft (EPA-823-B-
02-003) and November, 2003 Draft (EPA-823-B-03-XXX) 
6 California State Water Resources Control Board Order No. WQO-2005-0004  (January 20, 2005) 
7 See 40 CFR 131.10(g) 
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Recommendation #4 
 
Chapter 4 ("Water Quality Objectives") of the Basin Plan should be revised to add the following 
narrative water quality objective for pathogens for all surface waters designated REC1 or REC2: 
 

"Waste discharges shall not cause or contribute to excessive risk of illness from 
microorganisms pathogenic to human beings." 
 

Bacteria, viruses, protozoa and parasites occur naturally in the environment and may also be present 
in waste discharges.  Some of these organisms, particularly those that originate from human 
sources, are pathogenic, that is, they may cause illness to exposed persons.  The presence of these 
pathogens in waterbodies may  impair recreational uses and/or municipal water supplies.  Direct 
measurement of all pathogens is impractical because standard methods have not yet been approved, 
nor have specific water quality criteria been established for each microorganism that may be 
harmful.  Therefore, EPA recommends using surrogate indicators, such as E. coli concentrations, to 
demonstrate that water quality is adequate to protect human health against an unreasonable risk of 
illness to those making frequent and/or prolonged contact with the water where the risk of ingesting 
the water is reasonably possible. 
 
Over time, the recommended surrogate indicator has changed from total coliform to fecal coliform 
to E. coli and Enterococci.  On-going epidemiological research may demonstrate that there are even 
better surrogate indicators available.8  Adopting a narrative objective for pathogens, in addition to 
numeric water quality objectives for current surrogate indicators, will provide the Regional Board 
with the regulatory flexibility to implement more accurate and reliable water quality monitoring 
technologies without necessitating a formal Basin Plan amendment in each instance. 
 
 

Recommendation #5 
 
Chapter 4 ("Water Quality Objectives") of the Basin Plan should be revised to delete the current 
numeric water quality objective for fecal coliform bacteria in Inland Surface Waters designated 
REC1.  Similarly, the fecal coliform targets established in previously adopted TMDLs should be 
deleted. 
 
Consistent with EPA guidance and recommendations, the current water quality objective for 
indicator pathogens, expressed in fecal coliform units, is obsolete and should be updated.  For 
freshwaters designated REC1, E. coli should replace fecal coliform as a numeric water quality 
objective for pathogen indicator bacteria  (see Recommendation #6, below).  The TMDLs 
developed to address pathogen impairment in the Santa Ana region,  already include a numeric 
target for E. coli and were previously approved by U.S. EPA.9  Therefore, the numeric target for 
fecal coliform is redundant and unnecessary.  In fact, the TMDLs also include a reopener provision 
to delete the fecal coliform objective if and when E. coli objectives are approved. 

                                                 
8 See, for example, U.S. EPA.  Report of the Experts Scientific Workshop on Critical Research Needs for the 
Development of New or Revised Recreational Water Quality Criteria.  June 15, 2007  (EPA 823-R-07-006) 
9 Santa Ana Regional Water Quality Control Board Resolution No. RB8-2005-0001.  TMDL for Bacterial Indicators in 
the Middle Santa Ana River Watershed Waterbodies  (August 26, 2005) 
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Recommendation #6 
 
Chapter 4 ("Water Quality Objectives") of the Basin Plan should be revised to add the following 
numeric water quality objective for pathogen indictor bacteria: 
 

"Pathogen indictor concentrations shall not exceed the values specified in Table 
1(below) as a result of controllable water quality factors unless it is demonstrated to 
the Regional Board's satisfaction that the elevated indicator concentrations do not 
result in excessive risk of illness among people exposed to the water." 

 
Table 1:  Indicator Pathogen Criteria for Fresh Waters 

 
Recreational Use 

Designation Indicator Pathogen Objective 

REC-1 <126  E. coli/100 ml 
(30-day geometric mean of at least 5 samples) 

 
REC-2 

<2000 fecal coliform/100 ml and 
<10% of samples >4000 fecal coliform/ 100ml 

(both as 30-day geometric means of at least 5 samples) 
 
 
Rationale: 
 
The indicator pathogen objective of <126 E. coli (expressed as the geometric mean of at least five 
samples collected over a 30-day period) is derived directly from U.S. EPA's Ambient Water Quality 
Criteria for Bacteria.10  The new E. coli objective will provide more protection against the risk of 
waterborne illness than does the current fecal coliform objective. 
 
At the time it was adopted, the current fecal coliform objective was expected to provide a level of 
risk protection equal to 10 illnesses in every 1,000 swimmers (e.g. 1%).  According to the tables and 
equations published in federal guidance, an E. coli objective of 126 cfu/100ml provides a level of 
risk protection equal to 8 illness in every 1,000 swimmers (e.g. 0.8%).  Therefore, the proposed E. 
coli objective is more protective than the current fecal coliform objective. 
 
U.S. EPA has previously stated that it will consider any E. coli objective between 126 cfu/100ml 
and 206 cfu/100 ml to be functionally-equivalent to the level of protection provided by the current 
fecal coliform objectives and, therefore, federally-approvable.  By electing to adopt an E. coli 
objective at the lower end of EPA's recommended range, the Regional Board is intending to 
establish a deliberate "safety factor."  By doing so at the time the new water quality objective is 
adopted, the Regional Board hopes to avoid the necessity of calculating or applying additional 
safety factors when developing TMDLs and/or effluent limits in discharge permits. 
 

                                                 
10 U.S. EPA.  Ambient Water Quality Criteria for Bacteria - 1986.  (EPA 440/5-84-002) 
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Recommendation #7 
 
The current fecal coliform objective established to protect freshwaters designated REC2 should not 
be changed.   
 
Rationale: 
 
U.S. EPA has acknowledged that there is insufficient useful data available to calculate or 
recommend an E. coli or Enterococci criteria to protect secondary contact recreation.11  Therefore, 
states have wide discretion to adopt their own water quality criteria for REC2 waterbodies. 
 
Some states have elected to develop a secondary contact criteria by multiplying the primary contact 
standard by a factor of five  (e.g. 126 x 5 = 630 E. coli /100 ml).  U.S. EPA does not formally 
recommend this procedure but has approved it in other states.  The Task Force recommends against 
such an approach because there is no scientific or technical basis for selecting the multiplier factor.  
Arbitrarily choosing a factor of "5" as other states have done, may result in legal challenges that 
unnecessarily delay implementation. 
 
The current Basin Plan already contains numeric water quality objectives to protect secondary 
contact recreation (see Table 1 above).  These standards were lawfully adopted and, if they remain 
unchanged, no longer subject to administrative appeal or legal challenge.  Therefore, the Task Force 
recommends that the current fecal coliform objectives for REC2 remain in place until such time as 
U.S. EPA publishes new water quality criteria for secondary contact recreation. 
 
 

Recommendation #8 
 
The current total coliform objective established to protect surface freshwaters designated MUN 
(municipal water supply) should be deleted;  however, t the current total coliform objective for 
groundwaters designated MUN should remain unchanged in the Basin Plan. 
 
 
Rationale: 
 
The current total coliform objective was adopted in the mid-70's at a time when water purveyors 
could divert surface waters to municipal use without additional treatment.  In late 1998, U.S. EPA 
adopted Interim Enhanced Surface Water Treatment requirements into the National Primary 
Drinking Water Regulations.12  Designed to improve control of microbial pathogens in drinking 
water, the new regulations require surface water to meet filtration and disinfection standards before 
being served to the public.  Consequently, the numeric coliform objective is obsolete and 
unnecessary. 

                                                 
11 U.S. EPA.  Implementation Guidance for Ambient Water Quality Criteria for Bacteria.  May, 2002 Draft (EPA-823-
B-02-003) and November, 2003 Draft (EPA-823-B-03-XXX) 
12 63 Fed. Reg. 241 @ pg. 69478  (December 16, 1998) 
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Many of the surface waters that might otherwise be used for municipal water supply were exempted 
from the MUN designation under the State Board's Sources of Drinking Water Policy in 1989.13  
Most of the others (primarily small mountain creeks or large lakes and reservoirs) are also 
designated REC1 and would continue to be protected by the numeric E. coli objective in lieu of the 
total coliform criteria.  In addition, should more protection be required, the Regional Board may 
rely on the recommended narrative pathogen objective to impose the necessary restrictions. 
 
 

Recommendation #9 
 
A footnote should be added to all freshwater rivers and streams designated as REC1 or REC2 in 
Table 3-1 of the Basin Plan;  said footnote to state: 
 

"The REC1 and/or REC2 use designation is temporarily suspended when high flows, 
caused by stormwater runoff, preclude safe water contact recreation in the 
waterbody.  The temporary suspension is automatically terminated when flow 
conditions have returned to safe level." 

 
The footnote would not be applied to lakes, reservoirs or ocean waters designated REC1 and/or 
REC2.  The actual cut-off criteria would be decided by the Regional Board on a case-by-case basis. 
 
Rationale: 
 
In an arid watershed such as the Santa Ana region, stream flows are generally relatively tame.  
However, when it rains, there is considerable risk of flash flooding.  At such times, it is unsafe to be 
in the local rivers and creeks.  The REC1 and REC2 uses are unattainable for reasons unrelated to 
actual water quality, namely intermittent flow conditions14 and hydrologic modifications.15 
 
In 2003, the Los Angeles Regional Water Quality Control Board adopted similar provisions in its 
Basin Plan.16  The Task Force recommendation relies heavily on this precedent but does not limit 
application solely to "engineered channels" as the Los Angeles Board did.  The Task Force 
recommends that the REC1/REC2 uses be temporarily suspended whenever and wherever the 
volume and velocity of flow is sufficient to preclude safe recreational activities regardless of 
whether the channel has been re-engineered for flood control purposes or not.  Although it should 
be noted that nearly every valley stream segment throughout the Santa Ana watershed has been 
modified to some degree to facilitate urban stormwater flows and/or prevent erosion. 

                                                 
13 California State Water Resources Control Board Resolution No. 88-63. 
14 40 CFR 131.10(g)(2) 
15 40 CFR 131.10(g)(4) 
16 Those provisions were ultimately approved by the SWRCB as Resolution No. 2003-71 on July 10, 2003. 
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Recommendation #10 

 
Reclassification of the section of Temescal Creek from its confluence with Reach 3 
of the Santa Ana River upstream to its confluence with the Arlington drain.  Final 
recommendation dependent on results of on-going Use-Attainability Analysis. 

 
 

Recommendation #11 
 

Reclassification of the section of Temescal Creek from it confluence with the 
Arlington drain upstream to where the vertical, concrete-lined channel reverts to 
more natural conditions  (approx. Sherborn St. in Corona).  Final recommendation 
dependent on results of on-going Use-Attainability Analysis. 

 
 

Recommendation #12 
 

Reclassification of the section of Cucamonga Creek from the crossing at Hellman 
Ave. upstream to its confluence with Deer Creek channel.  Final recommendation 
dependent on results of on-going Use-Attainability Analysis. 

 
 

Recommendation #13 
 

Reclassification of the section of the Greenville-Banning Channel from its 
confluence with the Santa Ana River just below Victoria Ave. upstream to where the 
channel crosses under the 405 Freeway.  Final recommendation dependent on results 
of on-going Use-Attainability Analysis. 

 
 

Recommendation #14 
 

Classification of the section of Santa Ana Delhi channel from its confluence with 
upper Newport Bay to the crossing at Sunflower Ave.  Final recommendation 
dependent on results of on-going Use-Attainability Analysis. 

 
 

Recommendation #15 
 

Classification of the section of Santa Ana Delhi channel from the crossing at 
Sunflower Ave. upstream to the crossing at approximately MacArthur Blvd.  Final 
recommendation dependent on results of on-going Use-Attainability Analysis. 

 



 

 
 

Axioms for Setting or Changing Stormwater Standards 
 

 
1) Appropriate beneficial uses must be designated.  (40 CFR 131.10a) 

2) Uses must be designated where the use is actually being attained.  (40 CFR 131.10i) 

3) Water quality objectives must protect the designated uses.  (40 CFR 131.11a) 

4) Water quality objectives must protect the most sensitive use.  (40 CFR 131.11a) 

5) Existing uses may not be downgraded or deleted.  (40 CFR 131.10-h-1) 

6) The level of water quality necessary to protect existing uses shall be maintained.  (40 CFR 
131.12a) 

7) Existing uses are those uses actually attained in the water body on or after November 28, 1975, 
whether or not they designated.  (40 CFR 131.3e) 

8) REC-1 and Aquatic Life Habitat (ALH) are presumed to be attainable  (40 CFR 131.10d) 

9) Failure to designate REC-1 and ALH requires a UAA (40 CFR 131.10j) 

10) Water quality objectives must protect downstream beneficial uses (40 CFR 131.10b) 

11) Deleting or downgrading a designated use requires a UAA (40 CFR 131.10j) 

12) Subcategorizing w/ less stringent water quality criteria requires a UAA (40 CFR 131.10j) 

13) Uses are deemed attainable, and may not be removed, if the use can be achieved with cost-
effective and reasonable best management practices for nonpoint source control.  (40 CFR 
131.10d and 40 CFR 131.10-h-2) 

14) May delete, downgrade or subcategorize a use only under certain conditions (40 CFR 131.10g) 

15) Seasonal uses are allowed.  (40 CFR 131.10f) 

16) EPA's recommended water quality criteria are presumed to be protective for the associated 
designated uses.  (40 CFR 131.11) 

17) States may adopt and implement mixing zones, variances and low flow policies (40 CFR 131.13) 

18) Regional Board must consider factors identified in Section CWC §13241, including "economics," 
when adopting water quality objectives to protect beneficial uses. 

19) Undesignated waterbodies have the same beneficial uses as the designated waterbodies to which 
they are tributary (SAR Basin Plan, pg. 3-5) 

20) Where current water quality is better than necessary to protect designated uses that existing 
higher quality must be preserved unless allowing lower quality is demonstrated to continue to 
protect existing uses and would provide "maximum benefit to the people of California."  
(SWRCB Res. No. 68-16) 



UNITED STATES ENVI 0 ME TAL PROTECTION AGENCY 
REGION IX 

75 Hawthorne Street
 
San Francisco, CA 94105·3901
 

Joanne S hneider 
Environmental Program Manager 
Santa Ana Regional Waler Quality Contr I Board 
3737 Main Street, Suite 500 
Riversid ,CA 9250J-3339 

Dear Ms. Schn id r, 

We have re i wed the strawman document. "kecomml:naeu Kevi iVli::> lu S~.~..l ....u:... 
Region's B in Plan f r Recreational U. e Classifications and Related Wat r Qualit 
Objectives". prepared by the Task Force dated December 4,2007. The purpose of this 
leHer is to docum nt some conccms that we ha e with the proposal and to recommend 
solutions. 

The proposal affects both the recr ational use desIgnations anti the bactenal objectIves 
designed to protect those uses. 

The lise chang s 111\ olve: 
(1) redefining the primary contact re realion (REC 1) use, 
(2)	 adding a RECX category to define where a use attainability analysis (U A) has
 

been dOll to demonstrate that re r alional uses do not ex ist and
 
3) providing a hi h flov., sLlspcnsi n of US s \Vh ·n REC I and REC2 (non-contacl
 

recreation) u es are precluded due to hiqh stomlwater nows.
 

The changes 10 dl bacterial objectives il1\'ol\' 
(1) adding a narrativ pathogen obje tive Ihat applies to RECl and REC2; 
(2) repl cing the fecal colifonn geometric me n and single sample objecti es for
 

P.EC 1 ~.'.'!~h ~ .s?_~'~l?tr;c !'1e~q r:: ,"'rd.' rJ0~r'ive~
 

(3) reinterpreting the single sam	 Ie ma 'il1lul1l for REC2 fecal c Ii form as a trigger
 
fOi j'l-lvnito iiP 0nly; Ji-IJ
 

(4) removing the MUN total coliform objective. 

We are not supporti e of the propos d changes to the REel use finition, but we" ould
 
be amenable to creation of a limit d R 1 us to be applied to sp cific water where
 
REC 1 is neither existing nor attainable for a UAA. Any change to the existing u e
 
designations requires a LJAA. We require clarity [rom the Task Force on which ofth six
 
UAA fact rs in 40 CFR 131.1 O(g) '\ auld be pplied in these use designations and \vhat
 
thresholds the Regi nal Board would be considering in making the case that the lse was
 
110t existing. We would also need to see gr ater s ecificity on the criteria and thresholds
 
th t \vould be used to define the high 00\ exclusion peri d.
 

Prinl~d 011 ktC)<'Itd paptr 



We are not opposed to refinements of the use elassificati n schemes or AAs to re
d signate recrealional use. Our goal is 1O ensure the process is con istcnt with EPA 
guidelines. the approach is technically sound and the decision fral 1cwork is ell 
documented and transparent. We look forward to working 'with you on improving the 
propos d changes. If you have q esti n pleas call me at (415) 972-3452. OUf pecific 
comments on the strawman proposal are att ehed. 

incerely, 

)1
 
Jan t H' ll1nlofo Chief 
K;{onitoring and Asses ment Officc 



Comment on Slrawman proposal: 'Recommended i ions to Santa Ana Regi n's
 
B sin Plan Jor Recreational Use Cia ilJcati ns and Related lat r Qualit Objecli es
 

Task Fore e omme dation 1. RE8 is prop sing changes Lo the RECl se definition. 
The language changes include a shift from the threshold of 'potential for bod conta 1 'to 
"frequent and prolong d use", a ch ng in lhr hold for water iJ gestion from 'reasonably 
possibl ' to "likely"' and the elimination of fishing and w ding [rom REC 1 acti ities. 

h d tlnition al 0 includes a statement tl1 t "All defined wat rs of the U.. are pr sum d 
lo be cap ble of supporting primary cant ct rc .... rc· tion unless a 'U Attainability Analysis 
(UAA) demonstrates that this use has not been attained and is nOl attainable and the 
Basin Plan is revised accordingly." 

1·Ve clo 1I0t support this change in the RECJ definition. The Cl/rrel/[ REC1 defillitioll \'(lS 

tile product ofan intellse collaborative effort b.v the State Water Resources Control 
Board, tlte Regional Wate,. Quality Comrol Boards and tI,e USEPA, to develop a 
COllsi'tent Ultewide definitioll for the REel lise. The proposed changes ha\'e the effect 
ofaltering the th,. sllolcls for RECluse designations, rendering them less protective. We 
would support the de\ lopment of(J I/ew Limit d REC1 lise designatiol/. A Limited RECl 
lise designation more a 'cllrately rejlects rile SIt/laUOH Hlllerejl'eqllel11 and proionged lise 
is unlikely, where ingestion is unlike~y bllt possible. EPA guidance allOl'vs at!ilistmellt of 
single sample maxima for areas \1Jhere II e i I s frequem. 

Task Force Recommendation 2. aintain existing definition of REC2. 
We I/ote that wading andjislting uses would not be covered under this proposed /lew 
definition cheme, since these uses would be remO\ eel from R£C j definition and they are 
/lot inelude I i/l the current REe2 defil1lt1on. 

Ta k Force Recommendation 3. ew languag would b doed to the Basin Plan to 
identify fa tors that would be used to reclassify waterbodies into three u e classifications 
(REel, RECl and RE ). The REC r definition would apply to ar s here a UAA has 
be n done to show that all recreational u e are not attainable. Factors or classification 
include £low condition, ea e of access dj cent lar d usc, proximity to parks and or 
resi ences, channel morphology and modification, legal restrictions pu lie safely 
----~.-- --~\..~bl~ _:~l. _i'lJ·,_·~~~t;~~ par"'- "~d ~n"'~'" t;~.~ .... 1...,.,,.. t,,.,.,,,,, "f""", 'h I """'''"ITprl\,.,U11\"..\.-lJl,lJ'VlIa ",aJ~l\.vl 15~.,)lJUll, 5 U.I' 1""'~I.,j'vU.\.!'-'.lIIJu.tLJ, JP"' ...... t\...... ""' ........ '-'llJ .......... - ._ ....
 

in 1975. 

ft is importwlIto make (J distinctioll betl ecn factors that relate to use, those that relate to 
the le\'el ofprotectioll needed to protect tile use and those 6factors identified ill 
131.10(g) that relate to use attainability. 

Under 40 CFR 131. JO(g) states may remove a designated use which is not all existing 
lise, as defined in .'lfi 13/. 3, or establish sub-categories ofa use iIthe Slate an 
demonstrate that attaining the desiCTJlated use i 110t feasible becall e: 



1.	 Naturally occurring pollutont cOl/centrations prevent the aUain111 lit ofthe liS ; or 
2.	 Natural, ephemeral, intermittent or low flow conditions or water levels pre\'ent 

the affainmefll of the use, wrles These conditions may be compel/satedfor by the 
discharge ofsufficient VOlU111 of if!uellt discharges without violwing State water 
consen arion requirements 10 enable £I es to be mel; or 

3.	 Human caused conditions or sources ofpollution prevent the attainmell! ofthe 
use and cannot be remedied or would cause more environmental damage to 
correct thall to leave in place; or 

4.	 Dams, diversions or other typ s ofhydrologic modijications preclude rhe 
alta/llmcnt ofthe lise, and If is notlea ible to restore the water bod)' to its original 
condirion or to operate such modt]Tcarion in (/ way that would result in the 
Ltlainment of the lise; or 

5.	 Physical condItions related to rhe natural features ofrhe H'ater body, Sitch as the 
lack ofa proper substrate, cover, flow. depth, pool. r{(fles. (/nd the like. unrelated 
ro \\,£11er qualit J, preclude auainmcl/t ofaqu(/tic lifi protection uses; or 

6.	 Controls more stringent thall those required by sections 301(6) and _~06 ofthe Act 
would result in ubstantial alld widespread economic (End social impact. 

Issues relating 10 acee.s, proximity to parks ondfuture plans relat to poteJ1fial lise (i.e., 
wheTh r people call recreate there) rather than potential use attainment (i.e. whether we 
con 111 et the hactenal ol?Jectives). Hoth are important pi ces ofinformation btU the latter 
is the key i sue in the UAA process. Similarly, landuse b.v itself is Itot a factor in the UAA 
process. 

The potential for ingestion should be separated from probahle riskfrom ing 51i01l. The 
form r relates to exposure. The laller relates to risk ofgetting ill/rom ingestion has d 
Oil the epidemiology. Together these Mofartors pro\'i Ie information on the IC\lel of 
protection needed to protect the lise. HO\1 eller, they are not jactors to he considered 
when pe/forming a lise llttainability analysis. 

RBS should idel1fifjJ which jactors wOlild h tlsed in VMs and how thes relate to til 6 
factors in 131. JO(g). 

Under Factor 1. RES would lie d to ShOll thar flaW,., ! sources preW!'J1t attuinl/le1l! of" e. 
This is similar fo the approach used ill RB4. For EPA approval. there IIIUSt be a 
dem~.·!st.'·a!ian the: t!:e (!.'Ccccdc:;;ccs m'c dll~.'O iWI'iHul SOiifC-S (i.c. L/i! lii/llilll' .)U/tl u:s 

have heen controlled). We would also expect studies to determine the appropriate 
bacterial ohjectives for the waterhody impacted hy natural sources. The recent narural 

/tree loadings stud J may provide useful information to support development of lIeh an 
objective. 

Under Fa tor 4 we would expect an anCl~l'sis as to how hydl'omodijicatioll pr elude rhe 
atlainment (~fthe £I e andHhy it is n tfeasihle to res/or the lise to its "original" (i.e.. 
the use thaI exist d in No lember 1975) condition. 



UI/der Factor 611'e would expect (J demoll tration thul at/al17m III lVould resull in 
wldespre I t ecol/omic and social Impa t Gul lallce 011 Ihis is provided In a document 
litled "interim ec nomic Guidance/or WaleI' QualilY Srandurds Workhuuk" (EPA-82 
B-95-002, March i995). 

Task Force Recommendation #4. RB8 is pr posing to add a narrative pathogen 
objective. 

ij e have 110 o~jcctl n to Ihe ({ddltioll ofIIarratil e ohjeclive 

Ta k Force Recomme dations #5 and #6 (REel objectives), R8 is proposing del tint:> 
the fecaJ objectiv (both geomean and ingle sample standard) from REC 1. This would 
be replaced with n E. coli objecti e of 116 (ge mean of 5 samples over 3D days) for 
REC I. They are not considering a single sample maximum for E. coli. 

EPA is encouraging states 10 replace til •fecal oliform objecliv s 'ith objectives for E. 
coli. However, we do 110t believe Hie WI approve the stalldards challge heing propo ed 
without a single sample stalldardfor E. colt. III other EPA approvals, we /rave required 
addillg single sample slalldards \I/here ol/Iy a geometric mean has been adopted. 

Task .... r e Kecommendations 1f! and 1HU ~Jti'.Cl objecri es). RB8 is proposing to 
retain th fecal c Ijfornl standard fI r REC2 (average of 2000, no more than 10°;' > 4000). 
Those standards w re nly conditionall approv d vhen and 'here they were dopted as 
pan oflhe standards in Californi , and only bee use more string nt REel stan<.lards 
apply to nearly al waters. The Task Force seeks clarific lion if the tel111 a\"erage" as 
applied to the REC2 standard for fecal olifomls can be interpret as a geomean. They 
are also proposing that the single sample maxima for fecal colifon11 (cunently in their 
Basin PI n) should be used as a trig er for monitoring only. 

It I uncleal' why RB8 is 110T replacing the REe2 fecal ohjectilJe \I'itli all E. coli ohjectlve. 
Hal'ing differenl illdictltors for difJerelllllses 1I'01lld seem to confuse the isslIe ami could 
resull in illcreas d monitoring cos/s 

We beli \' Ihat the ten/l "m erage ''for REe2 III be illIcrpretcd as a geomeClIl. Tllis
 
would he consis/ent with the existing REel fecal standard. Such (l clarificatioll ofthe
 

Use ofthe single sample maxima {IS a trigger for monitoring would require a standards 
change. We suggest that the language ilt tire Cal({omia Ocean Plan regarding single 
sample ma.'(illla could be. used as a model 

ecommendation #8. 8 is proposing to remove the MUN objective for total colifoml 
t surface wat r. They re not proposing to eliminate the MUN use for surfnce water, nor 
ur tbey proposing to m ke any changes to the MUN use or objective for ground ater. 



EPA has 110 objection to this recommellc!ation. RE8 has a 10lal coliform [(welard of 100 
that applies to MUN. II can be argued that the need for this objective wa obl'ialed by 
the adoption of the Enhanced Surface Water Treatment Requirements into rhe natiol7(1! 
Primary Drinking Water Regulalions, REB does 1101 intend to chal1ge the MUN objective 
for groundwater which is 2.2for total c lifoI'm. 

Recommendation #9. RB8 is proposing a temporary high ow suspension. This would 
suspend both REel an REe2 uses when high flows caus d by st nnwater runoff, 
preclude safe r creatio in the stream channel. The temporary suspension is 
automatically terminated when flow conditions h ve returned to a safe level", This 
\ uld apply to streams only (not lakes or reservoirs). It would not be limited to 
engineered eh nn Is only. 

This is a reasol7able approach, however Ihe proposal is 100 \'aglle at 10 11'hal criteria 
wOl/ld be tI ed 10 define high flOw. The umma. J discusses aI/wilber oIpolcntial 
thresholds from USGS safe sampling criteria, Swift Waler Rescue Safe Acce s criTeria, 
LA Regional Board standard, or olher. Jt ;s IInc/eLlr holV these decisiol1s woltld he made. 
RB8 must provide the Ihreshold hydrologic event values Ihat 11' uld be liS d to initiate the 
high flow s/lspension ofthe lise ([17(/ the threshold values or dllralionlimits ThaI would 
signal the return ofthe use. 

We agree that flow alld vclocity (Ire important/acl rs ill esrimating potential LIse ofthe 
waterbody for swimlllin bllt this is bltl onejactor that should be considered. lfo\l'e\'er, 
hiull flows may not preclude orher recreariollaluses of the H'oler \l'here ingestion i 
possible (e.g.. ka. 'akillg). We (Ire also concern d that the higl1jlo\l'xclll ion is I/Ot 
confined to specific engineered channels 

Recommendation #11-16. RB8 has identified 6 stream segrn nts where the prop se 
some sort of reclassification of uses. TIl y indi ate th t UAAs are currently being 
peTfomled on these segments. 

EPA is not oppos d 10 a re-dassiflcatioll o.(recreatiol1al wLltcrhodies. However, the 7',/ k 
Force should spec~fj) hol\' potellrialus 'S (RECl, REC2 and RECX) will be e ·tabli hell 
and the tllre holds for re-cl ss~flc([{joll i/lfO tlle5e three /I.P calegories. The Task For<:(! 
IIII1S! specify the factors and thresholds thlll would be IIsed in allY UAA to downgrade a 
.. ,..~ r..~ ... Dl;'rl '~REr? ~ .. ,~ ..no"~" tJ·~ .. ~~ ~ ..t;I·~I .. IVf:C .\ 
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State Water Board Staff Comments on Strawman Recommendations for 
Recommended Revisions to the Santa Ana Water Boards Basin Plan for 
Recreational Use Classifications and Related Water Quality Objectives 

Prepared by 
Rik L. Rasmussen, Sr. Environmental Scientist 
Chief- Planning, Standards and Implementation Unit, 
State Water Board 

I would like to start off with commending the Santa Ana Water Board and the 
Task Force for their continued efforts to make appropriate clarifications and 
refinements to the Recreational Beneficial Uses and the objectives to protect the 
recreational uses of water in the Region. The task force has done an excellent 
job in examining and trying to come up with a rational classification stream(?) 
that will make sense in their region. Staff feels that the current 
recommendations may be misinterpreted and could lead to disapproval 
recommendations from either the State Board or the US EPA. Staff concurs with 
US EPA's comments that were provided. Specific comments follow: 

Strawman Recommendation #1: -Redefine REC1 definition. 

Staff understand the desire to "clarify" the definition of REC1 however we would 
not recommend major changes to the current definition. The current definition 
was the result of collaboration between the 9 Regional Boards and the State 
Water Board to come up with a consistent set of definitions for the core 
beneficial uses across the state. 

The proposed definition appears to change the threshold of protection for the 
beneficial use and would appear to "raise the bar'' for which activities would be 
protected. Specifically, the proposed definition removes the use of the water for 
wading and fishing as examples of uses to be protected under a REC 1 
designation. Staff feels strongly that the use of wading should be maintained in 
the definition. Over the years there has been a lot of discussion at statewide 
meetings and with US EPA on the importance of protecting children wading in 
the waters. Staff does not feel strongly about removing the example of "fishing" 
from the definition and agrees that the types of fishing where ingestion of water 
is reasonably possible would be covered under the other examples such as float 
tubing, and wading. 

In addition, changing the definition from specifying where "ingestion of waters is 
reasonably possible" to "where ingestion is reasonably likely" appears to raise 
the bar under which the activities would be covered by the uses. Discussions 
with the Regional Water Board staff and others reveal that this is not the intent of 
the revisions. 

Staff would recommend that the current beneficial use definition be retained 

---
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(with the exception of possibly removing the fishing example). If the beneficial 
use definition for REC 1 needs to be revised, it should be done on a statewide 
basis to ensure consistency among the Water Boards for this key Clean Water 
Act goal use. However, staff supports adding language to the Basin Plan 
positively affirming that all waters, absent a UAA to prove otherwise, are 
presumptively classified as REC 1. 

Recommendation #2- maintain current REC 2 Definition 

Staff agree with this recommendation. 

Recommendation #3 -Add text to identify factors to be considered in a 
UAA 

Staff agrees with the US EPA comments that the description should be revised 
to be explicit that one of the six UAA 101.1 O(g) factors must be met,.. The 
language could be clarified that some of the factors will be used to prioritize 
waters for evaluation. Additionally, staff recommends explicitly stating that a 
federally "existing" use can be established by demonstrating that the uses have 
actually been attained since November 28, 1975 or that the water quality was 
sufficient to support the use. . 

Staff also recommends that if a designation of "RECX" is made the language 
include the requirement to reassess the appropriateness of the designation 
during subsequent triennial reviews. 

Recommendation #4- add narrative Water Quality Objective 

Staff support this recommendation 

Recommendation #5 - Update Objectives 

Staff support updating the 30 day geometric mean objectives from fecal Coliform 
.o E. coli. Staff is concerned about the lack of a single sample maximum. If a 
single sample maximum is not included as an enforceable objective, staff 
recommends expanding the implementation uses of the a single sample 
maximum to include use as a trigger for posting waters for recreational closures. 
Staff is concerned that, in many places the frequency of bacteria testing is not 
such that one could regularly calculate a 30 day geo-mean and that recreational 
users could be exposed to possible illnesses if waters are not posted based on a 
single sample maximum. 

Staff would also recommend updating the REC 2 objectives to E. coli as well for 
consistency within the standard. 

Recommendation #6 - Remove fecal Coliform objective 
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Staff agrees with this recommendation. 

Recommendation #7- clarify the use of "average" in the REC 2 bacterial 
indicator objective. 

Staff agrees that the term "average" is a generic term statistically and could be 
interpreted to be any of several measures of central tendency. Staff agrees that 
one should look at the type of data being generated before deciding on which 
statistical measure of central tendency would provide the most accurate 
"average". Staff agrees that clarifying that "average" means the geometric mean 
would be appropriate . 

Recommendation #8 - Delete total Coliform objective for MUN 

Staff has some concern with this recommendation. The MUN use is broader 
than the use covered under the Enhanced Surface Water Treatment Rule. The 
MUN use includes individual domestic supply including landscape irrigation 
where ingestion of water could be likely. Staff would like the rational expanded 
to include the totality of the MUN use and how the parts of the MUN use not 
covered by the federal treatment rule would still protect users from possible 
illness associated with the ingestion of water. 

Recommendation #9 - High Flow Suspension 

In general, staff supports the development of a high flow suspension in limited 
circumstances. The current language needs to be developed further to include 
specific empirical triggers for the suspension. Please see the Los Angeles 
Water Board high flow suspension for an example. 

Recommendation #10- Use of Single Sample Maxima as triggers 

Please see comments under recommendation #5. 

Recommendations #11 through 16 

Staff have no comments at this time on these recommendations. 

Concluding Comments 

State Water Board staff thanks the task force for providing the strawman at this 
early stage for comments. We understand that there are differences and 
challenges to protecting beneficial uses in the very different eco-regions that 
exist in our state. Staff would recommend the development of a limited REC-1 
definition, if needed, to bridge waters where the existing REC 1 beneficial use is 
overly broad and the REC 2 use is not sufficiently protective. 
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A  Stormwater Quality Standards Study  
  November 2004 

Technical Memorandum 1 
Receiving Water and Watershed Inventory 
Mapping 
Inventory and mapping of available geographical data was necessary to support efforts of the 
Stormwater Quality Standards Study (SWQSS) Task Force.  Geographical data relating to 
physical attributes of Santa Ana Basin waterbodies was collected from a variety of agencies to 
construct a Geographical Information System (GIS) for the SWQSS (Study GIS).  Monitoring 
locations, recreational use information, and structural BMP information and associated data 
was also collected, as described in other Technical Memoranda and included in the Study GIS.  
This technical memorandum describes the geographical data collected and reviews the 
integration of different layers into a common Study GIS.  Geographic data collected and 
compiled include: 

 Listed waterbodies and other unnamed tributaries 

 Storm drain system information 

 Land use information for the years 1990, 1993, and 2000 

 Publicly Owned Treatment Works (POTWs) and groundwater recharge basins 

 Meteorological, climatic, hydrological, and water quality data monitoring locations 

 Various base map layers 

Data Collection and Integration 
Geographical data layers were collected from multiple sources and compiled into a single GIS 
to facilitate overlay and analysis (Table 1).  Many of the spatial data layers presented in this 
inventory are included in a base map of the Santa Ana Basin (Figure 1).  A digital elevation 
model (DEM) of the Santa Ana Basin was provided to the Stormwater Standards Study by 
SAWPA.  This is a raster, grid based, layer of elevation data for 10 meter squared cells for the 
entire Santa Ana Basin.  All other GIS layers collected were vector data, points, lines, or 
polygons. 
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Receiving Water and Watershed Inventory Mapping 
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The data was provided in a variety of forms and therefore integration into a common GIS was 
necessary.  ArcGIS® [ESRI, 2003], a multi-component geographical data management and 
analysis tool was used to integrate each layer, complete analyses, and prepare descriptive 
maps for technical reports.  All GIS layers were converted to the same coordinate system, 
UTM projection NAD 1927 Zone 11N, to accurately overlay the data.  In some instances, 
shapes were provided for the entire state of California or for all of San Bernardino, Orange, or 
Riverside Counties.  These shapes were clipped to only include data that exists within the 
boundary of the Santa Ana Basin.  Map layers included are listed in Table 1. 

Table 1 
GIS Map Layers Compiled

Layer Source(s) Description 
Watershed SAWPA Boundary of Santa Ana Basin 

Basin Plan Reaches  
California Spatial Information Library (CaSIL) 
and Regional Water Quality Control Board 
(RWQCB) 

Named inland surface streams in Basin 
Plan compiled from;  
•  CaSIL -  Statewide Hydrography, 

National Hydrography Dataset (NHD) 
•  RWQCB - 2002 303(d) Rivers 

Other Reaches CaSIL 
Streams of National Hydrography Dataset 
(NHD) prepared by the USGS and EPA 
for the Santa Ana Region 

Lakes CaSIL 
Lakes and other waterbodies of NHD 
prepared by the USGS and EPA for the 
Santa Ana Region 

Flow Stations USGS, Orange County, San Bernardino 
County, Riverside County 

Flow gauging stations within the Santa 
Ana Basin 

Water Quality Monitoring 
Stations 

Santa Ana Regional Water Quality Control 
Board, Coast Keeper, Elsinore Valley 
Municipal Water District, Big Bear Lake 
Municipal Water District, San Bernardino 
County Flood Control District, Orange County 
Health Care Agency, Riverside County Flood 
Control District, USGS 

Bacteria sampling locations along inland 
surface waterbodies 

County CaSIL County boundaries 
Roads CaSIL Roads within the Santa Ana Basin 

Land Use Southern California Associated Governments 
(SCAG) 

Land use areas within the Santa Ana 
Basin with land use type data for 1990, 
1993, and 2000 

Modified Channels Orange, Riverside, and San Bernardino County 
Flood Control Districts 

Modified channels in the parts of 
Riverside and San Bernardino counties 
that exist within the Santa Ana Basin 

Rainfall Stations National Climatic Data Center (NCDC) Rainfall stations used to distinguish wet 
weather days 

Wastewater Treatment 
Plants SAWPA Locations of wastewater treatment plants 

in Santa Ana Basin 

Sawpa_dem SAWPA Raster elevation map of the entire Santa 
Ana Basin – 30 meter grid cell 
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Study GIS 
Receiving Waterbodies 
Several GIS layers were used to compile a single layer of named waterbodies with designated 
recreational use in Table 3-1 of the Santa Ana River Basin Water Quality Control Plan 
(Figure 2).  The national hydrography dataset (NHD), which is a combination of USGS blue 
line streams digitized from topographic maps and the USEPA Reach File Version 3 (RF3) was 
used as well as a draft layer of all 303(d) listed waters being compiled by the Santa Ana 
Regional Water Quality Control Board (SARWQCB).  Tributaries to the named waterbodies 
were equated to waters in the NHD that are unnamed, in the Basin Plan (Figure 3).  Some of 
these waterbodies are improved engineered channels.  In addition, there is an extensive 
network of storm drainage facilities (pipes, culverts, and channels) that are tributary to the 
waterbodies shown in Figure 3.  The layer contains the majority, but not all small channels 
within the basin. 

Channel Properties 
 Stormwater drainage facility information for Orange, Riverside, and San Bernardino counties 
is available in a variety of different forms.  Therefore, different GIS approaches were 
employed to incorporate channel characteristics for each county into the Study GIS.  The 
primary goal of a watershed wide assessment of channel properties was to extract from 
county facility map the open channels that have been modified or have engineered 
improvements. 

 San Bernardino County Flood Control District facility information is organized into a 
polyline layer with descriptive attribute data (Table 2).  These attribute data are described 
briefly in Table 2, which summarizes a metadata file that accompanied the map layer.  
Features that were classified as lined or which were type C (channel) or Z 
(trapezoidal/rectangular) were exported to a new polyline layer of modified channels in 
San Bernardino County. 

Table 2 
Attributes of San Bernardino County Flood Control District Facilities Layer 

Item Description Values 
PSIZE Pipe Size (in) Diameter 
BSIZE Box Size Base, Height 
CSIZE Channel Size Base, Side Slope 

TYPE Type Code 

P – pipe 
B- box 
C – channel 
W – water course 
L – levee 
S – designed street 

Z – trapezoidal/rectangular 
T – transition 
E – easement 
G – curb and gutter 
A – arched conduit 
V – v-gutter 

Lining Channel Material Lined, Unlined 
STATUS Current condition Existing, Proposed 
Owner Jurisdiction maintaining facility County, Cities, Private, Other 
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Riverside County Flood Control District submitted a polyline layer of drainage projects with 
attribute data as shown in Table 3.  Consequently, all open channels in this layer could be 
considered modified channels.  To distinguish between open channels and closed conduits, 
the ORTYPES field in the attribute table was utilized.  The YESORTP field included up to five 
different drainage types listed in order of most predominant to least.  This field in the 
attribute table was exported to a spreadsheet and delimited to create five distinct fields 
representing the different drainage types.  The new fields were then joined back into the 
polyline attribute table using the unique project number of each feature.  All features which 
included drainage types CONC, DIKE, LVEE, RECT, ROCK, or TRAP, in either the first or 
second most predominant ORTYPE fields (ORTYPES and ORTYPE2) were exported to a new 
polyline layer of modified channels in Riverside County. 

Digital drainage facilities maps provided to the Stormwater Standards Study by the Orange 
County RDMD were converted from Micro Station format into GIS layers to facilitate overlay.  
The conversion process generated four GIS layers of Orange County’s drainage system; 
points, polylines, polygons, and annotations.  Attribute tables for these layers are generated 
during the conversion process, however these tables do not include detailed properties of the 
drainage facilities.  Drainage facility information describing point, polyline and polygon 
features are held within the annotation layer.  The attribute table of the annotation layer does 
distinguish channel types.  This facilitated the extraction of lined open channels from the 
polyline layer by selecting only those polylines within a small distance from annotation types 
identifying a channel as earth trapezoidal channel, reinforced concrete trapezoidal channel, or 
reinforced concrete rectangular channel. 

The modified open channels that are extracted from Orange, Riverside, and San Bernardino 
county facility maps are then merged into a single polyline layer and clipped to include only 
those portions within the Santa Ana Basin (Figure 4). 

Table 3 
Attributes of Riverside County Flood Control Facilities Layer 

Item Description Values 

Project identifiers Name, Developer, NOC, ID, GDO ID, 
STRMDRN ID Unique 

Project location Tract, DWG Number, ROW DWG 
Number Unique 

ORTYPES Types of drainage facilities 
AC, BASN, CIP, CMP, CONC, CP, DIKE, 
EAR, LVEE, PVC, RCB, RCP, RECT, 
ROCK, SP, TRAP, V 
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Water Quality Monitoring Stations 
Bacteria data compiled from a variety of agencies included information about the location 
within the Santa Ana Basin where samples were collected.  These locations where merged 
into a layer called “Water Quality Monitoring Stations” (Figure 5).  The format of information 
includes: 

 GIS layers 

 GPS coordinates 

 Notations on paper maps 

 Descriptive location names 

GIS layers of bacteria monitoring locations were integrated into the Study GIS.  Bacteria 
monitoring locations that were provided in the form of GPS coordinates were imported into a 
new GIS map with the same coordinate system (typically WGS 1984 for most GPS receivers) 
and then converted into a GIS layer for integration into the Santa Ana Basin GIS model.  
Bacteria monitoring locations that were shown on a paper map were added to the GIS model by 
comparing surrounding features, such as specific roads or waterbodies.  Lastly, bacteria 
monitoring locations that did not include any geographical information aside from the 
descriptive name were added to the Study GIS by interpreting the narrative description.  This 
scenario often involved locations described by a cross-street or bridge overpass near the water 
body, (i.e., Santa Ana River (SAR) at Imperial Highway, SAR at Van Owen).  Some bacteria 
monitoring locations were sampled by multiple entities.  These bacteria monitoring locations 
were aggregated together in the GIS model.  However, the entity or source of specific bacteria 
records is included as an additional field in the Stormwater Quality Standards Study database. 

Flow Monitoring Stations 
Flow in inland surface waterbodies is monitored by the USGS and by the counties or flood 
control districts of Riverside, Orange, and San Bernardino Counties.  Coordinates of USGS flow 
monitoring stations were imported into a new GIS map with the same coordinate system (WGS 
1984) and then converted into a GIS layer for integration into the Study GIS.  San Bernardino 
County flow monitoring station coordinates were extracted from the county’s Hydrology web 
page and integrated into the Study GIS using the same method.  Flow monitoring station 
coordinates were provided in this same format by the Riverside County Flood Control District.  
These stations were integrated into the Study GIS.  Flow monitoring stations in Orange County 
are described and mapped in the annual Resources and Development Management 
Department (RDMD) Hydrology Report.  This map was used to locate and add the flow 
monitoring stations maintained by the RDMD to the Study GIS.  Figure 6 shows flow 
monitoring stations within the Santa Ana Basin.
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Figure 6 also shows selected long term rainfall stations located within the Santa Ana Basin 
that can serve as a surrogate to missing or unavailable flow data or to assess wet weather 
conditions for regional analyses. 

Land Use 
Land use data of the Santa Ana Basin in 1990, 1993, and 2000 was provided by Southern 
California Associated Governments (SCAG).  Figure 7 shows the year 2000 SCAG land use 
dataset, which is the most recent land use information available for the Santa Ana Basin.  
Land use in the immediate vicinity of Santa Ana Basin waterbodies may play a role in the 
likelihood of recreational use in nearby segments of the reach.  Land use within small 
drainage areas also suggests potential sources of bacteria levels in receiving waterbodies with 
REC-1 use designations. 

Existing Treatment and Structural Control Measures 
There are numerous control and treatment measures located throughout the basin.  Mapping 
coverage is not available for the entire magnitude of facilities that are designed and installed 
or have the potential to address bacteria water quality.  Two types of bacteria treatment and 
control measures for which mapping currently exists or has been compiled for this study are 
publicly owned treatment works (POTW) and recharge basins. 

There are 42 publicly owned treatment works (POTW) within the Santa Ana Basin that treat 
wastewater and either recycle the water or discharge effluent to inland surface waterbodies.  
POTW discharges that are released into waters with a designated recreational use are 
required to meet Title 22 standards for filtration and disinfection (Figure 8). 

Recharge basins exist within the watershed to capture runoff by infiltration.  Removal of 
bacteria can be achieved in such basins through groundwater infiltration/treatment.  The 
location of these basins was provided by SAWPA (Figure 8).  Attribute information for each 
basin is included in a GIS layer, including the monitoring agency, name of the basin, and for 
some basins, size and source water. 
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Technical Memorandum 2 
Recreational Use Inventory 
The Santa Ana Basin Water Quality Control Plan (“Basin Plan”) (1995) designates nearly all 
waters and their tributaries with both water contact recreation (REC-1) and non-contact water 
recreation (REC2) beneficial uses.  In addition, all waters not specifically listed in the Basin 
Plan that are tributary to waters with a REC-1 beneficial use are by default presumed to have 
a REC-1 use.  Although the Basin Plan uses this blanket approach for protecting recreational 
uses in the region, little documentation exists regarding actual or existing recreational use in 
many of basin’s waters.  This lack of documentation is especially true for the undesignated 
tributaries, many of which are channels that were constructed for the purpose of capturing 
and moving stormwater flows. 

With the exception of the coastal beaches, few inland waters in the Santa Ana River basin are 
obvious or typical water contact waterbodies, i.e., locations such as Big Bear Lake and Lake 
Perris which have permanent water and public facilities that support or encourage water 
contact recreation activity.  Instead, the majority of waters that do have sufficient water to 
support some kind of recreational activity are posted to limit or prohibit water contact 
recreation, e.g., Santa Ana River. 

The Stormwater Quality Standards Study Task Force is evaluating the applicability of the 
classification and designation of recreational beneficial uses in the Santa Ana River Watershed 
and documenting, to the extent practical, existing and potential recreational uses in the Santa 
Ana basin.  To support this effort, this technical memorandum was prepared to document 
what is known regarding existing and potential recreational uses within the receiving waters 
in the watershed.  The types of information gathered for this effort included: 

 The Santa Ana Integrated Watershed Plan, Environmental and Wetlands Component 
(SAWPA 2002) regional planning document; 

 Identification of known waters where water contact recreation is planned and 
encouraged; 

 Review of recreational use surveys; 

 Site-specific information from specific study sites; 

 Informal observations and anecdotal reports; and 

 Other regional land use plans or reports that document existing and planned recreational 
opportunities associated with the Santa Ana River and tributaries. 
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Santa Ana Watershed Recreational Use Designations 
Waters in the Santa Ana Basin are protected with REC-1 and REC-2 beneficial uses.  The Basin 
Plan defines these uses in the following manner: 

 Water Contact Recreational (REC-1): Waters are used for recreational activities involving 
body contact where ingestion of water is reasonably possible.  These uses may include, 
but are not limited to swimming, wading, water skiing, skin and scuba diving, surfing, 
whitewater activities, fishing, and use of natural hot springs 

 Non-contact Water Recreation (REC-2): Waters are used for recreational activities 
involving proximity to water, but not normally involving body contact where ingestion of 
water would be reasonably possible.  These uses may include, but are not limited to 
picnicking, sunbathing, hiking, beachcombing, camping, boating, tide pool and marine 
life study, hunting, sightseeing, and aesthetic enjoyment in conjunction with the above 
activities. 

These definitions include the following supporting footnote: 

 “The REC-1 and REC-2 beneficial use designations assigned to surface waterbodies 
in this Region should not be construed as encouraging recreational activities.  In 
some cases, such as Lake Mathews and certain reaches of the Santa Ana River, access 
to the waterbodies is prohibited because of potentially hazardous conditions and/or 
because of the need to protect other uses, such as municipal supply or sensitive 
wildlife habitat.  Where REC-1 or REC-2 is indicated as a beneficial use in Table 3-1 
[of the Basin Plan], the designations are intended to indicate that the uses exist or 
that the water quality of the waterbody could support recreational uses.” 

Attachment A provides a list of the waterbodies with designated recreational uses in the 
Basin Plan.  An “X” indicates that the waterbody has an existing or potential use.  Some of the 
existing uses are well-established, many are not.  Lakes and streams may have potential 
beneficial uses established because local activities or land use plans already exist to establish 
these uses, or because conditions (e.g., location, demand) make such future use likely.  The 
establishment of a potential beneficial use serves to protect the quality of that water for such 
eventual use.  An “I” in Attachment A indicates that the waterbody has an intermittent 
beneficial use.  This may occur because water conditions do not allow the beneficial use to 
exist year-round, i.e., flow ephemeral or seasonally intermittent. 

The listing of waters within the Basin Plan attempts to include all significant surface streams 
and bodies of water.  Specific waters which are not listed have the same beneficial uses as the 
streams, lakes, or reservoirs to which they are tributary.  Therefore, by this “tributary rule”, 
the recreational uses are extended to local natural tributaries and urban storm drain channels. 
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Existing Recreational Uses 
Established Recreational Areas 
The Santa Ana Integrated Watershed Plan Environmental and Wetlands Component 
(SAWPA 2002) provides baseline information on existing recreational use areas in the Santa 
Ana River Watershed (Figure 1).  This information was supplemented with anecdotal 
information from conversations with county officials and park rangers, information from the 
Parks and Open Space District, Flood Control District, Health & Sanitation Department 
websites, and readily accessible planning documents. 

Within each of the counties there are water bodies which have recreational beaches such as 
the coastal beaches of Orange County, Big Bear Lake and Lake Yucaipa Regional Park in San 
Bernardino County, and Lake Perris in Riverside County.  Recreational uses are also 
encouraged and supported at localized areas within the Santa Ana River Watershed.  Park 
land within the three aforementioned counties totals 75 square miles (Santa Ana Integrated 
Watershed Plan Environmental and Wetlands Component). 

The following sections will provide a summary of existing recreational areas and ordinances 
applicable to recreational use. 

San Bernardino County 
SAWPA (2002) identifies 12 regional parks in San Bernardino County within the Santa Ana 
Basin (Table 1).  Swimming is an allowable activity in several of these parks:  Big Bear Lake, 
Canyon Wash, Cucamonga-Guasti Park, and Yucaipa Park.  Most of these parks have lake 
habitats, and encourage swimming as a recreational activity. 

Glen Helen encourages swimming, but this activity occurs in a swimming pool that is 
supplied by water from an onsite well. 

Fishing is allowed in all San Bernardino Regional Parks and boating is allowed in about two-
thirds of the parks.  Activities that do not typically involve body immersion, e.g., fishing or 
boating, vary in their availability.  Yucaipa Regional Park and Big Bear Lake have 
opportunities for a full variety of water recreational activities, including swimming, boating, 
and fishing. 
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Figure 1
Parks. Open Space, Habitat, and National Forest in the Santa Ana Watershed

Source: Santa Ana Integrated Watershed Plan, SAWPA (2002) 
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San Bernardino County recently opened a new 25-acre regional park named Colton Park.  
This park is located along the Santa Ana River and does not allow for swimming, but does 
provide opportunity for fishing in a 7-10 acre lake located near the Santa Ana River channel. 

San Bernardino County Code Title 2 (Public Morals, Safety, and Welfare), Division 8 
(Property Protection), Chapter 3 (San Bernardino County Regional Parks) establishes the 
allowable uses for the San Bernardino Regional Parks.  Section 28.037 prohibits swimming 
and other recreational activities, including fishing, in any Regional Park unless specifically 
designated for that purpose.  Interviewed park rangers indicated that they rely on posted 
signs to prevent park users from swimming or having any type of immersion contact with 
water within the posted parks. 

Riverside County 
SAWPA (2002) identifies 23 regional parks and waterbodies in Riverside County within the 
Santa Ana Basin (Table 2).  Only a few parks encourage water contact recreation activities 
where immersion is likely, i.e. Lake Elsinore and Canyon Lake.  Riverside County Regional 
Parks prohibit certain recreational activities, including wading or bathing, within County-
owned or operated parks and recreation camps (Ordinance 328.1).  In parks where swimming 
is prohibited, signs are posted to prohibit body contact. 

 

Table 1 
San Bernardino County Recreational Use at Water Bodies and  

Open Space Areas within Santa Ana Basin 
Name Picnic Habitat Swimming Boating Fishing Trails
Baldwin Lake ● ●  ● ● ● 
Big Bear Lake ● ● ● ● ● ● 
Bear Creek ● ●   ● ● 
Mill Creek ● ●   ● ● 
Canyon Wash ● ● ●  ● ● 
Lytle Creek ● ●   ● ● 
San Timoteo Wash ● ●   ● ● 
Glen Helen ● ● ● ● ● ● 
Yucaipa Park ● ● ● ● ● ● 
Prado Park ● ●  ● ● ● 
Cucamonga-Guasti Park ● ● ● ● ● ● 
San Bernardino National Forest  ● ●  ● ● ● 
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Table 2 
Riverside County Recreational Use at Regional Parks and  

Water Bodies within the Santa Ana Basin 
Name Picnic Habitat Swimming Boating Fishing Trails 
Lake Elsinore ● ● ●1 ● ● ● 

Canyon Lake ● ● ●2 ● ● ● 
Mystic Lake  ●  ●  ● 
Perris Reservoir ● ● ● ● ● ● 
Lake Hemet ● ●  ●  ● 
Railroad Canyon 
Reservoir      ● 

San Jacinto River  ●    ● 
Bautista Creek ● ●    ● 
Bogart Park ● ●   ● ● 
Box Springs Mountain   ●    ● 
Hidden Valley Wildlife ● ●    ● 
Kabian Park ● ●    ● 
Louis Robidoux Nature ● ●    ● 
Martha Mxlean-Anza ● ●    ● 
Narrows Park ● ●    ● 
Rancho Jurupa Park ● ●   ● ● 
Hurkey Creek Park ● ●    ● 
Idyllwild Park ● ●    ● 
idyllwild Nature Center ● ●    ● 
Lawler Lodge Park ● ●    ● 
McCall Memorial Park ● ●    ● 
San Gorgonio 
Recreation ● ● ● ● ● ● 

Cleveland National 
Forest ● ●   ● ● 
1   Water skiing is advertised, but swimming is not allowed at Lake Elsinore. 

2   Water skiing is advertised, but swimming is not allowed at Canyon Lake. 

3   Perris Reservoir is a CA Department of Water Resources reservoir. 
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Orange County 
Both inland park and ocean park/beach recreational opportunities are available in Orange 
County within the Santa Ana Basin (Table 3).  Swimming is authorized at only five of the 
parks, all of which are associated with coastal waters: Seal Beach, Sunset Beach, Huntington 
Beach, Newport Beach and Newport Bay.  All other county parks with water-related activities 
limit recreation to boating and fishing.  Orange County prohibits swimming, bathing, wading 
or other water entry in County parks unless the waterbody is designated for such activity 
(Title 2, Division 5, Article 3, Section 2-5-64).  Similarly, Orange County prohibits swimming, 
bathing or entry into ocean waters where posted (Title 2, Division 5, Article 4, Section 2-5-80). 

Table 3 
Orange County Recreational Use at Parks, Beaches, Water Bodies, and 

Open Space Areas within the Santa Ana Basin 
Name Picnic Habitat Swimming Boating Fishing
Seal Beach ● ● ● ● ● 
Sunset Beach ● ● ● ● ● 
Huntington Beach ● ● ● ● ● 
Newport Beach ● ● ● ● ● 
Fairview Park ● ●    
Canyon Lake, Costa Mesa ● ●    
Talbert Nature Preserve  ●    
Bolsa Chica Wetlands ● ●  ● ● 
Newport Bay ● ● ● ● ● 
Santiago Creek ● ●    
Villa Park Reservoir  ●    
Carbon Canyon Dam  ●    
Santa Ana Lakes ● ●  ● ● 
Arroyo Trabuco  ●    
Carbon Canyon Park ● ●   ● 
Clark Park ● ●  ● ● 
Craig Park ● ●  ● ● 
Featherly Park ● ●    
Harriett M. Wieder Park ● ●    
Irvine Park ● ●  ● ● 
Laguna Niguel ● ●  ● ● 
Mason Park ● ●  ● ● 
Mile Square Park ● ●  ● ● 
O'Neill Park ● ●    
Peters Canyon Park ● ●    
Santiago Oaks Park ● ●    
Yorba Park ● ●  ● ● 
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California State Parks 
State-operated inland parks and beach recreational opportunities are available within the 
Santa Ana Basin.  These recreational areas include:  Lake Perris, Huntington State Beach, and 
Corona del Mar State Beach.  Lake Perris has a wide variety of recreational use activities, 
including swimming, fishing, and boating.  Huntington and Corona del Mar State Beaches are 
located on coastal waters and allow swimming. 

Recreational Activity 
Documented Use Surveys 
Significant documented recreational use surveys were not identified for receiving waters 
within the Santa Ana River Watershed.  SAWPA plans to initiate a limited recreational use 
survey in the watershed (Fall 2004).  However, this data will not be available in time to 
include in this memorandum. 

Other evidence of water contact recreation in the Santa Ana basin includes: (1) SAWPA-
recorded a video during a helicopter flyover of the Santa Ana River which shows individuals 
swimming near the Van Buren Bridge, immediately downstream of the Metropolitan Water 
District crossing; and (2) SAWPA photos of children and adults wading, swimming, and 
picnicking near the Van Buren Bridge in the summer of 2002. 

Staff from the Riverside Regional Water Quality Treatment Plant conducted informal use 
surveys on the Santa Ana River, Van Buren Boulevard crossing from July to October 2004 
(personal communication, Rodney Cruze, City of Riverside).  Two locations were surveyed: 
(1) The mainstem Santa Ana River below the Van Buren Boulevard bridge; and (2) the effluent 
channel that delivers treated effluent meeting Title 22 standards to the Santa Ana River 
(confluence of the effluent channel and mainstem Santa Ana River is downstream of the Van 
Buren Boulevard bridge).  Information gathered during the informal survey included number 
and type of people observed (e.g., adult vs. children), number of people that were wet or in 
the water, and number that had no contact with the water (however; it cannot be assumed 
that this group did not at some time come into contact with the water).  The number of people 
observed recreating in the effluent channel greatly exceeded the number of people observed 
in the Santa Ana River (Table 4).  Often at least a third of the people observed were children.
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Table 4 
Informal Recreational Use Survey - Santa Ana Riverbed at Van Buren Boulevard Crossing 
Effluent Channel Santa Ana River 

People Wet People 
Dry People Wet People 

Dry 
Temperature 

Date Time 
Hair 
Wet 

Wet 
blw 

Waist 

No 
Contact 

Total 
Observed 

% < 10 
yrs old Hair 

Wet 

Wet 
blw 

Waist 

No 
Contact 

Total 
Observed 

% < 10 
yrs old < 750 F 75 - 900 F > 900 F 

Comments 

7/1/2004 1406    0     0   X  Sunny - no one 
observed 

7/2/2004 1406  2 2 4 0 3 3 1 7 30  X  Sunny 

7/3/2004 1430    0     0   X  Sunny - no one 
observed 

7/4/2004 841    0     0  X   Cloudy 
7/5/2004 1240  3 6 9 10    0   X  Sunny 

7/6/2004 1345    0     0    X Sunny - no one 
observed 

7/8/2004 830   7 7 0    0   X  Sunny 
7/9/2004 1245    0     0   X  Sunny 
7/9/2004 1408    0     0   X  Sunny 
7/10/2004 1320    0     0   X  Sunny 
7/11/2004 1210  1  1 0    0   X  Sunny 
7/14/2004 1453    0     0    X Sunny 
7/15/2004 1340    0     0    X Sunny 
7/15/2004 1435    0     0    X Sunny 

7/16/2004 1440 7   7 30    0    X Sunny - swimmers at 
outfall 

7/17/2004 1310 9 1  10 30    0    X Sunny 
7/18/2004 1430 3 9 4 16 13    0    X Sunny 
7/20/2004 1450  2 2 4 0    0   X  Sunny 
7/23/2004 1448  3  3 33    0    X Sunny 
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Table 4 (continued) 
Informal Recreational Use Survey – Santa Ana Riverbed at Van Buren Boulevard Crossing 
Effluent Channel Santa Ana River 

People Wet People 
Dry People We People 

Dry 
Temperature 

Date Time 
Hair 
Wet 

Wet 
blw 

Waist 

No 
Contact 

Total 
Observed 

% < 10 
yrs old Hair 

Wet 

Wet 
blw 

Waist 

No 
Contact 

Total 
Observed 

% < 10 
yrs old < 750 F 75 - 900 F > 900 F 

Comments 

7/24/2004 1337 9 2  11 35    0    X Sunny 
7/25/2004 1215 1 1 1 3 33    0    X Sunny 
7/30/2004 1435    0     0   X  Sunny 

8/1/2004 1000    0     0   X  Sunny - no one 
observed 

8/5/2004 1500    0     0   X  Sunny 
8/7/2004 1435 15  2 17 12 1   1 0   X Sunny 
8/8/2004 1430 5 6 2 13 46    0    X Sunny 
8/9/2004 1430    0     0    X Sunny 

8/14/2004 1443 6 2 2 10 0 5 9 0 14 1  X  Sunny 
8/15/2004 1450 0 1 2 3 0 3 3 0 6 0   X Sunny 
8/20/2004 1455 0 0 1 1 0    0   X  Sunny  w/Clouds 
8/21/2004 1435    0  2 0 6 8 0  X  Sunny 
8/22/2004 1450 9 4 3 16 1    0   X  Sunny 
8/26/2004 1450    0  6 0 6 12 0  X  Sunny 
8/27/2004 1445    0     0   X  Sunny 
8/28/2004 1450 0 5 0 5 0 5 0 2 7 0  X  Sunny 
8/29/2004 1506 1 1 2 4 0     0  X  Sunny 
9/2/2004 1440    0     0    X Sunny 
9/3/2004 1430 1 0 3 4 0    0   X  Sunny 
9/4/2004 1455 4 0 0 4 0    0    X Sunny 
9/5/2004 1440 0 0 7 7 0 0 2 0 2 0   X Sunny 
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Table 4 (continued) 
Informal Recreational Use Survey – Santa Ana Riverbed at Van Buren Boulevard Crossing 
Effluent Channel Santa Ana River 

People Wet People 
Dry People Wet People 

Dry 
Temperature 

Date Time 
Wet 
Hair 

Wet 
blw 

Waist 

Not 
Contact 

Total 
Observed 

%<10 
yrs old Hair 

Wet 

Wet 
blw 

Waist 

No 
Contact 

Total 
Observed 

%<10 
yrs 
old < 750 F 75 - 900 F > 900 F 

Comments 

9/6/2004 1430 10 5 0 15 1 10 30 3 43 1   X Sunny 
9/8/2004 1438    0     0    X Sunny, Very Hot 

9/9/2004 1444    0  1 1 0 2 0   X 
Sunny, Cloudy, Hot, & 
Humid 

9/10/2004 1440 0 0 1 1 0    0    X 
Sunny, Cloudy, Hot, & 
Humid 

9/11/2004 1450 8 2 1 11 1 14 3 0 17 1   X 
Sunny, Cloudy, Hot, & 
Humid 

9/12/2004 1440 0 0 3 3 0    0    X Sunny 
9/16/2004 1450    0     0   X  Sunny 
9/19/2004 1200    0     0   X  Sunny 
9/20/2004 1300    0     0   X  Sunny 
9/30/2004 1455    0  0 0 1 1 0  X  Cloudy, relatively cool 
10/2/2004 1444    0     0   X  Partly cloudy, warm 
10/3/2004 1430    0     0   X  Sunny 
10/6/2004 1442    0     0   X  Sunny, breezy 
10/7/2004 1500    0     0    X Sunny 

10/9/2004 1442    0  0 0 2 2 0  X  
Sunny - 2 People on 
horseback 

10/10/2004 1450    0     0   X  Sunny 
10/13/2004 1441    0     0   X  Sunny 
10/14/2004 1446    0     0    X Hot! 
10/15/2004 1441    0     0   X  Breezy 
10/16/2004 1436    0     0  X   Cloudy 
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Recreational Evaluation of Study Sites 
As discussed further in Technical Memorandum 3 for this study, six study sites were selected 
for detailed characterization.  These sites represent archetypes, or examples of differing types 
of waterbodies in the region, e.g., natural, partially natural but modified channel or banks, 
and fully concrete lined channels. 

Risk Sciences, Inc. developed scoring criteria which were designed to provide a discussion 
tool for evaluating the recreational use potential and appeal of various waterbodies within the 
Santa Ana River Watershed.  The following criteria were ranked from 0 (poor recreational 
habitat and/or appeal) to 3 (good recreational habitat and/or appeal): 

 Direct Evidence of Water Contact Recreation – Direct observations of people recreating in 
the water (0 = no observation; 3 = people actually in the water). 

 Indirect Evidence of Recreational Activity – Measures evidence that people are 
occasionally present at the site, e.g., graffiti, recreational trash (bottles, soda cans, etc), 
fishing line, and human paths to the channel; however, no evidence exists that visitors 
actually enter the water (0 = no evidence of recreational activity; 3 =  evidence observed, 
e.g., fishing line, footprints, graffiti). 

 Ease of Access – Measure of degree of difficulty to access the waterbody because of 
fencing, gates, locks, etc. (0 = inaccessible; 3 = easily accessible). 

 Channel Slope – Measure of the type of slope, e.g., trapezoidal vs. rectangular (0 = box 
channel, 90° slopes; 3 = gentle slope) 

 Channel Type – Measure of degree of naturalness, ranging from completely natural 
bottom and banks to completely constructed concrete channel (0 = bottom and banks are 
concrete; 3 = natural bank and channel bottom). 

 Flow Depth & Volume – Measure of the degree that instream flow is sufficient for water 
contact recreation, including consideration of children (0 = minimal flow, not possible for 
adults or children to immerse themselves in the water; 3 = sufficient flow for immersion at 
least by children). 

 Flow Velocity – Measure of the degree that flow velocity is dangerous for recreational 
activity (0 = high velocity, flow is dangerous; 3 = velocity is safe for recreational activity). 

 Water Quality (Aesthetics) – Measure of how appealing the water is for recreation (0 = 
poor quality, e.g., lots of algae, trash; 3 = very appealing, water is an attractant). 
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 Vegetation Quality – Measure of quality of bank habitat for recreational activity (0 =  no 
cover or shade for visitors; 3 = sufficient cover or shade). 

 Adjacent Land Use – Measure of type of nearby land use (0 = site is adjacent to industrial 
parks; 3 = site is in a residential area). 

Each study site was scored based upon the above criteria, and the results are shown in 
Table 5.  The scoring was performed by consultants to the Task Force for each study site.  The 
same criteria were used by members of the Task Force to score similar sites during field trips 
conducted as part of study workshops.  Table 5 does not represent scoring performed during 
the Task Force workshop field trips. 

While the results of this scoring cannot be used as a substitute for an appropriately designed 
recreational use survey, the results do provide information on the range of actual or 
presumed use and recreational appeal present in different types of waters in the Santa Ana 
River watershed.  A brief summary of the findings for each study site follows. 

Table 5 
Evaluation of Recreational Appeal at Sites 

Evaluation Criteria 
(Scale: Low - 0 to High - 3) 
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Direct Evidence of Water Contact Recreation 0 1 0 0 0 0 3 
Indirect Evidence of Water Contact 

Recreation 2 2 0 1 1 3 3 

Ease of Access 2 3 0 1 1 2 3 

Channel Slope 2 3 0 2 2 3 2 

Natural or Concrete 1 3 0 0 0 3 3 

Flow Depth & Volume 1 2 1 0 3 3 1 

Flow Velocity 2 2 0 1 1 3 2 

Water Quality-Aesthetics not Chemistry 1 2 0 0 2 2 3 

Vegetation Quality 0 3 0 1 0 2 3 

Adjacent Land Use 1 1 1 0 1 1 3 
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Temescal Creek at Lincoln Avenue 
Recreational opportunity at Temescal Creek at Lincoln Avenue varied depending upon 
whether one visited the upstream or downstream side of Lincoln Avenue.  Because of this 
variability, two evaluations were prepared (Table 5). 

Direct evidence of water contact recreation was not observed upstream or downstream of 
Lincoln Avenue; limited indirect evidence of recreational activity was observed (e.g., foot 
trails traced to the stream).  Fencing limited access from Lincoln Road, and signs prohibiting 
trespassing were posted near locked gates.  However, both sites were easily accessible simply 
by walking around the fence.  Channel slopes were easy to walk on and provided easy access 
to the stream.  Natural habitat was present downstream, but a modified channel (concrete 
banks) was present upstream.  Low flow depth and volume limit water contact recreation 
opportunities. 

Santa Ana Delhi Channel 
Direct or indirect evidence of recreational activity was not observed at the Santa Ana Delhi 
Channel.  The site is fenced, has a locked gate and posted signs warning people to stay away 
from the water.  The channel is boxed shape; approximately 55 feet wide.  During dry 
weather, low flow coupled with a slow flow velocity and shallow depth conditions limited 
water contact recreational opportunities at this site. 

Chino Creek at Schaeffer Avenue 
Water contact recreation activity was not observed at the Chino Creek at Schaeffer Avenue 
site; however, indirect evidence of recreational activity, e.g., graffiti and human made walk 
paths that led to Chino Creek was observed.  The channel is concrete.  Normally, this site is 
fenced and access is severely restricted; however, at the time of the site visit, an access gate 
was unlocked and open.  The presence of a gentle channel slope provided easy access to the 
stream bottom.  According to County environmental health staff that collect water quality 
data in the Riverside area, occasional incidental water contact at Chino Creek at Schaeffer has 
been observed at this site from time to time.  Overall, the recreational appeal was very low, 
primarily because of presence of trash, low flow, low depth, and odors. 

Santa Ana River at Imperial Highway 
The Santa Ana River at this site is entirely fenced with signs posted prohibiting access to the 
river.  Direct evidence of water contact recreation was not observed.  Indirect evidence of 
recreational activity in the area included footprints and trails leading to the river.  Flow depth 
and volume were sufficient for water contact recreation to occur.  In terms of aesthetics, water 
quality was attractive for contact recreation.  The channel was modified, with a mix of natural 
bottom and rip-rap banks. 
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Santa Ana River at MWD Crossing 
Direct evidence of recreational water use was not observed during this evaluation, but data 
from the Riverside Regional Water Quality Treatment Plant during summer 2004 indicate that 
this reach of the river is occasionally used for water contact recreation (this activity occurs in 
spite of posted bilingual signs warning the public to stay away from the water).  The Santa 
Ana River has a natural channel in this area and under dry weather conditions flow volume 
and velocity are appropriate to support water contact recreational activity.  In addition, water 
quality aesthetics and vegetation quality serve to improve the overall recreational appeal of 
the site. 

Icehouse Canyon 
Icehouse Canyon Creek is located alongside a regularly utilized hiking trail in the Angeles 
National Forest in the upper part of the Chino Creek watershed.  Direct evidence of water 
contact recreation was not observed, but the creek, which has a sustained baseflow 
throughout most years, includes several pools and other areas where visitors could likely 
recreate.  Access to the site is easy and water quality aesthetics, vegetation, and land use have 
good recreational appeal. 

Potential Recreational Uses 
Orange, Riverside, and San Bernardino Counties have designated parks, open space, habitat, 
and recreational amenities (i.e., designated bikeways, walking, hiking, equestrian trails) 
within their General Plans and other adopted land use planning documents.  There are a 
number of recreational use areas planned for development within the Santa Ana Watershed. 
The Santa Ana Integrated Watershed Plan Environmental and Wetlands Component 
(SAWPA 2002) provides baseline information on other recreational use areas in the Santa Ana 
River Watershed (Figure 2).  The following inventory does not attempt to describe all of the 
planned recreational use areas, but rather, provide highlights of potential key projects in the 
watershed. 

Natural Wetlands Restoration – Regional planners have been working towards restoring 
natural wetlands to provide high value habitat, recreation, and educational opportunities 
(SAWPA 2002).  Examples of potential projects include: 

 Bolsa Chica Wetlands Restoration 

 Chino Creek Treatment Wetlands 

 River Road Treatment Wetlands; and  

 Lake Elsinore Aeration and Fisheries Restoration 
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Figure 2
Other Recreational Opportunities within the Santa Ana River Watershed

Source: Santa Ana Integrated Watershed Plan, SAWPA (2002) 
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Santa Ana River Trail – Regional recreation development efforts are focused on the Santa Ana 
River Trail.  First conceived over a century ago and formally proposed in 1955, the Santa Ana 
River Trail is a much-anticipated project with watershed-wide support.  Watershed planning 
participants agree that the trail should provide access for a wide variety of users, including 
walkers, hikers, joggers, bicyclists and horseback riders.  While the 110-mile trail is far from 
complete, several segments, totaling approximately 40 miles, have been constructed.  Plans 
are almost complete for the remaining 70 miles (as well as a number of feeder trails and 
connections), and full funding has been secured for some segments. 

San Timoteo State Park - Riverside Lands Conservancy with the support of other 
organizations is developing a plan to create a new State park centered in the San Timoteo 
Creek Watershed.  The park will provide a number of linkages with other recreational areas 
in Riverside County, and create, restore, and protect wetlands in the floodplains of the canyon 
and its major tributaries from Loma Linda to I-10. 

Orange Coast River Park - The Friends of Harbors, Beaches, and Parks, with cooperation from 
many partners, including local cities, Orange County nonprofit organizations, and private 
entities, have proposed a large park at the mouth of the Santa Ana River.  The Orange Coast 
River Park, which may include Banning Ranch, would link several existing parks, 
incorporating ponds, boardwalks, and habitat restoration. 

“String of Pearls” (a series of parks along Santiago Creek) - Local cities and organizations are 
acquiring land to add a series of new parks along Santiago Creek (“string of pearls”), a major 
tributary in the lower Santa Ana watershed.  These parks would provide recreational and 
educational benefits, in addition to habitat and water quality benefits.  The City of Orange has 
recently acquired eight acres of land to be included in the 42-acre Grijalva Park on Santiago 
Creek.  The City also owns Yorba Park that borders the Santiago Creek just south of Chapman 
Avenue and Hart Park, which includes several acres of unimproved land in the creek.  The 
County of Orange and City of Santa Ana incorporate additional parks upstream and 
downstream from the City of Orange.  These public entities, along with the City of Villa Park, 
are working to connect these parks with a contiguous recreational trail system. 

Chino Creek Park - The Inland Empire Utilities Agency, Orange County Water District, and 
the Wildlands Conservancy are developing an integrated recreational plan that will link 
Prado Basin with the Santa Ana River Trail System providing habitat, recreational and 
educational opportunities.  Plans include an educational center at Chino Creek Park and a 
nursery designed specifically to grow native plants for restoration projects.  A Prado Basin 
interpretative center and youth camp for inner-city children will be developed where a gun 
club is currently located. 
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Attachment A 
Recreational Beneficial Uses in Santa Ana River Basin 

Designation 
Ocean Waters 

REC-1 REC-2 

Nearshore Zone   

 San Gabriel River to Poppy Street in Corona del Mar X X 

 Poppy Street to Southeast Regional Boundary X X 

Offshore Zone   

 Waters between Nearshore Zone and Limit of State Waters X X 

Designation 
Bays, Estuaries, and Tidal Prisms 

REC-1 REC-2 

 Anaheim Bay – Outer Bay X X 

 Anaheim Bay – Seal Beach National Wildlife Refuge X1 X 

 Sunset Bay – Huntington Harbour X X 

 Bolsa Bay X X 

 Bolsa Chica Ecological Reserve X X 

 Lower Newport Beach X X 

 Upper Newport Beach X X 

 Santa Ana River Salt Marsh X X 

 Tidal Prism of Santa Ana River (to within 1000’ of Victoria Street) and Newport 
Slough X X 

 Tidal Prism of San Gabriel River – River Mouth to Marina Drive X X 

 Tidal Prisms of Flood Control Channels Discharging to Coastal or Bay Waters X X 
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Attachment A (continued) 
Recreational Beneficial Uses in Santa Ana River Basin 

Designation 
Surface Stream 

REC-1 REC-2 

Lower Santa Ana River   

Santa Ana River   

 Reach 1-Tidal Prism to 17th Street X2 X 

 Reach 2-17th Street to Prado X X 

 Aliso Creek X X 

 Carbon Canyon Creek X X 

Santiago Creek   

 Reach 1-Below Irvine Lake X2 X 

 Reach 2-Irvine Lake X X 

 Reach 3-Irvine Lake to Modjeska Canyon I I 

 Reach 4-Modjeska Canyon X X 

 Silverado Creek X X 

 Black Star Creek I I 

 Ladd Creek I I 

San Diego Creek   

 Reach 1-Below Jeffrey Road X2 X 

 Reach 2-Above Jeffrey Road I I 

 
Other Tributaries: Bonita Creek, Serrano Creek, Peters Canyon Wash, Hicks 
Canyon Wash, Bee Canyon Wash, Borrego Canyon Wash, Agua Chinon Wash, 
Laguna Canyon Wash, Rattlesnake Canyon Wash, Sand Canyon Wash, and other 
tributaries to these Creeks 

I I 

San Gabriel River   

 Coyote Creek within SA Regional Boundary X X 
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Attachment A (continued) 
Recreational Beneficial Uses in Santa Ana River Basin 

Lakes and Reservoirs   

 Anaheim Lake X X 

 Irvine Lake (Santiago Reservoir) X X 

 Laguna, Lambert, Peters Canyon, Rattlesnake, Sand Canyon, and Siphon 
Reservoirs X7 X 

Upper Santa Ana River   

Santa Ana River   

 Reach 3-Prado Dam to Mission Blvd. in Riverside X X 

 Reach 4-Mission Blvd to San Jacinto Fault in San Bernardino X3 X 

 Reach 5-San Jacinto Fault to Seven Oaks Dam X3 X 

 Reach 6-Seven Oaks Dam to Headwaters X X 

Mills Creek   

 Reach 1-Confluence w/ SAR to Bridge Crossing Route 38 I I 

 Reach 2-Bridge Crossing Route 38 to Headwaters X X 

 Mountain Home Creek X X 

 Mountain Home Creek, East Fork X X 

 Monkey Face Creek X X 

 Alger Creek X X 

 Vivian Creek X X 

 High Creek X X 

 
Other Tributaries: Lost, Oak Cove, Green, Skinner, Momyer, Glen Martin, Camp, 
Hatchery, Rattlesnake, Slide Snow, Bridal Veil, and Oak Creeks and other 
Tributaries to these Creeks 

I I 

Bear Creek   

 Bear Creek X X 

 Siberia Creek X X 
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Attachment A (continued) 
Recreational Beneficial Uses in Santa Ana River Basin 

 Slide Creek I I 

 All other tributaries to these Creeks I I 

Big Bear Lake Tributaries   

 North Creek X X 

 Metcalf Creek X X 

 Grout Creek X X 

 Rathbone Creek X X 

 Meadow Creek X X 

 Summit Creek I I 

 Other Tributaries ot Big Bear Lake: Knickerbocker, Johnson, Minnelusa, Polique, 
and Red Ant Creeks and other Tributaries to these Creeks I I 

Baldwin Lake Drainage   

 Shay Creek X X 

 Other Tributaries to Baldwin Lake: Wawmill, Green, and Caribou Canyons, and 
other Tributaries to these Creeks I I 

Other Streams Draining to SAR   

 Canjon Creek X X 

 City Creek X X 

 Devil Canyon Creek X X 

 Eash Twin and Strawberry Creeks X X 

 Waterman Canyon Creek X X 

 Fish Creek X X 

 Forsee Creek X X 

 Plunge Creek X X 

 Barton Creek X X 
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Attachment A (continued) 
Recreational Beneficial Uses in Santa Ana River Basin 

 Bailey Canyon Creek I I 

 Kimbark Canyon, East Fork Kimbark Canyon, Ames Canyon, and West Fork Cable 
Canyon Creeks X X 

 Valley Reaches of Above Streams I I 

 

Other Tributaries: Alder, Badger Canyon, Bledsoe Gulch, Borea Canyon, 
Breakneck, Cable Canyon, Cienega Seca, Cold, Converse, Coon, Crystal, Deer, 
Elder, Fredalba, Frog, Government, Hamilton, Heart Bar, Hemlock, Keller, Kilpecker, 
Little, Mill, Little Sand Canyon, Lost, Meyer Canyon, Mile, Monroe, Canyon, Oak, 
Rattlesnake, Round Cienega, Sand, Schneider, Staircase, Warm Springs Canyon, 
and Wild Horse Creeks and other Tributaries to these Creeks 

I I 

San Gabriel Mountain Streams   

 San Antonio Creek X X 

 Lytle Creek and Coldwater Canyon Creek X X 

 Day Creek X X 

 East Etiwanda Creek X X 

 Valley Reaches of Above Streams I I 

Cucamonga Creek     

 Reach 1-Confluence w/Mill Creek X3 X 

 Reach 2-Upland to headwaters X X 

 Mills Creek (Prado Area) X X 

 

Other Tributaries: Cajon Canyon, San Sevaine, Deer, Duncan Canyon, Henderson 
Canyon, Bull, Fan, Demens, Thorpe, Angalls, Telegraph Canyon, Stoddard Canyon, 
Icehouse Canyon, Cascade Canyon, Cedar, Falling Rock, Kerkhoff, and Cherry 
Creeks and other Tributaries to these Creeks 

I I 

San Timoteo Creek   

 Reach 1-SAR confluence to gage at San Timoteo Canyon Rd I3 I 

 Reach 2-Gage at Canyon Rd to Confluence w/ Yucaipa Creek X X 

 Reach 3-Confluence w/ Yucaipa Creek to Bunker Hill II X X 

 Reach 4-Bunker Hill II to Confluence w/Little San Gorgonio and Noble Creeks X X 
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Attachment A (continued) 
Recreational Beneficial Uses in Santa Ana River Basin 

 Oak Glen, Potato Canyon, and Birch Creeks X X 

 Little San Gorgonio Creek X X 

 Yucaipa Creek I I 

 Other Tributaries to these Creeks Valley Reaches I I 

 Other Tributaries to these Creeks Mountain Reaches I I 

 Anza Park Drain X X 

 Sunnyslope Channel X X 

 Tequesquite Arroyo (Sycamore Creek) X X 

Chino Creek   

 Reach 1-SAR confluence to beginning of concrete-lined channel south of Los 
Serranos Rd. X X 

 Reach 2-Beginning of concrete lined channel south of Los Serranos Rd. to 
Confluence with San Antonio Creek X3 X 

Temescal Creek   

 Reach 1A-SAR confluence w/ Lincoln Ave X4 X 

 Reach 1B-Lincoln Ave. to Riverside Canal X4 X 

 Reach 2- Riverside Canal to Lee Lake I I 

 Reach 3- Lee Lake X X 

 Reach 4-Lee Lake to Mid Section Line of Section 17 I I 

 Reach 5- Mid Section Line of Section 17 To Elsinore Groundwater X X 

 Reach 6- Elsinore Groundwater to Lake Elsinore Outlet I I 

 Coldwater Canyon Creek X X 

 Bedford Canyon Creek I I 

 Dawson Canyon Creek I I 

 Other Tributaries to these Creeks I I 
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Attachment A (continued) 
Recreational Beneficial Uses in Santa Ana River Basin 

Lakes and Reservoirs   

 Baldwin Lake I I 

 Big Bear Lake X X 

 Erwin Lake X X 

 Evans Lake X X 

 Jenks Lake X X 

 Mathews Lake X5 X 

 Mockingbird Reservoir X6 X 

 Norconian Lake X X 

San Jacinto River Basin   

 Reach 1-Lake Elsinore to Canyon Lake I I 

 Reach 2- Canyon Lake I I 

 Reach 3-  Canyon Lake to Nuevo Road I I 

 Reach 4- Nuevo Road to North-South Mid Section Line I I 

 Reach 5-North-South Mid Section Line to Confluence w/ Popppet Creek I I 

 Reach 6- Popppet Creek to Cranston Bridge I I 

 Reach 7- Cranston Bridge to Lake Hemet X X 

 Bautista Creek-Headwater to Debris Dam X X 

 Strawberry Creek and San Jacinto River, North Fork X X 

 Fuller Mill Creek X X 

 Stone Creek X X 

 Salt Creek I I 

 Other Tributaries: Logan, Black Mountain, Juaro Canyon, Indian, Hurkey, Poppet, 
and Protrero Creeks and other Tributaries to these Creeks I I 
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Attachment A (continued) 
Recreational Beneficial Uses in Santa Ana River Basin 

Lakes and Reservoirs   

 Canyon Lake X X 

 Elsinore Lake X X 

 Fulmor Lake X X 

 Hemet Lake X X 

 Perris Lake X X 

Wetlands   

 San Joaquin Freshwater Marsh X X 

 Shay Meadows I I 

 Stanfield Marsh X X 

 Prado Flood Control Basin X X 

 San Jacinto Wildlife Preserve X X 

 Glen Helen X X 

I  Intermittent Beneficial Use 
X  Present or Potential Beneficial Use 
1 No access per agency with jurisdiction (U.S. Navy) 
2 Access prohibited in all or part by Orange County Resources Development Management Department (RDMD) 
3 Access prohibited in some portions by San Bernardino County Flood Control 
4 Access prohibited in some portions by Riverside County Flood Control 
5 Access prohibited by the Metropolitan Water District 
6 Access prohibited by the Gage Canal Company (owner-Operator) 
7 Access prohibited by Irvine Ranch Company 
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Technical Memorandum 3 
Flow and Water Quality Data Inventory and 
Characterization 
 

Data Inventory 
Flow Data Inventory 
Numerous flow monitoring stations are operated by several agencies throughout the Santa 
Ana River Watershed.  The location of each station was mapped and described within the 
Receiving Water and Watershed Inventory Mapping technical memorandum.  The data 
record available at each location varies in length of time, and interval of measurement (daily 
readings vs. hourly readings).  Some flow gauging stations were operational for very short 
periods, such as for a targeted wet season and then removed.  Many of the currently 
operating flow gauging stations implemented smaller interval (15 or 30 minute) flow 
measurement in the late 1980s or early 1990s.  Mean daily flow records are available for 
longer periods of record at these and other sites, generally dating back to the 1960s and 1970s. 

The US Geological Survey (USGS) has flow records for 140 gauging stations within the Santa 
Ana River Watershed.  Many of these stations have been removed or were passed on to local 
flood control districts and therefore are no longer operated by the USGS.  Some of these USGS 
flow gauging stations monitor effluent channels, power plant outtakes, and other diversions 
of runoff.  There are also many USGS flow gauging stations that record runoff rates in inland 
surface waters.  The Riverside County Flood Control District is operating 4 flow gauging 
stations within the Santa Ana River Watershed.  These stations began recording in the 
beginning of 2001.  The San Bernardino County Flood Control District has flow records for 40 
gauges within the Santa Ana River Watershed, 31 of which are located in the Chino basin.  
Few flow gauging stations are operated along mountain streams in the San Bernardino 
National Forest or along tributaries to Big Bear Lake.  The Orange County Resource and 
Development Management Department (RDMD) is currently operating 13 flow gauging 
stations in the Santa Ana River Watershed.  These stations are primarily along channels that 
have been modified or engineered to facilitate urban flood hazard protection. 
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Bacteriological Data Inventory 
Available indicator bacteriological water quality data collected from receiving waters within 
the Santa Ana River Watershed during dry weather and wet weather seasonal sampling was 
requested from Storm Water Quality Task Force members as well as participants from other 
agencies.  This request was made specifically with the County of Orange, County of 
Riverside, County of San Bernardino, Santa Ana Watershed Protection Authority (SAWPA), 
and the Regional Water Quality Control Board (RWQCB) - Region 8. Each agency responded 
to these requests as part of its participation on the Task Force.  Requests of, and responses 
from these and other agencies are summarized below. 

The Orange County Health Care Agency (OCHCA) conducts the Bacteriological Monitoring 
Program for the County of Orange.  OCHCA provided a list of inland receiving water 
sampling locations within Orange County.  Of those locations, two sampling locations lie 
within the Santa Ana River Watershed and also are upstream of tidal influence.  The 
remaining sample locations are either beach sampling locations or located within tidal 
influence. 

The Orange County Water District (OCWD) also provided bacteria sampling data for a 
sampling period between 1958 and 2004.  The majority of the data is from the OCWD internal 
water quality database, while additional data for a period from 1999 to 2004, was extracted 
from the OCWD Santa Ana River Water Quality and Health (SARWQH) Study.  The 
SARWQH Study was finalized Summer 2004. 

The RWQCB provided data for sampling efforts for Chino Basin, Big Bear Lake, Santa Ana 
River, Lake Elsinore, Moro Canyon, San Jacinto River, and Canyon Lake.  The majority of the 
data is from sampling efforts conducted by the RWQCB staff.  The RWQCB also provided 
additional data not specifically collected by RWQCB staff.  This particular data included 
bacteriological results for Big Bear Lake and Canyon Lake which were collected by Big Bear 
Municipal Water District (BBMWD) and Elsinore Valley Municipal Water District (EVMWD) 
staff, respectively. 

The San Bernardino County Flood Control District (SBCFCD) represented the County of San 
Bernardino in providing bacteria data collected for the urbanized area NPDES stormwater 
program between 2000 and 2003. 

The Riverside County Flood Control District (RCFCD) represented the County of Riverside in 
providing bacteria data.  The RCFCD provided a set of bacteriological data for locations along 
the Santa Ana River.  The data includes bacteriological data from samples collected not only 
by the Riverside County Health Department (1981 to 1991) but also bacteriological results 
from sampling along the Santa Ana River conducted by the OCHCA (1981 to 1993). 
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Additionally, bacteriological data was obtained from the Riverside County Health Care 
Department for bacteria data collected in 1985. 

Additional data was obtained from agencies or organizations such as the United States 
Geologic Survey (USGS), Orange County Coastkeeper, and United States Environmental 
Protection Agency (USEPA) via its STORET Legacy Data Center. 

Table 1 further describes the water quality data received from the source agencies and 
describes the data format, sampling dates, and agency contact information. 

Data Management 
Flow Data Management 
For this study, available flow record data was not compiled into a single study database.  Due 
to the ease of accessibility of flow data records, data was retrieved for each flow monitoring 
station as needed.  Additionally, compiling a single database given the number of flow 
monitoring stations and the lengthy data record maintained for each station would require 
considerable effort. 

Bacteria Data Management 
Water quality data was submitted in varying formats and levels of detail.  Data was provided 
in either hard copy format only or in electronic format from the source agencies.  The data 
received from the source agencies all included a sampling location name, sample date, and 
bacteriological results.  Some data, particularly samples collected more recently was provided 
in electronic format and included additional information such as sample time, analytical 
method, and sample location coordinates, etc. 

Data Entry 
For older sets of data, only hard copy documents were provided by the source agency.  Data 
entry procedures and quality assurance checks were established and implemented for these 
datasets.  These datasets included that which was provided by the RCFCD and Riverside 
County Health Department.  Another source of data which required data entry was the Santa 
Ana Use Attainability study dataset obtained by Risk Sciences, Inc. 
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Table 1 
Storm Water Quality Standards Study 

Data Source Summary 

Title/File Name Description Date Agency From Which CDM Received Data 

County of Orange    

Handout3.xls Table showing sampling locations for OCHCA 
and OCSD Jun 2004 Orange County Health Care Agency/ Monica 

Mazur 

Bacteriological Data downloaded via the 
www.ocbeachinfo.com website 

Sampling locations include: San Diego 
Creek/Campus Dr. (1994 to 2004); Santa Ana 
Delhi Channel (1986 to 2004) 

Various Orange County Health Care Agency/  
www.ocbeachinfo.com 

BacterialData_Database.xls From OCWD water quality database Various Orange County Water District/ Nira Yamachika 

MicrobialData_OCWD_CDM.xls From OCSD SAR Water Quality and Health 
(SARWQH) Study 1999-2004 Orange County Water District/ Nira Yamachika 

Feb03_BactiData.xls Mill Creek and SAR at Imperial Highway Feb 2004 Orange County Water District/ Nira Yamachika 

Regional Water Quality Control Board (RWQCB) - Region 8   

Chino Basin    

Chino_TMDL_JanFeb04.xls Data for Chino Basin TMDL Jan - Feb 
2004 Santa Ana RWQCB/ David Woelfel/ Bill Rice 

Chino_TMDL_FebMar04.xls Data for Chino Basin TMDL Feb - Mar 
2004 Santa Ana RWQCB/ David Woelfel/ Bill Rice 

Chino_TMDL_MarApr04.xls Data for Chino Basin TMDL  Mar - April 
2004 RWQCB/ David Woelfel; Bill Rice 

Big Bear Lake    

SARWQCB Knickerbocker Results_totals.xls Knickerbocker Creek as part of pathogen 
TMDL 

June 2003-
April 2003 RWQCB/ Heather Boyd 

Path_bbl.xls 
RWQCB data collected in 1985, 1992, 1993, 
1994, 1998; Big Bear Municipal Water District 
(BBMWD) data in 1994 & 1996 

Various RWQCB/ Heather Boyd 
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Table 1 (continued) 
Storm Water Quality Standards Study 

Data Source Summary 

Title/ Electronic File Name Description Date Agency From Which CDM Received Data 

Santa Ana River    

SARBact 84.xls Santa Ana River data collected from 1984 1984 RWQCB/ David Woelfel 
SARBact 85.xls Santa Ana River data collected from 1985 1985 RWQCB/ David Woelfel 

85associatedlab.pdf RWQCB sampling effort from 1985; Analyzed 
by Associated Labs 

August 
1985 RWQCB/ David Woelfel 

Lake Elsinore    

LakeElsinoreStudy_MaySept03.xls Lake Elsinore Bacteriology Results May - Sept 
2003 RWQCB/ Vitale Pavlova 

San Jacinto River    

Lab Data For San Jacinto River Watershed San Jacinto River data Feb 2003; 
Feb 2004 RWQCB/ Cindy Li 

Canyon Lake    

CL Bacterial 90-02.xls Canyon Lake sampling data from Elsinore 
Valley Municipal Water District (EVMWD) 2002 RWQCB/ Cindy Li 

CL Dock Sites 03-04 received 05-25-04.xls Data from RWQCB and EVMWD 2003 

RWQCB/ Cindy Li;  
 
Original data source: EVMWD/ Chantel Stapleton 
provided additional information for sample site 
locations 

Santa Ana Watershed Project Authority (SAWPA) 

Summary WQ data Chino TMDL.xls Water quality bacteria data summarizing 
sampling for Chino Basin TMDL 2002-2003 SAWPA/ Rick Whetsel 

County of San Bernardino 

Bacteria sampling results (hard copy) Hard copy report of laboratory  results from 
E.S. Babcock Lab 2000 -2003 San Bernardino County Flood Control District/ 

Janet Dietzman 
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Table 1 (continued) 
Storm Water Quality Standards Study 

Data Source Summary 

Title/File Name Description Date Agency From Which CDM Received Data 

County of Riverside    
Handwritten table of bacteria data – Total 
Coliform, Fecal Coliform, Enterococcus, 
E.coli 

Handwritten table of data from 1985 1985 Riverside County Health Care Department/ 
Damian Meins 

PDF files on CD 

CD contains PDF of hard copy handwritten 
sampling results from Santa Ana River 
locations.   Sampling was conducted originally 
by the Orange County Health Care Agency 
and the Riverside County Health Department. 

1981 - 
1994 

Riverside County Flood Control District / Tom 
Rheiner 

USEPA    

STORET Data 

Pre-1999 data downloaded from USEPA 
website;  
 
No matches for post-1999 data 

Various 

Data downloaded from USEPA STORET Legacy 
Data Center website. 
 
Original data source: Orange County 
Environmental Management Agency & California 
Department of Water Resources 

USGS    

USGS_SantaAna11074000.txt 
USGS_SantaAna11075600.txt 

USGS Sampling stations: Prado Dam and 
Santa Ana River at Imperial Highway 

2000 - 
2001 Downloaded from USGS website 

Additional Sources    

Bacteria Monitoring Results (hard copy) 

Report: "Santa Ana Use Attainability Analysis 
Water Quality," Section 4 - Relationship to the 
Use-Attainability Analysis; contains bacteria 
data from 1991 

May 1992 Report Prepared by: Regulatory Management, 
Inc./ Copy of data provided by Tim Moore 

Citizen Monitoring Database (Access) MS Access database of monitoring data 2002 - 
2004 Orange County Coastkeeper/ Mina Danieli 
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Duplicate Data by Source 
Data was checked to ensure it was not duplicate data submitted by differing agencies.  
Queries were performed on the database based on sample location, sample date, parameter 
and analytical results value to verify that data was not appended to the database in a 
duplicative manner.  The potential for duplicate data may have occurred in situations in 
which the originating sampling agency (e.g., County) provided sampling data which was also 
submitted by the RWQCB.  An example of this occurrence involves the electronic data 
provided by the RWQCB for sampling conducted along the Santa Ana River in 1985.  The 
same data was also provided by the Riverside County Health Department in a hard copy 
format. 

Duplicate Sampling Data 
Queries were performed based on sample location, sample date, parameter, and sampling 
time (if available) to determine cases where duplicate samples were collected.  In many cases 
multiple samples were collected but analyzed under different analytical testing methods.  
These samples were treated as distinct sample results and not averaged. 

Database Development 
Data was provided in various formats (electronic and hard copy) and was compiled and 
integrated into one overall database.  Each sample result and its related information such as 
date, sample location, and bacteriological result was established as a data field as part of a 
distinct data record.  Table 2 lists the relevant fields included in the database. 

Table 2 
Database Fields 

Field Name Description 

DB_ID Database record number – this number is unique to 
the each record of the database 

Location_ID Sample Location Name (see Table 2-3) 

Bacteria_ID Constituent Analyzed – Total Coliform, Fecal 
Coliform, E.Coli, or Enterococcus 

Date Date (month, day, and year) 

Time Sampling time (very limited data records include 
time) 

Result MPN /100 ml 
Qualifier Data Qualifiers 
Source_ID Source agency that provided the bacteria data. 

Comments Any relevant information provided by the source 
agency 

Analytical Method Analytical Method  
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Database Identification Number (DB_ID) 
A numbering system was established to differentiate between individual records.  This 
number is unique to each water quality sample and allows for establishing the order in which 
data was incorporated into the database. 

Sample Location Identification (Location_ID) 
Each source of data included locations at which samples were collected.  Samples often were 
collected at the same locations or general vicinity by various agencies.  Table 3 lists the data 
sources, sampling locations, and the number of samples collected at each sample location. 

From examining the overall data set, common sampling locations were identified among the 
various data sources.  After integrating the numerous datasets, queries were conducted to 
determine the number of samples collected for each sampling location. 

For instance, sampling locations were often described by a cross-street or bridge overpass 
near the water body, (i.e, Santa Ana River (SAR) at Imperial Highway, SAR at Van Owen).  In 
order to analyze data, sampling locations were mapped in GIS Arcview.  In cases where GPS 
coordinates were not available or recorded, mapping of sampling locations was determined 
by any additional location information provided by the data source.  For purposes of data 
analyses, sampling locations in the same location also were identified under one common 
name. 

Bacteria Result (Bacteria_ID) 
The bacteriological parameters analyzed for in the various datasets included: 

 Total Coliform 

 Fecal Coliform 

 E. coli 

 Enterococcus 

 Fecal Streptococcus 

Date 
The date of sample collection is included in this data field. 

Time 
The recorded time of sample collection is included where available. 

Result 
The bacteriological results are listed in MPN/100ML units. 
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Table 3 
List of Sampling Locations and Number of Samples by Source 

Data Source E. Coli Enterococci Fecal Colif. Fecal Strep. Total Colif. 
Big Bear Municipal Water District 

200' Downstream from MWDC9 2 2 2   
At Forest Road 2N08   1   
At Forest Road 2N08 at Hairpin 2 2 2  1 
Big Bear Lake – Center   3  2 
Big Bear Lake - East Area   1  2 
Big Bear Lake - Near Dam   3  3 
Big Bear Lake - West Area   1  1 
Big Bear Lake - West Center   3  2 
Knickerbocker Creek at Big Bear 
Lake 19 18 20  11 

Metcalf Creek at Big Bear Lake   1  1 
Rathbun at Big Bear Lake   1  1 

Elsinore Valley Municipal Water District 
East Bay 37 22 7  40 
Indian Beach 37 22 7  42 
Intakes 40 22 7  45 
North Causeway 38 22 7  41 
Sierra Park 37 22 7  40 

Orange County Coastkeeper 
133 Freeway 29    30 
Bake Parkway 15    15 
Civic Center 31    30 
Gold Star 2 28    30 
Gold Star 3 25  1  28 
Gold Star Creek 1 28  1  29 
Katella 12    13 
Lakeview 30    30 
Lincoln 28    30 
Maple Springs 18    18 
Michelson 28    30 
Mill Creek 1 22    24 
Mill Creek 3 24    25 
Modjeska Canyon 23    23 
Sand Canyon 20    21 
Santiago Oaks Park 22    26 
SAR at Green River Rd 30    31 
SAR at Gypsum Canyon Rd 26    31 
Slide Zone 24    27 
Smisek 22    24 
Temescal Creek 1 25  1  29 
Temescal Creek 2 29    31 
Temescal Creek at Lincoln Ave 27  1  29 
Woodbridge 28    29 
Yorba Linda Regional Park 29    30 
Featherly Park East   102  103 
Featherly Park West   108  107 
San Diego Creek at Campus Dr  274 421  430 
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Table 3 (continued) 
List of Sampling Locations and Samples by Source 

Data Source E. Coli Enterococci Fecal Colif. Fecal Strep. Total Colif. 
Orange County Health Care Agency 

Santa Ana Delhi Channel/Back 
Bay  274 695  679 

SAR at Green River Rd   416  420 
SAR at Gypsum Canyon Rd   105  107 
SAR at Imperial Highway   416  423 
SAR at Lincoln Ave   174  174 

Orange County Water District 
Chino Creek at Euclid Ave   3  3 
Chino Creek at Prado GC   1  1 
Inlet to OCWD wetlands; east side 
of service road 56 61 40  63 

Knickerbocker Creek at Hwy 18 1 1 6 4 2 
OC Wetlands Effluent 49 57 39  59 
Rathbun at Big Bear Lake   2  2 
SAR at Imperial Highway 71 66 56  92 
SAR at La Palma Ave   1  1 
SAR at Prado Dam 63 60 63  126 
SAR at River Rd 1  5  4 
Slide Zone 1     
Temescal Creek at Lincoln Ave   1  1 

Riverside County Flood Control District 
Fair Weather Dr. storm drain in 
Canyon Lake   2 2 2 

Salt Creek at Murrieta Rd   1 1 1 
SAR at Market St   26 23 26 
SAR at Mission Blvd   1 1 1 
SAR at Norco Bluffs   1 1 1 
SAR at Pueblo St   24 22 24 
SAR at River Rd   25 21 25 
SAR at Van Buren   2 1 2 
Sierra Park   2 2 2 

Riverside County Health Department 
Chino Regional WRP #1 10 10 7  10 
Chino Regional WRP #2 10 10 10  10 
Colton STP 7 7 6  7 
Riverside STP 9 9 7  9 
San Bernardino STP 9 9 7  9 
SAR at Green River Rd 12 12 64  63 
SAR at Imperial Highway 12 11   2 
SAR at La Cadena Dr 12 12 12  12 
SAR at Mission Blvd 12 12 76  78 
SAR at MWD Crossing 12 10   1 
SAR at North Main/Hamner 12 12 103  79 
SAR at Prado Dam 12 12 14  15 
SAR at River Rd 12 11 76  81 
SAR at Riverside Ave 12 10 46  80 
SAR at Van Buren   74  77 
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Table 3 (continued) 
List of Sampling Locations and Samples by Source

Data Source E. Coli Enterococci Fecal Colif. Fecal Strep. Total Colif. 
County of San Bernardino 

Cucamonga Canyon 10 10 11 8 10 
Cucamonga Creek at Hellman Ave 1 1 1 1 1 
Forest Falls 11 11 11 10 11 
Seven Oaks Dam 10 10 11 8 10 

Santa Ana Regional Water Quality Control Board 
Big Bear Lake – East End   1  1 
Big Bear Lake - Near Dam    1 1 
Big Bear Lake at Pine Knot 
Landing     1 

Bon View at Merrill 13 13 13  13 
Boulder Bay Creek at Hwy 18   1 1  
Center of Lake Elsinore  19 19  19 
Chino Creek Above Wetlands 30 30 30  30 
Chino Creek at Central 15 15 15  15 
Chino Creek at Prado Golf Course 15 15 15  15 
Chino Creek at Schaeffer Ave 45 45 45  45 
Chino Creek Below Wetlands 17 17 17  17 
Colton STP   3  3 
Cucamonga Creek at Merrill Ave 43 43 43  43 
Elm Grove  19 19  19 
Elsinore West Marina  19 19  18 
Fair Weather Dr storm drain in 
Canyon Lake 2 2 2 2 2 

Four Corners  19 19  19 
Grout Creek Headwaters 1 1 1  1 
Hemet Channel at Sanderson Ave 2 2  2 2 
Icehouse Canyon 43 43 43  43 
Inlet Area  19 19  19 
Knickerbocker Creek at Hwy 18 2 2 2  2 
Knickerbocker Creek at Stocker 
Rd  19 19  19 

Lake Elsinore Outlet Channel in 
Elsinore  19 19  19 

Lakeland Park  19 19  18 
Meadow Creek at Bike Trail   1 4 1 
Metcalf Bay    1 1 
Metcalf Creek at Hwy 18 1 1 5 4 2 
Metcalf Creek, East Fork (.3 mi 
from West Fork and Cedar Lake 
Camp Rd.) 

1 1 1  1 

Metcalf Creek, West Fork Cedar 
Lake Camp Rd. 1 1 1  1 

Mill Creek at Chino Corona Rd 45 45 45  45 
Mill Creek at Chino Creek 45 45 45  45 
N Side Ramona Expressway at 
Warren Rd 1 1 1  1 

OC Wetlands Effluent 30 30 30  30 
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Table 3 (continued) 
List of Sampling Locations and Samples by Source 

Data Source E. Coli Enterococci Fecal Colif. Fecal Strep. Total Colif. 
Perris Valley Storm Drain at Nuevo 1 1 1  1 
Playland Park  19 19  19 
Prado Park Outlet at Chino Creek 42 42 42  42 
Rathbun - Below Zoo   4  4 
Rathbun Creek at Swan Dr.   1 1  
Rialto STP at Divers   2  2 
Salt Creek at Murrieta Rd 3 3 2 2 3 
San Bernardino STP   3  3 
San Jacinto River at Bridge St 1 1 1  1 
SAR at Etiwanda Channel 15 15 15  15 
SAR at Green River Rd 12 12 12  12 
SAR at Greenspot Rd   2  2 
SAR at Gypsum Canyon Rd  1 2 1 2 
SAR at I-10   3  3 
SAR at Imperial Highway 12 12 12  12 
SAR at Mission Blvd 12 13 15  16 
SAR at Mt Vernon Ave   3  3 
SAR at MWD Crossing 56 57 59 1 59 
SAR at North Main/Hamner 12 13 14 1 14 
SAR at Prado Dam 58 57 57  57 
SAR at River Rd 12 13 14 1 14 
SAR at Riverside Ave 12 13 15 1 16 
SAR at Van Buren  1 1  1 
SAR at Warm Creek East   4  2 
SAR at Waterman   1 1 1 
Sierra Park Drain in Canyon Lake 3 2 3 2 3 
State Park  19 19  19 
Summit Creek at Mouth   2 2  
Warm Creek at “F” St   2  2 
Warm Creek at STP   1  1 
Warm Lytle Creek Confluence   1  1 
Weekend Paradise  19 19  19 

Santa Ana Use Attainability Analysis Report 
Center of Lake Elsinore   2 2 2 
Chino Regional WRP #1   2 2 2 
Chino Regional WRP #2   2 2 2 
Colton STP   2 2 2 
Mill Creek at Chino Creek   2 2 2 
Rialto STP at Divers   2 2 2 
Riverside STP   2 2 2 
San Bernardino STP   2 2 2 
SAR at Gypsum Canyon Rd   2 2 2 
SAR at Gypsum Canyon Rd   2 2 2 
SAR at La Cadena Dr   1 1 1 
SAR at Mission Blvd   2 2 2 
SAR at MWD Crossing   2 2 2 
SAR at Prado Dam   2 2 2 
SAR at River Rd   1 1 1 
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Qualifier 
In cases where the bacteriological result is qualified, this field includes symbols such as <, >, 
≤, and ≥ to denote cases in which data is qualified. 

Source_ID 
The source of the data is an important data field included in the database.  This information is 
valuable in order contact the source if questions arise related to the sample water quality data. 

Comments 
Any relevant information describing the data record is included in this field. 

Table 3 (continued) 
List of Sampling Locations and Samples by Source

Data Source E. Coli Enterococci Fecal Colif. Fecal Strep. Total Colif. 
USEPA - STORET 

Hicks Canyon Wash at Culver Blvd   21 5 23 
Peters Canyon Wash at Irvine Blvd   16 2 16 
Peters Canyon Wash East Side of 
Jeffrey Rd   7  7 

Peters Canyon Wash NE Santa 
Ana Fwy   36 3 36 

Rattlesnake Canyon Wash at 
Jeffrey Rd   20 3 26 

San Diego Creek at Campus Dr 
Bridge   25 23 166 

San Timoteo Creek at Waterman 
Ave.   2  3 

Santa Ana Delhi Channel at Irvine 
Ave   25 22 168 

Santa Ana River Basin at 
Jamboree, North of Main     9 

Santiago Creek at Santiago 
Canyon Rd Bridge     11 

SAR Basin at Jeffrey Rd at Hines 
Nursery   20  26 

SAR Basin at San Diego Creek 
Confluence     10 

SAR Basin Culver at University, 
Irvine     13 

SAR at Prado Dam   10  12 
USGS 

SAR at Imperial Highway 65 65 14  14 
SAR at Prado Dam   144 148  
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Analytical Methods 
The vast majority of data received did not include the analytical methods conducted to 
perform the analyses.  Phase II of the Water Quality Standards Study should further 
investigate and research the types of analytical methods performed in the course of analyses. 

Table 4 lists the specific analytical methods applied by each agency, where provided, in its 
analyses of the samples collected from specific water bodies. 

Data Characterization 
Flow Data Characterization 
Data from flow gauging stations along inland surface waters within the Santa Ana River 
Watershed show some similarities in the pattern of average annual hydrographs.  Long 
periods of generally persistent low flow occur during dry weather months (April through 
November) and dry periods during winter months in many surface waters.  The source of this 
flow is POTW effluent in a few locations, nuisance urban runoff (irrigation, car washing, etc.), 
and groundwater seepage in mountain streams.  On average, wet weather induced high flow 
events occur between 10-20 times during the winter months, rapidly increasing flow by 1 to 2 
orders of magnitude.  Following individual wet weather events, urban streams tend to return 
to a level very close to summer dry weather flow.  Conversely, inland surface waters with 
drainage areas in the San Bernardino and Angeles National Forests or Santa Ana Mountains 
tend to have a slower recession of high flow resulting from wet weather events.  Snowmelt 
tends to occur soon after wet weather, thus maintaining a higher flow rate in these waters. 

Table 4 
Analytical Methods 

Water Body Total Coli form Fecal Coli form E.Coli Enterococci 
Santa Ana Regional Water Quality Control Board 
Lake Elsinore/ 
Canyon Lake SM9221B SM9221C SM9221F SM9230C 

Chino Basin SM9222B 1 SM9222D 1 Modified E.Coli 
(USEPA 1998) SM9230B 1 

Orange County Coastkeeper 
Various OC 
Locations 

Colilert 18 /24 
IDEXX NA Colilert 18 / 24 

IDEXX NA 
(1)  Standard Methods 20th Edition 
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There are also a number of dam releases, flow diversions, and water importing that influence 
flow in certain inland surface waters.  There are 85 dams and other runoff impoundments that 
control runoff within the Santa Ana River Watershed.  Response to wet weather of inland 
surface waters downstream of these impoundments is attenuated, with a more steady flow 
regime that is controlled by dam operators.  Also, the effort to recharge groundwater by 
facilitating infiltration of surface water runoff reduces runoff in receiving waters by diversion 
and spreading of runoff in basins with high infiltration capacity.  Imported water used to 
recharge groundwater can increase dry weather flow upstream of these basins. 

Flow within the main stem of the Santa Ana River is influenced at different times and 
locations from urban runoff, POTW effluent discharges, dam releases, and groundwater 
recharge diversions. 

Receiving waters either receiving or downstream of area POTW discharges include Reach 3 of 
the Santa Ana River, Prado Lake, Chino Creek, and Cucamonga Creek.  Reaches downstream 
of major controlled dam releases include the Santa Ana River, receiving releases from Prado 
Dam, and Chino Creek, receiving releases from the San Antonio Dam.  Releases of imported 
water occur within Chino Creek. 

Bacteria Data Characterization  
Different data was compiled from many discrete locations into a study GIS database.  
Watershed wide analyses were developed to guide the Stormwater Standards Task Force by 
portraying water quality within channels.  The resulting spatial representation of water 
quality facilitates a basin wide understanding of existing or potential recreational uses and 
compliance with water quality objectives in these waterbodies. 

Methods 
Queries of the study database were performed to compare data with existing fecal coliform 
water quality objectives in sampled inland surface waterbodies and also with proposed E. coli 
objectives based upon current EPA guidance criteria. 

Existing Bacteria Water Quality Objectives 
The following water quality objectives for fecal coliform have been established for the 
protection of recreational uses in freshwaters within the Santa Ana Region: 

REC-1 - Fecal coliform: log mean less than 200 organisms/100 mL based on five or more samples/30 
day period, and not more than 10% of the samples exceed 400 organisms/100 mL for any 30-day period. 

REC-2 Fecal coliform: average less than 2000 organisms/100 mL and not more than 10% of samples 
exceed 4000 organisms/100 mL for any 30-day period 
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Ocean Beaches - Coastal areas of California are currently subject to bacteria water quality 
objectives established by the California Department of Health Services (DHS).  The objectives 
to protect ocean waters at beaches are: 

Geometric Mean Limits 
a. Total coliform density shall not exceed 1,000/100 ml. 
b. Fecal coliform density shall not exceed 200/100 ml. 
c. Enterococcus density shall not exceed 35/100 ml. 

Single Sample Limits 
a. Total coliform density shall not exceed 10,000/100 ml. 
b. Fecal coliform density shall not exceed 400/100 ml. 
c. Enterococcus density shall not exceed 104/100 ml. 
d. Total coliform density shall not exceed 1,000/100 ml, if the ratio of fecal-to-total coliform 
 exceeds 0.1. 

Potential Future Bacteria Water Quality Objectives 
The EPA published new bacteria guidance in 1986, which advised states to change their 
bacteria criteria from fecal coliform for fresh and marine waters to Escherichia coli (E. coli) for 
freshwaters and Enterococcus for marine waters.  The basis for this change was new data 
which showed that increased E. coli (a subset of fecal coliforms) and Enterococcus 
concentrations showed a better correlation with an increased frequency of gastroenteritis than 
increased concentrations of fecal coliforms.  E. coli and Enterococcus serve as pathogen 
indicators meaning that when concentrations of these bacteria are elevated there is an 
increased likelihood that many other potential human pathogens, e.g., viruses and protozoans 
such as Giardia and Cryptosporidium, are also elevated to unsafe levels. 

The E. coli and Enterococcus objectives are based on studies conducted by EPA in the early 
1980’s.  These studies were conducted at three marine and two freshwater locations over 
several years.  Information on the frequency of gastroenteritis and related water quality were 
obtained by conducting surveys of individual swimmers and non-swimmers while at the 
same time collecting water quality data from the selected study sites.  The resulting data, 
average illness rate and geometric mean of water quality, were used to calculate risk-based 
levels of protection for locations where primary contact recreation occurred, e.g., swimming. 

EPA guidance is based on acceptable levels of protection for freshwaters of 8 to 10 swimmers 
per 1000 and for marine waters of 8 to19 swimmers per 1000 getting gastroenteritis as a result 
of swimming activities.  For each level of protection, the EPA provides recommended 
geometric mean criteria and corresponding statistically derived single sample limits based on 
varying upper percentile values (75th to 95th percentile) of allowable densities.  For 
freshwaters, Table 5 lists recommended criteria for risk levels ranging from 8 to 10 
swimmers/1000 are as follows: 
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For example, for E. coli if the acceptable geometric mean value is 126, the corresponding single 
sample value using the 75th percentile of the data distribution of all values is 236.  If a 95th 
percentile is acceptable, then the corresponding single sample value would be 576. 

REC-1 use bacteria objectives for basin plan waterbodies are based upon a 30-day rolling set 
of data.  In order to develop complex queries for all locations where bacteria data was 
historically collected, calendar months are used as a surrogate to the rolling 30-day time 
period.  Actual rolling 30-day compliance criteria are assessed at six study sites and are 
presented in the Detailed Study Site Characterization section of this technical memorandum. 

Results from queries of the database are joined to the GIS layer of “Bacteria Stations” using a 
reference location identification number.  New fields in the point attribute table of this layer, 
resulting from the join are then used to symbolize sampling locations in the GIS model.  The 
points on these maps are symbolized by two attributes, the 1) fraction of non-compliant 
calendar months and 2) number of non-compliant calendar months when sufficient data was 
present to determine compliance.  These attributes are depicted as varying intervals of color 
and size of points, respectively.  Several different queries are used to assess the relationship 
between compliance with REC-1 bacteria standards and flow condition, season, and time 
period. 

Limited instances of concurrent flow data for all inland surface waterbodies where bacteria 
samples were collected over the past 30+ years resulted in a decision to use data from a set of 
daily rainfall stations rather than flow records to assess the presence or absence of wet 
weather conditions.  Eight rainfall stations were used to represent rainfall across the basin 
(Figure 1).  Although the distribution of stations was relatively course, it was suitable for 
purposes of this analysis, considering the flow condition only requires a distinction between 
wet and dry weather.  Samples collected on days when there was greater than or equal to 0.1 
inches of rainfall, as measured at the nearest reference rainfall station, were considered wet 
weather samples. 

 

Table 5 
Upper Percentile Value Allowable Density (per 100 ml) Risk Level 

(% of 
swimmers) 

Geometric Mean 
Density 

(per 100 ml) 
75th 

Percentile 
82nd 

Percentile 
90th 

Percentile 
95th 

Percentile 
0.8 126 236 299 409 576 
0.9 161 301 382 523 736 
1.0 206 385 489 668 940 
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The relationship between the layers “Bacteria Stations” and “Rainfall Stations” was 
developed by using the ESRI Spatial Analyst extension for ArcGIS 8.3®.  The straight line 
allocation function was employed to create a raster dataset of nearest rainfall station.  The 
raster data conversion function of Spatial Analyst was then used to convert the grid of the 
nearest rain station to a polygon layer of distinct rainfall regions.  Lastly, a spatial join was 
used to assign rainfall stations to the bacteria stations that fell within each respective region.  
The updated point attribute table resulting from the spatial join was exported as a database 
file and imported to the Stormwater Standards Study database to support the creation of wet 
weather and dry weather queries. 

Dry weather samples, on days without rain or when less than 0.1 inches was recorded, were 
further distinguished between winter and summer dry weather flows.  Bacteria samples 
collected between April 1 and October 31 were categorized as summer dry weather samples 
and those collected between November 1 and March 31 were categorized as winter dry 
weather samples. 

Lastly, fecal coliform and E. coli bacteria water quality data was assessed for three different 
time periods.  November 28, 1975 and January 1, 1996 are delineators of critical events that 
may impact actual bacteria counts or reach-specific recreational use designation in 
waterbodies of the Santa Ana Basin.  November 28, 1975 marks the date when the Clean 
Water Act’s antidegradation laws were implemented, disallowing any reduction in water 
quality in surface waters of the United States.  The second date is an approximate estimate of 
when most POTW effluent discharges in the Santa Ana Basin met Title 22 tertiary treatment 
requirements, although some began adding tertiary treatment beginning in the late 1970’s. 

All Samples 
Figures 2 through Figure 5 show Santa Ana Basin maps with the results of each of the bacteria 
data queries performed upon the entire dataset.  The maps generated using all samples 
provide a comparison to REC-1 use bacteria objectives in the Santa Ana Basin.  The 
percentage of calendar months with sample results potentially exceeding objectives and the 
size of the bacteria record at each location improve our current understanding of water 
quality associated with recreational use in Santa Ana Basin surface waterbodies. 

Table 6 provides the number of sampling locations with sufficient data to compare to water 
quality objectives and proposed criteria. 
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Figure 2
Fecal Coliform Analysis 10% of Samples Exceedence Criteria
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Figure 3
E. coli Analysis 10% of Samples Exceedence Criteria
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Figure 4
Fecal Coliform Analysis Geometric Mean Criteria
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Figure 5
E. coli Analysis Geometric Mean Criteria



Technical Memorandum 3 
Flow and Water Quality Data Inventory and Characterization 
Page 24 

A  Stormwater Quality Standards Study  
  November 2004 

Potential exceedences of REC-1 bacteria objectives were observed at most Basin Plan reaches 
with sample results, including high order rivers such as the Santa Ana, medium sized inland 
surface streams such as Chino Creek, small urban channels such as Salt Creek near Lake 
Elsinore, and mountain streams such as Knickerbocker Creek in Big Bear Lake.  There is more 
sampling data available from more urbanized areas of the basin than areas less impacted by 
urbanization. 

When comparing available fecal coliform data to the 10% exceedence criteria (Figure 2), the 
data query shows that sampling performed upon the Santa Ana River and other waterbodies 
heavily influenced by urbanization may exceed water quality objectives in all months 
sampled.  Querying results from less urbanized areas, especially around inland lake areas, 
available data shows several locations that may meet objectives, however some less urbanized 
areas have months where objectives may be exceeded. 

When comparing available E. coli data to the 10% exceedence criteria (Figure 3), the data 
query shows similar results to the fecal coliform analysis, however most locations have fewer 
months exceeding proposed E. coli objectives than fecal coliform objectives, and more 
locations may meet proposed E. coli objectives. 

When comparing available fecal coliform data to the geometric mean exceedence criteria 
(Figure 4), the data query shows that fewer locations have sufficient data to perform the 
comparison.  For the locations with enough sampling to perform the comparison, again 
sampling performed upon waterbodies heavily influenced by urbanization may exceed water 
quality objectives in all months sampled.  Less urbanized areas may meet the objective, 
though the amount of data is limited in order to support. 

 

Table 6 
Number of Sampling Locations Compared to Objectives/Criteria 

Criteria All 
Samples 

Wet 
Weather 

Summer 
Months, Dry 

Weather 

Winter 
Months, Dry 

Weather 

Fecal Coliform: 10% of Samples 
Collected within a 30 days 110 44 94 68 

Fecal Coliform: Geometric Mean of 30-
day Periods with 5 or More Samples 39 0 28 22 

E. coli: 10% of Samples Collected within 
30 days 77 45 69 54 

E. coli: Geometric Mean of 30-day 
Periods with 5 or More Samples 25 1 14 15 
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When comparing available E. coli data to the geometric mean exceedence criteria (Figure 5), 
the data query shows a larger number of months with enough data for comparison, with most 
locations potentially exceeding proposed E. coli objectives, and some less urbanized locations 
potentially able to meet proposed objectives. 

Wet Weather 
There were relatively few wet weather samples collected by the various agencies over the 
period of record (1958-2004).  Wet weather samples were collected at select locations, 
primarily along the Santa Ana River.  Figure 6 and Figure 7 present a summary of wet 
weather fecal coliform and E. coli data, respectively.  The charts represent each sample result 
and the median of wet weather sampling performed at locations where more than one wet 
weather sample was collected.  In almost all cases, median values at each of the locations may 
exceed objectives.  The limited number of wet weather samples resulted in a small number of 
sites where the data could be compared to objectives. 

When comparing available wet weather fecal coliform data to the 10% exceedence criteria 
(Figure 8), the data query shows similar results as to the all samples query, waterbodies 
heavily influenced by urbanization may exceed water quality objectives in all months 
sampled, with some exceptions in less urbanized areas. 

When comparing available wet weather E. coli data to the 10% exceedence criteria (Figure 9), 
more locations have enough sampling to perform a comparison to objectives.  Per this query, 
more locations may exceed proposed E. coli objectives in all months sampled as compared to 
fecal coliform data. 

When comparing available wet weather fecal coliform data to the geometric mean criteria, 
there were no calendar months with five or more wet weather samples collected at any 
bacteria monitoring location within the available data. 

When comparing available wet weather E. coli data to the geometric mean (Figure 10), five or 
more E. coli samples were collected during three wet weather events at the Santa Ana at 
Imperial Highway monitoring station.  Proposed objectives were exceeded in each month.  
The pattern of bacteria results in relation to storm hydrographs is shown later in this technical 
memorandum, within the Detailed Study Site Characterization section. 
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Figure 6 
Fecal Coliform in Samples Collected During Wet Weather Days 

Wet Weather Fecal Coliform Data at Sampled Sites 
within the Santa Ana Watershed
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Figure 7
E. coli in Samples Collected During Wet Weather Days

Wet Weather E. coli Data at Sampled Sites 
within the Santa Ana Watershed
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Figure 8
Fecal Coliform Analysis 10% of Samples Exceedence Criteria-Wet Weather
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Figure 9
E. coli Analysis 10% of Samples Exceedence Criteria - Wet Weather
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Figure 10
E. coli Analysis Geometric Mean Criteria - Wet Weather
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Dry Weather 
To analyze data from dry weather periods, the available sample database was divided 
into summer dry weather (April through November) and winter dry weather 
(December through March) periods based upon flow records.  Figures 11 through 18 
present the results from several dry weather data queries.  As most available samples 
within the database were collected during dry weather periods, queries that compare 
only summer dry weather data to water quality objectives look very similar to 
comparisons of the entire database of sample results (Figures 11 through 14). 

When comparing available winter dry weather fecal coliform data to the 10% 
exceedence criteria (Figure 15), the data query shows that comparatively more 
locations in urbanized areas may meet objectives during winter dry weather periods.  
More locations may meet the proposed 10% exceedence criteria for E. coli during 
winter dry weather periods as well (Figure 16). 

When comparing available winter dry weather fecal coliform and E.coli data to the 
geometric mean exceedence criteria (Figures 17 & 18), query results follow the  results 
found for all samples waterbodies heavily influenced by urbanization may exceed 
water quality objectives in all months sampled, and results from less urbanized areas 
may meet objectives, though the data set is limited. 

Detailed Study Site Characterization 
Data availability varies significantly among sample locations within the Santa Ana 
basin.  As a consequence, performing a detailed characterization of water quality and 
waterbody conditions, and comparing the data with waterbody characteristics at 
every location where bacteria samples have been collected would be extremely 
resource intensive.  As an alternative for study purposes, study sites were selected to 
serve as surrogates for different types of waterbodies.  At each study site, site-specific 
water quality and site characteristics were documented to characterize recreational 
quality. 
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Figure 11
Fecal Coliform Analysis 10% of Samples Exceedence Criteria - Dry Weather – April through November
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Figure 12
E. coli Analysis 10% of Samples Exceedence Criteria - Dry Weather – April through November
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Figure 13
Fecal Coliform Analysis Geometric Mean Criteria - Dry Weather – April through November
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Figure 14
E. coli Analysis Geometric Mean Criteria - Dry Weather – April through November
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Figure 15
Fecal Coliform Analysis 10% of Samples Exceedence Criteria - Dry Weather – December through March
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Figure 16
E. coli Analysis 10% of Samples Exceedence Criteria - Dry Weather – December through March
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Figure 17
Fecal Coliform Analysis Geometric Mean Criteria - Dry Weather – December through March
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Figure 18
E. coli Analysis Geometric Mean Criteria - Dry Weather – December through March
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Methods 
Selection of Study Sites 
Study sites were selected to facilitate detailed analysis of varying channel types and 
conditions in the Santa Ana basin, including natural channels, channels with both natural and 
modified portions (e.g., natural bottom, but concrete or rip-rap banks), and channels 
completely constructed with concrete.  The availability of flow and bacteria data at the 
potential sites representing these various channel conditions was assessed.  Based on this 
evaluation, the following five study sites were recommended to the Stormwater Standards 
Task Force: 

 Chino Creek at Schaeffer Avenue (100% concrete channel in mixed land use area) 

 Santa Ana Delhi Channel (100% concrete in highly urbanized area) 

 Temescal Creek at Lincoln Avenue (mixed concrete/rip-rap; natural channel) 

 Santa Ana River at Imperial Highway (mixed concrete/rip-rap; natural channel) 

 Santa Ana River at MWD Crossing (natural channel in urbanized area) 

The Task Force supported these recommendations, but also recommended the inclusion of 
Icehouse Canyon as a site to provide information at and above which no urbanization has 
occurred (Figure 19). 

Channel and Stream Attributes 
Attributes of channels at each study site were identified by reviewing collected GIS layers and 
verifying this information during field visits.  Lack of published data for channel dimensions 
along the Santa Ana River at some study sites led to the use of high resolution aerial 
photography or distance meters to estimate channel widths.  Channel slopes at study sites 
more estimated in the field to estimate cross-sectional area.  In generally natural reaches, 
where the channel was wide, the channel slope did not significantly impact cross sectional 
area 

Channel attributes that could affect recreational appeal were evaluated for each of the study 
sites.  Photographs were taken of direct and indirect evidence of recreational use and of 
conditions that could affect recreational use.  These study site attributes were summarized in 
a checklist, prepared by Risk Sciences, Inc, discussed within Technical Memorandum 2 
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Drainage Area Characteristics & Land Use 
To characterize land use adjacent to and in the tributary watershed to the study sites, the 
drainage areas of three study sites were determined using a digital elevation model (DEM) of 
the Santa Ana basin provided by SAWPA.  Arc Hydro, a tool created for ESRI ArcGIS 8.3® 
documented in Maidment [2002], was used to delineate the drainage area of each study site.  
This tool “burns” the section of channel onto the DEM and through a series of pre- and post-
conditioning processes, determines cells, i.e., small areas that will drain to the reach based 
solely upon topography.  In urbanized areas where drainage network information was 
available, flow path alterations resulting from urban development were accounted for by 
manually editing the Arc Hydro derived polygons. 

Figure 19
Study Sites Selected for Detailed Analysis
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Following drainage area delineation, land use layers of the Santa Ana basin from 1990, 1993, 
and 2000 provided by Southern California Area Governments (SCAG) were clipped to the 
watershed areas.  The attributes of the clipped land use layers were summarized to create 
land use distributions. 

Recreational Appeal 
The recreational appeal of each study site was evaluated with a field observation checklist 
prepared by Risk Sciences, Inc, discussed within Technical Memorandum 2.  This checklist 
evaluates factors that may influence the potential for a site to be used for recreational activity.  
All criteria were ranked from 0 (poor recreational habitat and/or appeal) to 3 (good 
recreational habitat and/or appeal): 

 Direct Evidence of Water Contact Recreation – Direct observations of people recreating in 
the water (0 = no observation; 3 = people actually in the water). 

 Indirect Evidence of Recreational Activity – Measures evidence that people are 
occasionally present at the site, e.g., graffiti, recreational trash (beer bottles, sodas, etc), 
fishing line, and human paths to the channel; however, no evidence exists that visitors 
actually enter the water (0 = no evidence of recreational activity; 3 = evidence observed, 
e.g., fishing line, footprints, graffiti). 

 Ease of Access – Measure of degree of difficulty to access the waterbody because of 
fencing, gates, locks, etc. (0 = inaccessible; 3 = easily accessible). 

 Channel Slope – Measure of the type of slope, e.g., trapezoidal vs. rectangular (0 = box 
channel, 90° slopes; 3 = gentle slope) 

 Channel Type – Measure of degree of naturalness, ranging from completely natural 
bottom and banks to completely constructed concrete channel (0 = bottom and banks are 
concrete; 3 = natural bank and channel bottom). 

 Flow Depth & Volume – Measure of the degree that instream flow is sufficient for water 
contact recreation, including consideration of children (0 = minimal flow, not possible for 
adults or children to immerse themselves in the water; 3 = sufficient flow for immersion at 
least by children). 

 Flow Velocity – Measure of the degree that flow velocity is dangerous for recreational 
activity (0 = high velocity, flow is dangerous; 3 = velocity is safe for recreational activity). 

 Water Quality (Aesthetics) – Measure of how appealing the water is for recreation (0 = 
poor quality, e.g., lots of algae, trash; 3 = very appealing, water is an attractant). 
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 Vegetation Quality – Measure of quality of bank habitat for recreational activity (0 = no 
cover or shade for visitors; 3 = sufficient cover or shade). 

 Adjacent Land Use – Measure of type of nearby land use (0 = site is adjacent to industrial 
parks; 3 = site is in a residential area). 

Flow Data 
Available flow data at each study site were collected and processed to facilitate time series 
plotting and frequency distribution analyses.  In general, the collected data included mean 
daily flow for the entire period of record and, where appropriate, 15 or 30 minute interval 
flow data for a subset of the data record.  Observations of the flow record at each site led to 
more detailed investigation of the sources of flow.  Frequency distributions of flow rates, 
depths, and velocities were generated at each study site to assess the likelihood of the 
occurrence of certain flow conditions within the channel.  The smaller interval of 
measurements relative to mean daily flow provided a more accurate analysis of instantaneous 
flow in the channel. 

The Stormwater Standards Task Force is evaluating the appropriateness of establishing a high 
flow suspension of REC-1 water quality standards when the beneficial use is not attainable 
due to dangerous flow conditions.  To identify potentially dangerous flow conditions at each 
site, two criteria, which have been used to define flow conditions where recreational activities 
are dangerous, were evaluated: (1) flow velocities greater than 8 ft/sec [Helsinki University of 
Technology, “The Use of Physical Models in Dam-Break Flood Analysis”, RESCDAM, 2000]; 
and (2) a 10 ft2/sec threshold depth-velocity product, above which wading is considered 
unsafe [USGS, Book 9 of the National Field Manual for the Collection of Water Quality Data, 
2004].  Cumulative frequency curves of flow velocities and depth-velocity products were 
generated at each study site to determine the likelihood of occurrence of these potentially 
dangerous flow conditions. 

Bacteria Data 
Bacteria data collected at each of the study sites differed with regard to the length of record, 
frequency of sampling, constituents that were measured, and availability of concurrent flow 
data.  Consequently, analyses of bacteria data were tailored as needed for each study site 
based on data availability.  In general, the following methods were applied to when bacteria 
data were available: 

 Time series plots of bacteria counts and flow were generated for the entire period of 
record at each study site to illustrate the relationship between bacteria concentrations and 
REC-1 standards and to identify any general trends.  Where appropriate, these time series 
plots were related to flow data to evaluate the relationship between bacteria 
concentrations and wet or dry weather. 
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 Evaluation of changes in bacteria concentrations over the course of a specific storm. 

 Bivariate plots of fecal coliform and E. coli were created for each study site to evaluate the 
relationship between bacteria types. 

 Analysis of compliance with existing REC-1 fecal coliform water quality objectives and 
potential E. coli water quality objectives  based on draft EPA guidance [USEPA, 
Implementation Guidance for Ambient Water Quality Criteria for Bacteria, November 
2003 Draft]: 

- Fecal coliform: log or geometric mean less than 200 organisms/100 mL based on five or 
more samples/30 day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30-day period 

- E.coli: log or geometric mean less than 126 organisms/100 mL based on five or more 
samples/30 day period, and a single sample maximum of 235 organisms/100 mL. 

Bacteria concentrations under both dry and wet weather conditions were analyzed.  Wet 
weather conditions were determined according to the method described previously within 
this memorandum.  For this analysis, calendar months were used as a surrogate for the 
rolling 30-day period that is part of the existing fecal coliform water quality objectives.  Thus, 
geometric means were calculated for calendar months in which there were 5 or more samples, 
and the 10% exceedance threshold was calculated on samples collected during a single 
calendar month. 

Results 
Chino Creek at Schaeffer Avenue 
Channel Section 
The Chino Creek at Schaeffer Avenue study site is located where California State Route 71 
crosses Chino Creek (Figure 20 and Figure 21).  The study reach consists of a trapezoidal 
concrete-lined channel with 2.25:1 side slopes and a bottom width of 60 feet.  The bed slope of 
the channel at this site is 3 percent.  Flow is recorded in this section of Chino Creek by the US 
Geological Survey [USGS Gage 11073360] (Figure 22). 
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Figure 20 
Aerial Photograph of the Chino Creek at Schaeffer Avenue Study Site 
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Drainage Area Characteristics 
Land use in this watershed is predominantly residential, natural/vacant land, and 
commercial (Figure 23).  A portion of the drainage area, which lies upstream of San Antonio 
Dam, is comprised almost entirely of natural/vacant land in the San Gabriel Mountains.  The 
drainage area below the dam is a mixed land use region which is primarily residential.  
Growth in residential and commercial land use in the area was observed between the years 
1990 and 2000; however these changes have been minor (Figure 24).  Runoff from the 
mountains that reaches the San Antonio Dam is diverted into the San Antonio Spreading 
Grounds (SASG) for recharge of the Six Basin Groundwater Management Area.  The Pomona 
Valley Protective Association, owner of the SASG, spreads most of the runoff from above the 
dam during years with average runoff and the majority of flows from above average rainfall 
years.  Occasional bypass of the spreading grounds, which routes excess runoff to San 
Antonio Creek, a major tributary of Chino Creek, occurs in high rainfall years.  If the 
natural/vacant land upstream of San Antonio Dam is excluded from the analysis, residential 
is the primary land use in the primary contributing watershed to the Chino Creek at Schaeffer 
Avenue site (Figure 25). 

 

Figure 22 
USGS Flow Gage for the Chino Creek at 

Schaeffer Avenue Study Site 

Figure 21 
Chino Creek Looking Upstream from USGS 

Flow Gage 
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Figure 23
Land Use within Drainage Area to Chino Creek at Schaeffer Avenue Study Site
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Figure 24
Relative Distribution (%) of Land Use Types in Chino Creek at Schaeffer Avenue Watershed, 

1990, 1993, and 2000
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Evidence of Recreational Activity 
During the CDM site visit, the channel access gate was unlocked allowing easy access to the 
water.  The gentle side slope of the channel would enable visitors to easily walk to the stream; 
and in fact the presence of graffiti and trash provided evidence that people had recently 
accessed this section of Chino Creek (Figure 26).  This section of Chino Creek is located within 
a highly developed area of the city of Chino, with State Route 71 on the left bank and a 
shopping plaza on the right bank (Figure 27).  With regards to the sites recreational appeal, 
the site generally received low scores (Figure 28).

 [SCAG Year 2000 Land Use Data]
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Figure 25
Relevant Distribution (%) of Land Use Types in Chino Creek at 

Schaeffer Avenue Watershed, Downstream of San Antonio Dam

Figure 27
Surrounding area along Chino Creek near the 

Schaeffer Avenue Study Site

Figure 26
Graffiti in bottom of Chino Creek



Technical Memorandum 3 
Flow and Water Quality Data Inventory and Characterization 
Page 49 

A  Stormwater Quality Standards Study  
  November 2004 

0

500

1000

1500

2000

2500

Oct-69 Nov-73 Dec-77 Jan-82 Mar-86 Apr-90 May-94 Jul-98 Aug-02

M
ea

n 
D

ai
ly

 F
lo

w
 (c

fs
) 

Figure 29
Mean Daily Flow in Chino Creek at Schaeffer Avenue between 1969 

and 2004 

Flow 
The USGS mean daily flow record from 1969 through 2004 was used to plot a time series of 
flow at this site and to compare flow in the channel to other measured parameters, including 
rainfall and bacteria (Figure 29).  Flow in Chino Creek is primarily urban dry weather.  As 
observed, the channel experiences predominantly low flows much of the year, typically 
averaging about 5 cfs, and periodic elevated flow typically correlated with rainfall event 
runoff.

Figure 28
Field Observation Checklist for the Chino Creek at Schaeffer

Avenue Study Site

 Evaluation Criteria 

(Scale = Low - 0 to High - 3)
Direct Evidence of Water Contact Recreation 0

Indirect Evidence of Recreational Activity 1

Ease of Access 1

Channel Slope 2

Concrete to Natural 0

Flow Depth and Volume 0

Flow Velocity 1

Water Quality Aesthetics 0

Vegetation Quality 1
Adjacent Land Use 0

Chino Creek at 
Schaeffer Avenue
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However several instances of elevated flow occur without a corresponding rainfall event.  
During such periods, measured flow is elevated from typical dry weather baseflow (1 to 5 cfs) 
by one order of magnitude for about 30 days.  Consultation with Orange County Water 
District (OCWD) indicated that these prolonged non-rainfall high flow events are the result of 
a water purchase from the State Water Project (SWP) or conveyed via Chino Creek to increase 
groundwater recharge downstream of Prado Dam in Orange County.  A subset of the mean 
daily flow record provides an example of one of these water purchase events in August 2002 
(Figure 30). 

Flow data was recorded in 15 minute intervals by the USGS in Chino Creek at Schaeffer 
Avenue between 1988 and 2004.  These data were used to develop a frequency distribution of 
flow rate and depth in the channel (Figure 31 and Figure 32), as well as flow velocity and the 
depth-velocity product.  Both Figures 31 & 32 provide an illustration of the complete 
distribution, and the top 10th percentile of flow rate and depth. 

To estimate the frequency of potentially dangerous flows at this site, cumulative frequency 
curves of flow velocities and depth-velocity products were developed.  Figure 33 shows that 
an 8 ft/sec velocity is exceeded about 2.5% of the time, and Figure 34 shows that the depth-
velocity product exceeds 10 ft2/sec about 0.5% of the time.
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Figure 30 
Mean Daily Flow in Chino Creek at Schaeffer Avenue during 2002 
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Figure 31
Channel Flow Curves for Chino Creek at Schaeffer Avenue (1988 – 2004)
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Figure 32
Channel Depth Curve for Chino Creek at Schaeffer Avenue (1988 – 2004)
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Analysis of Bacteria Data 
Fecal coliform and E. coli bacteria samples were collected in Chino Creek at Schaeffer Avenue 
as part of the Chino Basin TMDL monitoring program.  Weekly bacteria samples were 
collected at this site during wet weather months from February 2002 to present.  Weekly 
samples were also collected during the summer of 2002. 

Bacteria Trends 
Between 2002 and 2004, both fecal coliform and E. coli concentrations frequently exceed the 
10% exceedance thresholds of 400 and the EPA proposed criteria of 236 MPN/100 mL, 
respectively (Figure 35).  The data also suggest that high flow events are not correlated with 
high bacterial counts.

Figure 34
Channel Depth*Velocity Curve for Chino 

Creek at Schaeffer Ave (1988-2004)
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Figure 33
Channel Velocity Curve for Chino Creek at 

Schaeffer Ave (1988-2004)
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Table 7 summarizes geometric means of fecal coliform and E. coli bacteria sample results for 
all calendar months (Note: in some cases the number of samples/month was less than five; 
however, geometric means were still calculated to provide a method to evaluate any trends in 
mean bacteria concentrations.  Both fecal coliform and E. coli bacteria concentrations 
generally exceed existing and or anticipated geometric mean water quality objectives, 
assuming 5 or more samples were collected in a given month (Figure 36).  The data also 
suggest that monthly geometric means decreased gradually between 2002 and 2004.  The 
strong correlation between fecal coliform and E. coli concentrations in Chino Creek at the 
Schaeffer Avenue study site indicate that regardless of the pathogen indicator used, 
exceedences of water quality objectives would have occurred (Figure 37).
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Figure 35
Time Series of Bacteria Counts and Flow at the Chino Creek at

Schaeffer Avenue Study Site
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Table 7 
Monthly Fecal Coliform and E. coli Concentrations (Geometric Mean) in Chino 

Creek at Schaeffer Avenue 

Month E. coli Geometric Mean Fecal Coliform Geometric Mean Sample Size 
Feb-02 2592 3318 5 
Mar-02 390 1109 4 
Apr-02 510 640 1 
Jul-02 730 4219 4 
Aug-02 30 90 1 
Sep-02 95 226 3 
Oct-02 1131 615 2 
Jan-03 382 1063 4 
Feb-03 230 350 1 
Mar-03 140 925 3 
Apr-03 550 1669 2 
Jan-04 94 216 3 
Feb-04 49 117 4 
Mar-04 90 83 5 
Apr-04 216 215 2 

Figure 36
Monthly Bacteria Geometric Mean Concentrations at Chino

Creek at Schaeffer Avenue
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Bacteria Water Quality Objectives Compliance 
Analysis of bacteria compliance showed that exceedences of water quality objectives may 
occur during dry weather flows during both summer and winter months (Figure 38).  This 
figure shows the number of calendar months when sufficient water quality data was available 
to be compared to objectives (number at the end of each bar) and the percent of those 
calendar months that may have exceeded water quality objectives.  In contrast, of the two wet 
weather samples collected in February 2004 during two separate rainfall events, neither 
sample exceeded bacteria water quality objectives. 

Santa Ana Delhi Channel 
Channel Section 
The Santa Ana Delhi Channel (Figure 39) extends from the city of Santa Ana to Upper 
Newport Bay.  At Irvine Avenue, the conveyance is a concrete lined rectangular channel with 
a 55 ft bottom width (Figure 40 and Figure 41).  Channel attribute information was provided 
by Orange County Flood Control District and field verified during a site visit.  The bed slope 
of the channel at this site is 2.5 percent. 

Figure 37 
Relationship between E. coli and Fecal Coliform concentrations 

at Chino Creek at Schaeffer Avenue 
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Figure 38
Comparison with Existing and Potential Bacteria Water Quality Objectives
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Figure 39
Aerial Photograph of the Santa Ana Delhi Channel Study Site
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Drainage Area Characteristics 
The channel and its tributaries are primarily engineered flood control facilities that capture 
urban stormwater and dry weather runoff from commercial and residential land uses 
(Figure 42).  The watershed is primarily comprised of an older urbanized part of Orange 
County, which has not undergone significant land use change between 1990 and 2000 
(Figure 43). 

Evidence of Recreational Activity 
Direct or indirect evidence of recreational use of the Santa Ana Delhi Channel was not 
observed during site visits and, accordingly, the site was scored low in terms of recreational 
appeal (Figure 44). 

The steep side slopes, fencing, and restrictive signs minimize the likelihood of recreational 
use at this study site (Figure 45 and Figure 46).  Although recreational use is not likely to 
occur within the Santa Ana Delhi Channel itself, the site is immediately upstream of Upper 
Newport Bay, an inland surface water that supports a diversity of REC-1 uses (Figure 47).

Figure 40
Santa Ana Delhi Channel Downstream from

Irvine Avenue

Figure 41
USGS Flow Gage at Newport Beach Golf 

Course Upstream of Irvine Avenue
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Figure 42
Land Use within Drainage Area to Santa Ana Delhi Channel Study Site
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Figure 43
Relative Distribution (%) of Land Use Types in the Santa Ana Delhi Channel Watershed

during 1990, 1993, and 2000
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Figure 45
Fencing around Santa Ana Delhi Channel 

Prevents Access to Waterbody

Figure 46
Restrictive Signs around Santa Ana Delhi 

Channel

Figure 44
Field Observation Checklist for the Santa Ana Delhi Channel

Study Site

 Evaluation Criteria 

(Scale = Low - 0 to High - 3)

Direct Evidence of Water Contact Recreation 0

Indirect Evidence of Recreational Activity 0

Ease of Access 0

Channel Slope 0

Concrete to Natural 0

Flow Depth and Volume 0

Flow Velocity 1

Water Quality Aesthetics 0

Vegetation Quality 0
Adjacent Land Use 1

Santa Delhi Channel at 
Irvine Ave.
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Flow 
The Orange County Public Facilities and Resources Department (PFRD) records flow at 30-
minute intervals in the Santa Ana Delhi Channel at a gage located upstream of the Irvine 
Avenue bridge (Figure 39).  Flow records were available for the period between 1992 
and 2004.  Figure 48 illustrates a subset of the flow record to provide a better picture of flow 
during a typical year.  Flow during dry weather periods typically is comprised of 
residential/commercial irrigation overflow, car washing, and other nuisance flow sources. 

Cumulative frequency curves of the top 10th percentile of flow rate and depth were generated 
from the 30-minute interval flow data (Figure 49 and Figure 50).  Cumulative frequency 
curves of flow and velocities and depth-velocity products, which occurred in the Santa Ana 
Delhi Channel between 1992 and 2004, are shown in Figure 51 and Figure 52.  Between 1992 
and 2004, flow velocity in the Santa Ana Delhi Channel exceeds 8 ft/sec about 1.5 % of the 
time and the depth-velocity product exceeds 10 ft2/sec about 1.0% of the time.  These statistics 
are relatively similar to those observed at the Chino Creek study site.

Figure 47 
Upper Newport Bay near Santa Ana Delhi Channel 

Outfall 
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Figure 49
Channel Flow Duration Curve for Santa Ana 

Delhi Channel near Irvine Avenue 
(1992-2004)
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Figure 50
Channel Depth Curve for Santa Ana Delhi 

Channel near Irvine Avenue (1992-2004)
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Figure 48
Mean Daily Flow in Santa Ana Delhi Channel during 1996-1997
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Bacteria Trends 
Bacteria samples have been collected in two locations near this study site: at the Irvine 
Avenue Bridge and about ¾ mile downstream where the rectangular channel transitions to a 
natural wetlands area (Santa Ana Channel – Backbay).  Fecal coliform samples collected 
between 1973 and 1976 were taken at the Irvine Avenue Bridge.  Samples gathered 
between 1985 and 2004 were collected at the Santa Ana Delhi Channel - Backbay. 

Fecal coliform concentrations have remained generally the same in the Santa Ana Delhi 
Channel - Backbay between 1991 and 2004 (Figure 53).  By looking at a subset of this record, it 
is also evident that the bacteria limit for 10% of samples per 30-day period is regularly 
exceeded and there is no obvious connection between bacteria concentrations and wet 
weather events (Figure 54). 
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Figure 52
Channel Depth-Velocity Curve for Santa Ana 

Delhi Channel near Irvine Avenue (1992-2004) 
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Figure 51
Channel Velocity Curve for Santa Ana Delhi 

Channel near Irvine Avenue (1992-2004). Red 
line denotes potentially dangerous condition
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Figure 53 
Time Series of Bacteria Concentrations and 

Flow in the Santa Ana Delhi Channel - Backbay 

Figure 54 
Time Series of Bacteria Concentrations and Flow in 

the Santa Ana Delhi Channel – Backbay between 
1997and 1998 
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Annual geometric means of bacterial data at both sites in the Santa Ana Delhi Channel were 
calculated and are listed with the sample size in Table 8 and shown graphically in Figure 55.  
The geometric means exceeds the fecal coliform water quality objective (200 MPN/100mL) for 
every year for which data was available.  Monthly geometric means for the more recent time 
period from January 2000 to June 2004 were also calculated (Table 9) (note: geomtric means 
were calculated for each month regardless of whether the five sample threshold was reached).  
While the majority of monthly geometric means exceed the fecal coliform geometric mean 
water quality objective, bacteria concentrations tend to be lower during late spring 
(Figure 56). 

Table 8 
Annual Geometric Means Santa Ana Delhi Channel 

Year 
Fecal Coliform 

Geometric Mean at 
Irvine Ave 

Fecal Coliform 
Geometric Mean at 

Back Bay 
Sample Size 

1973 3715  1 
1974 258  9 
1975 798  13 
1976 460  1 
1985  700 1 
1986  1654 51 
1987  543 50 
1988  651 46 
1989  5251 41 
1990  1403 44 
1991  2329 26 
1992  663 6 
1993  2961 13 
1994  1469 39 
1995  3000 1 
1997  2515 31 
1998  1722 50 
1999  2561 52 
2000  560 52 
2001  1141 52 
2002  900 52 
2003  676 49 
2004  275 23 
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Figure 56 
Monthly Geometric Means of Fecal Coliform in 

the Santa Ana Delhi Channel 
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Annual Geometric Means of Fecal Coliform in 

the Santa Ana Delhi Channel 
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Figure 57 shows the number of calendar months when sufficient water quality data was 
available to be compared to objectives (number at the end of each bar) and the percent of 
those calendar months that may have exceeded water quality objectives.  This may occur 
regularly regardless of flow conditions in the Santa Ana Delhi Channel.

Table 9 
Monthly Geometric Means Santa Ana Delhi Channel 

Month 
Fecal Coliform 

Geometric Mean at 
Back Bay 

Sample 
Size Month 

Fecal Coliform 
Geometric Mean at 

Back Bay 
Sample 

Size 

Jan-00 1874 4 Apr-02 725 5 
Feb-00 928 5 May-02 563 4 
Mar-00 4481 4 Jun-02 611 4 
Apr-00 2340 4 Jul-02 940 5 
May-00 240 4 Aug-02 822 4 
Jun-00 194 4 Sep-02 937 5 
Jul-00 394 4 Oct-02 1841 4 
Aug-00 312 6 Nov-02 1846 4 
Sep-00 938 4 Dec-02 1239 4 
Oct-00 214 4 Jan-03 282 4 
Nov-00 210 5 Feb-03 454 4 
Dec-00 324 4 Mar-03 518 4 
Jan-01 751 5 Apr-03 434 4 
Feb-01 1101 4 May-03 1573 4 
Mar-01 878 4 Jun-03 1677 5 
Apr-01 845 5 Jul-03 1220 4 
May-01 237 4 Aug-03 1924 4 
Jun-01 252 4 Sep-03 284 5 
Jul-01 1572 5 Oct-03 332 4 
Aug-01 1239 4 Nov-03 456 3 
Sep-01 1461 4 Dec-03 1058 4 
Oct-01 2466 5 Jan-04 407 4 
Nov-01 12000 4 Feb-04 295 4 
Dec-01 1447 4 Mar-04 199 4 
Jan-02 629 5 Apr-04 408 4 
Feb-02 1011 4 May-04 160 4 
Mar-02 661 4 Jun-04 312 2 



Technical Memorandum 3 
Flow and Water Quality Data Inventory and Characterization 
Page 69 

A  Stormwater Quality Standards Study  
  November 2004 

Temescal Creek at Lincoln Avenue 
Channel Section 
Temescal Creek is a concrete lined trapezoidal channel upstream of Lincoln Avenue.  
Downstream of Lincoln Avenue the channel transitions from concrete lined to a more natural 
channel (Figure 58 through Figure 60).  The concrete trapezoidal channel section has a 60 ft 
bottom width and 1.5:1 side slopes; the channel bed slope is 2.0 %.  Flow is monitored in 
Temescal Creek near Main Street, approximately 1 mile upstream of the bacteria sampling 
location.

Figure 57
Comparison with Existing and Potential Bacteria Water Quality Objectives
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Figure 58 
Aerial Photograph of the Temescal Creek at Lincoln Avenue Study Site 
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Drainage Area Characteristics 
The Temescal Creek watershed is very large and includes both the Lake Elsinore and Lake 
Matthews subwatersheds.  However, for the purpose of this analysis both of these 
subwatersheds were excluded.  Lake Mathews is a terminal reservoir for storage of imported 
Colorado River water supply and outflow from Lake Matthews is routed into the water 
supply system and not into Temescal Creek.  Lake Elsinore and its contributing area were also 
excluded from the Temescal Creek study site drainage area.  The outlet of Lake Elsinore does 
not overflow in most years, due to high evaporation losses in the lake, low inflow volume due 
to channel bottom infiltration of flows in the San Jacinto River and its tributaries, and the 
objective to manage high lake levels to maintain recreational use and prevent algal blooms. 

Because a large portion of the upper watershed of Temescal Creek is undeveloped, the 
dominant land use in the Temescal Creek watershed is vacant or natural land (Figure 61).  
The majority of the vacant/natural land is within the Cleveland National Forest and Lake 
Matthews Estelle Mountain Reserve.  From 1990 to 2000 agricultural land use has declined 
while residential land use has increased (Figure 62).  The Temescal Creek drainage area will 
likely continue to develop as space for new development in more accessible areas of the Santa 
Ana basin decreases. 

Figure 59
Temescal Creek transitions from concrete 

lined to natural below Lincoln Avenue Bridge

Figure 60
Temescal Creek downstream of Lincoln 

Avenue bridge, looking upstream
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Figure 61
Land Use within Drainage Area to Temescal Creek Study Site
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Figure 62
Relative Distribution (%) of Land Use Types in the Temescal Creek 

Watershed during 1990, 1993, and 2000



Technical Memorandum 3 
Flow and Water Quality Data Inventory and Characterization 
Page 74 

A  Stormwater Quality Standards Study  
  November 2004 

Figure 63
Field Observation Checklist for the Temescal Creek Study Site

 Evaluation Criteria 

(Scale = Low - 0 to High - 3)

Direct Evidence of Water Contact Recreation 0 1

Indirect Evidence of Recreational Activity 2 2

Ease of Access 2 3

Channel Slope 2 3

Concrete to Natural 1 3

Flow Depth and Volume 1 2

Flow Velocity 2 2

Water Quality Aesthetics 1 2

Vegetation Quality 0 3
Adjacent Land Use 1 1

Temescal Creek Natural 
Channel Section

Temescal Creek at 
Lincoln Ave.

Evidence of Recreational Activity 
Two locations were evaluated for recreational appeal at the Temescal Creek study site, 
upstream and downstream of the Lincoln Avenue Bridge (Figure 63).  At the Lincoln Avenue 
bridge, the site was fenced and signs were posted prohibiting trespassing; however, the fence 
could be easily bypassed (Figure 64).  Upstream of the Lincoln Avenue Bridge, where 
Temescal Creek is concrete lined, no direct and little indirect evidence of recreation activity 
was observed.  In the natural channel section downstream of the Lincoln Avenue Bridge, 
trails with recent footprints led from the road to the stream, indicating that people do access 
this reach of Temescal Creek (Figure 65).  Upstream and downstream of Lincoln Avenue, the 
channel side slopes are gradual enough to provide easy access to the stream. 

Flow 
Flow in Temescal Creek is recorded by the USGS approximately 1 mile upstream of the 
Lincoln Avenue Bridge, where Temescal Creek passes under Main Street in Corona [USGS 
Gage 11072100] (Figure 66).  Additional ungauged flow enters Temescal Creek from the Oak 
Street channel, between the USGS gage and bacteria monitoring locations.  Flow in these 
tributaries is relatively small compared to Temescal Creek, but must be considered when 
relating bacteria to flow for the study site.
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Figure 66
Mean Daily Flow in Temescal Creek at Main Street between 

1980 and 2004

Figure 64
Fencing and signs prohibiting access to

Temescal Creek from the Lincoln Avenue
Bridge

Figure 65
Trash and other indirect evidence of 
recreational activity along Temescal 

Creek, downstream of Lincoln Avenue
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Figure 67
Mean Daily Flow in Temescal Creek at Main Street during the 1992-1993 

Water Year

Figure 67 shows flow in Temescal Creek during a high rainfall year (7/1/92 through 
6/30/93).  High flows in Temescal Creek include both urban stormwater runoff and runoff 
from upstream mountain canyons.  Spring-fed flow from canyons of the Santa Ana 
Mountains along the western boundary of the Temescal Creek watershed is more pronounced 
in the flow record following rainy seasons with greater than average precipitation, as was the 
case in the spring of 1993 (Figure 67).  Runoff in Temescal Creek during summer months is 
typically dry weather runoff from residential/commercial areas and agricultural irrigation 

overflow. 

Cumulative frequency curves of the top 10th percentile of flow rate and depth were generated 
from 15-minute interval flow USGS data (Figure 68 and Figure 69).  Cumulative frequency 
curves of flow velocities and depth-velocity products are used to assess the likelihood of 
occurrence of dangerous flow conditions.  Between 1988 and 2004, flow velocities in Temescal 
Creek at the Main Street Bridge exceed 8 ft/sec about 2.0 % of the time and the depth-velocity 
product exceeds 10 ft2/sec about 0.8% of the time (Figure 70 and Figure 71), again, similar 
frequencies to the other two urban channel study sites. 
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Figure 71
Channel Depth*Velocity Curve for Temescal 

Creek at Main Street (1988-2004)
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Figure 70
Channel Velocity Curve for Temescal Creek 

at Main Street (1988-2004)

Figure 69
Channel Depth Curve for Temescal Creek 

at Main Street (1988-2004)
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Figure 68
Channel Flow Duration Curve for Temescal 

Creek at Main Street (1988-2004)
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Analysis of Bacteria Data 
E. coli bacteria samples were collected from Temescal Creek at the Lincoln Avenue Bridge by 
Orange County Coastkeeper approximately once each month between 2002 and 2004.  Fecal 
coliform was measured twice; 100 MPN/100mL on 1/26/1993 (OCWD) and 900 
MPN/100mL on 3/24/03 (Orange County Coastkeeper). 

Bacteria Trends 
No obvious increasing or decreasing trend in E. coli bacteria concentrations occurred between 
2002 and 2004 (Figure 72).  E. coli concentrations increased during the winter months of 2002 - 
2003 and concentrations regularly exceeded the potential single sample water quality 
objective for E. coli (236 MPN/100 mL).  It is unclear whether this increase in E. coli 
concentration is directly related to wet weather events.  With the exception of a few months, 
the monthly sample result or geometric mean of the sample result exceeded the anticipated 
30-day geometric mean water quality objective of 126 MPN/100mL (Table 10/ Figure 73). 
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Time Series of Bacteria Concentrations and Flow in

Temescal Creek from October 2002 to April 2004
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Table 10 
Monthly E. coli Geometric Means at Temescal Creek 

Year E. coli Concentration (Monthly Single 
Sample or Geometric Mean) Sample Size 

Oct-02 100 1 
Nov-02 100 1 
Dec-02 410 1 
Feb-03 970 1 
Mar-03 540 2 
Apr-03 1220 1 
May-03 100 1 
Jun-03 410 1 
Jul-03 520 1 
Aug-03 100 1 
Sep-03 200 1 
Oct-03 200 1 
Nov-03 100 1 
Dec-03 322 2 
Jan-04 100 2 
Feb-04 200 1 
Mar-04 544 2 
Apr-04 1100 1 
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Figure 73
Monthly Single Sample Result or Geometric Mean of Sample

Results for E. coli in Temescal Creek from October 2002 to 
April 2004
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Figure 74 shows the percentage of calendar months when available fecal coliform and E. coli 
bacteria counts may have exceeded water quality objectives.  This figure shows the number of 
calendar months when sufficient water quality data was available to be compared to 
objectives (number at the end of each bar) and the percent of those calendar months that may 
have exceeded water quality objectives.  Results of this comparison show potential 
exceedences of the fecal coliform water quality objectives in one of two winter months when 
fecal coliform was sampled.  E. coli was sampled more frequently at this study site and 
potential exceedences were observed in approximately 50% of dry weather samples during 
both summer and winter months.  One wet weather sample was collected on April 15, 2003, 
following a wet weather event the preceding day.  The E. coli bacteria concentration during 
the recession of the high flow was 1,220 MPN/100mL. 

 

Figure 74
Comparison with Existing and Potential Bacteria Water Quality Objectives
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Santa Ana River at Imperial Highway 
Channel Section 
This reach of the Santa Ana River at Imperial Highway has a natural bottom and is about 200 
ft wide (Figure 75 and Figure 76).  The river banks, which have an approximately 1:1 side 
slope, are reinforced with riprap in some locations (Figure 77).  The bed slope of the channel 
is 2.0 %.

Figure 75 
Aerial Photograph of the Santa Ana River at Imperial Highway 

Study Site 
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Drainage Area Characteristics 
Imperial Highway crosses Reach 2 of the Santa Ana River downstream of Prado Dam.  There 
is also some local drainage within Santa Ana Canyon that enters the river in this reach.  Prado 
Dam captures flows from all of the upper portions of the Santa Ana River watershed in 
Riverside and San Bernardino Counties.  The majority of base flow reaching Prado Dam from 
upstream is tertiary effluent from river discharging POTWs.  Releases from Prado Dam are 
highly regulated, and make up the majority of flow tributary to Imperial Highway.  
Accordingly, any potential relationship between land use in the watershed and bacteria 
concentrations in the Imperial Highway reach of the Santa Ana River are likely masked by the 
interception of flows by Prado Dam. 

Recreational Use 
Evidence of the potential for recreational activity in the Santa Ana River at the Imperial 
Highway crossing was assessed during a site visit (Figure 78).  This site was entirely fenced, 
and posted signs prohibited entrance to the river (Figure 79).  Regardless, indirect evidence of 
recreational activity was observed, e.g., human footprints, trails that were traced to the waters 
edge, and trampled vegetation.  In this reach, water depths were much greater than what was 
observed at most other sites due to continued releases from Prado Dam(Figure 80).

Figure 76
Santa Ana River downstream of Imperial Highway

Figure 77
Side Slopes of Santa Ana River

downstream of Imperial Highway
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Flow 
Flow in the Santa Ana River at Imperial Highway study site is largely comprised of outflow 
from Prado Dam, but also includes some stormwater runoff and dry weather flow from small 
tributaries in northeastern Orange County.  Downstream of this reach there is a rubber dam, 
which is the primary diversion facility used to route water to several Orange County Water 
District groundwater recharge basins located adjacent to this reach of the Santa Ana River.  
Based on USGS data from 1998 to 2001, baseflow in this reach ranges between 200 and 400 cfs 
(USGS Gage 11075610) (Figure 81). 

Figure 79
Signs prohibiting entrance into Santa Ana

River at the Imperial Highway

Figure 80
Flow in the Santa Ana River at the Imperial 

Highway 

Figure 78 
Field Observation Checklist for the Santa Ana 

River at Imperial Highway Study Site 
 

 Evaluation Criteria 

(Scale = Low - 0 to High - 3)

Direct Evidence of Water Contact Recreation 1

Indirect Evidence of Recreational Activity 3

Ease of Access 3

Channel Slope 2

Concrete to Natural 3

Flow Depth and Volume 3

Flow Velocity 3

Water Quality Aesthetics 3

Vegetation Quality 3
Adjacent Land Use 3

Santa Ana River at 
Imperial Highway
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Bacteria Trends 
Fecal coliform samples were collected at the Imperial Highway location between 1981 
and 1994, and again between 1998 and 2004.  E. coli samples were collected in 1985 and 
between the years of 1998 and 2004.  Figure 82 provides a time series plot of bacteria 
concentrations over the entire bacteria sampling record.  Figure 83 provides a time series plot 
of bacteria data collected during the period when flow records are available. 

Most sample results from 1981 to 1994 exceed bacteria objectives, while most results 
from 1998 to the present fall at or below bacteria objectives, possibly indicating improvement 
in bacteria quality over the period of record. 
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Figure 81
Mean Daily Flow in the Santa Ana River at the Imperial Highway Study Site 

(10/1998 to 9/2001)
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Figure 82 
Time Series of Bacteria Concentrations for the Entire 

Period of Record in the Santa Ana River at the Imperial 
Highway Study Site 

Figure 83
Time Series of Bacteria Concentrations and Flow in the

Santa Ana River at the Imperial Highway Study Site
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Two separate high flow events (January 2001 & February 2001) were further analyzed with E. 
coli data to describe the relationship between wet weather flow and bacteria concentrations.  
Figure 84 and Figure 85 indicate that E. coli concentrations increased during the high flow 
event and then remained high for one to two days after the high flow event had ended.  A 
recently completed study that characterized bacteria concentrations in the lower Santa Ana 
River during stormwater runoff events also observed this same pattern (Izbicki et al. 2004). 
Izbicki speculated that the elevated bacteria concentrations that persist for a few days after a 
wet weather event result from the re-suspension of bacteria in sediments. 
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January 2001 Wet Weather E. coli Sampling Event
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Monthly geometric means of bacteria counts measured in the Santa Ana River at the Imperial 
Highway study site were calculated and are shown in Figure 86.  The figure potentially 
indicates a slight improving trend in sample results over time. 

The strong correlation between fecal coliform and E. coli concentrations at the Santa Ana 
River at Imperial Highway study site indicates that regardless of the pathogen indicator used, 
exceedences of water quality objectives would have occurred (Figure 87). 

Figure 88 shows the percentage of calendar months when available fecal coliform and E. coli 
bacteria counts may have exceeded water quality objectives.  This figure shows the number of 
calendar months when sufficient water quality data was available to be compared to 
objectives (number at the end of each bar) and the percent of those calendar months that may 
have exceeded water quality objectives.  Potential exceedences of fecal coliform and potential 
E. coli water quality objectives occurred during all flow conditions.
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February 2001 Wet Weather E. coli Sampling Event
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Figure 86 
Monthly Single Sample Result or Geometric Mean of Sample 
Results for Fecal Coliform and E. coli in the Santa Ana River 

at the Imperial Highway Study Site 
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Bivariate Plot of Fecal Coliform and E. coli for samples 

collected in the Santa Ana River at the Imperial Highway
Study Site
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Santa Ana River at MWD Crossing 
Channel Section 
This reach of the Santa Ana River exists within a predominantly naturally carved floodplain 
(Figure 89).  Based on aerial photography it was estimated that the bankfull width of the 
Santa Ana River at MWD crossing is approximately 150 feet.  Side slopes of 1:1 were 
estimated from field observations of the channel.  The bed slope of the channel at this site 
is 2.0%.  The study site is located upstream of the City of Riverside waste water treatment 
plant (WWTP) effluent channel (Figure 90) 

Figure 88
Comparison with Existing and Potential Bacteria Water Quality Objectives
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Figure 89
Aerial Photograph of the Santa Ana River at MWD Crossing Study Site

Figure 90
City of Riverside WWTP Effluent Channel
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Drainage Area Characteristics 
The watershed above the Santa Ana River at MWD Crossing is large and land use is diverse.  
The lower part of the watershed is a combination of commercial, residential, industrial, and 
agricultural lands.  The upper part of the watershed includes natural undeveloped lands.  
Runoff from the San Bernardino National Forest enters the Santa Ana River upstream of the 
MWD crossing study site.  Runoff from agricultural lands is routed to the Santa Ana River 
from areas south of the river.  Runoff from industrial areas is routed to the river from the 
cities of San Bernardino, Colton, Rialto, Fontana, and Riverside.  Residential land is dispersed 
throughout the contributing area. 

Evidence of Recreational Activity 
No direct evidence of recreational use was observed during the field visit.  However, this site 
is a known recreational area for nearby communities, in spite of warnings in the form of 
international signs and newspaper announcements to not swim or bath in this section of the 
Santa Ana River.  A limited use survey conducted from July to October 2004 occasionally 
observed swimmers in the area – either in the Santa Ana River or in an adjacent channel that 
carries treated effluent from the Riverside Regional Water Quality Treatment Plant to the 
Santa Ana River.  In addition, a helicopter flyover video of the middle portion of the Santa 
Ana River showed people bathing in this reach of the river. 

The recreational appeal of this site was evaluated during a site visit (Figure 91).  There is 
plenty of space to park and the stream is easily accessible.  Although no one was observed 
recreating in the water during this visit, the site scored relatively high in terms of recreational 
appeal. 
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Flow  
The USGS mean daily flow record [USGS Gage 11066460] from 1970 through 2004 was used 
to plot a time series of flow at this site.  Sources of water to this reach are varied.  Streams 
such as Mill Creek and Lytle Creek route snowmelt from the San Bernardino Mountains to 
the Santa Ana River, although much of this runoff is captured for recharge within the San 
Bernardino groundwater basin.  Effluent from WWTPs enters the Santa Ana River upstream 
of the MWD crossing in Colton and Rialto.  These sources of water, in addition to urban dry 
weather flows and rising ground waters at Riverside Narrows, result in a year-round 
baseflow of 50-100 cfs in the river at the MWD crossing study site (Figure 92).  Stormwater 
runoff from urban and mountain watersheds creates sharp increases in flow, as shown in the 
winter months of 1993-1994 (Figure 93). 

Flow data was recorded in 15 minute intervals by the USGS at the Santa Ana River at MWD 
Crossing gauging station between 1988 and 2004.  These data were used to develop frequency 
distributions of flow rate and depth in the channel (Figure 94 and Figure 95).  Over the 15 
year period, flow rates exceeded 1,000 cfs 1.5% of the time and flow depths exceeded 5 feet 2 
% of the time.

Figure 91
Field Observation Checklist for the Santa Ana River at MWD

Crossing Study Site

 Evaluation Criteria 

(Scale = Low - 0 to High - 3)
Direct Evidence of Water Contact Recreation 0

Indirect Evidence of Recreational Activity 3

Ease of Access 2

Channel Slope 3

Concrete to Natural 3

Flow Depth and Volume 3

Flow Velocity 3

Water Quality Aesthetics 2

Vegetation Quality 2
Adjacent Land Use 1

Santa Ana River at Van 
Buren Blvd.
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Figure 93
Mean Daily Flow in the Santa Ana River at MWD Crossing 

Study Site (7/1993 to 7/1994)
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Figure 92
Mean Daily Flow in the Santa Ana River at MWD Crossing 

Study Site between 1969 and 2003
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Cumulative frequency curves of flow velocity and depth-velocity product between 1988 
and 2004, are shown in Figure 96 and Figure 97.  Between 1988 and 2004, flow velocities in the 
Santa Ana River at the MWD crossing study site exceeded 8 ft/sec for 0.5 % of the time and 
the depth-velocity product exceeded 10 ft2/sec for 1% of the time. 

Analysis of Bacteria Data 
Fecal coliform and E. coli bacteria samples were collected from the Santa Ana River at the 
MWD crossing study site by the Riverside County Health Department and the Santa Ana 
Regional Water Quality Control Board between 1984 and 2004.  Sampling occurred 3 times 
in 1984, weekly during the summer of 1985, twice during the summer of 1991 (as part of the 
Santa Ana Use Attainability Analysis Study), and about weekly since February of 2002. 

Figure 95
Channel Depth Curve for Santa Ana River at 

MWD Crossing (1988 – 2004)
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Figure 94
Channel Flow Curve for Santa Ana River at 

MWD Crossing (1988 – 2004)
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Bacteria Trends 
Figure 98 and Figure 99 provide time series plots of fecal coliform and E. coli bacteria 
concentrations and flow recorded in the Santa Ana River during summer 1985 and between 
December 2001 and June 2004, respectively.  During summer 1985, fecal coliform and E. coli 
concentrations were regularly higher than the 10% of samples exceedance objective of 400 
and 236 MPN/100mL, respectively.  However, in recent years, fecal coliform and E. coli 
concentrations have only occasionally exceeded the 10% of samples exceedance threshold 
of 400 and 236 MPN/100mL, respectively.  Both time series plots suggest that high flow 
events are not necessarily correlated with high bacteria counts. 

Figure 96
Channel Velocity Curve for the Santa Ana

River at MWD Crossing Study Site
(1988-2004)

Figure 97
Channel Depth*Velocity Curve for the Santa 

Ana River at MWD Crossing Study Site
(1988-2004)
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Figure 99
Time Series of Bacteria Concentrations and Flow in the

Santa Ana River at the MWD Crossing Study Site
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Figure 98
Time Series of Bacteria Concentrations and Flow in the 

Santa Ana River at the MWD Crossing Study Site
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Single monthly results or monthly geometric means of bacteria data gathered during the last 
two years are summarized in Table 11 and plotted in Figure 100.  Monthly geometric means 
for E. coli exceed proposed bacteria water quality objectives approximately two thirds of the 
time, while fecal coliform geometric means exceed existing water quality objectives 
approximately fifty percent of the time.  There are no obvious trends in the data during this 
time period. 

Table 11 
Fecal Coliform and E. coli Concentrations in the Santa Ana River at MWD 

Crossing 

Month 
E. Coli Monthly 

Geometric Mean or 
Single Sample 

Results 

Fecal coliform Monthly 
Geometric Mean or 

Single Sample Results 
Sample 

Size 

Jul-85 1141 1841 3 
Aug-85 1152 2366 8 
Sep-85 600 300 1 
Feb-02 67 90 5 
Mar-02 157 220 4 
Apr-02 140 110 1 
Jul-02 91 361 4 
Aug-02 160 120 1 
Sep-02 145 381 3 
Oct-02 173 571 2 
Jan-03 59 126 3 
Feb-03 250 420 1 
Mar-03 185 322 3 
Apr-03 28 79 2 
Jan-04 134 149 4 
Feb-04 188 175 4 
Mar-04 312 291 4 
Apr-04 106 137 2 
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The relatively strong correlation between fecal coliform and E. coli concentrations in the Santa 
Ana River at MWD Crossing indicates that regardless of the pathogen indicator used, 
exceedences of water quality objectives would have occurred (Figure 101). 

Figure 102 shows the percentage of calendar months when existing fecal coliform and E. coli 
bacteria counts may have exceeded objectives.  This figure shows the number of calendar 
months when sufficient water quality data was available to be compared to objectives 
(number at the end of each bar) and the percent of those calendar months that may have 
exceeded water quality objectives.  Potential exceedences occurred during dry weather flows 
during both summer and winter months.

Figure 100
Monthly Single Sample Result or Geometric Mean of Sample

Results for fecal coliform and E. coli in the Santa Ana River at
the MWD crossing
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Figure 101 
Relationship between E. coli and Fecal Coliform in the 

Santa Ana River at the MWD Crossing 
 

Figure 102
Comparison with Existing and Potential Bacteria Water Quality Objectives
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Icehouse Canyon Creek 
Channel Section 
The Icehouse Canyon Creek study site is located in the Angeles National Forest at 5,100 feet 
above mean sea level at the Icehouse Canyon trailhead (Figure 103).  The channel is a natural 
mountain stream about 10 feet wide with a bed slope that is significantly steeper than the 
other study site channels (Figure 104).  This predominantly gravel bottom stream also 
includes large boulders and waterfalls in sections.  Ambient water temperature is significantly 
lower than water temperatures in surface waters at lower elevations (Figure 105).  These 
water temperatures were recorded at the time sample collection.  The Icehouse Canyon Creek 
study site is included in the analysis to identify a background or naturally occurring bacteria 
condition. 

 

Figure 103
Aerial Photograph of the Icehouse Canyon Creek Study Site
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Figure 105
Water Temperature in Icehouse Canyon, Chino Creek at Schaeffer Ave,

and Santa Ana River at MWD Crossing Study Sites
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Icehouse Canyon Creek Study Site
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Drainage Area Characteristics 
Icehouse Canyon Creek is a small headwater stream.  The Icehouse Canyon Creek watershed 
is comprised of undeveloped land in the San Gabriel Mountains.  The drainage area is very 
steep with intermittently dispersed trees and shrubs. 

Evidence of Recreational Activity 
Icehouse Canyon Creek is located alongside a regularly utilized hiking trail in the Angeles 
National Forest.  The creek includes several pools and other areas where visitors can recreate.  
Although no one was observed recreating in the water, the results of the field observation 
checklist illustrate the recreational appeal of this site (Figure 106). 

Flow  
This site does not have a flow gage; therefore, no data was available to characterize flow.  
Based on observations, spring flow provides a year-round water source during most years.  
Rocky ground cover coupled with steep watershed slopes will facilitate a quick increase in 
streamflow during wet weather events. 

Analysis of Bacteria Data 
Fecal coliform and E. coli bacteria samples were taken in Icehouse Canyon Creek as part of 
the Chino Basin TMDL monitoring program.  Weekly bacteria samples were collected during 
wet weather months from February 2002 to present and during summer 2002.

Figure 106
Field Observation Checklist for the Icehouse Canyon Study Site

 Evaluation Criteria 

(Scale = Low - 0 to High - 3)
Direct Evidence of Water Contact Recreation 0

Indirect Evidence of Recreational Activity 3

Ease of Access 2

Channel Slope 3

Concrete to Natural 3

Flow Depth and Volume 3

Flow Velocity 3

Water Quality Aesthetics 2

Vegetation Quality 2
Adjacent Land Use 1

Santa Ana River at Van 
Buren Blvd.
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Bacteria Trends 
Figure 107 provides a time series plot of fecal coliform and E. coli bacteria concentrations 
recorded in Icehouse Canyon Creek.  With one exception all sample results complied with 
existing or anticipated bacteria water quality objectives. 

Monthly single sample results or monthly geometric means of bacteria data for Icehouse 
Canyon Creek  are summarized in Table 12 and plotted in Figure 108.  With the exception of 
the summer of 2002, E. coli and fecal coliform monthly geometric means are relatively low. 

The relatively strong correlation between fecal coliform and E. coli concentrations in Icehouse 
Canyon Creek indicates that regardless of the pathogen indicator used, exceedences of water 
quality objectives would have occurred (Figure 109). 

Existing data shows that fecal coliform water quality objectives may have been exceeded on 
one occasion, with a bacteria count of 9,400 MPN/100mL on October 2, 2002.  Excluding the 
sample size limitation, the proposed E. coli geometric mean standard of 126 MPN/100mL 
may have been exceeded in September and October of 2002 (Figure 110).  This figure shows 
the number of calendar months when sufficient water quality data was available to be 
compared to objectives (number at the end of each bar) and the percent of those calendar 
months that may have exceeded water quality objectives. 

Figure 107
Time Series of Bacteria Counts and Flow in Icehouse Canyon

Creek Study Site
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Figure 108
Monthly Single Sample Result or Geometric Mean of Fecal 
Coliform and E. coli in Icehouse Canyon Creek Study Site
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Table 12 
Fecal Coliform and E. coli Concentrations in Icehouse Canyon Creek 

Month E. coli Monthly Geometric Mean or 
Single Sample Results 

Fecal coliform Monthly 
Geometric Mean or Single 

Sample Results 
Sample 

Size 

Feb-02 10 10 5 
Mar-02 10 10 4 
Apr-02 10 10 1 
Jul-02 41 31 4 
Aug-02 60 120 1 
Sep-02 165 141 2 
Oct-02 165 141 2 
Jan-03 9 9 4 
Feb-03 10 10 1 
Mar-03 10 10 2 
Apr-03 10 10 1 
Jan-04 20 20 3 
Feb-04 13 12 4 
Mar-04 11 9 5 
Apr-04 9 9 2 
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Figure 109
Relationship between E. coli and Fecal Coliform

Concentrations in Icehouse Canyon Creek Study Site
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 Figure 110
Comparison with Existing and Potential Bacteria Water Quality Objectives
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Technical Memorandum 4 
Inventory and Analysis of Existing Major 
Control Programs and Structural Measures 
Throughout the Santa Ana River watershed, cities, counties, and other agencies manage 
programs and implement control measures that directly or indirectly address waterborne 
bacteria and pathogens.  This memorandum provides a summary and description of the 
programs and control measures researched as part of Phase I of the Stormwater Quality 
Standards Study Task Force’s efforts to support the Regional Board’s triennial review of Basin 
Plan water quality standards.  The summary includes information collected publicly owned 
treatment works (POTW) discharges, and municipal separate storm sewer system (MS4) 
source control and treatment control programs. 

Publicly Owned Treatment Works Discharge Characteristics 
and Reclamation Requirements 
According to the Santa Ana Integrated Watershed Plan (SAWPA, June 2002), there are 37 
operational publicly owned treatment works (POTW) in the Santa Ana Watershed and 5 
plants currently planned for construction.  Figure 1 shows the POTWs within the Santa Ana 
basin. 

There are 42 operational and planned plants that range in design discharge capacity from 0.08 
million gallons per day (MGD) to 151 MGD: 

 24 plants produce advanced or tertiary treated effluent (Title 22 level of treatment as 
discussed in Section 4.1.1) 

 7 produce discharge at a level receiving only secondary treatment (without tertiary) 

 11 produce a combination of primary, secondary, and tertiary treated effluent, depending 
on effluent receiving water 

In order to describe potential bacteria contributions from POTWs within the watershed, an 
effort was made to characterize the level of treatment provided for facilities discharging to 
inland receiving waters.  Of the 42 facilities mentioned previously, 6 discharge directly to a 
receiving water, and 15 discharge to a receiving water in combination with some effluent 
recycling.  Effluent from the remaining plants is either discharged to the Pacific Ocean, into 
aquifers for groundwater recharge, or fully recycled. 
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Figure 1
POTWs Within the Santa Ana Basin

Source: Santa Ana Integrated Watershed Plan, SAWPA (2002)
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All 6 plants discharging to inland receiving waters provide either tertiary treatment (5) or a 
combination of secondary and tertiary treated effluent (1, Western Riverside County Regional 
WWTP). 

Of the 15 facilities that discharge to receiving waters in combination with effluent recycling, 
11 provide tertiary treatment, 1 provides secondary treatment (Hemet/San Jacinto RWRF), 
and 3 provide a combination of secondary and tertiary treated effluent. 

There are 7 facilities in the watershed that provide only secondary treated effluent, of which 
only 1 discharges to an inland receiving water (Hemet/San Jacinto).  The remaining facilities 
provide water for recycling or groundwater recharge. 

In summary, of the 21 facilities that discharge to inland receiving waters, or discharge in 
combination with recycling, all except one provide tertiary treated effluent consistent with 
Title 22 effluent requirements.  This level of treatment minimizes or eliminates the bacteria 
and pathogen load of these point sources to the Santa Ana Watershed.  Many of these 
facilities produce all or a substantial portion of the downstream receiving water’s dry weather 
flow regime. 

Recycled Water Regulation (Title 22 Requirements) 
The State Water Resources Control Board (SWRCB), through the Porter-Cologne Water 
Quality Control Act, is responsible for formulating and adopting state policy for water 
reclamation, policy that does affect inland water body water quality criteria.  The California 
Department of Health Services (DHS) is responsible for establishing uniform statewide 
reclamation criteria to ensure that the use of recycled water is not detrimental to public 
health, criteria that protect beneficial uses. 

There are no federal standards governing wastewater reclamation and reuse in the United 
States, although the EPA has sponsored the preparation of Guidelines for Water Reuse.  Many 
states, including California, have developed wastewater reclamation regulations.  In all cases, 
the regulations have been established with the objective of protecting public health and 
allowing for the safe use of recycled wastewater.  The DHS established water quality criteria, 
treatment process requirements, and treatment reliability criteria for reclamation operations, 
which are set forth in Title 22, Division 4, Chapter 3, of the California Code of Regulations 
(CCR) Water Recycling Criteria. 



Technical Memorandum 4 
Inventory and Analysis of Existing Major Control 
Programs and Structural Measures 
Page 4 

A  Stormwater Quality Standards Study  
  November 2004 

The existing criteria address treatment requirements for recreational impoundments.  Many 
inland water bodies within the watershed that receive POTW discharges have been 
considered non-restricted recreational impoundments.  Since POTW discharges make up all 
or the majority of dry-weather flows within these receiving streams, Title 22 disinfection 
requirements for recreational impoundments have been applied to NPDES Permits when the 
dilution is less than 20:1 (receiving water flow: wastewater flow).  The dilution criterion 
serves to relax effluent standards during large storm events.  The treatment requirements are 
based on the expected degree of human contact with wastewater.  Treatment requirements 
are expressed as treatment process requirements (e.g., bio-oxidation, coagulation) as well as 
performance standards (e.g., disinfection standards and contaminant reduction).  The existing 
Title 22 standards are among the most stringent standards for public health protection.  To be 
considered adequately disinfected, the median number of coliform organisms in the 
wastewater may not exceed a most probable number (MPN) of 2.2 per 100 milliliters (mL) 
over a seven-day period.  The waste discharge requirements for the Inland Empire Utilities 
Agency’s Regional Pants 1 & 4 [Order No. 01-1, NPDES Number CA0105279] show how these 
standards are incorporated: 

 The discharge shall at all times be an adequately filtered and disinfected wastewater 
(tertiary treated effluent) if the flow in the receiving water is less than that required for a 
dilution of 20:1 (receiving water flow: wastewater flow) at the point of discharge.  Filtered 
wastewater means an oxidized, coagulated, and clarified wastewater which has been 
passed through natural undisturbed soils or filter media, such as sand or diatomaceous 
earth (or equivalent as determined by the State Department of Health Services).  The 
discharge shall be considered adequately filtered if the turbidity does not exceed an 
average of 2.0 turbidity units nor exceeds 5.0 turbidity units more than 5 percent of the 
time during any 24-hour period.  The discharge shall be considered adequately 
disinfected if the median number of coliform organisms does not exceed 2.2 per 100 
milliliters and the number of coliform organisms does not exceed 23 per 100 milliliters in 
more than one sample within any 30-day period.  The median value shall be determined 
from the bacteriological results of the last 7-days for which analyses have been completed. 

 The discharge of secondary treated wastewater when the flow in the receiving water 
results in a dilution of 20:1 (receiving water flow: wastewater flow) or more at the point of 
discharge shall be an adequately disinfected and oxidized wastewater.  The discharge 
shall be considered adequately disinfected if at some location in the treatment process, the 
median number of coliform organisms does not exceed 23 per 100 milliliters.  The median 
value shall be determined from the bacteriological results of the last 7-days for which 
analyses have been completed.  The discharge shall be considered adequately oxidized if 
it complies with the average weekly and average monthly effluent limitations for BOD 
and suspended solids as specified in Discharge Specification A.1.a.  The discharger shall 
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make provisions for the measurement of the receiving water flow at a suitable location 
upstream of the discharge point and determine whether a 20:1 dilution exists before 
discharging secondary treated effluent.  A dilution of 20:1 or more is required at the point 
of discharge. 

Title 22 requirements were adopted in 1978.  POTWs operating prior to 1978 began 
constructing facilities to meet Title 22 requirements at that time.  It is believed that all of the 
inland POTWs completed improvements to meet Title 22 requirements by the mid-1990s and 
all treatment plants constructed since then have been designed to meet these requirements. 

Considering inland POTW discharges as discharging to recreational impoundments, Title 22 
requirements provide for protecting human contact recreation with POTW discharge 
channels and receiving streams. 

Not all POTWs in the Santa Ana Basin discharge to recreational impoundments.  POTWs that 
discharge to groundwater recharge basins as opposed to surface waters are not required to 
meet Title 22 standards.  These POTWs still provide treatment to secondary levels.  In 
groundwater recharge basins, soils may provide additional treatment of effluent by natural 
bacteria reduction. 

Urban Runoff Control Measures and BMPs 
Source Control Measures 
All cities and counties in the Santa Ana River Watershed implement municipal separate storm 
sewer system (MS4) water quality programs aimed at reducing the amount of pollutant 
discharges in stormwater runoff.  The programs are required by MS4 discharge permits 
issued under the National Pollutant Discharge Elimination System (NPDES) by the Santa Ana 
Regional Water Quality Control Board.  The counties implementing such programs include 
San Bernardino County, Riverside County, and Orange County.  These counties serve a 
leadership role (principal permittee role) for large, area-wide groups of city MS4 permittees. 

The MS4 programs currently implemented within the Santa Ana River Watershed have broad 
program elements in common that can directly or indirectly provide some reduction of 
bacteria and pathogens within urban (both dry and wet weather) runoff.  Recent annual 
reports for the MS4 programs were reviewed to identify and summarize program elements 
and innovative measures aimed at controlling pollutants within stormwater discharges.  The 
annual reports reviewed included: 
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 San Bernardino County Stormwater Program Annual Report FY2002-2003 

 Riverside County Flood Control and Water Conservation District, County of Riverside 
and Cities of Riverside County 2003 Annual Progress Report 

 Unified Annual Progress Report; Program Effectiveness Assessment 2002-2003 Reporting 
Period, published jointly by the County of Orange, the Cities of Orange County, and the 
Orange County Flood Control District 

The three MS4 programs consist of common elements/programs aimed at reducing pollutant 
discharges.  These program elements include the following: 

 Illegal Discharge/Illicit connection control 

 Industrial/Commercial Source Program  

 New Development/Redevelopment (including construction) 

 Public Agency (Municipal) Activities 

 Public information/participation 

 Water Quality Monitoring 

The above listed programs function through the implementation of best management 
practices (BMPs) defined by each MS4 program.  The BMP measures included in these 
programs are intended to reduce the loading of the following type of pollutants: 

 Bacteria 

 Sediments and total suspended solids 

 Nutrients and fertilizers 

 Pesticides and herbicides 

 Other pollutants generated from municipal, industrial, commercial and household 
activities. 

Of the listed MS4 program elements, the following BMPs directly address bacteria/pathogen 
control.  These include: 
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 Public education regarding pet waste management 

Outreach efforts to educate pet owners of the impact of pet waste on water quality is a 
component of each County MS4 program.  Pet waste management includes 
emphasizing the direct impact that unmanaged pet waste has in introducing bacteria to 
the storm drain.  All pet wastes are required to be collected and properly disposed.  Pet 
owners are encouraged to bring a plastic bag when walking pets at the park.  Pet 
wastes are to be disposed in the trash or through the sanitary sewer system.  Many 
parks trails also have containers to dispense pet waste collection bags. 

 Practices to identify and rectify septic system problems 

Area MS4 permits require that the MS4 programs determine a mechanism to address 
septic failures.  Plans and programs to locate and address failed septic systems have 
been developed.  Homeowner education is conducted to emphasize the need for 
regular operation and maintenance of septic systems and notify system owners when 
sewer service is newly available in older residential areas. 

As part of Orange County’s assessment of its stormwater program, an assessment was 
conducted on it septic systems.  Septic systems are located throughout the County but 
are of greatest concentration in the Santa Ana River watershed.  Based upon a survey of 
septic system owners, a failure rate of 1.25% was determined.  This failure rate was 
similar to a finding in Oregon.  Literature reviews indicate that the most prevalent 
reason for failure is due to poor operation and maintenance.  Excessive water use or 
insufficient system capacity is also a reason for system failure. 

An analysis was also conducted to predict the mass loading resulting from failed septic 
system failures.  Study results show that failed septic systems are a marginal 
contributor to pathogen indicators and do not represent a significant source of 
constituents of concern to Orange County receiving waters. 

 Portable toilet pollution prevention program 

Portable toilets are used at parks, construction sites, parks and recreational areas, and 
temporary events.  Improper operation and maintenance of these units can have direct 
impact on receiving waters. Area MS4 permits require that the MS4 programs develop 
BMPs to properly manage portable toilets, aimed at preventing accidental discharges 
and providing for proper handling of wastes, as well as proper cleaning procedures.  
BMPs for proper portable toilet management have been developed. 
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As part of Orange County’s annual review of its stormwater program, an assessment 
was conducted on practices and impacts associated with the maintenance, use and 
oversight of portable toilets.  The assessment identified a small number of formal 
incidents over several years involving observed or potential direct impact to drainage 
channel. 

Current industry practices were found to be sufficient to prevent receiving water 
impacts from spills from portable toilets.  The practices were recommended to be 
formalized to ensure consistent implementation by suppliers and users of the portables 
and disseminated through inspection, education and outreach efforts and through BMP 
fact sheets. 

 Water Quality Management Plan (WQMP) requirements for new developments that have 
the potential to discharge bacteria/pathogens, or will discharge runoff into receiving 
waters 303(d) listed for bacteria/pathogens 

WQMP checklists for new projects/ developments require any downstream receiving 
waters be identified as well as any known water quality impairments.  If the 
downstream receiving water is on the 303(d) list for bacteria, best management 
practices can be required as a prerequisite to project approval.  These measures should 
be designed to help prevent bacteria loading to the downstream receiving water. 

Of the MS4 elements, the following BMPs indirectly affect bacteria/ pathogens within 
stormwater runoff: 

 Identification and elimination of illicit connections to the storm drain system 

Each MS4 program includes a program to detect, respond, and eliminate illegal 
discharges and illicit connections which are a significant source of pollutants to the 
storm drain system.  Illegal discharge and illicit connection programs integrate 
municipal, industrial, commercial, residential, and construction inspection programs 
by training authorized inspectors to investigate, and detect incidences of violations.  By 
identifying and eliminating illegal discharges and illicit connections, the potential for 
discharges which contain bacteria/ pathogens to enter the storm drain system is 
reduced. 
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 Spill response plans for certain types of spills and illegal discharges (sanitary sewer 
overflows) 

Each MS4 program has a program element to address spills and illegal discharges.  
These activities are related to the identification of illicit connections and illegal 
discharges as described above.  Spill responders are designated by each County to 
coordinate with fire departments and other agencies in case of accidental spills, leaks, 
or prohibited discharges.  Spill response procedures consist of record keeping, 
notifications of relevant authorities, on-scene assessments, containment, cleanup, 
investigations, reporting, and education and enforcement. 

 Trash collection 

Each MS4 program contains trash collection BMPs as part of its municipal activities.  
Trash left uncollected or improperly contained can enter the storm drain systems.  
Trash is required to be collected on a regular basis and disposed of properly.  
Placement of trash receptacles, appropriate receptacle size, and frequency of trash 
collection is important so as to prevent unnecessary accumulation of the trash and 
discourage illegal dumping.  These management practices prevent the decomposing 
trash that may be high in bacteria/ pathogen populations from entering the storm 
drain system. 

 Street sweeping 

Each MS4 program contains municipal street sweeping as a program BMP.  Sweeping 
activities occur throughout each city within the program, and target areas where 
historically elevated litter loads are observed.  Regular sweeping not only prevents 
accumulation of trash, debris, and sediment but indirectly reduces the potential and 
medium for bacterial growth. 

For the County of Orange, the “Unified Annual Progress Report; Program Effectiveness 
Assessment 2002-2003 Reporting Period” measured the effectiveness of BMP measures.  The 
assessment measured effectiveness based on: (1) verification of program implementation, and 
(2) improved water quality or environmental conditions.  However, the assessment 
“recognizes that scientifically robust evidence of improved water quality will follow 
confirmation on program implementation and should not be expected to be evident initially.” 
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The assessment concluded that “while evidence of the connection between programmatic 
activities and changing environmental conditions remains elusive, the Permittees believe that 
there is strong evidence of increasing program effectiveness.” Many specific achievements 
were identified in the assessment; however, bacteria-specific achievements were not 
mentioned. 

In summary, information directly addressing reduction in bacteria/pathogen loading or 
concentration in receiving waters as a result of MS4 program implementation is not readily 
available. 

Structural Treatment Controls 
In addition to source control BMPs required by MS4 programs, structural treatment controls 
(treatment control BMPs) are now required for certain new development and significant 
redevelopment projects within the MS4’s jurisdiction.  Furthermore, there are a number of 
existing local or regional facilities such as detention or retention (recharge) basins, treatment 
wetlands, and diversions that have been constructed throughout the watershed that provide 
opportunities for reduction of pollutants in runoff including bacteria and pathogens. 

Treatment control BMPs that are described within the WQMP requirements for the MS4 
programs include: 

 Biofilters, including: 

- Vegetated Buffer Strips 

- Vegetated Swales 

- Wetland Vegetated Swales 

 Bioretention 

 Detention Basins (extended dry basins, pervious and impervious lined) 

 Infiltration Basins and Trenches 

 Wet Ponds and Constructed Wetlands 

 Filtration Systems, including 

- Media Filters / Sand Filtration 
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 Water Quality Inlets 

- Trapping Catch Basins 

- Oil Water Separators 

 Hydrodynamic Separators 

 Porous Pavement or Landscape Detention 

 Manufactured Proprietary Control Measures 

Development project proponents consider expected pollutants, receiving water pollutants of 
concern, site conditions, building restrictions, restriction on the use of infiltration, and 
economic feasibility when selecting treatment control BMPs.  MS4 programs have researched 
treatment control BMP removal efficiencies and have provided some insight into selecting an 
appropriate BMP.  Table 1 summarizes general removal effectiveness information provided in 
model WQMPs for MS4 programs.

Table 1 
BMP Removal Effectiveness 

Treatment Control BMP Categories 

Pollutant of Concern 
Biofilters Detention 

Basins 
Infiltration 

Basins 
Wet Ponds 

or Wetlands Filtration 
Hydrodynamic 

Separator 
Systems 

Sediment Turbidity H/M L/M H/M H/M H/M H/M 
(L for Turbidity) 

Nutrients L L/M H/M H/M L/M L 

Organic Compounds U U U U H/M L 

Trash & Debris L H/M U U H/M H/M 

Oxygen Demanding 
Substances L L/M H/M H/M H/M L 

Bacteria & Viruses U U H/M U H/M L 

Oil & Grease H/M L/M U U H/M L/M 

Pesticides (non-soil 
bound) U U U U U L 

L: Low removal efficiency 
H/M: High or medium removal efficiency 
U: Unknown removal efficiency 
Sources: Guidance Specifying Management Measures for Sources of Nonpoint Pollution in Coastal Waters (1993), National 
Stormwater Best Management Practices Database (2001), and Guide for BMP Selection in Urban Developed Areas (2001). 
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Specific to bacteria and pathogens, infiltration and filtration control BMPs are described as 
having a medium to high removal efficiency.  Hydrodynamic separators are described as 
having low removal efficiency.  Biofilters, detention basins, and wet ponds or wetlands are 
described as having unknown removal efficiency.  Traditional design and operating practices 
for such systems have focused largely on trash and debris and suspended solids removal with 
some ability to reduce metals and nutrients.  Only in the past several years has there been 
more emphasis on investigating methods to enhance bacteria removal from “typical” 
stormwater treatment methods.  Examples include providing shallow zones to enhance 
natural UV penetration and looking at subsurface wetland systems. 

Recent research indicates that wet ponds and constructed wetlands may have the potential for 
higher bacteria and pathogen removal efficiency; potentially the highest among treatment 
control BMPs currently described within MS4 programs.  Larger wet pond and constructed 
wetland systems are typically integrated into regional treatment control programs to serve 
large drainage areas rather than from single project sites.  Some larger, multi-acre projects 
could incorporate wet pond or wetland treatment. 

Orange County’s “Unified Annual Progress Report; Program Effectiveness Assessment 2002-
2003 Reporting Period” contains performance reviews of structural BMPs.  According to the 
Assessment, structural BMPs in Orange County have been constructed primarily to address 
nutrient loads and bacteria/pathogen concentrations.  These structures have been designed to 
primarily treat dry-weather flows. 

The Assessment describes wet ponds and constructed wetlands as suitable for treating dry-
weather flows when sufficient flow is present to maintain a water pool and sustain necessary 
vegetation.  The Assessment also describes wet ponds as capable of producing effluent that 
meets contact recreation standards for fecal coliform, although notes that reduction in bacteria 
concentrations can be achieved from other BMP measures. 

The Assessment further compares the observed concentrations of fecal coliform in the effluent 
of the BMPs such as wet ponds, extended detention basins, swales, buffer strips, sand filters, 
and multi-chambered treatment trains as shown in Figure 2.  Although substantial reduction 
is observed for many of the BMPs, contact recreation standards (REC1) are only observed to 
be met more consistently in the discharge from the wet pond. 
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Existing BMP Treatment Controls in Santa Ana Basin 
Numerous structural BMPs exist within the watershed that were designed and installed for a 
variety of purposes but that have the potential to improve the quality of stormwater runoff on 
a regional (non-site specific) basis.  Many of these directly or indirectly address 
bacteria/pathogens.  These BMPs include: 

 Low-flow diversion to sanitary sewer system 

 Recharge (Infiltration) basins 

 Detention basins, swales, and buffer strips 

 Natural treatment wetlands/ wet ponds 

 Ultraviolet disinfection 

 Ozone 

Figure 2
Comparison of Fecal Coliform Effluent Concentrations

Source: OC Program Effectiveness Assessment (2002-2003).
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Low-Flow Diversion to Sanitary Sewer System 
Dry-weather diversions consist of pumping or otherwise diverting low flows from storm 
drains to a sanitary sewer system for treatment at a waste water treatment plant, which 
would include disinfection as necessary to meet the discharge requirements for the plan.  By 
eliminating dry weather flows from directly entering the receiving waters, the impact from 
bacteria levels in the dry weather runoff is eliminated. 

In the County of Orange, the Dry Weather Diversion Plan, October 2003, evaluated the 
effectiveness of the dry weather diversions to the Orange County Sanitation District (OCSD).  
These diversions have been implemented in various coastal locations since 1997 (Table 2).  
The diversion program is not a requirement of the County’s NPDES Permit but has been 
implemented as a result of continual closures and postings at coastal beaches due to unsafe 
bacteria levels.  Existing diversion facilities are operating in 38 locations near the coastline or 
at a main drainage system facility of major watersheds.  Figure 3 shows the locations of the 
existing diversion facilities in Orange County. 

The report also describes an additional 38 proposed dry weather diversions.  These diversions 
are proposed in the cities of Dana Point (5), Huntington Beach (13), Laguna Beach (11), San 
Juan Capistrano (6), Seal Beach (1), and San Clemente (2). 

An example of one of the low flow diversions is the Greenville-Banning Channel diversion. 

Greenville-Banning Channel 
The Greenville-Banning Channel Urban Runoff Diversion (GBCURD) intercepts all dry 
weather urban runoff in the channel to prevent the runoff from reaching the Santa Ana River 
and then the ocean at Huntington State Beach.  The physical diversion is an inflatable custom 
manufactured rubber dam (6.5 feet high by 60 feet long) placed in the Greenville Banning 
Channel upstream of the confluence with the Santa Ana River.  Approximately 80 million 
gallons of urban runoff was diverted to OCSD for treatment during 2003 (Average 
flow 200,000 gpd).  The County of Orange produced a report entitled, “Greenville Banning 
Channel Urban Runoff Diversion Project, Final Report” in April 2003, specifically to address 
findings from the Greenville Banning Channel Diversion 
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Table 2 
List of Existing Low Flow Diversions 

Location  

Sanitary Sewer 
Treatment 

Agency Permittee Month/Year Built 
Flow Diverted 

GPD 
9731 Flounder Dr 
@ D02 (Flounder 
PS)  

OCSD Huntington Beach Feb. 2000 72,000 

9211 Yorktown Ave 
@ D02 (Yorktown 
PS)  

OCSD Huntington Beach Feb. 2000 72,000 

19661 Chesapeake 
Ln @ D02 (Adams 
PS)  

OCSD Huntington Beach Feb. 2000 72,000 

20192 Midland Ln 
@ E01 (Meredith 
PS)  

OCSD Huntington Beach Feb. 2000 288,000 

9221 Indianapolis 
Ave @ D02 
(Indianapolis PS)  

OCSD Huntington Beach Feb. 2000 144,000 

8151 Atlanta Ave 
@ D01(Atlanta PS)  OCSD Huntington Beach July 1999 504,000 

10101 Hamilton 
Ave @ E01 
(Hamilton PS)  

OCSD Huntington Beach Feb. 2000 144,000 

2201 Malibu Ln @ 
D02 (Banning PS)  OCSD Huntington Beach July 1999 288,000 

8612 Hamilton St 
@ D01(Newland 
PS)  

OCSD Huntington Beach July 1999 288,000 

1131 Back Bay Dr 
(Newport Dunes)  OCSD Newport Beach March 2001 8,640 

Santa Ana Channel 
(E01)  OCSD County of Orange May 2001 295,000 

Greenville-Banning 
Channel  OCSD County of Orange May 2001 215,000 

Talbert Channel 
(D02)  OCSD County of Orange May 2001 120,000 

Downstream of 
Adams Ave @ D01 
(Huntington Beach)  

OCSD County of Orange May 2001 - 

Linda Ln @ Via 
Mecha  

City of San 
Clemente San Clemente Aug. 2001 14,000 

Camino del Estrella 
(est. location)  

South Coast 
Water District 

(SCWD) 
Dana Point NA 1,000 

Laguna Cyn @ 
Forest Ave  

City of Laguna 
Beach Laguna Beach 1987 140,000 
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Table 2 (continued) 
List of Existing Low Flow Diversions 

Location  

Sanitary Sewer 
Treatment 

Agency Permittee Month/Year Built 
Flow Diverted 

GPD 

Bluebird Canyon  City of Laguna 
Beach Laguna Beach 1997 30,000 

Dumond 
Dr./Victoria Beach  

City of Laguna 
Beach Laguna Beach 1997 5,000 

Fisherman's Cove  City of Laguna 
Beach Laguna Beach 1998 2,000 

El Paseo@Laguna 
Ave (Main Beach)  

City of Laguna 
Beach Laguna Beach 1998 10,000 

5th Ave @ Coast 
Hwy  

City of Laguna 
Beach Laguna Beach 1999 2,000 

Barranca St. @ 
Cliff Dr  

City of Laguna 
Beach Laguna Beach 2001 1,400 

Cleo St. @ Gaviota  City of Laguna 
Beach Laguna Beach 2001 35,000 

Aliso Creek/ 
Sulphur Creek 
Confluence  

Moulton Niguel 
Water District 

(MNWD ) 
Laguna Nigel May 2000 175,000 

Muddy Canyon  OCSD Newport 
Beach/IRWD April 2002 288,000 

Los Trancos  OCSD Newport 
Beach/IRWD April 2002 288,000 

Los Lobos (est. loc)  City of San 
Clement San Clemente Aug. 2001 29,000 

Aliso Creek (J01) 
at mouth*  OCSD County of Orange May 2001 234,000 

Riviera Beach (150 
yards upstream of 
MO  

City of San 
Clemente San Clemente - 29,000 

Pump Station #1 
(Emerald Point)  

Emerald Bay 
Serice District 

(EBSD) 
Laguna Beach - 1,000 

Three Arches Bay  SCWD Laguna Beach - - 

Dana Point Harbor-
Baby Beach  SCWD Dana Point NA 1,300 

Doheny State 
Beach  SCWD Dana Point NA 10,000 

#118 Emerald Bay  EBSD Laguna Beach - 1,000 

#206 Emerald Bay  EBSD Laguna Beach - 1,000 

#101 Emerald Bay  EBSD Laguna Beach - 1,000 

Crescent Bay Dr 
and Circle Way  

City of Laguna 
Beach Laguna Beach 2001 7,500 

- Data not available 
* Presently decommissioned 
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Recharge (Infiltration) Basins 
A number of basins that were designed for a variety of purposes exist throughout the Santa 
Ana Basin (Table 3).  The design and intent of the some of these basins was not for bacteria 
removal, but rather to either recharge groundwater aquifers or reduce flood hazard potential 
downstream.  Some basins were designed for both recharge of groundwater and for flood 
control purposes.  SAWPA provided a GIS layer of basins throughout the Santa Ana Basin 
that includes recharge, flood control, and multifunction basins (Figure 4).

Figure 3
Existing Low Flow Diversions Facilities in Orange County

Source: Dry Weather Diversion Plan, October 2003
 Orange County 
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Table 3 
Recharge Basins in Santa Ana River Watershed 

Number Agency Name Basin County 
1  Miller Basins Santa Ana Forebay Orange 
2 Orange County Water District Santa Ana River Forebay Rech. Santa Ana Forebay Orange County 
3 Orange County Water District Santiago Basin Rech. Ops. Santa Ana Forebay Orange County 
4  Santiago Creek Basins Santa Ana Forebay Orange 
5 San Bernardino Co. Flood Control Montclair Basins Chino I San Bernardino 
6  Cucamonga Basins North & South Cucamonga San Bernardino 
7  Eighth Street Basins Chino I San Bernardino 
8  Fifteenth Street Basin Chino I San Bernardino 
9 Chino Basin Water Conservation District Ely Basins Chino II San Bernardino 
10  Red Hill Basin Cucamonga San Bernardino 
11 Chino Basin Water Conservation District Chris Basin Chino II San Bernardino 
12 Chino Basin Water Conservation District Lower Cucamonga Spr. Grounds Chino II San Bernardino 
13  Turner Basins Chino II San Bernardino 
14  Church Street Basin Chino I San Bernardino 
15 Chino Basin Water Conservation District Riverside Basins Chino II San Bernardino 
16 Chino Basin Water Conservation District Wineville Basin Chino II San Bernardino 
17  Lower Day Creek Basin Chino I San Bernardino 
18  Upper Day Creek Basins Cucamonga San Bernardino 
19  Etiwanda Basin Chino I San Bernardino 
20 San Bernardino Co. Flood Control District Etiwanda Conservation Basins Chino I San Bernardino 
21  East Ave. Spreading Grounds Chino I San Bernardino 
22 San Bernardino Co. Flood Control District Hickory Basin Chino I San Bernardino 
23 San Bernardino Co. Flood Control District Victoria Basin Chino I San Bernardino 
24  East Etiwanda Creek Channel Chino I San Bernardino 
25 San Bernardino Co. Flood Control District Banana Basins Chino I San Bernardino 
26 San Bernardino Co. Flood Control District San Sevaine Spreading Area Chino I San Bernardino 
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Table 3 (continued) 
Recharge Basins in Santa Ana River Watershed 

Number Agency Name Basin County 
27 Lytle Creek Water Conservation Assoc. Lytle Creek Spreading Grounds San Bern./Lytle Creek San Bernardino 
28  Merrill Basin Chino I San Bernardino 
29  Linden San Bernardino GW Basin San Bernardino 
30  Linden Basin Chino I San Bernardino 
31  Mill Basin Colton-Rialto San Bernardino 
32  Pepper Basin Colton-Rialto San Bernardino 
33  Randall Basin Colton-Rialto San Bernardino 
34 San Bernardino Co. Flood Control District Devil Cyn/Swt. Spill. Spr. Gr. San Bern./Bunker Hill San Bernardino 
35  Muscoy (North) San Bernardino GW Basin San Bernardino 
36  Muscoy (South) San Bernardino GW Basin San Bernardino 
37 Chino Basin Water Conservation District Jurupa Basins Chino II San Bernardino 
38  Mayfield San Bernardino GW Basin San Bernardino 
39 San Bernardino Co. Flood Control District Waterman Cyn. Spr. Grounds San Bern./Bunker Hill San Bernardino 
40  Waterman (North) San Bernardino GW Basin San Bernardino 
41  Waterman (South) San Bernardino GW Basin San Bernardino 
42  Twin San Bernardino GW Basin San Bernardino 
43  Marshall San Bernardino GW Basin San Bernardino 
44  Patton San Bernardino GW Basin San Bernardino 
45 San Bernardino Co. Flood Control District City Creek Spreading Grounds San Bern./Bunker Hill San Bernardino 
46 Eastern MWD Skiland Ponds Perris South II Riverside 
47 Eastern MWD Winchester Ponds Winchester Riverside 

48 San Bernardino Valley Water Conservation District Santa Ana River Spr. Grounds San Bern./Bunker Hill San Bernardino 
49 Eastern MWD Salt Creek Water Harvesting Winchester Riverside 
50 San Bernardino Valley Water Conservation District Mill Creek Spreading Grounds San Bern./Bunker Hill San Bernardino 
51 Eastern MWD Fish & Game Wetlands San Jacinto - Lower Pres. Riverside 
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Table 3 (continued) 
Recharge Basins in Santa Ana River Watershed 

Number Agency Name Basin County 
52 Eastern MWD EMWD Trumble Ponds - Romoland Perris South II Riverside 

53 San Bernardino Co. Flood Control District Wilson Creek Spr. Grounds San Bern./Bunker Hill San Bernardino 
54 Eastern MWD San Jacinto Reservoir San Jacinto - Upper Pres. Riverside 
55 Eastern MWD Alessandro Ponds San Jacinto - Upper Pres. Riverside 
56 Eastern MWD SPW Recharge Ponds San Jacinto Intake Riverside 
57 Eastern MWD Fruitvale 20 Ac. Basins - (L) San Jacinto Canyon Riverside 
58 Eastern MWD Fruitvale 40 Ac. Basins - (U) San Jacinto Canyon Riverside 
59 Chino Basin Water Conservation District Brooks   
60 Chino Basin Water Conservation District College Heights   
61 City of Upland Upland   
62 San Bernardino County Flood Control District Declez   
63 IEUA RP3   
64  Thomson Creek SG   
65  San Antonio Dam   
66  Pomona SG   
67  Live Oak SG   
68 IEUA Cucamonga SG1-2-3   
69 IEUA Cucamonga 1   
70 IEUA Cucamonga 2   
71 IEUA Alta Loma 1-2   
72 IEUA Turner 1   
73 IEUA Turner 2-3-4   
74 IEUA Turner 5-8-9   
75 IEUA Grove Ave. Basin   
76 IEUA Jurupa   
77 IEUA San Sevaine 2   
78 IEUA San Sevaine 1   
79 IEUA Rich   
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Figure 4
Surface Water Basins with Potential for Bacteria Reduction
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Recharge, flood control, or multi-function surface water basins may also be reducing bacteria 
in downstream receiving waters.  This water quality functionality is achieved by filtration and 
removal through adsorption and decay within the soil matrix and underlying formation.   The 
Santa Ana Regional Water Quality Control Board encourages basin owners to look for 
opportunities to retrofit surface water basins for water quality improvement.  This can be 
accomplished by facilitating infiltration or through construction of multi-stage outlets. 

Orange County Water District (OCWD) operates and maintains a man-made series of T-
levees within the Santa Ana River near Imperial Highway to increase groundwater recharge 
capacity.  The levees are constructed along side the River and receive low flows from a 
diversion structure.  The levees provide for spreading, slowing, and retention of River flows 
primarily to increase groundwater infiltration rates.  During low flow periods, increased 
spreading decreases the amount of water flowing through the River, and provides for 
increased settling, both conditions that can decrease the amount of bacteria and pathogens 
within the River, potentially improving water quality. 

Natural Treatment Wetlands / Wet Ponds 
In its June 2003 study, Appendix E1 – BMP Effectiveness and Applicability for Orange 
County, wet ponds and wetlands are described as being particularly effective in reducing 
bacteria levels from dry weather flows diverted to the wet ponds.  Examples of wet ponds/ 
wetlands in the Santa Ana basin are described below.  Attachment A to this technical 
memorandum is an inventory of existing or planned wetland BMPs within the Santa Ana 
Basin. 

Natural Treatment System (NTS) - Irvine Ranch Water District 
The proposed Irvine Ranch Water District Natural Treatment System (NTS) is a network of 31 
water quality wetlands designed to remove sediment, nutrients, pathogens, and other 
pollutants from urban runoff within the San Diego Creek Watershed to improve water quality 
in Upper Newport Bay.  The 31 sites are located throughout the cities of Irvine, Tustin, Lake 
Forest, Newport Beach, Orange, and in unincorporated areas of Orange County. 

The primary drainage channel in the treatment area is San Diego Creek and its main tributary, 
Peters Canyon Wash.  San Diego Creek flows into Upper Newport Bay, which contains 
the 752 acre Upper Newport Bay Ecological Reserve.  This coastal estuary is one of the largest 
remaining estuaries in Southern California. 

Three basic facility types are proposed in the NTS.  These include off-line, in-line, and 
combination treatment facilities.  The off-line treatment type treats dry weather and wet 
weather low flows.  Flows would divert to open water ponds.  The ponds reduce flow 
velocities and trap sediment and aid in ultraviolet (UV) degradation of pathogens. 



Technical Memorandum 4 
Inventory and Analysis of Existing Major Control 
Programs and Structural Measures 
Page 23 

A  Stormwater Quality Standards Study  
  November 2004 

The in-line treatment facilities consist of a water quality treatment wetland located within 
existing stream channels.  Wetland vegetation would be located in shallow ponds behind a 
series of constructed weirs within the channels. 

The combination facilities would be built in existing flood control basins.  While maintaining 
the flood control storage volume, the basin would be altered to accommodate constructed 
wetland areas.  A separate outlet from the basin is required to remove flows from treatment 
wetland.  Besides dry weather low flows and wet weather low flows, first flush from storms 
are designed to be removed from the combination type facility. 

The NTS program is anticipated to result in reduced fecal coliform concentrations.  The fecal 
coliform TMDL for Upper Newport Bay is expected to be met during the dry season.  During 
wet weather, the fecal coliform TMDL may be met for low flow conditions but is not expected 
to be met during storm conditions. 

San Joaquin Marsh 
The San Joaquin Marsh is the largest coastal freshwater wetlands in Southern California.  This 
500 acre marsh is adjacent to the University of California, Irvine, and bounded by the San 
Diego Creek, Michelson Drive, and Carlson Drives.  IRWD owns approximately 300 acres of 
the marsh, of which 150 acres were restored and enhanced in 1997.  The University of 
California Natural Reserve System owns the remaining 200 acres.  The restoration project re-
established a water supply by diverting dry weather flows from San Diego Creek into a series 
of ponds for several days before most of the flow is returned to San Diego Creek, about a mile 
upstream of Newport Bay.  The water released back to the creek has about a 50% reduction of 
nitrates prior to treatment.  The primary goal of the marsh is to reduce nutrient concentrations 
in the San Diego Creek discharge to Newport Bay.  Nutrient reduction of nitrogen and 
phosphorus reduces algae bloom and its effect of oxygen depletion.  Approximately, 50,000 
tons of sediment and 10,000 pounds of phosphorus are removed each year in desilting basins. 

No specific studies were identified which have evaluated the specific effects on bacteria 
reduction by the San Joaquin Marsh. 

Hidden Valley Wetlands Enhancement Project 
The Hidden Valley Wetlands Enhancement Project (WEP) was developed in the Hidden 
Valley Wildlife Area (HVWA) in order to restore and improve existing wetlands within the 
HVWA by supplying tertiary treated effluent from the City of Riverside Regional Water 
Quality Control Plant (RWQCP).  Within the WEP boundary, there is approximately 37 acres 
of constructed wetlands.  HVWA is operated by the County of Riverside Parks and Open 
Space Department under a cooperative agreement with the California Department of Fish and 
Game. 
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WEP is a multi-purpose project aiming to provide the following: 

 De-nitrification 

 Enhancement of environment for riparian habitat for native and migratory wildlife 
species 

 Groundwater recharge 

 Basis of research for natural treatment processes design criteria 

While reducing the nitrogen in the effluent, no specific studies have been conducted to 
determine the impact, if any, on reducing pathogens. 

Prado Wetlands, Orange County Water District 
Orange County Water District (OCWD) owns approximately 2,150 acres behind Prado Dam.  
Of this land, 465 acres are constructed wetlands.  The wetland system consists of 50 shallow 
ponds used for reduction of nitrogen levels in the Santa Ana River since 1992.  The Santa Ana 
River consists mainly of tertiary treated wastewater from upstream discharges.  Since the 
Santa Ana River is the main source of water for groundwater recharge in Orange County, 
nitrogen levels in the water have been reduced prior to its use as recharge for the 
groundwater basins.  This wetland system removes approximately 20 tons of nitrates per 
month. 

Currently, the base flow of the river is approximately 120 cubic feet per second (cfs), with 60 
cfs traveling through the wetland.  The base flow of the river potentially may increase beyond 
200 cfs due to population increases (and subsequent increases of recycled water discharge) in 
Riverside and San Bernardino Counties.  In order to handle this potential increase in base 
flows, modifications have been made to increase the hydraulic capacity of the Prado Wetlands 
pond system. 

Since 1999, OCWD has also conducted water quality monitoring of influent and effluent from 
the Prado Wetlands and analyzed for coliform, E.coli, and enterococci. 

Optimal Basin Management Plan – Chino Basin 
Chino Basin Watermaster is developing the Optimum Basin Management Program (OBMP).  
The Chino Basin consists of approximately 235 square miles of the upper Santa Ana River 
watershed.  The Chino Basin is one of the largest groundwater basins in southern California. 
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The OBMP consists of nine key elements covering a wide range of water activity in the Basin.  
The OBMP elements as a whole are aimed to develop a groundwater management program 
that enhances the yield and quality of the Chino Basin.  One of the missions of the plan is to 
increase the Basin water supplies by utilizing stormwater and reclaimed water recharge.  The 
plan is composed of nine program elements which include: 

 Comprehensive Monitoring 

 Comprehensive Recharge 

 Water Supply Plan for Impaired Areas 

 Management Zone Strategies 

 Regional Supplemental Water Program  

 Cooperative Program 

 Salt Management Program 

 Groundwater Storage Management 

 Storage and Recovery Program 

The second element, Comprehensive Recharge, has a component that aims to capture wet 
weather storm flows for recharge to infiltration basins.  The resulting reduction in urban 
runoff downstream could reduce bacteria levels.  The Chino Basin Watermaster is looking at 
obtaining increased recharge capacity by expanding recharge capacity at Montclair Basins, 
Upland Basins, and Brooks Basins. 

Other Emerging Technologies 
There are several other emerging technologies that can be utilized to retrofit existing 
structural BMPS or for implementing in targeting reaches of impacted receiving waters.  
These alternative technologies include: 

 Filtration 

Several filtration technologies have been developed for treatment of urban runoff, some of 
which are specifically designed or indirectly effective at removing bacteria.  Treatment 
devices range from highly specialized proprietary technologies to more conventional media 
filtration, such sand filters. 
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Sand filters function by filtering stormwater through sand media, and may be installed 
underground in trenches or pre-cast concrete boxes, or above ground.  Large, above ground 
sand filters have been used with success for larger drainage areas.  Pretreatment to remove 
large debris and other materials that can hinder sand filter performance is typically necessary.  
Sand filters have proven moderately effective at removing bacteria.  Results have varied 
based upon site and climatic differences. 

Sand filter designs include the surface sand filter basin (Austin sand filter), the underground 
vault sand filter (Washington, DC sand filter), the double trench sand filter (Delaware sand 
filter), the stone reservoir trench sand filter, and the peat sand filter system.  Modifications are 
often made to these designs based on site-specific conditions. 

A large amount of testing data is available for conventional media filtration for bacteria 
removal, with some studies showing high removal effectiveness.  The ability of media 
filtration to meet bacterial water quality objectives would depend on source runoff 
conditions. 

Media filtration is also the functional component of several proprietary devices advertised to 
remove bacteria.  Several different configurations of proprietary devices are available through 
various vendors, though limited application and effectiveness data is available. 

 Ozone 

Ozone has been used in the water treatment industry since the late 1800s for disinfection, 
odor control, and other applications.  Ozone is generated by an electrical discharge through 
either dry air or pure oxygen.  As an oxidant, ozone is preferred to chlorine due to its 
extremely efficient disinfection properties and ability to dissipate very rapidly in water, 
leaving no residuals.  Ozone is also considerably less hazardous to handle than chlorine.  
These properties have made ozone an effective chemical for water treatment for nearly a 
century.  It is, however, a very expensive chemical to use for disinfection. 

Ozone, like chlorine, is a strong oxidizing agent and is used in much the same manner.  It is 
an excellent virucide, is effective against most amoebic cysts, and destroys bacteria and 
phenols.  Ozone may not kill large cysts and some other large organisms, so these should be 
eliminated by filtration or other procedures prior to treatment. 

 Ultraviolet Disinfection 

Ultraviolet (UV) treatment is an emerging treatment technology for controlling bacteria and 
pathogens within urban runoff.  The technology has been generally accepted in conventional 
water and wastewater treatment, but also has potential for treatment of urban runoff. 
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Conventional ultra-violet (UV) treatment technology involves passing water by a special UV 
light source.  The light source is immersed in the water in a protective transparent sleeve, and 
emits UV waves that can inactivate microorganisms.  The ultra-violet rays, similar to the sun’s 
UV rays only stronger, alter the nucleic makeup of viruses, bacteria, molds, and parasites so 
that they cannot reproduce, and are thus inactivated.  UV treatment does not alter the water 
chemically as nothing is added except light energy.  UV treatment does not permanently 
divert stream flows, does not require chemical storage, and does not produce a chemical 
residual.  Pretreatment of flows is necessary to remove sediments and other constituents prior 
to UV light exposure, to improve the clarity of water for increased UV light penetration. 

Two Southern California examples of UV application for treating urban runoff include 
systems installed and operated at Moonlight Beach within Cottonwood Creek in Encinitas, 
and within a storm drain that discharges into Aliso Creek in Laguna Niguel, neither of which 
are in the Santa Ana Basin. 

The Cottonwood Creek UV system installation became operational in December 2002.  
Cottonwood Creek flows year-round from Encinitas Ranch golf course to Moonlight Beach, 
draining a watershed of approximately three square miles.  Most of the Creek is buried under 
strip malls, residential communities, and streets.  The system has capacity to treat a rate of 
200,000 gallons per day.  The system is operated only during the dry season, and deactivated 
during the winter.  The City is treating 85 percent of the Creek’s flow, bypassing 15 percent of 
the flow to allow some nutrient contribution to the Creek and the beach.  Water is collected 
directly from the Creek.  The UV system was installed for $470,000, and monthly O&M costs 
are expected to be under $1,000. 

The UV system installed within the storm drain tributary to Aliso Creek in Laguna Nigel can 
also process 200,000 gallons per day.  Flow is collected at the storm drain, treated, and 
discharged to nearby pond.  The system is contractually operated at $664 per million gallons 
treated—averaging $3,000 a month.  The system is considered temporary.  Plans are to replace 
it with a system that will carry dry season flow into a series of constructed wetlands for 
treatment. 

To adapt to variable flow rates or organic loading, flow equalization or recirculation is often 
used.  Had ozonation been selected for the Moonlight Beach project, a monitored side stream 
of minimal flow would have been continuously re-circulated and injected with ozone.  In the 
event of high ozone levels, an automated ozone system would have shut down the re-
circulating stream. 



Technical Memorandum 4 
Inventory and Analysis of Existing Major Control 
Programs and Structural Measures 
Page 28 

A  Stormwater Quality Standards Study  
  November 2004 

In addition to pretreatment filtration, ozone generators, and ozone destruct units, a complete 
disinfection system requires ozone injectors and injector pumps, a closed-loop chiller, an 
ozone concentrator, oil-free compressors, an air receiver, an ozone contactor, and an ozone 
separator.  Most of the equipment would have had to fit in the required footprint inside an 
enclosure, with ozone contact and destruct basins located above or below ground.  The 
investigated system could have met the city's acoustical requirements with some attenuation. 

The major benefit of ozone treatment is that ozone is extremely active as a disinfectant.  In 
contrast to chlorine, ozone is active over a wide pH and temperature range.  The required 
contact time is so short that it is not a consideration in system design. 
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Attachment A 
Planned or Operating Wetlands in the Santa Ana Basin 

Project Owner Location Status BMP Type Objectives Description 

Hidden Valley 
Wetlands 
Enhancement 
Project 

City of 
Riverside 

Hidden 
Valley 

Wildlife Area 
Operational 

Natural 
treatment 
wetlands 
 
Wastewater 
treatment 

Total organic nitrogen TMDL (1991) 10 
mg/l; protection of groundwater basins 
 
Purposes: de-nitrification of tertiary 
effluent; environmental enhancements 
for riparian habitat; groundwater 
recharge; improvements to public use; 
research and development 

Influent structure, conveyance 
channel, wetlands ponds; 
Average TIN removal in 2003 – 
43% in surface flow; 38% in sub-
surface flow;  
No specific studies conducted on 
potential pathogen reduction. 
 
 

San Joaquin 
Marsh 

Irvine Ranch 
Water District 

San Diego 
Creek, 
Orange 
County 

Five wetlands 
are operational 

Natural 
treatment 
wetlands 
 
Runoff 
treatment 

Nitrate and sediment removal 

Currently IRWD is operating 
water quality treatment wetlands 
with 45 acres of open water and 
11 acres of marshland vegetation.  
 
Water is diverted from San Diego 
Creek to marsh and circulated 
through ponds. Nitrogen loads to 
Newport Bay are reduced by 
50%;  
No specific studies conducted on 
potential pathogen reduction. 
 

San Diego Creek 
Watershed 
Natural Treatment 
System 

Irvine Ranch 
Water District 

San Diego 
Creek, 
Orange 
County 

31 new 
wetlands are 

being planned 

Natural 
treatment 
 
Wetlands 
 
Runoff 
treatment 

Achieving TMDL targets for total 
nitrogen for dry season low flow 
conditions of 2007 and wet season low 
flow conditions by 2012. 
Achieve total phosphorous TMDL 
targets for 2002 and 2012 during 
stormwater runoff. 
Reduction in fecal coliform 
concentrations; fecal coliform TMDL will 
be met during the dry season only. 
Some facilities will be designed to 
remove selenium to meet TMDLs. 
 

Proposed off-stream, in-stream 
and combined wetlands will treat 
low and runoff from small events, 
and first-flush from large storm 
events. 
 
Some of the proposed facilities 
will treat only dry weather flows. 
 
Aims to reduce fecal coliform 
loads. 
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Attachment A (continued) 
Planned or Operating Wetlands in the Santa Ana Basin 

Project Owner Location Status BMP Type Objectives Description 

Prado Wetland Orange County 
Water District 

At Prado 
Dam in 

Riverside 
County 

Operational 

Wetlands for 
treatment of 
Santa Ana 
River flows 

Nitrogen removal 

465 acres of constructed 
wetlands consisting of 50 shallow 
ponds that remove approximately 
20 tons of nitrate per month; 
 
OCWD has tested for coliform, 
E.coli, and enterococci pathogens 
since 1999. 

Crystal Cove The Irvine 
Company 

Crystal 
Cove, 

Orange 
County 

Operational 

Detention and 
filtration; low-
flow diversion to 
sewer system; 
storm-drain 
filters; wetlands 

Eliminate low-flow during dry weather; 
remove sediments, bacteria and trash 
from runoff 

Runoff control for residential 
development. Detention and 
filtration; low-flow diversion to 
sewer system; storm-drain filters; 
wetlands 

Urban Runoff 
Diversion Projects 
– Greenville 
Banning Channel, 
Talbert Channel, 
Lower Santa Ana 
River, and 
Huntington Beach 
Channel 

County of 
Orange 

Santa Ana 
River 

Watershed, 
Orange 
County 

Operational 

Inflatable dams 
to divert urban 
runoff low flow 
to the sewer 
system 

To reduce the number of beach-mile-
days postings at Huntington State Beach 
by diverting urban runoff water to OCSD 
for treatment. The projects reduce the 
loading of fecal and total coliform  
bacteria reaching the ocean during dry-
weather that contribute to beach 
closures 

The four inflatable dams divert 
low flow urban runoff during dry 
weather to the sewer system for 
treatment at OCSD facilities. 

Lytle Creek North ??? ??? Proposed??? 

Infiltration 
basins and 
vegetated wet 
basins 

TSS, Total N, Total P, Lead, Zinc, total 
hydrocarbons, fecal coliform, BOD 
removal 

Four infiltration basins; two of 
them with vegetated wet basins to 
treat nuisance flows, and two with 
dry forebays 

Orange Coast 
River Park 

Friends of 
Harbors, 

Beaches and 
Parks 

Lower end 
of Santa 

Ana River 
Concept 

Recreational 
park and 
programs 

Enhance/restore ecological functions, 
improve habitat, recreation 

1000-1400 acre park by Santa 
Ana River – trails, shared support 
facilities, and wildlife habitat and 
park management program; 
Continue wetland restoration at 
Huntington-Talbert Marsh area. 
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Attachment A (continued) 
Planned or Operating Structural BMPs in the Santa Ana Basin

Project Owner Location Status BMP Type Objectives Description 

Constructed 
Wetlands – Bolsa 
Chica Channel 

County of 
Orange Public 
Facilities and 
Resources 

Dept. 

Bolsa Chica 
Channel 

Feasibility 
Study 

Wetland system 
for urban runoff 

Enhance/restore ecological functions, 
improve habitat, improve water quality 

Route urban runoff from the Bolsa 
Chica Channel through wetlands 
constructed on property by the 
Seal Beach Naval Weapons 
Station.  Detention system, 
vegetation system, and upstream 
debris removal included. 

Chino Creek 
Wetlands 

Orange County 
Water District 

Chino Creek 
just above 
Prado Dam 

CEQA 
Complete 

Constructed 
wetlands Restore/improve  ecological habitat 

100 acres of constructed 
wetlands to reduce nitrates/TIN in 
drinking water 

Natural Treatment 
System – East 
Garden Grove 
Channel 

City of 
Huntington 

Beach 

East Garden 
Grove In process 

Wetland system 
and 
groundwater/su
rface water 
improvements 

Divert urban runoff, rehabilitate surface 
water, recharge aquifer 

Divert up to 4 mgd urban runoff 
into 2-acre wetland; treated water 
would rehabilitate Talbert Lake 
and recharge Huntington Beach 
Central Park aquifer; public 
education/outreach 

Prado River Road 
Wetlands 
Expansion 

Orange County 
Water District 

Orange 
County, 

River Road 

CEQA 
Complete 

Constructed 
wetlands 

Restore/improve ecological habitat, 
water quality 

200 acres of constructed 
wetlands above River Road 
bridge to treat Santa Ana River 
flows; reduce nitrates/TIN in 
drinking water 

Regional Plant 
Coordinated 
Habitat and 
Stormwater 
Management Plan 

Inland Empire 
Utilities Agency 

Inland 
Empire, 

Prado Basin 
N/A BMPs  Improve water/habitat/ ecosystem 

quality 

IEUA properties site -plan to use 
BMPs for stormwater 
management, organics 
processing, habitat/water 
conservation 
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Attachment A (continued) 
Planned or Operating Structural BMPs in the Santa Ana Basin 

Project Owner Location Status BMP Type Objectives Description 

Temescal Creek 
Riparian 
Enhancement 

Riverside/ 
Corona 

Temescal 
Creek 

Ongoing 
planning 

Habitat 
restoration Improve ecosystem/water quality 

50 acres of riparian habitat 
restoration, small ponds for fresh 
water marsh/water use; 
reintroduce native vegetation 

Lake Elsinore 
Nutrient Removal 
(Wetlands) 

Lake Elsinore/ 
San Jacinto 
Watersheds 

Authority 

Lake 
Elsinore Planning Constructed 

wetlands Improve habitat/ water quality 

Construct wetlands and 
implementing other nutrient 
control measures for Lake 
Elsinore 

Nutrient Removal 
Eastern Municipal 
Water District 
Water 
Reclamation 
Plants 

Lake Elsinore/ 
San Jacinto 
Watersheds 

Authority 

Eastern 
Municipal 

Water 
District 

Reclamation 
Plants 

Planning 

Improvements 
to Water 
Reclamation 
Plants 

Improve habitat/ water quality 

Increase nitrogen/phosphorus 
removal capacities at EMWD 
Water Reclamation Plants, which 
discharge into Lake Elsinore 

Installation of 
Aeration Systems 
and Oxygenation 
System 

City of Canyon 
Lake, County of 

Riverside 

Canyon 
Lake, 

Riverside 
County 

Planning 
Structural water 
quality 
improvements 

Improve water quality/ recreational 

Install oxygenation systems to 
improve drinking water of Canyon 
Lake and water quality for 
recreational users 

San Timoteo 
Canyon State 
Park 

Riverside Land 
Conservancy 

San Timoteo 
Canyon 

State Park 
Planning Creation of new 

state park 
Enhance ecology, improve habitat/ water 
quality 

Create new state park centered 
around San Timoteo Creek 
Watershed; create, restore, and 
protect wetlands 

San Timoteo 
Habitat 
Enhancement 
Project 

East Valley 
Resource 

Conservation 
District 

San Timoteo 
Creek Ongoing 

Restore 
tributary to 
natural state 

Restore ecology, improve habitat/water 
quality 

Restore tributary by removing 
trash/debris in creek bed 

San Jacinto 
Wildlife Area 
Environmental 
Enhancement and 
Recycled Water 
Storage Initiative 

Eastern 
Municipal Water 

District 

San Jacinto 
Wildlife Area Ongoing 

Wetlands 
restoration, 
water 
conservation 

Restore ecology, improve habitat/water 
quality 

Use recycled water for restoring 
historic wetlands; recycled water 
conservation; groundwater 
management 
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Attachment A (continued) 
Planned or Operating Structural BMPs in the Santa Ana Basin 

Project Owner Location Status BMP Type Objectives Description 

San Jacinto Flow 
through Wetlands 

Lake Elsinore 
San Jacinto 
Watershed 
Authority 

San Jacinto 
River area Planning Constructed 

wetlands Improve habitat/ water quality 

Create flow-through wetland to 
enhance habitat and remove nutrients 
from San Jacinto River from Canyon 
Lake to Lakeshore Drive 

San Jacinto River 
Project 

Riverside 
County Flood 
Control and 

Water 
Conservation 

District 

San Jacinto 
River area Planning Increase river 

width 
Enhance ecology; improve habitat; 
flood control 

Increase San Jacinto River width 
from 500-1200 feet to help with flood 
control and habitat improvement 

Wetlands and 
Habitat 
Conservation Area 

City of Ontario City of 
Ontario 

CEQA 
Complete 

Constructed 
wetlands 

Enhance/improve ecology/water 
quality/ habitat; education; 
recreation 

Conjunctive uses with wetlands 
construction; 85 acres of restoration 
and 145 acres of land acquisition 

Cucamonga 
Creek Wetlands 

Inland Empire 
Utilities Agency 

Cucamonga 
Creek, 
Inland 
Empire 
Utilities 
Agency 

Planning Constructed 
wetlands Enhance ecology; improve habitat Construct wetlands for natural 

treatment of Cucamonga Creek 

Santa Ana River 
Wetlands (Mission 
Zanja Creek 
Channel) 

San Bernardino 
County Dept. of 
Public Works, 

Regional Trails 
Division 

Mission 
Zanja Creek 

Channel 
Planning Constructed 

wetlands 
Enhance ecology; improve 
habitat/water quality 

Create wetlands via removal of 
nonnative vegetation, planting of 
native species; put in place signage, 
boardwalk, bike path for access and 
educational opportunities 

San Timoteo 
Wetlands NA San Timoteo 

Canyon NA 
Create, restore, 
protect 
wetlands 

Enhance and restore habitat; 
improve water quality 

Increase water quantity and quality by 
protecting/enhancing floodplains in 
San Timoteo Canyon and major 
tributaries beginning at Loma Linda 

Yucaipa Valley 
Water District 
Wetlands 
Enhancement 

Yucaipa Valley 
Water District 

Yucaipa 
Valley, San 

Timoteo 
Creek 

Planning Constructed 
wetlands 

Recreation; education; improve 
water quality 

Constructed 30-acre wetlands in 
YVWD region prior to discharge to 
San Timoteo Creek; includes 
pipelines, hydraulic control structures 
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Attachment A (continued) 
Planned or Operating Structural BMPs in the Santa Ana Basin 

Project Owner Location Status BMP Type Objectives Description 

Wilson and 
Polato Creek 
Watershed Plan 

City of Yucaipa 
Wilson and 

Polato 
Creeks 

Planning 
Constructed 
spillover 
detention basins 

Improve habitat/ water quality; water 
conservation 

Basins for flood control, 
groundwater recharge, habitat 
preservation in Wilson/Polato 
Creeks 

Noble Creek/ 
Marshall Creek 
Wetland Project 

Beaumont-
Cherry Valley 
Water District 

City of 
Beaumont Planning 

Utilize recycled 
water for 
wetlands 
construction 

Improve water quality 

Based on Recycled Water Master 
Plan; use recycled water for 
constructing wetlands and 
recharging groundwater to 
Beaumont Storage Unit 

Native and 
Treatment 
Wetlands 

NA 

Orange, 
Riverside, 

San 
Bernardino 
Counties 

Program 
Adoption 

Restore 
wetlands; create 
treatment 
wetlands 

Improve habitat/ ecosystem/ water 
quality; flood control 

5-year program to identify projects 
where water quality improvements 
are most critical, promote 
wetlands restoration/construction 
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Stormwater Quality Standards Study 
Technical Task Overview 
 

Background 
The Stormwater Quality Standards Study was proposed to integrate basin-wide 
watershed planning and water quality program management efforts with the Santa 
Ana Regional Water Quality Control Board (Regional Board) Triennial Review 
Priority List and Work Plan and rankings of priorities.  The Regional Boards are 
required by federal law to review water quality standards, which include beneficial 
uses, water quality objectives, and an anti-degradation policy, on a 3-year cycle 
(triennial review).  State law also requires periodic review and update of Basin Plans.  
Under the Water Quality Standards/Basin Planning activities identified in the 
Regional Board’s Watershed Management Initiative, the Regional Board has ranked 
updating the bacteriological water quality objectives associated with recreational 
beneficial uses as one of their high priorities, in particular to respond to EPA’s new 
national water quality criteria and AB411 Beach Standards.  Another priority is to 
review and where appropriate, revise beneficial use designations for a number of 
water bodies. 

The beneficial use designations were originally assigned to ocean beaches and major 
freshwater lakes and streams in 1975.  Minor streams, including many stormwater 
channels, were never formally designated.  The “Tributary Rule” is used to regulate 
small, unclassified waterbodies based on the beneficial uses and water quality 
objectives that occur downstream.  Rapid urbanization has affected the expected 
beneficial uses for many designated waterbodies and unclassified tributaries 
throughout the Santa Ana region.  For example, many previously natural drainage 
courses have been modified to concrete flood control facilities, including lined 
channel and underground pipes and culverts.  As a result, generic application of the 
Tributary Rule may not result in the most appropriate regulatory requirements in all 
cases. 

Stakeholders in the Santa Ana Watershed expressed strong interest in assisting the 
Santa Ana Regional Board in providing additional data and science to assist in the 
evaluation of the REC-1 beneficial use designation and associated water quality 
objectives. To coordinate this assistance effort, the Stormwater Quality Standards 
Study Task Force (Task Force) was formed.  Since the Task Force and Regional Board 
had similar data collection needs in order to understand the fate, transport, and 
exposures to pollutants associated with impaired water bodies, they elected to work 
together on similar data collection activities that would meet both of their objectives – 
the Task Force’s objectives of developing cost-effective practices to improve water 
quality, and the Regional Board’s objectives of developing water quality objectives 
and beneficial use designations that are appropriately protective of public interests. 
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The foremost task at the outset of the Stormwater Quality Standards Study was to 
establish a Work Plan that would govern the next phases of the study process. The 
primary goals of the Work Plan were to recommend studies and activities that would 
provide support to the Regional Board to ensure that all waterbodies in the region 
have been properly designated with appropriate existing and probable future 
beneficial use classifications; to ensure that the most appropriate water quality 
objectives are established to protect those beneficial uses; and to ensure that 
implementation strategies to achieve the water quality objectives are appropriate. The 
final Work Plan recommended that this work be conducted in three phases: 

 Phase I – Review Beneficial Use Classifications and Assess Existing Conditions 

 Phase II – Review and Update Water Quality Objectives and Conduct Additional 
Analyses 

 Phase III – Develop Permit Implementation and Monitoring Strategies 

This phased process gives an opportunity for intermediate decision points and for 
focusing or prioritizing efforts that would be conducted under subsequent phases.   

The work under Phase I was further divided into two parallel efforts: 

 A regulatory review of recreation-based beneficial use classifications to more 
accurately reflect the true nature of recreational uses occurring throughout the 
watershed.   This effort was led by Risk-Sciences, Inc. 

 Development of technical data and scientific information required to support the 
regulatory review. This effort was led by CDM and is summarized in this 
document and presented in detail in the accompanying Technical Memoranda.  
Phase I objectives for the technical efforts included researching and providing a 
summary of available information, with limited analysis of the information 
pertaining to the following study topics: 

 Receiving Water and Watershed Inventory Mapping 

 Use Inventory 

 Flow and Water Quality Data Inventory and Characterization 

 Inventory and Analysis of Existing Major Control Programs and Structural 
Measures 

A series of technical memoranda were prepared that focus on the findings within each 
Phase I study topic.  This study overview summarizes the technical memoranda. 
Technical Memorandum 1 provides receiving water and watershed inventory 
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mapping information. Technical Memorandum 2 provides existing and potential use 
inventory information. Technical Memorandum 3 provides flow and water quality 
data inventory and characterization information. Technical Memorandum 4 provides 
and inventory and analysis of existing major control programs and structural 
measures. 

The information within the technical memoranda will be used to support the 
regulatory objectives review being performed by Risk Sciences, Inc.  as part of the 
overall Stormwater Quality Standards Study. A separate report will be generated by 
Risk Sciences, Inc. 

This overview memorandum provides a brief summary of the inventory and 
characterization efforts for existing conditions in the watershed. A brief summary of 
inventory and characterization findings follows, along with a brief overview of the 
types of information and additional analysis that might prove useful for Phase II 
efforts. 

Summary of Phase I Findings 
The Santa Ana River watershed is located in southern California, south and east of the 
city of Los Angeles.  Approximately 2800 square miles in area, the watershed includes 
the northern portion of Orange County, the northwestern corner of Riverside County, 
the southwestern corner of San Bernardino County, and a small portion of Los 
Angeles County as shown in Figure 1. The river drainages generally flow from east to 
west.  The highest elevations of the watershed occur in the San Bernardino, San 
Gabriel Mountains and San Jacinto Mountains.  Downstream in the central part of the 
watershed, the Santa Ana Mountains and the Chino Hills form a topographic high 
before the river flows onto the Coastal Plain into the Pacific Ocean. 

The drainage system within the Santa Ana River Basin is comprised of a highly 
variable set of natural and structurally modified channels that carry flows, and inland 
lakes and basins that temporarily or permanently store flows.  In some cases, the 
physical conditions that may affect contact recreation can sometimes vary 
considerably within a single stream reach from a natural bank conditions to a 
stabilized bank condition, then to a concrete-lined condition, and in some cases back 
to a natural condition, along the reach.   On the other hand, there are some 
stream/tributary systems that are fully improved, lined channels with restricted 
access along all or most of their length, primarily within densely developed area such 
as much of the Orange County coastal plain. 
 
County agencies with jurisdiction within the Santa Ana River Basin have well-
established existing GIS coverage of the drainage system, with attribute data (physical 
channel information) in some areas. The GIS may need field verified in some areas as 
conditions may have changed since GIS development, and the attribute data provided 
within GIS is not consistent from agency to agency. Most agency GIS differentiate the 
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drainage system as either natural channel or modified channel, but may define these 
physical conditions differently. Existing GIS may not differentiate channel segments 
into physical attribute types to the level of detail necessary to describe a channel 
segment’s capacity for providing safe or desirable water contact recreation. A 
summary of existing basin mapping is included within Technical Memorandum 1. 

Water contact and non-contact recreational use is supported and encouraged at the 
beaches along almost the entire coastline of the watershed, as well as in several inland 
lakes.  Both contact and non-contact recreation are identified as either existing or 
potential beneficial uses (in some cases intermittent) for nearly all of the other inland 
receiving waters and tributaries.  However most of these water bodies within the 
urban portion of the watershed are fully or partially improved flood control facilities 
for which water contact uses and access to water bodies are typically actively 
discouraged or prohibited due to concerns for potential unsafe conditions and 
liability.  Good information is available about the frequency and type of use at 
beaches and lakes, but information is very limited pertaining to actual existing or 
historic water contact use activities in most other waterbodies within the basin. A 
number of additional recreational park areas are planned within the basin for the near 
future but typically do not include planned beach or similar body contact recreation 
use areas. Additional recreational use information is available in Technical 
Memorandum 2. 

The Santa Ana watershed is an arid region, and therefore there is little natural 
perennial surface water in most of the watershed.  Surface waters begin primarily in 
the San Bernardino, San Gabriel, San Jacinto and Santa Ana Mountain ranges where 
flows consist mainly of snowmelt and storm runoff from the lightly developed 
National Forest land.  This water is generally relatively high quality (low levels of 
indicator bacteria) leaving the mountain fronts.  In the most upper reaches within the 
local Mountains, the Santa Ana River and other stream systems are generally confined 
in their lateral movement, contained by the slope in the mountainous regions. Once 
the stream systems reach the valley floors, the gradients flatten and the majority of 
systems have been partially or wholly modified to safely carry high storm event flows 
through the more urbanized portions of the basin.  Most streams within the basin 
carry minimal flow throughout most of the year except in response to rainfall events, 
or as a result of man-made discharges such as waterwater treatment effluent or 
imported water releases. During the winter season, storms can bring significant 
rainfall resulting in high flow rates within channels.  

The San Jacinto Watershed contains a separate network of tributaries in Riverside 
County. The watershed encompasses more than 700 square miles starting roughly in 
Idyllwild and ending in Lake Elsinore. The San Jacinto River is the principal river in 
the watershed. It originates in the San Jacinto Mountains and flows northwest for the 
first half of its course and then southwest, occasionally reaching Canyon Lake, and 
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less frequently Lake Elsinore. During high precipitation years, Lake Elsinore may 
overflow to Temescal Wash, which is tributary to the Santa Ana River.  
 
Flow record data is available at over 100 flow monitoring stations throughout the 
basin.  Data from representative flow monitoring stations in most urban streams and 
channels (with the exception of the middle reaches of the Santa Ana River) exhibit 
similar typical similar patterns.  Long periods of very low flow occur during the dry 
weather months (April through November).  The flow is typically so low that channel 
bottom variability makes depth of flow difficult to determine but is typically a few 
inches in depth based on looking at data from several different focused study sites. 
The source of this flow is primarily “nuisance” urban runoff.  There are a small 
number of stream segments receiving treated POTW effluent (e.g. Chino Creek, 
Cucamonga Creek) and occasional releases of imported water.  At the other extreme, 
wet weather events occur typically on a long term average between 10 and 20 times 
per year during winter months, resulting in high flow conditions in most channels. 
These events tend to quickly increase flow by 1 to 2 orders of magnitude, creating 
potentially rapid flows and unsafe conditions.  Based on an evaluation of several 
focused study sites, in three different urban watersheds, the flow pattern is similar:  
approximately 96% of the time, flow is very low and depth of flow is minimal, and 1-
2% of the time depth or velocity-depth relationships exceed criteria considered safe 
for being in the water. 
 
On the other hand, the Santa Ana River exhibits a much different flow pattern 
throughout it’s length.  In the upper valley of the Santa Ana River Basin drainage 
system, flows from the Seven Oaks dam to the city of San Bernardino consist mainly 
of storm flows, flows from the San Timoteo Creek, and groundwater that is rising due 
to local geological conditions.  Below the Cities of San Bernardino and Colton to the 
City of Riverside, the river flows perennially, and it includes treated discharges from 
wastewater treatment plants.  From the City of Riverside to the recharge basins below 
the Imperial Highway in Orange County, river flow consists of highly treated 
wastewater discharges, urban runoff, irrigation runoff, and groundwater forced to the 
surface by shallow/rising bedrock.  Prado Dam captures flows from all of the upper 
portions of the Santa Ana River watershed in Riverside and San Bernardino Counties.  
The majority of base flow reaching Prado Dam from upstream is tertiary effluent from 
river discharging POTWs.  Releases from Prado Dam are highly regulated.  

Below the dam, the river cuts through the Santa Ana Mountains and the Puente-
Chino Hills.  Where the river flows onto the Orange County Coastal Plain; the channel 
lessens and the gradient decreases.  In a natural environment, the river in this area 
would have a much wider, more meandering channel and sediment would naturally 
build up.  However, much of the Santa Ana river channel in this area has been 
contained in concrete-lined channels, which modifies the flow regime and sediment 
deposition environment. Downstream of Imperial Highway there is a rubber dam, 
which is the primary diversion facility used to route water to several Orange County 
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Water District groundwater recharge basins located adjacent to this reach of the Santa 
Ana River.  Based on USGS data from 1998 to 2001, baseflow in this reach ranges 
between 200 and 400 cfs.  Through these diversion facilities and additional surface 
spreading in the soft channel bottom below the diversion, essentially all base flow and 
substantial portions of the storm flow released from Prado Dam are coveyed away 
from the River, and the remaining reach to the Ocean is exhibits a pattern more 
similar to other urban watersheds. 

For additional flow data details, see Technical Memorandum 3. 

While extensive bacterial water quality sampling has been performed in areas that 
support and encourage water contact recreation (e.g. beaches), relatively limited 
sampling has been performed over extended periods of time in inland waterbodies 
for fecal coliform and E.coli indicators.  Phase I efforts focused on compiling and 
analyzing the sampling data within inland waterbodies. The much larger volume of 
beach sampling data was not inventoried, though water quality objectives in these 
areas were considered during Phase I efforts.   
 
When compared to both existing fecal coliform objectives and proposed E. coli EPA 
criteria, most available indicator bacteria sampling from inland waterbodies 
potentially exceed water quality objectives. Bacteria results obtained from upstream, 
largely undisturbed areas are typically lower than those obtained from downstream 
areas affected by urbanized land uses and more frequently are below water quality 
objectives and proposed criteria.  
 
The relatively limited amount and frequency of available sampling data makes 
temporal trending difficult. Throughout the period of available sampling data, 
improvements or declines in bacterial water quality could not be easily determined.  
For additional bacterial sampling data details, see Technical Memorandum 3.  

 
Municipal stormwater agencies as well as industrial and construction site 
owners/operators throughout the basin implement source control programs directly 
or indirectly aimed at preventing or controlling bacteria within urban runoff.  Agency 
stormwater or urban runoff quality programs implement best management practices 
for controlling potential bacteria and pathogen sources such as sanitary system 
overflows, portable toilets, septic tank failures, and pet waste.   Stormwater 
management programs under NPDES permits were initiated in the early 1990s 
throughout the Santa Ana Watershed in all three counties and have become 
progressively more fully implemented and comprehensive over several permit cycles. 

Stormwater and other agencies are beginning to implement structural treatment 
control measures that can improve the overall quality of urban runoff, including 
bacteria quality.   These measures include:  

 Low-flow diversion to sanitary sewer system 
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 Recharge (Infiltration) basins 

 Detention basins, swales, and buffer strips 

 Natural treatment wetlands/ wet ponds 

 Ultraviolet disinfection and Ozone 

Some of these measures can have multiple benefits and may in fact be implemented 
primarily for other purposes, such as capture of runoff for groundwater recharge. 

All significant new development/redevelopment projects with the region must also 
now incorporate treatment controls into project design and construction that must 
take into account reducing pollutants of concern. 

Current data and available control measure assessments are not sufficient to show 
improvements or other trends in bacterial water quality from implementation. 

Publicly owned treatment works (POTW) within the basin routinely discharge year-
round to the Santa Ana River and a few inland streams. The POTWs produce an 
effluent compliant with Title 22 requirements for filtered, disinfected effluent, 
resulting in discharges with bacteria levels at or below detection levels.  For 
additional control measure details, see Technical Memorandum 4. 

Data Gaps 

At the onset of Phase I, certain information was viewed as necessary to support the 
beneficial use evaluation. After an initial inventory of available information, certain 
data or information gaps were noted: 

 Channel attribute data is very different between Orange, Riverside, and San 
Bernardino County GIS.  Field measurements and further research would be 
necessary in each county to develop a layer of open channels with complete 
attribute data for the Santa Ana Basin. Orange County flood control facilities 
are in the form of MicroStation maps and channel information is not regularly 
updated.  Communication with County staff revealed that parts of the county 
maps may not have been updated over the past 20 years.  Riverside County 
flood control maps are very detailed, but the index map does not include 
complete channel attribute information summarizing flood control facilities.  
Detailed plans for all flood control projects are numerous and include 
additional information that does not relate to conditions that impact 
recreational use in waterbodies.  San Bernardino County flood control facilities 
are included in a GIS layer with some attribute data.  Field checking and filling 
in missing data for channels will be necessary. 
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 More formal use survey information would be necessary to support study 
efforts if any changes in use classifications and designations are contemplated.  
Focusing the surveys upon specific areas of interest or types of waterbodies 
being considered for modified recreational use standards would be 
appropriate. 

Depending upon the outcome and recommendations of the regulatory review effort, 
additional research and analysis may be desirable upon the following topics: 

 Fate and transport of bacteria (e.g., resuspension from sediments) 
 
 Sources of bacteria 

 
 Storm and post-storm flow depths and durations  

 
 Economic cost of compliance 
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Technical Memorandum 1 
Receiving Water and Watershed Inventory 
Mapping 
Inventory and mapping of available geographical data was necessary to support efforts of the 
Stormwater Quality Standards Study (SWQSS) Task Force.  Geographical data relating to 
physical attributes of Santa Ana Basin waterbodies was collected from a variety of agencies to 
construct a Geographical Information System (GIS) for the SWQSS (Study GIS).  Monitoring 
locations, recreational use information, and structural BMP information and associated data 
was also collected, as described in other Technical Memoranda and included in the Study GIS.  
This technical memorandum describes the geographical data collected and reviews the 
integration of different layers into a common Study GIS.  Geographic data collected and 
compiled include: 

 Listed waterbodies and other unnamed tributaries 

 Storm drain system information 

 Land use information for the years 1990, 1993, and 2000 

 Publicly Owned Treatment Works (POTWs) and groundwater recharge basins 

 Meteorological, climatic, hydrological, and water quality data monitoring locations 

 Various base map layers 

Data Collection and Integration 
Geographical data layers were collected from multiple sources and compiled into a single GIS 
to facilitate overlay and analysis (Table 1).  Many of the spatial data layers presented in this 
inventory are included in a base map of the Santa Ana Basin (Figure 1).  A digital elevation 
model (DEM) of the Santa Ana Basin was provided to the Stormwater Standards Study by 
SAWPA.  This is a raster, grid based, layer of elevation data for 10 meter squared cells for the 
entire Santa Ana Basin.  All other GIS layers collected were vector data, points, lines, or 
polygons. 
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The data was provided in a variety of forms and therefore integration into a common GIS was 
necessary.  ArcGIS® [ESRI, 2003], a multi-component geographical data management and 
analysis tool was used to integrate each layer, complete analyses, and prepare descriptive 
maps for technical reports.  All GIS layers were converted to the same coordinate system, 
UTM projection NAD 1927 Zone 11N, to accurately overlay the data.  In some instances, 
shapes were provided for the entire state of California or for all of San Bernardino, Orange, or 
Riverside Counties.  These shapes were clipped to only include data that exists within the 
boundary of the Santa Ana Basin.  Map layers included are listed in Table 1. 

Table 1 
GIS Map Layers Compiled

Layer Source(s) Description 
Watershed SAWPA Boundary of Santa Ana Basin 

Basin Plan Reaches  
California Spatial Information Library (CaSIL) 
and Regional Water Quality Control Board 
(RWQCB) 

Named inland surface streams in Basin 
Plan compiled from;  
•  CaSIL -  Statewide Hydrography, 

National Hydrography Dataset (NHD) 
•  RWQCB - 2002 303(d) Rivers 

Other Reaches CaSIL 
Streams of National Hydrography Dataset 
(NHD) prepared by the USGS and EPA 
for the Santa Ana Region 

Lakes CaSIL 
Lakes and other waterbodies of NHD 
prepared by the USGS and EPA for the 
Santa Ana Region 

Flow Stations USGS, Orange County, San Bernardino 
County, Riverside County 

Flow gauging stations within the Santa 
Ana Basin 

Water Quality Monitoring 
Stations 

Santa Ana Regional Water Quality Control 
Board, Coast Keeper, Elsinore Valley 
Municipal Water District, Big Bear Lake 
Municipal Water District, San Bernardino 
County Flood Control District, Orange County 
Health Care Agency, Riverside County Flood 
Control District, USGS 

Bacteria sampling locations along inland 
surface waterbodies 

County CaSIL County boundaries 
Roads CaSIL Roads within the Santa Ana Basin 

Land Use Southern California Associated Governments 
(SCAG) 

Land use areas within the Santa Ana 
Basin with land use type data for 1990, 
1993, and 2000 

Modified Channels Orange, Riverside, and San Bernardino County 
Flood Control Districts 

Modified channels in the parts of 
Riverside and San Bernardino counties 
that exist within the Santa Ana Basin 

Rainfall Stations National Climatic Data Center (NCDC) Rainfall stations used to distinguish wet 
weather days 

Wastewater Treatment 
Plants SAWPA Locations of wastewater treatment plants 

in Santa Ana Basin 

Sawpa_dem SAWPA Raster elevation map of the entire Santa 
Ana Basin – 30 meter grid cell 
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Study GIS 
Receiving Waterbodies 
Several GIS layers were used to compile a single layer of named waterbodies with designated 
recreational use in Table 3-1 of the Santa Ana River Basin Water Quality Control Plan 
(Figure 2).  The national hydrography dataset (NHD), which is a combination of USGS blue 
line streams digitized from topographic maps and the USEPA Reach File Version 3 (RF3) was 
used as well as a draft layer of all 303(d) listed waters being compiled by the Santa Ana 
Regional Water Quality Control Board (SARWQCB).  Tributaries to the named waterbodies 
were equated to waters in the NHD that are unnamed, in the Basin Plan (Figure 3).  Some of 
these waterbodies are improved engineered channels.  In addition, there is an extensive 
network of storm drainage facilities (pipes, culverts, and channels) that are tributary to the 
waterbodies shown in Figure 3.  The layer contains the majority, but not all small channels 
within the basin. 

Channel Properties 
 Stormwater drainage facility information for Orange, Riverside, and San Bernardino counties 
is available in a variety of different forms.  Therefore, different GIS approaches were 
employed to incorporate channel characteristics for each county into the Study GIS.  The 
primary goal of a watershed wide assessment of channel properties was to extract from 
county facility map the open channels that have been modified or have engineered 
improvements. 

 San Bernardino County Flood Control District facility information is organized into a 
polyline layer with descriptive attribute data (Table 2).  These attribute data are described 
briefly in Table 2, which summarizes a metadata file that accompanied the map layer.  
Features that were classified as lined or which were type C (channel) or Z 
(trapezoidal/rectangular) were exported to a new polyline layer of modified channels in 
San Bernardino County. 

Table 2 
Attributes of San Bernardino County Flood Control District Facilities Layer 

Item Description Values 
PSIZE Pipe Size (in) Diameter 
BSIZE Box Size Base, Height 
CSIZE Channel Size Base, Side Slope 

TYPE Type Code 

P – pipe 
B- box 
C – channel 
W – water course 
L – levee 
S – designed street 

Z – trapezoidal/rectangular 
T – transition 
E – easement 
G – curb and gutter 
A – arched conduit 
V – v-gutter 

Lining Channel Material Lined, Unlined 
STATUS Current condition Existing, Proposed 
Owner Jurisdiction maintaining facility County, Cities, Private, Other 
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Riverside County Flood Control District submitted a polyline layer of drainage projects with 
attribute data as shown in Table 3.  Consequently, all open channels in this layer could be 
considered modified channels.  To distinguish between open channels and closed conduits, 
the ORTYPES field in the attribute table was utilized.  The YESORTP field included up to five 
different drainage types listed in order of most predominant to least.  This field in the 
attribute table was exported to a spreadsheet and delimited to create five distinct fields 
representing the different drainage types.  The new fields were then joined back into the 
polyline attribute table using the unique project number of each feature.  All features which 
included drainage types CONC, DIKE, LVEE, RECT, ROCK, or TRAP, in either the first or 
second most predominant ORTYPE fields (ORTYPES and ORTYPE2) were exported to a new 
polyline layer of modified channels in Riverside County. 

Digital drainage facilities maps provided to the Stormwater Standards Study by the Orange 
County RDMD were converted from Micro Station format into GIS layers to facilitate overlay.  
The conversion process generated four GIS layers of Orange County’s drainage system; 
points, polylines, polygons, and annotations.  Attribute tables for these layers are generated 
during the conversion process, however these tables do not include detailed properties of the 
drainage facilities.  Drainage facility information describing point, polyline and polygon 
features are held within the annotation layer.  The attribute table of the annotation layer does 
distinguish channel types.  This facilitated the extraction of lined open channels from the 
polyline layer by selecting only those polylines within a small distance from annotation types 
identifying a channel as earth trapezoidal channel, reinforced concrete trapezoidal channel, or 
reinforced concrete rectangular channel. 

The modified open channels that are extracted from Orange, Riverside, and San Bernardino 
county facility maps are then merged into a single polyline layer and clipped to include only 
those portions within the Santa Ana Basin (Figure 4). 

Table 3 
Attributes of Riverside County Flood Control Facilities Layer 

Item Description Values 

Project identifiers Name, Developer, NOC, ID, GDO ID, 
STRMDRN ID Unique 

Project location Tract, DWG Number, ROW DWG 
Number Unique 

ORTYPES Types of drainage facilities 
AC, BASN, CIP, CMP, CONC, CP, DIKE, 
EAR, LVEE, PVC, RCB, RCP, RECT, 
ROCK, SP, TRAP, V 
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Water Quality Monitoring Stations 
Bacteria data compiled from a variety of agencies included information about the location 
within the Santa Ana Basin where samples were collected.  These locations where merged 
into a layer called “Water Quality Monitoring Stations” (Figure 5).  The format of information 
includes: 

 GIS layers 

 GPS coordinates 

 Notations on paper maps 

 Descriptive location names 

GIS layers of bacteria monitoring locations were integrated into the Study GIS.  Bacteria 
monitoring locations that were provided in the form of GPS coordinates were imported into a 
new GIS map with the same coordinate system (typically WGS 1984 for most GPS receivers) 
and then converted into a GIS layer for integration into the Santa Ana Basin GIS model.  
Bacteria monitoring locations that were shown on a paper map were added to the GIS model by 
comparing surrounding features, such as specific roads or waterbodies.  Lastly, bacteria 
monitoring locations that did not include any geographical information aside from the 
descriptive name were added to the Study GIS by interpreting the narrative description.  This 
scenario often involved locations described by a cross-street or bridge overpass near the water 
body, (i.e., Santa Ana River (SAR) at Imperial Highway, SAR at Van Owen).  Some bacteria 
monitoring locations were sampled by multiple entities.  These bacteria monitoring locations 
were aggregated together in the GIS model.  However, the entity or source of specific bacteria 
records is included as an additional field in the Stormwater Quality Standards Study database. 

Flow Monitoring Stations 
Flow in inland surface waterbodies is monitored by the USGS and by the counties or flood 
control districts of Riverside, Orange, and San Bernardino Counties.  Coordinates of USGS flow 
monitoring stations were imported into a new GIS map with the same coordinate system (WGS 
1984) and then converted into a GIS layer for integration into the Study GIS.  San Bernardino 
County flow monitoring station coordinates were extracted from the county’s Hydrology web 
page and integrated into the Study GIS using the same method.  Flow monitoring station 
coordinates were provided in this same format by the Riverside County Flood Control District.  
These stations were integrated into the Study GIS.  Flow monitoring stations in Orange County 
are described and mapped in the annual Resources and Development Management 
Department (RDMD) Hydrology Report.  This map was used to locate and add the flow 
monitoring stations maintained by the RDMD to the Study GIS.  Figure 6 shows flow 
monitoring stations within the Santa Ana Basin.
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Figure 6 also shows selected long term rainfall stations located within the Santa Ana Basin 
that can serve as a surrogate to missing or unavailable flow data or to assess wet weather 
conditions for regional analyses. 

Land Use 
Land use data of the Santa Ana Basin in 1990, 1993, and 2000 was provided by Southern 
California Associated Governments (SCAG).  Figure 7 shows the year 2000 SCAG land use 
dataset, which is the most recent land use information available for the Santa Ana Basin.  
Land use in the immediate vicinity of Santa Ana Basin waterbodies may play a role in the 
likelihood of recreational use in nearby segments of the reach.  Land use within small 
drainage areas also suggests potential sources of bacteria levels in receiving waterbodies with 
REC-1 use designations. 

Existing Treatment and Structural Control Measures 
There are numerous control and treatment measures located throughout the basin.  Mapping 
coverage is not available for the entire magnitude of facilities that are designed and installed 
or have the potential to address bacteria water quality.  Two types of bacteria treatment and 
control measures for which mapping currently exists or has been compiled for this study are 
publicly owned treatment works (POTW) and recharge basins. 

There are 42 publicly owned treatment works (POTW) within the Santa Ana Basin that treat 
wastewater and either recycle the water or discharge effluent to inland surface waterbodies.  
POTW discharges that are released into waters with a designated recreational use are 
required to meet Title 22 standards for filtration and disinfection (Figure 8). 

Recharge basins exist within the watershed to capture runoff by infiltration.  Removal of 
bacteria can be achieved in such basins through groundwater infiltration/treatment.  The 
location of these basins was provided by SAWPA (Figure 8).  Attribute information for each 
basin is included in a GIS layer, including the monitoring agency, name of the basin, and for 
some basins, size and source water. 
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Technical Memorandum 2 
Recreational Use Inventory 
The Santa Ana Basin Water Quality Control Plan (“Basin Plan”) (1995) designates nearly all 
waters and their tributaries with both water contact recreation (REC-1) and non-contact water 
recreation (REC2) beneficial uses.  In addition, all waters not specifically listed in the Basin 
Plan that are tributary to waters with a REC-1 beneficial use are by default presumed to have 
a REC-1 use.  Although the Basin Plan uses this blanket approach for protecting recreational 
uses in the region, little documentation exists regarding actual or existing recreational use in 
many of basin’s waters.  This lack of documentation is especially true for the undesignated 
tributaries, many of which are channels that were constructed for the purpose of capturing 
and moving stormwater flows. 

With the exception of the coastal beaches, few inland waters in the Santa Ana River basin are 
obvious or typical water contact waterbodies, i.e., locations such as Big Bear Lake and Lake 
Perris which have permanent water and public facilities that support or encourage water 
contact recreation activity.  Instead, the majority of waters that do have sufficient water to 
support some kind of recreational activity are posted to limit or prohibit water contact 
recreation, e.g., Santa Ana River. 

The Stormwater Quality Standards Study Task Force is evaluating the applicability of the 
classification and designation of recreational beneficial uses in the Santa Ana River Watershed 
and documenting, to the extent practical, existing and potential recreational uses in the Santa 
Ana basin.  To support this effort, this technical memorandum was prepared to document 
what is known regarding existing and potential recreational uses within the receiving waters 
in the watershed.  The types of information gathered for this effort included: 

 The Santa Ana Integrated Watershed Plan, Environmental and Wetlands Component 
(SAWPA 2002) regional planning document; 

 Identification of known waters where water contact recreation is planned and 
encouraged; 

 Review of recreational use surveys; 

 Site-specific information from specific study sites; 

 Informal observations and anecdotal reports; and 

 Other regional land use plans or reports that document existing and planned recreational 
opportunities associated with the Santa Ana River and tributaries. 
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Santa Ana Watershed Recreational Use Designations 
Waters in the Santa Ana Basin are protected with REC-1 and REC-2 beneficial uses.  The Basin 
Plan defines these uses in the following manner: 

 Water Contact Recreational (REC-1): Waters are used for recreational activities involving 
body contact where ingestion of water is reasonably possible.  These uses may include, 
but are not limited to swimming, wading, water skiing, skin and scuba diving, surfing, 
whitewater activities, fishing, and use of natural hot springs 

 Non-contact Water Recreation (REC-2): Waters are used for recreational activities 
involving proximity to water, but not normally involving body contact where ingestion of 
water would be reasonably possible.  These uses may include, but are not limited to 
picnicking, sunbathing, hiking, beachcombing, camping, boating, tide pool and marine 
life study, hunting, sightseeing, and aesthetic enjoyment in conjunction with the above 
activities. 

These definitions include the following supporting footnote: 

 “The REC-1 and REC-2 beneficial use designations assigned to surface waterbodies 
in this Region should not be construed as encouraging recreational activities.  In 
some cases, such as Lake Mathews and certain reaches of the Santa Ana River, access 
to the waterbodies is prohibited because of potentially hazardous conditions and/or 
because of the need to protect other uses, such as municipal supply or sensitive 
wildlife habitat.  Where REC-1 or REC-2 is indicated as a beneficial use in Table 3-1 
[of the Basin Plan], the designations are intended to indicate that the uses exist or 
that the water quality of the waterbody could support recreational uses.” 

Attachment A provides a list of the waterbodies with designated recreational uses in the 
Basin Plan.  An “X” indicates that the waterbody has an existing or potential use.  Some of the 
existing uses are well-established, many are not.  Lakes and streams may have potential 
beneficial uses established because local activities or land use plans already exist to establish 
these uses, or because conditions (e.g., location, demand) make such future use likely.  The 
establishment of a potential beneficial use serves to protect the quality of that water for such 
eventual use.  An “I” in Attachment A indicates that the waterbody has an intermittent 
beneficial use.  This may occur because water conditions do not allow the beneficial use to 
exist year-round, i.e., flow ephemeral or seasonally intermittent. 

The listing of waters within the Basin Plan attempts to include all significant surface streams 
and bodies of water.  Specific waters which are not listed have the same beneficial uses as the 
streams, lakes, or reservoirs to which they are tributary.  Therefore, by this “tributary rule”, 
the recreational uses are extended to local natural tributaries and urban storm drain channels. 
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Existing Recreational Uses 
Established Recreational Areas 
The Santa Ana Integrated Watershed Plan Environmental and Wetlands Component 
(SAWPA 2002) provides baseline information on existing recreational use areas in the Santa 
Ana River Watershed (Figure 1).  This information was supplemented with anecdotal 
information from conversations with county officials and park rangers, information from the 
Parks and Open Space District, Flood Control District, Health & Sanitation Department 
websites, and readily accessible planning documents. 

Within each of the counties there are water bodies which have recreational beaches such as 
the coastal beaches of Orange County, Big Bear Lake and Lake Yucaipa Regional Park in San 
Bernardino County, and Lake Perris in Riverside County.  Recreational uses are also 
encouraged and supported at localized areas within the Santa Ana River Watershed.  Park 
land within the three aforementioned counties totals 75 square miles (Santa Ana Integrated 
Watershed Plan Environmental and Wetlands Component). 

The following sections will provide a summary of existing recreational areas and ordinances 
applicable to recreational use. 

San Bernardino County 
SAWPA (2002) identifies 12 regional parks in San Bernardino County within the Santa Ana 
Basin (Table 1).  Swimming is an allowable activity in several of these parks:  Big Bear Lake, 
Canyon Wash, Cucamonga-Guasti Park, and Yucaipa Park.  Most of these parks have lake 
habitats, and encourage swimming as a recreational activity. 

Glen Helen encourages swimming, but this activity occurs in a swimming pool that is 
supplied by water from an onsite well. 

Fishing is allowed in all San Bernardino Regional Parks and boating is allowed in about two-
thirds of the parks.  Activities that do not typically involve body immersion, e.g., fishing or 
boating, vary in their availability.  Yucaipa Regional Park and Big Bear Lake have 
opportunities for a full variety of water recreational activities, including swimming, boating, 
and fishing. 
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Figure 1
Parks. Open Space, Habitat, and National Forest in the Santa Ana Watershed

Source: Santa Ana Integrated Watershed Plan, SAWPA (2002) 
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San Bernardino County recently opened a new 25-acre regional park named Colton Park.  
This park is located along the Santa Ana River and does not allow for swimming, but does 
provide opportunity for fishing in a 7-10 acre lake located near the Santa Ana River channel. 

San Bernardino County Code Title 2 (Public Morals, Safety, and Welfare), Division 8 
(Property Protection), Chapter 3 (San Bernardino County Regional Parks) establishes the 
allowable uses for the San Bernardino Regional Parks.  Section 28.037 prohibits swimming 
and other recreational activities, including fishing, in any Regional Park unless specifically 
designated for that purpose.  Interviewed park rangers indicated that they rely on posted 
signs to prevent park users from swimming or having any type of immersion contact with 
water within the posted parks. 

Riverside County 
SAWPA (2002) identifies 23 regional parks and waterbodies in Riverside County within the 
Santa Ana Basin (Table 2).  Only a few parks encourage water contact recreation activities 
where immersion is likely, i.e. Lake Elsinore and Canyon Lake.  Riverside County Regional 
Parks prohibit certain recreational activities, including wading or bathing, within County-
owned or operated parks and recreation camps (Ordinance 328.1).  In parks where swimming 
is prohibited, signs are posted to prohibit body contact. 

 

Table 1 
San Bernardino County Recreational Use at Water Bodies and  

Open Space Areas within Santa Ana Basin 
Name Picnic Habitat Swimming Boating Fishing Trails
Baldwin Lake ● ●  ● ● ● 
Big Bear Lake ● ● ● ● ● ● 
Bear Creek ● ●   ● ● 
Mill Creek ● ●   ● ● 
Canyon Wash ● ● ●  ● ● 
Lytle Creek ● ●   ● ● 
San Timoteo Wash ● ●   ● ● 
Glen Helen ● ● ● ● ● ● 
Yucaipa Park ● ● ● ● ● ● 
Prado Park ● ●  ● ● ● 
Cucamonga-Guasti Park ● ● ● ● ● ● 
San Bernardino National Forest  ● ●  ● ● ● 
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Table 2 
Riverside County Recreational Use at Regional Parks and  

Water Bodies within the Santa Ana Basin 
Name Picnic Habitat Swimming Boating Fishing Trails 
Lake Elsinore ● ● ●1 ● ● ● 

Canyon Lake ● ● ●2 ● ● ● 
Mystic Lake  ●  ●  ● 
Perris Reservoir ● ● ● ● ● ● 
Lake Hemet ● ●  ●  ● 
Railroad Canyon 
Reservoir      ● 

San Jacinto River  ●    ● 
Bautista Creek ● ●    ● 
Bogart Park ● ●   ● ● 
Box Springs Mountain   ●    ● 
Hidden Valley Wildlife ● ●    ● 
Kabian Park ● ●    ● 
Louis Robidoux Nature ● ●    ● 
Martha Mxlean-Anza ● ●    ● 
Narrows Park ● ●    ● 
Rancho Jurupa Park ● ●   ● ● 
Hurkey Creek Park ● ●    ● 
Idyllwild Park ● ●    ● 
idyllwild Nature Center ● ●    ● 
Lawler Lodge Park ● ●    ● 
McCall Memorial Park ● ●    ● 
San Gorgonio 
Recreation ● ● ● ● ● ● 

Cleveland National 
Forest ● ●   ● ● 
1   Water skiing is advertised, but swimming is not allowed at Lake Elsinore. 

2   Water skiing is advertised, but swimming is not allowed at Canyon Lake. 

3   Perris Reservoir is a CA Department of Water Resources reservoir. 
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Orange County 
Both inland park and ocean park/beach recreational opportunities are available in Orange 
County within the Santa Ana Basin (Table 3).  Swimming is authorized at only five of the 
parks, all of which are associated with coastal waters: Seal Beach, Sunset Beach, Huntington 
Beach, Newport Beach and Newport Bay.  All other county parks with water-related activities 
limit recreation to boating and fishing.  Orange County prohibits swimming, bathing, wading 
or other water entry in County parks unless the waterbody is designated for such activity 
(Title 2, Division 5, Article 3, Section 2-5-64).  Similarly, Orange County prohibits swimming, 
bathing or entry into ocean waters where posted (Title 2, Division 5, Article 4, Section 2-5-80). 

Table 3 
Orange County Recreational Use at Parks, Beaches, Water Bodies, and 

Open Space Areas within the Santa Ana Basin 
Name Picnic Habitat Swimming Boating Fishing
Seal Beach ● ● ● ● ● 
Sunset Beach ● ● ● ● ● 
Huntington Beach ● ● ● ● ● 
Newport Beach ● ● ● ● ● 
Fairview Park ● ●    
Canyon Lake, Costa Mesa ● ●    
Talbert Nature Preserve  ●    
Bolsa Chica Wetlands ● ●  ● ● 
Newport Bay ● ● ● ● ● 
Santiago Creek ● ●    
Villa Park Reservoir  ●    
Carbon Canyon Dam  ●    
Santa Ana Lakes ● ●  ● ● 
Arroyo Trabuco  ●    
Carbon Canyon Park ● ●   ● 
Clark Park ● ●  ● ● 
Craig Park ● ●  ● ● 
Featherly Park ● ●    
Harriett M. Wieder Park ● ●    
Irvine Park ● ●  ● ● 
Laguna Niguel ● ●  ● ● 
Mason Park ● ●  ● ● 
Mile Square Park ● ●  ● ● 
O'Neill Park ● ●    
Peters Canyon Park ● ●    
Santiago Oaks Park ● ●    
Yorba Park ● ●  ● ● 
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California State Parks 
State-operated inland parks and beach recreational opportunities are available within the 
Santa Ana Basin.  These recreational areas include:  Lake Perris, Huntington State Beach, and 
Corona del Mar State Beach.  Lake Perris has a wide variety of recreational use activities, 
including swimming, fishing, and boating.  Huntington and Corona del Mar State Beaches are 
located on coastal waters and allow swimming. 

Recreational Activity 
Documented Use Surveys 
Significant documented recreational use surveys were not identified for receiving waters 
within the Santa Ana River Watershed.  SAWPA plans to initiate a limited recreational use 
survey in the watershed (Fall 2004).  However, this data will not be available in time to 
include in this memorandum. 

Other evidence of water contact recreation in the Santa Ana basin includes: (1) SAWPA-
recorded a video during a helicopter flyover of the Santa Ana River which shows individuals 
swimming near the Van Buren Bridge, immediately downstream of the Metropolitan Water 
District crossing; and (2) SAWPA photos of children and adults wading, swimming, and 
picnicking near the Van Buren Bridge in the summer of 2002. 

Staff from the Riverside Regional Water Quality Treatment Plant conducted informal use 
surveys on the Santa Ana River, Van Buren Boulevard crossing from July to October 2004 
(personal communication, Rodney Cruze, City of Riverside).  Two locations were surveyed: 
(1) The mainstem Santa Ana River below the Van Buren Boulevard bridge; and (2) the effluent 
channel that delivers treated effluent meeting Title 22 standards to the Santa Ana River 
(confluence of the effluent channel and mainstem Santa Ana River is downstream of the Van 
Buren Boulevard bridge).  Information gathered during the informal survey included number 
and type of people observed (e.g., adult vs. children), number of people that were wet or in 
the water, and number that had no contact with the water (however; it cannot be assumed 
that this group did not at some time come into contact with the water).  The number of people 
observed recreating in the effluent channel greatly exceeded the number of people observed 
in the Santa Ana River (Table 4).  Often at least a third of the people observed were children.
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Table 4 
Informal Recreational Use Survey - Santa Ana Riverbed at Van Buren Boulevard Crossing 
Effluent Channel Santa Ana River 

People Wet People 
Dry People Wet People 

Dry 
Temperature 

Date Time 
Hair 
Wet 

Wet 
blw 

Waist 

No 
Contact 

Total 
Observed 

% < 10 
yrs old Hair 

Wet 

Wet 
blw 

Waist 

No 
Contact 

Total 
Observed 

% < 10 
yrs old < 750 F 75 - 900 F > 900 F 

Comments 

7/1/2004 1406    0     0   X  Sunny - no one 
observed 

7/2/2004 1406  2 2 4 0 3 3 1 7 30  X  Sunny 

7/3/2004 1430    0     0   X  Sunny - no one 
observed 

7/4/2004 841    0     0  X   Cloudy 
7/5/2004 1240  3 6 9 10    0   X  Sunny 

7/6/2004 1345    0     0    X Sunny - no one 
observed 

7/8/2004 830   7 7 0    0   X  Sunny 
7/9/2004 1245    0     0   X  Sunny 
7/9/2004 1408    0     0   X  Sunny 
7/10/2004 1320    0     0   X  Sunny 
7/11/2004 1210  1  1 0    0   X  Sunny 
7/14/2004 1453    0     0    X Sunny 
7/15/2004 1340    0     0    X Sunny 
7/15/2004 1435    0     0    X Sunny 

7/16/2004 1440 7   7 30    0    X Sunny - swimmers at 
outfall 

7/17/2004 1310 9 1  10 30    0    X Sunny 
7/18/2004 1430 3 9 4 16 13    0    X Sunny 
7/20/2004 1450  2 2 4 0    0   X  Sunny 
7/23/2004 1448  3  3 33    0    X Sunny 
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Table 4 (continued) 
Informal Recreational Use Survey – Santa Ana Riverbed at Van Buren Boulevard Crossing 
Effluent Channel Santa Ana River 

People Wet People 
Dry People We People 

Dry 
Temperature 

Date Time 
Hair 
Wet 

Wet 
blw 

Waist 

No 
Contact 

Total 
Observed 

% < 10 
yrs old Hair 

Wet 

Wet 
blw 

Waist 

No 
Contact 

Total 
Observed 

% < 10 
yrs old < 750 F 75 - 900 F > 900 F 

Comments 

7/24/2004 1337 9 2  11 35    0    X Sunny 
7/25/2004 1215 1 1 1 3 33    0    X Sunny 
7/30/2004 1435    0     0   X  Sunny 

8/1/2004 1000    0     0   X  Sunny - no one 
observed 

8/5/2004 1500    0     0   X  Sunny 
8/7/2004 1435 15  2 17 12 1   1 0   X Sunny 
8/8/2004 1430 5 6 2 13 46    0    X Sunny 
8/9/2004 1430    0     0    X Sunny 

8/14/2004 1443 6 2 2 10 0 5 9 0 14 1  X  Sunny 
8/15/2004 1450 0 1 2 3 0 3 3 0 6 0   X Sunny 
8/20/2004 1455 0 0 1 1 0    0   X  Sunny  w/Clouds 
8/21/2004 1435    0  2 0 6 8 0  X  Sunny 
8/22/2004 1450 9 4 3 16 1    0   X  Sunny 
8/26/2004 1450    0  6 0 6 12 0  X  Sunny 
8/27/2004 1445    0     0   X  Sunny 
8/28/2004 1450 0 5 0 5 0 5 0 2 7 0  X  Sunny 
8/29/2004 1506 1 1 2 4 0     0  X  Sunny 
9/2/2004 1440    0     0    X Sunny 
9/3/2004 1430 1 0 3 4 0    0   X  Sunny 
9/4/2004 1455 4 0 0 4 0    0    X Sunny 
9/5/2004 1440 0 0 7 7 0 0 2 0 2 0   X Sunny 
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Table 4 (continued) 
Informal Recreational Use Survey – Santa Ana Riverbed at Van Buren Boulevard Crossing 
Effluent Channel Santa Ana River 

People Wet People 
Dry People Wet People 

Dry 
Temperature 

Date Time 
Wet 
Hair 

Wet 
blw 

Waist 

Not 
Contact 

Total 
Observed 

%<10 
yrs old Hair 

Wet 

Wet 
blw 

Waist 

No 
Contact 

Total 
Observed 

%<10 
yrs 
old < 750 F 75 - 900 F > 900 F 

Comments 

9/6/2004 1430 10 5 0 15 1 10 30 3 43 1   X Sunny 
9/8/2004 1438    0     0    X Sunny, Very Hot 

9/9/2004 1444    0  1 1 0 2 0   X 
Sunny, Cloudy, Hot, & 
Humid 

9/10/2004 1440 0 0 1 1 0    0    X 
Sunny, Cloudy, Hot, & 
Humid 

9/11/2004 1450 8 2 1 11 1 14 3 0 17 1   X 
Sunny, Cloudy, Hot, & 
Humid 

9/12/2004 1440 0 0 3 3 0    0    X Sunny 
9/16/2004 1450    0     0   X  Sunny 
9/19/2004 1200    0     0   X  Sunny 
9/20/2004 1300    0     0   X  Sunny 
9/30/2004 1455    0  0 0 1 1 0  X  Cloudy, relatively cool 
10/2/2004 1444    0     0   X  Partly cloudy, warm 
10/3/2004 1430    0     0   X  Sunny 
10/6/2004 1442    0     0   X  Sunny, breezy 
10/7/2004 1500    0     0    X Sunny 

10/9/2004 1442    0  0 0 2 2 0  X  
Sunny - 2 People on 
horseback 

10/10/2004 1450    0     0   X  Sunny 
10/13/2004 1441    0     0   X  Sunny 
10/14/2004 1446    0     0    X Hot! 
10/15/2004 1441    0     0   X  Breezy 
10/16/2004 1436    0     0  X   Cloudy 
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Recreational Evaluation of Study Sites 
As discussed further in Technical Memorandum 3 for this study, six study sites were selected 
for detailed characterization.  These sites represent archetypes, or examples of differing types 
of waterbodies in the region, e.g., natural, partially natural but modified channel or banks, 
and fully concrete lined channels. 

Risk Sciences, Inc. developed scoring criteria which were designed to provide a discussion 
tool for evaluating the recreational use potential and appeal of various waterbodies within the 
Santa Ana River Watershed.  The following criteria were ranked from 0 (poor recreational 
habitat and/or appeal) to 3 (good recreational habitat and/or appeal): 

 Direct Evidence of Water Contact Recreation – Direct observations of people recreating in 
the water (0 = no observation; 3 = people actually in the water). 

 Indirect Evidence of Recreational Activity – Measures evidence that people are 
occasionally present at the site, e.g., graffiti, recreational trash (bottles, soda cans, etc), 
fishing line, and human paths to the channel; however, no evidence exists that visitors 
actually enter the water (0 = no evidence of recreational activity; 3 =  evidence observed, 
e.g., fishing line, footprints, graffiti). 

 Ease of Access – Measure of degree of difficulty to access the waterbody because of 
fencing, gates, locks, etc. (0 = inaccessible; 3 = easily accessible). 

 Channel Slope – Measure of the type of slope, e.g., trapezoidal vs. rectangular (0 = box 
channel, 90° slopes; 3 = gentle slope) 

 Channel Type – Measure of degree of naturalness, ranging from completely natural 
bottom and banks to completely constructed concrete channel (0 = bottom and banks are 
concrete; 3 = natural bank and channel bottom). 

 Flow Depth & Volume – Measure of the degree that instream flow is sufficient for water 
contact recreation, including consideration of children (0 = minimal flow, not possible for 
adults or children to immerse themselves in the water; 3 = sufficient flow for immersion at 
least by children). 

 Flow Velocity – Measure of the degree that flow velocity is dangerous for recreational 
activity (0 = high velocity, flow is dangerous; 3 = velocity is safe for recreational activity). 

 Water Quality (Aesthetics) – Measure of how appealing the water is for recreation (0 = 
poor quality, e.g., lots of algae, trash; 3 = very appealing, water is an attractant). 
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 Vegetation Quality – Measure of quality of bank habitat for recreational activity (0 =  no 
cover or shade for visitors; 3 = sufficient cover or shade). 

 Adjacent Land Use – Measure of type of nearby land use (0 = site is adjacent to industrial 
parks; 3 = site is in a residential area). 

Each study site was scored based upon the above criteria, and the results are shown in 
Table 5.  The scoring was performed by consultants to the Task Force for each study site.  The 
same criteria were used by members of the Task Force to score similar sites during field trips 
conducted as part of study workshops.  Table 5 does not represent scoring performed during 
the Task Force workshop field trips. 

While the results of this scoring cannot be used as a substitute for an appropriately designed 
recreational use survey, the results do provide information on the range of actual or 
presumed use and recreational appeal present in different types of waters in the Santa Ana 
River watershed.  A brief summary of the findings for each study site follows. 

Table 5 
Evaluation of Recreational Appeal at Sites 

Evaluation Criteria 
(Scale: Low - 0 to High - 3) 
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Direct Evidence of Water Contact Recreation 0 1 0 0 0 0 3 
Indirect Evidence of Water Contact 

Recreation 2 2 0 1 1 3 3 

Ease of Access 2 3 0 1 1 2 3 

Channel Slope 2 3 0 2 2 3 2 

Natural or Concrete 1 3 0 0 0 3 3 

Flow Depth & Volume 1 2 1 0 3 3 1 

Flow Velocity 2 2 0 1 1 3 2 

Water Quality-Aesthetics not Chemistry 1 2 0 0 2 2 3 

Vegetation Quality 0 3 0 1 0 2 3 

Adjacent Land Use 1 1 1 0 1 1 3 
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Temescal Creek at Lincoln Avenue 
Recreational opportunity at Temescal Creek at Lincoln Avenue varied depending upon 
whether one visited the upstream or downstream side of Lincoln Avenue.  Because of this 
variability, two evaluations were prepared (Table 5). 

Direct evidence of water contact recreation was not observed upstream or downstream of 
Lincoln Avenue; limited indirect evidence of recreational activity was observed (e.g., foot 
trails traced to the stream).  Fencing limited access from Lincoln Road, and signs prohibiting 
trespassing were posted near locked gates.  However, both sites were easily accessible simply 
by walking around the fence.  Channel slopes were easy to walk on and provided easy access 
to the stream.  Natural habitat was present downstream, but a modified channel (concrete 
banks) was present upstream.  Low flow depth and volume limit water contact recreation 
opportunities. 

Santa Ana Delhi Channel 
Direct or indirect evidence of recreational activity was not observed at the Santa Ana Delhi 
Channel.  The site is fenced, has a locked gate and posted signs warning people to stay away 
from the water.  The channel is boxed shape; approximately 55 feet wide.  During dry 
weather, low flow coupled with a slow flow velocity and shallow depth conditions limited 
water contact recreational opportunities at this site. 

Chino Creek at Schaeffer Avenue 
Water contact recreation activity was not observed at the Chino Creek at Schaeffer Avenue 
site; however, indirect evidence of recreational activity, e.g., graffiti and human made walk 
paths that led to Chino Creek was observed.  The channel is concrete.  Normally, this site is 
fenced and access is severely restricted; however, at the time of the site visit, an access gate 
was unlocked and open.  The presence of a gentle channel slope provided easy access to the 
stream bottom.  According to County environmental health staff that collect water quality 
data in the Riverside area, occasional incidental water contact at Chino Creek at Schaeffer has 
been observed at this site from time to time.  Overall, the recreational appeal was very low, 
primarily because of presence of trash, low flow, low depth, and odors. 

Santa Ana River at Imperial Highway 
The Santa Ana River at this site is entirely fenced with signs posted prohibiting access to the 
river.  Direct evidence of water contact recreation was not observed.  Indirect evidence of 
recreational activity in the area included footprints and trails leading to the river.  Flow depth 
and volume were sufficient for water contact recreation to occur.  In terms of aesthetics, water 
quality was attractive for contact recreation.  The channel was modified, with a mix of natural 
bottom and rip-rap banks. 
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Santa Ana River at MWD Crossing 
Direct evidence of recreational water use was not observed during this evaluation, but data 
from the Riverside Regional Water Quality Treatment Plant during summer 2004 indicate that 
this reach of the river is occasionally used for water contact recreation (this activity occurs in 
spite of posted bilingual signs warning the public to stay away from the water).  The Santa 
Ana River has a natural channel in this area and under dry weather conditions flow volume 
and velocity are appropriate to support water contact recreational activity.  In addition, water 
quality aesthetics and vegetation quality serve to improve the overall recreational appeal of 
the site. 

Icehouse Canyon 
Icehouse Canyon Creek is located alongside a regularly utilized hiking trail in the Angeles 
National Forest in the upper part of the Chino Creek watershed.  Direct evidence of water 
contact recreation was not observed, but the creek, which has a sustained baseflow 
throughout most years, includes several pools and other areas where visitors could likely 
recreate.  Access to the site is easy and water quality aesthetics, vegetation, and land use have 
good recreational appeal. 

Potential Recreational Uses 
Orange, Riverside, and San Bernardino Counties have designated parks, open space, habitat, 
and recreational amenities (i.e., designated bikeways, walking, hiking, equestrian trails) 
within their General Plans and other adopted land use planning documents.  There are a 
number of recreational use areas planned for development within the Santa Ana Watershed. 
The Santa Ana Integrated Watershed Plan Environmental and Wetlands Component 
(SAWPA 2002) provides baseline information on other recreational use areas in the Santa Ana 
River Watershed (Figure 2).  The following inventory does not attempt to describe all of the 
planned recreational use areas, but rather, provide highlights of potential key projects in the 
watershed. 

Natural Wetlands Restoration – Regional planners have been working towards restoring 
natural wetlands to provide high value habitat, recreation, and educational opportunities 
(SAWPA 2002).  Examples of potential projects include: 

 Bolsa Chica Wetlands Restoration 

 Chino Creek Treatment Wetlands 

 River Road Treatment Wetlands; and  

 Lake Elsinore Aeration and Fisheries Restoration 
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Figure 2
Other Recreational Opportunities within the Santa Ana River Watershed

Source: Santa Ana Integrated Watershed Plan, SAWPA (2002) 
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Santa Ana River Trail – Regional recreation development efforts are focused on the Santa Ana 
River Trail.  First conceived over a century ago and formally proposed in 1955, the Santa Ana 
River Trail is a much-anticipated project with watershed-wide support.  Watershed planning 
participants agree that the trail should provide access for a wide variety of users, including 
walkers, hikers, joggers, bicyclists and horseback riders.  While the 110-mile trail is far from 
complete, several segments, totaling approximately 40 miles, have been constructed.  Plans 
are almost complete for the remaining 70 miles (as well as a number of feeder trails and 
connections), and full funding has been secured for some segments. 

San Timoteo State Park - Riverside Lands Conservancy with the support of other 
organizations is developing a plan to create a new State park centered in the San Timoteo 
Creek Watershed.  The park will provide a number of linkages with other recreational areas 
in Riverside County, and create, restore, and protect wetlands in the floodplains of the canyon 
and its major tributaries from Loma Linda to I-10. 

Orange Coast River Park - The Friends of Harbors, Beaches, and Parks, with cooperation from 
many partners, including local cities, Orange County nonprofit organizations, and private 
entities, have proposed a large park at the mouth of the Santa Ana River.  The Orange Coast 
River Park, which may include Banning Ranch, would link several existing parks, 
incorporating ponds, boardwalks, and habitat restoration. 

“String of Pearls” (a series of parks along Santiago Creek) - Local cities and organizations are 
acquiring land to add a series of new parks along Santiago Creek (“string of pearls”), a major 
tributary in the lower Santa Ana watershed.  These parks would provide recreational and 
educational benefits, in addition to habitat and water quality benefits.  The City of Orange has 
recently acquired eight acres of land to be included in the 42-acre Grijalva Park on Santiago 
Creek.  The City also owns Yorba Park that borders the Santiago Creek just south of Chapman 
Avenue and Hart Park, which includes several acres of unimproved land in the creek.  The 
County of Orange and City of Santa Ana incorporate additional parks upstream and 
downstream from the City of Orange.  These public entities, along with the City of Villa Park, 
are working to connect these parks with a contiguous recreational trail system. 

Chino Creek Park - The Inland Empire Utilities Agency, Orange County Water District, and 
the Wildlands Conservancy are developing an integrated recreational plan that will link 
Prado Basin with the Santa Ana River Trail System providing habitat, recreational and 
educational opportunities.  Plans include an educational center at Chino Creek Park and a 
nursery designed specifically to grow native plants for restoration projects.  A Prado Basin 
interpretative center and youth camp for inner-city children will be developed where a gun 
club is currently located. 
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Attachment A 
Recreational Beneficial Uses in Santa Ana River Basin 

Designation 
Ocean Waters 

REC-1 REC-2 

Nearshore Zone   

 San Gabriel River to Poppy Street in Corona del Mar X X 

 Poppy Street to Southeast Regional Boundary X X 

Offshore Zone   

 Waters between Nearshore Zone and Limit of State Waters X X 

Designation 
Bays, Estuaries, and Tidal Prisms 

REC-1 REC-2 

 Anaheim Bay – Outer Bay X X 

 Anaheim Bay – Seal Beach National Wildlife Refuge X1 X 

 Sunset Bay – Huntington Harbour X X 

 Bolsa Bay X X 

 Bolsa Chica Ecological Reserve X X 

 Lower Newport Beach X X 

 Upper Newport Beach X X 

 Santa Ana River Salt Marsh X X 

 Tidal Prism of Santa Ana River (to within 1000’ of Victoria Street) and Newport 
Slough X X 

 Tidal Prism of San Gabriel River – River Mouth to Marina Drive X X 

 Tidal Prisms of Flood Control Channels Discharging to Coastal or Bay Waters X X 
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Attachment A (continued) 
Recreational Beneficial Uses in Santa Ana River Basin 

Designation 
Surface Stream 

REC-1 REC-2 

Lower Santa Ana River   

Santa Ana River   

 Reach 1-Tidal Prism to 17th Street X2 X 

 Reach 2-17th Street to Prado X X 

 Aliso Creek X X 

 Carbon Canyon Creek X X 

Santiago Creek   

 Reach 1-Below Irvine Lake X2 X 

 Reach 2-Irvine Lake X X 

 Reach 3-Irvine Lake to Modjeska Canyon I I 

 Reach 4-Modjeska Canyon X X 

 Silverado Creek X X 

 Black Star Creek I I 

 Ladd Creek I I 

San Diego Creek   

 Reach 1-Below Jeffrey Road X2 X 

 Reach 2-Above Jeffrey Road I I 

 
Other Tributaries: Bonita Creek, Serrano Creek, Peters Canyon Wash, Hicks 
Canyon Wash, Bee Canyon Wash, Borrego Canyon Wash, Agua Chinon Wash, 
Laguna Canyon Wash, Rattlesnake Canyon Wash, Sand Canyon Wash, and other 
tributaries to these Creeks 

I I 

San Gabriel River   

 Coyote Creek within SA Regional Boundary X X 
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Attachment A (continued) 
Recreational Beneficial Uses in Santa Ana River Basin 

Lakes and Reservoirs   

 Anaheim Lake X X 

 Irvine Lake (Santiago Reservoir) X X 

 Laguna, Lambert, Peters Canyon, Rattlesnake, Sand Canyon, and Siphon 
Reservoirs X7 X 

Upper Santa Ana River   

Santa Ana River   

 Reach 3-Prado Dam to Mission Blvd. in Riverside X X 

 Reach 4-Mission Blvd to San Jacinto Fault in San Bernardino X3 X 

 Reach 5-San Jacinto Fault to Seven Oaks Dam X3 X 

 Reach 6-Seven Oaks Dam to Headwaters X X 

Mills Creek   

 Reach 1-Confluence w/ SAR to Bridge Crossing Route 38 I I 

 Reach 2-Bridge Crossing Route 38 to Headwaters X X 

 Mountain Home Creek X X 

 Mountain Home Creek, East Fork X X 

 Monkey Face Creek X X 

 Alger Creek X X 

 Vivian Creek X X 

 High Creek X X 

 
Other Tributaries: Lost, Oak Cove, Green, Skinner, Momyer, Glen Martin, Camp, 
Hatchery, Rattlesnake, Slide Snow, Bridal Veil, and Oak Creeks and other 
Tributaries to these Creeks 

I I 

Bear Creek   

 Bear Creek X X 

 Siberia Creek X X 
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Attachment A (continued) 
Recreational Beneficial Uses in Santa Ana River Basin 

 Slide Creek I I 

 All other tributaries to these Creeks I I 

Big Bear Lake Tributaries   

 North Creek X X 

 Metcalf Creek X X 

 Grout Creek X X 

 Rathbone Creek X X 

 Meadow Creek X X 

 Summit Creek I I 

 Other Tributaries ot Big Bear Lake: Knickerbocker, Johnson, Minnelusa, Polique, 
and Red Ant Creeks and other Tributaries to these Creeks I I 

Baldwin Lake Drainage   

 Shay Creek X X 

 Other Tributaries to Baldwin Lake: Wawmill, Green, and Caribou Canyons, and 
other Tributaries to these Creeks I I 

Other Streams Draining to SAR   

 Canjon Creek X X 

 City Creek X X 

 Devil Canyon Creek X X 

 Eash Twin and Strawberry Creeks X X 

 Waterman Canyon Creek X X 

 Fish Creek X X 

 Forsee Creek X X 

 Plunge Creek X X 

 Barton Creek X X 
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Attachment A (continued) 
Recreational Beneficial Uses in Santa Ana River Basin 

 Bailey Canyon Creek I I 

 Kimbark Canyon, East Fork Kimbark Canyon, Ames Canyon, and West Fork Cable 
Canyon Creeks X X 

 Valley Reaches of Above Streams I I 

 

Other Tributaries: Alder, Badger Canyon, Bledsoe Gulch, Borea Canyon, 
Breakneck, Cable Canyon, Cienega Seca, Cold, Converse, Coon, Crystal, Deer, 
Elder, Fredalba, Frog, Government, Hamilton, Heart Bar, Hemlock, Keller, Kilpecker, 
Little, Mill, Little Sand Canyon, Lost, Meyer Canyon, Mile, Monroe, Canyon, Oak, 
Rattlesnake, Round Cienega, Sand, Schneider, Staircase, Warm Springs Canyon, 
and Wild Horse Creeks and other Tributaries to these Creeks 

I I 

San Gabriel Mountain Streams   

 San Antonio Creek X X 

 Lytle Creek and Coldwater Canyon Creek X X 

 Day Creek X X 

 East Etiwanda Creek X X 

 Valley Reaches of Above Streams I I 

Cucamonga Creek     

 Reach 1-Confluence w/Mill Creek X3 X 

 Reach 2-Upland to headwaters X X 

 Mills Creek (Prado Area) X X 

 

Other Tributaries: Cajon Canyon, San Sevaine, Deer, Duncan Canyon, Henderson 
Canyon, Bull, Fan, Demens, Thorpe, Angalls, Telegraph Canyon, Stoddard Canyon, 
Icehouse Canyon, Cascade Canyon, Cedar, Falling Rock, Kerkhoff, and Cherry 
Creeks and other Tributaries to these Creeks 

I I 

San Timoteo Creek   

 Reach 1-SAR confluence to gage at San Timoteo Canyon Rd I3 I 

 Reach 2-Gage at Canyon Rd to Confluence w/ Yucaipa Creek X X 

 Reach 3-Confluence w/ Yucaipa Creek to Bunker Hill II X X 

 Reach 4-Bunker Hill II to Confluence w/Little San Gorgonio and Noble Creeks X X 



Technical Memorandum 2 
Recreational Use Inventory 
Page 23 

A  Stormwater Quality Standards Study  
  November 2004 

Attachment A (continued) 
Recreational Beneficial Uses in Santa Ana River Basin 

 Oak Glen, Potato Canyon, and Birch Creeks X X 

 Little San Gorgonio Creek X X 

 Yucaipa Creek I I 

 Other Tributaries to these Creeks Valley Reaches I I 

 Other Tributaries to these Creeks Mountain Reaches I I 

 Anza Park Drain X X 

 Sunnyslope Channel X X 

 Tequesquite Arroyo (Sycamore Creek) X X 

Chino Creek   

 Reach 1-SAR confluence to beginning of concrete-lined channel south of Los 
Serranos Rd. X X 

 Reach 2-Beginning of concrete lined channel south of Los Serranos Rd. to 
Confluence with San Antonio Creek X3 X 

Temescal Creek   

 Reach 1A-SAR confluence w/ Lincoln Ave X4 X 

 Reach 1B-Lincoln Ave. to Riverside Canal X4 X 

 Reach 2- Riverside Canal to Lee Lake I I 

 Reach 3- Lee Lake X X 

 Reach 4-Lee Lake to Mid Section Line of Section 17 I I 

 Reach 5- Mid Section Line of Section 17 To Elsinore Groundwater X X 

 Reach 6- Elsinore Groundwater to Lake Elsinore Outlet I I 

 Coldwater Canyon Creek X X 

 Bedford Canyon Creek I I 

 Dawson Canyon Creek I I 

 Other Tributaries to these Creeks I I 
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Attachment A (continued) 
Recreational Beneficial Uses in Santa Ana River Basin 

Lakes and Reservoirs   

 Baldwin Lake I I 

 Big Bear Lake X X 

 Erwin Lake X X 

 Evans Lake X X 

 Jenks Lake X X 

 Mathews Lake X5 X 

 Mockingbird Reservoir X6 X 

 Norconian Lake X X 

San Jacinto River Basin   

 Reach 1-Lake Elsinore to Canyon Lake I I 

 Reach 2- Canyon Lake I I 

 Reach 3-  Canyon Lake to Nuevo Road I I 

 Reach 4- Nuevo Road to North-South Mid Section Line I I 

 Reach 5-North-South Mid Section Line to Confluence w/ Popppet Creek I I 

 Reach 6- Popppet Creek to Cranston Bridge I I 

 Reach 7- Cranston Bridge to Lake Hemet X X 

 Bautista Creek-Headwater to Debris Dam X X 

 Strawberry Creek and San Jacinto River, North Fork X X 

 Fuller Mill Creek X X 

 Stone Creek X X 

 Salt Creek I I 

 Other Tributaries: Logan, Black Mountain, Juaro Canyon, Indian, Hurkey, Poppet, 
and Protrero Creeks and other Tributaries to these Creeks I I 
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Attachment A (continued) 
Recreational Beneficial Uses in Santa Ana River Basin 

Lakes and Reservoirs   

 Canyon Lake X X 

 Elsinore Lake X X 

 Fulmor Lake X X 

 Hemet Lake X X 

 Perris Lake X X 

Wetlands   

 San Joaquin Freshwater Marsh X X 

 Shay Meadows I I 

 Stanfield Marsh X X 

 Prado Flood Control Basin X X 

 San Jacinto Wildlife Preserve X X 

 Glen Helen X X 

I  Intermittent Beneficial Use 
X  Present or Potential Beneficial Use 
1 No access per agency with jurisdiction (U.S. Navy) 
2 Access prohibited in all or part by Orange County Resources Development Management Department (RDMD) 
3 Access prohibited in some portions by San Bernardino County Flood Control 
4 Access prohibited in some portions by Riverside County Flood Control 
5 Access prohibited by the Metropolitan Water District 
6 Access prohibited by the Gage Canal Company (owner-Operator) 
7 Access prohibited by Irvine Ranch Company 
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Technical Memorandum 3 
Flow and Water Quality Data Inventory and 
Characterization 
 

Data Inventory 
Flow Data Inventory 
Numerous flow monitoring stations are operated by several agencies throughout the Santa 
Ana River Watershed.  The location of each station was mapped and described within the 
Receiving Water and Watershed Inventory Mapping technical memorandum.  The data 
record available at each location varies in length of time, and interval of measurement (daily 
readings vs. hourly readings).  Some flow gauging stations were operational for very short 
periods, such as for a targeted wet season and then removed.  Many of the currently 
operating flow gauging stations implemented smaller interval (15 or 30 minute) flow 
measurement in the late 1980s or early 1990s.  Mean daily flow records are available for 
longer periods of record at these and other sites, generally dating back to the 1960s and 1970s. 

The US Geological Survey (USGS) has flow records for 140 gauging stations within the Santa 
Ana River Watershed.  Many of these stations have been removed or were passed on to local 
flood control districts and therefore are no longer operated by the USGS.  Some of these USGS 
flow gauging stations monitor effluent channels, power plant outtakes, and other diversions 
of runoff.  There are also many USGS flow gauging stations that record runoff rates in inland 
surface waters.  The Riverside County Flood Control District is operating 4 flow gauging 
stations within the Santa Ana River Watershed.  These stations began recording in the 
beginning of 2001.  The San Bernardino County Flood Control District has flow records for 40 
gauges within the Santa Ana River Watershed, 31 of which are located in the Chino basin.  
Few flow gauging stations are operated along mountain streams in the San Bernardino 
National Forest or along tributaries to Big Bear Lake.  The Orange County Resource and 
Development Management Department (RDMD) is currently operating 13 flow gauging 
stations in the Santa Ana River Watershed.  These stations are primarily along channels that 
have been modified or engineered to facilitate urban flood hazard protection. 
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Bacteriological Data Inventory 
Available indicator bacteriological water quality data collected from receiving waters within 
the Santa Ana River Watershed during dry weather and wet weather seasonal sampling was 
requested from Storm Water Quality Task Force members as well as participants from other 
agencies.  This request was made specifically with the County of Orange, County of 
Riverside, County of San Bernardino, Santa Ana Watershed Protection Authority (SAWPA), 
and the Regional Water Quality Control Board (RWQCB) - Region 8. Each agency responded 
to these requests as part of its participation on the Task Force.  Requests of, and responses 
from these and other agencies are summarized below. 

The Orange County Health Care Agency (OCHCA) conducts the Bacteriological Monitoring 
Program for the County of Orange.  OCHCA provided a list of inland receiving water 
sampling locations within Orange County.  Of those locations, two sampling locations lie 
within the Santa Ana River Watershed and also are upstream of tidal influence.  The 
remaining sample locations are either beach sampling locations or located within tidal 
influence. 

The Orange County Water District (OCWD) also provided bacteria sampling data for a 
sampling period between 1958 and 2004.  The majority of the data is from the OCWD internal 
water quality database, while additional data for a period from 1999 to 2004, was extracted 
from the OCWD Santa Ana River Water Quality and Health (SARWQH) Study.  The 
SARWQH Study was finalized Summer 2004. 

The RWQCB provided data for sampling efforts for Chino Basin, Big Bear Lake, Santa Ana 
River, Lake Elsinore, Moro Canyon, San Jacinto River, and Canyon Lake.  The majority of the 
data is from sampling efforts conducted by the RWQCB staff.  The RWQCB also provided 
additional data not specifically collected by RWQCB staff.  This particular data included 
bacteriological results for Big Bear Lake and Canyon Lake which were collected by Big Bear 
Municipal Water District (BBMWD) and Elsinore Valley Municipal Water District (EVMWD) 
staff, respectively. 

The San Bernardino County Flood Control District (SBCFCD) represented the County of San 
Bernardino in providing bacteria data collected for the urbanized area NPDES stormwater 
program between 2000 and 2003. 

The Riverside County Flood Control District (RCFCD) represented the County of Riverside in 
providing bacteria data.  The RCFCD provided a set of bacteriological data for locations along 
the Santa Ana River.  The data includes bacteriological data from samples collected not only 
by the Riverside County Health Department (1981 to 1991) but also bacteriological results 
from sampling along the Santa Ana River conducted by the OCHCA (1981 to 1993). 
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Additionally, bacteriological data was obtained from the Riverside County Health Care 
Department for bacteria data collected in 1985. 

Additional data was obtained from agencies or organizations such as the United States 
Geologic Survey (USGS), Orange County Coastkeeper, and United States Environmental 
Protection Agency (USEPA) via its STORET Legacy Data Center. 

Table 1 further describes the water quality data received from the source agencies and 
describes the data format, sampling dates, and agency contact information. 

Data Management 
Flow Data Management 
For this study, available flow record data was not compiled into a single study database.  Due 
to the ease of accessibility of flow data records, data was retrieved for each flow monitoring 
station as needed.  Additionally, compiling a single database given the number of flow 
monitoring stations and the lengthy data record maintained for each station would require 
considerable effort. 

Bacteria Data Management 
Water quality data was submitted in varying formats and levels of detail.  Data was provided 
in either hard copy format only or in electronic format from the source agencies.  The data 
received from the source agencies all included a sampling location name, sample date, and 
bacteriological results.  Some data, particularly samples collected more recently was provided 
in electronic format and included additional information such as sample time, analytical 
method, and sample location coordinates, etc. 

Data Entry 
For older sets of data, only hard copy documents were provided by the source agency.  Data 
entry procedures and quality assurance checks were established and implemented for these 
datasets.  These datasets included that which was provided by the RCFCD and Riverside 
County Health Department.  Another source of data which required data entry was the Santa 
Ana Use Attainability study dataset obtained by Risk Sciences, Inc. 
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Table 1 
Storm Water Quality Standards Study 

Data Source Summary 

Title/File Name Description Date Agency From Which CDM Received Data 

County of Orange    

Handout3.xls Table showing sampling locations for OCHCA 
and OCSD Jun 2004 Orange County Health Care Agency/ Monica 

Mazur 

Bacteriological Data downloaded via the 
www.ocbeachinfo.com website 

Sampling locations include: San Diego 
Creek/Campus Dr. (1994 to 2004); Santa Ana 
Delhi Channel (1986 to 2004) 

Various Orange County Health Care Agency/  
www.ocbeachinfo.com 

BacterialData_Database.xls From OCWD water quality database Various Orange County Water District/ Nira Yamachika 

MicrobialData_OCWD_CDM.xls From OCSD SAR Water Quality and Health 
(SARWQH) Study 1999-2004 Orange County Water District/ Nira Yamachika 

Feb03_BactiData.xls Mill Creek and SAR at Imperial Highway Feb 2004 Orange County Water District/ Nira Yamachika 

Regional Water Quality Control Board (RWQCB) - Region 8   

Chino Basin    

Chino_TMDL_JanFeb04.xls Data for Chino Basin TMDL Jan - Feb 
2004 Santa Ana RWQCB/ David Woelfel/ Bill Rice 

Chino_TMDL_FebMar04.xls Data for Chino Basin TMDL Feb - Mar 
2004 Santa Ana RWQCB/ David Woelfel/ Bill Rice 

Chino_TMDL_MarApr04.xls Data for Chino Basin TMDL  Mar - April 
2004 RWQCB/ David Woelfel; Bill Rice 

Big Bear Lake    

SARWQCB Knickerbocker Results_totals.xls Knickerbocker Creek as part of pathogen 
TMDL 

June 2003-
April 2003 RWQCB/ Heather Boyd 

Path_bbl.xls 
RWQCB data collected in 1985, 1992, 1993, 
1994, 1998; Big Bear Municipal Water District 
(BBMWD) data in 1994 & 1996 

Various RWQCB/ Heather Boyd 
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Table 1 (continued) 
Storm Water Quality Standards Study 

Data Source Summary 

Title/ Electronic File Name Description Date Agency From Which CDM Received Data 

Santa Ana River    

SARBact 84.xls Santa Ana River data collected from 1984 1984 RWQCB/ David Woelfel 
SARBact 85.xls Santa Ana River data collected from 1985 1985 RWQCB/ David Woelfel 

85associatedlab.pdf RWQCB sampling effort from 1985; Analyzed 
by Associated Labs 

August 
1985 RWQCB/ David Woelfel 

Lake Elsinore    

LakeElsinoreStudy_MaySept03.xls Lake Elsinore Bacteriology Results May - Sept 
2003 RWQCB/ Vitale Pavlova 

San Jacinto River    

Lab Data For San Jacinto River Watershed San Jacinto River data Feb 2003; 
Feb 2004 RWQCB/ Cindy Li 

Canyon Lake    

CL Bacterial 90-02.xls Canyon Lake sampling data from Elsinore 
Valley Municipal Water District (EVMWD) 2002 RWQCB/ Cindy Li 

CL Dock Sites 03-04 received 05-25-04.xls Data from RWQCB and EVMWD 2003 

RWQCB/ Cindy Li;  
 
Original data source: EVMWD/ Chantel Stapleton 
provided additional information for sample site 
locations 

Santa Ana Watershed Project Authority (SAWPA) 

Summary WQ data Chino TMDL.xls Water quality bacteria data summarizing 
sampling for Chino Basin TMDL 2002-2003 SAWPA/ Rick Whetsel 

County of San Bernardino 

Bacteria sampling results (hard copy) Hard copy report of laboratory  results from 
E.S. Babcock Lab 2000 -2003 San Bernardino County Flood Control District/ 

Janet Dietzman 
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Table 1 (continued) 
Storm Water Quality Standards Study 

Data Source Summary 

Title/File Name Description Date Agency From Which CDM Received Data 

County of Riverside    
Handwritten table of bacteria data – Total 
Coliform, Fecal Coliform, Enterococcus, 
E.coli 

Handwritten table of data from 1985 1985 Riverside County Health Care Department/ 
Damian Meins 

PDF files on CD 

CD contains PDF of hard copy handwritten 
sampling results from Santa Ana River 
locations.   Sampling was conducted originally 
by the Orange County Health Care Agency 
and the Riverside County Health Department. 

1981 - 
1994 

Riverside County Flood Control District / Tom 
Rheiner 

USEPA    

STORET Data 

Pre-1999 data downloaded from USEPA 
website;  
 
No matches for post-1999 data 

Various 

Data downloaded from USEPA STORET Legacy 
Data Center website. 
 
Original data source: Orange County 
Environmental Management Agency & California 
Department of Water Resources 

USGS    

USGS_SantaAna11074000.txt 
USGS_SantaAna11075600.txt 

USGS Sampling stations: Prado Dam and 
Santa Ana River at Imperial Highway 

2000 - 
2001 Downloaded from USGS website 

Additional Sources    

Bacteria Monitoring Results (hard copy) 

Report: "Santa Ana Use Attainability Analysis 
Water Quality," Section 4 - Relationship to the 
Use-Attainability Analysis; contains bacteria 
data from 1991 

May 1992 Report Prepared by: Regulatory Management, 
Inc./ Copy of data provided by Tim Moore 

Citizen Monitoring Database (Access) MS Access database of monitoring data 2002 - 
2004 Orange County Coastkeeper/ Mina Danieli 
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Duplicate Data by Source 
Data was checked to ensure it was not duplicate data submitted by differing agencies.  
Queries were performed on the database based on sample location, sample date, parameter 
and analytical results value to verify that data was not appended to the database in a 
duplicative manner.  The potential for duplicate data may have occurred in situations in 
which the originating sampling agency (e.g., County) provided sampling data which was also 
submitted by the RWQCB.  An example of this occurrence involves the electronic data 
provided by the RWQCB for sampling conducted along the Santa Ana River in 1985.  The 
same data was also provided by the Riverside County Health Department in a hard copy 
format. 

Duplicate Sampling Data 
Queries were performed based on sample location, sample date, parameter, and sampling 
time (if available) to determine cases where duplicate samples were collected.  In many cases 
multiple samples were collected but analyzed under different analytical testing methods.  
These samples were treated as distinct sample results and not averaged. 

Database Development 
Data was provided in various formats (electronic and hard copy) and was compiled and 
integrated into one overall database.  Each sample result and its related information such as 
date, sample location, and bacteriological result was established as a data field as part of a 
distinct data record.  Table 2 lists the relevant fields included in the database. 

Table 2 
Database Fields 

Field Name Description 

DB_ID Database record number – this number is unique to 
the each record of the database 

Location_ID Sample Location Name (see Table 2-3) 

Bacteria_ID Constituent Analyzed – Total Coliform, Fecal 
Coliform, E.Coli, or Enterococcus 

Date Date (month, day, and year) 

Time Sampling time (very limited data records include 
time) 

Result MPN /100 ml 
Qualifier Data Qualifiers 
Source_ID Source agency that provided the bacteria data. 

Comments Any relevant information provided by the source 
agency 

Analytical Method Analytical Method  
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Database Identification Number (DB_ID) 
A numbering system was established to differentiate between individual records.  This 
number is unique to each water quality sample and allows for establishing the order in which 
data was incorporated into the database. 

Sample Location Identification (Location_ID) 
Each source of data included locations at which samples were collected.  Samples often were 
collected at the same locations or general vicinity by various agencies.  Table 3 lists the data 
sources, sampling locations, and the number of samples collected at each sample location. 

From examining the overall data set, common sampling locations were identified among the 
various data sources.  After integrating the numerous datasets, queries were conducted to 
determine the number of samples collected for each sampling location. 

For instance, sampling locations were often described by a cross-street or bridge overpass 
near the water body, (i.e, Santa Ana River (SAR) at Imperial Highway, SAR at Van Owen).  In 
order to analyze data, sampling locations were mapped in GIS Arcview.  In cases where GPS 
coordinates were not available or recorded, mapping of sampling locations was determined 
by any additional location information provided by the data source.  For purposes of data 
analyses, sampling locations in the same location also were identified under one common 
name. 

Bacteria Result (Bacteria_ID) 
The bacteriological parameters analyzed for in the various datasets included: 

 Total Coliform 

 Fecal Coliform 

 E. coli 

 Enterococcus 

 Fecal Streptococcus 

Date 
The date of sample collection is included in this data field. 

Time 
The recorded time of sample collection is included where available. 

Result 
The bacteriological results are listed in MPN/100ML units. 
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Table 3 
List of Sampling Locations and Number of Samples by Source 

Data Source E. Coli Enterococci Fecal Colif. Fecal Strep. Total Colif. 
Big Bear Municipal Water District 

200' Downstream from MWDC9 2 2 2   
At Forest Road 2N08   1   
At Forest Road 2N08 at Hairpin 2 2 2  1 
Big Bear Lake – Center   3  2 
Big Bear Lake - East Area   1  2 
Big Bear Lake - Near Dam   3  3 
Big Bear Lake - West Area   1  1 
Big Bear Lake - West Center   3  2 
Knickerbocker Creek at Big Bear 
Lake 19 18 20  11 

Metcalf Creek at Big Bear Lake   1  1 
Rathbun at Big Bear Lake   1  1 

Elsinore Valley Municipal Water District 
East Bay 37 22 7  40 
Indian Beach 37 22 7  42 
Intakes 40 22 7  45 
North Causeway 38 22 7  41 
Sierra Park 37 22 7  40 

Orange County Coastkeeper 
133 Freeway 29    30 
Bake Parkway 15    15 
Civic Center 31    30 
Gold Star 2 28    30 
Gold Star 3 25  1  28 
Gold Star Creek 1 28  1  29 
Katella 12    13 
Lakeview 30    30 
Lincoln 28    30 
Maple Springs 18    18 
Michelson 28    30 
Mill Creek 1 22    24 
Mill Creek 3 24    25 
Modjeska Canyon 23    23 
Sand Canyon 20    21 
Santiago Oaks Park 22    26 
SAR at Green River Rd 30    31 
SAR at Gypsum Canyon Rd 26    31 
Slide Zone 24    27 
Smisek 22    24 
Temescal Creek 1 25  1  29 
Temescal Creek 2 29    31 
Temescal Creek at Lincoln Ave 27  1  29 
Woodbridge 28    29 
Yorba Linda Regional Park 29    30 
Featherly Park East   102  103 
Featherly Park West   108  107 
San Diego Creek at Campus Dr  274 421  430 
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Table 3 (continued) 
List of Sampling Locations and Samples by Source 

Data Source E. Coli Enterococci Fecal Colif. Fecal Strep. Total Colif. 
Orange County Health Care Agency 

Santa Ana Delhi Channel/Back 
Bay  274 695  679 

SAR at Green River Rd   416  420 
SAR at Gypsum Canyon Rd   105  107 
SAR at Imperial Highway   416  423 
SAR at Lincoln Ave   174  174 

Orange County Water District 
Chino Creek at Euclid Ave   3  3 
Chino Creek at Prado GC   1  1 
Inlet to OCWD wetlands; east side 
of service road 56 61 40  63 

Knickerbocker Creek at Hwy 18 1 1 6 4 2 
OC Wetlands Effluent 49 57 39  59 
Rathbun at Big Bear Lake   2  2 
SAR at Imperial Highway 71 66 56  92 
SAR at La Palma Ave   1  1 
SAR at Prado Dam 63 60 63  126 
SAR at River Rd 1  5  4 
Slide Zone 1     
Temescal Creek at Lincoln Ave   1  1 

Riverside County Flood Control District 
Fair Weather Dr. storm drain in 
Canyon Lake   2 2 2 

Salt Creek at Murrieta Rd   1 1 1 
SAR at Market St   26 23 26 
SAR at Mission Blvd   1 1 1 
SAR at Norco Bluffs   1 1 1 
SAR at Pueblo St   24 22 24 
SAR at River Rd   25 21 25 
SAR at Van Buren   2 1 2 
Sierra Park   2 2 2 

Riverside County Health Department 
Chino Regional WRP #1 10 10 7  10 
Chino Regional WRP #2 10 10 10  10 
Colton STP 7 7 6  7 
Riverside STP 9 9 7  9 
San Bernardino STP 9 9 7  9 
SAR at Green River Rd 12 12 64  63 
SAR at Imperial Highway 12 11   2 
SAR at La Cadena Dr 12 12 12  12 
SAR at Mission Blvd 12 12 76  78 
SAR at MWD Crossing 12 10   1 
SAR at North Main/Hamner 12 12 103  79 
SAR at Prado Dam 12 12 14  15 
SAR at River Rd 12 11 76  81 
SAR at Riverside Ave 12 10 46  80 
SAR at Van Buren   74  77 
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Table 3 (continued) 
List of Sampling Locations and Samples by Source

Data Source E. Coli Enterococci Fecal Colif. Fecal Strep. Total Colif. 
County of San Bernardino 

Cucamonga Canyon 10 10 11 8 10 
Cucamonga Creek at Hellman Ave 1 1 1 1 1 
Forest Falls 11 11 11 10 11 
Seven Oaks Dam 10 10 11 8 10 

Santa Ana Regional Water Quality Control Board 
Big Bear Lake – East End   1  1 
Big Bear Lake - Near Dam    1 1 
Big Bear Lake at Pine Knot 
Landing     1 

Bon View at Merrill 13 13 13  13 
Boulder Bay Creek at Hwy 18   1 1  
Center of Lake Elsinore  19 19  19 
Chino Creek Above Wetlands 30 30 30  30 
Chino Creek at Central 15 15 15  15 
Chino Creek at Prado Golf Course 15 15 15  15 
Chino Creek at Schaeffer Ave 45 45 45  45 
Chino Creek Below Wetlands 17 17 17  17 
Colton STP   3  3 
Cucamonga Creek at Merrill Ave 43 43 43  43 
Elm Grove  19 19  19 
Elsinore West Marina  19 19  18 
Fair Weather Dr storm drain in 
Canyon Lake 2 2 2 2 2 

Four Corners  19 19  19 
Grout Creek Headwaters 1 1 1  1 
Hemet Channel at Sanderson Ave 2 2  2 2 
Icehouse Canyon 43 43 43  43 
Inlet Area  19 19  19 
Knickerbocker Creek at Hwy 18 2 2 2  2 
Knickerbocker Creek at Stocker 
Rd  19 19  19 

Lake Elsinore Outlet Channel in 
Elsinore  19 19  19 

Lakeland Park  19 19  18 
Meadow Creek at Bike Trail   1 4 1 
Metcalf Bay    1 1 
Metcalf Creek at Hwy 18 1 1 5 4 2 
Metcalf Creek, East Fork (.3 mi 
from West Fork and Cedar Lake 
Camp Rd.) 

1 1 1  1 

Metcalf Creek, West Fork Cedar 
Lake Camp Rd. 1 1 1  1 

Mill Creek at Chino Corona Rd 45 45 45  45 
Mill Creek at Chino Creek 45 45 45  45 
N Side Ramona Expressway at 
Warren Rd 1 1 1  1 

OC Wetlands Effluent 30 30 30  30 
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Table 3 (continued) 
List of Sampling Locations and Samples by Source 

Data Source E. Coli Enterococci Fecal Colif. Fecal Strep. Total Colif. 
Perris Valley Storm Drain at Nuevo 1 1 1  1 
Playland Park  19 19  19 
Prado Park Outlet at Chino Creek 42 42 42  42 
Rathbun - Below Zoo   4  4 
Rathbun Creek at Swan Dr.   1 1  
Rialto STP at Divers   2  2 
Salt Creek at Murrieta Rd 3 3 2 2 3 
San Bernardino STP   3  3 
San Jacinto River at Bridge St 1 1 1  1 
SAR at Etiwanda Channel 15 15 15  15 
SAR at Green River Rd 12 12 12  12 
SAR at Greenspot Rd   2  2 
SAR at Gypsum Canyon Rd  1 2 1 2 
SAR at I-10   3  3 
SAR at Imperial Highway 12 12 12  12 
SAR at Mission Blvd 12 13 15  16 
SAR at Mt Vernon Ave   3  3 
SAR at MWD Crossing 56 57 59 1 59 
SAR at North Main/Hamner 12 13 14 1 14 
SAR at Prado Dam 58 57 57  57 
SAR at River Rd 12 13 14 1 14 
SAR at Riverside Ave 12 13 15 1 16 
SAR at Van Buren  1 1  1 
SAR at Warm Creek East   4  2 
SAR at Waterman   1 1 1 
Sierra Park Drain in Canyon Lake 3 2 3 2 3 
State Park  19 19  19 
Summit Creek at Mouth   2 2  
Warm Creek at “F” St   2  2 
Warm Creek at STP   1  1 
Warm Lytle Creek Confluence   1  1 
Weekend Paradise  19 19  19 

Santa Ana Use Attainability Analysis Report 
Center of Lake Elsinore   2 2 2 
Chino Regional WRP #1   2 2 2 
Chino Regional WRP #2   2 2 2 
Colton STP   2 2 2 
Mill Creek at Chino Creek   2 2 2 
Rialto STP at Divers   2 2 2 
Riverside STP   2 2 2 
San Bernardino STP   2 2 2 
SAR at Gypsum Canyon Rd   2 2 2 
SAR at Gypsum Canyon Rd   2 2 2 
SAR at La Cadena Dr   1 1 1 
SAR at Mission Blvd   2 2 2 
SAR at MWD Crossing   2 2 2 
SAR at Prado Dam   2 2 2 
SAR at River Rd   1 1 1 
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Qualifier 
In cases where the bacteriological result is qualified, this field includes symbols such as <, >, 
≤, and ≥ to denote cases in which data is qualified. 

Source_ID 
The source of the data is an important data field included in the database.  This information is 
valuable in order contact the source if questions arise related to the sample water quality data. 

Comments 
Any relevant information describing the data record is included in this field. 

Table 3 (continued) 
List of Sampling Locations and Samples by Source

Data Source E. Coli Enterococci Fecal Colif. Fecal Strep. Total Colif. 
USEPA - STORET 

Hicks Canyon Wash at Culver Blvd   21 5 23 
Peters Canyon Wash at Irvine Blvd   16 2 16 
Peters Canyon Wash East Side of 
Jeffrey Rd   7  7 

Peters Canyon Wash NE Santa 
Ana Fwy   36 3 36 

Rattlesnake Canyon Wash at 
Jeffrey Rd   20 3 26 

San Diego Creek at Campus Dr 
Bridge   25 23 166 

San Timoteo Creek at Waterman 
Ave.   2  3 

Santa Ana Delhi Channel at Irvine 
Ave   25 22 168 

Santa Ana River Basin at 
Jamboree, North of Main     9 

Santiago Creek at Santiago 
Canyon Rd Bridge     11 

SAR Basin at Jeffrey Rd at Hines 
Nursery   20  26 

SAR Basin at San Diego Creek 
Confluence     10 

SAR Basin Culver at University, 
Irvine     13 

SAR at Prado Dam   10  12 
USGS 

SAR at Imperial Highway 65 65 14  14 
SAR at Prado Dam   144 148  



Technical Memorandum 3 
Flow and Water Quality Data Inventory and Characterization 
Page 14 

A  Stormwater Quality Standards Study  
  November 2004 

Analytical Methods 
The vast majority of data received did not include the analytical methods conducted to 
perform the analyses.  Phase II of the Water Quality Standards Study should further 
investigate and research the types of analytical methods performed in the course of analyses. 

Table 4 lists the specific analytical methods applied by each agency, where provided, in its 
analyses of the samples collected from specific water bodies. 

Data Characterization 
Flow Data Characterization 
Data from flow gauging stations along inland surface waters within the Santa Ana River 
Watershed show some similarities in the pattern of average annual hydrographs.  Long 
periods of generally persistent low flow occur during dry weather months (April through 
November) and dry periods during winter months in many surface waters.  The source of this 
flow is POTW effluent in a few locations, nuisance urban runoff (irrigation, car washing, etc.), 
and groundwater seepage in mountain streams.  On average, wet weather induced high flow 
events occur between 10-20 times during the winter months, rapidly increasing flow by 1 to 2 
orders of magnitude.  Following individual wet weather events, urban streams tend to return 
to a level very close to summer dry weather flow.  Conversely, inland surface waters with 
drainage areas in the San Bernardino and Angeles National Forests or Santa Ana Mountains 
tend to have a slower recession of high flow resulting from wet weather events.  Snowmelt 
tends to occur soon after wet weather, thus maintaining a higher flow rate in these waters. 

Table 4 
Analytical Methods 

Water Body Total Coli form Fecal Coli form E.Coli Enterococci 
Santa Ana Regional Water Quality Control Board 
Lake Elsinore/ 
Canyon Lake SM9221B SM9221C SM9221F SM9230C 

Chino Basin SM9222B 1 SM9222D 1 Modified E.Coli 
(USEPA 1998) SM9230B 1 

Orange County Coastkeeper 
Various OC 
Locations 

Colilert 18 /24 
IDEXX NA Colilert 18 / 24 

IDEXX NA 
(1)  Standard Methods 20th Edition 
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There are also a number of dam releases, flow diversions, and water importing that influence 
flow in certain inland surface waters.  There are 85 dams and other runoff impoundments that 
control runoff within the Santa Ana River Watershed.  Response to wet weather of inland 
surface waters downstream of these impoundments is attenuated, with a more steady flow 
regime that is controlled by dam operators.  Also, the effort to recharge groundwater by 
facilitating infiltration of surface water runoff reduces runoff in receiving waters by diversion 
and spreading of runoff in basins with high infiltration capacity.  Imported water used to 
recharge groundwater can increase dry weather flow upstream of these basins. 

Flow within the main stem of the Santa Ana River is influenced at different times and 
locations from urban runoff, POTW effluent discharges, dam releases, and groundwater 
recharge diversions. 

Receiving waters either receiving or downstream of area POTW discharges include Reach 3 of 
the Santa Ana River, Prado Lake, Chino Creek, and Cucamonga Creek.  Reaches downstream 
of major controlled dam releases include the Santa Ana River, receiving releases from Prado 
Dam, and Chino Creek, receiving releases from the San Antonio Dam.  Releases of imported 
water occur within Chino Creek. 

Bacteria Data Characterization  
Different data was compiled from many discrete locations into a study GIS database.  
Watershed wide analyses were developed to guide the Stormwater Standards Task Force by 
portraying water quality within channels.  The resulting spatial representation of water 
quality facilitates a basin wide understanding of existing or potential recreational uses and 
compliance with water quality objectives in these waterbodies. 

Methods 
Queries of the study database were performed to compare data with existing fecal coliform 
water quality objectives in sampled inland surface waterbodies and also with proposed E. coli 
objectives based upon current EPA guidance criteria. 

Existing Bacteria Water Quality Objectives 
The following water quality objectives for fecal coliform have been established for the 
protection of recreational uses in freshwaters within the Santa Ana Region: 

REC-1 - Fecal coliform: log mean less than 200 organisms/100 mL based on five or more samples/30 
day period, and not more than 10% of the samples exceed 400 organisms/100 mL for any 30-day period. 

REC-2 Fecal coliform: average less than 2000 organisms/100 mL and not more than 10% of samples 
exceed 4000 organisms/100 mL for any 30-day period 



Technical Memorandum 3 
Flow and Water Quality Data Inventory and Characterization 
Page 16 

A  Stormwater Quality Standards Study  
  November 2004 

Ocean Beaches - Coastal areas of California are currently subject to bacteria water quality 
objectives established by the California Department of Health Services (DHS).  The objectives 
to protect ocean waters at beaches are: 

Geometric Mean Limits 
a. Total coliform density shall not exceed 1,000/100 ml. 
b. Fecal coliform density shall not exceed 200/100 ml. 
c. Enterococcus density shall not exceed 35/100 ml. 

Single Sample Limits 
a. Total coliform density shall not exceed 10,000/100 ml. 
b. Fecal coliform density shall not exceed 400/100 ml. 
c. Enterococcus density shall not exceed 104/100 ml. 
d. Total coliform density shall not exceed 1,000/100 ml, if the ratio of fecal-to-total coliform 
 exceeds 0.1. 

Potential Future Bacteria Water Quality Objectives 
The EPA published new bacteria guidance in 1986, which advised states to change their 
bacteria criteria from fecal coliform for fresh and marine waters to Escherichia coli (E. coli) for 
freshwaters and Enterococcus for marine waters.  The basis for this change was new data 
which showed that increased E. coli (a subset of fecal coliforms) and Enterococcus 
concentrations showed a better correlation with an increased frequency of gastroenteritis than 
increased concentrations of fecal coliforms.  E. coli and Enterococcus serve as pathogen 
indicators meaning that when concentrations of these bacteria are elevated there is an 
increased likelihood that many other potential human pathogens, e.g., viruses and protozoans 
such as Giardia and Cryptosporidium, are also elevated to unsafe levels. 

The E. coli and Enterococcus objectives are based on studies conducted by EPA in the early 
1980’s.  These studies were conducted at three marine and two freshwater locations over 
several years.  Information on the frequency of gastroenteritis and related water quality were 
obtained by conducting surveys of individual swimmers and non-swimmers while at the 
same time collecting water quality data from the selected study sites.  The resulting data, 
average illness rate and geometric mean of water quality, were used to calculate risk-based 
levels of protection for locations where primary contact recreation occurred, e.g., swimming. 

EPA guidance is based on acceptable levels of protection for freshwaters of 8 to 10 swimmers 
per 1000 and for marine waters of 8 to19 swimmers per 1000 getting gastroenteritis as a result 
of swimming activities.  For each level of protection, the EPA provides recommended 
geometric mean criteria and corresponding statistically derived single sample limits based on 
varying upper percentile values (75th to 95th percentile) of allowable densities.  For 
freshwaters, Table 5 lists recommended criteria for risk levels ranging from 8 to 10 
swimmers/1000 are as follows: 
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For example, for E. coli if the acceptable geometric mean value is 126, the corresponding single 
sample value using the 75th percentile of the data distribution of all values is 236.  If a 95th 
percentile is acceptable, then the corresponding single sample value would be 576. 

REC-1 use bacteria objectives for basin plan waterbodies are based upon a 30-day rolling set 
of data.  In order to develop complex queries for all locations where bacteria data was 
historically collected, calendar months are used as a surrogate to the rolling 30-day time 
period.  Actual rolling 30-day compliance criteria are assessed at six study sites and are 
presented in the Detailed Study Site Characterization section of this technical memorandum. 

Results from queries of the database are joined to the GIS layer of “Bacteria Stations” using a 
reference location identification number.  New fields in the point attribute table of this layer, 
resulting from the join are then used to symbolize sampling locations in the GIS model.  The 
points on these maps are symbolized by two attributes, the 1) fraction of non-compliant 
calendar months and 2) number of non-compliant calendar months when sufficient data was 
present to determine compliance.  These attributes are depicted as varying intervals of color 
and size of points, respectively.  Several different queries are used to assess the relationship 
between compliance with REC-1 bacteria standards and flow condition, season, and time 
period. 

Limited instances of concurrent flow data for all inland surface waterbodies where bacteria 
samples were collected over the past 30+ years resulted in a decision to use data from a set of 
daily rainfall stations rather than flow records to assess the presence or absence of wet 
weather conditions.  Eight rainfall stations were used to represent rainfall across the basin 
(Figure 1).  Although the distribution of stations was relatively course, it was suitable for 
purposes of this analysis, considering the flow condition only requires a distinction between 
wet and dry weather.  Samples collected on days when there was greater than or equal to 0.1 
inches of rainfall, as measured at the nearest reference rainfall station, were considered wet 
weather samples. 

 

Table 5 
Upper Percentile Value Allowable Density (per 100 ml) Risk Level 

(% of 
swimmers) 

Geometric Mean 
Density 

(per 100 ml) 
75th 

Percentile 
82nd 

Percentile 
90th 

Percentile 
95th 

Percentile 
0.8 126 236 299 409 576 
0.9 161 301 382 523 736 
1.0 206 385 489 668 940 
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The relationship between the layers “Bacteria Stations” and “Rainfall Stations” was 
developed by using the ESRI Spatial Analyst extension for ArcGIS 8.3®.  The straight line 
allocation function was employed to create a raster dataset of nearest rainfall station.  The 
raster data conversion function of Spatial Analyst was then used to convert the grid of the 
nearest rain station to a polygon layer of distinct rainfall regions.  Lastly, a spatial join was 
used to assign rainfall stations to the bacteria stations that fell within each respective region.  
The updated point attribute table resulting from the spatial join was exported as a database 
file and imported to the Stormwater Standards Study database to support the creation of wet 
weather and dry weather queries. 

Dry weather samples, on days without rain or when less than 0.1 inches was recorded, were 
further distinguished between winter and summer dry weather flows.  Bacteria samples 
collected between April 1 and October 31 were categorized as summer dry weather samples 
and those collected between November 1 and March 31 were categorized as winter dry 
weather samples. 

Lastly, fecal coliform and E. coli bacteria water quality data was assessed for three different 
time periods.  November 28, 1975 and January 1, 1996 are delineators of critical events that 
may impact actual bacteria counts or reach-specific recreational use designation in 
waterbodies of the Santa Ana Basin.  November 28, 1975 marks the date when the Clean 
Water Act’s antidegradation laws were implemented, disallowing any reduction in water 
quality in surface waters of the United States.  The second date is an approximate estimate of 
when most POTW effluent discharges in the Santa Ana Basin met Title 22 tertiary treatment 
requirements, although some began adding tertiary treatment beginning in the late 1970’s. 

All Samples 
Figures 2 through Figure 5 show Santa Ana Basin maps with the results of each of the bacteria 
data queries performed upon the entire dataset.  The maps generated using all samples 
provide a comparison to REC-1 use bacteria objectives in the Santa Ana Basin.  The 
percentage of calendar months with sample results potentially exceeding objectives and the 
size of the bacteria record at each location improve our current understanding of water 
quality associated with recreational use in Santa Ana Basin surface waterbodies. 

Table 6 provides the number of sampling locations with sufficient data to compare to water 
quality objectives and proposed criteria. 
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Figure 2
Fecal Coliform Analysis 10% of Samples Exceedence Criteria
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Figure 3
E. coli Analysis 10% of Samples Exceedence Criteria
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Figure 4
Fecal Coliform Analysis Geometric Mean Criteria
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Figure 5
E. coli Analysis Geometric Mean Criteria
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Potential exceedences of REC-1 bacteria objectives were observed at most Basin Plan reaches 
with sample results, including high order rivers such as the Santa Ana, medium sized inland 
surface streams such as Chino Creek, small urban channels such as Salt Creek near Lake 
Elsinore, and mountain streams such as Knickerbocker Creek in Big Bear Lake.  There is more 
sampling data available from more urbanized areas of the basin than areas less impacted by 
urbanization. 

When comparing available fecal coliform data to the 10% exceedence criteria (Figure 2), the 
data query shows that sampling performed upon the Santa Ana River and other waterbodies 
heavily influenced by urbanization may exceed water quality objectives in all months 
sampled.  Querying results from less urbanized areas, especially around inland lake areas, 
available data shows several locations that may meet objectives, however some less urbanized 
areas have months where objectives may be exceeded. 

When comparing available E. coli data to the 10% exceedence criteria (Figure 3), the data 
query shows similar results to the fecal coliform analysis, however most locations have fewer 
months exceeding proposed E. coli objectives than fecal coliform objectives, and more 
locations may meet proposed E. coli objectives. 

When comparing available fecal coliform data to the geometric mean exceedence criteria 
(Figure 4), the data query shows that fewer locations have sufficient data to perform the 
comparison.  For the locations with enough sampling to perform the comparison, again 
sampling performed upon waterbodies heavily influenced by urbanization may exceed water 
quality objectives in all months sampled.  Less urbanized areas may meet the objective, 
though the amount of data is limited in order to support. 

 

Table 6 
Number of Sampling Locations Compared to Objectives/Criteria 

Criteria All 
Samples 

Wet 
Weather 

Summer 
Months, Dry 

Weather 

Winter 
Months, Dry 

Weather 

Fecal Coliform: 10% of Samples 
Collected within a 30 days 110 44 94 68 

Fecal Coliform: Geometric Mean of 30-
day Periods with 5 or More Samples 39 0 28 22 

E. coli: 10% of Samples Collected within 
30 days 77 45 69 54 

E. coli: Geometric Mean of 30-day 
Periods with 5 or More Samples 25 1 14 15 



Technical Memorandum 3 
Flow and Water Quality Data Inventory and Characterization 
Page 25 

A  Stormwater Quality Standards Study  
  November 2004 

When comparing available E. coli data to the geometric mean exceedence criteria (Figure 5), 
the data query shows a larger number of months with enough data for comparison, with most 
locations potentially exceeding proposed E. coli objectives, and some less urbanized locations 
potentially able to meet proposed objectives. 

Wet Weather 
There were relatively few wet weather samples collected by the various agencies over the 
period of record (1958-2004).  Wet weather samples were collected at select locations, 
primarily along the Santa Ana River.  Figure 6 and Figure 7 present a summary of wet 
weather fecal coliform and E. coli data, respectively.  The charts represent each sample result 
and the median of wet weather sampling performed at locations where more than one wet 
weather sample was collected.  In almost all cases, median values at each of the locations may 
exceed objectives.  The limited number of wet weather samples resulted in a small number of 
sites where the data could be compared to objectives. 

When comparing available wet weather fecal coliform data to the 10% exceedence criteria 
(Figure 8), the data query shows similar results as to the all samples query, waterbodies 
heavily influenced by urbanization may exceed water quality objectives in all months 
sampled, with some exceptions in less urbanized areas. 

When comparing available wet weather E. coli data to the 10% exceedence criteria (Figure 9), 
more locations have enough sampling to perform a comparison to objectives.  Per this query, 
more locations may exceed proposed E. coli objectives in all months sampled as compared to 
fecal coliform data. 

When comparing available wet weather fecal coliform data to the geometric mean criteria, 
there were no calendar months with five or more wet weather samples collected at any 
bacteria monitoring location within the available data. 

When comparing available wet weather E. coli data to the geometric mean (Figure 10), five or 
more E. coli samples were collected during three wet weather events at the Santa Ana at 
Imperial Highway monitoring station.  Proposed objectives were exceeded in each month.  
The pattern of bacteria results in relation to storm hydrographs is shown later in this technical 
memorandum, within the Detailed Study Site Characterization section. 
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Figure 6 
Fecal Coliform in Samples Collected During Wet Weather Days 

Wet Weather Fecal Coliform Data at Sampled Sites 
within the Santa Ana Watershed
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Figure 7
E. coli in Samples Collected During Wet Weather Days

Wet Weather E. coli Data at Sampled Sites 
within the Santa Ana Watershed
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Figure 8
Fecal Coliform Analysis 10% of Samples Exceedence Criteria-Wet Weather
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Figure 9
E. coli Analysis 10% of Samples Exceedence Criteria - Wet Weather
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Figure 10
E. coli Analysis Geometric Mean Criteria - Wet Weather



Technical Memorandum 3 
Flow and Water Quality Data Inventory and Characterization 
Page 30 

A  Stormwater Quality Standards Study  
  November 2004 

Dry Weather 
To analyze data from dry weather periods, the available sample database was divided 
into summer dry weather (April through November) and winter dry weather 
(December through March) periods based upon flow records.  Figures 11 through 18 
present the results from several dry weather data queries.  As most available samples 
within the database were collected during dry weather periods, queries that compare 
only summer dry weather data to water quality objectives look very similar to 
comparisons of the entire database of sample results (Figures 11 through 14). 

When comparing available winter dry weather fecal coliform data to the 10% 
exceedence criteria (Figure 15), the data query shows that comparatively more 
locations in urbanized areas may meet objectives during winter dry weather periods.  
More locations may meet the proposed 10% exceedence criteria for E. coli during 
winter dry weather periods as well (Figure 16). 

When comparing available winter dry weather fecal coliform and E.coli data to the 
geometric mean exceedence criteria (Figures 17 & 18), query results follow the  results 
found for all samples waterbodies heavily influenced by urbanization may exceed 
water quality objectives in all months sampled, and results from less urbanized areas 
may meet objectives, though the data set is limited. 

Detailed Study Site Characterization 
Data availability varies significantly among sample locations within the Santa Ana 
basin.  As a consequence, performing a detailed characterization of water quality and 
waterbody conditions, and comparing the data with waterbody characteristics at 
every location where bacteria samples have been collected would be extremely 
resource intensive.  As an alternative for study purposes, study sites were selected to 
serve as surrogates for different types of waterbodies.  At each study site, site-specific 
water quality and site characteristics were documented to characterize recreational 
quality. 
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Figure 11
Fecal Coliform Analysis 10% of Samples Exceedence Criteria - Dry Weather – April through November
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Figure 12
E. coli Analysis 10% of Samples Exceedence Criteria - Dry Weather – April through November
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Figure 13
Fecal Coliform Analysis Geometric Mean Criteria - Dry Weather – April through November
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Figure 14
E. coli Analysis Geometric Mean Criteria - Dry Weather – April through November
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Figure 15
Fecal Coliform Analysis 10% of Samples Exceedence Criteria - Dry Weather – December through March
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Figure 16
E. coli Analysis 10% of Samples Exceedence Criteria - Dry Weather – December through March
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Figure 17
Fecal Coliform Analysis Geometric Mean Criteria - Dry Weather – December through March
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Figure 18
E. coli Analysis Geometric Mean Criteria - Dry Weather – December through March
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Methods 
Selection of Study Sites 
Study sites were selected to facilitate detailed analysis of varying channel types and 
conditions in the Santa Ana basin, including natural channels, channels with both natural and 
modified portions (e.g., natural bottom, but concrete or rip-rap banks), and channels 
completely constructed with concrete.  The availability of flow and bacteria data at the 
potential sites representing these various channel conditions was assessed.  Based on this 
evaluation, the following five study sites were recommended to the Stormwater Standards 
Task Force: 

 Chino Creek at Schaeffer Avenue (100% concrete channel in mixed land use area) 

 Santa Ana Delhi Channel (100% concrete in highly urbanized area) 

 Temescal Creek at Lincoln Avenue (mixed concrete/rip-rap; natural channel) 

 Santa Ana River at Imperial Highway (mixed concrete/rip-rap; natural channel) 

 Santa Ana River at MWD Crossing (natural channel in urbanized area) 

The Task Force supported these recommendations, but also recommended the inclusion of 
Icehouse Canyon as a site to provide information at and above which no urbanization has 
occurred (Figure 19). 

Channel and Stream Attributes 
Attributes of channels at each study site were identified by reviewing collected GIS layers and 
verifying this information during field visits.  Lack of published data for channel dimensions 
along the Santa Ana River at some study sites led to the use of high resolution aerial 
photography or distance meters to estimate channel widths.  Channel slopes at study sites 
more estimated in the field to estimate cross-sectional area.  In generally natural reaches, 
where the channel was wide, the channel slope did not significantly impact cross sectional 
area 

Channel attributes that could affect recreational appeal were evaluated for each of the study 
sites.  Photographs were taken of direct and indirect evidence of recreational use and of 
conditions that could affect recreational use.  These study site attributes were summarized in 
a checklist, prepared by Risk Sciences, Inc, discussed within Technical Memorandum 2 
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Drainage Area Characteristics & Land Use 
To characterize land use adjacent to and in the tributary watershed to the study sites, the 
drainage areas of three study sites were determined using a digital elevation model (DEM) of 
the Santa Ana basin provided by SAWPA.  Arc Hydro, a tool created for ESRI ArcGIS 8.3® 
documented in Maidment [2002], was used to delineate the drainage area of each study site.  
This tool “burns” the section of channel onto the DEM and through a series of pre- and post-
conditioning processes, determines cells, i.e., small areas that will drain to the reach based 
solely upon topography.  In urbanized areas where drainage network information was 
available, flow path alterations resulting from urban development were accounted for by 
manually editing the Arc Hydro derived polygons. 

Figure 19
Study Sites Selected for Detailed Analysis
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Following drainage area delineation, land use layers of the Santa Ana basin from 1990, 1993, 
and 2000 provided by Southern California Area Governments (SCAG) were clipped to the 
watershed areas.  The attributes of the clipped land use layers were summarized to create 
land use distributions. 

Recreational Appeal 
The recreational appeal of each study site was evaluated with a field observation checklist 
prepared by Risk Sciences, Inc, discussed within Technical Memorandum 2.  This checklist 
evaluates factors that may influence the potential for a site to be used for recreational activity.  
All criteria were ranked from 0 (poor recreational habitat and/or appeal) to 3 (good 
recreational habitat and/or appeal): 

 Direct Evidence of Water Contact Recreation – Direct observations of people recreating in 
the water (0 = no observation; 3 = people actually in the water). 

 Indirect Evidence of Recreational Activity – Measures evidence that people are 
occasionally present at the site, e.g., graffiti, recreational trash (beer bottles, sodas, etc), 
fishing line, and human paths to the channel; however, no evidence exists that visitors 
actually enter the water (0 = no evidence of recreational activity; 3 = evidence observed, 
e.g., fishing line, footprints, graffiti). 

 Ease of Access – Measure of degree of difficulty to access the waterbody because of 
fencing, gates, locks, etc. (0 = inaccessible; 3 = easily accessible). 

 Channel Slope – Measure of the type of slope, e.g., trapezoidal vs. rectangular (0 = box 
channel, 90° slopes; 3 = gentle slope) 

 Channel Type – Measure of degree of naturalness, ranging from completely natural 
bottom and banks to completely constructed concrete channel (0 = bottom and banks are 
concrete; 3 = natural bank and channel bottom). 

 Flow Depth & Volume – Measure of the degree that instream flow is sufficient for water 
contact recreation, including consideration of children (0 = minimal flow, not possible for 
adults or children to immerse themselves in the water; 3 = sufficient flow for immersion at 
least by children). 

 Flow Velocity – Measure of the degree that flow velocity is dangerous for recreational 
activity (0 = high velocity, flow is dangerous; 3 = velocity is safe for recreational activity). 

 Water Quality (Aesthetics) – Measure of how appealing the water is for recreation (0 = 
poor quality, e.g., lots of algae, trash; 3 = very appealing, water is an attractant). 
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 Vegetation Quality – Measure of quality of bank habitat for recreational activity (0 = no 
cover or shade for visitors; 3 = sufficient cover or shade). 

 Adjacent Land Use – Measure of type of nearby land use (0 = site is adjacent to industrial 
parks; 3 = site is in a residential area). 

Flow Data 
Available flow data at each study site were collected and processed to facilitate time series 
plotting and frequency distribution analyses.  In general, the collected data included mean 
daily flow for the entire period of record and, where appropriate, 15 or 30 minute interval 
flow data for a subset of the data record.  Observations of the flow record at each site led to 
more detailed investigation of the sources of flow.  Frequency distributions of flow rates, 
depths, and velocities were generated at each study site to assess the likelihood of the 
occurrence of certain flow conditions within the channel.  The smaller interval of 
measurements relative to mean daily flow provided a more accurate analysis of instantaneous 
flow in the channel. 

The Stormwater Standards Task Force is evaluating the appropriateness of establishing a high 
flow suspension of REC-1 water quality standards when the beneficial use is not attainable 
due to dangerous flow conditions.  To identify potentially dangerous flow conditions at each 
site, two criteria, which have been used to define flow conditions where recreational activities 
are dangerous, were evaluated: (1) flow velocities greater than 8 ft/sec [Helsinki University of 
Technology, “The Use of Physical Models in Dam-Break Flood Analysis”, RESCDAM, 2000]; 
and (2) a 10 ft2/sec threshold depth-velocity product, above which wading is considered 
unsafe [USGS, Book 9 of the National Field Manual for the Collection of Water Quality Data, 
2004].  Cumulative frequency curves of flow velocities and depth-velocity products were 
generated at each study site to determine the likelihood of occurrence of these potentially 
dangerous flow conditions. 

Bacteria Data 
Bacteria data collected at each of the study sites differed with regard to the length of record, 
frequency of sampling, constituents that were measured, and availability of concurrent flow 
data.  Consequently, analyses of bacteria data were tailored as needed for each study site 
based on data availability.  In general, the following methods were applied to when bacteria 
data were available: 

 Time series plots of bacteria counts and flow were generated for the entire period of 
record at each study site to illustrate the relationship between bacteria concentrations and 
REC-1 standards and to identify any general trends.  Where appropriate, these time series 
plots were related to flow data to evaluate the relationship between bacteria 
concentrations and wet or dry weather. 
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 Evaluation of changes in bacteria concentrations over the course of a specific storm. 

 Bivariate plots of fecal coliform and E. coli were created for each study site to evaluate the 
relationship between bacteria types. 

 Analysis of compliance with existing REC-1 fecal coliform water quality objectives and 
potential E. coli water quality objectives  based on draft EPA guidance [USEPA, 
Implementation Guidance for Ambient Water Quality Criteria for Bacteria, November 
2003 Draft]: 

- Fecal coliform: log or geometric mean less than 200 organisms/100 mL based on five or 
more samples/30 day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30-day period 

- E.coli: log or geometric mean less than 126 organisms/100 mL based on five or more 
samples/30 day period, and a single sample maximum of 235 organisms/100 mL. 

Bacteria concentrations under both dry and wet weather conditions were analyzed.  Wet 
weather conditions were determined according to the method described previously within 
this memorandum.  For this analysis, calendar months were used as a surrogate for the 
rolling 30-day period that is part of the existing fecal coliform water quality objectives.  Thus, 
geometric means were calculated for calendar months in which there were 5 or more samples, 
and the 10% exceedance threshold was calculated on samples collected during a single 
calendar month. 

Results 
Chino Creek at Schaeffer Avenue 
Channel Section 
The Chino Creek at Schaeffer Avenue study site is located where California State Route 71 
crosses Chino Creek (Figure 20 and Figure 21).  The study reach consists of a trapezoidal 
concrete-lined channel with 2.25:1 side slopes and a bottom width of 60 feet.  The bed slope of 
the channel at this site is 3 percent.  Flow is recorded in this section of Chino Creek by the US 
Geological Survey [USGS Gage 11073360] (Figure 22). 
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Figure 20 
Aerial Photograph of the Chino Creek at Schaeffer Avenue Study Site 
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Drainage Area Characteristics 
Land use in this watershed is predominantly residential, natural/vacant land, and 
commercial (Figure 23).  A portion of the drainage area, which lies upstream of San Antonio 
Dam, is comprised almost entirely of natural/vacant land in the San Gabriel Mountains.  The 
drainage area below the dam is a mixed land use region which is primarily residential.  
Growth in residential and commercial land use in the area was observed between the years 
1990 and 2000; however these changes have been minor (Figure 24).  Runoff from the 
mountains that reaches the San Antonio Dam is diverted into the San Antonio Spreading 
Grounds (SASG) for recharge of the Six Basin Groundwater Management Area.  The Pomona 
Valley Protective Association, owner of the SASG, spreads most of the runoff from above the 
dam during years with average runoff and the majority of flows from above average rainfall 
years.  Occasional bypass of the spreading grounds, which routes excess runoff to San 
Antonio Creek, a major tributary of Chino Creek, occurs in high rainfall years.  If the 
natural/vacant land upstream of San Antonio Dam is excluded from the analysis, residential 
is the primary land use in the primary contributing watershed to the Chino Creek at Schaeffer 
Avenue site (Figure 25). 

 

Figure 22 
USGS Flow Gage for the Chino Creek at 

Schaeffer Avenue Study Site 

Figure 21 
Chino Creek Looking Upstream from USGS 

Flow Gage 
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Figure 23
Land Use within Drainage Area to Chino Creek at Schaeffer Avenue Study Site
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Figure 24
Relative Distribution (%) of Land Use Types in Chino Creek at Schaeffer Avenue Watershed, 

1990, 1993, and 2000
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Evidence of Recreational Activity 
During the CDM site visit, the channel access gate was unlocked allowing easy access to the 
water.  The gentle side slope of the channel would enable visitors to easily walk to the stream; 
and in fact the presence of graffiti and trash provided evidence that people had recently 
accessed this section of Chino Creek (Figure 26).  This section of Chino Creek is located within 
a highly developed area of the city of Chino, with State Route 71 on the left bank and a 
shopping plaza on the right bank (Figure 27).  With regards to the sites recreational appeal, 
the site generally received low scores (Figure 28).

 [SCAG Year 2000 Land Use Data]
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Figure 25
Relevant Distribution (%) of Land Use Types in Chino Creek at 

Schaeffer Avenue Watershed, Downstream of San Antonio Dam

Figure 27
Surrounding area along Chino Creek near the 

Schaeffer Avenue Study Site

Figure 26
Graffiti in bottom of Chino Creek
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Figure 29
Mean Daily Flow in Chino Creek at Schaeffer Avenue between 1969 

and 2004 

Flow 
The USGS mean daily flow record from 1969 through 2004 was used to plot a time series of 
flow at this site and to compare flow in the channel to other measured parameters, including 
rainfall and bacteria (Figure 29).  Flow in Chino Creek is primarily urban dry weather.  As 
observed, the channel experiences predominantly low flows much of the year, typically 
averaging about 5 cfs, and periodic elevated flow typically correlated with rainfall event 
runoff.

Figure 28
Field Observation Checklist for the Chino Creek at Schaeffer

Avenue Study Site

 Evaluation Criteria 

(Scale = Low - 0 to High - 3)
Direct Evidence of Water Contact Recreation 0

Indirect Evidence of Recreational Activity 1

Ease of Access 1

Channel Slope 2

Concrete to Natural 0

Flow Depth and Volume 0

Flow Velocity 1

Water Quality Aesthetics 0

Vegetation Quality 1
Adjacent Land Use 0

Chino Creek at 
Schaeffer Avenue
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However several instances of elevated flow occur without a corresponding rainfall event.  
During such periods, measured flow is elevated from typical dry weather baseflow (1 to 5 cfs) 
by one order of magnitude for about 30 days.  Consultation with Orange County Water 
District (OCWD) indicated that these prolonged non-rainfall high flow events are the result of 
a water purchase from the State Water Project (SWP) or conveyed via Chino Creek to increase 
groundwater recharge downstream of Prado Dam in Orange County.  A subset of the mean 
daily flow record provides an example of one of these water purchase events in August 2002 
(Figure 30). 

Flow data was recorded in 15 minute intervals by the USGS in Chino Creek at Schaeffer 
Avenue between 1988 and 2004.  These data were used to develop a frequency distribution of 
flow rate and depth in the channel (Figure 31 and Figure 32), as well as flow velocity and the 
depth-velocity product.  Both Figures 31 & 32 provide an illustration of the complete 
distribution, and the top 10th percentile of flow rate and depth. 

To estimate the frequency of potentially dangerous flows at this site, cumulative frequency 
curves of flow velocities and depth-velocity products were developed.  Figure 33 shows that 
an 8 ft/sec velocity is exceeded about 2.5% of the time, and Figure 34 shows that the depth-
velocity product exceeds 10 ft2/sec about 0.5% of the time.
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Figure 30 
Mean Daily Flow in Chino Creek at Schaeffer Avenue during 2002 
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Figure 31
Channel Flow Curves for Chino Creek at Schaeffer Avenue (1988 – 2004)
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Figure 32
Channel Depth Curve for Chino Creek at Schaeffer Avenue (1988 – 2004)
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Analysis of Bacteria Data 
Fecal coliform and E. coli bacteria samples were collected in Chino Creek at Schaeffer Avenue 
as part of the Chino Basin TMDL monitoring program.  Weekly bacteria samples were 
collected at this site during wet weather months from February 2002 to present.  Weekly 
samples were also collected during the summer of 2002. 

Bacteria Trends 
Between 2002 and 2004, both fecal coliform and E. coli concentrations frequently exceed the 
10% exceedance thresholds of 400 and the EPA proposed criteria of 236 MPN/100 mL, 
respectively (Figure 35).  The data also suggest that high flow events are not correlated with 
high bacterial counts.

Figure 34
Channel Depth*Velocity Curve for Chino 

Creek at Schaeffer Ave (1988-2004)
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Figure 33
Channel Velocity Curve for Chino Creek at 

Schaeffer Ave (1988-2004)
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Table 7 summarizes geometric means of fecal coliform and E. coli bacteria sample results for 
all calendar months (Note: in some cases the number of samples/month was less than five; 
however, geometric means were still calculated to provide a method to evaluate any trends in 
mean bacteria concentrations.  Both fecal coliform and E. coli bacteria concentrations 
generally exceed existing and or anticipated geometric mean water quality objectives, 
assuming 5 or more samples were collected in a given month (Figure 36).  The data also 
suggest that monthly geometric means decreased gradually between 2002 and 2004.  The 
strong correlation between fecal coliform and E. coli concentrations in Chino Creek at the 
Schaeffer Avenue study site indicate that regardless of the pathogen indicator used, 
exceedences of water quality objectives would have occurred (Figure 37).
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Figure 35
Time Series of Bacteria Counts and Flow at the Chino Creek at

Schaeffer Avenue Study Site
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Table 7 
Monthly Fecal Coliform and E. coli Concentrations (Geometric Mean) in Chino 

Creek at Schaeffer Avenue 

Month E. coli Geometric Mean Fecal Coliform Geometric Mean Sample Size 
Feb-02 2592 3318 5 
Mar-02 390 1109 4 
Apr-02 510 640 1 
Jul-02 730 4219 4 
Aug-02 30 90 1 
Sep-02 95 226 3 
Oct-02 1131 615 2 
Jan-03 382 1063 4 
Feb-03 230 350 1 
Mar-03 140 925 3 
Apr-03 550 1669 2 
Jan-04 94 216 3 
Feb-04 49 117 4 
Mar-04 90 83 5 
Apr-04 216 215 2 

Figure 36
Monthly Bacteria Geometric Mean Concentrations at Chino

Creek at Schaeffer Avenue
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Bacteria Water Quality Objectives Compliance 
Analysis of bacteria compliance showed that exceedences of water quality objectives may 
occur during dry weather flows during both summer and winter months (Figure 38).  This 
figure shows the number of calendar months when sufficient water quality data was available 
to be compared to objectives (number at the end of each bar) and the percent of those 
calendar months that may have exceeded water quality objectives.  In contrast, of the two wet 
weather samples collected in February 2004 during two separate rainfall events, neither 
sample exceeded bacteria water quality objectives. 

Santa Ana Delhi Channel 
Channel Section 
The Santa Ana Delhi Channel (Figure 39) extends from the city of Santa Ana to Upper 
Newport Bay.  At Irvine Avenue, the conveyance is a concrete lined rectangular channel with 
a 55 ft bottom width (Figure 40 and Figure 41).  Channel attribute information was provided 
by Orange County Flood Control District and field verified during a site visit.  The bed slope 
of the channel at this site is 2.5 percent. 

Figure 37 
Relationship between E. coli and Fecal Coliform concentrations 

at Chino Creek at Schaeffer Avenue 
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Figure 38
Comparison with Existing and Potential Bacteria Water Quality Objectives
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Figure 39
Aerial Photograph of the Santa Ana Delhi Channel Study Site
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Drainage Area Characteristics 
The channel and its tributaries are primarily engineered flood control facilities that capture 
urban stormwater and dry weather runoff from commercial and residential land uses 
(Figure 42).  The watershed is primarily comprised of an older urbanized part of Orange 
County, which has not undergone significant land use change between 1990 and 2000 
(Figure 43). 

Evidence of Recreational Activity 
Direct or indirect evidence of recreational use of the Santa Ana Delhi Channel was not 
observed during site visits and, accordingly, the site was scored low in terms of recreational 
appeal (Figure 44). 

The steep side slopes, fencing, and restrictive signs minimize the likelihood of recreational 
use at this study site (Figure 45 and Figure 46).  Although recreational use is not likely to 
occur within the Santa Ana Delhi Channel itself, the site is immediately upstream of Upper 
Newport Bay, an inland surface water that supports a diversity of REC-1 uses (Figure 47).

Figure 40
Santa Ana Delhi Channel Downstream from

Irvine Avenue

Figure 41
USGS Flow Gage at Newport Beach Golf 

Course Upstream of Irvine Avenue
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Figure 42
Land Use within Drainage Area to Santa Ana Delhi Channel Study Site
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Figure 43
Relative Distribution (%) of Land Use Types in the Santa Ana Delhi Channel Watershed

during 1990, 1993, and 2000
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Figure 45
Fencing around Santa Ana Delhi Channel 

Prevents Access to Waterbody

Figure 46
Restrictive Signs around Santa Ana Delhi 

Channel

Figure 44
Field Observation Checklist for the Santa Ana Delhi Channel

Study Site

 Evaluation Criteria 

(Scale = Low - 0 to High - 3)

Direct Evidence of Water Contact Recreation 0

Indirect Evidence of Recreational Activity 0

Ease of Access 0

Channel Slope 0

Concrete to Natural 0

Flow Depth and Volume 0

Flow Velocity 1

Water Quality Aesthetics 0

Vegetation Quality 0
Adjacent Land Use 1

Santa Delhi Channel at 
Irvine Ave.
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Flow 
The Orange County Public Facilities and Resources Department (PFRD) records flow at 30-
minute intervals in the Santa Ana Delhi Channel at a gage located upstream of the Irvine 
Avenue bridge (Figure 39).  Flow records were available for the period between 1992 
and 2004.  Figure 48 illustrates a subset of the flow record to provide a better picture of flow 
during a typical year.  Flow during dry weather periods typically is comprised of 
residential/commercial irrigation overflow, car washing, and other nuisance flow sources. 

Cumulative frequency curves of the top 10th percentile of flow rate and depth were generated 
from the 30-minute interval flow data (Figure 49 and Figure 50).  Cumulative frequency 
curves of flow and velocities and depth-velocity products, which occurred in the Santa Ana 
Delhi Channel between 1992 and 2004, are shown in Figure 51 and Figure 52.  Between 1992 
and 2004, flow velocity in the Santa Ana Delhi Channel exceeds 8 ft/sec about 1.5 % of the 
time and the depth-velocity product exceeds 10 ft2/sec about 1.0% of the time.  These statistics 
are relatively similar to those observed at the Chino Creek study site.

Figure 47 
Upper Newport Bay near Santa Ana Delhi Channel 

Outfall 
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Figure 49
Channel Flow Duration Curve for Santa Ana 

Delhi Channel near Irvine Avenue 
(1992-2004)
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Figure 50
Channel Depth Curve for Santa Ana Delhi 

Channel near Irvine Avenue (1992-2004)
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Figure 48
Mean Daily Flow in Santa Ana Delhi Channel during 1996-1997
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Bacteria Trends 
Bacteria samples have been collected in two locations near this study site: at the Irvine 
Avenue Bridge and about ¾ mile downstream where the rectangular channel transitions to a 
natural wetlands area (Santa Ana Channel – Backbay).  Fecal coliform samples collected 
between 1973 and 1976 were taken at the Irvine Avenue Bridge.  Samples gathered 
between 1985 and 2004 were collected at the Santa Ana Delhi Channel - Backbay. 

Fecal coliform concentrations have remained generally the same in the Santa Ana Delhi 
Channel - Backbay between 1991 and 2004 (Figure 53).  By looking at a subset of this record, it 
is also evident that the bacteria limit for 10% of samples per 30-day period is regularly 
exceeded and there is no obvious connection between bacteria concentrations and wet 
weather events (Figure 54). 
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Figure 52
Channel Depth-Velocity Curve for Santa Ana 

Delhi Channel near Irvine Avenue (1992-2004) 
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Channel Velocity Curve for Santa Ana Delhi 

Channel near Irvine Avenue (1992-2004). Red 
line denotes potentially dangerous condition
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Figure 53 
Time Series of Bacteria Concentrations and 

Flow in the Santa Ana Delhi Channel - Backbay 

Figure 54 
Time Series of Bacteria Concentrations and Flow in 

the Santa Ana Delhi Channel – Backbay between 
1997and 1998 
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Annual geometric means of bacterial data at both sites in the Santa Ana Delhi Channel were 
calculated and are listed with the sample size in Table 8 and shown graphically in Figure 55.  
The geometric means exceeds the fecal coliform water quality objective (200 MPN/100mL) for 
every year for which data was available.  Monthly geometric means for the more recent time 
period from January 2000 to June 2004 were also calculated (Table 9) (note: geomtric means 
were calculated for each month regardless of whether the five sample threshold was reached).  
While the majority of monthly geometric means exceed the fecal coliform geometric mean 
water quality objective, bacteria concentrations tend to be lower during late spring 
(Figure 56). 

Table 8 
Annual Geometric Means Santa Ana Delhi Channel 

Year 
Fecal Coliform 

Geometric Mean at 
Irvine Ave 

Fecal Coliform 
Geometric Mean at 

Back Bay 
Sample Size 

1973 3715  1 
1974 258  9 
1975 798  13 
1976 460  1 
1985  700 1 
1986  1654 51 
1987  543 50 
1988  651 46 
1989  5251 41 
1990  1403 44 
1991  2329 26 
1992  663 6 
1993  2961 13 
1994  1469 39 
1995  3000 1 
1997  2515 31 
1998  1722 50 
1999  2561 52 
2000  560 52 
2001  1141 52 
2002  900 52 
2003  676 49 
2004  275 23 
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Figure 56 
Monthly Geometric Means of Fecal Coliform in 

the Santa Ana Delhi Channel 
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Figure 57 shows the number of calendar months when sufficient water quality data was 
available to be compared to objectives (number at the end of each bar) and the percent of 
those calendar months that may have exceeded water quality objectives.  This may occur 
regularly regardless of flow conditions in the Santa Ana Delhi Channel.

Table 9 
Monthly Geometric Means Santa Ana Delhi Channel 

Month 
Fecal Coliform 

Geometric Mean at 
Back Bay 

Sample 
Size Month 

Fecal Coliform 
Geometric Mean at 

Back Bay 
Sample 

Size 

Jan-00 1874 4 Apr-02 725 5 
Feb-00 928 5 May-02 563 4 
Mar-00 4481 4 Jun-02 611 4 
Apr-00 2340 4 Jul-02 940 5 
May-00 240 4 Aug-02 822 4 
Jun-00 194 4 Sep-02 937 5 
Jul-00 394 4 Oct-02 1841 4 
Aug-00 312 6 Nov-02 1846 4 
Sep-00 938 4 Dec-02 1239 4 
Oct-00 214 4 Jan-03 282 4 
Nov-00 210 5 Feb-03 454 4 
Dec-00 324 4 Mar-03 518 4 
Jan-01 751 5 Apr-03 434 4 
Feb-01 1101 4 May-03 1573 4 
Mar-01 878 4 Jun-03 1677 5 
Apr-01 845 5 Jul-03 1220 4 
May-01 237 4 Aug-03 1924 4 
Jun-01 252 4 Sep-03 284 5 
Jul-01 1572 5 Oct-03 332 4 
Aug-01 1239 4 Nov-03 456 3 
Sep-01 1461 4 Dec-03 1058 4 
Oct-01 2466 5 Jan-04 407 4 
Nov-01 12000 4 Feb-04 295 4 
Dec-01 1447 4 Mar-04 199 4 
Jan-02 629 5 Apr-04 408 4 
Feb-02 1011 4 May-04 160 4 
Mar-02 661 4 Jun-04 312 2 
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Temescal Creek at Lincoln Avenue 
Channel Section 
Temescal Creek is a concrete lined trapezoidal channel upstream of Lincoln Avenue.  
Downstream of Lincoln Avenue the channel transitions from concrete lined to a more natural 
channel (Figure 58 through Figure 60).  The concrete trapezoidal channel section has a 60 ft 
bottom width and 1.5:1 side slopes; the channel bed slope is 2.0 %.  Flow is monitored in 
Temescal Creek near Main Street, approximately 1 mile upstream of the bacteria sampling 
location.

Figure 57
Comparison with Existing and Potential Bacteria Water Quality Objectives
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Figure 58 
Aerial Photograph of the Temescal Creek at Lincoln Avenue Study Site 
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Drainage Area Characteristics 
The Temescal Creek watershed is very large and includes both the Lake Elsinore and Lake 
Matthews subwatersheds.  However, for the purpose of this analysis both of these 
subwatersheds were excluded.  Lake Mathews is a terminal reservoir for storage of imported 
Colorado River water supply and outflow from Lake Matthews is routed into the water 
supply system and not into Temescal Creek.  Lake Elsinore and its contributing area were also 
excluded from the Temescal Creek study site drainage area.  The outlet of Lake Elsinore does 
not overflow in most years, due to high evaporation losses in the lake, low inflow volume due 
to channel bottom infiltration of flows in the San Jacinto River and its tributaries, and the 
objective to manage high lake levels to maintain recreational use and prevent algal blooms. 

Because a large portion of the upper watershed of Temescal Creek is undeveloped, the 
dominant land use in the Temescal Creek watershed is vacant or natural land (Figure 61).  
The majority of the vacant/natural land is within the Cleveland National Forest and Lake 
Matthews Estelle Mountain Reserve.  From 1990 to 2000 agricultural land use has declined 
while residential land use has increased (Figure 62).  The Temescal Creek drainage area will 
likely continue to develop as space for new development in more accessible areas of the Santa 
Ana basin decreases. 

Figure 59
Temescal Creek transitions from concrete 

lined to natural below Lincoln Avenue Bridge

Figure 60
Temescal Creek downstream of Lincoln 

Avenue bridge, looking upstream
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Figure 61
Land Use within Drainage Area to Temescal Creek Study Site
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Figure 62
Relative Distribution (%) of Land Use Types in the Temescal Creek 

Watershed during 1990, 1993, and 2000
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Figure 63
Field Observation Checklist for the Temescal Creek Study Site

 Evaluation Criteria 

(Scale = Low - 0 to High - 3)

Direct Evidence of Water Contact Recreation 0 1

Indirect Evidence of Recreational Activity 2 2

Ease of Access 2 3

Channel Slope 2 3

Concrete to Natural 1 3

Flow Depth and Volume 1 2

Flow Velocity 2 2

Water Quality Aesthetics 1 2

Vegetation Quality 0 3
Adjacent Land Use 1 1

Temescal Creek Natural 
Channel Section

Temescal Creek at 
Lincoln Ave.

Evidence of Recreational Activity 
Two locations were evaluated for recreational appeal at the Temescal Creek study site, 
upstream and downstream of the Lincoln Avenue Bridge (Figure 63).  At the Lincoln Avenue 
bridge, the site was fenced and signs were posted prohibiting trespassing; however, the fence 
could be easily bypassed (Figure 64).  Upstream of the Lincoln Avenue Bridge, where 
Temescal Creek is concrete lined, no direct and little indirect evidence of recreation activity 
was observed.  In the natural channel section downstream of the Lincoln Avenue Bridge, 
trails with recent footprints led from the road to the stream, indicating that people do access 
this reach of Temescal Creek (Figure 65).  Upstream and downstream of Lincoln Avenue, the 
channel side slopes are gradual enough to provide easy access to the stream. 

Flow 
Flow in Temescal Creek is recorded by the USGS approximately 1 mile upstream of the 
Lincoln Avenue Bridge, where Temescal Creek passes under Main Street in Corona [USGS 
Gage 11072100] (Figure 66).  Additional ungauged flow enters Temescal Creek from the Oak 
Street channel, between the USGS gage and bacteria monitoring locations.  Flow in these 
tributaries is relatively small compared to Temescal Creek, but must be considered when 
relating bacteria to flow for the study site.
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Figure 66
Mean Daily Flow in Temescal Creek at Main Street between 

1980 and 2004

Figure 64
Fencing and signs prohibiting access to

Temescal Creek from the Lincoln Avenue
Bridge

Figure 65
Trash and other indirect evidence of 
recreational activity along Temescal 

Creek, downstream of Lincoln Avenue
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Figure 67
Mean Daily Flow in Temescal Creek at Main Street during the 1992-1993 

Water Year

Figure 67 shows flow in Temescal Creek during a high rainfall year (7/1/92 through 
6/30/93).  High flows in Temescal Creek include both urban stormwater runoff and runoff 
from upstream mountain canyons.  Spring-fed flow from canyons of the Santa Ana 
Mountains along the western boundary of the Temescal Creek watershed is more pronounced 
in the flow record following rainy seasons with greater than average precipitation, as was the 
case in the spring of 1993 (Figure 67).  Runoff in Temescal Creek during summer months is 
typically dry weather runoff from residential/commercial areas and agricultural irrigation 

overflow. 

Cumulative frequency curves of the top 10th percentile of flow rate and depth were generated 
from 15-minute interval flow USGS data (Figure 68 and Figure 69).  Cumulative frequency 
curves of flow velocities and depth-velocity products are used to assess the likelihood of 
occurrence of dangerous flow conditions.  Between 1988 and 2004, flow velocities in Temescal 
Creek at the Main Street Bridge exceed 8 ft/sec about 2.0 % of the time and the depth-velocity 
product exceeds 10 ft2/sec about 0.8% of the time (Figure 70 and Figure 71), again, similar 
frequencies to the other two urban channel study sites. 
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Figure 71
Channel Depth*Velocity Curve for Temescal 

Creek at Main Street (1988-2004)
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Figure 70
Channel Velocity Curve for Temescal Creek 

at Main Street (1988-2004)

Figure 69
Channel Depth Curve for Temescal Creek 

at Main Street (1988-2004)
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Figure 68
Channel Flow Duration Curve for Temescal 

Creek at Main Street (1988-2004)
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Analysis of Bacteria Data 
E. coli bacteria samples were collected from Temescal Creek at the Lincoln Avenue Bridge by 
Orange County Coastkeeper approximately once each month between 2002 and 2004.  Fecal 
coliform was measured twice; 100 MPN/100mL on 1/26/1993 (OCWD) and 900 
MPN/100mL on 3/24/03 (Orange County Coastkeeper). 

Bacteria Trends 
No obvious increasing or decreasing trend in E. coli bacteria concentrations occurred between 
2002 and 2004 (Figure 72).  E. coli concentrations increased during the winter months of 2002 - 
2003 and concentrations regularly exceeded the potential single sample water quality 
objective for E. coli (236 MPN/100 mL).  It is unclear whether this increase in E. coli 
concentration is directly related to wet weather events.  With the exception of a few months, 
the monthly sample result or geometric mean of the sample result exceeded the anticipated 
30-day geometric mean water quality objective of 126 MPN/100mL (Table 10/ Figure 73). 
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Time Series of Bacteria Concentrations and Flow in

Temescal Creek from October 2002 to April 2004
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Table 10 
Monthly E. coli Geometric Means at Temescal Creek 

Year E. coli Concentration (Monthly Single 
Sample or Geometric Mean) Sample Size 

Oct-02 100 1 
Nov-02 100 1 
Dec-02 410 1 
Feb-03 970 1 
Mar-03 540 2 
Apr-03 1220 1 
May-03 100 1 
Jun-03 410 1 
Jul-03 520 1 
Aug-03 100 1 
Sep-03 200 1 
Oct-03 200 1 
Nov-03 100 1 
Dec-03 322 2 
Jan-04 100 2 
Feb-04 200 1 
Mar-04 544 2 
Apr-04 1100 1 
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Monthly Single Sample Result or Geometric Mean of Sample

Results for E. coli in Temescal Creek from October 2002 to 
April 2004
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Figure 74 shows the percentage of calendar months when available fecal coliform and E. coli 
bacteria counts may have exceeded water quality objectives.  This figure shows the number of 
calendar months when sufficient water quality data was available to be compared to 
objectives (number at the end of each bar) and the percent of those calendar months that may 
have exceeded water quality objectives.  Results of this comparison show potential 
exceedences of the fecal coliform water quality objectives in one of two winter months when 
fecal coliform was sampled.  E. coli was sampled more frequently at this study site and 
potential exceedences were observed in approximately 50% of dry weather samples during 
both summer and winter months.  One wet weather sample was collected on April 15, 2003, 
following a wet weather event the preceding day.  The E. coli bacteria concentration during 
the recession of the high flow was 1,220 MPN/100mL. 

 

Figure 74
Comparison with Existing and Potential Bacteria Water Quality Objectives
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Santa Ana River at Imperial Highway 
Channel Section 
This reach of the Santa Ana River at Imperial Highway has a natural bottom and is about 200 
ft wide (Figure 75 and Figure 76).  The river banks, which have an approximately 1:1 side 
slope, are reinforced with riprap in some locations (Figure 77).  The bed slope of the channel 
is 2.0 %.

Figure 75 
Aerial Photograph of the Santa Ana River at Imperial Highway 

Study Site 
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Drainage Area Characteristics 
Imperial Highway crosses Reach 2 of the Santa Ana River downstream of Prado Dam.  There 
is also some local drainage within Santa Ana Canyon that enters the river in this reach.  Prado 
Dam captures flows from all of the upper portions of the Santa Ana River watershed in 
Riverside and San Bernardino Counties.  The majority of base flow reaching Prado Dam from 
upstream is tertiary effluent from river discharging POTWs.  Releases from Prado Dam are 
highly regulated, and make up the majority of flow tributary to Imperial Highway.  
Accordingly, any potential relationship between land use in the watershed and bacteria 
concentrations in the Imperial Highway reach of the Santa Ana River are likely masked by the 
interception of flows by Prado Dam. 

Recreational Use 
Evidence of the potential for recreational activity in the Santa Ana River at the Imperial 
Highway crossing was assessed during a site visit (Figure 78).  This site was entirely fenced, 
and posted signs prohibited entrance to the river (Figure 79).  Regardless, indirect evidence of 
recreational activity was observed, e.g., human footprints, trails that were traced to the waters 
edge, and trampled vegetation.  In this reach, water depths were much greater than what was 
observed at most other sites due to continued releases from Prado Dam(Figure 80).

Figure 76
Santa Ana River downstream of Imperial Highway

Figure 77
Side Slopes of Santa Ana River

downstream of Imperial Highway
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Flow 
Flow in the Santa Ana River at Imperial Highway study site is largely comprised of outflow 
from Prado Dam, but also includes some stormwater runoff and dry weather flow from small 
tributaries in northeastern Orange County.  Downstream of this reach there is a rubber dam, 
which is the primary diversion facility used to route water to several Orange County Water 
District groundwater recharge basins located adjacent to this reach of the Santa Ana River.  
Based on USGS data from 1998 to 2001, baseflow in this reach ranges between 200 and 400 cfs 
(USGS Gage 11075610) (Figure 81). 

Figure 79
Signs prohibiting entrance into Santa Ana

River at the Imperial Highway

Figure 80
Flow in the Santa Ana River at the Imperial 

Highway 

Figure 78 
Field Observation Checklist for the Santa Ana 

River at Imperial Highway Study Site 
 

 Evaluation Criteria 

(Scale = Low - 0 to High - 3)

Direct Evidence of Water Contact Recreation 1

Indirect Evidence of Recreational Activity 3

Ease of Access 3

Channel Slope 2

Concrete to Natural 3

Flow Depth and Volume 3

Flow Velocity 3

Water Quality Aesthetics 3

Vegetation Quality 3
Adjacent Land Use 3

Santa Ana River at 
Imperial Highway
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Bacteria Trends 
Fecal coliform samples were collected at the Imperial Highway location between 1981 
and 1994, and again between 1998 and 2004.  E. coli samples were collected in 1985 and 
between the years of 1998 and 2004.  Figure 82 provides a time series plot of bacteria 
concentrations over the entire bacteria sampling record.  Figure 83 provides a time series plot 
of bacteria data collected during the period when flow records are available. 

Most sample results from 1981 to 1994 exceed bacteria objectives, while most results 
from 1998 to the present fall at or below bacteria objectives, possibly indicating improvement 
in bacteria quality over the period of record. 
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Figure 81
Mean Daily Flow in the Santa Ana River at the Imperial Highway Study Site 

(10/1998 to 9/2001)
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Time Series of Bacteria Concentrations for the Entire 

Period of Record in the Santa Ana River at the Imperial 
Highway Study Site 

Figure 83
Time Series of Bacteria Concentrations and Flow in the

Santa Ana River at the Imperial Highway Study Site
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Two separate high flow events (January 2001 & February 2001) were further analyzed with E. 
coli data to describe the relationship between wet weather flow and bacteria concentrations.  
Figure 84 and Figure 85 indicate that E. coli concentrations increased during the high flow 
event and then remained high for one to two days after the high flow event had ended.  A 
recently completed study that characterized bacteria concentrations in the lower Santa Ana 
River during stormwater runoff events also observed this same pattern (Izbicki et al. 2004). 
Izbicki speculated that the elevated bacteria concentrations that persist for a few days after a 
wet weather event result from the re-suspension of bacteria in sediments. 
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January 2001 Wet Weather E. coli Sampling Event
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Monthly geometric means of bacteria counts measured in the Santa Ana River at the Imperial 
Highway study site were calculated and are shown in Figure 86.  The figure potentially 
indicates a slight improving trend in sample results over time. 

The strong correlation between fecal coliform and E. coli concentrations at the Santa Ana 
River at Imperial Highway study site indicates that regardless of the pathogen indicator used, 
exceedences of water quality objectives would have occurred (Figure 87). 

Figure 88 shows the percentage of calendar months when available fecal coliform and E. coli 
bacteria counts may have exceeded water quality objectives.  This figure shows the number of 
calendar months when sufficient water quality data was available to be compared to 
objectives (number at the end of each bar) and the percent of those calendar months that may 
have exceeded water quality objectives.  Potential exceedences of fecal coliform and potential 
E. coli water quality objectives occurred during all flow conditions.
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Monthly Single Sample Result or Geometric Mean of Sample 
Results for Fecal Coliform and E. coli in the Santa Ana River 

at the Imperial Highway Study Site 

1

10

100

1000

10000

100000

1 10 100 1000 10000 100000

E. Coli (MPN/100mL)

Fe
ca

l C
ol

ifo
rm

 (M
PN

/1
00

m
L)

Figure 87
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Study Site
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Santa Ana River at MWD Crossing 
Channel Section 
This reach of the Santa Ana River exists within a predominantly naturally carved floodplain 
(Figure 89).  Based on aerial photography it was estimated that the bankfull width of the 
Santa Ana River at MWD crossing is approximately 150 feet.  Side slopes of 1:1 were 
estimated from field observations of the channel.  The bed slope of the channel at this site 
is 2.0%.  The study site is located upstream of the City of Riverside waste water treatment 
plant (WWTP) effluent channel (Figure 90) 

Figure 88
Comparison with Existing and Potential Bacteria Water Quality Objectives
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Figure 89
Aerial Photograph of the Santa Ana River at MWD Crossing Study Site

Figure 90
City of Riverside WWTP Effluent Channel
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Drainage Area Characteristics 
The watershed above the Santa Ana River at MWD Crossing is large and land use is diverse.  
The lower part of the watershed is a combination of commercial, residential, industrial, and 
agricultural lands.  The upper part of the watershed includes natural undeveloped lands.  
Runoff from the San Bernardino National Forest enters the Santa Ana River upstream of the 
MWD crossing study site.  Runoff from agricultural lands is routed to the Santa Ana River 
from areas south of the river.  Runoff from industrial areas is routed to the river from the 
cities of San Bernardino, Colton, Rialto, Fontana, and Riverside.  Residential land is dispersed 
throughout the contributing area. 

Evidence of Recreational Activity 
No direct evidence of recreational use was observed during the field visit.  However, this site 
is a known recreational area for nearby communities, in spite of warnings in the form of 
international signs and newspaper announcements to not swim or bath in this section of the 
Santa Ana River.  A limited use survey conducted from July to October 2004 occasionally 
observed swimmers in the area – either in the Santa Ana River or in an adjacent channel that 
carries treated effluent from the Riverside Regional Water Quality Treatment Plant to the 
Santa Ana River.  In addition, a helicopter flyover video of the middle portion of the Santa 
Ana River showed people bathing in this reach of the river. 

The recreational appeal of this site was evaluated during a site visit (Figure 91).  There is 
plenty of space to park and the stream is easily accessible.  Although no one was observed 
recreating in the water during this visit, the site scored relatively high in terms of recreational 
appeal. 
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Flow  
The USGS mean daily flow record [USGS Gage 11066460] from 1970 through 2004 was used 
to plot a time series of flow at this site.  Sources of water to this reach are varied.  Streams 
such as Mill Creek and Lytle Creek route snowmelt from the San Bernardino Mountains to 
the Santa Ana River, although much of this runoff is captured for recharge within the San 
Bernardino groundwater basin.  Effluent from WWTPs enters the Santa Ana River upstream 
of the MWD crossing in Colton and Rialto.  These sources of water, in addition to urban dry 
weather flows and rising ground waters at Riverside Narrows, result in a year-round 
baseflow of 50-100 cfs in the river at the MWD crossing study site (Figure 92).  Stormwater 
runoff from urban and mountain watersheds creates sharp increases in flow, as shown in the 
winter months of 1993-1994 (Figure 93). 

Flow data was recorded in 15 minute intervals by the USGS at the Santa Ana River at MWD 
Crossing gauging station between 1988 and 2004.  These data were used to develop frequency 
distributions of flow rate and depth in the channel (Figure 94 and Figure 95).  Over the 15 
year period, flow rates exceeded 1,000 cfs 1.5% of the time and flow depths exceeded 5 feet 2 
% of the time.

Figure 91
Field Observation Checklist for the Santa Ana River at MWD

Crossing Study Site

 Evaluation Criteria 

(Scale = Low - 0 to High - 3)
Direct Evidence of Water Contact Recreation 0

Indirect Evidence of Recreational Activity 3

Ease of Access 2

Channel Slope 3

Concrete to Natural 3

Flow Depth and Volume 3

Flow Velocity 3

Water Quality Aesthetics 2

Vegetation Quality 2
Adjacent Land Use 1

Santa Ana River at Van 
Buren Blvd.
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Figure 93
Mean Daily Flow in the Santa Ana River at MWD Crossing 

Study Site (7/1993 to 7/1994)
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Figure 92
Mean Daily Flow in the Santa Ana River at MWD Crossing 

Study Site between 1969 and 2003
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Cumulative frequency curves of flow velocity and depth-velocity product between 1988 
and 2004, are shown in Figure 96 and Figure 97.  Between 1988 and 2004, flow velocities in the 
Santa Ana River at the MWD crossing study site exceeded 8 ft/sec for 0.5 % of the time and 
the depth-velocity product exceeded 10 ft2/sec for 1% of the time. 

Analysis of Bacteria Data 
Fecal coliform and E. coli bacteria samples were collected from the Santa Ana River at the 
MWD crossing study site by the Riverside County Health Department and the Santa Ana 
Regional Water Quality Control Board between 1984 and 2004.  Sampling occurred 3 times 
in 1984, weekly during the summer of 1985, twice during the summer of 1991 (as part of the 
Santa Ana Use Attainability Analysis Study), and about weekly since February of 2002. 

Figure 95
Channel Depth Curve for Santa Ana River at 

MWD Crossing (1988 – 2004)
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Figure 94
Channel Flow Curve for Santa Ana River at 

MWD Crossing (1988 – 2004)

0

2000

4000

6000

8000

10000

0 2 4 6 8 10

Percent of Time Flow
 Equaled or Exceeded

Fl
ow

 (c
fs

)



Technical Memorandum 3 
Flow and Water Quality Data Inventory and Characterization 
Page 95 

A  Stormwater Quality Standards Study  
  November 2004 

Bacteria Trends 
Figure 98 and Figure 99 provide time series plots of fecal coliform and E. coli bacteria 
concentrations and flow recorded in the Santa Ana River during summer 1985 and between 
December 2001 and June 2004, respectively.  During summer 1985, fecal coliform and E. coli 
concentrations were regularly higher than the 10% of samples exceedance objective of 400 
and 236 MPN/100mL, respectively.  However, in recent years, fecal coliform and E. coli 
concentrations have only occasionally exceeded the 10% of samples exceedance threshold 
of 400 and 236 MPN/100mL, respectively.  Both time series plots suggest that high flow 
events are not necessarily correlated with high bacteria counts. 

Figure 96
Channel Velocity Curve for the Santa Ana

River at MWD Crossing Study Site
(1988-2004)

Figure 97
Channel Depth*Velocity Curve for the Santa 

Ana River at MWD Crossing Study Site
(1988-2004)
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Figure 99
Time Series of Bacteria Concentrations and Flow in the

Santa Ana River at the MWD Crossing Study Site
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Figure 98
Time Series of Bacteria Concentrations and Flow in the 

Santa Ana River at the MWD Crossing Study Site
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Single monthly results or monthly geometric means of bacteria data gathered during the last 
two years are summarized in Table 11 and plotted in Figure 100.  Monthly geometric means 
for E. coli exceed proposed bacteria water quality objectives approximately two thirds of the 
time, while fecal coliform geometric means exceed existing water quality objectives 
approximately fifty percent of the time.  There are no obvious trends in the data during this 
time period. 

Table 11 
Fecal Coliform and E. coli Concentrations in the Santa Ana River at MWD 

Crossing 

Month 
E. Coli Monthly 

Geometric Mean or 
Single Sample 

Results 

Fecal coliform Monthly 
Geometric Mean or 

Single Sample Results 
Sample 

Size 

Jul-85 1141 1841 3 
Aug-85 1152 2366 8 
Sep-85 600 300 1 
Feb-02 67 90 5 
Mar-02 157 220 4 
Apr-02 140 110 1 
Jul-02 91 361 4 
Aug-02 160 120 1 
Sep-02 145 381 3 
Oct-02 173 571 2 
Jan-03 59 126 3 
Feb-03 250 420 1 
Mar-03 185 322 3 
Apr-03 28 79 2 
Jan-04 134 149 4 
Feb-04 188 175 4 
Mar-04 312 291 4 
Apr-04 106 137 2 
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The relatively strong correlation between fecal coliform and E. coli concentrations in the Santa 
Ana River at MWD Crossing indicates that regardless of the pathogen indicator used, 
exceedences of water quality objectives would have occurred (Figure 101). 

Figure 102 shows the percentage of calendar months when existing fecal coliform and E. coli 
bacteria counts may have exceeded objectives.  This figure shows the number of calendar 
months when sufficient water quality data was available to be compared to objectives 
(number at the end of each bar) and the percent of those calendar months that may have 
exceeded water quality objectives.  Potential exceedences occurred during dry weather flows 
during both summer and winter months.

Figure 100
Monthly Single Sample Result or Geometric Mean of Sample

Results for fecal coliform and E. coli in the Santa Ana River at
the MWD crossing
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Figure 101 
Relationship between E. coli and Fecal Coliform in the 

Santa Ana River at the MWD Crossing 
 

Figure 102
Comparison with Existing and Potential Bacteria Water Quality Objectives
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Icehouse Canyon Creek 
Channel Section 
The Icehouse Canyon Creek study site is located in the Angeles National Forest at 5,100 feet 
above mean sea level at the Icehouse Canyon trailhead (Figure 103).  The channel is a natural 
mountain stream about 10 feet wide with a bed slope that is significantly steeper than the 
other study site channels (Figure 104).  This predominantly gravel bottom stream also 
includes large boulders and waterfalls in sections.  Ambient water temperature is significantly 
lower than water temperatures in surface waters at lower elevations (Figure 105).  These 
water temperatures were recorded at the time sample collection.  The Icehouse Canyon Creek 
study site is included in the analysis to identify a background or naturally occurring bacteria 
condition. 

 

Figure 103
Aerial Photograph of the Icehouse Canyon Creek Study Site
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Figure 105
Water Temperature in Icehouse Canyon, Chino Creek at Schaeffer Ave,

and Santa Ana River at MWD Crossing Study Sites
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Icehouse Canyon Creek Study Site
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Drainage Area Characteristics 
Icehouse Canyon Creek is a small headwater stream.  The Icehouse Canyon Creek watershed 
is comprised of undeveloped land in the San Gabriel Mountains.  The drainage area is very 
steep with intermittently dispersed trees and shrubs. 

Evidence of Recreational Activity 
Icehouse Canyon Creek is located alongside a regularly utilized hiking trail in the Angeles 
National Forest.  The creek includes several pools and other areas where visitors can recreate.  
Although no one was observed recreating in the water, the results of the field observation 
checklist illustrate the recreational appeal of this site (Figure 106). 

Flow  
This site does not have a flow gage; therefore, no data was available to characterize flow.  
Based on observations, spring flow provides a year-round water source during most years.  
Rocky ground cover coupled with steep watershed slopes will facilitate a quick increase in 
streamflow during wet weather events. 

Analysis of Bacteria Data 
Fecal coliform and E. coli bacteria samples were taken in Icehouse Canyon Creek as part of 
the Chino Basin TMDL monitoring program.  Weekly bacteria samples were collected during 
wet weather months from February 2002 to present and during summer 2002.

Figure 106
Field Observation Checklist for the Icehouse Canyon Study Site

 Evaluation Criteria 

(Scale = Low - 0 to High - 3)
Direct Evidence of Water Contact Recreation 0

Indirect Evidence of Recreational Activity 3

Ease of Access 2

Channel Slope 3

Concrete to Natural 3

Flow Depth and Volume 3

Flow Velocity 3

Water Quality Aesthetics 2

Vegetation Quality 2
Adjacent Land Use 1

Santa Ana River at Van 
Buren Blvd.
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Bacteria Trends 
Figure 107 provides a time series plot of fecal coliform and E. coli bacteria concentrations 
recorded in Icehouse Canyon Creek.  With one exception all sample results complied with 
existing or anticipated bacteria water quality objectives. 

Monthly single sample results or monthly geometric means of bacteria data for Icehouse 
Canyon Creek  are summarized in Table 12 and plotted in Figure 108.  With the exception of 
the summer of 2002, E. coli and fecal coliform monthly geometric means are relatively low. 

The relatively strong correlation between fecal coliform and E. coli concentrations in Icehouse 
Canyon Creek indicates that regardless of the pathogen indicator used, exceedences of water 
quality objectives would have occurred (Figure 109). 

Existing data shows that fecal coliform water quality objectives may have been exceeded on 
one occasion, with a bacteria count of 9,400 MPN/100mL on October 2, 2002.  Excluding the 
sample size limitation, the proposed E. coli geometric mean standard of 126 MPN/100mL 
may have been exceeded in September and October of 2002 (Figure 110).  This figure shows 
the number of calendar months when sufficient water quality data was available to be 
compared to objectives (number at the end of each bar) and the percent of those calendar 
months that may have exceeded water quality objectives. 

Figure 107
Time Series of Bacteria Counts and Flow in Icehouse Canyon

Creek Study Site
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Figure 108
Monthly Single Sample Result or Geometric Mean of Fecal 
Coliform and E. coli in Icehouse Canyon Creek Study Site
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Table 12 
Fecal Coliform and E. coli Concentrations in Icehouse Canyon Creek 

Month E. coli Monthly Geometric Mean or 
Single Sample Results 

Fecal coliform Monthly 
Geometric Mean or Single 

Sample Results 
Sample 

Size 

Feb-02 10 10 5 
Mar-02 10 10 4 
Apr-02 10 10 1 
Jul-02 41 31 4 
Aug-02 60 120 1 
Sep-02 165 141 2 
Oct-02 165 141 2 
Jan-03 9 9 4 
Feb-03 10 10 1 
Mar-03 10 10 2 
Apr-03 10 10 1 
Jan-04 20 20 3 
Feb-04 13 12 4 
Mar-04 11 9 5 
Apr-04 9 9 2 
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Figure 109
Relationship between E. coli and Fecal Coliform

Concentrations in Icehouse Canyon Creek Study Site
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 Figure 110
Comparison with Existing and Potential Bacteria Water Quality Objectives
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Technical Memorandum 4 
Inventory and Analysis of Existing Major 
Control Programs and Structural Measures 
Throughout the Santa Ana River watershed, cities, counties, and other agencies manage 
programs and implement control measures that directly or indirectly address waterborne 
bacteria and pathogens.  This memorandum provides a summary and description of the 
programs and control measures researched as part of Phase I of the Stormwater Quality 
Standards Study Task Force’s efforts to support the Regional Board’s triennial review of Basin 
Plan water quality standards.  The summary includes information collected publicly owned 
treatment works (POTW) discharges, and municipal separate storm sewer system (MS4) 
source control and treatment control programs. 

Publicly Owned Treatment Works Discharge Characteristics 
and Reclamation Requirements 
According to the Santa Ana Integrated Watershed Plan (SAWPA, June 2002), there are 37 
operational publicly owned treatment works (POTW) in the Santa Ana Watershed and 5 
plants currently planned for construction.  Figure 1 shows the POTWs within the Santa Ana 
basin. 

There are 42 operational and planned plants that range in design discharge capacity from 0.08 
million gallons per day (MGD) to 151 MGD: 

 24 plants produce advanced or tertiary treated effluent (Title 22 level of treatment as 
discussed in Section 4.1.1) 

 7 produce discharge at a level receiving only secondary treatment (without tertiary) 

 11 produce a combination of primary, secondary, and tertiary treated effluent, depending 
on effluent receiving water 

In order to describe potential bacteria contributions from POTWs within the watershed, an 
effort was made to characterize the level of treatment provided for facilities discharging to 
inland receiving waters.  Of the 42 facilities mentioned previously, 6 discharge directly to a 
receiving water, and 15 discharge to a receiving water in combination with some effluent 
recycling.  Effluent from the remaining plants is either discharged to the Pacific Ocean, into 
aquifers for groundwater recharge, or fully recycled. 
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Figure 1
POTWs Within the Santa Ana Basin

Source: Santa Ana Integrated Watershed Plan, SAWPA (2002)
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All 6 plants discharging to inland receiving waters provide either tertiary treatment (5) or a 
combination of secondary and tertiary treated effluent (1, Western Riverside County Regional 
WWTP). 

Of the 15 facilities that discharge to receiving waters in combination with effluent recycling, 
11 provide tertiary treatment, 1 provides secondary treatment (Hemet/San Jacinto RWRF), 
and 3 provide a combination of secondary and tertiary treated effluent. 

There are 7 facilities in the watershed that provide only secondary treated effluent, of which 
only 1 discharges to an inland receiving water (Hemet/San Jacinto).  The remaining facilities 
provide water for recycling or groundwater recharge. 

In summary, of the 21 facilities that discharge to inland receiving waters, or discharge in 
combination with recycling, all except one provide tertiary treated effluent consistent with 
Title 22 effluent requirements.  This level of treatment minimizes or eliminates the bacteria 
and pathogen load of these point sources to the Santa Ana Watershed.  Many of these 
facilities produce all or a substantial portion of the downstream receiving water’s dry weather 
flow regime. 

Recycled Water Regulation (Title 22 Requirements) 
The State Water Resources Control Board (SWRCB), through the Porter-Cologne Water 
Quality Control Act, is responsible for formulating and adopting state policy for water 
reclamation, policy that does affect inland water body water quality criteria.  The California 
Department of Health Services (DHS) is responsible for establishing uniform statewide 
reclamation criteria to ensure that the use of recycled water is not detrimental to public 
health, criteria that protect beneficial uses. 

There are no federal standards governing wastewater reclamation and reuse in the United 
States, although the EPA has sponsored the preparation of Guidelines for Water Reuse.  Many 
states, including California, have developed wastewater reclamation regulations.  In all cases, 
the regulations have been established with the objective of protecting public health and 
allowing for the safe use of recycled wastewater.  The DHS established water quality criteria, 
treatment process requirements, and treatment reliability criteria for reclamation operations, 
which are set forth in Title 22, Division 4, Chapter 3, of the California Code of Regulations 
(CCR) Water Recycling Criteria. 
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The existing criteria address treatment requirements for recreational impoundments.  Many 
inland water bodies within the watershed that receive POTW discharges have been 
considered non-restricted recreational impoundments.  Since POTW discharges make up all 
or the majority of dry-weather flows within these receiving streams, Title 22 disinfection 
requirements for recreational impoundments have been applied to NPDES Permits when the 
dilution is less than 20:1 (receiving water flow: wastewater flow).  The dilution criterion 
serves to relax effluent standards during large storm events.  The treatment requirements are 
based on the expected degree of human contact with wastewater.  Treatment requirements 
are expressed as treatment process requirements (e.g., bio-oxidation, coagulation) as well as 
performance standards (e.g., disinfection standards and contaminant reduction).  The existing 
Title 22 standards are among the most stringent standards for public health protection.  To be 
considered adequately disinfected, the median number of coliform organisms in the 
wastewater may not exceed a most probable number (MPN) of 2.2 per 100 milliliters (mL) 
over a seven-day period.  The waste discharge requirements for the Inland Empire Utilities 
Agency’s Regional Pants 1 & 4 [Order No. 01-1, NPDES Number CA0105279] show how these 
standards are incorporated: 

 The discharge shall at all times be an adequately filtered and disinfected wastewater 
(tertiary treated effluent) if the flow in the receiving water is less than that required for a 
dilution of 20:1 (receiving water flow: wastewater flow) at the point of discharge.  Filtered 
wastewater means an oxidized, coagulated, and clarified wastewater which has been 
passed through natural undisturbed soils or filter media, such as sand or diatomaceous 
earth (or equivalent as determined by the State Department of Health Services).  The 
discharge shall be considered adequately filtered if the turbidity does not exceed an 
average of 2.0 turbidity units nor exceeds 5.0 turbidity units more than 5 percent of the 
time during any 24-hour period.  The discharge shall be considered adequately 
disinfected if the median number of coliform organisms does not exceed 2.2 per 100 
milliliters and the number of coliform organisms does not exceed 23 per 100 milliliters in 
more than one sample within any 30-day period.  The median value shall be determined 
from the bacteriological results of the last 7-days for which analyses have been completed. 

 The discharge of secondary treated wastewater when the flow in the receiving water 
results in a dilution of 20:1 (receiving water flow: wastewater flow) or more at the point of 
discharge shall be an adequately disinfected and oxidized wastewater.  The discharge 
shall be considered adequately disinfected if at some location in the treatment process, the 
median number of coliform organisms does not exceed 23 per 100 milliliters.  The median 
value shall be determined from the bacteriological results of the last 7-days for which 
analyses have been completed.  The discharge shall be considered adequately oxidized if 
it complies with the average weekly and average monthly effluent limitations for BOD 
and suspended solids as specified in Discharge Specification A.1.a.  The discharger shall 
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make provisions for the measurement of the receiving water flow at a suitable location 
upstream of the discharge point and determine whether a 20:1 dilution exists before 
discharging secondary treated effluent.  A dilution of 20:1 or more is required at the point 
of discharge. 

Title 22 requirements were adopted in 1978.  POTWs operating prior to 1978 began 
constructing facilities to meet Title 22 requirements at that time.  It is believed that all of the 
inland POTWs completed improvements to meet Title 22 requirements by the mid-1990s and 
all treatment plants constructed since then have been designed to meet these requirements. 

Considering inland POTW discharges as discharging to recreational impoundments, Title 22 
requirements provide for protecting human contact recreation with POTW discharge 
channels and receiving streams. 

Not all POTWs in the Santa Ana Basin discharge to recreational impoundments.  POTWs that 
discharge to groundwater recharge basins as opposed to surface waters are not required to 
meet Title 22 standards.  These POTWs still provide treatment to secondary levels.  In 
groundwater recharge basins, soils may provide additional treatment of effluent by natural 
bacteria reduction. 

Urban Runoff Control Measures and BMPs 
Source Control Measures 
All cities and counties in the Santa Ana River Watershed implement municipal separate storm 
sewer system (MS4) water quality programs aimed at reducing the amount of pollutant 
discharges in stormwater runoff.  The programs are required by MS4 discharge permits 
issued under the National Pollutant Discharge Elimination System (NPDES) by the Santa Ana 
Regional Water Quality Control Board.  The counties implementing such programs include 
San Bernardino County, Riverside County, and Orange County.  These counties serve a 
leadership role (principal permittee role) for large, area-wide groups of city MS4 permittees. 

The MS4 programs currently implemented within the Santa Ana River Watershed have broad 
program elements in common that can directly or indirectly provide some reduction of 
bacteria and pathogens within urban (both dry and wet weather) runoff.  Recent annual 
reports for the MS4 programs were reviewed to identify and summarize program elements 
and innovative measures aimed at controlling pollutants within stormwater discharges.  The 
annual reports reviewed included: 



Technical Memorandum 4 
Inventory and Analysis of Existing Major Control 
Programs and Structural Measures 
Page 6 

A  Stormwater Quality Standards Study  
  November 2004 

 San Bernardino County Stormwater Program Annual Report FY2002-2003 

 Riverside County Flood Control and Water Conservation District, County of Riverside 
and Cities of Riverside County 2003 Annual Progress Report 

 Unified Annual Progress Report; Program Effectiveness Assessment 2002-2003 Reporting 
Period, published jointly by the County of Orange, the Cities of Orange County, and the 
Orange County Flood Control District 

The three MS4 programs consist of common elements/programs aimed at reducing pollutant 
discharges.  These program elements include the following: 

 Illegal Discharge/Illicit connection control 

 Industrial/Commercial Source Program  

 New Development/Redevelopment (including construction) 

 Public Agency (Municipal) Activities 

 Public information/participation 

 Water Quality Monitoring 

The above listed programs function through the implementation of best management 
practices (BMPs) defined by each MS4 program.  The BMP measures included in these 
programs are intended to reduce the loading of the following type of pollutants: 

 Bacteria 

 Sediments and total suspended solids 

 Nutrients and fertilizers 

 Pesticides and herbicides 

 Other pollutants generated from municipal, industrial, commercial and household 
activities. 

Of the listed MS4 program elements, the following BMPs directly address bacteria/pathogen 
control.  These include: 
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 Public education regarding pet waste management 

Outreach efforts to educate pet owners of the impact of pet waste on water quality is a 
component of each County MS4 program.  Pet waste management includes 
emphasizing the direct impact that unmanaged pet waste has in introducing bacteria to 
the storm drain.  All pet wastes are required to be collected and properly disposed.  Pet 
owners are encouraged to bring a plastic bag when walking pets at the park.  Pet 
wastes are to be disposed in the trash or through the sanitary sewer system.  Many 
parks trails also have containers to dispense pet waste collection bags. 

 Practices to identify and rectify septic system problems 

Area MS4 permits require that the MS4 programs determine a mechanism to address 
septic failures.  Plans and programs to locate and address failed septic systems have 
been developed.  Homeowner education is conducted to emphasize the need for 
regular operation and maintenance of septic systems and notify system owners when 
sewer service is newly available in older residential areas. 

As part of Orange County’s assessment of its stormwater program, an assessment was 
conducted on it septic systems.  Septic systems are located throughout the County but 
are of greatest concentration in the Santa Ana River watershed.  Based upon a survey of 
septic system owners, a failure rate of 1.25% was determined.  This failure rate was 
similar to a finding in Oregon.  Literature reviews indicate that the most prevalent 
reason for failure is due to poor operation and maintenance.  Excessive water use or 
insufficient system capacity is also a reason for system failure. 

An analysis was also conducted to predict the mass loading resulting from failed septic 
system failures.  Study results show that failed septic systems are a marginal 
contributor to pathogen indicators and do not represent a significant source of 
constituents of concern to Orange County receiving waters. 

 Portable toilet pollution prevention program 

Portable toilets are used at parks, construction sites, parks and recreational areas, and 
temporary events.  Improper operation and maintenance of these units can have direct 
impact on receiving waters. Area MS4 permits require that the MS4 programs develop 
BMPs to properly manage portable toilets, aimed at preventing accidental discharges 
and providing for proper handling of wastes, as well as proper cleaning procedures.  
BMPs for proper portable toilet management have been developed. 
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As part of Orange County’s annual review of its stormwater program, an assessment 
was conducted on practices and impacts associated with the maintenance, use and 
oversight of portable toilets.  The assessment identified a small number of formal 
incidents over several years involving observed or potential direct impact to drainage 
channel. 

Current industry practices were found to be sufficient to prevent receiving water 
impacts from spills from portable toilets.  The practices were recommended to be 
formalized to ensure consistent implementation by suppliers and users of the portables 
and disseminated through inspection, education and outreach efforts and through BMP 
fact sheets. 

 Water Quality Management Plan (WQMP) requirements for new developments that have 
the potential to discharge bacteria/pathogens, or will discharge runoff into receiving 
waters 303(d) listed for bacteria/pathogens 

WQMP checklists for new projects/ developments require any downstream receiving 
waters be identified as well as any known water quality impairments.  If the 
downstream receiving water is on the 303(d) list for bacteria, best management 
practices can be required as a prerequisite to project approval.  These measures should 
be designed to help prevent bacteria loading to the downstream receiving water. 

Of the MS4 elements, the following BMPs indirectly affect bacteria/ pathogens within 
stormwater runoff: 

 Identification and elimination of illicit connections to the storm drain system 

Each MS4 program includes a program to detect, respond, and eliminate illegal 
discharges and illicit connections which are a significant source of pollutants to the 
storm drain system.  Illegal discharge and illicit connection programs integrate 
municipal, industrial, commercial, residential, and construction inspection programs 
by training authorized inspectors to investigate, and detect incidences of violations.  By 
identifying and eliminating illegal discharges and illicit connections, the potential for 
discharges which contain bacteria/ pathogens to enter the storm drain system is 
reduced. 
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 Spill response plans for certain types of spills and illegal discharges (sanitary sewer 
overflows) 

Each MS4 program has a program element to address spills and illegal discharges.  
These activities are related to the identification of illicit connections and illegal 
discharges as described above.  Spill responders are designated by each County to 
coordinate with fire departments and other agencies in case of accidental spills, leaks, 
or prohibited discharges.  Spill response procedures consist of record keeping, 
notifications of relevant authorities, on-scene assessments, containment, cleanup, 
investigations, reporting, and education and enforcement. 

 Trash collection 

Each MS4 program contains trash collection BMPs as part of its municipal activities.  
Trash left uncollected or improperly contained can enter the storm drain systems.  
Trash is required to be collected on a regular basis and disposed of properly.  
Placement of trash receptacles, appropriate receptacle size, and frequency of trash 
collection is important so as to prevent unnecessary accumulation of the trash and 
discourage illegal dumping.  These management practices prevent the decomposing 
trash that may be high in bacteria/ pathogen populations from entering the storm 
drain system. 

 Street sweeping 

Each MS4 program contains municipal street sweeping as a program BMP.  Sweeping 
activities occur throughout each city within the program, and target areas where 
historically elevated litter loads are observed.  Regular sweeping not only prevents 
accumulation of trash, debris, and sediment but indirectly reduces the potential and 
medium for bacterial growth. 

For the County of Orange, the “Unified Annual Progress Report; Program Effectiveness 
Assessment 2002-2003 Reporting Period” measured the effectiveness of BMP measures.  The 
assessment measured effectiveness based on: (1) verification of program implementation, and 
(2) improved water quality or environmental conditions.  However, the assessment 
“recognizes that scientifically robust evidence of improved water quality will follow 
confirmation on program implementation and should not be expected to be evident initially.” 



Technical Memorandum 4 
Inventory and Analysis of Existing Major Control 
Programs and Structural Measures 
Page 10 

A  Stormwater Quality Standards Study  
  November 2004 

The assessment concluded that “while evidence of the connection between programmatic 
activities and changing environmental conditions remains elusive, the Permittees believe that 
there is strong evidence of increasing program effectiveness.” Many specific achievements 
were identified in the assessment; however, bacteria-specific achievements were not 
mentioned. 

In summary, information directly addressing reduction in bacteria/pathogen loading or 
concentration in receiving waters as a result of MS4 program implementation is not readily 
available. 

Structural Treatment Controls 
In addition to source control BMPs required by MS4 programs, structural treatment controls 
(treatment control BMPs) are now required for certain new development and significant 
redevelopment projects within the MS4’s jurisdiction.  Furthermore, there are a number of 
existing local or regional facilities such as detention or retention (recharge) basins, treatment 
wetlands, and diversions that have been constructed throughout the watershed that provide 
opportunities for reduction of pollutants in runoff including bacteria and pathogens. 

Treatment control BMPs that are described within the WQMP requirements for the MS4 
programs include: 

 Biofilters, including: 

- Vegetated Buffer Strips 

- Vegetated Swales 

- Wetland Vegetated Swales 

 Bioretention 

 Detention Basins (extended dry basins, pervious and impervious lined) 

 Infiltration Basins and Trenches 

 Wet Ponds and Constructed Wetlands 

 Filtration Systems, including 

- Media Filters / Sand Filtration 
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 Water Quality Inlets 

- Trapping Catch Basins 

- Oil Water Separators 

 Hydrodynamic Separators 

 Porous Pavement or Landscape Detention 

 Manufactured Proprietary Control Measures 

Development project proponents consider expected pollutants, receiving water pollutants of 
concern, site conditions, building restrictions, restriction on the use of infiltration, and 
economic feasibility when selecting treatment control BMPs.  MS4 programs have researched 
treatment control BMP removal efficiencies and have provided some insight into selecting an 
appropriate BMP.  Table 1 summarizes general removal effectiveness information provided in 
model WQMPs for MS4 programs.

Table 1 
BMP Removal Effectiveness 

Treatment Control BMP Categories 

Pollutant of Concern 
Biofilters Detention 

Basins 
Infiltration 

Basins 
Wet Ponds 

or Wetlands Filtration 
Hydrodynamic 

Separator 
Systems 

Sediment Turbidity H/M L/M H/M H/M H/M H/M 
(L for Turbidity) 

Nutrients L L/M H/M H/M L/M L 

Organic Compounds U U U U H/M L 

Trash & Debris L H/M U U H/M H/M 

Oxygen Demanding 
Substances L L/M H/M H/M H/M L 

Bacteria & Viruses U U H/M U H/M L 

Oil & Grease H/M L/M U U H/M L/M 

Pesticides (non-soil 
bound) U U U U U L 

L: Low removal efficiency 
H/M: High or medium removal efficiency 
U: Unknown removal efficiency 
Sources: Guidance Specifying Management Measures for Sources of Nonpoint Pollution in Coastal Waters (1993), National 
Stormwater Best Management Practices Database (2001), and Guide for BMP Selection in Urban Developed Areas (2001). 
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Specific to bacteria and pathogens, infiltration and filtration control BMPs are described as 
having a medium to high removal efficiency.  Hydrodynamic separators are described as 
having low removal efficiency.  Biofilters, detention basins, and wet ponds or wetlands are 
described as having unknown removal efficiency.  Traditional design and operating practices 
for such systems have focused largely on trash and debris and suspended solids removal with 
some ability to reduce metals and nutrients.  Only in the past several years has there been 
more emphasis on investigating methods to enhance bacteria removal from “typical” 
stormwater treatment methods.  Examples include providing shallow zones to enhance 
natural UV penetration and looking at subsurface wetland systems. 

Recent research indicates that wet ponds and constructed wetlands may have the potential for 
higher bacteria and pathogen removal efficiency; potentially the highest among treatment 
control BMPs currently described within MS4 programs.  Larger wet pond and constructed 
wetland systems are typically integrated into regional treatment control programs to serve 
large drainage areas rather than from single project sites.  Some larger, multi-acre projects 
could incorporate wet pond or wetland treatment. 

Orange County’s “Unified Annual Progress Report; Program Effectiveness Assessment 2002-
2003 Reporting Period” contains performance reviews of structural BMPs.  According to the 
Assessment, structural BMPs in Orange County have been constructed primarily to address 
nutrient loads and bacteria/pathogen concentrations.  These structures have been designed to 
primarily treat dry-weather flows. 

The Assessment describes wet ponds and constructed wetlands as suitable for treating dry-
weather flows when sufficient flow is present to maintain a water pool and sustain necessary 
vegetation.  The Assessment also describes wet ponds as capable of producing effluent that 
meets contact recreation standards for fecal coliform, although notes that reduction in bacteria 
concentrations can be achieved from other BMP measures. 

The Assessment further compares the observed concentrations of fecal coliform in the effluent 
of the BMPs such as wet ponds, extended detention basins, swales, buffer strips, sand filters, 
and multi-chambered treatment trains as shown in Figure 2.  Although substantial reduction 
is observed for many of the BMPs, contact recreation standards (REC1) are only observed to 
be met more consistently in the discharge from the wet pond. 
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Existing BMP Treatment Controls in Santa Ana Basin 
Numerous structural BMPs exist within the watershed that were designed and installed for a 
variety of purposes but that have the potential to improve the quality of stormwater runoff on 
a regional (non-site specific) basis.  Many of these directly or indirectly address 
bacteria/pathogens.  These BMPs include: 

 Low-flow diversion to sanitary sewer system 

 Recharge (Infiltration) basins 

 Detention basins, swales, and buffer strips 

 Natural treatment wetlands/ wet ponds 

 Ultraviolet disinfection 

 Ozone 

Figure 2
Comparison of Fecal Coliform Effluent Concentrations

Source: OC Program Effectiveness Assessment (2002-2003).
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Low-Flow Diversion to Sanitary Sewer System 
Dry-weather diversions consist of pumping or otherwise diverting low flows from storm 
drains to a sanitary sewer system for treatment at a waste water treatment plant, which 
would include disinfection as necessary to meet the discharge requirements for the plan.  By 
eliminating dry weather flows from directly entering the receiving waters, the impact from 
bacteria levels in the dry weather runoff is eliminated. 

In the County of Orange, the Dry Weather Diversion Plan, October 2003, evaluated the 
effectiveness of the dry weather diversions to the Orange County Sanitation District (OCSD).  
These diversions have been implemented in various coastal locations since 1997 (Table 2).  
The diversion program is not a requirement of the County’s NPDES Permit but has been 
implemented as a result of continual closures and postings at coastal beaches due to unsafe 
bacteria levels.  Existing diversion facilities are operating in 38 locations near the coastline or 
at a main drainage system facility of major watersheds.  Figure 3 shows the locations of the 
existing diversion facilities in Orange County. 

The report also describes an additional 38 proposed dry weather diversions.  These diversions 
are proposed in the cities of Dana Point (5), Huntington Beach (13), Laguna Beach (11), San 
Juan Capistrano (6), Seal Beach (1), and San Clemente (2). 

An example of one of the low flow diversions is the Greenville-Banning Channel diversion. 

Greenville-Banning Channel 
The Greenville-Banning Channel Urban Runoff Diversion (GBCURD) intercepts all dry 
weather urban runoff in the channel to prevent the runoff from reaching the Santa Ana River 
and then the ocean at Huntington State Beach.  The physical diversion is an inflatable custom 
manufactured rubber dam (6.5 feet high by 60 feet long) placed in the Greenville Banning 
Channel upstream of the confluence with the Santa Ana River.  Approximately 80 million 
gallons of urban runoff was diverted to OCSD for treatment during 2003 (Average 
flow 200,000 gpd).  The County of Orange produced a report entitled, “Greenville Banning 
Channel Urban Runoff Diversion Project, Final Report” in April 2003, specifically to address 
findings from the Greenville Banning Channel Diversion 
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Table 2 
List of Existing Low Flow Diversions 

Location  

Sanitary Sewer 
Treatment 

Agency Permittee Month/Year Built 
Flow Diverted 

GPD 
9731 Flounder Dr 
@ D02 (Flounder 
PS)  

OCSD Huntington Beach Feb. 2000 72,000 

9211 Yorktown Ave 
@ D02 (Yorktown 
PS)  

OCSD Huntington Beach Feb. 2000 72,000 

19661 Chesapeake 
Ln @ D02 (Adams 
PS)  

OCSD Huntington Beach Feb. 2000 72,000 

20192 Midland Ln 
@ E01 (Meredith 
PS)  

OCSD Huntington Beach Feb. 2000 288,000 

9221 Indianapolis 
Ave @ D02 
(Indianapolis PS)  

OCSD Huntington Beach Feb. 2000 144,000 

8151 Atlanta Ave 
@ D01(Atlanta PS)  OCSD Huntington Beach July 1999 504,000 

10101 Hamilton 
Ave @ E01 
(Hamilton PS)  

OCSD Huntington Beach Feb. 2000 144,000 

2201 Malibu Ln @ 
D02 (Banning PS)  OCSD Huntington Beach July 1999 288,000 

8612 Hamilton St 
@ D01(Newland 
PS)  

OCSD Huntington Beach July 1999 288,000 

1131 Back Bay Dr 
(Newport Dunes)  OCSD Newport Beach March 2001 8,640 

Santa Ana Channel 
(E01)  OCSD County of Orange May 2001 295,000 

Greenville-Banning 
Channel  OCSD County of Orange May 2001 215,000 

Talbert Channel 
(D02)  OCSD County of Orange May 2001 120,000 

Downstream of 
Adams Ave @ D01 
(Huntington Beach)  

OCSD County of Orange May 2001 - 

Linda Ln @ Via 
Mecha  

City of San 
Clemente San Clemente Aug. 2001 14,000 

Camino del Estrella 
(est. location)  

South Coast 
Water District 

(SCWD) 
Dana Point NA 1,000 

Laguna Cyn @ 
Forest Ave  

City of Laguna 
Beach Laguna Beach 1987 140,000 
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Table 2 (continued) 
List of Existing Low Flow Diversions 

Location  

Sanitary Sewer 
Treatment 

Agency Permittee Month/Year Built 
Flow Diverted 

GPD 

Bluebird Canyon  City of Laguna 
Beach Laguna Beach 1997 30,000 

Dumond 
Dr./Victoria Beach  

City of Laguna 
Beach Laguna Beach 1997 5,000 

Fisherman's Cove  City of Laguna 
Beach Laguna Beach 1998 2,000 

El Paseo@Laguna 
Ave (Main Beach)  

City of Laguna 
Beach Laguna Beach 1998 10,000 

5th Ave @ Coast 
Hwy  

City of Laguna 
Beach Laguna Beach 1999 2,000 

Barranca St. @ 
Cliff Dr  

City of Laguna 
Beach Laguna Beach 2001 1,400 

Cleo St. @ Gaviota  City of Laguna 
Beach Laguna Beach 2001 35,000 

Aliso Creek/ 
Sulphur Creek 
Confluence  

Moulton Niguel 
Water District 

(MNWD ) 
Laguna Nigel May 2000 175,000 

Muddy Canyon  OCSD Newport 
Beach/IRWD April 2002 288,000 

Los Trancos  OCSD Newport 
Beach/IRWD April 2002 288,000 

Los Lobos (est. loc)  City of San 
Clement San Clemente Aug. 2001 29,000 

Aliso Creek (J01) 
at mouth*  OCSD County of Orange May 2001 234,000 

Riviera Beach (150 
yards upstream of 
MO  

City of San 
Clemente San Clemente - 29,000 

Pump Station #1 
(Emerald Point)  

Emerald Bay 
Serice District 

(EBSD) 
Laguna Beach - 1,000 

Three Arches Bay  SCWD Laguna Beach - - 

Dana Point Harbor-
Baby Beach  SCWD Dana Point NA 1,300 

Doheny State 
Beach  SCWD Dana Point NA 10,000 

#118 Emerald Bay  EBSD Laguna Beach - 1,000 

#206 Emerald Bay  EBSD Laguna Beach - 1,000 

#101 Emerald Bay  EBSD Laguna Beach - 1,000 

Crescent Bay Dr 
and Circle Way  

City of Laguna 
Beach Laguna Beach 2001 7,500 

- Data not available 
* Presently decommissioned 
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Recharge (Infiltration) Basins 
A number of basins that were designed for a variety of purposes exist throughout the Santa 
Ana Basin (Table 3).  The design and intent of the some of these basins was not for bacteria 
removal, but rather to either recharge groundwater aquifers or reduce flood hazard potential 
downstream.  Some basins were designed for both recharge of groundwater and for flood 
control purposes.  SAWPA provided a GIS layer of basins throughout the Santa Ana Basin 
that includes recharge, flood control, and multifunction basins (Figure 4).

Figure 3
Existing Low Flow Diversions Facilities in Orange County

Source: Dry Weather Diversion Plan, October 2003
 Orange County 
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Table 3 
Recharge Basins in Santa Ana River Watershed 

Number Agency Name Basin County 
1  Miller Basins Santa Ana Forebay Orange 
2 Orange County Water District Santa Ana River Forebay Rech. Santa Ana Forebay Orange County 
3 Orange County Water District Santiago Basin Rech. Ops. Santa Ana Forebay Orange County 
4  Santiago Creek Basins Santa Ana Forebay Orange 
5 San Bernardino Co. Flood Control Montclair Basins Chino I San Bernardino 
6  Cucamonga Basins North & South Cucamonga San Bernardino 
7  Eighth Street Basins Chino I San Bernardino 
8  Fifteenth Street Basin Chino I San Bernardino 
9 Chino Basin Water Conservation District Ely Basins Chino II San Bernardino 
10  Red Hill Basin Cucamonga San Bernardino 
11 Chino Basin Water Conservation District Chris Basin Chino II San Bernardino 
12 Chino Basin Water Conservation District Lower Cucamonga Spr. Grounds Chino II San Bernardino 
13  Turner Basins Chino II San Bernardino 
14  Church Street Basin Chino I San Bernardino 
15 Chino Basin Water Conservation District Riverside Basins Chino II San Bernardino 
16 Chino Basin Water Conservation District Wineville Basin Chino II San Bernardino 
17  Lower Day Creek Basin Chino I San Bernardino 
18  Upper Day Creek Basins Cucamonga San Bernardino 
19  Etiwanda Basin Chino I San Bernardino 
20 San Bernardino Co. Flood Control District Etiwanda Conservation Basins Chino I San Bernardino 
21  East Ave. Spreading Grounds Chino I San Bernardino 
22 San Bernardino Co. Flood Control District Hickory Basin Chino I San Bernardino 
23 San Bernardino Co. Flood Control District Victoria Basin Chino I San Bernardino 
24  East Etiwanda Creek Channel Chino I San Bernardino 
25 San Bernardino Co. Flood Control District Banana Basins Chino I San Bernardino 
26 San Bernardino Co. Flood Control District San Sevaine Spreading Area Chino I San Bernardino 



Technical Memorandum 4 
Inventory and Analysis of Existing Major Control 
Programs and Structural Measures 
Page 19 

A  Stormwater Quality Standards Study  
  November 2004 

Table 3 (continued) 
Recharge Basins in Santa Ana River Watershed 

Number Agency Name Basin County 
27 Lytle Creek Water Conservation Assoc. Lytle Creek Spreading Grounds San Bern./Lytle Creek San Bernardino 
28  Merrill Basin Chino I San Bernardino 
29  Linden San Bernardino GW Basin San Bernardino 
30  Linden Basin Chino I San Bernardino 
31  Mill Basin Colton-Rialto San Bernardino 
32  Pepper Basin Colton-Rialto San Bernardino 
33  Randall Basin Colton-Rialto San Bernardino 
34 San Bernardino Co. Flood Control District Devil Cyn/Swt. Spill. Spr. Gr. San Bern./Bunker Hill San Bernardino 
35  Muscoy (North) San Bernardino GW Basin San Bernardino 
36  Muscoy (South) San Bernardino GW Basin San Bernardino 
37 Chino Basin Water Conservation District Jurupa Basins Chino II San Bernardino 
38  Mayfield San Bernardino GW Basin San Bernardino 
39 San Bernardino Co. Flood Control District Waterman Cyn. Spr. Grounds San Bern./Bunker Hill San Bernardino 
40  Waterman (North) San Bernardino GW Basin San Bernardino 
41  Waterman (South) San Bernardino GW Basin San Bernardino 
42  Twin San Bernardino GW Basin San Bernardino 
43  Marshall San Bernardino GW Basin San Bernardino 
44  Patton San Bernardino GW Basin San Bernardino 
45 San Bernardino Co. Flood Control District City Creek Spreading Grounds San Bern./Bunker Hill San Bernardino 
46 Eastern MWD Skiland Ponds Perris South II Riverside 
47 Eastern MWD Winchester Ponds Winchester Riverside 

48 San Bernardino Valley Water Conservation District Santa Ana River Spr. Grounds San Bern./Bunker Hill San Bernardino 
49 Eastern MWD Salt Creek Water Harvesting Winchester Riverside 
50 San Bernardino Valley Water Conservation District Mill Creek Spreading Grounds San Bern./Bunker Hill San Bernardino 
51 Eastern MWD Fish & Game Wetlands San Jacinto - Lower Pres. Riverside 
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Table 3 (continued) 
Recharge Basins in Santa Ana River Watershed 

Number Agency Name Basin County 
52 Eastern MWD EMWD Trumble Ponds - Romoland Perris South II Riverside 

53 San Bernardino Co. Flood Control District Wilson Creek Spr. Grounds San Bern./Bunker Hill San Bernardino 
54 Eastern MWD San Jacinto Reservoir San Jacinto - Upper Pres. Riverside 
55 Eastern MWD Alessandro Ponds San Jacinto - Upper Pres. Riverside 
56 Eastern MWD SPW Recharge Ponds San Jacinto Intake Riverside 
57 Eastern MWD Fruitvale 20 Ac. Basins - (L) San Jacinto Canyon Riverside 
58 Eastern MWD Fruitvale 40 Ac. Basins - (U) San Jacinto Canyon Riverside 
59 Chino Basin Water Conservation District Brooks   
60 Chino Basin Water Conservation District College Heights   
61 City of Upland Upland   
62 San Bernardino County Flood Control District Declez   
63 IEUA RP3   
64  Thomson Creek SG   
65  San Antonio Dam   
66  Pomona SG   
67  Live Oak SG   
68 IEUA Cucamonga SG1-2-3   
69 IEUA Cucamonga 1   
70 IEUA Cucamonga 2   
71 IEUA Alta Loma 1-2   
72 IEUA Turner 1   
73 IEUA Turner 2-3-4   
74 IEUA Turner 5-8-9   
75 IEUA Grove Ave. Basin   
76 IEUA Jurupa   
77 IEUA San Sevaine 2   
78 IEUA San Sevaine 1   
79 IEUA Rich   
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Figure 4
Surface Water Basins with Potential for Bacteria Reduction
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Recharge, flood control, or multi-function surface water basins may also be reducing bacteria 
in downstream receiving waters.  This water quality functionality is achieved by filtration and 
removal through adsorption and decay within the soil matrix and underlying formation.   The 
Santa Ana Regional Water Quality Control Board encourages basin owners to look for 
opportunities to retrofit surface water basins for water quality improvement.  This can be 
accomplished by facilitating infiltration or through construction of multi-stage outlets. 

Orange County Water District (OCWD) operates and maintains a man-made series of T-
levees within the Santa Ana River near Imperial Highway to increase groundwater recharge 
capacity.  The levees are constructed along side the River and receive low flows from a 
diversion structure.  The levees provide for spreading, slowing, and retention of River flows 
primarily to increase groundwater infiltration rates.  During low flow periods, increased 
spreading decreases the amount of water flowing through the River, and provides for 
increased settling, both conditions that can decrease the amount of bacteria and pathogens 
within the River, potentially improving water quality. 

Natural Treatment Wetlands / Wet Ponds 
In its June 2003 study, Appendix E1 – BMP Effectiveness and Applicability for Orange 
County, wet ponds and wetlands are described as being particularly effective in reducing 
bacteria levels from dry weather flows diverted to the wet ponds.  Examples of wet ponds/ 
wetlands in the Santa Ana basin are described below.  Attachment A to this technical 
memorandum is an inventory of existing or planned wetland BMPs within the Santa Ana 
Basin. 

Natural Treatment System (NTS) - Irvine Ranch Water District 
The proposed Irvine Ranch Water District Natural Treatment System (NTS) is a network of 31 
water quality wetlands designed to remove sediment, nutrients, pathogens, and other 
pollutants from urban runoff within the San Diego Creek Watershed to improve water quality 
in Upper Newport Bay.  The 31 sites are located throughout the cities of Irvine, Tustin, Lake 
Forest, Newport Beach, Orange, and in unincorporated areas of Orange County. 

The primary drainage channel in the treatment area is San Diego Creek and its main tributary, 
Peters Canyon Wash.  San Diego Creek flows into Upper Newport Bay, which contains 
the 752 acre Upper Newport Bay Ecological Reserve.  This coastal estuary is one of the largest 
remaining estuaries in Southern California. 

Three basic facility types are proposed in the NTS.  These include off-line, in-line, and 
combination treatment facilities.  The off-line treatment type treats dry weather and wet 
weather low flows.  Flows would divert to open water ponds.  The ponds reduce flow 
velocities and trap sediment and aid in ultraviolet (UV) degradation of pathogens. 
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The in-line treatment facilities consist of a water quality treatment wetland located within 
existing stream channels.  Wetland vegetation would be located in shallow ponds behind a 
series of constructed weirs within the channels. 

The combination facilities would be built in existing flood control basins.  While maintaining 
the flood control storage volume, the basin would be altered to accommodate constructed 
wetland areas.  A separate outlet from the basin is required to remove flows from treatment 
wetland.  Besides dry weather low flows and wet weather low flows, first flush from storms 
are designed to be removed from the combination type facility. 

The NTS program is anticipated to result in reduced fecal coliform concentrations.  The fecal 
coliform TMDL for Upper Newport Bay is expected to be met during the dry season.  During 
wet weather, the fecal coliform TMDL may be met for low flow conditions but is not expected 
to be met during storm conditions. 

San Joaquin Marsh 
The San Joaquin Marsh is the largest coastal freshwater wetlands in Southern California.  This 
500 acre marsh is adjacent to the University of California, Irvine, and bounded by the San 
Diego Creek, Michelson Drive, and Carlson Drives.  IRWD owns approximately 300 acres of 
the marsh, of which 150 acres were restored and enhanced in 1997.  The University of 
California Natural Reserve System owns the remaining 200 acres.  The restoration project re-
established a water supply by diverting dry weather flows from San Diego Creek into a series 
of ponds for several days before most of the flow is returned to San Diego Creek, about a mile 
upstream of Newport Bay.  The water released back to the creek has about a 50% reduction of 
nitrates prior to treatment.  The primary goal of the marsh is to reduce nutrient concentrations 
in the San Diego Creek discharge to Newport Bay.  Nutrient reduction of nitrogen and 
phosphorus reduces algae bloom and its effect of oxygen depletion.  Approximately, 50,000 
tons of sediment and 10,000 pounds of phosphorus are removed each year in desilting basins. 

No specific studies were identified which have evaluated the specific effects on bacteria 
reduction by the San Joaquin Marsh. 

Hidden Valley Wetlands Enhancement Project 
The Hidden Valley Wetlands Enhancement Project (WEP) was developed in the Hidden 
Valley Wildlife Area (HVWA) in order to restore and improve existing wetlands within the 
HVWA by supplying tertiary treated effluent from the City of Riverside Regional Water 
Quality Control Plant (RWQCP).  Within the WEP boundary, there is approximately 37 acres 
of constructed wetlands.  HVWA is operated by the County of Riverside Parks and Open 
Space Department under a cooperative agreement with the California Department of Fish and 
Game. 
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WEP is a multi-purpose project aiming to provide the following: 

 De-nitrification 

 Enhancement of environment for riparian habitat for native and migratory wildlife 
species 

 Groundwater recharge 

 Basis of research for natural treatment processes design criteria 

While reducing the nitrogen in the effluent, no specific studies have been conducted to 
determine the impact, if any, on reducing pathogens. 

Prado Wetlands, Orange County Water District 
Orange County Water District (OCWD) owns approximately 2,150 acres behind Prado Dam.  
Of this land, 465 acres are constructed wetlands.  The wetland system consists of 50 shallow 
ponds used for reduction of nitrogen levels in the Santa Ana River since 1992.  The Santa Ana 
River consists mainly of tertiary treated wastewater from upstream discharges.  Since the 
Santa Ana River is the main source of water for groundwater recharge in Orange County, 
nitrogen levels in the water have been reduced prior to its use as recharge for the 
groundwater basins.  This wetland system removes approximately 20 tons of nitrates per 
month. 

Currently, the base flow of the river is approximately 120 cubic feet per second (cfs), with 60 
cfs traveling through the wetland.  The base flow of the river potentially may increase beyond 
200 cfs due to population increases (and subsequent increases of recycled water discharge) in 
Riverside and San Bernardino Counties.  In order to handle this potential increase in base 
flows, modifications have been made to increase the hydraulic capacity of the Prado Wetlands 
pond system. 

Since 1999, OCWD has also conducted water quality monitoring of influent and effluent from 
the Prado Wetlands and analyzed for coliform, E.coli, and enterococci. 

Optimal Basin Management Plan – Chino Basin 
Chino Basin Watermaster is developing the Optimum Basin Management Program (OBMP).  
The Chino Basin consists of approximately 235 square miles of the upper Santa Ana River 
watershed.  The Chino Basin is one of the largest groundwater basins in southern California. 
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The OBMP consists of nine key elements covering a wide range of water activity in the Basin.  
The OBMP elements as a whole are aimed to develop a groundwater management program 
that enhances the yield and quality of the Chino Basin.  One of the missions of the plan is to 
increase the Basin water supplies by utilizing stormwater and reclaimed water recharge.  The 
plan is composed of nine program elements which include: 

 Comprehensive Monitoring 

 Comprehensive Recharge 

 Water Supply Plan for Impaired Areas 

 Management Zone Strategies 

 Regional Supplemental Water Program  

 Cooperative Program 

 Salt Management Program 

 Groundwater Storage Management 

 Storage and Recovery Program 

The second element, Comprehensive Recharge, has a component that aims to capture wet 
weather storm flows for recharge to infiltration basins.  The resulting reduction in urban 
runoff downstream could reduce bacteria levels.  The Chino Basin Watermaster is looking at 
obtaining increased recharge capacity by expanding recharge capacity at Montclair Basins, 
Upland Basins, and Brooks Basins. 

Other Emerging Technologies 
There are several other emerging technologies that can be utilized to retrofit existing 
structural BMPS or for implementing in targeting reaches of impacted receiving waters.  
These alternative technologies include: 

 Filtration 

Several filtration technologies have been developed for treatment of urban runoff, some of 
which are specifically designed or indirectly effective at removing bacteria.  Treatment 
devices range from highly specialized proprietary technologies to more conventional media 
filtration, such sand filters. 
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Sand filters function by filtering stormwater through sand media, and may be installed 
underground in trenches or pre-cast concrete boxes, or above ground.  Large, above ground 
sand filters have been used with success for larger drainage areas.  Pretreatment to remove 
large debris and other materials that can hinder sand filter performance is typically necessary.  
Sand filters have proven moderately effective at removing bacteria.  Results have varied 
based upon site and climatic differences. 

Sand filter designs include the surface sand filter basin (Austin sand filter), the underground 
vault sand filter (Washington, DC sand filter), the double trench sand filter (Delaware sand 
filter), the stone reservoir trench sand filter, and the peat sand filter system.  Modifications are 
often made to these designs based on site-specific conditions. 

A large amount of testing data is available for conventional media filtration for bacteria 
removal, with some studies showing high removal effectiveness.  The ability of media 
filtration to meet bacterial water quality objectives would depend on source runoff 
conditions. 

Media filtration is also the functional component of several proprietary devices advertised to 
remove bacteria.  Several different configurations of proprietary devices are available through 
various vendors, though limited application and effectiveness data is available. 

 Ozone 

Ozone has been used in the water treatment industry since the late 1800s for disinfection, 
odor control, and other applications.  Ozone is generated by an electrical discharge through 
either dry air or pure oxygen.  As an oxidant, ozone is preferred to chlorine due to its 
extremely efficient disinfection properties and ability to dissipate very rapidly in water, 
leaving no residuals.  Ozone is also considerably less hazardous to handle than chlorine.  
These properties have made ozone an effective chemical for water treatment for nearly a 
century.  It is, however, a very expensive chemical to use for disinfection. 

Ozone, like chlorine, is a strong oxidizing agent and is used in much the same manner.  It is 
an excellent virucide, is effective against most amoebic cysts, and destroys bacteria and 
phenols.  Ozone may not kill large cysts and some other large organisms, so these should be 
eliminated by filtration or other procedures prior to treatment. 

 Ultraviolet Disinfection 

Ultraviolet (UV) treatment is an emerging treatment technology for controlling bacteria and 
pathogens within urban runoff.  The technology has been generally accepted in conventional 
water and wastewater treatment, but also has potential for treatment of urban runoff. 
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Conventional ultra-violet (UV) treatment technology involves passing water by a special UV 
light source.  The light source is immersed in the water in a protective transparent sleeve, and 
emits UV waves that can inactivate microorganisms.  The ultra-violet rays, similar to the sun’s 
UV rays only stronger, alter the nucleic makeup of viruses, bacteria, molds, and parasites so 
that they cannot reproduce, and are thus inactivated.  UV treatment does not alter the water 
chemically as nothing is added except light energy.  UV treatment does not permanently 
divert stream flows, does not require chemical storage, and does not produce a chemical 
residual.  Pretreatment of flows is necessary to remove sediments and other constituents prior 
to UV light exposure, to improve the clarity of water for increased UV light penetration. 

Two Southern California examples of UV application for treating urban runoff include 
systems installed and operated at Moonlight Beach within Cottonwood Creek in Encinitas, 
and within a storm drain that discharges into Aliso Creek in Laguna Niguel, neither of which 
are in the Santa Ana Basin. 

The Cottonwood Creek UV system installation became operational in December 2002.  
Cottonwood Creek flows year-round from Encinitas Ranch golf course to Moonlight Beach, 
draining a watershed of approximately three square miles.  Most of the Creek is buried under 
strip malls, residential communities, and streets.  The system has capacity to treat a rate of 
200,000 gallons per day.  The system is operated only during the dry season, and deactivated 
during the winter.  The City is treating 85 percent of the Creek’s flow, bypassing 15 percent of 
the flow to allow some nutrient contribution to the Creek and the beach.  Water is collected 
directly from the Creek.  The UV system was installed for $470,000, and monthly O&M costs 
are expected to be under $1,000. 

The UV system installed within the storm drain tributary to Aliso Creek in Laguna Nigel can 
also process 200,000 gallons per day.  Flow is collected at the storm drain, treated, and 
discharged to nearby pond.  The system is contractually operated at $664 per million gallons 
treated—averaging $3,000 a month.  The system is considered temporary.  Plans are to replace 
it with a system that will carry dry season flow into a series of constructed wetlands for 
treatment. 

To adapt to variable flow rates or organic loading, flow equalization or recirculation is often 
used.  Had ozonation been selected for the Moonlight Beach project, a monitored side stream 
of minimal flow would have been continuously re-circulated and injected with ozone.  In the 
event of high ozone levels, an automated ozone system would have shut down the re-
circulating stream. 
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In addition to pretreatment filtration, ozone generators, and ozone destruct units, a complete 
disinfection system requires ozone injectors and injector pumps, a closed-loop chiller, an 
ozone concentrator, oil-free compressors, an air receiver, an ozone contactor, and an ozone 
separator.  Most of the equipment would have had to fit in the required footprint inside an 
enclosure, with ozone contact and destruct basins located above or below ground.  The 
investigated system could have met the city's acoustical requirements with some attenuation. 

The major benefit of ozone treatment is that ozone is extremely active as a disinfectant.  In 
contrast to chlorine, ozone is active over a wide pH and temperature range.  The required 
contact time is so short that it is not a consideration in system design. 
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Attachment A 
Planned or Operating Wetlands in the Santa Ana Basin 

Project Owner Location Status BMP Type Objectives Description 

Hidden Valley 
Wetlands 
Enhancement 
Project 

City of 
Riverside 

Hidden 
Valley 

Wildlife Area 
Operational 

Natural 
treatment 
wetlands 
 
Wastewater 
treatment 

Total organic nitrogen TMDL (1991) 10 
mg/l; protection of groundwater basins 
 
Purposes: de-nitrification of tertiary 
effluent; environmental enhancements 
for riparian habitat; groundwater 
recharge; improvements to public use; 
research and development 

Influent structure, conveyance 
channel, wetlands ponds; 
Average TIN removal in 2003 – 
43% in surface flow; 38% in sub-
surface flow;  
No specific studies conducted on 
potential pathogen reduction. 
 
 

San Joaquin 
Marsh 

Irvine Ranch 
Water District 

San Diego 
Creek, 
Orange 
County 

Five wetlands 
are operational 

Natural 
treatment 
wetlands 
 
Runoff 
treatment 

Nitrate and sediment removal 

Currently IRWD is operating 
water quality treatment wetlands 
with 45 acres of open water and 
11 acres of marshland vegetation.  
 
Water is diverted from San Diego 
Creek to marsh and circulated 
through ponds. Nitrogen loads to 
Newport Bay are reduced by 
50%;  
No specific studies conducted on 
potential pathogen reduction. 
 

San Diego Creek 
Watershed 
Natural Treatment 
System 

Irvine Ranch 
Water District 

San Diego 
Creek, 
Orange 
County 

31 new 
wetlands are 

being planned 

Natural 
treatment 
 
Wetlands 
 
Runoff 
treatment 

Achieving TMDL targets for total 
nitrogen for dry season low flow 
conditions of 2007 and wet season low 
flow conditions by 2012. 
Achieve total phosphorous TMDL 
targets for 2002 and 2012 during 
stormwater runoff. 
Reduction in fecal coliform 
concentrations; fecal coliform TMDL will 
be met during the dry season only. 
Some facilities will be designed to 
remove selenium to meet TMDLs. 
 

Proposed off-stream, in-stream 
and combined wetlands will treat 
low and runoff from small events, 
and first-flush from large storm 
events. 
 
Some of the proposed facilities 
will treat only dry weather flows. 
 
Aims to reduce fecal coliform 
loads. 
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Attachment A (continued) 
Planned or Operating Wetlands in the Santa Ana Basin 

Project Owner Location Status BMP Type Objectives Description 

Prado Wetland Orange County 
Water District 

At Prado 
Dam in 

Riverside 
County 

Operational 

Wetlands for 
treatment of 
Santa Ana 
River flows 

Nitrogen removal 

465 acres of constructed 
wetlands consisting of 50 shallow 
ponds that remove approximately 
20 tons of nitrate per month; 
 
OCWD has tested for coliform, 
E.coli, and enterococci pathogens 
since 1999. 

Crystal Cove The Irvine 
Company 

Crystal 
Cove, 

Orange 
County 

Operational 

Detention and 
filtration; low-
flow diversion to 
sewer system; 
storm-drain 
filters; wetlands 

Eliminate low-flow during dry weather; 
remove sediments, bacteria and trash 
from runoff 

Runoff control for residential 
development. Detention and 
filtration; low-flow diversion to 
sewer system; storm-drain filters; 
wetlands 

Urban Runoff 
Diversion Projects 
– Greenville 
Banning Channel, 
Talbert Channel, 
Lower Santa Ana 
River, and 
Huntington Beach 
Channel 

County of 
Orange 

Santa Ana 
River 

Watershed, 
Orange 
County 

Operational 

Inflatable dams 
to divert urban 
runoff low flow 
to the sewer 
system 

To reduce the number of beach-mile-
days postings at Huntington State Beach 
by diverting urban runoff water to OCSD 
for treatment. The projects reduce the 
loading of fecal and total coliform  
bacteria reaching the ocean during dry-
weather that contribute to beach 
closures 

The four inflatable dams divert 
low flow urban runoff during dry 
weather to the sewer system for 
treatment at OCSD facilities. 

Lytle Creek North ??? ??? Proposed??? 

Infiltration 
basins and 
vegetated wet 
basins 

TSS, Total N, Total P, Lead, Zinc, total 
hydrocarbons, fecal coliform, BOD 
removal 

Four infiltration basins; two of 
them with vegetated wet basins to 
treat nuisance flows, and two with 
dry forebays 

Orange Coast 
River Park 

Friends of 
Harbors, 

Beaches and 
Parks 

Lower end 
of Santa 

Ana River 
Concept 

Recreational 
park and 
programs 

Enhance/restore ecological functions, 
improve habitat, recreation 

1000-1400 acre park by Santa 
Ana River – trails, shared support 
facilities, and wildlife habitat and 
park management program; 
Continue wetland restoration at 
Huntington-Talbert Marsh area. 
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Attachment A (continued) 
Planned or Operating Structural BMPs in the Santa Ana Basin

Project Owner Location Status BMP Type Objectives Description 

Constructed 
Wetlands – Bolsa 
Chica Channel 

County of 
Orange Public 
Facilities and 
Resources 

Dept. 

Bolsa Chica 
Channel 

Feasibility 
Study 

Wetland system 
for urban runoff 

Enhance/restore ecological functions, 
improve habitat, improve water quality 

Route urban runoff from the Bolsa 
Chica Channel through wetlands 
constructed on property by the 
Seal Beach Naval Weapons 
Station.  Detention system, 
vegetation system, and upstream 
debris removal included. 

Chino Creek 
Wetlands 

Orange County 
Water District 

Chino Creek 
just above 
Prado Dam 

CEQA 
Complete 

Constructed 
wetlands Restore/improve  ecological habitat 

100 acres of constructed 
wetlands to reduce nitrates/TIN in 
drinking water 

Natural Treatment 
System – East 
Garden Grove 
Channel 

City of 
Huntington 

Beach 

East Garden 
Grove In process 

Wetland system 
and 
groundwater/su
rface water 
improvements 

Divert urban runoff, rehabilitate surface 
water, recharge aquifer 

Divert up to 4 mgd urban runoff 
into 2-acre wetland; treated water 
would rehabilitate Talbert Lake 
and recharge Huntington Beach 
Central Park aquifer; public 
education/outreach 

Prado River Road 
Wetlands 
Expansion 

Orange County 
Water District 

Orange 
County, 

River Road 

CEQA 
Complete 

Constructed 
wetlands 

Restore/improve ecological habitat, 
water quality 

200 acres of constructed 
wetlands above River Road 
bridge to treat Santa Ana River 
flows; reduce nitrates/TIN in 
drinking water 

Regional Plant 
Coordinated 
Habitat and 
Stormwater 
Management Plan 

Inland Empire 
Utilities Agency 

Inland 
Empire, 

Prado Basin 
N/A BMPs  Improve water/habitat/ ecosystem 

quality 

IEUA properties site -plan to use 
BMPs for stormwater 
management, organics 
processing, habitat/water 
conservation 
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Attachment A (continued) 
Planned or Operating Structural BMPs in the Santa Ana Basin 

Project Owner Location Status BMP Type Objectives Description 

Temescal Creek 
Riparian 
Enhancement 

Riverside/ 
Corona 

Temescal 
Creek 

Ongoing 
planning 

Habitat 
restoration Improve ecosystem/water quality 

50 acres of riparian habitat 
restoration, small ponds for fresh 
water marsh/water use; 
reintroduce native vegetation 

Lake Elsinore 
Nutrient Removal 
(Wetlands) 

Lake Elsinore/ 
San Jacinto 
Watersheds 

Authority 

Lake 
Elsinore Planning Constructed 

wetlands Improve habitat/ water quality 

Construct wetlands and 
implementing other nutrient 
control measures for Lake 
Elsinore 

Nutrient Removal 
Eastern Municipal 
Water District 
Water 
Reclamation 
Plants 

Lake Elsinore/ 
San Jacinto 
Watersheds 

Authority 

Eastern 
Municipal 

Water 
District 

Reclamation 
Plants 

Planning 

Improvements 
to Water 
Reclamation 
Plants 

Improve habitat/ water quality 

Increase nitrogen/phosphorus 
removal capacities at EMWD 
Water Reclamation Plants, which 
discharge into Lake Elsinore 

Installation of 
Aeration Systems 
and Oxygenation 
System 

City of Canyon 
Lake, County of 

Riverside 

Canyon 
Lake, 

Riverside 
County 

Planning 
Structural water 
quality 
improvements 

Improve water quality/ recreational 

Install oxygenation systems to 
improve drinking water of Canyon 
Lake and water quality for 
recreational users 

San Timoteo 
Canyon State 
Park 

Riverside Land 
Conservancy 

San Timoteo 
Canyon 

State Park 
Planning Creation of new 

state park 
Enhance ecology, improve habitat/ water 
quality 

Create new state park centered 
around San Timoteo Creek 
Watershed; create, restore, and 
protect wetlands 

San Timoteo 
Habitat 
Enhancement 
Project 

East Valley 
Resource 

Conservation 
District 

San Timoteo 
Creek Ongoing 

Restore 
tributary to 
natural state 

Restore ecology, improve habitat/water 
quality 

Restore tributary by removing 
trash/debris in creek bed 

San Jacinto 
Wildlife Area 
Environmental 
Enhancement and 
Recycled Water 
Storage Initiative 

Eastern 
Municipal Water 

District 

San Jacinto 
Wildlife Area Ongoing 

Wetlands 
restoration, 
water 
conservation 

Restore ecology, improve habitat/water 
quality 

Use recycled water for restoring 
historic wetlands; recycled water 
conservation; groundwater 
management 
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Attachment A (continued) 
Planned or Operating Structural BMPs in the Santa Ana Basin 

Project Owner Location Status BMP Type Objectives Description 

San Jacinto Flow 
through Wetlands 

Lake Elsinore 
San Jacinto 
Watershed 
Authority 

San Jacinto 
River area Planning Constructed 

wetlands Improve habitat/ water quality 

Create flow-through wetland to 
enhance habitat and remove nutrients 
from San Jacinto River from Canyon 
Lake to Lakeshore Drive 

San Jacinto River 
Project 

Riverside 
County Flood 
Control and 

Water 
Conservation 

District 

San Jacinto 
River area Planning Increase river 

width 
Enhance ecology; improve habitat; 
flood control 

Increase San Jacinto River width 
from 500-1200 feet to help with flood 
control and habitat improvement 

Wetlands and 
Habitat 
Conservation Area 

City of Ontario City of 
Ontario 

CEQA 
Complete 

Constructed 
wetlands 

Enhance/improve ecology/water 
quality/ habitat; education; 
recreation 

Conjunctive uses with wetlands 
construction; 85 acres of restoration 
and 145 acres of land acquisition 

Cucamonga 
Creek Wetlands 

Inland Empire 
Utilities Agency 

Cucamonga 
Creek, 
Inland 
Empire 
Utilities 
Agency 

Planning Constructed 
wetlands Enhance ecology; improve habitat Construct wetlands for natural 

treatment of Cucamonga Creek 

Santa Ana River 
Wetlands (Mission 
Zanja Creek 
Channel) 

San Bernardino 
County Dept. of 
Public Works, 

Regional Trails 
Division 

Mission 
Zanja Creek 

Channel 
Planning Constructed 

wetlands 
Enhance ecology; improve 
habitat/water quality 

Create wetlands via removal of 
nonnative vegetation, planting of 
native species; put in place signage, 
boardwalk, bike path for access and 
educational opportunities 

San Timoteo 
Wetlands NA San Timoteo 

Canyon NA 
Create, restore, 
protect 
wetlands 

Enhance and restore habitat; 
improve water quality 

Increase water quantity and quality by 
protecting/enhancing floodplains in 
San Timoteo Canyon and major 
tributaries beginning at Loma Linda 

Yucaipa Valley 
Water District 
Wetlands 
Enhancement 

Yucaipa Valley 
Water District 

Yucaipa 
Valley, San 

Timoteo 
Creek 

Planning Constructed 
wetlands 

Recreation; education; improve 
water quality 

Constructed 30-acre wetlands in 
YVWD region prior to discharge to 
San Timoteo Creek; includes 
pipelines, hydraulic control structures 
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Attachment A (continued) 
Planned or Operating Structural BMPs in the Santa Ana Basin 

Project Owner Location Status BMP Type Objectives Description 

Wilson and 
Polato Creek 
Watershed Plan 

City of Yucaipa 
Wilson and 

Polato 
Creeks 

Planning 
Constructed 
spillover 
detention basins 

Improve habitat/ water quality; water 
conservation 

Basins for flood control, 
groundwater recharge, habitat 
preservation in Wilson/Polato 
Creeks 

Noble Creek/ 
Marshall Creek 
Wetland Project 

Beaumont-
Cherry Valley 
Water District 

City of 
Beaumont Planning 

Utilize recycled 
water for 
wetlands 
construction 

Improve water quality 

Based on Recycled Water Master 
Plan; use recycled water for 
constructing wetlands and 
recharging groundwater to 
Beaumont Storage Unit 

Native and 
Treatment 
Wetlands 

NA 

Orange, 
Riverside, 

San 
Bernardino 
Counties 

Program 
Adoption 

Restore 
wetlands; create 
treatment 
wetlands 

Improve habitat/ ecosystem/ water 
quality; flood control 

5-year program to identify projects 
where water quality improvements 
are most critical, promote 
wetlands restoration/construction 



Stormwater Quality Standards Study
Phase I Study Report - Technical Memoranda

January 2005



 

A Stormwater Quality Standards Study 
 November 2004 

Contents 

Stormwater Quality Standards Study 
Phase I Study Report – Technical Memoranda 
 
Technical Task Overview 
 
Technical Memorandum 1 - Receiving Water and Watershed Inventory Mapping 
 
Technical Memorandum 2 - Recreational Use Inventory 
 
Technical Memorandum 3 - Flow and Water Quality Data Inventory and 

Characterization 
 
Technical Memorandum 4 - Inventory and Analysis of Existing Major Control 

Programs and Structural Measures 



A  Stormwater Quality Standards Study 
 January 2005 

Stormwater Quality Standards Study 
Technical Task Overview 
 

Background 
The Stormwater Quality Standards Study was proposed to integrate basin-wide watershed 
planning and water quality program management efforts with the Santa Ana Regional Water 
Quality Control Board (Regional Board) Triennial Review Priority List and Work Plan and 
rankings of priorities.  The Regional Boards are required by federal law to review water 
quality standards, which include beneficial uses, water quality objectives, and an anti-
degradation policy, on a 3-year cycle (triennial review).  State law also requires periodic 
review and update of Basin Plans.  Per the Water Quality Standards/Basin Planning activities 
identified in the Regional Board’s Watershed Management Initiative, and to respond to the 
EPA’s new national water quality criteria and AB411 Beach standards, the Regional Board has 
ranked updating the bacteriological water quality objectives associated with recreational 
beneficial uses as one of their high priorities.  Another priority is to review and where 
appropriate, revise beneficial use designations for a number of water bodies. 

The beneficial use designations were originally assigned to ocean beaches and major 
freshwater lakes and streams in 1975.  Minor streams, including many stormwater channels, 
were never formally designated.  The presumption of REC-1 (and fishable uses) for surface 
waters not specifically identified and designated in the Basin Plan is based on federal law and 
regulation, which establish that presumption.  Rapid urbanization has affected the expected 
beneficial uses for many designated waterbodies and unclassified tributaries throughout the 
Santa Ana region.  For example, many previously natural drainage courses have been 
modified to concrete flood control facilities, including lined channel and underground pipes 
and culverts.  As a result, generic application of the Tributary Rule may not result in the most 
appropriate regulatory requirements in all cases. 

Stakeholders in the Santa Ana Watershed expressed strong interest in assisting the Santa Ana 
Regional Board in providing additional data and science to assist in the evaluation of the 
REC-1 beneficial use designation and associated water quality objectives.  To coordinate this 
assistance effort, the Stormwater Quality Standards Study Task Force (Task Force) was 
formed.  Since the Task Force and Regional Board had similar data collection needs in order 
to understand the fate, transport, and exposures to pollutants associated with impaired water 
bodies, they elected to work together on similar data collection activities that would meet 
both of their objectives – the Task Force’s objective of developing cost-effective practices to 
improve water quality, and the Regional Board’s objective of developing water quality 
objectives and beneficial use designations that are appropriately protective of public interests. 
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The first task of the Stormwater Quality Standards Study established a Work Plan that would 
govern the next phases of the study process.  The Work Plan recommended studies and 
activities that would provide support to the Regional Board to ensure that all waterbodies in 
the region have been properly designated with appropriate existing and probable future 
beneficial use classifications, to ensure that the most appropriate water quality objectives are 
established to protect those beneficial uses, and to ensure that implementation strategies to 
achieve the water quality objectives are appropriate.  The final Work Plan recommended that 
this work be conducted in three phases: 

 Phase I – Review Beneficial Use Classifications and Assess Existing Conditions 

 Phase II – Review and Update Water Quality Objectives and Conduct Additional 
Analyses 

 Phase III – Develop Permit Implementation and Monitoring Strategies 

This phased process gives an opportunity for intermediate decision points and for focusing or 
prioritizing efforts that would be conducted under subsequent phases. 

The work under Phase I was further divided into two parallel efforts: 

1) A regulatory review of recreation-based beneficial use classifications to more accurately 
reflect the true nature of recreational uses occurring throughout the watershed.  This 
effort was led by Risk-Sciences, Inc. 

2) Development of technical data and scientific information required to support the 
regulatory review.  This effort was led by CDM and is summarized in this document and 
presented in detail in the accompanying Technical Memoranda.  Phase I objectives for the 
technical efforts included researching and compiling a summary of available information, 
with a limited analysis of the information pertaining to the following study topics: 

- Receiving Water and Watershed Inventory Mapping 

- Use Inventory 

- Flow and Water Quality Data Inventory and Characterization 

- Inventory and Analysis of Existing Major Control Programs and Structural Measures 
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Technical memoranda were prepared for each Phase I study topic.  This study overview 
summarizes the technical memoranda.  Technical Memorandum 1 provides receiving water 
and watershed inventory mapping information.  Technical Memorandum 2 provides existing 
and potential use inventory information.  Technical Memorandum 3 provides flow and water 
quality data inventory and characterization information.  Technical Memorandum 4 provides 
an inventory and analysis of existing major control programs and structural measures. 

The information within the technical memoranda will be used to support the regulatory 
objectives review being performed by Risk Sciences, Inc.  A separate report will be generated 
by Risk Sciences, Inc. 

Summary of Phase I Findings 
The Santa Ana River watershed is located in southern California, south and east of the City of 
Los Angeles.  The watershed is approximately 2800 square miles in area, and includes the 
northern portion of Orange County, the northwestern corner of Riverside County, the 
southwestern corner of San Bernardino County, and a small portion of Los Angeles County.  
River drainages generally flow from east to west.  The highest elevations of the watershed 
occur in the San Bernardino, San Gabriel and San Jacinto Mountains.  In the central part of the 
watershed, the Santa Ana Mountains and the Chino Hills form a topographic high before the 
River flows onto the Coastal Plain and into the Pacific Ocean. 

The Santa Ana River Drainage System is comprised of a highly variable set of natural and 
structurally modified channels that carry flows, and inland lakes and basins that temporarily 
or permanently store flows.  The physical conditions that may affect contact recreation can 
vary considerably within a single stream reach, from a natural bank condition to a stabilized 
bank condition, then to a concrete-lined condition, and in some cases back to a natural 
condition, along the reach.  Some portions of the watershed contain only fully improved, 
lined channels with restricted access along all or most of their length.  These occur primarily 
within densely developed urban areas such as the Orange County coastal plain. 

County agencies within the Santa Ana River Watershed have well-established GIS coverage 
of the drainage system, with attribute data (physical channel information) in some areas.  The 
GIS may need to be field verified in some areas as conditions may have changed since GIS 
development, and the attribute data provided is not consistent from agency to agency.  Most 
agency GIS differentiate the drainage system as either natural channel or modified channel, 
but may define these physical conditions differently.  Existing GIS may not describe channel 
segments by physical attribute types to the level of detail necessary to determine a channel 
segment’s capacity for providing safe or desirable water contact recreation.  A summary of 
existing basin mapping is included within Technical Memorandum 1. 
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Water contact and non-contact recreational use is supported and encouraged at the beaches 
along the coastline of the watershed, as well as in several inland lakes.  Both contact and non-
contact recreation are identified as either existing or potential beneficial uses (in some cases 
intermittent) for most other inland receiving waters and tributaries.  Within the urban portion 
of the watershed, most water bodies are fully or partially improved flood control facilities 
where water contact uses are discouraged and access is actively prohibited due to concerns 
for potentially unsafe conditions and liability.  Information is available about the frequency 
and type of use at beaches and lakes, but information is very limited pertaining to actual 
existing or historic water contact use activities in most other waterbodies within the 
watershed.  A number of additional recreational park areas are planned within the watershed 
for the near future but typically do not include planned beach or similar body contact 
recreation use areas.  Additional recreational use information is available in Technical 
Memorandum 2. 

The Santa Ana River watershed is an arid region, and therefore there is little natural perennial 
surface water in most of the watershed.  Surface waters originate primarily in the San 
Bernardino, San Gabriel, San Jacinto and Santa Ana Mountain ranges where flows consist 
mainly of snowmelt and storm runoff from the lightly developed National Forest land.  This 
water is generally relatively high quality (low levels of indicator bacteria) leaving the 
mountain fronts.  In the most upper reaches within the local Mountains, the Santa Ana River 
and other stream systems are generally confined in their lateral movement, contained by the 
slope in the mountainous regions.  Once the stream systems reach the valley floors, the 
gradients become more moderate and the majority of systems have been partially or wholly 
modified to safely carry high storm flows through the more urbanized portions of the basin.  
Most streams within the basin carry minimal flow throughout most of the year except in 
response to rainfall events, or as a result of man-made discharges such as water treatment 
effluent or imported water releases.  During the winter season, storms can bring significant 
rainfall resulting in high flow rates within channels. 

The San Jacinto Watershed is tributary to the Santa Ana River and contains a separate 
network of tributaries in Riverside County.  The watershed encompasses more than 700 
square miles starting roughly in Idyllwild and ending in Lake Elsinore.  The San Jacinto River 
is the principal river in the watershed.  It originates in the San Jacinto Mountains and flows 
northwest for the first half of its course and then southwest, occasionally reaching Canyon 
Lake, and less frequently Lake Elsinore.  During high precipitation years, Lake Elsinore may 
overflow to Temescal Wash, which is tributary to the Santa Ana River. 



Stormwater Quality Standards Study 
Technical Task Overview 
Page 5 

A  Stormwater Quality Standards Study 
  January 2005 

Flow data are available at over 100 gaging stations throughout the watershed.  Data from 
representative gaging stations in most urban streams and channels (with the exception of the 
middle reaches of the Santa Ana River) exhibit similar patterns.  Very low flows occur during 
the dry weather months (April through November).  The flow is typically so low that channel 
bottom variability makes depth of flow difficult to determine but is typically a few inches in 
depth based on looking at data from several different focused study sites.  The source of this 
flow is primarily “nuisance” urban runoff.  There are a small number of stream segments 
receiving treated Public Owned Treatment Works (POTW) effluent (for example Chino Creek, 
Cucamonga Creek) and occasional releases of imported water.  The imported water releases 
result from OCWD purchasing State Project Water available at an MWD turnout in Upland, 
and conveying the flows through Chino Creek, Prado Dam and the Santa Ana River to 
supplement base flows diverted to the spreading basins.  At the other extreme, wet weather 
events occur typically on a long term average between 10 and 20 times per year during winter 
months, resulting in high flow conditions in most channels.  These events tend to quickly 
increase flow by 1 to 2 orders of magnitude, creating potentially rapid flows and unsafe 
conditions.  Based on an evaluation of several focused study sites, in three different urban 
watersheds, the flow pattern is similar:  approximately 96% of the time, flow is very low and 
depth of flow is minimal, and 1-2% of the time depth or velocity-depth relationships exceed 
criteria considered safe for being in the water. 

The Santa Ana River exhibits a much different flow pattern throughout it’s length.  In the 
upper valley of the Santa Ana River Watershed drainage system, flows from the Seven Oaks 
dam to the city of San Bernardino consist mainly of storm flows, flows from San Timoteo 
Creek, and rising groundwater.  Below the Cities of San Bernardino and Colton to the City of 
Riverside, the river flows perennially, and it includes treated discharges from POTWs.  From 
the City of Riverside to the recharge basins below Imperial Highway in Orange County, river 
flow consists of highly treated wastewater discharges, urban runoff, irrigation runoff, and 
groundwater.  Prado Dam captures flows from all of the upper portions of the Santa Ana 
River watershed in Riverside and San Bernardino Counties.  The majority of base flow 
reaching Prado Dam in summer months is tertiary effluent from river discharging POTWs.  
Releases from Prado Dam are highly regulated. 

Below the dam, the river cuts through the Santa Ana Mountains and the Puente-Chino Hills.  
Where the river flows onto the Orange County coastal plain; the channel gradient decreases.  
In a natural environment, the river in this area would have a much wider, more meandering 
channel and sediment would naturally build up.  However, much of the Santa Ana River 
channel in this area has been contained in concrete-lined channels, which modifies the flow 
regime and sediment deposition environment.  Downstream of Imperial Highway there is a 
rubber dam, which is the primary diversion facility used to route water to several Orange 
County Water District groundwater recharge basins located adjacent to this reach of the Santa 
Ana River.  Based on USGS data from 1998 to 2001, baseflow in this reach ranges between 200 
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and 400 cfs.  Through these diversion facilities and additional surface spreading in the soft 
channel bottom below the diversion, essentially all base flow and substantial portions of the 
storm flow released from Prado Dam are conveyed away from the River.  Below the diversion 
point, the remaining reach to the ocean exhibits a pattern more similar to other urban 
watersheds when releases from Prado are within the capacity of the spreading facilities; that 
is, minimal dry weather urban runoff and limited local and stormwater runoff flow from 
areas tributary directly to the lower reach of the river.  When releases from Prado exceed the 
diversion capacity, the lower reach received the excess flows.  For additional flow data 
details, see Technical Memorandum 3. 

While extensive bacterial water quality sampling has been performed for fecal coliform and 
E.coli indicators in areas that support and encourage water contact recreation (for example 
beaches), relatively limited sampling has been performed in inland waterbodies.  Phase I 
efforts focused on compiling and analyzing the sampling data within inland waterbodies.  
The much larger volume of beach sampling data was not inventoried, though water quality 
objectives in these areas were considered during Phase I efforts. 

When compared to both existing fecal coliform objectives and proposed E. coli or 
enterococcus EPA criteria, most available indicator bacteria sampling from inland 
waterbodies potentially exceed water quality objectives.  Bacteria results obtained from 
upstream, largely undisturbed areas are typically lower than those obtained from 
downstream areas affected by urbanized land uses and more frequently are below water 
quality objectives and proposed criteria. 

The relatively limited amount and frequency of available sampling data makes temporal 
trending difficult.  Throughout the period of available sampling data, improvements or 
declines in bacterial water quality could not be easily determined.  For additional bacterial 
sampling data details, see Technical Memorandum 3. 

Municipal stormwater agencies as well as industrial and construction site owners/operators 
throughout the basin implement source control programs directly or indirectly aimed at 
preventing or controlling bacteria within urban runoff.  Agency stormwater or urban runoff 
quality programs implement best management practices for controlling potential bacteria and 
pathogen sources such as sanitary system overflows, portable toilets, septic tank failures, and 
pet waste.  Stormwater management programs under NPDES permits were initiated in the 
early 1990s throughout the Santa Ana Watershed in all three counties and have become more 
fully implemented and comprehensive over several permit cycles. 
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Stormwater and other agencies are beginning to implement structural treatment control 
measures that can improve the overall quality of urban runoff, including bacteria quality.  
These measures include: 

 Low-flow diversion to sanitary sewer system 

 Recharge (infiltration) basins 

 Detention basins, swales, and buffer strips 

 Natural treatment wetlands/ wet ponds 

 Ultraviolet disinfection and ozone treatment 

Some of these measures can have multiple benefits and may in fact be implemented primarily 
for other purposes, such as capture of runoff for groundwater recharge. 

All significant new development/redevelopment projects with the region must also now 
implement treatment controls that address all pollutants of concern. 

Current data and available control measure performance evaluations are not sufficient to 
show improvements or other trends in bacterial water quality. 

Publicly owned treatment works (POTW) within the basin discharge year-round to the Santa 
Ana River and a few inland streams.  The POTWs produce an effluent compliant with 
requirements based upon Title 22 for filtered, disinfected effluent, resulting in discharges 
with bacteria levels at or below detection levels.  For additional control measure details, see 
Technical Memorandum 4. 

Data Gaps 

The information complied in Phase I is insufficient to address all of the objectives of the 
Stormwater Quality Standards Study.  The following data gaps were identified: 

1. Channel attribute data is very different between Orange, Riverside, and San 
Bernardino County GIS.  Field measurements and further research would be necessary 
in each county to develop a layer of open channels with complete attribute data for the 
Santa Ana Basin.  Orange County flood control facilities have been converted from 
Microstation to Geomedia and the main flood control facilities updated on a regular 
basis.  Riverside County flood control maps are very detailed, but the index map does 
not include complete channel attribute information summarizing flood control 
facilities.  Detailed plans for all flood control projects are numerous and include 
additional information that does not relate to conditions that impact recreational use 
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in waterbodies.  San Bernardino County flood control facilities are included in a GIS 
layer with some attribute data.  Field checking and filling in missing data for channels 
will be necessary. 

2. More formal use survey information would be necessary to support study efforts if 
any changes in use classifications and designations are contemplated.  Focusing the 
surveys upon specific areas of interest or types of waterbodies being considered for 
modified recreational use standards would be appropriate. 

Depending upon the outcome and recommendations of the regulatory review effort, 
additional research and analysis may be desirable on the following topics: 

 Fate and transport of bacteria (for example, resuspension from sediments) 

 Sources of bacteria 

 Storm and post-storm flow depths and durations 

 Economic cost of compliance 
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Technical Memorandum 1 
Receiving Water and Watershed Inventory 
Mapping 
Inventory and mapping of available geographical data was necessary to support efforts of the 
Stormwater Quality Standards Study (SWQSS) Task Force.  Geographical data relating to 
physical attributes of Santa Ana Basin waterbodies was collected from a variety of agencies to 
construct a Geographical Information System (GIS) for the SWQSS (Study GIS).  Monitoring 
locations, recreational use information, and structural BMP information and associated data 
was also collected, as described in other Technical Memoranda and included in the Study GIS.  
This technical memorandum describes the geographical data collected and reviews the 
integration of different layers into a common Study GIS.  Geographic data collected and 
compiled include: 

 Listed waterbodies and other unnamed tributaries 

 Storm drain system information 

 Land use information for the years 1990, 1993, and 2000 

 Publicly Owned Treatment Works (POTWs) and groundwater recharge basins 

 Meteorological, climatic, hydrological, and water quality data monitoring locations 

 Various base map layers 

Data Collection and Integration 
Geographical data layers were collected from multiple sources and compiled into a single GIS 
to facilitate overlay and analysis (Table 1).  Many of the spatial data layers presented in this 
inventory are included in a base map of the Santa Ana Basin (Figure 1).  A digital elevation 
model (DEM) of the Santa Ana Basin was provided to the Stormwater Standards Study by 
SAWPA.  This is a raster, grid based, layer of elevation data for 10 meter squared cells for the 
entire Santa Ana Basin.  All other GIS layers collected were vector data, points, lines, or 
polygons. 
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The data was provided in a variety of forms and therefore integration into a common GIS was 
necessary.  ArcGIS® [ESRI, 2003], a multi-component geographical data management and 
analysis tool was used to integrate each layer, complete analyses, and prepare descriptive 
maps for technical reports.  All GIS layers were converted to the same coordinate system, 
UTM projection NAD 1927 Zone 11N, to accurately overlay the data.  In some instances, 
shapes were provided for the entire state of California or for all of San Bernardino, Orange, or 
Riverside Counties.  These shapes were clipped to only include data that exists within the 
boundary of the Santa Ana Basin.  Map layers included are listed in Table 1. 

Table 1 
GIS Map Layers Compiled

Layer Source(s) Description 

Watershed SAWPA Boundary of Santa Ana Basin 

Basin Plan Reaches  
California Spatial Information Library (CaSIL) 
and Regional Water Quality Control Board 
(RWQCB) 

Named inland surface streams in Basin 
Plan compiled from;  
• CaSIL -  Statewide Hydrography, 

National Hydrography Dataset (NHD) 
• RWQCB - 2002 303(d) Rivers 

Other Reaches CaSIL 
Streams of National Hydrography Dataset 
(NHD) prepared by the USGS and EPA 
for the Santa Ana Region 

Lakes CaSIL 
Lakes and other waterbodies of NHD 
prepared by the USGS and EPA for the 
Santa Ana Region 

Flow Stations USGS, Orange County, San Bernardino 
County, Riverside County 

Flow gauging stations within the Santa 
Ana Basin 

Water Quality Monitoring 
Stations 

Santa Ana Regional Water Quality Control 
Board, Coast Keeper, Elsinore Valley 
Municipal Water District, Big Bear Lake 
Municipal Water District, San Bernardino 
County Flood Control District, Orange County 
Health Care Agency, Riverside County Flood 
Control District, USGS 

Bacteria sampling locations along inland 
surface waterbodies 

County CaSIL County boundaries 
Roads CaSIL Roads within the Santa Ana Basin 

Land Use Southern California Associated Governments 
(SCAG) 

Land use areas within the Santa Ana 
Basin with land use type data for 1990, 
1993, and 2000 

Modified Channels Orange, Riverside, and San Bernardino County 
Flood Control Districts 

Modified channels in the parts of Orange, 
Riverside and San Bernardino counties 
that exist within the Santa Ana Basin 

Rainfall Stations National Climatic Data Center (NCDC) Rainfall stations used to distinguish wet 
weather days 

Wastewater Treatment 
Plants SAWPA Locations of wastewater treatment plants 

in Santa Ana Basin 

Sawpa_dem SAWPA Raster elevation map of the entire Santa 
Ana Basin – 30 meter grid cell 
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Study GIS 
Receiving Waterbodies 
Several GIS layers were used to compile a single layer of named waterbodies with designated 
recreational use in Table 3-1 of the Santa Ana River Basin Water Quality Control Plan 
(Figure 2).  The national hydrography dataset (NHD), which is a combination of USGS blue 
line streams digitized from topographic maps and the USEPA Reach File Version 3 (RF3) was 
used as well as a draft layer of all 303(d) listed waters being compiled by the Santa Ana 
Regional Water Quality Control Board (SARWQCB).  Tributaries to the named waterbodies 
were equated to waters in the NHD that are unnamed, in the Basin Plan (Figure 3).  Some of 
these waterbodies are improved engineered channels.  In addition, there is an extensive 
network of storm drainage facilities (pipes, culverts, and channels) that are tributary to the 
waterbodies shown in Figure 3.  The layer contains the majority, but not all small channels 
within the basin. 

Channel Properties 
 Stormwater drainage facility information for Orange, Riverside, and San Bernardino counties 
is available in a variety of different forms.  Therefore, different GIS approaches were 
employed to incorporate channel characteristics for each county into the Study GIS.  The 
primary goal of a watershed-wide assessment of channel properties was to extract from 
county facility maps the open channels that have been modified or have engineered 
improvements. 

 San Bernardino County Flood Control District facility information is organized into a 
polyline layer with descriptive attribute data (Table 2).  These attribute data are described 
briefly in Table 2, which summarizes a metadata file that accompanied the map layer.  
Features that were classified as lined or which were type C (channel) or Z 
(trapezoidal/rectangular) were exported to a new polyline layer of modified channels in 
San Bernardino County. 

Table 2 
Attributes of San Bernardino County Flood Control District Facilities Layer 

Item Description Values 
PSIZE Pipe Size (in) Diameter 
BSIZE Box Size Base, Height 
CSIZE Channel Size Base, Side Slope 

TYPE Type Code 

P – pipe 
B- box 
C – channel 
W – water course 
L – levee 
S – designed street 

Z – trapezoidal/rectangular 
T – transition 
E – easement 
G – curb and gutter 
A – arched conduit 
V – v-gutter 

Lining Channel Material Lined, Unlined 
STATUS Current condition Existing, Proposed 
Owner Jurisdiction maintaining facility County, Cities, Private, Other 
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Riverside County Flood Control District submitted a polyline layer of drainage projects with 
attribute data as shown in Table 3.  Consequently, all open channels in this layer could be 
considered modified channels.  To distinguish between open channels and closed conduits, 
the ORTYPES field in the attribute table was utilized.  The YESORTP field included up to five 
different drainage types listed in order of most predominant to least.  This field in the 
attribute table was exported to a spreadsheet and delimited to create five distinct fields 
representing the different drainage types.  The new fields were then joined back into the 
polyline attribute table using the unique project number of each feature.  All features which 
included drainage types CONC, DIKE, LVEE, RECT, ROCK, or TRAP, in either the first or 
second most predominant ORTYPE fields (ORTYPES and ORTYPE2) were exported to a new 
polyline layer of modified channels in Riverside County. 

Digital drainage facilities maps provided to the Stormwater Standards Study by the Orange 
County RDMD were converted from Micro Station format into GIS layers to facilitate overlay.  
The conversion process generated four GIS layers of Orange County’s drainage system; 
points, polylines, polygons, and annotations.  Attribute tables for these layers are generated 
during the conversion process, however these tables do not include detailed properties of the 
drainage facilities.  Drainage facility information describing point, polyline and polygon 
features are held within the annotation layer.  The attribute table of the annotation layer does 
distinguish channel types.  This facilitated the extraction of lined open channels from the 
polyline layer by selecting only those polylines within a small distance from annotation types 
identifying a channel as earth trapezoidal channel, reinforced concrete trapezoidal channel, or 
reinforced concrete rectangular channel. 

The modified open channels that are extracted from Orange, Riverside, and San Bernardino 
county facility maps are then merged into a single polyline layer and clipped to include only 
those portions within the Santa Ana Basin (Figure 4). 

Table 3 
Attributes of Riverside County Flood Control Facilities Layer 

Item Description Values 

Project identifiers Name, Developer, NOC, ID, GDO ID, 
STRMDRN ID Unique 

Project location Tract, DWG Number, ROW DWG 
Number Unique 

ORTYPES Types of drainage facilities 
AC, BASN, CIP, CMP, CONC, CP, DIKE, 
EAR, LVEE, PVC, RCB, RCP, RECT, 
ROCK, SP, TRAP, V 
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Water Quality Monitoring Stations 
Bacteria data compiled from a variety of agencies included information about the location 
within the Santa Ana Basin where samples were collected.  These locations were merged into 
a layer called “Water Quality Monitoring Stations” (Figure 5).  The format of information 
includes: 

 GIS layers 

 GPS coordinates 

 Notations on paper maps 

 Descriptive location names 

GIS layers of bacteria monitoring locations were integrated into the Study GIS.  Bacteria 
monitoring locations that were provided in the form of GPS coordinates were imported into a 
new GIS map with the same coordinate system (typically WGS 1984 for most GPS receivers) 
and then converted into a GIS layer for integration into the Santa Ana Basin GIS model.  
Bacteria monitoring locations that were shown on a paper map were added to the GIS model by 
comparing surrounding features, such as specific roads or waterbodies.  Lastly, bacteria 
monitoring locations that did not include any geographical information aside from the 
descriptive name were added to the Study GIS by interpreting the narrative description.  This 
scenario often involved locations described by a cross-street or bridge overpass near the water 
body, (i.e., SAR [Santa Ana River] at Imperial Highway, SAR at Van Buren).  Some bacteria 
monitoring locations were sampled by multiple entities.  These bacteria monitoring locations 
were aggregated together in the GIS model.  However, the entity or source of specific bacteria 
records is included as an additional field in the Stormwater Quality Standards Study database. 

Flow Monitoring Stations 
Flow in inland surface waterbodies is monitored by the USGS and by the counties or flood 
control districts of Riverside, Orange, and San Bernardino Counties.  Coordinates of USGS flow 
monitoring stations were imported into a new GIS map with the same coordinate system (WGS 
1984) and then converted into a GIS layer for integration into the Study GIS.  San Bernardino 
County flow monitoring station coordinates were extracted from the county’s Hydrology web 
page and integrated into the Study GIS using the same method.  Flow monitoring station 
coordinates were provided in this same format by the Riverside County Flood Control District.  
These stations were integrated into the Study GIS.  Flow monitoring stations in Orange County 
are described and mapped in the annual Resources and Development Management 
Department (RDMD) Hydrology Report.  This map was used to locate and add the flow 
monitoring stations maintained by the RDMD to the Study GIS.  Figure 6 shows flow 
monitoring stations within the Santa Ana Basin.
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Figure 6 also shows selected long term rainfall stations located within the Santa Ana Basin 
that can serve as a surrogate to missing or unavailable flow data or to assess wet weather 
conditions for regional analyses. 

Land Use 
Land use data of the Santa Ana Basin in 1990, 1993, and 2000 was provided by Southern 
California Associated Governments (SCAG).  Figure 7 shows the year 2000 SCAG land use 
dataset, which is the most recent land use information available for the Santa Ana Basin.  
Land use in the immediate vicinity of Santa Ana Basin waterbodies may play a role in the 
likelihood of recreational use in nearby segments of the reach.  Land use within small 
drainage areas also suggests potential sources of bacteria levels in receiving waterbodies with 
REC-1 use designations. 

Existing Treatment and Structural Control Measures 
There are numerous control and treatment measures located throughout the basin.  Mapping 
coverage is not available for the entire magnitude of facilities that are designed and installed 
or have the potential to address bacteria water quality.  Two types of bacteria treatment and 
control measures for which mapping currently exists or has been compiled for this study are 
publicly owned treatment works (POTW) and recharge basins. 

There are 42 publicly owned treatment works (POTW) within the Santa Ana Basin that treat 
wastewater and either recycle the water or discharge effluent to inland surface waterbodies.  
POTW discharges that are released into waters are required to meet effluent quality based on 
Title 22 requirements for filtration and disinfection (Figure 8). 

Recharge basins exist within the watershed to capture runoff by infiltration.  Removal of 
bacteria can be achieved in such basins through groundwater infiltration/treatment.  The 
location of these basins was provided by SAWPA (Figure 8).  Attribute information for each 
basin is included in a GIS layer, including the monitoring agency, name of the basin, and for 
some basins, size and source water. 
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Technical Memorandum 2 
Recreational Use Inventory 
The Santa Ana Basin Water Quality Control Plan (“Basin Plan”) (1995) designates nearly all 
waters and their tributaries with both water contact recreation (REC-1) and non-contact water 
recreation (REC2) beneficial uses.  The presumption of RED-1 (and fishable uses) for surface 
waters not specifically identified and designated in the Basin Plan is based on federal law and 
regulation, which establish that presumption.  Little documentation exists regarding actual or 
existing recreational use in many of the basin’s waters.  This lack of documentation is 
especially true for the undesignated tributaries, many of which are channels that were 
constructed for the purpose of capturing and moving stormwater flows. 

With the exception of the coastal beaches, there are a limited number of inland waters where 
water recreation and other types of recreational activities are actively encouraged.  Locations 
such as Big Bear Lake and Lake Perris have permanent water and public facilities that support 
or encourage water contact recreational activity.  Many sites that have sufficient water to 
support recreational activity, such as the Santa Ana River, are posted to limit or prohibit 
water contact recreation. 

The Stormwater Quality Standards Study Task Force is evaluating the applicability of the 
classification and designation of recreational beneficial uses in the Santa Ana River Watershed 
and documenting, to the extent practical, existing and potential recreational uses in the Santa 
Ana basin.  To support this effort, this technical memorandum was prepared to document 
what is known regarding existing and potential recreational uses within the receiving waters 
in the watershed.  The types of information gathered for this effort included: 

 The Santa Ana Integrated Watershed Plan, Environmental and Wetlands Component 
(SAWPA 2002) regional planning document; 

 Identification of known waters where water contact recreation is planned and 
encouraged; 

 Recreational use surveys; 

 Information from specific study sites; 

 Informal observations and anecdotal reports; and 

 Other regional land use plans or reports that document existing and planned recreational 
opportunities associated with the Santa Ana River and tributaries. 
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Santa Ana Watershed Recreational Use Designations 
Waters in the Santa Ana Basin are protected with REC-1 and REC-2 beneficial uses.  The Basin 
Plan defines these uses in the following manner: 

 Water Contact Recreational (REC-1): Waters are used for recreational activities involving 
body contact where ingestion of water is reasonably possible.  These uses may include, 
but are not limited to swimming, wading, water skiing, skin and scuba diving, surfing, 
whitewater activities, fishing, and use of natural hot springs 

 Non-contact Water Recreation (REC-2): Waters are used for recreational activities 
involving proximity to water, but not normally involving body contact where ingestion of 
water would be reasonably possible.  These uses may include, but are not limited to 
picnicking, sunbathing, hiking, beachcombing, camping, boating, tide pool and marine 
life study, hunting, sightseeing, and aesthetic enjoyment in conjunction with the above 
activities. 

These definitions include the following supporting footnote: 

 “The REC-1 and REC-2 beneficial use designations assigned to surface waterbodies 
in this Region should not be construed as encouraging recreational activities.  In 
some cases, such as Lake Mathews and certain reaches of the Santa Ana River, access 
to the waterbodies is prohibited because of potentially hazardous conditions and/or 
because of the need to protect other uses, such as municipal supply or sensitive 
wildlife habitat.  Where REC-1 or REC-2 is indicated as a beneficial use in Table 3-1 
[of the Basin Plan], the designations are intended to indicate that the uses exist or 
that the water quality of the waterbody could support recreational uses.” 

Attachment A provides a list of the waterbodies with designated recreational uses in the 
Basin Plan.  An “X” indicates that the waterbody has an existing or potential use.  Some of the 
existing uses are well established, but many are not.  Lakes and streams may have potential 
beneficial uses established because local activities or land use plans already exist to establish 
these uses, or because conditions (for example, location, demand) make such future use likely.  
The establishment of a potential beneficial use serves to protect the quality of that water for 
such eventual use.  An “I” in Attachment A indicates that the waterbody has an intermittent 
beneficial use.  This may occur because water conditions do not allow the beneficial use to 
exist year-round, for example, flow ephemeral or seasonally intermittent. 

The listing of waters within the Basin Plan attempts to include all significant surface streams 
and bodies of water.  Specific waters which are not listed have the same beneficial uses as the 
streams, lakes, or reservoirs to which they are tributary.  The recreational uses are applicable 
to local natural tributaries and urban storm drain channels. 
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Existing Recreational Uses 
Established Recreational Areas 
The Santa Ana Integrated Watershed Plan Environmental and Wetlands Component 
(SAWPA 2002) provides baseline information on existing recreational use areas in the Santa 
Ana River Watershed (Figure 1).  This information was supplemented with anecdotal 
information from conversations with county officials and park rangers, information from the 
Parks and Open Space District, Flood Control District, Health & Sanitation Department 
websites, and readily accessible planning documents. 

Within each of the counties there are water bodies which have recreational beaches such as 
the coastal beaches of Orange County, Big Bear Lake and Lake Yucaipa Regional Park in San 
Bernardino County, and Lake Perris in Riverside County.  Recreational uses are also 
encouraged and supported at localized areas within the Santa Ana River Watershed.  Park 
land within the three counties totals 75 square miles (Santa Ana Integrated Watershed Plan 
Environmental and Wetlands Component). 

The following sections provide a summary of existing park areas where recreation is 
encouraged and the ordinances applicable to recreational use. 

San Bernardino County 
SAWPA (2002) identifies 12 regional parks in San Bernardino County within the Santa Ana 
Basin (Table 1).  Swimming is an allowable activity in several of these parks:  Big Bear Lake, 
Canyon Wash, Cucamonga-Guasti Park, and Yucaipa Park.  Most of these parks have lake 
habitats, and encourage swimming as a recreational activity. 

Glen Helen Park encourages swimming, but this activity occurs in a swimming pool that is 
supplied by water from an onsite well. 

Fishing is allowed in all San Bernardino County Regional Parks and boating is allowed in 
about two-thirds of the parks.  Activities that do not typically involve body immersion, for 
example, fishing or boating, vary in their availability.  Yucaipa Regional Park and Big Bear 
Lake have opportunities for a full variety of water recreational activities, including 
swimming, boating, and fishing. 
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Figure 1
Parks, Open Space, Habitat, and National Forest in the Santa Ana Watershed

Source: Santa Ana Integrated Watershed Plan, SAWPA (2002) 
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San Bernardino County recently opened a new 25-acre regional park named Colton Park.  
This park is located along the Santa Ana River and does not allow for swimming, but does 
provide opportunity for fishing in a 7-10 acre lake located near the Santa Ana River channel. 

San Bernardino County Code Title 2 (Public Morals, Safety, and Welfare), Division 8 
(Property Protection), Chapter 3 (San Bernardino County Regional Parks) establishes the 
allowable uses for the San Bernardino Regional Parks.  Section 28.037 prohibits swimming 
and other recreational activities, including fishing, in any Regional Park unless specifically 
designated for that purpose.  Interviewed park rangers indicated that they rely on posted 
signs to prevent park users from swimming or having any type of immersion contact with 
water within the posted parks. 

Riverside County 
SAWPA (2002) identifies 23 regional parks and waterbodies in Riverside County within the 
Santa Ana Basin (Table 2).  Only a few parks encourage water contact recreation activities 
where immersion is likely, for example Lake Elsinore and Canyon Lake.  Riverside County 
Regional Parks prohibit certain recreational activities, including wading or bathing, within 
County-owned or operated parks and recreation camps (Ordinance 328.1).  In parks where 
swimming is prohibited, signs are posted to prohibit body contact. 

 

Table 1 
San Bernardino County Recreational Use at Water Bodies and  

Open Space Areas within Santa Ana River Watershed 

Name Picnic Habitat Swimming Boating Fishing Trails

Baldwin Lake ● ●  ● ● ● 
Big Bear Lake ● ● ● ● ● ● 
Bear Creek ● ●   ● ● 
Mill Creek ● ●   ● ● 
Canyon Wash ● ● ●  ● ● 
Lytle Creek ● ●   ● ● 
San Timoteo Wash ● ●   ● ● 
Glen Helen ● ● ● ● ● ● 
Yucaipa Park ● ● ● ● ● ● 
Prado Park ● ●  ● ● ● 
Cucamonga-Guasti Park ● ● ● ● ● ● 
San Bernardino National Forest  ● ●  ● ● ● 
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Table 2 
Riverside County Recreational Use at Regional Parks and  

Water Bodies within the Santa Ana River Watershed 

Name Picnic Habitat Swimming Boating Fishing Trails 

Lake Elsinore ● ● ●1 ● ● ● 

Canyon Lake ● ● ●2 ● ● ● 
Mystic Lake  ●  ●  ● 
Perris Reservoir ●3 ● ● ● ● ● 
Lake Hemet ● ●  ●  ● 
Railroad Canyon 
Reservoir      ● 

San Jacinto River  ●    ● 
Bautista Creek ● ●    ● 
Bogart Park ● ●   ● ● 
Box Springs Mountain   ●    ● 
Hidden Valley Wildlife ● ●    ● 
Kabian Park ● ●    ● 
Louis Robidoux Nature ● ●    ● 
Martha Mxlean-Anza ● ●    ● 
Narrows Park ● ●    ● 
Rancho Jurupa Park ● ●   ● ● 
Hurkey Creek Park ● ●    ● 
Idyllwild Park ● ●    ● 
idyllwild Nature Center ● ●    ● 
Lawler Lodge Park ● ●    ● 
McCall Memorial Park ● ●    ● 
San Gorgonio 
Recreation ● ● ● ● ● ● 

Cleveland National 
Forest ● ●   ● ● 
1   Water skiing is advertised, but swimming is not allowed at Lake Elsinore. 

2   Water skiing is advertised, but swimming is not allowed at Canyon Lake. 

3   Perris Reservoir is a CA Department of Water Resources reservoir. 
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Orange County 
Both inland park and ocean park/beach recreational opportunities are available in Orange 
County within the Santa Ana Basin (Table 3).  Swimming is authorized at only five of the 
parks, all of which are associated with coastal waters: Seal Beach, Sunset Beach, Huntington 
Beach, Newport Beach and Newport Bay.  All other county parks with water-related activities 
limit recreation to boating and fishing.  Orange County prohibits swimming, bathing, wading 
or other water entry in County parks unless the waterbody is designated for such activity 
(Title 2, Division 5, Article 3, Section 2-5-64).  Similarly, Orange County prohibits swimming, 
bathing or entry into ocean waters where posted (Title 2, Division 5, Article 4, Section 2-5-80). 

Table 3 
Orange County Recreational Use at Parks, Beaches, Water Bodies, and 

Open Space Areas within the Santa Ana River Watershed 

Name Picnic Habitat Swimming Boating Fishing
Seal Beach ● ● ● ● ● 
Sunset Beach ● ● ● ● ● 
Huntington Beach ● ● ● ● ● 
Newport Beach ● ● ● ● ● 
Fairview Park ● ●    
Canyon Lake, Costa Mesa ● ●    
Talbert Nature Preserve  ●    
Bolsa Chica Wetlands ● ●  ● ● 
Newport Bay ● ● ● ● ● 
Santiago Creek ● ●    
Villa Park Reservoir  ●    
Carbon Canyon Dam  ●    
Santa Ana Lakes ● ●  ● ● 
Arroyo Trabuco  ●    
Carbon Canyon Park ● ●   ● 
Clark Park ● ●  ● ● 
Craig Park ● ●  ● ● 
Featherly Park ● ●    
Harriett M. Wieder Park ● ●    
Irvine Park ● ●  ● ● 
Laguna Niguel ● ●  ● ● 
Mason Park ● ●  ● ● 
Mile Square Park ● ●  ● ● 
O'Neill Park ● ●    
Peters Canyon Park ● ●    
Santiago Oaks Park ● ●    
Yorba Park ● ●  ● ● 
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California State Parks 
State-operated inland parks and beach recreational opportunities are available within the 
Santa Ana River Watershed.  These recreational areas include:  Lake Perris, Huntington State 
Beach, and Corona del Mar State Beach.  Lake Perris has a wide variety of recreational use 
activities, including swimming, fishing, and boating.  Huntington and Corona del Mar State 
Beaches are located on coastal waters and allow swimming. 

Recreational Activity 
Documented Use Surveys 
Documented recreational use surveys were not identified for receiving waters within the 
Santa Ana River Watershed.  SAWPA plans to initiate a limited recreational use survey in the 
watershed (Fall 2004) with results available in late 2005.   

Other evidence of water contact recreation in the Santa Ana River Watershed includes: (1) 
SAWPA-recorded a video during a helicopter flyover of the Santa Ana River which shows 
individuals swimming near the Van Buren Bridge, immediately downstream of the 
Metropolitan Water District crossing; and (2) SAWPA photos of children and adults wading, 
swimming, and picnicking near the Van Buren Bridge in the summer of 2002. 

Staff from the Riverside Regional Water Quality Treatment Plant conducted informal use 
surveys on the Santa Ana River, Van Buren Boulevard crossing from July to October 2004 
(personal communication, Rodney Cruze, City of Riverside).  Two locations were surveyed: 
(1) The mainstem Santa Ana River below the Van Buren Boulevard bridge; and (2) the effluent 
channel that delivers treated effluent meeting Title 22 standards to the Santa Ana River 
(confluence of the effluent channel and mainstem Santa Ana River is downstream of the Van 
Buren Boulevard bridge).  Information gathered during the informal survey included number 
and type of people observed (for example, adult vs. children), number of people that were 
wet or in the water, and number that had no contact with the water (however; it cannot be 
assumed that this group did not at some time come into contact with the water).  The number 
of people observed recreating in the effluent channel greatly exceeded the number of people 
observed in the Santa Ana River (Table 4).  Often at least a third of the people observed were 
children.
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Table 4 
Informal Recreational Use Survey - Santa Ana River at Van Buren Boulevard Crossing 

Effluent Channel Santa Ana River 

People Wet People 
Dry People Wet People 

Dry 
Temperature 

Date Time 
Hair 
Wet 

Wet 
blw 

Waist 

No 
Contact 

Total 
Observed 

% < 10 
yrs old Hair 

Wet 

Wet 
blw 

Waist 

No 
Contact 

Total 
Observed 

% < 10 
yrs old < 750 F 75 - 900 F > 900 F 

Comments 

7/1/2004 1406    0     0   X  Sunny - no one 
observed 

7/2/2004 1406  2 2 4 0 3 3 1 7 30  X  Sunny 

7/3/2004 1430    0     0   X  Sunny - no one 
observed 

7/4/2004 841    0     0  X   Cloudy 
7/5/2004 1240  3 6 9 10    0   X  Sunny 

7/6/2004 1345    0     0    X Sunny - no one 
observed 

7/8/2004 830   7 7 0    0   X  Sunny 
7/9/2004 1245    0     0   X  Sunny 
7/9/2004 1408    0     0   X  Sunny 
7/10/2004 1320    0     0   X  Sunny 
7/11/2004 1210  1  1 0    0   X  Sunny 
7/14/2004 1453    0     0    X Sunny 
7/15/2004 1340    0     0    X Sunny 
7/15/2004 1435    0     0    X Sunny 

7/16/2004 1440 7   7 30    0    X Sunny - swimmers at 
outfall 

7/17/2004 1310 9 1  10 30    0    X Sunny 
7/18/2004 1430 3 9 4 16 13    0    X Sunny 
7/20/2004 1450  2 2 4 0    0   X  Sunny 
7/23/2004 1448  3  3 33    0    X Sunny 
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Table 4 (continued) 
Informal Recreational Use Survey – Santa Ana River at Van Buren Boulevard Crossing 

Effluent Channel Santa Ana River 

People Wet People 
Dry People We People 

Dry 
Temperature 

Date Time 
Hair 
Wet 

Wet 
blw 

Waist 

No 
Contact 

Total 
Observed 

% < 10 
yrs old Hair 

Wet 

Wet 
blw 

Waist 

No 
Contact 

Total 
Observed 

% < 10 
yrs old < 750 F 75 - 900 F > 900 F 

Comments 

7/24/2004 1337 9 2  11 35    0    X Sunny 
7/25/2004 1215 1 1 1 3 33    0    X Sunny 
7/30/2004 1435    0     0   X  Sunny 

8/1/2004 1000    0     0   X  Sunny - no one 
observed 

8/5/2004 1500    0     0   X  Sunny 
8/7/2004 1435 15  2 17 12 1   1 0   X Sunny 
8/8/2004 1430 5 6 2 13 46    0    X Sunny 
8/9/2004 1430    0     0    X Sunny 

8/14/2004 1443 6 2 2 10 0 5 9 0 14 1  X  Sunny 
8/15/2004 1450 0 1 2 3 0 3 3 0 6 0   X Sunny 
8/20/2004 1455 0 0 1 1 0    0   X  Sunny  w/Clouds 
8/21/2004 1435    0  2 0 6 8 0  X  Sunny 
8/22/2004 1450 9 4 3 16 1    0   X  Sunny 
8/26/2004 1450    0  6 0 6 12 0  X  Sunny 
8/27/2004 1445    0     0   X  Sunny 
8/28/2004 1450 0 5 0 5 0 5 0 2 7 0  X  Sunny 
8/29/2004 1506 1 1 2 4 0     0  X  Sunny 
9/2/2004 1440    0     0    X Sunny 
9/3/2004 1430 1 0 3 4 0    0   X  Sunny 
9/4/2004 1455 4 0 0 4 0    0    X Sunny 
9/5/2004 1440 0 0 7 7 0 0 2 0 2 0   X Sunny 
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Table 4 (continued) 
Informal Recreational Use Survey – Santa Ana River at Van Buren Boulevard Crossing 

Effluent Channel Santa Ana River 

People Wet People 
Dry People Wet People 

Dry 
Temperature 

Date Time 
Wet 
Hair 

Wet 
blw 

Waist 

Not 
Contact 

Total 
Observed 

%<10 
yrs old Hair 

Wet 

Wet 
blw 

Waist 

No 
Contact 

Total 
Observed 

%<10 
yrs 
old < 750 F 75 - 900 F > 900 F 

Comments 

9/6/2004 1430 10 5 0 15 1 10 30 3 43 1   X Sunny 
9/8/2004 1438    0     0    X Sunny, Very Hot 

9/9/2004 1444    0  1 1 0 2 0   X 
Sunny, Cloudy, Hot, & 
Humid 

9/10/2004 1440 0 0 1 1 0    0    X 
Sunny, Cloudy, Hot, & 
Humid 

9/11/2004 1450 8 2 1 11 1 14 3 0 17 1   X 
Sunny, Cloudy, Hot, & 
Humid 

9/12/2004 1440 0 0 3 3 0    0    X Sunny 
9/16/2004 1450    0     0   X  Sunny 
9/19/2004 1200    0     0   X  Sunny 
9/20/2004 1300    0     0   X  Sunny 
9/30/2004 1455    0  0 0 1 1 0  X  Cloudy, relatively cool 
10/2/2004 1444    0     0   X  Partly cloudy, warm 
10/3/2004 1430    0     0   X  Sunny 
10/6/2004 1442    0     0   X  Sunny, breezy 
10/7/2004 1500    0     0    X Sunny 

10/9/2004 1442    0  0 0 2 2 0  X  
Sunny - 2 People on 
horseback 

10/10/2004 1450    0     0   X  Sunny 
10/13/2004 1441    0     0   X  Sunny 
10/14/2004 1446    0     0    X Hot! 
10/15/2004 1441    0     0   X  Breezy 
10/16/2004 1436    0     0  X   Cloudy 
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Recreational Evaluation of Study Sites 
As discussed further in Technical Memorandum 3 for this study, six study sites were selected 
for detailed characterization.  These sites include: 

1. Chino Creek at Schaeffer Avenue (100% concrete channel in mixed land use area) 

2. Santa Ana Delhi Channel (100% concrete in highly urbanized area) 

3. Temescal Creek at Lincoln Avenue (mixed concrete/rip-rap; natural channel) 

4. Santa Ana River at Imperial Highway (mixed concrete/rip-rap; natural channel) 

5. Santa Ana River at MWD Crossing (natural channel in urbanized area) 

6. Icehouse Canyon (a site at and above which no urbanization has occurred) 

These sites represent archetypes, or examples of differing types of waterbodies in the region, 
for example, natural, partially natural but modified channel or banks, and fully concrete lined 
channels. 

At each study site, scoring criteria developed by Risk Sciences, Inc., were used to provide a 
discussion tool for evaluating the recreational use potential and appeal of various 
waterbodies within the Santa Ana River Watershed.  The following criteria were ranked from 
0 (poor recreational habitat and/or appeal) to 3 (good recreational habitat and/or appeal): 

 Direct Evidence of Water Contact Recreation – Direct observations of people recreating in 
the water (0 = no observation; 3 = people actually in the water). 

 Indirect Evidence of Recreational Activity – Measures evidence that people are 
occasionally present at the site, for example, graffiti, recreational trash (bottles, soda cans, 
etc), fishing line, and human paths to the channel; however, no evidence exists that 
visitors actually enter the water (0 = no evidence of recreational activity; 3 =  evidence 
observed, for example, fishing line, footprints, graffiti). 

 Ease of Access – Measure of degree of difficulty to access the waterbody because of 
fencing, gates, locks, etc. (0 = inaccessible; 3 = easily accessible). 

 Channel Slope – Measure of the type of slope, for example, trapezoidal vs. rectangular 
(0 = box channel, 90° slopes; 3 = gentle slope) 

 Channel Type – Measure of degree of naturalness, ranging from completely natural 
bottom and banks to completely constructed concrete channel (0 = bottom and banks are 
concrete; 3 = natural bank and channel bottom). 
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 Flow Depth & Volume – Measure of the degree that instream flow is sufficient for water 
contact recreation, including consideration of children (0 = minimal flow, not possible for 
adults or children to immerse themselves in the water; 3 = sufficient flow for immersion at 
least by children). 

 Flow Velocity – Measure of the degree that flow velocity is dangerous for recreational 
activity (0 = high velocity, flow is dangerous; 3 = velocity is safe for recreational activity). 

 Water Quality (Aesthetics) – Measure of how appealing the water is for recreation (0 = 
poor quality, for example, lots of algae, trash; 3 = very appealing, water is an attractant). 

 Vegetation Quality – Measure of quality of bank habitat for recreational activity (0 =  no 
cover or shade for visitors; 3 = sufficient cover or shade). 

 Adjacent Land Use – Measure of type of nearby land use (0 = site is adjacent to industrial 
parks; 3 = site is in a residential area). 

Each study site was scored based upon the above criteria, see Table 5.  CDM performed 
scoring for each study site.  The same criteria were used by members of the Task Force to 

Table 5 
Evaluation of Recreational Appeal at Sites 

Evaluation Criteria 
(Scale: Low - 0 to High - 3) 
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Direct Evidence of Water Contact Recreation 0 0 0 0 0 0 3 
Indirect Evidence of Water Contact 

Recreation 2 2 0 1 1 3 3 

Ease of Access 2 3 0 1 1 2 3 

Channel Slope 2 3 0 2 2 3 2 

Natural or Concrete 1 3 0 0 0 3 3 

Flow Depth & Volume 1 2 1 0 3 3 1 

Flow Velocity 2 2 0 1 1 3 2 

Water Quality-Aesthetics not Chemistry 1 2 0 0 2 2 3 

Vegetation Quality 0 3 0 1 0 2 3 

Adjacent Land Use 1 1 1 0 1 1 3 
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score similar sites during field trips conducted as part of study workshops.  Table 5 does not 
represent scoring performed during the Task Force workshop field trips. 

While the results of this scoring cannot be used as a substitute for an appropriately designed 
recreational use survey, the results do provide information on the range of actual or 
presumed use and recreational appeal present in different types of waters in the Santa Ana 
River watershed.  A brief summary of the observations for each study site follows. 

Temescal Creek at Lincoln Avenue 
Recreational opportunity at Temescal Creek at Lincoln Avenue varied depending upon 
whether one visited the upstream or downstream side of Lincoln Avenue.  Because of this 
variability, two evaluations were prepared (Table 5). 

Direct evidence of water contact recreation was not observed upstream or downstream of 
Lincoln Avenue; limited indirect evidence of recreational activity was observed (for example, 
foot trails traced to the stream).  Fencing limited access from Lincoln Road, and signs 
prohibiting trespassing were posted near locked gates.  However, both sites were easily 
accessible simply by walking around the fence.  Channel slopes were easy to walk on and 
provided easy access to the stream.  Natural habitat was present downstream, but a modified 
channel (concrete banks) was present upstream.  Low flow depth may limit water contact 
recreation opportunities. 

Santa Ana Delhi Channel 
Direct or indirect evidence of recreational activity was not observed at the Santa Ana Delhi 
Channel in the vicinity of the Irvine Avenue Bridge and downstream toward Newport Bay.  
The site is fenced, has a locked gate and posted signs warning people to stay away from the 
water.  The channel is boxed shape; approximately 55 feet wide.  During dry weather, shallow 
depth conditions may limit water contact recreational opportunities at this site. 

Chino Creek at Schaeffer Avenue 
Water contact recreation activity was not observed at the Chino Creek at Schaeffer Avenue 
site; however, indirect evidence of recreational activity, for example, graffiti and human-made 
walk paths that led to Chino Creek were observed.  The channel is concrete.  Normally, this 
site is fenced and access is severely restricted; however, at the time of the site visit, an access 
gate was unlocked and open.  The presence of a gentle channel slope provided easy access to 
the stream bottom.  According to County environmental health staff that collect water quality 
data in the Riverside area, occasional incidental water contact at Chino Creek at Schaeffer has 
been observed at this site from time to time.  Overall, the recreational appeal was very low, 
primarily because of presence of trash, low flow, and odors. 
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Santa Ana River at Imperial Highway 
The Santa Ana River at this site is entirely fenced with signs posted prohibiting access to the 
river.  Direct evidence of water contact recreation was not observed.  Indirect evidence of 
recreational activity in the area included footprints and trails leading to the river.  Flow depth 
and volume were sufficient for water contact recreation to occur.  In terms of aesthetics, water 
quality was attractive for contact recreation.  The channel was modified, with a mix of natural 
bottom and rip-rap banks. 

Santa Ana River at MWD Crossing 
Direct evidence of recreational water use was not observed during this evaluation, but data 
from the Riverside Regional Water Quality Treatment Plant during summer 2004 indicate that 
this reach of the river is occasionally used for water contact recreation (this activity occurs in 
spite of posted bilingual signs warning the public to stay away from the water).  The Santa 
Ana River has a natural channel in this area and under dry weather conditions flow volume 
and velocity are appropriate to support water contact recreational activity.  In addition, water 
quality aesthetics and vegetation quality serve to improve the overall recreational appeal of 
the site. 

Icehouse Canyon Creek 
Icehouse Canyon Creek is located alongside a regularly utilized hiking trail in the Angeles 
National Forest in the upper part of the Chino Creek watershed.  Direct evidence of water 
contact recreation was not observed, but the creek, which has a sustained baseflow 
throughout most years, includes several pools and other areas where visitors could likely 
recreate.  Access to the site is easy and water quality aesthetics, vegetation, and land use have 
good recreational appeal. 

Potential Recreational Uses 
Orange, Riverside, and San Bernardino Counties have designated parks, open space, habitat, 
and recreational amenities (for example, designated bikeways, walking, hiking, equestrian 
trails) within their General Plans and other adopted land use planning documents.  There are 
a number of recreational use areas planned for development within the Santa Ana Watershed. 
The Santa Ana Integrated Watershed Plan Environmental and Wetlands Component 
(SAWPA 2002) provides baseline information on other recreational use areas in the Santa Ana 
River Watershed (Figure 2).  The following inventory does not attempt to describe all of the 
planned recreational use areas, but rather, provide highlights of potential key projects in the 
watershed. 

Natural Wetlands Restoration – Regional planners have been working towards restoring 
natural wetlands to provide high value habitat, recreation, and educational opportunities 
(SAWPA 2002).  Examples of potential projects include:
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Figure 2
Other Recreational Opportunities within the Santa Ana River Watershed

Source: Santa Ana Integrated Watershed Plan, SAWPA (2002) 
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 Bolsa Chica Wetlands Restoration 

 Chino Creek Treatment Wetlands 

 River Road Treatment Wetlands; and  

 Lake Elsinore Aeration and Fisheries Restoration 

Santa Ana River Trail – Regional recreation development efforts are focused on the Santa Ana 
River Trail.  First conceived over a century ago and formally proposed in 1955, the Santa Ana 
River Trail is a much-anticipated project with watershed-wide support.  Watershed planning 
participants agree that the trail should provide access for a wide variety of users, including 
walkers, hikers, joggers, bicyclists and horseback riders.  While the 110-mile trail is far from 
complete, several segments, totaling approximately 40 miles, have been constructed.  Plans 
are almost complete for the remaining 70 miles (as well as a number of feeder trails and 
connections), and full funding has been secured for some segments. 

San Timoteo State Park - Riverside Lands Conservancy with the support of other 
organizations is developing a plan to create a new State park centered in the San Timoteo 
Creek Watershed.  The park will provide a number of linkages with other recreational areas 
in Riverside County, and create, restore, and protect wetlands in the floodplains of the canyon 
and its major tributaries from Loma Linda to I-10. 

Orange Coast River Park - The Friends of Harbors, Beaches, and Parks, with cooperation from 
many partners, including local cities, Orange County nonprofit organizations, and private 
entities, have proposed a large park at the mouth of the Santa Ana River.  The Orange Coast 
River Park, which may include Banning Ranch, would link several existing parks, 
incorporating ponds, boardwalks, and habitat restoration. 

“String of Pearls” (a series of parks along Santiago Creek) - Local cities and organizations are 
acquiring land to add a series of new parks along a major tributary in the lower Santa Ana 
watershed.  These parks would provide recreational and educational benefits, in addition to 
habitat and water quality benefits.  The City of Orange has recently acquired eight acres of 
land to be included in the 42-acre Grijalva Park on Santiago Creek.  The City also owns Yorba 
Park that borders the Santiago Creek just south of Chapman Avenue and Hart Park, which 
includes several acres of unimproved land in the creek.  The County of Orange and City of 
Santa Ana incorporate additional parks upstream and downstream from the City of Orange.  
These public entities, along with the City of Villa Park, are working to connect these parks 
with a contiguous recreational trail system. 
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Chino Creek Park - The Inland Empire Utilities Agency, Orange County Water District, and 
the Wildlands Conservancy are developing an integrated recreational plan that will link 
Prado Basin with the Santa Ana River Trail System providing habitat, recreational and 
educational opportunities.  Plans include an educational center at Chino Creek Park and a 
nursery designed specifically to grow native plants for restoration projects.  A Prado Basin 
interpretative center and youth camp for inner-city children will be developed where a gun 
club is currently located. 

Attachment A 
REC-1 and REC-2 Designations for Surface Waters Identified in the Santa Ana Region Basin 

Plan 

Designation 
Ocean Waters 

REC-1 REC-2 

Nearshore Zone   

 San Gabriel River to Poppy Street in Corona del Mar X X 

 Poppy Street to Southeast Regional Boundary X X 

Offshore Zone   

 Waters between Nearshore Zone and Limit of State Waters X X 

Designation 
Bays, Estuaries, and Tidal Prisms 

REC-1 REC-2 

 Anaheim Bay – Outer Bay X X 

 Anaheim Bay – Seal Beach National Wildlife Refuge X1 X 

 Sunset Bay – Huntington Harbour X X 

 Bolsa Bay X X 

 Bolsa Chica Ecological Reserve X X 

 Lower Newport Beach X X 

 Upper Newport Beach X X 

 Santa Ana River Salt Marsh X X 

 Tidal Prism of Santa Ana River (to within 1000’ of Victoria Street) and Newport 
Slough X X 

 Tidal Prism of San Gabriel River – River Mouth to Marina Drive X X 

 Tidal Prisms of Flood Control Channels Discharging to Coastal or Bay Waters X X 
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Attachment A (continued) 
REC-1 and REC-2 Designations for Surface Waters Identified in the Santa Ana Region Basin 

Plan 

Designation 
Surface Stream 

REC-1 REC-2 

Lower Santa Ana River   

Santa Ana River   

 Reach 1-Tidal Prism to 17th Street X2 X 

 Reach 2-17th Street to Prado X X 

 Aliso Creek X X 

 Carbon Canyon Creek X X 

Santiago Creek   

 Reach 1-Below Irvine Lake X2 X 

 Reach 2-Irvine Lake X X 

 Reach 3-Irvine Lake to Modjeska Canyon I I 

 Reach 4-Modjeska Canyon X X 

 Silverado Creek X X 

 Black Star Creek I I 

 Ladd Creek I I 

San Diego Creek   

 Reach 1-Below Jeffrey Road X2 X 

 Reach 2-Above Jeffrey Road I I 

 
Other Tributaries: Bonita Creek, Serrano Creek, Peters Canyon Wash, Hicks 
Canyon Wash, Bee Canyon Wash, Borrego Canyon Wash, Agua Chinon Wash, 
Laguna Canyon Wash, Rattlesnake Canyon Wash, Sand Canyon Wash, and other 
tributaries to these Creeks 

I I 

San Gabriel River   

 Coyote Creek within SA Regional Boundary X X 
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Attachment A (continued) 
REC-1 and REC-2 Designations for Surface Waters Identified in the Santa Ana Region Basin 

Plan 

Lakes and Reservoirs   

 Anaheim Lake X X 

 Irvine Lake (Santiago Reservoir) X X 

 Laguna, Lambert, Peters Canyon, Rattlesnake, Sand Canyon, and Siphon 
Reservoirs X7 X 

Upper Santa Ana River   

Santa Ana River   

 Reach 3-Prado Dam to Mission Blvd. in Riverside X X 

 Reach 4-Mission Blvd to San Jacinto Fault in San Bernardino X3 X 

 Reach 5-San Jacinto Fault to Seven Oaks Dam X3 X 

 Reach 6-Seven Oaks Dam to Headwaters X X 

Mills Creek   

 Reach 1-Confluence w/ SAR to Bridge Crossing Route 38 I I 

 Reach 2-Bridge Crossing Route 38 to Headwaters X X 

 Mountain Home Creek X X 

 Mountain Home Creek, East Fork X X 

 Monkey Face Creek X X 

 Alger Creek X X 

 Vivian Creek X X 

 High Creek X X 

 
Other Tributaries: Lost, Oak Cove, Green, Skinner, Momyer, Glen Martin, Camp, 
Hatchery, Rattlesnake, Slide Snow, Bridal Veil, and Oak Creeks and other 
Tributaries to these Creeks 

I I 

Bear Creek   

 Bear Creek X X 

 Siberia Creek X X 
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Attachment A (continued) 
REC-1 and REC-2 Designations for Surface Waters Identified in the Santa Ana Region Basin 

Plan 

 Slide Creek I I 

 All other tributaries to these Creeks I I 

Big Bear Lake Tributaries   

 North Creek X X 

 Metcalf Creek X X 

 Grout Creek X X 

 Rathbone Creek X X 

 Meadow Creek X X 

 Summit Creek I I 

 Other Tributaries ot Big Bear Lake: Knickerbocker, Johnson, Minnelusa, Polique, 
and Red Ant Creeks and other Tributaries to these Creeks I I 

Baldwin Lake Drainage   

 Shay Creek X X 

 Other Tributaries to Baldwin Lake: Wawmill, Green, and Caribou Canyons, and 
other Tributaries to these Creeks I I 

Other Streams Draining to SAR   

 Canjon Creek X X 

 City Creek X X 

 Devil Canyon Creek X X 

 Eash Twin and Strawberry Creeks X X 

 Waterman Canyon Creek X X 

 Fish Creek X X 

 Forsee Creek X X 

 Plunge Creek X X 

 Barton Creek X X 
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Attachment A (continued) 
REC-1 and REC-2 Designations for Surface Waters Identified in the Santa Ana Region Basin 

Plan 

 Bailey Canyon Creek I I 

 Kimbark Canyon, East Fork Kimbark Canyon, Ames Canyon, and West Fork Cable 
Canyon Creeks X X 

 Valley Reaches of Above Streams I I 

 

Other Tributaries: Alder, Badger Canyon, Bledsoe Gulch, Borea Canyon, 
Breakneck, Cable Canyon, Cienega Seca, Cold, Converse, Coon, Crystal, Deer, 
Elder, Fredalba, Frog, Government, Hamilton, Heart Bar, Hemlock, Keller, Kilpecker, 
Little, Mill, Little Sand Canyon, Lost, Meyer Canyon, Mile, Monroe, Canyon, Oak, 
Rattlesnake, Round Cienega, Sand, Schneider, Staircase, Warm Springs Canyon, 
and Wild Horse Creeks and other Tributaries to these Creeks 

I I 

San Gabriel Mountain Streams   

 San Antonio Creek X X 

 Lytle Creek and Coldwater Canyon Creek X X 

 Day Creek X X 

 East Etiwanda Creek X X 

 Valley Reaches of Above Streams I I 

Cucamonga Creek     

 Reach 1-Confluence w/Mill Creek X3 X 

 Reach 2-Upland to headwaters X X 

 Mills Creek (Prado Area) X X 

 

Other Tributaries: Cajon Canyon, San Sevaine, Deer, Duncan Canyon, Henderson 
Canyon, Bull, Fan, Demens, Thorpe, Angalls, Telegraph Canyon, Stoddard Canyon, 
Icehouse Canyon, Cascade Canyon, Cedar, Falling Rock, Kerkhoff, and Cherry 
Creeks and other Tributaries to these Creeks 

I I 

San Timoteo Creek   

 Reach 1-SAR confluence to gage at San Timoteo Canyon Rd I3 I 

 Reach 2-Gage at Canyon Rd to Confluence w/ Yucaipa Creek X X 

 Reach 3-Confluence w/ Yucaipa Creek to Bunker Hill II X X 

 Reach 4-Bunker Hill II to Confluence w/Little San Gorgonio and Noble Creeks X X 
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Attachment A (continued) 
REC-1 and REC-2 Designations for Surface Waters Identified in the Santa Ana Region Basin 

Plan 

 Oak Glen, Potato Canyon, and Birch Creeks X X 

 Little San Gorgonio Creek X X 

 Yucaipa Creek I I 

 Other Tributaries to these Creeks Valley Reaches I I 

 Other Tributaries to these Creeks Mountain Reaches I I 

 Anza Park Drain X X 

 Sunnyslope Channel X X 

 Tequesquite Arroyo (Sycamore Creek) X X 

Chino Creek   

 Reach 1-SAR confluence to beginning of concrete-lined channel south of Los 
Serranos Rd. X X 

 Reach 2-Beginning of concrete lined channel south of Los Serranos Rd. to 
Confluence with San Antonio Creek X3 X 

Temescal Creek   

 Reach 1A-SAR confluence w/ Lincoln Ave X4 X 

 Reach 1B-Lincoln Ave. to Riverside Canal X4 X 

 Reach 2- Riverside Canal to Lee Lake I I 

 Reach 3- Lee Lake X X 

 Reach 4-Lee Lake to Mid Section Line of Section 17 I I 

 Reach 5- Mid Section Line of Section 17 To Elsinore Groundwater X X 

 Reach 6- Elsinore Groundwater to Lake Elsinore Outlet I I 

 Coldwater Canyon Creek X X 

 Bedford Canyon Creek I I 

 Dawson Canyon Creek I I 

 Other Tributaries to these Creeks I I 
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Attachment A (continued) 
REC-1 and REC-2 Designations for Surface Waters Identified in the Santa Ana Region Basin 

Plan 

Lakes and Reservoirs   

 Baldwin Lake I I 

 Big Bear Lake X X 

 Erwin Lake X X 

 Evans Lake X X 

 Jenks Lake X X 

 Mathews Lake X5 X 

 Mockingbird Reservoir X6 X 

 Norconian Lake X X 

San Jacinto River Basin   

 Reach 1-Lake Elsinore to Canyon Lake I I 

 Reach 2- Canyon Lake I I 

 Reach 3-  Canyon Lake to Nuevo Road I I 

 Reach 4- Nuevo Road to North-South Mid Section Line I I 

 Reach 5-North-South Mid Section Line to Confluence w/ Popppet Creek I I 

 Reach 6- Popppet Creek to Cranston Bridge I I 

 Reach 7- Cranston Bridge to Lake Hemet X X 

 Bautista Creek-Headwater to Debris Dam X X 

 Strawberry Creek and San Jacinto River, North Fork X X 

 Fuller Mill Creek X X 

 Stone Creek X X 

 Salt Creek I I 

 Other Tributaries: Logan, Black Mountain, Juaro Canyon, Indian, Hurkey, Poppet, 
and Protrero Creeks and other Tributaries to these Creeks I I 
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Attachment A (continued) 
REC-1 and REC-2 Designations for Surface Waters Identified in the Santa Ana Region Basin 

Plan 

Lakes and Reservoirs   

 Canyon Lake X X 

 Elsinore Lake X X 

 Fulmor Lake X X 

 Hemet Lake X X 

 Perris Lake X X 

Wetlands   

 San Joaquin Freshwater Marsh X X 

 Shay Meadows I I 

 Stanfield Marsh X X 

 Prado Flood Control Basin X X 

 San Jacinto Wildlife Preserve X X 

 Glen Helen X X 

I  Intermittent Beneficial Use 
X  Present or Potential Beneficial Use 
1 No access per agency with jurisdiction (U.S. Navy) 
2 Access prohibited in all or part by Orange County Resources Development Management Department (RDMD) 
3 Access prohibited in some portions by San Bernardino County Flood Control 
4 Access prohibited in some portions by Riverside County Flood Control 
5 Access prohibited by the Metropolitan Water District 
6 Access prohibited by the Gage Canal Company (owner-Operator) 
7 Access prohibited by Irvine Ranch Company 
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Technical Memorandum 3 
Flow and Water Quality Data Inventory and 
Characterization 
 

Data Inventory 
Flow Data Inventory 
Numerous flow monitoring stations are operated by several agencies throughout the Santa 
Ana River Watershed.  The location of each station was mapped and described within 
Technical Memorandum 1, Receiving Water and Watershed Inventory Mapping.  The data 
record available at each gage varies in length of record and interval of measurement (daily 
readings vs. hourly readings).  Some flow gauging stations were operational only for very 
short periods, such as a targeted wet season, and then removed.  Many of the currently 
operating flow gauging stations implemented smaller interval (15 or 30 minute) flow 
measurement in the late 1980s or early 1990s.  Mean daily flow records are available for 
longer periods of record at these and other sites, generally dating back to the 1960s and 1970s. 

The US Geological Survey (USGS) has flow records for 140 gauging stations within the Santa 
Ana River Watershed.  Many of these stations have been removed or were passed on to local 
flood control districts and therefore are no longer operated by the USGS.  Some of these USGS 
flow gauging stations monitor effluent channels, power plant intakes, and other diversions of 
runoff.  The Riverside County Flood Control District operates 4 flow gauging stations within 
the Santa Ana River Watershed.  These stations began recording at the beginning of 2001.  The 
San Bernardino County Flood Control District has flow records for 40 gauges within the Santa 
Ana River Watershed, 31 of which are located in the Chino basin.  Few flow gauging stations 
are operated along mountain streams in the San Bernardino National Forest or along 
tributaries to Big Bear Lake.  The Orange County Resource and Development Management 
Department (RDMD) is currently operating 13 flow gauging stations in the Santa Ana River 
Watershed.  These stations are primarily along channels that have been modified or 
engineered to facilitate urban flood hazard protection. 

Bacteriological Data Inventory 
Available indicator bacteria data collected from receiving waters within the Santa Ana River 
Watershed during dry weather and wet weather seasonal sampling was requested from 
Storm Water Quality Task Force members as well as participants from other agencies.  This 
request was made specifically with the County of Orange, County of Riverside, County of San 
Bernardino, Santa Ana Watershed Protection Authority (SAWPA), and the Regional Water 
Quality Control Board (RWQCB) - Region 8. Each agency responded to these requests as part 
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of its participation on the Task Force.  Requests of, and responses from these and other 
agencies are summarized below. 

The Orange County Health Care Agency (OCHCA) conducts the Bacteriological Monitoring 
Program for the County of Orange.  OCHCA provided a list of inland receiving water 
sampling locations within Orange County.  Of those locations, two sampling locations lie 
within the Santa Ana River Watershed and also are upstream of tidal influence.  The 
remaining sample locations are either beach sampling locations or located within tidal 
influence. 

The Orange County Water District (OCWD) also provided bacteria sampling data for a 
sampling period between 1958 and 2004.  The majority of the data is from the OCWD internal 
water quality database, while additional data for a period from 1999 to 2004, was extracted 
from the OCWD Santa Ana River Water Quality and Health (SARWQH) Study.  The 
SARWQH Study was finalized Summer 2004. 

The RWQCB provided data for sampling efforts for Chino Basin, Big Bear Lake, Santa Ana 
River, Lake Elsinore, Moro Canyon, San Jacinto River, and Canyon Lake.  The majority of the 
data is from sampling efforts conducted by RWQCB staff.  The RWQCB also provided 
additional data not specifically collected by RWQCB staff.  This particular data included 
bacteriological results for Big Bear Lake and Canyon Lake which were collected by Big Bear 
Municipal Water District (BBMWD) and Elsinore Valley Municipal Water District (EVMWD) 
staff, respectively. 

The San Bernardino County Flood Control District (SBCFCD) provided bacteria data collected 
for the urbanized area NPDES stormwater program between 2000 and 2003. 

The Riverside County Flood Control District (RCFCD) provided bacteria data.  The RCFCD 
provided a set of bacteriological data for locations along the Santa Ana River.  The data 
includes bacteriological data from samples collected not only by the Riverside County Health 
Department (1981 to 1991) but also bacteriological results from sampling along the Santa Ana 
River conducted by the OCHCA (1981 to 1993). 

Additionally, the Riverside County Health Care Department provided bacteria data collected 
in 1985. 

Additional data was obtained from agencies or organizations such as the United States 
Geologic Survey (USGS), Orange County Coastkeeper, and United States Environmental 
Protection Agency (USEPA) via its STORET Legacy Data Center. 

Table 1 further describes the water quality data received from the source agencies and 
describes the data format, sampling dates, and agency contact information.
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Table 1 
Storm Water Quality Standards Study 

Data Source Summary 

Title/File Name Description Date Agency From Which CDM Received Data 

County of Orange    

Handout3.xls Table showing sampling locations for OCHCA 
and OCSD Jun 2004 Orange County Health Care Agency/ Monica 

Mazur 

Bacteriological Data downloaded via the 
www.ocbeachinfo.com website 

Sampling locations include: San Diego 
Creek/Campus Dr. (1994 to 2004); Santa Ana 
Delhi Channel (1986 to 2004) 

Various Orange County Health Care Agency/  
www.ocbeachinfo.com 

BacterialData_Database.xls From OCWD water quality database Various Orange County Water District/ Nira Yamachika 

MicrobialData_OCWD_CDM.xls From OCSD SAR Water Quality and Health 
(SARWQH) Study 1999-2004 Orange County Water District/ Nira Yamachika 

Feb03_BactiData.xls Mill Creek and SAR at Imperial Highway Feb 2004 Orange County Water District/ Nira Yamachika 

Regional Water Quality Control Board (RWQCB) - Region 8   

Chino Basin    

Chino_TMDL_JanFeb04.xls Data for Chino Basin TMDL Jan - Feb 
2004 Santa Ana RWQCB/ David Woelfel/ Bill Rice 

Chino_TMDL_FebMar04.xls Data for Chino Basin TMDL Feb - Mar 
2004 Santa Ana RWQCB/ David Woelfel/ Bill Rice 

Chino_TMDL_MarApr04.xls Data for Chino Basin TMDL  Mar - April 
2004 RWQCB/ David Woelfel; Bill Rice 

Big Bear Lake    

SARWQCB Knickerbocker Results_totals.xls Knickerbocker Creek as part of pathogen 
TMDL 

June 2003-
April 2003 RWQCB/ Heather Boyd 

Path_bbl.xls 
RWQCB data collected in 1985, 1992, 1993, 
1994, 1998; Big Bear Municipal Water District 
(BBMWD) data in 1994 & 1996 

Various RWQCB/ Heather Boyd 
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Table 1 (continued) 
Storm Water Quality Standards Study 

Data Source Summary 

Title/ Electronic File Name Description Date Agency From Which CDM Received Data 

Santa Ana River    

SARBact 84.xls Santa Ana River data collected from 1984 1984 RWQCB/ David Woelfel 
SARBact 85.xls Santa Ana River data collected from 1985 1985 RWQCB/ David Woelfel 

85associatedlab.pdf RWQCB sampling effort from 1985; Analyzed 
by Associated Labs 

August 
1985 RWQCB/ David Woelfel 

Lake Elsinore    

LakeElsinoreStudy_MaySept03.xls Lake Elsinore Bacteriology Results May - Sept 
2003 RWQCB/ Vitale Pavlova 

San Jacinto River    

Lab Data For San Jacinto River Watershed San Jacinto River data Feb 2003; 
Feb 2004 RWQCB/ Cindy Li 

Canyon Lake    

CL Bacterial 90-02.xls Canyon Lake sampling data from Elsinore 
Valley Municipal Water District (EVMWD) 2002 RWQCB/ Cindy Li 

CL Dock Sites 03-04 received 05-25-04.xls Data from RWQCB and EVMWD 2003 

RWQCB/ Cindy Li;  
 
Original data source: EVMWD/ Chantel Stapleton 
provided additional information for sample site 
locations 

Santa Ana Watershed Project Authority (SAWPA) 

Summary WQ data Chino TMDL.xls Water quality bacteria data summarizing 
sampling for Chino Basin TMDL 2002-2003 SAWPA/ Rick Whetsel 

County of San Bernardino 

Bacteria sampling results (hard copy) Hard copy report of laboratory  results from 
E.S. Babcock Lab 2000 -2003 San Bernardino County Flood Control District/ 

Janet Dietzman 
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Table 1 (continued) 
Storm Water Quality Standards Study 

Data Source Summary 

Title/File Name Description Date Agency From Which CDM Received Data 

County of Riverside    
Handwritten table of bacteria data – Total 
Coliform, Fecal Coliform, Enterococcus, 
E.coli 

Handwritten table of data from 1985 1985 Riverside County Health Care Department/ 
Damian Meins 

PDF files on CD 

CD contains PDF of hard copy handwritten 
sampling results from Santa Ana River 
locations.   Sampling was conducted originally 
by the Orange County Health Care Agency 
and the Riverside County Health Department. 

1981 - 
1994 

Riverside County Flood Control District / Tom 
Rheiner 

USEPA    

STORET Data 

Pre-1999 data downloaded from USEPA 
website;  
 
No matches for post-1999 data 

Various 

Data downloaded from USEPA STORET Legacy 
Data Center website. 
 
Original data source: Orange County 
Environmental Management Agency & California 
Department of Water Resources 

USGS    

USGS_SantaAna11074000.txt 
USGS_SantaAna11075600.txt 

USGS Sampling stations: Prado Dam and 
Santa Ana River at Imperial Highway 

2000 - 
2001 Downloaded from USGS website 

Additional Sources    

Bacteria Monitoring Results (hard copy) 

Report: "Santa Ana Use Attainability Analysis 
Water Quality," Section 4 - Relationship to the 
Use-Attainability Analysis; contains bacteria 
data from 1991 

May 1992 Report Prepared by: Regulatory Management, 
Inc./ Copy of data provided by Tim Moore 

Citizen Monitoring Database (Access) MS Access database of monitoring data 2002 - 
2004 Orange County Coastkeeper/ Mina Danieli 



Technical Memorandum 3 
Flow and Water Quality Data Inventory and Characterization 
Page 6 

A  Stormwater Quality Standards Study  
  January 2005 

Data Management 
Flow Data Management 
For this study, available flow record data was not compiled into a single study database.  Due 
to the ease of accessibility of flow data records, data was retrieved for each flow monitoring 
station as needed.  Additionally, compiling a single database given the number of flow 
monitoring stations and the lengthy data record maintained for each station would require 
considerable effort.  Data from USGS gauging stations was queried from the Surface Water 
Data webpage (http://waterdata.usgs.gov/nwis/sw).  Flow data records at 15 minute 
intervals were requested for select sites from the USGS.  These electronic data files were 
extremely large considering the length of record and smaller time interval.  Flow data 
recorded by the San Bernardino County Flood Control District was queried from the 
Hydrology webpage (http://www.co.san-bernardino.ca.us/trnsprtn/pwg/).  Orange and 
Riverside county flood control districts provided flow records by request for specific 
monitoring locations. 

Bacteria Data Management 
Water quality data was submitted in varying formats and levels of detail.  Data was provided 
in either hard copy format only or in electronic format.  Data received from the source 
agencies all included sampling location names, sample date, and bacteriological results.  Data 
collected more recently was provided in electronic format and included additional 
information such as sample time, analytical method, and sample location coordinates, etc. 

Data Entry 
For older sets of data, only hard copy documents were provided by the source agency.  Data 
entry procedures and quality assurance checks were established and implemented for these 
datasets.  These datasets included those provided by the RCFCD and Riverside County 
Health Department, and the Santa Ana Use Attainability study dataset obtained by Risk 
Sciences, Inc. 

Duplicate Data by Source 
Data was checked to ensure it was not also contained within data sets submitted by differing 
agencies.  Queries were performed on the database based on sample location, sample date, 
parameter and analytical results value to verify that data was not appended to the database 
multiple times.  The potential for duplicate data may have occurred in situations in which the 
originating sampling agency (for example, County) provided sampling data which was also 
submitted by the RWQCB.  An example of this occurrence involves the electronic data 
provided by the RWQCB for sampling conducted along the Santa Ana River in 1985.  The 
same data was also provided by the Riverside County Health Department in a hard copy 
format. 
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Duplicate Sampling Data 
Queries were performed to determine cases where duplicate samples were collected during a 
single sampling event.  In many cases multiple samples were collected but analyzed under 
different analytical testing methods.  These samples were treated as distinct sample results. 

Database Development 
Data was provided in various formats (electronic and hard copy) and was compiled and 
integrated into one overall database.  Each sample result and its related information such as 
date, sample location, and bacteriological result was established as a data field as part of a 
distinct data record.  Table 2 lists the relevant fields included in the database. 

Database Identification Number (DB_ID) 
A numbering system was established to differentiate between individual records.  This 
number is unique to each water quality sample and allows for establishing the order in which 
data was incorporated into the database. 

Sample Location Identification (Location_ID) 
Each source of data included locations at which samples were collected.  Samples often were 
collected at the same locations or general vicinity by various agencies.  Table 3 lists the data 
sources, sampling locations, and the number of samples collected at each sample location. 

From examining the overall data set, common sampling locations were identified among the 
various data sources.  After integrating the numerous datasets, queries were conducted to 
determine the number of samples collected for each sampling location. 

Table 2 
Database Fields 

Field Name Description 

DB_ID Database record number – this number is unique to 
the each record of the database 

Location_ID Sample Location Name (see Table 2-3) 

Bacteria_ID Constituent Analyzed – Total Coliform, Fecal 
Coliform, E.Coli, or Enterococcus 

Date Date (month, day, and year) 

Time Sampling time (very limited data records include 
time) 

Result MPN /100 ml 
Qualifier Data Qualifiers 
Source_ID Source agency that provided the bacteria data. 

Comments Any relevant information provided by the source 
agency 

Analytical Method Analytical Method  
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For instance, sampling locations were often described by a cross-street or bridge overpass 
near the water body, (i.e, SAR [Santa Ana River] at Imperial Highway, SAR at Van Owen).  In 
order to analyze data, sampling locations were mapped in GIS Arcview.  In cases where GPS 
coordinates were not available or recorded, mapping of sampling locations was determined 
by any additional location information provided by the data source.  For purposes of data 
analyses, sampling locations in the same location also were identified under one common 
name. 

Bacteria Result (Bacteria_ID) 
The bacteriological parameters analyzed for in the various datasets included: 

 Total Coliform 

 Fecal Coliform 

 E. coli 

 Enterococcus 

 Fecal Streptococcus 

Date 
The date of sample collection is included in this data field. 

Time 
The recorded time of sample collection is included where available. 

Result 
The bacteriological results are listed in MPN/100ML units. 
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Table 3 
List of Sampling Locations and Number of Samples by Source 

Data Source E. Coli Enterococci Fecal Colif. Fecal Strep. Total Colif. 

Big Bear Municipal Water District 

200' Downstream from MWDC9 2 2 2   
At Forest Road 2N08   1   
At Forest Road 2N08 at Hairpin 2 2 2  1 
Big Bear Lake – Center   3  2 
Big Bear Lake - East Area   1  2 
Big Bear Lake - Near Dam   3  3 
Big Bear Lake - West Area   1  1 
Big Bear Lake - West Center   3  2 
Knickerbocker Creek at Big Bear 
Lake 19 18 20  11 

Metcalf Creek at Big Bear Lake   1  1 
Rathbun at Big Bear Lake   1  1 

Elsinore Valley Municipal Water District 

East Bay 37 22 7  40 
Indian Beach 37 22 7  42 
Intakes 40 22 7  45 
North Causeway 38 22 7  41 
Sierra Park 37 22 7  40 

Orange County Coastkeeper 
133 Freeway 29    30 
Bake Parkway 15    15 
Civic Center 31    30 
Gold Star 2 28    30 
Gold Star 3 25  1  28 
Gold Star Creek 1 28  1  29 
Katella 12    13 
Lakeview 30    30 
Lincoln 28    30 
Maple Springs 18    18 
Michelson 28    30 
Mill Creek 1 22    24 
Mill Creek 3 24    25 
Modjeska Canyon 23    23 
Sand Canyon 20    21 
Santiago Oaks Park 22    26 
SAR at Green River Rd 30    31 
SAR at Gypsum Canyon Rd 26    31 
Slide Zone 24    27 
Smisek 22    24 
Temescal Creek 1 25  1  29 
Temescal Creek 2 29    31 
Temescal Creek at Lincoln Ave 27  1  29 
Woodbridge 28    29 
Yorba Linda Regional Park 29    30 
Featherly Park East   102  103 
Featherly Park West   108  107 
San Diego Creek at Campus Dr  274 421  430 
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Table 3 (continued) 
List of Sampling Locations and Samples by Source 

Data Source E. Coli Enterococci Fecal Colif. Fecal Strep. Total Colif. 

Orange County Health Care Agency 

Santa Ana Delhi Channel/Back 
Bay  274 695  679 

SAR at Green River Rd   416  420 
SAR at Gypsum Canyon Rd   105  107 
SAR at Imperial Highway   416  423 
SAR at Lincoln Ave   174  174 

Orange County Water District 

Chino Creek at Euclid Ave   3  3 
Chino Creek at Prado GC   1  1 
Inlet to OCWD wetlands; east side 
of service road 56 61 40  63 

Knickerbocker Creek at Hwy 18 1 1 6 4 2 
OC Wetlands Effluent 49 57 39  59 
Rathbun at Big Bear Lake   2  2 
SAR at Imperial Highway 71 66 56  92 
SAR at La Palma Ave   1  1 
SAR at Prado Dam 63 60 63  126 
SAR at River Rd 1  5  4 
Slide Zone 1     
Temescal Creek at Lincoln Ave   1  1 

Riverside County Flood Control District 
Fair Weather Dr. storm drain in 
Canyon Lake   2 2 2 

Salt Creek at Murrieta Rd   1 1 1 
SAR at Market St   26 23 26 
SAR at Mission Blvd   1 1 1 
SAR at Norco Bluffs   1 1 1 
SAR at Pueblo St   24 22 24 
SAR at River Rd   25 21 25 
SAR at Van Buren   2 1 2 
Sierra Park   2 2 2 

Riverside County Health Department 
Chino Regional WRP #1 10 10 7  10 
Chino Regional WRP #2 10 10 10  10 
Colton STP 7 7 6  7 
Riverside STP 9 9 7  9 
San Bernardino STP 9 9 7  9 
SAR at Green River Rd 12 12 64  63 
SAR at Imperial Highway 12 11   2 
SAR at La Cadena Dr 12 12 12  12 
SAR at Mission Blvd 12 12 76  78 
SAR at MWD Crossing 12 10   1 
SAR at North Main/Hamner 12 12 103  79 
SAR at Prado Dam 12 12 14  15 
SAR at River Rd 12 11 76  81 
SAR at Riverside Ave 12 10 46  80 
SAR at Van Buren   74  77 
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Table 3 (continued) 
List of Sampling Locations and Samples by Source

Data Source E. Coli Enterococci Fecal Colif. Fecal Strep. Total Colif. 

County of San Bernardino 

Cucamonga Canyon 10 10 11 8 10 
Cucamonga Creek at Hellman Ave 1 1 1 1 1 
Forest Falls 11 11 11 10 11 
Seven Oaks Dam 10 10 11 8 10 

Santa Ana Regional Water Quality Control Board 

Big Bear Lake – East End   1  1 
Big Bear Lake - Near Dam    1 1 
Big Bear Lake at Pine Knot 
Landing     1 

Bon View at Merrill 13 13 13  13 
Boulder Bay Creek at Hwy 18   1 1  
Center of Lake Elsinore  19 19  19 
Chino Creek Above Wetlands 30 30 30  30 
Chino Creek at Central 15 15 15  15 
Chino Creek at Prado Golf Course 15 15 15  15 
Chino Creek at Schaeffer Ave 45 45 45  45 
Chino Creek Below Wetlands 17 17 17  17 
Colton STP   3  3 
Cucamonga Creek at Merrill Ave 43 43 43  43 
Elm Grove  19 19  19 
Elsinore West Marina  19 19  18 
Fair Weather Dr storm drain in 
Canyon Lake 2 2 2 2 2 

Four Corners  19 19  19 
Grout Creek Headwaters 1 1 1  1 
Hemet Channel at Sanderson Ave 2 2  2 2 
Icehouse Canyon 43 43 43  43 
Inlet Area  19 19  19 
Knickerbocker Creek at Hwy 18 2 2 2  2 
Knickerbocker Creek at Stocker 
Rd  19 19  19 

Lake Elsinore Outlet Channel in 
Elsinore  19 19  19 

Lakeland Park  19 19  18 
Meadow Creek at Bike Trail   1 4 1 
Metcalf Bay    1 1 
Metcalf Creek at Hwy 18 1 1 5 4 2 
Metcalf Creek, East Fork (.3 mi 
from West Fork and Cedar Lake 
Camp Rd.) 

1 1 1  1 

Metcalf Creek, West Fork Cedar 
Lake Camp Rd. 1 1 1  1 

Mill Creek at Chino Corona Rd 45 45 45  45 
Mill Creek at Chino Creek 45 45 45  45 
N Side Ramona Expressway at 
Warren Rd 1 1 1  1 

OC Wetlands Effluent 30 30 30  30 
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Table 3 (continued) 
List of Sampling Locations and Samples by Source 

Data Source E. Coli Enterococci Fecal Colif. Fecal Strep. Total Colif. 
Perris Valley Storm Drain at Nuevo 1 1 1  1 
Playland Park  19 19  19 
Prado Park Outlet at Chino Creek 42 42 42  42 
Rathbun - Below Zoo   4  4 
Rathbun Creek at Swan Dr.   1 1  
Rialto STP at Divers   2  2 
Salt Creek at Murrieta Rd 3 3 2 2 3 
San Bernardino STP   3  3 
San Jacinto River at Bridge St 1 1 1  1 
SAR at Etiwanda Channel 15 15 15  15 
SAR at Green River Rd 12 12 12  12 
SAR at Greenspot Rd   2  2 
SAR at Gypsum Canyon Rd  1 2 1 2 
SAR at I-10   3  3 
SAR at Imperial Highway 12 12 12  12 
SAR at Mission Blvd 12 13 15  16 
SAR at Mt Vernon Ave   3  3 
SAR at MWD Crossing 56 57 59 1 59 
SAR at North Main/Hamner 12 13 14 1 14 
SAR at Prado Dam 58 57 57  57 
SAR at River Rd 12 13 14 1 14 
SAR at Riverside Ave 12 13 15 1 16 
SAR at Van Buren  1 1  1 
SAR at Warm Creek East   4  2 
SAR at Waterman   1 1 1 
Sierra Park Drain in Canyon Lake 3 2 3 2 3 
State Park  19 19  19 
Summit Creek at Mouth   2 2  
Warm Creek at “F” St   2  2 
Warm Creek at STP   1  1 
Warm Lytle Creek Confluence   1  1 
Weekend Paradise  19 19  19 

Santa Ana Use Attainability Analysis Report 
Center of Lake Elsinore   2 2 2 
Chino Regional WRP #1   2 2 2 
Chino Regional WRP #2   2 2 2 
Colton STP   2 2 2 
Mill Creek at Chino Creek   2 2 2 
Rialto STP at Divers   2 2 2 
Riverside STP   2 2 2 
San Bernardino STP   2 2 2 
SAR at Gypsum Canyon Rd   2 2 2 
SAR at Gypsum Canyon Rd   2 2 2 
SAR at La Cadena Dr   1 1 1 
SAR at Mission Blvd   2 2 2 
SAR at MWD Crossing   2 2 2 
SAR at Prado Dam   2 2 2 
SAR at River Rd   1 1 1 
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Qualifier 
In cases where the bacteriological result is qualified, this field includes symbols such as <, >, 
≤, and ≥ to denote cases in which data is qualified. 

Source_ID 
The source of the data is an important data field included in the database.  This information is 
valuable in order contact the source if questions arise related to the sample water quality data. 

Comments 
Any relevant information describing the data record is included in this field. 

Table 3 (continued) 
List of Sampling Locations and Samples by Source

Data Source E. Coli Enterococci Fecal Colif. Fecal Strep. Total Colif. 

USEPA - STORET 

Hicks Canyon Wash at Culver Blvd   21 5 23 
Peters Canyon Wash at Irvine Blvd   16 2 16 
Peters Canyon Wash East Side of 
Jeffrey Rd   7  7 

Peters Canyon Wash NE Santa 
Ana Fwy   36 3 36 

Rattlesnake Canyon Wash at 
Jeffrey Rd   20 3 26 

San Diego Creek at Campus Dr 
Bridge   25 23 166 

San Timoteo Creek at Waterman 
Ave.   2  3 

Santa Ana Delhi Channel at Irvine 
Ave   25 22 168 

Santa Ana River Basin at 
Jamboree, North of Main     9 

Santiago Creek at Santiago 
Canyon Rd Bridge     11 

SAR Basin at Jeffrey Rd at Hines 
Nursery   20  26 

SAR Basin at San Diego Creek 
Confluence     10 

SAR Basin Culver at University, 
Irvine     13 

SAR at Prado Dam   10  12 
USGS 

SAR at Imperial Highway 65 65 14  14 
SAR at Prado Dam   144 148  
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Analytical Methods 
The vast majority of data received did not include the analytical methods conducted to 
perform the analyses.  Phase II of the Water Quality Standards Study should further 
investigate and research the types of analytical methods performed in the course of analyses. 

Table 4 lists the specific analytical methods applied by each agency, where provided, in its 
analyses of the samples collected from specific water bodies. 

Data Characterization 
Flow Data Characterization 
Data from flow gauging stations along inland surface waters within the Santa Ana River 
Watershed show some similarities in the pattern of average annual hydrographs.  Long 
periods of generally persistent low flow occur during dry weather months (April through 
November) and dry periods during winter months in many surface waters.  The sources of 
this flow is POTW effluent in a few locations, nuisance urban runoff (irrigation, car washing, 
etc.), and groundwater seepage in mountain streams.  Wet weather-induced high flow events 
(storm events), typically occur between 10-20 times during the winter months, rapidly 
increasing flow by 1 to 2 orders of magnitude.  Following individual wet weather events, 
urban streams tend to return to a level very close to summer dry weather flow.  Conversely, 
inland surface waters with drainage areas in the San Bernardino and Angeles National 
Forests or Santa Ana Mountains tend to have a slower recession of high flow resulting from 
wet weather events.  Snowmelt tends to occur soon after wet weather, thus maintaining a 
higher flow rate in these waters. 

Table 4 
Analytical Methods 

Water Body Total Coli form Fecal Coli form E.Coli Enterococci 
Santa Ana Regional Water Quality Control Board 

Lake Elsinore/ 
Canyon Lake SM9221B SM9221C SM9221F SM9230C 

Chino Basin SM9222B 1 SM9222D 1 Modified E.Coli 
(USEPA 1998) SM9230B 1 

Orange County Coastkeeper 

Various OC 
Locations 

Colilert 18 /24 
IDEXX NA Colilert 18 / 24 

IDEXX NA 
(1)  Standard Methods 20th Edition 
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Dam releases, flow diversions, and water importing influence flow in certain inland surface 
waters.  There are 85 dams and other runoff impoundments that control runoff within the Santa 
Ana River Watershed.  Wet weather response of inland surface waters downstream of these 
impoundments is attenuated, with a flow regime that is controlled by dam operators.  Also, the 
effort to recharge groundwater by facilitating infiltration reduces runoff in receiving waters by 
diversion and spreading in basins with high infiltration capacity.  Imported water used to 
recharge groundwater can increase dry weather flow upstream of these basins. 

Flow within the main stem of the Santa Ana River is influenced at different times and locations 
from urban runoff, POTW effluent discharges, dam releases, and groundwater recharge 
diversions. 

Receiving waters either receiving or downstream of area POTW discharges include Reach 3 of the 
Santa Ana River, Prado Lake, Chino Creek, and Cucamonga Creek.  Reaches downstream of 
major controlled dam releases include the Santa Ana River, receiving releases from Prado Dam, 
and Chino Creek, receiving releases from the San Antonio Dam.  Releases of imported water 
occur within Chino Creek. 

Bacteria Data Characterization  
Different data were compiled from many discrete locations into a study GIS database.  
Watershed-wide analyses were developed to guide the Stormwater Standards Task Force by 
portraying water quality within channels.  The resulting spatial representation of water quality 
facilitates a basin-wide understanding of existing or potential recreational uses and the status of 
compliance with water quality objectives in these waterbodies. 

Methods 
Queries of the study database were performed to compare data with existing fecal coliform water 
quality objectives in sampled inland surface waterbodies and also with proposed E. coli objectives 
based upon current EPA guidance criteria. 

Existing Bacteria Water Quality Objectives 
The following water quality objectives for fecal coliform have been established for the protection 
of recreational uses in freshwaters within the Santa Ana Region: 

REC-1 - Fecal coliform: log mean less than 200 organisms/100 mL based on five or more samples/30 day 
period, and not more than 10% of the samples exceed 400 organisms/100 mL for any 30-day period. 

REC-2 Fecal coliform: average less than 2000 organisms/100 mL and not more than 10% of samples exceed 
4000 organisms/100 mL for any 30-day period. 
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Ocean Beaches - Coastal areas of California are currently subject to bacteria water quality 
objectives established in the California Ocean Plan.  Regulations adopted by the California 
Department of Health Services pursuant to AB 411 establish criteria for posting/notification.  The 
objectives to protect ocean waters at beaches are: 

Geometric Mean Limits 
a. Total coliform density shall not exceed 1,000/100 ml. 
b. Fecal coliform density shall not exceed 200/100 ml. 
c. Enterococcus density shall not exceed 35/100 ml. 

Single Sample Limits 
a. Total coliform density shall not exceed 10,000/100 ml. 
b. Fecal coliform density shall not exceed 400/100 ml. 
c. Enterococcus density shall not exceed 104/100 ml. 
d. Total coliform density shall not exceed 1,000/100 ml, if the ratio of fecal-to-total coliform 
 exceeds 0.1. 

Potential Future Bacteria Water Quality Objectives 
The EPA published new bacteria guidance in 1986, which advised states to change their bacteria 
criteria from fecal coliform for fresh and marine waters to Escherichia coli (E. coli) for freshwaters 
and Enterococcus for marine waters.  The basis for this change was new data which showed that 
increased E. coli (a subset of fecal coliforms) and Enterococcus concentrations showed a better 
correlation with an increased frequency of gastroenteritis than increased concentrations of fecal 
coliforms.  E. coli and Enterococcus serve as pathogen indicators meaning that when concentrations 
of these bacteria are elevated there is an increased likelihood that many other potential human 
pathogens, for example, viruses and protozoans such as Giardia and Cryptosporidium, are also 
elevated to unsafe levels. 

The E. coli and Enterococcus objectives are based on studies conducted by EPA in the early 1980’s 
in sewage contaminated waters.  These studies were conducted at three marine and two 
freshwater locations over several years.  Information on the frequency of gastroenteritis and 
related water quality were obtained by conducting surveys of individual swimmers and non-
swimmers while at the same time collecting water quality data from the selected study sites.  The 
resulting data, average illness rate and geometric mean of water quality, were used to calculate 
risk-based levels of protection for locations where primary contact recreation occurred, for 
example, swimming. 
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EPA guidance is based on acceptable levels of protection of 8 to 10 swimmers per 1000 for 
freshwaters, and for marine waters of 8 to19 swimmers per 1000, getting gastroenteritis as a result 
of swimming activities.  For each level of protection, the EPA provides recommended geometric 
mean criteria and corresponding statistically derived single sample limits based on varying upper 
percentile values (75th to 95th percentile) of allowable densities.  For freshwaters, Table 5 lists 
recommended criteria for risk levels ranging from 8 to 10 swimmers/1000. 

For example, for E. coli if the acceptable geometric mean value is 126, the corresponding single 
sample value using the 75th percentile of the data distribution of all values is 236.  If a 95th 
percentile is acceptable, then the corresponding single sample value would be 576. 

Compliance with REC-1 use bacteria objectives is to be based upon any 30-day set of data (not a 
calendar month).  In order to develop simpler queries for all locations where bacteria data was 
historically collected, calendar months were used as a surrogate to a rolling 30-day time period.  
All 30-day periods with the dataset were assessed at six study sites and the results are presented 
in the Detailed Study Site Characterization section of this technical memorandum. 

Results from queries of the database are joined to the GIS layer of “Bacteria Stations” using a 
reference location identification number.  New fields in the point attribute table of this layer, 
resulting from the join are then used to symbolize sampling locations in the GIS model.  The 
points on these maps are symbolized by two attributes, 1) fraction of non-compliant calendar 
months and 2) number of non-compliant calendar months when sufficient data was present to 
determine compliance.  These attributes are depicted as varying intervals of color and size of 
points, respectively.  Several different queries are used to assess the relationship between 
compliance with REC-1 bacteria standards and flow condition, season, and time period. 

Limited instances of concurrent flow data for all inland surface waterbodies where bacteria 
samples were collected over the past 30+ years resulted in a decision to use data from a set of 
daily rainfall stations rather than flow records to assess the presence or absence of wet 
weather conditions.  Eight rainfall stations were used to represent rainfall across the basin 
(Figure 1).  The spatial distribution of stations was coarse, but suitable for purposes of this 
analysis, considering only a distinction between wet and dry weather was desired.  Samples 
collected on days when there was greater than or equal to 0.1 inches of rainfall, as measured 
at the nearest reference rainfall station, were considered wet weather samples. 

Table 5 
Upper Percentile Value Allowable Density (per 100 ml) Risk Level 

(% of 
swimmers) 

Geometric Mean 
Density 

(per 100 ml) 
75th 

Percentile 
82nd 

Percentile 
90th Percentile 95th Percentile

0.8 126 236 298 409 575 
0.9 161 301 382 523 736 
1.0 206 385 489 668 940 
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The relationship between the layers “Bacteria Stations” and “Rainfall Stations” was 
developed by using the ESRI Spatial Analyst extension for ArcGIS 8.3®.  The straight line 
allocation function was employed to create a raster dataset of nearest rainfall station.  The 
raster data conversion function of Spatial Analyst was then used to convert the grid of the 
nearest rain station to a polygon layer of distinct rainfall regions.  Lastly, a spatial join was 
used to assign rainfall stations to the bacteria stations that fell within each respective region.  
The updated point attribute table resulting from the spatial join was exported as a database 
file and imported to the Stormwater Standards Study database to support the creation of wet 
weather and dry weather queries. 

Dry weather samples, on days without rain or when less than 0.1 inches was recorded, were 
further distinguished between winter and summer dry weather flows.  Bacteria samples 
collected between April 1 and October 31 were categorized as summer dry weather samples 
and those collected between November 1 and March 31 were categorized as winter dry 
weather samples. 

Lastly, fecal coliform and E. coli bacteria water quality data was assessed for three different 
time periods.  November 28, 1975 and January 1, 1996 are delineators of critical events that 
may impact actual bacteria counts or reach-specific recreational use designation in 
waterbodies of the Santa Ana Basin.  November 28, 1975 is the date of establishment of the 
water quality standards regulations and is the benchmark date used to determine whether or 
not a use is “existing.”  Antidegradation is not an absolute prohibition on degradation of 
water quality; such degradation is allowed under certain circumstances, defined in the water 
quality standards regulations.  The second date is an approximate estimate of when most 
POTW effluent discharges in the Santa Ana Basin met tertiary treatment requirements based 
upon Title 22, although some began adding tertiary treatment beginning in the late 1970’s. 

All Samples 
Figures 2 through Figure 5 show Santa Ana Basin maps with the results of each of the bacteria 
data queries performed upon the entire dataset.  The maps generated using all samples 
provide a comparison to REC-1 use bacteria objectives in the Santa Ana Basin.  The 
percentage of calendar months with sample results potentially exceeding objectives improves 
our current understanding of water quality associated with recreational use in Santa Ana 
Basin surface waterbodies. 

Table 6 provides the number of sampling locations with sufficient data to compare to specific 
water quality objectives and proposed criteria, as described in the table. 
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Figure 3
E. coli Analysis 10% of Samples Exceedence Criteria
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Potential exceedences of REC-1 bacteria objectives were observed at most Basin Plan reaches 
with sample results, including larger rivers such as the Santa Ana, medium sized inland 
surface streams such as Chino Creek, small urban channels such as Salt Creek near Lake 
Elsinore, and mountain streams such as Knickerbocker Creek in Big Bear Lake.  There is more 
sampling data available from more urbanized areas of the basin than areas less impacted by 
urbanization. 

When comparing available fecal coliform data to the 10% exceedence criteria (Figure 2), the 
data query shows that sampling performed upon the Santa Ana River and other waterbodies 
heavily influenced by urbanization may exceed water quality objectives in all months 
sampled.  Querying results from less urbanized areas, especially around inland lake areas, 
available data shows several locations that may meet objectives, however some less urbanized 
areas have months where objectives may be exceeded. 

When comparing available E. coli data to the 10% exceedence criteria (Figure 3), the data 
query shows similar results to the fecal coliform analysis, however most locations have fewer 
months exceeding proposed E. coli objectives than fecal coliform objectives, and more 
locations may meet proposed E. coli objectives. 

When comparing available fecal coliform data to the geometric mean exceedence criteria 
(Figure 4), the data query shows that fewer locations have sufficient data to perform the 
comparison.  For the locations with enough sampling to perform the comparison, again 
sampling performed upon waterbodies heavily influenced by urbanization may exceed water 
quality objectives in all months sampled.  Less urbanized areas may meet the objective, 
though the amount of data is limited in order to support. 

 

Table 6 
Number of Sampling Locations  

Criteria 
All 

Samples 
Wet 

Weather 

Summer 
Months, Dry 

Weather 

Winter 
Months, Dry 

Weather 

Fecal Coliform: 10% of Samples 
Collected within a 30 days 110 44 94 68 

Fecal Coliform: Geometric Mean of 30-
day Periods with 5 or More Samples 39 0 28 22 

E. coli: 10% of Samples Collected within 
30 days 77 45 69 54 

E. coli: Geometric Mean of 30-day 
Periods with 5 or More Samples 25 1 14 15 
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When comparing available E. coli data to the geometric mean exceedence criteria (Figure 5), 
the data query shows a larger number of months with enough data for comparison, with most 
locations potentially exceeding proposed E. coli objectives, and some less urbanized locations 
potentially able to meet proposed objectives. 

Wet Weather 
There were relatively few wet weather samples collected by the various agencies over the 
period of record (1958-2004).  Wet weather samples were collected at select locations, 
primarily along the Santa Ana River.  Figure 6 and Figure 7 present a summary of wet 
weather fecal coliform and E. coli data, respectively.  The charts represent each sample result 
and the median of wet weather sampling performed at locations where more than one wet 
weather sample was collected.  In almost all cases, median values at each of the locations may 
exceed objectives.  The limited number of wet weather samples resulted in a small number of 
sites where the data could be compared to objectives. 

When comparing available wet weather fecal coliform data to the 10% exceedence criteria 
(Figure 8), the data query shows similar results as to the all samples query, waterbodies 
heavily influenced by urbanization may exceed water quality objectives in all months 
sampled, with some exceptions in less urbanized areas. 

When comparing available wet weather E. coli data to the 10% exceedence criteria (Figure 9), 
more locations have enough sampling to perform a comparison to objectives.  Per this query, 
more locations may exceed proposed E. coli objectives in all months sampled as compared to 
fecal coliform data. 

When comparing available wet weather fecal coliform data to the geometric mean criteria, 
there were no calendar months with five or more wet weather samples collected at any 
bacteria monitoring location within the available data. 

When comparing available wet weather E. coli data to the geometric mean (Figure 10), five or 
more E. coli samples were collected during three wet weather events at the Santa Ana at 
Imperial Highway monitoring station.  Proposed objectives were exceeded in each month.  
The pattern of bacteria results in relation to storm hydrographs is shown later in this technical 
memorandum, within the Detailed Study Site Characterization section. 
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Figure 7
E. coli in Samples Collected During Wet Weather Days

Wet Weather E. coli Data at Sampled Sites 
within the Santa Ana Watershed
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Figure 6
Fecal Coliform in Samples Collected During Wet Weather Days

Wet Weather Fecal Coliform Data at Sampled Sites 
within the Santa Ana Watershed
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Figure 8
Fecal Coliform Analysis 10% of Samples Exceedence Criteria-Wet Weather
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Figure 9
E. coli Analysis 10% of Samples Exceedence Criteria - Wet Weather
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Figure 10
E. coli Analysis Geometric Mean Criteria - Wet Weather
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Dry Weather 
To analyze data from dry weather periods, the available sample database was divided into 
summer dry weather (April through November) and winter dry weather (December through 
March) periods based upon flow records.  Figures 11 through 18 present the results from 
several dry weather data queries.  As most available samples within the database were 
collected during dry weather periods, queries that compare only summer dry weather data to 
water quality objectives look very similar to comparisons of the entire database of sample 
results (Figures 11 through 14). 

When comparing available winter dry weather fecal coliform data to the 10% exceedence 
criteria (Figure 15), the data query shows that comparatively more locations in urbanized 
areas may meet objectives during winter dry weather periods.  More locations may meet the 
proposed 10% exceedence criteria for E. coli during winter dry weather periods as well 
(Figure 16). 

When comparing available winter dry weather fecal coliform and E.coli data to the geometric 
mean exceedence criteria (Figures 17 & 18), query results are similar to the results found for 
all samples.  Waterbodies heavily influenced by urbanization may exceed water quality 
objectives in all months sampled, and results from less urbanized areas may meet objectives, 
though the data set is limited. 

Detailed Study Site Characterization 
Data availability varies significantly among sample locations within the Santa Ana basin.  As 
a consequence, performing a detailed characterization of water quality and waterbody 
conditions, and comparing the data with waterbody characteristics at every location where 
bacteria samples have been collected would be extremely resource intensive.  As an 
alternative for study purposes, study sites were selected to serve as surrogates for different 
types of waterbodies.  At each study site, site-specific water quality and site characteristics 
were documented to characterize recreational quality. 
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Figure 11
Fecal Coliform Analysis 10% of Samples Exceedence Criteria - Dry Weather – April through November



Technical Memorandum 3 
Flow and Water Quality Data Inventory and Characterization 
Page 32 

A  Stormwater Quality Standards Study  
  January 2005 

Figure 12
E. coli Analysis 10% of Samples Exceedence Criteria - Dry Weather – April through November
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Figure 13
Fecal Coliform Analysis Geometric Mean Criteria - Dry Weather – April through November
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Figure 14
E. coli Analysis Geometric Mean Criteria - Dry Weather – April through November
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Figure 15
Fecal Coliform Analysis 10% of Samples Exceedence Criteria - Dry Weather – December through March



Technical Memorandum 3 
Flow and Water Quality Data Inventory and Characterization 
Page 36 

A  Stormwater Quality Standards Study  
  January 2005 

Figure 16
E. coli Analysis 10% of Samples Exceedence Criteria - Dry Weather – December through March
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Figure 17
Fecal Coliform Analysis Geometric Mean Criteria - Dry Weather – December through March
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Figure 18
E. coli Analysis Geometric Mean Criteria - Dry Weather – December through March
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Methods 
Selection of Study Sites 
Study sites were selected to facilitate a detailed analysis of varying channel types and 
conditions in the Santa Ana basin, including natural channels, channels with both natural and 
modified portions (for example, natural bottom, but concrete or rip-rap banks), and channels 
completely constructed with concrete.  The availability of flow and bacteria data at the 
potential sites representing these various channel conditions was assessed.  Based on this 
evaluation, the following five study sites were recommended to the Stormwater Standards 
Task Force: 

 Chino Creek at Schaeffer Avenue (100% concrete channel in mixed land use area) 

 Santa Ana Delhi Channel (100% concrete in highly urbanized area) 

 Temescal Creek at Lincoln Avenue (mixed concrete/rip-rap; natural channel) 

 Santa Ana River at Imperial Highway (mixed concrete/rip-rap; natural channel) 

 Santa Ana River at MWD Crossing (natural channel in urbanized area) 

The Task Force supported these recommendations, but also recommended the inclusion of 
Icehouse Canyon as a site to provide information at and above which little urbanization has 
occurred (Figure 19). 

Channel and Stream Attributes 
Attributes of channels at each study site were identified by reviewing collected GIS layers and 
verifying this information during field visits.  Lack of published data for channel dimensions 
along the Santa Ana River at some study sites led to the use of high resolution aerial 
photography or distance meters to estimate channel widths.  Channel slopes at study sites 
were estimated in the field to approximate cross-sectional area.  In generally natural reaches, 
where the channel was wide, the channel slope did not significantly impact cross sectional 
area. 

Channel attributes that could affect recreational appeal were evaluated for each of the study 
sites.  Photographs were taken of indirect evidence of recreational use and of conditions that 
could affect recreational use.  These study site attributes were summarized in a checklist, 
prepared by Risk Sciences, Inc, discussed within Technical Memorandum 2. 
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Drainage Area Characteristics & Land Use 
To characterize land use adjacent to and in the tributary watershed to the study sites, the 
drainage areas of three study sites were determined using a digital elevation model (DEM) of 
the Santa Ana basin provided by SAWPA.  Arc Hydro, a tool created for ESRI ArcGIS 8.3® 
documented in Maidment [2002], was used to delineate the drainage area of each study site.  
This tool “burns” the section of channel onto the DEM and through a series of pre- and post-
conditioning processes, determines cells, for example, small areas that will drain to the reach 
based solely upon topography.  In urbanized areas where drainage network information was 
available, flow path alterations resulting from urban development were accounted for by 
manually editing the Arc Hydro derived polygons. 

Figure 19
Study Sites Selected for Detailed Analysis



Technical Memorandum 3 
Flow and Water Quality Data Inventory and Characterization 
Page 41 

A  Stormwater Quality Standards Study  
  January 2005  

Following drainage area delineation, land use layers of the Santa Ana basin from 1990, 1993, 
and 2000 provided by Southern California Area Governments (SCAG) were clipped to the 
watershed areas.  The attributes of the land use layers were summarized to create land use 
distributions. 

Recreational Appeal 
The recreational appeal of each study site was evaluated with a field observation checklist 
prepared by Risk Sciences, Inc, discussed within Technical Memorandum 2.  This checklist 
evaluates factors that may influence the potential for a site to be used for recreational activity.  
All criteria were ranked from 0 (poor recreational habitat and/or appeal) to 3 (good 
recreational habitat and/or appeal): 

 Direct Evidence of Water Contact Recreation – Direct observations of people recreating in 
the water (0 = no observation; 3 = people actually in the water). 

 Indirect Evidence of Recreational Activity – Measures evidence that people are 
occasionally present at the site, for example, graffiti, recreational trash (beer bottles, sodas, 
etc), fishing line, and human paths to the channel; however, no evidence exists that 
visitors actually enter the water (0 = no evidence of recreational activity; 3 = evidence 
observed, for example, fishing line, footprints, graffiti). 

 Ease of Access – Measure of degree of difficulty to access the waterbody because of 
fencing, gates, locks, etc. (0 = inaccessible; 3 = easily accessible). 

 Channel Slope – Measure of the type of slope, for example, trapezoidal vs. rectangular (0 = 
box channel, 90° slopes; 3 = gentle slope) 

 Channel Type – Measure of degree of naturalness, ranging from completely natural 
bottom and banks to completely constructed concrete channel (0 = bottom and banks are 
concrete; 3 = natural bank and channel bottom). 

 Flow Depth & Volume – Measure of the degree that instream flow is sufficient for water 
contact recreation, including consideration of children (0 = minimal flow, not possible for 
adults or children to immerse themselves in the water; 3 = sufficient flow for immersion at 
least by children). 

 Flow Velocity – Measure of the degree that flow velocity is dangerous for recreational 
activity (0 = high velocity, flow is dangerous; 3 = velocity is safe for recreational activity). 

 Water Quality (Aesthetics) – Measure of how appealing the water is for recreation (0 = 
poor quality, for example, lots of algae, trash; 3 = very appealing, water is an attractant). 
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 Vegetation Quality – Measure of quality of bank habitat for recreational activity (0 = no 
cover or shade for visitors; 3 = sufficient cover or shade). 

 Adjacent Land Use – Measure of type of nearby land use (0 = site is adjacent to industrial 
parks; 3 = site is in a residential area). 

Flow Data 
Available flow data at each study site were collected and processed to facilitate time series 
plotting and frequency distribution analyses.  In general, the collected data included mean 
daily flow for the entire period of record and, where available, 15 or 30 minute interval flow 
data for a subset of the data record.  Frequency distributions of flow rates, depths, and 
velocities were generated at each study site to assess the likelihood of the occurrence of 
certain flow conditions within the channel.  The smaller interval of measurements relative to 
mean daily flow provided a more accurate analysis of instantaneous flow in the channel. 

The Stormwater Standards Task Force is evaluating the appropriateness of establishing a high 
flow suspension of REC-1 water quality standards when the beneficial use is not attainable 
due to dangerous flow conditions.  To identify potentially dangerous flow conditions at each 
site, two criteria, which have been used to define flow conditions where recreational activities 
are dangerous, were evaluated: (1) flow velocities greater than 8 ft/sec [Helsinki University of 
Technology, “The Use of Physical Models in Dam-Break Flood Analysis”, RESCDAM, 2000]; 
and (2) a 10 ft2/sec threshold depth-velocity product, above which wading is considered 
unsafe [USGS, Book 9 of the National Field Manual for the Collection of Water Quality Data, 
2004].  Cumulative frequency curves of flow velocities and depth-velocity products were 
generated at each study site to determine the likelihood of occurrence of these potentially 
dangerous flow conditions. 

Bacteria Data 
Bacteria data collected at each of the study sites differed with regard to the length of record, 
frequency of sampling, constituents that were measured, and availability of concurrent flow 
data.  Consequently, analyses of bacteria data were tailored as needed for each study site 
based on data availability.  In general, the following methods were applied when bacteria 
data were available: 

 Time series plots of bacteria counts and flow were generated for the entire period of 
record at each study site to illustrate the relationship between bacteria concentrations and 
REC-1 standards and to identify any general trends.  Where appropriate, these time series 
plots were related to flow data to evaluate the relationship between bacteria 
concentrations and wet or dry weather. 

 Evaluation of changes in bacteria concentrations over the course of a specific storm. 



Technical Memorandum 3 
Flow and Water Quality Data Inventory and Characterization 
Page 43 

A  Stormwater Quality Standards Study  
  January 2005  

 Bivariate plots of fecal coliform and E. coli were created for each study site to evaluate the 
relationship between bacteria types. 

 Analysis of compliance with existing REC-1 fecal coliform water quality objectives and 
potential E. coli water quality objectives  based on draft EPA guidance [USEPA, 
Implementation Guidance for Ambient Water Quality Criteria for Bacteria, November 
2003 Draft]: 

- Fecal coliform: log or geometric mean less than 200 organisms/100 mL based on five or 
more samples/30 day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30-day period 

- E.coli: log or geometric mean less than 126 organisms/100 mL based on five or more 
samples/30 day period, and a single sample maximum of 235 organisms/100 mL. 

Bacteria concentrations under both dry and wet weather conditions were analyzed.  Wet 
weather conditions were determined according to the method described previously within 
this memorandum.  For this analysis, calendar months were used as a surrogate for the 
rolling 30-day period that is part of the existing fecal coliform water quality objectives.  Thus, 
geometric means were calculated for calendar months in which there were 5 or more samples, 
and the 10% exceedance threshold was calculated on samples collected during a single 
calendar month. 

Results 
Chino Creek at Schaeffer Avenue 
Channel Section 
The Chino Creek at Schaeffer Avenue study site is located where California State Route 71 
crosses Chino Creek (Figure 20 and Figure 21).  The study reach consists of a trapezoidal 
concrete-lined channel with 2.25:1 side slopes and a bottom width of 60 feet.  The bed slope of 
the channel at this site is 3 percent.  Flow is recorded in this section of Chino Creek by the US 
Geological Survey [USGS Gage 11073360] (Figure 22). 



Technical Memorandum 3 
Flow and Water Quality Data Inventory and Characterization 
Page 44 

A  Stormwater Quality Standards Study  
  January 2005  

Figure 20 
Aerial Photograph of the Chino Creek at Schaeffer Avenue Study Site 
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Drainage Area Characteristics 
Land use in this watershed is predominantly residential, natural/vacant land, and 
commercial (Figure 23).  A portion of the drainage area, which lies upstream of San Antonio 
Dam, is comprised almost entirely of natural/vacant land in the San Gabriel Mountains.  The 
drainage area below the dam is a mixed land use region which is primarily residential.  
Growth in residential and commercial land use in the area was observed between the years 
1990 and 2000; however these changes have been minor (Figure 24).  Runoff from the 
mountains that reaches the San Antonio Dam is diverted into the San Antonio Spreading 
Grounds (SASG) for recharge of the Six Basin Groundwater Management Area.  The Pomona 
Valley Protective Association, owner of the SASG, spreads most of the runoff from above the 
dam during years with average runoff and the majority of flows from above average rainfall 
years.  Occasional bypass of the spreading grounds, which routes excess runoff to San 
Antonio Creek, a major tributary of Chino Creek, occurs in high rainfall years.  If the 
natural/vacant land upstream of San Antonio Dam is excluded from the analysis, residential 
is the primary land use in the primary contributing watershed to the Chino Creek at Schaeffer 
Avenue site (Figure 25). 

 

Figure 22 
USGS Flow Gage for the Chino Creek at 

Schaeffer Avenue Study Site 

Figure 21 
Chino Creek Looking Upstream from USGS 

Flow Gage 
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Figure 23
Land Use within Drainage Area to Chino Creek at Schaeffer Avenue Study Site
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Figure 24
Relative Distribution (%) of Land Use Types in Chino Creek at Schaeffer Avenue Watershed, 

1990, 1993, and 2000
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Evidence of Recreational Activity 
During the CDM site visit, the channel access gate was unlocked allowing easy access to the 
water.  The gentle side slope of the channel would enable visitors to easily walk to the stream; 
and in fact the presence of graffiti and trash provided evidence that people had recently 
accessed this section of Chino Creek (Figure 26).  This section of Chino Creek is located within 
a highly developed area of the city of Chino, with State Route 71 on the left bank and a 
shopping plaza on the right bank (Figure 27).  With regards to the sites recreational appeal, 
the site generally received low scores (Figure 28).

 [SCAG Year 2000 Land Use Data]
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Figure 25
Relevant Distribution (%) of Land Use Types in Chino Creek at

Schaeffer Avenue Watershed, Downstream of San Antonio Dam

Figure 27
Surrounding area along Chino Creek near the 

Schaeffer Avenue Study Site

Figure 26
Graffiti in bottom of Chino Creek
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Figure 29
Mean Daily Flow in Chino Creek at Schaeffer Avenue between 1969 

and 2004 

Flow 
The USGS mean daily flow record from 1969 through 2004 was used to plot a time series of 
flow at this site and to compare flow in the channel to other measured parameters, including 
rainfall and bacteria (Figure 29).  Flow in Chino Creek is primarily urban dry weather.  As 
observed, the channel experiences predominantly low flows much of the year, typically 
averaging about 5 cfs, and periodic elevated flow typically correlated with rainfall event 
runoff.

Figure 28
Field Observation Checklist for the Chino Creek at Schaeffer 

Avenue Study Site

 Evaluation Criteria 

(Scale = Low - 0 to High - 3)
Direct Evidence of Water Contact Recreation 0

Indirect Evidence of Recreational Activity 1

Ease of Access 1

Channel Slope 2

Concrete to Natural 0

Flow Depth and Volume 0

Flow Velocity 1

Water Quality Aesthetics 0

Vegetation Quality 1
Adjacent Land Use 0

Chino Creek at 
Schaeffer Avenue
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However several instances of elevated flow occur without a corresponding rainfall event.  
During such periods, measured flow is elevated from typical dry weather baseflow (1 to 5 cfs) 
by one order of magnitude for about 30 days.  Consultation with Orange County Water 
District (OCWD) indicated that these prolonged non-rainfall high flow events are the result of 
a water purchase from the State Water Project (SWP) or conveyed via Chino Creek to increase 
groundwater recharge downstream of Prado Dam in Orange County.  A subset of the mean 
daily flow record provides an example of one of these water purchase events in August 2002 
(Figure 30). 

Flow data was recorded in 15 minute intervals by the USGS in Chino Creek at Schaeffer 
Avenue between 1988 and 2004.  These data were used to develop a frequency distribution of 
flow rate and depth in the channel (Figure 31 and Figure 32), as well as flow velocity and the 
depth-velocity product.  Both Figures 31 & 32 provide an illustration of the complete 
distribution, and the top 10th percentile of flow rate and depth. 

To estimate the frequency of potentially dangerous flows at this site, cumulative frequency 
curves of flow velocities and depth-velocity products were developed.  Figure 33 shows that 
an 8 ft/sec velocity is exceeded about 2.5% of the time, and Figure 34 shows that the depth-
velocity product exceeds 10 ft2/sec about 0.5% of the time.
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Figure 30 
Mean Daily Flow in Chino Creek at Schaeffer Avenue during 2002 
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Figure 31
Channel Flow Curves for Chino Creek at Schaeffer Avenue (1988 – 2004)
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Figure 32
Channel Depth Curve for Chino Creek at Schaeffer Avenue (1988 – 2004)
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Analysis of Bacteria Data 
Fecal coliform and E. coli bacteria samples were collected in Chino Creek at Schaeffer Avenue 
as part of the Chino Basin TMDL monitoring program.  Weekly bacteria samples were 
collected at this site during wet weather months from February 2002 to present.  Weekly 
samples were also collected during the summer of 2002. 

Bacteria Trends 
Between 2002 and 2004, both fecal coliform and E. coli concentrations frequently exceed the 
10% exceedance thresholds of 400 and the EPA proposed criteria of 236 MPN/100 mL, 
respectively (Figure 35).  The data also suggest that high flow events are not correlated with 
high bacterial counts.

Figure 34
Channel Depth*Velocity Curve for Chino 

Creek at Schaeffer Ave (1988-2004)
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Figure 33
Channel Velocity Curve for Chino Creek at 

Schaeffer Ave (1988-2004)
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Table 7 summarizes geometric means of fecal coliform and E. coli bacteria sample results for 
all calendar months (Note: in some cases the number of samples/month was less than five; 
however, geometric means were still calculated to provide a method to evaluate any trends in 
mean bacteria concentrations.  Both fecal coliform and E. coli bacteria concentrations 
generally exceed existing and or anticipated geometric mean water quality objectives, 
assuming 5 or more samples were collected in a given month (Figure 36).  The data also 
suggest that monthly geometric means decreased gradually between 2002 and 2004.  The 
strong correlation between fecal coliform and E. coli concentrations in Chino Creek at the 
Schaeffer Avenue study site indicate that regardless of the pathogen indicator used, 
exceedences of water quality objectives would have occurred (Figure 37).
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Time Series of Bacteria Counts and Flow at the Chino Creek at

Schaeffer Avenue Study Site
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Table 7 
Monthly Fecal Coliform and E. coli Concentrations (Geometric Mean) in Chino 

Creek at Schaeffer Avenue 

Month E. coli Geometric Mean Fecal Coliform Geometric Mean Sample Size 

Feb-02 2592 3318 5 
Mar-02 390 1109 4 
Apr-02 510 640 1 
Jul-02 730 4219 4 
Aug-02 30 90 1 
Sep-02 95 226 3 
Oct-02 1131 615 2 
Jan-03 382 1063 4 
Feb-03 230 350 1 
Mar-03 140 925 3 
Apr-03 550 1669 2 
Jan-04 94 216 3 
Feb-04 49 117 4 
Mar-04 90 83 5 
Apr-04 216 215 2 

Figure 36
Monthly Bacteria Geometric Mean Concentrations at Chino

Creek at Schaeffer Avenue
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Bacteria Water Quality Objectives Compliance 
Analysis of bacteria compliance showed that exceedences of water quality objectives may 
occur during dry weather flows during both summer and winter months (Figure 38).  This 
figure shows the number of calendar months when sufficient water quality data was available 
to be compared to objectives (number at the end of each bar) and the percent of those 
calendar months that may have exceeded water quality objectives.  In contrast, of the two wet 
weather samples collected in February 2004 during two separate rainfall events, neither 
sample exceeded bacteria water quality objectives. 

Santa Ana Delhi Channel 
Channel Section 
The Santa Ana Delhi Channel (Figure 39) extends from the city of Santa Ana to Upper 
Newport Bay.  At Irvine Avenue, the conveyance is a concrete lined rectangular channel with 
a 55 ft bottom width (Figure 40 and Figure 41).  Channel attribute information was provided 
by Orange County Flood Control District and field verified during a site visit.  The bed slope 
of the channel at this site is 2.5 percent. 

Figure 37 
Relationship between E. coli and Fecal Coliform concentrations 

at Chino Creek at Schaeffer Avenue 
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Figure 38
Comparison with Existing and Potential Bacteria Water Quality Objectives

Chino Creek At Schaeffer Ave.
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Figure 39
Aerial Photograph of the Santa Ana Delhi Channel Study Site
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Drainage Area Characteristics 
The channel and its tributaries are primarily engineered flood control facilities that capture 
urban stormwater and dry weather runoff from commercial and residential land uses 
(Figure 42).  The watershed is primarily comprised of an older urbanized part of Orange 
County, which has not undergone significant land use change between 1990 and 2000 
(Figure 43). 

Evidence of Recreational Activity 
Direct or indirect evidence of recreational use of the Santa Ana Delhi Channel was not 
observed during site visits and, accordingly, the site was scored low in terms of recreational 
appeal (Figure 44). 

The steep side slopes, fencing, and restrictive signs minimize the likelihood of recreational 
use at this study site (Figure 45 and Figure 46).  Although recreational use is not likely to 
occur within the Santa Ana Delhi Channel itself, the site is immediately upstream of Upper 
Newport Bay, an inland surface water that supports a diversity of REC-1 uses (Figure 47). 

Figure 40
Santa Ana Delhi Channel Downstream from

Irvine Avenue

Figure 41
USGS Flow Gage at Newport Beach Golf 

Course Upstream of Irvine Avenue
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Figure 42
Land Use within Drainage Area to Santa Ana Delhi Channel Study Site
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Figure 43
Relative Distribution (%) of Land Use Types in the Santa Ana Delhi Channel Watershed

during 1990, 1993, and 2000
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Figure 45
Fencing around Santa Ana Delhi Channel 

Prevents Access to Waterbody

Figure 46
Restrictive Signs around Santa Ana Delhi 

Channel

Figure 44
Field Observation Checklist for the Santa Ana Delhi Channel

Study Site

 Evaluation Criteria 

(Scale = Low - 0 to High - 3)

Direct Evidence of Water Contact Recreation 0

Indirect Evidence of Recreational Activity 0

Ease of Access 0

Channel Slope 0

Concrete to Natural 0

Flow Depth and Volume 0

Flow Velocity 1

Water Quality Aesthetics 0

Vegetation Quality 0
Adjacent Land Use 1

Santa Delhi Channel at 
Irvine Ave.
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Flow 
The Orange County Public Facilities and Resources Department (PFRD) records flow at 30-
minute intervals in the Santa Ana Delhi Channel at a gage located upstream of the Irvine 
Avenue bridge (Figure 39).  Flow records were available for the period between 1992 
and 2004.  Figure 48 illustrates a subset of the flow record to provide a better picture of flow 
during a typical year.  Flow during dry weather periods typically is comprised of 
residential/commercial irrigation overflow, residential car washing, and other nuisance flow 
sources. 

Cumulative frequency curves of the top 10th percentile of flow rate and depth were generated 
from the 30-minute interval flow data (Figure 49 and Figure 50).  Cumulative frequency 
curves of flow and velocities and depth-velocity products, which occurred in the Santa Ana 
Delhi Channel between 1992 and 2004, are shown in Figure 51 and Figure 52.  Between 1992 
and 2004, flow velocity in the Santa Ana Delhi Channel exceeds 8 ft/sec about 1.5 % of the 
time and the depth-velocity product exceeds 10 ft2/sec about 1.0% of the time.  These statistics 
are relatively similar to those observed at the Chino Creek study site.

Figure 47 
Upper Newport Bay near Santa Ana Delhi Channel 

Outfall 
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Figure 49
Channel Flow Duration Curve for Santa Ana 

Delhi Channel near Irvine Avenue 
(1992-2004)
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Figure 50
Channel Depth Curve for Santa Ana Delhi 

Channel near Irvine Avenue (1992-2004)
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Figure 48
Mean Daily Flow in Santa Ana Delhi Channel during 1996-1997
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Bacteria Trends 
Bacteria samples have been collected in two locations near this study site: at the Irvine 
Avenue Bridge and about ¾ mile downstream where the rectangular channel transitions to a 
natural wetlands area (Santa Ana Channel – Backbay).  Fecal coliform samples collected 
between 1973 and 1976 were taken at the Irvine Avenue Bridge.  Samples gathered 
between 1985 and 2004 were collected at the Santa Ana Delhi Channel - Backbay. 

Fecal coliform concentrations have remained generally the same in the Santa Ana Delhi 
Channel - Backbay between 1991 and 2004 (Figure 53).  By looking at a subset of this record, it 
is also evident that the bacteria limit for 10% of samples per 30-day period is regularly 
exceeded and there is no obvious connection between bacteria concentrations and wet 
weather events (Figure 54). 
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Figure 52
Channel Depth-Velocity Curve for Santa Ana 

Delhi Channel near Irvine Avenue (1992-2004) 
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Channel Velocity Curve for Santa Ana Delhi 

Channel near Irvine Avenue (1992-2004). Red 
line denotes potentially dangerous condition
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Figure 53 
Time Series of Bacteria Concentrations and 

Flow in the Santa Ana Delhi Channel - Backbay 

Figure 54 
Time Series of Bacteria Concentrations and Flow in 

the Santa Ana Delhi Channel – Backbay between 
1997and 1998 

1

10

100

1000

10000

100000

1000000

6/3/97 9/3/97 12/3/97 3/3/98 6/3/98

Fe
ca

l C
ol

ifo
rm

 (M
PN

/1
00

m
L)

0

500

1000

1500

2000

2500

M
ean D

aily Flow
 (cfs)

Fecal Coliform

Fecal Coliform 10% Criteria Limit

Flow



Technical Memorandum 3 
Flow and Water Quality Data Inventory and Characterization 
Page 66 

A  Stormwater Quality Standards Study  
  January 2005 

Annual geometric means of bacterial data at both sites in the Santa Ana Delhi Channel were 
calculated and are listed with the sample size in Table 8 and shown graphically in Figure 55.  
The geometric means exceeds the fecal coliform water quality objective (200 MPN/100mL) for 
every year for which data was available.  Monthly geometric means for the more recent time 
period from January 2000 to June 2004 were also calculated (Table 9) (note: geomtric means 
were calculated for each month regardless of whether the five sample threshold was reached).  
While the majority of monthly geometric means exceed the fecal coliform geometric mean 
water quality objective, bacteria concentrations tend to be lower during late spring 
(Figure 56). 

Table 8 
Annual Geometric Means Santa Ana Delhi Channel 

Year 
Fecal Coliform 

Geometric Mean at 
Irvine Ave 

Fecal Coliform 
Geometric Mean at 

Back Bay 
Sample Size 

1973 3715  1 
1974 258  9 
1975 798  13 
1976 460  1 
1985  700 1 
1986  1654 51 
1987  543 50 
1988  651 46 
1989  5251 41 
1990  1403 44 
1991  2329 26 
1992  663 6 
1993  2961 13 
1994  1469 39 
1995  3000 1 
1997  2515 31 
1998  1722 50 
1999  2561 52 
2000  560 52 
2001  1141 52 
2002  900 52 
2003  676 49 
2004  275 23 
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Figure 57 shows the number of calendar months when sufficient water quality data was 
available to be compared to objectives (number at the end of each bar) and the percent of 
those calendar months that may have exceeded water quality objectives.  This may occur 
regularly regardless of flow conditions in the Santa Ana Delhi Channel.

Table 9 
Monthly Geometric Means Santa Ana Delhi Channel 

Month 
Fecal Coliform 

Geometric Mean at 
Back Bay 

Sample 
Size 

Month 
Fecal Coliform 

Geometric Mean at 
Back Bay 

Sample 
Size 

Jan-00 1874 4 Apr-02 725 5 
Feb-00 928 5 May-02 563 4 
Mar-00 4481 4 Jun-02 611 4 
Apr-00 2340 4 Jul-02 940 5 
May-00 240 4 Aug-02 822 4 
Jun-00 194 4 Sep-02 937 5 
Jul-00 394 4 Oct-02 1841 4 
Aug-00 312 6 Nov-02 1846 4 
Sep-00 938 4 Dec-02 1239 4 
Oct-00 214 4 Jan-03 282 4 
Nov-00 210 5 Feb-03 454 4 
Dec-00 324 4 Mar-03 518 4 
Jan-01 751 5 Apr-03 434 4 
Feb-01 1101 4 May-03 1573 4 
Mar-01 878 4 Jun-03 1677 5 
Apr-01 845 5 Jul-03 1220 4 
May-01 237 4 Aug-03 1924 4 
Jun-01 252 4 Sep-03 284 5 
Jul-01 1572 5 Oct-03 332 4 
Aug-01 1239 4 Nov-03 456 3 
Sep-01 1461 4 Dec-03 1058 4 
Oct-01 2466 5 Jan-04 407 4 
Nov-01 12000 4 Feb-04 295 4 
Dec-01 1447 4 Mar-04 199 4 
Jan-02 629 5 Apr-04 408 4 
Feb-02 1011 4 May-04 160 4 
Mar-02 661 4 Jun-04 312 2 
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Temescal Creek at Lincoln Avenue 
Channel Section 
Temescal Creek is a concrete lined trapezoidal channel upstream of Lincoln Avenue.  
Downstream of Lincoln Avenue the channel transitions from concrete lined to a more natural 
channel (Figure 58 through Figure 60).  The concrete trapezoidal channel section has a 60 ft 
bottom width and 1.5:1 side slopes; the channel bed slope is 2.0 %.  Flow is monitored in 
Temescal Creek near Main Street, approximately 1 mile upstream of the bacteria sampling 
location.

Figure 57
Comparison with Existing and Potential Bacteria Water Quality Objectives

Santa Ana Delhi Channel near Irvine Ave.
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Figure 58 
Aerial Photograph of the Temescal Creek at Lincoln Avenue Study Site 
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Drainage Area Characteristics 
The Temescal Creek watershed includes both the Lake Elsinore and Lake Matthews 
subwatersheds.  However, for the purpose of this analysis both of these subwatersheds were 
excluded.  Lake Mathews is a terminal reservoir for storage of imported Colorado River water 
supply and outflow from Lake Matthews is routed into the water supply system and not into 
Temescal Creek.  The outlet of Lake Elsinore does not overflow in most years, due to high 
evaporation losses in the lake, low inflow volume due to channel bottom infiltration of flows 
in the San Jacinto River and its tributaries, and the objective to manage high lake levels to 
maintain recreational use and prevent algal blooms. 

Because a large portion of the upper watershed of Temescal Creek is undeveloped, the 
dominant land use in the Temescal Creek watershed is vacant or natural land (Figure 61).  
The majority of the vacant/natural land is within the Cleveland National Forest and Lake 
Matthews Estelle Mountain Reserve.  From 1990 to 2000 agricultural land use has declined 
while residential land use has increased (Figure 62).  The Temescal Creek drainage area will 
likely continue to develop as space for new development in more accessible areas of the Santa 
Ana basin decreases. 

Figure 59
Temescal Creek transitions from concrete 

lined to natural below Lincoln Avenue Bridge

Figure 60
Temescal Creek downstream of Lincoln 

Avenue bridge, looking upstream
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Figure 61
Land Use within Drainage Area to Temescal Creek Study Site
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Figure 62
Relative Distribution (%) of Land Use Types in the Temescal Creek 

Watershed during 1990, 1993, and 2000
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Evidence of Recreational Activity 
Two locations were evaluated for recreational appeal at the Temescal Creek study site, 
upstream and downstream of the Lincoln Avenue Bridge (Figure 63).  At the Lincoln Avenue 
bridge, the site was fenced and signs were posted prohibiting trespassing; however, the fence 
could be easily bypassed (Figure 64).  Upstream of the Lincoln Avenue Bridge, where 
Temescal Creek is concrete lined, no direct and little indirect evidence of recreation activity 
was observed.  In the natural channel section downstream of the Lincoln Avenue Bridge, 
trails with recent footprints led from the road to the stream, indicating that people do access 
this reach of Temescal Creek (Figure 65).  Upstream and downstream of Lincoln Avenue, the 
channel side slopes are gradual enough to provide easy access to the stream. 

Flow 
Flow in Temescal Creek is recorded by the USGS approximately 1 mile upstream of the 
Lincoln Avenue Bridge, where Temescal Creek passes under Main Street in Corona [USGS 
Gage 11072100] (Figure 66).  Additional ungauged flow enters Temescal Creek from the Oak 
Street channel, between the USGS gage and bacteria monitoring locations.  Flow in these 
tributaries is relatively small compared to Temescal Creek, but must be considered when 
relating bacteria to flow for the study site.

Figure 63
Field Observation Checklist for the Temescal Creek Study Site

 Evaluation Criteria 

(Scale = Low - 0 to High - 3)

Direct Evidence of Water Contact Recreation 0 0

Indirect Evidence of Recreational Activity 2 2

Ease of Access 2 3

Channel Slope 2 3

Concrete to Natural 1 3

Flow Depth and Volume 1 2

Flow Velocity 2 2

Water Quality Aesthetics 1 2

Vegetation Quality 0 3
Adjacent Land Use 1 1

Temescal Creek Natural 
Channel Section

Temescal Creek at 
Lincoln Ave.
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Figure 66
Mean Daily Flow in Temescal Creek at Main Street between 

1980 and 2004

Figure 64
Fencing and signs prohibiting access to

Temescal Creek from the Lincoln Avenue
Bridge

Figure 65
Trash and other indirect evidence of 
recreational activity along Temescal 

Creek, downstream of Lincoln Avenue
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Figure 67
Mean Daily Flow in Temescal Creek at Main Street during the 1992-1993 

Water Year

Figure 67 shows flow in Temescal Creek during a relatively high rainfall year (7/1/92 
through 6/30/93).  High flows in Temescal Creek include both urban stormwater runoff and 
runoff from upstream mountain canyons.  Spring-fed flow from canyons of the Santa Ana 
Mountains along the western boundary of the Temescal Creek watershed is more pronounced 
in the flow record following rainy seasons with greater than average precipitation, as was the 
case in the spring of 1993 (Figure 67).  Runoff in Temescal Creek during summer months is 
typically dry weather runoff from residential/commercial areas and agricultural irrigation 
overflow. 

Cumulative frequency curves of the top 10th percentile of flow rate and depth were generated 
from 15-minute interval flow USGS data (Figure 68 and Figure 69).  Cumulative frequency 
curves of flow velocities and depth-velocity products are used to assess the likelihood of 
occurrence of dangerous flow conditions.  Between 1988 and 2004, flow velocities in Temescal 
Creek at the Main Street Bridge exceed 8 ft/sec about 2.0 % of the time and the depth-velocity 
product exceeds 10 ft2/sec about 0.8% of the time (Figure 70 and Figure 71), again, similar 
frequencies to the other two urban channel study sites. 
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Figure 71
Channel Depth*Velocity Curve for Temescal 

Creek at Main Street (1988-2004)
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Figure 70
Channel Velocity Curve for Temescal Creek

at Main Street (1988-2004)

Figure 69
Channel Depth Curve for Temescal Creek 

at Main Street (1988-2004)
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Figure 68
Channel Flow Duration Curve for Temescal 

Creek at Main Street (1988-2004)
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Analysis of Bacteria Data 
E. coli bacteria samples were collected from Temescal Creek at the Lincoln Avenue Bridge by 
Orange County Coastkeeper approximately once each month between 2002 and 2004.  Fecal 
coliform was measured twice; 100 MPN/100mL on 1/26/1993 (OCWD) and 900 
MPN/100mL on 3/24/03 (Orange County Coastkeeper). 

Bacteria Trends 
E. coli concentrations increased during the winter months of 2002 - 2003 and concentrations 
regularly exceeded the potential single sample water quality objective for E. coli (236 
MPN/100 mL) (Figure 72).  It is unclear whether this increase in E. coli concentration is 
directly related to wet weather events.  With the exception of a few months, the monthly 
sample result or geometric mean of the sample result exceeded the anticipated 30-day 
geometric mean water quality objective of 126 MPN/100mL (Table 10/ Figure 73). 
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Table 10 
Monthly E. coli Geometric Means at Temescal Creek 

Year 
E. coli Concentration (Monthly Single 

Sample or Geometric Mean) 
Sample Size 

Oct-02 100 1 
Nov-02 100 1 
Dec-02 410 1 
Feb-03 970 1 
Mar-03 540 2 
Apr-03 1220 1 
May-03 100 1 
Jun-03 410 1 
Jul-03 520 1 
Aug-03 100 1 
Sep-03 200 1 
Oct-03 200 1 
Nov-03 100 1 
Dec-03 322 2 
Jan-04 100 2 
Feb-04 200 1 
Mar-04 544 2 
Apr-04 1100 1 

1

10

100

1000

10000

100000

Oct-02 Dec-02 Feb-03 Apr-03 Jun-03 Aug-03 Oct-03 Dec-03 Feb-04 Apr-04

Ba
ct

er
ia

 C
ou

nt
 (M

PN
/1

00
m

L)

E. coli Monthly Geometric Mean

E. coli Geometric Mean Limit

Figure 73
Monthly Single Sample Result or Geometric Mean of Sample

Results for E. coli in Temescal Creek from October 2002 to
April 2004
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Figure 74 shows the percentage of calendar months when available fecal coliform and E. coli 
bacteria counts may have exceeded water quality objectives.  This figure shows the number of 
calendar months when sufficient water quality data was available to be compared to 
objectives (number at the end of each bar) and the percent of those calendar months that may 
have exceeded water quality objectives.  Results of this comparison show potential 
exceedences of the fecal coliform water quality objectives in one of two winter months when 
fecal coliform was sampled.  E. coli was sampled more frequently at this study site and 
potential exceedences were observed in approximately 50% of dry weather samples during 
both summer and winter months.  One wet weather sample was collected on April 15, 2003, 
following a wet weather event the preceding day.  The E. coli bacteria concentration during 
the recession of the high flow was 1,220 MPN/100mL. 

 

Figure 74
Comparison with Existing and Potential Bacteria Water Quality Objectives

Temescal Creek Near Lincoln Avenue
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Santa Ana River at Imperial Highway 
Channel Section 
This reach of the Santa Ana River at Imperial Highway has a natural bottom and is about 200 
ft wide (Figure 75 and Figure 76).  The river banks, which have an approximately 1:1 side 
slope, are reinforced with riprap in some locations (Figure 77).  The bed slope of the channel 
is 2.0 %.

Figure 75 
Aerial Photograph of the Santa Ana River at Imperial Highway 

Study Site 
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Drainage Area Characteristics 
Imperial Highway crosses Reach 2 of the Santa Ana River downstream of Prado Dam.  There 
is also some local drainage within Santa Ana Canyon that enters the river in this reach.  Prado 
Dam captures flows from all of the upper portions of the Santa Ana River watershed in 
Riverside and San Bernardino Counties.  The majority of base flow reaching Prado Dam from 
upstream is tertiary effluent from river discharging POTWs.  Releases from Prado Dam are 
highly regulated, and make up the majority of flow tributary to Imperial Highway.  
Accordingly, any potential relationship between land use in the watershed and bacteria 
concentrations in the Imperial Highway reach of the Santa Ana River are likely masked by the 
interception of flows by Prado Dam. 

Recreational Use 
Evidence of the potential for recreational activity in the Santa Ana River at the Imperial 
Highway crossing was assessed during a site visit (Figure 78).  This site was entirely fenced, 
and posted signs prohibited entrance to the river (Figure 79).  Regardless, indirect evidence of 
recreational activity was observed, for example, human footprints, trails that were traced to 
the waters edge, and trampled vegetation.  In this reach, water depths were much greater 
than what was observed at most other sites due to continued releases from Prado 
Dam(Figure 80).

Figure 76
Santa Ana River downstream of Imperial Highway

Figure 77
Side Slopes of Santa Ana River

downstream of Imperial Highway
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Flow 
Flow in the Santa Ana River at Imperial Highway study site is largely comprised of outflow 
from Prado Dam, but also includes some stormwater runoff and dry weather flow from small 
tributaries in northeastern Orange County.  Downstream of this reach there is a rubber dam, 
which is the primary diversion facility used to route water to several Orange County Water 
District groundwater recharge basins located adjacent to this reach of the Santa Ana River.  
Based on USGS data from 1998 to 2001, baseflow in this reach ranges between 200 and 400 cfs 
(USGS Gage 11075610) (Figure 81). 

Figure 79
Signs prohibiting entrance into Santa Ana

River at the Imperial Highway

Figure 80
Flow in the Santa Ana River at the Imperial 

Highway 

Figure 78 
Field Observation Checklist for the Santa Ana 

River at Imperial Highway Study Site 
 

 Evaluation Criteria 

(Scale = Low - 0 to High - 3)

Direct Evidence of Water Contact Recreation 1

Indirect Evidence of Recreational Activity 3

Ease of Access 3

Channel Slope 2

Concrete to Natural 3

Flow Depth and Volume 3

Flow Velocity 3

Water Quality Aesthetics 3

Vegetation Quality 3
Adjacent Land Use 3

Santa Ana River at 
Imperial Highway
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Bacteria Trends 
Fecal coliform samples were collected at the Imperial Highway location between 1981 
and 1994, and again between 1998 and 2004.  E. coli samples were collected in 1985 and 
between the years of 1998 and 2004.  Figure 82 provides a time series plot of bacteria 
concentrations over the entire bacteria sampling record.  Figure 83 provides a time series plot 
of bacteria data collected during the period when flow records are available. 

Most sample results from 1981 to 1994 exceed bacteria objectives, while most results 
from 1998 to the present fall at or below bacteria objectives, possibly indicating improvement 
in bacteria quality over the period of record. 
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Figure 81
Mean Daily Flow in the Santa Ana River at the Imperial Highway Study Site 

(10/1998 to 9/2001)
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Figure 82 
Time Series of Bacteria Concentrations for the Entire 

Period of Record in the Santa Ana River at the Imperial 
Highway Study Site 

Figure 83
Time Series of Bacteria Concentrations and Flow in the

Santa Ana River at the Imperial Highway Study Site
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Two separate high flow events (January 2001 & February 2001) were further analyzed with E. 
coli data to describe the relationship between wet weather flow and bacteria concentrations.  
Figure 84 and Figure 85 indicate that E. coli concentrations increased during the high flow 
event and then remained high for one to two days after the high flow event had ended.  A 
recently completed study that characterized bacteria concentrations in the lower Santa Ana 
River during stormwater runoff events also observed this same pattern (Izbicki et al. 2004). 
Izbicki speculated that the elevated bacteria concentrations that persist for a few days after a 
wet weather event result from the re-suspension of bacteria in sediments. 
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January 2001 Wet Weather E. coli Sampling Event
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Monthly geometric means of bacteria counts measured in the Santa Ana River at the Imperial 
Highway study site were calculated and are shown in Figure 86.  The figure potentially 
indicates a slight improving trend in sample results over time. 

The strong correlation between fecal coliform and E. coli concentrations at the Santa Ana 
River at Imperial Highway study site indicates that regardless of the pathogen indicator used, 
exceedences of water quality objectives would have occurred (Figure 87). 

Figure 88 shows the percentage of calendar months when available fecal coliform and E. coli 
bacteria counts may have exceeded water quality objectives.  This figure shows the number of 
calendar months when sufficient water quality data was available to be compared to 
objectives (number at the end of each bar) and the percent of those calendar months that may 
have exceeded water quality objectives.  Potential exceedences of fecal coliform and potential 
E. coli water quality objectives occurred during all flow conditions.
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February 2001 Wet Weather E. coli Sampling Event
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Figure 86 
Monthly Single Sample Result or Geometric Mean of Sample 
Results for Fecal Coliform and E. coli in the Santa Ana River 

at the Imperial Highway Study Site 
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Figure 87
Bivariate Plot of Fecal Coliform and E. coli for samples

collected in the Santa Ana River at the Imperial Highway 
Study Site
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Santa Ana River at MWD Crossing 
Channel Section 
This reach of the Santa Ana River exists within a predominantly naturally carved floodplain 
(Figure 89).  Based on aerial photography it was estimated that the bankfull width of the 
Santa Ana River at MWD crossing is approximately 150 feet.  Side slopes of 1:1 were 
estimated from field observations of the channel.  The bed slope of the channel at this site 
is 2.0%.  The study site is located upstream of the City of Riverside Waste Water Treatment 
Plant (WWTP) effluent channel (Figure 90) 

Figure 88
Comparison with Existing and Potential Bacteria Water Quality Objectives
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Figure 89
Aerial Photograph of the Santa Ana River at MWD Crossing Study Site

Figure 90
City of Riverside WWTP Effluent Channel
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Drainage Area Characteristics 
The watershed above the Santa Ana River at MWD Crossing is large and land use is diverse.  
The lower part of the watershed is a combination of commercial, residential, industrial, and 
agricultural lands.  The upper part of the watershed includes natural undeveloped lands.  
Runoff from the San Bernardino National Forest enters the Santa Ana River upstream of the 
MWD crossing study site.  Runoff from agricultural lands is routed to the Santa Ana River 
from areas south of the river.  Runoff from industrial areas is routed to the river from the 
cities of San Bernardino, Colton, Rialto, Fontana, and Riverside.  Residential land is dispersed 
throughout the contributing area. 

Evidence of Recreational Activity 
No direct evidence of recreational use was observed during the field visit.  However, this site 
is a known recreational area for nearby communities, in spite of warnings in the form of 
international signs and newspaper announcements to not swim or bath in this section of the 
Santa Ana River.  A limited use survey conducted from July to October 2004 occasionally 
observed swimmers in the area – either in the Santa Ana River or in an adjacent channel that 
carries treated effluent from the Riverside Regional Water Quality Treatment Plant to the 
Santa Ana River.  In addition, a helicopter flyover video of the middle portion of the Santa 
Ana River showed people bathing in this reach of the river. 

The recreational appeal of this site was evaluated during a site visit (Figure 91).  There is 
plenty of space to park and the stream is easily accessible.  Although no one was observed 
recreating in the water during this visit, the site scored relatively high in terms of recreational 
appeal. 

Flow  
The USGS mean daily flow record [USGS Gage 11066460] from 1970 through 2004 was used 
to plot a time series of flow at this site.  Sources of water to this reach are varied.  Streams 
such as Mill Creek and Lytle Creek route snowmelt from the San Bernardino Mountains to 
the Santa Ana River, although much of this runoff is captured for recharge within the San 
Bernardino groundwater basin.  Effluent from WWTPs enters the Santa Ana River upstream 
of the MWD crossing in Colton and Rialto.  These sources of water, in addition to urban dry 
weather flows and rising ground waters at Riverside Narrows, result in a year-round 
baseflow of 50-100 cfs in the river at the MWD crossing study site (Figure 92).  Stormwater 
runoff from urban and mountain watersheds creates sharp increases in flow, as shown in the 
winter months of 1993-1994 (Figure 93).
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Flow data was recorded in 15 minute intervals by the USGS at the Santa Ana River at MWD 
Crossing gauging station between 1988 and 2004.  These data were used to develop frequency 
distributions of flow rate and depth in the channel (Figure 94 and Figure 95).  Over the 15 
year period, flow rates exceeded 1,000 cfs 1.5% of the time and flow depths exceeded 5 feet 
2 % of the time.

Figure 91
Field Observation Checklist for the Santa Ana River at MWD 

Crossing Study Site

 Evaluation Criteria 

(Scale = Low - 0 to High - 3)
Direct Evidence of Water Contact Recreation 0

Indirect Evidence of Recreational Activity 3

Ease of Access 2

Channel Slope 3

Concrete to Natural 3

Flow Depth and Volume 3

Flow Velocity 3

Water Quality Aesthetics 2

Vegetation Quality 2
Adjacent Land Use 1

Santa Ana River at Van 
Buren Blvd.
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Figure 92 
Mean Daily Flow in the Santa Ana River at MWD Crossing 

Study Site between 1969 and 2003 



Technical Memorandum 3 
Flow and Water Quality Data Inventory and Characterization 
Page 93 

A  Stormwater Quality Standards Study  
  January 2005 

Figure 93
Mean Daily Flow in the Santa Ana River at MWD Crossing

Study Site (7/1993 to 7/1994)
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Figure 95
Channel Depth Curve for Santa Ana River at 

MWD Crossing (1988 – 2004)
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Figure 94
Channel Flow Curve for Santa Ana River at 

MWD Crossing (1988 – 2004)
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Cumulative frequency curves of flow velocity and depth-velocity product between 1988 
and 2004, are shown in Figure 96 and Figure 97.  Between 1988 and 2004, flow velocities in the 
Santa Ana River at the MWD crossing study site exceeded 8 ft/sec for 0.5 % of the time and 
the depth-velocity product exceeded 10 ft2/sec for 1% of the time. 

Analysis of Bacteria Data 
Fecal coliform and E. coli bacteria samples were collected from the Santa Ana River at the 
MWD crossing study site by the Riverside County Health Department and the Santa Ana 
Regional Water Quality Control Board between 1984 and 2004.  Sampling occurred 3 times 
in 1984, weekly during the summer of 1985, twice during the summer of 1991 (as part of the 
Santa Ana Use Attainability Analysis Study), and about weekly since February of 2002. 

Figure 96
Channel Velocity Curve for the Santa Ana 

River at MWD Crossing Study Site
(1988-2004)

Figure 97
Channel Depth*Velocity Curve for the Santa 

Ana River at MWD Crossing Study Site
(1988-2004)
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Bacteria Trends 
Figure 98 and Figure 99 provide time series plots of fecal coliform and E. coli bacteria 
concentrations and flow recorded in the Santa Ana River during summer 1985 and between 
December 2001 and June 2004, respectively.  During summer 1985, fecal coliform and E. coli 
concentrations were regularly higher than the 10% of samples exceedance objective of 400 
and 236 MPN/100mL, respectively.  However, in recent years, fecal coliform and E. coli 
concentrations have only occasionally exceeded the 10% of samples exceedance threshold 
of 400 and 236 MPN/100mL, respectively.  Both time series plots suggest that high flow 
events are not necessarily correlated with high bacteria counts. 

Figure 98
Time Series of Bacteria Concentrations and Flow in the 

Santa Ana River at the MWD Crossing Study Site
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Single monthly results or monthly geometric means of bacteria data gathered during the last 
two years are summarized in Table 11 and plotted in Figure 100.  Monthly geometric means 
for E. coli exceed proposed bacteria water quality objectives approximately two thirds of the 
time, while fecal coliform geometric means exceed existing water quality objectives 
approximately fifty percent of the time.  There are no obvious trends in the data during this 
time period.

Figure 99
Time Series of Bacteria Concentrations and Flow in the

Santa Ana River at the MWD Crossing Study Site
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Table 11 
Fecal Coliform and E. coli Concentrations in the Santa Ana River at MWD 

Crossing 

Month 

E. Coli Monthly 
Geometric Mean or 

Single Sample 
Results 

Fecal coliform Monthly 
Geometric Mean or 

Single Sample Results 

Sample 
Size 

Jul-85 1141 1841 3 
Aug-85 1152 2366 8 
Sep-85 600 300 1 
Feb-02 67 90 5 
Mar-02 157 220 4 
Apr-02 140 110 1 
Jul-02 91 361 4 
Aug-02 160 120 1 
Sep-02 145 381 3 
Oct-02 173 571 2 
Jan-03 59 126 3 
Feb-03 250 420 1 
Mar-03 185 322 3 
Apr-03 28 79 2 
Jan-04 134 149 4 
Feb-04 188 175 4 
Mar-04 312 291 4 
Apr-04 106 137 2 
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The relatively strong correlation between fecal coliform and E. coli concentrations in the Santa 
Ana River at MWD Crossing indicates that regardless of the pathogen indicator used, 
exceedences of water quality objectives would have occurred (Figure 101). 

Figure 102 shows the percentage of calendar months when existing fecal coliform and E. coli 
bacteria counts may have exceeded objectives.  This figure shows the number of calendar 
months when sufficient water quality data was available to be compared to objectives 
(number at the end of each bar) and the percent of those calendar months that may have 
exceeded water quality objectives.  Potential exceedences occurred during dry weather flows 
during both summer and winter months.

Figure 100
Monthly Single Sample Result or Geometric Mean of Sample

Results for fecal coliform and E. coli in the Santa Ana River at 
the MWD crossing
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Figure 101 
Relationship between E. coli and Fecal Coliform in the 

Santa Ana River at the MWD Crossing 
 

Figure 102
Comparison with Existing and Potential Bacteria Water Quality Objectives

Santa Ana River at MWD Crossing
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Icehouse Canyon Creek 
Channel Section 
The Icehouse Canyon Creek study site is located in the Angeles National Forest at 5,100 feet 
above mean sea level at the Icehouse Canyon trailhead (Figure 103).  The channel is a natural 
mountain stream about 10 feet wide with a bed slope that is significantly steeper than the 
other study site channels (Figure 104).  This predominantly gravel bottom stream also 
includes large boulders and waterfalls in sections.  Ambient water temperature is significantly 
lower than water temperatures in surface waters at lower elevations (Figure 105).  These 
water temperatures were recorded at the time of sample collection.  The Icehouse Canyon 
Creek study site is included in the analysis to identify a background or naturally occurring 
bacteria condition. 

 

Figure 103
Aerial Photograph of the Icehouse Canyon Creek Study Site
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Figure 104
Icehouse Canyon Creek Study Site

Figure 105
Water Temperature in Icehouse Canyon, Chino Creek at Schaeffer Ave,

and Santa Ana River at MWD Crossing Study Sites
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Drainage Area Characteristics 
Icehouse Canyon Creek is a small headwater stream.  The Icehouse Canyon Creek watershed 
is comprised of undeveloped land in the San Gabriel Mountains.  The drainage area is very 
steep with intermittently dispersed trees and shrubs. 

Evidence of Recreational Activity 
Icehouse Canyon Creek is located alongside a regularly utilized hiking trail in the Angeles 
National Forest.  The creek includes several pools and other areas where visitors can recreate.  
Although no one was observed recreating in the water, the results of the field observation 
checklist illustrate the recreational appeal of this site (Figure 106). 

Flow 
This site does not have a flow gage; therefore, no data was available to characterize flow.  
Based on observations, spring flow provides a year-round water source during most years.  
Rocky ground cover coupled with steep watershed slopes will facilitate a quick increase in 
streamflow during wet weather events. 

Analysis of Bacteria Data 
Fecal coliform and E. coli bacteria samples were taken in Icehouse Canyon Creek as part of 
the Chino Basin TMDL monitoring program.  Weekly bacteria samples were collected during 
wet weather months from February 2002 to present and during summer 2002.

Figure 106
Field Observation Checklist for the Icehouse Canyon Study Site

 Evaluation Criteria 

(Scale = Low - 0 to High - 3)
Direct Evidence of Water Contact Recreation 0

Indirect Evidence of Recreational Activity 3

Ease of Access 2

Channel Slope 3

Concrete to Natural 3

Flow Depth and Volume 3

Flow Velocity 3

Water Quality Aesthetics 2

Vegetation Quality 2
Adjacent Land Use 1

Santa Ana River at Van 
Buren Blvd.
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Bacteria Trends 
Figure 107 provides a time series plot of fecal coliform and E. coli bacteria concentrations 
recorded in Icehouse Canyon Creek.  With one exception all sample results complied with 
existing or anticipated bacteria water quality objectives. 

Monthly single sample results or monthly geometric means of bacteria data for Icehouse 
Canyon Creek  are summarized in Table 12 and plotted in Figure 108.  With the exception of 
the summer of 2002, E. coli and fecal coliform monthly geometric means are relatively low. 

The relatively strong correlation between fecal coliform and E. coli concentrations in Icehouse 
Canyon Creek indicates that regardless of the pathogen indicator used, exceedences of water 
quality objectives would have occurred (Figure 109). 

Existing data shows that fecal coliform water quality objectives may have been exceeded on 
one occasion, with a bacteria count of 9,400 MPN/100mL on October 2, 2002.  Excluding the 
sample size limitation, the proposed E. coli geometric mean standard of 126 MPN/100mL 
may have been exceeded in September and October of 2002 (Figure 110).  This figure shows 
the number of calendar months when sufficient water quality data was available to be 
compared to objectives (number at the end of each bar) and the percent of those calendar 
months that may have exceeded water quality objectives. 

Figure 107
Time Series of Bacteria Counts and Flow in Icehouse Canyon 
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Figure 108
Monthly Single Sample Result or Geometric Mean of Fecal 
Coliform and E. coli in Icehouse Canyon Creek Study Site
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Table 12 
Fecal Coliform and E. coli Concentrations in Icehouse Canyon Creek 

Month 
E. coli Monthly Geometric Mean or 

Single Sample Results 

Fecal coliform Monthly 
Geometric Mean or Single 

Sample Results 

Sample 
Size 

Feb-02 10 10 5 
Mar-02 10 10 4 
Apr-02 10 10 1 
Jul-02 41 31 4 
Aug-02 60 120 1 
Sep-02 165 141 2 
Oct-02 165 141 2 
Jan-03 9 9 4 
Feb-03 10 10 1 
Mar-03 10 10 2 
Apr-03 10 10 1 
Jan-04 20 20 3 
Feb-04 13 12 4 
Mar-04 11 9 5 
Apr-04 9 9 2 
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Figure 109
Relationship between E. coli and Fecal Coliform 

Concentrations in Icehouse Canyon Creek Study Site
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Figure 110
Comparison with Existing and Potential Bacteria Water Quality Objectives
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Technical Memorandum 4 
Inventory and Analysis of Existing Major 
Control Programs and Structural Measures 
Throughout the Santa Ana River watershed, cities, counties, and other agencies manage 
programs and implement control measures that directly or indirectly address waterborne 
bacteria and pathogens.  This memorandum provides a summary and description of the 
programs and control measures researched as part of Phase I of the Stormwater Quality 
Standards Study Task Force’s efforts to support the Regional Board’s triennial review of Basin 
Plan water quality standards.  The summary includes information collected publicly owned 
treatment works (POTW) discharges, and municipal separate storm sewer system (MS4) 
source control and treatment control programs. 

Publicly Owned Treatment Works Discharge Characteristics 
and Reclamation Requirements 
According to the Santa Ana Integrated Watershed Plan (SAWPA, June 2002), there are 37 
operational publicly owned treatment works (POTW) in the Santa Ana Watershed and 5 
plants currently planned for construction.  Figure 1 shows the POTWs within the Santa Ana 
basin. 

There are 42 operational and planned plants that range in design discharge capacity from 0.08 
million gallons per day (MGD) to 151 MGD: 

 24 plants produce advanced or tertiary treated effluent (Title 22 level of treatment as 
discussed in Section 4.1.1) 

 7 produce discharge at a level receiving only secondary treatment (without tertiary) 

 11 produce a combination of primary, secondary, or tertiary treated effluent, depending 
on the final use and/or discharge point 

In order to describe potential bacteria contributions from POTWs within the watershed, an 
effort was made to characterize the level of treatment provided for facilities discharging to 
inland receiving waters.  Of the 42 facilities mentioned previously, 6 discharge directly to a 
receiving water, and 15 discharge to a receiving water in combination with some effluent 
recycling.  Effluent from the remaining plants is either discharged to the Pacific Ocean, into 
aquifers for groundwater recharge, or fully recycled. 
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Figure 1
POTWs Within the Santa Ana Basin

Source: Santa Ana Integrated Watershed Plan, SAWPA (2002)
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All 6 plants discharging to inland receiving waters provide either tertiary treatment (5) or a 
combination of secondary and tertiary treated effluent (1, Western Riverside County Regional 
WWTP). 

Of the 15 facilities that discharge to receiving waters in combination with effluent recycling, 
11 provide tertiary treatment, 1 provides secondary treatment (Hemet/San Jacinto RWRF), 
and 3 provide a combination of secondary and tertiary treated effluent. 

There are 7 facilities in the watershed that provide only secondary treated effluent, of which 
only 1 discharges to an inland receiving water (Hemet/San Jacinto).  The remaining facilities 
provide water for recycling or groundwater recharge. 

In summary, of the 21 facilities that discharge to inland receiving waters, or discharge in 
combination with recycling, all except one provide tertiary treated effluent consistent with 
effluent requirements based upon Title 22.  This level of treatment minimizes or eliminates 
the bacteria and pathogen load of these point sources to the Santa Ana Watershed.  Many of 
these facilities produce all or a substantial portion of the downstream receiving water’s dry 
weather flow regime. 

Recycled Water Regulation (Title 22 Requirements) 
The State Water Resources Control Board (SWRCB), through the Porter-Cologne Water 
Quality Control Act, is responsible for formulating and adopting state policy for water 
reclamation; policy that does affect inland water body water quality criteria.  The California 
Department of Health Services (DHS) is responsible for establishing uniform statewide 
reclamation criteria to ensure that the use of recycled water is not detrimental to public 
health, criteria that protect beneficial uses.  The existing DHS criteria include treatment 
requirements for recycled water used to create or augment recreational impoundments.   

There are no federal standards governing wastewater reclamation and reuse in the United 
States, although the EPA has sponsored the preparation of Guidelines for Water Reuse.  Many 
states, including California, have developed wastewater reclamation regulations.  In all cases, 
the regulations have been established with the objective of protecting public health and 
allowing for the safe use of recycled wastewater.  The DHS established water quality criteria, 
treatment process requirements, and treatment reliability criteria for reclamation operations, 
which are set forth in Title 22, Division 4, Chapter 3, of the California Code of Regulations 
(CCR) Water Recycling Criteria. 
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 The Regional Board has found that the public health and REC-1 beneficial use risk resulting 
from discharges of recycled water to surface waters is comparable to that posed by the use of 
recycled water as a source of supply for recreational impoundments.  Accordingly, the Title 
22 criteria are used as the basis for recommending appropriate effluent limitations for 
discharges of recycled water to surface waters.  Since POTW discharges make up all or the 
majority of dry-weather flows within these receiving waters, Title 22 based disinfection 
requirements for recreational impoundments have been applied to NPDES Permits when the 
dilution is less than 20:1 (receiving water flow: wastewater flow).  The dilution criterion 
serves to relax effluent standards during large storm events.  The treatment requirements are 
based on the expected degree of human contact with wastewater.  Treatment requirements 
are expressed as treatment process requirements (for example, bio-oxidation, coagulation) as 
well as performance standards (for example, disinfection standards and contaminant 
reduction) or equivalent, as determined by the State Department of Health Services.  The 
existing Title 22 based standards are among the most stringent standards for public health 
protection.  To be considered adequately disinfected, the median number of coliform 
organisms in the wastewater may not exceed a most probable number (MPN) of 2.2 per 100 
milliliters (mL) over a seven-day period.  The waste discharge requirements for the Inland 
Empire Utilities Agency’s Regional Plants 1 & 4 [Order No. 01-1, NPDES Number 
CA0105279] show how these standards are incorporated: 

 The discharge shall at all times be an adequately filtered and disinfected wastewater 
(tertiary treated effluent) if the flow in the receiving water is less than that required for a 
dilution of 20:1 (receiving water flow: wastewater flow) at the point of discharge.  Filtered 
wastewater means an oxidized, coagulated, and clarified wastewater which has been 
passed through natural undisturbed soils or filter media, such as sand or diatomaceous 
earth (or equivalent as determined by the State Department of Health Services).  The 
discharge shall be considered adequately filtered if the turbidity does not exceed an 
average of 2.0 turbidity units nor exceeds 5.0 turbidity units more than 5 percent of the 
time during any 24-hour period.  The discharge shall be considered adequately 
disinfected if the median number of coliform organisms does not exceed 2.2 per 100 
milliliters and the number of coliform organisms does not exceed 23 per 100 milliliters in 
more than one sample within any 30-day period.  The median value shall be determined 
from the bacteriological results of the last 7-days for which analyses have been completed. 

 The discharge of secondary treated wastewater when the flow in the receiving water 
results in a dilution of 20:1 (receiving water flow: wastewater flow) or more at the point of 
discharge shall be an adequately disinfected and oxidized wastewater.  The discharge 
shall be considered adequately disinfected if at some location in the treatment process, the 
median number of coliform organisms does not exceed 23 per 100 milliliters.  The median 
value shall be determined from the bacteriological results of the last 7 days for which 
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analyses have been completed.  The discharge shall be considered adequately oxidized if 
it complies with the average weekly and average monthly effluent limitations for BOD 
and suspended solids as specified in Discharge Specification A.1.a.  The discharger shall 
make provisions for the measurement of the receiving water flow at a suitable location 
upstream of the discharge point and determine whether a 20:1 dilution exists before 
discharging secondary treated effluent.  A dilution of 20:1 or more is required at the point 
of discharge. 

Title 22 requirements were adopted in 1978.  POTWs operating prior to 1978 began 
constructing facilities to meet Title 22 requirements at that time.  It is believed that all of the 
inland POTWs completed improvements to meet Title 22 requirements by the mid-1990s and 
all treatment plants constructed since then have been designed to meet these requirements. 

Considering inland POTW discharges as discharging to recreational impoundments, Title 22 
requirements provide for protecting human contact recreation with POTW discharge 
channels and receiving streams. 

Not all POTWs in the Santa Ana Basin discharge to recreational impoundments.  POTWs that 
discharge to groundwater recharge basins are not required to meet Title 22 standards.  These 
POTWs still provide treatment to secondary levels.  In groundwater recharge basins, soils 
may provide additional treatment of effluent by natural bacteria reduction. 

Urban Runoff Control Measures and BMPs 
Source Control Measures 
Cities and counties in the Santa Ana River Watershed implement municipal separate storm 
sewer system (MS4) water quality programs aimed at reducing pollutant discharges in 
stormwater runoff.  The programs are required by MS4 discharge permits issued under the 
National Pollutant Discharge Elimination System (NPDES) by the Santa Ana Regional Water 
Quality Control Board.  San Bernardino County, Riverside County, and Orange County serve 
a leadership role (principal permittee role) for large, area-wide groups of city MS4 permittees. 

The MS4 programs currently implemented within the Santa Ana River Watershed have broad 
program elements in common that can directly or indirectly provide some reduction of 
bacteria and pathogens within urban (both dry and wet weather) runoff.  Recent annual 
reports for the MS4 programs were reviewed to identify and summarize program elements 
and innovative measures aimed at controlling pollutants within stormwater discharges.  The 
annual reports reviewed included: 
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 San Bernardino County Stormwater Program Annual Report FY2002-2003 

 Riverside County Flood Control and Water Conservation District, County of Riverside 
and Cities of Riverside County 2003 Annual Progress Report 

 Unified Annual Progress Report; Program Effectiveness Assessment 2002-2003 Reporting 
Period, published jointly by the County of Orange, the Cities of Orange County, and the 
Orange County Flood Control District 

The three MS4 programs consist of common elements/programs aimed at reducing pollutant 
discharges.  These program elements include the following: 

 Illegal Discharge/Illicit Connection Control 

 Industrial/Commercial Source Program  

 New Development/Redevelopment (including Construction) 

 Public Agency (Municipal) Activities 

 Public Information/Participation 

 Water Quality Monitoring 

The above listed programs function through the implementation of best management 
practices (BMPs) defined by each MS4 program.  The BMP measures included in these 
programs are intended to reduce the loading of the following type of pollutants: 

 Bacteria 

 Sediments and total suspended solids 

 Nutrients and fertilizers 

 Pesticides and herbicides 

 Other pollutants generated from municipal, industrial, commercial and household 
activities. 

Of the listed MS4 program elements, the following BMPs directly address bacteria/pathogen 
control.  These include: 
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 Public education regarding pet waste management 

Outreach efforts to educate pet owners of the impact of pet waste on water quality is a 
component of each County MS4 program.  Pet waste management includes 
emphasizing the direct impact that unmanaged pet waste has in introducing bacteria to 
the storm drain.  Pet wastes are required to be collected and properly disposed.  Pet 
owners are encouraged to bring a plastic bag when walking pets at the park.  Pet 
wastes are to be disposed in the trash or through the sanitary sewer system.  Many 
parks trails also have containers to dispense pet waste collection bags. 

 Practices to identify and rectify septic system problems 

Area MS4 permits require that the MS4 programs determine a mechanism to address 
septic failures.  Plans and programs to locate and address failed septic systems have 
been developed.  Homeowner education is conducted to emphasize the need for 
regular operation and maintenance of septic systems and notify system owners when 
sewer service is newly available in older residential areas. 

As part of Orange County’s assessment of its stormwater program, an assessment was 
conducted on septic systems.  Septic systems are located throughout the County but are 
of greatest concentration near Santiago Creek, a major tributary to the Santa Ana River 
watershed.  Based upon a survey of septic system owners, a failure rate of 1.25% was 
determined.  This failure rate was similar to a finding in Oregon.  Literature reviews 
indicate that the most prevalent reason for failure is due to poor operation and 
maintenance.  Excessive water use or insufficient system capacity is also a reason for 
system failure. 

An analysis was also conducted to predict the mass loading resulting from septic 
system failures.  Orange County study results show that failed septic systems are a 
marginal contributor to pathogen indicators and do not represent a significant source 
of constituents of concern.  Study results for other counties were not available. 

 Portable toilet pollution prevention program 

Portable toilets are used at parks, construction sites, parks and recreational areas, and 
temporary events.  Improper operation and maintenance of these units can have direct 
impact on receiving waters. Area MS4 permits require that the MS4 programs develop 
BMPs to properly manage portable toilets, aimed at preventing accidental discharges 
and providing for proper handling of wastes, as well as proper cleaning procedures.  
BMPs for proper portable toilet management have been developed. 



Technical Memorandum 4 
Inventory and Analysis of Existing Major Control 
Programs and Structural Measures 
Page 8 

A  Stormwater Quality Standards Study  
  January 2005 

As part of stormwater program annual reviews, assessments were conducted on 
practices and impacts associated with the maintenance, use, and oversight of portable 
toilets.  The assessment identified a small number of incidents over several years 
involving observed or potential direct impact to drainage channel. 

Current industry practices were found to be sufficient to prevent receiving water 
impacts from spills from portable toilets.  The practices were recommended to be 
formalized to ensure consistent implementation by suppliers and users of the portables 
and disseminated through inspection, education and outreach efforts and through BMP 
fact sheets. 

 Water Quality Management Plan (WQMP) requirements for new developments that have 
the potential to discharge bacteria/pathogens, or will discharge runoff into receiving 
waters 303(d) listed for bacteria/pathogens 

WQMP checklists for new projects/ developments require any downstream receiving 
waters be identified as well as any known water quality impairments.  If the 
downstream receiving water is on the 303(d) list for bacteria, best management 
practices can be required as a prerequisite to project approval.  These measures should 
be designed to help prevent bacteria loading to the downstream receiving water. 

Of the MS4 elements, the following BMPs indirectly affect bacteria/ pathogens within 
stormwater runoff: 

 Identification and elimination of illicit connections to the storm drain system 

Each MS4 program includes a program to detect, respond, and eliminate illegal 
discharges and illicit connections which are a significant source of pollutants to the 
storm drain system.  Illegal discharge and illicit connection programs integrate 
municipal, industrial, commercial, residential, and construction inspection programs 
by training authorized inspectors to investigate, and detect incidences of violations.  By 
identifying and eliminating illegal discharges and illicit connections, the potential for 
discharges which contain bacteria/ pathogens to enter the storm drain system is 
reduced. 
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 Spill response plans for certain types of spills and illegal discharges (sanitary sewer 
overflows) 

Each MS4 program has a program element to address spills and illegal discharges.  
These activities are related to the identification of illicit connections and illegal 
discharges as described above.  Spill responders are designated by each County to 
coordinate with fire departments and other agencies in case of accidental spills, leaks, 
or prohibited discharges.  Spill response procedures consist of record keeping, 
notifications of relevant authorities, on-scene assessments, containment, cleanup, 
investigations, reporting, and education and enforcement. 

 Trash collection 

Each MS4 program contains trash collection BMPs as part of its municipal activities.  
Trash left uncollected or improperly contained can enter the storm drain systems.  
Trash is required to be collected on a regular basis and disposed of properly.  
Placement of trash receptacles, appropriate receptacle size, and frequency of trash 
collection is important so as to prevent unnecessary accumulation of the trash and 
discourage illegal dumping.  These management practices prevent the decomposing 
trash that may be high in bacteria/ pathogen populations from entering the storm 
drain system. 

 Street sweeping 

Each MS4 program contains municipal street sweeping as a program BMP.  Sweeping 
activities occur throughout each city within the program, and target areas where 
historically elevated litter loads are observed.  Regular sweeping not only prevents 
accumulation of trash, debris, and sediment but indirectly reduces the potential and 
medium for bacterial growth. 

 Catch basin cleaning 

Each MS4 program contains catchbasin or storm drain inlet cleaning at prescribed 
frequencies.  The frequency requirements for catchbasin cleaning have increased within 
the current NPDES permit cycle, providing for more effective removal of trash, debris, 
and sediment that may indirectly affect bacterial growth.  

For the County of Orange, the “Unified Annual Progress Report; Program Effectiveness 
Assessment 2002-2003 Reporting Period” measured the effectiveness of BMP measures.  The 
assessment measured effectiveness based on: (1) verification of program implementation, and 
(2) improved water quality or environmental conditions.  However, the assessment 
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“recognizes that scientifically robust evidence of improved water quality will follow 
confirmation on program implementation and should not be expected to be evident initially.” 

The assessment concluded that “while evidence of the connection between programmatic 
activities and changing environmental conditions remains elusive, the Permittees believe that 
there is strong evidence of increasing program effectiveness.” Many specific achievements 
were identified in the assessment; however, bacteria-specific achievements were not 
mentioned. 

In summary, information directly addressing reduction in bacteria/pathogen loading or 
concentration in receiving waters as a result of MS4 program implementation is not readily 
available. 

Structural Treatment Controls 
In addition to source control BMPs required by MS4 programs, structural treatment controls 
(treatment control BMPs) are now required for certain new development and significant 
redevelopment projects within the MS4’s jurisdiction.  Furthermore, there are a number of 
existing local or regional facilities such as detention or retention (recharge) basins, treatment 
wetlands, and diversions that have been constructed throughout the watershed that provide 
opportunities for reduction of pollutants in runoff including bacteria and pathogens. 

Treatment control BMPs that are described within the WQMP requirements for the MS4 
programs include: 

 Biofilters, including: 

- Vegetated Buffer Strips 

- Vegetated Swales 

- Wetland Vegetated Swales 

 Bioretention 

 Detention Basins (extended dry basins, pervious and impervious lined) 

 Infiltration Basins and Trenches 

 Wet Ponds and Constructed Wetlands 

 Filtration Systems, including 
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- Media Filters / Sand Filtration 

 Water Quality Inlets 

- Trapping Catch Basins 

- Oil Water Separators 

 Hydrodynamic Separators 

 Porous Pavement or Landscape Detention 

 Manufactured Proprietary Control Measures 

Development project proponents consider expected pollutants, receiving water pollutants of 
concern, site conditions, building restrictions, restriction on the use of infiltration, and 
economic feasibility when selecting treatment control BMPs.  MS4 programs have researched 
treatment control BMP removal efficiencies and have provided some insight into selecting an 
appropriate BMP.  Table 1 summarizes general removal effectiveness information provided in 
model WQMPs for MS4 programs.

Table 1 
BMP Removal Effectiveness 

Treatment Control BMP Categories 

Pollutant of Concern 
Biofilters Detention 

Basins 
Infiltration 

Basins 
Wet Ponds 

or Wetlands Filtration 
Hydrodynamic 

Separator 
Systems 

Sediment Turbidity H/M L/M H/M H/M H/M H/M 
(L for Turbidity) 

Nutrients L L/M H/M H/M L/M L 

Organic Compounds U U U U H/M L 

Trash & Debris L H/M U U H/M H/M 

Oxygen Demanding 
Substances L L/M H/M H/M H/M L 

Bacteria & Viruses U U H/M U H/M L 

Oil & Grease H/M L/M U U H/M L/M 

Pesticides (non-soil 
bound) U U U U U L 

L: Low removal efficiency 
H/M: High or medium removal efficiency 
U: Unknown removal efficiency 
Sources: Guidance Specifying Management Measures for Sources of Nonpoint Pollution in Coastal Waters (1993), National 
Stormwater Best Management Practices Database (2001), and Guide for BMP Selection in Urban Developed Areas (2001). 
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Specific to bacteria and pathogens, infiltration and filtration control BMPs are described as 
having a medium to high removal efficiency.  Hydrodynamic separators are described as 
having low removal efficiency.  Biofilters, detention basins, and wet ponds or wetlands are 
described as having unknown removal efficiency.  Traditional design and operating practices 
for such systems have focused largely on trash and debris and suspended solids removal with 
some ability to reduce metals and nutrients.  Only in the past several years has there been 
more emphasis on investigating methods to enhance bacteria removal from “typical” 
stormwater treatment methods.  Examples include providing shallow zones to enhance 
natural UV penetration and looking at subsurface wetland systems. 

Recent research indicates that wet ponds and constructed wetlands may have the potential for 
higher bacteria and pathogen removal efficiency; potentially the highest among treatment 
control BMPs currently described within MS4 programs.  Larger wet pond and constructed 
wetland systems are typically integrated into regional treatment control programs to serve 
large drainage areas rather than from single project sites.  Some larger, multi-acre projects 
could incorporate wet pond or wetland treatment. 

Orange County’s “Unified Annual Progress Report; Program Effectiveness Assessment 2002-
2003 Reporting Period” contains performance reviews of structural BMPs.  According to the 
Assessment, structural BMPs in Orange County have been constructed primarily to address 
nutrient loads and bacteria/pathogen concentrations.  These structures have been designed to 
primarily treat dry-weather flows. 

The Assessment describes wet ponds and constructed wetlands as suitable for treating dry-
weather flows when sufficient flow is present to maintain a water pool and sustain necessary 
vegetation.  The Assessment also describes wet ponds as capable of producing effluent that 
meets contact recreation standards for fecal coliform, although notes that reduction in bacteria 
concentrations can be achieved from other BMP measures. 

The Assessment further compares the observed concentrations of fecal coliform in the effluent 
of the BMPs such as wet ponds, extended detention basins, swales, buffer strips, sand filters, 
and multi-chambered treatment trains as shown in Figure 2.  Although substantial reduction 
is observed for many of the BMPs, contact recreation standards (REC1) are only observed to 
be met more consistently in the discharge from the wet pond. 
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Existing BMP Treatment Controls in Santa Ana Basin 
Numerous structural BMPs exist within the watershed that were designed and installed for a 
variety of purposes but that have the potential to improve the quality of stormwater runoff on 
a regional (non-site specific) basis.  Many of these directly or indirectly address 
bacteria/pathogens.  These BMPs include: 

 Low-flow diversion to sanitary sewer system 

 Recharge (Infiltration) basins 

 Detention basins, swales, and buffer strips 

 Natural treatment wetlands/ wet ponds 

 Ultraviolet disinfection 

 Ozone 

Figure 2
Comparison of Fecal Coliform Effluent Concentrations

Source: OC Program Effectiveness Assessment (2002-2003).
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Low-Flow Diversion to Sanitary Sewer System 
Dry-weather diversions consist of pumping or otherwise diverting low flows from storm 
drains to a sanitary sewer system for treatment at a waste water treatment plant, which 
would include disinfection as necessary to meet the discharge requirements for the plan.  By 
eliminating dry weather flows from directly entering the receiving waters, the impact from 
bacteria levels in the dry weather runoff is eliminated. 

In the County of Orange, the Dry Weather Diversion Plan, October 2003, evaluated the 
effectiveness of the dry weather diversions to the Orange County Sanitation District (OCSD).  
These diversions have been implemented in various coastal locations since 1997 (Table 2).  
The diversion program is not a requirement of the County’s NPDES Permit but has been 
implemented as a result of continual closures and postings at coastal beaches due to unsafe 
bacteria levels.  Existing diversion facilities are operating in 38 locations near the coastline or 
at main drainage system facilities of major water sheds.  Figure 3 shows the locations of the 
existing diversion facilities in Orange County. 

The report also describes an additional 38 proposed dry weather diversions.  These diversions 
are proposed in the cities of Dana Point (5), Huntington Beach (13), Laguna Beach (11), San 
Juan Capistrano (6), Seal Beach (1), and San Clemente (2). 

An example of one of the low flow diversions is the Greenville-Banning Channel diversion. 

Greenville-Banning Channel 
The Greenville-Banning Channel Urban Runoff Diversion (GBCURD) intercepts all dry 
weather urban runoff in the channel to prevent the runoff from reaching the Santa Ana River 
and then the ocean at Huntington State Beach.  The physical diversion is an inflatable custom 
manufactured rubber dam (6.5 feet high by 60 feet long) placed in the Greenville Banning 
Channel upstream of the confluence with the Santa Ana River.  Approximately 80 million 
gallons of urban runoff was diverted to OCSD for treatment during 2003 (Average 
flow 200,000 gpd).  The County of Orange produced a report entitled, “Greenville Banning 
Channel Urban Runoff Diversion Project, Final Report” in April 2003, specifically to address 
findings from the Greenville Banning Channel Diversion 
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Table 2 
List of Existing Low Flow Diversions in Orange County 

Location  

Sanitary Sewer 
Treatment 

Agency Permittee Month/Year Built 
Flow Diverted 

GPD 
9731 Flounder Dr 
@ D02 (Flounder 
PS)  

OCSD Huntington Beach Feb. 2000 72,000 

9211 Yorktown Ave 
@ D02 (Yorktown 
PS)  

OCSD Huntington Beach Feb. 2000 72,000 

19661 Chesapeake 
Ln @ D02 (Adams 
PS)  

OCSD Huntington Beach Feb. 2000 72,000 

20192 Midland Ln 
@ E01 (Meredith 
PS)  

OCSD Huntington Beach Feb. 2000 288,000 

9221 Indianapolis 
Ave @ D02 
(Indianapolis PS)  

OCSD Huntington Beach Feb. 2000 144,000 

8151 Atlanta Ave 
@ D01(Atlanta PS)  OCSD Huntington Beach July 1999 504,000 

10101 Hamilton 
Ave @ E01 
(Hamilton PS)  

OCSD Huntington Beach Feb. 2000 144,000 

2201 Malibu Ln @ 
D02 (Banning PS)  OCSD Huntington Beach July 1999 288,000 

8612 Hamilton St 
@ D01(Newland 
PS)  

OCSD Huntington Beach July 1999 288,000 

1131 Back Bay Dr 
(Newport Dunes)  OCSD Newport Beach March 2001 8,640 

Santa Ana Channel 
(E01)  OCSD County of Orange May 2001 295,000 

Greenville-Banning 
Channel  OCSD County of Orange May 2001 215,000 

Talbert Channel 
(D02)  OCSD County of Orange May 2001 120,000 

Downstream of 
Adams Ave @ D01 
(Huntington Beach)  

OCSD County of Orange May 2001 - 

Linda Ln @ Via 
Mecha  

City of San 
Clemente San Clemente Aug. 2001 14,000 

Camino del Estrella 
(est. location)  

South Coast 
Water District 

(SCWD) 
Dana Point NA 1,000 

Laguna Cyn @ 
Forest Ave  

City of Laguna 
Beach Laguna Beach 1987 140,000 
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Table 2 (continued) 
 List of Existing Low Flow Diversions in Orange County 

Location  

Sanitary Sewer 
Treatment 

Agency Permittee Month/Year Built 
Flow Diverted 

GPD 

Bluebird Canyon  City of Laguna 
Beach Laguna Beach 1997 30,000 

Dumond 
Dr./Victoria Beach  

City of Laguna 
Beach Laguna Beach 1997 5,000 

Fisherman's Cove  City of Laguna 
Beach Laguna Beach 1998 2,000 

El Paseo@Laguna 
Ave (Main Beach)  

City of Laguna 
Beach Laguna Beach 1998 10,000 

5th Ave @ Coast 
Hwy  

City of Laguna 
Beach Laguna Beach 1999 2,000 

Barranca St. @ 
Cliff Dr  

City of Laguna 
Beach Laguna Beach 2001 1,400 

Cleo St. @ Gaviota  City of Laguna 
Beach Laguna Beach 2001 35,000 

Aliso Creek/ 
Sulphur Creek 
Confluence  

Moulton Niguel 
Water District 

(MNWD ) 
Laguna Nigel May 2000 175,000 

Muddy Canyon  OCSD Newport 
Beach/IRWD April 2002 288,000 

Los Trancos  OCSD Newport 
Beach/IRWD April 2002 288,000 

Los Lobos (est. loc)  City of San 
Clement San Clemente Aug. 2001 29,000 

Aliso Creek (J01) 
at mouth*  OCSD County of Orange May 2001 234,000 

Riviera Beach (150 
yards upstream of 
MO  

City of San 
Clemente San Clemente - 29,000 

Pump Station #1 
(Emerald Point)  

Emerald Bay 
Serice District 

(EBSD) 
Laguna Beach - 1,000 

Three Arches Bay  SCWD Laguna Beach - - 

Dana Point Harbor-
Baby Beach  SCWD Dana Point NA 1,300 

Doheny State 
Beach  SCWD Dana Point NA 10,000 

#118 Emerald Bay  EBSD Laguna Beach - 1,000 

#206 Emerald Bay  EBSD Laguna Beach - 1,000 

#101 Emerald Bay  EBSD Laguna Beach - 1,000 

Crescent Bay Dr 
and Circle Way  

City of Laguna 
Beach Laguna Beach 2001 7,500 

- Data not available 
* Presently decommissioned 
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Recharge (Infiltration) Basins 
A number of basins that were designed for a variety of purposes exist throughout the Santa 
Ana Basin (Table 3).  The design and intent of the some of these basins was not for bacteria 
removal, but rather to either recharge groundwater aquifers or reduce flood hazard potential 
downstream.  Some basins were designed for both recharge of groundwater and for flood 
control purposes.  SAWPA provided a GIS layer of basins throughout the Santa Ana Basin 
that includes recharge, flood control, and multifunction basins (Figure 4). 

Figure 3
Existing Low Flow Diversions Facilities in Orange County

Source: Dry Weather Diversion Plan, October 2003
 Orange County 
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Figure 4
Surface Water Basins with Potential for Bacteria Reduction
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Table 3 
Recharge Basins in Santa Ana River Watershed 

Number Agency Name Basin County 

1  Miller Basins Santa Ana Forebay Orange 
2 Orange County Water District Santa Ana River Forebay Rech. Santa Ana Forebay Orange County 
3 Orange County Water District Santiago Basin Rech. Ops. Santa Ana Forebay Orange County 
4  Santiago Creek Basins Santa Ana Forebay Orange 
5 San Bernardino Co. Flood Control Montclair Basins Chino I San Bernardino 
6  Cucamonga Basins North & South Cucamonga San Bernardino 
7  Eighth Street Basins Chino I San Bernardino 
8  Fifteenth Street Basin Chino I San Bernardino 
9 Chino Basin Water Conservation District Ely Basins Chino II San Bernardino 
10  Red Hill Basin Cucamonga San Bernardino 
11 Chino Basin Water Conservation District Chris Basin Chino II San Bernardino 
12 Chino Basin Water Conservation District Lower Cucamonga Spr. Grounds Chino II San Bernardino 
13  Turner Basins Chino II San Bernardino 
14  Church Street Basin Chino I San Bernardino 
15 Chino Basin Water Conservation District Riverside Basins Chino II San Bernardino 
16 Chino Basin Water Conservation District Wineville Basin Chino II San Bernardino 
17  Lower Day Creek Basin Chino I San Bernardino 
18  Upper Day Creek Basins Cucamonga San Bernardino 
19  Etiwanda Basin Chino I San Bernardino 
20 San Bernardino Co. Flood Control District Etiwanda Conservation Basins Chino I San Bernardino 
21  East Ave. Spreading Grounds Chino I San Bernardino 
22 San Bernardino Co. Flood Control District Hickory Basin Chino I San Bernardino 
23 San Bernardino Co. Flood Control District Victoria Basin Chino I San Bernardino 
24  East Etiwanda Creek Channel Chino I San Bernardino 
25 San Bernardino Co. Flood Control District Banana Basins Chino I San Bernardino 
26 San Bernardino Co. Flood Control District San Sevaine Spreading Area Chino I San Bernardino 
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Table 3 (continued) 
Recharge Basins in Santa Ana River Watershed 

Number Agency Name Basin County 

27 Lytle Creek Water Conservation Assoc. Lytle Creek Spreading Grounds San Bern./Lytle Creek San Bernardino 
28  Merrill Basin Chino I San Bernardino 
29  Linden San Bernardino GW Basin San Bernardino 
30  Linden Basin Chino I San Bernardino 
31  Mill Basin Colton-Rialto San Bernardino 
32  Pepper Basin Colton-Rialto San Bernardino 
33  Randall Basin Colton-Rialto San Bernardino 
34 San Bernardino Co. Flood Control District Devil Cyn/Swt. Spill. Spr. Gr. San Bern./Bunker Hill San Bernardino 
35  Muscoy (North) San Bernardino GW Basin San Bernardino 
36  Muscoy (South) San Bernardino GW Basin San Bernardino 
37 Chino Basin Water Conservation District Jurupa Basins Chino II San Bernardino 
38  Mayfield San Bernardino GW Basin San Bernardino 
39 San Bernardino Co. Flood Control District Waterman Cyn. Spr. Grounds San Bern./Bunker Hill San Bernardino 
40  Waterman (North) San Bernardino GW Basin San Bernardino 
41  Waterman (South) San Bernardino GW Basin San Bernardino 
42  Twin San Bernardino GW Basin San Bernardino 
43  Marshall San Bernardino GW Basin San Bernardino 
44  Patton San Bernardino GW Basin San Bernardino 
45 San Bernardino Co. Flood Control District City Creek Spreading Grounds San Bern./Bunker Hill San Bernardino 
46 Eastern MWD Skiland Ponds Perris South II Riverside 
47 Eastern MWD Winchester Ponds Winchester Riverside 

48 San Bernardino Valley Water Conservation District Santa Ana River Spr. Grounds San Bern./Bunker Hill San Bernardino 
49 Eastern MWD Salt Creek Water Harvesting Winchester Riverside 
50 San Bernardino Valley Water Conservation District Mill Creek Spreading Grounds San Bern./Bunker Hill San Bernardino 
51 Eastern MWD Fish & Game Wetlands San Jacinto - Lower Pres. Riverside 
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Table 3 (continued) 
Recharge Basins in Santa Ana River Watershed 

Number Agency Name Basin County 

52 Eastern MWD EMWD Trumble Ponds - Romoland Perris South II Riverside 
53 San Bernardino Co. Flood Control District Wilson Creek Spr. Grounds San Bern./Bunker Hill San Bernardino 
54 Eastern MWD San Jacinto Reservoir San Jacinto - Upper Pres. Riverside 
55 Eastern MWD Alessandro Ponds San Jacinto - Upper Pres. Riverside 
56 Eastern MWD SPW Recharge Ponds San Jacinto Intake Riverside 
57 Eastern MWD Fruitvale 20 Ac. Basins - (L) San Jacinto Canyon Riverside 
58 Eastern MWD Fruitvale 40 Ac. Basins - (U) San Jacinto Canyon Riverside 
59 Chino Basin Water Conservation District Brooks   
60 Chino Basin Water Conservation District College Heights   
61 City of Upland Upland   
62 San Bernardino County Flood Control District Declez   
63 IEUA RP3   
64  Thomson Creek SG   
65  San Antonio Dam   
66  Pomona SG   
67  Live Oak SG   
68 IEUA Cucamonga SG1-2-3   
69 IEUA Cucamonga 1   
70 IEUA Cucamonga 2   
71 IEUA Alta Loma 1-2   
72 IEUA Turner 1   
73 IEUA Turner 2-3-4   
74 IEUA Turner 5-8-9   
75 IEUA Grove Ave. Basin   
76 IEUA Jurupa   
77 IEUA San Sevaine 2   
78 IEUA San Sevaine 1   
79 IEUA Rich   
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Recharge, flood control, or multi-function surface water basins may also be reducing bacteria 
in downstream receiving waters.  This water quality functionality is achieved by filtration and 
removal through adsorption and decay within the soil matrix and underlying formation.   The 
Santa Ana Regional Water Quality Control Board encourages basin owners to look for 
opportunities to retrofit surface water basins for water quality improvement.  This can be 
accomplished by facilitating infiltration or through construction of multi-stage outlets. 

Orange County Water District (OCWD) operates and maintains a man-made series of T-
levees within the Santa Ana River near Imperial Highway to increase groundwater recharge 
capacity.  The levees are constructed alongside the River and receive low flows from a 
diversion structure.  The levees provide for spreading, slowing, and retention of River flows 
primarily to increase groundwater infiltration rates.  During low flow periods, increased 
spreading decreases the amount of water flowing through the River, and provides for 
increased settling, both conditions that can decrease the amount of bacteria and pathogens 
within the River, potentially improving water quality. 

Natural Treatment Wetlands / Wet Ponds 
In its June 2003 study, Appendix E1 – BMP Effectiveness and Applicability for Orange 
County, wet ponds and wetlands are described as being particularly effective in reducing 
bacteria levels from dry weather flows diverted to the wet ponds.  Examples of wet ponds/ 
wetlands in the Santa Ana basin are described below.  Attachment A to this technical 
memorandum is an inventory of existing or planned wetland BMPs within the Santa Ana 
Basin. 

Natural Treatment System (NTS) - Irvine Ranch Water District 
The proposed Irvine Ranch Water District Natural Treatment System (NTS) is a network of 31 
water quality wetlands designed to remove sediment, nutrients, pathogens, and other 
pollutants from urban runoff within the San Diego Creek Watershed to improve water quality 
in Upper Newport Bay.  The 31 sites are located throughout the cities of Irvine, Tustin, Lake 
Forest, Newport Beach, Orange, and in unincorporated areas of Orange County. 

The primary drainage channel in the treatment area is San Diego Creek and its main tributary, 
Peters Canyon Wash.  San Diego Creek flows into Upper Newport Bay, which contains 
the 752 acre Upper Newport Bay Ecological Reserve.  This coastal estuary is one of the largest 
remaining estuaries in Southern California. 

Three basic facility types are proposed in the NTS.  These include off-line, in-line, and 
combination treatment facilities.  The off-line treatment type treats dry weather and wet 
weather low flows.  Flows would divert to open water ponds.  The ponds reduce flow 
velocities and trap sediment and aid in ultraviolet (UV) degradation of pathogens. 
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The in-line treatment facilities consist of a water quality treatment wetland located within 
existing stream channels.  Wetland vegetation would be located in shallow ponds behind a 
series of constructed weirs within the channels. 

The combination facilities would be built in existing flood control basins.  While maintaining 
the flood control storage volume, the basin would be altered to accommodate constructed 
wetland areas.  A separate outlet from the basin is required to remove flows from treatment 
wetland.  Besides dry weather low flows and wet weather low flows, first flush from storms 
are designed to be removed from the combination type facility. 

The NTS program is anticipated to result in reduced fecal coliform concentrations.  The fecal 
coliform TMDL for Upper Newport Bay is expected to be met during the dry season.  During 
wet weather, the fecal coliform TMDL may be met for low flow conditions but is not expected 
to be met during storm conditions. 

San Joaquin Marsh 
The San Joaquin Marsh is the largest coastal freshwater wetlands in Southern California.  This 
500 acre marsh is adjacent to the University of California, Irvine, and bounded by the San 
Diego Creek, Michelson Drive, and Carlson Drive.  IRWD owns approximately 300 acres of 
the marsh, of which 150 acres were restored and enhanced in 1997.  The University of 
California Natural Reserve System owns the remaining 200 acres.  The restoration project re-
established a water supply by diverting dry weather flows from San Diego Creek into a series 
of ponds for several days before most of the flow is returned to San Diego Creek, about a mile 
upstream of Newport Bay.  The water released back to the creek has about a 50% reduction of 
nitrates prior to treatment.  The primary goal of the marsh is to reduce nutrient concentrations 
in the San Diego Creek discharge to Newport Bay.  Nutrient reduction of nitrogen and 
phosphorus reduces algae bloom and its effect of oxygen depletion.  Approximately, 50,000 
tons of sediment and 10,000 pounds of phosphorus are removed each year in desilting basins. 

No specific studies were identified which have evaluated the specific effects on bacteria 
reduction by the San Joaquin Marsh. 

Hidden Valley Wetlands Enhancement Project 
The Hidden Valley Wetlands Enhancement Project (WEP) was developed in the Hidden 
Valley Wildlife Area (HVWA) in order to restore and improve existing wetlands within the 
HVWA by supplying tertiary treated effluent from the City of Riverside Regional Water 
Quality Control Plant (RWQCP).  Within the WEP boundary, there is approximately 37 acres 
of constructed wetlands.  HVWA is operated by the County of Riverside Parks and Open 
Space Department under a cooperative agreement with the California Department of Fish and 
Game. 
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WEP is a multi-purpose project aiming to provide the following: 

 De-nitrification 

 Enhancement of environment for riparian habitat for native and migratory wildlife 
species 

 Groundwater recharge 

 Basis of research for natural treatment processes design criteria 

While reducing the nitrogen in the effluent, no specific studies have been conducted to 
determine the impact, if any, on reducing pathogens. 

Prado Wetlands, Orange County Water District 
Orange County Water District (OCWD) owns approximately 2,150 acres behind Prado Dam.  
Of this land, 465 acres are constructed wetlands.  The wetland system consists of 50 shallow 
ponds used for reduction of nitrogen levels in the Santa Ana River since 1992.  The Santa Ana 
River consists mainly of tertiary treated wastewater from upstream discharges.  Since the 
Santa Ana River is the main source of water for groundwater recharge in Orange County, 
nitrogen levels in the water have been reduced prior to its use as recharge for the 
groundwater basins.  This wetland system removes approximately 20 tons of nitrates per 
month. 

Currently, the base flow of the river is approximately 120 cubic feet per second (cfs), with 60 
cfs traveling through the wetland.  The base flow of the river potentially may increase beyond 
200 cfs due to population increases (and subsequent increases of recycled water discharge) in 
Riverside and San Bernardino Counties.  In order to handle this potential increase in base 
flows, modifications have been made to increase the hydraulic capacity of the Prado Wetlands 
pond system. 

Since 1999, OCWD has also conducted water quality monitoring of influent and effluent from 
the Prado Wetlands and analyzed for coliform, E.coli, and enterococci. 

Optimal Basin Management Plan – Chino Basin 
Chino Basin Watermaster is developing the Optimum Basin Management Program (OBMP).  
The Chino Basin consists of approximately 235 square miles of the upper Santa Ana River 
watershed.  The Chino Basin is one of the largest groundwater basins in Southern California. 
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The OBMP consists of nine key elements covering a wide range of water activity in the Basin.  
The OBMP elements as a whole are aimed to develop a groundwater management program 
that enhances the yield and quality of the Chino Basin.  One of the missions of the plan is to 
increase the Basin water supplies by utilizing stormwater and reclaimed water recharge.  The 
plan is composed of nine program elements which include: 

 Comprehensive Monitoring 

 Comprehensive Recharge 

 Water Supply Plan for Impaired Areas 

 Management Zone Strategies 

 Regional Supplemental Water Program  

 Cooperative Program 

 Salt Management Program 

 Groundwater Storage Management 

 Storage and Recovery Program 

The second element, Comprehensive Recharge, has a component that aims to capture wet 
weather storm flows for recharge to infiltration basins.  The resulting reduction in urban 
runoff downstream could reduce bacteria levels.  The Chino Basin Watermaster is looking at 
obtaining increased recharge capacity by expanding recharge capacity at Montclair Basins, 
Upland Basins, and Brooks Basins. 

Other Emerging Technologies 
There are several other emerging technologies that can be utilized for retrofitting existing 
structural BMPs or for implementing in targeted reaches of impacted receiving waters.  These 
alternative technologies include: 

 Filtration 

Several filtration technologies have been developed for treatment of urban runoff, some of 
which are specifically designed or indirectly effective at removing bacteria.  Treatment 
devices range from highly specialized proprietary technologies to more conventional media 
filtration, such as sand filters. 
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Sand filters function by filtering stormwater through sand media, and may be installed 
underground in trenches or pre-cast concrete boxes, or above ground.  Large, above ground 
sand filters have been used with success for larger drainage areas.  Pretreatment to remove 
large debris and other materials that can hinder sand filter performance is typically necessary.  
Sand filters have proven moderately effective at removing bacteria.  Results have varied 
based upon site and climatic differences. 

Sand filter designs include the surface sand filter basin (Austin sand filter), the underground 
vault sand filter (Washington, DC sand filter), the double trench sand filter (Delaware sand 
filter), the stone reservoir trench sand filter, and the peat sand filter system.  Modifications are 
often made to these designs based on site-specific conditions. 

A large amount of testing data is available for conventional media filtration for bacteria 
removal, with some studies showing high removal effectiveness.  The ability of media 
filtration to meet bacterial water quality objectives would depend on source runoff 
conditions. 

Media filtration is also the functional component of several proprietary devices advertised to 
remove bacteria.  Several different configurations of proprietary devices are available through 
various vendors, though limited application and effectiveness data is available. 

 Ozone 

Ozone has been used in the water treatment industry since the late 1800s for disinfection, 
odor control, and other applications.  Ozone is generated by an electrical discharge through 
either dry air or pure oxygen.  As an oxidant, ozone is preferred to chlorine due to its 
extremely efficient disinfection properties and ability to dissipate very rapidly in water, 
leaving no residuals.  Ozone is also considerably less hazardous to handle than chlorine.  
These properties have made ozone an effective chemical for water treatment for nearly a 
century.  It is, however, a very expensive chemical to use for disinfection. 

Ozone, like chlorine, is a strong oxidizing agent and is used in much the same manner.  It is 
an excellent virucide, is effective against most amoebic cysts, and destroys bacteria and 
phenols.  Ozone may not kill large cysts and some other large organisms, so these should be 
eliminated by filtration or other procedures prior to treatment. 

 Ultraviolet Disinfection 

Ultraviolet (UV) treatment is an emerging treatment technology for controlling bacteria and 
pathogens within urban runoff.  The technology has been generally accepted in conventional 
water and wastewater treatment, but also has potential for treatment of urban runoff. 
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Conventional ultra-violet (UV) treatment technology involves passing water by a special UV 
light source.  The light source is immersed in the water in a protective transparent sleeve, and 
emits UV waves that can inactivate microorganisms.  The ultra-violet rays, similar to the sun’s 
UV rays only stronger, alter the nucleic makeup of viruses, bacteria, molds, and parasites so 
that they cannot reproduce, and are thus inactivated.  UV treatment does not alter the water 
chemically as nothing is added except light energy.  UV treatment does not permanently 
divert stream flows, does not require chemical storage, and does not produce a chemical 
residual.  Pretreatment of flows is necessary to remove sediments and other constituents prior 
to UV light exposure, to improve the clarity of water for increased UV light penetration. 

Three Southern California examples of UV application for treating urban runoff include 
systems installed and operated at Moonlight Beach within Cottonwood Creek in Encinitas, 
and two storm drains that discharge into Aliso Creek in Laguna Niguel and Aliso Viejo, 
neither of which are in the Santa Ana Basin. 

The Cottonwood Creek UV system installation became operational in December 2002.  
Cottonwood Creek flows year-round from Encinitas Ranch golf course to Moonlight Beach, 
draining a watershed of approximately three square miles.  Most of the Creek is buried under 
strip malls, residential communities, and streets.  The system has capacity to treat a rate of 
200,000 gallons per day.  The system is operated only during the dry season, and deactivated 
during the winter.  The City is treating 85 percent of the Creek’s flow, bypassing 15 percent of 
the flow to allow some nutrient contribution to the Creek and the beach.  Water is collected 
directly from the Creek.  The UV system was installed for $470,000, and monthly O&M costs 
are expected to be under $1,000. 

The UV system installed within the storm drain tributary to Aliso Creek in Laguna Nigel can 
also process 200,000 gallons per day.  Flow is collected at the storm drain, treated, and 
discharged to a nearby pond.  The system is contractually operated at $664 per million gallons 
treated—averaging $3,000 a month.  The system is considered temporary.  Plans are to replace 
it with a system that will carry dry season flow into a series of constructed wetlands for 
treatment. 

To adapt to variable flow rates or organic loading, flow equalization or recirculation is often 
used.  Had ozonation been selected for the Moonlight Beach project, a monitored side stream 
of minimal flow would have been continuously re-circulated and injected with ozone.  In the 
event of high ozone levels, an automated ozone system would have shut down the re-
circulating stream. 
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In addition to pretreatment filtration, ozone generators, and ozone destruct units, a complete 
disinfection system requires ozone injectors and injector pumps, a closed-loop chiller, an 
ozone concentrator, oil-free compressors, an air receiver, an ozone contactor, and an ozone 
separator.  Most of the equipment would have had to fit in the required footprint inside an 
enclosure, with ozone contact and destruct basins located above or below ground.  The 
investigated system could have met the city's acoustical requirements with some attenuation. 

The major benefit of ozone treatment is that ozone is extremely active as a disinfectant.  In 
contrast to chlorine, ozone is active over a wide pH and temperature range.  The required 
contact time is so short that it is not a consideration in system design. 
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Attachment A 
Planned or Operating Wetlands in the Santa Ana Basin 

Project Owner Location Status BMP Type Objectives Description 

Hidden Valley 
Wetlands 
Enhancement 
Project 

City of 
Riverside 

Hidden 
Valley 

Wildlife Area 
Operational 

Natural 
treatment 
wetlands 
 
Wastewater 
treatment 

Total organic nitrogen TMDL (1991) 10 
mg/l; protection of groundwater basins 
 
Purposes: de-nitrification of tertiary 
effluent; environmental enhancements 
for riparian habitat; groundwater 
recharge; improvements to public use; 
research and development 

Influent structure, conveyance 
channel, wetlands ponds; 
Average TIN removal in 2003 – 
43% in surface flow; 38% in sub-
surface flow;  
No specific studies conducted on 
potential pathogen reduction. 
 
 

San Joaquin 
Marsh 

Irvine Ranch 
Water District 

San Diego 
Creek, 
Orange 
County 

Five wetlands 
are operational 

Natural 
treatment 
wetlands 
 
Runoff 
treatment 

Nitrate and sediment removal 

Currently IRWD is operating 
water quality treatment wetlands 
with 45 acres of open water and 
11 acres of marshland vegetation.  
 
Water is diverted from San Diego 
Creek to marsh and circulated 
through ponds. Nitrogen loads to 
Newport Bay are reduced by 
50%;  
No specific studies conducted on 
potential pathogen reduction. 
 

San Diego Creek 
Watershed 
Natural Treatment 
System 

Irvine Ranch 
Water District 

San Diego 
Creek, 
Orange 
County 

31 new 
wetlands are 

being planned 

Natural 
treatment 
 
Wetlands 
 
Runoff 
treatment 

Achieving TMDL targets for total 
nitrogen for dry season low flow 
conditions of 2007 and wet season low 
flow conditions by 2012. 
Achieve total phosphorous TMDL 
targets for 2002 and 2012 during 
stormwater runoff. 
Reduction in fecal coliform 
concentrations; fecal coliform TMDL will 
be met during the dry season only. 
Some facilities will be designed to 
remove selenium to meet TMDLs. 
 

Proposed off-stream, in-stream 
and combined wetlands will treat 
low and runoff from small events, 
and first-flush from large storm 
events. 
 
Some of the proposed facilities 
will treat only dry weather flows. 
 
Aims to reduce fecal coliform 
loads. 
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Attachment A (continued) 
Planned or Operating Wetlands in the Santa Ana Basin 

Project Owner Location Status BMP Type Objectives Description 

Prado Wetland Orange County 
Water District 

At Prado 
Dam in 

Riverside 
County 

Operational 

Wetlands for 
treatment of 
Santa Ana 
River flows 

Nitrogen removal 

465 acres of constructed 
wetlands consisting of 50 shallow 
ponds that remove approximately 
20 tons of nitrate per month; 
 
OCWD has tested for coliform, 
E.coli, and enterococci pathogens 
since 1999. 

Crystal Cove The Irvine 
Company 

Crystal 
Cove, 

Orange 
County 

Operational 

Detention and 
filtration; low-
flow diversion to 
sewer system; 
storm-drain 
filters; wetlands 

Eliminate low-flow during dry weather; 
remove sediments, bacteria and trash 
from runoff 

Runoff control for residential 
development. Detention and 
filtration; low-flow diversion to 
sewer system; storm-drain filters; 
wetlands 

Lytle Creek North ??? ??? Proposed??? 

Infiltration 
basins and 
vegetated wet 
basins 

TSS, Total N, Total P, Lead, Zinc, total 
hydrocarbons, fecal coliform, BOD 
removal 

Four infiltration basins; two of 
them with vegetated wet basins to 
treat nuisance flows, and two with 
dry forebays 

Orange Coast 
River Park 

Friends of 
Harbors, 

Beaches and 
Parks 

Lower end 
of Santa 

Ana River 
Concept 

Recreational 
park and 
programs 

Enhance/restore ecological functions, 
improve habitat, recreation 

1000-1400 acre park by Santa 
Ana River – trails, shared support 
facilities, and wildlife habitat and 
park management program; 
Continue wetland restoration at 
Huntington-Talbert Marsh area. 
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Attachment A (continued) 
Planned or Operating Structural BMPs in the Santa Ana Basin

Project Owner Location Status BMP Type Objectives Description 

Constructed 
Wetlands – Bolsa 
Chica Channel 

County of 
Orange Public 
Facilities and 
Resources 

Dept. 

Bolsa Chica 
Channel 

Feasibility 
Study 

Wetland system 
for urban runoff 

Enhance/restore ecological functions, 
improve habitat, improve water quality 

Route urban runoff from the Bolsa 
Chica Channel through wetlands 
constructed on property by the 
Seal Beach Naval Weapons 
Station.  Detention system, 
vegetation system, and upstream 
debris removal included. 

Chino Creek 
Wetlands 

Orange County 
Water District 

Chino Creek 
just above 
Prado Dam 

CEQA 
Complete 

Constructed 
wetlands Restore/improve  ecological habitat 

100 acres of constructed 
wetlands to reduce nitrates/TIN in 
drinking water 

Natural Treatment 
System – East 
Garden Grove 
Channel 

City of 
Huntington 

Beach 

East Garden 
Grove In process 

Wetland system 
and 
groundwater/su
rface water 
improvements 

Divert urban runoff, rehabilitate surface 
water, recharge aquifer 

Divert up to 4 mgd urban runoff 
into 2-acre wetland; treated water 
would rehabilitate Talbert Lake 
and recharge Huntington Beach 
Central Park aquifer; public 
education/outreach 

Prado River Road 
Wetlands 
Expansion 

Orange County 
Water District 

Orange 
County, 

River Road 

CEQA 
Complete 

Constructed 
wetlands 

Restore/improve ecological habitat, 
water quality 

200 acres of constructed 
wetlands above River Road 
bridge to treat Santa Ana River 
flows; reduce nitrates/TIN in 
drinking water 

Regional Plant 
Coordinated 
Habitat and 
Stormwater 
Management Plan 

Inland Empire 
Utilities Agency 

Inland 
Empire, 

Prado Basin 
N/A BMPs  Improve water/habitat/ ecosystem 

quality 

IEUA properties site -plan to use 
BMPs for stormwater 
management, organics 
processing, habitat/water 
conservation 
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Attachment A (continued) 
Planned or Operating Structural BMPs in the Santa Ana Basin 

Project Owner Location Status BMP Type Objectives Description 

Temescal Creek 
Riparian 
Enhancement 

Riverside/ 
Corona 

Temescal 
Creek 

Ongoing 
planning 

Habitat 
restoration Improve ecosystem/water quality 

50 acres of riparian habitat 
restoration, small ponds for fresh 
water marsh/water use; 
reintroduce native vegetation 

Lake Elsinore 
Nutrient Removal 
(Wetlands) 

Lake Elsinore/ 
San Jacinto 
Watersheds 

Authority 

Lake 
Elsinore Planning Constructed 

wetlands Improve habitat/ water quality 

Construct wetlands and 
implementing other nutrient 
control measures for Lake 
Elsinore 

Nutrient Removal 
Eastern Municipal 
Water District 
Water 
Reclamation 
Plants 

Lake Elsinore/ 
San Jacinto 
Watersheds 

Authority 

Eastern 
Municipal 

Water 
District 

Reclamation 
Plants 

Planning 

Improvements 
to Water 
Reclamation 
Plants 

Improve habitat/ water quality 

Increase nitrogen/phosphorus 
removal capacities at EMWD 
Water Reclamation Plants, which 
discharge into Lake Elsinore 

Installation of 
Aeration Systems 
and Oxygenation 
System 

City of Canyon 
Lake, County of 

Riverside 

Canyon 
Lake, 

Riverside 
County 

Planning 
Structural water 
quality 
improvements 

Improve water quality/ recreational 

Install oxygenation systems to 
improve drinking water of Canyon 
Lake and water quality for 
recreational users 

San Timoteo 
Canyon State 
Park 

Riverside Land 
Conservancy 

San Timoteo 
Canyon 

State Park 
Planning Creation of new 

state park 
Enhance ecology, improve habitat/ water 
quality 

Create new state park centered 
around San Timoteo Creek 
Watershed; create, restore, and 
protect wetlands 

San Timoteo 
Habitat 
Enhancement 
Project 

East Valley 
Resource 

Conservation 
District 

San Timoteo 
Creek Ongoing 

Restore 
tributary to 
natural state 

Restore ecology, improve habitat/water 
quality 

Restore tributary by removing 
trash/debris in creek bed 

San Jacinto 
Wildlife Area 
Environmental 
Enhancement and 
Recycled Water 
Storage Initiative 

Eastern 
Municipal Water 

District 

San Jacinto 
Wildlife Area Ongoing 

Wetlands 
restoration, 
water 
conservation 

Restore ecology, improve habitat/water 
quality 

Use recycled water for restoring 
historic wetlands; recycled water 
conservation; groundwater 
management 
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Attachment A (continued) 
Planned or Operating Structural BMPs in the Santa Ana Basin 

Project Owner Location Status BMP Type Objectives Description 

San Jacinto Flow 
through Wetlands 

Lake Elsinore 
San Jacinto 
Watershed 
Authority 

San Jacinto 
River area Planning Constructed 

wetlands Improve habitat/ water quality 

Create flow-through wetland to 
enhance habitat and remove nutrients 
from San Jacinto River from Canyon 
Lake to Lakeshore Drive 

San Jacinto River 
Project 

Riverside 
County Flood 
Control and 

Water 
Conservation 

District 

San Jacinto 
River area Planning Increase river 

width 
Enhance ecology; improve habitat; 
flood control 

Increase San Jacinto River width 
from 500-1200 feet to help with flood 
control and habitat improvement 

Wetlands and 
Habitat 
Conservation Area 

City of Ontario City of 
Ontario 

CEQA 
Complete 

Constructed 
wetlands 

Enhance/improve ecology/water 
quality/ habitat; education; 
recreation 

Conjunctive uses with wetlands 
construction; 85 acres of restoration 
and 145 acres of land acquisition 

Cucamonga 
Creek Wetlands 

Inland Empire 
Utilities Agency 

Cucamonga 
Creek, 
Inland 
Empire 
Utilities 
Agency 

Planning Constructed 
wetlands Enhance ecology; improve habitat Construct wetlands for natural 

treatment of Cucamonga Creek 

Santa Ana River 
Wetlands (Mission 
Zanja Creek 
Channel) 

San Bernardino 
County Dept. of 
Public Works, 

Regional Trails 
Division 

Mission 
Zanja Creek 

Channel 
Planning Constructed 

wetlands 
Enhance ecology; improve 
habitat/water quality 

Create wetlands via removal of 
nonnative vegetation, planting of 
native species; put in place signage, 
boardwalk, bike path for access and 
educational opportunities 

San Timoteo 
Wetlands NA San Timoteo 

Canyon NA 
Create, restore, 
protect 
wetlands 

Enhance and restore habitat; 
improve water quality 

Increase water quantity and quality by 
protecting/enhancing floodplains in 
San Timoteo Canyon and major 
tributaries beginning at Loma Linda 

Yucaipa Valley 
Water District 
Wetlands 
Enhancement 

Yucaipa Valley 
Water District 

Yucaipa 
Valley, San 

Timoteo 
Creek 

Planning Constructed 
wetlands 

Recreation; education; improve 
water quality 

Constructed 30-acre wetlands in 
YVWD region prior to discharge to 
San Timoteo Creek; includes 
pipelines, hydraulic control structures 
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Memorandum 
 
To: Stormwater Quality Standards Study Task Force 
 
From: CDM 
 
Date: November 28, 2005 
 
Subject: Technical Memorandum - Flow Characterization 

Flow characterization was completed for gauged sections of three study reaches as part of 
Phase 2 of the Stormwater Quality Standards Study.  This technical memorandum describes 
flow conditions found at each of the study sections and how different flow conditions could 
be used to guide the Task Force in their evaluation of recreational use in the study reaches 
and in other inland surface waterbodies within the Santa Ana River Basin. 

Introduction 
The Stormwater Quality Standards Study Task Force is assessing the attainability of 
recreational uses in inland surface waterbodies of the Santa Ana River Basin.  Flow conditions 
including depth and velocity can play a significant role when assessing the attainability of 
recreational uses.  During storm events, flow conditions can be elevated to a level that may be 
dangerous for certain recreational activities, such as swimming.  Conversely, many channels 
are dry or have minimal flow for most of the year, which inhibits certain recreational 
activities. 

The following analyses provide information useful for the Task Force to understand the 
characteristics of different flow conditions in the study sections and in other Santa Ana River 
Basin reaches and are not meant to recommend a particular standard.  Approaches to 
extrapolate the findings to the entire Santa Ana River Basin are also discussed to aid the Task 
Force. 

Study Reaches 
Three study reaches were selected to perform flow characterization.  These study reaches 
represent a diverse set of channel types within the Santa Ana River Basin and are tributary to 
larger waterbodies that have demonstrated recreational use.  The three study reaches are; 
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 Santa Ana Delhi Channel from Upper Newport Bay to Warner Avenue in the City 
of Santa Ana 

 Reaches 1A and 1B, as defined by the Santa Ana River Watershed Basin Plan, of 
the Temescal Wash from Prado wetlands to the Riverside Canal 

 Mill-Cucamonga Creek from Prado wetlands to the confluence of Deer Creek and 
Cucamonga Creek 

Flow gauging stations located at key locations along the three channels were used for the flow 
characterization.  The flow characterization analyses describe conditions in the sections of the 
study reaches where the data is collected.  These sections are referred to in this technical 
memorandum as “study sections”.  These study sections are; 

 Santa Ana Delhi Channel at Irvine Avenue 

 Temescal Wash at Main Street 

 Mill Cucamonga Creek at Hellmann Avenue 

Santa Ana Delhi Channel at Irvine Avenue 
General Overview 
The Santa Ana Delhi Channel drainage area (17.6 mi2) is comprised of primarily urban areas 
from the City of Santa Ana to Upper Newport Bay.  Flow during dry weather periods is 
typically comprised of residential/commercial irrigation overflow and other urban dry 
weather flow sources (Figure 1).  The study reach consists of the full length of the channel 
beginning at Warner Avenue in Santa Ana, ultimately discharging to the Upper Newport Bay.  
This analysis will focus only upon the section of the Santa Ana Delhi channel upstream of 
Irvine Avenue. 

The analyzed section is a 55 feet wide by 17 feet deep concrete lined rectangular channel with 
a V- shaped bottom sloping from the side walls to the center of the channel (~20:1).  The 
longitudinal bed slope is 0.001.  Channel attribute information was provided by the Orange 
County Resources and Development Management Department (RDMD) and verified during 
a site visit (Figure 2).  There is an additional low flow channel in the center of the cross section 
that is also V-shaped with side slopes of approximately 7:1.  This low flow channel 
concentrates dry weather runoff and keeps the velocity sufficient for vector control and to 
reduce particle settling. 

Flow 
Available flow data for the study section was provided by RDMD and processed to facilitate 
time series plotting and frequency distribution analysis.  The collected flow data was 
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provided in 30 minute intervals for the period between 1991 and 2005.  Significant data gaps 
(> 30 days) were identified and are shown in Table 1. 

 

Table 1 
Data Gaps in the Santa Ana Delhi Channel Study Section Flow Record 

Missing Flow Data 1993 1994 1995 1996 1999 2000 

Dates 1/1 to 
9/30 

1/22 to 
2/10 

4/1 to 
4/28 

1/1 to 
6/30 

4/1 to 
4/28 

1/1 to 
12/31 

 

Figure 1
Santa Ana Delhi Channel Study Reach and Flow Gauge Location
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Figure 2
Diagram of the Santa Ana Delhi Channel Study Section
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Temescal Wash at Main Street 
General Overview 
The Temescal Wash drainage area (224 mi2) consists of a diverse mixture of land uses 
including urban, agricultural, industrial and natural.  The channel begins at the outflow of 
Lake Elsinore and flows northwest to the Prado Wetlands.  This analysis will focus only upon 
the section of the Temescal Wash directly upstream of Main Street near downtown Corona 
(Figure 3). 

Record drawings were obtained from the Riverside County Flood Control District for the 
entire study reach for use in this task.  The study section is a concrete lined trapezoidal 
channel with a 100 ft bottom width and 1.5:1 side slopes.  The channel bottom slopes 
gradually (60:1) from the toe of the side walls to the low flow channel.  The V-shaped low 
flow channel has a width of 40 ft and side slopes of 10:1 (Figure 4).  The longitudinal channel 
bed slope is 0.004. 

Flow 
Available flow data for this section was provided by USGS and processed to facilitate time 
series plotting and frequency distribution analysis.  The collected flow data was recorded in 
15 minute intervals for the period between 1988 and 2005. Significant data gaps (> 30 days) 
were identified and are shown in Table 2. 

Table 2 
Data Gaps in the Temescal Wash Study Section Flow Record 

Missing Flow Data 1988 1993 1996 

Dates 1/1 to 
9/30 

1/22 to 
2/10 

4/1 to 
4/28 

    
Mill-Cucamonga Creek at Hellman Avenue 
General Overview 
Mill-Cucamonga Creek begins at the confluence of Cucamonga and Deer Creeks and 
ultimately discharges into the Prado Wetlands.  The drainage area (75.8 mi2) of Mill-
Cucamonga Creek, including these tributaries, covers a large portion of the Chino Basin and 
extends upward into the San Gabriel Mountains.  Land use in this drainage area is diverse, 
including dense urban and residential, industrial, natural, and agricultural which occurs 
primarily as dairy farms.  This analysis will focus only upon the section of the Mill-
Cucamonga Creek directly upstream of Hellman Avenue (Figure 5).  This section of Mill-
Cucamonga Creek is downstream of Inland Empire Utilities Agency Regional Plant 1 (RP-1) 
and typically has a continuous contribution of treated wastewater effluent that is conveyed to 
the Prado Wetlands
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Figure 4

As-built Drawings of the Temescal Wash Study Section

Figure 3
Temescal Wash Study Reach and Flow Gauge Location
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Record drawings were obtained from the San Bernardino County Flood Control District for 
use in this flow characterization and other SQSS tasks.  At the study section, Mill-Cucamonga 
Creek is a concrete lined trapezoidal channel with a 78 ft bottom width and 2:1 side slopes 
(Figure 6).  There is no low flow channel in this section of Mill-Cucamonga Creek.  The 
longitudinal channel bed slope at this section is 0.004. 

Flow 
Available flow data for this section was provided by USGS and processed to facilitate time 
series plotting and frequency distribution analysis.  The collected flow data was recorded in 
15 minute intervals for the period between 1988 and 2005. Significant data gaps (> 30 days) 
were identified and are shown in Table 3. 

Table 3 
Data Gaps in the Mill-Cucamonga Creek Study Section Flow Record  

Missing Flow Data 1988 1989 1990 1991 1994 

Dates 1/1 to 
9/30 

10/1 to 
12/31 

1/1 to 
9/30 

2/29 to 
12/31 

2/28 to 
3/31 

Figure 5
Mill-Cucamonga Creek Study Reach and Flow Gauge Location
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Figure 6
As-built Drawings of the Mill-Cucamonga Creek Study Section
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Hydraulic Analysis 
Development of Rating Curves 
The relationship between depth of flow and flow for each channel was provided to CDM by 
RDMD and USGS for the three detailed sections of the study reaches.  This relationship was 
developed by field calibrations of flow at varying depths and is used to convert continuous 
depth records to a flow rate.  This depth-discharge relationship is portrayed as a rating curve 
for each study section (Figure 7).  To extract the velocity of flow for each point in the rating 
curve the flow is divided by the cross sectional area of flow at the corresponding depth; 

V = Q / A 

This hydraulic analysis assumed a uniform velocity of flow in the channel, however there will 
be some variation in velocity across the channel.  Cross sectional flow area is calculated by 
simple geometric algorithms for each study section using cross section details in the record 
drawings.  In study sections with multiple shapes, a combination of area calculations was 
used. 

Rectangular Section:   A = b * h; where b is the bottom width and h is the depth of flow 
Triangular Section:  A = ½ b * h 
Trapezoidal Section:  A = ½ (b + t)*h; where t is the top width of flow 
 

Additionally, the product of the depth of flow and estimated flow velocity was computed for 
each point on the rating curve.  The depth-velocity product, expressed as ft2 per second is a 
measurement that has been used to assess dangerous conditions for full body contact. 

Analysis of Durations 
The continuous time series of measured depth and estimated flow, velocity and the product 
of depth and velocity were analyzed to assess the long term distribution of different 
conditions in the study sections.  Cumulative frequency distributions show the likelihood of a 
flow condition occurring within each study section.  Figures 8 through 10 show the flowrate, 
depth, velocity, and depth-velocity product cumulative frequency curves for the Santa Ana 
Delhi Channel, Temescal Wash, and Cucamonga Creek study sections.  These distributions 
are directly correlated to the duration of different flow conditions due to the uniform time 
interval between observations. 
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Figure 8
Flow Characteristic Duration Curves for the Santa Ana Delhi Channel Study Section

Figure 7
Depth-Flow Rating Curves for the Three Analyzed Study Sections
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Figure 9
Flow Characteristic Duration Curves for the Temescal Wash Study Section
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Figure 10
Flow Characteristic Duration Curves for the Mill-Cucamonga Creek Study Section
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To simplify the assessment of flow conditions within each study section, daily maximum 
values of depth-velocity product were extracted from the long term continuous flow records.  
Cumulative frequency distributions of these daily peaks were developed for all days in the 
record including both wet and dry weather conditions.  These distributions are shown in 
Figure 11 for the three study sections and aid the Task Force by showing the number of days 
over the period of record when different flow condition were reached.  The large number of 
days in the first interval show that a typical low flow condition exists in the study sections 
during the majority of days in the record.  The subsequent intervals represent wet weather 
events of varying magnitude. 

Figure 11a
Cumulative Frequency Distribution of Peak Daily Depth-Velocity Product in the Santa Ana Delhi 

Channel Study Section

Duration of Depth-Velocity Product in 
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Figure 11 b
Cumulative Frequency Distribution of Peak Daily Depth-Velocity Product in the Temescal 

Wash Study Section

Duration of Depth-Velocity Products in 
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Figure 11c
Cumulative Frequency Distribution of Peak Daily Depth-Velocity Product in the Mill-

Cucamonga Creek Study Section
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Event Analysis 
To evaluate wet weather separately from the entire record, wet weather records were 
extracted from the data set and analyzed independently.  A flow threshold was used to 
delineate dry weather from wet weather flow conditions, which facilitated the extraction.  The 
threshold was selected by finding the knee of the cumulative frequency curve of flow for each 
study site as an approximation of the transition from dry weather flows to flows likely 
resulting from rainfall events (Figure 12).  The wet weather flow data records were then 
grouped into distinct events, using a 12 hour inter-event time to distinguish separate events.  
In other words, the flowrate would have to remain below the threshold for 12 hours before a 
rise was considered a new event.  A customized program was developed by CDM to break 
the continuous time series of flow records into multiple events. 

The peak of each theorized event was plotted.  Figure 13 shows the number of events that 
exceeded different depth-velocity products at some point during the event for each of the 
study sections.  For example, 54 of the 249 events at the Santa Ana Delhi Channel study 
section reached at least 15 ft2/sec. 
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Figure 13a
Event-based Analysis of Peak Depth-Velocity Product in the Santa Ana Delhi Channel Study

Section

Distribution of Peak Flow Depth-Velocity Product
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Figure 13b
Event-based Analysis of Peak Depth-Velocity Production in the Temescal Wash

Study Section

Distribution of Peak Flow Depth-Velocity Product
for all Storm Events in Temescal Wash at Main Street (1988-2005)
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Nearby hourly recording meteorological stations were selected for each of the study sections 
to relate rainfall to flow conditions for corresponding events.  The stations used were; 

 Santa Ana Delhi Channel - Laguna Beach NCDC Station 044650 

 Temescal Wash – Chase and Taylor RCFCD Station 035 

 Mill-Cucamonga Creek – Ontario Fire Station 3 SBCFCD Station 1335 

Hourly rainfall data was interpreted using RAINMASTER, an intensity-duration-frequency 
(IDF) analysis tool that is part of the NetSTORM model, originally developed by CDM for 
stormwater and CSO modeling.  This tool extracts distinct rainfall events and performs a 
statistical analysis of each event.  For purposes of this study the depth recorded at the rainfall 
gauge was assumed to be representative of conditions over the study reach drainage areas. 

Using the nearby meteorological stations, total rainfall depth was correlated to the magnitude 
of peak flow and peak depth-velocity product.  To account for the different timing of rainfall 
and the resulting runoff response over large drainage areas, a 3 hour buffer was applied to 
the high flow event to develop a wider range of time that would result in a match with the 
date and time range of a corresponding rain event.  For instance, if a rain event in the 
headwaters of the drainage area began two hours prior to a rise in the flow rate at the channel 

Figure 13c
Event-based Analysis of Peak Depth-Velocity Product in the Mill-Cucamonga Creek 

Study Section 

Distribution of Peak Flow Depth-Velocity Product
for all Storm Events in Cucamonga Creek at Hellman Ave (1988-2005)
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study section, these events would be captured and counted as corresponding.  Similarly, if a 
storm’s path moved through the drainage area prior to reaching the rain gauge, the 3 hour 
buffer improves the likelihood for the high flow and rainfall event to be corresponding.  The 
results of the correlation for each of the study sections are presented for all storms in Figure 
14 and for storms less than 1 inch in Figure 15.   

Hydrographs were used to show the typical response of each study section during rain events 
of varying depths.  Rainfall event depths were used to select specific dates to extract the flow 
response from the corresponding storm event at the study section.  Hydrographs resulting 
from ¼”, ½”, ¾”, 1”, 2”, and 3” rainfall events at coupled meteorological stations were 
overlaid to show similarities or differences in response based on rainfall depth (Figure 16). 

Time Series Plots 
The complete time series of data was plotted together to show the seasonality of observed 
flow conditions in each of the study sections.  This was accomplished by overlaying annual 
time series data on a typical calendar year (Figure 17). 
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Figure 14a
Relationship of Rainfall Events Rainfall Recorded at Laguna Beach and Peak Depth-

Velocity Product in the Santa Ana Delhi Channel Study Section
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Figure 14b
Relationship of Rainfall Events Rainfall Recorded at the Chase and Taylor Station

and Peak Depth-Velocity Product in the Temescal Wash Study Section
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Figure 14c
Relationship of All Rainfall Events Recorded at Ontario Fire Station # 3 and Peak

Depth-Velocity Product in the Mill-Cucamonga Creek Study Section 
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Figure 15a
Relationship of Rainfall Events Less than 1 inch Recorded at Laguna Beach and 

Peak Depth-Velocity Product in the Santa Ana Delhi Channel Study Section
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Figure 15b
Relationship of Rainfall Events Less than 1 inch Recorded at  the Chase and Taylor

Station and Peak Depth-Velocity Product in the Temescal Wash Study Section
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Figure 15c
  Relationship of Rainfall Events Less than 1 inch Recorded at Ontario Fire Station

#3 and Peak Depth-Velocity Product in the Mill-Cucamonga Creek Study Section 
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Representative Storm Flow Hydrographs for Santa Ana Delhi Channel 
at Irvine Ave.  
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Figure 16a
Event Hydrographs from the Santa Ana Delhi Channel Flow Record
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Representative Storm Flow Hydrographs for Temescal Wash at Main 
Street  
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Figure 16b
Event Hydrographs from the Temescal Wash Flow Record
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Representative Storm Flow Hydrographs for Cucamonga Creek at 
Hellman Ave.   
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Figure 16c
Event Hydrographs from the Mill-Cucamonga Creek Flow Record
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Figure 17b

Overlay of Annual Time Series of Flow in the Temescal Wash Study Section

Figure 17a

Overlay of Annual Time Series of Flow in the Santa Ana Delhi Channel Study Section
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Temperature Data 
Recreational use potential may be affected by water temperature.  Other states used this 
criterion to develop seasonal exemptions to recreational use standards.  Water temperature 
data was obtained for several reference stations in states with seasonal exemptions.  The 
reference stations were selected along waterbodies with similar size and stream order to the 
Santa Ana River in order to facilitate a comparison of water temperature at similar times of 
year.  The water temperature within 3 days of the start and end of the seasonal exemption 
period was compared to the water temperature in the Santa Ana River at the MWD Crossing 
within a few days of October 31 and May1 (Table 4).  

 

 

 

 

Figure 17c
Overlay of Annual Time Series of Flow in the Mill-Cucamonga Creek Study Section
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Table 4 
Water and Air Temperature Data at the Start and End of Seasonal Use Exemption Periods for the 

Santa Ana River and Similar Waterbodies 

Reach Date Water Temp Air Temp Date Water Temp Air Temp 

Santa Ana River  Oct 31 66.5 71.0 May 1 73.8 66.4 

Saline Bayou near 
Lucky, LA Oct 31 61.0 64.2 May 1 70.0 71.1 

Peachtree Creek, 
Atlanta, GA Oct 31 58.1 51.0 May 1 64.5 65.9 

Olentangy River at 
Claridon, OH Oct 15 64.4 54.2 May 1 63.5 55.3 

 
 
Discussion and Conclusions 
Duration Analysis 
This flow characterization was performed to provide the Task Force with information about 
flow conditions that could be useful for evaluating the establishment of flow based 
recreational use suspensions.  This is accomplished for the study sections via a detailed 
hydraulic analysis of flow over the past 10-15 years.  Two weather stations from NOAA were 
used to compare long term historic average annual precipitation with average annual 
precipitation during the past 15 years, when flow was recorded in sub-hourly increments at 
the three study sections.  Average annual rainfall was only 0.27 inches (2.6%) and 0.43 inches 
(3.8%) lower over the analyzed years than measured over 76 years at the Riverside Fire 
Station and 69 years at Newport Beach Harbor, respectively (Table 5).  Therefore, the period 
for which detailed flow records are available is considered reasonably representative of long 
term conditions. 

 

High flow use suspensions may be considered in the event that a flow condition is 
determined to be unsafe for recreational use.  Independent analyses of the depth or velocity of 
flow in a channel will not provide a sufficient measure of what might constitute a dangerous 
condition for recreational use.  For instance, a channel with a 4 ft depth of water could be very 

Table 5 
Average Annual Rainfall for Past 15 Years and for Entire Record at a Coastal and Inland Santa 

Ana River Basin Meteorological Station 
 Entire Record 1988 to 2005 Difference 

Riverside Fire Station 10.22 in 9.95 in -2.6% 

Newport Beach Harbor 11.26 in 10.83 in -3.8% 
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safe for full body contact recreation or very dangerous, depending upon the velocity of the 
flow.  The USGS uses the depth-velocity product criteria to assess whether flow conditions 
are safe for wading in order to obtain samples and/or other measurements.  This measure is 
set by the USGS at 10ft2/sec for trained field water sampling staff. 

Conversely, frequency distributions of flow in the study sections showed that more than 90% 
of the time, flowrates, depths, and velocities are characteristic of low flow conditions.  Low 
flow conditions differed in each study section due to differences in drainage area 
characteristics.  The incorporation of a low flow channel in Temescal Wash and the Santa Ana 
Delhi Channel alters the characteristics of dry weather conditions in the analyzed study 
sections.  While flowrates remain constant, dry weather flow within the low flow channel is 
deeper and moving quicker than it would if spread across the bottom of the entire channel.  
The Task Force must assess whether such low flow channels have the potential to serve for 
recreational use during dry weather conditions, considering not only the flow condition but 
also many other issues, such as access to the channel bottom and overall appeal. 

Storm Event Analysis 
Storm events were segregated from the long term record to more accurately assess flow 
conditions during wet weather.  Higher flow depths during or following storm events could 
potentially increase the likelihood of full body contact recreation uses being attained.  This 
analysis was prepared to assist the Task Force in determining the likelihood of events 
producing flow/depth conditions where recreational potential exists to become dangerous.  
Figure 14 shows the number of events that will reach or exceed increasing intervals of depth-
velocity products for each of the study sections.  The results of this analysis showed that 84 of 
249 events in the Santa Ana Delhi Channel, 156 of 316 events in Temescal Wash, and 128 of 
681 events in Mill-Cucamonga Creek, exceeded the USGS 10 ft2/sec guideline.  The Task 
Force can also use this information to evaluate other possible flow based use suspensions. 

Regional Standard 
This analysis was performed to advance more generalized flow based use suspension 
concepts, such as employing a single rainfall depth based suspension.  Figure 14 shows the 
peak response of the study sections to events with varying rainfall depths.  These correlations 
are weak and may not provide a tool that can be used by the Task Force to understand the 
magnitude of depth-velocity product associated with different rainfall events.  Spatially 
varying rainfall patterns in drainage areas of large reaches may result in inaccurate 
extrapolation of point measurements.  Due to the size of the study reach drainage areas and 
the limited number of available hourly recording rainfall gauges, the rainfall depth at the 
nearby station may not have been representative of the actual conditions over the entire 
watershed.  To account for spatial variability in rainfall analytical methods would become 
more cumbersome and would require use of multiple rain gauges in the vicinity of the study 
reach drainage area.  This analysis found that there is not a sufficient distribution of hourly 
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recording rainfall gauges in the region to warrant area-weighted averaging or complex spatial 
interpolation methods. 

Water temperature was also evaluated in relation to waterbodies in other states that have a 
seasonal exemption of recreational use.  Water temperatures in the Santa Ana River are 
typically a few degrees warmer, but not significantly warmer, at the beginning and end of the 
exempt period in Saline Bayou, Peachtree Creek, and the Oleganty River located in Louisiana, 
Georgia, and Ohio, respectively.   

Depth-velocity product is a function of flow and channel morphology.  Extrapolation of 
individual section results to entire reaches with limited flow data records and diverse 
morphology might not be feasible.  The Receiving Water Attribute Determination Task, 
performed as part of Phase 2 of the SQSS, characterizes the complete length of channel, 
including its morphology, for all three study reaches.  Figure 18 shows flow gauges within 
the Santa Ana River Basin that are recording real-time flow.  Similar analyses could be 
performed at all of these stations in an effort to develop reach specific flow-based use 
suspensions.  Additionally, there are many reaches listed in the Santa Ana River Basin Water 
Quality Control Plan without continuous flow records that would require hydrologic and 
hydraulic modeling to develop flow-based use suspensions. 

Several findings from this detailed hydraulic analysis can assist the Task Force in developing 
regional use suspensions related to the seasonality of flow, characteristics of storm events, 
and the likely distribution of flow conditions.  The development of regional use suspensions 
could reduce the level of effort associated with abovementioned approaches and may provide 
the Regional Board with a standard that is simpler to implement. 

Collective Findings 
Several of the flow analyses completed for the three study sections generated results that 
would likely apply to other similar waterbodies in the Santa Ana River Basin.  The 
distribution of storms throughout the year shown in Figure 17 for each study section could be 
used to assess the seasonality of wet weather driven flow conditions within most inland 
channels of the Santa Ana River Basin.  These overlays of annual time series show that most 
high flow events occur between the months of October and May and that very few events 
occur during the months of July through September.  This trend is a function of regional 
climate patterns; conditions may be very different for waterbodies at higher elevations than 
the three study reaches. 

Time series plots of storm events showed that the three study reaches exhibited a similar 
response to storm events of varying sizes despite the very different drainage areas and land 
use distributions between the study reaches.  Generally, the time between the beginning of 
the storm and the peak of flow was about 6 hours and the time between the peak and return 
to pre-event conditions was less than 18 hours.  Not only was this timing similar between 
reaches, the response was similar regardless of the size of the event.  Consequently, it can be 
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deduced that most events in flood control channels are flashy, whereby they quickly reach a 
peak condition and recede to pre-event levels within 24 hours.  Based on the study section 
data, event hydrographs with long recessions are not typical in Santa Ana River Basin flood 
control channels. 
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Figure 18
Santa Ana River Basin Stream Flow Stations
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Memorandum 
 
To: Stormwater Quality Standards Study Task Force 
 
From: CDM 
 
Date: November 28, 2005 
 
Subject: Technical Memorandum – Receiving Water Attribute Determination 

Attribute maps of three study reaches were developed for the Stormwater Quality Standards 
Study Task Force (Task Force).  These maps show the physical characteristics of segments 
within each study reach, and define segments with uniform characteristics. The information 
can be used to assist the Task Force assess physical channel conditions related to recreational 
use potential within the three study reaches. The three study reaches are: 

 Santa Ana Delhi Channel from Upper Newport Bay to Warner Avenue in the City 
of Santa Ana (Not  named in the Basin Plan) 

 Temescal Wash from Prado Wetlands to the Riverside Canal (Reaches 1A and 1B 
in the Basin Plan) 

 Mill-Cucamonga Creek from Prado Wetlands to the confluence of Old Deer Creek 
and Cucamonga Creek (Mill Creek in the Basin Plan) 

Attribute Set 
During the August 25, 2005 Task Force Meeting, CDM presented a draft list of attribute data 
to be recorded for each of the study reaches.  Modifications were made to the attribute set 
based on comments that were received by Task Force members.  The following attributes 
were identified for each of the study reaches: 

 Bed material 

 Side slope material 

 Bottom width 

 Side slope 

 Channel height 
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 Longitudinal slope 

 Presence/Absence of low-flow channel 

 Presence/Absence of fencing 

Source Data 
Record drawings were obtained from Orange County Resources and Development 
Management Department (RDMD), Riverside County Flood Control District (RCFCD), and 
San Bernardino County Flood Control District (SBCFCD).  Attribute data was extracted from 
the record drawings and used to identify segments with common characteristics.  Field 
verification was conducted to verify channel characteristic data obtained from the record 
drawings.  Transitions between segments were determined by identifying where changes in 
the attributes occur.   

Transitions between Segments 
Segments were identified based on relevant characteristics changes.  For instance, if the 
bottom width of the channel increased or decreased by 20 percent or more, then a new 
segment was introduced.   Other attribute changes that led to identification of a new segment 
within each reach were changes in bed material and side slope material (concrete, rip-rap, or 
natural), side slope (vertical, trapezoidal, or natural), or the existence of a low flow channel 
(absent or present).  Station data at the segment transitions was recorded to facilitate mapping 
of like segments for each study reach. 

The existence of fencing was also verified.  According to record drawings, sections of 
channels in highly urbanized or developed areas were for the most part fenced and gated.  In 
some natural sections of the channels, fencing is not present, but gates are present near road 
access points (bridge crossings).   

Mapping 
Maps were developed for each of the study reaches that indicate the start and end of like 
segments.  Each segment is identified with a unique segment name. Attribute data for each 
segment is presented in a table format for each map at the end of this memorandum (Table 1).   
Sections of two segments in the Santa Ana Delhi Channel reach are closed culvert sections, as 
the channel crosses under two major highways.  

The Task Force concurred that the surrounding land use would be an important characteristic 
for evaluation.  The maps are overlaid upon a Southern California Area Government land use 
GIS layer.  



A CLIENT COMPUTED BY Jesse Aguilar

PROJECT DATE 11/28/2005

Ontario, CA DETAIL PAGE NO. 1 of 1

Segment ID Bottom Width
(Ft)

Depth
(Ft)

Side Slope
(Ft) Side Material Bed Material Bed Long. Slope Length (Ft) 

(Approximate)
Low Flow 
Channel Fence Record Drawing 

Station Range

Temescal Wash 80 to 130 11 to 16 Varies Varies Varies 0.20% to 3.60% 30,908                                Varies Both Sides 20+32 to 203+60
TW1 N/A N/A Natural Natural Natural N/A 12,580                                N/A None N/A
TW2 80 to 100 11 2 to 1 Rip-Rap Rip-Rap 0.20% 1,868                                  No Both Sides 20+32 to 39+00
TW3 100 14 1.5 to 1 Concrete Concrete 0.43% 7,010                                  Yes Both Sides 39+00 to 109+10
TW4 130 16 1.5 to 1 Concrete Concrete 3.60% 190                                     Yes Both Sides 109+10 to 111+00
TW5 84 14 Vertical Concrete Concrete 0.32% 9,260                                  No Both Sides 111+00 to 203+60

Segment ID Bottom Width
(Ft)

Depth
(Ft)

Side Slope
(Ft) Side Material Bed Material Bed Long. Slope  Length (Ft) 

(Approximate) 
Low Flow 
Channel Fence Record Drawing 

Station Range

Santa Ana Delhi Channel 22 to 55 14 to 15.5 Varies Varies  Varies 0.045% to 2.0% 29,091                                Varies Both Sides 16+00 to 288+71
SAD1 N/A N/A Natural Natural Natural N/A 1,820                                  N/A None N/A
SAD2 * 22 to 24 15.5 1.25 to 1 Rip-Rap/Concrete Rip-Rap 0.07% to 2.0% 2,410                                  No Both Sides 16+00 to 40+10
SAD3 ** 55 14.5 Vertical Concrete Concrete 0.045% to 0.070 12,467                                Yes Both Sides 40+10 to 164+77
SAD4 *** 50 14 Vertical Concrete Concrete 0.07% 4,423                                  Yes Both Sides 164+77 to 209+00
SAD5 20 14 2 to 1 Rip Rap Rip Rap 0.07% 4,913                                  Yes Both Sides 209+00 to 258+13
SAD6 32 14 Vertical Concrete Concrete 0.07% 3,058                                  No Both Sides 258+13 to 288+71

Segment ID Bottom Width
(Ft)

Depth
(Ft)

Side Slope
(Ft) Side Material Bed Material Bed Long. Slope  Length (Ft) 

(Approximate) 
Low Flow 
Channel Fence Record Drawing 

Station Range

Mill Cucamonga Creek 70 to 138 16 to 18 Varies Varies Varies 0.07% to 1.0% 32,372                                No Varies 225+48 to 457+00
CC1 N/A N/A N/A Natural Natural N/A 9,220                                  N/A None N/A
CC2 138 17 4 to 1 Rip-Rap Natural 0.07% 952                                     No Gate Fence 225+48 to 235+00
CC3 70 to 78 18 2 to 1 Concrete Concrete 0.61% to 1.0% 20,050                                No Both sides 235+00 to 435+50
CC4 70 to 110 16 Vertical Concrete Concrete 0.72% 750                                     No Both sides 435+50 to 443+00
CC5 86 16 Vertical Concrete Concrete 0.72% 1,400                                  No West Side (Gate Fence on The East Side) 443+00 to 457+00

    

Stormwater Quality Standards Study Task Force

Phase II Channel Atributes

*     Drawings show side slope material to be rip-rap on the east side of the channel.  Field verification indicates some rip-rap segments have become more natrual in material typel.  A portion of the west side is concrete material.
**   The channel is a closed culvert North of Bristol Avenue at the Costa Mesa Freeway (Hwy 55) for approximately half a mile and it comes back to surface South of Baker Avenue.
***  The channel is a closed culvert South of the 405 Highway for approximately half a mile and then is an open channel South of Sunflower Avenue.

Segment Breaks for Temescal Wash, Santa Ana Delhi Channel, and Cucamonga Creek
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Memorandum 
 
To: Stormwater Quality Standards Study Task Force 
 
From: CDM 
 
Date: December 12, 2005 
 
Subject: Review of State Recreational Uses and Bacteria Objectives 

Introduction 
A comprehensive review of state water quality standards was conducted to characterize 
freshwater recreational beneficial uses and associated water quality objectives for bacteria. 
This review was conducted to identify the following: 

 The range of approved recreational uses and their associated bacteria objectives 

 How water quality standards for states compare with recommended U.S. Environmental 
Protection Agency (EPA) federal water quality standards for bacteria 

 Alternative approaches to implement bacteria water quality objectives or assess compliance 

Methodology 
For each state, two general pieces of information were sought from the state's adopted water 
quality standards: 

 Approach for designating freshwaters with recreational uses 

 Objectives associated with each recreational use category 

In a couple of instances information regarding proposed standards is provided if the 
proposed changes substantively change the existing standards. In addition, any language 
contained in the water quality standards regarding implementation, e.g., seasonal 
applicability and flow exemptions, was documented – but only if the information was 
contained in the water quality standards regulations. State implementation documents were 
not reviewed; thus, to fully understand the nuances of how a particular provision is 
implemented in practice would require further investigation. 

All 50 states were included in the analysis. For the most part, water quality standards 
information was gathered from the websites of the state agencies responsible for the 
development and implementation of water quality standards. In several instances, primarily 
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at the direction of the Task Force, the state agency was contacted directly to gather additional 
information.  

Results and Discussion 
State by state summaries of recreational uses and objectives are provided in Appendix A. 
Table 1 provides a guide to the state-by-state summaries per EPA regions. 

Table 1 Location of State-by-State Summaries in Appendix A 
EPA 

Region State 
Page 
No. 

EPA 
Region State 

Page 
No. 

Region 1 Connecticut 11 Region 7 Iowa 37 
 Maine 11  Kansas 38 
 Massachusetts 12  Missouri 42 
 New Hampshire 13  Nebraska 42 
 Rhode Island 13 Region 8 Colorado 43 
 Vermont 14  Montana 44 

Region 2 New Jersey 15  North Dakota 45 
 New York 15  South Dakota 45 

Region 3 Delaware 16  Utah 46 
 Maryland 16  Wyoming 46 
 Pennsylvania 17 Region 9 Arizona 47 
 Virginia 17  California 48 
 West Virginia 18  California - North Coast (1) 49 

Region 4 Alabama 19  California - San Francisco Bay (2) 49 
 Florida 21  California - Central Coast (3) 51 
 Georgia 21  California - Los Angeles (4) 51 
 Kentucky 22  California - Central Valley (5) 52 
 Mississippi 22  California - Lahonton (6) 53 
 North Carolina 24  California - Colorado River (7) 53 
 South Carolina 24  California - Santa Ana (8) 54 
 Tennessee 25  California - San Diego (9) 54 

Region 5 Illinois 25  Hawaii 55 
 Indiana 26  Nevada 56 
 Michigan 26 Region 10 Alaska 57 
 Minnesota 28  Idaho 57 
 Ohio 30  Oregon 58 
 Wisconsin 32  Washington 59 

Region 6 Arkansas 33 
 Louisiana 34 
 New Mexico 34 
 Oklahoma 35 
 Texas 36 

 

 
The following sections provide a summary of the commonalities among states as well as the 
unique and interesting approaches used by states to establish water quality standards 
regulations to protect recreational activities. 
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Recreational Use Categories 
States are using two basic approaches for establishing recreational uses in freshwaters: 

 Use-based - Establishing the recreational uses and then applying them to specific 
waterbodies, e.g., application of a REC-1 use to the Santa Ana River. 

 Class-based - Establishing "classes" of waters and then assigning combinations of uses, 
including recreational uses, to the established classes. For example, Class A or Class 1 is 
typically used to identify waters with the best expectations for water quality and have uses 
with the most restrictive objectives. 

Interestingly, the class-based approach seems to be more common in the east than in the west 
where the use-based approach appeared to be more common (western exceptions are 
Montana and Wyoming). While fundamentally different, the alternative approaches have 
little bearing on the water quality objectives established. However, for states using a class-
based approach it was often unclear how the state assigns a waterbody to a particular class.  

Overall, it appeared that there was more similarity among states within EPA regions in their 
approach for protecting recreational uses than between states in different EPA regions. This 
observation is not particularly surprising since states within the same EPA region would 
likely receive similar guidance on how to develop approvable water quality standards.  

States use various terminologies to recognize two basic types of recreational uses. These types 
and examples of alternative terminology include: primary contact (full-body contact, 
immersion recreation) and secondary contact (partial-body contact, incidental contact). 
Without exception the former refers to situations where water ingestion or submergence is 
likely as a result of recreational activity; the latter refers to situations where ingestion or 
submergence is unlikely.  

All states have established some form of primary contact use. In addition, it is fairly common 
for states to have also established a secondary contact use, e.g., Massachusetts, Rhode Island, 
Kentucky, Mississippi, Ohio, Iowa, Kansas, Missouri, Oklahoma, Louisiana, Arkansas, New 
Mexico, Texas, Colorado, Montana, South Dakota, Utah, Wyoming, Arizona, Nevada, and 
Idaho. 

 Some states have not established a separate use for secondary contact, but instead established 
a seasonal exemption, which for all practical purposes serves the same purpose as 
establishing a secondary contact use. Examples include: Indiana, Maine, Vermont, Georgia, 
and North Dakota. 
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Water Quality Objectives 
Considerable variation was found from state to state regarding the objectives applicable to 
recreational uses. The following text provides some general observations, but the details can 
be important and should be reviewed for each state (see Table 1, Appendix A).  

Type of Bacteria Objectives 
Although EPA guidance has recommended since 1986 that states use E. coli as the primary 
freshwater pathogen indicator applicable to recreational uses, many states still rely on fecal 
coliform as the primary pathogen indicator. Some states still rely on both fecal coliform and 
E. coli; and, interestingly, a few eastern states still use both fecal and total coliform objectives 
(e.g., see New York, Rhode Island, Pennsylvania, and Florida). Two states rely on only 
Enterococcus for both fresh and marine waters: Delaware and Hawaii.  

Water Quality Objectives 
States typically adopt numeric objectives for pathogen indicators. However, some examples 
of narrative objectives were identified. Accordingly, narrative and numeric objectives are 
discussed separately. 

Narrative Objectives 
Several states rely on a narrative objective rather than numeric objective for situations where 
a secondary contact type use is applicable – either because the waterbody is designated as 
such or because of a seasonal exemption, i.e., primary contact recreation does not apply. 
Examples of states with narrative objectives include: 

 Oklahoma – Waters so designated [secondary body contact recreation] shall be maintained 
to be free from human pathogens in numbers that may produce adverse health effects in 
humans. The water quality requirements for secondary body contact recreation are usually 
not as stringent as for primary body contact recreation. 

 Rhode Island, for Class C waters – none [bacteria] in such concentrations that would impair 
any usages specifically assigned to this class. 

 Mississippi, for ephemeral waters – bacteria objectives are assigned where the "probability 
of a public health hazard or other circumstances so warrant." 

To fully understand how these narrative objectives are implemented in practice would 
require further investigation. 

Numeric Objectives 
The most commonly observed objectives for primary contact recreation were derived from 
EPA guidance either for fecal coliform or E. coli (Note: A few states have more stringent 
objectives for primary contact for certain classes of waters, e.g., see Maine, New Hampshire, 
Rhode Island, and Vermont):  
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 Fecal coliform – 200 colony forming units (cfu)/100 mL (geometric mean) and 400 cfu/ 
100 mL (single sample maximum or 10 percent of observations) 

 E. coli – 126 cfu/100 mL (geometric mean) and 235 cfu/100 mL (single sample maximum or 
10 percent of observations) 

EPA has not provided clear guidance on the establishment of secondary contact recreation 
objectives for E. coli, but does indicate that objectives that are five times higher than the 
primary contact objectives may be acceptable. This "five times" approach is often used with 
fecal coliform, where states use 1,000 (geometric mean) and 2,000 cfu/100 mL (single sample 
or 10 percent of samples) for secondary contact instead of the 200 and 400 cfu/100 mL used 
for primary contact. A review of the state's objectives found that states have a variety of 
objectives for secondary contact recreation ranging from only slightly less stringent than 
primary contact objectives to substantially different. Following are some examples of 
secondary contact objectives adopted by states to illustrate the range of approved approaches:  

 Massachusetts – Class C waters shall not exceed a geometric mean of 1,000 cfu/100 mL, nor 
shall 10 percent of the samples exceed 2,000 cfu/100 mL. 

 Delaware – Geometric mean of Enterococcus shall not exceed 500 cfu/100 mL; single sample 
shall not exceed 925 cfu/100 mL. 

 Kentucky – Fecal coliform shall not exceed 1,000 cfu/100 mL as a 30-day geometric mean 
based on not less than five samples; not exceed 2,000 cfu/100 mL in 20 percent or more of 
all samples taken during a 30-day period. 

 Ohio – Fecal coliform shall not exceed 5,000 cfu/100 mL in more than 10 percent of the 
samples taken during any 30-day period; E. coli shall not exceed 576 cfu/100 mL in more 
than 10 percent of the samples taken during any 30-day period. 

 Iowa – March 15 to November 15 – E. coli 630 cfu/100 mL geometric mean; 2,880 cfu/ 
100 mL single sample maximum; remainder of the year the bacteria objectives do not 
apply. 

 Kansas – For stream segments, geometric mean objectives, Class A – E. coli 2,358 cfu/ 
100 mL; Class B – 3,843 cfu/100 mL; lake/reservoir/pond geometric mean objectives 
slightly more stringent.  

 Louisiana – No more than 25 percent of the total samples collected on a monthly or near 
monthly basis shall exceed a fecal coliform density of 2,000 cfu/100 mL 

 Arkansas – Fecal coliform shall not exceed a geometric mean of 1,000 cfu/100 mL, or a 
monthly maximum of 2,000 cfu/100 mL. E. coli values shall not exceed the geometric mean 
of 630 cfu/100 mL or a monthly maximum of 1,490 cfu/100 mL for lakes, reservoirs and 
Extraordinary Resource Waters, and 2,050 cfu/100 mL for other rivers and streams. 
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 New Mexico – New Mexico uses an acceptable illness rate of 14 in 1,000 to establish its 
geometric mean for secondary contact (548 cfu/100 mL). The single sample objective of 
2,507 cfu/100 mL is based on the 95 percent confidence level of infrequently used waters.  

 Texas – The geometric mean of E. coli should not exceed 605 cfu/100 mL. 

 Colorado – E. coli, 630 cfu/100 mL, geometric mean; fecal coliform, 2,000 cfu/100 mL, 
geometric mean. 

 South Dakota – Applicable only from May 1 to September 30; fecal coliform ≤ 1,000 cfu/ 
100 mL geometric mean based on a minimum of five samples obtained during separate 
24-hour periods for any 30-day period, and they may not exceed this value in more than 
20 percent of the samples in this same 30-day period. No single sample may exceed 
2,000 cfu/100 mL. 

 Utah – E. coli, 576 cfu/100 mL, 30-day geometric mean; 940 cfu/100 mL single sample 
maximum. 

 Arizona (Idaho has similar objectives) – Geometric mean (four-sample minimum) 
126 cfu/100 mL; single sample maximum of 576 cfu/100 mL. 

 California – The secondary contact objectives (REC-2) applicable to California's waters vary 
across the nine state regions. Region 6 applies the most stringent criteria, using the same 
criteria to protect both REC-1 and REC-2. However, two regions have no REC-2 objectives 
(Regions 1, 5) and two regions have qualifiers indicating that the REC-2 criteria only apply 
if the waterbody is not designated REC-1 (Regions 4, 9).  

Use of Seasonal Exemptions 
EPA guidance allows the establishment of seasonal exemptions for application of bacteria 
objectives to surface waters. Establishing this exemption recognizes that when water 
temperatures are too cold, the likelihood of recreational activity taking place in a manner that 
ingestion or body submersion occur decreases substantially. Two common approaches for 
using seasonal exemptions were observed:  

 The exemption is total, such that no bacteria objectives apply during the season in which 
the exemption has been established, e.g., Maine, Illinois, Indiana, Ohio, Iowa, Missouri, 
South Dakota, and North Dakota. 

 The primary contact objectives are replaced with less restrictive or secondary contact 
objectives during the seasonal exemption, e.g., Pennsylvania, Georgia, Oklahoma, 
Arkansas, Louisiana, Kansas, Montana, and Wyoming. 

Some variations of the above exist: 

 Vermont allows a provisional seasonal exemption, which is implemented as a waiver 
under an NPDES permit.  
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 Kentucky replaces the primary contact single sample maximum objective with the 
secondary contact objective from November through April. However, it appears that the 
geometric mean objective is applicable year-round. 

 Minnesota has different seasonal exemption periods depending on whether the waterbody 
is protected for primary or secondary contact recreation. For the former the exemption 
exists between November 1 and March 31. For waters protected only for secondary contact, 
the exemption exists from November 1 to April 30. 

For the most part, the seasonal exemption exists for the months November 1 through March 
31. However, a few states, e.g., North and South Dakota and Wyoming, have longer 
exemptions lasting from October 1 through April 30.  

Unique and Interesting Elements 
A number of interesting elements incorporated into specific state water quality standards 
were noted. Most of these elements are generally implementation related and can affect how 
permits are implemented or how bacteria objectives are assessed. Some of the more 
interesting examples are highlighted below: 

 Georgia, Washington, and New Hampshire have rule language that indicates recognition 
that non-human sources of bacteria may impact compliance with a water quality objective. 
Only Georgia has established alternative objectives where a non-human component has 
been identified (see italicized language); however, the state is considering removing these 
alternative objectives in a future standards revision. The current language is as follows: 

For the months of May through October, when water contact recreation activities are 
expected to occur, fecal coliform not to exceed a geometric mean of 200 cfu/100 mL 
based on at least four samples collected from a given sampling site over a 30-day 
period at intervals not less than 24 hours. Should water quality and sanitary studies show 
fecal coliform levels from nonhuman sources exceed 200 cfu/100 mL (geometric mean) 
occasionally, then the allowable geometric mean fecal coliform shall not exceed 300 per 100 mL 
in lakes and reservoirs and 500 per 100 mL in free flowing freshwater streams. 

 Several states have statements in their water quality standards relating to the need to 
disinfect wastewater only during recreational periods. For example: 

− Connecticut states that "recreational uses in Class B waters do not apply when 
disinfection of effluent is not required consistent with Standard 23" (Note: Standard 23 
allows for seasonal disinfection in certain parts of the state). 

− New York's standards state that "the total and fecal coliform standards for Classes B, C, 
and D shall be met during all periods when disinfection is practiced." It was not clear 
from the standards when this rule would be applied, but it suggests that disinfection is 
not required during certain times of the year.  
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 Arkansas has a unique method for deciding where primary or secondary contact applies. If 
a watershed is greater than 10 mi2 in area, then primary contact applies. For smaller 
watersheds, primary contact is applied only after "site verification."  

 Florida exempts "secondary and tertiary canals" from recreational standards. 

 Arizona has agricultural and public water supply uses established on many canals (so-
called Phoenix area and Yuma area canals), but no recreational uses. 

 Most states have geometric means as part of their bacteria objectives and apply them on a 
30-day basis. Three notable exceptions were observed: 

− Louisiana applies no geometric mean. For example, the primary contact objective states: 
"No more than 25 percent of the total samples collected on a monthly or near monthly 
basis shall exceed a fecal coliform density of 400 cfu/100 mL." 

− New Hampshire uses a 60-day geometric mean. 

− Nevada applies an annual geometric mean for many of its waters that have E. coli 
geometric mean objectives established.  

 Kansas has the most number of recreation use subcategories of any state. Uses have been 
separated for lakes and streams, and the state has recognized public access potential as part 
of its basis for classifying waters. In its approval letter(Appendix B), EPA notes that access 
may not be used as a basis for establishing uses and objectives; however, because the 
objectives associated with the access-based subcategories were appropriately derived using 
a risk management approach (consistent with EPA guidance), EPA approved the Kansas 
regulations. 

 Kansas and California Region 4 appear to be the only jurisdictions reviewed that have 
established a high flow exemption. 

 Illinois water quality standards include a statement that provides an off-ramp from 
application of bacteria water quality objectives if certain conditions exist: "Waters unsuited 
to support primary contact uses because of physical, hydrologic, or geographic 
configuration and are located in areas unlikely to be frequented by the public on a routine 
basis as determined by the Agency are exempt from this standard." It is unknown how this 
narrative statement is implemented in practice.  

 Wisconsin has established a substantial variance in the "Southeast District" of the state that 
includes a heavily urbanized area. For a number of waters, the applicable objectives for 
fecal coliform shall not exceed 1,000 cfu/100 mL as a monthly geometric mean based on not 
less than five samples per month nor exceed 2,000 cfu/100 mL in more than 10 percent of 
all samples during any month. 

 Iowa recognizes a use subcategory for children recreational activity; however, the 
objectives are the same as the objectives for adult primary contact. 
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 In Idaho a single water sample exceeding an E. coli standard does not in itself constitute a 
violation of water quality standards, additional samples shall be taken for the purpose of 
comparing the results to the geometric mean objectives. 

 Idaho has successfully conducted use attainability analyses (UAAs) that recognize safety as 
a factor for reclassifying waters from primary to secondary contact.  
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Appendix A – Summary of State Water Quality Standards for 
Protection of Recreational Uses 
Table 1 provides a guide to the page number where each state’s summary may be found. 

Table 1 Location of State-by-State Summaries in Appendix A 
EPA 

Region State 
Page 
No. 

EPA 
Region State 

Page 
No. 

Region 1 Connecticut 11 Region 7 Iowa 37 
 Maine 11  Kansas 38 
 Massachusetts 12  Missouri 42 
 New Hampshire 13  Nebraska 42 
 Rhode Island 13 Region 8 Colorado 43 
 Vermont 14  Montana 44 

Region 2 New Jersey 15  North Dakota 45 
 New York 15  South Dakota 45 

Region 3 Delaware 16  Utah 46 
 Maryland 16  Wyoming 46 
 Pennsylvania 17 Region 9 Arizona 47 
 Virginia 17  California 48 
 West Virginia 18  California - North Coast (1) 49 

Region 4 Alabama 19  California - San Francisco Bay (2) 49 
 Florida 21  California - Central Coast (3) 51 
 Georgia 21  California - Los Angeles (4) 51 
 Kentucky 22  California - Central Valley (5) 52 
 Mississippi 22  California - Lahonton (6) 53 
 North Carolina 24  California - Colorado River (7) 53 
 South Carolina 24  California - Santa Ana (8) 54 
 Tennessee 25  California - San Diego (9) 54 

Region 5 Illinois 25  Hawaii 55 
 Indiana 26  Nevada 56 
 Michigan 26 Region 10 Alaska 57 
 Minnesota 28  Idaho 57 
 Ohio 30  Oregon 58 
 Wisconsin 32  Washington 59 

Region 6 Arkansas 33 
 Louisiana 34 
 New Mexico 34 
 Oklahoma 35 
 Texas 36 

 

 



 
 
Recreational Uses and Bacteria Objectives 
December 12, 2005 
Page 11 

 

 
EPA Region 1 
Connecticut 
Recreational Use Categories 
The state has adopted a general definition for recreational use – active or passive water-
related leisure activities such as fishing, swimming, boating, and aesthetic appreciation. 

Numeric Objectives 
Connecticut's bacteria objectives for freshwaters are as follows (Note: it is not clear how these 
categories and classes are applied to specific waters): 

 Designated Swimming; Classes AA, A, or B – E. coli, geometric mean less than 126 cfu/ 
100 mL; single sample maximum 235/100 mL 

 Non-designated Swimming AA, A, or B – E. coli, geometric mean less than 126/100 mL; 
single sample maximum 410 cfu/100 mL 

 All Other Recreational Uses AA, A, B – E. coli, geometric mean less than 126/100 mL; single 
sample maximum 576 cfu/100 mL 

Standards note that recreational uses in Class B waters do not apply when disinfection of 
effluent is not required consistent with "Standard 23" (allows for seasonal disinfection only in 
certain parts of the state). 

Maine 
Recreational Use Categories 
No specific recreational uses have been defined; instead, surface waters are organized by 
classes (AA, A, B, and C). Each class has specific bacteria objectives. 

Numeric Objectives 
Bacteria objectives dependent on the waterbody class: 

 Class AA and A – Bacteria of waters shall be as naturally occurs 

 Class B – Between May 15 and September 30, the number of E. coli bacteria of human origin 
in these waters may not exceed a geometric mean of 64 cfu/100 mL or an instantaneous 
level of 427 cfu/100 mL 

 Class C - Between May 15 and September 30, the number of E. coli bacteria of human origin 
in these waters may not exceed a geometric mean of 142 cfu/100 mL or an instantaneous 
level of 949 cfu/100 mL 

At the request of the Task Force, to better understand how Maine implements the provision 
regarding bacteria "of human origin," Susan Davies of the Maine Department of 
Environmental Protection was contacted. Her response was as follows: 
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"We have been interested in the microbial source tracking library for New England but 
it has had limited success. We don't have any sophisticated diagnostic methods of our 
own. Our management approach is more based on logical and reasonable expectations. 
We make some assumptions that E. coli and Enterococci are indicative of 'human origin'. 
Recreational uses are managed by only applying the bacterial standards during 
'reasonable' swimming seasons for Maine. If there are not any sources of human activity 
in minimally disturbed watersheds (a very common circumstance in northern and 
Downeast Maine), we generally assume that bacteria are caused by wildlife, and are not 
of human origin, and therefore not a water quality problem that can be reasonably 
addressed by state management. We are interested in the recent bacterial DNA research 
that Jack Parr at [the] EPA Regional Lab in Chelmsford, MA has reported on, but it is 
not ready for use in monitoring yet. Unfortunately we don't have any other tricks to 
diagnose 'of human and domestic origin'." 

Massachusetts 
Recreational Use Categories 

 Primary Contact Recreation – Any recreation or other water use in which there is 
prolonged and intimate contact with the water with a significant risk of ingestion of water. 
These include, but are not limited to, wading, swimming, diving, surfing, and water skiing. 

 Secondary Contact Recreation – Any recreation or other water use in which the contact 
with the water is either incidental or accidental. These include but are not limited to 
fishing, boating, and limited contact incident to shoreline activities. 

Inland waters divided into Classes A, B, and C. Primary and Secondary Contact Recreation 
apply to both Classes A and B; only Secondary Contact Recreation applies to Class C.  

Numeric Objectives 
The following fecal coliform objectives apply to each of the waterbody classes: 

 Class A – Shall not exceed an arithmetic mean of 20 cfu/100 mL in any representative set of 
samples, nor shall 10 percent of the samples exceed 100 cfu/100 mL. More stringent 
regulations may apply for specific waters. 

 Class B – Shall not exceed a geometric mean of 200 cfu/100 mL in any representative set of 
samples nor shall more than 10 percent of the samples exceed 400 cfu/100 mL. This 
criterion may be applied on a seasonal basis at the discretion of the Department. 

 Class C – Shall not exceed a geometric mean of 1,000 cfu/100 mL, nor shall 10 percent of 
the samples exceed 2,000 cfu/100 mL. 
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New Hampshire 
Recreational Use Categories 
Waters divided into Class A ("highest quality") and B ("second highest quality"). It was not 
apparent how waters are classified as A or B. 

Numeric Objectives 
 Class A – shall contain not more than either a geometric mean based on at least three 

samples obtained over a 60-day period of 47 E. coli/100 mL, or > 153 E. coli/100 mL in any 
one sample; and for designated beach areas shall contain not more than a geometric mean 
based on at least three samples obtained over a 60-day period of 47 E. coli/100 mL, or 
88 E. coli/ 100 mL in any one sample; unless naturally occurring. There shall be no 
discharge of any sewage or wastes into waters of this classification.  

 Class B – shall contain not more than either a geometric mean based on at least three 
samples obtained over a 60-day period of 126 E. coli/100 mL, or > 406 E. coli/100 mL in any 
one sample; and for designated beach areas shall contain not more than a geometric mean 
based on at least three samples obtained over a 60-day period of 47 E. coli/100 mL, or 
88 E. coli/100 mL in any one sample; unless naturally occurring. 

Rhode Island 
Recreational Use Categories 

 Primary Contact Recreation – any recreational activities in which there is prolonged and 
intimate contact by the human body with the water, involving considerable risk of 
ingesting waters, such as swimming, diving, water skiing, and surfing. 

 Secondary Contact Recreation – any recreational activities in which there is minimal 
contact by the human body with the water, and the probability of ingestion of the water is 
minimal, such as boating and fishing. 

Classification of waters dictates which uses apply: 

 Class A, B, B1 – protected for both primary and secondary contact recreational activities 

 Class C – protected only for secondary contact recreation  

Numeric Objectives 
 Class A Waters 

− Total Coliform – Not to exceed a geometric mean value of 100 and not more than 
10 percent of the samples shall exceed a value of 500. 

− Fecal Coliform – Not to exceed a geometric mean value of 20 and not more than 
10 percent of the samples shall exceed a value of 200. 

 Class B Waters 
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− Total Coliform - Not to exceed a geometric mean value of 1,000 and not more than 
20 percent of the samples shall exceed a value of 2,400. 

− Fecal Coliform - Not to exceed a geometric mean value of 200 and not more than 
20 percent of the samples shall exceed a value of 500. 

 Class C Waters 

− None in such concentrations that would impair any usages specifically assigned to this 
class. 

Vermont 
Recreational Use Categories 
Waters divided into Class A(1) Ecological Waters (high quality waters). Class A(2) Public 
Water Supplies and Class B Waters . All classes protected for "Swimming and other Primary 
Contact Recreation." 

The definitions for "Swimming and other Primary Contact Recreation" vary depending on the 
class: 

 Class A(1) – highest quality in waters, in their natural condition with negligible risk of 
illness or injury from conditions that are a result of human activities. 

 Class A(2) – in waters that pose negligible risk of illness due to conditions that are a result 
of human activities but managed as necessary for consistency with use as a public water 
supply. 

 Class B – waters suitable for swimming and other forms of water based recreation where 
sustained direct contact with the water occurs and, where attainable, suitable for these uses 
at very low risk of illness based on Water Management Type designation. 

Numeric Objectives 
 Class A(1) and A(2) – E. coli - Not to exceed a geometric mean based on at least three 

samples obtained over a 30 day period of 18 cfu/100 mL, no single sample above 33 cfu/ 
100 mL. No bacteria attributable to the discharge of wastes. 

 Class B – E. coli not to exceed 77 cfu/100mL. The Secretary may, by permit condition, waive 
compliance with this criterion during all or any portion of the period between October 31 
and April 1, provided that a health hazard is not created. The Secretary shall provide 
written notice to the Vermont Department of Health prior to issuing a permit waiving 
compliance with the E. coli criterion. 
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EPA Region 2 
New Jersey 
Recreational Use Categories 
The primary and secondary contact recreation uses generally apply to all freshwaters. 

 Primary Contact Recreation - water related recreational activities that involve significant 
ingestion risks and includes, but is not limited to, wading, swimming, diving, surfing, and 
water skiing. 

 Secondary Contact Recreation - recreational activities where the probability of water 
ingestion is minimal and includes, but is not limited to, boating and fishing. 

Numeric Objectives 
The following objectives apply to all freshwaters: 

 Fecal coliform levels shall not exceed a geometric average of 200 cfu/100 mL nor should 
more than 10 percent of the total samples taken during any 30-day period exceed 
400 cfu/100 mL. 

 Enterococci levels shall not exceed a geometric mean of 33 cfu/100 mL, nor shall any single 
sample exceed 61 cfu/100 mL. 

 Samples shall be obtained at sufficient frequencies and at locations during periods that will 
permit valid interpretation of laboratory analyses. As a guideline and for the purpose of 
these regulations, a minimum of five samples as equally spaced over a 30-day period, as 
feasible, should be collected; however, the number of samples, frequencies, and locations 
will be determined by the Department or other appropriate agency in any particular case. 

New York 
Recreational Use Categories 
Both recreational uses appear to be applicable to all classes of freshwaters. 

 Primary Contact Recreation – recreational activities where the human body may come in 
direct contact with raw water to the point of complete body submergence. Primary contact 
recreation includes, but is not limited to swimming, diving, water skiing, skin diving, and 
surfing. 

 Secondary Contact Recreation Mentioned - recreational activities where contact with the 
water is minimal and where ingestion of the water is not probable. Secondary contact 
recreation includes, but is not limited to, fishing and boating. 
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Numeric Objectives 
 Total Coliform 

− Class AA – The monthly median value and more than 20 percent of the samples, from a 
minimum of five examinations, shall not exceed 50 and 240 cfu/100 mL, respectively. 

− Class A, B, C, D – The monthly median value and more than 20 percent of the samples, 
from a minimum of five examinations, shall not exceed 2,400 and 5,000 cfu/100 mL, 
respectively. 

− Class A-Special – The geometric mean, of not less than five samples, taken over not more 
than a 30-day period shall not exceed 1,000 cfu/100 mL. 

 Fecal Coliform  

− Class A, B, C, and D – The monthly geometric mean, from a minimum of five 
examinations, shall not exceed 200 cfu/100 mL. 

− Class A-Special – The geometric mean, of not less than five samples, taken over not more 
than a 30-day period shall not exceed 200 cfu/100 mL. 

Standards include following note: The total and fecal coliform standards for Classes B, C, and 
D shall be met during all periods when disinfection is practiced. Not clear how this might 
affect application of objectives. 

EPA Region 3 
Delaware 
Recreational Use Categories 

 Primary Contact Recreation - Any water-based form of recreation, the practice of which has 
a high probability for total body immersion or ingestion of water (examples include but are 
not limited to swimming and water skiing). 

 Secondary Contact Recreation - A water-based form of recreation, the practice of which has 
a low probability for total body immersion or ingestion of water (examples include but are 
not limited to wading, boating, and fishing). 

Numeric Objectives 
 Primary Contact Recreation (Freshwater) – Geometric mean of Enterococcus shall not exceed 

100 cfu/100 mL; single sample shall not exceed 185 cfu/100 mL. 

 Secondary Contact Recreation (Freshwater) – Geometric mean of Enterococcus shall not 
exceed 500 cfu/100 mL; single sample shall not exceed 925 cfu/100 mL. 

Maryland 
Recreational Use Categories 
General Recreational Use classification, "Water Contact Recreation" is applicable to all surface 
waters. 
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Numeric Objectives 
Maryland applies both E. coli and Enterococcus to freshwaters (cfu/100 mL): 

 Single Sample Maximum Allowable Density 

Indicator 

Geometric 
Mean (All 

Areas) 

Frequent Full 
Body Contact 

Recreation 
(Upper 75% CL) 

Moderately 
Frequent Full 
Body Contact 

Recreation 
(Upper 82% CL) 

Occasional Full 
Body Contact 

Recreation 
(Upper 90% CL) 

Infrequent Full 
Body Contact 

Recreation 
(Upper 95% CL) 

Enterococci 33 61 78 107 151 
E. coli 126 235 298 410 576 
 
Pennsylvania 
Recreational Use Categories 
Recreational uses are subdivided into four categories – Boating, Fishing, Water Contact 
Sports, and Esthetics. Although it could not be confirmed, it appears that all four uses apply 
to all waterbodies unless it is has been demonstrated that the existing use is less restrictive.  

Numeric Objectives 
 Fecal coliform - During the swimming season (May 1 through September 30), the 

maximum fecal coliform level shall be a geometric mean of 200 cfu/100 mL based on a 
minimum of five consecutive samples each sample collected on different days during a 
30-day period. No more than 10 percent of the total samples taken during a 30-day period 
may exceed 400/100 mL. For the remainder of the year, the maximum fecal coliform level 
shall be a geometric mean of 2,000 cfu/100 mL based on a minimum of five consecutive 
samples collected on different days during a 30-day period. 

 Total coliform - Maximum of 5,000 cfu/100 ml as a monthly average value, no more than 
this number in more than 20 of the samples collected during a month, nor more than 
20,000 cfu/100 mL in more than 5 percent of the samples. 

Virginia 
Recreational Use Categories 

 Primary Contact Recreation - any water-based form of recreation, the practice of which has 
a high probability for total body immersion or ingestion of water (examples include but are 
not limited to swimming, water skiing, canoeing, and kayaking). 

 Secondary Contact Recreation - a water-based form of recreation, the practice of which has 
a low probability for total body immersion or ingestion of waters (examples include but are 
not limited to wading, boating, and fishing). 

Numeric Objectives 
Fecal coliform bacteria shall not exceed a geometric mean of 200 cfu/100 mL for two or more 
samples over a calendar month nor shall more than 10 percent of the total samples taken 
during any calendar month exceed 400 cfu/100 mL. This criterion shall not apply for a 
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sampling station after the bacterial indicators described for E. coli have a minimum of 12 data 
points or after June 30, 2008, whichever comes first. The applicable E. coli objectives include a 
geometric mean of 126 cfu/100 mL and a single sample maximum of 235 cfu/100 mL: 

West Virginia 
Recreational Use Categories 
West Virginia uses a class system for establishing beneficial uses. Only one recreational use 
class has been established - Category C, Water Contact Recreation. This category, which 
includes swimming, fishing, water skiing, and certain types of pleasure boating such as 
sailing in very small craft and outboard motor boats, is applied as follows: 

"Unless otherwise designated by these rules, at a minimum all waters of the State are 
designated for…Water Contact Recreation (Category C) consistent with Federal Act 
goals. Incidental utilization for whatever purpose may or may not constitute a 
justification for assignment of a water use category to a particular stream segment." 

It is not clear what this statement means with regards to application. Elsewhere in the water 
quality standards, the text state: "See Appendix D for a representative list of category C 
waters." A review of Appendix D shows that this list includes only a portion of the state's 
waters. It is not clear how the state evaluates the applicability of water contact recreation to 
waters not on the list. 

Numeric Objectives 
With the exception of a seasonal exemption for the mainstem Ohio River, the following water 
quality objectives apply to all waters categorized as Category C or Category A (Public Water 
Supply): 

 Maximum allowable level of fecal coliform content for Primary Contact Recreation (either 
MPN or MF) shall not exceed 200 cfu/100 mL as a monthly geometric mean based on not 
less than five samples per month; nor to exceed 400 cfu/100 mL in more than 10 percent of 
all samples taken during the month.  

 Ohio River mainstem seasonal exemption – During the non-recreational season (November 
through April only) the maximum allowable level of fecal coliform for the Ohio River 
(either MPN or MF) shall not exceed 2,000 cfu/100 mL as a monthly geometric mean based 
on not less than five samples per month. 
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EPA Region 4 
Alabama 
Recreational Use Categories 
Under the "General Conditions" section, the regulations state:  

"All waters, where attainable, shall be suitable for recreation in and on the waters 
during the months of June through September except that recreational use is not 
recommended in the vicinity of discharges or other conditions which the Department 
or the Department of Public Health does not control." 

In assigning classifications to waters (choices include Public Water Supply, Outstanding 
Alabama Water, Swimming and Other Whole Body Water-Contact Sports ["Swimming"], 
Shellfish Harvesting, Fish and Wildlife, Limited Warmwater Fishery, Agricultural and 
Industrial Water Supply), the state applies the best use(s) to the water. The state's list of 
waters and their use classifications typically limits each designated waterbody to one or two 
classifications and many are not specifically listed for Swimming. However, per the "General 
Condition" listed above, Swimming is likely presumed to be attainable from June through 
September. 

When specifically designating a waterbody for swimming, the following note, which is 
included in the water quality standards, applies:  

"In assigning this classification to waters intended for swimming and water-contact 
sports, the Commission will take into consideration the relative proximity of 
discharges of wastes and will recognize the potential hazards involved in locating 
swimming areas close to waste discharges. The Commission will not assign this 
classification to waters, the bacterial quality of which is dependent upon adequate 
disinfection of waste and where the interruption of such treatment would render the 
water unsafe for bathing." 

Numeric Objectives 
If waterbodies are designated with "Swimming" as the "best use" the following objectives 
apply:  

(i) Waters in the immediate vicinity of discharges of sewage or other wastes likely to 
contain bacteria harmful to humans, regardless of the degree of treatment 
afforded these wastes are not acceptable for swimming or other whole body 
water-contact sports. 

(ii) In all other areas, the bacterial quality of water is acceptable when a sanitary 
survey by the controlling health authorities reveals no source of dangerous 
pollution and when the geometric mean fecal coliform organism density does not 
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exceed 200 cfu/100 mL in non-coastal waters. The geometric mean shall be 
calculated from no less than five samples collected at a given station over a 
30-day period at intervals not less than 24 hours. When the geometric mean 
bacterial organism density exceeds these levels, the bacterial water quality shall 
be considered acceptable only if a second detailed sanitary survey and evaluation 
discloses no significant public health risk in the use of the waters. 

The following note applies to (i) above: In assigning this classification to waters 
intended for swimming and water-contact sports, the Commission will take into 
consideration the relative proximity of discharges of wastes and will recognize 
the potential hazards involved in locating swimming areas close to waste 
discharges. The Commission will not assign this classification to waters, the 
bacterial quality of which is dependent upon adequate disinfection of waste and 
where the interruption of such treatment would render the water unsafe for 
bathing. 

If a waterbody is not classified with "Swimming" as the "best use," it still has applicable 
bacteria water quality objectives. These vary depending on the best use classification. For the 
period from June through September, the objectives are generally similar to the objectives 
established for "Swimming"; however, for the remainder of the year less stringent objectives 
may apply. For example, the bacteria objectives applicable to waters classified with Fish and 
Wildlife as the best use are as follows:  

(i) In non-coastal waters, bacteria of the fecal coliform group shall not exceed a 
geometric mean of 1,000 cfu/100 mL; nor exceed a maximum of 2,000 cfu/100 mL 
in any sample. The geometric mean shall be calculated from no less than five 
samples collected at a given station over a 30-day period at intervals not less than 
24 hours. 

(ii) For incidental water contact and recreation during June through September, the 
bacterial quality of water is acceptable when a sanitary survey by the controlling 
health authorities reveals no source of dangerous pollution and when the 
geometric mean fecal coliform organism density does not exceed 200 cfu/100 mL 
in non-coastal waters. The geometric mean shall be calculated from no less than 
five samples collected at a given station over a 30-day period at intervals not less 
than 24 hours. When the geometric bacterial coliform organism density exceeds 
these levels, the bacterial water quality shall be considered acceptable only if a 
second detailed sanitary survey and evaluation discloses no significant public 
health risk in the use of the waters. Waters in the immediate vicinity of discharges 
of sewage or other wastes likely to contain bacteria harmful to humans, 
regardless of the degree of treatment afforded these wastes, are not acceptable for 
swimming or other whole body water-contact sports. 
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Florida  
Recreational Use Categories 
No specific recreational use definitions found in state water quality standards. Instead, waters 
are designated by class and the bacteria water quality objectives are established for each class. 
Florida designates all waters as Class III - Recreation, Propagation, and Maintenance of a 
Healthy, Well-Balanced Population of Fish and Wildlife, unless the waters are "secondary and 
tertiary canals wholly within agricultural areas."  

Numeric Objectives 
Class III freshwaters have the following applicable water quality objectives: 

 Fecal coliform (MPN) shall not exceed a monthly geometric mean (10 sample minimum 
over a 30-day period) of 200, nor exceed 400 in 10 percent of the samples, not exceed 800 on 
any one day.  

 Total coliform ≤ 1,000 as a monthly geometric mean (10 sample minimum over a 30-day 
period); not exceed 1,000 in more than 20 percent of the samples examined during any 
month; ≤ 2,400 at any time. 

Georgia 
Recreational Use Categories 
General Recreational Use classification is applicable to all surface waters. Recreation generally 
defined as activities such as water skiing, boating, and swimming, or for any other use 
requiring water of a lower quality, such as recreational fishing.  

Numeric Objectives 
For the months of May through October, when water contact recreation activities are expected 
to occur, fecal coliform not to exceed a geometric mean of 200 cfu/100 mL based on at least 
four samples collected from a given sampling site over a 30-day period at intervals not less 
than 24 hours. Should water quality and sanitary studies show fecal coliform levels from 
nonhuman sources exceed 200 cfu/100 ml (geometric mean) occasionally, then the allowable 
geometric mean fecal coliform shall not exceed 300 per 100 ml in lakes and reservoirs and 500 
per 100 ml in free flowing freshwater streams.  

For the months of November through April, fecal coliform not to exceed a geometric mean of 
1,000 per 100 mL based on at least four samples collected from a given sampling site over a 
30-day period at intervals not less than 24 hours and not to exceed a maximum of 4,000 per 
100 mL for any sample.  

Objectives section includes following statement: The state does not encourage swimming in 
surface waters since a number of factors which are beyond the control of any State regulatory 
agency contribute to elevated levels of fecal coliform. 
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At the request of the Task Force, to better understand how Georgia implements the 
"nonhuman source" provision of its bacteria water quality objectives, David Word of the 
Georgia Environmental Protection Division was contacted. He indicated that the provision 
has never been officially adopted even though it is in the water quality standards regulations. 
It appears that he meant that the provision has not been approved by EPA. Regardless, Mr. 
Word indicated that Georgia will likely remove the "nonhuman source" language from the 
standards next year – at the same time that the state moves forward with a proposal to replace 
fecal coliform objectives with E. coli objectives. 

Kentucky 
Recreational Use Categories 
Primary and Secondary Contact Recreation uses established, but they appear to apply to all 
surface waters. No specific definition for either was found. Both uses appear to be applicable 
to all surface waters. 

Numeric Objectives 
 Primary Contact Recreation – The following objectives shall apply to waters designated as 

primary contact recreation use: 

− Fecal coliform or E. coli shall not exceed 200 cfu/100 mL or 130 cfu/100 mL, respectively, 
as a geometric mean based on not less than five samples taken during a 30-day period.  

− Concentration also shall not exceed 400 cfu/100 mL in 20 percent or more of all samples 
taken during a 30-day period for fecal coliform or 240 cfu/100 mL for E. coli. These limits 
shall be applicable during the recreation season of May 1 through October 31. Fecal 
coliform objectives for Secondary Contact Recreation shall apply during the remainder 
of the year. 

 Secondary Contact Recreation – These objectives apply year-round. Fecal coliform shall not 
exceed 1,000 cfu/100 mL as a 30-day geometric mean based on not less than five samples; 
not exceed 2,000 cfu/100 mL in 20 percent or more of all samples taken during a 30-day 
period. 

Mississippi 
Recreational Use Categories 
Recreation is defined as water suitable for recreational purposes, including such water contact 
activities as swimming and water skiing. It is not clear how waterbodies are classified. Some 
are not classified for Recreation, but still may have recreation-related bacteria objectives 
applied because of their applicability to other classifications, e.g., Fish and Wildlife, Public 
Water Supply, and Ephemeral. Some of the bacteria objectives refer to an "incidental 
recreational contact," but this "classification" does not appear to be formally recognized. 
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Numeric Objectives 
Bacteria objectives for freshwater-related classifications other than Recreation are provided 
below because it appears that the state uses recreational use objectives to protect recreational 
potential regardless of the classification: 

 Recreation – Fecal coliform shall not exceed a geometric mean of 200 cfu/100 mL based on 
a minimum of five samples taken over a 30-day period with no less than 12 hours between 
individual samples, nor shall the samples examined during a 30-day period exceed 
400 cfu/100 mL more than 10 percent of the time. 

 Public Water Supply – For the months of May through October, when water contact 
recreation activities may be expected to occur, fecal coliform shall not exceed a geometric 
mean of 200 cfu/100 mL based on a minimum of five samples taken over a 30-day period 
with no less than 12 hours between individual samples, nor shall the samples examined 
during a 30-day period exceed 400 cfu/100 mL more than 10 percent of the time.  

For the months of November through April, when incidental recreational contact is not 
likely, fecal coliform shall not exceed 2,000 cfu/100 mL as a geometric mean based on at 
least five samples taken over a 30-day period with no less than 12 hours between 
individual samples, nor shall the samples examined during a 30-day period exceed 
4,000 cfu/100 mL more than 10 percent of the time. 

 Fish and Wildlife – For the months of May through October, when water contact recreation 
activities may be expected to occur, fecal coliform shall not exceed a geometric mean of 
200 cfu/100 mL based on a minimum of five samples taken over a 30-day period with no 
less than 12 hours between individual samples, nor shall the samples examined during a 
30-day period exceed 400 cfu/100 mL more than 10 percent of the time.  

For the months of November through April, when incidental recreational contact is not 
likely, fecal coliform shall not exceed a geometric mean of 2,000 cfu/100 mL based on a 
minimum of five samples taken over a 30-day period with no less than 12 hours between 
individual samples, nor shall the samples examined during a 30-day period exceed 
4,000 cfu/100 mL more than 10 percent of the time. 

 Ephemeral – Bacteria objectives are assigned where the "probability of a public health 
hazard or other circumstances so warrant." 
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North Carolina 
Recreational Use Categories 

 Primary Recreation – includes swimming, skin diving, skiing, and similar uses involving 
body contact with water where such activities take place in an organized or on a frequent 
basis. 

 Secondary Recreation – includes wading, boating, other uses not involving body contact 
with water and activities involving human body contact with water where such activities 
take place on an infrequent, unorganized, or incidental basis 

Numeric Objectives 
Waters are classified as according to there best use. Bacteria objectives depend on the 
waterbodies assigned. 

 Class B – Fecal coliform shall not to exceed geometric mean of 200 cfu/100 mL based on at 
least five consecutive samples examined during any 30-day period and not to exceed 
400 cfu/100 mL in more than 20 percent of the samples examined during such period. 

 Class C – Fecal coliform shall not exceed a geometric mean of 200 cfu/100 mL based upon 
at least five consecutive samples examined during any 30-day period, nor exceed 
400 cfu/100 mL in more than 20 percent of the samples examined during such a period; 
violations of the fecal coliform standard are expected during rainfall events and, in some 
cases, this violation is expected to be caused by uncontrollable nonpoint source pollution. 

South Carolina 
Recreational Use Categories 
Primary Contact Recreation – means any activity with the intended purpose of direct water 
contact by the human body to the point of complete submergence, including but not limited 
to swimming, water skiing, and skin diving. 

Secondary Contact Recreation – means any activity occurring on or near the water that does 
not have an intended purpose of direct water contact by the human body to the point of 
complete submergence, including but not limited to fishing, boating, canoeing, and wading. 

Numeric Objectives 
No distinction in the objectives between primary and secondary contact. If a waterbody is 
classified as "Freshwater," both primary and secondary contact recreational uses apply. The 
bacteria objectives for this use are as follows: 

 Fecal coliform – Not to exceed a geometric mean of 200 cfu/100 mL, based on five 
consecutive samples during any 30-day period; nor shall more than 10 percent of the total 
samples during any 30-day period exceed 400 cfu/100mL. 
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Tennessee 
Recreational Use Categories 
A General Recreational Use appears to be applicable to all surface waters. No definition was 
found. 

Numeric Objectives 
The concentration of the E. coli group shall not exceed 126 cfu/100 mL, as a geometric mean 
based on a minimum of five samples collected from a given sampling site over a period of not 
more than 30 consecutive days with individual samples being collected at intervals of not less 
than 12 hours. For the purposes of determining the geometric mean, individual samples 
having an E. coli concentration of less than 1 per 100 mL shall be considered as having a 
concentration of 1 per 100 mL. 

Additionally, the concentration of the E. coli group in any individual sample taken from a 
lake, reservoir, State Scenic River, or Tier II or III stream shall not exceed 487 cfu/100 mL. The 
concentration of the E. coli group in any individual sample taken from any other waterbody 
shall not exceed 941 cfu/100 mL. 

EPA Region 5 
Illinois 
Recreational Use Categories 
Illinois waters may be classified as Primary Contact (e.g., swimming, water skiing) or 
Secondary Contact (e.g., boating, fishing). 

Numeric Objectives 
From May through October, based on a minimum of five samples taken over not more than a 
30-day period, fecal coliform shall not exceed a geometric mean of 200 cfu/100 mL, nor shall 
more than 10 percent of the samples during any 30-day period exceed 400 cfu/100 mL in 
protected waters. Protected waters are defined as waters that, due to natural characteristics, 
aesthetic value, or environmental significance are deserving of protection from pathogenic 
organisms. Protected waters will meet one or both of the following conditions: 

 Presently support or have the physical characteristics to support primary contact 

 Flow through or adjacent to parks or residential areas 

Waters unsuited to support primary contact uses because of physical, hydrologic, or 
geographic configuration and are located in areas unlikely to be frequented by the public on a 
routine basis as determined by the Agency are exempt from this standard. 

At the direction of the Task Force, the Illinois Environmental Protection Agency (IEPA) was 
contacted to better understand the approach used by the agency to determine whether a 
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waterbody was unsuited for primary contact and met the criteria for exemption. IEPA 
indicated the following: 

 All proposed exemptions are public noticed and recreational "use testimonies" are 
requested 

 Recreational uses are assumed to not occur during wet weather events due to the safety 
risk 

 Exemption regularly applied to waters receiving wastewater discharges that sought 
disinfection exemptions 

 Criteria used by the agency to evaluate potential for exemption include: 

− Waterbody must have 2 feet or less average depth 

− Informal/anecdotal recreational use survey conducted to evaluate "unlikely to be used 
routinely" criterion in exemption language; however, no formal definition for terms such 
as "routinely" have been adopted 

− Waterbody must not flow through or be adjacent to a park or residential area 

− Waterbody must not be a public water supply 

Indiana 
Recreational Use Categories 

 Full Body Contact - direct contact with the water to the point of complete submergence 

Numeric Objectives 
The objectives in this subsection are to be used to evaluate waters for full body contact 
recreational uses, to establish wastewater treatment requirements, and to establish effluent 
limits during the recreational season, which is defined as the months of April through 
October, inclusive: 

 E. coli bacteria shall not exceed: 

− 125 cfu/100 mL as a geometric mean based on not less than five samples equally spaced 
over a 30-day period. 

− 235 cfu/100 mL in any one sample in a 30-day period. If a geometric mean cannot be 
calculated because five equally spaced samples are not available, then the single sample 
objective must be met. 

Michigan 
Recreational Use Categories 
Michigan recognizes two recreational use subcategories: 
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 Total Body Contact Recreation – any activities normally involving direct contact with water 
to the point of complete submergence, particularly immersion of the head, with 
considerable risk of ingesting water, including swimming. 

 Partial Body Contact Recreation – any activities normally involving direct contact of some 
part of the body with water, but not normally involving immersion of the head or ingesting 
water, including fishing, wading, hunting, and dry boating. 

At a minimum, all surface waters of the state are designated to be protected for the following 
uses: (a) agriculture; (b) navigation; (c) industrial water supply; (d) public water supply at the 
point of water intake; (e) warmwater fishery; (f) other indigenous aquatic life and wildlife; 
and (g) partial body contact recreation. In addition, all surface waters of the state are 
protected for Total Body Contact Recreation from May 1 to October 31. However, "Total Body 
Contact Recreation immediately downstream of wastewater discharges, areas of significant 
urban runoff, combined sewer overflows, and areas influenced by certain agricultural 
practices is contrary to prudent public health and safety practices, even though water quality 
standards may be met." 

Numeric Objectives 
The following objectives, which take into account season, are applicable: 

(1) All waters of the state protected for total body contact recreation shall not contain 
more than 130 E. coli/100 mL, as a 30-day geometric mean. Compliance shall be 
based on the geometric mean of all individual samples taken during five or more 
sampling events representatively spread over a 30-day period. Each sampling 
event shall consist of three or more samples taken at representative locations 
within a defined sampling area. At no time shall the waters of the state protected 
for total body contact recreation contain more than a maximum of 300 E. coli/ 
100 mL. Compliance shall be based on the geometric mean of three or more 
samples taken during the same sampling event at representative locations within a 
defined sampling area. 

(2) All waters of the state protected for partial body contact recreation shall not 
contain more than a maximum of 1,000 E. coli/100 mL. Compliance shall be based 
on the geometric mean of three or more samples, taken during the same sampling 
event, at representative locations within a defined sampling area. 

(3) Discharges containing treated or untreated human sewage shall not contain more 
than 200 fecal coliform/100 mL, based on the geometric mean of all of five or more 
samples taken over a 30-day period, nor more than 400 fecal coliform/100 mL, 
based on the geometric mean of all of three or more samples taken during any 
period of discharge not to exceed 7 days. Other indicators of adequate disinfection 
may be utilized where approved by the department. 
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(4) The department may suspend the provisions of subrule (3) of this rule, for the 
purpose of discharge permit issuance, from November 1 to April 30, upon an 
adequate demonstration by the applicant that designated uses will be protected. 
At a minimum, the provisions of subrule (2) of this rule shall be met. 

Minnesota 
Recreational Use Categories 
Minnesota has a class system for its waters. Two of these classes include protections for 
recreation. Class 2 waters are protected for drinking water, aquatic life, and primary contact 
recreation. Class 7 waters or Limited Resource Value Waters are protected for secondary 
contact recreation. Five Class 2 subcategories have been established. Within these five Class 2 
subcategories, three recreational subcategories have been established: 

 2A (coldwater), Bd (cool/warmwater; waterbody is a drinking water source), B 
(cool/warmwater; waterbody is not a drinking water source) – class varies depending on 
type of aquatic life. All of these classes are suitable for aquatic recreation of all kinds, 
including bathing, for which the waters may be usable. 

 2C – suitable for boating and other forms of aquatic recreation for which the waters may be 
usable. 

 2D – suitable for boating and other forms of aquatic recreation for which the wetland may 
be usable. 

Numeric Objectives 
Class 2 Waters – Current bacteria water quality objectives are as follows: 

 2A – Not to exceed 200 cfu/100 mL as a geometric mean of not less than five samples in 
any calendar month, nor shall more than 10 percent of all samples taken during any 
calendar month individually exceed 400 cfu/100 mL. The standard applies only between 
April 1 and October 31. 

 2Bd, 2B, 2C, 2D – Not to exceed 200 cfu/100 mL as a geometric mean of not less than five 
samples in any calendar month, nor shall more than 10 percent of all samples taken during 
any calendar month individually exceed 2,000 cfu/100 mL. The standard applies only 
between April 1 and October 31. 

Class 7 Waters - Not to exceed 1,000 cfu/100 mL in any calendar month as determined by a 
geometric mean of a minimum of five samples, nor shall more than 10 percent of all samples 
taken during any calendar month individually exceed 2,000 cfu/100 mL. The standard applies 
only between May 1 and October 31. 
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Proposed Revision: Minnesota is currently proposing revisions to its water quality objectives 
for bacteria. The following text has been included verbatim to summarize the proposed 
objectives and the basis for the changes: 

"The MPCA [Minnesota Pollution Control Agency] is proposing to replace the current 
fecal coliform standard with an E. coli standard, based on an EPA criterion. MPCA's 
goal is to adopt the E. coli standard with as little disruption as possible to ongoing 
programs, specifically to:  

1. Keep the protection level for swimmers the same.  

2. Keep the number of waters considered impaired for swimming about the same.  

3. Retain current assessment methods for determination of impairment.  

4. Minimize impact on ongoing bacteriological total maximum daily load studies.  

5. Not impact the BEACH program on Lake Superior beaches.  

"The MPCA is recommending the E. coli standards shown in the table below. The 
current fecal coliform standard is included for comparison." 

Proposed E. coli Standards Shown with the Current Fecal Coliform Standard for Class 2 and 
Class 7 Waters 

30-Day Geometric Mean 
cfu/100 mL 

10% of Values not to Exceed 
cfu/100 mL 

Use Water Type E. coli Fecal coliform E. coli Fecal coliform 
Class 2A 
Trout waters 

126* 200 1260 400 Primary Body 
Contact 
(swimming) Class 2B, C, D 

Warm waters 
126 200 1260 2000 

Secondary 
Body Contact 
(wading) 

Class 7 
Limited 
Resource 
Value Waters 

630 1000 1260 2000 

*126 E. coli cfu/100 mL is the 30-day geometric mean EPA criterion (1986). 
 
"In order to understand the relationship between fecal coliform and E. coli levels, for 
several years the MPCA analyzed for both indicators from the same sample as part of 
the MPCA routine river and stream monitoring program. The analysis of these paired 
fecal coliform and E. coli measurements suggests that the recommended E. coli 30-day 
geometric mean standard may be slightly more stringent than the current fecal 
coliform standard. However, because of the variability in bacteriological data, the 
analysis does not support proposing a geometric mean standard different from the 
EPA criterion of 126 colony forming units (cfu) per 100 mL.  
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"EPA allows some flexibility to states to determine the appropriate maximum 
standard. The MPCA is proposing a maximum standard of 1,260 cfu/100 mL. Again, 
the analysis of the paired fecal coliform/E. coli data indicates this value may be 
slightly more stringent than the current maximum fecal coliform standard of 
2,000 cfu/100 mL, but well within the variability of the data. 

"The MPCA is proposing to do away with the more stringent 10 percent maximum 
standard currently applicable to trout waters (400 cfu/100 mL), and make the 
maximum standard the same for all waters (see table above). The MPCA believes that 
the more stringent standard for trout waters is not needed, and that swimmers in any 
category of Class 2 waters should receive the same level of protection. 

"The bacteriological standard applicable to limited resource value (Class 7) waters is 
designed to protect types of water recreation where emersion in the water is unlikely, 
such as wading and boating. The MPCA proposes to replace the current Class 7 
standard with an E. coli standard that provides the same level of protection (see table 
above).  

"It is important to emphasize that the standards proposed for change are the ambient 
standards applicable to lakes, rivers, and streams in Minnesota. The current fecal 
coliform effluent limit of 200 fecal coliform cfu/100 mL as a monthly mean that 
appears in discharge permits is not proposed for change (Minn. R. 7050.0211)." 

Ohio 
Recreational Use Categories 
These use designations are in effect only during the recreation season, which is the period 
from May 1 to October 15, for all water bodies except those designated seasonal salmonid 
habitat. The recreation season for streams designated seasonal salmonid habitat is June 1to 
September 30: 

 Bathing Waters – these are waters that, during the recreation season, are suitable for 
swimming where a lifeguard and/or bathhouse facilities are present, and include any 
additional such areas where the water quality is approved by the director. Water bodies 
assigned the bathing waters use designation are not necessarily indicated in rules 3745-1-08 
to 3745-1-30 of the Administrative Code but include local areas of those water bodies 
meeting this definition. 

 Primary Contact – these are waters that, during the recreation season, are suitable for full-
body contact recreation such as, but not limited to, swimming, canoeing, and scuba diving 
with minimal threat to public health as a result of water quality. In addition to those water 
body segments designated in rules 3745-1-08 to 3745-1-32 of the Administrative Code, all 
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lakes and reservoirs, except upground storage reservoirs and those lakes and reservoirs 
meeting the definition of bathing waters, are designated primary contact recreation. 

 Secondary Contact – these are waters that, during the recreation season, are suitable for 
partial body contact recreation such as, but not limited to, wading with minimal threat to 
public health as a result of water quality. 

Numeric Objectives 
 Bathing Waters 

− Fecal coliform – geometric mean fecal coliform content, based on not less than five 
samples within a 30-day period, shall not exceed 200 cfu/100 mL and fecal coliform 
content shall not exceed 400 cfu/100 mL in more than 10 percent of the samples taken 
during any 30-day period. 

− E. coli – geometric mean E. coli content, based on not less than five samples within a 
30-day period, shall not exceed 126 cfu/100 mL and E. coli content shall not exceed 
235 cfu/100 mL in more than 10 percent of the samples taken during any 30-day period. 

 Primary Contact 

− Fecal coliform – geometric mean fecal coliform content, based on not less than five 
samples within a 30-day period, shall not exceed 1,000 cfu/100 mL and fecal coliform 
content shall not exceed 2,000 cfu/100 mL in more than 10 percent of the samples taken 
during any 30-day period.  

− E. coli - geometric mean E. coli content, based on not less than five samples within a 
30-day period, shall not exceed 126 cfu/100 mL and E. coli content shall not exceed 
298 cfu/100 mL in more than 10 percent of the samples taken during any 30-day period. 

 Secondary Contact 

− Fecal coliform – shall not exceed 5,000 cfu/100 mL in more than 10 percent of the 
samples taken during any 30-day period. 

− E. coli - shall not exceed 576 cfu/100 mL in more than 10 percent of the samples taken 
during any 30-day period. 

Per the direction of the Task Force, Bob Heitzman of the Ohio Environmental Protection 
Agency was asked if the state was transitioning from fecal coliform to E. coli as the pathogen 
indicator or did the state plan to use both indicators for the long term. Mr. Heitzman 
responded:  

"When Ohio was considering adopting USEPA's recommended E. coli criteria several 
years ago, people raised concerns about possible increased costs to meet the criteria 
and about the analytical methods to measure E. coli. We, therefore, kept the fecal 
coliform criteria on the books while those concerns were addressed. We plan to 
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propose rule revisions in summer 2006, eliminating the fecal coliform criteria and, 
perhaps, revising the E. coli criteria we currently have." 

Wisconsin 
Wisconsin does not appear to have an explicit class or use system. A separate section in the 
state's water quality standards addresses recreational use protection:  

Standards for Recreational Use – A sanitary survey and/or evaluation to assure protection 
from fecal contamination is the chief criterion in determining the suitability of a surface water 
for recreational use. 

(a) Bacteriological guidelines – The membrane filter fecal coliform count may not exceed 
200 cfu/100 mL as a geometric mean based on not less than five samples per month, nor 
exceed 400 cfu/100 mL in more than 10 percent of all samples during any month. 

(b) Exceptions – Whenever the department determines, in accordance with the procedures 
specified in s. NR 210.06, that wastewater disinfection is not required to protect 
recreational uses, the recreational use criteria and classifications as established in this 
subsection and in chapters NR 103 and 104 do not apply. 

Although this section applies to all waters, a review of the use designation portion of the 
state's standards found that a substantial variance has been established in the "Southeast 
District" of Wisconsin, which includes the most urbanized portion of the state. This variance 
states:  

(a) The following surface waters in the southeast district shall meet the standards for fish and 
aquatic life except that the dissolved oxygen shall not be lowered to less than 2 mg/L at 
any time, nor shall the membrane filter fecal coliform count exceed 1,000 cfu/100 mL as a 
monthly geometric mean based on not less than five samples per month nor exceed 
2,000 cfu/100 mL in more than 10 percent of all samples during any month: 

 1. Underwood Creek in Milwaukee and Waukesha counties below Juneau Boulevard 

 2. Barnes Creek in Kenosha County 

 3. Pike Creek, a tributary of Pike River, in Kenosha County 

 4. Pike River in Racine County 

 5. Indian Creek in Milwaukee County 

 6. Honey Creek in Milwaukee County 
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 7. Menomonee River in Milwaukee County below the confluence with Honey Creek 

 8. Kinnickinnic River in Milwaukee County 

 9. Lincoln Creek in Milwaukee County 

(b) The following surface waters in the southeast district shall meet the standards for fish and 
aquatic life except that the dissolved oxygen may not be lowered to less than 2 mg/L at 
any time, nor may the membrane filter fecal coliform count exceed 1,000 cfu/100 mL as a 
monthly geometric mean based on not less than five samples per month nor exceed 
89 degrees F at any time at the edge of the mixing zones established by the department 
under s. NR 102.05 (3): 

 1. Milwaukee River in Milwaukee County downstream from the North Avenue dam 

 2. South Menomonee Canal and Burnham Canal in Milwaukee County 

EPA Region 6 
Arkansas 
Recreational Use Categories 

 Primary Contact Recreation – This beneficial use designates waters where full body contact 
is involved. Any streams with watersheds of greater than 10 mi2 are designated for full 
body contact. All streams with watersheds less than 10 mi2 may be designated for primary 
contact recreation after site verification. 

 Secondary Contact Recreation – This beneficial use designates waters where secondary 
activities like boating, fishing, or wading are involved. 

Numeric Objectives 
 Primary Contact Waters – Between May 1 and September 30, fecal coliform shall not exceed 

a geometric mean of 200 cfu/100 mL, nor a monthly maximum of 400 cfu/100 mL. 
Alternatively, in these waters, E. coli colony counts shall not exceed a geometric mean of 
more than 126 cfu/100 mL, or a monthly maximum value of not more than 298 cfu/100 mL 
in lakes, reservoirs, and Extraordinary Resource Waters or 410 cfu/100 mL in other rivers 
and streams. During the remainder of the calendar year, these objectives may be exceeded, 
but at no time shall these counts exceed the level necessary to support secondary contact 
recreation. 

 Secondary Contact Waters – Fecal coliform shall not exceed a geometric mean of 
1,000 cfu/100 mL, nor a monthly maximum of 2,000 cfu/100 mL. E. coli values shall not 
exceed the geometric mean of 630 cfu/100 mL or a monthly maximum of 1,490 cfu/100 mL 
for lakes, reservoirs, and Extraordinary Resource Waters and 2,050 cfu/100 mL for other 
rivers and streams. 
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For assessment of ambient waters as impaired by bacteria, the above listed applicable values 
shall not be exceeded in more than 25 percent of samples in no less than eight samples taken 
during the primary contact season or during the secondary contact season. 

Louisiana 
Recreational Use Categories 

 Primary Contact Recreation – any recreational or other water contact use involving 
prolonged or regular full-body contact with the water and in which the probability of 
ingesting appreciable amounts of water is considerable. Examples of this type of water use 
include swimming, skiing, and diving. 

 Secondary Contact Recreation – any recreational or other water contact use in which body 
contact with the water is either incidental or accidental and the probability of ingesting 
appreciable amounts of water is minimal. Examples of this type of water use include 
fishing, wading, and boating. 

Numeric Objectives 
 Primary Contact Recreation – No more than 25 percent of the total samples collected on a 

monthly or near monthly basis shall exceed a fecal coliform density of 400 cfu/100 mL. 
This primary contact recreation criterion shall apply only during the defined recreational 
period of May 1 through October 31. During the non-recreational period of November 1 
through April 30, the objectives for secondary contact recreation shall apply. 

 Secondary Contact Recreation – No more than 25 percent of the total samples collected on a 
monthly or near monthly basis shall exceed a fecal coliform density of 2,000 cfu/100 mL. 
This secondary contact recreation criterion shall apply year round. 

New Mexico 
Recreational Use Categories 

 Primary Contact Recreation – means any recreational or other water use in which there is 
prolonged and intimate human contact with the water, such as swimming and water 
skiing, involving considerable risk of ingesting water in quantities sufficient to pose a 
significant health hazard. Primary contact also means any use of surface waters of the state 
for cultural, religious, or ceremonial purposes in which there is intimate human contact 
with the water, including but not limited to ingestion or immersion that could pose a 
significant health hazard. 

 Secondary Contact Recreation – any recreational or other water use in which human 
contact with the water may occur and in which the probability of ingesting appreciable 
quantities of water is minimal, such as fishing, wading, commercial, and recreational 
boating and any limited seasonal contact. 
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Numeric Objectives 
Numeric bacteria objectives are listed by basin or waterbody type. Objectives are typically 
one of the following combinations with the more stringent objectives associated with primary 
contact and the less stringent objectives associated with secondary contact: 

 The monthly geometric mean of E. coli bacteria 126 cfu/100 mL or less; single sample 
235 cfu/100 mL or less 

 The monthly geometric mean of E. coli bacteria 548 cfu/100 mL or less, single sample 
2,507 cfu/100 mL or less (some waters have a single sample objective of 2,880 cfu/100 mL) 

Note: The above objectives are generally the rule. However, variations exist where a 
waterbody designated secondary contact has more stringent objectives. Some waters also 
have different single sample limits. 

Per the state's 2003 rule proposal, the basis for the New Mexico secondary contact geometric 
mean objective of 548 cfu/100 mL is the use of an accepted illness rate of 14/1,000. The single 
sample objective of 2,507 cfu/100 mL is based on the 95 percent confidence level of 
infrequently used waters. No explanation is provided for the higher objective of 2,880 cfu/ 
100 mL. 

Oklahoma 
Recreational Use Categories 

 Primary Body Contact Recreation involves direct body contact with the water where a 
possibility of ingestion exists. In these cases the water shall not contain chemical, physical, 
or biological substances in concentrations that are irritating to skin or sense organs or are 
toxic or cause illness upon ingestion by human beings.  

 Secondary Body Contact Recreation – A UAA is required to designate a water with 
Secondary Body Contact Recreation. The Secondary Body Contact Recreation beneficial use 
is designated where ingestion of water is not anticipated; associated activities may include 
boating, fishing or wading. 

Numeric Objectives 
Objectives for Primary Contact Recreation apply only during the recreation period of May 1 
to September 30. The objectives for Secondary Body Contact Recreation apply during the 
remainder of the year. 

 Primary Contact Recreation – Compliance shall be based upon meeting the requirements of 
one of the three options specified below for bacteria. Upon selection of one group or test 
method, said method shall be used exclusively over that 30-day period. Provided, where 
concurrent data exist for multiple bacterial indicators on the same waterbody or waterbody 
segment, no objectives exceedances shall be allowed for any indicator group: 
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− Fecal coliform shall not exceed a monthly geometric mean of 200 cfu/100 mL, as 
determined by multiple-tube fermentation or membrane filter procedures based on a 
minimum of not less than five samples collected over a period of not more than 30 days. 
Further, in no more than 10 percent of the total samples during any 30-day period shall 
fecal coliform exceed 400 cfu/100 mL. 

− E. coli shall not exceed a monthly geometric mean of 126 cfu/100 mL based upon a 
minimum of not less than five samples collected over a period of not more than 30 days. 
No sample shall exceed a 75 percent one-sided confidence level of 235 cfu/100 mL in 
lakes and high use waterbodies and the 90 percent one-sided confidence level of 
406 cfu/100 mL in all other Primary Body Contact Recreation beneficial use areas.  

− Enterococci shall not exceed a monthly geometric mean of 33 cfu/100 mL based upon a 
minimum of not less than five samples collected over a period of not more than 30 days. 
No sample shall exceed a 75 percent one-sided confidence level of 61 cfu/100 mL in 
lakes and high use waterbodies and the 90 percent one-sided confidence level of 
108 cfu/100 mL in all other Primary Body Contact Recreation beneficial use areas.  

 Secondary Contact Recreation – Waters so designated shall be maintained to be free from 
human pathogens in numbers that may produce adverse health effects in humans. The 
water quality requirements for Secondary Body Contact Recreation are usually not as 
stringent as for Primary Body Contact Recreation 

Texas 
Recreational Use Categories 

 Contact Recreation – Recreational activities involving a significant risk of ingestion of 
water, including wading by children, swimming, water skiing, diving, and surfing. 

 Noncontact Recreation – Aquatic recreational pursuits not involving a significant risk of 
water ingestion; including fishing, commercial and recreational boating, and limited body 
contact incidental to shoreline activity. 

Texas water quality standards state: Classified segments are designated for contact recreation 
unless elevated concentrations of indicator bacteria frequently occur due to sources of 
pollution which cannot be reasonably controlled by existing regulations or contact recreation 
is considered unsafe for other reasons such as ship or barge traffic. In a classified segment 
where contact recreation is considered unsafe for reasons unrelated to water quality, a 
designated use of noncontact recreation may be assigned objectives normally associated with 
contact recreation. A designation of contact recreation is not a guarantee that the water so 
designated is completely free of disease-causing organisms. Indicator bacteria, although not 
generally pathogenic, are indicative of potential contamination by feces of warm blooded 
animals. The objectives for contact recreation are based on these indicator bacteria, rather than 
direct measurements of pathogens. 
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Numeric Objectives 
 E. coli: 

− Contact Recreation – The geometric mean of E. coli should not exceed 126 cfu/100 mL. In 
addition, single samples of E. coli should not exceed 394 cfu/100 mL. 

− Noncontact Recreation – The geometric mean of E. coli should not exceed 605 cfu/ 
100 mL. 

 Fecal coliform – Fecal coliform bacteria can be used as an alternative instream indicator of 
recreational suitability until sufficient data are available for E coli or Enterococci. Fecal 
coliform can also continue to be used as a surrogate indicator in effluent limits for 
wastewater discharges. Fecal coliform objectives are as follows: 

− Contact Recreation – The geometric mean of fecal coliform should not exceed 200 cfu/ 
100 mL. In addition, single samples of fecal coliform should not exceed 400 cfu/100 mL. 

− Noncontact Recreation – Fecal coliform shall not exceed 2,000 cfu/100 mL as a geometric 
mean. In addition, single samples of fecal coliform should not exceed 4,000 cfu/100 mL. 

EPA Region 7 
Iowa 
Recreational Use Categories 

 Primary Contact Recreational Use (Class "A1") – Waters in which recreational or other uses 
may result in prolonged and direct contact with the water, involving considerable risk of 
ingesting water in quantities sufficient to pose a health hazard. Such activities would 
include, but not be limited to, swimming, diving, water skiing, and water contact 
recreational canoeing. 

 Secondary Contact Recreational Use (Class "A2") – Waters in which recreational or other 
uses may result in contact with the water that is either incidental or accidental. During the 
recreational use, the probability of ingesting appreciable quantities of water is minimal. 
Class A2 uses include fishing, commercial and recreational boating, any limited contact 
incidental to shoreline activities and activities in which users do not swim or float in the 
water body while on a boating activity. 

 Children's Recreational Use (Class "A3") – Waters in which recreational uses by children 
are common. Class A3 waters are water bodies having definite banks and bed with visible 
evidence of the flow or occurrence of water. This type of use would primarily occur in 
urban or residential areas. 

Numeric Objectives 
The applicable water quality objectives are dependent on the waterbody's classification:  
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 Class A1, March 15 – November 15 – E. coli 126 cfu/100 mL geometric mean; 235 cfu/ 
100 mL single sample maximum; remainder of the year the bacteria objectives do not 
apply. 

 Class A2, March 15 – November 15 – E. coli 630 cfu/100 mL geometric mean; 2,880 cfu/ 
100 mL single sample maximum; remainder of the year the bacteria objectives do not 
apply. 

 Class A3, March 15 – November 15 – E. coli 126 cfu/100 mL geometric mean; 235 cfu/ 
100 mL single sample maximum; remainder of the year the bacteria objectives do not 
apply. 

 Class A2 and Aquatic Life (cold or warmwater) or a waterbody designated as a "high 
quality" water – E. coli 630 cfu/100 mL geometric mean; 2,880 cfu/100 mL single sample 
maximum; year-round. 

At the request of the Task Force, information was requested from the Iowa Department of 
Natural Resources regarding how the agency makes a determination that a waterbody is 
Class A3. Adam Schnieders provided the following information: 

 Iowa has no formal protocol for the classification of recreational uses. The state collects 
data on waters, e.g., depth, flow, bank characteristics, location (e.g., urban, near parks, 
residential areas), and then uses a general weight of evidence approach for assigning 
recreational uses. 

 Only a few waters are classified as A3 and these are all urban streams in populated areas. 

 The state has no plans to establish more stringent bacteria objectives for the Class A3 use. 

Kansas 
Recreational Use Categories 
Kansas has numerous definitions related to the establishment of recreational use 
subcategories: 

 Primary Contact Recreation – Primary contact recreational use is evaluated differently for 
each of two main categories of waters: 1) classified surface waters other than classified 
stream segments, and 2) classified stream segments. For each category, the determining 
factor for primary contact recreation is body immersion in the water to the extent that some 
inadvertent ingestion of water is probable. The primary contact recreation season is from 
April 1 through October 31 of each year.  

− Classified Surface Waters Other Than Classified Stream Segments – Uses supported in 
this category include boating, mussel harvesting, swimming, skin diving, water skiing, 
and wind surfing. The three subcategories of primary contact recreational use for 
classified surface waters other than classified streams segments are:  
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• Primary Contact Recreational Use: Swimming Beach - applies to those classified 
surface waters other than classified stream segments that have posted public 
swimming areas. During the non-recreational season, the secondary contact 
recreational use: public access objectives will apply.  

• Primary Contact Recreational Use: Public Access – applies to those classified surface 
waters other than classified stream segments where full body contact may occur and 
is by law or written permission of the landowner open to and accessible by the 
public. During the non-recreational season, the secondary contact recreational use: 
public access objectives will apply.  

• Primary Contact Recreational Use: Restricted Access - applies to those classified 
surface waters other than classified stream segments where full body contact may 
occur and is not open to and accessible by the public under Kansas law. During the 
non-recreational season, the secondary contact recreational use: restricted access 
objectives will apply.  

− Classified Stream Segments – The three subcategories of primary contact recreational use 
for classified stream segments are:  

• Primary Contact Recreational Use: Class A – applies to those classified stream 
segments that have been designated as public swimming areas. Uses supported in 
this category include activities such as; kayaking, mussel harvesting, swimming, skin 
diving, water skiing, and wind surfing. During the non-recreational season, the 
secondary contact recreational use Class A objectives will apply.  

• Primary Contact Recreational Use: Class B – applies to classified stream segments 
where moderate full body contact from activities that include kayaking, mussel 
harvesting, swimming, skin diving, water skiing, and wind surfing shall occur. A 
classified stream segment under this classification must be by law or written 
permission of the landowner open to and accessible by the public. During the non-
recreational season, the secondary contact recreational use Class A objectives will 
apply.  

• Primary Contact Recreational Use: Class C – applies to classified stream segments 
supporting boating, mussel harvesting, swimming, skin diving, water skiing, wind 
surfing, wading, or fishing and has infrequent full body contact under Kansas' law, a 
classified stream segment in this classification is not open to and accessible by the 
public. During the non-recreational season, the secondary contact recreational use 
Class B objectives will apply.  

 Secondary Contact Recreational Use – There are two categories for secondary contact 
recreational use: 1) classified surface waters other than classified stream segments and 2) 
classified stream segments. The determining factor for secondary contact recreational use is 
a lack of body immersion to the extent ingestion of surface water is not probable. The 



 
 
Recreational Uses and Bacteria Objectives 
December 12, 2005 
Page 40 

 

secondary contact recreational use standards apply year round to surface waters 
designated for secondary contact recreational use.  

− Classified Surface Waters Other Than Classified Stream Segments – This use shall 
include wading, fishing, trapping, and hunting. The two subcategories of secondary 
contact recreational use for classified surface waters other than classified streams 
segments are:  

• Secondary Contact Recreational Use: Public Access – applies to classified surface 
waters other than classified stream segments that are by law or written permission of 
the landowner open to and accessible by the public. 

• Secondary Contact Recreational Use: Restricted Access – applies to classified surface 
waters other than a classified stream segments that by law are not open to and 
accessible by the public. 

− Classified Stream Segments – Secondary contact recreational uses for classified stream 
segments are capable of supporting the recreational activities of wading, fishing, 
canoeing, motor boating, rafting, or other types of boating. There two classes of 
secondary contact recreational use for classified stream segments are:  

• Secondary Contact Recreational Use: Class A – applies to classified stream segments 
that are by law or written permission of the landowner open to and accessible by the 
public.  

• Secondary Contact Recreational Use: Class B – applies to classified stream segments 
that by law are not open to and accessible by the public.  

If opposite sides of a classified stream segment have differing public access status, the 
designated use of the entire classified stream segment will be the assigned the highest 
attainable recreational use. Assignment of the higher use, however, does not grant de facto 
public access to both sides of such segment.  

Neither primary nor secondary contact recreational use designations will apply to stream 
segments where the natural, ephemeral, intermittent, or low flow conditions or water levels 
prevent primary or secondary recreational activities.  
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Numeric Objectives 
Kansas has established the following E. coli for classified stream segment: 

Use Colony Forming Units (cfu)/100mL 

Primary Contact Recreation 
Geometric Mean 
April 1 - Oct. 31 

Geometric Mean 
Nov. 1 - March 31 

 Class A 160 2,358 
 Class B 262 2,358 
 Class C 427 3,843 

Secondary Contact Recreation 
Geometric Mean 
Jan. 1 - Dec. 31 

 Class A 2,358 
 Class B 3,843 

 
Kansas has also adopted E. coli objectives specific to classified surface waters other than 
stream segments, e.g., lakes, reservoirs, wetlands, ponds, etc.: 

Use Colony Forming Units (cfu)/100 mL 

Primary Contact 
Recreation 

Geometric Mean 
Apr 1 - Oct 31 

Geometric Mean 
Nov 1 - Mar 31 

Single Sample 
Maximum 

Apr 1 - Oct 31 

Single Sample 
Maximum 

Nov 1 - Mar 31 
Swimming Beach 160 800 732 3,655 

Public Access 262 1,310 1,198 6,580 
Restricted Access 427 2,135 1,950 9,760 

Secondary Contact 
Recreation 

Geometric Mean 
Jan 1 - Dec 31 

Single Sample Maximum 
Jan 1 - Dec 31 

Public Access 2,135 9,760 
Restricted Access 2,135 9,760 

 
High Flow Exemption – Kansas has a high flow exemption for E. coli objectives if any of the 
following conditions are met: 

 The flow is equal to or greater than the flow that is exceeded 10 percent of the time for any 
classified stream segment with a mean flow of less than 30 cubic feet per second. 

 The flow is equal to or greater than 50 percent of the 2-year flood flow for any classified 
stream segment that has a mean flow of 30 or more cubic feet per second but less than 
900 cubic feet per second. 

 The flow is equal to or greater than the 2-year flood flow for any classified stream segment 
that has a mean flow greater than 900 cubic feet per second. 

Because of the uniqueness of Kansas' water quality standards, the state was contacted for 
more information. The state provided the following: 

 Portion of the EPA letter that approved the above recreational subcategorizations and 
water quality objectives (see Appendix B). EPA notes that Kansas used an appropriate risk 
management approach, consistent with EPA guidance, for establishing uses and objectives. 
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 Kansas has established UAA guidance for evaluating recreational uses 
(www.kdhe.state.ks.us/befs/uaas/UAAGuidance.pdf). As a result of this guidance, 
Kansas has completed over 1600 recreational UAAs  

Missouri 
Recreational Use Categories 

 Whole-Body Contact Recreation – Activities in which there is direct human contact with 
the raw surface water to the point of complete body submergence. The raw water may be 
ingested accidentally and certain sensitive body organs, such as the eyes, ears, and the 
nose, will be exposed to the water. Although the water may be ingested accidentally, it is 
not intended to be used as a potable supply unless acceptable treatment is applied. Water 
so designated is intended to be used for swimming, water skiing, or skin diving. 

 Secondary Contact Recreation – Applies where incidental contact occurs and ingestion 
unlikely 

State's water quality standards are currently being updated to recognize where whole-body 
and secondary contact uses should apply. UAAs have been done where appropriate to 
demonstrate secondary contact. UAA protocol was developed by the state; it uses simple 
observations to make decisions regarding whether whole body contact is an existing use. 
State appears to use the following depth objectives for whole body: depth of at least 1 meter 
or average of 0.5 meter. 

Numeric Objectives 
 Protection of whole-body-contact recreation is limited to classified waters designated for 

that use. For periods when the stream or lake is not affected by stormwater runoff, the fecal 
coliform count shall not exceed 200 cfu/100 mL during the recreational season in waters 
designated for whole-body-contact recreation or at any time in losing streams. The 
recreational season is from April 1 to October 31. 

 No objectives have been adopted for waters designated with secondary contact recreation.  

Nebraska 
Recreational Use Categories 
Nebraska has only one recreational use: Primary Contact Recreation. Per the state regulations, 
this use applies to surface waters which are used, or have a high potential to be used, for 
primary contact recreational activities. Primary contact recreation includes activities where 
the body may come into prolonged or intimate contact with the water, such that water may be 
accidentally ingested and sensitive body organs (e.g., eyes, ears, nose, etc.) may be exposed. 
Although the water may be accidentally ingested, it is not intended to be used as a potable 
water supply unless acceptable treatment is applied. These waters may be used for 
swimming, water skiing, canoeing, and similar activities. Any of the following objectives may 
be used to determine support of this use. 
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Numeric Objectives 
 Fecal Coliform – Bacteria of the fecal coliform group shall not exceed a geometric mean of 

200 cfu/100 mL, nor equal or exceed 400 cfu/100 mL, in more than 10 percent of the 
samples. These objectives are based on a minimum of five samples taken within a 30-day 
period. This does not preclude fecal coliform limitations based on effluent guidelines. 
These objectives apply during the recreational period of May 1 through September 30. 

 E. coli – E. coli bacteria shall not exceed a geometric mean of 126 cfu/100 mL. For increased 
confidence of the objectives, the geometric mean should be based on a minimum of five 
samples taken within a 30-day period. This does not preclude fecal coliform limitations 
based on effluent guidelines. Single sample maximum allowable densities shall not exceed 
the following objectives: 

− 235 cfu/100 mL at designated bathing beaches 

− 298 cfu/100 mL at moderately used recreational waters 

− 406 cfu/100 mL at lightly use recreational waters 

− 576 cfu/100 mL at infrequently used recreational waters 

Note: Appears to be no seasonal basis for E. coli objectives. 

EPA Region 8 
Colorado 
Recreational Use Categories 

 Class 1, Primary Contact – These surface waters are suitable or intended to become suitable 
for recreational activities in or on the water when the ingestion of small quantities of water 
is likely to occur. Such waters include but are not limited to those used for swimming, 
rafting, kayaking, tubing, windsurfing, and water-skiing. Waters shall be presumed to be 
suitable for Class 1 uses and shall be assigned a class 1a or class 1b classification unless a 
UAA demonstrates that there is not a reasonable potential for primary contact uses to occur 
in the water segment(s) in question within the next 20-year period: 

− Class 1a, Existing Primary Contact – Class 1a waters are those in which primary contact 
uses have been documented or are presumed to be present. Waters for which no UAA 
has been performed demonstrating that a recreation class 2 classification is appropriate 
shall be assigned a class 1a classification, unless a reasonable level of inquiry has failed 
to identify any existing class 1 uses of the water segment. 

− Class 1b, Potential Primary Contact – This classification shall be assigned to water 
segments for which no UAA has been performed demonstrating that a recreation class 2 
classification is appropriate, if a reasonable level of inquiry has failed to identify any 
existing class 1 uses of the water segment. 
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 Class 2, Secondary Contact – These surface waters are not suitable or intended to become 
suitable for primary contact recreation uses, but are suitable or intended to become suitable 
for recreational uses on or about the water that are not included in the primary contact 
subcategory, including but not limited to wading, fishing, and other streamside or lakeside 
recreation. 

Numeric Objectives 
 Primary Contact Recreation (Where data from both indicators are available for a site, the 

E. coli indicator takes precedent for assessment purposes): 

 E. coli 

− Class 1a – 126 cfu/100 mL, geometric mean  

− Class 1b – 205 cfu/100 mL, geometric mean 

 Fecal coliform 

− Class 1a – 200 cfu/100 mL, geometric mean  

− Class 1b – 325 cfu/100 mL, geometric mean 

 Secondary Contact 

− E. coli, 630 cfu/100 mL, geometric mean  

− Fecal coliform, 2,000 cfu/100 mL, geometric mean 

Regulations include a statement regarding why no single sample maximum objectives have 
been adopted: 

The Commission has declined to adopt such objectives at this time, due in part to uncertainty 
regarding the significance of and the appropriate response to elevated single sample test 
results. An important aspect of this concern is the substantial variability that can be common 
in individual bacteriological samples, because bacteria are not uniformly distributed in water 
samples, since they behave more like suspended particles, rather than dissolved constituents. 
Repeat testing on such samples can yield results which vary substantially. 

Montana 
Recreational Use Categories 
Waters are classified with groupings of uses. Classified waters are either protected for 
"bathing, swimming, and recreation" or "secondary contact recreation." Only the latter is 
defined (the other likely being considered self-explanatory): Secondary contact recreation - 
activities in or on the water where the potential for immersion or ingestion of water is low, 
such as wading or boating.  
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Numeric Objectives 
Instead of assigning several beneficial uses to a given water body, a single use category is 
assigned. Each use category is composed of different combinations of beneficial uses. There 
are a total of approximately 16 categories with the following names: A-Closed, A-1, B-1, B-2, 
B-3,…, F-1, G-1. For categories from D-1 thru G-1, the applicable use is secondary contact 
recreation. All other categories are protected for "swimming" type recreation. The following 
table shows the numeric objectives for bacteria in each of the Montana beneficial use 
categories. 

Colony Forming Unit (cfu)/100 mL 

Use Category 
Geometric Mean 
April 1 - Oct 31 

Geometric Mean 
Nov 1 - Mar 31 

A-1 through A-Closed 32 32 
B-1 through C-2 126 630 
C3 252 630 
D-1 through G-1 630 630 
 
North Dakota 
Waters identified by class with types or groupings of applicable uses. It appears that all 
waters regardless of class have the following fecal coliform criterion: not to exceed 
200 cfu/100 mL in any sample, but only during the "recreation season" from May 1 through 
September 30. However, a separate rule section requires that any wastewater discharge meet 
a 200 cfu/100 mL criterion prior to discharge. 

South Dakota 
Recreational Use Categories 

 Immersion Recreation – a beneficial use assigned to surface waters of the state that are 
suitable for uses where the human body may come in direct contact with the water, to the 
point of complete submersion and where water may be accidentally ingested or where 
certain sensitive organs such as the eyes, ears, and nose may be exposed to water 

 Limited-Contact Recreation – a beneficial use assigned to surface waters of the state that 
are suitable for boating, fishing, and other water-related recreation other than immersion 
recreation where a person's water contact would be limited to the extent that infections of 
eyes, ears, respiratory or digestive systems, or urogenital areas would normally be avoided 

Numeric Objectives 
 Immersion Recreation – Applicable only from May 1 to September 30; Fecal coliform 
≤200 cfu/100 mL geometric mean based on a minimum of five samples obtained during 
separate 24-hour periods for any 30-day period, and they may not exceed this value in 
more than 20 percent of the samples in this same 30-day period. No single sample may 
exceed 400 cfu/100 mL. 
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 Limited Contact Recreation – Applicable only from May 1 to September 30; Fecal coliform 
≤1,000 cfu/100 mL geometric mean based on a minimum of five samples obtained during 
separate 24-hour periods for any 30-day period, and they may not exceed this value in 
more than 20 percent of the samples in this same 30-day period. No single sample may 
exceed 2,000 cfu/100 mL. 

Note: Appears that waters have no objectives from October 1 through April 30; however, this 
has not been confirmed. 

Utah 
Recreational Use Categories 
Utah categorizes use types (e.g., recreation, aquatic life) into classes. Class 2 and its two 
subclasses establish protection categories for recreation: 

 Class 2 – Protected for recreational use and aesthetics 

− Class 2A – Protected for primary contact recreation such as swimming 

− Class 2B – Protected for secondary contact recreation, e.g., boating, wading, or similar 
uses 

Numeric Objectives 
 E. coli 

− Class 2A - 126 cfu/100 mL, 30-day geometric mean; 206 cfu/100 mL single sample 
maximum 

− Class 2B – 576 cfu/100 mL, 30-day geometric mean; 940 cfu/100 mL single sample 
maximum 

At the request of the Task Force, information was requested from the Utah Department of 
Environmental Quality regarding the basis for the use of the 940 cfu/100 mL single sample 
maximum objective. No response was received from the state. 

Wyoming 
Recreational Use Categories 

 Primary Contact Recreation – any recreational or other surface water use in which there is 
contact with the water sufficient to pose a significant health hazard (i.e., water skiing, 
swimming). 

 Secondary Contact Recreation – any recreational or other surface water use in which 
contact with water is either incidental or accidental and in which the probability of 
ingesting appreciable quantities of water is minimal, such as fishing, hunting and 
commercial and recreational boating. 
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Numeric Objectives 
The following objectives are currently proposed to replace existing fecal coliform objectives: 

 Geometric mean objectives: 

− Primary Contact Recreation – In all waters designated for primary contact recreation, 
during the summer recreation season (May 1 through September 30), concentrations of 
E. coli bacteria shall not exceed a geometric mean of 126 cfu/100 mL based on a 
minimum of not less than five samples obtained during separate 24 hour periods for any 
30-day period. During the period October 1 through April 30, all waters are protected for 
secondary contact recreation only. 

− Secondary Contact Recreation – In all waters designated for secondary contact 
recreation, and in waters designated for primary contact recreation during the winter 
recreation season (October 1 through April 30), concentrations of E. coli bacteria shall not 
exceed a geometric mean of 630 organisms per 100 milliliters based on a minimum of not 
less than five samples obtained during separate 24 hour periods for any 30-day period. 

 Single-Sample Maximum Concentrations – During the recreation season, on all waters 
designated for primary contact recreation, the following single-sample maximum 
concentrations of E. coli bacteria shall apply: 

− High use swimming areas – 235 organisms per 100 milliliters 

− Moderate full body contact – 298 organisms per 100 milliliters 

− Lightly used full body contact – 410 organisms per 100 milliliters 

− Infrequently used full body contact – 576 organisms per 100 milliliters 

Additional information provided regarding use of objectives: Single-sample maximum values 
may be used to post recreational use advisories in public recreation areas and to derive single-
sample maximum effluent limitations on point source discharges. Exceedances of the single-
sample maxima shall not be cause for the listing of a waterbody on the State 303(d) list or 
development of a TMDL or watershed plan. The appropriate recreational use category (i 
through iv above) shall be determined by the administrator as needed, on a case by case basis. 
In making such a determination, the administrator may consider such site-specific 
circumstances as type and frequency of use, time of year, public access, proximity to 
populated areas and local interests. 

EPA Region 9 
Arizona 
Recreational Use Categories 

 Full-Body Contact – use of a surface water for swimming or other recreational activity that 
causes the human body to come into direct contact with the water to the point of complete 
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submergence. The use is such that ingestion of the water is likely and sensitive body 
organs, such as the eyes, ears, or nose, may be exposed to direct contact with the water. 

 Partial-Body Contact – use of a surface water that may cause the human body to come into 
direct contact with the water, but normally not to the point of complete submergence (for 
example, wading or boating). The use is such that ingestion of the water is not likely and 
sensitive body organs, such as the eyes, ears, or nose, will not normally be exposed to direct 
contact with the water. 

Numeric Objectives 
Both full and partial body contact use objectives are based on E. coli: 

 Full Body Contact – Geometric mean (four-sample minimum) 126 cfu/100 mL; single 
sample maximum of 235 cfu/100 mL.  

 Partial Body Contact – Geometric mean (four-sample minimum) 126 cfu/100 mL; single 
sample maximum of 575 cfu/100 mL. 

Arizona recently published draft rules as part of its current triennial review of water quality 
standards. Arizona is proposing to establish separate single sample maximum criteria for 
designated beaches/swimming areas and other waters with a Full Body Contact use. The 
revised criteria would be as follows: 

 Single sample maximum (designated bathing beaches and swimming areas) – 235 cfu/ 
100 mL 

 Single sample maximum (all other surface waters designated Full Body Contact) – 575 cfu/ 
100 mL) 

Arizona does not apply any recreational uses or objectives to waterbodies that are canals. This 
includes the following canals that have classified uses: "Phoenix Area Canals" and "Yuma 
Area Canals."  

California 
Recreational Use Categories 
All nine California Regional Water Quality Boards have two recreational uses that are defined 
as follows: 

 REC-1, Water Contact Recreation – waters are used for recreational activities involving 
body contact with water where ingestion of water is reasonably possible. These uses may 
include, but are not limited to, swimming, wading, water-skiing, skin and scuba diving, 
surfing, whitewater activities, fishing, and use of natural hot springs. 

 REC-2, Non-contact Water Recreation – waters are used for recreational activities involving 
proximity to water, but not normally involving body contact with water where ingestion of 
water would be reasonably possible. These uses may include, but are not limited to, 
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picnicking, sunbathing, hiking, beachcombing, camping, boating, tidepool and marine life 
study, hunting, sightseeing, and aesthetic enjoyment in conjunction with the above 
activities. 

Region 8 (Santa Ana) has added the following footnote to these definitions:  

"The REC1 and REC2 beneficial use designations assigned to surface waterbodies in 
this Region should not be construed as encouraging recreational activities. In some 
cases, such as Lake Mathews and certain reaches of the Santa Ana River, access to the 
waterbodies is prohibited because of potentially hazardous conditions and/or because 
of the need to protect other uses, such as municipal supply or sensitive wildlife 
habitat. Where REC1 or REC2 is indicated as a beneficial use in Table 3-1, the 
designations are intended to indicate that the uses exist or that the water quality of the 
waterbody could support recreational uses." 

Numeric Objectives 
The applicable numeric objectives do vary somewhat across regions and the regions are at 
different stages with addressing EPA's recommendation to change from the traditional fecal 
coliform objectives to E. coli and Enterococci objectives. Following is a region-by-region 
summary of bacteria objectives and, where information was available, the status of efforts to 
modify these objectives: 

Region 1 – North Coast 
 REC-1 Objectives – In waters designated for contact recreation (REC-1), the median fecal 

coliform concentration based on a minimum of not less than five samples for any 30-day 
period shall not exceed 50/100 mL, nor shall more than 10 percent of total samples during 
any 30-day period exceed 400/100 mL. 

 REC-2 Objectives – Region 1 has not established any REC-2 bacteria objectives. 

Region 1's 2004 triennial review workplan includes the following: Regional Update to the 
Water Quality Objectives for Bacteria (to include the Russian River) for FY '05-'06 – purpose is 
to consider adopting E. coli and Enterococci objectives and add a single sample maximum that 
"could give guidance for posting areas when the bacteria levels are considered unhealthy for 
the REC-1 (primary water contact) use." 

Region 2 – San Francisco Bay 
Basin Plan (Table 3-1) provides the following objectives: 

 REC-1 – Fecal coliform geometric mean < 200 cfu/100mL (based on five samples equally 
spaced over a 30-day period) and 90th percentile < 400 cfu/100 mL; Total coliform median 
< 240 cfu/100 mL and no sample > 10,000 cfu/100 mL. 

 REC-2 - Fecal coliform mean < 2000 cfu/100 mL and 90th percentile < 4000 cfu/100 mL. 
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Region 2's Basin Plan also includes a table (Table 3-2) that summarizes EPA's water quality 
criteria for water contact recreation based on the frequency of use a particular area receives. 
These criteria are identical to the EPA 1986 recommendations (see following table). According 
to the Basin Plan, "these criteria will be used to differentiate between pollution sources or to 
supplement objectives for water contact recreation."  

  

Region 2's November 2004 staff report prioritizing triennial review issues, rated modification 
of bacteria water quality objectives as a low priority for the following reasons: 

"In 1986, the Water Board included the then-newly adopted U.S. EPA bacteriological 
criteria for reference (Table 3-2), but not as water quality objectives. U.S. EPA has 
requested that the Water Board take the next step of adopting them as State water 
quality objectives, as has been done in some other Regional Water Board jurisdictions. 
Table 3-1 contains bacteriological water quality objectives. Some bacteriological 
criteria are currently cited in Table 3-2 of the Basin Plan as U.S. EPA criteria, not water 
quality objectives. In their comment letter, U.S. EPA requested that Water Board 



 
 
Recreational Uses and Bacteria Objectives 
December 12, 2005 
Page 51 

 

adoption of bacteriological criteria as water quality objectives precede U.S. EPA's 
promulgation of these criteria in the State's coastal waters. U.S. EPA is encouraging all 
Regional Water Boards to adopt the 1986 criteria as State water quality objectives for 
their non-coastal waters. This issue is under active discussion at the Basin Plan 
roundtable as a statewide planning priority, in order to make Regional Water Board 
planning resources available for other priorities. U.S. EPA noted that such 
promulgation would only affect coastal waters in our region, and requests that this 
Water Board adopt the objectives for inland surface waters. Table 3-1 of the Basin Plan 
already contains bacteriological objectives (fecal coliform) to protect these waters, and 
our experience has shown that the U.S. EPA objectives are not significantly different 
from Basin Plan objectives based on analyses from the Section 303d impaired 
waterbodies listings in 2002. For example, an analysis of compliance with Table 3-1 
(objectives) and 3-2 (U.S. EPA criteria) yielded the identical conclusions of percent 
exceedances and impairment at every beach analyzed in the 2002 303d process, as 
documented in the administrative record for that action." 

Region 3 – Central Coast 
 REC-1 – Fecal coliform concentration, based on a minimum of not less than five samples for 

any 30-day period, shall not exceed a log mean of 200 cfu/100 ml, nor shall more than 
10 percent of total samples during any 30-day period exceed 400 cfu/100 mL. 

 REC-2 – Fecal coliform concentration, based on a minimum of not less than five samples for 
any 30-day period, shall not exceed a log mean of 2,000 cfu/100 mL, nor shall more than 
10 percent of samples collected during any 30-day period exceed 4,000 cfu/100 mL. 

Revised bacteria water quality objectives were a triennial review priority for 2001-2004, but no 
changes were made. The bacteria objectives are now on the 2005 priority list. The Regional 
Board plans to incorporate an Enterococcus objective for water contact recreation in ocean 
waters, an E. coli objective for water contact recreation in surface waters, and a fecal coliform 
objective for shellfish harvesting.  

Region 4 – Los Angeles 
 REC-1 (freshwater) – Geometric mean for E. coli shall not exceed 126 cfu/100 mL; fecal 

coliform shall not exceed 200 cfu/100 mL. Single sample maximum for E. coli shall not 
exceed 235 cfu/100 mL and fecal coliform shall not exceed 400 cfu/100 mL. 

Region 4 has also adopted the following implementation provisions for REC-1 bacteria 
objectives - The geometric mean values should be calculated based on a statistically 
sufficient number of samples (generally not less than five samples equally spaced over a 
30-day period). If any of the single sample limits are exceeded, the Regional Board may 
require repeat sampling on a daily basis until the sample falls below the single sample limit 
in order to determine the persistence of the exceedance. When repeat sampling is required 
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because of an exceedance of any one single sample limit, values from all samples collected 
during that 30-day period shall be used to calculate the geometric mean. 

In addition, Region 4 has adopted and EPA has approved a high flow suspension for 
selected waters: 

"The High Flow Suspension shall apply to water contact recreational activities associated 
with the swimmable goal as expressed in the federal Clean Water Act section 101(a)(2) and 
regulated under the REC-1 use, non-contact water recreation involving incidental water 
contact regulated under the REC-2 use, and the associated bacteriological objectives set to 
protect those activities. Water quality objectives set to protect (1) other recreational uses 
associated with the fishable goal as expressed in the federal Clean Water Act section 
101(a)(2) and regulated under the REC-1 use and (2) other REC-2 uses (e.g., uses involving 
the aesthetic aspects of water) shall remain in effect at all times for waters where the (ad) 
footnote appears in Table 2-1a. The High Flow Suspension shall apply on days with rainfall 
greater than or equal to 1/2-inch and the 24 hours following the end of the 1/2-inch or 
greater rain event, as measured at the nearest local rain gauge, using local Doppler radar, 
or using widely accepted rainfall estimation methods. The High Flow Suspension only 
applies to engineered channels, defined as inland, flowing surface water bodies with a box, 
V-shaped or trapezoidal configuration that have been lined on the sides and/or bottom 
with concrete. The water bodies to which the High Flow Suspension applies are identified 
in Table 2-1a in the column labeled 'High Flow Suspension'." 

 REC-2 – In waters designated for non-water contact recreation (REC-1) and not designated 
for water contact recreation (REC-1), the fecal coliform concentration shall not exceed a log 
mean of 2,000 cfu/100 mL (based on a minimum of not less than four samples for any 
30-day period), nor shall more than 10 percent of the samples collected during any 30-day 
period exceed 4,000 cfu/100 mL. 

Note: Region 4 is the only region to have formally adopted E. coli objectives. In changing 
from fecal coliform to E. coli, the Regional Board's staff report included the following 
regarding water quality objectives for the REC-2 use:  

"Staff recommends that the fecal coliform objectives for non-contact recreation (REC-2) 
remain unchanged at the current time, since no epidemiological studies or research have 
been conducted focusing on accidental/incidental contact." 

Region 5 – Central Valley 
 REC-1 - The Basin Plan was amended in 2002 to replace the REC-1 fecal coliform objectives 

with E. coli objectives and provide some implementation language:  
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"…the E. coli concentration, based on a minimum of not less than five samples equally 
spaced over a 30-day period, shall not exceed a geometric mean of 126 cfu/100 mL and 
shall not exceed 235 cfu/100 mL in any single sample.  

If any single sample limits are exceeded for E. coli, the Regional Water Board may require 
repeat sampling on a daily basis until the sample falls below the single sample limit or for 
5 days, whichever is less, in order to determine the persistence of the exceedance.  

When repeat sampling is required because of an exceedance of any one single sample limit, 
values from all samples collected during that 30-day period will be used to calculate the 
geometric mean. " 

The Regional Board website notes that EPA approval is needed prior to the above language 
becoming effective. Betty Yee of the Regional Board was contacted to determine status. She 
indicated that the bacteria objectives were not submitted to the State Water Board for 
approval because there is now a statewide process that is scheduled to present statewide 
criteria to the State Water Board for adoption in June 2006.  

 REC-2 – No water quality objectives have been adopted for the REC-2 use. 

Region 6 – Lahonton  
The bacteria water quality objectives for Region 6 apply to all surface waters and are not REC 
use specific:  

 The fecal coliform concentration during any 30-day period shall not exceed a log mean of 
20 cfu/100 mL, nor shall more than 10 percent of all samples collected during any 30-day 
period exceed 40 cfu/100 mL. The log mean shall ideally be based on a minimum of not 
less than five samples collected as evenly spaced as practicable during any 30-day period. 
However, a log mean concentration exceeding 20 cfu/100 mL for any 30-day period shall 
indicate violation of this objective even if fewer than five samples were collected. 

Region 7 - Colorado River Basin 
REC-1 & REC-2 – Based on a statistically sufficient number of samples (generally not less than 
five samples equally spaced over a 30-day period), the geometric mean of the indicated 
bacterial densities should not exceed one or the other of the following: 

 REC-1 REC-2 

E. coli 126 cfu/100 mL 630 cfu/100 mL 

Enterococci   33 cfu/100 mL  165 cfu/100 mL 
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Nor shall any sample exceed the following maximums: 

 REC-1 REC-2 

E. coli  400 cfu/100 mL 2000 cfu/100 mL 

Enterococci 100 cfu/100 mL 500 cfu/100 mL 

Except that for the Colorado River, the following maximum shall apply: 

 REC-1 REC-2 

E. coli 235 cfu/100 mL 1175 cfu/100 mL 

Enterococci 61 cfu/100 mL 305 cfu/100 mL 

In addition to the objectives above, in waters designated REC-1, the fecal coliform 
concentration based on a minimum of not less than five samples for any 30-day period, shall 
not exceed a log mean of 200 cfu/100 mL, nor shall more than 10 percent of total samples 
during any 30-day period exceed 400 cfu/100 mL. 

Region 8 – Santa Ana 
 REC-1 - Fecal coliform: log mean less than 200 cfu/100 mL based on five or more samples/ 

30-day period, and not more than 10 percent of the samples exceed 400 cfu/100 mL for any 
30-day period. 

 REC-2 - Fecal coliform: average less than 2,000 cfu/100 mL and not more than 10 percent of 
samples exceed 4,000 cfu/100 mL for any 30-day period. 

Region 9 – San Diego 
 REC-1 – Fecal coliform concentration based on a minimum of not less than five samples for 

any 30-day period, shall not exceed a log mean of 200 cfu/100 mL, nor shall more than 
10 percent of total samples during any 30-day period exceed 400 cfu/100 mL. 

 REC-2 – In water designated for REC-2 and not designated for REC-1, the average fecal 
coliform concentrations for any 30-day period, shall not exceed 2,0000 cfu/100 mL nor shall 
more than 10 percent of samples collected during any 30-day period exceed 4,000 cfu/ 
100 mL. 

This Regional Board's 2004 triennial review priority list included two "high" priority elements 
involving recreational uses and bacteria water quality objectives: 

 Update and clarify existing water quality objectives for bacteria indicators. Include 
language in Basin Plan Chapter 3 clarifying how objectives should be interpreted and 
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implemented (e.g., applicability of E. coli and Enterococcus for use in NPDES permitting). 
Additionally, develop implementation provisions for bacteria objectives for REC-1 
beneficial use. Implementation provisions would not replace water quality objectives but 
would discuss provisions under which exceedances of water quality objectives would be 
allowed during wet weather conditions. Implementation provisions may include but are 
not be limited to incorporation of a reference watershed, or a watershed that is minimally 
impacted by anthropogenic activities, or such other approaches as may be found 
appropriate, useful and compatible with EPA guidelines. Such a watershed has a certain 
amount of exceedances of the water quality objectives during rain events, and these 
exceedances are due to input from natural sources (wildlife). TMDLs for bacteria would 
incorporate these implementation provisions as an alternative to using the water quality 
objectives as written in the Basin Plan. 

 Adopt a subcategory of REC-1 called "Wildlife Impacted Recreation" for waterbodies 
designated with REC-1 beneficial use, which also support an abundance of wildlife (e.g., 
Children's Pool, La Jolla). In wildlife-impacted areas achieving REC-1 standards for 
bacteria is difficult. Adoption of the subcategory "Wildlife Impacted Recreation" would 
reflect the natural levels of bacteria while providing protection to the noncontact recreation 
beneficial use (REC-2). Consider sub-category for contact recreation (REC-1) in flood 
control areas and reservoirs where public access is restricted. Revise designated beneficial 
uses to recognize flood control and its incompatibility with beneficial uses on a case-by-
case basis, such as Forrester Creek and Chollas Creek. 

Hawaii 
Recreational Use Categories 
Waters are classified by type and location, e.g., inland vs. marine. There appears to be no 
specific use designations established, e.g., primary or secondary contact. 

Numeric Objectives 
For inland waters: 

 Enterococcus content shall not exceed a geometric mean of 33 cfu/100 mL in not less than 
five samples that shall be spaced to cover a period between 25 and 30 days. No single 
sample shall exceed the single sample maximum of 89 cfu/100 mL or the site-specific one-
sided 82 percent confidence limit.  

 Inland recreational waters in which Enterococcus does not exceed the standard shall not be 
lowered in quality. 

 At locations where sampling is less frequent than five samples per 25 to30 days, no single 
sample shall exceed the single sample maximum nor shall the geometric mean of these 
samples taken during the 30-day period exceed 33 cfu/100 mL. 
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Nevada 
Recreational Use Categories 
Waters are categorized into Classes A, B, C, or D; the applicable recreational use varies. Class 
A, B, and C are designated with both REC-1 and REC-2; Class D is designated with REC 2 
only. Definitions of REC-1 and REC-2 include: 

 REC-1 applies to waters where recreation involving contact with the water may occur 

 REC-2 applies to waters where recreation not involving contact with the water may occur 

Class D waters, where only REC-2 applies are defined as follows: waters or portions of waters 
located in areas of urban development, highly industrialized or intensively used for 
agriculture or a combination of the above and where effluent sources include a multiplicity of 
waste discharges from the highly altered watershed. Very few waters have been categorized 
as Class D; not clear whether a UAA was required. 

Numeric Objectives 
Numeric objectives applicable to waterbodies depend on the class of water: 

 Class A and B: The fecal coliform concentration, based on a minimum of five samples 
during any 30-day period, must not exceed a geometric mean of 200 cfu/100 mL nor may 
more than 10 percent of total samples during any 30-day period exceed 400 cfu/100 mL. 

 Class C: The more stringent of the following apply: 

− The fecal coliform concentration must not exceed a geometric mean of 1,000 cfu/100 mL 
nor may more than 20 percent of total samples exceed 2,400 cfu/100 mL. 

− The annual geometric mean of fecal coliform concentration must not exceed that 
characteristic of natural conditions by more than 200 cfu/100 mL nor may the number of 
fecal coliform in a single sample exceed that characteristic of natural conditions by more 
than 400 cfu/100 mL. 

− The fecal coliform concentration, based on a minimum of five samples during any 
30-day period, must not exceed a geometric mean of 200 cfu/100 mL, nor may more than 
10 percent of total samples during any 30-day period exceed 400 cfu/100 mL. This is 
applicable only to those waters used for primary contact recreation. 

 Class D: No numeric objectives apply. 

In addition to these statewide standards, Nevada has also established site-specific bacteria 
standards on many of its major waters. These site-specific objectives are based on E. coli rather 
than fecal coliform. Tributaries to Lake Tahoe have a 126 cfu/100 mL single sample maximum 
standard. Most of the other state waters with E. coli objectives use the 126 cfu/100 mL 
geometric mean as the standard, but the geometric mean is based on an annual calculation. 
Waters with a 126 cfu/100 mL annual geometric mean also have a single sample maximum of 
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either 235 or 410 cfu/100 mL. A few waters have either only an annual geometric mean 
objective of 630 cfu/100 mL or only a single sample maximum of 630 cfu/100 mL. 

EPA Region 10 
Alaska 
Alaska is currently undergoing its triennial review to adopt revised E. coli objectives. One of 
the issues to be addressed is whether to adopt seasonal-based objectives. 

Recreational Use Categories 
No definitions found. It appears that contact and secondary contact uses apply to all state 
freshwaters. 

Numeric Objectives 
 Contact Recreation – In a 30-day period, the geometric mean of fecal coliform samples may 

not exceed 100 cfu/100 mL, and not more than one sample, or more than 10 percent of the 
samples if there are more than 10 samples, may exceed 200 cfu/100 mL. 

 Secondary Recreation – In a 30-day period, the geometric mean of fecal coliform samples 
may not exceed 200 cfu/100 mL, and not more than 10 percent of the total samples may 
exceed 400 cfu/100 mL. 

Idaho 
Recreational Use Categories 

 Primary Contact Recreation – water quality appropriate for prolonged and intimate contact 
by humans or for recreational activities when the ingestion of small quantities of water is 
likely to occur. Such activities include, but are not restricted to, those used for swimming, 
water skiing, or skin diving.  

 Secondary Contact Recreation – water quality appropriate for recreational uses on or about 
the water and that are not included in the primary contact category. These activities may 
include fishing, boating, wading, infrequent swimming, and other activities where 
ingestion of raw water is not likely to occur. 

Numeric Objectives 
 Primary Contact Recreation – Waters designated for primary contact recreation are not to 

contain E. coli bacteria significant to the public health in concentrations exceeding: 

− For areas within waters designated for primary contact recreation that are additionally 
specified as public swimming beaches, a single sample of 235 cfu/100 mL. For the 
purpose of this subsection, "specified public swimming beaches" are considered to be 
indicated by features such as signs, swimming docks, diving boards, slides, or the like, 
boater exclusion zones, map legends, collection of a fee for beach use, or any other 
unambiguous invitation to public swimming. Privately owned swimming docks or the 
like which are not open to the general public are not included in this definition.  
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− For all other waters designated for primary contact recreation, a single sample of 
406 cfu/100 mL 

− A geometric mean of 126 cfu/100 mL based on a minimum of five samples taken every 
3 to 5 days over a 30-day period. 

 Secondary Contact Recreation – Waters designated for secondary contact recreation are not 
to contain E. coli bacteria significant to the public health in concentrations exceeding:  

− A single sample of 576 cfu/100 mL 

− A geometric mean of 126 cfu/100 mL based on a minimum of five samples taken every 
3 to 5 days over a 30-day period. 

In addition to the above objectives, the following statements are included in the Idaho water 
quality standards: 

 Numeric water quality standards only apply to intermittent waters during optimum flow 
periods sufficient to support the uses for which the water body is designated. For 
recreation, optimum flow is equal to or greater than 5 cfs. In Idaho, intermittent waters are 
defined as: A stream, reach, or water body which has a period of 0 flow for at least 1 week 
during most years. Where flow records are available, a stream with a 7Q2 hydrologically-
based flow of less than 0.1 cfs is considered intermittent. Streams with natural perennial 
pools containing significant aquatic life uses are not intermittent.  

 The designated use of a waterbody does not imply any rights to access or ability to conduct 
any activity related to the use designation, nor does it imply that an activity is safe. For 
example, a designation of primary or secondary contact recreation may occur in areas 
where it is unsafe to enter the water due to water flows, depth, or other hazardous 
conditions. 

 A single water sample exceeding an E. coli standard does not in itself constitute a violation 
of water quality standards; however, additional samples shall be taken for the purpose of 
comparing the results to the geometric mean objectives: 

− Any discharger responsible for providing samples for E. coli shall take five additional 
samples The Department shall take five additional samples for ambient E. coli samples 
unrelated to dischargers' monitoring responsibilities. 

 Idaho has also successfully conducted UAAs to change the primary contact recreation use 
to secondary contact primarily based on safety concerns.  

Oregon 
Recreational Use Categories 
Oregon has a single recreational use: water contact recreation, which is applicable to all state 
waters except Bull Run River and its tributaries (may be a water supply source protection 
issue).  
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Numeric Objectives 
E. coli - 30-day log mean of 126 cfu/100 mL, based on a minimum of five samples; no single 
sample may exceed 406 E. cfu/100 mL  

Washington 
Recreational Use Categories 

 Extraordinary Primary Contact – waters providing extraordinary protection against 
waterborne disease or that serve as tributaries to extraordinary quality shellfish harvesting 
areas 

 Primary Contact Recreation – activities where a person would have direct contact with 
water to the point of complete submergence including, but not limited to, skin diving, 
swimming, and water skiing. 

 Secondary Contact Recreation – activities where a person's water contact would be limited 
(e.g., wading or fishing) to the extent that bacterial infections of eyes, ears, respiratory or 
digestive systems, or urogenital areas would normally be avoided. 

Numeric Objectives 
 Extraordinary Primary Contact – Fecal coliform organism levels must not exceed a 

geometric mean value of 50 cfu/100 mL, with not more than 10 percent of all samples (or 
any single sample when less than 10 sample points exist) obtained for calculating the 
geometric mean value exceeding 100 cfu/100 mL. 

 Primary Contact Recreation – Fecal coliform organism levels must not exceed a geometric 
mean value of 100 cfu/100 mL, with not more than 10 percent of all samples (or any single 
sample when less than ten sample points exist) obtained for calculating the geometric mean 
value exceeding 200 cfu/100 mL. 

 Secondary Contact Recreation – Fecal coliform organism levels must not exceed a 
geometric mean value of 200 cfu/100 mL, with not more than 10 percent of all samples (or 
any single sample when less than ten sample points exist) obtained for calculating the 
geometric mean value exceeding 400 cfu/100 mL 

Washington's water quality standards also include the following implementation statements: 

 When averaging bacteria sample data for comparison to the geometric mean objectives, it is 
preferable to average by season and includes five or more data collection events within 
each period. Averaging of data collected beyond a 30-day period, or beyond a specific 
discharge event under investigation, is not permitted when such averaging would skew the 
data set so as to mask noncompliance periods. The period of averaging should not exceed 
twelve months, and should have sample collection dates well distributed throughout the 
reporting period. 
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 When determining compliance with the bacteria objectives in or around small sensitive 
areas, such as swimming beaches, it is recommended that multiple samples are taken 
throughout the area during each visit. Such multiple samples should be arithmetically 
averaged together (to reduce concerns with low bias when the data is later used in 
calculating a geometric mean) to reduce sample variability and to create a single 
representative data point. 

 As determined necessary by the department, more stringent bacteria objectives may be 
established for rivers and streams that cause, or significantly contribute to, the de-
certification or conditional certification of commercial or recreational shellfish harvest 
areas, even when the pre-assigned bacteria objectives for the river or stream are being met. 

 Where information suggests that sample results are due primarily to sources other than 
warm-blooded animals (e.g., wood waste), alternative indicator objectives may be 
established on a site-specific basis by the department. 
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Appendix B 
Portion of EPA letter approving adoption of recreational uses and associated objectives. 





















A 

Memorandum 
 
To: Stormwater Quality Standards Study Task Force 
 
From: CDM 
 
Date: April 10, 2006 
 
Subject: Scientific Basis for EPA Recommended Water Quality Objectives for 

Bacteria 

Introduction 
At the direction of the Stormwater Quality Standards Study Task Force, CDM researched the 
technical or scientific basis used to establish the recommended bacteria water quality 
objectives contained in the draft Environmental Protection Agency (EPA) guidance 
document, Implementation Guidance for Ambient Water Quality Criteria for Bacteria, (November 
2003), including any assumptions, “safety factors” and other information relative to 
“acceptable” vs. “unacceptable” risks used in determining recommendations. This 
information was to be gathered to provide an assessment of the applicability of the 
assumptions, conditions and safety factors in EPA guidance relative to conditions within the 
Santa Ana River watershed.  

Methodology 
The requested research was conducted by following three general steps: 

 CDM reviewed the history of EPA recommendations for the establishment of bacteria 
water quality objectives to protect recreational uses published in guidance documents 
dating back to 1968. 

 Key documents cited in the EPA guidance documents were obtained (if available) and 
subsequently reviewed to gather additional information that provided a more complete 
understanding of the information contained in the EPA documents.  

 Related documents that addressed the subject of the establishment of appropriate 
objectives for the protection of recreational uses were reviewed. This source list was 
initially generated by reviewing the citations in the recent National Academy of Sciences 
report, Indicators for Waterborne Pathogens, (National Research Council 2004). 

While information was gathered on both freshwater and marine studies, the majority of the 
information presented in this technical memorandum focuses on the freshwater studies. 
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However, where potentially relevant, information from marine studies also has been 
included. 

Summary of Findings 
The federally recommended bacteria objectives are, to a degree, somewhat subjective; 
however, this does not discount or minimize the fact that increased pathogens have been 
shown to be related to increased illness. This has been demonstrated in numerous studies 
conducted around the world, especially in marine waters. However, while there should be no 
disagreement that this relationship exists, what can be debated and considered is how the 
federal recommended objectives be applied to different types of waters.  

Following is a summary of findings that provides some understanding regarding how the 
federal objectives were derived. With this understanding in mind, the applicability of the 
federally recommended bacteria objectives to waterbodies with varying qualities may be 
considered. More detailed information follows this section.  

 The bacteria objectives recommended by EPA are based on two epidemiological studies 
conducted during summer months generally from 1979 to 1982 at Keystone Reservoir in 
Oklahoma and Lake Erie in Pennsylvania. 

 Bacteria objectives are intended to protect swimmers or primary contact activity where 
there is a high risk of ingestion of water. McKee (1980), which provides part of the basis for 
EPA’s recommended freshwater primary contact objectives (i.e., the studies involving 
Keystone Reservoir), provides a clear distinction between swimmers and non-swimmers:   

− Non-swimmers were those who either did not go in the water (non-bathers) or went in 
the water but did not get their head or face wet (waders). Persons who reported that they 
were in the water for less than ten minutes were classified as non-swimmers regardless of whether 
they got their head or face wet, in view of their short water exposure time. No explanation was 
offered for why ten minutes was selected as this threshold. 

− Swimmers were those who did swim or otherwise get their head or face wet. 

Although the specifics of the Lake Erie study were not available (as they were for Keystone 
Reservoir), Dufour (1984) states that “swimming activity was rigidly defined” in the 
context of studies at both locations; thus, we have no reason to believe that the swimmer 
definition provided by McKee (1980) was any different than that which was used at Lake 
Erie. 

With the exception of a few waters in the Santa Ana River basin, e.g., portions of the 
mainstem Santa Ana River and Big Bear Lake, “swimming” as defined above is not likely 
to occur – especially given that the study classified short exposure swimming (less than 10 
minutes) as non-swimming. 
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 Although there is a pattern of higher illness rates in swimmers, the rates for swimmers and 
non-swimmers were often not significantly different. In fact, for the symptom category 
“Highly credible gastrointestinal symptoms” only 2 of the 9 comparisons found a 
significantly higher illness rate for swimmers (see Tables 2 and 3). 

 Children are noted as potentially being more susceptible to illness than adults (e.g., see 
Federal Water Pollution Control Administration 1968; EPA 2003). However, children were 
included in the freshwater and marine epidemiological studies, and thus the recommended 
objectives already consider any potential for increased illness rates in children.  

 Fleisher et al. (1993) discusses how easily risk may have been over or underestimated in the 
epidemiological studies conducted by EPA ; in addition, Fleisher (1991) demonstrates how 
easy data may be manipulated to achieve different interpretations. Ultimately, Fleisher et 
al. (1993) argues that the problem is best dealt with thorough risk management decisions. 

 The acceptable risk used to establish recommended bacteria objectives is arbitrary. From 
the EPA Gold Book (EPA 1986):  

“The levels displayed in Table 1 [Gold Book, 1986] depend not only on the assumed 
standard deviation of log densities, but also on the chosen level of acceptable risk. 
While this level was based on the historically accepted risk, it is still arbitrary insofar 
as the historical risk was itself arbitrary” (the basis for the historical risk is described in 
Federal Water Pollution Control Administration 1968). 

 The single sample maximum values published in EPA (1986) for beaches ranging from 
“designated beach area” to “infrequently used” were intended to apply to swimmable 
areas or areas where primary contact recreation is possible.  

 Cabelli’s (1983) comments on the recommended bacteria objectives for marine waters 
included recommendations on how these objectives can best be used:  

− The recommended objective provides a relatively reliable generalization which is 
amenable to risk analysis, allows a wider choice of options at both the federal and local 
levels, and can be defended on the basis of epidemiological data.  

− A cost-benefit or cost-effectiveness type model should be developed for determining the 
acceptable risk or incidence of illness in the context of general and local factors. 

− The “most resource responsible use” of the proposed objectives is for translation into 
effluent guidelines governing the design of sewage treatment facilities, the location of 
their outfalls and the decisions to be made relative to the degree of treatment and 
disinfection required.  

 EPA (2003) recognizes the need for a risk-based approach. This recognition makes sense 
given the basis for the objectives, the potential bias in the approach, the wide range of 
waterbody types to which these objectives could be applicable to, and the range of 
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recreational activities that may occur in these waters. Recently, the EPA illustrated how it 
accepts states using a risk-based thought process in establishing bacteria objectives to 
protect different levels of recreational activity (see EPA Kansas approval letter in Appendix 
B of “Review of State Recreational Uses and Bacteria Objectives” in CDM Stormwater Quality 
Standards Study Task Force Technical Memorandum, December 12, 2005). 

Supporting Documentation 
The following sections provide a summary of the findings from documents reviewed to date. 
Complete references are provided at the end of this document. 

History of EPA Recommended Bacteria Water Quality Objectives for 
the Protection of Recreational Uses  
Between 1968 and 1986, the EPA published five guidance documents addressing the 
establishment of bacteria water quality objectives: 

 Report of the National Technical Advisory Committee (“Green Book”), Federal Water 
Pollution Control Administration (1968) 

 Report of the Committee on Water Quality Criteria (“Blue Book”), National Academy of 
Sciences – National Academy of Engineering (1973) 

 Quality Criteria for Water, 1976 (“Red Book”), U.S. EPA (1976) 

 Ambient Water Quality Criteria for Bacteria – 1986, U.S. EPA (1986) 

 Quality Criteria for Water, 1986 (“Gold Book”), U.S. EPA (1986) 

A sixth document, Implementation Guidance for Ambient Water Quality Criteria for Bacteria 
(November 2003 Draft), provides additional guidance with regards to how EPA recommends 
the 1986 criteria be implemented. 

Overview 
In general, the typically accepted primary contact fecal coliform objectives in use by states 
today date back to the 1968 Green Book recommendations. These recommendations were 
based on limited epidemiological data from three studies conducted by the United States 
Public Health Service (USPHS) on Midwestern waters (Great Lakes in Michigan, Inland River 
and Ohio River [Ohio]) from 1948-1950. In addition, the concept of a secondary contact use 
having objectives that are 10 times the primary contact objectives also has its root in the 1968 
recommendations. 

The only significant change from the 1968 recommended bacteria objectives occurred with the 
publication Ambient Water Quality Criteria for Bacteria (EPA 1986). This publication based on 
studies conducted on freshwater beaches in Oklahoma and Pennsylvania and marine beaches 
in New York, Massachusetts and Louisiana resulted in EPA recommending that states adopt 
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E. coli and enterococci as the recommended pathogen indicators for the protection of 
recreational uses in freshwater and marine waters, respectively.  

The 1986 recommendations provided a risk-based approach for establishing criteria with a 
geometric mean based on an acceptable risk level and single sample criteria based on 
consideration of the frequency of use of the beach. The 2003 draft guidance did not change the 
1986 recommended objectives, but instead provided guidelines on how bacteria objectives 
may be implemented. The following sections provide a brief summary of the 
recommendations contained within each document referenced above and the basis for those 
recommendations.  

Green Book 
The Green Book recommended bacteria water quality objectives for three types of recreational 
uses. These uses, their definitions and associated criteria are as follows: 

 Criteria for Primary Contact Recreation - The Green Book recommended that primary 
contact recreation be applied to  

“… activities in which there is prolonged intimate contact with the water involving 
considerable risk of ingesting water in quantities sufficient to pose a significant 
health hazard. Examples are wading and dabbling by children, swimming, water 
skiing and surfing.” 

The recommended fecal coliform objectives were as follows:  

“… based on a minimum of not less than five samples taken over not more than a 30-
day period, the fecal coliform content of primary contact recreation waters shall not 
exceed a log mean of 200/100 ml, nor shall more than 10 percent of total samples 
during any 30-day period exceed 400/100 ml.” 

The basis for the recommended objectives was USPHS epidemiological studies that showed 
an epidemiologically detectable health effect at levels of 2,300 – 2,400 total coliforms per 
100 ml. Subsequent work indicated that fecal coliforms represented 18% of the total 
coliforms. This relationship suggested that detectable health effects may occur at a fecal 
coliform level of about 400 per 100 ml. The addition of a 2X safety factor resulted in the 
recommendation of 200 per 100 ml.  

 Criteria for General Recreational Use of Surface Waters - General recreational use is 
discussed in the context of a “secondary contact” type of use, where there is no significant 
risk of ingestion. Applicable criteria for this use was recommended as follows:  

“In the absence of local epidemiological experience, the Subcommittee recommends 
an average not exceeding 2,000 fecal coliform per 100 ml and a maximum of 4,000 
per 100 ml except in specified mixing zones adjacent to outfalls.”   
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The basis for this recommendation was as follows:  

“risk [is] considered to be one-tenth that for primary contact recreation…Further 
research will be necessary to arrive at precise criteria for secondary contact recreation 
activities.” 

 Criteria for the Enhancement of Recreation Value of Waters Designated for Recreation Uses 
Other Than Primary Contact Recreation - The Green Book states that the recommendations 
for this category: 

 “are intended to apply where recreation is a designated use for water quality 
management purposes (but not in cases where primary contact recreation is 
involved).”  

The recommended criteria are as follows:  

“In waters designated for recreation uses other than primary contact recreation, the 
Subcommittee recommends that the fecal coliform content…should not exceed a log 
mean of 1,000/100 ml, nor equal or exceed 2,000/100 ml in more than 10 percent of 
the samples.” 

Blue Book 
The Blue Book, published in 1972, did not support the 1968 recommendations stating that 
“current epidemiological data are not materially more refined or definitive than those that 
were available in 1935.” The authors noted:  

“When used to supplement other evaluative measurements, the fecal coliform index 
[criteria recommended in the Green Book] may be of value in determining the 
sanitary quality of recreational water intended for bathing and swimming. The index 
is a measure of the “sanitary cleanliness” of the water and may denote the possible 
presence of untreated or inadequately treated human wastes. But it is an index that 
should be used only in conjunction with other evaluative parameters of water 
quality such as sanitary surveys, other biological indices of pollution, and chemical 
analyses of water. To use the fecal coliform index as the sole measure of “sanitary 
cleanliness,” it would be necessary to know the maximum “acceptable” 
concentration of organism; but there is no agreed-upon value that divides 
“acceptability” from “unacceptability.” Thus, as a measure of “sanitary cleanliness,” 
an increasing value in the fecal coliform index denotes simply a decrease in the level 
of cleanliness of the water.” 

The Committee that authored the Blue Book ultimately concluded that no recommendations 
should be made concerning bacteria concentrations in “bathing water” “because of the 
paucity of valid epidemiological data.” However, the Committee footnoted its findings 
stating that:  
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“if an arbitrary value for the fecal coliform index is desired, consideration may be 
given to a density value expressed as a geometric mean of a series of samples 
collected during periods of normal seasonal flow. A maximum value of 1000 fecal 
coliform per 100 ml could be considered.” 

Red Book 
The Red Book, published in 1976, reversed the 1972 position and reinstated the Green Book 
recommendations for primary contact or “bathing waters”: 

“Based on a minimum of not less than five samples taken over a 30-day period, the 
fecal coliform bacterial level should not exceed a log mean of 200 per 100 ml, nor 
should more than 10 percent of the total samples during any 30-day period exceed 
400 per 100 ml.” 

No definition is provided for “bathing waters,” and there is no discussion of bacteria 
objectives for recreational uses other than primary contact. 

Gold Book and Ambient Water Quality Criteria for Bacteria 
The Gold Book, published in May 1986, includes the bacteria objective recommendations 
published in Ambient Water Quality Criteria for Bacteria (EPA 1986) (“bacteria guidance”) - the 
document that changed the recommended bacteria objectives for freshwater from fecal 
coliform to E. coli. The Gold Book summarizes the findings of several documents that were 
used to generate the bacteria guidance document. These key documents: Cabelli (1983), 
Dufour (1984), and McKee (1980) provide more detailed information and are discussed below. 
However, some of the key points are summarized here:  

 The 1986 guidelines established the risk-based approach that considers an acceptable 
number of illnesses. For the 1986 document, the acceptable illness rate for freshwater was 8 
illnesses/1000.  

 No studies were done to determine what is an “acceptable illness rate.” Instead, the 
“acceptable illness rate” was established by back-calculating the risk associated with the 
200 fecal coliforms/100 ml objective already in use (see above for basis of the fecal coliform 
objectives).  

 The Gold Book states that the recommended objectives depend on the chosen level of 
acceptable risk and admits, that “while this level was based on the historically accepted 
risk, it is still arbitrary insofar as the historical risk was itself arbitrary.” 

 The 1986 bacteria guidance was focused on designated beaches: The situation needing the 
most rigorous monitoring is the designated swimming beach. Such areas are frequently 
lifeguard protected, provide parking and other public access and are heavily used by the 
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public. Public beaches of this type were used by EPA in developing the relationship described in this 
document” (emphasis added). 

 The EPA document notes that the equations used to calculate geometric mean indicator 
densities for E. coli and enterococci corresponding to the accepted gastrointestinal illness 
rates are for “steady state dry weather conditions.” 

 The basis and purpose for the single sample maximum values is as follows:  

“To set the single sample maximum, it is necessary to specify the desired chance that 
the beach will be left open when the protection is adequate. This chance, or 
confidence level, was based on Agency judgment. For the simple decision rule 
considered here, a smaller confidence level corresponds to a more stringent (i.e. 
lower) single sample maximum. Conversely, a greater confidence level corresponds 
to less stringent (i.e., higher) maximum values. This technique reduces the chances of 
single samples inappropriately indicating violations of the recommended criteria. By 
using a control chart analogy and the actual log standard deviations from the EPA 
studies, single sample maximum densities for various confidence levels were 
calculated. EPA then assigned qualitative use intensities to those confidence levels. A 
low confidence level (75%) was assigned to designated beach areas because a high 
degree of caution should be used to evaluate water quality for heavily used areas. 
Less intensively used areas would allow less restrictive single sample limits. Thus, 
95% confidence might be appropriate for swimmable water in remote areas. “ 

Note: Table 4 in the in EPA (1986) bacteria guidance clearly states that the single sample 
maximums based on confidence levels are applicable to waters for full body contact 
recreation. However, while the text of EPA 2003 clearly states that different objectives may 
apply to waters that are not designated primary contact recreations, Table 1-1 in EPA 
(2003), which summarizes the Table 4 objectives from EPA (1986), does not explicitly 
state that the single sample maximums are for full body contact recreation. Unless the 
full text is read, the intended applicability of Table 1-1 may be misunderstood.  

2003 Draft Implementation Guidance 
The 2003 draft guidance does not change the 1986 objective recommendations, but instead 
provides guidance on how these objectives may be implemented and provides alternatives to 
directly establishing the 1986 recommendations, especially where primary contact recreation 
is not an existing use or primary contact use is not attainable because of high flows, 
temperature or non-human sources of bacteria.  

Recreational Categories 
With regards to primary and secondary contact, this document provides additional guidance 
regarding where these uses may apply:   
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 “States… should assure that primary contact recreation uses are designated for 
waterbodies where people engage, or are likely to engage, in activities that could result in 
ingestion of water or immersion. These activities include swimming, water skiing, 
kayaking, and any other activity where contact and immersion in the water are likely. 
Certain conditions, such as the location of a waterbody, high or low flows, safety concerns, 
or other physical conditions of the waterbody may make it unlikely that these activities 
would occur. However, states…should take into consideration that there will be 
individuals, particularly children, who may be more likely to swim or make other use of 
the waterbody such that ingestion may occur. States…should take those populations into 
account when making designated use determinations.” 

 “For waterbodies where a state…demonstrates through a use attainability analysis that 
“swimmable” standards are not attainable, adoption of secondary contact uses and the 
associated water quality criteria may be appropriate. EPA defines secondary contact uses 
as including activities where most participants would have very little direct contact with 
the water and where ingestion of water is unlikely. Secondary contact activities may 
include wading, canoeing, motor boating, fishing, etc.” 

For waters designated with a secondary contact use, the EPA notes and recommends the 
following with regards to the establishment of water quality objectives: 

 “EPA is unable to derive a national criterion for secondary contact recreation based upon 
existing data, because secondary contact activities involve far less contact with water than 
primary contact activities. During the development of this guidance document, EPA 
explored the feasibility of deriving criteria for secondary contact waters and found it 
infeasible for several reasons. In reviewing the data generated in the epidemiological 
studies conducted by EPA that formed the basis for its 1986 criteria recommendations, EPA 
found that the data would be unsuitable for the development of a secondary contact 
criterion. The data collected were associated with swimming related activities involving 
immersion. Secondary contact recreation activities generally do not involve immersion in 
the water, unless it is incidental.” 

 “Despite the lack of epidemiological studies/data necessary to develop a risk-based 
secondary contact recreation criterion, EPA believes that waters designated for secondary 
contact recreation should have an accompanying numeric criterion…Accordingly, 
states…may wish to adopt a secondary contact criterion which is five times their primary 
contact criterion. EPA recommends that secondary contact criteria be geometric mean 
values using a 30 day, seasonal, or annual averaging period. Clearly identifying the 
averaging period is very important to support attainment and permitting decisions. 
Another approach would be the adoption of a secondary contact criterion as a maximum, 
not to be exceeded value. EPA feels that this would also be an appropriate approach, 
particularly for states…that are unable to collect sufficient monitoring data to calculate a 
geometric mean value. States…may also pursue other approaches for secondary contact 
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waters, and EPA will work with the state…to ensure the approach is protective of the 
designated use and meets the above objectives.” 

Single Sample Maximum Versus Geometric Mean for Measuring Compliance 
With regards to the use of a single sample maximum in addition to a geometric mean for 
measuring compliance, this document provides additional guidance.  EPA recommends 
adopting both a geometric mean and an “upper percentile value”. The term “upper percentile 
value” is used in place of “single sample maximum” to more accurately reflect their 
derivation and more adequately reflect the range of recommended usage of this aspect of 
EPA’s criteria. Although the upper percentile value is intended primarily for beach 
monitoring and notification programs, including it in water quality standards provides the 
flexibility to determine the circumstances in which either the geometric mean or the upper 
percentile value (or both) would be most appropriate when determining attainment. Per the 
2003 Draft Implementation Guidance, the “single sample maximum” was never intended to 
be a value not to be exceeded when referring to attainment decisions and National Pollutant 
Discharge Elimination System (NPDES) permitting under the Clean Water Act. Therefore, 
EPA proposed dropping the use of the term in favor of the more statistically correct term 
“upper percentile value.”   
 

EPA encourages using only one bacteria indicator. Once a state adopts E. coli and/or 
enterococci as indicators to replace fecal coliform, the EPA recommends removing fecal 
coliform criteria from recreational waters, as retaining it may result in unnecessary additional 
permitting and monitoring requirements. To facilitate a period of transition, EPA states that 
both fecal coliform and E. coli/enterococci may be included in water quality standards for a 
limited period of time, generally one triennial review cycle.  Temporarily using both E. coli / 
enterococci and fecal coliform criteria could prove useful for enabling regulatory decisions 
and actions to continue while collecting data for newly adopted E. coli/enterococci criteria.  
EPA stresses that with this option available, lack of data should not delay adoption of E. coli 
and/or enterococci criteria.   
 
Non-Human Sources of Bacteria 
According to the guidance, in many circumstances waterbodies are impacted by not only 
human sources of fecal contamination, but also domesticated animals and wildlife. Available 
data suggest there is some risk posed to humans as a result of exposure to microorganisms 
resulting from non-human fecal contamination, particularly those animal sources with which 
humans regularly come into contact, i.e., livestock and other domestic animals. Accordingly,  
EPA believes it is inappropriate to conclude that these sources present no risk to human 
health from waterborne pathogens. Accordingly, states should account for bacteria from all 
non-wildlife sources in water quality standards.  
 
EPA guidance states that broad exemptions from bacteriological criteria should not be used 
based on the presumption that high levels of bacteria originating from non-human fecal 
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contamination present no risk to human health.  Rather, limited exemptions should be used 
only when high levels of bacteria are shown to be from wildlife sources.  This revises EPA’s 
previous policy as stated in its 1994 Water Quality Standards Handbook, which allowed 
states and authorized tribes to justify a decision not to apply the bacteriological criteria to 
particular recreational waters when high concentrations of bacteria were found to be of 
animal origin.  
 
A recent study performed in Mission Bay in San Diego, California may be an example of a 
study than could be used as support for a “limited exemption” as described by EPA. The 
study included an investigation of potential human sources of indicator bacteria into Mission 
Bay, and an investigation into non-human sources using emerging molecular source tracking 
techniques. Bacteria transport and sediment source evaluations were also a part of the study.  
 
The Mission Bay study concluded that the large majority of enteric bacteria in Mission Bay 
originates from birds, and contributions from human sources are insignificant. Avian sources 
amounted to 67% of the bacteria contained within study samples; human sources amounted 
to 5%. The report states that because little can be done about the number of birds in Mission 
Bay, management solutions should focus on areas that contribute to the initial bacteria load 
from birds (San Diego, Mission Bay Clean Beaches Initiative Final Report, 2004). 
 

Methods and Basis for Establishment of EPA Recommended Bacteria 
Objectives 
The review of the scientific basis used by the EPA to establish water quality objectives to 
protect recreational uses is found in three key documents: 

 Cabelli, V.J. 1983. Health Effects Criteria for Marine Recreational Waters – Although the 
emphasis is on the establishment of bacteria objectives for marine waters, some interesting 
recommendations are contained in this document. 

 Dufour, A.P. 1984. Health Effects Criteria for Fresh Recreational Waters – This EPA document 
provides the basis for the E. coli criteria for freshwaters. The document’s content is based in 
part on the research conducted by McKee (1980). 

 McKee, G.L. 1980. Development of Health Effects Criteria for Fresh Water Bathing Beaches by Use 
of Microbial Indicators – One of the study sites used to develop the E. coli freshwater 
objectives was in Oklahoma and the studies conducted at this site were done as part of a 
Ph.D. dissertation at the University of Oklahoma. 

Following is a summary of the key findings from each of the above documents.   

Health Effects Criteria for Marine Recreational Waters (Cabelli 1983) 
Per this document, the objective of the program was to produce criteria defined as:  
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“a mathematical relationship of some untoward effect from swimming in sewage 
polluted water to the quality of that water as measured by any of a number of 
potential microbial or chemical indicators; thus, they were to be amenable to risk 
analysis.”  

In Cabelli’s summary of why these studies were needed, the author notes:  

 Without exception, existing guidelines suffer from two major deficiencies: (1) paucity or 
lack of epidemiological data to support guidelines; and (2) a consequence of the first 
deficiency, officials responsible for making decisions are given a “number,” and this 
inherently limits the options available in decision-making for compliance or 
noncompliance. 

 To resolve the deficiencies, an alternative approach is needed that takes into account risk:   

“This approach then permits a decision as to ‘acceptable risk’ based upon social, 
economic, medical, public health, and even political considerations (some form of 
cost-benefit or cost-effectiveness analysis). The acceptable risk of illness or its 
incidence can then be extrapolated from the criterion to yield a water quality limit 
(guideline), and the guideline can then be fixed in law to provide a standard.” 

The result of this study was a recommendation to replace fecal coliform objectives with 
enterococci objectives in marine waters. Since the focus of this document is on freshwaters, 
the specifics of these recommendations will not be discussed further in this document. 
However, in preparing the recommendations, the author also noted the following regarding 
the implementation of the proposed objectives:  

 The recommended objective provides a relatively reliable generalization which is amenable 
to risk analysis, allows a wider choice of options at both the federal and local levels, and 
can be defended on the basis of epidemiological data.  

 A cost-benefit or cost-effectiveness type model should be developed for determining the 
acceptable risk or incidence of illness in the context of general and local factors. 

 The “most resource responsible use” of the proposed objectives is for translation into 
effluent guidelines governing the design of sewage treatment facilities, the location of their 
outfalls and the decisions to be made relative to the degree of treatment and disinfection 
required.  

Health Effects Criteria for Fresh Recreational Waters (Dufour 1984) 
Dufour (1984) used the findings from epidemiological studies at two fresh waterbodies to 
develop the current E. coli objectives recommended by EPA for the protection of primary 
contact recreation. These two locations are Keystone Reservoir on the Arkansas River near 
Tulsa, Oklahoma and Lake Erie in Pennsylvania. Dufour summarizes the study sites, 
methodology used and findings, but cites McKee (1980) for a more detailed presentation of 
the methodology (see below).  
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Study Sites 
Keystone Reservoir 

 Beach Sites - (1) first beach set was less than three miles from the point of discharge of a 
wastewater treatment facility (Beach W) (Note: McKee (1980) explains that Beach W 
actually consists of two separate beaches, one less than a mile, and the other almost three 
miles from the point of discharge. Dufour (1984) combines the data from these beaches), 
and (2) the second beach site was located about five miles from the treatment outfall (Beach 
E).  

 Wastewater Facility - In 1979 the sewage treatment system was two “full retention” 
lagoons, which discharged an average of 120,000 gallons per day of unchlorinated sewage. 
The following year the practice of releasing non-disinfected sewage into the lake was 
discontinued. After April of 1980, approximately 60,000 gallons per day of sewage was 
passed through one of the lagoons, then through an aeration basin after which it was 
adequately treated with chlorine before being discharged.  

Lake Erie 
 Beach Sites - Two sites located in a State Park, situated on a peninsula just north of the City 

of Erie: (1) Beach B is approximately three-quarters of a mile northwest of a wastewater 
treatment facility outfall which discharges the treated sewage of a large urban population. 
(2) Beach A, which is located on the opposite side of the peninsula from the wastewater 
effluent outfall, does not receive pollutants from a point source and the quality of the water 
is “usually good.” 

 Wastewater Facility - An activated sludge process is used to treat an average of 45 million 
gallons per day of sewage. The secondary treatment effluent was chlorinated before being 
discharged into the lake. 

It should be noted that the Lake Erie and Lake Keystone studies were performed during non-
stormwater conditions. What may be attainable based on these studies versus what may be 
attainable under a stormwater scenario has not been studied. 
 

Methodology 
 The beach surveys or trials were conducted only on weekends to take advantage of the 

large populations using the bathing beaches and to permit more intensive monitoring of 
water quality during the time of swimming activity.  

 Swimming activity was rigidly defined as having all upper body orifices exposed to the 
water. Interviewers were instructed to observe the individuals they were interviewing for 
signs of complete body immersion, such as wet hair. This was not always possible and 
reliance was then placed in the responses to questions about swimming activity.  

 The nonswimming control group was selected from beachgoers who did not meet the 
definition of a swimmer.  
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 The beach interviews were conducted in two phases: 

− In the first phase, trained interviewers approached beachgoers who were about to leave 
the beach area and solicited their cooperation in the study. The following procedure was 
followed:  

• Whenever possible, family units were sought because information on multiple 
individuals could be obtained from one person, usually an adult member of a family.  

• During this initial contact, the following information was obtained on each 
participant: sex, age, race and ethnicity, if the person swam and got their head and 
face wet, length of time and time of day in the water, the illness symptoms they may 
have had in the previous week, and for those who did not swim, the reason for not 
going into the water.  

• An address and telephone number were requested so that follow-up information 
could be obtained.  

• If an individual had gone swimming in the previous five days, they were not asked 
to participate in the study.  

− In the second phase, telephone interviews were conducted 8 to 10 days after the 
swimming experience. The eligibility of each participant was confirmed, i.e., they had 
not swam in the week following the initial contact, before they were queried about the 
onset of any symptoms of illness that might have occurred during the time interval 
between the swimming experience and the follow-up telephone call. 

Analysis of Results & Findings 
 Unlike marine beaches, where wading and sunning are more popular than swimming, the 

beach goers at freshwater beaches had a tendency to go into the water for extended periods 
and to immerse their bodies totally in the water.  

 Greater water activity results in a much smaller nonswimming population from which a 
control group can be chosen. To overcome this limitation of the freshwater studies, it was 
necessary to pool the nonswimming control groups from each beach within a single 
swimming season to form a single control population.  

 Pooling of nonswimming control groups for each year increased the probability of 
detecting a difference in the incidence of illness between swimmers and non-swimmers if it 
does exist.  

 The variables used to examine the relationship between swimmers and non-swimmers 
were (1) the differences in symptomatic illness rates between swimmers and non-
swimmers, and (2) the density of bacterial indicators in the water at the time of swimming 
activity. 

 Symptoms of interviewees were classified into five categories (Table 1). 
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Table 1. Definitions of Symptom Categories Used in Beach Studies (Reported in Dufour 1984) 

Symptom Category Definition 

Gastrointestinal 
Positive response for any of the following individual symptoms vomiting, 
diarrhea stomachache or nausea 

Respiratory Individual symptoms included sore throat, bad cough or a chest cold 

Other 
Individual symptoms included fever (greater than 100˚F), headache for more 
than three hours, and backache 

Disabling Gastrointestinal 
Symptoms 

Any one gastrointestinal symptom plus any one of the following 
characteristics: stayed home due to symptoms, stayed in bed due to symptoms 
or sought medical help due to symptoms. 

Highly Credible 
Gastrointestinal 
Symptoms 

Combination of unmistakably recognized individual symptoms used to  
establish the credibility of the gastrointestinal illness; defined as any one of the 
following: (1) vomiting, (2) diarrhea with a fever or disabling condition 
(remained home, remained in bed or sought medical advice due to symptoms) 
and (3) stomachache or nausea accompanied by a fever. 

 

 In general, the symptom rates for swimmers were higher than those for non-swimmers, in 
all the categories (see Tables 2 and 3).  

 
Table 2. Symptom Rates (illness incidence rate per 1000)  by Category for Swimmers (S) and Non-
swimmers (NS) at Keystone Reservoir (Reported in Dufour 1984) 

1979 1980 

Beach W1 Beach E Beach W1 Beach E 
Symptom 
Category 
(Table 1) 

S NS S NS S NS S NS 

Gastrointestinal 61 52 57 52 36.7* 19 37.9* 19 

Respiratory 94 84 70 84 47* 32.2 51.1 32.2 

Other 71* 53 55 53 29.3* 21.5 32* 21.5 

Disabling 
Gastrointestinal 
Symptoms 

20.6 17.5 15.6 17.5 11.7 9.1 10.1 9.1 

Highly Credible 
Gastrointestinal 
Symptoms 

20.6 15.5 16 15.5 13.5 8.3 11.2 8.3 

N-Value 3059 970 2440 970 5121 1211 3562 1211 

1 Beach W comprised of two separate beaches (see McKee 1980) 
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* Swimmer illness rate significantly different from non-swimmer illness rate at the p < 0.05 level 
† Non-swimmer illness rate significantly different from swimmer illness rate at the p < 0.05 level 
 

Table 3. Symptom Rates (illness incidence rate per 1000)  by Category for Swimmers (S) and Non-swimmers 
(NS) at Lake Erie (Reported in Dufour 1984) 

1979 1980 1982 

Beach A Beach B Beach A Beach B Beach B 
Symptom 
Category 
(Table 1) 

S NS S NS S NS S NS S NS 

Gastrointestinal 54.6 44.7 56.4 44.7 55* 45.4 75.4* 45.4 58.3 46.7 

Respiratory 50 42.6 55.4 42.6 36.8 53.4† 68.8 53.4 67.9 50.3 

Other 30.1 25.5 40.4* 25.5 32 36.1 52.7 36.1 49.6 59.4 

Disabling 
Gastrointestinal 
Symptoms 

12.3 10.2 18.5 10.2 8.9 8.3 16.9* 8.3 19.7 11.5 

Highly 
Credible 
Gastrointestinal 
Symptoms 

17.2 14.9 19.5 14.9 16.5 11.7 26.4* 11.7 24.9* 13.9 

N-Value 3020 2349 2056 2349 2907 2944 2427 2944 4374 1650 

* Swimmer illness rate significantly different from non-swimmer illness rate at the p < 0.05 level 
† Non-swimmer illness rate significantly different from swimmer illness rate at the p < 0.05 level 

 Most of the symptom rates, especially those unrelated to enteric illness, were not 
statistically significant (p<0.05). This finding was similar to that observed in the early 
USPHS studies (4) conducted in the 1950s and in the marine recreational water studies 
conducted by the USEPA in the 1970s.  

 Most of the statistically significant differences between swimmer and non-swimmer illness 
rates, with one exception, occurred in those symptomatic illness categories associated with 
enteric disease.  

 The significant swimming related illness rates also had a tendency to occur at the beach 
with poorer quality water, Beach B (see Table 4 for water quality results).  

 “These data clearly show that there is a swimming-associated health effect and that the 
effect appears to be related to the microbiological quality of the bathing water. The illness 
rates by age showed a pattern similar to that observed in the marine bathing beach studies, 
wherein the highest rates for gastrointestinal illness occurred in children under 10 years 
old.” 
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Table 4. Bacteria densities at Keystone Lake and Lake Erie Bathing Beaches (Reported in Dufour 
1984) 

Keystone Reservoir 
Year Beach E. coli Fecal Coliform 

W1 138 30-300 436 200 – 920 
1979 

E 19 1 – 44 51 NA 
W1 52 14 – 200 230 58 – 1300 

1980 
E 71 12 – 215 234 47 – 1600 

Lake Erie 
A 23 7 – 268   

1979 
B 47 16 – 413   
A 137 66 – 536 37 1 – 191 

1980 
B 236 110 – 950 104 8 – 279 

1982 B 146 23 – 524 60 27 – 107 
1 Beach W consists of two separate beaches (see McKee 1980) 

Development of Health Effects Criteria for Fresh Water Bathing Beaches by Use of 
Microbial Indicators (McKee 1980) 
The freshwater studies conducted at Keystone Reservoir were actually carried by McKee as a 
Ph.D. dissertation. The summary provided by Dufour (1984) comes directly from this 
dissertation. McKee offers this statement as his conclusion regarding the study findings:  

“When the data from the…beaches was examined, the symptom rates categorized as 
gastrointestinal, respiratory and” other” were higher among swimmers than non-
swimmers. Although the data was not statistically significant, definite trends could 
be shown in that direction. Good agreement was obtained between geometric means 
of Escherichia coli and enterococcus densities and the differential (swimmers minus 
non-swimmers) rate of gastrointestinal symptoms.” 

McKee provides a little more detail regarding the characteristics of the study site and the 
beaches used for the study: 

“The city of Mannford, Oklahoma has a population of approximately 2,300 people. 
The sewage system for this community was two ‘full retention’ lagoons. These 
lagoons were located near the Keystone Reservoir in Creek County…The lagoons 
were within one mile of the Salt Creek North bathing area and within 3 miles of the 
Keystone Ramp bathing beach area. These two beaches were used as the ‘barely 
acceptable’ test beaches. The lagoons were too small to retain all of the sewage 
effluent that the City of Mannford discharged. This sewage effluent was 120,000 
gallons per day on the average throughout the summer of 1979…The test beaches 
had fecal coliform counts that usually exceeded 100 organisms/100 ml of 
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sample…Pre-test bacterial sampling using E. coli and entercocci was done in the 
summer of 1978 and these organisms were consistently high at the test beaches. A 
“control” beach on the other side of the reservoir was selected. This beach was 
Washington Irving South, located on the Arkansas River arm of the Keystone 
reservoir. The fecal coliform counts were relatively low at this site and pre-testing of 
E. coli and enterococci showed it to be unpolluted.”  

McKee provides a detailed summary of the field procedures, particularly how it was decided 
whether or not to include people in the analysis and, if included, how they were categorized 
as swimmers or non-swimmers: 

 Selection of interviewees: 

− Interviews conducted on weekends with family group members 

− Interviewing was planned for every “good” weekend day, i.e., every Saturday and 
Sunday in June, July and August for which the “probability of fair weather indicated a 
large number of beach-goers” 

− Interviewers were told to approach as many groups on the beaches as possible and to be 
attentive to groups who appeared to be near the point of leaving for the day 

− Persons who swam between Monday and Friday of the previous week were not 
interviewed 

 Follow-up telephone calls: 

− Follow-up phone calls to obtain information on health status of original interviews were 
conducted 9 to 11 days after the swimming event - 83% success rate in follow-up 
interviews) 

− Persons who swam between Monday and Friday after the initial beach interview were 
eliminated to avoid possibility of incubation of symptoms from a weekday swimming 
experience 

− Persons who swam on the weekend following the initial interview were retained in the 
study 

− Persons who were encountered on two successive weekends were not interviewed for 
the second weekend 

− Persons encountered a second time who had a least one intervening weekend but no 
mid-week swimming were retained for both occasions 

− Person who swam on both Saturday and Sunday of one weekend were included as 
swimming on the day with the highest microbial count 
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 Link to water quality: 

− Microbial counts on the day of swimming were linked to the interview data of each 
respondent retained in the sample 

− Water samples were collected according to the following procedure: 

• Collected periodically during time of maximum swimming activity on each 
interviewing day 

• Samples collected at approximately 1, 3 and 5 pm 

• Samples taken at chest depth approximately 4 inches below the surface 

• Mannford Sewer Plant also conducted water chemistry testing for a variety of 
constituents, e.g., BOD, nutrients, TOC, temperature, DO 

 Classification of swimmers and non-swimmers: 

− Respondents were grouped into two categories according to their stated bathing 
activities: 

• Non-swimmers who either did not go in the water (non-bathers) or went in the water 
but did not get their head or face wet (waders) 

• Swimmers who did swim or otherwise got their head or face wet 

− Persons who reported that they were in the water for less than ten minutes were 
classified as non-swimmers regardless of whether they got their head or face wet.  Any 
water contact for 10-minutes or less was considered “short water exposure time”. 

McKee provides the following summary of findings:  

“There were no significant differences between swimmers and non-swimmers using 
chi-square 2 x 2 tables. However, 12 out of the 18 reported symptom rates showed a 
greater attack rate among swimmers and non-swimmers. It therefore appears that 
swimmers are at a greater risk than non-swimmers in general. The relative risk 
reflects that this trend was also true. The difference between the relative risk at the 
two beaches show that the barely acceptable beach I & II [combined data from two 
beaches = Beach W in Dufour (1984)] was higher than the control beach III. Except 
for the other category, this indicates a trend in favor of swimmers being at a greater 
relative risk in the categories of gastrointestinal and respiratory symptoms at the 
polluted beach. Reported symptoms were low in number and therefore this small 
sample size may not be large enough to detect the small differences between 
swimmers and non-swimmers or between the barely acceptable and the relatively 
unpolluted beach symptom rates.” 
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Other Information Sources 
A review of the literature identified numerous other sources of information that are relevant 
to the scientific basis for bacteria water quality objectives. These studies do not dispute the 
need for objectives to protect primary contact recreation; in fact, there have been a number of 
studies to show that there is a relationship between gastrointestinal illness and increased 
pathogens. However, there are differences of opinion regarding appropriate objectives, the 
epidemiological methodology, and how objectives should be implemented. The following 
sections provide a summary of some of these ideas. 

Alternatives to EPA Recommendations 
 Ferley et al. (1989) - This study presents results from an epidemiological study conducted 

on a freshwater river in France during July and August of 1986. Over 5,700 people were 
interviewed from eight vacation camps along the river. Results showed that swimmers 
became ill substantially more often that non-swimmers. Results support use of fecal 
coliform objectives, but do not well support recommended E. coli objectives.  

 Kueh et al. (1995) - Results from this Hong Kong study show a better correlation between 
turbidity and swimming associated illness than E. coli and such illness. This result could be 
site-specific, as sewage was a probable cause for the turbidity and a study performed a few 
years prior indicated a better correlation with E. coli. This study recommended a beach 
water quality objective of 15 NTU turbidity to correspond to 10 cases of gastrointestinal 
illness symptoms per 1000 swimmers. 

 Seyfried et al. (1985) - This paper presents the results from an Ontario, Canada study 
performed to test several different bacterial indicators and their correlation with human 
illness. Water and sediment sampling was performed. Concentrations of bacteria in 
sampled beach sediments were significantly higher (10 times higher) that in beach water. 
Total staphylococci appeared to be a more consistent indicator for predicting total illness 
rates among swimmers than fecal coliform. 

 Lopez-Pila, J.M., and R. Szewzyk. (2000) - This study suggests that due to the variability in 
epidemiological study results among varying regions, microbiological standards should be 
reexamined from time to time in order to update them with respect to acceptable risk 
encountered locally. The study offers a more cost effective way to perform epidemiological 
studies, an alternative way of obtaining health-related standards which are easier to carry 
out and more affordable than epidemiological studies. The study introduces a model for 
estimating infectious risk in bathing water from the distribution of fecal indicators, the 
dose/response relationship of an enteric pathogen and its ratio to fecal indicators. 
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Critique of EPA Methodology and Implementation Approach 
Fleisher in association with various authors have written a number of papers that identify 
concerns regarding EPA’s epidemiological methodology, e.g., sources of bias, and approach 
for developing objectives:  

Fleisher et al. (1993) - Setting Recreational Water Quality Criteria 
This paper focuses on the substantial amounts of potential bias present in the methodology 
used to develop recreational water quality objectives:  

“Although there have been four published epidemiological studies reporting 
mathematical relationships between increasing levels of sewage pollution and 
increased risk of gastroenteritis among bathers…all have incorporated within them 
substantial amounts of bias that question the validity of the reported mathematical 
relationships. These sources of bias are firmly grounded in basic epidemiological 
theory. Since recreational water quality criteria are frequently based on one or more 
of the mathematical relationships reported in the literature, the amount of bias 
present in these epidemiological studies will affect the validity of such criteria. It is 
the purpose of this paper to discuss several basic epidemiological principles that 
have been violated in previously published epidemiological studies, and to explore 
the effect of the resulting bias on the study outcome.” 

Although Fleisher et al. (1993) are critical of the epidemiological methodology, they do not 
argue against the need for objectives, for example:  

 “Evidence is indeed accumulating that bathers exposed to recreational waters 
contaminated with domestic sewage are at increased risk of acquiring 
gastroenteritis…What remains to be established is at what levels of domestic sewage 
pollution are bathers at increased risk of acquiring gastroenteritis. This issue is 
critical to establishing recreational water quality criteria.” 

Four sources of bias are identified in the epidemiological studies. Considerable detail is 
provided because the discussion illustrates how the existing data can underestimate or 
overestimate the true risk: 

 Failure to control for the effect of the limited precision inherent in current techniques of 
indicator density enumeration almost always leads to an underestimation of the true risk. 
For example, if the Multiple Tube Fermentation Technique yields an estimate of 3,000 
indicator organisms/100 mL of sample, the associated 95% confidence interval will range 
from 990 to 9,080 organisms/100 mL. Similarly, for the Membrane Filtration Technique 
method, the 95% confidence interval around a point estimate of 3,000 organisms/100 mL is 
1,848 to 4,668 organisms/100 mL. Precision may be increased by averaging replicate 
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determinations made on individual samples. The precision more than doubles by just 
taking three or four replicate measures regardless of the method used.  

 Failure to address the fact that substantial amounts of temporal and spatial variation in 
indicator pathogens occurs at almost all bathing water locations. Fleisher et al. (1993) noted 
that this source of bias could be a major reason for the differences in findings among 
epidemiological studies, both in the terms of the diseases or ailments reported to be 
associated with swimmers in waters contaminated with domestic sewage, as well as the 
associated estimates of risk. 

The water quality sampling design used in previous epidemiological studies (e.g., McKee 
1980) typically consisted of taking 2-4 samples at two or three sites along the length of a 
study location on each trial day. Studies have shown that pathogen indicator densities at a 
site can vary widely in just a few hours. With respect to spatial variation, a study 
demonstrated that even when temporal variation was controlled for in the analysis, 
pathogen densities changed by more than two orders of magnitude at six sampling 
locations spaced equidistantly along a 100-meter beach. 

A geometric mean is a measure of central tendency, but one should not be interested in 
using a measure of central tendency to assign exposure since, by definition, this would 
control or eliminate the effect of the substantial amount of spatial and temporal variation 
that affect the pathogen densities that swimmers are actually exposed to at most beaches. 
Instead, one should be more interested in the range of pathogen densities an individual is 
exposed to. Since the designs of most previous epidemiological studies allowed swimmers 
to enter the water over the course of an entire trial day, one should be interested in the 
maximum pathogen density the individual was exposed to, and not the average observed 
on the day of exposure. Some individuals are exposed to concentrations less than the mean, 
some are exposed to concentrations above the mean. Yet all individuals are assumed to be 
exposed to an average. The effect of this bias cannot be estimated but can result in either an 
under or overestimation of risk.  

 Failure to relate pathogen indicator densities directly to the individual bather. To address 
this source of bias, the study design needs to be modified. Fleisher et al. (1993) discuss an 
example of how this can be done by more intensive water quality sampling and much 
closer observation of swimmers so that the water quality results can be tied to individuals. 
Failure to do so can lead to an under or overestimation of risk. 

 Failure to control for non-water related risk factors for the illness under study. The 
following quotes from Fleisher et al. (1993) illustrate the importance of this issue: 

“Suppose an epidemiological study of bathing-associated illness is being conducted. The 
exposure of interest is whether an individual has entered the water while the disease 
outcome of interest is gastroenteritis. Now, further suppose that those who enter the water 
(the bather group) were more likely to stay at the beach for longer periods of time than 
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those who chose not to enter the water (the non-bather group). Because the bather group is 
hypothesized to stay on the beach longer, they also may be more likely to bring along food 
from home that will remain unrefrigerated or poorly refrigerated until eaten. Now further 
suppose the results of this…study show a two-fold increase in the risk of acquiring 
gastroenteritis among the bather group relative to the non-bather group. The question then 
becomes how much of this two-fold increase in risk can be attributed to exposure to 
bathing waters…the possibility exists that some of the two-fold increase in the risk of 
acquiring gastroenteritis we observe among the bathers has nothing to do with exposure to 
bathing waters, but is instead due to the consumption of poorly refrigerated foods. “ 

“The importance of identifying and controlling for possible confounding factors cannot be 
overstressed, especially when studying diseases that have many mechanisms of 
transmission. Since there are so many non-bathing-water-related risk factors for 
gastroenteritis (e.g., consumption of poorly refrigerated foods; having an underlying 
medical condition that predisposes to symptoms of gastroenteritis; side effects of 
prescription or non-prescription drugs; and consumption of excessive amounts of 
alcohol)…, it becomes extremely important to rule out possible bias caused by such 
factors…To date, no previously published epidemiological study that reported association 
between gastroenteritis and bathing in waters contaminated with sewage had adequately 
addressed the possible role of the many known non-bathing water related causes of 
gastroenteritis in the results reported.” 

“One could argue that there is no intrinsic reason why the distribution of non-related 
water risk factors for gastroenteritis should differ between bathers vs. non-bathers. It is, 
however, quite possible that the underlying reasons that determine whether a person will 
choose to enter the water could be related to their risk of acquiring gastroenteritis (e.g., 
non-bathers may be in poorer health than bathers, or conversely, non-bathers might pay 
more attention to their health and thus be less likely to expose themselves to other risk 
factors for gastroenteritis such as the consumption of poorly refrigerated foods; the 
consumption of improperly prepared foods; the consumption of excessive amounts of 
alcohol, etc. ).” 

Taking into consideration these sources of bias in existing epidemiological studies, Fleisher et 
al., (1993) conclude:  

“This paper has sought to describe several important sources of bias that are, in all 
probability, incorporated in the results reported by previous epidemiological studies, 
and thus in current recreational water quality criteria. All the sources of bias 
discussed in this paper can be minimized through innovative approaches to the 
design of future epidemiological studies. Until new epidemiological studies are 
undertaken which are specifically designed to address the issues raised in this paper, 
the data base upon which current recreational water quality criteria are based will 

 



 
 
Scientific Basis for EPA Recommended Water Quality Objectives for Bacteria 
April 10, 2006 
Page 24 

remain a composite of previous epidemiological studies that reported diverse 
estimates of risks and ailments associated with bathing in waters contaminated with 
sewage. The need for future epidemiological studies is critical if we are to formulate 
recreational water quality criteria that are based on solid scientific and 
epidemiological principles. Until this is accomplished, the validity of current 
recreational water quality criteria should continue to be questioned.” 

Fleisher, J.M. 1991. A Reanalysis of Data Supporting the US Federal Bacteriological Water 
Quality Criteria Governing Marine Recreational Waters 
Fleisher (1991) provides a reanalysis of the EPA data used to generate the marine bacteria 
water quality objectives (reported by Cabelli 1983). Although this paper emphasized marine 
criteria rather than freshwater criteria, Fleisher (1991) illustrates how differences in 
methodology can influence the data interpretation. Specifically, he disagrees with EPA’s data 
analysis approach and conducts his own reanalysis. He states that even if others disagree 
with his approach to reanalyze the data, his study illustrates how differences in the analysis 
methodology will influence the interpretation. He then offers an opinion regarding how this 
concern should be addressed. Following are a few highlights from the paper:  

 Methodology Concerns 

Three sites were used for the EPA study: marine water locations in Boston and New York City 
and a brackish water location in Lake Pontchartrain. Salinity varied from an average of 3 ppt 
at Lake Pontchartrain to 32 ppt and 30 ppt at Boston and New York City, respectively. Studies 
have shown indicator organism survival for fecal coliform to be inversely correlated with 
salinity; other evidence is available that this correlation exists for enterococci as well (citations 
in Fleisher (1991)). Even with these differences in salinity, results from these three sites were 
pooled in the final data analysis. This pooling of data has “serious consequences with regard 
to the validity of the reported findings.”  

 Analysis Concerns 

− Total gastrointestinal symptoms were more closely related (statistically) to swimming 
associated illness than “highly credible symptoms.” Yet highly credible symptoms were 
considered a more reliable measure of swimming-associated illness than total 
gastrointestinal symptoms (Note; the R2 values are not that different: Total 
gastrointestinal symptoms = 0.67; highly credible symptoms = 0.56). 

− The analysis clustered sample results collected from groups of days rather than using the 
actual data from each site for each day.  

− Analysis left out three data points – “Two of the three data points that were omitted 
corresponded to trial clusters that had no reported gastrointestinal symptoms among 
non-swimmers (The third was omitted due to an unusually low non-swimmer rate).” 
Fleisher (1991) uses the original data and then conducts his own analysis incorporating 

 



 
 
Scientific Basis for EPA Recommended Water Quality Objectives for Bacteria 
April 10, 2006 
Page 25 

“average GI symptom rates for non-swimmers for the year and location” rather than 
dropping the datapoints. Using this approach and reanalyzing the regression 
relationship results in the highly credible symptoms relationship no longer being 
significant. 

 Study Findings 

“Although it can be argued that the methods used to derive the analyses [i.e., Fleisher’s 
approach] are also arbitrary [vs. EPA’s arbitrary approach of just dropping the data points], 
the striking differences between this analysis and that reported by the EPA study highlight 
the enormous effect that can be caused by minor manipulation of the data. This phenomena 
could have considerable relevance to the outcome reported by the EPA study, specifically, the 
potential effect of clustering sample dates before the analysis.” 

“Based on the serious methodological and analytical weaknesses incorporated in the EPA 
study as shown by this report, it would be premature to conclude that health effects can be 
quantified sufficiently to support the continued uses of current federal bacteriological criteria 
governing marine recreational waters. The practical significance of this finding cannot be 
overstressed. Currently, most local health departments use recreational water quality 
standards based on the use of the coliform organism. To require a change of indicator 
organism at this point would be inappropriate. This is especially true in light of the fact that 
the current “acceptable” level of risk to the swimmer remains the same under previous 
federal criteria that used fecal coliforms as the indicator organism of choice. Perhaps of more 
importance is the fact that the reanalysis presented in this report questions the 
appropriateness of the use of a single maximum allowable mean enterococci density to 
govern all marine recreational locations in the U.S.” 
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To: Stormwater Quality Standards Study Task Force 
 
From: CDM 
 
Date: June 30, 2006 
 
Subject: Economic Analysis of Compliance Alternatives 

This technical memorandum presents the results of a preliminary economic analysis of 
compliance alternatives for potential solutions to comply with existing bacteria water quality 
objectives at three study subwatersheds in the Santa Ana River Basin.  The analysis includes: 

 Development of a probabilistic water quality model 

 Review of four potential bacteria treatment alternatives 

 Estimation of costs of compliance for each of the three study subwatersheds 

Introduction 
Three study subwatersheds were selected to assess the cost of complying with water quality 
objectives for contact recreational use.  The subwatersheds were selected by the Stormwater 
Quality Standards Study Task Force (Task Force) and include the Santa Ana Delhi Channel 
(Orange County), Temescal Wash (Riverside County), and Chino Creek (San Bernardino 
County) watersheds.  This technical memorandum provides a site description and summary 
of existing bacteria and flow data for each of the subwatersheds. 

This analysis is intended to support the consideration of economics in the context of 
California Water Code (CWC) Section 13241, which requires that economics be considered as 
a factor when establishing water quality objectives. 

Water Quality Modeling 
The preliminary economic analysis of compliance alternatives utilized a probabilistic water 
quality model to incorporate the uncertainty of bacteria conditions in large watersheds with 
varying sources from diverse land uses.  Pathogen indicator bacteria concentration data 
collected from each subwatershed were extracted from a database of historical water quality 
measurements developed in Phase I of the Stormwater Quality Standards Study (SQSS).  
These data were used to develop a predictive model of potential in-stream bacteria 
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concentrations, taking into account relationships between bacteria and flow conditions (each 
of the subwatersheds contains a flow gauge at a representative downstream location).  The 
model applies various treatment scenarios to a series of potential daily conditions over the 
course of one year and generates a probability density function (PDF) of downstream bacteria 
concentration.  This PDF curve shows the likelihood of bacteria water quality objectives being 
exceeded.  For two of the three watersheds, the predominant available data was fecal 
coliform, used in the current Basin Plan water quality objectives for recreational use.  EPA 
proposed water quality objectives for E. coli were used at the one site where the predominant 
data was E. coli.  The development of the model and its application for the three 
subwatersheds is discussed in this technical memorandum. 

Compliance Method Evaluation 
Structural best management practices (BMPs) for this preliminary economic analysis were 
selected that have been shown to be effective at reducing bacteria concentrations.  Several 
options were analyzed for possible use in each of the subwatersheds, including: 

 Constructed wetlands 

 Infiltration basins 

 Dry weather diversions to wastewater treatment plant(s) 

 Conventional disinfection facilities 

Each of these options is described in detail in Section 4 of this technical memorandum.  The 
compliance options evaluated in this analysis are intended to treat the runoff from the study 
subwatersheds at a single location at a downstream point in the runoff capture area of the 
study subwatershed.  For this analysis, compliance with water quality objectives in 
downstream receiving waterbodies assumed no regrowth of bacteria downstream of the 
structural BMP or within the receiving waterbody.  While the selected locations were 
strategically located close to the confluence with a significant downstream receiving 
waterbody, the potential for bacteria regrowth is a concern. 

The use of multiple more localized structural BMPs distributed throughout the watersheds, 
and the use of non-structural source control measures was not assessed as part of this 
preliminary analysis.  The effectiveness of such measures is difficult to predict in large 
urbanized watersheds, but these approaches should be considered in future watershed plans. 

The facility requirements necessary to achieve compliance with existing water quality 
objectives for fecal coliform were analyzed for several flow conditions, including runoff 
generated from both 0.1 inch and 0.5 inch rainfall events, as well as the runoff from a storm 
event that would result in a channel depth-velocity product of at least 10 ft2/sec (a condition 
that is specified as dangerous for USGS field personnel to wade in when collecting discharge 
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measurements).  The analysis examined the aforementioned structural BMP alternatives that 
were feasible at each location under each flow condition.  The selection of flow conditions and 
methods used to identify them for each subwatershed are described in this technical 
memorandum. 

Economic Analysis 
Planning level costs were developed for the structural BMP alternatives that might be feasible 
in each of the subwatersheds, assuming that that land can be acquired and assuming there are 
no insurmountable engineering or environmental constraints.  Costs were developed by 
compiling quotes obtained from several different vendors, obtaining probable cost of 
construction estimates from other published sources including information developed for 
Task Force members, and construction estimates prepared by CDM Constructors Inc (CCI).  
Land acquisition cost was estimated by researching current properties for sale in the region of 
each subwatershed, and applying a unit cost per acre. 

The costs are presented as a range and are only intended to provide the Task Force with a n 
order-of-magnitude estimate of the potential costs for complying with bacteria water quality 
objectives at each of the subwatersheds. 

Study Subwatersheds 
The following subsections briefly describe the study subwatersheds and available data. 

Santa Ana Delhi Channel Subwatershed 
The Santa Ana Delhi Channel subwatershed has an approximate drainage area of 20 mi2 and 
is comprised of primarily urban areas in the Cities of Santa Ana, Irvine, Costa Mesa, and 
Newport Beach, which drain to Upper Newport Bay (Figure 1). 

Water Quality data for the Santa Ana Delhi Channel were obtained and analyzed in Phase I of 
the Stormwater Quality Standard Study (SQSS).  Recent (1990 to present) water quality 
samples from the Santa Ana Delhi Channel where it drains into Upper Newport Bay were 
collected and analyzed by the Orange County Health Care Agency.  A total of 419 samples 
were collected between 1990 and 2005 on days with flow recorded at the Irvine Avenue 
crossing.  Of the 419 samples, 383 were collected during dry weather and 36 during wet 
weather. 

The Orange County Resource and Development Management Division (RDMD) provided 
flow at 30-minute intervals for the Santa Ana Delhi Channel at a gage located upstream of the 
Irvine Avenue bridge.  Flow records were available for the period between 1992 and 2004.  
Available flow data from this flow gauge was processed to facilitate time series plotting and 
frequency distribution analysis.  These data are incorporated into a water quality model used 
to estimate a mass balance and associated concentrations of bacteria upstream and 
downstream of different modeled structural treatment BMPs. 
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A potential structural treatment BMP location is at the downstream end of the Santa Ana 
Delhi Channel upstream of where it drains into Upper Newport Bay. 

Temescal Wash Subwatershed 
The Temescal Wash Subwatershed has an approximate drainage area of 224 mi2 and consists 
of a diverse mixture of land uses including urban, agricultural, industrial and natural 
(Figure 2).  This drainage area does not include the watersheds above Lake Matthews and 
Lake Elsinore.  These lakes do not overflow into Temescal Wash during most years; however 
overflows following some very wet years can have a significant impact on flow conditions in 
Temescal Wash. 

Water Quality data for Temescal Wash were obtained and analyzed in Phase I of the 
Stormwater Quality Standards Study (SQSS).  Recent (2002 to 2005) water quality samples 
from Temescal Wash where it drains into the Prado Wetlands were collected and analyzed by 
the Orange County Coastkeeper.  A total of 28 samples were collected between 2002 and 2005 
and analyzed for E. coli on days with flow recorded at the Main Street crossing.  Of the 28 
samples, 25 were collected during dry weather and 3 during wet weather. 

Flow in Temescal Wash is recorded by the USGS approximately 1 mile upstream of the 
Lincoln Avenue Bridge, where Temescal Wash passes under Main Street in Corona [USGS 

Figure 1 
Map of the Santa Ana Delhi Channel Subwatershed 
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Gage 11072100].  Available flow data from this flow gauge was processed to facilitate time 
series plotting and frequency distribution analysis.  The collected flow data was recorded 
in 15 minute intervals for the period between 1988 and 2005.  These data are incorporated into 
a water quality model used to estimate a mass balance of bacteria upstream and downstream 
of different modeled structural treatment BMPs. 

A potential structural subwatershed treatment BMP location is at the downstream end of 
Temescal Wash upstream of where it drains into the Prado Wetlands. 

Chino Creek Subwatershed 
The Chino Creek Subwatershed area (approximately 100 mi2) is comprised predominantly of 
residential, natural/vacant land, and commercial land with some industrial and agricultural 
areas (Figure 3).  Water Quality data for Chino Creek were obtained and analyzed in Phase I 
of the SQSS.  Recent (2002 to 2005) water quality samples from Chino Creek upstream of the 
Prado Wetlands were collected and analyzed by the Santa Ana Regional Water Quality 
Control Board (RWQCB) and Orange County Water District (OCWD).  A total of 106 samples 
were collected between 2002 and 2005.  Of the 106 samples, 100 were collected during dry 
weather and 6 during wet weather. 

Figure 2 
Map of the Temescal Wash Subwatershed 
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Flow in Chino Creek is recorded by the USGS where California State Route 71 crosses Chino 
Creek in Chino Hills [USGS Gage 11073360].  Available flow data from this flow gauge were 
processed to facilitate time series plotting and frequency distribution analysis.  A multiplier 
equivalent to the ratio of the study subwatershed and gauged subwatershed drainage areas 
was applied to the flow data to estimate conditions at the point where compliance assessment 
was evaluated. The collected flow data was recorded in 15 minute intervals for the period 
between 1988 and 2005.  These data are incorporated into a water quality model used to 
estimate a mass balance of bacteria upstream and downstream of the evaluated structural 
BMPs.  The potential structural treatment BMP location and flow gauge are downstream of a 
turnout from the MWD Foothill Feeder in Upland that is used by OCWD to purchase State 
Project Water that is delivered down the channel and through Prado Basin to the recharge 
basins in Orange County.  Typically, the purchases occur during the summer and result in 
flow that range from 50 to 200 cfs over the course of a two to eight week period. 

The portion of the drainage area which lies upstream of San Antonio Dam is comprised 
almost entirely of natural/vacant land in the San Gabriel Mountains.  Nearly all runoff from 
above the San Antonio Dam is captured and diverted into spreading grounds; therefore flow 
in Chino Creek is rarely influenced by runoff from this part of the watershed.  The drainage 
area below the dam is a mixed land use region which is primarily residential.  A potential 
structural BMP location is at the downstream end of Chino Creek upstream of where it flows 
into the Prado Wetlands. 

Figure 3
Map of the Chino Creek Subwatershed
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Treatment Options Analysis 
Structural BMPs for Bacteria Reduction 
Structural BMP options that could be effective at reducing bacteria from the three study 
subwatersheds were identified and include: 

 Constructed free surface flow wetland treatment systems 

 Constructed subsurface flow wetland treatment systems 

 Conventional ultraviolet light (UV) disinfection facilities 

 Infiltration basins 

 Dry weather diversion to existing wastewater treatment plants (WWTP) 

Some of these options were determined to be in feasible in some of the study watersheds, as 
described later within this memorandum.  All structural BMPs would be offline facilities and 
would therefore require diversion of flow from the channel to the treatment location.  For 
constructed wetland and conventional UV disinfection facilities, treated water would be 
returned back to the channel.  The nature of site requirements for these facilities will vary 
greatly depending upon the BMP option and site layouts.  Some of the structural BMP 
treatment options may offer opportunities for multiple site uses (parks, recreation, parking, 
etc.) which may enhance their value.  This level of detailed investigation was not undertaken 
for this technical memorandum. 

Diversions could be constructed by installing inflatable rubber dams across the width of a 
channel.  From the inflatable dam diversion, flow could be pumped and routed to an inlet 
channel and be screened prior to entering any of the treatment options.  The maximum 
proposed height of the dam would be four feet to accommodate a maximum water level of 
three feet plus one foot of freeboard.  When in use, the height of the dam and the water level 
maintained behind the dam may be varied and controlled based on the following conditions: 

 Dry Weather Flow - Under low flow runoff conditions, a maximum depth of 
approximately one foot would be maintained behind the dam. 

 Design Wet-Weather Flow – During design storm conditions, a depth of one to three feet 
could be maintained behind the dam. The dam would detain and divert all flow. 

 Greater than Design Wet-Weather Flow - During large runoff events, with flows 
exceeding the treatment design, the dam would be automatically deflated and subsequent 
treatment facilities would be separated from the waterway flow by a gate.  Storm flows 
would pass unimpeded in the channel. 
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General descriptions, components, and design criteria for the structural BMP options are 
presented in Attachment A of this technical memorandum. 

Target Flow Conditions 
The peak of the target runoff event was estimated for each study subwatershed by plotting 
the peak flowrate and average flowrate for every high flow event for the period of record at 
each of the subwatersheds.  These plots were used to estimate an approximate peaking factor 
(ratio of peak flowrate to mean flowrate) at each of the pilot subwatersheds.  The estimated 
mean daily flow and peak flow for each of the target runoff events is shown in Table 1.  
Target flow conditions for capture and treatment for potential structural BMPs were 
developed for the 0.1 and 0.5 inch rain events as well as for an event that would produce 
sufficient runoff to exceed a depth-velocity product of 10ft2/sec.  Due to the spatial variability 
in rainfall patterns over large watersheds, the runoff response from similar rainfall events 
differ greatly.  To determine an approximate rainfall based target flowrate, mean daily flows 
on days within 0.05 inches of the target rainfall were extracted and reviewed.  A simple 
estimation of the total runoff volume, given an assumed runoff coefficient, for the 0.1 and 0.5 
inch rain events was compared to these values and a final approximated mean daily flow for 
each rain event was assigned for each of the study subwatersheds (Table 1).  In order to 
determine the mean daily flow related to the 10 ft2/sec target condition, the stream channel 
rating curve and cross sectional flow area was interpreted.  This target flow rate for each of 
the study subwatersheds is also included in Table 1. 

Table 1 
Target Runoff Events for the Three Study Subwatersheds 

Target Condition Mean Daily Flow (cfs) Peak Flow (cfs) 

Santa Ana Delhi Channel 

Rainfall Event = 0.1 inches 40 140 

Depth*Velocity = 10 ft2/sec 125 438 

Rainfall Event = 0.5 inches 200 700 

Temescal Wash  

Rainfall Event = 0.1 inches 160 480 

Depth*Velocity = 10 ft2/sec   100* 300 

Rainfall Event = 0.5 inches 500 1,500 

Chino Creek 

Rainfall Event = 0.1 inches 60 270 

Depth*Velocity = 10 ft2/sec 100 450 

Rainfall Event = 0.5 inches 300 1,350 

* Depth-velocity product is reached at a lower flow than the 0.1 inch rain event due to 
concentration of runoff in a low flow channel 
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Feasibility of Alternatives  
Potential Sites 
The structural BMP design criteria discussed in this technical memorandum were applied for 
each of the structural BMP options at each of the three study subwatershed locations in order 
to assess minimum site footprint constraints, with the exception of the dry weather diversion 
to wastewater treatment plant, which would not require significant land acquisition.  
Infiltration basins and constructed wetlands will require a significantly larger area than 
conventional disinfection treatment systems to provide the capacity to capture and treat 
stormwater.  The potential for dry weather diversion to existing WWTPs was discussed with 
respective local wastewater agencies. 

Aerial photographs were reviewed and open space areas that could potentially be acquired 
and utilized for structural BMPs were identified for the Santa Ana Delhi Channel, Temescal 
Wash, and Chino Creek subwatersheds, shown in Figures 4 through 6, respectively.  
Potentially available land included 11 acres near the Santa Ana Delhi Channel, 42 acres near 
Temescal Wash, and 163 acres near Chino Creek.  The primary criterion was to identify open 
land in the general vicinity of the channel sites that does not currently have significant fixed 
development.  The sites may have other existing or potential uses.  Therefore, it should be 
clear that this exercise was conducted for the purpose of developing this preliminary 
economic analysis only and is not intended to suggest that the sites are actually available, 
without significant additional investigation.

Figure 4
Potential Structural BMP Site for the Santa Ana Delhi Subwatershed
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Figure 6
Potential Structural BMP Site for the Chino Creek Subwatershed
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Figure 5
Potential Structural BMP Site for the Temescal Wash Subwatershed
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Constructed Free Surface Flow Wetlands 
A constructed free surface flow (FSF) wetland must be sized to handle flow under both dry-
weather and wet-weather conditions.  In order to achieve a 7 day residence time for the flow 
expected to reach the treatment area, the capacity of the wetland must be sufficient for 7 days 
worth of combined dry- and wet-weather flow.  A wetland can be designed as a single plane 
or with multiple tiers to provide treatment for varying levels of flow.  A two-tier system has 
been used for design for this analysis, with a 1 ft deep inner dry-weather channel and a larger 
flood channel 1.5 ft deep surrounding it, to support the additional wet-weather flow input.  
The site footprints required for treatment within a FSF wetland for each channel for three 
target runoff conditions are summarized in Table 2. 

A length to width ratio of 6 to 1 is desired for this design.  In most scenarios, the length to 
width ratio would be greater under dry-weather conditions because the dry-weather channel 
would be constructed along the full length of the wetland, but would not require the same 
total area.  However for Temescal Wash, the dry-weather channel controls the wetland size 
for the 0.1 in. storm.  The dimensions required for the treatment wetlands to meet this 
criterion are found in Table 2. 

Table 2 
Summary of Constructed Free Surface Flow Wetland System Design Parameters 

Scenario 
Flow Rate 

[cfs] 
7-day 

Volume[MG] 
Wetland 

Footprint [ac] 
Length 

[ft] 
Width 

[ft] 

Santa Ana Delhi Channel 

 Rainfall Event = 0.1 inches 40 113 231 7,780 1,300 

 Depth*Velocity = 10 ft2/sec 125 498 1,018 16,310 2,720 

 Rainfall Event = 0.5 inches 200 837 1,712 21,160 3,530 

Temescal Wash 

 Rainfall Event = 0.1 inches 160 271 555 12,050 2,010 

 Depth*Velocity = 10 ft2/sec 100 543 1,111 17,040 2,840 

 Rainfall Event = 0.5 inches 500 2,081 4,258 33,360 5,560 

Chino Creek 

 Rainfall Event = 0.1 inches 60 226 463 11,000 1,830 

 Depth*Velocity = 10 ft2/sec 100 407 833 14,760 2,460 

 Rainfall Event = 0.5 inches 300 1,312 2,684 26,490 4,410 
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As a result of this analysis, the minimum wetland footprint area for any stormwater treatment 
scenario at any of the three sites is greater than the space that could become available and 
therefore no FSF constructed wetland alternative is considered feasible. 

Subsurface Flow Wetlands 
A subsurface flow wetland must be sized to capture the target flow conditions, with 
additional detention storage to accommodate the peak flow from the rainfall event.  
Approximately 0.33 MGD of hydraulic loading can be treated by one acre of subsurface flow 
wetlands with a 48 hour residence time (USEPA, 1993).  Based on this land requirement, a SSF 
wetland may only be feasible for the 0.1 inch storm at Chino Creek (Table 3).  Larger storms at 
Chino Creek and 0.1 inch and larger storms at Temescal Wash and Santa Ana Delhi Channel 
all require larger footprints than the identified sites. 

 

Table 3 
Summary of Subsurface Flow Wetland System Design Parameters 

Scenario 
Flow Rate 

[cfs] 
Wetland 

Footprint [ac] 
Detention 

Footprint [ac] 
Total 

Footprint [ac]

Santa Ana Delhi Channel 

 Rainfall Event = 0.1 inches 40 78 1 79 

 Depth*Velocity = 10 ft2/sec 125 243 2 245 

 Rainfall Event = 0.5 inches 200 388 6 394 

Temescal Wash 

 Rainfall Event = 0.1 inches 160 310 4 315 

 Depth*Velocity = 10 ft2/sec 100 194 3 197 

 Rainfall Event = 0.5 inches 500 970 13 983 

Chino Creek 

 Rainfall Event = 0.1 inches 60 116 2 119 

 Depth*Velocity = 10 ft2/sec 100 194 4 198 

 Rainfall Event = 0.5 inches 300 608 11 618 
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Conventional Disinfection Facility (Ultra-violet Disinfection) 
 Site constraints related to treatment using conventional disinfection are primarily a function 
of the space available to provide detention storage of the volume of flow during the part of a 
storm event that occurs above the capacity of the disinfection system.  Technical Release 55 
(USDA Soils Conservation Service Engineering Division, 1986) was used to calculate the 
storage necessary given a peak flowrate and treatment outflow.  Table 4 presents the storage 
volumes that would be necessary to capture runoff, if the UV disinfection system treatment 
rate is one half of the mean event daily flow.  This treatment rate would provide a 48 hour 
drawdown of the target runoff event.  The conventional disinfection plant will require a much 
smaller footprint than the detention storage and was assumed to be approximately ½ to 1 
acre.  Based on this feasibility assessment, there is sufficient space (assuming property can be 
acquired) to capture and treat runoff from all targeted flow conditions for each of the study 
subwatersheds.

Table 4 
Summary of Conventional Disinfection System Preliminary Design 

Scenario 
Treatment 
Rate [cfs] 

Storage 
Volume (ac-ft) 

Detention 
Depth* (ft) 

Footprint** 
(ac) 

Santa Ana Delhi Channel 

 Rainfall Event = 0.1 inches 20 36 20 3 

 Depth*Velocity = 10 ft2/sec 63 112 20 7 

 Rainfall Event = 0.5 inches 100 179 20 11 

Temescal Wash 

 Rainfall Event = 0.1 inches 80 130 20 8 

 Depth*Velocity = 10 ft2/sec 50 81 20 5.5 

 Rainfall Event = 0.5 inches 250 407 20 23 

Chino Creek 

 Rainfall Event = 0.1 inches 30 58 20 4 

 Depth*Velocity = 10 ft2/sec 50 97 20 6.5 

 Rainfall Event = 0.5 inches 150 292 20 17 

*Includes 2 feet of freeboard 
**Includes detention tank plus 1 acre for treatment equipment 
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Infiltration Basin 
An infiltration basin must be sized to accommodate the total runoff volume expected to be 
diverted from the channel and have the infiltration capacity to draw down the volume of 
runoff in the basin within 48 hours.  Assuming even a moderately high infiltration capacity (2 
ft/day) at each of the potential structural BMP potential locations, the available space for an 
infiltration basin would not be large enough to infiltrate the runoff from even the 0.1 inch 
storm event from the Santa Ana Delhi Channel or Temescal Wash subwatersheds within 48 
hours.  These sites would have to be 20 acres and 79 acres, respectively to capture the 0.1 inch 
storm flow runoff.  Furthermore, soils in the lower portion of the Santa Ana Delhi Channel 
are not conducive for even moderate infiltration rates. 

The potential land available for the Chino Creek study subwatershed is 163 acres, however 
only a portion of the parcel is suitable for infiltration.  The soil within this parcel is a mixture 
of Grangeville Fine Sandy Loam, Chino Silt Loam, and Sorrento Clay Loam.  Of these soil 
types, only the Grangeville Fine Sandy Loam is suitable for infiltration, with an estimated 
infiltration rate up to 2 ft/day.  The potential BMP location includes approximately 42 acres of 
this soil type and therefore approximately 25% of the total area is suitable for an infiltration 
basin.  Based on the required footprints for each target storm event, providing stormwater 
treatment through infiltration will be an option only for the runoff from the 0.1 inch rainfall 
event (Table 5).  The maximum treatable flow rate in this case is approximately 85 cfs. 

Table 5 
Summary of Infiltration Basin Design Parameters 

Scenario 
Flow 

Rate [cfs] 
Volume [MG] Footprint [ac] 

Santa Ana Delhi Channel 

 Rainfall Event = 0.1 inches 40 26 20 

 Depth*Velocity = 10 ft2/sec 125 81 62 

 Rainfall Event = 0.5 inches 200 129 99 

Temescal Wash 

 Rainfall Event = 0.1 inches 160 103 79 

 Depth*Velocity = 10 ft2/sec 100 65 50 

 Rainfall Event = 0.5 inches 500 323 248 

Chino Creek 

 Rainfall Event = 0.1 inches 60 39 30 

 Depth*Velocity = 10 ft2/sec 100 65 50 

 Rainfall Event = 0.5 inches 300 194 149 

 



Economic Analysis of Compliance Alternatives 
June 30, 2006 
Page 15 

Dry-Weather Diversion to Existing WWTP 
Dry-weather flow diversion to an existing WWTP could potentially be feasible for the Santa 
Ana Delhi Channel subwatershed.  Dry weather runoff (<4 cfs) could be diverted from the 
Santa Ana Delhi Channel to Orange County Sanitation District (OCSD)’s Huntington Beach 
facility, which has a capacity to accept up to of 10 MGD (15 cfs) of dry weather flow.  OCSD is 
currently treating dry weather urban runoff from the Greenville Banning Channel and other 
storm drains in Orange County.  The facilities are currently receiving flows of 4 MGD (6.2 
cfs), and can accept up to an additional 6 MGD (9.3 cfs) of dry weather runoff from the Santa 
Ana Delhi Channel and/or others. 

The likely WWTP for diversion of the Temescal Wash flow would be the City of Corona’s 
Plant No. 2; however the dry-weather flow rate requiring diversion is significantly greater 
than the plant’s rated capacity.  The point along Chino Creek where dry weather runoff could 
be diverted is closest to the Inland Empire Utility Agency (IEUA) Regional Plant No. 5; 
however IEUA has expressed plans to allow the plant’s maximum capacity to be reached 
through new residential development. 

Water Quality Modeling 
Overview 
The processes driving bacteria water quality levels are complex and difficult to define. 
However, measured data during a variety of flow conditions and seasons exist for all three of 
the sites of interest in this study. For these reasons, a probabilistic approach was taken to 
modeling stream bacteria levels in the three target sites. Rather than trying to numerically 
represent mechanistic processes associated with stream bacteria levels, this approach instead 
focuses on maximizing the use of the available measured data and incorporating the 
uncertainty associated with these data. 

Probability density functions (PDFs) were fitted to measured site-specific bacteria data. These 
functions were then incorporated into a Monte Carlo simulation which samples the PDFs 
thousands of times to generate “upstream” bacteria loads. The upstream loads are used in 
simple mass balance calculations to estimate a distribution of expected downstream 
concentrations as a function of user-defined treatment scenarios. The Excel add-in software 
@Risk (Palisade Inc.) was used for both the probability curve fitting and the Monte Carlo 
simulations. 

Bacteria PDFs 
@Risk was used to fit the PDFs to measured bacteria concentration data (Fecal coliform or E. 
coli) at each target site.  All available data back to 1990 were used for these analyses.  Function 
types were not pre-defined. @Risk uses the “Maximum Likelihood Estimator” approach to fit 
functions to sample data, as described in the software user’s manual (Palisade, 2005).  Table 6 
summarizes the results of this function-fitting exercise.  The fitted curves are shown in 
Figure 7. 
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Table 6 
Fitted Bacteria Concentration Probability Density Functions 

 Santa Ana Delhi Channel Temescal Wash Chino Creek 

Bacteria Fecal coliform E. coli Fecal coliform 

Period of Record 1990 – 2004 2002 – 2004 2002 - 2004 

Number of Data Points 419 28 106 

Fitted Function Exponential Inverse Gaussian Inverse Gaussian 

Function Parameters m = 9378, s = 513,  
shift = -48 

b = 393,  
shift = -14 

m = 1385, s = 252,  
shift = -24 

 
Flow Correlations 
Analyses were performed to investigate the possibility of correlations between mean daily 
flow and expected bacteria concentrations.  If present, these types of correlations could be 
incorporated into the Monte Carlo modeling of stream water quality. 

Regressions were performed on the bacteria concentration and associated mean daily flow 
matched pairs to investigate correlations. Both parametric (Pearson) and non-parametric 
(Spearman Rank) analyses were performed for all three sites.  The parametric analysis 
assumes any relationship between the data is linear. The non-parametric analysis only takes 
into account the relative order, or rank, of the data and does not assume a form of the 
relationship a priori.  No significant (p < 0.05) correlations were found for any of the three 
sites.  R2 and p values for these analyses are summarized in Table 7. 

In addition to these tests, a threshold flow analysis was performed. It was desired to test 
whether the mean bacteria concentration for baseflow conditions was significantly lower than 
that for non-baseflow conditions.  Baseflow, for this exercise, was determined to be equal to 
the point of inflection in the flow duration curve for each of the three study flow data records.  
Both arithmetic and geometric means for the data subsets were calculated and compared 
between baseflow and non-baseflow samples.  For two of the sites (Santa Ana Delhi and 
Chino Creek), the mean bacteria concentration was actually higher in the baseflow set.  For 
Temescal Wash, there was not sufficient wet weather sampling conducted to attempt any 
statistical correlation analyses.  The results of these analyses are also included in Table 7.  
Based on these results, no correlations between flow and expected bacteria concentration 
were incorporated into the water quality modeling described below. 
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Figure 7
Fitted Bacteria Probability Distribution Functions
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Table 7 
Results of Bacteria – Flow Correlation Analysis 

 Santa Ana Delhi 
Channel (FC) 

Temescal Wash 
(EC) 

Chino Creek 
(FC) 

Pearson R2, p -0.03, 0.5 0.09, 0.11 0.01, 0.23 

Spearman R2, p -0.07, 0.13 0.01, 0.59 0.02, 0.20 

Baseflow Threshold (cfs) 15 40 10 

Baseflow Bacteria 
Concentration (#/100 ml) 

Arithmetic Mean  
Geometric Mean 

8,056 
1,072 

377  
239 

1,430 
408 

Non-baseflow Bacteria 
Concentration (#/100 ml) 

Arithmetic Mean  
Geometric Mean 

3,533 
821 

1,220 
1,220 (n=1) 

232 
161(n=6) 

    
Water Quality Model: Approach 
A water quality model was constructed to quantify anticipated existing water quality 
(bacteria) at the three target sites and allow for the estimation of the impacts of the various 
BMP options previously discussed on downstream bacteria water quality levels. In this way, 
the model is meant to provide preliminary support to the design of site-specific BMP options 
and provide an estimate of resulting water quality improvements. The model is constructed 
in Microsoft Excel and predicts downstream bacteria water quality at a daily timestep for a 
period of 1 year. 

Simple mass and flow balance calculations were used to estimate downstream concentrations 
as a function of sampled upstream concentrations and user-specified flows and BMP options.  
Upstream concentrations are sampled from the probability density functions described above.  
Monte Carlo simulations are performed, using @Risk, which sample upstream PDFs one 
thousand (1000) times for each day of the simulation.  At each iteration, full model 
calculations are performed resulting in a daily timeseries of expected concentrations.  Daily 
bacteria cumulative density functions (CDFs) are formulated by the software and output to 
separate worksheets.  As a post-processing step, these daily CDFs are pooled to get an annual 
representation of expected bacteria water quality.  Final results are presented in the form of 
exceedence probability plots. 

Two categories of BMP options that capture, treat and return the treated flow to the receiving 
water can be approximated in the model: batch reactor (storage and discharge) such as a 
conventional disinfection facility; and plug flow (flow-through system) such as a constructed 
wetland.  For the batch reactor BMP type, a user-specified portion of flow (defined by a 
minimum and a maximum) is diverted from the target stream and delivered to storage.  The 
diverted water is detained in storage as a function of user-defined parameters (storage 
capacity, minimum pool, and outflow).  While in storage, a user-defined first-order removal 
rate is applied, with the final outflow concentration calculated as a function of the removal 
rate and system detention time.  Alternatively, target outflow concentrations can be explicitly 
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defined by the user. Outflow can then be routed back to the stream, where it is mixed with 
any undiverted flow, or can be assumed to leave the system completely.  For plug flow BMPs, 
diverted flow moves through a removal system parameterized by a user-defined removal 
efficiency (%).  Residence time is also user-defined and provides the lag realized between 
inflow and outflow.  Lagged outflows are then combined with undiverted stream flow or can 
be assumed to leave the system completely. 

For BMP options that do not return flow to the system (infiltration, dry weather flow 
diversion), flows and loads are removed from the stream according to user-defined minimum 
and maximum criteria.  No portion of the diverted flow or load is returned to the system.  
Therefore, water quality calculations are performed on the remaining instream flow only.  If 
100% of flow is diverted on a given day, the associated downstream concentration is 
represented as 0 in the final model CDF. 

Water Quality Model: Inputs 
The initial objective was to simulate runoff from the year with the highest total annual flow 
(back to 1990) for each site, to provide the daily time series of model flow.  The approach was 
used for the Santa Ana Delhi Channel (year 1998).  For the Chino Creek site, the year with the 
highest total annual flow (1995) was initially considered, but this included a substantial 
release water of State Project Water for spreading in Orange County and was eliminated from 
consideration.  The year with the highest total annual natural flow (1993) was used.  Local 
USGS flow gage data were the source for daily flows: Santa Ana Delhi Channel near Irvine 
Ave., Temescal Creek above Main Street, and Chino Creek at Schaeffer Ave. 

Only those BMP options deemed feasible (as discussed in the preceding section of this TM) 
were modeled here.  These options are summarized in Table 8.  Targeted diversion flows 
were set based on an analysis of site specific hydrologic and precipitation data as discussed in 
the target flow conditions section of this technical memorandum.  For the conventional 
detention and UV disinfection option, return flow concentrations in the model are assumed to 
be equal to the appropriate instream water quality objective (200MPN/100mL for fecal 
coliform and the recommended 135 MPN/100mL for E. coli).  For the diversion to sanitary 
and infiltration options, no return flows or loads are modeled.  Wetland return flow 
concentrations are based on a percent removal and are dependent on the influent 
concentration and therefore may be above the standards.  Estimates for effluent 
concentrations were made for these cursory evaluations, however in reality, bacteria 
concentrations in the treated effluent may vary significantly, particularly for treatment by 
natural processes, such as wetlands.  Also, there is the possibility for regrowth and increased 
bacteria concentration after the effluent has been returned to the channel that has not been 
incorporated. 
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Results 
Model simulation results are presented in Figures 8 through 10 for the Santa Ana Delhi 
Channel, Temescal Wash, and Chino Creek subwatersheds, respectively.  The results of the 
water quality model simulations are presented as cumulative distribution functions to show 
the probability of exceeding bacteria water quality objectives.  Results show that the 
evaluated structural BMPs reduce bacteria exceedences from each of the subwatersheds.  The 
results from the Temescal Wash study subwatershed are somewhat different than Chino 
Creek and Santa Ana Delhi Channel, in that a greater probability of exceedence was 
predicted.  This was due to elevated baseflow in Temescal Wash following the winter of 1994-
1995.  Flow was above the diversion thresholds over an extended period during March and 
April. 

Table 8 
Summary of Modeled BMP Options 

Subwatershed Alternative Key Parameters Comments 

Santa Ana Delhi 
Channel 

Conventional Detention 
& UV Disinfection 

Diversion Capacity= 40, 200 cfs; 
 Treatment Capacity = 20, 100 cfs ; 

Residence Time = 1 Day; 

Treated to instream objective; 
Discharge back to stream at point 

of diversion. 

Santa Ana Delhi 
Channel 

Dry Weather Diversion 
to Offsite Sanitary 
Treatment Facility 

Max diversion = 4 cfs No return flows or loads 

Temescal Wash Conventional Detention 
& UV Disinfection 

Diversion Capacity = 100, 500 cfs; 
Treatment Capacity = 50, 250 cfs ; 

Residence Time = 1 Day; 

Treated to instream objective; 
Discharge back to stream at point 

of diversion. 

Chino Creek Conventional Detention 
& UV Disinfection 

Diversion Capacity = 60, 300 cfs; 
Treatment Capacity = 30, 150 cfs ; 

Residence Time = 1 Day; 

Treated to instream objective; 
Discharge back to stream at point 

of diversion. 

Chino Creek Infiltration Diversion Capacity = 60 cfs No return flows or loads 

Chino Creek Subsurface Flow 
Wetland 

Diversion Capacity = 60 cfs 
Residence Time = 1 Day 

Removal Efficiency = 70% 

Subsurface wetland; 
Discharge back to stream at point 

of diversion 
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Figure 8 
Results of the Water Quality Model for the Santa Ana Delhi 

Channel Subwatershed - Cumulative Distribution Functions 
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Figure 9 
Results of the Water Quality Model for the Temescal Wash 

Subwatershed - Cumulative Distribution Functions 
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The average number of days that flow would bypass the treatment options based on review 
of long term year flow records from each of the study sites is presented in Table 9.  The results 
of the water quality model showed that bacteria water quality conditions on these high flow 
days will likely exceed the current REC-1 use objectives. 

Table 9 
Average Annual Number of Days without Treatment 

Scenario 
Constructed 

Wetland 
Conventional 
Disinfection 

Infiltration 
Basin 

Dry Weather 
Diversion 

Santa Ana Delhi Channel 
 Dry Weather Flow N N N 76 
 Rainfall Event = 0.1 inches I 16 I N/A 
 Depth*Velocity = 10 ft2/sec I 7 I N/A 
 Rainfall Event = 0.5 inches I 4 I N/A 
Temescal Wash 
 Dry Weather Flow N N N N 
 Rainfall Event = 0.1 inches I 9 I N/A 
 Depth*Velocity = 10 ft2/sec I 16 I N/A 
 Rainfall Event = 0.5 inches I 2 I N/A 
Chino Creek 
 Dry Weather Flow N N N N 
 Rainfall Event = 0.1 inches 38 38 38 N/A 
 Depth*Velocity = 10 ft2/sec I 19 I N/A 
 Rainfall Event = 0.5 inches I 2 I N/A 
* I = Infeasible, N = Not Evaluated 
 

Figure 10 
Results of the Water Quality Model for the Chino Creek 

Subwatershed - Cumulative Distribution Functions 

 Chino Creek: 1993 Flows
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Potential reductions in the probability of exceeding objectives can be accounted for by the fact 
that stormwater runoff that bypasses treatment during high flow events will be diluted by 
effluent returning to the channel from the BMP alternatives (conventional disinfection and 
constructed wetland options only discharge treated runoff back to the channel), along with 
days that the water quality model predicted a lower bacteria concentration 

Economic Assessment 
An economic assessment was conducted only for those structural BMP control options 
deemed feasible based on the identified constraints for each study subwatershed.  The costs 
reported here were developed based on conceptual level designs and are intended to be used 
only as a general planning tool. 

Costs were estimated on both a total and per capita level based on an estimate of the 
population within each subwatershed.  Additionally, a factor of 3.1 persons/household was 
used to estimate the cost per household for each of the feasible BMPs (University of Southern 
California, Southern California Studies Center, 2001).  Watershed populations were estimated 
based on 2000 Census data for the portion of cities and unincorporated capital cost estimates 
that lie within each subwatershed.  The population for each city and unincorporated area 
within the watershed was estimated by multiplying the total population estimate by the 
approximate percentage of city land contained within the watershed boundary (Table 10). 

Costs associated with land acquisition were not included in the capital cost estimates; because 
the sites are all within publicly owned lands and actual costs may vary significantly.  Based 
upon a review of available non-residential lands for sale in the cities where projects may be 
located, the following normalized costs could be expected: 

 Santa Ana Delhi Channel (City of Santa Ana) - $2,800,000/acre 

 Temescal Wash (City of Corona) - $750,000/acre 

 Chino Creek (City of Chino) - $650,000/acre 

All of the alternatives would require a diversion structure within the channel.  This 
preliminary assessment assumed that an inflatable dam would be utilized.  The cost of an 
inflatable dam would be similar for all 3 subwatersheds, and was estimated by updating costs 
from a study developed for the City of Los Angeles Ballona Creek Treatment Facility 
Feasibility Study (City of Los Angeles, 1996) to reflect current costs by utilizing the 
Engineering News Records (ENR) Construction Cost Index. 
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Conventional Disinfection Facility 
Ultra-Violet Disinfection (UV) facilities coupled with other pre-treatment are assumed to be 
feasible at Temescal Wash, Santa Ana Delhi Channel, and Chino Creek.  Costs for UV 
treatment systems include capital costs and operation and maintenance costs (O&M).  Capital 
costs include inflatable dams, diversion from the channel, filtration systems detention tanks, 
pump stations, screens, and the UV system.  Annual O&M costs include labor, maintenance, 
and energy costs.  Capital costs for underground detention storage tanks, influent and 
effluent channels, and pump stations were estimated by assuming the tanks would be 
reinforced concrete.  Contingencies for construction, field and home office overhead and 
insurance were included in the estimates.  Tables 11 though 13 summarize the costs for 

Table 10 
Population Estimates for the Three Study Subwatersheds 

City 
Total 

Population 

Approximate 
Population with 
Subwatershed 

Estimated 
Households within 
a Subwatershed* 

Santa Ana Delhi Channel 
Santa Ana 337,977  159,706  51,518  
Costa Mesa 108,724  43,440  14,013  
Newport Beach 70,032              554              179  
Irvine 143,072              146                47  
Orange 128,821                53                17  

Total 203,898  65,774  
Temescal Wash 

Corona 124,966         94,124         30,363  
Riverside 255,166         58,758         18,954  
Home Gardens 9,461           9,461           3,052  
Lake Elsinore 28,928           7,342           2,368  
Norco 24,157           5,915           1,908  
El Cerrito 4,590           4,343           1,401  
Woodcrest 8,342           3,846           1,241  

Total 183,789  59,287  
Chino Creek 

Pomona 149,473  79,336  149,473  
Chino 67,168  51,292  67,168  
Chino Hills with Los Serranos 66,787  48,517  66,787  
Upland 68,393  34,226  68,393  
Montclair 33,049  33,122  33,049  
Ontario 158,007  25,761  158,007  
Claremont 33,998  21,242  33,998  
Diamond Bar 56,287  2,434  56,287  
San Antonio Heights 3,122  615  3,122  

Total 296,546  95,660  
* Approximate population divided by 3.1 persons per household 
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conventional UV disinfection systems at the three study sites for runoff resulting from the 0.1 
and 0.5 inch rainfall events, as well as the runoff resulting in flow reaching a depth-velocity 
product of 10 ft2/sec. 

Capital costs for pump stations were based on several design and unit cost assumptions 
including a total head loss 30 ft to account for the elevation head and flow through a sand 
filter, 75% pump efficiency, and station cost of $1,500 per pump horse power.  Vendor 
supplied costs of $60,000/mgd of capacity for equipment and an additional $30,000/mgd for 
concrete and installation were used to estimate the cost for filters operating at 6 gpm/ft2.  
Capital costs for the conventional UV disinfection treatment system include costs for 
equipment and disinfection channels.  The equipment includes the frame, Low Pressure High 
Output (LPHO) lamps, quartz sleeves for lamps, ballasts, power supplies for ballasts, and 
mechanical and chemical cleaning systems.  The dimensions of the channels that would be 
used to concentrate flow for UV irradiation include the width, length and number of 
channels.  The treatment system designs were used to estimate the probable cost of 
construction for each site’s conveyance structures for each of the target flow conditions.  
Several assumption were made to develop probable costs of construction for the various 
conveyance structures for each of the sites, including close proximity of the detention tank to 
the inflatable dam turnout (500 ft), and close proximity of the effluent channel to the point 
where flow is released back into the channel (500 ft). 

Historical flow records from each site were used to determine the average annual volume of 
runoff that would be diverted and treated in a conventional disinfection facility.  This volume 
was used to estimate energy usage costs for UV irradiation and pumping.  Annual energy 
costs for UV radiation were estimated based on peak power draw unit costs provided by the 
UV vendor and an assumed rate of 15 cents per kWh.  Average annual energy costs for the 
pump stations were estimated by calculating energy usage over a typical year using the 
assumed rate of 15 cents per kWh. 

Infiltration Basin 
As noted earlier, given local soil and site attainability limitations, an infiltration basin is 
feasible only for the runoff from the 0.1 inch rainfall event for the Chino Creek study 
subwatershed.  Capital Costs for the infiltration basins include construction of the basins 
construction of a pump station and diversion structures; O&M costs including occasional 
sediment removal, energy usage for pumping, and diversion structure maintenance. 

Capital costs for a pump station and influent conveyance channels were based on design and 
unit cost assumptions including a total head loss 20 ft, 75% pump efficiency, and station cost 
of $1,500 per pump horse power, and 500 ft distance from the pump station to the infiltration 
basin.  Table 14 summarizes the capital and O&M costs for an infiltration basin at the Chino 
Creek study site for the 0.1 inch rainfall event.
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Table 11 
Summary of Opinion of Probable Costs for Capital and O&M for Conventional Detention 

and UV Disinfection System at the Santa Ana Delhi Channel Study Site 
Santa Ana Delhi Channel - 0.5 inch Rainfall (200 cfs, 24 hr average  

Capital Cost Total Per Capita Per Household
Inflatable Dam  $530,000 $2.60  $8.06 
Diversion Culvert  $1,700,000 $8.30  $25.73 
Underground Detention Storage  $90,000,000 $441.40  $1,368.34 
Pump Station  $4,500,000 $22.10  $68.51 
Filters  $15,000,000 $73.60  $228.16 
UV Disinfection System  $3,500,000 $17.20  $53.32 
Discharge Culvert  $500,000 $2.50  $7.75 

Total  $115,730,000 $568  $1,760
Annual O&M Cost    

Labor and Materials $450,000 /yr $2.20  $6.82 
Energy for UV Irradiation $20,000 /yr $0.10  $0.31 
Energy for Pumping $35,000 /yr $0.20  $0.62 

Total  $505,000/yr $2.50/yr $7.75/yr
Santa Ana Delhi Channel - 10 ft2/sec Runoff Condition (125 cfs, 24 hr average flow) 

Capital Cost  Total Per Capita Per Household
Inflatable Dam  $530,000 $2.60  $8.06 
Diversion Culvert    $1,500,000 $7.40  $22.94 
Underground Detention Storage  $55,000,000 $269.70  $836.07 
Pump Station  $2,500,000 $12.30  $38.13 
Filters  $6,500,000 $31.90  $98.89 
UV Disinfection System  $3,000,000 $14.70  $45.57 
Discharge Culvert  $450,000 $2.20  $6.82 

Total  $69,480,000 $341  $1,056 
Annual O&M Cost     

Labor and Materials $280,000 /yr $1.40  $4.34 
Energy for UV Irradiation $13,000 /yr $0.10  $0.31 
Energy for Pumping $28,000 /yr $0.10  $0.31 

Total $321,000/yr $1.60/yr $4.96/yr
Santa Ana Delhi Channel - 0.1 inch Rainfall (40 cfs,  24 hr average flow) 

Capital Cost  Total Per Capita Per Household
Inflatable Dam  $530,000 $2.60  $8.06 
Diversion Culvert  $1,000,000 $4.90  $15.19 
Underground Detention Storage  $20,000,000 $98.10  $304.11 
Pump Station  $1,500,000 $7.40  $22.94 
Filters  $2,500,000 $12.30  $38.13 
UV Disinfection System  $1,500,000 $7.40  $22.94 
Discharge Culvert  $300,000 $1.50  $4.65 

Total  $27,330,000 $134  $415 
Annual O&M Cost    

Labor and Materials $150,000/yr $0.70  $2.17 
Energy for UV Irradiation $10,000/yr $0.00  $0.00 
Energy for Pumping $20,000/yr $0.10  $0.31 

Total  $180,000/yr $0.90/yr $2.79/yr
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Table 12 
Summary of Opinion of Probable Costs for Capital and O&M for Conventional Detention 

and UV Disinfection System at the Temescal Wash Study Site 
Temescal Wash - 0.5 inch Rainfall (500 cfs, 24 hr average flow)    

Capital Cost  Total Per Capita Per Household
Inflatable Dam  $530,000 $2.90  $8.99 
Diversion Culvert  $3,000,000 $16.30  $50.53 
Underground Detention Storage  $190,000,000 $1,033.80  $3,204.78 
Pump Station  $10,000,000 $54.40  $168.64 
Filters  $25,000,000 $136.00  $421.60 
UV Disinfection System  $7,500,000 $40.80  $126.48 
Discharge Culvert  $700,000 $3.80  $11.78 

Total  $ 236,730,000 $1,288  $3,993 
Annual O&M Cost    

Labor and Materials  $900,000 $4.90  $15.19 
Energy for UV Irradiation  $50,000 $0.30  $0.93 
Energy for Pumping  $150,000 $0.80  $2.48 

Total  $1,100,000 $6.00  $18.60 
Temescal Wash - 10 ft2/sec Runoff Condition (100 cfs, 24 hr average flow)

Capital Cost  Total Per Capita Per Household
Inflatable Dam $530,000 $2.90  $8.99 
Diversion Culvert $1,300,000 $7.10  $22.01 
Underground Detention Storage $29,000,000 $157.80  $489.18 
Pump Station $2,500,000 $13.60  $42.16 
Filters $5,500,000 $29.90  $92.69 
UV Disinfection System $3,000,000 $16.30  $50.53 
Discharge Culvert $330,000 $1.80  $5.58 

Total $42,160,000 $229  $711 
Annual O&M Cost    

Labor and Materials $250,000/yr $1.40  $4.34 
Energy for UV Irradiation $35,000/yr $0.20  $0.62 
Energy for Pumping $80,000/yr $0.40  $1.24 

Total $365,000/yr $2.00/yr $6.20/yr
Temescal Wash - 0.1 inch Rainfall (160 cfs,  24 hr average flow) 

Capital Cost  Total Per Capita Per Household
Inflatable Dam $530,000 $2.90  $8.99 
Diversion Culvert $1,500,000 $8.20  $25.42 
Underground Detention Storage $50,000,000 $272.10  $843.51 
Pump Station $4,000,000 $21.80  $67.58 
Filters $8,500,000 $46.20  $143.22 
UV Disinfection System $3,500,000 $19.00  $58.90 
Discharge Culvert $450,000 $2.40  $7.44 

Total $68,480,000 $373  $1,155 
Annual O&M Cost    

Labor and Materials $400,000/yr $2.20  $6.82 
Energy for UV Irradiation $40,000/yr $0.20  $0.62 
Energy for Pumping $90,000/yr $0.50  $1.55 

Total $530,000/yr $2.90/yr $8.99/yr
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Table 13 
Summary of Opinion of Probable Costs for Capital and O&M for Conventional Detention 

and UV Disinfection System at the Chino Creek Study Site 
Chino Creek - 0.5 inch Rainfall (300 cfs, 24 hr average flow)  

Capital Cost  Total Per Capita Per Household
Inflatable Dam  $530,000 $1.80  $5.58 
Diversion Culvert  $2,700,000 $9.10  $28.21 
Underground Detention Storage  $130,000,000 $438.40  $1,359.04 
Pump Station  $6,000,000 $20.20  $62.62 
Filters  $25,000,000 $84.30  $261.33 
UV Disinfection System  $4,900,000 $16.50  $51.15 
Discharge Culvert  $570,000 $1.90  $5.89 

Total  $169,700,000 $572  $1,774 
Annual O&M Cost    

Labor and Materials  $800,000/yr $2.70  $8.37 
Energy for UV Irradiation  $40,000/yr $0.10  $0.31 
Energy for Pumping  $85,000/yr $0.30  $0.93 

Total  $925,000/yr $3.10/yr $9.61/yr
Chino Creek - 10 ft2/sec Runoff Condition (100 cfs, 24 hr average  

Capital Cost  Total Per Capita Per Household
Inflatable Dam  $530,000 $1.80  $5.58 
Diversion Culvert  $1,500,000 $5.10  $15.81 
Underground Detention Storage  $65,000,000 $219.20  $679.52 
Pump Station  $2,500,000 $8.40  $26.04 
Filters  $5,500,000 $18.50  $57.35 
UV Disinfection System  $3,000,000 $10.10  $31.31 
Discharge Culvert  $350,000 $1.20  $3.72 

Total  $78,380,000 $264  $819 
Annual O&M Cost    

Labor and Materials  $250,000/yr $0.80  $2.48 
Energy for UV Irradiation  $20,000/yr $0.10  $0.31 
Energy for Pumping  $45,000/yr $0.20  $0.62 

Total  $315,000/yr $1.10/yr  $3.41/yr 
Chino Creek - 0.1 inch Rainfall (60 cfs, 24 hr average flow)  

Capital Cost  Total Per Capita Per Household
Inflatable Dam $530,000 $1.80  $5.58 
Diversion Culvert $1,500,000 $5.10  $15.81 
Underground Detention Storage $45,000,000 $151.70  $470.27 
Pump Station $2,000,000 $6.70  $20.77 
Filters $3,500,000 $11.80  $36.58 
UV Disinfection System $1,500,000 $5.10  $15.81 
Discharge Culvert $300,000 $1.00  $3.10 

Total $54,330,000 $183  $568 
Annual O&M Cost    

Labor and Materials  $165,000/yr $0.60  $1.86 
Energy for UV Irradiation  $10,000/yr $0.00  $0.00 
Energy for Pumping  $25,000/yr $0.10  $0.31 

Total $200,000/yr $0.70/yr  $2.17/yr 
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Table 14 
Summary of Opinion of Probable Costs for Capital and O&M for an Infiltration Basin at the 

Chino Creek Study Site 
Chino Creek - 0.1 inch Rainfall (60 cfs, 24hr average flow)  

Capital Cost Total Per Capita Per Household
Inflatable Dam  $550,000 $1.90  $5.89 
Diversion Culvert  $1,500,000 $5.10  $15.81 
Pump Station    $2,000,000 $6.70  $20.77 
Infiltration Basin  $8,500,000 $28.70  $88.97 

Total  $12,550,000 $42  $131 
Annual O&M Cost   $0.00 

Labor and Materials  $260,000/yr $0.90  $2.79 
Energy for Pumping  $15,000/yr $0.10  $0.31 

Total  $275,000/yr $1.00/yr $2.79/yr
   

Subsurface Flow Wetland 
As noted earlier, given available land limitations, a subsurface flow wetland is potentially 
feasible only for the runoff from the 0.1 inch rainfall event for the Chino Creek study 
subwatershed.  Costs for the subsurface flow wetland include capital costs, including the cost 
for a detention tank construction of a pump station and diversion structures, and the 
wetlands system; and O&M costs including wetland upkeep, energy usage, and diversion 
structure maintenance. 

Capital costs for a pump station and influent conveyance channels were based on design and 
unit cost assumptions including a total head loss 20 ft, 75% pump efficiency, and station cost 
of $1,500 per pump horse power, and 500 ft distance from an inflatable dam turnout to the 
subsurface flow wetland.  Capital costs for the wetland were updated from a per acre cost of 
$138,000 estimated by the USEPA in a technological assessment (US EPA, 1993).  Table 15 
summarizes the capital and O&M costs for a subsurface flow wetland at the Chino Creek 
study site for the 0.1 inch rainfall event. 
 

Table 15 
Summary of Opinion of Probable Costs for Capital and O&M for a Constructed Subsurface 

Flow Wetland at the Chino Creek Study Site 
Chino Creek - 0.1 inch Rainfall (60 cfs, 24hr average flow)  
Capital Cost Total Per Capita Per Household

Inflatable Dam $550,000 $1.90  $5.89 
Diversion Culvert $1,200,000 $4.00  $12.40 
Underground Detention Storage $45,000,000 $151.70  $470.27 
Pump Station    $2,000,000 $6.70  $20.77 
Subsurface Flow Wetland $17,000,000 $57.30  $177.63 
Discharge Culvert $300,000 $1.00  $3.10 

Total  $66,050,000 $223  $690 
Annual O&M Cost    

Labor and Materials  $/yr 420,000/yr $1.40  $4.34 
Energy for Pumping  $/yr 25,000/yr $0.10  $0.31 

Total  $445,000/yr $1.50/yr $4.65/yr
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Dry-Weather Diversion to Existing WWTP 
Dry-weather diversion to an existing WWTP is considered feasible for up to 4 cfs of flow from 
the Santa Ana Delhi Channel subwatershed.  Costs for this option would include the capital 
costs of buying capacity at the Orange County Sanitation District (OCSD) Plant No. 2 WWTP 
and construction of diversion structures and piping.  O&M costs include pumping energy 
costs and annual WWTP charges.  The cost of energy anticipated to be used by the pump 
station was based on an assumed rate of 15 cents per kWh.  Pipeline probable costs of 
construction were based on an assumption of $240/ft of pipe for a 12 inch pipe (based on a 
unit cost of $18/diameter inch/ft of pipeline).  Pump station costs were developed as a 
function of design capacity.  A total head loss of 100 ft was used to estimate the pump station 
capacity.  Other assumptions for the pump station capital’s probable cost of construction 
include a pump efficiency of 75% and capital cost of $1,500 per horse power.  Table 16 
summarizes the capital and O&M costs for dry weather diversion of 4 cfs to the OCSD HB 
WWTP from the Santa Ana Delhi Channel study site. 

Table 16 
Summary of Opinion of Probable Costs for Capital and O&M for Diversion from Santa Ana 

Delhi Channel to OCSD WWTPs 
Santa Ana Delhi Channel - Dry Weather Runoff (4 cfs, 24hr average flow ) 

Capital Cost Total Per Capita Per Household 
Inflatable Dam  $550,000 $2.70  $8.37 
Pump Station  $100,000 $0.50  $1.55 
Pipeline Construction - 4.5 miles  $5,700,000 $28.00  $86.80 
Plant Capacity – 4 cfs  $1,600,000 $7.80  $24.18 

Total  $7,950,000 $39  $121 
Annual O&M Cost    

Treatment Cost at WWTP  $805,000/yr $3.90  $12.09 
Energy for Pumping $30,000/yr $0.10  $0.31 

Total  $835,000/yr $4.00/yr $12.71/yr 

   

Preliminary Findings 
Based on this preliminary economic analysis, the following findings are presented for 
consideration by the Stormwater Quality Standards Study Task Force: 

 Treating stormwater flow rates resulting from larger storm events to achieve current 
bacteria water quality standards will result in significant costs.  The cost associated with 
treating increasing flow rates increases significantly. 

 Conventional wetland treatment systems have proven to be effective in reducing bacteria 
levels in some prior systems, but do not appear to be feasible in these study 
subwatersheds due to required sizing compared to the available land. 
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 Infiltration basins and subsurface wetlands may be feasible in limited locations for wet 
weather low flow rates and may result in considerably less cost to implement over other 
alternatives, but are land intensive compared to the other alternatives, which significantly 
restricts their applicability to large watersheds and higher flow rates. 

 The dominant cost component and high peak flow hydrographs of each option analyzed 
is that associated with addressing the, short term duration of storm flows. Implementing 
flow storage and equalization measures (detention storage) to allow for effective 
treatment is by far the largest component of control measure capital cost. 
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Attachment A 
General Descriptions, Components,
and Design Criteria for Structural BMP Options



Constructed Free Surface Flow Wetlands 
A constructed free surface flow (FSF) wetland treatment system was considered for 
controlling bacteria at target flow conditions at the outlet of each study subwatershed.  
The primary removal mechanisms for bacteria in a wetland system include: 

 Natural die-off 

 Sedimentation, sorption, and infiltration 

 Ultraviolet light 

 Temperature effects 

 Exposure to antibiotics released by the roots of wetland plants 

 Predation from other microbes and animals 

In some cases, increases in bacteria concentration have been reported in a wetland 
treatment system, due to wildlife that is attracted to wetland habitat.  Measures can be 
taken to prevent many animals from entering a FSF wetland, such as constructing 
fences, however a sufficient means does not exist to prevent birds from entering the 
wetland.  As long as waste is not introduced at the outlet, pathogens can be at least 
partially eliminated through the removal mechanisms above.  However waste 
introduced at the outlet of the wetland is likely to contribute to pollution in the receiving 
water. 

Expected effluent concentrations from a constructed wetland would provide the most 
useful value to this compliance alternatives analysis.  However, this measure of BMP 
effectiveness for constructed wetlands is difficult to ascertain given a wide range of 
observed influent and effluent concentrations from a small number of case studies in 
Southern California.  Alternatively, removal efficiency is another measure that can be 
used to express BMP effectiveness.  Most of the studies reviewed as part of this 
compliance alternatives analysis presented BMP performance results in the form of a 
removal efficiency.    Removal efficiencies can be considered in terms of percent removal 
or log removal and can be incorporated into a water quality model by using a flat 
removal efficiency or time-dependent decay rate.  Several studies have reported 2-log 
removal of influent bacteria concentration; however this efficiency is not always 
consistent for a given wetland and does not provide a conservative estimate based on 
the variability observed at wetlands across the country.  The Orange County Stormwater 
Program conducted a study of existing wetlands data, including nine projects across 
North America for wet pond percent removal efficiency.  Removal efficiencies ranged 
from -6% to 99% (2-log removal).  A mean removal rate was determined to be 70% 
removal.  Based on this study, a flat removal efficiency of 70% will be used for this 
analysis, with the assumption of a minimum 7 day residence time. 

Constructed wetlands should be designed with a sediment forebay that has the capacity 
to store at least 10% of the treatment volume at a depth of 4 to 6 feet.  The outlet 



structure of the wetland area should also include a micropool that has the capacity to 
store at least 10% of the runoff volume in order to prevent clogging the outflow drain.  
Trash racks or hoods on the outflow riser will also help to prevent clogging.  In addition, 
the outlet drain can be reverse-sloped to prevent clogging. 

Plants must be chosen that can accommodate the frequency and depth of water.  A dry-
weather flow channel will be permanently wet, however the water level should not 
regularly exceed ½ ft.  These conditions can support several plant species, including 
softstem bulrush, common three-square, pickerelweed, sedges, rushes, and arrow arum 
(Davis, 2000).  The stormwater treatment area must contain plants that can withstand 
flooding during wet-weather events, but also thrive during drier periods.  
Recommended plants include trees such as black willow and river birch, shrubs such as 
buttonbush and chokecherry, as well as softstem bulrush, sedges, switchgrass, and rice 
cutgrass.  When possible, native plants should be used in order to prevent invasive 
species from thriving.  A conceptual flow diagram for a FSF wetland treatment system is 
found in Figure 1. 

 
Subsurface Flow Wetlands 
In subsurface flow (SSF) wetlands, water flows through the sub-surface soil matrix, 
rarely surfacing.  Wetland plant species are planted within the soil matrix and remove 
pollutants by uptake.  The presence of aerated and anoxic zones is also thought to 
enhance removal.  Due to enhanced filtration processes, an anaerobic environment, 

Figure 1 
Conceptual Flow Diagram for a Constructed Wetland 
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reduced residence time, and a lack of inhabiting animals contributing to bacteria loads, 
SSF wetlands are considered to be more effective for bacteria removal than FSF 
wetlands. Therefore, where possible, SSF wetlands should be considered first. Various 
modifications have been made to specific designs of SSF wetlands in order to enhance 
treatment effectiveness. One modification is the use of a backflow pump to purge the 
wetlands of fine sediments and other potentially clogging materials. Another is the 
addition of nutrients to SSF wetlands to promote vegetative and beneficial bacterial 
growth. This is generally required when an inert substrate such as sand is used.  
Removal of suspended solids upstream of the wetland will enhance performance and 
increase the lifespan of SSF wetlands. 

Subsurface wetlands should be constructed in parallel media beds.  The media should be 
at least 3/8” gravel to prevent mechanical and biological clogging.  Minimum porosity 
and conductivity of the coarse grained materials should be on the order of 0.3-0.35 and 
1-100 cm/s, respectively.  A layer of fine organic substrate is required on the ground 
surface for establishment of the vegetative cover.  The dimensions of each media bed 
should be on the order of 10 feet wide, 20 feet long, and about 4-5 feet deep.  Wider cells 
are possible, but the length of the flow path should generally be limited to about 20-40 
feet (depending on media type) to minimize head drop across the bed.  The media bed 
would be constructed by simple excavation, with a slope of about ½ to 1 percent from 
inlet to outlet.  The media bed should be lined to prevent infiltration and interaction 
with the groundwater.  Common liner materials are 30-mil PVC or HDP pond liners.  
Other options include compacted clay or concrete.  Note that subsurface wetlands can be 
constructed above ground as well. 

The inlet and outlet works can be distribution trenches that are filled with high 
permeability materials (or open structures) to help distribute flows uniformly across the 
media bed.  There is flexibility in the type of media that may be used in the distribution 
trenches, including large gravel and stones, wire mesh gabions filled with stones, pipe 
networks, or synthetic, high porous, high strength plastic modular infiltration blocks. 
Influent can simply be distributed over the surface of the inlet trench, or alternatively 
could be distributed in a buried perforated pipe manifold.  The outlet pipe can be a 
slotted collection pipe that is buried in the outlet trench, and is connected to a level 
control device to control water levels in the media bed or a collector trench. 

Subsurface flow wetlands should have a minimum detention time of 1-day, which has 
been shown to provide excellent removal of indicator bacteria.  In practice the actual 
average detention time will be less than the theoretical detention time due to deviations 
from uniform flow conditions.  An actual detention time of approximately 75 percent of 
the theoretical maximum has been suggested.  Based on the media bed dimensions and 
the detention time above, the treatment capacity for each media bed is estimated at 210 
cf/d.  On a per acre basis, this is roughly equivalent to 0.5 cfs/acre or 0.33 MGD/acre.  
This area estimate only includes the media bed area, which will be the vast majority of 
the area requirement.  A conceptual flow diagram for a SSF wetland treatment system is 
found in Figure 2. 



 
Conventional Disinfection Facility 
A conventional disinfection facility was considered for bacteria at target flow conditions 
at the outlet of each study subwatershed.  This structural BMP would consist of a 
diversion of flow to a detention structure, from which water is pumped through a 
treatment train including pre-filtration and UV irradiation for disinfection. 

To produce UV radiation, low-pressure mercury vapor lamps are charged, and the 
energy generated by the excitation of the vapor results in the emission of UV light. 
Radiation penetrates the cell wall of the microorganism and is absorbed by the nucleic 
acid or DNA, to either prevent replication or cause death of the cell. 

A UV irradiation facility generally consists of a power supply, ballast or capacitors, 
high-intensity lamps, reaction chamber, cleaning apparatus, and controls and 
instrumentation. Stormwater applications of UV disinfection are rare, but are beginning 
to become more popular.  For example, the City of Encinitas, CA recently installed a UV 
disinfection system to treat stormwater discharges to Moonlight Beach (City of 
Encinitas, 2006).  In a similar application, the City of Coronado, CA installed a UV 
disinfection system for treating both groundwater and stormwater (combined system) 
prior to discharging to the ocean (Woodward Clyde, 1998). 

The effectiveness of UV disinfection depends primarily on the uniformity of flow 
velocities and the clarity of the influent water.  Solid particles can greatly affect the 
performance of a UV system by minimizing light penetration and shielding bacteria. 

Figure 2
Conceptual Flow Diagram for a Subsurface Flow
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Furthermore, the characteristics of the target organisms and the chemical characteristics 
of the influent may have an affect on UV bacteria removal effectiveness.  Hydraulic 
controls and conveyances designed to achieve a nearly uniform velocity field through 
the reaction chamber can enhance performance.  The UV lamp encasements must be 
routinely cleaned so that the UV light is not hindered by algal growth and calcium 
deposits (Metcalf & Eddy, 2003).  The screening of small rocks, gravel, or litter is 
necessary to avoid the blockage of UV light or damage to the quartz sleeve which 
encases the lamp.  Figure 3 depicts a conceptual flow diagram for the treatment of wet 
weather design flows using the conventional system of UV disinfection. 

 

Additional storage would be necessary to capture the volume of runoff during the part 
of a storm event that occurs above the capacity of the disinfection system, which could 
be sized to treat one half of the mean event flow for a maximum 48 hour drawdown.  
Soil Conservation Service (SCS), which is now the National Resources Conservation 
Service (NRCS), developed Technical Release 55 (TR-55) to provide guidelines for 
estimating runoff and designing storage BMPs in urban watersheds.  TR-55 provides a 
method for calculating the storage necessary to capture a runoff hydrograph given a 
peak flowrate and treatment outflow (SCS, 1986). 

In order to capture flows, a subsurface detention basin would be utilized, which would 
likely consist of a pre-cast concrete tank.  Concrete has high strength and durability, and 
does not require labor intensive maintenance that is typically required for steel tanks, 
such as sandblasting and exterior coating.  Utilizing pre-cast tanks is considered a cost-
effective, virtually maintenance-free alternative.  An underground detention tank would 
receive flow from an inlet channel and store up to the maximum wet-weather design 
flow, with the storage rate set at two times greater than the treatment rate.  Pumps could 
convey flow to a pre-cast concrete filtration system before reaching the UV disinfection 
channels. 

Infiltration Basin 
Infiltration facilities generally consist of a large shallow basin, capable of retaining the 
entire volume of a design storm and infiltrating this volume over a specified period.  A 
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Conceptual Flow Diagram for Conventional Disinfection Treatment



48 hour drawdown is recommended to minimize vector and odor issues that can be 
associated with standing stormwater, and to be prepared to capture a subsequent storm 
event. 

The primary mechanism for bacteria removal in regional infiltration basins is volume 
reduction to receiving waters and, for storms smaller than the design storm, complete 
removal of bacteria by preventing any surface discharge.  Infiltration facilities achieve 
high levels of treatment of bacteria and other pollutants by impounding water and 
allowing it to slowly percolate into the ground.  It should be noted that the permanent 
removal of flow from a channel may impair the designated beneficial use for a 
waterbody.  Figure 4 provides a conceptual flow diagram for an infiltration basin BMP. 

The infiltration rate of local soil types and the storage capacity of the groundwater basin 
are the dominant factors that determine whether infiltration of stormwater is feasible.  
Soils with a large silt or clay component have substantially lower infiltration rates than 
sandy soils, and therefore are generally poor candidates for infiltration.  Variable soil 
horizons and depths to underlying bedrock at each site will impact actual infiltration 
characteristics for a specific location, thus infiltration testing will be necessary to 
determine actual infiltration response.  The California Stormwater Quality Association 
Municipal BMP Handbook (Handbook) Infiltration Basin (TC-11) suggests that 
infiltration basins be designed with the invert at least three meters above the 
groundwater table, which also may render some sites unsuitable for this treatment 
option.  TC-11 of the Handbook also recommends that basin area should be based on a 
design infiltration rate no greater than 50% of the lowest field measured hydraulic 
conductivity. 

Figure 4 
Conceptual Flow Diagram for an Infiltration Basin 
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Dry-Weather Diversion to Existing WWTP 
Dry weather urban runoff diversions to WWTPs are a practical way of treating runoff, 
when sufficient capacity to handle additional flows is available at an existing plant and 
when the treatment plant is in the vicinity of the water body.  The treatment option 
would only be utilized under dry-weather conditions, with flow remaining in the 
channel and by-passing the diversion under wet-weather conditions.  Permanently 
diverting flow from the channel may impair the designated beneficial use of the 
waterbody.  Figure 5 depicts a conceptual flow diagram for diversion of dry weather 
runoff to an existing waste water treatment facility. 

  

Figure 5
Conceptual Flow Diagram for Diversion of Dry-Weather Flow to an Existing WWTP
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Technical Memorandum 
 
Date: October 10, 2006 
 
To: Stormwater Quality Standards Task Force 
 
From: CDM 
 
Subject: Recreational Use Survey Data Report – Santa Ana Delhi Channel 

Introduction 
To support Santa Ana River Basin Plan triennial review efforts, an evaluation of the 
appropriateness of REC-1 beneficial use designations and associated bacteria water quality 
objectives in the Santa Ana River Watershed is being performed by the Santa Ana Stormwater 
Quality Standards Task Force.  The Task Force consists of representatives from a variety of 
stakeholder interests, including the Santa Ana Watershed Project Authority; the counties of 
Orange, Riverside, and San Bernardino; special districts; the Santa Ana Regional Water 
Quality Control Board; EPA Region 9; and local environmental groups, with assistance from 
CDM and Risk Sciences, Inc.  As part of study efforts, recreational use surveys were 
performed upon select waterbodies to obtain information regarding current levels of 
recreational use.  This technical memorandum summarizes results from use surveys 
conducted at three locations on the Santa Ana Delhi Channel. 

Study Locations 
Three locations were surveyed on the Santa Ana Delhi Channel, including: 

 Santa Ana Delhi Channel at Sunflower Avenue 

 Santa Ana Delhi Channel at Mesa Avenue 

 Santa Ana Delhi Channel at Newport Bay 

Figure 1 illustrates these survey locations and depicts the physical characteristics of each 
unique segment of the Santa Ana Delhi Channel.  There are two red shaded segments on the 
map that indicate closed culvert sections, where the channel crosses under two major 
highways.  Photos from each of the sites show the general conditions of the Santa Ana Delhi 
Channel in the vicinity of the surveyed locations (Figure 2).
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Figure 2a
Photo of the Santa Ana Delhi Channel at the Upper Newport Bay

Recreational Use Survey Location

Figure 2b
Photo of the Santa Ana Delhi Channel at the Mesa Avenue Recreational Use 

Survey Location
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Survey Design 
Advanced digital cameras and data transfer technology, coupled with weekly on-location 
physical surveys were used to collect recreational use data at each location. Observer IV ™ 
cameras were equipped with cellular data transmission equipment to collect an image at each 
location every fifteen minutes, and transfer the image to a secure data storage server via a file 
transfer protocol (FTP) site. Weekly site visits were conducted to log recreational use 
observations, and monitor and maintain the image collection equipment.  This survey design 
was selected to provide unprecedented levels of data to characterize recreational use.  
Figure 3 shows the final camera installation at each of the recreational use survey locations. 

The duration of survey and number of images collected for each location on the Santa Ana 
Delhi Channel is shown in Table 1.  An image was collected every fifteen minutes throughout 
the study duration unless signal strength fluctuations or equipment failures precluded 
collection and transmission.  Images were not collected at night due to darkness. 

 

Figure 2c
Photo of the Santa Ana Delhi Channel at the Sunflower Avenue

Recreational Use Survey Location
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Figure 3b
Photo of the Santa Ana Delhi Channel at the Mesa Avenue Recreational Use

Survey Camera Installation

Figure 3a
Photo of the Santa Ana Delhi Channel at the Upper Newport Bay

Recreational Use Survey Camera Installation
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Figure 3c
Photo of the Santa Ana Delhi Channel at the Sunflower Avenue 

Recreational Use Survey Camera Installation

Table 1 
Recreational Use Survey Duration 

Survey Location Start Date End Date Number of Images 

Newport Bay 6/20/05 6/6/06 20,203 
Mesa Avenue 6/20/05 7/13/06 21,284 
Sunflower Avenue 7/7/05 7/9/06 20,978 
    
The image collection equipment and technology worked reliably throughout the survey 
period at all three survey locations on the Santa Ana Delhi Channel, but due to signal strength 
fluctuation issues and other equipment functionality issues, periodic, short term gaps in 
image collection occurred.  These gaps ranged from relatively minor single, fifteen-minute 
interval image gaps, which occurred on numerous days, to gaps in image collection spanning 
several days.  Table 2 summarizes the more significant data gaps. 
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Images were stored and individually reviewed for activity at the channel locations. A 
use/activity categorization protocol was established for logging and categorizing observed 
activity from both image review and physical surveys.  Within the protocol, information was 
collected upon water contact activity, including the type or magnitude of water contact and 
non-water contact activity, in the following categories: 

 Date / Time 

 Number of People 

 Type of Contact 

- Incidental Contact 

- Contact Below Ankle 

- Contact Between Ankle and Waist 

- Contact Between Waist and Neck 

- Contact Above Neck 

- Non-Recreation Contact 

 Non-Contact Activity 

Images containing a person or persons within channel fencing or boundaries (and on-site 
surveys where a person or persons were observed) were considered “events”.

Table 2 
Recreational Use Survey Data Gaps 

Location Data Gap Period Cause 

October 23 – 26, 2005 Battery Failure 

January 13 – 19, 2006 FTP Server Down Sunflower Avenue 

April 11 – 14, 2006 Battery Failure 

November 11 - 18, 2005 Battery Failure 

November 24 - 30, 2005 Battery Failure Mesa Avenue 

January 13 – 19, 2006 FTP Server Down 

December 23 – 29, 2005 Battery Failure 

January 13 – 19, 2006 FTP Server Down Newport Bay Location 

June 7 – End of Survey Period Camera Failure 
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An event could include one or more persons.  For each event, each person’s activity (type), 
and its duration and magnitude were logged per the established protocol.  If an activity was 
captured within one image, an activity duration was reported as <30 minutes.  Likewise, if an 
activity was observed within two consecutive fifteen-minute interval images, the duration 
was reported as <45 minutes.  At the Newport Bay location, persons on the highly used 
walking trail were not considered as events.  An event was defined as a person that stepped 
off the trail onto the channel banks.  Over the course of the survey period, there were over 
1,500 persons observed walking, jogging, or horseback riding along this trail. 

Appendix A of this report includes images of all events that were counted as water contact or 
non-water contact recreational use.  Some images included in Appendix A show examples of 
other types of activities, such as non-contact recreation and channel maintenance. 

Captured channel maintenance activities were observed in several images but not considered 
to be recreational use activity.  These activities were observed at the Mesa Avenue and 
Sunflower Avenue locations and primarily consisted of crews collecting trash.  One image 
was captured of an Orange County Coastkeeper water quality sampler.  Images were 
captured of Task Force members performing site visits at the Upper Newport Bay and 
Sunflower Avenue locations.  These images were not counted in the analysis of recreational 
use activities. 

Survey Results 
Table 3 summarizes all contact recreational events (individuals) observed for each of the 
survey locations and provides the date, potential duration, and magnitude of contact. 

Table 4 summarizes non-contact types of recreational use for each of the survey locations.  
The total number of individuals recreating, estimated duration of recreation, and seasonal 
patterns are included in the summary table.  The commonly used seasonal periods in 
southern California NPDES stormwater permits were used to categorize the observations by 
season (April 1 to September 30 for Summer, October 1 to March 31 for Winter). 

Summary of Findings 
Approximately 63,000 recreational use data points (images) were collected over a one-year 
duration from three locations along the Santa Ana Delhi Channel, each location with differing 
channel characteristics. Survey results indicate a very low frequency of water contact 
recreational use at all three locations, regardless of season. Three data points out of 63,332 
collected indicated actual water contact. The duration of each was short, less than thirty 
minutes in each case.  The images indicate the potential magnitude of contact as low, always 
foot or hand contact, with no data points indicating full body contact or immersion at any 
location surveyed. 
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Table 3 
Water Contact Recreation Events Recorded for the Santa Ana Delhi Channel  

Location / Date Time Duration (min) 
Magnitude of 

Contact 
Image ID 

Newport Bay 
7/24/2005 14:30 < 30 Below Ankle Delhi_Bay-05-07-24-14-30 
5/19/2006 12:30 < 30 Below Ankle Delhi_Bay-06-05-19-12-30 

Mesa Avenue 
No events were observed 

Sunflower Avenue 
2/11/2006 14:45 < 30 Below Ankle Delhi_Sunflower-06-02-11-14-45 

Note: The event captured on 5/9/06 at 19:20 was not counted as water contact recreation.  Given the quality of the image, 
contact could not be discerned 

 

 

Non-contact recreational activity, such as walking along the channel banks or boating, was 
more frequent than contact activity, and results indicate an increase in the frequency of non-
contact activity during the summer season at the Newport Bay location. 

 

Table 4 
Non-Water Contact Recreation Events Recorded for the Santa Ana Delhi Channel 

Number of Individuals 
Location 

Total Summer Winter 
Duration (min) Types of Activities 

Newport Bay 36 32 4 1,110 Sitting, Dog Walking, Boating 

Mesa Avenue 6 4 2 180 Walking, Bicycling 

Sunflower Avenue 6 4 2 180 Walking 
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Appendix A 
Select Photos from Santa Ana Delhi Channel Survey Locations 
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Santa Ana Delhi Channel at Sunflower Avenue 

12/21/05 11:00

2/11/06 14:45
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5/8/06 19:30

6/17/06 16:45
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6/27/06 13:15
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Santa Ana Delhi Channel at Mesa Avenue 

8/2/05 11:15

8/17/05 13:15
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1/23/06 17:15

2/4/06 17:30 



 

A  16 

7/8/06 14:30
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Santa Ana Delhi Channel at Newport Bay 
 

6/29/05 10:50 

7/5/05 9:45 
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7/6/05 12:36

7/24/05 14:30
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7/26/05 19:30

9/10/05 12:00
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9/11/05 13:30

9/16/05 11:30 
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10/10/05 14:30

11/6/05 11:30 
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1/6/06 11:45

1/6/06 16:15
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2/17/06 14:00

4/22/06 17:15
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4/30/06 12:15

5/4/06 15:30



 

A  25 

5/5/06 12:45

5/7/06 15:15
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5/9/06 19:20

5/14/06 14:45
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5/19/06 12:30

5/20/06 11:30



 

A  28 

 

5/21/06 10:30
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Technical Memorandum 
 
Date: November 24, 2006 
 
To: Stormwater Quality Standards Task Force 
 
From: CDM 
 
Subject: Recreational Use Survey Data Report – Cucamonga Creek 

Introduction 
To support Santa Ana River Basin Plan triennial review efforts, an evaluation of the 
appropriateness of REC-1 beneficial use designations and associated bacteria water quality 
objectives in the Santa Ana River Watershed is being performed by the Santa Ana Stormwater 
Quality Standards Task Force.  The Task Force consists of representatives from a variety of 
stakeholder interests, including the Santa Ana Watershed Project Authority; the counties of 
Orange, Riverside, and San Bernardino; special districts; the Santa Ana Regional Water 
Quality Control Board; EPA Region 9; and local environmental groups, with assistance from 
CDM and Risk Sciences, Inc.  As part of study efforts, recreational use surveys were 
performed upon select waterbodies to obtain information regarding current levels of 
recreational use.  This report summarizes results from use surveys conducted at two locations 
on Cucamonga Creek. 

Study Location 
Cucamonga Creek at Hellman Avenue was selected as the survey location.  Two cameras 
were installed at this bridge crossing, one facing upstream at a concrete lined section of the 
channel, and one facing downstream, where the channel transitions into a more natural 
condition prior to entering the Prado Basin. 

Figure 1 illustrates the survey location and depicts the physical characteristics of Cucamonga 
Creek upstream and downstream of Hellman Avenue.  Photos show the general conditions of 
Cucamonga Creek in the vicinity of the location (Figure 2). 
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Figure 2a 
Photo of Cucamonga Creek, Looking Upstream from Hellman Avenue 

Figure 2b
Photo of Cucamonga Creek, Looking Downstream from Hellman Avenue
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Survey Design 
Advanced digital cameras and data transfer technology, coupled with weekly on-location 
physical surveys were used to collect recreational use data at each location. Observer IV ™ 
cameras were equipped with cellular data transmission equipment to collect an image at each 
location every fifteen minutes, and transfer the image to a secure data storage server via a file 
transfer protocol (FTP) site. Weekly site visits were conducted to log recreational use 
observations, and monitor and maintain the image collection equipment.  This survey design 
was selected to provide unprecedented levels of data to characterize recreational use.  
Figure 3 shows the final camera installation at the recreational use survey location. 

The duration of survey and number of images collected on Cucamonga Creek is shown in 
Table 1.  An image was collected every fifteen minutes throughout the study duration unless 
signal strength fluctuations or equipment failures precluded collection and transmission.  
Images were not collected at night due to darkness. 

The image collection equipment and technology worked adequately throughout the survey 
period at both survey locations on Cucamonga Creek, but due to signal strength fluctuation 
issues and other equipment functionality issues, periodic, short term gaps in image collection 
occurred.  These gaps ranged from relatively minor single, fifteen-minute interval image 
gaps, which occurred on numerous days, to gaps in image collection spanning several days.  
Due to poor cellular signal at the upstream facing location the camera operation required a 
greater power demand and would function adequately for the first few days after weekly 
maintenance (battery change).  Table 2 summarizes the data gaps of one week or longer. 
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Figure 3a
Photo of the Recreational Use Survey Camera Installation Looking 

Upstream at Hellman Avenue

Figure 3b 
Photo of the Recreational Use Survey Camera Installation Looking 

Downstream at Hellman Avenue 
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Images were stored and individually reviewed for activity.  A use/activity categorization 
protocol was established for logging and categorizing observed activity from both image 
review and physical surveys.  Within the protocol, information regarding water contact 
activity, including the type or magnitude of contact, and non-water contact activity, was 
collected and logged in the following categories: 

 Date/Time 

 Number of People 

 Type of Contact 

 Incidental Contact 

Table 1 
Recreational Use Survey Duration 

Survey Location Start Date End Date Number of Images 

Cucamonga US 11/1/05 11/1/06 2,546 
Cucamonga DS 11/1/05 11/1/06 17,678 

    

Table 2 
Recreational Use Survey Data Gaps 

Location Data Gap Period Cause 

Cucamonga US December 1 – 8, 2005 Battery Failure 
 December 16 – 22, 2005 Battery Failure 
 January 13 – 19, 2006 FTP server down 
 January 27 – February 3, 2006 Battery Failure 
 February 12 – 17, 2006 Battery Failure 
 February 27 – March 5, 2006 Battery Failure 
 April 9 – 18, 2006 Battery Failure 
 April 29 – May 5, 2006 Battery Failure 
 July 15 – 24, 2006 Battery Failure 
 August 28 – September 6, 2006 Battery Failure 
 September 10 – 17, 2006 Battery Failure 

Cucamonga DS December 11 – 21, 2005 Battery Failure 
 January 13 – 19, 2006 FTP server down 
 February 6 – 16, 2006 Battery Failure 
 July 12 – 24, 2006 Camera Failure 
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 Contact Below Ankle 

 Contact Between Ankle and Waist 

 Contact Between Waist and Neck 

 Contact Above Neck 

 Non-Recreation Contact 

 Non-Contact Activity 

Images containing a person or persons within channel fencing or boundaries (including on-
site surveys where a person or persons were observed) were considered “events”. 

An event could include one or more persons. For each event, each person’s activity (type), 
and its duration and magnitude were logged per the established protocol. If an activity was 
captured within one image, an activity duration was reported as <30 minutes. Likewise, if an 
activity was observed within two consecutive fifteen-minute interval images, the duration 
was reported as <45 minutes. 

Appendix A of this report contains images of all events that were counted as contact 
recreational use, and representative pictures of non-contact recreational use events.  Captured 
channel maintenance activities were observed in several images but not considered to be 
recreational use activity.  These activities were observed at the upstream Cucamonga Creek 
location. 
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Survey Results 
Table 3 summarizes all water contact recreational events (individuals) observed for each of 
the survey locations and provides the date, potential duration, and magnitude of contact. 
Table 4 summarizes non-water contact types of recreational use.  The total number of 
individuals recreating, estimated duration of recreation, and seasonal patterns are included in 
the summary table.  The commonly used seasonal periods in southern California NPDES 
stormwater permits were used to categorize the observations by season (April 1 to 
September 30 for Summer, October 1 to March 31 for Winter). 

 

 

Table 3 
Water Contact Recreation Events Recorded for Cucamonga Creek 

Location / 
Date 

Time 
Duration 

(min) 
Magnitude of Contact Image ID 

Cucamonga Creek Upstream from Hellman Avenue 
No events were observed 
Cucamonga Creek Downstream from Hellman Avenue 
12/24/2005 9:30 < 30 Between Ankle and Waist Cucamonga_DS-05-12-24-09-30
1/8/2006 15:00 < 30 Between Ankle and Waist Cucamonga_DS-06-01-08-15-00
2/22/2006 11:45 < 30 Between Ankle and Waist Cucamonga_DS-06-02-22-11-45
3/14/2006 17:00 < 30 Between Ankle and Waist Cucamonga_DS-06-03-14-17-00

3/25/2006 9:50 < 60 Between Ankle and Waist 
Cucamonga_DS-06-03-25-09-50 
Cucamonga_DS-06-03-25-10-05 
Cucamonga_DS-06-03-25-10-15

3/29/2006 18:00 < 30 Between Ankle and Waist Cucamonga_DS-06-03-29-18-00
8/25/2006 10:30 < 30 Below Ankle Cucamonga_DS-06-08-25-10-30
9/13/2006 12:35 < 30 Below Ankle Cucamonga_DS-06-09-13-12-35
 

Table 4 
Non-Water Contact Recreation Events Recorded for Cucamonga Creek 

Number of Individuals 
Location 

Total Summer Winter 
Duration (min) Types of Activities 

Cucamonga Creek 
Upstream 1 1 0 30 Vehicle driving in water 

Cucamonga Creek 
Downstream 27 19 8 810 Walking, horseback riding in 

water 
 



Recreational Use Survey Report – Cucamonga Creek 
November 24, 2006 

A  9 

Summary of Findings 
Approximately 20,500 recreational and use data points were collected over a one year 
duration from Cucamonga Creek, upstream and downstream of Hellman Avenue.  Survey 
results indicate a very low frequency of water contact recreational use both upstream and 
downstream of Hellman Avenue, regardless of season.  Infrequent recreational use was 
observed only in Cucamonga Creek downstream of the Hellman Avenue crossing.  Eight data 
points or images out of 17,932 collected at the downstream location indicated actual water 
contact.  The duration was short, less than thirty minutes in seven out of eight events.  The 
magnitude of contact was always below the waist, with no data points indicating full body 
contact or immersion. 

Non-contact recreational activity, such as walking along the channel banks, was more 
frequent than contact activity, and results indicate an increase in the frequency of non-contact 
activity during the summer season for Cucamonga Creek downstream of Hellman Avenue. 

Conversely, no observations indicated recreational use, water contact or non-water contact, in 
Cucamonga Creek upstream of the Hellman Avenue crossing.  The difference in results 
shows that differences in channel characteristics between Cucamonga Creek upstream and 
downstream of the Hellman Avenue crossing may play a significant role in recreational use 
potential. 
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Appendix A 
Select Photos from Cucamonga Creek Survey Locations 
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Cucamonga Creek at Hellman Avenue, Upstream 

 
No Activity: 1/4/2006 14:05

Non-Contact Recreation: 9/9/2006 17:00
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Maintenance: 12/1/2005 14:15 
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Cucamonga Creek at Hellman Avenue, Downstream 
 

No Activity: 12/07/2005 12:35 

Contact Recreation: 12/24/2005 9:30 
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Contact Recreation: 1/8/2006 15:00

Contact Recreation: 2/22/2006 11:45 
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Contact Recreation: 3/14/2006 17:00

Contact Recreation: 3/25/2006 9:50
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Contact Recreation: 3/25/2006 10:05 

Contact Recreation: 3/25/2006 10:15 
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Contact Recreation: 3/29/2006 18:00

Non-Contact Recreation: 4/7/2006 14:15



 

A  18 

 

 

Contact Recreation: 8/25/2006 10:30

Contact Recreation: 9/13/2006 12:35 



Recreational Use Survey Report – Temescal Wash 
November 24, 2006 

Technical Memorandum 
 
To: Stormwater Quality Standards Task Force 
 
From: CDM 
 
Date: November 24, 2006 
 
Subject: Recreational Use Survey Data Report – Temescal Wash 

Introduction 
To support Santa Ana River Basin Plan triennial review efforts, an evaluation of the 
appropriateness of REC-1 beneficial use designations and associated bacteria water quality 
objectives in the Santa Ana River Watershed is being performed by the Santa Ana Stormwater 
Quality Standards Task Force.  The Task Force consists of representatives from a variety of 
stakeholder interests, including the Santa Ana Watershed Project Authority; the counties of 
Orange, Riverside, and San Bernardino; special districts; the Santa Ana Regional Water 
Quality Control Board; EPA Region 9; and local environmental groups, with assistance from 
CDM and Risk Sciences, Inc.  As part of study efforts, recreational use surveys were 
performed upon select waterbodies to obtain information regarding current levels of 
recreational use.  This report summarizes survey results conducted on Reach 2 of the Santa 
Ana River.  This technical memorandum summarizes results from use surveys conducted at 
two locations on Temescal Wash. 

Study Locations 
Two locations were surveyed on Temescal Wash, including: 

 Temescal Wash at Main Street 

 Temescal Wash at the City of Corona WWTP No. 2 

The Main Street camera was vandalized beyond repair on the ninth day of operation.  A 
replacement camera was subsequently installed upstream of Main Street at the WWTP 
location and the survey at the Main Street location was abandoned.  The WWTP location was 
selected because it was more secure and had the same general physical channel characteristics 
as the Main Street location.  Figure 1 illustrates these survey locations and depicts the physical 
characteristics at each location on Temescal Wash.  Photos show the general conditions of 
Temescal Wash in the vicinity of the survey locations (Figure 2). 
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Figure 2a 
Photo of Temescal Wash at Main Street Location 

Figure 2b
Photo of Temescal Wash at the City of Corona WWTP No. 2 Location



Recreational Use Survey Report – Temescal Wash 
November 24, 2006 

A  4 

Survey Design 
Advanced digital cameras and data transfer technology, coupled with weekly on-location 
physical surveys were used to collect recreational use data.  Observer IV ™ cameras were 
equipped with cellular data transmission equipment to collect an image every fifteen minutes, 
and transfer the image to a secure data storage server via a file transfer protocol (FTP) site.  
Weekly site visits were conducted to log recreational use observations, and to monitor and 
maintain the image collection equipment.  This survey design was selected to provide 
unprecedented levels of data to characterize recreational use.  Figure 3 shows the final camera 
installation at each of the recreational use survey locations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3a
Photo of the Recreational Use Survey Camera Installation for Temescal 

Wash at Main Street 
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The duration of survey and number of images collected from each location on Temescal Wash 
is shown in Table 1.  An image was collected every fifteen minutes throughout the study 
duration unless signal strength fluctuations or equipment failures precluded collection and 
transmission.  Images were not collected at night due to darkness. 

The image collection equipment and technology worked adequately throughout the survey 
period, but due to signal strength fluctuation issues and other equipment functionality issues, 
periodic, short term gaps in image collection occurred. These gaps ranged from relatively 
minor single, fifteen-minute interval image gaps, which occurred on numerous days, to gaps 
in image collection spanning several days. Table 2 summarizes the data gaps of one week or 
longer. 

Table 1 
Recreational Use Survey Duration 

Survey Location Start Date End Date Number of Images 

Main 7/26/05 8/4/05 512 
WWTP 11/1/05 11/1/06 10,608 

    

Figure 3b
Photo of the Recreational Use Survey Camera 

Installation for Temescal Wash at WWTP
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Images were stored and individually reviewed for activity. A use/activity categorization 
protocol was established for logging and categorizing observed activity from both image 
review and physical surveys.  Within the protocol, information regarding water contact 
activity, including the type or magnitude of contact, and non-water contact activity, was 
collected and logged in the following categories: 

 Date / Time 

 Number of People 

 Type of Contact 

- Incidental Contact 

- Contact Below Ankle 

- Contact Between Ankle and Waist 

- Contact Between Waist and Neck 

- Contact Above Neck 

- Non-Recreation Contact 

 Non-Contact Activity 

 

 
 
Images containing a person or persons within channel fencing or boundaries (and on-site 
surveys where a person or persons were observed) were considered “events”. 

Table 2 
Recreational Use Survey Data Gaps 

Location Data Gap Period Cause 

Main (none)  
WWTP November 24 – December 7, 2005 Battery Failure 

 January 13 – 19, 2006 FTP server down 
 April 4 – 26, 2006 Camera Failure 
 May 10 – 17, 2006 Camera Failure 
 August 9 – 16, 2006 Camera Failure 
 September 25 – October 4, 2006 Camera Failure 
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An event could include one or more persons. For each event, each person’s activity (type), 
and its duration and magnitude were logged per the established protocol. If an activity was 
captured within one image, an activity duration was reported as <30 minutes.  Likewise, if an 
activity was observed within two consecutive fifteen-minute interval images, the duration 
was reported as <45 minutes. 

Appendix A of this report contains images of all events that were counted as contact 
recreational use, and representative pictures of non-contact recreational use events.  Some 
images included in Appendix A show examples of other types of activities, such as channel 
maintenance. Captured channel maintenance activities were observed in several images but 
not considered to be recreational use activity.  These activities were only observed at the 
WWTP location, and primarily consisted of vehicles in the channel area. 

Survey Results 
Table 3 summarizes all water contact recreational events (individuals) observed for each of 
the survey locations and provides the date, potential duration, and magnitude of contact. 

Table 3 
Water Contact Recreation Events Recorded for Temescal Wash 

Location / 
Date 

Time Duration (min) 
Magnitude of 

Contact 
Image ID 

Temescal Wash at Main Street 
7/27/2005 10:00 < 30 Below Ankle Temescal-05-07-27-10-00 

Temescal Wash at the City of Corona WWTP No. 2 
7/1/2006 13:30 < 30 Below Ankle Temescal-06-07-01-13-30 

 

Table 4 summarizes non-water contact types of recreational use.  The total number of 
individuals recreating, estimated duration of recreation, and seasonal patterns are included in 
the summary table.  The commonly used seasonal periods in southern California NPDES 
stormwater permits were used to categorize the observations by season (April 1 to 
September 30 for Summer, October 1 to March 31 for Winter). 

Table 4 
Non-Water Contact Recreation Events Recorded for Temescal Wash 

Number of Individuals 
Location 

Total Summer Winter 
Duration (min) Types of Activities 

Main 3 3 0 90 Walking and biking 

WWTP 28 19 9 810 Walking and biking 
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Summary of Findings 
Approximately 11,000 recreational use data points (images) were collected over a one year 
duration from two locations along Temescal Wash with similar characteristics.  Survey results 
indicate a very low frequency of water contact recreation, regardless of season.  Two data 
points out of 11,166 collected indicated actual water contact.  The duration was short, less 
than thirty minutes for both events.  The magnitude of contact was always below the ankle, 
with no data points indicating full body contact or immersion. 

Non-contact recreational activity, such as walking or biking in the channel area, was more 
frequent than contact activity, and results indicate an increase in the frequency of non-contact 
activity during the summer season near the City of Corona WWTP No. 2 location on Temescal 
Wash. 
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Appendix A 
Select Photos from Temescal Wash Survey Locations 
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Temescal Wash at Main Street 
 

No Activity: 7/28/2005 14:15

Contact Recreation: 7/27/2005 10:00 
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Non-Contact Recreation: 8/3/2005 8:00
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Temescal Wash at WWTP 

No Activity: 4/1/2006 13:30

Contact Recreation: 7/1/2006 13:30
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Non-Contact Recreation: 2/25/2006 12:15

Maintenance: 9/19/2006 12:45
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Technical Memorandum 
 
Date: November 29, 2006 
 
To: Stormwater Quality Standards Task Force 
 
From: CDM 
 
Subject: Recreational Use Survey Data Report– Greenville Banning Channel 

Introduction 
To support Santa Ana River Basin Plan triennial review efforts, an evaluation of the 
appropriateness of REC-1 beneficial use designations and associated bacteria water quality 
objectives in the Santa Ana River Watershed is being performed by the Santa Ana Stormwater 
Quality Standards Task Force.  The Task Force consists of representatives from a variety of 
stakeholder interests, including the Santa Ana Watershed Project Authority; the counties of 
Orange, Riverside, and San Bernardino; special districts; the Santa Ana Regional Water 
Quality Control Board; EPA Region 9; and local environmental groups, with assistance from 
CDM and Risk Sciences, Inc.  As part of study efforts, recreational use surveys were 
performed upon select waterbodies to obtain information regarding current levels of 
recreational use.  This technical memorandum summarizes results from a recreational use 
survey conducted at two locations on Greenville Banning Channel, located within the City of 
Costa Mesa.  The Greenville Banning Channel is tributary to the Santa Ana River.  The 
confluence is approximately 1.5 miles upstream of where the Santa Ana River discharges to 
the Pacific Ocean. 

Study Location 
Two locations were surveyed on the Greenville Banning Channel, including: 

 Greenville Banning Channel at Pedestrian Bridge 

 Greenville Banning Channel at Adams Avenue Bridge 

The pedestrian bridge camera was stolen at the end of its third week of operation.  A 
replacement camera was subsequently installed at a more upstream point near the Adams 
Avenue Bridge crossing, and the survey at the pedestrian bridge location was abandoned.  
The Adams Avenue Bridge location was selected because it was more secure and had the 
same general physical channel characteristics as the pedestrian bridge location.  Figure 1 
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shows the two survey locations and depicts the general physical characteristics of the channel 
and surrounding land use. 
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The first camera location was installed to capture any recreation use activities occurring in the 
channel near a tributary channel (Fairview Channel).  Access to Fairview Channel is 
considerably easier than that of Greenville Banning Channel.  Figure 2 shows a photo of the 
general conditions at this point.  The camera presented an upstream view of the channel 
confluence.  Figure 3 shows a downstream view of the channel at Adams Avenue Bridge. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Survey Design 
Advanced digital cameras and data transfer technology, coupled with weekly on-location 
physical surveys were used to collect recreational use data at the pedestrian bridge and 
Adams Avenue Bridge locations.  An Observer IV ™ camera equipped with cellular data 
transmission capabilities collected an image every fifteen minutes, and transferred the image 
to a secure data storage server via a file transfer protocol (FTP) site.  Weekly site visits were 
conducted to record recreational use observations, and monitor and maintain the image 
collection equipment.  This survey design was selected to provide unprecedented levels of 
data to characterize recreational use.  

Figure 4 shows the camera installation at Greenville Banning Channel at the pedestrian 
bridge.  The camera was housed in a robust protective enclosure and installed under the 
Adams Avenue Bridge.  The camera was positioned to record downstream images of 
Greenville Banning Channel.  Figure 5 shows the camera installation at Adams Avenue. 

Figure 2
Upstream view of Greenville Banning Channel at Confluence with Fairview

Channel
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Figure 3 
Downstream View of Greenville Banning Channel from Adams 

Avenue Bridge 

Figure 4
View of Camera Location Installed at Pedestrian Bridge and

Channel Wall

Camera Location
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The duration of survey and number of images collected on the Greenville Banning Channel is 
shown in Table 1.  An image was collected every fifteen minutes throughout the study 
duration unless signal strength fluctuations or equipment failures precluded collection and 
transmission.  Images were not collected at night due to darkness. 

The first survey camera installed under the pedestrian bridge operated for three weeks before 
being stolen.  The second camera at the Adams Avenue Bridge was installed in a fortified 
enclosure to prevent vandalism while providing a clear view of the channel. The second 
camera experienced a major malfunction on January 3, 2006.  Until that date, over 2,600 
images had been recorded.  

Between the start and end dates, the image collection equipment worked reliably, but due to 
signal strength fluctuation issues and other equipment functionality issues, periodic, short-

Table 1 
Recreational Use Survey Duration 

Survey Location Start Date End Date Number of Images 

Pedestrian Bridge 7/7/05 7/27/05 424 
Adams Avenue Bridge 11/17/05 1/3/06 2,552 
    

Figure 5
Camera Installation at Adams

Avenue Bridge
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term gaps in image collection occurred.  These gaps ranged from relatively minor single, 
fifteen-minute interval image gaps, which occurred on numerous days, to gaps in image 
collection spanning several days.  Table 2 summarizes the more significant data gaps. 

 

 

 

 

Images were stored and individually reviewed for any activity at the channel location.  A 
use/activity categorization protocol was established for logging and categorizing observed 
activity from both image review and physical surveys.  Within the protocol, information was 
collected for water contact recreation, non-water contact recreation, and maintenance activity 
in the following categories: 

 Date / Time 

 Number of People 

 Type of Contact 

- Incidental Contact 

- Contact Below Ankle 

- Contact Between Ankle and Waist 

- Contact Between Waist and Neck 

- Contact Above Neck 

- Non-Recreation Contact 

 Non-Contact Activity 

Images containing individuals within channel fencing or boundaries (and on-site surveys 
where individuals were observed) were considered “events.” 

An event could include one or more persons.  For each event, each person’s activity (type), 
and its duration and magnitude were logged per the established protocol.  If an activity was 
captured within one image, an activity duration was reported as <30 minutes.  Likewise, if an 
activity was observed within two consecutive fifteen-minute interval images, the duration 
was reported as <45 minutes. 

Table 2 
Recreational Use Survey Data Gaps 

Location Data Gap Period Cause 

Adams Avenue Bridge November 26 – November 27 Battery Failure 

Adams Avenue Bridge December 3 – December 4 Battery Failure 
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Survey Results 
For camera locations at Greenville Banning Channel at the pedestrian bridge and the Adams 
Avenue Bridge, no water contact recreation, non-water contact recreation, or maintenance 
activities were observed. 

Summary of Findings 
Over 400 recreational use data points (images) were collected over a 20-day duration from 
Greenville Banning Channel at the pedestrian bridge.  Additionally, approximately 2,600 
images were collected over a 47-day duration from the Adams Avenue Bridge.  Survey results 
indicate no water contact recreation, non-water contact recreation, nor maintenance activities 
during the survey periods from July 7, 2005 to July 27, 2005, and November 17, 2005 to 
January 2, 2006. 



A 

Memorandum 
 
To: Stormwater Quality Standards Task Force 
 
From: CDM 
 
Date: November 29, 2007 
 
Subject: Economic Analysis of Compliance Alternatives for the Trapezoidal 

Segment of the Santa Ana Delhi Channel 

This technical memorandum presents the results of a preliminary economic analysis of 
compliance alternatives for compliance with REC-1 water quality objectives for bacterial 
indicators in a segment of the Santa Ana Delhi Channel in the Santa Ana River Basin. An 
analysis of two potential compliance alternatives is presented, including an estimation of the 
economic impact of the alternatives.  

The location and physical characteristics of the channel segment analyzed, conceptual design 
of selected compliance alternatives, and estimated costs and economic impacts are described 
below.  

Channel Location and Physical Characteristics  
This analysis was conducted on the trapezoidal configured, rip-rap lined segment of the Santa 
Ana Delhi Channel, which extends along Flower Avenue in the City of Santa Ana from the 
Southern Pacific Railroad crossing downstream to Sunflower Avenue. Upstream from the 
Southern Pacific Railroad and downstream from Sunflower Avenue, the Santa Ana Delhi 
Channel is a vertical side-walled, concrete lined channel.  

The Santa Ana Delhi Channel watershed (approximately 20 mi2) is located in Orange County 
within the Santa Ana River Basin. The portion of the watershed that drains to the trapezoidal 
segment, hereafter referred to as the Upper Santa Ana Delhi Channel watershed, has a 
drainage area of approximately 6 mi2 (Figure 1). Figure 2 shows the land uses of the 
watershed draining to the trapezoidal segment.
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Conceptual Design of Compliance Alternatives 
A conceptual design of the compliance alternatives was completed to provide a basis for the 
economic analysis. The configuration of the design was not explicitly optimized for cost 
efficiency, but was intended to represent one potential technically feasible solution towards 
achieving compliance with REC-1 bacteria water quality objectives. 

Compliance Alternatives 
Compliance alternatives were evaluated and selected as technically feasible approaches for 
collecting and treating the runoff from subwatersheds of the Upper Santa Ana Delhi Channel 
watershed. Structural best management practices (BMPs) or treatment devices that have been 
shown to be effective at reducing bacteria concentrations were selected as follows: 

 Alternative 1 consists of treatment of dry weather flows via diversion to an existing 
publicly owned treatment works (POTW) and treatment of a portion of wet weather flows 
using ultraviolet (UV) treatment facilities, with pre-treatment as necessary. 

 Alternative 2 consists of treatment of both dry weather flows and a portion of wet weather 
flows using UV treatment facilities, with pre-treatment as necessary.  

Treatment facilities would be configured off-line to provide flow attenuation, and facilitate 
settling and pre-filtration, requiring diversion of flow from the channel to the treatment 
facility and conveyance of the treated flow back to the channel.  

For this analysis, it was assumed that there would be no re-growth of bacteria downstream of 
proposed treatment facilities. In addition, the use of non-structural distributed source control 
measures to possibly reduce the amount of treatment required was not assessed for this 
analysis. The effectiveness of such measures is difficult to quantify in large urbanized 
watersheds and in other investigations has been estimated to only reduce on the order of 5 to 
15 percent of bacteria load. However, these approaches should be considered in future 
watershed plans. 

Dry Weather Diversions to Existing POTW 
To achieve compliance with water quality objectives during dry weather only, diversion 
structures at individual points of discharge to the channel would be designed to divert only 
the dry weather runoff from the City of Santa Ana’s municipal storm sewer system (MS4) to 
the Orange County Sanitation District (OCSD) sanitary interceptor sewer system. In 
comparison to existing domestic sanitary flows, the urban dry weather flows that would be 
diverted from the MS4 are relatively small, and there is sufficient capacity within the OCSD 
sanitary sewer network to handle the diverted dry weather flows (personal communication, 
Bob Chenowith, OCSD). 
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Underground Storage and UV Disinfection Treatment System 
UV treatment facilities use ultraviolet radiation to destroy bacteria. UV disinfection differs 
from conventional chemical disinfection methods in that no toxic byproducts are produced. In 
order for the UV treatment to be effective, the water must be of low turbidity; therefore 
filtration is required upstream of the UV treatment unit.  

For Alternative 1, the conceptual design assumes that the UV treatment facilities would 
operate only during wet weather events and be sized to treat wet weather runoff from up to a 
typical 0.5-inch storm event. Runoff from larger storm events would be routed directly to the 
channel with no treatment. This flow routing would be accomplished using diversion 
structures at discharge points to the channel. Designs for each of these diversion structures 
would require detailed hydraulic modeling of the drainage system and flows, and is therefore 
not included in this preliminary analysis. An underground storage tank would be used to 
capture and equalize flows for release to the treatment system over an extended period of 
time, allowing the treatment system to be sized smaller than that otherwise necessary to meet 
the short-term peak flow from the storm hydrograph. 

Under Alternative 2, the wet weather storage and treatment facilities would be identical to 
those under Alternative 1, but the pumping and treatment facilities would have a low-flow 
component that would essentially operate year-round to treat dry weather flow, bypassing 
the storage reservoir.   

Target Flow Estimation 
For the purpose of the conceptual design, the Upper Santa Ana Delhi Channel watershed was 
subdivided into three subwatersheds (Figure 3):  

 Subwatershed A is a 3,247-acre portion of the watershed that lies north of Warner 
Avenue.  

 Subwatershed B is a 578-acre portion of the watershed that lies south of Warner Avenue 
and east of the channel.  

 Subwatershed C is a 230-acre portion of the watershed that lies south of Warner Avenue 
and west of the channel.  

As indicated by the layout of the major storm drains shown in Figure 3, Subwatershed A 
drains to the vertical side-walled segment of the channel, north of the trapezoidal segment. 
Subwatersheds B and C drain to both the vertical and trapezoidal side-walled segments via 
multiple discharge points to the channel.  
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Figure 3
Drainage Features and Subwatersheds of the Upper Santa Ana Delhi Channel
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Flow monitoring data was not available for the trapezoidal segment of the Santa Ana Delhi 
Channel, so dry and wet weather flows from the three subwatersheds were estimated. 
Continuous flow monitoring of four predominantly urban watersheds in southern California 
showed that an average daily flow of approximately 0.2 cfs per square mile of watershed can 
be expected during dry weather conditions (SCCWRP, 2005). Using this estimate, dry weather 
flow rates were estimated to be 1.0 cfs, 0.2 cfs, and 0.1 cfs, for Subwatersheds A, B, and C, 
respectively. 

The EPA Storm Water Management Model (SWMM) was used to estimate the peak flow rate 
and volume of runoff generated from up to a typical 0.5-inch storm event. To select an 
appropriate duration for this event, an intensity-duration-frequency analysis was performed 
on historical rainfall data from a precipitation gauge at Laguna Beach. The analysis results 
showed that approximately 85 percent of 0.45- to 0.54-inch storms had a 6-hour duration or 
greater. Therefore, an event duration of 6 hours was selected to ensure that 85 percent of 
targeted storms would be fully captured and treated by the treatment facilities in the 
conceptual design. In shorter high intensity, storm events, it is possible that a small volume of 
runoff would have to be bypassed due to rapid filling of the storage reservoir at the peak of 
the hydrograph. The SWMM model allows for the input of rainfall data in the form of a 
hyetograph (rainfall versus time). A hyetograph was constructed by taking a 24-hour unit 
hyetograph for southern California (Los Angeles County Department of Public Works, 2006) 
and scaling it for a 0.5-inch, 6-hour rainfall event. Along with the hyetograph time-series, 
characteristics for the three subwatersheds were used as inputs to the SWMM model. The 
simulated peak flows and runoff volumes from each of the subwatersheds are listed in Table 
1. The input hyetograph and output hydrographs generated from the modeling are shown in 
Figure 4. 

Table 1 
Estimated Peak Flows and Runoff Volumes from the 

0.5-inch, 6-hour Rainfall Event 

Subwatershed Peak Flow (cfs) Runoff Volume (ac-ft) 

Subwatershed A  87 57 

Subwatershed B 23 13 

Subwatershed C  12 6 
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Figure 4 

Estimated Peak Runoff Flows from the 0.5-inch, 6-hour Rainfall Event 
 

Proposed Facilities 
Dry Weather Diversions to Existing POTW 
Dry weather runoff could be diverted away from the Santa Ana Delhi Channel to the OCSD 
Fountain Valley facility. The dry weather diversion treatment option would not require 
separate land acquisition. The main component of the dry weather diversion treatment option 
would be the installation of diversion structures at each location where flows from 
Subwatersheds A, B, and C would otherwise enter the Santa Ana Delhi Channel. For 
Subwatershed A, an inflatable dam would be installed in the vertical section of the Santa Ana 
Delhi Channel, just south of Warner Avenue, to temporarily store water in the channel so that 
it could be diverted. For Subwatersheds B and C, 10 specialized manholes at MS4 discharge 
points along Flower Road would be installed with structural components that would divert 
low flows. The diversion structures would be designed such that only dry weather flows 
would be routed to the sanitary sewer system and subsequently to the POTW. The structures 
would also be sized and designed to divert wet weather flows to the underground storage 
and UV treatment facilities as described below.  
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Underground Storage and UV Disinfection Treatment System 
 Aerial photographs were reviewed and open space areas that could potentially be acquired 
and utilized to locate UV disinfection facilities and underground equalizing storage facilities 
were identified. The primary criterion was to identify open land in the general vicinity of the 
channel that does not currently already have significant fixed development. Potential land 
areas meeting these criteria include Memorial Park in Subwatershed A and an agricultural 
field south of Sunflower Avenue (Figures 5, 6, and 7). For this conceptual analysis, the owners 
(one public, one private) of these properties were not contacted to discuss land availability.   

Figure 5 
Potential Land to Locate Underground Storage and UV Treatment Facilities 
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Figure 6
Potential Location for Storage and Treatment System at Memorial Park 
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Figure 7
Potential Location for Storage and Treatment System at Agricultural Field 
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The runoff from Subwatershed A would be diverted from the upper end of the vertical 
concrete channel just below Warner Avenue by installing an inflatable rubber dam in the 
channel, and constructing a diversion structure and pipeline to the proposed site. It is 
assumed that a low-head pump station will be needed to pump the flow to an underground 
storage tank located at the southeast corner of Memorial Park. The flow would then be 
pumped from the storage tank to a sand filtration unit upstream of the UV treatment system. 
After treatment, the flow would be conveyed by gravity to the Santa Ana Delhi Channel 
below the diversion point. When peak flows in the channel exceeded a pre-determined rate 
consistent with the peak flow from the 0.5-inch storm event, the dam would deflate and flows 
would pass downstream untreated. A conceptual diagram illustrating the Subwatershed A 
underground storage and UV treatment system is presented in Figure 8. 
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Note: Not to scale 

Figure 8 
Subwatershed A Underground Storage and Treatment System 

 

Using diversion structures upstream of each discharge point to the Santa Ana Delhi Channel, 
the runoff from Subwatershed B would be diverted to a proposed gravity storm sewer located 
in the right-of-way along the east side of the Santa Ana Delhi Channel. Likewise, the runoff 
from Subwatershed C would be diverted to a proposed gravity storm sewer located along 
Flower Street on the west side of the Channel. The two parallel storm sewers would be 
combined at the northeast corner of Sunflower Ave and Flower Street and flow to a low head 
pump station, which would pump the flow to an underground storage tank located at the 
northwest corner of the proposed site. The flow would then be pumped from the storage tank 
to the sand filtration unit upstream of the UV treatment system. After treatment, the flow 
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would be conveyed by gravity to the Santa Ana Delhi Channel via a storm sewer in 
Sunflower Avenue. The diversion facilities at each outfall would be designed to pass runoff 
rates exceeding the estimated peak flow for the 0.5-inch storm event. A conceptual diagram 
illustrating the Subwatersheds B/C underground storage and UV treatment system is 
presented in Figure 9. 
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Figure 9

Subwatersheds B/C Underground Storage and Treatment System 

Note: Not to scale 
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Site constraints for off-channel UV treatment systems are primarily a function of the space 
available to provide detention storage of the volume of flow that is diverted during the part of 
a storm event when the hydrograph exceeds the capacity of the treatment system. The 
treatment plant footprint was assumed to be approximately 2 acres for the Subwatershed A 
system and ½ acre for the Subwatersheds B/C system. Based on the proposed site layout, 
there is sufficient space (assuming the required land can be acquired) to capture and treat 
runoff from all targeted flow conditions for Subwatershed A and Subwatersheds B/C. 

The capacities of the two treatment systems were determined by assuming that the target 
volumes calculated using the SWMM model would be stored and pumped out to the 
treatment system over a 48-hour time period. Based on this assumption, the UV treatment 
systems were sized at 10 MGD for the Subwatershed A system and 3 MGD for the 
Subwatershed B/C system. 

The peak flows calculated by the SWMM model were used to size the pipelines that convey 
the runoff to the underground storage tanks. Conveyance pipe diameters were determined by 
finding the size of pipeline required to limit peak velocities to less than five feet per second. A 
head loss of 30 ft and projected maximum flow capacities at each of the proposed pumps in 
the treatment system design were used to estimate the horsepower, assuming pumping 
efficiency will not exceed 70% on average. 

Storage tank volumes for each of the treatment locations were designed by using the 
Detention Storage Volume computation approach presented in Technical Release 55 (USDA 
Soils Conservation Service Engineering Division, 1986) to calculate the storage necessary to 
route hydrographs given varying treatment outflow rates. Table 2 presents the storage 
volumes that would be necessary to capture and treat runoff from a 0.5-inch storm event, 
when the treatment system is designed to provide a 48-hour drawdown of the stored volume. 
The footprint area for the Subwatershed A treatment system storage tank located under 
Memorial Park is proposed to be 1.7 acres based on the amount of open space visible from the 
aerial photograph. A footprint area of 0.5 acres is proposed for the Subwatershed B/C 
treatment system storage tank located under the agricultural field. Based on the required 
storage volume and proposed tank footprints, tank depths were calculated and are also 
presented in Table 2. 

Table 2 
Storage Volumes Necessary to Capture Runoff from the 0.5-inch Storm Event 

Subwatershed 
Storage Volume 

(ac-ft) 
Storage Footprint Area 

(ac) 
Storage Depth  

(ft) 

Subwatershed A 25.8 1.7 15.2 

Subwatersheds B and C 8.3 0.5 16.6 
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Estimated Costs and Economic Impacts 
Planning level capital and operation and maintenance (O&M) costs were developed for the 
alternatives, assuming that the land required for underground storage and the UV treatment 
system can be acquired and assuming there are no insurmountable engineering or 
environmental constraints with either of the alternatives. Costs were developed by compiling 
quotes obtained from an equipment vendor and obtaining probable cost of construction 
estimates prepared by CDM Constructors, Inc. (CCI). Land acquisition cost was estimated by 
researching current properties for sale in the region of each subwatershed, and applying a 
unit cost per acre. 

Construction costs were estimated on both a total and per capita level based on an estimate of 
the population within each subwatershed. Additionally, a factor of 3.1 persons/household 
was used to estimate the cost per household for each of the feasible alternatives (University of 
Southern California, Southern California Studies Center, 2001). The population of the entire 
Santa Ana Delhi Channel watershed was estimated based on 2000 Census data for the portion 
of the City of Santa Ana that lies within the Upper Santa Ana Delhi Channel watershed. The 
population for the Upper Santa Ana Delhi Channel watershed was estimated to be 
approximately 63,750, which equates to approximately 20,570 households.  The costs reported 
here were developed based on conceptual level designs and are intended to be used only as a 
general planning tool. The costs are only intended to provide the Task Force with an order-of-
magnitude estimate of the potential costs for complying with REC-1 bacteria water quality 
objectives in the trapezoidal segment of the Santa Ana Delhi Channel. 

Dry Weather Diversions to Existing POTW 
Dry weather diversion to an existing OCSD POTW is considered feasible for up to 1 cfs of 
flow from the Santa Ana Delhi Channel watershed. Cost considerations include: 

 Capital costs of buying capacity at OCSD Plant No. 1 in Fountain Valley, and construction 
of diversion structures and local drainage pipes to convey dry weather runoff from the 
City of Santa Ana’s MS4 to the closest locations in the OCSD sanitary sewer system.  This 
would include construction of an inflatable dam across the upper end of the concrete lined 
reach of the channel. 

 O&M costs are based on annual POTW charges.  

Table 3 summarizes the capital and O&M costs for dry weather diversion of a total of 0.79 
MGD (1.2 cfs) for all three subwatersheds to the OCSD Fountain Valley POTW from the Santa 
Ana Delhi Channel study site. 

Diversion, Conveyance, Underground Storage and UV Disinfection Treatment System 
Costs for these systems include land acquisition costs, capital costs, and O&M costs. Capital 
costs include diversion structures, conveyance pipelines, filtration systems, detention tanks, 
pump stations, screens, and the UV system. Capital costs for proposed storm sewers, 

 



Economic Analysis of Compliance Alternatives for the Santa Ana Delhi Channel 
November 29, 2007 
Page 17 

pumping stations, manholes, and storage reservoirs were developed by estimators at CDM 
Constructors Inc (CCI).  The CCI estimates included vendor supplied quotes for the filtration 
and UV disinfection treatment facilities.  Low Pressure High Output (LPHO) lamps, quartz 
sleeves for lamps, ballasts, power supplies for ballasts, and mechanical and chemical cleaning 
systems. Capital costs for underground detention storage tanks, influent and effluent 
channels, and pump stations were estimated by assuming the tanks would be reinforced 
concrete. Contingencies for construction, field and home office overhead, and insurance were 
included in the estimates. Table 3 summarizes the costs for conventional UV disinfection 
systems at Memorial Park and the agricultural field. 

Annual O&M costs include labor, maintenance, and energy costs. For Alternative 1, under 
which the treatment system would treat wet weather runoff only, labor costs were estimated 
assuming that the facility would require the equivalent labor from ½ person per year.  
Although the systems would only operated during and following wet weather events, the 
operations would require more intense attention during these periods, and periodic 
maintenance and inspections would still be required between storm events. Under 
Alternative 2, because the treatment facility would treat both dry and wet weather runoff, 
labor costs were estimated assuming that the facility would require 1 person per year. 
Maintenance costs were estimated to be 1 percent of the unburdened capital costs (capital 
costs minus overhead and contingencies). Energy costs for UV radiation were estimated 
based on peak power draw unit costs provided by the UV vendor and an assumed rate of 15 
cents per kWh. Average annual energy costs for the pump stations were estimated by 
calculating energy usage over a typical year using the assumed rate of 15 cents per kWh. 

In addition, a review of available properties in the City of Santa Ana was also conducted. It 
was found that listed unimproved properties are on average $2,800,000 per acre. This was 
accounted for in the estimate of project costs, as shown in Table 3. 

Summary of Costs
Two alternatives were developed to achieve compliance with REC-1 water quality objectives 
for the trapezoidal segment of the Upper Santa Ana Delhi Channel, which involved diversion 
dry weather runoff to OCSD (Alternative 1) or to an off-line underground storage and 
stormwater UV treatment facility. Both alternatives would capture and treat runoff from rain 
events up to the ½ inch storm in an off-line underground storage and stormwater UV 
treatment facility. The total capital costs are approximately $45 million and $44 million for 
Alternatives 1 and 2, respectively. This capital cost was amortized to estimate an approximate 
annual cost for the capital projects. In addition, annual O&M costs were also estimated to be 
$590,000 and $390,000 for Alternatives 1 and 2, respectively. Thus the total annual cost of 
compliance was estimated to be approximately $3.6 million for Alternative 1 and $3.3 million 
for Alternatives 2. When converted to a per capita cost for watershed residents, the cost of 
compliance could be between $52 to $56 per year per person, or approximately $161 to $174 
per year per household.  
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Table 3 
Summary of Opinion of Probable Costs of Compliance with REC-1 Water Quality 

Objectives for the Upper Santa Ana Delhi Channel 

 Alternative 1 Alternative 2 

Capital Cost   

Dry Weather Diversion   

   Plant Capacity - 0.79 MGD $420,000  $0 

   Pipeline Construction - 3,000 ft $600,000  $0 

   Diversion Structures $100,000  $0 

Subwatershed A Underground Storage and UV Disinfection Treatment System 

   Land Acquisition $2,800,000  $2,800,000 

   Excavation / Earthwork $3,010,000  $3,010,000 

   Storage Reservoir $16,080,000  $16,080,000 

   Diversion Structures/Conveyance Pipelines $1,000,000  $1,000,000 

   Runoff Treatment / Pumping $5,100,000  $5,100,000 

Subwatershed B and C Underground Storage and UV Disinfection Treatment System 

   Land Acquisition $2,800,000  $2,800,000 

   Excavation / Earthwork $990,000  $990,000 

   Storage Reservoir $5,280,000  $5,280,000 

   Diversion Structures/Conveyance Pipelines $4,420,000  $4,420,000 

   Runoff Treatment / Pumping $2,380,000  $2,380,000 

Total Capital Cost $44,980,000  $43,860,000 

O&M Costs   

   OCSD Treatment Fees $280,000  $0 

   Facility Maintenance (1% of unburdened capital) $250,000  $240,000 

   Labor (Assumes cost of $100,000 per FTE) $50,000  $100,000 

   Energy Usage $40,000  $50,000 

Annualized Costs  

   Amortized Capital Cost 1 $2,990,000  $2,930,000 

   O&M $590,000  $390,000 

   Total Annual Cost $3,580,000  $3,320,000 

Annual Spread Cost

   Per Person $56  $52 

   Per Household $174  $161 

1) Assumes bonding for 30 years at a 4.4% interest rate   
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A 
 

Technical Memorandum 
 
To: Stormwater Quality Standards Task Force 
 
From: CDM 
 
Date: July 2, 2009 
 
Subject: Recreational Use Survey Data Report – Cucamonga Creek at RP1 

Introduction 
To support basin planning efforts in the Santa Ana River watershed, an evaluation of the 
appropriateness of REC-1 beneficial use designations and associated bacteria water quality 
objectives in the Santa Ana River Watershed is being performed by the Stormwater Quality 
Standards Task Force (“Task Force”). The Task Force consists of representatives from a 
variety of stakeholder interests, including the Santa Ana Watershed Project Authority; the 
counties of Orange, Riverside, and San Bernardino; special districts; the Santa Ana Regional 
Water Quality Control Board; EPA Region 9; and local environmental groups. CDM and Risk 
Sciences, Inc., provide assistance to the Task Force. As part of study efforts, recreational use 
surveys were performed upon select waterbodies to obtain information regarding current 
levels of recreational use. This technical memorandum summarizes results from use surveys 
conducted at Cucamonga Creek at Inland Empire Utilities Agency (IEUA) Regional Water 
Reclamation Plant 1 (RP1). 

Study Location 
The location for this study was Cucamonga Creek adjacent to the RP1 grounds just south of 
the Pomona Freeway in the City of Ontario. Figure 1 presents an aerial photo of the survey 
location. The predominant land uses immediately surrounding the survey location are 
industrial/commercial and open space. As shown in Figure 2, Cucamonga Creek is a vertical 
walled, concrete lined channel in the vicinity of the survey location. 
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Figure 1 
Cucamonga Creek at RP1 Survey Location 

 
 

Figure 2 
Photo of Cucamonga Creek at RP1 Survey Location 

Camera
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Survey Design 
Digital field observation cameras and data transfer technology, coupled with weekly on-
location physical surveys were used to collect recreational use data. Observer IV ™ cameras 
were equipped with cellular data transmission equipment to collect an image every fifteen 
minutes, and transfer the image to a secure data storage server via a file transfer protocol 
(FTP) site. Site visits were conducted to log recreational use observations, and to monitor and 
maintain the image collection equipment. This survey design was selected to provide 
unprecedented levels of data to characterize recreational use.  

A camera was installed on a light pole at RP1 facing upstream on Cucamonga Creek. Figure 3 
shows the camera installation. 

 

Figure 3 
Photo of the Recreational Use Survey Camera Installation 

for Cucamonga Creek at RP1 
 



Recreational Use Survey Data Report – Cucamonga Creek at RP1 
July 2, 2009 

A  4 

Table 1 summarizes the survey duration and number of images collected from Cucamonga 
Creek at RP1 between October 2, 2007 and October 10, 2008. An image was collected every 
fifteen minutes throughout the study duration unless signal strength fluctuations or 
equipment failures precluded collection and transmission. Images were not collected at night 
due to darkness.  

During the first half of the survey period, additional images were occasionally posting to the 
FTP site in addition to the standard 0-, 15-, 30-, and 45-minute timestamp images. The 
additional image postings were a result of a technical communication interchange error 
between the camera and FTP site. The FTP site technical issue was resolved in early April 
2008. The percent image capture rate of the camera over the second half of the survey period 
was approximately 93 percent. The capture rate over the first half of the year was skewed by 
the additional image posting. 

Due to signal strength fluctuation issues and other equipment functionality issues, periodic, 
short term gaps in image collection occurred. These gaps ranged from relatively minor single, 
fifteen-minute interval image gaps, which occurred on numerous days, to gaps in image 
collection spanning several days. Table 2 summarizes the data gaps of one week or longer. 
The most significant data gap occurred from January 31 to February 29, 2008. During this 
period, significant FTP site and camera troubleshooting/repair were necessary. 

Table 2 
Recreational Use Survey Data Gaps 

Location Data Gap Period Cause 

Cucamonga Creek at RP1 

January 15 – 24, 2008 FTP Site/Camera Issue
January 31 – February 29, 2008 Camera Issue 

June 26 – July 3, 2008 Battery Failure 
August 16 – 22, 2008 Battery Failure 

   
Images were stored and individually reviewed for recreational activity. A use/activity 
categorization protocol was established for logging and categorizing observed activity from 
both image review and physical surveys.  

Table 1 
Recreational Use Survey Duration 

Survey Location Start Date End Date Number of Images 

Cucamonga Creek at 
RP1 10/2/07 10/10/08 27,122 
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As part of the protocol, information regarding water contact activity (including the type or 
magnitude of contact) and non-water contact activity was collected and logged in the 
following categories: 

 Date / Time 

 Number of People 

 Type of Contact 

- Incidental Contact 

- Contact below Ankle 

- Contact between Ankle and Waist 

- Contact between Waist and Neck 

- Contact above Neck 

- Non-Recreation Contact 

 Non-Contact Activity 

Images containing a person or persons within channel fencing or boundaries were considered 
“events”. On-site surveys where a person or persons were observed were also considered 
events.  

An event could include one or more persons. For each event, each person’s activity (type), 
and its duration and magnitude were logged per the established protocol. If an activity was 
captured within one image, an activity duration was reported as <30 minutes. Similarly, if an 
activity was observed within two consecutive fifteen-minute interval images, the duration 
was reported as <45 minutes. 

Survey Results 
For the Cucamonga Creek survey location, neither water contact activity nor non-water 
contact activity was observed throughout the survey period.  

Summary of Findings 
Approximately 27,000 recreational use data points (images) were collected over a one-year 
period from the Cucamonga Creek at RP1 survey location. Results indicate neither water 
contact nor non-water contact activity in Cucamonga Creek at RP1 over the survey period. 
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Technical Memorandum 
 
To: Stormwater Quality Standards Task Force 
 
From: CDM 
 
Date: July 2, 2009 
 
Subject: Recreational Use Survey Data Report – Demens Channel 

Introduction  
To support basin planning efforts in the Santa Ana River watershed, an evaluation of the 
appropriateness of REC-1 beneficial use designations and associated bacteria water quality 
objectives in the Santa Ana River Watershed is being performed by the Stormwater Quality 
Standards Task Force (“Task Force”). The Task Force consists of representatives from a 
variety of stakeholder interests, including the Santa Ana Watershed Project Authority; the 
counties of Orange, Riverside, and San Bernardino; special districts; the Santa Ana Regional 
Water Quality Control Board; EPA Region 9; and local environmental groups. CDM and Risk 
Sciences, Inc. provide assistance to the Task Force. As part of study efforts, recreational use 
surveys were performed upon select waterbodies to obtain information regarding current 
levels of recreational use. This technical memorandum summarizes results from use surveys 
conducted at Demens Channel. 

Study Location 
The location for this study was Demens Channel located downstream of the intersection of 
Banyan Street and Sapphire Street in the City of Rancho Cucamonga.  Figure 1 presents an 
aerial photo of the survey location. The predominant land use immediately surrounding the 
survey location is residential. As shown in Figure 2, Demens Channel is a vertical walled, 
concrete lined channel in the vicinity of the survey location.  
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Figure 1
Demens Channel Survey Location

Sapphire Street 

Camera

Banyan Street

Figure 2
Photo of Demens Channel Survey Location
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Survey Design 
Digital field observation cameras and data transfer technology, coupled with weekly on-
location physical surveys were used to collect recreational use data. Observer IV ™ cameras 
were equipped with cellular data transmission equipment to collect an image every fifteen 
minutes, and transfer the image to a secure data storage server via a file transfer protocol 
(FTP) site. Site visits were conducted to log recreational use observations, and to monitor and 
maintain the image collection equipment. This survey design was selected to provide 
unprecedented levels of data to characterize recreational use.  

A camera was installed at the intersection of Banyan Street and Sapphire Street where the 
Sapphire Street bridge crosses over Demens Channel.  Figure 3 shows the camera installation. 

 
Figure 3 

Photo of the Recreational Use Survey Camera Installation for Demens 
Channel 

Table 1 summarizes the survey duration and number of images collected from Demens 
Channel. An image was collected every fifteen minutes throughout the study duration unless 
signal strength fluctuations or equipment failures precluded collection and transmission. 
Images were not collected at night due to darkness. 
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Due to signal strength fluctuation issues and other equipment functionality issues, periodic, 
short term gaps in image collection occurred. These gaps ranged from relatively minor single, 
fifteen-minute interval image gaps, which occurred on numerous days, to gaps in image 
collection spanning several days. Table 2 summarizes the data gaps of one week or longer. 

Table 2 
Recreational Use Survey Data Gaps 

Location Data Gap Period Cause 

Demens Channel 
February 29 – March 7, 2008 Battery Failure 

May 31 – June 9, 2008 Battery Failure 
   

Images were stored and individually reviewed for activity. A use/activity categorization 
protocol was established for logging and categorizing observed activity from both image 
review and physical surveys. As part of the protocol, information regarding water contact 
activity (including the type or magnitude of contact) and non-water contact activity, was 
collected and logged in the following categories: 

 Date / Time 

 Number of People 

 Type of Contact 

- Incidental Contact 

- Contact below Ankle 

- Contact between Ankle and Waist 

- Contact between Waist and Neck 

- Contact above Neck 

- Non-Recreation Contact 

 Non-Contact Activity 

Table 1 
Recreational Use Survey Duration 

Survey Location Start Date End Date Number of Images 

Demens Channel 2/1/08 2/9/09 21,382 
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Images containing a person or persons within channel fencing or boundaries were considered 
“events”. On-site surveys where a person or persons were observed were also considered 
events.  

An event could include one or more persons. For each event, each person’s activity (type), 
and its duration and magnitude were logged per the established protocol. If an activity was 
captured within one image, an activity duration was reported as <30 minutes. Similarly, if an 
activity was observed within two consecutive fifteen-minute interval images, the duration 
was reported as <45 minutes. 

Survey Results 
At the Demens Channel survey location, no water contact nor non-water contact activity was 
observed throughout the survey period.  

Summary of Findings 
Over 21,000 recreational use data points (images) were collected over a one-year period from 
the Demens Channel survey location. Results indicate no water contact nor non-water contact 
activity in Demens Channel over the survey period. 
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Technical Memorandum 
 
To: Stormwater Quality Standards Task Force 
 
From: CDM 
 
Date: July 2, 2009 
 
Subject: Recreational Use Survey Data Report – Chino Creek 

Introduction  
To support basin planning efforts in the Santa Ana River watershed, an evaluation of the 
appropriateness of REC-1 beneficial use designations and associated bacteria water quality 
objectives in the Santa Ana River Watershed is being performed by the Stormwater Quality 
Standards Task Force (“Task Force”). The Task Force consists of representatives from a 
variety of stakeholder interests, including the Santa Ana Watershed Project Authority; the 
counties of Orange, Riverside, and San Bernardino; special districts; the Santa Ana Regional 
Water Quality Control Board; EPA Region 9; and local environmental groups. CDM and Risk 
Sciences, Inc. provide assistance to the Task Force. As part of study efforts, recreational use 
surveys were performed upon select waterbodies to obtain information regarding current 
levels of recreational use. This technical memorandum summarizes results from use surveys 
conducted at Chino Creek. 

Study Location 
The location for this study was Chino Creek located upstream of the Central Avenue 
bridge crossing in the City of Chino.  Figure 1 presents an aerial photo of the survey 
location. The predominant land uses immediately surrounding the survey location are 
commercial and industrial. As shown in Figure 2, Chino Creek is a trapezoidal 
channel with rip rap side slopes and bottom.  
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Figure 2
Photo of Chino Creek Survey Location

Figure 1
Chino Creek Survey Location

Camera

Central Avenue
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Survey Design 
Digital field observation cameras and data transfer technology, coupled with weekly on-
location physical surveys were used to collect recreational use data. Observer IV ™ cameras 
were equipped with cellular data transmission equipment to collect an image every fifteen 
minutes, and transfer the image to a secure data storage server via a file transfer protocol 
(FTP) site. Site visits were conducted to log recreational use observations, and to monitor and 
maintain the image collection equipment. This survey design was selected to provide 
unprecedented levels of data to characterize recreational use.  

A camera was installed on a light pole located on Central Avenue bridge overcrossing the 
creek.  Figure 3 shows the camera installation. 

 

Figure 3
Photo of the Recreational Use Survey Camera

Installation for Chino Creek
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Table 1 summarizes the survey duration and number of images collected from Chino Creek. 
An image was collected every fifteen minutes throughout the study duration unless signal 
strength fluctuations or equipment failures precluded collection and transmission. Images 
were not collected at night due to darkness. 

Due to signal strength fluctuation issues and other equipment functionality issues, periodic, 
short term gaps in image collection occurred. These gaps ranged from relatively minor single, 
fifteen-minute interval image gaps, which occurred on numerous days, to gaps in image 
collection spanning several days.  

Table 2 summarizes the data gaps of one week or longer. The most significant data gap 
occurred from January 12 through January 29, 2008. During this period, significant FTP site 
and camera troubleshooting/repair were necessary.  Due to significant survey data gaps 
during the period from January 2008 to March 2008, the  survey period was extended beyond 
the planned one-year time period. Camera operation was allowed to continue until May 2009. 

Table 2 
Recreational Use Survey Data Gaps 

Location Data Gap Period Cause 

Chino Creek 

January 12 – January 29, 2008 FTP Site/Camera Issue
January 30 – February 11, 2008 Camera/Battery Issue 
February 11 – February 18, 2008 Camera/Battery Issue 
February 19 – February 29, 2008 Camera/Battery Issue 

March 1 – March 7, 2008 Camera/Battery Issue 
March 14 – March 24, 2008 Camera/Battery Issue 

May 16, 2008 – May 23, 2008 Camera/Battery Issue 
June 30 – July 8, 2008 Battery Failure 

December 9 – December 18, 2008 Camera Issue 
December 24 – December 30, 2008 Camera Issue 

February 20 – February 27, 2009 Camera Issues 

   
 

  

Table 1 
Recreational Use Survey Duration 

Survey Location Start Date End Date Number of Images 

Chino Creek 12/19/07 5/23/09 23,913 
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Images were stored and individually reviewed for activity. A use/activity categorization 
protocol was established for logging and categorizing observed activity from both image 
review and physical surveys. Within the protocol, information regarding water contact 
activity (including the type or magnitude of contact) and non-water contact activity, was 
collected and logged in the following categories: 

 Date / Time 

 Number of People 

 Type of Contact 

- Incidental Contact 

- Contact below Ankle 

- Contact between Ankle and Waist 

- Contact between Waist and Neck 

- Contact above Neck 

- Non-Recreation Contact 

 Non-Contact Activity 

Images containing a person or persons within channel fencing or boundaries were considered 
“events”. On-site surveys where a person or persons were observed were also considered 
events.  

An event could include one or more persons. For each event, each person’s activity (type), 
and its duration and magnitude were logged per the established protocol. If an activity was 
captured within one image, an activity duration was reported as <30 minutes. Likewise, if an 
activity was observed within two consecutive fifteen-minute interval images, the duration 
was reported as <45 minutes. 

Survey Results 
At the Chino Creek survey location, water contact and non-water contact activity was 
observed over the course of the 17-month survey period. Table 3 summaries all contact 
recreational events (individuals) recorded for each of the survey locations and provides the 
date, potential duration, and magnitude of contact. 
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Table 3 
Water Contact Recreation Events Recorded for the Chino Creek  

Location / Date Time Duration (min) 
Magnitude of 

Contact 
Image ID 

Chino Creek 

03/13/2008 14:03 < 45 Below Ankle Chino_Creek-08-03-13-14-00.jpg 
Chino_Creek-08-03-13-14-03.jpg 

03/13/2008 14:15 < 30 Below Ankle Chino_Creek-08-03-13-14-15.jpg 

05/04/2008 10:00 < 30 Below Ankle Chino_Creek-08-05-04-10-00.jpg  

05/25/2008 14:30 < 30 Below Ankle Chino_Creek-08-05-25-14-30.jpg  

06/01/2008 16:00 < 30 Below Ankle Chino_Creek-08-06-01-16-00.jpg 

06/08/2008 20:15 < 60 Below Ankle 
ChinoCreek -08-06-08-19-45.jpg 
ChinoCreek -08-06-08-20-00.jpg 
ChinoCreek -08-06-08-20-15.jpg 

02/28/2009 17:00 < 45 Below Ankle ChinoCreek_2-09-02-28-16-45.jpg 
ChinoCreek_2-09-02-28-17-00.jpg 

04/20/2009 12:45 < 45 Below Ankle ChinoCreek_2-09-04-20-12-30.jpg 
ChinoCreek_2-09-04-20-12-45.jpg 

05/03/2009 09:00 < 60 Below Ankle 
ChinoCreek_2-09-05-03-08-30.jpg 
ChinoCreek_2-09-05-03-08-45.jpg 
ChinoCreek_2-09-05-03-09-00.jpg  

05/12/2009 14:45 < 60 Below Ankle 
ChinoCreek_2-09-05-12-14-15.jpg 
ChinoCreek_2-09-05-12-14-30.jpg 
ChinoCreek_2-09-05-12-14-45.jpg 

 

Table 4 summarizes the total number of individuals observed, estimated duration of activity, 
and seasonal patterns for non-water contact activity. The commonly used seasonal periods in 
Southern California NPDES stormwater permits were used to categorize the observations by 
season (April 1 to September 30 for the dry season; October 1 to March 31 for the wet season).  

Table 4 
Non-Water Contact Activity Recorded for Chino Creek 

Location 
Number of Individuals Estimated 

Duration 
(min) 

Types of Activities 
Total 

Dry 
Season 

Wet 
Season 

Chino Creek 20 10 5 420 Walking 
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Summary of Findings 
Approximately 24,000 recreational use data points (images) were collected over a 17-month 
period from the Chino Creek survey location. Results indicate evidence of water contact and 
non-water contact activity over the survey period.  Ten events were observed from the 23,913 
survey images collected that could potentially be water contact activity. For three of the 
events, the potential duration was less than 60 minutes, three events had a potential duration 
of less than 45 minutes, and the remaining events had potential durations of less than 30 
minutes.  The images indicate the potential magnitude of water contact as low (below ankle 
contact), with no data points indicating full body contact or immersion.   

Non-water contact activity, such as walking in the channel area, was observed over the 
survey period with results indicating an increase in the frequency of non-contact activity 
during the dry season compared to the wet season. 

Appendix A of this report contains representative images of water contact and non-water 
contact activities. 
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Appendix A 
Select Images from Chino Creek Survey Location 
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Non-Contact Activity: 01/31/2009 08:30 

Non-Contact Activity: 01/26/2009 16:15 
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Water Contact Activity: 03/13/08 14:00 

Water Contact Activity:  03/13/2008 14:03 
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Water Contact Activity:  03/13/2008 14:15 

Water Contact Activity:  05/04/2008 10:00 
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Water Contact Activity:  05/25/2008 14:30 

Water Contact Activity:  06/01/2008 16:00 
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Water Contact Activity:  06/08/2008 19:45 

Water Contact Activity: 06/08/2008 20:00 
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Water Contact Activity: 02/28/2009 16:45 

Water Contact Activity: 06/08/2008 20:15 
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Water Contact Activity:  02/28/2009 17:00 

Water Contact Activity:  04/20/2009 12:30 
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Water Contact Activity:  04/20/2009 12:45 

Water Contact Activity:  05/03/2009 08:30 
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Water Contact Activity: 05/03/2009 9:00 

Water Contact Activity:  05/03/2009 08:45 
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Water Contact Activity:  05/12/2009 14:15 

Water Contact Activity:  05/12/2009 14:30 
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Water Contact Activity:  05/12/2009 14:45 
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Technical Memorandum 
 
To: Stormwater Quality Standards Task Force 
 
From: CDM 
 
Date: July 2, 2009 
 
Subject: Recreational Use Survey Data Report – Perris Valley Channel 

Introduction  
To support basin planning efforts in the Santa Ana River watershed, an evaluation of the 
appropriateness of REC-1 beneficial use designations and associated bacteria water quality 
objectives in the Santa Ana River Watershed is being performed by the Stormwater Quality 
Standards Task Force (“Task Force”). The Task Force consists of representatives from a 
variety of stakeholder interests, including the Santa Ana Watershed Project Authority; the 
counties of Orange, Riverside, and San Bernardino; special districts; the Santa Ana Regional 
Water Quality Control Board; EPA Region 9; and local environmental groups. CDM and Risk 
Sciences, Inc. provide assistance to the Task Force. As part of study efforts, recreational use 
surveys were performed upon select waterbodies to obtain information regarding current 
levels of recreational use. This technical memorandum summarizes results from use surveys 
conducted at Perris Valley Channel. 

Study Location 
The location for this study was Perris Valley Channel adjacent to the Eastern Municipal Water 
District (EMWD) Moreno Valley Regional Water Reclamation Facility, just south of El Potrero 
Park in the City of Moreno Valley. Figure 1 presents an aerial photo of the survey location. 
The predominant land uses immediately surrounding the survey location are residential and 
open space/public park. As shown in Figure 2, Perris Valley Channel is a trapezoidal channel 
with concrete side slopes and a channel bottom that transitions from a natural to a concrete 
bottom in the vicinity of the survey location.  
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Figure 1 

Perris Valley Channel Survey Location 
 
 
 

 

 

 

 
 
 
 
 
 
 
 
  

Camera 

Figure 2 
Photo of Perris Valley Channel Survey Location 
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Survey Design 
Digital field observation cameras and data transfer technology, coupled with weekly on-
location physical surveys were used to collect recreational use data. Observer IV ™ cameras 
were equipped with cellular data transmission equipment to collect an image every fifteen 
minutes, and transfer the image to a secure data storage server via a file transfer protocol 
(FTP) site. Site visits were conducted to log recreational use observations, and to monitor and 
maintain the image collection equipment. This survey design was selected to provide 
unprecedented levels of data to characterize recreational use.  

A camera was installed on a light pole at the EMWD Moreno Valley Water Reclamation 
Facility facing upstream on Perris Valley Channel. Figure 3 shows the camera installation. 

 

Figure 3 
Photo of the Recreational Use Survey Camera Installation 

for Perris Valley Channel 
 

Table 1 summarizes the survey duration and number of images collected from Perris Valley 
Channel between October 3, 2007 and October 10, 2008. An image was collected every fifteen 
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minutes throughout the study duration unless signal strength fluctuations or equipment 
failures precluded collection and transmission. Images were not collected at night due to 
darkness. 

During the first half of the survey period, additional images were occasionally posting to the 
FTP site in addition to the standard 0-, 15-, 30-, and 45-minute timestamp images. The 
additional image postings were a result of a technical communication interchange error 
between the camera and FTP site. The FTP site technical issue was resolved in early April 
2008. The percent image capture rate of the camera over the second half of the survey period 
was approximately 79 percent. The capture rate over the first half of the year was skewed by 
the additional image posting.  

Due to signal strength fluctuation issues and other equipment functionality issues, periodic, 
short term gaps in image collection occurred. These gaps ranged from relatively minor single, 
fifteen-minute interval image gaps, which occurred on numerous days, to gaps in image 
collection spanning several days. Table 2 summarizes the data gaps of one week or longer. 
The most significant data gap occurred from March 19 through April 14, 2008. During this 
period, significant camera troubleshooting and repair were necessary. 

Table 2 
Recreational Use Survey Data Gaps 

Location Data Gap Period Cause 

Perris Valley Channel 

November 30 – December 14, 2007 Camera Issue 
January 15 – February 5, 2008  FTP Site/Camera Issue

February 19 – 27, 2008 Camera Issue 
March 19 – April 14, 2008 Camera Issue 

May 18 – 30, 2008 Camera Issue 

   
Images were stored and individually reviewed for activity. A use/activity categorization 
protocol was established for logging and categorizing observed activity from both image 
review and physical surveys.  

Table 1 
Recreational Use Survey Duration 

Survey Location Start Date End Date Number of Images 

Perris Valley Channel 10/3/07 10/10/08 21,962 
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As part of the protocol, information regarding water contact activity (including the type or 
magnitude of contact) and non-water contact activity was collected and logged in the 
following categories: 

 Date / Time 

 Number of People 

 Type of Contact 

- Incidental Contact 

- Contact below Ankle 

- Contact between Ankle and Waist 

- Contact between Waist and Neck 

- Contact above Neck 

- Non-Recreation Contact 

 Non-Contact Activity 

Images containing a person or persons within channel fencing or boundaries were considered 
“events”. On-site surveys where a person or persons were observed were also considered 
events.  

An event could include one or more persons. For each event, each person’s activity (type), 
and its duration and magnitude were logged per the established protocol. If an activity was 
captured within one image, an activity duration was reported as <30 minutes. Similarly, if an 
activity was observed within two consecutive fifteen-minute interval images, the duration 
was reported as <45 minutes. 

Images containing activity determined to be channel maintenance or repair were collected but 
not counted as water contact nor non-water contact activity within the survey.  

Survey Results 
At the Perris Valley Channel survey location, water contact activity was not observed over the 
one-year survey period. Non-water contact activity was observed throughout the survey 
period. The total number of individuals observed, estimated duration of activity, and seasonal 
patterns are included in Table 3. The commonly used seasonal periods in southern California 
NPDES stormwater permits were used to categorize the observations by season (April 1 to 
September 30 for the dry season; October 1 to March 31 for the wet season).  
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Table 3 
Non-Water Contact Activity Recorded for Perris Valley Channel 

Location 
Number of Individuals Estimated 

Duration 
(min) 

Types of Activities 
Total 

Dry 
Season 

Wet 
Season 

Perris Valley 
Channel 68 49 19 1,935 Walking and Biking 

      
Appendix A of this report contains representative images of non-contact and channel 
maintenance activities. Channel maintenance activities, e.g., vehicles parked in the channel 
area, were observed on several occasions, but were not considered to be recreational use 
activity.  

Summary of Findings 
Approximately 22,000 recreational use data points (images) were collected over a one-year 
period from the Perris Valley Channel survey location. Results indicate no evidence of water 
contact recreational use over the survey period. 

Non-water contact activity, such as walking, biking, or all-terrain vehicle riding in the channel 
area, was observed throughout the survey period with results indicating an increase in the 
frequency of non-contact activity during the dry season at the survey location. 
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Appendix A 
Select Images from Perris Valley Channel Survey Location 
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No Activity: 06/01/2008 7:30 
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Maintenance Activity: 09/03/2008 15:00 

 
Non-Contact Activity: 02/06/2008 7:47 
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Non-Contact Activity: 05/08/2008 16:30 

 
 
 
 

Non-Contact Activity: 06/02/2008 11:15
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Non-Contact Activity: 06/03/2008 16:45 
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Non-Contact Activity: 09/21/2008 15:15 
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Technical Memorandum 
 
To: Stormwater Quality Standards Task Force 
 
From: CDM 
 
Date: July 2, 2009 
 
Subject: Recreational Use Survey Data Report – Santa Ana River at Anaheim 

Introduction 
To support basin planning efforts in the Santa Ana River watershed, an evaluation of the 
appropriateness of REC-1 beneficial use designations and associated bacteria water quality 
objectives in the Santa Ana River Watershed is being performed by the Stormwater Quality 
Standards Task Force (“Task Force”). The Task Force consists of representatives from a 
variety of stakeholder interests, including the Santa Ana Watershed Project Authority; the 
counties of Orange, Riverside, and San Bernardino; special districts; the Santa Ana Regional 
Water Quality Control Board; EPA Region 9; and local environmental groups. CDM and Risk 
Sciences, Inc. provide assistance to the Task Force. As part of study efforts, recreational use 
surveys were performed upon select waterbodies to obtain information regarding current 
levels of recreational use. This technical memorandum summarizes results from use surveys 
conducted at the Santa Ana River at Anaheim. 

Study Location 
The location for this study was the Santa Ana River southwest of North Weir Canyon Road 
and north of State Route 91 in the City of Anaheim. Figure 1 presents an aerial photo of the 
survey location. The predominant land use immediately surrounding the survey location is 
industrial/commercial and open space (Yorba Regional Park). As shown in Figure 2, the 
Santa Ana River is a trapezoidal channel with rip-rap side slopes and a natural channel 
bottom in the vicinity of the survey location.  
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Figure 1 

Santa Ana River at Anaheim Survey Location 
 

Camera
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Figure 2 

Photo of Santa Ana River at Anaheim Survey Location 

 
Survey Design 
Digital field observation cameras and data transfer technology, coupled with weekly on-
location physical surveys were used to collect recreational use data. Observer IV ™ cameras 
were equipped with cellular data transmission equipment to collect an image every fifteen 
minutes, and transfer the image to a secure data storage server via a file transfer protocol 
(FTP) site. Site visits were conducted to log recreational use observations, and to monitor and 
maintain the image collection equipment. This survey design was selected to provide 
unprecedented levels of data to characterize recreational use.  

A camera was installed on the top of a nearby roof facing downstream on the Santa Ana 
River. Figure 3 shows the camera installation. 



Recreational Use Survey Data Report – Santa Ana River at Anaheim 
July 2, 2009 

A  4 

 

Figure 3 
Photo of the Recreational Use Survey Camera Installation for Santa Ana River at 

Anaheim
 

Table 1 summarizes the survey duration and number of images collected from Santa Ana 
River at Anaheim between October 2, 2007 and October 5, 2008. An image was collected every 
fifteen minutes throughout the study duration unless signal strength fluctuations or 
equipment failures precluded collection and transmission. Images were not collected at night 
due to darkness. 

During the first half of the survey period, additional images were occasionally posting to the 
FTP site in addition to the standard 0-, 15-, 30-, and 45-minute timestamp images. The 
additional image postings were a result of a technical communication interchange error 
between the camera and FTP site. The FTP site technical issue was resolved in early April 
2008. The percent image capture rate of the camera over the second half of the survey period 
was approximately 90 percent. The capture rate over the first half of the year was skewed by 
the additional image posting. 
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Due to signal strength fluctuation issues and other equipment functionality issues, periodic, 
short term gaps in image collection occurred. These gaps ranged from relatively minor single, 
fifteen-minute interval image gaps, which occurred on numerous days, to gaps in image 
collection spanning several days. Table 2 summarizes the data gaps of one week or longer. 
The most significant data gap occurred from January 15 to February 11, 2008. During this 
period, significant FTP site and camera troubleshooting/repair were necessary. 

Table 2 
Recreational Use Survey Data Gaps 

Location Data Gap Period Cause 

SAR at Anaheim 

December 23, 2007 – January 3, 2008 Camera Issue 
January 15 – February 11, 2008 FTP Site/Camera Issue 

February 28 – March 6, 2008 Battery Failure 
March 16 – 26, 2008 Battery Failure 
April 10 – 24, 2008 Camera Issue 

   
Images were stored and individually reviewed for activity. A use/activity categorization 
protocol was established for logging and categorizing observed activity from both image 
review and physical surveys. As part of the protocol, information regarding water contact 
activity (including the type or magnitude of contact) and non-water contact activity, was 
collected and logged in the following categories: 

 Date / Time 

 Number of People 

 Type of Contact 

- Incidental Contact 

- Contact below Ankle 

- Contact between Ankle and Waist 

- Contact between Waist and Neck 

Table 1 
Recreational Use Survey Duration 

Survey Location Start Date End Date Number of Images 

SAR at Anaheim 10/2/07 10/5/08 25,904 
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- Contact above Neck 

- Non-Recreation Contact 

 Non-Contact Activity 

Images containing a person or persons within channel fencing or boundaries were considered 
“events”. On-site surveys where a person or persons were observed were also considered 
events.  

An event could include one or more persons. For each event, each person’s activity (type), 
and its duration and magnitude were logged per the established protocol. If an activity was 
captured within one image, an activity duration was reported as <30 minutes. Similarly, if an 
activity was observed within two consecutive fifteen-minute interval images, the duration 
was reported as <45 minutes. 

Survey Results 
At the Santa Ana River at Anaheim survey location, no water contact activity was observed 
over the one-year survey period. Non-water contact activity was observed on a number of 
occasions. The total number of individuals observed, estimated duration of activity, and 
seasonal patterns are included in Table 3. The commonly used seasonal periods in Southern 
California NPDES stormwater permits were used to categorize the observations by season 
(April 1 to September 30 for the dry season; October 1 to March 31 for the wet season). 

Appendix A of this report contains representative images of non-contact activities. 

Table 3 
Non-Water Contact Activity Recorded for Santa Ana River 

Location 
Number of Individuals Estimated 

Duration 
(min) 

Types of Activities 
Total 

Dry 
Season 

Wet 
Season 

SAR At Anaheim 57 28 29 1,770 Walking and Biking 

      
Summary of Findings 
Approximately 26,000 recreational use data points (images) were collected over a one-year 
period from the Santa Ana River at Anaheim survey location. Results indicate no evidence of 
water contact recreational use over the survey period. 

Non-water contact activity, such as walking and biking in the channel area, was observed 
throughout the survey period with results indicating an increase in the frequency of non-
contact activity during the dry season at the survey location. Appendix A of this report 
contains representative images of non-water contact activities.  
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Appendix A 
Select Images from Santa Ana River at Anaheim Survey 
Location
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No Activity: 06/17/2008 08:30 

 

 
Non-Contact Activity: 10/30/2007 11:31 
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Non-Contact Activity: 03/27/2008 14:30 

 

 
Non-Contact Activity: 08/07/2008 14:45 
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Non-Contact Activity: 09/13/2008 10:00 

 

 

Non-Contact Activity: 09/30/2008 08:30 



Α 
DRAFT Memorandum 
 
To: San Bernardino County Flood Control District, 
  Risk Sciences 
 
From: CDM 
 
Date: November 23, 2009 
 
Subject: Dry weather Bacterial Indicator TMDL Compliance Cost for San 

Bernardino County Portion of the Santa Ana River Watershed – Draft 

This technical memorandum evaluates the potential use of urban dry weather runoff 
diversions to eliminate bacteria loads during dry weather conditions for the San Bernardino 
County portion of the Santa Ana River watershed. This is the most effective means of 
achieving compliance with dry weather TMDL targets by 2016. The extent of implementation 
and associated costs will be highly variable, therefore the analysis results are presented as a 
range.    

Identification of Diversion Locations 
The Santa Ana Region Water Quality Control Plan (Basin Plan) was used to identify a set of 
open channel waterbodies in the San Bernardino County portion of the Santa Ana River 
watershed that are currently listed for unrestricted water contact recreational use (REC-1). 
San Bernardino County recently completed a survey of drainage facilities and developed a 
GIS database, which includes underground stormwater collection features1. These data were 
supplemented by city-specific data, where available; however, collection system data was not 
available from all cities, in particular Colton, Yucaipa, Rialto, Upland, Highland, San Antonio 
Heights, Grand Terrace, Muscoy, and Bloomington. The locations of outfalls from the 
underground stormwater collection system to surface waterbodies were approximated by 
comparing these data sources with the location of surface waterbodies (Figure 1). 

This spatial analysis identified approximately 100 locations (within Cities with available GIS 
data)) where diversion of urban dry weather could be implemented within the San 
Bernardino County portion of the Santa Ana River watershed. For each of the dry weather 
runoff diversion candidate locations, the jurisdiction and downstream receiving waterbody 
were documented. Because data was not available from all cities, this number is likely an 
underestimate.   

Preliminary Work in Progress 
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Planning Level Cost Estimate 
Engineered facilities associated with urban dry weather diversions from the stormwater to 
sanitary collection system do not vary significantly between sites due to the relatively low 
flowrates addressed; therefore, a unit cost per diversion is appropriate for this analysis. 
Generally for any diversion project, new facilities include two additional 
manholes/structures, one equipped with a gross solids removal device to protect pumping 
equipment and wet weather bypass and the other used as a wet well for pumping dry 
weather flows into a new force main to the nearest sanitary sewer with sufficient capacity to 
accept the flow. Capital costs for this type of a diversion facility are estimated at 
approximately $1.7 million2. Due to the coincidence of stormwater and sanitary collection 
systems throughout most of the area of investigation, 1,000 feet of small diameter (6 -inch) 
force main was assumed for an average project. At a rate of $100 per linear foot, the cost of 
conveyance pipeline would be approximately $100,000 per project. Specific projects would 
need to revise this value based on a survey of existing sewer interceptors. Therefore, the total 
capital cost of a typical diversion is $1.8million. 

The cost of diversion of dry weather runoff also includes capital and O&M for use of 
conveyance and treatment capacity in the municipal sanitary sewer system and wastewater 
treatment facilities. For this analysis, these costs were not determined specifically for all 
wastewater service agencies within the area of investigation, which include Inland Empire 
Utilities Agency, and Cities of Colton, Rialto, San Bernardino, and Redlands. Agreements 
with these local sewering agencies would need to be developed to establish the ability and 
willingness of the wastewater programs to accept a certain amount of flow and develop costs 
of diversion specific to San Bernardino County and the discharge of urban runoff. These 
agencies may be willing to consider a reduced rate for urban runoff considering it has very 
low TSS and BOD compared to typical wastewater and if necessary it could be temporarily 
held and delivered during off-peak hours.  

Capital cost for capacity and O&M fees (for flow, TSS, and BOD of influent) have been 
estimated for the City of Los Angeles, which currently providing conveyance and treatment 
of urban dry weather runoff. The City of Los Angeles operates a relatively larger system than 
local agencies and therefore may underestimate capital improvements required at smaller 
treatment plants to take additional flow. Several key assumptions were made to estimate the 
cost of conveyance and treatment: 

 Flow at each diversion is 0.5 cfs. This estimate is based on an assumed urban dry weather 
runoff generation rate3 of 190 gallons/acre/day routed to 143 outfalls over the urbanized 
portion of the area of investigation (383 mi2) 

 BOD of urban dry weather runoff is 11 mg/L4 

 TSS of urban dry weather runoff is 19 mg/L (from USEP monitoring) 

Preliminary Work in Progress 
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 Conveyance from diversion to sewer interceptor is 1000 feet 

The cost of a typical diversion differs when comparing rates specific to urban runoff 
discharge for the City of Los Angeles and general sewer service rates for the City of Colton 
(Table 1). This cost is extrapolated over the entire MS4 drainage area for dry weather runoff 
diversion in San Bernardino County (Table 2). 

Table 1 
Capital and O&M Costs Associated with a Single Dry Weather Runoff Diversion Project 

using Rates from Different Wastewater Treatment Agencies 

Costs per Diversion City of Los Angeles1 City of Colton2

Capital Costs ($/tributary acre)     
LFD Facilities Cost $1,005 $1,005 
Sewer Capacity $323 $1,140 
BOD $7 $0 
TSS $6 $0 

Total Capital Cost $1,341 $2,145 

O&M Unit Costs ($/tributary acre/yr)     
Admin/Maintenance $27.91 $21.10 
Conveyance $18.47 $0 
Treatment Flow $5.43 $81.59 
BOD $1.75 $0 
TSS $2.79 $0 

Total O&M Cost $56 $103 

1) Los Angeles Bureau of Sanitation 
2) http://www.ci.colton.ca.us/Documents/Community%20Development/Building/fees-www.pdf 

 
Limits of Analysis 
The costs presented in this technical memorandum are order-of-magnitude planning level 
estimates based on broad assumptions about the required level of implementation to achieve 
compliance with dry weather bacteria indicator water quality objectives. Limited data from 
some cities within the area of study suggest that the number of outfalls requiring treatment 
could increase significantly in certain reaches. Additionally, the cost and feasibility for local 
sewering agencies to collect and treat urban dry weather runoff is not yet determined.  

Many factors could influence the cost and feasibility of implementing dry weather runoff 
diversion at given location, including constraints on local sewer collection and treatment 
system, presence of continuous flow, flowrate, and the potential change of recreational use 
designations in certain types of open channels that is being proposed through the Stormwater 
Quality Standards Study. These factors are site specific and would be investigated during 

Preliminary Work in Progress 



Santa Ana R
November 2
Page 5

iver Watershed Dry-Weather Diversions within San Bernardino County 
3, 2009 - DRAFT 

 

Preliminary Work in Progress 

                                                          

preliminary design. One alternative to diversion from the stormwater to sanitary collection 
system is to construct on-site treatment or infiltration, in the form of an urban runoff plant 
(URP) or natural treatment system. These types of facilities can provide integrated resource 
benefits, but are typically less cost effective and are potentially more land intensive than 
diversion to the sanitary sewer system. In the case of URPs, treatment and discharge provides 
a low bacteria source of water to receiving waterbodies, which can dilute uncontrolled 
sources of bacteria, or the URP can be designed for reuse to be used for irrigation demands 
near the project site. Similarly, natural treatment systems can provide “clean” runoff to 
impaired waterbodies or recharge underlying groundwater basins through infiltration. 

 

 
1 URL: http://sbcounty.permitrack.com/HCOC2/
2 Take-off estimate completed by CDM Constructors Inc. for similar facilities for City of Los Angeles Bureau of Sanitation 
3 City of Los Angeles. Integrated Resources Plan, Department of Public Works Bureau of Sanitation and Department of Water 
and Power, 2006. 
4 McPherson, Timothy N., Steven J. Burion, Michael K. Stenstrom, H.J. Turin, Michael J. Brown, and I.H. Suffet, 2005. Dry and 
Wet Weather Flow Nutrient Loads From a Los Angeles Watershed. Journal of the American Water Resources Association, 41(4): 959-
969. 
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Table 2 
Planning Level Costs for Diversion of Dry Weather Urban Runoff from Stormwater Collection System within San Bernardino County 

Portion of Santa Ana River Watershed 

Jurisdiction 
Number of 
Diversions 

Drainage 
Area (mi2) 

LFD Facilities 
Cost 

Sewer Capacity Cost  
(Low - High) 

Annual O&M 
($/yr) 

Bloomington1 3 6 $5,400,000 $1,230,000 - $4,160,000 $290,000 
Chino1 7 17 $12,600,000 $3,690,000 - $12,500,000 $870,000 
Chino Hills 8 16 $14,400,000 $3,360,000 - $11,390,000 $790,000 
Colton1 6 15 $10,800,000 $3,180,000 - $10,780,000 $750,000 
Fontana 11 36 $19,800,000 $7,710,000 - $26,140,000 $1,820,000 
Grand Terrace1 2 4 $3,600,000 $750,000 - $2,550,000 $180,000 
Highland1 5 14 $9,000,000 $2,980,000 - $10,090,000 $700,000 
Loma Linda 5 7 $9,000,000 $1,510,000 - $5,130,000 $360,000 
Los Serranos 1 2 $1,800,000 $370,000 - $1,250,000 $90,000 
Montclair 7 5 $12,600,000 $1,090,000 - $3,690,000 $260,000 
Muscoy1 2 3 $3,600,000 $650,000 - $2,190,000 $150,000 
Ontario 8 37 $14,400,000 $7,960,000 - $27,000,000 $1,880,000 
Rancho Cucamonga 26 38 $46,800,000 $8,180,000 - $27,740,000 $1,930,000 
Redlands 3 25 $5,400,000 $5,320,000 - $18,030,000 $1,260,000 
Rialto1 8 21 $14,400,000 $4,580,000 - $15,540,000 $1,080,000 
San Antonio Heights1 1 1 $1,800,000 $310,000 - $1,040,000 $70,000 
San Bernardino 15 56 $27,000,000 $12,010,000 - $40,710,000 $2,840,000 
Unincorporated 9 40 $16,200,000 $8,500,000 - $28,820,000 $2,010,000 
Upland1 6 15 $10,800,000 $3,250,000 - $11,020,000 $770,000 
Yucaipa1 10 27 $18,000,000 $5,740,000 - $19,470,000 $1,360,000 

Total 143 383 $257,400,000 $82,370,000 - $279,240,000 $19,170,000 

1) Approximated value due to unavailable data; Number of diversions based on assumption of 1,800 acres of drainage area per diversion 
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Survey Location Representative Site Photo Channel Characteristics Land Use Conditions Equipment Installed Survey Start Date Survey End Date
Number of 

Images 
Collected

Greenville Banning Channel at 
Adams Ave

Concrete lined, vertical walled channel Residential and open space Camera - Observer IV, 
External Battery 11/17/2005 1/3/2006 2,552

Greenville Banning Channel at 
Pedestrian Bridge

Concrete lined, vertical walled channel Residential and Vacant Natural Land Camera - Observer IV, 
External Battery 7/7/2005 7/27/2005 425

Santa Ana Delhi Channel at Concrete lined vertical walled channel Residential / Open Space and Camera - Observer IV, 6/20/2005 7/13/2006 21 284

Recreational Use Survey Summary

Vertical Channel

Mesa Ave
Concrete lined, vertical walled channel Recreation External Battery 6/20/2005 7/13/2006 21,284

Cucamonga Creek at IEUA
Concrete Lined / Vertical Walled 

Channel
Industrial/commercial and Open 

Space/recreation
Camera - Observer IV, 

External Battery 10/2/2007 10/10/2008 27,122

Anza Channel at John Bryant 
Park

Concrete Lined / Vertical Walled 
Channel Residential and open space/ public park

Camera - Observer IV, 
Solar Panel, External 

Battery
6/6/2008 ongoing 3,400

Demens Channel
Concrete Lined / Vertical Walled 

Channel Residential and open space Camera - Observer IV, 
External Battery 2/1/2008 ongoing 15,619

1



Survey Location Representative Site Photo Channel Characteristics Land Use Conditions Equipment Installed Survey Start Date Survey End Date
Number of 

Images 
Collected

Recreational Use Survey Summary

Cucamonga Creek at Hellman 
Ave (Upstream)

Trapezoidal channel, concreted lined 
wall and bottom Agriculture Camera - Observer IV, 

External Battery 11/1/2005 11/1/2006 2,546

Temescal at Main Street
Trapezoidal channel, concreted lined 

wall and bottom Industrial / Commercial Camera - Observer IV, 
External Battery 7/26/2005 8/4/2005 513

Temescal at City of Corona Trapezoidal channel, concreted lined Industrial / Commercial
Camera - Observer IV, 
Solar Panel External 11/1/2005 11/1/2006 10 653

Trapezoidal Channel

WWTP No. 2 wall and bottom Industrial / Commercial Solar Panel, External 
Battery

11/1/2005 11/1/2006 10,653

Santa Ana Delhi Channel at 
Sunflower Ave

Trapezoidal channel, rip rap side slopes, 
natural bottom Commercial/ residential/ school Camera - Observer IV, 

External Battery 7/7/2005 7/9/2006 20,978

Cucamonga Creek at Hellman 
Ave (Downstream)

Trapezoidal channel, rip rap side slopes, 
natural bottom Agriculture Camera - Observer IV, 

External Battery 7/26/2005 11/1/2006 17,678

Perris Valley Channel at 
Moreno Valley WRF

Trapezoidal Channel / concrete lined 
side slope and concrete/natural bottom

Industrial/ Residential/school and open 
space/public park

Camera - Observer IV, 
Solar Panel, External 

Battery
10/3/2007 10/10/2008 21,962
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Survey Location Representative Site Photo Channel Characteristics Land Use Conditions Equipment Installed Survey Start Date Survey End Date
Number of 

Images 
Collected

Recreational Use Survey Summary

SAR at Anaheim
Trapezoidal Channel / Rip rap side 

slopes and natural bottom
Industrial/ commercial and open 

space/public park
Camera - Observer IV, 

External Battery 10/2/2007 10/5/2008 25,904

Chino Creek at Central Ave
Trapezoidal Channel / Rip rap slope and 

bottom Industrial / commercial
Camera - Observer IV, 
Solar Panel, External 

Battery
12/19/2007 ongoing 12,387

San Diego Creek at Irvine
Trapezoidal Channel / Natural side Residential/commercial/school and open Camera - Observer IV, 

Solar Panel External 6/10/2008 ongoing 5 220

Trapezoidal Channel (continued)

San Diego Creek at Irvine slopes and bottom space Solar Panel, External 
Battery

6/10/2008 ongoing 5,220

3



Survey Location Representative Site Photo Channel Characteristics Land Use Conditions Equipment Installed Survey Start Date Survey End Date
Number of 

Images 
Collected

Recreational Use Survey Summary

Santa Ana Delhi Channel at 
Newport Bay

Natural channel Open spce/ commercial Camera - Observer IV, 
External Battery 6/20/2005 6/6/2006 20,203

SAR at Yorba Linda Natural channel Residential / Open space Camera - Observer IV, 
External Battery 4/11/2006 4/6/2007 12,645

Natural Channel

4





 

Memorandum 
 
To: Santa Ana Stormwater Quality Standards Task Force 
 
From: CDM 
 
Date: March 3, 2010 
 
Subject: Preliminary Draft - Flow Analysis – Channel Response to Specific 

Precipitation Events   

This technical memorandum describes how flow conditions resulting from storms with 
approximately 0.5 inches in total rainfall depth correlate with proposed high flow use 
suspension triggers for implementation of high flow recreational use suspensions for 
waterbodies within the Santa Ana River Basin.   

As proposed, the 0.5 inches of total rainfall would be a default threshold that could be applied 
anywhere in the watershed, subject to selection of an appropriate rain gage(s) to represent a 
particular water body.  This is the only threshold that is currently used in the Los Angeles 
Regional Board area to trigger a temporary suspension of REC-1 uses.  Under the draft 
proposed Basin Plan amendment staff report for the Santa Ana Watershed, additional 
threshold criteria are being proposed that could be used in lieu of rainfall data where flow 
gage data is available. 

Alternative Suspension Trigger Thresholds 

The proposed alternative suspension triggers include: 

 Stream velocity greater than or equal to  8 ft/s; or 

 Steam depth-velocity product greater than or equal to 10 ft2/s. 

The threshold criteria of stream velocity >8 ft/s was derived from ____________.1   

The USGS uses the depth-velocity product criteria (stream depth * velocity), which takes into 
account both flow rate and channel morphology, to assess whether flow conditions are safe 
for wading in order to obtain samples and/or other measurements. For trained field water 
sampling staff, USGS sets this criteria at 10 ft2/s maximum.   

                                                           
1 ADD CITATION 
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Flow Data Analysis 

For the Santa Ana Delhi Channel, Mill-Cucamonga Creek, and Temescal Wash watersheds 
and channels, rainfall events with depths ranging from less than 0.1 inch to more than 8 
inches were evaluated using approximately 400 storm event hydrographs for each location 
from 1988 to 2008.  Storm events were isolated from the long term record to more accurately 
assess flow conditions during wet weather. Using the channel geometry and peak flow 
associated with each of the storms, the channel velocity and depth-velocity product were 
calculated for each storm event and location. Each storm has a unique hydrograph which 
results in a range of channel flow responses. For example, a 0.5 inch 24-hour storm in the 
Santa Ana Delhi Channel watershed can result in a peak flow anywhere from 20 cfs to more 
than 1,700 cfs, resulting in velocities ranging from 0.9 to 4.1 ft/s, and depth-velocity products 
ranging from 1.2 to 35.7 ft2/s. Table 1 shows a summary of the range of peak flows, velocities, 
and depth-velocity products for all storms with total rainfall between 0.4” to 0.59” at 
representative gages for Santa Ana Delhi, Temescal Wash, and Mill-Cucamonga Creek over 
the period of 1988 to 2008.   

Table 1 

  

Peak Flow  Velocity at Peak Flow Rate  Depth‐Velocity Product 

Range  Average  Range  Average  % storms 
greater 

than 8 ft/s 

Range  Average  % storms 
greater than 

10 ft2/s 
(cfs)  (cfs)  (ft/s)  (ft/s)  (ft2/s)  (ft2/s) 

Santa Ana Delhi  23 to 1,765  557.2  0.9 to 4.1  2.6  0%  1.2 to 35.7  12.4  50% 

Temescal Wash  77 to 908  459.0  3.1 to 10.6  8.6  71%  3.5 to 25.7  18.3  75% 
Mill‐Cucamonga 
Creek  403 to 5,150  1474.7  5.7 to 24.5  12  80%  4.8 to 62  17.9  60% 

* storm sizes ranged from 0.4" to 0.59" 

 

By plotting rainfall depth versus peak depth-velocity product and plotting a best fit line from 
the available data, it is possible to estimate the peak depth-velocity product for specific storm 
event sizes. Similarly, by plotting rainfall depth versus peak velocity, we can estimate how 
the data correlates with the 8 ft/s threshold.  The plots are provided in Appendix A and 
summarized in Table 2.  
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Table 2  
 
 

  Best fit peak 
velocity for 
0.5" storm 

(ft/s) 

Best fit peak 
depth‐velocity 
product for 
0.5" storm 
(ft2/s) 

Santa Ana Delhi  2.3  12 
Temescal Wash  7.3  15 
Mill‐Cucamonga Creek  12  17 

 

 
The figures in Appendix A show the number of events that will reach or exceed increasing 
intervals of depth velocity products for each of the study sections. The results of this analysis 
showed that 84 of 249 events in the Santa Ana Delhi Channel, 156 of 316 events in Temescal 
Wash, and 128 of 681 events in Mill-Cucamonga Creek, exceeded the USGS 10 ft2/sec 
guideline.  The results also suggest that using a 0.5 inch storm event as a default for these 
three different watersheds would be “conservative” in the sense that this would typically 
result in a depth-velocity product that would exceed the trigger depth-velocity product and 
for two of the three watersheds would result in velocities near or greater than the 8 ft/s 
trigger criteria. 

Frequency distributions of flow in the study sections showed that for more than 90% of the 
time, flowrates, depths, and velocities are characteristic of low flow conditions. Low flow 
conditions differed in each study section due to differences in drainage area characteristics. 
The incorporation of a low flow channel in Temescal Wash and the Santa Ana Delhi Channel 
alters the characteristics of dry weather conditions in the analyzed study sections. While 
flowrates remain constant, dry weather flow within the low flow channel is deeper and 
moving quicker than it would if spread across the bottom of the entire channel.  

Conclusions 

Proposed high flow use suspension triggers of stream velocity greater than or equal to  8 ft/s 
and stream depth-velocity product greater than or equal to 10 ft2/s fall well within the range 
of flow responses resulting from 0.5” rainfall events in three study reaches within the Santa 
Ana River watershed.  

In one reach (Santa Ana Delhi Channel) the depth-velocity product trigger was a better fit for 
a 0.5” storm event, while the velocity trigger was a better fit for 0.5” storms within the other 
two study reaches.  
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Technical Memorandum 
 
To: Stormwater Quality Standards Task Force 
 
From: CDM 
 
Date: April 16, 2010 
 
Subject: Recreational Use Survey Data Report – San Diego Creek 

Introduction  
To support basin planning efforts in the Santa Ana River watershed, an evaluation of the 
appropriateness of REC-1 beneficial use designations and associated bacteria water quality 
objectives in the Santa Ana River Watershed is being performed by the Stormwater Quality 
Standards Task Force (“Task Force”). The Task Force consists of representatives from a 
variety of stakeholder interests, including the Santa Ana Watershed Project Authority; the 
counties of Orange, Riverside, and San Bernardino; special districts; the Santa Ana Regional 
Water Quality Control Board; EPA Region 9; and local environmental groups. CDM and Risk 
Sciences, Inc. provide assistance to the Task Force. As part of study efforts, recreational use 
surveys were performed upon select waterbodies to obtain information regarding current 
levels of recreational use. This technical memorandum summarizes results from use surveys 
conducted at San Diego Creek. 

Study Location 
The location for this study was San Diego Creek located near Lake Road in the City of Irvine.  
Figure 1 presents an aerial photo of the survey location. The predominant land uses 
immediately surrounding the survey location are residential, commercial, and open space. As 
shown in Figure 2, San Diego Creek is a trapezoidal channel with natural side slopes and 
bottom.  
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Figure 2
Photo of San Diego Creek Survey Location

Figure 1
San Diego Creek Survey Location

Camera

Lake Road
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Survey Design 
Digital field observation cameras and data transfer technology, coupled with weekly on-
location physical surveys were used to collect recreational use data. Observer IV ™ cameras 
were equipped with cellular data transmission equipment to collect an image every fifteen 
minutes, and transfer the image to a secure data storage server via a file transfer protocol 
(FTP) site. Site visits were conducted to log recreational use observations, and to monitor and 
maintain the image collection equipment. This survey design was selected to provide 
unprecedented levels of data to characterize recreational use.  

A camera with a solar panel was installed on a galvanized steel pole located in the vegetated 
area west of the Lake Road bridge overcrossing.  Figure 3 shows the camera installation. 

Figure 3 
Photo of the Recreational Use Survey  

Camera Installation for San Diego Creek 
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Table 1 summarizes the survey duration and number of images collected from San Diego 
Creek. An image was collected every fifteen minutes throughout the study duration unless 
signal strength fluctuations or equipment failures precluded collection and transmission. 
Images were not collected at night due to darkness. 

Due to signal strength fluctuation issues and other equipment functionality issues, periodic, 
short term gaps in image collection occurred. These gaps ranged from relatively minor single, 
fifteen-minute interval image gaps, which occurred on numerous days, to gaps in image 
collection spanning several days.  

Table 2 summarizes the data gaps of one week or longer. The most significant data gap 
occurred from October 6 through October 13, 2008. Additionally, due to periodic survey data 
gaps during a period from June 2008 to September 2008, the survey period was extended 
beyond the planned one-year time period. Camera operation was extended until the end of 
September 2009 to include additional image data for summer months. 

Table 2 
Recreational Use Survey Data Gaps 

Location Data Gap Period Cause 

San Diego Creek October 6 – October 13, 2008 Camera Issue 

   
Images were stored and individually reviewed for activity. A use/activity categorization 
protocol was established for logging and categorizing observed activity from both image 
review and physical surveys. Within the protocol, information regarding water contact 
activity (including the type or magnitude of contact) and non-water contact activity, was 
collected and logged in the following categories: 

 Date / Time 

 Number of People 

 Type of Contact 

- Incidental Contact 

Table 1 
Recreational Use Survey Duration 

Survey Location Start Date End Date Number of Images 

San Diego Creek 6/10/08 10/1/09 24,801 
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- Contact below Ankle 

- Contact between Ankle and Waist 

- Contact between Waist and Neck 

- Contact above Neck 

- Non-Recreation Contact 

 Non-Contact Activity 

Images containing a person or persons within channel fencing or boundaries were considered 
“events”. On-site surveys where a person or persons were observed were also considered 
events.  

An event could include one or more persons. For each event, each person’s activity (type), 
and its duration and magnitude were logged per the established protocol. If an activity was 
captured within one image, an activity duration was reported as <30 minutes. Likewise, if an 
activity was observed within two consecutive fifteen-minute interval images, the duration 
was reported as <45 minutes. 

Survey Results 
At the San Diego Creek survey location, water contact and non-water contact activity was 
observed over the course of the 16-month survey period. Table 3 summarizes all contact 
recreational events (individuals) recorded and provides the date, potential duration, and 
magnitude of contact. 
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Table 4 summarizes the total number of individuals observed, estimated duration of activity, 
and seasonal patterns for non-water contact activity. The commonly used seasonal periods in 
Southern California NPDES stormwater permits were used to categorize the observations by 
season (April 1 to September 30 for the dry season; October 1 to March 31 for the wet season).  

Table 4 
Non-Water Contact Activity Recorded for San Diego Creek 

Location 
Number of Individuals Estimated 

Duration 
(min) 

Types of Activities 
Total 

Dry 
Season 

Wet 
Season 

San Diego Creek 127 102 25 3,585 Walking, Running, Sitting 

      
Summary of Findings 
Approximately 25,000 recreational use data points (images) were collected over a 16-month 
period from the San Diego Creek survey location. Results indicate evidence of water contact 
and non-water contact activity over the survey period.  Four events were observed from the 
24,801 survey images collected that could potentially be water contact activity. For three of 
the events, the potential durations were less than 30 minutes, while one event was of potential 
duration of 120 minutes. The images indicate the potential magnitude of water contact as low 
(below ankle contact), with no data points indicating full body contact or immersion.   

Non-water contact activity, such as walking, running, or sitting in the channel area, was 
observed throughout the survey period, with results indicating an increase in the frequency 
of non-contact activity during the dry season compared to the wet season. Appendix A of this 
report contains representative images of water contact and non-water contact activities. 

Table 3 
Water Contact Recreation Events Recorded for San Diego Creek  

Location / Date Time Duration (min) 
Magnitude of 

Contact 
Image ID 

San Diego Creek 

06/25/2008 15:15 <30 Below Ankle Irvine-08-06-25-15-15.jpg 

08/16/2009 14:15 <30 Below Ankle Irvine -09-08-16-14-15.jpg 

09/19/2009 17:45 <30 Below Ankle Irvine-09-09-19-17-45.jpg 

9/20/2009 11:45 <120 Below Ankle 

Irvine-09-09-20-10-30.jpg 
Irvine-09-09-20-10-45.jpg 
Irvine-09-09-20-11-00.jpg 
Irvine-09-09-20-11-15.jpg 
Irvine-09-09-20-11-30.jpg 
Irvine-09-09-20-11-45.jpg 
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Appendix A 
Select Images from San Diego Creek Survey Location 
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Water Contact Activity: 06/25/08 15:15 

 

 
Water Contact Activity: 08/16/09 14:15 
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Water Contact Activity: 09/19/09 17:45 

 

 
Water Contact Activity: 09/20/09 10:30 
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Water Contact Activity: 09/20/09 10:45 

 

 
Water Contact Activity: 09/20/09 11:00 
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Water Contact Activity: 09/20/09 11:15 

 

 
Water Contact Activity: 09/20/09 11:30 
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Water Contact Activity: 09/20/09 11:45 

 

 
Non-Contact Activity: 06/10/08 19:15 
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Non-Contact Activity: 06/12/08 18:00 

 

 
Non-Contact Activity: 06/25/08 14:30 
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Non-Contact Activity: 06/25/08 14:45 

 

 
Non-Contact Activity: 07/02/08 20:00 
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Non-Contact Activity: 10/20/08 18:00 

 

 
Non-Contact Activity: 11/01/08 13:30 
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Non-Contact Activity: 11/01/08 13:45 

 

 
Non-Contact Activity: 11/03/08 10:15 
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Non-Contact Activity: 11/07/08 08:30 

 

 
Non-Contact Activity: 11/23/08 17:15 
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Select Images from San Diego Creek Survey Location 
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Non-Contact Activity: 12/15/08 13:30 

 

 
Non-Contact Activity: 12/15/08 13:45 
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Non-Contact Activity: 01/05/09 14:45 

 

 
Non-Contact Activity: 02/01/09 10:45 

 



Appendix A 
Select Images from San Diego Creek Survey Location 
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Non-Contact Activity: 02/01/09 11:00 

 

 
Non-Contact Activity: 02/13/09 09:00 
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Non-Contact Activity: 03/01/09 14:45 

 

 
Non-Contact Activity: 03/01/09 16:15 
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Non-Contact Activity: 03/08/09 17:00 

 

 
Non-Contact Activity: 04/04/09 12:45 

 



Appendix A 
Select Images from San Diego Creek Survey Location 
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Non-Contact Activity: 04/09/09 12:45 

 

 
Non-Contact Activity: 04/24/09 06:45 
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Non-Contact Activity: 04/25/09 12:15 

 

 
Non-Contact Activity: 04/25/09 12:30 
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Non-Contact Activity: 04/25/09 12:45 

 

 
Non-Contact Activity: 04/26/09 16:45 
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Non-Contact Activity: 04/26/09 17:00 

 

 
Non-Contact Activity: 04/26/09 17:15 
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Non-Contact Activity: 04/26/09 17:30 

 

 
Non-Contact Activity: 05/07/09 15:15 

 



Appendix A 
Select Images from San Diego Creek Survey Location 

A   A-22 

 
Non-Contact Activity: 05/10/09 17:15 

 

 
Non-Contact Activity: 05/18/09 19:15 
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Non-Contact Activity: 05/19/09 17:30 

 

 
Non-Contact Activity: 05/19/09 17:45 
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Non-Contact Activity: 05/20/09 10:15 

 

 
Non-Contact Activity: 07/02/09 12:45 
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Non-Contact Activity: 07/04/09 19:30 

 

 
Non- Contact Activity 09/19/09 07:30 
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Non-Contact Activity: 09/19/09 10:15 

 

 
Non-Contact Activity: 09/19/09 10:30 
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Non-Contact Activity: 09/19/09 10:45 

 

 
Non-Contact Activity: 09/19/09 11:15 
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Non-Contact Activity: 09/19/09 11:45 

 

 
Non-Contact Activity: 09/19/09 13:45 
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Non-Contact Activity: 09/19/09 17:15 

 

 
Non-Contact Activity: 09/19/09 17:30 
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Non-Contact Activity: 09/19/09 18:00 

 

 
Non-Contact Activity: 09/19/09 18:15 
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Non-Contact Activity: 09/19/09 18:45 

 

 
Non-Contact Activity: 09/19/09 19:00 
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Non-Contact Activity: 09/19/09 19:30 

 

 
Non-Contact Activity: 09/19/09 19:45 
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Select Images from San Diego Creek Survey Location 

A   A-33 

 
Non-Contact Activity: 09/19/09 20:15 

 

 
Non-Contact Activity: 09/19/09 20:45 
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Select Images from San Diego Creek Survey Location 
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Non-Contact Activity: 09/20/09 10:15 

 

 
Non-Contact Activity: 09/22/09 09:15 
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Select Images from San Diego Creek Survey Location 
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Non-Contact Activity: 09/22/09 15:45 

 

 
Non-Contact Activity: 09/22/09 16:00 
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Select Images from San Diego Creek Survey Location 
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Non-Contact Activity: 09/22/09 18:15 

 

 
Non-Contact Activity: 09/25/09 06:45 
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Non-Contact Activity: 09/27/09 16:30 

 

 
Non-Contact Activity: 09/28/09 18:00 
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Non-Contact Activity: 09/30/09 12:00 

 

 
Non-Contact Activity: 09/30/09 12:15 
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Non-Contact Activity: 09/30/09 13:30 

 

 
Non-Contact Activity: 10/01/09 13:30 
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Technical Memorandum 
 
To: Stormwater Quality Standards Task Force 
 
From: CDM 
 
Date: April 16, 2010 
 
Subject: Recreational Use Survey Data Report – Anza Channel 

Introduction  
To support basin planning efforts in the Santa Ana River watershed, an evaluation of the 
appropriateness of REC-1 beneficial use designations and associated bacteria water quality 
objectives in the Santa Ana River Watershed is being performed by the Stormwater Quality 
Standards Task Force (“Task Force”). The Task Force consists of representatives from a 
variety of stakeholder interests, including the Santa Ana Watershed Project Authority; the 
counties of Orange, Riverside, and San Bernardino; special districts; the Santa Ana Regional 
Water Quality Control Board; EPA Region 9; and local environmental groups. CDM and Risk 
Sciences, Inc. provide assistance to the Task Force. As part of study efforts, recreational use 
surveys were performed upon select waterbodies to obtain information regarding current 
levels of recreational use. This technical memorandum summarizes results from use survey 
conducted at Anza Channel. 

Study Location 
The location for this study was Anza Channel located near John Bryant Park in the City of 
Riverside.  Figure 1 presents an aerial photo of the survey location. The predominant land use 
immediately surrounding the survey location is residential and open space. As shown in 
Figure 2, Anza Channel is a rectangular, concrete-lined channel.  
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Figure 1
Anza Channel Survey Location

Figure 2 
Photo of Anza Channel Survey Location 

Camera Location – camera faces 
upstream (downward in this figure)  

Gramercy Place 
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Survey Design 
Digital field observation cameras and data transfer technology, coupled with weekly on-
location physical surveys were used to collect recreational use data. Observer IV ™ cameras 
were equipped with cellular data transmission equipment to collect an image every fifteen 
minutes, and transfer the image to a secure data storage server via a file transfer protocol 
(FTP) site. Site visits were conducted to log recreational use observations, and to monitor and 
maintain the image collection equipment. This survey design was selected to provide 
unprecedented levels of data to characterize recreational use.  

A camera with a solar panel was installed on the underside of the pedestrian foot bridge 
overcrossing Anza Channel, located east of Wohlstetter Street and Gramercy Place.  Figure 3 
shows the camera installation. 

 
Figure 3 

Photo of the Recreational Use Survey Camera Installation for Anza Channel 
 
Table 1 summarizes the survey duration and number of images collected from Anza Channel. 
An image was collected every fifteen minutes throughout the study duration unless signal 
strength fluctuations or equipment failures precluded collection and transmission. Images 
were not collected at night due to darkness. 
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Table 1 
Recreational Use Survey Duration 

Survey Location Start Date End Date Number of Images 

Anza Channel 6/6/08 9/29/09 20,386 

    
Due to signal strength fluctuation issues and other equipment functionality issues, periodic, 
short term gaps in image collection occurred. These gaps ranged from relatively minor single, 
fifteen-minute interval image gaps, which occurred on numerous days, to gaps in image 
collection spanning several days. Table 2 summarizes the data gaps of one week or longer. 

Table 2 
Recreational Use Survey Data Gaps 

Location Data Gap Period Cause 

Anza Channel 

June 9 – June 20, 2008 Battery Issue 
June 23 – July 2, 2008 Battery Issue 

September 9 – September 17, 2008 Camera Issue 
December 3 – December 12, 2008 Camera Issue 

April 30 – May 20, 2009 Camera Issue 

   
Images were stored and individually reviewed for activity. A use/activity categorization 
protocol was established for logging and categorizing observed activity from both image 
review and physical surveys. As part of the protocol, information regarding water contact 
activity (including the type or magnitude of contact) and non-water contact activity, was 
collected and logged in the following categories: 

 Date / Time 

 Number of People 

 Type of Contact 

- Incidental Contact 

- Contact below Ankle 

- Contact between Ankle and Waist 

- Contact between Waist and Neck 

- Contact above Neck 

- Non-Recreation Contact 

 Non-Contact Activity 
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Images containing a person or persons within channel fencing or boundaries were considered 
“events”. On-site surveys where a person or persons were observed were also considered 
events.  

An event could include one or more persons. For each event, each person’s activity (type), 
and its duration and magnitude were logged per the established protocol. If an activity was 
captured within one image, an activity duration was reported as <30 minutes. Similarly, if an 
activity was observed within two consecutive fifteen-minute interval images, the duration 
was reported as <45 minutes. 

Survey Results 
At the Anza Channel survey location, water contact activity was observed over the course of 
the 16-month survey period. Table 3 summaries all contact recreational events (individuals) 
recorded and provides the date, potential duration, and magnitude of contact. 

Table 3 
Water Contact Recreation Events Recorded for the Anza Channel  

Date Time Duration (min) 
Magnitude of 

Contact 
Image ID 

06/25/2009 11:15 < 30 Below Ankle Anza_Drain_1-09-06-25-11-15.jpg 

09/16/2009 12:00 < 30 Below Ankle Anza_Drain_1-09-09-16-12-00.jpg 

 
Summary of Findings 
Approximately 24,000 recreational use data points (images) were collected over a 16-month 
period from the Anza Channel survey location. Results indicate evidence of water contact 
activity over the survey period.  Two events were observed from the 23,913 survey images 
collected that could potentially be water contact activity. Each of the two events had potential 
durations of less than 30 minutes.  The images indicate the potential magnitude of water 
contact as low (below ankle contact), with no data points indicating full body contact or 
immersion.  Non- water contact activity was not observed throughout the survey period. 

Appendix A of this report contains representative images of the water contact activities. 
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Appendix A 
Select Images from Anza Channel Survey Location 
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Water Contact Activity: 06/25/2009 11:15 

 

 
Water Contact Activity: 09/16/2009 12:00 
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Section 1 
Introduction 
This Use Attainability Analysis (UAA) Technical Report has been prepared to support 
recreational use designation decision making related to Cucamonga Creek (creek) 
from Hellman Avenue to approximately 750 feet downstream of the confluence of 
Lower Deer Creek in the Santa Ana River Basin of Southern California. The report 
provides the following physical information and analyses of technical data useful for 
considering recreational use designations: 

 Channel description and physical characterization 

 Information related to existing and potential recreational uses  

 Water quality information 

 Flow conditions 

This report is intended to provide information to support one or more use 
attainability factors described in 40 CFR 131.10(g)(1-6), but not necessarily all factors. 
To preserve objectivity and integrity in the UAA decision-making process, this report 
was prepared without arguments or recommendations for use designations. This 
report is intended to provide facts to support the preparation of a Staff Report which 
will contain recommendations for use designation.  

This Use Attainability Analysis Technical Report was developed under direction of 
and with consensus from the Stormwater Quality Standards Task Force (Task Force), 
which formed in 2003 with a work plan to reevaluate water quality standards 
necessary to protect beneficial uses as they relate to stormwater and dry weather 
flows within the Santa Ana River Watershed. This report was prepared to provide 
information related to REC1 and REC2 beneficial use designations and associated 
pathogen water quality objectives, and is based on facts obtained as of the date of 
report finalization. Subsequent triennial reviews will determine the extent to which 
these facts may have changed.  

The Task Force consists of representatives from a variety of stakeholder interests, 
including the Santa Ana Watershed Project Authority (SAWPA); the counties of 
Orange, Riverside, and San Bernardino; cities and special districts with the counties, 
and the Santa Ana Regional Water Quality Control Board. Consulting assistance is 
provided by Camp Dresser and McKee Inc. (CDM) and Risk Sciences, Inc.  
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Section 2 
Waterbody Description 
2.1 Reach Identification 
2.1.1 Basin Plan Nomenclature 
The Santa Ana River Basin Water Quality Control Plan (Basin Plan) (1995 and 
subsequent amendments) designates nearly all surface waters and their tributaries 
within the watershed as having both water contact recreation (REC1) and non-contact 
water recreation (REC2) beneficial uses. Water Contact Recreation (REC1) waters are 
used for recreational activities involving body contact with water where ingestion of 
water is reasonably possible. These uses may include, but are not limited to, 
swimming, wading, water-skiing, skin and scuba diving, surfing, whitewater 
activities, fishing, and use of natural hot springs. Non-contact Water Recreation 
(REC2) waters are used for recreational activities involving proximity to water, but 
not normally involving body contact with water where ingestion of water would be 
reasonably possible. These uses may include, but are not limited to, picnicking, 
sunbathing, hiking, beachcombing, camping, boating, tidepool and marine life study, 
hunting, sightseeing, and aesthetic enjoyment in conjunction with the above activities. 

Cucamonga Creek is listed in the Basin Plan. As defined in the existing Basin Plan, the 
listing of waters attempts to include all significant surface streams and bodies of 
water, as well as the significant groundwater basins and subbasins which are 
recognized as water supply sources or which are receiving waters. Changes to the 
existing Basin Plan may be proposed. [Note: Cucamonga Creek is referred to as Mill 
Creek beginning where the concrete trapezoidal channel transitions to a trapezoidal rip rap 
channel downstream of Hellman Avenue.]    

Current water quality objectives applicable to REC1 and REC2 uses are as follows:   

REC1 
Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30-day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30-day period. 

REC2 
Fecal coliform: average less than 2,000 organisms/100 mL and not more than 10% of 
samples exceed 4,000 organisms/100 mL for any 30-day period. 

2.1.2 Location 
The Cucamonga Creek watershed (approximately 92 mi2) is located in San Bernardino 
County and Riverside County and includes portions of the cities of Chino, Ontario, 
Rancho Cucamonga, and Upland (Figure 2-1). This report covers the portion of 
Cucamonga Creek (highlighted in yellow in Figure 2-1). For the purposes of this 
report, the entire length of the channel is described as one reach from Hellman 
Avenue (33°56’57.156”N, 117°36’37.476”W) to approximately 750 feet downstream of 
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the confluence of Cucamonga Creek and Lower Deer Creek (34°0’8.7474”N, 
117°35’57.372”W).  

Figure 2-2 shows an aerial photograph of the reach within the Cucamonga Creek 
watershed. The channel has two major tributary channels (Lower Deer Creek and 
Deer Creek) not addressed in this document (highlighted in green in Figure 2-1). 

2.1.3 Hydrologic Connectivity 
Lower Deer Creek Channel is the only channel tributary to Cucamonga Creek within 
this reach (see Figure 2-1). Local underground storm drains within the City of Ontario 
also discharge into this reach.  This reach of Cucamonga Creek flows into Prado 
Basin. 
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Figure 2-1 

Map of Cucamonga Creek Watershed 
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Figure 2-2 
Designated Reach of Cucamonga Creek and Surrounding Area (June 2009) 

Hellman Ave 

Schaefer Ave 

Reach 1 
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2.2 Channel Characterization 
2.2.1 Historical Channel Characteristics 
Historical information was obtained from the Final Environmental Statement for the 
Cucamonga Creek and Tributaries, San Bernardino and Riverside Counties, California1

 A flood in February 1884 caused serious damage to the railroads throughout 
the Santa Ana River basin.   

, 
prepared in August 1973.  This document was prepared to support proposed 
improvements to the channel for purposes of flood and debris protection.  

Flooding has long been an issue along Cucamonga Creek and its tributaries, causing 
damage to commercial, residential, and agricultural areas, as well as to transportation 
and utility facilities. Increasing urban development throughout the watershed has 
increased impervious areas, thus decreasing the amount of floodwater that percolates 
into the ground.  A review of historical flood accounts indicates that Cucamonga 
Creek has changed its course causing significant damage: 

 A flood in 1891 caused all railroad and highway bridges between Los Angeles 
and San Bernardino to be out of service for two weeks.   

 A flood in January 1914 caused damage to streets in Ontario and damage to 
the Atchison, Topeka, and Santa Fe railroad line, and a flood in February of 
the same year damaged roads, orange groves, agricultural areas, and retaining 
walls, as well as washed out all roads between the town of Cucamonga and 
Ontario.   

 A flood in 1916 caused the creek to change course and washed out sections of 
railroad.  Similar damage was sustained during a 1927 flood.  

 The largest flood on record (between 1884 and 1965) occurred on March 2, 
1938.  During that flood, the estimated peak discharge for Cucamonga Creek 
was 10,300 cubic feet per second.  

Limited information is available regarding the state of channel reaches prior to 1976.   
However, a Flood Control System Inventory2

                                                 
1 U.S. Army Engineer District, Los Angeles, California. Final Environmental Statement, Cucamonga Creek and 
Tributaries, San Bernardino and Riverside Counties, California; August 1973.   
2 San Bernardino County Flood Control District, Flood Control System Inventory, January 28, 1976. 

 (FCSI), from San Bernardino County 
Flood Control District, describes channel characteristics at the time of publication. 
Table 2-1 summarizes the channel characteristics as described in the FCSI. 
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Table 2-1 
Cucamonga Creek Characteristics as Described in San Bernardino County Flood 

Control District Project Systems Inventory 

Segment Description 

Centerline Schaefer Ave. to 100’ downstream Rectangular R & W revetment channel 

100’ downstream centerline Schaefer Ave to 
Edison Ave. 

Trapezoidal earth channel 

Edison Avenue crossing Road dip section 

Edison Ave crossing to Merrill Avenue Trapezoidal earth channel 

Merrill Avenue crossing Road dip section 

Merrill Avenue crossing to County Line Trapezoidal earth channel 

County Line to Schleisman Road Trapezoidal earth channel 

Schleisman Road crossing (partial dip section) Four 84” C.M.P. with 3’ head 

Schleisman Road crossing to Hellman Ave. Trapezoidal earth channel 

Hellman Ave. crossing Road dip section 

Hellman Ave. Crossing to Chino-Corona Road Natural swale 

Chino-Corona Road crossing at Prado Basin Road dip section 

 
During a site visit performed in November 2009 by Santa Ana Regional Water Qaulity 
Control Board staff, it was noted that the channel is concrete lined from the Hellman 
Avenue/Prado area to the dam at the mountain detention basin, rather than being a 
trapezoidal earthen channel as indicated above.  
 
2.2.2 Existing Structure, Slope, and Materials 
Table 2-2 describes the existing sidewall and bottom construction of Cucamonga 
Creek for the reach. These channel attributes are illustrated in Figure 2-3.  

Table 2-2 
Sidewall and Bottom Construction of Cucamonga Creek 

Segment Station Extents Description 
1
 

Cucamonga Creek at Hellman 
Avenue upstream to approximately 
750 ft downstream of confluence 
with Lower Deer Creek Channel 

 

Station 235+00 to Station 435+50 
(Lower Deer Creek Channel 
confluence) 

Trapezoidal, fully 
concrete-lined;  side 
slope (2:1); bottom 
width of 70 to 78 feet 
with low flow channel  

1Station designations were obtained from San Bernardino County Flood Control District (SBCFCD) record 
drawings. Following standard technical drawing convention, Station 12+34 is 1,234 feet from a designated zero 
point. 

 
According to channel record drawings and field verification, open channel segments 
are fenced and gated to deter access.  

2.2.3 Land Use 
Figure 2-4 depicts the land uses in the Cucamonga Creek drainage area. The 
watershed draining to this reach is largely agricultural, residential and mixed urban, 
with vacant natural lands. 
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2.2.4 Representative Photographs 
This section presents photographs of representative channel conditions. Figure 2-5 
provides a map of the channel that notes where the photographs in Figures 2-6 
through 2-9 were taken. At each photo point, paired pictures were taken: (1) facing 
downstream; and (2) facing upstream.
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Figure 2-3 

Cucamonga Creek Channel Characteristics 
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Figure 2-4 
Land Use within the Cucamonga Creek Drainage Area 
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Figure 2-5 
Representative Channel Photograph Locations 

Figure 2-6 and 2-7 

Figure 2-8 and 2-9 
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Figure 2-6 

Looking Downstream of Reach near Hellman Avenue (June 2009) 

 

 
 
 

Figure 2-7 
Looking Upstream at Reach near Hellman Ave. (June 2009) 
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Figure 2-8 

Looking Downstream at Reach near Lower Deer Creek Channel (June 2009) 

Figure 2-9 
Looking Upstream at Reach near Confluence with Lower Deer Creek Channel  

(June 2009) 
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Section 3 
Eligibility Analysis 
This section provides information on existing, historical, and probable future 
recreational activity, as well as current and historical water quality characteristics. 

3.1 Existing Use 
3.1.1 Evidence of Actual Recreational Activity 
From July 2005 through November 2006, recreational use surveys were performed to 
obtain information regarding existing levels of recreational use. Digital field 
observation cameras and data transfer technology, coupled with weekly on-location 
physical surveys were used to collect the data. Two locations within Cucamonga 
Creek were surveyed (Figure 3-1): 

 Cucamonga Creek upstream of Hellman Avenue 

 Cucamonga Creek downstream of Hellman Avenue 

Figure 3-2 through Figure 3-3 show photographs of the survey locations. 
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 Figure 3-1 

Cucamonga Creek Recreational Use Survey Locations  
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Figure 3-2 
Photo of the Camera View at the Recreational Use Survey Location for 

Cucamonga Creek, Looking Upstream from Hellman Avenue 

Figure 3-3 
Photo of the Camera View at the Recreational Use Survey Location for 

Cucamonga Creek, Looking Downstream from Hellman Avenue 
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The survey duration and number of images collected for each location are shown in 
Table 3-1. An image was collected every fifteen minutes during daylight hours 
throughout the study duration unless signal strength fluctuations or equipment 
failures precluded collection and transmission. Images were not collected at night due 
to darkness. 

Table 3-1 
Recreational Use Survey Duration and Number of Images Collected 

Survey Location Start Date End Date Number of Images 

Hellman Avenue Upstream 11/1/2005 11/1/2006 2,546 

Hellman Avenue 
Downstream 

7/26/2005 11/1/2006 17,678 

 
Any image containing a person or persons within channel fencing or boundaries was 
defined as a recreation event. If a person or persons were observed meeting the same 
conditions as above during on-site surveys, these were also considered events. An 
event could include one or more persons. For each event, each person’s activity (type), 
and the estimated duration of the event were logged. If an activity was captured on 
only one image, an activity duration was reported as <30 minutes. Likewise, if the 
same activity by the same person or persons was observed in two consecutive fifteen-
minute interval images, the duration was reported as <45 minutes.  

Table 3-2 presents a summary of the activity recorded at the Cucamonga Creek 
survey locations over the duration of the survey period. The seasonal periods defined 
in southern California NPDES stormwater permits were used to categorize the 
observations by season (April 1 to September 30 for the dry season; October 1 to 
March 31 for the wet season). Figures 3-4 through Figure 3-15 are example 
photographs of observed activity. Full recreational use survey information can be 
found in the Recreational Use Survey Data Report – Cucamonga Creek prepared for the 
Task Force by CDM in November 2006.  

Table 3-2 
Recreational Activity Recorded for Cucamonga Creek 

Location 

Number of Individuals 
Estimated 

Duration (min) 
Types of Activities 

Total 
Dry 

Season 
Wet 

Season 

Hellman Avenue 
Upstream 

1 1 0 30 Vehicle driving in water 

Hellman Avenue 
Downstream 

35 21 14 1,080 
Walking, horseback riding 
in water 

 
Task Force members visited Cucamonga Creek at Hellman on six weekends in July 
and August 2006 during the “summer swimming season.”  Task Force members were 
asked to stay at the location for half an hour and record what recreational activities 
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they observed.  The Task Force members described the number and activity of people 
they saw in the area, the weather, depth and clarity of the water, and any evidence of 
activity in the area.  No people were observed in the channel during this time period.  
The Task Force members described the water depth as ankle deep or less, and at times 
murky.  
 

 
 

Figure 3-4 

Photo of Activity at Cucamonga Creek (Upstream), 9/9/2006 17:00 



Section 3 
Eligibility Analysis 

   3-6 

 
 
 

 

Figure 3-5 

Photo of Activity at Cucamonga Creek (Downstream), 12/24/2005 9:30 

Figure 3-6 

Photo of Activity at Cucamonga Creek (Downstream), 1/8/2006 15:00 
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Figure 3-7 

Photo of Activity at Cucamonga Creek (Downstream), 2/22/2006 11:45 

Figure 3-8 

Photo of Activity at Cucamonga Creek (Downstream), 3/14/2006 17:00 
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Figure 3-9 

Photo of Activity at Cucamonga Creek (Downstream), 3/25/2006 9:50 

Figure 3-10 

Photo of Activity at Cucamonga Creek (Downstream), 3/25/2006 10:05 
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Figure 3-11 

Photo of Activity at Cucamonga Creek (Downstream), 3/25/2006 10:15 

Figure 3-12 

Photo of Activity at Cucamonga Creek (Downstream), 3/29/2006 18:00 
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Figure 3-13 

Photo of Activity at Cucamonga Creek (Downstream), 4/7/2006 14:15 

Figure 3-14 

Photo of Activity at Cucamonga Creek (Downstream), 8/25/2006 10:30 



Section 3 
Eligibility Analysis 

   3-11 

 
 
3.1.2 Analysis of Representative Water Quality Monitoring Data 
The Regional Water Quality Control Board has performed water quality monitoring 
approximately weekly at Mill Creek at Chino Corona Road and Cucamonga Creek at 
Merrill Avenue from 2002 to 2004. [Note: Cucamonga Creek is referred to as Mill Creek 
beginning where the concrete trapezoidal channel transitions to a trapezoidal rip rap 
channel downstream of Hellman Avenue.]   San Bernardino County Flood Control District 
(SBCFCD) performed water quality monitoring approximately monthly at Cucamonga 
Creek at Hellman Avenue from 2001 to 2009.  SBCFCD also conducted water quality 
monitoring approximately weekly at Mill Creek at Chino Corona Road from 2007-2009.  
Figure 3-16 shows the location of the sampling locations.  

The data described above was combined for analysis and presentation within this report. 
Figure 3-17 presents fecal coliform concentrations from 2002 through 2009 with a red line 
indicating the existing REC1 10-percent criterion of 400 MPN/100 mL (see Section 2.1.1). 
Figure 3-18 presents monthly geometric mean fecal coliform concentrations for the same 
time period with a red line indicating the REC1 geometric mean objective of 200 
MPN/100mL. A geometric mean was calculated if there were at least five samples collected 
during a calendar month (results do not represent rolling 30 day geometric mean 
calculations). 

Figure 3-15 
Photo of Activity at Cucamonga Creek (Downstream), 9/13/2006 

12:35 
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Figure 3-19 presents E. coli concentrations from 2002 through 2009 (combined data).  Figure 
3-20 presents monthly geometric mean E. coli concentrations for the same time period. 
Table 3-3 summarizes the data by month and year. 
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Figure 3-16 
Mill Creek at Chino Corona Road and Cucamonga Creek at Hellman Avenue and Merrill Avenue Bacteria 

Monitoring Sampling Locations 
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Figure 3-17 
Time Series of Fecal Coliform Concentrations 

in the Mill Cucamonga Creek from 2001 through 2009 

Figure 3-18 
Monthly Geometric Mean Fecal Coliform Concentrations 

in the Mill Cucamonga Creek from 2001 through 2009 
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Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at the Mill-Cucamonga Creek (2001-2009)  

Month and 
Year 

Fecal Coliform 
 

E. Coli 

Number of 
Samples 
Collected 

Minimum 
Value (MPN 

/100ml) 

Maximum 
Value (MPN 

/100ml) 

Geometric Mean
1

 

 
(MPN/100mL) 

Number of 
Samples 
Collected 

Minimum 
Value (MPN 

/100mL) 

Maximum 
Value (MPN 

/100mL) 

Geometric 
Mean

1
 (MPN 

/100mL) 

Mill Creek at Chino Corona Road 

Feb-02 7 120 1,240 350 
 

7 60 680 170 

Mar-02 6 110 2,100 210 
 

6 50 100 79 

Apr-02 1 170 170 
  

1 80 80 
 

Jul-02 4 800 2,000 
  

4 250 910 
 

Aug-02 1 1,000 1,000 
  

1 500 500 
 

Sep-02 3 1,000 1,800 
  

3 400 640 
 

Oct-02 2 700 2,000 
  

2 210 410 
 

Jan-03 4 400 570 
  

4 190 530 
 

Feb-03 1 240 240 
  

1 260 260 
 

Mar-03 3 30 9,000 
  

3 10 510 
 

Apr-03 2 400 16,000 
  

2 70 210 
 

Jan-04 4 100 5,700 
  

4 40 2,600 
 

Feb-04 4 160 360 
  

4 40 210 
 

Mar-04 5 9 450 103 
 

5 9 440 67 

Apr-04 2 300 340 
  

2 60 110 
 

Jul-07 3 2,600 9,000 
  

3 1,000 5,700 
 

Aug-07 4 1,600 2,800 
  

4 720 1,170 
 

Sep-07 5 1,300 4,200 1,951 
 

5 550 1,150 765 

Oct-07 3 480 2,400 
  

3 500 910 
 

Dec-07 6 170 22,000 647 
 

6 120 5,000 457 

Jan-08 4 180 480 
  

4 100 360 
 

Feb-08 4 70 7,700 
  

4 50 5,200 
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Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at the Mill-Cucamonga Creek (2001-2009)  

Month and 
Year 

Fecal Coliform 
 

E. Coli 

Number of 
Samples 
Collected 

Minimum 
Value (MPN 

/100ml) 

Maximum 
Value (MPN 

/100ml) 

Geometric Mean
1

 

 
(MPN/100mL) 

Number of 
Samples 
Collected 

Minimum 
Value (MPN 

/100mL) 

Maximum 
Value (MPN 

/100mL) 

Geometric 
Mean

1
 (MPN 

/100mL) 

May-08 3 540 3,500 
  

3 590 1,260 
 

Jun-08 4 1,140 3,000 
  

4 810 1,240 
 

Jul-08 3 1,300 5,900 
  

3 620 8,700 
 

Sep-08 4 380 2,800 
  

4 540 2,100 
 

Oct-08 4 40 18,000 
  

4 140 2,800 
 

Nov-08 2 420 3,800 
  

2 340 440 
 

Dec-08 6 140 5,900 1,033 
 

6 210 7,200 1,311 

Jan-09 5 180 850 411 
 

5 270 660 444 

Feb-09 3 280 450 
  

3 380 580 
 

Cucamonga Creek at Hellman 

Jan-01 1 1,300 1,300 
  

1 340 340 
 

Feb-01 1 2,300 2,300 
  

1 2300 2,300 
 

Apr-01 1 24,000 24,000 
  

1 24000 24,000 
 

Nov-01 2 22,000 23,000 
  

2 17000 23,000 
 

Jan-02 1 1,100 1,100 
  

1 1100 1,100 
 

Mar-02 1 3,000 3,000 
  

1 5000 5,000 
 

Nov-02 1 5,000 5,000 
  

1 5000 5,000 
 

Feb-03 1 5,000 5,000 
  

1 5000 5,000 
 

Mar-03 1 24,000 24,000 
  

1 24,000 24,000 
 

Feb-04 2 9,000 14,000 
  

2 5,000 160,000 
 

Oct-04 1 16,000 16,000 
  

1 16,000 16,000 
 

Dec-04 1 8,000 8,000 
  

1 8,000 8,000 
 

Feb-05 1 8,000 8,000 
  

1 8,000 8,000 
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Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at the Mill-Cucamonga Creek (2001-2009)  

Month and 
Year 

Fecal Coliform 
 

E. Coli 

Number of 
Samples 
Collected 

Minimum 
Value (MPN 

/100ml) 

Maximum 
Value (MPN 

/100ml) 

Geometric Mean
1

 

 
(MPN/100mL) 

Number of 
Samples 
Collected 

Minimum 
Value (MPN 

/100mL) 

Maximum 
Value (MPN 

/100mL) 

Geometric 
Mean

1
 (MPN 

/100mL) 

Mar-05 1 3,000 3,000 
  

1 1,700 1,700 
 

Mar-06 1 8,000 8,000 
  

1 5000 5,000 
 

Apr-06 1 30,000 30,000 
  

1 30,000 30,000 
 

Dec-06 1 800 800 
  

1 800 800 
 

Jan-07 1 400 400 
  

1 400 400 
 

Feb-07 2 700 1,700 
  

2 1,700 1,700 
 

Nov-07 
     

1 13,000 13,000 
 

Jan-08 1 1,400 1,400 
  

1 400 400 
 

Feb-08 1 8,000 8,000 
  

1 5,000 5,000 
 

Nov-08 1 50,000 50,000 
  

1 13,000 13,000 
 

Feb-09 1 1,700 1,700 
  

1 1,700 1,700 
 

Cucamonga Creek at Merrill 

Feb-02 7 9 10 10 
 

7 10 10 10 

Mar-02 6 10 10 10 
 

6 10 10 10 

Apr-02 1 10 10 
  

1 10 10 
 

Jul-02 4 10 60 
  

4 10 50 
 

Aug-02 1 20 20 
  

1 50 50 
 

Sep-02 3 9 30 
  

3 9 10 
 

Oct-02 2 10 50 
  

2 10 50 
 

Jan-03 4 9 10 
  

4 9 30 
 

Feb-03 1 10 10 
 

 

1 10 10 
 

Mar-03 3 10 20 
  

3 10 10 
 

Apr-03 2 10 10 
  

2 10 20 
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Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at the Mill-Cucamonga Creek (2001-2009)  

Month and 
Year 

Fecal Coliform 
 

E. Coli 

Number of 
Samples 
Collected 

Minimum 
Value (MPN 

/100ml) 

Maximum 
Value (MPN 

/100ml) 

Geometric Mean
1

 

 
(MPN/100mL) 

Number of 
Samples 
Collected 

Minimum 
Value (MPN 

/100mL) 

Maximum 
Value (MPN 

/100mL) 

Geometric 
Mean

1
 (MPN 

/100mL) 

Jan-04 4 9 9 
  

4 9 20 
 

Feb-04 3 9 9 
  

3 9 9 
 

Mar-04 4 9 9 
  

4 9 30 
 

Apr-04 2 9 9 
  

2 9 9 
 

1Geometric mean calculated if at least five samples were collected during the given month. 
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3.2 Historical Use 
To collect information regarding historical recreational use, inquiries to local 
jurisdictional agencies, online searches of California newspaper archives, databases 
(engineering and environmental trade journals), and search engines such Google 
News archive and Lexis-Nexis were conducted to identify any accounts or reference 
to recreational activities in the creek.  No historical use information was identified 
from these searches. 

3.3 Probable Future Use 
3.3.1 Review of Relevant County and Municipal Master Plans 
Discussions with local agencies provided information regarding potential future 
recreational uses for the Cucamonga Creek area. From these agency inquiries, any 
future potential uses were documented within this report. Subsequent triennial 
reviews may identify future probable uses.  

SBCFCD provided the Recreation Master Plan for Cucamonga Creek and Tributaries, 
Feature Design Memorandum No.3,3

3.3.2 Expected Improvement in Water Quality with BMP 
Implementation 

 This document describes concept plans for bicycle, 
equestrian, and hiking trails along the creek.  Bicycle trails were planned for the 
eastern side of the creek; equestrian/hiking trails were planned for the western side of 
the creek.  The design memorandum indicated that if funding were available in fiscal 
year 1975, construction of equestrian, hiking, and bicycle trails would occur adjacent 
to Cucamonga Creek from Lower Deer Creek confluence to Hellman Avenue.  This 
plan was never implemented. From discussions with City of Ontario and San 
Bernardino County Regional Parks Department, there are no current plans for 
development of future recreational uses for this reach of Cucamonga Creek 
(Communication with Steve Wilson, NPDES Coordinator, Water/Wastewater 
Engineer, City of Ontario, August 12, 2009; and Jim Canaday, Planner III, San 
Bernardino County Regional Parks Department, September 17, 2009). 

In addition to inquiries with local jurisdictional agencies, online searches of California 
newspaper archives, databases (engineering and environmental trade journals), and 
search engines such Google News archive and Lexis-Nexis were conducted to identify 
any accounts or reference to recreational activities in the channel.  No potential 
probable future recreational uses were identified from this search. 

This section describes programs the San Bernardino County Stormwater Program has 
developed to address pathogen concerns associated with urban runoff.  The County 
has developed and implemented a wide range of Best Management Practices (BMP) 
                                                 
3 U.S. Army Engineer District, Los Angeles, Corps of Engineers. Recreation Master Plan for 
Cucamonga Creek and Tributaries, Feature Design Memorandum No.3, March 1974. 
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focused on source control of pollutants, including pathogens. These BMPs are 
expected to have a beneficial effect; however, these effects are largely unquantifiable 
and are not expected to be sufficient by themselves to achieve full compliance with 
pathogen water quality objectives. However, planning is underway to develop urban 
runoff management controls specifically targeting pathogens.  

The Santa Ana Regional Water Quality Control Board adopted a Total Maximum 
Daily Load (TMDL) for pathogen indicator bacteria in Reach 3 of the Santa Ana River 
and major tributaries in 2005. USEPA approved the TMDL in 2007. To support TMDL 
implementation, the Middle Santa Ana River (MSAR) Task Force (stakeholders 
representing urban stormwater dischargers, agricultural operators and the Regional 
Board) was established. The TMDL required urban stormwater dischargers in the 
MSAR watershed to (1) implement a watershed-wide compliance monitoring 
program; and (2) develop an Urban Source Evaluation Plan (USEP) for the purpose of 
identifying specific activities, operations, and processes in urban areas that contribute 
bacteria to MSAR waterbodies.  

In 2006, SAWPA, in cooperation with the San Bernardino County Flood Control 
District (SBCFCD), Riverside County Flood and Water Conservation District 
(RCFWCD), and Orange County Water District (OCWD) submitted a Proposition 40 
grant proposal to the State Board to support the implementation of TMDL 
requirements. This grant proposal, MSAR Pathogen TMDL-BMP Implementation 
(Grant Project), was developed in part to initiate watershed-wide compliance 
monitoring and characterize urban bacteria sources within the watershed.  

Implementation of the grant project has resulted in: 

 The establishment of a watershed-wide compliance monitoring program 

 A Regional Board - approved USEP to guide activities that focus on (1) 
bacterial indicator source evaluation studies; and (2) evaluation of 
opportunities for implementation of BMPs dedicated to bacterial load 
reductions.  

The grant project final report, due March 2010, will include a BMP control strategy 
and prioritization plan for achieving compliance with the bacteria TMDL during dry 
weather conditions. 
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Section 4 
UAA Factor Evaluation  
4.1 Introduction 
This section describes the UAA factors evaluated for the Cucamonga Creek: 

 Natural, Ephemeral, Intermittent, or Low Flow Conditions or Water Levels [40 
CFR 131.10(g)(2)] 

 Dams, Diversions, or Other Types of Hydrologic Modifications [40 CFR 
131.10(g)(4)] 

The following UAA factors were not evaluated: 

 Naturally Occurring Pollutant Concentrations [40 CFR 131.10(g)(1)] 

 Human Caused Conditions or Sources of Pollution [40 CFR 131.10(g)(3)] 

 Attainment of aquatic life protection uses [40 CFR 131.10(g)(5)] 

 Economic and Social Impacts [40 CFR 131.10(g)(6)] 

The two UAA factors evaluated are discussed in the following sections. 

4.2 Natural, Ephemeral, Intermittent, or Low Flow 
Conditions or Water Levels [40 CFR 131.10(g)(2)] 

4.2.1 Flow Conditions and Water Levels 
Given the hydrologic patterns in Southern California, dry weather flow is the 
predominant condition most of the time in Cucamonga Creek, with precipitation-
derived runoff typically occurring for only relatively short episodic periods during 
and shortly after rainfall events in the watershed. These events typically occur almost 
entirely during the wet season. 

USGS 2005-2008 flow data was processed to facilitate time series plotting and 
frequency distribution analysis. Hydrologic data used in the analysis was developed 
from the depth of flow in the channel recorded at 30-minute intervals at a gage 
located at Merrill Avenue (Figure 4-1), within the concrete trapezoidal section of the 
channel. 
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Figure 4-1 
Cucamonga Creek at Merrill Avenue Flow Monitoring Location 
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Depth of flow has been directly measured in the channel. The relationship between 
depth of flow and flow rate is defined by a rating curve, which may be used to 
convert continuous depth records to flow rates. Figure 4-2 presents a hydrograph of 
mean daily flow data from 1968 to 2009.  

 
 
The continuous time series of measured depth and estimated flow was analyzed to 
assess the frequency of different conditions in the channel section. Cumulative 
frequency distributions show the likelihood of a particular flow condition occurring 
within the channel section. 

Cumulative frequency curves of flow rate and depth from 1988 to 2008 were 
generated (Figures 4-3 and 4-4). Frequency distributions show that more than 90 
percent of the time, flow rates and depths are characteristic of dry weather flow 
conditions. Flow depths during 1988 to 2008 were less than 2 feet approximately 98 
percent of the time and less than 1.5 feet approximately 93 percent of the time (Figure 
4-4). Hydrographs were used to show the typical response of the creek during rain 
events of varying depths. 

Figure 4-2 
Mean Daily Flow in Cucamonga Creek (1968-2009) 
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Figure 4-3 
Channel Flow Duration Curve for the Cucamonga Creek (1988-2008) 

 

Figure 4-4 
Channel Depth Curve for the Cucamonga Creek (1988-2008) 
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Hydrographs resulting from ¼”, ½”, ¾”, 1”, 2”, and 3” rainfall events at 
meteorological stations were overlaid to show similarities or differences in response 
based on rainfall depth (Figure 4-5). Flows in Cucamonga Creek typically return to 
base flow conditions shortly after storm events. Analysis of six storm events 
representing a range of rainfall depths showed that near-dry-weather baseflow 
channel velocities (and associated depths) returned in as soon as 8 hours following a 
storm event (ranging from 8 to 30 hours in most cases).  

 
 
4.3 Dams, Diversions, or Other Types of Hydrologic 
Modifications [40 CFR 131.10(g)(4)] 
4.3.1 Describe Hydrologic Modifications 
The Cucamonga Creek has been significantly modified for flood control purposes. As 
summarized in Section 2.2, the channel is comprised of trapezoidal segments, with 
segments of significant widening and permanent armoring. Evidence of hydrologic 
modifications is demonstrated by the information provided in previous sections of 
this report, listed below: 

 Table 2-2 describes the modified sidewall and bottom construction of the reach of 
the channel 

Figure 4-5 
Event Hydrographs from Cucamonga Creek Flow Record from 1988 to 2008 
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 Figure 2-2 and Figures 2-6 through 2-9 show modified (straightened) segments of 
the channel 
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Section 1 
Introduction 
This Use Attainability Analysis (UAA) Technical Report has been prepared to support 
recreational use designation decision making related to the Santa Ana-Delhi Channel 
(channel) from Upper Newport Bay to Warner Avenue in the Santa Ana River Basin 
of Southern California. The report provides the following physical information and 
analyses of technical data useful for considering recreational use designations: 

 Channel description and physical characterization 

 Information related to existing and potential recreational uses 

 Water quality information 

 Flow conditions 

This report is intended to provide information to support one or more use 
attainability factors described in 40 CFR 131.10(g)(1-6), but not necessarily all factors. 
To preserve objectivity and integrity in the UAA decision-making process, this report 
was prepared without arguments or recommendations for use designations. This 
report is intended to provide facts to support the preparation of a Staff Report which 
will contain recommendations for use designation. 

This Use Attainability Analysis Technical Report was developed under direction of 
and with consensus from the Stormwater Quality Standards Task Force (Task Force), 
which formed in 2003 with a work plan to reevaluate water quality objectives  
necessary to protect beneficial uses as they relate to stormwater and dry weather 
flows within the Santa Ana River Watershed. This report was prepared to provide 
information related to REC1 and REC2 beneficial use designations and associated 
pathogen water quality objectives, and is based on facts obtained as of the date of 
report finalization. Subsequent triennial reviews will determine the extent to which 
these facts may have changed.  

The Task Force consists of representatives from a variety of stakeholder interests, 
including the Santa Ana Watershed Project Authority (SAWPA); the counties of 
Orange, Riverside, and San Bernardino; cities and special districts with the counties, 
and the Santa Ana Regional Water Quality Control Board. Consulting assistance is 
provided by Camp Dresser and McKee Inc. (CDM) and Risk Sciences, Inc. 
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Section 2 
Waterbody Description 
2.1 Reach Identification 
2.1.1 Basin Plan Nomenclature 
The Santa Ana River Basin Water Quality Control Plan (Basin Plan) (1995 and 
subsequent amendments) designates nearly all surface waters and their tributaries 
within the watershed as having both water contact recreation (REC1) and non-contact 
water recreation (REC2) beneficial uses. Per the current definition in the Basin Plan, 
Water Contact Recreation (REC1) waters are used for recreational activities involving 
body contact with water where ingestion of water is reasonably possible. These uses 
may include, but are not limited to, swimming, wading, water-skiing, skin and scuba 
diving, surfing, whitewater activities, fishing, and use of natural hot springs. Non-
contact Water Recreation (REC2) waters are used for recreational activities involving 
proximity to water, but not normally involving body contact with water where 
ingestion of water would be reasonably possible. These uses may include, but are not 
limited to, picnicking, sunbathing, hiking, beachcombing, camping, boating, tidepool 
and marine life study, hunting, sightseeing, and aesthetic enjoyment in conjunction 
with the above activities. 

The Santa Ana-Delhi Channel is not separately listed in the Basin Plan. As defined in 
the existing Basin Plan, the listing of waters attempts to include all significant surface 
streams (now called “groundwater management zones”) and bodies of water, as well 
as the significant groundwater basins and sub-basins which are recognized as water 
supply sources or which are receiving waters. Changes to the existing Basin Plan to 
add the Santa Ana Delhi or other waters may be proposed as part of the triennial 
review process. 

Current water quality objectives applicable to REC1 and REC2 uses are as follows: 

REC1 
Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30-day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30-day period. 

REC2 
Fecal coliform: average less than 2,000 organisms/100 mL and not more than 10% of 
samples exceed 4,000 organisms/100 mL for any 30-day period. 

2.1.2 Location 
The Santa Ana-Delhi Channel watershed (approximately 20 mi2) is located in Orange 
County and includes portions of the Cities of Santa Ana, Costa Mesa, and Newport 
Beach (Figure 2-1). This report covers the Santa Ana-Delhi Channel (highlighted in 
yellow in Figure 2-1). For the purposes of this report, the channel is divided into two 
reaches (Figure 2-2): 
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 “Reach 1” – from approximately 450 feet upstream of University Drive 
(33°39’16”N, 117°52’49”W) to upstream where the channel daylights at Sunflower 
Avenue (33°41’38”N, 117°52’58”W).  

 “Reach 2” – from Sunflower Avenue (33°41’38”N, 117°52’58”W) where the 
channel daylights to upstream where the channel crosses under Warner Avenue 
(33°42’58”N, 117°52’32”W). 

Figure 2-2 shows an aerial photograph of the area within the Santa Ana-Delhi 
Channel watershed and identifies Reach 1 and Reach 2. Figure 2-3 through Figure 2-8 
provide more detailed aerial photographs of characteristic segments within Reaches 1 
and 2 (see Table 2-2 for the delineation of segments). The channel has two major 
tributary channels not addressed in this document (highlighted in green in 
Figure 2-1). 

2.1.3 Hydrologic Connectivity 
Local underground storm drains within the City of Santa Ana discharge into the 
upstream end of Reach 2 and at other locations along the Delhi channel. Underground 
storm drains within the Cities of Costa Mesa and Newport Beach discharge into 
Reach 1. Two major tributary channels flow into Reach 1: (1) Santa Ana Gardens 
Channel flows into the upstream end of Reach 1; (2) Paularino Channel flows into the 
closed culvert portion of Reach 1. Reach 1 flows into Upper Newport Bay near 
University Drive (see Figure 2-1). 
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Figure 2-1 
Map of Santa Ana-Delhi Channel Watershed 
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Reach 1 

 
Sunflower Ave 

Warner Avenue 

Reach 2 

Figure 2-2 
Designated Reaches of the Santa Ana-Delhi Channel and Surrounding 

Area (April 2009) 
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Figure 2-3 
Area Surrounding Reach 1, Segment 1 (April 2009) 

Reach 1, Segment 1 
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Figure 2-4 
Area Surrounding Reach 1, Segments 2 and 3 (April 2009) 

Reach 1, Segment 2 

Reach 1, Segment 3 
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Figure 2-5 
Area Surrounding Reach 1, Segment 4 (April 2009) 

Reach 1, Segment 4 
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Reach 1 / Reach 2 
Transition Point 

Figure 2-6 
Area Surrounding Reach 1, Segment 5 and Reach 2, Segment 1 (April 2009) 

Sunflower Avenue 

Reach 1, Segment 5 

Reach 2, Segment 1 
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Figure 2-7 
Area Surrounding Reach 2, Segment 2 (April 2009) 

Reach 2, Segment 2 
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Reach 2, Segment 3 

Figure 2-8 
Area Surrounding Reach 2, Segment 3 (April 2009) 

Warner Ave 

Reach 2, Segment 3 
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2.2 Channel Characterization 
2.2.1 Historical Channel Characteristics 
Historical information was obtained from the Final Environmental Impact Report 
#527 for the Santa Ana-Delhi Channel1

                                                 
1
 Culbertson, Adams & Associates, Inc., Final Environmental Impact Report #527, Santa Ana – Delhi Channel System, 

Prepared for County of Orange, CA, January 1994. 

, prepared in 1994 for improvements to the 
channel including channel widening, armoring, and restoration near the channel 
outlet. This report describes the history of engineering improvements to the channel 
and resulting modified characteristics. 

In 1870, the Delhi farming community formed in the area near current-day Warner 
Avenue and the Santa Ana-Delhi Channel. The watershed is historically believed to 
have drained to the Santa Ana River and likely experienced flooding when the Santa 
Ana River was flowing. In the late 19th century, a ditch was excavated by the farming 
community from this area to Upper Newport Bay to alleviate the flooding. Levees 
were in place on the Santa Ana River at this time and local drainage was blocked. 

In 1909, the Delhi Drainage District was formed by the Orange County Board of 
Supervisors. The activities of the District are not well known, though the District did 
maintain drainage facilities from the area near Sunflower Avenue to Upper Newport 
Bay. The “Main Ditch” is believed to have approximated the present day alignment of 
the Santa Ana-Delhi Channel configuration from Sunflower Avenue to Upper 
Newport Bay. This segment was referred to as the Main Ditch but later renamed as 
the Santa Ana-Delhi Channel. 

In the late 1940s to early 1950s, the Orange County Flood Control District acquired 
easements for the Santa Ana-Delhi Channel between Back Bay and Sunflower Avenue 
from the Delhi District and Irvine Company. A 1956 bond issue led to improvements 
of the Santa Ana-Delhi Channel which included realignments and widening to design 
for improved channel capacity at 65% of a 25-year storm. 

Limited information is available regarding the actual time periods in which various 
channel reaches were improved within the Santa Ana-Delhi Channel. However, a 
section of the EIR does describe channel characteristics in 1994. Table 2-1 summarizes 
the channel characteristics as described in the EIR. 
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Table 2-1 
Santa Ana-Delhi Channel Characteristics as Described in EIR # 527 

Segment Description 

Upper Newport Bay University Bicycle Bridge to 
Mesa Drive 

20 foot wide earthen bottom; earthen side slope 
along the right channel bank along the golf 
course; left bank reinforced concrete side slope 
(1.25:1) adjacent to the residences along 
Anniversary Lane then transitioning to an earthen 
side slope downstream until University Bicycle 
Bridge 

Mesa Drive to Irvine Avenue Reinforced concrete rectangular channel 

Irvine Avenue bridge upstream to the Santa Ana 
Avenue bridge: 

Reinforced concrete rectangular channel 

Santa Ana Avenue bridge upstream to the Bristol 
Street 

Reinforced concrete box and reinforced concrete 
rectangular channel 

Bristol Street upstream to Corona Del Mar 
Freeway (73): 

Reinforced concrete box 

Downstream Corona Del Mar Freeway to 
Upstream Corona Del Mar Freeway 

Reinforced concrete box 

Paularino Channel and Santa Ana-Delhi Channel 
confluence to Baker Street 

Reinforced concrete rectangular channel 

Baker Street to Paularino Avenue Reinforced concrete rectangular channel 

Paularino Avenue to San Diego Freeway Reinforced concrete rectangular channel 

Downstream San Diego Freeway to Upstream 
San Diego Freeway 

Reinforced concrete box 

Upstream San Diego Freeway to Anton Street Reinforced concrete box 

Anton Street to Sunflower Avenue Reinforced concrete box 

Sunflower Avenue to Flower Street Reinforced concrete rectangular channel 

Flower Street to Macarthur Boulevard Earth trapezoidal channel 

Macarthur Boulevard to Alton Avenue Earth trapezoidal channel 

Alton Avenue to Southern Pacific Railroad Earth trapezoidal channel 

Southern Pacific Railroad to Warner Avenue Reinforced concrete rectangular channel 

 
By the late 1950s, the Santa Ana-Delhi Channel had already been significantly 
modified from its natural condition. The conditions described in Table 2-1 are 
generally similar to current conditions; most channel improvements were completed 
before 1994. 

2.2.2 Existing Structure, Slope, and Materials 
Table 2-2 describes the sidewall and bottom construction of the Santa Ana-Delhi 
Channel. These channel attributes are indicated in Figure 2-9.  

According to channel record drawings and field verification, open channel segments 
are fenced and gated to deter access. Fencing ends as the channel transitions to Upper 
Newport Bay. 
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Table 2-2 
Sidewall and Bottom Construction of the Santa Ana-Delhi Channel 

Reach No. Segment Number Station Extents Description 
1
 

Upper Newport Bay Not Applicable 
Station 0+00 (Upper Newport Bay) 
to Station 20+50 

Natural channel 

Reach 1 

Segment 1 
Station 20+50 to Station 40+10 
(Mesa Drive) 

Trapezoidal, concrete-lined side slope 
with rip rap bottom width of 22 to 24 ft, 
and has 1.25:1 side slopes 

Segments 2, 3, and 4 
Station 40+10 (Mesa Drive) to 

Station 164+77 (Interstate 405) 

Segments 2 and 4 are vertical, fully 
concrete-lined, and have a bottom width 
of 55 ft and a V-shaped low-flow channel. 
Between Segments 2 and 4, Segment 3 
is a closed culvert north of the 
intersection of Bristol Street and the 
Costa Mesa Freeway (State Route 55) for 
approximately half a mile and then 
becomes an open channel at the 
intersection of Routes 53 and 77. 

Segment 5 
Station 164+77 (Interstate 405) to 
Approximately Station 190+00 
(Sunflower Avenue) 

Closed culvert north of Interstate 405 for 
approximately half a mile.  

Reach 2 

Segment 1 
Approximately Station 190+00 
(Sunflower Avenue) to Station 
209+00 (Flower Street) 

Vertical, fully concrete-lined, and has a 
bottom width of 50 ft and a V-shaped low-
flow channel. 

Segment 2 

Station 209+00 (Flower Street) to 

Station 258+13 (Southern Pacific 
Railroad) 

Trapezoidal, fully rip-rap-lined, has a 
bottom width of 20 feet, 2:1 side slopes, 
and a V-shaped low-flow channel. 

Segment 3 
Station 258+13 (Southern Pacific 
Railroad) to Station 288+71 
(Warner Avenue) 

Vertical, fully concrete-lined, and has a 
bottom width of 32 ft. 

1
Station designations were obtained from Orange County Resources and Development Management Department (RDMD) record drawings. 

Following standard technical drawing convention, Station 12+34 is 1,234 feet from a designated zero point.
 

 
2.2.3 Land Use 
Figure 2-10 depicts the land uses in the Santa Ana-Delhi Channel drainage area. The 
upper part of the watershed draining to Reach 1 is largely developed as 
commercial/institutional areas, while the lower part of the watershed draining to 
Reach 1 has been developed as residential and commercial/industrial, with some 
open space area. The area of the watershed that drains to Reach 2 has mainly 
residential areas with some commercial / institutional areas. 

2.2.4 Representative Photographs 
This section presents photographs of representative channel conditions. Figure 2-11 
provides a map of the channel that notes where the photographs in Figures 2-12 
through 2-25 were taken. At each photo point, paired pictures were taken: (1) facing 
downstream; and (2) facing upstream. Photographs were not taken looking 
downstream at Reach 1, Segment 3 nor looking upstream at Reach 1, Segment 4 due to 
difficulties in accessing the channel near these locations. 
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Figure 2-9 
Santa Ana-Delhi Channel Characteristics 
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Figure 2-10 
Land Use within the Santa Ana-Delhi Channel Drainage Area 
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Figure 2-11 

Representative Channel Photograph Locations 



Section 2 
Waterbody Description 

   2-17 

 

Figure 2-12 

Looking Downstream of Reach 1 (April 2009) 

Figure 2-13 
Looking Upstream at Reach 1, Segment 1 (April 2009) 
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Figure 2-15 

Looking Upstream at Reach 1, Segment 2 (April 2009) 

Figure 2-14 
Looking Downstream at Reach 1, Segment 1 (November 2005) 
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Figure 2-17 

Looking Upstream at Reach 1, Segment 3 (April 2009) 

Figure 2-16 
Looking Downstream at Reach 1, Segment 2 (April 2009) 
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Figure 2-19 

Looking Upstream at Reach 1, Segment 5 (April 2009) 

Figure 2-18 
Looking Downstream at Reach 1, Segment 4 (April 2009) 
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Figure 2-21 

Looking Upstream at Reach 2, Segment 1 (April 2009) 

Figure 2-20 
Looking Downstream at Reach 1, Segment 5 (April 2009) 
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Figure 2-23 
Looking Upstream at Reach 2, Segment 2 (June 2005) 

Figure 2-22 
Looking Downstream at Reach 2, Segment 1 (April 2009) 



Section 2 
Waterbody Description 

   2-23 

 
 

 
 

Figure 2-25 

Looking Upstream at Reach 2, Segment 3 (April 2009) 

Figure 2-24 
Looking Downstream at Reach 2, Segment 2 (April 2009) 
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Section 3 
Eligibility Analysis 
This section provides information on existing, historical, and probable future 
recreational activity, as well as current and historical water quality characteristics.  

3.1 Existing Use 
3.1.1 Evidence of Actual Recreational Activity 
From June 2005 through July 2006, recreational use surveys were performed to obtain 
information regarding existing levels and types of recreational use. Digital field 
observation cameras and data transfer technology, coupled with weekly on-location 
physical surveys were used to collect the data. Three locations within the Santa Ana-
Delhi Channel were surveyed (Figure 3-1): 

 Santa Ana-Delhi Channel at Upper Newport Bay (Reach 1, Segment 1) 

 Santa Ana-Delhi Channel at Mesa Drive (Reach 1, Segment 2) 

 Santa Ana-Delhi Channel at Sunflower Avenue (Reach 2, Segment 2) 

Figure 3-2 through Figure 3-4 show photographs of the survey locations. 
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Figure 3-1 

Santa Ana-Delhi Channel Recreational Use Survey Locations 
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Figure 3-3 
Photo of the Camera View at the Recreational Use Survey Location for 

Santa Ana-Delhi Channel at Mesa Drive (Reach 1, Segment 2) 

Figure 3-2 
Photo of the Camera View at the Recreational Use Survey Location for 

Santa Ana-Delhi Channel (Upper Newport Bay) 
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The duration of survey and number of images collected for each location on the 
channel are shown in Table 3-1. An image was collected every fifteen minutes during 
daylight hours throughout the study duration unless signal strength fluctuations or 
equipment failures precluded collection and transmission. Images were not collected 
at night due to darkness. 

Table 3-1 
Recreational Use Survey Duration and Number of Images Collected 

Survey Location Start Date End Date Number of Images 

Upper Newport Bay 6/20/2005 6/6/2006 20,203 

Mesa Drive 6/20/2005 7/13/2006 21,284 

Sunflower Avenue 7/7/2005 7/9/2006 20,978 

 
Any image containing a person or persons within channel fencing or boundaries was 
defined as a recreation event. If a person or persons were observed meeting the same 
conditions as above during on-site surveys, these were also considered events. An 
event could include one or more persons. For each event, each person’s activity (type), 
and the estimated duration of the event were logged. If an activity was captured on 
only one image, an activity duration was reported as <30 minutes. Likewise, if the 
same activity by the same person or persons was observed in two consecutive fifteen-
minute interval images, the duration was reported as <45 minutes.  

Figure 3-4 
Photo of the Camera View of the Recreational Use Survey Location for 

Santa Ana-Delhi Channel at Sunflower Avenue (Reach 2, Segment 2) 
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Table 3-2 presents a summary of the activity recorded at the Santa Ana-Delhi Channel 
survey locations over the duration of the survey. The seasonal periods defined in 
southern California NPDES stormwater permits were used to categorize the 
observations by season (April 1 to September 30 for the dry season; October 1 to 
March 31 for the wet season). Figures 3-5 through Figure 3-13 are example 
photographs of observed activity. Full recreational use survey information can be 
found in the Recreational Use Survey Data Report – Santa Ana-Delhi Channel 
prepared for the Task Force by CDM in October 2006. 
 

Table 3-2 
Recreational Activity Recorded for the Santa Ana-Delhi Channel 

Location 

Number of Individuals 
Estimated 
Duration 

(min) 

Type of Activity 

Total 
Dry 

Season 
Wet 

Season 

Upper Newport Bay 38 34 4 1,170 Walking, Sitting, Boating 

Mesa Drive 6 4 2 180 Walking, Bicycling 

Sunflower Avenue 7 4 3 210 Walking 

 
Task Force members visited the Santa Ana Delhi on six weekends in 2005 and 2006 
during the “summer swimming season.”  Task Force members were asked to stay at 
the location for half an hour and record what recreational activities they observed.  
The Task Force members described the number and activity of people they saw in the 
area, the weather, depth and clarity of the water, and any evidence of activity in the 
area.  No people were observed in the water or within the channel during this time 
period.  People were observed along the bank on the Delhi Channel below the bicycle 
bridge.  On one weekend two people were observed fishing from the shore on the 
Delhi Channel at the bicycle bridge and another weekend some people were observed 
walking along the bank.   
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Figure 3-6 
Photo of Activity at Santa Ana-Delhi Channel (Upper Newport Bay), 

5/19/2006 12:30 

Figure 3-5 
Photo of Activity at Santa Ana-Delhi Channel (Upper Newport Bay), 

7/24/2005 14:30 
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Figure 3-8 
Photo of Activity at Santa Ana-Delhi Channel (Upper Newport Bay), 

6/29/2005 10:50 

Figure 3-7 
Photo of Activity at Santa Ana-Delhi Channel at Sunflower Avenue 

(Reach 2, Segment 2), 2/11/2006 14:45 
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Figure 3-10 
Photo of Activity at Santa Ana-Delhi Channel at Mesa Drive, (Reach 1, 

Segment 2) 8/17/2005 13:15 

Figure 3-9 
Photo of Activity at Santa Ana-Delhi Channel (Upper Newport Bay), 

9/11/2005 13:30 
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Figure 3-12 
Photo of Activity at Santa Ana-Delhi Channel at Sunflower Avenue  

(Reach 2, Segment 2), 6/17/2006 16:45 

Figure 3-11 
Photo of Activity at Santa Ana-Delhi Channel at Mesa Drive (Reach 1, 

Segment 2), 7/8/2006 14:30 
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3.1.2 Analysis of Representative Water Quality Monitoring 

Data 
Orange County Health Department has performed water quality monitoring upon the 
Santa Ana-Delhi Channel since 1973. From August 1973 through February 1976, fecal 
coliform grab samples were collected at Irvine Avenue. Beginning in 1985, the 
sampling site was relocated to the Santa Ana-Delhi Channel at Backbay, where the 
channel transitions from a trapezoidal rip-rap lined channel to a natural wetlands 
area (Figure 3-14). At the Irvine Avenue sampling location, samples were collected 
approximately monthly. At the Backbay location, samples have been collected 
approximately weekly. 

Orange County Coastkeeper also performed water quality monitoring at MacArthur 
Boulevard and Mesa Drive for E. coli between 2004 and 2006. Samples were collected 
from one to three times per month at both sample locations. 

Figure 3-15 presents fecal coliform concentrations from 1973 through 2008 with a red 
line indicating the REC1 10-percent criteria limit of 400 MPN/100mL. Figure 3-16 
presents monthly geometric mean fecal coliform concentrations for the same time 
period with a red line indicating the REC1 geometric mean objective limit of 200 
MPN/100mL. A geometric mean was calculated if there were at least five samples 
collected during a calendar month (not rolling 30 day geometric mean calculations). 

Figure 3-13 
Photo of Activity at Santa Ana-Delhi Channel at Sunflower Avenue  

(Reach 2, Segment 2), 6/27/2006 13:15 
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The data described above was combined for analysis and presentation within this 
report. Figure 3-17 presents E. coli concentrations from 2004 to 2006.  Geometric mean 
E. coli concentrations are not presented since there were not at least five samples 
collected during a calendar month (not rolling 30 day geometric mean calculations). 
Table 3-3 summarizes the data by month. 
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Figure 3-14 

Santa Ana-Delhi Channel at Irvine Avenue, Backbay, MacArthur Blvd, and Mesa Drive Sampling Locations 
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Figure 3-15 

Time Series of Fecal Coliform Concentrations 
in the Santa Ana-Delhi Channel from 1973 through 2008 

 

 
Figure 3-16 

Monthly Geometric Mean Fecal Coliform Concentrations 
in the Santa Ana-Delhi Channel from 1973 through 2008 
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Figure 3-17 

Time Series of E. coli Concentrations in the Santa Ana-Delhi Channel from 2004 to 2006 
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Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi Channel (1974-2008)  

Month 
and 
Year 

Fecal Coliform E. Coli 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value 

(MPN /100ml) 

Geometric 
Mean 

(MPN/100ml) 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value  

(MPN/100ml) 

Geometric 
Mean  

(MPN/100ml) 

Santa Ana Delhi Channel at Backbay 

12/1985 1 700 700   
    

1/1986 4 1,300 5,000   
    

2/1986 4 110 7,000   
    

3/1986 5 400 30,000 2,862 
    

4/1986 4 200 50,000   
    

5/1986 4 200 1,300   
    

6/1986 5 200 160,000 1,542 
    

7/1986 4 800 22,000   
    

8/1986 4 80 200   
    

9/1986 5 20 17,000 422 
    

10/1986 4 4,000 160,000   
    

11/1986 3 20 1,700   
    

12/1986 5 400 160,000 7,767 
    

1/1987 4 200 1,300   
    

2/1987 4 300 7,000   
    

3/1987 5 200 24,000 842 
    

4/1987 4 200 200   
    

5/1987 4 200 700   
    

6/1987 5 20 400 145 
    

7/1987 3 200 400   
    

8/1987 4 80 2,300   
    

9/1987 4 400 3,000   
    

10/1987 4 800 160,000   
    

11/1987 5 500 2,300 933 
    

12/1987 4 20 7,000   
    

1/1988 4 20 2,400   
    

2/1988 5 20 8,000 264 
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Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi Channel (1974-2008)  

Month 
and 
Year 

Fecal Coliform E. Coli 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value 

(MPN /100ml) 

Geometric 
Mean 

(MPN/100ml) 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value  

(MPN/100ml) 

Geometric 
Mean  

(MPN/100ml) 

3/1988 3 20 500   
    

4/1988 4 80 8,000   
    

5/1988 1 20 20   
    

6/1988 5 40 1,100 354 
    

7/1988 4 400 800   
    

8/1988 5 600 50,000 3,201 
    

9/1988 4 1,300 3,000   
    

10/1988 5 800 3,000 1,739 
    

11/1988 4 80 160,000 
     

12/1988 2 1,300 2,400 
     

1/1989 4 800 13,000 
     

2/1989 3 3,000 7,000 
     

3/1989 3 800 5,000 
     

4/1989 3 2,200 8,000   
    

5/1989 5 1,300 22,000 5,430 
    

6/1989 3 300 50,000 
     

7/1989 3 2,200 17,000 
     

8/1989 4 5,000 50,000 
     

9/1989 2 11,000 160,000 
     

10/1989 4 110 30,000 
     

11/1989 4 2,300 160,000 
     

12/1989 3 800 13,000 
     

1/1990 4 2,300 5,000 
     

2/1990 3 80 3,000 
     

3/1990 3 7,000 22,000 
     

4/1990 4 130 5,000 
     

5/1990 4 300 160,000 
     

6/1990 4 1,700 160,000 
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Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi Channel (1974-2008)  

Month 
and 
Year 

Fecal Coliform E. Coli 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value 

(MPN /100ml) 

Geometric 
Mean 

(MPN/100ml) 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value  

(MPN/100ml) 

Geometric 
Mean  

(MPN/100ml) 

7/1990 4 700 13,000 
     

8/1990 3 40 300 
     

9/1990 4 130 800 
     

10/1990 5 300 5,000 710 
    

11/1990 3 70 30,000 
     

12/1990 3 300 3,000 
     

1/1991 3 270 1,100 
     

2/1991 3 500 1,300 
     

3/1991 2 3,000 5,000 
     

4/1991 2 1,400 13,000 
     

5/1991 1 800 800 
     

6/1991 1 300 300 
     

7/1991 3 800 160,000 
     

8/1991 1 5,000 5,000 
     

10/1991 4 500 160,000 
     

11/1991 4 800 90,000 
     

12/1991 2 20 16,000 
     

4/1992 1 300 300 
     

6/1992 2 110 2,300 
     

8/1992 1 30,000 30,000   
    

9/1992 2 170 220   
    

1/1993 1 230 230   
    

8/1993 1 16,000 16,000   
    

9/1993 2 800 16,000   
    

10/1993 4 230 5,000   
    

11/1993 3 3,000 5,000   
    

12/1993 2 5,000 13,000   
    

1/1994 5 80 1,100 280 
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Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi Channel (1974-2008)  

Month 
and 
Year 

Fecal Coliform E. Coli 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value 

(MPN /100ml) 

Geometric 
Mean 

(MPN/100ml) 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value  

(MPN/100ml) 

Geometric 
Mean  

(MPN/100ml) 

2/1994 3 500 8,000   
    

3/1994 5 500 24,000 2,429 
    

4/1994 3 1,300 160,000   
    

5/1994 3 1,100 5,000   
    

8/1994 5 170 3,000 723 
    

9/1994 3 170 2,400   
    

10/1994 4 130 1,400   
    

11/1994 5 230 16,000 3,506 
    

12/1994 3 800 16,000   
    

1/1995 1 3,000 3,000   
    

6/1997 4 800 16,000   
    

7/1997 5 700 5,000 1,820 
    

8/1997 4 230 1,700   
    

9/1997 5 700 90,000 4,169 
    

10/1997 5 300 50,000 2,966 
    

11/1997 3 3,000 8,000   
    

12/1997 5 230 13,000 2,182 
    

1/1998 4 170 2,300   
    

2/1998 2 9,000 13,000   
    

3/1998 5 300 13,000 1,175 
    

4/1998 4 500 3,000   
    

5/1998 4 500 5,000   
    

6/1998 4 80 800   
    

7/1998 5 130 17,000 1,276 
    

8/1998 5 500 5,000 1,075 
    

9/1998 4 700 5,000   
    

10/1998 4 230 160,000   
    

11/1998 4 529 24,192   
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Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi Channel (1974-2008)  

Month 
and 
Year 

Fecal Coliform E. Coli 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value 

(MPN /100ml) 

Geometric 
Mean 

(MPN/100ml) 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value  

(MPN/100ml) 

Geometric 
Mean  

(MPN/100ml) 

12/1998 5 100 57,940 8,676 
    

1/1999 4 10,462 24,192   
    

2/1999 4 74 241,920   
    

3/1999 5 100 111,985 1,848 
    

4/1999 4 7,490 92,080   
    

5/1999 4 110 141,360   
    

6/1999 5 52 46,110 417 
    

7/1999 4 100 241,920   
    

8/1999 5 410 2,098 808 
    

9/1999 4 637 24,192   
    

10/1999 4 187 24,192   
    

11/1999 5 108 24,192 2,295 
    

12/1999 4 52 5,794   
    

1/2000 4 74 24,192   
    

2/2000 5 10 12,033 928 
    

3/2000 4 98 24,192   
    

4/2000 4 121 9,804   
    

5/2000 4 173 327   
    

6/2000 4 181 211   
    

7/2000 4 228 723   
    

8/2000 6 20 24,192 312 
    

9/2000 4 379 8,164   
    

10/2000 4 145 359   
    

11/2000 5 109 855 210 
    

12/2000 4 146 536   
    

1/2001 5 187 24,192 751 
    

2/2001 4 110 5,172   
    

3/2001 4 187 19,863   
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Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi Channel (1974-2008)  

Month 
and 
Year 

Fecal Coliform E. Coli 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value 

(MPN /100ml) 

Geometric 
Mean 

(MPN/100ml) 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value  

(MPN/100ml) 

Geometric 
Mean  

(MPN/100ml) 

4/2001 5 340 3,200 845 
    

5/2001 4 140 880   
    

6/2001 4 130 500   
    

7/2001 5 800 6,600 1,572 
    

8/2001 4 440 3,200   
    

9/2001 4 400 3,800   
    

10/2001 5 870 12,000 2,466 
    

11/2001 4 12,000 12,000   
    

12/2001 4 640 12,000   
    

1/2002 5 180 15,400 629 
    

2/2002 4 760 2,000 
     

3/2002 4 130 18,800 
     

4/2002 5 280 2,200 725 
    

5/2002 4 400 930 
     

6/2002 4 340 1,000 
     

7/2002 5 320 5,000 940 
    

8/2002 4 400 2,000 
     

9/2002 5 220 7,600 937 
    

10/2002 4 570 13,000 
     

11/2002 4 880 6,000 
     

12/2002 4 330 2,800 
     

1/2003 4 200 340 
     

2/2003 4 70 1,190 
     

3/2003 4 380 1,010 
     

4/2003 4 230 800 
     

5/2003 4 530 3,800 
     

6/2003 5 220 4,600 1,677 
    

7/2003 4 600 2,400   
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Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi Channel (1974-2008)  

Month 
and 
Year 

Fecal Coliform E. Coli 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value 

(MPN /100ml) 

Geometric 
Mean 

(MPN/100ml) 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value  

(MPN/100ml) 

Geometric 
Mean  

(MPN/100ml) 

8/2003 4 130 7,800   
    

9/2003 5 10 2,000 284 
    

10/2003 4 240 460 
     

11/2003 3 250 1,000 
     

12/2003 4 120 7,200 
     

1/2004 4 60 15,000 
     

2/2004 4 100 4,200 
     

3/2004 5 140 270 203 
    

4/2004 4 110 5,600 
     

5/2004 4 80 270 
     

6/2004 6 250 1,000 417 
    

7/2004 4 140 1,000 
     

8/2004 5 170 5,000 484 
    

9/2004 4 310 1,000 
     

10/2004 3 250 7,000 
     

11/2004 5 430 25,000 3,502 
    

12/2004 3 240 290 
     

1/2005 5 260 19,000 1,679 
    

2/2005 4 570 12,000 
     

3/2005 3 320 520 
     

4/2005 2 470 13,000 
     

5/2005 5 100 760 316 
    

6/2005 4 140 190 
     

7/2005 3 420 4,600 
     

8/2005 3 570 18,000 
     

9/2005 3 400 1,010 
     

10/2005 4 390 2,600 
     

11/2005 4 560 1,170 
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Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi Channel (1974-2008)  

Month 
and 
Year 

Fecal Coliform E. Coli 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value 

(MPN /100ml) 

Geometric 
Mean 

(MPN/100ml) 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value  

(MPN/100ml) 

Geometric 
Mean  

(MPN/100ml) 

12/2005 4 250 3,800 
     

1/2006 5 70 14,000 362 
    

2/2006 4 130 3,600 
     

3/2006 4 200 440 
     

4/2006 4 150 4,600 
     

5/2006 5 390 15,000 2,125 
    

6/2006 4 390 2,000 
     

7/2006 4 510 8,200 
     

8/2006 4 1,000 2,800 
     

9/2006 3 900 7,600 
     

10/2006 5 700 5,000 2,249 
    

11/2006 3 310 1,030 
     

12/2006 4 590 21,400 
     

1/2007 5 210 490 267 
    

2/2007 4 180 12,000 
     

3/2007 4 80 17,000 
     

4/2007 5 50 5,400 478 
    

5/2007 3 280 530 
     

6/2007 4 100 1,650 
     

7/2007 5 240 390 316 
    

8/2007 4 240 2,200 
     

9/2007 2 480 4,000 
     

10/2007 5 290 3,600 1,412 
    

11/2007 4 380 11,000 
     

12/2007 4 100 2,000 
     

1/2008 5 150 18,000 1,265 
    

2/2008 4 40 720 
     

3/2008 4 40 270 
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Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi Channel (1974-2008)  

Month 
and 
Year 

Fecal Coliform E. Coli 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value 

(MPN /100ml) 

Geometric 
Mean 

(MPN/100ml) 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value  

(MPN/100ml) 

Geometric 
Mean  

(MPN/100ml) 

4/2008 4 50 200 
     

5/2008 4 80 2,000 
     

6/2008 4 130 2,200 
     

7/2008 4 120 560 
     

8/2008 3 190 300 
     

9/2008 4 100 10,000 
     

10/2008 4 170 390 
     

11/2008 3 130 290 
     

12/2008 5 390 14,000 1,284 
    

Santa Ana Delhi Channel at Irvine Ave 

8/1973 1 46,000 46,000 
     

4/1974 2 43 930 
     

6/1974 1 43 43 
     

7/1974 1 430 430 
     

8/1974 1 39 39 
     

9/1974 1 210 210 
     

10/1974 1 460 460 
     

12/1974 2 430 4,300 
     

1/1975 1 90 90 
     

3/1975 1 75 75 
     

4/1975 2 43 23,000 
     

5/1975 1 930 930 
     

6/1975 1 430 430 
     

7/1975 1 230 230 
     

8/1975 1 1,100 1,100 
     

9/1975 1 460 460 
     

10/1975 1 9,300 9,300      
11/1975 2 460 93,000 
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Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi Channel (1974-2008)  

Month 
and 
Year 

Fecal Coliform E. Coli 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value 

(MPN /100ml) 

Geometric 
Mean 

(MPN/100ml) 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value  

(MPN/100ml) 

Geometric 
Mean  

(MPN/100ml) 

12/1975 1 430 430 
     

2/1976 1 460 460 
     

Santa Ana Delhi Channel at MacArthur Boulevard 

3/2004 
    

2 100 100 
 

4/2004 
    

1 310 310 
 

6/2004 
    

1 100 100 
 

7/2004 
    

1 630 630 
 

8/2004 
    

1 100 100 
 

10/2004 
    

1 2,130 2,130 
 

11/2004 
    

1 740 740 
 

12/2004 
    

1 3,050 3,050 
 

1/2005 
    

2 278 300 
 

2/2005 
    

2 630 700 
 

3/2005 
    

1 310 310 
 

4/2005 
    

1 740 740 
 

5/2005 
    

1 4,130 4,130 
 

6/2005 
    

1 833 833 
 

7/2005 
    

1 472 472 
 

8/2005 
    

1 1,080 1,080 
 

11/2005 
    

1 200 200 
 

12/2005 
    

2 1,100 1,560 
 

1/2006 
    

2 100 1,480 
 

2/2006 
    

1 1,610 1,610 
 

3/2006 
    

3 410 4,040 
 

Santa Ana Delhi Channel at Mesa Drive 

3/2004 
    

3 100 100 
 

4/2004 
    

1 100 100 
 

5/2004 
    

1 310 310 
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Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi Channel (1974-2008)  

Month 
and 
Year 

Fecal Coliform E. Coli 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value 

(MPN /100ml) 

Geometric 
Mean 

(MPN/100ml) 

Number of 
Samples 
Collected 

Minimum 
Value  

(MPN/100ml) 

Maximum 
Value  

(MPN/100ml) 

Geometric 
Mean  

(MPN/100ml) 

6/2004 
    

1 310 310 
 

7/2004 
    

3 100 100 
 

8/2004 
    

1 100 100 
 

10/2004 
    

2 2,180 2,180 
 

11/2004 
    

1 100 100 
 

12/2004 
    

2 100 4,160 
 

1/2005 
    

2 100 135 
 

2/2005 
    

2 1,590 5,794 
 

3/2005 
    

2 100 12,590 
 

4/2005 
    

1 630 630 
 

5/2005 
    

1 5,610 5,610 
 

6/2005 
    

1 63 63 
 

7/2005 
    

1 447 447 
 

8/2005 
    

1 100 100 
 

11/2005 
    

1 100 100 
 

12/2005 
    

2 520 1,040 
 

1/2006 
    

2 10 1,340 
 

2/2006 
    

1 850 850 
 

3/2006 
    

3 100 4,950 
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3.2  Historical Use 
To collect information regarding historical recreational use, inquiries to local 
jurisdictional agencies, online searches of California newspaper archives, databases 
(engineering and environmental trade journals), and search engines such Google 
News archive and Lexis-Nexis were conducted to identify any accounts or reference 
to recreational activities in the channel.  No historical use information was identified 
from these searches. 

3.3 Probable Future Use 
3.3.1 Review of Relevant County and Municipal Master Plans 
Information regarding potential future recreational uses for the Santa Ana-Delhi 
Channel was obtained through discussions with local agencies. The Cities of Costa 
Mesa, Newport Beach, and Santa Ana were contacted as well as the County of 
Orange.  From these agency inquiries, proposed planned uses were documented 
within this report. Subsequent triennial reviews may identify future probable uses.  

The City of Santa Ana Parks and Recreational Services is planning to construct a 
bicycle trail along Santa Ana-Delhi Channel between Warner Avenue and Sunflower 
Avenue.  The bicycle trail will be constructed on an Orange County Flood Control 
District (OCFCD) existing maintenance road between the channel and residential 
homes.  Design plans have been submitted to OCFCD and are awaiting permit 
approval.  Construction is expected to commence before 2010. (Communication with 
Ron Ono, Administrative Services Manager, Parks, Recreation & Community Services 
Agency for City of Santa Ana, June 25, 2009). 

The City of Costa Mesa has preliminary design concept plans for a multipurpose trail 
to be constructed within the Santa Ana-Delhi Channel. The trail is planned to be 
constructed on the existing OCFCD maintenance road portions of the Santa Ana-
Delhi Channel within the City’s jurisdiction. The proposed project has the support of 
OCFCD.  Project design is on hold pending identification of funding. 
(Communication with Robert Staples, Fairview Park Plan Administrator, City of 
Costa Mesa, June 25, 2009). 

The following information was obtained from OCFCD (Communication with Jeff 
Dickman, Regional Recreational Trails Coordinator for Orange County Public Works, 
April 22, 2009). Facilities that could support water contact recreational use are not 
planned for the channel; however, areas immediately adjacent to the channel are part 
of the of the regional trails master plan. The channel is part of the Santa Ana Heights 
Regional Trail system planned to extend from Upper Newport Bay to the Orange 
County Fairgrounds. A portion of this trail system is existing; approximately 1/3 mile 
of trail exists adjacent to the channel from Santa Ana Avenue to Irvine Avenue. 
Future trail segments are planned adjacent to the channel, but will not be constructed 
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until funding and other improvement projects are secured and implemented that can 
incorporate the trail segments. 

In addition to inquiries with local jurisdictional agencies, online searches of California 
newspaper archives, databases, engineering and environmental trade journals, and 
online search engines such as Lexis-Nexis were conducted to identify any accounts or 
reference to recreational activities in the channel.  No results of recorded recreational 
activities were identified in these reference searches. 

3.3.2 Expected Improvement in Water Quality with BMP 
Implementation 

Based on a literature review of existing documentation describing current and 
planned Best Management Practices (BMP) implementation within Orange County, 
the Orange County Stormwater Program has developed several BMPs and programs 
to address pathogen concerns within urban runoff. These include: 

 Dry Weather Diversions to Full Sanitary Treatment 

 Structural BMPs (such as Wet Ponds, Wetlands) 

 Source Control BMPs Designed to Reduce Discharge of Urban Runoff or have a 
Controlling Effect on Pollutants in General 

 Septic System Inventory and Assessment 

 Portable Toilet Oversight Program 

Only marginal improvement in pathogen water quality is expected from full 
implementation of these BMPs. The following sections summarize relevant 
information contained in Orange County reports. 

3.3.2.1 Dry Weather Diversions to Full Sanitary Treatment 
Per Orange County’s Dry Weather Diversion Study (October 2003)2

 There are 38 existing diversion facilities operating within 9 of the 13 watersheds 
within the county. Diversion facilities vary in design from in-pipe diversion 
systems to large open-channel diversion structures.  

: 

 Treatment plant agencies presently view dry weather diversion as a temporary, 
short-term practice.  

 Based on the findings from three case studies, diversion has proven effective in 
reducing exceedences of bacteria water quality objectives. 

                                                 
2
 http://www.ocwatersheds.com/stormwater/documents_damp_technical_reports.asp 
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 An additional 38 dry weather diversions are proposed within Orange County 
watersheds. 

Based on the information provided within the report, dry weather diversion to full 
sanitary treatment is considered 100% effective at controlling pathogens contained in 
the diverted flow. Currently, only a small portion of dry weather runoff is diverted 
for treatment, and full diversion of urban runoff would be considered economically 
and technically infeasible. 

 

3.3.2.2 Structural BMPs 
The report titled, BMP Effectiveness and Applicability for Orange County (September 
2003)3

 Of the common BMPs implemented, only wet ponds are cited as consistently 
capable of meeting contact recreation standards for pathogens. 

, contains an extensive literature review that describes several different types of 
structural BMPs that are recommended for implementation, each with varying 
expected effectiveness at controlling pathogens. Per the report: 

  Substantial bacteria concentration reductions have been observed in many of the 
other BMPs, especially wetland BMPs. 

 In general, no reductions in bacteria concentrations have been reported for 
vegetated strips and swales. 

Based on the information provided within the report, existing development and other 
physical factors will limit the extent to which wet pond and wetland BMPs can be 
implemented within urban areas of the Santa Ana Region, making these BMPs 
effective for only a small fraction of urban runoff flows. Additionally, when 
implemented in select applicable locations, there is no guarantee that these BMPs will 
consistently meet pathogen water quality objectives. 

3.3.2.3 Other BMPs 
Orange County has developed and implemented a wide range of other BMPs focused 
on source control of pathogens. These BMPs would be expected to have a beneficial 
effect, but be largely unquantifiable and not achieve full compliance with pathogen 
water quality objectives. 

3.3.2.4 Septic System Inventory and Assessment 
Per Orange County’s Septic System Inventory and Assessment report (June 2003)4

                                                 
3
 http://www.ocwatersheds.com/stormwater/documents_damp_technical_reports.asp 

4
 http://www.ocwatersheds.com/stormwater/documents_damp_technical_reports.asp 

: 
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 A septic system inventory identified approximately 2,800 active septic systems 
widely dispersed throughout the County, but found in the highest concentrations 
in the Santa Ana River watershed.  

 Study results show that the load from the failed septic systems is a very marginal 
contributor to pathogen indicators in receiving waters. The loadings of pathogen 
indicators from failed septic systems at the mouth of the Santa Ana River and San 
Diego Creek at Upper Newport Bay are estimated to be less than a fraction of one 
percent of total contributory loading under both dry and wet weather conditions.  

 The results of the survey demonstrated that of the septic systems surveyed the 
frequency of system failure was low. In most cases, the flow path of any septic 
tank discharge provides for significant storage and infiltration, as well as an 
opportunity to discover and correct site-specific system issues. 

 A steady conversion of septic systems to sewer service is expected over time, 
which will reduce further septic systems as a potential source of pathogens in the 
watershed.  

3.3.2.5 Portable Toilet Oversight Program 
Per Portable Toilet Oversight Program documentation (December 2002)5

 BMPs for the use, maintenance, transport and storage of portable toilets within 
Orange County are being implemented to address potential discharges of 
pathogens. 

: 

 Current BMPs are generally found to be sufficient to prevent impacts to receiving 
waters. 

 

                                                 
5
 http://www.ocwatersheds.com/stormwater/documents_damp_technical_reports.asp 
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Section 4 
UAA Factor Evaluation 
4.1 Introduction 
This section describes the evaluation of data relevant to two of the UAA factors 
identified in 40 CFR 131.10(g) (these factors define the circumstances in which 
designated “swimmable” (e.g., REC1) and “fishable” uses may be removed or 
subcategorized to allow the application of less stringent water quality objectives) for 
the Santa Ana-Delhi Channel: 

 Natural, Ephemeral, Intermittent, or Low Flow Conditions or Water Levels [40 
CFR 131.10(g)(2)] 

 Dams, Diversions, or Other Types of Hydrologic Modifications [40 CFR 
131.10(g)(4)] 

The following UAA factors were not evaluated: 

 Naturally Occurring Pollutant Concentrations [40 CFR 131.10(g)(1)] 

 Human Caused Conditions or Sources of Pollution [40 CFR 131.10(g)(3)] 

 Attainment of Aquatic Life Protection Uses [40 CFR 131.10(g)(5)] 

 Economic and Social Impacts [40 CFR 131.10(g)(6)] 

The two UAA factors evaluated are discussed in the following sections. 

4.2 Natural, Ephemeral, Intermittent, or Low Flow 
Conditions or Water Levels [40 CFR 131.10(g)(2)] 

4.2.1 Flow Conditions and Water Levels 
Given the hydrologic patterns in Southern California, dry weather flow is the 
predominant condition most of the time in the Santa Ana-Delhi Channel, with 
precipitation-derived runoff typically occurring for only relatively short episodic 
periods during and shortly after rainfall events within the tributary watershed. These 
events typically occur almost entirely during the wet season. 

Flow data for the period of 1991 through 2008 was provided by Orange County Public 
Works and was processed to facilitate time series plotting and frequency distribution 
analysis. Hydrologic data used in the analysis was developed from the depth of flow 
in the channel recorded at 30-minute intervals at a gage located upstream of the Irvine 
Avenue bridge, near the most downstream sections of the channel. Figure 4-1 shows 
the location of the flow monitoring gauge. 
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Figure 4-1 
Santa Ana-Delhi Channel at Irvine Avenue Flow Monitoring Location 
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Depth of flow has been directly measured in the channel. The relationship between 
depth of flow and flow rate is defined by a rating curve, which may be used to 
convert continuous depth records to flow rates. The rating curve for the vertical 
section of the Santa Ana-Delhi Channel was developed in August 2005 by field 
calibrations of flow at varying depths. Figure 4-2 presents a hydrograph of mean daily 
flow data from 1991 to 2008. 

 
 
The continuous time series of measured depth and estimated flow were analyzed to 
assess the frequency of different conditions in the channel section. Cumulative 
frequency distributions show the likelihood of a particular flow condition occurring 
within the channel section. 

Cumulative frequency curves of flow rate and depth from 1991 to 2008 were 
generated (Figures 4-3 and 4-4). Frequency distributions show that more than 90 
percent of the time, flow rates and depths are characteristic of dry weather flow 
conditions. As shown in Figure 4-4, flow depths during 1991 to 2008 were less than 2 
feet approximately 95 percent of the time and less than 1 foot approximately 90 
percent of the time. 

Figure 4-2 

Mean Daily Flow in the Santa Ana-Delhi Channel at Irvine Avenue (1991-2008) 
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Figure 4-4 

Channel Depth Curve for the Santa Ana-Delhi Channel at Irvine Avenue (1991-2008) 

Figure 4-3 
Channel Flow Duration Curve for the Santa Ana-Delhi Channel at Irvine 

Avenue (1991-2008) 



Section 4 
UAA Factor Evaluation 

   4-5 

 
Hydrographs were used to show the typical response of the Santa Ana-Delhi Channel 
during rain events of varying depths. Rainfall event depths were used to select 
specific dates to extract the flow response from the corresponding storm event. 
Hydrographs resulting from ¼”,  ½”, ¾”, 1”, 2”, and 3” rainfall events at coupled 
meteorological stations were overlaid to show similarities or differences in response 
based on rainfall depth (Figure 4-5). Flows in the Santa Ana-Delhi Channel typically 
return to base flow conditions shortly after storm events. Analysis of the six storm 
events representing a range of rainfall depths showed that near-dry-weather channel 
velocities (and associated depths) returned in as soon as 8 hours following a storm 
event, ranging from 8 to 20 hours in most cases. 
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Figure 4-5 
Event Hydrographs from the Santa Ana-Delhi Channel Flow Record from 1991 to 

2008 
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4.3 Dams, Diversions, or Other Types of Hydrologic 
Modifications [40 CFR 131.10(g)(4)] 

4.3.1 Describe Hydrologic Modifications 
The Santa Ana-Delhi Channel has been significantly modified for flood control 
purposes. As summarized in Section 2.2, the channel is comprised of vertical, 
trapezoidal, and closed culvert segments, with segments of significant widening and 
permanent armoring. Evidence of hydrologic modifications is demonstrated by the 
information provided in previous sections of this report, listed below: 

 Table 2-2 describes the modified sidewall and bottom construction of segments of 
the channel 

 Figure 2-2 and Figures 2-14 through 2-25 show modified (straightened) segments 
of the channel 

 Figures 2-17, 2-19, and 2-20, show portions of the channel that have been 
permanently placed underground (closed culverts and conduits) 
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Section 1 
Introduction 
This Use Attainability Analysis (UAA) Technical Report has been prepared to support 
recreational use designation decision making related to specific reaches of Temescal 
Creek in the Santa Ana River Basin of Southern California. The reaches extend from 
the Cota Street crossing to approximately 1,400 feet upstream of the Magnolia Avenue 
crossing, in the City of Corona. The report provides the following physical 
information and analysis of technical data useful for considering recreational use 
designations: 

 Channel description and physical characterization 

 Information related to existing and potential recreational uses  

 Water quality information 

 Flow conditions 

This report is intended to provide information to support one or more use 
attainability factors described in 40 CFR 131.10(g) (1-6), but not necessarily all factors. 
To preserve objectivity and integrity in the UAA decision-making process, this report 
was prepared without arguments or recommendations for use designations. This 
report is intended to provide facts to support the preparation of a Staff Report which 
will contain recommendations for use designation.  

This Use Attainability Analysis Technical Report was developed under direction of 
and with consensus from the Stormwater Quality Standards Task Force (Task Force), 
which formed in 2003 with a work plan to reevaluate water quality standards 
necessary to protect beneficial uses as they relate to stormwater and dry weather 
flows within the Santa Ana River Watershed. This report was prepared to provide 
information related to REC1 and REC2 beneficial use designations and associated 
pathogen water quality objectives, and is based on facts obtained as of the date of 
report finalization. Subsequent triennial reviews will determine the extent to which 
these facts may have changed.  

The Task Force consists of representatives from a variety of stakeholder interests, 
including the Santa Ana Watershed Project Authority (SAWPA); the counties of 
Orange, Riverside, and San Bernardino; cities and special districts with the counties, 
and the Santa Ana Regional Water Quality Control Board. Consulting assistance is 
provided by Camp Dresser and McKee Inc. (CDM) and Risk Sciences, Inc.  

 



 

   2-1 

Section 2 
Waterbody Description 
2.1 Reach Identification 
2.1.1 Basin Plan Nomenclature 
The Santa Ana River Basin Water Quality Control Plan (Basin Plan) (1995 and 
subsequent amendments) designates nearly all surface waters and their tributaries 
within the watershed as having both water contact recreation (REC1) and non-contact 
water recreation (REC2) beneficial uses. Water Contact Recreation (REC1) waters are 
used for recreational activities involving body contact with water where ingestion of 
water is reasonably possible. These uses may include, but are not limited to, 
swimming, wading, water-skiing, skin and scuba diving, surfing, whitewater 
activities, fishing, and use of natural hot springs. Non-contact Water Recreation 
(REC2) waters are used for recreational activities involving proximity to water, but 
not normally involving body contact with water where ingestion of water would be 
reasonably possible. These uses may include, but are not limited to, picnicking, 
sunbathing, hiking, beachcombing, camping, boating, tidepool and marine life study, 
hunting, sightseeing, and aesthetic enjoyment in conjunction with the above activities. 

Temescal Creek is a listed waterbody in the Basin Plan. As defined in the existing 
Basin Plan, the listing of waters attempts to include all significant surface streams and 
bodies of water, as well as the significant groundwater basins and sub-basins which 
are recognized as water supply sources or which are receiving waters. Changes to the 
existing Basin Plan may be proposed. 

Current water quality objectives applicable to REC1 and REC2 uses are as follows:   

REC1 
Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30-day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30-day period. 

REC2 
Fecal coliform: average less than 2,000 organisms/100 mL and not more than 10% of 
samples exceed 4,000 organisms/100 mL for any 30-day period. 

2.1.2 Location 
The Temescal Creek watershed is located in Riverside County and is approximately 
200 mi2 

 “Reach 1” – from approximately 100 feet downstream of Cota Street 
(33°53’29.904”N, 117°34’12.432”) to the Arlington Drain confluence. 

in size (Figure 2-1). Temescal Creek extends approximately 28 miles from Lake 
Elsinore to the Prado Basin. This report covers the portion of Temescal Creek which is 
located within the City of Corona (highlighted in yellow in Figure 2-1). For the 
purposes of this report, the creek is divided into two reaches (Figure 2-2): 
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 “Reach 2” – from the confluence with Arlington Drain (33° 52' 51.204"N, 117° 33' 
15.732"W) to approximately 1,400 feet upstream of Magnolia Avenue (33° 52' 
1.992"N, 117° 31' 30.108"W). 

Figure 2-2 shows an aerial photograph of the area within the Temescal Creek 
watershed and identifies Reach 1 and Reach 2. Figure 2-3 and 2-4 provide more 
detailed aerial photographs of characteristic segments within Reaches 1 and 2 (see 
Table 2-2 for the delineation of reaches). The creek has two major tributary channels 
(Arlington Drain and Canyon Wash) not addressed in this document (highlighted in 
green in Figure 2-1). 

2.1.3 Hydrologic Connectivity 
Local underground storm drains within the City of Corona discharge into Reach 1. 
Other local underground storm drains within the City of Corona and natural stream 
flow discharge into the upstream end of Reach 2. Two major tributary channels flow 
into the creek: (1) Arlington Drain flows into the creek at the Reach 1/Reach 2 
boundary; (2) Canyon Wash flows into Reach 1 north of East 6th

 

 Street. Reach 1 then 
flows into Prado Basin (see Figure 2-1). 
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Figure 2-1 
Map of Temescal Creek Watershed 
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Figure 2-2 

Reaches of Temescal Creek and Surrounding Area (June 2009) 

Cota Street 

 Magnolia Avenue 

Reach 1 

Reach 2 
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Figure 2-3 
Area Surrounding Reach 1 (June 2009) 

 

Reach 1 
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Figure 2-4 
Area Surrounding Reach 2 (June 2009) 

Reach 2 
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2.2 Channel Characterization 
2.2.1 Historical Channel Characteristics 
General historical information was obtained from Riverside County Flood Control 
and Water Conservation District (RCFC&WCD) for Temescal Creek’s channel 
characteristics.  Table 2-1 lists the channel characteristics and describes the changes 
which have occurred over time: 

 A rip-rap lined channel was constructed in 1971 from Lincoln Avenue 
upstream to the Burlington Northern Santa Fe (BNSF) Railroad crossing.  In 
1982, this segment of the creek was replaced by a concrete-lined channel. In 
1985, the segment from the BNSF railroad crossing to the 91 Freeway was 
lined with concrete. 

 In 1985, the segment from the 91 Freeway to 6th Street was lined with concrete.  
The segment from 6th

Table 2-1 
Temescal Creek Channel Characteristics 

 Street to upstream of Magnolia Avenue was lined with 
concrete in 1984. 

Segment Description 

Lincoln Avenue upstream to railroad Rip-rap lined channel was constructed in 1971 

Lincoln Avenue upstream to railroad Concrete-lined channel constructed in 1982 

BNSF Railroad to 91 Freeway Concrete-lined channel was constructed in 1985 

91 Freeway to 6
th

Concrete-lined channel was constructed in 1985  Street 

6
th

Concrete-lined channel was constructed in 1984  Street to upstream of Magnolia Avenue 

 
2.2.2 Existing Structure, Slope, and Materials 
Table 2-2 describes the sidewall and bottom construction of Temescal Creek. These 
creek attributes are indicated in Figure 2-5.  According to channel record drawings 
and field verification, open channel segments are fenced and gated to deter access. 

Table 2-2 
Sidewall and Bottom Construction of Temescal Creek 

Reach No. Station Extents Description 
1
 

Reach 1 
Station 39+00 to Station 111+00 

(Arlington Drain confluence) 

Trapezoidal, fully concrete-lined;  side 
slope (1.5:1); bottom width of 100 feet 

with low flow channel 

Reach 2 

Approximately Station 111+00 
(Arlington Drain confluence) to 

Station 203+60 (1,400 feet 
upstream of Magnolia Avenue 

Vertical, fully concrete-lined, bottom 
width of 84 ft. 

1
Station designations were obtained from Riverside County Flood Control and Water Conservation District 

(RCFC&WCD) record drawings. Following standard technical drawing convention, Station 12+34 is 1,234 feet from 
a designated zero point.
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2.2.3 Land Use 
Figure 2-6 depicts the land uses in the Temescal Creek drainage area. The watershed 
draining to Reach 1 and Reach 2 is largely developed as commercial/ industrial areas, 
with pockets of residential areas.  

2.2.4 Representative Photographs 
This section presents photographs of representative channel conditions. Figure 2-7 
provides a map of the creek that notes where the photographs in Figures 2-8 through 
2-13 were taken.  At each photo point, paired pictures were taken: (1) facing 
downstream; and (2) facing upstream.  
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Figure 2-5 
Temescal Creek Characteristics 
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Figure 2-6 

Land Use within the Temescal Creek Drainage Area 
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Figure 2-7 
Representative Channel Photograph Locations 
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Figure 2-9 
Looking Upstream at Reach 1 (June 2009) 

Figure 2-8 
Looking Downstream of Reach 1 (June 2009) 
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Arlington Drain  

Temescal Creek  

Figure 2-11 
Looking Upstream at Reach 2 (June 2009) 

Arlington Drain  

Temescal Creek  

Figure 2-10 
Looking Downstream at Reach 1 (from confluence with Arlington Drain), 

(June 2009) 
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Figure 2-13 
Looking Upstream at Reach 2 (June 2009) 

Figure 2-12 
Looking Downstream at Reach 2 (June 2009) 
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Section 3 
Eligibility Analysis 
This section provides information on existing, historical, and probable future 
recreational activity, as well as current and historical water quality characteristics.  

3.1 Existing Use 
3.1.1 Evidence of Actual Recreational Activity 
In 2005 and 2006, recreational use surveys were performed at two locations to obtain 
information regarding existing levels of recreational use. Digital field observation 
cameras and data transfer technology, coupled with weekly on-location physical 
surveys were used to collect the data. Two locations within Temescal Creek were 
surveyed (Figure 3-1): 

 Temescal Creek at Main Street (July / August 2005)  

 Temescal Creek at City of Corona WWTP No. 2 (November 2005 to November 
2006) 

Figure 3-2 through Figure 3-4 show photographs of the survey locations. 
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Figure 3-1 
Temescal Creek Recreational Use Survey Locations 
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Figure 3-3 
Photo of the Camera View at the Recreational Use Survey Location for 

Temescal Creek at City of Corona WWTP No. 2 (Reach 1) 

Figure 3-2 
Photo of the Camera View at the Recreational Use Survey Location for 

Temescal Creek at Main Street (Reach 1) 
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The duration of survey and number of images collected for each location on the creek 
are shown in Table 3-1. An image was collected every fifteen minutes during daylight 
hours throughout the study duration unless signal strength fluctuations or equipment 
failures precluded collection and transmission. Images were not collected at night due 
to darkness. 

Table 3-1 
Recreational Use Survey Duration 

Survey Location Start Date End Date Number of Images 

Main Street 7/26/05 8/4/05 513 

WWTP No. 2 11/1/05 11/1/06 10,653 

 
Any image containing a person or persons within creek fencing or boundaries was 
defined as a recreation event. If a person or persons were observed meeting the same 
conditions as above during on-site surveys, these were also considered events. An 
event could include one or more persons. For each event, each person’s activity (type), 
and the estimated duration of the event were logged. If an activity was captured on 
only one image, an activity duration was reported as <30 minutes. Likewise, if the 
same activity by the same person or persons was observed in two consecutive fifteen-
minute interval images, the duration was reported as <45 minutes.  

Table 3-2 presents a summary of the activity recorded at the Temescal Creek survey 
locations over the duration of the survey. The seasonal periods defined in southern 
California NPDES stormwater permits were used to categorize the observations by 
season (April 1 to September 30 for the dry season; October 1 to March 31 for the wet 
season). Figures 3-4 through Figure 3-7 are example photographs of observed activity. 
Full recreational use survey information can be found in the Recreational Use Survey 
Data Report – Temescal Creek prepared for the Task Force by CDM in November 2006.  

Table 3-2 
Recreational Activity Recorded for Temescal Creek 

Location 

Number of Individuals 
Estimated 

Duration (min) 
Types of Activity 

Total 
Dry 

Season 
Wet 

Season 

Main Street  4 4 0 120 Walking and biking 

WWTP 29 20 9 840 Walking and biking 

 
Task Force members visited Temescal Creek at the Corona Wastewater Treatment 
Plant on six weekends in July and August 2006 during the “summer swimming 
season.”  Task Force members were asked to stay at the location for half an hour and 
record what recreational activities they observed.  The Task Force members described 
the number and activity of people they saw in the area, the weather, depth and clarity 
of the water, and any evidence of activity in the area.  No people were observed in the 
channel during this time period.  The Task Force members described the water depth 
as ankle deep or less, and at times murky.  
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Figure 3-5 

Photo of Activity at Temescal Creek at Main St. (Reach 1), 8/3/2005 08:00 

Figure 3-4 
Photo of Activity at Temescal Creek at Main St. (Reach 1), 07/27/2005, 10:00 
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Figure 3-7 
Photo of Activity at Temescal Creek at WWTP (Reach 1), 2/25/2006 12:15 

Figure 3-6 

Photo of Activity at Temescal Creek at WWTP (Reach 1), 7/1/2006 13:30 
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3.1.2 Analysis of Representative Water Quality Monitoring Data 
Orange County Coastkeeper performed water quality monitoring in Temescal Creek 
at Lincoln Avenue from 2002 to 2004.  Monitoring was performed at the same location 
from 2007 to 2008 by the Middle Santa Ana River TMDL Grant Project for the Santa 
Ana Watershed Project Authority (SAWPA). Figure 3-8 shows the Lincoln Avenue 
sampling location.  

E. coli samples were collected approximately monthly during the 2002 to 2004 time 
period. Sample collection for fecal coliform and E. coli occurred on a more frequent 
basis between 2007 to 2008. 

Figure 3-9 presents fecal coliform concentrations from 2007 through 2008 with a red 
line indicating the REC1 10-percent criteria limit of 400 MPN/100 mL. 

Figure 3-10 presents monthly geometric mean fecal coliform concentrations for the 
same time period with a red line indicating the REC1 geometric mean objective limit 
of 200 MPN/100mL. A geometric mean was calculated if there were at least five 
samples collected during a calendar month (not rolling 30 day geometric mean 
calculations). 

Figure 3-11presents E. coli concentrations of all data from 2002 through 2008. Figure 3-
12 presents monthly E. coli geometric mean concentrations of all data for the same 
time period. 

Table 3-3 summarizes the data by month. 
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Figure 3-8 
Temescal Creek at Lincoln Avenue E. coli and Fecal Coliform Sampling Location 
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Figure 3-10 
Monthly Geometric Mean Fecal Coliform Concentrations 

in Temescal Creek from 2007 through 2008 

Figure 3-9 
Time Series of Fecal Coliform Concentrations 

in the Temescal Creek from 2007 through 2008 
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Figure 3-12 
Monthly Geometric Mean E. coli Concentrations 

in Temescal Creek from 2002 through 2008 

Figure 3-11 
Time Series of E. coli Concentrations 

in Temescal Creek from 2002 through 2008 
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Table 3-3 
Summary of Monthly Fecal Coliform and E. coli Data at Temescal Creek at Lincoln Avenue (2002-2008)  

Month and 
Year 

Fecal Coliform E. Coli 

Number 
of 

Samples 
Collected 

Minimum 
Value 
(MPN 

/100ml) 

Maximum 
Value 
(MPN 

/100ml) 

Geometric 
Mean 
(MPN 

/100ml) 

Number 
of 

Samples 
Collected 

Minimum 
Value 
(MPN/ 
100ml) 

Maximum 
Value 
(MPN/ 
100ml) 

Geometric 
Mean (MPN 

/100ml) 

10/2002 
    

1 100 100 
 

11/2002 
    

1 410 410 
 

12/2002 
    

1 970 970 
 

2/2003 
    

2 200 1,460 
 

3/2003 
    

1 1,220 1,220 
 

4/2003 
    

1 100 100 
 

5/2003 
    

1 410 410 
 

6/2003 
    

1 520 520 
 

7/2003 
    

1 100 100 
 

8/2003 
    

1 200 200 
 

9/2003 
    

1 200 200 
 

10/2003 
    

1 100 100 
 

11/2003 
    

2 200 520 
 

12/2003 
    

1 100 100 
 

1/2004 
    

1 200 200 
 

2/2004 
    

2 200 1,480 
 

3/2004 
    

1 1,100 1,100 
 

4/2004 
    

3 690 1,000 
 

7/2007 3 3,800 5,000 
 

2 200 290 
 

8/2007 2 8,100 10,200 
 

5 500 410,000 3,127 

9/2007 5 1,800 1,800,000 13,232 4 220 9,200 
 

12/2007 4 210 16,000 
 

2 150 270 
 

1/2008 2 140 300 
 

4 70 280 
 

2/2008 4 70 470 
 

   
 

 
 
3.2 Historical Use 
To collect information regarding historical recreational use, inquiries to local 
jurisdictional agencies, online searches of California newspaper archives, databases 
(engineering and environmental trade journals), and search engines such Google 
News archive and Lexis-Nexis were conducted to identify any accounts or reference 
to recreational activities in the creek.  No historical use information was identified 
from these searches. 

3.3 Probable Future Use 
3.3.1 Review of Relevant County and Municipal Master Plans 
Information regarding potential future recreational uses for Temescal Creek was 
obtained through discussions with local agencies. The City of Corona was contacted 
as well as the Riverside County Flood Control and Watershed Conservation District 
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(RCFC&WCD).  Based on these agency inquiries, probable future uses have been 
documented. Subsequent triennial reviews may identify future probable uses.  

The City’s General Plan Land Use Atlas has Temescal Creek designated as Open 
Space/General which includes lands permanently committed for public safety, 
including flood control channels. The City’s Zoning Map indicates the creek as zoned 
for Flood Control with no other uses planned.  The City of Corona reported that its 
general plan for existing and proposed bicycle trails does list the relevant reach of 
Temescal Creek as planned for a Class I Bicycle Path (completely separated from 
traffic). No immediate plans are in place to construct this bicycle path 
(Communication with Michelle Hindersinn, Associate Engineer, City of Corona – 
Public Works, July 23, 2009). 

The Riverside County Parks and Open Space District indicated that there are no 
immediate plans to construct bicycle paths along Temescal Creek due to a lack of 
funding.  In addition, no water contact recreation use facilities are planned for the 
creek (Communication with Marc Brewer, Riverside County Parks and Open Space 
District, July 28, 2009). 

In addition to inquiries with local jurisdictional agencies, online searches of California 
newspaper archives, databases (engineering and environmental trade journals), and 
search engines such Google News archive and Lexis-Nexis were conducted to identify 
any accounts or reference to recreational activities in the creek.  No potential probable 
future recreational uses were identified from this search. 

3.3.2 Expected Improvement in Water Quality with BMP 
Implementation 

This section describes the programs the Riverside County Stormwater Program has 
developed to address pathogen concerns within urban runoff.  Riverside County has 
developed and implemented a wide range of Best Management Practices (BMP) 
focused on source control of pollutants, including pathogens. These BMPs are 
expected to have a beneficial effect; however, these effects are largely unquantifiable 
and are not expected to be sufficient by themselves to achieve full compliance with 
pathogen water quality objectives. However, planning is underway to develop future 
management controls specifically targeting pathogens.  

The County has developed a “Stormwater BMP Design Handbook” which provides 
design procedures for structural BMPs for new development and redevelopment 
within Riverside County.  The document includes a treatment control BMP matrix 
which describes the appropriate BMPs to select to address particular pollutants of 
concern.  Specifically for pathogens, this BMP matrix lists infiltration- and filtration- 
type BMPs as potentially providing “medium or “high” levels of removal efficiency.  

The Santa Ana Regional Water Quality Control Board adopted a Total Maximum 
Daily Load (TMDL) for pathogen indicator bacteria in Reach 3 of the Middle Santa 
Ana River (MSAR) and major tributaries 2005. USEPA approved the TMDL in 2007. 
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To support TMDL implementation, the Middle Santa Ana River (MSAR) Task Force 
(stakeholders representing urban stormwater dischargers, agricultural operators and 
the Regional Board) was established. The TMDL required urban stormwater 
dischargers in the MSAR watershed to (1) implement a watershed-wide compliance 
monitoring program; and (2) develop an Urban Source Evaluation Plan (USEP) for the 
purpose of identifying specific activities, operations, and processes in urban areas that 
contribute bacteria to MSAR waterbodies.  

In 2006, SAWPA, in cooperation with the San Bernardino County Flood Control 
District (SBCFCD), Riverside County Flood and Water Conservation District 
(RCFWCD), and Orange County Water District (OCWD) submitted a Proposition 40 
grant proposal to the State Board to support the implementation of TMDL 
requirements. This grant proposal, MSAR Pathogen TMDL-BMP Implementation 
(Grant Project), was developed in part to initiate watershed-wide compliance 
monitoring and characterize urban bacteria sources within the watershed.  

Implementation of the grant project has resulted in: 

 The establishment of a watershed-wide compliance monitoring program 

 A Regional Board-approved USEP to guide activities that focus on (1) bacterial 
indicator source evaluation studies; and (2) evaluation of opportunities for 
implementation of BMPs dedicated to bacterial load reductions.  

The grant project final report, due March 2010, will include a BMP control strategy 
and prioritization plan for achieving compliance with the bacteria TMDL during dry 
weather conditions. 
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Section 4 
UAA Factor Evaluation 
4.1 Introduction 
This section describes the UAA factors evaluated for Temescal Creek: 

 Natural, Ephemeral, Intermittent, or Low Flow Conditions or Water Levels [40 
CFR 131.10(g)(2)] 

 Dams, Diversions, or Other Types of Hydrologic Modifications [40 CFR 
131.10(g)(4)] 

The following UAA factors were not evaluated: 

 Naturally Occurring Pollutant Concentrations [40 CFR 131.10(g)(1)] 

 Human Caused Conditions or Sources of Pollution [40 CFR 131.10(g)(3)] 

 Attainment of aquatic life protection uses [40 CFR 131.10(g)(5)] 

 Economic and Social Impacts [40 CFR 131.10(g)(6)] 

The two UAA factors evaluated are discussed in the following sections. 

4.2 Natural, Ephemeral, Intermittent, or Low Flow 
Conditions or Water Levels [40 CFR 131.10(g)(2)] 

4.2.1 Flow Conditions and Water Levels 
Given the hydrologic patterns in Southern California, dry weather flow is the 
predominant condition most of the time in Temescal Creek, with precipitation-
derived runoff typically occurring for only relatively short episodic periods during 
and shortly after rainfall events within the tributary watershed. These events typically 
occur almost entirely during the wet season. 

USGS flow data for the period of 1980 through 2008 was processed to facilitate time 
series plotting and frequency distribution analysis. Hydrologic data used in the 
analysis was developed from the depth of flow in the channel recorded at 15-minute 
intervals at a gage located in Temescal Creek at Main Street (Figure 4-1). 

Depth of flow has been directly measured in the channel. The relationship between 
depth of flow and flow rate is defined by a rating curve, which may be used to 
convert continuous depth records to flow rates. Figure 4-2 presents a hydrograph of 
mean daily flow data from 1980 to 2008. 
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Figure 4-1 
Temescal Creek at Main Street Flow Monitoring Location 
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The continuous time series of measured depth and estimated flow was analyzed to 
assess the frequency of different conditions in the channel section. Cumulative 
frequency distributions show the likelihood of a particular flow condition occurring 
within the channel section. 

Cumulative frequency curves of flow rate and depth from 1980 to 2008 were 
generated (Figures 4-3 and 4-4). Frequency distributions show that more than 90 
percent of the time, flow rates and depths are characteristic of dry weather flow 
conditions. Flow depths during 1980 to 2008 were less than 2 feet approximately 99 
percent of the time and less than 1 foot approximately 90 percent of the time (Figure 
4-4). 

Hydrographs were used to show the typical flow response in the Temescal Creek 
watershed during rain events of varying depths. Hydrographs resulting from ¼”, ½”, 
¾”, 1”, 2”, and 3” rainfall events at meteorological stations were overlaid to show 
similarities or differences in response based on rainfall depth (Figure 4-5). Flows in 
Temescal Creek typically return to base flow conditions shortly after storm events. 
Analysis of the six storm events representing a range of rainfall depths showed that 
near-dry-weather baseflow channel velocities (and associated depths) returned in as 
soon as 8 hours following a storm event (ranging from 8 to 30 hours in most cases). 

 

Figure 4-2 
Mean Daily Flow in the Temescal Creek at Main Street (1980-2008) 
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Figure 4-4 
Channel Depth Curve for the Temescal Creek at Main Street (1980-2008) 

Figure 4-3 
Channel Flow Duration Curve for the Temescal Creek at Main Street (1980-2008) 
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4.3 Dams, Diversions, or Other Types of Hydrologic 
Modifications [40 CFR 131.10(g)(4)] 

4.3.1 Describe Hydrologic Modifications 
Temescal Creek has been significantly modified for flood control purposes. As 
summarized in Section 2.2, the channel is comprised of vertical and trapezoidal 
segments, with segments of significant widening and permanent armoring. Evidence 
of hydrologic modifications is demonstrated by the information provided in previous 
sections of this report, listed below: 

 Table 2-2 describes the modified sidewall and bottom construction of reaches of 
the channel 

 Figure 2-2 and Figures 2-8 through 2-13 show modified segments of the channel 

 

Figure 4-5 
Event Hydrographs from the Temescal Creek Flow Record from 1980 to 2008 
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Section 1 
Introduction 
This Use Attainability Analysis (UAA) Technical Report has been prepared to support 
recreational use designation decision making related to a specific reach of Greenville-
Banning Channel (channel) in the Santa Ana River Basin of Southern California. The 
specific reach described extends from the confluence of the channel with the Santa 
Ana River to approximately 1,125 feet upstream of the Gisler Avenue pedestrian 
overcrossing. The report provides the following physical information and analysis of 
technical data useful for considering recreational use designations: 

 Channel description and physical characterization 

 Information related to existing and potential recreational uses  

This report is intended to provide information to support one or more use 
attainability factors described in 40 CFR 131.10(g)(1-6), but not necessarily all factors. 
To preserve objectivity and integrity in the UAA decision-making process, this report 
was prepared without arguments or recommendations for use designations. This 
report is intended to provide facts to support the preparation of a Staff Report which 
will contain recommendations for use designation.  

This Use Attainability Analysis Technical Report was developed under direction of 
and with consensus from the Stormwater Quality Standards Task Force (Task Force), 
which formed in 2003 with a work plan to reevaluate water quality standards 
necessary to protect beneficial uses as they relate to stormwater and dry weather 
flows within the Santa Ana River Watershed. This report was prepared to provide 
information related to REC1 and REC2 beneficial use designations and associated 
pathogen water quality objectives, and is based on facts obtained as of the date of 
report finalization. Subsequent triennial reviews will determine the extent to which 
these facts may have changed.  

The Task Force consists of representatives from a variety of stakeholder interests, 
including the Santa Ana Watershed Project Authority (SAWPA); the counties of 
Orange, Riverside, and San Bernardino; cities and special districts with the counties, 
and the Santa Ana Regional Water Quality Control Board. Consulting assistance is 
provided by Camp Dresser and McKee Inc. (CDM) and Risk Sciences, Inc.  
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Section 2 
Waterbody Description 
2.1 Reach Identification 
2.1.1 Basin Plan Nomenclature 
The Santa Ana River Basin Water Quality Control Plan (Basin Plan) (1995 and 
subsequent amendments) designates nearly all surface waters and their tributaries 
within the watershed as having both water contact recreation (REC1) and non-contact 
water recreation (REC2) beneficial uses. Water Contact Recreation (REC1) waters are 
used for recreational activities involving body contact with water where ingestion of 
water is reasonably possible. These uses may include, but are not limited to, 
swimming, wading, water-skiing, skin and scuba diving, surfing, whitewater 
activities, fishing, and use of natural hot springs. Non-contact Water Recreation 
(REC2) waters are used for recreational activities involving proximity to water, but 
not normally involving body contact with water where ingestion of water would be 
reasonably possible. These uses may include, but are not limited to, picnicking, 
sunbathing, hiking, beachcombing, camping, boating, tidepool and marine life study, 
hunting, sightseeing, and aesthetic enjoyment in conjunction with the above activities. 

Greenville-Banning Channel is not separately listed in the Basin Plan. As defined in 
the existing Basin Plan, the listing of waters attempts to include all significant surface 
streams and bodies of water, as well as the significant groundwater basins and 
subbasins which are recognized as water supply sources or which are receiving 
waters. Changes to the existing Basin Plan may be proposed. 

Current water quality objectives applicable to REC1 and REC2 uses are as follows:   

REC1 
Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30-day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30-day period. 

REC2 
Fecal coliform: average less than 2,000 organisms/100 mL and not more than 10% of 
samples exceed 4,000 organisms/100 mL for any 30-day period. 

2.1.2 Location 
The Greenville-Banning Channel watershed (approximately 9 mi2) is located in 
Orange County and includes portions of the Cities of Costa Mesa and Santa Ana 
(Figure 2-1). This channel is highlighted in yellow in Figure 2-1. For the purposes of 
this report, the entire length of the channel is described as one reach from the 
confluence of Greenville-Banning Channel with the Santa Ana River (33°38’49.74”N, 
117°57’6.3”W) to approximately 1,125 feet upstream of the Gisler Avenue pedestrian 
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overcrossing (where the channel transitions from concrete rectangular to trapezoidal 
side slope) (33°41’28.14”N, 117°56’5.568”W).   

Figure 2-2 shows an aerial photograph of the area within the Greenville-Banning 
Channel watershed.  The channel has one tributary channel (Fairview Channel) not 
address in this document (highlighted in green in Figure 2-1). 

2.1.3 Hydrologic Connectivity 
Local underground storm drains within the City of Costa Mesa discharge into 
Greenville-Banning Channel, Reach 1.  Fairview Channel is the single tributary 
channel flowing into Greenville-Banning Channel (see Figure 2-1). 
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Figure 2-1 

Map of Greenville-Banning Channel Watershed 
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Figure 2-2 

Greenville-Banning Channel and Surrounding Area (June 2009) 
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2.2 Channel Characterization 
2.2.1 Historical Channel Characteristics 
Historical information was obtained from the Project Report for Greenville-Banning 
Channel (Facility No. D03), Pacific Ocean to Edinger Avenue1

The report recommended that all earthen trapezoidal channel sections with reinforced 
concrete boxes (at overcrossings) be replaced by either concrete rectangular or 
concrete trapezoidal sections (Table 2-1). 

, prepared in 1998 by 
Ott Engineering, Inc. for Orange County Environmental Management Agency (now 
referred to as Orange County Public Works).  The report identifies proposed channel 
improvements in order to accommodate a 100-year storm capacity. 

The area surrounding the current Greenville-Banning Channel originally drained to 
the Santa Ana River.  The channel flooded regularly during the early 1900’s due to 
channelization efforts combined with sediment laden flood flows.  The Talbert 
Drainage District was formed in order to resolve these issues.  A drainage ditch, 
known as the Talbert Drainage Ditch, was constructed, parallel to the eastern levee of 
the Santa Ana River, which extended from north of Gisler Avenue to the Pacific 
Ocean.  

In 1955, construction of Greenville-Banning Channel was proposed.  The alignment 
was similar to that of the Talbert Drainage Ditch, running parallel to Fairview Road to 
Edinger Avenue.  In 1959, an engineered earthen trapezoidal channel was completed.  
The base widths varied from 6 to 25 feet and included construction of reinforced 
concrete box (RCB) culverts at Harbor Boulevard, Sunflower Avenue, Alton Avenue, 
Pacific Electric Railway crossing, Segerstrom Avenue, and Warner Avenue.  

In 1964, Orange County Flood Control District (OCFCD) recommended the 
construction of concrete lining in several reaches of the channel.  In 1965, a curved 
reach was improved which extended from 1,100 feet downstream of Gisler Avenue to 
California Street.  This improvement provided a carrying capacity equal to the 25-year 
storm.  At the same time, additional RCB culverts were added along the channel, the 
longest being a 500-foot long triple RCB culvert under the San Diego Freeway.   

In the report, there is discussion of the United States Army Corps of Engineers 
conducting a design study in order to relocate the channel outlet from its terminus at 
the ocean to a new confluence point downstream of the Hamilton Avenue/Victoria 
Street Bridge overcrossing.  The channel outlet was relocated to a confluence point 
downstream of the Hamilton Avenue/Victoria Street Bridge overcrossing as indicated 
in Figure 2-2. 

                                                 
1  Ott Engineering, Inc., Project Report for Greenville-Banning Channel (Facility No. D03), Pacific Ocean to Edinger 

Avenue, Prepared for County of Orange Environmental Management Agency, Flood Program Division, August 1989.  
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Table 2-1 
Greenville-Banning Channel Characteristics as Described in Project Report for 

Greenville-Banning Channel  

Segment Existing (at time of report) 

Recommended Channel 

Improvements 

Ocean to Pacific Coast 
Highway 

Earthen trapezoidal Abandon 

Pacific Coast Highway to 
California St 

Earthen trapezoidal, Concrete 
trapezoidal, RCB 

Concrete rectangular channel, RCB 

California St. to New 
Hampshire Dr 

Earthen trapezoidal, RCB Concrete rectangular channel, RCB 

New Hampshire Dr  to San 
Diego Freeway 

Earthen trapezoidal, RCB Concrete rectangular channel, RCB 

San Diego Freeway to La 
Quinta 

Earthen trapezoidal, RCB Concrete rectangular channel 

La Quinta to Harbor Blvd Earthen trapezoidal, RCB Concrete rectangular channel, RCB 

Harbor Blvd to Local Earthen trapezoidal, RCB Concrete rectangular channel, RCB 

Local to Railroad Earthen trapezoidal, RCB Concrete rectangular channel, RCB 

Railroad to South Coast Dr Earthen trapezoidal, RCB Concrete rectangular channel, RCB 

South Coast Dr to Sunflower 
Ave 

Earthen trapezoidal, RCB Concrete rectangular channel 

Sunflower Ave to MacArthur 
Blvd 

Earthen trapezoidal, RCB Concrete trapezoidal channel 

MacArthur Blvd to Alton Ave Earthen trapezoidal, RCB Concrete trapezoidal channel, RCB 

Alton Ave to Segerstrom Ave Earthen trapezoidal, RCB Concrete trapezoidal channel, RCB 

Segerstrom Ave to Warner 
Ave 

Earthen trapezoidal, RCB Concrete trapezoidal channel, RCB 

Warner Ave to Harvard St Earthen trapezoidal, RCB Concrete trapezoidal channel, RCB 

Harvard St to Centennial Rd Earthen trapezoidal, RCB Concrete trapezoidal channel 

Centennial Rd to Edinger 
Ave 

Earthen trapezoidal, RCB Concrete trapezoidal channel, RCB 

 
2.2.2 Existing Structure, Slope, and Materials 
Table 2-2 describes the sidewall and bottom construction of the Greenville-Banning 
Channel. These channel attributes are indicated in Figure 2-3.  This reach of the open 
channel is fenced and gated to deter access.  

Table 2-2 
Sidewall and Bottom Construction of the Greenville-Banning Channel 

Segment Description 

Confluence with Santa Ana River to 
approximately 1,125-feet upstream of Gisler 
Avenue 

Vertical, fully concrete-lined, 60 ft bottom width 
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 Figure 2-3 

Greenville-Banning Channel Characteristics 
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2.2.3 Land Use 
Figure 2-4 depicts the land uses in the Greenville-Banning Channel drainage area. The 
watershed draining to Reach 1 is largely developed as residential and open space 
areas.  

 
Figure 2-4 

Land Use within the Greenville-Banning Channel Drainage Area 

 
2.2.4 Representative Photographs 
This section presents photographs of representative channel conditions. Figure 2-5 
provides a map of the channel that notes where the photographs in Figures 2-6 
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through 2-9 were taken. At each photo point, paired pictures were taken: (1) facing 
downstream; and (2) facing upstream. 
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Figure 2-5 

Representative Channel Photograph Locations 
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Figure 2-6 

Greenville-Banning Channel Facing Upstream – Confluence with Santa Ana River 
(Note: Greenville-Banning Channel on Right Side of Photograph) 

 

 
Figure 2-7 

Greenville-Banning Channel Facing Downstream – Confluence with Santa Ana River 
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Figure 2-8 

Greenville-Banning Channel Facing Upstream – Vertical Channel to Trapezoidal Channel 
Transition 

 
Figure 2-9 

Greenville-Banning Channel Facing Downstream – Trapezoidal Channel to Vertical Channel 
Transition  
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Section 3 
Eligibility Analysis 
This section provides information on existing, historical, and probable future 
recreational activity, as well as current and historical water quality characteristics.  

3.1 Existing Use 
3.1.1 Evidence of Actual Recreational Activity 
From July 2005 through January 2006, recreational use surveys were performed to 
obtain information regarding existing levels of recreational use. Digital field 
observation cameras and data transfer technology, coupled with weekly on-location 
physical surveys were used to collect the data. Two locations within Greenville-
Banning Channel were surveyed (Figure 3-1): 

 Greenville-Banning Channel at Pedestrian Bridge 

 Greenville-Banning Channel at Adams Avenue Bridge 

Figure 3-2 through Figure 3-3 show photographs of the survey locations. 
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Figure 3-1 

Greenville-Banning Channel Recreational Use Survey Locations 
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Figure 3-2 

Photo of the Camera View at the Recreational Use Survey Location for Greenville-
Banning Channel at Pedestrian Bridge 

 

 
Figure 3-3 

Photo of the Camera View at the Recreational Use Survey Location for Greenville-
Banning Channel at Adams Avenue Bridge 
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The duration of survey and number of images collected for each location on the 
channel are shown in Table 3-1. An image was collected every fifteen minutes during 
daylight hours throughout the study duration unless signal strength fluctuations or 
equipment failures precluded collection and transmission. Images were not collected 
at night due to darkness. 

Table 3-1 
Recreational Use Survey Duration 

Survey Location Start Date End Date Number of Images 

Pedestrian Bridge 7/7/05 7/27/05 425 

Adams Avenue Bridge 11/17/05 1/3/06 2,552 

 
Any image containing a person or persons within channel fencing or boundaries was 
defined as a recreation event. If a person or persons were observed meeting the same 
conditions as above during on-site surveys, these were also considered events. An 
event could include one or more persons. For each event, each person’s activity (type), 
and the estimated duration of the event were logged. If an activity was captured on 
only one image, an activity duration was reported as <30 minutes. Likewise, if the 
same activity by the same person or persons was observed in two consecutive fifteen-
minute interval images, the duration was reported as <45 minutes.  

For camera locations at Greenville-Banning Channel at the pedestrian bridge and the 
Adams Avenue Bridge, no recreational activities were observed in collected images.  
Table 3-2 presents a summary of the activity recorded at the Greenville-Banning 
Channel survey locations over the duration of the survey. The seasonal periods 
defined in southern California NPDES stormwater permits were used to categorize 
the observations by season (April 1 to September 30 for the dry season; October 1 to 
March 31 for the wet season). Full recreational use survey information can be found in 
the Recreational Use Survey Data Report – Greenville-Banning Channel prepared for the 
Task Force by CDM in November 2006.  

Table 3-2 
Recreational Activity Recorded for Greenville-Banning Channel 

Location 

Number of Individuals 
Estimated 

Duration (min) 
Types of Activity 

Total 
Dry 

Season 
Wet 

Season 

Pedestrian Bridge 0 0 0 0 None 

Adams Avenue Bridge 0 0 0 0 None 

 
Task Force members visited the Greenville-Banning Channel at Adams Avenue on six 
weekends in 2005 and 2006 during the “summer swimming season.”  Task Force 
members were asked to stay at the location for half an hour and record what 
recreational activities they observed.  The Task Force members described the number 
and activity of people they saw in the area, the weather, depth and clarity of the 
water, and any evidence of activity in the area.  No people were observed in the water 
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or within the channel during this time period.  Numerous people were observed on 
the bike trail along the Greenville-Banning Channel, and a sunken dingy was 
observed in the channel. 
 
3.1.2 Analysis of Representative Water Quality Monitoring Data 
Orange County Public Works performed water quality monitoring upon the 
Greenville-Banning Channel from May 2001 to September 2001 in two locations.  For 
the Greenville-Banning Urban Runoff Diversion Project, an inflatable rubber dam was 
constructed within the channel. Sample locations were located 200 feet upstream and 
downstream of the diversion dam (See Figure 3-4).  Samples were collected on an 
approximate weekly basis.  

Figure 3-5 presents the fecal coliform concentrations for this sample period with a red 
line indicating the REC 1 10-percent criteria limit of 400 MPN/100mL.  Figure 3-6 
presents the monthly geometric mean fecal coliform concentrations for the same 
period with a red line indicating the REC1 geometric mean objective limit of 200 
MPN/100mL.  A geometric mean was calculated if there were at least five samples 
collected during a calendar month (not rolling 30 day geometric mean calculations). 
Table 3-3 summarizes the data by month. 
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Figure 3-4 

Greenville-Banning Channel Fecal Coliform Sampling Locations 
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Figure 3-5 

Time Series of Fecal Coliform Concentrations 
in the Greenville-Banning Channel for 2001 

 

 

Figure 3-6 
Monthly Geometric Mean Fecal Coliform Concentrations 

in the Greenville-Banning Channel for 2001 
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Table 3-3 
Summary of Monthly Fecal Coliform at the Greenville-Banning Channel (2001)  

Month and Year 
Number of 
Samples 
Collected 

Minimum Value 
(MPN /100ml) 

Maximum Value 
(MPN /100ml) 

Geometric Mean 
(MPN /100ml) 

Greenville-Banning, 200' upstream of diversion dam 

5/2001 1 3,000 3,000   

6/2001 4 23 230   

7/2001 4 2 8   

8/2001 5 2 8 4 

9/2001 4 2 110   

Greenville-Banning, 200' downstream of diversion dam 

5/2001 1 800 800   

6/2001 4 4 300   

7/2001 4 4 7   

8/2001 5 2 17 7 

9/2001 4 8 8,000   

 
3.2 Historical Use 
To collect information regarding historical recreational use, inquiries to local 
jurisdictional agencies, online searches of California newspaper archives, databases 
(engineering and environmental trade journals), and search engines such Google 
News archive and Lexis-Nexis were conducted to identify any accounts or reference 
to recreational activities in the channel.  No historical use information was identified 
from these searches. 

3.3 Probable Future Use 
3.3.1 Review of Relevant County and Municipal Master Plans 
Information regarding potential future recreational uses for the Greenville-Banning 
Channel was obtained through discussions with local agencies. The City of Costa 
Mesa was contacted as well as Orange County (OC) Public Works.   

From these agency inquiries, future potential projects were identified. The City of 
Costa Mesa developed concept plans as part of the Blue Ribbon Committee for the 
Santa Ana River Trail Vision Study.  These plans include improvements to the 
existing bicycle trail along the channel.  Improvements include new access points to 
the existing bicycle trail, rest areas, improved signage, and pocket parks.  The project 
is at a concept plan level and is not currently funded (via communication with Robert 
Staples, Fairview Park Plan Administrator, City of Costa Mesa, June 25, 2009).  
Subsequent triennial reviews may identify future probable uses. 
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OC Public Works was also contacted regarding any potential projects in the 
Greenville-Banning Channel.  No additional projects were identified apart from the 
concept plans developed by the City of Costa Mesa.   

Per communication with Jeff Dickman, Regional Recreational Trail Coordinator, OC 
Public Works (April 22 and July 20, 2009), facilities supporting water contact 
recreational use are not planned for the channel.  

In addition to inquiries with local jurisdictional agencies, online searches of California 
newspaper archives, databases (engineering and environmental trade journals), and 
search engines such Google News archive and Lexis-Nexis were conducted to identify 
any accounts or reference to recreational activities in the channel.  No results of 
recorded recreational activities were identified in these reference searches. 

3.3.2 Expected Improvement in Water Quality with BMP 
Implementation 

Based on a literature review of existing documentation describing current and 
planned Best Management Practices (BMP) implementation within Orange County, 
the Orange County Stormwater Program has developed several BMPs and programs 
to address pathogen concerns within urban runoff. These include: 

 Dry Weather Diversions to Full Sanitary Treatment 

 Structural BMPs (such as Wet Ponds, Wetlands) 

 Source Control BMPs Designed to Reduce Discharge of Urban Runoff or have a 
Controlling Effect on Pollutants in General 

 Septic System Inventory and Assessment 

 Portable Toilet Oversight Program 

Only marginal improvement in pathogen water quality is expected from full 
implementation of these BMPs. The following sections summarize relevant 
information contained in Orange County reports. 

3.3.2.1 Dry Weather Diversions to Full Sanitary Treatment 
Per Orange County’s Dry Weather Diversion Study (October 2003)2

 There are 38 existing diversion facilities operating within 9 of the 13 watersheds 
within the county. Diversion facilities vary in design from in-pipe diversion 
systems to large open-channel diversion structures.  

: 

 Treatment plant agencies presently view dry weather diversion as a temporary, 
short-term practice.  

                                                 
2 http://www.ocwatersheds.com/stormwater/documents_damp_technical_reports.asp 
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 Based on the findings from three case studies, diversion has proven effective in 
reducing exceedences of bacteria water quality objectives.   

 An additional 38 dry weather diversions are proposed within Orange County 
watersheds; each of the proposed diversions will be evaluated for implementation 
based on established criteria. 

Based on the information provided within the report, dry weather diversion to full 
sanitary treatment is considered 100% effective at controlling pathogens contained in 
the diverted flow. Currently, only a small portion of dry weather runoff is diverted 
for treatment, and full diversion of urban runoff would be considered economically 
and technically infeasible. 

3.3.2.2 Structural BMPs 
The report titled, BMP Effectiveness and Applicability for Orange County (September 
2003)3

 Of the common BMPs implemented, only wet ponds are cited as consistently 
capable of meeting contact recreation standards for pathogens. 

, contains an extensive literature review that describes several different types of 
structural BMPs that are recommended for implementation, each with varying 
expected effectiveness at controlling pathogens. Per the report: 

  Substantial bacteria concentration reductions have been observed in many of the 
other BMPs, especially wetland BMPs.  

 In general, no reductions in bacteria concentrations have been reported for 
vegetated strips and swales.  

Based on the information provided within the report, existing development and other 
physical factors will limit the extent to which wet pond and wetland BMPs can be 
implemented within urban areas of the Santa Ana Region, making these BMPs 
effective for only a small fraction of urban runoff flows. Additionally, when 
implemented in select applicable locations, there is no guarantee that these BMPs will 
consistently meet pathogen water quality objectives. 

3.3.2.3 Other BMPs 
Orange County has developed and implemented a wide range of other BMPs focused 
on source control of pathogens. These BMPs would be expected to have a beneficial 
effect, but be largely unquantifiable and not achieve full compliance with pathogen 
water quality objectives.  

3.3.2.4 Septic System Inventory and Assessment 
Per Orange County’s Septic System Inventory and Assessment report (June 2003)4

                                                 
3 http://www.ocwatersheds.com/stormwater/documents_damp_technical_reports.asp 
4 http://www.ocwatersheds.com/stormwater/documents_damp_technical_reports.asp 

: 
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 A septic system inventory identified approximately 2,800 active septic systems 
widely dispersed throughout the County, but found in the highest concentrations 
in the Santa Ana River watershed.  

 Study results show that the load from the failed septic systems is a very marginal 
contributor to pathogen indicators in receiving. The loadings of pathogen 
indicators from failed septic systems at the mouth of the Santa Ana River and San 
Diego Creek at Upper Newport Bay are estimated to be less than a fraction of one 
percent of total contributory loading under both dry and wet weather conditions.  

 The results of the survey demonstrated that of the septic systems surveyed the 
frequency of system failure was low. In most cases, the flow path of any septic 
tank discharge provides for significant storage and infiltration, as well as an 
opportunity to discover and correct site-specific system issues. 

 A steady conversion of septic systems to sewer service is expected over time, 
which will reduce further septic systems as a potential source of pathogens in the 
watershed.  

3.3.2.5 Portable Toilet Oversight Program 
Per Portable Toilet Oversight Program documentation (December 2002)5

 BMPs for the use, maintenance, transport and storage of portable toilets within 
Orange County are being implemented to address potential discharges of 
pathogens. 

: 

 Current BMPs are generally found to be sufficient to prevent impacts to receiving 
waters.  

 

                                                 
5 http://www.ocwatersheds.com/stormwater/documents_damp_technical_reports.asp 
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Section 4 
UAA Factor Evaluation  
4.1 Introduction 
This section describes the UAA factors evaluated for the Santa Ana Delhi Channel: 

 Natural, Ephemeral, Intermittent, or Low Flow Conditions or Water Levels [40 
CFR 131.10(g)(2)] 

 Dams, Diversions, or Other Types of Hydrologic Modifications [40 CFR 
131.10(g)(4)] 

The following UAA factors were not evaluated: 

 Naturally Occurring Pollutant Concentrations [40 CFR 131.10(g)(1)] 

 Human Caused Conditions or Sources of Pollution [40 CFR 131.10(g)(3)] 

 Attainment of Aquatic Life Protection Uses [40 CFR 131.10(g)(5)] 

 Economic and Social Impacts [40 CFR 131.10(g)(6)] 

The two UAA factors evaluated are discussed in the following sections. 

4.2 Natural, Ephemeral, Intermittent, or Low Flow 
Conditions or Water Levels [40 CFR 131.10(g)(2)] 

4.2.1 Flow Conditions 
The Greenville-Banning Channel is subject to tidal influence due to its proximity to 
the Pacific Ocean. Given the hydrologic patterns in Southern California, dry weather 
flow is the predominant condition most of the time in the Greenville-Banning 
Channel, with precipitation-derived runoff typically occurring for only relatively 
short episodic periods during and shortly after rainfall events within the tributary 
watershed. These events typically occur almost entirely during the wet season. 

Depth of flow has not been directly measured in the channel.   

4.3 Dams, Diversions, or Other Types of Hydrologic 
Modifications [40 CFR 131.10(g)(4)] 

4.3.1 Describe Hydrologic Modifications 
The Greenville-Banning Channel has been significantly modified for flood control 
purposes. As summarized in Section 2.2, the channel is comprised of vertical and 
trapezoidal segments, with segments of significant widening and permanent 
armoring. Evidence of hydrologic modifications is demonstrated by the information 
provided in previous sections of this report, listed below: 
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 Table 2-2 describes the modified sidewall and bottom construction of segments of 
the channel 

 Figure 2-2 and Figures 2-6 through 2-9 show modified (straightened) segments of 
the channel 
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Draft Memorandum 
 
To: Santa Ana Stormwater Quality Standards Task Force 
 
From: CDM 
 
Date: August 31, 2010 
 
Subject: Draft - Analysis of Diversion of Dry Weather Urban Runoff to POTWs 

for Bacteria Control in Orange County 

This technical memorandum describes a theoretical engineering analysis performed to 
produce a cost estimate for diverting urban dry weather runoff from human/controllable 
sources to Publicly Owned Treatment Works (POTWs) to control bacteria levels during dry 
weather conditions within Orange County. Waterbodies currently listed as having 
recreational use designations (REC-1 or REC-2) are identified in the Santa Ana Regional 
Water Quality Control Plan (Basin Plan). To comply with the requirements of the Basin Plan 
and Municipal Separate Storm Sewer System (MS4) permits adopted by the Santa Ana 
Regional Water Quality Control Board, some or most of these waterbodies may require 
implementation of dry weather runoff controls to reduce bacteria levels in the waterbodies to 
support recreational uses and adequately assure compliance.  

Engineering alternatives that could approach reasonable assurance of complying with Basin 
Plan bacteria objectives were considered, including distributed full / tertiary treatment of dry 
weather runoff in numerous locations (end of pipe / storm drain treatment) and diversion of 
dry weather flows to already existing collection systems and POTWs. Based upon work 
previously performed by the Task Force related to BMP options for controlling bacteria, dry 
weather diversion to POTWs was assumed to be the lowest cost option for adequately 
assuring compliance. Other approaches such as source control, local or regional infiltration, or 
bio-treatment BMPs may be feasible in some subwatersheds to reduce bacteria loads during 
dry weather conditions, however these options may be less reliable with respect to meeting 
water quality objectives for bacterial indicators. Additionally, dry weather diversion facilities 
should require a minimal footprint to implement relative to larger regional BMPs or more 
natural solutions.   

Orange County Sanitary District (OCSD) and the Orange County Public Works (OCPW) 
established a formal workflow process through the Orange County Stormwater Technical 
Advisory Committee (TAC) to prioritize and approve diversion projects in Orange County. 
To date, the Stormwater TAC has approved 24 diversion projects. In addition to obtaining a 
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dry weather urban runoff permit, OCSD requires that the permittee enter into an agreement 
with OCSD requiring indemnification of all damages, spills, fines, etc. that are attributed to 
the discharge of urban runoff.   

Though based upon standard engineering infrastructure assumptions and cost factors, the 
costs presented in this memorandum are theoretical. They were prepared as a means to 
provide a realistic, high-level (low detail) estimate of the costs that could be expected to be 
incurred to divert dry weather flows to POTWs on a regional basis.  

The approach used to evaluate dry weather diversions to POTWs involved two primary 
steps: 

 Identify MS4 outfall locations to surface waterbodies within the county.  

 Based on the number of outfalls, estimate capital and operations and maintenance (O&M) 
costs associated with dry weather diversions to POTWs. 

Identification of Diversion Locations 
For this analysis, it was assumed that all storm drain outfalls from MS4 facilities to surface 
waterbodies will require a diversion. The resulting costs are representative of what could be 
required under a condition where exceedances of bacterial indicator water quality objectives 
regularly occur in all surface waterbodies under dry weather flow and runoff from MS4 
facilities is present at all storm drain outfalls during dry weather.  

Potential locations for dry weather runoff diversions were determined by comparing GIS 
layers of surface waterbodies and enclosed MS4 facilities throughout Orange County. This 
spatial analysis utilized a GIS database of flood control and MS4 facilities compiled by 
Orange County Public Works (OCPW), which included attribute information distinguishing 
surface drainage systems (e.g., channels) from enclosed systems (e.g., storm drains). The 
OCPW GIS database encompasses both county and city-owned facilities. This desktop GIS 
analysis was completed using both ArcGIS and Google Earth mapping tools.   

A total of 273 outfall locations were identified using this spatial analysis. These outfalls, 
shown in Figure 1, represent potential locations where diversion of dry weather urban runoff 
could be implemented in Orange County. Because MS4 facility data was not available from all 
cities, this number is likely an underestimate. 

Theoretical Cost Estimate 
Cost estimates were developed for the three main components that would be necessary for 
implementation of dry weather diversion facilities in the county: 1) construction of a typical 
dry weather diversion facility, 2) construction cost to provide increased capacity at a POTW 
where dry weather flows would be diverted, and 3) annual cost of operation and maintenance 
(O&M) for operating the diversion facility and providing treatment.  
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The costs developed for by this analysis are theoretical, based on typical costs but not specific 
to any existing sanitary sewer agency in the county. If low flow diversions were 
implemented, it would be necessary to work with local sanitary sewer agencies to determine 
their willingness to accept dry weather runoff in their facility. Agreements would then need 
to be established with locally negotiated costs.  

Component 1: Typical Dry Weather Diversion Facility 
A typical dry weather diversion facility at an existing MS4 facility outfall location would 
consist of the following elements: 

 Diversion Structure (two additional manholes or junction boxes). One manhole or 
junction box would be equipped with a gross solids removal device to protect pumping 
equipment and provide wet weather bypass. The second would be used as a wet well for 
pumping dry weather flows to the closest location in the sanitary sewer collection system 
with adequate capacity to accept the flow. Capital cost for construction of similar facilities 
in southern California is approximately $1.7 million1

 Forcemain. In most cases within urban settings, existing sanitary and MS4 facilities are 
relatively close in proximity. For this analysis, it is assumed that 1,000-feet of small 
diameter (six-inch) forcemain pipeline would be required to connect the dry weather 
diversion pumping structure to the nearest sanitary sewer manhole. At a rate of $100 per 
linear foot, the cost of the forcemain per diversion structure would be approximately 
$100,000. 

. 

Table 1 summarizes total cost estimates of diversion facilities required in each city in Orange 
County, based on the following equation: 

 
 
The total dry weather diversion structure cost is estimated at $491.4 million. Individual 
project costs would need to be revisited prior to proceeding with design and construction to 
account for varying site characteristics and dry weather flow conditions. 

Component 2: Capacity Improvements to Existing Sanitary Sewer Collection System and 
Treatment Facilities 
Capital costs for potential conveyance and treatment upgrades that would be required for 
increased flow to the sanitary sewer collection system have been estimated using data from 
OCSD, which intercepts, treats, and discharges wastewater from all of the north Orange 
County area that lies within the Santa Ana River Watershed. OCSD has limited available 
system capacity, and already treats up to 4 MGD of diverted dry weather urban runoff from a 

                                                           
1 Take-off estimate completed by CDM Constructors Inc. for similar facilities for City of Los Angeles Bureau of 
Sanitation 
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number of locations in cities with storm drains that discharge directly to the ocean along the 
Orange County coastline to protect beach water quality.  

Several key assumptions were made to estimate the capital cost of conveyance and treatment, 
including: 

 Flow at each diversion is 0.4-cubic foot per second (cfs). This estimate is based on an 
assumed urban dry weather runoff generation rate of 190 gallons per acre per day routed 
to 273 outfalls over the urbanized area (393 square miles).2

 Biochemical oxygen demand (BOD) of urban dry weather runoff is 11 mg/L.

 

3

 Total Suspended Solids (TSS) of urban dry weather runoff is 19 mg/L (USEP monitoring). 

 

Costs associated with potential additional POTW capacity for dry weather urban runoff are 
low for up to 10 MGD of allocated capacity compared to the potential cost of diverting more 
than 10 MGD (see Class I Permit User Rate at the OCSD website 
http://www.ocsd.com/civica/filebank/blobdload.asp?BlobID=6441).  

OCSD has not planned for additional facilities necessary to capture more than the 10 MGD of 
allocated capacity. Any flows above 10 MGD will not be accepted into OCSD, thus alternative 
treatment systems are required in lieu of diversions. Per this analysis, at a rate of 190 gallons 
per acre per day for dry weather runoff generation, approximately 50 MGD of urban runoff 
may require diversion from MS4 outfalls in the Orange County portion of the Santa Ana 
River Watershed. This analysis assumes the necessary capacity above the allocated 10 MGD 
could be diverted to OCSD’s system for rates comparable to new residential development. 
Table 1 shows the varying capacity costs and a weighted average capacity rate for 50 MGD of 
capacity.  

                                                           
2 City of Los Angeles, Integrated Resources Plan, Department of Public Works Bureau of Sanitation and 
Department of Water and Power, 2006. 
3 McPherson, Timothy N., Steven J. Burion, Michael K. Stenstrom, H.J. Turin, Michael J. Brown, and I.H. Suffet, 
2005. Dry and Wet Weather Flow Nutrient Loads From a Los Angeles Watershed. Journal of the Amercian Water 
Resources Association, 41(4): 959-969. 
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Table 1: Potential OCSD Capital Facilities Capacity Charges for Urban Runoff 

Dry Weather Flow Capacity Flow ($/MGD) 

0 - 4 MGD ($/MGD) $0 

4 – 10 MGD ($/MGD) $1,900
1 

11 - 50 MGD ($/MGD) $12,000,000 

Flow weighted Average ($/MGD) $9,600,000 

1) Includes charges associated with flow, BOD, and TSS for Permit Users 
 

OCSD waives fees and charges for discharge flows less than 4 MGD. Once the flows exceed 
the 4 MGD, the discharger will be charged, not limited to, permit fees, sewer use charge, 
capital facilities charges, operations and maintenance cost, and supplemental capital facility 
capacity charge as reflected in the most current fee ordinance. 

The weighted average OCSD sewer capacity rate shown in Table 1 was applied in the 
following equation to estimate the conveyance and treatment cost for each city, shown in 
Table 2. The total conveyance and treatment cost is estimated at $458,500,000 for Orange 
County. 
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 Figure 1 
 Map of Candidate Dry Weather Runoff Diversion Locations in Orange County 
 within the Santa Ana River Watershed 
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Table 2:  Total Cost of Diversion Facilities in Orange County 

Jurisdiction 
Number of 

Outfalls 

Drainage 
Area  
(mi

2
) 

Typical Dry 
Weather 
Facilities 

Cost 

Conveyance 
& Treatment 
Capital Cost  

Annual O&M 
($/yr) 

Anaheim 22 50 $39,600,000 $36,900,000 $3,440,000 

Brea 8 10 $14,400,000 $13,400,000 $850,000 

Buena Park 6 11 $10,800,000 $10,100,000 $780,000 

Costa Mesa 8 16 $14,400,000 $13,400,000 $1,110,000 

Cypress 5 7 $9,000,000 $8,400,000 $530,000 

Fountain Valley 14 9 $25,200,000 $23,500,000 $1,020,000 

Fullerton 23 22 $41,400,000 $38,600,000 $2,050,000 

Garden Grove 12 18 $21,600,000 $20,200,000 $1,390,000 

Huntington Beach 24 27 $43,200,000 $40,300,000 $2,350,000 

Irvine 30 47 $54,000,000 $50,400,000 $3,570,000 

La Habra 11 7 $19,800,000 $18,500,000 $820,000 

La Palma 2 2 $3,600,000 $3,400,000 $170,000 

Laguna Hills 1 6 $1,800,000 $1,700,000 $360,000 

Laguna Woods 1 3 $1,800,000 $1,700,000 $200,000 

Lake Forest 5 13 $9,000,000 $8,400,000 $850,000 

Los Alamitos 6 4 $10,800,000 $10,100,000 $450,000 

Newport Beach 2 17 $3,600,000 $3,400,000 $940,000 

Orange 14 24 $25,200,000 $23,500,000 $1,770,000 

Placentia 3 7 $5,400,000 $5,000,000 $450,000 

Santa Ana 27 27 $48,600,000 $45,300,000 $2,470,000 

Seal Beach 4 12 $7,200,000 $6,700,000 $760,000 

Stanton 4 3 $7,200,000 $6,700,000 $320,000 

Tustin 10 11 $18,000,000 $16,800,000 $960,000 

Villa Park 1 2 $1,800,000 $1,700,000 $150,000 

Westminster 14 10 $25,200,000 $23,500,000 $1,070,000 

Yorba Linda 7 20 $12,600,000 $11,800,000 $1,290,000 

Unincorporated 9 8 $16,200,000 $15,100,000 $770,000 

Total 273 393 $491,400,000 $458,500,000 $30,890,000 
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Component 3: Operations and Maintenance (O&M) 
Annual O&M costs for the dry weather diversion facilities include costs to pump runoff and 
maintain the diversion structure as well as rates for treatment at the POTW. Costs associated 
with O&M of a single diversion facility, at an assumed rate of 2 percent of total capital cost, 
would be approximately $40,000 per year. Annual O&M costs associated with treatment of 
runoff at OCSD plants are a function of OCSD’s rates for flow in million gallons (MG), BOD 
and TSS, which are shown in Table 3.  

Table 3: OCSD Rates for Operations and Maintenance 

Annual O&M Cost Orange County Sanitation District
1
 

Treatment Flow ($/MG) $1,016.80 

BOD ($/1000 lbs.) $483.30 

TSS ($/1000 lbs.) $514.10 

1) http://www.ocsd.com/civica/filebank/blobdload.asp?BlobID=6441 

 
Summary of Costs 
Table 4 provides a summary of the total theoretical (high-level) costs for Orange County. 

Table 4: Total Costs  

Summary of Estimated Costs (millions of $) 

Dry Weather Facilities  $491.4 

Conveyance & Treatment  $458.5 

 Total  $949.9 

Annual O&M $30.89/yr 

 
Limits of Analysis 
The costs presented in this technical memorandum are high-level estimates based on broad 
assumptions about the required level of implementation for adequate assured compliance 
with bacterial indicator water quality objectives. There a number of factors or considerations 
that would influence the actual cost: 

 Limited data from some cities within the area of analysis suggest that the number of 
outfalls requiring treatment could increase significantly in certain areas.  

 Additionally, the cost and feasibility for local sewering agencies to collect and treat urban 
dry weather runoff is not fully quantified. A number of factors, many of which are site-
specific, could influence the cost and feasibility of implementing dry weather runoff 
diversions. These factors include, but certainly not limited to: 



Santa Ana Stormwater Quality Standards Task Force 
August 31, 2010 
Page 9 

 Draft - Work In Progress 

 Costs associated with capital improvement projects at POTWs necessary to accept 
additional flows; 

 Costs of financing and inflation over time; 

 Constraints on local sanitary sewer collection and treatment systems – potential 
increases necessary in the capacity of collection system pipelines, pump stations, etc; 

 Flow rate and presence of continuous flow - flow may be more peaky in nature, not 
the constant rate of 0.4 cfs assumed for this analysis. Typical dry weather runoff 
occurs mainly in the early morning hours due to irrigation; 

 Operation and maintenance considerations – manual operation or automatic, manual 
or remote switching from wet to dry and dry to wet, telemetry and remote observation 
or control, potential for system malfunctions causing sanitary system overflows;  

 Compliance sampling and reporting costs; and 

 Timing of flows - acceptance of flows only during off-peak hours, necessitating 
storage. 

 The number of MS4 outfall locations actually discharging during dry weather conditions 
could have a significant impact on the costs associated with diversion and treatment. This 
preliminary analysis has assumed that each outfall described above is discharging at the 
assumed flow rate. The number or percentage of outfalls expected to be discharging 
during dry weather conditions would need to be investigated and predicted to further 
refine the analysis costs. There may be a large percentage of outfalls within the county not 
contributing dry weather flows.  

 Not all areas of the County are sewered, making diversion to a POTW potentially more 
complicated and costly.   

Other Considerations 
Additional Treatment Alternatives - This analysis focused on a treatment method that provides 
high certainty for bringing MS4 facilities in compliance with water quality objectives for 
bacterial indicators. An alternative to diversion from MS4 facilities to the sanitary collection 
system is to construct on-site treatment or infiltration, in the form of an urban runoff plant 
(URP), infiltration BMPs, treat and release wetlands, etc. These types of facilities can provide 
integrated resource benefits and are potentially more land intensive than diversion to the 
sanitary sewer system. In the case of URPs, treatment and discharge provides a low bacteria 
source of water to receiving waterbodies, which can dilute uncontrolled sources of bacteria, or 
the URP can be designed for reuse for irrigation demands near the project site. Similarly, 
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infiltration BMPs or treat and release wetlands can provide “clean” runoff to impaired 
waterbodies or recharge underlying groundwater basins through infiltration.   

Potential Environmental Impact of Dry Weather Flow Diversion - Aside from the potential 
physical infrastructure impacts, analysis of the options for controlling dry weather flow 
would need to consider the environmental impacts. Besides the direct environment impacts, 
such as energy consumption and greenhouse gas generation, indirect impacts of removing 
dry weather flows from waterbodies would need to be considered. Most drainages in the 
Santa Ana River watershed have aquatic communities at least in part dependent on dry 
weather flows.  

Assured Compliance – This memorandum evaluates the cost of bringing MS4 facilities into 
compliance with bacterial indicator water quality objectives. However, there are other 
miscellaneous water sources and temporary discharges (e.g., permitted “de minimus” 
discharges, permitted intermittent discharges such as potable water system flushing, 
construction activities, illegal and unauthorized activities such as homeless encampments, 
and emergency activities such as fire fighting) that may influence water quality. Additionally, 
flood control channels are frequently used for transport of water through controlled dam 
releases or raw water pipeline turnouts and for transport of recycled water to downstream 
spreading basins. The impact of these activities on water quality is not well understood.  

Modifications to Recreational Uses – Modifications to receiving water recreational uses to better 
reflect existing and potential recreational activity would result in changes to the applicable 
bacterial indictor water quality objectives. The outcome of these changes (which would be 
accomplished through the development of use attainability analyses) could be a significant 
reduction in the number of outfalls requiring diversion and treatment. This approach would 
greatly reduce the cost of compliance.  
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Draft Memorandum 
 
To: Santa Ana Stormwater Quality Standards Task Force 
 
From: CDM 
 
Date: August 31, 2010 
 
Subject: Draft - Analysis of Diversion of Dry Weather Urban Runoff to POTWs 

for Bacteria Control within the Santa Ana River Watershed Portion of 
Riverside County  

This technical memorandum describes a theoretical engineering analysis performed to 
produce a cost estimate for diverting urban dry weather runoff from human/controllable 
sources to Publicly Owned Treatment Works (POTWs) to control bacteria levels during dry 
weather conditions within the Riverside County portion of the Santa Ana River watershed. 
Waterbodies currently listed as having recreational use designations (REC-1 or REC-2) are 
identified in the Santa Ana Regional Water Quality Control Plan (Basin Plan). To comply with 
the requirements of the Basin Plan and Municipal Separate Storm Sewer System (MS4) 
permits adopted by the Santa Ana Regional Water Quality Control Board, some or most of 
these waterbodies may require implementation of dry weather runoff controls to reduce 
bacteria levels in the waterbodies to support recreational uses and adequately assure 
compliance.  

Engineering alternatives that could approach reasonable assurance of complying with Basin 
Plan bacteria objectives were considered, including distributed full / tertiary treatment of dry 
weather runoff in numerous locations (end of pipe / storm drain treatment) and diversion of 
dry weather flows to already existing collection systems and POTWs. Based upon work 
previously performed by the Task Force related to BMP options for controlling bacteria, dry 
weather diversion to POTWs was assumed to be the lowest cost option for adequately 
assuring compliance. Other approaches such as source control, local or regional infiltration, or 
bio-treatment BMPs may be feasible in some subwatersheds to reduce bacteria loads during 
dry weather conditions; however these options may be less reliable with respect to meeting 
water quality objectives for bacterial indicators. Additionally, dry weather diversion facilities 
should require a minimal footprint to implement relative to larger regional BMPs or more 
natural solutions.   

Though based upon standard engineering infrastructure assumptions and cost factors, the 
costs presented in this memorandum are theoretical. They were prepared as a means to 
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provide a realistic, high-level (low detail) estimate of the costs that could be expected to be 
incurred to divert dry weather flows to POTWs on a regional basis.  

The approach used to evaluate dry weather diversions to POTWs involved two primary 
steps: 

 Identify MS4 outfall locations to surface waterbodies within the county.  

 Based on the number of outfalls, estimate capital and operations and maintenance (O&M) 
costs associated with dry weather diversions to POTWs. 

Identification of Diversion Locations 
For this analysis, it was assumed that all storm drain outfalls from MS4 facilities to surface 
waterbodies will require a diversion. The resulting costs are representative of what could be 
required under a condition where exceedances of bacterial indicator water quality objectives 
regularly occur in all surface waterbodies under dry weather flow and runoff from MS4 
facilities is present at all storm drain outfalls during dry weather.  

Potential locations for dry weather runoff diversions were determined by comparing GIS 
layers of surface waterbodies and enclosed MS4 facilities throughout the portion of the Santa 
Ana River watershed within Riverside County. This spatial analysis utilized GIS database 
information, which included attribute information distinguishing surface drainage systems 
(e.g., channels) from enclosed systems (e.g., storm drains). Cities that have provided this data 
include Beaumont, Canyon Lake, Corona, Lake Elsinore, Moreno Valley, Norco, Perris, and 
Riverside. This desktop GIS analysis was completed using both ArcGIS and Google Earth 
mapping tools.   

A total of 162 outfall locations were identified using this spatial analysis. These outfalls, 
shown in Figure 1, represent potential locations where diversion of dry weather urban runoff 
could be implemented in the Riverside County portion of the Santa Ana River watershed. 
Because MS4 facility data was not available from all cities, this number is likely an 
underestimate.  

Theoretical Cost Estimate 
Cost estimates were developed for the three main components that would be necessary for 
implementation of dry weather diversion facilities in the county: 1) construction of a typical 
dry weather diversion facility, 2) construction cost to provide increased capacity at a POTW 
where dry weather flows would be diverted, and 3) annual cost of operation and maintenance 
(O&M) for operating the diversion facility and providing treatment.  

The costs developed for by this analysis are theoretical, based on typical costs but not specific 
to any existing sanitary sewer agency in the county. If low flow diversions were 
implemented, it would be necessary to work with local sanitary sewer agencies to determine 
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their willingness to accept dry weather runoff in their facility. Agreements would then need 
to be established with locally negotiated costs.  

Component 1: Typical Dry Weather Diversion Facility 
A typical dry weather diversion facility at an existing MS4 facility outfall location would 
consist of the following elements: 

 Diversion Structure (two additional manholes or junction boxes). One manhole or 
junction box would be equipped with a gross solids removal device to protect pumping 
equipment and provide wet weather bypass. The second would be used as a wet well for 
pumping dry weather flows to the closest location in the sanitary sewer collection system 
with adequate capacity to accept the flow. Capital cost for construction of similar facilities 
in southern California is approximately $1.7 million1

 Forcemain. In most cases within urban settings, existing sanitary and MS4 facilities are 
relatively close in proximity. For this analysis, it is assumed that 1,000-feet of small 
diameter (six-inch) forcemain pipeline would be required to connect the dry weather 
diversion pumping structure to the nearest sanitary sewer manhole. At a rate of $100 per 
linear foot, the cost of the forcemain per diversion structure would be approximately 
$100,000. 

. 

Table 1 summarizes total cost estimates of diversion facilities required in each city in the 
Riverside County portion of the Santa Ana River watershed, based on the following equation: 
 

 
 
The total dry weather diversion structure cost is estimated at $291.6 million for Riverside 
County. Individual project costs would need to be revisited prior to proceeding with design 
and construction, to account for varying site characteristics and dry weather flow conditions.   

Component 2: Capacity Improvements to Existing Sanitary Sewer Collection System and 
Treatment Facilities 
Capital costs for potential conveyance and treatment upgrades that would be required for 
increased flow to the sanitary sewer collection system are specific to each sewering agency. 
Within the Riverside County portion of the Santa Ana River watershed, there are a number of 
sewer collection, treatment and discharge/reuse agencies, including Jurupa Community 
Services District (JCSD); Eastern Municipal Water District (EMWD); Western Municipal 
Water District (WMWD); and the Cities of Beaumont, Canyon Lake, Corona, and Riverside.   

                                                           
1 Take-off estimate completed by CDM Constructors Inc. for similar facilities for City of Los Angeles Bureau of 
Sanitation 
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Wastewater agencies recover their capital costs for providing treatment capacity by collecting 
connection fees from new users. Discussions with these agencies indicate that, in most cases, 
connection fees have not been established for stormwater or urban nuisance flows, because 
current policies are aimed at keeping such flows out of the sewer system in order to avoid 
hydraulic overloading and preserve capacity for future growth. Although dry weather flow 
typically has very low total suspended solids and biological oxygen demand relative to 
municipal wastewater, it still imposes a hydraulic load on a wastewater plant, so that 
individual wastewater agencies would need to assess both their hydraulic capacity to accept 
flows and whether any special rate would be applied other than the fee typically charged for 
new wastewater connections.  

For this analysis, it is assumed that the same connection fees as those currently applied to 
new development would be used. Based on a review of connection fees charged by several 
different wastewater agencies in the area, an assumed range of $6 million to $17 million per 
MGD of flow was used for this analysis.  

To estimate the cost of conveyance and treatment, flow at each diversion was assumed to 
occur at a constant rate of 0.4-cubic foot per second (cfs). This estimate is based on an 
assumed urban dry weather runoff generation rate of 190 gallons per acre per day routed to 
162 outfalls over the urbanized area (320 square miles).2

 

 

                                                           
2 City of Los Angeles, Integrated Resources Plan, Department of Public Works Bureau of Sanitation and 
Department of Water and Power, 2006. 
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 Figure 1 
 Map of Candidate Dry Weather Runoff Diversion Locations in Riverside County 
 within the Santa Ana River Watershed 
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Table 1: Total Cost of Diversion Facilities in Riverside County 

Jurisdiction 
Number of 

Outfalls 
Drainage Area 

(mi
2
) 

Typical Dry 
Weather 

Facilities Cost 

Conveyance & Treatment Cost 
Range 

 

Annual O&M Cost Range 
($/yr) 

    
Low 

 
High Low 

 
High 

Beaumont 3 28 $5,400,000 $4,320,000 - $12,240,000 $460,000 - $700,000 

Corona 44 36 $79,200,000 $63,380,000 - $179,590,000 $6,770,000 - $10,240,000 

Hemet 6 26 $10,800,000 $8,640,000 - $24,490,000 $920,000 - $1,400,000 

Moreno Valley 25 52 $45,000,000 $36,010,000 - $102,040,000 $3,850,000 - $5,820,000 

Norco 2 15 $3,600,000 $2,880,000 - $8,160,000 $310,000 - $470,000 

Perris 6 32 $10,800,000 $8,640,000 - $24,490,000 $920,000 - $1,400,000 

Riverside 40 79 $72,000,000 $57,620,000 - $163,260,000 $6,160,000 - $9,310,000 

Unincorporated 36 54 $64,800,000 $51,860,000 - $146,940,000 $5,540,000 - $8,380,000 

Total 162 320 $291,600,000 $233,350,000 - $661,210,000 $24,930,000 - $37,720,000 
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Using the following equation, the conveyance and treatment capital cost was estimated for 
each city, shown in Table 1. Using a range of potential connection fees for the area, the range 
of conveyance and treatment costs for Riverside County is $233.3 million to $661.2 million 
with an estimated average of $505.6 million. 

 

 
Component 3: Operations and Maintenance (O&M) 
Annual O&M costs for the dry weather diversion facilities include costs to pump runoff and 
maintain the diversion structure as well as rates for treatment at the POTW. Costs associated 
with O&M of a single diversion facility, at an assumed rate of 2 percent of total capital cost, 
would be approximately $40,000 per year. Treatment O&M costs at POTWs in the watershed 
have not been evaluated or established specifically for dry weather runoff. Therefore, 
assuming the costs would be the same as monthly service charges for existing wastewater 
dischargers, the approximate O&M unit cost for urban runoff would range from $1,300 to 
$2,200 per MG of treated runoff (again using information developed from a range of local 
agency rates). These O&M costs are incorporated into the estimate shown in Table 1. Using a 
range of potential monthly service charges for the area, the range of O&M costs for Riverside 
County is $ 24.9 million to $ 37.7 million with an estimated average of $31.3 million. 

Summary of Costs 
Table 2 provides a summary of the total theoretical (high level) costs for the Riverside County 
area of the Santa Ana River watershed.  

Table 2: Total Costs 

Summary of Estimated Costs (millions of $) 

Dry Weather Facilities  $291.6  

Conveyance & Treatment (average) $447.3  

Total $738.9  

Annual O&M (average) $31.3/yr  

 
Limits of Analysis 
The costs presented in this technical memorandum are high-level estimates based on broad 
assumptions about the required level of implementation for adequate assured compliance 
with bacterial indicator water quality objectives. There a number of factors or considerations 
that would influence the actual cost: 

 Limited data from some cities within the area of analysis suggest that the number of 
outfalls requiring treatment could increase significantly in certain areas.  
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 Additionally, the cost and feasibility for local sewering agencies to collect and treat urban 
dry weather runoff is not fully quantified. A number of factors, many of which are site-
specific, could influence the cost and feasibility of implementing dry weather runoff 
diversions. These factors include, but certainly not limited to: 

 Costs associated with capital improvement projects at POTWs necessary to accept 
additional flows; 

 Costs of financing and inflation over time; 

 Constraints on local sanitary sewer collection and treatment systems – potential 
increases necessary in the capacity of collection system pipelines, pump stations, etc; 

 Flow rate and presence of continuous flow - flow may be more peaky in nature, not 
the constant rate of 0.4 cfs assumed for this analysis. Typical dry weather runoff 
occurs mainly in the early morning hours due to irrigation; 

 Operation and maintenance considerations – manual operation or automatic, manual 
or remote switching from wet to dry and dry to wet, telemetry and remote observation 
or control, potential for system malfunctions causing sanitary system overflows;  

 Compliance sampling and reporting costs; and 

 Timing of flows - acceptance of flows only during off-peak hours, necessitating 
storage. 

 The number of MS4 outfall locations actually discharging during dry weather conditions 
could have a significant impact on the costs associated with diversion and treatment. This 
preliminary analysis has assumed that each outfall described above is discharging at the 
assumed flow rate. The number or percentage of outfalls expected to be discharging 
during dry weather conditions would need to be investigated and predicted to further 
refine the analysis costs. There may be a large percentage of outfalls within the county not 
contributing dry weather flows.  

 Not all areas of the County are sewered, making diversion to a POTW potentially more 
complicated and costly.   

Other Considerations 
Additional Treatment Alternatives - This analysis focused on a treatment method that provides 
high certainty for bringing MS4 facilities in compliance with water quality objectives for 
bacterial indicators. An alternative to diversion from MS4 facilities to the sanitary collection 
system is to construct on-site treatment or infiltration, in the form of an urban runoff plant 
(URP), infiltration BMPs, treat and release wetlands, etc. These types of facilities can provide 
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integrated resource benefits and are potentially more land intensive than diversion to the 
sanitary sewer system. In the case of URPs, treatment and discharge provides a low bacteria 
source of water to receiving waterbodies, which can dilute uncontrolled sources of bacteria, or 
the URP can be designed for reuse for irrigation demands near the project site. Similarly, 
infiltration BMPs or treat and release wetlands can provide “clean” runoff to impaired 
waterbodies or recharge underlying groundwater basins through infiltration.   

Potential Environmental Impact of Dry Weather Flow Diversion - Aside from the potential 
physical infrastructure impacts, analysis of the options for controlling dry weather flow 
would need to consider the environmental impacts. Besides the direct environment impacts, 
such as energy consumption and greenhouse gas generation, indirect impacts of removing 
dry weather flows from waterbodies would need to be considered. Most drainages in the 
Santa Ana River watershed have aquatic communities at least in part dependent on dry 
weather flows.  

Assured Compliance – This memorandum evaluates the cost of bringing MS4 facilities into 
compliance with bacterial indicator water quality objectives. However, there are other 
miscellaneous water sources and temporary discharges (e.g., permitted “de minimus” 
discharges, permitted intermittent discharges such as potable water system flushing, 
construction activities, illegal and unauthorized activities such as homeless encampments, 
and emergency activities such as fire fighting) that may influence water quality. Additionally, 
flood control channels are frequently used for transport of water through controlled dam 
releases or raw water pipeline turnouts and for transport of recycled water to downstream 
spreading basins. The impact of these activities on water quality is not well understood.  

Modifications to Recreational Uses – Modifications to receiving water recreational uses to better 
reflect existing and potential recreational activity would result in changes to the applicable 
bacterial indictor water quality objectives. The outcome of these changes (which would be 
accomplished through the development of use attainability analyses) could be a significant 
reduction in the number of outfalls requiring diversion and treatment. This approach would 
greatly reduce the cost of compliance.  
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Draft Memorandum 
 
To: Santa Ana Stormwater Quality Standards Task Force 
 
From: CDM 
 
Date: August 31, 2010 
 
Subject: Draft - Analysis of Diversion of Dry Weather Urban Runoff to POTWs 

for Bacteria Control within the Santa Ana River Watershed Portion of 
San Bernardino County 

This technical memorandum describes a theoretical engineering analysis performed to 
produce a cost estimate for diverting urban dry weather runoff from human/controllable 
sources to Publicly Owned Treatment Works (POTWs) to control bacteria levels during dry 
weather conditions within the San Bernardino County portion of the Santa Ana River 
watershed. Waterbodies currently listed as having recreational use designations (REC-1 or 
REC-2) are identified in the Santa Ana Regional Water Quality Control Plan (Basin Plan). To 
comply with the requirements of the Basin Plan and Municipal Separate Storm Sewer System 
(MS4) permits adopted by the Santa Ana Regional Water Quality Control Board, some or 
most of these waterbodies may require implementation of dry weather runoff controls to 
reduce bacteria levels in the waterbodies to support recreational uses and adequately assure 
compliance.  

Engineering alternatives that could approach reasonable assurance of complying with Basin 
Plan bacteria objectives were considered, including distributed full / tertiary treatment of dry 
weather runoff in numerous locations (end of pipe / storm drain treatment) and diversion of 
dry weather flows to already existing collection systems and POTWs. Based upon work 
previously performed by the Task Force related to BMP options for controlling bacteria, dry 
weather diversion to POTWs was assumed to be the lowest cost option for adequately 
assuring compliance. Other approaches such as source control, local or regional infiltration, or 
bio-treatment BMPs may be feasible in some subwatersheds to reduce bacteria loads during 
dry weather conditions, however these options may be less reliable with respect to meeting 
water quality objectives for bacterial indicators. Additionally, dry weather diversion facilities 
should require a minimal footprint to implement relative to larger regional BMPs or more 
natural solutions.   
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Though based upon standard engineering infrastructure assumptions and cost factors, the 
costs presented in this memorandum are theoretical. They were prepared as a means to 
provide a realistic, high-level (low detail) estimate of the costs that could be expected to be 
incurred to divert dry weather flows to POTWs on a regional basis.  

The approach used to evaluate dry weather diversions to POTWs involved two primary 
steps: 

 Identify MS4 outfall locations to surface waterbodies within the county.  

 Based on the number of outfalls, estimate capital and operations and maintenance (O&M) 
costs associated with dry weather diversions to POTWs. 

Identification of Diversion Locations 
For this analysis, it was assumed that all storm drain outfalls from MS4 facilities to surface 
waterbodies will require a diversion. The resulting costs are representative of what could be 
required under a condition where exceedances of bacterial indicator water quality objectives 
regularly occur in all surface waterbodies under dry weather flow and runoff from MS4 
facilities is present at all storm drain outfalls during dry weather.  

Potential locations for dry weather runoff diversions were determined by comparing GIS 
layers of surface waterbodies and enclosed MS4 facilities throughout the portion of the Santa 
Ana River watershed within San Bernardino County. This spatial analysis utilized a recently 
completed GIS database of flood control and MS4 facilities compiled by the San Bernardino 
County Flood Control District (SBCFCD), which included attribute information 
distinguishing surface drainage systems (e.g., channels) from enclosed MS4 facilities (e.g., 
storm drains). The SBCFCD GIS database encompasses both county and city-owned facilities. 
Cities that have provided data to this database include Chino Hills, Colton, Fontana, Grand 
Terrace, Highland, Loma Linda, Montclair, Ontario, Rancho Cucamonga, Redlands, Rialto, 
San Bernardino, Upland, and Yucaipa. Data were not available from all cities in the watershed 
within San Bernardino County, including Big Bear Lake, Chino, Grand Terrace, and 
Highland. This desktop GIS analysis was completed using both ArcGIS and Google Earth 
mapping tools.   

A total of 183 outfall locations were identified using this spatial analysis. These outfalls, 
shown in Figure 1, represent potential locations where diversion of dry weather urban runoff 
could be implemented in the San Bernardino County portion of the Santa Ana watershed. 
Because MS4 facility data was not available from all cities, this number is likely an 
underestimate.  

Theoretical Cost Estimate 
Cost estimates were developed for the three main components that would be necessary for 
implementation of dry weather diversion facilities in the county: 1) construction of a typical 
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dry weather diversion facility, 2) construction cost to provide increased capacity at a POTW 
where dry weather flows would be diverted, and 3) annual cost of operation and maintenance 
(O&M) for operating the diversion facility and providing treatment.  

The costs developed for by this analysis are theoretical, based on typical costs but not specific 
to any existing sanitary sewer agency in the county. If low flow diversions were 
implemented, it would be necessary to work with local sanitary sewer agencies to determine 
their willingness to accept dry weather runoff in their facility. Agreements would then need 
to be established with locally negotiated costs.  

Component 1: Typical Dry Weather Diversion Facility 
A typical dry weather diversion facility at an existing MS4 facility outfall location would 
consist of the following elements: 

 Diversion Structure (two additional manholes or junction boxes). One manhole or 
junction box would be equipped with a gross solids removal device to protect pumping 
equipment and provide wet weather bypass. The second would be used as a wet well for 
pumping dry weather flows to the closest location in the sanitary sewer collection system 
with adequate capacity to accept the flow. Capital cost for construction of similar facilities 
in southern California is approximately $1.7 million1

 Forcemain. In most cases within urban settings, existing sanitary and MS4 facilities are 
relatively close in proximity. For this analysis, it is assumed that 1,000-feet of small 
diameter (six-inch) forcemain pipeline would be required to connect the dry weather 
diversion pumping structure to the nearest sanitary sewer manhole. At a rate of $100 per 
linear foot, the cost of the forcemain per diversion structure would be approximately 
$100,000. 

. 

Table 1 summarizes total cost estimates of diversion facilities required in each city in the San 
Bernardino County portion of the Santa Ana River watershed, based on the following 
equation: 
 

 
 
The total dry weather diversion structure cost is estimated at $329.4 million. Individual 
project costs would need to be revisited prior to proceeding with design and construction to 
account for varying site characteristics and dry weather flow conditions. 

                                                           
1 Take-off estimate completed by CDM Constructors Inc. for similar facilities for City of Los Angeles Bureau of 
Sanitation 
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Component 2: Capacity Improvements to Existing Sanitary Sewer Collection System and 
Treatment Facilities 
Capital costs for potential conveyance and treatment upgrades that would be required for 
increased flow to the sanitary sewer collection system are specific to each sewering agency. 
Within the San Bernardino County portion of the Santa Ana River watershed, there are a 
number of sewer collection, treatment and discharge/reuse agencies; including Inland 
Empire Utilities Agency (IEUA) that treats and discharges or reuses wastewater from a 
number of cities (Cities of Colton, Redlands, Rialto); the City of San Bernardino that treats and 
discharges or reuses wastewater from several cities, and the City of Yucaipa.  

Wastewater agencies recover their capital costs for providing treatment capacity by collecting 
connection fees from new users. Discussions with these agencies indicate that, in most cases, 
connection fees have not been established for stormwater or urban nuisance flows, because 
current policies are aimed at keeping such flows out of the sewer system in order to avoid 
hydraulic overloading and preserve capacity for future growth. Although dry weather flow 
typically has very low total suspended solids and biological oxygen demand relative to 
municipal wastewater, it still imposes a hydraulic load on a wastewater plant, so that 
individual wastewater agencies would need to assess both their hydraulic capacity to accept 
flows and whether any special rate would be applied other than the fee typically charged for 
new wastewater connections.  

For this analysis, it is assumed that the same connection fees as those currently applied to 
new development would be used. Based on a review of connection fees charged by several 
different wastewater agencies in the area, an assumed range of $6 million to $17 million per 
MGD of flow was used for this analysis.  

To estimate the cost of conveyance and treatment, flow at each diversion was assumed to 
occur at a constant rate of 0.4-cubic foot per second (cfs). This estimate is based on an 
assumed urban dry weather runoff generation rate of 190 gallons per acre per day routed to 
183 outfalls over the urbanized area (391 square miles).2

 

 

                                                           
2 City of Los Angeles, Integrated Resources Plan, Department of Public Works Bureau of Sanitation and 
Department of Water and Power, 2006. 
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 Figure 1 
 Map of Candidate Dry Weather Runoff Diversion Locations in San Bernardino County 
 within the Santa Ana River Watershed 
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Table 1: Total Cost of Diversion Facilities in San Bernardino County 

Jurisdiction 
Number of 

Outfalls 
Drainage Area 

(mi
2
) 

Typical Dry 
Weather 

Facilities Cost 

Conveyance & Treatment Cost 
Range 

 

Annual O&M Cost Range 
($/yr) 

    
Low 

 
High Low 

 
High 

Chino 7 
1
 17 $12,600,000 $10,890,000 - $30,840,000 $1,140,000 - $1,740,000 

Chino Hills 9 18 $16,200,000 $14,000,000 - $39,660,000 $1,460,000 - $2,240,000 

Colton 6 
2
 15 $10,800,000 $9,330,000 - $26,440,000 $980,000 - $1,490,000 

Fontana 31 36 $55,800,000 $48,210,000 - $136,590,000 $5,050,000 - $7,690,000 

Grand Terrace 2 
1
 4 $3,600,000 $3,110,000 - $8,810,000 $330,000 - $500,000 

Highland 5 
1
 14 $9,000,000 $7,780,000 - $22,030,000 $810,000 - $1,240,000 

Loma Linda 5 7 $9,000,000 $7,780,000 - $22,030,000 $810,000 - $1,240,000 

Montclair 15 5 $27,000,000 $23,330,000 - $66,090,000 $2,440,000 - $3,720,000 

Ontario 11 37 $19,800,000 $17,110,000 - $48,470,000 $1,790,000 - $2,730,000 

Rancho Cucamonga 30 38 $54,000,000 $46,650,000 - $132,190,000 $4,890,000 - $7,440,000 

Redlands 3 25 $5,400,000 $4,670,000 - $13,220,000 $490,000 - $740,000 

Rialto 11 21 $19,800,000 $17,110,000 - $48,470,000 $1,790,000 - $2,730,000 

San Bernardino 15 56 $27,000,000 $23,330,000 - $66,090,000 $2,440,000 - $3,720,000 

Unincorporated 16 58 $28,800,000 $24,880,000 - $70,500,000 $2,610,000 - $3,970,000 

Upland 7 15 $12,600,000 $10,890,000 - $30,840,000 $1,140,000 - $1,740,000 

Yucaipa 10 
2
 27 $18,000,000 $15,550,000 - $44,060,000 $1,630,000 - $2,480,000 

Total 183 391 $329,400,000 $284,620,000 - $806,330,000 $29,800,000 - $45,410,000 

1) Approximated value due to unavailable data. Number of diversions based on assumption of 1,800 acres of drainage area per diversion. 
2) Analysis completed in Fall 2009. This number is more conservative than the number of outfall identified through visual identification process.  
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Using the following equation, the conveyance and treatment capital cost was estimated for 
each city, shown in Table 1. Using a range of potential connection fees for the area, the range 
of conveyance and treatment costs for San Bernardino County is $284.6 million to $806.3 
million with an estimated average of $545.5 million. 

 

 
Component 3: Operations and Maintenance (O&M) 
Annual O&M costs for the dry weather diversion facilities include costs to pump runoff and 
maintain the diversion structure as well as rates for treatment at the POTW. Costs associated 
with O&M of a single diversion facility, at an assumed rate of 2 percent of total capital cost, 
would be approximately $40,000 per year. Treatment O&M costs at POTWs in the watershed 
have not been evaluated or established specifically for dry weather runoff. Therefore, 
assuming the costs would be the same as monthly service charges for existing wastewater 
dischargers, the approximate O&M unit cost for urban runoff would range from $1,300 to 
$2,200 per MG of treated runoff (again using information developed from a range of local 
agency rates). These O&M costs are incorporated into the estimate shown in Table 1. Using a 
range of potential monthly service charges for the area, the range of O&M costs for San 
Bernardino County is $29.8 million to $45.4 million with an estimated average of $37.6 
million.  

Summary of Costs 
Table 2 provides a summary of the total theoretical (high-level) costs for San Bernardino 
County area of the Santa Ana River watershed.  

Table 2: Total Costs 

 
San Bernardino County 

(millions of $) 

Dry Weather Facilities $329.4 

Conveyance & Treatment (average) $545.5 

Total $874.9 

Annual O&M (average) $37.6/yr 

 
Limits of Analysis 
The costs presented in this technical memorandum are high-level estimates based on broad 
assumptions about the required level of implementation for adequate assured compliance 
with bacterial indicator water quality objectives. There a number of factors or considerations 
that would influence the actual cost: 

 Limited data from some cities within the area of analysis suggest that the number of 
outfalls requiring treatment could increase significantly in certain areas.  
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 Additionally, the cost and feasibility for local sewering agencies to collect and treat urban 
dry weather runoff is not fully quantified. A number of factors, many of which are site-
specific, could influence the cost and feasibility of implementing dry weather runoff 
diversions. These factors include, but certainly not limited to: 

 Costs associated with capital improvement projects at POTWs necessary to accept 
additional flows; 

 Costs of financing and inflation over time; 

 Constraints on local sanitary sewer collection and treatment systems – potential 
increases necessary in the capacity of collection system pipelines, pump stations, etc; 

 Flow rate and presence of continuous flow - flow may be more peaky in nature, not 
the constant rate of 0.4 cfs assumed for this analysis. Typical dry weather runoff 
occurs mainly in the early morning hours due to irrigation; 

 Operation and maintenance considerations – manual operation or automatic, manual 
or remote switching from wet to dry and dry to wet, telemetry and remote observation 
or control, potential for system malfunctions causing sanitary system overflows;  

 Compliance sampling and reporting costs; and 

 Timing of flows - acceptance of flows only during off-peak hours, necessitating 
storage. 

 The number of MS4 outfall locations actually discharging during dry weather conditions 
could have a significant impact on the costs associated with diversion and treatment. This 
preliminary analysis has assumed that each outfall described above is discharging at the 
assumed flow rate. The number or percentage of outfalls expected to be discharging 
during dry weather conditions would need to be investigated and predicted to further 
refine the analysis costs. There may be a large percentage of outfalls within the county not 
contributing dry weather flows.  

 Not all areas of the County are sewered, making diversion to a POTW potentially more 
complicated and costly.   

Other Considerations 
Additional Treatment Alternatives - This analysis focused on a treatment method that provides 
high certainty for bringing MS4 facilities in compliance with water quality objectives for 
bacterial indicators. An alternative to diversion from MS4 facilities to the sanitary collection 
system is to construct on-site treatment or infiltration, in the form of an urban runoff plant 
(URP), infiltration BMPs, treat and release wetlands, etc. These types of facilities can provide 
integrated resource benefits and are potentially more land intensive than diversion to the 
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sanitary sewer system. In the case of URPs, treatment and discharge provides a low bacteria 
source of water to receiving waterbodies, which can dilute uncontrolled sources of bacteria, or 
the URP can be designed for reuse for irrigation demands near the project site. Similarly, 
infiltration BMPs or treat and release wetlands can provide “clean” runoff to impaired 
waterbodies or recharge underlying groundwater basins through infiltration.   
 

Potential Environmental Impact of Dry Weather Flow Diversion - Aside from the potential 
physical infrastructure impacts, analysis of the options for controlling dry weather flow 
would need to consider the environmental impacts. Besides the direct environment impacts, 
such as energy consumption and greenhouse gas generation, indirect impacts of removing 
dry weather flows from waterbodies would need to be considered. Most drainages in the 
Santa Ana River watershed have aquatic communities at least in part dependent on dry 
weather flows.  

Assured Compliance – This memorandum evaluates the cost of bringing MS4 facilities into 
compliance with bacterial indicator water quality objectives. However, there are other 
miscellaneous water sources and temporary discharges (e.g., permitted “de minimus” 
discharges, permitted intermittent discharges such as potable water system flushing, 
construction activities, illegal and unauthorized activities such as homeless encampments, 
and emergency activities such as fire fighting) that may influence water quality. Additionally, 
flood control channels are frequently used for transport of water through controlled dam 
releases or raw water pipeline turnouts and for transport of recycled water to downstream 
spreading basins. The impact of these activities on water quality is not well understood.  
 
Modifications to Recreational Uses – Modifications to receiving water recreational uses to better 
reflect existing and potential recreational activity would result in changes to the applicable 
bacterial indictor water quality objectives. The outcome of these changes (which would be 
accomplished through the development of use attainability analyses) could be a significant 
reduction in the number of outfalls requiring diversion and treatment. This approach would 
greatly reduce the cost of compliance.  

 
 



 

 

Memorandum 
 
To:  Stormwater Quality Standards Task Force ‐ SAWPA 
 
From:  CDM 
 
Date:  May 29, 2011 
 
Subject:  Anti‐Degradation Analysis  

The purpose of this memorandum is to present anti‐degradation analysis results for data collected 

from three monitoring sites located upon Mill‐Cucamonga Creek, Temescal Creek, and Santa Ana 

Delhi Channel. The Environmental Protection Agency (EPA) uses a default log standard deviation 

(LSD) of 0.4 for E. coli when calculating single sample maximum criteria for anti‐degredation 

analysis. A local log standard deviation may be substituted for the default value where sufficient 

data exist, which would result in different single sample maximum criteria. The potential to use a 

site‐specific log standard deviation to establish site‐specific single sample criteria has been 

incorporated into the Basin Plan amendment supported by the Stormwater Quality Standards Task 

Force.  

Bacterial indicator data was compiled for both fecal coliform and E. coli for Mill‐Cucamonga Creek, 

Temescal Creek, and Santa Ana Delhi Channel sampling sites using data from January 2001 to 

March 2011 for Mill‐Cucamonga Creek, from October 2002 to February 2008 for Temescal Creek, 

and from August 1973 to December 2008 for the Santa Ana Delhi Channel. For each site, three sets 

of data were compiled: all data, dry weather data, and wet weather data. Wet and dry weather 

values were determined by daily flow; flow cutoffs were 60 cfs at Mill‐Cucamonga Creek, 25 cfs at 

Temescal Creek, and 5 cfs at Santa Ana Delhi Channel.  

Anti‐degradation objective analysis was performed on the data sets per the guidelines provided in 
EPA Technical Support Document for Water Quality Based Toxics Control (1991). Analysis via two 
methods was performed, each of which can be used to estimate an anti‐degradation objective for 
ambient water quality in streams. These methods are described below. 
 
Percentiles of Log‐Normal Distribution 
For waterbodies with larger data sets (n>20), it may be appropriate to fit the existing dataset to a 
log‐normal distribution. Most pollutants, especially bacteria, are commonly assumed to fit a log‐
normal distribution. The distribution fitting process allows for the estimation of the full range of 
potential bacteria concentrations. The 99th percentile of a log‐normal distribution is a commonly 
used criteria for setting maximum daily limits in water quality regulations. In some cases, the 95th 
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percentile of the log normal distribution is used. Both the 99th percentile and 95% percentile of the 
data for each waterbody is shown below in Table 1. 
 
Reasonable Potential Multiplying Factor 
Another method to approximate the maximum expected single sample bacteria concentration is to 
multiply the maximum value in a data set by a factor. The factor is based on the assumption that 
concentrations would be log‐normally distributed, and therefore uses the log‐mean and log 
standard deviation to estimate the reasonable potential multiplying factor. EPA developed matrices 
of factors for varying coefficients of variation and sample sizes, so that the estimated maximum 
concentration would equal the upper bound of the expected lognormal distribution at a 99th 
percentile confidence level. Results for this method are shown below in Table 1. 
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Table 1 – Analysis Results 

Parameter  Fecal Coliform E. coli

Waterbody 
Mill‐

Cucamonga 
Creek 

Temescal 
Creek1 

Santa Ana 
Delhi 

Channel 2 

Mill‐
Cucamonga 

Creek 

Temescal 
Creek1 

Santa Ana 
Delhi 

Channel 
All Samples   
 n  307 19 921 308  119 63
 Geomean (cfu/100mL)   489 1,276 1,028 355  198 448
 Maximum value (cfu/100mL)   50,000 16,000 241,920 160,000  9,200 12,590
 Anti‐Degredation Objective    
 Method 1 (cfu/100mL) ‐ 95th Percentile   18,208 24,609 20,827 10,482  933 5,269
 Method 1 (cfu/100mL) ‐ 99th Percentile   82,137 84,398 72,893 42,924  1,779 14,711
 Method 2 (cfu/100mL)   90,000 25,600 387,072 288,000  11,960 16,367
 Dry Weather    
 n   229 12 503 168  108 56
 Geomean (cfu/100mL)   434 3,259 854 387  192 411
 Maximum value (cfu/100mL)   50,000 16,000 241,920 23,000  9,200 12,590
 Anti‐Degredation Objective      
 Method 1 (cfu/100mL) ‐ 95th Percentile   14,230 28,333 13,282 7,360  886 4,557
 Method 1 (cfu/100mL) ‐ 99th Percentile   60,881 69,725 41,636 25,081  1,675 12,404
 Method 2 (cfu/100mL)   90,000 22,400 314,496 41,400  11,960 16,367
Wet Weather 3   
 n   78 7 65 78  11 7
 Geomean (cfu/100mL)   694 256 1,317 135  267 878
 Maximum value (cfu/100mL)   50,000 3,600 25,000 5,700  1,220 4,950
 Anti‐Degredation Objective    
 Method 1 (cfu/100mL) ‐ 95th Percentile   35,497 2,275 22,871 3,979  1,530 15,387
 Method 1 (cfu/100mL) ‐ 99th Percentile   182,731 5,656 75,083 15,593  3,166 50,698
 Method 2 (cfu/100mL)   90,000 12,960 32,500 10,260  1,830 17,820
 
1) Outlier samples collected from Temescal Creek on 9/8/2007 were removed (Max Fecal Coliform = 1,800,000; Max E. coli = 410,000) 
2) All samples values include historical records when no flow data was available to determine hydrologic condition, these samples are not included in dry only or wet 
only calculations 
3) Wet weather is determined by daily flow equaling  >60 cfs at Mill‐Cucamonga Creek, >25 cfs at Temescal Creek, and >5 cfs at Santa Ana Delhi Channel

 



 
 
 
 
 
 

 

2.02 SWQSTF REC Surveys 



BENEFICIAL USE/RECREATIONAL USE SURVEYS COMPLETED ON 
UAA AND OTHER WATERS WITH CAMERA LOCATIONS 

July and August 2006 

Waters/UAA 

Santa Ana-Delhi Channel 

Greenville-Banning Channel 

Temescal Creek 

Cucamonga Creek 

Other Waters with Camera 
Locations 

Santa Ana River at Jurupa/Anza 

Number of surveys completed 

6 

6 

4 

4 

Martha Mclean Park 2 

Santa Ana River at Featherly 
Park 2 

July and August 2011 

Waters/UAA 

Santa Ana-Delhi Channel 5 

Greenville-Banning Channel 5 

Temescal Creek 3 

Cucamonga Creek 4 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

RECREATIONAL USE SURVEY FORM 

(A) Water body 54 &tn/ fir J.,""Ji?~r'/~) Survey (Camera) Location /( CS 0 
I 

(A) Surveyor's name JJ? 13~ft/ (B) DATE 

(C) Photo Taken? {1) (Yes) 4WNo) (D) TIME 

For the people observed (in a 30 minute time period), how many people are: 

(A) Swimming (wet hair): (1) adults (2) children 

(B) Wading (in water, but hair dry): (1) adults 2 (2) children 

(C) Boating (in a watercraft): (1) adults (2) children 

(D) Washing clothes: (1) adults (2) children 

(E) Fishing: (1) adults (2) children 

(F) Recreating Onshore: (I) adults (2) children 

3 

- c.-l,_.y,(,..~,.. --~(;( 
lilk"l"l.,e·~ 

.../ ~l'f.l 

·- a) ... /1-..t ;)..., 
/.:.~vn ( ,/.,.,. • Y f 
~.)j.,~ , ·..., 

~)-._.,.-. 

(G) Other water related activity (please specifY activity) - --- --- - - -

(H) TOTAL NUMBER OF PEOPLE __ 5 ___ _ 

Water depth at deepest part of water body (circle one- estimate if no one is in water): 
a)/'} v..f P1; 5 ~0 

(A) (no water) le deep or less) (C) (adult mid~alf deep) 

~f!'l $-.)" 11/VM 
(D) (adult knee deep{7_'"dult ~icf-thigh deep) (F) (adult waist deep or more) 

Water Clarity: @ lear (B) murky 

v 
Air Temperature: (A) -+f"""(I'----

Skies: ~clear skies) (B) (some clouds) (C) (overcast) 

Precipitation: (A) (sprinkling rain) (B) (moderate rain) (C) (heavy rain) 

Wind: (A) (calm) (B) (moderate wind) (C) (heavy wind) 

10. Non-body contact activities (please specify) b. t.Xd;!;J .e",l dJI..</A/ k:.-j oc.-1 .. fA ~h/y,..,· 

11. Evidence of activity such as graffiti, trash, fishing line, footpaths, rope swings etc. _ __ _ 

f.-. f YJ4 t(~ a£"') e,dre--C r . 
12. other comments or clarifications (use back side ofform if necessary) THANK YOU 

Please fax and/or return this form to Jeff Beehler. Fax 95 1 352-3422 



'"' David W.9elfel - S_!:!rveyrevell. df 

FROM : 

l. 

2. 

3. 

FAX NO. Aug. 13 2003 10: 56AM P2 

RECREATIONAL USE SURVEY FORM 
. . . . .;ft'!Zil N llftt<-17W $' 

(A) Water body __51\-~ ~CYl ~ ---- - · 

(A)Surveyor'snaroe M~VI.dj teevcl( 

(C) Photo Taken? (1~ (2) (No) 

(B) Survey (Camera)Locatton - ·- · -

(B) DATE Oe>JVL'{OV 

(D) 11ME \\ ..... \\ ~ c~--

For the people observed (in a 30 minute time period), how many peop.le are: 

(A) Swimming (wet hair): (1) adults - ~ (2) children--·-

(B) Wading (in water, but hair dry): 

(C) Boating (in a watercraft): 

(D) Washing clothes: 

( l) adults _ (2) children __ 

(I) adults_ (2) children _ _ 

( 1) adults ~ (2) children __ 

(E) Fishing: ( 1) adults ___ (2) children_ _ 

(F) Recreating Onshore: (1) adults _j_ '7-0 (2) children jp _ _ 

(G) Otherwatt:r related activity (please specifY activity) -~ W Z #M; lctJ· lN _ b.m-h li'11SI't ~ 
~n~ -toWCl( \oW ;/1 no+~1'(1tVM Jotl{uw(,.. ~t 

(H) TOTAL :N-uMBER OF PEOPLE _ ~0 V1 ~!C. . 

4. Water depth at deepest part of water body (circle one- estimate if no one is in water): 

s_ 

6. 

7. 

8. 

9. 

10. 

II. 

(A) (no water) @))ankle deep or less) (C) (adult mid--calf deep) 

(D) (adult knee deep) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

Water Clarity: ~lear (B) murky 

A ~,-· f 
Air Temperature: ( ) _-_1::> ................ ····-

Skies: @(clear skies) (B) (some clouds) 

Precipitation: (A) (sprinkling rain) (B) (moderate rain) 

Wind: @c calm) (B) (moderate w ind) 

(C) (overcast) 

(C) (heavy rain) 

((.,') (heavy wind) 

Non-body contact activities (please specify) lNOMIWl fl"Jrrri¢J 
Evidence of activity such as graffiti. trash, fishing line, footpaths, rope swings etc .. _ _ ~ 

12. other comments or clarifications (use back side ofform if necessary) TIIA.''K YOU -* SfOI-'~ -w fA~ MA111-f((lltnCC and '-'t fM~ (11<"-f y.[( ( j.t. h( 5hw pr"flc, rJitAinJ 
Please fax and/or return this form to Jeff Beehler. Fa.x 951 352-3422 I n-fi,c. fl'l~-

Pa e 



~8/14/2HHb 15:00 7148345106 WATERSHED PAGE 02/03 

RECREATIONAL USE SURVEY FORM 

1. 

2. 

(A) Water body ,}iuJ-q ~ ~ 
R~d:-~-r 

(A) Surveyor's name t1/ee.t17ii~~--

(B) Survey (Camera) Location~~ 
(B) DATE 't/f3{0~ 

' ' 
(C) Photo Taken? ~ es) (2) (No) (D) TIME 1 ~IS" rwr 

3. For the people observed (in a 30 minute time pe.riod), how many people are: 

(A) Swimming (wet hair): (1) adults /0 fiJ. 
(B) Wading (in water, but hair dry): (1) adults . • 2. 2-
(t?•) 5tt\-i~ I~~~ (M ~ dtU1Jf~ ~~ 
(C) Boating (in a watercraft): ( 1) adults __ 

(D) Washing clothes: 

(E) Fishing: 

(F) Recreating Onshore: 

(l) adults __ 

(1) adults __ 

(l) adults __ 

(2) children 5 +13 
(2) children~ 
(2) children __ 

(2) children __ 

(2) children __ 

(2) children __ 

(G) Other water related activity (please specify activity)---------

(H) TOTAL NUMBER OF PEOPLE i 1 tS' 
4. Water depth at deepest part of water body (circle one - estimate if no one is in water): 

(A) (no water) @(ankle deep or less)(: ~ Q'9 (adult mid~alf deep) 

(D) (adult knee deep) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

5. Water Clarity: . ~lear (B) .murky 

6. Air Temperature: (A)~--

7. Skies: @clear skies) (B) (some clouds) (C) (overcast) 

8. Prec~n: (A) (sprinkling rain) (B) (moderate rain) (C) (heavy rain) 

9. Wind: (A)(calm) @)Xmoderate wind) (C) (heavy wind) 

1 ' 

10. Non-body contact activities (please specifY)) ffU!j4r?11 11W:pt.Ji~ 00c~.Jw;n i2J; ~ 
11 . Evidence of ac.t}vi.!Y such a~ gr;affiti, trash1 fishin. ~ '_I nine, footpa~ths rope swings etc. 
- w~4~wa,Q_~~ 1ct>W~ mVJtilEW,t-~ l , U., H.~ • ~ 
-~u! I o!Mt~.Lw<k ~- low. "l ~ <M"" flvif . fi~~i.r :(;y 4 ~ {w.; I 
12. other comments or clarifications (use back side of form if necessary) THANK YOd 

Plea.'~e fax and/or retnm thi!' fnnn to JeffReehler. F::Jx 951 352-3422 
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1. 

2. 

" .). 

,· 

RECREATIONAL USE SURVEY FORM 

(A) Water body ----...J#.-'---1-ft-+-'-{l-""-----

(A)Surveyor' sname J) ~~ 
(B) Survey (Camera) Location 

(C) Photo Taken? (1~ (2) (No) (D) TIME 

For the people observed (in a 30 minute time period), how many people are: 

(A) Swimming (wet hair): (I) adults _Q_ (2) children _5_ 
(B) Wading (in water, but hair dry): ( 1) adults ____±_ (2) children 

(C) Boating (in a watercraft): (1) adults (2) children 

(D) Washing clothes: ( 1) adults (2) children 

(E) Fishing: (1) adults (2) children 

(F) Recreating Onshore: ( 1) adults ~ (2) children 

(G) Other water related activity (please specify activity) ___ _______ _ 

(H) TOTAL NUMBER OF PEOPLE l ., 
4. Water depth at deepest part of water body (circle one - estimate if no one is in water): 

(A) (no water) (C) (adult mid-calf deep) 

F) (adult waist deep or more) 

5. Water Clarity: · 

6. Air Temperature: (A) 

7. Skies: (~ (B) (some clouds) (C) (overcast) 

8. Precipitation: (A) (sprinkling rain) (B) (moderate rain) (C) (heavy rain) 

9. Wind: (~ (B) (moderate wind) (C) (heavy wind) 

10. Non-body contact activities (please specify ) _ _,_~--=<-~"-+-=-=J..J..J.=-<->o.""'~r-l-+t-'------'. V.=~-"r----'~~w.,__~-lr •. ~ 
11. Evidence of activity such as graffiti , trash, fishing line, footpaths , rope swings etc. ____ _ 

12. other comments or clarifications (use, back side of form if necessary) THANK YOU .... I 

~ 1'-AJ/ 4- <:'~.t~ ~ ~ftc._~~~ I llt.'f/ ;~ 
i>lease fax and/or return this form to Jeff Beehler. Fax 951 352-3422 _) 

~ f~l ~ ~~ 19·a.N-~ ~ 
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RECREATIONAL USE SURVEY FORM 

1. 

s '" ~ c.- ,~ ""' ...... rc "'Q.I("' 

(A) Wate; body$A {?. ~s;q..., c;,..., (B) Survey (Camera) Location Gyll-S.r,tt¥:1 C11'1""' 
(A) Surveyor's name 1:Au? W S. \ {:.e\ (B) DATE 7 -1-- OiL 2. 

(C) Photo Taken? (~ (2) (No) (D) TIME __ 'j""'----"';'---';]=---.!~---
.., 

For the people observed (in a 30 minute time period), how many people are: .). 

(A) Swimming (wet hair): (I) adults 0 (2) childn;n 0 
(B) Wading (in water, but hair dry): (I) adults 0 (2) children 0 
(C) Boating (in a watercraft): (I) adults 0 (2) children 0 
(D) Washing clothes: (1) adults 0 (2) children 6 
(E) Fishing: (I) adults G (2) children d 
(F) Recreating Onshore: (I) adults 0 (2) children 'J 
(G) Other water related activity (please specify activity) 6 
(H) TOTAL NUMBER OF PEOPLE 0 

4. Water depth at deepest part of water body (circle one- estimate if no one is in water): 

(A) (no water) (B) (ankle deep or less) (C) (adult mid-calf deep) 

(D) (adult knee deep) (E) (adult mid-thigh deep) 

5. Water Clarity: 

6. Air Temperature: 

(A) clear ~·"'""----.::....-

(A) 1 oo-f r: 

7. Skies: (B) (some clouds) (C) (overcast) 

8. Precipitation: (A) (sprinkling rain) (B) (moderate rain) (C) (heavy rain) 

9. Wind: ~ (B) (moderate wind) (C) (heavy wind) 

I 0. Non-body contact activities (please specify) ___ ___,_N_o_,_IJ __________ _ 

II. Evidence of activity such as graffiti, trash, fishing line, footpaths , rope swings etc. J .itle 1 

12. other comments or clarifications (use back side of form if necessary) THANK YOU 

·~·co~~P,._•_+. s~ ~ \1~ b~ . ~ -~ 
-- ~ hV / ~~ / 

Please fax and/or return this form to Jeff Beeh er. Fax 951 352-3422 
-. 



FROM 

1. 

2. 

3. 

4. 

.::::: 

F~. NO. Rug. 13 2003 10: 57AI1 P4 

~(~11 ~1'1'
(A) Water body ~E~~-- (B) Survey (Camera) Loc::ation ....:----~ 

M r.d (!.cvttl O'bjuL-'fOV 

RECREA1'IONAL USE SURVEY FORM 

(A)Surveyor'sname_ ~ \ (B)DATE . 
~ . D) ·n•.CC [ --1: '00 ?JJ\' 

(C) Photo Taken? C/ (2) (No) ( IllY'"'-' _ • ...,..- - - -·- --

for the people observed (in a 30 minute time period), how many people are: 

(1\) Swimming (wet hair): (I) adults -~ (2) children--

(B) Wading (in water, but hair dry): (l)adults_ 

(C) Boating (in a waiercraft): (!)adults_ 

(D) Washing clothes: (l)adults_ 

(E) Fishing: (!)adults_ 

(F) Recreating Onshore: (1) adults _ _ 

(G) Other water related activity (please specify activity) 

(H) TOTAL NUMBER OF PEOPLE -··- _0=-· ---

(2) children - ···-

(2) children _ _ 

(2) children __ 

(2) children _ _ 

(2) children __ 

Water depth at deepest part of water body (circle one - estimate if no one is in water): 

(A) (no water) (B) (ankle deep or less) (C) (adult mid-calf deep) 

f ~adult knee det.-p) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Water Clarity: (A) clear ~urky 
AirTcmperature: (A) ::ftl!f: ~ Be;;' (AYldU- IoYiAjC 

Skies: @clear skies) (B) (some clouds) (C) (overcast) 

Precipitation: (A) (!>1Jrinkling rain) (B) (moderate rain) (C) (heavy ra.in) 

Wind: (A) (calm) @oderate wind) (C) (heavy wind) 

Non-body contact activities (please specify) __ ·-·······- ······-·-----

Evidence ofactiviry such gra.tliti, ash, fishing line,eope swings etc. 

AYIIM1111Yilac..~ ( ~J s ... · . . - - -·--

other comments or clnrifications (usc back side of form if necessary) THM"K YOU 

Please fax and/or return this form to Jeff Beehler. Fax 951 352-3422 

:: :: : Pagif] 



~-· . ' 

1. 

2. 

RECREATIONAL USE SURVEY FORM 

(A) Water body t£ Af-¥'f' (l.. f:-.,...f.! -<'{, vt:"~ 

(A) Surveyor's name /V)t!~'L NO(l.,"\\)1'1 

(C) Photo I 'aken? (1)@ (2) (No) 

;\J. or Got(!):;; ........ C,A,.., , 
(B) Survey (Camera) Location '(t..:; o.·y.-f- ~o~).:. {.>p,~.,.,..A A~ 

(B) DATE 8 /; z)oc. 

2'o5 (D)TJME _______ _ 

3. For the people observed (in a 30 minute tim.e period), how many people are: 

(A) Swimming (wet hair): (1) adults C'> (2) children 0 
·---------

(B) Wading (in water, but hair dry): ( l) adults 0 (2) children 0 

(C) Boating (in a watercraft): (I) adults C> (2) children o_ 

(D) Washing clothes: ( l) adults C.'? (2) children <.::~ 

(E) Fishing: (l) adults ::::> ___ (2) children 0 

(F) Recreating Onshore: (l) adults a (2) children __!:? __ , 

(G) Other water related activity (please specify activity) ----'N--'1'-t_'l.u_ E ______ _ 

(H) TOTAL NUMBER OF PEOPLE __ D ____ _ 

4. Water depth at deepest part of water body (circle one - cstimaLe if no one is in water): 

(A) (no water) (B) (ankle deep or less) (C) (adult mid calf deep) 

(D) (adult knee deep)c@(adult mid- tl1igh deep) (F) (adult waist deep or more) 

5. Water Clarity: (A) clear 

Q, 

6 . Air Temperature: (A) _ _ q 8 ___ _ 

7. Skies: @ lear skies) (B) (some clouds) (C) (overcast) 

8. Precipitation: (A) (sprinkling rain) (B) (moderate rain) (C) (heavy rain) N o.v< 

9. Wind: (A) (calm) ~moderate wind) (C) (heavy wind) 

10. Non-body contact activities (please specifyL tJon ~ 
11. Evidence of activity such as graffiti ,@ ishing line, footpaths, rope swings etc. ______ _ 

FAMI'-'1. <::>F f"e>vL v .. H;'<t,:;: l....t?. t~vJAit;. f.>...'((..~'A. t~,w-~ ,.,; T J'>it((tvi:Y~ . No ON~ 
('\p('€" ll. !;...'0. ;....,.\;';) . 

12. other comments or clarifications (use back side offonn if necessary) THANK YOU 

Please fax and/or return this form to Jeff Beehler. Fax 951 352-3422 



BENEFICIAL USE/RECREATIONAL USE SURVEYS COMPLETED ON 
UAA AND OTHER WATERS WITH CAMERA LOCATIONS 

July and August 2006 

Waters/UAA 

Santa Ana-Delhi Channel 

Greenville-Banning Channel 

Temescal Creek 

Cucamonga Creek 

Other Waters with Camera 
Locations 

Santa Ana River at Jurupa/Anza 

Number of surveys completed 

6 

6 

4 

4 

Martha Mclean Park 2 

Santa Ana River at Featherly 
Park 2 

July and August 2011 

Waters/UAA 

Santa Ana-Delhi Channel 5 

Greenville-Banning Channel 5 

Temescal Creek 3 

Cucamonga Creek 4 



l. 

2. 

RECREATIONAL USE SURVfi:Y FORM 

(A) Water body G: ., r: / ,, , 'd 1 "' • ,; /I,""/~ ...._ , (B) Survey (Camera) Location __ ,/ID!:i!.!._i 

(A) Surveyor's name c;:.', ·A.-· , -; ;,"·',,. (B) DATE _ _c':.-·, ---"----'-'-----

(C) Photo Taken? (1) (Yes) (2) (No) 

3. For the people observed (in a 30 minute time period), how many people arc: /'v<'.''"' , "" ., , ; •.•• 

(A) Swimming (wet hair): (1) adults __ (2) children ------------

(B) Wading (in water, but hair dry): (1) adults .... (2) children __ .. 

(C) Boating (in a watercraft): (1) adults ___ (2) children 

(D) Washing clothes: (1) adults __ (2) children __ 

(E) fishing: (I) adults __ (2) children ___ 

(F) Recreating Onshore: (I) adults ______ (2) children 

(G) Other water related activity (ple<L~e specify activity) ________ _ 

(H) TOTAL NUMBER OF PfiOPLE ...... L:; 

4. Water depth at deepest part of water body (circle one- estimate if no one is in water): 

5. 

6. 

7. 

l!. 

9. 

10. 

(!\)(no water) (B) (ankle deep or less) (C) (adult mid-----calf deep) 

(D) (adult knee deep) (E) (adult mid thigh deep) (F) (adult waist deep or more) 

Water Clarity: (A) clear ( (B)1 murky 

/\ ir Temperature: (A) ___ _:,__]. __ 

Skies: (A) (clear skies) (H) (some clouds) 

Precipitation: (!\)(sprinkling rain) (13) (m,>derate rain) 

Wind: (A) (calm) (B) (moderate wind) 

(C) (overcast) 

(C) (heavy rain) 

(C) (heavy wind) 

Non-body contact activities (please specify) _p_0 :.;.1 :, ,, .. /-••- ·, 

11. Evidence of activity such as graftlt i, trash, fishing line, footpaths, rope swings etc. __ _ 

(\)Ctvtf 

12. other comments or clarifications (usc back side of form if necessary) THANK YOU 

Please fax and/or return this form to Jeff Bechler. Fax 951 352-3422 



Jul 15 06 02:03p CONST NGT PLANT 2 7149652156 p.5 

RF:CU.EA TIONAL USE SURVEY FORM 

1 
!. (A)\X~terbody (~-\f:J(),I\.\t; ;lliL/J ~. O.V'\~\.. 

~\f\.1>..~,~--'o 
(8) Survey (Camera) Location--·---

2. (A) Surveyor's name m .\ ;~ • ~f;~r--. 

(C) Photo Taken? t9 (2) (No} 

3. For the people observed (in a 30 minute time period), ho~>.' many people are: 

(A) Swimming (wet hair): (l) adults __ (2) children 

(B) Wading (in water, but hair dry): (I) adults--........ {2) children 

(C) Boating (in a watercraft): 

(D) \Vashing clothes: (I) adults {2) children 

(E) Fishing: (I) adults (2) children j--
(F) Recreating Onshore: ( 1) adults (2) childrenL 

(G) Other water related activity (please specify activity) ___ _ 

(H) TOT AI. NlJMBER OF PEOPLE --~~-
4. Water depth at deepest part of water body (circle one·· estimate if no one is in water): 

(A) (no water) iB) (ankle deep or less) (C) (adull mid···<:alf deep) 

~dult knee deep) (E) (adult mid-thigh deep) (f) (adult waist deep or more) 

5. Water Clarity: (A) clear @urky 

6. Air Temperature: (A) _ _}:_·z, 0 f 
Skic~: ~clear skies) (B) (some doud~) (C) (overcast) 

8. Precipitation: (A) (sprinkling rain) (B) (moderate rain) (C) !heavy rain) 

Wind: @nlm) (B) (moderate wmd) (C) (heavy wind) 9. 

10. Non-body contact activities (please spt'<'ifyLf> )c Jc..J-q< </C\ __ ~ fC:....f::b._ 
11. Evidence of at·tivity ~uch a~ rraffiti, trash. fishing line. focnpath;. rope swings etc ___ . ---·· 

........ ____ .. iJa .. ····-·-·····- ....... ·------·····---········ ··········------··· 
I~- othrr ('<Jmment' or darifkation~ lust• back side of j(,nn if TK'CC'~sar;:) THANK Yot: 

Pkci~c· fax and•ol reiUrn thi~ form 10 Jeff lkt"hkr. h;x 9:'> I ~.:'::2-3422 



I. 

2. 

RECREATIONAL USE SURVEY FORM 

(A) Water body ~ ... N~'t__V.J'Q-tvr.Jt-.._&- (B) Survey (Camera) Locatio(? fio-tJ-rt '-< 

(A) Surveyor's name C-n-1 "7 ~r\f'f-~-(B) DATE 7 -"2-""2-~0b, 
(C) Photo Taken? ~ (2) (No) (D) TIME ~- "2.5 £!_,...., 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Swimming (wet hair): (1) adults ___2__ (2) children ,e;; 

(B) Wading (in water, but hair dry): (I) adults _Q_ (2) children _Q_ 

(C) Boating (in a watercraft): (I) adults _2__ (2) children _2_ 

(D) Washing clothes: (1) adults_Q_ (2) children __j2__ 

(E) Fishing: (I) adults_£___ (2) children 9 

(F) Recreating Onshore: (I) adults _Q_ (-) 
(2) children____.::::::_ 

(G) Other water related activity (please specify activity) --'['_\f-=o...;..~"-_,i'=....-------
(H) TOTAL NUMBER OF PEOPLE 0 

4. Water depth at deepest part of water body (circle one -estimate if no one is in water): 

(A) (no water) (B) (ankle deep or less) (C) (adult mid~alfdeep) 

(D) (adult knee deep) (E) (adult mid-thigh deep) (F) (~ult waist deep or more2__.; 

...-..------
5. Water Clarity: (A) clear ~ 

6. Air Temperature: 

7. Skies: (A) (clear skies) (C) (overcast) 

8. Precipitation: (A) (sprinkling rain) (B) (moderate rain) (C) (heavy rain) 

9. Wind: (B) (moderate wind) (C) (heavy wind) 

I 0. Non-body contact activities (please specify) ~, -..('"•'"' "'? oN .,..,..._.,. t ~ 

II. Evidence of activity such as graffiti, trash, fishing line, footpaths, rope swings etc. ____ _ 

12. other comments or clarifications (use back side of form if necessary) THANK YOU 

Please fax and/or return this form to Jeff Beehler. Fax 951 352-3422 



. _'Aug 23 06 08: 46a CONSf MGT PLANT 2 7149652156 p.5 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

ll. 

RECREATIONAL USE SURVEY FORM 

(A) Water body -~ca_-~~Vl·l~ (B) Survcy(Camera) Location_@. AqQ.!Y?S 

(A) Surveyor's name -~~fSQQ:~L (D) DATE .. ~/1 '1 J~o?to __ 
(C) Photo Taken? ~ (2) (No) (D) TIME _ _@ ·6 : Pti__--_j_ a~ __ f'~! 
for the people observed (in a 30 minute titne period), how many people are; 

(A) Swimming (wet hair): (l) adults_ RJ (2) children 

(B) Wading (in water, but hair dry): (l)adults. (2) children 

(C) Boating (in a watercraft): (I) adults __ (2) children 

(D) \Vashing clothes: ( l) adults (2) children 

(E) Fishing: (1) adults (2) children 

(F) Recreating Onshore: (I) adults J±Q___ -r.)2) children _;;J._ __ 
. 'fa wa-k:-f j _ 

(G) Other water related activity (please specifY activity) --~ ~A0~j-

(H) TOTAL NUMBER OF PEOPLE--·~ ·~-- lfr) ~~ 
Water depth at deepest part of water body (circle one- estimate if no one is in water): 

(A) (no water) (B) (ankle deep or less) (C) (adult m id-ealf deep) 

tO·cto..n; 
~fi.ll 
ml"~ 

~~ 
~·~~ 

;rOfle.e{\~ 

\ 

~-------- ' (D} (adult knee deep) (E) (adult mid-thigh deep) ) (adult waist deep or more)~ • ~ ~~ 

Water Clarity' ~ 8 llc:Nl-( "!~ 
(A) __ l'iflttl~ ~~~ 0 c· (' ttvt-t- ~ 'i·irt¥15UA O,t .. Air Temperature: __ ..Jl._'t!fV_\_~ r · ,av ..... 

Skies: ~-s~ (B) (some clouds) (C) (overcast) 

Precipitation: (A) (sprinkling rain) {B) (moderate rain) (C) (heavy rain) no (?'"...U:' V7 

~ 
Wind: (A) (calm) (B) (moderate wi~ (C) (heavy wind) 

- ··-·-··'--
Non-body eontact activities (please spccify) ___ b:!M\I_~gt_j.Q~~;9---- _ 
Evidence of activity such as grafliti, trash, fishing line, footpaths, rope swings etc. ------·····--

12. other comments or clarifications (usc back side of form if necessary) THANK YO{; 

J. er tS'to~C{ ·"-? . . ~ ~'-* -rvt..act ~t-s C¥_J.h"'\l\p -tvat l 
}:-G ~tv· ft?SS ct~Cii io ~ft.( UxLV\ . Hzo I . thse fax ana/o~iurn this form to J;;n Beehler. Fax~ 1 352-3~ 



1. (A) Water body /..2v <'-<:?"' v: de...- 13"'-"'"'' A 1 D . j 

(A) Surveyor's name i"-Ay 1-\,em c>tv tt 2. 

(C) Photo Taken? (1) (Yes) (2) (No) 

(B) Survey (Camera) Location@ bdu pAr-[~ 0J~-vtf!1::. 1 
(B)DATE /~· 2-~oG 

(D) TIME 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Swimming (wet hair): (1) adults __ (2) children ___ 

(B) Wading (in water, but hair dry): (1) adults __ (2) children __ 

(C) Boating (in a watercraft): (1) adults __ (2) children __ 

(D) Washing clothes: (1) adults __ (2) children __ 

(E) Fishing: (I) adults __ (2) children __ 

(F) Recreating Onshore: (1) adults __ (2) children __ 

(G) Other water related activity (please specify activity)----------

(H) TOTAL NUMBER OF PEOPLE_-_&~. ::::::.... __ _ 

4. Water depth at deepest part of water body (circle one- estimate if no one is in water): 

(A) (no water) (B) (ankle deep or le.o;s) (C) (adult mid-calf deep) 

·@(adult knee deep) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

5. Water Clarity: ~lear (B) murky 

6. Air Temperature: (A) '5-D 0 

7. Skies: (~(clear skies) (B) (some clouds) (C) (overcast) 

8. Precipitation: (A) (sprinkling rain) (B) (moderate rain) (C) (heavy rain) 

9. Wind: (A)( calm) (~(moderate wind) (C) (heavy wind) 

10. Non-body contact activities (please specify),_.J13~, kc.:.:..!:!"".)_.::::Cv::::.:!.;,;.c::,:""''I--..L€J.>wo:..:·+-:..::S.~--) . 

11. Evidence of activity such as graffiti, trash, fishing line, footpaths, rope swings etc. S~"' k ""/I 

k+-· ( d 1(\j\,_/) I"> Clrbue.<\ 

12. other comments or clarifications (use back side of form if necessary). THANK YOU 

Please fax and/or return this form to Jeff Beehler. Fax 951 352-3422 



1. 

2. 

RECREATIONAL USE SURVEY FORM 

(A) Water body Gr-~ \t: II<-- 6~"-'fv'i\._:j 
c ho-.~ t-o.e \ 

(A) Surveyor's name (1,. "t: '' 1 .. -e l-Gel 

(C) Photo Taken? (1)(Yes) ~ 

(B) Survey (Camera) Location {i c/ <A 00 5 

(B)DATE 7-3 -}.OO b 

(D) TIME _ __:_,\ 3~0___,0=-----

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Swimming (wet hair): adults 0 children _0 __ 

(B) Soaking, floating, or splashing (hair mostly dry) adults _Q_ children 0 

(C) Wading (in water, but hair dry): adults () children 0 

(D) Boating (in a watercraft): adults 0 children 0 

(E) Fishing: adults C) children 0 
(F) Recreating Onshore: adults 0 children C) 

(G) Other water related activity (please specify activity) __ _._n~O"'--L..:N"'-.Q._-=------

(H) TOTAL NUMBER OF PEOPLE -----~.0~----

4. Water depth at deepest part of water body (circle one- estimate if no one is in water): 

(A) (no water) (B) (ankle deep or less) (C) (adult mid-calf deep) 

(D) (adult knee deep) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

5. Water Clarity: (A) clear ~ 
6. Air Temperature: (A) 2) 7 ° F 

7. Skies: ~ (B) (some clouds) (C) (overcast) 

8. Precipitation: (A) (sprinkling rain) (B) (moderate rain) (C) (heavy rain) 

9. Wind: ~ (B) (moderate wind) (C) (heavy wind) 

5-f-. 

10. Non-body contact activities (please specify) 6; eye l•s+- ON th-O 8,' i'e ..Ot.\-\ h 
11. Evidence of activity such as graffiti, trash, fishing line, footpaths, rope swings etc. 

12. 

IVa oN-e ,'rv<;~de 1:-be ch~vvrue) .eNirv block"erl by 
7 r ~ 

other comments or clarifications (use back side of form if necessary) THANK YOU E'rvc:.:~ d

l!er~~c:.o.. \ 

Please fax and/or return this form to Jeff Beehler. Fax 951 352-3422 
.~\~ 



I. 

2. 

RECREATIONAL USE SURVEY }'ORM 

(A) Water body {utt,;,. tJ 4,"J"r {.,;:.£" 1!'

(A) Surveyor's name JPJ{ i5(;?.P- h /t// 

(C) Photo Taken? (1) (Yes) @No) 

(B) Survey (Camera) Location (_,r«D"';J"'- ve;~ .. 

(B)DATE tbq,.AJI- .2<?- ke6 
/ / 

(D) TIME 2 : Yk: 

3. .For the people observed (in a 30 minute time period), how many people are: 

(A) Swimming (wet hair): (1) adults (2) children 

(B) Wading (in water, but hair dry): (l) adults (2) children 

(C) Boating (in a watercraft): (1) adults (2) children 

(D) Washing clothes: (1) adults (2) children 

(E) Fishing: (1) adult<> (2) children 

(F) Recreating Onshore: (1) adults (2) children 

(G) Other water related activity (please specify activity)----------

(H) TOTAL NUMBER OF PEOPLE___.."-'') ____ _ 

4. Water depth at deepest part of water body (circle one- estimate if no one is in water): 

(A) (no water) (B) (ankle deep or less) @adult mi~alf deep) 

(D) (adult knee deep) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

5. Water Clarity: (A) clear ~urky ~- "' I; ,,,c ~ti 
6. Air Temperature: (A) __L1_.t~ __ _ 

7. Skies: (~clear skies) (B) (some clouds) 

8. Precipitation: (A) (sprinkling rain) (B) (moderate rain) 

9. Wind: (A) (calm) (~moderate wind) \:J;J 

(C) (overcast) 

(C) (heavy rain) 

(C) (heavy wind) 

l 0. Non-body contact activities (please specify) ______________ _ 

11. Evidence of activity such as graffiti, trash, fishing line, footpaths, rope swings etc. ___ _ 

12. other comments or clarifications (use back side of form if necessary) THANK YOU 

Please fax and/or return this form to JeffBeehler. Fax 951 352-3422 



• 

1. 

2. 

3. 

RECREATIONAL USE SURVEY FORM 

(A) Water body C ~t.o-.~ /v,: 1) 
I 

(B) Survey (Camera) Location 

(A) Surveyor's name ,7) ~ (B) DATE £-L-Ob 

(C) Photo Taken? (1~ (2)(No) (D) TIME ~ .' Od 

For the people observed (in a 30 minute time period), how many people are: 

(A) Swimming (wet hair): (1) adults 0 (2) children 0 

(B) Wading (in water, but hair dry): (1) adults 0 (2) children 0 

(C) Boating (in a watercraft): (1) adults 0 (2) children 0 

(D) Washing clothes: (1) adults 0 (2) children C) 

(E) Fishing: (1) adults Q (2) children & 

(F) Recreating Onshore: (1) adults () (2) children _Q__ 
(G) Other water related activity (please specify activity) 0 

(H) TOTAL NUMBER OF PEOPLE 0 
4. Water depth at deepest part of water body (circle one - estimate if no one is in water): 

5. 

6. 

7. 

8. 

9. 

(A) (no water) (B) (ankle deep or less) 

(D) (adult knee deep) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

Water Clarity: ~ (B) murky 

Air Temperature: (A) I o-o + f 
Skies: ~ (B) (some clouds) 

Precipitation: (A) (sprinkling rain) (B) (moderate rain) 

Wind: (A) (calm) ~oderate wi~ 

(C) (overcast) 

(C) (heavy rain) 

(C) (heavy wind) 

Please fax and/or return this form to Jeff Beehler. Fax 951 352-3422 



~. b~vidvVq~lfel ~- surv~YrE:lvell:pdf __ 
~ .. ;....,.._'•' ',, .. ' 

FROM : FAX HO. ·----Aug. 13 2003 10:57A_~I_P_s __ _ 

RECREAIIONAL USE SURVEY FORM 

l. (A) Water body Mill }IAGV!M~~- (B) Survey (Camera) Location 1-/.elltvtVt.Vl 

2. (A)Survcyor'sname M~~l4vt.ll (B)DATE Vbd!Al/iOV 

(C)PhotoTaken? @ (2)(No) (D)TJME __ j:.if~~~-:g;;"~ 
3. For the people observed (in a 30 minute time period), how many people are: 

(A) Swimming (wet hair): (I) adult'> __ (2) children. ___ 

(B) Wading (in water, but hair dry): (1) adults (2) childn."tl __ 

(C) Boating (in a watercraft): (1) adults ___ (2) children __ 

(D) Wa.~hing clothes: (I) adults ___ (2) children ___ 

(E) Fishing: (I) adl!lts ___ (2) children ___ 

(F) Re\:reating Onshore: (1) adult~ __ (2) children--·· 

(G) Other water related activity (please specify activity)--------

(H) TOTAL NUMBER OF PEOPLE f( 
4. Water depth at deepest part of water body (circle one- estimate if no one is in water): 

(A) (no water) @))ankle: deep or less) (C) (adult mid-calf deep) 

(D) (adult knee deep) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

5. Water Clarity: (A) clear @murky 

6. Air Temperature: (A) qb' .... 
7. Skies: @lear skies) (B) (some clouds) (C) (overcast) 

8. Precipitation: (A) (sprinkling rain) (B) (moderate rain) (C) (heavy rain) 

9. Wind: (A) (calm) @(moderate wind) (C) (heavy wind) 

10. Non-body contact activities (please specify) 

II. E.vid:nce of activity such ~trash, fishing line, footpaths, ro~ ~ings etc.__ . . 
11 

Mt{n1 b!Jt·•'g In MOre ~~ __ dOVJY'ftYrll~ Vl,I(.O\ _,.. lbt~J blttc~NcltcA <ftltT.f V 

12. other comments or clarifications (use back side of form if necessary) THANK YOU 

Please fax. and/or return this torm to Jeff Bechler. Fax 951 352·3422 



·. 
~Aug 23 OS 08:46a CONST MGT PLANT 2 7149652156 p.2 

RECREATIONAL USE SURVEY J?ORM 

1. (A) Water body ~CJ..:lt&!1J1U __ 
~CUtlct.n'L 

(B) Survey (Camera) Location. 8~:fiol-9ef' q 

(A) Surveyor's name __ Jo_\1.@nt':SSM (B) DATE _ _ajJ q I ~OOlp --
f=to~.ro e.; 

2. 

cc) Photo Taken? (lS (2) (No) 
so 2C 

(D)TIMEJ D__eM- U_~ 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Swimming (wet hair): (1) adults .. P _ (2) children -...!!J _ 
(B) Wading (in water, but hair dry): 

(C) Boating (in a watercraft): 

(D) Washing clothes: 

(E) Fisl1ing: 

(F) Recreating Onshore: 

( 1) adults --· 

(I) adults__ _ _ 

{I) adults_ -·· 

(I) adults_ 

(2) childreri ----lt--

(2) children 

(2) children 

(2) children _ 

(2) children __ 

(G) Other water related activity (please specif): activity) ___ Y!f.JY1-b_····- ~---·-

(H) TOTAL NUMBER OF PEOPLE __ _fJ ____ _ 

4. Water depth at deepest part of water body (circle one- estimate if no one is in water): 

(A) (no water) (C) (adult mid-calf deep) 

(D) (adult knee deep) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

Water Clarity: (A) clear ~ ~ S\1-1:lV):J' 6d Dr 
.....-,c;:::·O 

Air Temperature: (A) ___ .!._?__£ 
5. 

6. 

7. Skies: (A) (clear skies) (B) (some clouds) 

8, Precipitation: (A) (sprinkling rain) (B) (moderate rain) (C) (heavy rain) no rCL·( V\ 

9. \Vind: (B) (moderate wind) (C) (heavy wind) 

10. Non-body contact ~ctivitics ~pl~ase spccity). 00 QC?bvi~{-·Qrl_~(lte_LSide ~ 
t:\ \:::tlflD~~. \<X\"\ I YlC\ en ctPO-r-+n,ei/1+' &\c~e:-- o~ sh-e.s:::. .. + 

1!. Evidence of activity such lfs gratlit(frash, 1'ishing line, Jbotpaths, rope swings etc. _ _{_Qb..JS1_c..-,lJ1..Wa~ 

_?lfQn+ti .. -1U1der _Qj"d,~(:)-;:;_~.2±__f2n_~!-~~n _ _f-bo+ 42=~±i ,_ ct~kGYI 
.J ·--t'b u: CbH:?X' : t ~~t . \)j{..t_( f::-< Vl.?! qq:J ~VI \i:¥1 COl . S( de. of' fe_ 

12. other comments or clarrhcattons (use back sfd'e of form 1f necessary) 1 HANK VOU -t-1 C.r._.~ 

Please fax and/or return this form to Jeff Beehler. Fax 951 352-3422 

/ 



JlJl 15 06 02:02p CONST MGT PLANT 2 7149652156 p.2 

RECREATJONAL USE SURVEY FORM 

I. (A) Water body SleJL· r b~~.d@_ 
h._cx·s:e_ 'o(~, . 

(A) Surveyor's name J3 £..' (.&{Stt-\1\. __ _ 

(C)PhotoTaken? ~ (2)(No) 

{B) Survey (Camt!ra) Location-----·-····----

(B) DATE --~J~I':)-(Qk ____ _ 
(D) T1ME L?: ~.~~---:~L~:.Y r- _ 

2. 

3. For the people observed (in a 30 minute time period). how many people are: 

(A) Swimming (wet hair): ( 1) adults j___ (2) children 

(B) Wading (in water, but hair dry): (I) adults (2) children 

(C) Boating (in a watercraft): (I) adults_ -······ (2) children 

(D) Washing clothes: (I) adults (2) children 

(E) Fishing: (J) adults_. __ (2) children _ 

(F) Recreating Onshore: 
I 

(I) adults -r-·· _ (2) children 

(G) Other water related activity {pleases~ activity)_____ __ . --·:-:: . . 

(H) TOTAL NUMBER OF PEOPLE ····----- ~ _b~._J?£l2- · _ L- ~~r-f:.a.r j'/ 
/) }? iCjc-~ (ic&.J-'1 I C- l--t)c~~ 

Water depth at deepest pm1 of water body (circle one- estimate if no one is<-i'n water): · 4. 

5. 

~o water) (B) (ankle deep or less) (C) (adult mid-calf deep) 

(~dult knee deep) (E:;a~uh mid--I high deep) (F) (adult waist deep or more) 

Water Clarity: (~ear (} ~ (B) murky 

Air Temperature: (A) .... J.l.f-::__ 
Skies: ~ear skies) (B) (some clouds) (C) (overcast) 

6. 

7, 

8. Precipitation: (A) (sprinkling rain) (B) !moderate rain) tC) (heavy rain) 

9. Wind: ~aim) (B) (moderate wind) (C) (heavy wind) CY v - · 
10. Non-body conta(.'t aclivities (please spccify)_j..f.SYc.; l ~ --f::v_c:J?·v-Jvr.f:\_,re.JJv'V'\ 

vJ~o·t:£-}.r\ of-· C..~V"v-.o! -flo fP--"?Uz .5~./V'\ tvj 
J I. Evidence of actinry such as gral1i1i. trash. Jishing lint>. footpaths. rope swing& etc·--········----- ~~~,· 1 

__ f:gut'f't~~~--rr0.ft,_~»-<~~::c:~~~-~ .. \. Lvtrw/ ·· 
1:. mher comment< or clarilicatiom (u~c back side of form if necessa~) TlL\~K YOl' 

Please faJ. <md or rerum th1s form to Jeff Beehler. Fax 9:;1 ::;:.:;4:;2 



Jul 15 06 02: 03p CONST MGT PLANT 2 7149652156 p.4 

RF.CREATlONAL USE SURVEY FORM 

I. (B) Survey (Camera) Location-----·-·---

(B) DATE _7.L cl Ofc: __ _ 
' ' 

(C) Photo Taken? ~ (2) (No) (D)TJME /1¥0 ··)'UP. __ _ 

2. 

3. f(lT the people observed (in a 30 minute time period). how many people are: 

(A) Swimming (wet hair): (l) adults-·-·- (2) children _ 

(B) Wading (in water, hut hair dry): (1} adults--·· (2) children 

(C) Boating (in a watercraft): (1) adults_ . (2) children _ 

(D) Washing clothes: (l) adults (2) children 

(E) Fishing: ( 1) adults (2) children 

(f) Recreating Onshore: (I) adults __ (2) children 

(G) Other water related activity (please specify ac ivity) ___ ...... -------

4. Water depth at deepest part of water body (circle one- estimate if no one is in water): 

(A) (no water) e9kle deep or less) (C) (adult mid-<:alf deep) 

(D) (adult knee deep) (E) (adult mid- thigh deep) (F) (adull waist deep or more) 

5. Water Clarity: ~ear (B) murky 

6. AirTemperaturc· tA)~_X-
7. Skies: ®clear skies) fB) (SOffit> ,·1oud5) (C) (overcast) 

8. Precipitation: (A.I (~prinkling rain) (B) (moderate rain) (C) (heavy rain) 

9. Wind: @1m) (B) (moderate wind) (C) (heavy wind) 

10. Non-body contact activitie> (pleast> specify'l ___ .............. - .... ·---................... _ .......... __ _ 

1 I. Evidence of activ11~ wch a~ graff11i. trash. fishing line, l(lotpaths, rope swings etc. . ... - ....... __ . 

-------.'--'XJv,p~=- .· , L~I.'M·--t., J lli:uk! / ~1 ~J~IIs. __ - ......... .. 
1:. other wmment5 <) clarifkation~ iu~e back ~ide ofform ifnecessar~·) THANK YOl' 

Plea~e f:n atl<h,rreturn tim form10 JeffBt·ehlet. Jax 9:'1 ~52-342:? 



Jul 15 06 02: 03p CONST MGT PLANT 2 7149652156 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

RECREATIONAL uSE SURVEY FOHM 

(A)Waterbody.~(;\\,IJJtN../@ .... (B) Survey (Camera) Location .... 
~ vV\ J:io-:;;;::)FLow e.,/ 

(A)Surveyor'sname.::...h.~ (o/S-J»V\ (B)DATE 7(1'C/Ok> ... . 

(C) Photo Taken? e (2) (No) (D) TJME Jitd2_::_jj JQ .. . 

For the people observed (in a 30 minute time period), how many people arc: 

(A} Swimming (wet hair): 

(!) "'""' 1- (2) children 

(B) Wading (in water, but hair dry): (I) adults (2) children ... 

(C) Boating (in a watercraft): (l) adults (2) children 

(D) Washing clothes: (1) adults (2) children 

(E) Fishing: (I) adults (2) children 

(F) Recreating Onshore: (I) adults ... (2) children ___ __ 

(G) Other water related activity (please spe~:ify activity)-----·& __ 

(H) TOTAL NUMBER OF PEOPLE _....!.//1-G-l---- ; 
Water depth at deepest part of water body (circle one··· estimate if no one 1s in water): 

(A) (no water) (B) (ankle deep or less) @}~adult mid {'alf deep) 

(D) (adult knee deep) (E) (adult mid-thigh deep) (F) ~dult waist deep or more) 

£iC )~ ((pv-' ~91 __ \2.Q ~· 0 ..-.....Q._C\, 
Water Clarity: ~lear (B murky 

Air Temperature: I(A)AJ: 
Skies: t9·Jcar skies) (B) (some clouds) !C) (overcast) 

Precipitation: (A) (sprinkling rain) (B) !moderate rain) !C) (heavy rain) 

Wind: ~alm) (B) (moderate wind) <C) (heavy wmd) 

Non-body contact activ1ties (please specif).')_ ...... -------····-·-------··-·-·---·-

1 I. Evidence of activity bUd! as gral1lti. trash. fishing line. footpaths. ropeS" ings etc._. ____ .. ___ _ 

NoN. Q.tc.v~{ ~rlQi<\.J-L:w. &y1 __ ~v\v-.e \ c'-'f'f~-
12. other rommem~ or clanfkation~ (use back side ofform if necessary) THANK YOr 

PkaH· fax and·nr n~rum tlm f0rm 10 .leffBechkr. Fax 9.' 1 :-51-3422 

p.3 



,/'' r r' J e ((~.'iy'i t':.. l.J,;.; 1 ).;;: e.,) ;-r., t- l.s~- ~l'b" I'"- o.f f-L .... ::; -rr<.!r~-~, 



1. 

2. 

(C) Photo Taken? 

._ RECREATIONAL USE SURVEY FORM 

(2) (No) 

(B) Survey (Camera) Location ~ U11 .v~vS• r-y 

(B)DATE J-2-ofc 

(D) TIME ;;), .' 40 - I I 0 j) ,.., 
. I 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Swimming (wet hair): ( 1) adults __ (2) children __ 

(B) Wading (in water, but hair dry): (1) adults __ (2) children __ 

(C) Boating (in a watercraft): (1) adults __ (2) children ___ 

(D) Washing clothes: (1) adults __ (2) children __ 

(E) Fishing: (1) adults __ (2) children __ 

(F) Recreating Onshore: (1) adults __ (2) children __ 

(G) Other water related activity (please specify activity) ---------

(H) TOTAL NUMBER OF PEOPLE ~ 

4. Water depth at deepest part of water body (circle one- estimate if no one is in water): 

(A) (no water) (B) (ankle deep or less) (C) (adult mid-calf deep) 

(D) (adult knee deep~ adult mid-thigh deep) (F) (adult waist deep or more) 

5. Water Clarity: (§ctear (B) murky 

6. Air Temperature: (A) 2?!J 0 

7. Skies: ~(clear skies) (B) (some clouds) 

8. Precipitation: (A) (sprinkling rain) (B) (moderate rain) 

(C) (overcast) 

(C) (heavy rain) 

9. Wind: (A) (calm) ~(moderate wind) (C) (heavy wind) 

10. Non-body contact activities (please specify) lA.Jr,.Ji<,'rJj c • .Jc,} bttV\l<:.. 

II. Evidence of activity such as graffiti, trash, fishing line, footpaths, rope swings etc. hot;M ti. ~ 

[J~ (...,..,J hllbeth foor-f.<..,v; u""'- bt., 1<.,. 

12. other comments or clarifications (use back side of form if necessary). THANK YOU 

5.ee o+L"""" 5, c\e 

Please fax and/or return this form to Jeff Beehler. Fax 951 352-3422 



• 

,. RECREATIONAL USE SURVEY FORM 

L (B) Survey (Camera) Location @ SJ.--J:Iovev-

2. 

(C) Photo Taken? (2)(No) 

3. For the people observed (in a 30 minute time period). how many people are: 

4. 

5. 

6. 

7. 

8. 

9. 

(A) Swimming (wet hair): (1) adults __ (2) children __ 

(B) Wading (in water. but hair dry): (1) adults __ (2) children ___ 

(C) Boating (in a watercraft): ( 1) adults ----·-·· (2) children __ 

(D) Washing clothes: (1) adults ____ (2) children __ 

(E) Fishing: (1) adults __ (2) children __ 

(F) Recreating Onshore: (1) adults __ (2) children __ 

(G) Other water related activity (please specifY activity) ___ ------

(H) TOTAL NUMBER OF PEOPLE .A 
Water depth at deepest part of water body (circle one- estimate if no one is in water): 

(A) (no water) (B) (ankle deep or less) (C) (adult mid-calf deep) 

~dult knee deep) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

Water Clarity: ~1~-" 
0 

(B) murky 

Air Temperature: (A) _l_Hv_. ___ _ 

Skies: (§clear skies) (B) (some clouds) 

Precipitation: (A) (sprinkling rain) (B) (moderate rain) 

Wind: (A)(calm) 
/'-~., ...... 

~moderate wind) 

(C) (overcast) 

(C) (heavy rain) 

(C) (heavy wind) 

10. Non-body contact activities (please specify), __________ .,--_ 

11. Evidence of activity such as graffiti, trash, fishing line, footpaths, rope swings etc._&o t_l!l-r~ 
I 

dotu.r- b~K... hf>M $€,-".''-.(. LOY..d • lUAfC!'t-i 

12. other comments or clarifications (use back side offorrn if necessary). THANK YOU 
5e.e ot'i..i?..- s. J e 

Please fax and/or return this form to Jeff Beehler. Fax 95 t 352-3422 



/' 

~~)DCCe>.r' f.:\lt"'"t>~ '"" fJ·"d'f•·t"!:.'S (AJf'" ~.:;.k . .;.d 1'\<t:,.:t r?) 
,.,_,. '" 

1/'-i:l..·,)/:~ . .:_, :'l!"i·.-.J !v(.,4K.J '-"' {l,A...-,L .• ~,~ lvr· l'<i-X+ l-.: (.~..V..-n • .:.l 

~~ , ' ~ . ,.. ~· ... ~ .. · ('• t "'' ; ! 
< c~/_, w:~;+-~ .C::~v'C·'';> -ree,J.,~•··I ,..._ ,_J"\-J'l·'V'\A(>· 



""' KELKEAllUNAL U:SE :SUKVEY J:t'UKM 

l. {A) Water body 'Dec\\..; C.l A Y\1('1-<.- \ (B) Survey (Camera) Location~ t11eSII 

2. (A) Surveyor's name K~tf 1-J;e ~'t'Sr-r n 

(C)PhotoTak:en? ~ (2)(No) 

(B)DATE 7.-;;J. -00 

<D) TIME 12i o5jr' ~ 12.Jsr--
3. For the people observed {in a 30 minute time period), how many people are: 

(A) Swimming (wet hair): (1) adults __ (2) children __ 

(B) Wading (in water, but hair dry): (1) adults __ (2) children __ 

(C) Boating {in a watercraft): (1) adults __ (2) children __ 

(D) Washing clothes: (1) adults __ (2) children __ 

(E) Fishing: (1) adults __ (2) children __ 

(F) Recreating Onshore: (1) adults __ (2) children __ 

(G) Other water related activity (please specify activity) _______ ._..:. __ 

(H) TOTAL NUMBER OF PEOPLE _a-""'::;_;:....._ __ _ 

4. Water depth at deepest part of water body (circle one- estimate if no one is in water): 

5. 

6. 

7. 

8. 

9. 

(A) (no water) (B) (ankle deep or less) (C) (adult mid-i;alf deep) 

~adult knee deep) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

Water Clarity: ~clear 

Air Temperature: (A) 8:o 0 

(B) murky 

Skies: @(clear skies) (B) (some clouds) 

Precipitation: (A) (sprinkling rain) {B) (moderate rain) 

Wind: (A)( calm) @moderate wind) 

(C) (overcast) 

(C) (heavy rain) 

(C) (heavy wind) 

10. Non-body contact activities (please specify)·------------·----

11. Evidence of activity such as graffiti, trash, fishing line, footpaths, rope swings etc.~A/U!.-0,.,__ __ 

12. other comments or clarifications (use back side of form if necessary). THANK YOU . 

bolf~5 (rl<is~ W~+IIL by c.J .. A~""'q,( e..... ... v~<...e- tn ~e ... }fl bA""c.t..:. AI ·""e.- ~.c.~1.! 5· 

Please fax and/or return this form to Jeff Beehler. Fax 951 352-3422 



RF:CJ~EATIONAL USE SURVEY FORM 

I. (A)Waterbody~d;v:d /JILl,•? IJ•C:.LLLL (B) Survey (Camera) Location ... L'::~N·,:_-? 0 ''-"c:A. 

2. (B) DATE --"'(i'-'·_-..2,,-_-·_:· c:.::::.>...:ct:.___ 

(C) Photo Taken? (2) (No) 

3. For the people observed (in a 30 minute time period), how many people are: ,.._,c) ;)-- •. 1!( / ,, '"' f,: -~ v,· .1 

(A) Swimming (wet hair): (I) adults ______ _ (2) children ..... 

(B) Wading (in water, but hair dry): (I) adults __ (2) children 

(C) Boating (in a watercraft): (I) adults __ (2) children __ _ 

(D) Washing clothes: (I) adults _ ---·· (2) children ..... 

(E) Fishing: (I) adults ------·-· (2) children ___ _ 

(F) Recreating Onshore: (I) adults __ (2) children_ _ 

(G) Other water related activity (please specify activity) 

(H) TOTAL NUMBER OF PEOPLE--------·-·-

4. Water depth at deepest part of water body (circle one- estimate if no one is in water): u --(, '' 

5. 

6. 

7. 

8. 

9. 

vr:t r..:: •' .~ ....--; <r 

(A) (no water) (B) (ankle deep or less) (C) (adult mid--calf deep) 

(D) (adult knee deep) (E) (adult mid- thigh deep) (F) (adult waist deep or more) 
/ .. ----..... 

Water Clarity: (A) clear /(13) mbrky 

Air Temperature: 

Skies: (.A) Jclear skies) (B) (some clouds) 

Precipitation: (A) (sprinkling rain) (B) (moderate rain) 
/' 

Wind: (CA)i(calm) (B) (moderate wind) 

(C) (overcast) 

(C) (heavy rain) ;.\. <'. -· < 

(C) (heavy wind) 

10. Non-body contact activities (please spccify) ........ t.!.c~_,'--" ,~ _______________________ _ 

I I. Evidence of activity such as grafftti, trash, tishing line, footpaths, rope swings etc ............ . 

12. other comments or clarifications (use back side ofform if necessary) THANK YOU 
Vt-\-;,t_::~ /''/J· ,;,--"'·v c::~ ti~·( 1'/'(' .. r~/~"'""J:. S:t/)15 /"'r~f~t:"e".5 Jf ;)/;.·_;:,t'l...'t i /<-...··· r:·.:<--7 l'.:.':-
1.".T"·. ''C.,-:" (/•f~o-f,r...;,i1>'.,._.·,£, /f•.,) /•~V(..•L("•t }""t~,._.;, /.~ ... ·' ($-.~·-(.-(.-'./·( ~(·( //.o-!..._. 
1~ k ' " ' ' Please il1x and/or return this form to Jeff Beehler. Fax 951 352-3422 

\ 



/ 

I. 

RECREATIONAL USE SURVEY FORM 

(AJ \Vater body i)?l_J.., I @t.fio w~y
(AJ Surveyors name Wa;s. ~~ 
(C) Photo Taken? (2) (No) 

(B) Survey (Camera) Location Fl ~J1 C;J 
.,... i'\ 

(B) DATE --,_ J ct -O(;' ";, ~~.t 1" ..._ . ...-:. .. " 

(D) TIME____,'-----------'/~()=------

3. For the people observed (in a 30 minute time period). how many people are: 

(A) Swimming (wet hair): (I) adults (2) children ---

(B) Wading (in water. but hair dry): (I) adults (2) children ---

(C) Boating (in a watercraft): (I) adults -- (2) children ---

(D) \\>'ashing clothes: (I) adults (2) children __ _ 

(E) Fishing: (I) adults - (2) children __ _ 

(F) Recreating Onshore: (I) adults (2) childrefl""_· __ 

(G) Other \\ater related acti\ity (please specify activity) __ __.,Q-=---L__ __ _ 

(H) TOTAL NUMBER OF PEOPLE _ _,.,0-==-~------

4. \\'ater depth at deepest part of water body (circle one -estimate if no one is in \\ ater): 

(A) (no water) (B) (ankle deep or less) (J~:~·;;;;;:;;ifd~ 
(D) (adult knee deep) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

5. Water Clarity: /'fA.Y~Ie;;··"') 

"'---- ---- (B) murky 

6. Air Temperature: (A) ____ _ 

7. Skies: (A)(clcarskies) ~~~ (C) (overcast) 

8. Precipitation: (A) (sprinkling rain) (B) (moderate rain) (C) (heavy rain) 

9. Wind: (B) (moderate wind) (C) (heavy wind) 

10. Non-body contact activities (please specify) _ ___._N=--(_._.,._. ____________ _ 

II. Evidence of activity such as graffiti. trash. fishing line. footpaths. rope swings etc. c... h ... "'-__L ._ k: 

(?o .. r. Q ) /J . ~ c, "'-~ , •A r: / "·:'fi·r~ Vs;. I h I 
. ~ J 

12. ·,j other comments or clarifications (use back side of form if necessary) THANK YOU 
') .v s~ r,r ~····1. 

Please fax ~nd/~r return this form to Jeff Beehler. Fax 951 352-3422 

R-'1\-Le_ 5 [:-\ i ~ 1k.. ~~' 1-·(J,,~ <" \ ' ; # ~_.V· ~ I 
.· ... , __ ,. \ .;·.,~ .. ! J : _)1<- .... =.. z; ...... 1-' ·-{ . .l•., t ·( 1\.~- l-A,/./ ~ 



lf 
Rf=CREA TIONAL USE SURVEY FORM 

.j w.f-..-

1. d\)'W!ter body Qc I b~ \ <_·:> :,\ ,~ ". ·· \ ·· (B) Survey (Camera) Location ____ _ 

(A) Surveyor· s name ) (i. u *' \..., ; .• ,.\.~.) (!3) DATE 7 - J ,., '~ <. 2. 

(C) Photo Taken? ~ (2) (No) (D) TIME / 0 · ..._)· (J 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Swimming (wet hair): ( 1) adults (2) children 

(B) Wading (in water, but hair dry): ( 1) adults (2) children ___ 

(C) Boating (in a watercraft): ( 1) adults (2) children 

(D) Washing clothes: ( 1) adults (2) children 

(E) Fishing: ( 1) adults (2) children 

(F) Recreating Onshore: ( 1) adults (2) children 

(G) Other water related activity (please specify activity) _______ _ 

(H) TOTAL NUMBER OF PEOPLE _____ _ 

4. Water depth at deepest part of water body (circle one- estimate if no one is in \Vater): 

(A) (no water) (B) (ankle deep or less) (C) (adult mid-calf deep) 

5. 

(D) (adult knee deep) (E) (adult mid-thigh deep) /(F).( adult waist deep or ~~1re) 
-"·t···- . ------

Water Clarity: (A) clear c;) mur~;-~c:::------- ------
~.--.,.~ 

6. (A) ly., I 0-.. " ('{'-.. ..., Air Temperature: 

7. Skies: (A) (clear skies) (B) (some clouds) ~ 

Precipitation: (A) (sprinkling rain) (B) (moderate rain) ~(heavy rain) 8. 

Wind: ~ (B) (moderate wind) (C) (heavy wind) 
----~ 

Non-body contact activities (please specify) h -~ P ( r" , b 1 f" ,. ' .. 
.. . , . :) . \ , . ;r I 

( ' '""l'-ry-':.. '- . " ,. ' ' 

Evidence of activity such as graffiti, trash, fishing fine. footpaths, rope swings etc. 

\ \ '•, ' . ( ( . '(' 

9. 

10. 

11. 

-\ \ 
{ f"'- ' 

12. other comments or clarifications (use back side of form if necessary) THANK YOU 

~ cA (' ( 1 ~l~a~Ja~.n~LL :~ form to Jeff Be~hl~r 4ax 9;; 352-~~22 
/_J h {I 

\.__ \ ( \, 



RECREATIONAL USE SURVEY FORl\1 

I. 

2. 

(A) \Vater body Q \ q ,. ( ?, ;, ,_, •~ .. (' \ 
j)(-;,ft ~·· • .. :{ . ...,) 

(A) Surveyor's name /~ .. , ".. j··; ' ~' 

( B ) Sun e y ( Cam era) Location -'-~.__,-\_,,---""'''-'. ''-'-~-"_,P_· _13 \ \J,,\. 

(B) DATE 

(C) Photo Taken? ~ (2) (No) (0) TIME 1 .. 1 3 (; 

3. For the people observed (in a 30 minute time period). how many people are: 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

(A) Swimming (wet hair): ( 1) adults (2) children 
'Nc:. C."-'f: 

(B) Wading (in water. but hair dry): ( 1) adults (2) children -
(C) Boating (in a watercraft): ( 1 ) adults (2) children -· 
(D) Washing clothes: ( 1) adults - (2) children 

(E) Fishing: ( 1) adults (2) children 

(F) Recreating Onshore: ( 1) adults (2) children 

(G) Other water related acti\ity (please specify activity) _______ _ 

(l-I) TOTAL NUMBER OF PEOPLE 0 
\Vater depth at deepest part of water body (circle one- estimate if no one is in water): 

(A) (no water) G) (ankle deep or les;L) (C) (adult mid-calf deep) 

(0) (adult knee deep) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

Water Clarity: (B) murky 

Air Temperature: (A) :A);~.·--. ~ ·· .:i )~ 

Skies: (A) (clear skies) <::"(B)(~ (C) (overcast) 

Precipitation: (A) (sprinkling rain) (B) (moderate rain) (C) (hea\·y rain) 

Wind: (B) (moderate wind) (C) (heavy wind) 

\ I 

Non-body contact activities (please specify) ____ )+-·-'-·+\ _·( __ ,_'-:}r.----------
"-· 

c-... -
~~~--

Evidence of activity such as graffiti. trash. fishing line. footpaths. rope swings etc. N .. N ).., -) 

J c ~d ( J tJ 0 -f( / f .. l1 - <[,:: h ' ; ; '. ,_ ' ( . ' ~ ( (' {/ 
other c~nim'e'rhs"o~ c~fica~ions !use back side of form if necessary) THANK YOU 

Ct ""1-f' b-'.lt5 ,.__. cA .... ....,~ lc; 
J Please fax and/or return this form to .lefT Btehier. Fax 951 352-3422 



.. 
p.3 

... Aug 23 06 OS: 46.a CONST MGT PLANT 2 7149652156 

l. 

2. 

RECREATIONAL USE SURVEY FORM 

(A) Water body JJel.h~d_ 

(A) Surveyor's name --~~~SSOk! 
(C) Photo Taken? (8 (2) {No) 

(B) Survey (Camera) Location VYle -~ 0. -~ l rvi VI'C 

(B) DATE __ .f8.).J.Cl J~oo~ 

(D) TIME _l_l :1-'S fit\_:-:~~ 
3. For the people observed (in a 30 minute time period), how many people are: 

(A) Swimming (wet hair): (1) adults_ )3'_ (2) children L 
(B) Wading (in water, but hair dry): (1) adults (2) children 

(C) Boating (in a watercraft): (I) adults_ (2) children-· 

(D) Washing clothes: (1) aduhs ·-
(2) children __ 

(E) Fishing: (1) adults_ (2) children 

(11) Recreating Onshore: (I) adults--·- (2) children 

(G) Other water related activity (please specifY activity)_-· .h.Q_V\~----· 

(H) TOTAL NUMBER OF PEOPLE 
' ) 

4. Water depth at deepest pwt of water body (circle one- estimate if no one is in water): 

5. 

6. 

7. 

8. 

9. 

!0. 

11. 

(A} (no water) (B) (ankle deep or less) (C) (adult mid-calf deep) 

(D) (adult knee deep) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

~-7 iots of: a..1,9 Q-e; bLL-+- CJ.Cl¥\ft-1 of Hc..O Wct5 
Wat~:rCiarity; (~ (B) murky .juO~ ~ C~ed. o..Q.,vy;~+ &1JlrC....; 

Air Temperature: (A)_ ]IJ/ (. bitse. of C}(tt')Y't?A (wa..LI 10 \i.O.M) 

Skies: (A) (clear skies) @someclo~ (C) (overcast) 

Precipitation: (A) (sprinkling rain) (B) (moderate rain) (C) (heavy rain) no n:::U () 

Wind: (A) (calm) (C) (heavy wind) 

Non.:-body contact activities (please spccify) _ ___fiQ~_i.Q_~_lYI~k:x:::>~:C:.J Qr10 .. Y1~f 1 
JOC\0\·e.r:s c\.owr1 lr-v 1\r)o ~t(; a . 

Evidencc-{;r'activity such as graffiti, trash, J1shing line, footpaths, rope swings etc. _____ _ 

I 2. other comments or claritlcations (u::;t:: back side of form if necessary) THANK YOU 

Please fax and/or return this form to Jeff Beehler. Fax 951 352~3422 



.. , . •Aug 23 OS 08: 4Sa CONST MGT PLANT 2 7149652156 p.4 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

RECREATIONAL ·usE SURVEY FORM 

(A) Waterbody De\ \r\i .ClJ~ 
CM ct.v\ cl n::\... 

fucA::: 6cU1 @., 
(B) Survey (Camera) Location J:b.2~....J;;~e; 

(B) DATE ____6 /l 9 ~~O.OI.t'__ Q\J ~.0 
(D) TIME J.L5'6 AH -t~g_PH ..............,;.;..;,;::.__ 

(A) Surveyor's name __ Jo\II~~OJd _ 

(C) Photo Taken? (2) (No) 
\L. • 

For the people observed (in a 30 minute time period), how many people are: wcu ~ 
~ li{l fi.\tl 

(2) children -~- ~ 'Ktl mJ l 
\\\ . 

(A) Swimming ('1-vet hair): ( 1) adults _&___ 
(B) Wading (in water, but hair dry): (l) adults_ (2)children ~ -- t\ 
(C) Boating (in a watercraft): 

(D) Washing clothes: 

l Oi$ of' ti-S~ 
(E) Fishing: ._»vnei ~ . Vlo 

D--r~'l 

(I) adults __ 

(J) adults_ 

(1) adults-···--

(2) children 

(2) children 

(2) children 

1\'S v 1 -~ 
(F) Recreating Onshore:~~, (l) adults ~.'+t_ (2) children A-!±_ __ 

{L-(dS 

•'uuk/Jlj 
'LStotler 
2Stra1Uu-

(G) Othe< "ater related activ~~cify activity) __\\Ql\~·-·----·-·-
. . . . P \"' ruo..t~ o\J Pf\'TH 

(H) TOI AL NUMBER OF PEOPLE_~. '*' f\(_))~<0 
Water depth at deepest part of water body (circle one- estimate if no one is in water): 

(.;t-titNN~ 

(A) (no water) (B) (ankle deep or less) (C) (adult mid-calf deep) 

-.. 
(D) (adult knee deep) (E) (adult mid--thigh deep) (adult waist deep or more) ' 

Water Clarity: ~ 1 n't{! ~e, Cfltclo ..... Q.;U/d.-
~-..,v~ ~ ~ t?e:\\'D)'\11 
(A) _:)!i'£_ Air Temperature: 

Skies: (A) (clear skies) (C) (overcast} 

Precipitation: (A) (sprinkling rain) (B) (moderate rain) (C) (heavy rain) no rtLi y) 

Wind: (A) (calm) (C) (heavy wind) 

10. Non-body contact activities (please specify)_LQ_~+o~gy·i ~_7_\?1 _ _}gj:3 
11. Evidence of activity such as graffiti, trash, fishing line, footpaths, rope swings etc. ____ .. _ .... _. 

12. other comments or clarifications (use back side ofform if necessary) THANK YOC 

Please fax and/or return this form to Jeff Beehler. Fax 951 352-3422 



RECREATIONAL USE SURVEY FORM 

I. (A) Water body S ~ lJ "-'? U........-11 (B) Survey (Camera) Location {,)y U~~ 
2. 

(C) Photo Taken? ~ (2) (No) 

(B) DATE ----'7:...___:7-:_7..--.=...~_0~b 

(D) TIME --i.r-+--'-: _2--"7 _ _,_P_C?-'--

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Swimming (wet hair): (I) adults __ (2) children __ 

(B) Wading (in water, but hair dry): (I) adults __Q_ (2) children 0 
(C) Boating (in a watercraft): (l) adults 0 (2) children 0 
(D) Washing clothes: (l)adultsQ_ (2) children 0 ,·Y/" 

(E) Fishing: (I) adults L (2) children :CJ 

(F) Recreating Onshore: ·(!)adults~ (2) children 0 

(G) Other water related activity (please specify activity)-----------

(H) TOTAL NUMBER OF PEOPLE -----'"'J_=-------

4. Water depth at deepest part of water body (circle one- estimate if no one is in water): 

5. 

6. 

7. 

8. 

9. 

10. 

II. 

(A) (no water) (B) (ankle deep or less) (C) (adult mid-calf deep) 

(D) (adult knee deep) (E) (adult mid-thigh deep) ~It waist de~ 
------...... 

Water Clarity: (A) clear ~ 

Air Temperature: (A) D{p° F -t 

Skies: (A) (clear skies) (B) (some clouds) (C) (overcast) 

Precipitation: (A) (sprinkling rain) (B) (moderate rain) (C) (heavy rain) 

Wind: (A) (calm) ~derate~ (C) (heavy wind) 

Non-body contact activities (please specify) h <-,'-', r-Jt.- ( h "-.M ,.,,_....,r; ,J !"' ".:.:/•-' iNC

I;c;.:OrL r-)PJr~cq ( l •.-<.-;: 
Evidence of activity such as graffiti, trash, fishing line, footpaths, rope swings etc. ____ _ 

12. other comments or clarifications (use back side of form if necessary) THANK YOU 

Please fax and/or return this form to Jeff Beehler. Fax 951 352-3422 

\ ' ... 
O'-J.r~IN"'4) 

.----· 



1. 

2. 

RECREATIONAL USE SURVEY FORM 

(A) Water body~ Q-t'V) VP..t..±{ I 
(A) Surveyor's nameCf\..1 "7 G.z ...... P'}o.J 

(C) Photo Taken? ~ (2) (No) 

(B) Survey (Camera) Location f~.-0 >AA.'I..Il-(} .. S ... N-~-..4 
(B) DATE 7- :l-'2..... - Ob 

(D) TIME '3 · "2 r:;-P~ 

3. For the people observed (in a 30 minute time period), how many people are: 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

(A) Swimming (wet hair): (I) adults _Q_ (2) children _Q_ 

(B) Wading (in water, but hair dry): (1) adults _£2_ (2) children __Q_ 

(C) Boating (in a watercraft): (I) adults _Q_ (2) children ___Q_ 

(D) Washing clothes: (I) adults 0 (2) children _Q_ 

(E) Fishing: (I) adults _Q__ (2) children _!2._ 

(F) Recreating Onshore: (I) adults _Q_ (2) children __Q__ 

(G) Other water related activity (please specify activity) _ _,.'(\-"'lo'-L:!...J"'i._""-"=-----
(H) TOTAL NUMBER OF PEOPLE 0 
Water depth at deepest part of water body (circle one- estimate if no one is in water): 

(A) (no water) (B) (ankle deep or less) <:j'Cf(adult mid-calf dee;;}) 

(D) (adult knee deep) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

WaterCiarity: (A)clear ~ r:/~ p.,~<t-~ 
1"'1C!>

1
-2 ........._. 

Air Temperature: (A)_,____;;,_, _ _;,__ -, 

----
Skies: (A) (clear skies (B) (some clouds) (C) (overcast) 

Precipitation: (A) (sprinkling rain) (B) (moderate rain) (C) (heavy rain) 

Wind: ~) (B) (moderate wind) 

Non-body contact activities (please specify)__._f__,'j""D'-'""--f=-=~==------------

(C) (heavy wind) 

II. Evidence of activity such as graffiti, trash, fishing line, footpaths, rope swings etc. ____ _ 

ot.Q Pf:T<""'"ll-0 Q,&n......I~n '"";t-J rwx-- B~- ,...; ~ R:px-~- 'P.;:>~h1~<...'\'%
l-loM1i..-t...~ 

12. other comments or clarifications (use back side of form if necessary) THANK YOU 

Please fax and/or return this form to Jeff Beehler. Fax 951 352-3422 



I. 

2. 

RECREATIONAL USE SURVEY FORM 

(A) Water body£flti"'='C'? C)!'Y"Q ~.,, 
(A) Surveyor's name~• ~.,..; P-t ~ 
(C) Photo Taken? <{~ (2) (No) 

(B) Survey (Camera) Location HfV::>/f-& J I')A.I~ 
h 0...-•-0 

(B) DATE 7 r ?-7..-r Ob 

(D) TIME t; ' 5;-
3. For the people observed (in a 30 minute time period), how many people are: 

(A) Swimming (wet hair): (!)adults 0 (2) children _Q_ 

(B) Wading (in water, but hair dry): (I) adults _D.::_ (2) children _Q_ 

(C) Boating (in a watercraft): (l) adults £) (2) children 0 

(D) Washing clothes: (I) adults _Q_ (2) children .12_ 

(E) Fishing: (I) adults 0 (2) children _Q_ 

(F) Recreating Onshore: (I) adults D (2) children _Q_ 

(G) Other water related activity (please specify activity) __ N_o_~__;"-:....·--------
(H) TOTAL NUMBER OF PEOPLE --'Q~---

4. Water depth at deepest part of water body (circle one- estimate if no one is in water): 

(A) (no water) (B) (ankle deep or less) 

(D) (adult knee deep) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

5. Water Clarity: (A) clear 

6. Air Temperature: (A) 'l5°Pi 

7. Skies: ~ (B) (some clouds) (C) (overcast) 

8. Precipitation: (A) (sprinkling rain) (B) (moderate rain) (C) (heavy rain) 

9. Wind: (B) (moderate wind) (C) (heavy wind) 

I 0. Non-body contact activities (please specify),_....!-N----"l..l.!.:~:..>-"'-------------

II. Evidence of activity such as graffiti, trash, fishing line, footpaths, rope swings etc .. ____ _ 

\1] pf'/0.--

12. other comments or clarifications (use back side ofform if necessary) THANK YOU 

Please fax and/or return this form to Jeff Beehler. Fax 951 352-3422 



\ 
[~~l<f~:§~ft~ .. ':~f{~c~~~tion s~&!ii~i9~9$£d(· .. :: · .:·"':·:. • ..... · ·:::.·:::::= ·:: .: ·· 

I 

RECREATIONAL USE SURVEY FORM 

I. 

2. 

(C) Photo Taken? (I) (Yes) (2) (No) (D) TIME - ..... L ... ; <) - ). : I 0 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Swimming (wet hair): (!) adults__ __ ... (2) children--· .. 

(B) Wading (in water, but hair dry): (!)adults .. (2) children __ .... 

(C) Boating (in a watercraft): ( 1) adults __ (2) children ... 

(D) Washing clothes: (I) adults ___ (2) children 

(E) Fishing: (I) adults .... (2) children--·--······· . 

(F) Recreating Onshore: (I) adults ....... 5. .. (2) children ___ 

(G) Other water related activity (please specify activity)---- ...... . 

(H) TOTAL NUMBER OF PEOPLE__:;:___!.<::::<'.£.!::.'..:.::..!: '' " ,, ·- ,; c , •J, i'l, ,, ; r 2 /' 1 ( 

4. Water depth at deepest part of water body (circle one- estimate if no one is in water): 

(A) (no water) (B) (ankle deep or less) (C) (adult mid--calf deep) il, •l .._. v • (. r '"' 

(D) (adult knee deep) (E) (adult mid thigh deep) (F) (adult waist deep or more) j'' 1 l'j ,;';. t / 'f rj.-, f !'"""' "'.' 

5. Water Clarity: (A) clear 

6. Air Temperature: 
.-.. 

7. Skies: (A){ clear skies) (B) (some clouds) (C) (overcast) 

8. Precipitation: (A) (sprinkling rain) (11) (moderate rain) (C) (heavy rain) .A,,. •. -'" 

/h'\ 

9. Wind: (A)( calm) ((B) (moderate wind) (C) (heavy wind) 

10. Non-body contact activities (pleas~: specify)_ 

I 1. Evidence of activity such as grafTiti, trash, 11shing line, footpaths, rope swings etc. ______ ... __ _ 

12. other comments or clarifications (use back side of form if necessary) THANK YOU 

Please tax and/or return this form to Jeff Beehler. Fax 951 352-3422 



FROM : 

1. 

2. 

3. 

FRX NO. Aug. 13 2003 10:56Af1 P3 

!YfCREATIONAL USE SURVEY FORM 
. . CoJC.ot461 wWTf" 

(A) Waterbody...-r.eM!S'Ct!'\l Cf-~~~
(A) Surveyor's name M~~dj '{LHt~l __ 

(B) Survey (Camera) Locatton --·-- -·--

(B) DATE ot0JVL-'{0{f 

(D) TIME lt.:oo --}]:.:._?0 
(C) f>hoto Taken? (I) (Yes) (2) (No) 

For the people observed (in a 30 minute time period), how many people are: 

(A) Swimming (wet hair): (1) adults __ (2) children __ 

(B) Wading (in water, but hair dry): (1) adults __ (2) children_ _ 

(C) Boating (in a watercraft): (!)adults __ (2) children __ 

(D) Washing clothes: (I) adults ___ (2) children --·-·-

(E) Fishing: ( l) adults ___ (2) children __ 

(F) Recreating On!>hore: (I) adults __ (2) children ·····---

(G) Other water related lll.-tivity (please specifY activity)----

(H) TOTAL NUMBER OF PEOPLE -.~ff ___ _ 
4. Water depth at deepest part of water body (circle one- estimate if no one is in water): 

(A) (no wau:r) @(ankle deep or less) (C) (adult mid··«lf deep) 

(D) (adult knee deep) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

5. Water Clarity: (A) clear 

6. Air Temperature: (A) q c;;'F 
7. Skies: ~clear skies) (B) (some clouds) (C) (overcast) 

8. Pm:ipitation: (A) (sprinkling rain) (B) (moderate rain) (C) (heavy rain) 

9. Wind: (B) (moderate wind) (C) (heavy wind) 

10. Non-body contact activities (please specifY) ____ ··-·-··--········------

1 I. Evidence of activity such as~fishing line, footpaths, rope swings etc. ___ _ 

--------····--····-···········--------------······--·····----

12. other comments or clarifiCations (use back side offonn if necessary) THANK YOU 

Please fa.x and/or return this form to Jeff Beehler. Fax 951 352-3422 



- ~ . 

RECREATIONAL USE SURVEY FORM 
{, 

1. (B) Survey (Camera) Location 1"' ({o':u ... t.>-___ 
2, (B) DATE _____ _ 

(C) Photo Taken? (2) (No) (D) TIME_ 

3. For the people observed (in a 30 minute time period), ho\v many people are: 

(A) Swimming (wet hair): (1) adults __ _ (2) children __ _ 

(B) Wading (in water, but hair dry): (1) adults __ (2) children __ ,,_, __ 

(C) Boating (in a watercraft): (1) adults __ · ___ _ (2) children __ 

(D) Washing clothes: ( 1 ) adults __ _::~--- (2) children __ _ 

(E) Fishing: (1) adults __ _ (2) children · 
-~---

(F) Recreating Onshore: (1) adults · (2) children · ·· 

(G) Other water related activity (please specify activity)---·------· 

(H) TOTAL NUMBER OF PEOPLE ____ 9_-__ _ 

4. Water deplh a~ deepest part of watt:r boay ( cin: le one-- estimaie if no on.: is in water): 

5. 

6. 

7. 

8. 

9. 

(A) (no water) ··""" ~(ankle deep or less) (C) (adult mid-calf deep) 

(D) (adult knee deep) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

Water Clarity: (A) clear (IJ ))n u rky 
. •• r#~'"'" 

Air Temperature: '"·' (A) ----'---··-

Skies: ~~clear skies) (B) (some clouds) 

Precipitation: (A) (sprinkling rain) (B) (moderate rain) 

Wind: (A) (calm) {~moderate wind) 

(C) (overcast) 

(C) (heavy rain) 

(C) (heavy wind) 

t-} 

l 0. Non-body contact activities (please specify) __ j__ __ ) f_.>,_'· --------------

1 I. Evidence of activity such a&;fflti)rash, fishing line, footpaths, rope swings etc. __ 
'.,_"·· 

12. other comments or clarifications (use back side offonn if necessary) THANK YOU 

Please fax and/or return this form to Jeff Beehler. Fax 95 t 352-3422 



I. 

2. 

RECREATIONAL USE SURVEY FORM 

(A) Water body -rs.ly.v;.; {;A I ( v4!~- '<-

(A) Surveyor's name Je [f IJ.eel: & "_..-

(C) Photo Taken? (1) (Yes) 

(B) Survey (Camera) Location z;,,-<P.J<-/~"-'"'/ /~ 
(B) DATE /k1 t1J t.t J!-- 2 c 2<? c; r: 

y 7 

3. For the people observed (in a 30 minute time period), how many people are: 

{A) Swimming (wet hair): (l) adult-; (2) children 

(B) Wading (in water, but hair dry): (1) adults (2) children 

(C) Boating (in a watercraft): (1) adult'i (2) children 

(D) Washing clothes: (1) adults (2) children 

(E) Fishing: (I) adults (2) children 

(F) Recreating Onshore: (I) adults {2) children 

(G) Other water related activity (please specify activity)----------

(H) TOTAL NUMBER O.F PEOPLE ---""'-
1
-) ___ _ 

4. Water depth at deepest part of water body (circle one- estimate if no one is in water): 
1 

{;, ,v,;,. 
1 

- /'/1 7 . J 
{A) (no water) (B) (ankle deep or less) {C) (adult mid-calf deep) ; #j 

1--~ 
fft:~ ' 

C ~~«n./1.#/ ,. . .,........~ 
(i9»(adult knee deep) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

5. Water Clarity: @lear (B) murky 

6. Air Temperature: (A) fi> J 
7. Skies: ~clear skies) (B) (some clouds) (C) (overcast) 

8. Precipitation: (A) (sprinkling rain) (B) (moderate rain) (C) (heavy rain) 

9. Wind: (A) (calm) cfj}(moderate wind) (C) (heavy wind) 

10. Non-body contact activities (please specify) _________ --:------

11. Evidence of activity such as graffiti, trash, fishing line, footpaths, rope swings etc. ___ _ 

~/Z.~--

12. other comments or clarifications (use back side of form if necessary) THANK YOU 

Please fax and/or return this form to JeffBeehler. Fax 951 352-3422 



c .. 

l. 

2. 

RECREATIONAL USE SURVEY FORM 

(A) Water body ~E'Sce, \ 

(A) Surveyor's name :J> \v~ 
(C) Photo Taken? ~ (2) (No) 

(B) Survey (Camera) Location ~ ... M?-. Jr-€'-~ 
,~ 

(B) DATE _[=--....... ___./_-G-=--A..6_,___ __ 

(D) TIME _______ _ 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Swimming (wet hair): ( 1) adults 

(B) Wading (in water, but hair dry): ( 1) adults 

(C) Boating (in a watercraft): ( 1) adults 

(0) Washing clothes: ( 1) adults 

(E) Fishing: ( 1) adults 

(F) Recreating Onshore: ( 1) adults 

0 

CJ 

0 
(2) 

0 

0 

(2) children _G-'--
(2) children Q) 

(2) children 0 

(2) children a_ 
(2) children 6 

(2) children () 

(G) Other water related activity (please specify activity) ____,.-"=6='---------

(H) TOTAL NUMBER OF PEOPLE C) 

4. Water depth at deepest part of water body (circle one- estimate if no one is in water): 

5. 

6. 

7. 

8. 

9. 

10. 

(A) (no water) ~k; de~ (C) (adult mid-calf deep) 

(0) (adult knee deep) (E) (adult mid-thigh deep) (F) (adult waist deep or more) 

Water Clarity: (B) murky 

Air Temperature: (A) {ao .. F 

Skies: (~ (B) (some clouds) 

Precipitation: (A) (sprinkling rain) (B) (moderate rain) 

Wind: (A) (calm) 

(C) (overcast) 

(C) (heavy rain) 

(C) (heavy wind) 

Non-body contact activities (please specify) __ ~f'J!J:=.....=..JNR.__<==-=-----------

11. Evidence of activity such as graffiti, trash. fishing line, footpaths. rope swings etc. 

12. other comments or clarifications (use back side of form if necessary) THANK YOU 

d:·{{::·u.J.:i-~ ~ ~ j~~/ ~ 
Please fax and/or return this form to Jeff Beehler. Fax 951 352-3422 

~~+sA~<~-~ ~ ~t~~ 



BENEFICIAL USE/RECREATIONAL USE SURVEYS COMPLETED ON 
UAA AND OTHER WATERS WITH CAMERA LOCATIONS 

July and August 2006 

Waters/UAA 

Santa Ana-Delhi Channel 

Greenville-Banning Channel 

Temescal Creek 

Cucamonga Creek 

Other Waters with Camera 
Locations 

Santa Ana River at Jurupa/Anza 

Number of surveys completed 

6 

6 

4 

4 

Martha Mclean Park 2 

Santa Ana River at Featherly 
~~ 2 

July and August 2011 

Waters/UAA 

Santa Ana-Delhi Channel 5 

Greenville-Banning Channel 5 

Temescal Creek 3 

Cucamonga Creek 4 



BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

1. Surveyor' s name Suzie Given Date _7/29/2011 (16:30-16:50)_ 

2. Water body Greenville-Banning Channel Location Observations made from the Santa Ana 

River Trail bike path from Gisler to PCH (Mile 4 on bike path to PCH). 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults 0 children 0 

(B) Water contact Recreation adults 0 children 0 

Examples (wading, fishing, etc.) describe NA 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

Approximately 20 cyclists, three walkers 

4. Describe evidence of people observed in the channel (graffiti , homeless encampment, fishing line, trails 

etc.) 

NA 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

NA 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

Algae at approximately mile 4 near golf course. 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Deep, murky water near golf course (mile 3.5) to dam; clear and shallow below dam to marsh. Edges of 

channel only wet upstream of golf course. 

8. Security conditions (fencing, gates locked, signage), describe; 

Fence 

9. Describe weather; wind, temp) 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 25 



Fence along Sunflower. Fence between Flower Ave and channel; fence on Flower between bike path and 

channel. 

9. Describe weather; wind, temp) 

Hot 

10. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. 

Commercial, multi-family and single family residential, bike path, some industrial, a school up near 

Warner 

11. Describe any photographs taken: 

See Figures 8-11 in the Attachment, which FOl near the confluence with F02 at Stevens, F02, FOl at 

MacArthur, Alton, and Warner. 

12. other comments or clarifications, list below. THANK YOU 

The confluence of FOl and F02 is on Sunflower near Stevens. There was algae accumulating in F02. 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 24 



Warm 

10. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. 

Golf-course (Mesa Verde Country Club), Parks (Talbert Regional Park, Fairview Park, 

11 . Describe any photographs taken: 

NA 

12. other comments or clarifications, list below. THANK YOU 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 26 



BENEFICIAL USE/RECREATIONAL liSE SURVEY FORM /UAA \VATERS 

I. 7-~-1-/J 
s u...-.d't 
ot ~3 o-t :4s o.... W\. 

2. H'-\....,;,,.,e~ t3Q-ch I 
Car.i-.... VV\~sc.... ., 

_1 . For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in \:hannd): 0 :~dulls ___ children __ _ 

(l3) Water contact Recreation Q adults __ children __ _ 

Examples (wading, fishing. etc.) describe () __________________ __ 

(C) Non contact Recreation (bird watching, bicycle riding. jogging. or walking ncar channel, individuals 

looking into channel etc.) describe; 

etc.) 

5. Describe wildlife obserYed in channel (type a1)d number of birds. fish. turtles. etc.) 
T,'d" l pl'-t-.;M.. &! Yl'\~ ll 4-rci d L\..(:_t=$' .J .S ~ ... ci 'f' ·'f~ 
R.e.~h i- ~ "3 lh-. L lc...~ d ~ efss . 

6. Plant life,_Qbserved in channel (algae, mosses. vascular ptants such as cattails. willow trees. etc) 
T,~\ f"',..;s~ ~ c..l~ ~~,... I , .. tHe ~~~""-f..tDJv 
Q.e.~h 1. !:! ""l fl"e 7 m-ossy f'LA •. :b;. ~--r ~'+e,.... 

7. Describe water conditions: flow: depth, width, and velocity (if possible), tidal or fresh water. \Vater 
-rrd-..\ p,.., .. s(!Vo...~:::- <:..It!."' ~"'\..e.-/ .. r;ilitc u 5e:i--l · 

Clarity (murky or clear) d~.- ~+roe~ L,..,d ~"•"'-+- ~ 1 de~~/ 8 11 412-ef'l ..t:;f 
i ,.,~~~ q,...W\. . 
~.ut.h 1. .. \. 5 .fl.. al~ -ho~ dCMM. ~ A~ t>-1-.. !S"•Jyf- ~ P)\l.I'~Y 
~r-u ... -/ +t-....r:"e. 41\.bo~ ~~-....c. 

8. Security conditions (fencing, gates locked, signage), describe; 

I 
~u.s 

Please fax and/or return the sun·ey form to Larry McKenney. f'ax 951 785-7076 



9.'" Describe weather; \>v'ind, temp) 

I 0. Dcscrihe surrounJing area: residences. industri~tl area. schoo,ls. parks. recreational t~u.:ilities su~h as bike 

trails, parks,or golf courses. w .e:f-tl\.~cl.:s, ~~ P~,.. f': / h~(i!,, a·l.f CCM.\1':$~ 
",.... .euf-- s;d-e., S' -.,.,~ A-~ g;v<.c 0"-l ctit\~,.. -f,'q<fii! ( ~) 

11 . Describe any photographs taken: 

No 

12. other comments or clarifications, list below. THANK YOU 

div-eri'to,..r rool ~S ~+ OC.C."'-.r,._:"J • ·\ ' 

R~~h. 4,_ ,~s ~~-+-.'-"\l.Y o,~ -( vt~ ~rotv\ (3;~ '""' • 
~.rotv' A.d.~~ 51-. f'.Jot-~ ~ -r~l t""-~~s ~ OJIJ~ 
+"--e c"-'4V~\ 1 ~+- A-~ s+. J i-o ~ 'SA-R...lev~e. 

}! l/~5 

,· 

f~e~tC.... 
Please fax 

C)C..e~ 

~ D; l ~te__ 

~----~--~t-~~----~~~~======~A~~s s~ . 
. R<t~~ 1-

s~~~ J:r ... ~~\)t.e D-..~ . 

. Af-1'" . J 
I 

. . ~ 

/(~"~.- J 
/' / G,'"c y c l-e '""""~) 

d/or return the sJ ·c( :nn to Larry McKenney. Fax 9 51 78 5-7076 
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BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

1. Surveyor's name Allison Mackenzie, E. S. Babcock & sons, Inc. Date 7110/11 

2. Water body: Greenville-Banning Channel, Tidal Prism and lower Reach l(to bend away from bike trail) 

Location: _Newport Beach 

3. For the people observed (in a 30 minute time pet:iod), how many people are: 

(A) Walking in channel): NONE adults children ---

(B) Water contact Recreation NONE adults 

NONE 

children ---

Examples (wading, fishing, etc.) describe 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe: Numerous individuals bicycling, walking and jogging (more than 

10 observed on older Greenville-Banning Channel path) Two individuals looking down from Victoria 

St. Bridge into channel. 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) NONE 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

2 egrets and 1 duck observed at the inflatable dam wading in the plant debris and trash. 13 ducks 

observed at the stormwater channel between Fairview Park and Swan Drive. 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

Not knowledgeable with regards to plant species, but stagnant pooling of water containing algae 

observed. 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear): Water murky or completely obscured by algae and plant material. 

8. Security conditions (fencing, gates locked, signage), describe; 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



• 

All fencing in good condition with all gates locked. 

9. Describe weather; wind, temp): Clear and sunny, temperature approximately 70 degrees F. Light 

onshore wind 

I 0. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. Park on south side of channel and golf course all fenced off ... no openings 

in channel fences observed. 

II. Describe any photographs taken: 

See attached photos of: 

I. Egrets in trash and debris at inflatable damn 

2. Algae and stagnant water adjacent to Mesa Verde Country Club 

3. GB Channel pedestrian at footbridge 

4. GB channel tributary above Fairview Park 

5. GB Channel with bike rider above on Santa Ana Trail 

12. other comments or clarifications, list below. THANK YOU 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



All fencing in good condition with all gates locked. 

9. Describe weather; wind, temp): Clear and sunny, temperature approximately 70 degrees F. Light 

onshore wind 

10. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. Park on south side of channel and golf course all fenced off. .. no openings 

in channel fences observed. 

11. Describe any photographs taken: 

See attached photos of: 

1. Egrets in trash and debris at inflatable damn 

2. Algae and stagnant water adjacent to Mesa Verde Country Club 

3. GB Channel pedestrian at footbridge 

4. GB channel tributary above Fairview Park 

5. GB Channel with bike rider above on Santa Ana Trail 

12. other comments or clarifications, list below. THANK YOU 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 

• 
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BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

I. 

2. 

3. 

Surveyor's name S. Goong Date 17 Aug 2011 11:20 

Water body Greenville Banning Location Reach 1 
--~==~~------

For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults 0 children 0 
~=----

(B) Water contact Recreation adults ----'0::.....__ children ~0~--

Examples (wading, tishi1:g, etc.) describe 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into r.hannel etc.) describe; 

I 0 bicyclists and 2 joggers on levee bike trail (no public access bike trail between Adams and Gisler) 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) Graffiti in culvert under California St. 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

12 snowy egrets, 3 great blue herons, >20 mallards. 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

None d/s of Adams. U/s Adams, abundant filamentous algae, variety of vascular plants including bulrush, 

grasses, duckweed, smartweed,_~lfalfa. 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Mostly freshwater, depth decreases from about 1 m at diversion dam to trickle at Gisler. Can see the bottom for 

most of reach. No discernible flow d/s of Mesa Golf Club. At California St, width is about 9ft. thalweg depth 

0.23 ft. velocity <!bout 1 ft/s. At Gisler, most of channel width is dry. 

8. Security conditions (fencing gates locked, signage), describe; 

Fenced. Locked gate leads to ramp into channel about 300 m u/s of Gisler. 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



9. Describe weather; wind, temp) 

Sunny, 80 F, light winds. 

10. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. To east, residential from Adams to Komat Dr, Mesa Golf Club from 

Komat to Gisler Ave, residential from Gisler to California St. To west, Santa Ana River. 

11. Describe any photographs taken: 

None. 

12. other comments or clarifications, list below. THANK YOU 

Vertical walled channel along entire reach to Gisler, with very high walls and tall fencing. Converts to 

trapezoidal channel 300 m north of Gisler, with concrete or rip rap walls and earthen bottom. 

Pkase fax and/or return the survey fonn to Larry McKenney. Fax 951 785-7076 



BENEFICIAL USE/RECREATIONAL USE SURVEY FORM IUAA WATERS 

1. 

2. 

3. 

Surveyor' s name --=S=.'--'· G::..o::...:o::..on.u:g,__ ___ _ Date 24 Aug 2011 11:45 

Water body Greenville Banning Location _ _:.R'"'"e""a""c.!.!h....!l ___ _ 

for the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults 0 children -----"0'--------

(B) Water contact Recreation adults 0 children 0 
--~- -~--

Examples (wading, fishing, etc.) describe 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

2 bicyclists and 4 walkers on levee bike trail (no public access bike trail between Adams and Gisler) 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) Graffiti in culvert under California St. 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

4 snowy egrets, > 15 mallards, other small birds, numerous Corbicula and snails upstream, no live crayfish, but 

crayfish parts were abundant in channel. 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

None d/s of Adams. U/s Adams, abundant filamentous algae, variety of vascular plants including bulrush, 

g~asses, duckweed, smartweed,_alfalfa. 

7. Describe water conditions: flow; dept~, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Freshwater, depth decreases from about I m at diversion dam to trickle at Gisler. Can see bottom for most of 

reach. No discernible flow d/s of Mesa Golf Club. At California, width is 9 ft. thalweg 0.23 ft. flow 1 ft/s. 

8. Security conditions (fencing, gates locked, signage), describe; 

Fenced. Locked gate leads to ramp into channel about 300 m u/s of Gisler. 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



9. Describe weather; wind, temp) 

Sunnv, 73 F, light winds. 

10. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. To east, residential from Adams to Komat Dr, Mesa Golf Club from 

Komat to Gisler Ave, residential from Gisler to California St. To west, Santa Ana River. 

11. Describe any photographs taken: 

None. 

12. other comments or clarifications, list below. THANK YOU 

Vertical walled channel along entire reach to Gisler, with very high walls and tall fencing. Converts to 

trapezoidal channel 300m north of Gisler, with concrete or rip rap walls and earthen bottom. 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



BENEFICIAL USE!RECREA TIONAL USE SURVEY FORM !UAA WATERS 

1. 

2. 

3. 

Surveyor's name S. Goong Date 17 Aug2011 10:15 

Water body Greenville Banning Location Tidal Prism 
--~~~~-------

For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults _ o __ children --'0"----

(B) Water contact Recreation adults _ 0 __ children _0""--- -

Examples (wading, fishing, etc.) describe 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) dcscr;be; 

8 bicyclists and I jogger on levee bike trail 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) None. 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

2 sea gulls, 2 double cre~.ted cormorants on adjacent wall. 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

None seen in channel. 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Tidal water, depth decreases from at least 5 m at confluence with Santa Ana River to less than 2 m at diversion 

dam. Can see the bottom for most of reach. No discernible flow. but trash seen on downstream side of dam, so 

probably incoming tidal flow. 

8. Security conditions (fencing, gates locked, signage), describe; 

Fenced. Locked gate leads to ramp into channel at trash boom. 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



9. Describe weather; wind, temp) 

Hazy sunshine, about 71 F, light winds . 

I 0. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. Nature preserve and park to east of reach, Santa Ana River to west. 

Residential areas beyond nature preserve a short distance (100m). 

11 . Describe any photographs taken: 

Confluence with Santa Ana, u/s and d/s of diversion dam. 

12. other comments or clarifications, list below. THANK YOU 

Vertical walled channel along entire reach, with very high walls and tall fencing . Locked gate mid-reach opens 

to ramp lead.i.ruUP. trash boom. 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

I. 

2. 

3. 

Surveyor's name _ _,S"-'._,G""'o,_,o"'n,.,g ____ _ Date 24 Aug 20 II I 0:45 

Water body Greenville Banning Location Tidal Prism 

For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults _o __ children --=0 __ 

(B) Water contact Recreation adults _ 0 __ children ___,0,___ 

Examples (wading, fishing, etc.) describe 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

15 bicyclists and 6 walkers on levee bike trail 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) None. 

5. Describe wildlifr: observed in channel (type and number of birds, fish, turtles, etc.) 

School of unidentified fish Cat least 40 individuals), double crested cormorant 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

None seen in channel. 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Tidal water, depth decreases from about 2 m at confluence with Santa Ana River to less than I m at diversion 

dam. Can sec the bottom for most of reach. No discernible flow, but trash seen on downstream side of dam, so 

probably incoming tidal flow. Channel width is about I 0 m. 

8. Security conditions (fencing. gates locked, signage), describe; 

Fenced. Locked gate leads to ramp into channel at trash boom. 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



9. Describe weather; wind, temp) 

Sunnv, about 71 F, light winds. 

I 0. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. Nature preserve and park to east of reach, Santa Ana River to west. 

II. Describe any photographs taken: 

None. 

12. other comments or clarifications, list below. THANK YOU 

Vertical walled channel along entire reach, with very high walls and tall fencing. Bike/walk trail next to reach 

along entire length, 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

1. Surveyor's name r~ FE fOT[.S Date 7-ta-2011 

2. Water body TEMESCA L CREEk Location R EfA CH I A 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults 6..,.. children 0 

(B) Water contact Recreation adults _g__ ch.ildren _..;;;;0 __ 

Examples (wading, fishing, etc.) describe CAMPING 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

B/CYCU~ RIDING 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

8. Security conditions (fencing, gates locked, signage ), describe; 

THIS pop:rto!U of 7HG CReEl= HAS CoNCf?c::rt:: tq7if!.AL. WAL.(,S ,4ff80X.. !<a' HI{AH 
!}NO GA~ AT ov~cp..oSSIN.&s · 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



9. Describe weather; wind, temp) 

HoT ANO 5UtvNY 

10. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. 

:CN DUSIRJ A L A IS e-A 

11. Describe any photographs taken: 

PHoTo's [)IZPICT OUTFALL'S 3 FeET o& GR~"ATt;fj?.. IN DJAME.:T~ 

12. other comments or clarifications, list below. THANK YOU 

0Nf3. Of 1/{£ PHolo'S SWows '1 og 5 PGOPL£" VtJOe.f? 7Y£ 81V£!?. Bo)tlp 
l3~1DGG HoW~tq.. ONCE. TilEY NoT/ c.en U5 ANorHI£1?. 3 ap.. '1 Pe?JPL.e: 
E!ZMEJ!.G;ta> F~OM VNOE::fZ 1ii1Z 8{?.l()Gr£: A8V/Me:JV{ GA7}1~e:D Uf A- Fl3W 
ITE::MS ANO L.t3F(7f/€. A~e:A, A Fe-W H oup..s t.A7l;::f?.. 71-fEy f<E-ru(<..Ne:P {o 

THE: A~eA. 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 
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BENEFICIAL USE/RECREATIONAL USE SURVEY FORM IUAA WATERS 

1. Surveyor' s name lli£EE Po7TS Date 7- "· Zo/1 

2. Water body n:;:ME;SCA~ CR E'l!K Location R t:ACH 1 B 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults 0 children O 

(B) Water contact Recreation adults o children o - --
Examples (wading, fishing, etc.) describe N /A 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

NIA 
I 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) 

GlArft-rJ 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

ALGAE 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

f{{E$H WATlgg APPRPX. /O'' Om' AND 3 -rc 7 Ft:n::r ttl wtOiH. 

8. Security conditions (fencing, gates locked, signage ), describe; 

GATeD A7 oVF:fJ?CBoS>ING'S BNO /~ Tt::> 1<6 FooT I-I16H V€}?7/CAL CoNepe:re
\NAf....L.S 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



. . . 
9. Describe weather; wind, temp) 

HOT IINfJ SUNNY 

10. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. 

INDUSTRIAL ABe-A 

11. Describe any photographs taken: 

PHOTO'S DE;flCT OUTFALL 3 Ff?&J: oR ${<.EA7/E:[<tN DIAMeTef-

12. other comments or clarifications, list below. THANK YOU 

(Ze-ACH /8 J HoWettqL 7HI/5'F-15 A /,..07 Or Oe:BfZ-15 A LoNG. THl5 76Clio!V 
Of 7115 Cf!.El!!:lC./CHANNEL (81~ PAP'5 1 ~oPPttJG CAFJ5J CLo1}1t?S,-,.A5fl1 

C~DJ3aAFD J ROG5 1 !ii7e). 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 
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BENEFICIAL USE/RECREATIONAL USE SURVEY FORM !UAA WATERS 

Surveyor's name DCA ve, Wo! \.()e\ Date 7- I 6- I I 1-3 0 -...:tall~~~ 
V L :Nc.o\~ 01.~ \..._.;: I~~ "'~ ) 

Waterbodyl"e.VI\~5co...\ Cree~ LocatioJP.J V\"~~ S+- '-'5 ~~GJ , ~ 
'3) ReCI~-n--4--.u-..J pa-... "t ~.l. ' 5 ~wj 

For the people observed (in a 30 minute time period), how many people are: ~J e G th .s+ . 

1. 

2. 

3. 

(A) Walking in channel): adults Q children C? 

(B) Water contact Recreation adults _Q_ children Q 

Examples (wading, fishing, etc.) describe 

5ec-\-;-..w ' p """'"Poj4!!"c\ R.-e~\) 
tv..=:;._;oo..__,1'"-1fk~="-t'f'-'l:...>le~~Su.e-.;~5;.J,.,.,.._____J~~,..=----=f:.\, ,.., 1 

Lo-... a- \ b .. 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

V-.. • ._ ..... ,a c-~ c. ~,.,_Q \ ,'w 4- f e c: ~ --\--~....., s ; 
looking into channel etc.) describe; •L ~ "'' • 

J'.lCI 0~ Q bs-C? ... -..~a. ~ ..... C~N~' . 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 
;...:. ttl~ Qv .~ ~o~-t ~r-~t-. "\. ·. e' 0 c ;:-te! cl 0 .....,'"\ Lv •th f ~il't"+. 

etc.) Ot-te or "\-....,0 ~r~"#r a.-...~~'\-·. ~,.~s . ,...o J'k1#f'ol-P.s_s e,... C.;..;np~J NQ 

P.:bh.~ ~~~ o~S'~r~J . 

6. Plant life observed in channel (al$ae, mosses, vascular plants such as cattails, willow trees, etc) 
i..Ue-+ sec-\-~ ... .., cc~ "'J 1 ()...~ -..,.Q_ ~ ~ ~ ~v. ~ .s . 

0..~"~ e.--..t~ b· .._.... 
8. Security conditions (fencing, gates locked, signage), describe; ab S~ . 

-.re ... c~ ....... j ~ L~cz.~.s d- s;Q,._ .. ~ e 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



9. Describe weather; wind, temp) 

'-"J/ hr ~ R.. .s.e~ b~.z-e , 
10. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

. i; - -1 :-1 ; \ S<-'-c-h.. ~.s ~ -,-: 'e ./ c.:+y 
tra1ls, parks, or golf courses.J.. r-J-q ~ "' ~ h. 
cOJ=fkc::\e 'lo...,.d . ce~JJ cb a.. -f~v..J omes \1\J 

11. Describe any photographs taken: 

S+ . ~ ph.~ ~s @A . G -tn 
l pho~ ~ V"'"\ - ..... S.i-

12. other comments or clarifications, list below. THANK YOU 

lo~ ~Lc~ 

~~-. l,{.~es _, ~e~h \ b 
-f'CJ v· -.~ j -~ c~;~~~c.~ \i-

16~ Flo~ v.~/ ~r~ 

Y'f\o SS'<'5 . 

r-e c r-e..:\-~ ON 

d.~~:c~\+ 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 

. , 



9. Describe weather; wind, temp) 

C\o·F- '-"'T / ~r ~ R. 5--Q~ br-~2~ , 

10. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

·· - .J. :-\."' - \ sc,...c.-k ""-5 ~ -.: 'e .J c.;-{-y 
trails, parks, or golf'courses.J. r-l"q v.., . ...., h 
C~c::\e "'G.~ . ce-k..~ \ J I' o.... {~w Ofb(?S \1\j 

11. Describe any photographs taken: 

S+ . }.._ p h.o \--s 
~ V't'\-',.., 

12. other comments or clarifications, list below. THANK YOU 

~~ ·. l.i--~es "' 
. 

;..c, v-.~ J ~ 

-fLo~ 

~e~h. \ b 
a,~·.c.~ \i-

16 '-.a Fl 0 ~ vJI 

r-e c r-e.j-~ ~ 
d .~-C:c~ \+ 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 
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BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS DnJO 
5U 10 3 -..r'rl 

I. 

2. 

3. 

Date 't 0 fso/tt 'l~ Lt5 Atvt 
~~If e.(IJ£~-w oF MAf tJ 

Location ~ (Z.V A D . CA;:_ 
Surveyor's name B . N () fC::ro tJ 
WaterbodyT~ £5:AL t../2,. /A 
For the people observed (in a 30 minute time period), how many people are: 

(/\) Walking in ch[mncl): adults ~ '3J1ildren 

~f61-t 
0 

(B) Water contact Recreation adults ___D_ children L) 
Examples (wading, fishing, etc.) describe 

N oJJe__ 
(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel , individuals 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) G~~~ (!)A) ~AIJ1JO " .. ~btJn-fA 1 j)oLL~v-~ ~~ .__. ---r ~--

5. Describe wildlife observed in channel (type and number of birds, tish , turtles, etc.) 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity(murkyorclear) (0( Wt />C / J--5 t( ~) ~~-~ 

8. Security conditions (fencing, gates locked, signage), describe; 

Ei=-NCL})_ 1 G'A.T£-S /-..oc.t:£1:>; 5tGJJS-AldT4.t.~J 
Please fax and/or return the survey form to Lany McKenney. Fax 951 785-7076 



• 
9. _ Describe weather; wind, temp) 

,_5 V Kl r0 \f I tJ ,g ) t;J o rca tJ\lD 

10. Describe surrounding area; residences, industrial area, schools, parks, recreational l'acilities such as bike 

trails, parks, or golf courses. 

LSJ M vYl e.JC.Lt A I == 

11. Describe any photographs taken: 

12. other comments or clarifications, list below. THANK YOU 

(l.at)J\L ~.ri.Aw--= Y'-f t'-1-lle. ,5f/ Y-z Ml NW 

Please fax and/or return the survey form to Larry McKenney. Fax 95 1 785-7076 



·-- 1, 

10 ~ t-5" Ml~ 
BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

1. 

2. 

Surveyor's name t3 o-· J.JO ~TO~ 
WaterbodYlf&t1b5CA.L cJ? }A 

_.>u/J / fOr'I-SAtct 
Date to(;jQ~ ( 
~ 1{,. t 

Location t /-tNCdJJ AV~ 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): 

(B) Water contact Recreation 

Examples (wading, fishing, etc.) describe 

/\) OPG 

adults 0 children 0 

adults C) ·children 0 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

C ~AFrrr~ A)e.Ae.- iSt<:IPt.€~ tJAJ .SU#oR:r5 
etc.) 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

6. Plant life observe in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

(AU;?Av eA7t ~5-r ~ 51f)t_ ,_ uvJLtvJt:t>-£DZ-107E_j21 f~ t AlAi TRt£5 

7. Describe w~s: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) £t- f WI f)c__ -· 3-b I/ ·~ .MOj> lfg.Q s- ~ 
w~..-r-...- J>rt-ro a.A5-r f>L-tJ.f pooL::, 3-(0 FT C>t£P~f; 

8. Security conditions (fencing, gates locked, signage), describe; tJo['IJ'oo"'~...u,...~~'-31"-'W"lV\..A 

fOo""fcmD @. IJt-~~ ~GA.P 
H.o Frc-uLt-- LAJii5?dslfJt__ IN~ 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



... . ..... 
9 .. Describe weather; wind, temp) 

:IV tJ N y _b~Y I Jj 0 
) 7 

10. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. 
IN .bV3T~ AL-

11. Describe any photographs taken: 

No· f)~ 

12. other comments or clarifications, list below. THANK YOU 

g_W l 2- M I Lf:_ EASt 

. I 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

I. Surveyor's name -----'B_.___:_N_O___:_f!:.:_=JJ'-'--o::........:...N...:::...._ __ 
5VN 5J'·45A~ 

Date J o (3o(tl · 
. *~I_ A'-'- AtA1.E£.icAG St 

Location M AGA1ot..lA. -? tj7-M lLf_ 2. Water body~~LC.~,.[A 

3. For the people observed (in a 30 minute time period), how many people are: 

(!\) Walking in channel): 

(B) Water contact Recreation 

Examples (wading, fishing, etc.) describe 

adults 0 children 0 

adults 0 children Cl -=::::.___-

.5ot.l71it 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) 

5. Describe wildlife observed in channel (type and number of birds, fish , turtles, etc.) 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

2 t{ J) £.f:. p 7 . I D t W t D't. L o 0 I/£L_ 

8. Security conditions (fencing, gates locked, signage), describe; 

r I 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



... 
9. Describe weather; wind, temp) 

l f \.) -O rh-
'5lfJ.,)AJTj D_IC, I (S J .5U6t-tt ·~ 

10. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. 

11. Describe any photographs taken: 

NoNe 

12. other comments or clarifications, list below. THANK YOU 

Please fax and/or return the survey form to LatTy McKenney. Fax 95 1 785-7076 



10-ISMJN 

BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

2. 

~viJ q:.t6~ 
Date tot2:3e:>/U A+t 

'' 3 II 
Location ~-:r«-; '5T- dJ!ii"' ~"EA~~-\ 

t.<J- ur 'I-- lS ty( A -rL f\J 
For the people observed (in a 30 minute time period), how many people are: 5 "--tv\: 

adults 0 children 0 : J'U:.. ,.6-_ 
f?J\ 5 tY }3 ~~~tir~ 

adults (0 children \.LJ ~~ 

Surveyor's name Bet tJ 0 ~TVtJ 
--==~~----~------

3. 

(;\) Walking in channel): 

(B) Water contact Recreation 

Examples (wading, fishing, etc.) describe 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trail s 

etc.) 

No t-J L 
5. Describe wildlife observed in channel (type and number of birds, tish, turtles, etc.) 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

t 0 I W l D L-- 2 - lf t( .1 ~~p 1-ouJ FUDuJ 
8. Security conditions (fencing, gates locked, signage), describe; 

o~ fJ o --rr-e; Pj:~{~ f 
Please fax and/or return the survey form to LaJTy McKenney. Fax 951 785-7076 



, • . 
- 9. Describe weather; wind, temp) 

S!LAf!V ~ DRYJ 
10. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. 

11. Describe any photographs taken: 

_(') o tJf-c 

12. other comments or clarifications, list below. THANK YOU 

(.J;uvL lid.~ Vt±Mt 50UL:i,ll V.z. M tJrni:Ot_ 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 
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Public Works 
O .: r C ~o:~ - ~ o: ;•y . ) ,.. ... C : r. .. - . , - ,3 ~ ~ -

August 4, 20 II 

Larry McKenny 
SA\VPA 

Jc\S .-1. Carbajal. Dirt'ctor 
3110 :\. l"l<mc•r ~tn:ct 

:-: .. :-.t;. \n: .. C.\ 

l'.l). !3o\ -W.tl( 
S<!:n:~ :\.na C.\ 92 ~0~ --10-IS 

Tckpl:0nc ( 71 I") 8.3·1-2.300 
fa\ t.-, 1-1'1 33-l-5188 

SUBJECT: Beneficial Use Assessment Surveys for Santa Ana Delhi Channel, .July 12-
August 4, 2011 and for the GreenVille Banning Channel 

Dear Larry McKenny: 

Attached please find results from four Beneficial Use/Recreational Cse Surveys on 711 2/2011. 
7/18/2011. 7/29/20 I 1, 8/4/2011 for the Santa Ana Delhi Channel. and one from the Greenville
Banning Channel on 7/29/20 11. 

The sections of the channel evaluated include along the golf course, the bridge at the Upper Back 
Bay Nature Preserve, and the reach along Sunflower and Flower to Warner. The Greenville
Banning Channel was observed from the Santa Ana River bike path. 

If you have any questions or comments regarding this report, please call Suzan Given at (714) 
955-0654. 

·Thank you. - (._ 
l ' / ~- -

y l;o_,.~ '"""'- ---
(.. 

Suzan Given 



.. 

BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

1. Surveyor' s name SuzieGiven Date _7/12/2011 (12:55-13:20)_ 

2. Water body SAD Channel Location Bridge at golf-course 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults 0 children 0 

(B) Water contact Recreation adults 0 children 0 

Examples (wading, fishing, etc.) describe NA 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

Approximately 25 golfers; 1 cyclist on dirt path 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) 

NA 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

1 small fish (mosquito fish?) 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

Algae 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Clear fresh water. (depth app 0.5'; width app. 8.6'; velocity app. 1 '/sec). Floating clumps of algae. 

8. Security conditions (fencing, gates locked, signage), describe; 

Golf course is fenced from access to path, which is also fenced from access to channel, except at access 

ramp near Irvine Ave. 

9. Describe weather; wind, temp) 

Sunny and warm (app. 80 degrees). 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



Hot 

I 0 . Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. 

Commercial, multi-famih <Hld single famih residential, hike path, some industrial. a sdwolup ncar 

\\'anu.·r 

I I . Describe any photographs taken : 

NA 

12. other comments or clarifications, list below. THANK YOU 

Tht• conflucnt·c of Fill and F02 is on SunfiO\Hr ncar Stevens. There \\as trash (plastic hags, disposahk 

cups) in FU2. 

Please fax and/or return the survey fmm to Lan-y McKenney. Fax 951 785-7076 I 8 



~ 

' 
BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

1. Surveyor's name Suzie Given Date 7/12/2011 (13:25-13:55) - -

2. Water body SAD Channel Location Bridge at Nature Preserve 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults 0 children 0 

(B) Water contact Recreation adults 0 children 0 

Examples (wading, fishing, etc.) describe NA 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

Approximately 21 cyclists (1 on dirt); 13 hikers (inc. 2 children and 1 dog) on dirth paths; 6 walkers and 

5 joggers on paved path. A group of approximately 6 downstream looking into the water. 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) 

NA 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

Birds flying over channel include 2 birds of prey (osprey?), 1 heron, and song birds near channel 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

Nuisance algae (length greater than 1 meter), vascular plants (bulrush, weeds, trees on banks) 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Intertidal water. Murky. 

8. Security conditions (fencing, gates locked, signage), describe; 

Steep drop-off from dirt path to channel limits access to water 

9. Describe weather; wind, temp) 

Sunny and warm (app. 80 degrees). 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 3 



I 0. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails. parks. or golf courses. 

A dir·t tr·ail, golf course, and m·arhv residential an.·a . Commercial an·a upstn·am of hridge at golf course. 

I I. Describe any photographs taken: 

NA 

12. other comments or clarifications, list below. THANK YOU 

NA 

Please fax and/or return the survey form to Larry McKenney. Fax 95 1 785-7076 2 



-
" 
BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

I. Surveyor's name Suzie Given Date 7/12/2011 (14:03-15:23) - -

2. Water body SAD Channel Location Sunflower to Flower/Warner 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults 0 children 0 

(B) Water contact Recreation adults 0 children 0 

Examples (wading, fishing, etc.) describe NA 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

Five cyclists (including 3 on sidewalk on channel side of Sunflower); Ten pedestrians from shopping 

complex walking on Sunflower toward SAD; Two walkers on path on Flower; Four walkers at 

Flower/Sunflower. 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) 

NA 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

NA but songbirds near Bristol/Sunflower 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

Weeds along bank along Flower. Algae at Warner. 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Fresh. Murky upstream, especially near Alton, clarity improves at Sunflower, but still some turbidity. 

Debris (leaves, plastic) in Channel at Warner. 

8. Security conditions (fencing, gates locked, signage), describe; 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 5 
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I 0. Describe sun-ounding area: residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. 

A dit·t trail, golf com·se, and nearhv residential at·ea. Commet·cia l at·ea upstream of hridg'-' :tt golf course. 

I I. Describe any photographs taken: 

NA 

12. other comments or clarifications, list below. THANK YOU 

NA 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 4 



BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

1. 

2. 

3. 

Surveyor' s name SuzieGiven Date _7/18/2011 (13:00-13:20)_ 

Water body SAD Channel Location Bridge at golf-course 

For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults 0 children 0 

(B) Water contact Recreation adults 0 children 0 

Examples (wading, fishing, etc.) describe NA 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

Approximately 15 golfers 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) 

NA 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

mosquito fish 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

Algae 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Clear fresh water. (depth app 0.57'; width app. 10; velocity app. 6'/8 sec). Floating clumps of algae. 

8. Security conditions (fencing, gates locked, signage), describe; 

Golf course is fenced from access to path, which is also fenced from access to channel, except at access 

ramp near Irvine Ave. 

9. Describe weather; wind, temp) 

Sunny and hot 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 7 



FetH'C along SunflowcL Fence hct" ccn Flo" cr .\' c and channel; fence on Flowt•r hch\ ern hike path and 

channel. 

9. Describe weather; wind. temp) 

Sunny and wann (app. !'HI d(•gt·ccs). 

I 0. Describe surrounding area; residences. industrial area. schools, parks. recreational facilities such as bike 

trails, parks, or golf courses. 

Commt•rcial, multi-famih and sing!<- familY t·csidcntial. hike path, some industrial, a school up ncar 

\\arncr 

I I. Describe any photographs taken: 

NA 

12. other comments or clarifications, list below. THANK YOU 

NA 

Please fax and/or return the survey fonn to Larry McKenney. Fax 95 1 785-7076 6 
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BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

1. Surveyor's name Suzie Given Date 7/18/2011 (13:30-13:35) - -

2. Water body SAD Channel Location Bridge at Nature Preserve 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults 0 children 0 

(B) Water contact Recreation adults 0 children 0 

Examples (wading, fishing, etc.) describe NA 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

Approximately 5 cyclists and 2 joggers. 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) 

NA 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

Birds flying over channel include 1 heron, and song birds near channel 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

Patches of algae, vascular plants (bulrush, weeds, trees on banks) 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Intertidal water. Murky and floating frothy scum (decayed algae, bubbles). 

8. Security conditions (fencing, gates locked, signage), describe; 

Steep drop-off from dirt path to channel limits access to water 

9. Describe weather; wind, temp) 

Sunny and hot 

Please fax and/or return the survey form to Larry McKenney. Fax 95 1 785-7076 9 



I 0. Describe surTounding area; residences. industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. 

Pa\'ed and di r·t tr·ails . Upper Newpor·t Ba\' Nature Pr csene and Ecological R(.•scr·vc. R<•sidential area 

and a couple schools surrounding. 

II . Describe any photographs taken: 

NA 

12. other comments or clarifications, list below. THANK YOU 

NA 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 8 
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BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

1. Surveyor's name Suzie Given Date 7/18/2011 (13:45-14:10) - -

2. Water body SAD Channel Location Sunflower to Flower/Warner 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults 0 children 0 

(B) Water contact Recreation adults 0 children 0 

Examples (wading, fishing, etc.) describe NA 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

Approximately ten pedestrians along sidewalk. 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) 

NA 

5. Describe wildlife observed in channel (type and number ofbirds, fish, turtles, etc.) 

NA but songbirds near Bristol/Sunflower 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

Weeds along bank along Flower. Algae at Warner. 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Fresh. Murky upstream, especially near Alton, clarity improves at Sunflower, but still some turbidity. 

Debris (leaves, plastic) in Channel at Warner. 

8. Security conditions (fencing, gates locked, signage), describe; 

Fence along Sunflower. Fence between Flower Ave and channel; fence on Flower between bike path and 

channel. 

9. Describe weather; wind, temp) 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 II 



I 0. Describe sun;ounding area; residences, industrial area, sc11ools, parks, recreational facilities such as bike 

trails, parks, or golf courses. 

Pawd and dil"t trails. l lppn Newport BaY Nature Pr·es(.'n e and Ecological l~esen·e. Residential aHa 

and a couple schools surrounding. 

I I. Describe any photographs taken: 

S(.•e Figur·es I a and I h in Attachment, showing do\\ nstn•am and upstream of the hridge 

12. other comments or clarifications, list below . THANK YOU 

]'.;,.\ 

Please fax and/or retum the survey fonn to Larry McKenney. Fax 951 785-7076 10 



Figure Ia) Santa Ana Delhi Channel, at bridge at the Nature Preserve, downstream 

at the Nature Preserve, upstream 

28 



BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

Surveyor' s name SuzieGiven Date 7/29/2011 (11:45-12:10) - -

Water body SAD Channel Location Bridge at golf-course 

1. 

2. 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel) : adults 0 children 0 

(B) Water contact Recreation adults 0 children 0 

Examples (wading, fishing, etc.) describe NA 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

Approximately 15 golfers 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) 

NA 

5. Describe wildlife observed in channel (type and number ofbirds, fish, turtles, etc.) 

mosquito fish 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

Algae 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Clear fresh water with suspended particles. (depth app 0.49'; width app. 10.4; velocity app. 6'/8 sec). 

Floating clumps of algae. 

8. Security conditions (fencing, gates locked, signage), describe; 

Golf course is fenced from access to path, which is also fenced from access to channel, except at access 

ramp near Irvine Ave. 

9. Describe weather; wind, temp) 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 13 



llot 

I 0. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks. or golf courses. 

ComnH•rcia l, m ult i-fami h a nd single famih •·esident ial. hi ke pat h. sonu.· industdal, a school up m•ar 

\\'anter 

I I . Describe any photographs taken: 

Sr r Figun.•s 2-4 in Att:u.'hment, which sho" Santa Ana [)elhi Channd at Sunflowrr and Stenns, at 

Flo\\er a nd Alton, and at \\'anu:r A H ' . 

12. other comments or clarifications. list below. THANK YOU 

NA 

Please fax and/or retum the survey fonn to Larry McKenney. Fax 95 1 785-7076 12 
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~Hc:umt:a, at Sunflower and Stevens near confluence with F02 

near confluence with FOl at Sunflower and Stevens 
~< .ww 
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BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

1. Surveyor's name Suzie Given Date 7/29/2011 (13:30-13:35) 
- -

2. Water body SAD Channel Location Bridge at Nature Preserve 

3. For the people observed (in a 5 minute time period), how many people are: 

(A) Walking in channel): adults 0 children 0 

(B) Water contact Recreation adults 0 children 0 

Examples (wading, fishing, etc.) describe NA 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

Approximately 5 cyclists and 2 joggers. 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) 

NA 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

1 turtle; 2 fish 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

Trees and weeds along banks. Sparse patches of algae. 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Rising tidal action. Flowing landward. Water is murky. 

8. Security conditions (fencing, gates locked, signage), describe; 

Steep drop-off from dirt path to channel limits access to water 

9. Describe weather; wind, temp) 

Sunny and hot 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 15 



Su1111\' and hot 

I 0 . Describe surrounding area: residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. 

A dirt tntil, golf course, a11d neadn· n·sidentia l an•a. Commercia l a rea upstream of h.-idge lit golf ('Om·sc. 

II . Describe any photographs taken: 

NA 

12. other comments or clarifications, list below. THANK YOU 

NA 

Please fax and/or return the survey fonn to Larry McKenney. Fax 951 785-7076 14 



BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

1. Surveyor' s name Suzie Given Date 7/29/2011 (12:40-13:00) 
- -

2. Water body SAD Channel Location Sunflower to Flower/Warner 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults 0 children 0 

(B) Water contact Recreation adults 0 children 0 

Examples (wading, fishing, etc.) describe NA 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

One cyclist, and approximately seven pedestrians 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) 

NA 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

NA 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

Weeds along bank along Flower. Algae at Warner. 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Fresh. Murky upstream, especially near Alton, clarity improves at Sunflower, but still some turbidity. 

Debris (leaves, plastic) in Channel at Warner. 

8. Security conditions (fencing, gates locked, signage), describe; 

Fence along Sunflower. Fence between Flower Ave and channel; fence on Flower between bike path and 

channel. 

9. Describe weather; wind, temp) 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 17 



I 0 . Describe sutTounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. 

Pan·d and dir·t tn1ils. llpper Newpor·t Ba\ Natur·e Presern and Ecologica l Reserve. Residential area 

and a couple sdwols sur-rotmding. 

I I . Describe any photographs taken: 

NA 

12. other comments or clarifications, list below. THANK YOU 

Chatted "ith OC Parks staff, Sue Stodlel. Sh(• said sh(' shows each month approximate!\ ~W0- 1000 school 

kids the wildlife in the channel. Wildlife ohsencd includes hont snails, mullet, mallard, heron, egret, 

osprev. A camera has captured covote, hohcats, wcasel. Stu• also indicated trash accumulates in the tidal 

prism. likeh canied down from the watershed. 

Please fax and/or return the survey fonn to Larry McKenney. Fax 951 785-7076 16 



BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

1. Surveyor' s name SuzieGiven Date _8/04/2011 (13:05-13:35)_ 

2. Water body SAD Channel Location Bridge at golf-course and downstream at Anniversay and 

Golden 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults 0 children 0 

(B) Water contact Recreation adults 0 children 0 

Examples (wading, fishing, etc.) describe NA 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

Approximately 21 golfers 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) 

NA 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

None at golf course bridge. At Anniversary and Golden, there were 2 fish and 2 turtles. 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

Algae caught at channel depth gauge at the golf course. Algae downstream. 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Clear fresh water with suspended particles at golf course bridge (depth app 0.55'; width app. 10; velocity 

app. 6'/8 sec). Water was murky at Anniversary/Golden. 

8. Security conditions (fencing, gates locked, signage), describe; 

Golf course is fenced from access to path, which is also fenced from access to channel, except at access 

ramp near Irvine Ave. 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 19 



Hot 

I 0. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. 

Commercial, multi-fami ly and singlr famil' n.'sidentia l, hike path, some indust r ial , a school up ncar 

\\'an1cr· 

II. Describe any photographs taken: 

NA 

12. other comments or clarifications, list below. THANK YOU 

The confluence of FO I and FU2 is on Sunflo,Hr ncar Stevens. There was t rash (plastic hags, disposable 

cups) in F02. 

Please fax and/or return the survey f01m to Larry McKenney. Fax 951 785-7076 18 



BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

1. Surveyor's name Suzie Given Date 8/04/2011 (13:40-13:45) - -

2. Water body SAD Channel Location Bridge at Nature Preserve 

3. For the people observed (in a 5 minute time period), how many people are: 

(A) Walking in channel): adults 0 children 0 

(B) Water contact Recreation adults 0 children 0 

Examples (wading, fishing, etc.) describe NA 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

Approximately 5 cyclists and 3 walkers, and 3 on horse-back. 

4. Describe evidence of people observed in the channel (graffiti , homeless encampment, fishing line, trails 

etc.) 

NA 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

NA 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

Trees and weeds along banks. Sparse patches of algae. 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Water is murky with floating scum and decayed algae. 

8. Security conditions (fencing, gates locked, signage), describe; 

Steep drop-off from dirt path to channel limits access to water 

9. Describe weather; wind, temp) 

Sunny and hot 

Please fax and/or return the survey form to Larry McKenney. Fax 95 1 785-7076 21 



9. Describe weather: wind. temp) 

Sunn\ and \\ann 

I 0. Describe sunounding area; residences. industrial area, schools. parks, recreational facilities such as bike 

trails, parks, or golf courses. 

A dirt tr·ail, golf COIII'St', and nt'arhy n•sidt'ntial art'a. Commt'rcial aa·t'a upstream of hridgt' at golf courst'. 

Annin•rsan and Goldt'n downstrt':Hn of golf-count' hridgt', still parallels golf courst'. A 

•·csidt'ntilllnt'ighhorhood is on tht' oppositt' sidt' of tht' chllnnel. 

II . Describe any photographs taken : 

St't' Figures 5 and 6, rt'spt'ctin·l~ sluming tht' lllg:u.• at the in-chann(•J flow ht'ight staff and tht' channd at 

AnniHrsary and Gold('ll. 

12. other comments or clarifications, list below. THANK YOU 

NA 

Please fax and/or retum the survey fonn to Larry McKenney. Fax 951 785-7076 20 



Santa Ana Delhi Channel, algae at in-channel staff at golf course bridge 

~ ~0~ _ ~, Santa Ana Delhi Channel, Anniversary and Golden 
E-- " 

32 



•, 

.. 

BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

I. 

2. 

3. 

Surveyor's name Suzie Given Date 8/04/2011 (14:00-14:30) - -

Water body SAD Channel Location Sunflower to Flower and Warner 

For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults 0 children 0 

(B) Water contact Recreation adults 0 children 0 

Examples (wading, fishing, etc.) describe NA 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

Five pedestrians near Sunflower and Stevens 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) 

NA 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

NA 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

Algae in along edges of channel along Sunflower, and decayed algae accumulating on the bottom of the 

channel. Algae observed at Flower and MacArthur and at Warner. Weeds in channel at Sunflower and 

along bank at Flower. Algae at Warner. 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Fresh. Murky upstream, especially near Alton, clarity improves at Sunflower, but still some turbidity. 

Debris (leaves, plastic) in Channel at Warner. 

8. Security conditions (fencing, gates locked, signage), describe; 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 23 
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10. Describe surrounding area; residences. industrial area. schools. parks. recreational facilities such as bike 

trails. parks. or golf courses. 

J>~n (.'d and dir·t trails. Lipper NewJ>or·t Bav Nature Prescr·n and Ecological Rcsern. Residential ~I rea 

and a couple sdwols surrounding. 

I I . Describe any photographs taken: 

Sec Figun's 7a and 7h in the Attachment." hkh slum do" nstr·cam and upstn·mn at the hridge. 

12. other comments or clarifications. list below. THANK YOU 

Please fax and/or return the survey form to Larry McKenney. Fax 95 1 785-7076 22 



7a) Santa Ana Delhi Channel, at bridge at the Nature Preserve, downstream 

Santa Ana Delhi ChanneL at bridge at the Nature Preserve, upstream 
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Santa Ana Delhi Channel, downstream at Flower and Alton 
-~#ii.' ·- ... '·I.£ I 

Santa Ana Delhi Channel, upstream at Flower and Alton 
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7a) Santa Ana Delhi Channel, at bridge at the Nature Preserve, downstream 

Santa Ana Delhi Channel, at bridge at the Nature Preserve, upstream 

33 



Santa Ana Delhi Channel, at Sunflower downstream toward Bristol 

Santa Ana Delhi Channel, at Sunflower upstream toward Flower 

29 
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Santa Ana Delhi Channel, upstream at Flower and Alton (debris on bike path) 
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• 08/19/2011 10:45 7147545028 
PUBSERVICES 

PAGE 01/02 

BENEFICIAL USE!RECREA TIONAL USE SURVEY FORM !UAA WATERS 

, t>~1<..J.- bug Date <t,-\~\ q;~MIO:JS~ 
Surveyor s name~_:._....::..:..::::....:.~~-------1. 

2. 

3. 

WaterbodyS~ 7~ Prh~c- Location\;~ r>r:~""" 
For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): N-'A-- adults children __ 

(B) Water contact Recreation ~ 

Examples (wading, fishing, etc.) describe 

c~ of...( -r'\-0 ~ss 

adults~ children __ _ 

IJo obs-c..N~~ 

(C) Non contact Recreation (bird watching, bicycle ridjng, jogging, or walking near channel, individuals 

\ \ :f Oj~ ~"-Ci 
looking into channel etc.) describe; ..J 

lJ~ D"as 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) 

- a..c:...c..,·c.s S 

5. ~bscribe wil~ observed in ~el (type and number ofbirds, fish~ turtles, etc.) 

D~ ; Qt. , S r.J ..s 1 I ::.J-1-c..( I) s,..._ tl g; r<Js, wo.J.~ ~ 1,\rJ.~ 
~ S+r\ p...:.J. M'-\1 kH-

6. Plant life observed in chan.nel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

~~~-sl# ~ <J.,.•, -r;;._-q-; p/-.-f;s 
7. Describe water conditions: flow; depth, width, and velocity (jfpossible), tidal or fresh water. Water 

tv f--2.' ..J~+h ~-.J z.s;' "'~c:U:;h ~+a1:..,;...1 w~ 
Clarity (murky or clear) ""f""' .,.) 

~\c-.r ~ *'-s- ~vvl'"\ chvk be~ U ~ ~ LJ~ 
8. Security conditions (fencing, gates locked, signage), describe; 

~-~ ioAA, -r~~ 

Please fax and/or retu.m the survey form. to Larry McKenney. Fax 951 785~7076 



08/19/2011 10:45 7147545028 PUBSERVICES PAGE 02/0:-' 

9. Describe weather; wind, temp) 
' 

~~~0 e..+r'"~ M w'rf-k _,11 i"''r";::J S ~;'3 '-{' ~ 
D f>..c..t"1 o .{ 

10. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as b\ke 

trails, parks, or golf courses. 

11. Describe any photographs taken: 

'-<~ ~ '--~- \t:f?f>~~ 

-r;;;;J) 

12. other comments or clarifications, list below. THANK YOU 

6·~ ~ C.OljJ-~~ ~ ~6 o-f~~ 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



BENEFICIAL USE/RECREATIONAL USE SURVEY FORM IUAA WATERS 

1. Surveyor's name S. Goong Date 17 Aug 2011 11:20 

2. Water body Greenville Banning Location Reach 1 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults 0 children 0 
~----

(B) Water contact Recreation adults 0 children 0 
__..;:: ____ _ 

Examples (wading, fishing, etc.) describe 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

10 bicyclists and 2 joggers on levee bike trail (no public access bike trail between Adams and Gisler) 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) Graffiti in cylvert under California St. 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

12 snowy egrets,. 3 great blue herons, >20 mallards. 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

None dis of Adams. U/s Adams, abundant filamentous algae. variety of vascular plants including bulrush, 

grasses, duckweed, smartweed. glfalfa. 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Mostly freshwater, depth decreases from about 1 m at diversion dam to trickle at Gisler. Can see the bottom for 

most ofreach. No discernible flow dis ofMesa Golf Club. At California St. width is about 9ft. thalweg depth 

0.23 ft. velocity c.: bout 1 ft/s. At Gisler, most of channel width is dry. 

8. Security conditions (fencing, gates locked, signage), describe; 

Fenced. Locked gate leads to ramp into channel about 300 m u/s of Gisler. 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



9. Describe weather; wind, temp) 

Sunny, 80 F. light winds. 

1 0. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. To east, residential from Adams to Komat Dr, Mesa Golf Club from 

Komat to Gisler Ave, residential from Gisler to California St. To west, Santa Ana River. 

11. Describe any photographs taken: 

None. 

12. other comments or clarifications, list below. THANK YOU 

Vertical walled channel along entire reach to Gisler, with very high walls and tall fencing. Converts to 

trapezoidal channel 300 m north of Gisler, with concrete or rip rap walls and earthen bottom. 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



BENEFICIAL USEIRECREA TIONAL USE SURVEY FORM fUAA WATERS 

1. 

2. 

Surveyor's name --"S""" .. '"""G""'o"-"o,_,n'l:lg~---- Date 24 Aug 2011 11:45 

Water body Greenvil.le Banning Location Reach 1 

3. Por the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults 0 children 0 
-"---

(B) Water contact Recreation adults 0 children 0 
---''----

Examples (wading, fishing, etc.) describe 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

2 bicyclists and 4 walkers on levee bike trail (no public access bike trail between Adams and Gisler) 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) Graffiti in culvert under California St. 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

4 snowy egrets, > 15 mallards, other small birds, numerous Corbicula and snails upstream, no live crayfish, but 

crayfish parts were abundant in channel. 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

None d/s of Adams. U/s Adams, abundant filamentous algae, variety of vascular plants including bulrush, 

grasses, duckweed, smartweed, alfalfa. 

7. Describe water conditions: flow; dept~. width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Freshwater, depth decreases from about 1 m at diversion dam to trickle at Gisler. Can see bottom for most of 

reach. No discernible flow dis of Mesa Golf Club. At California, width is 9 ft. thalweg 0.23 ft. flow I ft/s. 

8. Security conditions (fencing, gates locked, signage), describe; 

Fenced. Locked gate leads to ramp into channel about 300 m u/s of Gisler. 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



9. Describe weather; wind, temp) 

Sunny, 73 F. light winds. 

1 0. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. To east, residential from Adams to Komat Dr, Mesa Golf Club from 

Komat to Gisler Ave, residential from Gisler to California St. To west, Santa Ana River. 

11. Describe any photographs taken: 

None. 

12. other comments or clarifications, list below. THANK YOU 

Vertical walled channel along entire reach to Gisler, with very high walls and tall fencing. Converts to 

trapezoidal channel 300 m north of Gisler. with concrete or rip rap walls and earthen bottom. 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



BENEFICIAL USE/RECREATIONAL USE SURVEY FORM IUAA WATERS 

1. 

2. 

3. 

Surveyor's name S. Goong Date 17Aug2011 10:15 

Water body Greenville Banning Location Tidal Prism 

For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults _Q__ children ___,0~-

(B) Water contact Recreation adults _o __ children _0"----

Examples (wading, fishing, etc.) describe 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) descr;be; 

8 bicyclists and 1 jogger on levee bike trail 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) None. 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

2 sea gulls. 2 double cre~ted cormorants on adjacent wall. 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

None seen in channel. 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Tidal water. depth decreases from at least 5 m at confluence with Santa Ana River to less than 2 m at diversion 

dam. Can see the bottom for most of reach. No discernible flow. but trash seen on downstream side of dam. so 

probably incoming tidal flow. 

8. Security conditions (fencing, gates locked, signage), describe; 

Fenced. Locked gate lea,ds to ramp into channel at trash boom. 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



9. Describe weather; wind, temp) 

Hazy sunshine, about 71 F, light winds. 

10. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. Nature preserve and park to east of reach, Santa Ana River to west. 

Residential areas beyond nature preserve a short distance (1 00 m). 

11. Describe any photographs taken: 

Confluence with Santa Ana, u/s and d/s of diversion dam. 

12. other comments or clarifications, list below. THANK YOU 

Vertical walled channel along entire reach, with very high walls and tall fencing. Locked gate mid-reach opens 

to ramp leading t~ trash boom. 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

1. 

2. 

3. 

Surveyor's name S. Goong Date 24 Aug 2011 10:45 

Water body Greenville Banning Location Tidal Prism 

For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults _o_children ---"0 __ 

(B) Water contact Recreation adults _o __ children ___,0 ___ _ 

Examples (wading, fishing, etc.) describe 

(C) Non contact RecreatiOn (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

1 5 bicyclists and 6 walkers on levee bike trail 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) None. 

5. Describe wildliff: observed in channel (type and number of birds, fish, turtles, etc.) 

School of unidentified fish Cat least 40 individuals). double crested cormorant 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

None seen in channel. 

7. Describe water conditions: 11ow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Tidal water, depth decreases from about 2 m at confluence with Santa Ana River to Jess than I m at diversion 

dam. Can sec the bottom for most of reach. No discernible flow. but trash seen on downstream side of dam. so 

probably incoming tidal flow. Channel width is about 10m. 

8. Security conditions (fencing. gates locked, signage), describe; 

Fenced. Locked gate leads to ramp into channel at trash boom. 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



9. Describe weather; wind, temp) 

Sunny, about 71 F, light winds. 

I 0. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. Nature preserve and park to east of reach, Santa Ana River to west. 

II. Describe any photographs taken: 

None. 

12. other comments or clarifications, list below. THANK YOU 

Vertical walled channel along entire reach, with very high walls and tall fencing. Bike/walk trail next to reach 

along entire lengtl:h 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

1. Surveyor's name Allison Mackenzie, E. S. Babcock & sons, Inc. Date 7/10/11 

2. Water body: Greenville-Banning Channel, Tidal Prism and lower Reach l(to bend away from bike trail) 

Location: _Newport Beach 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): NONE adults children ----- -----

(B) Water contact Recreation NONE adults children ------

Examples (wading, fishing, etc.) describe NONE 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe: Numerous individuals bicycling, walking and jogging (more than 

10 observed on older Greenville-Banning Channel path) Two individuals looking down from Victoria 

St. Bridge into channel. 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) NONE 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

2 egrets and 1 duck observed at the inflatable dam wading in the plant debris and trash. 13 ducks 

observed at the stormwater channel between Fairview Park and Swan Drive. 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

Not knowledgeable with regards to plant species, but stagnant pooling of water containing algae 

observed. 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. 

Clarity (murky or clear): Water murky or completely obscured by algae and plant material. 

8. Security conditions (fencing, gates locked, signage ), describe; 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 

Water 



All fencing in good condition with all gates locked. 

9. Describe weather; wind, temp): Clear and sunny, temperature approximately 70 degrees F. Light 

onshore wind 

I 0. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. Park on south side of channel and golf course all fenced off. .. no openings 

in channel fences observed. 

II. Describe any photographs taken: 

See attached photos of: 

I. Egrets in trash and debris at inflatable damn 

2. Algae and stagnant water adjacent to Mesa Verde Country Club 

3. GB Channel pedestrian at footbridge 

4. GB channel tributary above Fairview Park 

5. GB Channel with bike rider above on Santa Ana Trail 

12. other comments or clarifications, list below. THANK YOU 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 













BENEFICIAL USE/RECREATIONAL liSE SURVEY FORM /UAA \VATERS 

1. 
S ""-,_,. d 'Y 
Of. ~3 o-Lc:t!4S o... w,. 

2. tt '-\. ..,;, "'tJ+o.v r3 o. -ch I 
C.asi-.... rvl~s c... 

For the people observed (in a 30 minute time period), how many people are: 3. 

(A) Walking in ~.:hannd): 0 ::~dults ___ children __ _ 

(B) Water contact Recreation Q adults __ children __ _ 

Examples (wading, fishing. etc.) describe () __________________ __ 

(C) Non contact Recreation (bird watching, bicycle riding. jogging. or walking ncar channeL indi\'iduals 

looking into ~.:hannel etc.) describe; 

etc.) 

5. Describe wildlife observed in channel (type a1lu number of birds. !ish. turtks. etc.) 
T''d" l p1'4~N\ .::::. f'Y\~ Jl4-,.q d ~e-fc:$" J .S ~ .. ci f> ·'f~ 

R.e.e..c..h i- ~ "3 m. .. l LA..v-d, d" c. Iss 

6. Plant life~bserved in channel (algae, mosses. vascular ptants such as cattails. willow trees. etc) 
T'~ \ ,..,,..;~ ~ -. e.~ ""'"""~.., 1 , .. tt'l e ~~ e.,.__i- tttJY 

Q.Da..ch :1.. ~ "'-l tl""e 7 tn.o•'iy 1A.A ... +s u.wvc:f-wtr ~'{.e,.... 
7. Describe water conditions: flow: depth. width, and velocity (if possible), tidal or fresh water. Water 

Trd-.. \ p,..,o..s,.,..ll::" <:..It!!.~ ~~ ..... / r:-tJ4 c u 5e::fw~ · 
Clarity (murky or clear) d~t- ~+r<~ L~d ~h."'+-- '-' 1 de~(',' B11 c/li?.et' q 
iw~~~ t{,...~. . 
~~k 1.. - \. 5 .fl..~ -it-o~ df.MM 4-o A~ 5-b !5,...¥- ; n,\V~y 
~ru .. -/ +t-....+-:~ ~ Do~ -."a-..<· 

8. Security conditions (fencing, gates locked, signage), describe; 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



9. Describe weather; wind, temp) 

10. Describe surrounJing area: rcsidcnc..:s, industrial ar..:a. schoo,ls. parks. r..:cr..:ational t~u.:ilitics su~h as bik..: 

trails, parks, or golf courses. Wett-..~cl.$/ ~~ P~~-" / h~~~, a·l~ c~~ 
a,. .eu:+- s:d.e.,~ iS'....,~ A-M\.. R;v<.c o~ •1-1\~,.. -t,·t:/e ( we?f) 

11. Describe any photographs taken: 

No 

12. other comments or clarifications, list below. THANK YOU 

c{ iY.e,..., .. ~ ro-l -..-s tv-+ oec. \AJ",... =-~ . . \ . 
R.~~" .4,. ,~s ~~-+-.'-'\ly o,~ -l vt~ ~ (3;~ ,-~, • 
~.roN\ A-cl.~s si-. ~or-~. "-r~l ~~.s ~ OJIJ~ 
~-e d..'4V.-«.\ , ~+- A..~ '+.; i-o ~ 'SA-R.. J..ev~e. 

}/ 11~5 

P~c.~tc_ 
Please fax 

<='c...e~ 

~IS l ~le__ 

$CJ~o.~~ J:r ... ~~-Le t>-..~ 
A,.,.._. 1 

I 

R.~\Je.r J 
~/ ~, .. cyel-e ~~~\ 

d/or return the SJ\'c?:nn to Larry McKenney. Fax 951 785-7076 



BENEFICIAL USE/RECREATIONAL USE SURVEYS COMPLETED ON 
UAA AND OTHER WATERS WITH CAMERA LOCATIONS 

July and August 2006 

Waters/UAA 

Santa Ana-Delhi Channel 

Greenville-Banning Channel 

Temescal Creek 

Cucamonga Creek 

Other Waters with Camera 
Locations 

Santa Ana River at Jurupa/Anza 

Number of surveys completed 

6 

6 

4 

4 

Martha Mclean Park 2 

Santa Ana River at Featherly 
Park 2 

July and August 2011 

Waters/UAA 

Santa Ana-Delhi Channel 5 

Greenville-Banning Channel 5 

Temescal Creek 3 

Cucamonga Creek 4 



.. 

BENEFICIAL USE/RECREATIONAL USE SURVEY FORM IUAA WATERS 

1. Surveyor's name Brandy Wood Date 9/29/2011 

2. Water body Cucamonga Creek Location Confluence with Mill Creek (Hellman Ave in Prado 

area) 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults 0 children 0 

(B) Water contact Recreation adults 0 children 0 

Examples (wading, fishing, etc.) describe 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; None ----

4. Describe evidence of pe~e observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) Graffiti, and chain link fence knocked down 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

Many white-faced ibis, black-necked stilts, ducks and small shore birds 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

Algae, cattails, willows and wetland vegetation downstream. Very little vegetation upstream. 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Water was clear, approximately 4-6 inches, slow flowing. 

8. Security conditions (fencing, gates locked, signage), describe; 

Chain-link fencing, gates locked and signage. There was one fence knocked down on upstream side. 

Please fax and/or return the survey form to Larry McKenney. Fax 951' 785-7076 



·. 
9. Describe weather; wind, temp) Clear, warm (88 degrees), slight breeze 

10. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. 

Surrounding area is rural, agricultural with residential near by. 

11. Describe any photographs taken: 

Downstream photograph. 

Upstream photograph 

12. other comments or clarifications, list below. THANK YOU 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

1. Surveyor's name Brandy Wood Date 9/29/2011 

2. Water body Cucamonga Creek Location 23 rd Street (Below Cucamonga Dam) 

3. For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults 0 children 0 

(B) Water contact Recreation adults 0 children 0 

Examples (wading, fishing, etc.) describe 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 3 adults and 1 child walking near channel. 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) Old covered graffiti 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

None 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

Non 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

Channel was dry, no ponding or flowing water. 

8. Security conditions (fencing, gates locked, signage), describe; 

Chain-link fencing, gates locked and signage. 

9. Describe weather; wind, temp) Clear, warm (88 degrees), slight breeze 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



.. 
. ' "' 

10 . Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. 

Surrounding area is natural vegetation and residential further away. 

11. Describe any photographs taken: 

Downstream photograph. 

J 
l 

I 
I 

f 

J 
f" 

/ _______ .... 

Upstream photograph 

12. other comments or clarifications, list below. THANK YOU 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 
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BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

1. 

2. 

3. 

Surveyor'sname Jt'\at'~- ~\~0'0 

Water body WCA~fjo\t O)c::. 

Date LO, '2..3 --I} 

Location~ 

For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults 0 children () ---

(B) Water contact Recreation adults 0 children 0 

Examples (wading, fishi.hg, etc.) describe 
~: ~~ ~~ 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 
,... 

~ b d:::.t.- r~ I l o\0~ Vs ().\la.r 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) . 
)?C\ ,.,,y cs.f OK' <a ~ tl'1 ; n D (CL<s. ~ gcrn. ~ t-t \ 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) . 
WM\hs b,fO\s @ ~ \~ca-~ 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

8. 
Csi ~~+ed @ ~ Z ~ \\VA- ~h 

Security conditions (fencing, gates locked, signage), descHB'e;' >-Lt" 

C~n~. is ~lvle.A~ Ce2vvo~ c:CE; <p~+~ ; a.ce4::s 

6#\-~\\.e.t;( ~ l.ocb.O. s~~ \all ,-h QQz>d. ·~\·~ 
Please fax and/or return the survey form to Larry McKen:t'Ie'y. Fax 951 7f55-7076 



• 
_, 

" 9. Describe weather; wind, temp) 

10. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. 
rlJS •dMce S , 1 Yv2 vc;d-cl.~) t e&V\0JN.1: CA. 9'- ) , ~(lklop~ -leo..\\/ 

b\.'~usa..., 00 a.± ~ Q\$k SL'CM. cQ F.c.. ~hh-0) 

11. Describe any photographs taken: 
•' 

12. other comments or clarifications, list below. THANK YOU 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 



BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /U 

1. 

2. 

3, 

f'SoN ,.-+. 
Sun,eyor·s name o~"e W~\f{7) Date ,_ 4-1 I t~1"" 

® C..""q_~-- ~~ 
Waterbody~~ ~ek Location r~.'o~ ~ ~liAIC.. ~\€ 

c;«._ ~.e.y 

For the people observed (in a 30 minute time period), how many peo~le are:@ /lrf'fCUJ ~ · 

I children --- ---(,\) \\':.1lking in ~.:hannd) : 

(l3) Water contact Recreation (2) children 0 

Ex:.1mples (wading. lishing. etc ,) describe 

(C) Non contact Recreation (bird watching. bicycle riding. jogging. or walking ncar channel. individuals 

~ r;clt"'" S'c .. ~ do uJ"N ~"-~ cl? 
looking into channel etc .) describe;~ U V 
1-kt~...,., Brtcfo~ . A 

(!) d ~ u H-e IL-~ "">+· 1v b ~() o-N-.(_ ~ '-"f "Y~ 1 
±.r-t ~ %..• tel"'\ 

4. Describe evidence of people observed in the channel (graftiti , homeless encampment. lishing lim:. trail s 

etc.)~ s~e. "0~# :~· .. J e...JC.c~(T ~t" ~c~.- r:-c/e,- NO ~~v~< 
it- ~ ... boo-/ ~ fo...r-tc.-e.A. C.OJ""$ ~;+n.e,.. 

5. 

6. 

Describe :'~ldlife observed in channel~ and number or biu}s. l~h , turtles, etc.) • ~ ~ rtray f, l-e.. J flocks -s'"~'\\ "'~I'CLS d,..:,u~·~ ~ r 
8 /-eJ-c.. .... ~~...., ~ . 

Plant life observed in channel (algae, moss~ vascular~~ such as cattails. willow trees. etc) 
@) - 0\~ ~<. , ~ c: L~ f' \) "Ve 

I itt\~ -1-C! wo Vc~eh~~ ~A.r--: ;f\\.Qr Q..r~s 



. 9. • Describe weather; \\'ind. temp) fl""W\ ;c( 6-- c .~o u...Jy ~ ~\Atfll cl 
~+ 5 f .. ()\. -7: oo frY'... 

I 0. Describe surrounJing area: residences. industri~tl area. schools. p~tl"ks. n:cJT~~ional l~t~ilitics such as hike 

trails, parks, or golf courses . 
. .. 

II . Describe any photographs taken: • • 

12. other comments or clarifications, list below. THANK YOU 

• 

. . 

• 

·. . .. 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 
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BENEFICIAL USE/RECREATIONAL USE SURVEY FORM /UAA WATERS 

1. 

2. 

Surveyor's name -2 1 
;;. -,·( · 

Waterbody Cc {!t,Ci!1n?/ 

9-27-// 

Location AI~~ J ~ ~-~ f( 
3. For the people observed (in a 30 minute time period), how many people are: 

(A) Walking in channel): adults ~children<_{} __ 

(B) Water contact Recreation adults -t)- children -I:J __ _ 

Examples (wading, fishing, etc.) describe 

(C) Non contact Recreation (bird watching, bicycle riding, jogging, or walking near channel, individuals 

looking into channel etc.) describe; 

r , I . :,~ <-= 

4. Describe evidence of people observed in the channel (graffiti, homeless encampment, fishing line, trails 

etc.) 

5. Describe wildlife observed in channel (type and number of birds, fish, turtles, etc.) 

6. Plant life observed in channel (algae, mosses, vascular plants such as cattails, willow trees, etc) 

f.U:I., /( 7>Af,_t.. r. ( . of a(y<le. 
f 

7. Describe water conditions: flow; depth, width, and velocity (if possible), tidal or fresh water. Water 

Clarity (murky or clear) 

AI./ aL(Jq I i<? 1 v ,~ 
8. Security conditions (fencing, gates locked, signage), describe; 

~~~~~~7-~~~~L-~~~~~· ~~-· ~~~~~~--~~~~~~~~~~~~--~ 



. / . 

10. Describe surrounding area; residences, industrial area, schools, parks, recreational facilities such as bike 

trails, parks, or golf courses. 
Merlo/ f- ~s· l'dua f,e!/ 

12. other comments or clarifications, list below. THANK YOU 

a.dJ( ~,.. " t't2-'' 6-~Jio- ':z#e,,_fl j'o.._-/e ., ../ 
.fo/h,// ;j/ ~ tl'l/.e~.~ D·l .-&,/t// fl~/ ~'fL ·~ h~ve 
( ~ rd~ol~ ~{_,t . .(lc:. I ~tl jJ/) {. , ... -/J ~ q ---~. 

Please fax and/or return the survey form to Larry McKenney. Fax 951 785-7076 
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Section 1 
Background and Purpose 

The Santa Ana Regional Water Quality Control Board (RWQCB) adopted a Municipal Separate 
Storm Sewer System (MS4) permit for San Bernardino County on January 29, 2010 that requires 
the development of a Comprehensive Bacteria Reduction Plan (CBRP). The CBRP is a long term 
plan designed to achieve compliance with dry weather condition (April 1 – October 31) 
wasteload allocations for bacterial indicators established by the Middle Santa Ana River 
(MSAR) Bacterial Indicator Total Maximum Daily Load (TMDL) (“MSAR Bacterial Indicator 
TMDL”). This document fulfills this MS4 permit requirement. The following sections provide 
the regulatory background, purpose, and framework of the CBRP.  

1.1 Regulatory Background 
The 1972 Federal Water Pollution Control Act and its amendments comprise what is commonly 
known as the Clean Water Act (CWA). The CWA provides the basis for the protection of all 
inland surface waters, estuaries, and coastal waters. The federal Environmental Protection 
Agency (EPA) is responsible for ensuring the implementation of the CWA and its governing 
regulations (primarily Title 40 of the Code of Federal Regulations) at the state level. 

California‘s Porter-Cologne Water Quality Control Act of 1970 and its implementing 
regulations establish the Santa Ana Regional Water Quality Control Board (RWQCB) as the 
agency responsible for implementing CWA requirements in the Santa Ana River Watershed. 
These requirements include adoption of a Water Quality Control Plan (“Basin Plan”) to protect 
inland freshwaters and estuaries. The Basin Plan identifies the beneficial uses for waterbodies 
in the Santa Ana River watershed, establishes the water quality objectives required to protect 
those uses, and provides an implementation plan to protect water quality in the region 
(RWQCB 1995, as amended).  

The CWA requires the RWQCB to routinely monitor and assess water quality in the Santa Ana 
River watershed. If this assessment indicates that beneficial uses are not met in a particular 
waterbody, then the waterbody is found to be impaired and placed on the state’s impaired 
waters list (or 303(d) list1). This list is subject to EPA approval; the most recent EPA-approved 
303(d) list for California is the 2006 list2.  

Waterbodies on the 303(d) list require development of a TMDL. A TMDL establishes the 
maximum amount of a pollutant that a waterbody can receive (from both point and nonpoint 
sources) and still meet water quality objectives. 

                                                           
1 303(d) is a reference to the CWA section that requires the development of an impaired waters 
list. 
2 The State Water Resources Control Board recently completed its 2010 303(d) List. This list is 
currently under review by the EPA. 
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1.2 Santa Ana River Watershed Basin Plan 
The Basin Plan designates beneficial uses (including recreational uses) for surface waters in the Santa Ana 
River watershed (RWQCB 1995, as amended) (see Table 3-1 of the Basin Plan). The following sections 
describe existing and potential future Basin Plan requirements that are relevant to this CBRP. 

1.2.1 Existing Basin Plan Requirements 
The recreational uses applicable to waterbodies in the MSAR watershed include Water Contact 
Recreation (REC-1) and Non-Contact Recreation (REC-2). These are currently defined in the Basin Plan as 
follows: 

 REC-1 - Waters that are used for recreational activities involving body contact with water where 
ingestion of water is reasonably possible. These uses may include, but are not limited to, 
swimming, wading, water-skiing, skin and scuba diving, surfing, whitewater activities, fishing, 
and use of natural hot springs. 

 REC-2 - Waters that are used for recreational activities involving proximity to water, but not 
normally involving body contact with water where ingestion of water would be reasonably 
possible. These uses may include, but are not limited to, picnicking, sunbathing, hiking, 
beachcombing, camping, boating, tidepool and marine life study, hunting, sightseeing, and 
aesthetic enjoyment in conjunction with the above activities. 

To evaluate whether these recreational uses are protected in a given waterbody, the Basin Plan  
(Chapter 4) currently relies on fecal coliform3 as a bacterial indicator for the potential presence of 
pathogens. Fecal coliform present at concentrations above certain thresholds are believed to be an 
indicator of the potential presence of fecal pollution and harmful pathogens, thus increasing the risk of 
gastroenteritis in recreational bathers exposed to the elevated levels. Section 4 of the Basin Plan specifies 
the following water quality objectives for protection of recreational uses:  

 REC-1 - Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30-day period, and not more than 10 percent of the samples exceed 400 organisms/ 100 
mL for any 30-day period. 

 REC-2 - Fecal coliform: average less than 2000 organisms/100 mL and not more than 10 percent of 
samples exceed 4000 organisms/100 mL for any 30-day period 

1.2.2 Proposed Amendments to the Basin Plan 
The RWQCB is currently considering replacing the REC-1 bacterial indicator water quality objectives for 
fecal coliform with E. coli objectives. EPA published revised bacterial indicator guidance in 1986 (EPA 
1986) that recommended the adoption of E. coli as the freshwater bacterial indicator for pathogens. This 
guidance was based on epidemiological studies that found that the positive correlation between E. coli 
concentrations and the frequency of gastroenteritis was better than the correlation between fecal 
coliform concentrations and gastroenteritis.  

The RWQCB is considering this Basin Plan revision through the work of the Stormwater Quality 
Standards Task Force (SWQSTF). Since 2003, RWQCB staff and members of the SWQSTF (which 

                                                           
3 Fecal coliform and E. Coli are a group of bacteria considered by the Regional Board as bacterial indicators for pathogens. Within this CBRP, references to fecal 

coliform and E. Coli should be considered equivalent to the term bacterial indicators. 
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includes representatives from the Santa Ana Watershed Protection Authority [SAWPA]; the counties and 
cities of Orange, Riverside, and San Bernardino; Orange County Coastkeeper; Inland Empire 
Waterkeeper; among others) have been engaged in the implementation of a workplan that is evaluating 
both recreational uses and associated water quality objectives. The key proposed amendments, relevant 
to this MSAR Bacterial Indicator TMDL that are expected to be adopted by the RWQCB in fall 2011 
include: 

 Clarification of the definition of REC-1 waters; 

 Deletion of the current fecal coliform objectives for REC-1 and REC-2 beneficial uses; 

 Adoption of geometric mean E. coli objectives for REC-1 waters based on EPA (1986) guidance; 

 Sub-categorization of REC-1 waters into classes and establishment of a class-specific method for 
assessing E. coli data in the absence of sufficient data to calculate a geometric mean;  

 For waters designated only REC-2 (only after approval of a Use Attainability Analysis [UAA] that 
removes the presumptive REC-1 use), establishment of an antidegradation-based bacterial 
indicator water quality objective; and 

 Temporary suspension of recreational uses during high flow conditions in freshwater streams. 

The Basin Plan amendment includes several UAAs to modify presumptive REC-1 uses in the MSAR 
watershed. These UAAs and proposed recreational use changes include: 

 Cucamonga Creek – Reach 1, confluence with Mill Creek (at Hellman Street) upstream to 23rd 
Street in Upland, California; remove both REC-1 and REC-2 uses. 

 Temescal Creek – Reach 1, from approximately 100 feet downstream of Cota Street 
(33°53’29.904”N, 117°34’12.432”) to the Arlington Drain confluence; remove REC-1 use. 

 Temescal Creek – Reach 2, from the confluence with Arlington Drain (33° 52' 51.204"N, 117° 33' 
15.732"W) to approximately 1,400 feet upstream of Magnolia Avenue (33° 52' 1.992"N, 117° 31' 
30.108"W); remove REC-1 and REC-2 uses. 

1.3 Middle Santa Ana River Bacterial Indicator TMDL 
Water quality data collected in 1994 and 1998 from waterbodies in the MSAR watershed showed 
exceedances of fecal coliform bacterial indicator water quality objectives. Based on these data and 
potential impacts to recreational uses, the RWQCB recommended that the following waterbodies be 
placed on the 303(d) list: 

 Santa Ana River, Reach 3 – Prado Dam to Mission Boulevard  

 Chino Creek, Reach 1 – Santa Ana River confluence to beginning of hard lined channel south of 
Los Serranos Road 

 Chino Creek, Reach 2 – Beginning of hard lined channel south of Los Serranos Road to 
confluence with San Antonio Creek  

 Mill Creek (Prado Area) – Natural stream from Cucamonga Creek Reach 1 to Prado Basin 

 Cucamonga Creek, Reach 1 – Confluence with Mill Creek to 23rd Street in City of Upland 
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 Prado Park Lake 

As noted above, waterbodies on the 303(d) list are subject to the development of a TMDL. Accordingly, 
on August 26, 2005 the RWQCB adopted Resolution No. R8-2005-0001, amending the Basin Plan to 
incorporate bacterial indicator TMDLs for the above-listed waterbodies in the watershed (i.e., MSAR 
Bacterial Indicator TMDL) (RWQCB 2005). The TMDLs adopted by the RWQCB were subsequently 
approved by the State Water Resources Control Board on May 15, 2006, by the California Office of 
Administrative Law on September 1, 2006, and by EPA Region 9 on May 16, 2007. The EPA approval date 
is the TMDL effective date. 

The MSAR Bacterial Indicator TMDL established wasteload allocations for urban MS4 and confined 
animal feeding operation discharges and load allocations for agricultural and natural sources. The 
wasteload and load allocations were established for both fecal coliform and E. coli: 

 Fecal coliform: 5-sample/30-day logarithmic mean (or geometric mean) less than 180 organisms/ 
100 mL and not more than 10 percent of the samples exceed 360 organisms/100 mL for any 30-day 
period. 

 E. coli: 5-sample/30-day logarithmic mean (or geometric mean) less than 113 organisms/100 mL 
and not more than 10 percent of the samples exceed 212 organisms/100 mL for any 30-day period. 

The urban discharger requirements are listed as tasks in the TMDL, with Tasks 1.2, 3, 4.1, 4.3, 4.5, and 6 
having relevance to this CBRP for Riverside County (Table 1-1). Other tasks included in the TMDL either 
address urban discharges associated with San Bernardino County or other agricultural discharge 
requirements.  

1.4 San Bernardino County MS4 Permit 
The San Bernardino County MS4 program operates under a National Pollutant Discharge Elimination 
System (NPDES) MS4 permit issued by the Regional Board (Order No. 2010-0036, NPDES No. 
CAS618036). This permit regulates discharges to and from MS4 facilities within the Santa Ana River 
watershed in San Bernardino County. The permittees covered by this permit include the San Bernardino 
County Flood Control District (SBCFCD), San Bernardino County and the following Cities: Big Bear Lake, 
Chino, Chino Hills, Colton, Fontana, Grand Terrace, Highland, Loma Linda, Montclair, Ontario, Rancho 
Cucamonga, Redlands, Rialto, San Bernardino, Upland, and Yucaipa. The SBCFCD is the Principal 
Permittee; the remaining jurisdictions are the Co-Permittees. 

The Regional Board issued its first MS4 permit to San Bernardino County MS4 in 1990. This permit 
focused primarily on program development, which included establishment of the Drainage Area 
Management Plan (replaced in 2002 by the MSWMP) and implementation of public education and staff 
training on stormwater quality concerns.  

Since the issuance of that permit, the MS4 program has gradually evolved from a very basic stormwater 
management program into a complex program with many requirements that go beyond the program as 
originally established. The second-term permit, which began in 1996, focused on continued program 
development, implementation, and reporting. Under this permit, program reporting requirements 
increased significantly, which required increased staff and financial resources. To address the increased 
reporting requirements, permittees developed an electronic data collection and management system for 
the MS4 Area-wide Program. The system provided for more consistent reporting among the permittees 
and provided a standardized approach for preparation of the required MS4 Annual Report. 
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The third-term permit, issued in 2002, increased the focus of the permit on program implementation and 
required more prescriptive data reporting to document program accomplishments. These requirements 
led to the development of the MS4 Solution Database, which documents well the extent to which 
program requirements are implemented throughout the County. It was during this period that the 
Regional Board began the adoption of TMDLs that included wasteload allocations applicable to urban 
stormwater discharges. Although the 2002 MS4 permit did not include specific TMDL implementation 
programs, the MS4 permittees actively participated in the development and implementation of these 
TMDLs.  

The Regional Board adopted the fourth term MS4 permit on January 29, 2010. This permit contains many 
new requirements that will further increase the complexity and costs associated with the management of 
urban discharges in the permitted area. In addition, for the first time the MS4 permit explicitly includes 
TMDL implementation requirements applicable to waterbodies in San Bernardino County for which 
TMDLs are effective, specifically Big Bear Lake (nutrients) and the MSAR Bacterial Indicator TMDL. The 
development of this CBRP is a MS4 permit requirement associated with implementation of the MSAR 
Bacterial Indicator TMDL. The CBRP is designed to provide a comprehensive plan for attaining the MS4 
permit’s water quality based effluent limits for the MSAR TMDL by integrating existing control programs 
and efforts with new permit mandates and other additional activities necessary to address controllable 
urban sources of bacterial indicators.    

1.5 Comprehensive Bacterial Indicator Reduction Plan 
This section provides information on the requirements for CBRP development and the applicability of the 
plan to urban discharges in the San Bernardino County area. In addition, information is provided on the 
general framework of this plan and the process associated with its development.  

1.5.1  Purpose and Requirements 
The findings section of the San Bernardino County MS4 permit describes the purpose of the 
CBRP: 

 Section II.F.13.c.vi - Based on the results of pre-compliance evaluation monitoring (Pre-
compliance evaluation monitoring is monitoring conducted prior to the TMDL compliance date 
to assess the effectiveness of BMPs [Best Management Practices] implemented in reducing 
pollutant(s) of concern by the compliance date) it has been determined that the short-term 
solutions discussed above are not expected to achieve the WLAs [wasteload allocations] by the 
compliance dates. This Order requires the MSAR permittees to develop a long-term plan (a 
comprehensive bacteria reduction plan, CBRP) designed to achieve compliance with the WLAs 
by the compliance dates. 

 Section II.F.13.c.vii - If necessary, the CBRP will be updated based on an evaluation of the 
effectiveness of the BMPs implemented. In the absence of an approved CBRP the WLAs become 
the final numeric water quality-based effluent limit that must be achieved by the compliance 
dates. 
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Table 1-1. MSAR Bacterial Indicator TMDL requirements applicable to portions of San Bernardino County. 

Task Subtask Required Activity Schedule/Status 

Task 1 – Review/ Revise 
Existing Waste Discharge 
Requirements 

Task 1.1 – WDR 
requirements for San 
Bernardino County 
MS4 

Review and revise the Waste Discharge Requirements for the San 
Bernardino County MS4 permit as necessary to include the appropriate 
wasteload allocations, compliance schedules and or monitoring 
requirements 

New MS4 permit was adopted on January 29, 
2010. Relevant TMDL requirements, including 
the preparation of the CBRP for dry weather 
were included in the permit 

Task 3 - Watershed-Wide 
Water Quality Monitoring 
Program 

NA 
All named responsible parties in the TMDL shall, as a group, submit to the 
Regional Board for approval a proposed watershed-wide monitoring 
program that will provide data necessary to review and update the TMDL.  

All parties (except U.S. Forest Service) are 
implementing a Regional Board approved 
monitoring program collaboratively through 
the MSAR Task Force (see Attachment A) 

Task 4 – Urban Discharges 

Task 4.1 - Develop and 
Implement Bacterial 
Indicator Urban 
Source Evaluation Plan 
(USEP) 

Responsible parties in San Bernardino County (as named in the TMDL) shall 
develop a Bacterial Indicator Urban Source Evaluation Plan. This plan shall 
include steps needed to identify specific activities, operations, and 
processes in urban areas that contribute bacterial indicators to MSAR 
watershed waterbodies. The plan shall also include a proposed schedule for 
completion of each of the steps identified. The proposed schedules can 
include contingency provisions that reflect uncertainty concerning the 
schedule for completion of the SWQSTF work and/or other investigations 
that may affect the steps that are proposed. The USEP shall be 
implemented upon Regional Board approval. 

The Regional Board-approved USEP has been 
implemented by the responsible parties since 
2008 (see Attachment A). In addition, this 
CBRP incorporates the principles/activities of 
the USEP and replaces its implementation 
requirements (See Attachment C). 

Task 4.2 – Revise the 
San Bernardino 
County Municipal 
Stormwater 
Management Program 
(MSWMP) 

The Executive Office shall notify the MS4 permittees of the need to revise 
the MSWMP to incorporate measures to address the results of the USEP 
and/or other studies. The revised MSWMP will be implemented upon 
approval by the Regional Board.  

The January 29, 2010 MS4 permit includes 
requirements for MSWMP revisions that are 
being coordinated with TMDL implementation 

Task 4.3 – Revise the 
San Bernardino 
County Water Quality 
Management Plan 
(WQMP)  

The Executive Office shall notify the MS4 permittees of the need to revise 
the WQMP to incorporate measures to address recommendations of the 
SWQSTF or other investigations. The revised WQMP will be implemented 
upon approval by the Regional Board.  

The January 29, 2010 MS4 permit includes 
requirements for WQMP revisions that are 
being coordinated with TMDL implementation 
and this CBRP 

Task 6 – Review or Revision 
of the MSAR Bacterial 
Indicator TMDL 

NA 

Regional Board will review all data and information generated pursuant to 
the TMDL requirements on an ongoing basis (at least every three years). 
Based on results from the monitoring programs, special studies, modeling 
analysis, SWQSTF and/or special studies, changes to the TMDL, including 
revisions to the numeric targets, may be warranted.  

The first Triennial Report was submitted on 
February 15, 2010; additional Triennial 
Reports will be prepared in 2013 and 2016 as 
part of this CBRP (see Attachment E) 
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Based on these findings, the Regional Board established specific requirements for the CBRP’s content. 
These requirements, found in Section V.D.2.b.i in the San Bernardino County permit, include: 

Section V.D.2.b.i - The MSAR permittees shall prepare for approval by the Regional Board a CBRP 
describing, in detail, the specific actions that have been taken or will be taken to achieve compliance with 
the urban wasteload allocation under dry weather conditions (April 1st through October 31st ) by December 
31, 2015. The CBRP must include: 

a) The specific ordinance(s) adopted to reduce the concentration of indicator bacteria in urban 
sources. 

b) The specific BMPs implemented to reduce the concentration of indicator bacteria from urban 
sources and the water quality improvements expected to result from these BMPs. 

c) The specific inspection criteria used to identify and manage the urban sources most likely causing 
exceedances of water quality objectives for indicator bacteria. 

d) The specific regional treatment facilities and the locations where such facilities will be built to 
reduce the concentration of indicator bacteria discharged from urban sources and the expected 
water quality improvements to result when the facilities are complete. 

e) The scientific and technical documentation used to conclude that the CBRP, once fully 
implemented, is expected to achieve compliance with the urban wasteload allocation for indicator 
bacteria by December 31, 2015. 

f) A detailed schedule for implementing the CBRP. The schedule must identify discrete milestones to 
assess satisfactory progress toward meeting the urban wasteload allocations for dry weather by 
December 31, 2015. The schedule must also indicate which agency or agencies are responsible for 
meeting each milestone. 

g) The specific metric(s) that will be established to demonstrate the effectiveness of the CBRP and 
acceptable progress toward meeting the urban wasteload allocations for indicator bacteria by 
December 31, 2015. 

h) MSWMP, WQMP, and Local Implementation Plans shall be revised consistent with the CBRP no 
more than 180 days after the CBRP is approved by the Regional Board. 

i) Detailed descriptions of any additional BMPs planned, and the time required implementing those 
BMPs, in the event that data from the watershed-wide water quality monitoring program indicate 
that water quality objectives for indicator bacteria are still being exceeded after the CBRP is fully 
implemented. 

j) A schedule for developing a CBRP needed to comply with the urban wasteload allocation for 
indicator bacteria during wet weather conditions (November 1st thru March 31st) to achieve 
compliance by December 31, 2025. 
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1.5.2  Applicability 
The applicability of this CBRP is limited to the following:  

 Bacterial Indicator Sources – The CBRP is designed to mitigate controllable urban sources of 
bacterial indicators that cause non-attainment of bacterial indicator water quality objectives at the 
watershed-wide compliance sites. 

 Jurisdiction – Though additional responsible parties are named in the TMDL, this CBRP document 
only applies to the San Bernardino County MS4 permittees named in the TMDL: SBCFCD; San 
Bernardino County; the Cities of Ontario, Chino, Chino Hills, Montclair, Rancho Cucamonga, 
Upland, Rialto, and Fontana. 

 Hydrologic Condition – This CBRP applies only to urban discharges from the MS4 during dry 
weather conditions that have the potential to impact the downstream watershed-wide TMDL 
compliance monitoring site. 

 Seasonal Condition - This CBRP applies only to urban discharges from the MS4 during the period 
April 1st through October 31st.  

1.5.3 Compliance with Urban Wasteload Allocation 
The San Bernardino County MS4 permittees have developed a CBRP that is designed to achieve compliance 
with the dry season urban wasteload allocation by the compliance date of December 31, 2015. Compliance 
with the wasteload allocations can be measured in several ways: 

 Water quality objectives are attained at the watershed-wide compliance sites established as part of 
the implementation of the TMDL (see Attachment C). If not attained, then it must be 
demonstrated that bacterial indicators from controllable urban sources are not the cause of non-
attainment. 

 Compliance with controllable urban source wasteload allocations demonstrated from specific MS4 
facilities, e.g., sampling demonstrates that controllable urban sources discharged from MS4 outfalls 
or drains are in compliance with the wasteload allocation during dry weather conditions. 

 MS4 facilities, e.g., outfalls, are dry, or that flows from these MS4 outfalls are infiltrating prior to 
connection with impaired waterbodies, and thus not contributing to dry weather flow (DWF) to 
downstream waters. 

1.5.4  CBRP Conceptual Framework 
CBRP implementation relies on a step-wise approach that implements key actions to identify controllable 
urban sources of bacterial indicators, evaluate and select a mitigation alternative, and, where necessary, 
construct structural BMPs to mitigate controllable sources. This pragmatic approach is a direct extension of 
the already RWQCB-approved watershed-wide compliance monitoring program, Urban Source Evaluation 
Plan (USEP), and framework being established by the SWQSTF. Coupled with this pragmatic approach is 
the incorporation of existing and relevant MS4 permit requirements. These requirements are 
supplemented, where needed, to target controllable urban sources of bacterial indicators.  
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The demonstration of compliance with the MSAR Bacteria TMDL (see Section 3) assumes RWQCB 
adoption of proposed Basin Plan amendments developed by the SWQSTF. These amendments establish the 
following framework: 

First, the bacteria objectives and related wasteload allocations should only be applied to waterbodies 
designated REC-1 and the Regional Board is working closely to identify the various storm water channels 
that should be reclassified as REC-2 or REC-X.  This assumption governs the range of compliance 
alternatives that could be proposed in the CBRP. In particular, the MSAR Permittees plan to install regional 
treatment facilities where needed to ensure urban discharges comply with bacteria objectives in 303(d) 
listed streams depends first on amending the Basin Plan to make clear that the same objectives are not 
intended to apply in the concrete-lined flood control channels that are tributary to natural streams.  
Without such clarifications, it is uncertain whether regional treatment facilities would be permitted under 
federal law. The MSAR Permittees have not identified any actions that would be taken to meet bacteria 
standards if the Basin Plan amendments are not approved because we know of no feasible means to assure 
compliance with the wasteload allocation at each urban stormwater outfall to every flood control channel.   

Second, the CBRP is designed to mitigate controllable urban sources of bacteria to the maximum extent 
practicable because the MSAR Permittees lack sole authority to determine what mitigation measures will be 
permitted under law. Several different federal, state and local agencies must approve the various projects 
designed to achieve compliance with the urban wasteload allocation. And, there is no assurance that such 
approvals can be obtained given the need to simultaneously protect other designated beneficial uses (e.g. 
aquatic habitat, groundwater recharge) in the watershed. To the extent that the MSAR Permittees may be 
restricted from implementing the most effective methods for reducing urban discharges of bacteria, the 
only legal alternative is to select a different strategy that achieves compliance to the maximum extent 
practicable.  This merely represents a practical regulatory reality and is not intended to serve as an excuse 
for making anything other than the best effort possible to meet water quality standards. 

Third, the MSAR Permittees believe strongly that eliminating controllable discharges is, by far, the best way 
to assure compliance with the urban wasteload allocation. In general, there should be little or no urban 
stormwater discharges during dry weather conditions. Mass balance analysis indicates that the greatest 
water quality improvement would come from focusing on the relatively small nuisance flows associated 
with excess landscape irrigation and other common activities (car washing, driveway cleaning) common to 
residential areas. Reducing such flows not only offers the best method for reducing bacterial loads from 
controllable urban sources, it will help the MSAR Permittees comply with the conservation requirements 
specified in SB x7-7 (aka "20 percent by 2020"). The fact that similar efforts are already required in the MS4 
permit only increases our commitment to implement the strategy with great diligence and a stronger sense 
of urgency. 

Fourth, the CBRP presumes that compliance with the wasteload allocation must be demonstrated by actual 
water quality monitoring data. Such data will be regularly collected at monitoring sites designated by the 
Regional Board. Such locations are commonly referred to as "watershed-wide compliance sites." The MSAR 
Permittees recognize that the Basin Plan and the permit require discharges to meet water quality standards 
throughout the watershed regardless of which specific locations are selected for routine sampling. The text 
of the CBRP uses the phrase "watershed-wide compliance sites" to distinguish these locations from other 
sites, such as those that are part of the USEP, that are sampled far less frequently.  The MSAR Permittees  
fully expect that all water quality monitoring requirements associated with the CBRP will be reviewed and 
updated on a regular basis and that the Regional Board may request new or different sampling locations 
before reauthorizing the monitoring plan. 
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Without adoption of Basin Plan amendments, the estimated cost of compliance with the MSAR Bacteria 
TMDL is in excess of $2 billion, which has the potential to cause significant societal economic hardship 
(CDM, 2010). 

1.5.5 CBRP Development Process 
The CBRP was developed collaboratively by the MSAR Permittees participating in the MSAR TMDL. 
Development was coordinated with the MSAR Permittees and MSAR TMDL Task Force (see Attachment A), 
as needed. Activities completed include: 

 July 27, 2010 – Presentation was made to the MSAR TMDL Task Force to provide a status update on 
CBRP development. Presentation was posted by SAWPA on their website. 

 August 18, 2010 – Presentation was made to the MSAR TMDL Task Force on the proposed CBRP 
program. Presentation was posted by SAWPA on their website. 

 Following submittal of a draft CBRP to the RWQCB in December 2010, San Bernardino County MS4 
program conducted a parallel public review process through the Santa Ana Watershed Project 
Authority. A draft CBRP was released for public review and opportunity for public comment was 
provided at a MSAR TMDL Task Force meeting on March 22, 2011. Written comments were 
received until March 31, 2011. 

 RWQCB comments on the draft CBRP (dated March 30, 2011) were discussed with the RWQCB and 
stakeholders as part of the April 21, 2011 publicly noticed SWQSTF meeting.   

1.5.6 CBRP Roadmap 
The CBRP is presented in two parts: (1) primary sections that provide an executive level summary of the 
components, schedule, strategy, and technical basis for the CBRP; and (2) supporting attachments that 
provide additional information to support the primary sections. Following is a summary of the purpose and 
content of each part of the CBRP: 

 Section 2 – Provides an executive level summary of the following components of the CBRP: 
Implementation Steps, Program Elements, Implementation Schedule, and Compliance and 
Iterative/Adaptive Management Strategies. 

 Section 3 – Provides the technical basis for the conclusion that full implementation of the CBRP 
will achieve compliance with the urban wasteload allocation under dry weather conditions. 

 Section 4 - Provides the schedule for development of the CBRP for achieving compliance with 
urban wasteload allocations under wet weather conditions. 

The above sections are supported by the following attachments: 

 Attachment A, TMDL Implementation – Documents the outcome of the numerous TMDL 
monitoring and source evaluation activities completed to date.  

 Attachment B, Watershed Characterization – Provides background information regarding the 
general characteristics of the MSAR watershed, including major subwatersheds, key jurisdictions 
and dominant land use. 
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 Attachment C, CBRP Program Elements – Provides additional information relevant to each of 
the Program Elements summarized in Section 2.2. 

 Attachment D, Existing Urban Source Control Program - Documents existing MS4 permit 
activities that have been implemented by the San Bernardino County MS4 permit program. 

 Attachment E, Implementation Schedule – Provides additional information regarding the 
implementation schedule summarized in Section 2.3. 

 Attachment F, Glossary 

 Attachment G, References 
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Section 2 
CBRP Implementation Program 

 

The MSAR Permittees intend to achieve compliance with the wasteload allocation using a 
variety of implementation strategies, including: Evaluating the need for new water 
conservation ordinances to reduce urban runoff from landscape irrigation, more rigorous 
enforcement of existing ordinances to reduce water waste and control pet waste, management 
of homeless encampments and other illicit discharges, enhanced septic system management, 
improved street sweeping programs, and other structural BMPs designed to intercept, retain, 
divert or treat controllable urban DWF during dry weather conditions. A multi-step procedure 
will be used to select and implement the most appropriate control strategy for each MS4 outfall 
in San Bernardino County that is tributary to an impaired waterbody.  

It is important to note that the MSAR Permittee’s programs with regard to the CBRP 
Implementation Steps and activities identified below are not uniform at this time. For example, 
cities with water utilities (Ontario and Chino) tend to have strong irrigation management 
programs, whereas MSAR Permittees without utilities may need to consider enhancing 
ordinances or building stronger partnerships with local water purveyors to better manage 
irrigation runoff. Specific combinations of actions necessary to address CBRP Implementation 
Steps are therefore dependent on each MSAR Permittee’s current programs, available resources 
and opportunities, and local sub-watershed needs. Therefore, specific actions taken by a MSAR 
Permittee to address CBRP Implementation Steps will be described in more detail in the MSAR 
Permittee’s Local Implementation Plans. The CBRP includes descriptions of the common 
Implementation Steps that all MSAR Permittees will take to address the MSAR TMDL; 
however, the level of individual action required of a Permittee will be dependent on multiple 
factors that will be and are more appropriately described and addressed in the MSAR Permittee 
Local Implementation Plans. 

2.1 CBRP 
Implementation 
Steps 
The San Bernardino County MS4 
Permittees will implement the CBRP 
using a stepwise project approach. 
This approach incorporates three 
distinct steps encompassing six 
specific actions (Figure 2.1). 

Step 1 – Identify, Prioritize, and 
Evaluate MS4 Dry Weather 
Flow Sources 
Step 1 project activities include 
implementation of non-structural 

Figure 2.1  Key Implementation 
Actions
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BMPs (see CBRP Program Elements, below) and inspection activities (No. 1 – Figure 2.1). These 
inspections (or urban source evaluation investigations) occur systematically in each area 
draining to a watershed-wide compliance site. For each key drainage area source evaluation 
activities are implemented to (a) identify controllable MS4 dry weather flow sources and their 
contribution to elevated bacterial indicator concentrations; (b) prioritize controllable dry 
weather flow sources for follow-up mitigation activity (No. 2 – Figure 2.1); and (c) identify 
alternatives to mitigate prioritized controllable urban sources (No. 3 – Figure 2.1). Completion 
of Step 1 achieves four outcomes:  

(1) Prioritized list drainage areas where mitigation of dry weather flow/bacterial indicators is 
deemed necessary to comply with urban wasteload allocations applicable to the MS4;  

(2) For each prioritized drainage area requiring action, implementation of activities to identify 
non-structural or structural BMP alternatives to mitigate controllable urban bacterial 
indicator sources (No. 4 – Figure 2.1).  

(3) If non-structural BMPs can mitigate the source(s), initiation of new, enhanced or more 
targeted non-structural BMPs (see CBRP Program Elements, below); and  

(4) If structural BMPs are needed, completion of the Project Identification phase of the local 
Capital Improvement Project (CIP) process, if the project involves an individual Permittee, 
or identification of the need to implement a multi-jurisdictional process for projects 
involving multiple Permittees. of the MSAR Permittee’s Capital Improvement Project (CIP) 
Process for projects involving individual Permittees (Figure 2.2). In addition, determination 
of the need for a Use Attainability Analysis (UAA) to facilitate a structural BMP solution.  

CBRP Step 1 is iterative and will occur over an extended period so that MS4 outfalls in each 
drainage area can be properly prioritized, investigated and evaluated for mitigation. The 
expected outcomes from Step 1 activities will be complete in all drainage areas by the first 
quarter of 2015 (see CBRP Schedule, below).
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Step 2 – Evaluate and Select Structural BMP Projects 
The San Bernardino County MS4 Program anticipates that structural BMPs (outfall-specific or regional) 
will be required to mitigate some controllable urban sources of dry weather flow or bacterial indicators. A 
prioritized list with locations for these structural BMPs is a Step 1 outcome. Under Step 2, the identified 
structural BMP projects move forward in the CIP Process (No. 5 – Figure 2.1). Potential Step 2 outcomes 
include: 

(1) Completion of UAAs deemed necessary to support implementation of a structural BMP project. 

Figure 2-2. Typical Capital Improvement Project (CIP) Process for Local Permittee 
Projects  

Project Identification– Identification of a CIP project occurs through one of two mechanisms:  

 Public agency assessment of a particular site’s current conditions to evaluate the need for structural 
improvements. These needs may be identified from observations of agency staff, routine maintenance / 
replacement schedules, or other sources internal to the agency.  

 Receipt of public complaints (presented directly to agency staff or a governing body) regarding an 
infrastructure concern (e.g., potholes, street flooding), which may result in a site investigation. Based 
on the outcome of the investigation, an agency may decide that a project needs to be constructed.  

Budgeting / Planning  - After a project need has been established, staff implement a process to have the 
proposed project included in the CIP. Agency staff begins preliminary planning steps to verify the viability 
of the project and prepares a cost estimate, which along with other new or ongoing infrastructure needs, is 
used to prioritize the project based on public need, necessity and available funds. This phase typically 
involves both project planning and preparation of a preliminary design to support development of the cost 
estimate. With a project budget prepared, staff seeks approval to incorporate the project in the CIP. In 
some cases preliminary planning efforts may determine that a proposed project is not viable due to 
environmental constraints, community opposition, engineering limitations or other factors. In such cases a 
project is typically abandoned and alternative solutions are considered. 

Design - Once a project is in the CIP, design work to prepare construction drawings and project 
specifications can begin. Based on project complexity, the time required to complete the design varies from 
less than a year to several years. During the design phase, and sometimes beginning in the budgeting / 
planning phase, staff initiates the CEQA process. Depending on the nature of the project or the need for 
special permits, obtaining CEQA approval can significantly affect the timeline to construct a project. 
Projects may also be abandoned in the design phase as the project is further refined. Factors such as 
changes to the project’s preliminary design parameters, soils, groundwater and utility investigations, and 
regulatory issues can impact the viability of a project during its refinement in the design stage. 

Permitting– During this phase, all required permits and approvals for construction are obtained. The 
process for obtaining permits and approvals typically begins during the design phase and sometimes begins 
as early as the budgeting / planning phase. Depending on the nature of the project or the need for special 
permits, obtaining all required permits and approvals can significantly affect the timeline to construct a 
project and in some cases result in cancellation of the project. If this occurs, then alternative solutions are 
considered. 

Construction– Construction can begin upon design completion, receipt of all required permits and 
approvals, and completion of all administrative requirements. Depending on the complexity and size of the 
project, right of way acquisition timelines, CEQA documentation and approvals, and involvement of other 
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(2) Completion of the Budget/Planning, Design and Permitting CIP phases (see Figure 2.2) for each 
structural BMP project involving an individual Permittee or implementation of the multi-
jurisdictional process to plan, design, and permit a small regional or sub-watershed treatment facility 
(Table 2-1).  

Similar to the Step 1 schedule, Step 2 will occur over an extended period to move each planned structural 
BMP project forward to the point where the final phase can be initiated – Construction. Because Step 2 
includes initiation of the CEQA process and may include establishment of multi-jurisdictional 
agreements, the timeline for moving all planned structural BMPs to the point where construction can be 
initiated may be lengthy. Also, as noted above, situations may occur where through the planning and 
design phases a proposed project is determined to be infeasible. If that occurs, a different alternative to 
mitigate the controllable urban bacterial indicator source will be sought. 

Step 3 – Construct Structural BMP Projects 
Step 3 focuses on construction of structural BMP projects. The schedule for construction cannot be 
established at this time given MSAR Permittee’s requirements that each project move through the 

Table 2-1. Estimated Timeline to Develop Small Regional or Sub-Watershed Treatment Facilities 

Project Phase - 
Average Time to 

Complete 
Project Step Activity 

1 - 18 months 

Local Jurisdiction Preliminary 
Engineering Review 

Identify project operational parameters within context of potential 
joint use arrangement 

Project Financial Feasibility and 
Funding Source Scoping Identify project costs, land acquisition and funding mechanisms 

Project Placement Review Identify placement parameters within context of potential joint use 
arrangement 

2 - 18 months 

Pre-Application Project 
Environmental Review Identify environmental requirements and project constraints 

Joint Use Jurisdictional 
Agreement Formation 
Committee 

Establish Joint Use Jurisdiction Agreement to guide project 
development 

Joint Use Project Development 
Committee Review Final Project Concept within context of stakeholder interests 

3 - 18 months 

Underlying Landholder Project 
Coordination 

Establish final structure for landholder agreements/acquisitions and 
long-term operational requirements to be included in landholder 
agreements/disclosures 

Joint Use Final Project Approval 

Finalize construction funding mechanisms, joint use responsibilities, 
operational funding mechanisms, underlying property owners rights 
and responsibilities, and long-term environmental roles and 
responsibilities 

Joint Use Facility Project 
Development Committee: 
Procurement 

Retain firms with appropriate engineering, environmental expertise 
to design project 

4 - 18 months 

Joint Use Facility Project 
Development Committee: 
Design & Permitting 

Oversee design process, review plans and environmental submittals 
for compliance with project objectives 

Project Bidding and Contractor 
Qualification Phase 

Solicit construction bids; contracts awarded only when all 
environmental clearances, permits and approvals obtained and full 
package submittals are signed and approved by authorizing 
jurisdiction 
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appropriate planning, design and permitting processes. However, as construction dates become known, 
these will be reported to the RWQCB as part of the CBRP reporting process.  

2.2 CBRP Program Elements 
The MS4 Permit established four required CBRP program elements (Section VI.D.1.c.1, MS4 Permit). 
These elements, which are tools for implementing the CBRP, encompass a range of potential non-
structural and structural BMP activities: 

 Element 1 - Ordinances  

 Element 2 - Specific BMPs  

 Element 3 - Inspection Criteria (for the purposes of the CBRP, this element includes urban source 
evaluation activities) 

 Element 4 - Regional Treatment (for the purposes of the CBRP, this element includes both outfall-
specific and regional structural BMP projects) 

Table 2.2 summarizes the relationship among these required CBRP program elements and the three 
implementation steps and associated implementation actions described above (see Figure 2-1). The 
following sections summarize the key components of each CBRP program element (see Attachment C for 
a detailed presentation of these elements). 

Table 2.2. Relationship between Implementation Steps and Actions and 
 Required CBRP Elements 

CBRP Steps 
Implementation Actions 

(Figure 2-1) 
Relevant Required CBRP 

Elements 

1 Nos. 1, 2, 3, and 4 Elements 1, 2, 3 

2 No. 5 Element 4 

3 No. 6 Element 4 

Element 1 – Ordinances 
The CBRP requires the identification of specific ordinances that will be adopted during implementation 
to reduce bacterial indicators in urban dry weather flow sources. Two types of ordinances have been 
included in the CBRP: Water Conservation and Pathogen Control. Following is a brief statement 
regarding the purpose and potential water quality benefits that may be incurred.  

Water Conservation Ordinance 
Purpose – Evaluate the existing water conservation ordinances to determine if adequate authority 
available to manage water use to reduce dry weather flows to the MS4. 

Implementation Approach – Permittees will evaluate existing ordinances and authority (including 
enforcement authority) available to manage dry weather runoff from water use practices in their 
respective jurisdictions. Modifications to these ordinances will be made, where appropriate. This effort 
will be implemented in coordination with water purveyors and implementation of BMPs related to 
irrigation or water conservation practices (see below). 
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Expected Benefits – Improved water management reduces dry weather discharge to the MS4, which 
reduces opportunity for the discharge to or mobilization of bacteria in the MS4. A corollary benefit is 
enhanced water conservation consistent with other state policies and regulatory requirements. 

Pathogen Control Ordinance 
Purpose – Evaluate existing ordinances to improve management of animal wastes to control known 
pathogen or bacterial indicator sources.  

Implementation Approach – Permittees will evaluate existing ordinances and consider adoption of new 
ordinances to implement this BMP. Based on this evaluation the Permittees will revise existing 
ordinances or adopt new ordinances, as needed, to fulfill this CBRP requirement and comply with the 
MS4 permit requirement to “promulgate and implement ordinances that would control known pathogen 
or bacterial indicator sources such as animal wastes, if necessary”.  

Expected Benefits – Establishing requirements to manage animal wastes in a manner that reduces 
opportunity for bacteria contained in these wastes to be entrained in dry weather flows reduces the 
potential for bacteria to be mobilized and discharged to receiving waters through the MS4 

Element 2 – Specific BMPs 
The CBRP requires the identification of specific BMPs that will be implemented to reduce controllable 
urban sources of bacterial indicator. Selected BMPs range from programmatic activities that set the stage 
for other CBRP elements (e.g., dry weather flow source evaluation activities) to specific activities that can 
reduce dry weather flows or mitigate controllable urban sources of bacterial indicators. Some of the 
included BMPs are also MS4 permit requirements. In addition, some of the selected BMPs may be 
coordinated between San Bernardino and Riverside County to streamline the level of effort required to 
implement the BMP. 

Transient Camps 
Purpose – Evaluate potential for transient camps to contribute bacterial indicators to MS4 dry weather 
flow, and if determined necessary, develop and implement transient camp closure activities. 

Implementation Approach – The MSAR Permittees will identify locations of suspected transient 
encampments in receiving waters or MS4 facilities. Once identified, an investigation at one or more 
locations will evaluate potential DWF water quality impacts from transient camps. If transient camps are 
identified as a potential urban bacterial indicator source in DWF, MS4 Permittees will develop a model 
program to address transient encampments targeted for closing because of expected water quality 
impacts. As determined necessary, implement transient camp closures and follow-up activities to prevent 
re-establishment of closed camps in the same locations.   

Expected Benefits – Closure of transient camps in locations where it is determined that the encampment 
is contributing bacterial indicators to dry weather flows eliminates a bacterial indicator source. 

Illicit Discharge, Detection and Elimination Program 
Purpose – The MS4 permit requires the development of an Illegal Discharge Detection and Elimination 
(IDDE) program to supplement ongoing permit implementation efforts. Completion of this requirement 
will enhance existing tools to reduce or eliminate dry weather flows to the MS4.  
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Implementation Approach – The MSAR Permittees will complete development of this program as required 
by the MS4 Permit. The program will be used to support MS4 inspection activities to reduce or eliminate 
dry weather flows to the MS4 (see below). 

Expected Benefits – Completion of this program provides additional tools to guide efforts to reduce or 
eliminate dry weather flows to the MS4. 

Street Sweeping 
Purpose – Evaluate existing street sweeping programs to determine if the ongoing program can be 
enhanced to further reduce presence of bacterial indicators on street surfaces. 

Implementation Approach – Each MSAR Permittees will evaluate the existing street sweeping program 
(e.g., method, frequency, and equipment) to determine potential to modify the program to further reduce 
bacteria on street surfaces. Where opportunities exist, changes will be made to the program. If it is 
determined that a change in equipment can provide water quality benefits, the MSAR Permittees will 
work with their respective governing bodies to obtain funding to upgrade/replace equipment. 

Expected Benefits – Reductions in bacterial indicators in MS4 outfalls (as a result of mobilization by dry 
weather flows to the MS4) may occur where it is determined that enhancements to the existing street 
sweeping program will further reduce bacteria present on street surfaces.  

Irrigation or Water Conservation Practices 
Purpose – Implementation of BMP practices that reduce potential for over-irrigation and discharge of 
irrigation water to the MS4. 

Implementation Approach – Each MSAR Permittee will evaluate options and minimum requirements for 
implementation of irrigation and outdoor water conservation BMPs. Implementation will be closely 
coordinated with the Water Conservation Ordinance activity described above and with local water 
purveyor conservation programs. Based on the findings of the evaluation and in coordination with other 
agencies tasked with implementation water conservation activities, the MSAR Permittees and water 
purveyors will coordinate implementation of outdoor water conservation BMPs.  

Expected Benefits – Improved local water management will reduce dry weather water use discharges to 
the MS4, which will reduce opportunity for discharge or mobilization of bacteria as a result of MS4 
discharge. A corollary benefit is enhanced water conservation consistent with other state policies and 
regulatory requirements. 

Water Quality Management Plan Revision 
Purpose – The MS4 Permit requires updates to the MS4 Permittee’s WQMP Guidance to incorporate low 
impact development (LID) practices to reduce runoff from new development and significant 
redevelopment activities. This requirement is included as a BMP since implementation of LID practices 
can reduce dry weather flows to the MS4, especially where they are applied to significant redevelopment 
activities. 

Implementation Approach – The MSAR Permittees will submit a revised WQMP Guidance to the Regional 
Board for approval by July 29, 2011. Once implemented, LID practices will be applied to development 
projects subject to the LID-based requirements. 

Expected Benefits – For new development the benefits are expected to be mostly limited to wet weather 
runoff. However, for significant redevelopment projects, the potential for reduced dry weather flows to 
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the MS4 will be realized through the reconfiguration of the site to accommodate LID practices (e.g., 
runoff from irrigation can be managed to stay onsite rather than runoff to the MS4). 

Septic System Management 
Purpose – Evaluate potential for septic systems in the County to contribute bacterial indicators to the 
MS4 during dry weather conditions. 

Implementation Approach – The MSAR Permittees will develop an inventory of existing septic systems, 
map the location of these facilities relative to the MS4 to evaluate potential impacts to water quality in 
the MS4, conduct public education to ensure proper operation and maintenance of septic systems, and 
conduct inspection and enforcement activities, where appropriate to reduce potential for septic systems 
to impact water quality. 

Expected Benefits – Implementation of this BMP reduces the potential for septic systems to contribute 
bacterial indicators to the MS4 during dry weather conditions. 

Pet Waste Management 
Purpose – Implementation of BMPs that target areas where there is a high volume and concentration of 
pet waste, e.g., dog parks and kennels. 

Implementation Approach – Each MSAR Permittee will evaluate existing authority and programs to 
manage pet waste to identify opportunities to further target BMPs to manage pet waste. Where 
appropriate, MSAR Permittees will implement these BMPs. This effort will be coordinated with activities 
associated with the development of a bacterial indicator control ordinance (see Element 1). 

Expected Benefits –BMPs targeted specifically to pet waste management (in association with a pathogen 
control ordinance) can support compliance at a local scale, where pet activities are concentrated.  

Element 3 – Inspection Criteria (Urban Source Evaluation) 
Purpose – Implementation of urban source evaluation activities provides the data required to determine 
the potential for an MS4 outfall or drainage area to discharge controllable sources of bacterial indicators. 
The results of this evaluation dictate next steps in the CBRP implementation process. 

Implementation Approach – The MSAR Permittees will implement urban source evaluation activities 
using a comprehensive, methodical approach that provides data to make informed decisions regarding 
the potential for an MS4 outfall or group of outfalls to discharge controllable sources of bacterial 
indicators. This approach relies on the following activities: 

 Tier 1 Reconnaissance – Tier 1 sites are defined as locations where urban sources of dry weather 
flow may directly discharge to a downstream watershed-wide compliance site. Some of the Tier 1 
sites are at the same locations sampled as part of implementation of the USEP in 2007-2008. 
Additional Tier 1 sites have been included, where needed, to supplement existing information. 
Many of these Tier 1 locations may be dry, have minimal dry weather flow, or not be 
hydrologically connected to downstream waters. However, until a reconnaissance is completed, 
their potential to contribute controllable sources of bacterial indicators is unknown. 

 Prioritization – Based on the findings from Tier 1 data collection activities, MS4 drainage areas 
with potentially controllable urban sources of bacterial indicators will be prioritized based on 
factors such as the magnitude of bacterial indicator concentrations and results from source 
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tracking analyses. Areas with human sources (as compared to anthropogenic sources such as 
domestic pets) will receive the highest priority for action.  

 Evaluate Mitigation Alternatives – In order of priority, prioritized drainage areas will be further 
evaluated to identify non-structural or structural alternatives (or some combination of both) for 
mitigating controllable sources of bacterial indicators. As needed, this controllability assessment 
will include reconnaissance of Tier 2 sites and the use of IDDE methods to identify and evaluate 
alternatives. Tier 2 sites are tributary to Tier 1 outfalls. Tier 2 sites are predominantly locations 
where underground storm drains discharge to open channels. If a Tier 2 site is determined to be a 
potential contributor to non-compliance, additional inspection activities may occur to identify 
the nature and source of the dry weather flow and bacterial indicators and evaluate 
controllability. 

 Select Mitigation Alternatives – The MSAR Permittees will select a mitigation alternative to 
mitigate controllable urban bacterial indicator sources in each prioritized drainage area. If the 
selected alternative involves a structural BMP, the Project Identification phase of the CIP process 
is implemented to establish the project need.  

Expected Benefits – This element is key to CBRP implementation as it provides the data required to make 
informed decisions regarding (1) selection of BMPs to mitigate controllable urban sources of bacterial 
indicators; (2) establishment of a priority, process, and schedule to implement the selected mitigation 
alternative. 

Element 4 – Regional Treatment (Structural Controls) 
Purpose – Plan, design and construct structural BMPs to mitigate controllable urban sources of dry 
weather flow and bacterial indicators. BMP projects may be regional (address controllable sources from 
multiple outfalls) or outfall-specific. 

Implementation Approach – It is expected that the outcomes from CBRP Step 1 implementation will result 
in the identification of at least some structural BMPs to manage controllable urban bacterial indicator 
sources. The potential locations for a number of structural BMPs were identified by the San Bernardino 
County MS4 program as part of Phase 1 of the development of the Watershed Action Plan.. Under CBRP 
Step 1 the Permittees will use this work to support evaluation of alternatives for implementing structural 
BMPs to mitigate a controllable urban source.  

Once a structural BMP project is identified the appropriate process for planning, design and permitting 
will commence. For localized projects the CIP phases described in Figure 2-2 will guide the process. 
However, if a small regional or sub-watershed treatment facility is planned, then the process described in 
Table 2-1 guides the process. In addition, if a UAA is needed to ensure the success of the project, UAA 
development will commence as well (see additional information, above). Completion of structural BMP 
projects is subject to governing body approval, CEQA approval and funding availability. Accordingly, the 
length of time from project identification to construction completion will be highly variable. Also, as 
noted above, situations may occur where through the planning and design phases of a proposed project is 
determined to be infeasible. If that occurs, a different alternative to mitigate the controllable urban 
bacterial indicator source will be sought. 

Expected Benefits – Completion of structural BMPs, where determined necessary, will mitigate 
controllable urban sources of bacterial indicators.  
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2.3 Implementation Schedule 
Figure 2-3 summarizes the CBRP implementation schedule for the various required CBRP elements. A 
more detailed schedule, which includes information regarding milestones, metrics and responsibilities, is 
provided in Attachment E. Color differences in the timeline for a particular activity illustrate shifts from 
BMP development to BMP implementation. For example, until a structural BMP has been successfully 
incorporated into the CIP or is being implemented as part of a multi-jurisdictional effort, the structural 
BMP is considered in development. However, once the planning, design and permitting phases are 
moving forward, the BMP is considered in the implementation phase, unless the project is determined to 
be infeasible during the final planning, design and/or permitting phases.  

Elements 1, 2, and 3 will be completed and fully implemented by December 31, 2015. It is expected that 
Elements 1, 2 and 3 should independently attain the MS4 permit’s water quality based effluent limits for 
the MSAR TMDL (See Section 3). However, Capital Projects may be more cost effective or necessary in 
some cases to attain the water quality based effluent limits. Element 4 will identify structural BMPs by 
December 31, 2015 believed necessary to attain the MS4 permit water quality-based effluent limits for the 
MSAR TMDL. Completion of subsequent project development phases will likely occur beyond the end of 
2015 (gray shaded area of Figure 2-4). 

Attachment E identifies responsibilities for implementation of CBRP activities. In general:  

 Elements 1 and 2 – Individual MSAR Permittees will be responsible for most of these tasks, unless 
the area-wide MS4 program is identified as the  lead for programmatic aspects; however, once 
specific actions are required at the local level, e.g., ordinance development, responsibility shifts 
to the individual MSAR Permittee.  

 Element 3 – The MSAR Permittees will jointly, through partnerships with the RCFC&WCD 
and/or the MSAR TMDL Task Force, implement Tier 1 and Tier 2 data collection and 
identification of mitigation alternatives. Specific activities within prioritized areas will be lead by 
the MSAR Permittee with jurisdiction over the targeted drainage area. 

 Element 4 – All BMP activities associated with this element will be led by the MSAR Permittee or 
Permittees with jurisdiction over the area targeted for a BMP. 

2.4 Compliance and Iterative/Adaptive Management 
Strategies 

The CBRP establishes a program to reduce controllable urban sources of bacterial indicators based on 
currently available information. Significant uncertainties remain considering the state of science 
regarding bacterial indicator management in urban environments (e.g., CREST 2007). Additionally, 
bacterial indicator sources are not static; e.g. homeless encampments are transitory in nature and the 
significance and magnitude of their impacts on water quality may be the function of various factors 
including the economy, available social service programs and other factors beyond the MSAR Permittees 
control. Similar issues impact irrigation runoff control programs, septic system management programs 
and other control programs for potential urban sources of bacterial indicators. Further, the RWQCB has 
indicated that it is not their goal to require the elimination of all dry weather runoff to impaired receiving 
waters as this may negatively impact other beneficial uses of those receiving waters. The RWQCB prefers 
a solution set that does not target the capture and elimination of other flows through the MS4 such as 
rising groundwater and water transfers. If the Permittees are to maintain these baseflows through their 
MS4 systems, the uncertainty of managing upstream bacterial indicator sources must be addressed.  
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Therefore, the CBRP includes a compliance strategy to guide decision-making during the implementation 
process, and an iterative and adaptive management strategy for making course corrections to the CBRP as 
new data are collected and evaluated.  

Compliance Strategy 
Figure 2-4 illustrates the overall CBRP compliance strategy, consistent with the three CBRP Steps and the 
Implementation Actions described above (e.g., Figure 2-1). The CBRP is designed to mitigate controllable4 
urban sources of bacterial indicators that cause non-attainment of water quality objectives at the 
watershed-wide compliance sites. The CBRP is not intended to address bacterial indicator impairments 
attributable to non-MS4 sources (e.g., agricultural or water transfers), or sources that cannot be 
accounted for, e.g., wildlife sources or sources that arise from within the impaired waterbody (per 
Findings, Sections I.D, and II.E.1 of the MS4 Permit). 

Figure 2-4 highlights three key decision points that occur during implementation of the compliance 
strategy: 

 Decision Point #1 – Distinguish between controllable urban bacterial indicator sources associated 
with the MS4 and other potential non-urban sources of bacterial indicator impairment. 

 Decision Point #2 – Prioritize MS4 drainage areas for establishment of mitigation alternatives where 
MS4 outfalls are determined to be contributing to impairment at watershed-wide compliance sites. 

 Decision Point #3 – Select mitigation alternative – non-structural or structural BMPs. 

Fundamental to the compliance strategy is the development and implementation of ordinances and 
specific BMPs targeted to reduce controllable urban sources of dry weather runoff and bacterial 
indicators from the MS4 (Figure 2-4, Box 1). To determine whether controllable urban sources are 
present, CBRP Step 1 includes comprehensive urban source evaluation activities to identify sources of dry 
weather flows to the MS4, especially those that contain bacterial indicator concentrations and sources 
that may cause or contribute to impairment at watershed-wide compliance sites (see Boxes 2 and 3).  

The results from urban source evaluation activities lead to the first decision point in the compliance 
strategy. The MSAR Permittees will evaluate the potential for MS4 to be contributing controllable sources 
of bacterial indicators. Where controllable MS4 sources are identified, those areas of the MS4 remain 
under the CBRP (Decision Point #1, Boxes 4 and 5). Where controllable sources are not present and the 
MS4 is not the cause of impairment, those areas would be addressed outside of the CBRP (Boxes 12 
through 14). Where necessary, the Permittees will work with the RWQCB to identify solutions; however, 
in some cases, the RWQCB may need to work with other entities to mitigate bacterial indicator sources. 

                                                           
4 Controllable sources will be defined by the Basin Plan Amendment applicable to recreational uses and 
objectives (see Section 1.5.4). 
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Figure 2-3. CBRP Implementation Schedule 
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Figure 2-4. CBRP Implementation Strategy  

10 – Complete Budget/Planning, Design 
and Permitting phases of  CIP Process for  
structural BMPs within local Permittee 
jurisdiction or for small regional / sub-
watershed treatment facilities, complete 
process described in Table 2-1. 

11 – Construct BMP (final phase of CIP 
Process) 

Watershed-wide Compliance Monitoring Program; targeted USEP Monitoring to evaluate progress  

CBRP Step 2 

 

CBRP Step 3 

9 – Complete UAA, if needed; otherwise 
move to Box 10  

5 - Impairment at Watershed-wide 
Compliance Sites potentially caused by 
controllable urban sources of bacterial 
indicators in an MS4 discharge 

7 – Initiate next step in highest priority 
drainage area - Identify non-structural 
and/or structural BMP alternatives to 
mitigate identified sources 

8b – Structural Solution (Element 4) – 
Complete Project Identification CIP phase; 
determine need for a UAA to facilitate 
implementation of a structural solution 

6 - DECISION POINT #2 – Prioritize 
drainage areas/outfalls for further 
evaluation of dry weather flow, bacterial 
indicator sources  

8a – Non-Structural Solution – Continue 
BMP implementation (e.g., Box 1) or 
enhance/target additional non-structural 
BMP implementation  

1 - General implementation activities:  
• Element 1 - Ordinances  
• Element 2 - Specific BMPs  

2 – Element 3 - Inspection Criteria (Urban 
Source Evaluation Activities) - Complete 
Tier 1 Evaluations 

4 - DECISION POINT #1 – Establish 
potential for presence of controllable 
urban sources of bacterial indicators in 
MS4 discharge 

3 – Evaluate Tier 1 data to identify 
potential for MS4 outfalls to cause 
receiving water impairment 

CBRP Step 1 

Complete for 
each drainage 
area in order of 
priority 

8 – DECISION POINT #3 - Select alternative 
for management of bacterial indicators in 
priority drainage area 

Structural BMP solution 
determined to be infeasible; 
identify another alternative 

12 - Impairment at Watershed-wide 
Compliance Sites not caused by 
controllable urban sources of 
bacteria from MS4; one of two 
potential paths identified 

13 – Non-MS4 sources cause 
impairment:  

• Agricultural sources 
• Water transfer activities 
• Other  

14 – Receiving water bacterial load:  
• Cannot be accounted for (e.g., 

wildlife), or 
• Arises in situ from within the 

receiving waters 

13a – Regional Board responsibility 
to determine and implement 
compliance approach  

14a - Bacterial indicators have been 
reduced from MS4 to the MEP  

14b – Periodic re-evaluation of 
bacterial indicators (Tier 1 level 
evaluation) as part of 
iterative/adaptive management 
strategy  

Addressed Outside CBRP 
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For MS4 drainage areas that potentially contribute impairment at a watershed-wide compliance site, the 
Permittees will evaluate data from source evaluation activities to prioritize drainages areas or outfalls for 
continued work. Prioritization of drainage areas/outfalls is Decision Point #2 (Box 6) and critical to 
CBRP implementation in an environment with limited resources. Prioritization will consider relative 
contribution and source of bacterial indicator loads. Highest priority areas are those where human 
sources of bacterial indicators are present and persistent.  

Starting with the highest priority drainage area, the Permittees will conduct inspections and source 
evaluation activities as needed to identify and evaluate non-structural or structural BMP alternatives to 
mitigate sources (Box 7). This effort leads to Decision Point #3 (Box 8) – selection of an alternative to 
mitigate the source. If a non-structural solution is available, the Permittees will implement new, 
enhanced, or more targeted BMPs. Where a structural solution is deemed necessary – the Permittees 
complete the Project Identification phase and determine the need for a UAA to support implementation 
of the structural BMP solution. Completion of the Project Identification phase establishes the project 
need and directs the project towards the appropriate process for working with local governing bodies or 
multi-jurisdictional stakeholders to move the project forward into planning, design and permitting (CBRP 
Step 2, Boxes 9  10).  

Regardless of the size of the BMP project, implementation of a structural solution under CBRP Step 2 will 
require completion of the CEQA/NEPA process, and input from multiple stakeholders (e.g., regulatory 
agencies, city councils, environmental advocacy groups, and water supply utilities). Accordingly, from the 
time a project need is identified through completion of construction, consideration must be given to 
range of regional and local issues, including, but not limited to:  

 Technical feasibility to mitigate the bacterial indicator source; 

 Regional water supply management plans and objectives; 

 Environmental considerations (e.g., CEQA requirements to assess project impacts on issues ranging 
from in-stream flow and habitat to energy and greenhouse gas emissions); 

 Consideration of alternatives, including use of offset and trading strategies (e.g., a regional project in 
one area could provide offsets for overall bacterial indicator reductions needed within another area); 
and 

 Economic feasibility, which will consider the capital cost and the long term operation and 
maintenance cost (which can in some instances exceed the original construction cost over the long-
term). 

Where a UAA is identified as a required element to support implementation of a structural BMP project 
(Box 9), the UAA will be completed in parallel with efforts to implement the BMP. Once the UAA is 
deemed complete by the RWQCB, it is expected that the RWQCB will move the UAA forward through 
the basin planning process to obtain approval of the UAA.  

Following completion of CBRP Step 2 activities, the project will either move forward to construction, as 
funding is available; or be determined to be infeasible. Projects ready for construction are CBRP Step 3 
Projects (Box 11). Projects determined to be infeasible will result in the MSAR Permittees returning to 
evaluation of other potential mitigation alternatives for the bacterial indicator source (Box 7). 
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Throughout all CBRP Steps, the Watershed-wide Compliance Monitoring Program will continue at the 
five watershed-wide compliance sites. Sample results from these sites along with collected urban source 
evaluation data provide the basis for evaluating progress towards compliance with TMDL requirements 
under dry weather conditions. Periodic reporting activities will provide the mechanism for evaluating 
progress and effectiveness of compliance strategy implementation. Where effectiveness evaluations 
identify the need to modify the CBRP, this need will be addressed as part of the iterative and adaptive 
management strategy, as described below.  

Iterative and Adaptive Management Strategy 
This CBRP is based on the current level of knowledge of controllable urban sources of bacterial 
indicators. As the CBRP is implemented and new data are generated (especially through source 
evaluation activities), it expected that this basic level of knowledge will change. Given this expectation, an 
iterative and adaptive management strategy has been built into the CBRP to provide opportunities to 
revise the CBRP implementation approach, where appropriate. These opportunities include the following 
elements: 

 Triennial Reports – The TMDL requires these reports as part of TMDL implementation. These 
reports will include an evaluation of CBRP implementation including progress towards meeting 
the urban wasteload allocation for dry weather conditions in the dry season. This evaluation may 
include recommendations for CBRP revisions to the RWQCB regarding how new data or 
programmatic requirements will be incorporated into the CBRP. Two Triennial Reports are 
associated with the timeline for CBRP implementation: 

- 2013 Report – This report will report on activities completed through 2012. The 2013 Report 
will include recommendations for new or revised BMPs. 

- 2016 Report – This report (due on February 15, 2016) will evaluate the overall effectiveness of 
CBRP implementation and the status of all structural BMP projects in CBRP Steps 2 and 3. 
The report will provide the means to determine the extent to which compliance with urban 
wasteload allocations for dry weather conditions has been achieved. The 2016 Report will also 
provide detailed descriptions of any additional BMPs planned and the schedule for 
implementation in the event that water quality data (urban source evaluation activities; 
watershed-wide water quality monitoring program) indicate that a reasonable potential still 
exists that completed BMPs, as well as BMPs in process (e.g., structural BMPs still moving 
through the CIP Process), may not result in compliance with TMDL requirements applicable 
to the MS4.  

 MS4 Permit Annual Reports –The MS4 permit Annual Report will include a summary of CBRP 
implementation activities. This summary will replace the semi-annual USEP reports as a USEP 
and MS4 permit reporting requirement. The MS4 Annual Reports will also include 
recommendations to the RWQCB for modifications to the CBRP if alternative approaches or 
actions are identified that will contribute to the goal to achieve compliance with urban wasteload 
allocation during dry weather conditions. 

Successful CBRP implementation requires timely input and decisions by the RWQCB so that new 
information or outcomes (anything from completion of a UAA to interpretation of dry weather 
flow/bacterial indicator data) can be quickly integrated into the decision-making process. This is 
especially true for efficient implementation of the compliance strategy. Accordingly, the Principal 
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Permittee will provide as much advanced notice as possible regarding the need for RWQCB approval of 
decisions associated with CBRP implementation and any recommendations for CBRP modification. 
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Section 3 
Compliance Analysis 

3.1 Introduction 
The MS4 permit requires that the CBRP provide the scientific and technical documentation used 
to conclude that the CBRP, once fully implemented, is expected to achieve compliance with the 
urban wasteload allocation for indicator bacteria by December 31, 2015 (MS4 permit Section 
VI.D.2.a). Compliance targets or wasteload allocations were developed for both fecal coliform 
and E. coli bacterial indicators: 

 Fecal coliform: 5-sample/30-day Logarithmic Mean less than 180 organisms/ 100 mL and 
not more than 10 percent of the samples exceed 360 organisms/100 mL for any 30-day 
period. 

 E. coli: 5-sample/30-day Logarithmic Mean less than 113 organisms/100 mL and not more 
than 10 percent of the samples exceed 212 organisms/100 mL for any 30-day period. 

The compliance analysis presented in this section used the 5-sample/30-day logarithmic mean 
for E. coli of 113 cfu/100 mL to demonstrate that this plan, once implemented, is expected to 
achieve compliance with the urban wasteload allocation. This concentration-based wasteload 
allocation for MS4 permittees is a target for all urban sources of flow; however, it would be nearly 
impossible to monitor bacteria at all MS4 outfalls. Consequently, compliance with the bacterial 
indicator TMDL is assessed at five watershed-wide compliance monitoring locations. No analysis 
was done for the Prado Park Lake compliance location as there currently are no known MS4 
facilities discharging DWF to the lake. This presumption will be verified during CBRP 
implementation. 

3.1.1  Overview of Compliance Analysis 
The compliance analysis for San Bernardino County MS4 permittees showed that E. coli 
concentrations at the compliance monitoring locations are higher than expected based on 
measured MS4 and POTW inputs alone. Target reductions in average daily E. coli load (billion 
cfu/day) to guide CBRP implementation were determined as a function of two key variables: 

 The gap between current average dry season E. coli loads at the compliance monitoring 
sites and the load associated with the WQO concentration for E. coli of 126 cfu/100Ml, 
and  

 The portion of E. coli load that is attributable to measured MS4 inputs . 

The data suggest that exceedences of WQOs would continue even after achieving the target load 
reduction for discharges from MS4s to Chino Creek or Cucamonga Creek. For this reason, 
compliance with the TMDL is demonstrated by showing how the target load reduction could be 
achieved with potential implementation of a mix of ordinance enforcement, outdoor water 
conservation BMPs, and regional structural BMPs; or by implementing a rigorous inspection 
program to isolate sources in small drainages, which could be evaluated for controllability. The 
latter is most appropriate for the Chino Creek at Central Avenue and Mill-Cucamonga Creek at 
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Chino-Corona Road compliance monitoring sites, where the source contribution analysis described 
below shows a substantially greater load that cannot be accounted-for relative to 2007 dry season 
USEP measurements at all major MS4 discharges.  

3.1.2 Compliance Analysis Approach  
The following sections provide detailed description of the methodology employed to demonstrate 
compliance with the MSAR Bacterial Indicator TMDL WLA. The analysis involved several key 
questions, including: 

 What is the relative contribution of urban DWF from MS4 outfalls to receiving waterbodies? 
This contribution determines the volume of DWF that is potentially controllable by the MS4 
program. See Section 3.2.1. 

 What are typical levels of E. coli in urban runoff during dry weather conditions?  
Applying a concentration to urban DWF volumes facilitates the computation of the total daily 
amount of bacterial indicators (cfu/day) that is potentially controllable by the MS4 program. 
See Section 3.2.2. 

 How is compliance with the wasteload allocation for MS4 permittees best demonstrated?  
See Section 3.3  

 To what level must E. coli (cfu/day) from urban sources of DWF from MS4 permittees be 
reduced to demonstrate compliance? 
This question assesses current bacterial indicator levels at the compliance monitoring 
locations in relation to the wasteload allocation in the TMDL. Only the portion of the baseline 
bacteria in excess of the TMDL wasteload allocation that are controllable by implementing 
BMPs within MS4 systems is targeted for bacteria indicator reduction by MS4 permittees. 
Section 3.4 computes this daily bacterial indicator level targeted for removal through CBRP 
implementation. Other sources of bacteria to downstream compliance monitoring sites, such 
as agricultural land uses, illegal discharges, transient encampments, wildlife, or environmental 
growth, are not well understood. The Inspection Program is designed to provide information 
to assist the permittees in developing an approach to manage these sources, determined to be 
uncontrollable within MS4 systems.  

 What level of implementation of proposed CBRP elements would be sufficient to achieve the 
targeted daily E. coli (cfu/day) removal?  
Section 3.5 discusses the water quality benefits (quantifiable and non-quantifiable) expected 
from CBRP implementation. 
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3.2 Baseline Dry Weather Flow and Bacterial 
Indicator Data 
3.2.1  DWF Sources to MS4 
Regular DWF exist in many MSAR waterbodies. Sources of DWF include: 

 Effluent from publicly owned treatment works (POTWs) 

 Turnouts of imported water by MWD 

 Well blow-offs 

 Water transfers 

 Groundwater inputs 

 Other authorized discharges (as defined by permit)  

 Urban water waste from excess irrigation and other outdoor water uses  

 Non-permitted discharges  

Each of these sources of runoff has a different pathway and potential to transport bacteria to receiving 
waterbodies. Thus, it is important to understand the relative role of each of these categories of DWF. 
Attachment B provided an overview of dry weather hydrology in the MSAR watershed. This information 
provides a basis for the compliance analysis described in this section of the CBRP. Additionally, some 
sources of bacteria are not directly related to DWF inputs such as birds and other wildlife within 
waterbodies, resuspension of bacteria in channel bottom sediment, air deposition, and transient 
encampments. 

Flow and bacterial indicator level data are available from several sources for all of the compliance monitoring 
locations and most of the major tributaries to the impaired receiving waterbodies. Table 3-1 provides a 
summary of the sources of data used to characterize flow and bacterial indicator water quality in the MSAR 
Bacterial Indicator TMDL waterbodies and their tributaries.  

Within the MSAR watershed there are many MS4 drainage areas that do not typically cause or contribute to 
flow at the compliance monitoring locations. DWF at these MS4 outfalls is hydrologically disconnected from 
the TMDL receiving waterbodies, by either purposefully recharging groundwater in constructed regional 
retention facilities or through losses in earthen channel bottoms, where the recharge capacity of underlying 
soils exceeds dry weather runoff generated in upstream drainage areas. 

Flow data from these sources characterize the role of DWF from major tributaries and POTW effluent to 
baseline flow at the compliance monitoring locations. For each of the compliance monitoring locations, 
column 2 in Table 3-2 shows the median of DWF measurements from upstream USEP sites (major 
tributaries) and POTW effluent locations in the dry season. These values are determined by summing inputs 
from USEP subwatersheds and effluent from upstream POTWs. This approach ensures a balance of runoff 
between inflows and outflows. The downstream flow estimates fell within expected ranges based on long-
term daily data collected at USGS gauging stations in the MSAR watershed. As expected, DWF at each of the 
compliance monitoring locations consists primarily of POTW effluent (Figure 3-1) 
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Table 3-1. Available Data for Characterization Of DWF and Bacterial Indicators in Areas 
Draining to Watershed-Wide Compliance Sites 

Site Flow Bacterial Indicator Concentration 

Downstream: Chino Creek at 
Central Ave (WW-C7) 

Watershed-wide field measurements 2007-
2009 (n=82) 

Watershed-wide compliance monitoring 2007-
2009 (n=82) 

POTW Influent 
Daily effluent at IEUA Carbon Canyon WRRF 
(2007 - 2008) 

Assumed effluent of 2.2 MPN/100 mL 

Carbon Canyon Creek  
Channel 

SBCFCD Little Chino Creek gauge 2843 
(2007-2008) 

USEP samples (n=19) 

Chino Creek above Schaeffer 
U.S. Geological Survey (USGS) Gauge 
11073360 (2005-2009) 

USEP samples at San Antonio Channel (n=19) 

Downstream: Mill Creek at 
Chino Corona Rd (WW-M5) 

USGS Gauge at Merrill Ave 11073495 (2005-
2009) 

Watershed-wide compliance monitoring at 
Chino-Corona Road 2007-2009 (n=80) 

POTW Influent 
Daily effluent at outfall 001 of IEUA RP1 
WRRF (2007 - 2008) 

Assumed effluent of 2.2 MPN/100 mL 

Lower Deer Creek (CHRIS) 
USEP field measurements samples at CHRIS 
(n=17) 

USEP samples at CHRIS (n=17) 

County Line Channel (CLCH) 
USEP field measurements samples at CLCH 
(n=16) 

USEP samples at CLCH (n=7) 

Cucamonga Creek (CUC) 
above IEUA RP1 WRRF 

USEP field measurements at CUC (n=16) USEP samples at CUC (n=16) 

Downstream: Santa Ana 
River at MWD Crossing (WW-
S1) 

USGS Gauge at MWD Crossing 11066460 
(2005-2009) 

Watershed-wide compliance monitoring at 
MWD Crossing 2007-2009 (n=82) 

POTW Influent 
Daily effluent from RIX Facility and Rialto 
WWTP (2007 - 2008) 

Assumed effluent of 2.2 MPN/100 mL 

Sunnyslope Channel (SNCH) USEP field measurements at SNCH (n=26) USEP samples at SNCH (n=17) 

Box Spring Channel (BXSP) USEP field measurements at BXSP (n=26) USEP samples at BXSP (n=17) 

Downstream: Santa Ana 
River at Pedley Ave (WW-S4) 

Sum of POTW effluent and estimated dry 
weather runoff from ANZA, DAY, and SSCH 

Watershed-wide compliance monitoring at 
Pedley Ave 2007-2009 (n=82) 

POTW Influent 
Daily effluent from RIX Facility, Rialto 
WWTP, and Riverside WQCP (2007 - 2008) 

Assumed effluent of 2.2 MPN/100 mL 

Anza Drain (ANZA) USEP field measurements at ANZA (n=19) USEP samples at ANZA (n=18) 

Day Creek (DAY) USEP field measurements at DAY (n=13) USEP samples at ANZA (n=13) 

San Sevaine Channel (SSCH) USEP field measurements at SSCH (n=13) USEP samples at ANZA (n=13) 
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Figure 3-1. Estimated Relative DWF Contributions to Watershed-Wide Compliance Sites 

Flow data was not available downstream of some portions of MS4 drainage areas; therefore it was necessary 
to approximate DWF from these areas to complete a water balance for each compliance monitoring location. 
However, such estimates are confounded by infiltration and rising groundwater conditions in the MSAR 
watershed. Within the Chino Basin portion of the MSAR watershed, IEUA measures flow at a number of 
locations to quantify groundwater recharge for water supply benefit. Flow measurements, on days when 
DWF is predominantly from urban sources, suggest that DWF from urban sources occur at a rate of 100 
gal/acre/day in the MSAR watershed, ranging from 20 to 280 gal/acre/day (see Attachment B for summary of 
field measured flows). This is consistent with DWF generation rates developed to support the City of Los 
Angeles Integrated Resources Plan (2004), which estimated DWF rates from urban watersheds ranging from 
zero to 300 gal/acre/day. Thus, it was reasonable to use a rate of 100 gal/acre/day to approximate urban 
sources of DWF from “other MS4 areas” that may be contribute some DWF to a TMDL waterbody. The USEP 
flow measurements indicated that some tributaries have significantly greater DWF rates per acre of 
urbanized drainage area (column 3 of Table 3-2) than would be expected solely from urban sources. In these 
cases, the presence of a non-urban source was determined to be responsible for the elevated DWF rates.  

Overall, the contribution of runoff during dry weather from urban sources relative to total downstream flow 
is very small in all of the TMDL waterbodies. This finding suggests that E. coli in the runoff from urban 
sources could be very high, assuming non-urban flows (potable water transfers, groundwater, etc.) and 
POTW effluent are largely free of fecal indicator bacteria.  Alternatively, wildlife, environmental growth, 
recreational uses of receiving waters, or other sources could be significant contributors to impairments at 
TMDL waterbodies. 
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 3.2.2  Bacteria Concentrations  
Attachment B summarizes the bacterial indicator concentrations observed at watershed-wide compliance 
sites since 2007 and the concentrations observed during the USEP monitoring program implemented in 
2007-2008. These data were used to provide baseline data for this compliance analysis.  

Table 3-2. Baseline DWF and Bacterial Indicator Concentrations in Areas that Drain to 
     Watershed-Wide TMDL Compliance Monitoring Sites 

Site 

1 
Hydrologically 

Connected 
Acres 

2 
Dry Weather 

Flow (cfs) 

3 
Total Dry 

Weather Flow 
Generation 

(gal/acre/day) 

4 
Dry Weather 

Geometric 
Mean of E. coli 
(cfu/100 mL) 

5 
Dry Weather E. 
coli (cfu/day) 

SAR at MWD Crossing 10,727 73.2  149 267 

   POTW Influent n/a 68.7 n/a 2 4 

   Sunnyslope Channel 2,104 2.0 623 183 9 

   Box Springs Channel 4,193 1.8 279 1,686 75 

   Other MS4 Areas 4,430 0.9 100 600 3 10 

       Unaccounted-for Sources 170 

SAR at Pedley Avenue 17,921 54.8  149 200 

   POTW Influent n/a 49.4 n/a 2 3 

   Anza Drain 6,335 2.6 263 492 31 

   Day Creek 2,759 0.5 122 577 7 

   San Sevaine Channel 2,489 1.3 338 320 10 

   Other MS4 Areas 6,338 1.0 100 600 3 14 

       Unaccounted-for Sources 135 

Chino Creek at Central Ave 17,678 17.8  394 171 

   POTW Influent n/a 8.8 n/a 2 0 

   Carbon Canyon Creek Ch. 1,766 6.5 2,396 139 22 

   San Antonio Channel 5,031 0.7 91 412 7 

   Other MS4 Areas 10,882 1.7 100 600 3 24 

    Unaccounted-for Sources 117 
Mill-Cucamonga Creek at 
Chino-Corona Rd 

5,510 30.9  877 662 

   POTW Influent n/a 27.1 n/a 2 1 

   Chris Basin (Lower Deer 
Ck ) 

3,091 0.8 165 868 17 

   County Line Channel 373 0.1 95 4,053 5 

   Cucamonga Creek 1,216 2.8 1,472 863 58 

   Other MS4 Areas 830 0.1 100 600 3 2 

    Unaccounted-for Sources 578 

1) DWF generation up to 100 gal/acre/day is assumed to come from urban sources 
2) n/a means value is not applicable 
3) Geometric mean of all dry weather E. coli monitoring data from the USEP study 
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The geometric mean of all dry weather E. coli concentrations measured at the watershed-wide compliance 
locations is shown in column 4 of Table 3-3. Geometric means of dry weather E. coli concentrations at each 
USEP site provide an estimate of baseline average daily dry season bacterial indicator levels from the major 
subwatersheds draining to each watershed-wide compliance site (column 4 of Table 3-2). These values show 
a wide range of observed E. coli concentrations, which suggests that targeted inspection and BMP 
implementation, would be an effective approach for mitigating controllable bacterial indicator sources.   

Bacterial indicator data was not available downstream of some portions of MS4 drainage areas; therefore it 
was necessary to approximate E. coli concentrations from these areas to develop a compliance analysis for 
the entire MSAR watershed. For purposes of this compliance analysis, the geometric mean of all dry weather 
E. coli monitoring data from the USEP study of ~600 cfu/100 mL provides an initial estimate of bacterial 
indicator levels from drainage areas that have no available data. Monitoring of DWF rate and bacterial 
indicators downstream of these areas is a key component of the CBRP, and results will update this 
compliance analysis once available. 

3.2.3 Relative Source Contribution 
Relative source contribution analyses were prepared for each of the watershed-wide compliance locations. 
This analysis provided a comparison of monitored inputs of flow (Qinflow) and bacterial indicator 
concentrations (Cinflow) from MS4 facilities and POTWs with downstream flow (Qcomp) and bacterial indicator 
concentrations (Ccomp), as follows: 

 

 

This type of analysis characterizes the relative role of different flow sources in the watershed on downstream 
bacterial indicator concentrations. An important outcome of this analysis is the identification of the level of 
bacterial indicators (e) at the compliance locations that cannot be explained by known flow sources within 
the watershed (referred to as “unaccounted-for sources”). The presence of an unbalanced set of inputs and 
outputs in relation to downstream bacterial indicator levels is not surprising, given the potential for 
increases in bacteria indicator levels from illegal and illicit discharges, direct input from wildlife, air 
deposition, transient encampments, environmental growth, or resuspension, or decreases in bacterial 
indicator levels due to environmental decay or settling.  

The relative source contribution showed high amounts of unaccounted-for bacterial indicators at all four 
compliance points during DWF in the dry season. The inspection program will evaluate enhance the 
characterization of unaccounted-for sources and evaluate whether some portion come from a previously 
unmonitored controllable urban source. Figure 3-2 summarizes the relative contribution of bacterial 
indicators from various sources based on existing data. Figure 3-2 also shows that the contribution of 
bacterial indicators from POTW effluent, assuming a concentration of 2.2 cfu/100 ml is negligible. 
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 Figure 3-2. Estimated Relative Sources of Bacterial Indicators at Watershed-Wide 
Compliance Locations 

3.3 Criteria for Demonstrating Compliance 
Two alternative approaches were considered for demonstrating how implementation of the CBRP 
would achieve compliance with urban source wasteload allocations: 

 Alternative 1 - Demonstrate that implementation of the CBRP would result in achieving the 
wasteload allocation at every outflow to a receiving waterbody. This approach can be achieved 
by either: 

o Reducing E. coli concentrations at flowing MS4 outfalls to 113 MPN/100 mL or; 

o Eliminating DWF from the majority of urban area draining to each outfall.  

While this approach may be feasible in small subwatersheds, it may be infeasible to implement 
watershed-wide.  

 Alternative 2 – If data demonstrate that receiving water impairment is potentially caused by the 
MS4, then demonstrate sufficient reduction in controllable urban sources of bacterial indicator 
loads in DWF from MS4 facilities to not cause an exceedance of the E. coli WQOs at 
downstream watershed-wide compliance monitoring sites. Required bacterial indicator 
reductions are determined by comparing baseline E. coli loads at the watershed-wide 
compliance sites with the TMDL numeric target (product of DWF at compliance monitoring 
site and E. coli concentration equal to the WQO of 126 cfu/100 mL). Figure 3-2 shows that there 
are large amounts of unaccounted-for bacterial indicators in some watersheds.  

The MSAR Permittees plan to use the second approach to evaluate compliance. This approach allows 
for a watershed-wide assessment of bacterial water quality in downstream receiving waterbodies and 
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consideration of the relative role of MS4 sources in downstream receiving waterbody bacterial indicator 
water quality.  

3.4 Bacterial Indicator Reduction from the MS4  
3.4.1  Controllability 
The relative source contribution analysis showed that substantial unaccounted-for sources of bacterial 
indicators exist in impaired waterbodies. Unaccounted-for sources make up the majority of bacterial 
indicators during dry weather at the Chino Creek and Mill-Cucamonga Creek TMDL compliance 
monitoring sites (see Figure 3-2). For the Santa Ana River compliance monitoring locations, 
approximately two thirds of E. coli is comprised of unaccounted-for sources. For this compliance 
analysis, contributions of unaccounted-for sources of bacterial indicators to the TMDL compliance 
monitoring sites are not the responsibility of the MS4 permittees. The USEP data used to develop the 
source contribution analysis were based on samples collected at the outlet from MS4 systems to 
receiving waters; therefore, unaccounted sources of bacteria are not attributable to MS4 inputs from 
areas upstream of USEP sites. However, for Tier 1 sites, the inspection program will gather updated data 
and assess additional MS4 outfalls not previously monitored in the USEP, which could provide more 
insight into these unaccounted-for sources and allow further refinement of MS4 contributions. 

3.4.2  Gap Analysis for Bacterial Indicators 
Bacterial indicator data collected from each of the watershed-wide TMDL compliance monitoring sites 
provide an estimate of existing E. coli concentrations in receiving waters. The magnitude of exceedances 
of the TMDL numeric target provides a basis for estimating the E. coli load removal needed from all 
sources to reduce current bacterial indicator concentrations to the WQO of 126 MPN/100 mL. Table 3-3 
shows the daily amount of E. coli load at each compliance monitoring site based on average of DWF and 
bacterial indicator concentration (column 1). The basis for the values in Table 3-3 is geometric means of 
dry weather E. coli concentrations and field measurement of flow from the 2007-2008 dry season USEP 
monitoring, with a sample size of ~20 for most monitored drainages.  

Concentration based TMDL numeric targets equal to the WQO of 126/cfu/100mL were converted to an 
E. coli load (column 2). The difference between current E. coli loads at the compliance monitoring sites 
(column 1) and the TMDL numeric target load (column 2) is the total bacterial indicator reduction 
needed to achieve compliance (column 3). The portion of the current bacterial indicator load at the 
compliance monitoring sites attributable to measured MS4 sources is shown as a percentage in column 
4 (see Table 3-2 for details). This relative source contribution is applied to the total reduction needed in 
column 3 to approximate a target E. coli reduction for MS4 sources (column 5). 

Two conditions are apparent from comparing the bacterial indicators coming from the MS4 with the 
bacterial indicator reduction needed to achieve compliance: 

 E. coli load measured from all upstream MS4 discharges (Table 3-2, column 5) is less than the 
load reduction that would reduce bacteria to the numeric targets (Table 3-3, column 3). This 
makes it impossible to attain the water quality objective even if MS4 discharges were 
eliminated. Available data show this condition exists in both the Mill-Cucamonga and Chino 
Creek watersheds. The recommended course of action is then to determine whether the 
unaccounted source of bacteria is from a controllable non-urban source (e.g. agriculture, dairy 
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etc.) or other non-MSAR Permittee urban sources (Cal-Trans, state, federal and tribal lands), or 
if the source is naturally occurring and uncontrollable. 

 Conversely, E. coli load measured from all upstream MS4 discharges is greater than the load 
reduction needed to reduce bacteria to the numeric targets, then it may be physically possible 
to attain the water quality objective by reducing bacteria loads from MS4 outfalls. Available 
data show this condition exists for the two subwatersheds draining to the Santa Ana River 
compliance sites. Under this condition, the MS4 permittees will implement BMPs within the 
MS4 drainage system and continue to collect water quality data to assess effectiveness. Options 
for implementation also could include a trading or offset approach for achieving compliance by 
mitigating unaccounted for sources of bacteria in lieu of directly controlling bacteria at MS4 
outfalls. The following section describes E. coli load reductions that would be achieved from 
planned water conservation BMPs upstream of the Santa Ana River watershed-wide compliance 
monitoring locations. 

3.5 Water Quality Benefit Estimates 
Water quality benefits associated with implementation of the dry weather CBRP almost entirely rely on 
reduction or elimination of DWF from MS4 systems, through ordinance enforcement, water 
conservation, or structural controls. The most significant source of DWF flow from urban land uses in 
the MSAR watershed is irrigation excess. Therefore, one approach to demonstrate compliance would be 
to convert target reduction in E. coli loads (see column 5 of Table 3-3) to an equivalent area of irrigated 
land for reduction or elimination of DWF. Section 3.5.1 performs this conversion from E. coli load 
reduction to irrigated area target for individual CBRP activities. Section 3.5.2 demonstrates how specific 
CBRP activities planned in MS4 areas upstream of the Chino Creek and Mill-Cucamonga Creek 
watershed-wide compliance sites have the potential to achieve adequate levels of implementation to 
provide for the implementation target, express as managed irrigated area.  

Table 3-3. Relative Contribution to Bacterial Indicator Water Quality Objective 
Exceedances from MS4 DWFs 

Compliance Monitoring 
Location 

1 
Baseline Dry 
Weather E. 
coli (billion 

cfu/day) 

2 
Numeric 
Target1 
(billion 

cfu/day) 

3 
Total Bacteria 

Reduction 
Needed (billion 

cfu/day) 

4 
Contribution of MS4 
DWF to Bacteria at 

Compliance 
Monitoring Site 

5 
Bacteria 

Reduction Target 
from MS4 (billion 

cfu/day) 
Santa Ana River at 
MWD Crossing2 

267 226 41 35% 15 

Santa Ana River at 
Pedley Ave 2,3 

200 169 31 31% 10 

Chino Creek at Central 
Ave4 

171 55 116 31% 37 

Mill-Cucamonga Creek 
at Chino Corona Rd 

662 95 567 12% 71 

1) Water quality objective is a rolling five sample geometric mean of E. coli of 126 MPN/100 mL. TMDL numeric target is 
expressed as daily bacteria load. 
2)  Bacteria generated in both Riverside and San Bernardino Counties, with most coming from Riverside County  
Values do not include the drainage area to the Santa Ana River at MWD Crossing 
4) Bacteria generated in San Bernardino County only 
5) Bacteria generated in both Riverside and San Bernardino Counties, with most coming from San Bernardino County 
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3.5.1  CBRP Activity Implementation Targets 
The DWF rate reduction that could provide the targeted E. coli reduction was approximated by 
assuming a concentration of E. coli in reduced or eliminated DWF. Water quality data is not available to 
characterize bacteria concentration in DWF from individual urban source areas prior to reaching MS4 
conveyance systems. However, it is generally accepted that DWF from urban source areas contains 
elevated levels of bacteria. For purposes of this compliance analysis, an E. coli concentration of 1,260 
cfu/100mL is assumed (10 times the geometric mean WQO for E. coli) for DWF that is reduced or 
eliminated from entering the MS4. Table 3-4 shows the DWF reduction needed to provide the targeted 
E coli reduction for portions of the MS4 draining to the Chino Creek and Mill-Cucamonga Creek 
compliance monitoring locations. CBRP activities in the portion of San Bernardino County MS4 
drainage area that is tributary to compliance monitoring sites in Reach 3 of the Santa Ana River are not 
shown in this compliance analysis. DWF control in these MS4 areas will be implemented based on 
findings of the inspection program.   

 

Table 3-4. Approximate Level of CBRP Activity Implementation Needed to Achieve Target E. 
coli Reduction  

Compliance Monitoring Location 
Chino Creek at 

Central Ave 
Mill-Cucamonga Creek at 

Chino-Corona Rd 
Total 

Hydrologically Connected Drainage (total acres) 17,678 5,510 23,188 

Bacteria Reduction Target from MS4 (billion cfu/day) 37 71 107 

Approximate Target DWF Reduction (gal/day)1 767,082 1,481,465 2,248,548 

BMP Implementation necessary to provide target DWF Reduction (irrigated acres managed)2  

Enforce water conservation ordinances 3,6 1,743 3,367 5,110 

Replace grass with artificial turf 4 1,534 2,963 4,497 

Replace grass with native plants 4 1,534 2,963 4,497 

Installation of a WBIC 5 1,826 3,527 5,354 

Landscape irrigation audit 3,6 1,743 3,367 5,110 

Enhanced Sweeping 4,7,8 21,420 41,440 62,860 

WQMP with redevelopment 4 1,534 2,963 4,497 

Regional structural controls 4 1,534 2,963 4,497 
1) Assumes E. coli concentration in reduced of eliminated DWF of 1,260 cfu/100mL (10 times the geometric mean WQO for E. coli) 
2) Values presented show the level of implementation that would be needed if CBRP implementation employed a singular activity. 
Implementation of CBRP will involve a combination of these activities as well as ongoing source inspection. 
3)  DWF generation rate of 750 gal/irrigated acre/day for properties with targeted water waste ordinance enforcement or landscape 
irrigation survey outreach  
4) Average DWF generation rate of 500 gal/irrigated acre/day. Assume complete elimination for this amount of DWF for grass 
replacement BMPs, significant redevelopment projects, and regional structural controls. For vacuum assisted street sweeping, assume 
this DWF generation rate from tributary area   
5) DWF reduction of 170 gal/irrigated acre/day  from installing WBICs 
6) DWF reduction of 190 gal/irrigated acre/day  from conducting landscape audits 
7) Biweekly frequency of vacuum assisted street sweeping (day-1) 
8) E. coli concentration of 1,260 cfu/100mL (10 times the geometric mean WQO for E. coli) that would be attributable to release of 
bacteria from biofilms in street gutters. Assume vacuum assisted street sweeping eliminates biofilm for a period of one day 
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 The types of CBRP activities, described in Section 2 and Attachment C, that will be employed to reduce 
or eliminate DWF from entering the MS4 have different effectiveness, therefore levels of 
implementation needed to provide the full target DWF reduction are variable. Table 3-4 shows the level 
of implementation that would be needed for each CBRP activity if it were to be used for the full DWF 
reduction target. Except for enhanced use of vacuum assisted street sweeping, levels of implementation 
shown in Table 3-4 do not vary substantially. This analysis indicates that E. coli reduction targets may 
be achieved by water waste ordinance enforcement, water conservation BMPs, or structural BMPs 
managing roughly 5,000 acres of irrigated area. It is important to note that compliance will be continue 
to be measured by water quality monitoring data collected at the watershed-wide compliance 
monitoring sites.  

The basis used to quantify DWF generation and potential runoff reduction effectiveness of water 
conservation BMPs is from a recent study conducted by Metropolitan Water District of Orange County 
and Irvine Ranch Water District. The study evaluated the effectiveness of WBICs and landscape 
irrigation system audits for residential runoff reduction during dry weather (Jakubowski, 2008). Several 
key findings of this study provide estimates of DWF reduction that were used to quantify benefits of 
increased use of water conservation BMPs in the MSAR watershed, including:  

 Dry weather flow measurements downstream of a residential neighborhood showed 
approximately 500 gal/irrigated acre/day . This rate is used to approximate the runoff reduction 
benefit of replacing grass lawns with artificial turf or native plants (i.e. no expected runoff 
following BMP implementation).  

 Education and outreach reduced DWF by ~190 gal/irrigated acre/day. This rate is used to 
approximate the runoff reduction from education and outreach BMPs, including an on-site 
irrigation audit, and water waste enforcements. 

 Installation of a weather based irrigation controller on a large portion of the urban landscape 
provided DWF reduction of 170 gal/irrigated acre/day. 

Lastly, the effectiveness of street sweeping was quantified by estimating the E. coli load that would not 
be picked up as DWF contacts street gutters if biofilm and other bacteria habitats were effectively 
removed. Assuming that the release of E. coli from biofilms and other habitats in street gutters is 
responsible for adding 1,260 cfu/100 mL of E. coli to DWF as it flows to the MS4, then the target flow for 
treatment (not reduction) would be equivalent to other CBRP activities that target DWF from 
individual properties. However, the frequency of street sweeping is an important consideration. 
Following a sweeping, biofilms and other habitats for bacteria will begin to buildup within the street 
gutter. Accordingly, it was assumed that street sweeping is effective at removing sources of bacteria 
from gutters for a period of 24 hours. Taking this assumption, a bi-weekly street sweeping program 
would need to provide treatment for 14 times the irrigated area as the other proposed CBRP activities, as 
shown in Table 3-4.  

3.5.2 San Bernardino County MS4 Permittee Compliance 
It would be impossible to use just one CBRP activity to address the full E. coli load reduction target that 
would address the portion of controllable bacteria from MS4s needed to demonstrate compliance with 
the TMDL. The following sections describe several actions that will reduce E. coli loads during the dry 
season in Chino and Cucamonga Creeks. 
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Outdoor Water Conservation BMPs 
Urban water management plans (UWMPs) for water purveyors serving areas within the MS4 drainages 
responsible for most urban DWF in Chino and Cucamonga Creeks incorporate outdoor water use 
conservation BMPs that will also provide DWF reduction benefits (drafts of 2010 UWMPs for Cities of 
Chino and Ontario, and Monte Vista Water District). The Water Conservation Bill of 2009 sets new 
performance requirements for gross per capita water demand (GPCD), with the primary goal of 
reducing statewide water use by 20 percent by 2020. Water agencies throughout the State of California 
are planning to implement a combination of recycled water use and water conservation BMPs to meet 
their respective urban water use targets for GPCD. By the year 2015, water agencies must show 50 
percent progress toward achieving the final 2020 urban water use target GPCD. Estimates of the 
targeted irrigated area for outdoor water conservation BMPs by each water agency within the MS4 
drainages responsible for most urban DWF in Chino and Cucamonga Creeks are summarized in Table 
3-5. These estimates show that potential outdoor water conservation BMPs could provide most of the 
target E. coli load reduction by 2020 and about half of the target by 2015. This analysis is subject to 
change as the water agencies develop their respective programs aimed to reduce urban per capita water 
demand. MS4 permittees will collaborate with the water agencies to support use of outdoor water use 
conservation approaches to meeting the new 20 percent by 2020 requirements. 

Mill Creek Wetland Project 
One regional facility is planned for implementation within San Bernardino County at the downstream 
end of the concrete lined section of Cucamonga Creek. This project would capture a portion of DWF 
from the entire watershed to the Mill-Cucamonga Creek at Chino-Corona Road (WW-M5) compliance 
monitoring site, and therefore has the potential to provide reduction in bacterial indicators. The project 
would divert DWF from the concrete lined channel to a debris basin northwest of the Chino-Corona 
Bridge over Mill-Cucamonga Creek and then under Chino Corona Road into a series of basins 
(Stephenson and Susilo 2009). The basins would be operated as free surface wetlands during dry 
weather to provide a hydraulic residence time of seven days. The treated DWF would then be 
discharged back to Mill-Cucamonga Creek, about 0.5 miles downstream of Chino-Corona Road. During 

Table 3-5. Estimate of Irrigated Area Addressed by Potential Water Agency Implementation 
of  Outdoor Water Conservation BMPs Planned for Compliance with 20x2020 Requirement 

Agency 
2020 

Population1 
Current 
(GPCD)1 

2020 Urban Water 
Use Target 

(GPCD)1 

Projected Outdoor 
Water Use Savings 

(AFY)2 

Targeted 
Outdoor Water 
Demand (AFY)3 

Approximate 
Irrigated Area 

(acres)4,5 

City of Ontario 246,304 240 198 1,400 13,500 2,000 

Monte Vista 
Water District 

56,555 229 190 400 3,900 600 

City of Chino 84,806 237 189 1,300 13,300 1,900 

Total 3,100 30,800 4,500 

1) Source: Draft 2010 Urban Water Management Plans (UWMPs) for listed water agencies. 
2) Assumes 70 percent of per capita demand reduction not achieved by new recycled water use comes from conservation BMPs that 
target outdoor water waste.  
3) Water conservation savings of 20 percent is assumed for outdoor water conservation BMPs 
4) Irrigation demand of 55 in/yr based on CIMIS Station 44 at UC Riverside 
5) Excess irrigation water use factor of 1.5 for implementation actions targeting top users  
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wet weather, water level rise within the basins would result in the basins functioning as extended 
detention or wet ponds. The DWF that would be diverted is not yet determined, and will be influenced 
by the need to maintain existing habitat areas within Mill-Cucamonga Creek, between Hellman Avenue 
and ~0.5 miles downstream of Chino-Corona Road.  

Preliminary estimates of E. coli load reduction potential for the Mill Creek Wetland project were 
developed based on an assumed removal effectiveness of 50 percent. This removal efficiency is 
conservative relative to literature values, which suggest removal in excess of 85 percent in several well-
designed systems (SAWPA, 2009). If designed to treat approximately 7 cfs of DWF, this project could 
provide downstream E. coli load reduction of the MS4 target of 71 billion cfu/day. 

The City of Ontario will fund a portion of this project through fees for the ~3,000 acre, New Model 
Colony development, located within the upstream drainage area. The project team is currently 
preparing grant proposals for the remaining funds needed to implement the proposed project concept. 
In addition to identifying funding, implementation of this project is subject to CEQA as well as other 
potential regulatory constraints.  

Redevelopment 
Redevelopment in the MSAR watershed prior to the December 31, 2015 compliance date may occur in 
0.5 percent of the hydrologically connected MS4 drainage area. (23,200 urban acres * 0.005 = 116 acres of 
redevelopment). Assuming 30 percent of land cover on properties that will be redeveloped had been 
irrigated, then the CBRP benefit of implementing updated development planning requirements is 35 
acres of irrigated area. This estimate is low relative to historical development rates, but redevelopment 
in the 2010-2015 time-period is expected to be reduced due to economic factors. 

Other Activities 
The CBRP also includes other recommended specific BMPs that have the potential to reduce bacterial 
indicator levels from urban DWF (see Attachment C). While these BMPs have been included to address 
potential urban bacterial indicator sources, the ability to quantify water quality benefits is greatly 
limited. For example, transient camps may be an important bacterial indicator source in certain areas, 
but the benefits of mitigation are unknown since studies have not been done to evaluate the water 
quality impacts of such camps under dry weather conditions. Given such limitation, the water quality 
benefits were not quantified. However, the potential reductions in bacterial indicator levels that will be 
achieved from implementing these BMPs provide an additional margin of safety toward achieving urban 
wasteload allocation by the compliance date.  

3.5.3  Role of Inspection Program in Achieving Compliance 
The inspection program involves rigorous monitoring of flow, bacterial indicators, and human sources 
of fecal bacteria indicators (using human Bacteroides markers) at key locations in the MS4. The purpose 
of conducting such monitoring activities is to identify smaller portions of MS4 drainage areas that may 
be responsible for a disproportionate amount of bacterial indicators (referred to as a “hot spot”). The 
temporal variability of available bacteria indicator levels from downstream monitoring sites (from both 
the USEP study and watershed-wide compliance monitoring) suggests that in some drainage areas, 
urban sources may be contributing to increases in downstream bacterial indicator levels. However, 
because of the high percentage of unaccounted-for sources of bacterial indicators apparent in the 
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system, to what degree the MS4 is a contributor to elevated bacterial indicator levels needs to be 
evaluated.  

The inspection program provides a means to identify urban sources and target mitigation activities. For 
instance, an MS4 outfall may be determined to be consistently dry or to contain a lower E. coli level 
than expected. If so, there would be no need to implement upstream BMPs for the purposes of reducing 
bacterial indicators. At the same time, the inspection program could identify drainage areas that 
generate DWF and have bacterial indicators at levels greater than was assumed in this quantification 
effort. Targeted BMPs within the watershed upstream would be prioritized and would likely provide 
more benefit than is estimated in this compliance analysis. Accordingly, the inspection program 
provides the information necessary to use an iterative adaptive watershed management approach, 
which allows for the best use of resources to mitigate urban bacterial indicator sources. Moreover, data 
collected under the inspection program will provide the means to improve the basis for the relative 
source contribution analysis for bacterial indicators in receiving waterbodies..
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Section 4 
Wet Weather Condition Program 

The requirements for development of a dry weather condition CBRP include establishing a 
schedule for developing a wet weather condition CBRP (November 1st through March 31st) to 
comply with urban wasteload allocations for indicator bacteria by December 31, 2025. 

The Regional Board will issue the next MS4 permit on or after January 29, 2015 when the 
existing MS4 permit expires. Similar to the requirements contained in the existing MS4 
permit, it is recommended that the next MS4 permit include a requirement to develop a 
CBRP for wet weather conditions. Given the expected challenges associated with compliance 
with wasteload allocations under wet weather conditions, the wet weather CBRP will require 
more time to develop. Accordingly, the earliest a draft wet weather condition CBRP will be 
submitted to the Regional Board for review will be 24 months following adoption of the next 
MS4 permit. 
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A.1 Introduction 
The MSAR MS4 permittees have been actively engaged in implementation of the 
MSAR Bacterial Indicator TMDL since its 2005 adoption by the RWQCB (almost two 
years before the TMDL became effective upon EPA approval in 2007). All TMDL 
requirements with specific completion dates from establishment of a watershed-wide 
monitoring program to adoption and implementation of the USEP have been met. The 
outcomes of the various TMDLs completed to date provide the foundation for this 
CBRP. Each of these activities is described in more detail below.  
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A.2 MSAR TMDL Task Force 
With formal adoption of the MSAR Bacterial Indicator TMDL on August 26, 2005, all 
responsible parties named in the TMDL began the process to create a formal cost-
sharing body, or Task Force, to collaboratively implement a number of requirements 
defined in the TMDL. Task Force participants include: 

 RCFC&WCD 

 County of Riverside 

 Cities of Corona, Norco, and, Riverside 

 San Bernardino County Flood Control District (SBCFCD) (representing the Cities 
of Chino, Chino Hills, Fontana, Montclair, Ontario, Rancho Cucamonga, and 
Rialto) 

 Cities of Pomona and Claremont (Los Angeles County, pending formal 
agreement) 

 Agricultural Pool and Milk Producers 

 U.S. Department of Agriculture, U.S. Forest Service 

 RWQCB 

 SAWPA 

SAWPA serves as administrator of the Task Force. In this role, SAWPA provides all 
Task Force meeting organization/facilitation, secretarial, clerical and administrative 
services, management of Task Force funds, annual reports of task force assets and 
expenditures and hiring of Task Force authorized consultants. All documents and 
presentation (including CBRP presentations to the Task Force) are posted on 
SAWPA’s project website at: www.sawpa.org/roundtable-MSARTF.html. 
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A.3 Proposition 40 State Grant 
In anticipation of EPA approval of the MSAR Bacterial Indicator TMDL, SAWPA, in 
cooperation with the urban dischargers (SBCFCD and RCFC&WCD) and on behalf of 
the Task Force submitted a California Proposition 40 grant proposal (“Grant Project”) 
to the State Board to support implementation of the TMDL. The State Board approved 
the Grant Project in fall 2006 and the project was initiated in early 2007. 

The overarching purpose of the Grant Project was to accelerate the TMDL 
implementation process by supporting efforts by urban dischargers to implement 
TMDL requirements, including the watershed-wide monitoring program and USEP 
(which are described in more detail below). Within this framework, the Grant Project 
focused on identifying sources of bacterial indicator contamination in the MSAR 
watershed and pilot testing BMP technologies designed to reduce bacterial indicators 
in storm drains (SAWPA 2010b). The results of these activities were used to support 
the development of this CBRP to achieve compliance with urban wasteload 
allocations during dry weather conditions.  
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A.4 Watershed-wide Compliance Monitoring  
Task 3 of the TMDL implementation plan required the responsible jurisdictions 
named in the TMDL to submit to the RWQCB for approval a proposed watershed-
wide compliance monitoring program. The purpose of this program is to provide the 
data necessary to review and update the TMDL as needed and evaluate compliance 
with the TMDL wasteload and load allocations. Using the Grant Project as a funding 
vehicle to initiate this TMDL task, the MSAR Task Force worked with the RWQCB to 
select compliance sites consistent with the purpose of this monitoring program. 
Compliance sites were selected based on two key criteria: 

 The sites should be located on waterbodies that are impaired and subject to 
Bacterial Indicator TMDL compliance requirements; and 

 The sites should be located in reaches of the impaired waterbodies where REC-1 
activity is likely to occur, i.e., there is an increased risk from exposure to pathogens. 

Based on these criteria, six watershed-wide compliance monitoring sites were selected 
originally as compliance sites (Table A-1). One of these sites, Icehouse Canyon Creek 
was later removed with RWQCB approval1. A Monitoring Plan and Quality 
Assurance Project Plan (QAPP) were prepared to support the monitoring program 
(www.sawpa.org/roundtable-MSARTF.html). Appendix B of the Monitoring Plan 
provides information regarding each of the monitoring sites listed in Table A-1. 

The RWQCB approved the Monitoring Plan and QAPP, and the Task Force initiated 
sampling in summer 2007. Weekly sampling occurs over a 20-week period during the 
dry season (April 1 – October 31) and an 11-week period during the wet season 
(November 1 – March 31). Four samples are collected during and after one wet 
weather event each year. This sampling program is implemented annually since 2007.  

                                                           
1 Bacterial indicator concentrations in Icehouse Canyon Creek were consistently non-detect. The MSAR Bacterial 
Indicator TMDL Taskforce and the RWQCB determined that this site is representative of water quality from natural 
background in higher elevation areas, and not representative of natural background in lowland areas, and therefore 
the site was removed from the list of compliance monitoring sites. 

Table A-1. Watershed-wide Monitoring Program Sample Sites 

MSAR Waterbody Sample Sites Site Code1 

Icehouse Canyon Creek 2 Icehouse Canyon Creek WW-C1 

Prado Park Lake Prado Park Lake at Lake Outlet WW-C3 

Chino Creek Chino Creek at Central Avenue WW-C7 

Mill-Cucamonga Creek Mill Creek at Chino-Corona Rd WW-M5 

Santa Ana River, Reach 3 
Santa Ana River Reach 3 @ MWD Crossing WW-S1 

Santa Ana River Reach 3 @ Pedley Ave WW-S4 
1 – Location of sites shown on Figures 3-8 through 3-11. 
2 – Icehouse Canyon Creek was removed from the list of watershed-wide compliance monitoring sites with 
RWQCB approval. 
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A.5 Urban Source Evaluation Plan  
The MSAR Bacterial Indicator TMDL required permitted MS4 discharges to develop 
the USEP within six months after TMDL adoption or November 30, 2007. Per Section 
4.1 of the TMDL (RWQCB 2005), the purpose of the USEP is to identify specific 
activities, operations, and processes in urban areas that contribute bacterial indicators 
to MSAR waterbodies. The plan should also include a proposed schedule for the 
activities identified and include contingency provisions as needed to reflect any 
uncertainty in the proposed activities or schedule.  

The urban dischargers developed a USEP as part of Grant Project implementation 
activities. The RWQCB approved the USEP as compliant with TMDL requirements on 
April 18, 2008 (RWQCB Resolution R8-2008-00442). The approved plan included a 
four step process for fulfilling the purpose of the USEP (as stated by the TMDL): 

 Step 1: Urban Source Evaluation Monitoring Program – The first step in the plan is to 
conduct a monitoring program at key sites to gather bacterial indicator source 
data associated with urban land uses.  

 Step 2: Risk Characterization – Step 2 couples the data obtained from Step 1 with 
other applicable watershed data to characterize the risk of exposure to bacterial 
indicators and prioritize urban sites for additional investigation. 

 Step 3: Site Investigations – This step describes the types of actions that may be 
implemented to further investigate urban bacterial indicator sources. Per the 
outcome of Step 2, site investigation activities would be focused on high priority 
sites first.  

 Step 4: Adaptive Implementation - As new data become available or if changes in 
recreational uses occur on waterbodies as a result of SWQSTF efforts, then site 
prioritization or the schedule for USEP implementation may change.  

A summary of the elements contained within each of these steps follows. The 
complete USEP is available at www.sawpa.org/roundtable-MSARTF.html. 

Urban Source Evaluation Plan Monitoring Program  
The MSAR Task Force implemented the urban source monitoring program during 
both dry and wet seasons in 2007 and 2008. Monitoring activities occurred at 13 
locations in the MSAR watershed, including all major subwatersheds that drain to 
waters listed as impaired for bacterial indicators in the MSAR watershed. Table A-2 
provides information on the location of each monitoring site. Additional information 
about each sample location is available in Appendix C of the Monitoring Plan 
available at www.sawpa.org/roundtable-MSARTF.html. 
 
 

                                                           
2 Available from the Regional Board’s website at:  
   www.waterboards.ca.gov/santaana/water_issues/programs/tmdl/msar_tmdl.shtml  
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To characterize bacterial indicator concentrations at each site (along with flow and 
other field parameters), samples were collected over four five-week periods in both 
the dry and wet seasons. Samples were collected from each site to identify sites where 
human, bovine or domestic canine sources of bacterial indicator were prevalent. 
Section 3.4.2 below provides a summary of the results of this monitoring program (see 
also SAWPA 2009). While human and domestic canine sources have a high potential 
to be found in most portions of the MS4 system, bovine sources are likely to be 
restricted to areas potentially influenced by dairy farming activities. In the MSAR 
watershed, the number of dairy farms has declined significantly in recent years and 
will continue to be replaced with new urban development (SAWPA 2010c). 

Risk Characterization 
The USEP established a framework for prioritizing sites for follow-up investigation of 
urban sources of bacterial indicators based on a characterization of risk of exposure to 
pathogens. Three key factors drive the characterization process: 

 Exceedance Factor – The first factor to be evaluated in the framework is the 
frequency and magnitude by which the bacterial indicator exceeds the water 
quality objective. The greater the frequency and magnitude of recorded 
exceedances, the higher the likelihood that the contamination can be tracked back 
to its source. Intermittent, low intensity events are more difficult to detect and, 
therefore, more difficult to trace. 

Table A-2. Urban Source Evaluation Plan Monitoring Program Sample Locations 

MSAR 
Waterbody 

Waterbody 
Reach1 Sample Location Site Code2 

Santa Ana 
River Reach 3 

Santa Ana River (SAR) at La Cadena Drive US-SAR 

Box Springs Channel at Tequesquite Avenue US-BXSP 

Sunnyslope Channel near confluence with SAR US-SNCH 
Anza Drain near confluence with Riverside 
effluent channel US-ANZA 

San Sevaine Channel in Riverside near 
confluence with SAR US-SSCH 

Day Creek at Lucretia Avenue US-DAY 

Temescal Wash at Lincoln Avenue US-TEM 

Chino Creek 

Reach 1 Cypress Channel at Kimball Avenue US-CYP 

Reach 2 
San Antonio Channel at Walnut Ave US-SACH 
Carbon Canyon Creek Channel at Pipeline 
Avenue US-CCCH 

Mill-
Cucamonga 

Creek 

Prado Area 
Chris Basin Outflow (Lower Deer Creek) US-CHRIS 
County Line Channel near confluence with 
Cucamonga Creek US-CLCH 

Reach 1 Cucamonga Creek at Highway 60 (Above RP1) US-CUC 
1 -  Reaches are defined in the Basin Plan. 
2 – Location of sites shown on Figures 3-8 through 3-11. 
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 Contagion Factor – Human beings, particularly children are believed to be at 
greater risk of infection from water-borne pathogens generated by other people 
(EPA 2007). Accordingly, the risk of illness resulting from recreational use is 
believed to be highest where microbial source tracking methods (e.g. Bacteroides) 
indicate the probable presence of human pathogens. After human sources, 
exposure to fecal contamination from agricultural animals is the next most 
important concern (EPA 2007).  

 Exposure Factor - A higher investigation/implementation priority should be 
assigned to locations and conditions where recreational activities are most likely 
to occur. Exceedances that occur in natural channels, during warmer months with 
relatively moderate flows, merit a higher priority than those that may occur in a 
concrete flood control channel during a winter rainstorm. This different priority is 
based on the assumption that the number of persons likely to be exposed is much 
higher in the first case than in the second. 

The factors described above drive the prioritization of urban source investigation 
activities established in the USEP. Figure A-1 provides a framework for priority 
ranking from high (1) to low (8). Generally speaking, the highest priority sites are 
those where: 

 Magnitude and frequency of bacterial indicator exceedance are high; 

 Bacteroides marker analysis indicates the persistent presence of human sources of 
bacterial indicators;  

 The site is in an area, or is close to an area, where recreational activities are likely 
to occur; and 

 Observed exceedances and the presence of human sources of bacterial indicators 
occur during periods when people are most likely to be present, e.g., during warm 
months and dry periods. 

Figure A-1. Risk Characterization Framework  
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In contrast, the lowest priority sites for urban dischargers would be those where the 
bacterial indicator exceedance frequency and magnitude is low, human or other 
urban sources, e.g., domestic dogs, are not present, and the site is not used for water 
contact recreation, e.g., a concrete, vertical walled flood control channel. Sites with 
bacterial indicators from agricultural sources are referred to the RWQCB for follow-
up action with agricultural dischargers.  

The exceedance, contagion and exposure factors provide the basic foundation for 
prioritizing sites or areas for further investigative activities. As appropriate, 
additional factors may be considered to more clearly define the priority between 
several sites with similar priorities based on the three base factors, as described above. 
For example, other relevant considerations may include regulatory factors, e.g., the 
waterbody may be reclassified as a result of Basin Plan changes or the source is 
determined to be uncontrollable. 

 The results of the 2007-2008 USEP monitoring program provided the first 
opportunity to rank sites based on the factors described above. This prioritization is 
still valid with regards to the preparation of this CBRP. However, as additional data 
are developed during CBRP implementation, priorities may be revised (as envisioned 
in Step 4 of the USEP). Section 3.4.2 summarizes the results of the 2007-2008 USEP 
program and how this information was used to prioritize TMDL implementation 
activities. 

Site Investigations 
The USEP describes the types of actions that may be implemented to further 
investigate urban sources of bacterial indicators. Investigative strategies would be 
developed at six month intervals to address the highest priority needs. In principle, 
resources would be directed to the high priority areas first; implementation activities 
in lower priority sites would occur only after high priority sites have been addressed. 
However, when necessary, the priority for any site can be elevated, particularly if new 
data become available that changes the priority for action.  

The USEP identifies three general types of investigative activities: Channel surveys; 
enhanced tracking methods; and controllability assessments. These activities would 
typically be implemented sequentially at a given site, e.g., complete channel survey 
work before implementing an enhanced tracking method, but a step could be skipped 
if the source of the elevated levels of bacterial indicators is generally known. 
Following is a summary of the investigative tools envisioned for implementation 
under each investigative activity type in the USEP:  

 Channel Surveys – Surveys may be conducted to better define sources of bacterial 
indicators. Example survey tools could include: 

- UAA development (consistent with SWQSTF methods) to refine application of 
the recreational uses in the Basin Plan. 
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- Source tracking studies in tributaries or outfalls to better define the urban 
sources of bacterial indicators. 

- Flow loading from tributaries and other outfalls to evaluate potential for these 
sources to contribute significant numbers of bacterial indicators. 

- Preliminary source reconnaissance to identify potential sources of bacterial 
indicators including (a) direct human sources (e.g., leaking sewers or septic 
systems, transient camps, illicit discharges); (b) domesticated animals 
associated with urban land use, especially areas where domesticated animals 
are concentrated; and (c) wildlife concentration areas (e.g., birds, rodents, 
squirrels, rabbits, feral cats and dogs)  

 Enhanced Tracking Methods – These methods provide a means to narrow down 
urban sources of bacterial indicators, including where to prioritize 
implementation efforts. Examples of tools that may be used to support enhanced 
source tracking include: 

- Evaluation of relative contribution of bacterial indicators by flow sources to 
determine which tributaries or drains contribute the most numbers of bacterial 
indicators to the waterbody. 

- Use of constituent-specific sampling (analgesics, hormones, caffeine, 
antibiotics, nutrients, surfactants, etc.) to identify potential flow sources.  

- Use of patterns and trends analyses to identify conditions under which 
elevated levels of bacterial indicators occur. 

 Controllability Assessments – Where a bacterial indicator source requiring 
mitigation is identified, the final step in the investigative process is to determine 
the controllability of the source. Controllability is largely dependent on the nature 
of the source. For example, elevated levels of bacterial indicators attributable to 
wildlife or impacts associated with use of the waterbody as a conduit for water 
transfers may limit the controllability of the source. In these instances, it may not 
be feasible to control the source. Controllability assessments will consider three 
alternatives:  

- Prevention (or source control) activities, including for example repair of all 
sewer leaks, better control of domestic animals, moving transient camps, 
stronger enforcement of illicit discharges, etc. 

- Construction of low flow diversions to intercept DWFs and send the water to a 
facility for recharge or to a regional wastewater treatment facility. 

- Use of on-site or regional BMPs, e.g., detention ponds, wetlands and bioswales 
for regional treatment. The practicability of using these facilities would be 
considered on a site-specific basis.  
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Adaptive Implementation 
Adaptive implementation is an iterative process commonly incorporated into TMDL 
implementation plans to provide a means to reassess compliance strategies based on 
new data or analyses. Given the large uncertainty associated with control of 
pollutants such as bacterial indicators, an adaptive implementation component was 
included in the USEP framework to provide opportunity, where appropriate, to 
reconsider priorities. This adaptive component has been carried forward into this 
CBRP (see Section 8). 

USEP Implementation  
The USEP contains an implementation schedule that centers around periodic 
implementation of source evaluation activities to identify sources of bacterial 
indicators for potential mitigation. Along with these activities, the USEP requires 
submittal of a semi-annual report to document ongoing and planned activities related 
to the management of urban sources of bacterial indicators. These reports have been 
submitted since July 2009. 

 In spring 2009 the Task Force established the first priority areas for further 
investigation based on the findings of the 2007-2008 USEP monitoring program and 
ongoing watershed-wide monitoring at the compliance sites (see Section 3.4.2 for a 
discussion of this prioritization process). In fall 2009 the Task Force authorized two 
USEP-based studies: 

 Source Evaluation Activities in Carbon Canyon Creek and Cypress Channels in 
San Bernardino County – The data analysis report prepared after completion of 
2007-2008 monitoring activities (SAWPA 2009a) prioritized the next steps for 
USEP implementation based on the risk characterization approach described 
above. USEP sample locations with a combination of the largest number of 
exceedances of bacterial indicator water quality objectives, highest levels of 
bacterial indicators, and most frequent indications of contamination by human 
sources were given the highest priority for additional source evaluation activities. 
Accordingly, the Cypress Channel subwatershed was ranked high for follow-up 
investigations. In contrast, the Carbon Canyon Creek subwatershed was ranked 
very low as both the frequency of exceedances of water quality objectives and the 
levels of bacterial indicators was relatively low.  

Both the Cypress Channel and Carbon Canyon Creek drainage areas were 
recommended for source evaluation studies. Evaluation of the Carbon Canyon 
Creek subwatershed was included to determine if any site-specific characteristics 
could be identified that provide insight into how to reduce bacterial indicator 
levels elsewhere. Source evaluation activities involved a desktop level 
characterization as well as field reconnaissance to identify subwatershed or in-
stream characteristics which may contribute to high or low levels of bacterial 
indicators at either site. A technical memorandum summarizing the findings of 
this effort was prepared (SAWPA 2010d).  
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 Dry Weather Runoff Controllability Assessment for Lower Deer Creek Subwatershed 
(Chris Basin) in San Bernardino County – SAWPA (2009a) identified Chris Basin as a 
high priority site for bacteria source evaluation activities. Given its location at the 
confluence of Cucamonga Creek and Lower Deer Creek, Chris Basin has the 
potential to be retrofitted for use as a regional treatment BMP for dry weather 
runoff. The USEP study evaluated opportunities to retrofit the site to capture 
DWFs and eliminate the existing dry weather discharge to Cucamonga Creek. A 
technical memorandum summarizing the findings of this study was prepared 
(SAWPA 2010e).  

Both of the above USEP studies recommended a number of follow-up actions 
applicable to both urban dischargers and the RWQCB. These actions will be 
incorporated as appropriate into future source evaluation activities conducted in 
these areas as the CBRP is implemented.  

Urban dischargers are currently implementing the following source evaluation 
activities: 

 During the 2007-2008 USEP monitoring program, human source bacteria were 
regularly detected and high bacterial indicator concentrations were present in Box 
Springs Channel. Following a local investigation in 2008, a sanitary/storm sewer 
cross connection was identified and corrected. Sampling is occurring in spring 
2011 to evaluate current bacterial indicator levels and verify that human source 
bacteria are no longer present. 

 When the USEP program was implemented in 2007-2008 no samples were 
collected from sites representing the Cities of Pomona and Claremont (portion of 
MSAR watershed in Los Angeles County). Sample collection is occurring under 
dry weather conditions in spring 2011 to provide a preliminary characterization of 
bacteria loading from this portion of the MSAR watershed.  

 A source evaluation study is currently being implemented to obtain additional 
information regarding the variability of dry weather flows in stormwater 
channels/outfalls in the MSAR watershed. The information gained from this effort 
is being combined with other available dry weather hydrology data to draw 
conclusions regarding characteristics of typical dry weather flows, especially the 
nature of their variability. These data have been incorporated into the flow 
analyses included in the CBRP’s compliance analysis.  

Findings from the above source evaluation activities carried out a part of USEP 
implementation will be reported through the MSAR Task Force. In the future, source 
evaluation activities described in this CBRP will supersede the USEP and become the 
focus of bacterial indicator source evaluation activities planned for the MSAR 
watershed. 
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A.6 Triennial Review Summary  
Task 6 in the implementation section of the MSAR Bacterial Indicator TMDL requires 
preparation of a water quality assessment every three years that summarizes the data 
collected for the preceding three year period and evaluates progress towards 
compliance with wasteload and load allocations. Referred to as a Triennial Report, the 
requirement for this assessment is also in the MS4 permit (Appendix 3, III.3.D.1.b). 
The first of these Triennial Reports was submitted to the RWQCB as required by 
February 15, 2010 (SAWPA 2010a).  

The Triennial Report findings, relevant to the MS4 wasteload allocation, are provided 
in Attachment B of this CBRP (the full report is available at 
www.sawpa.org/roundtable-MSARTF.html). These findings provide the baseline for 
the CBRP analysis that demonstrates that implementation of this CBRP is expected to 
achieve compliance with the wasteload allocation by December 15, 2015. Additional 
Triennial Reports will be prepared in 2013 and 2016 as part of CBRP implementation. 
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B.1 Middle Santa Ana River Watershed 
The following sections provide background information regarding the general 
characteristics of the MSAR watershed, including major subwatersheds, key 
jurisdictions and dominant land use.  

General Description 
The Santa Ana River watershed, located in southern California, encompasses an area 
of approximately 2,800 square miles. Surface water flows begin in the San Bernardino 
and San Gabriel Mountains and flow in a generally northeast to southwest direction 
to the Pacific Ocean. Flows are interrupted by a number a number of features ranging 
from groundwater recharge basins to Prado Basin Dam. The MSAR watershed 
encompasses an area of approximately 488 square miles and is located generally in 
the north central portion of the Santa Ana River watershed (Figure B-1).  

The MSAR watershed includes the southwestern part of San Bernardino County, the 
northwestern part of Riverside County, and a small portion of Los Angeles County 
(Figure B-1). Riverside County jurisdictions participating in this CBRP include the 
County of Riverside and the Cities of Corona, Norco, and Riverside (Figure B-2). The 
City of Eastvale recently incorporated in 2010 and will be required to be a participant 
in the CBRP.  Jurupa Valley is also in the process of incorporating and  currently 
incorporation is anticipated for July 2011. 

Lying within an arid region, limited natural perennial surface water is present in the 
watershed. Flows derived from mountain areas (snowmelt or storm runoff) are 
mostly captured by dams or percolated in recharge basins. In the transition zone from 
mountains to lower lying valley areas, the sources of surface water flows vary, e.g., 
dry weather urban runoff, such as occurs from irrigation, stormwater runoff during 
rain events, treated municipal wastewater discharges, water transfers, dewatering 
discharges and other permitted discharges, and  rising groundwater.  

The largest order waterbody in the MSAR watershed is Reach 3 of the Santa Ana 
River which flows from Mission Boulevard to Prado Basin Dam, where Prado Dam 
controls flows from the middle to the lower part of the Santa Ana River watershed. 
Downstream of Mission Boulevard, there is less channelization of the Santa Ana 
River, allowing for larger meanders and riparian habitat extent within a wider 
floodplain. A number of major tributaries to the MSAR exist, many of which have 
been modified for flood control purposes.  



Figure B-1. Santa Ana River Watershed 



Figure B-2. Jurisdictional Areas 
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Based on 2000 census data, the population of the MSAR watershed is approximately 
1.4 million people. Much of the lowland areas are highly developed; however, a 
portion of the watershed remains largely agricultural - the area formerly known as the 
Chino Dairy Preserve. This area is located in the south central part of the Chino Creek 
Basin subwatershed. At the time of TMDL development the area contained 
approximately 300,000 cows (RWQCB 2005). As of January 2009, this number was 
down to about 138,500 (email communication, Ed Kashak, RWQCB, to Pat Boldt, 
representative of agricultural interests and MSAR Task Force member, December 8, 
2009). In recent years, the cities of Ontario, Chino, and Chino Hills annexed the 
unincorporated portions of this area in San Bernardino County. The remaining 
portion of the former preserve, which is in Riverside County, was recently 
incorporated in the City of Eastvale 
(http://www.rcip.org/pdf_files/maps_09_24_03/lowres/Fig3_4Eastvale.pdf). 

Major Subwatersheds 
The MSAR watershed is divided into several major subwatersheds to provide a basis 
for evaluating compliance with TMDL urban wasteload allocations. These 
subwatersheds drain to the following watershed-wide compliance points as 
established in the watershed-wide monitoring program (see Section 2.4) (Figure B-3; 
see Table A-1):  

 Chino Creek at Central Avenue (WW-C7) – No portion of this subwatershed is in 
Riverside County. 

 Mill-Cucamonga Creek at Chino-Corona Road (WW-M5) – With the exception of a 
small area in Riverside County, drainage area is mostly in San Bernardino County. 

 Santa Ana River at MWD Crossing (WW-S1) – Areas of both Riverside and San 
Bernardino Counties drain to this site. 

 Santa Ana River at Pedley Avenue (WW-S4) - Areas of both Riverside and San 
Bernardino Counties drain to this site. 

 Prado Park Lake (WW-C3) – Entire drainage area to this location is in San 
Bernardino County. 

Another important subwatershed in the MSAR watershed is Temescal Creek. 
Temescal Creek is tributary to Reach 3 of the Santa Ana River. The RWQCB has not 
listed Temescal Creek as impaired by bacterial indicators and, therefore, no 
watershed-wide compliance monitoring location has been established on this 
waterbody. The confluence of Temescal Creek and the Santa Ana River Reach 3 
occurs in Prado Basin, well downstream of the watershed-wide bacterial indicator 
TMDL compliance monitoring site at Santa Ana River at Pedley Avenue.  

The Temescal subwatershed is very large and significant portions of the upper part of 
the drainage area are hydrologically disconnected from downstream areas (see also 
Attachment B.2), including the portion upstream of Lake Elsinore, where the Lake 
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Elsinore Spillway retains DWFs, and the Lake Mathews watershed. Lake Matthews, 
which is a water supply reservoir owned by Metropolitan Water District (MWD), has 
no allowable recreational use and there are no discharges of dry or wet weather flow 
from this reservoir. 

Jurisdictions 
Table B-1 summarizes the jurisdictional area of each MS4-permitted city and 
unincorporated county area that drains to each of the MSAR watershed-wide 
compliance monitoring locations. Although this CBRP only applies to areas within 
San Bernardino County, the jurisdictional areas outside of San Bernardino County are 
included in Table B-1 to illustrate the relative importance of San Bernardino and 
Riverside County MS4 programs to the watershed-wide compliance locations. 

Land Use 
Land use distribution has the potential to affect flow volume and bacterial indicator 
concentrations under dry weather conditions. Table B-1 provides the land use 
distribution for each jurisdiction in each of the areas draining to the watershed-wide 
compliance monitoring locations.  

Land use in the MSAR watershed includes a variety of categories as defined by the 
Southern California Association of Governments (SCAG 2005). Related categories 
were lumped together to reflect major types of land uses, e.g., agricultural or 
industrial related land uses. Figure B-4 illustrates the resulting spatial land use 
pattern, at least as most recently available in the 2005 SCAG dataset. Residential land 
uses make up the greatest fraction of urbanized drainage area in the MSAR watershed 
(~50 percent). In some areas there is more agricultural land use than urban. 
Accordingly, compliance activities targeted at agricultural lands might provide the 
most significant water quality benefits. These compliance activities are not the 
responsibility of the MS4 program; they are the responsibility of the agricultural 
dischargers named in the TMDL. 
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Table B-1. Jurisdictional area and percent land use in each of the major MSAR subwatersheds (areas outside of San Bernardino
County included to show land use percentages of all areas draining to watershed-wide compliance sites). 
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Chino Creek at Central Avenue (WW-C7) 54,607  

Chino 7,659 10% 15% 25% 5% 1% 4% 2% 38% 0% 
Chino Hills 6,125 6% 7% 0% 3% 0% 42% 2% 40% 0% 
Montclair 3,537 1% 24% 12% 5% 1% 4% 2% 51% 0% 
Ontario 2,721 3% 16% 6% 0% 1% 3% 4% 67% 0% 
Upland 5,161 0% 13% 17% 7% 0% 11% 1% 51% 0% 
Unincorporated San Bernardino 13,714 2% 1% 1% 1% 0% 81% 1% 13% 0% 
Claremont 3,011 0% 21% 2% 6% 0% 30% 8% 32% 1% 
Pomona 6,707 0% 15% 10% 6% 0% 9% 3% 57% 0% 
Unincorporated Los Angeles 5,972 0% 0% 0% 0% 0% 99% 0% 1% 0% 

Mill-Cucamonga Creek at Chino-Corona Road 
(WW-M5) 

55,456  

Chino 618 65% 0% 0% 2% 2% 26% 0% 5% 0% 
Ontario 18,006 20% 7% 19% 16% 1% 13% 2% 22% 0% 
Rancho Cucamonga 5,256 1% 10% 8% 6% 1% 11% 3% 60% 0% 
Upland 4,871 2% 10% 5% 7% 5% 4% 4% 62% 1% 
Unincorporated San Bernardino 13,860 0% 0% 0% 4% 0% 91% 0% 5% 0% 
Eastvale 2,815 32% 1% 10% 3% 5% 28% 1% 20% 0% 
Unincorporated Riverside 30 1% 0% 20% 59% 0% 19% 0% 1% 0% 

Prado Park Lake (WW-C3) 6,878  

Chino 2,255 45% 4% 1% 14% 10% 18% 5% 1% 2% 
Ontario 4,623 66% 2% 0% 3% 0% 6% 2% 21% 0% 

Santa Ana River at MWD Crossing (WW-S1) 65,017  

Fontana 4,486 1% 9% 1% 2% 0% 33% 1% 53% 0% 
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Table B-1. Jurisdictional area and percent land use in each of the major MSAR subwatersheds (areas outside of San Bernardino
County included to show land use percentages of all areas draining to watershed-wide compliance sites). 

Jurisdictions within MSAR Subwatersheds 
Drainage 

Area 
(acres)  
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Rialto 11,490 0% 7% 13% 13% 4% 21% 1% 41% 0% 
Riverside 26,442 3% 11% 7% 5% 2% 25% 4% 43% 0% 
Unincorporated San Bernardino 5,867 4% 6% 12% 9% 1% 18% 3% 47% 0% 
Jurupa Valley 8,772 7% 5% 10% 5% 0% 34% 11% 28% 0% 
Unincorporated Riverside 7,155 7% 12% 1% 5% 3% 40% 22% 10% 0% 
San Bernardino 804 1% 11% 2% 7% 1% 10% 2% 66% 0% 

Santa Ana River at Pedley Avenue (WW-S4) 89,253  
Fontana 21,620 3% 9% 11% 8% 3% 25% 4% 37% 0% 
Norco 141 4% 0% 0% 1% 0% 35% 7% 53% 0% 
Ontario 3,819 0% 11% 59% 18% 0% 12% 0% 0% 0% 
Rancho Cucamonga 10,457 1% 8% 13% 17% 6% 23% 1% 31% 0% 
Riverside 12,990 14% 12% 4% 3% 1% 23% 2% 41% 0% 
Unincorporated San Bernardino 19,047 0% 4% 12% 7% 1% 67% 0% 9% 0% 
Eastvale 317 43% 1% 18% 29% 5% 3% 0% 1% 0% 
Jurupa Valley 17,952 5% 5% 11% 4% 1% 25% 10% 39% 0% 
Unincorporated Riverside 2,909 6% 2% 6% 10% 1% 23% 0% 52% 0% 

Temescal Creek 118,583 

Corona 18,879 5% 9% 8% 7% 4% 22% 3% 42% 0% 
Norco 2,372 4% 9% 4% 1% 1% 37% 4% 40% 0% 
Riverside 11,998 15% 11% 2% 2% 2% 23% 1% 44% 0% 
Unincorporated Riverside 85,333 4% 1% 2% 0% 2% 78% 1% 12% 0% 

Lake Mathews 24,671 

Riverside 6 0% 49% 0% 0% 0% 0% 0% 51% 0% 
Unincorporated Riverside 24,664 6% 3% 0% 0% 2% 54% 2% 22% 11% 

Other Drainages to Prado Basin 39,842  
Chino 8,440 47% 3% 4% 5% 1% 19% 6% 14% 1% 
Chino Hills 7,626 0% 2% 1% 4% 3% 56% 5% 29% 0% 
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Table B-1. Jurisdictional area and percent land use in each of the major MSAR subwatersheds (areas outside of San Bernardino
County included to show land use percentages of all areas draining to watershed-wide compliance sites). 

Jurisdictions within MSAR Subwatersheds 
Drainage 

Area 
(acres)  
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Corona 3,483 0% 7% 23% 8% 0% 30% 4% 28% 0% 

Norco 6,328 4% 13% 1% 3% 2% 21% 1% 54% 1% 

Ontario 2,778 20% 12% 2% 5% 0% 3% 1% 57% 0% 
Rialto 4 0% 0% 0% 11% 0% 63% 0% 26% 0% 
Riverside 139 0% 0% 0% 1% 0% 98% 0% 1% 0% 
Unincorporated San Bernardino 127 11% 0% 0% 2% 0% 59% 23% 0% 5% 
Unincorporated Los Angeles 0 0% 0% 0% 0% 0% 100% 0% 0% 0% 
Eastvale 6,279 26% 1% 0% 4% 16% 19% 9% 25% 0% 
Jurupa Valley 382 13% 0% 0% 0% 0% 26% 11% 50% 0% 
Unincorporated Riverside 4,256 1% 1% 2% 13% 0% 46% 27% 6% 4% 



Attachment B 
Watershed Characterization 

A  B-10 

B.2 Dry Weather Hydrology 
Regular flows exist in many MSAR waterbodies during dry weather conditions. 
Sources of flow during dry weather include: 

 Effluent from POTWs 

 Turnouts of imported water by the MWD 

 Groundwater inputs 

 Well blow-offs 

 Water transfers 

 Other authorized discharges (as defined by WDRs issued by the RWQCB)  

 Non-permitted discharges including Phase II MS4 discharges. 

Each of these sources of DWF has a different pathway and potential to transport 
bacterial indicators to receiving waterbodies. Thus, it is important to understand the 
relative role of each of these categories of DWF.  

Within the MSAR watershed, many MS4 drainage areas do not typically cause or 
contribute to flow at the compliance monitoring sites. DWF from these drainage areas 
is hydrologically disconnected from the TMDL receiving waterbodies, by either 
purposefully recharging groundwater in constructed regional retention facilities or 
through losses in earthen channel bottoms, where the recharge capacity of underlying 
soils exceeds dry weather runoff generated in upstream drainage areas (Figure B-5). 

Flow data was not available downstream of some portions of MS4 drainage areas; 
therefore it was necessary to approximate DWF from these areas to complete a water 
balance for each TMDL compliance monitoring site. Within the Chino Basin portion of 
the MSAR watershed, the Inland Empire Utilities Agency (IEUA) measures flow at a 
number of locations to quantify groundwater recharge for water supply benefit. Flow 
measurements, on days when DWF is predominantly from urban sources, suggest 
that DWF from urban sources occur at a rate of 100 gal/acre/day in the MSAR 
watershed, ranging from 20 to 280 gal/acre/day (Table B-2). This is consistent with 
DWF generation rates developed to support the City of Los Angeles Integrated 
Resources Plan (2004), which estimated DWF rates from urban watersheds ranging 
from zero to 300 gallons/acre/day. Thus, it was reasonable to use a rate of 100 
gal/acre/day to approximate urban sources of DWF from unmonitored MS4 outfalls 
that may be hydrologically connected to a TMDL waterbody. 

The USEP flow measurements indicated that some tributaries have significantly 
greater DWF rates per acre of urbanized drainage area than would be expected solely 
from urban sources. In these cases, the presence of a non-urban source was 
determined to be responsible for the elevated DWF rates. At a few locations, field 
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measured runoff equated to less than 100 gal/acre/day; therefore it was assumed that 
non-urban sources in these subwatersheds are negligible.
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Mill-Cucamonga Creek   
DWF in Mill-Cucamonga Creek consists of primarily effluent from the IEUA RP1 
WRRF. Effluent from IEUA RP1 WRRF to Cucamonga Creek contributes ~27 cfs, 
ranging from 16 to 42 cfs (Table B-3). A berm in the center of Cucamonga Creek keeps 
effluent separated from DWFs from MS4 outfalls, from the discharge location for 
about 1 mile to Chino Avenue.  

MS4 drainage areas to Mill-Cucamonga Creek are predominantly within San 
Bernardino County. A small portion of MS4 drainage area in the City of Eastvale may 
generate urban DWF that has the potential to reach Mill- Cucamonga Creek.  

 

 

 

 

 

 

Table B-2. Urban dry weather flow in MSAR watershed upstream of IEUA flow 
measurement locations 

Location 
Average Dry 

Weather Flow (cfs) 
Urban Runoff Rate 

(gal/ac/day) 

Grove Basin 0.04 111 
West State Street Storm Drain 0.05 19 
8th St. Storm Drain into 8th St. 0.17 82 
West Cucamonga Inlet @ 8th St. B 0.41 92 
Turner 1 Inlet from Cucamonga Cr 0.49 36 
Deer Creek Drop Inlet @ Turner 4 1.58 110 
Deer Creek @ 4th St. Overpass 1.06 105 
Turner 4 - Guasti Creek 0.19 219 
Lower Day Basin Forebay Storm Dr 0.02 63 
San Sevaine Basin 5 Storm Drain 0.19 81 
Victoria Basin Inlet 0.05 49 
RP3 Basin Distribution Channel Inlet 0.32 53 
Declez Channel at Live Oak 0.27 282 
Declez Channel by School 0.16 98 

Average of all Sites 100 
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Table B-3. Average daily effluent from POTWs in the MSAR watershed 

Treatment Facility Receiving Waterbody 
Dry Season 

(cfs) 

Riverside Water Quality Control Plant Santa Ana River Reach 3 49 

Colton/San Bernardino RIX Santa Ana River Reach 4 59 

Rialto WWTP Santa Ana River Reach 4 10 

IEUA RP1 WRRF Outfall 1  Cucamonga Creek 27 

IEUA RP1 WRRF Outfall 2  Prado Park Lake 8 

IEUA Carbon Canyon WRRF (CCWRF) Chino Creek 9 

Yucaipa Valley Water District Santa Ana River Reach 4 6 

Lee Lake WWTP Temescal Creek 0.9 

Corona WWTP No.1 and No.3 Temescal Creek 5 
Western Municipal Water District (WMWD) West 
Riverside WWTP Santa Ana River Reach 3 7 

Totals 181 

 

Santa Ana River at MWD Crossing 
Continuous DWF occurs in the Santa Ana River at the MWD Crossing. The primary 
source of this DWF is a combination of treated effluent from the Rialto WWTP and 
San Bernardino/Colton RIX facility. Combined, these sources of effluent discharge 
approximately 70 cfs to Reach 4 of the Santa Ana River, upstream of Riverside 
Avenue (B-3). There is typically no DWF in the Santa Ana River upstream of these 
plants. Additional sources of DWF, listed below, occur between these effluent 
discharges and the MWD Crossing compliance location.  

In addition to the POTWs, DWF has been observed in outfalls from MS4 facilities 
along both sides of the Santa Ana River (USEP 2007-2008): 

 The Highgrove Channel and Agua Mansa Channel outfall to the Santa Ana River 
upstream of University Wash. In a 2002 field survey, the Highgrove Channel was 
dry and the Agua Mansa Channel contained a small amount of DWF that could not 
be measured (Clark and Clem 2002). Assessments of DWF in the upcoming years 
would be needed to ensure these conditions still exist and are typical of dry 
weather conditions in the MSAR. 

 The University Wash Storm Drain captures runoff from MS4 drainage areas in 
downtown Riverside. DWFs are retained either in Lake Evans in Fairmont Park or 
in the large open space downstream of the lake. These areas prevent DWFs from 
reaching the outfall to the Santa Ana River, as shown in Figure B-5 (personal 
communication with Steve Clark, May 10, 2010).  

 Box Springs Channel drains an urbanized subwatershed in the City of Riverside. 
DWF measured in this channel is approximately 3 cfs (average of USEP field 
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measurements in 2007-2008) and may consist of either or both, nuisance flow from 
urban drainages in the City of Riverside and de minimus water from Riverside 
Public Utilities (RPU).  

 Sunnyslope Channel drains a low-density residential subwatershed in an 
unincorporated area of Riverside County. The headwaters of this channel are 
natural canyons within the Jurupa Hills. Measurements of 2-5 cfs from the ~5,000 
acre subwatershed suggest that DWF is influenced by rising groundwater. This 
conclusion is supported by the observation of flow from weep holes along the 
concrete channel wall. This DWF rate is comparable to a measurement of 3.1 cfs in a 
field survey by RCFC&WCD in 2002 (Clark and Clem 2002). 

Santa Ana River at Pedley Avenue 
The TMDL compliance monitoring site at Pedley Avenue (WW-S4) is approximately 5 
miles downstream of the MWD Crossing TMDL compliance monitoring site. Between 
these TMDL compliance monitoring sites, the Riverside Water Quality Control Plant 
(RWQCP) discharges ~50 cfs of treated effluent to the Santa Ana River (Table B-3). 
MS4 outfalls in this reach may be sources of DWF to the Santa Ana River. The most 
notable drainages with consistent DWF include: 

 Anza Drain contributes nuisance runoff from urban drainages in the south side of 
the City of Riverside. Flow measurements conducted in the 2007 dry season for the 
USEP showed median DWFs of 6 cfs; however, measurements taken in the 2011 dry 
season, following a wet hydrologic year, showed a median DWF of 2.6 cfs. The field 
data collected in 2011 involved a better cross section for flow gauging and more 
readings for more precise measurement. The 2011 DWF measurements are more 
comparable to measurements taken during a single day field survey in 2002 by 
RCFC&WCD, which suggest that DWF flow is less than 1.5 cfs (Clark and Clem 
2002). DWF in Anza Drain is influenced by rising groundwater that is caused by 
current operation of the Arlington desalter. RCFC&WCD is currently working with 
WMWD to develop an approach that would improve groundwater yield and 
eliminate losses to surface water. 

 San Sevaine Channel DWF at the confluence with the Santa Ana River was highly 
variable during USEP sampling. In addition to nuisance flows (~1 cfs), there was a 
de minimus discharge of treated groundwater of approximately 7cfs from a pilot 
test by the Jurupa Community Services District during the 2007 dry season. In 
addition to urban DWF, there are intermittent turnouts from MWD’s transmission 
system to San Sevaine Channel at CB-13 and CB-18 for recharge in the San Sevaine 
and Jurupa Basins, respectively. These flows remain within San Bernardino County 
and do not reach the Santa Ana River. 

 Urban DWF from the Magnolia Center storm drain does not typically reach the 
Santa Ana River (Clark and Clem 2002; personal communication with Steve Clark, 
May 10, 2010).  
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 Urban DWF from San Bernardino County jurisdictions in the Day Creek watershed 
are retained within the Riverside Basin. Therefore, all urban DWF reaching the 
Santa Ana River from the Day Creek subwatershed comes from Riverside County 
jurisdictions. USEP monitoring program flow measurements in Day Creek at 
Lucretia Avenue, just upstream of the River Trails Park golf course ranged widely 
from 0.05 cfs to 7 cfs. A field survey in 2002 by RCFC&WCD estimated DWF at this 
location to be ~0.2 cfs (Clark and Clem 2002). Additional flow monitoring is 
warranted at this site to adequately characterize this variability. In addition to 
urban DWF, there are intermittent turnouts from MWD’s transmission system to 
Day Creek at CB-15 for recharge in the Riverside Basin. These flows remain within 
San Bernardino County and do not reach the Santa Ana River. 
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B.3 MS4 Facilities 
This section describes the MS4 facilities within the major subwatershed areas draining 
to each of the watershed-wide compliance locations. Based on available MS4 facility 
data, Figure B-6 illustrates the MS4 facilities including major outfalls to waterbodies 
for permittees in San Bernardino County. This figure illustrates the significant 
number of major outfalls that drain to each of the watershed-wide compliance 
monitoring locations.  

Figure B-7 provides an Index Map for subsequent detailed figures that depict key 
characteristics associated with the MS4 facilities located within each of the major 
MSAR subwatersheds. These figures include: 

 Temescal Creek subwatershed (Figure B-8) 

 Mill-Cucamonga Creek at Chino Corona Road (Figure B-9) 

 Santa Ana River at MWD Crossing (Figure B-10) 

 Santa Ana River at Pedley Avenue (Figure B-11) 

The following sections provide more detailed descriptions of the primary MS4 
characteristics and subwatershed features in each drainage area. The information on 
the physical characteristics of key waterbodies is provided as background to support 
the discussion regarding UAA opportunities in Attachment C.5
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Temescal Creek Subwatershed 
Temescal Creek extends from the Lake Elsinore outlet channel to Prado Basin. The 
subwatershed drains approximately 207 sq. mi. Although Lake Elsinore does drain to 
Temescal Creek, discharges would only be expected to occur during extreme 
hydrologic cycles. Downstream of Lake Elsinore, Temescal Creek can be subdivided 
into three segments based on channel characteristics. Table B-4 describes the key 
waterbodies in the Temescal Creek subwatershed and describes the channel 
characteristics (Figure B-8).  

Under normal hydrologic conditions Temescal Creek contains intermittent flows from 
water transfers and POTW discharges occur during the dry season. Typically, only 
reaches 1 and 2 of Temescal Creek are hydrologically connected to Prado Basin, with 
flow initiating from the small reservoir just south of Magnolia Avenue. 

Table B-4. Channel characteristics of Temescal Creek and key tributaries 

Reach Segments Description 

Temescal Creek 

Lake Elsinore Spillway to point 
upstream of Magnolia Ave. 

~19 mi reach with natural 
characteristics; 14 outfalls identified as 
potential DWF sources 

Magnolia Ave. to downstream of 
Cota Street 

~3 mi reach with trapezoidal and 
vertical concrete-lined banks 

Downstream of Cota Street 2.9 mi reach with natural 
characteristics 

Arlington Channel 

Headwaters to culvert section 
Trapezoidal concrete-lined reach 
(~0.75 mi) transitions to culvert (~0.25 
mi) reach 

Rectangular-lined segment west of 
La Sierra Ave to Temescal Creek 
confluence 

~4.7 mi rectangular lined reach 

La Sierra Channel Headwaters to Arlington Channel 
confluence 

Begins as culvert transitions to 
rectangular concrete-lined for 0.5 mi 
then to trapezoidal section; reverts to 
culvert then rectangular concrete-lined 
1.5 mi 

Main Street Channel Headwaters to Temescal Creek 
confluence 

~3.5 mi concrete-lined rectangular 
channel 

Oak Street Channel Headwaters to Temescal Creek 
confluence 

~ 4 mi concrete-lined rectangular 
channel 

Norco Channel Headwaters to Temescal creek 
confluence 

~ 3 mi rectangular concrete-lined and 
natural channel 
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Mill-Cucamonga Creek at Chino-Corona Road Subwatershed 
The area encompassed by the Mill-Cucamonga Creek watershed-wide compliance site 
is 70 mi2. In addition to the mainstem Cucamonga Creek, key tributaries include 
(Table B-5, Figure B-9): 

 Demens Creek in San Bernardino County - This channel drains a 5.7 mi2 
subwatershed. It may be divided into two segments – one above and the other 
below the detention basins that capture flows from undeveloped canyon areas in 
the headwaters.  

 Upper Deer Creek in San Bernardino County - This channel drains an 18 mi2 
subwatershed. It may be divided into two segments – one above and the other 
below the detention basins that capture flows from undeveloped canyon areas in 
the headwaters. 

  Lower Deer Creek in San Bernardino County –– This waterbody drains a small 
subwatershed (~10 mi2) entirely within the City of Ontario MS4 system. The 
SBCFCD owns and operates Chris Basin at the downstream end of Lower Deer 
Creek just upstream of the confluence of Lower Deer Creek with Cucamonga 
Creek. As a result of poor infiltration rates in the Chris Basin (due to soil 
characteristics), DWFs drain through the basin to Cucamonga Creek.  

 County Line Channel in Riverside and San Bernardino Counties – This waterbody 
consists of a concrete-lined channel in the lower part of the subwatershed drains a 
small subwatershed (~6 mi2). This channel drains subwatershed with mixed land 
use both north and south of the county line. 

 West Cucamonga Channel in San Bernardino County – This channel is ~8.2 miles of a 
combination of concrete-lined rectangular and trapezoidal reaches; upper reach of 
this segment drains to 8th Street Basins. 

In addition to the tributaries described above, the Cucamonga Storm Drain in San 
Bernardino County also discharges to Cucamonga Creek. Other potentially important 
storm drain facilities that discharge to tributaries to Cucamonga Creek include the 
Alta Loma Storm Drain and the East State Storm Drain.
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Santa Ana River at MWD Crossing Subwatershed 
The area upstream of this monitoring location encompasses the upper portion of the 
MSAR watershed (Figure B-10). In addition to drainage within the MSAR watershed, 
this portion of the MSAR receives flows from Santa Ana River Reach 4, but typically 
only during wet weather. Within the MSAR watershed, water flowing to this location 
drains 101 mi2, much of it in Riverside County. Within San Bernardino County, the 
only key tributary or source of water to Santa Ana River Reach 3 upstream of the 
MWD Crossing is the Rialto Channel (Figure B-10), which is hydrologically 
disconnected during typical dry weather conditions. In Riverside County, key 

Table B-5. Characteristics of channels draining to the Mill-Cucamonga Creek 
watershed-wide compliance monitoring location 

Reach Segments Description 

Cucamonga Creek  

Headwaters to Cucamonga 
Canyon Dam (not included on 
Figure B-9) 

Discharge from undeveloped canyon 
headwater area captured by Cucamonga 
Canyon Dam 

Below Cucamonga Canyon 
Dam to Hellman Avenue 

14 mi concrete-lined reach; includes 
discharge from RP1 WRRF 

Hellman Ave. to Chino-
Corona Rd 0.25 mi concrete-lined trapezoidal reach 

Chino-Corona Rd to Prado 
Basin 3.4 mi earthen bottom trapezoidal reach 

Demens Creek 

Headwaters to Detention 
Basin 

Discharge from undeveloped canyon 
headwater area captured by detention 
basin 

Below Detention Basin to 
Cucamonga Cr. confluence 2.2 mi concrete-lined reach 

Upper Deer Creek 

Headwaters to Detention 
Basin 

Discharge from undeveloped canyon 
headwater area captured by detention 
basin 

Below Detention Basin to 
Cucamonga Cr. confluence 3.6 mi concrete-lined reach 

Lower Deer Creek (Chris 
Basin) 

Headwaters to Chris Basin at 
Cucamonga Cr. confluence 2.1 mi concrete-lined reach 

County Line Channel Headwaters to Cucamonga 
Cr. confluence 2.6 mi concrete-lined reach 

West Cucamonga Creek Headwaters to Cucamonga 
Cr. confluence 

8.2 mi combination of culvert and 
concrete-lined rectangular and 
trapezoidal reaches; upper reach of 
segment drains to 8th Street Basins 

Cucamonga Storm Drain Headwaters to Cucamonga 
Creek confluence 

1.6 mi reach of concrete lined 
rectangular and culvert  
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tributaries or sources of flow to Santa Ana River Reach 3 upstream of MWD Crossing 
include (Table B-6, Figure B-10): 

 High Grove Storm Drain in Riverside and San Bernardino Counties – This drain has a 
trapezoidal concrete-lined segment at the headwaters that transitions to a natural 
segment. Approximately, 1.25 miles upstream of its confluence with the Santa Ana 
River, the channel is a trapezoidal lined segment. 

 University Wash in Riverside County – This channel is a combination of culvert and 
trapezoidal concrete-lined segments (4.2 mi). 

 Box Springs in Riverside County – Draining ~ 31 mi2 area, this channel may be 
divided into two segments – an upstream engineered segment and a short natural 
segment at its confluence with the MSAR.  

 Sunnyslope Channel in Riverside County - This channel drains an approximately 6 
mi2 area in unincorporated areas of Riverside County. It may be divided into two 
segments – an upstream engineered segment and a short natural segment at its 
confluence with the MSAR.  

 MS4 Outfalls Along Santa Ana River – Several MS4 outfalls are located along the 
Santa Ana River in this area. 

 

Table B-6. Characteristics of channels in Riverside County draining to the Santa Ana 
River MWD Crossing watershed-wide TMDL compliance monitoring site 

Reach Segments Description 

High Grove Storm Drain Headwaters to Santa Ana 
River confluence 

2.8 mi concrete-lined trapezoidal reach 
except for 1 mi natural segment  

University Wash 
Headwaters to east of Santa 
Ana River; open channels are 
1 mi east of Santa Ana River 

Combination of 4.2 mi concrete-lined 
trapezoidal reach and 2 mi of culvert 
reaches 

Box Springs Headwaters to confluence 
with Santa Ana River 

0.2 mi vertical, concrete-lined channel for 
entire length except last 0.5 mi prior to 
confluence with MSAR 

Sunnyslope Channel 

Headwaters to point where 
segment transitions from 
concrete-lined to natural 
channel (Rancho Jurupa 
Park) 

3.0 mi reach with trapezoidal concrete-
lined banks 

Upstream end of natural 
section (Rancho Jurupa Park) 
to Santa Ana River 
confluence 

0.4 mi reach with natural banks and 
bottom; in 2007, section not hydrologically 
connected to MSAR during dry weather 
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Santa Ana River at Pedley Avenue Subwatershed 
This subwatershed (126 mi2, not including the portion of the Santa Ana River Reach 3 
watershed upstream of the MSAR Reach 3 MWD Crossing watershed-wide TMDL 
compliance monitoring site) generally encompasses the portion of the MSAR 
watershed upstream of Prado Basin Dam and below the MSAR Reach 3 MWD 
Crossing TMDL compliance monitoring site. This drainage area receives flow from 
the portion of the MSAR above the MWD Crossing TMDL compliance monitoring 
site. In addition, flow is received from three key tributaries. The upper reaches of two 
of these tributaries are located in San Bernardino County (Table B-7, Figure B-11):  

 Anza Drain in Riverside County - This subwatershed encompasses a ~ 21 mi2 area. 
The Anza Drain may be divided into two segments – an upstream engineered 
segment and a short natural segment just above its confluence with the MSAR. 
The natural segment at the confluence receives effluent from the RWQCP prior to 
discharging to the MSAR. Surveys conducted by the RWQCP facility (reported by 
the Stormwater Quality Standards Task Force) have noted that recreational 
activity is relatively common in the area (as compared to other areas in the MSAR 
watershed).  

 San Sevaine Channel - This channel drains approximately 51 mi2 and may be 
divided into two segments – a headwaters area that discharges to the San Sevaine 
Basins upstream of the MS4 (in San Bernardino County) and a lengthy engineered 
segment, the lower part of which is in Riverside County. Two important 
tributaries to San Sevaine Channel include the Highland Channel and Declez 
Channel. The Highland Channel enters San Sevaine in the upper part of its 
watershed in San Bernardino County. Declez Channel enters San Sevaine Channel 
in the lower part of the watershed in Riverside County, but the upper part of this 
channel is in San Bernardino County. Declez Channel is ~4.7 miles in length with 
a rectangular lined segment from the headwaters that transitions to a trapezoidal 
segment (except for a short culvert section) upstream of its confluence with San 
Sevaine Channel. 

 Day Creek/Etiwanda Channel – The Day Creek drainage area encompasses an 
approximately 51 mi2 area. It has one major tributary - Etiwanda Channel. The 
mainstem of Day Creek may be divided into four segments with varying 
characteristics and the Etiwanda tributary may be divided into two segments, a 
portion that is upstream of the MS4 and an engineered downstream segment. 
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Table B-7. Characteristics of channels draining to the Pedley Avenue MSAR watershed-
wide TMDL compliance monitoring site 

Reach Segments Description 

Anza Drain 
Headwaters to Arlington Avenue Vertical-walled, concrete-lined channel 

Arlington Avenue to confluence with 
MSAR Channel with natural characteristics 

San Sevaine 
Channel & 
Tributaries 

Headwaters to San Sevaine Basins Discharge from headwater area captured by 
San Sevaine Basins 

San Sevaine Basins to confluence with 
MSAR 

11 mi concrete-lined reach from San 
Sevaine Basins to confluence with MSAR 

Highland Channel - Headwaters to 
confluence with San Sevaine Channel 2.5 mi concrete-lined trapezoidal reach 

Declez Channel - Headwaters to 
confluence with San Sevaine Channel  

~2.5 mi concrete-lined rectangular segment 
and 2.2 mi concrete lined trapezoidal reach; 
lower portion including confluence with San 
Sevaine Channel is in Riverside County. 

Day Creek & 
Tributaries 

Headwaters to Day Creek Basins Discharge from undeveloped areas captured 
by Day Creek Basins 

Day Creek Basins to south of 63rd St 11 mi concrete-lined reach  - lower end of 
this reach is in Riverside County 

Limonite Avenue to Lucretia Avenue 0.6 mi earthen bottom trapezoidal channel – 
within Riverside County 

Lucretia Avenue to confluence with 
MSAR 

Natural characteristics – within Riverside 
County 

Etiwanda Channel - Headwaters to 
concrete-lined segment 

Discharge from undeveloped areas captured 
in detention basins 

Etiwanda Channel - Beginning of 
concrete-lined segment to confluence 
with Day Creek  

8.5 mi concrete-lined for entire length except 
for short segment between Foothill 
Boulevard and the Etiwanda Conservation 
Basins on either side of I-10 Fwy 
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B.4 Baseline Water Quality 
Water quality monitoring in the MSAR watershed to support TMDL implementation 
has been ongoing since 2007 at all five watershed-wide compliance monitoring 
locations. To date, this effort has included (see also Attachment A): 

 Collection of 20 bacterial indicator samples during each dry season (April 1 – 
October 31), under dry weather conditions in 2007, 2008, 2009 and 2010. 

 Collection of 11 bacterial indicator samples during each wet season (November 1 – 
March 31), under dry weather conditions in 2007-08, 2008-09, 2009-10, and 2010-
11.  

 Collection of 4 bacterial indicator samples during and after a wet weather event in 
each of the wet seasons of 2007-08, 2008-09, 2009-10, and 2010-11. 

 Collection of approximately 20 bacterial indicator samples during dry weather 
conditions in both dry and wet seasons from 13 USEP monitoring program 
locations in 2007-2008. 

In addition to TMDL-related monitoring, sampling has been conducted by the 
SBCFCD to fulfill San Bernardino County MS4 permit monitoring requirements; 
however, this sampling occurs only during wet weather. The following sections 
summarize baseline water quality for bacterial indicators in the MSAR watershed. 
Detailed information is available in data reports prepared to support TMDL 
implementation: SAWPA (2009a) summarizes the findings from the 2007 dry season 
and 2007-08 wet season monitoring; SAWPA (2009b) and SAWPA (2009c) summarize 
the findings from the 2008 dry and 2008-2009 wet seasons, respectively; SAWPA 
(2009d) and SAWPA (2010c) summarize the results from the 2009 dry and 2009-2010 
wet seasons; and SAWPA (2010f) summarizes the results from the 2010 dry season; 
and SAWPA (2011) summarizes results from the 2010-2011 wet season, respectively.  

Watershed-wide Compliance Monitoring 
Table B-8 and Figure B-12 present the geometric mean, median, and coefficient of 
variation of the E. coli concentrations from samples collected during dry weather in 
the dry and wet weather seasons at each of the compliance monitoring locations3,4. 
Although Prado Park Lake is not located within Riverside County, information on 
this waterbody is provided for informational purposes. 

Generally, E. coli concentrations within the Santa Ana River are lower than in Chino 
Creek and Mill-Cucamonga Creek. E. coli concentrations in Prado Park Lake are also 
                                                           
3  Similar data are available for fecal coliform, but are not presented in this document (they may be 

viewed in the SAWPA references provided above). It is expected that the Regional Board will adopt a 
Basin Plan amendment in 2011 replacing fecal coliform water quality objectives with E. coli 
objectives. Accordingly, all bacterial indicator summaries and analyses in this CBRP are based on E. 
coli. 

4  The wet season data collected under dry conditions is provided in this CBRP for informational 
purposes only. This CBRP only applies to dry weather conditions from April 1 – October 31. 
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comparatively low. These summary statistics are presented to provide an overall view 
of water quality; actual measures of attainment of proposed E. coli water quality 
objectives are based on geometric mean calculations from samples collected over a 
period of no more than 30 days. Exceedances of E. coli water quality objectives 
expected to be adopted in the ongoing Basin Plan amendment process (see Section 
1.2.2) occur regularly at all sites. In addition, exceedances of the TMDL urban 
wasteload allocations regularly occur.  

Figures B-13 through B-17 illustrate the pattern in single sample and geometric mean 
results for E. coli over the 2007-2010 period for all five compliance monitoring sites. In 
general, the observed overall dry weather season geometric mean E. coli 
concentrations at each watershed-wide TMDL compliance monitoring site declined 
over the period from 2007-2009, but then increased in 2010 (dry season). Bacterial 
indicator concentrations remain well above the urban wasteload allocations at the 
Mill-Cucamonga Creek and Chino Creek compliance monitoring sites.  
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Table B-8. Summary statistics for E. coli levels (cfu/100 mL) and data variability by sample location during dry weather conditions in 
the dry and wet seasons (2007-2010) 

Site 

Dry Season Wet Season 

N 
Geometric 

Mean 
Median 

Coefficient 
of Variation1 N 

Geometric 
Mean 

Median 
Coefficient 

of Variation1 

Prado Park Lake (WW-C3) 57 80 80 0.25 48 178 145 0.20 

Chino Creek at Central Ave 
(WW-C7) 55 394 370 0.13 46 256 215 0.19 

Mill-Cucamonga Creek at 
Chino-Corona Rd (WW-M5) 56 877 770 0.11 44 284 260 0.21 

Santa Ana River at MWD 
Crossing (WW-S1) 58 149 140 0.12 41 132 130 0.21 

Santa Ana River at Pedley 
Ave (WW-S4) 55 149 140 0.14 43 116 120 0.20 
1 - Coefficient of variation was calculated using natural log-transformed data 
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Figure B-12. Box-Whisker Plots of E. coli levels in samples collected under dry weather conditions during the dry 
season (red) and wet season (blue) at MSAR watershed-wide TMDL compliance monitoring sites 
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Figure B-13. Time series plot of E. coli single sample results and geometric means for samples collected from Prado Park Lake 
(WW-C3, 2007-2011). Geometric mean was calculated only if five samples were collected during the previous five weeks. 
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Figure B-14. Time series plot of E. coli single sample results and geometric means for samples collected from Chino Creek (WW-
C7, 2007-2011). Geometric mean was calculated only if five samples were collected during the previous five weeks. 
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Figure B-15. Time series plot of E. coli single sample results and geometric means for samples collected from Mill-Cucamonga 
Creek (WW-M5, 2007-2011). Geometric mean was calculated only if five samples were collected during the previous five weeks. 
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Figure B-16. Time series plot of E. coli single sample and geometric mean results for samples collected from Santa Ana River @ Pedley 
Avenue (WW-S4, 2007-2011). Geometric mean was calculated only if five samples were collected during the previous five weeks. 
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Figure B-17. Time series plot of E. coli single sample and geometric mean results for samples collected from Santa Ana River @ MWD 
Crossing (WW-S1, 2007-2011). Geometric mean was calculated only if five samples were collected during the previous five weeks. 
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Table B-9 summarizes the frequency of compliance with single sample and geometric 
mean Basin Plan REC-1 water quality objectives proposed for E. coli (235 cfu/mL for 
single sample and 126 cfu/mL for geometric mean) during dry weather conditions in 
the dry season 2007-2010. At some locations there has been an improvement in 
compliance frequency since data collection began in 2007, e.g., as observed at the 
Santa Ana River watershed-wide compliance monitoring locations. 

Table B-9. Compliance frequency for E. coli under dry weather conditions during the 
2007 -2010 dry seasons (as compared to proposed Basin Plan objectives for E. coli) 

Site 

Single Sample Criterion Exceedance 
Frequency (%) 

Geometric Mean Criterion Exceedance 
Frequency (%) 

2007 2008 2009 2010 2007 2008 2009 2010 

Prado Park 
Lake 20% 30% 5% 5% 64% 50% 0% 6% 

Chino Creek 100% 85% 35% 55% 100% 100% 88% 100% 

Mill-Cucamonga 
Creek 100% 95% 100% 95% 100% 100% 100% 100% 

SAR @ MWD 
Crossing 40% 15% 5% 30% 91% 58% 44% 63% 

SAR @ Pedley 
Ave. 27% 25% 5% 5% 82% 75% 44% 19% 

Urban Source Evaluation Plan Monitoring 
The USEP monitoring program (2007-2008) analyzed bacterial indicator levels and 
sources (using microbial source tracking [MST] tools) to characterize key urban MS4 
facilities in Riverside and San Bernardino Counties. The MSAR Task Force used the 
2007-2008 USEP data results to prioritize steps for mitigating controllable urban 
sources of bacterial indicators within the MSAR watershed. High priority sites 
included those where: 

 Magnitude and frequency of bacterial indicator exceedances was high; 

 Microbial source tracking analysis indicated presence of human sources of 
bacterial indicators relatively frequently;  

 Site is in an area, or is close to an area, where water contact recreational activities 
are likely to occur; and 

 Observed bacterial indicator exceedances and presence of human bacterial 
indicator sources occur during periods when people are most likely to be present, 
e.g., during warm months and dry weather periods. 

In contrast, the lowest priority sites for urban dischargers would be those where the 
bacterial indicator exceedance frequency and magnitude is low, human or other 
urban sources, e.g., dogs, are not present, and the site is not used for water contact 
recreation, e.g., the site is a concrete-lined, vertical-walled flood control channel. 
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A complete summary of USEP monitoring results may be found in SAWPA (2009a). 
Compliance with Basin Plan objectives was evaluated using geometric mean and 
single sample results (Table B-10). Geometric means of bacterial indicator levels were 
calculated only when at least five sample results were available from the previous five 
week period. Bacterial indicator levels frequently exceeded water quality objectives at 
most of the sampling locations. Despite this commonality, the range of bacterial 
indicator levels varied significantly among sites (Figure B-18).  

MST analyses detected bacterial indicators originating from human sources at some 
sites. The detection frequency of bacterial indicators originating from human sources 
indicated that some tributaries to impaired waterbodies could pose a greater risk of 
contributing harmful pathogens to downstream waters than others (Table B-11). Sites 
were ranked based on three factors: 

 Frequency of exceedances of water quality objectives (RF) 

 Magnitude of bacterial indicator concentration (RC) 

 Number of detections of human source bacteria (RD) 

From these ranks, a single normalized index referred to as a Bacterial Prioritization 
Score (BPS) was calculated using the following equation:  

 

 

Table B-12 shows the relative ranks and computed BPS for each of the subwatersheds 
represented by USEP monitoring locations. These BPS values are being used as the 
basis for prioritizing TMDL implementation activities within each of the areas 
draining to watershed-wide compliance monitoring sites. This analysis shows that 
highest priority drainage areas within larger subwatersheds are Box Springs and 
Lower Deer Creek (Chris Basin). In contrast, drainage areas that appear to be of low 
priority include Sunnyslope Channel and Carbon Canyon Creek. 
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Table B-10. Compliance frequency based on proposed E. coli water quality objectives at USEP monitoring program sites 
during dry weather 

USEP Site 

Single Sample Criterion 
Exceedance Frequency (%) 

Geometric Mean (cfu/100 mL) Geomean 
Criterion 

Exceedance 
Frequency 

(%) 
Dry Season Wet Season 

Dry Season 
2007 

(7/14 – 8/11) 

Dry Season 
2007 

(9/1 – 9/29) 

Wet Season 
2008 

(1/19 – 2/16) 

Wet Season 
2008 

(1/26 – 2/23) 

Anza Drain1 80% 25% 380 638 177 341 100% 
Box Springs Channel1 89% 75% 1,149 4,793 655 939 100% 
Carbon Canyon Cr. 20% 25% 44 84 200 177 50% 
Chris Basin 80% 100% 1,758 429 1,530 1,447 100% 
County Line Channel2 80% 50% 1,194 n/a n/a n/a 100% 
Cucamonga Cr. 50% 38% 74 262 176 356 50% 
Cypress Channel 100% 100% 4,745 1,981 n/a n/a 100% 
Day Creek2 71% 60% n/a n/a n/a n/a n/a 
San Antonio Channel 78% 56% n/a 718 2,085 1,394 100% 
SAR @ La Cadena2 100% 50% n/a n/a n/a n/a n/a 
Sunnyslope Channel1 20% 33% 165 204 72 207 75% 
San Sevaine Channel2 75% 83% n/a n/a n/a n/a n/a 
Temescal Cr. 1 89% 43% 491 3,127 162 143 100% 
1 – Site in Riverside County 
2 – Site receives DWF from both counties 
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Figure B-18. E. coli levels at USEP monitoring program sites during dry weather 
conditions  
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Table B-11. Summary of human source bacteria detections at USEP monitoring 
program sites 

USEP Site N 

Number of 
Detections of 

Human Sources 
(Maximum N = 20) 

Frequency of 
Detection 

Anza Drain 20 1 5% 

Box Springs Channel 20 18 90% 

Carbon Canyon Creek1 20 0 0% 

Lower Deer Creek (Chris Basin) 1 20 5 25% 

County Line Channel2 7 0 0% 

Cucamonga Creek1 20 1 5% 

Cypress Channel1 14 1 7% 

Day Creek2 15 1 7% 

San Antonio Channel1 19 3 16% 

San Sevaine Channel2 7 3 43% 

Santa Ana River at La Cadena2 20 3 15% 

Sunnyslope Channel 16 2 13% 

Temescal Creek 20 1 5% 
1 – Site in San Bernardino County 
2 – Site receives DWF from both counties 

Table B-12. Bacteria Prioritization Score for USEP monitoring program sites 

Site 

Relative Rank of Bacterial Indicator Water Quality 

Normalized 
BPS 

Frequency of 
Single Sample 
Exceedance 

(RF) 

Magnitude of 
Exceedance 

(RC) 

Proportion of 
Human Detect 

(RD)) 

Box Springs Channel1 11 13 13 100 
Chris Basin Outflow 12 11 11 78 
Cypress Channel 13 12 7 59 
San Antonio Channel 6 9 10 29 
Santa Ana River @ La Cadena2 5 8 12 26 
San Sevaine Channel2 10 4 8 17 
Day Creek2 8 6 6 15 
County Line Channel2 9 10 1 5 
Cucamonga Creek 3 7 3 3 
Anza Drain1 4 5 3 3 
Temescal Creek1 7 2 3 2 
Sunnyslope Channel1 1 3 9 1 
Carbon Canyon Creek 1 1 1 0 
1 – Site in Riverside County 
2 – Site receives DWF from both counties 
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NPDES Monitoring Activities 
Monitoring activities within the MSAR watershed to comply with the San Bernardino 
County MS4 permit have occurred during wet weather. Accordingly, no dry weather 
data from this monitoring program were included in CBRP water quality analyses. 
The Integrated Watershed Management Plan, currently being developed as an MS4 
permit requirement, will expand the monitoring program to include dry weather 
events. As data become available from this monitoring, they will be included in CBRP 
data reviews. 

SAR at MWD Crossing has been designated as a trend analysis site for a watershed-
wide study, coordinated by the Southern California Coastal Water Research Project 
(Regional Monitoring of California’s Coastal Watersheds, Stormwater Monitoring 
Coalition Bio-assessment Working Group, Technical Report 539, December 2007). A 
dry weather monitoring event is required, that includes a suite of parameters, e.g., 
biological toxicity, nutrients and organics. The first dry weather monitoring event was 
completed in September 2010. This location most likely will be relocated to the Santa 
Ana River at Pedley site, given the availability of historic data at this location.  As 
data become available, they will be considered along with CBRP monitoring data. 

Special Water Quality Studies 
Periodically, special studies have been completed to evaluate specific water quality 
issues. Within San Bernardino County one such study was recently completed that 
provided data relevant to this CBRP. A recent study was conducted to determine the 
sources of elevated bacterial indicator levels in Cucamonga Creek (Surbeck et. al., 
2010). To evaluate the bacterial indicator sources to the creek, the project team 
collected samples at eight locations along the creek during seven sample events that 
characterized a range of air temperatures and antecedent dry periods. Additionally, 
microcosm studies were performed using treated wastewater and urban DWF 
collected during the sampling program to investigate bacteria growth when bacterial 
indicators were exposed to nutrients and dissolved organic carbon (DOC). 

Study findings demonstrated that almost 100 percent of the bacterial indicator loading 
can be attributed to urban DWF while treated wastewater was found to be the 
primary source of nutrient loading. Microcosm studies demonstrated that E. coli levels 
are strongly dependent upon DOC and phosphorus. Levels of 7.0 mg/L DOC and 
0.07 mg/L total phosphorous, were identified as thresholds for creating conditions 
that favor growth (at higher levels) and decay (at lower levels).  
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C.1 Introduction 
This section describes the CBRP program planned for implementation by the 
Riverside County permittees to achieve compliance with urban wasteload allocations 
under dry weather conditions. The CBRP program relies on a combination of 
ordinance adoption or revision, implementation of specific BMPs, a comprehensive 
inspection program (i.e., source evaluation program), development of UAAs, and 
where determined necessary, regional treatment (with options ranging from 
ultraviolet disinfection, natural treatment systems to diversions to POTWs). The 
recommended approach focuses both on the elimination of DWFs from MS4 facilities 
and reductions of urban bacterial indicator sources.  

As discussed in CBRP Section 1.2.1, Section V.D.2.b.i of the San Bernardino County 
MS4 permit lists the requirements for preparation of the CBRP. These requirements 
call for the inclusion of four key program elements. These elements and their 
corresponding reference in the CBRP are as follows: 

 Ordinances – Element 1 

 Specific BMPs - Element 2 

 Inspection Criteria – Element 3 

 Regional Treatment – Element 4 

The following sections describe the CBRP program activities planned for 
implementation under each of these elements.



 Attachment C 
Comprehensive Bacterial Indicator Reduction Program 

A   C-2 

C.2 Element 1 - Ordinances  
The CBRP requires the identification of specific ordinances that will be adopted 
during implementation that reduce the levels of indicator bacteria in urban sources. 
Two options for ordinance adoption are described in the sections below: Water 
Conservation and Pathogen Control.  

Water Conservation Ordinance 
Water purveyors are required to comply with the Urban Water Management Plan Act 
(UWMP) and prepare an UWMP every five years. As part of the UWMP 
requirements, these agencies are required to address water waste prohibitions during 
normal water conditions and during various stages of water shortages (catastrophic 
interruptions and during droughts). To varying degrees, the jurisdictions have 
adopted water conservation ordinances incorporating these requirements (see Table 
C-1).  

Under normal water conditions, water conservation ordinances prohibit specific 
outdoor water use activities that have the potential to create DWF in the MS4.Normal 
water conditions are when there are no expected shortages in water supplies. 
Specifically, prohibited activities during normal water conditions may include 
allowing runoff to leave a property from over-irrigation, washing of impervious 
surfaces, and failure to repair leaks. Actual prohibitions vary by the adopted 
ordinances of the water purveyors as illustrated in Table C-1. During water shortages 
the ordinances further limit water use, including outdoor water use and subsequently 
the potential to create further DWFs, in relation to the degree of the shortage such as 
limiting outdoor water use to specific days, hours, and durations.  

Water Efficient Landscape Ordinance 
The Water Conservation in Landscaping Act of 2006, Assembly Bill 1881 (AB 1881),  
requires adoption of the Model Water Efficient Landscape Ordinance designed to 
improve public and private landscaping and irrigation practices for new development 
projects or rehabilitation of significant landscape areas. The ordinance reduces 
outdoor water waste through improvements in irrigation efficiency and selection of 
plants requiring less water. The ordinance requires development of water budgets for 
landscaping, use of recycled water if available, routine irrigation audits, and 
scheduling of irrigation based on localized climate. For existing landscapes greater 
than one-acre in size, the water purveyors are required to implement programs, such 
as irrigation water use analyses, irrigation surveys, and irrigation audits to reduce 
landscape water use to a level not exceeding the Maximum Applied Water Allowance 
(MAWA) as specified in the ordinance. Landscape audits are required to be 
conducted by a certified landscape auditor. Local purveyors are also required to 
prevent outdoor water waste resulting from inefficient landscape irrigation and 
establish penalties for violating these prohibitions. Specifically, local purveyors are to 
prohibit runoff from leaving the targeted landscape areas. San Bernardino County 
MS4 Permittees have adopted the Chino Basin Water Efficient Landscape Ordinance, 
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which was developed collaboratively by cities and water agencies in the Chino Basin 
as a regional model ordinance that meets AB 1881 requirements. 

Table C-1. Existing water conservation ordinances in the San Bernardino County portion of the 
MSAR watershed  

Proponent 
Ordinance 

Name 
Applicability Key Prohibitions 

City of Chino Water 
Conservation City of Chino 

• Runoff of irrigation water to 
impermeable surfaces 

• Operation of sprinklers for > 15 
minutes/day/station for spray 
irrigation 

• Scheduling of spray irrigation 
between the hours of 6:00 am and 
8:00 pm 

• Failure to repair a water leak 
• Use of water to wash any 

impervious surfaces 

Cucamonga Valley 
Water District  

Water Use 
Efficiency 

Cities of Fontana, 
Ontario, Rancho 
Cucamonga, Upland, 
and portions of 
unincorporated San 
Bernardino County 

• Any irrigation water leaving the 
property 

• Failure to repair a water leak 

City of Ontario Stormwater 
Drainage System City of Ontario 

• Runoff of wastewater from most 
potential outdoor washing activities 

• Draining of pools or fountains and 
pool filter backwash containing 
chlorine or other harmful chemicals 

City of Upland Water 
Conservation City of Upland 

• Scheduling of spray irrigation 
between the hours of 10:00 am and 
6:00 pm 

• Failure to repair a water leak 
• Use of water to wash any 

impervious surfaces 

City of Chino Hills Water 
Conservation City of Chino Hills • No prohibitions, voluntary 

conservation measures only 

Monte Vista Water 
District 

Water Use 
Efficiency Best 
Practices 

City of Chino, 
Montclair, and  
portions of 
unincorporated San 
Bernardino County 

• Any irrigation water leaving the 
property 

• Operation of sprinklers for > 15 
minutes/day/station for spray 
irrigation 

• Scheduling of spray irrigation 
between the hours of 8:00 am and 
8:00 pm 

• Irrigation when it is raining 
• Failure to repair a water leak 

City of Rialto 

Water 
Conservation 
Requirements; 
Stormwater 

City of Rialto 

• No prohibitions; ordinance 
discourages specific activities that 
waste water and encourages 
minimizing off site runoff to the 
MEP 

 

CBRP Implementation: Generally speaking, the permittees’ ability to enforce water 
conservation and water efficient landscape ordinances on their own is somewhat 
limited. Local water districts measure water use, set rates, and set water use 
policies, including fines for water waste. Local stormwater ordinances can 
complement these measures, but water district participation and implementation 
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of the conservation requirements is critical to a successful water conservation 
program that also provides water quality benefits. Accordingly, CBRP activity in 
the area of water conservation ordinance enforcement will be coordinated with 
water local water purveyors. 

During CBRP implementation, the permittees will evaluate whether existing 
authority is adequate to manage DWFs to reduce bacterial indicator levels in 
receiving waters. Some MS4 permittees or water purveyors may opt to focus 
efforts on implementation of specific BMPs (see Element 2) rather than 
enforcement of water conservation ordinances. Evaluation of different approaches 
will be coordinated with the development of San Bernardino County’s WAP. 

Bacterial Indicator Control Ordinance 
Pathogen control through ordinance development is a component of the San 
Bernardino County MS4 permit:   

San Bernardino County MS4 permit Section VII.D – “Within 3 years of adoption 
of this Order, the permittees shall implement fully adopted ordinances that 
would specify control measures for known pathogen or bacterial sources 
such as animal wastes if those types of sources are present within their 
jurisdiction.” 

With a permit adoption date of January 29, 2010, this MS4 permit requirement must 
be addressed by January 29, 2013. The permit language specifically mentions animal 
wastes but could address other bacterial indicator sources as well. A pathogen 
ordinance may also support development of the Residential Program, as required by 
the MS4 permit by January 29, 2013. 

Some municipalities in the MSAR watershed have existing ordinances prohibiting the 
discharge of domestic waste from sewer lines overflows, septic tanks, portable toilets, 
boats, and animal feces. Typical ordinances make unlawful the failure to exercise due 
care or control over an animal such that solid waste is to allowed to be deposited on 
any public sidewalks, parks or other public property, or private property other than 
that of the owner.  

CBRP Implementation: Existing ordinances do not establish specific requirements to 
properly dispose of pet waste with accompanying penalties for failure to comply. As 
part of CBRP implementation, the permittees will re-visit existing ordinances that 
address any type of animal waste and look at ways to enhance waste management 
requirements, compliance and enforcement. For example, a pathogen control 
ordinance could specifically require owners/keepers of pets to properly dispose of 
pet waste that is deposited on any property, whether public or private. Proper 
disposal would be defined as placement of pet waste in waste receptacles or 
containers that are regularly emptied or to a sanitary sewage system for proper 
treatment. Penalties or fines could be also included. 
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In addition to the above recommendations, it is possible that during implementation 
of the inspection program (Element 3), additional ordinance needs may be identified 
that could be addressed through a pathogen control ordinance. This potential will be 
evaluated continually during CBRP implementation. 
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C.3 Element 2 - Specific BMPs 
The CBRP requires the identification of specific BMPs that will be implemented to 
reduce bacterial indicator levels in receiving waters. The following sections describe 
in no particular order the specific BMPs that have been incorporated into the CBRP. 
These BMPs range from programmatic activities that set the stage for other CBRP 
elements (e.g., DWF inspections) to specific activities that can reduce DWFs or control 
bacterial indicators at the source. Some of the recommended BMPs are also MS4 
permit requirements, which will be noted as appropriate. In addition, some of these 
BMP activities may be coordinated between San Bernardino and Riverside County to 
streamline the level of effort required to implement the activity. 

Transient Camps 
Transient encampments near receiving waters or within MS4 facilities are often cited 
as a potential source for bacterial indicators and a reason for closure of these 
encampments. As this source of bacterial indicators is directly associated with human 
waste / human pathogens, this is a high priority source for control.  It is not certain to 
what degree water quality is impacted by these encampments, especially under dry 
weather conditions. However, facilities for proper management of human and food 
wastes are typically not present at transient encampments. A difficulty in addressing 
transient encampments as a source of bacterial indicators is that they are transitory, 
existing for periods that may range from days to weeks. In some instances, sites may 
be used intermittently by transients. Two essential questions need to be evaluated 
prior to fully engaging in a process that involves eliminating transient camps that 
have the potential to impact water quality: 

 Where are transient encampments in relation to the MS4?  Transient encampments are 
commonly located under bridges, in channels, or near or adjacent to waterbodies 
within the flood control facility right-of-way or within a natural channel. 
RCFC&WCD owns and operates the vast majority of MS4 that can support 
transient encampments.  Through annual inspections of its MS4, the RCFC&WCD 
identifies encampments within its MS4 that are a threat to public health and safety 
or downstream receiving waters.  These encampments are relocated and cleaned 
through a coordinated program with local municipalities, social service providers 
and law enforcement.   

Encampments outside of MS4 rights-of-way may also provide a threat to water 
quality in some cases. To assist in source evaluations for specific MS4 facilities, the 
Riverside County permittees can conduct reconnaissance to identify locations for 
transient encampments that may have the highest potential to impact water quality 
as part of their source assessment program. As transient encampments are mobile, 
it is appropriate to conduct reconnaissance after source assessments indicates a 
potential human contamination in a MS4. 

 What is the water quality impact of transient encampments?  Once a transient 
encampment has been identified as part of an MS4 inspection or source assessment 
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follow-up, an investigation can be conducted to examine to what degree transient 
activities, including illicit discharges, are impacting DWFs. It may be possible that 
such encampments are more of a wet weather concern. Such an investigation may 
include field observations of camp activities and water quality sampling upstream 
and downstream of selected camps located adjacent to waterbodies. 

Based on the findings from the above activities, an evaluation of the potential benefits 
of enhancing existing transient encampment management strategies to focus on 
eliminating camps near waterbodies will be made. Specifically, this evaluation will 
look at the social, financial impacts of program enhancement relative to the water 
quality benefits achieved as compared to other bacterial indicator reduction strategies. 
This evaluation is needed prior to implementation since camp closure requires 
participation by multiple agencies, which will tax already limited resources, e.g., law 
enforcement, public works, environmental health, and social services. 

If the decision is made to expand efforts to eliminate transient encampments to 
support CBRP implementation an area-wide model program will be developed to 
guide jurisdictional agencies. For example, The Center for Problem-Oriented Policing 
and the U.S. Department of Justice Office of Community Oriented Policing Services 
developed Homeless Encampments (2009 guidance document), which presents 
recommended steps for closing down transient camps. These steps are summarized as 
follows: 

 Assess encampment to identify the number of occupants and any hazardous 
conditions - This initial step is critical as it provides information regarding what 
additional local resources (law enforcement, public works, and social services) 
would be required to close the camp.   

 Determine jurisdiction for multi-agency coordination – The exact location of the 
encampment determines which municipal entities and department should be 
involved.  

 Arrange alternative shelter prior to removal of individuals from encampments to 
prevent legal challenges. 

 Engage homeless advocacy groups to explain what process will be followed and 
what alternative shelter arrangements are available; this will ease tensions and 
controversy prior to implementing camp closure activities.  

 Understand jurisdictional laws regarding removal of transient/ property to 
prevent latter claims of violations of such laws. 

 Provide and post written advance notice to camp occupants that they are 
trespassing, provide a deadline to vacate and remove all property, and identify 
location(s) of alternative shelter. 
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 Issue citations after passage of the first deadline and notify occupants that they are 
subject to arrest and property seizure if the camp is not vacated after a second 
deadline.  

 Conduct arrests if occupants have not vacated and removed property by second 
deadline. 

 Clean-up site after camp has been vacated, and remove and cut back 
foliage/natural cover as this action tends to remove incentive for the camps to be 
rebuilt in the same location; it also provides unobstructed views of the area.  

 Inspect the site periodically to ensure camp is not reestablished. 

 Post signage prohibiting establishment of encampments in the area. 

Other methods which have been used in the local area will be considered as well. For 
example, in Riverside County the City of Corona and the RCFC&WCD have local 
experience working with a transient task force to address concerns associated with 
transient camps.   

CBRP Implementation: The following activities will be implemented as part of this 
BMP:  

 Identify locations of suspected transient encampments in receiving waters or MS4 
facilities.  

 Implement an investigation at one or more locations to evaluate potential DWF 
water quality impacts from transient camps.  

 If transient camps are identified as a potential urban bacterial indicator source in 
DWFs, develop a model program to address transient encampments targeted for 
closing because of expected water quality impacts.  

 As determined necessary, implement transient camp closures and follow-up 
activities to prevent re-establishment of closed camps in the same locations. 

Illicit Discharge, Detection and Elimination Program (IDDE) 
The MS4 permit for San Bernardino County requires the development of a pro-active 
IDDE program (MS4 permit Section VIII). This effort is to review and update ongoing 
MS4 permit activities to eliminate illegal connections and illicit discharges to the MS4. 
The purpose of this program is to specify a procedure to conduct focused, systematic 
field investigations, outfall reconnaissance surveys, indicator monitoring and tracking 
of discharges to their sources. The CBRP will benefit from the development of the 
IDDE procedures, which should be effective in identifying and eliminating or 
reducing DWFs to the MS4.  
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The Regional Board recommends that the IDDE program be based on the IDDE 
Guidance Manual developed by the Center for Watershed Protection (CWP 2005) or 
an equivalent program. Key elements recommended by the CWP document include 
mapping, field observation and survey, monitoring and spatial analysis.  

The MS4 Area-wide Program currently implements many effective IDDE elements. 
The Program already utilizes an in-depth business inspection system, as well as 
training to all employees to observe and report illegal discharges. Each agency 
employs the centralized MS4 database to standardize the reporting format, and a 
model enforcement document has been prepared. Procedures to locate and remediate 
illegal discharges are implemented by each Agency, and reported to the Regional 
Board.  

The IDDE will specify the required documentation of these procedures, as well as 
outlining additional measures that can be implemented to improve the effectiveness 
of the IDDE program. 

CBRP Implementation: San Bernardino County permittees will develop the IDDE 
Program as required by the MS4 permit. Development of this program is critical to the 
implementation of an inspection program (Element 3 – Attachment C.4). The San 
Bernardino County MS4 permit contains no defined date for development of the 
IDDE program. However, given that establishment of the IDDE program is a 
precursor to full implementation of the CBRP inspection program, a schedule for 
development of this program has been included in the CBRP schedule. 

Street Sweeping 
Trash and other materials accumulated in streets and within MS4 facilities may 
provide a habitat and food source for bacterial indicators. DWF in street gutters, 
drains, and catch basins keeps these facilities damp, which supports bacterial 
indicator survivability. Biofilms may develop under these types of conditions within 
catch basins, along street gutters, or within flood control channels (e.g., see Skinner et 
al., 2010; Fergusson 2006). Biofilms are dynamic microbial communities that go 
through an attachment phase and then ultimately a detachment, erosion or 
“sloughing” phase from the surface to which they are attached.  

Managing or eliminating biofilm development has the potential to substantially 
reduce bacterial indicator levels. A recent study by the City of San Diego shows that 
enhanced cleaning of catch basins provided minimal benefits in terms of reducing 
bacterial indicator levels. However, there is evidence that enhanced street sweeping 
will provide benefits. This can be accomplished by using vacuum street sweepers to 
reduce biofilms and their habitat and food sources from street gutters. Skinner et al. 
(2010) found very high bacterial indicator counts in initially bacteria free hose water 
running along street gutters. Implementing improved street sweeping practices 
resulted in an order of magnitude reduction in fecal coliform concentration (14,000 
MPN/100 mL to 870 MPN/100 mL) in a 300 feet section of gutter before and after 
street sweeping. This finding suggests that the use of newer vacuum street sweepers 



 Attachment C 
Comprehensive Bacterial Indicator Reduction Program 

A   C-10 

targeting the street gutter could provide increased control of this source of bacterial 
indicators. 

CBRP Implementation: San Bernardino County MS4 permittees will evaluate existing 
street sweeping programs (e.g., method, frequency, equipment) to determine 
potential to modify programs to reduce bacterial indicator sources. Based on the 
findings of this evaluation, a plan and schedule will be developed for 
implementation. 

Irrigation or Water Conservation BMPs 
Attachment C.2 describes expectations associated with water conservation ordinance 
enforcement under this plan. A separate but related CBRP element is the 
implementation of BMPs that target irrigation practices with a goal of 
reducing/eliminating DWFs to the MS4. These practices not only benefit water 
quality but reduce water use. The development and implementation of these practices 
will be carried out collaboratively with water purveyors to support development of 
the Residential Program, as required by the MS4 permit by January 29, 2013. . At the 
regional level, IEUA developed a Water Use Efficiency Business Plan (WUEBP). 
Between now and 2020 the program will target water conservation, with an emphasis 
on outdoor water use. Specific practices that would be effective at reducing dry 
weather runoff include: 

 Replacement of grass with artificial turf – The use of artificial turf provides a low 
maintenance, no irrigation alternative to grass lawns. Costs of materials and 
installation to replace a grass lawn with artificial turf can range from $6-14 per 
square foot. In the past in neighboring Riverside County, through partnerships 
with MWD and Western Municipal Water District, Cities of Riverside and Corona 
have offered a $1 per square foot rebate for property owners that replace existing 
grass lawns with artificial turf.  

 Replacement of grass with drought tolerant native plant species – California drought 
tolerant native plants/gardens require minimal watering and therefore reduce the 
likelihood of off-site dry weather runoff (see the California Native Plant Society 
webpage for more information at www.cnps.org). In neighboring Riverside 
County , property owners that replace existing grass lawns with drought tolerant 
plants in the Cities of Riverside and Corona have through past programs been 
eligible to receive a rebate of $0.90/square foot (sq. ft.) and $0.40/sq. ft., 
respectively.  

 Installation of Weather Based Irrigation Controllers (WBICs) – WBICs use climate 
measurements to determine the amount of water needed to meet 
evapotranspiration requirements of grass lawns and other landscaped areas on a 
given day. Limiting irrigation to the needs of the plants can reduce the amount of 
water that leaves a property as dry weather runoff. WBICs can be distributed to 
potential users via several types of programs, including partial rebates/vouchers, 
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equipment exchanges, or direct installation. As part of the WUEBP, IEUA will 
implement a direct installation rebate program. 

Typical costs for WBICs range from $300 - $800 for a small residential application, 
to $2,000 - $3,000 for a property with large landscaped areas. The cost 
effectiveness of installing WBICs to a property owner or water agency is 
dependent upon the existing water use (potential to reduce demand), avoided cost 
of water, water rates, and expected lifespan of the device (Mayer et al. 2009). 
Given these variables, it would likely not be cost effective to distribute WBICs to 
individual homeowners who do not typically over-irrigate. Conversely, 
applications of WBICs would likely be cost effective on large landscape properties 
where excess water is used and the potential to generate off-site runoff is high. 
The most cost effective implementation approach would need to be evaluated by 
the local jurisdiction. 

 Landscape irrigation audits – IEUA offers commercial and single family residential 
audits throughout its wholesale service area through the Chino Basin Water 
Conservation District.. An audit involves checking the irrigation system for leaks, 
ensuring spray heads are properly directed and operational, capping unused 
spray heads, and providing a watering schedule based on precipitation rate, local 
climate, irrigation system performance, and landscape conditions. Customers are 
also provided with information regarding rebates and incentives designed to 
reduce outdoor water use. A potential implementation approach would be to 
target landscape audits in areas that are hydrologically connected to downstream 
receiving waterbodies/compliance sites. The cost of conducting a landscape 
irrigation audit is low relative to other irrigation practice BMPs; however, the 
effectiveness is unpredictable. To be effective, property owners would need to 
consistently implement the audit recommendations.  

 Public education and outreach - Public education and outreach activities to 
encourage water conservation are already ongoing (both by the MS4 programs 
and water purveyors). The CBRP does not recommend any new or modified 
public education and outreach activities unless it is determined that potential 
additional benefits could be achieved from additional collaboration between the 
MS4 permittees and water purveyors in this area.  

 Water Budgets –A water budget provides customers with a site specific water 
budget based on lot size, local climate, and seasons. This program is a part of 
IEUA’s Plan is targeted towards dedicated landscape meter customers with the 
potential to incorporate single-family residences.  After a budget is developed 
customers are sent a report with each water bill showing the budget versus actual 
usage.  Customers exceeding the budget are provided recommendations to reduce 
water use.  A similar program was implemented by the Municipal Water District 
of Orange County and reduced water use by 20% for participating customers.  
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 GeoSmart Landscape Finance Program – IEUA is developing this program through 
its Plan to assist homeowners with improving landscape water efficiency by 
offering low cost loans. The program will be designed to target the combined 
measure of turf removal, installation of low water use plants, and retrofits to low 
water use irrigation systems. Customers may also receive financing for irrigation 
system replacement, smart controller installation, and sprinkler nozzle retrofits to 
high efficiency nozzles 

The benefits expected from each of the above BMPs vary (see Table 5-1). For grass 
replacement BMPs, dry weather runoff is mostly eliminated while WBICs can reduce 
dry weather runoff by approximately 50 percent (Jakubowski 2008). Runoff reduction 
from landscape irrigation audits and ongoing public education and outreach activities 
are more difficult to quantify, as they are largely dependent on changing human 
behavior. These types of BMPs may reduce runoff from an individual property by 
only a small amount; however, because implementation may be more widespread the 
overall benefit may be relatively high. Factors associated with each of the above BMPs 
impact will affect decisions on how such BMP practices can be developed and 
implemented at the local level as part of the CBRP. These factors include cost, public 
perception, reliability, ease of implementation, and expected runoff reduction. Table 
C-2 provides an evaluation of each of these factors by ranking them has low, medium 
or high with regards to expected benefits from their implementation. 

Other types of water conservation BMPs could be used in-lieu of the ones included in 
this CBRP such as high efficiency spay nozzle installations, water brooms, and large 
landscape water budgets. The effectiveness of these BMPs would need to be evaluated 
further to estimate the DWF and associated bacteria reduction that could be achieved. 

Table C-2. Evaluation matrix for irrigation practices/ water conservation BMPs (high 
benefit ; medium benefit ; low benefit ) 

Water Conservation 
BMP 

Dry Weather 
Runoff 

Reduction 
Cost 

Ease of 
Implementatio

n 

Water 
Conservatio

n 
Replacement of grass with 
artificial turf 

    

Replacement of grass with 
drought tolerant plant 
species 

    

Installation of WBICs     

Landscape irrigation audits     

Public education and 
outreach 

    

Water budgets     

GeoSmart landscape 
finance program 
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CBRP Implementation: Development and implementation of these BMPs will be 
closely coordinated with water purveyors within the MS4 drainage area. Water 
demand management measures (DMM), also known as BMPs, are required to be 
evaluated in urban water management plans (UWMPs). The UWMP Act 
(http://www.water.ca.gov/urbanwatermanagement/docs/water_code-10610-
10656.pdf) lists 14 DMMs for evaluation of which 7 take partly into consideration 
outdoor water use and could potentially reduce DWF. Water purveyors are required 
to describe and provide a schedule for implementation of each DMM. For DMMs not 
implemented or not scheduled for implementation in the next five years, water 
purveyors are required to evaluate each DMM, by considering DMMs that offer lower 
incremental costs than obtaining additional water supplies. This evaluation must take 
into account a cost-benefit analysis, economic factors, non-economic factors identify 
funding for any water supply projects providing water at higher unit cost than the 
DMM, and describe the legal authority of the and ability of the purveyor to work with 
other agencies in implementing the DMM.  

All water purveyors applying for state-funded grants or loans must comply with AB 
1420. AB 1420 states a water purveyor must be deemed compliant with the DMMs  
before funding can be provided by the State. DMMs with the potential to impact DWF 
are described below: 

 DMM A – Water Survey Programs for Single-Family Residential and Multi-
Family Residential Customers.  This DMM requires water survey programs for 
both indoor and landscape water use. As determined, by the CUWCC the 
landscape water use portion of this measure involves offering landscape water 
conservation surveys to not less than 20 percent of single- and multi-family 
residential customers every two years, and completing surveys for not less than 15 
percent of single- and multi-family residential customers within 10 years of 
program initiation. After the ten-year period, water purveyors will maintain the 
program at the same level as high water bill complaints or no less than 0.75 
percent per year of single-family accounts. Landscape water surveys shall include, 
but are not limited to checking irrigation system and timers for maintenance and 
repairs, estimating landscape measured areas, developing customer irrigation 
schedules, reviewing the schedule with customers, provide information handouts 
to customers, and providing the customer with evaluation results and 
recommendations to save water.  

 DMM E – Large Landscape Conservation Programs. As determined by the 
CUWCC, this measure consists of three parts focusing on commercial, industrial, 
and institutional customers with large landscape irrigation needs. CUWCC 
assumes the DMM will result in a 15 to 20 percent demand reduction for 
landscape irrigation for customers participating. The first part requires developing 
evapotranspiration (ET)-based water budgets for accounts with dedicated 
irrigation meters. Water budgets cannot equal more than an average of 70% of the 
annual average local reference ET per square foot of landscape area. Budgets must 
be developed at an average rate of 9 percent per year over ten years, so budgets 
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are developed for 90 percent of dedicated irrigation meter accounts within ten 
years of implementation. Upon completion, notices are required to be provided 
with each billing cycle showing the water consumed versus the budget. Within 6 
years of implementation, the water provider must annually provide site-specific 
technical assistance to all customers exceeding their budgets by 20 percent or 
more. The second part involves providing large landscape surveys to not less than 
15 percent of commercial, industrial, and institutional (CII) accounts with mixed-
use meters within 10 years of program initiation. The third part requires offering 
financial incentives to support parts 1 and 2. Rebates for water conservation 
through IEUA via its participation in MWD’s Save A Buck Program for CII 
customers. Rebates offered by IEUA with the potential to reduce DWF are 
weather based irrigation controllers, central computer irrigation controllers, 
rotating spray nozzles retrofits, and high efficiency nozzle retrofits for large rotary 
sprinklers.  

 DMM G – Public Information Programs. This DMM requires implementation of 
public information programs with the goal informing customers about why water 
conservation is important, methods customers can use to conserve water, and to 
encourage water users to conserve water.  The CUWCC has established minimum 
program requirements. Minimum requirements are: 

1. Contacts with the public at a minimum on a quarterly basis 

2. Contacts with the media at a minimum on a quarterly basis 

3. Maintenance of a website on a quarterly basis 

4. Describe the materials used to meet items 1 and 2. 

5. Annual budget for public  information program 

6. Describe all other outreach programs.  

 DMM H – School Education Programs. This DMM is designed to educate students 
regarding the importance of conserving water and to develop good water 
conservation habits at an early age. CUWCC requires purveyors to implement a 
school education program promoting water conservation and to work with both 
private and public schools in providing education materials, instructional 
assistance, and presentations about the local watershed. At a minimum the 
program should include the following: 

1. Curriculum materials provided by the water purveyor including 
confirmation from the materials meet State education framework 
requirements and are age appropriate. 

2. Materials are distributed to grades K-6 students and if possible grades 7 -
12.  



 Attachment C 
Comprehensive Bacterial Indicator Reduction Program 

A   C-15 

3. Descriptions of the materials used to meet the minimum requirements. 

4. Provide an annual budget for the program 

5. Describe all other water purveyor educational programs. 

 DMM I – Conservation Programs for Commercial, Industrial, and Institutional 
Accounts. The CUWCC defines this measure as requiring water purveyors to 
implement water conservation measures for CII customers to achieve a 10 percent 
water savings for the CII sector as a whole using 2008 as a baseline over a 10 year 
period. Purveyors can either implement measures on CUWCC’s list with 
documented savings or implement purveyor developed measures, but the 
purveyor must document how it is determining the savings.  Measures may target 
indoor and/or outdoor water use. 

 DMM K – Conservation Pricing. CUWCC defines conservation pricing as 
providing economic incentives to customers to use water in an efficient manner. 
Acceptable types of rate plans include uniform, seasonal, tiered, and allocated 
based rates as long as purveyors can illustrate their rates meet CUWCC 
established formulas for determining if rates reflect conservation pricing. 
Conservation pricing has the potential to reduce outdoor water waste and 
subsequently DWF. 

 DMM M – Water Waste Prohibition. This measure requires water purveyors to 
prevent water waste for new developments and existing users and to develop 
water shortage response measures (see Water Conservation Ordinance in Element 
1). For outdoor water use, this measure addresses irrigation inefficiencies and 
other outdoor water uses. Purveyors can meet these requirements by adopting 
water waste ordinances or developing terms of service prohibiting water waste. 
Prohibiting water waste and enforcing ordinances and terms of service 
agreements has the potential to reduce DWF. 

Water Quality Management Plan Revision 
The San Bernardino County MS4 program is required to update its WQMP Guidance 
and Templates to incorporate low impact development (LID) practices to reduce 
runoff from new development and significant redevelopment activities. BMP 
emphasis will be on infiltration, capture and use, evapotranspiration, and treatment 
through use of biotreatment type BMPs. Revised WQMP documents are required for 
submittal to the Regional Board for review by July 29, 2011. 

The revised WQMP program will provide water quality benefits, but these benefits 
will be somewhat limited for DWFs. For example, for new development projects the 
water quality benefit will apply only to wet weather runoff since the pre-project 
condition would not have produced any dry weather runoff. However, for significant 
redevelopment projects, the WQMP approval process will result in the introduction of 
LID practices to existing developed areas where dry weather runoff may be occurring. 
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The presumption is, that for these existing developments, stormwater management 
controls were not designed to control non-storm runoff. Therefore, some degree of 
runoff (e.g., from irrigation runoff) likely currently occurs under dry weather 
conditions. With significant redevelopment of the project site, an approved WQMP 
would require implementation of site design, source control, and/or structural 
control BMPs to address pollutants of concern by reducing or treating runoff during 
dry and wet seasons. 

While water quality benefits are expected to be achieved for significant 
redevelopment projects, the pace at which such projects are expected to be completed 
in the MSAR watershed is likely to be slow given economic factors. Moreover, even if 
the rate of development activities increase in the near term, given the December 31, 
2015 compliance date for meeting urban wasteload allocations for dry weather 
conditions in the dry season, the numbers of acres of redevelopment relative to the 
total numbers of acres where dry weather runoff likely occurs will be relatively small. 
Over a much longer time horizon, e.g., 50-100 years, the cumulative benefits will be 
much greater. 

CBRP Implementation: Revision of the WQMP Guidance and Template is a permit 
requirement that will be completed by July 29, 2011. Implementation will occur after 
review by the Regional Board and submittal of a final WQMP Guidance, likely by 
2012. 

Septic System Management 
The San Bernardino County MS4 permit requires permittees to develop a septic 
system inventory and a septic system program to minimize failure rates of septic 
systems. Poorly operating septic systems can potentially lead to the discharge of 
pollutants to surface waters; however, the extent to which septic systems are currently 
a source of bacterial indicators in DWFs from the MS4 is unknown. Moreover, while 
development of this inventory may identify areas with problematic septic systems, 
the potential for water quality improvement may be limited to surface water impacts 
that occur only during wet weather runoff events.  

CBRP Implementation: CBRP implementation will include fulfillment of the MS4 
permit requirements to ensure that septic systems are not contributing bacterial 
indicators to the MS4 under dry weather conditions. Activities will include:  

 Develop septic system inventory – Develop an inventory of septic systems which 
includes, to the extent practicable, information such as location, system type and 
age, depth to groundwater, and soil type. This database can be used to then better 
track other operations and maintenance information such as dates of inspection, 
service and failures. 

 Evaluate potential water quality impacts - With an accurate inventory, mapping the 
location of septic systems relative to MS4 facilities provides an opportunity to 
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evaluate the potential impact to water quality under dry weather conditions, if a 
septic system is failing.   

 Conduct public education – Educate owners regarding how to properly maintain 
their on-site systems and distribute materials explaining recommended operation 
and maintenance schedules. 

 Conduct inspections and initiate enforcement, where appropriate – Where the potential 
for water quality impacts is identified, conduct inspections to determine the need 
for mitigation. Where appropriate, conduct enforcement actions to mitigate the 
water quality concern.  
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C.4 Element 3 - Inspection Criteria 
Element 3 addresses the CBRP requirement for inclusion of specific inspection criteria 
to identify and manage the urban sources most likely causing exceedances of water 
quality objectives for indicator bacteria. Implementation of urban source evaluation 
activities provides the data required to determine the potential for an MS4 outfall or 
drainage area to discharge controllable sources of bacterial indicators. The results of 
this evaluation dictate next steps in the CBRP implementation process. This required 
element is incorporated into what is being termed the inspection program. The 
inspection program envisioned for the CBRP is a systematic campaign to conduct 
DWF and bacterial indicator source evaluation activities within each subwatershed 
draining to a watershed-wide compliance site. The foundation for this approach is 
defined by the USEP, prepared by the MSAR TMDL Task Force to satisfy a TMDL 
requirement (see Attachment A). USEP activities are currently being implemented by 
the MSAR TMDL Task Force; however, under the CBRP the pace and extent of these 
activities will be significantly increased to eliminate or reduce controllable urban 
sources of DWF.  

As noted above, several of the specific BMPs included in Element 2 directly support 
the implementation of Element 3, e.g., development of the IDDE program and 
implementation of water conservation BMPs. Completion of these elements will help 
guide implementation of the inspection program. Conversely, implementation of the 
inspection program may impact how or where specific BMPs are implemented or 
how decisions are made regarding the need for additional ordinance authority. For 
example, over time the inspection program may identify a particular bacterial 
indicator or DWF source that can be managed better by the adoption of an ordinance. 

The MSAR Permittees will implement urban source evaluation activities using a 
comprehensive, methodical approach that provides data to make informed decisions 
regarding the potential for an MS4 outfall or group of outfalls to discharge 
controllable sources of bacterial indicators. This approach relies on implementation 
activities associated with the inspection program element, which are described in the 
following sections. 

Tier 1 Reconnaissance  
Tier 1 sites are defined as locations where urban sources of dry weather flow may 
directly discharge to a downstream watershed-wide compliance site. Some of the Tier 
1 sites are at the same locations sampled as part of implementation of the USEP in 
2007-2008. Additional Tier 1 sites have been included, where needed, to supplement 
existing information. Many of these Tier 1 locations may be dry, have minimal dry 
weather flow, or not be hydrologically connected to downstream waters. However, 
until a reconnaissance is completed, their potential to contribute controllable sources 
of bacterial indicators is unknown. It should be noted that none of the recommended 
Tier 1 sites are located in areas that have been determined to be hydrologically 
disconnected from impaired waterbodies during dry weather conditions (see hatched 
areas in Figures C-1 through C-5). 
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Prioritization  
Based on the findings from Tier 1 data collection activities, MS4 drainage areas with 
potentially controllable urban sources of bacterial indicators will be prioritized based 
on factors such as the magnitude of bacterial indicator concentrations and results 
from source tracking analyses. Areas with human sources (as compared to 
anthropogenic sources such as domestic pets) will receive the highest priority for 
action. Results of IDDE inspections at Major Outfalls will be used to supplement Tier 
1 reconnaissance data during the prioritization step. 

Evaluate Mitigation Alternatives  
In order of priority, prioritized drainage areas will be further evaluated to identify 
non-structural or structural alternatives (or some combination of both) for mitigating 
controllable sources of bacterial indicators. As needed, this controllability assessment 
will include reconnaissance of Tier 2 sites and the use of IDDE methods to identify 
and evaluate alternatives. Tier 2 sites are tributary to Tier 1 outfalls. Tier 2 sites are 
predominantly locations where underground storm drains discharge to open 
channels. If a Tier 2 site is determined to be a potential contributor to non-compliance, 
additional inspection activities may occur to identify the nature and source of the dry 
weather flow and bacterial indicators and evaluate controllability. 

Figure C-1 provides a map of recommended Tier 1 and Tier 2 source evaluation sites 
for the entire San Bernardino County MS4 permit area and Figures C-2 through C-5 
provide individual maps for jurisdictions where Tier 1 and 2 sites are recommended 
(respectively, Cities of Chino, Chino Hills, Fontana, and Ontario). Table C-3 
summarizes the number of Tier 1 and Tier 2 sites that are recommended for 
inspection for each San Bernardino County jurisdiction.  

Table C-3. Summary of recommended Tier 1 and Tier 2 nodes in each San Bernardino 
County jurisdiction 

Jurisdiction Receiving Waters Tier 1 Tier 2 

Chino Chino Creek, Cypress Channel 1 4 13 

Chino Hills Carbon Canyon Creek, English Canyon, Boys Republic 
South Channel, Chino Creek, Lake Los Serranos Channel 4 23 

Fontana San Sevaine Channel 0 4 

Montclair City is hydrologically disconnected from downstream 
impaired waters under dry weather conditions 1 0 0 

Ontario Cypress Creek, Lower Deer Creek, County Line Channel 6 16 

Rancho Cucamonga City is hydrologically disconnected from downstream 
impaired waters under dry weather conditions 0 0 

Rialto Rialto Channel 1 0 
Unincorporated San 
Bernardino County 

Jurisdiction is hydrologically disconnected from downstream 
impaired waters under dry weather conditions 0 0 

Upland City is hydrologically disconnected from downstream 
impaired waters under dry weather conditions 1 0 0 

Total   15 52 

1) Intermittent turnouts of imported water at OC-59 from MWD purchased by OCWD create a condition of hydrologic 
connectivity between urban DWF from MS4s and Chino Creek   
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Figure C-1.  Country Level View of Tier 1 and Tier 2 Sites
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Figure C-2.  City of Chino and Montclair
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Figure C-3.  City of Chino Hills
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Figure C-4. City of Fontana
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Figure C-5. City of Ontario
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In the evaluation of mitigation alternatives, it may be demonstrated that a MS4 
Permittee would not require selection of a mitigation alternative for some drainage 
areas if it can be shown to be absent of DWF (i.e. hydrologically disconnected from 
the receiving waterbody), or if the source of bacterial indicators is found to come from 
non-urban sources. The following criteria establish guidelines for making these 
determinations from data collected in the inspection program: 

 Absence of DWF – Determining the presence or absence of DWF at a given MS4 
outfall is a critical step. Routine field observation and measurement (if possible) 
will be conducted during dry weather at varying times of day and on different 
days of the week for up to one year to develop sufficient data to characterize 
frequency/volume of DWFs at Tier 1 sites. Ideally, at least 10 field visits will be 
made over a one-year monitoring period. If the site is dry on at least 80 percent of 
the visits, the area upstream of the site can be assumed to have little to no impact 
on downstream water quality. While up to a year is recommended to collect flow 
data to look at seasonal variability, if a site is found to have persistent or 
substantial flow after only as few as three visits that occur over a short period of 
time, it can be presumed that the area draining to the site is a candidate for 
additional inspection activity to determine the source of the DWF. If a site is found 
to be typically dry after ten visits, then only occasional inspections would be 
required in the future to provide certainty that this conclusion remains correct. If a 
Tier 1 site indicates the need for additional inspection, then a similar level of effort 
may be necessary for Tier 2 sites tributary to the Tier 1 node. 

 Non-Urban DWF Sources - If there are any non-urban sources of DWF to a MS4 site 
(such as from a well blow off, water transfer, or rising groundwater), it is 
important to identify the frequency and relative contribution of these flows. 
Generally, it is assumed that these non-urban DWF sources will have very low 
concentrations of bacterial indicators. However, it is possible that the physical 
nature of the discharge generates sufficient shear stress to mobilize bacterial 
indicators associated with sediment or biofilms present in the receiving water (as 
compared to the low shear stress generated from MS4 urban DWF due to their 
relatively low flow rates). Elimination of the non-urban source could also result in 
conditions that enhance decay of bacterial indicators in channel bottom sediments 
or biofilms, resulting in fewer bacterial indicators available for mobilization 
during wet weather events. If the non-urban flow source is suspected as the cause 
of downstream exceedances, a site-specific study would need to be implemented 
to verify the assumption. The nature of such a study would be dictated by local 
circumstances, but could require a fairly complex sample plan. If it is determined 
that the non-urban source is contributing to the exceedance of bacterial indicator 
water quality objectives, resolution of the issue may occur independent of the MS4 
permit in collaboration with the RWQCB. 

Select Mitigation Alternatives  
The ultimate goal of the inspection program is to select a mitigation alternative for 
DWFs or bacterial indicator sources. As described above, systematically conducting 
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source evaluation activities in the MS4 should identify which outfalls or channels are 
primary contributors of DWF and elevated bacterial indicators. The controllability of 
DWF is largely dependent on the source (specific vs. diffuse) and the controllability of 
bacterial indicators is largely dependent on the nature of the source, with urban 
sources likely to be more controllable than non-urban sources, e.g., wildlife. In many 
cases, it is likely that the elimination or significant reduction of the DWF will also 
mitigate elevated levels of bacterial indicators.  

The MSAR Permittees will select a mitigation alternative to mitigate controllable 
urban bacterial indicator sources in each prioritized drainage area. The MS4 
Permittees will consider alternatives such as: 

 Prevention (or source control) – As noted above, if the source of the water or bacterial 
indicators can be specifically identified, then implementation of local control 
measures is the best approach for mitigating the problem. The controllability 
assessment consists of evaluating which BMPs or programmatic tools can be 
applied to the situation to reduce or eliminate the source. If a targeted solution is 
not available, then the controllability assessment may need to consider more costly 
solutions, as described below. 

 Retention Structures or Low Flow Diversions – The implementation of relatively local 
structural controls to prevent the DWFs from impacting downstream waters may 
be an outcome of the controllability assessment. Options may range from the 
modification of existing retention structures to capture all DWFs to the construction 
of new retention facilities or construction of diversions to intercept the DWFs and 
conveying them to a treatment facility.  

 On-Site or Regional Treatment – The use of on-site treatment facilities, e.g., 
bioretention (drainage area < 20 acres) and subsurface flow wetlands (drainage 
area < 1,000 acres), is largely dependent on drainage area, facility sizing criteria and 
land availability. The practicability of these systems will have to be considered on a 
site-specific and subwatershed specific basis. In many cases, implementation of a 
regional treatment solution such as conveying DWF to a regional storage basin 
requires successful completion of a UAA for upstream waters, which also provides 
greater flexibility where the regional treatment may be sited. The MS4 permit for 
Riverside County requires the completion of a system-wide evaluation to identify 
retrofit opportunities of existing stormwater conveyances. Development of this 
information coupled with the establishment of the County’s Watershed Action Plan 
(WAP) will support the identification and evaluation of structural solutions (see 
Attachment C-5). 

Inspection Criteria Summary 
CBRP Element 3 – Inspection Criteria implements the USEP to its fullest extent, 
building on source evaluation work already completed in the watershed. Execution of 
this element is the key to the success of CBRP implementation. Understanding the 
localized nature of DWFs and associated bacterial indicators provides the basis for 
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determining where BMPs need to be targeted (Element 2 – Specific BMPs, Attachment 
C.3), whether there is a need for additional ordinance authority (Element 1 – 
Ordinances, Attachment C.2), and where regional structural controls may be 
necessary (Element 4 – Regional Treatment, Attachment C.5).  
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 C.5 Element 4 - Regional Treatment (Structural 
Controls) 

Element 4 focuses on the planning, design and construction of structural BMPs to 
mitigate controllable sources of dry weather flow and bacterial indicators. BMP 
structural projects may be regional (address controllable urban sources from multiple 
outfalls) or outfall-specific. Where appropriate to support implementation of a 
structural solution, Use Attainability Analyses (UAA) will be completed. In addition, 
the implementation of structural BMP projects will occur in a manner that is 
consistent with watershed planning-related activities required by the MS4 permit, 
specifically development of a Watershed Action Plan (WAP). 

Structural Controls 
A large portion of upper part of the MSAR watershed in San Bernardino County is 
hydrologically disconnected from impaired waters. This is primarily because of the 
extensive use of basins to capture and recharge dry and wet weather flows. The desire 
to recharge water in the watershed coupled with the development of the WAP and 
outcome of source evaluation program findings (Element 3) will drive decisions 
regarding siting of structural BMP facilities. As a result, for the most part, the 
emphasis of CBRP Step 2 and 3 activities will be focused on the lower portions of the 
MSAR watershed in San Bernardino County.  

With the exception of the proposed Mill Creek Wetland (see below), it is too soon to 
propose specific locations for new structural BMP facilities given the lack of 
knowledge regarding the best locations to site such facilities (e.g., regional vs. outfall 
specific). Also, too little is known regarding urban sources of dry weather flow and 
the relative bacterial indicator concentrations associated with these sources. 
Implementation of the Element 3 components of CBRP Step 1 has been designed to 
address this knowledge void. The key outcome from this effort will be the evaluation 
and selection of solutions to mitigate controllable urban sources of bacterial 
indicators. Where a structural solution is identified, then responsible jurisdictions 
(those permittees responsible for drainage to the targeted outfall or outfalls) will 
implement CBRP Steps 2 and 3 for the project site.  

Structural controls identified under CBRP Step 1 are developed in accordance with 
the CIP Process for outfall-specific or permittee-specific projects (see Section 2.1, 
Figure 2-2). Completion of the CIP Process is intended to result in fully-constructed 
structural BMPs (Steps 2 and 3 of the CBRP implementation process). Larger regional 
or sub-watershed treatment projects require additional planning and coordination, as 
described in Table 2.1. Completion of these projects also occurs under CBRP Steps 2 
and 3. Regardless of project size, it is possible that during the planning, design and 
permitting phases under CBRP Step 2 a determination will be made that the planned 
structural BMP project is infeasible. If such a finding is made, the Permittees will go 
back to CBRP Step 1 and re-evaluate mitigation alternatives for the affected drainage 
area to identify a new approach for achieving compliance.  
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If a UAA is needed to ensure the success of a structural BMP project, UAA 
development will commence in parallel to the planning, design and permitting 
process (see additional information, below). Completion of structural BMP projects is 
subject to governing and regulatory approvals as well as funding. Accordingly, the 
length of time from project identification to construction completion will be highly 
variable. Annual reporting will document the status of each identified structural BMP 
project. 

It is expected that the outcomes from implementation of CBRP Step 1 will result in the 
identification of at least some structural BMPs to manage controllable urban bacterial 
indicator sources. Potential locations for structural BMPs will be considered in a 
manner consistent with the developing WAP and along with other watershed 
planning activities associated with water management in the MSAR watershed 
including the Mill Creek Wetland project and IEUA recharge activities. Each of these 
activities is described in more detail in the following sections. 

Watershed Planning 
If through implementation of the inspection program (Element 3) the evaluation of 
mitigation alternatives determines that a structural BMP is the best solution at a given 
MS4 outfall or for a collection of outfalls, then a structural BMP project may be 
proposed as a solution. This type of analysis and decision will be closely coordinated 
with the principles contained in the San Bernardino County WAP (under 
development by MS4 Permittees, see MS4 permit Section XI.B.3) and the needs of 
water agencies such as IEUA.  

WAP development is being completed in two phases. Phase 1 (submitted to the 
RWQCB May 31, 2011) included a system-wide evaluation to identify potential 
BMP retrofit sites to help preserve or restore the structure and function of natural 
streams, and protect surface and groundwater quality to the maximum extent 
practicable. The information developed from this evaluation will be used to support 
the evaluation of mitigation alternatives where a structural BMP solution may be 
necessary. Under Phase 2 of WAP development additional evaluation of potential 
BMP retrofit sites will occur. This effort will be coordinated with CBRP 
implementation. 

Mill Creek Wetland Project 
One regional facility is currently planned for implementation within San Bernardino 
County at the downstream end of the concrete lined section of Cucamonga Creek. 
This project would capture a portion of DWF from the entire watershed to the Mill-
Cucamonga Creek at Chino-Corona Road (WW-M5) compliance monitoring site, and 
therefore has the potential to provide reduction in bacterial indicators. The project 
would divert DWF from the concrete lined channel to a debris basin northwest of the 
Chino-Corona Bridge over Mill-Cucamonga Creek and then under Chino Corona 
Road into a series of basins (Stephenson and Susilo 2009). The basins would be 
operated as free surface wetlands during dry weather to provide a hydraulic 
residence time of seven days. The treated DWF would then be discharged back to 
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Mill-Cucamonga Creek, about 0.5 miles downstream of Chino-Corona Road. During 
wet weather, water level rise within the basins would result in the basins functioning 
as extended detention or wet ponds. The DWF that would be diverted is not yet 
determined, and will be influenced by the need to maintain existing habitat areas 
within Mill-Cucamonga Creek, between Hellman Avenue and ~0.5 miles downstream 
of Chino-Corona Road, and by the wetland treatment capacity, which is a function of 
the hydraulic residence time selected for optimal pollutant removal. 

The City of Ontario will fund a portion of this project through fees for the ~3,000 acre, 
New Model Colony development, located within the upstream drainage area. The 
project team is currently preparing grant proposals for the remaining funds needed to 
implement the proposed project concept. Once implemented, the effectiveness of this 
regional BMP should be incorporated into future water quality evaluations for the 
Mill-Cucamonga Creek watershed. 

Groundwater Recharge of Dry Weather Flows 
Regional storage basins overlying the Chino groundwater basin, primarily owned by 
SBCFCD or the Chino Basin Water Conservation District, provide regional capture of 
dry weather runoff from upstream MS4 facilities. IEUA conducts groundwater 
recharge operations in many of these basins, to maximize recharge of groundwater 
using a combination of dry weather runoff, stormwater, and supplemental imported 
water, while maintaining the flood control functionality required by SBCFCD. The 
recharge activities in these facilities capture a significant large portion of urban DWF 
from large drainage areas within the Cities of Upland, Montclair, Rancho Cucamonga, 
Ontario, and Fontana (see Figure C-1).  

The Chino Basin Watermaster recently completed its 2010 Recharge Master Plan 
Update (CBRMP). The purpose of the CBRMP is to maximize the capture of 
stormwater for recharging groundwater to reduce reliance on imported sources of 
water and improve groundwater quality. Proposed projects in the initial phases of the 
plan only serve to enhance capture of wet weather runoff from larger storms or to 
provide additional capacity for supplemental imported water, and do not provide any 
additional benefit toward achieving compliance with the urban wasteload allocation 
applicable to dry weather conditions during the dry season.  

Chino Basin Watermaster and IEUA’s existing groundwater recharge system is 
effective in capturing most DWF from MS4 drainage areas north of Highway 60. One 
project concept evaluated in the CBRMP is to convey stormwater from areas with 
limited recharge potential (generally south of Highway 60) to basins where 
underlying soils are more favorable to support groundwater recharge. This project 
concept is considered for implementation at a later phase of the CBRMP, and involves 
a new large in-line detention facility on lower Cucamonga Channel to store dry and 
wet weather runoff to be pumped to a recharge facility in the upper part of the basin. 
This is a very preliminary concept and has not been fully evaluated for cost, technical 
feasibility, environmental concerns and other issues. However, if there were such a 
detention facility on lower Cucamonga Channel, it could be technically feasible to 
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capture DWF from additional MS4 drainage areas in the City of Ontario. The need for 
this type of project is an example of how the findings of the inspection program will 
be key for determining if such a regional facility would provide sufficient wasteload 
allocation compliance benefits to justify a portion of the cost. Consideration of these 
issues would occur under CBRP Step 1 when mitigation alternatives are being 
evaluated.  

Use Attainability Analyses 
The development of a UAA may become an integral part of the implementation of a 
structural BMP solution. The following sections provide information regarding the 
development of UAAs in the MSAR watershed.  

All waterbodies in the MSAR watershed are presumptively classified as REC-1 
protected waterbodies. This means that all waterbodies in the watershed must meet 
the REC-1 water quality objectives regardless of their characteristics and ability to 
support REC-1 type activity. The REC-1 presumption may be inappropriate for a 
number of reasons including channel physical attributes and flow volume. To 
establish more appropriate recreational uses that recognize these factors, a UAA is 
required. As defined by the Basin Plan, the purpose of a UAA is “to evaluate the 
physical, biological, chemical, and hydrological conditions of a river to determine 
what specific beneficial uses the waterbody can support.” For a UAA to be 
implemented it must receive regulatory approval, from the RWQCB, State Board and 
EPA Region 9.  

The outcome of a UAA could be removal of either the REC-1 use or removal of both 
REC-1 and REC-2 uses. Either outcome would substantially change the basis for 
determining compliance with water quality objectives and compliance with bacterial 
indicator TMDL urban wasteload allocations. For example, if the waterbody is not 
designated REC-1, then the applicable bacterial indicator water quality objectives are 
much less stringent than would be the case if the REC-1 use was applicable. These 
changes could greatly reduce the number of locations where implementation of water 
quality control activities is necessary to achieve compliance. Modification of 
recreational uses would also provide additional flexibility for deciding where 
implementation of a water quality control measure is needed. For example, if a 
structural BMP is needed to meet compliance at a downstream site, the number of 
potential locations where that facility can be sited is increased. 

Section 1.2.2 described ongoing work by the RWQCB to adopt a Basin Plan 
amendment to modify recreational uses and associated water quality objectives. The 
RWQCB is developing this Basin Plan revision in collaboration with the SWQSTF. 
Adoption of the Basin Plan amendment, planned for fall 2011, will include the 
establishment of a UAA for the following San Bernardino County waterbodies: 

 Cucamonga Creek – Reach 1, Hellman Avenue (33°56’57.156”N, 117°36’37.476”W) 
to approximately 750 feet downstream of the confluence of Cucamonga Creek and 
Lower Deer Creek (34°0’8.7474”N, 117°35’57.372”W). 
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UAA Template 
The Cucamonga Creek UAAs will be used as the template for all future UAAs 
developed in San Bernardino County. These UAAs will include the following key 
sections: 

 Waterbody Description, including candidate reach coordinates and channel 
characterization; 

 Eligibility Analysis, including existing and probable future recreational use based 
on water quality data and known recreational use activity; and 

 UAA Factor Evaluation, which provides the justification for modifying recreational 
uses based on federal and state regulatory requirements. 

The recreational use survey database developed by the SWQSTF will be used to 
support development of UAAs. This database was developed using remote camera 
technology coupled with occasional site visits to document area recreational activity 
at 17 locations in the Santa Ana River watershed (Table C-4). Eight of these sites are 
located in the MSAR watershed; several are in San Bernardino County. 

With the exception of recreational use activity data, which is part of the eligibility 
analysis, most of the information required for each of the UAA sections is relatively 
simple to compile. It is expected that the existing large recreational use survey image 
dataset will provide a basis for predicting the level of recreational use activity in 
unsurveyed waterbodies based on similarities in waterbody characteristics. As a 
result, for some future UAAs it may not be necessary to collect additional recreational 
use survey data. However, if unusual site-specific conditions exist, e.g., in areas where 
a waterbody is within a residential area or near a school and access to the channel is 
not restricted, there may be some concern with relying solely on the recreational use 
survey image database to document the existing or potential for recreational use 
activities in the waterbody. In these situations, it is understood that the RWQCB may 
require the collection of site-specific use survey data. 

The RWQCB’s decision to approve a UAA and modify recreational uses is largely 
based on an evaluation of the potential risk of human exposure to bacterial indicators 
in a particular waterbody. The potential risk is related to the characteristics of the 
waterbody and the likelihood of water contact recreational activities occurring given 
those characteristics. For example, where water contact recreation is likely to occur, 
such as a natural waterbody with sufficient flow, the risk of exposure is higher than 
where such recreation is unlikely, e.g. in a vertical-walled concrete-lined engineered 
channel. 
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Table C-4. Summary of recreational use surveys completed by SWQSTF in the Santa Ana 
River watershed 

Representative Photo of Site Summary of Recreational Use Survey 

Greenville Banning Channel at Adams Avenue Bridge 
  ■  Concrete lined, vertical walled channel 
  ■  Land use: Residential and open space 
  ■  Period of Survey: 11/17/05 – 1/3/06 
  ■  Images collected: 2552 
  ■  Water contact recreational use events: 0 

 
Greenville Banning Channel at Pedestrian Bridge 
  ■  Concrete lined, vertical walled channel 
  ■  Land use: Residential and vacant natural land 
  ■  Period of Survey: 7/7/2005 – 7/27/2005 
  ■  Images Collected: 45 
  ■  Water contact recreational use events: 0 

Santa Ana Delhi Channel at Mesa Ave 
  ■  Concrete lined, vertical walled channel 
  ■  Land use: Residential / open space and recreation 

  ■  Period of Survey 6/20/2005 – 7/13/2006 

  ■  Images Collected: 21,284 
  ■  Water contact recreational use events: 0 

Cucamonga Creek at RP1 
  ■  Concrete lined, vertical walled channel 
  ■  Land use: Industrial/commercial and open space/recreation 
  ■  Period of Survey 10/2/2007 – 10/10/2008 

  ■  Images Collected: 27,122 
  ■  Water contact recreational use events: 0 

Anza Channel at John Bryant Park 
  ■  Concrete lined, vertical walled channel 
  ■  Land use: Residential and open space/ public park 
  ■  Period of Survey 6/6/2008 – 9/29/2009 

  ■  Images Collected: 20,386 
  ■  Water contact recreational use events: 2 

 

Demens Channel 
  ■  Concrete lined, vertical walled channel 
  ■  Land use: Residential and open space 
  ■  Period of Survey 2/1/2008 – 2/9/2009 

  ■  Images Collected: 21,382 
  ■  Water contact recreational use events: 0 
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Table C-4. Summary of recreational use surveys completed by SWQSTF in the Santa Ana 
River watershed 

Representative Photo of Site Summary of Recreational Use Survey 

Cucamonga Creek at Hellman Ave (Upstream) 
  ■  Trapezoidal channel, concreted lined wall and bottom 
  ■  Land use: Agriculture 
  ■  Period of Survey 11/1/2005 – 11/1/2006 

  ■  Images Collected: 2,546 
  ■  Water contact recreational use events: 0 

 

Temescal at Main Street 
  ■  Trapezoidal channel, concreted lined wall and bottom 
  ■  Land use: Industrial / Commercial 
  ■  Period of Survey 7/26/2005 – 8/4/2005 

  ■  Images Collected: 513 
  ■  Water contact recreational use events: 1 

Temescal at City of Corona WWTP No. 2 
  ■  Trapezoidal channel, concreted lined wall and bottom 
  ■  Land use: Industrial / Commercial 
  ■  Period of Survey 11/1/2005 – 11/1/2006 

  ■  Images Collected: 10,653 
  ■  Water contact recreational use events: 1 

 

Santa Ana Delhi Channel at Sunflower Ave 
  ■  Trapezoidal channel, rip rap side slopes, natural bottom 
  ■  Land use: Commercial/ residential/ school 
  ■  Period of Survey 7/7/2005 – 7/9/2006 

  ■  Images Collected: 20,978 
  ■  Water contact recreational use events: 1 

Cucamonga Creek at Hellman Ave (Downstream) 
  ■  Trapezoidal channel, rip rap side slopes, natural bottom 
  ■  Land use: Agriculture 
  ■  Period of Survey 7/26/2005 – 11/1/2006 
  ■  Images Collected: 16,678 
  ■  Water contact recreational use events: 8 

Perris Valley Channel at Moreno Valley WRF 
  ■  Trapezoidal channel / concrete lined side slope and 
 concrete/natural bottom 
  ■  Land use: Industrial/ Residential/school and open space/public park 
  ■  Period of Survey 10/3/2007 – 10/10/2008 
  ■  Images Collected: 21,962 
  ■  Water contact recreational use events: 0 
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Table C-4. Summary of recreational use surveys completed by SWQSTF in the Santa Ana 
River watershed 

Representative Photo of Site Summary of Recreational Use Survey 

SAR at Anaheim 
  ■  Trapezoidal channel, rip rap side slopes, natural bottom 
  ■  Land use: Industrial/ commercial and open space/public park 
  ■  Period of Survey 10/2/2007 – 10/5/2008 
  ■  Images Collected: 25,904 
  ■  Water contact recreational use events: 0 

Chino Creek at Central Ave 
  ■  Trapezoidal channel / rip rap slope and bottom 
  ■  Land use: Industrial / commercial 
  ■  Period of Survey 12/19/2007 – 5/23/2009 
  ■  Images Collected: 23,913 
  ■  Water contact recreational use events: 10 

San Diego Creek at Irvine 
  ■  Trapezoidal channel / natural side slopes and bottom 
  ■  Land use: Residential/commercial/school and open space 
  ■  Period of Survey 6/10/2008 – 9/30/2009 
  ■  Images Collected: 24,801 
  ■  Water contact recreational use events: 4 

Santa Ana Delhi Channel at Newport Bay 
  ■  Natural Channel 
  ■  Land use: Open space / commercial 
  ■  Period of Survey 6/20/2005 – 6/6/2006 
  ■  Images Collected: 20,203 
  ■  Water contact recreational use events: 2 

SAR at Yorba Linda 
  ■  Natural Channel 
  ■  Land use: Residential / open space 
  ■  Period of Survey 4/11/2006 – 4/6/2007 
  ■  Images Collected: 12,645 
  ■  Water contact recreational use events: 0 

 

Results from SWQSTF surveys, which are now stored in the recreational use survey 
image database (currently available at SAWPA), show that channel characteristics are 
a strong indicator of existing and potential recreational use activity in the Santa Ana 
River watershed (however, ultimately it is up to the RWQCB to determine applicable 
uses): 

 Vertical-walled, Concrete-lined Channels - Based on over 93,000 images collected 
from all seasons and different areas of the Santa Ana River watershed, no water 
contact recreation has been observed in vertical-walled channels. Accordingly, no 
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exposure risk has been identified and a UAA could result in the removal of both 
REC-1 and REC-2 uses. 

 Trapezoidal-walled, Concrete-lined bottom Channels - Based on over 35,000 images 
collected from all seasons and different areas of the watershed, only one contact 
with water was observed – a person kneeling at the edge of a low flow channel 
contacted the water on two occasions for a period of less than 30 minutes. In these 
situations, a UAA could result in the removal of the REC-1 use. 

 Trapezoidal-walled, Natural bottom Channels – Based on over 113,000 images, only a 
few images (23) showed some type of contact with the water, but limited to 
shallow wading, e.g., Chino Creek at Central Avenue where 10 observations 
occurred. The outcome of the UAA in these situations is unclear and site-specific 
recreational use survey may need to be collected. 

 Natural Stream Channels – Three natural or somewhat natural stream channels 
have been surveyed (Santa Ana Delhi Channel at Newport Bay and Reach 2 of the 
Santa Ana River at Yorba Linda and Anaheim). Based on over 32,000 images, only 
two observations of contact with the water were observed and these occurrences 
were limited to hand/water contact at the Santa Ana Delhi Channel at Newport 
Bay site.  

UAA Candidate Segments 
Figure C-6 provides an overview of where UAAs have been completed in the MSAR 
watershed or where they could potentially be developed in the future to support a 
structural BMP project. Table C-5 summarizes the potential UAAs within each 
drainage area and jurisdiction in San Bernardino County. The identification of these 
potential UAAs is based on the channel characteristics and UAA findings already 
completed by the SWQSTF. 



Bed
ford Wash

Demens Creek 
Ch

a
nn

e
l

S
un

ny
s

lop
e 

C
ha

n
n e

l

Temescal Creek 
R

each 
5

C
u ca

m
onga 

C
reek 

R
eac h 

1

Lower Los Serranos Channel

D
ay 

C
re

ek

D
e e

r 
C

re
ek 

C
ha

nn
el

Ch
in o C reek Reach 

3

Sa

nt

a 
An

a 
Riv

er 
R

ea
ch 

4

Temesca
l Cr eek 

Reac

h 1B

West Fontana Channel

Chino 
C

reek

Etiw
an

da 

C r e
e k

Cucamonga Creek Reach 2

Co ld
wa

ter C

a ny

on

Arlington Storm Channel

Temescal Creek Reach 2

Santa Ana River Reach 3

M
ill 

Creek

S
an 

A
nt

on
io 

C
r e

ek

E
tiw

an
da 

C re
ek 

C
ha

nn
el

S
an 

S
ev

ai
ne 

C
ha

nn
el

N ort

h 
N

or
co 

Ch a nn
el

H
aw

ke r-C
rawford 

Channel

R
ialto 

Channel

Chino Hills

Claremont

Colton

Corona

Fontana

Grand
Terrace

Lake
Elsinore

Montclair

Moreno
ValleyNorco

Ontario
Pomona

Rancho Cucamonga

Rialto

Riverside

San Bernardino

Upland

Eastvale

Jurupa ValleyChino

0 3 6

Miles

²

Legend
Completed UAA Waterbodies

UAA Candidate Waterbody Segements

Natural Water Course

Prado 
Basin

Lake 
Elsinore

Lake 
Matthews

C
ypress C

hannel

C
ar

bo
n C

anyon Creek

County Line Channel

Chino Creek

University
Wash

Lo
w

er
 D

ee
r 

C
re

ek
 C

ha
nn

el

Box Springs
Channel

Unincorporated
Riverside

Unincorporated
Riverside

US Forest Services

M
ai

n 
S

tre
et

 C
ha

n n
el

O
ak

 S
tre

et

 C
ha

nn
el

El C
errit

o  Channel

Jose
ph Ca n yo

n W
ash

Brown Can y on
 Channel

La
 S

ier
ra

 C

h an
ne

l

South Norco Channel

Highgrove
Storm Drain

East Fontana
Storm Drain

Cactus ChannelHighland Channel

A
lta

 L
om

a
S

to
rm

 D
ra

in

Cuc
among

a

Storm
 D

rai
n

W
est C

ucam
onga

C
hannel

East State StreetStorm Drain

San Antonio
Heights Intercept

Almond 
Channel

Declez Channel

West State St 
Storm Drain

Chino Storm Drain

Lower Los
Serranos Channel

Chandler St
Channel

Unincorporated
San Bernardino

E
ti w

an
da

 C
h a

n n
e l

Anza Park
Drain

navatoap
Text Box
Figure C-6UAA Candidate Waterbodies



 Attachment C 
Comprehensive Bacterial Indicator Reduction Program 

A   C-38 

 

Table C-5. UAA candidate waterbodies in San Bernardino County 

Primary 
Jurisdiction of 

Waterbody 
UAA Candidate Waterbody Additional Jurisdictions 

Waterbody Length 
(miles) Classified as 

UAA Candidate 

Chino 
Chino Storm Drain Unincorporated San Bernardino 3.05 

Cypress Channel Ontario 5.78 

Chino Hills 

Boys Republic South Channel  1.24 

Carbon Canyon Creek Chino 2.21 

Lake Los Serranos Channel  2.69 

Lower Los Serranos Channel  1.44 

Fontana 

Declez Channel Unincorporated Riverside 4.75 

Highland Channel  2.54 

San Sevaine Channel 
Unincorporated Riverside,  
Unincorporated San Bernardino, 
Rancho Cucamonga 

17.62 

Montclair 
San Antonio Creek Unincorporated San Bernardino, 

Claremont, Upland, Chino 10.44 

West State Street Storm Drain Ontario 2.73 

Ontario 

County Line Channel  2.59 

East State Storm Drain  1.86 

Lower Deer Canyon Wash  2.08 

Lower Etiwanda Creek Channel  2.15 

West Cucamonga Channel Upland 7.12 

Rancho Cucamonga 

Almond Intercept Channel Unincorporated San Bernardino 0.65 

Alta Loma Storm Drain  3.87 

Cucamonga Storm Drain  1.56 

Demens Creek Channel Upland 2.21 

Etiwanda Creek Channel Unincorporated San Bernardino, 
Ontario, Fontana 3.66 

Henderson Channel Chino Hills 2.16 

Hillside Channel  1.42 

Upper Deer Canyon Wash Ontario 7.59 

Rialto 

Cactus Channel  2.62 

East Fontana Storm Drain Fontana, Unincorporated San 
Bernardino 2.61 

Rialto Channel Unincorporated Riverside 6.79 

Upland 8th Street Storm Drain  0.37 

Unincorporated San 
Bernardino County 

Chino Creek Chino Hills, Chino 10.26 

Deer Creek Channel Rancho Cucamonga 1.52 

Hawker-Crawford Channel Rancho Cucamonga, Fontana 2.11 

San Antonio Heights Intercept  1.06 

West Fontana Channel Fontana 4.19 

Unincorporated 
Riverside County Day Creek Ontario, Rancho Cucamonga, and 

unincorporated San Bernardino 15.43 
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UAA Development Process 
RWQCB staff will be consulted prior to initiating development of any UAA. It is 
anticipated that development of a UAA would rely on the following process: 

 Conduct meeting with RWQCB to obtain agreement on the following:  

- UAA to be developed, e.g., upper and lower boundaries; 

- Minimum water quality data requirements; 

- Requirements for additional recreational survey data collection (if any); and  

- UAA structure and content, i.e., is the existing UAA template adequate or are 
there any site-specific issues that need to be addressed. 

 Collect any necessary data (time period could range from a few weeks or months 
to a year if substantial recreational use survey data is required). 

 Submit draft UAA to the RWQCB for review and comment. Draft UAA will be in 
the same format as the existing Cucamonga Creek UAA. 

 Prepare revised UAA to the RWQCB for adoption as a Basin Plan amendment. 
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D.1 Introduction 
This section documents existing MS4 permit activities that have been implemented by 
the San Bernardino County MS4 permit program. Emphasis was on non-structural 
and structural BMP actions implemented or completed since January 1, 2005 (year of 
MSAR Bacterial Indicator TMDL adoption), that are providing water quality benefits 
to the MSAR watershed. 
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D.2 Non-Structural BMPs 
This section describes all completed non-structural BMP program activities 
implemented by the San Bernardino County MS4 permittees since TMDL adoption by 
the Regional Board in 2005. Program areas evaluated for the potential to reduce 
bacterial indicators under dry weather conditions include: 

 WQMP Implementation 

 Public Education and Outreach Targeting Bacterial Indicators 

 Ordinance Adoption 

 Inspection and Enforcement activities 

 Illicit Discharge/Spill Response 

 Street Sweeping  

 MS4 Facility Inspection and Cleaning Programs 

Water Quality Management Plan Implementation  
WQMPs are prepared for new development or significant redevelopment projects 
classified as category projects. This section examines WQMPs completed for projects 
since the beginning of 2005 which have resulted in the implementation of BMPs 
expected to reduce bacterial indicator loads above and beyond what would have been 
expected from the area if the project had not been implemented.  

Using WQMP records provided by the MS4 Area-wide Program, projects were 
screened for those approved after 2005 and designated as “significant 
redevelopment” projects. The presumption is that for existing developments, 
stormwater management controls were not designed to today’s standards, which 
encourage the use of site design and source control BMPs, and therefore some degree 
of DWF occurred prior to redevelopment. With significant redevelopment of the 
project site, an approved WQMP may include BMPs that provide capture or treatment 
of DWF, as site design and source control BMPs were encouraged in the San 
Bernardino County Stormwater Program’s 2005 Model WQMP Guidance. New 
development projects that included a WQMP that may reduce or eliminate off-site 
DWF were not included in this analysis because these projects replace previously 
undeveloped land that likely did not generate any runoff under dry weather 
conditions. 

The MS4 Area-wide Program provided WQMP data from the MS4 Solution Database 
for each of the permittees within the MSAR watershed. Table D-1 describes for each 
jurisdiction the number of approved WQMPs for significant redevelopment projects 
and the total project development area. A brief description of the type of BMPs 
implemented for each project is provided. 
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Public Education and Outreach 
Through the MS4 Area-wide Program, the MS4 permittees collectively participate in 
public education and outreach efforts to emphasize stormwater pollution prevention. 
Each permittee also conducts its own education and outreach with varying levels of 
attention to bacteria in DWF. Although outreach events may not specifically focus on 
reducing bacterial indicators, events which highlight the elimination or reduction of 
debris or pollutants from entering the MS4 system or runoff under dry weather 
conditions have the potential to reduce bacterial indicators.  

Information related to public education outreach efforts is maintained in the 
stormwater program’s MS4 Solution Database. The database includes information 
regarding each outreach event type, the date conducted, a brief description of 
materials distributed, and the number of “impressions” (estimated number of persons 
contacted through personal communication, audience attendance, or brochure 
distribution). Activities have included billboard placement, mail inserts, presentations 
at schools and pet stores, and educational displays at community and regional fairs.  

Most of the recorded events educate the public on general stormwater pollution 
prevention and water conservation (Table D-2). The table identifies relevant events, 
i.e., those that have the potential to reduce bacterial indicators; the description of the 
materials presented was used to determine applicability. Events that provided 
materials focusing on paint waste, household hazardous waste, pesticide disposal, 
and automotive waste disposal were not included. 

The public education sub-committee is developing informational flyers to address 
bacterial contamination issues. The topics of trash bin enclosures and pet waste have 
been high priorities. Flyers on those topics will be ready before the end of 2010. Multi-
dwelling complexes and restaurants will be targeted for the trash bin flyers. Flyers for 
pet and horse owners will be distributed at appropriate venues. The MS4 permittees 
are also developing a portable toilet educational flyer that can be handed out at City 
permit counters for large events. 
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Table D-1. Summary of WQMPs approved for significant redevelopment projects, San Bernardino County, 2005-2009 

Jurisdiction 
No. of 

Projects 
Total 
Acres 

Description 

Chino 4 13 Four significant redevelopment projects were approved from 2006 to 2008. BMPs implemented included 
efficient irrigation, buffer strips/bioswales, and proprietary flow-based BMPs 

Chino Hills - - No significant redevelopment projects listed 

Fontana 6 38 Six re-development projects approved from 2005 to 2008 which implemented a variety of BMPs such as 
efficient irrigation, vegetated swales, infiltrations basins, and proprietary flow-based BMPs 

Montclair 8 14 Eight significant redevelopment projects approved from 2007 to 2008. BMPs included efficient irrigation, 
bio-retention, permeable pavement, vegetated swales, water quality inlets 

Ontario 8 26 Eight significant redevelopment projects approved from 2005 to 2007. BMPs included efficient irrigation, 
bio-retention, vegetated swales, infiltration basins, and flow-based proprietary devices at catch basins. 

Rancho 
Cucamonga 3 6 Three significant redevelopment projects approved from 2005 to 2006. BMPs included efficient irrigation, 

water quality inlets, media filters, extended detention basins 

Rialto 5 27 
Five significant BMPs approved from 2006 to 2008 implemented a variety of BMPs such as buffer 
strips/bioswales, media filters, vegetated swales, infiltration basins, efficient irrigation, and proprietary 
flow-based BMPs. 

San Bernardino 
County 4 7 Four significant redevelopment projects were approved from 2007 to 2008. BMPs included efficient 

irrigation, vegetated swale, infiltration basin, extended detention basin, and bio-retention system 

Upland 3 1 Two significant redevelopment projects approved from 2006 to 2007. BMPs implemented include bio-
retention BMPs 

Total 43 133  
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Table D-2. Public education and outreach activities for San Bernardino County MS4 Program, 2005-2009 (IMP = Impressions) 

Jurisdiction 

2005 2006 2007 2008 2009 

Comments No. of 
Events 

No. of 
IMPs 

No. of 
Events 

No. of 
IMPs 

No. of 
Event

s 

No. of 
IMPs 

No. of 
Events 

No. of 
IMPs 

No. of 
Events 

No. of 
IMPs 

Chino 5 4,215 27 20,730 37 9,325 29 3,900 6 650 

Touring theatrical production depicting resource 
conservation and pollution prevention recorded 
8,000 impressions. Pet owners were targeted by 
26 of the events. 

Chino Hills 9 328 2 740 0 0 3 265 1 30 

Events consist of presentations in schools and 
libraries, booths at community fairs, and displays 
set up at pet stores and clinics.  Enviroscape 
models, PowerPoint presentations, posters and 
brochures used as appropriate. One event 
targeted directly at pet owners; remaining events 
focused on educating the public about their 
impact on stormwater quality. 

Fontana 3 360 49 8,610 13 2,645 12 8,915 3 5,000 
Outreach events in Fontana were almost 
exclusively science fairs and large regional or 
local fairs. 

Montclair 1 0 1 1,200 0 0 0 0 1 1,200 

Outreach events in Montclair consisted of booths 
at two Earth Day festivals and a Home 
Improvement and Outdoors Fair where brochures, 
magnets, etc., were distributed. 

Ontario 5 56,533 6 163,959 5 109,531 2 57,953 2 100 

This outreach effort included exhibits at various 
fairs and festivals. In addition, outreach efforts 
included extensive print media distribution through 
(1) letters sent to new businesses; and (2) yearly 
calendars sent to residents (50,000+). Seven of 
the 20 Ontario outreach events recorded 
distribution of over 50,000 fliers/letters each. 

Rancho 
Cucamonga 2 1,600 2 70 1 2,500 9 644,614 14 199,195 

Outreach events consisted of school 
presentations, booths at large fairs and minor 
league baseball games, and advertisements in 
media outlets (radio, newspaper:  792,000 
impressions). 

Rialto 0 0 12 4,481 18 3,893 7 1,452 2 1,800 

Outreach events consisted of displays at local 
fairs, school presentations, and the distribution of 
flyers at home improvement stores, pet stores, 
and animal hospitals. Impressions were not 
recorded for these flyer events. 
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Table D-2. Public education and outreach activities for San Bernardino County MS4 Program, 2005-2009 (IMP = Impressions) 

Jurisdiction 

2005 2006 2007 2008 2009 

Comments No. of 
Events 

No. of 
IMPs 

No. of 
Events 

No. of 
IMPs 

No. of 
Event

s 

No. of 
IMPs 

No. of 
Events 

No. of 
IMPs 

No. of 
Events 

No. of 
IMPs 

Upland 19 3,633 31 4,505 28 7,860 5 1,184 11 897 

62 of the 94 outreach events consisted of the 
distribution of print media or the placement of a 
display at pet facilities (stores, hospitals, 
groomers) and home improvement retail 
establishments. Remaining events were primarily 
school visits/presentations. 

SBCFCD 1 289 6 2,270 1 0 1 7,880 1 0 
Seven of the 10 events consisted of displays with 
cards and brochures placed at local and regional 
fairs. 

San Bernardino 
Co. 1 0 1 150 1 650 2 313 2 0 

Four of the events consisted of displays and 
handouts at regional events, while the other three 
consisted of school visits/presentations. 
Impression numbers were not always available. 

Total 46 66,958 137 206,715 104 136,404 65 726,824 41 207,072 
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Ordinance Adoption  
The CBRP requires the identification of specific ordinances that will be adopted 
during implementation that reduce the level of indicator bacteria in urban sources. All 
San Bernardino County MS4 permittees have adopted ordinances which provide legal 
authority to control non-permitted discharges from entering the MS4 system. The 
majority of these ordinances were originally established in 1993. They have been 
amended as needed in subsequent years to strengthen their applicability.  San 
Bernardino County MS4 permittees have adopted ordinances which provide legal 
authority to: 

 Control discharges associated with industrial activities (all permittees) 

 Prohibit illicit discharges (all permittees) 

 Control the discharge of materials other than stormwater  

 Require compliance with regulators ( all permittees) 

 Conduct inspections, surveillance, and monitoring (all permittees) 

In addition to adopting ordinances to provide legal authority to control non-
permitted discharges, some permittees have adopted water conservation ordinances 
which can reduce the volume of runoff under dry weather conditions. As shown in 
Table D-3, legal authority already exists in many areas to manage outdoor water use. 
Ordinance prohibitions include failure to repair water leaks, use of water to wash any 
impervious surface, and irrigation water from flowing off property. 

In addition to local water conservation ordinances, recently adopted Assembly Bill 
1881 (AB 1881) requires improved landscaping and irrigation practices on some types 
of new and significant redevelopment projects. Jurisdictions in the MSAR watershed 
have already adopted landscaping and irrigation ordinances that are at least as 
stringent as the statewide guidelines developed to support implementation of AB 
1881. These ordinances include the Chino Basin Water Efficient Landscape Ordinance, 
which was developed collaboratively by cities and water agencies in the Chino Basin 
as a regional model ordinance that meets AB 1881 requirements 

Because AB 1881 applies only to new development and significant redevelopment 
projects, the water quality benefits expected from implementation of these new 
requirements are expected to be limited within the next five years, especially under 
dry weather conditions. 
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Table D-3. Existing water conservation ordinances in the San Bernardino County portion of 
the MSAR watershed  

Proponent 
Ordinance 

Name 
Applicability Key Prohibitions 

City of Chino Water 
Conservation City of Chino 

• Runoff of irrigation water to 
impermeable surfaces 

• Operation of sprinklers for > 15 
minutes/day/station for spray 
irrigation 

• Scheduling of spray irrigation 
between the hours of 6:00 am and 
8:00 pm 

• Failure to repair a water leak 
• Use of water to wash any 

impervious surfaces 

Cucamonga Valley 
Water District  

Water Use 
Efficiency 

Cities of Fontana, 
Ontario, Rancho 
Cucamonga, Upland, 
and portions of 
unincorporated San 
Bernardino County 

• Any irrigation water leaving the 
property 

• Failure to repair a water leak 

City of Ontario Stormwater 
Drainage System City of Ontario 

• Runoff of wastewater from most 
potential outdoor washing activities 

• Draining of pools or fountains and 
pool filter backwash containing 
chlorine or other harmful chemicals 

City of Upland Water 
Conservation City of Upland 

• Scheduling of spray irrigation 
between the hours of 10:00 am and 
6:00 pm 

• Failure to repair a water leak 
• Use of water to wash any 

impervious surfaces 

City of Chino Hills Water 
Conservation City of Chino Hills • No prohibitions, voluntary 

conservation measures only 

Monte Vista Water 
District 

Water Use 
Efficiency Best 
Practices 

City of Chino, 
Montclair, and  portions 
of unincorporated San 
Bernardino County 

• Any irrigation water leaving the 
property 

• Operation of sprinklers for > 15 
minutes/day/station for spray 
irrigation 

• Scheduling of spray irrigation 
between the hours of 8:00 am and 
8:00 pm 

• Irrigation when it is raining 
• Failure to repair a water leak 

City of Rialto 

Water 
Conservation 
Requirements; 
Stormwater 

City of Rialto 

• No prohibitions; ordinance 
discourages specific activities that 
waste water and encourages 
minimizing off site runoff to the MEP 
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Inspection and Enforcement Activities 
MS4 permittees conduct inspections of commercial and industrial facilities as part of 
municipal NPDES programs to assess compliance of facilities with local stormwater 
ordinances and, where applicable, potential noncompliance with California’s General 
Permit for Storm Water Discharges Associated with Industrial Activities.  

In evaluation of these programs for water quality benefits, restaurant inspections are 
of particular interest since restaurant activities are potential sources of indicator 
bacteria. The permittees have developed a model restaurant inspection program, as 
well as a poster targeted for restaurant BMPs. Restaurants are automatically assigned 
a high priority rating for inspection and development purposes. The trash bin 
educational materials will be targeted at restaurants, and a new restaurant BMP flyer 
is being developed. 

The enforcement of trash and pet waste issues are especially difficult, as they usually 
occur at the residential level. Residential inspections are not required; however, a 
residential inspection program is under development. Pet waste flyers are being 
developed, and will be distributed at appropriate venues. Trash bin outreach 
materials will be targeted at apartment and condominium complex managers.  

San Bernardino County MS4 permittees maintain inventories of commercial and 
industrial facilities within their jurisdictions. The facilities in these inventories are 
prioritized and inspection schedules are established based on this prioritization. The 
San Bernardino County MS4 Area-wide Program provides annual reports regarding 
inspection and enforcement activities. This information reports the number of annual 
inspections of commercial and industrial facilities; however, the data could not be 
quantified in a manner that could be then be related specifically to restaurant 
inspections and the control of bacterial indicators. 

Illicit Discharge/Spill Response 
San Bernardino County permittees implement programs to reduce illicit discharges 
and prevent spills from reaching the MS4. San Bernardino County permittees collect 
data annually on illicit discharge/spill response activities. The discharge database 
records include the following information:   

 Discharge type 

 Discharge description and estimated quantity of material discharged 

 Response action 
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Events which involve the discharge of sewage and trash have the highest potential to 
result in significant bacterial inputs to MS4 facilities. A review of database records for 
the period 2005-2009 shows that many discharge or spill events involved raw sewage. 
Table D-4 summarizes the total number of reported incidents and estimated quantity 
of sewage and other bacteria containing spills within MS4 drainage areas. The table 
does not show the portion of that was contained and recovered, which ranges from 
zero to 100 percent, depending upon the nature of the spill and timing and 
effectiveness of reporting and jurisdiction response.  

Street Sweeping 
Street sweeping removes debris, which has been shown to contain bacteria (see 
Section 5.2.2.3, and 6.5.2.2). Bacteria become entrained in urban runoff, which is then 
discharged to the MS4. While the benefits of street sweeping are assumed to be most 
closely associated with wet weather runoff, which has the greatest capacity to flush 
unswept debris into the storm drain, there is recent evidence that DWFs along curbs 
have the potential to mobilize significant numbers of bacteria (Skinner et al 2010; 
Ferguson 2006).  

San Bernardino County permittees annually report their annual street sweeping 
efforts by the approximate number of curb-miles swept. Table D-5 shows only the 
curb-miles swept by each jurisdiction for the period of 2005 to 2009. Several 
permittees sweep streets more than once per week in some areas. The total volume of 
debris removed during sweeping activities is reported individually by each permittee. 
It may represent an actual total collected, or an estimated quantity derived from an 
extrapolated value based on a test area. 

MS4 Facility Inspection and Cleaning Programs 
The MS4 permittees implement MS4 facility inspection and cleaning programs to 
satisfy minimum facility maintenance requirements contained in their MS4 permit. 
The debris that builds up in MS4 facilities has the potential to become a significant 
bacteria reservoir that can be mobilized when water moves through. While wet 
weather flows would be most likely to mobilize this debris and associated bacteria, 
steady flows through the facility under dry weather conditions also have the potential 
to move bacteria into downstream receiving waters. Tables D-6 and D-7 summarize 
the amount of debris removed annually from drain inlets, open channels, below 
ground drains, and debris basins in San Bernardino County area. The amount of 
debris removed fluctuates on an annual basis and is particularly influenced by the 
volume removed by SBCFCD from its debris and detention basins. 



Attachment D 
Existing Urban Source Control Program 

A  D-11 

Table D-4.  Illicit Discharge Spill Response, San Bernardino County MS4 Program, 2005-2009 

Jurisdiction 

2005 2006 2007 2008 2009 

Incidents 
Quantity  

(gal) 
Incidents 

Quantity 
(gal) 

Incidents 
Quantity 

(gal) 
Incidents 

Quantity 
(gal) 

Incidents 
Quantity 

(gal) 

Chino 7 5,875 2 2,010 - - - - 1 2,000 

Chino Hills 0 0 1 0 1 0 4 831 6 10,332 

Fontana - - 3 2,100 - - - - - - 

Montclair 1 1,600 - - - - - - - - 

Ontario 7 5,261- 4 11,625 7 11,400 9 2,220 11 44,435 

Rancho Cucamonga 1 1,750 - - 1 3,000 - - - - 

Rialto - - - - - - 1 1,000 - - 

Upland 1 50 - - - - - - 1 200 

San Bernardino County - - 1 250 - - 2 1,200 - - 

SBCFCD 2 1,001,000 1 200-500 
(gpm) 1 500 1 1,000 1 500 

Note: Incidents shown in this table are those reported as “sewage” in the MS4 database or other discharges that were determined to have a high potential to contain 
elevated levels of bacteria; The quantity shown is the total volume of the spill, including both the portion that is contained and the portion that could not be contained 
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Table D-5. Summary of annual street sweeping activity (number of curb miles), San Bernardino 
County MS4 Program 

Jurisdiction 2005 2006 2007 2008 2009 Comments 

Chino  518 519 520 526 526   

Chino Hills 385 385 385 388 388   

Fontana 903 955 1,015 1,019 837   

Montclair 132 144 147 151 155   

Ontario 1,075 1,075 1,075 1,078 1,078   
Rancho 
Cucamonga 1,164 1,164 1,164 1,179 1,179   

Rialto 585 585 525 525 525   

San 
Bernardino 
County  

0 0 0 0 0 

Majority of roads in 
unincorporated County 
streets are natural earthen 
and asphalt swales not 
suitable for street sweeping 

Upland 510 515 437 437 437   

SBCFCD NA NA NA NA NA SBCFCD does not own or 
operate streets facilities 

Total Miles 5,272 5,342 5,268 5,303 5,125  
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Table D-6. Debris collected from drain inlets and open channels, San Bernardino County MS4 Program, 2005 - 2009 

Jurisdiction 
Drain Inlets (cubic yards) Open Channels (cubic yards) 

2005 2006 2007 2008 2009 2005 2006 2007 2008 2009 

Chino 20 20 20 20 20 40 40 40 40 33 

Chino Hills 3 4 30 3 30 10 100 100 50 50 

Fontana 101 109 114 121 108 21 19 9 12 14 

Montclair 60 80 75 70 60 25 26 25 35 40 

Ontario 3,000 3,000 3,200 3,570 1,800 240 200 175 150 125 

Rancho 
Cucamonga 200 225 280 240 180 1 10 12 8 10 

Rialto 0 12 24 300 500 0 225 350 450 400 

San Bernardino 
County 0 160 34 36 127 0 50 35 20 57 

SBCFCD NA NA NA NA NA 700,000 100,000 500 0 100 

Upland 4 4 23 20 23 5 5 39 31 20 

Total 3,388 3,614 3,800 4,380 2,848 700,342 100,675 1,285 796 849 
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Table D-7. Debris collected from underground drains and debris/detention basins, San Bernardino County MS4 Program,  
2005 - 2009 

Jurisdiction 
Underground Drains (cubic yards) Debris & Detention Basins (cubic yards) 

2005 2006 2007 2008 2009 2005 2006 2007 2008 2009 

Chino 10 2 16 16 16 0 0 0 0 0 

Chino Hills 0 1 1 8 8 50 80 60 38 38 

Fontana 11 11 12 14 11 49 51 36 38 58 

Montclair 1 1 1 1 0 0 0 0 0 30 

Ontario 5,140 5,140 3,650 4,560 5,400 0 0 0 0 0 

Rancho 
Cucamonga 0 0 2 2 4 0 0 0 100 100 

Rialto 0 30 0 0 0 0 0 0 0 18 

San Bernardino 
County 0 315 100 100 234 0 20 0 0 0 

SBCFCD 100 0 0 0 0 1,700,000 100,000 1,000 0 500 

Upland 2 2 16 19 16 200 200 96 37 23 

Total 5,264 5,502 3,798 4,720 5,689 1,700,299 100,351 1,192 213 767 
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D.3 Structural BMPs  
This section describes relatively large-scale projects that include structural BMPs that 
reduce urban runoff under dry weather conditions that have been completed since 
January 1, 2005. Two large scale projects with capacity to address runoff under dry 
weather conditions constructed since 2005 were identified:  

 In the City of Chino, as part of the development of the Preserve master 
development, an extended detention basin/wetland (Bickmore Basin) was 
constructed in early 2006. Bickmore Basin is located on the southwest corner of 
Bickmore Avenue and Rincon Meadows Avenue. The basin has a drainage area of 
approximately 270 acres. It is estimated that at complete build-out the community 
surrounding the basins will have approximately 2,400 homes. During dry weather 
conditions, urban runoff from the residential development flows into the basin to 
sustain the wetland.  No supplemental recycled water is required to sustain the 
wetland.  

 In the City of Chino, as part of mitigation for future development and flood 
control, the Kimball Basin (extended detention basin/constructed wetland) was 
constructed in 2006-2007. The Kimball Basin is comprised of a series of three 
basins covering approximately 40 acres and located east of Rincon Meadows on 
the southern side of Kimball Avenue in Chino. The basin has a tributary area of 
over 1,200 acres with tributary areas to include portions of northern Chino and 
Ontario (Ontario Airport and New Model Colony West). The basin has significant 
capacity to treat DWF. The basin is currently fully dependent on supplemental 
recycled water to sustain the wetland. 
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E.1 Introduction 
The MS4 permit establishes the minimum required schedule-related elements for 
inclusion in the CBRP. These elements include: 

 A detailed schedule with discrete milestones to assess satisfactory progress 
toward meeting urban wasteload allocations for dry weather; 

 Designation of responsibility for meeting each milestone; and 

 Specific metrics to demonstrate the effectiveness of the CBRP and acceptable 
progress for meeting the urban wasteload allocations for dry weather. 

Section 2.3 provides an overview of the schedule for the CBRP implementation 
program. The following sections present the additional information required by the 
MS4 permit.  
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E.2 CBRP Program Elements 
This section provides the implementation plan for each of the four required CBRP 
elements. Each plan includes the following information: 

 CBRP Activity – Programmatic area to be implemented.  

 Milestones – Discrete actions associated with the completion of each CBRP activity. 

 Metrics – Specific outcomes to demonstrate completion of each milestone; in 
addition, metrics for some activities are related to mitigation of identified 
controllable urban sources of bacterial indicators and provide a means to measure 
effectiveness of activity. 

 Responsible Agency – Assignment of the activity to either the area-wide MS4 
program or to MS4 permittees with jurisdiction over a targeted area. 

 Completion Date – Completion dates are provided where possible. CBRP Step 2 and 
3 activities are expected to extend beyond the December 31, 2015 compliance date 
given the length of time involved with the design, permitting and construction of 
a structural BMP.  

Element 1 – Ordinances 
Two activities comprise Element 1 - water conservation and pathogen control 
ordinances. Table E-1 provides the implementation activities planned for each of these 
CBRP activities. Evaluations of legal authority and the development of minimum 
ordinance requirements are expected to be completed collectively by the area-wide 
MS4 program. Local ordinance development will be implemented by individual MS4 
permittees, where necessary. Activities associated with the development of a 
pathogen control ordinance are an MS4 permit requirement and the completion date 
is consistent with the permit. Progress towards implementing Element 1 activities will 
be summarized and reported in the Annual Report prepared under the MS4 permit. 

Element 2 – Specific BMPs 
Seven specific BMPs are included in Element 2. Table E-2 provides the 
implementation plan associated with each of these activities. Implementation 
responsibility for specific activities varies between the area-wide MS4 program and 
MS4 Permittees. Some activities are closely linked to other CBRP elements, e.g., 
implementation of irrigation practices is closely linked with the water conservation 
ordinance activities described under Element 1. Several activities are also MS4 permit 
requirements, e.g., IDDE program development, WQMP revisions, and septic system 
management. The completion dates for these activities are consistent with the MS4 
permit requirements. Progress implementing Element 2 activities will be summarized 
and reported in the Annual Report prepared under the MS4 permit. 
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Element 3 – Inspection Criteria 
This element includes the activities dedicated to identifying controllable urban dry 
weather flow and bacterial indicator sources, prioritizing mitigation evaluations, 
completing mitigation alternative evaluations, and initiating the implementation of 
selected mitigation alternatives (Table E-3). Element 3 activities require data 
collection, the results of which support decisions regarding next steps to mitigate 
controllable sources. Deliverables range from selection and initiation of a structural 
BMP project to implementation of more targeted non-structural BMPs. Structural 
BMPs selected under Element 3 are designed and constructed as part of Element 4. 
Where the results of source evaluation activities indicate that sources are 
uncontrollable or are not the responsibility of the MS4, the RWQCB will be notified 
and the source will be addressed outside of the CBRP. 

Currently, the USEP (approved by the RWQCB in 2008) and the 2010 MS4 permit 
require the completion of semi-annual USEP reports to describe progress and plans 
associated with the implementation of urban source evaluation activities. Element 3 
activities will replace the need to periodically identify source evaluation activities for 
implementation. Reports regarding the findings of mitigation evaluations and 
selection of mitigation alternatives will be summarized in the MS4 permit Annual 
Reports. 
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Table E-1. Implementation Plan for CBRP Element 1 – Ordinances 

CBRP Activity Milestones Metrics Responsibility Complete by 

1.A - Water 
Conservation 
Ordinance 

1.A.i – Evaluate existing legal authority to 
manage and enforce DWF 

Establish minimum DWF management and 
enforcement requirements for the area  

Area-wide MS4 
Program June 30, 2012 1.A.ii - Evaluate opportunities to collaborate 

with water purveyors on implementation of 
SB7 to maximize use of outdoor water use 
efficiency BMPs and reduce DWF 
1.A.iii – Evaluate need to revise local 
ordinances to incorporate more stringent DWF 
management requirements 

Prepare draft revised ordinances in the 
local jurisdiction, as needed Permittees December 31, 

2012 

1.A.iv - Adopt revised water conservation 
ordinances (as appropriate) 

As appropriate to the local jurisdiction, 
revised ordinances adopted Permittees December 31, 

2013 

1.B – Pathogen Control 
Ordinance 

1.B.i – Evaluate existing legal authority to 
manage animal wastes 

Establish minimum requirements for the 
control of bacterial indicator sources  

Area-wide MS4 
Program June 30, 2012 1.B.ii – Identify other controllable  bacterial 

indicator sources (other than pet waste) that 
may contribute to bacterial indicator 
exceedances in the MS4 
1.B.iii – Evaluate need to establish/revise local 
ordinances to incorporate minimum bacterial 
indicator control requirements 

Prepare draft revised ordinances in the 
local jurisdiction, as needed Permittees December 31, 

2012 

1.B.iv – Adopt/revise pathogen control 
ordinances 

As appropriate to the local jurisdiction, 
revised ordinances adopted Permittees January 29, 

20131 

1.C - Reporting 

1.C.i – Provide annual summary of ordinance 
development activities and recommendations 
for CBRP modification as identified by Element 
1 implementation 

Incorporate summary into MS4 permit 
Annual Report 

Area-wide MS4 
Program 

Annually by 
November 15 

1 -  Consistent with MS4 permit requirement 
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Table E-2. Implementation Plan for CBRP Element 2 – Specific BMPs 

Activity Milestones Metrics Responsibility Complete by 

2.A – Transient 
Camps 

2.A.i - Identify locations of transient 
encampments outside of MS4 rights-of-way that 
may be contributing to elevated bacterial 
indicators in dry weather flows in MS4 facilities, 
evaluate potential impacts from identified 
camps, and develop plan to mitigate camps 
determine to be a water quality concern 

Report findings Area-wide MS4 
Program September 30, 2012 

2.A.ii - Develop model program for mitigating 
water quality impacts from transient 
encampments 

Establish model program for use by local 
jurisdictions 

Area-wide MS4 
Program December 31, 2012 

2.A.iii - Develop targeted transient camp 
mitigation plan 

Based on the outcome of 2.A.i and 2.A.ii, 
prepare mitigation plan (with schedule) for 
implementation by local jurisdiction 

Permittees June 30, 2013 

2.A.iv - Implement transient camp mitigation 
plan 

Complete targeted activities based on 
mitigation plan Permittees December 31, 2014 

2.B – IDDE 

2.B.i - Develop draft IDDE Program that is 
consistent with permit requirements and 
supports CBRP Element 3 (Inspection Program) 

Develop program guidance based on MS4 
permit requirements and needs of 
inspection program 

Area-wide MS4 
Program December 31, 20121 

2.B.ii – Develop final IDDE Program for 
submittal to the RWQCB Submit final guidance to RWQCB Area-wide MS4 

Program December 31, 20121 

2.B.iii – Implement IDDE Program Implementation of Inspection Program as 
required by 3.C 

Area-wide MS4 
Program & 
Permittees 

As required by 
Element 3 

2.C - Street 
Sweeping 

2.C.i – Literature review of street sweeping 
programs (e.g., method, frequency, equipment) 
to determine potential to modify programs to 
reduce bacterial indicator sources 

Develop recommendations for modified 
street sweeping program targeted at 
bacterial indicators 

Area-wide MS4 
Program June 30, 2012 

2.C.ii - Develop plan/schedule for 
implementation of modified program (as 
appropriate) 

Establish plan/schedule for implementation 
of modified street sweeping program, as 
appropriate to local jurisdictions 

Permittees September 30, 2012 

2.C.iii – Implement modified street sweeping 
program Compliance with established plan/schedule Permittees As required by 2.C.ii 
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Table E-2. Implementation Plan for CBRP Element 2 – Specific BMPs 

Activity Milestones Metrics Responsibility Complete by 

2.D – Irrigation or 
Water 
Conservation 
Practices 

2.D.i - Develop irrigation and water 
conservation BMP programs in coordination 
CBRP activity 1.A 

Identify recommended irrigation and water 
conservation BMP practices for 
implementation 

Area-wide MS4 
Program December 31, 2012 

2.D.ii - Develop plan/schedule for 
implementation of BMP practices 

Establish plan/schedule for implementation 
of BMP practices, as appropriate within 
local jurisdictions 

Permittees March 31, 2013 

2.D.iii – Implement BMP practices Compliance with established plan/schedule Permittees As required by 2.D.ii 

2.E – Water 
Quality 
Management Plan 
Revision 

2.E.i - Submit draft WQMP revision to RWQCB Submit draft WQMP Guidance and 
Template revisions as required by permit 

Area-wide MS4 
Program July 29, 20112 

2.E.ii - Submit final WQMP to RWQCB Submit final WQMP Guidance and 
Template as required by permit 

Area-wide MS4 
Program 

Based on Regional 
Response to Draft2 

2.E.iii - Incorporate WQMP revisions into 
training programs 

Establish revised training modules to 
incorporate new WQMP provisions 

Area-wide MS4 
Program July 29, 20122 

2.E.iv – Implement revised WQMP WQMP approved by RWQCB Permittees Within 90 days of 
Board approval2 

2.F –Septic 
System 
Management 

2.F.i – Analyze relationship between location of 
septic systems and MS4 facilities to evaluate 
potential for impacts from septic systems on 
water quality under dry weather conditions 

Using existing septic system inventory, 
identify areas where septic systems have 
the potential to impact the MS4; establish 
plan to target areas for education, 
inspection and enforcement activities 

Area-wide MS4 
Program January 29, 20122 

2.F.ii – Develop educational materials and 
conduct public education activities to inform 
septic system owners on proper maintenance of 
septic systems 

Complete targeted educational activities  Area-wide MS4 
Program January 29, 20122 

2.F.iii – Conduct inspection and enforcement 
activities as needed, to ensure potential water 
quality impacts to MS4 are mitigated 

Complete targeted inspections and 
implement enforcement actions as needed Permittees December 31, 2014 

2.G – Pet Waste 
Management 

2.G.i – Evaluate pet waste management BMPs 
within local jurisdictions to identify any 
opportunities to enhance BMPs to better target 
bacterial indicator sources; coordinate 
evaluation with CBRP Activity 1.B 

Identification of new or enhanced BMPs for 
implementation Permittees September 30, 2012 

2.G.i – Develop and implement BMPs identified 
in 2.G.i. Implementation of BMPs identified in 2.G.i Permittees January 29, 20131 
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Table E-2. Implementation Plan for CBRP Element 2 – Specific BMPs 

Activity Milestones Metrics Responsibility Complete by 

2.H - Reporting 

2.H.i – Provide annual summary of BMP 
activities and recommendations for CBRP 
modification as identified by Element 2 
implementation 

Incorporate summary into MS4 permit 
Annual Report 

Area-wide MS4 
Program 

Annually by 
November 15 

1 -  Program guidance is an MS4 permit requirement with no due date; the CBRP establishes a due date consistent with CBRP implementation needs 
2  - Consistent with MS4 permit requirement 
 
 



Attachment E 
CBRP Implementation Plan 

A  E-8 

 

 
Table E-3. Implementation Plan for CBRP Element 3 – Inspection Criteria1 

Activity Milestones Metrics Responsibility Complete by 

3.A –Tier 1 Source 
Evaluation 

3.A.i - Revise Watershed-wide Monitoring 
Program Monitoring Plan and QAPP, as needed 

Revised Monitoring Plan and QAPP approved 
by RWQCB 

Area-wide MS4 
Program through 
MSAR Task Force 

March 31, 2012 

3.A.ii - Collect data from Tier 1 sites 
Completed sampling; laboratory data 
received and included in MSAR database 
maintained by SAWPA 

Area-wide MS4 
Program through 
MSAR Task Force 

December 31, 2012 

3.B – Prioritization 
of Drainage Areas 

3.B.i – Prepare Data Analysis Report with 
prioritized drainage areas based on data 
collected under 3.A 

Data Analysis Report summarizing Tier 1 
results to support Decision Points #1 and #2 
in the Compliance Strategy (Figure 2-4) 

Area-wide MS4 
Program through 
MSAR Task Force 

March 31, 2013 

3.C – Identify 
Alternatives for 
Reducing or 
Eliminating 
Controllable Flow 
or Bacterial 
Indicator Sources  

3.C.i - Based on the findings of Elements 3.B.i, 
collect data from Tier 2 sites and develop 
alternatives to mitigate controllable dry weather 
flow or bacterial indicator sources for each 
prioritized drainage area starting with the 
highest priority area (subsequent drainage 
areas evaluated in order of priority) 

Prepare documentation regarding the 
alternatives identified for each evaluated 
drainage area (documentation prepared for 
each drainage area in order of priority and 
included in Annual Report) 

Permittees  December 31, 2014 

3.D – Identify and 
Select Mitigation 
Alternatives 

3.D.i – Select mitigation alternative based on 
findings established under 3.C.i  

Prepare documentation regarding the 
selected alternative for mitigating controllable 
sources in each drainage area 
(documentation prepared for each drainage 
area in order of priority and included in 
Annual Report) 

Permittees March 31, 2015 

3.D.ii – Implement targeted non-structural 
BMPs if part of mitigation alternative 

Document implementation of non-structural 
BMPs through Annual Report Permittees December 31, 2015 

3.D.iii – Complete Project Identification phase of 
CIP process where structural BMPs selected 

Establish Project Need and move structural 
BMP project into CBRP Step 2 (see Table E-
4.) 

Permittees March 31, 2015 

3.E - Reporting 3.E.i – Provide annual summary of Element 3 
implementation activities Incorporate into Annual Report Area-wide MS4 

Program 
Annually by 
November 15 

1 – Element 3 activities will not occur in the Prado Park Lake Subwatershed 
 



Attachment E 
CBRP Implementation Plan 

 

A  E-9 

Element 4 – Regional Treatment 
This element includes all CBRP Step 2 and 3 activities and programmatic activities 
including the WAP (Table E-4). Preparation of the WAP is an MS4 permit 
requirement. The milestones, metrics and schedule associated with these activities are 
consistent with the MS4 permit.  

The outcomes of CBRP Step 1 (selection of BMP alternatives for each prioritized 
drainage area) determine the schedule for implementation of structural BMP projects 
and the specific permittees responsible for BMP implementation (e.g., responsibility 
for implementation of the BMP rests with the permittees located within the drainage 
area that drains to the structural BMP). Wherever structural BMP solutions are 
selected for implementation, a project-specific schedule will be developed. This 
schedule will take into account the nature of the project (e.g., local outfall-specific 
project vs. small regional or sub-watershed treatment project) and the usual factors 
that affect implementation of capital improvement projects, e.g., available funding or 
permitting requirements. If under CBRP Step 2 a selected alternative is determined to 
be infeasible, a process will be initiated to identify another alternative for the targeted 
drainage area. 

The CBRP schedule shows CBRP Steps 2 and 3 likely extending beyond the December 
31, 2015 to allow for the CIP process to be implemented within each responsible 
jurisdiction. The status of CBRP BMP projects will be annually summarized and 
reported in the Annual Report prepared for the MS4 permit program. 
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E.3 Monitoring & Reporting 
A watershed-wide compliance monitoring program was established in 2007; it will 
continue as designed under the CBRP. A report summarizing sample results from dry 
weather conditions from April 1 to October 31 is submitted to the RWQCB by 
December 31st of each year. Similarly, a report summarizing sample results from 
November 1 through March 31 is submitted to the RWQCB by May 31st of each year. 
In addition to these biannual reports, a 3-year summary (or Triennial Report) is due to 
the RWQCB by February 15th every three years since TMDL adoption. The first of 
these reports was submitted on February 15, 2010 (see Attachment B for synopsis of 
the 2010 report). Subsequent reports are due in 2013 and 2016. 

Table E-5 summarizes the monitoring and reporting activities associated with the 
CBRP. Under the CBRP, the watershed-wide compliance monitoring program will 
continue to be the primary means of evaluating progress toward meeting the 
wasteload allocations for dry weather. The existing Monitoring Plan and QAPP will 
be revised as needed to facilitate source evaluation activities implemented as part of 
Element 3 – in particular allowing the use of alternative EPA-approved bacterial 
indicator laboratory analysis methods.  

The CBRP schedule includes the regular reporting of seasonal sampling results that is 
ongoing. In addition, during CBRP implementation two Triennial Reports will be 
prepared that will provide opportunity to evaluate newly collected data and the 
effectiveness of CBRP implementation over the long term: 
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Table E-4. Implementation Plan for CBRP Element 4 – Regional Treatment (Structural BMPs) 

Activity Milestones Metrics Responsibility Complete by 

4.A – Complete 
UAAs, as needed 

4.A.i - Meet with RWQCB to establish UAA 
development schedule and waterbody-specific 
data requirements 

UAA schedule and waterbody 
specific approach established Permittees Schedule specific 

Structural BMP Projects 

4.A.ii- Collect required data and complete UAA Submit completed UAA to RWQCB Permittees Schedule linked to 
Structural BMP Projects 

4.B – Budget / 
Planning CIP 
Phase 

4.B.i – Prepare preliminary design and cost 
estimate for identified structural BMP project Completed project cost estimate Permittees Schedule linked to 

Structural BMP Projects 

4.B.ii – Incorporate into CIP or implement 
multi-jurisdictional process to develop project 
(see Table 2-1). 

Incorporation of structural BMP 
project into CIP or implementation of 
multi-jurisdictional process 

Permittees Schedule linked to 
Structural BMP Projects 

4.C – Design CIP 
Phase  

4.C.i – Develop design for structural BMPs 
included in the CIP, as funding allows Completed structural BMP design Permittees Schedule linked to 

Structural BMP Projects 

4.C.ii – Initiate CEQA process for projects in 
design CEQA process initiated Permittees Schedule linked to 

Structural BMP Projects 

4.D – Permitting 
CIP Phase 

4.D.i – Complete CEQA process  CEQA approval obtained Permittees Schedule linked to 
Structural BMP Projects 

4.D.ii – Obtain all required permits and 
approvals 

All permits and approvals for 
construction obtained Permittees Schedule linked to 

Structural BMP Projects 

4.E – Construction 
CIP Phase 

4.E.i – Construct BMP, as available funding 
allows BMP constructed Permittees Schedule linked to 

Structural BMP Projects 

4.F – Watershed 
Action Plan 

4.A.i – Complete WAP Phase 2 WAP submitted to RWQCB Area-wide MS4 Program 
Within 12 months of 
approval of Phase 1 
WAP1 

4.A.ii - Implement WAP Compliance with established WAP 
and associated schedule 

To be determined as part 
of WAP development WAP dependent 

4.G - Reporting 4.F.i – Provide summary of status of each 
structural BMP project 

Incorporate summary into Annual 
Report Area-wide MS4 Program Annually by November 

15 

1  - Consistent with MS4 permit requirement 
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Table E-5. Implementation of activities to assess compliance with urban wasteload allocations 

CBRP Activity Milestones Metrics Responsibility Complete by 

Watershed-wide 
Compliance Monitoring 

Revise Monitoring Plan and QAPP as needed 
to facilitate Element 3 activities, including 
modifying the approved E. coli laboratory 
analysis method to another EPA-approved 
method to allow use of local laboratories1 

Revised Monitoring Plan and QAPP 
approved by RWQCB 

Area-wide MS4 
Program through 
MSAR Task Force  

December 31, 
2011 

Collect 20-weekly samples during dry season 
(April 1 – October 31) Submittal of Dry Season Report to RWQCB 

Area-wide MS4 
Program through 
MSAR Task Force  

Ongoing annual 
activity 

Collect 11 weekly samples during wet season 
(November 1 – March 31) Submittal of Wet Season Report to the 

RWQCB 

Area-wide MS4 
Program through 
MSAR Task Force  

Ongoing annual 
activity Collect 4 samples during and after one wet 

weather event 

2013 Triennial Report 

Review and revise compliance analysis 
contained in CBRP Section 6 based on most 
recent data (e.g., flow, bacterial indicators, 
special studies) including additional analysis 
on relative contribution of bacterial indicators 
from controllable urban sources 

Revised compliance analysis for 
incorporation into the 2013 Triennial Report 

Area-wide MS4 
Program through 
MSAR Task Force  

December 31, 
2012 

As part of 2013 report, evaluate progress 
towards meeting urban wasteload allocations, 
in particular during dry weather conditions 
(April 1 – October 31) 

Submit Triennial Report to the RWQCB by 
February 15, 2013; incorporate 
recommendations for modifications to 
CBRP 

Area-wide MS4 
Program through 
MSAR Task Force  

February 15, 
2013 

2016 Triennial Report 

Review and revise compliance analysis 
contained in CBRP Section 6 based on most 
recent data (e.g., flow, bacterial indicators, 
special studies) including additional analysis 
on relative contribution of bacterial indicators 
from controllable urban sources 

Revised compliance analysis for 
incorporation into the 2016 Triennial Report 

Area-wide MS4 
Program through 
MSAR Task Force  

December 31, 
2015 

As part of 2016 report, evaluate progress 
towards meeting urban wasteload allocations, 
in particular during dry weather conditions 
(April 1 – October 31) 

Submit Triennial Report to the RWQCB by 
February 15, 2016; incorporate 
recommendations for modifications to 
CBRP including additional BMPs planned if 
compliance monitoring indicates additional 
measures are required 

Area-wide MS4 
Program through 
MSAR Task Force  

February 15, 
2016 
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Table E-5. Implementation of activities to assess compliance with urban wasteload allocations 

CBRP Activity Milestones Metrics Responsibility Complete by 

Water Quality 
Objective Review 

Based on the findings/outcomes of CBRP 
implementation activities, evaluate whether to 
revise geometric mean E. coli water quality 
objective applicable to Chino Creek, Mill-
Cucamonga Creek, Santa Ana River Reach 3 
and Prado Park Lake from 126 to 206 cfu/100 
mL  

RWQCB decision on whether to implement 
Basin Plan amendment process 

RWQCB with MSAR 
Task Force Spring 2016 

1 The Basin Plan amendment under development by the SWQSTF allows for the use any EPA-approved E. coli method for evaluating compliance. Implementation 
of the CBRP will require use of local laboratories to facilitate inspection program activities; the existing Monitoring Plan will be revised to accommodate this 
requirement. 
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 2013 Triennial Report – This report will provide an interim evaluation of progress 
towards meeting the urban wasteload allocation by the December 21, 2015 
compliance date. As part of the preparation of this report, the compliance analysis 
contained in CBRP Section 3 will be reviewed, and where appropriate, revised to 
take into account newly available bacterial indicator, flow, and special study data 
which provide additional information regarding controllable urban sources and 
the relative contribution of bacteria from the MS4 to impaired waters.  

 2016 Triennial Report – This report, due to the RWQCB by February 15, 2016, will 
provide an analysis of the most recent dry weather condition results obtained 
through October 2015. As part of the preparation of this report, the compliance 
analysis contained in CBRP Section 3 (and potentially revised in 2013) will be 
reviewed, and where appropriate, further revised to take into account newly 
available bacterial indicator, flow, and special study data which provide 
additional information regarding controllable urban sources and the relative 
contribution of bacteria from the MS4 to impaired waters. 
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Attachment F 
Glossary 
 
Many of the following glossary terms were adapted from Appendix 4, Glossary, San 
Bernardino County MS4 Permit, Order No. R8-2010-0036. Several new terms are 
included that are specific to this CBRP. 

303(d) list - Provides information on impaired waters, likely pollutant sources, and 
priority for TMDL development. 

Bacterial Indicator - Indicator for the potential presence of pathogens. 

Basin Plan – Water Quality Control Plan developed by the Regional Board for the 
Santa Ana River watershed. 

Bacterial Prioritization Score [BPS] – Scoring given to a Middle Santa Ana River 
subwatershed on the basis of frequency and magnitude of water quality objective 
exceedences and number of human detections over the course of the 2007-2008 USEP 
monitoring period. 

Beneficial Use – Uses of water necessary for the survival or well being of man, plants, 
and wildlife. These uses of water serve to promote the tangible and intangible 
economic, social, and environmental goals. “Beneficial Uses” that may be protected 
include, but are not limited to: domestic, municipal, agricultural and industrial 
supply; power generation; recreation; aesthetic enjoyment; navigation; and 
preservation and enhancement of fish, wildlife, and other aquatic resources or 
preserves. Existing Beneficial Uses are those that were attained in the surface or 
ground water on or after November 28, 1975; and potential Beneficial Uses are those 
that would probably develop in future years through the implementation of various 
control measures. “Beneficial Uses” are equivalent to “Designated Uses” under 
federal law. [California Water Code Section 13050(f)] Beneficial Uses for the Receiving 
Waters are identified in the Basin Plan. 

BMP [Best Management Practices] – Defined in 40 CFR 122.2 as schedules of 
activities, prohibitions of practices, maintenance procedures, and other management 
practices to prevent or reduce the Pollution of Waters of the U.S. BMPs also include 
treatment requirements, operating procedures and practices to control plant site 
runoff, spillage or leaks, sludge or waste disposal, or drainage from raw material 
storage. In the case of MS4 permits, BMPs are typically used in place of Numeric 
Effluent Limits. 

Comprehensive Bacteria Reduction Plan [CBRP] – A plan presenting a long-term 
solution designed to achieve compliance with the WLAs by the dates specified in the 
MSAR Bacteria Indicator TMDL. This plan includes a description of the proposed 
BMPs and the documentation demonstrating that the BMPs are expected to attain the 
WLAs by the compliance dates when implemented. 
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Controllable Bacteria Sources  ‐ Bacteria source for which reasonable actions can be 
taken, to the maximum extent practicable, through best management practices or 
other mechanisms to reduce or eliminate the contribution of those sources within the 
watershed. These sources are predominately anthropogenic in nature and can be 
reduced in varying degrees. Specific anthropogenic controllable indictor bacteria 
sources within the Santa Ana Watershed may include: 

• Improper use of fertilizers on residential and commercial properties and 
agricultural lands 

• Improper handling of pet waste 
• Cross-connections between the sanitary and storm sewer systems 
• Leaky sanitary sewer conveyances 
• Discharges from POTWs 
• Improper handling and disposal of food waste 
• Improper management of CAFO waste and washwater 
• Runoff from yards containing fertilizers, pet waste, and lawn trimmings 
• Transient encampments 

Dry Season – For the CBRP, the dry season is defined by the period from April 1 
through October 31 of each year. 

Dry Weather Flow [DWF] – Flow in MS4 drains or receiving waterbodies during dry 
weather in either wet or dry seasons. 

Dry Weather – a condition where daily rainfall does not exceed 0.1 inches. 

lllegal Discharge –Defined at 40 CFR 122.26(b)(2) as any discharge to the MS4 that is 
not composed entirely of storm water, except discharges pursuant to an NPDES 
permit, discharges that are identified in Section VI.A. of this Order, and discharges 
authorized by the Executive Officer. 

Illicit Connection – Any connection to the MS4 that is prohibited under local, state, or 
federal statutes, ordinances, codes, or regulations. The term Illicit Connection includes 
all non storm-water discharges and connections except discharges pursuant to an 
NPDES permit, discharges that are identified in Section V, Effluent Limitations and 
Discharge Specifications, of this Order, and discharges authorized by the Executive 
Officer. 

Impaired Waterbody / Impaired Waters – Section 303(b) of the CWA requires each of 
California’s Regional Water Quality Control Boards to routinely monitor and assess 
the quality of waters of their respective regions. If this assessment indicates that 
Beneficial Uses are not met, then that waterbody must be listed under Section 303(d) 
of the CWA as an Impaired Waterbody. The 2006 water quality assessment found a 
number of water bodies as Impaired pursuant to Section 303(d). The Santa Ana River, 
Reach 3 is listed as an impaired waterbody for pathogens. 
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Impressions – The most common measure is "gross impressions" that includes 
repetitions. This means if the same person sees an advertisement or hears a radio or 
sees a TV advertisement a thousand times, that will be counted as 1000 Impressions. 

Load Allocations [LA] – Distribution or assignment of TMDL Pollutant loads to 
entities or sources for existing and future Non-Point Sources, including background 
loads.  

Local Implementation Plan (LIP) – Document describing an individual Permittee’s 
procedures, ordinances, databases, plans, and reporting materials for compliance with 
the MS4 Permit. 

Low Impact Development (LID) – Comprises a set of technologically feasible and 
cost-effective approaches to storm water management and land development that 
combines a hydrologically functional site design with Pollution Prevention measures 
to compensate for land development impacts on hydrology and water quality. LID 
techniques mimic the site’s predevelopment hydrology by using site design 
techniques that store, infiltrate, evapotranspire, bio-treat, bio-filter, bio-retain or 
detain runoff close to its source. 

Major Outfall – Outfalls from MS4 systems expected to contribute a measurable 
amount of dry weather flow based on desktop GIS analysis of upstream drainage 
area. It is expected that this desktop GIS analysis is moderately comparable with the 
NPDES Permit definition of a major outfall as an outfall “with a pipe diameter of 36 
inches or greater or drainage areas draining 50 acres or more". 

Maximum Extent Practicable [MEP] – Is not defined in the CWA; it refers to 
management practices, control techniques, and system design and engineering 
methods for the control of pollutants taking into account considerations of synergistic, 
additive, and competing factors, including, but not limited to pollutant removal 
effectiveness, regulatory compliance, gravity of the problem, public acceptance, social 
benefits, cost and technological feasibility. January 29, 2010 (Final) Order No. R8-2010-
0036 (NPDES No. CAS 618036) Page 113 of 125 Area-wide Urban Storm Water Runoff 
Management Program San Bernardino County MS4 Permit MEP is the technology-
based standard established by Congress in CWA section 402(p)(3)(B)(iii) that 
operators of MS4s must meet. Technology-based standards establish the level of 
pollutant reductions that dischargers must achieve, typically by treatment or by a 
combination of source control and treatment control BMPs. MEP generally 
emphasizes pollution prevention and source control BMPs primarily (as the first line 
of defense) in combination with treatment methods serving as a backup (additional 
line of defense). MEP considers economics and is generally, but not necessarily, less 
stringent than BAT. A definition for MEP is not provided either in the statute or in the 
regulations. Instead, the definition of MEP is dynamic and will be defined by the 
following process over time: municipalities propose their definition of MEP by way of 
their urban runoff management programs. Their total collective and individual 
activities conducted pursuant to the urban runoff management programs becomes 
their proposal for MEP as it applies both to their overall effort, as well as to specific 



Appendix A 
Glossary 

A  A-4 

activities (e.g., MEP for street sweeping, or MEP for MS4 maintenance). In the absence 
of a proposal acceptable to the Regional Board, the Regional Board defines MEP.  

MS4 – [Municipal Separate Storm Sewer System] – A conveyance or system of 
conveyances (including roads with drainage systems, municipal streets, catch basins, 
curbs, gutters, ditches, natural drainage features or channels, modified natural 
channels, man-made channels, or storm drains): (i) Owned or operated by a State, city 
town, borough, county, parish, district, association, or other public body (created by 
or pursuant to State law) having jurisdiction over disposal of sewage, industrial 
wastes, storm water, or other wastes, including special districts under State law such 
as a sewer district, flood control district or drainage district, or similar entity, or an 
Indian tribe or an authorized Indian tribal organization, or designated and approved 
management agency under section 208 of the CWA that discharges to Waters of the 
U.S.; (ii) Designated or used for collecting of conveying storm water; (iii) Which is not 
a combined sewer; (iv) Which is not part of the POTW as defined at 40 CFR 122.2. 

New Development – The categories of development identified in Section XI.D of this 
Order. New Development does not include routine maintenance to maintain original 
line and grade, hydraulic capacity, or original purpose of a facility, nor does it include 
emergency New Development required to protect public health and safety. 
Dischargers should confirm with Regional Board staff whether or not a particular 
routine maintenance activity is subject to this Order. 

Non-Point Source – Refers to diffuse, widespread sources of Pollution. These sources 
may be large or small, but are generally numerous throughout a watershed. Non-
Point Sources, include but are not limited to urban, agricultural or industrial area, 
roads, highways, construction sites, communities served by septic systems, 
recreational boating activities, timber harvesting, mining, livestock grazing, as well as 
physical changes to stream channels, and habitat degradation. Non-Point Source 
Pollution can occur year round any time rainfall, snowmelt, irrigation, or any other 
source of water runs over land or through the ground, picks up Pollutants from these 
numerous, diffuse sources and deposits them into rivers, lakes and coastal waters or 
introduces them into groundwater. 

National Pollutant Discharge Elimination System (NPDES) – A national program 
under Section 402 of the Clean Water Act for regulation of discharges of pollutants 
from point sources to waters of the United States. Discharges are illegal unless 
authorized by an NPDES permit. 

Point Source – Any discernible, confined, and discrete conveyance, including, but not 
limited to, any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, 
rolling stock, concentrated animal feeding operations, landfill leachate collection 
systems, vessel, or other floating craft from which pollutants are or may be 
discharged. 

POTW – [Publicly Owned Treatment Works] – Wastewater treatment facilities owned 
by a public agency. 
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ROWD [Report of Waste Discharge] – Application for issuance or re-issuance of 
WDRs. 

Non-structural BMPs – In general, activities or programs to educate the public or 
provide low cost non-physical solutions, as well as facility design or practices aimed 
to limit the contact between Pollutant sources and storm water or authorized Non-
Storm Water. Examples include: activity schedules, prohibitions of practices, street 
sweeping, facility maintenance, detection and elimination of IC/IDs, and other non-
structural measures. Facility design (structural) examples include providing attached 
lids to trash containers, canopies for fueling islands, secondary containment, or roof 
or awning over material and trash storage areas to prevent direct contact between 
water and Pollutants. 

Significant Redevelopment -The addition or creation of 5,000, or more, square feet of 
impervious surface on an existing developed site. This includes, but is not limited to, 
construction of additional buildings and/or structures, extension of the existing 
footprint of a building, construction of impervious or compacted soil parking lots. 
Significant Redevelopment does not include routine maintenance activities that are 
conducted to maintain original line and grade, hydraulic capacity, the original 
purpose of the constructed facility or emergency actions required to protect public 
health and safety. 

Structural BMPs – Physical facilities or controls that may include secondary 
containment, treatment measures, (e.g. low flow diversion, detention/retention 
basins, and oil/grease separators), run-off controls (e.g., grass swales, infiltration 
trenches/basins, etc.), and engineering and design modification of existing structures.  

Total Maximum Daily Load [TMDL] - The TMDL is the maximum amount of a 
pollutant that can be discharged into a water body from all sources (point and non-
point) and still maintain water quality standards. Under Clean Water Act Section 
303(d), TMDLs must be developed for all water bodies that do not meet water quality 
standards after application of technology based controls.  

Uncontrollable Bacteria Sources  ‐  Contributions of bacteria within the watershed 
from nonpoint sources that are not readily managed through technological or natural 
mechanisms and that may result in exceedances of water quality objectives for 
indicator bacteria. Uncontrollable sources can occur from both natural and 
anthropogenic sources, and include runoff from the roadways, residential, industrial 
and agricultural land use, and wildlife activity. Specific uncontrollable indicator 
bacteria sources within the Santa Ana Watershed may include: 

• Wildlife activity and waste 
• Bacterial regrowth within sediment 
• Resuspension from disturbed sediment 
• Marine vegetation (wrack) along high tide line 
• Concentration (flocks) of semi-wild water fowl 
• Shedding during swimming 
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Waste Load Allocations (WLAs)– Maximum quantity of Pollutants a discharger of 
waste is allowed to release into a particular waterway, as set by a regulatory 
authority. Discharge limits usually are required for each specific water quality 
criterion being, or expected to be, violated. Distribution or assignment of TMDL 
Pollutant loads to entities or sources for existing and future Point Sources. 

Water Quality Objectives – Means the numeric or narrative limits or levels of water 
quality constituents or characteristics which are established for the reasonable 
protection of Beneficial Uses of water or the prevention of Nuisance within a specific 
area. [California Water Code Section 13050(h)] 

Water Quality Standards –The water quality goals of a waterbody (or a portion of the 
waterbody) designating Beneficial Uses to be made of the water and the Water 
Quality Objectives or criteria necessary to protect those uses. These standards also 
include California’s anti-degradation policy. 

Watershed Action Plan (WAP) – Integrated plans for managing a watershed that 
include consideration of water quality, hydromodification, water supply and habitat 
protection. The Watershed Action Plan integrates existing watershed based planning 
efforts and incorporates watershed tools to manage cumulative impacts of 
development on vulnerable streams, preserve structure and function of streams, and 
protect source, surface and groundwater quality and water supply in the Permit Area. 
The Watershed Action Plan should integrate Hydromodification and water quality 
management strategies with land use planning policies, ordinances, and plans within 
each jurisdiction. 

Wet Season - For the CBRP, the wet season is defined by the period from November 1 
to March 31, of each year. 

Water Quality Management Plan [WQMP] – a plan developed to mitigate the 
impacts of urban runoff from Priority Development Projects. 
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Section 1 
Background and Purpose 

The Santa Ana Regional Water Quality Control Board adopted a Municipal Separate Storm 

Sewer System (MS4) permit for Riverside County on January 29, 2010 that requires the 

development of a Comprehensive Bacteria Reduction Plan (CBRP). The CBRP is a long term 

plan designed to achieve compliance with dry weather condition (April 1 – October 31) 

wasteload allocations for bacterial indicators established by the Middle Santa Ana River 

(MSAR) Bacterial Indicator Total Maximum Daily Load (TMDL) (“MSAR Bacterial Indicator 

TMDL”). This document fulfills this MS4 permit requirement. The following sections provide 

the regulatory background, purpose, and framework of the CBRP.  

1.1  Regulatory Background 
The 1972 Federal Water Pollution Control Act and its amendments comprise what is commonly 

known as the Clean Water Act (CWA). The CWA provides the basis for the protection of all 

inland surface waters, estuaries, and coastal waters. The federal Environmental Protection 

Agency (EPA) is responsible for ensuring the implementation of the CWA and its governing 

regulations (primarily Title 40 of the Code of Federal Regulations) at the state level. 

California‘s Porter‐Cologne Water Quality Control Act of 1970 and its implementing 

regulations establish the Santa Ana Regional Water Quality Control Board (RWQCB) as the 

agency responsible for implementing CWA requirements in the Santa Ana River Watershed. 

These requirements include adoption of a Water Quality Control Plan (“Basin Plan”) to protect 

inland freshwaters and estuaries. The Basin Plan identifies the beneficial uses for waterbodies 

in the Santa Ana River watershed, establishes the water quality objectives required to protect 

those uses, and provides an implementation plan to protect water quality in the region 

(RWQCB 1995, as amended).  

The CWA requires the RWQCB to routinely monitor and assess water quality in the Santa Ana 

River watershed. If this assessment indicates that beneficial uses are not met in a particular 

waterbody, then the waterbody is found to be impaired and placed on the state’s impaired 

waters list (or 303(d) list1). This list is subject to EPA approval; the most recent EPA‐approved 

303(d) list for California is the 2006 list2.  

Waterbodies on the 303(d) list require development of a TMDL. A TMDL establishes the 

maximum amount of a pollutant that a waterbody can receive (from both point and nonpoint 

sources) and still meet water quality objectives. 

                                                           
1 303(d) is a reference to the CWA section that requires the development of an impaired waters 
list. 
2 The State Water Resources Control Board recently completed its 2010 303(d) List. This list is 
currently under review by the EPA. 
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1.2  Santa Ana River Watershed Basin Plan 
The Basin Plan designates beneficial uses (including recreational uses) for surface waters in the Santa Ana 

River watershed (RWQCB 1995, as amended) (see Table 3‐1 of the Basin Plan). The following sections 

describe existing and potential future Basin Plan requirements that are relevant to this CBRP. 

1.2.1  Existing Basin Plan Requirements 
The recreational uses applicable to waterbodies in the MSAR watershed include Water Contact 

Recreation (REC‐1) and Non‐Contact Recreation (REC‐2). These are currently defined in the Basin Plan as 

follows: 

 REC‐1 ‐ Waters that are used for recreational activities involving body contact with water where 

ingestion of water is reasonably possible. These uses may include, but are not limited to, 

swimming, wading, water‐skiing, skin and scuba diving, surfing, whitewater activities, fishing, 

and use of natural hot springs. 

 REC‐2 ‐ Waters that are used for recreational activities involving proximity to water, but not 

normally involving body contact with water where ingestion of water would be reasonably 

possible. These uses may include, but are not limited to, picnicking, sunbathing, hiking, 

beachcombing, camping, boating, tidepool and marine life study, hunting, sightseeing, and 

aesthetic enjoyment in conjunction with the above activities. 

To evaluate whether these recreational uses are protected in a given waterbody, the Basin Plan  

(Chapter 4) currently relies on fecal coliform3 as a bacterial indicator for the potential presence of 

pathogens. Fecal coliform present at concentrations above certain thresholds are believed to be an 

indicator of the potential presence of fecal pollution and harmful pathogens, thus increasing the risk of 

gastroenteritis in recreational bathers exposed to the elevated levels. Section 4 of the Basin Plan specifies 

the following water quality objectives for protection of recreational uses:  

 REC‐1 ‐ Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 

samples/30‐day period, and not more than 10 percent of the samples exceed 400 organisms/ 100 

mL for any 30‐day period. 

 REC‐2 ‐ Fecal coliform: average less than 2000 organisms/100 mL and not more than 10 percent of 

samples exceed 4000 organisms/100 mL for any 30‐day period 

1.2.2  Proposed Amendments to the Basin Plan 
The RWQCB is currently considering replacing the REC‐1 bacterial indicator water quality objectives for 

fecal coliform with E. coli objectives. EPA published revised bacterial indicator guidance in 1986 (EPA 

1986) that recommended the adoption of E. coli as the freshwater bacterial indicator for pathogens. This 

guidance was based on epidemiological studies that found that the positive correlation between E. coli 

concentrations and the frequency of gastroenteritis was better than the correlation between fecal 

coliform concentrations and gastroenteritis.  

The RWQCB is considering this Basin Plan revision through the work of the Stormwater Quality 

Standards Task Force (SWQSTF). Since 2003, RWQCB staff and members of the SWQSTF (which 

                                                           
3 Fecal coliform and E.coli are a group of bacteria considered by the Regional Board as bacterial indicators for pathogens. Within this CBRP, references to fecal 

coliform and E.coli should be considered equivalent to the term bacterial indicators. 



Section 1    Background and Purpose 
 

1‐3 

includes representatives from the Santa Ana Watershed Protection Authority [SAWPA]; the counties and 

cities of Orange, Riverside, and San Bernardino; Orange County Coastkeeper; Inland Empire 

Waterkeeper; among others) have been engaged in the implementation of a workplan that is evaluating 

both recreational uses and associated water quality objectives. The key proposed amendments, relevant 

to this MSAR Bacterial Indicator TMDL that are expected to be adopted by the RWQCB in fall 2011 

include: 

 Clarification of the definition of REC‐1 waters; 

 Deletion of the current fecal coliform objectives for REC‐1 and REC‐2 beneficial uses; 

 Adoption of geometric mean E. coli objectives for REC‐1 waters based on EPA (1986) guidance; 

 Sub‐categorization of REC‐1 waters into classes and establishment of a class‐specific method for 

assessing E. coli data in the absence of sufficient data to calculate a geometric mean;  

 For waters designated only REC‐2 (only after approval of a Use Attainability Analysis [UAA] that 

removes the presumptive REC‐1 use), establishment of an antidegradation‐based bacterial 

indicator water quality objective; and 

 Temporary suspension of recreational uses during high flow conditions in freshwater streams. 

The Basin Plan amendment includes several UAAs to modify presumptive REC‐1 uses in the MSAR 

watershed. These UAAs and proposed recreational use changes include: 

 Cucamonga Creek – Reach 1, Hellman Avenue (33°56’57.156”N, 117°36’37.476”W) to approximately 

750 feet downstream of the confluence of Cucamonga Creek and Lower Deer Creek 

(34°0’8.7474”N, 117°35’57.372”W); remove both REC‐1 and REC‐2 uses. 

 Temescal Creek – Reach 1, from approximately 100 feet downstream of Cota Street 

(33°53’29.904”N, 117°34’12.432”) to the Arlington Drain confluence; remove REC‐1 use. 

 Temescal Creek – Reach 2, from the confluence with Arlington Drain (33° 52' 51.204"N, 117° 33' 

15.732"W) to approximately 1,400 feet upstream of Magnolia Avenue (33° 52' 1.992"N, 117° 31' 

30.108"W); remove REC‐1 and REC‐2 uses. 

1.3  Middle Santa Ana River Bacterial Indicator TMDL 
Water quality data collected in 1994 and 1998 from waterbodies in the MSAR watershed showed 

exceedances of fecal coliform bacterial indicator water quality objectives. Based on these data and 

potential impacts to recreational uses, the RWQCB recommended that the following waterbodies be 

placed on the 303(d) list: 

 Santa Ana River, Reach 3 – Prado Dam to Mission Boulevard (excludes Prado Basin Management 

Zone) 

 Chino Creek, Reach 1 – Santa Ana River confluence to beginning of hard lined channel south of 

Los Serranos Road 

 Chino Creek, Reach 2 – Beginning of hard lined channel south of Los Serranos Road to 

confluence with San Antonio Creek  
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 Mill Creek (Prado Area) – Natural stream from Cucamonga Creek Reach 1 to Prado Basin 

 Cucamonga Creek, Reach 1 – Confluence with Mill Creek to 23rd Street in City of Upland 

 Prado Park Lake 

As noted above, waterbodies on the 303(d) list are subject to the development of a TMDL. Accordingly, 

on August 26, 2005 the RWQCB adopted Resolution No. R8‐2005‐0001, amending the Basin Plan to 

incorporate bacterial indicator TMDLs for the above‐listed waterbodies in the watershed (i.e., MSAR 

Bacterial Indicator TMDL) (RWQCB 2005). The TMDLs adopted by the RWQCB were subsequently 

approved by the State Water Resources Control Board on May 15, 2006, by the California Office of 

Administrative Law on September 1, 2006, and by EPA Region 9 on May 16, 2007. The EPA approval date 

is the TMDL effective date. 

The MSAR Bacterial Indicator TMDL established wasteload allocations for urban MS4 and confined 

animal feeding operation discharges and load allocations for agricultural and natural sources. The 

wasteload and load allocations were established for both fecal coliform and E. coli: 

 Fecal coliform: 5‐sample/30‐day logarithmic mean (or geometric mean) less than 180 organisms/ 

100 mL and not more than 10 percent of the samples exceed 360 organisms/100 mL for any 30‐day 

period. 

 E. coli: 5‐sample/30‐day logarithmic mean (or geometric mean) less than 113 organisms/100 mL 

and not more than 10 percent of the samples exceed 212 organisms/100 mL for any 30‐day period. 

The urban discharger requirements are listed as tasks in the TMDL, with Tasks 1.2, 3, 4.1, 4.3, 4.5, and 6 

having relevance to this CBRP for Riverside County (Table 1‐1). Other tasks included in the TMDL either 

address urban discharges associated with San Bernardino County or other agricultural discharge 

requirements.  

1.4   Riverside County MS4 Permit 
In large metropolitan areas with interconnected MS4s, MS4 permits are often issued to multiple 

permittees that work cooperatively to implement the requirements. This is the case for the Riverside 

County area where the MS4 facilities within the MSAR watershed are permitted under a single area‐wide 

MS4 permit. The Riverside County Flood Control and Water Conservation District (RCFC&WCD) is the 

Principal Permittee and the County of Riverside and the Cities of Beaumont, Calimesa, Canyon Lake, 

Corona, Hemet, Lake Elsinore, Menifee, Moreno Valley, Murrieta, Norco, Perris, Riverside, San Jacinto, 

and Wildomar are the Co‐Permittees.  

The first MS4 permit was issued by the RWQCB to the Riverside County Permittees in 1990. The 1990 

MS4 permit was followed by MS4 permits issued in 1996 and 2002. With the issuance of each of these 

permits the number of requirements and the cost of program implementation has increased It was during 

the 2002 MS4 permit that the RWQCB began the adoption of TMDLs that included wasteload allocations 

applicable to urban stormwater discharges. Although the 2002 MS4 permit did not include specific TMDL 

implementation programs, the MS4 Permittees actively participated in the development and 

implementation of these TMDLs, including voluntarily funding the creation of a joint MSAR TMDL Task 

Force and subsequently funding special studies and coordinating compliance activities necessary to 

address urban contributions to the impairment ahead of permit mandates. As a result of these activities, 

the Permittees were able to identify and prioritize major MS4 outfalls for follow‐up actions and were also 



Section 1    Background and Purpose 
 

1‐5 

able to identify and eliminate some specific sources of contamination including homeless encampments 

and a sewer cross connection. 

The 2010 MS4 permit was adopted by the RWQCB on January 29, 2010 (Order No. 2010‐0033, National 

Pollutant Discharge Elimination System (NPDES) No. CAS618033). This permit contains many new 

mandates, some of which may ultimately assist with managing controllable urban sources of bacterial 

indicators, including retrofit studies, illicit discharge detection and elimination programs, new 

development programs and septic system requirements. These programs are required to be implemented 

by the Permittees at various points in time over the course of the MS4 permit term based on the time 

RWQCB staff expected the Permittees to need to implement the programs, train staff  and other factors 

such as the need to stage development of multiple permit mandates.  In addition, for the first time the 

MS4 permit explicitly includes TMDL implementation requirements applicable to waterbodies in 

Riverside County for which TMDLs are effective, specifically Lake Elsinore/Canyon Lake (nutrients) and 

waterbodies, such as the Middle Santa Ana River (bacterial indicators). The development of this CBRP is a 

MS4 permit requirement associated with implementation of the MSAR Bacterial Indicator TMDL. The 

CBRP is designed to provide a comprehensive plan for attaining the MS4 permit’s water quality based 

effluent limits for the MSAR TMDL by integrating existing control programs and efforts with new permit 

mandates and other additional activities necessary to address controllable urban sources of bacterial 

indicators.    

1.5  Comprehensive Bacterial Indicator Reduction Plan 
This section provides information on the requirements for CBRP development and the applicability of the 

plan to urban discharges in the Riverside County area. In addition, information is provided on the general 

framework of this plan and the process associated with its development.  

1.5.1   Purpose and Requirements 
The need for the development of the CBRP is described in the findings section of the Riverside County 

MS4 permit, e.g.:  

 Section II.F.7 – “The MSAR TMDL Implementation Plan assigns responsibilities to specific MS4 

dischargers to identify sources of impairment, to propose BMPs to address those sources, and to 

monitor, evaluate, and revise BMPs as needed, based on the effectiveness of the BMP 

implementation program. These are generally considered as the short‐term solutions. The MSAR 

Permittees are required to develop and implement a long‐term solution (a Comprehensive 

Bacterial Indicator Reduction Plan) designed to achieve compliance with the WLAs [wasteload 

allocations] by the dates specified in the TMDLs…” 

 Section II.F.14 – “The Permittees are required to develop a CBRP to achieve compliance with the 

WLAs by the compliance dates. Periodic evaluation and update of the CBRP may be necessary 

based on a BMP effectiveness analysis to ensure compliance with the WLAs by the compliance 

dates.” 

 Section II.F.16 – “In the absence of an approved CBRP, the WLAs become the final numeric 

WQBEL that must be achieved by the compliance dates.” 
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Table 1‐1. MSAR Bacterial Indicator TMDL requirements applicable to portions of Riverside County.

Task  Subtask  Required Activity  Schedule/Status 

Task 1 – Review/ Revise 
Existing Waste Discharge 
Requirements 

Task 1.2 – WDR 
requirements for 
Riverside County 
MS4 

Review and revise the Waste Discharge Requirements for the Riverside 
County MS4 permit as necessary to include the appropriate wasteload 
allocations, compliance schedules and or monitoring requirements 

New MS4 permit was adopted on January 29, 2010. 
Relevant TMDL requirements, including the 
preparation of the CBRP for dry weather, were 
included in the permit 

Task 3 ‐ Watershed‐Wide 
Bacterial Indicator Water 
Quality Monitoring Program 

NA 

All named responsible parties in the TMDL shall, as a group, submit to 
the RWQCB for approval a proposed watershed‐wide monitoring 
program that will provide data necessary to review and update the 
TMDL. 

All parties (except U.S. Forest Service) are 
implementing a RWQCB‐approved monitoring program 
collaboratively through the MSAR Task Force (see 
Attachment A)

Task 4 – Urban Discharges 

Task 4.1 ‐ Develop 
and Implement 
Bacterial Indicator 
Urban Source 
Evaluation Plan 
(USEP) 

Responsible parties in Riverside County (as named in the TMDL) shall 
develop a Bacterial Indicator Urban Source Evaluation Plan. This plan 
shall include steps needed to identify specific activities, operations, 
and processes in urban areas that contribute bacterial indicators to 
MSAR watershed waterbodies. The plan shall also include a proposed 
schedule for completion of each of the steps identified. The proposed 
schedules can include contingency provisions that reflect uncertainty 
concerning the schedule for completion of the SWQSTF work and/or 
other investigations that may affect the steps that are proposed. The 
USEP shall be implemented upon RWQCB approval.

The RWQCB‐approved USEP has been implemented by 
the responsible parties since 2008 (see Attachment A). 
In addition, this CBRP incorporates the 
principles/activities of the USEP and replaces its 
implementation requirements (see Attachment C). 

Task 4.3– Revise 
the Riverside 
County Drainage 
Area Management 
Plan (DAMP) 

The Executive Office shall notify the MS4 Permittees of the need to 
revise the DAMP to incorporate measures to address the results of the 
USEP and/or other studies. The revised DAMP will be implemented 
upon approval by the RWQCB.  

The Permittees amended the DAMP in April 2007 as 
part of their Report of Waste Discharge to include 
descriptions of specific MSAR TMDL compliance 
activities. In addition, The January 29, 2010 MS4 permit 
includes requirements for additional DAMP revisions 
that are being coordinated with TMDL implementation

Task 4.5 – Revise 
the Riverside 
County Water 
Quality 
Management Plan 
(WQMP)  

The Executive Office shall notify the MS4 Permittees of the need to 
revise the WQMP to incorporate measures to address 
recommendations of the SWQSTF or other investigations. The revised 
WQMP will be implemented upon approval by the RWQCB.  

As part of the April 2007 DAMP revisions submitted as 
part of the 2010 MS4 Permit Report of Waste 
Discharge, the Permittees amended impairment maps 
used by developers to determine mitigation needs and 
reviewed and updated bacterial indicator effectiveness 
data for post‐construction BMPs deployed as 
mitigation for new development. Training programs 
were also amended to address TMDL requirements.  In 
addition, The January 29, 2010 MS4 permit includes 
requirements for WQMP revisions that are being 
coordinated with TMDL implementation and this CBRP

Task 6 – Review or Revision 
of the MSAR Bacterial 
Indicator TMDL 

NA 

RWQCB will review all data and information generated pursuant to the 
TMDL requirements on an ongoing basis (at least every three years). 
Based on results from the monitoring programs, special studies, 
modeling analysis, SWQSTF and/or special studies, changes to the 
TMDL, including revisions to the numeric targets, may be warranted.  

The first Triennial Report was submitted on February 
15, 2010; additional Triennial Reports will be prepared 
in 2013 and 2016 as part of this CBRP (see Attachment 
F) 
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Based on these findings, the RWQCB established specific requirements for the CBRP’s content. These 

requirements, found in Section VI.D.1.c.i in the Riverside County MS4 permit, include: 

Section VI.D.1.c.i ‐ The MSAR Permittees shall prepare for approval by the RWQCB a CBRP describing, in 

detail, the specific actions that have been taken or will be taken to achieve compliance with the urban 

wasteload allocation during the dry season (April 1st through October 31st) by December 31, 2015. The 

CBRP must include: 

 The specific ordinance(s) adopted to reduce the concentration of indicator bacteria in urban 

sources. 

 The specific BMPs implemented to reduce the concentration of indicator bacteria from urban 

sources and the water quality improvements expected to result from these BMPs. 

 The specific inspection criteria used to identify and manage the urban sources most likely 

causing exceedances of water quality objectives for indicator bacteria. 

 The specific regional treatment facilities and the locations where such facilities will be built to 

reduce the concentration of indicator bacteria discharged from urban sources and the expected 

water quality improvements to result when the facilities are complete. 

 The scientific and technical documentation used to conclude that the CBRP, once fully 

implemented, is expected to achieve compliance with the urban wasteload allocation for 

indicator bacteria by December 31, 2015. 

 A detailed schedule for implementing the CBRP. The schedule must identify discrete milestones 

to assess satisfactory progress toward meeting the urban wasteload allocations for dry weather by 

December 31, 2015. The schedule must also indicate which agency or agencies are responsible for 

meeting each milestone. 

 The specific metric(s) that will be established to demonstrate the effectiveness of the CBRP and 

acceptable progress toward meeting the urban wasteload allocations for indicator bacteria by 

December 31, 2015. 

 The DAMP, WQMP and Local Implementation Plans shall be revised consistent with the CBRP 

no more than 180 days after the CBRP is approved by the RWQCB. 

 Detailed descriptions of any additional BMPs planned, and the time required to implement those 

BMPs, in the event that data from the watershed‐wide water quality monitoring program indicate 

that water quality objectives for indicator bacteria are still being exceeded after the CBRP is fully 

implemented. 

 A schedule for developing a CBRP needed to comply with the urban wasteload allocation for 

indicator bacteria during the wet season (November 1st thru March 31st) to achieve compliance 

by December 31, 2025. 



Section 2     CBRP Implementation Program 
 

1‐8     

1.5.2   Applicability 
The applicability of this CBRP is limited to the following:  

 Bacterial Indicator Sources – The CBRP is designed to mitigate controllable urban sources of 

bacterial indicators that cause non‐attainment of bacterial indicator water quality objectives at 

the watershed‐wide compliance sites. 

 Jurisdiction – This CBRP only applies to the following MS4 Permittees named in the TMDL: 

County of Riverside; the Cities of Corona, Eastvale (formerly County of Riverside), Jurupa Valley 

(formerly County of Riverside), Norco, and Riverside (inclusively the MSAR Permittees). 

 Hydrologic Condition – This CBRP applies only to urban discharges from the MS4 during dry 

weather conditions that have the potential to impact the downstream watershed‐wide TMDL 

compliance monitoring site. 

 Seasonal Condition ‐ This CBRP applies only to urban discharges from the MS4 during the period 

April 1st through October 31st.  

1.5.3  Compliance with Urban Wasteload Allocation 
The Riverside County MS4 Permittees have developed a CBRP that is designed to achieve compliance 

with the dry season urban wasteload allocation by the compliance date of December 31, 2015. Compliance 

with the wasteload allocations can be measured in several ways: 

 Water quality objectives are attained at the watershed‐wide compliance sites established as part 

of the implementation of the TMDL. If not attained, then it must be demonstrated that bacterial 

indicators from controllable urban sources are not the cause of non‐attainment. 

 Compliance with controllable urban source wasteload allocations demonstrated from specific 

MS4 facilities, e.g., sampling demonstrates that controllable urban sources discharged from MS4 

outfalls or drains are in compliance with the wasteload allocation during dry weather conditions. 

 MS4 facilities, e.g., outfalls, are dry, or that flows from these MS4 outfalls are infiltrating prior to 

connection with impaired waterbodies, and thus not contributing to dry weather flow (DWF) to 

downstream waters. 

1.5.4   CBRP Conceptual Framework 
CBRP implementation relies on a step‐wise approach that implements key actions to identify controllable 

urban sources of bacterial indicators, evaluate and select a mitigation alternative, and, where necessary, 

construct structural BMPs mitigate controllable sources. This pragmatic approach is a direct extension of 

the already RWQCB‐approved watershed‐wide compliance monitoring program, Urban Source 

Evaluation Plan (USEP), and framework being established by the SWQSTF. Coupled with this pragmatic 

approach is the incorporation of existing and relevant MS4 permit requirements. These requirements are 

supplemented, where needed, to target controllable urban sources of bacterial indicators.  

The demonstration of compliance with the MSAR Bacterial Indicator TMDL (see Section 3) assumes 

RWQCB adoption of proposed Basin Plan amendments developed by the SWQSTF. These amendments 

establish the following framework: 
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First, the bacteria objectives and related wasteload allocations should only be applied to waterbodies 

designated REC‐1 and the RWQCB is working closely to identify the various storm water channels that 

should be reclassified as REC‐2 or REC‐X. This assumption governs the range of compliance alternatives 

that could be proposed in the CBRP. In particular, the MSAR Permittee's plan to install regional 

treatment facilities where needed to ensure urban discharges comply with bacteria objectives in 303(d) 

listed streams depends first on amending the Basin Plan to make clear that the same objectives are not 

intended to apply in the concrete‐lined flood control channels that are tributary to natural streams. 

Without such clarifications, it is uncertain whether regional treatment facilities would be permitted 

under federal law. The MSAR Permittees have not identified any actions that would be taken to meet 

bacteria standards if the Basin Plan amendments are not approved because we know of no feasible means 

to assure compliance with the wasteload allocation at each urban stormwater outfall to every flood 

control channel.   

Second, the CBRP is designed to mitigate controllable urban sources of bacteria to the maximum extent 

practicable because the MSAR Permittees lack sole authority to determine what mitigation measures will 

be permitted under law. Several different federal, state and local agencies must approve the various 

projects designed to achieve compliance with the urban wasteload allocation. And, there is no assurance 

that such approvals can be obtained given the need to simultaneously protect other designated beneficial 

uses (e.g. aquatic habitat, groundwater recharge) in the watershed. To the extent that the MSAR 

Permittees may be restricted from implementing the most effective methods for reducing urban 

discharges of bacteria, the only legal alternative is to select a different strategy that achieves compliance 

to the maximum extent practicable. This merely represents a practical regulatory reality and is not 

intended to serve as an excuse for making anything other than the best effort possible to meet water 

quality standards. 

Third, the MSAR Permittees believe strongly that eliminating controllable discharges is, by far, the best 

way to assure compliance with the urban wasteload allocation. In general, there should be little or no 

urban stormwater discharges during dry weather conditions. Mass balance analysis indicates that the 

greatest water quality improvement would come from focusing on the relatively small nuisance flows 

associated with excess landscape irrigation and other common activities (car washing, driveway cleaning) 

common to residential areas. Reducing such flows not only offers the best method for reducing bacterial 

loads from controllable urban sources, it will help the MSAR Permittees comply with the conservation 

requirements specified in SB x7‐7 (aka "20 percent by 2020"). The fact that similar efforts are already 

required in the MS4 permit only increases our commitment to implement the strategy with great 

diligence and a stronger sense of urgency. 

Fourth, the CBRP presumes that compliance with the wasteload allocation must be demonstrated by 

actual water quality monitoring data. Such data will be regularly collected at monitoring sites designated 

by the RWQCB. Such locations are commonly referred to as "watershed‐wide compliance sites." The 

MSAR Permittees recognize that the Basin Plan and the permit require discharges to meet water quality 

standards throughout the watershed regardless of which specific locations are selected for routine 

sampling. The text of the CBRP uses the phrase "watershed‐wide compliance sites" to distinguish these 

locations from other sites, such as those that are part of the USEP, that are sampled far less frequently. 

The MSAR Permittees  fully expect that all water quality monitoring requirements associated with the 

CBRP will be reviewed and updated on a regular basis and that the RWQCB may request new or different 

sampling locations before reauthorizing the monitoring plan. 
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Without adoption of Basin Plan amendments, the estimated cost of compliance with the MSAR Bacterial 

Indicator TMDL is in excess of $2 billion, which has the potential to cause significant societal economic 

hardship (CDM 2010). 

1.5.5  CBRP Development Process 
The CBRP was developed collaboratively by the MSAR Permittees participating in the MSAR TMDL. 

Development was coordinated with the MSAR Permittees and MSAR TMDL Task Force (see Attachment 

A), as needed. Activities completed include: 

 July 27, 2010 – Presentation was made to the MSAR TMDL Task Force to provide a status update 

on CBRP development. Presentation was posted by SAWPA on their website. 

 August 18, 2010 – Presentation was made to the MSAR TMDL Task Force on the proposed CBRP 

program. Presentation was posted by SAWPA on their website. 

 October 21, 2010 – Presentation was made to the Riverside County City Managers.  

 Following submittal of a draft CBRP to the RWQCB in December 2010, Riverside County MS4 

program conducted a parallel public review process through the Santa Ana Watershed Project 

Authority. A draft CBRP was released for public review and opportunity for public comment was 

provided at a MSAR TMDL Task Force meeting on March 22, 2011. Written comments were 

received until March 31, 2011. 

 RWQCB comments on the draft CBRP (dated March 30, 2011) were discussed with the RWQCB 

and stakeholders as part of the April 21, 2011 publicly noticed SWQSTF meeting.   

1.5.6  CBRP Roadmap 
The CBRP is presented in two parts: (1) primary sections that provide an executive level summary of the 

components, schedule, strategy, and technical basis for the CBRP; and (2) supporting attachments that 

provide additional information to support the primary sections. Following is a summary of the purpose 

and content of each part of the CBRP: 

 Section 2 – Provides an executive level summary of the following components of the CBRP: 

Implementation Steps, Program Elements, Implementation Schedule, and Compliance and 

Iterative/Adaptive Management Strategies. 

 Section 3 – Provides the technical basis for the conclusion that full implementation of the CBRP 

will achieve compliance with the urban wasteload allocation under dry weather conditions. 

 Section 4 ‐ Provides the schedule for development of the CBRP for achieving compliance with 

urban wasteload allocations under wet weather conditions. 

The above sections are supported by the following attachments: 

 Attachment A, TMDL Implementation – Documents the outcome of the numerous TMDL 

monitoring and source evaluation activities completed to date.  

 Attachment B, Watershed Characterization – Provides background information regarding the 

general characteristics of the MSAR watershed, including major subwatersheds, key jurisdictions 

and dominant land use. 
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 Attachment C, CBRP Program Elements – Provides additional information relevant to each of 

the Program Elements summarized in Section 2.2. 

 Attachment D, Existing Urban Source Control Program ‐ Documents existing MS4 permit 

activities that have been implemented by the Riverside County MS4 permit program. 

 Attachment E, Implementation Schedule – Provides additional information regarding the 

implementation schedule summarized in Section 2.3. 

 Attachment F, Glossary 

 Attachment G, References
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Section 2 
CBRP Implementation Program 

The MSAR Permittees  intend to achieve compliance with the wasteload allocation using a 

variety of implementation strategies, including: Evaluating the need for new water 

conservation ordinances to reduce urban runoff from landscape irrigation, more rigorous 

enforcement of existing ordinances to control pet waste, homeless encampments and other 

illicit discharges, enhanced septic system management, improved street sweeping programs, 

and other structural Best Management Practices (BMPs) designed to intercept, retain, divert or 

treat controllable urban runoff during dry weather conditions. A multi‐step procedure will be 

used to select and implement the most appropriate control strategy for each MS4 outfall in 

Riverside County that is tributary to an impaired waterbody  

It is important to note that the MSAR Permittee’s CBRP Implementation Steps programs and 

activities identified below are not uniform at this time. For example, cities with water utilities 

(Riverside and Corona) tend to have strong irrigation management programs, whereas MSAR 

Permittees without utilities may need to consider enhancing ordinances or building stronger 

partnerships with local water purveyors to better manage irrigation runoff. Similarly, some 

MSAR Permittees have stronger pet waste control ordinances such as Norco’s ordinances 

regulating horse manure disposal due to large equine populations and that community’s rural 

nature. Specific combinations of actions necessary to address CBRP Implementation Steps are 

therefore dependent on each MSAR Permittee’s current programs, available resources and 

opportunities, and local sub‐watershed needs. Therefore, specific actions taken by a MSAR 

Permittee to address CBRP Implementation Steps will be described in more detail in the MSAR 

Permittee’s Local Implementation Plans. The CBRP includes descriptions of the common 

Implementation Steps that all MSAR Permittees will take to address the MSAR Bacterial 

Indicator TMDL; however, the level of individual action required of a Permittee will be 

dependent on multiple factors that will be 

and are more appropriately described and 

addressed in the MSAR Permittee’s Local 

Implementation Plans. . 

2.1  CBRP 
Implementation Steps 
The Riverside County MS4 Permittees will 

implement the CBRP using a stepwise project 

approach. This approach incorporates three 

distinct steps encompassing six specific 

actions (Figure 2.1).

Figure 2.1  Key Implementation 

Actions
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Step 1 – Identify, Prioritize, and Evaluate MS4 Dry Weather Flow Sources 
Step 1 project activities include implementation of non‐structural BMPs (see CBRP Program Elements, 

below) and inspection activities (No. 1 – Figure 2.1). These inspections (or urban source evaluation 

investigations) occur systematically in each area draining to a watershed‐wide compliance site. For each 

key drainage area source evaluation activities are implemented to (a) identify controllable MS4 Dry 

Weather Flow (DWF) sources and their contribution to elevated bacterial indicator concentrations; (b) 

prioritize controllable DWF sources for follow‐up mitigation activity (No. 2 – Figure 2.1); and (c) identify 

alternatives to mitigate prioritized controllable urban sources (No. 3 – Figure 2.1). Completion of Step 1 

achieves four outcomes:  

(1) Prioritized list drainage areas where mitigation of DWF/bacterial indicators is deemed necessary 

to comply with urban wasteload allocations applicable to the MS4;  

(2) For each prioritized drainage area requiring action, implementation of activities to identify non‐

structural or structural BMP alternatives to mitigate controllable urban bacterial indicator 

sources (No. 4 – Figure 2.1). 

(3) If non‐structural BMPs can mitigate the source(s), initiation of new, enhanced or more targeted 

non‐structural BMPs (see CBRP Program Elements, below); and  

If structural BMPs are needed, completion of the Project Identification phase of the MSAR 

Permittee’s Capital Improvement Project (CIP) Process (Figure 2.2) and determination of the 

need for a Use Attainability Analysis (UAA) to facilitate a structural BMP solution.  

CBRP Step 1 is iterative and will occur over an extended period so that MS4 outfalls in each drainage area 

can be properly prioritized, investigated and evaluated for mitigation. The expected outcomes from Step 1 

activities will be complete in all drainage areas by the first quarter of 2015 (see CBRP Schedule, below). 

Step 2 – Evaluate and Select Structural BMP Projects 
The Riverside County MS4 Program anticipates that structural BMPs (outfall‐specific or regional) will be 

required to mitigate some controllable sources of DWF or bacterial indicators. A prioritized list with 

locations for these structural BMPs is a Step 1 outcome. Under Step 2, the identified structural BMP 

projects move forward in the CIP Process (No. 5 – Figure 2.1). Step 2 outcomes include: 

(1) Completion of UAAs deemed necessary to support implementation of a structural BMP project. 

(2) Completion of the Budget/Planning phase (see Figure 2.2) for each structural BMP project to 

incorporate the planned structural BMPs into the MSAR Permittee’s CIP. 

(3) Completion of the Design phase (see Figure 2.2) for each structural BMP project after the 

planned structural BMP is incorporated into the MSAR Permittee’s CIP. 

Completion of the Permitting phase (see Figure 2.2) for each structural BMP project, which includes 

receipt of all required authorizations to construct the project.
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Figure 2‐2.  Typical MSAR Permittee’s Capital Improvement Project (CIP) Process  

Project Identification– Identification of a CIP project occurs through one of two mechanisms:  

 Public agency assessment of a particular site’s current conditions to evaluate the need for structural improvements. 

These needs may be identified from observations of agency staff, routine maintenance / replacement schedules, or 

other sources internal to the agency.  

 Receipt of public complaints (presented directly to agency staff or a governing body) regarding an infrastructure 

concern (e.g., potholes, street flooding), which may result in a site investigation. Based on the outcome of the 

investigation, an agency may decide that a project needs to be constructed.  

Budgeting / Planning  ‐ After a project need has been established, staff implement a process to have the proposed 

project included in the CIP. Agency staff begins preliminary planning steps to verify the viability of the project and 

prepares a cost estimate, which along with other new or ongoing infrastructure needs, is used to prioritize the project 

based on public need, necessity and available funds. This phase typically involves both project planning and preparation 

of a preliminary design to support development of the cost estimate. With a project budget prepared, staff seeks approval 

to incorporate the project in the CIP. In some cases preliminary planning efforts may determine that a proposed project is 

not viable due to environmental constraints, community opposition, engineering limitations or other factors. In such 

cases a project is typically abandoned and alternative solutions are considered. 

Design ‐ Once a project is in the CIP, design work to prepare construction drawings and project specifications can begin. 

Based on project complexity, the time required to complete the design varies from less than a year to several years. 

During the design phase, and sometimes beginning in the budgeting / planning phase, staff initiates the CEQA process. 

Depending on the nature of the project or the need for special permits, obtaining CEQA approval can significantly affect 

the timeline to construct a project. Projects may also be abandoned in the design phase as the project is further refined. 

Factors such as changes to the project’s preliminary design parameters, soils, groundwater and utility investigations, and 

regulatory issues can impact the viability of a project during its refinement in the design stage. 

Permitting– During this phase, all required permits and approvals for construction are obtained. The process for 

obtaining permits and approvals typically begins during the design phase and sometimes begins as early as the budgeting 

/ planning phase. Depending on the nature of the project or the need for special permits, obtaining all required permits 

and approvals can significantly affect the timeline to construct a project and in some cases result in cancellation of the 

project. If this occurs, then alternative solutions are considered. 

Construction– Construction can begin upon design completion, receipt of all required permits and approvals, 

completion of all administrative requirements and availability of funds. Depending on the complexity and size of the 

project, right of way acquisition timelines, CEQA documentation and approvals, and involvement of other agencies, e.g., 

utilities, the construction phase can take anywhere from a few months to several years. 

Similar to the Step 1 schedule, Step 2 will occur over an extended period to move each planned structural 

BMP project forward to the point where the final CIP phase can be initiated – Construction. Because Step 

2 includes initiation of the CEQA process, the timeline for moving all planned structural BMPs to the 

point where construction can be initiated may be lengthy. Also, as noted above, situations may occur 

where through the planning and design phases a proposed project is determined to be infeasible. If that 

occurs, a different alternative to mitigate the controllable urban bacterial indicator source will be sought. 

Step 3 – Construct Structural BMP Projects 
Step 3 focuses on construction of structural BMP projects. For the most part, it is expected that projects 

will be constructed in the same order as originally prioritized during Step 1. However, it is possible that 

delays caused by the California Environmental Quality Act (CEQA) process or funding limitations could 

impact the project construction schedule prioritization. The schedule for construction cannot be 

established at this time given MSAR Permittee’s requirements that each project move through the MSAR 
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Permittee’s CIP process. As construction dates become know, these will be reported to the RWQCB as 

part of the CBRP reporting process.  

2.2  CBRP Program Elements 
The MS4 Permit established four required CBRP program elements (Section VI.D.1.c.1, MS4 Permit). 

These elements, which are tools for implementing the CBRP, encompass a range of potential non‐

structural and structural BMP activities: 

 Element 1 ‐ Ordinances  

 Element 2 ‐ Specific BMPs  

 Element 3 ‐ Inspection Criteria (for the purposes of the CBRP, this element includes urban source 

evaluation activities) 

 Element 4 ‐ Regional Treatment (for the purposes of the CBRP, this element includes both outfall‐

specific and regional structural BMP projects) 

Table 2.1 summarizes the relationship among these required CBRP program elements and the three 

implementation steps and associated implementation actions described above (see Figure 2‐1). The 

following sections summarize the key components of each CBRP program element (see Attachment C for 

a detailed presentation of these elements). 

Table 2.1. Relationship between Implementation Steps and Actions and 
Required CBRP Elements 

CBRP Steps 
Implementation Actions 

(Figure 2‐1) 
Relevant Required CBRP 

Elements 

1  Nos. 1, 2, 3, and 4  Elements 1, 2, 3 

2  No. 5  Element 4 

3  No. 6  Element 4 

Element 1 – Ordinances 
The CBRP requires the identification of specific ordinances that will be adopted during implementation 

to reduce bacterial indicators in controllable urban DWF sources. Two types of ordinances have been 

included in the CBRP: Water Conservation and Pathogen Control. Following is a brief statement 

regarding the purpose and potential water quality benefits that may be incurred.  

Water Conservation Ordinance 

Purpose – Evaluate the existing water conservation ordinances to determine if adequate authority 

available to manage water use to reduce DWF to the MS4. 

Implementation Approach – Permittees will evaluate existing ordinances and authority (including 

enforcement authority) available to manage dry weather runoff from water use practices in their 

respective jurisdictions. Modifications to these ordinances will be made, where appropriate. This effort 

will be implemented in coordination with water purveyors and implementation of BMPs related to 

irrigation or water conservation practices (see below). 
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Expected Benefits – Improved water management reduces dry weather discharge to the MS4, which 

reduces opportunity for the discharge to or mobilization of bacteria in the MS4. A corollary benefit is 

enhanced water conservation consistent with other state policies and regulatory requirements. 

Pathogen Control Ordinance 

Purpose – Evaluate existing ordinances to improve management of animal wastes to control known 

pathogen or bacterial indicator sources.  

Implementation Approach – Permittees will evaluate existing ordinances and consider adoption of new 

ordinances to implement this BMP. Based on this evaluation the Permittees will revise existing 

ordinances or adopt new ordinances, as needed, to fulfill this CBRP requirement and comply with the 

MS4 permit requirement to “promulgate and implement ordinances that would control known pathogen 

or bacterial indicator sources such as animal wastes, if necessary”.  

Expected Benefits – Establishing requirements to manage animal wastes in a manner that reduces 

opportunity for bacteria contained in these wastes to be entrained in DWF reduces the potential for 

bacteria to be mobilized and discharged to receiving waters through the MS4 

Element 2 – Specific BMPs 
The CBRP requires the identification of specific BMPs that will be implemented to reduce controllable 

urban sources of bacterial indicator. Selected BMPs range from programmatic activities that set the stage 

for other CBRP elements (e.g., DWF source evaluation activities) to specific activities that can reduce 

DWF or mitigate controllable urban sources of bacterial indicators. Some of the included BMPs are also 

MS4 permit requirements. In addition, some of the selected BMPs may be coordinated between Riverside 

and San Bernardino County to streamline the level of effort required to implement the BMP. 

Transient Camps 

Purpose – Evaluate potential for transient camps to contribute bacterial indicators to MS4 DWF, and if 

determined necessary, develop and implement transient camp closure activities. 

Implementation Approach – The RCFC&WCD currently implements a program to identify and remove 

transient encampments from within the MS4. The program is implemented to protect the health and 

safety of the homeless as well as to eliminate pollution to the MS4 caused by the encampments. MSAR 

Permittees will as part of their source assessment programs, identify locations of suspected transient 

encampments that may be located outside of the MS4, but still impact water quality; implement 

investigations to determine potential for encampment to contribute controllable bacterial indicators to 

DWF, and, as determined appropriate, implement transient camp closures in coordination with 

appropriate local agencies.   

Expected Benefits – Closure of transient camps in locations where it is determined that the encampment 

is contributing bacterial indicators to DWF eliminates a bacterial indicator source. 

Illicit Discharge, Detection and Elimination Program 

Purpose – The MS4 permit requires the development of an Illegal Discharge Detection and Elimination 

(IDDE) program to supplement ongoing permit implementation efforts. Completion of this requirement 

will enhance existing tools to reduce or eliminate DWF to the MS4.  
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Implementation Approach – The MSAR Permittees will complete development of this program as required 

by the MS4 Permit by July 29, 2011. The program will be used to support MS4 inspection activities to 

reduce or eliminate DWF to the MS4 (see below). 

Expected Benefits – Completion of this program provides additional tools to guide efforts to reduce or 

eliminate DWF to the MS4. 

Street Sweeping 

Purpose – Evaluate existing street sweeping programs to determine if the ongoing program can be 

enhanced to further reduce presence of controllable bacterial indicators on street surfaces. 

Implementation Approach – Each MSAR Permittees will evaluate the existing street sweeping program 

(e.g., method, frequency, and equipment) to determine potential to modify the program to further reduce 

bacteria on street surfaces. Where opportunities exist, changes will be made to the program. If it is 

determined that a change in equipment can provide water quality benefits, the MSAR Permittees will 

work with their respective governing bodies to obtain funding to upgrade/replace equipment. 

Expected Benefits – Reductions in bacterial indicators in MS4 outfalls (as a result of mobilization by DWF 

to the MS4) may occur where it is determined that enhancements to the existing street sweeping 

program will further reduce bacteria present on street surfaces.  

Irrigation or Water Conservation Practices 

Purpose – Implementation of BMP practices that reduce potential for over‐irrigation and discharge of 

irrigation water to the MS4. 

Implementation Approach – Each MSAR Permittee will evaluate options and minimum requirements for 

implementation of irrigation and outdoor water conservation BMPs. Implementation will be closely 

coordinated with the Water Conservation Ordinance activity described above and with local water 

purveyor conservation programs. Based on the findings of the evaluation and in coordination with other 

agencies tasked with implementation water conservation activities, the MSAR Permittees and water 

purveyors will coordinate implementation of outdoor water conservation BMPs.  

Expected Benefits – Improved local water management will reduce dry weather water use discharges to 

the MS4, which will reduce opportunity for discharge or mobilization of bacteria as a result of MS4 

discharge. A corollary benefit is enhanced water conservation consistent with other state policies and 

regulatory requirements. 

Water Quality Management Plan Revision 

Purpose – The MS4 Permit requires updates to the MS4 Permittee’s WQMP Guidance to incorporate low 

impact development (LID) practices to reduce runoff from new development and significant 

redevelopment activities. This requirement is included as a BMP since implementation of LID practices 

can reduce DWF to the MS4, especially where they are applied to significant redevelopment activities. 

Implementation Approach – The MSAR Permittees will submit a revised WQMP Guidance to the RWQCB 

for approval by July 29, 2011. Once implemented, LID practices will be applied to development projects 

subject to the LID‐based requirements. 

Expected Benefits – For new development the benefits are expected to be mostly limited to wet weather 

runoff. However, for significant redevelopment projects, the potential for reduced DWF to the MS4 will 



Section 2    CBRP Implementation Program 
 

2‐7 

be realized through the reconfiguration of the site to accommodate LID practices (e.g., runoff from 

irrigation can be managed to stay onsite rather than runoff to the MS4). 

Septic System Management 

Purpose – Evaluate potential for septic systems in the County to contribute controllable bacterial 

indicators to the MS4 during dry weather conditions. 

Implementation Approach – The MSAR Permittees will develop an inventory of existing septic systems, 

map the location of these facilities relative to the MS4 to evaluate potential impacts to water quality in 

the MS4, conduct public education to ensure proper operation and maintenance of septic systems, and 

conduct inspection and enforcement activities, where appropriate to reduce potential for septic systems 

to impact water quality. 

Expected Benefits – Implementation of this BMP reduces the potential for septic systems to contribute 

bacterial indicators to the MS4 during dry weather conditions. 

Pet Waste Management 

Purpose – Implementation of BMPs that target areas where there is a high volume and concentration of 

pet waste, e.g., dog parks and kennels. 

Implementation Approach – Each MSAR Permittee will evaluate existing authority and programs to 

manage pet waste to identify opportunities to further target BMPs to manage pet waste. Where 

appropriate, MSAR Permittees will implement these BMPs. This effort will be coordinated with activities 

associated with the development of a bacterial indicator control ordinance (see Element 1). 

Expected Benefits –BMPs targeted specifically to pet waste management (in association with a pathogen 

control ordinance) can support compliance at a local scale, where pet activities are concentrated.  

Element 3 – Inspection Criteria (Urban Source Evaluation) 
Purpose – Implementation of urban source evaluation activities provides the data required to determine 

the potential for an MS4 outfall or drainage area to discharge controllable sources of bacterial indicators. 

The results of this evaluation dictate next steps in the CBRP implementation process. 

Implementation Approach – The MSAR Permittees will implement urban source evaluation activities 

using a comprehensive, methodical approach that provides data to make informed decisions regarding 

the potential for an MS4 outfall or group of outfalls to discharge controllable sources of bacterial 

indicators. This approach relies on the following activities: 

 Tier 1 Reconnaissance – Tier 1 sites are defined as locations where urban sources of DWF may 

directly discharge to a downstream watershed‐wide compliance site. Some of the Tier 1 sites are 

at the same locations sampled as part of implementation of the USEP in 2007‐2008. Additional 

Tier 1 sites have been included, where needed, to supplement existing information. Many of these 

Tier 1 locations may be dry, have minimal DWF, or not be hydrologically connected to 

downstream waters. However, until a reconnaissance is completed, their potential to contribute 

controllable sources of bacterial indicators is unknown. 

 Prioritization – Based on the findings from Tier 1 data collection activities, MS4 drainage areas 

with potentially controllable urban sources of bacterial indicators will be prioritized based on 

factors such as the magnitude of bacterial indicator concentrations and results from source 
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tracking analyses. Areas with human sources (as compared to anthropogenic sources such as 

domestic pets) will receive the highest priority for action.  

 Evaluate Mitigation Alternatives – In order of priority, prioritized drainage areas will be further 

evaluated to identify non‐structural or structural alternatives (or some combination of both) for 

mitigating controllable urban sources of bacterial indicators. As needed, this controllability 

assessment will include reconnaissance of Tier 2 sites and the use of IDDE methods to identify 

and evaluate alternatives. Tier 2 sites are tributary to Tier 1 outfalls. Tier 2 sites are 

predominantly locations where underground storm drains discharge to open channels. If a Tier 2 

site is determined to be a potential contributor to non‐compliance, additional inspection 

activities may occur to identify the nature and source of the DWF and bacterial indicators and 

evaluate controllability. 

 Select Mitigation Alternatives – The MSAR Permittees will select a mitigation alternative to 

mitigate controllable urban bacterial indicator sources in each prioritized drainage area. If the 

selected alternative involves a structural BMP, the Project Identification phase of the CIP process 

is implemented to establish the project need.  

Expected Benefits – This element is key to CBRP implementation as it provides the data required to make 

informed decisions regarding (1) selection of BMPs to mitigate controllable urban sources of bacterial 

indicators; (2) establishment of a priority, process, and schedule to implement the selected mitigation 

alternative. 

Element 4 – Regional Treatment (Structural Controls) 
Purpose – Plan, design and construct structural BMPs to mitigate controllable urban sources of DWF and 

bacterial indicators. BMP projects may be regional (address controllable sources from multiple outfalls) 

or outfall‐specific. 

Implementation Approach – The outcomes from CBRP Step 1 implementation will result in the 

identification of at least some structural BMPs to manage controllable urban bacterial indicator sources. 

The potential locations for a number of structural BMPs have been identified already by the Riverside 

County 2005 BMP Siting Study (to be updated as part of the development of the MS4 Permittee’s 

Watershed Action Plan). Under CBRP Step 1 the Permittees will use this work to support evaluation of 

alternatives for implementing structural BMPs to mitigate a controllable urban source.  

Once a structural BMP project is identified and successfully incorporated into the CIP, budget/planning, 

design, permitting, and construction phases of the project commence. In addition, if a UAA is needed to 

ensure the success of the project, UAA development will commence as well (see additional information, 

above). Completion of structural BMP projects is subject to governing body approval, CEQA approval and 

funding availability. Accordingly, the length of time from project identification to construction 

completion will be highly variable. Also, as noted above, situations may occur where through the 

planning and design phases a proposed project is determined to be infeasible. If that occurs, a different 

alternative to mitigate the controllable urban bacterial indicator source will be sought. 

Expected Benefits – Completion of structural BMPs, where determined necessary, will mitigate 

controllable urban sources of bacterial indicators.  
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2.3  Implementation Schedule 
Figure 2‐3 summarizes the CBRP implementation schedule for the various required CBRP elements. A 

more detailed schedule, which includes information regarding milestones, metrics and responsibilities, is 

provided in Attachment E. Color differences in the timeline for a particular activity illustrate shifts from 

BMP development to BMP implementation. For example, until a structural BMP has been successfully 

incorporated into the CIP, the structural BMP is considered in development. However, once in the CIP, 

the BMP can now be implemented, unless the project is determined to be infeasible during the final 

planning, design and/or permitting phases.  

Elements 1, 2, and 3 will be completed and fully implemented by December 31, 2015. It is expected that 

Elements 1, 2 and 3 should independently attain the MS4 permit’s water quality based effluent limits for 

the MSAR Bacterial Indicator TMDL (See Section 3). However, Capital Projects may be more cost 

effective or necessary in some cases to attain the water quality based effluent limits. Element 4 will 

identify structural BMPs by December 31, 2015 believed necessary to attain the MS4 permit water quality‐

based effluent limits for the MSAR Bacterial Indicator TMDL. Completion of subsequent CIP process 

phases will likely occur beyond the end of 2015. 

Attachment E identifies responsibilities for implementation of CBRP activities. In general:  

 Elements 1 and 2 – Individual MSAR Permittees will be responsible for most of these tasks, unless 

the area‐wide MS4 program is identified as the lead for programmatic aspects; however, once 

specific actions are required at the local level, e.g., ordinance development, responsibility shifts 

to the individual MSAR Permittee.  

 Element 3 – The MSAR Permittees will jointly, through partnerships with the RCFC&WCD 

and/or the MSAR TMDL Task Force, implement Tier 1 and Tier 2 data collection and 

identification of mitigation alternatives. Specific activities within prioritized areas will be lead by 

the MSAR Permittee with jurisdiction over the targeted drainage area. 

 Element 4 – All BMP activities associated with this element will be led by the MSAR Permittee 

with jurisdiction over the area targeted for a BMP. 

2.4  Compliance and Iterative/Adaptive Management 
Strategies 

The CBRP establishes a program to reduce controllable urban sources of bacterial indicators based on 

currently available information. Significant uncertainties remain considering the state of science 

regarding bacterial indicator management in urban environments (e.g., CREST 2007). Additionally, 

bacterial indicator sources are not static; e.g. homeless encampments are transitory in nature and the 

significance and magnitude of their impacts on water quality may be the function of various factors 

including the economy, available social service programs and other factors beyond the MSAR Permittees 

control. Similar issues impact irrigation runoff control programs, septic system management programs 

and other control programs for potential urban sources of bacterial indicators. Further, the RWQCB has 

indicated that it is not their goal to require the elimination of all dry weather runoff to impaired receiving 

waters as this may negatively impact other beneficial uses of those receiving waters. The RWQCB prefers 

a solution set that does not target the capture and elimination of other flows through the MS4 such as 

rising groundwater and water transfers. If the Permittees are to maintain these baseflows through their 

MS4 systems, the uncertainty of managing upstream bacterial indicator sources must be addressed.  
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Therefore, the CBRP includes a compliance strategy to guide decision‐making during the implementation 

process, and an iterative and adaptive management strategy for making course corrections to the CBRP as 

new data are collected and evaluated.  

Compliance Strategy 
Figure 2‐4 illustrates the overall CBRP compliance strategy, consistent with the three CBRP Steps and the 

Implementation Actions described above (e.g., Figure 2‐1). The CBRP is designed to mitigate controllable4 

urban sources of bacterial indicators that cause non‐attainment of water quality objectives at the 

watershed‐wide compliance sites. The CBRP is not intended to address bacterial indicator impairments 

attributable to non‐MS4 sources (e.g., agricultural or water transfers), or sources that cannot be 

accounted for, e.g., wildlife sources or sources that arise from within the impaired waterbody (per 

Findings, Sections I.D, and II.E.1 of the MS4 Permit). 

Figure 2‐4 highlights three key decision points that occur during implementation of the compliance 

strategy: 

 Decision Point #1 – Distinguish between controllable urban bacterial indicator sources 

associated with the MS4 and other potential non‐urban sources of bacterial indicator 

impairment. 

 Decision Point #2 – Prioritize MS4 drainage areas for establishment of mitigation alternatives 

where MS4 outfalls are determined to be contributing to impairment at watershed‐wide 

compliance sites. 

 Decision Point #3 – Select mitigation alternative – non‐structural or structural BMPs. 

Fundamental to the compliance strategy is the development and implementation of ordinances and 

specific BMPs targeted to reduce controllable urban sources of dry weather runoff and bacterial 

indicators from the MS4 (Figure 2‐4, Box 1). To determine whether controllable urban sources are 

present, CBRP Step 1 includes comprehensive urban source evaluation activities to identify sources of 

DWF to the MS4, especially those that contain bacterial indicator concentrations and sources that may 

cause or contribute to impairment at watershed‐wide compliance sites (see Boxes 2 and 3).  

The results from urban source evaluation activities lead to the first decision point in the compliance 

strategy. The MSAR Permittees will evaluate the potential for MS4 to be contributing controllable sources 

of bacterial indicators. Where controllable MS4 sources are identified, those areas of the MS4 remain 

under the CBRP (Decision Point #1, Boxes 4 and 5). Where controllable sources are not present and the 

MS4 is not the cause of impairment, those areas would be addressed outside of the CBRP (Boxes 14 

through 16). Where necessary, the Permittees will work with the RWQCB to identify solutions; however, 

in some cases, the RWQCB may need to work with other entities to mitigate bacterial indicator sources. 

                                                           
4 Controllable sources will be defined by the Basin Plan Amendment applicable to recreational uses and 
objectives (see Section 1.5.4). 
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Figure 2‐3. CBRP Implementation Schedule
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Figure 2‐4. CBRP Implementation Strategy 
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For MS4 drainage areas that potentially contribute impairment at a watershed‐wide compliance site, the 

Permittees will evaluate data from source evaluation activities to prioritize drainages areas or outfalls for 

continued work. Prioritization of drainage areas/outfalls is Decision Point #2 (Box 6) and critical to 

CBRP implementation in an environment with limited resources. Prioritization will consider relative 

contribution and source of bacterial indicator loads. Highest priority areas are those where controllable 

human sources of bacterial indicators are present and persistent.  

Starting with the highest priority drainage area, the Permittees will conduct inspections and source 

evaluation activities as needed to identify and evaluate non‐structural or structural BMP alternatives to 

mitigate sources (Box 7). This effort leads to Decision Point #3 (Box 8) – selection of an alternative to 

mitigate the source. If a non‐structural solution is available, the Permittees will implement new, 

enhanced, or more targeted BMPs. Where a structural solution is deemed necessary – the Permittees 

complete the Project Identification phase of the CIP process and determine the need for a UAA to 

support implementation of the structural BMP solution. Completion of the Project Identification phase 

establishes the project need and initiates the process for working with the appropriate governing bodies 

to include the project in the CIP. The identified project moves into CBRP Step 2 (Boxes 9 through 12).  

Implementation of a structural solution under CBRP Step 2 will require completion of the CEQA/NEPA 

process, and input from multiple stakeholders (e.g., regulatory agencies, city councils, environmental 

advocacy groups, and water supply utilities). Accordingly, from the time a project need is identified 

through completion of construction, consideration must be given to range of regional and local issues, 

including, but not limited to:  

 Technical feasibility to mitigate the bacterial indicator source; 

 Regional water supply management plans and objectives; 

 Environmental considerations (e.g., CEQA requirements to assess project impacts on issues ranging 

from in‐stream flow and habitat to energy and greenhouse gas emissions); 

 Consideration of alternatives, including use of offset and trading strategies (e.g., a regional project in 

one area could provide offsets for overall bacterial indicator reductions needed within another area); 

and 

 Economic feasibility, which will consider the capital cost and the long term operation and 

maintenance cost (which can in some instances exceed the original construction cost over the long‐

term). 

Where a UAA is identified as a required element to support implementation of a structural BMP project 

(Box 9), the UAA will be completed in parallel with efforts to implement the BMP. Once the UAA is 

deemed complete by the RWQCB, it is expected that the RWQCB will move the UAA forward through 

the basin planning process to obtain approval of the UAA.  

Following completion of CBRP Step 2 activities, the project will either move forward to construction, as 

funding is available; or be determined to be infeasible. Projects ready for construction are CBRP Step 3 

Projects (Box 13). Projects determined to be infeasible will result in the MSAR Permittees returning to 

evaluation of other potential mitigation alternatives for the bacterial indicator source (Box 7). 

Throughout all CBRP Steps, the Watershed‐wide Compliance Monitoring Program will continue at the 

five watershed‐wide compliance sites. Sample results from these sites along with collected urban source 
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evaluation data provide the basis for evaluating progress towards compliance with TMDL requirements 

under dry weather conditions. Periodic reporting activities will provide the mechanism for evaluating 

progress and effectiveness of compliance strategy implementation. Where effectiveness evaluations 

identify the need to modify the CBRP, this need will be addressed as part of the iterative and adaptive 

management strategy, as described below.  

Iterative and Adaptive Management Strategy 
This CBRP is based on the current level of knowledge of controllable urban sources of bacterial 

indicators. As the CBRP is implemented and new data are generated (especially through source 

evaluation activities), it expected that this basic level of knowledge will change. Given this expectation, an 

iterative and adaptive management strategy has been built into the CBRP to provide opportunities to 

revise the CBRP implementation approach, where appropriate. These opportunities include the following 

elements: 

 Triennial Reports – The TMDL requires these reports as part of TMDL implementation. These 

reports will include an evaluation of CBRP implementation including progress towards meeting 

the urban wasteload allocation for dry weather conditions in the dry season. This evaluation may 

include recommendations for CBRP revisions to the RWQCB regarding how new data or 

programmatic requirements will be incorporated into the CBRP. Two Triennial Reports are 

associated with the timeline for CBRP implementation: 

- 2013 Report – This report will report on activities completed through 2012. The 2013 Report 

will include recommendations for new or revised BMPs. 

- 2016 Report – This report (due on February 15, 2016) will evaluate the overall effectiveness of 

CBRP implementation and the status of all structural BMP projects in CBRP Steps 2 and 3. 

The report will evaluate the extent to which compliance with urban wasteload allocations for 

dry weather conditions has been achieved. The 2016 Report will also provide detailed 

descriptions of any additional BMPs planned and the schedule for implementation in the 

event that water quality data (urban source evaluation activities; watershed‐wide water 

quality monitoring program) indicate that a reasonable potential still exists that completed 

BMPs, as well as BMPs in process (e.g., structural BMPs still moving through the CIP 

Process), may not result in compliance with TMDL requirements applicable to the MS4.  

 MS4 Permit Annual Reports –The MS4 permit Annual Report will include a summary of CBRP 

implementation activities. This summary will replace the semi‐annual USEP reports as a USEP 

and MS4 permit reporting requirement. The MS4 Annual Reports will also include 

recommendations to the RWQCB for modifications to the CBRP if alternative approaches or 

actions are identified that will contribute to the goal to achieve compliance with urban wasteload 

allocation during dry weather conditions. 

Successful CBRP implementation requires timely input and decisions by the RWQCB so that new 

information or outcomes (anything from completion of a UAA to interpretation of DWF/bacterial 

indicator data) can be quickly integrated into the decision‐making process. This is especially true for 

efficient implementation of the compliance strategy. Accordingly, the Principal Permittee will provide as 

much advanced notice as possible regarding the need for RWQCB approval of decisions associated with 

CBRP implementation and any recommendations for CBRP modification. 
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3.1  Introduction 
The MS4 permit requires that the CBRP provide the scientific and technical documentation 

used to conclude that the CBRP, once fully implemented, is expected to achieve compliance 

with the urban wasteload allocation for indicator bacteria by December 31, 2015 (MS4 permit 

Section VI.D.1.c.i.(5)). Compliance targets or wasteload allocations were developed for both 

fecal coliform and E. coli bacterial indicators: 

 Fecal coliform: 5‐sample/30‐day Logarithmic Mean less than 180 organisms/ 100 mL 

and not more than 10 percent of the samples exceed 360 organisms/100 mL for any 30‐

day period. 

 E. coli: 5‐sample/30‐day Logarithmic Mean less than 113 organisms/100 mL and not 

more than 10 percent of the samples exceed 212 organisms/100 mL for any 30‐day 

period. 

The compliance analysis presented in this section used the 5‐sample/30‐day logarithmic mean 

for E. coli of 113 cfu/100 mL to demonstrate that this plan, once implemented, is expected to 

achieve compliance with the urban wasteload allocation. This concentration‐based wasteload 

allocation for MS4 Permittees is a target for all urban sources of flow; however, it would be 

nearly impossible to monitor bacteria at all MS4 outfalls. Consequently, compliance with the 

MSAR Bacterial Indicator TMDL is assessed at five watershed‐wide compliance monitoring 

locations. No analysis was done for the Prado Park Lake compliance location as there currently 

are no known MS4 facilities discharging DWF to the lake. This presumption will be verified 

during CBRP implementation. 

3.1.1   Overview of Compliance Analysis 

This compliance analysis for the MSAR Permittees demonstrates that the proposed CBRP will 

attain the Water Quality Based Effluent Limits set in the 2010 SAR MS4 Permit.  Key findings of 

this analysis include: 

Source Assessment 

 Urban dry weather runoff volumes are a small proportion (<10%) of the total volume of 

runoff contained within the Santa Ana River; 

Based on outfall monitoring results for flow and bacterial indicator concentrations; bacterial 

loading (cfu/day) from the runoff volume attributable to the MS4 represents approximately 1/3 

of the total loading to the River.
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Source Control 

 Water conservation activities are planned by the MS4 Permittees and water agencies in the MS4 

Permit area and will be an effective method to reduce urban runoff contributions to the 

beneficial use impairments; 

 The analysis indicates that any number of BMPs that have been proposed in this plan could 

individually, or in conjunction with other BMPs attain the Water Quality Based Effluent Limits 

contained in the 2010 MS4 Permit.  This provides the Permittees an opportunity to select 

combinations of control measures that are appropriate to their individual resources, budgets and 

watershed needs. 

 Based on the strategies proposed in the CBRP, urban bacterial indicator sources should be 

reduced in DWF from MS4 drainages areas upstream of the Santa Ana River at MWD Crossing 

and Pedley Avenue compliance monitoring sites, from 467 billion cfu/day to 394 billion cfu/day. 

This reduction will result in attainment of the Water Quality Based Effluent Limits specified in 

the MS4 Permit. 

 The MSAR Permittees plan to supplement planned water conservation activities with aggressive 

source identification programs to identify and eliminate potential controllable urban bacterial 

indicator hot‐spots.  These supplemental programs may result in additional source control or 

regional treatment programs that will further reduce controllable urban sources.  This program 

provides a factor of safety over the baseline programs. 

The MSAR Permittees believe that the CBRP provides a balance between managing controllable urban 

sources and maintaining beneficial runoff to impaired receiving waters.  This plan will focus on 

controlling runoff from wasteful irrigation and water usage practices, while continuing to allow beneficial 

runoff including rising groundwaters, tertiary treated POTW effluent and water transfers to be conveyed 

through the MS4. 

3.1.2  Compliance Analysis Approach  
The following sections provide detailed description of the methodology employed to demonstrate 

compliance with the MSAR Bacterial Indicator TMDL WLA. The analysis involved several key questions, 

including: 

 What is the relative contribution of urban DWF from MS4 outfalls to receiving waterbodies? This 

contribution determines the volume of DWF that is potentially controllable by the MS4 program. 

See Section 3.2.1. 

 What are typical levels of E. coli in urban runoff during DWF conditions?  

Applying a concentration to urban DWF volumes facilitates the computation of the total daily 

amount of bacterial indicators (cfu/day) that is potentially controllable by the MS4 program. See 

Section 3.2.2. 

 How is compliance with the wasteload allocation for MS4 Permittees best demonstrated? See 

Section 3 

 To what level must E. coli (cfu/day) from urban sources of DWF from MS4 Permittees be reduced 

to demonstrate compliance? This question assesses current bacterial indicator levels at the 

compliance monitoring locations in relation to the wasteload allocation in the TMDL. Only the 
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portion of the baseline bacteria in excess of the TMDL wasteload allocation that are controllable 

by implementing BMPs within MS4 systems is targeted for bacteria indicator reduction by MS4 

Permittees. Section 3.4 computes this daily bacterial indicator level targeted for removal through 

CBRP implementation. Other sources of bacteria to downstream compliance monitoring sites, 

such as agricultural land uses, illegal discharges, transient encampments, wildlife, or 

environmental growth, are not well understood. The Inspection Program is designed to provide 

information to assist the Permittees in developing an approach to manage these sources, 

determined to be uncontrollable within MS4 systems.  

 What level of implementation of proposed CBRP elements would be sufficient to achieve the 

targeted daily E. coli (cfu/day) removal? Section 3.5 discusses the water quality benefits 

(quantifiable and non‐quantifiable) expected from CBRP implementation. 

 Section 3.6 summarizes the findings of this compliance analysis and discusses key assumptions 

and uncertainties associated with computation. 

3.2  Baseline Dry Weather Flow and Bacterial Indicator 
Data 

3.2.1  DWF Sources to MS4 
Regular DWF exist in many MSAR waterbodies. Sources of DWF include: 

 Effluent from publicly owned treatment works (POTWs) 

 Turnouts of imported water by MWD 

 Well blow‐offs 

 Water transfers 

 Groundwater inputs 

 Other authorized discharges (as defined by permit)  

 Urban water waste from excess irrigation and other outdoor water uses  

 Non‐permitted discharges  

Each of these sources of runoff has a different pathway and potential to transport bacteria to receiving 

waterbodies. Thus, it is important to understand the relative role of each of these categories of DWF. 

Attachment B provided an overview of dry weather hydrology in the MSAR watershed. This information 

provides a basis for the compliance analysis described in this section of the CBRP. Additionally, some 

sources of bacteria are not directly related to DWF inputs such as birds and other wildlife within 

waterbodies, re‐suspension of bacteria in channel bottom sediment, air deposition, and transient 

encampments. 

Flow and bacterial indicator level data are available from several sources for all of the compliance 

monitoring locations and most of the major tributaries to the impaired receiving waterbodies. Table 3‐1 

provides a summary of the sources of data used to characterize flow and bacterial indicator water quality 

in the MSAR Bacterial Indicator TMDL waterbodies and their tributaries. 
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Within the MSAR watershed there are many MS4 drainage areas that do not typically cause or contribute 

to flow at the compliance monitoring locations. DWF at these MS4 outfalls is hydrologically disconnected 

from the TMDL receiving waterbodies, by either purposefully recharging groundwater in constructed 

regional retention facilities or through losses in earthen channel bottoms, where the recharge capacity of 

underlying soils exceeds dry weather runoff generated in upstream drainage areas.  

Flow data from these sources characterize the role of DWF from major tributaries and Publicly‐owned 

Treatment Works (POTW) effluent to baseline flow at the compliance monitoring locations. For each of 

the compliance monitoring locations, column 2 in Table 3‐2 shows the median of DWF measurements 

from upstream USEP sites (major tributaries) and POTW effluent locations in the dry season. These 

Table 3‐1. Available Data for Characterization Of DWF and Bacterial Indicators in Areas Draining 

to Watershed‐Wide Compliance Sites 

Site  Flow  Bacterial Indicator Concentration 

Downstream: Chino Creek at 
Central Ave (WW‐C7) 

Watershed‐wide field measurements 2007‐2009 
(n=82) 

Watershed‐wide compliance monitoring 
2007‐2009 (n=82) 

POTW Influent  Daily effluent at IEUA Carbon Canyon WRRF (2007 ‐ 
2008) 

Assumed effluent of 2.2 MPN/100 mL 

Carbon Canyon Creek  
Channel 

SBCFCD Little Chino Creek gauge 2843 (2007‐2008)  USEP samples (n=19) 

Chino Creek above Schaeffer  U.S. Geological Survey (USGS) Gauge 11073360 
(2005‐2009) 

USEP samples at San Antonio Channel (n=19) 

Downstream: Mill Creek at 
Chino Corona Rd (WW‐M5) 

USGS Gauge at Merrill Ave 11073495 (2005‐2009)  Watershed‐wide compliance monitoring at 
Chino‐Corona Road 2007‐2009 (n=80) 

POTW Influent  Daily effluent at outfall 001 of IEUA RP1 WRRF 
(2007 ‐ 2008) 

Assumed effluent of 2.2 MPN/100 mL 

Lower Deer Creek (CHRIS)  USEP field measurements samples at CHRIS (n=17)  USEP samples at CHRIS (n=17) 

County Line Channel (CLCH)  USEP field measurements samples at CLCH (n=16)  USEP samples at CLCH (n=7) 

Cucamonga Creek (CUC) 
above IEUA RP1 WRRF 

USEP field measurements at CUC (n=16)  USEP samples at CUC (n=16) 

Downstream: Santa Ana 
River at MWD Crossing (WW‐

USGS Gauge at MWD Crossing 11066460 (2005‐
2009) 

Watershed‐wide compliance monitoring at 
MWD Crossing 2007‐2009 (n=82) 

POTW Influent  Daily effluent from RIX Facility and Rialto WWTP 
(2007 ‐ 2008) 

Assumed effluent of 2.2 MPN/100 mL 

Sunnyslope Channel (SNCH)  USEP field measurements at SNCH (n=26) USEP samples at SNCH (n=17) 

Box Spring Channel (BXSP)  USEP field measurements at BXSP (n=26) USEP samples at BXSP (n=17) 

Downstream: Santa Ana 
River at Pedley Ave (WW‐S4) 

Sum of POTW effluent and estimated dry weather 
runoff from ANZA, DAY, and SSCH 

Watershed‐wide compliance monitoring at 
Pedley Ave 2007‐2009 (n=82) 

POTW Influent  Daily effluent from RIX Facility, Rialto WWTP, and 
Riverside WQCP (2007 ‐ 2008) 

Assumed effluent of 2.2 MPN/100 mL 

Anza Drain (ANZA)  USEP field measurements at ANZA (n=19)  USEP samples at ANZA (n=18) 

Day Creek (DAY)  USEP field measurements at DAY (n=13) USEP samples at ANZA (n=13) 

San Sevaine Channel (SSCH)  USEP field measurements at SSCH (n=13)  USEP samples at ANZA (n=13) 
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values are determined by summing inputs from USEP subwatersheds and effluent from upstream 

POTWs. This approach ensures a balance of runoff between inflows and outflows. The downstream flow 

estimates fell within expected ranges based on long‐term daily data collected at USGS gauging stations in 

the MSAR watershed. As expected, DWF at each of the compliance monitoring locations consists 

primarily of POTW effluent (Figure 3‐1). 

Figure 3‐1. Estimated Relative DWF Contributions to Watershed‐Wide Compliance Sites 

Flow data was not available downstream of some portions of MS4 drainage areas; therefore it was 

necessary to approximate DWF from these areas to complete a water balance for each compliance 

monitoring location. However, such estimates are confounded by infiltration and rising groundwater 

conditions in the MSAR watershed. Within the Chino Basin portion of the MSAR watershed, Inland 

Empire Utilities Agency (IEUA) measures flow at a number of locations to quantify groundwater recharge 

for water supply benefit. For Riverside County MS4 drainage areas, this monitoring data is the 

geographically closest characterization of its type. Flow measurements, on days when DWF is 

predominantly from urban sources, suggest that DWF from urban sources occur at a rate of 100 

gal/acre/day in the MSAR watershed, ranging from 20 to 280 gal/acre/day (see Attachment B for 

summary of field measured flows). This is consistent with DWF generation rates developed to support the 

City of Los Angeles Integrated Resources Plan (2004), which estimated DWF rates from urban watersheds 

ranging from zero to 300 gallons/acre/day. Thus, it was reasonable to use a rate of 100 gal/acre/day to 

approximate urban sources of DWF from “other MS4 areas” that may be hydrologically connected to a 

TMDL waterbody.  
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The USEP flow measurements indicated that some tributaries have significantly greater DWF rates per 

acre of urbanized drainage area (column 3 of Table 3‐2) than would be expected solely from urban 

sources. In these cases, the presence of a non‐urban source was determined to be responsible for the 

elevated DWF rates. Figure 6‐1 shows the relative split between urban and non‐urban sources (assuming 

flow up to 100 gal/acre/day is from urban sources and in excess of 100 gal/acre/day is from non‐urban 

sources) of DWF within each of the compliance monitoring watersheds.  

Overall, the contribution of runoff during dry weather from urban sources relative to total downstream 

flow is very small in all of the waterbodies with TMDLs. This finding suggests that E. coli in the runoff 

from urban sources could be very high, assuming non‐urban flows (potable water transfers, groundwater, 

etc.) and POTW effluent are largely free of fecal indicator bacteria. Alternatively, wildlife, environmental 

growth, recreational uses of receiving waters, or other sources are significant contributors to impairments 

at waterbodies with TMDLs. 

3.2.2  Bacteria Concentrations  
Section 3.4 summarized the bacterial indicator concentrations observed at watershed‐wide compliance 

sites since 2007 and the concentrations observed during the USEP monitoring program implemented in 

2007‐2008. These data were used to provide baseline data for this compliance analysis.  

The geometric mean of all dry weather E. coli concentrations measured at the watershed‐wide 

compliance locations is shown in column 4 of Table 3‐3. Geometric means of dry weather E. coli 

concentrations at each USEP site provide an estimate of baseline bacterial indicator levels from the major 

subwatersheds draining to each watershed‐wide compliance site (column 4 of Table 3‐2). These values 

show a wide range of observed E. coli concentrations, which suggests that targeted inspection and BMP 

implementation, would be an effective approach for mitigating controllable urban bacterial indicator 

sources.   

Bacterial indicator data was not available downstream of some portions of MS4 drainage areas; therefore 

it was necessary to approximate E. coli concentrations from these areas to develop a compliance analysis 

for the entire MSAR watershed. For purposes of this compliance analysis, the geometric mean of all dry 

weather E. coli monitoring data from the USEP study of ~600 cfu/100 mL provides an initial estimate of 

bacterial indicator levels from drainage areas that have no available data. Monitoring of DWF rate and 

bacterial indicators downstream of these areas is a key component of the CBRP, and results should be 

used to update this compliance analysis once available. 
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3.2.3  Relative Source Contribution 
Relative source contribution analyses were prepared for each of the watershed‐wide compliance 

locations. This analysis provided a comparison of monitored inputs of flow (Qinflow) and bacterial 

indicator concentrations (Cinflow) from MS4 facilities and POTWs with downstream flow (Qcomp) and 

bacterial indicator concentrations (Ccomp), as follows: 

Table 3‐2. Baseline DWF and Bacterial Indicator Concentrations in Areas that Drain to Watershed‐Wide 
Compliance Monitoring Sites 

Site 

1 
Hydrologically 
Connected 

Acres 

2 
Dry Weather 
Flow (cfs) 

3 
Total Dry 

Weather Flow 
Generation 

(gal/acre/day) 

4 
Dry Weather 
Geometric 

Mean of E. coli 
(cfu/100 mL) 

5 
Dry Weather E. 
coli (cfu/day) 

SAR at MWD Crossing  10,727  73.2    149  267 

   POTW Influent  n/a  68.7  n/a  2  4 

   Sunnyslope Channel  2,104  2.0  623  183  9 

   Box Springs Channel  4,193  1.8  279  1,686  75 

   Other MS4 Areas  4,430  0.9  100  600 3  10 

           Unaccounted‐for Sources  170 

SAR at Pedley Avenue  17,921  54.8    149  200 

   POTW Influent  n/a  49.4  n/a  2  3 

   Anza Drain  6,335  2.6  263  492  31 

   Day Creek  2,759  0.5  122  577  7 

   San Sevaine Channel  2,489  1.3  338  320  10 

   Other MS4 Areas  6,338  1.0  100  600 3  14 

           Unaccounted‐for Sources  135 

Chino Creek at Central Ave  17,678  17.8    394  171 

   POTW Influent  n/a  8.8  n/a  2  0 

   Carbon Canyon Creek Ch.  1,766  6.5  2,396  139  22 

   San Antonio Channel  5,031  0.7  91  412  7 

   Other MS4 Areas  10,882  1.7  100  600 3  24 

        Unaccounted‐for Sources  117 
Mill‐Cucamonga Creek at 
Chino‐Corona Rd 

5,510  30.9    877  662 

   POTW Influent  n/a  27.1  n/a  2  1 

   Chris Basin (Lower Deer 
Ck )

3,091  0.8  165  868  17 

   County Line Channel  373  0.1  95  4,053  5 

   Cucamonga Creek  1,216  2.8  1,472  863  58 

   Other MS4 Areas  830  0.1  100  600 3  2 

        Unaccounted‐for Sources  578 

1) DWF generation up to 100 gal/acre/day is assumed to come from urban sources 
2) n/a means value is not applicable 
3) Geometric mean of all dry weather E. coli monitoring data from the USEP study 
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This type of analysis characterizes the relative role of different flow sources in the watershed on 

downstream bacterial indicator concentrations. An important outcome of this analysis is the 

identification of the level of bacterial indicators (e) at the compliance locations that cannot be 

explained by known flow sources within the watershed (referred to as “unaccounted‐for sources”). The 

presence of an unbalanced set of inputs and outputs in relation to downstream bacterial indicator levels 

is not surprising, given the potential for increases in bacteria indicator levels from illegal and illicit 

discharges, direct input from wildlife, air deposition, transient encampments, environmental growth, or 

resuspension, or decreases in bacterial indicator levels due to environmental decay or settling. 

The relative source contribution showed high amounts of unaccounted‐for bacterial indicators at all 

four compliance points during DWF in the dry season. Figure 3‐2 summarizes the relative contribution 

of bacterial indicators from various sources based on existing data. Figure 3‐2 shows that the 

contribution of bacterial indicators from POTW effluent, assuming a concentration of 2.2 cfu/100 ml is 

negligible. 

 Figure 3‐2. Estimated Relative Sources of Bacterial Indicators at Watershed‐Wide 

Compliance Locations 

3.3  Criteria for Demonstrating Compliance 
Alternative approaches were considered for demonstrating how implementation of the CBRP would 

achieve compliance with urban source wasteload allocations: 

 Alternative 1 ‐ Demonstrate that implementation of the CBRP would result in achieving the 

wasteload allocation at every outflow to a receiving waterbody. This approach can be achieved 

by either: 

0

100

200

300

400

500

600

700

Santa Ana River at MWD 
Crossing (WW-S1)

Santa Ana River at Pedley Ave 
(WW-S4)

Chino Creek at Central Ave 
(WW-C7)

Mill Creek at Chino Corona Rd 
(WW-M5)

E.
 c

ol
i

(b
ill

io
n

 c
fu

/d
ay

)

Unaccounted-for Sources

POTW Effluent

MS4 Dry Weather Flow



Section 3    Compliance Analysis 

 

3‐9 

o Reducing E. coli concentrations at flowing MS4 outfalls to 113 MPN/100 mL or; 

o Eliminating DWF from the majority of urban area draining to each outfall.  

While this approach may be feasible in small subwatersheds, it may be infeasible to implement 

watershed‐wide. 

 Alternative 2 – If data demonstrate that receiving water impairment is potentially caused by the 

MS4, then demonstrate sufficient reduction in controllable human sources of bacterial 

indicator loads in DWF from MS4 facilities to not cause an exceedance of the E. coli water 

quality object at downstream watershed‐wide compliance monitoring sites. Required bacterial 

indicator reductions are determined by comparing baseline E. coli loads at the watershed‐wide 

compliance sites with the TMDL numeric target (product of DWF at compliance monitoring 

site and E. coli concentration equal to the water quality objective of 126 cfu/100 mL). Figure 3‐2 

shows that there are large amounts of unaccounted‐for bacterial indicators in some watersheds.  

The MSAR Permittees plan to use the second alternative approach to evaluate the potential of this plan 

to achieve compliance. This approach allows for a watershed‐wide assessment of bacterial water quality 

in downstream receiving waterbodies and consideration of the relative role of MS4 sources in 

downstream receiving waterbody bacterial indicator water quality.  

3.4  Bacterial Indicator Reduction from the MS4  
3.4.1  Controllability 
The relative source contribution analysis showed that substantial unaccounted‐for sources of bacterial 

indicators exist in impaired waterbodies. Unaccounted‐for sources make up the majority of bacterial 

indicators during dry weather at the Chino Creek and Mill‐Cucamonga Creek TMDL compliance 

monitoring sites (see Figure 3‐2). For the Santa Ana River compliance monitoring locations, 

approximately two thirds of E. coli is comprised of unaccounted‐for sources. For this compliance 

analysis, contributions of unaccounted‐for sources of bacterial indicators to the TMDL compliance 

monitoring sites are not the responsibility of the MS4 Permittees. The USEP data used to develop the 

source contribution analysis were based on samples collected at the outlet from MS4 systems to 

receiving waters; therefore, unaccounted sources of bacteria are not attributable to MS4 inputs from 

areas upstream of USEP sites. However, the inspection program will assess additional MS4 outfalls not 

previously monitored in the USEP, which could provide more insight into these unaccounted‐for 

sources and allow further refinement of MS4 contributions. 

3.4.2  Gap Analysis for Bacterial Indicators 
Bacterial indicator data collected from each of the watershed‐wide compliance monitoring sites provide 

an estimate of existing E. coli concentrations in receiving waters. The magnitude of exceedances of the 

TMDL numeric target provides a basis for estimating the E. coli load removal needed from all sources to 

reduce current bacterial indicator concentrations to the water quality objective of 126 MPN/100 mL. 

Table 3‐3 shows the daily amount of E. coli load at each compliance monitoring site based on average of 

DWF and bacterial indicator concentration (column 1). The basis for the values in Table 3‐3 is geometric 

means of dry weather E. coli concentrations and field measurement of flow from the 2007‐2008 dry 

season USEP monitoring, with a sample size of ~20 for most monitored drainages. Follow up 

monitoring performed in the 2011 dry season was used to update DWF rates from the 2007‐2008 dry 
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seasons USEP study. Further data collection planned in the CBRP inspection element will continue to 

provide information to update the assessment of dry weather compliance in the dry season. 

Concentration based TMDL numeric targets equal to the water quality objective of 126/cfu/100 mL were 

converted to an E. coli load (column 2). The difference between current E. coli loads at the compliance 

monitoring sites (column 1) and the TMDL numeric target load (column 2) is the total bacterial 

indicator reduction needed to achieve compliance (column 3). The portion of the current bacterial 

indicator load at the compliance monitoring sites attributable to measured MS4 sources is shown as a 

percentage in column 4 (see Table 3‐2 for details). This relative source contribution is applied to the 

total reduction needed in column 3 to approximate a target E. coli reduction for MS4 sources  

(column 5). 

Two conditions are apparent from comparing the bacterial indicators coming from the MS4 with the 

bacterial indicator reduction needed to achieve compliance: 

 E. coli load measured from all upstream MS4 discharges (Table 3‐2, column 5) is less than the 

load reduction that would reduce bacteria to the numeric targets (Table 3‐3, column 3). This 

makes it impossible to attain the water quality objective even if MS4 discharges were 

eliminated. Available data show this condition exists in both the Mill‐Cucamonga and Chino 

Creek watersheds. The recommended course of action is then to determine whether the 

unaccounted source of bacteria is from a controllable non‐urban source (e.g. agriculture, dairy 

etc.) or other non‐MSAR Permittee urban sources (Caltrans, state, federal and tribal lands) or if 

the source is naturally occurring and uncontrollable. 

 Conversely, E. coli load measured from all upstream MS4 discharges is greater than the load 

reduction needed to reduce bacteria to the numeric targets, then it may be physically possible 

to attain the water quality objective by reducing bacteria loads from MS4 outfalls. Available 

Table 3‐3. Relative Contribution to Bacterial Indicator Water Quality Objective 

Exceedances from MS4 DWFs 

Compliance Monitoring 
Location 

1 
Baseline Dry 
Weather E. 
coli (billion 
cfu/day) 

2 
Numeric 
Target1 
(billion 
cfu/day) 

3 
Total Bacteria 
Reduction 

Needed (billion 
cfu/day) 

4 
Contribution of MS4 
DWF to Bacteria at 

Compliance 
Monitoring Site 

5 
Bacteria 

Reduction Target 
from MS4 (billion 

cfu/day) 

Santa Ana River at 
MWD Crossing2 

267  226  41  35%  15 

Santa Ana River at 
Pedley Ave 2,3 

200  169  31  31%  10 

Chino Creek at Central 
Ave4 

171  55  116  31%  37 

Mill‐Cucamonga Creek 
at Chino Corona Rd 

662  95  567  12%  71 

1) Water quality objective is a rolling five sample geometric mean of E. coli of 126 MPN/100 mL. TMDL numeric target is 
expressed as daily bacteria load. 
2)  Bacteria generated in both Riverside and San Bernardino Counties, with most coming from Riverside County  
Values do not include the drainage area to the Santa Ana River at MWD Crossing 
4) Bacteria generated in San Bernardino County only 
5) Bacteria generated in both Riverside and San Bernardino Counties, with most coming from San Bernardino County 
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data show this condition exists for the two subwatersheds draining to the Santa Ana River 

compliance sites. Under this condition, the MS4 Permittees will implement BMPs within the 

MS4 drainage system and continue to collect water quality data to assess effectiveness. Options 

for implementation also could include a trading or offset approach for achieving compliance by 

mitigating unaccounted for sources of bacteria in lieu of directly controlling bacteria at MS4 

outfalls. The following section describes E. coli load reductions that would be achieved from 

planned water conservation BMPs upstream of the Santa Ana River watershed‐wide compliance 

monitoring locations. 

3.5  Water Quality Benefit Estimates 
Water quality benefits associated with implementation of the dry weather CBRP almost entirely rely on 

reduction or elimination of DWF from MS4 systems, through ordinance enforcement, water 

conservation, or structural controls. The most significant source of DWF flow from urban land uses in 

the MSAR watershed is irrigation excess. Therefore, one approach to demonstrate compliance would be 

to convert target reduction in E. coli (see column 5 of Table 3‐3) to an equivalent area of irrigated land 

for reduction or elimination of DWF. Section 3.5.1 performs this conversion from E. coli load reduction 

to irrigated area target for individual CBRP activities. Section 3.5.2 demonstrates how specific CBRP 

activities planned in MS4 areas upstream of the Santa Ana River watershed‐wide compliance sites have 

the potential to achieve adequate levels of implementation to provide for the implementation target, 

express as managed irrigated area.  

3.5.1  CBRP Activity Implementation Targets 
The DWF rate reduction that could provide the targeted E. coli reduction was approximated by 

assuming a concentration of E. coli in reduced or eliminated DWF. Water quality data is not available to 

characterize bacteria concentration in DWF from individual urban source areas prior to reaching MS4 

conveyance systems. However, it is generally accepted that DWF from urban source areas contains 

elevated levels of bacteria. For purposes of this compliance analysis, an E. coli concentration of 1,260 

cfu/100mL is assumed (10 times the geometric mean water quality objective for E. coli) for DWF that is 

reduced or eliminated from entering the MS4. Table 3‐4 shows the DWF reduction needed to provide 

the targeted E coli reduction for portions of the MS4 draining to the Santa Ana River compliance 

monitoring locations. CBRP activities in the small portion of Riverside County MS4 drainage area that is 

tributary to Mill‐Cucamonga Creek are not shown in this compliance analysis. DWF control in these 

MS4 areas will be implemented based on findings of the inspection program.   

The types of CBRP activities, described in Section 2 and Attachment C, that will be employed to reduce 

or eliminate DWF from entering the MS4 have different effectiveness, therefore levels of 

implementation needed to provide the full target DWF reduction are variable. Table 3‐4 shows the level 

of implementation that would be needed for each CBRP activity if it were to be used for the full DWF 

reduction target. Except for enhanced use of vacuum assisted street sweeping, levels of implementation 

shown in Table 3‐4 do not vary substantially. This analysis indicates that E. coli reduction targets may 

be achieved by water waste ordinance enforcement, water conservation BMPs, or structural BMPs 

managing roughly 1,000 acres of irrigated area. It is important to note that compliance will be continue 

to be measured by water quality monitoring data collected at the watershed‐wide compliance 

monitoring sites.  
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The basis used to quantify DWF generation and potential runoff reduction effectiveness of water 

conservation BMPs is from a recent study conducted by Metropolitan Water District of Orange County 

and Irvine Ranch Water District. The study evaluated the effectiveness of  Weather‐based Irrigation 

Controllers (WBICs) and landscape irrigation system audits for residential runoff reduction during dry 

weather (Jakubowski, 2008). Several key findings of this study provide estimates of DWF reduction that 

were used to quantify benefits of increased use of water conservation BMPs in the MSAR watershed, 

including:  

 DWF measurements downstream of a residential neighborhood showed approximately 500 

gal/irrigated acre/day . This rate is used to approximate the runoff reduction benefit of 

replacing grass lawns with artificial turf or native plants (i.e. no expected runoff following BMP 

implementation).  

 Education and outreach reduced DWF by ~190 gal/irrigated acre/day. This rate is used to 

approximate the runoff reduction from education and outreach BMPs, including an on‐site 

irrigation audit, and water waste enforcements. 

Table 3‐4. Approximate Level of CBRP Activity Implementation Needed to Achieve Target E. 

coli Reduction  

Compliance Monitoring Location 
Santa Ana River at 
MWD Crossing 

Santa Ana River at 
Pedley Ave 

Total 

Hydrologically Connected Drainage (total acres)  10,700  17,900  28,600 

Bacteria Reduction Target from MS4 (billion cfu/day)  15  10  24 

Approximate Target DWF Reduction (gal/day)1  305,000  206,000  512,000 

BMP Implementation necessary to provide target DWF Reduction (irrigated acres managed)2   

Enforce water conservation ordinances 3,6  690  470  1,160 

Replace grass with artificial turf 4  610  410  1,020 

Replace grass with native plants 4  610  410  1,020 

Installation of a WBIC 5  730  490  1,220 

Landscape irrigation audit 3,6  690  470  1,160 

Enhanced Sweeping 4,7,8  8,540  5,740  14,280 

WQMP with redevelopment 4  610  410  1,020 

Regional structural controls 4  610  410  1,020 

1) Assumes E. coli concentration in reduced of eliminated DWF of 1,260 cfu/100mL (10 times the geometric mean water quality 
objective for E. coli) 
2) Values presented show the level of implementation that would be needed if CBRP implementation employed a singular activity. 
Implementation of CBRP will involve a combination of these activities as well as ongoing source inspection. 
3)  DWF generation rate of 750 gal/irrigated acre/day for properties with targeted water waste ordinance enforcement or landscape 
irrigation survey outreach  
4) Average DWF generation rate of 500 gal/irrigated acre/day. Assume complete elimination for this amount of DWF for grass 
replacement BMPs, significant redevelopment projects, and regional structural controls. For vacuum assisted street sweeping, assume 
this DWF generation rate from tributary area   
5) DWF reduction of 170 gal/irrigated acre/day  from installing WBICs 
6) DWF reduction of 190 gal/irrigated acre/day  from conducting landscape audits 
7) Biweekly frequency of vacuum assisted street sweeping (day‐1) 
8) E. coli concentration of 1,260 cfu/100mL (10 times the geometric mean water quality objective  for E. coli) that would be 
attributable to release of bacteria from biofilms in street gutters. Assume vacuum assisted street sweeping eliminates biofilm for a 
period of one day 
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 Installation of a weather based irrigation controller on a large portion of the urban landscape 

provided DWF reduction of 170 gal/irrigated acre/day. 

Lastly, the effectiveness of street sweeping was quantified by estimating the E. coli load that would not 

be picked up as DWF that contacts street gutters if biofilm and other bacteria habitats were effectively 

removed. Assuming that the release of E. coli from biofilms and other habitats in street gutters is 

responsible for adding 1,260 cfu/100 mL of E. coli to DWF as it flows to the MS4, then the target flow for 

treatment (not reduction) would be equivalent to other CBRP activities that target DWF from 

individual properties. However, the frequency of street sweeping is an important consideration. 

Following a sweeping, biofilms and other habitats for bacteria will begin to buildup within the street 

gutter. Accordingly, it was assumed that street sweeping is effective at removing sources of bacteria 

from gutters for a period of 24 hours. Taking this assumption, a bi‐weekly street sweeping program 

would need to provide treatment for 14 times the irrigated area as the other proposed CBRP activities, as 

shown in Table 3‐4.  

3.5.2  Riverside MS4 Permittee Compliance 
It would be impossible to use just one CBRP activity to address the full E. coli load reduction target that 

would address the portion of controllable bacteria from MS4s needed to demonstrate compliance with 

the TMDL. Implementation of several of the CBRP activities shown in Table 3‐4 has already been 

initiated, such as water conservation BMPs by water purveyors, jurisdictions adaptation to LID in new 

development and significant redevelopment with modified  Water Quality Management Plan (WQMP) 

and landscaping (AB 1881) requirements, and incorporation of structural BMPs into CIP plans by the 

stormwater Permittees. Information regarding current and near term (prior to 2015) plans for 

implementation of activities that will reduce DWF in the Santa Ana River watershed is summarized in 

Table 3‐5. 

Table 3‐5. Estimate of Irrigated Area Addressed by RPU Outdoor Water Conservation BMPs 

Planned for Implementation prior to 2015 

Outdoor Conservation Measures 
Projected 2015 
Savings (AFY)1 

Targeted Outdoor 
Water Demand (AFY) 

Approximate Irrigated 
Area (acres)7,8 

Residential Assistance Surveys Top 5% of Users2,4  305  2,607  417 

CII Landscape Surveys and WBICs Direct Install Top 5% 
of Users3,5,6 

706  1,553  249 

Dedicated Irrigation Meter Surveys3,5  551  2,755  441 

Total  1,562  6,915  1,106 

1) Source: Riverside Public Utilities, Water Use Efficiency Master Plan, prepared by Kennedy/Jenks Consultants, July 2010 
2) Outdoor water use accounts for 53 percent of RPU’s residential demand 
3) Outdoor water use accounts for 44 percent of RPU’s commercial, industrial, institutional (CII) demand   
4) Water conservation savings of 6.2 percent is assumed for effectiveness of surveys/audits for residential customers   
5) Water conservation savings of 20 percent is assumed for effectiveness of surveys/audits for CII customers  
6) Water conservation savings of 20 percent is assumed for effectiveness of WBIC installations 
7) Irrigation demand of 55 in/yr based on CIMIS Station 44 at UC Riverside 
8) Excess irrigation water use factor of 1.5 for top 5% of users  
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Information gathered from surveys disseminated to the Riverside County stormwater Permittees 

following receipt of RWQCB comments on the December 31, 2010 draft CBRP helped to improve the 

characterization of planned water conservation BMPs, as well as other non‐structural or structural 

BMPs currently underway or planned for implementation prior to 2015 (see Attachment D). In addition, 

the City of Riverside Public Utilities provided its Water Use Efficiency Master Plan, which provided 

detailed information on water conservation BMPs planned for implementation prior to 2015. Table 3‐5 

shows how these BMPs alone could provide sufficient reduction in DWF to achieve the target 

implementation levels estimated in the previous section. The effectiveness of these measures would be 

determined by monitoring DWF at Tier 1 and 2 sites, with specific attention to Anza Drain and Box 

Springs Channel. Jurupa Community Services District (JCSD), the water purveyor for the Cities of 

Eastvale and Jurupa Valley, also has a water conservation program. These newly incorporated cities plan 

collaborate with JCSD to support implementation of outdoor water conservation BMPs in areas where 

DWF is found to be problematic.   

Redevelopment in the MSAR watershed prior to the December 31, 2015 compliance date may occur in 

0.5 percent of the hydrologically connected MS4 drainage area. (28,600 urban acres * 0.005 = 143 acres 

of redevelopment). Assuming 30 percent of land cover on properties that will be redeveloped had been 

irrigated, then the CBRP benefit of implementing updated development planning requirements is 43 

acres of irrigated area. This estimate is low relative to historical development rates, but redevelopment 

in the 2010‐2015 time‐period is expected to be reduced due to economic factors. 

The CBRP also includes other recommended specific BMPs that have the potential to reduce 

controllable urban bacterial indicator levels from urban DWF (see Attachment C). While these BMPs 

have been included to address potential urban bacterial indicator sources, the ability to quantify water 

quality benefits is greatly limited. For example, transient camps may be an important bacterial indicator 

source in certain areas, but the benefits of mitigation are unknown since studies have not been done to 

evaluate the water quality impacts of such camps under dry weather conditions. Given such limitation, 

the water quality benefits were not quantified. However, the potential reductions in bacterial indicator 

levels that will be achieved from implementing these BMPs provide an additional margin of safety 

toward achieving urban wasteload allocation by the compliance date.  

Lastly, the CBRP implementation strategy (see Figure 2‐4) provides a clear path for assessing DWF and 

bacteria from numerous small subwatersheds (upstream of 32 Tier 2 sites) for prioritizing 

implementation of DWF controls. In addition the CBRP includes a schedule (see Figure 2‐3) by which 

Permittees will make decisions to implement a structural BMP before December 2014, if non‐structural 

measures are determined to be ineffective, and then a stepwise process to budget/plan, design, permit, 

and construct projects. The Cities of Corona and Riverside, in partnership with RCFC&WCD are 

currently using this approach to implement two structural BMP projects in the MSAR watershed that 

will capture and infiltrate stormwater flows from urban areas tributary to the Middle Santa Ana River. 

These BMPs are not expected to provide any DWF reduction benefits toward meeting the E. coli 

reduction targets for this CBRP, but they will reduce small‐storm wet weather impacts and are exemplar 

of the types of structural BMPs and implementation process that could be used to address key MS4 

drainage areas of concern for dry weather bacteria.  

3.5.3  Role of Inspection Program in Achieving Compliance 
The inspection program involves rigorous monitoring of flow, bacterial indicators, and human sources 

of fecal bacteria indicators (using human Bacteroides markers) at key locations in the MS4. The purpose 
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of conducting such monitoring activities is to identify smaller portions of MS4 drainage areas that may 

be responsible for a disproportionate amount of bacterial indicators (referred to as a “hot spot”). The 

temporal variability of available bacteria indicator levels from downstream monitoring sites (from both 

the USEP study and watershed‐wide compliance monitoring) suggests that in some drainage areas, 

urban sources may be contributing to increases in downstream bacterial indicator levels. However, 

because of the high percentage of unaccounted‐for sources of bacterial indicators apparent in the 

system, to what degree the MS4 is a contributor to elevated bacterial indicator levels needs to be 

evaluated.  

The inspection program provides a means to identify urban sources and target mitigation activities. For 

instance, an MS4 outfall may be determined to be consistently dry or to contain a lower E. coli level 

than expected. If so, there would be no need to implement upstream BMPs for the purposes of reducing 

bacterial indicators. At the same time, the inspection program could identify drainage areas that 

generate DWF and have bacterial indicators at levels greater than was assumed in this quantification 

effort. Targeted BMPs within the watershed upstream would be prioritized and would likely provide 

more benefit than is estimated in this compliance analysis. Accordingly, the inspection program 

provides the information necessary to use an iterative adaptive watershed management approach, 

which allows for the best use of resources to mitigate controllable urban bacterial indicator sources. 

Moreover, data collected under the inspection program will provide the means to improve the basis for 

the relative source contribution analysis for bacterial indicators in receiving waterbodies.  

For example, RCFC&WCD initiated inspection activities in 2008 following the finding of the presence of 

a consistent human source of bacteria in Box Springs Channel (see Attachment C) and geometric means 

of bacterial indicators three times greater than for all USEP monitoring sites. The City of Riverside 

discovered that a single restroom toilet located in the Sam Evans Sports Complex on the RCC Riverside 

Campus was inadvertently connected to a storm drain pipe rather than a sewer line. Data collected after 

the elimination of this source of bacteria in Box Springs Channel indicated the elimination of human 

PCR markers in runoff from Box Springs Channel. Additional data from this site is being collected in the 

2011 dry season to verify the continued elimination of the human PCR makers.
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Section 4 
Wet Weather Condition Program 

The requirements for development of a dry weather condition CBRP include establishing a 

schedule for developing a wet weather condition CBRP (November 1st through March 31st) to 

comply with urban wasteload allocations for indicator bacteria by December 31, 2025. 

The RWQCB will issue the next MS4 permit on or after January 29, 2015 when the existing 

MS4 permit expires. Similar to the requirements contained in the existing MS4 permit, it is 

recommended that the next MS4 permit include a requirement to develop a CBRP for wet 

weather conditions. Given the expected challenges associated with compliance with 

wasteload allocations under wet weather conditions, the wet weather CBRP will require more 

time to develop. Accordingly, the earliest a draft wet weather condition CBRP will be 

submitted to the RWQCB for review will be 24 months following adoption of the next MS4 

permit. 

It should be noted however, that the Cities of Corona and Riverside, in partnership with 

RCFC&WCD are currently developing two structural BMP projects in the MSAR watershed 

that will capture and infiltrate stormwater flows from urban areas tributary to the Middle 

Santa Ana River. One project is located on Oak Street Channel and another is located in 

Mockingbird Canyon Reservoir. These projects are currently going through preliminary 

planning. 
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A.1 Introduction 
The MSAR MS4 permittees have been actively engaged in implementation of the 
MSAR Bacterial Indicator TMDL since its 2005 adoption by the RWQCB (almost two 
years before the TMDL became effective upon EPA approval in 2007). All TMDL 
requirements with specific completion dates from establishment of a watershed-wide 
monitoring program to adoption and implementation of the USEP have been met. The 
outcomes of the various TMDLs completed to date provide the foundation for this 
CBRP. Each of these activities is described in more detail below.  
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A.2 MSAR TMDL Task Force 
With formal adoption of the MSAR Bacterial Indicator TMDL on August 26, 2005, all 
responsible parties named in the TMDL began the process to create a formal cost-
sharing body, or Task Force, to collaboratively implement a number of requirements 
defined in the TMDL. Task Force participants include: 

 RCFC&WCD 

 County of Riverside 

 Cities of Corona, Norco, and, Riverside 

 San Bernardino County Flood Control District (SBCFCD) (representing the Cities 
of Chino, Chino Hills, Fontana, Montclair, Ontario, Rancho Cucamonga, and 
Rialto) 

 Cities of Pomona and Claremont (Los Angeles County, pending formal 
agreement) 

 Agricultural Pool and Milk Producers 

 U.S. Department of Agriculture, U.S. Forest Service 

 RWQCB 

 SAWPA 

SAWPA serves as administrator of the Task Force. In this role, SAWPA provides all 
Task Force meeting organization/facilitation, secretarial, clerical and administrative 
services, management of Task Force funds, annual reports of task force assets and 
expenditures and hiring of Task Force authorized consultants. All documents and 
presentation (including CBRP presentations to the Task Force) are posted on 
SAWPA’s project website at: www.sawpa.org/roundtable-MSARTF.html. 
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A.3 Proposition 40 State Grant 
In anticipation of EPA approval of the MSAR Bacterial Indicator TMDL, SAWPA, in 
cooperation with the urban dischargers (SBCFCD and RCFC&WCD) and on behalf of 
the Task Force submitted a California Proposition 40 grant proposal (“Grant Project”) 
to the State Board to support implementation of the TMDL. The State Board approved 
the Grant Project in fall 2006 and the project was initiated in early 2007. 

The overarching purpose of the Grant Project was to accelerate the TMDL 
implementation process by supporting efforts by urban dischargers to implement 
TMDL requirements, including the watershed-wide monitoring program and USEP 
(which are described in more detail below). Within this framework, the Grant Project 
focused on identifying sources of bacterial indicator contamination in the MSAR 
watershed and pilot testing BMP technologies designed to reduce bacterial indicators 
in storm drains (SAWPA 2010b). The results of these activities were used to support 
the development of this CBRP to achieve compliance with urban wasteload 
allocations during dry weather conditions.  
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A.4 Watershed-wide Compliance Monitoring  
Task 3 of the TMDL implementation plan required the responsible jurisdictions 
named in the TMDL to submit to the RWQCB for approval a proposed watershed-
wide compliance monitoring program. The purpose of this program is to provide the 
data necessary to review and update the TMDL as needed and evaluate compliance 
with the TMDL wasteload and load allocations. Using the Grant Project as a funding 
vehicle to initiate this TMDL task, the MSAR Task Force worked with the RWQCB to 
select compliance sites consistent with the purpose of this monitoring program. 
Compliance sites were selected based on two key criteria: 

 The sites should be located on waterbodies that are impaired and subject to 
Bacterial Indicator TMDL compliance requirements; and 

 The sites should be located in reaches of the impaired waterbodies where REC-1 
activity is likely to occur, i.e., there is an increased risk from exposure to pathogens. 

Based on these criteria, six watershed-wide compliance monitoring sites were selected 
originally as compliance sites (Table A-1). One of these sites, Icehouse Canyon Creek 
was later removed with RWQCB approval1. A Monitoring Plan and Quality 
Assurance Project Plan (QAPP) were prepared to support the monitoring program 
(www.sawpa.org/roundtable-MSARTF.html). Appendix B of the Monitoring Plan 
provides information regarding each of the monitoring sites listed in Table A-1. 

The RWQCB approved the Monitoring Plan and QAPP, and the Task Force initiated 
sampling in summer 2007. Weekly sampling occurs over a 20-week period during the 
dry season (April 1 – October 31) and an 11-week period during the wet season 
(November 1 – March 31). Four samples are collected during and after one wet 
weather event each year. This sampling program is implemented annually since 2007.  

                                                           
1 Bacterial indicator concentrations in Icehouse Canyon Creek were consistently non-detect. The MSAR 
Bacterial Indicator TMDL Taskforce and the RWQCB determined that this site is representative of water 
quality from natural background in higher elevation areas, and not representative of natural background 
in lowland areas, and therefore the site was removed from the list of compliance monitoring sites. 

Table A-1. Watershed-wide Monitoring Program Sample Sites 

MSAR Waterbody Sample Sites Site Code1 

Icehouse Canyon Creek 2 Icehouse Canyon Creek WW-C1 

Prado Park Lake Prado Park Lake at Lake Outlet WW-C3 

Chino Creek Chino Creek at Central Avenue WW-C7 

Mill-Cucamonga Creek Mill Creek at Chino-Corona Rd WW-M5 

Santa Ana River, Reach 3 
Santa Ana River Reach 3 @ MWD Crossing WW-S1 

Santa Ana River Reach 3 @ Pedley Ave WW-S4 
1 – Location of sites shown on Figures 3-8 through 3-11. 
2 – Icehouse Canyon Creek was removed from the list of watershed-wide compliance monitoring sites with 
RWQCB approval. 
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A.5 Urban Source Evaluation Plan  
The MSAR Bacterial Indicator TMDL required permitted MS4 discharges to develop 
the USEP within six months after TMDL adoption or November 30, 2007. Per Section 
4.1 of the TMDL (RWQCB 2005), the purpose of the USEP is to identify specific 
activities, operations, and processes in urban areas that contribute bacterial indicators 
to MSAR waterbodies. The plan should also include a proposed schedule for the 
activities identified and include contingency provisions as needed to reflect any 
uncertainty in the proposed activities or schedule.  

The urban dischargers developed a USEP as part of Grant Project implementation 
activities. The RWQCB approved the USEP as compliant with TMDL requirements on 
April 18, 2008 (RWQCB Resolution R8-2008-00442). The approved plan included a 
four step process for fulfilling the purpose of the USEP (as stated by the TMDL): 

 Step 1: Urban Source Evaluation Monitoring Program – The first step in the plan is to 
conduct a monitoring program at key sites to gather bacterial indicator source 
data associated with urban land uses.  

 Step 2: Risk Characterization – Step 2 couples the data obtained from Step 1 with 
other applicable watershed data to characterize the risk of exposure to bacterial 
indicators and prioritize urban sites for additional investigation. 

 Step 3: Site Investigations – This step describes the types of actions that may be 
implemented to further investigate urban bacterial indicator sources. Per the 
outcome of Step 2, site investigation activities would be focused on high priority 
sites first.  

 Step 4: Adaptive Implementation - As new data become available or if changes in 
recreational uses occur on waterbodies as a result of SWQSTF efforts, then site 
prioritization or the schedule for USEP implementation may change.  

A summary of the elements contained within each of these steps follows. The 
complete USEP is available at www.sawpa.org/roundtable-MSARTF.html. 

Urban Source Evaluation Plan Monitoring Program  
The MSAR Task Force implemented the urban source monitoring program during 
both dry and wet seasons in 2007 and 2008. Monitoring activities occurred at 13 
locations in the MSAR watershed, including all major subwatersheds that drain to 
waters listed as impaired for bacterial indicators in the MSAR watershed. Table A-2 
provides information on the location of each monitoring site. Additional information 
about each sample location is available in Appendix C of the Monitoring Plan 
available at www.sawpa.org/roundtable-MSARTF.html. 
 
 
                                                           
2 Available from the Regional Board’s website at:  
   www.waterboards.ca.gov/santaana/water_issues/programs/tmdl/msar_tmdl.shtml  
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To characterize bacterial indicator concentrations at each site (along with flow and 
other field parameters), samples were collected over four five-week periods in both 
the dry and wet seasons. Samples were collected from each site to identify sites where 
human, bovine or domestic canine sources of bacterial indicator were prevalent. 
Attachment B provides a summary of the results of this monitoring program (see also 
SAWPA 2009). While human and domestic canine sources have a high potential to be 
found in most portions of the MS4 system, bovine sources are likely to be restricted to 
areas potentially influenced by dairy farming activities. In the MSAR watershed, the 
number of dairy farms has declined significantly in recent years and will continue to 
be replaced with new urban development (SAWPA 2010c). 

Risk Characterization 
The USEP established a framework for prioritizing sites for follow-up investigation of 
urban sources of bacterial indicators based on a characterization of risk of exposure to 
pathogens. Three key factors drive the characterization process: 

 Exceedance Factor – The first factor to be evaluated in the framework is the 
frequency and magnitude by which the bacterial indicator exceeds the water 
quality objective. The greater the frequency and magnitude of recorded 
exceedances, the higher the likelihood that the contamination can be tracked back 
to its source. Intermittent, low intensity events are more difficult to detect and, 
therefore, more difficult to trace. 

Table A-2. Urban Source Evaluation Plan Monitoring Program Sample Locations 
MSAR 

Waterbody 
Waterbody 

Reach1 Sample Location Site Code2 

Santa Ana 
River Reach 3 

Santa Ana River (SAR) at La Cadena Drive US-SAR 

Box Springs Channel at Tequesquite Avenue US-BXSP 

Sunnyslope Channel near confluence with SAR US-SNCH 
Anza Drain near confluence with Riverside 
effluent channel US-ANZA 

San Sevaine Channel in Riverside near 
confluence with SAR US-SSCH 

Day Creek at Lucretia Avenue US-DAY 

Temescal Wash at Lincoln Avenue US-TEM 

Chino Creek 

Reach 1 Cypress Channel at Kimball Avenue US-CYP 

Reach 2 
San Antonio Channel at Walnut Ave US-SACH 
Carbon Canyon Creek Channel at Pipeline 
Avenue US-CCCH 

Mill-
Cucamonga 

Creek 

Prado Area 
Chris Basin Outflow (Lower Deer Creek) US-CHRIS 
County Line Channel near confluence with 
Cucamonga Creek US-CLCH 

Reach 1 Cucamonga Creek at Highway 60 (Above RP1) US-CUC 
1 -  Reaches are defined in the Basin Plan. 
2 – Location of sites shown in Attachment B 
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 Contagion Factor – Human beings, particularly children are believed to be at 
greater risk of infection from water-borne pathogens generated by other people 
(EPA 2007). Accordingly, the risk of illness resulting from recreational use is 
believed to be highest where microbial source tracking methods (e.g. Bacteroides) 
indicate the probable presence of human pathogens. After human sources, 
exposure to fecal contamination from agricultural animals is the next most 
important concern (EPA 2007).  

 Exposure Factor - A higher investigation/implementation priority should be 
assigned to locations and conditions where recreational activities are most likely 
to occur. Exceedances that occur in natural channels, during warmer months with 
relatively moderate flows, merit a higher priority than those that may occur in a 
concrete flood control channel during a winter rainstorm. This different priority is 
based on the assumption that the number of persons likely to be exposed is much 
higher in the first case than in the second. 

The factors described above drive the prioritization of urban source investigation 
activities established in the USEP. Figure A-1 provides a framework for priority 
ranking from high (1) to low (8). Generally speaking, the highest priority sites are 
those where: 

 Magnitude and frequency of bacterial indicator exceedance are high; 

 Bacteroides marker analysis indicates the persistent presence of human sources of 
bacterial indicators;  

 The site is in an area, or is close to an area, where recreational activities are likely 
to occur; and 

 Observed exceedances and the presence of human sources of bacterial indicators 
occur during periods when people are most likely to be present, e.g., during warm 
months and dry periods. 

Figure A-1. Risk Characterization Framework  
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In contrast, the lowest priority sites for urban dischargers would be those where the 
bacterial indicator exceedance frequency and magnitude is low, human or other 
urban sources, e.g., domestic dogs, are not present, and the site is not used for water 
contact recreation, e.g., a concrete, vertical walled flood control channel. Sites with 
bacterial indicators from agricultural sources are referred to the RWQCB for follow-
up action with agricultural dischargers.  

The exceedance, contagion and exposure factors provide the basic foundation for 
prioritizing sites or areas for further investigative activities. As appropriate, 
additional factors may be considered to more clearly define the priority between 
several sites with similar priorities based on the three base factors, as described above. 
For example, other relevant considerations may include regulatory factors, e.g., the 
waterbody may be reclassified as a result of Basin Plan changes or the source is 
determined to be uncontrollable. 

 The results of the 2007-2008 USEP monitoring program provided the first 
opportunity to rank sites based on the factors described above. This prioritization is 
still valid with regards to the preparation of this CBRP. However, as additional data 
are developed during CBRP implementation, priorities may be revised (as envisioned 
in Step 4 of the USEP). Attachment B summarizes the results of the 2007-2008 USEP 
program and how this information was used to prioritize TMDL implementation 
activities. 

Site Investigations 
The USEP describes the types of actions that may be implemented to further 
investigate urban sources of bacterial indicators. Investigative strategies would be 
developed at six month intervals to address the highest priority needs. In principle, 
resources would be directed to the high priority areas first; implementation activities 
in lower priority sites would occur only after high priority sites have been addressed. 
However, when necessary, the priority for any site can be elevated, particularly if new 
data become available that changes the priority for action.  

The USEP identifies three general types of investigative activities: Channel surveys; 
enhanced tracking methods; and controllability assessments. These activities would 
typically be implemented sequentially at a given site, e.g., complete channel survey 
work before implementing an enhanced tracking method, but a step could be skipped 
if the source of the elevated levels of bacterial indicators is generally known. 
Following is a summary of the investigative tools envisioned for implementation 
under each investigative activity type in the USEP:  

 Channel Surveys – Surveys may be conducted to better define sources of bacterial 
indicators. Example survey tools could include: 

- UAA development (consistent with SWQSTF methods) to refine application of 
the recreational uses in the Basin Plan. 
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- Source tracking studies in tributaries or outfalls to better define the urban 
sources of bacterial indicators. 

- Flow loading from tributaries and other outfalls to evaluate potential for these 
sources to contribute significant numbers of bacterial indicators. 

- Preliminary source reconnaissance to identify potential sources of bacterial 
indicators including (a) direct human sources (e.g., leaking sewers or septic 
systems, transient camps, illicit discharges); (b) domesticated animals 
associated with urban land use, especially areas where domesticated animals 
are concentrated; and (c) wildlife concentration areas (e.g., birds, rodents, 
squirrels, rabbits, feral cats and dogs)  

 Enhanced Tracking Methods – These methods provide a means to narrow down 
urban sources of bacterial indicators, including where to prioritize 
implementation efforts. Examples of tools that may be used to support enhanced 
source tracking include: 

- Evaluation of relative contribution of bacterial indicators by flow sources to 
determine which tributaries or drains contribute the most numbers of bacterial 
indicators to the waterbody. 

- Use of constituent-specific sampling (analgesics, hormones, caffeine, 
antibiotics, nutrients, surfactants, etc.) to identify potential flow sources.  

- Use of patterns and trends analyses to identify conditions under which 
elevated levels of bacterial indicators occur. 

 Controllability Assessments – Where a bacterial indicator source requiring 
mitigation is identified, the final step in the investigative process is to determine 
the controllability of the source. Controllability is largely dependent on the nature 
of the source. For example, elevated levels of bacterial indicators attributable to 
wildlife or impacts associated with use of the waterbody as a conduit for water 
transfers may limit the controllability of the source. In these instances, it may not 
be feasible to control the source. Controllability assessments will consider three 
alternatives:  

- Prevention (or source control) activities, including for example repair of all 
sewer leaks, better control of domestic animals, moving transient camps, 
stronger enforcement of illicit discharges, etc. 

- Construction of low flow diversions to intercept DWFs and send the water to a 
facility for recharge or to a regional wastewater treatment facility. 

- Use of on-site or regional BMPs, e.g., detention ponds, wetlands and bioswales 
for regional treatment. The practicability of using these facilities would be 
considered on a site-specific basis.  
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Adaptive Implementation 
Adaptive implementation is an iterative process commonly incorporated into TMDL 
implementation plans to provide a means to reassess compliance strategies based on 
new data or analyses. Given the large uncertainty associated with control of 
pollutants such as bacterial indicators, an adaptive implementation component was 
included in the USEP framework to provide opportunity, where appropriate, to 
reconsider priorities. This adaptive component has been carried forward into this 
CBRP. 

USEP Implementation  
The USEP contains an implementation schedule that centers around periodic 
implementation of source evaluation activities to identify sources of bacterial 
indicators for potential mitigation. Along with these activities, the USEP requires 
submittal of a semi-annual report to document ongoing and planned activities related 
to the management of urban sources of bacterial indicators. These reports have been 
submitted since July 2009. 

 In spring 2009 the Task Force established the first priority areas for further 
investigation based on the findings of the 2007-2008 USEP monitoring program and 
ongoing watershed-wide monitoring at the compliance sites (see Attachment B for a 
discussion of this prioritization process). In fall 2009 the Task Force authorized two 
USEP-based studies: 

 Source Evaluation Activities in Carbon Canyon Creek and Cypress Channels in 
San Bernardino County – The data analysis report prepared after completion of 
2007-2008 monitoring activities (SAWPA 2009a) prioritized the next steps for 
USEP implementation based on the risk characterization approach described 
above. USEP sample locations with a combination of the largest number of 
exceedances of bacterial indicator water quality objectives, highest levels of 
bacterial indicators, and most frequent indications of contamination by human 
sources were given the highest priority for additional source evaluation activities. 
Accordingly, the Cypress Channel subwatershed was ranked high for follow-up 
investigations. In contrast, the Carbon Canyon Creek subwatershed was ranked 
very low as both the frequency of exceedances of water quality objectives and the 
levels of bacterial indicators was relatively low.  

Both the Cypress Channel and Carbon Canyon Creek drainage areas were 
recommended for source evaluation studies. Evaluation of the Carbon Canyon 
Creek subwatershed was included to determine if any site-specific characteristics 
could be identified that provide insight into how to reduce bacterial indicator 
levels elsewhere. Source evaluation activities involved a desktop level 
characterization as well as field reconnaissance to identify subwatershed or in-
stream characteristics which may contribute to high or low levels of bacterial 
indicators at either site. A technical memorandum summarizing the findings of 
this effort was prepared (SAWPA 2010d).  
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 Dry Weather Runoff Controllability Assessment for Lower Deer Creek Subwatershed 
(Chris Basin) in San Bernardino County – SAWPA (2009a) identified Chris Basin as a 
high priority site for bacteria source evaluation activities. Given its location at the 
confluence of Cucamonga Creek and Lower Deer Creek, Chris Basin has the 
potential to be retrofitted for use as a regional treatment BMP for dry weather 
runoff. The USEP study evaluated opportunities to retrofit the site to capture 
DWFs and eliminate the existing dry weather discharge to Cucamonga Creek. A 
technical memorandum summarizing the findings of this study was prepared 
(SAWPA 2010e).  

Both of the above USEP studies recommended a number of follow-up actions 
applicable to both urban dischargers and the RWQCB. These actions will be 
incorporated as appropriate into future source evaluation activities conducted in 
these areas as the CBRP is implemented.  

Urban dischargers are currently implementing the following source evaluation 
activities: 

 During the 2007-2008 USEP monitoring program, human source bacteria were 
regularly detected and high bacterial indicator concentrations were present in Box 
Springs Channel. Following a local investigation in 2008, a sanitary/storm sewer 
cross connection was identified and corrected. Sampling is occurring in spring 
2011 to evaluate current bacterial indicator levels and verify that human source 
bacteria are no longer present. 

 When the USEP program was implemented in 2007-2008 no samples were 
collected from sites representing the Cities of Pomona and Claremont (portion of 
MSAR watershed in Los Angeles County). Sample collection is occurring under 
dry weather conditions in spring 2011 to provide a preliminary characterization of 
bacteria loading from this portion of the MSAR watershed.  

 A source evaluation study is currently being implemented to obtain additional 
information regarding the variability of dry weather flows in stormwater 
channels/outfalls in the MSAR watershed. The information gained from this effort 
is being combined with other available dry weather hydrology data to draw 
conclusions regarding characteristics of typical dry weather flows, especially the 
nature of their variability. These data have been incorporated into the flow 
analyses included in the CBRP’s compliance analysis.  

Findings from the above source evaluation activities carried out a part of USEP 
implementation will be reported through the MSAR Task Force. In the future, source 
evaluation activities described in this CBRP will supersede the USEP and become the 
focus of bacterial indicator source evaluation activities planned for the MSAR 
watershed. 
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A.6 Triennial Review Summary  
Task 6 in the implementation section of the MSAR Bacterial Indicator TMDL requires 
preparation of a water quality assessment every three years that summarizes the data 
collected for the preceding three year period and evaluates progress towards 
compliance with wasteload and load allocations. Referred to as a Triennial Report, the 
requirement for this assessment is also in the MS4 permit (Appendix 3, III.3.D.1.b). 
The first of these Triennial Reports was submitted to the RWQCB as required by 
February 15, 2010 (SAWPA 2010a).  

The Triennial Report findings, relevant to the MS4 wasteload allocation, are provided 
in Attachment B of this CBRP (the full report is available at 
www.sawpa.org/roundtable-MSARTF.html). These findings provide the baseline for 
the CBRP analysis that demonstrates that implementation of this CBRP is expected to 
achieve compliance with the wasteload allocation by December 15, 2015. Additional 
Triennial Reports will be prepared in 2013 and 2016 as part of CBRP implementation. 
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B.1 Middle Santa Ana River Watershed 
The following sections provide background information regarding the general 
characteristics of the MSAR watershed, including major subwatersheds, key 
jurisdictions and dominant land use.  

General Description 
The Santa Ana River watershed, located in southern California, encompasses an area 
of approximately 2,800 square miles. Surface water flows begin in the San Bernardino 
and San Gabriel Mountains and flow in a generally northeast to southwest direction 
to the Pacific Ocean. Flows are interrupted by a number a number of features ranging 
from groundwater recharge basins to Prado Basin Dam. The MSAR watershed 
encompasses an area of approximately 488 square miles and is located generally in 
the north central portion of the Santa Ana River watershed (Figure B-1).  

The MSAR watershed includes the southwestern part of San Bernardino County, the 
northwestern part of Riverside County, and a small portion of Los Angeles County 
(Figure B-1). Riverside County jurisdictions participating in this CBRP include the 
County of Riverside and the Cities of Corona, Norco, and Riverside (Figure B-2). The 
City of Eastvale recently incorporated in 2010 and will be required to be a participant 
in the CBRP.  Jurupa Valley is also in the process of incorporating and  currently 
incorporation is anticipated for July 2011. 

Lying within an arid region, limited natural perennial surface water is present in the 
watershed. Flows derived from mountain areas (snowmelt or storm runoff) are 
mostly captured by dams or percolated in recharge basins. In the transition zone from 
mountains to lower lying valley areas, the sources of surface water flows vary, e.g., 
dry weather urban runoff, such as occurs from irrigation, stormwater runoff during 
rain events, treated municipal wastewater discharges, water transfers, dewatering 
discharges and other permitted discharges, and  rising groundwater.  

The largest order waterbody in the MSAR watershed is Reach 3 of the Santa Ana 
River which flows from Mission Boulevard to Prado Basin Dam, where Prado Dam 
controls flows from the middle to the lower part of the Santa Ana River watershed. 
Downstream of Mission Boulevard, there is less channelization of the Santa Ana 
River, allowing for larger meanders and riparian habitat extent within a wider 
floodplain. A number of major tributaries to the MSAR exist, many of which have 
been modified for flood control purposes.  



Figure B-1. Santa Ana River Watershed 
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Based on 2000 census data, the population of the MSAR watershed is approximately 
1.4 million people. Much of the lowland areas are highly developed; however, a 
portion of the watershed remains largely agricultural - the area formerly known as the 
Chino Dairy Preserve. This area is located in the south central part of the Chino Creek 
Basin subwatershed. At the time of TMDL development the area contained 
approximately 300,000 cows (RWQCB 2005). As of January 2009, this number was 
down to about 138,500 (email communication, Ed Kashak, RWQCB, to Pat Boldt, 
representative of agricultural interests and MSAR Task Force member, December 8, 
2009). In recent years, the cities of Ontario, Chino, and Chino Hills annexed the 
unincorporated portions of this area in San Bernardino County. The remaining 
portion of the former preserve, which is in Riverside County, was recently 
incorporated in the City of Eastvale 
(http://www.rcip.org/pdf_files/maps_09_24_03/lowres/Fig3_4Eastvale.pdf). 

Major Subwatersheds 
The MSAR watershed is divided into several major subwatersheds to provide a basis 
for evaluating compliance with TMDL urban wasteload allocations. These 
subwatersheds drain to the following watershed-wide compliance points as 
established in the watershed-wide monitoring program (see Section 2.4) (Figure B-3; 
see Table A-1):  

 Chino Creek at Central Avenue (WW-C7) – No portion of this subwatershed is in 
Riverside County. 

 Mill-Cucamonga Creek at Chino-Corona Road (WW-M5) – With the exception of a 
small area in Riverside County, drainage area is mostly in San Bernardino County. 

 Santa Ana River at MWD Crossing (WW-S1) – Areas of both Riverside and San 
Bernardino Counties drain to this site. 

 Santa Ana River at Pedley Avenue (WW-S4) - Areas of both Riverside and San 
Bernardino Counties drain to this site. 

 Prado Park Lake (WW-C3) – Entire drainage area to this location is in San 
Bernardino County. 

Another important subwatershed in the MSAR watershed is Temescal Creek. 
Temescal Creek is tributary to the Prado Basin Management Zone, which is not listed 
as impaired. The RWQCB has not listed Temescal Creek as impaired by bacterial 
indicators and, therefore, no watershed-wide compliance monitoring location has 
been established on this waterbody. The confluence of Temescal Creek within the 
Prado Basin Management Zone is also well downstream of the watershed-wide 
bacterial indicator TMDL compliance monitoring site at Santa Ana River at Pedley 
Avenue.  

The Temescal subwatershed is very large and significant portions of the upper part of 
the drainage area are hydrologically disconnected from downstream areas (see also 
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Attachment B.2), including the portion upstream of Lake Elsinore, where the Lake 
Elsinore Spillway retains DWFs, and the Lake Mathews watershed. Lake Matthews, 
which is a water supply reservoir owned by Metropolitan Water District (MWD), has 
no allowable recreational use and there are no discharges of dry or wet weather flow 
from this reservoir. 

Jurisdictions 
Table B-1 summarizes the jurisdictional area of each MS4-permitted city and 
unincorporated county area that drains to each of the MSAR watershed-wide 
compliance monitoring locations. Although this CBRP only applies to areas within 
Riverside County, the jurisdictional areas outside of Riverside County are included in 
Table B-1 to illustrate the relative importance of Riverside and San Bernardino County 
MS4 programs to the watershed-wide compliance locations. 

Land Use 
Land use distribution has the potential to affect flow volume and bacterial indicator 
concentrations under dry weather conditions. Table B-1 provides the land use 
distribution for each jurisdiction in each of the areas draining to the watershed-wide 
compliance monitoring locations.  

Land use in the MSAR watershed includes a variety of categories as defined by the 
Southern California Association of Governments (SCAG 2005). Related categories 
were lumped together to reflect major types of land uses, e.g., agricultural or 
industrial related land uses. Figure B-4 illustrates the resulting spatial land use 
pattern, at least as most recently available in the 2005 SCAG dataset. Residential land 
uses make up the greatest fraction of urbanized drainage area in the MSAR watershed 
(~50 percent). In some areas there is more agricultural land use than urban. 
Accordingly, compliance activities targeted at agricultural lands might provide the 
most significant water quality benefits. These compliance activities are not the 
responsibility of the MS4 program; they are the responsibility of the agricultural 
dischargers named in the TMDL. 
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Table B-1. Jurisdictional area and percent land use in each of the major MSAR subwatersheds (areas outside of Riverside County 
included to show land use percentages of all areas draining to watershed-wide compliance sites). 

Jurisdictions within MSAR Subwatersheds 
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Chino Creek at Central Avenue (WW-C7) 54,607  

Chino 7,659 10% 15% 25% 5% 1% 4% 2% 38% 0% 
Chino Hills 6,125 6% 7% 0% 3% 0% 42% 2% 40% 0% 
Montclair 3,537 1% 24% 12% 5% 1% 4% 2% 51% 0% 
Ontario 2,721 3% 16% 6% 0% 1% 3% 4% 67% 0% 
Upland 5,161 0% 13% 17% 7% 0% 11% 1% 51% 0% 
Unincorporated San Bernardino 13,714 2% 1% 1% 1% 0% 81% 1% 13% 0% 
Claremont 3,011 0% 21% 2% 6% 0% 30% 8% 32% 1% 
Pomona 6,707 0% 15% 10% 6% 0% 9% 3% 57% 0% 
Unincorporated Los Angeles 5,972 0% 0% 0% 0% 0% 99% 0% 1% 0% 

Mill-Cucamonga Creek at Chino-Corona Road 
(WW-M5) 

55,456  

Chino 618 65% 0% 0% 2% 2% 26% 0% 5% 0% 
Ontario 18,006 20% 7% 19% 16% 1% 13% 2% 22% 0% 
Rancho Cucamonga 5,256 1% 10% 8% 6% 1% 11% 3% 60% 0% 
Upland 4,871 2% 10% 5% 7% 5% 4% 4% 62% 1% 
Unincorporated San Bernardino 13,860 0% 0% 0% 4% 0% 91% 0% 5% 0% 
Eastvale 2,815 32% 1% 10% 3% 5% 28% 1% 20% 0% 
Unincorporated Riverside 30 1% 0% 20% 59% 0% 19% 0% 1% 0% 

Prado Park Lake (WW-C3) 6,878  

Chino 2,255 45% 4% 1% 14% 10% 18% 5% 1% 2% 
Ontario 4,623 66% 2% 0% 3% 0% 6% 2% 21% 0% 

Santa Ana River at MWD Crossing (WW-S1) 65,017  
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Table B-1. Jurisdictional area and percent land use in each of the major MSAR subwatersheds (areas outside of Riverside County 
included to show land use percentages of all areas draining to watershed-wide compliance sites). 

Jurisdictions within MSAR Subwatersheds 
Drainage 

Area 
(acres)  
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Fontana 4,486 1% 9% 1% 2% 0% 33% 1% 53% 0% 
Rialto 11,490 0% 7% 13% 13% 4% 21% 1% 41% 0% 
Riverside 26,442 3% 11% 7% 5% 2% 25% 4% 43% 0% 
Unincorporated San Bernardino 5,867 4% 6% 12% 9% 1% 18% 3% 47% 0% 
Jurupa Valley 8,772 7% 5% 10% 5% 0% 34% 11% 28% 0% 
Unincorporated Riverside 7,155 7% 12% 1% 5% 3% 40% 22% 10% 0% 
San Bernardino 804 1% 11% 2% 7% 1% 10% 2% 66% 0% 

Santa Ana River at Pedley Avenue (WW-S4) 89,253  
Fontana 21,620 3% 9% 11% 8% 3% 25% 4% 37% 0% 
Norco 141 4% 0% 0% 1% 0% 35% 7% 53% 0% 
Ontario 3,819 0% 11% 59% 18% 0% 12% 0% 0% 0% 
Rancho Cucamonga 10,457 1% 8% 13% 17% 6% 23% 1% 31% 0% 
Riverside 12,990 14% 12% 4% 3% 1% 23% 2% 41% 0% 
Unincorporated San Bernardino 19,047 0% 4% 12% 7% 1% 67% 0% 9% 0% 
Eastvale 317 43% 1% 18% 29% 5% 3% 0% 1% 0% 
Jurupa Valley 17,952 5% 5% 11% 4% 1% 25% 10% 39% 0% 
Unincorporated Riverside 2,909 6% 2% 6% 10% 1% 23% 0% 52% 0% 

Temescal Creek 118,583 

Corona 18,879 5% 9% 8% 7% 4% 22% 3% 42% 0% 
Norco 2,372 4% 9% 4% 1% 1% 37% 4% 40% 0% 
Riverside 11,998 15% 11% 2% 2% 2% 23% 1% 44% 0% 
Unincorporated Riverside 85,333 4% 1% 2% 0% 2% 78% 1% 12% 0% 

Lake Mathews 24,671 

Riverside 6 0% 49% 0% 0% 0% 0% 0% 51% 0% 
Unincorporated Riverside 24,664 6% 3% 0% 0% 2% 54% 2% 22% 11% 

Other Drainages to Prado Basin 39,842  
Chino 8,440 47% 3% 4% 5% 1% 19% 6% 14% 1% 
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Table B-1. Jurisdictional area and percent land use in each of the major MSAR subwatersheds (areas outside of Riverside County 
included to show land use percentages of all areas draining to watershed-wide compliance sites). 

Jurisdictions within MSAR Subwatersheds 
Drainage 
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Chino Hills 7,626 0% 2% 1% 4% 3% 56% 5% 29% 0% 
Corona 3,483 0% 7% 23% 8% 0% 30% 4% 28% 0% 

Norco 6,328 4% 13% 1% 3% 2% 21% 1% 54% 1% 

Ontario 2,778 20% 12% 2% 5% 0% 3% 1% 57% 0% 
Rialto 4 0% 0% 0% 11% 0% 63% 0% 26% 0% 
Riverside 139 0% 0% 0% 1% 0% 98% 0% 1% 0% 
Unincorporated San Bernardino 127 11% 0% 0% 2% 0% 59% 23% 0% 5% 
Unincorporated Los Angeles 0 0% 0% 0% 0% 0% 100% 0% 0% 0% 
Eastvale 6,279 26% 1% 0% 4% 16% 19% 9% 25% 0% 
Jurupa Valley 382 13% 0% 0% 0% 0% 26% 11% 50% 0% 
Unincorporated Riverside 4,256 1% 1% 2% 13% 0% 46% 27% 6% 4% 
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B.2 Dry Weather Hydrology 
Regular flows exist in many MSAR waterbodies during dry weather conditions. 
Sources of flow during dry weather include: 

 Tertiary treated effluent from POTWs 

 Turnouts of imported water by the MWD purchased for groundwater recharge by 
water agencies in the Santa Ana River watershed 

 Groundwater inputs from areas of rising groundwater 

 Temporary de minimums discharges, such as well blow-offs 

 Water transfers between water agencies for conjunctive use programs 

 Authorized non-stormwater discharges (as defined by WDRs issued by the 
RWQCB)  

 Non-permitted discharges including Phase II MS4 discharges. 

Each of these sources of DWF has a different pathway and potential to transport 
bacterial indicators to receiving waterbodies. Thus, it is important to understand the 
relative role of each of these categories of DWF.  

Within the MSAR watershed, many MS4 drainage areas do not typically cause or 
contribute to flow at the compliance monitoring sites. DWF from these drainage areas 
is hydrologically disconnected from the TMDL receiving waterbodies, by either 
purposefully recharging groundwater in constructed regional retention facilities or 
through losses in earthen channel bottoms, where the recharge capacity of underlying 
soils exceeds dry weather runoff generated in upstream drainage areas (Figure B-5). 

Flow data was not available downstream of some portions of MS4 drainage areas; 
therefore it was necessary to approximate DWF from these areas to complete a water 
balance for each TMDL compliance monitoring site. Within the Chino Basin portion of 
the MSAR watershed, the Inland Empire Utilities Agency (IEUA) measures flow at a 
number of locations to quantify groundwater recharge for water supply benefit. For 
Riverside County MS4 drainage areas, this monitoring data is the geographically 
closest characterization of its type. Flow measurements, on days when DWF is 
predominantly from urban sources, suggest that DWF from urban sources occur at a 
rate of 100 gal/acre/day in the MSAR watershed, ranging from 20 to 280 
gal/acre/day (Table B-2). This is consistent with DWF generation rates developed to 
support the City of Los Angeles Integrated Resources Plan (2004), which estimated 
DWF rates from urban watersheds ranging from zero to 300 gallons/acre/day. Thus, 
it was reasonable to use a rate of 100 gal/acre/day to approximate urban sources of 
DWF from unmonitored MS4 outfalls that may be hydrologically connected to a 
TMDL waterbody. 
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Table B-2. Urban dry weather flow in MSAR watershed upstream of IEUA flow 
measurement locations 

Location 
Average Dry 

Weather Flow (cfs) 
Urban Runoff Rate 

(gal/ac/day) 

Grove Basin 0.04 111 

West State Street Storm Drain 0.05 19 

8th St. Storm Drain into 8th St. 0.17 82 

West Cucamonga Inlet @ 8th St. B 0.41 92 

Turner 1 Inlet from Cucamonga Cr 0.49 36 

Deer Creek Drop Inlet @ Turner 4 1.58 110 

Deer Creek @ 4th St. Overpass 1.06 105 

Turner 4 - Guasti Creek 0.19 219 

Lower Day Basin Forebay Storm Dr 0.02 63 

San Sevaine Basin 5 Storm Drain 0.19 81 

Victoria Basin Inlet 0.05 49 

RP3 Basin Distribution Channel Inlet 0.32 53 

Declez Channel at Live Oak 0.27 282 

Declez Channel by School 0.16 98 

Average of all Sites 100 
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The USEP flow measurements indicated that some tributaries have significantly 
greater DWF rates per acre of urbanized drainage area than would be expected solely 
from urban sources. In these cases, the presence of a non-urban source was 
determined to be responsible for the elevated DWF rates. At a few locations, field 
measured runoff equated to less than 100 gal/acre/day; therefore it was assumed that 
non-urban sources in these subwatersheds are negligible 

Mill-Cucamonga Creek   
DWF in Mill-Cucamonga Creek consists of primarily effluent from the IEUA RP1 
WRRF. Effluent from IEUA RP1 WRRF to Cucamonga Creek contributes ~27 cfs, 
ranging from 16 to 42 cfs (Table B-3). A berm in the center of Cucamonga Creek keeps 
effluent separated from DWFs from MS4 outfalls, from the discharge location for 
about 1 mile to Chino Avenue.  

MS4 drainage areas to Mill-Cucamonga Creek are predominantly within San 
Bernardino County, outside of the geographic planning area of this CBRP for 
Riverside County. A small portion of MS4 drainage area in currently unincorporated 
area of Eastvale may generate urban DWF that has the potential to reach Mill- 
Cucamonga Creek.  

Table B-3. Average Daily POTW Tertiary Treated Effluent  in the MSAR Watershed 

Treatment Facility Receiving Waterbody 
Dry Season 

(cfs) 

Riverside Water Quality Control Plant Santa Ana River Reach 3 49 

Colton/San Bernardino RIX Santa Ana River Reach 4 59 

Rialto WWTP Santa Ana River Reach 4 10 

IEUA RP1 WRRF Outfall 1  Cucamonga Creek 27 

IEUA RP1 WRRF Outfall 2  Prado Park Lake 8 

IEUA Carbon Canyon WRRF (CCWRF) Chino Creek 9 

Yucaipa Valley Water District Santa Ana River Reach 4 6 

Lee Lake WWTP Temescal Creek 0.9 

Corona WWTP No.1 and No.3 Temescal Creek 3.4 
Western Municipal Water District (WMWD) West 
Riverside WWTP Santa Ana River Reach 3 7 

Totals 180 

 

Santa Ana River at MWD Crossing 
Continuous DWF occurs in the Santa Ana River at the MWD Crossing. The primary 
source of this DWF is a combination of treated effluent from the Rialto WWTP and 
San Bernardino/Colton RIX facility. Combined, these sources of effluent discharge 
approximately 70 cfs to Reach 4 of the Santa Ana River, upstream of Riverside 
Avenue (B-3). There is typically no DWF in the Santa Ana River upstream of these 
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plants. Additional sources of DWF, listed below, occur between these effluent 
discharges and the MWD Crossing compliance location.  

In addition to the POTWs, DWF has been observed in outfalls from MS4 facilities 
along both sides of the Santa Ana River (USEP 2007-2008): 

 The Highgrove Channel and Agua Mansa Channel outfall to the Santa Ana River 
upstream of University Wash. In a 2002 field survey, the Highgrove Channel was 
dry and the Agua Mansa Channel contained a small amount of DWF that could not 
be measured (Clark and Clem 2002). Assessments of DWF in the upcoming years 
would be needed to ensure these conditions still exist and are typical of dry 
weather conditions in the MSAR. 

 The University Wash Storm Drain captures runoff from MS4 drainage areas in 
downtown Riverside. DWFs are retained either in Lake Evans in Fairmont Park or 
in the large open space downstream of the lake. These areas prevent DWFs from 
reaching the outfall to the Santa Ana River, as shown in Figure B-5 (personal 
communication with Steve Clark, May 10, 2010).  

 Box Springs Channel drains an urbanized subwatershed in the City of Riverside. 
DWF measured in this channel is approximately 3 cfs (average of USEP field 
measurements in 2007-2008) and may consist of either or both, nuisance flow from 
urban drainages in the City of Riverside and de minimus water from Riverside 
Public Utilities (RPU).  

 Sunnyslope Channel drains a low-density residential subwatershed in an 
unincorporated area of Riverside County. The headwaters of this channel are 
natural canyons within the Jurupa Hills. Measurements of 2-5 cfs from the ~5,000 
acre subwatershed suggest that DWF is influenced by rising groundwater. This 
conclusion is supported by the observation of flow from weep holes along the 
concrete channel wall. This DWF rate is comparable to a measurement of 3.1 cfs in a 
field survey by RCFC&WCD in 2002 (Clark and Clem 2002). 

Santa Ana River at Pedley Avenue 
The TMDL compliance monitoring site at Pedley Avenue (WW-S4) is approximately 5 
miles downstream of the MWD Crossing TMDL compliance monitoring site. Between 
these TMDL compliance monitoring sites, the Riverside Water Quality Control Plant 
(RWQCP) discharges ~50 cfs of treated effluent to the Santa Ana River (Table B-3). 
MS4 outfalls in this reach may be sources of DWF to the Santa Ana River. The most 
notable drainages with consistent DWF include: 

 Anza Drain contributes nuisance runoff from urban drainages in the south side of 
the City of Riverside. Flow measurements conducted in the 2007 dry season for the 
USEP showed median DWFs of 6 cfs; however, measurements taken in the 2011 dry 
season, following a wet hydrologic year, showed a median DWF of 2.6 cfs. The field 
data collected in 2011 involved a better cross section for flow gauging and more 
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readings for more precise measurement. The 2011 DWF measurements are more 
comparable to measurements taken during a single day field survey in 2002 by 
RCFC&WCD, which suggest that DWF flow is less than 1.5 cfs (Clark and Clem 
2002). DWF in Anza Drain is influenced by rising groundwater that is caused by 
current operation of the Arlington desalter. RCFC&WCD is currently working with 
WMWD to develop an approach that would improve groundwater yield and 
eliminate losses to surface water. 

 San Sevaine Channel DWF at the confluence with the Santa Ana River was highly 
variable during USEP sampling. In addition to nuisance flows (~1 cfs), there was a 
de minimus discharge of treated groundwater of approximately 7cfs from a pilot 
test by the Jurupa Community Services District during the 2007 dry season. In 
addition to urban DWF, there are intermittent turnouts from MWD’s transmission 
system to San Sevaine Channel at CB-13 and CB-18 for recharge in the San Sevaine 
and Jurupa Basins, respectively. These flows remain within San Bernardino County 
and do not reach the Santa Ana River. 

 Urban DWF from the Magnolia Center storm drain does not typically reach the 
Santa Ana River (Clark and Clem 2002; personal communication with Steve Clark, 
May 10, 2010).  

 Urban DWF from San Bernardino County jurisdictions in the Day Creek watershed 
are retained within the Riverside Basin. Therefore, all urban DWF reaching the 
Santa Ana River from the Day Creek subwatershed comes from Riverside County 
jurisdictions. USEP monitoring program flow measurements in Day Creek at 
Lucretia Avenue, just upstream of the River Trails Park golf course ranged widely 
from 0.05 cfs to 7 cfs. A field survey in 2002 by RCFC&WCD estimated DWF at this 
location to be ~0.2 cfs (Clark and Clem 2002). Additional flow monitoring is 
warranted at this site to adequately characterize this variability. In addition to 
urban DWF, there are intermittent turnouts from MWD’s transmission system to 
Day Creek at CB-15 for recharge in the Riverside Basin. These flows remain within 
San Bernardino County and do not reach the Santa Ana River. 



Attachment B 
Watershed Characterization 

A  B-17 

B.3 MS4 Facilities 
This section describes the MS4 facilities within the major subwatershed areas draining 
to each of the watershed-wide compliance locations. Based on available MS4 facility 
data, Figure B-6 illustrates the MS4 facilities including major outfalls to waterbodies 
for permittees in Riverside County. This figure illustrates the significant number of 
major outfalls that drain to each of the watershed-wide compliance monitoring 
locations.  

Figure B-7 provides an Index Map for subsequent detailed figures that depict key 
characteristics associated with the MS4 facilities located within each of the major 
MSAR subwatersheds. These figures include: 

 Temescal Creek subwatershed (Figure B-8) 

 Mill-Cucamonga Creek at Chino Corona Road (Figure B-9) 

 Santa Ana River at MWD Crossing (Figure B-10) 

 Santa Ana River at Pedley Avenue (Figure B-11) 

The following sections provide more detailed descriptions of the primary MS4 
characteristics and subwatershed features in each drainage area. The information on 
the physical characteristics of key waterbodies is provided as background to support 
the discussion regarding UAA opportunities in Attachment C.5
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Temescal Creek Subwatershed 
Temescal Creek extends from the Lake Elsinore outlet channel to Prado Basin. The 
subwatershed drains approximately 207 sq. mi. Although Lake Elsinore does drain to 
Temescal Creek, discharges would only be expected to occur during extreme 
hydrologic cycles. Downstream of Lake Elsinore, Temescal Creek can be subdivided 
into three segments based on channel characteristics. Table B-4 describes the key 
waterbodies in the Temescal Creek subwatershed and describes the channel 
characteristics (Figure B-8).  

Under normal hydrologic conditions Temescal Creek contains intermittent flows from 
water transfers and POTW tertiary treated effluent during the dry season. Typically, 
only reaches 1 and 2 of Temescal Creek are hydrologically connected to Prado Basin, 
with flow initiating from the small reservoir just south of Magnolia Avenue. 

Table B-4. Channel characteristics of Temescal Creek and key tributaries 

Reach Segments Description 

Temescal Creek 

Lake Elsinore Spillway to point 
upstream of Magnolia Ave. 

~19 mi reach with natural 
characteristics; 14 outfalls identified as 
potential DWF sources 

Magnolia Ave. to downstream of 
Cota Street 

~3 mi reach with trapezoidal and 
vertical concrete-lined banks 

Downstream of Cota Street 2.9 mi reach with natural 
characteristics 

Arlington Channel 

Headwaters to culvert section 
Trapezoidal concrete-lined reach 
(~0.75 mi) transitions to culvert (~0.25 
mi) reach 

Rectangular-lined segment west of 
La Sierra Ave to Temescal Creek 
confluence 

~4.7 mi rectangular lined reach 

La Sierra Channel Headwaters to Arlington Channel 
confluence 

Begins as culvert transitions to 
rectangular concrete-lined for 0.5 mi 
then to trapezoidal section; reverts to 
culvert then rectangular concrete-lined 
1.5 mi 

Main Street Channel Headwaters to Temescal Creek 
confluence 

~3.5 mi concrete-lined rectangular 
channel 

Oak Street Channel Headwaters to Temescal Creek 
confluence 

~ 4 mi concrete-lined rectangular 
channel 

Norco Channel Headwaters to Temescal creek 
confluence 

~ 3 mi rectangular concrete-lined and 
natural channel 
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Mill-Cucamonga Creek at Chino-Corona Road Subwatershed 
The area encompassed by the Mill-Cucamonga Creek watershed-wide compliance site 
is 70 mi2. Only a small portion of the lower part of the subwatershed receives runoff 
from Riverside County – the lower portion of Cucamonga Creek. In addition to the 
mainstem Cucamonga Creek, key tributaries include (Table B-5, Figure B-9): 

 Demens Creek in San Bernardino County - This channel drains a 5.7 mi2 
subwatershed. It may be divided into two segments – one above and the other 
below the detention basins that capture flows from undeveloped canyon areas in 
the headwaters.  

 Upper Deer Creek in San Bernardino County - This channel drains an 18 mi2 
subwatershed. It may be divided into two segments – one above and the other 
below the detention basins that capture flows from undeveloped canyon areas in 
the headwaters. 

  Lower Deer Creek in San Bernardino County –– This waterbody drains a small 
subwatershed (~10 mi2) entirely within the City of Ontario MS4 system. The 
SBCFCD owns and operates Chris Basin at the downstream end of Lower Deer 
Creek just upstream of the confluence of Lower Deer Creek with Cucamonga 
Creek. As a result of poor infiltration rates in the Chris Basin (due to soil 
characteristics), DWFs drain through the basin to Cucamonga Creek.  

 County Line Channel in Riverside and San Bernardino Counties – This waterbody 
consists of a concrete-lined channel in the lower part of the subwatershed drains a 
small subwatershed (~6 mi2). This channel drains subwatershed with mixed land 
use both north and south of the county line. 

 West Cucamonga Channel in San Bernardino County – This channel is ~8.2 miles of a 
combination of concrete-lined rectangular and trapezoidal reaches; upper reach of 
this segment drains to 8th Street Basins. 

 In addition to the tributaries described above, the Cucamonga Storm Drain in San 
Bernardino County also discharges to Cucamonga Creek. Other potentially 
important storm drain facilities that discharge to tributaries to Cucamonga Creek 
include the Alta Loma Storm Drain and the East State Storm Drain.
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Santa Ana River at MWD Crossing Subwatershed 
The area upstream of this monitoring location encompasses the upper portion of the 
MSAR watershed (Figure B-10). In addition to drainage within the MSAR watershed, 
this portion of the MSAR receives flows from Santa Ana River Reach 4, but typically 
only during wet weather. Within the MSAR watershed, water flowing to this location 
drains 101 mi2, much of it in Riverside County. Within San Bernardino County, the 
only key tributary or source of water to Santa Ana River Reach 3 upstream of the 
MWD Crossing is the Rialto Channel (Figure B-10). In Riverside County, key 

Table B-5. Characteristics of channels draining to the Mill-Cucamonga Creek 
watershed-wide compliance monitoring location 

Reach Segments Description 

Cucamonga Creek  

Headwaters to Cucamonga 
Canyon Dam (not included on 
Figure B-9) 

Discharge from undeveloped canyon 
headwater area captured by Cucamonga 
Canyon Dam 

Below Cucamonga Canyon 
Dam to Hellman Avenue 

14 mi concrete-lined reach; includes 
discharge from RP1 WRRF 

Hellman Ave. to Chino-
Corona Rd 0.25 mi concrete-lined trapezoidal reach 

Chino-Corona Rd to Prado 
Basin 3.4 mi earthen bottom trapezoidal reach 

Demens Creek 

Headwaters to Detention 
Basin 

Discharge from undeveloped canyon 
headwater area captured by detention 
basin 

Below Detention Basin to 
Cucamonga Cr. confluence 2.2 mi concrete-lined reach 

Upper Deer Creek 

Headwaters to Detention 
Basin 

Discharge from undeveloped canyon 
headwater area captured by detention 
basin 

Below Detention Basin to 
Cucamonga Cr. confluence 3.6 mi concrete-lined reach 

Lower Deer Creek (Chris 
Basin) 

Headwaters to Chris Basin at 
Cucamonga Cr. confluence 2.1 mi concrete-lined reach 

County Line Channel Headwaters to Cucamonga 
Cr. confluence 2.6 mi concrete-lined reach 

West Cucamonga Creek Headwaters to Cucamonga 
Cr. confluence 

8.2 mi combination of culvert and 
concrete-lined rectangular and 
trapezoidal reaches; upper reach of 
segment drains to 8th Street Basins 

Cucamonga Storm Drain Headwaters to Cucamonga 
Creek confluence 

1.6 mi reach of concrete lined 
rectangular and culvert  
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tributaries or sources of flow to Santa Ana River Reach 3 upstream of MWD Crossing 
include (Table B-6, Figure B-10): 

 High Grove Storm Drain in Riverside and San Bernardino Counties – This drain has a 
trapezoidal concrete-lined segment at the headwaters that transitions to a natural 
segment. Approximately, 1.25 miles upstream of its confluence with the Santa Ana 
River, the channel is a trapezoidal lined segment. 

 University Wash in Riverside County – This channel is a combination of culvert and 
trapezoidal concrete-lined segments (4.2 mi). 

 Box Springs in Riverside County – Draining ~ 31 mi2 area, this channel may be 
divided into two segments – an upstream engineered segment and a short natural 
segment at its confluence with the MSAR.  

 Sunnyslope Channel in Riverside County - This channel drains an approximately 6 
mi2 area in unincorporated areas of Riverside County. It may be divided into two 
segments – an upstream engineered segment and a short natural segment at its 
confluence with the MSAR.  

 MS4 Outfalls Along Santa Ana River – Several MS4 outfalls are located along the 
Santa Ana River in this area. 

 

Table B-6. Characteristics of channels in Riverside County draining to the Santa Ana 
River MWD Crossing watershed-wide TMDL compliance monitoring site 

Reach Segments Description 

High Grove Storm Drain Headwaters to Santa Ana 
River confluence 

2.8 mi concrete-lined trapezoidal reach 
except for 1 mi natural segment  

University Wash 
Headwaters to east of Santa 
Ana River; open channels are 
1 mi east of Santa Ana River 

Combination of 4.2 mi concrete-lined 
trapezoidal reach and 2 mi of culvert 
reaches 

Box Springs Headwaters to confluence 
with Santa Ana River 

0.2 mi vertical, concrete-lined channel for 
entire length except last 0.5 mi prior to 
confluence with MSAR 

Sunnyslope Channel 

Headwaters to point where 
segment transitions from 
concrete-lined to natural 
channel (Rancho Jurupa 
Park) 

3.0 mi reach with trapezoidal concrete-
lined banks 

Upstream end of natural 
section (Rancho Jurupa Park) 
to Santa Ana River 
confluence 

0.4 mi reach with natural banks and 
bottom; in 2007, section not hydrologically 
connected to MSAR during dry weather 
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Santa Ana River at Pedley Avenue Subwatershed 
This subwatershed (126 mi2, not including the portion of the Santa Ana River Reach 3 
watershed upstream of the MSAR Reach 3 MWD Crossing watershed-wide TMDL 
compliance monitoring site) generally encompasses the portion of the MSAR 
watershed upstream of Prado Basin Dam and below the MSAR Reach 3 MWD 
Crossing TMDL compliance monitoring site. This drainage area receives flow from 
the portion of the MSAR above the MWD Crossing TMDL compliance monitoring 
site. In addition, flow is received from three key tributaries. The upper reaches of two 
of these tributaries are located in San Bernardino County (Table B-7, Figure B-11):  

 Anza Drain in Riverside County - This subwatershed encompasses a ~ 21 mi2 area. 
The Anza Drain may be divided into two segments – an upstream engineered 
segment and a short natural segment just above its confluence with the MSAR. 
The natural segment at the confluence receives effluent from the RWQCP prior to 
discharging to the MSAR. Surveys conducted by the RWQCP facility (reported by 
the Stormwater Quality Standards Task Force) have noted that recreational 
activity is relatively common in the area (as compared to other areas in the MSAR 
watershed).  

 San Sevaine Channel - This channel drains approximately 51 mi2 and may be 
divided into two segments – a headwaters area that discharges to the San Sevaine 
Basins upstream of the MS4 (in San Bernardino County) and a lengthy engineered 
segment, the lower part of which is in Riverside County. Two important 
tributaries to San Sevaine Channel include the Highland Channel and Declez 
Channel. The Highland Channel enters San Sevaine in the upper part of its 
watershed in San Bernardino County. Declez Channel enters San Sevaine Channel 
in the lower part of the watershed in Riverside County, but the upper part of this 
channel is in San Bernardino County. Declez Channel is ~4.7 miles in length with 
a rectangular lined segment from the headwaters that transitions to a trapezoidal 
segment (except for a short culvert section) upstream of its confluence with San 
Sevaine Channel. 

 Day Creek/Etiwanda Channel – The Day Creek drainage area encompasses an 
approximately 51 mi2 area. It has one major tributary - Etiwanda Channel. The 
mainstem of Day Creek may be divided into four segments with varying 
characteristics and the Etiwanda tributary may be divided into two segments, a 
portion that is upstream of the MS4 (and in San Bernardino County) and an 
engineered downstream segment. 
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Table B-7. Characteristics of channels draining to the Pedley Avenue MSAR watershed-
wide TMDL compliance monitoring site (Note: the upper portions of San Sevaine 
Channel and Day Creek are located in San Bernardino County) 

Reach Segments Description 

Anza Drain 
Headwaters to Arlington Avenue Vertical-walled, concrete-lined channel 

Arlington Avenue to confluence with 
MSAR Channel with natural characteristics 

San Sevaine 
Channel & 
Tributaries 

Headwaters to San Sevaine Basins Discharge from headwater area captured by 
San Sevaine Basins 

San Sevaine Basins to confluence with 
MSAR 

11 mi concrete-lined reach from San 
Sevaine Basins to confluence with MSAR 

Highland Channel - Headwaters to 
confluence with San Sevaine Channel 2.5 mi concrete-lined trapezoidal reach 

Declez Channel - Headwaters to 
confluence with San Sevaine Channel  

~2.5 mi concrete-lined rectangular segment 
and 2.2 mi concrete lined trapezoidal reach; 
lower portion including confluence with San 
Sevaine Channel is in Riverside County. 

Day Creek & 
Tributaries 

Headwaters to Day Creek Basins Discharge from undeveloped areas captured 
by Day Creek Basins 

Day Creek Basins to south of 63rd St 11 mi concrete-lined reach  - lower end of 
this reach is in Riverside County 

Limonite Avenue to Lucretia Avenue 0.6 mi earthen bottom trapezoidal channel – 
within Riverside County 

Lucretia Avenue to confluence with 
MSAR 

Natural characteristics – within Riverside 
County 

Etiwanda Channel - Headwaters to 
concrete-lined segment 

Discharge from undeveloped areas captured 
in detention basins 

Etiwanda Channel - Beginning of 
concrete-lined segment to confluence 
with Day Creek  

8.5 mi concrete-lined for entire length except 
for short segment between Foothill 
Boulevard and the Etiwanda Conservation 
Basins on either side of I-10 Fwy 
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B.4 Baseline Water Quality 
Water quality monitoring in the MSAR watershed to support TMDL implementation 
has been ongoing since 2007 at all five watershed-wide compliance monitoring 
locations. To date, this effort has included (see also Attachment A): 

 Collection of 20 bacterial indicator samples during each dry season (April 1 – 
October 31), under dry weather conditions in 2007, 2008, 2009 and 2010. 

 Collection of 11 bacterial indicator samples during each wet season (November 1 – 
March 31), under dry weather conditions in 2007-08, 2008-09, 2009-10, and 2010-
11.  

 Collection of 4 bacterial indicator samples during and after a wet weather event in 
each of the wet seasons of 2007-08, 2008-09, 2009-10, and 2010-11. 

 Collection of approximately 20 bacterial indicator samples during dry weather 
conditions in both dry and wet seasons from 13 USEP monitoring program 
locations in 2007-2008. 

In addition to TMDL-related monitoring, sampling has been conducted by the 
RCFC&WCD to fulfill Riverside County MS4 permit monitoring requirements. The 
following sections summarize baseline water quality for bacterial indicators in the 
MSAR watershed. Detailed information is available in data reports prepared to 
support TMDL implementation: SAWPA (2009a) summarizes the findings from the 
2007 dry season and 2007-08 wet season monitoring; SAWPA (2009b) and SAWPA 
(2009c) summarize the findings from the 2008 dry and 2008-2009 wet seasons, 
respectively; SAWPA (2009d) and SAWPA (2010c) summarize the results from the 
2009 dry and 2009-2010 wet seasons; and SAWPA (2010f) summarizes the results from 
the 2010 dry season; and SAWPA (2011) summarizes results from the 2010-2011 wet 
season, respectively.  

Watershed-wide Compliance Monitoring 
Table B-8 and Figure B-12 present the geometric mean, median, and coefficient of 
variation of the E. coli concentrations from samples collected during dry weather in 
the dry and wet weather seasons at each of the compliance monitoring locations3,4. 
Although Prado Park Lake is not located within Riverside County, information on 
this waterbody is provided for informational purposes. 

Generally, E. coli concentrations within the Santa Ana River are lower than in Chino 
Creek and Mill-Cucamonga Creek. E. coli concentrations in Prado Park Lake are also 
                                                           
3  Similar data are available for fecal coliform, but are not presented in this document (they may be 

viewed in the SAWPA references provided above). It is expected that the Regional Board will adopt a 
Basin Plan amendment in 2011 replacing fecal coliform water quality objectives with E. coli 
objectives. Accordingly, all bacterial indicator summaries and analyses in this CBRP are based on E. 
coli. 

4  The wet season data collected under dry conditions is provided in this CBRP for informational 
purposes only. This CBRP only applies to dry weather conditions from April 1 – October 31. 
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comparatively low. These summary statistics are presented to provide an overall view 
of water quality; actual measures of attainment of proposed E. coli water quality 
objectives are based on geometric mean calculations from samples collected over a 
period of no more than 30 days. Exceedances of E. coli water quality objectives 
expected to be adopted in the ongoing Basin Plan amendment process (see Section 
1.2.2) occur regularly at all sites. In addition, exceedances of the TMDL urban 
wasteload allocations regularly occur.  

Figures B-13 through B-17 illustrate the pattern in single sample and geometric mean 
results for E. coli over the 2007-2010 period for all five compliance monitoring sites. In 
general, the observed overall dry weather season geometric mean E. coli 
concentrations at each watershed-wide TMDL compliance monitoring site declined 
over the period from 2007-2009, but then increased in 2010 (dry season). Bacterial 
indicator concentrations remain well above the urban wasteload allocations at the 
Mill-Cucamonga Creek and Chino Creek compliance monitoring sites.  
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Table B-8. Summary statistics for E. coli levels (cfu/100 mL) and data variability by sample location during dry weather conditions in 
the dry and wet seasons (2007-2010) 

Site 

Dry Season Wet Season 

N 
Geometric 

Mean 
Median 

Coefficient 
of Variation1 N 

Geometric 
Mean 

Median 
Coefficient 

of Variation1 

Prado Park Lake (WW-C3) 57 80 80 0.25 48 178 145 0.20 

Chino Creek at Central Ave 
(WW-C7) 55 394 370 0.13 46 256 215 0.19 

Mill-Cucamonga Creek at 
Chino-Corona Rd (WW-M5) 56 877 770 0.11 44 284 260 0.21 

Santa Ana River at MWD 
Crossing (WW-S1) 58 149 140 0.12 41 132 130 0.21 

Santa Ana River at Pedley 
Ave (WW-S4) 55 149 140 0.14 43 116 120 0.20 
1 - Coefficient of variation was calculated using natural log-transformed data 

 
 
 

 

 

 

 

 

 

 



Attachment B 
Watershed Characterization 

A  B-33 

 

Figure B-12. Box-Whisker Plots of E. coli levels in samples collected under dry weather conditions during the dry 
season (red) and wet season (blue) at MSAR watershed-wide TMDL compliance monitoring sites 
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Figure B-13. Time series plot of E. coli single sample results and geometric means for samples collected from Prado Park Lake 
(WW-C3, 2007-2011). Geometric mean was calculated only if five samples were collected during the previous five weeks. 
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Figure B-14. Time series plot of E. coli single sample results and geometric means for samples collected from Chino Creek (WW-
C7, 2007-2011). Geometric mean was calculated only if five samples were collected during the previous five weeks. 



Attachment B 
Watershed Characterization 

A  B-36 

 

Figure B-15. Time series plot of E. coli single sample results and geometric means for samples collected from Mill-Cucamonga 
Creek (WW-M5, 2007-2011). Geometric mean was calculated only if five samples were collected during the previous five weeks. 
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Figure B-16. Time series plot of E. coli single sample and geometric mean results for samples collected from Santa Ana River @ Pedley 
Avenue (WW-S4, 2007-2011). Geometric mean was calculated only if five samples were collected during the previous five weeks. 
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Figure B-17. Time series plot of E. coli single sample and geometric mean results for samples collected from Santa Ana River @ MWD 
Crossing (WW-S1, 2007-2011). Geometric mean was calculated only if five samples were collected during the previous five weeks. 
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Table B-9 summarizes the frequency of compliance with single sample and geometric 
mean Basin Plan REC-1 water quality objectives proposed for E. coli (235 cfu/mL for 
single sample and 126 cfu/mL for geometric mean) during dry weather conditions in 
the dry season 2007-2010. At some locations there has been an improvement in 
compliance frequency since data collection began in 2007, e.g., as observed at the 
Santa Ana River watershed-wide compliance monitoring locations. 

Table B-9. Compliance frequency for E. coli under dry weather conditions during the 
2007 -2010 dry seasons (as compared to proposed Basin Plan objectives for E. coli) 

Site 

Single Sample Criterion Exceedance 
Frequency (%) 

Geometric Mean Criterion Exceedance 
Frequency (%) 

2007 2008 2009 2010 2007 2008 2009 2010 

Prado Park 
Lake 20% 30% 5% 5% 64% 50% 0% 6% 

Chino Creek 100% 85% 35% 55% 100% 100% 88% 100% 

Mill-Cucamonga 
Creek 100% 95% 100% 95% 100% 100% 100% 100% 

SAR @ MWD 
Crossing 40% 15% 5% 30% 91% 58% 44% 63% 

SAR @ Pedley 
Ave. 27% 25% 5% 5% 82% 75% 44% 19% 

Urban Source Evaluation Plan Monitoring 
The USEP monitoring program (2007-2008) analyzed bacterial indicator levels and 
sources (using microbial source tracking [MST] tools) to characterize key urban MS4 
facilities in Riverside and San Bernardino Counties. The MSAR Task Force used the 
2007-2008 USEP data results to prioritize steps for mitigating controllable urban 
sources of bacterial indicators within the MSAR watershed. High priority sites 
included those where: 

 Magnitude and frequency of bacterial indicator exceedances was high; 

 Microbial source tracking analysis indicated presence of human sources of 
bacterial indicators relatively frequently;  

 Site is in an area, or is close to an area, where water contact recreational activities 
are likely to occur; and 

 Observed bacterial indicator exceedances and presence of human bacterial 
indicator sources occur during periods when people are most likely to be present, 
e.g., during warm months and dry weather periods. 

In contrast, the lowest priority sites for urban dischargers would be those where the 
bacterial indicator exceedance frequency and magnitude is low, human or other 
urban sources, e.g., dogs, are not present, and the site is not used for water contact 
recreation, e.g., the site is a concrete-lined, vertical-walled flood control channel. 



Attachment B 
Watershed Characterization 

A  B-40 

A complete summary of USEP monitoring results may be found in SAWPA (2009a). 
Compliance with Basin Plan objectives was evaluated using geometric mean and 
single sample results (Table B-10). Geometric means of bacterial indicator levels were 
calculated only when at least five sample results were available from the previous five 
week period. Bacterial indicator levels frequently exceeded water quality objectives at 
most of the sampling locations. Despite this commonality, the range of bacterial 
indicator levels varied significantly among sites (Figure B-18).  

MST analyses detected bacterial indicators originating from human sources at some 
sites. The detection frequency of bacterial indicators originating from human sources 
indicated that some tributaries to impaired waterbodies could pose a greater risk of 
contributing harmful pathogens to downstream waters than others (Table B-11). Sites 
were ranked based on three factors: 

 Frequency of exceedances of water quality objectives (RF) 

 Magnitude of bacterial indicator concentration (RC) 

 Number of detections of human source bacteria (RD) 

From these ranks, a single normalized index referred to as a Bacterial Prioritization 
Score (BPS) was calculated using the following equation:  

 

 

Table B-12 shows the relative ranks and computed BPS for each of the subwatersheds 
represented by USEP monitoring locations. These BPS values are being used as the 
basis for prioritizing TMDL implementation activities within each of the areas 
draining to watershed-wide compliance monitoring locations. This analysis shows 
that highest priority drainage areas within larger subwatersheds are Box Springs and 
Lower Deer Creek (Chris Basin). In contrast, drainage areas that appear to be of low 
priority include Sunnyslope Channel and Carbon Canyon Creek.   

The source of human bacteria in the Box Springs channel was determined to come 
from an illicit connection from a Riverside Community College restroom. This illicit 
connection was corrected in May 2008, as described in Attachment B.4.4 below.  
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Table B-10. Compliance frequency based on proposed E. coli water quality objectives at USEP monitoring program sites 
during dry weather 

USEP Site 

Single Sample Criterion 
Exceedance Frequency (%) 

Geometric Mean (cfu/100 mL) Geomean 
Criterion 

Exceedance 
Frequency 

(%) 
Dry Season Wet Season 

Dry Season 
2007 

(7/14 – 8/11) 

Dry Season 
2007 

(9/1 – 9/29) 

Wet Season 
2008 

(1/19 – 2/16) 

Wet Season 
2008 

(1/26 – 2/23) 

Anza Drain 80% 25% 380 638 177 341 100% 
Box Springs Channel 89% 75% 1,149 4,793 655 939 100% 
Carbon Canyon Cr.1 20% 25% 44 84 200 177 50% 
Chris Basin1 80% 100% 1,758 429 1,530 1,447 100% 
County Line Channel2 80% 50% 1,194 n/a n/a n/a 100% 
Cucamonga Creek1 50% 38% 74 262 176 356 50% 
Cypress Channel1 100% 100% 4,745 1,981 n/a n/a 100% 
Day Creek2 71% 60% n/a n/a n/a n/a n/a 
San Antonio Channel1 78% 56% n/a 718 2,085 1,394 100% 
SAR @ La Cadena2 100% 50% n/a n/a n/a n/a n/a 
Sunnyslope Channel 20% 33% 165 204 72 207 75% 
San Sevaine Channel2 75% 83% n/a n/a n/a n/a n/a 
Temescal Cr. 89% 43% 491 3,127 162 143 100% 
1 – Site in San Bernardino County 
2 – Site receives DWF from both counties 
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Figure B-18. E. coli levels at USEP monitoring program sites during dry weather 
conditions  
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Table B-11. Summary of human source bacteria detections at USEP monitoring 
program sites 

USEP Site N 

Number of 
Detections of 

Human Sources 
(Maximum N = 20) 

Frequency of 
Detection 

Anza Drain 20 1 5% 

Box Springs Channel 20 18 90% 

Carbon Canyon Creek1 20 0 0% 

Lower Deer Creek (Chris Basin) 1 20 5 25% 

County Line Channel2 7 0 0% 

Cucamonga Creek1 20 1 5% 

Cypress Channel1 14 1 7% 

Day Creek2 15 1 7% 

San Antonio Channel1 19 3 16% 

San Sevaine Channel2 7 3 43% 

Santa Ana River at La Cadena2 20 3 15% 

Sunnyslope Channel 16 2 13% 

Temescal Creek 20 1 5% 
1 – Site in San Bernardino County 
2 – Site receives DWF from both counties 

Table B-12. Bacteria Prioritization Score for USEP monitoring program sites 

Site 

Relative Rank of Bacterial Indicator Water Quality 

Normalized 
BPS 

Frequency of 
Single Sample 
Exceedance 

(RF) 

Magnitude of 
Exceedance 

(RC) 

Proportion of 
Human Detect 

(RD)) 

Box Springs Channel 11 13 13 100 
Chris Basin Outflow1 12 11 11 78 
Cypress Channel1 13 12 7 59 
San Antonio Channel1 6 9 10 29 
Santa Ana River @ La Cadena2 5 8 12 26 
San Sevaine Channel2 10 4 8 17 
Day Creek2 8 6 6 15 
County Line Channel2 9 10 1 5 
Cucamonga Creek1 3 7 3 3 
Anza Drain 4 5 3 3 
Temescal Creek 7 2 3 2 
Sunnyslope Channel 1 3 9 1 
Carbon Canyon Creek1 1 1 1 0 
1 – Site in San Bernardino County 
2 – Site receives DWF from both counties 
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MS4 Monitoring Activities 
Monitoring activities conducted by the Riverside County stormwater program in the 
MSAR watershed predominantly focus on sampling wet weather conditions. 
However, DWF samples have been collected from three locations in Riverside 
County: 

 Magnolia Center storm drain in the City of Riverside; 

 North Norco Channel at 2nd Street in the City of Norco; and  

 Line K storm drain in the City of Corona. 

Table B-13 shows E. coli concentrations from dry weather sampling events for the 
period of 2005 through 2010. Generally, dry weather E. coli concentrations are higher 
than in receiving waterbodies. However, it is important to note that DWFs from the 
Magnolia Center storm drain (where sample collection was most frequent) are 
typically recharged within the floodplain of the Santa Ana River and, therefore, not 
hydrologically connected to the Santa Ana River. Data from the other Riverside 
County monitoring sites shows that DWFs do not occur very often at these sites 
(blanks mean no sample was collected because the site was dry.   

Table B-13. Results of MS4 program monitoring for E. coli during dry weather in Riverside 
County from 2005 to 2009 (MPN/100 mL) 

Date 
Magnolia Center 

Storm Drain 
N. Norco Channel 

at 2nd Street 
Corona NPDES Site 

(Line K near Harrison) 
University Wash 

Channel 

3/30/2005 130 40 -- -- 

6/13/2005 1100 -- -- -- 

2/9/2006 500 -- -- -- 

5/30/2006 600 -- -- -- 

8/23/2006 2400 -- 5000 -- 

12/7/2006 7 -- -- -- 

5/15/2007 500 -- 3000 -- 

9/26/2007 130 -- -- -- 

3/20/2008 700 -- -- -- 

6/24/2008 200 -- 8000 -- 

11/19/2008 200 -- -- -- 

4/1/2009 200 -- 200 -- 

6/16/2009 5000 -- -- -- 

9/29/2009 800 -- -- -- 

3/29/2010 200 -- -- 400 

6/28/2010 200 -- -- 200 
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Special Water Quality Studies 
Data collected by the USEP monitoring program showed that DWFs in Box Springs 
Channel contained a persistent source of human Bacteroides, a molecular marker used 
to determine if human source bacteria are present in samples. RCFC&WCD initiated 
an IC/ID investigation in January 2008 to attempt to track down this persistent 
source. Coincidentally, during the same time, the City of Riverside was also 
reviewing plans to replace a sewer line running near Box Springs Channel. While 
performing dye tests on lateral sewer lines, the City discovered that a single restroom 
toilet located in the Sam Evans Sports Complex on the Riverside Community College 
Riverside Campus was inadvertently connected to a storm drain pipe rather than a 
sewer line. It is likely that the error occurred when the restroom was originally 
constructed. To correct the problem, the cross-connected toilet was removed in May 
of 2008 and the sewer lateral was later capped to prevent any accidental recurrence. 

Subsequent sampling in February 2009 indicted that bacterial concentrations were 
lower than recorded the previous summer. In addition, two separate samples 
analyzed by the Orange County Water District were both negative for the presence of 
Bacteroides. In September of 2009, another sample collected from Box Springs Channel 
did indicate the probable presence of low levels of human bacteria.  

Between April 19 and May 19, 2011, RCFC&WCD conducted sampling activities at 
Box Springs Channel for dry weather flow and bacterial water quality. Samples were 
analyzed for Bacteroides to determine the presence of human source bacteria. Results 
for each sample date are listed below: 

 April 19, 2011:  Negative for human source bacteria 

 April 27, 2011:  Negative for human source bacteria 

 May 3, 2011: Negative for human source bacteria 

 May 11, 2011: Negative for human source bacteria 

 May 19, 2011: Negative for human source bacteria 

Analyses for human sources bacteria were negative for all weekly samples and 
support the presumption that the cross connection at the single restroom toilet was 
the source of the human bacteria in 2007-08 USEP monitoring. 
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C.1 Introduction 
This section describes the CBRP program planned for implementation by the 
Riverside County Permittees to achieve compliance with urban wasteload allocations 
under dry weather conditions. The CBRP program relies on a combination of 
ordinance adoption or revision, implementation of specific BMPs, a comprehensive 
inspection program (i.e., source evaluation program), development of UAAs, and 
where determined necessary, regional treatment (with options ranging from 
ultraviolet disinfection, natural treatment systems to diversions to POTWs). The 
recommended approach focuses both on the elimination of DWFs from MS4 facilities 
and reductions of urban bacterial indicator sources.  

As discussed in CBRP Section 1.5.1, Section VI.D.1.c.i of the Riverside County MS4 
permit lists the requirements for preparation of the CBRP. These requirements call for 
the inclusion of four key program elements. These elements and their corresponding 
reference in the CBRP are as follows: 

 Ordinances – Element 1 

 Specific BMPs - Element 2 

 Inspection Criteria – Element 3 

 Regional Treatment – Element 4 

The following sections describe the CBRP program activities planned for 
implementation under each of these elements. 
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C.2 Element 1 - Ordinances  
The CBRP requires the identification of specific ordinances that will be adopted 
during implementation that reduce the levels of indicator bacteria in urban sources. 
Two options for ordinance adoption are described in the sections below: Water 
Conservation and Pathogen Control.  

Water Conservation Ordinance 
A number of water conservation ordinances have been established by Riverside 
County jurisdictions to address outdoor water use efficiency (see Table 5-1). The 
Cities of Corona, Norco, and Riverside and WMWD are required to comply with the 
Urban Water Management Plan Act (UWMP) and prepare an UWMP every five years.  
As part of the UWMP requirements, these agencies are required to address water 
waste prohibitions during normal water conditions and during various stages of 
water shortages (catastrophic interruptions and during droughts).  To varying 
degrees, the jurisdictions have adopted water conservation ordinances incorporating 
these requirements.  

Under normal water conditions, water conservation ordinances prohibit specific 
outdoor water use activities that have the potential to create DWF in the MS4.Normal 
water conditions are when there are no expected shortages in water supplies. 
Specifically, prohibited activities during normal water conditions may include 
allowing runoff to leave a property from over-irrigation, washing of impervious 
surfaces, and failure to repair leaks. Actual prohibitions vary by the adopted 
ordinances of the water purveyors as illustrated in Table C-1. During water shortages 
the ordinances for the City of Corona and WMWD correspondingly further limit 
water use, including outdoor water use and subsequently the potential to create 
further DWFs, in relation to the degree of the shortage such as limiting outdoor water 
use to specific days, hours, and durations.  

Water Efficient Landscape Ordinance 
The Water Conservation in Landscaping Act of 2006, Assembly Bill 1881 (AB 1881),  
requires adoption of the Model Water Efficient Landscape Ordinance designed to 
improve public and private landscaping and irrigation practices for new development 
projects or rehabilitation of significant landscape areas. The ordinance reduces 
outdoor water waste through improvements in irrigation efficiency and selection of 
plants requiring less water. The ordinance requires development of water budgets for 
landscaping, use of recycled water if available, routine irrigation audits and 
scheduling of irrigation based on localized climate. For existing landscapes greater 
than one-acre in size, the water purveyors are required to implement programs, such 
as irrigation water use analyses, irrigation surveys, and irrigation audits to reduce 
landscape water use to a level not exceeding the Maximum Applied Water Allowance 
(MAWA) as specified in the ordinance. Landscape audits are required to be 
conducted by a certified landscape auditor. Local purveyors are also required to 
prevent outdoor water waste resulting from inefficient landscape irrigation and 
establish penalties for violating these prohibitions. Specifically, local purveyors are to 
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prohibit runoff from leaving the targeted landscape areas. Riverside County 
jurisdictions have already adopted landscaping and irrigation ordinances that are at 
least as stringent as the statewide guidelines developed to support implementation of 
AB 1881. 

CBRP Implementation: Generally speaking, the Permittees’ ability to enforce water 
conservation and water efficient landscape ordinances on their own is somewhat 
limited. Local water districts measure water use, set rates, and set water use policies, 
including fines for water waste. Local stormwater ordinances can complement these 
measures, but water district participation and implementation of the conservation 
requirements is critical to a successful water conservation program that also provides 
water quality benefits. Accordingly, CBRP activity in the area of water conservation 
ordinance enforcement will be coordinated with water local water purveyors, as 
follows: 

 City of Corona – City of Corona Department of Water 

 City of Norco – City of Norco Department of Water 

 City of Riverside – Riverside Public Utilities and Western Municipal Water District 

 Cities of Eastvale and Jurupa Valley – Jurupa Community Services District 

Table C-1. Existing Water Conservation Ordinances within the Riverside County Portion 
of the MSAR Watershed  

Jurisdiction 
Ordinance 

Name 
Applicability Key Prohibitions 

City of Corona Water 
Conservation City of Corona 

• Any irrigation water leaving the property 
• Failure to repair a water leak 
• Use of water to wash any impervious 

surfaces 

City of Norco Water 
Conservation City of Norco • Failure to repair a water leak 

City of Riverside Water 
Conservation Most of City of Riverside • Any irrigation water leaving the property 

Jurupa Community 
Services District 

Water 
Conservation Jurupa and Eastvale 

• Any irrigation water leaving the property 
• Failure to repair a water leak 
• Use of water to wash any impervious 

surfaces 
• Scheduling of spray irrigation between 

the hours of 8:00 am and 8:00 pm

Western Municipal 
Water District 

Water 
Conservation 

Part of City of Riverside 
and portions of 
unincorporated Riverside 
County 

• Any irrigation water leaving the property 
• Failure to repair a water leak 
• Use of water to wash any impervious 

surfaces 

County of Riverside Water Efficient 
Landscaping 

Countywide – properties 
with greater than 1 acre 
of landscaping 

• Any irrigation water leaving the property 
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 Southeast part of City of Riverside and unincorporated Riverside County – Western 
Municipal Water District  

For all of the MS4 Permittees, water conservation ordinances have recently been 
updated and there are no plans to modify ordinance language. 

For the City of Norco, DWFs will be addressed through specific BMPs (see Element 2) 
rather than modify existing water conservation authority. For the cities of Corona and 
Riverside, Eastvale and Jurupa Valley, and County of Riverside, adequate authority 
exists, but enforcement levels need to be increased. All of these evaluations will be 
coordinated with water purveyors. 

Bacterial Indicator Control Ordinance 
Bacterial indicator control through ordinance development is a component of the 
Riverside County MS4 permit:   

Riverside County MS4 Permit Section VIII.C – “Within three (3) years of 
adoption of this Order, the Co-Permittees shall promulgate and implement 
ordinances that would control known pathogen or Bacterial Indicator 
sources such as animal wastes, if necessary.” 

With a permit adoption date of January 29, 2010, this MS4 permit requirement must 
be addressed by January 29, 2013. The permit language specifically mentions animal 
wastes but could address other bacterial indicator sources as well.  

The City of Norco already has an established ordinance to address management and 
disposal of manure from animal keeping properties. This ordinance requires residents 
to maintain their animal keeping properties and provides the City of Norco authority 
to impose penalties and fines if properties are not properly maintained. 

Many other municipalities have existing ordinances regarding pet waste but typically 
address this issue under general nuisance provisions and as a prohibited discharge 
(e.g., discharges not composed entirely of stormwater and which contains any 
pollutant, from public or private property). Typical ordinances make unlawful the 
failure to exercise due care or control over an animal such that solid waste is to 
allowed to be deposited on any public sidewalks, parks or other public property, or 
private property other than that of the owner. 

CBRP Implementation: Existing ordinances do not establish specific requirements to 
properly dispose of pet waste with accompanying penalties for failure to comply. As 
part of CBRP implementation, the Permittees will re-visit existing ordinances that 
address any type of animal waste and look at ways to enhance waste management 
requirements, compliance and enforcement. For example, a bacterial indicator control 
ordinance could specifically require owners/keepers of pets to properly dispose of 
pet waste that is deposited on any property, whether public or private. Proper 
disposal would be defined as placement of pet waste in waste receptacles or 
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containers that are regularly emptied or to a sanitary sewage system for proper 
treatment. Penalties or fines could be also included. 

In addition to the above recommendations, it is possible that during implementation 
of the inspection program (see Element 3), additional ordinance needs may be 
identified that could be addressed through a bacterial indicator control ordinance. 
This potential will be evaluated continually during CBRP implementation. 
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C.3 Element 2 - Specific BMPs 
The CBRP requires the identification of specific BMPs that will be implemented to 
reduce bacterial indicator levels in receiving waters. The following sections describe 
in no particular order the specific BMPs that have been incorporated into the CBRP. 
These BMPs range from programmatic activities that set the stage for other CBRP 
elements (e.g., DWF inspections) to specific activities that can reduce DWFs or control 
bacterial indicators at the source. Some of the recommended BMPs are also MS4 
permit requirements, which will be noted as appropriate. In addition, some of these 
BMP activities may be coordinated between Riverside and San Bernardino County to 
streamline the level of effort required to implement the activity. 

Transient Camps 
Transient encampments near receiving waters or within MS4 facilities are often cited 
as a potential source for bacterial indicators and a reason for closure of these 
encampments. As this source of bacterial indicators is directly associated with human 
waste / human pathogens, this is a high priority source for control.  It is not certain to 
what degree water quality is impacted by these encampments, especially under dry 
weather conditions. However, facilities for proper management of human and food 
wastes are typically not present at transient encampments. A difficulty in addressing 
transient encampments as a source of bacterial indicators is that they are transitory, 
existing for periods that may range from days to weeks. In some instances, sites may 
be used intermittently by transients. Two essential questions need to be evaluated 
prior to fully engaging in a process that involves eliminating transient camps that 
have the potential to impact water quality: 

 Where are transient encampments in relation to the MS4?  Transient encampments are 
commonly located under bridges, in channels, or near or adjacent to waterbodies 
within the flood control facility right-of-way or within a natural channel. 
RCFC&WCD owns and operates the vast majority of MS4 that can support 
transient encampments.  Through annual inspections of its MS4, the RCFC&WCD 
identifies encampments within its MS4 that are a threat to public health and safety 
or downstream receiving waters.  These encampments are relocated and cleaned 
through a coordinated program with local municipalities, social service providers 
and law enforcement.   

Encampments outside of MS4 rights-of-way may also provide a threat to water 
quality in some cases. To assist in source evaluations for specific MS4 facilities, the 
Riverside County Permittees can conduct reconnaissance to identify locations for 
transient encampments that may have the highest potential to impact water quality 
as part of their source assessment program. As transient encampments are mobile, 
it is appropriate to conduct reconnaissance after source assessments indicates a 
potential human contamination to a specific MS4. 

 What is the water quality impact of transient encampments?  Once a transient 
encampment has been identified as part of an MS4 inspection or source assessment 
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follow-up, an investigation can be conducted to examine to what degree transient 
activities, including illicit discharges, are impacting DWFs. It may be possible that 
such encampments are more of a wet weather concern. Such an investigation may 
include field observations of camp activities and water quality sampling upstream 
and downstream of selected camps located adjacent to waterbodies. 

Based on the findings from the above activities, an evaluation of the potential benefits 
of enhancing existing transient encampment management strategies to focus on 
eliminating camps near waterbodies will be made. Specifically, this evaluation will 
look at the social, financial impacts of program enhancement relative to the water 
quality benefits achieved as compared to other bacterial indicator reduction strategies. 
This evaluation is needed prior to implementation since camp closure requires 
participation by multiple agencies, which will tax already limited resources, e.g., law 
enforcement, public works, environmental health, and social services. 

If the decision is made to expand efforts to regularly eliminate transient encampments 
outside of the MS4 to support CBRP implementation an area-wide model program 
will be developed to guide jurisdictional agencies. For example, The Center for 
Problem-Oriented Policing and the U.S. Department of Justice Office of Community 
Oriented Policing Services developed Homeless Encampments (2009 guidance 
document), which presents recommended steps for closing down transient camps. 
These steps are summarized as follows: 

 Visit encampment to identify the number of occupants and any hazardous 
conditions - This initial step is critical as it provides information regarding what 
additional local resources (law enforcement, public works, and social services) 
would be required to close the camp.  

 Determine jurisdiction for multi-agency coordination – The exact location of the 
encampment determines which municipal entities and department should be 
involved.  

 Arrange alternative shelter prior to removal of individuals from encampments to 
prevent legal challenges. 

 Engage transient advocacy groups to explain what process will be followed and 
what alternative shelter arrangements are available; this will ease tensions and 
controversy prior to implementing camp closure activities.  

 Understand jurisdictional laws regarding removal of transient/ property to 
prevent latter claims of violations of such laws. 

 Provide and post written advance notice to camp occupants that they are 
trespassing, provide a deadline to vacate and remove all property, and identify 
location(s) of alternative shelter. 



Attachment C 
Comprehensive Bacterial Indicator Reduction Program 

A   C-8 

 Issue citations after passage of the first deadline and notify occupants that they are 
subject to arrest and property seizure if the camp is not vacated after a second 
deadline.  

 Conduct arrests if occupants have not vacated and removed property by second 
deadline. 

 Clean-up site after camp has been vacated, and remove and cut back 
foliage/natural cover as this action tends to remove incentive for the camps to be 
rebuilt in the same location; it also provides unobstructed views of the area.  

 Inspect the site periodically to ensure camp is not reestablished. 

 Post signage prohibiting establishment of encampments in the area. 

Within the area under the jurisdiction of the Bacterial Indicator TMDL, the City of 
Corona and RCFC&WCD have implemented similar strategies to the one described 
above. The City of Corona previously participated in a transient task force that 
consisted of the Public Works Department, Code Enforcement, and Corona Police 
Department FLEX Team (a unit specifically formed to address community-specific 
needs). The purpose of this joint effort was to seek out transient encampments where 
there was indication of occupants engaged in activities other than loitering in areas of 
the City, including Prado Basin (e.g., activities such as sleeping and eating). Corona’s 
strategy involved two basic scenarios:   

 If an encampment was located and found to be occupied, the subjects were 
advised that they were trespassing and should leave the area removing all 
possessions in the process.  

 If an encampment was observed to be unoccupied, notice was left advising of 
trespass and a timeframe was posted that provided opportunity for residents to 
remove their property. If the property had not been removed by the noticed date, 
local authorities would remove and dispose of the property.  

The City of Corona Code Enforcement staff observed that it was very common to find 
in the vicinity of the encampments a “bathroom area” with evidence of human feces 
left on the ground. Unknown is to what degree these areas impact water quality 
during the dry season.  

CBRP Implementation: The following activities will be implemented as part of this 
BMP:  

 RCFC&WCD conducts comprehensive inspections for transient encampments 
within itsMS4 facilities tributary to 303(d) listed waterbodies through the 
RCFC&WCD’s ongoing MS4 inspections.  Non-MS4 encampments are not an 
initial priority. 
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 Transients in District’s MS4 removed via cooperative program with police, social 
services, environmental health and RCFC&WCD staff. 

 If transient camps outside of MS4 are identified as a significant potential bacterial 
indicator source in DWFs during subsequent MS4 source evaluation studies, the 
Permittees will determine the need to develop a model program for mitigating 
water quality impacts from transient encampments. Illicit Discharge, Detection 
and Elimination Program (IDDE) 

The MS4 permit for Riverside County requires the development of an IDDE program 
(MS4 permit Section IX.D). This effort is to supplement ongoing MS4 permit 
implementation activities to eliminate illegal connections and illicit discharges to the 
MS4. The purpose of this program is to reduce or eliminate DWFs from entering the 
MS4 system by identifying and eliminating such flows through aggressive inspection 
and enforcement activities. Elimination or reduction of DWFs to the MS4 is one of the 
key CBRP strategies for reducing bacterial indicators in the MS4.  

RCFC&WCD recently revised its illicit connection/illicit discharge (IC/ID) portion of 
its consolidated monitoring program to incorporate new Permit requirements for an 
illicit discharge detection and elimination (IDDE) program. Specifically, the MS4 
Permit requires the following items to be addressed through the IDDE program: 

 Inventory and map of Permittees’ MS4 facilities and Major Outfalls to Receiving 
Waters; 

 Schedule to conduct and implement systematic investigations of MS4 open 
channels and Major Outfalls; 

 Use of field indicators to identify potential Illegal Discharges; 

 Method to track Illegal Discharges to their sources, where feasible; and 

 Public education about Illegal Discharges and Pollution Prevention where 
problems are found or reported. 

The revised IC/ID incorporates a desktop assessment to identify and prioritize MS4 
segments within each jurisdiction for inspection activities. Using the information from 
the desktop assessment (in progress, completion expected in December 2011), each 
Permittee’s LIP will identify a schedule for performing field reconnaissance of MS4 
facilities within Permittee jurisdictions so that all Major Outfalls within its jurisdiction 
are visited within the term of the MS4 Permit (i.e., by January 29, 2015). Field 
reconnaissance activities will include, at a minimum, visual observation of DWF or 
staining indicating recent presence of DWF, and if flow is present, field measurements 
for flow, pH, temperature, and specific conductance. Field measured parameters will 
be evaluated to determine if source of DWF may be from an illicit discharge according 
to the following criteria: 

 Specific Conductance >25 percent higher than the water quality objective 
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 pH below 6.0 or above 9.5 

 Temperature that is unusual compared to ambient air temperature (i.e., extremely 
hot or cold flow that is not influenced by current weather at site) 

 Unusual staining in/near Major Outfall, unusual color or cloudiness (i.e., sediment) 
evident in discharge, or unusual odor(s) 

For discharges exceeding any one of the above criteria or if a specific complaint 
warrants investigation, a source investigation will be conducted by the Permittee. The 
investigation involves tracing the discharge as far upstream as possible to determine 
source. The following guides actions based on results of source investigations: 
 

 If the source cannot be identified: 

 Collect field measurements and document where there is no other evidence of 
the IC/ID source. Provide appropriate public education material in area of 
IC/ID or complaint 

 If there is no active discharge but evidence of IC/ID is present at time of 
investigation, then mark location for future follow-up. Follow-up visit(s) will 
confirm if the IC/ID has recurred and will attempt to locate source. If IC/ID 
has not recurred or has been eliminated, note on IC/ID form (or similar) and 
close complaint/investigation. Provide appropriate public education material 
in area of IC/ID or complaint. 

 If the source is identified: 

 Determine if the discharge is permitted or allowable (MS4 Permit Section 
VI.A). Discussions with property owners and others near the source of the 
discharge will be necessary. 

 If a permitted, allowed, or exempted discharge is exposed to a source of 
pollutants (e.g., recently applied fertilizers or pesticides), it will be treated as 
an Illegal Discharge. Refer incident to RWQCB. 

 If discharge is permitted, request copy of regulatory permit, District 
Encroachment permit, or any other document authorizing the discharge. No 
further action is required where the source is determined to be a permitted, 
allowed, or exempted discharge. Permitted discharges that are perceived to be 
a threat to human health or the environment will be reported to the 
RWQCB/CalEMA. 

 If discharge is not clearly permitted or allowable, implement Permittee 
Enforcement and Compliance Strategy (E/CS) procedures as described in the 
Permittee’s LIP. 

 If the incident is part of a HazMat incident, report to the Incident Commander 
(IC) upon arrival. Coordinate with the HazMat team and only collect samples 
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with approval of the IC as samples may be done in conjunction with future 
legal action. Under no circumstances should a site be entered or field measurements 
collected if conditions are unsafe. 

CBRP Implementation: Riverside County Permittees will implement the new IDDE 
Program described above. Information on DWF gathered from this program can be 
used to assist with the bacteria source evaluation included in the inspection program 
under CBRP Element 3.  

Street Sweeping 
Trash and other materials accumulated in streets and within MS4 facilities may 
provide a habitat and food source for bacterial indicators. DWF in street gutters, 
drains, and catch basins keeps these facilities damp, which supports bacterial 
indicator survivability. Biofilms may develop under these types of conditions within 
catch basins, along street gutters, or within flood control channels (e.g., see Skinner et 
al., 2010; Fergusson 2006). Biofilms are dynamic microbial communities that go 
through an attachment phase and then ultimately a detachment, erosion or 
“sloughing” phase from the surface to which they are attached.  

Managing or eliminating biofilm development has the potential to substantially 
reduce bacterial indicator levels. A recent study by the City of San Diego shows that 
enhanced cleaning of catch basins provided minimal benefits in terms of reducing 
bacterial indicator levels. However, there is evidence that enhanced street sweeping 
will provide benefits. This can be accomplished by using vacuum street sweepers to 
reduce biofilms and their habitat and food sources from street gutters. Skinner et al. 
(2010) found very high bacterial indicator counts in initially bacteria free hose water 
running along street gutters. Implementing improved street sweeping practices 
resulted in an order of magnitude reduction in fecal coliform concentration (14,000 
MPN/100 mL to 870 MPN/100 mL) in a 300 feet section of gutter before and after 
street sweeping. This finding suggests that the use of newer vacuum street sweepers 
targeting the street gutter could provide increased control of this source of bacterial 
indicators. 

CBRP Implementation: Riverside County MS4 Permittees currently sweep all streets 
with curb and gutter within hydrologically connected drainage areas within the 
MSAR watershed (Table C-2).  Some of the Permittees own and operate vacuum 
assisted street sweepers or plan to purchase a vacuum assisted street sweeper prior to 
2015 to enhance the effectiveness of their existing programs. Increased use of vacuum 
assisted street sweepers within the MSAR watershed will provide reduction in 
bacterial indicators in DWF prior to 2015.  Street sweeping within the cities of Corona, 
Norco, and Riverside, is currently at or planned for bi-weekly frequency. Studies have 
shown that biweekly sweeping is the most effective for removal of roadway sediment 
and associated pollutants (Rosselot, 2007).  Each MSAR Permittee will identify in their 
LIP the specific additional actions they intend to take to enhance their street sweeping 
programs as necessary to attain the 2010 SAR MS4 Permit WQBEL. 
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Irrigation or Water Conservation BMPs 
Many water conservation BMPs reduce outdoor water waste, which in turn may 
reduce or eliminate DWFs containing bacterial indicators from entering MS4 facilities 
and receiving waters. The development and implementation of these practices will be 
carried out collaboratively with water purveyors to assist them with meeting their 
water conservation requirements. Specific practices that would be effective at 
reducing DWFs include: 

 Replacement of grass with artificial turf – The use of artificial turf provides a low 
maintenance, no irrigation alternative to grass lawns. Costs of materials and 
installation to replace a grass lawn with artificial turf can range from $6-14 per 
square foot. In the past, through partnerships with MWD and WMWD, RPU and 
the City of Corona have offered a $1 per square foot rebate for property owners 
that replace existing grass lawns with artificial turf.  

 Replacement of grass with drought tolerant native plant species – California drought 
tolerant native plants/gardens require minimal watering and are not typically 
irrigated with spray irrigation therefore reducing the likelihood of off-site DWF 
(see the California Native Plant Society webpage for more information at 
www.cnps.org). All water purveyors in the MS4 Permit area offer a residential 
turf removal rebate program ranging from $1.00/square foot (sq. ft) to $0.40/sq. 
ft. dependent on the water purveyor.  Corona is also conducting a pilot 
commercial turf removal program. Under all programs to be eligible for a rebate 
property owners must replace existing grass lawns with California native or water 
friendly plants.  

 Installation of Weather Based Irrigation Controllers (WBICs) – WBICs use climate 
measurements to determine the amount of water needed to meet evapotranspiration 
requirements of grass lawns and other landscaped areas on a given day. Limiting 
irrigation to the needs of the plants can reduce the amount of water that leaves a 

Table C-2. Summary of Planned Street Sweeping Activities by Riverside County MS4 
Permittees in the MSAR Watershed 

Permittee 
Approximate 

Length of Curb 
Miles Swept 

Frequency of 
Sweeping 

Total 
Number of 
Sweepers 

Number of 
Vacuum Assisted 

Sweepers 

City of Riverside 70,000 Bi-weekly 12 1 

City of Corona 20,000 Bi-weekly residential; 
weekly industrial 2 2 

City of Norco 685 Bi-weekly 3 1 

Cities of Eastvale and 
Jurupa Valley1 n/a As-needed n/a 1 

1) Street sweeping has been performed on an as need basis in the previously unincorporated area via franchise 
agreements with the local waste haulers. Jurupa Valley and Eastvale are planning to renegotiate contracts with the 
waste haulers to perform street sweeping. One Vacuum assisted street sweeper is in use by the waste hauler every 
other week. 
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property as DWF. WBICs can be distributed to potential users via several types of 
programs, including partial rebates/vouchers, equipment exchanges, or direct 
installation. Typical costs for WBICs range from $300 - $800 for a small residential 
application to $2,000 -$3,000 for a property with large landscaped areas. The cost 
effectiveness of installing WBICs to a property owner or water agency is 
dependent upon the existing water use (potential to reduce demand), avoided cost 
of water, water rates, and expected lifespan of the device (Mayer et al. 2009). 
Given these variables, it would be the least cost effective to distribute WBICs to 
individual homeowners who do not typically over-irrigate. Conversely, the most 
cost effective applications of WBICs would be on large landscape properties 
where excess water is used and the potential to generate off-site runoff is high. 
Accordingly, RPU is planning to install WBICs for CII customers at the top 5 
percent of water usage prior to 2015 and the top 5-10 percent of water usage prior 
to 2020 (Kennedy/Jenks Consultants, 2010). 

 Installation of Rotating Sprinkler Nozzles– Installation of rotating sprinkler nozzles 
and high efficiency nozzle retrofits on large rotary sprinklers reduce offsite runoff 
by applying water at a slower rate with less misting and greater distribution 
uniformity.  Slower application of water reduces ponding thus reducing offsite 
runoff, especially in sloped areas. These nozzles also mist less than traditional 
sprinklers reducing the chance of wind blowing water away from the targeted 
landscape area.  Typically, existing sprinkler heads can be replaced with the 
nozzles without replacing the entire sprinkler body. Overall the nozzles use 
approximately 20 percent less water than conventional sprinkler heads. Rotating 
sprinkler nozzles typically cost approximately $4.00 per nozzle. Rebates are 
provided at $3 per nozzle to water purveyors in the Permittee area through their 
participation in the SoCal Water$mart Program through the Metropolitan Water 
District. Commercial and residential water customers in the Cities of Corona, 
Riverside, and WMWD retail customers can obtain rotating sprinkler nozzles for 
free. Actual reductions in DWF will vary dependent upon local site conditions, 
such as turf adjacent to impervious surfaces and irrigation on slopes.  

 Landscape irrigation audits – Most water purveyors in southern California provide 
free landscape irrigation audits to customers, if requested. An audit involves 
checking the irrigation system for leaks, ensuring spray heads are properly 
directed and operational, capping unused spray heads, and providing a watering 
schedule based on precipitation rate, local climate, irrigation system performance, 
and landscape conditions. A potential implementation approach would be to 
target landscape audits in areas that are hydrologically connected to downstream 
receiving waterbodies/compliance sites. The cost of conducting a landscape 
irrigation audit is low relative to other irrigation practice BMPs; however, the 
effectiveness decays over time. RPU is planning to provide water audits, 
addressing all types of outdoor water uses, to single-family and CII customers at 
the top 5 percent of water usage and to all dedicated irrigation customers prior to 
2015. After 2015, RPU plans to continue to conduct water use efficiency audits for 
customers at the top 5-10 percent of water usage and then to implement annual 
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audits sufficient to maintain the savings achieved by 2020 (Kennedy/Jenks 
Consultants, 2010). 

 Public education and outreach - Public education and outreach activities to 
encourage water conservation are already ongoing (both by the MS4 program and 
water purveyors). The CBRP does not recommend any new or modified public 
education and outreach activities unless it is determined that potential additional 
benefits could be achieved from additional collaboration between the MS4 
Permittees and water purveyors in this area.  

The benefits expected from each of the above BMPs vary. For grass replacement 
BMPs, DWF is mostly eliminated while WBICs can reduce DWF by approximately 50 
percent (Jakubowski 2008). Runoff reduction from landscape irrigation audits and 
ongoing public education and outreach activities are more difficult to quantify, as 
they are largely dependent on changing human behavior. These types of BMPs may 
reduce runoff from an individual property by only a small amount; however, because 
implementation may be more widespread the overall benefit may be relatively high. 
Factors associated with each of the above BMPs impact will affect decisions on how 
such BMP practices can be developed and implemented at the local level as part of the 
CBRP. These factors include cost, public perception, reliability, ease of 
implementation, and expected runoff reduction. Table C-3 provides an evaluation of 
each of these factors by ranking them as low, medium or high with regards to 
expected benefits from their implementation. 

CBRP Implementation: Development and implementation of these BMPs will be 
closely coordinated with water purveyors within the MS4 drainage area. Water 
demand management measures (DMM), also known as BMPs, are required to be 
evaluated in urban water management plans (UWMPs). The UWMP Act 
(http://www.water.ca.gov/urbanwatermanagement/docs/water_code-10610-

Table C-3. Evaluation Matrix for Irrigation Practices/ Water Conservation BMPs (High 
Benefit ; Medium Benefit ; Low Benefit ) 

Water Conservation BMP 
Dry Weather 

Runoff Reduction 
Cost 

Ease of 
Implementation 

Water 
Conservation 

Replacement of grass with 
artificial turf 

    

Replacement of grass with 
drought tolerant plant 
species 

    

Installation of WBICs     

Rotating sprinkler head 
nozzles 

    

Landscape irrigation audits     

Public education and 
outreach 
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10656.pdf) lists 14 DMMs for evaluation of which 7 take partly into consideration 
outdoor water use and could potentially reduce DWF. Water purveyors are required 
to describe and provide a schedule for implementation of each DMM. For DMMs not 
implemented or not scheduled for implementation in the next five years, water 
purveyors are required to evaluate each DMM, by considering DMMs that offer lower 
incremental costs than obtaining additional water supplies. This evaluation must take 
into account a cost-benefit analysis, economic factors, non-economic factors identify 
funding for any water supply projects providing water at higher unit cost than the 
DMM, and describe the legal authority of the and ability of the purveyor to work with 
other agencies in implementing the DMM. All water purveyors applying for state-
funded grants or loans must comply with AB 1420. AB 1420 states a water purveyor 
must be deemed compliant with the DMMs before funding can be provided by the 
State.  

The Permittees will evaluate existing DMMs implemented within their jurisdictional 
area and determine the need to supplement these efforts directly (for Permittees that 
are water purveyors) or through supplemental programs and/or cooperative efforts 
with local water purveyors as necessary to attain the 2010 MS4 Permit WQBEL for the 
MSAR TMDL. 

DMMs with the potential to impact DWF are described below: 

 DMM A – Water Survey Programs for Single-Family Residential and Multi-
Family Residential Customers.  This DMM requires water survey programs for 
both indoor and landscape water use. As determined, by the CUWCC the 
landscape water use portion of this measure involves offering landscape water 
conservation surveys to not less than 20 percent of single- and multi-family 
residential customers every two years, and completing surveys for not less than 15 
percent of single- and multi-family residential customers within 10 years of 
program initiation. After the ten-year period, water purveyors will maintain the 
program at the same level as high water bill complaints or no less than 0.75 
percent per year of single-family accounts. Landscape water surveys include, but 
are not limited to checking irrigation system and timers for maintenance and 
repairs, estimating landscape measured areas, developing customer irrigation 
schedules, reviewing the schedule with customers, provide information handouts 
to customers, and providing the customer with evaluation results and 
recommendations to save water.  

 DMM E – Large Landscape Conservation Programs. As determined by the 
CUWCC, this measure consists of three parts focusing on commercial, industrial, 
and institutional customers with large landscape irrigation needs. CUWCC 
assumes the DMM will result in a 15 to 20 percent demand reduction for 
landscape irrigation for customers participating. The first part requires developing 
evapotranspiration (ET)-based water budgets for accounts with dedicated 
irrigation meters. Water budgets cannot equal more than an average of 70% of the 
annual average local reference ET per square foot of landscape area. Budgets must 
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be developed at an average rate of 9 percent per year over ten years, so budgets 
are developed for 90 percent of dedicated irrigation meter accounts within ten 
years of implementation. Upon completion, notices are required to be provided 
with each billing cycle showing the water consumed versus the budget. Within 6 
years of implementation, the water provider must annually provide site-specific 
technical assistance to all customers exceeding their budgets by 20 percent or 
more. The second part involves providing large landscape surveys to not less than 
15 percent of commercial, industrial, and institutional (CII) accounts with mixed-
use meters within 10 years of program initiation. The third part requires offering 
financial incentives to support parts 1 and 2. Rebates for water conservation are 
provided by the Cities of Norco, Riverside, and Corona and WMWD for CII 
customers. Rebates offered by these water purveyors with the potential to reduce 
DWF are weather based irrigation controllers, central computer irrigation 
controllers, rotating spray nozzles retrofits, and high efficiency nozzle retrofits for 
large rotary sprinklers. Additionally, the City of Corona is conducting a pilot 
commercial turf removal program providing rebates based on the square feet of 
turf removed and replaced with California friendly landscaping. 

 DMM G – Public Information Programs. This DMM requires implementation of 
public information programs with the goal informing customers about why water 
conservation is important, methods customers can use to conserve water, and to 
encourage water users to conserve water.  The CUWCC has established minimum 
program requirements. Minimum requirements are: 

1. Contacts with the public at a minimum on a quarterly basis 

2. Contacts with the media at a minimum on a quarterly basis 

3. Maintenance of a website on a quarterly basis 

4. Describe the materials used to meet items 1 and 2. 

5. Annual budget for public  information program 

6. Describe all other outreach programs.  

 DMM H – School Education Programs. This DMM is designed to educate 
students regarding the importance of conserving water and to develop good 
water conservation habits at an early age. CUWCC requires purveyors to 
implement a school education program promoting water conservation and to 
work with both private and public schools in providing education materials, 
instructional assistance, and presentations about the local watershed. At a 
minimum the program should include the following: 

1. Curriculum materials provided by the water purveyor including 
confirmation from the materials meet State education framework 
requirements and are age appropriate. 
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2. Materials are distributed to grades K-6 students and if possible grades 7 -
12.  

3. Descriptions of the materials used to meet the minimum requirements. 

4. Provide an annual budget for the program 

5. Describe all other water purveyor educational programs. 

 DMM I – Conservation Programs for Commercial, Industrial, and Institutional 
Accounts. The CUWCC defines this measure as requiring water purveyors to 
implement water conservation measures for CII customers to achieve a 10 percent 
water savings for the CII sector as a whole using 2008 as a baseline over a 10 year 
period. Purveyors can either implement measures on CUWCC’s list with 
documented savings or implement purveyor developed measures, but the 
purveyor must document how it is determining the savings.  Measures may target 
indoor and/or outdoor water use. 

 DMM K – Conservation Pricing. CUWCC defines conservation pricing as 
providing economic incentives to customers to use water in an efficient manner. 
Acceptable types of rate plans include uniform, seasonal, tiered, and allocated 
based rates as long as purveyors can illustrate their rates meet CUWCC 
established formulas for determining if rates reflect conservation pricing. 
Conservation pricing has the potential to reduce outdoor water waste and 
subsequently DWF. 

 DMM M – Water Waste Prohibition. This measure requires water purveyors to 
prevent water waste for new developments and existing users and to develop 
water shortage response measures (see Water Conservation Ordinance in Element 
1). For outdoor water use, this measure addresses irrigation inefficiencies and 
other outdoor water uses. Purveyors can meet these requirements by adopting 
water waste ordinances or developing terms of service prohibiting water waste. 
Prohibiting water waste and enforcing ordinances and terms of service 
agreements has the potential to reduce DWF. 

Water Quality Management Plan Revision 
The Riverside County MS4 program is required to update its WQMP Guidance and 
Templates to incorporate low impact development (LID) practices to reduce runoff 
from new development and significant redevelopment activities. BMP emphasis will 
be on infiltration, capture and use, evapotranspiration, and treatment through use of 
biotreatment type BMPs. Revised WQMP documents are required for submittal to the 
RWQCB for review by July 29, 2011. 

The revised WQMP program will provide water quality benefits, but these benefits 
will be somewhat limited for DWFs. For example, for new development projects the 
water quality benefit will be restricted to wet weather runoff since the pre-project 
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condition would not have produced any DWF. However, for significant 
redevelopment projects, the WQMP approval process will result in the introduction of 
LID practices to existing developed areas where DWF may be occurring. The 
presumption is that for these existing developments, stormwater management 
controls were not designed to today’s standards and therefore some degree of runoff 
(e.g., from irrigation runoff) likely currently occurs under dry weather conditions. 
With significant redevelopment of the project site, an approved WQMP would require 
implementation of site design, source control, and/or structural control BMPs to 
address pollutants of concern by reducing runoff or treating runoff. 

While water quality benefits are expected to be achieved for significant 
redevelopment projects, the pace at which such projects are expected to be completed 
in the MSAR watershed is likely to be slow given economic factors. Moreover, even if 
the rate of development activity increases in the near term, given the December 31, 
2015 compliance date for meeting urban wasteload allocations for dry weather 
conditions in the dry season, the numbers of acres of redevelopment relative to the 
total numbers of acres where DWF likely occurs will be relatively small. However, 
over a much longer time horizon, e.g., 50-100 years, the cumulative benefits will be 
much greater. 

CBRP Implementation: Revision of the WQMP Guidance is a MS4 permit 
requirement that will be completed by July 29, 2011. Implementation will occur after 
review by the RWQCB and submittal of a final WQMP Guidance, likely by 2012. 

Septic System Management 
The Riverside County MS4 permit requires Permittees to develop an inventory of 
septic systems within their jurisdictions to be added to a database managed by 
County Environmental Health. Poorly operating septic systems can potentially lead to 
the discharge of pollutants to surface waters; however, the extent to which septic 
systems are currently a source of bacterial indicators in DWFs from the MS4 is 
unknown. Water quality impacts may be limited to groundwater impacts or surface 
water impacts that occur only during wet weather runoff events. 

CBRP Implementation: CBRP implementation will include the following activities to 
evaluate the potential for septic systems to contribute bacterial indicators to the MS4 
under dry weather conditions. Activities will include:  

 Develop a septic system inventory – Permittees will complete necessary studies to 
develop a landscape level inventory of areas with concentrations of existing septic 
systems within their jurisdictions and provide information to County 
Environmental Health.   

 Evaluate potential water quality impacts – Using the inventory, mapping the location 
of septic systems relative to MS4 facilities will be reviewed to evaluate the 
potential impact of septic systems to water quality under dry weather conditions 
as part of source assessment activities.  
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 Conduct public education – Public outreach programs to educate owners regarding 
how to properly maintain their on-site septic systems and distribute materials 
explaining recommended operation and maintenance schedules. The 
RCFC&WCD developed a septic system management brochure in 2009 that is 
currently being distributed through District and Permittee activities. 

 Conduct inspections and initiate enforcement, where appropriate – As part of source 
assessment activities, where the potential for water quality impacts from septic 
systems is identified, conduct inspections of suspected leaking septic systems to 
determine the need for mitigation. Where appropriate, conduct enforcement 
actions to mitigate water quality concerns associated with septic systems.  

Pet Waste Management 
The Permittees will evaluate the potential to implement BMPs that target areas where 
there is a high volume and concentration of pet waste, e.g., dog parks and kennels. 
BMPs targeted specifically to pet waste management (in association with a pathogen 
control ordinance) can support compliance at a local scale, where pet activities are 
concentrated. 

CBRP Implementation: Each MSAR Permittee will evaluate existing authority and 
programs to manage pet waste to identify opportunities to further target BMPs to 
manage pet waste. Where appropriate, MSAR Permittees will implement these BMPs. 
This effort will be coordinated with activities associated with the development of a 
bacterial indicator control ordinance (see Element 1). Activities will include:  
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C.4 Element 3 - Inspection Criteria 
Element 3 addresses the CBRP requirement for inclusion of specific inspection criteria 
to identify and manage the urban sources most likely causing exceedances of water 
quality objectives for indicator bacteria. Implementation of urban source evaluation 
activities provides the data required to determine the potential for an MS4 outfall or 
drainage area to discharge controllable sources of bacterial indicators. The results of 
this evaluation dictate next steps in the CBRP implementation process. This required 
element is incorporated into what is being termed the inspection program. The 
inspection program envisioned for the CBRP is a systematic campaign to conduct 
DWF and bacterial indicator source evaluation activities within each subwatershed 
draining to a watershed-wide compliance site. The foundation for this approach is 
defined by the USEP, prepared by the MSAR TMDL Task Force to satisfy a TMDL 
requirement (see Attachment A). USEP activities are currently being implemented by 
the MSAR TMDL Task Force; however, under the CBRP the pace and extent of these 
activities will be significantly increased to eliminate or reduce controllable urban 
sources of DWF.  

As noted above, several of the specific BMPs included in Element 2 directly support 
the implementation of Element 3, e.g., development of the IDDE program and 
implementation of water conservation BMPs. Completion of these elements will help 
guide implementation of the inspection program. Conversely, implementation of the 
inspection program may impact how or where specific BMPs are implemented or 
how decisions are made regarding the need for additional ordinance authority. For 
example, over time the inspection program may identify a particular bacterial 
indicator or DWF source that can be managed better by the adoption of an ordinance. 

The MSAR Permittees will implement urban source evaluation activities using a 
comprehensive, methodical approach that provides data to make informed decisions 
regarding the potential for an MS4 outfall or group of outfalls to discharge 
controllable sources of bacterial indicators. This approach relies on implementation 
activities associated with the inspection program element, which are described in the 
following sections. 

Tier 1 Reconnaissance  
Tier 1 sites are defined as locations where urban sources of dry weather flow may 
directly discharge to a downstream watershed-wide compliance site. Some of the Tier 
1 sites are at the same locations sampled as part of implementation of the USEP in 
2007-2008. Additional Tier 1 sites have been included, where needed, to supplement 
existing information. Many of these Tier 1 locations may be dry, have minimal dry 
weather flow, or not be hydrologically connected to downstream waters. However, 
until a reconnaissance is completed, their potential to contribute controllable sources 
of bacterial indicators is unknown. It should be noted that:  

 No Tier 1 sites have been included in the Temescal Creek subwatershed within the 
Cities of Corona and Norco because Temescal Creek is not listed as an impaired 
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waterbody for bacterial indicators and the flows from this subwatershed do not 
drain to any watershed-wide compliance monitoring location.  

 None of the recommended Tier 1 sites are located in areas that have been 
determined to be hydrologically disconnected from impaired waterbodies during 
dry weather conditions (see hatched areas in Figures C-1 through C-3). 

Prioritization  

Based on the findings from Tier 1 data collection activities, MS4 drainage areas with 
potentially controllable urban sources of bacterial indicators will be prioritized based 
on factors such as the magnitude of bacterial indicator concentrations and results 
from source tracking analyses. Areas with human sources (as compared to 
anthropogenic sources such as domestic pets) will receive the highest priority for 
action, consistent with guidance originally developed in the USEP. Results of IDDE 
inspections at Major Outfalls will be used to supplement Tier 1 reconnaissance data 
during the prioritization step. 

Evaluate Mitigation Alternatives  

In order of priority, prioritized drainage areas will be further evaluated to identify 
non-structural or structural alternatives (or some combination of both) for mitigating 
controllable urban sources of bacterial indicators. As needed, this controllability 
assessment will include reconnaissance of Tier 2 sites and the use of IDDE methods to 
identify and evaluate alternatives. Tier 2 sites are tributary to Tier 1 outfalls. Tier 2 
sites are predominantly locations where underground storm drains discharge to open 
channels. If a Tier 2 site is determined to be a potential contributor to non-compliance, 
additional inspection activities may occur to identify the nature and source of the dry 
weather flow and bacterial indicators and evaluate controllability. 

Figures C-1 provides a map of recommended Tier 1 and Tier 2 source evaluation sites 
in each Riverside County jurisdiction. Table C-4 summarizes the number of Tier 1 and 
Tier 2 sites that are recommended for inspection for each Riverside County 
jurisdiction.  

Table C-4. Summary of Recommended Tier 1 and Tier 2 Sites in each Riverside 
County Jurisdiction 

Jurisdiction Receiving Waters 
 

Tier 1 
Tier 2 

Riverside 
MSAR, Anza Park Drain, Box Springs Channel, 
Arlington Storm Channel, La Sierra Channel, 
Monroe Channel 

8 17 

Eastvale MSAR Reach 3, Cucamonga Creek 4 1 

Jurupa Valley MSAR Reach 3, San Sevaine Channel, Sunnyslope 
Channel, Day Creek 5 5 

Total  17 23 
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In the evaluation of mitigation alternatives, it may be demonstrated that a MS4 
Permittee would not require selection of a mitigation alternative for some drainage 
areas if it can be shown to be absent of DWF (i.e. hydrologically disconnected from 
the receiving waterbody), or if the source of bacterial indicators is found to come from 
non-urban sources. The following criteria establish guidelines for making these 
determinations from data collected in the inspection program: 

 Absence of DWF – Determining the presence or absence of DWF at a given MS4 
outfall is a critical step. Routine field observation and measurement (if possible) 
will be conducted during dry weather at varying times of day and on different 
days of the week for up to one year to develop sufficient data to characterize 
frequency/volume of DWFs at Tier 1 sites. Ideally, at least 10 field visits will be 
made over a one-year monitoring period. If the site is dry on at least 80 percent of 
the visits, the area upstream of the site can be assumed to have little to no impact 
on downstream water quality. While up to a year is recommended to collect flow 
data to look at seasonal variability, if a site is found to have persistent or 
substantial flow after only as few as three visits that occur over a short period of 
time, it can be presumed that the area draining to the site is a candidate for 
additional inspection activity to determine the source of the DWF. If a site is found 
to be typically dry after ten visits, then only occasional inspections would be 
required in the future to provide certainty that this conclusion remains correct. If a 
Tier 1 site indicates the need for additional inspection, then a similar level of effort 
may be necessary for Tier 2 sites tributary to the Tier 1 node. The IDDE program 
involves a similar approach, but instead focuses initial field observation and 
measurement at Major Outfalls screened for investigation via a desktop 
assessment. Major Outfalls are more likely to overlap with Tier 2 sites for the 
inspection program. Wherever possible, data gathered from the programs will be 
coordinated. For example, data from the IDDE program for Major Outfalls 
upstream of a prioritized Tier 1 site may overlap or supplement Tier 2 sites.  
Additional Tier 2 data for overlapping sites may not be required depending on 
temporal factors.  Further, relevant IDDE data will be used to supplement 
assessments of bacterial water quality in Tier 1 watershed assessments. 

 Non-Urban DWF Sources - If there are any non-urban sources of DWF to a MS4 site 
(such as from a well blow off, water transfer, or rising groundwater), it is 
important to identify the frequency and relative contribution of these flows. 
Generally, it is assumed that these non-urban DWF sources will have very low 
concentrations of bacterial indicators. However, it is possible that the physical 
nature of the discharge generates sufficient shear stress to mobilize bacterial 
indicators associated with sediment or biofilms present in the receiving water (as 
compared to the low shear stress generated from MS4 urban DWF due to their 
relatively low flow rates). Elimination of the non-urban source could also result in 
conditions that enhance decay of bacterial indicators in channel bottom sediments 
or biofilms, resulting in fewer bacterial indicators available for mobilization 
during wet weather events. If the non-urban flow source is suspected as the cause 
of downstream exceedances, a site-specific study would need to be implemented 
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to verify the assumption. The nature of such a study would be dictated by local 
circumstances, but could require a fairly complex sampling plan. If it is 
determined that the non-urban source is contributing to the exceedance of 
bacterial indicator water quality objectives, resolution of the issue may occur 
independent of the MS4 permit through supplemental RWQCB actions. 

Select Mitigation Alternatives  
The ultimate goal of the inspection program is to select a mitigation alternative for 
DWFs or controllable urban bacterial indicator sources. As described above, 
systematically conducting source evaluation activities in the MS4 should identify 
which outfalls or channels are primary contributors of DWF and elevated bacterial 
indicators. The controllability of DWF is largely dependent on the source (specific vs. 
diffuse) and the controllability of bacterial indicators is largely dependent on the 
nature of the source, with urban sources likely to be more controllable than non-urban 
sources, e.g., wildlife. In many cases, it is likely that the elimination or significant 
reduction of the DWF will also mitigate elevated levels of bacterial indicators.  

The MSAR Permittees will select a mitigation alternative to mitigate controllable 
urban bacterial indicator sources in each prioritized drainage area. The MS4 
Permittees will consider alternatives such as: 

 Prevention (or source control) – As noted above, if the source of the water or bacterial 
indicators can be specifically identified, then implementation of local control 
measures is the best approach for mitigating the problem. The controllability 
assessment consists of evaluating which BMPs or programmatic tools can be 
applied to the situation to reduce or eliminate the source. Such controls may 
include specific-source (e.g. illegal discharge) or general source control programs to 
manage septic systems, irrigation runoff, pet waste, homeless encampments or 
other potential sources. If a targeted solution is not available, then the 
controllability assessment may need to consider more costly solutions, as described 
below. 

 Retention Structures or Low Flow Diversions – The implementation of relatively local 
structural controls to prevent the DWFs from impacting downstream waters may 
be an outcome of the controllability assessment. Options may range from the 
modification of existing retention structures to capture all DWFs to the construction 
of new retention facilities or construction of diversions to intercept the DWFs and 
conveying them to a treatment facility.  

 On-Site or Regional Treatment – The use of on-site treatment facilities, e.g., 
bioretention (drainage area < 20 acres) and subsurface flow wetlands (drainage 
area < 1,000 acres), is largely dependent on drainage area, facility sizing criteria and 
land availability. The practicability of these systems will have to be considered on a 
site-specific and subwatershed specific basis. In many cases, implementation of a 
regional treatment solution such as conveying DWF to a regional storage basin 
requires successful completion of a UAA for upstream waters, which also provides 
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greater flexibility where the regional treatment may be sited. The MS4 permit for 
Riverside County requires the completion of a system-wide evaluation to identify 
retrofit opportunities of existing stormwater conveyances. Development of this 
information coupled with the establishment of the County’s Watershed Action Plan 
(WAP) will support the identification and evaluation of structural solutions (see 
Attachment C-5). 

Inspection Criteria Summary 
CBRP Element 3 – Inspection Criteria implements the USEP to its fullest extent, 
building on source evaluation work already completed in the watershed. Execution of 
this element is the key to the success of CBRP implementation. Understanding the 
localized nature of DWFs and associated bacterial indicators provides the basis for 
determining where BMPs need to be targeted (Element 2 – Specific BMPs, Attachment 
C-3), whether there is a need for additional ordinance authority (Element 1 – 
Ordinances, Attachment C-2), and where regional or outfall-specific structural 
controls may be necessary (Element 4 – Regional Treatment, Attachment C-5).  
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 C.5 Element 4 - Regional Treatment (Structural 
Controls) 

CBRP Element 4 focuses on the planning, design and construction of structural BMPs 
to mitigate controllable sources of dry weather flow and bacterial indicators. 
Structural BMP projects may be regional (address controllable sources from multiple 
outfalls) or outfall-specific. Where appropriate to support implementation of a 
structural solution, Use Attainability Analyses (UAA) will be completed. In addition, 
the implementation of structural BMP projects will occur in a manner that is 
consistent with watershed planning-related activities required by the MS4 permit, 
specifically development of a Watershed Action Plan (WAP) which includes revision 
to Riverside County’s 2005 BMP Siting Study. 

Structural Controls 
Large portions of the MSAR watershed are already hydrologically disconnected 
during a typical dry season day from the waters impaired by bacterial indicators 
subject to TMDL compliance (see hatched areas in Figures C-1 through C-3). 
Therefore, for the most part the emphasis of CBRP Element 4 will be focused on the 
portions of the MSAR watershed closest to the Santa Ana River in Riverside County.  

It is too soon to propose specific locations for new structural BMP facilities given the 
lack of knowledge regarding the best locations to site such facilities (e.g., regional vs. 
outfall specific). Also, too little is known regarding urban sources of DWF and the 
relative bacterial indicator concentrations associated with these sources. 
Implementation of the Element 3 components of CBRP Step 1 has been designed to 
address this knowledge void. The key outcome from this effort will be the evaluation 
and selection of solutions to mitigate controllable urban sources of bacterial 
indicators. Where a structural solution is identified, then responsible jurisdictions 
(those Permittees responsible for drainage to the targeted outfall or outfalls) will 
implement CBRP Steps 2 and 3 for the project site. 

It is expected that the outcomes from implementation of CBRP Step 1 will result in the 
identification of at least some structural BMPs to manage controllable urban bacterial 
indicator sources. The potential locations for a number of structural BMPs have been 
identified already by the Riverside County 2005 BMP Siting Study (to be updated as 
part of the development of the County’s WAP, see below). Under CBRP Step 1 the 
Permittees will use this work to support evaluation of alternatives for implementing 
structural BMPs to mitigate a controllable urban source.  

Structural controls identified under CBRP Step 1 are developed in accordance with 
the CIP Process (see Section 2.1, Figure 2-2.). Completion of the CIP Process is 
intended to result in fully-constructed structural BMPs (Steps 2 and 3 of the CBRP 
implementation process). However, it is possible that during the design and 
permitting phases under CBRP Step 2 a determination will be made that the planned 
structural BMP project is infeasible. If such a finding is made, the Permittees will go 
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back to CBRP Step 1 and re-evaluate mitigation alternatives for the affected drainage 
area to identify a new approach for achieving compliance.  

If a UAA is needed to ensure the success of a structural BMP project, UAA 
development will commence in parallel to the design and permitting process (see 
additional information, below). Completion of structural BMP projects is subject to 
governing and regulatory approvals as well as funding. Accordingly, the length of 
time from project identification to construction completion will be highly variable. 
Annual reporting will document the status of each identified structural BMP project. 

Watershed Planning 
The Riverside County MS4 permit requires the development of a WAP within three 
years of the permit adoption (by January 29, 2013). The WAP is to include the 
following (MS4 permit Section XI.B.3): 

“…develop recommendations for specific retrofit studies of MS4, parks 
and recreational areas that incorporate opportunities for addressing 
TMDL Implementation Plans, hydromodification from urban runoff 
and LID implementation.”  

RCFC&WCD completed a BMP Siting Study for the Santa Ana MS4 permit area in 
2005. This study identified candidate properties that could be retrofitted to include 
structural BMPs to capture DWF and wet weather runoff (Figure C-2). This study 
screened the candidate sites to prioritize implementation of potential projects. 
Structural BMP retrofit opportunities identified in the BMP Siting Study could be 
used to provide structural BMP solutions where the activities completed under CBRP 
Step 1 show that a structural solution is the best alternative to reduce or eliminate 
controllable urban bacterial indicator sources from the MS4.  

The BMP Siting Study will be reviewed as part of implementation of the WAP and as 
part of the following MS4 permit requirement applicable to permittee-owned facilities 
(MS4 permit Section XIV.F): 

“Each Permittee shall examine opportunities to retrofit existing MS4 
facilities with water quality protection measures, where feasible.” 

This review is timely given that by 2013 substantial information from the source 
evaluation activities (Element 3) will have been developed and the need for 
structural BMP solutions will be better known. 
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Use Attainability Analyses 
The development of a UAA may become an integral part of the implementation of a 
structural BMP solution. If so, the Permittees will approach the RWQCB regarding the 
need to conduct specific UAAs. The following sections provide information regarding 
the development of UAAs in the MSAR watershed.   

All waterbodies in the MSAR watershed are presumptively classified as REC-1 
protected waterbodies. This means that all waterbodies in the watershed must meet 
the REC-1 water quality objectives regardless of their characteristics and ability to 
support REC-1 type activity. The REC-1 presumption may be inappropriate for a 
number of reasons including channel physical attributes and flow volume. To 
establish more appropriate recreational uses that recognize these factors, a UAA is 
required. As defined by the Basin Plan, the purpose of a UAA is “to evaluate the 
physical, biological, chemical, and hydrological conditions of a river to determine 
what specific beneficial uses the waterbody can support.” For a UAA to be 
implemented it must receive regulatory approval, from the RWQCB, State Board and 
EPA Region 9.  

The outcome of a UAA could be removal of either the REC-1 use or removal of both 
REC-1 and REC-2 uses. Either outcome would substantially change the basis for 
determining compliance with water quality objectives and compliance with bacterial 
indicator TMDL urban wasteload allocations. For example, if the waterbody is not 
designated REC-1, then the applicable bacterial indicator water quality objectives are 
much less stringent than would be the case if the REC-1 use was applicable. These 
changes could greatly reduce the number of locations where implementation of water 
quality control activities is necessary to achieve compliance. Modification of 
recreational uses would also provide additional flexibility for deciding where 
implementation of a water quality control measure is needed. For example, if a 
structural BMP is needed to meet compliance at a downstream site, the number of 
potential locations where that facility can be sited is increased. 

Section 1.2.2 described ongoing work by the RWQCB to adopt a Basin Plan 
amendment to modify recreational uses and associated water quality objectives. The 
RWQCB is developing this Basin Plan revision in collaboration with the SWQSTF. 
Adoption of the Basin Plan amendment, planned for fall 2011, will include the 
establishment of a UAA for the following Riverside County waterbodies: 

 Temescal Creek – Reach 1, from approximately 100 feet downstream of Cota Street 
(33°53’29.904”N, 117°34’12.432”) to the Arlington Drain confluence; remove REC-1 
use. 

 Temescal Creek – Reach 2, 91 from the confluence with Arlington Drain (33° 52' 
51.204"N, 117° 33' 15.732"W) to approximately 1,400 feet upstream of Magnolia 
Avenue (33° 52' 1.992"N, 117° 31' 30.108"W); remove REC-1 and REC-2 uses. 
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UAA Template 
The Temescal Creek UAA will be used as the template for all future UAAs developed 
in Riverside County. These UAAs will include the following key sections: 

 Waterbody Description, including candidate reach coordinates and channel 
characterization; 

 Eligibility Analysis, including existing and probable future recreational use based 
on water quality data and known recreational use activity; and 

 UAA Factor Evaluation, which provides the justification for modifying recreational 
uses based on federal and state regulatory requirements. 

The recreational use survey database developed by the SWQSTF will be used to 
support development of UAAs. This database was developed using remote camera 
technology coupled with occasional site visits to document area recreational activity 
at 17 locations in the Santa Ana River watershed (Table C-4). Eight of these sites are 
located in the MSAR watershed; several are in Riverside County. 

With the exception of recreational use activity data, which is part of the eligibility 
analysis, most of the information required for each of the UAA sections is relatively 
simple to compile. It is expected that the existing large recreational use survey image 
dataset will provide a basis for predicting the level of recreational use activity in 
unserveyed waterbodies based on similarities in waterbody characteristics. As a 
result, for some future UAAs it may not be necessary to collect additional recreational 
use survey data. However, if unusual site-specific conditions exist, e.g., in areas where 
a waterbody is within a residential area or near a school and access to the channel is 
not restricted, there may be some concern with relying solely on the recreational use 
survey image database to document the existing or potential for recreational use 
activities in the waterbody. In these situations, it is understood that the RWQCB may 
require the collection of site-specific use survey data. 

The RWQCB’s decision to approve a UAA and modify recreational uses is largely 
based on an evaluation of the potential risk of human exposure to bacterial indicators 
in a particular waterbody. The potential risk is related to the characteristics of the 
waterbody and the likelihood of water contact recreational activities occurring given 
those characteristics. For example, where water contact recreation is likely to occur, 
such as a natural waterbody with sufficient flow, the risk of exposure is higher than 
where such recreation is unlikely, e.g. in a vertical-walled concrete-lined engineered 
channel. 

Results from SWQSTF surveys, which are now stored in the recreational use survey 
image database (currently available at SAWPA), show that channel characteristics are 
a strong indicator of existing and potential recreational use activity in the Santa Ana 
River watershed (however, ultimately it is up to the RWQCB to determine applicable 
uses).
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Table C-5. Summary of Recreational Use Surveys Completed by SWQSTF in the Santa Ana 
River Watershed 

Representative Photo of Site Summary of Recreational Use Survey 

Greenville Banning Channel at Adams Avenue Bridge 
  ■  Concrete lined, vertical walled channel 
  ■  Land use: Residential and open space 
  ■  Period of Survey: 11/17/05 – 1/3/06 
  ■  Images collected: 2552 
  ■  Water contact recreational use events: 0 

 
Greenville Banning Channel at Pedestrian Bridge 
  ■  Concrete lined, vertical walled channel 
  ■  Land use: Residential and vacant natural land 
  ■  Period of Survey: 7/7/2005 – 7/27/2005 
  ■  Images Collected: 45 
  ■  Water contact recreational use events: 0 

Santa Ana Delhi Channel at Mesa Ave 
  ■  Concrete lined, vertical walled channel 
  ■  Land use: Residential / open space and recreation 

  ■  Period of Survey 6/20/2005 – 7/13/2006 

  ■  Images Collected: 21,284 
  ■  Water contact recreational use events: 0 

Cucamonga Creek at RP1 
  ■  Concrete lined, vertical walled channel 
  ■  Land use: Industrial/commercial and open space/recreation 
  ■  Period of Survey 10/2/2007 – 10/10/2008 

  ■  Images Collected: 27,122 
  ■  Water contact recreational use events: 0 

Anza Channel at John Bryant Park 
  ■  Concrete lined, vertical walled channel 
  ■  Land use: Residential and open space/ public park 
  ■  Period of Survey 6/6/2008 – 9/29/2009 

  ■  Images Collected: 20,386 
  ■  Water contact recreational use events: 2 

 

Demens Channel 
  ■  Concrete lined, vertical walled channel 
  ■  Land use: Residential and open space 
  ■  Period of Survey 2/1/2008 – 2/9/2009 

  ■  Images Collected: 21,382 
  ■  Water contact recreational use events: 0 
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Table C-5. Summary of Recreational Use Surveys Completed by SWQSTF in the Santa Ana 
River Watershed 

Representative Photo of Site Summary of Recreational Use Survey 

Cucamonga Creek at Hellman Ave (Upstream) 
  ■  Trapezoidal channel, concreted lined wall and bottom 
  ■  Land use: Agriculture 
  ■  Period of Survey 11/1/2005 – 11/1/2006 

  ■  Images Collected: 2,546 
  ■  Water contact recreational use events: 0 

 

Temescal at Main Street 
  ■  Trapezoidal channel, concreted lined wall and bottom 
  ■  Land use: Industrial / Commercial 
  ■  Period of Survey 7/26/2005 – 8/4/2005 

  ■  Images Collected: 513 
  ■  Water contact recreational use events: 1 

Temescal at City of Corona WWTP No. 2 
  ■  Trapezoidal channel, concreted lined wall and bottom 
  ■  Land use: Industrial / Commercial 
  ■  Period of Survey 11/1/2005 – 11/1/2006 

  ■  Images Collected: 10,653 
  ■  Water contact recreational use events: 1 

 

Santa Ana Delhi Channel at Sunflower Ave 
  ■  Trapezoidal channel, rip rap side slopes, natural bottom 
  ■  Land use: Commercial/ residential/ school 
  ■  Period of Survey 7/7/2005 – 7/9/2006 

  ■  Images Collected: 20,978 
  ■  Water contact recreational use events: 1 

Cucamonga Creek at Hellman Ave (Downstream) 
  ■  Trapezoidal channel, rip rap side slopes, natural bottom 
  ■  Land use: Agriculture 
  ■  Period of Survey 7/26/2005 – 11/1/2006 
  ■  Images Collected: 16,678 
  ■  Water contact recreational use events: 8 

Perris Valley Channel at Moreno Valley WRF 
  ■  Trapezoidal channel / concrete lined side slope and 
 concrete/natural bottom 
  ■  Land use: Industrial/ Residential/school and open space/public park 
  ■  Period of Survey 10/3/2007 – 10/10/2008 
  ■  Images Collected: 21,962 
  ■  Water contact recreational use events: 0 
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Table C-5. Summary of Recreational Use Surveys Completed by SWQSTF in the Santa Ana 
River Watershed 

Representative Photo of Site Summary of Recreational Use Survey 

SAR at Anaheim 
  ■  Trapezoidal channel, rip rap side slopes, natural bottom 
  ■  Land use: Industrial/ commercial and open space/public park 
  ■  Period of Survey 10/2/2007 – 10/5/2008 
  ■  Images Collected: 25,904 
  ■  Water contact recreational use events: 0 

Chino Creek at Central Ave 
  ■  Trapezoidal channel / rip rap slope and bottom 
  ■  Land use: Industrial / commercial 
  ■  Period of Survey 12/19/2007 – 5/23/2009 
  ■  Images Collected: 23,913 
  ■  Water contact recreational use events: 10 

San Diego Creek at Irvine 
  ■  Trapezoidal channel / natural side slopes and bottom 
  ■  Land use: Residential/commercial/school and open space 
  ■  Period of Survey 6/10/2008 – 9/30/2009 
  ■  Images Collected: 24,801 
  ■  Water contact recreational use events: 4 

Santa Ana Delhi Channel at Newport Bay 
  ■  Natural Channel 
  ■  Land use: Open space / commercial 
  ■  Period of Survey 6/20/2005 – 6/6/2006 
  ■  Images Collected: 20,203 
  ■  Water contact recreational use events: 2 

SAR at Yorba Linda 
  ■  Natural Channel 
  ■  Land use: Residential / open space 
  ■  Period of Survey 4/11/2006 – 4/6/2007 
  ■  Images Collected: 12,645 
  ■  Water contact recreational use events: 0 

 

 Vertical-walled, Concrete-lined Channels - Based on over 93,000 images collected 
from all seasons and different areas of the Santa Ana River watershed, no water 
contact recreation has been observed in vertical-walled channels. Accordingly, no 
exposure risk has been identified and a UAA could result in the removal of both 
REC-1 and REC-2 uses. 

 Trapezoidal-walled, Concrete-lined bottom Channels - Based on over 35,000 images 
collected from all seasons and different areas of the watershed, only one contact 
with water was observed – a person kneeling at the edge of a low flow channel 
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contacted the water on two occasions for a period of less than 30 minutes. In these 
situations, a UAA could result in the removal of the REC-1 use. 

 Trapezoidal-walled, Natural bottom Channels – Based on over 113,000 images, only a 
few images (23) showed some type of contact with the water, but limited to 
shallow wading, e.g., Chino Creek at Central Avenue where 10 observations 
occurred. The outcome of the UAA in these situations is unclear and site-specific 
recreational use survey may need to be collected. 

 Natural Stream Channels – Three natural or somewhat natural stream channels 
have been surveyed (Santa Ana Delhi Channel at Newport Bay and Reach 2 of the 
Santa Ana River at Yorba Linda and Anaheim). Based on over 32,000 images, only 
two observations of contact with the water were observed and these occurrences 
were limited to hand/water contact at the Santa Ana Delhi Channel at Newport 
Bay site.  

UAA Candidate Segments 
Figure C-3 provides an overview of where UAAs have been completed in the MSAR 
watershed or where they could potentially be developed in the future to support a 
structural BMP project. Table C-5 summarizes the potential UAAs within each 
drainage area and jurisdiction in Riverside County. The identification of these 
potential UAAs is based on the channel characteristics and UAA findings already 
completed by the SWQSTF. 

 

 

 

 

 

 

 

 

 

 

 

 



Figure C-3. UAA Candidate Waterbodies
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UAA Development Process 
RWQCB staff will be consulted prior to initiating development of any UAA. It is 
anticipated that development of a UAA would rely on the following process: 

 Conduct meeting with RWQCB to obtain agreement on the following:  

- UAA to be developed, e.g., upper and lower boundaries; 

Table C-6. UAA Candidate Waterbodies in Riverside County 

Primary Jurisdiction of 
Waterbody 

UAA Candidate Waterbody Waterbody Length (miles) 

Corona 

Border Channel 1.05 
Corp Yard Channel 0.54 
Lincoln Ave Channel 1.93 
Mabey Canyon Channel 0.69 
Main Street Channel 3.63 
Mangular Channel 0.71 
Norco Channel 1.04 
Oak Street Channel 3.75 

Norco 
North Norco Channel 4.29 
South Norco Channel 2.75 

Riverside 

Anza Park Drain 5.47 
Arizona Channel 0.92 
Arlington Storm Channel 6.89 
Box Springs Creek 0.33 
La Sierra Channel 3.02 
University Wash Channel 5.41 

Eastvale Chandler Street Channel 1.04 

Jurupa Valley 

Day Creek1 5.02 
Highgrove Storm Drain 0.17 
San Sevaine Channel1 4.69 
Declez Channel1 1.11 
Sunnyslope Channel 3.04 

Unincorporated 

Bedford Wash 2.14 
Brown Canyon Channel 2.00 
Day Creek1 1.10 
El Cerrito Channel 1.2 
Highgrove Storm Drain 0.97 
Home Gardens 1.61 
Joseph Canyon Wash 0.78 

1 -  Upper portions located in San Bernardino County 
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- Minimum water quality data requirements; 

- Requirements for additional recreational survey data collection (if any); and  

- UAA structure and content, i.e., is the existing UAA template adequate or are 
there any site-specific issues that need to be addressed. 

 Collect any necessary data (time period could range from a few weeks or months 
to a year if substantial recreational use survey data is required). 

 Submit draft UAA to the RWQCB for review and comment. Draft UAA will be in 
the same format as the existing Temescal Creek UAA. 

 Prepare revised UAA to the RWQCB for adoption as a Basin Plan amendment. 
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D.1 Introduction 
This section documents existing MS4 permit activities that have been implemented by 
the Riverside County MS4 permittees. Emphasis was on non-structural and structural 
BMP actions implemented or completed since January 1, 2005 (year of MSAR Bacterial 
Indicator TMDL adoption) that are providing water quality benefits to the MSAR 
watershed. 
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D.2 Non-Structural BMPs 
This section describes all completed non-structural BMP program activities 
implemented by Riverside County MS4 permittees since adoption of the MSAR 
Bacterial Indicator TMDL by the RWQCB in 2005. Program areas evaluated for the 
potential to reduce bacterial indicators under dry weather conditions include: 

 Water Quality Management Plan Implementation 

 Public Education and Outreach Targeting Bacterial Indicators 

 Ordinance Adoption 

 Inspection and Enforcement activities 

 Illicit Discharge/Spill Response 

 Street Sweeping  

 MS4 Facility Inspection and Cleaning Programs 

 Water Conservation Programs 

Water Quality Management Plan Implementation  
WQMPs are prepared for new development or significant redevelopment projects 
classified as category or priority projects. This section examines WQMPs completed 
for projects which have resulted in the implementation of BMPs expected to reduce 
contributions of bacterial indicator loads above and beyond what would have been 
expected from the area if the project had not been implemented.  

Using WQMP records provided by the Riverside County MS4 area-wide program, 
projects were screened for those approved after 2005 and designated as “significant 
redevelopment” projects. The presumption is that for existing developments, 
stormwater management controls were not designed to today’s standards and 
therefore some degree of runoff (e.g., from over-irrigation) likely occurred under dry 
weather conditions prior to redevelopment. With significant redevelopment of the 
project site, an approved WQMP would require implementation of site design, source 
control, and/or structural control BMPs to address pollutants of concern by reducing 
runoff or treating runoff. New development projects completed since 2005 were not 
included in this analysis because these projects replace previously undeveloped land 
that likely did not generate any runoff under dry weather conditions. Table D-1 
describes the number of approved WQMPs for significant redevelopment projects 
and the total project development area in each Riverside County jurisdiction. A brief 
description of the type of BMPs implemented for each project is provided. 
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Public Education and Outreach 
The MS4 permittees collectively participate in public education and outreach efforts 
that promote stormwater pollution prevention. Although outreach events may not 
specifically focus on reducing bacterial indicator levels, events which highlight the 
elimination or reduction of debris or pollutants from entering the MS4 or runoff 
under dry weather conditions have the potential to reduce bacterial indicator levels.  

The permittees implement the following specific public education BMPs and activities 
to reduce pathogen sources:  

 What's the Scoop and After the Storm brochures address the need to pick up animal 
waste and to dispose of it properly; 

 Through a partnership between Riverside and San Bernardino Counties, the 
RCFC&WCD sponsored a 1-hour episode of a PBS show for kids called Curiosity 
Quest. The episode focused on many of the impacts that residential activities can 
have on stormwater including improper pet waste disposal; 

 A school activity book and Fancy Fin presentation discuss the proper disposal of 
pet waste; 

 The Keep Our Water Clean DVD addresses the topic of the proper disposal of pet 
waste and the negative impacts to County waterways; 

 The Only Rain Down the Storm Drain adult stormwater presentation discusses 
proper disposal of pet waste and includes a DVD showing how significant this 
problem can be. The film illustrates how waterways are impacted if pet waste is 
not recovered. In the DVD film, a small yellow duck represents bacteria in an 
unrecovered pet waste pile. The film continues to follow the duck, and other 
ducks, as it moves to the storm drain and finally to a receiving water; 

Table D-1. Summary of WQMPs approved for significant redevelopment projects, Riverside 
County, 2005-2009 

Jurisdiction 
No. of 

Projects 
Total 
Acres 

Description 

Corona 1 1.2 Infiltration trench BMPs incorporated into this 
project 

Norco 2 2.4 
Two significant redevelopment projects included 
two BMPs: media filter drain inserts and vegetative 
swales 

City of Riverside NA NA NA: Provided data lacked sufficient information to 
determine project type and acreage 

Riverside County 4 8.5 Projects included infiltration and bioswale BMPs 

Total 7 12.1  
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 Construction, municipal, industrial/commercial and new development training 
focuses on the need to address pathogen sources within the watershed; 

 RCFC&WCD contracts with S. Groner and Associates to distribute pet waste 
information in pet stores, veterinarian clinics, kennels and pet grooming facilities; 

 Coordination with Riverside County Animal Control Department and private “no 
kill” pet shelters occurs to distribute What’s the Scoop and After the Storm brochures 
to families adopting pets at these shelters; 

 Distributed the Landscape and Gardening brochure; 

 Distributed the newly completed Tips for Maintaining a Septic Tank System 
brochure (information is also included in the County’s Septic Tank Guide Booklet); 

 Participation in the Santa Ana River watershed clean-up event; 

 Pollution Prevention Week is recognized in an information flyer and is released 
every September. Along with other useful BMP guidelines, the flyer has an article 
that specifically addresses pet waste titled What's the Scoop…Tips for a Healthy Pet 
and A Healthier Environment; 

 The Earth Day flyer, released every April, offers user-friendly suggestions for 
reducing the use of chemicals, considering integrated pest management in 
gardening, and understanding problems with unrecovered pet droppings; 

 The Environmental Calendar reminds residents to always pick-up animal waste due 
to the harmful effects that bacteria cause in local waters; and 

 RCFC&WCD does not allow the disposal of pet waste or other trash within its 
facilities. Signage has been installed at access gates to discourage illegal dumping 
and encourage the reporting thereof. At the start of the program, RCFC&WCD 
purchased "Dogipots" (containers that hold pet waste bags) and installed them in 
County Parks. Upkeep and additional purchases of Dogipots are the responsibility 
of County Park staff. RCFC&WCD also purchased pet leash tags with the 
stormwater 800 Toll Free number and the Only Rain Down the Storm Drain 
message imprinted. 

Information for public education and outreach events such as those mentioned above 
are collected on a County-wide basis. RCFC&WCD collects this information for 
reporting in its Annual Report. Most of the recorded events educate the public on 
general stormwater pollution prevention by providing information at public events 
(Table D-2). The number of “impressions” is an estimated number of persons 
contacted through personal communication, audience attendance, or brochure 
distribution.  
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Table D-2. Public education and outreach activities for Riverside County MS4 Program, 2005-2009  (IMP = Impressions)

Jurisdiction 

2005 2006 2007 2008 2009 

Comments No. of 
Events 

No. of 
IMPs 

No. of 
Events 

No. of 
IMPs 

No. of 
Events 

No. of 
IMPs 

No. of 
Events 

No. of 
IMPs 

No. of 
Events 

No. of 
IMPs 

Corona 1 1,500 3 1,160 7 1,310 1 400 2 500 
Outreach events included health and safety fairs, 
Corona Public Works Day, and water 
conservation events. 

Norco 0 0 1 360 0 0 0 0 1 100 Outreach events included a community festival 
and equestrian event. 

Riverside 6 2,800 2 1,460 5 530 3 800 7 750 

Outreaches included events such as cleanup 
days, Humane Society events, community park 
revitalization efforts, Special Olympics, 5K 
run/walk event, and safety fairs. 

County of 
Riverside 1 2,276 7 8,366 8 2,812 13 10,153 14 13,046 Outreach events included youth related events, 

July 4th celebrations, and senior events, 

RCFC&WCD 16 NR 12 8,220 20 3,163 20 4,880 13 3,860 

Outreach events included water festivals, 
recycling programs, school presentations, 
community festivals, health fairs, and home & 
garden expos. 

Total 24 6,576 25 19,566 40 7,815 37 16,233 37 18,256  

NR = Not recorded 
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Ordinance Adoption 
MS4 permittees have adopted ordinances which provide legal authority to control 
non-permitted discharges from entering MS4 facilities. In addition, some permittees 
have adopted ordinances which directly reduce the volume of runoff under dry 
weather conditions, e.g., water conservation ordinances (Table D-3). These ordinances 
will provide potential reductions in DWFs that may convey bacterial indicators to 
MS4 facilities and receiving waters. 

The Cities of Corona, Norco, and Riverside have also adopted stormwater ordinances 
which provide the legal authority to prevent the following types of discharges to MS4 
facilities: 

 Sewage to MS4 facilities 

 Wash water resulting from hosing or cleaning of gas stations and other types of 
automobile stations 

 Discharges resulting from the cleaning, repair, or maintenance of equipment, 
machinery or facilities, including motor vehicles, concrete mixing equipment, and 
portable toilet servicing 

Table D-3. Existing water conservation ordinances within the Riverside County MSAR 
watershed 

Jurisdiction 
Ordinance 

Name 
Applicability Key Prohibitions 

City of Corona Water Conservation City of Corona 

• Any irrigation water leaving the property 
• Failure to repair a water leak 
• Use of water to wash any impervious 
surfaces 

City of Norco Water Conservation City of Norco • Failure to repair a water leak 

City of Riverside Water Conservation Most of City of Riverside • Any irrigation water leaving the property 

Jurupa 
Community 
Services District 

Water Conservation Jurupa and Eastvale 

• Any irrigation water leaving the property 
• Failure to repair a water leak 
• Use of water to wash any impervious 
surfaces 
• Scheduling of spray irrigation between 
the hours of 8:00 am and 8:00 pm 

Western Municipal 
Water District Water Conservation 

Part of City of Riverside 
and portions of 
unincorporated Riverside 
County 

• Any irrigation water leaving the property 
• Adjust irrigation timers in accordance 
with weather conditions and landscape 
requirements 
• Open hoses shall be equipped with 
automatic, positive shut-off nozzles 
• Failure to repair a water leak 
• Use of water to wash any impervious 
surfaces 

County of 
Riverside 

Water Efficient 
Landscaping 

Countywide – properties 
with greater than 1 acre 
of landscaping 

• Any irrigation water leaving the property 
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 Wash water from mobile auto detailing and washing, steam and pressure 
cleaning, and carpet cleaning 

 Water from cleaning of municipal, industrial, and commercial areas including 
parking lots, streets, sidewalks, driveways, patios, plazas, work yards and 
outdoor eating or drinking areas, containing chemicals or detergents and without 
prior sweeping 

 Runoff from material storage areas or uncovered receptacles that contain 
chemicals, fuels, grease, oil or other hazardous materials 

 Discharges of runoff from the washing of toxic materials from paved or unpaved 
areas 

 Discharges from pool or fountain water containing chlorine, biocides, or other 
chemicals; pool filter backwash containing debris and chlorine 

 Pet waste, yard waste, debris, and sediment 

 Restaurant or food processing facility wastes such as grease, floor mat and trash 
bin wash water, and food waste 

The County of Riverside has adopted a similar stormwater ordinance but it does not 
address sewage issues since the County does not operate a POTW or associated 
sewage collection system. The RCFC&WCD does not have an adopted stormwater 
ordinance since it relies on the combined authority of the city and county permittees. 

Inspection and Enforcement Activities 
MS4 permittees conduct inspections of commercial and industrial facilities as part of 
municipal NPDES programs to assess compliance of facilities with local stormwater 
ordinances and, where applicable, potential noncompliance with California’s General 
Permit for Storm Water Discharges Associated with Industrial Activities. In 
evaluation of these programs for water quality benefits, restaurant inspections are of 
particular interest since restaurant activities are potential sources of indicator bacteria. 

Riverside County MS4 permittees implement a Commercial/Industrial Compliance 
Assistance Program (CAP) to conduct focused outreach to restaurants, automotive 
repair shops and certain other commercial and industrial establishments to encourage 
implementation of stormwater BMPs and facilitate consistent and coordinated 
enforcement of local stormwater quality ordinances. Site visits include use of survey 
checklists to document stormwater management practices for each facility. CAP has a 
specific compliance survey for food facilities verifying that: 

 Oil and grease wastes are not discharged onto a parking lot, street or adjacent 
catch basin 
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 Trash bin areas are clean; bin lids are closed, not filled with liquid, and bins have 
not been washed out into the MS4 

 Floor mats, filters and garbage containers are not washed in adjacent parking lots, 
alleys, sidewalks, or streets and that no wash water is discharged to MS4s 

 Parking lot areas are cleaned by sweeping, not by hosing down, and that facility 
operators use dry methods for spill cleanup 

Implementation of the water conservation ordinance also results in inspectors going 
out into the community to address complaints regarding potential violations of 
ordinance provisions. Since October 2009, in the City of Corona, the following 
complaints or inquiries have been received: 

 145 calls about watering during restricted hours 

 26 broken sprinkler calls 

 23 reports of washing down sidewalks 

 6 reports of water spraying on sidewalks 

 81 general inquiries about water conservation 

 56 calls regarding overwatering 

 46 wasting water reports 

 59 water leak/leaking sprinkler issues 

 64 reports of watering on wrong days  

To respond to these complaints, the City of Corona has completed 386 free landscape 
audits at residences throughout the city. Audits include the following activities: 

 Irrigation timers are set per the City watering guidelines (3 days per week, 20 
minutes maximum per station) 

 Valves are checked to ensure operability 

 Sprinkler heads are checked and adjusted to ensure efficiency 

 Water meter is checked for leaks 

 Additional recommendations for water savings are made 
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Illicit Discharge/Spill Response 
Riverside County permittees implement programs to reduce illicit discharges and 
prevent spills from reaching MS4 facilities. Events which involve the discharge of 
sewage have the potential to result in significant bacterial indicator inputs to the MS4. 
Permittees collaborated with the sewering agencies to develop a Unified Sanitary 
Sewer Spill Response Procedure in 2005 (updated in 2008) for containing and cleaning 
effluent to address sanitary sewer overflows. The procedure was developed in 
response to a MS4 permit requirement for sewering agencies and permittees to 
develop and strengthen interagency response procedures and enhance 
communication among permittees, sewering agencies, and the RWQCB.  

Riverside County permittees annually record notifications or complaints regarding 
illicit discharges and maintain a database of these incidents and specific response 
actions taken. Initial calls of complaints often are received by the County and then 
forwarded to individual jurisdictions for follow-up action. The discharge database 
includes the following information:   

 Discharge type 

 Discharge description and estimated quantity of material discharged 

 Response action 

A review of database records for the period 2005-2009 shows that discharge or spill 
events were mostly related to sewage overflows. Table D-4 summarizes the total 
number of reported incidents and estimated quantity of discharge cleaned. The total 
volume handled during spill response activities represents discharges prevented from 
potentially entering MS4 facilities. 
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Table D-4. Illicit Discharge Spill Response, Riverside County MS4 Program, 2005-2009 

Jurisdiction 

2005 2006 2007 2008 2009 

Incidents 
Quantity 

(gal) 
Incidents 

Quantity 
(gal) 

Incidents 
Quantity 

(gal) 
Incidents 

Quantity 
(gal) 

Incidents 
Quantity 

(gal) 

Corona 2 7,600 1 4,700 4 95,800 3 3,900 6 2,900 

Norco 0 0 0 0 0 0 1 1,000 0 0 

Riverside 27 2,084,000 5 4,100 3 1,300 9 4,800 7 6,500 
County of 
Riverside 0 0 0 0 0 0 0 0 2 5,500 
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Street Sweeping 
Street sweeping removes debris, which has been shown to contain bacterial 
indicators. Bacterial indicators become entrained in urban runoff, which is then 
discharged to the MS4. While the benefits of street sweeping are assumed to be most 
closely associated with wet weather runoff which has the greatest capacity to flush 
unswept debris into the storm drain, there is recent evidence that DWFs along curbs 
have the potential to mobilize significant numbers of bacterial indicators (Skinner et 
al. 2010; Ferguson 2006). It should be noted that street sweeping activities are only 
performed on streets with curb and gutter. In uncurbed streets, a portion of 
accumulated sediment is conveyed to shoulders by wind or runoff and is therefore 
not commonly found within the path of any DWF. 

Table D-5 summarizes the quantity of debris collected by street sweeping programs 
for each jurisdiction. The following sections provide a qualitative description of street 
sweeping program activities within permittee jurisdictions, as reported in the Annual 
Progress Reports. 

 The City of Corona prioritizes street sweeping based on a number of factors 
including land use or complaint history. Generally, streets in residential areas with 
curb and gutter are swept two times per month while street medians and intersections 
are swept one time per month. Areas are ranked as low, medium, or high based on 
the following: 

 Low - Low density residential areas; areas with no prior history of illegal 
dumping, problems and/or complaints  

 Medium - Medium density residential areas; areas with modest amount of 
landscaping, collector streets; storm drain facilities with few complaints, problems 
or history of an isolated incident that occurred in the past with no visible 
reoccurring pattern  

 High - High density residential, commercial and industrial areas; areas with 
significant amount of landscaping; major arterial, primary and secondary streets; 
facilities that discharge directly to receiving waters and are classified under the 
“Medium” category 

Table D-5. Debris collected (tons) from street sweeping, Riverside County, 2005-2009 

Jurisdiction 2005 2006 2007 2008 2009 Comments 

Corona - 2,772 2,845 2,796 2,904  
Norco - - 294 361 345  

Riverside - - 4,990 NR 2,885 NR: not reported 

County of 
Riverside - - 1,753 NR 1,672 NR: not reported 

(-): In 2005 and 2006, not all jurisdictions reported this measurement 
Source:  Riverside County Annual Progress Reports, 2005 to 2009 
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The City of Riverside implements a bi-weekly street sweeping program for streets 
with curb and gutter to reduce the discharge of pollutants and trash that would enter 
MS4 facilities from public areas such as parks and streets. The street sweeping 
program is coordinated with Parking Services to better enforce “No Parking for Street 
Sweeping” requirements. Fine enforcement has resulted in fewer vehicles remaining 
parked along the street during scheduled and posted street sweeping time; allowing 
for more effective sweeping coverage and greater removal of debris along streets and 
gutters. In 2007-2008, two new vacuum assisted sweepers were purchased.  

Unincorporated Riverside County streets with curb and gutter within established 
neighborhoods (i.e. includes Landscape Lighting and Maintenance District), street 
sweeping is performed twice a month. Other service areas within the County are 
swept on an as needed basis. 

MS4 Facility Inspection and Cleaning Programs 
The MS4 permittees implement MS4 facility inspection and cleaning programs to 
satisfy minimum facility maintenance requirements contained in their MS4 permits. 
The debris that builds up in MS4 facilities has the potential to become a significant 
bacterial indicator reservoir that can be mobilized when water moves through. While 
wet weather flows would be most likely to mobilize this debris and associated 
bacterial indicators, steady DWFs through the facility also have the potential convey 
bacterial indicators into receiving waters. 

The Riverside County permittees annually document the length and percent of 
pipeline and channel facilities inspected in the Annual Report (see Tables D-6 and D-
7). Table D-8 summarizes the amount of debris removed annually from MS4 facilities 
from 2005 to 2009. In addition, the Riverside County permittees also have conducted 
site-specific MS4 cleanup efforts in the MSAR watershed. These efforts are 
summarized below. 

City of Corona 
The City of Corona conducts annual cleanup events and has implemented efforts to 
address transient encampments in the Prado Basin: 

 Temescal Creek Cleanup Event: - Since 2005, the City of Corona has conducted annual 
volunteer trash and debris removal events in Temescal Creek. These events are 
held in coordination with various agencies and in conjunction with the Inner-
Coastal Watershed Cleanup Day. Dates and volunteer efforts resulting in debris 
removed from the Temescal Creek are summarized below:  

 May 21, 2005 - 80 volunteers; quantity unknown; October 28, 2006 - 30 
volunteers; 2 tons of debris; October 18, 2008 - 300 volunteers; 50 tons of 
debris;  October 17, 2009 - 100 volunteers; 23 tons of debris



Attachment D 
Existing Urban Source Control Program 

A    D-13 

 

 
Table D-6. Linear feet of pipe and percent of pipe inspected, Riverside County MS4, 2005 - 2009 

Jurisdiction 
Linear Feet (LF) or Miles (mi) of Pipe Inspected Percent Pipe Inspected 

2005 2006 2007 2008 2009 2005 2006 2007 2008 2009 

Corona 43,310 LF 45,490 LF 47,550 LF 39,204 LF 47,360 LF 6 6 6 5 6 

Norco 16,100 LF 16,900 LF 17,000 LF 17,000 LF 17,000 LF 80 80 62 62 80 

City of Riverside 0 ND ND ND ND 0 ND 10 10 10 
County of 
Riverside ND ND ND All 2 6,150 LF ND 80 80 100 82 

RCFC&WCD ND ND All 2 All 2 All 2 100 100 100 100 100 
1 ND: No data shown 
2 All components that can be visually inspected 
Source:  Riverside County Annual Progress Reports, 2005 to 2009 

Table D-7. Linear feet of channel and percent of channel inspected, Riverside County MS4, 2005 - 2009 

Jurisdiction 
Linear Feet (LF) or Miles (mi) of Channel Inspected Percent Channel Inspected 

2005 2006 2007 2008 2009 2005 2006 2007 2008 2009 

Corona 21,536 LF 21,536 LF 22,855 LF 22,861 LF 23,258 LF 100 100 100 100 100 

Norco 4,400 LF 4,400 LF 4,000 LF 4,400 LF 4,400 LF 100 100 80 100 100 
City of 

Riverside 199,000 LF 199,000 LF ND ND ND 100 100 100 100 100 

County of 
Riverside ND ND ND ND 57,855 LF ND 92 92 100 95 

RCFC&WCD 133 mi 59 mi 160 mi 103 mi 95 mi 100 100 100 100 100 
1 ND: No data shown 
Source:  Riverside County Annual Progress Reports, 2005 to 2009 
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 Prado Basin Transient Encampment Abatement - Since a portion of the Prado Basin is 
located within the City of Corona jurisdiction, in 2003 the City initiated 
meetings to strategize removal of transient encampments within the Prado 
Basin. Since 2006, this program has resulted in removal of debris from 
Prado Basin: 197 tons, 4 tons, and 8 tons of debris removed in 2006, 2007 
and 2008, respectively. 

City of Norco  
In addition to the inspecting MS4 facilities, the City of Norco implements BMPs to 
reduce the likelihood of erosion-based pollutants by allowing alternative trail 
materials to be installed across driveway approaches within the horse trail. The City 
also has replaced many of the drop inlets located within horse trails with curb 
opening catch basins. Use of these alternative materials and drainage features reduces 
the potential for horse manure mobilization from roadside horse trails to MS4 
systems. 

City of Riverside 
Annually, prior to the rainy season, the City’s Public Works Department clears 
drainage areas near dirt roads to remove illegal dumping, debris, and weeds that may 
block drainage paths. This cleaning activity reduces the potential for in-stream source 
of bacteria indicators by removing materials that may provide habitat for bacteria 
colonies to survive and grow. 

County of Riverside 
The County utilizes various departments including the Transportation Department, 
Code Enforcement Department, County Environmental Health, RCFC&WCD, 
Building and Safety Department and Waste Management Department to inspect MS4 
facilities and respond to complaints of illegal dumping. In addition, Riverside County 
implements community cleanup events throughout the region. These activities reduce 
the potential for in-stream source of bacteria indicators by removing materials that 
may provide habitat for bacteria colonies to survive and grow. 

Table D-8. Debris (tons) collected from MS4 facilities, Riverside County permittees, 
2005-2009 

Jurisdiction 2005 2006 2007 2008 2009 Comments 

Corona - - 64 117 119  
Norco - - 16 16 14  
City of 

Riverside - - 3,381 cy 7,000 cy 2,200 cy Debris cubic yards (cy) 

County of 
Riverside - - 15 NR 24 NR, not recorded 

RCFC&WCD 
- 673 600  1,200 1,100 Debris collected (tons) 

- 45,146 50,000 57,000 24,000 Sediment collected 
(cubic yards) 

(-): In 2005 and 2006, not all jurisdictions reported this measurement 
Source:  Riverside County Annual Progress Reports, 2005 to 2009 
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4.2.8 Water Conservation Programs 
Development and implementation of water conservation BMPs will be closely 
coordinated with water purveyors within the MS4 drainage area. Water demand 
management measures (DMM), also known as BMPs, are required to be evaluated in 
urban water management plans (UWMPs). Attachment C provides details on each of 
these BMPs and describes plans to enhance water conservation BMP implementation 
prior to 2015. Water purveyors within the MS4 Permit area have also implemented 
other water conservation BMPs to reduce outdoor water use that are not required by 
the UWMP Act. The following sections summarize current implementation of DMMs 
and additional conservation BMPs by the City of Corona Water Department and 
Riverside Public Utilities. 

City of Corona 
 Completion of landscape design guidelines for commercial and industrial 

developments. The purpose of the guidelines is to: 

 Ensure a high level of resource conservation including water conservation, 
groundwater recharge, and green waste reduction; 

 Promote improved water use management and water conservation through 
the use of water-efficient landscaping, limited use of turf grass, and aggressive 
use of water conserving irrigation technology and management; 

 Eliminate water waste from irrigation overspray; and 

 Reduce the water demands from landscapes without a decline in the 
landscape quality or quantity. 

 Landscape Audit – Provide free irrigation system check and develop customer 
irrigation schedule based on precipitation rate, local climate, irrigation system 
performance, and landscape conditions. Since 2005, approximately 1,300 
landscape audits have been provided. 

 Landscape Partners – Establish partnership with local landscape suppliers for 
customers to purchase water saving devices at discounted prices 

 Rebate Program - Implementation has included past programs such as: 

 Turf Removal (Pilot Program) – $1 per square foot to remove turf lawn and 
install water-friendly landscaping; 

 Weather Based Irrigation Controllers – $200 per controller for irrigable area 
less than one acre; 

 Rotating Nozzles – $4 per nozzle with pressure regulating head to guarantee 
performance; and 
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 Synthetic Turf – $0.90 per square foot to replace irrigated lawn area. 

 Weather-based Irrigation Controller Direct Installation Programs 

 Completed pilot program for the installation of 37 weather-based irrigation 
controllers in 2009 on residential lots of 10,000 square feet or larger. 
Controllers reduce urban runoff by reducing the amount of water applied to 
yards. In the first six months since the controllers have been installed, the pilot 
program has resulted in savings of 15.7 acre-feet of water. 

 Weather-based Irrigation Controller (WBIC) direct installation (expanded 
program for future implementation) – Collaborating with the Bureau of 
Reclamation (50 percent grant funded) to install 290 controllers for customers 
with landscape areas over 1,500 sq. ft. In 2010, 335 WBICs were installed under 
this program. 

 Residential Parkway Landscape Conversion Program – This program began in 2009 to 
support new City of Corona guidelines established for converting high water 
demand turf into water efficient landscaping, e.g., converting the parkway area 
between the curb and the sidewalk. Increased participation is expected in future 
years as water utility rates increase.   

City of Corona has converted approximately one acre of Landscape Maintenance 
District high water demand landscaped areas, such as turf, to drought tolerant 
landscaping and decomposed granite, and has installed more efficient irrigation 
systems over the past year. 

These design guidelines and water conservation BMPs will provide potential 
reduction in DWF that may have otherwise conveyed bacterial indicators to MS4 
facilities and receiving waters. 

City of Riverside 
 Rebate Program - Implementation has included past programs such as: 

 Artificial Turf - Level of incentive is $1 per square foot, up to $1,000. Since 
2009, 3 acres of grass has been replaced with artificial turf by participants in 
this program, 

 Rotating Sprinkler Nozzles - Level of incentive is $4 per qualified nozzle, up to 
$100, not to exceed the purchase price of the new nozzles. 

 WBIC - Level of incentive on qualified units is $200 per unit, or $25 per station 
on landscapes larger than one acre. 

 Waterwise Landscaping Program - Customers can receive incentives of $0.40 per 
square foot of turf area that is replaced with waterwise landscaping. Customers 
can replace between 1,000 to 6,000 square feet of existing turf for a maximum 
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rebate of $2,400. Rebate cannot exceed 50 percent of total documented materials 
cost. Since 2009, over 5 acres of grass has been replaced with waterwise 
landscaping by participants in this program.  

 RPU is currently partnered with WMWD in a large landscape residential 
WBIC/rotator direct install program. RPU targets the top residential water users 
in the city and, if they meet the proper criteria, to install water saving irrigation 
equipment in their homes at no cost. 

 RPU will begin an annual high efficiency sprinkler nozzle distribution program 
for residents via the website FreeSpinklerNozzles.com on July 1, 2010. Under this 
program, RPU has provided 85,000 nozzles to customers in 2010-2011. 

RPU currently administers, through MWD, rebates for all commercial entities using 
pressurized water saving devices such as a pressurized waterbroom to clean 
sidewalks and work areas. 

These water conservation BMPs will provide potential reduction in DWF that may 
have otherwise conveyed bacterial indicators to MS4 facilities and receiving waters. 
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D.3 Structural BMPs  
This section describes relatively large-scale projects that include structural BMPs that 
reduce urban runoff under dry weather conditions that have been completed since 
January 1, 2005 or are already planned for completion by December 31, 2015. 
Structural BMPs will provide potential reduction in DWF that may have otherwise 
conveyed bacterial indicators to MS4 facilities and receiving waters. 

Few large scale structural BMPs have been implemented since 2005 in Riverside 
County. An example of one such project is the County Line Channel project which 
was completed in 2007 primarily as a flood control facility in the Chino-Corona 
Agricultural Preserve area. The channel provides 100-year flood protection to existing 
public roads, utilities, new development, and agricultural operations by collecting 
overland sheet flows from the City of Ontario and County of San Bernardino portions 
of the watershed and discharges the flows into the Cucamonga Creek Channel. It was 
co-sponsored by RCFC&WCD, SBCFCD, and the City of Ontario. Grant funding was 
also provided by SAWPA. 

The construction of the County Line Channel facility accommodated major storm 
drain laterals that convey stormwater and avoided the co-mingling of urban runoff 
with agricultural drainage that previously resulted in the inundation and overflowing 
of the dairy drainage systems within the project vicinity. While this project did not 
directly reduce bacterial indicators from urban areas, it did reduce the potential for 
conveying bacterial indicators from agricultural sources from impacting receiving 
waters in the Cucamonga Creek drainage area. 

Riverside County permittees completed the BMP Siting Study for the Santa Ana 
Region Permit Area in 2005. This study identified candidate properties that could be 
retrofitted to include regional structural BMPs to capture dry and wet weather runoff. 
This study screened the candidate sites to prioritize implementation of potential 
projects. Further investigation of these potential sites will be necessary to determine 
their technical feasibility. Structural BMP retrofit opportunities identified in this study 
could be used to provide regional treatment solutions if it is determined there is a 
need to control DWF/bacterial indicators, and a regional structural BMP approach is 
determined to be the necessary approach.  
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E.1  Introduction 
The MS4 permit establishes the minimum required schedule-related elements for 
inclusion in the CBRP. These elements include: 

 A detailed schedule with discrete milestones to assess satisfactory progress 
toward meeting urban wasteload allocations for dry weather; 

 Designation of responsibility for meeting each milestone; and 

 Specific metrics to demonstrate the effectiveness of the CBRP and acceptable 
progress for meeting the urban wasteload allocations for dry weather. 

Section 2.3 provides an overview of the schedule for the CBRP implementation 
program. The following sections present the additional information required by the 
MS4 permit.  
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E.2  CBRP Program Elements 
This section provides the implementation plan for each of the four required CBRP 
elements. Each plan includes the following information: 

 CBRP Activity – Programmatic area to be implemented.  

 Milestones – Discrete actions associated with the completion of each CBRP activity. 

 Metrics – Specific outcomes to demonstrate completion of each milestone; in 
addition, metrics for some activities are related to mitigation of identified 
controllable urban sources of bacterial indicators and provide a means to measure 
effectiveness of activity. 

 Lead Agency – Assignment of the activity to either the area-wide MS4 program or 
to MS4 Permittees with jurisdiction over a targeted area. 

 Completion Date – Completion dates are provided where possible. CBRP Step 2 and 
3 activities are expected to extend beyond the December 31, 2015 compliance date 
given the length of time involved with the design, permitting and construction of 
a structural BMP.  

Element 1 – Ordinances 
Two activities comprise Element 1 - water conservation and pathogen control 
ordinances. Table E-1 provides the implementation activities planned for each of these 
CBRP activities. Evaluations of legal authority and the development of minimum 
ordinance requirements are expected to be implemented by individual MS4 
Permittees, where necessary. Activities associated with the development of a 
pathogen control ordinance are an MS4 permit requirement and the completion date 
is consistent with the permit. Progress towards implementing Element 1 activities will 
be summarized and reported in the Annual Report prepared under the MS4 permit. 

Element 2 – Specific BMPs 
Seven specific BMPs are included in Element 2. Table E-2 provides the 
implementation plan associated with each of these activities. Implementation 
responsibility for specific activities varies between the area-wide MS4 program and 
Permittees. Some activities are closely linked to other CBRP elements, e.g., 
implementation of irrigation practices is closely linked with the water conservation 
ordinance activities described under Element 1. Several activities are also MS4 permit 
requirements, e.g., IDDE program development, WQMP revisions, and septic system 
management. The completion dates for these activities are consistent with the MS4 
permit requirements. Progress implementing Element 2 activities will be summarized 
and reported in the Annual Report prepared under the MS4 permit. 

Element 3 – Inspection Criteria 
This element includes the activities dedicated to identifying controllable dry weather 
flow and bacterial indicator sources, prioritizing mitigation evaluations, completing 
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mitigation alternative evaluations, and initiating the implementation of selected 
mitigation alternatives (Table E-3). Element 3 activities require data collection, the 
results of which support decisions regarding next steps to mitigate controllable 
sources. Deliverables range from selection and initiation of a structural BMP projects 
to implementation of more targeted non-structural BMPs. Structural BMPs selected 
under Element 3 are designed and constructed as part of Element 4. Where the results 
of source evaluation activities indicate that sources are uncontrollable or are not the 
responsibility of the MS4, the RWQCB will be notified and the source will be 
addressed outside of the CBRP. 

Currently, the USEP (approved by the RWQCB in 2008) and the 2010 MS4 permit 
require the completion of semi-annual USEP reports to describe progress and plans 
associated with the implementation of urban source evaluation activities. Element 3 
activities will replace the need to periodically identify source evaluation activities for 
implementation. Reports regarding the findings of mitigation evaluations and 
selection of mitigation alternatives will be summarized in the MS4 permit Annual 
Reports. 
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Table E-1. Implementation Plan for CBRP Element 1 – Ordinances 

CBRP Activity Milestones Metrics Lead Complete by 

1.A - Water 
Conservation 
Ordinance 

1.A.i – Evaluate existing legal authority to 
manage and enforce DWF 

Establish minimum DWF management and 
enforcement requirements for the area  Permittees June 30, 2012 1.A.ii - Evaluate opportunities to collaborate 

with water purveyors on implementation of 
SB7 to maximize use of outdoor water use 
efficiency BMPs and reduce DWF 
1.A.iii – Evaluate need to revise local 
ordinances to incorporate more stringent DWF 
management requirements 

Prepare draft revised ordinances in the 
local jurisdiction, as needed Permittees December 31, 

2012 

1.A.iv - Adopt revised water conservation 
ordinances (as appropriate) 

As appropriate to the local jurisdiction, 
revised ordinances adopted Permittees December 31, 

2013 

1.B – Pathogen Control 
Ordinance 

1.B.i – Evaluate existing legal authority to 
manage animal wastes 

Establish minimum requirements for the 
control of bacterial indicator sources  Permittees June 30, 2012 1.B.ii – Identify other controllable  bacterial 

indicator sources (other than pet waste) that 
may contribute to bacterial indicator 
exceedances in the MS4 
1.B.iii – Evaluate need to establish/revise local 
ordinances to incorporate minimum bacterial 
indicator control requirements 

Prepare draft revised ordinances in the 
local jurisdiction, as needed Permittees December 31, 

2012 

1.B.iv – Adopt/revise pathogen control 
ordinances 

As appropriate to the local jurisdiction, 
revised ordinances adopted Permittees January 29, 

20131 

1.C - Reporting 

1.C.i – Provide annual summary of ordinance 
development activities and recommendations 
for CBRP modification as identified by Element 
1 implementation 

Incorporate summary into MS4 permit 
Annual Report 

Area-wide MS4 
Program 

Annually by 
November 15 

1 -  Consistent with MS4 permit requirement 
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Table E-2. Implementation Plan for CBRP Element 2 – Specific BMPs 

Activity Milestones Metrics Lead Complete by 

2.A – Transient 
Camps 

2.A.i - Identify locations of transient 
encampments that may be contributing to 
elevated bacterial indicators in dry weather 
flows in MS4 facilities, evaluate potential 
impacts from identified camps, and develop 
plan to mitigate camps determine to be a water 
quality concern 

Report findings Permittees 

Reported in Annual 
Report starting with 
FY2013/2014 
Annual Report 

2.A.ii - Develop model program for mitigating 
water quality impacts from transient 
encampments 

Determine need to establish model 
program for use by local jurisdictions 

Area-wide MS4 
Program 

Reported in 
FY2012/13 Annual 
Report 

2.A.iii - Develop targeted transient camp 
mitigation plan 

Based on the outcome of 2.A.i and 2.A.ii, 
prepare mitigation plan (with schedule) for 
implementation by local jurisdiction 

Permittees June 30, 2013, if 
required 

2.A.iv - Implement transient camp mitigation 
plan 

Complete targeted activities based on 
mitigation plan Permittees 

Ongoing starting 
July 1, 2013, if 
required 

2.B – IDDE 

2.B.i - Develop draft IDDE Program that is 
consistent with permit requirements and 
supports CBRP Element 3 (Inspection Program) 

Develop program guidance based on MS4 
permit requirements and needs of 
inspection program 

Area-wide MS4 
Program 

Submitted March 31, 
2011 

2.B.ii – Develop final IDDE Program for 
submittal to the RWQCB Submit final guidance to RWQCB Area-wide MS4 

Program July 29, 20111 

2.B.iii – Implement IDDE Program Implementation of Inspection Program as 
required by 3.C 

Area-wide MS4 
Program & 
Permittees 

As required by 
Element 3 

2.C - Street 
Sweeping 

2.C.i – Evaluate need to revise street sweeping 
programs 

Develop recommendations for modified 
street sweeping program targeted at 
bacterial indicators 

Permittees June 30, 2012 

2.C.ii - Develop plan/schedule for 
implementation of modified program (as 
appropriate) 

Establish plan/schedule for implementation 
of modified street sweeping program, as 
appropriate to local jurisdictions 

Permittees 
Submitted with 
FY2011/2012 
Annual Report. 

2.C.iii – Implement modified street sweeping 
program Compliance with established plan/schedule Permittees As required by 2.C.ii 
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Table E-2. Implementation Plan for CBRP Element 2 – Specific BMPs 

Activity Milestones Metrics Lead Complete by 

2.D – Irrigation or 
Water 
Conservation 
Practices 

2.D.i - Develop irrigation and water 
conservation BMP programs in coordination 
CBRP activity 1.A 

Identify recommended irrigation and water 
conservation BMP practices for 
implementation 

Permittees December 31, 2012 

2.D.ii - Develop plan/schedule for 
implementation of BMP practices 

Establish plan/schedule for implementation 
of BMP practices, as appropriate within 
local jurisdictions 

Permittees March 31, 2013 

2.D.iii – Implement BMP practices Compliance with established plan/schedule Permittees As required by 2.D.ii 

2.E – Water 
Quality 
Management Plan 
Revision 

2.E.i - Submit draft WQMP revision to RWQCB Submit draft WQMP Guidance and 
Template revisions as required by permit 

Area-wide MS4 
Program July 29, 20112 

2.E.ii - Submit final WQMP to RWQCB Submit final WQMP Guidance and 
Template as required by permit 

Area-wide MS4 
Program 

Based on RWQCB 
Response to Draft2 

2.E.iii - Incorporate WQMP revisions into 
training programs 

Establish revised training modules to 
incorporate new WQMP provisions 

Area-wide MS4 
Program July 29, 20122 

2.E.iv – Implement revised WQMP WQMP approved by RWQCB Permittees Within 90 days of 
Board approval2 

2.F –Septic 
System 
Management 

2.F.i – Analyze relationship between location of 
septic systems and MS4 facilities to evaluate 
potential for impacts from septic systems on 
water quality under dry weather conditions 

Enhance existing septic system inventory, 
identify areas where septic systems have 
the potential to impact the MS4 to inform 
future source assessment activities;  

Area-wide MS4 
Program  January 29, 20122 

2.F.ii – Distribute educational materials and 
conduct public education activities to inform 
septic system owners on proper maintenance of 
septic systems 

Complete targeted educational activities  
Area-wide MS4 
Program & 
Permittees 

Ongoing 

2.F.iii – Conduct inspection and enforcement 
activities as needed, to ensure potential water 
quality impacts to MS4 are mitigated 

Complete targeted inspections and 
implement enforcement actions as needed Permittees Ongoing 

2.G – Pet Waste 
Management 

2.G.i – Evaluate pet waste management BMPs 
within local jurisdictions to identify any 
opportunities to enhance BMPs to better target 
bacterial indicator sources; coordinate 
evaluation with CBRP Activity 1.B 

Identification of new or enhanced BMPs for 
implementation Permittees September 30, 2012 

2.G.i – Develop and implement BMPs identified 
in 2.G.i. Implementation of BMPs identified in 2.G.i Permittees January 29, 20131 



Attachment E 
CBRP Implementation Plan 

A  E-7 

Table E-2. Implementation Plan for CBRP Element 2 – Specific BMPs 

Activity Milestones Metrics Lead Complete by 

2.H - Reporting 

2.H.i – Provide annual summary of BMP 
activities and recommendations for CBRP 
modification as identified by Element 2 
implementation 

Incorporate summary into MS4 permit 
Annual Report 

Area-wide MS4 
Program & 
Permittees 

Annually by 
November 15 

1 -  Program guidance is an MS4 permit requirement with no due date; the CBRP establishes a due date 18 months after permit adoption 
2  - Consistent with MS4 permit requirement 
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Table E-3. Implementation Plan for CBRP Element 3 – Inspection Criteria1 

Activity Milestones Metrics Lead Complete by 

3.A –Tier 1 Source 
Evaluation 

3.A.i - Revise Watershed-wide Monitoring 
Program Monitoring Plan and QAPP, as needed 

Revised Monitoring Plan and QAPP approved 
by RWQCB 

Area-wide MS4 
Program March 31, 2012 

3.A.ii - Collect data from Tier 1 sites 
Completed sampling; laboratory data 
received and included in MSAR database 
maintained by SAWPA 

Area-wide MS4 
Program December 31, 2012 

3.B – Prioritization 
of Drainage Areas 

3.B.i – Prepare Data Analysis Report with 
prioritized drainage areas based on data 
collected under 3.A 

Data Analysis Report summarizing Tier 1 
results to support Decision Points #1 and #2 
in the Compliance Strategy (Figure 2-4) 

Area-wide MS4 
Program March 31, 2013 

3.C – Identify 
Alternatives for 
Reducing or 
Eliminating 
Controllable Flow 
or Bacterial 
Indicator Sources  

3.C.i - Based on the findings of Elements 3.B.i, 
collect data from Tier 2 sites, as needed, and 
develop alternatives to mitigate controllable dry 
weather flow or bacterial indicator sources for 
each prioritized drainage area starting with the 
highest priority area (subsequent drainage 
areas evaluated in order of priority) 

Prepare documentation regarding the 
alternatives identified for each evaluated 
drainage area (documentation prepared for 
each drainage area in order of priority and 
included in Annual Report) 

Permittees  December 31, 2014 

3.D – Identify and 
Select Mitigation 
Alternatives 

3.D.i – Select mitigation alternative based on 
findings established under 3.C.i  

Prepare documentation regarding the 
selected alternative for mitigating controllable 
sources in each drainage area 
(documentation prepared for each drainage 
area in order of priority and included in 
Annual Report) 

Permittees March 31, 2015 

3.D.ii – Implement targeted non-structural 
BMPs if part of mitigation alternative 

Document implementation of non-structural 
BMPs through Annual Report Permittees December 31, 2015 

3.D.iii – Complete Project Identification phase of 
CIP process where structural BMPs selected 

Establish Project Need and move structural 
BMP project into CBRP Step 2 (see Table E-
4.) 

Permittees March 31, 2015 

3.E - Reporting 3.E.i – Provide annual summary of Element 3 
implementation activities Incorporate into Annual Report Area-wide MS4 

Program 
Annually by 
November 15 

1 – Element 3 activities will not occur in the Temescal Creek Subwatershed 
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Element 4 – Regional Treatment (Structural Controls) 
This element includes all CBRP Step 2 and 3 activities and programmatic activities 
including the WAP (Table E-4). Preparation of the WAP and the update to the 2005 
BMP Retrofit Study are MS4 permit requirements. The milestones, metrics and 
schedule associated with these activities are consistent with the MS4 permit.  

The outcomes of CBRP Step 1 (selection of BMP alternatives for each prioritized 
drainage area) determine the schedule for implementation of structural BMP projects 
and the specific Permittees responsible for BMP implementation (e.g., responsibility 
for implementation of the BMP rests with the Permittees located within the drainage 
area that drains to the structural BMP). Wherever structural BMP solutions are 
selected for implementation, a project-specific schedule will be developed. This 
schedule will take into account the usual factors that affect implementation of capital 
improvement projects, e.g., available funding or permitting requirements. If under 
CBRP Step 2 a selected alternative is determined to be infeasible, a process will be 
initiated to identify another alternative for the targeted drainage area. 

The CBRP schedule shows CBRP Steps 2 and 3 likely extending beyond the December 
31, 2015 to allow for the CIP process to be implemented within each responsible 
jurisdiction. The status of CBRP BMP projects will be annually summarized and 
reported in the Annual Report prepared for the MS4 permit program. 
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E.3  Monitoring & Reporting 
A watershed-wide compliance monitoring program was established in 2007; it will 
continue as designed under the CBRP. A report summarizing sample results from dry 
weather conditions from April 1 to October 31 is submitted to the RWQCB by 
December 31st of each year. Similarly, a report summarizing sample results from 
November 1 through March 31 is submitted to the RWQCB by May 31st of each year. 
In addition to these biannual reports, a 3-year summary (or Triennial Report) is due to 
the RWQCB by February 15th every three years since TMDL adoption. The first of 
these reports was submitted on February 15, 2010. Subsequent reports are due in 2013 
and 2016. 

Table E-5 summarizes the monitoring and reporting activities associated with the 
CBRP. Under the CBRP, the watershed-wide compliance monitoring program will 
continue to be the primary means of evaluating progress toward meeting the 2010  
MS4 Permit WQBEL for dry weather. The existing Monitoring Plan and QAPP will be 
revised as needed to facilitate source evaluation activities implemented as part of 
Element 3 – in particular allowing the use of alternative EPA-approved bacterial 
indicator laboratory analysis methods.  

The CBRP schedule includes the regular reporting of seasonal sampling results that is 
ongoing. In addition, during CBRP implementation two Triennial Reports will be 
prepared that will provide opportunity to evaluate newly collected data and the 
effectiveness of CBRP implementation over the long term: 
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Table E-4. Implementation Plan for CBRP Element 4 – Regional Treatment (Structural BMPs) 

Activity Milestones Metrics Lead Complete by 

4.A – Complete 
UAAs, as needed 

4.A.i - Meet with RWQCB to establish UAA 
development schedule and waterbody-specific 
data requirements 

UAA schedule and waterbody 
specific approach established Permittees Schedule specific 

Structural BMP Projects 

4.A.ii- Collect required data and complete UAA Submit completed UAA to RWQCB Permittees Schedule linked to 
Structural BMP Projects 

4.B – Budget / 
Planning CIP 
Phase 

4.B.i – Prepare preliminary design and cost 
estimate for identified structural BMP project Completed project cost estimate Permittees Schedule linked to 

Structural BMP Projects 

4.B.ii – Incorporate into CIP Incorporation of structural BMP 
project into CIP Permittees Schedule linked to 

Structural BMP Projects 

4.C – Design CIP 
Phase  

4.C.i – Develop design for structural BMPs 
included in the CIP, as funding allows Completed structural BMP design Permittees Schedule linked to 

Structural BMP Projects 

4.C.ii – Initiate CEQA process for projects in 
design CEQA process initiated Permittees Schedule linked to 

Structural BMP Projects 

4.D – Permitting 
CIP Phase 

4.D.i – Complete CEQA process  CEQA approval obtained Permittees Schedule linked to 
Structural BMP Projects 

4.D.ii – Obtain all required permits and 
approvals 

All permits and approvals for 
construction obtained Permittees Schedule linked to 

Structural BMP Projects 

4.E – Construction 
CIP Phase 

4.E.i – Construct BMP, as available funding 
allows BMP constructed Permittees Schedule linked to 

Structural BMP Projects 

4.F – Watershed 
Action Plan 

4.A.i – Prepare WAP, including evaluation of 
retrofit opportunities (update of 2005 BMP 
Retrofit Study) 

WAP submitted to RWQCB Area-wide MS4 Program January 29, 2013 

4.A.ii - Implement WAP Compliance with established WAP 
and associated schedule 

To be determined as part 
of WAP development WAP dependent 

4.G - Reporting 4.F.i – Provide summary of status of each 
structural BMP project 

Incorporate summary into Annual 
Report Area-wide MS4 Program Annually by November 

15 
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Table E-5. Implementation of activities to assess compliance with urban wasteload allocations 

CBRP Activity Milestones Metrics Lead Complete by 

Watershed-wide 
Compliance Monitoring 

Revise Monitoring Plan and QAPP as needed 
to facilitate Element 3 activities, including 
modifying the approved E. coli laboratory 
analysis method to another EPA-approved 
method to allow use of local laboratories1 

Revised Monitoring Plan and QAPP 
approved by RWQCB 

Area-wide MS4 
Program through 
MSAR Task Force  

December 31, 
2011 

Collect 20-weekly samples during dry season 
(April 1 – October 31) Submittal of Dry Season Report to RWQCB 

Area-wide MS4 
Program through 
MSAR Task Force  

Ongoing annual 
activity 

Collect 11 weekly samples during wet season 
(November 1 – March 31) Submittal of Wet Season Report to the 

RWQCB 

Area-wide MS4 
Program through 
MSAR Task Force  

Ongoing annual 
activity Collect 4 samples during and after one wet 

weather event 

2013 Triennial Report 

Review and revise compliance analysis 
contained in CBRP Section 3 based on most 
recent data (e.g., flow, bacterial indicators, 
special studies) including additional analysis 
on relative contribution of bacterial indicators 
from controllable urban sources 

Revised compliance analysis for 
incorporation into the 2013 Triennial Report 

Area-wide MS4 
Program through 
MSAR Task Force  

December 31, 
2012 

As part of 2013 report, evaluate progress 
towards meeting urban wasteload allocations, 
in particular during dry weather conditions 
(April 1 – October 31) 

Submit Triennial Report to the RWQCB by 
February 15, 2013; incorporate 
recommendations for modifications to 
CBRP 

Area-wide MS4 
Program through 
MSAR Task Force  

February 15, 
2013 

2016 Triennial Report 

Review and revise compliance analysis 
contained in CBRP Section 3 based on most 
recent data (e.g., flow, bacterial indicators, 
special studies) including additional analysis 
on relative contribution of bacterial indicators 
from controllable urban sources 

Revised compliance analysis for 
incorporation into the 2016 Triennial Report 

Area-wide MS4 
Program through 
MSAR Task Force  

December 31, 
2015 

As part of 2016 report, evaluate progress 
towards meeting urban wasteload allocations, 
in particular during dry weather conditions 
(April 1 – October 31) 

Submit Triennial Report to the RWQCB by 
February 15, 2016; incorporate 
recommendations for modifications to 
CBRP including additional BMPs planned if 
compliance monitoring indicates additional 
measures are required 

Area-wide MS4 
Program through 
MSAR Task Force  

February 15, 
2016 
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Table E-5. Implementation of activities to assess compliance with urban wasteload allocations 

CBRP Activity Milestones Metrics Lead Complete by 

Water Quality 
Objective Review 

Based on the findings/outcomes of CBRP 
implementation activities, evaluate whether to 
revise geometric mean E. coli water quality 
objective applicable to Chino Creek, Mill-
Cucamonga Creek, Santa Ana River Reach 3 
and Prado Park Lake from 126 to 206 cfu/100 
mL  

RWQCB decision on whether to implement 
Basin Plan amendment process 

RWQCB with MSAR 
Task Force Spring 2016 

1 The Basin Plan amendment under development by the SWQSTF allows for the use any EPA-approved E. coli method for evaluating compliance. Implementation 
of the CBRP will require use of local laboratories to facilitate inspection program activities; the existing Monitoring Plan will be revised to accommodate this 
requirement. 
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 2013 Triennial Report – This report will provide an interim evaluation of progress 
towards meeting the urban wasteload allocation by the December 21, 2015 
compliance date. As part of the preparation of this report, the compliance analysis 
contained in CBRP Section 3 will be reviewed, and where appropriate, revised to 
take into account newly available bacterial indicator, flow, and special study data 
which provide additional information regarding controllable urban sources and 
the relative contribution of bacteria from the MS4 to impaired waters.  

 2016 Triennial Report – This report, due to the RWQCB by February 15, 2016, will 
provide an analysis of the most recent dry weather condition results obtained 
through October 2015. As part of the preparation of this report, the compliance 
analysis contained in CBRP Section 3 (and potentially revised in 2013) will be 
reviewed, and where appropriate, further revised to take into account newly 
available bacterial indicator, flow, and special study data which provide 
additional information regarding controllable urban sources and the relative 
contribution of bacteria from the MS4 to impaired waters. 
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The following glossary terms were adapted from Appendix 4, Glossary, Riverside 
County MS4 Permit, Order No. R8-2010-0033. 

303(d) List - Provides information on impaired waters, likely pollutant sources, and 
priority for TMDL development. 

Bacterial Indicator - Indicator for the potential presence of pathogens. 

Basin Plan – Water Quality Control Plan developed by the Regional Board for the 
Santa Ana River watershed. 

Bacterial Prioritization Score [BPS] – Scoring given to a Middle Santa Ana River 
subwatershed on the basis of frequency and magnitude of water quality objective 
exceedences and number of human detections over the course of the 2007-2008 USEP 
monitoring period. 

Beneficial Use – Uses of water necessary for the survival or well being of man, plants, 
and wildlife. These uses of water serve to promote the tangible and intangible 
economic, social, and environmental goals. “Beneficial Uses” that may be protected 
include, but are not limited to: domestic, municipal, agricultural and industrial 
supply; power generation; recreation; aesthetic enjoyment; navigation; and 
preservation and enhancement of fish, wildlife, and other aquatic resources or 
preserves. Existing Beneficial Uses are those that were attained in the surface or 
ground water on or after November 28, 1975; and potential Beneficial Uses are those 
that would probably develop in future years through the implementation of various 
control measures. “Beneficial Uses” are equivalent to “Designated Uses” under 
federal law. [California Water Code Section 13050(f)] Beneficial Uses for the Receiving 
Waters are identified in the Basin Plan. 

BMP [Best Management Practices] – Defined in 40 CFR 122.2 as schedules of 
activities, prohibitions of practices, maintenance procedures, and other management 
practices to prevent or reduce the Pollution of Waters of the U.S. BMPs also include 
treatment requirements, operating procedures and practices to control plant site 
runoff, spillage or leaks, sludge or waste disposal, or drainage from raw material 
storage. In the case of MS4 permits, BMPs are typically used in place of Numeric 
Effluent Limits. 

Comprehensive Bacteria Reduction Plan [CBRP] – A plan presenting a long-term 
solution designed to achieve compliance with the WLAs by the dates specified in the 
MSAR Bacteria Indicator TMDL. This plan includes a description of the proposed 
BMPs and the documentation demonstrating that the BMPs are expected to attain the 
WLAs by the compliance dates when implemented. 
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Controllable Urban Bacteria Sources – Non-agricultural/non-Open Space 
Anthropogenic sources of Pollutants in Urban Runoff that may be controlled by the 
Permittees to the MEP.  “Controllable Urban Sources” do not include discharges from 
state and federal facilities, public schools and hospitals, utilities, railroads, special 
districts, Native American tribal lands, wastewater management agencies and other 
point and non-point source discharges otherwise permitted by or under the 
jurisdiction of the Regional Board, which have been identified by the Regional Board 
in the MS4 permit as being beyond the Permittees’ legal jurisdiction. Additionally, 
“Controllable Urban Sources” do not include certain activities that generate Pollutants 
in Urban Runoff which have been identified by the Regional Board in the MS4 permit 
as being beyond the ability of the Permittees to eliminate and include, but are not 
limited to:  emissions from internal combustion engines, brake pad wear and tear, 
atmospheric deposition, bacteria from wildlife (including feral cats and dogs) or from 
bacterial resuscitation or reactivation from treated waters or growth of bacteria in the 
environment (such as sediments, surface water, or other substrate) and leaching of 
naturally occurring nutrients and minerals from local soils. Specific anthropogenic 
controllable indictor bacteria sources within the Santa Ana Watershed may include: 
• Improper use of fertilizers on residential and commercial properties and 

agricultural lands 
• Improper handling of pet waste 
• Cross-connections between the sanitary and storm sewer systems 
• Leaky sanitary sewer conveyances 
• Discharges from POTWs owned and operated by the Permittees 
• Improper handling and disposal of food waste 
• Runoff from yards containing fertilizers, pet waste, and lawn trimmings 
• Transient encampments 
 
DAMP [Drainage Area Management Plan] – The DAMP is a programmatic 
document developed by the Permittees and approved by the Executive Officer that 
outlines the major programs and policies that the Permittees individually and/or 
collectively implement to manage Urban Runoff in the Permit Area. 

De Minimus Permit – General De Minimus Permit for Discharges to Surface Waters, 
Order NO. R8-2009-0003, NPDES No. CAG 998001. 

Dry Season – For the CBRP, the dry season is defined by the period from April 1 
through October 31 of each year. 

Dry Weather Flow [DWF] – Flow in MS4 drains or receiving waterbodies during dry 
weather in either wet or dry seasons. 

Dry Weather – a condition where daily rainfall does not exceed 0.1 inches. 
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Illegal Discharge –Defined at 40 CFR 122.26(b)(2) as any discharge to the MS4 that is 
not composed entirely of storm water, except discharges pursuant to an NPDES 
permit, discharges that are identified in Section VI.A. of this Order, and discharges 
authorized by the Executive Officer. 

Illicit Connection – Any connection to the MS4 that is prohibited under local, state, or 
federal statutes, ordinances, codes, or regulations. The term Illicit Connection includes 
all non storm-water discharges and connections except discharges pursuant to an 
NPDES permit, discharges that are identified in Section V, Effluent Limitations and 
Discharge Specifications, of this Order, and discharges authorized by the Executive 
Officer. 

Impaired Waterbody / Impaired Waters – Section 303(b) of the CWA requires each of 
California’s Regional Water Quality Control Boards to routinely monitor and assess 
the quality of waters of their respective regions. If this assessment indicates that 
Beneficial Uses are not met, then that waterbody must be listed under Section 303(d) 
of the CWA as an Impaired Waterbody. The 2006 water quality assessment found a 
number of water bodies as Impaired pursuant to Section 303(d). The Santa Ana River, 
Reach 3 is listed as an impaired waterbody for pathogens. 

Impressions – The most common measure is "gross impressions" that includes 
repetitions. This means if the same person sees an advertisement or hears a radio or 
sees a TV advertisement a thousand times, that will be counted as 1000 Impressions. 

LA [Load Allocations] – Distribution or assignment of TMDL Pollutant loads to 
entities or sources for existing and future Non-Point Sources, including background 
loads.  

Local Implementation Plan [LIP] – Document describing an individual Permittee’s 
procedures, ordinances, databases, plans, and reporting materials for compliance with 
the MS4 Permit. 

Low Impact Development [LID] – Comprises a set of technologically feasible and 
cost-effective approaches to storm water management and land development that 
combines a hydrologically functional site design with Pollution Prevention measures 
to compensate for land development impacts on hydrology and water quality. LID 
techniques mimic the site’s predevelopment hydrology by using site design 
techniques that store, infiltrate, evapotranspire, bio-treat, bio-filter, bio-retain or 
detain runoff close to its source. 

Major Outfall – Outfalls from MS4 systems expected to contribute a measurable 
amount of dry weather flow based on desktop GIS analysis of upstream drainage 
area. It is expected that this desktop GIS analysis is moderately comparable with the 
NPDES Permit definition of a major outfall as an outfall “with a pipe diameter of 36 
inches or greater or drainage areas draining 50 acres or more". 
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Maximum Extent Practicable [MEP] – Standard for implementation of stormwater 
management programs. Section 402(p)(3)(B)(iii) of the Clean Water Act requires that 
municipal storm water permits "shall require controls to reduce the discharge of 
pollutants to the maximum extent practicable, including management practices, 
control techniques, and system design and engineering methods, and such other 
provisions as the Administrator or the State determines appropriate for the control of 
such pollutants."  

In practice, compliance with the MEP standard is evaluated by how well the 
Permittees implement the "minimum measures" identified by EPA, including: (1) 
Public education and outreach on storm water impacts; (2) Public 
involvement/participation; (3) Illicit discharge detection and elimination; (4) 
Construction site storm water runoff control; (5) Post-construction storm water 
management in new development and redevelopment; and (6) Pollution 
prevention/good housekeeping for municipal operations. Collectively, these 
minimum measures are often referred to as "Best Management Practices" or BMPs. 
The MEP standard does not require Permittees to reduce pollutant concentrations 
below natural background levels, nor does it require further reductions where 
pollutant concentrations in the receiving water already meet water quality objectives. 
In implementing the MEP standard, it is appropriate for Permittees to prioritize their 
resource allocation to address the storm water pollution problems that pose the 
greatest and most immediate threat to human health or the environment.  

MEP is a technology-based standard established by Congress in CWA section 
402(p)(3)(B)(iii) that operators of MS4s must meet. Technology-based standards 
establish the level of pollutant reductions that dischargers must achieve, typically by 
treatment or by a combination of source control and treatment control BMPs. MEP 
generally emphasizes pollution prevention and source control BMPs primarily (as the 
first line of defense) in combination with treatment methods serving as a backup 
(additional line of defense). MEP considers economics and is generally, but not 
necessarily, less stringent than BAT. A definition for MEP is not provided either in the 
statute or in the regulations. Instead the definition of MEP is dynamic and will be 
defined by the following process over time: municipalities propose their definition of 
MEP by way of their urban runoff management programs. Their total collective and 
individual activities conducted pursuant to the urban runoff management programs 
becomes their proposal for MEP as it applies both to their overall effort, as well as to 
specific activities (e.g., MEP for street sweeping, or MEP for MS4 maintenance). In the 
absence of a proposal acceptable to the Regional Board, the Regional Board defines 
MEP.  

In a memo dated February 11, 1993, entitled "Definition of Maximum Extent 
Practicable," Elizabeth Jennings, Senior Staff Counsel, SWRCB addressed the 
achievement of the MEP standard as follows: 

“To achieve the MEP standard, municipalities must employ whatever Best 
management Practices (BMPs) are technically feasible (i.e., are likely to be effective) 
and are not cost prohibitive. The major emphasis is on technical feasibility. Reducing 
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pollutants to the MEP means choosing effective BMPs, and rejecting applicable BMPS 
only where other effective BMPS will serve the same purpose or the BMPS would not 
be technically feasible, or the cost would be prohibitive. In selecting BMPS to achieve 
the MEP standard, the following factors may be useful to consider: 

a. Effectiveness: Will the BMPS address a pollutant (or pollutant source) of 
concern? 

b. Regulatory Compliance: Is the BMP in compliance with storm water 
regulations as well as other environmental regulations? 

c. Public Acceptance: Does the BMP have public support? 

d. Cost: Will the cost of implementing the BMP have a reasonable relationship 
to the pollution control benefits to be achieved? 

e. Technical Feasibility: Is the BMP technically feasible considering soils, 
geography, water resources, etc? 

The final determination regarding whether a municipality has reduced pollutants to 
the maximum extent practicable can only be made by the Regional or State Water 
Boards, and not by the municipal discharger. If a municipality reviews a lengthy 
menu of BMPs and chooses to select only a few of the least expensive, it is likely that 
MEP has not been met. On the other hand, if a municipal discharger employs all 
applicable BMPs except those where it can show that they are not technically feasible 
in the locality, or whose cost would exceed any benefit derived, it would have met the 
standard. Where a choice may be made between two BMPS that should provide 
generally comparable effectiveness, the discharger may choose the least expensive 
alternative and exclude the more expensive BMP. However, it would not be 
acceptable either to reject all BMPs that would address a pollutant source, or to pick a 
BMP base solely on cost, which would be clearly less effective. In selecting BMPs the 
municipality must make a serious attempt to comply and practical solutions may not 
be lightly rejected. In any case, the burden would be on the municipal discharger to 
show compliance with its permit. After selecting a menu of BMPs, it is the 
responsibility of the discharger to ensure that all BMPs are implemented.” 

MS4 [Municipal Separate Storm Sewer System] – A conveyance or system of 
conveyances (including roads with drainage systems, municipal streets, catch basins, 
curbs, gutters, ditches, natural drainage features or channels, modified natural 
channels, man-made channels, or storm drains): (i) Owned or operated by a State, city 
town, borough, county, parish, district, association, or other public body (created by 
or pursuant to State law) having jurisdiction over disposal of sewage, industrial 
wastes, storm water, or other wastes, including special districts under State law such 
as a sewer district, flood control district or drainage district, or similar entity, or an 
Indian tribe or an authorized Indian tribal organization, or designated and approved 
management agency under section 208 of the CWA that discharges to Waters of the 
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U.S.; (ii) Designated or used for collecting of conveying storm water; (iii) Which is not 
a combined sewer; (iv) Which is not part of the POTW as defined at 40 CFR 122.2. 

New Development – The categories of development identified in Section XI.D of this 
Order. New Development does not include routine maintenance to maintain original 
line and grade, hydraulic capacity, or original purpose of a facility, nor does it include 
emergency New Development required to protect public health and safety. 
Dischargers should confirm with Regional Board staff whether or not a particular 
routine maintenance activity is subject to this Order. 

Non-Point Source – Refers to diffuse, widespread sources of Pollution. These sources 
may be large or small, but are generally numerous throughout a watershed. Non-
Point Sources, include but are not limited to urban, agricultural or industrial area, 
roads, highways, construction sites, communities served by septic systems, 
recreational boating activities, timber harvesting, mining, livestock grazing, as well as 
physical changes to stream channels, and habitat degradation. Non-Point Source 
Pollution can occur year round any time rainfall, snowmelt, irrigation, or any other 
source of water runs over land or through the ground, picks up Pollutants from these 
numerous, diffuse sources and deposits them into rivers, lakes and coastal waters or 
introduces them into groundwater. 

National Pollutant Discharge Elimination System [NPDES] – Permits issued under 
Section 402(p) of the CWA for regulating discharge of Pollutants to Waters of the U.S. 

Point Source – Any discernible, confined, and discrete conveyance, including, but not 
limited to, any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, 
rolling stock, concentrated animal feeding operations, landfill leachate collection 
systems, vessel, or other floating craft from which pollutants are or may be 
discharged. 

POTW [Publicly Owned Treatment Works] – Wastewater treatment facilities owned 
by a public agency. 

Report of Waste Discharge [ROWD] – Application for issuance or re-issuance of 
WDRs. 

Non-structural BMPs – In general, activities or programs to educate the public or 
provide low cost non-physical solutions, as well as facility design or practices aimed 
to limit the contact between Pollutant sources and storm water or authorized Non-
Storm Water. Examples include: activity schedules, prohibitions of practices, street 
sweeping, facility maintenance, detection and elimination of IC/IDs, and other non-
structural measures. Facility design (structural) examples include providing attached 
lids to trash containers, canopies for fueling islands, secondary containment, or roof 
or awning over material and trash storage areas to prevent direct contact between 
water and Pollutants. 
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Structural BMPs – Physical facilities or controls that may include secondary 
containment, treatment measures, (e.g. low flow diversion, detention/retention 
basins, and oil/grease separators), run-off controls (e.g., grass swales, infiltration 
trenches/basins, etc.), and engineering and design modification of existing structures.  

Total Maximum Daily Load [TMDL] - The TMDL is the maximum amount of a 
pollutant that can be discharged into a water body from all sources (point and non-
point) and still maintain water quality standards. Under Clean Water Act Section 
303(d), TMDLs must be developed for all water bodies that do not meet water quality 
standards after application of technology based controls.  

Uncontrollable Bacteria Sources ‐ Contributions of bacteria within the watershed 
from nonpoint sources that are not readily managed through technological or natural 
mechanisms and that may result in exceedances of water quality objectives for 
indicator bacteria. Uncontrollable sources can occur from both natural and 
anthropogenic sources, and include runoff from the roadways, residential, industrial 
and agricultural land use, and wildlife activity. Specific uncontrollable indicator 
bacteria sources within the Santa Ana Watershed may include: 
• Wildlife activity and waste 
• Bacterial regrowth within sediment 
• Resuspension from disturbed sediment 
• Marine vegetation (wrack) along high tide line 
• Concentration (flocks) of semi-wild water fowl 
• Shedding during swimming 

Waste Load Allocations [WLAs] – Maximum quantity of Pollutants a discharger of 
waste is allowed to release into a particular waterway, as set by a regulatory 
authority. Discharge limits usually are required for each specific water quality 
criterion being, or expected to be, violated. Distribution or assignment of TMDL 
Pollutant loads to entities or sources for existing and future Point Sources. 

Water Quality Objectives – Means the numeric or narrative limits or levels of water 
quality constituents or characteristics which are established for the reasonable 
protection of Beneficial Uses of water or the prevention of Nuisance within a specific 
area. [California Water Code Section 13050(h)]. 

Water Quality Standards –The water quality goals of a waterbody (or a portion of the 
waterbody) designating Beneficial Uses to be made of the water and the Water 
Quality Objectives or criteria necessary to protect those uses. These standards also 
include California’s anti-degradation policy. 

Watershed Action Plan [WAP] – Integrated plans for managing a watershed that 
include consideration of water quality, hydromodification, water supply and habitat 
protection. The Watershed Action Plan integrates existing watershed based planning 
efforts and incorporates watershed tools to manage cumulative impacts of 
development on vulnerable streams, preserve structure and function of streams, and 
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protect source, surface and groundwater quality and water supply in the Permit Area. 
The Watershed Action Plan should integrate Hydromodification and water quality 
management strategies with land use planning policies, ordinances, and plans within 
each jurisdiction. 

Wet Season - For the CBRP, the wet season is defined by the period from November 1 
to March 31, of each year. 



A  G-1 

Attachment G 
References 
 
CDM. 2010. Analysis of Diversion of Dry Weather Urban Runoff to POTWs for 
Bacteria Control within the Santa Ana River Watershed Portion of Riverside County, 
Technical Memorandum prepared for the Stormwater Quality Standards Study Task 
Force, August 31, 2010. 

Center for Watershed Protection. 2005. Illicit Discharge Detection and Elimination – A 
Guidance Manual for Program Development and Technical Assessment.  

Environmental Protection Agency (EPA). 1986. Ambient Water Quality Criteria for 
Bacteria – 1986. EPA Office of Water, Washington, DC. EPA 440/5-84-002.  

EPA. 2007. EPA. 2007. Report of the Experts Scientific Workshop on Critical Research 
Needs for the Development of New or Revised Recreational Water Quality Criteria. 
Workshop held in Warrenton, VA, March 26-30, 2007. EPA Office of Water and Office 
of Research and Development. Washington, DC. EPA 823/R-07-006. 

Ferguson, D. 2006. Growth of E. coli and Enterococcus in Storm Drain Biofilm. 
Presentation at 2006 EPA National Beaches Conference. www.tetratech-
ffx.com/beach_conf06/pdf/sessionIX/ferguson.pdf 

Jakubowski, S. 2008. Effectiveness of runoff reducing weather based irrigation 
controllers (SmartTimers). Presentation to the WaterSmart Innovations Conference, 
Las Vegas, NV, October 8, 2008. 

Kennedy Jenks Consultants. 2010. Water Use Efficiency Master Plan. Report prepared 
for Riverside Public Utilities, July 29, 2010. 

Mayer P., W. DeOreo, M., R. Davis, E. Caldwell, T. Miller, and P. Bickel. 2009. 
Evaluation of California Weather Based “Smart” Irrigation Controller Programs. 
Prepared for California Department of Water Resources, Prepared by Metropolitan 
Water District of Southern California and East Bay Municipal Utility District. July, 
2009 

Regional Board. 1995 (and subsequent amendments). Water Quality Control Plan 
Santa Ana River Basin. Santa Ana Regional Water Quality Control Board, Riverside, 
CA. 

Regional Board 2005. Resolution Amending the Water Quality Control Plan for the 
Santa Ana River Basin to Incorporate Bacterial Indicator Total Maximum Daily Loads 
(TMDLs) for Middle Santa Ana River Watershed Waterbodies. Resolution R8-2005-
0001. Santa Ana Regional Water Quality Control Board, Riverside, CA. 



Attachment G 
References 

A  G-2 

Santa Ana Watershed Project Authority (SAWPA). 2005. Santa Ana Integrated 
Watershed Plan, 2005 Update, An Integrated Regional Water Management Plan. 
SAWPA, Riverside, CA. 

SAWPA. 2008a. Middle Santa Ana River Water Quality Monitoring Plan. Prepared by 
CDM on behalf of SAWPA and the Middle Santa Ana River Watershed TMDL Task 
Force. April, 2008, as amended. 

SAWPA. 2008b. Quality Assurance Project Plan for the Middle Santa Ana River 
Pathogen TMDL – BMP Implementation Project. Prepared by CDM on behalf of 
SAWPA and the Middle Santa Ana River Watershed TMDL Task Force. April, 2008, 
as amended. 

SAWPA. 2008c. Middle Santa Ana River Bacterial Indicator TMDL Urban Source 
Evaluation Plan. Prepared by CDM on behalf of SAWPA and the Middle Santa Ana 
River Watershed TMDL Task Force. April, 2008. 

SAWPA. 2009a. Middle Santa Ana River Bacterial Indicator TMDL Data Analysis 
Report. Prepared by CDM on behalf of SAWPA and the Middle Santa Ana River 
Watershed TMDL Task Force. March, 2009. 

SAWPA. 2009b. Middle Santa Ana River Bacterial Indicator TMDL 2008 Dry Season 
Report. Prepared by CDM on behalf of SAWPA and the Middle Santa Ana River 
Watershed TMDL Task Force. March, 2009. 

SAWPA. 2009c. Middle Santa Ana River Bacterial Indicator TMDL 2008-2009 Wet 
Season Report. Prepared by CDM on behalf of SAWPA and the Middle Santa Ana 
River Watershed TMDL Task Force. May, 2009. 

SAWPA. 2009d. Middle Santa Ana River Bacterial Indicator TMDL 2009 Dry Season 
Report. Prepared by CDM on behalf of SAWPA and the Middle Santa Ana River 
Watershed TMDL Task Force. December, 2009. 

SAWPA. 2010a. Middle Santa Ana River Bacterial Indicator TMDL: Triennial Report. 
Prepared by CDM on behalf of SAWPA and the Middle Santa Ana River Watershed 
TMDL Task Force. February 2010. 

SAWPA. 2010b. Middle Santa Ana River Bacteria TMDL BMP Control Strategy and 
Prioritization Plan. Prepared by CDM on behalf of SAWPA and the Middle Santa Ana 
River Watershed TMDL Task Force. February, 2010. 

SAWPA. 2010c. Middle Santa Ana River Bacterial Indicator TMDL 2009-2010 Wet 
Season Report. Prepared by CDM on behalf of SAWPA and the Middle Santa Ana 
River Watershed TMDL Task Force. May, 2010. 



Attachment G 
References 

A  G-3 

SAWPA. 2010d. Source Evaluation Activities in Carbon Canyon Creek and Cypress 
Channel. Prepared by CDM on behalf of SAWPA and the Middle Santa Ana River 
Watershed TMDL Task Force. May, 2010. 

SAWPA. 2010e. Dry Weather Runoff Controllability Assessment for Lower Deer 
Creek Subwatershed (Chris Basin). Prepared by CDM on behalf of SAWPA and the 
Middle Santa Ana River Watershed TMDL Task Force. June, 2010. 

SAWPA. 2011. Middle Santa Ana River Bacterial Indicator TMDL 2010-2011 Wet 
Season Report. Prepared by CDM on behalf of SAWPA and the Middle Santa Ana 
River Watershed TMDL Task Force. May, 2011. 

Skinner, J.F., J. Guzman, and J. Kappeler. 2010. Regrowth of enterococci and fecal 
coliform in biofilm, Stormwater 11(5), July 2010. 

Southern California Association of Governments (SCAG). 2005. Land use data. 

Surbeck, C.Q., Jiang, S.C., and Grant, S.B. “Ecological Control of Fecal Indicator 
Bacteria in an Urban Stream.”  Environmental Science and Technology, 2010, 44 (2), 
pp 631–637. 

 



Greenville Banning Channel Sampling Results 
August-September 2011 

Greenville-Banning Channel Sampling Results 
August- September, 2011 

Prepared by: 
OC Public Works, OCWatersheds 



Greenville Banning Channel Sampling Results 
August-September 2011 

LIST OF FIGURES 

Figure 1. Map of Sampling Locations at the Greenville-Banning Channel ................ ... ... 4 
Figure 2. FC/EC Variability at the Greenville Banning Channel .......................... .. ... ....... 6 

LIST OF TABLES 

Table 1. Description ofSampling Locations . .................................................................... 4 
Table 2. Sampling Data, August-September 2011.. ................ ...................... ............. ... ..... 5 
Table 3. Geomean ·Summary ................ .............................................................................. 6 

11 



Greenville Banning Channel Sampling Results 
August-September 2011 

INTRODUCTION 
The Santa Ana Regional Water Quality Control Board is preparing a Use Attainability 
Analysis for the Greenville Banning Channel for water contact recreation use standards. 
This report summarizes water quality sampling results for fecal indicator bacteria (Fecal 
Coliform and E. coli) for samples collected from August to September 2011 . 

SAMPLING AREA DESCRIPTION 
The Greenville Banning Channel (D03) drains portions of Costa Mesa and Santa Ana. 
The Channel is a tributary to the Santa Ana River downstream of Victoria St. During the 
summer months, an inflatable diversion dam located upstream ofVictoria Street is 
inflated to a depth of approximately 3 feet, preventing dry weather runoff from entering 
the Santa Ana River. Water is ponded for a distance of over a mile above the dam when 
it is inflated. Runoff contained by the dam is pumped to a sewer pipe that connects to the 
OC Sanitation District system. 

Figure 1 shows five sampling locations along the Channel that were sampled weekly for 
a one month period. All sampling locations are upstream of the diversion dam, with one 
in the ponded water behind the dam and the other four upstream in areas with flowing 
water. Samples were typically collected before noon. Table 1 summarizes the channel 
characteristics at the sampling locations. Distinct land-use, channel types, and substrates 
characterize each sampling location. 

RESULTS 
Table 2 summarizes the fecal coliform and E. coli concentrations for each sample at the 
sites listed in Table 1. Table 3 summarizes 30-day Geometric Means (GM) for fecal 
coliform and E. coli. The highest concentrations consistently occurred at California 
Street (GB3) and Gisler Street (GB4) for both fecal coliform and E. coli. Lower 
concentrations were reported at Harbor A venue (GB 1) and New Hampshire Street (GB2). 
Dry weather samples collected just upstream of the diversion dam were consistently 
below the detection limit. 

During the sampling period the following special conditions were noted: 
1. A storm producing approximately 0.19 inches of rainfall over a two hour period 

occurred in the morning on September 1 0, 2011. A sample collected on September 
12 was likely precipitation-influenced from this storm. The dam was deflated and 
flow was seaward during this period. Separate geomeans were calculated with and 
without this sample. On September 14, the dam was still deflated, but the flow was 
landward at the dam, due to an ascending spring tide (specific conductivity was 
approximately 20,000 mS/cm), so a sample was not collected at the diversion dam on 
that day. 

2. Periodic discharges were reported above California Street during the sampling period 
from six wells operated by Mesa Consolidated Water District and nine wells operated 
by the Irvine Ranch Water District. 

Figure 2 shows the ratio between fecal coliform and E. coli data for each sample. The 
ratios were not consistent. 
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T bl 1 D a e . escnptlon o fS r L amplmg ocatlons. 
Site Location Channel Type 
Code 

GB1 
Harbor Ave and Trapezoidal, with 
South Coast Drive rocky sides 

GB2 
New Hampshire Trapezoidal, with 
Street rocky sides 

GB3 California Street Trapezoidal 

GB4 Gisler A venue Rectangular 

GB5 Diversion Dam Rectangular 

Substrate Surrounding Sampling Detail 
Land-Use 

Earthen 
Commercial, 
freeway 

Sampled 

Earthen 
Residential, downstream of 
freeway stormdrain at 

culvert 
Concrete Residential 
Concrete, 

Residential, 
Sampled on south 

deposited 
bike path 

side of channel 
mud 
Concrete, Fairview Sampled upstream 
deposited Park and bike of dam 
mud path 
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Table 2. Sampling Data, August-September 2011. 

Site Fecal Coliform E. coli 
Code Date Time (CFU/100 mL) (CFU/100 mL) 

GB1 8/18/2011 09:08 30 40 

GB1 8/24/2011 12:25 9 40 

GB1 8/3112011 10: 10 100 60 

GB1 9/7/2011 12:01 2,200 2 ,600 

GB1 9/12/2011 09:55 48,000 9 ,000 

GB1 9/14/2011 08:45 17,000 1,800 

GB1 9/14/2011 08:45 10 500 1 700 

GB1 9/21/2011 12:20 160 90 - - -
GB1 9/22/2011 11:30 2,600 >= 930 --
GB1 9/22/2011 11:30 2 100 >= 910 

GB2 8/31/2011 10:25 70 30 -
GB2 9/7/2011 11 :46 130 80 
GB2 9/12/2011 10:05 33,000 18 ,000 

GB2 9/14/2011 09:05 2 500 _ldQQ 
GB2 9/21/2011 12:10 130 140 

GB2 9/22/2011 11:15 2,500 2,300 

GB3 8/18/2011 08:44 930 __lJ].Q 
GB3 8/24/2011 12:10 350 . 770 

GB3 8/24/2011 12:10 300 630 
GB3 8/31/2011 11:10 960 1,100 

GB3 9/7/2011 10:35 2 600 2 700 
GB3 9/7/2011 10:35 >= 2,300 2,400 
GB3 9/12/2011 10:20 2,500,000 >= 460 ,000 

GB3 9/14/2011 09:15 18,000 3 ,700 

GB3 9/21/2011 12:00 ~000 __l&QQ 
GB3 9/21/2011 12:00 2,100 1,700 

GB3 9/22/2011 10:38 10,200 9 ,300 

GB4 8/24/2011 11 :45 80 100 -
GB4 8/3 1/20 II 10:50 410 430 

GB4 9/7/2011 10:55 1,700 >= 1,620 
GB4 9/12/2011 10:35 >= I ,500,000 >= 170,000 

GB4 9/14/2011 09:40 5,700 2 700 

GB4 9/21/2011 11:40 1 900 1 600 
GB4 9/22/2011 10:50 4,300 4 ,500 

GBS 8/18/2011 07:55 < 9 < 9 
GBS 8/31/2011 11:40 < 9 < 9 
GBS 8/24/20 11 11 : 00 < 9 < 9 
GBS 9/7/2011 10:00 < 9 < 9 
GBS 9/12/2011 11 :05 >= 7,300,000 >= 3,600,000 
GB5 9/2112011 10:55 20 < 10 -

Samples at the same date and ttme are dupltcate samples 
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Table 3. Geomean Summary. 

# 
Geomean 

FC 
Geomean 

EC 
Site Code Dates Samples (CFU/100 mL) (CFU/100 mL) 

GB1 18 Aug- 14 Sept 5 241 213 
1-==- -- - --
GB 1 w 9/12 sample* 18 Aug - 14 Sept 6 583 397 

GB1 24 Aug- 22 Sept 6 466 311 
GB 1 w 9/12 sample* 24 Aug- 22 Sept 7 903 670 

GB2 1.!_Aug- 22 Sept 5 375 251 --
GB2 w 9112 sample* 31 Aug - 22 Sept 6 790 512 

GB3 18 Aug- 14 Sept 5 1,690 1,553 
-

GB3 w 9/12 sample* 18 Aug- 14 Sept 6 5,704 4,009 --
GB3 24 Aug- 22 Sept 6 2,728 2,251 
GB3 w 9/12 sample* 24 Aug- 22 Sept 7 8,503 4,813 

GB4 24 Aug - 22 Sept 6 1,172 1,034 
-

GB4 w 9/12 sample* 24 Aug- 22 Sept 7 3,258 2,142 

GB5 ..!_8 Aug- 14 Sept 4 9 9 --
GB5 w 9112 sample* 18 Aug - 14 Sept 5 137 119 - -- -- --
GB5 24 Aug- 22 Sept 6 11 9 

-
GB5 w 9/12 sample* 24 Aug- 22 Sept 7 99 79 

*Ramfal/ on September 10 likely mfluenced the bacten al concentratiOns on September 12. The d1vers1on dam was deflated on this 
date, with high tides in the dam area, and remained deflated until September 15. 

Figure 2. FC/EC Variability at the Greenville Banning Channel 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, D.C. 20460 

OCTZ7 2011 

MEMORANDUM 

SUBJECT: Achieving Water Quality Through Integrated Municipal Stormwater and Wastewater 
Plans 

FROM: 

TO: 

Nancy Stoner 
Acting Assistant Adminis ator 
Office of Water (OW 

Cynthia Giles 
Assistant Administ 
Office of Enforcement a 

EPA Regional Administrators, OW & OECA Office & Division Directors 

One of the most basic objectives of the Clean Water Act (CWA) is to keep raw sewage and pollutants 
carried by stormwater out of our nation' s waters. We have made tremendous strides towards achieving 
that objective, but inuch work remains to be done. As we move forward with our work, we must be 
mindful that many of our state and local government partners find themselves facing difficult financial 
conditions. Their ability to finance improvements by raising revenues or issuing bonds has been 
significantly impacted during the ongoing economic recovery. We write this memorandum to make sure 
that we proceed as one EPA to assure that we work with states and communities to get the most 
effective as well as cost-effective approaches for meeting our shared objective of clean water that 
protects public health and the environment. 

Integrated Planning for Cost-Effective Solutions 

Today, the EPA, states and municipalities often focus on each CW A requirement individually for 
protecting water quality. As a result, we sometimes assess and implement the best alternative to solve 
one problem at a time without full consideration of all CW A obligations. This approach may have the 
unintended consequence of constraining a municipality from implementing the most cost-effective 
solutions in a sequence that addresses the most serious water quality issues first. We encourage regions 
to work with the states to engage our local partners regarding all of their National Pollutant Discharge 
Elimination System (NPDES) related obligations in an orderly manner. A comprehensive and integrated 
planning approach to a municipal government's CWA waste- and storm-water obligations offers the 
greatest opportunity for identifying cost-effective and protective solutions and implementing the most 
important projects first. The CW A and its implementing regulations, policy and guidance provide us 
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NOTICE OF CALIFORNIA ENVIRONMENTAL QUALITY ACT (CEQA) PUBLIC SCOPING 

MEETING 
 

In the Matter of Proposed Amendments to the Water Quality Control Plan for the Santa 
Ana River Basin (Basin Plan) related to Recreational Standards 

 

NOTICE IS HEREBY GIVEN that staff of the California Regional Water Quality Control Board, 
Santa Ana Region, will hold a CEQA scoping meeting pursuant to California Public Resources 
Code Section 21083.9. The scoping meeting will provide participants the opportunity to 
comment on the appropriate scope and content of the substitute environmental document that 
will be prepared for the proposed Basin Plan amendments.  The substitute environmental 
document will be prepared pursuant to Public Resources Code Section 21080.5, and the State 
Water Resources Control Board’s regulations related to Certified Regulatory Programs 
(California Code of Regulations, Title 23, Section 3775 et seq.).  
 
The proposed Basin Plan amendments are based on the recommendations of the Storm Water 
Quality Standards Task Force and include:  
 

• Revision of the REC-1 (water contact recreation) beneficial use definition and applicable 
bacterial water quality objectives for inland surface waters, based on USEPA national 
criteria; 

• Revision of the REC-2 (non-contact water recreation) bacterial water quality objectives 
for surface waters based on antidegradation data and analysis; 

• Establishment of a narrative objective for pathogenic microorganisms in surface waters 
designated REC-1 and/or REC-2; 

• Establishment of a high flow suspension of REC-1 and REC-2 beneficial uses and 
bacterial objectives; and  

• Re-designation of recreational uses for certain surface waters, pursuant to Use 
Attainability Analyses. 

 
The purpose of the scoping meeting is to provide a forum for early public consultation regarding 
the environmental issues that should be considered in the substitute environmental document 
for these amendments. This consultation will assist the Regional Board in identifying the range 
of actions, alternatives, mitigation measures, and significant environmental effects to be 
analyzed prior to the decision-making process.   
 
 
The scoping meeting will be held at the following time and location: 
 

DATE:   January 28, 2010 
 TIME:   10:00 a.m. to 12:00 noon.  
            LOCATION: Santa Ana Watershed Project Authority (SAWPA), Board 

Room 
     11615 Sterling Avenue 
    Riverside, CA  92503 



 

CEQA Scoping Meeting Notice - 2 - 
 
 

California Environmental Protection Agency 
 

  Recycled Paper 

 
Any person who is disabled and requires special accommodation to participate in the meeting 
should contact Jeff Beelher at (951) 354-4239 no later than 10 days before the scheduled 
meeting.   
 
For additional information, please contact Dave Woelfel at (951) 782-7960 or 
dwoelfel@waterboards.ca.gov. 
 
    
 
 





California Environmental Quality 
Act (CEQA) Public Scoping 

Meeting  

Proposed Basin Plan Amendments 
related to Recreational Standards 
for inland fresh waters 



CEQA SCOPING MEETING 
 

 Scoping Meeting held pursuant to 
California Public Resources Code Section 
21083.9 
 

 Substitute Environmental Document (SED) 
   will be prepared pursuant to PRC section 

21080.5 



CEQA SCOPING MEETING 

 Opportunity for input into the 
development of amendments to the Basin 
Plan relating to Recreational Standards.  

 
 Input on the appropriate scope and 

content of the substitute environmental 
document developed for the proposed 
amendments 



 Proposed REC Amendments 

 
 Changes to REC 1 Beneficial Use Bacteria 

Objective based on 1986 USEPA Criteria 
 Changes to REC 1 definition  
 Deletion of REC 2 bacteria objective 
 Development of REC 2 Anti-degradation 

objective 
 

 
 



Proposed REC Amendments 

 Addition of Narrative Pathogen Objective 
 High Flow Suspension of REC Standards 
 Re-designation of certain REC 1 waters 
 Removal of MUN bacteria objective 
 Implementation Strategies  

 



Storm Water Quality Standards 
Task Force 

 
 Proposed amendments based on recommendations of 

the Task Force 
 Task Force consists of staff of Orange, Riverside, and 

San Bernardino Counties, other Municipalities, Regional 
Board staff, O.C. Coast Keepers, Inland Empire Water 
Keeper, and others / facilitated by SAWPA 

 Met since 2003 to develop appropriate REC standards 
based on best available science and existing laws and 
regulations 

 Recommendations represent board consensus  
 

 
  



Revision of REC 1 Bacteria 
Objective 

 Existing objective, 200/100 ml fecal coliform 
geomean 

 Proposed objective, 126/100 ml E. coli 
geomean 
 Based on USEPA’s Ambient Water Quality Criteria 

for Bacteria – 1986 
 Intended to protect from risk of gastrointestinal  

illness where ingestion of water is likely to occur 
during water contact recreational activities 

  
 

 



Recommended REC 1 Objective 
USEPA Criteria  

 Risk based approach 
 8 to 10 excess illnesses per 1000 (.8 to 1%) for 

fresh water 
 E. coli or enterococcus recommended for fresh 

water 
 126 E. coli geomean/ most protective (.8%) 
 Correlates roughly to current fecal coliform risk 

level 
 
 



Recommended REC 1 Objective  
Single Sample Maximum (SSM)  

 
 USEPA 1986 Criteria, 2004 Beach Act Final 

Rule 
 Not intended as acute criteria / objective 
 Water Quality Assessment Tool 

 Beach notification / closure purposes 
 Follow-up monitoring 
 Used where sample data are limited 

 
 

 
 

 
 



Recommended REC 1 Objective / 
(SSM) 

Four different SSM values based on use 

 
 235 E. coli, 75 % C.L., designated beach  
 298 E. coli, 82% C.L., moderate use 
 409 E. coli, 90% C.L., lightly used 
 575 E. coli, 95% C.L., infrequently used 
 States determine which SSM categories 

applies to a particular water   
 
 



Recommended REC 1 Objective 
SSM 

 
 Class A REC 1 waters, 235 E. coli (75% 

C.L.),  
 Class B REC 1 waters, 575 E. coli (95% 

C.L.)  
 
 

 
 



Recommended REC 1 Objective 
SSM 

 
  REC 1 waters deemed Class A = where primary 

contact recreation occurs and or ambient water 
quality is expected to meet REC objectives 
 

 REC 1 waters deemed Class B = infrequent 
primary contact recreation (i.e., intermittent and 
ephemeral low flows, channel significantly 
modified to support flood control requirements) 



Recommended Revised REC 1 Definition 
 

 
 Current definition: “waters are used for 

recreational activities involving body contact 
with water where ingestion of water is 
reasonably possible ….swimming, wading, 
water-skiing, skin and scuba diving, surfing, 
whitewater activities, fishing and use of natural 
hot springs.”  
 

 



Revised REC 1 Definition  

 Proposed definition: REC 1 waters are used for 
recreational activities involving deliberate water 
contact, especially by children, where ingestion 
is likely to occur. Examples … swimming, water-
skiing, surfing, whitewater rafting, float tubing, 
… and some forms of wading and fishing.  Brief 
incidental or accidental water contact that is 
limited primarily to the body extremities is not 
generally deemed primary contact recreation 
because ingestion is not likely to occur.  



Revise REC 1 definition 

 Ingestion of water is “reasonable possible” 
vs ingestion is “likely to occur” 

 Proposed definition distinguishes between 
deliberate and incidental water contact  

 Existing definition; wading and fishing are 
REC 1 

 Proposed definition; some forms of 
wading and fishing REC 1 



Revise REC 1 Definition 

 Recommended revisions are not intended 
to change the fundamental scope of REC 1 
designations 
 all waters presumed to be REC 1 unless UAA 

shows use not attainable 

 Revisions clarify terminology with the 
intent of the 1986 Criteria 

 



REC 1 Water  

 Lake Elsinore 

Lake Elsinore 



REC 1 Water 
Santa Ana River 

 



Revise REC-2 Objective 
 

 Deletion of current REC-2 objective, 
average 2,000 fecal coliform 
 No Scientific basis 

 REC 2 objectives based on anti-
degradation data and analysis 

 REC 1/REC 2 designed waters governed 
by REC 1 objective 

 REC 2 waters, justified by UAA 
 



Add Narrative Objective  

 All surface waters 
 “Waste discharges shall not cause or 

contribute to excessive risk of illness from 
microorganism pathogenic to human 
beings” 

 Helps Regional Board protect REC 1 
waters 
 

 



Establishment of a high flow suspension of 
REC Uses 

 High flows create severe hazards to public 
safety; temporarily precludes attainment of 
recreational uses 

 REC 1 and REC 2 temporarily suspended when 
high flows preclude safe recreation 

 Unsafe waters / stream velocity > 8 ft/sec, 
 stream depth times stream velocity > 10ft²/sec, 

or rainfall ≥ 0.5 inches/ 24 hours 
 



Establishment of High Flow 
Suspension of REC standards 

 
 
 
 
 
 
 
 
 



Re-designation of Certain REC 1 
Waters  

 
 Designation of REC 2 or REC-X only for 

certain waters / removal of REC 1 use and 
objective 

 Downstream waters have to be protected 
 Reviewed each Triennial Review 

 
 



Re-designation of recreational uses for 
certain waters  

 
 All surface waters presumed to be REC 1 
 REC 1 designation maybe modified if: 

  use “not existing” 
 One or more UAA factors met      

 



Re-designation of Recreational Uses for 
Certain Waters  

 40 CFR §131.10 (g) factors 
 2) Natural, ephemeral, intermittent or low flow 

conditions or water levels prevent the 
attainment of the use.. 

 4) Dam, diversions or other types of hydrologic 
modifications preclude the attainment of the 
use… 

 Consider a suite of factors 
 SWQSTF UAAs include extensive photo analysis 



Re-designation of recreational 
uses for certain waters 

Santa Ana-Delhi Channel 



• 
Greenville Banning Channel 

REC X Designation 
  



Implementation for REC 
Amendments 

 
 High Flow Suspension of REC Standards 
 Monitoring of REC waters 
 BMPS to achieve objectives  
 



Remove MUN Use Bacteria 
Objective 

 
 < 100 organisms/100 mL of total coliform 
 MUN bacteria objective not needed 
 USEPA requires adequate disinfection and 

regular monitoring of MUN waters / 
Enhanced Surface Water Treatment Rule  



Basin Planning Process 

 Develop Draft Amendment and Draft Staff 
Report (includes Substitute Environmental 
Document) 

 Obtain Scientific Peer Review 
 Respond to comments 
 Revise Amendment and Staff Report 
 Hold Regional Board Public Hearing 

 
 



Tentative REC Amendment 
Schedule  

 CEQA Scoping Meeting, January  
 Draft Basin Plan Amendment, Staff Report, 

SED, April 2 
 45 day public comment period 
 Response to comments 
 Regional Board Adoption Hearing, June 10 

 
 



Comments 

 To Review documents, www.sawpa.org 
 Please provide written comments, if 

possible 
 Regional Water Quality Control Board 
 3737 Main Street,  Suite 500 
   Riverside, CA  92501 
 c/o Regional Planning Section or 
   email to dwoelfel@waterboards.ca.gov 

 



From:  Donald Schulz <surfdad@hotmail.com> 
To: <dwoelfel@waterboards.ca.gov> 
CC: Ray Heimstra <ray@coastkeeper.org>, Rick Wilson <rwilson@surfrider.org> 
Date:  1/31/2010 3:48 PM 
Subject:  CEQA Scoping Meeting 1/28/2010-Basin Plan Amendments. 
 
 
Hi David, 
 
Thanks for the opportunity to attend this very important meeting and to provide inputs to 
 
the development of amendments to the Basin Plan Recreational Standards. I am dissapointed that more of the public, 
particularly the other NGO's could not attend.  
 
  
 
Here are some of the issues that I suggest be included for discussion in the preparation of the upcoming 
Supplimental Environmental Document (SED). 
 
  
 
1. Loss of recreational opportunities. 
 
    Will there be a loss of recreational opportunities in those water bodies that are 
 
    proposed to be reduced from REC 1 to REC 2 or REC X? If so, what remediaton   
 
    alternatives would be made available to us? 
 
  
 
2. Bacterial standards? 
 
    What is the scientific basis for recommending enterococcus as a bacterial standard for   
 
    fresh water? As you know, the present water quality bacterial standards are based on 
 
    a 24 year old 1986 EPA study done on the east coast. The EPA has mandated new 
 
    standards be developed by 2012 and most likely will not be bacteria, but possibly a 
 
    virus based standard such as QPCR? Perhaps this entire Basin Plan Amendment exercise 
 
    is a little (2 yrs.) premature?  
 
  
 
3. REC 2 Anti-degredation objectives? (Backsliding). 
 
    Any proposed amendments to the Beneficial Use Bacterial Objective Standards that are 
 
    less protective to human health than those currently in place is deemed backsliding. 
 
    How are the downstream water body Beneficial Use rights going to be protected?    
 
  



 
4. Economic Impact? 
 
    What is the economic impact of permanently removing a potential future recreational  
 
    water body from public use by reducing the bacterial objectives of the water body to  
 
    something less than REC 1? Are there cost savings in testing, posting and mandatory 
 
    disinfection when a water body bacterial standard is reduced from REC 1 standards? 
 
  
 
I apologize if the answers to these, and other questions can be found somewhere in the SAWPA website, but I was 
unable to find and view them. In any case it is good to be 
 
able to have these communications on-line so that all may participate. 
 
  
 
Thanks for your attention to these questions and comments. 
 
  
 
Don Schulz  
 
     
 
  
 
  
 
  
 
  
             
_________________________________________________________________ 
Hotmail: Free, trusted and rich email service. 
http://clk.atdmt.com/GBL/go/196390708/direct/01/ 
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NOTICE OF CALIFORNIA ENVIRONMENTAL QUALITY ACT (CEQA) PUBLIC SCOPING 

MEETING 
 

In the Matter of Proposed Amendments to the Water Quality Control Plan for the Santa 
Ana River Basin (Basin Plan) related to Recreational Standards 

 

NOTICE IS HEREBY GIVEN that staff of the California Regional Water Quality Control Board, 
Santa Ana Region, will hold a CEQA scoping meeting pursuant to California Public Resources 
Code Section 21083.9. The scoping meeting will provide participants the opportunity to 
comment on the appropriate scope and content of the substitute environmental document that 
will be prepared for the proposed Basin Plan amendments.  The substitute environmental 
document will be prepared pursuant to Public Resources Code Section 21080.5, and the State 
Water Resources Control Board’s regulations related to Certified Regulatory Programs 
(California Code of Regulations, Title 23, Section 3775 et seq.).  
 
The proposed Basin Plan amendments are based on the recommendations of the Storm Water 
Quality Standards Task Force and include:  
 

• Revision of the REC-1 (water contact recreation) beneficial use definition and applicable 
bacterial water quality objectives for inland surface waters, based on USEPA national 
criteria; 

• Revision of the REC-2 (non-contact water recreation) bacterial water quality objectives 
for surface waters based on antidegradation data and analysis; 

• Establishment of a narrative objective for pathogenic microorganisms in surface waters 
designated REC-1 and/or REC-2; 

• Establishment of a high flow suspension of REC-1 and REC-2 beneficial uses and 
bacterial objectives; and  

• Re-designation of recreational uses for certain surface waters, pursuant to Use 
Attainability Analyses. 

 
The purpose of the scoping meeting is to provide a forum for early public consultation regarding 
the environmental issues that should be considered in the substitute environmental document 
for these amendments. This consultation will assist the Regional Board in identifying the range 
of actions, alternatives, mitigation measures, and significant environmental effects to be 
analyzed prior to the decision-making process.   
 
 
The scoping meeting will be held at the following time and location: 
 

DATE:   January 28, 2010 
 TIME:   10:00 a.m. to 12:00 noon.  
            LOCATION: Santa Ana Watershed Project Authority (SAWPA), Board 

Room 
     11615 Sterling Avenue 
    Riverside, CA  92503 
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  Recycled Paper 

 
Any person who is disabled and requires special accommodation to participate in the meeting 
should contact Jeff Beelher at (951) 354-4239 no later than 10 days before the scheduled 
meeting.   
 
For additional information, please contact Dave Woelfel at (951) 782-7960 or 
dwoelfel@waterboards.ca.gov. 
 
    
 
 



CALIFORNIA ENVIRONMENTAL QUALITY ACT (CEQA) PUBLIC SCOPING MEETING 

On January 28, 2010 Board staff presented the CEQA public scoping meeting for the 
proposed Recreational Standards amendments pursuant to California Public Resources 
Code Section 21083.9. The scoping meeting provided participants the opportunity to 
comment on the appropriate scope and content of the substitute environmental 
document (SED)1 that would be prepared for the proposed Basin Plan amendments.  
Ten individuals attended the meeting. An overview of the amendments was presented 
by Board staff at the meeting and then there was an opportunity for questions.   

One participant at the scoping meeting submitted written questions to Board staff after 
the meeting.  Board staff provided responses and submitted them to the participant on 
February 4, 2010.  The questions and Board staff responses are listed below (as 
paraphrased):  

1) Will there be a loss of recreational opportunities in those waters that are proposed to 
be reduced from REC1 to REC2 or RECX?  If so, what remediation alternatives would 
be made available to us? 

Board Staff response:  There will be no loss of recreational opportunities in those 
waters. As discussed at the scoping meeting, all waters that are proposed to have REC 
uses de-designed will have a use attainability analysis completed that will show that 
REC1 and REC2 are not existing uses (i.e., there is currently or potentially no REC1 
and or REC2  use). Every triennial review period the de-designated waters will be 
reevaluated.   

2) What is the scientific basis for recommending enterococcus as a bacterial standard 
for fresh water…considering the present standards are based on the 1986 EPA study? 

Board Staff response: Proposed REC standards will be based on E. coli not 
enterococcus and staff are aware of EPA’s ongoing work to develop new criteria. The 
proposed amendments include a recommendation for the addition of a narrative 
pathogen objective which, in part, anticipates that over time, new analytical procedures 
for viruses and other pathogens will become available and practicable, and that new 
criteria/objectives will be developed.   

3) Concerning REC2 antidegradation objectives, how are downstream water body 
beneficial use rights going to be protected? 

Board staff response:  We propose that as part of the UAA process to consider re-
designation to REC 2 only for a specific water body, data be collected and analyses 
conducted to derive an antidegradation objective for that water body. The intent is to 

                                                           

1 The substitute environmental document will be prepared pursuant to Public Resources Code Section 
21080.5, and the State Water Resources Control Board’s regulations related to Certified Regulatory 
Programs (California Code of Regulations, Title 23, Section 3775 et seq.).  
 



assure that there is no lowering of water quality in the re-designated watebody, thereby 
satisfying antidegradation requirements.   

4) What is the economic impact of permanently removing a potential future recreational 
water body from public use by reducing the REC 1 bacterial objectives?  Are there cost 
savings? 

Board staff response:  The re-designations of waters are not necessarily permanent, as 
indicated at the scoping meeting (i.e., triennial review of de-designated waters).  

A change in designation of a water body from REC1 to REC2 or no REC1 and REC2 is 
likely to result in cost savings in monitoring and the implementation of BMPs.  The result 
is that limited public funds could be focused to give highest priority to the protection of 
recreational uses and public health where it is most needed.  
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Section 1 
Introduction 
As a Lead Agency, the California Regional Water Quality Control Board, Santa Ana 
Region (Santa Ana Water Board or Regional Board) is required to comply with the 
California Environmental Quality Act (CEQA) when considering amendments to the 
Water Quality Control Plan (Basin Plan) for the Santa Ana River Basin. Accordingly, 
this Environmental Checklist and Analysis has been prepared as a part of the 
Substitute Environmental Document (SED) required for consideration of proposed 
amendments. Specifically, this analysis has been prepared to address the potential 
environmental effects of a project involving amendments to the Basin Plan related to 
water quality objectives for bacteria and beneficial use classifications for inland 
freshwaters (Proposed Project).  A more detailed description of the Proposed Project 
is provided in Section 2, and a summary of the overall environmental setting is 
provided in Section 3.   

This analysis includes an Environmental Checklist that serves as the basis for a 
systematic evaluation of the potential for the amendments to result in a significant 
impact relative to a variety of environmental factors such as biological resources, 
recreation, water quality and other such topics as presented in Section 4.  Section 5 
includes a discussion of alternatives to the Proposed Project. The information sources 
(references) used in completing the analysis are listed in Section 6.   

1.1 Regulatory Setting 
Pursuant to Section 15251(g) of the CEQA Guidelines (California Code of Regulations, 
Title 14, Chapter 3, Section 15000 et seq.), the Water Quality Control (Basin)/Section 
208 Planning Program of the State and Regional Water Boards has been certified by 
the Secretary for Resources as exempt from the requirement to prepare an 
Environmental Impact Report (EIR), Negative Declaration (ND) or Initial Study. 
However,  an environmental analysis is to be presented in a substitute document 
which includes at a minimum, a description of the proposed activities and either: 1) 
alternatives to the activities and mitigation measures to avoid or reduce any 
significant or potentially significant effects that the proposed project may have on the 
environment; or, 2) a statement that the proposed project  would not have any 
significant or potentially significant effects on the environment, supported by a 
checklist or other documentation.1  

Additionally, the Regional Board must comply with the State Water Resource Control 
Board’s regulations on exempt regulatory programs when amending basin plans 
(California Code of Regulations, Title 23, Sec. 3775-3781). These regulations require 
the completion of a  Substitute Environmental Document (SED), consisting of a 
written report containing an environmental analysis of the project and a completed 
Environmental Checklist.  The issues identified in the Environmental Checklist must 

                                                 
1 CEQA Guidelines, Section 15252. 
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be evaluated in the checklist or elsewhere in the SED. Other documentation may also 
be included.   
 
The SED must include: 1) a brief description of the proposed project; 2) identification 
of any significant or potentially significant adverse environmental impacts of the 
proposed project; 3) an analysis of reasonable alternatives to the proposed project  
and  mitigation measures to avoid or reduce  any significant or potentially significant 
adverse environmental impacts;  and, 4) an environmental analysis of the reasonably 
foreseeable methods of compliance. This environmental analysis must include, at a 
minimum, all of the following: (a) an identification of the  reasonably foreseeable 
methods of compliance with the project; (b) an analysis of any reasonably foreseeable 
significant adverse environmental impacts associated with those  methods of 
compliance; (c) an analysis of  reasonably foreseeable alternative methods of 
compliance that would have less significant adverse environmental impacts; and, (d) 
an analysis of reasonably foreseeable mitigation measures that would minimize any 
unavoidable significant adverse environmental impacts of the reasonably foreseeable 
methods of compliance. In preparing the environmental analysis of reasonably 
foreseeable methods of compliance, the Regional Board may utilize numerical ranges 
or averages where specific data are not available; however, the Board is not required 
to engage in speculation or conjecture. The environmental analysis must take into 
account a reasonable range of environmental, economic and technical factors, 
population and geographic areas and specific sites, but the Board is not required to 
conduct a site-specific project level analysis of the methods of compliance, which 
CEQA may otherwise require of those agencies who are responsible for complying 
with the revised Basin Plan when they determine the manner in which they will 
comply.   For each of the   significant or potentially significant adverse environmental 
impacts of the project or reasonably forseeable methods of compliance with the 
project that are identified (if any), the SED must contain findings as described in the 
CEQA Guidelines section 15091, and, if applicable, a statement of overriding 
considerations as described in CEQA Guidelines Section 15093. 
 
The environmental analysis for the Basin Plan amendments must also comply with 
Section 15187 of the CEQA Guidelines. Section 15187 establishes requirements for 
rules and regulations requiring the installation of pollution control equipment, 
establishment of performance standards2, and establishment of a treatment 
requirement by the State Water Resources Control Board (SWRCB or State Board) and 
regional water quality control boards (among other agencies).3 The requirements 
established in Section 15187 are mirrored in the State Water Resources Control 

                                                 
2 The term “performance standard” is not defined in CEQA but in the rulemaking provisions 
of the Administrative Procedures Act (Government Code Sec. 11340-11359). A “performance 
standard” is a regulation that describes an objective with the criteria stated for achieving the 
objective (Government Code Sec. 11342(d)) 
3 The proposed Basin Plan amendments involve revisions to the existing water quality 
objectives in the Basin Plan, which could be considered "performance standards"; therefore 
this environmental analysis must comply with CEQA Section 15187. 
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Board’s regulations. Specifically, pursuant to Section 15187, the environmental 
analysis for such a rule or regulation must include at least the following: 

1. An analysis of reasonably foreseeable environmental impacts of the methods 
of compliance;  

2. An analysis of reasonably foreseeable feasible mitigation measures relating to 
those impacts; and  

3. An analysis of reasonably foreseeable alternative means of compliance with 
the rule or regulation, which would avoid or eliminate the identified impacts. 

Once again, the analysis must consider a reasonable range of environmental, 
economic, and technical factors, population and geographic areas, and specific sites. 
Where specific data are not available, the Santa Ana Water Board may utilize 
numerical ranges and averages but is neither required nor encouraged to engage in 
speculation or conjecture. A project-specific level analysis is not required, nor is it 
feasible.  
 
Pursuant to Water Code Section 13360, the Santa Ana Water Board is prohibited from 
specifying the design, location, type of construction, or particular manner of 
compliance with waste discharge requirements or other orders. Instead, those entities 
subject to the proposed Basin Plan amendments are responsible for identifying 
compliance strategies, and conducting the required CEQA analysis of implementation 
of the selected strategies at the project-level. Thus, the Santa Ana Water Board cannot 
conduct project-level CEQA analyses of strategies that would be implemented by 
others, nor is it required to do so. This document analyzes the potential 
environmental effects of implementing reasonably foreseeable methods of compliance 
on a Programmatic Level. Consistent with the CEQA Guidelines and Water Code 
Sections identified above, the environmental analysis contained herein includes a 
written analysis that identifies a reasonable range of reasonably foreseeable 
compliance strategies (Section 2.3), presents an Environmental Checklist (Section 4), 
evaluates reasonably foreseeable environmental effects (Section 4) and mitigation 
measures if applicable, and discusses alternatives to the Proposed Project (Section 5). 
This analysis takes into consideration a reasonable range of environmental and 
economic factors, population and geographic areas and specific sites.  
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Section 2 
Project Description 
2.1 Background 
The State Board sets statewide policy, and, together with the nine Regional Boards, 
implements state and federal water laws and regulations. Each of the Regional 
Boards, including the Santa Ana Regional Board, is required to adopt a Water Quality 
Control Plan or Basin Plan subject to approval by the SWRCB that identifies the 
beneficial uses of the surface and ground waters in each particular region, establishes 
water quality objectives intended to protect those uses, and identifies a program of 
implementation to achieve and protect those objectives.   

The current Basin Plan for the Santa Ana Region was adopted in 1995 and last 
updated in 20084. It establishes water quality standards5 for the surface and ground 
waters of the Santa Ana Region and provides the basis for the Regional Board's 
regulatory programs. The Basin Plan designates the beneficial uses of specific 
waterbodies within the Santa Ana Region and establishes water quality objectives for 
the protection of these uses. It includes an implementation plan describing actions by 
the Regional Board and by those required to comply with the Basin Plan (e.g. 
Counties, Cities, Special Districts, industries, etc.) for maintaining and enhancing 
water quality.  

2.1.1 Water Quality Objectives 
Water quality objectives are defined in the Water Code as “…the limits or levels of 
water quality constituents or characteristics which are established for the reasonable 
protection of beneficial uses of water or the prevention of nuisance within a specific 
area” (Section 13050 (h)). Further, Water Code Section 13241 directs that: 

Each regional board shall establish such water quality objectives in water quality control 
plans as in its judgment will ensure the reasonable protection of beneficial uses and the 
prevention of nuisance; however, it is recognized that it may be possible for the quality of 
water to be changed to some degree without unreasonably affecting beneficial uses. Factors 
to be considered by a regional board in establishing water quality objectives shall include, 
but not necessarily be limited to, all of the following: 

(a) Past, present, and probable future beneficial uses of water. 

                                                 
4 The 2008 update to the Basin Plan did not include any substantive changes to the Plan.  The 
purpose of the update was to incorporate in the text the separate amendments that had been 
approved subsequent to the re-publication of the Basin Plan in 1995. 
5 Water quality “standards” include water quality objectives, beneficial uses and the state’s 
antidegradation policy (State Board Resolution No. 68-16, “Statement of Policy with Respect to 
Maintaining High Quality of Waters in California”). 
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(b) Environmental characteristics of the hydrographic unit under consideration, including 
the quality of water available thereto. 

(c) Water quality conditions that could reasonably be achieved through the coordinated 
control of all factors which affect water quality in the area. 

(d) Economic considerations. 

(e) The need for developing housing within the region. 

(f) The need to develop and use recycled water. 

Objectives are presented in the Basin Plan as narratives and/or as numeric objectives 
and are specified according to waterbody type (e.g., ocean waters; enclosed bays and 
estuaries; inland surface waters; and groundwaters) and by constituent/contaminant 
(e.g., ammonia, bacteria, metals, color, oil and grease, nitrate, etc.). The narrative 
objectives vary in applicability and scope to reflect the various types of beneficial uses 
identified for a water body. The numerical objectives generally reflect the levels 
needed to project the identified beneficial uses, or they may prohibit the discharge of 
specific substances. The Basin Plan states that “an adverse effect or impact on a 
beneficial use occurs where there is an actual or threatened loss or impairment of that 
beneficial use.” 

2.1.2 Beneficial Uses 
A beneficial use is described in the Basin Plan as one of the various ways that water 
can be used for the benefit of people and/or wildlife, such as drinking, swimming, 
industrial and agricultural supplies, and support of aquatic habitats. 

Twenty-three beneficial uses are now defined statewide; nineteen of these are applied 
to the Santa Ana Region.6  The Basin Plan also lists one beneficial use specific to the 
region (Limited Warm Freshwater Habitat), bringing the total number of beneficial 
uses recognized in the Santa Ana Region to twenty. Chapter 3 of the Basin Plan 
identifies and defines the twenty beneficial uses and provides a table showing 
designated beneficial uses for waterbodies within the Santa Ana Region. Waterbodies 
typically have more than one identified beneficial use. 

The Basin Plan designates all surface waters and their tributaries within the 
watershed as having both water contact recreation (REC1) and non-contact water 
recreation (REC2) beneficial uses. All surface waters, including open stormwater 
channels that have been modified, primarily for flood protection purposes, are 
presumed to be REC1.  Many of these improved open channels are not specifically 
named in the Basin Plan but are considered tributaries to the named water bodies and 
the beneficial use of the downstream named water body applies. The Basin Plan 

                                                 
6 The four state defined uses not found in the Basin Plan are Migration of Aquatic Organisms, 
Freshwater Replenishment, Inland Saline Water Habitat and Aquaculture. 
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currently defines REC1 as waters used for recreational activities involving body 
contact with water where ingestion of water is reasonably possible. These uses may 
include, but are not limited to, swimming, wading, water-skiing, skin and scuba 
diving, surfing, whitewater activities, fishing, and use of natural hot springs. The 
Basin Plan defines REC2 as waters used for recreational activities involving proximity 
to water, but not normally involving body contact with water where ingestion of 
water would be reasonably possible. These uses may include, but are not limited to, 
picnicking, sunbathing, hiking, beachcombing, camping, boating, tidepool and marine 
life study, hunting, sightseeing, and aesthetic enjoyment in conjunction with the 
above activities.  

2.2 Proposed Amendments 
Since 2003, Regional Board staff have been actively participating in a stakeholder 
process coordinated through the Santa Ana Watershed Project Authority and 
designated as the Stormwater Quality Standards Task Force (Task Force).  The Task 
Force has been involved in a work effort to assist the Regional Board in reevaluating 
water quality standards related to recreational use of the Region’s inland fresh waters.  
The Task Force includes representatives from agencies and organizations involved 
and interested in water quality issues in the watershed, including Orange, Riverside, 
and San Bernardino Counties, in particular the Municipal Stormwater (MS4) 
Programs for each county and the included cities, environmental groups, the Santa 
Ana Water Quality Control Board, wastewater dischargers, the United States 
Environmental Protection Agency (USEPA), Region 9, and others.  Throughout the 
process, the Task Force has been seeking to develop a pathogen control strategy that 
would not only meet statutory and regulatory water quality standards requirements 
but that would also encourage finite public resources to be invested in prioritized 
fashion. One goal is to provide the highest level of water quality protection where 
people are actually coming into contact with the water. Such an approach would 
allow planning agencies to implement more cost-effective regional BMP solutions 
while continuing to protect downstream uses. 

The work efforts of the Task Force have led to proposed modifications to the existing 
bacteria quality objectives for recreational uses based on the best available science and 
recommendations for changes in recreational use designations and implementation 
strategies. Together, the proposed modifications and recommendations are 
incorporated into a number of proposed amendments to the Basin Plan related to 
Recreational Standards for Inland Fresh Waters for the Santa Ana Region (Proposed 
Project) described below.   

The Proposed Project consists of amendments to the Basin Plan that fall largely into 
two principal categories: A) revisions to bacteria water objectives; and B) revisions to 
beneficial uses. The specific amendments are presented below under each of the two 
general categories. The proposed amendments also include recommendations for 
temporary suspension of recreation standards for specific surface waters under 
certain high flow conditions, and the addition of specific surface waters in the Region 
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that are not identified in the current Basin Plan.  Beneficial use designations are 
proposed to be added for these waters.  Two reservoirs (Laguna and Lambert) are 
proposed to be deleted from the list of inland surface waters included in the Basin 
Plan since these reservoirs no longer exist.   

Implementation plan language will be proposed that includes: a surveillance plan to 
assess compliance with the revised bacteria quality objectives; identifies the criteria 
for suspension of recreation standards for specific streams under certain flow 
conditions; describes the intended application of single sample maximum values in 
REC1 freshwaters; describes implementation of antidegradation targets for REC2 only 
freshwaters; discusses controllable and uncontrollable source of bacteria inputs to 
surface waters; and describes the basis for POTW coliform bacteria requirements and 
their relationship to recreational standards. 
 
Finally, minor editorial changes are proposed to update the narrative text regarding 
recreation standards, modify footnote numbering, and the like.  These minor editorial 
changes, which are identified in the staff report accompanying the proposed 
amendments, have no substantive regulatory effect and, therefore, no potential effect 
on the environment.  No further discussion or analysis of these editorial changes is 
necessary, and none is included in this document. 

2.2.1 Revisions to Bacteria Water Quality Objectives 
The proposed amendments include revisions to the Basin Plan's existing bacteria 
water quality objective for inland surface waters. Each proposed revision is discussed 
below. 

2.2.1.1 Proposed Amendment A.1 - Deletion of the Fecal Coliform 
Objectives for REC1 and REC2 

Direct measurement of all pathogens (bacteria, viruses, parasites, or other organisms 
that may cause illness to persons exposed) is not feasible at the present time and 
therefore indicators are used to establish objectives to assure that water quality is 
adequate to protect human health against excessive risk of illness. Fecal coliform are 
the existing indicator organism used to set water quality objectives to protect REC1 
and REC2 uses. The Basin Plan describes fecal bacteria as part of the intestinal flora of 
warm-blooded animals and states that their presence in water is an indicator of 
pollution. Fecal coliform bacteria are measured in terms of the number of organisms 
per unit volume. Water quality objectives for the numbers of fecal coliform vary 
depending on the designated use of the water. For inland surface waters designated 
REC1 the water quality objectives are as follows: 

REC1 Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30 day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30-day period 

For lakes and streams designated REC2 the water quality objectives are as follows: 
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REC2 Fecal coliform: average less than 2,000 organisms/100 mL and not more than 
10% of samples exceed 4,000 organisms/100 mL for any 30-day period 

All of the surface water bodies within the Basin are currently designated both REC1 
and REC2, and therefore the more stringent REC1 water quality objectives govern.  

The United States Environmental Protection Agency (USEPA) has directed the States, 
including California, to update fecal coliform objectives based on USEPA’s 1986 
Ambient Water Quality Criteria for Bacteria.  These recommended national criteria 
are based on Escherichia coli (E. coli) or enterococcus in freshwater and enterococcus in 
marine waters.  USEPA found that these bacteria indicators are better for assessing 
potential health effects resulting from water contact recreation.  E. coli is also a type of 
bacteria commonly found in the lower intestine of warm-blooded organisms. 
Accordingly, Proposed Amendment A.1 would remove the current fecal coliform 
objectives for REC1 and REC2 designated freshwaters from the Basin Plan. The fecal 
coliform objectives would be replaced with objectives based on E. coli (Proposed 
Amendment A.2) and a bacteria indicator target for REC2 only surface waters would 
be established (Proposed Amendment A.3).  The most recently adopted Total 
Maximum Daily Load (TMDL) developed to address bacteria indicator impairments 
in Reach 3 of the Santa Ana River and its tributaries and approved by USEPA already 
includes a numeric target for E. coli. This target was included with the expectation 
that E. coli objectives based on USEPA’s national criteria would be established in the 
near future. 

2.2.1.2 Proposed Amendment A.2 – Establishment of an E. coli Objective 
for REC1 Waters 

Under Proposed Amendments A.2, the existing fecal coliform objective would be 
replaced with an E. coli pathogen indicator bacteria objective based on the USEPA's 
1986 Ambient Water Quality Criteria for Bacteria. These criteria apply to waters that 
are or may be used for primary contact recreation, which is essentially comparable to 
the REC1 designation.  

The REC1 E. coli objective would be established as follows: 

 For waters designated REC1 only or REC1 and REC2, the objective would be 
less than 126 E. coli organisms per 100 mL, (expressed as the geometric mean 
of at least 5 samples over a 30-day period).    

Proposed Amendment A.2 includes the addition of a new table to the Basin Plan titled 
"Pathogen Indicator Bacteria Objectives for Fresh Waters" which presents the 
objectives described above. USEPA’s 1986 national criteria document finds that E. coli 
geomean objectives of 126-206 organisms per 100 mL, which correlate to approximate 
excess health risk rates of 8/1000 swimmers and 10/1000 swimmers, respectively, 
provide health protection that is roughly comparable to that provided by the fecal 
coliform geomean objective (200/100 mL). 
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Proposed Amendment A.2 would also add a new table to the Basin Plan titled, 
"Alternative Method for Assessing Probable Compliance with the E. coli Objective in 
Freshwaters Designated REC1 When Insufficient Data are Available to Calculate a 
Geometric Mean." The table presents USEPA's recommended formula for calculating 
the maximum expected single sample maximum (SSM) value for E. coli (1986 Ambient 
Water Quality Criteria for Bacteria). Single sample maximum values are statistical 
constructs designed to assess probable compliance with the geomean7 objective for 
REC1 waters. USEPA expects states to use the SSMs to make short-term decisions 
about beach notification and closure, and as a trigger for further monitoring and 
investigation. The States have flexibility to determine how to use the SSM in Clean 
Water Programs, such as impairment assessments and TMDLs. 

2.2.1.3 Proposed Amendment A.3 – Establishment of a Bacteria Indicator 
Target for REC2 only Waters 

Antidegradation bacteria indicator targets for water bodies designated only REC2 as 
the result of a Use Attainability Analysis are proposed. The bacteria indicator targets 
for REC2 only surface waters would be established as follows: 

 For waters that are designated only REC2 pursuant to an approved Use 
Attainability Analysis, identify bacteria quality targets, in conformance with 
the state antidegradation policy.  Subject to the availability of data, the targets 
are based on fecal coliform bacteria and/or E. coli. The targets are intended to 
provide the basis for assuring that bacteria quality conditions do not degrade. 

Proposed Amendment A.3 would add a new table to Section 5 of the Basin Plan 
summarizing the recommended targets, within the discussion of anti-degradation.     

2.2.1.4 Proposed Amendment A.4 – Add Narrative Pathogen Objective 
The current basin plan does not have a narrative objective for pathogens. Both the 
existing and proposed numeric objectives to protect REC1 uses of the Region’s waters 
are based on bacterial indicators (fecal coliform, E. coli respectively) that indicate the 
likelihood of the presence of disease-causing organisms (pathogens). USEPA 
recognizes the limitations of the 1986 bacteria criteria and is currently engaged in 
studies that may lead to revision of these criteria. Given progress with analytical 
techniques, it may be possible to detect the actual pathogenic organisms (e.g., viruses) 
directly in a timely and practicable manner, such that it no longer is necessary to rely 
on these bacterial indicators. In anticipation that this may occur, a narrative pathogen 
objective is proposed to be added to the Basin Plan to provide the Regional Board an 
additional tool to assure that water quality and beneficial uses will be protected. 

Amendment A.4 would establish the following narrative pathogen objective:  

                                                 
7 Geomean, or geometric mean, is a type of mean or average that indicates a central tendency 
or typical value of a set of numbers. 
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Waste discharges shall not cause or contribute to excessive risk of illness from 
microorganisms pathogenic to human beings. Pathogen indicator concentrations shall 
not exceed the values specified in Table 4-pio below as a result of controllable water 
quality factors (see also Chapter 5, Recreation Water Quality Standards, 
Controllable and Uncontrollable Sources of Bacteria) unless it is demonstrated to the 
Regional Board’s satisfaction that the elevated indicator concentrations do not result 
in excessive risk of illness among people recreating in or near the water. In all cases, 
the level of water quality necessary to protect existing uses must be maintained.  
Where existing water quality is better than necessary to protect the designated use, the 
existing high level of water quality must be maintained unless it is demonstrated that 
existing or potential beneficial uses would be protected and that water quality 
consistent with maximum benefit to the people of California would be maintained, as 
specified in the state antidegradation policy (SWRCB Resolution No. 68-16). The 
Regional Board may also require recycled water discharged to freshwaters designated 
REC 1 or REC 2to comply with other limitations recommended by the California 
Department of Public Health (CDPH). 

2.2.1.5 Proposed Amendment A.5 – Delete the MUN Bacteria Objective 
The Basin Plan currently contains a bacteria objective (total coliform less than 100 
organisms per 100 mL) for waters designated as municipal and domestic supply 
(MUN). This objective would be deleted under Proposed Amendment A.5. Per the 
Basin Plan, MUN waters are used for community, military, municipal or individual 
water supply systems. The uses may include, but are not limited to, drinking water 
supply. The current MUN objective was developed to protect drinking water sources 
from bacterial contamination. However, since this objective was established states 
were required to adopt and implement the USEPA Enhanced Surface Water 
Treatment Rule by January 1, 2002. The Enhanced Surface Water Treatment Rule was 
implemented to strengthen protection of drinking water sources against microbial 
contaminants and requires adequate disinfection and regular monitoring of MUN 
waters. Thus, the MUN bacteria objective is now obsolete and can be deleted.  The 
deletion of the objective will not result in any adverse impacts on beneficial uses and 
will not result in the lowering of water quality.  

2.2.2 Revisions Related to Beneficial Uses 
The proposed amendments include revisions related to the Basin Plan's Beneficial 
Uses. Each proposed revision is discussed below. 

2.2.2.1 Proposed Amendment B.1 – Temporary Suspension of Recreational 
Standards During High Flow Conditions  

Proposed Amendment B.1 would result in temporary suspension of the recreational 
use designations and applicable bacteria objectives in certain stream segments when 
unsafe flow conditions preclude attainment of the designated recreational uses for 
short periods of time.  
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The temporary suspension would apply only to freshwater creeks and streams that 
have been engineered or modified to serve as flood control channels.  These channels 
have been constructed or modified with concrete, rip-rap or similar materials along 
the sides and/or bottom of the waterway. Such construction/modifications are 
designed to contain the flow and convey it efficiently downstream, and to prevent 
erosion. The specific waters to which the suspension applies are listed in proposed 
Basin Plan Appendices VIII and IX.  

The Regional Board may determine that it is appropriate to apply the temporary 
suspension to additional waters that may not be engineered. Such waters may be added 
provided that it is demonstrated that recreational uses are not “existing” uses (as defined 
by federal regulations) under the suspension conditions and that either the suspension 
criteria identified below apply or other stream or flow conditions result in hazardous 
conditions that preclude attainment of the use. The Regional Board may also determine 
that recreation standards should not be suspended in some specific streams if it is 
demonstrated that stream channel conditions or flow controls effectively eliminate any 
safety hazard to the public.  

 
The criteria for high flow suspension of recreation standards are described in a new 
subsection (Recreation Water Quality Standards, High Flow Suspension) that is also 
proposed to be added to Chapter 5 of the Basin Plan. Flow conditions are 
presumptively unsafe if one or more of the following conditions occurs:  (1) stream 
velocity is greater than 8 feet-per-second (fps); or, (2) the product of stream depth 
(feet) and stream velocity (fps) (the depth-velocity product) is greater than 10 ft2/s. 
Where representative stream gauge data are not available, flow velocity is presumed 
to be greater than 8 fps when rainfall in the area tributary to the stream is greater than 
or equal to 0.5 inches in 24 hours. Rainfall measurements may be estimated using 
gauges, Doppler radar data, or other scientifically defensible methods. Stream flows 
will be presumed to return to safe conditions and the temporary suspension of 
recreation standards will cease 24 hours after rain ceases to fall in the area tributary to 
the stream, unless actual flow data demonstrate that the suspension conditions 
identified above either continue beyond or terminate prior to the 24 hour period. In all 
cases, the temporary suspension will terminate automatically once stream flows have 
returned to normal baseline conditions, generally defined as flows at or below the 
98th percentile as calculated from a calibrated hydrograph for the stream. 

2.2.2.2 Proposed Amendment B.2 – Assignment of REC1 Designated 
Waters to Tiers A, B, C, and D 

Proposed Amendment B.2 would establish four tiers of REC1 designated inland 
freshwaters for the purposes of determining appropriate single sample maximum 
values for REC1 waters. The four tiers, Tiers A, B, C, and D are proposed to be 
defined as follows: 

Tier A:  includes freshwater lakes and streams that are or may be heavily-used by the 
public for primary contact recreational activities, relative to other freshwater bodies in 
the Santa Ana Region.  Typical examples of Tier A waters include, but are not limited 



Section 2 
Action Description 

 
November 30, 2011  2-9 

to:  Big Bear Lake, Canyon Lake, Lake Elsinore, Lake Perris, Reach 3 of the Santa Ana 
River, Reach 2 of Mill Creek in Redlands and Lytle Creek (Middle and North Forks).  
Single sample maximum (SSM) values for Tier A waters are calculated using a 75% 
statistical confidence factor. (See Table 5-REC1-ssv, below).  
 
Tier B:  includes freshwater lakes and streams that are or may be moderately-used by 
the public for primary contact recreational activities.  Moderate use occurs where the 
number of people accessing the waterbody is approximately half that which generally 
occurs in Tier A waters.  Typical examples of Tier B waters include, but are not 
limited to:  Jenks Lake, Santiago Reservoir, Cucamonga Creek Reach 2, and Reaches 4 
and 6 of the Santa Ana River. Single sample maximum values for Tier B waters are 
calculated using an 82% confidence factor. (See Table 5-REC1-ssv, below)  
 
Tier C: includes freshwater lakes and streams that are or may be lightly-used by the 
public for primary contact recreational activities.  Light use occurs where the number 
of people accessing the waterbody is less than half that which generally occurs in Tier 
A waters.  Typical examples of Tier C waters include, but are not limited to:  Reach 2 
of the Santa Ana River, Bear Creek, Chino Creek Reach 1B, Anza Park Drain, and 
Sunnyslope Channel.  Single sample maximum values for Tier C waters are calculated 
using a 90% statistical confidence factor. (See Table 5-REC1-ssv, below) 
 
Tier D:  includes freshwater lakes and streams that are infrequently used by the public 
for primary contact recreational activities.  Infrequent use occurs where people only 
access the waterbody rarely or occasionally.  Typical examples of Tier D waters 
include, but are not limited to:  most concrete-lined storm water channels in the 
urbanized areas of the watershed and many of the ephemeral streams located in the 
undeveloped areas of the watershed.  Single sample maximum values for Tier D waters 
are calculated using a 95% confidence factor.  (See Table 5-REC1-ssv, below). 

 
REC1 waters listed in the Basin Plan are proposed to be assigned to one of these Tiers. 
The proposed assignments are shown in Table 5 - REC1-Tiers (Chapter 5 
Implementation). 

2.2.2.3 Proposed Amendment B.3 – Clarification of Definition of REC1 
(Water Contact Recreation) 

REC1 waters are currently defined in the Basin Plan as follows: 

Water Contact Recreation (REC1*)8 waters are used for recreational activities 
involving body contact with water where ingestion of water is reasonably possible. 
These uses may include, but are not limited to, swimming, wading, water-skiing, skin 
and scuba diving, surfing, whitewater activities, fishing, and use of natural hot 
springs. 

Amendment B.3 would clarify the definition as follows:  

                                                 
8 The "*" references a footnote to the definition of REC 1. This footnote, and proposed changes, 
is discussed in the following section, B.4. 
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Primary Contact Recreation (REC1*) waters are used for recreational activities 
involving deliberate water contact, especially by children, where ingestion is likely to 
occur. Examples of REC1 may include, but are not limited to: swimming, water-
skiing, surfing, whitewater rafting, float tubing, bathing in natural hot springs, skin 
diving, scuba diving and some forms of wading and fishing. Brief incidental or 
accidental water contact that is limited primarily to the body extremities (e.g. hands 
and feet), is not generally deemed Primary Contact Recreation because ingestion is not 
likely to occur. 

The clarifications are based, in part, on consideration of the nature of the recreational 
use for which the USEPA published bacteria quality criteria in 1986. Specifically, the 
1986 criteria are intended to address water contact recreation where the ingestion of 
water is likely or expected. The USEPA defines this type of recreational activity as 
“primary contact recreation,” which is and has been regarded historically as 
functionally equivalent to the REC1 beneficial use.  To assure that the national 
bacteria criteria are properly applied, the proposed modifications to the REC1 
definition are designed to conform as closely as possible to the USEPA’s description 
of Primary Contact Recreation.  

As noted in the proposed clarified definition, incidental or accidental contact limited 
primarily to the body extremities is not likely to result in exposure via ingestion. 
Further, some forms of wading and fishing are not likely to result in such exposure. 
Special recognition of the potential for ingestion by children is explicitly provided in 
the proposed definition. The phrase “reasonably possible” in the current Basin Plan 
definition is subject to wide variation in interpretation, which has the potential to 
result in inappropriate designation of the surface waters. This phrase would be 
replaced with “likely”. 

2.2.2.4 Proposed Amendment B.4 – Revision of Existing Footnote 
Regarding REC1 and REC2 Designations 

Currently, the definitions of REC1 and REC2 waters include the following footnote:  

The REC1 and REC2 beneficial use designations assigned to surface waterbodies in 
this Region should not be construed as encouraging recreational activities. In some 
cases, such as Lake Matthews and certain reaches of the Santa Ana River, access to the 
waterbodies is prohibited because of potentially hazardous conditions and/or because of 
the need to protect other uses, such as municipal supply or sensitive wildlife habitat. 
Where REC1 or REC2 is indicated as a beneficial use in Table 3-1, the designations 
are intended to indicate that the uses exist or that the water quality of the waterbody 
could support uses. 

Proposed Amendment B.4 would revise the footnote as follows. Proposed new text is 
shown in bold and underlined, deleted text is shown in strikeout:  

Proposed revised footnote (changes from the existing definition are shown in italics):  
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The REC1 and REC2 beneficial use designations assigned to surface waterbodies in 
this Region should not be construed as encouraging or authorizing recreational 
activities. In some case, such as Lake Mathews and certain reaches of the Santa Ana 
River and its tributaries, access to the water bodies is prohibited by other agencies 
because of potentially hazardous conditions and/or because of the need to protect other 
uses such as municipal water supply or sensitive wildlife habitat. Where REC1 or 
REC2 is identified as a beneficial use in Table 3-1, the designations are only intended 
to indicate that the such uses exist may occur or that the water quality of the 
waterbody could support uses may be capable of supporting recreational uses 
unless a Use Attainability Analysis demonstrates otherwise and the Regional 
Board amends the Basin Plan accordingly. 

The proposed revisions are intended to document the Regional Board’s 
understanding of the existing Basin Plan more accurately. The term “existing use” has 
special regulatory meaning under federal law and regulation; uses explicitly 
determined to be “existing” cannot be removed. Recreational uses in the Basin Plan 
are designated as “present or potential” (or, in some cases, as “intermittent”). Use of 
the word “exist” in the current footnote incorrectly suggests that the Regional Board 
has made an affirmative determination that these designated uses are “existing.” 
Revising the terminology in the footnote merely corrects the currently understood 
status of recreational beneficial use designations. 

2.2.2.5 Proposed Amendment B.5 – Re-designation of Specific Waters 
Based on Use Attainability Analyses 

Currently all surface waters in the Santa Ana Region are assumed to have present or 
potential REC1 use. If such a designation is inappropriate because recreational uses 
cannot be and have not been achieved in certain water bodies, such uses can be 
downgraded or deleted after a Use Attainability Analysis (UAA) is performed. 
Pursuant to the Clean Water Act, a UAA is a structured scientific assessment of the 
factors affecting the attainment of uses, including physical, chemical, biological, and 
economic considerations. A designated use may be removed provided that it is not an 
existing use and that it can be demonstrated that attaining the designated use is not 
feasible because:  

1. Naturally occurring pollutant concentrations prevent the attainment of the 
use; or  

2. Natural, ephemeral, intermittent or low flow conditions or water levels 
prevent the attainment of the use, unless these conditions may be 
compensated for by the discharge of sufficient volume of effluent discharges 
without violating State water conservation requirements to enable uses to be 
met; or  

3. Human caused conditions or sources of pollution prevent the attainment of 
the use and cannot be remedied or would cause more environmental damage 
to correct than to leave in place; or  
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4. Dams, diversions or other types of hydrologic modifications preclude the 
attainment of the use, and it is not feasible to restore the water body to its 
original condition or to operate such modification in a way that would result 
in the attainment of the use; or  

5. Physical conditions related to the natural features of the water body, such as 
the lack of a proper substrate, cover, flow, depth, pools, riffles, and the like, 
unrelated to water quality, preclude attainment of aquatic life protection uses; 
or  

6. Controls more stringent than those required by sections 301(b) and 306 of the 
[Clean Water] Act would result in substantial and widespread economic and 
social impact.  

The proposed amendments include re-designations of specific water bodies from 
REC1 and REC2 to REC2 only, or, where neither REC1 nor REC2 use is attainable, to 
“not-REC” (a footnote would be added to those waters not designated either REC1 or 
REC2 to reflect that the Regional Board has made an affirmative determination 
through a UAA that neither of these uses is attainable; these waters are also proposed 
to be listed in a separate new table (Table 3-2) in the Basin Plan). UAAs have been 
prepared for each of the water bodies to demonstrate that REC1, and for some water 
bodies REC2, uses are neither existing nor attainable. The proposed re-designations 
would be reviewed at least once every three years to determine whether any changes 
to conditions in the water bodies have occurred such that REC1 or REC2 use is 
attainable and either or both designations should be reinstated.  

Waters considered for re-designation include sections of the following water bodies: 

 Santa Ana-Delhi Channel 

 Greenville/Banning Channel 

 Temescal Creek 

 Cucamonga Channel 

All of the sections of these waters proposed for re-designation would be no longer be 
designated REC1, but would continue to be designated as REC2, with the exception of 
Reach 1 of Santa Ana Delhi Channel, Reach 1 of Greenville Banning Channel, Reach 
1b of Temescal Creek, and Reach 1 of Cucamonga Creek, which would be annotated 
with the footnote reflecting that they are neither REC1 nor REC2. The water bodies 
proposed for re-designation are shown in figures in the following sections. 

2.2.3 Addition / Deletion of Specific Surface Waters 
As noted above and discussed in the staff report for these amendments, two 
reservoirs (Laguna and Lambert) are no longer in existence and it is proposed to 
remove them from the Basin Plan. No further regulation of these now non-existent 
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waters would be necessary and thus the removal of these waters would not have any 
adverse impacts on the environment. No further discussion of this amendment is 
necessary and none is included in the subsequent text of this document. 

Waters proposed to be added to the Basin Plan include:   

 Santa Ana-Delhi Channel 

 Los Cerritos Wetlands 

 Huntington Beach Wetlands 

 Mystic Lake 

 Goodhart Canyon Creek 

 Saint Johns Canyon Creek 

 Cactus Valley Creek  

 Greenville-Banning Channel 

Beneficial use designations for these waters are proposed to be added as well. Water 
quality objectives that are now specified in the Basin Plan to protect these uses would 
apply to these waters; no water-body specific objectives are proposed or anticipated at 
this time. The addition of these waters and beneficial use designations are not 
expected to have a substantive regulatory effect.  Per the federal Clean Water Act and 
implementing regulations, all surface waters, whether or not specifically listed in the 
Basin Plan are presumed to be “fishable/swimmable,” unless a UAA demonstrates 
that fishable/swimmable uses are neither existing nor attainable. Therefore, in 
regulatory activities necessary to protect the water quality and beneficial uses of these 
as yet unlisted waters, the Regional Board would apply water quality objectives 
already established to protect these, and other beneficial uses, on a Best Professional 
Judgment basis, and would implement established policies, including the state 
antidegradation policy. The result is that it is not expected that there would be any 
significant difference in the regulatory requirements that would apply to these waters, 
and thus there is no anticipated environmental effect.  

2.3 Identification of Reasonably Foreseeable Methods 
of Compliance 

As discussed previously in Section 1.1, while the Regional Board cannot specify the 
particular manner of compliance with orders it adopts, the analysis conducted for this 
SED must address reasonably foreseeable environmental impacts of the reasonably 
foreseeable methods of compliance taking into account a range of environmental, 
economic, and other factors. 
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Currently, a variety of methods are in place and being implemented in an effort to 
achieve compliance with the Basin Plan bacteria objectives, including programs aimed 
at reducing urban runoff and stormwater pollution through implementation of 
structural and non-structural Best Management Practices (BMPs). These BMPs include 
site design measures such as minimizing impervious surfaces and establishment of 
treatment control systems such as infiltration, detention basins, or biotreatment, and 
source controls such as limits on non-stormwater discharges and spill prevention. As 
discussed below, the proposed amendments primarily involve changes to the 
indicator bacteria used as the basis for setting objectives in the Basin Plan, and 
beneficial use designations, which would not trigger the need for new BMPs or other 
compliance mechanisms that would not otherwise occur should the proposed 
amendments not be adopted. In other words, BMPs would continue to be 
implemented and maintained whether or not the proposed amendments are adopted. 
In addition the amendments are not anticipated to substantially change the manner or 
type of BMPs that are implemented in the future. 

2.3.1 Revisions to Bacteria Water Quality Objectives 
The change in bacteria objectives, from fecal coliform to E. coli, would result in the 
need for changes in the monitoring plans which must be prepared by agencies 
required to comply with the Basin Plan. As previously described, the TMDLs 
developed to address pathogen impairment in the Santa Ana Region include a 
numeric target for E. coli, so some testing for E. coli already occurs. 

The types of BMPs needed to achieve bacteria objectives will not change as the result 
of the change from fecal coliform to E. coli  as the indicator organism specified in the 
objectives.  The number of BMPs needed to achieve the revised objectives is not 
expected to increase. Rather, incorporating the high flow suspension of recreation 
standards is expected to reduce the number of BMPs that would otherwise be 
required to assure compliance during high flow conditions. Also, as discussed below 
(2.3.2), refining the recreation use designations for certain waters, through the UAA 
process, may allow the implementation of fewer, more strategically located BMPs that 
will assure the protection of downstream recreation uses. Further, changing the 
bacteria indicator is not anticipated to change the specific waters bodies that are 
identified as exceeding bacterial levels as the water bodies that currently exceed levels 
for fecal coliform would also be expected to exceed levels for E. coli. Similarly, water 
bodies that are within acceptable levels for fecal coliform would likely be within 
acceptable levels for E. coli. Thus, the change in indicator bacteria is not anticipated to 
result in an increase in the number of water bodies which exceed the bacteria 
objectives, thereby becoming subject to implementation of new BMPs that would 
otherwise not be expected to be implemented.  

Adopting a narrative Pathogen Objective (Proposed Amendment A.4) is aimed at 
providing greater regulatory support and flexibility to specify permit limitations and 
monitoring requirements and would not trigger the need for new foreseeable 
compliance methods.  
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The MUN bacteria objective proposed for deletion (Proposed Amendment A.5) serves 
to eliminate an obsolete objective and would not trigger the need for new foreseeable 
compliance methods. 

2.3.2 Revisions to Beneficial Uses 
As described previously, the temporary suspension of recreational use designations 
and bacteria objectives during high flow conditions is primarily related to public 
safety concerns during high flow conditions and hydrologic conditions rather than 
bacteria densities in the water.  This temporary suspension would not require new 
foreseeable methods of compliance. In fact, the suspension would be expected to 
result in a reduction in the number of BMPs that would need to be implemented in 
order to achieve compliance with the objectives under high flow conditions that meet 
the proposed suspension criteria. 

The proposed assignment of REC1 waterbodies to Tier A, B, C, or D is intended to 
clarify the frequency and intensity of recreational uses that occur in REC1 waters for 
the purposes of assigning single sample maximum E. coli values that decision-makers 
can use to assess the need to post-close recreation areas. No associated foreseeable 
changes to the methods of compliance are needed. 

Similarly, the proposed changes in the REC1 definition and to the REC1 and REC2 
footnote are designed to bring the definition to closer conformity with the USEPA 
description of Primary Contract Recreation, and to better clarify the status of 
recreational beneficial use designations, respectively. The proposed changes in the 
wording have no associated foreseeable changes to the methods of compliance. 

As noted above, the change in designation of a water body from REC1 to REC2 or 
neither REC1 nor REC2 could result in a reduction in required monitoring and a 
reduction in the need for future implementation of BMPs to improve water quality to 
REC1 standards. However, pursuant to the Antidegradation Policy, existing high 
water quality must be maintained and thus existing BMPs must be maintained. 
Further, new BMPs may be needed assure that water quality, including that of 
downstream waters, would not degrade. However, the possible need for future BMPs 
would be less than would otherwise occur should the waters remain designated 
REC1. Therefore, the re-designation would not trigger new foreseeable methods of 
compliance than would otherwise occur.  

As the water quality of waters designated as REC2 or neither REC1 nor REC2 would 
be maintained and would not be allowed to deteriorate, no adverse changes to the 
water quality of the receiving water are anticipated. Thus, the proposed re-
designations would not result in the need for additional BMPs in the receiving waters 
than would otherwise occur.  

2.3.3 Conclusion 
As described above, the only reasonable foreseeable method of compliance related to 
the proposed Basin Plan amendments involves minor revisions to monitoring plans to 
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change the bacteria indicator from fecal coliform to E. coli. While BMPs would 
continue to be implemented and maintained should the Basin Plan amendments be 
approved, the amendments are not anticipated to result in the need for new BMPs or 
implementation of other compliance methods that would not otherwise occur should 
the amendments not be approved. Should BMPs or other compliance methods 
associated with the Proposed Project be implemented, a project specific 
environmental review would be conducted by the lead agency and any potential 
environmental impacts would be addressed during that process. 
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Section 3 
Environmental Setting 
3.1 Surrounding Land Uses and Setting 
The Santa Ana River watershed is located in southern California, south and east of the 
City of Los Angeles. In very broad terms, the Santa Ana Region is a group of 
connected inland basins and open coastal basins drained by surface streams flowing 
generally southwestward to the Pacific Ocean. It is the smallest of the State's nine 
regions at approximately 2,800 square miles. It includes the upper and lower Santa 
Ana River watersheds, the San Jacinto River watershed, and several other small 
drainage areas. It includes the northern portion of Orange County, the northwestern 
corner of Riverside County, and the southwestern corner of San Bernardino County.  

The Santa Ana Basin is one of the most densely populated of all of the nine Regions 
with approximately 5 million people living in the region. Land use ranges from 
pristine forests to highly developed urban areas.  The area is subject to a variety of 
pollution sources from industrial, agricultural and urban activities. Approximately 32 
percent of the land use is developed as residential, commercial, or industrial uses. The 
nature of surface waters in the Basin varies considerably in relation to land use.  
Surface streams in mountainous/undeveloped areas are generally unmodified while 
surface waters in developed areas are generally modified/armored to varying 
degrees to assure protection from flooding. 

River drainages generally flow from east to west. The highest elevations of the 
watershed occur in the San Bernardino, San Gabriel and San Jacinto Mountains. In the 
central part of the watershed, the Santa Ana Mountains and the Chino Hills form a 
topographic high before the River flows onto the Coastal Plain and into the Pacific 
Ocean. 

The climate of the Santa Ana Region is classified as Mediterranean: generally dry in 
the summer with mild, wet winters. The average annual rainfall in the region is about 
15 inches, most of it occurring between November and March.  Most streams within 
the basin carry minimal flow throughout most of the year except in response to 
rainfall events, or as a result of man-made discharges such as wastewater treatment 
effluent discharges or imported water releases. During the winter season, storms can 
bring significant rainfall resulting in high flow rates within the River and tributary 
streams and channels. 

The waters proposed for re-designation from REC1 to REC2 or “not REC” (i.e., neither 
REC1 nor REC2) are in various locations in Orange, and Riverside and San 
Bernardino Counties. Following is a description of each: 

3.1.1 Santa Ana Delhi Channel 
The Santa Ana Delhi Channel watershed (approximately 20 square miles) is located in 
Orange County and includes portions of the Cities of Santa Ana, Costa Mesa, and 
Newport Beach (Figure 3-1).  The channel is not currently separately listed in the 
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Basin Plan, but is proposed to be added. Three “reaches” are identified for the channel 
as described below: 

 “Tidal Prism” – Bridge at University Avenue / Upper Newport Bay to 1,036 ft 
upstream (near pedestrian bridge at the end of University Drive in Newport 
Beach) 

 “Reach 1” – Tidal Prism to Sunflower Avenue / Flower Street (in Santa Ana) 

 “Reach 2” – Sunflower Avenue / Flower Street to Warner Avenue (in Santa 
Ana) 
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Figure 3-1
Map of Santa Ana Delhi Channel Watershed
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Local underground storm drains within the City of Santa Ana discharge into the 
upstream end of Reach 2 and at other locations along the Delhi channel. Underground 
storm drains within the Cities of Costa Mesa and Newport Beach discharge into 
Reach 1. Two major tributary channels flow into Reach 1, which were not considered 
for recreation use re-designation in the UAA: (1) Santa Ana Gardens Channel flows 
into the upstream end; and (2) Paularino Channel flows into the closed culvert 
portion. The Santa Ana Delhi Channel flows into Upper Newport Bay near University 
Drive. 

The Santa Ana-Delhi Channel has been significantly modified for flood control 
purposes. It is comprised of vertical, trapezoidal, and closed culvert segments, with 
segments of significant widening and permanent armoring. The upper part of the 
watershed draining to Reach 1 is largely developed with commercial/institutional 
uses, while the lower part of the watershed draining to Reach 1 has been developed 
with residential and commercial/industrial uses, with some open space area. The area 
of the watershed that drains to Reach 2 mostly consists of residential uses with some 
commercial / institutional uses. According to channel record drawings and field 
verification, open channel segments are fenced and gated to deter access. Fencing 
ends at the downstream end as the channel transitions to Upper Newport Bay. 

Figure 3-2
Santa Ana Delhi Channel (Looking Upstream at Reach 2)
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3.1.2 Greenville-Banning Channel 
The Greenville-Banning Channel watershed (approximately 9 square miles) is located 
in Orange County and includes portions of the Cities of Costa Mesa and Santa Ana 
(shown in Figure 3-3).  

The entire length of the channel proposed for recreational use re-designation, 
described as two “reaches”: 

 “Tidal Prism” – Confluence with Santa Ana River to the Diversion Dam 
(located approximately 0.23 miles downstream of the confluence with 
Fairview Channel) 

 “Reach 1” – Diversion Dam to California Street (in Costa Mesa) 

Local underground storm drains within the City of Costa Mesa discharge into the 
Greenville-Banning Channel. Fairview Channel is the single tributary channel flowing 
into Greenville-Banning Channel. The watershed draining to Reach 1 is largely 
developed as residential and open space areas, including the Talbert Nature Reserve. 
The downstream end of the Greenville-Banning Channel above the confluence with 
the Santa Ana River is subject to tidal influence due to its proximity to the Pacific 
Ocean. The Greenville-Banning Channel has been significantly modified for flood 
control purposes and it is comprised of vertical and trapezoidal segments of 
significant widening and permanent armoring. 
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Figure 3-3 

Map of Greenville-Banning Channel Watershed 
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Figure 3-4 

Greenville-Banning Channel 
(Facing Downstream - Trapezoidal Channel to Vertical Channel Transition) 

 
3.1.3 Temescal Creek 
The Temescal Creek watershed (shown in Figure 3-5) is located in Riverside County 
and is approximately 200 square miles in size. Temescal Creek extends approximately 
28 miles from Lake Elsinore to the Prado Basin.  

Two “reaches” are proposed for recreational use re-designation: 

  “Reach 1a” - Lincoln Avenue to confluence with Arlington Channel.   

 “Reach 1b” – Arlington Channel confluence to 1,400 ft upstream of Magnolia 
Avenue. 
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Figure 3-5
Map of Temescal Creek Watershed
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Local underground storm drains within the City of Corona discharge into Reach 1a. 
Other local underground storm drains within the City of Corona and natural stream 
flow discharge into the upstream end of Reach 1b. Two major tributary channels (not 
proposed for re-designation) flow into the creek: (1) Arlington Drain flows into the 
creek at the Reach 1a/Reach 1b boundary; (2) Canyon Wash flows into Reach 1a north 
of East 6th Street. Reach 1a then flows into Prado Basin. 

The watershed draining to Reach 1a and Reach 1b is largely developed with 
commercial/ industrial uses, and pockets of residential uses. Temescal Creek has been 
significantly modified for flood control purposes and is comprised of vertical and 
trapezoidal segments with segments of significant widening and permanent 
armoring. 

3.1.4 Cucamonga Creek 
The Cucamonga Creek watershed (approximately 92 square miles) is located in San 
Bernardino County and Riverside County and includes portions of the cities of Chino, 
Ontario, Rancho Cucamonga, and Upland (see Figure 3-7).  

The proposed recreational use re-designation covers the portion of Cucamonga Creek 
from its confluence with Mill Creek to 23rd Street in Upland (Reach 1). Typical 
channel conditions along this portion are shown in Figure 3-8.   

Figure 3-6
Temescal Creek (Looking Upstream Reach 1a)
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Lower Deer Creek Channel, West Cucamonga Channel, Upper Deer Canyon Wash, 
and Demens Channel (not proposed for re-designation) are tributary to Cucamonga 
Creek Reach 1. Local underground storm drains within the City of Ontario also 
discharge into this reach. This reach of Cucamonga Creek flows into Prado Basin. 

The watershed draining to this reach is largely agricultural, residential and mixed 
urban, with vacant natural lands. Cucamonga Creek has been significantly modified 
for flood control purposes and the channel is comprised of trapezoidal segments, with 
segments of significant widening and permanent armoring.  

The Inland Empire Utilities Agency’s Regional Water Recycling Plant No. 1 (RP-1) 
discharges approximately 2.8 million gallons per day of treated wastewater flows to 
Cucamonga Creek.  
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Figure 3-7
Map of Cucamonga Creek Watershed
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Figure 3-8
Cucamonga Creek (Looking Upstream near Hellman Avenue)
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Section 4 
Environmental Issues 
This section presents the Environmental Checklist, evaluates the potential impacts of 
the project relative to 17 environmental issue areas, and presents mandatory findings 
of significance required under CEQA.  The analysis begins with a summary 
delineation of the environmental factors (issue areas) addressed in the checklist and 
whether any potentially significant impacts have been identified in the analysis, and 
is followed by an explanation of the environmental factors potentially affected.  

In formulating answers to the checklist questions, the Regional Board staff evaluated 
the environmental effects of the Proposed Project in the context of the existing 
regulatory and environmental setting (see Sections 1.1 and 3 respectively). Social or 
economic changes related to a physical change in the environment were also 
considered in determining whether there would be a significant effect on the 
environment; however, adverse social and economic impacts alone are not considered 
significant effects on the environment. Section 15382 of the CEQA Guidelines defines 
a significant effect on the environment as “a substantial, or potentially substantial, 
adverse change in any of the physical conditions within the area affected by the project, 
including land, air, water, minerals, flora, fauna, ambient noise, and objects of historic or 
aesthetic significance. A social or economic change by itself shall not be considered a 
significant effect on the environment. A social or economic change related to a physical change 
may be considered in determining whether the physical change is significant.” 

Section 4 provides an evaluation of, and presents significance findings for, both the 
proposed amendments and reasonably foreseeable methods of compliance. The 
proposed amendment package is analyzed in its entirety unless specified otherwise 
(i.e., individual amendments are discussed separately only when relevant to a specific 
resource area). The analysis of foreseeable methods of compliance addresses only 
updates to the monitoring plans to change the bacteria indicator analyzed from fecal 
coliform to E. coli and minor changes in sampling and testing methods (see Section 
2.3).  As previously discussed (see Section 2.3), changing the applicable bacteria 
objectives to employ a different pathogen indicator, as proposed in the amendments, 
would not result in significant changes, if any, in the types or numbers of BMPs 
needed to meet the bacteria objectives. In fact, the proposed re-designation of certain 
waters from REC1 to REC2 or “not REC” (neither REC1 nor REC2) and temporary 
suspension of recreation standards are expected to reduce the number of BMPs that 
will need to be implemented, thereby reducing potential impacts on the environment. 
As BMPs are implemented, site-specific, project level CEQA review and conformance 
will be necessary.  The following analysis recognizes that BMP implementation has 
the potential to effect a number of the resource areas considered but also finds that 
implementation of the BMPs needed to achieve compliance with the proposed 
amendments would not have potential effects different from those already associated 
with BMPs needed to achieve compliance with the current Basin Plan standards. 
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The Regional Board staff’s review concluded that adoption of the Basin Plan 
amendments and implementation of the reasonably foreseeable methods of 
compliance do not have the potential to result in significant adverse impacts on any of 
the 17 resource areas. However, pursuant to Section 13360 of the California Water 
Code, the Regional Board cannot define the specific actions that entities would take to 
comply with requirements derived from the amendments. While no substantial 
physical changes resulting from implementation of the Proposed Project are 
foreseeable at this time, specific compliance actions will be subject to CEQA review 
and/or approval by the Regional Board or other responsible agencies once they have 
been developed. As a result, the Regional Board (or other lead/responsible agencies 
under CEQA) could either disapprove actions with significant and unacceptable 
environmental impacts, or require implementation of mitigation measures (e.g., best 
construction management practices) to ensure that potential environmental impacts 
associated with such actions are reduced to less than significant levels.  

Environmental Factors Potentially Affected: 

The following environmental factors were considered as part of this analysis.  

� Aesthetics  � Agriculture Resources  � Air Quality 

� Biological Resources � Cultural Resources  � Geology /Soils 

� Greenhouse Gases � 
Hazards & Hazardous 
Materials � 

Hydrology / Water 
Quality 

� Land Use / Planning � Mineral Resources � Noise 

� Population / Housing � Public Services � Recreation 

� Transportation/ Traffic � Utilities / Service Systems � 
Mandatory Findings of 
Significance 

 
The checklist on the following pages assesses the potential effect of the proposed 
project on these environmental factors. 
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Preliminary Staff Determination: 

X 

The proposed project COULD NOT have a significant effect on the 
environment, and, therefore, no alternatives or mitigation measures are 
proposed. 
 

� 
The proposed project MAY have a significant or potentially significant 
effect on the environment, and therefore alternatives and mitigation 
measures have been evaluated. 

  
 
 
 
 
Signature  Date 
   
   
   
Printed Name/Title  Date 
 
Environmental Factors (Issue Areas): 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 

I. AESTHETICS:  Would the project: 

a) Have a substantial adverse effect on a 
scenic vista? � � � X 

b) Substantially damage scenic 
resources, including, but not limited 
to, trees, rock outcroppings, and 
historic buildings within a state 
scenic highway? 

� � � X 

c) Substantially degrade the existing 
visual character or quality of the site 
and its surroundings? 

� � � X 

d) Create a new source of substantial 
light or glare which would adversely 
affect day or nighttime views in the 
area? 

� � � X 
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Discussion:  

a) Would the project have a substantial adverse effect on a scenic vista? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions.  These revisions would not result in changes to a 
scenic vista or other aesthetic resources.   

As discussed further under IX. Hydrology and Water Quality a), water quality of 
the water bodies proposed to be re-designated from REC1 to REC2/”not REC” 
(neither REC1 nor REC2) would not be allowed to degrade beyond existing 
conditions and thus no visual changes (i.e., increase in trash or nuisance algae) are 
anticipated as a result of re-designation.   

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not result in changes to a scenic vista 
or other aesthetic resources.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project substantially damage scenic resources, including, but not 
limited to, trees, rock outcroppings, and historic buildings within a state scenic 
highway? 

See I. Aesthetics a) above. 

c) Would the project substantially degrade the existing visual character or quality of 
the site and its surroundings? 

See I. Aesthetics a) above. 
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d) Would the project create a new source of substantial light or glare which would 
adversely affect day or nighttime views in the area? 

See I. Aesthetics a) above. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with Mitigation 
Incorporated 

Less Than 
Significant 

Impact No Impact 

II. AGRICULTURE AND FOREST RESOURCES:  In determining whether impacts to agricultural 
resources are significant environmental effects, lead agencies may refer to the California Agricultural 
Land Evaluation and Site Assessment Model (1997) prepared by the California Dept. of Conservation as 
an optional model to use in assessing impacts on agriculture and farmland. In determining whether 
impacts to forest resources, including timberland, are significant environmental effects, lead agencies 
may refer to information compiled by the California Department of Forestry and Fire Protection 
regarding the state’s inventory of forest land, including the Forest and Range Assessment Project 
and the Forest Legacy Assessment Project; and forest carbon measurement methodology provided 
in Forest Protocols adopted by the California Air Resources Boards. Would the project: 

a) Convert Prime Farmland, Unique 
Farmland, or Farmland of Statewide 
Importance (Farmland), as shown on 
the maps prepared pursuant to the 
Farmland Mapping and Monitoring 
Program of the California Resources 
Agency, to non-agricultural use? 

� � � X 

b) Conflict with existing zoning for 
agricultural use, or a Williamson Act 
contract? 

� � � X 

c) Conflict with existing zoning for, or 
cause rezoning of, forest land (as 
defined in Public Resources Code 
section 12220(g)), timberland (as 
defined by Public Resources Code 
section 4526), or timberland zoned 
Timberland Production (as defined by 
Government Code section 51104(g))? 

� � � X 

d) Result in the loss of forest land or 
conversion of forest land to non-forest 
use? 

� � � X 

e) Involve other changes in the existing 
environment which, due to their 
location or nature, could result in 
conversion of Farmland, to non-
agricultural use or conversion of forest 
land to non-forest use? 

� � � X 
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Discussion: 

a) Would the project convert Prime Farmland, Unique Farmland, or Farmland of 
Statewide Importance (Farmland), as shown on the maps prepared pursuant to 
the Farmland Mapping and Monitoring Program of the California Resources 
Agency, to non-agricultural use? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. These revisions would not result in conversion of 
agricultural land to non-agricultural use or otherwise affect agricultural 
operations. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not convert agricultural land to non-
agricultural use or otherwise affect agricultural operations. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project conflict with existing zoning for agricultural use or a 
Williamson Act contract? 

See II. Agriculture and Forest Resources a) above. 

c) Would the project conflict with existing zoning for, or cause rezoning of, forest 
land (as defined in Public Resources Code section 12220(g)), timberland (as 
defined by Public Resources Code section 4526), or timberland zoned Timberland 
Production (as defined by Government Code section 51104(g))?  

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. These revisions would not affect zoning for forest 
land or timberland, or otherwise result in the conversion of forest land or 
timberland to non-forest land/timberland use. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not affect zoning for forest land or 
timberland, or otherwise result in the conversion of forest land or timberland to 
non-forest land/timberland use. 
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Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

d)  Would the project result in the loss of forest land or conversion of forest land to 
non-forest use? 

See II. Agriculture and Forest Resources c) above. 

e)  Would the project involve other changes in the existing environment which, due 
to their location or nature, could result in conversion of Farmland, to non-
agricultural use or conversion of forest land to non-forest use? 

See II. Agriculture and Forest Resources a) and c) above. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 

III. AIR QUALITY:  Where available, the significance criteria established by the applicable air quality 
management or air pollution control district may be relied upon to make the following 
determinations. Would the project: 

a) Conflict with or obstruct 
implementation of the applicable air 
quality plan? 

� � � X 

b) Violate any air quality standard or 
contribute substantially to an existing 
or projected air quality violation? 

� � � X 

c) Result in a cumulatively considerable 
net increase of any criteria pollutant 
for which the project region is non-
attainment under an applicable 
federal or state ambient air quality 
standard (including releasing 
emissions which exceed quantitative 
thresholds for ozone precursors)? 

� � � X 

d) Expose sensitive receptors to 
substantial pollutant concentrations? � � � X 

e) Create objectionable odors affecting a 
substantial number of people? � � � X 
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Discussion: 

a) Would the project conflict with or obstruct implementation of the applicable air 
quality plans? 

The Santa Ana Region is within the South Coast Air Basin (SCAB), a 6,600-square 
mile basin encompassing all of Orange County, most of Los Angeles and 
Riverside Counties, and the western portion of San Bernardino County, which is 
under the jurisdiction of the South Coast Air Quality Management District 
(SCAQMD). SCAB is currently designated as a nonattainment area is for both 
national and state 1-hour ozone and particulate matter (PM) standards. SCAQMD 
is responsible for administering the Air Quality Management Plan (AQMP), 
which is a comprehensive air pollution control program for attaining federal and 
state ambient air quality standards.  

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. These revisions would not conflict with or obstruct 
implementation of the AQMP or any other air quality plans. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not conflict with or obstruct 
implementation of the AQMP or any other air quality plans.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project violate any air quality standard or contribute substantially to an 
existing or projected air quality violation? 

Under the SCAQMD, the SCAB is designed as a nonattainment area for ozone and 
particulate matter. In addition, the SCAB is designated as a maintenance area for 
carbon monoxide and nitrogen dioxide and is in attainment for sulfur dioxide. In 
determining attainment and maintenance of air quality standards, the SCAQMD 
has established thresholds of significance for these and other criteria pollutants.  A 
significant impact would occur if project operation results in substantial emissions 
which would exceed the established thresholds.  

Proposed Basin Plan Amendments: The Basin Plan amendments would not 
involve new construction activities, increased traffic generation, or other activities 
that could generate emissions that are different from those already required to 
meet the existing bacteria objectives. Thus, the proposed amendments would not 
result in exceedances of established thresholds for criteria pollutants or otherwise 
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result in a violation of air quality standards or substantially contribute to existing 
or projected air quality violations. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction activities, 
increased traffic generation, or other activities that would generate emissions. 
Thus, the proposed amendments would not result in exceedances of established 
thresholds for criteria pollutants or otherwise result in a violation of air quality 
standards or substantially contribute to existing or projected air quality violations. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

c) Would the project result in a cumulatively considerable net increase of any criteria 
pollutant for which the region is non-attainment under an applicable federal or 
state ambient air quality standard (including releasing emission which exceed 
quantitative thresholds for ozone precursors)? 

As indicated above, the SCAB is currently in non-attainment for several criteria 
pollutants.  

Proposed Basin Plan Amendments: The Basin Plan amendments would not 
involve changes in construction activities, increased traffic generation, or other 
activities that would generate emissions that would exceed established thresholds 
for criteria pollutants or otherwise result in a violation of air quality standards or 
substantially contribute to existing or projected air quality violations (see also III. 
Air Quality, b., above). Thus, the proposed amendments would not result in a 
cumulatively considerable net increase of any criteria pollutant for which the 
region is in non-attainment. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction activities, 
increased traffic generation, or other activities that would generate emissions that 
would exceed established thresholds for criteria pollutants or otherwise result in a 
violation of air quality standards or substantially contribute to existing or 
projected air quality violations. Thus, the proposed amendments would not result 
in a cumulatively considerable net increase of any criteria pollutant for which the 
project region is non-attainment. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

d) Would the project expose sensitive receptors to substantial pollutant 
concentrations?  
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See III. Air Quality b) and c) above. 

e) Would the project create objectionable odors affecting a substantial number of 
people? 

Proposed Basin Plan Amendments: The proposed amendments would not 
involve changes in construction activities, increased traffic generation, or other 
activities that could generate objectionable odors affecting a substantial number of 
people (see also III. Air Quality, b., above).  The water quality of the water bodies 
that would be re-designated from REC1 to REC2/”not REC” (neither REC1 nor 
REC2) would not be allowed to degrade beyond existing conditions and thus 
conditions in the waterbodies that might result in the potential for creation or 
release of objectionable odors are not anticipated to change as a result of re-
designation.   

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction activities, 
increased traffic generation, or other activities that that could generate 
objectionable odors affecting a substantial number of people.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

 

Potentially 
Significant 

Impact 

Less than 
Significant with 

Mitigation 
Incorporated 

Less Than 
Significant 

Impact No Impact 
IV. BIOLOGICAL RESOURCES:  Would the project: 

a) Have a substantial adverse effect, 
either directly or through habitat 
modifications, on any species 
identified as a candidate, sensitive, or 
special status species in local or 
regional plans, policies, or 
regulations, or by the California 
Department of Fish and Game or U.S. 
Fish and Wildlife Service? 

� � � X 

b) Have a substantial adverse effect on 
any riparian habitat or other sensitive 
natural community identified in local 
or regional plans, policies, regulations 
or by the California Department of 
Fish and Game or US Fish and 
Wildlife Service? 

� � � X 
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Potentially 
Significant 

Impact 

Less than 
Significant with 

Mitigation 
Incorporated 

Less Than 
Significant 

Impact No Impact 
c) Have a substantial adverse effect on 

federally protected wetlands as 
defined by Section 404 of the Clean 
Water Act (including, but not limited 
to, marsh, vernal pool, coastal, etc.) 
through direct removal, filling, 
hydrological interruption, or other 
means? 

� � � X 

d) Interfere substantially with the 
movement of any native resident or 
migratory fish or wildlife species or 
with established native resident or 
migratory wildlife corridors, or 
impede the use of native wildlife 
nursery sites? 

� � � X 

e) Conflict with any local policies or 
ordinances protecting biological 
resources, such as a tree preservation 
policy or ordinance? 

� � � X 

f) Conflict with the provisions of an 
adopted Habitat Conservation Plan, 
Natural Community Conservation 
Plan, or other approved local, 
regional, or state habitat conservation 
plan? 

� � � X 

 
Discussion: 

a) Would the project have a substantial adverse impact, either directly or through 
habitat modifications, on any species identified as a candidate, sensitive, or 
special-status species in local or regional plans, policies, or regulations, or by the 
California Department of Fish and Game or the U.S. Fish and Wildlife Service?  

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The bacteria quality objectives apply to the 
protection of public health, not to wildlife or wildlife habitat. Therefore, changes 
to those objectives, as proposed, would not have any direct or indirect on 
biological resources. Direct or indirect (e.g., changes in water quality that might 
affect habitat suitability) impacts to candidate, sensitive or special-status species 
could result from the implementation of BMPs needed to meet bacteria objectives. 
Implementation of the amendments would not result in significant changes, if 
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any, in the number or type of BMPs required to achieve the objectives.  Thus, the 
amendments would not have any different potential direct or indirect effects on 
the biota, including candidate/sensitive/special status species, than 
implementation of the current recreation standards. Implementation of BMPs to 
meet either the current or proposed bacteria objectives would require project- 
specific consideration of CEQA requirements, including avoidance and mitigation 
measures.   

Certain waters are proposed to be designated only REC2 or “not REC” (neither 
REC1 nor REC2).  Bacteria targets for these waters will be based on consideration 
of the state’s antidegradation policy (State Board Resolution No. 68-16), rather 
than USEPA’s national criteria, which were developed to protect public health 
and primary contact recreation (REC1) uses.  Conformance with the 
antidegradation policy will assure that no lowering of water quality that would 
significantly adversely affect beneficial uses in the re-designated waters or in 
downstream waters will be permitted. Thus, changes in beneficial use 
designations for certain waters will not directly or indirectly adversely impact 
candidate, sensitive or special status species, either within the re-designated 
waters themselves or in downstream waters.  

Similarly, the temporary suspension of recreation standards will have no direct or 
indirect adverse effect on the biota.  No changes in water quality that might 
adversely affect the biota would result from the suspension of bacteria objectives. 
Reductions of the number/magnitude of BMPs that might otherwise be necessary 
to meet recreation standards during the suspension conditions would reduce the 
potential environmental effects of implementation of these measures. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator to E. coli would not affect sensitive species directly or indirectly.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project have a substantial adverse impact on any riparian habitat or 
other sensitive natural community identified in local or regional plans, policies, or 
regulations, or by the California Department of Fish and Game or the U.S. Fish 
and Wildlife Service? 

See IV. Biological Resources a) above.  

c) Would the project have a substantial adverse effect on federally protected 
wetlands as defined by Section 404 of the Clean Water Act (including, but not 
limited to, marshes, vernal pools, coastal wetlands, etc.) through direct removal, 
filling, hydrological interruption, or other means?  



Section 4 
Environmental Issues 

 
November 30, 2011  4-13 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. These revisions would not result in removal, filling, 
hydrologic interruption, or other disturbance of wetlands; nor would they 
adversely impact water quality.  Therefore, the proposed amendments would not 
have a substantial adverse effect on wetlands. See also IV. Biological Resources a) 
above. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not adversely impact federally 
protected wetlands.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

d) Would the project interfere substantially with the movement of any native 
resident or migratory fish or wildlife species, or with established native resident 
or migratory wildlife corridors, or impede the use of wildlife nursery sites? 

Proposed Basin Plan Amendments: While inland water bodies within the region 
may serve as wildlife corridors or wildlife nursery sites, the proposed 
amendments would not involve construction or other modifications, including 
degradation of water quality that could interfere with the movement of wildlife 
species directly or indirectly. As previously discussed, (see IV. Biological 
Resources a) above and Section 2.3), changing the applicable bacteria objectives to 
employ a different pathogen indicator, as proposed in the amendments, will not 
result in significant changes, if any, in the types or numbers of BMPs needed to 
meet the bacteria objectives. The re-designation of certain waters from REC1 to 
REC2 or “not REC” (neither REC1 nor REC2) and the temporary suspension of 
recreation standards are expected to reduce the number of BMPs that will need to 
be implemented, thereby reducing potential impacts on the environment. As 
BMPs are implemented, site-specific, project level CEQA review and conformance 
will be necessary. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not have the potential to interfere 
with the movement of any native resident or migratory fish or wildlife species, 
including wildlife corridors or wildlife nursery sites. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 
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e) Would the project conflict with any local policies or ordinances protecting 
biological resources, such as a tree preservation policy or ordinance? 

Proposed Basin Plan Amendments: As discussed in IV. Biological Resources a) 
though d) above, the proposed amendments would not adversely impact 
biological resources directly or indirectly. Likewise, the proposed amendments 
would not conflict with local policies or ordinances protecting biological 
resources. 

Reasonably Foreseeable Methods of Compliance:  As discussed in IV. Biological 
Resources a) though d) above, the minor revisions to monitoring plans and 
monitoring methods resulting from a change in the bacteria indicator from fecal 
coliform to E. coli would not adversely impact biological resources. Likewise, the 
minor revisions to monitoring plans and methods would not conflict with local 
policies or ordinances protecting biological resources. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

f) Would the project conflict with the provisions of adopted habitat conservation 
plan, natural communities’ conservation plan, or any other approved local, 
regional, or state habitat conservation plan? 

See IV. Biological Resources e) above. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
V. CULTURAL RESOURCES:  Would the project: 

a) Cause a substantial adverse change in 
the significance of a historical 
resource as defined in §15064.5? 

� � � X 

b) Cause a substantial adverse change in 
the significance of an archaeological 
resource pursuant to §15064.5? 

� � � X 

c) Directly or indirectly destroy a 
unique paleontological resource or 
site or unique geologic feature? 

� � � X 

d) Disturb any human remains, 
including those interred outside of 
formal cemeteries? 

� � � X 
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Discussion: 

a. Would the project cause a substantial adverse change in significance of a historical 
resource as defined in State CEQA §15064.5? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. These revisions would not involve construction, 
earth movement, or other disturbance which could impact any structures or 
buried cultural resources. Changing the applicable bacteria objectives to employ a 
different pathogen indicator, as proposed in the amendments, will not result in 
significant changes, if any, in the types or numbers of BMPs needed to meet the 
bacteria objectives. The re-designation of certain waters from REC1 to REC2 or 
“not REC” (neither REC1 nor REC2) and temporary suspension of recreation 
standards are expected to reduce the number of BMPs that will need to be 
implemented, thereby reducing potential impacts on the environment. As BMPs 
are implemented, site-specific, project level CEQA review and conformance will 
be necessary. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction, earth 
movement, or other disturbance which could impact any historic structures or 
buried cultural resources.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b. Would the project cause a substantial adverse change in significance of an 
archaeological resource pursuant to State CEQA §15064.5? 

See V. Cultural Resources a) above. 

c. Would the project directly or indirectly destroy a unique paleontological resource 
or site or unique geologic feature? 

See V. Cultural Resources a) above. 

d. Would the project disturb any human remains, including those interred outside of 
formal cemeteries? 

See V. Cultural Resources a) above. 
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Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 

VI. GEOLOGY AND SOILS -- Would the project: 

a) Expose people or structures to 
potential substantial adverse effects, 
including the risk of loss, injury, or 
death involving: 

� � � X 

i) Rupture of a known earthquake 
fault, as delineated on the most 
recent Alquist-Priolo Earthquake 
Fault Zoning Map issued by the 
State Geologist for the area or 
based on other substantial 
evidence of a known fault? Refer 
to Division of Mines and Geology 
Special Publication 42. 

� � � X 

ii) Strong seismic ground shaking? � � � X 

iii) Seismic-related ground failure, 
including liquefaction? � � � X 

iv) Landslides? � � � X 

b) Result in substantial soil erosion or 
the loss of topsoil? � � � X 

c) Be located on a geologic unit or soil 
that is unstable, or that would 
become unstable as a result of the 
action, and potentially result in on- or 
off-site landslide, lateral spreading, 
subsidence, liquefaction or collapse? 

� � � X 

d) Be located on expansive soil, as 
defined in Table 18-1-B of the 
Uniform Building Code (1994), 
creating substantial risks to life or 
property? 

� � � X 

e) Have soils incapable of adequately 
supporting the use of septic tanks or 
alternative waste water disposal 
systems where sewers are not 
available for the disposal of waste 
water? 

� � � X 
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Discussion: 

a) Would the project expose people or structures to potential substantial adverse 
effects, including the risk of loss, injury, or death involving: 

(i.) Rupture of a known earthquake fault, as delineated on the most recent 
Alquist-Priolo Earthquake Fault Zoning Map issued by the state geologist for 
the area or based on other substantial evidence of a known fault? Refer to 
Division of Mines and Geology Special Publication 42. 

Several major earthquake faults are located in the Santa Ana region, including 
the San Andreas Fault, the San Jacinto Fault, the Elsinore-Whittier Fault, and 
the Newport-Inglewood Fault.  

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. These revisions would not involve the construction 
of habitable structures or otherwise result in any human safety risks related to 
fault rupture, seismic ground-shaking, ground failure, or landslides. Changing the 
applicable bacteria objectives to employ a different pathogen indicator, as 
proposed in the amendments, will not result in significant changes, if any, in the 
types or numbers of BMPs needed to meet the bacteria objectives. The re-
designation of certain waters from REC1 to REC2 or “not REC” (neither REC1 nor 
REC2) and temporary suspension of recreation standards are expected to reduce 
the number of BMPs that will need to be implemented, thereby reducing potential 
impacts on the environment. As BMPs are implemented, site-specific, project level 
CEQA review and conformance will be necessary.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve the construction of 
habitable structures or otherwise result in any human safety risks related to fault 
rupture, seismic ground-shaking, ground failure, or landslides. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

(ii.) Strong seismic ground shaking? 

See VI. Geology and Soils a)(i.) above. 

(iii.) Seismic-related ground failure, including liquefaction? 

See VI. Geology and Soils a)(i.) above. 
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(iv.) Landslides? 

See VI. Geology and Soils a)(i.) above. 

b) Would the project result in substantial soil erosion or the loss of topsoil? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. These revisions would not involve construction or 
other earthmoving activities that could result in substantial soil erosion or the loss 
of topsoil. Changing the applicable bacteria objectives to employ a different 
pathogen indicator, as proposed in the amendments, will not result in significant 
changes, if any, in the types or numbers of BMPs needed to meet the bacteria 
objectives. The re-designation of certain waters from REC1 to REC2 or “not REC” 
(neither REC1 nor REC2) and temporary suspension of recreation standards are 
expected to reduce the number of BMPs that will need to be implemented, thereby 
reducing potential impacts on the environment. As BMPs are implemented, site-
specific, project level CEQA review and conformance will be necessary. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction or other 
earthmoving activities that could result in substantial soil erosion or the loss of 
topsoil. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

c) Is the project located on a geologic unit or soil that is unstable, or that would 
become unstable as a result of the action, and potentially result in onsite or offsite 
landslides, lateral spreading, subsidence, liquefaction, or collapse? 

Proposed Basin Plan Amendments: See VI. Geology and Soils a) and b). The 
proposed amendments would result in revisions to bacteria water quality 
objectives for inland freshwaters identified in the Basin Plan, changes to beneficial 
use designations for some of those waters, and temporary suspension of 
recreation standards for specific surface waters under certain flow conditions. 
These revisions would not involve construction or other earthmoving activities on 
a geologic unit or soil that is unstable or would be unstable, potentially resulting 
in landslides, lateral spreading, subsidence, liquefaction, or collapse. 

 Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction or other 
earthmoving activities on a geologic unit or soil that is unstable or would be 
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unstable, potentially resulting in landslides, lateral spreading, subsidence, 
liquefaction, or collapse. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

d) Is the project located on expansive soil, as defined in Table 18-1-B of the Uniform 
Building Code (1994), creating substantial risks to life or property? 

See VI. Geology and Soils a), b), and c) above. 

e) Would the project have soils that are incapable of supporting the use of septic 
tanks or alternative wastewater disposal systems where sewers are not available 
for the disposal of wastewater? 

Proposed Basin Plan Amendments: The proposed amendments do not entail the 
construction of wastewater disposal systems.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not require wastewater disposal 
systems; soil characteristics are not relevant to the consideration of monitoring-
related changes. It is possible that compliance with the objectives in certain areas 
will require actions to address inadequate or failing septic systems or other 
wastewater disposal systems. These actions would be required in any case to meet 
the current Basin Plan objectives. Installation and operation of these systems are 
subject to the requirements imposed by the Regional Board and the counties.  
These requirements include the demonstration of soil capability for subsurface 
disposal system use.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
VII. GREENHOUSE GAS EMISSIONS:  Would the project: 

a) Generate greenhouse gas emissions, 
either directly or indirectly, that may 
have a significant impact on the 
environment? 

� � � X 

b) Conflict with an applicable plan, 
policy or regulation adopted for the 
purpose of reducing the emissions of 
greenhouse gases?  

� � � X 
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Discussion: 

a) Would the project generate greenhouse gas emissions, either directly or indirectly, 
that may have a significant impact on the environment? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain conditions. Changing the applicable bacteria objectives to employ a 
different pathogen indicator, as proposed in the amendments, will not result in 
significant changes, if any, in the types or numbers of BMPs needed to meet the 
bacteria objectives. Thus, these revisions would not result in new construction, 
generation of new traffic, or other activities that could generate greenhouse gas 
emissions.  Similarly, the re-designation of certain waters from REC1 to REC2 or 
“not REC” (neither REC1 nor REC2) and temporary suspension of recreation 
standards are expected to reduce the number of BMPs that will need to be 
implemented, thereby reducing potential impacts on the environment, including 
greenhouse gas emissions. As BMPs are implemented, site-specific, project level 
CEQA review and conformance will be necessary.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction, generation 
of new traffic, or other activities that could generate greenhouse gas emissions.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project conflict with an applicable plan, policy or regulation adopted 
for the purpose of reducing the emissions of greenhouse gases? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain conditions. As discussed in VII. Greenhouse Gas Emissions a) 
above, the revisions would not result in the generation greenhouse gas emissions, 
nor would they otherwise conflict with an applicable plan, policy or regulation 
adopted for the purpose of reducing greenhouse gas emissions.   

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not, as discussed in VII. Greenhouse 
Gas Emissions a) above, generate greenhouse gas emissions, nor would they 
otherwise conflict with an applicable plan, policy or regulation adopted for the 
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purpose of reducing greenhouse gas emissions involve construction, generation of 
new traffic, or other activities that could generate greenhouse gas emissions.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
VIII.  HAZARDS AND HAZARDOUS MATERIALS:  Would the project: 

a) Create a significant hazard to the 
public or the environment through 
the routine transport, use, or disposal 
of hazardous materials? 

� � � X 

b) Create a significant hazard to the 
public or the environment through 
reasonably foreseeable upset and 
accident conditions involving the 
release of hazardous materials into 
the environment? 

� � � X 

c) Emit hazardous emissions or handle 
hazardous or acutely hazardous 
materials, substances, or waste within 
one-quarter mile of an existing or 
proposed school? 

� � � X 

d) Be located on a site which is included 
on a list of hazardous materials sites 
compiled pursuant to Government 
Code Section 65962.5 and, as a result, 
would it create a significant hazard to 
the public or the environment? 

� � � X 

e) For a project located within an airport 
land use plan or, where such a plan 
has not been adopted, within two 
miles of a public airport or public use 
airport, would the project result in a 
safety hazard for people residing or 
working in the project area? 

� � � X 

f) For a project within the vicinity of a 
private airstrip, would the project 
result in a safety hazard for people 
residing or working in the project 
area? 

� � � X 

g) Impair implementation of or 
physically interfere with an adopted 
emergency response plan or 
emergency evacuation plan? 

� � � X 
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Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
h) Expose people or structures to a 

significant risk of loss, injury or death 
involving wildland fires, including 
where wildlands are adjacent to 
urbanized areas or where residences 
are intermixed with wildlands? 

� � � X 

 
Discussion: 

a) Would the project create a significant hazard to the public or the environment 
through the routine transport, use, or disposal of hazardous materials? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions.  These revisions would not involve the transport, 
use, disposal, release, or transmission of hazardous materials. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve would not involve the 
transport, use, disposal, release, or transmission of hazardous materials. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project create a significant hazard to the public or the environment 
through reasonably foreseeable upset and accident conditions involving the likely 
release of hazardous materials into the environment? 

See VIII. Hazards and Hazardous Materials a) above. 

c)  Would the project emit hazardous emissions or handle hazardous materials or 
acutely hazardous materials, substances, or waste within 0.25 mile of an existing 
or proposed school? 

See VIII. Hazards and Hazardous Materials a) above. 

d) Is the project located on a site that is included on a list of hazardous material sites 
compiled pursuant to Government Code Section 65962.5 and, as a result, would it 
create a significant hazard to the public or the environment? 
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Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not involve construction or 
other disturbance at a hazardous site such that a significant hazard to the public or 
the environment would be created. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction or other 
disturbance at a hazardous site such that a significant hazard to the public or the 
environment would be created. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

e) For a project located within an airport land use plan or, where such a plan has not 
been adopted, within 2 miles of a public airport or public use airport, would the 
project result in a safety hazard for people residing or working in the projectarea? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not result in exposing people 
to a safety hazard associated with a public or private airport.   

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not result in exposing people to a 
safety hazard associated with a public or private airport.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

f) For a project located within the vicinity of a private airstrip, would the project 
result in a safety hazard for people residing or working in the project area? 

See VIII. Hazards and Hazardous Materials e) above. 

g) Would the project impair implementation of or physically interfere with an 
adopted emergency response plan or emergency evacuation plan? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
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and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not involve construction or 
other activities that could impair implementation of or physically interfere with an 
adopted emergency response plan or emergency evacuation plan. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction or other 
activities that could impair implementation of or physically interfere with an 
adopted emergency response plan or emergency evacuation plan. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

h) Would the project expose people or structures to the risk of loss, injury, or death 
involving wildland fires, including where wildlands are adjacent to urbanized 
areas or where residences are intermixed with wildlands? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not expose people or 
structures to wildland fires.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not expose people or structures to 
wildland fires.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
IX. HYDROLOGY AND WATER QUALITY:  Would the project: 

a) Violate any water quality standards 
or waste discharge requirements? � � � X 

b) Substantially deplete groundwater 
supplies or interfere substantially 
with groundwater recharge such that 
there would be a net deficit in aquifer 
volume or a lowering of the local 
groundwater table level (e.g., the 
production rate of pre-existing 

� � � X 



Section 4 
Environmental Issues 

 
November 30, 2011  4-25 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
nearby wells would drop to a level 
which would not support existing 
land uses or planned uses for which 
permits have been granted)? 

c) Substantially alter the existing 
drainage pattern of the site or area, 
including through the alteration of 
the course of a stream or river, in a 
manner which would result in 
substantial erosion or siltation on- or 
off-site? 

� � � X 

d) Substantially alter the existing 
drainage pattern of the site or area, 
including through the alteration of 
the course of a stream or river, or 
substantially increase the rate or 
amount of surface runoff in a manner 
which would result in flooding on- or 
off-site? 

� � � X 

e) Create or contribute runoff water 
which would exceed the capacity of 
existing or planned stormwater 
drainage systems or provide 
substantial additional sources of 
polluted runoff? 

� � � X 

f) Otherwise substantially degrade 
water quality? � � � X 

g) Place housing within a 100-year flood 
hazard area as mapped on a federal 
Flood Hazard Boundary or Flood 
Insurance Rate Map or other flood 
hazard delineation map? 

� � � X 

h) Place within a 100-year flood hazard 
area structures which would impede 
or redirect flood flows? 

� � � X 

i) Expose people or structures to a 
significant risk of loss, injury or death 
involving flooding, including 
flooding as a result of the failure of a 
levee or dam? 

� � � X 

j) Inundation by seiche, tsunami, or 
mudflow? � � � X 

 
Discussion: 
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a) Would the project violate any water quality standards or waste discharge 
requirements? 

As discussed in Section 2, the current Basin Plan for the Santa Ana Region 
establishes water quality standards for the surface and ground waters of the Santa 
Ana Region and provides the basis for the Regional Board's regulatory programs. 
The Basin Plan designates the beneficial uses of specific waterbodies within the 
Santa Ana Region and establishes water quality objectives for the protection of 
these uses. In addition, the California Water Code (Porter-Cologne Water Quality 
Act) requires that any entity discharging waste, or proposing to discharge waste 
that could affect the quality of the waters of the state must submit a report of 
waste discharge to the Regional Board. The Regional Board regulates such 
discharges by issuing general and individual WDRs including NPDES permits 
and conditional waivers of WDRs. These WDRs and waivers of WDRs require 
written pollution prevention plans and implementation of mitigation measures to 
ensure that discharges do not cause a violation of water quality objectives.  

Proposed Basin Plan Amendments: If approved, the proposed revisions to the 
bacteria water quality objectives, addition of a narrative pathogen objective and 
changes to beneficial use designations for inland freshwaters would establish new 
water quality standards applicable to these waters. These changes by themselves 
do not involve construction or other activities that would result in a waste 
discharge or otherwise violate water quality standards, nor would the proposed 
revisions result in a lowering of the existing water quality of waters affected by 
the proposed amendments. The implementation of BMPs needed to meet the 
revised standards has the potential to result in waste discharges that might 
adversely affect water quality standards.  However, the proposed amendments 
would not result in an increase in or change in type of the BMPs that are being or 
may need to be implemented to achieve the current Basin Plan standards.  The 
implementation of BMPs is subject to appropriate waste discharge requirements 
intended to assure no adverse water quality or beneficial use impacts. Further, 
BMPs are subject to project-level CEQA review and conformance. 

The proposed temporary suspension of recreation standards under specified high 
flow conditions qualifies application of the recreation standards; the application of 
the suspension would not violate water quality standards. The temporary 
suspension of recreation standards is expected to reduce the number of BMPs that 
would otherwise be needed to assure compliance under the flow conditions that 
qualify for the suspension.  

The change to the E. coli indicator is being proposed to assure consistency with 
USEPA guidance and recommendations as directed by the USEPA. The E. coli 
indicator is functionally equivalent to the existing fecal coliform indicator and is 
not anticipated to change the location, number, or severity of water bodies that 
attain or do not attain water quality objectives for bacteria. Thus, changing the 
objectives is not expected to increase or decrease the number of water bodies that 
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either meet or violate water quality standards for bacteria under either dry 
weather or wet weather conditions.  

The proposed amendments would not result in changes to waste discharge 
requirements issued by the Regional Board to publicly owned treatment works 
(POTWs), which provide treatment of domestic wastewater. Waste discharge 
requirements, including NPDES permits, issued to POTWs establish performance 
standards for treatment to assure that the effluent is essentially pathogen free. 
Such requirements are necessary and will continue to be implemented to assure 
that public health and beneficial uses are protected.  

Reasonably Foreseeable Methods of Compliance:  Minor revisions to monitoring 
plans and monitoring methods resulting from a change in the bacteria indicator 
from fecal coliform to E. coli would result in a change in the indicators used to 
identify a violation of water quality standards. They would not result in a waste 
discharge or otherwise violate water quality standards. As discussed above, the 
change to the E. coli indicator is functionally equivalent to the existing fecal 
coliform indicator and is not expected to increase or decrease the number of water 
bodies that either meet or exceed water quality standards for bacteria under either 
dry weather or wet weather conditions. 

Finding of Significance: No significant impacts are anticipated and no mitigation 
is necessary. 

b) Would the project substantially deplete groundwater supplies or interfere 
substantially with groundwater recharge such that there would be a net deficit in 
aquifer volume or a lowering of the local groundwater table level (i.e., the 
production rate of pre-existing nearby wells would drop to a level that would not 
support existing land uses or planned uses for which permits have been granted)? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not involve activities that 
could deplete groundwater supplies or interfere with groundwater recharge. The 
implementation of BMPs to achieve the revised water quality standards has the 
potential to result in activities that could affect groundwater supplies/recharge. 
However, these BMPs would not be significantly different, if at all, from those 
now required to meet current Basin Plan recreation standards. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve activities that could 
deplete groundwater supplies or interfere with groundwater recharge. 
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Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

c) Would the project substantially alter the existing drainage pattern of the site or 
area, including through the alteration of the course of a stream or river, in a 
manner that would result in substantial erosion or siltation on site or off site? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not result in construction or 
other activities that could substantially alter existing drainage patterns. See IX. 
Hydrology and Water Quality, a) and b) above.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction or other 
activities that could substantially alter existing drainage patterns. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

d) Would the project substantially alter the existing drainage pattern of the site or 
area, including through the alteration of the course of a stream or river, or 
substantially increase the rate or amount of surface runoff in a manner that would 
result in flooding on site or off site?  

See IX. Hydrology and Water Quality c) above 

e) Would the project create or contribute runoff water that would exceed the 
capacity of existing or planned stormwater drainage systems or provide 
substantial additional sources of polluted runoff?  

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not increase the rate or 
amount of runoff to the storm drain system or create additional sources of 
polluted runoff. See IX. Hydrology and Water Quality, a) and b) above.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not increase the rate or amount of 
runoff to the storm drain system or create additional sources of polluted runoff. 
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Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

f) Would the project otherwise substantially degrade water quality? 

See IX. Hydrology and Water Quality a) above 

g) Would the project place housing within a 100-year floodplain, as mapped on a 
federal Flood Hazard Boundary, Flood Insurance Rate Map or other flood hazard 
delineation map? 

Proposed Basin Plan Amendments: The proposed amendments would not place 
housing or other structures within a 100-year flood plain.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not place housing or structures 
within a 100-year flood plain.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

h) Would the project place within a 100-year floodplain structures that would 
impede or redirect flood flows? 

See IX. Hydrology and Water Quality g) above. 

i) Would the project expose people or structures to a significant risk of loss, injury, 
or death involving flooding, including flooding as a result of the failure of a levee 
or dam? 

See IX. Hydrology and Water Quality g) above. Additionally, the recreational use 
designation would temporarily be suspended during certain high flow conditions 
that present a hazard to public safety. 

j) Would the project contribute to inundation by seiche, tsunami, or mudflow? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not contribute to risk of 
inundation by seiche, tsunami, or mudflow. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
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indicator from fecal coliform to E. coli would not contribute to risk of inundation 
by seiche, tsunami, or mudflow. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
X. LAND USE AND PLANNING:  Would the project: 

a) Physically divide an established 
community? � � � X 

b) Conflict with any applicable land use 
plan, policy, or regulation of an 
agency with jurisdiction over the 
project (including, but not limited to 
the general plan, specific plan, local 
coastal program, or zoning 
ordinance) adopted for the purpose 
of avoiding or mitigating an 
environmental effect? 

� � � X 

c) Conflict with any applicable habitat 
conservation plan or natural 
community conservation plan? 

� � � X 

 
Discussion: 

a) Would the project physically divide an established community? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not physically divide an 
established community. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not physically divide an established 
community. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project conflict with any applicable land use plan, policy, or regulation 
of an agency with jurisdiction over the project (including, but not limited to, the 
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general plan, specific plan, local coastal program, or zoning ordinance) adopted 
for the purpose of avoiding or mitigating an environmental effect? 

Proposed Basin Plan Amendments: The adoption of the proposed amendments 
would meet statutory and regulatory water quality standards requirements 
related to pathogen control and water contact recreation.  The amendments would 
not establish any new uses nor would they otherwise conflict with any land use 
plan, policy, or regulation; or any habitat conservation plan or natural community 
conservation plan. The re-designation of water bodies from REC1 to REC2/“not 
REC” (neither REC1 nor REC2) and temporary suspensions of recreation 
standards would not conflict with goals contained in the County or city general 
plans supporting expansion of recreational opportunities because, as discussed in 
greater detail in XV. Recreation, the waterways to be re-designated have not 
supported and do not currently allow or support primary contact recreational 
uses. Additionally, the new designations would not preclude existing or future 
establishment of REC2 (non-water contact recreation)  uses in the vicinity, 
including aesthetic enjoyment, camping, or boating.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not conflict with any land use plan, 
policy, or regulation, or habitat conservation plan or natural community 
conservation plan.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

c) Would the project conflict with any applicable habitat conservation plan or 
natural community conservation plan? 

See X. Land Use and Planning b) above. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
XI. MINERAL RESOURCES -- Would the project: 

a) Result in the loss of availability of a 
known mineral resource that would 
be of value to the region and the 
residents of the state? 

� � � X 
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Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
b) Result in the loss of availability of a 

locally-important mineral resource 
recovery site delineated on a local 
general plan, specific plan or other 
land use plan? 

� � � X 

 
Discussion: 

a) Would the project result in the loss of availability of a known mineral resource 
that would be of value to the region and the residents of the state? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not involve construction or 
other activities that could result in the loss of availability of a known mineral 
resource.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not would not involve construction 
or other activities that could result in changes to a known mineral resource.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project result in the loss of availability of a locally important mineral 
resource recovery site delineated on a local general plan, specific plan, or other 
land use plan? 

See XI. Mineral Resources a) above. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
XII. NOISE Would the project result in 

a) Exposure of persons to or generation 
of noise levels in excess of standards 
established in the local general plan 
or noise ordinance, or applicable 

� � � X 
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Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
standards of other agencies? 

b) Exposure of persons to or generation 
of excessive groundborne vibration or 
groundborne noise levels? 

� � � X 

c) A substantial permanent increase in 
ambient noise levels in the project 
vicinity above levels existing without 
the project? 

� � � X 

d) A substantial temporary or periodic 
increase in ambient noise levels in the 
project vicinity above levels existing 
without the project? 

� � � X 

e) For a project located within an airport 
land use plan or, where such a plan 
has not been adopted, within two 
miles of a public airport or public use 
airport, would the project expose 
people residing or working in the 
project area to excessive noise levels? 

� � � X 

f) For a project within the vicinity of a 
private airstrip, would the project 
expose people residing or working in 
the project area to excessive noise 
levels? 

� � � X 

 
Discussion: 

a) Would the project result in exposure of persons to or generation of noise levels in 
excess of standards established in the local general plan or noise ordinance or 
applicable standards of other agencies? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not require construction or 
other noise generating activities that would result in temporary or permanent 
increase in noise levels.  The implementation and operation of BMPs to achieve 
the revised recreation standards has the potential to result in increases in noise 
levels. However, these BMPs would not be significantly different, if at all, from 
those now required to meet current Basin Plan recreation standards. 
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Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction or other 
noise generating activities that would result in temporary or permanent increase 
in noise  levels.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project expose persons to or generate excessive groundborne vibration 
or groundborne noise? 

See XII. Noise a) above. 

c) Would the project result in a substantial permanent increase in ambient noise 
levels in the project vicinity above levels existing without the action? 

See XII. Noise a) above. 

d) Would the project result in a substantial temporary or periodic increase in 
ambient noise levels in the project vicinity above levels existing without the 
action?  

See XI. Noise a) above. 

e) For a project located within an airport land use plan or, where such a plan has not 
been adopted, within two miles of a public airport or public use airport, would the 
project expose people residing or working in the project area to excessive noise 
levels? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not involve exposing people 
to excessive noise levels associated with a public or private airport.   

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve exposing people to 
excessive noise levels associated with a public or private airport.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

f) For a project located within the vicinity of a private airstrip, would the project 
expose people residing or working in the project area to excessive noise levels? 
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See XI. Noise e) above. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
XIII.  POPULATION AND HOUSING -- Would the project: 

a) Induce substantial population growth 
in an area, either directly (for 
example, by proposing new homes 
and businesses) or indirectly (for 
example, through extension of roads 
or other infrastructure)? 

� � � X 

b) Displace substantial numbers of 
existing housing, necessitating the 
construction of replacement housing 
elsewhere? 

� � � X 

c) Displace substantial numbers of 
people, necessitating the construction 
of replacement housing elsewhere? 

� � � X 

 
Discussion: 

a) Would the project induce substantial population growth in an area, either directly 
(e.g., by proposing new homes and business) or indirectly (e.g., through extension 
of roads or other infrastructure)? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not induce population growth 
to the region, either directly or indirectly; nor would they involve displacing 
housing or people. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not induce population growth to the 
region, either directly or indirectly.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 



Section 4 
Environmental Issues 

 
November 30, 2011  4-36 

b) Would the project displace substantial numbers of existing housing, necessitating 
the construction of replacement housing elsewhere? 

See XIII. Population and Housing a) above. 

c) Would the project displace substantial numbers of people, necessitating the 
construction of replacement housing elsewhere? 

See XIII. Population and Housing a) above. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 

XIV.  PUBLIC SERVICES     

a) Would the project result in substantial adverse physical impacts associated with the provision of 
new or physically altered governmental facilities, need for new or physically altered 
governmental facilities, the construction of which could cause significant environmental 
impacts, in order to maintain acceptable service ratios, response times or other performance 
objectives for any of the public services: 

Fire protection? � � � X 

Police protection? � � � X 

Schools? � � � X 

Parks? � � � X 

Other public facilities? � � � X 

 
Discussion: 

a) Would the project result in substantial adverse physical impacts associated with 
the provision of new or physically altered governmental facilities or a need for 
new or physically altered governmental facilities, the construction of which could 
cause significant environmental impacts, in order to maintain acceptable service 
ratios, response times, or other performance objectives for any of the public 
services: 

i.) Fire Protection  

Proposed Basin Plan Amendments: The proposed amendments would result 
in revisions to bacteria water quality objectives for inland freshwaters 
identified in the Basin Plan, changes to beneficial use designations for some of 
those waters, and temporary suspension of recreation standards for specific 
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surface waters under certain flow conditions. The revisions would not affect 
service ratios, response times, or other performance objectives for any public 
services, including fire protection, police protection, schools, or parks.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the 
bacteria indicator from fecal coliform to E. coli would not affect service ratios, 
response times, or other performance objectives for any public services, 
including fire protection, police protection, schools, or parks.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

ii.) Police Protection 

See XIV. Public Services a) i.) above. 

iii) Schools  

See XIV. Public Services a) i.) above. 

iv) Parks 

See XIV. Public Services a) i.) above. 

v) Other Public Facilities  

See XIV. Public Services a) i.) above. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
XV. RECREATION     

a) Would the project increase the use of 
existing neighborhood and regional 
parks or other recreational facilities 
such that substantial physical 
deterioration of the facility would 
occur or be accelerated? 

� � � X 

b) Does the project include recreational 
facilities or require the construction 
or expansion of recreational facilities 
which might have an adverse 
physical effect on the environment? 

� � � X 
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Discussion: 

a) Would the project increase the use of existing neighborhood and regional parks or 
other recreational facilities such that substantial physical deterioration of the 
facility would occur or be accelerated? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not induce new growth to the 
region that could increase the demand for parks or other recreational facilities in 
the area. Additionally, the revisions would not reduce existing recreational 
opportunities available to the public. Nor would the revisions cause increased use 
of existing parks/recreational facilities. Specifically, the proposed changes to the 
definition of REC1 would increase its consistency with the USEPA definition of 
“primary contact recreation”, which is functionally equivalent to the REC1 
beneficial use.  It would not eliminate uses that do or could occur currently within 
water bodies designated as REC1.  

The proposed assignment of REC1 waters to Tier A, B, C, and D would be based 
on existing/anticipated conditions and would not modify recreational activities 
that currently occur in these waters.  

Similarly, the re-designation of water bodies from REC1 and REC2 to REC2 only 
or “not REC” (neither REC1 nor REC2) would not result in changes in recreation 
uses if and as they now or may occur. Rather, the purpose of the re-designation of 
water bodies from REC1 and REC2 to REC2 only or “not REC” is to reflect the 
nature of the recreational use (if any) that actually occurs or has the potential to 
occur. Likewise, the temporary suspension of recreation standards merely reflects 
the lack of recreational activities under high flow conditions that result in unsafe 
conditions. A UAA has been prepared for each of the water bodies proposed for 
re-designation in accordance with the Clean Water Act to support these changes. 
The UAAs include an eligibility analysis to determine if any primary contact 
recreation has taken place or is currently taking place within the channel. The 
methodology included on-location physical surveys and digital field observation 
camera surveys to obtain information regarding existing levels and types of 
recreational use within the water bodies. The survey results indicate that none of 
the water bodies are currently used for primary contact recreation and thus, the 
re-designation would not limit any current recreational uses. Additionally, the 
UAA effort did not find documented historical primary contact use of these water 
bodies. The re-designation of these waters, which would be reviewed once every 
three years in accordance with Basin Plan triennial review requirements, would 
not preclude changes in conditions such that REC1 and/or REC2 might become 
attainable in the future such that these uses should be designated.   
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Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not induce new growth to the region 
that could increase the demand for parks or other recreational facilities in the area. 
Additionally, the proposed amendments would not reduce existing recreational 
opportunities available to the public 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Does the project include recreational facilities or require the construction or 
expansion of recreational facilities that might have an adverse physical effect on 
the environment? 

See XV. Recreation a) above. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
XVI.  TRANSPORTATION/TRAFFIC:  Would the project: 

a) Conflict with an applicable plan, 
ordinance or policy establishing 
measures of effectiveness for the 
performance of the circulation system, 
taking into account all modes of 
transportation including mass transit 
and non-motorized travel and relevant 
components of the circulation system, 
including but not limited to 
intersections, streets, highways and 
freeways, pedestrian and bicycle 
paths, and mass transit? 

� � � X 

b) Conflict with an applicable congestion 
management program, including, but 
not limited to level of service 
standards and travel demand 
measures, or other standards 
established by the county congestion 
management agency for designated 
roads or highways? 

� � � X 

c) Result in a change in air traffic 
patterns, including either an increase 
in traffic levels or a change in location 
that results in substantial safety risks? 

� � � X 
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Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
d) Substantially increase hazards due to a 

design feature (e.g., sharp curves or 
dangerous intersections) or 
incompatible uses (e.g., farm 
equipment)? 

� � � X 

e) Result in inadequate emergency 
access? � � � X 

g) Conflict with adopted policies, plans, 
or programs regarding public transit, 
bicycle, or pedestrian facilities, or 
otherwise decrease the performance or 
safety of such facilities? 

� � � X 

 
Discussion: 

a) Would the project conflict with an applicable plan, ordinance or policy 
establishing measures of effectiveness for the performance of the circulation 
system, taking into account all modes of transportation including mass transit and 
non-motorized travel and relevant components of the circulation system, 
including but not limited to intersections, streets, highways and freeways, 
pedestrian and bicycle paths, and mass transit? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan , changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not involve the generation of 
new traffic that could conflict with an applicable plan, ordinance or policy 
establishing measures of effectiveness for the performance of the circulation 
system. The implementation and operation of BMPs to achieve the revised 
recreation standards has the potential to result in increases in traffic patterns and 
levels. However, these BMPs would not be significantly different, if at all, from 
those now required to meet current Basin Plan recreation standards. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve the generation of new 
traffic that could conflict with an applicable plan, ordinance or policy establishing 
measures of effectiveness for the performance of the circulation system. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 
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b) Would the project conflict with an applicable congestion management program, 
including, but not limited to level of service standards and travel demand 
measures, or other standards established by the county congestion management 
agency for designated roads or highways? 

See XVI. Transportation/Traffic a) above. 

c) Would the project result in a change in air traffic patterns, including either an 
increase in traffic levels or a change in location that results in substantial safety 
risks? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan , changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not affect air traffic patterns.   

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not affect air traffic patterns.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

d) Would the project substantially increase hazards because of a design feature (e.g., 
sharp curves or dangerous intersections) or incompatible uses (e.g., farm 
equipment)? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan , changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not involve new construction 
or activities that could substantially increase hazards because of a design feature 
or incompatible uses. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve new construction or 
activities that could substantially increase hazards because of a design feature or 
incompatible uses. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 
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e) Would the project result in inadequate emergency access? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives and beneficial uses for inland waters 
presented in the Basin Plan.  The revisions would not involve new construction or 
other activities that could result in inadequate emergency access.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve new construction or 
other activities that could result in inadequate emergency access.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

f) Would the project conflict with adopted policies, plans, or programs regarding 
public transit, bicycle, or pedestrian facilities, or otherwise decrease the 
performance or safety of such facilities? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan , changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not conflict with adopted 
policies, plans, or programs regarding public transit, bicycle, or pedestrian 
facilities, or otherwise decrease the performance or safety of such facilities. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not conflict with adopted policies, 
plans, or programs regarding public transit, bicycle, or pedestrian facilities, or 
otherwise decrease the performance or safety of such facilities. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 
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Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
XVII.  UTILITIES AND SERVICE SYSTEMS:  Would the project 

a) Exceed wastewater treatment 
requirements of the applicable 
Regional Water Quality Control Board? 

� � � X 

b) Require or result in the construction of 
new water or wastewater treatment 
facilities or expansion of existing 
facilities, the construction of which 
could cause significant environmental 
effects? 

� � � X 

c) Require or result in the construction of 
new storm water drainage facilities or 
expansion of existing facilities, the 
construction of which could cause 
significant environmental effects? 

� � � X 

d) Have sufficient water supplies 
available to serve the project from 
existing entitlements and resources, or 
are new or expanded entitlements 
needed? 

� � � X 

e) Result in a determination by the 
wastewater treatment provider which 
serves or may serve the project that it 
has adequate capacity to serve the 
project’s projected demand in addition 
to the provider’s existing 
commitments? 

� � � X 

f) Be served by a landfill with sufficient 
permitted capacity to accommodate the 
project’s solid waste disposal needs? 

� � � X 

g) Comply with federal, state, and local 
statutes and regulations related to solid 
waste? 

� � � X 

 
Discussion: 

a) Would the project exceed wastewater treatment requirements of the applicable 
Regional Water Quality Control Board? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
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under certain flow conditions. The revisions would not increase water demand or 
generate wastewater which could exceed the Regional Board’s wastewater 
treatment requirements.  See also IX. Hydrology and Water Quality a). 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not increase water demand or 
generate wastewater which could exceed the Regional Board’s wastewater 
treatment requirements.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project require or result in the construction of new water or wastewater 
treatment facilities or expansion of existing facilities, the construction of which 
could cause significant environmental effects? 

See XVII. Utility and Service Systems a) above. BMPs needed to achieve the 
proposed recreation standards may include diversion of surface water flows to 
existing or new wastewater treatment facilities. Existing facilities might need to be 
expanded to accommodate increased flows.  However, these BMPs would not be 
significantly different, if at all, from those now required to meet current Basin Plan 
recreation standards.  Thus, the proposed amendments would not have any new 
adverse environmental effect. 

c) Would the project require or result in the construction of new stormwater 
drainage facilities or expansion of existing facilities, the construction of which 
could cause significant environmental effects? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan , changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not involve construction of 
new stormwater drainage facilities or expansion of existing facilities. See XVII.  
Utilities and Service Systems b).  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction of new 
stormwater drainage facilities or expansion of existing facilities.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 
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d) Would the project have sufficient water supplies available to serve the project 
from existing entitlements and resources, or are new or expanded entitlements 
needed? 

See XVII. Utility and Service Systems a) above.  

e) Has the wastewater treatment provider that serves or may serve the project 
determined that it has adequate capacity to serve the action’s projected demand in 
addition to the provider’s existing commitments? 

See XVII. Utility and Service Systems a) above.  

f) Is the project served by a landfill with sufficient permitted capacity to 
accommodate the action’s solid waste disposal needs? 

No Impact. Basin Plan amendment implementation would not affect solid waste 
generation or landfill capacities. 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan , changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not result in solid waste 
generation or affect landfill capacities. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not result in solid waste generation 
or affect landfill capacities. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

g) Would the project comply with federal, state, and local statutes and regulations 
related to solid waste? 

See XVII. Utility and Service Systems f) above. 
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Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
XVIII.  MANDATORY FINDINGS OF SIGNIFICANCE 

a) Does the project have the potential to 
degrade the quality of the 
environment, substantially reduce the 
habitat of a fish or wildlife species, 
cause a fish or wildlife population to 
drop below self-sustaining levels, 
threaten to eliminate a plant or 
animal community, reduce the 
number or restrict the range of a rare 
or endangered plant or animal or 
eliminate important examples of the 
major periods of California history or 
prehistory? 

� � � X 

b) Does the project have impacts that are 
individually limited, but 
cumulatively considerable? 
("Cumulatively          
 considerable" means that the 
incremental effects of a project are 
considerable when viewed in 
connection with the effects of past 
projects, the effects of other current 
projects, and the effects of probable 
future projects)? 

� � � X 

c) Does the project have environmental 
effects which will cause substantial 
adverse effects on human beings, 
either directly or indirectly? 

� � � X 

 
Discussion: 

a. Does the project have the potential to degrade the quality of the environment, 
substantially reduce the habitat of a fish or wildlife species, cause a fish or wildlife 
population to drop below self-sustaining levels, threaten to eliminate a plant or 
animal community, reduce the number or restrict the range of a rare or 
endangered plant or animal, or eliminate important examples of the major periods 
of California history or prehistory? 

Proposed Basin Plan Amendments: As discussed in IV. Biological Resources, the 
proposed amendments would not degrade the quality of the environment 
(including water quality) or adversely affect biological resources directly or 
indirectly. As discussed in V. Cultural Resources, no construction, earthwork, or 
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removal of existing structures would occur, and thus, examples of the major 
periods of California history or prehistory would not be eliminated. 

Reasonably Foreseeable Methods of Compliance:  As with the proposed 
amendments discussed above, the minor revisions to monitoring plans and 
monitoring methods would not degrade the quality of the environment, adversely 
affect biological resources, or involve construction or other activities that could 
eliminate examples of the major periods of California history or prehistory. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b. Does the project have impacts that are individually limited, but cumulatively 
considerable? (“Cumulatively considerable” means that the incremental effects of 
a project are considerable when viewed in connection with the effects of past 
projects, the effects of other current projects, and the effects of probable future 
actions.) 

Proposed Basin Plan Amendments: As discussed throughout this section, the 
proposed amendments would not have significant adverse effects on the 
environment, and thus, would not cause or add to a cumulative impact.  

Reasonably Foreseeable Methods of Compliance:  As discussed throughout this 
section, the reasonably foreseeable methods of compliance would not have 
significant adverse effects on the environment, and thus, would not cause or add 
to a cumulative impact.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

c. Does the project have environmental effects that would cause substantial adverse 
effects on human beings, either directly or indirectly? 

Proposed Basin Plan Amendments: As discussed throughout this section, the 
proposed amendments would not have significant adverse effects on the 
environment, and thus, would not cause substantial adverse effects on human 
beings, either directly or indirectly.  

Reasonably Foreseeable Methods of Compliance:  As discussed throughout this 
section, the reasonably foreseeable methods of compliance would not have 
significant adverse effects on the environment, and thus, would not cause 
substantial adverse effects on human beings, either directly or indirectly.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 
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Section 5 
Alternatives 
Pursuant to the State Water Board’s regulations for implementing CEQA (CCR title 
23, sec. 3777[a]), this environmental review must include an analysis of reasonable 
alternatives to the Proposed Project.  The intent is to consider whether there are 
reasonable alternatives that would fulfill the underlying purpose of the Proposed 
Project which involves amendments to the Basin Plan to also achieve and protect 
water quality standards, but that would minimize or eliminate the potential adverse 
environmental effects of the Proposed Project.  Further pursuant to CEQA Section 
15187, this environmental review must also include an analysis of reasonable 
foreseeable alternative means of compliance with the rule or regulation which would 
avoid or eliminate the identified impacts.  

As described in the discussion of potential Environmental Impacts (Section 3), there 
are no potential adverse environmental impacts associated with the Proposed Project 
or reasonably foreseeable methods of compliance. As there are no potential 
environmental impacts which could be reduced by an alternative to the Proposed 
Project or alternative means of compliance with the Proposed Project, the only 
alternative addressed herein is the No Project Alternative.   

5.1 No Project Alternative 
Under the “No Project” Alternative, the Regional Board would not adopt the 
proposed revisions to the bacteria water quality objectives and revisions related to 
beneficial uses and implementation strategies; the Basin Plan would remain 
unchanged. Therefore, fecal coliform would continue to be the bacteria indicator and 
the lack of conformance with USEPA recommendations would continue.   

Additionally, the need for all freshwater streams to meet REC1 standards during high 
flow conditions would continue. Given the large challenges and costs that would be 
associated with reducing bacterial indicators and the associated potential pathogens 
under large storm event flows, it may be economically infeasible for local agencies to 
implement actions to try and attain these standards under all flow conditions. 
Expending resources to address standards compliance under all flow conditions 
could delay expenditures to address compliance when and where most needed, i.e., 
when and where recreational use occurs. 

The water bodies proposed for re-designation as REC2 or “not REC” (neither REC1 
nor REC2) would remain REC1. Implementation of additional treatment controls or 
BMPs would be required for those water bodies to attain REC1 standards throughout 
the entire reach. This would divert funds and efforts for establishment of BMPs at 
other locations which may yield greater benefits (i.e., where recreational uses are 
currently occurring.)  
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   Manager, Cal/EPA Scientific Peer Review Program 
   Office of Research, Planning and Performance    
   STATE WATER RESOURCES CONTROL BOARD 
   Sacramento, CA 
 
FROM: Joanne E. Schneider 
 Environmental Program Manager 
 SANTA ANA REGIONAL WATER QUALITY CONTROL BOARD 
 
DATE: September 30, 2010 
 
SUBJECT: REQUEST FOR PEER REVIEW OF PROPOSED BASIN PLAN AMENDMENTS 
MODIFYING RECREATIONAL WATER QUALITY STANDARDS FOR FRESHWATERS IN THE 
SANTA ANA REGION 
 
Santa Ana Regional Water Quality Control Board (Regional Water Board) staff hereby request 
review of specific proposed amendments to the recreational water quality standards for 
freshwaters in the Santa Ana Region.   The proposed amendments are expected to be 
considered by the Regional Water Board at a public hearing in early 2011. The Regional Water 
Board meeting schedule for 2011 has not yet been established, but it is expected that a meeting 
will be held in mid-late January 2011, at which the Board will be asked to consider approval of 
the proposed amendments. The requisite documentation, including the draft Basin Plan 
amendments and a staff report that describes the proposed amendments and the rationale for 
them, is expected to be available on or about November 30, 2010.  We request that the peer 
review be completed within 30 days of the receipt of the documentation by the reviewers so that 
Board consideration of the proposed amendments can take place in a timely manner.  
 
The proposed Basin Plan amendments include replacement of the Basin Plan fecal coliform 
objectives currently specified to protect the REC1 (water contact recreation) beneficial use of 
inland surface waters in the Region with E. coli objectives. The recommended E. coli  objectives 
are based on the United States Environmental Protection Agency’s (USEPA) Ambient Water 

Quality Criteria for Bacteria (1986) and reflect the guidance provided by USEPA in its Water 

Quality Standards for Coastal and Great Lakes Recreation Waters; Final Rule (November 2004;  
40 CFR 131.41) (hereafter referred to as the Coastal and Great Lakes Rule).  Staff also 
recommends that the existing fecal coliform objectives for REC2 waters be deleted and 
replaced with objectives established to maintain water quality, consistent with the State Water 
Board’s antidegradation policy (Resolution No. 68-16). The proposed amendments also identify 
maximum expected single sample E. coli values for REC1 waters that vary according to (1) the 
intensity of use of the REC1 waterbodies in the Region, and (2) the log standard deviation of 
bacteria quality data. The formula employed by USEPA to calculate the single sample values is 
also included in the amendments and can be used where it is feasible to specify a defensible 
site-specific log standard deviation value for use in the equation, in lieu of reliance on the 
USEPA default value. An implementation plan is also proposed, including requirements 
pertaining to bacteria quality monitoring and the application of single sample maximum values.  
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Scientific review of these proposed modifications will require a peer reviewer(s) with one or 
more of the following areas of expert knowledge:  
 

1. Conversant with USEPA’s 1986 criteria, the science (including statistical basis) 
underlying their development and U.S. EPA’s expectations with respect to the 
implementation of the criteria by the States, including California (through the regional 
water boards and State Water Board). Knowledge of the Coastal and Great Lakes Rule 
is necessary to assess conformance of the proposed amendments with USEPA’s 
expectations for implementation of the 1986 criteria. 

 
2. Statistical expertise is expected to be needed to:  

a. Consider whether the proposed objectives based on USEPA’s criteria are 
consistent with the scientific basis of USEPA’s criteria; 

b. Consider whether the equation identified in the proposed amendments for 
calculating single sample maximum E. coli  values based on different statistical 
confidence factors and log standard deviation values is consistent with the 
scientific basis of USEPA’s criteria. 

 
Attachment 1 provides a summary of the proposed amendments. The scientific issues to be 
addressed by the reviewers are identified in Attachment 2.  Individuals involved in the 
development of the proposed amendments are identified in Attachment 3.  
 
If there are any questions concerning this memo or the attachments, please contact me at 951-
782-3287 or David Woelfel at 951-782-7960.  
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PROPOSED BASIN PLAN AMENDMENTS MODIFYING RECREATIONAL WATER 

QUALITY STANDARDS FOR FRESHWATERS IN THE SANTA ANA REGION 

 

1. Delete the current Basin Plan fecal coliform objectives for REC1 and REC2 and 
replace with E. coli objectives, as follows:  

a. For waters designated both REC1 and REC2, replace the fecal coliform 
objectives with a geometric mean objective of less than 126 E. coli organisms 
per 100 mL (expressed as the geometric mean of at least 5 samples over a 
30-day period).   

b. For waters that are designated only REC2 pursuant to an approved Use 
Attainability Analysis, the applicable E. coli objective will be determined, as 
part of that analysis, in conformance with the state antidegradation policy. 
 

2. Establish a narrative pathogen objective requiring that waste discharges not cause or 
contribute to excessive risk of illness from human pathogens. 
 

3. Add expected maximum single sample E. coli values for REC1 waters sub-divided 
into Tier “A”,”B”, “C” or “D”, according to known or anticipated frequency of REC1 
use.  Add definitions for each tier. These values are to be used as an alternative 
method for assessing probable compliance with the geometric mean E. coli objective 
when insufficient data are available to calculate the geometric mean.  The principal 
intended use of these single sample values is for beach notification and posting 
purposes, and as a trigger for further investigation of sources contributing to high 
bacteria indicator densities. 

 
4. Establish criteria for the temporary suspension of recreation bacteria objectives and 

beneficial uses for inland surface streams. 
 
5. Rename the REC1 use from “Water Contact Recreation” to “Primary Contact 

Recreation”.  Clarify the current Basin Plan definition of the REC1 use. 
 
6. Re-designate specific waters (portions of the Santa Ana-Delhi Channel, Greenville-

Banning Channel, Temescal Creek and Cucamonga Creek) to remove the REC1 or 
REC1 and REC2 uses, based on Use Attainability Analyses.  Any such re-
designated waters would be reviewed at least once every three years, pursuant to 
federal requirements for the triennial review of water quality standards, to determine 
whether conditions had changed such that the designation of REC1 or REC2 was 
warranted. 

 
7. Delete the bacterial quality objective for MUN waters, which was made obsolete by 

USEPA’s surface water treatment rules (Final Long Term 2 Enhanced Surface Water 
Treatment Rule (71 FR 3, 653-702  January 5, 2006 (with subsequent corrections)); .  
Final Long Term 1 Enhanced Surface Water Treatment Rule (67 FR 1812, January 
14, 2002) 

 
8. Add specific waters and beneficial use designations, and revise reach descriptions 

for certain waters.  Waters not currently listed in the Basin Plan are proposed to be 
added, and appropriate beneficial uses designated.   Where appropriate, the 
rationale for exception of the water body from the MUN use, per the exception 
criteria specified in the State Water Board’s Sources of Drinking Water Policy, is 
provided.  Delete two reservoirs (Laguna and Lambert) that no longer exist. 
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The statute mandate for external scientific peer review (Health and Safety Code 

Section 57004) states that the reviewer’s responsibility is to determine whether 

the scientific portion of the proposed rule is based upon sound scientific 

knowledge, methods and practices.  

 

We request that you make this determination for each of the following issues that 

constitute the scientific basis of the proposed regulatory action.  An explanatory 

statement is provided for each issue to focus the review.  

 

Issue 1: Replacement of established fecal coliform water quality objectives with E. 

coli objectives  

 

The proposed amendments include deletion of the fecal coliform objectives now 
established in the Santa Ana Region Water Quality Control Plan (Basin Plan) for waters 
designated REC1 and REC2 and replacement of those objectives with objectives based 
on the alternative bacterial indicator organism E. coli.  USEPA has established national 
criteria for the protection of primary contact recreation (REC1) in freshwaters that are 
based on enterococcus or E. coli (USEPA, Ambient Water Quality Criteria for Bacteria, 
1986). The states have the discretion to select between these bacterial indicators when 
establishing new or revised bacteria water quality objectives. USEPA also provides 
states the discretion to make risk management decisions in establishing objectives by 
selecting the acceptable excess illness rate (8 excess gastrointestinal illnesses per 1000 
swimmers - 10 excess gastrointestinal illnesses per 1000 swimmers) (alternative illness 
rates can be selected under specified conditions not considered by these amendments)). 
The proposed amendments specify an E. coli  objective for waters designated both 
REC1 and REC2 of 126 organisms/ 100mL, which is based on a selected  8/1000 illness 
rate. This recommended objective is expressed as the geometric mean of at least 5 
samples over a 30-day period.    
 
For waters designated both REC1 and REC2, no separate bacteria quality objectives to 
protect REC2 (secondary, or non-contact recreation) are proposed. First, there is no 
available scientific basis to establish bacteria quality objectives to protect REC2. 
Second, in waters designated REC1 and REC2, the recommended E. coli objective of 
126 organisms/100mL would apply.  This objective would be more stringent than any 
that might otherwise be proposed for REC2 only.  In sum, there is no need to specify a 
separate REC2 objective for REC1 and REC2 designated waters. 
 
For waters designated only REC2 as the result of approval of a Use Attainability 
Analysis, the applicable bacterial quality objective will be established (as part of the Use 
Attainability Analysis) based on consideration and implementation of the State’s 
antidegradation policy (State Water Board Resolution No. 68-16).  The REC2 objectives 
will be established based on calculation of long term averages (consistent with the SIP) 
or, for small data sets, on determination of the Maximum Expected Concentration per 
USEPA methodology.   
 
Issue 2: Specifying and Implementing Single Sample Maximum E. coli  Values for 

REC1-designated waters  

 

The proposed amendments include a table (Table 5- REC1-ssv) that identifies maximum 
expected single sample values for E. coli in REC1 waters. The calculated values 
assume that the applicable E. coli geometric mean is 126 organisms/100mL. The 
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calculated values also depend on the selected statistical confidence factor for each 
waterbody or group of waterbodies, which is chosen based upon the determination of 
the intensity of use of that waterbody/waterbodies.  Further, the calculated values 
depend on data variability. Variability is calculated as the standard deviation of the log 
transformed E. coli data (log standard deviation). Note 2 to Table 5- REC1-ssv identifies 
the formula that USEPA uses to calculate the maximum expected single sample values.  
In the absence of site-specific data necessary to determine the applicable log standard 
deviation, a default value of 0.4 is assumed to calculate the maximum expected single 
sample values at each statistical confidence level. 
 
The proposed amendments identify the proposed implementation of these single sample 
values. In the absence of sufficient data to calculate a representative geometric mean for 
E. coli, the single sample values will be used to assess compliance with the E. coli  
geometric mean objective, i.e., compliance is assumed provided that no single sample 
exceeds the applicable maximum expected single sample value.  However, where there 
are sufficient data to calculate a representative geometric mean for E. coli, the single 
sample values specified in Table 5- REC1-ssv will not be used to assess compliance 
with the 126 E. coli organism/100mL geometric mean objective.  Rather, the single 
sample values will be used only to inform public notification and recreation area closure 
decisions and to trigger additional follow-up monitoring.   
 
To determine the appropriate statistical confidence factor to employ in calculating the 
applicable maximum expected single sample values, the proposed amendments include 
the subdivision of REC1 designated waters according to frequency of use. The 
assignment of REC1 waters to frequency of use tiers, and thus the application of the 
appropriate statistical confidence factor, is a discretionary, risk-management decision, 
not a scientific one. Four use tiers are identified:  
 

• Tier A: includes freshwater lakes and streams that are heavily used by 
the public for primary contact recreational activities.  For these waters, the 
SCF=0.675 (corresponds to a 75% confidence level). 

• Tier B:  includes freshwater lakes and streams that are moderately-used 
by the public for primary contact recreational activities. Moderate use 
occurs where the number of people accessing the waterbody is 
approximately half that which generally occurs in Tier A waters.  For Tier 
B waters, the SCF= 0.935  (corresponds to the 82% confidence level) 

• Tier C:  includes freshwater lakes and streams that are lightly used by the 
public for primary contact recreational activities. Light use occurs where 
the number of people accessing the waterbody is less than half that which 
generally occurs in Tier A waters.  For Tier C waters, the SCF= 1.28 
(corresponds to the 90% confidence level) 

• Tier D: includes freshwater lakes and streams that are infrequently used 
by the public for primary contact recreational activities. Infrequent use 
occurs where people only access the waterbody rarely or occasionally. 
For Tier D waters, the SCF= 1.65 (corresponds to the 95% confidence 
level). 

 
Subdividing the freshwaters in the Santa Ana Region into these tiers was based on 
consideration of the intensity of use of each waterbody relative to the intensity of use of 
freshwater lakes and streams, or segments thereof, known to be heavily used for 
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primary contact recreational activities (i.e., Tier A waters).  No comparison was made to 
the intensity of use of marine beach areas in the Region, known to have significantly 
higher primary contact recreational use than any of the freshwaters included in Tier A. 
Economics (expense associated with travel, use fees, etc.), proximity of the population 
to freshwater streams and lakes as compared to marine beaches, and environmental 
justice were key considerations in employing this comparative approach. Again, the 
assignment of REC1 freshwaters to the appropriate use tiers is a risk-management 
rather than scientific decision. 
 

The Big Picture 

 

Reviewers are not limited to addressing only the specific issues presented above, 

and are asked to contemplate the following questions: 

 

(a) In reading the staff technical reports and proposed implementation 

language, are there any additional scientific issues that are part of the 

scientific basis of the proposed rule not described above?  If so, please 

comment with respect to the statute language given above.  

 

(b) Taken as a whole, is the scientific portion of the proposed rule based 

upon sound scientific knowledge, methods and practices? 

 

Reviewers should also note that some proposed actions may rely significantly on 

professional judgment where available scientific data are not as extensive as 

desired to support the statute requirement for absolute scientific rigor. In these 

situations, the proposed course of action is favored over no action. 

 

The preceding guidance will ensure that reviewers have an opportunity to 

comment on all aspects of the scientific basis of the proposed Board action. At 

the same time, reviewers should recognize that the Board has a legal obligation to 

consider and respond to all feedback on the scientific portions of the proposed 

rule. Because of this obligation, reviewers are encouraged to focus feedback on 

the scientific issues that are relevant to the central regulatory elements being 

proposed.  
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The Stormwater Quality Standards Task Force, which developed the proposed 
amendments, includes Regional Water Board staff and staff of other agencies 
and non-governmental agencies (see list below). The Task Force was assisted 
by two consulting firms: Risk Sciences (Tim Moore) and CDM (principally, Don 
Schroeder, Richard Meyerhoff, Dan Bounds). No academicians or other 
researchers from any of the California university systems, public or private, or 
outside them participated in the development of the proposed Basin Plan 
amendments.   Dr. David Sunding, a Professor of Economics at UC Berkeley, 
provided economic analysis used only in the requisite economic analyses of the 
proposed amendments.  
 
SQSTF participants: (many with intermittent participation only) 
 
Kevin Street  City of Riverside 
Adam Keats Center for Biological Diversity 
Amanda Carr County of Orange Watersheds Program 
Autumn Dewoody Inland Empire RiverKeeper 
Bill Rice Santa Ana Regional Water Quality Control Board 
Bobby Gustafson City of San Bernardino Water Department 
Cindy Lin US Environmental Protection Agency 
Don Allinder City of Chino 
Donald A. Williams City of Corona 
Doug Eberhardt US Environmental Protection Agency 
Edward J. Filadelfia  City of Riverside 
Eric Stein Southern California Coastal Water Research Project  
Gerry Thibeault  Santa Ana Regional Water Quality Control Board 
Jennifer Shepardson City of San Bernardino Water Department 
Jessica Chin   Consultant 
Jesus Plasencia City of Chino 
Joe De Francesco City of Orange 
John Hills Irvine Ranch Water District 
John LaRose  City of Yucaipa 
LeAnne Hamilton Inland Empire Utilities Agency 
Linda Candelaria Santa Ana Regional Water Quality Control Board 
Mark Norton Santa Ana Watershed Project Authority 
Martha Davis Inland Empire Utilities Agency 
Pat Boldt San Jacinto Watershed Council/ Western Riverside 

County Agricultural Coalition 
Rachael Hamilton Inland Empire WaterKeepter 
Reggie Torres City of Colton 
Rick Thomas California Resource Connections 
Rick Whetsel Santa Ana Watershed Project Authority 
Roger Turner Roger Turner Consulting 
Steve Wilson City of Ontario 
Susan Saucerman United States Environmental Protection Agency 
Toby Weissert Carollo Engineering 
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Tom B. Meregillano  Orange County Sanitation District 
Tommy Liddel Ventura County  
Uhley, Jason Riverside County Flood 
Valerie Housel City of San Bernardino Water 
Albert Martinez Riverside County Flood Control District 
Alex Gann  Riverside County 
Alex Waite City of Tustin 
Audubon Society-San Bernardino Valley  
Bob Caustin Defend the Bay 
Bob Hultquist California Department of Health Services 
Kasey Siegel Center for Biological Diversity 
Chris Crompton County of Orange Watersheds Program 
Dan Bounds CDM 
Daniel Bott Orange County Water District 
Dave Beckman Natural Resources Defense Council 
Dave Woelfel Santa Ana Regional Water Quality Control Board 
Dawna Munson SAWPA 
Del Ross Consultant 
Don Schroeder CDM 
Ernest Munoz City of Costa Mesa 
Frank Salazar City of San Bernardino 
Frank Tolerico Contech Stormwater Solutions  
Gary Brown Orange County CoastKeeper 
Gene Estrada City of Orange 
Greg Woodside Orange County Water District 
Hope Smythe Santa Ana Regional Water Quality Control Board 
Jack Nelson Yucaipa Valley Water District 
Jan Vandersloot (deceased) Ocean Outfall Group 
Jayne Joy Eastern Municipal Water District 
 Jim Colston Orange County Sanitation District 
Jeff Brandt  California Department of Fish and Game 
Jim Burror Orange County Sanitation District 
Jim Ross City of Santa Ana 
Joanne Schneider Santa Ana Regional Water Quality Control Board 
John Dahlke Western Municipal Water District 
John Hills Irvine Ranch Water District 
John List Flow Science 
John Watkins County of Riverside 
Karen Baroldi  Orange County Sanitation District 
Larry McKenney RBF 
Lee Reeder Santa Ana Watershed Association 
Linda Garcia Western Municipal Water District 
Maher Nawar City of Costa Mesa 
Mark Adelson Santa Ana Regional Water Quality Control Board 
Mark Carroll City of Irvine 
Mark Smythe Santa Ana Regional Water Quality Control Board 
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Marsha Westrop  Orange County Water District 
Marty Bryant City of Irvine 
Mary Anne Skorpanich County of Orange Watersheds Program 
MaryJane Foley Consultant 
Matt Yeager San Bernardino County Flood Control District 
Michael Recupero Recupero and Associates 
Michael Wellborn Orange County Flood Control District 
Michele Hindersinn City of Corona 
Mike Loving City of Irvine 
Nancy Palmer City of Laguna Nigel 
Naresh Varma San Bernardino County Flood Control District 
Paul Singarella Latham and Watkins 
Peter Fox  City of Rialto 
Ray Hiemstra Orange County CoastKeeper 
Richard Haimann Richard Haimann Consulting 
Richard Meyerhoff CDM 
Richard Montevideo Rutan and Tucker 
Rik Rasmussen California Water Quality Control Board 
Ron Young  Elsinore Valley Municipal Water District 
Sara Roser roser.sara@epa.gov 
Sat Tamaribuchi (retired) Irvine Company 
Scott Scialpi Irvine Company 
Sheri McPherson San Bernardino County 
Spirit of the Sage  
Stacey Aldstadt City of San Bernardino Water Department 
Susan Morea  CDM 
Susan Paulsen Flow Science 
Terrence Flemming US Environmental Protection Agency 
Tim Moore Risk Sciences 
Tom Rheiner Riverside County Flood Control District 
Maria Rea      formerly, United States Environmental Protection Agency  
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Revised Final 

Gerald Bowes, Ph.D. 
Manager, Gal/EPA Scientific Peer Review Program 
Office of Research, Planning and Performance 
State Water Resources Control Board 
Sacramento, CA 

Joanne E. Schneider 
Environmental Program Manager 
SANTA ANA REGIONAL WATER QUALITY CONTROL BOARD 

January 17, 2012 

SUBJECT: REVISED, FINAL REQUEST FOR PEER REVIEW OF PROPOSED 
BASIN PLAN AMENDMENTS MODIFYING RECREATIONAL WATER QUALITY 
STANDARDS FOR FRESHWATERS IN THE SANTA ANA REGION 

Edmund G. Brown Jr. 
Governor 

By draft letter to you dated September 30, 2010, Santa Ana Regional Water Board staff 
requested that you initiate the peer review process for specific proposed amendments 
to the recreational water quality standards for freshwaters in the Santa Ana Region. In 
response, you initiated that process and peer reviewers have been identified . I have 
communicated with the reviewers to keep them apprised of the status of Regional Board 
consideration of the proposed amendments and to assure that they remain available to 
conduct the review. 

As I have advised you and the reviewers, we have experienced delays in the expected 
consideration of the amendments by the Regional Water Board. Further, the proposed 
amendments now include a change that warrants revision of the description of the 
amendments in the September 30, 2010 draft request letter to you , and to the 
description of the amendments contained in Attachment 1 (Summary) and Attachment 2 
(Scientific Issues for Peer Review Comment) to the September 30, 2010 letter. 

The nature of the change is as follows: 

The draft September 30, 2010 letter indicated that the proposed amendments include 
deleting the existing fecal coliform objectives for REC2 waters and replacing them with 
objectives established to maintain water quality, consistent with the State Water Board's 
antidegradation policy (Resolution No. 68-16). Upon further consideration , we now 
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propose that the existing fecal coliform objectives for REC2 waters be replaced by 
antidegradation "targets" rather than objectives. Changes to Attachment 1 and 2, 
attached, have been made to reflect this change. These attachments are marked 
"Revised", with the date of the revisions, for the sake of clarity. 

This change has no effect on the scientific expertise required to review the scientific 
components of the proposed amendments. No new expertise is required. 

If there are any questions concerning this memo or the attachments, please contact me 
at 951-782-3287 or David Woelfel at 951-782-7960. 

Attachments: Revised Attachment 1 (Summary) and Revised Attachment 2 (Scientific 
Issues for Peer Review Comment) 
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Matthew Rodriquez 
Secretary for 

Environmental Protection 

January 18, 2012 

Dr. Patricia Holden 

3737 Main Street, Suite 500, Riverside, California 92501-3348 
Phone (951) 782-4130 • FAX (951) 781-6288 Edmund G. Brown Jr. 

www.waterboards.ca.gov/santaana Governor 

Donald Bren School of Environmental Science & Management 
3508 Bren Hall 
University of California, Santa Barbara, CA 93106 

REQUEST TO INITIATE PEER REVIEW OF PROPOSED BASIN PLAN 
AMENDMENTS MODIFYING RECREATIONAL WATER QUALITY STANDARDS FOR 
FRESHWATERS IN THE SANTA ANA REGION 

Dear Dr. Holden: 

Enclosed, at long last, is the documentation for the subject draft Basin Plan 
amendments. We sincerely appreciate your continuing willingness to conduct the 
independent scientific review, particularly in light of the numerous delays we have 
experienced. 

Enclosed are the following: 

1. A CD that contains all of the draft Basin Plan amendment documents posted to 
the Regional Board's website and all of the references cited in the January 12, 
2012 staff report (including all of the large, separate files that contain sections of 
the staff report). The CD also includes a copy of the web page on which the 
documents are posted, with links to the individual documents. If you wish to do 
so, you can use this web page to open the files on the CD. A readme. txt file is 
included that provides some "operating" instructions (likely unneeded). 

2. The revised, final peer review request memo to Gerald Bowes, dated January 17, 
2012, and revised Attachment 1 (Summary of Proposed Basin Plan 
Amendments) and revised Attachment 2 (Scientific Issues for Peer Reviewer 
Comment) 

The revision to the proposed amendments is described in the memo to Dr. 
Bowes and shown in blue font (additions) and strikeout type (deletions) in 
Attachments 1 and 2. In a nutshell, we now propose to specify antidegradation 
bacteria indicator "targets" for waters designated REC2 only (not REC1), rather 
than antidegradation objectives for these waters. 

We would appreciate your comments within 30 days of your receipt of the 
documentation or as soon thereafter as possible. Comments must be received by 

California Environmental Protection Agency 

0 Recycled Paper 



Dr. Patricia Holden - 2- January 18, 2012 

February 27, 2012 in order for us to proceed with Regional Board consideration on 
March 16, 2012. 

If you have any questions concerning the documentation or any aspect of this peer 
review request, please do not hesitate to contact me at jschneider@waterboards.ca.gov 
or 951-782-3287 or David Woelfel at dwoelfel@waterboards.ca.gov or 951-782-7960. 

Sincerely, 

Joanne E. Schneider 
Environmental Program Manager 
Santa Ana Regional Water Quality Control Board 

Enclosures 

cc w/ Final peer review request memo and Attachments 1 and 2: Gerald Bowes -
SWRCB 
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Matthew Rodriquez 
Secretary for 

Environmental Protection 

January 18, 2012 

Dr. Kristina D. Mena 
Associate Professor 

3737 Main Street, Suite 500, Riverside, California 92501-3348 
Phone (951) 782-4130 • FAX (951) 781-6288 Edmund G. Brown Jr. 

www. waterboards.ca.gov/santaana Governor 

Epidemiology, Human Genetics and Environmental School of Public Health 
The University of Texas Health Science Center at Houston 
1100 North Stanton, Suite 110 
EIPaso, Texas 79902 

REQUEST TO INITIATE PEER REVIEW OF PROPOSED BASIN PLAN 
AMENDMENTS MODIFYING RECREATIONAL WATER QUALITY STANDARDS FOR 
FRESHWATERS IN THE SANTA ANA REGION 

Dear Dr. Mena: 

Enclosed, at long last, is the documentation for the subject draft Basin Plan 
amendments. We sincerely appreciate your continuing willingness to conduct the 
independent scientific review, particularly in light of the numerous delays we have 
experienced. · 

Enclosed are the following: 

1. A CD that contains all of the draft Basin Plan amendment documents posted to 
the Regional Board's website and all of the references cited in the January 12, 
2012 staff report (including all of the large, separate files that contain sections of 
the staff report). The CD also includes a copy of the web page on which the 
documents are posted, with links to the individual documents. If you wish to do 
so, you can use this web page to open the files on the CD. A readme. txt file is 
included that provides some "operating" instructions (likely unneeded). 

2. The revised, final peer review request memo to Gerald Bowes, dated January 17, 
2012, and revised Attachment 1 (Summary of Proposed Basin Plan 
Amendments) and revised Attachment 2 (Scientific Issues for Peer Reviewer 
Comment) 

The revision to the proposed amendments is described in the memo to Dr. 
Bowes and shown in blue font (additions) and strikeout type (deletions) in 
Attachments 1 and 2. In a nutshell, we now propose to specify antidegradation 
bacteria indicator "targets" for waters designated REC2 only (not REC1), rather 
than antidegradation objectives for these waters. 

California Environmental Protection Agency 

0 Recycled Paper 



.Dr. Kristina Mena -2- January 18, 2012 

We would appreciate your comments within 30 days of your receipt of the 
documentation or as soon thereafter as possible. Comments must be received by 
February 27, 2012 in order for us to proceed with Regional Board consideration on 
March 16, 2012. · 

If you have any questions concerning the documentation or any aspect of this peer 
review request, please do not hesitate to contact me at jschneider@waterboards.ca.gov 
or 951-782-3287 or David Woelfel at dwoelfel@waterboards.ca.gov or 951-782-7960. 

Sincerely, 

/) ~ ~' otv~ fr't-
Joanne E. Schneider 
Environmental Program Manager 
Santa Ana Regional Water Quality Control Board 

Enclosures 

cc w/ Final peer review request memo and Attachments 1 and 2: Gerald Bowes -
SWRCB 
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Memorandum  
 
TO: Joanne E. Schneider, Environmental Program Manager, SARWQCB  
 
FR: Patricia A. Holden, Professor, Bren School, UCSB  
 
Date: 2-29-12  
 
RE: Peer review of proposed Basin Plan Amendments Modifying Recreational Water Quality 
Standards for Freshwaters in the Santa Ana Region  
 
This review is in response to the information transmitted for review on January 18, 2012. As 
per the document “Scientific Issues for Peer Reviewer Comment”, the scope of this review is to 
evaluate the scientific basis of two Issues: 1) Replacement of established fecal coliform water 
quality objectives with E. coli objectives/targets; 2) Specifying and implementing single sample 
maximum E. coli values for REC1-designated waters. Additionally, in the “Big Picture” section of 
these instructions, the charge is to a) describe other scientific issues that are not addressed, 
and b) comment upon the soundness of the science upon which the reports are based.  
Replacement of established fecal coliform water quality objectives with E. coli objectives 
/ targets  
The report uses U.S.EPA sources as the basis. This appears appropriate in light of the 
objectives.  
Specifying and implementing single sample maximum E. coli values for REC1-designated 
waters  
The report uses U.S. EPA sources as the basis. This appears appropriate in light of the 
objectives.  
“Big Picture”  
Other scientific issues not addressed/considered  
Issue 2 includes defining “use tiers” that, according to the review charge, involve “the 
application of the appropriate statistical confidence factor” whose basis is “discretionary” and 
not “a scientific one”. Thus, the charge would suggest that the definitions of use tiers are not 
invited for scientific review. Still, as “other scientific issues” are allowed for comment, it seems 
appropriate in the context of this review to comment. One comment regards use type, and if 
historical use is the most conservative predictor of use type. Erring on the side of conservatism 
(i.e. expecting use type could change to a higher tier from a lower tier) would be more 
protective of public health, unless waters within a use tier are inaccessible or otherwise 
unlikely to change in their use. Another comment concerns subdivision of water bodies and the 
consideration for hydrologic connections that would allow one water body affecting another 
(e.g. a stream discharging into a river): in those cases, it would seem less protective to not 
consider influences (upstream to downstream)  



that a water body of one use tier could have on another. It is not apparent how this was taken 
into consideration, and thus is raised here.  
A broader scientific issue, which is not discussed as a basis or consideration for the 
amendments, concerns the specificity of indicator bacteria for the purposes of indicating 
human health risks. As described in Section 4, appropriate and relevant epidemiological studies 
are limited. Other factors not discussed are the multiple origins of indicator bacteria in surface 
waters, including from various wastes and from natural sources. The state of the art in 
microbial source tracking includes discovering, particularly where indicator bacterial 
concentrations would suggest public health risk, what fecal sources (as these are likely 
pathogen carriers) are present. Discoveries as such are then used to prioritize management or 
remediation investment. In the absence of understanding sources of fecal indicator bacteria, 
and their relationships to potential human pathogens, there remain broader and longstanding 
questions regarding how protective of human health indicator based “targets” or “objectives” 
really are.  
Soundness of science upon which the report is based  
As the scientific basis stems from U.S. EPA documentation, the soundness rests on the 
scientific basis of the source documents, and the applicability of the EPA study results to 
other settings. The relationship between public health risk and indicator organisms depends 
on the origin of the contamination, which is not addressed in these amendments. 



BASIN PLAN AMENDMENT 
 

REVISIONS TO  
RECREATIONAL STANDARDS FOR INLAND FRESH SURFACE WATERS 

IN THE SANTA ANA REGION 
 
 
Peer Review Comment – K.D. Mena, March 2012   
 
The following is a review of the Basin Plan Amendments prepared by the California Regional 
Water Quality Control Board, Santa Ana Region (2012).  This review was approached as a 
response to the two issues listed below, yet carefully considered each of the specific 
amendments described in section 5.0 of the document.  This review takes a precautionary 
approach, and addresses each proposed amendment from a public health perspective that 
offers the maximum protection to all populations who may be exposed.   
 
Published studies have been somewhat inconsistent regarding the usefulness of coliform 
bacteria as predictors of human health.  While some have shown an increase in health risk 
associated with recreating in coliform-laden waters, numerous other studies have shown that 
indicator bacteria (e.g., coliforms) are not adequate predictors of water quality and human 
health risk.  There is no correlation between the occurrence or absence of pathogens – such as 
protozoa and enteric viruses – and these indicator bacteria.  Not only are some members of 
these pathogen groups able to survive for greater lengths of time than coliforms, their ability to 
cause illness (at low infectious doses) make them more appropriate indicators of human health.  
However, as noted in the Basin Plan Amendment document, it is not practical or economical to 
monitor for all possible pathogens; therefore, coliform bacteria continue to be used as a 
monitoring trigger to alert regulatory agencies.  Because of the limitations associated with 
coliform bacteria as predictors of human health, it is important when utilizing coliforms as 
indicators to counter their shortfalls with conservative assumptions regarding exposures in order 
to be protective of all (potentially) affected populations.   
 
This review will concede that, for practical purposes, coliform bacteria – specifically E. coli – is 
currently the available indicator for recreational water standards. [A review paper by Prüss 
(1998) describes several studies that associate bacterial indicators in recreational waters with 
human illness.]  Although E. coli will be addressed in this peer review as the chosen water 
quality/human illness indicator, the underlying premise of this review will still consider E. coli as 
an imperfect microorganism to use to target human health and inform policy.  The objective will 
be to highlight areas within the proposed standards that may provide more conservative 
protection for public health.  Below are some references that address the usefulness (or 
inappropriateness) of using coliform bacteria as water quality indicators: 
 
Craun, G.F., P.S. Berger and R.L. Calderon. 1997. Coliform bacteria and waterborne disease 
outbreaks. Journal of the American Water Works Association 89(3):96-104. 
 
Haile, R.W. 1996. An Epidemiological Study of Possible Adverse Health Effects of Swimming in 
Santa Monica Bay. Santa Monica Bay Restoration Project. Monterey Park, California. 
 
Haile, R.W., J.S. Witte, M. Gold, R. Cressey, C. McGee, R.C. Millikan, A. Glasser, N. Harawa, 
C. Ervin, P. Harmon, J. Harper, J. Dermand, J. Alamillo, K. Barrett, M. Nides and G.Y. Wang. 



1999. The health effects of swimming in ocean water contaminated by storm drain runoff.  
Epidemiology 10(4):355-363. 
 
Kay, D. and C. Fricker. 1997. Coliforms and E. coli: Problem or Solution? Royal Society of 
Chemistry, London. 
 
NRC. National Research Council. 1994. Ground Water Recharge using Waters of Impaired 
Quality. Groundwater Recharge Committee, National Academy of Science. ISBN 0-309-05142-
8. National Academy Press, Washington, D.C., 284 pp. 
 
Prüss, A. 1998. Review of epidemiological studies on health effects from exposure to 
recreational water.  International Journal of Epidemiology 27:1-9.   
 
 
 
Issue 1:  Replacement of established fecal coliform water quality objectives with E. coli   
               objectives/targets. 
 
 
Based on currently available scientific (peer-reviewed) data, E. coli is an acceptable water 
quality indicator in lieu of fecal coliforms as a group.  However, as noted above, it does not 
correlate with the presence/absence of waterborne pathogens – such as protozoa and enteric 
viruses.  Its presence in recreational waters also may or may not reflect risks associated with 
human health.  Although E. coli is used as a water quality indicator, risk managers should 
recognize its limitations when developing policy and in interpreting water monitoring data.     
 
When considering water quality and public health, it is necessary to consider sensitive sub-
populations, such as the elderly and children (the latter mentioned in the proposed 
amendments).  Policy-making should have a conservative approach, erring on the side of 
caution to be protective of all populations.  Although it is important to clarify definitions - 
particularly for terms driving policy - it is not appropriate to sacrifice safety for the sake of clarity.  
The proposed amendment regarding REC1 Beneficial Use Name and Definition inherently 
creates a less stringent approach to human health protection. 
 
The rationale stated in section 5.1.1 for these changes in definition is “to assure that it properly 
reflects the nature of the recreational activity and exposure to water that was assumed in 
establishing bacteria indicator objectives to protect this use.”  However, those “assumptions” 
and “established bacteria indicator objectives” are more than 25 years-old.  In addition, the 
limitations associated with the epidemiological studies utilized for making standards (Dufour, 
1984) result in a targeted illness rate for swimmers that may not be protective of all populations, 
especially children.  First, the way “swimmers” and “non-swimmers” were classified resulted in a 
lower estimated illness rate for “swimmers” than what would be estimated if all people who 
immersed themselves in water were included in the “swimmers” group (regardless of exposure 
time).  This resulted in fecal bacteria densities correlating with potentially lower estimated illness 
rates for “swimmers.”  Further, “non-swimmers” may still be exposed to and impacted by 
pathogens, no matter the length of exposure time.  Exposure classification should not be based 
on duration of water contact.    
 
Second, the epidemiological studies were conducted during dry weather conditions.  This – 
again – is not generating “worst-case scenario” illness rate estimations.  Studies have shown 



increased pathogen concentrations in recreational waters during wet weather situations 
(LeChevallier et al., 1991; Craun et al., 1997; Bryan, 1999; Haile et al., 1999).   
 
From a qualitative perspective, this amended definition could drive management toward a less 
protective policy.  Other issues include: 

1) The definition that “primary contact” means “ingestion” – what about the health effects 
associated with skin, eye or ear contact?  Gastroenteritis is not the only health outcome 
of concern.  A wide range of illnesses can result from “primary contact.”  Both acute and 
chronic sequelae impacting various parts of the body have been associated with 
recreational water exposures (Heerden et al., 2005; Pond, 2005; Mena and Gerba, 
2009a and 2009b);   
  

2) Changing the terminology from “reasonably possible” to “likely to occur” creates a more 
stringent definition for REC1 water exposure that could lead to less protective policy; 
and, 
 

3) Is it better to differentiate “forms of wading” or rather take a conservative approach and 
simply keep “wading” as part of REC1? 

 
As described above, considering only E. coli and gastroenteritis as the targets for creating 
recreational water standards isn’t adequate.  However, the challenges associated with including 
pathogens and/or other health endpoints are recognized.  For the sake of discussion, the 
application of a gastrointestinal illness risk level of 8/1000 is appropriate, given the acceptable 
risk range provided by the USEPA.  The geometric mean density of 126 CFU/100mL for REC1- 
and REC1/REC2-designated areas is also appropriate, and should be based on monthly 
monitoring (minimum five samples per month). 
 
An issue for clarification:  will guidance be provided for each waterbody as to specifically when 
and where samples should be taken?  Will the sampling locations be:   a) representative of the 
microbial quality of the waterbody? and b) representative of where people recreate?  How will 
the sampler know?  Each waterbody under consideration should be evaluated to address these 
points related to sampling. 
 
Regarding REC2-designated waters, is this type of water truly less susceptible to children 
interaction and/or body contact?  Is it appropriate to assume that recreational water associated 
with boating, camping, and sunbathing would not be used for other purposes involving body 
contact?  The design of the Use Attainability Analysis is critical in accurately categorizing 
waterbodies as REC1 or REC2.  In light of the points mentioned above regarding the definition 
of exposure, it is recommended that these waterbodies are further evaluated individually to 
assess all possible ways of human exposure and re-categorized if necessary to offer maximum 
human health protection. 
 
 
Bryan, J.J. 1999. Sources of faecal bacteria and viruses in surface water and their impact on 
recreational water quality. In:  Health-Related Water Microbiology, R. Morris et al., Eds. Proc. 1st 
IAWPRC Symposium, University of Strathclyde, 97-106. 
 
Craun, G.F., P.S. Berger and R.L. Calderon. 1997. Coliform bacteria and waterborne disease 
outbreaks. Journal of the American Water Works Association 89(3):96-104. 



 
Dufour, A.P. 1984. Health Effects Criteria for Fresh Recreational Waters. EPA 600/1-84-004. 
U.S. Environmental Protection Agency, Cincinnati, Ohio. 
 
Haile, R.W., J.S. Witte, M. Gold, R. Cressey, C. McGee, R.C. Millikan, A. Glasser, N. Harawa, 
C. Ervin, P. Harmon, J. Harper, J. Dermand, J. Alamillo, K. Barrett, M. Nides and G.Y. Wang. 
1999. The health effects of swimming in ocean water contaminated by storm drain runoff.  
Epidemiology 10(4):355-363. 
 
Heerden, J., M.M. Ehlers, J.C. Vivier and W.O. Grabow. 2005. Risk assessment of 
adenoviruses detected in treated drinking water and recreational water. Journal of Applied 
Microbiology 99(4):926-933.  
 
LeChevallier, M.W., W.D. Norton and R.G. Lee. 1991. Occurrence of Giardia and 
Cryptosporidium spp. In surface water supplies.  Applied and Environmental Microbiology 
57(9):2610-2616. 
 
Mena, K.D. and C.P. Gerba. 2009a. Risk assessment of Pseudomonas aeruginosa in water. 
Reviews in Environmental Contamination and Toxicology 201:71-115. 
 
Mena, K.D. and C.P. Gerba. 2009b. Waterborne adenovirus. Reviews in Environmental 
Contamination and Toxicology 198:133-167. 
 
Pond, K. 2005. Water Recreation and Disease. Plausibility of Associated Infections: Acute 
Effects, Sequelae and Mortality. World Health Organization. 
 
 
 
Issue 2:  Specifying and Implementing Single Sample Maximum E. coli Values for REC1- 
                designated waters. 
 
 
The application of a single sample maximum is appropriate where data are lacking.  However, 
consider whether it is necessary to further delineate REC1-designated waters into tiers based 
on usage frequency.  When considering human health risks, it is the microbial quality of the 
water that drives illness estimates – not necessarily exposure frequency.   Whether a 
contaminated waterbody is frequented by 10 people or 100 people, individual health risks still 
exist with any exposure.  Risk managers should develop recreational water standards based on 
microbial quality, and not based on the numbers of people projected to be exposed.  A more 
protective, conservative approach is to address REC1 waterbodies as one group.  Further, in 
considering the default values listed for each tier in Table 5-REC1-ssv, the values for each tier 
are essentially the same.      
 
 
 
Other Issues 
 
Regarding 5.5 High Flow Suspension of REC1 and REC2 Standards:  
REC1 and REC2 standards should not be stopped (even temporarily) during high flow 
conditions.  Although, those waterbodies may not be used during those particular time periods 
due to safety, water quality monitoring should continue.  The point of routine water quality 



monitoring is to get a sense of the overall quality of the water at any point in time, noting the 
times where quality is high and low.  It is critical to obtain data during high flow conditions when 
water quality is more likely to be compromised.  This contributes to the interpretation of the 
remaining monitoring data, as well as provides “worst-case” scenario information that is 
important when developing policy.  
 
Regarding 5.7 Delete the Total Coliform Objective for Surface Waters Designated MUN: 
It is not recommended to delete this objective.  Even minimal total coliform monitoring could 
trigger an action or alert to those individuals using the water.  It is not appropriate to assume  
the property owners know not to consume the water, or state “such individuals do so at their 
own risk” (including children?). 
   
    
 
In summary . . . 
 
It is stated in Attachment 2, Scientific Issues for Peer Review Comment that “ . . . the 
assignment of REC1 freshwaters to the appropriate use tiers is a risk-management rather than 
scientific decision.”  It is critical that science inform risk management decisions whenever 
possible.  Policy developed from arbitrary judgments should be avoided.  Where data are 
lacking or available scientific input has inherent limitations, it is even more important for risk 
managers to take a cautious, conservative approach when developing standards.  There are 
several places within the proposed Basin Plan Amendments that call for subjectivity, from 
describing what constitutes a significant exposure to administering an Use Attainability Analysis.    
With our ever-growing immunocompromised sub-populations, it is critical that decisions are 
made to protect the health of these susceptible individuals. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Memorandum 
 
TO:  Joanne E. Schneider, Environmental Program Manager, SARWQCB 
FR:  Patricia A. Holden, Professor, Bren School, UCSB 
Date:  2-29-12 
RE:  Peer review of proposed Basin Plan Amendments Modifying Recreational Water 
Quality Standards for Freshwaters in the Santa Ana Region 
 
This review is in response to the information transmitted for review on January 18, 
2012.  As per the document “Scientific Issues for Peer Reviewer Comment”, the 
scope of this review is to evaluate the scientific basis of two Issues: 1) Replacement 
of established fecal coliform water quality objectives with E. coli objectives/targets; 
2) Specifying and implementing single sample maximum E. coli values for REC1-
designated waters.  Additionally, in the “Big Picture” section of these instructions, 
the charge is to a) describe other scientific issues that are not addressed, and b) 
comment upon the soundness of the science upon which the reports are based. 
 
Replacement of established fecal coliform water quality objectives with E. coli 
objectives / targets 
 
The report uses U.S.EPA sources as the basis.  This appears appropriate in light of 
the objectives. 
 
 
Specifying and implementing single sample maximum E. coli values for REC1-
designated waters 
 
The report uses U.S. EPA sources as the basis.  This appears appropriate in light of 
the objectives. 
 
“Big Picture” 
Other scientific issues not addressed/considered 
 
Issue 2 includes defining “use tiers” that, according to the review charge, involve 
“the application of the appropriate statistical confidence factor” whose basis is 
“discretionary” and not “a scientific one”.   Thus, the charge would suggest that the 
definitions of use tiers are not invited for scientific review.  Still, as “other scientific 
issues” are allowed for comment, it seems appropriate in the context of this review 
to comment.  One comment regards use type, and if historical use is the most 
conservative predictor of use type.  Erring on the side of conservatism (i.e. expecting 
use type could change to a higher tier from a lower tier) would be more protective 
of public health, unless waters within a use tier are inaccessible or otherwise 
unlikely to change in their use.  Another comment concerns subdivision of water 
bodies and the consideration for hydrologic connections that would allow one water 
body affecting another (e.g. a stream discharging into a river): in those cases, it 
would seem less protective to not consider influences (upstream to downstream) 



that a water body of one use tier could have on another.  It is not apparent how this 
was taken into consideration, and thus is raised here. 
 
A broader scientific issue, which is not discussed as a basis or consideration for the 
amendments, concerns the specificity of indicator bacteria for the purposes of 
indicating human health risks.  As described in Section 4, appropriate and relevant 
epidemiological studies are limited.  Other factors not discussed are the multiple 
origins of indicator bacteria in surface waters, including from various wastes and 
from natural sources.  The state of the art in microbial source tracking includes 
discovering, particularly where indicator bacterial concentrations would suggest 
public health risk, what fecal sources (as these are likely pathogen carriers) are 
present.  Discoveries as such are then used to prioritize management or remediation 
investment.  In the absence of understanding sources of fecal indicator bacteria, and 
their relationships to potential human pathogens, there remain broader and 
longstanding questions regarding how protective of human health indicator based 
“targets” or “objectives” really are.   
 
Soundness of science upon which the report is based 
As the scientific basis stems from U.S. EPA documentation, the soundness rests on 
the scientific basis of the source documents, and the applicability of the EPA study 
results to other settings.  The relationship between public health risk and indicator 
organisms depends on the origin of the contamination, which is not addressed in 
these amendments.   



 
 
 

 

TO: Dr. Patricia Holden 
Professor, Bren School 
University of California, Santa Ana Barbara 
 

FROM: Joanne E. Schneider 
Environmental Program Manager 
 
 

DATE: March 12, 2012 
 

SUBJECT: PEER REVIEW OF PROPOSED  BASIN  PLAN AMENDMENTS MODIFYING 
RECREATIONAL WATER QUALITY STANDARDS FOR FRESHWATERS IN 
THE SANTA ANA REGION 

 
This is to acknowledge receipt of the comments you provided on February 29, 2012 regarding 
the proposed recreational standards amendments.  
 
With respect to the scientific basis of both of the issues raised in our peer review request 
documentation (the replacement of established fecal coliform water quality objectives with E. 
coli objectives and targets, and specifying and implementing single sample maximum E. coli 
values for REC1-designated waters), you state that “The report [January 12, 2012 staff report 
concerning the proposed amendments] uses U.S. EPA sources as the basis. This appears 
appropriate in light of the objectives.” 
 
With respect to the “Big Picture”, other scientific issues not addressed/considered, you provided 
the following comments.   
 
The first pertains to the proposed definition of “use tiers” and the application of the appropriate 
statistical confidence factors that are used in the calculation of single sample maximum values. 
You suggest that in identifying use types, erring on the side of conservatism (i.e., expecting that 
use types could change from a lower tier to a higher tier) would be more protective of public 
health, unless changes in use tier are unlikely.  You also comment that it is not apparent that 
there has been consideration of hydrologic connections and the possibility of reduced protection 
if upstream to downstream influences are not considered.  
 
Our response to these comments is as follows. First, the proposed REC1 use tier assignments 
begin by being very conservative. The Santa Ana River, Reach 3 is used as the baseline REC1 
use condition for the assignment of other freshwater streams to the use tiers. This reach of the 
River is known to receive high intensity use by the public for recreational activities, relative to 
the other fresh waterbodies in the Region.  However, it could be argued easily that a more 
suitable baseline would have been the ocean beaches, which receive several orders of 
magnitude greater REC1 use than the River (or any other freshwater stream or lake in the 
Region).  The staff report and proposed amendments take care to recognize that the tier 
assignments are based on the best available information and are subject to review and change 
over time.  Second, the Stormwater Quality Standards Task Force effort that resulted in the 
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proposed amendments began with a careful and thorough review of all pertinent law and 
regulation regarding recreational standards and changes to those standards. From the outset, it 
has been clearly recognized, though perhaps not sufficiently described in the January 12, 2012 
staff report per se, that any standards action must assure the protection of downstream 
beneficial uses, including recreational uses. This requirement is explicitly stated in a set of 
regulatory axioms that is documented in the administrative record for this matter.  In short, the 
obligation to protect downstream water quality and beneficial uses is clearly understood and, 
irrespective of use tiers, would drive actions to implement water quality standards. 
 
The second main “Big Picture” issue you identified concerns the specificity of indicator bacteria 
for the purposes of indicating human health risks. You indicate that there are broad and 
longstanding questions regarding how protective of human health indicator-based objectives 
really are.  You indicated that “the state of the art in microbial source tracking includes 
discovering, particularly where indicator bacterial concentrations would suggest public health 
risk, what fecal sources (as these are likely pathogen carriers) are present.  Discoveries as such 
are then used to prioritize management or remediation investment.” 
 
We recognize and agree that there is a high degree of uncertainty about the utility of indicator 
bacteria for human health risk assessment. Pursuant to our legal obligations, the proposed 
amendments implement U.S. EPA criteria guidance regarding the objectives that should be 
employed to protect public health and recreational use of surface waters. It is beyond the scope 
of the amendments, and our expertise, to recommend alternative objectives based on direct 
measurement of pathogens, or some other alternative indicators.   
 
While it is not evident from the documentation provided to you, we have been engaged in 
microbial source tracking investigations in certain areas of the Santa Ana Region (e.g., the 
Middle Santa Ana River watershed). These investigations are designed to provide source 
information such that appropriate control actions can be determined and implemented in a 
prioritized manner.  For example, to support implementation of the Middle Santa Ana River 
Bacteria TMDL, MS4 permittees are using microbial source tracking techniques to identify 
locations where bacteria from human sources may be present. That information coupled with 
bacterial indicator data is being used to prioritize subwatersheds for additional bacteria source 
evaluation analyses and identification of BMPs to reduce bacterial indicators in urban runoff.  
 
Finally, you state that the scientific basis upon which the amendment documentation is based 
stems from U.S. EPA documentation, and that its soundness thus rests on the scientific basis of 
the source documents and the applicability of the EPA study results to other settings. You also 
point out that the relationship between public health risk and indicator organisms depends on 
the origin of the contamination, which is not addressed in the proposed amendments.  
 
Once again, the proposed amendments are intended to fulfill our obligation to implement U.S. 
EPA bacteria criteria recommendations. We recognize that implementation of the proposed 
amendments will require further investigation of the sources of contamination so that 
appropriate corrective actions can be taken. 
 
Thank you once again for your time and effort in providing peer review of the proposed 
amendments.  
 
cc: Gerald Bowes - SWRCB  
 



 
 
 

 

TO: Dr. Kristina D. Mena 
Associate Professor 
Epidemiology, Human Genetics and Environmental Sciences 
School of Public Health 
The University of Texas Health Science Center at Houston 
 
 
 

FROM: Joanne E. Schneider 
Environmental Program Manager 
 
 

DATE: March 12, 2012 
 

SUBJECT: PEER REVIEW COMMENT : BASIN PLAN AMENDMENT – REVISIONS TO 
RECREATIONAL STANDARDS FOR INLAND FRESH SURFACE WATERS IN 
THE SANTA ANA REGION 

 
This is to acknowledge receipt of the comments you provided on March 4, 2012 regarding the 
proposed recreational standards amendments.  
 
You have framed your review of the amendment-related documentation as follows. “This review 
was approached as a response to the two issues listed below, yet carefully considered each of 
the specific amendments described in section 5.0 of the document [January 12, 2012 staff 
report, with attachments]. This review takes a precautionary approach, and addresses each 
proposed amendment from a public health perspective that offers the maximum protection to all 
populations who may be exposed.”  
 
You have also noted the inconsistency of studies regarding the usefulness of coliform bacteria 
as indicators of human health and state that “There is no correlation between the occurrence or 
absence of pathogens – such as protozoa and enteric viruses – and these indicator bacteria.” 
Further, you state that “Because of the limitations associated with coliform bacteria as indicators 
of public health, it is important when utilizing coliforms as indicators to counter their shortfalls 
with conservative assumptions regarding exposures in order to be protective of all (potentially) 
affected populations.”   
 
We take note of these statements and acknowledge that there is a high degree of uncertainty 
about the utility of indicator bacteria for human health risk assessment. Pursuant to our legal 
obligations, the proposed amendments implement U.S. EPA criteria guidance regarding the 
objectives that should be employed to protect public health and recreational use of surface 
waters. It is beyond the scope of these amendments, and our expertise, to recommend 
alternative objectives based on direct measurement of pathogens or some other alternative 
indicators. We appreciate your recognition that it is not practical or economical to monitor all 
possible pathogens. Further, we appreciate that your review conceded that, “for practical 
purposes, coliform bacteria – specifically E. coli - is currently the available indicator for 
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recreational water standards.” As science progresses and better indicators of public health risk 
are identified, we anticipate that revised guidance will be provided that we can use as the basis 
for future improvements to Basin Plan standards. 
 
Issue 1. Replacement of established fecal coliform water quality objectives with E. coli 
objectives/targets. 
 
• You state that risk managers should recognize the limitations of E.  coli as a water quality 

indicator when developing policy and in interpreting water monitoring data.  You state that 
when considering water quality and public health, it is necessary to consider sensitive 
subpopulations, such as the elderly and children, and you indicate that policy-making should 
have a conservative approach, erring on the side of caution to be protective of all 
populations.  
 

As indicated above, the proposed amendments implement U.S. EPA criteria recommendations, 
which were based on U.S. EPA’s assessment of the bacteria indicator concentrations necessary 
to protect the health of those members of the population engaged in primary contact recreation, 
including children. (We are not aware of any specific reference in the U.S. EPA documentation 
concerning their recommended criteria that speaks to the elderly.)  
 
• You also state that while it is important to clarify definitions, it is not appropriate to sacrifice 

safety for the sake of clarity. You assert that the proposed amendment regarding the REC1 
Beneficial Use Name and Definition inherently creates a less stringent approach to human 
health protection.  You critique the rationale for the proposed change in the REC1 name and 
definition that is stated in the January 12, 2012 staff report by pointing to the age (more than 
25 years) of the studies upon which the established Basin Plan bacteria objectives (and the 
recommended U.S. EPA national bacteria quality criteria) are based, and identify limitations 
of those studies, including their limitation to dry weather conditions and the exposure 
classifications employed.  

 
While we understand that there are differences in scientific opinion about the strengths and 
weaknesses of the epidemiological studies that underlie the U.S. EPA bacteria criteria 
recommendations, those differences have no immediate bearing on our obligation to implement 
the U.S. EPA recommendations. We believe that the proposed amendments do so faithfully 
and, further, that if approved they will provide a higher degree of public health and beneficial 
use protection than is afforded by the recreational standards now established in the Basin Plan.  
As stated in the January 12, 2012 staff report, and as we are sure you are aware, U.S. EPA has 
been engaged in additional epidemiological studies and has recently distributed draft 2011 
national bacteria criteria recommendations. When and if such recommendations become final, 
we will be obligated to consider their implementation in further amendments to the Basin Plan. 
Once again, it is beyond the scope of the proposed amendments to critique the studies 
underlying the U.S. EPA criteria. 
 
As discussed further below, the proposed clarifications of the REC1 definition are intended to 
assure that the long-understood meaning of the definition is clearly stated to avoid 
misinterpretation and inconsistent interpretations and to mirror the primary contact definition that 
is employed by USEPA and other states.  We believe that your comments confirm the necessity 
of these modifications. Further, changes to the name and definition have no direct regulatory 
effect, since all waters are presumed REC1 unless and until a Use Attainability Analysis is 
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conducted to demonstrate that the use is not “existing” (as defined in federal regulations) and 
that it cannot be attained because of one or more factors specified in federal regulations.  
 
• You identify several other issues with respect to the proposed changes to the name and 

definition of REC1: 
o “The definition that “primary contact” means “ingestion” – what about the health 

effects associated with skin, eye or ear contact?” 
o “Changing the terminology from “reasonably possible” to “likely to occur” creates a 

more stringent definition for REC1 water exposure that could lead to less protection 
policy.” 

o “Is it better to differentiate “forms of wading” or rather take a conservative approach 
and simply keep “wading” as part of REC1?” 

 
As you know, in its bacteria criteria documents, the preamble to the BEACH Act Rule (2004) 
and other guidance, U.S. EPA provides extensive discussion of the types of illness addressed 
by its recommended criteria. The January 12, 2012 staff report summarizes those discussions in 
a review of the scientific basis of the criteria recommendations.  In part, U.S. EPA reported that 
of the illnesses that may be contracted during recreational activities in water, gastrointestinal 
illnesses were the most frequent. U. S. EPA acknowledges that while other illnesses can be 
contracted from recreational activities, they are not specifically addressed by EPA’s criteria. 
There is, at present, no scientific basis upon which to base such criteria. The proposed 
amendments implement criteria that are based on the best available science.  The proposed 
changes in the REC1 name and definition would have no effect with respect to the protection of 
the public from possible skin, eye, or ear illnesses, since the objectives implemented to protect 
the use are based on gastrointestinal illnesses only. Once again, as science advances to 
provide appropriate criteria recommendations to address other types of illnesses, then the Basin 
Plan standards will need to be revisited.  
 
Our understanding of the scientific basis of the criteria led us to consider whether other 
amendments might be appropriate, including the proposed revisions to the REC1 name and 
definition.  Specifically, as U.S. EPA makes clear, the criteria are intended to protect full body, 
primary contact recreation.  The name “primary contact recreation” is employed by many states 
and U.S. EPA to describe full body contact recreational uses such as swimming. While the 
definitions of this beneficial use differ slightly from state-to-state, the common denominator is 
that the ingestion of water is likely. The proposed revisions of the REC1 use name and definition 
are intended to clarify the current definition to mirror the widely accepted definition of the use 
intended to be addressed by the REC1 criteria. Further, the term “reasonably possible” has a 
wide range of interpretations, while the term “likely” is more precise and therefore less subject to 
different interpretation. Finally, it is essential to recognize that the proposed clarifications would 
have no direct regulatory effect. As discussed in the January 12, 2012 staff report and above, 
under the Clean Water Act and its implementing regulations, all surface waters are presumed to 
be REC1 unless rebutted by a Use Attainability Analysis.  
 
Please note that the current REC1 definition identifies activities, such as wading, that may be 
included in REC1.  The proposed changes reflect that some forms of wading, such as by 
children, have the likelihood of ingestion, given the typical nature of water play by children and 
their propensity for hand-to-mouth contact. On the other hand, wading by adults may have no 
such likelihood; the extensive photographic evidence compiled as part of the investigations 
leading to the proposed amendments confirm that such contact is highly unlikely. The proposed 
change to “some forms of wading” is intended to reflect these realities. Any consideration of de-
designating a REC1 use for a specific waterbody would need to be accompanied by careful 
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consideration of evidence concerning the nature of recreational use in that waterbody, including 
wading.   
 
• You state that “considering only E. coli and gastroenteritis as the targets for creating 

recreational water standards isn’t adequate”, as you have described in your preceding 
comments. You also state that “However, the challenges associated with including 
pathogens and/or other health endpoints are recognized. For the sake of discussion, the 
application of a gastrointestinal illness risk level of 8/1000 is appropriate, given the 
acceptable risk range provided by the USEPA. The geometric mean density of 126 
CFU/100mL for REC1- and REC1/REC2-designated areas is also appropriate, and should 
be based on monthly monitoring (minimum five samples per month.” 

 
Once again, we acknowledge the limitations of the recommended E. coli criteria, as you have 
discussed. We appreciate your confirmation that the proposed application of the E. coli criteria 
is appropriate.  
 
• You asked whether guidance will be provided for each waterbody as to specifically when 

and where samples should be taken, and whether the sampling locations will be 
representative of microbial water quality and recreational locations.  You state that each 
waterbody under consideration should be evaluated to address these points related to 
sampling. 

 
The proposed amendments include monitoring-related requirements, which, if approved, would 
be included in Chapter 5 – Implementation of the Basin Plan (“Monitoring plan for pathogen 
indicator bacteria in freshwaters”).  Responsible parties would be required to submit a proposed 
comprehensive monitoring plan for approval by the Regional Board, and to implement that plan 
upon approval. The proposed Basin Plan amendment text includes specific items that must be 
addressed, at a minimum, in the proposed plan. These include justification for site selection to 
assure that representative sites are selected, monitoring frequency, etc. Our experience 
indicates that this approach, requiring the submittal of a proposed plan for consideration as 
opposed to specifying monitoring specifics in the Basin Plan itself, is far superior in that it 
preserves flexibility to make appropriate changes efficiently, without the need for a time-
consuming Basin Plan amendment process. 
 
• You ask whether REC-2 designated waters are truly less susceptible to children interaction 

and/or body contact, and whether it is appropriate to assume that recreation water 
associated with boating, camping and sunbathing would not be used for other purposes 
involving body contact. You point out that the design of Use Attainability Analyses is critical 
in accurately categorizing waterbodies as REC1 or REC2. You recommend that these 
waterbodies be further evaluated individually to assess all possible ways of human exposure 
and re-categorized if necessary to offer maximum human health protection. 

 
The Use Attainability Analyses conducted to support the recommended REC2-only waters 
carefully considered a suite of factors that might affect the use of those waters for recreation, 
including by children. Based on that evidence, supported by extensive photographic surveys, we 
found that REC1 type activities had not been and were not likely to occur in these waters and 
thus recommend de-designation of the REC1 use. Where there was evidence that these waters 
offered some opportunity for aesthetic enjoyment, wildlife observation and the like, where 
ingestion of water is unlikely (per the REC2 definition, for which no change is proposed), we 
recommend the REC2 only designation. We agree that these waterbodies will need to be re-
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evaluated over time; in fact, we have a legal obligation to do so, per requirements for triennial 
review of water quality standards. As discussed in the staff report, where a REC1 designation is 
not applied to a surface water body, that waterbody must be re-evaluated at least once every 
three years to determine whether conditions have changed such that the REC1 designation has 
become appropriate. In that case, the Basin Plan would be amended accordingly.    
 
Issue 2: Specifying and Implementing Single Sample Maximum E. coli Values for REC1-
designated waters. 
 
• You state that “The application of a single sample maximum is appropriate where data are 

lacking. However, consider whether it is necessary to further delineate REC1-designated 
waters into tiers based on usage frequency. When considering human health risks, it is the 
microbial quality of the water that drives illness estimates – not necessarily exposure 
frequency. Whether a contaminated waterbody is frequented by 10 people or 100 people, 
individual health risks still exist with any exposure. Risk managers should develop 
recreational water standards based on microbial quality, and not based on the numbers of 
people projected to be exposed. A more protective, conservative approach is to address 
REC1 waterbodies as one group. Further, in considering the default values listed for each 
tier in Table 5-REC1-ssv, the values for each tier are essentially the same.” 

 
  
The proposed amendments recommend implementation of single sample maximum values in 
accordance with U.S.  EPA’s 1986 national bacteria quality criteria and consistent with 
implementation of those criteria in the BEACH Act Rule, by which U.S. EPA promulgated the 
1986 criteria for certain Great Lakes states and coastal recreation waters in other states. As 
described in that guidance and Rule, and in other guidance published by U.S. EPA on the 
application of single sample values, U.S. EPA developed the single sample maximum values as 
a tool for beach managers to determine, in a timely manner and based on limited data, whether 
or not beaches should be closed or posted. Irrespective of the tier and single sample maximum 
values assigned, each REC1 water would have the same geometric mean, which is the more 
reliable measure of risk to public health resulting from primary contact recreation. 
 
As you aware, U.S. EPA published draft revised bacteria criteria guidance in late 2011 to solicit 
scientific views. In part, the draft revised criteria would eliminate the tiered approach because of 
inconsistency in and misinterpretation of the application of single sample values by the states. In 
our view, this would eliminate a pragmatic approach to regulating water quality and restricting 
recreational activity at primary contact recreation areas. The tiered approach enables regulators 
and beach managers to prioritize their actions to protect public health and the use of waters for 
primary contact recreation to assure that appropriate measures are implemented where people 
are most likely to be affected. As a practical matter, since resources are limited, such 
prioritization is necessary, as well as prudent. As indicated above, if and when the draft revised 
bacteria criteria become final, then it would be appropriate to review and consider revising 
recreational standards in the Basin Plan once again. 
 
 
Other Issues 
 
 
• Re High Flow Suspension of REC1 and REC2 Standards:  You state that “REC1 and REC2 

standards should not be stopped (even temporarily) during high flow conditions. Although 



Dr. Kristina D. Mena - 6 - March 12, 2012 
 
 

those waterbodies may not be used during those particular time periods due to safety, water 
quality monitoring should continue…It is critical to obtain data during high flow conditions 
when water quality is more likely to be compromised. This contributes to the interpretation of 
the remaining monitoring data, as well as provides “worst-case” scenario information that is 
important when developing policy.” 

 
The application of the high flow suspension does not necessarily preclude monitoring during 
rain events. However, it is necessary as a practical matter, given resource limitations, to assign 
higher priority to monitoring where and when recreational activity is taking place or is likely to 
take place.  Where we have evidence of recreational use impairment as the result of bacteria 
indicator concentrations that exceed objectives in the Basin Plan, then source investigations are 
required to identify appropriate corrective action. The temporary suspension of recreation 
standards enables responsible parties to design and focus their corrective efforts where and 
when members of the public are most likely to be affected. Once again, this pragmatic approach 
is necessary and prudent given that resources are limited.  
 
• Re Deleting the Total Coliform Objective for Surface Waters Designated MUN: You 

recommend against deleting this objective. You state that “Even minimal total coliform 
monitoring could trigger an action or alert to those individuals using the water. It is not 
appropriate to assume that the property owners know not to consume that water.  

 
We know of no scientific or regulatory basis that supports the total coliform objective.  Current 
regulations required the treatment of raw surface waters before consumption. Deleting the 
objective would have no effect on monitoring efforts that might trigger an action or alert. While 
we are concerned about the possible health effects of drinking untreated surface water, we do 
not have the ability to regulate the actions of all individuals who may elect to do so.  
 
In summmary…. 
 
• You point out that it is critical that science inform risk management decisions whenever 

possible, and that where data are lacking or the science has inherent limitations, it is all the 
more important for risk managers to take a cautious, conservative approach when 
developing standards.  You point to some examples within the proposed Basin Plan 
amendments that call for subjectivity. Finally, you point to the need to protect the health of 
susceptible populations.  

 
We agree that a conservative approach in protecting public health is appropriate. We believe 
that the proposed amendments employ this approach, consistent with bacteria criteria guidance 
and regulation by the U.S. EPA. We believe that the approval and implementation of the 
proposed amendments, including the designation of certain waters as REC2 only and the 
application of a high flow suspension, will provide greater public health protection than that 
afforded by the current Basin Plan standards. To a large degree, this is because the 
amendments would enable limited public resources to be focused first on areas where and 
when people and public health are  most likely to be affected.  
 
 
We sincerely appreciate your thoughtful review and comments. 

 
 
cc: Gerald Bowes  
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5/9/2011 9:07. carey_galst@fws.gov 
4/22/2009 9:48 ~ carl@lawnscape.com 

12/17/2007 10:48: carolyn_s-chaffer@rdmd.ocgov.com 
9/5/2008 9:12 cbeegan@waterboards.ca.gov 

3/22/2010 7:41 c~erch@i~ua.o~g _ 
2/2~/201 Q 10:32, cc<:mtu@_~aiNP_9-~rg 
6/27 /_2007 9:_56 Lcc~rb_in@cityo_flapalrna.org 

1 0/6/?008 _15:_20 cdlbiJie_@dfg._ca._gov 
10/3/2008 6:02, christy.norris@rdmd.ocgov.com 
7 15lioo7 -i 3:os:cjohC:1nnesson@iiversideca.gov 

11;18/2of1 13:43 rdintmeyer@hdrin-c.corn - -
-- 7}6;2ofQ_ fj }2 i_C:myoung@!_ctfr11a~rg 
5/19/2010 11:291 colette.stover1 01 @verizon.net 
1/19/2010 15:431 coiTn@coastk_ee~er.org 
9/15/2011 15:13. craigryan@proacti_veengineering. net 
9/26/2011 10:00 'cristorey@charter. net 

_ 3/S/2_009- 8:371cruzenv@sbcgTobaL_net 
5/18/2Q0911 :011csta~klin@oc~d.com _ 
6/26/2012 11:551 ctregulations@gmail.com 

3/2/2011 8:-431 cwhite1 @wrn.com -
4/16/2010 16:45 i dagarcia@riversideca.gov 
101281i6o9 6:21 'dallard@aTiardeng.com 

1 0/7/2009-9:26 1 dana~nichof@sbcglobal. net 
- --- -- --t ----- ---- ----- -- --- - -

12/1/2011 1 ~:39: danielle.sakai@bbklaw.com 
8/9/2010 9:34 1 dave@anacalengi~eering.com 

4/27/2010 7:31 david.bufo@kiewit.com 
2/3/20_11 12:p3 jd_avi~.grov~@_timk~n.co111 _ 
5/30/2007 8:49

1 
dbarkenhagen@verizon.net 

5/2872oo9 18:09: dboggs@_C:_raworld~com - -
6!27/2007 11:-07 :db-ott@OCWD.com -
~ 2/~iQOS 0~5i

1

d-b~y-e~@rTlk~-awy~IS. COII1 

!l2~/2Q_12_~ 6}7id~<:)Y~_r:@_no~_sam~n.com_ 
_1 0/_27 I?O_Q9 21 :?4 !dburh~nn@b_LJrh~nngest.com 

5/t;/2009 15:_03
1 
dcool<e@a(;!i-~_asc;_.com _ 

2/4/2010 10:491 dellisme@co.riverside.ca.us 
8/14/2008 s:o2' delross@verizon.net - - - - I -- - -- - -

5/28/2009 11:43 · dfranks@sem rautilities.com 
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Bill Leever 
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Brandi Outwin 
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·Brent Smith 
Brian Thorne 
Bob rost 

-

Judy Brown 
Bob Wall 
Robert Whitlock 
Betty Yee 
Valentina Cabrera 
Cameron McCullough 
·Carey Galst 
'Carl Clifton 
i Carolyn SchafJer 
chris beegan 
Chris Berch 
Celeste Cantu 
Chet Corbin 
Chad Dibble 

_ C~risty Norris 
Chandra Johannessen 

• Clin_t Meyer 
'Chad Young 
Colette Stover 
Colin Kelly 

•craig Ryan 
_Maria Elena Kennedy 
, Rodney Cruze 
Christopher Stacklin 
Jennifer Claassen 
Chuck White 
David Garcia 
Dennis Allard 
Dana Nichol 

, danielle sakai 
, David Queyrel 
David Bufo 

• David Grove 
·Darla Barkenhagen 
Dave Boggs 
Dan Bott 
David D. Boyer 

• David D: Boyer 
David Burhenn 

:David Cooke -
Dottie Ellis-Merki 
Del Ross 
Dianne Franks 
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1/22/2009 14:14 1 dgerken@hu nsaker. com 
5/21/2008 11:26 dhammer@allardeng.com 
1/11/2008-10:59 'dhock@rmcwater.com 
11/1/2012 12:46 :dirk.coleman@gmail.com 

11/19/2008 10:26 dlee@geotransinc.com 
3/3/20~09 13:03 ·dl~ight@riversideca.gov 
2/9/2010 11:43. dlloyd@brandman.com 

!21_16{2009 12:41 dlussier@cnusd.k12.ca.us 
_ ~16/~011 7:19,don@jrm(3.COm 
10/17/2012 16:05 dorr@dfg.ca.gov 
- 8!31261111 :07 tdpeters@tilden-coil.com 

il141i01 o 10-:-26
1 
dsanbue-naventura@cscos.com 

5/24/201 o -1 :f44 'dslaven@iakeforestca.gov 
5/'121201 n 1:25 :dwliso~@anah~irn-.n-et 

12/17/2012 12:37
1 
ealexander@clarkpacific.com 

2/3/2009 15:43, efloyd@wpinc.com 
10/25/2012 13:01 :elind~erg@geo~logic.com 

7/2/2009 19:46 _ emosolgo@brwncald.com 
3/4/2009 13:59 erivas@cvc-inc. net 
9/1/20 1_1 5:12. e_tostado@essociated .com 

1 !f6/2012 10:16 :fishe~m.geo@gmail.com 
10/28/2009 11:16 ,fornelas@mmm.com 
_ 1/23/2012 1 0:()_8 franklin_re@sbcitywater.org 

4/2/2010 17:05, gail.m.campos@usace.army.mil 
219/2010 12:30!gdelihal')t@wga.com 

2/12/2009 15:54 • gemccoy1 @verizon.net 
12/22/2008 9:14 'gestrada@cityoforange.org 
8/23/201112:26 ggfj1@aol.com 

12/5/2011 8:10 ggreene@cbwm.org 
8/29/2012 9:_25 ggreene@cwecorp.com 
~/4/2008 J 1 }~; gi~Qetg@etar~(31t)'_.com 

11/24/2008 Z_:q5 [gkester@ca_~awe_b.9rg 
6/12/2008 13:31 , gmusejr@mwdh2o.com 

- 5/23/201 :f1 1:25: gonzalesjacky@yahoo.-corn 
- - - I -- - -- - -- -- -- -- .. 

1/26/2011 9:48
1 
grace.kato@slc.ca.gov 

~/2!/2_06_9 ~A_9; giant.shci'rp_@r~md.ocgov.com 
5/28/2009 17:23. greentreeenv@yahoo.com 

3/26/2008 8:14. griffinj 164 7 @yahoo.com 
12/16/2011 10:§9~guiliano.d~ve@~pa.gov 

3/11/2009 8:00. gustaf~on_bo@sbc;itywaterorg 
11?7/2099 6:_11 he(3ther.innes@gmail.com 

11/29/2010 15:31 heather_dyer@fws.gov 
5/13/2009j6_:-14 1hhorner@mp.~sbr-.gov 

10/10/2007 12:?9. hlundborg@IJI.Iater~oards.ca.gov 
4/9/2012 7:56 hnezafati@ecoinc.info 

- - --- t· - -- - -- ·- - . 

2/19/2009 12:09 · housel_ va@ci.san-bernardino.ca.us 
3/3/2009 12:21 'hsin_ 436@yahoo.com 

1212112011 14:48 :hsmythe@waterboards.ca.gov 
6/11/2011 22:11 humanhealthrisk@gmail.com 

3/1S/2009 8:34 
1
iadam@tuscoe.c-om 

3/18/20_10 10:03'info@~'llfqa.~rg~ - --
1/1/2013 16:28 1 j.magno@cdcr.ca.gov 
8l1212o68 7:44 i}ane@jlstor-mwater.com 

1112i/26o711 :2i[janice_kin9-@urscorp.c-om 
--- - ·--~ --- --j -- ---- ------ --- -- -- - -

6/16/2010 13:35,·ason@ocsandba er.com 
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'Dawn Hock 
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David Kenneth Peters 
Dino San Buenaventura 

-

Devin Slaven 
'Richard Wilson 

-

Ernie Alexander 
Eric Floyd 
Eric T. Lindberg 
Eric Mosolgo 

·Erik A. Rivas Barajas 
Exequiel Tostado 
Michael Fisher 
Frank Ornelas 
Rebecca Franklin 

. Gail c:;ampos 
Gail Delihant 
Gary McCoy 
Gene Estrada 
dr charles carstairs md 
Gerald Greene 

; Gerald Greene 
Gidget Giles 
Greg Kester _ 
Geprge W. Muse Jr 
. Jacquelyn Gonzales 
Grace Kato 
·Grant Sharp 
Lisa Western 

. Jimmy Griffin 
David Guiliano 
Bobby Gustafson 

·Heather Innes 
. Heather Dyer 
Harry Horner 

. Holly Lundborg 
hooshang h nezafati 

.Valerie Housel 
Hsin-Yi Lee 
Hope Smythe 
Daniel K. Lee 
ian Adam 

1 Kristi Pihl _ _ 
• Jas()n Magno 
Jane Ledford 

. Janice King 
•Jason E Vos 
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3/8/2010 14:.:l_5
1
jbell@mwdh2o.com 

9/20/2010 1 '!:~~;jbiagloni@cityof_hemet.org 
3/2/20~~ _15:§_4ljbrancit@_dfg._ca.gov 
5/!§/2Q_1 ~§:49 ,jb_urrgr@_S>csd.com _ 

~/29/20!1 22:29 [i~ain1 OO@gmail.com 
11/26/2007 15:48 jchin@riversideca.gov 

11 /9i2o1 o 12:41'jcovington@morongo-nsn.gov 
8/30/2010 9:37 jcruz@pacewater.com 
5/20/2009 _9: 54jcu rts@riversideca.gov 

1Q/2~2010 11 :59;jdoscller@pu~eeffect.com 
6/9/2010 16:22 jed@phbcivil.com 

5/17 /2Q 11 1 0:{)~5 'j~ffc@cl~angiee_llte_chnologyinc. com 
1/29/2009 8:52 ,jennifer.weiland@rdmd.ocgov.com 

f731ho 11 14:431]ennifer@westernstrateg iesllc. com 
11/j i/2011_11:4 7]len-n_y.c[ea~@~b-b(3ssocia!es:com 
9/11/2007 10:34 jeramyj@moval.org 
- -· - i- . - - - --- - - -· 

3/9/2010 2~ :03 jg~org~chu@y_e3hoo.com 
3/17/2008 17:32 jglowacki@mkblawyers.com 
9/6/2007 15:02 jgow@co.riverside.ca.us 
8/6/2009 13:36 jgray@dudek.com 
2/3/201113:56 :]hurtig@fabcon.com 
4J25/20QS i:431jian.peng@r~mcj~ocgov.com 
5/12/2007 O:.:l2:jim-anna_@~bcglo~l. net 

_ 2/16/2_01! 1 ~_:§2 u~m.~Wa_f)e~_@o~pW_.OCgOV.COm _ 
6_117 ~200~ 1~:_?9 ~jimf@cremglancj.c()m 
3/24/2011 15:56 .jimhealthbeat@yahoo.com --- 1- - -- --
4/7/2008 10:23 jimmiracer951@yahoo.com 

1/16/2008 16:5o jkapp7676@aol.com 
10/11/2007 16:00 jkeller@kellerci.com 
8/16/2007 16:03 jmillett@rwaf)lanning.com 

10/26/2009 15:41 _jmorale_s@sbcounty.gov 
12/8/2010 13:08 ,jmosher@nwri-usa.org 
9/712012 10:36 ~jocheung@iv?terboa_rds.ca.gov 

12/15/2009 10:55 ;i()hn.r.m(3_dd~n_@u~ac_e.army.mil 
2/4/2008 11:42 Jiond@ci.corona.ca.us 

8/20/2009 12:47 !joseph.caldwell@webbassociates.com 
- 17~2QQ8 zj61iosep_h.sfa-rT1'oe~~ky@sce:com-
6/21/2011 17:06 joshi@irwd.com 
9/1St2008 _13:16[jeann~ton@wafer~oards.ca.gov 

5/8/2Q08 8:49 jparco@santa-ana.org 
8/27/2009 8:_28jpereira@cwecorp.com 

_7 /21/2008 9:_Q9 jquin!ero@ria_ltoca_.gov 
3/17 [2008 7_:201jramirez@cityofr~dlands org 

1/22/2009 14:~7 
1
jrivera@lslan_den_yiro.c;om 

5/15/2007 14:27 'jscottcoe@mvwd.org 
1oJ28L~06~_ 11 )3Jitaked~@_V,ate~~~_hnigl.le:s~com 

1/27/2010 8:10 lju_choi@shepardbros.com 
3/1 i12~69_ ~}3 ;jvaldez@dldln-s~~o-m 
9/1 !12008 9}3 :i~mmerrr1an@pe.com . 

11/30/200916:17 jzoba@yvwd.dst.ca.us 
6/21/2010 10:18 karenc@lwa.com 
2/18/2008 18:32 karingarten@hotmail.com 
2/13/2009 11 :02, kbrophy@gswater.com 

1/12/2010 9:08 1kbs@~atch(311._~t __ 
8/23/2010 9:36 i kcoburn pacewater.com 
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Janet Bell 
. Jorge Biagioni 
Jeff brandt 
James Burror 
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JChin 
John Covington 
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John Curts 
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. John Dierksen 
Jeff Coffman 
Jennifer Weiland 
Jennifer Kirchofer 

'Jenny Cleary 
Jeramy Jackson 

,George Chu 
John Paul Glowacki 
Jeff Gow 
.Jane Gray 
. Jeff Hurtig 
_JianPeng 
JIM SILVA 

:iirl1 swanek 
.James W. Ford 
Jim Steinberg 
. James E. Snyder 
J P Kapp 
Jason Keller 
Julie Millett 
James Morales 

. Jeff Mosher 

. Jowin Cheung 
'John Madden 

-- -

1Jonathan Daly 
1 Jos~ph Caldwell 
. Joseph Stambersky 
RaghavenderJoshi 
Judie Panneton 

;Joe Parco 
Jason Pereira 
Jose J. Quintero 

. Jose Jorge Ramirez 
Juan Rivera 
Justin Scott-Coe 
Joyce Takeda 
Ju Choi 
Jamin Valdez 

. Janet Zimmerman 
Joseph B. Zoba 
• Karen Cowan 
Karin Garten 
Katherine Brophy 

, Kip Searcy 
Kell Coburn 
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3/8/2012 10:03 kdjbio@gmail.com 
4/1/2010 9:53. kenneth_holm_es@dot.ca.gov 

1/5/?011 14:33: kens@sccwrp.org 
. ~/2_~/2Q11 ]:58 1 k~yarts@rbf.com 
12/31/2012 18:32 kevin.huniu@urs.com 

· 2/5/2007 13:23!kheinemann@waterboards.ca.gov 
7111/201111:55 ktmberlyn.way@ocpw.ocgov.com 
11/7/2011 14:10 · kirk.c.brus@usace.army.mil 

2/3/2008 8:43. kittnick@yahoo.com 
2/9/2010 16:30 kjames@healthebay.org 
9/9/2009 11:13. kpierson@csusb.edu 
2/2/2010 9:26. kristy.allen@tetratech.com 

11/6/2009 8: 07 1kstreet@~ivers~deca. gov 
9/9/2009 21:56 l.pierce@verizon.net 

6/17i2o16 1 0:25)1amdadev@yah:Oo.com 
1/1 ~/2011 2.2:37; lapham5@msn.com 
4/27/2007 8:52 larry.froebe@shawgrp.com 
6/21/20109:-94 ilarry.fusche~@~naco-husky.com 

5/18/201012:25, larsen@cox. net 
10/11/2011 13:55: lbarton@advancedsteel.com 
3/18/2009 16:01 lesliejdaigle@aol.com 
4/17/2009 14:31 'lfigueroa@rickengineering.com 
10/30/2007 8:13 .lgarcia@wmwd~com 

_11 /1212.Q09 13:.42 lhamilton@leU(3. org 
9/11/2008 10:05 .lin.cindy@epa.gov 
6/1372011 2o:5511kozero@ericksonhall.com 

2/El/2011 16:01 :Tmpvitale@sbcglobal.net 
11/22/201() 12:06 11opezj@chevron.com 

· 11/26/2007 9:22 lorianah@ci.gard-en-grove.ca.us 
8/23/2007 14:24, lortiz@fontana.org 
7/14/2009 16:_55!1ots@cdm.com 
7/30/2008 14:56 lpierce@csusb.edu 
2/27/2009 16:04 lrodriguez@babcocklabs.com 

12/7/2012 6:29. maconudo@icloud .com 
~f19/?0Q7 9:.46 i mad~lss>_n@~JVa1E3.rb()ards.ca.gov 

4/30/2010 12:05
1 
marc.lepesant@culligan.com -· . -. -- ·-- ·r·· -·· ·-·· --·- --·· ···- . . 

10/15/2012 8:48 me~rc. roda~aug_h@dpw.sbcounty.gov 
?12/?011 1 ~}5 jma~i(3.aispuro@kraft.com 

11j24/200§l .. 13~8 ~!llaria.lum@lsa-?SS()C. C()m 
5/18/2009 14:38: marknero@mamsocal.com 

10/25/2012 17:03. maryanne.skorpanich@ocpw.ocgov.com 
·· 8t12./2oo9 7)4 i-mattrlew.addingtoil@cityofrc.us 
8/23/2012 10:40 • matthew. harper@ocwr.ocgov.com 
3/10/2008 15:14 matthew_g()rman@yahoo.com 

--· 21.??1.?0 11 1 0}5; md roberts@riv_ersiqeca. gov 
8/29/2012 7:081 meyerhoffrd@cdmsmith.com 

fot_18t2p1116}8 lrTlgaughall@~emRr-autilities.com 
9/4/2007 1): 12~mgrey@biasc.()rg_ .. 

2/10/2010 11:09 1 mhalstead99@h()tmail.com 
1/19/200§l18J 3 _rnichael.a.beasley@boeing.com 
5/16/2011 .1 0:_04, michael. hardi?on@greshamsavage.com 

12/6/2010 7:08, mike.broadwater@valicooper.com -· ... .. - r- . . . .. - . -· 
2/20/2011 22:21 · mike.pollard@culligan.com 

3/17/2010 7:32 mjgentilepe@mac.com 
6/30/2010 14:57 mledd @ocwd.com 
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. Kimberlyn Way 
Kirk Charles Brus 
'nick nichols 
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Kevin Street 
Lisa Pierce 
Hector A. Lara P.E. 
Pamela Lapham 
Larry R. Froebe 
Larry Fuscher 
Julie Dean Larsen 
Len Barton 

. Leslie Daigle 
Luis A. Figueroa 
Linda Garcia 

·LeAnne Hamilton 
Cindy lin 
Lisa Kozero 
Pavlova Vitale 
Joseph E. Lopez 
loriana hornik 

:Leticia Ortiz 
Thomas Lo 
Lisa Pierce 
Lorenzo Rodriguez 
Jake Lynch 
Mark Adelson 
Marc Lepesant 
Marc Rodabaugh 

. Maria Aispuro 
Maria Ana Lum 
Mark Nero 

·Mary AnneSkorpan~ch 
·Matthew Addington 
Matthew Harper 
Matthew Gorman 
Mike Roberts 

• Richard Meyerhoff 
Mark Gaughan 
Mark Grey 
michael halstead 

. Michael Beasley 

Michael Broadwater 
Mike Pollard 
gentile michael 
Menu B. Ledd 
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9/26/2012 11:14, mmcmeechan@environcorp.com 
1 /12/2.Q11 17:52: mrniremadi@haleyaldrich.com 

1/13/2011 9:59 moeder@irwd.com -- I - - --- --
8/2Q/2007_11: 17: moyyahya@c;aaprofessionals com 

3/1 0/2_009 5:~6! mpalmer@9emaxi_rn_is.com 
10/7/2010 8:39, mpf@stateside.com 

1/15/2009 17:~8. mr.ronaldsmith@sbcglobal.net 
4/15/2008 16:08: msedgley@caiso.com 
6/1S/2009 7:28 1 m~laby@pur~etfect.com 

_ 7/13/201 08:_11 : msmythe@waterboards.ca.gov 
5/25/2011 15:03 mtruett@dpw.sbcounty.gov 

4/1/2008 8:16. mwestropp@o_cwd.com 
4/9/2012 12:00. mwildermuth@wildermuthenvironmental.com 

5/21/2012 17:15 mwirz@c;ityofgrandterrace.org _ 
8/8/2008 15:54 myahya@cityofalisoviejo.com 
7/20/2007 7:47 • myasmer@rive~sideca.gov 
5/3/2011 12:30. myoung@awatt~rneys.com 

2/11/2011 11:52 nader.naderi@aecom.com 
2/13/2008 15:14. nheuler@cox. net 
4/21/2010 12:39. nicole.west@lsa-assoc.com 

11/20/2008 ?3:-07: n()ebracamonte_s@hofmail.com 
2/4/2010 1 O:_~Binrozenstraten@riversideca.gov 

12/11/2009 10:15 nsansonetti@swm.sbcounty.gov 
5/27/2009 9:06 ~nwells@ci.upT~nd.ca.us 

12/9/2008 18:381 oc~anguy02@ya_hoo.com 
7/18/2008 13:42! oli\ter. pacifico@cdph.ca.gov 

4/16/2011 9:42. pamlindgren1 @verizon. net 
-- -- - .(_ - - ---- -~-- - --

5/16/2011 17:12. pars11 @aol.com 
11/1/2007 17:?8. paul_larn_bert@dot.ca.gov 
3/27/2011 5:,:1:3 _pauljin45@yahoo.com 
10/7/2009 9:20' pconaty@sbcglobal.net 

12/7/2010 16:12t pcosby@brandman.com 
1/18/201 o 12:41, piedrainc@grnail.com 
7/21/2008 9:31 prevere@rbf.c()m 

10/30/2009 14:52 rallard@allardeng.com 
3/19/2008 10:14 r ray@coastkeeper.org 
2/3/2010 14:02; rbro9ks@fonta~a.()rg 
5/1/2008 13:_53: rebekah_polancha_k@dot.ca.gov 
11/2/2008 7:03. regulatory_upda~es@placerdata.com 
4/6/2009 16:21 rennis@ocwd.com _ 

12/9/2010 14:_23 reve3squez@rcflood.org 
7/1~/2009 17:16 rf@ggcorp.n~~ _ 
4/18/2008 6:55 rguerriero@edge-dev.com 
311612012 o:34Lrhi0'o6o26@y_cilioQ.com -

3/15/2011 13:04 ricardo.moreno@sce.com 
8/1 1206? 1 o:21 irich_bailey@_dot.ca~gov 
11/4/2008 8:02: richard.boon@rdmd.ocgov.com 
1!16/2009 9:44 rj_ordan@gsw~ter.cc)m -

6/21goo~ 14:_42 • rljenk49'C9@earthlink.net 
3/17/20_1 0 15:15 i rmakowski@placentia.org 
6/2/2011 15:24: rmcneil@j mbm. com 

5/1 Q/201 0 17:06. robert.ruscitto@arcadis-us.com 
_ ~/3Q£2012 9:_42 robert.williarns@~cr.edu 
7/16/2008 14:21. robert.wong@lanengineering.com 
9/17/2010 17:17 1 ro ers@elanltd.net 
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Moy Yahya 
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Moy_Yahya 
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Marie Young 
Nader Naderi 
Nancy Heuler 
Nicole West 
Noe Estrada 
NORMA ROZENSTRATEN 

. Nancy J. Sansonetti 
Nisha Wells 

·Chuck Cleeves 
Oliver Pacifico 

- -

Pam Lindgren 
Merle Y Moshiri 
Paul A. Lambert 
Jin Park 
Pete Conaty 
Pam Cosby Brandman 
lnnocente Tanori 
Patrick Revere 

.Ray Allard 
Ray Hiemstra 
Richard Brooks 
Rebekah A. Polanchak 

--- -

Anthony Choi 
Robert Ennis 
Robert Enrique Vasquez 
Rudy Fandel 
ron guerriero 
John Parent 
Ricardo Moreno 
Richa!d Bailey 
Richard Boon 
Bob Jordan 
Richard L. Jenkins 
Robert Makowski 
Rick McNeil 
Robert Ruscitto 
Robert Williams 

·Robert Wong 
Ro er Shintaku 
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1/11/2009 19:16. rohrermike@scfuels.com 
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6.01 Regional Board Updates 



Stormwater Quality Standards Study 
Update

Stormwater Quality Standards Study Task Force

Dan Bounds, P.E.

November 5, 2004



Background

 Task Force formed to:

 Evaluate water quality standards for protecting water 
contact recreational (REC-1) uses of inland and 
estuarine surface waters within the Santa Ana Region

 Evaluate other water quality standards

 Provide support to the Regional Board’s triennial 
review process

 Initial funding: Orange, San Bernardino, Riverside 
Counties, SC Water Quality Coalition

 Current funding provided by the Counties

 SAWPA providing in-kind services throughout



Background

 Developed a Work Plan in 2003

 Phase I - Review beneficial use classifications and 
assess existing conditions

 Phase II - Review and update water quality objectives 
and conduct additional analyses

 Phase III  - Develop permit implementation and 
monitoring strategies

 Currently completing Phase I



Phase I Objectives

 Stakeholder process

 Regulatory review

 Beneficial use review 

 Existing data collection

 Receiving water mapping, use inventory information

 Water quality data, flow data

 Major control programs and structural measures

 Identify information gaps

 Phase I report



Phase I Progress – Stakeholder Process

 Initial Regional Board update – Risk Sciences 

 Monthly stakeholder workshops since May 2004

 Reviewing applicable regulations

 Reviewing beneficial uses 

– Field trips 

– Delphi process

– Identify consensus

– Explore ideas without attribution



Phase I Progress - Receiving Water 
Mapping

 Compiling existing GIS mapping layers

 Natural channels

 Storm drain system



DRAFT



Phase I Progress - Use Inventory 
Information

 Identifying obvious contact recreation areas

 Ocean beaches

 Inland lakes

 Collecting information from available use surveys

 Formal and informal

 Researching parks and recreation records



Phase I Progress – Water Quality Data, 
Flow Data Collection

 Watershed-wide data

 Focused study site data



Watershed-wide Data Collection 

 Developing watershed-wide database

 Performing numerous queries

 Comparison of existing fecal coliform data to REC-1 
water quality objectives:

– Historically over time

– Seasonally (wet weather vs. dry weather) 

 Similar comparison of existing E. coli data with EPA 
recommended criteria 



DRAFT



DRAFT



Wet Weather Fecal Coliform Data at Sampled Sites 
within the Santa Ana Watershed

SAR at River Road

SAR at Prado Dam
SAR at Imperial Highway

SAR at Mission Blvd
SAR at Mt Vernon Ave

SAR at I-10
SAR at Green River Rd

SAR at Hamner Rd
SAR Delhi Channel

San Diego Creek
Sierra Park Drain

Salt Creek at Murrieta

Fair Weather Dr
San B. STP

SAR at Van Buren
Warm Creek STP

SAR at Gypsum Cyn
Featherly Pk East
Featherly Pk West

Knickerbocker Creek

Warm Lytle Creek

1 10 100 1000 10000 100000 1000000

Fecal Coliform (MPN/100mL)

Median

DRAFT
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Focused Study Site Data Analysis

 Six study sites were selected to perform highly 
detailed data analysis

 Based upon differing conditions, available data



Focused Study Site Data Analysis

 Channel type description 

 Flow characterization/history

 Water quality characterization for bacteria – fecal 
coliform and E. coli:
 Exceedance frequency for existing objectives 

under dry and wet weather

 Variability over time

 Land use characteristics/changes



Focused Study Sites



Chino Creek at Schaeffer Avenue



Chino Creek at Schaeffer Ave Site 
Characteristics

 Concrete lined channel

 Width: ~ 60 feet

 Slope  = 2.25 : 1 

 Base flow: ~ 3 inch depth

 Site has perimeter fencing
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Chino Creek at Schaeffer Avenue 2002-2004

Bacteria in Chino Creek at Schaeffer Ave.
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Phase I Progress - Major Control 
Programs and Structural Measures

 POTW Discharges (Title 22 disinfection)

 MS4 source control BMP programs

 MS4 structural measures

 Dry weather diversion

 Treatment

– Natural treatment systems

– Engineered treatment systems

 Recharge / infiltration



Next Steps

 Summarize existing data analysis

 Wrap up Phase I Delphi process

 Summarize consensus

 Identify additional information necessary to support 
better consensus

 Present outcomes in Phase I report

 Technical memoranda

 Analysis findings

 Recommendations for Phase II



1

1

Storm Water Quality Standards
Task Force – Progress Report

2

Key Considerations  for 
Recreation  UAAs

 Flow Conditions

 Channel Morphology

 Access Restrictions

 Seasonal Temperatures

 Ambient Background Water Quality

 Actual Level of Recreational Activity



2

3

4
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29

30

2006 – Basin Plan Amendments

 High Flow Suspension Criteria

 Limited REC-1 Use Category

 E. Coli Water Quality Criteria

 Site-Specific Water Quality Objectives

 Use-Attainability Analyses



1

1

Storm Water Quality Standards
Task Force – Progress Report

2

Refine REC-1 Classifications

 Rec-1 – Class A  (Full Contact Beach)



2

3

Refine REC-1 Classifications

 Rec-1 – Class B  (Full Contact-Low Use)

4

Refine REC-1 Classifications

 Rec-1 – Limited Contact, Low Use



3

5

Refine REC-1 Classifications

 Rec-2 – Non-Contact Recreation

6

Refine REC-1 Classifications

 Undesignated – No Recreational Use



4

7

Use Designation Factors

 Actual Level of Recreational Activity

 Flow Conditions

 Channel Structure

 Access Restrictions

 Seasonal Temperatures

 Ambient Background Water Quality

8

Difficult Decisions



5

9

Special High-Flow Exemption

10

Indicator Pathogen Objectives
for Freshwater

 Current:  200 cfu /30-day geomean

 Recommended:

 *  126 E. coli 30-day geomean

 *  Delete Fecal Coliform Objectives



6

11

Flexible Implementation Strategies

 Risk-based Averaging Periods 

 Risk-based Points-of-Compliance

 Risk-based Monitoring Program

12

Water Quality Objectives
for Rec-1 – Class A

 126 E. coli  (risk level = 8 per 1,000)

 Averaging Period = 30-day geomean

 Minimal spatial averaging

 High frequency monitoring program



7

13

Water Quality Objectives
for Rec-1 – Class B

 206 E. coli  (risk level = 10 per 1,000)

 Seasonal Averaging Period

 Compliance calculated for stream segment

 Moderate level of water quality monitoring

14

Water Quality Objectives
for Limited – Rec-1

 600-1300 E. coli  (risk level = 1.4-1.9 per 1,000 persons)

 Annual Averaging Periods

 Compliance calculated for larger-scale areas

 Low-intensity water quality monitoring



8

15

Water Quality Objectives
for Rec-2?

16

Narrative Objectives for Pathogens

“Waste discharges shall not cause or 
contribute to excessive risk of illness from 
microorganisms pathogenic to human 
beings.  Indicator pathogen concentrations 
shall not exceed the values specified in 
Table 1 (below) as a result of controllable 
water quality factors.”



9

17

Protecting Downstream Uses

18

Protecting Drinking Water Uses



10

19

Probable Basin Plan Amendments

 Establish Rec-1 Class-A Use Subcategory

 Establish Rec-1 Class-B Use Subcategory

 Establish Rec-1 Limited Use Subcategory

 Adopt Narrative Water Objective for Pathogens

 Adopt E. coli Objectives for Each Subcategory

 Delete Obsolete Coliform Objectives

 Reclassify Certain Waterbodies 

 Establish High Flow Suspension Criteria

 Adopt Indicator Pathogen Objectives for MUN

20

A Common-Sense Approach
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Storm Water Quality Standards Task Force 1

1

Progress  Report:

Stormwater Quality Standards Task Force

2

Classifying Beneficial Uses

Primary Contact Secondary Contact

Non-Contact No Recreation



Storm Water Quality Standards Task Force 2

3

Classifying Beneficial Uses

REC-1 REC-2

No Recreation

4

Determining  Objectives

Primary 
Contact

Secondary Contact Non-Contact

Exposure
Conditions

Contact Likely
Ingestion Likely

Contact Possible
Ingestion Unlikely

Contact Unlikely
Ingestion Unlikely

Criteria
Basis

8 - 10 illnesses 
per

1,000 swimmers

5x the Primary
Contact Objective

N/A

EPA Range 126 – 206 E. coli 630 – 1030 E. coli N/A

Current 
WQO

200/400
Fecal Coliform

N/A 2000/4000
Fecal Coliform

Similar to: REC-1 "Limited" REC-1 REC-2



Storm Water Quality Standards Task Force 3

5

Determining  Objectives

REC-1 REC-2

Exposure
Conditions

Contact Likely
Ingestion Likely

Contact Unlikely
Ingestion Unlikely

Criteria
Basis

8 - 10 illnesses per
1,000 swimmers

N/A

EPA Range 126 – 206 E. coli N/A

Current 
WQO

200/400
Fecal Coliform

2000/4000
Fecal Coliform

6

REC-1:  Primary Contact

Big Bear Lake &
Lake Elsinore

Santa Ana River – Reach 3



Storm Water Quality Standards Task Force 4

7

No Recreation

Temescal Creek in Corona

Santa Ana Delhi in Costa Mesa

8

REC-2:  Non Contact Recreation

Temescal Creek in Corona

Santa Ana Delhi in Costa Mesa



Storm Water Quality Standards Task Force 5

9

10

After the Basin Plan Amendment



Storm Water Quality Standards Task Force 6

11

After the Basin Plan Amendment

12

After the Basin Plan Amendment



Storm Water Quality Standards Task Force 7

13

After the Basin Plan Amendment

14

After the Basin Plan Amendment



Storm Water Quality Standards Task Force 8

15

After the Basin Plan Amendment

16

After the Basin Plan Amendment



Storm Water Quality Standards Task Force 9

17

Systematic Use Evaluation

 Past & Present Instream Activity

 Flow Conditions

 Channel Structure

 Access Restrictions

 Seasonal  Temps

 Natural Background Quality

18

Next  Steps…

 Strawman Proposal to EPA & SWRCB

 Draft Basin Plan Amendment

 Peer Review

 Public Comment

 Workshops & Hearing



Storm Water Quality Standards Task Force 1

1

Progress  Report for

Storm Water Quality

Standards Task Force

5  September  2008

2

Water Quality Standards 101

P
er

m
it

  C
o

n
d

it
io

n
s

C
o

m
p

lia
n

ce
  M

o
n

ito
ri

n
g

E
n

fo
rc

em
en

t



Storm Water Quality Standards Task Force 2

3

The  Goal

4

Human  Pathogens



Storm Water Quality Standards Task Force 3

5

Current  Definition  of  REC-1

“Water Contact Recreation (REC1) waters are 
used for recreational activities involving body 
contact with water where ingestion of water is 
reasonably possible.  These uses may include, 
but are not limited to, swimming, wading, 
water-skiing, skin and scuba diving, surfing, 
whitewater activities, fishing, and use of 
natural hot springs.”

6

Current  Definition  of  REC-2

“Non-contact Recreation (REC2) waters are used for 
recreational activities involving proximity to water, 
but not normally involving body contact with water 
where ingestion of water would be reasonably 
possible.  These uses may include, but are not 
limited to: picnicking, sunbathing, hiking, 
beachcombing, camping, tidepool and marine life 
study, hunting, sightseeing and aesthetic enjoyment 
in conjunction with the above activities.”



Storm Water Quality Standards Task Force 4

7

Contact  or  Non-Contact  Recreation?

8

Mandatory

Sports

Metaphor

(in honor of John Wither’s retirement)



Storm Water Quality Standards Task Force 5

9

Lotto  Language

10

Reasonable  Possible?



Storm Water Quality Standards Task Force 6

11

The  Task   Force’s  Approach

 Harmonize our definition w/ federal guidance.

 Align our definition w/ EPA’s pathogen criteria.

 Assure consistency w/ CWC §13241 requirements.

 Avoid misinterpretation & misapplication.

 Prioritize resources to reduce actual illnesses.

12

Proposed  Definition  of  REC-1

“REC1 – Primary Contact Recreation waters are used for 
recreational activities involving frequent and prolonged water 
contact, especially by children, where ingestion of water is 
likely. Examples of Primary Contact Recreation include, but 
are not limited to:  swimming, water-skiing, whitewater 
rafting, float-tubing, bathing in natural hot springs, skin and 
scuba diving.  All defined waters of the U.S. are presumed to 
be capable of supporting primary contact recreation unless a 
Use Attainability Analysis (UAA) demonstrates that this use 
has not been attained and is not attainable and the Basin Plan 
is revised accordingly.”



Storm Water Quality Standards Task Force 7

13

EPA  
Recommendations

 “REC1 = Primary Contact Recreation”

 “Wading is a Secondary Contact Activity”

 “Fishing is a Secondary Contact Activity”

14

Wading in Other States



Storm Water Quality Standards Task Force 8

15

Fishing in Other States

16

Primary Contact in Other States

“Complete submergence”

“Total body immersion”

“High probability of ingestion”

“Considerable risk of ingestion”

“Prolonged contact”

“Frequent contact”



Storm Water Quality Standards Task Force 9

17

Secondary Contact in Other States

“Incidental or accidental contact”

“Complete submergence in not intended”

“Minimal water contact”

“Partial body contact”

“No significant risk of ingestion”

“Ingestion is unlikely or not probable”

18

EPA  &  SWRCB  Concerns

 Perceived reduction 
in water quality 
protection.

 Inconsistent with 
other Regional 
Boards



Storm Water Quality Standards Task Force 10

19

Water  Quality  is  Protected

 All surface waters of the U.S. are presumed to be REC-1

 All REC-1 waters are protected by EPA’s recommended 
E. Coli objective

 Any downgrade requires a UAA and approval of Regional 
Board, SWRCB, OAL & EPA.

 Must still meet more stringent downstream standards.

 Anti-degradation policy still applies.

 BAT, BMP & MEP requirements still apply.

20

EPA  &  SWRCB  Preference

 Do Not Modify 
Definitions in 
Basin Plan.

 Add clarification 
language 
regarding wading 
& fishing.



Storm Water Quality Standards Task Force 11

21

Clarification  Won’t  Work

“The SWRCB 
intended to adopt a 
definition of REC-1 
that was more 
protective than 
federal law requires.”

22

Unintended  Consequences

• Misapplication of bacteria criteria

• Eliminates regional treatment options

• Unnecessary costs of compliance

• Incentive to divert flow & cover channels

• Possible unfunded mandates claims

• Resources misallocated to lesser risks



Storm Water Quality Standards Task Force 12

23

Options:

1)  Revise Definition in Basin Plan

2)  Clarify Existing Definition

24

Distinction  w/o  a  Difference?



Storm Water Quality Standards Task Force 1

1

Storm Water Quality

Standards Task Force

2

“Up to 4,000,000 bacteria per square inch!!!!”

“Eliminates 

99. 9%
of Germs”



Storm Water Quality Standards Task Force 2

3

4,000,000 

- 3,996,000

=      4,000
Bacteria per Square-Inch

4



Storm Water Quality Standards Task Force 3

5

6



Storm Water Quality Standards Task Force 4

7

EPA’s  Epidemiology  Studies

Swimming =

10+ Minutes of Exposure &

Full Immersion  (“Wet Hair”)

8

Current  REC-1  Definition

“Water Contact Recreation (REC1) waters are used 
for recreational activities involving body contact 
with water where ingestion of water is reasonably 
possible.  These uses may include, but are not 
limited to, swimming, wading, water-skiing, skin 
and scuba diving, surfing, whitewater activities, 
fishing, and use of natural hot springs.”



Storm Water Quality Standards Task Force 5

9

10



Storm Water Quality Standards Task Force 6

11

Proposed  Definition  of  REC-1

“ Primary Contact Recreation (REC1) waters are used 
for recreational activities involving deliberate water 
contact, especially by children, where ingestion is 
likely. Examples of REC1 may include, but are not 
limited to:  swimming, water-skiing, whitewater 
rafting, float-tubing, bathing in natural hot springs, 
skin diving, scuba diving and some forms of wading 
and fishing.  Brief incidental or accidental water 
contact that is limited primarily to the body 
extremities (e.g. hands and feet) is not generally 
deemed Primary Contact Recreation because 
ingestion is not likely to occur. ”

12



Storm Water Quality Standards Task Force 7

13
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Indicator Pathogen Criteria

14



Storm Water Quality Standards Task Force 8

15

What is Acceptable Risk?

Risk E. Coli
Objective

8 per 1,000 126

10 per 1,000 206

12 per 1,000 336

14 per 1,000 548

19 per 1,000 1,865

16



Storm Water Quality Standards Task Force 9

17



Storm Water Quality Standards Task Force 1

1

Scientific Basis for

Bacteria Criteria

2

Pathogen Indicator Bacteria



Storm Water Quality Standards Task Force 2

3

Current Water Quality Objectives

for Pathogen Indicator Bacteria

REC-1 REC-2

Freshwater 200 fecal coliform / 100 ml
(geomean of 5 samples in 30 days)

2000 fecal coliform / 100 ml
(geomean of 5 samples in 30 days)

Marine 200 fecal coliform / 100 ml
(geomean of 5 samples in 30 days)

- none -

Regulatory Origins

4

PHS Studies 
1940’s-50’s

Found:  increased incidence of GI illness

when TOTAL Coliform concentrations

Exceeded  2,300-2,700 cfu/100ml 



Storm Water Quality Standards Task Force 3

Regulatory  Origins

5

PHS Studies 
1940’s-50’s

FWPCA - NTAC
1968

Found:

1)  18% of Total Coliform

are Fecal Coliform

2)  18% of 2,300 = 400

3)  Add a 100% safety factor

4)  Result = 200 FC per 100 ml

“Urgent for more research”

Regulatory  Origins

6

PHS Studies 
1940’s-50’s

FWPCA - NTAC
1968

NAS & NAE -1972

“Design deficiencies and inadequate epidemiological data”



Storm Water Quality Standards Task Force 4

Regulatory  Origins

7

PHS Studies 
1940’s-50’s

FWPCA - NTAC
1968

NAS-1972

EPA-1976

“These studies demonstrate an appreciably 
higher overall illness incidence between 
swimmers and non-swimmers but the data are 
inconclusive.”

Regulatory  Origins

8

PHS Studies 
1940’s-50’s

FWPCA - NTAC
1968

NAS-1972

EPA-1976

“…unequivocal conclusion… fecal 
coliform is not a reliable indicator of 
illness to swimmers”

EPA-1986



Storm Water Quality Standards Task Force 5

9

Primary Contact Recreation

“Activities in which there is prolonged and 
intimate contact with the water

involving considerable risk of ingesting 
water in quantities sufficient to pose

a significant health hazard.”

10

EPA’s  Epidemiological  Studies   (1979-80)



Storm Water Quality Standards Task Force 6

11

EPA’s  Meta-Analysis

12

EPA’s  Regression Analysis   (1986)



Storm Water Quality Standards Task Force 7

13

14

What is Acceptable Risk?

Est. Excess
Illnesses

E. Coli
Objective

8 per 1,000
Swimmers

126

10 per 1,000
Swimmers

206

14 per 1,000
Swimmers

548

19 per 1,000
Swimmers

1,865



Storm Water Quality Standards Task Force 8

15

16



Storm Water Quality Standards Task Force 9

Secondary Contact Recreation

200 fecal coliform

x 10

= 2,000 fecal coliform

17

“Further research will be necessary to arrive at a precise 
criteria for secondary contact recreation activities.”

FWPCA, 1968

Secondary Contact Recreation

“The data are not suitable for development of 

a secondary contact criterion… EPA is 

unable to derive a national criterion for 

secondary contact recreation based on 

existing data”

EPA, 2002

18



Storm Water Quality Standards Task Force 10

19

Conclusions:

 Current fecal coliform objectives            
are scientifically indefensible.

 Proposed E. coli objectives provide 
“functionally-equivalent” risk protection 
for primary contact recreation.

 Risk management is a state decision; 
Regional Board has broad discretion.

 No scientific/technical basis for 
establishing an appropriate bacteria 
objective for secondary water contact.



 
 
 
 
 
 

 

6.02 Notices and Agendas  



CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 
SANTA ANA REGION 

NOTICE OF PUBLIC HEARING and NOTICE OF FILING  
Basin Plan Amendments to Revise Recreation Standards for Inland Fresh Surface Waters 

in the Santa Ana Region 
 
 
Notice is hereby given that the California Regional Water Quality Control Board, Santa Ana 
Region (Regional Board) will consider adoption of amendments to the Water Quality Control 
Plan for the Santa Ana River Basin (Basin Plan), largely to revise recreational standards for 
inland fresh surface waters in the Region. The proposed amendments include changes to 
bacteria quality objectives for inland fresh surface waters based on revised bacteria quality 
criteria for recreational waters published in 1986 by the U.S. Environmental Protection Agency. 
Other proposed amendments are: add a narrative pathogen objective; change recreation 
beneficial use designations for specific surface waters based on Use Attainability Analyses; 
establish conditions for the temporary suspension of recreational standards for freshwaters; 
delete the Basin Plan bacteria quality objectives to protect MUN use of surface waters; add 
surface waters not currently listed in the Basin Plan and add appropriate beneficial use 
designations for these waters; delete two reservoirs no longer in existence; modify the 
implementation plan to include bacteria quality monitoring and implementation strategies.   
 
Action on the proposed amendments will be taken in accordance with a regulatory program 
exemption under section 21080.5 of the Public Resources Code from the requirement to 
prepare an environmental impact report under the California Environmental Quality (Public 
Resources Code Section 21000 et seq.), and in accordance with other applicable laws and 
regulations. 
 
A public hearing will be held to consider the adoption of the proposed amendments to the Basin 
Plan. Changes to the amendments consistent with their general purpose may be considered by 
the Regional Board at the hearing. The public hearing will be held at the regularly scheduled 
Regional Board Meeting on March 16, 2012 at the following time and location: 
 
DATE:   March 16, 2012 
TIME:    9:00 a.m. 
LOCATION:     City of Loma Linda Council Chambers 

25541 Barton Road 
Loma Linda 

 
   
The proposed Basin Plan amendments, staff report, and Environmental Checklist that evaluates 
the potential for significant adverse environmental impacts as a result of the amendments, will 
be available on January 12, 2012. Copies of the proposed amendments, staff report and 
Environmental Checklist may be obtained from the Regional Board’s website at 
http://www.waterboards.ca.gov/santaana or by request to Board staff at (951) 782-4130.  Due to 
the volume of the documentation, review of the electronic files is strongly encouraged. The staff 
report and related documents may also be reviewed at the Regional Board office located at 
3737 Main Street, Suite 500, Riverside, California, by appointment scheduled between 9:00 
a.m. and 3:00 p.m., Monday through Friday. Appointments may be scheduled by calling the 
office at (951)782-4130.  
 

http://www.waterboards.ca.gov/santaana


Public participation is an important part of this process. The Regional Board will accept 
written and oral testimony at or prior to the hearing. Interested parties are strongly encouraged 
to submit written comments as early as possible in advance of the hearing. Written responses to 
comments received by NOON on February 27, 2012 will be prepared. For the sake of the 
accuracy of the record, please provide written copies of oral comments. Comments should be 
submitted to Dave Woelfel at the Regional Board office address listed above or by e-mail at 
dwoelfel@waterboards.ca.gov. The Regional Board may impose time limits on oral 
presentations at the hearing. Persons with similar views are encouraged to make joint 
presentations. Speakers may be required to summarize written testimony. 

Comments or questions regarding this matter should be directed to Dave Woelfel at (951)782-
7960 or Joanne Schneider at (951) 782-3287. Any person who is disabled and requires special 
accommodation to participate in the Regional Board hearing should contact Felipa Carrillo at 
(951 )782-3285 no later than February 24, 2012. 

J;__;t v. 6LtJ_/ 
Kurt V. Berchtold 
Executive Officer 
Santa Ana Regional Water Quality Control Board 
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CALIFORNIA REGIONAL
WATER QUALITY
CONTROL BOARD
Santa Ana region

Notice of Public Hearing
and Notice of Filing

Basin Plan Amendments to
Revise Recreation

Standards for Inland Fresh
Surface Waters in the

Santa Ana Region
Notice is hereby given that
the California Regional Water
Quality Control Board, Santa
Ana Region (Regional Board)
will consider adoption of
amendments to the Water
Quality Control Plan for the
Santa Ana River Basin
(Basin Plan), largely to revise
recreational standards for
inland fresh surface waters in
the Region. The proposed
amendments include
changes to bacteria quality
objectives for inland fresh
surface waters based on
revised bacteria quality
criteria for recreational
waters published in 1986 by
the U.S. Environmental
Protection Agency. Other
proposed amendments are:
add a narrative pathogen
objective; change recreation
beneficial use designations
for specific surface waters
based on Use Attainability
Analyses; establish
conditions for the temporary
suspension of recreational
standards for freshwaters;
delete the Basin Plan
bacteria quality objectives to
protect MUN use ofsurface
waters; add surface waters
not currently listed in the
Basin Plan and add
appropriate beneficial use
designations for these
waters; delete two reservoirs
no longer in existence;
modify the implementation
plan to include bacteria
quality monitoring and
implementation strategies.
Action on the proposed
amendments will be taken in
accordance with a regulatory
program exemption under
section 21080.5 of the Public
Resources Code from the
requirement to prepare an
environmental impact report
under the California
Environmental Quality
(Public Resources Code
Section 21000 et seq.), and
in accordance with other
applicable laws and
regulations.
A public hearing will be held
to consider the adoption
ofthe proposed amendments
to the Basin Plan. Changes
to the amendments
consistent with their general
purpose may be considered
by the Regional Board at the
hearing. The public hearing
will be held at the regularly

scheduled Regional Board
Meeting on March 16, 2012
at the following time and
location:
DATE: March 16, 2012
TIME: 9:00 a.m.
LOCATION: City of Loma
Linda Council Chambers
25541 Barton Road
Loma Linda
The proposed Basin Plan
amendments, staff report,
and Environmental Checklist
that evaluates the potential
for significant adverse
environmental impacts as a
result of the amendments,
will be available on January
12, 2012. Copies of the
proposed amendments, staff
report and Environmental
Checklist may be obtained
from the Regional Board's
website at
http://www.waterboards.ca.g
ov/santaana or by request to
Board staff at (951) 782-
4130. Due to the volume of
the documentation, review of
the electronic files is strongly
encouraged. The staff report
and related documents may
also be reviewed at the
Regional Board office located
at 3737 Main Street, Suite
500, Riverside, California, by
appointment scheduled
between 9:00 a.m. and 3:00
p.m., Monday through Friday.
Appointments may be
scheduled by calling the
office at (951)782-4130.
Public participation is an
important part of this
process. The Regional
Board will accept written and
oral testimony at or prior to
the hearing. Interested
parties are strongly
encouraged to submit written
comments as early as
possible in advance of the
hearing. Written responses to
comments received by
NOON on February 27,
2012 will be prepared. For
the sake of the accuracy of
the record, please provide
written copies of oral
comments.Comments should
be submitted to Dave Woelfel
at the Regional Board office
address listed above or by e-
mail at
dwoelfel@waterboards.ca.go
v. The Regional Board may
impose time limits on oral
presentations at the hearing.
Persons with similar views
are encouraged to make joint
presentations. Speakers may
be required to summarize
written testimony.
Comments or questions
regarding this matter should
be directed to Dave Woelfel
at (951)782-7960 or Joanne
Schneider at (951) 782-3287.
Any person who is disabled
and requires special
accommodation to participate



in the Regional Board
hearing should contact Felipa
Carrillo at (951)782-3285 no
later than February 24, 2012.
/s/ Kurt V. Berchtold
Date 1/12/12
Executive Officer
Santa Ana Regional Water
Quality Control Board
1/12/12
CNS-2209785#
THE REGISTER
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CALIFORNIA REGIONAL
WATER QUALITY
CONTROL BOARD
Santa Ana region

Notice of Public Hearing
and Notice of Filing

Basin Plan Amendments to
Revise Recreation

Standards for Inland Fresh
Surface Waters in the

Santa Ana Region
Notice is hereby given that
the California Regional
Water Quality Control Board,
Santa Ana Region (Regional
Board) will consider adoption
of amendments to the Water
Quality Control Plan for the
Santa Ana River Basin
(Basin Plan), largely to
revise recreational standards
for inland fresh surface
waters in the Region. The
proposed amendments
include changes to bacteria
quality objectives for inland
fresh surface waters based
on revised bacteria quality
criteria for recreational
waters published in 1986 by
the U.S. Environmental
Protection Agency. Other
proposed amendments are:
add a narrative pathogen
objective; change recreation
beneficial use designations
for specific surface waters
based on Use Attainability
Analyses; establish
conditions for the temporary
suspension of recreational
standards for freshwaters;
delete the Basin Plan
bacteria quality objectives to
protect MUN use ofsurface
waters; add surface waters
not currently listed in the
Basin Plan and add
appropriate beneficial use
designations for these
waters; delete two reservoirs
no longer in existence;
modify the implementation
plan to include bacteria
quality monitoring and
implementation strategies.
Action on the proposed
amendments will be taken in
accordance with a regulatory
program exemption under
section 21080.5 of the Public
Resources Code from the
requirement to prepare an
environmental impact report
under the California
Environmental Quality
(Public Resources Code
Section 21000 et seq.), and
in accordance with other
applicable laws and
regulations.
A public hearing will be held
to consider the adoption
ofthe proposed amendments
to the Basin Plan. Changes
to the amendments
consistent with their general
purpose may be considered
by the Regional Board at the
hearing. The public hearing
will be held at the regularly

scheduled Regional Board
Meeting on March 16, 2012
at the following time and
location:
DATE: March 16, 2012
TIME: 9:00 a.m.
LOCATION: City of Loma
Linda Council Chambers
25541 Barton Road
Loma Linda
The proposed Basin Plan
amendments, staff report,
and Environmental Checklist
that evaluates the potential
for significant adverse
environmental impacts as a
result of the amendments,
will be available on January
12, 2012. Copies of the
proposed amendments, staff
report and Environmental
Checklist may be obtained
from the Regional Board's
website at
http://www.waterboards.ca.g
ov/santaana or by request to
Board staff at (951) 782-
4130. Due to the volume of
the documentation, review of
the electronic files is strongly
encouraged. The staff report
and related documents may
also be reviewed at the
Regional Board office
located at 3737 Main Street,
Suite 500, Riverside,
California, by appointment
scheduled between 9:00
a.m. and 3:00 p.m., Monday
through Friday.
Appointments may be
scheduled by calling the
office at (951)782-4130.
Public participation is an
important part of this
process. The Regional
Board will accept written and
oral testimony at or prior to
the hearing. Interested
parties are strongly
encouraged to submit written
comments as early as
possible in advance of the
hearing. Written responses
to comments received by
NOON on February 27,
2012 will be prepared. For
the sake of the accuracy of
the record, please provide
written copies of oral
comments.Comments should
be submitted to Dave
Woelfel at the Regional
Board office address listed
above or by e-mail at
dwoelfel@waterboards.ca.go
v. The Regional Board may
impose time limits on oral
presentations at the hearing.
Persons with similar views
are encouraged to make joint
presentations. Speakers may
be required to summarize
written testimony.
Comments or questions
regarding this matter should
be directed to Dave Woelfel
at (951)782-7960 or Joanne
Schneider at (951) 782-
3287. Any person who is
disabled and requires special



accommodation to
participate in the Regional
Board hearing should
contact Felipa Carrillo at
(951)782-3285 no later than
February 24, 2012.
/s/ Kurt V. Berchtold
Date 1/12/12
Executive Officer
Santa Ana Regional Water
Quality Control Board
1/12/12
CNS-2209786#
THE PRESS ENTERPRISE
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CALIFORNIA REGIONAL WATER
QUALITY CONTROL BOARD

Santa Ana region
Notice of Public Hearing and Notice

of Filing
Basin Plan Amendments to Revise
Recreation Standards for Inland
Fresh Surface Waters in the Santa

Ana Region
Notice is hereby given that the
California Regional Water Quality
Control Board, Santa Ana Region
(Regional Board) will consider
adoption of amendments to the Water
Quality Control Plan for the Santa Ana
River Basin (Basin Plan), largely to
revise recreational standards for
inland fresh surface waters in the
Region. The proposed amendments
include changes to bacteria quality
objectives for inland fresh surface
waters based on revised bacteria
quality criteria for recreational waters
published in 1986 by the U.S.
Environmental Protection Agency.
Other proposed amendments are: add
a narrative pathogen objective;
change recreation beneficial use
designations for specific surface
waters based on Use Attainability
Analyses; establish conditions for the
temporary suspension of recreational
standards for freshwaters; delete the
Basin Plan bacteria quality objectives
to protect MUN use ofsurface waters;
add surface waters not currently listed
in the Basin Plan and add appropriate
beneficial use designations for these
waters; delete two reservoirs no
longer in existence; modify the
implementation plan to include
bacteria quality monitoring and
implementation strategies.
Action on the proposed amendments
will be taken in accordance with a
regulatory program exemption under
section 21080.5 of the Public Resources
Code from the requirement to prepare
an environmental impact report under
the California Environmental Quality
(Public Resources Code Section 21000
et seq.), and in accordance with other
applicable laws and regulations.
A public hearing will be held to
consider the adoption ofthe proposed
amendments to the Basin Plan.
Changes to the amendments consistent
with their general purpose may be
considered by the Regional Board at
the hearing. The public hearing will be
held at the regularly scheduled
Regional Board Meeting on March 16,
2012 at the following time and location:
DATE: March 16, 2012
TIME: 9:00 a.m.
LOCATION: City of Loma Linda
Council Chambers
25541 Barton Road
Loma Linda



The proposed Basin Plan
amendments, staff report, and
Environmental Checklist that
evaluates the potential for significant
adverse environmental impacts as a
result of the amendments, will be
available on January 12, 2012. Copies
of the proposed amendments, staff
report and Environmental Checklist
may be obtained from the Regional
Board's website at
http://www.waterboards.ca.gov/santa
ana or by request to Board staff at
(951) 782-4130. Due to the volume of the
documentation, review of the
electronic files is strongly encouraged.
The staff report and related
documents may also be reviewed at
the Regional Board office located at
3737 Main Street, Suite 500, Riverside,
California, by appointment scheduled
between 9:00 a.m. and 3:00 p.m.,
Monday through Friday.
Appointments may be scheduled by
calling the office at (951)782-4130.
Public participation is an important
part of this process. The Regional
Board will accept written and oral
testimony at or prior to the hearing.
Interested parties are strongly
encouraged to submit written
comments as early as possible in
advance of the hearing. Written
responses to comments received by
NOON on February 27, 2012 will be
prepared. For the sake of the accuracy
of the record, please provide written
copies of oral comments.Comments
should be submitted to Dave Woelfel at
the Regional Board office address
listed above or by e-mail at
dwoelfel@waterboards.ca.gov. The
Regional Board may impose time
limits on oral presentations at the
hearing. Persons with similar views
are encouraged to make joint
presentations. Speakers may be
required to summarize written
testimony.
Comments or questions regarding this
matter should be directed to Dave
Woelfel at (951)782-7960 or Joanne
Schneider at (951) 782-3287. Any person
who is disabled and requires special
accommodation to participate in the
Regional Board hearing should contact
Felipa Carrillo at (951)782-3285 no
later than February 24, 2012.
/s/ Kurt V. Berchtold
Date 1/12/12
Executive Officer
Santa Ana Regional Water Quality
Control Board
1/12/12

SBS-2209787#
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REGIONAL BOARD MEETING 
Friday, March 16, 2012 

City of Loma Linda 
25541 Barton Road 

Loma Linda, CA 92354 
 

 
 
 
 
 
 
 
 

 
 

 
 

The following items have been added: 
 
 
11A.       Hazardous Waste Incident Report - Board staff will provide a list of hazardous waste incidents 

Within the Region to the Board (information item). 
{Kenneth R. Williams 951/782-4496 kwilliams@waterboards.ca.gov} 

 
11B.       Underground Storage Tanks Corrective Action Plans - Board staff will provide a list of sites 

where Corrective Action plans have been submitted within the Region as required by the California 
Underground Storage Tank Regulations, Title 23, Article 11, Section 2728 (information item). 
{Kenneth R. Williams 951/782-4496 kwilliams@waterboards.ca.gov} 

 
11C.       Underground Storage Tanks Site Closure Report - Board staff will provide a list of site closures 

that have occurred within the Region as required by the California Underground Storage Tank 
Regulations, Title 23, Article 11, Section 2728(d) (Information item). 
{Kenneth R. Williams 951/782-4496 kwilliams@waterboards.ca.gov} 

NOTICE 
 

Changes and postponements that may occur to this agenda will be placed on our website and automatically 
forwarded to those who subscribe to our electronic mailing list.  Anyone wishing to subscribe to our electronic 
agenda mailing list may do so, as follows: go to www.waterboards.ca.gov/santaana/ and choose “Subscribe 
to Electronic Mailing Lists” from the homepage. Those who are not subscribers should visit our website prior 
to the board meeting date. 

 
Supporting documents for agenda items are now posted on our website at least 7 days prior to the scheduled 
meeting.  To view or download the documentation, go to www.waterboards.ca.gov/santaana/ and select the 
item of interest. 

 

A D D E N D U M   T O 
A G E N D A   A N N O U N C E M E N T 

http://www.waterboards.ca.gov/santaana/board_info/agendas/2012/03_16/03-16-2012_item_11a.pdf
mailto:kwilliams@waterboards.ca.gov
http://www.waterboards.ca.gov/santaana/board_info/agendas/2012/03_16/03-16-2012_item_11b.pdf
mailto:kwilliams@waterboards.ca.gov
http://www.waterboards.ca.gov/santaana/board_info/agendas/2012/03_16/03-16-2012_item_11c.pdf
mailto:kwilliams@waterboards.ca.gov
http://www.waterboards.ca.gov/santaana/
http://www.swrcb.ca.gov/rwqcb8


 

California Regional Water Quality Control Board 
Santa Ana Region 

3737 Main Street, Suite 500, Riverside, California 92501-3348 
(951) 782-4130  Fax  (951) 781-6288 
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Matthew Rodriquez 
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REGIONAL BOARD MEETING 
Friday, March 16, 2012  

9:00 A.M. 
City of Loma Linda 
25541 Barton Road 

Loma Linda, CA  92354 

 

NOTICE 
 

Changes and postponements that may occur to this agenda will be placed on our website and automatically 
forwarded to those who subscribe to our electronic mailing list.  Anyone wishing to subscribe to our electronic 
agenda mailing list may do so, as follows: go to www.waterboards.ca.gov/santaana/ and choose “Email 
Subscriptions” from the homepage. Those who are not subscribers should visit our website prior to the board 
meeting date to view any changes to the agenda. 
 
Supporting documents for agenda items are now posted on our website at least 7 days prior to the scheduled 
meeting.  To view or download the documentation, go to www.waterboards.ca.gov/santaana/ and select the 
“Public Notices” page. 
 
 

1. Introductions 
 

2. Public Forum - Any person may address the Board at the commencement of the meeting on any matter 
within the Regional Board’s jurisdiction and not related to an item that is to be considered separately. The 
Regional Board Chair requests that each person addressing the Regional Board observe a three–minute 
time limit. 
 

3. State Water Resources Control Board Liaison Report - This item is for information only.  No public 
testimony will be allowed, and the Regional Board will take no formal action.  
 

4. Approval of the Minutes of the Regular Board Meeting of February 10, 2012. 
{Felipa Carrillo 951/782-3285 fcarrillo@waterboards.ca.gov}  
 

5. Consideration of Consent Calendar Items - Items marked with an asterisk (*) are expected to be 
routine and non-controversial.  The Regional Board will be asked to consider these items at one time 
without discussion.  If any interested party, Board Member or staff requests that an item be removed from 
the consent calendar, it will be taken up in the order shown. 
 

 *6. Appeal of Staff's Denial of an Exemption from the Minimum Lot Size Requirement - David and 
Karen DeMauro, 5930 Buckthorn Avenue, Alta Loma, San Bernardino County - APN 1062-211-29 
{Gary Stewart 951/782-4379 gstewart@waterboards.ca.gov}  
 

 *7. Rescissions – Orders for the following facilities are proposed to be rescinded as the discharge has 
ceased and/or the project has been completed and WDRs are no longer required, or because the facility 
is in compliance with an enforcement order. 
{Gary Stewart 951/782-4379 gstewart@waterboards.ca.gov}                        Order No. R8-2012-0025 

A G E N D A  A N N O U N C E M E N T 
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Order No. 
 

Facility and Location 
 

Reason for Rescission 
 

 
1. 96-54 

Lee Lake Water District, Clay Canyon 
Mobile Home Park WTP, Riverside 

Wastewater is now discharged to 
the regional plant, WDR no longer 
required. 
 

2. 77-200 Hillyard Aluminum Recovery 
Corp/Alumax, Inc. Brine Facility, Fontana 
 

Project completed, WDR no 
longer required. 
 

3. 91-78 Janet & Len Slegers, Paul Van Leeuwen, 
Aspen Dairy, 10241 Edison, Chino 

Corrective actions have been 
implemented, enforcement order 
no longer applicable. 
 

4. 84-13 Adriana Weeda, Daniel Weeda Dairy, 
15708 Pomona-Rincon, Chino 

Facility no longer in business, 
enforcement order no longer 
applicable. 
 

5. 85-19 Pablo Echeverria, Pablo Echeverria 
Dairy, 7481 Cleveland, Corona 

Facility no longer in business, 
enforcement order no longer 
applicable. 
 

6. 85-42 Jay TeVelde Jr., Jay TeVelde Dairy, 
7565 Eucalyptus, Chino 

Corrective actions have been 
implemented, enforcement order 
no longer applicable. 
 

7. 84-15 Edward (Broer) Vander Dussen, West 
Coast Dairy, 15993 El Prado, Chino 

Corrective actions have been 
implemented, enforcement order 
no longer applicable. 
 

8. 87-56 George Plantega, 6500 Hamner, Corona Facility no longer in business, 
enforcement order no longer 
applicable. 
 
 

 

 *8. Chino Basin and Cucamonga Basin Maximum Benefit Hydraulic Control Monitoring Program - 
The Board will consider approval of the revised monitoring program proposals required pursuant to the 
Chino Basin Watermaster and Inland Empire Utilities Agency Maximum Benefit Salt Management 
Program specified in the TDS and Nitrogen Management Plan in the Basin Plan. 
{Hope Smythe 951/782-4493 hsmythe@waterboards.ca.gov}                 Resolution No. R8-2012-0026 
 

9. Public Hearing: Basin Plan Amendments – Recreational Standards for Inland Surface Waters - 
The Regional Board will be asked to consider adoption of Basin Plan amendments revising recreational 
standards for inland surface waters in the Santa Ana Region.  Editorial and other changes are also 
proposed. 
{Joanne E. Schneider 951/782-3287 jschneider@waterboards.ca.gov}  Resolution No. R8-2012-0001 
 

10. Lower Newport Bay Maintenance Dredge Project - Potential Use of Funds from Robinson-Skinner 
Newport Beach Account - Board staff will provide an update concerning the dredging project and 
possible use of funds from the Robinson-Skinner Account by the City of Newport Beach to conduct 
additional dredging and post-dredge monitoring. Use of the funds requires Executive Officer approval of 
a workplan to be submitted by the City (information item). 
{Wanda M. Cross 951/782-4468 wcross@waterboards.ca.gov} 
 

http://www.waterboards.ca.gov/santaana/board_info/agendas/2012/03_16/03-16-2012_item_8.pdf
mailto:hsmythe@waterboards.ca.gov
http://www.waterboards.ca.gov/santaana/board_info/agendas/2012/03_16/03-16-2012_item_9.pdf
mailto:jschneider@waterboards.ca.gov
http://www.waterboards.ca.gov/santaana/board_info/agendas/2012/03_16/03-16-2012_item_10.pdf
http://www.waterboards.ca.gov/santaana/board_info/agendas/2012/03_16/03-16-2012_item_10.pdf
mailto:wcross@waterboards.ca.gov
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11. In Lieu Fee Enabling Instrument between Riverside-Corona Resource Conservation District and 
the U.S. Army Corps of Engineers, U.S. Environmental Protection Agency, the California 
Department of Fish and Game, and the Santa Ana Regional Water Quality Control Board - The 
Executive Officer proposes to be a signatory to the In Lieu Fee Enabling Instrument on behalf of the 
Regional Board.  The Instrument sets forth the agreement of the parties regarding the establishment, 
use, operation, and maintenance of the Riverside-Corona Resource Conservation District's in lieu fee 
program to compensate for the impacts of discharges of dredge or fill to waters of the U.S. and waters of 
the state (information Item). 
{Mark G. Adelson 951/782-3234 madelson@waterboards.ca.gov} 
 

12. Regional Board Member and Executive Officer Communications - Board Members and the 
Executive Officer may discuss meetings, communications, correspondence, or other items of general 
interest relating to matters within the Regional Board’s jurisdiction.  There will be no voting or formal 
action taken. 
 

13. Closed Session - At any time during the regular session, the Regional Board may adjourn to a closed 
session to: 

a. consider evidence received in an adjudicatory hearing and deliberate on a decision to be reached 
based on that evidence (Gov. Code Section 11126(c)(3)); 

b. consider the appointment, employment, evaluation of performance, or dismissal of a public 
employee or to hear complaints or charges brought against a public employee (Gov. Code 
Section 11126(a)(1)); 

c. discuss significant exposure to litigation (Gov. Code Section 11126(e)(2)(B)(i)); 
d. discuss whether to initiate litigation (Gov. Code Section 11126(e)(2)(C)(i)); and 
e. discuss pending litigation in the following matters (Gov. Code, § 11126, subd.(e)): 

(1)  US EPA, Santa Ana Region v. Orange County Sanitation District (U.S. Dist. Ct., CD Cal.); 
(2)  Goodrich Corporation v. California State Water Resources Control Board et al. (Los  
       Angeles Sup. Ct. Case No. BS 110389, [consolidated with BS 110390 and BS 110391].); 
(3)  In re Petitions of Kwikset Locks, Inc. (SWRCB/OCC File Nos. A-1732, 1732(a), 1732(b),  
      1732(c), and 1732(d)); 
(4)  In re Own Motion Review of Rialto-Area Perchlorate Contamination (SWRCB/OCC File No.    
      A-1824). 
 

14.     Adjournment to the regular meeting of April 27, 2012, at 9:00 a.m., at the Orange County Water District, 
 18700 Ward Street, Fountain Valley, CA 92708. 

 
NOTICES 
  
Any person who has a disability and requires reasonable accommodation to participate in this Regional Board 
Meeting should contact Felipa Carrillo at fcarrillo@waterboards.ca.gov, or at 951/782-3285, no later than ten 
(10) days prior to the meeting. 
 
Any person interested in obtaining information and/or providing input regarding pending applications for Water 
Quality Standards Certification under Section 401 of the Federal Clean Water Act may do so by contacting 
Mark G. Adelson at 951/782-3234. 
 

http://www.waterboards.ca.gov/santaana/board_info/agendas/2012/03_16/03-16-2012_item_11.pdf
http://www.waterboards.ca.gov/santaana/board_info/agendas/2012/03_16/03-16-2012_item_11.pdf
http://www.waterboards.ca.gov/santaana/board_info/agendas/2012/03_16/03-16-2012_item_11.pdf
mailto:madelson@waterboards.ca.gov
mailto:fcarrillo@waterboards.ca.gov
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REGIONAL BOARD MEETING 
Friday, April 27, 2012 

Orange County Water District 
18700 Ward Street 

Fountain Valley, CA 92708 
 

 
 
 
 
 
 
 
 

 
 

 
 

The following item has been added: 
 
 

*8A.   Irvine Ranch Water District, Michelson Water Reclamation Plant – The Regional Board will  
consider adoption of this Order to amend waste discharge and producer/user reclamation 
requirements for Irvine Ranch Water District’s Michelson Water Reclamation Plant, Order No. R8-
2007-0003, NPDES No. CA8000326, primarily to permit Irvine Ranch Water District to store recycled 
water in Siphon Reservoir.  The Order will also be amended to provide clarification regarding some 
discharge points and monitoring locations. 
{Gary Stewart 951/782-4379 gstewart@waterboards.ca.gov}          Order No. R8-2012-0004 
 
 
 
 
 
 
 
 
 

4-13-12 

NOTICE 
 

Changes and postponements that may occur to this agenda will be placed on our website and automatically 
forwarded to those who subscribe to our electronic mailing list.  Anyone wishing to subscribe to our electronic 
agenda mailing list may do so, as follows: go to www.waterboards.ca.gov/santaana/ and choose “Subscribe 
to Electronic Mailing Lists” from the homepage. Those who are not subscribers should visit our website prior 
to the board meeting date. 

 
Supporting documents for agenda items are now posted on our website at least 7 days prior to the scheduled 
meeting.  To view or download the documentation, go to www.waterboards.ca.gov/santaana/ and select the 
item of interest. 

 

A D D E N D U M   T O 
A G E N D A   A N N O U N C E M E N T 

http://www.waterboards.ca.gov/santaana/board_info/agendas/2012/04_27/04-27-2012_item_8a.pdf
mailto:gstewart@waterboards.ca.gov
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California Regional Water Quality Control Board 
Santa Ana Region 

3737 Main Street, Suite 500, Riverside, California 92501-3348 
(951) 782-4130  Fax  (951) 781-6288 

http://www.waterboards.ca.gov/santaana 

California Environmental Protection Agency 
 

  Recycled Paper 

Matthew Rodriquez 
Secretary for 

Environmental Protection 
 

Edmund G. Brown Jr. 
Governor 

 

 

 
REGIONAL BOARD MEETING 

Friday, April 27, 2012  
9:00 A.M. 

Orange County Water District 
18700 Ward Street 

Fountain Valley, CA 92708 

NOTICE 
 

Changes and postponements that may occur to this agenda will be placed on our website and automatically 
forwarded to those who subscribe to our electronic mailing list.  Anyone wishing to subscribe to our electronic 
agenda mailing list may do so, as follows: go to www.waterboards.ca.gov/santaana/ and choose “Email 
Subscriptions” from the homepage. Those who are not subscribers should visit our website prior to the board 
meeting date to view any changes to the agenda. 

 
Supporting documents for agenda items are now posted on our website at least 7 days prior to the scheduled 
meeting.  To view or download the documentation, go to www.waterboards.ca.gov/santaana/ and select the 
“Public Notices” page. 
 

 
1. Introductions 

 
2. Public Forum - Any person may address the Board at the commencement of the meeting on any 

matter within the Regional Board’s jurisdiction and not related to an item that is to be considered 
separately. The Regional Board Chair requests that each person addressing the Regional Board 
observe a three–minute time limit. 
 

3.        State Water Resources Control Board Liaison Report - This item is for information only.  No public 
testimony will be allowed, and the Regional Board will take no formal action. 

 
4. Approval of the Minutes of the Regular Board Meeting of March 16, 2012.   

{Felipa Carrillo 951/782-3285 fcarrillo@waterboards.ca.gov}  
 

5. Consideration of Consent Calendar Items - Items marked with an asterisk (*) are expected to 
be routine and non-controversial.  The Regional Board will be asked to consider these items at one 
time without discussion.  If any interested party, Board Member or staff requests that an item be 
removed from the consent calendar, it will be taken up in the order shown. 
 

*6. Appeal of Staff's Denial of an Exemption from the Minimum Lot Size Requirement - Juan and 
Nena Amaral, 3506 Riverside Drive, Chino, San Bernardino County - APN 1016-561-12.  
{Gary Stewart 951/782-4379 gstewart@waterboards.ca.gov}  
 

A G E N D A  A N N O U N C E M E N T 

http://www.waterboards.ca.gov/santaana/
http://www.swrcb.ca.gov/rwqcb8
http://www.waterboards.ca.gov/santaana/board_info/agendas/2012/04_27/04-27-2012_item_4.pdf
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*7. Appeal of Staff's Denial of an Exemption from the Minimum Lot Size Requirement - Ravinder and 
Manbir Sidhu, 5037 Lipizzan Place, Rancho Cucamonga, San Bernardino County – APN 1074-521-02. 
{Gary Stewart 951/782-4379 gstewart@waterboards.ca.gov}  
 

*8. Resolution Regarding Funding from the State Water Resources Control Board (SWRCB) 
Emergency, Abandoned and Recalcitrant Site Account – The Regional Board will consider a 
resolution supporting the acceptance of funds for underground storage tank sites from the SWRCB 
Emergency, Abandoned and Recalcitrant Site Account. 
{Kenneth Williams 951/782-4496 kwilliams@waterboards.ca.gov}  Resolution No. R8-2012-0032 
 

9. Public Hearing: Basin Plan Amendments - Recreational Standards for Inland Surface Waters - 
The Regional Board will be asked to consider adoption of Basin Plan amendments revising recreational 
standards for inland surface waters in the Santa Ana Region.  Editorial and other changes are also 
proposed. 
{Joanne E. Schneider 951/782-3287 jschneider@waterboards.ca.gov} Resolution No. R8-2012-0001 
(Continued from March 16, 2012 meeting). 
 

10. Status Report on the Volatile Organic Compound Groundwater Plume at Chino Airport, San 
Bernardino County - Regional Board staff will update the Board on San Bernardino County’s progress 
in addressing the groundwater plume that is migrating from the Chino Airport (information item). 
{Robert L. Holub  951/782-3298 rholub@waterboards.ca.gov} 
 

11. Regional Board Member and Executive Officer Communications - Regional Board Members and 
the Executive Officer may discuss meetings, communications, correspondence, or other items of 
general interest relating to matters within the Regional Board’s jurisdiction.  There will be no voting or 
formal action taken.  
 

12. Closed Session - At any time during the regular session, the Regional Board may adjourn to a closed 
session to:        

a. consider evidence received in an adjudicatory hearing and deliberate on a decision to be 
reached based on that evidence (Gov. Code Section 11126(c)(3)); 

b. consider the appointment, employment, evaluation of performance, or dismissal of a public 
employee or to hear complaints or charges brought against a public employee  (Gov. Code 
Section 11126(a)(1)); 

c. discuss significant exposure to litigation (Gov. Code Section 11126(e)(2)(B)(i)); 
d. discuss whether to initiate litigation (Gov. Code Section 11126(e)(2)(C)(i)); and 
e. discuss pending litigation in the following matters (Gov. Code, § 11126, subd.(e)): 

(1)  US EPA, Santa Ana Region v. Orange County Sanitation District (U.S. Dist. Ct., CD Cal.); 
(2)  Goodrich Corporation v. California State Water Resources Control Board et al. (Los  

Angeles Sup. Ct. Case No. BS 110389, [consolidated with BS 110390 and BS110391].); 
(3)  In re Petitions of Kwikset Locks, Inc. (SWRCB/OCC File Nos. A-1732, 1732(a), 1732(b),  

1732(c), and 1732(d)); 
(4)  In re Own Motion Review of Rialto-Area Perchlorate Contamination (SWRCB/OCC File No. 

A-1824). 
 

13. Adjournment to the regular meeting of June 8, 2012, at 9:00 A.M., at the City of Loma Linda, Council  
Chambers, 25541 Barton Road, Loma Linda, CA 92354. 
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NOTICES 
  
Any person who has a disability and requires reasonable accommodation to participate in this Regional Board 
Meeting should contact Felipa Carrillo at fcarrillo@waterboards.ca.gov, or at 951/782-3285, no later than ten 
(10) days prior to the meeting. 
  
Any person interested in obtaining information and/or providing input regarding pending applications for Water 
Quality Standards Certification under Section 401 of the Federal Clean Water Act may do so by contacting 
Mark G. Adelson at 951/782-3234. 

mailto:fcarrillo@waterboards.ca.gov
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REGIONAL BOARD MEETING 
Friday, April 27, 2012 

Orange County Water District 
18700 Ward Street 

Fountain Valley, CA 92708 
 

 
 
 
 
 
 
 
 

 
 

 
 

The following item has been added: 
 
 

*8A.   Irvine Ranch Water District, Michelson Water Reclamation Plant – The Regional Board will  
consider adoption of this Order to amend waste discharge and producer/user reclamation 
requirements for Irvine Ranch Water District’s Michelson Water Reclamation Plant, Order No. R8-
2007-0003, NPDES No. CA8000326, primarily to permit Irvine Ranch Water District to store recycled 
water in Siphon Reservoir.  The Order will also be amended to provide clarification regarding some 
discharge points and monitoring locations. 
{Gary Stewart 951/782-4379 gstewart@waterboards.ca.gov}          Order No. R8-2012-0004 
 
 
 
 
 
 
 
 
 

4-13-12 

NOTICE 
 

Changes and postponements that may occur to this agenda will be placed on our website and automatically 
forwarded to those who subscribe to our electronic mailing list.  Anyone wishing to subscribe to our electronic 
agenda mailing list may do so, as follows: go to www.waterboards.ca.gov/santaana/ and choose “Subscribe 
to Electronic Mailing Lists” from the homepage. Those who are not subscribers should visit our website prior 
to the board meeting date. 

 
Supporting documents for agenda items are now posted on our website at least 7 days prior to the scheduled 
meeting.  To view or download the documentation, go to www.waterboards.ca.gov/santaana/ and select the 
item of interest. 

 

A D D E N D U M   T O 
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REGIONAL BOARD MEETING 

Friday, April 27, 2012  
9:00 A.M. 

Orange County Water District 
18700 Ward Street 

Fountain Valley, CA 92708 

NOTICE 
 

Changes and postponements that may occur to this agenda will be placed on our website and automatically 
forwarded to those who subscribe to our electronic mailing list.  Anyone wishing to subscribe to our electronic 
agenda mailing list may do so, as follows: go to www.waterboards.ca.gov/santaana/ and choose “Email 
Subscriptions” from the homepage. Those who are not subscribers should visit our website prior to the board 
meeting date to view any changes to the agenda. 

 
Supporting documents for agenda items are now posted on our website at least 7 days prior to the scheduled 
meeting.  To view or download the documentation, go to www.waterboards.ca.gov/santaana/ and select the 
“Public Notices” page. 
 

 
1. Introductions 

 
2. Public Forum - Any person may address the Board at the commencement of the meeting on any 

matter within the Regional Board’s jurisdiction and not related to an item that is to be considered 
separately. The Regional Board Chair requests that each person addressing the Regional Board 
observe a three–minute time limit. 
 

3.        State Water Resources Control Board Liaison Report - This item is for information only.  No public 
testimony will be allowed, and the Regional Board will take no formal action. 

 
4. Approval of the Minutes of the Regular Board Meeting of March 16, 2012.   

{Felipa Carrillo 951/782-3285 fcarrillo@waterboards.ca.gov}  
 

5. Consideration of Consent Calendar Items - Items marked with an asterisk (*) are expected to 
be routine and non-controversial.  The Regional Board will be asked to consider these items at one 
time without discussion.  If any interested party, Board Member or staff requests that an item be 
removed from the consent calendar, it will be taken up in the order shown. 
 

*6. Appeal of Staff's Denial of an Exemption from the Minimum Lot Size Requirement - Juan and 
Nena Amaral, 3506 Riverside Drive, Chino, San Bernardino County - APN 1016-561-12.  
{Gary Stewart 951/782-4379 gstewart@waterboards.ca.gov}  
 

A G E N D A  A N N O U N C E M E N T 
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*7. Appeal of Staff's Denial of an Exemption from the Minimum Lot Size Requirement - Ravinder and 
Manbir Sidhu, 5037 Lipizzan Place, Rancho Cucamonga, San Bernardino County – APN 1074-521-02. 
{Gary Stewart 951/782-4379 gstewart@waterboards.ca.gov}  
 

*8. Resolution Regarding Funding from the State Water Resources Control Board (SWRCB) 
Emergency, Abandoned and Recalcitrant Site Account – The Regional Board will consider a 
resolution supporting the acceptance of funds for underground storage tank sites from the SWRCB 
Emergency, Abandoned and Recalcitrant Site Account. 
{Kenneth Williams 951/782-4496 kwilliams@waterboards.ca.gov}  Resolution No. R8-2012-0032 
 

9. Public Hearing: Basin Plan Amendments - Recreational Standards for Inland Surface Waters - 
The Regional Board will be asked to consider adoption of Basin Plan amendments revising recreational 
standards for inland surface waters in the Santa Ana Region.  Editorial and other changes are also 
proposed. 
{Joanne E. Schneider 951/782-3287 jschneider@waterboards.ca.gov} Resolution No. R8-2012-0001 
(Continued from March 16, 2012 meeting). 
 

10. Status Report on the Volatile Organic Compound Groundwater Plume at Chino Airport, San 
Bernardino County - Regional Board staff will update the Board on San Bernardino County’s progress 
in addressing the groundwater plume that is migrating from the Chino Airport (information item). 
{Robert L. Holub  951/782-3298 rholub@waterboards.ca.gov} 
 

11. Regional Board Member and Executive Officer Communications - Regional Board Members and 
the Executive Officer may discuss meetings, communications, correspondence, or other items of 
general interest relating to matters within the Regional Board’s jurisdiction.  There will be no voting or 
formal action taken.  
 

12. Closed Session - At any time during the regular session, the Regional Board may adjourn to a closed 
session to:        

a. consider evidence received in an adjudicatory hearing and deliberate on a decision to be 
reached based on that evidence (Gov. Code Section 11126(c)(3)); 

b. consider the appointment, employment, evaluation of performance, or dismissal of a public 
employee or to hear complaints or charges brought against a public employee  (Gov. Code 
Section 11126(a)(1)); 

c. discuss significant exposure to litigation (Gov. Code Section 11126(e)(2)(B)(i)); 
d. discuss whether to initiate litigation (Gov. Code Section 11126(e)(2)(C)(i)); and 
e. discuss pending litigation in the following matters (Gov. Code, § 11126, subd.(e)): 

(1)  US EPA, Santa Ana Region v. Orange County Sanitation District (U.S. Dist. Ct., CD Cal.); 
(2)  Goodrich Corporation v. California State Water Resources Control Board et al. (Los  

Angeles Sup. Ct. Case No. BS 110389, [consolidated with BS 110390 and BS110391].); 
(3)  In re Petitions of Kwikset Locks, Inc. (SWRCB/OCC File Nos. A-1732, 1732(a), 1732(b),  

1732(c), and 1732(d)); 
(4)  In re Own Motion Review of Rialto-Area Perchlorate Contamination (SWRCB/OCC File No. 

A-1824). 
 

13. Adjournment to the regular meeting of June 8, 2012, at 9:00 A.M., at the City of Loma Linda, Council  
Chambers, 25541 Barton Road, Loma Linda, CA 92354. 
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NOTICES 
  
Any person who has a disability and requires reasonable accommodation to participate in this Regional Board 
Meeting should contact Felipa Carrillo at fcarrillo@waterboards.ca.gov, or at 951/782-3285, no later than ten 
(10) days prior to the meeting. 
  
Any person interested in obtaining information and/or providing input regarding pending applications for Water 
Quality Standards Certification under Section 401 of the Federal Clean Water Act may do so by contacting 
Mark G. Adelson at 951/782-3234. 
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Santa Ana Regional Water Quality Control Board 

(~=A=G=E=N=D=A=A=N=N=O=U=N=C=E=M=E=N=T=~) 
REGIONAL BOARD MEETING 

Friday,June15,2012 
9:00a.m. 

Irvine Ranch Water District 
15600 Sand Canyon Avenue 

Irvine, CA 92618 

NOTICE 

Changes and postponements that may occur to this agenda will be placed on our website and automatically 
forwarded to those who subscribe to our electronic mailing list. Anyone wishing to subscribe to our electronic 
agenda mailing list may do so, as follows: go to www.waterboards.ca.gov/santaana/ and choose "Email 
Subscriptions" from the homepage. Those who are not subscribers should visit our website prior to the board 
meeting date to view any changes to the agenda. 

Supporting documents for agenda items are now posted on our website at least 7 days prior to the scheduled 
meeting. To view or download the documentation, go to www.waterboards.ca .gov/santaana/ and select the 
"Public Notices" page. 

1. Introductions 

2. Public Forum -Any person may address the Board at the commencement of the meeting on any matter 
within the Regional Board's jurisdiction and not related to an item that is to be considered separately . 
The Regional Board Chair requests that each person addressing the Regional Board observe a three
minute time limit. 

3. State Water Resources Control Board Liaison Report- This item is for information only. No public 
testimony will be allowed, and the Regional Board will take no formal action. 

4. Approval of the Minutes of the Regular Board Meetings of March 16 and April 27, 2012 
{Felipa Carrillo 951/782-3285 fcarrillo@waterboards.ca.qov} 

5. Consideration of Consent Calendar Items - Items marked with an asterisk (*) are expected to 
be routine and non-controversial. The Regional Board will be asked to consider these items at one time 
without discussion. If any interested party, Board Member or staff requests that an item be removed 
from the consent calendar, it will be taken up in the order shown. 

*6. Appeal of Staffs Denial of an Exemption from the Minimum Lot Size Requirement- Juan and Nena 
Amaral, 3506 Riverside Drive, Chino, San Bernardino County- APN 1016-561-12. 
{Gary Stewart 951/782-4379 gstewart@waterboards.ca.qov} 
(Postponed from the April 27, 2012 Board Meeting) . 
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*7. Appeal of Staff's Denial of an Exemption from the Minimum Lot Size Requirement- Ravinder and 
Manbir Sidhu, 5037 Lipizzan Place, Rancho Cucamonga, San Bernardino County- APN 1074-521-02. 
{Gary Stewart 951/782-4379 gstewart@waterboards.ca.gov} 
(Postponed from the April 27, 2012 Board Meeting) . 

*8. Appeal of Staff's Denial of an Exemption from the Minimum Lot Size Requirement- Ronald Jones, 
14392 Four Winds Drive, Riverside, Riverside County, APN 271-151-042. 
{Gary Stewart 951/782-4379 gstewart@waterboards.ca.gov} 

*9 Appeal of Staff's Denial of an Exemption from the Minimum Lot Size Requirement- Jo Montoya, 
858 West C Street, Colton, San Bernardino County, APN 0274-163-10 
{Gary Stewart 951/782-4379 gstewart@waterboards.ca.gov} 

*1 0. Irvine Ranch Water District, Michelson Water Reclamation Plant- Amendment of waste discharge 
and producer/user reclamation requirements for Irvine Ranch Water District's Michelson Water 
Reclamation Plant, Order No. R8-2007 -0003, NPDES No. CA8000326, to include storage of recycled 
water in Siphon Reservoir. This amendment will also provide clarification regarding discharge points and 
monitoring locations. 
{Gary Stewart 951/782-4379 gstewart@waterboards.ca.gov} Order No. R8-2012-0004 
(Postponed from the April 27, 2012 Board Meeting) . 

*11. Waste Discharge Reguirements for FR/Cal Moreno Valley, LLC's Nandina Distribution Center, 
City of Moreno Valley, Riverside County -Authorizing the discharge of fill to unnamed waters of the 
state (ephemeral pond and roadside drainage ditch) associated with the development of Nandina 
Distribution Center. The U.S. Army Corps of Engineers has not taken jurisdiction over the proposed 
discharges. 
{Mark G. Adelson 951/782-3234 madelson@waterboards.ca .gov} Order No. R8-2012-0036 

*12. Waste Discharge Requirements and Master Reclamation Permit for City of Riverside, Public 
Utilities Department - The proposed order will regulate the distribution and use of tertiary-treated 
recycled water by the City of Riverside, Public Utilities Department. Recycled water is expected to be 
used for irrigation and non-irrigation uses, such as construction, commercial/industrial (including 
cooling) , habitat development and maintenance, and recreational uses. 
{Gary Stewart 951/782-4379 gstewart@waterboards.ca.gov} Order No. R8-2012-0031 

*13. Renewal of Waste Discharge Requirements and National Pollutant Discharge Elimination System 
Permit (NPDES No. CAS CAS619001) for OXY USA. Inc., Huntington Beach Crude Oil and Gas 
Production Facilities - Renewal of waste discharge requirements for discharges of storm water and 
process water from the Oxy USA, Inc. Huntington Beach Crude Oil and Gas Production Facilities, 
formerly owned by AERA Energy. 
{Mark Smythe 951-782-4998 msmythe@waterboards.ca.gov} Order No. R8-2012-0029 

*14. Renewal of Waste Discharge Requirements and National Pollutant Discharge Elimination Permit 
(NPDES No. CA CA8000326) for Orange County Sanitation District, Reclamation Plant No. 1 and 
Treatment Plant No.2- The Regional Board and the U.S. Environmental Protection Agency, Region IX 
are proposing to jointly reissue this Order/permit to the Orange County Sanitation District for the 
discharge of treated wastewater to the Pacific Ocean. 
{Gary Stewart 951/782-4379 gstewart@waterboards.ca.gov} Order No. R8-2012-0035 
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*15. Amendment of Time Schedule Order No. RS-2004-0067 for Orange County Sanitation District-
The proposed order will amend Time Schedule Order No. R8-2004-0067, issued to the Orange County 
Sanitation District, by replacing all references to "Order No. R8-2004-0062", the previous Order/permit 

. for the discharge of treated wastewater to the Pacific Ocean, with "Order No. R8-2012-0035". 
{Gary Stewart 951/782-4379 gstewart@waterboards.ca.gov} Order No. R8-2012-0037 

16. Public Hearing: Basin Plan Amendments- Recreational Standards for Inland Surface Waters
The Regional Board will be asked to consider adoption of Basin Plan amendments revising recreational 
standards for inland surface waters in the Santa Ana Region . Editorial and other changes are also 
proposed. 
{Joanne E. Schneider 951/782-3287 jschneider@waterboards.ca .gov} Resolution No. R8-2012-0001 
(Continued from the March 16, 2012 and April 27, 2012 Board Meetings) . 

17. Stormwater Capture- A representative of the Southern California Water Committee will provide a 
report regarding a white paper titled, "Stormwater Capture: Opportunities to Increase Water Supplies in 
Southern California" (information item). --
(Kurt V. Berchtold 951/782-3286 kberchtold@waterboards.ca.gov} 

18. Hazardous Waste Incident Report- Board staff will provide a list of hazardous waste incidents within 
the Region to the Board (information item). 
{Kenneth R. Williams 951/782-4496 kwilliams@waterboards.ca.gov} 

19. Underground Storage Tanks Corrective Action Plans - Board staff will provide a list of sites where 
Corrective Action plans have been submitted within the Region as required by the California 
Underground Storage Tank Regulations, Title 23, Article 11 , Section 2728 (information item). 
{Kenneth R. Williams 951/782-4496 kwilliams@waterboards.ca.gov} 

20. Underground Storage Tanks Site Closure Report- Board staff will provide a list of site closures that 
have occurred within the Region as required by the California Underground Storage Tank Regulations, 
Title 23, Article 11, Section 2728(d) (information item). 
{Kenneth R. Williams 951/782-4496 kwilliams@waterboards.ca.gov} 

21 . Regional Board Member and Executive Officer Communications - Regional Board Members and 
Executive Officer may discuss meetings, communications, correspondence, or other items of general 
interest relating to matters within the Regional Board's jurisdiction. There will be no voting or formal 
action taken. 
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22. Closed Session -At any time during the regular session, the Regional Board may adjourn to a closed 
session to: 

a. consider evidence received in an adjudicatory hearing and deliberate on a decision to be reached 
based on that evidence (Gov. Code Section 11126(c)(3)); 

b. consider the appointment, employment, evaluation of performance, or dismissal of a public 
employee or to hear complaints or charges brought against a public employee (Gov. Code 
Section 11126(a)(1)); 

c. discuss significant exposure to litigation (Gov. Code Section 11126(e)(2)(B)(i)); 
d. discuss whether to initiate litigation (Gov. Code Section 11126(e)(2)(C)(i)); and 
e. discuss pending litigation in the following matters (Gov. Code, § 11126, subd.(e)): 

(1) US EPA, Santa Ana Region v. Orange County Sanitation District (U.S. Dist. Ct. , CD Cal.); 
(2) Goodrich Corporation v. California State Water Resources Control Board et al. (Los 

Angeles Sup. Ct. Case No. BS 110389, (consolidated with BS 110390 and BS110391].); 
(3) In rePetitions of Kwikset Locks, Inc. (SWRCB/OCC File Nos. A-1732, 1732(a), 1732(b), 

1732(c), and 1732(d)); 
(4) In re Own Motion Review of Rialto-Area Perchlorate Contamination (SWRCB/OCC File No. 

A-1824). 

23. Adjournment to the regular meeting of July 20, 2012, at 9:00a.m., City of Lama Linda, Council 
Chambers, 25541 Barton Road, Lama Linda, CA 92354. 

NOTICES 

Any person who has a disability and requires reasonable accommodation to participate in this Regional Board 
Meeting should contact Felipa Carrillo at fcarrillo@waterboards.ca.gov, or at 951/782-3285, no later than ten 
(10) days prior to the meeting. 

Any person interested in obtaining information and/or providing input regarding pending applications for Water 
Quality Standards Certification under Section 401 of the Federal Clean Water Act may do so by contacting 
Mark G. Adelson at 951/782-3234. 
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BOARD INFORMATION SHEET 

BOARD MEMBERS 

Carole H. Beswick, Chair 
Mark H. Murai, Vice Chair 
Fred Ameri 
William Ruh 
Richard A. Freschi 
Linda I. Ackerman 
(Vacant) 
(Vacant) 
(Vacant) 

REGIONAL BOARD LEGAL COUNSEL 

David Rice, State Water Resources Control Board 
Office of Chief Counsel 
1001 "I" Street, 22nd Floor 
Sacramento, CA 95812 
(916) 341 -5182 

REGIONAL BOARD SENIOR STAFF 

Kurt V. Berchtold, Executive Officer 

APPOINTMENT CATEGORY 

County Government 
Irrigated Agriculture 
Industrial Water Use 
Municipal Government 
Water Supply 
Water Quality 
Water Quality 
Recreation , Fish and Wildlife 
Undesignated (Public) 

Joanne E. Schneider, Environmental Program Manager 
Robert L. Holub, Supervising Water Resource Control Engineer 
Michael J. Adackapara, Supervising Water Resource Control Engineer 
Gary D. Stewart, Chief of Compliance, Regulations and Permits 
Xinyu (Cindy) Li , Chief of Land Disposal 
Steven D. Mayville, Chief of Enforcement 
Mark G. Adelson, Chief of Regional Planning Programs 
Wanda Cross, Chief of Basin Planning - Coastal Waters 
Hope A. Smythe, Chief of Basin Planning - Inland Waters 
Mark E. Smythe, Chief of Stormwater- Coastal 
Milasol C. Gaslan, Chief of Stormwater- Inland 
Ann E. Sturdivant, Chief of Site Cleanup 
Kenneth R. Williams, Chief of Pollutant Investigations 
Catherine Ehrenfeld, Regional Administrative Officer 
Felipa Carrillo, Executive Assistant 
Kevin Heinemann, Information Systems Analyst 

GENERAL STATEMENT 

The primary duty of the Regional Board is to protect the quality of the waters within the Region for all 
beneficial uses. This duty is implemented by formulating and adopting water quality control plans for all 
ground and surface water bodies in the region and by prescribing and enforcing requirements on waste 
discharges. The specific responsibilities and procedures of the Regional Water Quality Boards and the State 
Water Resources Control Board are outlined in the Porter-Cologne Water Quality Control Act (Division 7, 
California Water Code) . 

The purpose of . this meeting is for the Board to obtain testimony and information from concerned and 
affected parties and make decisions after considering the r ecommendations made by the Executive Officer. 

Whenever possible, lengthy testimony should be presented to the Board in writing one week prior to the 
scheduled meeting and only a summary of pertinent issues should be presented orally. For each matter 
considered , relevant Regional Board files are incorporated into the record . 



A copy of the procedures governing Regional Water Board meetings may be found at Title 23, California 
Code of Regulations, Section 647 et seq ., and is available upon request. Hearings before the Regional 
Water Board are conducted pursuant to Government Code Section 11400 et seq. and 11513. 

DISCLOSURE STATEMENT 

All persons who actively support or oppose the adoption of waste discharge requirements or NPDES permits 
pending before the Regional Board, must submit a statement to the board disclosing any contribution of 
$250.00 or more to be used in a federal , state, or local election, made by the action supporter or opponent, or 
his/her agent, within the last twelve months to any Regional Board Member. 

Also, all permit applicants and all persons who actively support or oppose adoption of a set of waste 
discharge requirements and/or NPDES permits pending before the Regional Board are prohibited from 
making contributions of $250.00 or more to any Board member for three months following a Regional Board 
decision on the permit application. 

RIGHT TO PETITION 

Any person affected adversely by a decision of the California Regional Water Quality Control Board, Santa 
Ana Region (Regional Board), may petition the State Water Resources Control Board (State Board) to review 
the decision. The petition must be received by the State Board within thirty days of the Regional Board's 
meeting at which the adverse action was taken. Copies of the law and regulations applicable to filing 
petitions will be provided upon request to the Regional Board. 

NOTE: The agenda items are numbered for identification purposes only and will not necessarily be 
considered in the order listed. The Public Forum item will be limited to one hour. 

. . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MAlLER - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - -. 
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Beneficial Use 

SSM Single Sample Maximum 
STV Statistical Threshold Value 
SWAMP Surface Water Ambient Monitoring Program 
SWQSTF Stormwater Quality Standards Task Force 

(Task Force) 
SWRCB State Water Resources Control Board 
TDS Total Dissolved Solids 
TMDL Total Maximum Daily Load 
USEP      Urban Source Evaluation Plan 
USGS      United States Geological Survey 
USFWS     United States Fish and Wildlife Service 
USEPA United States Environmental Protection 

Agency 
UAA Use Attainability Analysis 
WARM Warm Freshwater Habitat Beneficial Use 
WILD Wildlife Habitat Beneficial Use 
WWTP Wastewater Treatment Plant 
WQBEL     Water Quality Based Effluent Limit 
“X”      “Existing or Potential” Beneficial Use  
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EXECUTIVE SUMMARY 
 
Staff of the California Regional Water Quality Control Board, Santa Ana Region 
(Regional Board) and the other members of the Stormwater Quality Standards Task 
Force (SWQSTF, or Task Force) have been engaged since 2003 in the implementation 
of a workplan designed to assist the Regional Board in reviewing water quality 
standards related to recreational use of the Region’s inland fresh surface waters. This 
effort has included consideration of revisions to the bacteria quality objectives currently 
specified in the Basin Plan (Water Quality Control Plan, Santa Ana River Basin 1995, 
updated February 2008 and June 20112) to protect the REC-1 (Water Contact 
Recreation) beneficial use of these waters based on bacteria criteria developed by the 
U.S. Environmental Protection Agency (USEPA) and published in 1986. 
 
Consideration of the scientific basis of both the existing Basin Plan bacteria quality 
objectives for inland surface waters and the 1986 bacteria criteria recommended by 
USEPA led the Task Force to recommend revisions to the definition of the REC1 (water 
contact recreation) use, and to the development of a recommended narrative pathogen 
objective. Changes to the current recreation beneficial use designations for specific 
waters in the Basin Plan have also been considered through the Use Attainability 
Analysis process, as prescribed by federal regulation.  
 
The Task Force has also developed recommended implementation strategies pertaining 
to recreational standards, including criteria for the temporary suspension of recreational 
uses and associated objectives under specified high flow conditions.  A monitoring 
program will be designed and implemented upon Regional Board approval to provide 
data necessary to determine compliance with the recommended REC1 objectives. 
 
Initiation of the Task Force effort was prompted by concern among stakeholders 
throughout the watershed that the California Water Code Section 13241 factors, which 
pertain to the adoption of water quality objectives by the Regional Board, had not been 
considered in the context of compliance under storm conditions.  There was widespread 
concern about the propriety of both the water quality objectives and beneficial use 
designations in the Basin Plan as a whole, and the need to assure that public resources 
are expended reasonably and fairly to achieve and maintain those water quality 
standards.  The first phase of the Task Force effort was focused on recreational 
standards; other water quality standards in the Basin Plan are expected to be the 
subject of future work sponsored by the Task Force. The underlying goal of the Task 
Force is to assure that water quality standards are appropriate, based on the best 
available science and in accordance with applicable statute and regulation, and that 

                                            
2These updates to the Basin Plan did not include any substantive changes to the Plan.  The purpose of 
the updates was to incorporate in the text the separate amendments that had been approved subsequent 
to the re-publication of the Basin Plan in 1995 and to correct typographical and editorial errors. 
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public resources are expended in the most effective and efficient manner to protect 
public health and water quality. 
 
While the Basin Plan amendments developed through the Task Force effort relate 
principally to recreation standards in the inland freshwaters of the Region, the need for 
and opportunity to recommend other changes was recognized. These other changes 
include recommendations for the addition of reference to the federal promulgation of 
new pathogen indicator criteria for coastal waters, including enclosed bays and 
estuaries, and for the revision and update of the narrative text in the Basin Plan. In 
addition, certain surface waters not yet included in the Basin Plan are proposed to be 
added, together with their beneficial use designations.  Two reservoirs that are currently 
identified in the Basin Plan but that no longer exist are proposed to be deleted.  Other 
minor editorial changes are also proposed. 
 
In summary, the following amendments to the Basin Plan are proposed:  
 

1. Rename the REC1 use from “Water Contact Recreation” to “Primary Contact 
Recreation”.  Clarify the current Basin Plan definition of the REC1 use. 
 

2. Delete the current Basin Plan fecal coliform objectives for REC1 and REC2 (non-
contact water recreation) and replace with E. coli objectives, as follows:  

a. For waters designated REC1 only or both REC1 and REC2, replace the 
current Basin Plan fecal coliform objectives with a geometric mean 
objective of less than 126 E. coli organisms per 100 mL (expressed as the 
geometric mean of at least 5 samples over a 30 day period).   

b. For waters that are designated only REC2 pursuant to an approved Use 
Attainability Analysis, identify bacteria quality targets, in conformance with 
the state antidegradation policy. The targets are intended to provide the 
basis for assuring that bacteria quality conditions do not degrade. 

 
3. Establish a narrative pathogen objective requiring that waste discharges not 

cause or contribute to excessive risk of illness from human pathogens. 
 
4. Add expected maximum single sample E. coli values for REC1 waters, sub-

divided into “Tier A”,”B”, “C” or “D” tiers based on known/anticipated intensity of 
REC1 use (see #5).  These values are to be used as an alternative method for 
assessing probable compliance with the geometric mean E. coli objective for 
REC1 when insufficient data are available to calculate the geometric mean.  The 
principal intended use of these single sample values is for notification and 
posting purposes, and as a trigger for further investigation of sources contributing 
to high bacteria indicator densities. 
 

5. Establish tiers of REC1-designated inland surface waters as Tier A, B, C or D for 
the purposes of assigning expected maximum single sample E. coli values. The 
Tiers reflect differences in known or estimated intensity of REC1 use, from 
waters that are or may be heavily used (Tier A) to infrequently used (Tier D). 
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Reach 3 of the Santa Ana River is considered a Tier A water and used as the 
basis for determining the relative intensity of use for other freshwaters in the 
Region.  More conservative single sample values are assigned to Tier A waters; 
progressively less conservative values are assigned to Tier B, C and D waters, 
reflecting differences in expected public health risk. Certain waters in these tiers 
are in natural condition and are denoted with an “N”.  The more conservative 
single sample values assigned to Tier A waters are also applied to “N” waters. 

 
6. Establish criteria for the temporary suspension of bacteria objectives and 

recreation beneficial uses for inland surface streams under certain flow 
conditions. 

 
7. Re-designate specific waters (portions of the Santa Ana-Delhi Channel3, 

Greenville-Banning Channel2, Temescal Creek and Cucamonga Creek) to 
remove the REC1 or REC1 and REC2 uses, based on Use Attainability 
Analyses.  Any such re-designated waters would be reviewed at least once every 
three years, pursuant to federal requirements for the triennial review of water 
quality standards, to determine whether conditions had changed such that the 
designation of REC1 or REC2 was warranted. 
 

8. Incorporate an implementation plan that:  includes a requirement to develop, and 
implement upon Regional Board approval, a surveillance plan to assess 
compliance with the revised bacteria quality objectives; identifies the criteria for 
suspension of recreation standards under certain flow conditions; describes the 
intended application of single sample maximum values in REC1 freshwaters; 
describes implementation of antidegradation targets for REC2 only freshwaters; 
discusses controllable and uncontrollable source of bacteria inputs to surface 
waters. 
 

9. Delete the bacterial quality objective for MUN waters, which was made obsolete 
by federal and state regulations that require treatment of surface waters prior to 
distribution to water supply systems.  
 

10. Add specific waters and beneficial use designations, and revise reach 
descriptions for certain waters.  Certain waters not currently listed in the Basin 
Plan are proposed to be added, and appropriate beneficial uses designated.   
Where appropriate, the rationale for exception of the water body from the MUN 
use, per the exception criteria specified in the State Water Board’s Sources of 
Drinking Water Policy, is provided.  Delete two reservoirs (Laguna and Lambert) 
that no longer exist. 
 
 

                                            
3Neither the Santa Ana Delhi Channel nor the Greenville-Banning Channel is listed in the current Basin 
Plan. These waters are among those proposed to be added (item #10). Pursuant to federal law and 
implementing regulation, all waters are presumed to be REC1 unless a Use Attainability Analysis 
demonstrates otherwise. 
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11. Editorial changes include: 

 
a. Revise the current Basin Plan footnote re REC1 and REC2 designations 

to clarify and correct the intended meaning. 
b. Change the phrase “present or potential” to characterize beneficial use 

designations in Table 3-1 of the Basin Plan to “existing or potential”.  
Correct other references in the text of Chapter 3 BENEFICIAL USES 
regarding “existing” or “present” beneficial use designations. 

c. Update narrative language in Chapter 3 BENEFICIAL USES, Chapter 4 
WATER QUALITY OBJECTIVES, and Chapter 5 IMPLEMENTATION to 
reflect the work of the Task Force and incorporation of the changes 
identified in items 1-9, above. 

d. In Chapter 4 WATER QUALITY OBJECTIVES, ENCLOSED BAYS AND 
ESTUARIES, re-name Bacteria, Coliform to Pathogen Indicator Bacteria 
and add a note regarding the federal promulgation of enterococcus criteria 
for coastal waters in California, including enclosed bays and estuaries. 

e. Other minor editorial changes, such as correcting misspelled surface 
water body names, footnote re-numbering and the like. 

 
Requisite analyses of the proposed amendments pursuant to Water Code Section 
13241 and the California Environmental Quality Act (CEQA) have been completed. 
Based on the CEQA analyses, Regional Board staff concludes that the proposed 
amendments would not have a significant adverse effect on the environment. The 
proposed amendments conform to state and federal antidegradation policies. Applicable 
requirements for public participation and external scientific peer review of the proposed 
amendments have also been met. 
 
If approved by the Regional Water Board, the amendments will be presented to the 
State Water Board, Office of Administrative Law and U.S. Environmental Protection 
Agency for approval.  
 
 
1.0 OVERVIEW 
 
This staff report is one part of the Substitute Environmental Document (SED) required 
pursuant to the California Environmental Quality Act (CEQA) for consideration of the 
proposed amendments to the Basin Plan to revise water quality standards applicable to 
inland fresh waters within the Santa Ana Region. The purpose of this report is to 
describe the proposed amendments in detail, the rationale for them, and the alternatives 
considered. Requisite analyses, including consideration of California Water Code 
Section 13241 factors and conformance with California’s antidegradation policy, are 
included. Technical reports and relevant documents used to guide the development of 
the proposed amendments are included in the administrative record for these 
amendments and can be accessed via the Regional Board’s website: 
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http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/recreation
al_standards.shtml  
 
Other components of the SED attached to this report include: (1) tentative Resolution 
No. R8-2012-0001 for consideration of approval of the proposed amendments by the 
Regional Board, and the draft Basin Plan amendments (attachments 1 and 2 to the 
tentative resolution) (together, these documents comprise Attachment A); (2) the 
California Environmental Quality Act (CEQA) checklist and analyses (Attachment C); (3) 
comments from the external scientific peer reviewers (Attachment D); (4) comments 
from interested parties/agencies on the proposed amendments (Attachment E); and, (5) 
the response to comment document (Attachment F). Attachment B contains the CEQA 
Scoping Meeting Notice, Comments and Responses. 
 
1.1 Organization of Staff Report   
 
The Background section of this staff report (Section 2.0) provides a brief review of water 
quality standards and the regulatory basis for revising those standards (2.1 Regulatory 
Framework: Water Quality Standards). The formation of the Stormwater Quality 
Standards Task Force and the Task Force process and deliberations leading to the 
recommendations for changes to the recreation standards are then described in 2.2 
Triennial Review and Formation of the Stormwater Quality Standards Task Force 
(SWQSTF) and 2.3 Stormwater Quality Standards Task Force (SWQSTF, or Task 
Force). 
 
Established Basin Plan water quality standards are described in Section 3.0. Current 
Water Quality Standards. Section 4.0 discusses the scientific basis of the existing and 
proposed water quality objectives for recreation beneficial uses.   Understanding the 
scientific basis of these objectives was key to the consideration of appropriate changes 
to the established standards by the Task Force and, as discussed in Section 2.3.2, led 
the Task Force to consider changes related to beneficial use designations and 
definitions as well.  
 
The subsequent Section 5.0 (Recommended Amendments) describes the 
recommended changes to the Basin Plan in detail. The discussion includes the 
alternatives considered and the rationale for the selection of the recommended 
alternative. Because of their length, several subsections (5.6.3, 5.6.4, 5.6.5, 5.6.6 and 
5.8) are in separate electronic files that, like this report, can be accessed via the 
Regional Board’s website.  Appropriate references to these files are provided herein. 
Technical reports and applicable guidance and regulatory documents are referenced, as 
appropriate, and can also be accessed via the Regional Board’s website.  
 
Sections 6.0.through Section 10.0 address the analyses and review required for 
consideration of basin plan amendments, including: Water Code Section 13241 factors; 
Antidegradation; External Scientific Peer Review and, California Environmental Quality 
Act (CEQA). 
 

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/recreational_standards.shtml
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/recreational_standards.shtml
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Section 11.0 presents Regional Board staff’s recommendation for adoption of the 
recommended changes to the Basin Plan. The proposed Basin Plan amendments are 
delineated in attachments 1 (underline/strike-out version) and 2 (“clean” version) to 
tentative Resolution No. R8-2012-0001 (collectively, these document comprise 
Attachment A to the staff report).   
 
References cited in the staff report are listed in Section 12.0.  Section 13.0 lists the 
attachments to this report.  
 
 
2.0 BACKGROUND 
 
2.1 Regulatory Framework: Water Quality Standards 
 
The Water Quality Control Plan for the Santa Ana River Basin – Region 8 (“Basin Plan”) 
is the basis for water quality control in the Region. The Basin Plan reflects, incorporates 
and implements applicable portions of state and federal statutes, including the California 
Water Code (CWC) and the Clean Water Act (CWA)4, and the regulations, plans and 
policies adopted to implement them.  These include statewide plans and policies 
adopted by the State Water Board5, and regulations established by the U.S. 
Environmental Protection Agency (USEPA) in the Code of Federal Regulations (CFR).  
 
Each basin plan must designate or establish for the surface and ground waters within a 
specified area (1) the beneficial uses to be protected;  (2) water quality objectives; and, 
(3) a program of implementation for achieving the water quality objectives (CWC 
Section 13050(j)).   
 
The CWA requires states to adopt water quality standards for surface waters (Section 
303).  Water quality standards are the designated uses of a waterbody, water quality 
criteria (which are synonymous with state-adopted water quality objectives) to protect 
those uses, and an antidegradation policy6.  
 
There are both state and federal requirements for the review of basin plans. Pursuant to 
CWC Section 13240, basin plans are to be reviewed periodically and may be revised.  
The CWA requires States to review standards at least once every three years (a 
process known as the “Triennial Review”) and to revise them as necessary in 

                                            
4  The Clean Water Act is more accurately identified as the “Federal Water Pollution Control Act” (33 
U.S.C. Section 1251 et seq.) 
5 These include the state’s antidegradation policy (Resolution No. 68-16, “Statement of Policy with 
Respect to Maintaining High Quality of Waters in California”) and the Sources of Drinking Water Policy 
(Resolution No. 88-63, as revised by Resolution No. 2006-0008). 
6 The federal antidegradation policy is specified in 40 CFR 131.12. The State Water Board has interpreted 
California’s antidegradation policy (Resolution No. 68-16) to incorporate the federal antidegradation policy 
in situations where the federal policy applies (Order No. WQ 86-17). 
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accordance with applicable regulations (40 CFR 131, the Water Quality Standards 
Regulations).  
 
The Santa Ana Region Basin Plan designates existing or potential (or intermittent) 
beneficial uses for the surface and ground waters in the Region (Chapter 3).  Water 
quality objectives intended to protect those uses are established in Chapter 4. 
(Additional objectives applicable to the waters of the Region were promulgated by the 
USEPA in the California Toxics Rule.)  The state’s antidegradation policy (State Water 
Board Resolution No. 68-16) is incorporated by reference in Chapter 2.  
 
In section 101(a)(2) of the CWA, Congress declared a national goal “that wherever 
attainable, an interim goal of water quality which provides for the protection and 
propagation of fish, shellfish, and wildlife and provides for recreation in and on the water 
be achieved by July 1, 1983.”  These water uses are typically referred to as 
“fishable/swimmable” uses.  The CWA and implementing federal regulations provide 
special protection for “fishable/swimmable” uses, including recreation.  The statute and 
regulations create a rebuttable presumption that all waters support these uses.7  To 
overcome this presumption, the states must conduct a use attainability analysis (UAA) 
and demonstrate that attaining the uses is not feasible based on one or more of the six 
factors identified in federal regulations (40 CFR 131. 10(g)).  These regulations limit 
states’ discretion to remove or modify uses and require, in part, that downstream uses 
be considered and protected (see detailed discussion in Section 5.6 Use Attainability 
Analyses for Specific Waters). 
 
In accordance with the “swimmable” presumption of the CWA, all surface waters in the 
Santa Ana Region are now designated as “existing or potential” (or, where the flow in 
the surface water is ephemeral or intermittent, as “intermittent”) REC1 (water contact 
recreation).  All surface waters are also currently designated REC2 (non-contact water 
recreation) (existing or potential or intermittent).  Water quality objectives for bacteria 
indicator organisms are specified to protect these uses (see Section 3.2., below).    
 
2.2 Triennial Review and Formation of the Stormwater Quality Standards Task 

Force (SWQSTF) 
 
During the 2002 Triennial Review of the Basin Plan, the Regional Water Board 
(Regional Board) identified as a high priority item the review of the bacterial objectives 
specified in the Basin Plan for water contact recreation (REC1). This was in response to 
USEPA’s directive to the states to revise their existing fecal coliform objectives based 
on USEPA’s revised national bacteria criteria for primary contact recreation8.  USEPA’s 
revised criteria are based on the bacteria indicators E. coli and enterococcus (see 
Section 4.0).  
 

                                            
7 See 40 CFR 131.10(j)(1). 
8 U.S. Environmental Protection Agency, Ambient Water Quality Criteria for Bacteria, 1986. 
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The Basin Plan triennial review process entails extensive public participation. During the 
2002 Review, a large number of stakeholders expressed concern about the economic 
implications of stormwater compliance with water quality objectives.  These parties 
questioned whether the factors identified in Water Code Section 13241 had been 
considered when the objectives were established.  CWC Section 13241 requires that 
certain factors, including economics, be considered when objectives are established by 
the Regional Board.  
 
These stakeholders recommended that the Regional Board assign high priority to the 
review of all objectives in the Basin Plan, as well as the beneficial uses the objectives 
were set to protect.  The Regional Board’s response was that the Regional Board did 
not have the resources necessary to conduct such a sweeping review, but that this 
effort could be undertaken, in a phased manner, if the stakeholders committed to 
providing the requisite support.  Certain stakeholders made that commitment, the 
Regional Board agreed to make this a high Triennial Review priority, and in 2003, the 
Stormwater Quality Standards Task Force (SWQSTF) was formed.  Regional Board 
staff members have been consistent and active participants in the Task Force effort.  In 
light of the other high Triennial Review priority to consider revisions to the recreational 
bacteria quality objectives, the first priority of the Task Force has been to review 
recreational water quality standards for fresh water, including both recreational uses 
and applicable bacterial quality objectives.   
 
2.3 Stormwater Quality Standards Task Force 

 
2.3.1 Membership and Participation  
 
There are five funding partners to the SWQSTF:  Orange County, Riverside County and 
San Bernardino County stormwater management agencies, Orange County Sanitation 
District and the Santa Ana Watershed Project Authority (SAWPA).  SAWPA also serves 
as the Task Force administrator.  The Regional Water Board is a non-funding member 
of the Task Force and a signatory to the Task Force agreement. The Task Force 
contracted with Risk Sciences and Camp Dresser & McKee to provide consultant 
services.  
 
Public participation is a key element of the Task Force effort.  Since its inception, the 
Task Force has actively sought participation by and comments from a large number of 
agencies, including the USEPA, State Water Board and Department of Public Health, 
non-governmental organizations and other parties.  Personal invitations were provided 
to environmental organizations, including Orange County Coastkeeper, Surfrider 
Foundation, Natural Resources Defense Council and the Center for Biological Diversity 
both to attend the initial workshops and to participate in the Task Force. 
Representatives of the Orange County Coastkeeper and Inland Empire Waterkeeper 
have been consistent and actively engaged participants.  USEPA staff consistently 
participated in early stages of the Task Force effort. The Task Force mailing list includes 
125 people representing 54 agencies, organizations and individuals.   
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The Task Force was committed to transparency: all Task Force meetings were open to 
the public, with both agendas and meeting notes posted on the SAWPA website. Task 
Force work products were also e-mailed to interested parties who requested inclusion 
on the Task Force listserv. Periodic presentations regarding the Task Force work were 
made before the Regional Board during regularly scheduled Board meetings. Periodic 
updates were also provided to the State Water Board and USEPA. 
 
2.3.2 Task Force Ground Rules, Axioms and Goals 
 
At the outset, the Task Force members committed to be governed by several ground 
rules:   
 

• First, the work conducted by the Task Force and the recommendations 
derived therefrom must be objective.  The work would not be conducted in 
order to support any desired outcome; it was recognized that any 
recommendations for changes to recreation standards might result in less 
stringent or more stringent requirements for affected dischargers.  
 

• Second, any proposed changes to recreation standards must be based on 
the best available science. 
 

• Third, any proposed changes to recreation standards must comport with 
existing law and regulation.  

 
These rules governed the development of all of the proposed Basin Plan amendments 
presented in the following sections of this report, not just those recommendations 
related to recreation water quality standards.  
 
These rules also guided the specific tasks performed by the Task Force and the Task 
Force consultants. The Task Force began its work with a review of the science 
underlying both the existing bacteria quality objectives in the Basin Plan and those 
recommended by USEPA in 1986.9 The Task Force also compiled the federal and state 
statutes, regulations and guidance that pertain to consideration of modifying both water 
quality objectives and beneficial uses. A list of 20 axioms for setting or changing water 
quality standards was developed and used to consider whether or not specific proposals 
for modifying the Basin Plan could and should be considered.10 Recreation water quality 
standards in other states and other regions in California were also identified and 
evaluated.11,12 
                                            
9  CDM, Inc. Memorandum. “Scientific Basis for EPA Recommended Water Quality Objectives for 
Bacteria”, April 10, 2006. 
10 Risk Sciences.  2004.  “Axioms for Setting or Changing Stormwater Standards”, prepared for 
Stormwater Quality Standards Task Force.  
11 “Review of State Recreational Uses and Bacteria Objectives”, December 12, 2005, Memorandum, 
CDM 
12 All Task Force documentation is posted at www.sawpa.org/roundtable-SWQTF_IV.html > Resources 
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Understanding the scientific basis for existing and recommended bacteria objectives led 
the Task Force to broaden the scope of potential amendments beyond changes to the 
bacteria objectives themselves. As reflected in the discussion of the proposed 
amendments that follows, these included revisions to the Basin Plan name for and 
definition of Water Contact Recreation (REC1), changes to REC1 and REC2 (Non-
Contact Water Recreation) designations for specific waters based on Use Attainability 
Analyses, and implementation strategies, including a temporary suspension of 
recreation standards under certain high flow conditions, application of the Single 
Sample Maximum values recommended as part of USEPA’s 1986 criteria, and 
recommended monitoring and follow-up investigation.   

The overall goal of the Task Force was to develop a pathogen control strategy that 
would not only protect public health and meet statutory and regulatory water quality 
standards requirements but that would also encourage finite public resources to be 
invested in prioritized fashion. The strategy should first provide the highest level of 
water quality and beneficial use protection where people are actually coming into 
contact with the water. The Task Force recognized that such a strategy would, in part, 
allow planning agencies to implement more cost-effective regional BMP solutions while 
continuing to protect public health and downstream uses.  The Task Force also 
recognized that additional BMPs would likely be needed over time to assure that the 
applicable recreation water quality standards in all inland freshwaters are achieved.  

2.3.3 Work Conducted 

With an understanding of the scientific basis of the existing and USEPA recommended 
bacteria quality objectives, and of the law and regulation that governs changes to water 
quality standards, the Task Force commissioned an extensive array of technical tasks. 
The tasks were designed to provide the information necessary to assure that any 
proposed changes to standards would be both scientifically defensible and consistent 
with applicable legal requirements. In particular, the tasks were designed to provide the 
technical information necessary to consider: (a) whether and under what conditions a 
temporary suspension of recreational standards in inland fresh waters would be 
appropriate; (b) whether de-designation of REC1 and/or REC2 beneficial uses for 
specific inland fresh waters would be feasible and justified, pursuant to federal 
requirements regarding existing uses and Use Attainability Analyses (see Section 5.6); 
(c) reasonably foreseeable methods of compliance with revised water quality standards; 
and,(d) the economic implications of modifications to the recreation water quality 
standards, including implementation strategies. (Reasonably foreseeable methods of 
compliance and economics must be considered as part of the requisite analysis of the 
factors identified in Water Code Section 13241 (see Section 6.0) and pursuant to 
requirements implementing the California Environmental Quality Act (CEQA) (see 
Section 9.0)).  
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Major tasks included:  

Watershed inventory: The Task Force developed a comprehensive inventory for fresh 
receiving waters and watershed, including: mapping; physical characterization of 
receiving waters, including channel morphology; flow characterization (quantity and 
quality); and, adjacent land use.   

Recreational Use Surveys: Field and Photographic.  The Task Force conducted field 
surveys at a number of inland freshwaters with varying types of channel morphology 
and adjacent land uses to record information regarding the nature of recreational activity 
observed, if any. Remote cameras were also placed at 16 locations in different areas of 
the watershed to document recreational use and physical characteristics. The cameras 
were set to capture images at 15 minute intervals during daylight hours over a total of 
four years. Over 500,000 photographs were obtained and evaluated for the nature of 
any recreational activity observed. To Board staff’s knowledge, this type of 
photographic record, and its magnitude, are unprecedented. Further, the camera 
surveys were coupled with periodic field visits at the camera locations for observation 
verification and equipment maintenance purposes.  The Summary of Camera Locations 
and Recreational Use Survey Reports can be found at the Santa Ana Watershed 
Project Authority website at http://www.sawpa.org/roundtable-SWQTF_IV.html 
resources tab (under the heading Recreational Use Surveys and Use Attainability 
Analysis and Technical Reports). 
 
BMP Evaluation and Economics Analyses: The Task Force reviewed available literature 
and examples of BMP implementation, including effectiveness, reliability and cost 
requirements. An inventory and analysis was conducted of existing major control 
programs and structural measures that directly or indirectly affect waterborne bacteria 
and pathogens. Alternatives for compliance with revised recreation standards were 
evaluated and economic analyses were performed.  
 
As noted previously, the Task Force work products are posted on the SAWPA website 
and are included in the administrative record for these amendments.  
 
 
3.0 CURRENT WATER QUALITY STANDARDS 
 
3.1 Beneficial Uses Applicable To Surface Waters 
 
Beneficial Uses designated for the surface and groundwaters in the Santa Ana Region 
are listed in Chapter 3 BENEFICIAL USES, Table 3-1 of the Basin Plan.  
 
Consistent with the “fishable/swimmable” goal of the federal Clean Water Act and the 
rebuttable presumption that these uses are supported, all surface waters in the Region, 
including ocean waters, bays and estuaries and inland freshwater streams, lakes and 
wetlands, are currently designated REC1 and REC2.  In most cases, the uses are 
identified with an “I”, which indicates that the use occurs or may occur only 
intermittently, when surface flow is present. In most cases, the uses are denoted as “X”, 

http://www.sawpa.org/roundtable-SWQTF_IV.html
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which is intended to indicate that the use is existing or potential. (It is important to note 
that “X” is currently defined in Table 3-1 as “present or potential”. This definition is 
confusing and inconsistent with the terminology intended and generally applied in the 
text of Chapter 3. The proposed amendments would correct this situation (See Section 
5.8). 
 
In accordance with the State Water Board’s Sources of Drinking Water Policy 
(Resolution No. 88-63, as revised by Resolution No. 2006-0008), most surface waters 
within the Region are designated MUN (municipal and domestic supply).  Specific 
surface waters have been excepted from this designation, pursuant to criteria identified 
in the Sources of Drinking Water Policy.  
 
The REC1, REC2 and MUN beneficial uses are currently defined as follows:  
 
“Water Contact Recreation (REC1*) waters are used for recreational activities involving 
body contact with water where ingestion of water is reasonably possible. These uses 
may include, but are not limited to, swimming, wading, water-skiing, skin and scuba 
diving, surfing, whitewater activities, fishing and use of natural hot springs.” 
 
“Non-contact Water Recreation (REC 2*) waters are used for recreational activities 
involving proximity to water, but not normally involving body contact with water where 
ingestion of water would be reasonably possible. These uses may include, but are not 
limited to, picnicking, sunbathing, hiking, beachcombing, camping, boating, tidepool and 
marine life study, hunting sightseeing and aesthetic enjoyment in conjunction with the 
above activities.”   
 
Municipal and Domestic Supply (MUN) waters are used for community, military, 
municipal or individual water supply systems. These uses may include, but are not 
limited to, drinking water supply.” 
 
The language referred to by the asterisk denoted in the REC1 and REC2 definitions 
reads as follows:  
  
“* The REC 1 and REC 2 beneficial use designations assigned to surface waterbodies 
in this Region should not be construed as encouraging recreational activities. In some 
cases, such as Lake Matthews and certain reaches of the Santa Ana River, access to 
the waterbodies is prohibited because of potentially hazardous conditions and/or 
because of the need to protect other uses, such as municipal supply or sensitive wildlife 
habitat. Where REC 1 or REC 2 is indicated as a beneficial use in Table 3-1, the 
designations are intended to indicate that the uses exist or that the water quality of the 
waterbody could support recreational uses.” 
 
3.2 Water Quality Objectives Applicable To Inland Surface Waters 
 
Chapter 4 WATER QUALITY OBJECTIVES of the Basin Plan includes the following for 
Inland Surface Waters:  
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"Bacteria, Coliform  
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence in 
surface waters is an indicator of pollution. Total coliform is measured in terms of the number 
of coliform organisms per unit volume. Total coliform numbers can include non-fecal 
bacteria, so additional testing is often done to confirm the presence and numbers of fecal 
coliform bacteria. Water quality objectives for numbers of total and fecal coliform vary with 
the uses of the water, as shown below.  
 
Lakes and Streams  

MUN  Total coliform: less than 100 organisms/100mL  
 
REC-1  Fecal coliform: log mean less than 200 organisms/100mL based on five or 

more samples/30 day period, and not more than 10% of the samples/30 day 
period, and not more than 10% of the samples exceed 400 organism/100mL 
for any 30-day period  

 
REC-2  Fecal coliform: average less than 2000 organisms/100 mL and not more than 

10% of samples exceed 4000 organisms/100 mL for any 30-day period 
 
 
4.0 SUMMARY OF THE SCIENTIFIC BASIS FOR PATHOGEN INDICATOR  

BACTERIA CRITERIA 
 
As discussed previously (Section 1.0 Overview; Section 2.3 Stormwater Quality 
Standards Task Force), one of the early tasks initiated by the SWQSTF was an 
investigation of the scientific basis of the fecal coliform bacteria objectives now specified 
in the Basin Plan to protect recreation uses, and of the E. coli  (and enterococcus) 
criteria recommended by the USEPA in 1986.  A fundamental understanding of the 
science underlying both the existing objectives and USEPA recommended criteria was 
key to the consideration of appropriate changes to the established objectives by the 
Task Force and led the Task Force to consider other recreation standards changes. To 
provide appropriate context for the specific recommendations discussed in the next 
section, the following is a summary of the salient facts13.  
 
Pathogenic organisms, including bacteria, viruses and protozoa, in waters used for 
water contact recreation have the potential to increase the risk of illness among people 
recreating in those waters.  While a variety of illnesses affecting the eye, ear, skin and 
respiratory tract can be contracted from contact with water in which pathogens are 
present, the most common health effects of recreating in such waters are illnesses of 
the gastrointestinal tract (gastroenteritis). The main route of exposure to illness-causing 
organisms in recreational bathing waters is through accidental ingestion of water.  

                                            
13 Detailed discussion is provided in U.S. Environmental Protection Agency, Ambient Water Quality 
Criteria for Bacteria, 1986; CDM Memorandum “Scientific Basis for EPA Recommended Water Quality 
Objectives for Bacteria" April 10, 2006; and, the preamble to the BEACH Act Rule (69 FR 67217, 
November 16, 2004). 
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Detection and enumeration of all of the pathogens of concern is impractical, for a 
number of reasons. In particular, at present, there are not readily available and 
affordable methods to detect each and every microorganism that may be pathogenic to 
humans.  As a result, USEPA recommends using surrogate indicators to determine 
whether ambient water quality poses unacceptable risk to swimmers and bathers.  
Epidemiological studies that formed the basis for federal criteria recommendations 
indicated that the density of certain bacteria at recreational beaches is strongly 
correlated with the incidence of gastrointestinal illness among those who were exposed 
to prolonged and intimate water contact where immersion and ingestion were likely to 
occur (i.e., primary contact recreation).  Therefore, USEPA found that these bacteria 
can serve as a reliable means of assessing whether water quality will protect public 
health and water contact (primary contact) recreational uses (REC1 uses). Surrogate 
bacterial indicators have formed and continue to form the basis for federal 
recommendations for ambient water quality criteria to protect primary contact 
recreational uses. 
 
4.1 REC1 Objectives/Criteria  
 
4.1.1 Basin Plan Fecal Coliform Objective for REC1 Waters 
 
As described in Section 3.2, above, the current Basin Plan specifies the following water 
quality objective to protect water contact (primary contact) recreation (REC-1) activities 
in freshwater lakes and streams: 
 

Fecal coliform:  log mean less than 200 organisms/100 mL based on five 
or more samples/30 day period, and not more than 10% of the samples 
exceed 400 organisms/100 mL for any 30-day period. 

 
This pathogen indicator objective was included in the 1975 Basin Plan and has 
remained unchanged since then.  The fecal coliform objective was based on the best 
available scientific information at the time and was consistent with EPA’s recommended 
water quality criteria for pathogen indicator bacteria that were published in 1976.14 
 
A review of the historical record reveals that the fecal coliform criteria were originally 
developed by the Federal Water Pollution Control Administration (FWPCA, a 
predecessor agency to EPA within the Department of the Interior).15  In 1968, four years 
prior to authorization of the Clean Water Act, the FWPCA recommended that: 

 
“Fecal coliform should be used as the indicator organism for evaluating 
the microbiological suitability of recreation waters.  As determined by 

                                            
 
14 U.S. EPA.  Quality Criteria for Water.  1976;  pg. 86 
15 See, also, CDM Memorandum "Scientific Basis for EPA Recommended Water Quality Objectives for 
Bacteria."  April 10, 2006. 
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multiple-tube fermentation or membrane filter procedures and based on a 
minimum of not less than five samples taken over not more than a 30-day 
period, the fecal coliform content of primary contact recreation waters shall 
not exceed a log mean of 200/100 ml, or shall more than 10% of total 
samples during any 30-day period exceed 400/100 ml.” 16  (emphasis 
added) 
 

The FWPCA’s Technical Advisory Committee defined primary contact recreation as: 
 

“…activities in which there is prolonged and intimate contact with the 
water involving considerable risk of ingesting water in quantities sufficient 
to pose a significant health hazard.  Examples are wading and dabbling by 
children, swimming, diving, water skiing and surfing.  (Secondary contact 
sports include those in which contact with the water is either incidental or 
accidental and the probability of ingesting appreciable quantities of water 
is minimal.)”17  (emphasis added) 

 
The FWPCA relied on three epidemiological studies performed by the U.S. Public 
Health Service (PHS) in the mid-1940’s and early 1950’s to support its 
recommendation.  According to the Technical Advisory Committee, “these studies were 
far from definitive and were conducted before the acceptance of fecal coliform as a 
more realistic measure of health hazard.”  Nevertheless, the studies showed a 
detectable adverse effect on human health (e.g. increases in gastroenteritis, diarrhea, 
nausea or vomiting) when total coliform concentrations reached 2,300-2,700 organisms 
per 100 mL.  Later it was estimated that fecal coliforms probably comprised about 18% 
of the total coliform at one of the two study locations.  Therefore, the FWPCA inferred 
that detectable health effects may occur when the average fecal coliform levels exceeds 
400 cfu per 100 mL (i.e., ~ 18% of 2,300 total coliform). 
 
Since measurable adverse health effects were detected when total coliforms reached 
2,300 organisms per 100 mL, and this was assumed to be equivalent to 400 fecal 
coliforms per 100 mL, these levels were deemed the lowest observed effect levels.  The 
FWPCA subsequently estimated the probable no observed effect level by dividing the 
lowest observed effect level in half.  The resulting value of 200 fecal coliform organisms 
per 100 mL represented the threshold density at which no significant health hazards are 
expected to occur as a result of water contact recreation activities (see Figure 4.1).   
 
 
 
 
 
 

                                            
16 Federal Water Pollution Control Administration.  Water Quality Criteria:  Report of the National 

Technical Advisory Committee to the Secretary of the Interior.  1968. pg.12. 
17 Ibid; pg. 11 
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Figure 4.1:  Historical Basis of EPA’s Recommended Fecal Coliform Criteria 
 

Lowest observed effect Level  = 2,300 total coliform per 100 mL 
↓      ↓ 

FWPCA assumes fecal coliform  = approx.400 fecal coliform per 100 mL 
comprise 18% of total coliform    ↓ 

↓      ↓ 
FWPCA applies a 100% safety factor = 200 fecal coliform per 100 mL 
to derive the no observed effect level (geomean of 5 samples in 30 days) 

 
Based on other studies, FWPCA also found that there will be approximately one virus 
particle in each milliliter of municipal wastewater following normal secondary treatment.  
In such water, the ratio of fecal coliform bacteria to viruses is approximately 10,000-to-1.  
Therefore, a swimmer exposed to 400 fecal coliforms per 100 mL is estimated to ingest 
approximately one virus particle for every 5 quarts of water swallowed. 
 
In 1972, the Environmental Studies Board of the National Academy of Sciences and the 
National Academy of Engineering declined to endorse the FWPCA’s recommendation, 
citing the lack of adequate epidemiological information and a number of design 
deficiencies in the underlying PHS studies and the FWPCA's own warning that there 
was an “urgent need for research to refine the correlations of various indicator 
organisms, including fecal coliforms, to water-borne disease.”18 
 
In 1976, EPA reviewed FWPCA’s recommendations, including the related 
epidemiological data, and found that “these studies demonstrated that an appreciably 
higher overall illness incidence may be expected among swimmers when compared to 
non-swimmers, but the data are inconclusive.”19  EPA agreed that, in general, exposure 
to potential pathogens was more likely for swimmers compared to non-swimmers when 
fecal coliform densities were elevated above certain levels.   However, EPA was unable 
to establish a correlation describing how illness rates changed in response to increasing 
fecal coliform density.  Therefore, the agency later initiated series of follow-on studies 
that examined the relationship between swimming-associated acute gastrointestinal 
illness and the microbiological quality of the waters used by recreational bathers20. The 
results of these studies did not demonstrate swimming-associated gastroenteritis 
correlated with fecal coliforms and USEPA came to the “unequivocal conclusion… that 
the fecal coliform criteria for recreation is (sic) not a reliable indicator of illness to 
swimmers.”21   

                                            
18 Federal Water Pollution Control Administration.  Water Quality Criteria:  Report of the National 
Technical Advisory Committee to the Secretary of the Interior.  1968 
19 U.S. EPA.  Quality Criteria for Water.  1976;  pg. 86-87 
20 The results freshwater studies are reported in Dufour, A.P. 1984. Health Effects Criteria for Fresh 
Recreational Waters.U.S. Environmental Protection Agency, Cincinnati, OH EPA 600/1-84-004 
(sometimes referenced as U.S. EPA.  1984). 
21 U.S. EPA.  Water Quality Standards for Coastal and Great Lakes Recreational Waters – Final Rule.  69 

FR 220, 67230  (Nov. 16, 2004) [BEACH Act rule]. 
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Based on these findings, in 1986, USEPA published new pathogen indicator bacteria 
criteria based on E. coli or enterococcus in freshwater (and enterococcus in marine 
waters).  
 
4.1.2 USEPA Ambient Water Quality Criteria for Bacteria – 1986 
 
The 1986 USEPA criteria for freshwaters are presented in Table 4.1.  
 
 
 
 
  Table 4.1 EPA Criteria for Bathing (Full Body Contact) 

Recreational Waters (Freshwater Only)+ 
 

“Based on a statistically sufficient number of samples (generally not less 
than 5 samples equally spaced over a 30-day period), the geometric mean 
of the indicated bacterial densities should not exceed one or the other of 
the following:* 

E. coli 126 per 100 ml; or  
enterococci 33 per 100 ml; 

no sample should exceed a one-sided confidence limit (C.L.) calculated 
using the following as guidance: 

designated bathing beach 75% C.L. 
moderate use for bathing 82% C.L. 
light use for bathing  90% C.L. 
infrequent use for bathing 95% C.L. 

based on a site-specific log standard deviation, or if site data are 
insufficient to establish a log standard deviation, then using 0.4 as the log 
standard deviation for both indicators. 
*Note: Only one indicator should be used.  The Regulatory agency should 
select the appropriate indicator for its conditions.” 

 _________ 
+  U.S. EPA.  Ambient Water Quality Criteria for Bacteria – 1986.  EPA-440/5-84-002.   
1986. p. 16 
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As shown in this table, the criteria include recommended geometric mean values and 
“Single Sample Maximum”22 values that are calculated using the following equation++:  
 

Single sample maximum = geometric mean *10^(confidence level factor * log standard 
deviation), where the confidence level factor is: 75%: 0.68; 82%: 0.94; 90%: 1.28; 95%: 1.65 

 
 ___________ 

++ U.S. EPA.  Water Quality Standards for Coastal and Great Lakes Recreation Waters; 
Final Rule. 69FR 67174. November 16, 2004 [BEACH Act Rule], p. 67242). [Based on 
equation in U.S. EPA.  Ambient Water Quality Criteria for Bacteria – 1986.  EPA-440/5-
84-002.   1986. Table 4, p.15] 
 

 
The calculated Single Sample Maximum values are as follows:  
 
               E. coli       Enterococci 
         per 100 mL    per 100mL 
   Designated beach area (upper 75% C.L.):      235     61 
   Moderate full contact recreation area (upper 82% C.L.):   298         78 
   Lightly used full body contact recreation area (upper 90% C.L.): 409  107 
   Infrequently used full body contact rec. area (upper 95% C.L.): 575      151 
 
These Single Sample Maximum value calculations assume that: (1) the steady state 
geometric mean densities are 126 (E. coli) and 33 (enterococci); and, (2) the log 
standard deviation is 0.4 (a default value observed from USEPA epidemiological 
studies; see Table 4.1).  
 
As indicated in Table 4.1, USEPA did not specify the averaging period for the geometric 
mean values in the 1986 criteria document. Relevant guidance is provided in the 
BEACH Act rule, which states that USEPA concluded that it is appropriate to allow 
states the discretion to determine how to apply this averaging period. However, USEPA 
recommends that the averaging period be applied as a “rolling” or “running” average. 
USEPA recognizes that it would be technically appropriate to apply the averaging period 
on a set basis such as monthly or recreation season23.  
 
The 1986 criteria document makes clear that the recommended bacteria criteria, like the 
prior fecal coliform criteria, were intended to protect people engaged in full body contact 
recreational activities where there is the likelihood of ingestion of water.  USEPA 

                                            
22 USEPA recently recommended changing the nomenclature from “Single Sample Maximum” (SSM) 
values to “Statistical Threshold Values” (STVs) to avoid misinterpretation and misapplication of the 
concept. This recommendation may be reflected in revised bacteria quality criteria for recreational waters 
that USEPA expects to publish by the end of 2012. This report employs the established SSM 
nomenclature. 
23 U.S. EPA.  Water Quality Standards for Coastal and Great Lakes Recreational Waters – Final Rule.  69 

Fed. Reg. 220, 67224  (Nov. 16, 2004) [BEACH Act rule]. 
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affirmed the proper application of the 1986 criteria when it promulgated pathogen 
indicator bacteria criteria for the Great Lakes pursuant to the BEACH Act.24 
 

"In 1986, EPA published Ambient Water Quality Criteria for Bacteria-1986.  
This document contains EPA's current recommended water quality criteria 
for bacteria to protect people from gastrointestinal illness in recreational 
waters, i.e. waters designated for primary contact recreation or similar full 
body contact uses.  States and Territories typically define primary contact 
recreation to encompass recreational activities that could be expected to 
result in the ingestion of, or immersion in, water, such as swimming, water 
skiing, surfing, kayaking or any other recreational activity where ingestion 
of, or immersion in, the water is likely."25  (emphasis added) 

 
The 1986 criteria were developed based on the epidemiological studies noted 
above (Dufour 1984 (U.S. EPA. 1984)) that evaluated exposures incurred during 
swimming with head immersion.  In these studies, the swimming-associated 
gastrointestinal illness rate was determined by subtracting the gastrointestinal 
illness rate in non-swimmers from that in swimmers. Non-swimmers were those 
who either did not go in the water (non-bathers) or who went in the water but did 
not get their head or face wet (waders). Persons who reported that they got in the 
water for less than ten minutes were classified as non-swimmers regardless of 
whether they got their head or face wet, in view of their short exposure time. 
Swimmers were those who did swim or otherwise get their head or face wet.  
 
In the 1986 criteria, USEPA did not recommend a change in the stringency of its 
bacteria criteria for recreation waters. The criteria shown in Table 4.1 above 
correspond to an estimated “acceptable” gastrointestinal illness rate of 8 per 
1000 swimmers.  This is the rate of gastrointestinal illness that is anticipated to 
occur above the “background” level in non-swimmers. No studies were done to 
determine what constitutes the “acceptable” illness rate. Instead, USEPA 
evaluated the fecal coliform data and estimated the gastrointestinal illness rate 
associated with the prior fecal coliform criteria recommendations (200/100mL). 
[Note that the fecal coliform criteria were developed long before USEPA 
calculated the corresponding estimated illness rate.] The equations derived from 
the freshwater epidemiological studies (Dufour 1984) were used to identify the E. 
coli and enterococcus densities that roughly correlate to this estimated illness 
rate. The 1986 criteria document acknowledges that while the chosen level of 
acceptable risk “was based on the historically accepted risk, it is still arbitrary 
insofar as the historical risk was itself arbitrary” (USEPA 1986, p. 10).  It should 
be emphasized that the chosen risk level of 8/1000 is an approximation, based 

                                            
24 U.S. Environmental Protection Agency.  October 10, 2000.  Public Law 106-284. Beaches 

Environmental Assessment and Coastal Health (BEACH) Act of 2000.     
25 U.S. EPA.  Water Quality Standards for Coastal and Great Lakes Recreational Waters – Final Rule.  69 

Fed. Reg. 220, 67220  (Nov. 16, 2004) [BEACH Act rule]. 
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on USEPA’s best estimate of the historically accepted illness rate for fecal 
coliform.  
 
It should also be noted that the epidemiological studies used to develop the 1986 
freshwater criteria were performed during non-stormwater conditions. The E. coli  
and enterococcus criteria presented above are for steady state, dry weather 
conditions.  
 
USEPA has taken the position that States may adopt ambient criteria based on 
bacteria indicators other than E. coli or enterococcus in freshwaters provided that 
it is demonstrated that these criteria are at least as protective of human health as 
USEPA’s 1986 criteria26. This is consistent with Congressional intent (through  
Clean Water Act Section 303(c)) to give States “the paramount role in weighing 
any available credible information for establishing water quality standards that 
are protective of the designated uses of their waters.” 27  As a practical matter 
however, the level of epidemiological and other investigation needed to support 
the use of alternative bacteria indicators far exceeds the resources available to 
the States, including California, and the Santa Ana Regional Board. Accordingly, 
revised bacteria quality objectives for primary contact recreation waters that are 
based on USEPA’s 1986 bacteria criteria are proposed as part of these Basin 
Plan amendments (see Section 5.2).   
 
As shown in Table 4.1, both E. coli and enterococcus criteria for freshwaters are 
identified in USEPA 1986 criteria document. USEPA recommends that the states 
select one of these surrogate indicators to express water quality objectives. The 
1986 criteria were based on findings of statistically-significant correlations 
between E. coli and enterococcus densities and gastrointestinal illness among 
swimmers. However, the correlation coefficient for enterococci is weaker than 
that identified for E. coli (0.74 vs. 0.80, respectively).  For this reason, and 
considering bacteria objective decisions by other regional boards in California 
and other states, the Stormwater Quality Standards Task Force recommended 
and the proposed amendments specify revised bacteria objectives for REC1 
waters that are based on E. coli (see Section 5.2). 
 
In November 2003, USEPA published draft implementation guidance for its 1986 
bacteria criteria28. The draft guidance indicates that while the 1986 criteria 
document recommended the use of E. coli or enterococcus densities based on a 
risk level of 8 illnesses per 1000 swimmers in freshwaters, USEPA believes that 
it is appropriate for states to exercise their risk management discretion when 
protecting their recreational waters. Accordingly, the draft guidance 

                                            
26  U.S. EPA.  Water Quality Standards for Coastal and Great Lakes Recreational Waters – Final Rule.  
69 Fed. Reg. 220, 67231  (Nov. 16, 2004)[BEACH Act rule]. 
27 Ibid. p. 67231. 
28 U.S. EPA. Implementation Guidance for Ambient Water Quality Criteria for Bacteria. November 2003 
Draft. EPA-823-B-03-XXX. 
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recommended that states select a risk level from 8 to 10 per 1000 swimmers 
when adopting state bacteria objectives for their primary contact waters. For E. 
coli, this means that states should select geometric mean densities from 
126/100mL (8 illnesses/1000 swimmers) to 206/100 mL (10 illnesses/1000 
swimmers). The range acknowledges not only state discretion but also the 
approximate nature of the risk levels associated with the 1986 criteria.  
 
In 2006, USEPA published a Fact Sheet29 to provide guidance to states 
regarding the selection of appropriate risk levels. The Fact Sheet provides 
answers to questions regarding what USEPA considers to be appropriate in the 
context of USEPA’s promulgation of bacteria criteria in the BEACH Act Rule (69,  
FR 67217, November 16, 2004) and what USEPA recommended in the 1986 
criteria.  The Fact Sheet states that in considering whether to include a state in 
the BEACH Act rule, USEPA considered states that adopted objectives based on 
an illness rate of 10/1000 swimmers or less for freshwaters to have criteria as 
protective of human health as the 1986 bacteria criteria. Therefore, USEPA did 
not promulgate bacteria criteria for these states. The Fact Sheet thus reinforces 
the 2003 draft Implementation Guidance.  
 
The Stormwater Quality Standards Task Force considered the substantive 
direction provided by the 2003 draft guidance, the BEACH Act rule, and the 2006 
Fact Sheet in formulating recommendations for changes to the REC1 objectives. 
The Task Force elected to recommend bacteria objectives based on the more 
restrictive risk level (8 illnesses/1000 swimmers) (see Section 5.2). It is 
noteworthy that the USEPA is in the process of reviewing and revising its 
recommended bacteria criteria. It is not yet definitive whether and to what extent 
USEPA’s recommendation in the draft guidance/Fact Sheet for state discretion to 
select alternative risk levels/corresponding bacteria values will remain a part of 
USEPA’s future criteria recommendations.  
 
As shown in Table 4.1, the 1986 criteria include recommended geometric mean 
densities for E. coli (and enterococcus) and “Single Sample Maximum” (SSM) 
values in freshwaters. As discussed in the Fact Sheet published by USEPA 
regarding SSMs30, the geometric mean “is the more relevant value for ensuring 
that appropriate actions are taken to protect and improve water quality. The 
geometric mean is generally more relevant because it is usually a more reliable 
measure of long term water quality, being less subject to random variation, and 
more directly linked to the underlying studies upon which the 1986 bacteria 
criteria were based.”  However, USEPA acknowledged the need for more rapid 
assessment of the quality of recreational waters than would be allowed by 
collecting multiple samples, e.g., monthly or over a recreation season, needed to 

                                            
29 U.S.EPA.  Water Quality Standards for Coastal Recreation Waters, Considerations for States as They 
Select Appropriate Risk Levels, EPA-823-F-06-012, August 2006) 
30 U.S. EPA. Water Quality Standards for Coastal Recreation Waters, Using Single Sample Maximum 
Values in State Water Quality Standards, EPA-823-F-06-013. August 2006. (“SSM Fact Sheet”) 
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calculate a geometric mean.  Therefore, USEPA developed SSMs, which are 
statistical constructs designed to assess the likelihood that water quality is not 
meeting the geometric mean objective when there are insufficient data available 
to calculate a geometric mean.   
 
The principal purpose of the SSMs is to allow decision makers to make timely 
decisions to open or close beaches based on small data sets. An SSM identifies 
the highest E. coli (or enterococcus) density one would expect to see in a single 
sample when the true geometric mean is meeting the water quality objective.  Put 
another way, SSMs provide an assessment of when a single value measured in 
a waterbody may be part of a bacterial density with a geometric mean density 
higher than an established geometric mean objective.  
 
USEPA expects that SSMs will be used to make beach notification and closure 
decisions, and that States will employ discretion regarding the application of 
SSMs for other Clean Water Act purposes, e.g., NPDES permits, Total Maximum 
Daily Loads (TMDLs)31.  The SSM Fact Sheet (p. 6) suggests that states could 
elect to employ SSMs as part of the state’s adopted bacterial quality objectives. 
For example, states that elect to include a minimum sample set size as part of 
their geometric mean objectives (e.g., five samples/30 days) would also need to 
specify an alternate method for assessing compliance with that objective when 
the available data do not meet the minimum sample size requirement. USEPA’s 
SSM Fact Sheet and the preamble to the BEACH Act rule make clear that the 
SSMs are not intended as acute criteria, nor are they intended to provide any 
greater protection of public health than that afforded by the geometric mean 
criteria. The SSMs provide a statistical procedure for making a probabilistic 
assessment of compliance with the geometric mean objective using more limited 
data.  There is no need to use SSMs where there are sufficient data to calculate 
a representative geometric mean.  
 
The 1986 bacteria criteria document identified default SSM values for E. coli and 
enterococcus based on the 75, 82, 90 and 95% confidence levels, using the 
equations shown above and a default log standard deviation (0.4) derived from 
USEPA’s epidemiological studies (see further discussion of log standard 
deviation assumptions below). The calculated default numeric values are shown 
above. As shown, the selection of the confidence level and corresponding SSM 
is contingent on the known or expected intensity of primary contact recreational 
use. A lower confidence level (75%) is applied to protect designated beach 
areas, where primary contact recreational use is known or expected to be high, 
while a higher confidence level (95%) is applied to calculate SSMs for waters that 
are known or expected to be used only infrequently for such recreational use.  
USEPA defined the four different categories of primary contact recreational use 
intensity in the BEACH Act rule (p. 67242).  States have discretion to identify 

                                            
31 Ibid, p. 2; BEACH Act rule, p. 67224-5. 
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other pertinent factors when distinguishing among their surface waters for the 
purposes of assigning an appropriate confidence level and corresponding SSM.  
 
The principle underlying this tiered SSM approach is that greater caution and 
conservatism should be applied when deciding whether or not to close beaches 
that are heavily used for primary contact recreation. Application of the 75% 
confidence level to these designated beach areas results in a lower SSM value 
(as shown above, assuming a geometric mean of 126/100mL E.coli and a 
standard deviation of 0.4, the calculated SSM is 235/100mL). The result is a 
statistically less certain but more conservative approach to beach closure and 
notification decisions. In contrast, for waters that are infrequently used for full 
body contact recreation, a less cautious approach is acceptable. For these 
waters, use of the 95% confidence level results in a higher SSM ((assuming a 
geometric mean of 126/100mL E.coli and a standard deviation of 0.4, the 
calculated SSM is 575/100mL).  There is a higher level of certainty, but less 
conservatism. At such locations, where fewer people are at risk, greater certainty 
regarding non-compliance with the geometric mean objective is acceptable when 
deciding whether or not to close a beach to full body contact recreation activities.   
 
The other confidence levels (85%, 90%) and corresponding SSMs identified by 
USEPA (and shown above) fall between these extremes. However, USEPA has 
made clear that states need not apply to their surface waters all four of the 
categories of full body contact recreational use intensity identified in the 1986 
criteria document.32  But, in order to assure that the states have adopted criteria 
that are at least as protective of USEPA’s 1986 criteria, USEPA expects that 
states will first identify portions of their waters as designated bathing beaches (to 
which the more stringent SSM based on the 75% confidence level would be 
applied), and then categorize their remaining waters based on their intensity of 
use relative to the designated bathing beaches.  
 
As described above, the SSMs are calculated using equations for E. coli and 
enterococcus that rely on assumed geometric mean densities of these indicators and 
the log standard deviation of data. As shown in Table 4.1, the 1986 bacteria criteria 
document recommends that the SSMs be calculated “based on a site-specific log 
standard deviation, or if site data are insufficient to calculate a log standard deviation, 
then using 0.4 as the log standard deviation for both indicators.”  As stated previously, 
the 0.4 value was derived from the USEPA epidemiological studies upon which the 
1986 criteria recommendations rely. This value is considered the default to be applied 
when there are insufficient site-specific data to calculate an appropriate log standard 
deviation. USEPA’s BEACH Act rule provided explicit guidance regarding the 
determination of a site-specific log standard deviation: “States may use a site-specific 
log standard deviation to calculate a single sample maximum for individual coastal33 

                                            
32 BEACH Act rule, p. 67226 
33 While the BEACH Act rule addresses the Great Lakes and coastal recreation waters (as defined in the 
rule), USEPA staff have advised Regional Board staff that the rule provides the most explicit and accurate 



Basin Plan Amendments  January 12, 2012 
Recreational Standards for Inland Fresh Waters 

p. 32 of 126 
 

recreation waters, but must use at least 30 samples from a single recreation season to 
do so.”34   
 
As noted above, USEPA is in the process of reviewing and revising its 
recommended bacteria criteria. USEPA staff have advised Regional Board staff 
that the tiered approach to deriving SSMs is likely to change, such that only 
SSMs based on the 75% confidence level will be employed in the future. Further, 
USEPA staff anticipates that the equations used to calculate SSMs, with 
allowances for derivation and use of site-specific log standard deviations, will no 
longer be included as part of the criteria document. 35  These revisions to the 
1986 criteria have not yet been published in final form. The recommendations for 
revised objectives and application of SSMs described in Section 5.2 and Section 
5.3 rely on applicable, established guidance and regulation.  
 
 
4.2 REC2 Objectives/Criteria 
 
4.2.1 Basin Plan Fecal Coliform Objective for REC2 Waters 
 
As described in Section 3.2. above, the current Basin Plan specifies the following water 
quality objective to protect non-contact water recreation (REC-2) activities in freshwater 
lakes and streams: 
 

Fecal coliform:  average less than 2000 organisms/100 mL and not more 
than 10% of the samples exceed 4000 organisms/100 mL for any 30-day 
period. 

 
“Non-contact Water Recreation” (REC2) is essentially equivalent to “secondary contact” 
recreation in federal parlance. The important distinction between REC2 and REC1 
activities is that during REC2 activities, people have little if any direct contact with water 
and the ingestion of water is thus unlikely.  
 
As for the fecal coliform objectives adopted to protect REC-1, recommendations 
regarding fecal coliform objectives for REC-2 uses were derived directly from FWPCA’s 
1968 Report and have not been changed since 1975.  In 1968, the FWPCA’s Technical 
Advisory Committee made the following recommendation to the U.S. Secretary of the 
Interior: 
 

“Surface waters should be suitable for use in ‘secondary contact’ 
recreation – activities not involving significant risks of ingestion – without 

 
guidance now available regarding USEPA’s expectations of actions by states to adopt and implement the 
1986 criteria for their waters.  
34 Ibid, p. 67243. 40 CFR 131.41(c)(3). 
35 It should be noted that the BEACH Act rule includes both default SSMs and the equation used to 
calculate site-specific SSMs, which may include using site-specific log standard deviations. 
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reference to official designation of recreation as a water use.  For this 
purpose, in addition to aesthetic criteria, surface waters should be 
maintained in a condition to minimize potential health hazards by utilizing 
fecal coliform criteria.  In the absence of local epidemiological experience, 
the Subcommittee recommends an average not exceeding 2,000 fecal 
coliforms per 100 ml and a maximum of 4,000 per 100 ml except in 
specified mixing zones adjacent to outfalls... This level of fecal coliforms 
could be expected when concentrations of viral and other pathogens in 
receiving waters have been reduced to less than infectious levels for 
casual water contact by humans, with the risk considered to be one-tenth 
that for primary contact recreation.  Further research will be necessary to 
arrive at precise criteria for secondary contact recreation activities.”36 
 

No evidence was cited by the FWPCA to support the claim that the risk related to 
secondary contact recreation, where the risk of ingestion of water was not considered 
significant, was “one-tenth that for primary contact recreation (REC1).  A review of the 
historical scientific literature reveals that this appears to be an undocumented 
assumption made by the Technical Advisory Committee37. 
 
USEPA did not endorse FWPCA’s recommended criteria for secondary contact 
recreation in the water quality criteria document published in 1976.38  However, EPA 
allowed state authorities to continue relying on the FWPCA's guidance until such time 
as more appropriate federal water quality criteria could be developed to protect 
secondary water contact recreation activities. 
 
Most states (including the majority of the regional water boards in California) simply 
multiplied the fecal coliform objective for REC-1 by ten to derive a REC-2 standard - just 
as the FWPCA had done.  However, as discussed in the preceding section, USEPA has 
disavowed bacteria quality criteria for REC1 waters that are based on fecal coliform. 
The Basin Plan REC2 objectives based on fecal coliform are not only arbitrary, but also 
unsupported by available science regarding protective pathogen indicators.  
 
4.2.2 USEPA Recommendations Re REC2 Objectives 
 
USEPA explicitly declined to recommend federal water quality criteria for secondary 
contact recreation when it published the new E. coli and enterococci criteria in 1986: 
 

"EPA explored the feasibility of scientifically deriving criteria for secondary 
contact waters and found it infeasible for several reasons.  In reviewing the data 
generated in the epidemiological studies conducted by EPA that formed the basis 

                                            
36 Federal Water Pollution Control Administration.  Water Quality Criteria:  Report of the National 

Technical Advisory Committee to the Secretary of the Interior.  1968; pgs. 8-9. 
37 CDM Memorandum "Scientific Basis for EPA Recommended Water Quality Objectives for Bacteria."  
April 10, 2006. 
38 U.S. EPA.  Quality Criteria for Water.  1976 
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for its 1986 recommendations, EPA found these data would be unsuitable for 
development of a secondary contact criterion.  Secondary contact recreation 
activities generally do not involve immersion in the water, unless it is incidental 
(e.g. slipping and falling into the water or water being inadvertently splashed in 
the face).  While the main illness likely to be contracted during primary contact 
recreation is gastrointestinal illness, illness contracted from secondary contact 
recreation activities may just as likely be diseases and conditions affecting the 
eye, ear, skin, and upper respiratory tract.  Because of the different exposure 
scenarios and the different exposure routes that are likely to occur under the two 
different types of uses, EPA is unable to derive a national criterion for secondary 
contact recreation based upon existing data."39 

 
To date, USEPA has not yet established bacteria criteria for activities involving only 
incidental exposures where the risk of immersion and ingestion is relatively low.  
Nevertheless, USEPA continues to encourage states to adopt numeric water quality 
objectives for pathogen indicator bacteria in REC2 waters.  As noted above, USEPA is 
engaged in a review of its recommendations in the 1986 criteria document. These 
criteria focus on full body contact (REC1) recreation. USEPA expects to publish new 
criteria recommendations by the end of 2012. It is not clear whether and how this new 
guidance will address the protection of REC2 uses. The application of any new USEPA 
guidance, for REC1 and/or REC2 protection, will need to be considered as part of the 
normal triennial review process.  
 
 
5.0 RECOMMENDED BASIN PLAN AMENDMENTS 
 
The following subsections describe the proposed Basin Plan amendments, the rationale 
for the recommendations, and alternatives considered40. The proposed amendments 
are shown in the attachment to tentative Resolution No. R8-2012-0001 and listed below. 
 
5.1 Changes to REC1 Beneficial Use Name and Definition 
5.2 Changes to Bacteria Quality Objectives for REC1 and REC2 Fresh  

Waters; Identify Bacteria Quality Targets for REC2 only Freshwaters 
5.3  Application of Single Sample Maximum Values 
5.4  Addition of a Narrative Pathogen Objective 
5.5.  High flow suspension of REC1 and REC2 Standards 
5.6.  Use Attainability Analyses:  Recommended Re-designation of certain surface  
 waters 
5.7  Delete coliform objective for MUN use 
                                            
39 U.S. EPA.  Implementation Guidance for Ambient Water Quality Criteria for Bacteria [Draft].  May, 

2002;  pg. 39;  draft document was cited by EPA in the BEACH Act rule  (69 FR 220,  67218 (Nov. 16, 
2004)) 

40 The meeting notes and related documents included in the administrative record for these amendments 
document the extensive consideration of the need for and nature of the proposed amendments, including 
a variety of alternatives,  by the Stormwater Quality Standards Task Force. These deliberations led to the 
recommendations presented herein. 
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5.8   Changes to Table 3-1 BENEFICIAL USES and Table 4-1 WATER QUALITY  
 OBJECTIVES 
5.9   Changes to Chapter 5 Implementation 
5.10 Editorial changes 
 
 
5.1 Changes to REC1 Beneficial Use Name and Definition (Basin Plan, Chapter 

3) 
 

5.1.1 Summary 
 
As discussed in Section 3.0 of this staff report, the beneficial uses recognized in the 
Santa Ana Region include REC1, “Water Contact Recreation”, which is defined in the 
Basin Plan as follows: 
 

“Water Contact Recreation (REC1*) waters are used for recreational activities 
involving body contact with water where ingestion of water is reasonably 
possible. These uses may include, but are not limited to, swimming, wading, 
water-skiing, skin and scuba diving, surfing, whitewater activities, fishing and use 
of natural hot springs.” 

 
This beneficial use is recognized statewide in all Basin Plans and the definition was 
agreed upon as part of a comprehensive statewide update of all Basin Plans in the early 
1990s. 
 
Changes to the nomenclature are proposed to clarify this definition and to assure that it 
properly reflects the nature of the recreational activity and exposure to water that was 
assumed in establishing bacteria indicator objectives to protect this use.  Specifically, 
the proposed modifications are: (additions are underlined; deletions are in strike-out 
type) 
 
Water Contact Recreation Primary Contact Recreation (REC 1*) waters are used for 
recreational activities involving deliberate water body contact, especially by children,  with 
water where ingestion of water is likely to occur reasonably possible. Examples of REC1 
activities These uses may include, but are not limited to, swimming, wading, water-skiing, 
skin and scuba diving, surfing, whitewater rafting activities,, float tubing, bathing in natural 
hot springs, skin diving, scuba diving and some forms of wading and fishing. fishing and 
use of natural hot springs. Brief incidental or accidental water contact that is limited 
primarily to the body extremities (e.g. hands and feet), is not generally deemed Primary 
Contact Recreation because ingestion is not likely to occur. 
  
For clarity, in final form, the proposed revised definition would read as follows: 
 
Primary Contact Recreation (REC 1*) waters are used for recreational activities involving 
deliberate water contact, especially by children, where ingestion is likely to occur. 
Examples of REC1 activities may include, but are not limited to, swimming, water-skiing, 
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surfing, whitewater rafting, float tubing, bathing in natural hot springs, skin diving, scuba 
diving and some forms of wading and fishing. Brief incidental or accidental water contact 
that is limited primarily to the body extremities (e.g. hands and feet), is not generally 
deemed Primary Contact Recreation because ingestion is not likely to occur. 
 
As shown above, the current Basin Plan REC1 definition (and the REC2 definition in the 
Basin Plan) includes an asterisk, which refers to a footnote in the Basin Plan that qualifies 
these designations. Editorial changes to this footnote are proposed and discussed later in 
this report (see Section 5.10). 
 
5.1.2 Discussion 
 
The recommended changes to the REC1 definition are based largely on careful 
consideration of applicable USEPA guidance and terminology. In particular, the 
proposed changes are intended to reflect accurately the underlying scientific basis of 
USEPA’s Ambient Water Quality Criteria for Bacteria – 1986 (national bacteria quality 
criteria, or national criteria), both past and present, which were developed to protect full 
body contact recreational uses. These criteria formed the basis for the bacteria quality 
objectives for REC1 use protection established in the current Basin Plan. The revised, 
1986 national criteria form the basis for recommendations for revised bacteria quality 
objectives as part of these Basin Plan amendments (see Section 5.2). The scientific 
basis of the existing fecal coliform objectives and the 1986 national criteria is discussed 
in Section 4.0 of this report, and extensively in USEPA guidance and regulation41.  The 
proposed revisions also reflect careful consideration of use of recreational waters by 
children, as recommended by USEPA. 
 
USEPA (and many of the states) employs the term “primary contact recreation” to 
identify full body contact recreational activities that could be expected to result in the 
ingestion of water or immersion. Per USEPA, these activities include swimming, water 
skiing, surfing, kayaking and any other activity where contact and immersion in the 
water are likely. These types of activities are comparable to those identified in the Basin 
Plan definition of REC1 (see above).  
 
As discussed in Section 4.0 of this staff report, the epidemiological studies used by 
USEPA to derive the national bacteria quality criteria recommendations for primary 
contact (full body) recreational uses entailed differentiating between “swimmers” and 
“non-swimmers” based on the duration of contact with the water and evidence of 
immersion (wet head). The national criteria were derived from data showing increased 

                                            
41 U.S. Environmental Protection Agency, Ambient Water Quality Criteria for Bacteria, 1986; United States 
Environmental Protection Agency “Water Quality Standards for Coastal and Great Lakes Recreation Waters; 
Final Rule” (40 CFR 131.41), November 2004 (the “BEACH Act Rule”). 

. 
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acute gastrointestinal illness among swimmers, who were considered to have immersed 
themselves and who were therefore considered to have a likelihood of ingestion.  
 
In contrast to the USEPA approach, the Basin Plan currently defines REC1 to include 
activities where the ingestion of water is “reasonably possible”, rather than likely.  The 
phrase “reasonably possible” is not clearly defined and is subject to a variety of 
interpretations.  However, many of the activities identified in the current Basin Plan 
definition are those recreational uses where the ingestion of water is expected or at 
least likely, comparable to USEPA’s expectation of primary contact recreation and the 
bacteria criteria developed to protect that use.   
 
USEPA defines secondary contact recreation uses as including activities where most 
participants would have very little direct contact with the water and where ingestion of 
water is unlikely. Per USEPA, secondary contact recreation activities may include 
wading, canoeing, motor boating, fishing, and others. This is functionally equivalent to 
the Non-contact Water Recreation (REC2) use in the Basin Plan. Per the Basin Plan, 
REC2 waters are used for recreational activities involving proximity to water, but not 
normally involving body contact with water where ingestion of water would be 
reasonably possible. Per the Basin Plan, REC2 uses may include picnicking, 
sunbathing, hiking, camping, boating, and others. As for the Basin Plan definition of 
REC1, the phrase “reasonably possible” is employed. Again, this phrase is not defined 
and is subject to interpretative difficulty. However, the nature of recreational uses 
identified clearly speaks to the expectation that water contact and the potential for 
ingestion would be incidental and unlikely. 
 
As a matter of clarity, and to assure that the REC1 use definition properly reflects the 
nature of recreational activities and likelihood of ingestion that are anticipated by 
USEPA’s national bacteria quality criteria, Regional Board staff recommends that the  
Basin Plan definition be revised to conform closely to USEPA’s description of primary 
contact recreation. Specifically, the following changes are proposed: 
 

1. Revise the name of the REC1 use from “Water Contact Recreation” to “Primary 
Contact Recreation”.  This change would conform to USEPA terminology and 
confirm what has long been understood by the Regional Board (as reflected in 
the list of recreational activities included in the REC1 definition), that REC1 in the 
Basin Plan is essentially equivalent to primary contact recreation as described by 
USEPA and for which USEPA developed national bacteria quality criteria.  

2. Insert the word “deliberate” to reflect that the activities included as REC1 are 
intentional and not merely incidental contact with water (i.e., they are not REC2 
type activities). 

3. Insert the phrase “especially by children” to recognize that children may have 
greater likelihood of engaging in one or more REC1 activities and may have 
greater likelihood of ingestion of water when so engaged. 

4. Replace the phrase “reasonably possible” with “likely to occur”. This would 
provide greater clarity regarding the expectation of ingestion of water and 
consistency with the exposure assumptions underlying the national bacteria 
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quality criteria. Again, these criteria form the basis for proposed amendments to 
revise the bacteria quality objectives in the Basin Plan to protect REC1 uses. 

5. Reorganize and revise the list of REC1 activities. In particular, revise the 
language to recognize that some forms of wading and fishing may result in a 
likelihood of ingestion, while other forms of these activities would not. 

6. Add the statement that brief incidental or accidental water contact that is limited 
primarily to the body extremities is not generally considered Primary Contact 
Recreation because ingestion is not likely to occur. This statement would provide 
clarity by explicitly distinguishing types of contact that do not result in Primary 
Contact Recreation but that might be better addressed as REC2 activities. 

 
The proposed changes are shown in underline and strikeout format:  
 
Water Contact Recreation Primary Contact Recreation (REC 1*) waters are used for 
recreational activities involving deliberate water body contact, especially by children,  with 
water where ingestion of water is likely to occur reasonably possible. Examples of REC1 
activities These uses may include, but are not limited to, swimming, wading, water-skiing, 
skin and scuba diving, surfing, whitewater rafting activities,, float tubing, bathing in natural 
hot springs, skin diving, scuba diving and some forms of wading and fishing. fishing and 
use of natural hot springs. Brief incidental or accidental water contact that is limited 
primarily to the body extremities (e.g. hands and feet), is not generally deemed Primary 
Contact Recreation because ingestion is not likely to occur. 
 
The administrative record for the proposed amendments documents extensive 
deliberation by the SWQSTF of the proposed changes to the definition and a variety of 
alternatives. The wording alternatives considered did not materially affect the underlying 
determination that it would be appropriate to assure that the definition is consistent with 
and properly reflects the type of recreational activities and exposure assumptions 
presumed in the development of the national criteria, since those criteria would form the 
basis for revised REC1 bacteria quality objectives.  
 
Considerable thought was given to proper treatment of wading and fishing as examples 
of REC1 activities, since the nature of these activities and the resultant potential for 
immersion and ingestion of water vary widely. For example, fishing in waders or from 
float tubes, where the angler is in direct and often prolonged contact with the water, 
would be considered a REC1 activity. However, fishing from the shoreline or from boats 
involves very little direct water contact and would be more appropriately identified as a 
REC2 activity. Shallow wading by children, with their propensity for water play, including 
dam-building, and for hand-to-mouth contact, would be considered a REC1 activity, 
while shallow wading by adults would likely be considered incidental and limited to 
extremities, so that ingestion would be unlikely. As reflected in the recommended 
language, it was determined that references to wading and fishing should be qualified 
(i.e., “some forms of wading and fishing”) to address this variation. This provides the 
Regional Board suitable discretion, properly applied in the regulatory context (see 
below), to determine whether or not a specific type of wading or fishing constitutes a 
REC1 use.   
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As discussed previously in Section 2.1 Regulatory Framework: Water Quality 
Standards, all surface waters are presumed to be REC1 unless a Use Attainability 
Analysis (UAA) demonstrates that this use has not been attained and is not attainable 
pursuant to one or more of the factors identified in federal regulations. It should be 
emphasized that the recommended changes in the REC1 definition would not affect this 
rebuttable presumption.  Surface waters will continue to be designated REC1 unless a 
UAA demonstrates that the use has not been attained and is not attainable. Once again, 
the proposed changes to the REC1 definition are intended solely to provide greater  
clarity and consistency with the exposure assumptions underlying the national bacteria 
quality criteria.  
 
 
5.2  Changes to Bacteria Quality Objectives for REC1 and REC2 Fresh Waters 

(Basin Plan, Chapters 4 and 5); Identify Bacteria Quality Targets for REC2 
Only Freshwaters 

 
5.2.1 Summary 
 
Based on review of the USEPA Ambient Water Quality Criteria for Bacteria, 1986 
(national bacteria quality criteria or national criteria) and other relevant guidance and 
regulation, and consideration of the scientific basis of those criteria, the following 
amendments are proposed:  
 

1. Delete the current Basin Plan fecal coliform objectives for REC1 and REC2 (non-
contact water recreation) for the freshwaters of the Region. 

2. Replace the fecal coliform objectives with E. coli objectives, as follows:  
a. For freshwaters designated REC1 only or both REC1 and REC2, replace 

the current Basin Plan fecal coliform objectives with a geometric mean 
objective of less than 126 E. coli organisms per 100 mL (expressed as the 
geometric mean of at least 5 samples over a 30 day period (rolling 
average)).   

b. For freshwaters that are designated only REC2 pursuant to an approved 
Use Attainability Analysis, identify bacteria quality targets, in conformance 
with the state antidegradation policy (SWRCB Resolution No. 68-16). The 
targets are intended to provide the basis for assuring that bacteria quality 
conditions do not degrade in these waters.  Revisions to Chapter 5 
(Implementation) are proposed to describe these targets and to identify 
the follow-up strategy that will be employed should there be credible 
evidence that the targets are being exceeded (see 5.2.2, item 3).  

 
These recommendations are shown in the proposed Basin Plan amendments in Table 
4-pio-Pathogen Indicator Bacteria Objectives for Fresh Waters (see revisions to 
Chapter 4 WATER QUALITY OBJECTIVES) and in Chapter 5, IMPLEMENTATION, 
Recreation Water Quality Standards, Antidegradation targets for REC2 only freshwaters 
and Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters. 
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The national bacteria quality criteria also identify a range of Single Sample Maximum 
allowable densities for E. coli (and enterococcus) in freshwaters.  These single sample 
values are statistical constructs designed to inform decision makers about the likelihood 
that geometric mean values are being exceeded. Detailed discussion of Single Sample 
Maximum values and proposed amendments to incorporate them in the Basin Plan are 
presented in Section 5.3. 
 
5.2.2 Discussion 
 
Section 4.0 of this staff report provides a detailed discussion of the scientific basis of 
USEPA’s 1986 revised national bacteria quality criteria, which include recommendations 
for the use of E. coli or enterococcus rather than fecal coliform densities to protect full 
body contact (primary contact or REC1) recreation uses in freshwaters.  The 1986 
national bacteria criteria based on geometric mean values for freshwaters are 
summarized in Table 5.1. (See also Section 4.0) 
 

 
Table 5.1 USEPA 1986 Criteria for Bathing (Full Body Contact)  

Recreational Waters 
(Freshwater) 

 
 Acceptable swimming-

associated gastroenteritis 
rate per 1000 swimmers 

Steady state geometric 
mean indicator density1 

E. coli 2 8 126 per 100 ml 
           Enterococcus 2 8 33 per 100 ml 

1 Based on a statistically sufficient number of samples (generally not less than 5 samples 
equally spaced over a 30-day period) 
2 Only one indicator should be used. The Regulatory agency should select the 
appropriate indicator for its conditions. 
 

(Source: Adapted from USEPA Ambient Water Quality Criteria for Bacteria – 1986 and USEPA 
“Water Quality Standards for Coastal and Great Lakes Recreation Waters; Final Rule” (40 CFR 
131.41), November 2004)(“BEACH Act Rule”)) 
 
As described in Section 4.0, USEPA believes that the “acceptable” swimming-
associated gastroenteritis rate of 8/1000 swimmers is roughly comparable to the illness 
rate associated with the fecal coliform criteria upon which the fecal coliform objectives 
now specified in the Basin Plan were based. However, USEPA acknowledges that this 
illness rate is also an approximation.  
 
The 1986 national bacteria criteria document does not include recommended criteria for 
REC2 (non-contact recreation) waters. REC2 uses are essentially the same as 
“secondary contact” uses, which USEPA defines as including activities where most 
participants would have very little direct contact with the water and where ingestion of 
water is unlikely. Per USEPA, these activities may include wading, canoeing, motor 
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boating, fishing, etc. (these activities are comparable to those identified in the Basin 
Plan definition of REC2 (see Section 3.1). USEPA was unable to derive a risk-based 
national criterion for secondary contact recreation because secondary contact activities 
involve far less contact with water than primary contact activities, and because of the 
lack of applicable epidemiological studies and data. Nevertheless, USEPA recommends 
that states adopt a criterion for REC2 waters. USEPA believes that such a criterion 
provides the basis for establishing effluent limitations and the implementation of best 
management practices provides a mechanism to assure that downstream uses are 
protected, and is consistent with the historic practice of most states in implementing 
fecal coliform objectives.  USEPA recommends that states consider adopting a criterion 
for secondary contact (REC2 waters) that is five times the criterion established for 
primary contact (REC1) waters. Many states already employ this approach in specifying 
fecal coliform objectives for secondary contact recreation uses (though in some states, 
the secondary contact objectives are 10 times those established for primary contact 
recreation).  
 
The SWQSTF first considered the indicator organism that should be used as the basis 
for setting new objectives for freshwaters. Given that many states and other regional 
boards within California had elected to use E. coli for this purpose, the Task Force 
recommended reliance on E. coli as well42. Given that USEPA had found that fecal 
coliform densities have weak correlation, if any, to gastrointestinal illness as the result of 
water contact recreational activity, the Task Force recommended that the current fecal 
coliform objectives in the Basin Plan be deleted in favor of new objectives based on E. 
coli. 
 
The Task Force then considered what E. coli objectives should apply to freshwaters 
designated REC1 and also to waters designated REC2.  Several issues were 
deliberated extensively: 
 

1. Should the objectives for REC1 freshwaters be based on E. coli values 
calculated using a gastrointestinal illness risk level other than 8/1000 
swimmers? That is, should a geometric mean density other than 126 per 100 
mL be recommended? 

2. How should the recommended E. coli geometric mean be expressed, e.g., 
based on a minimum of a certain number of samples over a specific period, 
on a seasonal (e.g., wet vs dry, recreational season) basis, or in some other 
manner? 

3. Should the current Basin Plan objectives for REC2 waters, which are also 
based on fecal coliform, be modified based on the 1986 national criteria 
recommendations and, if so, in what manner? 

                                            
42 E. coli is also the default indicator selected by USEPA in establishing bacteria criteria for Great Lakes 
recreation waters, unless a Great Lakes state determines that enterococcus criteria should apply.  See 
USEPA “Water Quality Standards for Coastal and Great Lakes Recreation Waters; Final Rule” (40 CFR 
131.41), November 2004 (BEACH Act Rule). 

 



Basin Plan Amendments  January 12, 2012 
Recreational Standards for Inland Fresh Waters 

p. 42 of 126 
 

 
The Task Force also considered in detail the manner in which the Single Sample 
Maximum allowable densities identified in USEPA’s 1986 national criteria for full body 
contact (REC1) waters should be incorporated in the Basin Plan. These deliberations 
are discussed in Section 5.3. 
 
Task Force deliberation of each of the three questions identified above is described 
briefly below. 
 
1. Consideration of an alternative gastrointestinal illness risk level 

 
When the Task Force began its deliberation of this question, the USEPA had produced 
draft guidance on the implementation of the 1986 national criteria (“Implementation 
Guidance for Ambient Water Quality Criteria for Bacteria”, November 2003 Draft).  Per 
the draft guidance, USEPA encouraged states to employ their risk management 
discretion when protecting recreational waters. Specifically, the guidance states that 
based on USEPA’s review of the studies used to derive the national criteria, USEPA 
recommends that states select a risk level for swimmers in freshwaters from 8/1000 to 
10/1000. The draft guidance includes a table that shows the E. coli (and enterococcus) 
geometric mean densities associated with each of these risk levels. As discussed 
above, for the 8/1000 risk level, the geometric mean E. coli value is 126 per 100 mL. 
For the 9/1000 risk level, the E. coli geometric mean value is 160 per 100 mL; for the 
10/1000 risk level, the value is 206 per 100 mL.   In a separate document (“Water 
Quality Standards for Coastal Recreation Waters, Considerations for States as They 
Select Appropriate Risk Levels, EPA-823-F-06-012, August 2006 (Coastal Recreation 
Waters Fact Sheet re Risk Levels43)), USEPA confirmed that states could consider a 
risk level of up to 10/1000 without any additional data, and indicated that higher risk 
levels could be considered but would require additional data collection and evaluation44. 
USEPA found that use of E. coli values based on a risk level between 8 and 10 per 
1000 swimmers would result in water quality objectives as protective of human health 
and primary contact recreation as the 1986 national criteria. The range of acceptable 
risk levels and associate E. coli densities reflects acknowledged uncertainty and the 
approximate nature of the gastrointestinal illness rates. 
 
The Task Force reviewed this draft guidance and the Coastal Recreation Waters Fact 
Sheet re Risk Levels and considered whether a risk level of 8, 9 or 10/1000 should be 
employed to establish objectives for one or more REC1 freshwaters in the Region, 
                                            
43 This  Fact Sheet is intended to answer key questions states may have about what USEPA considers to 
be acceptable risk levels in the context of what USEPA promulgated in the “Water Quality Standards for 
Coastal and Great Lakes Recreation Waters” (or BEACH Act) rule (69 FR 67217, November 16, 2004) 
and what USEPA recommended in the 1986 bacteria criteria document. USEPA has advised Regional 
Board staff separately that the BEACH Act rule is the best source of information regarding the agency’s 
interpretation of the 1986 criteria for both coastal recreation waters and inland waters. 
44 As noted in Section 4.0 of this staff report, USEPA is reviewing the 1986 bacteria criteria and may elect 
to remove state discretion to select a risk level higher than 8/1000. 

 



Basin Plan Amendments  January 12, 2012 
Recreational Standards for Inland Fresh Waters 

p. 43 of 126 
 

taking into consideration such factors as the generally limited use of freshwaters in the 
Region for REC1 activity, particularly when compared to ocean beaches. (At that time, 
USEPA stated that the assumed risk level in specifying criteria to protect ocean 
beaches was 19/1000 swimmers.  There is now apparently some further consideration 
of the validity of this estimated illness rate.)  Relying on USEPA’s draft guidance and the 
information provided by the Coastal Recreation Waters Fact Sheet re  Risk Levels, the 
Task Force was assured that the slightly higher E. coli geometric mean values 
associated with the higher risk levels would ensure the protection of public health and 
REC1 uses.  With REC1 use protection assured, the Task Force then considered the 
potential implications of compliance with the range of acceptable E. coli values, i.e., the 
structural and non-structural controls that might be needed at the various risk levels, 
and their associated costs.  Based on the evaluation of monitoring data, for certain 
waterbodies, e.g., Reach 3 of the Santa Ana River, compliance with an E. coli objective 
of 126 per 100 mL may prove to be extremely expensive and highly problematic, while 
compliance with a higher geometric mean, e.g., 206 per 100/mL, which is associated 
with the 10/1000 risk level, may be feasible at comparatively reasonable cost45.  
 
The Task Force ultimately agreed to recommend E. coli objectives for REC1 waters 
based on the 8/1000 risk level, i.e., a geometric mean density of 126 per 100 mL for 
REC1 waters. This recommendation recognizes that other Regional Boards that have 
adopted E. coli objectives have set those objectives at 126 per 100 mL. The Task Force 
did not want to create any perception that the waters in the Santa Ana Region receive 
any less protection than elsewhere in California, even though such a perception would 
have no scientific foundation.   
 
However, where the Regional Board finds that the cost and potential environmental 
impact associated with the construction and operation of structural controls that may be 
necessary to achieve the 126/100 mL geometric mean in a specific waterbody are 
unreasonable and unacceptable, then it may be appropriate to seek modification of the 
geometric mean objective to a less stringent objective for that waterbody. As stated 
above, current USEPA guidance indicates that USEPA will approve higher geometric 
mean objectives based on an illness rate of up to 10/1000 illnesses in swimmers without 
additional data. Higher geometric mean objectives based on illness rates above 
10/1000 may be justified but would likely necessitate epidemiological studies, which are 
costly and time-consuming. Further, scientifically defensible epidemiological studies are 
potentially infeasible for most if not all of the freshwaters of the Region, given the 
relatively limited numbers of people who engage in primary contact recreational activity 
in these waters. Any such site-specific objective would need to be considered through 
the Basin Planning process, with full opportunity for public participation. 
 
In summary, the Task Force recommended that E. coli objectives for REC1 waters be 
established based on the 8/1000 risk level, i.e., at a geometric mean density of 126 per 
100 mL.  
 

                                            
45 CDM. Middle Santa Ana River Bacterial Indicator TMDL, 2011 Dry Season Report. December 21, 2011.   
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2. Expression of the recommended E. coli  geometric mean objective 
  

The 1986 bacteria quality criteria leave to state discretion the appropriate method of 
expressing the selected geometric mean objective. The SWQSTF considered several 
possible approaches, including specifying the geometric mean on a seasonal basis to 
reflect potential differences in REC1 activity as the result of cold, wet weather. Some 
states with pronounced seasonal differences in weather, including snow and freezing 
conditions, have adopted this approach. However, given the temperate climate in the 
Region, which generally allows for REC1 activity in freshwaters throughout the year, the 
Task Force rejected a seasonal approach. Instead, the Task Force recommended that 
the objective be specified as a geometric mean based on a minimum of 5 samples 
within a 30-day period (rolling (also known as running) average). This is comparable to 
the approach taken in the specifying the current fecal coliform objectives in the Basin 
Plan, and is consistent with USEPA’s recommendations in the 1986 criteria (see Table 
5.1) and the BEACH Act rule (69 FR 67217, November 16, 2004, p. 67224),  
 
The proposed amendments include these Task Force recommendations for a geometric 
mean of 126 per 100 mL expressed as the results of a minimum of 5 samples taken 
over a 30-day period (rolling average).  See Attachments 1 and 2 to Resolution No. R8-
2012-0001, proposed revisions to Chapter 4, Table 4-pio- Pathogen Indicator Bacteria 
Objectives for Fresh  Waters and related text. [As shown in the Attachments, references 
to “Bacteria, Coliform” objectives for both enclosed bays and estuaries and inland fresh 
waters are proposed to be deleted and replaced by the header “Pathogen Indicator 
Bacteria”. This recommended change reflects the use of bacteria such as E. coli as 
surrogate indicators of the presence of pathogens.]   
 
3. Consideration of REC2 objectives for freshwaters 
  
As discussed above and in Section 4.0, there is no scientific basis for establishing 
pathogen indicator objectives for REC2 waters. The current Basin Plan objectives for 
REC2-designated freshwaters, which are based on fecal coliform, are merely an 
arbitrary multiplication (10 X) of the REC1 fecal coliform objectives, an approach that 
has been and is still used in some other states and by other Regional Boards in 
California. On the other hand, some of the other Regional Boards have simply elected 
to not specify numeric objectives to protect REC2 uses of their waters since such 
objectives cannot be correlated with the protection of REC2 uses.   
 
The SWQSTF recognized that all fresh surface waters in the Region that are designated 
REC1 are generally also designated REC2, and that the more stringent pathogen 
indicator objectives specified for REC1 waters would govern water quality protection in 
these waters. In short, the Task Force recognized that the current fecal coliform 
objectives for REC2 were both unnecessary and unjustified by good science.  
 
Accordingly, the Task Force recommended that the REC2 objectives for fecal coliform 
be deleted. The Task Force recommended that for waters designated REC1 only, or 
REC1 and REC2, the new E. coli geometric mean objective of 126 per 100 mL should 
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apply. These recommendations are reflected in the proposed Basin Plan amendments. 
See Attachments 1 and 2 to Resolution No. R8-2012-0001, proposed revisions to  
Chapter 4, Table 4-pio- Pathogen Indicator Bacteria Objectives for Fresh Waters and 
related text.  
 
The Task Force was also cognizant that some waters might be designated only REC2 if 
justified by a Use Attainability Analysis (UAA). In fact, as described in Section 5.6, the 
Task Force conducted a number of UAAs for specific waters, resulting in 
recommendations for the removal of the REC1 designation and, in some cases, both 
REC1 and REC2 designations. The issue then addressed was whether the Basin Plan 
would provide adequate protection of the quality of waters designated only REC2 (and 
downstream waters) if the recommendation described above to delete the REC2 fecal 
coliform objectives were to be approved. To address this, the Task Force recommended 
the development of bacteria quality targets for these REC2 only waters based on 
consideration of ambient quality conditions and application of the antidegradation policy 
(Resolution No. 68-16)46. The purpose of these targets would be to provide a baseline 
for expected water quality conditions in these waters.  If future monitoring indicated that 
these targets were being exceeded and that quality conditions thus appeared to have 
declined, then additional monitoring and investigation would be initiated and corrective 
action taken if and as appropriate.  This approach addresses the concerns expressed 
by USEPA (see discussion above) regarding the need for a numeric basis for setting 
effluent limitations (other than for POTWs; see Section 5.9.2.3) and triggering the 
implementation of best management practices. Further, this approach would prevent 
adverse effects on the quality of downstream waters that might result from degradation 
of upstream flows.  
 
The “antidegradation” targets for REC2 only freshwaters were calculated as described 
below. The proposed targets are shown in the proposed amendments to Chapter 5 of the 
Basin Plan. See Attachments 1 and 2 to Resolution No. R8-2012-0001, proposed revisions 
to Chapter 5 Antidegradation targets for REC2 only freshwaters.  A proposed strategy for 
follow-up in the event that credible evidence is presented that the targets are being 
exceeded is included in the proposed Monitoring Plan for Pathogen Indicator Bacteria in 
Freshwaters (also in Chapter 5). 
 
If and as future UAAs are conducted that result in REC2-only designations for additional 
waters, site-specific bacteria quality data will be used to calculate antidegradation 
targets for those waters, employing the methodology described below. 
 
Methodology for calculation of antidegradation targets for waters designated only REC2 
 
Routine water quality monitoring for various types of bacteria has been conducted in 
numerous waterbodies throughout the Santa Ana Region for many years.  Data from 
these monitoring programs reveals that the pathogen indicator bacteria densities vary 

                                            
46  The intent of the antidegradation policy is to prevent water quality degradation, with certain exceptions.    
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widely over time at all sampling locations.  Therefore, it is difficult to select a single 
numeric value to represent the range of bacteria levels that can occur in a waterbody.  If  
an average density is used then, by definition, half of all subsequent samples will 
appear to "exceed" that value even where no degradation in water quality has actually 
occurred.  If the degradation threshold is defined by the highest measured value in the 
historical monitoring dataset, then it is possible for average bacteria levels to increase, 
causing water quality to degrade, without necessarily exceeding the maximum trigger 
value. 
 
In order to ensure conformance with the intent of California's antidegradation policy, it is 
proposed that ambient water quality be described using common statistical parameters 
to characterize the entire distribution of pathogen indicator bacteria data collected from 
a REC2 only designated waterbody.  At a minimum, this includes the mean, median, 
standard deviation, coefficient-of-variation, the maximum data value recorded and the 
number ("N") of samples. It is proposed that these statistical parameters be used to 
estimate the upper 95th percentile value for each dataset. 
 
USEPA has published several guidance documents describing proper application of 
statistical methods to evaluate water quality data.47  These manuals provide instruction 
on how to calculate each of the aforementioned parameters, including advice on when it 
is appropriate to log-transform the water quality data prior to performing any statistical 
analysis.  USEPA's recommended procedures are commonly used for many other 
regulatory purposes, including:  Reasonable Potential analyses, NPDES permit limit 
derivation, dilution credits, water quality impairment assessments, TMDL 
implementation, and criteria development.  Staff recommends continued reliance on 
these methods to describe the range of existing water quality in waterbodies designated 
REC2 only. 
 
The proposed Basin Plan amendments require stakeholders in the watershed to collect 
and analyze new samples in accordance with a Regional Board-approved monitoring 
plan to assess water quality trends in waterbodies designated REC-2 only (Section 
5.9.2.2).  As new data become available, the data will be compared to the baseline data 
developed during the UAA.  The upper 95th percentile density, estimated from the 
existing data during the UAA, will serve as the trigger threshold, i.e., the antidegradation 
target, for further investigation and possible corrective action.  In general, the following 
method will be used to estimate the upper 95th percentile densities: 
 

Step 1) Log-transform the existing data 
Step 2) Calculate the mean of the log-transformed data 
Step 3) Calculate the standard deviation of the log-transformed data 
Step 4) Multiply the standard deviation of log-transformed data by 1.65 
Step 5) Add result from Step 4 to the mean value calculated in Step 2 

                                            
47 See, for example, U.S. EPA.  Data Quality Assessment:  Statistical Methods for Practitioners.  EPA 
QA/G-9S.  Feb., 2006  (EPA/240/B-06/003) and U.S. EPA.  Technical Support Document for Water 
Quality-based Toxics Control.    March, 1991  (EPA/505/2-90-001). 
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Step 6) Calculate the anti-log for the value derived in Step 5; this is the 
95% Upper Confidence Level. 

 
Where 95% of the data is less than or equal to the antidegradation target, no 
degradation will be inferred.  However, if more than 5% of the sample values exceed the 
target, additional samples must be collected and analyzed to determine whether the 
elevated value is an anomaly (verified by formal outlier analysis), or if it indicates a true 
trend toward water quality degradation.   
 
Using the upper 95th percentile confidence level to assess water quality trends is 
conceptually similar to EPA's recommended approach for using Single Sample 
Maximums (a term that may be revised in future to “Statistical Threshold Value”), which 
may be used to evaluate probable compliance with geometric mean pathogen indicator 
bacteria objectives when there are insufficient data to calculate a true geometric 
mean.48  It is also consistent with methods previously adopted by the Regional Board to 
characterize ambient water quality in groundwater management zones throughout the 
Santa Ana Region.49 
 
The antidegradation targets identified in the proposed Basin Plan amendments are not 
intended to serve as numeric water quality objectives.  Rather, they are intended as a 
tool to aid in assessing quality conditions and implementing the provisions of the state's 
antidegradation policy.  The natural variability and statistical uncertainty associated with 
bacteria densities makes such threshold values ill-suited for directly translating an 
antidegradation target into a numeric water quality objective.  However, the target can 
be used to determine when it is necessary and appropriate to collect additional data in 
order to perform more detailed analyses of water quality trends.  Results from these 
follow-on studies are expected to be sufficiently robust to assess whether a lowering of 
water quality has occurred and whether investigation and corrective action may be 
needed. 
 
For each stream segment (including two tidal prisms) where the proposed Basin Plan 
amendments recommend reclassifying the waterbody as REC2 only (see Section 5.6), 
a comprehensive statistical analysis of existing water quality was performed as part of 
the Use Attainability Analysis.  All of the required parameters, including the 95th 
percentile threshold value, were calculated.  The results are summarized in the 
following tables. 
 
 
 
 
                                            
48 U.S. EPA.  Water Quality Standards for Coastal Recreation Waters:  Using Single Sample Maximum 
Values in State Water Quality Standards.  August, 2006 (EPA-823-F-06-013) and U.S. EPA.  Expression 
of Criteria:  EPA's Current Thinking for New Criteria.  PowerPoint presentation by Shari Barash at 
Stakeholder Meeting on the Development of New or Revised Water Quality Criteria.  Sept. 20, 2011. 
49 Santa Ana Regional Water Quality Control Board, Attachment to Resolution No. R8-2004-0001, 
Chapter 4, Management Zone TDS and Nitrate-nitrogen Water Quality Objectives. 
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Table 5- REC2 Only Targets – FW1 

REC2 Only Waterbody 
E. coli  Densities  (cfu/100 mL) 

Mean Std. 
Dev. N Max. 

Observed 
95% 
UCL 

      
Temescal Creek, Reach 1b 198 34 119 9,2002 933 
Santa Ana Delhi Channel, Reach 2 448 110 63 12,590 5,269 

UCL= Upper Confidence Level; 95% upper confidence level is the antidegradation target 

1 CDM, Inc.  Technical Memorandum. Calculation of Antidegradation Targets for REC2 Only 
Freshwaters. December 30, 2011. 
2 A value of 1,800,000 cfu/100 mL, from the sample collected on 9/8/2007, was excluded as an 
outlier. 

 
 

Table 5-REC2 Only Targets –Other Waters1 

REC2 Only Waterbody 
 

Enterococcus Densities  (cfu/100 mL) 

Mean Std. 
Dev. N Max. 

Observed 
95% 
UCL 

      
Greenville-Banning Channel, Tidal Prism 116 2041 108 22,000 660 
Santa Ana-Delhi Channel, Tidal Prism 1900 4852 65 28,600 6466 
UCL= Upper Confidence Level; 95% upper confidence level is the antidegradation target 

1 Regional Water Quality Control Board.  Memorandum. Calculation of Antidegradation Targets for 
REC2 Only Waters-Tidal Prisms.  December 30, 2011 

 
Again, the 95% upper confidence levels identified in these tables would serve as the 
antidegradation targets for the identified stream and tidal prism segments.  
 
 
5.3  Application of Single Sample Maximum Values50 
 
5.3.1 Summary 
 
As discussed in Section 4.0, USEPA’s 1986 bacteria quality criteria for full body contact 
(REC1) waters include both geometric mean values for E. coli and enterococcus in 
                                            
50 As noted in Section 4.0 of this report, USEPA recently suggested that the term “Single Sample 
Maximum” be replaced by “Statistical Threshold Value” to avoid misinterpretation and misapplication of 
the concept. This recommendation may be reflected in revised bacteria quality criteria for recreational 
waters that USEPA expects to publish by the end of 2012. This report employs the established SSM 
nomenclature. 
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freshwaters and Single Sample Maximum (SSM) “allowable densities” for each of these 
indicators. USEPA’s 1986 bacteria criteria document, the preamble to USEPA’s “Water 
Quality Standards for Coastal and Great Lakes Recreation Waters” Rule (or BEACH Act 
Rule) (69 FR 67217, November 16, 2004) and  USEPA’s “Water Quality Standards for 
Coastal Recreation Waters:  Using Single Sample Maximum Values in State Water 
Quality Standards”, EPA-823-F-06-013, August 2006 (hereinafter referred to as the 
“Coastal Recreation Waters Fact Sheet re SSMs”) provide extensive discussion of the 
derivation of these SSM values and their intended purpose. The following presents a 
succinct discussion of the salient points and their consideration by the SWQSTF, 
leading to relevant proposed Basin Plan amendments shown in Attachments 1 and 2 to 
Resolution No. R8-2012-0001, Chapter 5, Application of Single Sample Maximum 
values in REC1 freshwaters.   
 
These proposed amendments include:  
 

1. Define tiers of REC1-designated inland fresh surface waters in the Santa Ana 
Region as Tier A, B, C or D and assign freshwaters to the appropriate Tier.  The 
Tiers reflect differences in known or estimated intensity of REC1 use, from 
waters that are or may be heavily used (Tier A) to infrequently used (Tier D). 
Reach 3 of the Santa Ana River is considered a Tier A water and used as the 
basis for determining the relative intensity of use for other freshwaters in the 
Region.  Certain waters in these tiers are in natural condition and are denoted 
with an “N”. The proposed Tier assignments are shown in Table 5-REC1-Tiers in 
the proposed amendments. 
 

2. Incorporate a table of SSM values for E. coli and the equation used to calculate 
them (see Table 5-REC1-ssv, shown below and in the proposed amendments). 
Identify the variables employed in the equation, including the log standard 
deviation of E. coli data. Show SSM E. coli values for Tier A, B, C and D REC1 
waters based on the default assumption of a log standard deviation of 0.4 and 
other assumed log standard deviation values that may be developed for one or 
more waterbodies. Stipulate that SSMs for freshwaters denoted with an “N” are 
to be calculated as for Tier A waters. 
 

3. Specify that where it is necessary to make public notification and/or beach 
closure decisions in the absence of sufficient data to calculate a representative 
geometric mean for E. coli, no single sample shall exceed the default value 
specified in Table 5- REC1-ssv or an alternative value calculated by using the 
formula shown in note 2 to Table 5-REC1-ssv (see also table note 5).  For all 
other purposes related to implementing the Clean Water Act, if there are 
insufficient data to calculate a representative geometric mean for E. coli, “X%” of 
the representative sample data collected over a 30 day period (running average) 
shall be less than the default value specified in Table 5-REC1-ssv or the 
alternative calculated value, where X% is the statistical confidence level assigned 
to a particular waterbody.  
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4. Specify that where there are sufficient data to calculate a representative 
geometric mean for E. coli, SSMs shall not be used to assess compliance with 
the proposed E. coli geometric mean objective. Add text regarding the 
anticipated use of SSMs in impairment assessments for Clean Water Act Section 
303(d) listing purposes. 

 
5. Add text that explains that the principal intended use of single sample values is 

for rapid notification and posting purposes, and as a trigger for further 
investigation of sources that may be contributing to elevated bacteria indicator 
densities. 

  
 
 
5.3.2 Discussion 
 
5.3.2.1 SSM Guidance and Regulation 
 
Single Sample Maximum values (SSMs) are statistical constructs developed by USEPA 
to allow decision makers to make informed and timely decisions about posting or 
closing full body contact recreation areas based on small data sets. SSMs provide a 
sense of when a single sample result from a waterbody may be part of a bacterial 
density with a geometric mean that exceeds an established geometric mean objective. 
Using SSMs, decision makers need not await the collection of the multiple samples 
typically required to calculate a geometric mean before taking action to protect public 
health and primary contact recreational use. As described above (Sections 4.0 and 5.2), 
both the current fecal coliform objectives for REC1 and the proposed E. coli  geometric 
mean call for the collection of a minimum of 5 samples over a 30-day period to assess 
compliance.  
 
The SSMs were not developed as acute criteria, nor were they designed to provide any 
more protection of public health than that provided by geometric mean objectives.  
USEPA’s expectation is that the SSMs will be used for notification and closure decisions 
for full body contact (primary contact) recreation areas. States have discretion to employ 
SSMs in the context of other federal Clean Water Act programs, including water quality 
assessments for the purposes of identifying impaired waters (per Section 303(d) of the 
Clean Water Act), Total Maximum Daily Loads and permitting. However, USEPA  
explicitly recognizes that “Other than in the beach notification and closure decision 
context, the geometric mean is the more relevant value for ensuring that appropriate 
actions are taken to protect and improve water quality. The geometric mean is generally 
more relevant because it is usually a more reliable measure of long term water quality, 
being less subject to random variation, and more directly linked to the underlying 
studies upon which the 1986 bacteria criteria were based.” (Coastal Recreation Waters 
Fact Sheet re SSMs, p. 1).  
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Single Sample Maximum allowable densities are calculated using the following 
equation51: 
 

SSM = ECO * 10
(SCF * LSD)

, where… 
 

SSM = Single sample maximum value 
ECO = E. coli objective expressed as a geometric mean  
SCF = the selected statistical confidence level factor for the given waterbody or group of 
waterbodies. 
LSD = the Log Standard Deviation of measured E. coli densities. 
 
 
USEPA’s 1986 bacteria criteria document presents default SSMs for E. coli in 
freshwaters that were calculated using this equation, an assumed E. coli geometric 
mean of 126/100 mL, and the log standard deviation (0.4) observed in USEPA’s 
freshwater epidemiological studies that led to the recommended national bacteria 
criteria. Four different upper confidence levels of E. coli data were employed (75%, 
82%, 90% and 95%); these correspond to four statistical confidence level factors: 0.675, 
0.935, 1.28 and 1.65, respectively.  As described further below, these factors vary 
according to the known or anticipated level of primary contact recreation use. The 
default SSMs are shown in Table 5.2. 
 
USEPA promulgated these default E. coli SSMs for Great Lakes recreation waters in 
the 2004 BEACH Act Rule and has advised Regional Board staff that this Rule provides 
the best information concerning the agency’s current interpretation of the 1986 bacteria 
criteria for inland waters (largely freshwaters).  
 
 
 

Table 5.2 Default E. coli SSMs* 
Steady state 
geometric mean 
E. coli  density 

Designated 
beach area 
(upper 75% 
confidence level) 
(SCF=0.675) 

Moderate full 
body contact 
recreation (upper 
82% confidence 
level) 
(SCF=.935) 
 

Lightly used full 
body contact 
recreation (upper 
90% confidence 
level) 
(SCF=1.28) 

Infrequently used 
full body contact 
recreation (upper 
95% confidence 
level) (SCF= 
1.65) 

 
126 per 100 ml 

 
235 

 
298 

 
409 

 
575 

*log standard deviation (LSD) = 0.4 
 
 

                                            
51 This is the equation identified in USEPA’s 1986 bacteria quality criteria document (see Table 4.1). The 
nomenclature employed has been modified slightly for clarity; however, there is no mathematical 
difference.  
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As reflected in Table 5.2., the selection of the upper confidence level (and thus 
statistical confidence level factor) to be employed in the SSM equation is contingent on 
the intensity of full body contact recreational use known or anticipated to occur at each 
waterbody. A more conservative approach using the 75% confidence level is used for 
“designated bathing beach” waters and progressively less conservative confidence 
levels are applied at “moderate” (82%), “light” (90%) and “infrequent” (95%) use REC1 
areas. The intent is to use the most conservative approach where use is highest and 
where the risk to public health is therefore also highest. As shown in this Table, a lower, 
more conservative SSM results from use of the 75% confidence level (SCF= 0.68) and 
progressively higher, less conservative SSMs result from the higher confidence levels. 
 
In the 2004 BEACH Act Rule, USEPA defined the different levels of full body contact 
use in coastal recreation waters52  as follows: 
 
“Designated bathing beach waters are those coastal recreation waters that, during the 
recreation season, are heavily-used (based upon an evaluation of use within the State) 
and may have: a lifeguard, bathhouse facilities, or public parking for beach access. 
States may include any other waters in this category even if the waters do not meet 
these criteria.” 
 
“Moderate use coastal recreation waters are those coastal recreation waters that are 
not designated bathing beach waters but typically, during the recreation season, are 
used by at least half of the number of people as at typical designated bathing beach 
waters within the State. States may also include light use or infrequent use coastal 
recreation waters in this category.” 
 
“Light use coastal recreation waters are those coastal recreation waters that are not 
designated bathing beach waters but typically, during the recreation season, are used 
by less than half of the number of people as at typical designated bathing beach waters  
within the State, but are more than infrequently used. States may also include 
infrequent use coastal recreation waters in this category”. 
 
“Infrequent use coastal recreation waters are those coastal recreation waters that are 
rarely or occasionally used”. 
 
These definitions were provided as guidance to states to differentiate waters based on 
the intensity of use for primary contact recreation, and to apply corresponding SSMs 
appropriately. The definitions presented above provide states discretion to assign 
waters to different recreation levels. The preamble to the BEACH Act Rule states that 
USEPA does not expect a state to use all four of the use categories identified above (69 
FR 67233, November 16, 2004) to determine and apply SSMs. The key expectations 
are that states will assign all primary contact recreation waters an appropriate Single 
Sample Maximum value, and that designated bathing beach waters (heavily-used 
                                            
52 Coastal recreation waters are defined in the BEACH Act Rule as the “Great Lakes and marine coastal 
waters (including coastal estuaries) that are designated under section 303(c) of the Clean Water Act for 
use for swimming, bathing, surfing or similar water contact activities.” 
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waters) will be assigned an SSM based on the upper 75% confidence level (or an even 
more conservative confidence level). In making these determinations, USEPA expects 
that states will conduct an intrastate comparison of its freshwaters to assess the relative 
frequency of primary contact use. The first anticipated step in this process is that states 
will identify “designated beach” or heavily-used waters and then categorize the 
remaining waters based on their intensity of use relative to these “designated beach” 
(heavily-used) areas. 
 
USEPA’s 1986 bacteria criteria document states that each jurisdiction should establish 
its own standard deviation for its conditions, which would result in varying SSMs (see 
note in Table 4.1). To do so, USEPA requires that a state collect at least 30 samples in 
a single recreation season (69FR 67227, November 16, 2004). In the absence of such a 
specific log standard deviation, USEPA expects states to employ as a default the log 
standard deviation from the epidemiological studies used by USEPA to derive the 
bacteria criteria.  As stated above, this value is 0.4 for freshwaters.  
 
5.3.2.2 Recommendations re SSMs  
 
As stated previously, the SWQSTF carefully considered the USEPA guidance and 
regulation described above in formulating specific recommendations regarding the 
inclusion of SSMs in the Basin Plan, including strategies for their implementation. These 
recommendations are reflected in the proposed Basin Plan amendments (Attachments 
1 and 2 to Resolution No. R8-2012-0001, Chapter 5, Application of Single Sample 
Maximum values in REC1 freshwaters).  
 
The Task Force’s first step was consideration of whether and how to differentiate REC1 
fresh waters within the Region based on the intensity of known or anticipated REC1 
use53. The Task Force realized that inland freshwaters within the Santa Ana Region 
receive very little full body contact recreational use, or, in fact, recreational use of any 
kind, when compared to ocean beaches within the Region. However, there are some 
freshwaters within the Region that are used heavily for water contact recreation relative 
to other freshwaters in the Region.  These include Reach 3 of the Santa Ana River, 
particularly in the hot summer months when people avail themselves of the opportunity 
to cool off in the water. Some of these people may find travel to designated bathing 
beaches, such as ocean beaches, difficult and/or too costly. Few, if any, of these 
relatively heavily used freshwaters can be characterized as “designated beach areas” 
since they typically do not have facilities such as restrooms, parking and the like to 
facilitate use of the area for any type of recreation.  
 
Based on these considerations, the Task Force proposed four “Tiers” of recreational 
use in freshwaters. The definition of each Tier relies largely on the definitions provided 
                                            
53 The Task Force recognized that USEPA expected intrastate comparisons of waters for this purpose.  
This approach could not be considered by the Task Force, given the scope of the proposed amendments 
to address freshwaters within the Santa Ana Region. It is not clear that the USEPA approach would be 
practicable in California, given the structure of regional boards and their responsibilities to adopt water 
quality standards for waters within their jurisdictions. 
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by USEPA in the BEACH Act Rule (see preceding discussion), but other factors are 
considered as well. Specifically, the Task Force proposed the following: 
 
Tier A REC1 Waters:  includes freshwater lakes and streams that are or may be 
heavily-used by the public for primary contact recreational activities, relative to other 
freshwater bodies in the Santa Ana Region.  Typical examples of Tier A waters include, 
but are not limited to:  Big Bear Lake, Canyon Lake, Lake Elsinore, Lake Perris, Reach 
3 of the Santa Ana River, Reach 2 of Mill Creek (near Redlands) and Lytle Creek 
(Middle and North Forks).  Single Sample Maximum (SSM) values for Tier A waters are 
calculated using a 75% statistical confidence factor.  
 
Tier B REC1 Waters:  includes freshwater lakes and streams that are or may be 
moderately-used by the public for primary contact recreational activities.  Moderate use 
occurs where the number of people accessing the waterbody is approximately half that 
which generally occurs in Tier A waters.  Typical examples of Tier B waters include, but 
are not limited to:  Jenks Lake, Santiago Reservoir, Cucamonga Creek Reach 2, and 
Reaches 4 and 6 of the Santa Ana River.  Single Sample Maximum values for Tier B 
waters are calculated using an 82% statistical confidence factor.  
 
Tier C REC1 Waters: includes freshwater lakes and streams that are or may be lightly-
used by the public for primary contact recreational activities.  Light use occurs where 
the number of people accessing the waterbody is less than half that which generally 
occurs in Tier A waters.  Typical examples of Tier C waters include, but are not limited 
to:  Reach 2 of the Santa Ana River, Bear Creek, Chino Creek Reach 1B, Anza Park 
Drain, and Sunnyslope Channel. Single Sample Maximum values for Tier C waters are 
calculated using a 90% statistical confidence factor.  
 
Tier D REC1 Waters:  includes freshwater lakes and streams that are infrequently used 
by the public for primary contact recreational activities.  Infrequent use occurs where 
people only access the waterbody rarely or occasionally.  Typical examples of Tier D 
waters include, but are not limited to:  most concrete-lined storm water channels in the 
urbanized areas of the watershed and many of the ephemeral streams located in the 
undeveloped areas of the watershed.  Single Sample Maximum values for Tier D waters 
are calculated using a 95% statistical confidence factor.   
 
As noted in these definitions, each Tier would be assigned a Single Sample Maximum 
value calculated using one of the four confidence levels (75%, 82%, 90% and 95%) 
identified by USEPA.  
 
The Task Force also recognized that there are waters within the Region that are in 
undeveloped areas and are expected to have low natural bacteria levels. The Task 
Force found that while the use of these waters for primary contact recreation may or 
may not occur or may be limited by a variety of factors (access, channel characteristics, 
flow conditions, etc.), it would be appropriate to assure the protection of the high 
bacteria quality of these waters. Accordingly, the Task Force proposed to apply the 
most conservative confidence level (75%) in the calculation of SSMs for these waters, 
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which is the same approach used with Tier A, heavily-used waters. The Task Force 
proposed to define these “natural condition” waters as follows:  
 
Natural Conditions (N):  includes freshwater lakes and streams located in largely 
undeveloped areas where ambient water quality is expected to be better than necessary 
to protect primary contact recreational activities regardless of whether such activities 
actually occur in these waterbodies.  Single Sample Maximum values for “N” waters are 
calculated using a 75% statistical confidence factor. 
 
The Task Force prepared a table (shown in the proposed Basin Plan amendments as 
“Table 5- REC1-Tiers”) in which the freshwaters identified in the Basin Plan are 
assigned to Tier A, B, C or D. “Natural Condition” waters are denoted in this Table with 
an “N”.  (Due to the length of Table 5- REC1-Tiers, the reader is asked to refer to the 
proposed Basin Plan amendments to review this Table (see Attachments 1 and 2 to 
Resolution No. R8-2012-0001, Chapter 5, Application of Single Sample Maximum 
values in REC1 freshwaters)). 
 
It is important to recognize that the freshwaters listed in the proposed Table 5-REC1-Tiers 
were not assessed comprehensively in detail to determine whether primary contact 
recreation actually takes place or has taken place in the past, and at what intensity. The 
recommended assignments to different Tiers are based on Board staff and stakeholder 
knowledge of the characteristics of these waters, evidence regarding existing or probable 
future primary contact recreational activity, and anecdotal information, all compiled by the 
SWQSTF. Therefore, if and as knowledge of each of these waters is obtained in the future, 
the Tier assignments are subject to change. Further, Use Attainability Analyses may be 
conducted in the future for one or more of these waters, which may lead to changes in 
REC1 designations. Inclusion of a waterbody in Table 5- REC1-Tiers does not denote a 
determination that REC1 is, in fact, an existing use for that waterbody. Text reflecting these 
findings is proposed to be added to the Basin Plan (see Attachments 1 and 2 to Resolution 
No. R8-2012-0001, Chapter 5, Application of Single Sample Maximum values in REC1 
freshwaters). 
 
Further, the Basin Plan attempts to list and designate appropriate recreation (and other) 
beneficial uses for all the significant inland freshwater bodies in the Region. The Clean 
Water Act and implementing federal regulations establish the rebuttable presumption that 
all surface waters support REC1 use and should be so designated (see Section 2.1, 
above). While surface water bodies in the Region that are not listed in the Basin Plan will 
be considered REC1 unless and until demonstrated to be otherwise through a Use 
Attainability Analysis, there is no requisite presumption that all such waters belong to any 
specific REC1 Tier. Until formal consideration, through the Basin Planning process, of the 
appropriate Tier for any unlisted inland freshwater bodies in the Region is provided, the 
Regional Board should employ discretion based on its knowledge of those waters and 
information provided by interested parties to determine the appropriate Tier for those water 
bodies for regulatory purposes. Text embodying this strategy is proposed to be added to 
the Basin Plan (see Attachments 1 and 2 to Resolution No. R8-2012-0001, Chapter 5, 
Application of Single Sample Maximum values in REC1 freshwaters). 
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In addition to Table 5-REC1-Tiers, the Task Force also prepared a table of SSMs for 
each of the four proposed Tiers of freshwaters (“Table 5-REC1-ssv”; shown below and 
in the proposed Basin Plan amendments (Attachments 1 and 2 to Resolution No. R8-
2012-0001, Chapter 5, Application of Single Sample Maximum values in REC1 
freshwaters)).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Basin Plan Amendments  January 12, 2012 
Recreational Standards for Inland Fresh Waters 

p. 57 of 126 
 

Table 5-REC1-ssv:  Alternative Method for Assessing Probable Compliance with the E. 
coli Objective in Freshwaters Designated REC1 when Insufficient Data are Available to 
Calculate a Geometric Mean

1
 

 

 

Maximum Expected Single Value for E. coli² 
(assuming true geometric mean is >126 

organism/mL 
Standard Deviation 
of Log-transformed 
E. coli data 

Tier A3: 
75% C.L4. 

Tier B3: 
82% C.L. 

Tier C3: 
90% C.L. 

Tier D3: 
95% C.L. 

0.10 147 156 169 184 
0.20 172 194 227 269 
0.30 201 240 305 394 

0.40(default)5 235 298 409 575 
0.50 274 370 550 842 
0.60 320 459 739 1,231 
0.70 374 569 992 1,801 
0.80 437 705 1,332 2,633 
0.90 510 875 1,788 3,849 
1.00 596 1,085 2,401 5,629 
1.10 696 1,346 3,224 8,230 
1.20 814 1,669 4,329 12,034 

 
1 
This table shows single sample values calculated using the formula identified in table note 2.  Default 

values for each Tier are calculated using 0.4 as the log standard deviation (LSD). Alternative values 
calculated using different LSD values are also shown. See table note 5 for discussion of these alternative 
LSD values. Where it is necessary to make public notification and/or beach closure decisions in the 
absence of sufficient data to calculate a representative geometric mean for E. coli, no single sample shall 
exceed the default value shown in this table or an alternative value calculated by using the formula shown 
in table note 2 (see also table note 5).  For all other purposes related to implementing the Clean Water 
Act, if there are insufficient data to calculate a representative geometric mean for E. coli, “X%” of the 
representative sample data collected over a 30 day period (running) shall be less than the default value 
specified in this Table or the alternative calculated value, where X% is the statistical confidence level 
assigned to a particular waterbody. Where there are sufficient data to calculate a representative 
geometric mean for E. coli, the default or calculated Single Sample Maximum values shall not be used to 
assess compliance with the E. coli objective in Table 4-pio.  The intent of Single Sample Maximum values 
is to inform public notification decisions and to trigger additional follow-up monitoring.  
2
 EPA's recommended formula for calculating the maximum expected single sample value is: 

SSM = ECO * 10
(SCF * LSD)

, where… 
ECO = E. coli Objective expressed as geometric mean of a minimum number of samples; Assumed 
ECO=126 based on a minimum of 5 samples over a 30-day period (rolling average) (see Table 4-pio). 
SCF = the appropriate Statistical Confidence Level Factor for the given waterbody; SCF=0.675 
corresponds with the 75% confidence level; SCF=0.935 corresponds with the 82% confidence level; 
SCF=1.28 corresponds with the 90% confidence level; SCF=1.65 corresponds with the 95% confidence 
level. 
LSD = the Log Standard Deviation of measured E. coli densities. 
 
3
 Single Sample Maximum values for Tier A, B, C or D waters that are also denoted with an “N” in Table 

5-REC1-Tiers shall be calculated as for Tier A waters. 
 
4 C.L. = Confidence Level 
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5 
Variability is calculated as the standard deviation of the log-transformed E. coli data.  In the absence of 

adequate representative data to estimate E. coli variability, the maximum expected single sample value 
will be calculated based on the assumption that the LSD = 0.4, as recommended by EPA [40 CFR 131.41 
(69 Fed. Reg. 220, 67242; Nov. 16, 2004 (”BEACH Act Rule”))].  Application of an alternative LSD 
value(s) must be approved by the Regional Board through the normal public notice and comment 
process.  Per USEPA requirements identified in the BEACH Act Rule (69 Fed. Reg. 220, 67227), at least 
30 samples must be collected in a single recreation season to calculate a statistically valid site-specific 
log standard deviation that can be used to calculate a corresponding Single Sample Maximum . Data 
acceptability shall generally be determined using the guidelines described in the Water Quality Control 
Policy for Developing California's Clean Water Act Section 303(d) List [Sept., 2004].   
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As shown in Table 5-REC1-ssv, SSMs were calculated for each of the Tiers based on 
an assumed E. coli geometric mean of 126 per 100 mL (the geometric mean objective 
now being proposed for freshwaters in the Region) and both the default log standard 
deviation (0.4) identified by USEPA and other log standard deviation values that may be 
justified on a case-specific basis. As stated in table note 5, application of an alternative 
log standard deviation must be approved by the Regional Board through the normal 
public notice and comment process. Further, per USEPA requirements, at least 30 
samples must be collected in a single recreation season to calculate a statistically valid 
site-specific log standard deviation for consideration by the Regional Board. 
 
As stated in the text proposed to be added to the Basin Plan to describe the application 
of SSMs (Attachments 1 and 2 to Resolution No. R8-2012-0001, Chapter 5, Application 
of Single Sample Maximum Values in REC1 freshwaters), and in note 1 to Table 5-
REC1-ssv, it is proposed that the SSMs not be used to determine compliance with the 
proposed geometric mean E. coli objective where there are sufficient data to calculate a 
representative geometric mean.  This recognizes findings by the USEPA and State 
Water Resources Control Board (California Ocean Plan, 2009, III.D.1.c.) that geometric 
mean objectives are the more reliable measure of long-term water body conditions and 
are thus strongly preferred for use in water body assessment decisions, including the 
development of the Clean Water Act Section 303(d) list of impaired waters. The 
proposed amendments also recognize these findings. The proposed amendments 
include a requirement for the development, and implementation upon Regional Board 
approval, of a monitoring program designed to assure that sufficient data are collected 
to determine geometric means in high priority waters (see discussion in Section 
5.9.2.2).  
 
However, the proposed amendments also specify that where it is necessary to make 
public notification and/or beach closure decisions in the absence of sufficient data to 
calculate a representative geometric mean for E. coli, no single sample shall exceed the 
applicable SSM. This is consistent with the use USEPA intended in identifying SSMs, 
i.e., for rapid notification and posting purposes where limited data are available. The 
proposed amendments also specify that for all other purposes related to implementing 
the Clean Water Act, if there are insufficient data to calculate a representative geometric 
mean for E. coli, then “X%” of the sample data collected over a 30 day period (running) 
shall be less than the applicable SSM, where X% is the statistical confidence level 
assigned to a particular waterbody.  Finally, the proposed amendments include text that 
explains that the SSMs will be used as a trigger for further investigation of sources that 
may be contributing to elevated bacteria indicator densities. (See Attachments 1 and 2 
to Resolution No. R8-2012-0001, Chapter 5, Application of Single Sample Maximum 
values in REC1 freshwaters). 
 
The SWQSTF considered alternatives to the definition of each proposed Tier, the 
number of Tiers that should be identified, and the assignment of waters to each of the 
selected Tiers. The proposed amendments shown in Attachments 1 and 2 to Resolution 
No. R8-2012-0001 reflect the Task Force’s final recommendations and are consistent 
with relevant, established guidance and regulation (see Summary, above).  
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5.4   Addition of a Narrative Pathogen Objective 
 
5.4.1   Summary 
 
The proposed amendments include the adoption of the following narrative pathogen 
objective for freshwater lakes and streams:  
 
“Lakes and Streams 

 
Waste discharges shall not cause or contribute to excessive risk of illness from 
microorganisms pathogenic to human beings.  Pathogen indicator concentrations shall not 
exceed the values specified in Table 4-pio below as a result of controllable water quality 
factors (see also Chapter 5, Recreation Water Quality Standards, Controllable and 
Uncontrollable Sources of Bacteria) unless it is demonstrated to the Regional Board’s 
satisfaction that the elevated indicator concentrations do not result in excessive risk of 
illness among people recreating in or near the water. In all cases, the level of water quality 
necessary to protect existing uses must be maintained. Where existing water quality is 
better than necessary to protect the designated use, the existing high level of water quality 
must be maintained unless it is demonstrated that existing or potential beneficial uses 
would be protected and that water quality consistent with maximum benefit to the people of 
California would be maintained, as specified in the state antidegradation policy (SWRCB 
Resolution No. 68-16).  The Regional Board may also require recycled water discharged to 
freshwaters designated REC 1 or REC 2 to comply with other limitations recommended by 
the California Department of Public Health (CDPH).” 
 

This proposed objective is comparable to other narrative objectives already established in 
the Basin Plan. The proposed E. coli objectives, shown in Table 4-pio- Pathogen Indicator 
Objectives (see Attachments 1 and 2 to Resolution No. R8-2012-0001, proposed revisions 
to Chapter 4 WATER QUALITY OBJECTIVES) and described above (Section 5.2), would 
be used to interpret this narrative objective, based on the best science available at this 
time.  The proposed E. coli objectives are based on USEPA’s 1986 bacteria quality criteria, 
which are USEPA’s current recommendations based on the best available science. These 
criteria were derived from epidemiological studies in which gastrointestinal illness rates in 
swimmers and non-swimmers were compared (see Section 4.0). The criteria are based on 
acceptable “excess” illness rates, i.e., acceptable illness rates above those observed in the 
non-swimmer population. USEPA is now engaged in a review of the criteria and may 
recommend alternative criteria in the future.  
The intent of the proposed narrative objective is to provide the Regional Board increased 
flexibility and authority to take actions necessary to protect recreational uses and public 
health.  
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5.4.2 Discussion 
 
The Basin Plan specifies a number of narrative objectives applicable to inland fresh 
surface waters (Basin Plan, Chapter 4).  Some of these objectives require that waste 
discharges not contribute to specific conditions in inland surface waters. For example, 
the Basin Plan requires that “Waste discharges shall not contribute to excessive algal 
growth in inland surface receiving waters”, and, “Waste discharges shall not result in 
increases in  COD [chemical oxygen demand] levels in inland surface waters which 
exceed the values shown in Table 4-1 or which adversely affect beneficial uses.”  Other  
narrative objectives specify that numeric values for certain constituents not be exceeded 
in inland surface waters as the result of controllable water quality factors. For example, 
the Basin Plan specifies that “The chloride objectives in Table 4-1 shall not be exceeded 
as the result of controllable water quality factors.”   
 
An important concept underlying these narrative objectives is that there are or may be 
factors that affect water quality conditions in receiving waters that are not subject to 
control by waste dischargers, the Regional Board, or others.  This is true of bacteria 
quality conditions in surface waters, which may be affected by natural sources that 
cannot be controlled practicably. Further, such sources may have no pathogenic 
significance, i.e., elevated levels of bacteria in surface waters do not necessarily result 
in increased illness in those recreating in those waters. It should be emphasized that 
bacteria levels that exceed established numeric objectives are presumed to have 
pathogenic significance, unless appropriate investigation demonstrates otherwise.  
 
The proposed Basin Plan amendments include recommendations for numeric objectives 
for E. coli to protect REC1 uses of inland surface waters (see Section 5.2).  E. coli are 
used as a surrogate indicator of the presence of pathogens that may cause illness in 
those engaged in full body contact recreation.  As discussed in Section 4.0, direct 
detection and measurement of all pathogens is not currently practical, nor have water 
quality criteria been established for each organism that may cause illness. Ongoing 
studies and advances in analytical technology may identify better pathogen indicators 
and/or make the detection and enumeration of actual pathogens reasonably feasible in 
the future. Based on this new evidence/analytical advances, USEPA may recommend 
revised numeric criteria to protect primary contact recreation in the future. 
 
A narrative pathogen objective is proposed to be incorporated in the Basin Plan (shown in 
the Summary subsection above). The intended purpose of the proposed narrative 
objective is to provide the Regional Board greater flexibility and authority in regulating 
discharges so as to assure the protection of beneficial uses. The proposed numeric E. coli 
pathogen indicator objectives would be used to interpret the narrative objective, based on 
the best available science now available. However, new science may indicate that reliance 
on E. coli as an indicator of the presence of pathogens is not appropriate or is less 
effective than reliance on an alternative pathogen indicator, or the pathogens themselves. 
In this case, the proposed narrative objective would provide the basis for regulatory actions 
based on those other indicators/pathogens that are deemed necessary to assure the 
protection of public health and beneficial uses. This is consistent with the Regional Board’s 
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obligation when establishing waste discharge requirements to impose limitations more 
stringent than established objectives if such more stringent limitations are necessary to 
protect beneficial uses. 
The last sentence of the proposed narrative objective (“The Regional Board may also 
require recycled water discharged to freshwaters designated REC 1 or REC 2 to comply 
with other limitations recommended by the California Department of Public Health 
(CDPH).” ) also directly reflects this regulatory obligation.  As discussed in more detail in 
Section 5.9.2.3, the Regional Board issues waste discharge requirements to Publicly-
Owned Treatment Works (POTWs) for discharges to surface waters that implement the 
recommendations of the California Department of Public Health.  These requirements 
include limitations on total coliform bacteria that are more stringent than the established 
Basin Plan fecal coliform objectives for REC1 waters.  These more stringent limitations, 
based on treatment performance and the expected removal of viruses, are necessary to 
protect public health and recreation beneficial uses. Nothing in the proposed narrative 
objective, or in the other proposed amendments, would modify this more stringent 
approach. 
The proposed narrative objective also takes note of established antidegradation policy and 
the obligation to prevent the lowering of water quality, including bacteria quality, unless 
specified findings are made. 
Finally, the proposed objective accounts for and enables the Regional Board to take 
regulatory notice of the possibility that case-specific investigation may demonstrate that 
bacteria levels above the numeric pathogen indicator objectives have no significance with 
respect to public health and water contact recreational use of surface waters. 
As documented in the administrative record for these amendments, the Task Force spent 
considerable effort considering various wording alternatives for the proposed narrative 
objective and the concepts that should be addressed in it.  The language proposed in the 
proposed amendments reflects the Task Force consensus recommendations. 
 
5.5 High Flow Suspension of REC1 and REC2 Standards 
 
5.5.1 Summary 
 
The proposed Basin Plan amendments include provisions to temporarily suspend the 
REC1 and REC2 standards in certain stream segments when unsafe flow conditions 
preclude attainment of the designated recreational uses for short periods of time. 
 

* Pursuant to this set of Basin Plan amendments, the temporary 
suspension would apply only to freshwater creeks and streams that 
have been engineered or modified to enhance flood control 
protection.  Engineered streams include all man-made flood control 
facilities with a box-shaped, V-shaped or trapezoidal configuration 
that have been lined on the side(s) and/or bottom with concrete or 
similar channel hardening materials to contain the flow and prevent 
erosion.  Modified channels include once natural streams that have 
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been re-engineered, using levees, bank stabilization (rip-rap), 
channel straightening, vegetation removal and other similar 
practices to facilitate rapid evacuation of urban runoff during storm 
events. 

 
* The temporary suspension would not apply to freshwater lakes, 

marine beaches or enclosed bays and estuaries.  Nor would the 
temporary suspension of recreational standards modify the 
continuing obligation of wastewater treatment plants to provide 
adequate disinfection as defined in regulations established by the 
California Department of Public Health (Title 22 of the California 
Code of Regulations) and implemented in the dischargers' NPDES 
permits. 

 
* The temporary suspension would be triggered automatically when: 

a) stream velocity exceeds eight feet-per-second;  or,  b) stream 
velocity times stream depth (depth-velocity product) exceeds 10 
ft.2/sec.  Where representative flow data from a calibrated stream 
gauge are not available, the temporary suspension would also be 
triggered when rainfall in the area tributary to the engineered or 
modified flood control channel is greater than or equal to 0.5 inches 
in 24 hours. 

 
* The temporary suspension would automatically terminate 24 hours 

after rain ceases to fall in the area tributary to the stream unless 
flow data indicate that stream flows continue to exceed the 
threshold values described above. In all cases, the temporary 
suspension would automatically terminate once stream flows have 
returned to normal baseline conditions (generally defined as flows 
at or below the 98th percentile as calculated from a calibrated 
hydrograph for the stream). 

 
* The Regional Board may adopt different thresholds to define 

unsafe flow conditions for individual streams based on site-specific 
data and analysis.  Such determinations would be considered on a 
case-by-case basis through the Board's normal process of public 
notice and comment. 

 
* The temporary suspension would apply to all engineered and 

modified channels shown in the map(s) and ArcGIS files included in 
the draft Basin Plan amendment (Attachment to Resolution No. R8-
2012-0001, Appendices VIII and IX). With respect to engineered 
and modified channels, these Appendices would be updated as 
part of the annual report to the Regional Board submitted by each 
of the MS4 permittees in the Region. These updates would provide 
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documentation of the engineered or modified channels in each of 
the MS4 permittees’ jurisdiction.  

 
* The Regional Board may determine that it is appropriate to apply 

the temporary suspension to additional waterbodies that may not 
be engineered or modified provided that it is demonstrated that 
hazardous flow conditions preclude attainment of the use.  Such a 
demonstration requires that a Use Attainability Analysis be 
performed in accordance with federal regulations. 

 
* The temporary high flow suspension will not be applied to Reach 2 

of the Santa Ana River, where stream flows may exceed the default 
trigger even during dry weather conditions, unless the elevated 
flows are directly related to a recent storm event. 

 
5.5.2 Discussion 
 
In many states, recreational uses are designated to occur only during a defined season 
when warmer air and water temperatures are conducive to such activities.54  Although 
the Santa Ana Region's mild Mediterranean climate generally allows aquatic recreation 
activities throughout most of the year, inclement weather can pose a serious risk of 
flash flooding that temporarily precludes the opportunity for safe aquatic recreation. This 
is particularly true where local creeks and streams have been modified by flood control 
agencies to protect people and property in the more urbanized areas of the watershed. 
 
Engineered flood control channels are characterized by box-shaped, V-shaped or 
trapezoidal configurations that have been lined on the side(s) and/or bottom with 
concrete or other similar materials intended to minimize bank erosion.  These and other 
modifications, such as channel straightening, vegetation removal, bank stabilization and 
levee reinforcement, are designed to convey rainfall runoff out of a community as 
efficiently as possible but also create life-threatening "swift-water" conditions during and 
immediately following significant storm events. 
 
Because such storms are relatively infrequent and are not confined to just a few specific 
winter months, broad application of seasonal uses such as those employed in other 
states are less appropriate for the Santa Ana Region.  However, it is appropriate to 
recognize that recreational uses are sometimes precluded by short periods of bad 
weather even in Southern California. 
 
The proposed Basin Plan amendments would suspend recreational beneficial uses in a 
broad category of engineered or modified flood control channels when wet weather 
creates unsafe flow conditions.  Temporarily suspending recreational uses due to 
inclement weather is analogous to adopting seasonal uses, though the period of 
suspension is significantly shorter as compared to the calendar-based approach 

                                            
54 CDM, Inc.  Memorandum:  Review of State Recreational Uses and Bacteria Objectives; Dec. 12, 2005. 
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frequently employed by other states.  A similar Basin Plan amendment was adopted by 
the Los Angeles Regional Board and subsequently approved by the State Water 
Board.55  Federal guidance recommends applying a categorical approach when 
different streams share a number of common characteristics and those traits prevent full 
attainment of the designated use.56 
 
Analyses conducted by the Stormwater Quality Standards Task Force demonstrate that 
engineered/modified flood control channels in the urbanized areas of the Santa Ana 
Region meet two of the conditions specified in federal regulations for subcategorizing a 
designated use.  Specifically, wet weather creates natural, intermittent water levels (e.g. 
flash-flooding) that prevent attainment of the use.57  Hydrologic modifications and 
common flood control maintenance practices tend to exacerbate the unsafe flow 
conditions and thereby preclude attainment of recreational uses during periods of wet 
weather. 58  Such modifications are intended to reduce the risk of flooding and prevent 
stream erosion.  It is not possible to restore the streams to their original condition or 
operate the modifications in a way that would support aquatic recreation without posing 
a greater risk to public health and safety by compromising the full functionality of 
essential flood control facilities during wet weather. 
 
To protect public safety, flood control agencies in the Santa Ana Region, like their 
counterparts in the Los Angeles Region, secure the channels with fencing, locked gates 
and signage that prohibit casual public access.59 In addition, no facilities are provided 
that would enable or encourage recreational activities in the urban storm water 
channels. 
 
Although city and county authorities seek to prohibit public access to engineered flood 
control channels at all times, the proposed Basin Plan amendment would only suspend 
recreational uses in such facilities when wet weather causes unsafe flow conditions to 
occur.  The proposed amendment specifies several metrics to identify such 
circumstances. 
 
The Stormwater Quality Standards Task Force considered appropriate triggers for the 
temporary suspension of recreational standards, and for termination of the suspension, 
for waters in the Santa Ana Region. This included consideration of the trigger for the 
suspension of recreation standards previously enacted by the Los Angeles Regional 

                                            
55 LARWQCB  Resolution No. 2003-010 and SWRCB Resolution No. 2003-0071 
56 U.S. EPA.  Water Quality Standards Handbook.  Sept. 15, 1993:  "States may also conduct generic use 
attainability analyses for groups of water body segments provided that the circumstances relating to the 
segments in question are sufficiently similar to make the results of the generic analyses reasonably 
applicable to each segment."  (pg. 2-9). 
57 40 CFR 131.10(g)(2) 
58 40 CFR 121.10(g)(4) 
59 LARWQCB.  Staff Report:  Amendment to the Water Quality Control Plan for the Los Angeles Region 

to Suspend the Recreational Beneficial Uses in Engineered Channels during Unsafe Wet Weather 
Conditions.  May 15, 2003. 
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Board. In that Region, recreational standards in engineered flood control channels are 
suspended during and for 24 hours following a ½ inch rain event. Other relevant 
guidance and information provided by the US Department of the Interior and USGS was 
also considered. Further, the Task Force sponsored a number of investigations 
designed, in part, to inform consideration of suspension triggers, and to assess whether 
and to what extent recreational activity was observed in a number of typical freshwater 
streams and other inland channels during wet weather events. These studies included:  
 

• Receiving water and watershed inventory mapping60:  
o A GIS database was compiled, including the surface waterbodies listed in 

Table 3-1 of the Basin Plan and other unnamed tributaries, storm drain 
system information, land use information, and monitoring locations 
(meteorological, hydrologic, water quality, etc.) 

• Hydraulic analyses, including the relationship of rainfall events and depth-velocity 
products in representative channels61. 

• Storm event and duration analyses62 

• Analysis of the  force of high velocity channel flow on a person63  

• Photographic surveys to confirm the absence of any water contact recreation 
during storm events and high flow conditions64.  (See also 5.6) 

 
Based on this information and analyses, the Task Force recommended applying any of 
the following criteria for temporary suspension of recreational standards in engineered 
and modified flood control channels that have been identified throughout the Region:  
 

a. Stream velocity exceeds eight feet-per-second;  or, 
b. Stream velocity times stream depth (depth-velocity product) exceeds 

10 ft.2/sec.; or, 

                                            
60 CDM, Inc.  Phase 1 Study Report for the Storm Water Quality Standards Task Force.  Technical 

Memorandum 1:  Receiving Water and Watershed Inventory Mapping, January 2005 
61 CDM, Inc.  Phase 1 Study Report for the Storm Water Quality Standards Task Force.  Technical 

Memorandum 3.  Flow and Water Quality Data Inventory and Characterization. January 2005; CDM, 
Inc.  Technical Memorandum:  Flow Characterization (Phase 2 Study Report for the Storm Water 
Quality Standards Task Force.  November 28, 2005.; Risk Sciences/CDM, Inc. Memorandum. 
Application of the Temporary High Flow Suspension of Recreational Standards in the Santa Ana River, 
Reach 3. January 10, 2012. 

62 CDM, Inc.  Technical Memorandum:  Flow Characterization (Phase 2 Study Report for the Storm Water 
Quality Standards Task Force).  November 28, 2005. 

63 CDM, Inc.  Technical Memorandum:  Force of High Velocity Channel Flow on a Person.  Aug. 20, 2010 
64 See, for example, CDM, Inc. Recreational Use Survey Reports. October 2006 – July 2009. The CDM 
reports for 11 stream locations can be found at http://www.sawpa.org/roundtable-SWQTF_IV.html 
resources tab (under the heading Recreational Use Surveys and Use Attainability Analysis and Technical 
Reports) 

http://www.sawpa.org/roundtable-SWQTF_IV.html
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c. There is 0.5” inches or more of rainfall in a 24-hour period in the area 
tributary to the stream to which the suspension is to be applied. 

 
Finally, the Task Force recommended that the suspension be terminated automatically 
24 hours after the rain ceases to fall in the area tributary to the stream, unless flow data 
indicate that stream conditions continue to exceed the threshold values described 
above. In such cases, the suspension would terminate once stream flows have returned 
to safe, baseflow conditions.  Baseline conditions are generally defined as flows at or 
below the 98th percentile as calculated from a calibrated hydrograph for the stream. 
These recommendations are incorporated in the proposed Basin Plan amendments 
(Attachments 1 and 2 to Resolution No. R8-2012-0001, Chapter 5, High Flow 
Suspension). 
 
The recommended suspension criteria are consistent with federal guidance describing 
"Methods of Assessing Instream Flows for Recreation."65  This guidance recommends 
that depth (in feet) multiplied by flow velocity (in feet-per-second) should not exceed 10 
to assure safe fishing, wading or swimming.  The guidance also states that although 
safety depends on individual height and weight as well as substrate type, the probability 
that any of these water contact activities will occur approaches zero when stream 
velocities exceed three feet-per-second, especially where the depth is greater than four 
feet.  The recommended suspension criteria are also consistent with those previously 
adopted by the Los Angeles Regional Board and later approved by the State Water 
Board. 
 
The Storm Water Quality Standards Task Force commissioned CDM, Inc. to prepare an 
independent scientific analysis of how variations in the volume and velocity of flow affect 
the forces acting on swimmers and waders.66  The results are presented in Figure 5.1. 
 
As shown in Figure 5.1, at a velocity of 8 feet-per-second, and a depth of only 1 foot, 
the stream flow exerts a total physical force of more than 120 foot-pounds on an 
average person.  This is sufficient force to overwhelm most adults and all children.  The 
total force increases dramatically as runoff swells the depth of streams during storm 
events.  Even if flow velocity remains only 8 feet-per-second, the total physical force 
exerted on the average person is nearly 500 foot-pounds when stream depth rises to 3 
feet. 
 
CDM's analysis supports the conclusion found in federal guidance that safe water 
contact recreation is physically impossible when stream velocities are greater than 8 
feet-per-second or the product of stream velocity (ft./sec.) and depth (ft.) is greater than 
10.   This finding was corroborated in testimony given by "Swift Water Rescue Teams" 
to the Los Angeles Regional Water Quality Control Board at a hearing to adopt similar 

                                            
65 U.S. Department of the Interior in cooperation with U.S. EPA and U.S. Bureau of Reclamation.  

Methods of Assessing Instream Flows for Recreation.  Instream Flow Information Paper No. 6.  
FWS/OBS-78/34.  June, 1978. 

66 CDM, Inc.  Technical Memorandum:  Force of High Velocity Channel Flow on a Person.  Aug. 20, 2010. 
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high flow suspensions in 2003.  These "First Responders" were emphatic that flows that 
occur in flood control channels during common storm events create a severe risk of 
injury or death for anyone entering the water, including the rescue teams themselves. 
 

Figure 5.1: 
Physical Force (ft.-lbs.) Exerted at a Given Stream Depth and Flow Velocity 

 

 
(Source: CDM, Inc.  Technical Memorandum:  Force of High Velocity Channel Flow on a 
Person.  Aug. 20, 2010.Figure 2) 

 
 

It should be noted that CDM’s force calculations are not dependent on channel 
morphology or the type of substrate. Thus, in theory, the temporary suspension of 
recreation standards should apply to any surface water that meets the proposed 
suspension criteria based on velocity or depth-velocity product, whether the waterway 
has been modified or not. However, at this time, the proposed amendments only apply 
the temporary suspension to engineered or modified channels in the Region. This is 
because CDM’s hydraulic, flow characterization, etc. studies were limited to engineered 
or modified channels. Nevertheless, CDM's analyses confirmed similar studies by the 
Los Angeles Regional Board that ½” of rainfall can create unsafe conditions that prevent 
the attainment of recreational uses in modified channels. This expectation holds true for 
all engineered flood control channels in urbanized areas of the watershed.  Thus, for 
these limited circumstances, staff proposes a regional approach that applies the 
temporary use suspension to a common subcategory of waterbodies under a common 
set of conditions. 
 
Maps identifying all of the engineered flood control channels in the Santa Ana Region to 
which the temporary suspension of recreation standards applies are appended to the 
Basin Plan amendment in both graphic format and as ArcGIS files.  (Attachments 1 and 
2 to Resolution No. R8-2012-0001, Appendices VIII and IX).  The ArcGIS files and high 
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resolution graphic maps are available for public download at the Regional Board's 
website: 
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_s
tandards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip,  and  
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_s
tandards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf. 
 
In order to evaluate the effect of application of the proposed suspension criteria and 
ensure that beneficial uses were not being unduly restricted, the Task Force requested 
CDM to calculate the frequency and duration with which temporary suspensions were 
likely to occur, using data and analyses from channels representative of different 
morphological types (e.g., vertical box, trapezoidal).  Figures 5.2a and 5.2b depict 
representative illustrations from CDM's final report.67  
 
Figure 5.2a shows that, in Chino Creek, the 8 foot-per-second trigger would be 
exceeded approximately 3% of the time.  Figure 5.2b shows that the proposed depth-
velocity product trigger of 10 would be exceeded less than 1% of time.  Thus, in Chino 
Creek, the recreational use standards would be temporarily suspended on average 
about 7 days a year.  Figures 5.3a & 3b, 5.4a and 4b, and 5.5a and 5b show that the 
same is true in the Santa Ana Delhi Channel, Temescal Creek and Reach 3 of the 
Santa Ana River, respectively.   

 
Figure 5.2a: Velocity Trigger in Chino Cr. Figure 5.2b: Depth-Velocity Trigger in Chino Cr. 

(Source:  CDM, Inc.  Phase 1 Study Report for the Storm Water Quality Standards Task Force.  Technical 
Memorandum 3.  Flow and Water Quality Data Inventory and Characterization. Jan.2005. Figure 33,34) 
                                            
67 CDM, Inc.  Phase 1 Study Report for the Storm Water Quality Standards Task Force .  Technical 

Memorandum 3.  Flow and Water Quality Data Inventory and Characterization. January 2005.  

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf
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Figure 5.3a: Velocity Trigger in Delhi Channel  Figure 5.3b: Depth-Velocity Trigger in           
         Delhi Channel 
(Source: CDM, Inc.  Phase 1 Study Report for the Storm Water Quality Standards Task Force.  Technical 
Memorandum 3.  Flow and Water Quality Data Inventory and Characterization. January 2005. Figure 51, 
52) 

 
Figure 5.4a:  Velocity Trigger in Temescal Cr. Figure 5.4b:  Depth-Velocity Trigger in 

Temescal Cr. 
(Source:  CDM, Inc.  Phase 1 Study Report for the Storm Water Quality Standards Task Force.  
Technical Memorandum 3. Flow and Water Quality Data Inventory and Characterization. Jan. 2005  
(Fig. 70,71) 
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Figure 5.5a:  Velocity Trigger in SAR-Reach 3 Figure 5.5b:  Depth-Velocity Trigger in SAR-

Reach 3 
 

(Source:  CDM, Inc.  Phase 1 Study Report for the Storm Water Quality Standards Task Force.  Technical 
Memorandum 3.  Flow and Water Quality Data Inventory and Characterization. January 2005. Figure 96, 
97) 
 
Collectively, these analyses demonstrate that temporary suspension of recreational use 
standards is expected to occur very rarely (approx. 7-10 days/year).  Moreover, 
temporarily suspending recreational standards is not expected to interfere with any 
existing or probable future beneficial use of inland streams once flows return to the 
levels that normally occur during dry weather conditions. 
 
The SWQSTF collected an extensive photographic record to ascertain the level of 
recreational activity, if any, at a number of representative flood control channels 
throughout the Santa Ana Region. A total of nearly 275,000 images were generated by 
remote cameras at these locations. Approximately 2% of the images (~5,500 photos) 
were collected during or immediately following rain events.  Because no people are 
present in any of these images, the Task Force concluded that water contact recreation 
does not occur when high stream flows make such activities inherently unsafe, 
regardless of water quality at the time.  In short, the evidence indicates that recreational 
uses are not “existing” uses, as defined by federal regulation, under the high flow 
conditions identified by the proposed suspension criteria. 
 
In a follow-on analysis, CDM showed that most streams are expected to return to 
normal baseflow conditions no more than 24 hours after the storm ends.68  Figures 5.6, 
                                            
68 CDM, Inc.  Technical Memorandum:  Flow Characterization (Phase 2 Study Report for the Storm Water 

Quality Standards Task Force).  November 28, 2005. 
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5.7 and 5.8 provide hydrographs for a variety of different sized storms at three locations:  
Santa Ana Delhi @ Irvine Ave., Temescal Wash @ Main St., and Cucamonga Creek at 
Hellman Avenue, respectively. 
 

 
Figure 5.6:  Santa Ana Delhi @ Irvine Ave. 

 
(Source: CDM, Inc.  Technical Memorandum:  Flow Characterization (Phase 2 Study Report for the Storm 

Water Quality Standards Task Force).  November 28, 2005.  Figure 16a) 
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Figure 5.7:  Temescal Wash @ Main St. 

(Source: CDM, Inc.  Technical Memorandum:  Flow Characterization (Phase 2 Study Report for the Storm 
Water Quality Standards Task Force).  November 28, 2005.  Figure 16b) 

 
Figure 5.8:  Cucamonga Creek @ Hellman Ave. 

(Source: CDM, Inc.  Technical Memorandum:  Flow Characterization (Phase 2 Study Report for the Storm 
Water Quality Standards Task Force).  November 28, 2005.  Figure 16c) 



Basin Plan Amendments  January 12, 2012 
Recreational Standards for Inland Fresh Waters 

p. 74 of 126 
 

Collectively, these data confirm the findings previously published by the Los Angeles 
Regional Board that it is appropriate to automatically terminate the temporary 
suspension 24 hours after the rain event ends.  However, the Regional Board may 
make a different determination where site-specific or storm-specific conditions merit 
further consideration. 
 
Because stream gauges are not always available to determine precise flows, the Task 
Force developed a surrogate trigger, based on rainfall that is expected to produce 
unsafe conditions in the engineered or modified flood control channels.  Once again, 
CDM Inc. was asked to evaluate the relationship between rainfall runoff and stream 
flows at a number of representative locations throughout the Santa Ana Region69. 
 
Results from this analysis indicate that there is a high probability that stream flows will 
exceed one or both of the unsafe flow triggers when at least ½" of rain falls in a 24 hour 
period.  Figures 5.9, 5.10 and 5.11 illustrate the relationship between rainfall and peak 
depth-velocity product at three different locations.  Similar charts showing the 
relationship between rainfall and stream velocity are also available in the CDM report. 

 
 

Figure 5.9:  Mill-Cucamonga Creek 
(Source: CDM, Inc.  Technical Memorandum:  Flow Characterization (Phase 2 Study Report for the Storm 

Water Quality Standards Task Force).  November 28, 2005.  Figure 14c) 

 

                                            
69 CDM.Technical Memorandum:  Flow Characterization (Phase 2 Study Report for the Storm Water 

Quality Standards Task Force).  November 28, 2005. 
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Figure 5.10:  Temescal Creek 

(Source: CDM, Inc.  Technical Memorandum:  Flow Characterization (Phase 2 Study Report for the Storm 
Water Quality Standards Task Force).  November 28, 2005.  Figure 14b) 

 
Figure 5.11:  Santa Ana Delhi Channel 

 

(Source: CDM, Inc.  Technical Memorandum:  Flow Characterization (Phase 2 Study Report for the Storm 
Water Quality Standards Task Force).  November 28, 2005.  Figure 14a) 
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It is evident from the preceding graphs that unsafe flows may sometimes occur even 
when total rainfall is less than ½" in a 24 hour period.  The proposed Basin Plan 
amendment allows interested parties to submit more detailed data and modeling 
analysis to support a site-specific determination of a more appropriate rainfall trigger for 
the high flow suspension.  However, until then, the ½" threshold provides a conservative 
default trigger when representative flow measurements are not available. 
 
As already stated, the proposed Basin Plan amendments would not apply the default 
triggers to natural streams that have not been engineered or modified to serve as urban 
flood control channels.  This is not to say that natural streams present no substantial 
risk of flash flooding.  Rather, the proposed amendments limit default recommendations 
to the type of channels that were thoroughly investigated and analyzed by the Task 
Force and its technical consultants.  This approach is also consistent with the SWRCB's 
approval of similar high flow suspension provisions added to the Los Angeles Region's 
Basin Plan.   
 
However, the Regional Board will employ its discretion to apply temporary recreational 
use suspensions to non-engineered streams when and where unsafe conditions warrant 
if adequate data become available to support such a determination.  The Regional 
Board would rely on the normal public notice and comment process prior to making any 
such decision. Such consideration would need to be accompanied by documentation 
that recreational uses are not “existing uses” (as defined in federal regulations) during 
the suspension, and a Use Attainability Analysis showing that hazardous flow conditions 
and/or other conditions preclude full attainment of the designated instream uses. 
 
Temporarily suspending recreational use standards during extreme high flow conditions 
does not relieve wastewater treatment facilities from the obligation to continue to 
provide adequate treatment to reduce pathogens, as required by the NPDES permit 
issued to all such facilities.  Nor does the proposed Basin Plan amendment recommend 
suspending recreational use standards in freshwater lakes or marine waters.  In 
general, such waterbodies are not subject to the same risk of storm-induced flash 
flooding commonly seen in local rivers and streams. 
 
Specific discussion is also appropriate regarding the proposed application of the temporary 
suspension to Reach 2 and Reach 3 of the Santa Ana River. Reach 2 of the River extends 
from Prado Dam near Corona downstream to 17th Street in Santa Ana.  Much of this 
segment of the river has been heavily modified and re-engineered to provide greater flood 
control protection to the residents of Orange County.  Although flow control at Prado Dam 
minimizes the risk of flash flooding in Reach 2, the volume of water passing through the 
deep and narrow channel near Featherly Park, just downstream of the Dam, often exceeds 
the default threshold that triggers application of the high flow suspension.70  The temporary 
high flow suspension is intended to apply on a limited basis to transient conditions.  It is not 
                                            
70 Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model Report.  Prepared 
for the Santa Ana Watershed Project Authority's (SAWPA) Basin Monitoring Program Task Force.  May, 
2009  (Historical flows below Prado Dam are charted in Fig. 2-16 of the Report). 
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intended to de-designate recreational uses where elevated flows represent the normal 
baseline condition even during dry weather conditions.  Consequently, the flow-based 
threshold will not be used to trigger application of the high flow suspension in Reach 2 of 
the Santa Ana River.  Instead, the temporary high flow suspension will only be applied 
using the rainfall criteria described above or when the Army Corps of Engineers is releasing 
excess flows stored behind Prado Dam in response to previous rain events as described in 
their Standard Operating Procedures.71 
 
Reach 3 of the Santa Ana River extends upstream from Prado Dam to Mission Avenue 
in Riverside.  Although much of Reach 3 may appear relatively natural to the casual 
observer, it has in fact been heavily modified and re-engineered to enhance flood 
protection.  The upper half of the reach has been channelized with reinforced levees 
armored by rip-rap. Below Van Buren Boulevard, Reach 3 remains largely natural. 
However, numerous flood control facilities have been constructed/modified in the 
multiple streams tributary to this area. These changes have modified the natural stream 
hydrology of the Reach by re-directing and accelerating stormwater runoff from the 
upper Santa Ana watershed that can create exceptionally hazardous flow conditions in 
the Reach.72 If approved, the temporary suspension of recreational standards would 
apply to this Reach.  
 
As with all water quality standards, the Regional Board will periodically reassess the 
appropriateness of the temporary use suspensions as part of the normal triennial review 
process.  The principal permittee for each of the area-wide Municipal Separate 
Stormwater Systems (MS4) will be required to provide updated maps and ArcGIS files 
identifying the engineered and modified flood control channels within their jurisdiction as 
part of their annual report.  The updated files will be made available for download by the 
general public via the Regional Board's website. 
 
 
5.6 Use Attainability Analyses: Recommendations for REC1/REC2 

Designation/Re-Designation of Portions of the Santa Ana-Delhi Channel, 
Greenville-Banning Channel, Temescal Creek and Cucamonga Creek  

 
The proposed amendments include the re-designation of portions of Temescal Creek 
and Cucamonga Creek to remove the REC1 or REC1 and REC2 uses, based on Use 
Attainability Analyses (UAAs). UAAs were also conducted for portions of two surface 
waters (Santa Ana-Delhi Channel and Greenville-Banning Channel) that are not 
currently listed in the Basin Plan and for which no recreation (or other beneficial use) 

                                            
71 United States Army Corps of Engineers. Water Control Manual: Prado Dam and Reservoir, 
Santa Ana River, California.  1994. 
72 Risk Sciences/CDM, Inc. Memorandum. Application of the Temporary High Flow Suspension of 

Recreational Standards in the Santa Ana River, Reach 3. January 10, 2012. 
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designations have yet been incorporated in the Basin Plan.73 Based on the UAAs for 
these two waters, the presumption of REC1 uses for these waters is unjustified (see 
below and Section 2.1). Accordingly, REC1 or REC1 and REC2 designations are not 
recommended for these waters. 
 
Section 5.6.1 below summarizes the recommendations to implement the UAA findings; 
Section 5.6.2 reviews the applicable regulatory framework and the methodology 
employed by the Stormwater Quality StandardsTask Force. Individual UAA reports for 
each of the waters identified above are found in Sections 5.6.3 – 5.6.6. Due to their 
size, each of these reports is in a separate file that can be accessed via the Regional 
Board’s website at:  
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/recreational_stand
ards.shtml. 
 
5.6.1 Summary 
 
This section of the staff report describes regulatory considerations pertaining to 
recreation use designations, the methodology employed by the SWQSTF to conduct 
UAAs, the results of those analyses and the recommendations derived from the 
analyses.  In summary, the following is proposed (see also Table 5.3 below):  

 
• Santa Ana-Delhi Channel:  (see also 5.8.4.1) 

o Tidal Prism: No REC1 designation; add REC2  
o Reach 1: No REC1 or REC2 designation  
o Reach 2:  No REC1 designation; add REC2 

 
• Temescal Creek:  (Note:  UAA limited to the proposed Reaches 1a and 1b, which 

are identified in the current Basin Plan essentially as a single reach (Reach 
1)(see also 5.8.5) 

o Reach 1:  Remove REC1 designation; maintain current Basin Plan REC2 
designation 

o Reach 2: Remove REC1 and REC2 designations  
 
• Cucamonga Creek, Reach 1:  Remove REC1 and REC2 designations. 

 
• Greenville-Banning Channel: (see also 5.8.4.2 ) 

o Tidal Prism:  No REC1-designation; add REC2 
o Reach 1:  No REC1 or REC2 designation 

 
 
 
 

                                            
73 See Section 5.8 for discussion of the proposed addition of certain surface waters, including the Santa 
Ana-Delhi Channel and the Greenville-Banning Channel, and appropriate beneficial use designations to 
the Basin Plan.  

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/recreational_standards.shtml
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/recreational_standards.shtml
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Table 5.3 Summary - Proposed REC Beneficial Use Designations- UAA Waters 
 

UAA Waters 
 

Reaches+ Reach Boundaries+ REC1 REC2 Current  
Beneficial Use 
Designations 

Santa Ana-
Delhi 
Channel 
 
 
 
 

Tidal Prism  

Bicycle Bridge at 
University 
Avenue/Upper 
Newport Bay to 
1036 ft. upstream 

No  Yes 

Not listed  
In the Basin  
Plan;  
Assumed 
REC1 

Reach 1 
Tidal prism to 
Sunflower Ave. 
/Flower St.  

No  No 

Reach 2 
Sunflower/Flower 
to Warner Avenue 
 

No Yes 

Greenville-
Banning 
Channel 
 
 

Tidal Prism 
Confluence with 
Santa Ana River to 
Diversion Dam* 

No  Yes 
Not listed in 
the Basin  
Plan; 
Assumed 
REC1 

Reach 1 Diversion Dam to 
California Street No  No 

Temescal 
Creek 
 
 
 

Reach 1a Lincoln Street to 
Arlington Channel 
confluence 

No Yes 
(Listed as 
Reach 1) 
 
REC1, REC2, 
WARM, 
WILD 

Reach 1b Arlington Channel  
to 1400 ft. 
upstream of 
Magnolia Ave.  

No No 

Cucamonga 
Creek 
 

Reach 1 Confluence with 
Mill Creek to 23rd 
Street, Upland No No 

GWR, 
REC1,REC2, 
LWARM, 
WILD 

+ Reaches and Reach boundaries are proposed for the Santa Ana Delhi and Greenville-Banning 
channels. For Temescal Creek, Reach 1 is proposed to be subdivided into Reaches 1a and 1b. These 
recommendations are discussed below and in 5.8.  
* The Diversion Dam is an inflatable dam located approximately .23 mile downstream of the confluence of 
Fairview Channel and approximately 1.2 miles upstream from the confluence with the Santa Ana River.  

 
5.6.2 Background 
 
5.6.2.1 Regulatory Framework - UAAs 
 
As described previously (Section 2.1), Section 101 (a)(2) of the CWA states that “it is 
the national goal that wherever attainable, an interim goal of water quality which 
provides for the protection and propagation of fish, shellfish, and wildlife and provides 
for recreation in and on the water be achieved by July 1, 1983”.  The CWA and 
implementing federal regulations provide special protection for these 
“fishable/swimmable” uses, including recreation. The statute and regulations create a 
rebuttable presumption that all waters support these uses.   
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To overcome this presumption, the states are required to conduct a Use Attainability 
Analysis (UAA) and demonstrate that attaining the use(s) is not feasible based on one 
or more of the six factors identified in federal regulations (40 CFR 131.10(g)):  
 

1. Naturally occurring pollutant concentrations prevent the attainment of the use; or  
2. Natural, ephemeral intermittent or low flow conditions or water levels prevent the 

attainment of the use, unless these conditions may be compensated for by the 
discharge of sufficient volume of effluent discharges without violating State water 
conservation requirements to enable uses to be met; or 

3. Human caused conditions or sources of pollution prevent the attainment of the 
use and cannot be remedied or would cause more environmental damage to 
correct than to leave in place; or  

4. Dams, diversions or other types of hydrologic modifications preclude the 
attainment of the use, and it is not feasible to restore the water body to its original 
condition or to operate such modifications in a way that would result in the 
attainment of the use; or 

5. Physical conditions related to the natural features of the water body, such as the 
lack of a proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated 
to water quality, preclude attainment of aquatic life protection uses: or  

6. Controls more stringent than those required by sections 301 (b) (Effluent 
Limitations) and 306 (National Standards of Performance) of the Act would result 
in substantial and widespread economic and social impact.   

 
A UAA is a structured scientific assessment of the factors affecting the attainment of the 
use(s), which can include physical, chemical, biological, and economic factors as 
described in 40 CFR 131.10 (g)(1)-(6), above .   
 
Federal regulation at 40 CFR 131.10 (h) prohibits States from removing designated 
uses if: 
  

1. They are existing uses, as defined in 40 CFR 131.3, unless a use requiring more 
stringent criteria is added; or 

 
2. Such uses will be attained by implementing effluent limits required under sections 

301 (b) and 306 of the Act and by implementing cost-effective and reasonable 
best management practices for nonpoint source control.  

 
Per 40 CFR 131.3, “existing uses” are those uses actually attained in the water body on 
or after November 28, 1975 (the date of USEPA’s initial water quality standards 
regulation), whether or not they are included in the water quality standards.  USEPA 
guidance indicates that an “existing” primary contact recreational use can be 
established by demonstrating that swimming has actually occurred since November 28, 
1975, or that the water quality is suitable to allow such uses to occur, unless there are 
physical problems that prevent the use regardless of water quality).74   Suitable water 
                                            
74 USEPA. Questions & Answers on: Antidegradation, August 1985. 
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quality is demonstrated by consistent, not merely sporadic, attainment of applicable 
water quality objectives. USEPA has indicated that where there is very limited actual 
primary contact use and the physical and/or water quality characteristics of the water 
body do not and are not likely to support that use, then it would be appropriate to 
conclude the primary contact recreation is not an “existing” use (63 Fed. Reg. 36741-
36806 (July 7, 1998) at 36752-53).  
 
In designating the uses of a water body, and in considering changes to those 
designations, states must take into consideration the water quality standards of 
downstream waters and ensure that water quality standards provide for the attainment 
and maintenance of the water quality standards of downstream waters. (40 CFR 131. 
10(b)). 
 
Finally, decisions to remove or not designate REC1 uses for surface waters are subject 
to reconsideration as part of the Basin Plan Triennial Review process. Where new 
information and/or changed conditions warrant the REC1 designation, then the Basin 
Plan must be amended accordingly. 
 
5.6.2.2 SWQSTF UAA Methodology  
 
USEPA has provided guidance regarding the factors that should be considered in UAAs 
to determine whether or not to revise recreational uses. USEPA’s view is that physical 
factors (such as flow conditions or hydromodification) should not be used by themselves 
to remove or not designate REC1 uses75. Rather, the states should consider a suite of 
factors such as the actual use (present and historic), existing water quality, potential 
water quality conditions  , access, recreational facilities, location (e.g.,  proximity to 
recreational facilities), safety considerations, as well as the physical conditions of the 
water body in making use attainability decisions.  (63 Fed. Reg. 36741-36806 (July 7,  
1998) at 36756).  Accordingly, the analyses conducted by the SWQSTF considered 
these factors in conducting UAAs for selected waters and making appropriate 
recommendations regarding recreational use designations. The UAAs conducted by the 
SWQSTF were also informed by detailed review and consideration of relevant federal 
regulation and by examples of other UAAs. In particular, the SWQSTF reviewed a UAA 
pertaining to recreational standards that was completed for Ballona Creek, located in 
coastal Los Angeles County.  The Los Angeles Regional Water Quality Control Board 
conducted a UAA that demonstrated that it was appropriate to remove the REC1 use 
and to develop a limited REC1 category for different sections of Ballona Creek.  The 
State Water Resources Control Board approved changes in recreational standards, 
based on this UAA, in 2005 (SWRCB Order WQO 2005-0004).  
 
As described in Section 2.3, early work by the SWQSTF included site-visits to 
waterbodies of various types. The intent was to assess the type of recreational use, if 
                                            
75 USEPA acknowledges that there are situations, such as high flows caused by storm events, where the 
physical conditions of a water body would make swimming, if not impossible, extremely dangerous. (63 
Fed. Reg. 36741-36806 (July 7, 1998) at 36756). The temporary suspension of recreation standards 
under such high flow conditions is proposed as part of these Basin Plan amendments (See Section 5.5).  
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any, that the members of the SWQSTF believed occurred or had the potential to occur, 
based on visual observation of a variety of factors, such as channel morphology, flow, 
aesthetics, surrounding land use, the proximity of residential or recreational facilities, 
and access.  Based on extensive discussion of the results, the SWQSTF selected a 
number of different waterbodies to serve as archetypes for groups of waterbodies 
throughout the Region considered to have the same or at least generally similar 
characteristics. Where it appeared that a REC1 or REC1 and REC2 designation might 
be unjustified, the SWQSTF initiated UAAs for selected stream reaches.  As noted, 
UAAs have been completed for portions of the Santa Ana-Delhi Channel, the 
Greenville-Banning Channel, Temescal Creek and Cucamonga Creek. Consideration 
and approval/disapproval of the recommendations based on these UAAs will inform 
future decisions about the need for and nature of UAAs for other similar waterbodies. 
 
The key initial step for each UAA was the collection of relevant data. CDM, one of the 
SWQSTF consultants, was charged with collecting the basic information needed to 
inform UAA decision-making. For each of the waterbodies analyzed, CDM collected and 
compiled the data and information in a technical report. To preserve objectivity and 
integrity in the UAA decision-making process, the reports were prepared without 
arguments or recommendations for use designations.  Each of the reports is referenced 
and discussed below and is available on the SAWPA website76.  
 
Recognizing that a suite of factors needed to be considered in making recreational use 
determinations, at the direction of the SWQSTF, CDM collected the following data and 
information for each of the waters evaluated:  
 

• Waterbody Description:  
o Reach identification 
o Location 
o Hydrologic connectivity 

 
• Channel Characterization:  

o Historical channel characteristics  
o Existing structure, slope and materials  
o Land use in the channel vicinity 
o Photographs of representative channel conditions 
 

• Eligibility Analysis: 
– Existing Use 

o Evidence of Actual Recreational Activity 

                                            
76http://www.sawpa.org/roundtable-SWQTF_IV.html resources tab.  The Regional Board website includes 
a link to the SAWPA SWQSTF page: 
(www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/stormwater_wq_tf.shtml) 

   

http://www.sawpa.org/roundtable-SWQTF_IV.html
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/stormwater_wq_tf.shtml
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 Recreational use surveys:   
• Photographs at selected locations (using digital field 

observation cameras and data transfer technology) 
• Weekly on-location physical surveys 
• Example photographs 

o Analysis of Representative Water Quality Monitoring Data 
 

– Historical Use 
– Probable Future use 

o Review of relevant county and municipal master plans 
o Expected improvement in water quality with BMP implementation 

 
• UAA Factor Evaluation 

 
The data and information presented in each of the UAA technical reports are intended 
to inform the following key decisions: (1) is REC1 and/or REC2 an “existing use”?; and, 
(2) do one or more of the UAA factors specified in 131.10(g)(1)-(6) prevent attainment of 
the REC1 use, taking into account the suite of factors relevant to recreational use 
decisions? 
 
The discussion relies heavily on the data and information presented in the technical 
reports for each of the UAA waters evaluated. The data and information are presented 
in this report in summary form sufficient to support the evaluation and 
recommendations. References to specific parts of the technical reports, including 
particular photographs and detailed figures, are also provided and should be reviewed 
as part of the UAA analysis.  
 
As described above, and as reading the technical reports makes clear, a significant 
amount of data and information has been collected on each of the UAA waters. It is 
important to take special notice of the extensive photographic evidence gathered to 
assess whether and what type of recreational use, if any,  occurs in each of the UAA 
waters (see also Section 2.3).  Digital field observation cameras and data transfer 
technology, coupled with weekly on-location physical surveys were used to collect 
recreational use data at specific locations on each of the UAA waters (and other waters 
not the subject of UAAs, at least at the present time). The cameras were equipped with 
cellular data transmission equipment to collect an image every fifteen minutes (during 
daylight hours) and transfer the images to a secure data storage server via a file 
transfer protocol (FTP) site.  Site visits were conducted to log recreational use 
observations and to monitor and maintain the image collection equipment.  Images 
collected numbered in the ten to hundred thousands, depending on the site and 
technical difficulties experienced. The images were then reviewed individually to identify 
and categorize any recreational activity. For each UAA water, the recreational use 
survey procedures and results are also described in separate recreational use survey 
reports, also available on the SAWPA website. In sum, the photographic evidence 
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collected and evaluated is unprecedented.  Board staff is not aware of another 
comparable database anywhere in the country.  
 
In addition to the work completed by CDM, SWQSTF members completed on-site REC 
surveys during the weekends of July and August of 2006 at all the camera locations, 
including the UAA waters. SWQSTF members volunteered to spend at least a half hour 
during daylight hours at the different sites on Saturday or Sunday, when recreation 
potential was considered highest, to observe and record any evidence of recreational 
use at the camera sites. As a result, these waters were observed at least eight times 
during the weekends that summer.  In the late summer and fall of 2011 SWQSTF 
members again completed on-site REC surveys of the four UAAs waters during 
weekends.  As a result, these waters were observed for evidence of REC use up to five 
times each during 2011.  Furthermore, SWQSTF members, including Regional Board 
staff, have periodically surveyed the UAA waters over the last several years while 
sampling water quality or for other reasons. Finally, SWQSTF members from the 
Orange County, Riverside, and San Bernardino flood control agencies have surveyed 
their staff members, who conduct regular flood-control-related monitoring and 
maintenance activities in and around many of these waters, to record information 
regarding any recreational activity observed.   
 
5.6.3 Use Attainability Analysis Technical Report: Santa Ana-Delhi Channel 
 See separate report at: 
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_s
tandards/BPA_REC_Standards_Staff_Rpt_563.pdf  
 
5.6.4 Use Attainability Analysis Technical Report: Greenville-Banning Channel 
 See separate report at: 
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_s
tandards/BPA_REC_Standards_Staff_Rpt_564.pdf  
 
5.6.5 Use Attainability Analysis Technical Report: Temescal Creek 
 See separate report at: 
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_s
tandards/BPA_REC_Standards_Staff_Rpt_565.pdf  
 
 
5.6.6 Use Attainability Analysis Technical Report: Cucamonga Creek, Reach 1 
 See separate report at: 
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_s
tandards/BPA_REC_Standards_Staff_Rpt_566.pdf 
 
 
 
 
 
 

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_563.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_563.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_564.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_564.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_565.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_565.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_566.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_566.pdf
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5.7. Delete the Total Coliform Objective for Surface Waters Designated MUN 
 
The proposed Basin Plan amendments include deleting the total coliform objective 
(“less than 100 organisms per 100 mL”) for surface waters designated MUN (see 
Chapter 4 of the Basin Plan).  This objective was established in the 1975 Basin Plan. At 
that time, surface flows could be diverted for municipal and domestic uses without any 
additional treatment (e.g., filtration, disinfection). The total coliform objective was 
considered adequate to protect human health where surface waters were consumed 
directly77.  
 
A considerable body of scientific knowledge regarding potential health risks associated 
with the use of raw (and treated) surface water supplies and measures needed to 
address them has developed since 197578. This knowledge is reflected in federal and 
state drinking water statutes and regulations, which have been amended and 
supplemented over time as understanding continues to grow regarding microbiological 
contaminants, analytical techniques, and treatment methods and by-products79. A 
detailed discussion of these statutes and regulations is beyond the scope of this report. 
Rather, the following key points need to be made: 
 

• The California total coliform Maximum Contaminant Level (MCL) is based on the 
presence/absence of total coliform (or fecal coliform or E. coli) in samples 
collected from water distribution systems. The number of samples required to be 
collected is contingent on the size of the system. The allowable percentage of 
total coliform positive samples is also related to the size of the system.   For 
example, a public water system that is required to collect at least 40 samples per  
month is in violation of the MCL if more than 5 % of the samples collected during 
any month are positive for total coliform. 

• All public water systems in California are required to provide treatment (filtration 
and disinfection) of raw surface water used for domestic supply. Public water 

                                            
77 The scientific basis of this numeric objective is not clear.  It is instructive to note that most of the 
regional water boards in California have not established this or any other bacteria quality objective to 
protect the MUN use. 
78  A seminal report, with recommendations that substantively affected subsequent drinking water 
regulations and practices, was published by the National Academy of Sciences and National Research 
Council in 1977 (“Drinking Water and Health”, Safe Drinking Water Committee, National Research 
Council, 1977).   

79 These include: the federal Safe Drinking Water Act (1974) and subsequent amendments; the federal 
Total Coliform Rule (40 CFR 141 and 142;  54 FR 124,June 29, 1989, p. 27544 et seq.), promulgated 
under the federal Safe Drinking Water Act; the  Interim Enhanced Surface Water Treatment Rule (40 CFR 
Parts 9,  141 and 142;  63 FR 241, Dec. 16, 1998, pp. 69478-69521); the Long Term 1 Enhanced Surface 
Water Treatment Rule (40 CFR Parts 9. 141 and 142;  67 FR 9, January 14, 2002, pp. 1812 ;the  Long 
Term 2 Enhanced Surface Water Treatment Rule (40 CFR Parts 9, 141 and 142; 71 FR 71, January 6, 
2006, p. 654 et seq.); the California Safe Drinking Water Act.  California drinking water statutes are 
included in the Health and Safety Code, Water Code and other codes. Regulations implementing these 
statutes are included in the California Code of Regulations, Title 17 and Title 22.   
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systems may avoid filtration, but not disinfection, if specific criteria are met. All 
state small water systems, which are defined as serving from 5 to 14 service 
connections and no more than an average of 25 individuals who are served daily 
for more than 60 days out of the year, must provide continuous disinfection of the 
water prior to entry to the distribution system. Individuals and drinking water 
systems with less than 5 service connections are not subject to these treatment 
requirements. 

• In California, the responsibility for regulating public water systems and 
overseeing the safety of drinking water rests with the California Department of 
Public Health (CDPH).  CDPH has delegated primacy to 35 county environmental 
health jurisdictions (“local primacy agencies”) in the state, including Riverside 
and San Bernardino counties, for the regulation of public water systems serving 
fewer than 200 service connections.  

 
Regional Board staff consulted with staff of the CDPH and the environmental health 
departments in San Bernardino, Riverside and Orange counties to determine whether 
there is any known, direct use of raw surface waters in the Santa Ana Region80. The 
only known area where raw surface water supplies may be used is in the San 
Bernardino Mountains. There are two state small water systems that provide water to 
recreational cabins that were built in the early 1900’s and that are not occupied on a full-
time basis. The systems have 5-14 service connections and, pursuant to state 
regulations, are required to monitor and provide disinfection before use. However, no 
monitoring of these systems or treatment of raw water supplies is required at the 
present time because: the service connections are used only for a short period each 
year; the water quality of the surface waters in this largely undeveloped, natural area is 
not expected to be affected by human-related sources of pathogens (sanitary wastes 
are disposed of to sewage holding tanks that are pumped periodically); the costs of 
monitoring and treatment would be prohibitive; and, there is no room for treatment 
systems. Per San Bernardino County Environmental Health Services staff, the owners 
of the cabins are aware of treatment requirements and are also aware that they are not 
supposed to consume raw creek water.  County staff indicated that they have been 
assured that the property owners do not consume raw surface water. 
 
Naturally, it is possible that individuals at these cabins or at other locations where 
surface waters are available as a source of supply might consume raw water directly. 
Such individuals do so at their own risk. The established total coliform objective for 
MUN waters does not assure the protection of such users.  
 
In summary, the established total coliform objective has no scientific or regulatory 
validity.  For these reasons, the proposed Basin Plan amendments include deletion of 
this objective.   
 
 

                                            
80 See November 29, 2011 memo by Regional Board staff (David Woelfel) for the administrative record of 
these amendments re “Drinking Water Regulations/Consultation with Health Departments” 
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5.8  Changes to Table 3-1 BENEFICIAL USES and Table 4-1 WATER QUALITY 

OBJECTIVES 
 
5.8.1 Summary 

 
The following describes the changes proposed to Table 3-1 BENEFICIAL USES and 
Table 4-1 WATER QUALITY OBJECTIVES in the Basin Plan.  The proposed changes 
are also shown in the draft revised tables included in the draft Basin Plan amendment 
(Attachments 1 and 2 to tentative Resolution No. R8-2012-0001) (Attachment A to this 
staff report). 
 
Eight (8) surface waterbodies and appropriate beneficial use designations for those 
waters are proposed to be added to Table 3-1 BENEFICIAL USES.  These waters 
would be added also to the list of surface waters in Table 4-1 WATER QUALITY 
OBJECTIVES. No numeric objectives for the constituents listed in Table 4-1 are 
proposed to be added for these waters at this time. The narrative objectives specified in 
the Basin Plan would apply. 
 
The surface waters proposed to be added are listed below. Recommended beneficial 
use designations for these waters are discussed below and shown in Table 5.8 Waters 
Proposed to be Added to Table 3-1 in the proposed Basin Plan amendments. 
 
1) Santa Ana-Delhi Channel; 
2) Greenville-Banning Channel; 
3) Huntington Beach Wetlands; 
4) Los Cerritos Wetlands;  
5) Mystic Lake; 
6) Goodhart Canyon Creek; 
7) St. John’s Canyon Creek; 
8) Cactus Valley Creek. 

Two irrigation reservoirs (Laguna and Lambert) that are currently listed in Table 3-1 and 
Table 4-1, together with their beneficial use designations, are proposed for deletion 
since the reservoirs no longer exist. 
 
Consideration of these additions/deletions will enable the Regional Board to address 
certain Basin Plan triennial review commitments identified in 2006.  
 
Changes to Table 3-1 and 4-1 are also proposed to revise the listing of Reach 1 of 
Temescal Creek to Reach 1a and 1b, to specify the revised reach boundaries, to assign 
appropriate beneficial uses and to adjust the downstream boundary of Reach 2 of the 
Creek.   Given perennial flows in Reach 2 and 4 of the Creek, the beneficial use 
designations for these reaches are proposed to be modified from “I” (intermittent) to “X”, 
existing or potential. 
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Changes to the beneficial use designations for Reach 3 and 4 of the Santa Ana River 
and Sunnyslope Channel are proposed as follows:  
 

• Santa Ana River Reach 3: add Spawning, Reproduction and Development 
(SPWN);  

• Santa Ana River Reach 4: add SPWN and Rare, Threatened or 
Endangered Species (RARE); 

• Sunnyslope Channel: add RARE beneficial use. 
   

Extensive surveys conducted by the Santa Ana Sucker Conservation Team over the 
last several years have shown that Reach 3 and 4 of the Santa Ana River and 
Sunnyslope Channel currently are important habitat for the federally listed Santa Ana 
sucker (Catostomus santaanae).  
 
The following table note is proposed to be included in Table 3-1: 
 

• “u”:  REC 1 and/or REC 2 are not attainable uses as determined by UAA (See 
draft Basin Plan amendment, Table 3-2 and Chapter 3,  Recreation Beneficial 
Uses) 
 

The “u” notation would be used to annotate the specific waters listed in Table 3-1 to 
which it applies.  

 
Other proposed changes are intended to clarify and correct information provided in the 
two tables:  
 

1) Johnson Creek - recognize this creek as a tributary of Bear Creek, not a 
tributary of Big Bear Lake; 
 

2) Cajon Creek, Deer Creek, and Day Creek – Per USGS terminology, the word 
“Canyon” should be added to each name, i.e., Cajon Canyon Creek, Deer 
Canyon Creek, Day Canyon Creek; 

 
3)  Cajon Canyon Creek  - delete from the listing of streams associated with Mill 

Creek (Prado area); (the Cajon Canyon Creek of Region 8 is tributary to the 
Santa Ana River in the City of San Bernardino);  

 
4)   Knickerbocker Creek – divide into two reaches, specify the boundaries of these    

reaches, and list appropriate beneficial use designations; list the Creek 
separately as a tributary to Big Bear Lake; 

 
5)   Correct the spelling of the following waters:  Poligue (rather than Polique) Creek, 

a tributary of Big Bear Lake; Herkey (rather than Hurkey) and Potrero (rather 
than Protrero) Creeks, tributaries to the San Jacinto River; Cienaga (rather 
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than Cienega) Seca and Round Cienaga (rather than Cienega), both 
tributaries to the  Santa Ana River; and Monkeyface (rather than Monkey 
Face) Creek, a tributary to Mill Creek; 

 
6)    Revise the key to symbols used in Table 3-1 to show that “X” designates         

“Existing or Potential Beneficial Use, rather than “Present or Potential”; 
 

7)    Modify the explanatory note regarding access restrictions to delete specific               
agency names.  

 
Due to its size, the complete report that describes these changes is in a separate 
file that can be found at:  
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_s
tandards/BPA_REC_Standards_Staff_Rpt_58.pdf 
 
 
5.9 Changes to Chapter 5 Implementation 
 
5.9.1 Summary 
 
The proposed Basin Plan amendments include changes to the Implementation Plan 
specified in Chapter 5 of the Basin Plan to incorporate specific strategies for 
implementation of the proposed E. coli and narrative pathogen objectives.  These 
include several strategies that have been discussed previously: 
 
• Intended application of Single Sample Maximum values in REC1 freshwaters (see 

Section 5.3) 
• Antidegradation targets for REC2 only freshwaters (see Section 5.2) 
• High flow suspension of recreation standards (see Section 5.5)  
 
Additional recommended strategies are described below: 
  
• Controllable and uncontrollable sources of bacteria  
• Monitoring plan for pathogen indicator bacteria in freshwaters  
• POTW discharge requirements and implementation of recreational standards  
 
 
5.9.2 Discussion  
 
5.9.2.1 Controllable and Uncontrollable Sources of Bacteria 
 
When drafting the proposed narrative pathogen objective (Section 5.4), the SWQSTF 
evaluated other narrative objectives specified in the Basin Plan. As described in Section 
5.4, many of these narrative objectives stipulate that certain water quality conditions not 
be exceeded as the result of “controllable water quality factors”.  That phrase is also 
included in the proposed narrative pathogen objective. The SWQSTF recommended 
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that lists of potential uncontrollable and uncontrollable sources of bacteria be identified 
for consideration in future implementation of the narrative pathogen objective (if 
approved). 
 
A committee of Task Force members was formed to formulate these lists and 
associated narrative for inclusion in the Basin Plan.   The proposed lists and 
accompanying text were then considered by the Task Force as a whole and 
modifications were made as deemed appropriate.  The recommended language is 
shown in the proposed Basin Plan amendments in the proposed revisions to Chapter 5 
(Attachments 1 and 2 to Resolution No. R8-2012-0001, Chapter 5, IMPLEMENTATION, 
Controllable and Uncontrollable Sources of Bacteria). 
 
It is important to note that the recommended lists and language explicitly acknowledge 
that each of the sources identified “may be” included in the list of uncontrollable or 
controllable sources. This recognizes that case-specific circumstances may affect the 
controllability/uncontrollability of the sources identified, particularly as technological 
advances take place.  
 
The proposed narrative also recognizes that controllable sources are predominantly 
anthropogenic in nature. Techniques to identify human sources are available, and are 
likely to improve as science and technology improves. Since human sources of elevated 
bacteria densities in surface waters are most likely to result in adverse effect on public 
health, it is appropriate to require that those techniques be employed, where practical to 
do so, to determine whether human sources are present. If these sources are found, 
then more specific sources and control actions can be identified.  
 
The proposed narrative language and lists of potential sources are intended as 
guidance as the Regional Board takes actions or imposes waste discharge 
requirements necessary to investigate and correct elevated bacteria densities in surface 
waters.  
 
5.9.2.2 Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters 
 
The California Water Code (Section 13242) requires that the implementation program for 
achieving water quality objectives include a program of surveillance to be undertaken to 
determine compliance.  Changes to Chapter 5 IMPLEMENTATION are proposed to  
address this requirement with respect to the proposed pathogen indicator objectives. (See 
Attachments 1 and 2 to Resolution No. R8-2012-0001, Chapter 5, IMPLEMENTATION, 
Monitoring plan for pathogen indicator bacteria in freshwaters).  
 
The three principal funding members of the SWQSTF, i.e., the Orange, Riverside and San 
Bernardino County Stormwater agencies, committed to participate in the development and 
implementation of a comprehensive, watershed-wide bacteria quality monitoring program. 
The Regional Board will consider appropriate bacteria monitoring requirements in waste 
discharge requirements for other dischargers who contribute or may contribute to pathogen 
indicator bacteria inputs to surface waters in light of this comprehensive program. These 
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other dischargers could conduct requisite bacteria quality monitoring individually or in 
concert with this comprehensive program. The goal is to integrate the monitoring efforts to 
the extent feasible to reduce/eliminate redundancy and maximize the effectiveness of the 
monitoring programs.  
 
Rather than identifying a specific monitoring program as part of the Basin Plan, the 
proposed amendments require the Orange, Riverside and San Bernardino County 
Stormwater agencies to submit a proposed monitoring program no later than 1 year from 
the date of Regional Board approval of the proposed E. coli objectives. This schedule may 
precede approval of the proposed objectives by all agencies (State Water Board, Office of 
Administrative Law and USEPA). However, the requisite Quality Assurance Project Plan 
(QAPP) is not required until the revised objectives are fully approved.  The submittal of a 
proposed program for approval, rather than dictating a specific program as part of these 
Basin Plan amendments, is recommended since it provides the flexibility to make 
modifications to the program as needed with the opportunity for public participation but 
without the far more resource-intensive and time-consuming basin plan amendment 
process.  Hence, needed changes to the monitoring program can be made in a timelier 
manner, contributing to the efficacy and efficiency of the program. 
 
The recommended amendments stipulate that the proposed comprehensive monitoring 
program is to be implemented upon approval by the Regional Board. Further, it is proposed 
that the monitoring program would be reviewed and possibly revised at least once every 
three years.  
 
The proposed amendments identify the specific items that must be addressed in the 
proposed monitoring program, including: (1) all water quality monitoring for pathogen 
indicator bacteria must be conducted in accordance with a QAPP that has been approved 
by the Regional Board's Quality Assurance Officer; (2) bacteria monitoring data must be 
compatible with the state's Surface Water Ambient Monitoring Program (SWAMP); (3) 
waterbodies proposed as a high priority for monitoring shall be identified and the rationale 
for their selection documented; (4)  each identified high priority waterbody must be sampled 
for pathogen indicator bacteria sufficient to provide a minimum of 5 samples per 30 day 
period, year-round, unless documented waterbody conditions (e.g,. water temperature, ice 
on the surface of lakes, high risk of flash flooding, etc.) exist that justify a reduced 
frequency; (5) the designated sampling locations must be selected so as to characterize  
bacteria densities immediately upstream of areas where the greatest level of recreational 
activity normally occurs; (6) the monitoring plan must identify the latitude and longitude of 
routine sampling location(s), the rationale for selecting each location, other locations 
considered but rejected, and the agency responsible for collecting and analyzing the 
sample from each high priority location; (7) the monitoring plan must describe the sampling 
locations and frequency for collecting pathogen indicator bacteria data in lakes and streams 
designated REC-1 but where recreational activities are far less likely to occur (i.e., Tier B, C 
or D waterbodies); (8) the monitoring plan must include a proposal for periodic bacteria 
monitoring of waters designated REC2 in order to confirm that there is no significant 
degradation of the quality of these waters; (9) results from the comprehensive bacteria 
monitoring program must be submitted annually. The agencies implementing the program 
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may submit the report collectively or on an individual basis; and, (10) the data must be put 
into the CEDEN (SWAMP) database and/or the database maintained by the Santa Ana 
Watershed Project Authority.  
 
In part, these requirements reflect the risk management approach employed in USEPA’s 
1986 national bacteria criteria.  Because monitoring resources are limited, the highest 
monitoring priority should be given to REC1 waters where primary contact recreation is 
most likely to occur, i.e., proposed “Tier A” waters. Lower priority should be assigned to 
waters where primary contact recreation occurs infrequently or not at all (proposed Tiers B, 
C and D). As stated above, the proposed monitoring program would identify proposed 
monitoring priorities and the rationale for those recommendations. To facilitate those 
deliberations, the proposed amendments include a table (Table 5-REC-Potential High 
Priority Waters for Monitoring of Pathogen Indicator Bacteria in Freshwaters; see below) 
that identifies waters that should be considered for monitoring as a high priority.  
The review and possible revision of the monitoring program would include consideration of 
the waterbodies deemed high and low priority for monitoring purposes.  
 
The proposed monitoring plan must include sampling at each identified high priority 
waterbody sufficient to provide a minimum of 5 samples per 30-day period year round, 
unless the infeasibility of this monitoring intensity is demonstrated. The intent is to provide 
sufficient data to calculate representative geometric means for comparison to the geometric 
mean E. coli objective (if approved). The proposed monitoring program must also address 
monitoring of REC1 waters in other Tiers, and in surface waters designated REC2 only, 
pursuant to Use Attainability Analyses (Section 5.6).   
 
Pursuant to the proposed monitoring program language, where monitoring data indicate 
significant non-compliance with the applicable pathogen indicator objective, agencies 
discharging to that waterbody would be required to submit a plan to the Regional Board to 
identify the pollutant source(s) unless monitoring data show that their particular discharge is 
not causing or contributing to the exceedance.  The proposed amendments require that the 
source evaluation plan must be implemented upon approval by the Regional Board’s 
Executive Officer. 
 
Further, the proposed amendments require that where water quality monitoring data, 
collected through the approved comprehensive monitoring program or by interested 
agencies, organizations or individuals, indicate that a Single Sample Maximum (SSM) 
value assigned to a Tier B, C or D REC1 water, or the bacteria target assigned to a REC2-
only water, is being exceeded, then the Regional Board would require agencies discharging 
to that waterbody to submit a plan for investigation into the bacteria quality of that 
waterbody, including monitoring.  Where the investigation shows that the bacteria quality of 
the waterbody is adversely affected by a controllable source, then a corrective action plan 
and schedule would be required. Both the investigation plan and, as necessary, corrective 
action plan, would be required to be implemented upon approval by the Regional Board’s 
Executive Officer. Such follow-up investigation and corrective action would be triggered 
only upon the demonstration of credible evidence documenting a potential bacterial quality 
problem. “Credible evidence” is proposed to be defined as at least two consecutive 
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samples that exceed the SSM/REC2 target.  The proposed amendments state that the 
proposed schedule for any needed corrective action would be expected to be as soon as 
practicable but no longer than two years from the date that the controllable source(s) is 
identified.  
 
Finally, in response to SWQSTF requests for explicit narrative regarding responsibility for 
investigation of and corrective action for identified bacteria quality problems, the proposed 
Basin Plan language states that “The Regional Board acknowledges that the obligation to 
gather, analyze and report water quality data does not, by itself, establish any specific 
liability for pollutant remediation.  That responsibility depends on identifying the source(s) of 
bacterial contamination.  The Regional Board strongly supports proactive voluntary efforts 
organized through local Task Forces to accomplish these objectives.  However, where 
necessary, the Regional Board will continue to impose monitoring and remediation 
requirements through the permitting, enforcement and TMDL processes in order to protect 
water quality for recreational uses”.  
 

 
Table 5-REC-Potential High Priority Waters for Monitoring of Pathogen Indicator 

Bacteria in Freshwaters 
 

LAKES STREAMS 
Big Bear Lake Lytle Creek, Middle and North 

Forks 
Lake Perris Mill Creek Reach 2 
Lake Elsinore Santa Ana River – Reach 3 
Canyon Lake San Antonio Creek 

 
 
5.9.2.3 POTW Discharge Requirements and Implementation of Recreational 

Standards 
 
In issuing waste discharge requirements for discharges to surface waters from sewage 
treatment plants, which are, for the most part, Publicly-Owned Treatment Works 
(POTWs), the Regional Board implements recommendations by the California 
Department of Public Health (CDPH) to assure that public health and primary contact 
recreational use of the receiving waters are protected. These recommendations are 
based on regulations established by CDPH in the California Code of Regulations (Title 
22, Division 4, Chapter 3, Section 60301 et seq.). 
 
CDPH has found that in most instances, in order to protect the health of members of the 
public who engage in REC1 activities in surface waters that receive treated sewage 
discharges, treatment of the discharges must be provided so as to achieve an 
approximate 5 log reduction in the virus content of the wastewater. The efficacy of the 
treatment process in achieving this reduction is reflected, in part, by measurements of 
total coliform bacteria. Thus, the effluent limitations specified in waste discharge 
requirements for POTWs include limitations on total coliform bacteria.  Compliance with 
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these limitations assures that the wastewater discharge has received adequate and 
appropriate treatment to achieve the 5 log reduction of pathogens recommended by 
CDPH.  
 
These total coliform limitations are more stringent than the fecal coliform objectives 
established in the Basin Plan for REC1 use protection. Certain dischargers have 
asserted that the total coliform limitations are unjustified and should be replaced with 
limitations consistent with the fecal coliform objectives. This argument is without merit.  
As noted in Section 5.4, in issuing waste discharge requirements that assure beneficial 
use protection, the Regional Board must consider not only the established objectives 
but also whether case-specific circumstances warrant the application of limitations more 
stringent than those necessary to implement the objectives. Such special consideration 
applies to discharges of treated sewage to surface waters by Publicly Owned Treatment 
Works (POTWs) or other entities, where the protection of public health and primary 
contact recreation in those receiving waters is contingent on compliance with more 
stringent, treatment performance based limitations, as recommended by CDPH.   
 
The approval of the proposed E. coli numeric pathogen indicator objectives, and the 
proposed narrative objective, would not alter this Regional Board regulatory approach. 
Absent new or revised recommendations from CDPH, stringent total coliform limitations 
for discharges of treated sewage to surface waters will continue to be imposed by the 
Regional Board, consistent with current practice.  To make this clear, the proposed 
Basin Plan amendments include explanatory narrative. (See Attachments 1 and 2 to 
Resolution No. R8-2012-0001, Chapter 5 IMPLEMENTATION, POTW discharge 
requirements and implementation of recreation standards).  This language is 
recommended for inclusion in the Basin Plan to bridge the analytical gap between the 
use of performance-based total coliform limitations rather than limitations based on the  
established REC1 fecal coliform objectives, and to avoid potential litigation of this 
matter.  
 
Certain Task Force members questioned whether and how this regulatory approach 
would be affected if the proposed temporary suspension of recreation standards in 
certain surface waters is approved (Section 5.5). To provide clarity, the proposed 
amendments also include language that specifically addresses this question. In short, 
the temporary suspension of recreation standards under specific flow conditions would 
not obviate the need for POTWs and other entities discharging treated sewage to 
surface waters to continue to comply consistently with total coliform limitations. It should 
be noted that these total coliform limitations themselves already take into account 
dilution that may be provided by high flows resulting from precipitation events. 
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5.10 Editorial Changes  
 
The proposed Basin Plan amendments include editorial changes:  
 

a. Revise the current Basin Plan footnote re REC1 and REC2 definitions in Chapter 
3 BENEFICIAL USES to clarify and correct the intended meaning.   

b. Change the phrase “present or potential” to characterize beneficial use 
designations in Table 3-1 of the Basin Plan to “existing or potential”.  Correct 
other references in the text of Chapter 3 BENEFICIAL USES regarding “existing” 
or “present” beneficial use designations.   

c. In Chapter 4 WATER QUALITY OBJECTIVES, ENCLOSED BAYS AND 
ESTUARIES, re-name “Bacteria, Coliform” to “Pathogen Indicator Bacteria” and 
add a note regarding the federal promulgation of enterococcus criteria for coastal 
waters in California, including enclosed bays and estuaries.   

d. Update narrative language in Chapter 3 BENEFICIAL USES, Chapter 4 WATER 
QUALITY OBJECTIVES, and Chapter 5 IMPLEMENTATION to include reference 
to the work of the SWQSTF and to reflect incorporation of the changes to E. coli 
objectives, addition of a narrative objective and the other amendments described 
above. The proposed text is shown in Attachments 1 and 2 to Resolution No. R8-
2012-0001. The text reflects the preceding discussions of each of the 
amendments and no further discussion is needed here.  

e. Correct spelling errors, footnote numbering and the like. These changes are 
shown in the proposed amendments in Attachments 1 and 2 to Resolution No. 
R8-2012-0001; no further discussion of these changes is warranted here. 

 
The following describes the changes identified in a, b and c, above. 
 
 
5.10.1. Revise the Footnote Applicable to the REC1 and REC2 Definitions 

(Basin Plan Chapter 3 BENEFICIAL USES)  
 
As indicated above (Section 3.1), there is a footnote, denoted by an asterisk, attached 
to the REC1 and REC2 definitions in Chapter 3 BENEFICIAL USES in the Basin Plan. 
The language in this footnote reads as follows:  
  
“* The REC 1 and REC 2 beneficial use designations assigned to surface waterbodies 
in this Region should not be construed as encouraging recreational activities. In some 
cases, such as Lake Matthews and certain reaches of the Santa Ana River, access to 
the waterbodies is prohibited because of potentially hazardous conditions and/or 
because of the need to protect other uses, such as municipal supply or sensitive wildlife 
habitat. Where REC 1 or REC 2 is indicated as a beneficial use in Table 3-1, the 
designations are intended to indicate that the uses exist or that the water quality of the 
waterbody could support recreational uses.” 
 
Changes to this footnote are proposed, as shown (added text is underlined; deleted text 
is shown in strike-out type): 
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“*  The REC 1 and REC 2 beneficial use designations assigned to surface waterbodies 
in this Region should not be construed as encouraging or authorizing recreational 
activities. In some cases, such as Lake Matthews and certain reaches of the Santa Ana 
River and its tributaries, access to the waterbodies is prohibited by other agencies 
because of potentially hazardous conditions and/or because of the need to protect other 
uses, such as municipal supply or sensitive wildlife habitat. Where REC 1 or REC 2 is 
indicated as a beneficial use in Table 3-1, the designations are only intended to indicate 
that such the uses may occur exist or that the water quality of the waterbody could 
support recreational uses may be capable of supporting recreational uses unless a Use 
Attainability Analysis demonstrates otherwise and the Regional Board amends the 
Basin Plan accordingly.” 
 
The purpose of the recommended changes is to clarify and correct the intended and 
long-understood meaning.  
 
As written, the last sentence in this footnote inaccurately conveys the intended and 
long-understood meaning, which is that the uses are existing or may occur, i.e., they 
are existing or potential. The term “existing” has special regulatory meaning and status. 
“Existing” uses are those actually attained in the water body on or after November 28, 
1975, whether or not they are included in the water quality standards. Designations of 
“existing” uses cannot be removed. (See Section 5.6.2.1). The last sentence may be 
construed, incorrectly, to indicate that an investigation of each REC1 and REC2 
designated water has been completed to affirm whether or not recreational uses are 
“existing”, and whether the quality conditions are or have been able to support these 
uses.  For most surface waters in the Region, such an investigation has not been 
completed. Therefore, it is appropriate to revise the language to reflect the potential for  
recreational uses, rather than suggesting that such uses are known to occur. 
Specifically, the word “exist” is proposed to be changed to “may occur”. Further, the 
revised language adds reference to Use Attainability Analyses, which are necessary to 
rebut the presumption that the REC1 use should be designated for all surface waters. 
The intent of this change is simply to acknowledge applicable regulations that affect use 
designations. 
 
5.10.2 Modify Other References Re Existing/Potential Beneficial Uses 
 
Table 3-1 of the Basin Plan employs the notation “X” to designate numerous beneficial 
uses for surface (and ground) waters. In Table 3-1, this notation is now defined as 
“present or potential”. This terminology is not consistent with other references in 
Chapter 3 of the Basin Plan to “existing”, rather than “present” uses. Therefore, this 
definition is proposed to be revised in Table 3-1 to read “existing or potential”.  
 
The narrative in Chapter 3 BENEFICIAL USES, BENEFICIAL USES section (last 
sentence of the second paragraph) makes reference to “the revision of some Beneficial 
Use designations from “intermittent (I) to existing (X), and the addition of more 
waterbodies (Resolution No. 89-99).”  This phrase is proposed to be modified to reflect 
that the notation X is (and always has been) intended to refer to existing or potential 
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uses.  The revised language would read as “the revision of some Beneficial Use 
designations from “intermittent” (I) to existing or potential (X), and the addition of more 
waterbodies (Resolution No. 89-99).” 
 
 
5.10.3 Modify Chapter 4 WATER QUALITY OBJECTIVES, ENCLOSED BAYS 

AND ESTUARIES, Bacteria, Coliform 
 
The Basin Plan establishes coliform fecal coliform objectives applicable to REC1 and 
shellfish harvesting (SHEL) beneficial uses in enclosed bays and estuaries. While these 
objectives themselves are not the subject of the proposed amendments, changes to this 
section of Chapter 4 are proposed to (1) change the section header to “Pathogen 
Indicator Bacteria”; (2) add text regarding USEPA’s promulgation of enterococci criteria 
for coastal recreation waters, including bays and estuaries, in 2004 (BEACH Act Rule 
(40 CFR 131.41)); and, (3) to explain how the Regional Board intends to implement the 
new criteria (which serve as enforceable water quality objectives).  See Attachments 1 
and 2 to Resolution No. R8-2012-0001, changes to Chapter 4 WATER QUALITY 
OBJECTIVES, ENCLOSED BAYS AND ESTUARIES.  
 
The proposed change to the section header is consistent with that recommended for 
inland surface waters (see Attachments 1 and 2 to Resolution No. R8-2012-0001, 
Chapter 4 WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS). The 
purpose of the change is simply to recognize that coliform (and enterococcus) bacteria 
are pathogen indicators.  
 
Text is proposed to be added to acknowledge the establishment of enterococci criteria 
for enclosed bays and estuaries by the USEPA. USEPA’s promulgation did not cause 
the established fecal coliform objectives in the Basin Plan to be deleted, and that action 
is not proposed in these amendments. Rather, the proposed text explains that the 
Regional Board will consider a Basin Plan amendment in the future to formally 
recognize the enterococci criteria, and to define appropriate implementation of those 
criteria. This would include specifying an averaging period for application of the criteria 
(e.g., as a minimum of five samples over a 30 day period), and a determination of where 
and how varying Single Sample Maximum values should apply in the enclosed bays 
and estuaries of the Region. The proposed text also indicates that until this Basin Plan 
amendment process is completed, the Regional Board intends to implement the USEPA 
enterococci criteria on a best professional judgment basis, with full opportunity for public 
participation and comment. 
 
In short, the proposed changes are intended to provide consistency and clarity 
regarding the Regional Board’s expectations with respect to implementation of USEPA’s 
promulgated enterococci criteria.  
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6.0. Evaluation of Water Code Section 13241 Factors 
 
Section 13241 of the California Water  Code requires each Regional Board to establish 
such water quality objectives in water quality control plans as it its judgment will ensure 
the reasonable protection of beneficial uses and the prevention of nuisance. It 
recognizes that it may be possible for the quality of water to be changed to some 
degree without unreasonably affecting beneficial uses.  Therefore, Section 13241 
specifies several factors that must be considered by a Regional Board when 
establishing water quality objectives.  The factors include, but are not necessarily limited 
to, all of the following: 
 

a)  Past, present and probable future beneficial uses of water. 

b)  Environmental characteristics of the hydrographic unit under 
consideration, including the quality of water available thereto. 

c)  Water quality conditions that could reasonably be achieved through the 
coordinated control of all factors which affect water quality in the area. 

d)  Economic considerations. 
e)  The need for developing housing within the region. 
f)  The need to develop and use recycled water. 

 
As discussed in detail in Section 5.0 of this report, the proposed Basin Plan 
amendments include a suite of recommendations for changes to pathogen indicator 
bacteria objectives in freshwater. These include: (1) establishing new, numeric 
pathogen indicator objectives, based on E. coli, for freshwaters designated REC1 and 
REC2; (2) deleting the Basin Plan fecal coliform objectives for REC1 and REC2 in 
freshwaters; (3) establishing a new, narrative pathogen indicator objective; (4) 
establishing single sample maximum (SSM)81 values that will be used to assess 
compliance with geometric mean objectives in the absence of sufficient data to calculate 
geometric means (and as public notification tools; see Section 5.3); (5) establishing 
numeric, antidegradation pathogen indicator bacteria targets (in lieu of objectives) for 
waters designated REC2 only, as justified by Use Attainability Analyses; and, (6) 
deleting the established total coliform objective for MUN freshwaters.  
 
These proposed water quality objectives must be evaluated in accordance with the 
provisions of §13241 of the California Water Code.  This section provides that 
evaluation.  The information is organized to address each of the six factors the Regional 
Board is required to consider. 

                                            
81 As noted in Section 4.0 of this report, USEPA has recently recommended that the term “Single Sample 

Maximum” be replaced by “Statistical Threshold Value” to avoid misinterpretation and misapplication of 
the concept. This recommendation may be reflected in revised bacteria quality criteria for recreational 
waters that USEPA expects to publish by the end of 2012. This report employs the established SSM 
nomenclature. 
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Factor (a):  Past, present and probable future beneficial uses of water. 
 
As described in earlier sections of this report (see Section 2.1 and the regulatory 
background discussion in Section 5.6), the federal Clean Water Act and implementing 
regulations create the rebuttable presumption that all surface waters support REC1 
uses and should be so designated. Use Attainability Analyses (UAAs) may justify 
removing a REC1 designation. 
 
Consistent with this presumption, all surface waters in the Santa Ana Region are 
currently designated REC1. REC1-designated waters are generally also designated 
REC2. However, as discussed in Section 5.6, the SWQSTF conducted UAAs of a 
number of stream segments in the Region. On the basis of these UAAs, these Basin 
Plan amendments include recommendations for the removal of the REC1 and, in some 
cases, REC2 designations for specific stream segments.  
 
The suite of recommendations for changes to pathogen indicator bacteria objectives 
identified above will assure that applicable water quality standards, including 
antidegradation policy requirements, will be met: 
 
• The new E. coli objectives that are proposed to apply to freshwaters designated both 

REC1 and REC2 are based on USEPA’s 1986 bacteria quality criteria 
recommendations, which were developed to protect primary contact recreation (i.e., 
REC1). USEPA found that E. coli are the more reliable indicator of public health risk 
associated with REC1 activities than fecal coliform. Deletion of the Basin Plan fecal 
coliform objectives for REC1 is therefore appropriate.  

 
As explained in Section 4.0 of this report, USEPA guidance states that USEPA 
considers states that adopt bacteria indicator objectives based on an illness rate of 8 
to 10/1000 (i.e., between 126 and 206 colony forming units (cfu) /100ml for E. coli) to 
have criteria as protective of human health as the 1986 bacteria criteria.  In other 
words, USEPA has found that objectives in this range are approvable. By selecting a 
value at the lower end of the recommended range, as proposed in these 
amendments, it is reasonable for the Regional Board to conclude that doing so will 
provide a small, but explicit margin-of-safety to protect REC1 activities in all 
freshwaters. 

 
• There is no scientific basis to establish independent objectives to protect the REC2 

use (see Section 4.0). Deletion of the fecal coliform objectives ostensibly established 
in the Basin Plan to protect this use (see Section 4.0) is appropriate. To conform to 
antidegradation policy requirements, the proposed amendments include 
recommended “antidegradation targets” for pathogen indicator bacteria in those 
waters designated REC2 only (through the UAA process). These targets, calculated 
using ambient bacteria quality data evaluated as part of the UAAs, are intended to 
establish baseline conditions against which future monitoring data will be compared. 
If these data provide credible evidence that the triggers are being exceeded and that 
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there may be a lowering of water quality, then additional monitoring, investigation 
and corrective action, if needed, will ensue (see 5.2).  
 

• Establishing a narrative pathogen indicator objective, as proposed, will enhance the 
Regional Board’s ability to address water quality problems that may be associated 
with pathogen indicators (and pathogens themselves) and thereby contribute to the 
protection of public health and beneficial uses. 

 
• The proposed use of SSMs to assess compliance with geometric mean objectives 

where inadequate data are available to calculate geomeans, and in particular, as 
tools to assist in beach posting and closure decisions, is consistent with USEPA’s 
recommended 1986 criteria and applicable guidance (including USEPA’s SSM Fact 
Sheet; see Section 4.0).  
 

• There is no scientific basis for the total coliform objective specified in the Basin Plan 
to protect the MUN use in the freshwaters of the Region. Further, federal and state 
regulations require that surface waters be treated prior to distribution in water supply 
systems. The total coliform objective is obsolete and not scientifically defensible. For 
these reasons, the MUN use of freshwaters in the Region will not be adversely 
affected by the removal of the total coliform objective.  
 

As noted in Section 4.0, USEPA expects to publish revised bacteria quality criteria by 
the end of 2012. It is expected that these new recommendations will focus again on 
primary contact recreation (REC1). It is not clear whether or what type of 
recommendations regarding REC2 objectives will be included. In any case, these 
recommendations, when published by USEPA in criteria form, will need to be 
considered in future Basin Plan triennial reviews. 
 
 
Factor (b):  Environmental characteristics of the hydrographic unit under 
consideration, including the quality of water available thereto. 
 
The proposed Basin Plan amendments apply to the freshwaters throughout the Santa 
Ana Region. The Region is densely populated and highly urbanized and there has been 
extensive modification of streams for flood control purposes.  However, largely pristine 
areas remain in the Region, principally in the mountainous areas. Here, streams are 
largely in natural condition. 
 
The warm climate of southern California generally allows aquatic recreation to occur 
year round in the Santa Ana Region.  However, the predominantly dry conditions cause 
most local creeks to be naturally ephemeral, with little or no significant flow except 
during storm events.  When inclement weather occurs rapid increases in the velocity 
and volume of stream flows create a serious hazard to recreation, especially where 
natural channels have been re-engineered or modified to provide better flood protection 
in the more urbanized areas of the watershed. 
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Flood control improvements that are designed to convey rainfall runoff out of a 
community as efficiently as possible also create life-threatening "swift-water" conditions 
during and immediately following significant storm events.  Although relatively 
infrequent, wet weather significantly increases the risk of flash flooding in many rivers 
and streams throughout the Santa Ana Region.  At such times, elevated storm water 
runoff temporarily precludes the possibility of safe recreation in or near the water. 
 
The proposed Basin Plan amendments address these circumstances. The temporary 
suspension of recreation standards, including bacteria objectives established to protect 
recreational uses, is recommended (see Section 5.5). As proposed, the temporary 
suspension would apply to specific, engineered or modified channels that are identified 
in maps and ARC-GIS files (Appendices VIII and IX, respectively). This categorical 
suspension would be implemented using detailed trigger criteria.  Such an approach 
properly accounts for the environmental characteristics of the hydrographic units under 
consideration while continuing to ensure that the proposed E. coli objective is applied in 
a manner consistent with federal guidance and regulation. 
 
 
Factor (c):  Water quality conditions that could reasonably be achieved through 
the coordinated control of all factors which affect water quality in the area. 
 
It is widely recognized that bacteria, viruses, protozoa and parasites can occur naturally 
in the environment.  For example, recent scientific studies have shown that natural 
sediments may contribute a significant portion of the bacterial load to the Santa Ana 
River during dry weather conditions.82  Wildlife may contribute significantly to the 
presence of these microorganisms in water. These sources are or may be 
uncontrollable.  Efforts to address such sources may, or are even likely to result in 
environmental harm.  
 
Waste discharge requirements are issued by the Regional Board that require 
controllable sources of these microorganisms, in particular Publicly Owned Treatment 
Works (POTWs), to reduce or eliminate these organisms. Stormwater permittees are 
required to conduct source evaluations designed to identify and eliminate controllable 
discharges of pathogens throughout developed areas of the watershed.  The availability 
and efficacy of treatment technology or other source control mechanisms varies 
widely83. For example, there is well-established conventional treatment technology that 
POTWs employ to remove essentially all pathogens from wastewater effluents. On the 
other hand, the efficacy of stormwater controls, including detention basins, vegetated 
swales dry or wet basins, constructed wetlands, and the like, varies widely (see Table 
6.1).84  
                                            
82 Litton, Rachel M. et al.  Evaluation of Chemical, Molecular, and Traditional Markers of Fecal 

Contamination in an Effluent Dominated Urban Stream.  Environmental Science & Technology.  Vol. 44, 
No. 19.  2010; p. 7369-7375. 

83 Clary, Jane, et al. Can Stormwater BMPs Remove Bacteria. Stormwater. May, 2008. 
84 Goong, Stuart, PhD. County of Orange, Orange, CA. April 2009.  “Stormwater Bacteria BMPs” (Excel 

spreadsheet and related references).  Prepared for the Stormwater Quality Standards Task Force. 
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These treatment and control measures can improve microbial conditions in the 
freshwaters of the Region.  However, there remains the possibility that established 
pathogen indicator objectives will not be met as the result of uncontrollable, natural 
sources. In such cases, it may be appropriate to consider “natural source exclusions”, 
modifications of the objectives and/or beneficial uses to reflect the influence of 
uncontrollable sources such as wildlife.  Such an approach would be considered 
through the Basin Planning process.  
 
 
Factor (d):  Economic considerations. 
 
In considering the economic implications of establishing water quality objectives, the 
Regional Board is not required to conduct a formal cost-benefit analysis. Nor would the 
results of any such analysis be necessarily determinative: economic considerations are 
only one of the factors that the Board must consider, as reflected in the discussion of 
the other 13241 factors herein. However, if the Board determines that the costs of 
compliance with the proposed objectives are significant, the Board must document in 
the record why the adoption of the objectives is needed to ensure the reasonable 
protection of beneficial uses and the prevention of nuisance 
 
As a practical matter, the number and complexity of relevant factors make it nearly 
impossible to develop a precise estimate of the total compliance costs or projected 
health benefits for an area as large as the Santa Ana Region.  In considering the 
economic implications of the recommended amendments to the Basin Plan, the 
Stormwater Quality Standards Task Force endeavored to describe a range of potential 
economic effects of adopting the proposed E. coli and narrative objectives.  The costs 
were also considered in the context of specific, recommended implementation 
strategies for the recommended objectives, including the temporary suspension of the 
objectives under high flow conditions.  
 
Establishing water quality objectives for pathogen indicator bacteria is intended to 
reduce the risk of illness among swimmers to an acceptable level.  The proposed E. coli 
objectives are believed to provide the same level of risk protection for those engaged in 
primary contact recreation as the existing fecal coliform objectives now in the Basin 
Plan.  Therefore, meeting either bacteria objective is expected to provide equivalent 
public health benefits. 
 
Similarly, the cost of complying with the new E. coli objective is not likely to be 
significantly different than the cost of meeting obsolete fecal coliform objectives, 
provided that both are implemented as recommended in federal guidance.  The 
comprehensive package of proposed Basin Plan revisions is designed to be consistent 
with that guidance. 
 
If, in fact, all of the lakes and streams throughout the Santa Ana Region were already 
attaining the current fecal coliform objective, there would be little or no incremental 



Basin Plan Amendments  January 12, 2012 
Recreational Standards for Inland Fresh Waters 

p. 103 of 126 
 

benefit or marginal cost as a result of adopting the proposed E. coli objective.  Where 
the established fecal coliform objectives have not been consistently attained, it is 
unlikely that the recommended E. coli objectives would be attained. In such cases, 
whether or not the proposed E. coli objectives are adopted, additional effort and 
expenditure would be necessary to assure compliance with applicable objectives. It is 
appropriate to consider the economic implications of the proposed Basin Plan 
amendments from this perspective. Additional, more detailed information may be 
provided through the public review and comment process. 
 
 
Compliance Costs.  The estimated cost of meeting the proposed E. coli objective 
depends on a number of critical factors:  current instream bacteria densities, the source 
of controllable bacteria discharges to the waterbody, and the range of remediation 
alternatives available to reduce or treat these discharges.  Where existing ambient 
bacteria levels are already meeting the proposed objective, the recommended Basin 
Plan amendments would impose no new regulatory costs or obligations.  However, if 
instream bacteria densities frequently exceed the proposed recommended E. coli 
objective, the potential cost to meet the objective could be quite considerable.  (As 
noted above, where the established fecal coliform objectives are not being met, 
additional, potentially considerable costs would be required to assure compliance.) 
 
At the request of the Task Force, CDM prepared planning level cost estimates for all 
three counties in the Santa Ana Region (Orange County, Riverside County, San 
Bernardino County).  In each case, CDM was asked to evaluate a range of engineering 
alternatives and select the most cost-effective approach for achieving compliance with 
the proposed E. coli objectives during dry weather conditions.85  In general, CDM 
concluded that, at present, the only way to achieve consistent compliance with either 
the existing or the proposed bacteria objectives was to intercept and divert dry weather 
urban runoff to local wastewater treatment plants. 86  This finding takes into 
consideration the efficacy of a number of potential Best Management Practices (BMPs) 
(see Table 6.1). The total estimated capital cost exceeded $2.5 billion and the annual 
O&M cost was nearly $100 million (see Table 6.2).  CDM's estimates are consistent with 
a similar cost studies to achieve compliance with bacteria objectives during dry weather 
conditions in adjacent urban regions.87

                                            
85 For the purposes of the analysis, the temporary high flow suspension of recreation standards proposed 

by the Task Force (see Section 5.5) was presumed to apply during wet weather conditions. 
86 CDM. Technical Memorandum. Economic Analysis of Compliance Alternatives. June 30, 2006.  
87 Los Angeles Regional Water Quality Control Board.  Los Angeles River Watershed Bacteria TMDL.  

July 15, 2010.   Weston Solutions, Inc.  Quality of Life Funding Strategy San Diego Region:  Needs 
Assessment and Cost Estimate for the Water Quality Enhancement Element.  November 17, 2010. 
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Table 6.1 – Comparative Efficacy of Reducing Bacteria Levels in Urban Stormwater Using Best Management Practices

 

Bacteria BMP Type Storm? Parameter
Mean Influent 

#/100 mL
Mean Effluent 

#/100 mL n Percent Removal
Construction Cost            

(excluding land costs) Annual O & M Cost Source Comments

Y FC 11700 100 NR 99 CalTrans (2004) study in SoCal
N FC 4400 20 NR 99 CalTrans (2004) study in SoCal

FC 1929 515 9 73 BMP dB; Fremont, CA
FC 58 5 24 91 BMP dB; Largo, FL
FC 4231 2475 16 41.5 BMP dB; Valhalla, NY

Y FC NR 1779 10 90 Schueler (2000); ON
Y FC NR 2858 10 64 Schueler (2000); ON
Y E. coli NR NR 10 86 Schueler (2000); ON
Y E. coli NR NR 10 51 Schueler (2000); ON

Y/N FC 152 63 84 58 Mallin et al. (2002); NC 
Y FC 900 2000 NR -122 CalTrans (2004) study in SoCal; storm Unlined

Y FC 6700 7500 NR -12 CalTrans (2004) study in SoCal; storm Concrete lined

Y FC 27 27 8 0 USGS (2004) study in USVI

Y FC 3412 724 35 79 Harper et al. (1999) study in FL
N E. coli 563 515 18 9 MSAR (2009)
N FC 957 738 18 23 MSAR (2009)
Y E. coli 149 204 12 -37 MSAR (2009)
Y FC 380 490 12 -29 MSAR (2009)

Y/N FC 33.8 7.4 5 78 Hinds et al. (2004); Columbus

N FC 760 80 10 89 LN & COO (2004); Laguna Niguel

N FC 1915 116 9 94 LN & COO (2004); Laguna Niguel
N FC 5178 101 12 98 LN & COO (2004); Laguna Niguel
N E. coli 4163 27 10 99 LN & COO (2004); Laguna Niguel
N E. coli 1897 107 9 94 LN & COO (2004); Laguna Niguel
N E. coli 630 73 9 88 LN & COO (2004); Laguna Niguel
Y FC 5800 1400 NR 76 CalTrans (2004) study in SoCal

FC NR 18528 -85 City of Austin (1997)
Y FC NR NR 36 Glick et al. (1998); Austin, TX

Disinfection (UV, ozone, chlorine) N FC 32800** 16**
99.9% (inversely 

proportional to turbidity)

For facilities to treat 1,250-5,000 cfs 
peak flow: $19.2-30.5 million for 
ozone, $48-87.8 million for UV

$534,000-657,000 for 
ozone, $248,000-992,000 

for UV
**County of Orange (2008)

Caution is required in safe handling of toxic chemicals, and 
to ensure no toxic residues remain in discharge. **Figures are 
from a Clear Creek UV treatment system.

Diversion 100% of diverted fraction
$14,400-2,071,000 for diversions of up 

to 0.5 MGD in Orange County
$2,800-83,000 RBF (2003)

Treatment facilities may not be capable of handling the 
excess flow due to runoff. Costs assume existing sewer 
infrastructure has sufficient capacity to treat diversion.

Y FC 386 459 NR -19 BMP dB; Altadena, Caltrans (2004)
Y FC 84853 47 NR 99.9 BMP dB; Carlsbad, Caltrans (2004)
Y FC 490 1122 NR -129 BMP dB; Cerritos, Caltrans (2004)
N E. coli 20651 717 18 97 MSAR (2009); dry
N FC 16293 675 18 96 MSAR (2009); dry
Y E. coli 2448 2904 12 -19 MSAR (2009); wet
Y FC 3954 4196 12 -6 MSAR (2009); wet
Y FC 65 105 NR -62 BMP dB; Downey, Caltrans (2004)
Y FC 9460 9168 NR 3 BMP dB; Lakewood, Caltrans (2004)
Y FC 1366 239 NR 82 BMP dB; Vista, CA, Caltrans (2004)

Y FC 80-5000 <23 9 >99 LASGRWC (2005)
Y E. coli 20-1300 <6.9 9 >99
Y FC 500 ND-800 8
Y FC ND-13000 11-110 8
Y E. coli ND-120 ND 8 >99
Y FC 230 ND 5 >99
Y E. coli 310 ND 5 >99

100% for infiltrated fraction USEPA (1999); Arvind & Pitt (2006)
Low Impact Development (LID) No data. N/A N/A

Agricultural BMPs No data Variable Variable

Public Education/Outreach No data Variable (up to $1,000,000+) Variable

Routine Inspection/Maintenance 
of Sewer and Septic Systems

No data Variable Variable

NR = Not reported; ND = Not detected
Cost estimates from CASQA (2003), Olivieri et al. (2007), RBF (2003), and Narayanan & Pitt (2006)
Shaded percent removal values were not statistically significant
BMP categorization scheme mostly from Minton (2002) and Olivieri et al. (2007)

Prepared for the Stormwater Quality Standards Task Force, April 2009 - Prepared by Stuart Goong, Ph.D., County of Orange, OC Watersheds, Orange, CA

Water Treatment BMPs

Stormwater Bacteria BMPs

<$3,000 per basin or 
trench

Possible groundwater contamination in areas with sandy 
soils and shallow aquifers

Constructed Wetlands 
(Stormwater wetlands, wetland 
basins, shallow marshes, 
extended detention wetlands).  
"Essentially shallow wet basins."

Dry Basins (Dry ponds, detention 
or extended detention basins or 
ponds).  Designed to empty 
within several days.

$0.30-1.00/ft³                                 
Typically < $100,000 per acre

$3,100-10,000 per pond

 Vegetated Swales or Channels 
(Grassed channels, dry swales, 
retention swales). Only includes 
those features with little to 
moderate soil infiltration.

$0.50/ft²  (<$35,000 for 3 ft x 21 ft x 
1,000 ft swale)

Volume Reduction BMPs

Media Filters
$6,600-18,500 per acre drainage   

Total $230,000-$485,000 in So CA
5% of construction costs

Underground filters could promote bacterial growth

32% of construction costs

Possible groundwater contamination in areas with sandy 
soils and shallow aquifers

Source Control BMPs

Wet Basins (Retention ponds, wet 
ponds, wet extended detention 
ponds, stormwater ponds, 
retention basins).  Retains 
permanent pool.

$1.00-12.25/ft³                                     
Typically <$100,000 per acre

Up to $10,000 per pond

$0.35-1.30/ft³, or $26,325-55,485/acre 
of wetland

$1,500-2,700/hectare

May attract wildlife which could increase bacteria 
concentrations.

Infiltraton Basins & Trenches
$1.25-20.76/ft³                                     

<$110,000 per 1 ac basin
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Table 6.2:  Capital and O&M Costs to Divert Dry Weather Runoff from MS4 
Outfalls to Wastewater Treatment Plants 
 

Description Orange Co.88 Riverside Co.89 San Bernardino Co.90 
Dry Weather Facilities $491.4m $291.6m $329.4m 
Conveyance & Treatment $458.5m $447.3m $545.5m 
Subtotal for Capital $949.9m $738.9m $874.9m 
Annual O&M $30.1m $31.3m $37.6m 

 
 
The above cost estimates focus exclusively on the level of effort required to achieve 
consistent compliance with bacteria objectives during dry weather conditions.  CDM was 
unable to identify any reasonable engineering solution to meet the same objectives 
during wet weather conditions.  However, the proposed Basin Plan amendments include 
a recommendation to temporarily suspend the E. coli objectives when storm water 
runoff precludes any opportunity for primary contact recreation due to unsafe flows in 
engineered/modified channels.  Were the proposed objectives to be adopted without 
such a provision, the economic and environmental implications would need to be 
reconsidered by the Regional Board in light of the revised implementation requirements. 
 
 
Health Benefits.  Again, a cost/benefit analysis is not a requisite part of the 13241 
economics analysis, and precise estimates of the public health costs and benefits, like 
the costs of compliance with the new objectives, are virtually impossible, given the 
number of variables involved. With that said, however, it is of interest to provide relevant 
data from studies in Orange County and elsewhere.  
 
Minimizing the discharge of pathogens is expected to provide some measure of 
economic benefit to the community by reducing the risk of preventable gastrointestinal 
illness (nausea, diarrhea, cramps, etc.) among those engaged in primary contact water 
recreation.  Recent studies performed at two beaches in Orange County determined 
that such illness cost the unlucky swimmer approximately $37 in medical expenses and 
lost wages (2004 dollars).91  Other studies, using food-borne pathogens as a proxy for 

                                            
88 CDM.  Memorandum. Analysis of Diversion of Dry Weather Urban Runoff to POTWs for Bacteria 

Control in Orange County.  August 31, 2010. 
89 CDM.  Memorandum. Analysis of Diversion of Dry Weather Urban Runoff to POTWs for Bacteria 

Control in Riverside County.  August 31, 2010. 
90 CDM.  Memorandum. Analysis of Diversion of Dry Weather Urban Runoff to POTWs for Bacteria 

Control in San Bernardino County.  August 31, 2010. 
91 Dwight, R. H. et al.  Estimating the economic burden from illnesses associated with recreational coastal 

water pollution - A case study in Orange County, California.  Journal of Environmental Management.  
2005 (76); p. 95-103 (as cited in Given, S. et al.  Regional Public Health Cost Estimates of 
Contaminated Coastal Waters:  A Case Study of Gastroenteritis at Southern California Beaches.  
Environmental Science and Technology.  2006 (40); p. 4851-4858). 
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contaminated water, indicate that people say that may be willing to pay as much as 
$280 per illness avoided.92 
 
The total economic benefit of meeting the proposed E. coli objective would depend on 
the number of people engaged in primary contact recreation and the level of risk 
reduction expected to occur as water quality improves.  At some of the most popular 
swimming locations, such Canyon Lake and Big Bear Lake, water quality already 
complies with bacteria objectives, so no significant health benefit is expected to occur.  
At other locations, such as Reach 3 of the Santa Ana River, improving water quality to 
meet the proposed E. coli objective is expected to reduce the number of gastrointestinal 
illnesses from approximately 14 per 1,000 swimmers to 8 per 1,000 swimmers.93  
However, while the exact number of people recreating in Reach 3 is unknown, the 
economic benefit of reducing bacteria concentrations is estimated to range between 
$0.22 and $1.68 per swimmer.  Using these estimates, at a popular location like Reach 
3 of the Santa Ana River, where as many as 100 persons may engage in primary 
contact recreation on a warm summer weekend, the total economic benefit is expected 
to be between $22 and $168 (for that location on that weekend).  The annual benefit 
would range between $1,144 and $8,736 (for that location).  The economic benefits 
would be proportionally smaller at less popular locations and near zero if and when 
there is no primary contact recreation occurring (as, for example, during rain storms). 
 
It would be improper to assign comparable public health benefits to the improvement of 
ambient water quality, where necessary, to meet the established fecal coliform 
objectives, since USEPA has disavowed the use of fecal coliform as a reliable measure 
of the protection of public health and recreational uses. However, improvement of 
ambient fecal coliform quality is likely to result in improvement of E. coli quality as well, 
with some level of resultant public health benefits.  
 
 
Other considerations  
 
Much of the mainstem of the Santa Ana River and many of its major tributaries are 
dominated by the presence of reclaimed water.  Wastewater treatment plants 
throughout the Region have invested hundreds of millions of dollars in advanced 
treatment and disinfection processes to protect public health and the environment.  
These facilities are already producing water quality that is substantially better than the 
proposed E. coli objectives.  Further improvements to instream water quality will require 
more effort to reduce bacteria levels in urban and agricultural runoff from the 
surrounding area. 
                                            
92 Rabinovici, S. et al.  Economic and health risk tradeoffs of swim closures at a Lake Michigan Beach.  

Environmental Science and Technology.  2004 (38);  pp. 2742-2750  (as cited in Given, S. et al.  
Regional Public Health Cost Estimates of Contaminated Coastal Waters:  A Case Study of 
Gastroenteritis at Southern California Beaches.  Environmental Science and Technology.  2006 (40);  p. 
4851-4858). 

93 CDM. Middle Santa Ana River Bacterial Indicator TMDL 2011 Dry Season Report. Dec. 21, 2011 (Fig. 
4-10 & 4-11). 
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Some of the bacteria found in local lakes and streams may arise from uncontrollable 
sources including birds, wildlife, decaying vegetation and sediments.94  The proposed 
Basin Plan amendments are not intended to impose any obligation to reduce the level of 
bacteria that occur from natural sources.  The potential for waterborne illness from such 
sources has already been factored into EPA's estimate of acceptable risk that underlies 
the recommended objective.95 
 
 
Non-contact (Secondary Contact) Recreation.  The Basin Plan includes fecal coliform 
objectives that apply for the protection of non-contact recreational uses (REC2 
(secondary contact recreation)). However, as noted in Section 4.0, there is no scientific 
basis for these REC2 objectives.  Therefore, the proposed Basin Plan amendments 
include deleting the existing fecal coliform objectives for REC-2. Waters designated 
REC1 are generally also designated REC2 and the proposed E. coli objectives for 
REC1 and REC2 designated waters would apply. Pursuant to Use Attainability Analyses 
(see Section 5.6), certain waters are proposed to be designated REC2 only. To protect 
the quality of these waters, the Regional Board would rely on the proposed narrative 
pathogen objective, if approved. Further, the proposed amendments include bacteria 
quality antidegradation targets for the proposed REC2 only waters. These targets are 
intended to be used to assure that bacteria quality conditions in these waters do not 
degrade. Both the federal and state antidegradation policies will continue to apply to 
such streams.  Consequently, because the proposed Basin Plan amendments merely 
continue the existing requirement to preserve ambient water quality, no new costs are 
likely to result from the proposed amendments regarding REC2 waters. Stakeholders 
will be required to continue collecting water quality data to demonstrate compliance with 
the state and federal antidegradation policies. 
 
 
Implementation.  Existing MS4 permits already contain terms and conditions prohibiting 
urban discharges except for storm-related runoff and other de minimus flows.  Recent 
revisions to the areawide stormwater permits now require all three counties to 
implement Low Impact Development (LID) programs designed to maximize on-site 
retention.  The permittees are also obligated to eliminate urban runoff during dry 
weather conditions through the use of local ordinances, conservation programs, 
retention basins and similar Best Management Practices.96  Collectively, these 
requirements impose many of the same financial responsibilities on the permittees to 
control certain types of discharges irrespective of whether the pathogen indicator 

                                            
94 See, for example, Surbeck, C.Q. et al.  Ecological Control of Fecal Indicator Bacteria in an Urban 

Stream.  Environmental Science and Technology.  2010; 44 (2)  December, 2009.  pp. 631-637.  See, 
also, Litton, R.M. et al.  Evaluation of chemical, molecular, and traditional markers of fecal 
contamination in an effluent dominated urban stream.  Environmental Science and Technology.  2010;  
44 (19)  October, 2010  pp. 7369-7375. 

95 U.S. EPA.  Ambient Water Quality Criteria for Bacteria – 1986.  EPA-440/5-84-002.  January, 1986. 
96 See, for example, NPDES No. CAS 618033 (Order No. R8-2010-0033)  Adopted January 29, 2010. 
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bacteria objective is based on fecal coliform or E. coli.  The proposed amendments 
would have no effect on the requirements for POTWs to provide treatment necessary to 
assure essentially pathogen-free effluents.  
 
The proposed suite of Basin Plan amendments incorporate changes to bacteria quality 
objectives, designated recreation beneficial uses,  and implementation strategies for 
compliance with the proposed objectives that, collectively, are intended to assure the 
reasonable protection of beneficial uses, the prevention of nuisance, and conformance 
with antidegradation provisions. These changes include the temporary suspension of 
recreation standards during specific high flow, wet weather conditions, when 
recreational use is not attainable and when, therefore, it would not be reasonable to 
require compliance with bacteria objectives (either fecal coliform or E. coli).  The de-
designation of the REC1 use is proposed for specific surface water segments, where it 
is demonstrated, through Use Attainability Analyses, that the REC1 use is neither 
existing nor attainable. Once again, requiring compliance with the established or 
proposed bacteria quality objectives in these waters would not conform to the 
reasonable protection of beneficial uses. Additional language is proposed to address 
the regulatory approach to controllable and uncontrollable sources of bacteria. These 
provisions, taken as a whole, are expected to encourage the use of regional mitigation 
strategies and alternatives and minimize the total cost of compliance.97  This, in turn, 
assures that the expenditure of scarce public resources is directed properly to the 
protection of public health and existing and probable recreation beneficial uses.   
 
 
Factor (e)  The need for developing housing within the region. 
 
The number of people living in the Santa Ana Region is expected to double by 2050,98 
and the need for housing will rise accordingly.99  City and county officials must continue 
to provide essential infrastructure to minimize the potential for flood damage in newly 
developed areas. 
 
In semi-arid locales, like the Santa Ana Region, where infrequent but intense rain 
events characterize the most common storm conditions, effective flood control depends 
on the use of engineered channels to convey urban runoff safely downstream.  It is 
generally not feasible to design MS4 facilities that can simultaneously accommodate 
these extreme variations in flow with full time recreational access to the modified 
channel at all times and under all conditions.   
 

                                            
97 See, for example, the Comprehensive Bacteria Reduction Plans (CBRP) submitted by Riverside 

County and San Bernardino County on June 28, 2011. 
98 California Department of Finance. July 2007. Population Projections by Race/Ethnicity, Gender and 

Age for California and its Counties 2000-2050; and, Santa Ana Watershed Project Authority (SAWPA). 
Integrated Watershed Management Plan., 2010. 

99 The Community Foundation.  Riverside County 2011 Community Indicators Report; San Bernardino 
County 2011 Community Indicators Report. 
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Use Attainability Analyses may document that the physical features of the flood control 
channel (e.g., vertical concrete walls, low dry weather flows, etc.) preclude primary 
contact recreation, justifying a decision to de-designate the REC1 use (provided also 
that REC1 is not an existing use, as defined in federal regulations). In that case, the 
proposed E. coli objectives would not apply to such facilities.  In addition, the proposed 
High Flow Suspension would temporarily exempt engineered or modified flood control 
channels from the recommended E. coli objectives during and immediately after storm 
events that make REC-1 activities physically impossible for short periods of time.  
Taken together, these proposed implementation procedures would prevent the new 
pathogen indicator bacteria objectives from being applied in a manner that may 
unintentionally inhibit construction of flood control infrastructure essential to protect 
housing developments. 
 
 
Factor (f):  The need to develop and use recycled water. 
 
Tertiary treated municipal effluent provides a significant portion of most dry weather 
flows in the Santa Ana River and its major tributaries.100  Wastewater treatment plants 
are already required to provide adequate coagulation, flocculation, filtration and 
disinfection pursuant to NPDES permit requirements based on Title 22 of the California 
Code of Regulations.  The proposed Basin Plan amendments make no changes to any 
of these existing requirements. 
 
All discharge permits issued to POTWs in the Santa Ana Region contain conditions 
restricting the average total coliform concentration to less than 2.2 cfu/100 mL.  These 
existing effluent limitations are significantly more stringent than the proposed E. coli 
objective.  As such, the recommended water quality objective for pathogen indicator 
bacteria is not expected to have any adverse effect on the ability to use recycled water 
in the Region. 
 
 
7.0 ANTIDEGRADATION ANALYSIS  
 
 The proposed Basin Plan amendments are consistent with both State and federal 
antidegradation policies (State Water Board Resolution No. 68-16 “Statement of Policy 
with Respect to Maintaining High  Quality Waters in California” and 40 CFR 131.12, 
respectively). 
 
The amendments primarily involve removing fecal coliform objectives established for 
REC1 and REC2-designated waters (see Section 5.2).  However, these fecal coliform 
objectives would be replaced with E. coli objectives based on USEPA’s 1986 
recommended bacteria quality criteria. The recommended objectives are believed by 
USEPA to correlate to approximately the same level of public health protection as 
provided by the existing fecal coliform objectives. Beneficial uses will continue to be 

                                            
100 SAWPA.  2010 Annual Report of Santa Ana River Water Quality.  July, 2011. 
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protected. E. coli bacteria are a subset of fecal coliform bacteria. Reliance on numeric 
objectives for E. coli that are at least as stringent as the existing fecal coliform 
objectives will not result in a lowering of water quality.  
 
The proposed amendments include the temporary suspension of recreation standards 
(both beneficial uses and bacteria indicator objectives (proposed to be expressed as E. 
coli densities)) during specific high flow conditions in certain surface waters (see 
Section 5.5)  The temporary suspension of standards will not result in a lowering of  
water quality.  The proposed temporary suspension simply recognizes that recreation 
uses under certain flow conditions are not attainable while those flow conditions exist. 
Water quality would continue to be affected by inputs from precipitation and other 
sources that contribute to the high flow conditions that warrant the suspension. The 
temporary suspension would not itself cause or contribute to a change in those water 
quality effects.   
 
The proposed narrative objective would provide the Regional Board an additional tool to 
assure that appropriate actions are taken to protect water quality and beneficial uses 
(see Section 5.4). The implementation of this objective is expected to protect and 
enhance water quality. 
 
For certain waters, the removal of the REC1 and, in some cases, REC2 designations is 
proposed (see Section 5.6). These recommendations are based on UAAs which rely, in 
part, on documentation of water quality conditions in those waters and the 
demonstration that water quality conditions are such that these recreation uses have not 
been and are not being attained. The revised designations would not trigger activities 
that would cause changes to water quality conditions in these waters. Applicable 
beneficial uses would continue to be protected. To assure that water quality conditions 
would not degrade, the proposed amendments include recommended bacteria indicator 
targets for REC2-only waters.  These proposed targets were calculated based on 
ambient water quality conditions and application of the antidegradation policy (see 
Section 5.2). The proposed amendments also include a proposed implementation 
strategy for the proposed bacteria indicator targets that requires follow-up investigation 
of exceedances of the recommended targets and corrective action, if necessary (see 
Section 5.9.2.2.).  The overall intent is to assure that water quality conditions in these 
waters do not degrade and that applicable beneficial uses are protected. 
 
The proposed amendments include the assignment of REC1-designated inland fresh 
surface waters listed in the Basin Plan to one of four Tiers, based on the intensity of 
known or anticipated full body contact recreation. The assignments trigger the 
application of single sample maximum E. coli values (SSMs), which are calculated from 
the proposed geometric mean E. coli objectives (see Section 5.3). The SSMs are 
intended to be used for posting and closure of recreation areas when there are 
insufficient data to calculate geometric means. These provisions are intended to assure 
the protection of water quality and beneficial uses. None of these provisions would 
result in physical or regulatory effects that would result in a lowering of water quality or 
adverse effects on beneficial uses. 
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The proposed amendments include deleting the total coliform objective for freshwaters 
designated municipal or domestic supply (MUN) (see Section 5.7). This action would 
not result in adverse impacts to the MUN (or other) beneficial uses of these streams; the 
change is intended to recognize that virtually all MUN-designated surface waters in the 
Region are and must be treated before being used as a source of supply. Further, the 
total coliform objective is not supported on either scientific or regulatory grounds. There  
are very limited instances in the San Bernardino Mountains where surface waters may 
be distributed and used directly as source of water supply (see Section 5.7).  However, 
the residents in this area have been advised not to consume raw surface water and 
have stated that they do not do so. Given that these streams are in natural condition in 
a largely undeveloped area, there is no reason to suppose that the deletion of the total 
coliform objective would result in increases of total coliform inputs to the surface waters, 
nor would it adversely affect any present direct use that occurs in contradiction of 
requirements for prior treatment of the surface water supply. No lowering of water 
quality in other MUN-designated surface water streams is expected to occur as the 
result of the deletion of the objective. Bacteria quality conditions will continue to be 
driven by pathogen indicator objectives for REC1 and REC2 waters, and by 
antidegradation targets proposed to be established for REC2-only waters (see Section 
5.2).  Discharges of controllable sources of bacteria inputs (e.g., POTWs) will continue 
to be regulated to protect established beneficial uses. Waters in the Santa Ana Region 
to which POTW discharges occur are excepted from MUN pursuant to the State Board’s  
Sources of Drinking Water Policy (Resolution No. 88-63, as revised by Resolution No. 
2006-0008).  Similarly, waters in which the flows are dominated by stormwater and/or 
agricultural wastewater are excepted from MUN. The total coliform objective does not 
apply to these waters and the removal of the objective from the Basin Plan will not result 
in a lowering of water quality in these waters. 
 
A number of waters are proposed to be added to the list of waters identified in the Basin 
Plan, along with appropriate beneficial use designations (see Section 5.8). These 
amendments would not adversely affect water quality or beneficial uses and can 
reasonably be expected to facilitate appropriate recognition and regulation of these 
waters to protect water quality standards.  
 
Changes are proposed to the definition of the REC1 use, to the footnote attached to the 
REC1 and REC2 definitions, and to narrative descriptions of bacteria objectives and 
implementation strategies (see Sections 5.1., 5.9 and 5.10). These proposed changes 
are intended to enhance clarity and consistency and to explain how the Regional Board 
intends to implement the proposed revisions to the recreation standards. None of these 
changes would result in a lowering of water quality or adversely affect beneficial uses. 
Rather, the intent is to improve the regulatory basis for the Regional Board’s actions to 
protect water quality and beneficial uses.  
 
Other minor editorial corrections (e.g., spelling corrections) are also proposed but would 
have no material effect on water quality. 
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8.0 PEER REVIEW 
 
Pursuant to Health and Safety Code Section 57004, all proposed rules that have a 
scientific basis or components must be submitted for external scientific peer review.  
Cal/EPA guidelines for this peer review were used to conduct the external scientific  
review for the scientific components of the proposed amendments. Peer reviewer 
comments, found in Attachment D to this report, were considered in recommendations 
regarding the proposed amendments. Responses to peer reviewer comments are found 
in Attachment F1. 
 
 
9.0 CALIFORNIA ENVIRONMENTAL QUALITY ACT (CEQA) ANALYSIS 
 
Pursuant to the requirements of CEQA and implementing regulations, including those 
established by the State Water Board, analyses were conducted of the potential effects 
of the proposed amendments on a variety of environmental factors.  These analyses are 
presented in “Environmental Checklist and Analysis - Substitute Environmental 
Document for Proposed Amendments Related to Recreational Use Standards for Inland 
Fresh Waters within the Santa Ana Region”, November 30, 2011 (Attachment C to this 
report).  This staff report, the draft Basin Plan amendments shown in the attachments to 
Resolution No. R8-2012-0001, and this environmental analysis document, collectively 
comprise the Substitute Environmental Document (or, “SED”) required under CEQA.  
 
The requirements pertaining to this analysis are described in detail in the environmental 
analysis document (Section 1.1 Regulatory Setting). In brief, the Secretary for 
Resources has certified the basin planning program as exempt from the requirement to 
prepare an Environmental Impact Report (EIR), Negative Declaration (ND) or Initial 
Study. However, an environmental analysis is to be presented in a substitute 
environmental document (SED). The SED must include: 1) a brief description of the 
proposed amendments (the proposed project); 2) identification of any significant or 
potentially significant adverse environmental impacts of the proposed amendments; 3) 
where the potential for any significant adverse environmental impacts is found, an 
analysis of reasonable alternatives to the proposed amendments and mitigation 
measures to minimize those impacts; and, 4) an environmental analysis of the 
reasonably foreseeable methods of compliance, reasonably foreseeable significant 
adverse environmental impacts associated with those reasonably foreseeable methods 
of compliance and reasonably foreseeable mitigation measures. In preparing the 
environmental analysis of reasonably foreseeable methods of compliance, the Regional 
Board is required to take into account a reasonable range of environmental, economic 
and technical factors, population and geographic areas and specific sites. However, the 
Regional Board is not required or encouraged to engage in speculation or conjecture, 
nor is the Board required to conduct a site-specific project level analysis of the methods 
of compliance.  
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Because the Regional Board is prohibited from specifying the design, location, type of 
construction, or particular manner of compliance with waste discharge requirements or 
other orders issued by the Board (Water Code Section 13360), those entities subject to 
the proposed Basin Plan amendments and orders of the Board that may be derived 
therefrom are required to conduct project-level CEQA analysis of compliance projects. 
Accordingly, the environmental analysis document analyzes the potential environmental  
effects of implementing reasonably foreseeable methods of compliance on a 
programmatic level.  
 
Based on the analyses presented in the environmental analysis document, Regional 
Board staff has made the preliminary determination that the proposed amendments 
could not have a significant adverse effect on the environment, and, therefore, no 
alternatives or mitigation measures are proposed. (See environmental analysis 
document p. 4-3; see also p. 4-46). The proposed amendments primarily involve 
changes to the indicator bacteria used as the basis for setting objectives in the Basin 
Plan, and changes to beneficial use designations, which would not trigger the need for 
new BMPs or other compliance mechanisms that would not otherwise occur should the 
proposed amendments not be adopted. In other words, BMPs would continue to be 
implemented and maintained whether or not the proposed amendments are adopted.  In 
addition the amendments are not anticipated to substantially change the manner or type 
of BMPs that are implemented in the future. The proposed re-designation of certain 
waters, pursuant to UAAs, from REC1 to REC2 or neither REC1 nor REC2 and 
temporary suspension of recreation standards are expected to reduce the number of 
BMPs that will need to be implemented, thereby reducing potential impacts on the 
environment. As BMPs are implemented, site-specific, project level CEQA review and 
conformance will be necessary.   

While no significant potential adverse impacts of the proposed amendments were 
identified and no analysis of alternatives is thus required, the environmental analysis 
document evaluated the “No Project” alternative (See the environmental analysis 
document, Section 5.0).  Under this alternative, the Regional Board would not adopt the 
proposed amendments. No changes to the established bacteria objectives, beneficial 
uses or implementation strategies would occur.  The fecal coliform objectives now 
established in the Basin Plan would remain in effect, contrary to the expectation of 
USEPA that states will adopt water quality standards that implement the USEPA 1986 
bacteria quality criteria.  
 
Further, under the “No Project” alternative, the need for all freshwater streams to meet 
REC1 standards during high flow conditions would continue. Given the large challenges 
and costs that would be associated with reducing bacterial indicators and the 
associated potential pathogens under large storm event flows, it may be economically 
infeasible for local agencies to implement actions to try and attain these standards 
under all flow conditions. Expending resources to address standards compliance under 
all flow conditions could delay expenditures to address compliance when and where 
most needed, i.e., when and where recreational use occurs. This would be contrary to 
the public interest. 
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Finally, the water bodies proposed for re-designation (through UAAs) as REC2 only or 
neither REC1 nor REC2 would remain REC1. Implementation of additional treatment 
controls or BMPs would be required for those water bodies to attain REC1 standards 
throughout the entire reach. This would divert funds and efforts for establishment of 
BMPs at other locations which may yield greater benefits to public health and the 
protection of beneficial uses (i.e., where recreational uses are known or anticipated to 
occur.) Once again, this would be contrary to the public interest. 

 
 
10.0 PUBLIC PARTICIPATION 
 
Public participation is an important part of the Basin Planning process. As described in 
detail in Section 2.3, the Task Force actively sought public and agency participation in 
the development and consideration of the proposed Basin Plan amendments. All Task 
Force meetings were open to the public and agendas, meeting notes and work products 
were posted at the SAWPA website.  Task Force work products were also e-mailed to 
interested persons who requested inclusion on the Task Force listserv.  There were 
periodic presentations to the Regional Board regarding the work of the Task Force 
during the Board’s regularly scheduled meetings. These presentations were included on 
the agendas for the Board meetings. The agendas are posted in advance on the 
Board’s website and distributed to interested parties. Regional Board meetings are open 
to the public.   A presentation regarding the proposed Basin Plan amendments was 
made at the Regional Board’s meeting on July 15, 2011 and a verbatim transcript was 
prepared. The transcript will be included in the administrative record for this matter.  

In accordance with the State Water Board’s regulations for the implementation of 
CEQA, Board staff held a CEQA scoping meeting on January 28, 2010 in Riverside, 
California.  Notice of the meeting was posted on the Regional Board and SAWPA 
websites and sent electronically to those included on the Board’s Basin Planning 
distribution list. The scoping meeting provided participants the opportunity to comment 
on the appropriate scope and content of the substitute environmental document (SED) 
to be prepared for the proposed Basin Plan amendments (see Section 9.0 California 
Environmental Quality Act (CEQA) Analysis).  An overview of the amendments was 
presented by Board staff at the meeting. Ten individuals attended the meeting. At the 
meeting, participants provided oral comments and oral responses were provided by 
Board staff.   One set of written comments was received and written responses were 
provided (see Attachment B).   
 
The Regional Board will conduct a public hearing to consider adoption of the proposed 
amendments.  Changes to the proposed amendments may be made in response to 
comments provided. A Notice of Public Hearing/Notice of Filing (Notice) will be 
published in newspapers of general circulation in Orange, Riverside and San 
Bernardino counties, portions of which are within the Santa Ana Region and would be 
affected by the adoption of the proposed amendments. The Notice will also be posted 
on the Regional Board website and sent electronically to the Board’s Basin Planning 
and agenda distribution lists and to those included on the Task Force listserv. The 
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Notice will be published, posted and distributed at least 45 days prior to the scheduled 
Regional Board meeting. Regional Board staff will prepare written responses to  
comments that are received in accordance with schedule established in the Notice of 
Public Hearing/Notice of Filing. Written comments and responses will be included in the 
administrative record of this matter as Appendix F to this staff report.  
 
 
11.0 RECOMMENDATION 
 
Board staff recommends the adoption of Resolution No. R8-2012-0001, adopting the 
amendments to the Water Quality Control Plan (Basin Plan) shown in attachment 1 
(underline/strike-out version) and attachment 2 (“clean” version) to the Resolution. 
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Attachment B: 
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_s
tandards/BPA_REC_Standards_Staff_Rpt_AttB.pdf 
 
Attachment C: 
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_s
tandards/BPA_REC_Standards_Staff_Rpt_AttC.pdf 
 
Attachment  D: 
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_s
tandards/BPA_REC_Standards_Staff_Rpt_AttD.pdf 
 
Attachment E:  
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_s
tandards/BPA_REC_Standards_Staff_Rpt_AttE.pdf 
 
Attachment F:  
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_s
tandards/BPA_REC_Standards_Staff_Rpt_AttF.pdf   
 
 Attachment F1: 
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_s
tandards/BPA_REC_Standards_Staff_Rpt_AttF_1.pdf 
 
 Attachment F2:  
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_s
tandards/BPA_REC_Standards_Staff_Rpt_AttF_2.pdf 
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This report is part of the Staff Report – Basin Plan Amendments- Revisions to Recreational 
Standards for Inland Fresh Surface Waters in the Santa Ana Region, January 12, 2012 
 

 
 
5.6.3 UAA ANALYSIS:   Santa Ana-Delhi Channel 
 
In part, the following discussion summarizes and references data and information contained in 
the “Use Attainability Analysis Technical Report for the Santa Ana-Delhi Channel”, CDM, August 
2010 (SAD Technical Report). Maps, tables, and photographs included in the Technical Report 
are reproduced here directly or adapted and referenced appropriately.   
 
5.6.3.1 Waterbody Description / Location  
 
The Santa Ana-Delhi Channel watershed (approximately 20 mi²) is located in Orange County 
and includes portions of the cities of Santa Ana, Costa Mesa, and Newport Beach. See Figure 
SAD-1. Currently, the Santa Ana-Delhi Channel is not listed in the Basin Plan. The channel 
starts in the midsection of the City of Santa Ana and empties into the Upper Newport Bay State 
Ecological Reserve in the City of Newport Beach. The UAA addresses the Santa Ana-Delhi 
Channel mainstem and not its tributaries, which include the Santa Ana Gardens and Paularino 
Channels.  
 
 

 
 

Figure SAD-1 Santa Ana-Delhi Channel Watershed (Source: Use Attainability Analysis 
Technical Report for the Santa Ana-Delhi Channel, CDM, August 2010 Figure 2-1) 
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5.6.3.2 Reach Identification 
 
For the purpose of designating water quality standards, staff proposes that the channel be 
divided into a tidal prism segment and two upstream reaches, Reach 1 and Reach 2.  (See also 
Section 5.8 of the Staff Report) Each of these areas is described below.   
 
First, it should be noted that the analysis in the SAD Technical Report is based on subdivision of 
the Santa Ana-Delhi Channel mainstem into two reaches (1 and 2) (Figure 2-2, SAD Technical 
Report).  In the SAD Technical Report, the downstream terminus of Reach 1 is approximately 
450 feet upstream of the Bicycle/Pedestrian Bridge at University Drive.  For descriptive 
purposes only, the SAD Technical Report further subdivides Reach 1 into four segments 
(Figures 2-3, 4 and 5, SAD Technical Report) and Reach 2 into 3 segments (Figures 2-6, 7 and 
8, SAD Technical Report). Staff proposes a revised approach to reach identification, as 
described below and in Table SAD-1. However, the data and analyses provided in the SAD 
Technical Report with respect to channel morphology, surrounding land use, evidence of 
recreational activity, bacterial water quality, etc. in the channel are not substantively affected by 
this revised approach.  
 

Table SAD-1 
Reach Identification 

Reaches SAD Technical Report 
(Table 2-2, p. 2-13) 

Regional Board Staff 
Report  

Tidal Prism Not identified Bicycle Bridge to 1,036 ft. 
upstream  

Reach 1 450 ft. upstream of 
University Drive (Bicycle 
Bridge) to Sunflower 
Avenue (Station 190+00+) 

1,036 ft. upstream from 
Bicycle Bridge to 
immediately upstream of 
the intersection of 
Sunflower Avenue and 
Flower Street, Santa Ana 
(Station 209+00+) 

Reach 2 Sunflower Avenue to 
Warner Avenue 

Upstream of intersection of 
Sunflower Avenue and 
Flower Street to Warner 
Avenue 

+  Station designations from Orange County Resources and Development Management Department record 
drawings.   Following standard technical drawing convention and as an example, Station 12+34 is 1234 feet from a 
designated zero point. 
 
 
5.6.3.3 Reach Descriptions  
 
Channel characteristics for each of the proposed reaches are summarized in Table SAD-2. 
Representative photographs are included as Figures SAD-2, 3, and 4. The SAD Technical 
Report includes additional photographs of the channel. (See SAD Technical Report Figures 2-
12 through 2-25.)   
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5.6.3.3.1 Tidal prism 
 
The length of the Tidal Prism fluctuates depending on the height of the tides.  While the lower 
downstream half of this reach very likely always consists of marine waters, the upper half of the 
reach has been observed to contain flowing freshwater during lower tides. For the determination 
of beneficial uses the length of the Tidal Prism section will be determined by the area covered 
with marine waters during the mean higher-high water (MHHW)1 tide.  
 
The downstream boundary of the proposed tidal prism segment is the pedestrian/ equestrian/ 
bicycle bridge (Bicycle Bridge) located at the terminus of University Drive in the City of Newport 
Beach. The Bicycle Bridge separates the proposed tidal prism section of the channel from the 
Upper Newport Bay Ecological Reserve. The upstream boundary of the tidal prism segment is 
1,036 feet upstream of the Bicycle Bridge at the point where the channel turns sharply to the 
west (left). See Figure SAD-2.  A representative photograph of the tidal prism segment is shown 
in Figure SAD-3.  The channel characteristics of the tidal prism are identified in Table SAD-2. 
 
 The proposed tidal prism segment features a 20 ft. wide earthen bottom with an earthen side 
slope along the right channel bank (facing upstream from the Bicycle Bridge). The left bank is a 
reinforced concrete side slope adjacent to the residences along Anniversary Lane. This side 
slope transitions to an earthen side slope downstream to the Bicycle Bridge at University Drive.  
An informal equestrian training area is immediately adjacent to the right channel bank. The 
channel bottom is composed of dark organic muck and very fine grained silty and clay-like soil in 
the area of the Bicycle Bridge and upstream.   In the upper section of the tidal prism, small 
riprap rock, likely placed for erosion control, is found in the channel bottom with sections of clay-
like soil.  
 
 
 

                                                 
1 Mean Higher-High Water tide is the highest of the two high (maxima) daily tides.   
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Figure SAD-2 Santa Ana-Delhi Channel, Tidal Prism Segment 

 

 
Figure SAD-3.  Tidal Prism Segment, looking upstream from Bicycle Bridge. 

Regional Board staff photograph, June 2010. 
 

Tidal Prism Segment 
Bicycle Bridge 

Anniversary Lane 
North
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5.6.3.3.2 Reach 1  
 
Reach 1 extends from the upper end of the tidal prism upstream to immediately upstream of the 
intersection of Sunflower Avenue and Flower Street in the City of Santa Ana.   This channel reach 
is dominated by vertical concrete walls and a concrete bottom Reach 1 is approximately 3.4 miles 
in length. Channel characteristics are summarized in Table SAD-2. Note that for channel 
characteristic descriptive purposes only, two segments of the proposed Reach 1 are identified in 
Table SAD-2.  
 
The downstream section of Reach 1 continues the 20 foot wide, earthen-bottomed channel from 
the upper end of the proposed tidal prism to Mesa Avenue, a distance of about ¼ mile.  The 
right side slope, bordering a golf course, is earthen while the left side slope is reinforced 
concrete.   At the lower end of this ¼ mile stretch, dry weather low flows create some fresh 
water pools before commingling with tide water.  The remainder of Reach 1 consists of a 
reinforced concrete rectangular channel (i.e., vertical walls) where the bottom width is 55 ft with 
a shallow trapezoidal sided low-flow channel. See Figure SAD-4.  The channel is confined in 
fully enclosed culverts under the SR 55 / SR 73 interchange for approximately 2100 feet, and 
north of Interstate 405 for approximately half a mile as the channel runs beneath a 
business/entertainment complex in the city of Costa Mesa.  Upstream of this closed culvert, the 
channel resumes its open, reinforced concrete rectangular channel configuration for the short 
distance to the upper end of Reach 1.     

 
Table SAD-2. Santa Ana-Delhi Channel Characteristics 

Reach  Description Identification 
 Tidal Prism 20 ft. wide earthen bottom; earthen side slope, 

left bank reinforced concrete side slope 
adjacent to the residences along Anniversary 
Lane then transitioning to an earthen side 
slope downstream to the  Bicycle Bridge  

Bicycle Bridge to 1,036 
ft. upstream 

Reach 1 (segment 1) 20 ft. wide earthen bottom; earthen side slope 
along the right channel bank along the golf 
course; left bank reinforced concrete side 
slope 

1,036 ft. upstream of 
Bicycle Bridge to Mesa 
Drive; a distance of 
approximately 0.25mile. 

Reach 1 (segment 2) Reinforced concrete rectangular channel 
(open with vertical walls), except for reinforced 
concrete box culverts (closed box) under 
streets and a ½ mile segment north of 
interstate 405.  V-shaped low flow channel. 

Mesa Drive to 
immediately upstream 
of intersection of 
Sunflower Avenue and 
Flower Street, Santa 
Ana; a distance of 3.19 
miles. 

Reach 2 (segment 1)  Earth trapezoidal channel with riprap sides, 
bottom width of 20 ft.   

Sunflower Ave / Flower 
Street upstream 0.9 
mile 

Reach 2 (segment 2) Reinforced concrete rectangular channel, with 
low flow swale (open with vertical walls) 

0.55 mile length to 
Warner Ave, Santa Ana 
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Figure SAD-4.  Reach 1 of the Santa Ana-Delhi Channel in the City of Costa Mesa. 
Regional Board staff photograph, June 2010. 

 
5.6.3.3.3 Reach 2 
    
Reach 2 extends from upstream of the intersection of Sunflower Avenue and Flower Street to 
Warner Avenue (where the channel transforms into an underground culvert), a distance of 1.45 
miles.  The entire reach is in the City of Santa Ana. Channel characteristics are summarized in 
Table SAD-2. For channel characteristic descriptive purposes only, two segments of the 
proposed Reach are identified. 
 
From the intersection of Sunflower Avenue and Flower Street, Reach 2 consists of an earthen 
trapezoidal channel with fully rip-rapped 2:1 side slopes for about 0.9 miles.   The bottom is 
approximately 20 ft. wide.  Upstream of the earthen section, Reach 2 consists of a reinforced 
concrete, rectangular (vertical walls) channel for approximately 0.55 mile. In this section, the low 
flow channel is a shallow swale in the middle of the channel.  Reach 2 terminates at Warner 
Avenue in the City of Santa Ana.  
 



 
 

Page 7 of 40 
 

 
Figure SAD-5. Reach 2 of the Santa Ana Delhi Channel at Sunflower Avenue and 
Flower Street, looking upstream. This earthen riprap sided segment transitions to a 

concrete rectangular segment approximately 0.9 mile upstream from this point.  Low flows 
are approximately six inches deep at this point. Regional Board staff photograph, June 2010 

 
5.6.3.4 Flow Conditions and Water Levels 
Given the hydrologic patterns in Southern California, dry weather flow is the predominant 
condition in the Santa Ana Delhi Channel.   Precipitation-derived runoff typically occurs for only 
relatively short, episodic periods during and shortly after rainfall events within the tributary 
watershed. These events typically occur almost entirely during the wet season.  
 
Flows in the proposed tidal prism are affected by the tidal cycle. During high tides, tidal flows 
may fill the channel from bank to bank. Depths are greatest at the downstream terminus of the 
prism (at the Bicycle Bridge), where staff observed the depth to be ~7.5 ft during high tide in 
May 2011.  Dry weather fresh water flows that reach the tidal prism, (as measured at Mesa 
Drive by Orange County staff (June 1- September 30, 2010), average 1.9 cubic feet per second 
(less than a foot deep as observed by Regional Board staff. During low tides and dry weather 
water, depth in the upper sections of the tidal prism at times can be about a foot deep (Regional 
Board staff observation).   
 
The dominant dry weather flows in the proposed Reaches 1 and 2 create perennial flows of a 
few inches in depth in the channel. In the earth-bottomed sections of these reaches, dry weather 
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flows typically are six inches or less as observed by Regional Board staff.  The sources of the 
dry weather flows are rising groundwater and urban runoff.   
 
Wet weather runoff flows in these reaches can be bank to bank and within a few feet of the of 
the maximum channel depth, and of a high velocity.  These wet weather events create flows 
many times greater than the dry weather flow rates.  Such flows create conditions that are 
unsafe for recreational use. (The temporary suspension of recreational standards under certain 
high flow conditions is proposed; see Section 5.5 of the Staff Report). 
 
CDM conducted detailed analyses of available flow data. Flow data for the period of 1991 
through 2008 was provided by Orange County Public Works and was processed to facilitate 
time series plotting and frequency distribution analysis. Hydrologic data used in the analysis was 
developed from the depth of flow in the channel recorded at 30-minute intervals at a gage 
located upstream of the Irvine Avenue bridge, near Mesa Avenue (in the proposed Reach 1). 
(See Figure SAD-6). The channel in this area is concrete-lined, with vertical walls, 
characteristics that predominate in the channel as a whole. 
 
Depth of flow has been directly measured in the channel. The relationship between depth of flow 
and flow rate is defined by a rating curve, which may be used to convert continuous depth 
records to flow rates. The rating curve for the vertical section of the Santa Ana-Delhi Channel 
was developed in August 2005 by field calibrations of flow at varying depths. Figure SAD-7 
presents a hydrograph of mean daily flow data from 1991 to 2008. 
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Figure SAD-6.  Mean Daily Flow in the Santa Ana-Delhi Channel at Irvine Avenue (1991-2008)  
(Source: Use Attainability Analysis Technical Report for the Santa Ana-Delhi Channel, CDM, August 2010,  
Figure 4-2) 
 
The continuous time series of measured depth and estimated flow were analyzed to assess the 
frequency of different conditions in the channel section. Cumulative frequency distributions show 
the likelihood of a particular flow condition occurring within the channel section. Cumulative 
frequency curves of flow rate and depth from 1991 to 2008 were generated (Figures SAD-7 and 
SAD-8). Frequency distributions show that more than 90 percent of the time, flow rates and 
depths are characteristic of dry weather flow conditions. As shown in Figure SAD-8, flow depths 
during 1991 to 2008 were less than 2 feet approximately 95 percent of the time and less than 1 
foot approximately 90 percent of the time. 
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Figure SAD-7. Channel Flow Duration Curve for the Santa Ana-Delhi Channel at Irvine Avenue (1991-2008) 
(Source: Use Attainability Analysis Technical Report for the Santa Ana-Delhi Channel, CDM, August 2010, Figure 
4-3) 
 

 
Figure SAD-8.  Channel Depth Curve for the Santa Ana-Delhi Channel at Irvine Avenue (1991-2008) (Source: 
Use Attainability Analysis Technical Report for the Santa Ana-Delhi Channel, CDM, August 2010, Figure 4-4) 
Hydrographs were used to show the typical response of the Santa Ana-Delhi Channel during 
rain events of varying depths. Rainfall event depths were used to select specific dates to extract 
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the flow response from the corresponding storm event. Hydrographs resulting from ¼”, ½”, ¾”, 
1”, 2”, and 3” rainfall events at coupled meteorological stations were overlaid to show similarities 
or differences in response based on rainfall depth (see Figure SAD-9). Flows in the Santa Ana-
Delhi Channel typically return to base flow conditions shortly after storm events. Analysis of the 
six storm events representing a range of rainfall depths showed that near-dry-weather channel 
velocities (and associated depths) returned in as soon as 8 hours following a storm event, 
ranging from 8 to 20 hours in most cases. 
 
  
 

 
(Source: Use Attainability Analysis Technical Report for the Santa Ana-Delhi  
Channel, CDM, August 2010, Figure 4-5) 
 
5.6.3.5 Access and Safety 
 
The Orange County Flood Control District (OCFCD) prohibits access to the Santa Ana Delhi 
Channel for its entire length, which includes the three proposed reaches identified in this staff 
report.  To prohibit access OCFCD has enclosed the channel including easements, access 
roads, etc., with a six foot high chain link fence and keeps access and maintenance gates 
locked.  (See, for example, Figures SAD-3, 4 and 5). OCFCD considers public access to the 
channel to be unsafe.  Wet weather runoff from the surrounding watershed into the channel can 
create very dangerous, high velocity flow conditions in the channel. (See Figure SAD-6 above) 

         
    

0

200

400

600

800

1000

1200

1400

1600

1800

2000

0 6 12 18 24 30 36

Time Since Beginning of Storm Rise (hours)

Fl
ow

 (c
fs

)

0.1 inch rainfall 

0.25 inch rainfall

0.5 inch rainfall

1 inch rainfall 

2 inch rainfall 

3 inch rainfall 

Figure SAD-9 
Event Hydrographs from the Santa Ana-Delhi. 
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In addition, the vertical walls that are found in much of the channel make access into the 
channel very difficult and dangerous. The riprap covered slopes and the short section of earthen 
slopes are also difficult and unsafe as a route to access the channel given their slope and 
rough/un-even terrain.  To paddle a kayak or canoe into the tidal prism section of the channel is 
prohibited by Department of Fish and Game (DFG). DFG signs are posted in Upper Newport 
Bay warning that no water craft are allowed into the upper bay’s salt marsh, the only access by 
water into the Channel from Newport Bay.   
 
5.6.3.6 Adjacent Land Use  
 
Land uses adjacent to and in the vicinity of each of the proposed reaches is shown in Figure 
SAD-10.   
 
The tidal prism segment is bounded by an office complex and residences on the northwest, an 
informal equestrian riding area on the southeast, the upper Newport Bay Ecological Reserve to 
the southwest, and a golf course on the northeast.  Individuals crossing the bicycle bridge at the 
southwest end of the segment can easily view the entire length of the tidal prism. However, it is 
difficult to view the channel from the east, west, and north sides because the earthen levees 
block the views.  

 
Figure SAD-10 Land Uses and Channel Characteristics 

(Source: adapted from Use Attainability Analysis Technical Report for the Santa Ana-Delhi 
Channel, CDM, August 2010, Figure 2-9) 
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Residences and sections of two golf courses border lower sections of Reach 1. The remainder 
of Reach 1 is mostly bordered by commercial and industrial urban uses.  Most of the reach is 
out of the view of residences and the public.  An exception is where a bicycle trail follows the 
channel for about 1/3 mile in the downstream section.  The trial is separated from the channel 
by a fence.  
 
Reach 2 is bounded by Flower Street, residences, some businesses, an elementary school, and 
an intermediate school. In the upstream concrete lined section, a bike trail lies adjacent the east 
side of the channel for about a city block. The channel is fenced.  
 
5.6.3.7 Water Quality Conditions 
 
The Orange County Health Care Agency (OCHCA) has performed water quality monitoring of 
the Santa Ana-Delhi Channel since 1973.  From August 1973 through February 1976, fecal 
coliform grab samples were collected approximately monthly at Irvine Avenue, which is near the 
lower boundary of the proposed Reach 1.  Beginning in 1985, the sampling site was relocated to 
the Santa Ana-Delhi Channel at Backbay (at the Bicycle Bridge, the lower terminus of the 
proposed tidal prism), where the channel transitions from a trapezoidal, riprap lined channel to a 
natural wetlands area (part of the Upper Newport Bay Ecological Reserve).  At the Backbay 
location, samples were collected approximately weekly.  Monitoring at this location was 
terminated in 2008.  The data collected at the two monitoring locations were combined for 
analyses and comparison to the existing fecal coliform objectives. 
      
Orange County Coastkeeper also performed E. coli monitoring at MacArthur Boulevard (within 
proposed Reach 2) and Mesa Drive (in proposed Reach 1) between 2004 and 2006.  Samples 
were collected from one to three times per month at both sample locations.  
 
Regional Board staff sampled at Sunflower Avenue (proposed Reach 2) for E. coli in June 2009.  
Five samples were taken in a 30 day period and a geomean was determined.  
 
The fecal coliform and E. coli data collected by the OCHCA and Orange County Coastkeeper 
and evaluated in this report for the Santa Ana Delhi Channel are summarized in Appendix 1 of 
this report and Table 3-3 of the SAD Technical Report.  The data collected by Regional Board 
staff in June 2009 are also shown in Appendix 1.  
 
In addition to monitoring for fecal coliform and E. coli, the OCHCA has in recent years monitored 
the proposed tidal prism section of the Channel for enterococcus.  Weekly monitoring data for 
enterococcus collected from January 4, 2010 to November 21, 2011 were evaluated to 
determine antidegradation targets for the proposed tidal prism section of the channel (See 
Section 5.2 of the Staff Report). The monitoring results are shown in Appendix 2.  
 
For the fecal coliform data collected during 1973-2008, when 5 or more samples were collected 
in a 30 day period (calendar month, not rolling 30 day periods), a geometric mean (geomean) 
was calculated and compared to the existing REC1 fecal coliform objective (200 
organisms/100mL based on five or more samples/30 day period). Where insufficient data were 
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available to calculate geomeans, the fecal coliform data were compared generally to that part of 
the existing REC1 fecal coliform objective that specifies that not more than 10% of the samples 
exceed 400 organisms/100mL for any 30-day period.   
 
These fecal coliform data indicate that the existing fecal coliform objectives are consistently 
exceeded, with minor exceptions. Fifty-six (56) geomean fecal coliform values were calculated 
and all but one exceeded the geomean objective of 200 organisms/100mL. (See also SAD 
Technical Report, Figure 3-16).Approximately two-thirds of the grab sample results for fecal 
coliform exceeded the 400 fecal coliform per 100 mL objective.(See also SAD Technical Report, 
Figure 3-15). 
 
The E. coli geomean determined from samples collected in June 2009 at Sunflower Avenue was  
916 E. coli organisms per 100/mL, which exceeds the proposed REC 1 geomean objective of 
126 E. coli organisms per 100 m/L(based on five or more samples during a 30-day period).  No 
geomeans based on the E. coli data collected by Orange County Coastkeeper from 2004-2006 
were calculated since there were not at least five samples collected during a calendar month. 
Individual sample results ranged generally from 100 E. coli  organisms/100mL to over 10,000 
organisms per 100 mL.  
 
5.6.3.7.1 Expected Water Quality Improvement 
 
Currently, BMPs are being employed to reduce fecal indicator bacteria including fecal coliform, 
in the Delhi Channel and other tributaries to Newport Bay in response to the approved fecal 
coliform TMDL for the Bay and pertinent requirements in the Orange County Areawide Urban 
Storm Water Runoff Management  Program NPDES permit (Order No. R8-2009-0030, NPDES 
No. CA8618030, as amended). BMPs evaluated by the Orange County Stormwater Program 
include pathogen treatment/removal BMPs, such as dry weather diversions to the sanitary 
sewer, wet ponds and wetlands, and source control programs, including septic system inventory 
and assessment and portable toilet oversight. There are 38 existing diversion facilities within 
Orange County, though none at the present time in the Santa Ana Delhi watershed. These dry 
weather diversions of flows to the sewer are considered to be 100% effective at controlling 
pathogens in the diverted flows, and thereby have proven to be effective in reducing 
exceedences of bacteria quality objectives. However, treatment plant agencies presently view 
dry weather diversion as a temporary, short-term practice. Full diversion of urban runoff under 
all weather conditions would be economically and technically infeasible. Wet ponds and 
wetlands can also achieve significant reductions in bacteria densities, but the use of these 
BMPs is limited by existing development and other physical factors.  Vegetated strips and 
swales have been reported to have limited success in reducing bacteria densities.  The area 
tributary to the Santa Ana Delhi Channel is sewered and septic tanks are not considered a 
source of bacteria inputs. Sewer system leaks have not been demonstrated to be a contributor 
to bacteria densities in the Channel. In short, absent dry weather diversions, significant water 
quality improvement that results in consistent compliance with bacteria quality objectives as the 
result of BMP implementation is likely to be highly problematic. Dry weather diversions, if 
implemented for the Channel, would be expected to improve bacteria water quality during 
periods of diversion. However, as noted, such diversions are regarded as only temporary.  
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5.6.3.8 Recreation Use Surveys 
 
5.6.3.8.1 Evidence of Actual Recreational Use 
 
As described in Section 5.6.2.2 (SWQSTF UAA Methodology) of the Staff Report, extensive 
photographic evidence was gathered to assess whether and what type of existing recreational 
use occurs in the Santa Ana Delhi Channel.  In addition, field surveys were conducted by 
members of the Task Force and the consultant staff responsible for camera installation and 
maintenance. Information was also obtained from county personnel responsible for monitoring 
and channel maintenance.   
 
 
 
5.6.3.8.2 Digital Field Observation Camera Recreation Survey 
 
From June 2005 through July 2006, recreational use surveys were performed at the Santa Ana 
Delhi Channel to obtain information regarding existing levels and types of recreation use.  Digital 
field observation cameras and data transfer technology, coupled with weekly on-location 
physical surveys were used to collect the data. Three locations within the Santa Ana-Delhi 
Channel were surveyed:   
 

• Upper Newport Bay at mouth of Santa Ana-Delhi Channel (facing downstream from the 
Bicycle Bridge, away from the tidal prism segment)  

• Santa Ana-Delhi Channel at Mesa Drive, facing downstream (Reach 1) 
• Santa Ana-Delhi Channel at Sunflower Avenue, facing upstream (Reach 2) 
 

It should be noted that the Upper Newport Bay location, at the mouth of the Santa Ana Delhi 
Channel, is outside the scope of the UAA recommendations for changes to recreation beneficial 
use designations. This location, just downstream of the lower boundary of the proposed Santa 
Ana Delhi tidal prism, was surveyed as an indication of recreation activity in an area that might 
be expected to receive more extensive use, given its un-fenced, natural nature  
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Figure SAD-11 

Photo of the Camera View at the Recreational Use Survey Location for 
Santa Ana-Delhi Channel (Upper Newport Bay) (Source for both Figures V-SAD-11 
and V-SAD-12: UAA Technical Report for Santa Ana-Delhi Channel by CDM, August 2010, 

Figures 3-2 and 3-3) 
 

 

 
 

Figure SAD-12 
Photo of the Camera View at the Recreational Use Survey Location for 

Santa Ana-Delhi Channel at Mesa Drive looking downstream. (Reach 1, Segment 1) 
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Figure SAD-13 

Photo of the Camera View of the Recreational Use Survey Location for 
Santa Ana-Delhi Channel at Sunflower Avenue (Reach 2, Segment 1) 

(Source: UAA Technical Report Santa Ana-Delhi Channel Figure 3-4 by CMD August 2010) 
 
and its proximity to an interpretive center, biking/hiking trail and the Upper Newport Bay 
Ecological Reserve. This area of Upper Newport Bay is currently designated REC1; no changes 
to this designation are proposed. Camera views at the survey locations are shown in Figures 
SAD-11, 12, and 13. 
 
The duration of the survey and number of images collected for each location on the channel are 
shown in Table SAD-3. At each survey location, an image was collected every fifteen minutes 
during daylight hours throughout the study duration unless signal strength fluctuations or 
equipment failures precluded collection and transmission.  Images were not collected at night 
due to darkness.  

 
 

 
 
Source:  Use Attainability Analysis Technical Report for the Santa Ana-Delhi Channel, CDM, August 2010, Table 3-
1. 

Table SAD-3 
Recreational Use Survey Duration and Number of Images Collected 

 
Survey Location  
 

Start Date  End Date  Number of 
Images  

Upper Newport 
Bay  

6/20/2005  6/6/2006  20,203  

Mesa Drive  6/20/2005  7/13/2006  21,284  
Sunflower Avenue  7/7/2005  7/9/2006  20,978  
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Any image containing a person or persons within channel fencing or boundaries was defined as 
a recreation event.  If a person or persons were observed meeting the same conditions as 
above during the weekly on-site surveys, these were also considered events.  An event could 
include one or more persons.  For each event each person’s activity and the estimate duration 
of the event were logged.  If an activity was captured on only one image, an activity duration 
was reported as <30 minutes.  Likewise, if the same activity by the same person or persons was 
observed in two consecutive fifteen-minute interval images, the duration was reported as <45 
minutes.   
 
Channel maintenance activities were captured in several images but not considered to be 
recreational use activity. These activities were observed at the Mesa Avenue and Sunflower 
Avenue locations and primarily consisted of crews collecting trash. One image was captured of 
an Orange County Coastkeeper water quality sampler (Figure 3-11 in the SAD UAA Technical 
Report). Images were also captured of Task Force members performing site visits at the Upper 
Newport Bay and Sunflower Avenue locations. These images were not considered in the 
analysis of recreational use activities. 
 
Table SAD-4 presents a summary of the activity recorded at the Santa Ana-Delhi Channel 
survey locations over the duration of the survey.  The seasonal periods defined in southern 
California NPDES stormwater permits were used to categorize the observations by season: dry 
season (April 1 to September 30) and wet season (October 1 to March 31).  Figures 3-5 through 
Figure 3-13 in the UAA Technical Report are example photographs of observed activity.  Figure 
3-6, 3-7 and 3-10 are reproduced below as SAD-14, 15, and 16. The full recreational use survey 
information can be found in the Recreational Use Survey Data Report - Santa Ana-Delhi 
Channel prepared for the SWQSTF by CDM in October 20062. See www.sawpa.org for all 
Recreational Use Survey Data Reports. 
 
 
                                                 
2 It should be noted that in this Recreational Use Survey Data Report (and those prepared for the other waters for 
which UAAs are discussed in this staff report), recreational events were differentiated as contact or non-contact 
events. Where it appeared that there was or might be contact activity in an image, the type of that contact was 
categorized as: incidental contact, contact below the ankle, contact between the ankle and waist, contact between 
the waist and neck, contact above the neck, or non-recreation contact. However, subsequent analyses, discussed 
in the SAD Technical Report, abandoned this categorization scheme. It was decided that the consultants’ 
determination in the recreational use survey reports of whether an event should be categorized as contact or non-
contact imposed a pre-determination of the nature of the event that was intended instead to be considered by the 
Task Force. The Recreational Use Survey Data Report- Santa Ana Delhi Channel identified three images in which 
water contact appeared to be indicated. In each of these three cases, the duration of the event was short (less than 
30 minutes) and the potential contact was low (limited to hand or foot contact, if at all). The resolution of some 
photographs and/or distance from the camera to an observed individual made discerning that actual nature of the 
contact, if any, difficult to judge. Based on further evaluation of the nature of the recreation events depicted in these 
three images, the Task Force determined that the predominant activity shown in the three images was walking or 
sitting; there remained significant uncertainty about whether contact (hand or foot) actually occurred. As reflected in 
Table SAD-4, the characterization scheme employed in the SAD Technical Report employed a different approach, 
identifying recreation events and the type of activity witnessed, rather than asserting conclusions regarding the 
contact versus non-contact nature of those activities.   
 
 

http://www.sawpa.org/
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Table SAD-4 
Recreational Activity Recorded for the Santa Ana-Delhi Channel 

Location 
Number of Individuals Estimated 

Duration 
(min) 

Type of Activity 
Total Dry 

Season 
Wet 
Season 

Upper Newport 
Bay 

38 34 4 1,170 
 

Walking, Sitting, 
Boating 

Mesa Drive 6 4 2 180 Walking, Bicycling 

Sunflower Avenue 7 4 3 210 Walking 

Source:  Use Attainability Analysis Technical Report for the Santa Ana-Delhi Channel, CDM, August 2010,  
Table 3-2. 

 
Figure SAD-14 

Photo of Activity at Santa Ana-Delhi Channel (Upper Newport Bay), 5/19/2006 12:30 
(Source:  Use Attainability Analysis Technical Report for Santa Ana-Delhi Channel Figure 3-8, 

August 2010 by CDM) 
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Figure SAD-15 

Photo of Activity at Santa Ana-Delhi Channel at Mesa Drive (Reach 1, Segment 1), 
7/8/2006 14:30. (Source: UAA Technical Report for Santa Ana-Delhi Figure 3-7 by CDM, August 2010) 

 

 
Figure SAD-16 

Photo of Activity at Santa Ana-Delhi Channel at Mesa Drive (Reach 1), 7/8/2006 14:30 
(Source: UAA Technical Report for Santa Ana-Delhi Figure 3-11 by CDM, August 2010) 

 
Overall, the results of these surveys indicated a very low frequency of recreational events of any 
kind. Most events were observed from the Bicycle Bridge and occurred downstream of the 
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proposed tidal prism in the upper reaches of Upper Newport Bay, near a natural interpretive 
center and bike/hiking path.   As reflected in Table SAD-4 the activities captured in the images 
entailed walking, bicycling and sitting by or in the vicinity of the water.  The boating event was a 
canoeist paddling in the upper reaches of Upper Newport Bay, downstream of the Bicycle 
Bridge and the proposed tidal prism.  
 
5.6.3.8.3 Physical Surveys and Other Information 
 
In addition to the weekly physical surveys associated with maintenance of the digital cameras, 
Task Force members conducted field surveys at the camera locations during July and August 
2006. No one was observed in any of the proposed reaches of the channel, and there was no 
evidence of recreational activity in the channel.  
 
Orange County Flood Control District staff who conducts maintenance activities in the channel 
reported seeing no one in any of the proposed reaches of the channel. Likewise, Orange County 
Health Care Agency staff reported that in 10 years of collecting samples (~weekly) in the 
proposed tidal prism and in Reach 1, no one was observed in the channel. Further, Orange 
County park rangers stationed in the Upper Newport Bay (Muth) Interpretative Center, close to 
the downstream terminus of the proposed tidal prism where it enters the Upper Bay reported 
never seeing anyone in the proposed tidal prism area. Finally, Regional Board staff has visited 
the proposed reaches of the channel for various purposes over a number of years and have not 
witnessed anyone in the channel.  
 
5.6.3.8.4 Evidence re Historical Recreational Use  
 
To collect information regarding historical recreational use, CDM conducted inquiries to local 
jurisdictional agencies, online searches of California newspaper archives, databases 
(engineering and environmental trade journals), and search engines such Google News archive 
and Lexis-Nexis to identify any accounts or reference to recreational activities in the Santa Ana 
Delhi channel. No historical use information was identified from these searches. 
 
5.6.3.8.5 Probable Future Use 
 
Information regarding potential future recreational uses for the Santa Ana-Delhi Channel was 
obtained through discussions with local agencies and review of relevant county and municipal 
master plans.  The Cities of Costa Mesa, Newport Beach, and Santa Ana were contacted, as 
was the County of Orange.  Based on these inquiries, proposed planned uses were documented 
in the SAD Technical Report, as presented below.  
 
According to the Orange County Flood Control District, facilities that could support water contact 
recreation use are not planned for the channel.  Areas immediately adjacent to downstream 
sections of the channel (proposed Tidal Prism and parts of proposed Reach 1) are included in 
the proposed Santa Ana Heights Regional Trail System and a trail has been planned to extend 
from Upper Newport Bay to the Orange County Fairgrounds.  As noted previously, 
approximately 1/2 mile of this trail, along the channel from Santa Ana Avenue to Irvine Avenue 
is already in use.  The trail is separated from the Channel by fencing. 
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The City of Santa Ana Department of Parks and Recreation Services is planning to construct a 
bicycle trail along the Santa Ana-Delhi Channel between Warner Avenue and Sunflower 
Avenue.  The bicycle trail is proposed to be constructed on an existing OCFCD maintenance 
road between the channel and adjacent properties. Construction was expected to commence 
before 2010.  As of early 2011, construction has not been initiated.       
 
The City of Costa Mesa has preliminary design concept plans for a multipurpose trail to be 
constructed along the Santa Ana-Delhi Channel.  This trail is proposed to also be constructed 
on the existing OCFCD maintenance road along portions of the channel within the City’s 
jurisdiction.   
 
In 2011, planning staff for the County provided updated planning information. While there 
remain plans for riding, hiking and biking trails adjacent to the channel, there are no firm plans 
for implementation or funding.  There are no plans to provide recreational facilities that would 
support water contact recreation in the channel itself.  
 
 
 
 
 
 
5.6.3.8.6 Summary – Evidence of Recreational Use 
 
5.6.3.8.6.1 REC1 
 
In summary, there is no evidence of actual current, historic, or reasonably probable future REC1 
use in the proposed reaches of the Santa Ana Delhi Channel addressed by this UAA.  Intensive 
photographic surveys, field surveys and information provided by public agency staff members 
who routinely visit the proposed reaches of the Channel provided no evidence of current REC1 
use. Nor is there any evidence of historic use of the proposed reaches for REC1 use.  
 
The lack of REC1 use is a reflection of the various characteristics of the channel reaches 
described in detail in the preceding sections of this report. These include the morphology of the 
channel, which is characterized by heavily modified vertical, concrete-lined walls or steep and 
rough rip-rap side slopes. Coupled with fencing along the length of the channel on both sides, 
these channel characteristics make access generally difficult and dangerous. Flow conditions in 
the channel reaches are very low under most conditions, making water contact leading to 
ingestion unlikely. High flows during storm events, which typically occur during the wet season, 
make recreational activity in the channel unsafe (temporary suspension of recreation standards 
during certain high flow conditions is proposed; see 5.5). There are residences and a school in 
the vicinity of some areas of the proposed reaches. However, fencing, channel morphology, flow 
conditions and the close proximity of recreational areas in Newport Bay and the Pacific Ocean 
make recreational activity in the channel itself highly unlikely. Again, this is documented by the 
photographic and field survey information provided above.  Other areas of the proposed reaches 
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are adjacent to commercial/industrial land uses not conducive to visiting the channel, let alone 
recreational activity in it.  
 
Again taking into consideration this suite of factors, as well as master planning information, 
there is no evidence that REC1 use in the future is probable.  
 
It should be noted again that determinations regarding the appropriate recreational use 
designations are subject to review and revision during future triennial reviews.  
 
5.6.3.8.6.2 REC2 
 
Birds have been observed feeding/resting in the proposed tidal prism. Wildlife viewing 
opportunities are provided at the Bicycle Bridge, at the downstream terminus of the proposed 
tidal prism. In view of this, Board staff recommends designating the REC2 beneficial use for the 
proposed tidal prism.  
 
As shown in Table SAD-4 (Recreational Activity Recorded for the Santa Ana-Delhi Channel), 
there are limited observations of individuals walking in or bicycling by proposed Reaches 1 and 
2. Some of these observations may represent individuals conducting routine 
inspection/maintenance activities but whose presence in that context could not be confirmed. 
There is limited sight view of much of the proposed Reach 1, and much of the reach is also 
adjacent to commercial/industrial land uses. Therefore, Board staff recommends that REC2 not 
be designated for this reach.  The predominant land use adjacent to the proposed Reach2 is 
residential. Wading birds and other wildlife can be observed by the residents and other 
members of the public from the sidewalks along the channel, even though separated by fencing) 
or from the few streets that cross the channel.   Thus, Board staff recommends that this 
proposed Reach be designated REC2.  
 
5.6.3.9 UAA Factor Evaluation  
 
As discussed in 5.6.2.1 Regulatory Framework – UAAs of the Staff Report, per federal 
regulation at 40 CFR 131.10 (h), a designated use may be removed or modified to allow the 
application of less stringent water quality objectives provided that the use is not an “existing use” 
and that the use cannot be attained by implementing effluent limits on point source discharges 
and/or cost-effective and reasonable best management practices for nonpoint source control.  
 
The preceding evidence demonstrates that REC1 is not an “existing use” for the proposed tidal 
prism, Reach 1 and Reach 2 of the Santa Ana Delhi Channel.  There is no evidence of actual 
REC1 use, either now or historically.  Water quality objectives to protect REC1 have not been 
consistently attained.  Best management practices to improve water quality conditions are being 
implemented but the ability of these BMPs to achieve consistent compliance with the objectives 
(those now in the Basin Plan and those proposed herein) is highly problematic. This 
determination is based on evaluation of the efficacy of bacteria control BMPs in other areas 
(SAD Technical Report, Section 3.3.2). While diversions to the sewer are used in Orange 
County (though not at the present time in the Santa Ana Delhi Channel) or might be used to 
address potential bacteria sources and improve downstream water quality, such diversions are 
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considered by the sewering agencies only as temporary measures. BMPs are being 
implemented in response to requirements of the applicable areawide urban stormwater NPDES 
permit.  There are no other point source discharges of bacteria to the Delhi channel and thus 
there are no additional effluent limitations for bacteria that could or should be imposed to 
improve water quality conditions in the Channel.  
 
Since there is no evidence that REC1 is an “existing use”, and since there is now no evidence 
that the use could be attained through the implementation of effluent limitations or additional 
cost-effective and reasonable BMPs, then one or more of the UAA factors in 131.10(g) may 
justify the removal of the REC1 use3. As stated previously, the 131.10(g) factors define the 
circumstances under which designated “swimmable” (REC1) (and “fishable”) uses may be 
removed or subcategorized to allow the application of less stringent water quality objectives. 
The UAA factor evaluation is discussed next.   
 
The following describes the evaluation of the data and information presented above relevant to 
two of the UAA factors identified in 40 CFR 131.10(g).  These are:  
  
 
 

• Natural, ephemeral intermittent or low flow conditions or water levels prevent the 
attainment of the use, unless these conditions may be compensated for by the discharge 
of sufficient volume of effluent discharges without violating State water conservation 
requirements to enable uses to be met. (131.10(g)(2)) 

• Dams, diversions or other types of hydrologic modifications preclude the attainment of 
the use, and it is not feasible to restore the water body to its original condition or to 
operate such modifications in a way that would result in the attainment of the use. 
(131.10(g)(4)) 

 
5.6.3.9.1 Natural, Ephemeral, Intermittent or Low Flow Conditions or Water Levels [40 
CFR 131.10(g)(2)] 
 
Flow data and analyses are presented above and in the SAD Technical Report (Section 4.2).  
The dominant dry weather flows in the proposed Reaches 1 and 2 create perennial flows of a 
few inches in depth in the low flow channel.  In the earth-bottomed sections of these reaches, 
dry weather flows typically are six inches or less observed by Regional Board staff.  The data 
collected at Irvine Avenue (within the proposed Reach1), which are considered representative of 
Reaches 1 and 2 of the Channel, show flow depths were less than 2 feet approximately 95 
percent of the time and less than 1 foot about 90 percent of the time.  Flows in the proposed 
tidal prism are augmented by tidal flows. There are no sources of effluent discharges that would 
be allowed to be discharged to augment the existing flows sufficient to attain the REC1 use, 
taking into account water quality impairments in Newport Bay. 
 

                                                 
3 Since the Santa Ana Delhi Channel is not now listed in the Basin Plan, the REC1 use has not been formally 
designated for the channel. However, pursuant to federal law and regulation, REC1 is presumed to be a beneficial 
use of the channel, unless demonstrated otherwise through a UAA.  
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The predominant low flows in the Channel render the REC1 use unattainable, especially when 
considered in concert with the other relevant factors discussed above (access, safety, proximity 
to recreational areas, etc.). 
 
5.6.3.9.2 Dams, Diversions or Other Types of Hydrologic Modifications [40 CFR 
131.10(g)(4)] 
 
The Santa Ana Delhi Channel has been significantly modified for flood control purposes. As 
described above and summarized in Table SAD-2, the channel is comprised of vertical, 
trapezoidal and closed culvert segments, with segments of significant widening and permanent 
armoring. Representative photographs of the modified channel are shown in this report in 
Figures SAD-12 through 16; additional images are provided in the SAD Technical Report 
(Figure 2-2 and Figures 14-25 show modified (straightened) segments of the channel; Figures 
2-17, 2-19 and 2-20 show portions of the channel that have been permanently placed 
underground (closed culverts and conduits).  Given the level of development in the vicinity of the 
channel and the ongoing need to provide flood protection, it is not considered feasible to restore 
the channel to its original condition or to operate the channel so as to attain the REC1 use. 
 
 
 
 
5.6.3.10 Conclusions and Recommendations 
 
The preceding evidence and analyses demonstrate that: 
 

• REC1 is not an “existing” use in the proposed tidal prism, Reach 1 or Reach 2 of the 
Santa Ana Delhi Channel and the use cannot be attained by implementing effluent limits 
on point source discharge and/or cost-effective and reasonable best management 
practices for nonpoint source control.  

 
• The REC1 use designation is not appropriate for the proposed tidal prism, Reach 1 or 

Reach 2 of the Santa Ana Delhi Channel because flow conditions and hydrologic 
modifications preclude the use Flow conditions cannot be compensated for by effluent 
discharges, nor is it feasible to restore the water body or operate the hydrologic 
modifications of the Channel in order to attain the use [40 CFR 131.10 (g) (2) and (4)].  

 
• It is appropriate to designate the proposed tidal prism and Reach 2 REC2, given that the 

channel in these areas is visible to the public, which may use these areas for wildlife 
observation and walking.   

 
• The REC2 designation is not justified for the proposed Reach 1.  

 
 
Recommendations regarding the REC1 and REC2 designations for the proposed tidal prism, 
Reach 1 and Reach 2 of the Santa Ana Delhi Channel are summarized in Table SAD-5. 
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Table SAD-5 
 Reaches+ Reach 

Boundaries+ 
REC1 REC2 Current 

Beneficial 
Use 

Designations 
Santa Ana-

Delhi 
Channel 

 
 
 
 

Tidal Prism 
Upper Newport 
Bay to 1036 ft. 

upstream 
No Yes 

Not listed 
In the Basin 

Plan;  
Assumed 

REC1 Reach 1 
Tidal prism to 

Sunflower Ave. 
/Flower St. 

No No 

Reach 2 

Sunflower/Flower 
to Warner 
Avenue 

 

No Yes 
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Appendix 1 – Fecal Coliform and E. coli Data for the Santa Ana Delhi Channel     
Table 3-34 

Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi 
Channel 1974-2008 
Month and 
Year 

Numbers of 
Samples 
Collected 

Minimum 
Value 
(MPN/100ml)  

Maximum 
Value (MPN 
/100ml)  

 
Geometric 
Mean 
(MPN/100ml) 

Santa Ana Delhi Channel at Back Bay 

Fecal Coliform 

12/1985  1  700  700   

1/1986  4  1,300  5,000   

2/1986  4  110  7,000   

3/1986  5  400  30,000  2,862 

4/1986  4  200  50,000   

5/1986  4  200  1,300   

6/1986  5  200  160,000  1,542 

7/1986  4  800  22,000   

8/1986  4  80  200   

9/1986  5  20  17,000  422 

10/1986  4  4,000  160,000   

11/1986  3  20  1,700   

12/1986  5  400  160,000  7,767 

1/1987  4  200  1,300   

2/1987  4  300  7,000   

3/1987  5  200  24,000  842 

4/1987  4  200  200   

5/1987  4  200  700   

6/1987  5  20  400  145 

7/1987  3  200  400   

8/1987  4  80  2,300   

9/1987  4  400  3,000   

10/1987  4  800  160,000   

11/1987  5  500  2,300  933 

12/1987  4  20  7,000   

1/1988  4  20  2,400   

2/1988  5  20  8,000  264 

 
 
 
  
                                                 
4 Source: UAA Technical Report for Santa Ana Delhi by CDM, August 2010 
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Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi 

Channel 1974-2008 
Fecal Coliform 

Month and 
Year 

Number of 
Samples 
Collected 

Minimum 
Value 
(MPN/100ml)  

Maximum 
Value (MPN 
/100ml)  
 
 

Geometric 
Mean 
(MPN/100ml) 

3/1988  3  20  500   
4/1988  4  80  8,000   
5/1988  1  20  20   
6/1988  5  40  1,100  354 
7/1988  4  400  800   
8/1988  5  600  50,000  3201 
9/1988  4  1,300  3,000   
10/1988  5  800  3,000  1739 
11/1988  4  80  160,000   
12/1988  2  1,300  2,400   
1/1989  4  800  13,000   
2/1989  3  3,000  7,000   
3/1989  3  800  5,000   
4/1989  3  2,200  8,000   
5/1989  5  1,300  22,000  5,430 
6/1989  3  300  50,000   
7/1989  3  2,200  17,000   
8/1989  4  5,000  50,000   
9/1989  2  11,000  160,000   
10/1989  4  110  30,000   
11/1989  4  2,300  160,000   
12/1989  3  800  13,000   
1/1990  4  2,300  5,000   
2/1990  3  80  3,000   
3/1990  3  7,000  22,000   
4/1990  4  130  5,000   
5/1990  4  300  160,000   
6/1990  4  1,700  160,000  
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Table 3-3 

Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi 
Channel 1974-2008 

Fecal Coliform 

Month and 
Year 

Number of 
Samples 
Collected 

Minimum 
Value 
(MPN/100ml)  

Maximum 
Value 
 (MPN 
/100ml)  

Geometric 
Mean 
(MPN/100ml) 

7/1990  4  700  13,000   
8/1990  3  40  300   
9/1990  4  130  800   
10/1990  5  300  5,000  710 
11/1990  3  70  30,000   
12/1990  3  300  3,000   
1/1991  3  270  1,100   
2/1991  3  500  1,300   
3/1991  2  3,000  5,000   
4/1991  2  1,400  13,000   
5/1991  1  800  800   
6/1991  1  300  300   
7/1991  3  800  160,000   
8/1991  1  5,000  5,000   
10/1991  4  500  160,000   
11/1991  4  800  90,000   
12/1991  2  20  16,000   
4/1992  1  300  300   
6/1992  2  110  2,300   
8/1992  1  30,000  30,000   
9/1992  2  170  220   
1/1993  1  230  230   
8/1993  1  16,000  16,000   
9/1993  2  800  16,000   
10/1993  4  230  5,000   
11/1993  3  3,000  5,000   
12/1993  2  5,000  13,000   
1/1994  5  80  1,100  280 
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Table 3-3 

Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi 
Channel 1974-2008 

Fecal Coliform 

Month and 
Year 

Number of 
Samples             

Minimum 
Value 
 
(MPN/100ml) 
 
  

Maximum 
Value (MPN 
/100ml) 

Geometric 
Mean 
(MPN/100ml) 

2/1994  3  500  8,000   
3/1994  5  500  24,000  2,429 
4/1994  3  1,300  160,000   
5/1994  3  1,100  5,000   
8/1994  5  170  3,000  723 
9/1994  3  170  2,400   
10/1994  4  130  1,400   
11/1994  5  230  16,000  3,506 
12/1994  3  800  16,000   
1/1995  1  3,000  3,000   
6/1997  4  800  16,000   
7/1997  5  700  5,000  1,820 
8/1997  4  230  1,700   
9/1997  5  700  90,000  4,169 
10/1997  5  300  50,000  2,966 
11/1997  3  3,000  8,000   
12/1997  5  230  13,000  2,182 
1/1998  4  170  2,300   
2/1998  2  9,000  13,000   
3/1998  5  300  13,000  1,175 
4/1998  4  500  3,000   
5/1998  4  500  5,000   
6/1998  4  80  800   
7/1998  5  130  17,000  1,276 
8/1998  5  500  5,000  1,075 
9/1998  4  700  5,000   
10/1998  4  230  160,000   
11/1998  4  529  24,192  
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Table 3-3 

Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi 
Channel 1974-2008 

Fecal Coliform 
Month and 

Year 
Numbers of 
Samples 
Collected 

Minimum 
Value 
(MPN/100ml)  
 

Maximum 
Value (MPN 
/100ml)  

Geometric  
Mean  
(MPN/100mL 

12/1998  5  100  57,940  8,676 
1/1999  4  10,462  24,192   
2/1999  4  74  241,920   
3/1999  5  100  111,985  1,848 
4/1999  4  7,490  92,080   
5/1999  4  110  141,360   
6/1999  5  52  46,110  417 
7/1999  4  100  241,920   
8/1999  5  410  2,098  808 
9/1999  4  637  24,192   
10/1999  4  187  24,192   
11/1999  5  108  24,192  2,295 
12/1999  4  52  5,794   
1/2000  4  74  24,192   
2/2000  5  10  12,033  928 
3/2000  4  98  24,192   
4/2000  4  121  9,804   
5/2000  4  173  327   
6/2000  4  181  211   
7/2000  4  228  723   
8/2000  6  20  24,192  312 
9/2000  4  379  8,164   
10/2000  4  145  359   
11/2000  5  109  855  210 
12/2000  4  146  536   
1/2001  5  187  24,192  751 
2/2001  4  110  5,172   
3/2001  4  187  19,863  
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Table 3-3 

Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi 
Channel 1974-2008 

Fecal Coliform 

Month and 
Year 

Number of 
Samples 
Collected 

Minimum 
Value 
(MPN/100ml)  
 
 
 

Maximum 
Value (MPN 
/100ml)  

Geometric 
Mean 
(MPN/100ml) 

4/2001  5  340  3,200  845 

5/2001  4  140  880   

6/2001  4  130  500   

7/2001  5  800  6,600  1,572 

8/2001  4  440  3,200   

9/2001  4  400  3,800   

10/2001  5  870  12,000  2,466 

11/2001  4  12,000  12,000   

12/2001  4  640  12,000   

1/2002  5  180  15,400  629 

2/2002  4  760  2,000   

3/2002  4  130  18,800   

4/2002  5  280  2,200  725 

5/2002  4  400  930   

6/2002  4  340  1,000   

7/2002  5  320  5,000  940 

8/2002  4  400  2,000   

9/2002  5  220  7,600  937 

10/2002  4  570  13,000   

11/2002  4  880  6,000   

12/2002  4  330  2,800   

1/2003  4  200  340   

2/2003  4  70  1,190   

3/2003  4  380  1,010   

4/2003  4  230  800   

5/2003  4  530  3,800   

6/2003  5  220  4,600  1,677 

7/2003  4  600  2,400  
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Table 3-3 

Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi 
Channel 1974-2008 

Fecal Coliform 

Month and 
Year 

Number of 
Samples 
Collected 

Minimum 
Value 
(MPN/100ml)  
 
 

Maximum 
Value (MPN 
/100ml)  

Geometric 
Mean 
(MPN/100ml) 

8/2003  4  130  7,800   
9/2003  5  10  2,000  284 
10/2003  4  240  460   
11/2003  3  250  1,000   
12/2003  4  120  7,200   
1/2004  4  60  15,000   
2/2004  4  100  4,200   
3/2004  5  140  270  203 
4/2004  4  110  5,600   
5/2004  4  80  270   
6/2004  6  250  1,000  417 
7/2004  4  140  1,000   
8/2004  5  170  5,000  484 
9/2004  4  310  1,000   
10/2004  3  250  7,000   
11/2004  5  430  25,000  3,502 
12/2004  3  240  290   
1/2005  5  260  19,000  1,679 
2/2005  4  570  12,000   
3/2005  3  320  520   
4/2005  2  470  13,000   
5/2005  5  100  760  316 
6/2005  4  140  190   
7/2005  3  420  4,600   
8/2005  3  570  18,000   
9/2005  3  400  1,010   
10/2005  4  390  2,600   
11/2005  4  560  1,170  
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Table 3-3 

Summary of Monthly E.coli and Fecal Coliform at the Santa Ana Delhi 
Channel 1974-2008 

Fecal Coliform 
Month and 
Year 

Number of 
Samples 
Collected 

Minimum 
Value 
(MPN/100ml)  

Maximum 
Value (MPN 
/100ml)  
 
 
 

Geometric 
Mean 
(MPN/100ml) 

12/2005  4  250  3,800   

1/2006  5  70  14,000  362 

2/2006  4  130  3,600   

3/2006  4  200  440   

4/2006  4  150  4,600   

5/2006  5  390  15,000  2,215 

6/2006  4  390  2,000   

7/2006  4  510  8,200   

8/2006  4  1,000  2,800   

9/2006  3  900  7,600   

10/2006  5  700  5,000  2,249 

11/2006  3  310  1,030   

12/2006  4  590  21,400   

1/2007  5  210  490  267 

2/2007  4  180  12,000   

3/2007  4  80  17,000   

4/2007  5  50  5,400  478 

5/2007  3  280  530   

6/2007  4  100  1,650   

7/2007  5  240  390  316 

8/2007  4  240  2,200   

9/2007  2  480  4,000   

10/2007  5  290  3,600  1,412 

11/2007  4  380  11,000   

12/2007  4  100  2,000   

1/2008  5  150  18,000  1,265 

2/2008  4  40  720   

3/2008  4  40  270  
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Table 3-3 

Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi 
Channel 1974-2008 

Fecal Coliform 
Month and 

Year 
Number of 
Samples 
Collected 

Minimum 
Value 

(MPN/100ml) 

Maximum 
Value (MPN 

/100ml) 
 
 

Geometric 
Mean 

(MPN/100ml) 

4/2008  4  50  200   

5/2008  4  80  2,000   

6/2008  4  130  2,200   

7/2008  4  120  560   

8/2008  3  190  300   

9/2008  4  100  10,000   

10/2008  4  170  390   

11/2008  3  130  290   

12/2008  5  390  14,000  1,84 
Santa Ana Delhi Channel at Irvine Avenue 

8/1973  1  46,000  46,000   

4/1974  2  43  930   

6/1974  1  43  43   

7/1974  1  430  430   

8/1974  1  39  39   

9/1974  1  210  210   

10/1974  1  460  460   

12/1974  2  430  4,300   

1/1975  1  90  90   

3/1975  1  75  75   

4/1975  2  43  23,000   

5/1975  1  930  930   

6/1975  1  430  430   

7/1975  1  230  230   

8/1975  1  1,100  1,100   

9/1975  1  460  460   

10/1975  1  9,300  9,300   

11/1975  2  460  93,000  

12/1975 1 430 430  

2/1976 1 460 460  
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Table 3-3 

Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi Channel 1974-2008 
E. coli 

Month and Year Number of 
Samples 
Collected 

Minimum Value 
(MPN/100ml) 

Maximum Value 
(MPN/100ml) 

Geometric 
Mean 
(MPN/100ml) 

Santa Ana Delhi Channel at MacArthur Boulevard 
3/2004 2 100 100  
4/2004 1 310 310  
6/2004 1 100 100  
7/2004 1 630 630  
8/2004 1 100 100  
10/2004 1 2,130 2,130  
11/2004 1 740 740  
12/2004 1 3,050 3,050  
1/2005 2 278 300  
2/2005 2 630 700  
3/2005 1 310 310  
4/2005 1 740 740  
5/2005 1 4,130 4,130  
6/2005 1 833 833  
7/2005 1 472 472  
8/2005 1 1,080 1,080  
11/2005 1 200 200  
12/22005 2 1,100 1,560  
1/2006 2 100 1,480  
2/2006 1 1,610 1,610  
3/2006 3 410 4,040  

Santa Ana Delhi Channel at Sunflower Avenue and Flower Street 
(completed by Regional Board Staff) 

6/2009 5 200 3500 722 
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Table 3-3 

Summary of Monthly E. coli and Fecal Coliform at the Santa Ana Delhi Channel (1974-2008) 
E. Coli 

Santa Ana Delhi Channel at Mesa Drive 
Month and Year Number of 

Samples 
Collected 

Minimum Value 
(MPN/100ml) 

 

Maximum Value 
(MPN/100ml) 

 

Geometric 
Mean 

(MPN/100ml) 
 

3/2004 3 100 100  
4/2004 1 100 100  
5/2004 1 310 310  
6/2004 1 310 310  
7/2004 3 100 100  
8/2004 1 100 100  
10/2004 2 2,180 2,180  
11/2004 1 100 100  
12/2004 2 100 4,160  
1/2005 2 100 135  
2/2005 2 1,590 5,794  
3/2005 2 100 12,590  
4/2005 1 630 630  
5/2005 1 5,610 5,610  
6/2005 1 63 63  
7/2005 1 447 447  
8/2005 1 100 100  
11/2005 1 100 100  
12/2005 2 520 1,040  
1/2006 2 10 1,340  
2/2006 1 850 850  
3/2006 3 100 4,950  
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Appendix 2 
Monitoring Results for Enterococcus 

Santa Ana-Delhi Channel 
Newport Beach Back Bay at Bicycle Bridge 
Data Provided by: OC Health Care Agency- 

Environmental Health Division 
 

Date Entero-
coccus 

(CFU/100 
mL) 

1/4/2010 70 
1/11/2010 160 
1/25/2010 400 

2/1/2010 400 
2/8/2010 800 

2/16/2010 56 
2/22/2010 8400 

3/1/2010 3200 
3/8/2010 1000 

3/15/2010 120 
3/22/2010 150 
3/29/2010 70 

4/5/2010 208 
4/19/2010 289 
4/26/2010 261 

5/3/2010 98 
5/10/2010 170 
5/17/2010 240 
5/24/2010 150 

6/1/2010 400 
6/7/2010 800 

6/14/2010 240 
6/21/2010 200 
6/28/2010 230 

7/6/2010 1000 
7/12/2010 354 
7/19/2010 2200 
7/26/2010 400 

8/2/2010 190 
8/9/2010 140 

8/16/2010 291 
8/23/2010 96 
8/30/2010 82 

Date Entero-
coccus 

(CFU/100 
mL) 

9/7/2010 400 
9/13/2010 60 
9/20/2010 2000 
9/27/2010 110 
10/4/2010 1000 

10/12/2010 800 
10/18/2010 6800 
10/26/2010 1000 
11/1/2010 1000 
11/8/2010 19000 

11/15/2010 198 
11/22/2010 2000 
11/29/2010 2200 
12/6/2010 19000 

12/15/2010 1000 
12/27/2010 2400 

1/4/2011 2000 
1/10/2011 180 
1/18/2011 42 
1/24/2011 64 
1/31/2011 12000 

2/7/2011 234 
2/16/2011 11000 
2/23/2011 600 

3/1/2011 42 
3/8/2011 20 

3/14/2011 140 
3/23/2011 2000 
3/28/2011 <200 

4/4/2011 140 
4/11/2011 86 
4/18/2011 88 
4/25/2011 28 

Date Entero-
coccus 

(CFU/100 
mL) 

5/2/2011 34 
5/9/2011 78 

5/23/2011 283 
5/31/2011 82 

6/6/2011 110 
6/13/2011 337 
6/20/2011 251 
6/27/2011 220 

7/5/2011 86 
7/11/2011 251 
7/18/2011 64 
7/25/2011 200 

8/1/2011 1000 
8/8/2011 1000 

8/15/2011 400 
8/22/2011 800 
8/29/2011 130 

9/6/2011 140 
9/12/2011 1000 
9/19/2011 600 
9/26/2011 88 

10/11/2011 400 
10/17/2011 66 
10/24/2011 1000 
10/31/2011 800 
11/7/2011 6000 

11/16/2011 1000 
11/21/2011 28600 

 

 



This report is part of the Staff Report – Basin Plan Amendments- Revisions to Recreational 
Standards for Inland Fresh Surface Waters in the Santa Ana Region, January 12, 2012 
 
5.6.4 UAA Analysis:   Greenville-Banning Channel 
 
The following discussion summarizes and references data and information contained in the 
“Use Attainability Analysis Technical Report for Greenville-Banning Channel”, CDM, August 
2010 (GB Technical Report). Maps, tables and photographs included in the GB Technical 
Report are reproduced here directly or adapted and referenced appropriately. Additional 
observations and photographs made by Regional Board staff are also included in the analysis. 
 
5.6.4.1 Watershed Description/Location 
 
The Greenville-Banning Channel watershed (approximately 9 mi2) is located in Orange County 
and includes portions of the Cities of Costa Mesa and Santa Ana. See Figure GB-1. The 
channel length addressed in this UAA analysis extends approximately 3.35 miles from the 
confluence of the channel with the Santa Ana River upstream to the California Street crossing 
in the City of Costa Mesa. The UAA does not address tributaries to the channel, which include 
the Fairview Channel.  

5.6.4.2 Reach Identification 

The GB Technical Report identifies and analyzes one reach of the Greenville-Banning 
Channel, which extends from the confluence of the channel with the Santa Ana River upstream 
to 1125 ft. upstream of Gisler Avenue in the City of Costa Mesa.  Regional Board staff 
proposes a revised approach to reach identification, as described below. However, the data 
and analyses provided in the GB Technical Report with respect to channel morphology, 
surrounding land use, evidence of recreational activity, etc. in the channel are not substantively 
affected by this revised approach.   
 
For the purpose of designating water quality standards, staff proposes that the channel be 
divided into a tidal prism segment and one upstream reach (Reach 1). (Table GB-1: see also 
Section 5.8)  
 

 
Table GB-1 

Reach Identification 
Reaches GB Technical Report Regional Board Staff Report 
Tidal Prism Not identified  Santa Ana River confluence 

upstream 1.2 miles to inflatable 
diversion dam. The diversion dam is 
0.23 mile downstream of confluence 
with the Fairview Channel.   

Reach 1 Santa Ana River confluence to 1125 
ft (0.21 mile) upstream of the Gisler 
Avenue Pedestrian Bridge, a 
distance of 3.15 miles.   

Diversion dam upstream to 
California Street crossing, a 
distance of 2.15 miles. California 
Street is approximately 0.20 mile 
upstream of the GB Technical  
Report upper boundary for Reach 1 
(i.e., 1125 ft. upstream of Gisler 
Avenue pedestrian bridge).  
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Figure GB-1, Map of Greenville-Banning Channel watershed.  (Source:  Use Attainability Analysis 
Technical Report for Greenville-Banning Channel, CDM, August 2010, Figure 2-1) 
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Figure GB-2 Proposed Tidal Prism and Reach 1 of the Greenville-Banning Channel. The Channel 
lies adjacent to the Santa Ana River from its confluence with the River to upstream of Gisler Avenue at 
the California Street crossing.   
 
5.6.4.3 Reach Descriptions 
Channel characteristics for each of the proposed reaches are summarized in Table GB-2. 
Representative photographs are included as Figures GB-4, 5, 6 and 7. The GB Technical 
Report includes additional photographs of the channel (See GB Technical Report, Figures 2-6 
through 2-9). 
 
.  
 
 
 
 

Reach 1 

Gisler Avenue 

Fairview Channel 

Santa Ana  
River 

Tidal Prism    

City of Costa Mesa 

City of Huntington 
Beach  
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Table GB-2 Greenville Banning Channel Characteristics 
Reach Description Identification 

Tidal prism Vertical, fully concrete-lined, 60 ft. bottom 
width 

Confluence with Santa Ana River to 
low flow diversion dam (~ 1.2 miles) 

 
Reach 1 

Vertical, fully concrete-lined, 60 ft. bottom 
width 

Low flow diversion dam to 1125 ft 
(0.21 mi.) upstream of Gisler Ave. 
(~ 1.95 mi.) 

Trapezoidal, fully concrete-lined, slopes 
>45º 

1125 ft (0.21 mile) upstream of 
Gisler Avenue to California Street 
(~0.20 mile) 

 
The area surrounding the current Greenville-Banning Channel originally drained to the Santa 
Ana River. The channelization of the Santa Ana River created flooding in the area in the early 
1900’s.  A channel, known as the Talbert Ditch, was constructed in the early 1900’s to resolve 
these flooding issues.  In 1959 the Greenville-Banning Channel was completed as an earthen 
trapezoidal channel to replace the Talbert Ditch. Over time the Tidal Prism and the proposed 
Reach 1 sections of the channel were converted to concrete-lined.    

 
5.6.4.3.1 Tidal Prism 
 
The Greenville-Banning channel is subject to tidal influence due to its proximity to the Pacific 
Ocean and low elevation. The terminus of the Greenville-Banning channel was originally at the 
Pacific Ocean. However, the terminus has been relocated approximately 1.3 miles upstream of 
the ocean, to a confluence point with the Santa Ana River just downstream of the Hamilton 
Avenue/Victoria Street Bridge in the City of Costa Mesa. The proposed tidal prism segment of 
the Greenville-Banning channel begins at the Santa Ana River confluence and extends 
upstream approximately 1.2 mile to the inflatable rubber dam operated by the Orange County 
Flood Control District.   Dry weather flows that pool up behind the dam are diverted to the 
sanitary sewer system for treatment. See Figure GB-3.  
 
With an estimated great diurnal range (GT) or difference in height between mean higher high 
water and mean lower low water  of 5.41 ft1, the typical range of tidal influence varies 
significantly on a daily basis in the channel. Since the channel bottom gains elevation very 
slightly from the Santa Ana River upstream, if the dam is not inflated, tidal flows can push up 
further than the dam, located 2.5 miles inland from the Ocean and 1.2 miles from the Santa 
Ana River confluence. However, when the dam is inflated, it prevents tidal movement 
upstream. The dam is typically inflated, except for maintenance and during wet weather 
conditions (see “Expected Water Quality Improvement”, below). Therefore, as noted, the 
upstream boundary of the tidal prism is proposed to be located at the inflatable dam.  
 
As described in Table GB-2, the channel in the proposed tidal prism reach is vertical walled, 
fully concrete-lined, with a 60 ft. bottom width.   Representative photographs are shown in 
Figures GB-4 and 5. 

                                                 
1 The GT range for this channel is estimated from data collected by NOAA at the Newport Bay Entrance Historical 
Tide Data Summary,  Epoch 1983-2001. The shape of bays and estuaries can magnify the intensity or dissipate 
incoming tides.  In addition, fresh water flows can severely alter or mask the incoming tide.    

http://tidesandcurrents.noaa.gov/mhhw.html
http://tidesandcurrents.noaa.gov/mhhw.html
http://tidesandcurrents.noaa.gov/mllw.html
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Figure GB-3. Rubber dam diversion at Greenville-Banning Channel. The inflatable rubber 

dam impounds low flows, shown in the background of the photo, which are pumped to the 
sanitary sewer system for treatment. (Photograph from Orange County Public Works) 

 

 
 
Figure GB-4 Proposed Tidal Prism Reach of the Greenville-Banning Channel Facing 
Downstream. The Santa Ana River (tidal prism), Pacific Coast Highway Bridge, and Pacific Ocean are 
in the distance. (Regional Board Staff photograph, June 2010) 
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Figure GB-5 
Proposed Tidal Prism Reach of the Greenville-Banning Channel. facing upstream.  Santa Ana 
River Bicycle Trail and Talbert Nature Reserve to the right and the Santa Ana River to the left of the 
channel. The inflatable dam is upstream just before channel curves. (Regional Board Staff Photograph, 
October 2010) 

 
5.6.4.3.2 Reach 1 
 
As noted in Table GB-1, the proposed Reach 1 is composed of a vertical walled, fully concrete-
lined channel with a 60 ft. bottom width for almost the entire length. The uppermost 0.20 mile 
of channel in Reach 1 consists of trapezoidal walls and is fully concrete-lined.  Representative 
photographs are shown in Figures GB-6 and 7. The channel walls in this short upstream 
segment are steep, with greater than a 45º slope. As shown in Table GB-1, the downstream 
boundary of Reach 1 is the inflatable diversion dam and the upstream boundary is the 
California Street crossing, a distance of 2.15 miles. The entire reach is located in the City of 
Costa Mesa.  There appears to not be a defined low flow channel except for the trapezoidal 
wall section.   
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Figure GB-6. Proposed Reach 1 of the Greenville-Banning Channel. Facing Downstream. 
Trapezoidal to Vertical Channel Transition. (Source:  Use Attainability Analysis Technical Report for the 
Greenville-Banning Channel, CDM, August 2010, Figure 2-9) 
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Figure GB-7 Proposed Reach 1 of Greenville-Banning Channel. Looking upstream during 
dry weather. Regional Board staff photograph, December 2010.    

 
5.6.4.4 Flow Conditions and Water Levels 
 
As noted above, the proposed tidal prism is subject to tidal influence and, accordingly, the 
depth of flow in the channel in this area can vary widely. Regional Board staff has observed 
that typical tidal flow depths range from several feet deep at the Santa Ana River confluence to 
little or no depth (i.e., dry conditions) at the inflatable dam. During a higher high tide in May 
2011, Regional Board staff observed the depth of water at the downstream side of the 
inflatable dam to be about 20 inches.  As noted earlier, the mean daily tidal differences in the 
channel may be able to create daily differences in depth of approximately 5.41 ft.  
 
Given the hydrologic patterns in Southern California, dry weather flow is the predominant 
condition most of the time in proposed Reach 1 of the channel, with precipitation-derived runoff 
typically occurring for only relatively short episodic periods during and shortly after rainfall 
events within the tributary watershed.  These events typically occur almost entirely during the 
wet season. Dry weather flows consist of urban runoff.  Regional Board staff has observed that 
Reach 1 dry weather flows generally sheet flow across the bottom of the channel at very 
shallow depths. Water impounded upstream of the inflatable dam may be ~1.5 feet deep and 
forms a pool that extends upstream beyond the confluence with Fairview Channel as observed 



Page 9 of 32 

in May of 2011 by Regional Board staff.  See Figure GB-9. There are no stream gauges on the 
channel and flow depth/volume has not been measured routinely. 
 
5.6.4.5 Access and Safety      
 
The Orange County Flood Control District prohibits access to the channel.  The entire length of 
the proposed Tidal Prism and Reach 1 are fenced and gated to deny access. Signs are 
displayed that state that access is prohibited.  
 
A popular bicycle trail follows the channel the entire length of the proposed Tidal Prism and 
almost the entire length of Reach 1, except for the uppermost 0.20 mile. The bicycle trial is 
separated from the channel by fencing and the vertical walls of the channel.  
  
Access to the water in the channel is also extremely difficult and hazardous due to the channel 
morphology, i.e., vertical concrete walls along much of the length of the channel and steep- 
sided concrete walls in the uppermost part of Reach 1. The potential for extremely high wet 
weather flows makes it very dangerous for individuals to enter the channel during those times.   
 
5.6.4.6 Adjacent Land Use    
 
Figure GB-8 depicts the land uses in the Greenville-Banning Channel drainage area.  The 
watershed draining to Reach 1 is largely developed as residential, with some open space.  The 
Talbert Nature Preserve borders the lower eastern side of the proposed Tidal Prism. Single 
family homes and a private golf course lie on the eastern side of Reach 1.  Single family 
homes are adjacent to the uppermost 0.20 miles of proposed Reach 1 on both sides of the 
channel. The Santa Ana River Channel borders the western side of the proposed Tidal Prism 
and almost all of Reach 1.  To the west of this section of the Santa Ana River Channel are 
portions of the City of Huntington Beach that are dominated by residential units. One of the 
sewage treatment facilities operated by the Orange County Sanitation District is also found on 
the west side of the Santa Ana River Channel, across from the uppermost section of the 
proposed Reach 1.    
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Figure GB-8 Greenville-Banning Channel Characteristics and Adjacent Land Uses (Source: Use 
Attainability Analysis Technical Report for the Greenville Banning Channel, CDM, August 2010 Figure 2-4)  
 
5.6.4.7 Water Quality Conditions  
 
Water quality samples were collected in the Greenville-Banning Channel from 2001 to 2004 
and in August and September of 2011.   
 
From May 16, 2001 to October 15, 2004 water quality samples were collected at 200 ft. 
upstream of the inflatable diversion dam and 200 ft. downstream of the diversion dam. The 
sampling location 200 ft. upstream of the diversion dam is in the proposed Reach 1 and the 
sampling location 200 ft. downstream of the diversion dam is in the proposed Tidal Prism 
segment of the Channel. See Tables GB-2 and GB-3. Over the 2001-2004 time period, 
samples were collected on an approximate weekly basis.  For a variety of reasons, sampling 
was not conducted during some weeks of this period and no sampling was conducted between 
October 2001 and May 2002.    Sample analysis included total and fecal coliform.   
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Table GB-3 shows the results for fecal coliform for 2001-2004.  When 5 or more samples were 
collected in a 30 day period (calendar month, not rolling 30 day periods), a geometric mean 
(geomean) was calculated and compared to the existing REC1 fecal coliform objective (200 
organisms/100mL based on five or more samples/30 day period.) When, as in most cases, 
insufficient data were available to calculate geometric means, the fecal coliform data were 
compared generally to that part of the existing REC1 fecal coliform objective that specifies that 
not more than 10% of the samples exceed 400 organisms/100mL for any 30-day period.  
 
Table GB-4 shows running 5-sample geometric mean results for the data collected during 
2001-2004. Geometric means were calculated based on the results of discrete groups of 5 
consecutive samples, collected over periods of 28-30 days. A total of 82 sets of 5 consecutive 
samples were evaluated. While direct comparison of many of these results to the established 
Basin Plan objective may be considered inappropriate given the less than 30-day period over 
which the samples were collected, the results are indicative of the likely frequency of violation 
of the geomean objective.   
 
In addition to fecal coliform data collected, enterococcus data were collected during the same 
sampling period as shown in Tables GB3 and GB4 for both the downstream and upstream 
sampling locations.  The downstream enterococcus data were used to determine anti-
degradation targets for the proposed tidal prism section of the channel (see Section 5.2). The 
enterococcus data are shown in Appendix 1. 
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Table GB-3: Monthly Fecal Coliform Data Summary 
Greenville-Banning Channel, 2001-2004 

Year & 
Month 

Downstream (200' below diversion dam) Upstream (200' above diversion dam) 

 Count Min Max % > 400 GeoMean Count Min Max % > 
400 

GeoMean 

May-01 1 800 800 100%  1 3000 3000 100%  
Jun-01 4 4 300 0%  4 2 230 0%  
Jul-01 4 4 7 0%  4 2 8 0%  
Aug-01 5 2 17 0% 4 5 2 8 0% 3 
Sep-01 4 2 8000 25%  4 2 110 0%  
May-02 2 70 300 0%  4 40 230 0%  
Jun-02 2 2 2400 50%  2 80 130 0%  
Jul-02 2 4 300 0%  2 300 800 50%  
Aug-02 4 2 30 0%  4 50 800 25%  
Sep-02 5 8 500 20% 33 5 9 1100 40% 114 
Oct-02 3 23 700 33%  3 2 110 0%  
Nov-02 3 40 3000 33%  3 23 220 0%  
Dec-02 4 50 700 25%  4 50 400 0%  
Jan-03 4 13 80 0%  4 90 700 25%  
Feb-03 4 4 1100 25%  4 23 3000 25%  
Mar-03 5 4 1700 20% 107 5 4 800 20% 74 
Apr-03 3 500 8000 100%  3 300 5000 67%  
May-03 4 50 3000 40%  5 70 5000 40% 528 
Jun-03 2 7 30 0%  5 13 240 0% 43 
Jul-03 2 7 11 0%  5 7 50 0% 21 
Aug-03 4 14 20 0%  4 20 1600 25%  
Sep-03 4 40 160000 50%  4 17 170 0%  
Oct-03 5 23 5000 20% 138 5 23 5000 40% 244 
Nov-03 4 80 2400 50%  4 50 5000 25%  
Dec-03 3 23 110 0%  4 13 110 0%  
Jan-04 4 11 240 0%  4 17 300 0%  
Feb-04 4 90 3000 25%  4 70 24000 25%  
Mar-04 5 20 300 0% 58 5 20 300 0% 36 
Apr-04 4 11 16000 50%  4 4 6008 25%  
May-04 3 4 13 0%  3 2 110 0%  
Jun-04 4 2 6 0%  4 2 8 0%  
Jul-04 3 8 300 0%  3 2 300 0%  
Aug-04 2 4 70 0%  4 2 8 0%  
Sep-04 0 DRY DRY 0%  5 2 570 40% 28 
Oct-04 0 DRY DRY 0%  2 2100 5400 100%  

Total No. of Months with Violations: 
Total No. of Months: 

Notes:                                  Percent: 

16 
33 

48% 

0 
33 
-- 

Total No.of Months with Violations: 
                     Total No. of Months: 
                                       Percent: 

16 2 
35 35 

 46%    6% 
1. Units are colony forming units per 100 milliliters (CFU/100 mL), except for samples collected in 2001,  
     which are reported as most probable number per 100 mL (MPN/100mL)   
2. Reporting limit used for results above or below reporting limit when calculating geomean  
3. Geometric mean shown only for calendar months with 5 or more samples   
4. Basin Plan water quality objectives:       

(a) logmean < 200 organisms/100 mL based on five or more samples/30 day period  
(b) Not more than 10% of samples exceed 400 organisms/100 mL for any 30-day period 
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Table GB-4: Running 5-Sample Geometric Means  - Fecal Coliform 
Greenville-Banning Channel, 2001-2004 

Downstream (200' below diversion dam) Upstream (200' above diversion dam) 
Date1 Date2 No. of Days GeoMean Date1 Date2 No. of Days GeoMean 

21-Mar-03 17-Apr-03 28 774 7-Aug-02 4-Sep-02 29 327 
26-Mar-03 24-Apr-03 30 959 23-Aug-02 17-Sep-02 26 310 
17-Apr-03 15-May-03 29 1081 17-Jan-03 10-Feb-03 25 217 
24-Apr-03 23-May-03 30 656 21-Mar-03 17-Apr-03 28 771 
1-May-03 29-May-03 29 339 26-Mar-03 24-Apr-03 30 633 
8-May-03 4-Jun-03 28 255 17-Apr-03 15-May-03 29 1239 
25-Aug-03 22-Sep-03 29 345 24-Apr-03 23-May-03 30 706 
4-Sep-03 1-Oct-03 28 518 1-May-03 29-May-03 29 528 
9-Oct-03 3-Nov-03 26 247 8-May-03 4-Jun-03 28 229 

16-Oct-03 10-Nov-03 26 300 9-Oct-03 3-Nov-03 26 428 
22-Oct-03 20-Nov-03 30 359 16-Oct-03 10-Nov-03 26 428 
31-Oct-03 28-Nov-03 29 711 22-Oct-03 20-Nov-03 30 678 
3-Nov-03 1-Dec-03 29 283 31-Oct-03 28-Nov-03 29 458 
2-Feb-04 1-Mar-04 29 351 3-Nov-03 1-Dec-03 29 200 
9-Feb-04 8-Mar-04 29 287 26-Jan-04 23-Feb-04 29 217 

17-Feb-04 15-Mar-04 28 212 2-Feb-04 1-Mar-04 29 386 
22-Mar-04 19-Apr-04 29 207 9-Feb-04 8-Mar-04 29 265 
29-Mar-04 27-Apr-04 30 200 17-Feb-04 15-Mar-04 28 206 

    17-Sep-04 15-Oct-04 29 481 
        

Total No. of Geomeans > 200 
Total No. of 5-Sample Data Sets: 

Percent: 

18 Total No. of Geomeans > 200 
Total No. of 5-Sample Data Sets: 

Percent: 

19 
82 82 

22% 23% 
        
Notes:        

1. Units are colony forming units per 100 milliliters (CFU/100 mL), except for samples collected in 2001,  
     which are reported as most probable number per 100 mL (MPN/100mL)   
2. Reporting limit used for results above or below reporting limit when calculating geomean  
   
4. Basin Plan water quality objectives:      

 logmean < 200 organisms/100 mL based on five or more samples/30 day period  
 
Table GB-3 indicates  that 200 ft. downstream of the diversion dam, the current Basin Plan 
objective that specifies that no more than 10% of samples collected in a 30-day period are to 
exceed 400 organisms/100mL was or would likely be violated in sixteen of the thirty-three 
months of samples, or 48% of the months sampled. The results were similar upstream of the 
diversion dam, where the objective was or was likely violated in 46% of the months sampled.   
The results presented in Table GB-4 indicate that there are frequent violations of the geomean 
fecal coliform objective in both of the proposed reaches of the Greenville-Banning channel.  
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In August and September of 2011, Orange County Public Works Department staff collected 
samples from three locations in the proposed Reach 1: California Street (GB3), Gisler Street 
(GB4), and at the diversion dam (GB5). The sampling locations are described in Table GB-5 
and shown in Figure GB-9. The results are presented in Table GB-6.  Geometric means were 
calculated with and without sample results from September 12, 2011; the results on that day 
were likely affected by rainfall on September 10, 2011. The geometric means are shown in 
Table GB-7. During this period, the diversion dam was deflated and flow in the channel was 
seaward. The results show that, with the exception of the area at the diversion dam, the 
geometric means for both fecal coliform and E. coli exceed the established and proposed 
objectives. See Table GB-7.  
 
Figure GB-9 Map of Bacteria Sampling Locations on the Greenville-Banning Channel 
August-September 2011 (This Figure and the accompanying Tables adapted from OC Public Works 
Greenville-Banning Channel Sampling Results August-September, 2011 Report) 
 

 
 
 
 
 

GB3 

GB4 

GB5 
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Table GB-5 

Description of Sampling Locations, Greenville-Banning Channel- August-September 2011. 
Site 
Code 

Location Channel Type Substrate Surrounding 
Land-Use 

Sampling Detail 

GB3 California Street Trapezoidal Concrete Residential  
 

GB4 
 
Gisler Avenue 

 
Rectangular 

Concrete, 
deposited 
mud 

 
Residential, 
bike path 

Sampled on south 
side of channel 

 
GB5 

 
Diversion Dam 

 
Rectangular 

Concrete, 
deposited 
mud 

Fairview 
Park and bike 
path 

Sampled upstream 
of dam 

 
Table GB-6 

 Greenville- Banning Channel  Sampling Data, August-September 2011  
Site Code Date Time Fecal Coliform 

(CFU/100 mL.) 
E. coli 
(CFU/100 mL) 

GB3 8/18/2011 08:44 930 1,130 
GB3 8/24/2011 12:10 350 770 
GB3 8/24/2011 12:10 300 630 
GB3 8/31/2011 11:10 960 1,100 
GB3 9/7/2011 10:35 2,600 2,700 
GB3 9/7/2011 10:35 2,300 2,400 
GB3 9/12/2011 10:20 2,500,000 460,000 
GB3 9/14/2011 09:15 18,000 3,700 
GB3 9/21/2011 12:00 2,000 1,800 
GB3 9/21/2011 12:00 2,100 1,700 
GB3 9/22/2011 10:38 10,200 9,300 
GB4 8/24/2011 11:45 80 100 
GB4 8/31/2011 10:50 410 430 
GB4 9/7/2011 10:55 1,700 1,620 
GB4 9/12/2011 10:35 1,500,000 170,000 
GB4 9/14/2011 09:40 5,700 2,700 
GB4 9/21/2011 11:40 1,900 1,600 
GB4 9/22/2011 10:50 4,300 4,500 
GB5 8/18/2011 07:55 < 9 < 9 
GB5 8/31/2011 11:40 < 9 < 9 
GB5 8/24/2011 11:00 < 9 < 9 
GB5 9/7/2011 10:00 < 9 < 9 
GB5 9/12/2011 11:05 >= 7,300,000 >= 3,600,000 
GB5 9/21/2011 10:55 20 < 10 
     
Samples at the same date and time are duplicate samples 
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Table GB-7  Geomean Summary: August-September 2011   
                                                                                                        Geomean                      Geomean 
                    Fecal Coliform  E. coli 
Site Code  Dates   # Samples (CFU/100 mL)              (CFU/100 mL) 
GB3 8/28  - 9/14/2011 5 1,690 1,553 
GB3 w/ 9/12 
sample* 

 8/24 – 9/22/2011 6 5,704 4,009 

GB3 8/24 – 9/22/2011 6 2,728 2,251 
GB3 w/ 9/12 
sample* 

8/24 – 9/22/2011 7 8,503 4,813 

GB4 8/24 – 9/22/2011 6 1,172 1,034 
GB4 w/ 9/12 
sample* 

8/24  - 9/22/2011 7 3,358 2,142 

GB5 8/18  - 9/14/2011 4 9 9 
GB5 w/ 9/12 
sample* 

8/18  - 9/14/2011 5 137 119 

GB5 8/24  - 9/22/2011 6 11 9 
GB5 w/ 9/12 
sample* 

8/24  - 9/22/2011 7 99 79 

*Rainfall on September 10 likely influenced the bacteria concentrations on September 12.  The diversion dam was 
deflated on this date, with high tides in the dam area, and remained deflated until September 15. 
 
5.6.4.7.1 Expected Water Quality Improvement 
 
Currently, BMPs are being employed to reduce fecal indicator bacteria, including fecal 
coliform, in the Greenville Banning Channel and downstream receiving waters. As described 
above, the Orange County Public Works Department implemented the diversion of dry weather 
flows impounded by an inflatable dam located 1.2 miles upstream of the confluence with the 
Santa Ana River. The dam is the upstream terminus of the proposed tidal prism. The 
impounded flows are transported via pipeline across the Santa Ana River to the Orange 
County Sanitation District treatment facility. In anticipation of and during stormflow conditions, 
the dam is deflated and the diversion is stopped. Flows in the channel pass unimpeded 
downstream into the Santa Ana River and thence the Pacific Ocean. Data from Orange County 
Public Works show that from January 2006 to October 2010 diversions occurred in 36 of the 
58 months in that period and averaged approximately 400,000 gallons per day. On average, 
approximately12, 200,000 gallons were diverted to the sanitary sewer during a month in which 
flows were diverted.  The diversions reduced bacteria and nutrient2 loading to downstream 
receiving waters, which include ocean coastal beaches that are heavily used for water contact 
recreation, particularly during the dry summer months. Full diversion of urban runoff under all 
weather conditions would be economically and technically infeasible. 
 
Other BMPs are being implemented in response to pertinent requirements in the Orange 
County Areawide Urban Storm Water Runoff Management Program NPDES permit (Order No. 
R8-2009-0033, NDPES CA 8618030, as amended).  BMPs evaluated and implemented by the 
Orange County Stormwater Program include wet ponds, wetlands and source control 
programs, including septic system inventory and assessment and portable toilet oversight. The 

                                                 
2 Recent studies have shown that nutrients at excessive levels in urban runoff have been found to encourage 
regrowth of fecal indicator bacteria in streambed sediments and salt marshes (Grant et al. 2001 and Litton et al. 
2010).   
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existing development in the drainage area limits the effectiveness of many of these BMPs. The 
area tributary to the Greenville Banning Channel is sewered and septic tanks are not 
considered a source of bacteria inputs. Sewer system leaks have not been demonstrated to be 
a contributor to bacteria densities in the Channel.  In short, absent the dry weather diversion, 
significant water quality improvement that results in consistent compliance with bacteria quality 
objectives as the result of BMP implementation is likely to be highly problematic. 
 
 
5.6.4.8 Recreation Use Surveys  
 
This section provides information on current, historical, and probable future recreational 
activity.  
 
5.6.4.8.1 Evidence of Actual Recreational Use 
 
As described in Section 5.6.2.2 (SWQSTF UAA Methodology) extensive photographic 
evidence was gathered to assess whether and what type of existing recreational use occurs in 
the Greenville-Banning Channel.  In addition, field surveys were conducted by members of the 
Task Force and the consultant staff responsible for camera installation and maintenance. 
Information was also obtained from county personnel responsible for monitoring and channel 
maintenance.   
 
5.6.4.8.2 Digital Field Observation Camera Recreation Survey 
 
From July 2005 through January 2006, recreational use surveys were performed to obtain 
information regarding current levels of recreational use. Digital field observation cameras and 
data transfer technology, coupled with weekly on-location physical surveys were used to 
collect the data. Two locations within the Greenville-Banning Channel were surveyed.  See 
Figure 3-1 in the Technical Report and Figure GB-6. 
 

• Greenville-Banning Channel at Pedestrian Bridge (camera facing upstream) 
• Greenville-Banning Channel at Adams Avenue Bridge (camera facing downstream) 

 
Both camera locations are located in the proposed Reach 1 of the Greenville-Banning 
Channel.  
 
The pedestrian bridge location is 1,000 feet (0.19 mile) upstream of the inflatable dam and 
below the confluence with the Fairview Channel. The camera view is shown in Figure GB-9. 
The Fairview Channel mouth is in the center of the photograph. As shown in this Figure and 
discussed above (see Table GB-2), the Greenville-Banning channel is dominated by vertical, 
concrete lined walls and bottom, making public entry difficult and dangerous and therefore 
highly problematic. Land use in the vicinity of the Fairview Channel includes natural/open 
space and a park (see Figure GB-8). This camera location was selected on the basis that 
persons entering the Greenville-Banning Channel, if any, would be more likely to do so from 
the park via the Fairview Channel than to scale the vertical walls of the channel. Unfortunately, 
the pedestrian bridge camera was stolen at the end of its third week of operation. A 
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replacement camera was subsequently installed at the Adams Avenue Bridge, which was 
considered more secure and had the same general physical characteristics as the pedestrian 
bridge location. The Adams Avenue Bridge is ~0.66 mi. upstream of the inflatable dam. The 
camera view at this location is shown in Figure GB-10.  
 
 

 
 

Figure GB-10.  Photo of the Camera View at the Recreational Use Survey Location for 
Greenville-Banning Channel at Pedestrian Bridge (Source: Use Attainability Analysis Technical Report 
for the Greenville Banning Channel, CDM, August 2010 Figure 3-2)  
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Figure GB-11 Photo of the Camera View at Adams Street Bridge looking downstream. 
(Source: Use Attainability Analysis Technical Report for the Greenville Banning Channel, CDM, August 
2010, Figure 3-3) 

The duration of survey and number of images collected for each location on the channel are 
shown in Table GB-5. An image was collected every fifteen minutes during daylight hours 
throughout the study duration unless signal strength fluctuations or equipment failures 
precluded collection and transmission. Images were not collected at night due to darkness. 
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Table GB-8 

Recreational Use Survey Duration and Number of Images Collected 

Survey Location Start Date* End Date* Number of Images 

Pedestrian Bridge  7/7/05 7/27/05 425 

Adams Avenue Bridge  11/17/05 1/3/06 2,552 

*  Due to signal strength fluctuation issues and other equipment functionality issues, periodic, short-term gaps in 
image collection occurred between the start and end dates.  The gaps ranged from relatively minor single fifteen-
minute interval image gaps (on numerous days) to gaps in image collection spanning several days. The more 
significant gaps occurred during November and December.  (See discussion in the Recreational Use Survey Data 
Report – Greenville Banning Channel, CDM, November 29, 2006)(Source:  Use Attainability Analysis Technical 
Report for the Greenville Banning Channel, CDM, August 2010, Table 3-1) 

Any image containing a person or persons within channel fencing or boundaries was defined 
as a recreation event. If a person or persons were observed meeting these same conditions 
during the weekly on-site surveys, these were also considered events. An event could include 
one or more persons. For each event, each person’s activity (type) and the estimated duration 
of the event were logged. If an activity was captured on only one image, the activity duration 
was reported as < 30 minutes. Likewise, if the same activity by the same person or persons 
was observed in two consecutive fifteen-minute interval images, the duration was reported as  
<45 minutes. 

For camera locations at Greenville-Banning Channel at the pedestrian bridge and the Adams 
Avenue Bridge, no recreational activities were observed in collected images. Table GB-6 
presents a summary of the activity recorded at the Greenville-Banning Channel survey 
locations over the duration of the survey. The seasonal periods defined in southern California 
NPDES stormwater permits were used to categorize the observations by season (April 1 to 
September 30 for the dry season; October 1 to March 31 for the wet season). Full recreational 
use survey information can be found in the Recreational Use Survey Data Report – Greenville-
Banning Channel prepared for the Task Force by CDM in November 20063. 

                                                 
3 It should be noted that in this Recreation Use Survey Data Report (and those prepared for the other waters for 
which UAAs are discussed in this staff report), a use/activity protocol was employed to log and categorize any 
observed activity from both image and on-site physical surveys. Within this protocol, recreational events (if any) 
were differentiated as contact or non-contact events. Where it appeared that there was or might be contact 
activity in an image, the type of that contact was categorized as:  incidental contact, contact below the ankle, 
contact between the ankle and waist, contact between the waist and neck, contact above the neck, or non-
recreation contact.  However, subsequent analyses, discussed in the GB Technical Report (and the other 
Technical Reports prepared for the UAAs addressed in this staff report), abandoned this characterization scheme. 
It was decided that the consultants’ determination in the recreational use survey reports of whether an event 
should be categorized as contact or non-contact imposed a pre-determination of the nature of the event that was 
intended instead to be considered by the Task Force. As reflected in Table GB-6 and noted in the preceding text, 
the characterization scheme employed in the GB Technical Report (and the other Technical Reports) employed a 
different approach, identifying recreation events and the type of activity witnessed, rather than asserting 
conclusions regarding the contact versus non-contact nature of those activities. As a practical matter, for the 
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Table GB-9     Recreation Activity Recorded for Greenville-Banning Channel  

Location Number of Individuals Estimated 

Duration 
(min) 

Types of Activities 

Total Dry 
Season 

Wet 
Season 

Pedestrian Bridge  0 0 0 0 None 

Adams Avenue Bridge 

 

0 0 0 0 None 

(Source: Use Attainability Analysis Technical Report for Greenville-Banning Channel, CDM. August 2010, Table 
3-2) 

 
5.6.4.8.3 Physical Surveys and Other Information  

Task Force members visited the Greenville-Banning Channel at Adams Avenue on six 
weekends during the July and August 2006 recreation survey. This is in addition to the weekly 
physical surveys associated with maintenance of the digital cameras. Task Force members 
were asked to stay at the location for half an hour and record what recreational activities, if 
any, they observed. The Task Force members described the number and activity of people 
they saw in the area, the weather, depth and clarity of the water, and any evidence of activity 
in the area. No people were observed in the water or within the channel during this time period. 
Numerous people were observed on the bike trail alongside the Greenville-Banning Channel.  
 
Orange County Flood Control District (OCFCD) staff who regularly conduct maintenance 
activities on the channel have reported no incidents of individuals in the channel or inside the 
fences. OCFCD staff regularly visit the area to operate the inflatable dam and diversion.  
Further, Orange County Harbors, Beaches, and Parks employees working at the Talbert 
Nature Preserve have reported never observing any individuals in the channel in either the 
proposed Tidal Prism or Reach 1.  Finally, Regional Board staff have made periodic visits to 
Reach 1 and the tidal prism since the work of the Stormwater Quality Standards Task Force 
began in 2003. No one was observed in the channel during those visits.  
 

5.6.4.8.4 Evidence of Historical Recreational Use  

To collect information regarding historical recreational use, CDM conducted inquiries to local 
jurisdictional agencies, online searches of California newspaper archives, databases 
(engineering and environmental trade journals), and search engines such Google News 
archive and Lexis-Nexis to identify any accounts or reference to recreational activities in the 
channel. No historical use information was identified from these searches.  

                                                                                                                                                                         
Greenville-Banning Channel, this change in analytical protocol was not significant as no recreational activities of 
any sort were recorded in the channel. (See Table GB-6).  
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5.6.4.8.5 Probable Future Use  

Information regarding potential future recreational uses for the Greenville-Banning Channel 
was obtained through discussions with local agencies. The City of Costa Mesa was contacted 
as well as Orange County (OC) Public Works. From these agency inquiries, proposed use 
plans were identified. The City of Costa Mesa developed concept plans as part of the Blue 
Ribbon Committee for the Santa Ana River Trail Vision Study. These plans include 
improvements to the existing bicycle trail along the channel. Improvements include new access 
points to the existing bicycle trail, rest areas, improved signage, and pocket parks. The project 
is at a concept plan level and is not currently funded (via communication with Robert Staples, 
Fairview Park Plan Administrator, City of Costa Mesa, June 25, 2009). These plans do not 
include changes to improve access to the Greenville-Banning channel itself.  
 
OC Public Works was also contacted regarding any potential projects in the Greenville-
Banning Channel. No additional projects were identified apart from the concept plans 
developed by the City of Costa Mesa. Per communications with Jeff Dickman, Regional 
Recreational Trail Coordinator, OC Public Works (April 22 and July 20, 2009), facilities 
supporting water contact recreational use are not planned for the channel. 

Information concerning potential future recreational facilities was reviewed again in 2011 and 
no substantive changes were identified.  Subsequent triennial reviews may identify future 
probable uses. 
 

5.6.4.8.6 Summary – Evidence of Recreational Use 

5.6.4.8.6.1 REC1 

In summary, there is no evidence of actual current or historic REC1 use in the proposed 
reaches of the Greenville-Banning Channel addressed by this UAA.  Photographic surveys, 
field surveys and information provided by public agency staff members who routinely visit the 
proposed reaches of the Channel provided no evidence of current REC1 use. Nor is there any 
evidence of historic use of the proposed reaches for REC1 use.  
 
As with the Santa Ana-Delhi Channel (see  Section 5.6.3), the lack of REC1 use is a reflection 
of the various characteristics of the channel reaches described in detail in the preceding 
sections of this report. These include the morphology of the channel, which is characterized by 
heavily modified vertical concrete-lined walls and channel for the entire length of the tidal prism 
and almost all of Reach 1.  The upper end of Reach 1 is also heavily modified but as a steep- 
walled concrete lined trapezoidal shaped channel (see Figure GB-11).   
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Figure GB-12. The upper 0.20 mile segment of Reach 1 looking upstream Just upstream of the 
curve of the channel shown in this photograph is the proposed upstream boundary of Reach 1, the 
California Street crossing located in the city of Costa Mesa. (Regional Board staff photograph, May 2010).  
 
Coupled with fencing along the length of the channel on both sides, these channel 
characteristics make access generally difficult and dangerous. In addition, for the entire length 
of the two proposed reaches there are no maintenance access points (no gates or ramps to 
allow access into the channel), making access into the channel even more difficult. Generally, 
flow conditions in the channel reaches are very low under most conditions, making water 
contact leading to ingestion unlikely. High flows during storm events, which typically occur 
during the wet season, make recreational activity in the channel unsafe (temporary suspension 
of recreation standards during certain high flow conditions is proposed; see Section 5.5 of the 
staff report).   
 
While it is theoretically possible to enter the proposed tidal prism from the Santa Ana River, it 
is very unlikely considering the lack of accessibility and the expected preference to remain at 
or near the ocean beach, which is approximately 1.5 miles from the mouth of the Greenville-
Channel. No one has been observed paddling, wading, walking, or swimming in any section of 
the Greenville-Banning Channel. 
 
A bicycle trail parallels almost the entire length of the proposed reaches. However, fencing, 
channel morphology, flow conditions and the close proximity of recreational areas at the 
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nearby ocean beaches of the city of Newport Beach and Huntington Beach State Park make 
recreational activity in the channel itself highly unlikely.  Again, this is documented by the 
photographic and field survey information presented above.   
 
Taking into consideration the suite of factors described above, as well as master planning 
information, there is no evidence that REC1 use in the future is probable.  
 
It should be noted that determinations regarding the appropriate recreational use designations 
are subject to review and revision during future triennial reviews.   
 

5.6.4.8.6.2 REC2  
 
Regional Board staff proposes designating the proposed Tidal Prism segment of the 
Greenville-Banning channel as REC2.  There are opportunities for recreational activities 
involving proximity to water in this segment.  As previously described, a bicycle path parallels 
the channel for much of the proposed tidal prism segment and Reach 1. The tidal flows in the 
channel create some wildlife viewing opportunities by individuals on that path. A variety of 
birds have been observed feeding at low tide in the shallow water and mudflat areas4 near the 
diversion dam. Thus, Board staff recommends that the proposed Tidal Prism be designated 
REC2.   
 
Conversely, the concrete-lined channel and its predominant low flow do not allow the 
attainment of REC 2 in Reach 1. For the entire reach, the shallow depth, concrete bottom and 
lack of accessibility discourage non-contact recreational activities. Lows flows in the channel 
sheet flow over the channel bottom, often supporting a thick algae mat. The low flows and lack 
of vegetation other than algae growing in the channel have created poor habitat for wildlife. 
Thus, Board staff recommends that Reach 1 not be designated REC2.   
   
5.6.4.9 UAA Evaluation 

As discussed in Section 5.6.2.1 (Regulatory Background – UAAs), per federal regulation at 40 
CFR 131.10 (h), a designated use may be removed or modified to allow the application of less 
stringent water quality objectives provided that the use is not an “existing use” and that the use 
cannot be attained by implementing effluent limits on point source discharges and/or cost-
effective and reasonable best management practices for nonpoint source control.  
 
The preceding evidence demonstrates that REC1 is not an “existing use” for the proposed tidal 
prism and Reach 1.  There is no evidence of actual REC1 use, either now or historically.  
Water quality objectives to protect REC1 have not been consistently attained. Best 
management practices to improve water quality conditions are being implemented but the 
ability of these BMPs to achieve consistent compliance with the objectives (those now in the 
Basin Plan and those proposed herein) is highly problematic. This determination is based on 
evaluation of the efficacy of bacteria control BMPs in other areas (see GB Technical Report, 

                                                 
4 A thin layer of sediment over the concrete channel bottom creates this condition.    
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3.3.2; Stormwater Bacteria BMPs evaluation by Orange County5). As noted, low flows are 
currently diverted to the sewer from the channel. Even with this action, water quality standards 
are not consistently met in the channel below the diversion. BMPs, such as the diversion, are 
being implemented in response to requirements of the applicable areawide urban stormwater 
NPDES permit.  There are no point source discharges of bacteria to the channel and thus 
there are no additional effluent limitations for bacteria that could or should be imposed to 
improve water quality conditions in the Channel. 
 
Since there is no evidence that REC1 is an “existing use”, and since there is now no evidence 
that the use could be attained through the implementation of effluent limitations or additional 
cost-effective and reasonable BMPs, then one or more of the UAA factors in 131.10(g) may 
justify the removal of the REC1 use6. As stated previously, the 131.10(g) factors define the 
circumstances under which designated “swimmable” (REC1) (and “fishable”) uses may be 
removed or subcategorized to allow the application of less stringent water quality objectives. 
The UAA factor evaluation is discussed next.   
 
The following describes the evaluation of the data and information presented above relevant to 
two of the UAA factors identified in 40 CFR 131.10(g).  These are:  
  

• Natural, ephemeral, intermittent or low flow conditions or water levels prevent the 
attainment of the use, unless these conditions may be compensated for by the 
discharge of sufficient volume of effluent discharges without violating State water 
conservation requirements to enable uses to be met. (131.10(g)(2)) 

• Dams, diversions or other types of hydrologic modifications preclude the attainment of 
the use, and it is not feasible to restore the water body to its original condition or to 
operate such modifications in a way that would result in the attainment of the use. 
(131.10(g)(4)) 

 
5.6.4.9.1 Natural, Ephemeral, Intermittent or Low Flow Conditions or Water Levels 

[40 CFR 131.10(g)(2)] 
 
Flow conditions in the proposed tidal prism are highly variable, subject to the tidal cycle. The 
dominant dry weather low flows in Reach 1 create perennial flows of up to a few inches deep 
in most areas; some areas of this proposed reach are generally dry, apart from precipitation-
driven flows.  When the inflatable dam is up, water is impounded but depths remain shallow. It 
is infeasible to discharge a sufficient volume of effluent discharges to compensate for these 
flow conditions given limitations on the availability of adequately treated effluent.  Wastewater 
effluent is already in high demand for direct use and groundwater recharge in Orange County. 
It would be nonsensical to discharge effluent, even if available, to a waterbody such as the 
Greenville-Banning Channel, where recreational activities do not and have no reasonable 

                                                 
5 “Stormwater Bacteria BMPs” (Excel spreadsheet and related references). Prepared for the Stormwater Quality 
Standards Task Force, April 2009 – Prepared by Stuart Goong, PhD, County of Orange, Orange, CA 
6 Since the Greenville-Banning Channel is not now listed in the Basin Plan, the REC1 use has not been formally 
designated for the channel. However, pursuant to federal law and regulation, REC1 is presumed to be a beneficial 
use of the channel, unless demonstrated otherwise through a UAA.  
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probability to occur because of other considerations (e.g., access, safety and channel 
morphology).  
 
Flow conditions in the Channel render the REC1 use unattainable, especially when considered 
in concert with the other relevant factors discussed above (access, safety, proximity to 
recreational areas, etc).  
   
5.6.4.9.2 Dams, diversions or other types of hydrologic modifications preclude the 

attainment of the use [131.10(g)(4)] 
 
The Greenville-Banning Channel has been significantly modified for flood control purposes.  As 
described above and summarized in Table GB-2, the channel is almost completely a vertical 
walled, concrete channel with a short segment of trapezoidal sided concrete channel. The 
channel bottom is generally flat, causing dry weather flows to sheet flow across the bottom.  
Representative photographs of the modified channel are shown in this report in Figures GB-4-
7, 10 and 11.  Given the level of development in the vicinity of the channel and the ongoing 
need to provide flood protection, it is not considered feasible to convert the channel to a 
condition that would allow the attainment of the REC1 use.  
 
5.6.4.10 Conclusions and Recommendations 
 
The preceding evidence and analyses demonstrate that: 
 

• REC1 is not an “existing use” in the proposed tidal prism reach or Reach 1 of the 
Greenville-Banning Channel and the use cannot be attained by implementing effluent 
limits on point source discharges and/or cost-effective and reasonable best 
management practices for nonpoint source control.  

 
• The REC1 use designation is not appropriate for the proposed tidal prism or Reach1 of 

the Greenville-Banning Channel because flow conditions and hydrologic modifications 
preclude the use.  Flow conditions cannot be compensated for by effluent discharges, 
nor is it feasible to restore the water body or operate the hydrologic modifications of the 
Channel in order to attain the use [40 CFR 131.10 (g) (2) and (4)]. 

 
• When considering a “suite of factors” such as safety and the lack of access to the 

channel due to access prohibitions, fencing, lacking of maintenance access entry and 
high vertical channel walls, it is further apparent that the REC1 use is not and has no 
reasonable probably to be attained in the proposed tidal prism and Reach 1 of the 
Greenville-Banning Channel.  

 
• It is appropriate to designate the proposed tidal prism REC2, given that the channel in 

this area is visible to the public and offers the opportunity for wildlife observation.   
 

• The REC2 designation is not justified for the proposed Reach 1.  
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Recommendations regarding the REC1 and REC2 designations for the proposed tidal prism 
and Reach 1 of the Greenville-Banning Channel are summarized in Table GB-10.  
 
 

Table GB-10  
Recommendations for REC1 and REC2 Designations for Proposed Tidal Prism and 

Reach 1 of the Greenville-Banning Channel 
    
  

Reaches 
Reach  
Boundaries 

REC1 REC2 Current 
Beneficial 
Use 
Designations 

Greenville-
Banning 
Channel 

Tidal Prism  Confluence 
with Santa 
Ana River to 
0.23 mile 
downstream 
of confluence 
of Fairview 
Channel at 
Diversion 
Dam 

No  Yes Not listed in 
the Basin 
Plan; 
Assumed 
REC 1 

Reach 1 Diversion 
Dam to 
California 
Street 
crossing 

No  No 
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Appendix 1 
Monitoring Results for Enterococcus 

Greenville-Banning Channel 
200’ Downstream of Diversion (tidal influence) 

Data Provided by: OC Public Works- 
OC Watersheds 

 
Date Entero-

coccus 
(CFU/100 

mL) 
5/16/01 50 
6/6/01 60 
6/13/01 <10 
6/20/01 120 
6/27/01 10 
7/3/01 20 
7/11/01 <5 
7/18/01 23 
7/25/01 60 
8/1/01 <20 
8/8/01 5 
8/15/01 <5 
8/22/01 10 
8/29/01 10 
9/5/01 25 
9/12/01 <5 
9/19/01 15 
9/26/01 40 

5/21/2002 100 
5/31/2002 60 
6/25/2002 30 
6/20/2002 630 
7/12/2002 10 
7/17/2002 <1 
8/1/2002 740 
8/7/2002 <1 

8/23/2002 <10 
8/28/2002 30 
9/11/2002 150 
9/4/2002 150 

9/17/2002 20 
9/25/2002 80 
9/30/2002 50 

Date Entero-
coccus 

(CFU/100 
mL) 

10/8/2002 30 
10/17/2002 30 
10/31/2002 700 
11/13/2002 60 
11/22/2002 70 
11/29/2002 280 
12/4/2002 240 
12/16/2002 690 
12/13/2002 580 
12/23/2002 710 

1/7/2003 220 
1/17/2003 80 
1/21/2003 80 
1/29/2003 50 
2/6/2003 10 

2/10/2003 110 
2/21/2003 60 
2/24/2003 80 
3/3/2003 100 

3/10/2003 20 
3/21/2003 50 
3/26/2003 70 
3/31/2003 15 
4/8/2003 <10 

4/17/2003 900 
4/24/2003 60 
5/1/2003 40 
5/8/2003 500 

5/15/2003 6 
5/23/2003 DRY 
5/29/2003 12 
6/4/2003 NA 

6/12/2003 80 

Date Entero-
coccus 

(CFU/100 
mL) 

6/20/2003 DRY 
6/24/2003 DRY 
6/30/2003 60 
7/9/2003 DRY 

7/11/2003 DRY 
7/16/2003 30 
7/23/2003 20 
7/30/2003 DRY 
8/7/2003 30 

8/15/2003 <20 
8/21/2003 10 
8/25/2003 70 
9/4/2003 80 

9/10/2003 <10 
9/19/2003 40 
9/22/2003 20 
10/1/2003 50 
10/9/2003 10 
10/16/2003 70 
10/22/2003 10 
10/31/2003 160 
11/3/2003 63 
11/10/2003 80 
11/20/2003 530 
11/28/2003 90 
12/1/2003 20 
12/11/2003 20 
12/19/2003 60 

1/7/2004 20 
1/13/2004 130 
1/19/2004 240 
1/26/2004 11 
2/2/2004 300   
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Appendix 1 (continued) 
Monitoring Results for Enterococcus  

Greenville-Banning Channel 
200’ Downstream of Diversion (tidal influence) 

Data Provided by: OC Public Works- 
OC Watersheds 

 
Date Enterococcus 

(CFU/100mL) 
Date Enterococcus 

(CFU/100mL) 
Date Enterococcus 

(CFU/100mL) 

2/9/2004 900 2/17/2004 130 2/23/2004 22000 
3/1/2004 300 3/8/2004 500 3/15/2004 500 

3/22/2004 23 3/29/2004 23 4/5/2004 170 
4/12/2004 50 4/19/2004 11 4/27/2004 2 
5/3/2004 4 5/10/2004 8 5/24/2004 18 
6/2/2004 80 6/14/2004 17 6/21/2004 23 

6/28/2004 2 7/6/2004 <2 7/12/2004 <2 
7/19/2004 23 8/13/2004 80 8/19/2004 470 

 



This report is part of the Staff Report – Basin Plan Amendments- Revisions to Recreational 
Standards for Inland Fresh Surface Waters in the Santa Ana Region, January 12, 2012 
 
5.6.5 UAA Analysis:   Temescal Creek 
 
The following discussion summarizes and references the August 2010, “Use Attainability 
Analysis Technical Report for Temescal Creek” CDM, August 2010 (TC Technical Report).  
Maps, tables, and photographs from the technical report are reproduced here directly or 
adapted and referenced appropriately.   The text also describes Regional Board staff’s 
observations of Temescal Creek and analysis of data collected.  
 
5.6.5.1 Waterbody Description/Location 

The Temescal Creek watershed is located in Riverside County and is approximately 200 mi
2 

in 
size (Figure TC-1). Temescal Creek extends approximately 28 miles from Lake Elsinore to the 
Prado Basin. The area of the Creek under study in this UAA is within what is currently identified 
in the Basin Plan as Temescal Creek, Reach 1, extending from Lincoln Avenue to the Riverside 
Canal1 in the City of Corona (Basin Plan, Chapter 3, Table 3-1). Tributaries to Reach 1, which 
include Arlington Drain, Norco Channel and Main Street Channel, are not included in this UAA.   
 

5.6.5.2 Reach Identification  

For the purpose of designating recreation water quality standards, staff proposes that Reach 1 
be subdivided into Reach 1a and 1b (see also Section 5.8 of the Staff Report).   

Reach 1a: from Lincoln Avenue   (33°53’29.904”N, 117°34’12.432”W) to the confluence with the 
Arlington Channel (identified in the TC Technical Report as the Arlington Drain) (approximately 
33°52’51.204”N, 117°33’15.732“W);   

Reach 1b: from the confluence with the Arlington Channel to approximately 1,400 feet upstream 
of Magnolia Avenue (approximately 33°52’1.992”N, 117°31’30.108”W). 

Each of these areas is described below. First, however, it should be noted that the reach 
descriptions employed in the TC Technical Report differ from the Basin Plan and those 
proposed by Board staff. In the TC Technical Report, the area of UAA interest in Temescal 
Creek was divided into “Reach 1” and “Reach 2”.   “Reach 1” essentially coincides with staff’s 
proposed Reach 1a, except that the downstream terminus of Reach 1a extends further (~0.5 
mi.) to Lincoln Avenue, consistent with the current Basin Plan delineation. The TC Technical 
Report describes the downstream terminus of Reach 1 as approximately 100 ft. downstream of 
Cota Avenue (See Figure TC-2). As noted above, the Basin Plan identifies the upstream 
terminus of Reach 1 as the Riverside Canal, which no longer exists. Staff proposes that the 
upstream terminus of Reach 1b (or “Reach 2” in the TC Technical Report) be located 1400 feet 
upstream of Magnolia Avenue. This is the approximate location of the former Riverside Canal. 
While the reach designations differ, the data and analyses provided in the TC Technical Report 
with respect to channel morphology, surrounding land use, evidence of recreational activity, etc. 
in the channel are not substantively affected by this revised approach.  
  
                                                 
1 The Riverside Canal has been abandoned and does not currently connect to or cross Temescal Creek. 
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Table TC-1 Reach Identification 

Basin Plan TC Technical Report 

 

Regional Board Staff 
Proposed 

Reach 1:  Lincoln 
Avenue to Riverside 
Canal 

Reach ”1”: 100 ft. 
downstream of Cota 
Avenue to confluence 
with Arlington Channel 

Reach 1a: Lincoln 
Avenue (~0.5 mile 
downstream of Cota Ave) 
to confluence with 
Arlington Channel, a 
distance of ~3 miles. 

 Reach “2”: Arlington 
Channel confluence to 
1,400 ft, upstream of 
Magnolia Street 

Reach 1b: Arlington 
Channel confluence to 
1,400 ft., upstream of 
Magnolia Street 

 

 

Figure TC-1, Map of Temescal Creek Watershed. Source: Use Attainability Analysis Technical Report for 
Temescal Creek, CDM, August 2010, Figure 2-1. 
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Figure TC-2.  Proposed Reach 1a and 1b of Temescal Creek and Surrounding Area. 
 
5.6.5.3 Reach Descriptions 
 
Channel characteristics for each of the proposed reaches are summarized in Table TC-2. 
Representative photographs are included as Figures TC-3, 4, and 5. The TC Technical Report 
includes additional photographs of the channel (See TC Technical Report, Figures 2-8 through 
2-13) 
 
 
 
 
 
 
 
 
 
 
 

 

Reach 1a 

Magnolia Avenue 

Reach 1b 

Lincoln Avenue 

Cota Street 

Temescal Creek 

Main Street 
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Table TC-2 
Temescal Creek, Proposed Reach 1a and 1b Channel Characteristics  

Reach No. Extent Description 
Reach 1a Lincoln Ave. to 100 ft. 

Downstream of Cota St.  
Rip rap lined earthen channel  
(~0.5 mile in length) 

Reach 1a From 100 ft. downstream of Cota 
St. to Arlington Channel 
Confluence 

Trapezoidal, fully concrete-lined; 
side slope (1.5:1); bottom width 
of 100 ft. with low flow channel 
(~3 miles in length) 

Reach 1b Arlington Channel  confluence to 
~1400 ft. (0.27 mile) upstream of 
Magnolia Avenue 

Vertical walled, fully concrete- 
lined, bottom width of 84 ft. No 
low flow channel (~3 miles in 
length) 

 
5.6.5.3.1 Reach 1a 
 
The downstream section of Reach 1a, from Lincoln Avenue to Cota Street, consists of a channel 
with a trapezoidal configuration, featuring riprap covered side slopes and an  
earthen bottom (see Figure TC -3).  (See also Figure 2-8 of the TC Technical Report for a 
photograph of this section of Reach 1a.)  This section of the Reach is approximately 0.5 miles in 
length and has a channel bottom width of approximately 100 ft.    
 
The remainder of Reach 1a is a trapezoidal, concrete lined channel. The walls are greater than 
a 45º slope (Figure TC-4). (See also Figures 2-9, 2-10, 2-11, 3-2, and 3-3 of the TC Technical 
Report for photographs of this section of Reach 1a.) The channel bottom is approximately 100 
feet wide, with a narrow low flow channel in the center of the channel.  The proposed Reach 1a 
terminates upstream at the confluence of the Arlington Channel, which is just downstream of the 
State Route 91 crossing and culvert. The total length of the proposed Reach 1a is approximately 
3 miles.  
 
Larger tributary channels that flow into Reach 1a include the Arlington Channel , which flows 
into Reach 1a approximately 400 feet downstream of the 91 Freeway Culvert, and Oak Street 
Channel, which flows into Reach 1a just upstream of  Magnolia Avenue.   Flows in the channel 
are perennial and consist of natural runoff, urban runoff, wet-weather POTW discharges, and 
occasional flood overflows from Lake Elsinore and its watershed.  

5.6.5.3.2 Reach 1b    
 
From the Arlington Channel confluence to the upstream terminus of the proposed Reach 1b, the 
channel remains concrete-lined, but transitions from a trapezoidal configuration to vertical walls 
(~14 ft. high).  See Figure TC-5. At approximately 1400 ft. upstream of Magnolia Avenue, the 
concrete vertical-walled channel transitions to an earthen channel. This point is the upstream 
terminus of proposed Reach 1b. (See TC Technical Report Figures 2-12 and 2-13.) Reach 1b is 
approximately 3 miles in length. The Main Street Channel (identified in the TC Technical Report 
as Canyon Wash), a concrete-lined, vertical-walled channel, is a major tributary to Reach 1b.   
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By 1985, Reach 1a and Reach 1b, except for the segment of Reach 1a downstream of Cota 
Street, had been converted from earth lined channels to their present concrete-lined 
configuration.  
 
 

 
Figure TC-3. Temescal Creek, Reach 1a – facing downstream (downstream of Cota Street, Lincoln 

Avenue Bridge in distance) Regional Board staff photograph, May 2011. 
 

 
Figure TC-4. Temescal Creek, Reach 1a, at Cota Street looking upstream in the City of Corona. 

Regional Board staff photograph, December 2010. 
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Figure TC-5.  Temescal Creek, Reach 1b facing downstream at Magnolia Avenue in the City of 

Corona. Regional Board staff photograph, May 2011. 
 
 
 
5.6.5.4 Flow Conditions and Water Levels 
 
Given the hydrologic patterns in Southern California, dry weather flow is the predominant 
condition in Temescal Creek.  Precipitation-derived runoff typically occurs for only relatively 
short episodic periods during and shortly after rainfall events within the tributary watershed.  
These events are typically during the wet season (October 15 to April 15), although infrequent 
late summer monsoonal rainfall and runoff events do occur.  
 
CDM processed USGS flow data for 1980 through 2008 to facilitate time series plotting and 
frequency distribution analyses. Hydrologic data used in the analyses were developed from the 
depth of flow in the channel recorded at 15-minute intervals at a gage located in Temescal 
Creek at Main Street (in proposed Reach 1a).  
 
Depth of flow has been measured directly in the channel. The relationship between depth of flow 
and flow rate is defined by a rating curve, which may be used to convert continuous depth 
records to flow rates. Figure TC-6 presents a hydrograph of the USGS mean daily flow data for 
1980 to 2008. 
 
The continuous time series of measured depth and estimated flow was analyzed to assess the 
frequency of different conditions in the channel section. Cumulative frequency distributions show 
the likelihood of a particular flow condition occurring within the channel section.  
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Cumulative frequency curves of flow rate and depth from 1980 to 2008 were generated by CDM 
(Figures TC-7 and 8). Frequency distributions show that more than 90 percent of the time, flow 
rates and depths are characteristic of dry weather flow conditions. Flow depths during 1980 to 
2008 were less than 2 feet approximately 99 percent of the time and less than 1 foot 
approximately 90 percent of the time (Figure TC-8).   
 
Hydrographs showing the typical flow response in the Temescal Creek watershed during rain 
events of varying depths are shown in Figure TC-9.  In this Figure, hydrographs resulting from 
¼”, ½”, ¾”, 1”, 2” and 3” rainfall events at meteorological stations were overlaid to show 
similarities or differences in response based on rainfall depth. Analysis of the six storm events of 
different depths shows that near-dry-weather baseflow channel velocities (and associated 
depths) returned in as soon as 8 hours following a storm event (ranging from 8 to 30 hours in 
most cases). 
 
The dry weather flows in the creek are a combination of nuisance flows from the surrounding 
urbanized area and treated effluent discharged upstream by the City of Corona (Wastewater 
Treatment Plant (WWTP) #3) and the Lee Lake Water District. At the present time, Corona 
discharges approximately 0.37 million gallons per day (mgd) and the District approximately 0.82 
mgd.  The District is building a large recycled water storage pond. Once the pond is in use, the 
District’s discharge to the creek will be infrequent and possibly, only under emergency 
conditions. The City of Corona recently indicated its intent to cease operation of WWTP #3, 
since anticipated growth in the service area of the facility has not yet materialized. The 
treatment plant may be reopened if and when justified by sufficient development and 
wastewater flows.  
 
Regional Board staff have observed that the dry weather flows typically fill the low flow channel 
in the concrete-lined section of the proposed Reach 1a to depths less than one foot. Board staff 
have also observed that in proposed Reach 1a near Lincoln Avenue, where the channel has an 
earthen bottom and no defined low flow channel, dry weather flows are shallow (less than one 
foot) and extend across more of the width of the channel (Figure TC-3).  Proposed Reach 1b 
does not have a low flow channel; rather, the channel has a gently sloping V bottom. As a result, 
dry weather flows generally spread out across the middle of the channel bottom at shallow 
depth (less than one foot). (See Figure TC-5). 
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Figure TC-6.  Mean Daily Flow in the Temescal Creek at Main Street (Source: Use Attainability Analysis 
Technical Report for Temescal Creek, CDM, August 2010, Figure 4-2)  
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Figure TC-7 (above). Channel Flow Duration Curve for the Temescal Creek at Main Street (1980-2008) 
Figure TC-8 (below). Channel Depth Curve for the Temescal Creek at Main Street (1980-2008) 
(Source for both Figures: Use Attainability Analysis Technical Report for Temescal Creek, CDM, August 2010, 
Figures 4-3 and 4-4, respectively) 
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Figure TC-9 Event Hydrographs from the Temescal Creek Flow Record from 1980 to 2008 (Source:  Use 
Attainability Analysis Technical Report for Temescal Creek, CDM, August 2010, Figure 4-5) 
 
 
5.6.5.5 Access and Safety 
 
The Riverside County Flood Control and Water Conservation District (County Flood Control 
District) prohibits access to their holdings and easements in proposed reaches 1a and 1b of 
Temescal Creek.  The entire channel in proposed Reach 1a and 1b, including adjacent 
maintenance roads, is fenced and maintenance gates are locked to prevent access.  In addition, 
the channel is posted with no trespassing signs.  There are no bicycle, hiking, or other trails 
adjacent to Temescal Creek in these areas.  (See Figure TC-10) 
 
 
 
 
 



 

Page 11 of 29 
 

 
Figure TC-10.Temescal Creek, Reach 1a at Cota Street.  Access is prohibited and the channel is 

fenced with locked gates. Regional Board staff photograph, May 2011. 
 
 
5.6.5.6 Adjacent Land Use  
 
The watershed adjacent to Temescal Creek, Reach 1a and 1b is largely developed as 
commercial/industrial, with pockets of residential areas.  There are no schools or parks 
immediately adjacent to the creek in these areas. Limited open space remains adjacent to the 
Creek. See Figure TC-11. 
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Figure TC-11. Temescal Creek:  Channel Characteristics and Land Use. (Source:  Use Attainability 
Analysis Technical Report for Temescal Creek, CDM, August 2010, Figure 2-5)   
 
 
5.6.5.7 Water Quality Conditions  
 
The Orange County Coast Keeper performed water quality monitoring in Temescal Creek at 
Lincoln Avenue, the downstream terminus of proposed Reach 1a (and the downstream terminus 
of Reach 1 of the Creek as now identified in the Basin Plan) from 2002 to 2004, and the Middle 
Santa Ana River TMDL Grant Project team conducted monitoring at this same location from 
2007 to 2008.  Samples were collected approximately monthly from 2002 to 2004 and analyzed 
for E. coli concentrations.  Monitoring for both fecal coliform and E. coli was conducted on a 
more frequent basis from 2007 to 2008.  The monitoring data are summarized in Table TC-3, 
below.  
 
For fecal coliform, when 5 or more samples were collected in a 30 day period (calendar month, 
not rolling 30 day periods), a geometric mean (geomean) was calculated and compared to the 
existing REC1 fecal coliform objective (200 organisms/100mL based on five or more 
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samples/30day period). When insufficient data were available to calculate geomeans, the fecal 
coliform data were compared generally to that part of the existing REC1 fecal coliform objective 
that specifies that no more than 10% of the samples exceed 400 organisms/100mL for any 30-
day period. Similarly, geomeans were calculated for E. coli provided that five or more 
samples/30 day period had been collected. The E. coli geomeans were compared to the 
recommended E. coli geomean objective (126/100mL).  
 
The analyses show that the existing REC1 fecal coliform objectives and the proposed REC1 E. 
coli objective are not consistently attained. One geomean values was calculated for fecal 
coliform (13,232 MPN per 100 m/L), which significantly exceeded the current Basin Plan fecal 
coliform geomean objective (200/100mL). A geomean was also calculated for E. coli (3,127 
individuals per 100 m/l) that exceeded the proposed geomean objective of 126/100mL.  Figure 
TC-12 presents fecal coliform concentrations from 2007 through 2008. As shown, more than 
half of the samples exceeded 400/100mL fecal coliform.  
 
 

 
Figure TC-12 Time Series of Fecal Coliform Concentrations in the Temescal Creek from 2007 
through 2008 (Source:  Use Attainability Analysis Technical Report for Temescal Creek, CDM, August 2010, 
Figure 3-9) 
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Table TC-3. 

Summary of Monthly Fecal Coliform and E. coli Data at Temescal Creek at Lincoln Avenue 
(2002-2008) 

(Source: Use Attainability Analysis Technical Report for Temescal Creek, CDM, August 2010. Table 3-3) 
Month 
and Year 

Fecal colform E. Coli 
Number 

of 
Samples 
Collected 

Minimum 
Value 
(MPN/ 
100ml) 

Maximum 
Value 
(MPN 
/100ml) 

Geometric 
Mean 
(MPN 
/100ml) 

Number 
of 

Samples 
Collected 

Minimum 
Value 
(MPN 
/100ml) 

Maximum 
Value 
(MPN 
/100ml) 

Geometric 
Mean(MPN 
/100ml) 

10/2002     1 100 100  
11/2002     1 410 410  
12/2002     1 970 970  
2/2003     2 200 1,460  
3/2003     1 1,220 1,220  
4/2003     1 100 100  
5/2003     1 410 410  
6/2003     1 520 520  
7/2003     1 100 100  
8/2003     1 200 200  
9/2003     1 200 200  
10/2003     1 100 100  
11/2003     2 200 520  
12/2003     1 100 100  
1/2004     1 200 200  
2/2004     2 200 1,480  
3/2004     1 1,100 1,100  
4/2004     3 690 1,000  
7/2007 3 3,800 5,000  2 200 290  
8/2007 2 8,100 10,200  5 500 410,00 3,127 
9/2007 5 1,800 1,800,000 13,232 4 220 9,200  
12/2007 4 210 16,000  2 150 270  
1/2008 2 140 300  4 70 280  
2/2008 4 70 470      
(Source:  Use Attainability Analysis Technical Report for Temescal Creek, CDM, August 2010, Table 3-3) 
 
The data presented in Table TC-3 were used to calculate an antidegradation bacteria target for 
the proposed Reach 1a (see Section 5.2 of the Staff Report), which is proposed to be 
designated as a REC2 only water.  
 
5.6.5.7.1 Expected Water Quality Improvement  
 
This section describes programs developed by the Riverside County stormwater program to 
address pathogen inputs to surface waters that may result from urban runoff. The Stormwater 
Program was formed to meet the requirements of the Municipal Separate Storm Sewer System 
(MS4) Permit issued to the County. The County has developed and implemented a wide range 
of Best Management Practices (BMPs) focused on source control of pathogens and other 
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pollutants. Riverside County has developed a “Stormwater BMP Design Handbook”, which 
provides design procedures for structural BMPs for new development and redevelopment with 
the County. The Handbook includes a treatment control BMP matrix that describes the 
appropriate BMPs to select to address particular pollutants of concern. For pathogens, this 
matrix lists infiltration- and filtration- type BMPs as potentially providing “medium” or “high” levels 
of removal efficiency2.  While these BMPs are expected to have a beneficial effect, they are not 
expected to be sufficient by themselves to achieve full compliance with pathogen water quality 
objectives. Planning is underway to develop future management controls that specifically target 
pathogens.   

BMP implementation in the Temescal Creek watershed is guided largely by the Middle Santa 
Ana River Watershed Bacteria Indicator TMDLs and MS4 Permit requirements relevant to those 
TMDLs.   

The Regional Board adopted the Bacteria Indicator TMDLs for Reach 3 of the Santa Ana River 
and major tributaries, including Temescal Creek, in 2005.  USEPA approved the TMDLs in 
2007. To support TMDL implementation, the Middle Santa Ana River (MSAR) Task Force 
(stakeholders representing urban stormwater dischargers, agricultural operators and the 
Regional Board) was established. The TMDLs required urban stormwater dischargers in the 
MSAR watershed to (1) implement a watershed-wide compliance monitoring program; and (2) 
develop an Urban Source Evaluation Plan (USEP) for the purpose of identifying specific 
activities, operations, and processes in urban areas that contribute bacteria to MSAR 
waterbodies.  

In 2006, the Santa Ana Watershed Project Authority, in cooperation with the San Bernardino 
County Flood Control District (SBFCD), Riverside County Flood and Water Conservation District 
(RCFWCD&WCD), and Orange County Water District (OCWD) submitted a successful 
Proposition 40 grant proposal to the State Board to support the implementation of TMDL 
requirements.  The resulting grant project, MSAR Pathogen TMDL-BMP Implementation (Grant 
Project), was developed in part to initiate watershed-wide compliance monitoring and 
characterize urban bacteria sources within the watershed.   
 
Implementation of the Grant Project has resulted in: 
 

• The establishment of a watershed-wide compliance monitoring program; 
 

• A Regional Board - approved USEP to guide activities that focus on (1) bacterial indicator 
source evaluation studies; and (2) evaluation of opportunities for implementation of BMPs 
dedicated to bacterial load reductions.  

 
The Grant Project final report contained a BMP control strategy and is serving as a foundation 
for Comprehensive Bacteria Reduction Plans (CBRPs), which are required by the MS4 Permits. 
The CBRPs are intended to address bacteria reduction in the Middle Santa Ana River 

                                                 
2 See also “Stormwater Bacteria BMPs” (Excel spreadsheet and related references). Prepared for the Stormwater 
Quality Standards Task Force, April 2009 – Prepared by Stuart Goong, PhD, County of Orange, Orange, CA 
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Watershed, including Reach 1 of Cucamonga Creek.  Final Draft CBRPs were submitted in late 
December 2010 by Riverside and San Bernardino Counties to Regional Board staff for review.   
The CBRP is a long term plan designed to achieve compliance with dry weather condition (April 
1- October 31) wasteload allocations for bacterial indicators established by the MSAR Bacterial 
Indicator TMDLs.  The MS4 permits require compliance with the final water quality based 
effluent limitations (WQBELs) implementing the TMDLs no later than December 31, 2015. The 
final WQBELs may be the development and implementation of a CBRP that will achieve 
compliance with the urban wasteload allocations during dry weather. Alternatively, if the 
measures identified in the CBRP are not completed in a timely manner, then the urban 
wasteload allocations for dry weather conditions become the final WQBELs.  

While implementation of the CBRP is expected to achieve the numeric wasteload allocations, it 
is also recognized that CBRP implementation will likely be an iterative and adaptive process, 
given inherent uncertainties regarding the efficacy of bacteria indicator control BMPs.  Further, 
the CBRPs must be tailored to assure compliance with applicable water quality standards for 
Cucamonga Creek (and other waters). The intent of this UAA analysis is to document the basis 
for changes to recreational standards that, if approved, would likely affect the type and location 
of requisite BMPs and, in turn, the strategies identified in the CBRP. 
 
 
5.6.5.8 Recreation Use Surveys 
 
This section provides information on current, historical, and probable future recreational activity 
in Temescal Creek Reach 1a and 1b (as proposed).  
 
5.6.5.8.1 Evidence of Actual Recreational Use 
As described in Section 5.6.2.2 (SWQSTF UAA Methodology) extensive photographic evidence 
was gathered to assess whether and what type of existing recreational use occurs in the Santa 
Ana Delhi Channel.  In addition, field surveys were conducted by members of the Task Force 
and the consultant staff responsible for camera installation and maintenance. Information was 
also obtained from county personnel responsible for monitoring and channel maintenance.   
 
5.6.5.8.2 Digital Field Observation Camera Recreation Survey 
 
In 2005 and 2006, recreational use surveys were performed to obtain information regarding 
current levels of recreational use.  Digital field observation cameras and data transfer 
technology, coupled with weekly on-location physical surveys were used to collect the data.  
Two locations within Temescal Creek were surveyed.  Both sites are in the proposed Reach 1a 
of the Creek.  
 

• Temescal Creek at Main Street facing upstream (July / August 2005) 
 
 Temescal Creek at City of Corona WWTP No. 2 facing downstream November 2005 to 

November 2006) 
 
  Camera views at the survey locations are shown in Figures TC-13 and TC-14.   
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Figure TC-13.  Photo of the Camera View at the Recreational Use Survey Location for Temescal 

Creek at Main Street (Reach 1a) Facing Upstream (Source: Use Attainability Analysis Technical Report for 
Temescal Creek, CDM, August 2010, Figure 3-2) 

 

Figure TC-14.  Photo of the Camera View at the Recreational Use Survey Location for Temescal 
Creek at City of Corona WWTP No. 2 (Reach 1a)- Facing Downstream (Source: Use Attainability 

Analysis Technical Report for Temescal Creek, CDM, August 2010, Figure 3-3) 
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The survey duration and number of images collected for each location are shown in Table TC-4. 
An image was collected every fifteen minutes during daylight hours throughout the study 
duration unless signal strength fluctuations or equipment failures precluded collection and 
transmission.  Images were not collected at night due to darkness.  

 
Table TC-4 

Recreational Use Survey Duration 
 

Survey Location 
 

Start Date* End Date* Number of Images 

Main Street+ 7/26/05 8/4/05 513 
WWTP No. 2 11/1/05 11/1/06 10,653 

+  Camera vandalized beyond repair on the ninth day of operation 

*  Due to signal strength fluctuation issues and other equipment functionality issues, periodic, short-term gaps in 
image collection occurred between the start and end dates.  The gaps ranged from relatively minor single fifteen-
minute interval image gaps (on numerous days) to gaps in image collection spanning several days.  (See 
discussion in the Recreational Use Survey Data Report – Temescal Wash (aka Temescal Creek), CDM, November 
24, 2006) 

(Source:  Use Attainability Analysis Technical Report for Temescal Creek, CDM, August 2010, Table 3-1) 

 
Any image containing a person or persons within creek fencing or boundaries was defined as a 
recreation event.  If a person or persons were observed meeting these same conditions during 
on-site surveys, these were also considered events.  An event could include one or more 
persons. For each event, each person’s activity (type), and the estimated duration of the event 
were logged.  If an activity was captured on only one image, an activity duration was reported as 
<30 minutes.  Likewise, if the same activity by the same person or persons was observed in two 
consecutive fifteen-minute interval images, the duration was reported as <45 minutes.   
 
Table TC-5 presents a summary of the activity recorded at the Temescal Creek survey locations 
over the duration of the survey.  The seasonal periods defined in southern California NPDES 
stormwater permits were used to categorize the observations by season (April 1 to September 
30 for the dry season; October 1 to March 31 for the wet season).  Full recreational use survey 
information can be found in the Recreational Use Survey Data Report – Temescal Creek 
prepared for the Task Force by CDM in November 20063.   
                                                 
3 It should be noted that in this Recreation Use Survey Data Report (and those prepared for the other waters for 
which UAAs are discussed in this staff report), a use/activity protocol was employed to log and categorize any 
observed activity from both image and on-site physical surveys. Within this protocol, recreational events (if any) 
were differentiated as contact or non-contact events. Where it appeared that there was or might be contact activity 
in an image, the type of that contact was categorized as:  incidental contact, contact below the ankle, contact 
between the ankle and waist, contact between the waist and neck, contact above the neck, or non-recreation 
contact.  However, subsequent analyses, discussed in the TC Technical Report (and the other Technical Reports 
prepared for the UAAs addressed in this staff report), abandoned this characterization scheme. It was decided that 
the consultants’ determination in the recreational use survey reports of whether an event should be categorized as 
contact or non-contact imposed a pre-determination of the nature of the event that was intended instead to be 
considered by the Task Force. As reflected in Table TC-5 and noted in the preceding text, the characterization 
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Table TC-5 
Recreational Activity Recorded for Temescal Creek 

Location 

Number of Individuals  
Estimated 
Duration 

(min) 

Types of 
Activity 

Total  Dry  
Season 

Wet  
Season 

Main Street 4 4 0 120 Walking and 
biking 

WWTP 29 20 9 840 Walking and 
biking 

(Source:  Use Attainability Analysis Technical Report for Temescal Creek, CDM, August 2010, Table 3-29) 
 

 
 
 
As reflected in Table TC-5, the camera survey results indicate a very low frequency of human 
activity of any kind in Reach 1a of the Creek.  While no camera survey was conducted in Reach 
1b, it is reasonable to expect similar results (in fact, even less activity), given the channel 
morphology (vertical concrete walls and bottom; see Figure TC-5) and adjacent land use, which 
is largely industrial and commercial (see Figure TC-11). Of the 11,166 images collected at the 
camera survey locations in Reach 1a, only two suggested any type of water contact.  In both 
cases, an individual was observed walking in shallow water in the low flow channel; the contact 
was limited to below the ankle and of short duration (less than 30 minutes). These images are 
included here as Figures TC-15 and 16.  Thirty-one images showed a few individuals either 
walking or riding a bicycle in the channel, adjacent to the low flow channel, without body contact. 
This type of activity is depicted in Figure TC-17. 
 
 
 

                                                                                                                                                                            
scheme employed in the TC Technical Report (and the other Technical Reports) employed a different approach, 
identifying recreation events and the type of activity witnessed, rather than asserting conclusions regarding the 
contact versus non-contact nature of those activities.  
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Figure TC-15.  Photo of Activity at Temescal Creek at Main Street (proposed Reach 1a), 7/27/2005, 
10:00 (Source: Use Attainability Analysis Technical Report for Temescal Creek, CDM, August 2010, Figure 3-4) 

 

 
Figure TC-16.  Photo of Activity at Temescal Creek at Corona WWTP (proposed Reach 1a), 

7/1/2006, 13:30 (Source: Use Attainability Analysis Technical Report for Temescal Creek, CDM, August 2010, 
Figure 3-6) 
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Figure TC-17. Photo of activity at Temescal Creek at Corona WWTP (Proposed Reach 1a), 
2/25/2006, 12:15. (Source: Use Attainability Analysis Technical Report for Temescal Creek, CDM, August 2010, 

Figure 3-7) 
 
 
5.6.5.8.3 Physical Surveys and Other Information 
 
In addition to the weekly physical surveys associated with maintenance of the digital cameras,  
SWQSTF members visited Temescal Creek at the Corona Wastewater Treatment Plant No. 2 
on six weekends in July and August 2006. Task Force members were asked to stay at the 
location for half an hour and record what recreational activities they observed. The SWQSTF 
members described the number and activity of people they saw in the area, if any, the weather, 
depth and clarity of the water, and any evidence of activity in the area.  No people were 
observed in the channel during this time period by Task Force members. The Task force 
members described the water depth as ankle deep or less, and at times murky.  
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Riverside County Flood Control District and city staff who conduct maintenance activities in or 
adjacent to the channel were surveyed and  reported seeing no water contact activities in the 
proposed Reach 1a and Reach 1b. Finally, Regional Board staff have visited the proposed 
reaches of the channel for various purposes over a number of years and have witnessed from 
time to time individuals walking in proposed Reach 1a but never any water contact activity. 
Regional Board have never seen any individuals in proposed Reach 1b. 
 
5.6.5.8.4 Evidence re Historical Recreational Use   
 
To collect information regarding historical recreational use, inquiries to local jurisdictional 
agencies, online searches of California newspaper archives, databases (engineering and 
environmental trade journals), and search engines such Google News archive and Lexis-Nexis 
were conducted to identify any accounts or reference to recreational activities in the creek. No 
historical use information was identified from these searches. 

5.6.5.8.5 Probable Future Use 
 

Information regarding probable future recreational uses for Temescal Creek was obtained 
through discussions with local agencies.  The City of Corona was contacted as well as the 
Riverside County Flood Control and Watershed Conservation District.  Based on these agency 
inquiries, probable future uses have been documented. Subsequent triennial review may identify 
future probable uses.  
 
The City’s General Plan Land Use Atlas has Temescal Creek designated as Open Space / 
General, which includes lands permanently committed for public safety, including flood control 
channels.  The City’s Zoning Map indicates the creek as zoned for Flood Control with no other 
uses planned.  The City of Corona reported that its general plan for existing and proposed 
bicycle trails does list the relevant reach of Temescal Creek as planned for a Class I Bicycle 
Path (completely separated from traffic).  No immediate plans are in place to construct this 
bicycle path (communication with Michelle Hindersinn, Associate Engineer, City of Corona – 
Public Works, July 23, 2009). 
 
The Riverside County Parks and Open Space District indicated that there are no immediate 
plans to construct bicycle paths along Temescal Creek due to a lack of funding.  In addition, no 
water contact recreation use facilities are planned for the creek (Communication with Marc 
Brewer, Riverside County Parks and Open Space District, July 28, 2009). This information was 
confirmed in a more recent conversation with Mr. Brewer (September 29, 2011), who indicated 
that a bicycle trail is proposed for construction along the entire length of Temescal Creek from 
Lake Elsinore to the Santa Ana River. The proposed trail would lay atop the service road 
adjacent to the channel in the proposed Reach 1a and 1b. However, Mr. Brewer stated that 
there will very likely be no funding available for the next several years to initiate construction of 
this project.   
 
5.6.5.8.6 Summary – Evidence of Recreational Use 
 
5.6.5.8.6.1 REC1 
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In summary, there is no evidence of actual current, historic, or reasonable probable future REC1 
use in the area of Temescal Creek addressed by this UAA (proposed Reach 1a and 1b).  
Intensive photographic surveys, field surveys and information provided by public agency staff 
members who routinely visit the the creek provided no evidence of current REC1 use. Nor is 
there any evidence of historic use of the proposed reaches for REC1 use.  
 
The lack of REC1 use is a reflection of the various characteristics of the channel reaches 
described in detail in the preceding sections of this report. These include the morphology of the 
channel, which, with very limited exception (roughly between Cota Street and Lincoln Avenue), 
is characterized by heavily modified, steep trapezoidal or vertical concrete-lined walls. Coupled 
with fencing along the length of the channel on both sides, these channel characteristics make 
access generally difficult and dangerous. Flow conditions in the channel reaches are low under 
most conditions, making water contact leading to ingestion unlikely. High flows during storm 
events, which typically occur during the wet season, make recreational activity in the channel 
unsafe (temporary suspension of recreation standards during certain high flow conditions is 
proposed; see Section 5.5 of the Staff Report). There are very few residences and no schools in 
the vicinity of the proposed reaches. Much of Reach 1a and 1b are surrounded by commercial 
and industrial development, such that there is very limited views of and access to the creek for 
the public, particularly in the purposed Reach 1b. The fencing, channel morphology, flow 
conditions and the close proximity of recreational areas along the Santa Ana River Reach 3 or in 
public and private swimming pools of the area make recreational activity in the channel itself 
highly unlikely. Again, this is documented by the photographic and field survey information 
provided above.   
 
Again taking into consideration this suite of factors, as well as master planning information, 
there is no evidence that REC1 use in the future is probable.  
 
It should be noted again that determinations regarding the appropriate recreational use 
designations are subject to review and revision during future triennial reviews.  
 
5.6.5.8.6.2 REC2 
 
As shown in Table TC-5 and Figures TC-15, 16 and 17, there are some limited observations of 
individuals walking or biking in the proposed Reach 1a. Also as noted, Regional Board staff 
have on occasion observed individuals walking in the channel of Reach 1a.  The evidence of 
any water contact is extremely limited. While it appears that the individuals observed may be 
using the channel as a travel route rather than as a recreational opportunity for aesthetic 
enjoyment, picnicking or other types of REC2 activities, it is possible that such activities are 
taking place. In view of this, Board staff recommends designating the REC2 beneficial use for 
the proposed Reach 1a. (This is consistent with the current Basin Plan REC2 designation for 
Reach 1 (as now defined in the Basin Plan) as a whole.) 
 
There has been no observation of any individuals in Reach 1b.  As noted, Reach 1b passes 
through an industrial area of the City of Corona, with very limited viewing opportunities and no 
access to the channel for the public. In addition, there are no sidewalks or bicycle trails that 
following any section of Reach 1b.The vertical walls and fencing make getting into Reach 1b 
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extremely difficult and dangerous. The flat concrete channel bottom provides very poor habitat 
for plants or wildlife, thereby significantly limiting wildlife viewing opportunities.  Therefore, Board 
staff recommends that REC1b not be designated for this Reach.   
 
 
5.6.5.9 UAA Factor Evaluation 

 
As discussed in Section 5.6.2.1of the Staff Report (Regulatory Background – UAAs),, per 
federal regulation at 40 CFR 131.10 (h), a designated use may be removed or modified to allow 
the application of less stringent water quality objectives provided that the use is not an “existing 
use” and that the use cannot be attained by implementing effluent limits on point source 
discharges and/or cost-effective and reasonable best management practices for nonpoint 
source control.  
 
The preceding evidence demonstrates that REC1 is not an “existing use” for proposed Reach 
1a and 1b of Temescal Creek.  There is no evidence of actual REC1 use, either now or 
historically.  Water quality objectives to protect REC1 have not been consistently attained.  

POTW discharges to Reach 1 of Temescal Creek already receive tertiary treatment and are 
required to meet coliform bacteria limitations (2.2 MPN/100mL) that are significantly more 
stringent than the fecal coliform objectives established in the Basin Plan to protect REC1 uses 
(see Section 4.1 of the Staff Report).  These POTW limitations in NPDES permits/Waste 
Discharge requirements are based on the recommendations of the California Department of 
Public Health (CDPH) to assure an essentially pathogen-free effluent and, thereby, the 
protection of the health of members of the public who may come into contact with the effluent4. 
As discussed above (“Expected Water Quality Improvement”), BMPs are being planned and 
implemented to address bacteria reductions in stormwater and nuisance runoff to Middle Santa 
Ana River tributaries, including Temescal Creek, pursuant to MS4 permit requirements.  In 
locations such as proposed Reach 1a and 1b of Temescal creek, where there is no REC1 
activity or the potential for it, then BMP implementation to assure strict compliance with REC1 
objectives would be neither reasonable nor cost-effective.  (However, it is recognized that any 
REC1 use downstream of such areas must be protect through appropriate BMPs.) 
 
In short, the REC1 use cannot be attained in proposed Reach 1a or 1b by any more stringent 
limitations on POTW discharges. Evidence of the lack of actual and potential recreational use in 
proposed Reach 1a and 1b indicates that requirements for BMP implementation to achieve 
REC1 objectives in these waters would not be reasonable.  
  
Since there is no evidence that REC1 is an “existing use”, and since there is now no evidence 
that the use could be attained through the implementation of effluent limitations or additional 
cost-effective and reasonable BMPs, then one or more of the UAA factors in 131.10(g) may 
                                                 
4 CDPH has developed wastewater disinfection guidelines for discharges of wastewater to surface waters where 
REC1 is a beneficial use (“Wastewater Disinfection for Health Protection, February 1987).  The disinfection 
guidelines recommend the same treatment requirements for wastewater discharges to REC1 waters as those 
stipulated in the California Code of Regulations, Title 22, Division 4, Chapter 3 (Water Recycling Criteria) for supply 
of recycled water to nonrestricted recreational impoundments since the public health risks under both scenarios are 
analogous.  
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justify the removal of the REC1 use. As stated previously, the 131.10(g) factors define the 
circumstances under which designated “swimmable” (REC1) (and “fishable”) uses may be 
removed or subcategorized to allow the application of less stringent water quality objectives. 
The UAA factor evaluation is discussed next.   
 
The following describes the evaluation of the data and information presented above relevant to 
two of the UAA factors identified in 40 CFR 131.10(g).  These are:  
  

• Natural, ephemeral, intermittent or low flow conditions or water levels prevent the 
attainment of the use, unless these conditions may be compensated for by the discharge 
of sufficient volume of effluent discharges without violating State water conservation 
requirements to enable uses to be met. (131.10(g)(2)) 

• Dams, diversions or other types of hydrologic modifications preclude the attainment of 
the use, and it is not feasible to restore the water body to its original condition or to 
operate such modifications in a way that would result in the attainment of the use. 
(131.10(g)(4)) 

 
5.6.5.9.1 Natural, Ephemeral, Intermittent or Low Flow Conditions or Water Levels [40 

CFR 131.10(g)(2)] 
 
Flow data and analyses are presented above and in the TC Technical Section 4.2.1).  The 
dominant dry weather flows in the proposed Reach 1a and 1b create perennial flows that are 
less than 1 ft deep 90% of the time (See Figure TC-8). There are no sources of additional 
effluent discharges that could be used to augment the flows in proposed Reach 1a and 1b to 
enable  the REC1 use be met. As noted, highly treated effluent is already discharged by Lee 
Lake Water District and the City of Corona to the Creek.  However, effluent discharge plans are 
changing: the District is constructing a recycled water storage pond to promote recycled use of 
its effluent and the City of Corona will cease operation of and discharge from its WWTP #3, at 
least on an interim basis. These changes which will result in reduced discharges of treated 
effluent to Temescal Creek and, thereby, reduced flow levels in the Creek.      

The predominant low flows in the Channel render the REC1 use unattainable, especially when 
considered in concert with the other relevant factors discussed above (access, safety, proximity 
to recreational areas, etc.).   
 
5.6.5.9.2 Dams, Diversions or Other Types of Hydrologic Modifications [40 CFR 

131.10(g)(4)] 

Proposed Reach 1a and 1b of Temescal Creek have been very significantly modified for flood 
control purposes.  As described above and summarized in Table TC-2, the channel in Reach 1a 
and 1b is concrete lined, except for the most downstream 0.5 mile segment of Reach 1a. 
Representative photographs of the modified channel are shown in this report in Figures TC-3-5 
and 13-17 and additional images are provided in the TC Technical Report (Figs. 2-8 through 2-
12 and 3-2 through 3-7). Given the existing level of development in the vicinity of the channel 
and ongoing urbanization, there is a continuing and increasing need to provide flood protection. 
Therefore, it is not considered feasible to restore the channel to its original condition or to 
operate the channel so as to attain the REC 1 use.  



 

Page 26 of 29 
 

 
 
 
 
 
5.6.5.10 Conclusions and Recommendations 
 
The preceding evidence and analyses demonstrate that:   
 

• REC1 is not an “existing” use in either proposed Reach 1a or Reach 1b of Temescal 
Creek and the use cannot be attained by implementing effluent limits on point source 
discharges and/or cost-effective and reasonable best management practices for 
nonpoint source control. Therefore, neither Reach should be designated REC1.  

 
• The REC2 designation is not justified for proposed Reach 1b.   

 
Recommendations regarding the REC1 and REC2 designations for proposed Temescal Creek, 
Reach 1a and Reach 1b are summarized in Table TC-6. 
 

Table TC-6 
 Reaches Reach  

Boundary 
REC1 REC2 Current Basin 

Plan Beneficial 
Use 
Designation* 

Temescal  
Creek 

Reach 1a Lincoln 
Avenue to 
Arlington 
Channel 
Confluence 

No Yes REC1 and 
REC2 

Reach 1b Arlington 
Channel 
confluence to 
1,400 ft., 
upstream of 
Magnolia 
Avenue 

No  No REC1 and 
REC2 

*The Basin Plan currently identifies Reach 1 of Temescal Creek, which is designated both REC1 
and REC2. This Reach essentially coincides with proposed Reach 1a and 1b.  
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This report is part of the Staff Report – Basin Plan Amendments- Revisions to Recreational 
Standards for Inland Fresh Surface Waters in the Santa Ana Region, January 12, 2012 

 
5.6.6 UAA Analysis:   Cucamonga Creek, Reach 1 
 
In part, the following discussion summarizes and references data and information contained in 
the “Use Attainability Analysis Technical Report for Cucamonga Creek” CDM, August 2010 (CC 
Technical Report).  Maps, tables, and photographs from the technical report are reproduced 
here directly or adapted and referenced appropriately.  In addition, the text adds observations, 
photographs, and analysis by Regional Board staff. 
 
5.6.6.1 Waterbody Description/Location 

The Cucamonga Creek Watershed is approximately 92 mi²
 
in size.  The watershed includes 

portions of the cities of Chino, Ontario, Rancho Cucamonga, and Upland and sections of 
unincorporated Riverside and San Bernardino Counties (Figure V-CC-1). 
 
The Basin Plan identifies two reaches of Cucamonga Creek (Basin Plan, Chapter 3, Table 3-1).  
Lower Deer Creek, West Cucamonga Channel, Upper Deer Canyon Wash, and Demens Creek 
are the main tributaries to Cucamonga Creek within Reach 1. There are numerous local storm 
drain outfalls discharging runoff into the channel and its tributaries. Both the REC1 and REC2 
uses are designated in the Basin Plan for Reach 1.  
 
This UAA addresses Reach 1 of Cucamonga Creek. Neither Reach 2 of the Creek nor 
tributaries to the Creek are addressed in this UAA.  
 

5.6.6.2 Reach Identification 

The downstream boundary of Reach 1 is defined in the Basin Plan as the confluence with Mill 
Creek1 (essentially at Hellman Avenue), while the upstream  boundary is marked by the 
Cucamonga Canyon Dam, a small dam at the downstream end of a debris basin, located near 
23rd Street in the City of Upland (Figures CC-2, and CC-3). 
 
The analyses reported in the CC Technical Report focused on the lower part (~the lower 
quarter) of Reach 1, from Hellman Avenue upstream to approximately 750 feet downstream of 
the confluence of Lower Deer Creek. (The CC Technical Report refers to this segment as 
“Reach 1”; see Figure CC-2.) However, a more inclusive approach is recommended in this staff 
report. The channel morphology (see next section) of the remainder of Reach 1, as defined in 
the Basin Plan, and other characteristics (e.g., land use) are the same as or at least highly 
comparable to those identified in the CDM Technical Reports for other waters for which UAA 
analyses were conducted by the Task Force (see, for example, the Greenville-Banning Channel 
UAA discussion). Given these circumstances, Board staff proposes to extend the UAA analysis 
and recommendations to include Reach 1 of Cucamonga Creek in its entirety.  This approach is 
documented in the discussion that follows. 
                                            
¹ Mill Creek is identified in the Basin Plan as beginning at the downstream end of Cucamonga Creek, where the 
concrete trapezoidal channel transitions to a trapezoidal rip rap channel, just downstream of Hellman Avenue, 
located in unincorporated Riverside County. See Figure CC-4. The area downstream of Hellman Avenue is in the 
Prado Basin Management Zone.    
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Figure CC-1, Map of Cucamonga Creek Watershed 

(Source: Use Attainability Analysis Technical Report for Cucamonga Creek, CDM, August 2010, Figure 2-
1) 
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Figure CC-2. Portion of Reach 1 of Cucamonga Creek: Hellman Avenue to the Ontario 
International Airport, which is just over a mile north of the State Route 60 Freeway.   
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Figure CC-3. Portion of Cucamonga Creek Reach 1: runs in an underground culvert through the 
Ontario International Airport upstream to the Cucamonga Canyon Dam near 23rd St. in the City of 
Upland. 
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Figure CC-4. Mill Creek at Hellman Avenue in the Prado Basin Management Zone, looking 
downstream.  Cucamonga Creek becomes known as Mill Creek at this point.  (Source: Use Attainability 
Analysis Technical Report for Cucamonga Creek, CDM, August 2010, Figure 2-6.)   
 
5.6.6.3 Reach 1 Description 
 
Reach 1 is fully concrete lined, however the downstream segment (identified in the CC 
Technical Report as “Reach 1”) has trapezoidal side slopes, while the segment upstream is 
vertical walled.  From Hellman Avenue upstream to approximately 750 feet downstream of the 
confluence with Lower Deer Creek Channel, the channel sides are trapezoidal, with a slope of 
2:1.The bottom width is 70 to 78 feet, with a low flow channel. This segment is approximately 4 
miles in length (see Figure CC-5). The CC Technical Report includes additional photographs of 
this portion of the channel (CC Technical Report, Figures 2-8, 2-9). 
 
The vertical walled segment extends from 750 feet downstream of the confluence of Lower Deer 
Creek to near 23rd Street in Upland, terminating at the Cucamonga Canyon Dam. The channel 
in this area is essentially an open concrete box with a low flow channel in some sections.  The 
walls are approximately 12-15 feet in height and the channel bottom width ranges from 
approximately 80 feet in the downstream segment to approximately 25 feet in the most 
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upstream segment. Where the channel runs under Ontario International Airport, it is enclosed in 
a box culvert for about a 1/3 of a mile. This segment of Reach 1 is approximately 11 miles long. 
(See Figures CC-6 and CC-7.)  
 
The channel characteristics of Reach 1 are summarized in Table CC-1.   
  

 
 
Figure CC-5. Looking upstream at Reach 1 at Hellman Avenue.  This trapezoidal walled section of 
Cucamonga Creek stretches from this point approximately 4 miles upstream where the channel 
transitions to the vertical walled section. (Source: Use Attainability Analysis Technical Report for Cucamonga 
Creek, CDM, August 2010, Figure 2-7.) 
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Figure CC-6.  Vertical wall section of Cucamonga Creek, Reach 1, looking upstream.  Treated 
effluent is contained by a berm to the right side of channel while dry weather runoff from the surrounding 
areas flows in the middle of the channel. Regional Board staff photograph, May 2011.  
   

 
 
Figure CC-7.  The most upstream section of Cucamonga Creek, Reach 1, looking upstream at  
Cucamonga Canyon Dam.   Regional Board staff photograph, May 2011.  
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Table CC-1  
Sidewall and Bottom Construction of Cucamonga Creek 

Segment Description 
Cucamonga Creek at Hellman Avenue upstream 
to approximately 750 ft. downstream of confluence 
with Lower Deer Creek Channel 

Trapezoidal, fully concrete-lined; side slope (2:1); 
bottom width of 70 to 78 ft. with low flow channel 

Approximately 750 ft. downstream of Deer Creek 
Channel confluence to 23Rd Street Upland (at 
Cucamonga Canyon Dam).  

Vertical walls (approximately 12-15 ft. in height), 
fully concrete-lined; bottom width of 70 to 78 ft. 
with low flow channel in some sections. 

 
 
5.6.6.4 Flow Conditions and Water Levels 
 
As with the other waters in the Santa Ana Region for which UAA results are being considered, 
dry weather flow is the predominant flow condition in Cucamonga Creek.  Precipitation-derived 
runoff typically occurs for only relatively short episodic periods during and shortly after rainfall 
events in the watershed. As is typical of this area, rainfall events almost always occur in the wet 
season (mid-October through Mid-April).   
 
The dry weather flows in Reach 1 are a combination of nuisance flows from the urban and 
agricultural land uses tributary to the Creek and treated effluent discharged to Reach 1 by the 
Inland Empire Utilities Agency (IEUA) from two Publicly Owned Treatment Works (POTWs) 
(Regional Plants (RP) 1 and 4).   Studies conducted by the San Bernardino County Stormwater 
Program in response to bacterial indicator TMDL requirements found that nuisance flows during 
dry weather in 2007 and 2008 contributed about three to four cubic feet per second (cfs) of flow 
in the channel (draft “Comprehensive Bacteria Reduction Plan” (CBRP), San Bernardino County 
Stormwater Program, December 31, 2010). Effluent from IEUA’s RP 1 and RP4 is commingled 
at RP1 and ~ 4 cfs (~ 2.8 MGD) are discharged on average to Cucamonga Creek just 
downstream of State Route 60. (Effluent discharges to the Creek vary depending, in part, on 
demand for recycled water in IEUA’s service area.) A USGS flow gauge at Merrill Avenue, which 
is located downstream of the Lower Deer Creek Channel and measures flows in Cucamonga 
Creek from 95% of the entire drainage area of Reach 1, measured an average of 36 cfs of dry 
weather flow during 2007 and 2008 (CBPR, page 3-16, County of San Bernardino Dec 2010). 
 
Depending on the magnitude of nuisance flows and effluent discharges, dry weather flows in the 
channel may extend across its width (see Figure CC-8) or be limited to part of the width of the 
channel. Regional Board staff noted on February 10, 2011, during a period of dry weather, that 
flows covered about ¾ of the channel bottom with a depth of five inches in the center of the 
channel (see Figure CC-9).  Stream flow during this observation was calculated to be 
approximately 5 cfs.  Stream flows that occupy only the central low flow channel have also been 
observed by Regional Board staff. In addition, the most upstream sections have been observed 
to be dry (see Figure CC-7). 
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Figure CC-8.  Cucamonga Creek Channel bottom covered with treated effluent at Hellman Avenue 
looking upstream. (Source: Use Attainability Analysis Cucamonga Creek, CDM, August 2010, Figure 3-2)  

 
 
Figure CC-9. Cucamonga Creek at Hellman Avenue looking upstream during dry weather.  
Regional Board staff photograph February 2011. 
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Section 4.2 of the CC Technical Report describes CDM’s analyses of flow and water level 
conditions in the channel. The depth of flow in the channel has been measured directly. CDM 
used a rating curve to convert continuous depth records to flow rates. Hydrologic data used in 
the analysis were developed from the depth of flow in the channel recorded at 30-minute 
intervals at a gage located at Merrill Avenue, which is located downstream of the confluence 
with Lower Deer Creek.  The channel in this area is concrete trapezoidal.   
 
Figure CC-10 presents a hydrograph of mean daily flow data from 1968 to 2009. The continuous 
time series of measured depth and estimated flow was analyzed to assess the frequency of 
different conditions in the channel. Cumulative frequency curves of flow rate and depth from 
1988 to 2008 are shown in Figures CC-11 and 12.   The frequency distributions show that more 
than 90 percent of the time, flow rates and depths are characteristic of dry weather flow 
conditions.  Flow depths during 1988 to 2008 were less than 2 feet approximately 98 percent of 
the time and less than 1.5 feet about 93 percent of the time (Figure CC- 12).  
 
Hydrographs were used to show the typical response of the creek during rain events of varying 
depths (¼”, 1/2”, ¾”, 1”, 2” and 3”).  The analyses showed that flows in Cucamonga Creek 
typically return to base flow conditions shortly after storm events. Analysis of the six storm 
events of varying depths showed that near-dry-weather baseflow channel velocities and 
associated depths returned in as soon as 8 hours following a storm event (ranging from 8 to 30 
hours in most cases).  
 
Wet weather flows can be quite large and destructive in Cucamonga Creek.  Section 2.2.1 of the 
CC Technical Report discusses the flooding that has occurred in the channel over the last 
hundred years.  Historical flood accounts indicate that Cucamonga Creek has changed its 
course, causing significant damage to commercial, residential and agricultural areas, as well as 
to transportation (road and railroads) and utility facilities. The largest flood on record occurred in 
March of 1938.  During that flood, the estimated peak discharge for Cucamonga creek was 
10,300 cfs.   
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Figure CC-10, Mean Daily Flow in Cucamonga Creek (1968-2009) (Source: Use Attainability Analysis 
Technical Report Cucamonga Creek, CDM, August 2010, Figure 4-2)  
 
Figure CC-11, Channel Flow Duration Curve for the Cucamonga Channel (1988-2008) (Source: Use 
Attainability Analysis Technical Report Cucamonga Creek, CDM, August 2010, Figure 4-3) 
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Figure CC-12. Channel Depth Curve for the Cucamonga Creek (1988-2008). (Source: Use Attainability 
Analysis Cucamonga Creek, CDM August 2010, Figure 4-4) 
 
5.6.6.5 Access and Safety      
 
The Riverside County Flood Control and Water Conservation District and the San Bernardino 
County Flood Control District, which own and manage the channel in Reach 1, prohibit public 
access into the channel.  As a result, the entire length of Reach 1 is fenced with locked gates 
and posted to keep individuals out of the channel (see Figure CC-13). There are few 
maintenance entry points that might be used by the public for unauthorized access to the 
channel along Reach 1.  Access is also limited by the vertical walls of the channel that occur in 
most of Reach 1.  
 
Entry into the channel when it is carrying, high, wet- weather flows would be extremely 
dangerous, even deadly. Wet weather flows can fill the channel bottom from wall to wall. The 
City of Ontario Fire Department has installed a couple of swift water rescue systems (cables that 
stretch across the channel) in the vertical walled section of the channel that lies within the City 
of Ontario. It is obviously risky and dangerous for individuals to enter the channel during any 
time of the year by climbing over fences or gates walking/scaling down the vertical or even 
trapezoidal channel walls.  
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Figure CC-13. A section of Cucamonga Creek, Reach 1, near Baseline Street in the City of Rancho 
Cucamonga showing locked gate, fencing, and no trespassing/warning sign. This is an example of how 
the entire length of Reach 1 is fenced with locked gates and posted to keep individuals out of the 
channel. Photograph by Regional Board staff, May 2011.    
 
5.6.6.6 Adjacent Land Use    
 
The Reach 1 watershed is composed of agricultural, residential and mixed urban and industrial 
land uses.  The drainage area in lower part of the Reach, particularly adjacent to the trapezoidal 
wall section, is still largely in agricultural use.  Further upstream, in the Cities of Ontario, Rancho 
Cucamonga, and Upland, the land uses in the drainage area are predominantly urban and 
include a mix of residential, commercial, transportation, industrial and public service uses. The 
entire drainage area has been rapidly transitioning to urbanization in the last several years. 
Land use adjacent to and in the vicinity of Reach 1 is shown in Figure CC-14.  
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Figure CC-14.  Land Use with the Cucamonga Creek Drainage Area (Source:  Use Attainability Analysis 
Technical Report for Cucamonga Creek, CDM, August 2010, Figure 2-4)  
 
5.6.6.7 Water Quality Conditions    
 
Regional Board staff performed bacteria quality monitoring approximately weekly at Mill Creek 
at Chino Corona Road (about 0.3 mile downstream of the lower terminus of Reach 1)) and at 
Cucamonga Creek at Merrill Avenue, from 2002 to 2004.  [Note again that Cucamonga Creek is 
referred to as Mill Creek beginning where the concrete trapezoidal channel transitions to a 
trapezoidal rip rap channel downstream of Hellman Avenue (See Figure CC-4). San Bernardino 
County Flood Control District (SBCFCD) performed bacteria quality monitoring approximately 
monthly at Cucamonga Creek at Hellman Avenue, from 2001 to 2009. SBCFCD also conducted 
bacteria quality monitoring approximately weekly at Mill Creek at Chino Corona Road from 
2007-2009. Figure V-CC-15 shows the sampling locations. The data from the monitoring 
described above are summarized in Appendix 1 of this report and Table 3-3 of the CC Technical 
Report.  
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The data were combined for analysis and presentation within the CC Technical Report (Section 
3.1.2).  For fecal coliform, when 5 or more samples were collected in a 30 day period (calendar 
month, not rolling 30 day periods), a geometric mean (geomean) was calculated and compared 
to the existing REC1 fecal coliform objective (200 organisms/100mL based on five or more 
samples/30day period). When insufficient data were available to calculate geomeans, the fecal 
coliform data were compared generally to that part of the existing REC1 fecal coliform objective 
that specifies that no more than 10% of the samples exceed 400 organisms/100mL for any 30-
day period. Similarly, geomeans were calculated for E. coli provided that five or more 
samples/30 day period had been collected. The E. coli geomeans were compared to the 
recommended E. coli geomean objective (126/100mL).  
 
The analyses show that the existing REC1 fecal coliform objectives and the proposed REC1 E. 
coli objective are not consistently attained.   Of nine geomeans calculated for fecal coliform, six 
exceed the geomean objective of 200/100mL. More than half of the samples exceeded 
400/100mL. Similarly, for E. coli, of nine geomeans calculated, five exceeded the proposed 
geomean objective of 126/100mL. See Figure CC-16 and CC-17. 
 

 
Figure CC-15. Mill Creek at Chino Corona Road and Cucamonga Creek at Hellman Avenue and Merrill 
Avenue Bacteria Monitoring Sampling Locations. (Source: Use Attainability Analysis Technical Report for 
Cucamonga Creek, CDM, August 2010, Figure 3-16) 
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Figure CC-16.  Time Series of Fecal Coliform Concentrations in Mill Cucamonga Creek from 2001 
through 2009 (Source:  Use Attainability Analysis Technical Report for Cucamonga Creek, CDM, August 2010, 
Figure 3-17) 
 

 
Figure CC-17.  Monthly Geometric Mean Fecal Coliform Concentrations in Mill Cucamonga Creek 
from 2001 through 2009. (Source: Use Attainability Analysis Technical Report for Cucamonga Creek, CDM, 
August 2010, Figure 3-18).    
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5.6.6.7.1 Expected Water Quality Improvement2 

This section describes programs developed by the San Bernardino and Riverside County 
stormwater programs to address bacteria indicator inputs resulting from urban runoff. As 
described above, the drainage area tributary to Reach 1 is rapidly urbanizing. The Stormwater 
Programs were formed to meet the requirements of the Municipal Separate Storm Sewer 
System (MS4) Permit issued to each county. The Counties have developed and implemented a 
wide range of Best Management Practices (BMPs) focused on source control of pathogens and 
other pollutants. BMP implementation in the Cucamonga Creek watershed is guided largely by 
the Middle Santa Ana River Watershed Bacteria Indicator TMDLs and MS4 Permit requirements 
relevant to those TMDLs.   

The Regional Board adopted Bacteria Indicator Total Maximum Daily Loads (TMDLs) for Reach 
3 of the Santa Ana River and its major tributaries, including Cucamonga Creek, in 2005.  
USEPA approved the TMDLs in 2007. To support TMDL implementation, the Middle Santa Ana 
River (MSAR) Task Force (stakeholders representing urban stormwater dischargers, agricultural 
operators and the Regional Board) was established. The TMDLs required urban stormwater 
dischargers in the MSAR watershed to (1) implement a watershed-wide compliance monitoring 
program; and (2) develop an Urban Source Evaluation Plan (USEP) for the purpose of 
identifying specific activities, operations, and processes in urban areas that contribute bacteria 
to MSAR waterbodies.  

In 2006, the Santa Ana Watershed Project Authority, in cooperation with the SBCFCD, 
Riverside County Flood and Water Conservation District (RCFWCD), and Orange County Water 
District (OCWD)3 submitted a successful Proposition 40 grant proposal to the State Board to 
support the implementation of then-anticipated TMDL requirements.  The resulting grant project, 
MSAR Pathogen TMDL-BMP Implementation (Grant Project), was developed in part to initiate 
watershed-wide compliance monitoring and characterize urban bacteria sources within the 
watershed.   
 
Implementation of the Grant Project has resulted in: 
 

• The establishment of a watershed-wide compliance monitoring program; 
 

• A Regional Board - approved USEP to guide activities that focus on (1) bacterial indicator 
source evaluation studies; and (2) evaluation of opportunities for implementation of BMPs 
dedicated to bacterial load reductions.  

 
The Grant Project final report contained a BMP control strategy and is serving as a foundation 
for Comprehensive Bacteria Reduction Plans (CBRPs), which are required by the MS4 Permits. 
                                            
2 Much of the information for this section was derived  from the draft Comprehensive Bacteria Reduction Plans 
(CBRP) submitted by the Counties of Riverside and San Bernardino in December 2010 in response to 
requirements of the Middle Santa Ana River Watershed Bacterial Indicator TMDLs and permit requirements 
implementing those TMDLs.  
3 Orange County Water District recharges a significant volume of the flows in the Santa Ana River in the Orange 
County Groundwater Management Zone, downstream of the Middle Santa Ana River.  The District thus has a 
significant interest in the quality of the flows in the River.  
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The CBRPs are intended to address bacteria reduction in the Middle Santa Ana River 
Watershed, including Reach 1 of Cucamonga Creek.  Final Draft CBRPs were submitted in late 
December 2010 by Riverside and San Bernardino Counties to Regional Board staff for review.   
The CBRP is a long term plan designed to achieve compliance with dry weather condition (April 
1- October 31) wasteload allocations for bacterial indicators established by the MSAR Bacterial 
Indicator TMDLs.  The MS4 permits require compliance with the final water quality based 
effluent limitations (WQBELs) implementing the TMDLs no later than December 31, 2015. The 
final WQBELs may be the development and implementation of a CBRP that will achieve 
compliance with the urban wasteload allocations during dry weather. Alternatively, if the 
measures identified in the CBRP are not completed in a timely manner, then the urban 
wasteload allocations for dry weather conditions become the final WQBELs.  

While implementation of the CBRP is expected to achieve the numeric wasteload allocations, it 
is also recognized that CBRP implementation will likely be an iterative and adaptive process, 
given inherent uncertainties regarding the efficacy of bacteria indicator control BMPs.  Further, 
the CBRPs must be tailored to assure compliance with applicable water quality standards for 
Cucamonga Creek (and other waters). The intent of this UAA analysis is to document the basis 
for changes to recreational standards that, if approved, would likely affect the type and location 
of requisite BMPs and, in turn, the strategies identified in the CBRP. 
 
5.6.6.8 Recreation Use Surveys  
 
This section provides information on current, historical, and probable future recreational activity 
in Reach 1 of Cucamonga Creek.  
 
5.6.6.8.1 Evidence of Actual Recreational Use  
 
Recreational use surveys were performed by CDM at three locations on Reach 1 of Cucamonga 
Creek. Two sites were surveyed from July 2005 through November 2006. The third site was 
surveyed from October 2007 through October 2008. The three sites surveyed are:   

• Cucamonga Creek facing upstream at Hellman Avenue near Prado Basin (2005-2006)   
• Cucamonga Creek facing downstream at Hellman Avenue (2005-2006)  
• Cucamonga Creek at RP1 facing upstream (2007-2008) 

 
It should be noted that the reach of Cucamonga Creek downstream of Hellman Avenue is not 
included in recommendations for changes to water quality standards based on this UAA 
analysis. The survey at this location (facing downstream at Hellman Avenue) was conducted to 
provide basic information regarding recreational activity, if any, in the area and to assess 
whether any such activity might affect recreational use upstream in Reach 1 in the vicinity of 
Hellman Avenue.  

 
Digital field observation cameras and data transfer technology, coupled with weekly on-location 
physical surveys to check the camera equipment were used to collect the data.  Survey results 
for the two Hellman Avenue sites are described in the CC Technical Report. Results for the 
survey conducted at the RP1 site are discussed in the “Recreational Use Survey Data Report – 
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Cucamonga Creek at RP1”, CDM, July 2, 2009 (Recreational Data Report). Camera views at 
the survey locations are shown in Figures CC-18, 19 and 20. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figures CC-18 and 19.  Camera views at two Recreational Use Survey Locations.  Top: looking 
downstream at Hellman Avenue.  Bottom: looking upstream at Hellman Avenue into Reach 1. (Source: 
Use Attainability Analysis Technical Report for Cucamonga Creek, CDM, August 2010 Figures 3-2 and 3-3) 
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Figure CC-20. Camera View at Cucamonga Creek at RP1 Survey Location, Looking upstream. 
(Source: Recreational Use Survey Data Report – Cucamonga Creek at RP1, CDM, July 2009, Figure 2) 

 

The survey duration and number of images collected for each location are shown in Table CC-2. 
An image was collected every fifteen minutes during daylight hours throughout the study 
duration unless signal strength fluctuations or equipment failures precluded collection and 
transmission.  Images were not collected at night due to darkness.  
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Table CC-2 

Recreational Use Survey Duration and Number of Images Collected 

Survey Location Start Date End Date Number of Images 

Hellman Avenue Upstream   11/1/2005 11/1/2006 2,546 

Hellman Avenue 
Downstream 

7/26/2005 11/1/2006 17,678 

RP1, facing upstream 10/2/07 10/10/08 
 

27,122* 

* During the first half of the survey period, additional images (beyond the standard 0-, 15-, 30- and 45- 
minute intervals) were occasionally collected as the result of a technical communication interchange 
error. This error was corrected in April 2008. See discussion in “Recreational Use Survey Data Report – 
Cucamonga Creek at RP1”, CDM, July 2, 2009) 

Any image containing a person or persons with channel fencing or boundaries was defined as a 
recreation event. If a person or persons were observed meeting these conditions during the 
weekly on-site surveys, these were also considered events. An event could include one or more 
persons. For each event, each person’s activity and the estimated duration of the event were 
logged. If an activity was captured on only one image, an activity duration was reported as <30 
minutes. Likewise,  if the same activity by the same person or persons was observed in two 
consecutive fifteen-minute interval images, the duration was reported as <45 minutes.  

 The full recreational use survey information can be found in two reports prepared by CDM: 
“Recreational Use Survey Data Report – Cucamonga Creek”, November 20064 and 
“Recreational Use Survey Data Report – Cucamonga Creek at RP1”, July 20094.  Table CC-3 
presents a summary of the activity recorded at the Cucamonga Creek survey locations.  The 
seasonal periods defined in southern California NPDES stormwater permits were used to 
categorize the observations by season: dry season (April 1 to September 30) and wet season 
(October 1 to March 31). 

 

                                            
4 It should be noted that in these Recreational Use Survey Data Reports (and those prepared for the other waters 
for which UAAs are discussed in this staff report), recreational events were differentiated as contact or non-contact 
events. Where it appeared that there was or might be contact activity in an image, the type of that contact was 
categorized as:  incidental contact, contact below the ankle, contact between the ankle and waist, contact between 
the waist and neck, contact above the neck, or non-recreation contact. However, subsequent analyses, discussed 
in the CC Technical Report, abandoned this categorization scheme. It was decided that the consultants’ 
determination in the recreational use survey reports of whether an event should be categorized as contact or non-
contact imposed a pre-determination of the nature of the event that was intended instead to be considered by the 
Task Force. Thus, the CC Technical Report identifies the type of activities recorded. Table V-CC-3 summarizes the 
types of activities observed.  
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Table CC-3     Recreation Activity 

Recorded for Cucamonga Creek, Reach 1 

Location Number of Individuals Estimated 

Duration 
(min) 

Types of Activities 

Total Dry 
Season 

Wet 
Season 

Hellman Avenue 
Upstream  

1 1 0 30 Vehicle Driving in Water 

Hellman Avenue 
Downstream+ 

 

 

35 21 14 1,080 Walking, horseback riding 
in water 

RP-1 upstream at RP1 0 0 0   

+ Cucamonga Creek downstream of Hellman Avenue is not included in the recommendations for REC 
beneficial use changes based on this UAA analysis. 

 

Figures 3-4 through 3-15 in the CC Technical Report are photographs of observed activity. 
Figures 3-4 and 3-7 are reproduced below (Figures CC-21 and 22, respectively). 

 

 

Figure CC-21. Photo of Activity (vehicle in channel) at Cucamonga Creek at Hellman Avenue 
looking upstream into Reach 1.  (Source:  Use Attainability Analysis Technical Report for Cucamonga Creek, 
CDM, August 2010, Figure 3-4) 
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Figure CC-22.  Photo of Activity at Cucamonga Creek (Mill Creek) at Hellman Avenue looking 
downstream.  (Source:  Use Attainability Analysis Technical Report for Cucamonga Creek, CDM, August 2010, 
Figure 3-7) 

Overall, the survey results indicate no recreation activity of any kind in Reach 1 of the Creek, 
with the sole exception of a vehicle observed being driven in the Creek (See Figure CC-21). 

5.6.6.8.2 Physical Surveys and Other Information 

In addition to the weekly physical surveys associated with maintenance of the digital cameras, 
Task Force members visited the site at Hellman Avenue at Cucamonga Creek on six weekends 
in July and August 2006.  Task Force members were asked to stay at the location for half an 
hour and record what recreational activities they observed. No people were observed in the 
channel during the time Task Force members visited the site. The Task Force members 
described the water depth as ankle deep or less.  Regional Board staff taking part in the survey 
noted that the extreme heat, lack of shade, shallow flows over a concrete bottom that was either 
mucky or very slippery, and swarms of flies contributed to poor conditions for water contact or 
non-contact recreation.  

In the summer and early fall of 2011 Task Force members again visited Cucamonga Creek 
Reach 1 on weekends to assess whether conditions had changed at the site and whether there 
was evidence of recreational activity.  This time Task Force members were encouraged to visit 
several locations in Reach 1. It was noted that the upper section of the channel had no 
(completely dry) to very little flows while the lower sections of the channel carried treated 
effluent, resulting in shallow (roughly ankle deep) flows.  There was no evidence of either REC1 
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or REC2 activity.  The channel remains entirely fenced, with access gates locked, and posted to 
prevent access.  A bicycle trail follows the channel in the most upstream four mile section of 
Reach 1, but the trail appears lightly used and in disrepair.    

SBCFCD staff who conduct maintenance activities in the channel have reported to Regional 
Board staff that they have seen no one in any segment of Reach 1. In addition, the City of 
Ontario Fire Department has reported to Regional Board staff that the swift water rescue 
devices in the channel have not been used for a rescue in at least ten years.  

As stated previously, the CDM camera/physical surveys of Cucamonga Creek focused on the 
lower part of Reach 1, downstream of the confluence with Lower Deer Creek. The physical 
surveys conducted by Task Force members in July and August 2006 focused on the same area.  
Regional Board staff evaluated the entire Reach 1 in October 2009 and on May 3, 2011 the 
upper portion and prepared a brief report of observations, including any evidence of recreational 
activity. These observations are reflected in the preceding discussion. Once again, no evidence 
of current recreational activity in or near the Creek channel was observed. 

5.6.6.8.3 Evidence Regarding Historic Use Recreational Use 

To collect information regarding historical recreational use, inquiries to local jurisdictional 
agencies, online searches of California newspaper archives, databases (engineering and 
environmental trade journals), and search engines such Google News archive and Lexis-Nexis 
were conducted to identify any accounts or reference to recreational activities in the creek. No 
historical use information was identified from these searches. 

5.6.6.8.4 Probable Future Use 

Information regarding potential future recreational uses for Reach 1 of Cucamonga Creek was 
obtained through discussions with local agencies and review of relevant master plans.  The 
findings are described in the CC Technical Report (Section 3.3) SBCFCD provided the 
Recreation Master Plan for Cucamonga Creek and Tributaries, Feature Design Memorandum 
No. 3.5 This document describes concept plans for bicycle, equestrian, and hiking trails along 
the creek. Bicycle trails were planned for the eastern side of the creek; equestrian/hiking trails 
were planned for the western side of the creek. The design memorandum indicated that if 
funding were available in fiscal year 1975, construction of equestrian, hiking, and bicycle trails 
would occur adjacent to Cucamonga Creek from the Lower Deer Creek confluence to Hellman 
Avenue. This plan was never implemented. From discussions with City of Ontario and San 
Bernardino County Regional Parks Department, there are no current plans for development of 
future recreational uses for this reach of Cucamonga Creek (Communication with Steve Wilson, 
NPDES Coordinator, Water/Wastewater Engineer, City of Ontario, August 12, 2009; and Jim 
Canaday, Planner III, San Bernardino County Regional Parks Department, September 17, 
2009).  

In 2011, Task Force members had further discussions with City of Ontario, Rancho Cucamonga, 
and County staff concerning recreational plans for Cucamonga Creek. The city of Ontario and 
                                            
5 U.S. Army Engineer District, Los Angeles, Corps of Engineers.  Recreation Master Plan for Cucamonga Creek 
and Tributaries, Feature Design memorandum No. 3, March 1974. 



Page 25 of 35 

county staff indicated that there were still no plans for development of recreational facilities for 
Reach 1 of Cucamonga Creek. City of Rancho Cucamonga staff indicated that there were no 
plans to extend the existing bicycle trail located alongside the most upstream section of the 
channel beyond its current four mile length.  

In addition to inquiries with local jurisdictional agencies, online searches of California newspaper 
archives, databases (engineering and environmental trade journals), and search engines such 
Google News archive and Lexis-Nexis were conducted to identify any accounts or reference to 
future recreational activities in the channel. No potential probable future recreational uses were 
identified from this search. 

5.6.6.8.5 Summary – Evidence of Recreation Use 

5.6.6.8.5.1 REC1 

In summary, neither the intensive photographic surveys nor the field surveys showed any 
evidence of current REC1 use in Reach 1 of Cucamonga Creek.  Further, there is no evidence 
of historic or reasonably possible future REC1 use in Reach 1 of the creek. The lack of REC1 
use is a reflection of the various characteristics of Reach 1 that are described in detail in the 
preceding sections of this report.   These include vertical or trapezoidal, concrete-lined walls for 
the entire length of Reach 1.  Coupled with fencing along the length of the channel on both 
sides, these channel characteristics make access difficult and dangerous.  Even the trapezoidal 
side walls of the channel are difficult to walk down. The channel bottom is slippery in many 
areas because of algae growth, making walking dangerous and contact activity unappealing.  
Regional Board staff noted the difficulty in scaling down the trapezoidal walls and walking 
without slipping on the algae covered bottom in the channel upstream of Hellman Avenue during 
dry weather in February of 2011 (see Figure CC-5). Low flow conditions predominate in the 
channel, making water contact leading to ingestion highly unlikely.  High flows during storm 
events make recreational activity in the channel extremely unsafe (temporary suspension of 
recreation standards during certain high flow conditions is proposed; see Section 5.5).The 
conditions are so potentially unsafe that, as noted, the City of Ontario Fire Department has 
placed swift water rescue cable devices in the channel in mid–reach segments. Much of the 
channel is out of view from the general public since a significant portion of it is adjacent to 
agricultural and industrial lands uses (see Figure CC-14).  These uses are not conducive to 
visiting the channel, let alone recreational activity in it. Residential land use predominates in the 
upper areas adjacent to Reach 1; however, the channel in these areas is characterized by 
vertical concrete walls, making entry highly dangerous and unlikely.   There are few bicycle trails 
along the Reach that might encourage visitation. There are numerous public and private 
swimming pools in the watershed and more attractive recreational areas, including the 
headwaters of Cucamonga Creek (Reach 2) and the Santa Ana River, Reach 3 are in 
reasonably close proximity.  

5.6.6.8.5.2 REC2 

As shown in Table CC-3 (Recreation Activity Recorded for Cucamonga Creek, Reach 1) there 
are no observations or reports of individuals walking or recreating in or adjacent to the Reach 1 
channel.   As noted, the sole observation of human presence in Reach 1 was a vehicle being 
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driven in the channel. This may have been a County Flood Control Maintenance vehicle. As 
noted above, there is limited sight view of much of Reach 1, and much of the reach is also 
adjacent to commercial/industrial land uses. Channel morphology severely limits wildlife habitat 
and the potential for viewing wildlife. Therefore, Board staff recommends that the REC2 use be 
removed and de-designated for this reach.   

5.6.6.9 UAA Factor Evaluation 

As discussed in Section 5.6.2.1 Regulatory Background – UAAs, per federal regulation at 40 
CFR 131.10 (h), a designated use may be removed or modified to allow the application of less 
stringent water quality objectives provided that the use is not an “existing use” and that the use 
cannot be attained by implementing effluent limits on point source discharges and/or cost-
effective and reasonable best management practices for nonpoint source control.  
 
The preceding evidence demonstrates that REC1 is not an “existing use” for Reach 1 of 
Cucamonga Creek.  There is no evidence of actual REC1 use, either now or historically.  Water 
quality objectives to protect REC1 have not been consistently attained.  

POTW discharges to Reach 1 of Cucamonga creek already receive tertiary treatment and are 
required to meet coliform bacteria limitations (2.2 MPN/100mL) that are significantly more 
stringent than the fecal coliform objectives established in the Basin Plan to protect REC1 uses. 
(see Section 4.1).  These POTW limitations in NPDES permits/Waste Discharge requirements 
are based on the recommendations of the California Department of Public Health (CDPH) to 
assure an essentially pathogen-free effluent and, thereby, the protection of the health of 
members of the public who may come into contact with the effluent6. As discussed above 
(“Expected Water Quality Improvement”), BMPs are being planned and implemented to address 
bacteria reductions in stormwater and nuisance runoff to Middle Santa Ana River tributaries 
pursuant to MS4 permit requirements.  In locations, such as Reach 1 of Cucamonga Creek, 
where there is no REC1 activity or the potential for it, then BMP implementation to assure strict 
compliance with REC1 objectives would be neither reasonable nor cost-effective.  (However, it 
is recognized that any REC1 use downstream of such areas must be protected through 
appropriate BMPs.) 
 
In short, the REC1 use cannot be attained in Reach 1 by any more stringent limitations on 
POTW discharges. Evidence of the lack of actual and potential recreational use in Reach 1 
indicates that requirements for BMP implementation to achieve REC1 objectives would not be 
reasonable.  
  
Since there is no evidence that REC1 is an “existing use”, and since there is now no evidence 
that the use could be attained through the implementation of effluent limitations or additional 
cost-effective and reasonable BMPs, then one or more of the UAA factors in 131.10(g) may 
                                            
6 CDPH has developed wastewater disinfection guidelines for discharges of wastewater to surface waters where 
REC1 is a beneficial use (“Wastewater Disinfection for Health Protection, February 1987).  The disinfection 
guidelines recommend the same treatment requirements for wastewater discharges to REC1 waters as those 
stipulated in the California Code of Regulations, Title 22, Division 4, Chapter 3 (Water Recycling Criteria) for supply 
of recycled water to nonrestricted recreational impoundments since the public health risks under both scenarios are 
analogous.  
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justify the removal of the REC1 use. As stated previously, the 131.10(g) factors define the 
circumstances under which designated “swimmable” (REC1) (and “fishable”) uses may be 
removed or subcategorized to allow the application of less stringent water quality objectives. 
The UAA factor evaluation is discussed next.   
 
The following describes the evaluation of the data and information presented above relevant to 
two of the UAA factors identified in 40 CFR 131.10(g).  These are:  
 

• Natural, ephemeral intermittent or low flow conditions or water levels prevent the 
attainment of the use, unless these conditions may be compensated for by the discharge 
of sufficient volume of effluent discharges without violating State water conservation 
requirements to enable uses to be met. (131.10(g)(2)) 

 
• Dams, diversions or other types of hydrologic modifications preclude the attainment of 

the use, and it is not feasible to restore the water body to its original condition or to 
operate such modifications in a way that would result in the attainment of the use. 
(131.10(g)(4)) 

 
 
5.6.6.9.1 Natural, Ephemeral, Intermittent or Low Flow Conditions or Water Levels [40 

CFR 131.10(g)(2)] 
  

Flow data and analyses are presented above and in the CC Technical Report (Section 4.2.1).  
The dominant dry weather flows in the lower sections of Reach 1 create perennial flows that are 
less than approximately 1.3 ft deep 95% of the time (See Figure CC-12). More recently 
(February 2011), Regional Board staff measured the deepest section of dry weather flow in  
Cucamonga Creek at Hellman Avenue to be 5 inches deep.  There are no sources of additional 
effluent discharges that could be used to augment the flows in Reach 1 to enable  the REC1 use 
be met. As noted, some highly treated effluent is already discharged to Reach 1; other effluent 
produced at the IEUA Regional Plants is used for water recycling, which conforms to the State 
Board’s “Policy for Water Quality Control for Recycled Water” and the intent of the California 
Legislature to support and encourage water recycling.    

The predominant low flows in the Channel render the REC1 use unattainable, especially when 
considered in concert with the other relevant factors discussed above (access, safety, proximity 
to other, preferable recreational areas, etc.).   
 

5.6.6.9.2 Dams, Diversions or Other Types of Hydrologic Modifications [40 CFR 
131.10(g)(4)] 

Reach 1 of Cucamonga Creek has been very significantly modified for flood control purposes.  
As described above and summarized in Table CC-1, the channel in Reach 1 is entirely  concrete 
lined. The channel walls are vertical except for the lower four mile segment of the channel, 
which is trapezoidal. Representative photographs of the modified channel are shown in this 
report in Figures CC-5, 6, 7, 8, 9, 13, and 18, and additional images are provided in the CC 
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Technical Report (Figs 2-7, 2-8, 2-9, and 3-2). Given the existing level of development in the 
vicinity of the channel and rapid urbanization, there is an ongoing and increasing need to 
provide flood protection. Therefore, it is not considered feasible to restore the channel to its 
original condition or to operate the channel so as to attain the REC 1 use.  
   
5.6.6.10 Conclusions and Recommendations 
 
The preceding evidence and analyses demonstrate that:   
 

• REC1 is not an “existing” use in Reach 1 of Cucamonga Creek, Reach 1 and the use 
cannot be attained by implementing effluent limits on point source discharges and/or 
cost-effective and reasonable best management practices for nonpoint source control. 
Therefore, it is appropriate to remove the REC1 designation for this Reach that i 

• s currently included in the Basin Plan. 
 
• The REC2 designation is not justified for Reach 1. Therefore, it is appropriate to remove 

the REC2 designation for this Reach that is currently included in the Basin Plan.  
 
Recommendations regarding the REC1 and REC2 designations for Cucamonga Creek, Reach 1 
are summarized in Table CC-4. 
 

Table CC-4 
 Reaches Reach 

Boundary 
REC1 REC2 Current Basin 

Plan 
Beneficial 
Use 
Designation 

 
Cucamonga 
Creek 
 
 

 
Reach 1 

Mill Creek 
Confluence, 
at Hellman 
Avenue, to 
Cucamonga 
Canyon Dam 
near 23rd 
Street, 
Upland 

 
 
Remove 
REC1 
designation 

   
 
Remove 
REC2 
designation 

 
REC1 and 
REC2 

 
 
5.6.6.11 References 
 
California Code of Regulations, Title 22, Division 4, Chapter 3 (Water Recycling Criteria). 
 
California Department of Public Health (CDPH). February 1987. “Wastewater Disinfection for 
Health Protection.” 
 



Page 29 of 35 

California Regional Water Quality Control Board, Santa Ana Region. January 12, 2012. Staff 
Report – Basin Plan Amendments – Revisions to Recreational Standards for Inland Fresh 
Surface Waters in the Santa Ana Region. 
 
CDM. November 24, 2006. Technical Memorandum: Recreational Use Survey Data Report – 
Cucamonga Creek.   
 
CDM. July 2, 2009. Technical Report: “Recreational Use Survey Data Report – Cucamonga 
Creek at RP1. 
 
CDM. August 2010. “Use Attainability Analysis Technical Report for Cucamonga Creek. 
 
Riverside County Stormwater Program. December 31, 2010. Draft “Comprehensive Bacteria 
Reduction Plan.” 
 
San Bernardino County Stormwater Program. December 31, 2010. Draft “Comprehensive 
Bacteria Reduction Plan (CBRP).” 
 
State Water Resources Control Board.  2009. “Recycled Water Policy.” 
 
U.S. Army Engineer District, Los Angeles, Corps of Engineers. March 1974. Recreation Master 
Plan for Cucamonga Creek and Tributaries, Feature Design Memorandum No. 3. 
 
 
LIST OF TABLES          Page 
 
Table CC-1 Sidewall and Bottom Construction of Cucamonga Creek  8  
 
Table CC-2 Recreational Use Survey Duration and Number of Images  21 
  Collected 
 
Table CC-3 Recreation Activity Recorded for Cucamonga Creek, Reach 1. 22 
 
Table CC-4 Recommendations Regarding the REC1 and REC2    28 
  Designations for Cucamonga Creek, Reach 1  
 

 

LIST OF FIGURES          Page 
 
Figure CC-1 Map of Cucamonga Creek Watershed     2 
 
Figure CC-2 Portion of Reach 1 of Cucamonga Creek: Hellman Avenue  3 
  to the Ontario International Airport, which is just over a 
  mile north of the State Route 60 Freeway 
 



Page 30 of 35 

            Page 
 
Figure CC-3 Portion of Cucamonga Creek Reach 1: runs in an   4 
  underground culvert through the Ontario International 
  Airport upstream to the Cucamonga Canyon Dam  
  near 23rd St. in the City of Upland 
 
Figure CC-4 Mill Creek at Hellman Avenue in the Prado Basin    5 
  Management Zone, looking downstream   
   
Figure CC-5 Looking upstream at Reach 1 at Hellman Avenue   6 
   
Figure CC-6 Vertical wall section of Cucamonga Creek, Reach 1,   7 
  looking upstream 
 
Figure CC-7. The most upstream section of Cucamonga Creek,   7 
  Reach 1, looking upstream at Cucamonga Canyon Dam 
 
Figure CC-8 Cucamonga Creek Channel bottom covered with   9 
  treated effluent at Hellman Avenue looking upstream 
 
Figure CC-9 Cucamonga Creek at Hellman Avenue looking    9 
  upstream during dry weather 
 
Figure CC-10 Mean Daily Flow in Cucamonga Creek (1968-2009)   11 
 
Figure CC-11 Channel Flow Duration Curve for the Cucamonga   11 
   Channel (1988-2008) 
 
Figure CC-12 Channel Depth Curve for the Cucamonga Creek   12 
   (1988-2008) 
 
Figure CC-13 A section of Cucamonga Creek, Reach 1, near    13 
   Baseline Street in the City of Rancho Cucamonga 
   showing locked gate, fencing, and no trespassing sign. 
 
Figure CC-14 Land Use with the Cucamonga Creek Drainage Area.   14 
 
Figure CC-15 Mill Creek at Chino, Corona Road, and Cucamonga    15 
   Creek at Hellman Avenue, and Merrill Avenue  
   Bacteria Monitoring Sampling Locations. 
 
Figure CC-16 Time Series of Fecal Coliform Concentrations in   16 
   Mill Cucamonga Creek from 2001 through 2009 
 
 



Page 31 of 35 

            Page 
 
Figure CC-17 Monthly Geometric Mean Fecal Coliform    16  
  Concentrations in Mill Cucamonga Creek from 
   2001 through 2009 
 
Figure CC-18 Camera View at Recreational Use Survey Location.   19 
   Looking downstream at Hellman Avenue 
 
Figure CC-19 Camera View at Recreational Use Survey Location.   19 
   Looking upstream at Hellman Avenue into Reach 1 
 
Figure CC-20 Camera View at Cucamonga Creek at RP1 Survey   20 
   Location, looking upstream 
 
Figure CC-21 Photo of Activity (vehicle in channel) at Cucamonga   22 
   Creek at Hellman Avenue, looking upstream into 
   Reach 1 
 
Figure CC-22 Photo of Activity at Cucamonga Creek (Mill Creek)   23 
   at Hellman Avenue, looking downstream 
 
 
APPENDICES 
 
Appendix 1 Table 3-3         32-35 
  Summary of Monthly E-coli and Fecal Coliform 
  At Mill-Cucamonga Creek (2001-2009) 
,  
 
 
  
   



Page 32 of 35 

Appendix 1  Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at Mill-Cucamonga Creek (2001-2009)  

Month and 
Year 

Fecal Coliform 
 

E. Coli 

Number of 
Samples 
Collected 

Minimum 
Value (MPN 

/100ml) 

Maximum 
Value (MPN 

/100ml) 

Geometric Mean1 
(MPN/100mL)  

Number of 
Samples 
Collected 

Minimum 
Value (MPN 

/100mL) 

Maximum 
Value (MPN 

/100mL) 

Geometric 
Mean1 (MPN 

/100mL) 

Mill Creek at Chino Corona Road 
Feb-02 7 120 1,240 350  7 60 680 170 
Mar-02 4 110 2,100   4 50 100  
Apr-02 1 170 170   1 80 80  
Jul-02 4 800 2,000   4 250 910  
Aug-02 1 1,000 1,000   1 500 500  
Sep-02 3 1,000 1,800   3 400 640  
Oct-02 2 700 2,000   2 210 410  
Jan-03 4 400 570   4 190 530  
Feb-03 1 240 240   1 260 260  
Mar-03 3 30 9,000   3 10 510  
Apr-03 2 400 16,000   2 70 210  
Jan-04 4 100 5,700   4 40 2,600  
Feb-04 4 160 360   4 40 210  
Mar-04 5 9 450 103  5 9 440 67 
Apr-04 2 300 340   2 60 110  
Jul-07 3 2,600 9,000   3 1,000 5,700  
Aug-07 4 1,600 2,800   4 720 1,170  
Sep-07 5 1,300 4,200 1,951  5 550 1,150 765 
Oct-07 3 480 2,400   3 500 910  
Dec-07 6 170 22,000 647  6 120 5,000 457 
Jan-08 4 180 480   4 100 360  
Feb-08 4 70 7,700   4 50 5,200  
May-08 3 540 3,500   3 590 1,260  
Jun-08 4 1,140 3,000   4 810 1,240  
Jul-08 3 1,300 5,900   3 620 8,700  
Sep-08 4 380 2,800   4 540 2,100  
Oct-08 4 40 18,000   4 140 2,800  
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Appendix 1  Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at Mill-Cucamonga Creek (2001-2009)  

Month and 
Year 

Fecal Coliform 
 

E. Coli 

Number of 
Samples 
Collected 

Minimum 
Value (MPN 

/100ml) 

Maximum 
Value (MPN 

/100ml) 

Geometric Mean1 
(MPN/100mL)  

Number of 
Samples 
Collected 

Minimum 
Value (MPN 

/100mL) 

Maximum 
Value (MPN 

/100mL) 

Geometric 
Mean1 (MPN 

/100mL) 

Nov-08 2 420 3,800   2 340 440  
Dec-08 6 140 5,900 1,033  6 210 7,200 1,311 
Jan-09 5 180 850 411  5 270 660 444 
Feb-09 3 280 450   3 380 580  

Cucamonga Creek at Hellman 
Jan-01 1 1,300 1,300   1 340 340  
Feb-01 1 2,300 2,300   1 2300 2,300  
Apr-01 1 24,000 24,000   1 24000 24,000  
Nov-01 2 22,000 23,000   2 17000 23,000  
Jan-02 1 1,100 1,100   1 1100 1,100  
Mar-02 1 3,000 3,000   1 5000 5,000  
Nov-02 1 5,000 5,000   1 5000 5,000  
Feb-03 1 5,000 5,000   1 5000 5,000  
Mar-03 1 24,000 24,000   1 24,000 24,000  
Feb-04 2 9,000 14,000   2 5,000 160,000  
Oct-04 1 16,000 16,000   1 16,000 16,000  
Dec-04 1 8,000 8,000   1 8,000 8,000  
Feb-05 1 8,000 8,000   1 8,000 8,000  
Mar-05 1 3,000 3,000   1 1,700 1,700  
Mar-06 1 8,000 8,000   1 5000 5,000  
Apr-06 1 30,000 30,000   1 30,000 30,000  
Dec-06 1 800 800   1 800 800  
Jan-07 1 400 400   1 400 400  
Feb-07 2 700 1,700   2 1,700 1,700  
Nov-07      1 13,000 13,000  
Jan-08 1 1,400 1,400   1 400 400  
Feb-08 1 8,000 8,000   1 5,000 5,000  
Nov-08 1 50,000 50,000   1 13,000 13,000  
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Appendix 1  Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at Mill-Cucamonga Creek (2001-2009)  

Month and 
Year 

Fecal Coliform 
 

E. Coli 

Number of 
Samples 
Collected 

Minimum 
Value (MPN 

/100ml) 

Maximum 
Value (MPN 

/100ml) 

Geometric Mean1 
(MPN/100mL)  

Number of 
Samples 
Collected 

Minimum 
Value (MPN 

/100mL) 

Maximum 
Value (MPN 

/100mL) 

Geometric 
Mean1 (MPN 

/100mL) 

Feb-09 1 1,700 1,700   1 1,700 1,700  
Cucamonga Creek Above RP-1 

Feb-02 5 1,300 7,100 3,662  5 2,500 5,600 3,836 
Mar-02 4 2,400 3,900   4 880 4,800  
Apr-02 1 6,000 6,000   1 4,300 4,300  
Jul-02 4 4,500 50,000   4 570 23,000  
Aug-02 1 30,000 30,000   1 8,700 8,700  
Sep-02 3 4,800 13,000   3 600 1,970  
Oct-02 2 9,000 11,000   2 2,700 4,000  
Jan-03 4 2,200 20,000   4 700 11,000  
Feb-03 1 1,200 1,200   1 1,000 1,000  
Mar-03 3 10 700   3 10 260  
Apr-03 2 70 380   2 50 320  
Jan-04 4 470 9,300   4 200 3,100  
Feb-04 4 410 2,800   4 300 1,840  
Mar-04 5 9 700 169  5 9 410 150 
Apr-04 2 310 400   2 9 180  

Cucamonga Creek at Icehouse Canyon 
Feb-02 7 9 10 10  7 10 10 10 
Mar-02 6 10 10 10  6 10 10 10 
Apr-02 1 10 10   1 10 10  
Jul-02 4 10 60   4 10 50  
Aug-02 1 20 20   1 50 50  
Sep-02 3 9 30   3 9 10  
Oct-02 2 10 50   2 10 50  
Jan-03 4 9 10   4 9 30  
Feb-03 1 10 10   1 10 10  
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Appendix 1  Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at Mill-Cucamonga Creek (2001-2009)  

Month and 
Year 

Fecal Coliform 
 

E. Coli 

Number of 
Samples 
Collected 

Minimum 
Value (MPN 

/100ml) 

Maximum 
Value (MPN 

/100ml) 

Geometric Mean1 
(MPN/100mL)  

Number of 
Samples 
Collected 

Minimum 
Value (MPN 

/100mL) 

Maximum 
Value (MPN 

/100mL) 

Geometric 
Mean1 (MPN 

/100mL) 

Mar-03 3 10 20   3 10 10  
Apr-03 2 10 10   2 10 20  
Jan-04 4 9 9   4 9 20  
Feb-04 3 9 9   3 9 9  
Mar-04 4 9 9   4 9 30  
Apr-04 2 9 9   2 9 9  

1Geometric mean calculated if at least five samples were collected during the calendar month. 

 



[This report is part of the Staff Report – Basin Plan Amendments- Revisions to Recreational 
Standards for Inland Fresh Surface Waters in the Santa Ana Region, January 12, 2012] 

5.8  Changes to Table 3-1 BENEFICIAL USES and Table 4-1 WATER QUALITY 
 OBJECTIVES 
 
5.8.1 Summary 
 
The following describes the changes proposed to Table 3-1 BENEFICIAL USES and 
Table 4-1 WATER QUALITY OBJECTIVES in the Basin Plan.  The proposed changes 
are also shown in the draft revised tables included in the draft Basin Plan amendment 
(Attachments 1 and 2 to tentative Resolution No. R8-2012-0001) (Attachment A to this 
staff report). 
 
Eight (8) surface waterbodies and appropriate beneficial use designations for those 
waters are proposed to be added to Table 3-1 BENEFICIAL USES.  These waters 
would be added also to the list of surface waters in Table 4-1 WATER QUALITY 
OBJECTIVES. No numeric objectives for the constituents listed in Table 4-1 are 
proposed to be added for these waters at this time. The narrative objectives specified in 
the Basin Plan would apply. 
 
The surface waters proposed to be added are listed below. Recommended beneficial 
use designations for these waters are discussed below and shown in Table 5.8, Waters 
Proposed to be added to Table 3-1. 
 
1) Santa Ana-Delhi Channel; 
2) Greenville-Banning Channel; 
3) Huntington Beach Wetlands; 
4) Los Cerritos Wetlands;  
5) Mystic Lake; 
6) Goodhart Canyon Creek; 
7) St. John’s Canyon Creek; 
8) Cactus Valley Creek. 
 
Two irrigation reservoirs (Laguna and Lambert) that are currently listed in Table 3-1 and 
Table 4-1 in the Basin Plan, together with their beneficial use designations, are 
proposed for deletion since the reservoirs no longer exist. 
 
Consideration of these additions/deletions will enable the Regional Board to address 
certain Basin Plan triennial review commitments identified in 2006. 
  
Changes to Table 3-1 and 4-1 are also proposed to revise the listing of Reach 1 of 
Temescal Creek to Reaches 1a and 1b, to specify the revised reach boundaries, to 
assign appropriate beneficial uses and to adjust the downstream boundary of Reach 2 
of the Creek.   Given perennial flows in Reach 2 and 4 of the Creek, the beneficial use 
designations for these reaches are proposed to be modified from “I” (intermittent) to “X”, 
existing or potential. 
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Changes to the beneficial use designations for Reach 3 and 4 of the Santa Ana River 
and Sunnyslope Channel are proposed as follows: 
  

• Santa Ana River Reach 3: add Spawning, Reproduction and Development 
(SPWN);  

 
• Santa Ana River Reach 4: add SPWN and Rare, Threatened or Endangered 

Species (RARE); 
 

• Sunnyslope Channel: add RARE beneficial use. 
   
Extensive surveys conducted by the Santa Ana Sucker Conservation Team over the 
last several years have shown that Reach 3 and 4 of the Santa Ana River and 
Sunnyslope Channel currently are important habitat for the federally listed Santa Ana 
sucker (Catostomus santaanae).  
 
The following table note is proposed to be included in Table 3-1: 
 

• “u”:  REC 1 and/or REC 2 are not attainable uses as determined by UAA (See 
Table 3-2 and Chapter 3,  Recreation Beneficial Uses) 

 
The “u” notation would be used to annotate the specific waters listed in Table 3-1 to 
which it applies.  
 
Other proposed changes are intended to clarify and correct information provided in the 
two tables:  
 
1) Johnson Creek - recognize this creek as a tributary of Bear Creek, not a tributary of 

Big Bear Lake; 
 
2) Cajon Creek, Deer Creek, and Day Creek – Per USGS terminology, the word 

“Canyon” should be added to each name, i.e., Cajon Canyon Creek, Deer Canyon 
Creek, Day Canyon Creek; 

 
3) Cajon Canyon Creek  - delete from the listing of streams associated with Mill Creek 

(Prado area); (the Cajon Canyon Creek of Region 8 is tributary to the Santa Ana 
River in the City of San Bernardino); 

 

4) Knickerbocker Creek – divide into two reaches, specify the boundaries of these    
reaches, and list appropriate beneficial use designations; list the Creek separately 
as a tributary to Big Bear Lake; 
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5) Correct the spelling of the following waters:  Poligue (rather than Polique) Creek, a 

tributary of Big Bear Lake; Herkey (rather than Hurkey) and  Potrero (rather than 
Protrero) Creeks, tributaries to the San Jacinto River; Cienaga (rather than Cienega) 
Seca and Round Cienaga (rather than Cienega), both tributaries to the  Santa Ana 
River; and Monkeyface (rather than Monkey Face) Creek, a tributary to Mill Creek; 
 

6) Revise the key to symbols used in Table 3-1 to show that “X” designates         
“Existing or Potential Beneficial Use, rather than “Present or Potential”; 
 

7) Modify the explanatory note regarding access restrictions to delete specific               
agency names.  

 
5.8.2 Beneficial Uses and Designations  
 
Chapter 3 of the Basin Plan identifies and defines the twenty beneficial uses recognized 
in the Santa Ana Region. These are: 
 

Municipal and Domestic Supply (MUN) waters are used for community, military, 
municipal or individual water supply systems. These uses may include, but are not 
limited to, drinking water supply. 

 
Agricultural Supply (AGR) waters are used for farming, horticulture or ranching.  
These uses may include, but are not limited to, irrigation, stock watering, and 
support of vegetation for range grazing. 

 
Industrial Service Supply (IND) waters are used for industrial activities that do not 
depend primarily on water quality. These uses may include, but are not limited to, 
mining, cooling water supply, hydraulic conveyance, gravel washing, fire protection 
and oil well repressurization. 

 
Industrial Process Supply (PROC) waters are used for industrial activities that 
depend primarily on water quality. These uses may include, but are not limited to, 
process water supply and all uses of water related to product manufacture or food 
preparation. 

 
Groundwater Recharge (GWR) waters are used for natural or artificial recharge of 
groundwater for purposes that may include, but are not limited to, future extraction, 
maintaining water quality or halting saltwater intrusion into freshwater aquifers. 
 
Navigation (NAV) waters are used for shipping, travel or other transportation by 
private, commercial or military vessels. 
 
Hydropower Generation (POW) waters are used for hydroelectric power generation. 
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Water Contact Recreation (REC 1*)1 waters are used for recreational activities 
involving body contact with water where ingestion of water is reasonably possible. 
These uses may include, but are not limited to, swimming, wading, water-skiing, 
skin and scuba diving, surfing, whitewater activities, fishing and use of natural hot 
springs. 
    
Non-contact Water Recreation (REC 2*) waters are used for recreational activities 
involving proximity to water, but not normally involving body contact with water 
where ingestion of water would be reasonably possible. These uses may include, 
but are not limited to, picnicking, sunbathing, hiking, beachcombing, camping, 
boating, tidepool and marine life study, hunting sightseeing and aesthetic enjoyment 
in conjunction with the above activities. 
 
Commercial and Sportfishing (COMM) waters are used for commercial or 
recreational collection of fish or other organisms, including those collected for bait. 
These uses may include, but are not limited to, uses involving organisms intended 
for human consumption. 
 
Warm Freshwater Habitat (WARM) waters support warmwater ecosystems that 
may include, but are not limited to, preservation and enhancement of aquatic 
habitats, vegetation, fish and wildlife, including invertebrates. 

 
Limited Warm Freshwater Habitat (LWRM) waters support warmwater ecosystems 
which are severely limited in diversity and abundance as the result of concrete-lined 
watercourses and low, shallow dry weather flows which result in extreme 
temperature, pH, and/or dissolved oxygen conditions. Naturally reproducing finfish 
populations are not expected to occur in LWRM waters. 

 
Cold Freshwater Habitat (COLD) waters support coldwater ecosystems that may 
include, but are not limited to, preservations and enhancement of aquatic habitats, 
vegetation, fish and wildlife, including invertebrates. 
 
Wildlife Habitat (WILD) waters support wildlife habitats that may include, but are not 
limited to, the preservation and enhancement of vegetation and prey species used 
by waterfowl and other wildlife. 
 
Preservation of Biological Habitats of Special Significance (BIOL) waters support 
designated areas or habitats, including, but not limited to, established refuges, 
parks, sanctuaries, ecological reserves or preserves, and Areas of Special 
Biological Significance (ASBS), where the preservation and enhancement of natural 
resources requires special protection. 
 

                                                           
1 Revisions to the name of this use and its definition are now proposed as part of these Basin Plan 
amendments. See Staff Report Section 5.1. 
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Rare, Threatened or Endangered Species (RARE) waters support the habitats 
necessary for the survival and successful maintenance of plant or animal species 
designated under state or federal law as rare, threatened or endangered. 
 

Spawning, Reproduction and Development (SPWN) waters support high quality 
aquatic habitats necessary for reproduction and early development of fish and 
wildlife. 
 
Marine Habitat (MAR) waters support marine ecosystems that include, but are not 
limited to, preservation and enhancement of marine habitats, vegetation (e.g., kelp), 
fish and shellfish and wildlife (e.g., marine mammals and shorebirds). 
 
Shellfish Harvesting (SHEL) waters support habitats necessary for shellfish (e.g., 
clams, oysters, limpets, abalone, shrimp, crab, lobster, sea urchins and mussels) 
collected for human consumption, commercial or sport purposes. 
 
Estuarine Habitat (EST) waters support estuarine ecosystems, which may include, 
but are not limited to, preservation and enhancement of estuarine habitats, 
vegetation, fish and shellfish, and wildlife, such as waterfowl, shorebirds, and 
marine mammals. 

 
Table 3-1 BENEFICIAL USES lists the beneficial use designations for the ground and 
surface waters in the Region.  Several of the conventions currently employed in this 
Table should be described: 
 

• An “X” in a beneficial use column for a specific waterbody indicates that that 
waterbody has a “Present or Potential” use. Note that the term “present” is 
inconsistent with the narrative in Chapter 3, BENEFICIAL USES - BENEFICIAL 
USE TABLE, which employs the term “existing”. The proposed amendments 
include changing “Present or Potential” to “Existing or Potential” as a matter of 
clarity and consistency. “Existing uses” are those attained on or after November 
28, 1975.  Some of the existing uses are well-known, while some are not.  
 

• “Potential” uses are considered effectively the same as “probable future” uses, 
based on the terminology employed in Water Code Section 13241. (Per 
13241(a), the past, present, and probable future beneficial uses of water are to 
be considered by the Regional Board when establishing water quality objectives.) 
Potential uses are designated when plans already exist to put the water to those 
uses, or because conditions make such future uses likely. Designating a potential 
use serves to protect the quality of that water for such eventual use. 
 

• An “I” indicates that the waterbody has an intermittent beneficial uses. This may 
occur because water conditions do not allow the beneficial use to exist year-
round, as in ephemeral streams. 
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• A “+” in the MUN beneficial use column indicates that the waterbody has been 

specifically excepted from the MUN designation in accordance with the criteria 
specified in the “Sources of Drinking Water Policy”, established by the State 
Water Resources Control Board (Resolution No. 88-63, as revised by Resolution 
No. 2006-0008). 
 

The amendments to the Basin Plan now being considered and described in this staff 
report would add an additional notation to be applied as appropriate in Table 3-1 (and, 
as noted above, would modify the definition of “X” from “Present or Potential” to 
“Existing or Potential”).  The additional notation is as follows: 
 

• A “u” in the REC1 and/or REC2 column for a specific surface water body denotes 
that the use(s) are not existing uses and are not attainable, as determined by a 
Use Attainability Analysis. (See also Staff Report Section 5.6) 
 

5.8.3  Beneficial Use Designations Recommended for Waters Proposed to 
 be Added to Table 3-1  

 
5.8.3.1 Information employed in recommendations for proposed beneficial 

use designations. 
 

Proposed beneficial use designations for the surface waters proposed to be added to 
the Basin Plan are based on consideration of the following:  
 
• The “fishable/swimmable” goal reflected in Clean Water Act § 101(a)(2); 

 
• The Sources of Drinking Water Policy (State Water Board Resolution No. 88-63, as 

revised by Resolution No. 2006-0008); 
 

• The California Department of Fish and Game Natural Diversity Data Base; 
 

• Unpublished information provided by federal and state wildlife experts; 
 

• Field observations of the waterbodies by Board staff and others; 
 

• Recommendations of stakeholders. 
 
A brief description of some of these sources follows.  
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5.8.3.2 Clean Water Act § 101(a)(2) and Implementing Regulations 
 
As previously discussed (see Staff Report Section 5.6.2.1), Clean Water Act § 101(a)(2) 
and implementing regulations create a rebuttable presumption that all waters support 
“fishable/swimmable” uses, such as REC1, WARM and COLD.  To rebut this 
presumption, an Use Attainability Analysis (UAA) must be conducted that demonstrates 
that such uses are not attainable based on one or more of the factors identified in 
federal regulations. 
 
Accordingly, all waters proposed to be added to the list of waters in Table 3-1 are 
designated REC1, except for those waters for which UAAs have been performed, 
resulting in findings that REC1 and, in some cases, also REC2 uses are not attainable 
and should not be so designated. Waters that are proposed for REC1 designation are 
also proposed to be designated REC2. 
  
UAAs were conducted for the Santa Ana-Delhi and Greenville-Banning channels and 
recommendations for recreation use designations for these channels are discussed in 
detail elsewhere in this report (see Section 5.6 of the Staff Report). An Use Attainability 
Analysis was also conducted for a part of Temescal Creek that is already listed in Table 
3-1; this investigation led to recommendations for changes in reach identification and 
recreational use designations (Section 5.6 of the Staff Report). The revised reaches are 
identified in the proposed revised Table 3-1, together with beneficial use designation 
recommendations for the revised reaches.   An UAA was also conducted for a portion of 
Cucamonga Creek (Section 5.6.6 of the Staff Report), which is already listed in the 
Basin Plan. Revised recreation use designations are proposed and reflected in the 
revised Table 3-1 in the draft Basin Plan amendment.   
 
As discussed in Section 5.1 the proposed Basin Plan amendments include changes to 
the definition of the REC1 use, and the name of this use from “Water Contact 
Recreation” to “Primary Contact Recreation”.  Neither the changes in the name of the 
use nor in the definition would affect the presumptive nature of this beneficial use or 
obviate the need to conduct an Use Attainability Analysis to demonstrate that the REC1 
use is not attainable. In short, these changes in nomenclature have no material effect 
on the proposed recreational use designations. 
 
USEPA uses the term “fishable” to mean “aquatic life protection,” a much broader 
meaning than merely providing protection of water quality needed to support sport or 
commercial fishing.  Under this expansive meaning of “fishable”, the water quality 
standards that support existing communities of aquatic organisms must be protected, 
regardless of whether the aquatic community supports a sport or commercial fishery, or 
is composed entirely of organisms other than fish, such as invertebrates, algae and 
vascular plants2.  As a result, all surface waters that are proposed to be added to the 
Basin Plan must be assigned an aquatic habitat beneficial use, either COLD, WARM, 
                                                           
2 U.S.EPA. Water Quality Standards Regulation; Proposed Rule 1998. July 7, 1998. 63 Federal Register 
36741-36806 
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MAR, or LWARM.  No UAAs have been conducted of the waters proposed to be added 
to the Basin Plan to rebut the presumption of an aquatic life beneficial use. 
 
It is appropriate also to designate all waters proposed to be added to the Basin Plan at 
this time as supporting the WILD beneficial use.  This is because even in heavily 
modified waterways, like flood control channels, wildlife (most often observed are birds 
such as black-neck silts, cliff swallows, mallard ducks, etc. but also including other 
animals, such as mammals) use these waters as their habitat to forage, rest or nest.  
The use of flood control channels in Southern California as aquatic and wildlife habitat 
has been well documented by local wildlife experts3.    
 
5.8.3.3 Sources of Drinking Water Policy 
 
The Sources of Drinking Water Policy declares that with specified exceptions, all waters 
of the state are to be considered suitable, or potentially suitable, for municipal or 
domestic supply and should be so designated (MUN) by the Regional Boards.  Those 
waters excepted under the Policy include the following: surface and groundwaters with 
total dissolved solids (TDS) levels in excess of 3,000 mg/l; surface and groundwaters 
that are contaminated, either by natural processes or by human activity, to the extent 
that they cannot reasonably be treated for domestic use; surface waters in systems 
designated or modified to carry municipal/industrial/agricultural wastewaters or 
stormwater runoff; and surface and groundwaters where the water source does not 
provide sufficient water to supply a single well capable of producing an average, 
sustained yield of 200 gallons per day.  The Policy was adopted by the State Water 
Board in 1988 (Resolution No. 88-63) and amended in 2006 (Resolution No. 2006-
0008) to establish a site-specific exception for Old Alamo Creek in the Central Valley 
Region.  
 
All of the waters that are proposed to be added to the Basin Plan by this amendment 
qualify for one or more of the exceptions under the Sources of Drinking Water Policy, 
and therefore staff proposes that these waters be shown as excepted from the MUN 
beneficial use. 
 

5.8.3.4 California Department of Fish and Game (CDFG) Natural Diversity 
Data Base 
 

The CDFG Natural Diversity Data Base is a definitive resource for information about 
rare, threatened and endangered (RTE) plant and animal species in California that are 
under the protection of the federal Endangered Species Act and/or the California 
Endangered  Species Act.  RTE species lists created from the CDFG Natural Diversity 
                                                           
3 Garrett, Kimball. Ornithology Collections Manager, Natural History Museum of Los Angeles County, 
Personal Communication (e-mail), Dec. 2008; Cooper, Daniel. “Shorebird Use of the Lower Los Angeles 
River Channel: a Novel Wetland Habitat” Nov. 2006; Bloom, Peter et. al. “Avifauna Along Portions of the 
Los Angeles River” April 2002.   
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Data Base were consulted to determine if the RARE beneficial use should be assigned 
to any of the water bodies that staff proposes to add to the Basin Plan.  
 

5.8.3.5 Expert Opinion, including staff of United States Geological Survey 
(USGS) Biological Survey Unit, CDFG, and U.S. Fish and Wildlife 
Service (USFWS) 

 
Anecdotal reports and unpublished information supplied by staff of the USGS Biological 
Survey team, CDFG, and USFWS have been used to help determine if the RARE 
beneficial use should be to assigned to the proposed waters.  
 
5.8.4 Recommended Beneficial Use Designations  
 
Recommended beneficial use designations for the waters proposed to be added to the 
Basin Plan are discussed below and shown in Table 5.8 Add Waters - Table 3-1.  As 
discussed below, for certain of these waters, the proposed designations would be 
identified as “I” (intermittent). With these exceptions, all the proposed designations 
would be identified as “X” (existing or potential). 
  

 

 

 

 

 



10 

 

Table 5.8 WATERS PROPOSED TO BE ADDED TO TABLE 3-1 

 

BAYS, ESTUARIES, AND 
TIDAL PRSIMS 

Beneficial Use Hydrological Unit 

M
U

N
 

AG
R

 

IN
D

 

PR
O

C
 

G
W

R
 

N
AV

 

PO
W

 

R
EC

1 

R
EC

2 

C
O

M
M

 

W
AR

M
 

LW
R

M
 

C
O

LD
 

BIO
L 

W
ILD

 

R
AR

E
 

SP
W

N
 

M
AR

 

SH
E

L 

EST 

Prim
ary 

 Secondary 

Tidal Prism of Santa Ana-
Delhi Channel – Bicycle 
Bridge at University Dr. at 
Upper Newport Bay to 1036 
ft. upstream 

+       u X      X X  X   801.11  

Tidal Prism of Greenville-
Banning Channel – Santa 
Ana River confluence to 
Inflatable Diversion Dam 

+       u X      X X  X   801.11  

Huntington Beach Wetlands +       X X     X X X X X   801.11  

Los Cerritos Wetlands +       X X     X X X X X   801.11  

LAKES AND RESERVOIRS/ 
SAN JACINTO RIVER 
BASIN 

 

Mystic Lake +       I I  I   X X X     802.11  

 

X Existing or Potential Beneficial Use   u REC1 and/or REC2 are not attainable uses as determined by UAA     
I Intermittent Beneficial Use     + Excepted from MUN                                     
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TABLE 5.8 - PROPOSED WATERS TO BE ADDED TO TABLE 3-1 - CONTINUED 

INLAND SURFACE 
STREAMS / LOWER 
SANTA ANA RIVER BASIN 
/ Newport Bay Watershed 

Beneficial Use Hydrological Unit 

M
U

N
 

AG
R

 

IN
D

 

PR
O

C
 

G
W

R
 

N
AV

 

PO
W

 

R
EC

1 
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2 
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R
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L 

W
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R
AR

E
 

SP
W

N
 

M
AR

 

SH
E

L 

EST 

Prim
ary 

 Secondary 

Santa Ana-Delhi Channel                       

Reach 1 – upper boundary of 
Tidal Prism to intersection of 
Sunflowers Ave. /Flower 

+       u u  X    X X     801.10  

Reach 2 – Sunflower 
Ave./Flower St. intersection 
to Warner Avenue 

+       u X  X    X      801.10  

Lower Santa Ana River 
Watershed 

                      

Greenville-Banning Channel  

Reach 1-Inflatable Diversion 
Dam to California Street +       u u  X    X      801.10  

SAN JACINTO RIVER 
BASIN 

                      

Goodhart Canyon, St. John’s 
Canyon, and Cactus Valley 
Creeks 

+ I      I I  I    X      802.15  

 

X Existing or Potential Beneficial Use   u REC1 and/or REC2 are not attainable uses as determined by UAA  
I Intermittent Beneficial Use                                     + Excepted from MUN
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5.8.4.1 Santa Ana-Delhi Channel 

Three reaches of the Santa Ana-Delhi Channel are proposed to be identified and added 
to the Basin Plan. Maps, photographs and discussion of the characteristics of each 
reach are included in the Santa Ana-Delhi Channel UAA report (SAD UAA)(see Section 
5.6.3) and the “Use Attainability Analysis Technical Report for the Santa Ana-Delhi 
Channel”, CDM, August 2010 (SAD Technical Report)). 

 

5.8.4.1.1 Santa Ana-Delhi Channel Tidal Prism:  Bicycle Bridge at Upper 
Newport Bay to 1036’ Upstream  

 
The proposed Tidal Prism Reach extends from the Bicycle Bridge, located at the end of 
University Drive in the City of Newport Beach to 1,036 ft. upstream. See SAD UAA, 
Figure SAD-3 (see Section 5.6.3). This section of the channel is subject to tidal 
influence. The Upper Newport Bay Ecological Preserve lies downstream of the Bicycle 
Bridge. The REC1 beneficial use is not attained in the Tidal Prism, as discussed in the 
UAA Section 5.6.3.  Other recommendations regarding beneficial use designations are 
as follows: 
   

• MAR (Marine Habitat): The marine waters of the channel support a marine 
habitat that is interconnected with the marine habitat of the Upper Newport Bay. 
Marine fish can be seen at times swimming in this reach. Although the most 
upstream section of the tidal prism may experience brackish or freshwater 
conditions during low tides, marine waters dominate this upstream section during 
high tides. 
 

• MUN (Municipal and Domestic Supply): MUN is not an existing use nor can this 
use be feasibly attained in the future. Total dissolved solids (TDS) levels exceed 
3,000 mg/l4. An exception from the MUN designation is appropriate pursuant to 
the Sources of Drinking Water Policy. 
 

• RARE (Rare, Threatened, or Endangered Species): Wildlife biologists working 
with CDFG and the USFWS report that the federally-listed Light-footed Clapper 
Rail (Rallus longirostris levipes) has been observed in the Tidal Prism.  The 
federally-listed California Least Tern (Sterna antillarum) is reported to forage in 
the Tidal Prism5. 
 

 

                                                           
4 The "Glossary of Salt Water" published by the Water Quality Association classifies ocean waters as 
containing 30,000 to 40,000 ppm TDS.  
5 Orange County Environmental Management Agency.  Draft Environmental Impact Report #527, Santa 
Ana-Delhi Channel System April 1993. 

http://www.wqa.org/
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• REC2 (Non-contact Water Recreation): Field and camera observations, reported 
in Section 5.6, demonstrate that the Bicycle Bridge is heavily used by walkers, 
runners,  bicyclists and even equestrians traveling around the Ecological 
Preserve. The Bridge is used for wildlife observation both upstream (in the 
proposed tidal prism) and downstream, sightseeing and aesthetic enjoyment. 

 
• WILD (Wildlife Habitat): Birds and other wildlife from the Upper Newport Bay 

regularly use the tidal prism as habitat. 
 

5.8.4.1.2 Santa Ana-Delhi Channel Reach 1: Upper Boundary of Tidal Prism to 
Sunflower Street/Flower Avenue Intersection 

 
The proposed Reach 1 extends from the upper boundary of the proposed tidal prism to 
immediately upstream of the intersection of Sunflower Street and Flower Avenue in the 
City of Santa Ana.  The channel has been heavily modified to convey stormwater flows 
to protect urban development. See SAD UAA, Figure SAD-4. From the upper boundary 
of the tidal prism upstream approximately ¼ mile to the Mesa Avenue Bridge, the 
channel is earthen, with a concrete lined south bank. In the reminder of the Reach, from 
Mesa Avenue upstream to the intersection of Sunflower Street and Flower Avenue, the 
channel is concrete lined with vertical walls.  REC1 and REC2 beneficial uses are not 
attained in Reach 1, as discussed in the SAD UAA (see Section 5.6.3 of the Staff 
Report).  Other recommendations regarding beneficial use designations are as follows:   
 

• MUN (Municipal and Domestic Supply): MUN is not an existing use nor can this 
use be feasibly attained. An exception from the MUN designation is appropriate 
pursuant to the Sources of Drinking Water Policy. As noted, this Reach was 
originally constructed to facilitate agricultural activities and has been heavily 
modified to convey carry urban storm flows. The watershed tributary to this area 
of the channel is almost completely urbanized.   
 

• RARE (Rare, Threatened, or Endangered Species):   The western pond turtle 
(Emys marmorata), listed as a species of special concern by the CDFG, was 
reported in this reach.  A 1998 survey conducted for the Natural Community 
Conservation Plan reported that a western pond turtle (Emys marmorata) was 
captured in the earthen section of the channel from Mesa Avenue to the Bicycle 
Bridge. USGS staff from the Western Ecological Research Center reported to 
Regional Board staff in 2010 that although western pond turtles were not 
captured during a 2003 survey of the channel they believe the turtles exist in the 
channel.  

 
• WARM (Warm Freshwater Habitat):   Perennial flow in this reach provides 

aquatic habitat, albeit supporting low biological diversity.  Temperature conditions 
warrant a WARM rather than COLD designation.  
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• WILD (Wildlife Habitat):  Wildlife, including a variety of bird species (e.g., cliff 
swallows, mallard ducks), turtles of unknown species, and the western pond 
turtle (see RARE above) have been observed in this Reach.     

 

5.8.4.1.3 Santa Ana-Delhi Channel Reach 2: Sunflower Street/ Flower Avenue 
Intersection to Warner Avenue 

 
The proposed Reach 2 extends from just upstream of the intersection of Sunflower 
Street and Flower Avenue to Warner Avenue in the City of Santa Ana.  The lower area 
of the channel is trapezoidal, with earthen bottom and rip-rapped sides (see SAD UAA, 
Figure SAD-5).  Further upstream this Reach converts to a concrete-lined channel with 
vertical walls.  As in the proposed Reach 1, the channel in this area has been heavily 
modified to convey stormwater flows. The REC1 beneficial use is not attained in Reach 
1, as discussed in the UAA. Other recommendations regarding beneficial use 
designations are as follows:   

• MUN (Municipal and Domestic Supply): MUN is not an existing use nor can this 
use be feasibly attained in the future. An exception from the MUN designation is 
appropriate pursuant to the Sources of Drinking Water Policy. As noted above, 
the channel has been heavily modified to convey storm water runoff from the 
urbanized watershed.   
 

• WILD (Wildlife Habitat):   Wildlife is commonly observed in this area of the 
channel, including small finned fish, crayfish, and waterfowl such as herons, 
egrets and mallard ducks. Vegetation occasionally grows large enough (between 
channel maintenance activities) to enhance the habitat value in the earthen 
section of the channel.  

 
• WARM (Warm Freshwater Habitat): Perennial flow provides support for an 

aquatic habitat.  As noted, small fish and crayfish are observed in the channel 
waters.  

 
• REC 2 (Non-contact Water Recreation); Individuals from adjacent schools, 

businesses, parks and neighborhoods, and on sidewalks that bridge the channel, 
are able to view this Reach.  There are opportunities for aesthetic enjoyment of 
the water and viewing the wildlife attracted to it. Large wading birds such as blue 
herons and egrets and colorful birds such as mallards and red wing blackbirds 
are often observed in this proposed reach.  
 

5.8.4.2 Greenville-Banning Channel 
 

Two reaches of the Greenville-Banning Channel are proposed to be identified and 
added to the Basin Plan. Maps, photographs and discussion of the characteristics of 
each reach are included in the Greenville-Banning Channel UAA report (GB UAA) 
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for the Channel (see Section 5.6.4 and the “Use Attainability Analysis Technical 
Report for the Greenville-Banning Channel”, CDM, August 2010 (GB Technical 
Report)). 
 

5.8.4.2.1 Greenville-Banning Tidal Prism; Confluence with Santa Ana River 
upstream 1.2 miles to Inflatable Dam  

The proposed Tidal Prism reach extends from the channel’s confluence with the Santa 
Ana River 1.2 miles upstream to an inflatable diversion dam. The channel in this area is 
concrete lined with vertical walls and completely fenced, with locked gates at certain 
locations. See GB UAA, Figure GB-5. Marine water and tidal flows dominate this 
section.  The fencing separates the channel from a bicycle trail that is adjacent to and 
parallels the entire section of the proposed reach. The REC1 beneficial use is not 
attained in the proposed tidal prism, as discussed in the GB UAA (see Section 5.6.4). 
Other recommendations regarding beneficial use designations are as follows:   

• MUN (Municipal and Domestic Supply): MUN is not an existing use nor can this 
use be feasibly attained in the future. Total dissolved solids (TDS) levels exceed 
3,000 mg/l. An exception from the MUN designation is appropriate pursuant to 
the Sources of Drinking Water Policy. 
 

• REC2 (Non-contact Water Recreation): The bicycle path adjacent to the channel 
offers opportunities for aesthetic enjoyment and wildlife viewing.  

 
• MAR (Marine Habitat): The marine waters of the channel support a marine 

habitat that is interconnected with the tidal prism of the Santa Ana River and the 
Ocean.  Marine organisms such as barnacles and mussels grow on the concrete 
walls of this reach.  
 

• WILD (Wildlife Habitat):   Birds and fish from the adjacent tidal prism of the Santa 
Ana River and birds from area wetlands use the proposed tidal prism as habitat. 

 

• RARE (Rare, Threatened, or Endangered Species): Per CDFG staff (personal 
communication with Regional Board staff), the proposed tidal prism provides 
foraging habitat for the federally listed California Least Tern (Sterna antillarum). 

 

5.8.4.2.2 Greenville-Banning Channel, Reach 1: Inflatable Dam to California 
Street 

This proposed reach extends from the inflatable dam upstream to California Street, 
approximately 2.15 miles. The channel is concrete-lined with vertical walls (trapezoidal 
walls for a short distance near California Street) and is designed to convey stormwater 
flows from the heavily urbanized area tributary to it. See GB UAA, Figures GB-6, 7.  The 
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entire length is fenced and gated to prohibit unauthorized access.  Neither the REC1 
nor the REC2 beneficial use is attained in the proposed Reach 1, as discussed in the 
UAA. Other recommendations regarding beneficial use designations are as follows:   

• MUN (Municipal and Domestic Supply): MUN is not an existing use and cannot 
be feasibly attained. An exception from the MUN designation is appropriate 
pursuant to the Sources of Drinking Water Policy. As noted above, the channel 
has been heavily modified to convey storm water runoff from the urbanized 
watershed.   
 

• WILD (Wildlife Habitat): Wildlife, particularly birds such as mallard ducks, use this 
reach for foraging and loafing. 

   
• WARM (Warm Freshwater Habitat): Perennial low flows in the channel provide 

support for an aquatic habitat, albeit supporting low biological diversity.  
 

5.8.4.3 Huntington Beach Wetlands   

The Huntington Beach Wetlands have become a viable and significant salt water marsh 
as result of recent restoration projects. As a result, Board staff proposes adding the 
wetlands to the Basin Plan. The wetlands are found along the coast between the Santa 
Ana River and Beach Boulevard, inland of the Pacific Coast Highway in the City of 
Huntington Beach. These wetlands are remnants of a once extensive complex of 
coastal wetlands that has been fragmented by roads, residential units, drainage 
channels, and the AES Huntington Beach Generating Station (power plant).  

The Huntington Beach Wetlands Conservancy, with support from the National Oceanic 
and Atmospheric Administration’s (NOAA) National Marine Fisheries Agency and other 
collaborators, continue the work to restore the Wetlands.  In 2011 the Conservancy 
owned and managed 140 acres of the Wetlands.  
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Figure 5.8.4.3.1  Huntington Beach Wetlands.  This image from 2011 shows the three restored 
wetlands, Magnolia, Brookurst, and Talbert Marshes, as well as the Newland and Waterfront segments of 
the Wetlands.  The Santa Ana River is visible to the east of the Wetlands.   

The Wetlands have been divided into 5 segments.  The Talbert, Brookhurst, and 
Magnolia Marsh segments are adjacent to one another and together they comprise the 
largest, relatively intact section of the remaining wetlands complex.  These marshes are 
located between Pacific Coast Highway and Orange County Flood Control District’s 
Huntington Beach and Talbert Channels and Orange County Sanitation District facilities. 
They derive their names from Brookhurst and Magnolia Streets, which dissect the 
marsh, and from the Talbert Channel, which drains to the ocean through the Talbert 
Marsh.  

The 25 acre Talbert Marsh was fully restored in 1989 by construction of tidal channels, 
islands, and an ocean inlet.  The Brookhurst and Magnolia Marshes, westerly and 
upcoast from the Talbert Marsh, are bordered on the northwest by the power plant. Until 
recently, these areas contained degraded salt marsh with little tidal flow.  In 2009 and 
2010, the Brookhurst and Magnolia Marsh segments were restored by allowing tidal 
flows to freely enter them and by creating tidal channels and islands to encourage 
establishment of different types of marsh habitat.  

Talbert Channel 

Talbert Marsh 

Magnolia Marsh 

Brookhurst Marsh 

Newland Marsh 
Huntington Beach Channel 
Beach Channel 

Waterfront 
Wetlands 

North   
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Figure 5.8.4.3.2 Huntington Beach Wetlands; Talbert Channel shown in foreground and 
the Brookhurst and Magnolia Marsh segments shown beyond the Channel. The Talbert 
Channel provides tidal flows to the newly restored Brookhurst and Magnolia Marsh segments. 
Photograph by Regional Board staff 2011.  

The Newland Marsh segment is on a 40 acre parcel of land located just inland of the 
north eastern corner of Pacific Coast Highway and Beach Boulevard. This area is west 
of the power plant. As of 2011, the property ownership has been slated to be transferred 
to the Huntington Beach Wetlands Conservancy. It is proposed that this marsh segment 
will be restored similar to the other marsh segments.  The Huntington Beach Channel 
will likely be utilized to provide an exchange of tidal flow with the ocean through the 
Talbert Channel and ocean inlet.    

The Waterfront Wetlands segment is a three acre parcel located on the west side of the 
Beach Boulevard and north of Pacific Coast Highway, across Beach Boulevard from the 
Newland Marsh segment.  Currently, approximately one acre of the Waterfront 
Wetlands functions as a salt marsh.  A water quality treatment wetland has been 
constructed in this parcel to treat urban runoff from adjacent areas and occupies the 
remainder of the wetland.  

Recommendations regarding beneficial use designations are as follows:  

• MUN (Municipal and Domestic Supply): MUN is not an existing use nor can this 
use be feasibly attained in the future. Total dissolved solids (TDS) levels exceed 
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3,000 mg/l. An exception from the MUN designation is appropriate pursuant to 
the Sources of Drinking Water Policy. 

 
• REC1 (Water Contact Recreation (proposed “Primary Contact Recreation”)):  

REC1 is a presumptive use unless and until an UAA is completed that 
documents otherwise.  

 
• REC2 (Non-contact Water Recreation): The REC2 designation is appropriate as 

the wetlands are of interest for bird watching and for observing other wildlife and 
natural resources.  A visitor center and public viewing areas are planned.   

 
• BIOL (Preservation of Biological Habitats of Special Significance):  The BIOL 

designation is appropriate as the wetlands support areas of habitat designated 
for protection and preservation of endemic plant species and endangered 
species. 

 
• WILD (Wildlife Habitat): The wetlands water support a wide variety of wildlife 

species. 
 

• RARE (Rare, Threatened or Endangered Species): The wetlands support habitat 
for the federally-listed Belding’s Savannah Sparrow (Passerculus sandwichensis 
beldingi), reported to nest in the wetlands, and the Least Tern (Sternula 
antillarum), reported to feed in the open water of the wetlands.  In addition, there 
is the potential for other listed species to utilize the wetlands. For example, the 
federally-listed light-footed clapper rail (Rallus longirostris levipes) is currently 
found in the nearby Santa Ana River Salt Marsh and as habitat improves clapper 
rails may migrate into the wetlands6.  

 
• SPWN (Spawning, Reproduction and Development): The wetlands, like all 

healthy coastal wetlands, provide spawning grounds and nurseries for finfish and 
shellfish.  NOAA’s website states that the restored Huntington Beach Wetlands 
will provide valuable habitat for coastal marine fish. 

 
• MAR (Marine Habitat): This Wetland supports the MAR use especially in the 

restored segments resulting from construction of the Talbert Channel ocean inlet.  
 

5.8.4.4 Los Cerritos Wetlands 

The Los Cerritos wetlands occupy areas within both the Santa Ana and Los Angeles 
Regional Boards.  The wetlands consist of approximately 500 acres of remnant salt 
marsh located along and adjacent to the San Gabriel River, and inland of the Pacific 
Coast Highway in the cities of Seal Beach and Long Beach.  Approximately 200 acres 
                                                           
6 Personal communication from Dick Zembal, wildlife expert and member of the clapper rail recovery 
team. 
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of these wetlands are found in the Santa Ana Region, in the City of Seal Beach and 
unincorporated Orange County. These wetlands are functioning salt marsh, although 
degraded, that is in the process of being restored. The Los Angeles Regional Board has 
already incorporated in their Basin Plan that part of the wetlands that is within that 
Region.  The two Regions are separated by the Los Angeles/Orange County line. See 
Figure 5.8.4.4.1. 

 

Figure 5.8.4.4.1.  Los Cerritos Wetlands in Region 8. Tidal flows from the San Gabriel River enter 
the wetlands through a culvert before flowing in a small channel, flooding adjacent areas.   
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Figure 5.8.4.4.2.  Los Cerritos Wetlands Tidal Channel facing to the East near the County 
Line. Photograph by Regional Board Staff, 2009.  

The Los Cerritos Wetlands have been degraded by oil production activities, construction 
of flood control facilities, the dredging and construction of Los Angeles Department of 
Water and Power’s Haynes Power Plant cooling water channel, and other activities in 
which discharges of fill occur. The Los Cerritos Wetland Land Trust has developed a 
comprehensive plan for restoring the wetlands.  As of 2011, approximately 100 acres of 
wetland consisting of property of the former Hellman Ranch in Seal Beach have been 
purchased for restoration. 

The Santa Ana Region segment of the wetlands has shallow channels that receive tidal 
flows from the San Gabriel River.  This has created salt marsh conditions throughout 
much of the Hellman Ranch restoration area.  In addition, there are salt pannes, barren 
intertidal salt flats, in the restoration area that provide habitat for several species of 
concern, including a subspecies of tiger beetle and the Belding’s Savannah Sparrow.  

Recommendations regarding beneficial use designations are as follows:  

• MUN (Municipal and Domestic Supply): MUN is not an existing use nor can this 
use be feasibly attained in the future. Total dissolved solids (TDS) levels exceed 
3,000 mg/l. An exception from the MUN designation is appropriate pursuant to 
the Sources of Drinking Water Policy 

 
•    REC1 (Water Contact Recreation (proposed “Primary Contact Recreation”)): 

REC1 is a presumptive use unless and until an UAA is completed that 
documents otherwise.  
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•    REC2 (Non-contact Water Recreation): REC2 designation is appropriate since 
the wetlands are of interest for bird watching and for observing other wildlife and 
natural resources. This will be especially true as restoration proceeds.  

 
• WILD (Wildlife Habitat): The wetlands provide habitat for a variety of wildlife 

species.  
 

• RARE (Rare, Threatened or Endangered Species): The RARE designation is 
appropriate because the wetlands support habitat for the federally-listed 
Belding’s Savannah Sparrow (Passerculus sandwichensis beldingi) which is 
reported to nest in the wetlands.  In addition, the restoration of the wetlands is 
expected to provide habitat for other listed species.  

 
• SPWN (Spawning, Reproduction and Development): Currently the tidal flows into 

the wetland provide limited spawning habitat for marine species. However, there 
is potential for expanded spawning habitat when the wetlands are restored.  

 
• MAR (Marine Habitat): The wetlands support a marine habitat that is 

interconnected with direct tidal flows from the Ocean via the San Gabriel River 
Tidal Prism.  Marine tidal flows pass back and forth from the San Gabriel River 
into the proposed Hellman Ranch restoration area through a small culvert.  
Marine fish species are observed passing through the culvert into the channels of 
the restoration area. As noted in the proposed restoration plans the marine 
habitat is expected to increase greatly once restoration activities are completed. 

 
5.8.4.5 Mystic Lake 

Mystic Lake is an intermittent lake, sometimes very large, located north of the 
community of Lakeview, in Riverside County. Currently, Mystic Lake is not listed in the 
Basin Plan. Board staff proposes adding the lake to the Basin Plan as result of its 
significant beneficial uses.  

The lake forms in a depression that occupies a graben, a crustal block between parallel 
faults. In this area, between the San Jacinto and Casa Loma Faults, the land is 
dropping relative to land on either side of the faults.  Mystic Lake is fed by the San 
Jacinto River when it flows out of the San Jacinto River bypass channel as a result of 
periods of heavy rain locally and snow in the San Jacinto Mountains.  

The lake can enlarge to over 4,000 acres and approximately 15 feet deep, before 
spilling out and continuing to flow downstream in the San Jacinto River Channel.  Once 
filled, the lake may persist for several years before drying up.  During drought, or 
prolonged periods of average or below average rainfall, the lake dries up.  See Figures 
5.8.4.5.1, 5.8.4.5.2, and 5.8.4.5.3. 

Mystic Lake is within the San Jacinto Wildlife Area, operated and managed by the 
California Department of Fish and Game (CDFG).  CDFG officials estimate that in a 10 
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year period, the lake is dry half the time.  Regional Board staff observed in early 2007 
that the lake was approximately 2 miles long, ¼ of a mile wide, and shallow, possibly 4-
6 feet deep in the deepest area.  Before the beginning of the 2010-2011 rainy season 
the lake had completely dried up.  As of June 2011, the lake had partially filled.   

Waterfowl hunting, bird watching, and hiking are popular activities at the lake and the 
adjacent wetlands of the wildlife area.  State- and federally-listed rare, threatened 
and/or endangered native plant species have adapted to the alkaline soils and 
alternating wet and dry conditions found around the lake.  

 

Figure 5.8.4.5.1. Mystic Lake in 2006.  In this image the Lake is almost completely filled. Lake 
Perris is located approximately four miles to the west of the lake.  
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Figure 5.8.4.5.2. Mystic Lake is popular for waterfowl hunting and bird watching. Photo by 
Tom Paulek, CDFG San Jacinto Wildlife Area Manager, date unknown.  

  

Figure 5.8.4.5.3. Mystic Lake in 2009. The Lake had completely dried up from its near full 
condition in 2006 (as shown in Figure 5.8.4.5.1) as a result of four years of below average rainfall.    

Recommendations regarding beneficial use designations are as follows:  
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• MUN (Municipal and Domestic Supply): MUN is not an existing use and cannot 
be feasibly attained in the future given the ephemeral nature of the lake. An 
exception from the MUN designation is appropriate pursuant to the Sources of 
Drinking Water Policy since the lake cannot reliably or consistently supply a well 
capable of an average sustained yield of 200 gallons per day. 
 

• REC1 (Water Contact Recreation (proposed “Primary Contact Recreation”): 
REC1 is a presumptive use unless and until an UAA is completed that 
documents otherwise.  Given the ephemeral nature of the lake, an intermittent (I) 
designation is appropriate. 

  
• REC2 (Non-contact Water Recreation): The lake (and surrounding areas) are 

popular for duck hunting and bird watching.  
 

• BIOL (Preservation of Biological Habitats of Special Significance): The lake is 
part of the San Jacinto Wildlife Area which is owned, operated and managed by 
CDFG.  

 
• WILD (Wildlife Habitat): The lake provides habitat that supports a variety of 

wildlife species, including birds and mammals.  
 

• WARM (Warm Freshwater Habitat): The Lake intermittently (I) supports a 
warmwater ecosystem.  

 
• RARE (Rare, Threatened or Endangered Species): The CDFG Natural Diversity 

database documents the presence of the following endemic plants species listed 
as rare, threatened and/or endangered  that occupy the lake bed and adjacent 
areas: San Joaquin Crownscale (Atriplex coronata), thread-leaved brodiaea 
(Brodiaea filifolia), smooth tarplant (Centromadeia pungens ssp) and the 
spreading narravatia (Navarretia fossalis).     

 

5.8.4.6 Goodhart Canyon Creek 

Board staff proposes adding Goodhart Canyon Creek to the Basin Plan because the 
creek now drains into Region 8.  Goodhart Canyon Creek, which drains 3.65 square 
miles along the Region’s southern boundary in Riverside County, has been diverted to 
flow into Salt Creek by Metropolitan Water District’s (MWD) construction of the Diamond 
Valley Reservoir (Reservoir) 7.  Before construction of the Reservoir, Goodhart Canyon 

                                                           
7 MWD completed construction of the Diamond Valley Reservoir in 2002.  As part of the reservoir project, 
MWD acquired the area to the east of the East Dam and the Reservoir.  In this area, Goodhart Canyon 
Creek and St. John’s Canyon Creek have been modified to converge into one channel that flows to the 
north under Domenigoni Parkway and into Salt Creek.  
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Creek was part of the Santa Margarita River watershed8 and within the boundaries of 
the San Diego Regional Water Quality Control Board (Region 9) (San Diego Region). 

Goodhart Canyon Creek and its tributary, Pixley Canyon Creek, are listed in the 1995 
Water Quality Control Plan (Basin Plan) for the San Diego Region.  In 2003, San Diego 
Region staff acknowledged in a staff report that Goodhart Canyon Creek and Pixley 
Canyon Creek were no longer in the San Diego Region.  

The Goodhart Canyon Creek drainage land use is rural, with scattered homes and small 
ranches.  The creek flows intermittently. Regional Board staff observed in June of 2010 
that the creek channel was completely dry with no areas of standing water.  The most 
downstream section of the creek has been modified for flood control purposes, with an 
engineered channel and rip rap side slopes.  This modified section of the channel 
empties into the Goodhart Detention Basin, east of the Reservoir’s East Dam (see 
Figure 5.8.4.6.1). Discharges from this detention basin are conveyed across MWD 
property to Salt Creek.   

Recommendations regarding beneficial use designations are as follows:  

• MUN (Municipal and Domestic Supply): MUN is not an existing use and cannot 
feasibly be attained because of the intermittent nature of flows in the creek, 
which cannot reliably and consistently supply a well capable of producing an 
average, sustained yield of 200 gallons per day. Portions of the creek have been 
modified for flood control purposes. An exception from MUN designation is 
appropriate pursuant to the Sources of Drinking Water Policy.  
 

• REC1 (Water Contact Recreation (proposed “Primary Contact Recreation”): The 
REC1 is a presumptive use unless and until an UAA is completed that 
documents otherwise.  Given the ephemeral nature of the creek, an intermittent 
(I) designation is appropriate.  
 

• REC2 (Non-contact Water Recreation): The creek provides opportunity for non-
contact water recreation such as sightseeing and bird watching.   
 

• WILD (Wildlife Habitat): The creek supports habitat for a variety of wildlife 
species, including birds and mammals.   

 
• WARM (Warm freshwater habitat): A “fishable use” is presumptive unless and 

until an UAA is completed that demonstrates otherwise. Given the intermittent 
nature of flows of the creek, an intermittent (I) WARM designation is appropriate.  

 
• AGR (Agricultural Supply): Regional Board staff observed a stock pond dam 

across a section of the creek channel. Given the numerous ranches and small 

                                                           
8 Domenigoni Valley Reservoir Project, The MWD of Southern California Agreement No. 4761, 
Memorandum of Understanding on Operation of Domenigoni Valley Reservoir. November 1994 
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farms in the area, there is at least the potential for creek water to be used for 
agricultural purposes, when water is present. An intermittent designation is 
appropriate. The creek was designated with the AGR use in the 1995 edition of 
the Basin Plan for the San Diego Region.   
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Figure 5.8.4.6.1  
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Figure 5.8.4.6.2. Goodhart Canyon Creek as it empties into a detention basin near the 
Diamond Valley Reservoir East Dam. Photograph by Regional Board Staff 2010.  

5.8.4.7 St. John’s Canyon Creek 

The St. John’s Canyon Creek watershed is adjacent and to the east of the Goodhart 
Canyon Watershed (See Figure 5.8.4.6.1). The watershed covers 9.63 square miles.   
There are small ranches scattered throughout the watershed. County Route R3, known 
as State Street in the City of Hemet and Sage Road in this watershed, travels through 
St. John’s Canyon and crosses the watershed boundary into the San Diego Region.  

St. John’s Canyon Creek flows intermittently and beneficial uses are recommended to 
be shown as intermittent (I). Regional Board staff observed very dry conditions (i.e., no 
flowing or standing water) in the creek in June of 2010.  The most downstream section 
has been modified for flood control purposes into an engineered channel with rip rap 
side slopes, transitioning into a concrete-lined channel (see Figure 5.8.4.7.1) The 
Goodhart Canyon Detention Basin empties into the St. John’s Canyon Creek channel in 
this area. From this point, the creek flows across MWD property and into Salt Creek.   

Recommendations regarding beneficial use designations are as follows:  

• MUN (Municipal and Domestic Supply): MUN is not an existing use and cannot 
feasibly be attained because of the intermittent nature of flows in the creek, 
which cannot reliably and consistently supply a well capable of producing an 
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average, sustained yield of 200 gallons per day. Further, portions of the creek 
have been modified for flood control purposes. An exception from MUN 
designation is appropriate pursuant to the Sources of Drinking Water Policy.  
 

• REC1 (Water Contact Recreation (proposed “Primary Contact Recreation”): 
REC1 is a presumptive use unless and until an UAA is completed that 
documents otherwise. Given the ephemeral nature of the creek, an intermittent 
(I) designation is appropriate.  
 

• REC2 (Non-contact Water Recreation): The creek provides opportunities for non-
contact water recreation, such as hiking or bird watching.  

 
• WILD (Wildlife Habitat): The Creek supports habitat for a variety of wildlife 

species, including birds and mammals.  
  

• WARM (Warm Freshwater Habitat): A “fishable use” is presumptive unless and 
until an UAA is completed that demonstrates otherwise. Given the intermittent 
nature of Creek flows, an intermittent (I) WARM designation is appropriate.  

 
• AGR (Agricultural Supply): Regional Board staff observed livestock grazing and 

some irrigated farming indicating a reasonable potential for use of creek water for 
agriculture when water is present  
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Figure 5.8.4.7.1. St. John’s Canyon Creek near the Diamond Valley Reservoir East Dam, 
facing to the South. Photograph by Regional Board Staff 2010.  

5.8.4.8 Cactus Valley Creek 

The Cactus Valley Creek drainage area is east of and adjacent to the St. John’s Canyon 
drainage area (See Figure 5.8.4.6.1). The Cactus Valley Creek drainage area is 
approximately 15.26 square miles.  The upper part of this drainage area features 
rugged, craggy hills, and the lower part flattens out and merges into the floor of the 
Hemet Valley.  Cactus Valley Creek flows intermittently with braided channels in 
sections as noted by Regional Board staff and beneficial uses are recommended to .  
The upper part of the drainage is rural and sparsely populated, while the lower part of 
the drainage area has been recently developed into a large residential complex.  The 
lower reach of the creek has been channelized and collects runoff from the 
development. The channelized section flows alongside State Street to the north before 
entering into Salt Creek.  Given the intermittent nature of flows in the creek, intermittent 
use designations are appropriate. 

Recommendations regarding beneficial use designations are as follows:  

• MUN (Municipal and Domestic Supply): MUN is not an existing use and cannot 
feasibly be attained because of the intermittent nature of flows in the creek, 
which cannot reliably and consistently supply a well capable of producing an 
average, sustained yield of 200 gallons per day. Further, portions of the creek 
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have been modified for flood control purposes. An exception from MUN 
esignation is appropriate pursuant to the Sources of Drinking Water Policy.  
 

• REC1 (Water Contact Recreation (proposed “Primary Contact Recreation”): 
REC1 is a presumptive use unless and until an UAA is completed that 
documents otherwise.  Given the ephemeral nature of the creek, an intermittent 
(I) designation is appropriate.  

 
• REC2 (Non-contact Water Recreation): The creek provides opportunities for non-

contact water recreation, such as hiking or bird watching.  
 

• WILD (Wildlife Habitat): The Creek supports habitat for a variety of wildlife 
species, including birds and mammals. 

  
• WARM (Warm Freshwater Habitat): A “fishable use” is presumptive unless and 

until an UAA is completed that demonstrates otherwise.  Given the intermittent 
nature of Creek flows, an intermittent (I) WARM designation is appropriate.  

 
• AGR (Agricultural Supply): Board staff observed signs of livestock grazing and 

irrigated agriculture in the area indicating a reasonable potential for use of the 
creek water for agriculture when water is present.   

 

Figure 5.8.4.8.1. Cactus Valley Creek.  The upper reach of the Creek exhibits braided channels and 
intermittent flow conditions. Photograph by Regional Board Staff, 2010.  
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5.8.5 Revision of Table 3-1:  Temescal Creek 
 
5.8.5.1 Reach 1 

As discussed in detail in the discussion of the UAA for this reach of Temescal Creek 
(see Section 5.6.5), subdivision of the reach into two Reaches (1a and 1b) is 
recommended. Both reaches lie within the city of Corona. The Basin Plan currently 
designated beneficial uses for Reach 1.  The same use designations are proposed to 
apply to Reaches 1a and 1b, except that, based on the UAA,  the REC1 designation 
should not be listed for either reach and, additionally, the REC2 designation should not 
be listed for Reach 1b.  

5.8.5.2 Temescal Creek, Reaches 2 and 4 

Flows in these reaches of the creek are now perennial, rather than intermittent. 
Accordingly, the beneficial use designations for these reaches should be modified from 
intermittent (“I”) to existing or potential (“X”).  

5.8.6 Addition of SPWN/ RARE designations for Reach 3 and 4 of the Santa Ana 
River and Sunnyslope Channel 

Changes to the beneficial use designations for Reach 3 and 4 of the Santa Ana River 
and Sunnyslope Channel are proposed as follows:  

• Santa Ana River Reach 3: add Spawning, Reproduction and Development 
(SPWN) beneficial use;  

• Santa Ana River Reach 4: add SPWN and Rare, Threatened or 
Endangered Species (RARE) beneficial uses; 

• Sunnyslope Channel: add RARE beneficial use. 
   

Extensive surveys conducted by the Santa Ana Sucker Conservation Team over the 
last several years have shown that Reach 3 and 4 of the Santa Ana River and the 
Sunnyslope Channel currently provide important habitat for the federally listed Santa 
Ana sucker (Catostomus santaanae).  

5.8.7 Revision of Table 3-1: Cucamonga Creek, Reach 1 

As discussed in detail in the discussion of the UAA for Cucamonga Creek (see Section 
5.6.6), neither REC1 nor REC2 should be designated for this Reach. No other changes 
to the beneficial use designations now in the Basin Plan for this reach are proposed.  

5.8.8 Revision of Table 3-1: Knickerbocker Creek 

Knickerbocker Creek is a tributary of Big Bear Lake that drains into the lake in the City 
of Big Bear Lake. The creek’s headwaters are high in the ridge of mountains to the 
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south of Big Bear Lake.  The creek channel transitions from a natural channel into a 
small narrow concrete box channel near Village Drive9 in the City of Big Bear Lake and 
then empties into the lake near the Pine Knott Landing harbor. Knickerbocker Creek is 
currently listed in Table 3-1 of the Basin Plan together with other tributaries of Big Bear 
Lake (Basin Plan, page 3-27) in a row in the table as “Other Tributaries to Big Bear 
Lake:”  

Knickerbocker Creek is an important tributary of Big Bear Lake that warrants separate 
recognition, rather than inclusion in a list of tributaries as now specified in the Basin 
Plan. Because of the two distinct channel morphologies, two distinct reaches (1 and 2) 
should be identified. Changes to Table 3-1 are recommended accordingly.  

The proposed Reaches would be defined as: 

Reach 1:  From the Big Bear Lake Boundary (at the 6743.25 ft. elevation) to 100 yards 
upstream of Village Drive, a distance of 0.36 mile. 

Reach 2:  Village Drive upstream to the headwaters.   

No changes are proposed to the beneficial use designations currently identified in the 
Basin Plan for Knickerbocker Creek. These designations would apply to both of the 
proposed reaches. Given the intermittent nature of flows in both of the proposed 
reaches, the use designations would continue to be shown as intermittent (“I").  
 
 

                                                           
9 Approximately 100 yards upstream of Village Drive, Knickerbocker Creek transitions into an earthen 
channel.  
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Figure 5.8.8.1. Knickerbocker Creek.  The Creek channel consists of a concrete box as it flows 
through this section of the City of Big Bear Lake.  The channel upstream of the City is in a natural 
condition. Photograph by Regional Board staff 2010.  

5.8.9 Revision of Table 3-1: Waters to be Removed from the Basin Plan  

5.8.9.1 Lambert Reservoir 

Lambert Reservoir is currently listed in the Basin Plan in Tables 3-1 and 4-1 under the 
section Lake and Reservoirs, Lower Santa Ana River Basin with the AGR, REC1, 
REC2, WARM, and WILD beneficial uses designated and the MUN use excepted (Basin 
Plan, page 3-36). Lambert Reservoir and dam were located in the north eastern section 
of the City of Irvine just south of Portola Parkway.   Lambert Reservoir was constructed 
to hold irrigation water for use in the surrounding agricultural areas. 

In the early 2000’s, the Lambert Reservoir dam was removed and the reservoir drained.  
As a result, the water body no longer exists and is proposed to be removed from the list 
of waters in Table 3-1 (and Table 4-1). 
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Figure 5.8.9.1.1 Former Lambert Reservoir site in 2011. 

 

 

 

 

 

 

 

Former site of Lambert Reservoir 
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Figure 5.8.9.1.2. Lambert Reservoir location as shown in USGS El Toro Quadrangle Map 
1997. 

 

5.8.9.2 Laguna Reservoir 

Laguna Reservoir is currently listed in the Basin Plan in Tables 3-1 and 4-1 under the 
section Lake and Reservoirs, Lower Santa Ana River Basin, with the AGR, REC1, 
REC2, WARM, and WILD beneficial uses designated and the MUN use excepted (Basin 
Plan, page 3-36).  Laguna Reservoir was located in the City of Irvine just east of Laguna 
Canyon Road, State Highway133, and was constructed and used to hold irrigation 
water. 

In ~2005, the dam impounding the Laguna Reservoir was removed and the Reservoir 
was drained. As a result, the water body no longer exists and is proposed to be 
removed from the list of waters in Table 3-1 (and Table 4-1). 
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Figure 5.8.9.2.1. Former Laguna Reservoir site in 2011. 

 

Former Laguna Reservoir site 
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Figure 5.8.9.2.2. Laguna Reservoir location as shown in USGS Tustin Quadrangle 1965, 
Photo Revised 1981. 
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Section 1 
Introduction 
As a Lead Agency, the California Regional Water Quality Control Board, Santa Ana 
Region (Santa Ana Water Board or Regional Board) is required to comply with the 
California Environmental Quality Act (CEQA) when considering amendments to the 
Water Quality Control Plan (Basin Plan) for the Santa Ana River Basin. Accordingly, 
this Environmental Checklist and Analysis has been prepared as a part of the 
Substitute Environmental Document (SED) required for consideration of proposed 
amendments. Specifically, this analysis has been prepared to address the potential 
environmental effects of a project involving amendments to the Basin Plan related to 
water quality objectives for bacteria and beneficial use classifications for inland 
freshwaters (Proposed Project).  A more detailed description of the Proposed Project 
is provided in Section 2, and a summary of the overall environmental setting is 
provided in Section 3.   

This analysis includes an Environmental Checklist that serves as the basis for a 
systematic evaluation of the potential for the amendments to result in a significant 
impact relative to a variety of environmental factors such as biological resources, 
recreation, water quality and other such topics as presented in Section 4.  Section 5 
includes a discussion of alternatives to the Proposed Project. The information sources 
(references) used in completing the analysis are listed in Section 6.   

1.1 Regulatory Setting 
Pursuant to Section 15251(g) of the CEQA Guidelines (California Code of Regulations, 
Title 14, Chapter 3, Section 15000 et seq.), the Water Quality Control (Basin)/Section 
208 Planning Program of the State and Regional Water Boards has been certified by 
the Secretary for Resources as exempt from the requirement to prepare an 
Environmental Impact Report (EIR), Negative Declaration (ND) or Initial Study. 
However,  an environmental analysis is to be presented in a substitute document 
which includes at a minimum, a description of the proposed activities and either: 1) 
alternatives to the activities and mitigation measures to avoid or reduce any 
significant or potentially significant effects that the proposed project may have on the 
environment; or, 2) a statement that the proposed project  would not have any 
significant or potentially significant effects on the environment, supported by a 
checklist or other documentation.1  

Additionally, the Regional Board must comply with the State Water Resource Control 
Board’s regulations on exempt regulatory programs when amending basin plans 
(California Code of Regulations, Title 23, Sec. 3775-3781). These regulations require 
the completion of a  Substitute Environmental Document (SED), consisting of a 
written report containing an environmental analysis of the project and a completed 
Environmental Checklist.  The issues identified in the Environmental Checklist must 

                                                 
1 CEQA Guidelines, Section 15252. 
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be evaluated in the checklist or elsewhere in the SED. Other documentation may also 
be included.   
 
The SED must include: 1) a brief description of the proposed project; 2) identification 
of any significant or potentially significant adverse environmental impacts of the 
proposed project; 3) an analysis of reasonable alternatives to the proposed project  
and  mitigation measures to avoid or reduce  any significant or potentially significant 
adverse environmental impacts;  and, 4) an environmental analysis of the reasonably 
foreseeable methods of compliance. This environmental analysis must include, at a 
minimum, all of the following: (a) an identification of the  reasonably foreseeable 
methods of compliance with the project; (b) an analysis of any reasonably foreseeable 
significant adverse environmental impacts associated with those  methods of 
compliance; (c) an analysis of  reasonably foreseeable alternative methods of 
compliance that would have less significant adverse environmental impacts; and, (d) 
an analysis of reasonably foreseeable mitigation measures that would minimize any 
unavoidable significant adverse environmental impacts of the reasonably foreseeable 
methods of compliance. In preparing the environmental analysis of reasonably 
foreseeable methods of compliance, the Regional Board may utilize numerical ranges 
or averages where specific data are not available; however, the Board is not required 
to engage in speculation or conjecture. The environmental analysis must take into 
account a reasonable range of environmental, economic and technical factors, 
population and geographic areas and specific sites, but the Board is not required to 
conduct a site-specific project level analysis of the methods of compliance, which 
CEQA may otherwise require of those agencies who are responsible for complying 
with the revised Basin Plan when they determine the manner in which they will 
comply.   For each of the   significant or potentially significant adverse environmental 
impacts of the project or reasonably forseeable methods of compliance with the 
project that are identified (if any), the SED must contain findings as described in the 
CEQA Guidelines section 15091, and, if applicable, a statement of overriding 
considerations as described in CEQA Guidelines Section 15093. 
 
The environmental analysis for the Basin Plan amendments must also comply with 
Section 15187 of the CEQA Guidelines. Section 15187 establishes requirements for 
rules and regulations requiring the installation of pollution control equipment, 
establishment of performance standards2, and establishment of a treatment 
requirement by the State Water Resources Control Board (SWRCB or State Board) and 
regional water quality control boards (among other agencies).3 The requirements 
established in Section 15187 are mirrored in the State Water Resources Control 

                                                 
2 The term “performance standard” is not defined in CEQA but in the rulemaking provisions 
of the Administrative Procedures Act (Government Code Sec. 11340-11359). A “performance 
standard” is a regulation that describes an objective with the criteria stated for achieving the 
objective (Government Code Sec. 11342(d)) 
3 The proposed Basin Plan amendments involve revisions to the existing water quality 
objectives in the Basin Plan, which could be considered "performance standards"; therefore 
this environmental analysis must comply with CEQA Section 15187. 
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Board’s regulations. Specifically, pursuant to Section 15187, the environmental 
analysis for such a rule or regulation must include at least the following: 

1. An analysis of reasonably foreseeable environmental impacts of the methods 
of compliance;  

2. An analysis of reasonably foreseeable feasible mitigation measures relating to 
those impacts; and  

3. An analysis of reasonably foreseeable alternative means of compliance with 
the rule or regulation, which would avoid or eliminate the identified impacts. 

Once again, the analysis must consider a reasonable range of environmental, 
economic, and technical factors, population and geographic areas, and specific sites. 
Where specific data are not available, the Santa Ana Water Board may utilize 
numerical ranges and averages but is neither required nor encouraged to engage in 
speculation or conjecture. A project-specific level analysis is not required, nor is it 
feasible.  
 
Pursuant to Water Code Section 13360, the Santa Ana Water Board is prohibited from 
specifying the design, location, type of construction, or particular manner of 
compliance with waste discharge requirements or other orders. Instead, those entities 
subject to the proposed Basin Plan amendments are responsible for identifying 
compliance strategies, and conducting the required CEQA analysis of implementation 
of the selected strategies at the project-level. Thus, the Santa Ana Water Board cannot 
conduct project-level CEQA analyses of strategies that would be implemented by 
others, nor is it required to do so. This document analyzes the potential 
environmental effects of implementing reasonably foreseeable methods of compliance 
on a Programmatic Level. Consistent with the CEQA Guidelines and Water Code 
Sections identified above, the environmental analysis contained herein includes a 
written analysis that identifies a reasonable range of reasonably foreseeable 
compliance strategies (Section 2.3), presents an Environmental Checklist (Section 4), 
evaluates reasonably foreseeable environmental effects (Section 4) and mitigation 
measures if applicable, and discusses alternatives to the Proposed Project (Section 5). 
This analysis takes into consideration a reasonable range of environmental and 
economic factors, population and geographic areas and specific sites.  
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Section 2 
Project Description 
2.1 Background 
The State Board sets statewide policy, and, together with the nine Regional Boards, 
implements state and federal water laws and regulations. Each of the Regional 
Boards, including the Santa Ana Regional Board, is required to adopt a Water Quality 
Control Plan or Basin Plan subject to approval by the SWRCB that identifies the 
beneficial uses of the surface and ground waters in each particular region, establishes 
water quality objectives intended to protect those uses, and identifies a program of 
implementation to achieve and protect those objectives.   

The current Basin Plan for the Santa Ana Region was adopted in 1995 and last 
updated in 20084. It establishes water quality standards5 for the surface and ground 
waters of the Santa Ana Region and provides the basis for the Regional Board's 
regulatory programs. The Basin Plan designates the beneficial uses of specific 
waterbodies within the Santa Ana Region and establishes water quality objectives for 
the protection of these uses. It includes an implementation plan describing actions by 
the Regional Board and by those required to comply with the Basin Plan (e.g. 
Counties, Cities, Special Districts, industries, etc.) for maintaining and enhancing 
water quality.  

2.1.1 Water Quality Objectives 
Water quality objectives are defined in the Water Code as “…the limits or levels of 
water quality constituents or characteristics which are established for the reasonable 
protection of beneficial uses of water or the prevention of nuisance within a specific 
area” (Section 13050 (h)). Further, Water Code Section 13241 directs that: 

Each regional board shall establish such water quality objectives in water quality control 
plans as in its judgment will ensure the reasonable protection of beneficial uses and the 
prevention of nuisance; however, it is recognized that it may be possible for the quality of 
water to be changed to some degree without unreasonably affecting beneficial uses. Factors 
to be considered by a regional board in establishing water quality objectives shall include, 
but not necessarily be limited to, all of the following: 

(a) Past, present, and probable future beneficial uses of water. 

                                                 
4 The 2008 update to the Basin Plan did not include any substantive changes to the Plan.  The 
purpose of the update was to incorporate in the text the separate amendments that had been 
approved subsequent to the re-publication of the Basin Plan in 1995. 
5 Water quality “standards” include water quality objectives, beneficial uses and the state’s 
antidegradation policy (State Board Resolution No. 68-16, “Statement of Policy with Respect to 
Maintaining High Quality of Waters in California”). 
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(b) Environmental characteristics of the hydrographic unit under consideration, including 
the quality of water available thereto. 

(c) Water quality conditions that could reasonably be achieved through the coordinated 
control of all factors which affect water quality in the area. 

(d) Economic considerations. 

(e) The need for developing housing within the region. 

(f) The need to develop and use recycled water. 

Objectives are presented in the Basin Plan as narratives and/or as numeric objectives 
and are specified according to waterbody type (e.g., ocean waters; enclosed bays and 
estuaries; inland surface waters; and groundwaters) and by constituent/contaminant 
(e.g., ammonia, bacteria, metals, color, oil and grease, nitrate, etc.). The narrative 
objectives vary in applicability and scope to reflect the various types of beneficial uses 
identified for a water body. The numerical objectives generally reflect the levels 
needed to project the identified beneficial uses, or they may prohibit the discharge of 
specific substances. The Basin Plan states that “an adverse effect or impact on a 
beneficial use occurs where there is an actual or threatened loss or impairment of that 
beneficial use.” 

2.1.2 Beneficial Uses 
A beneficial use is described in the Basin Plan as one of the various ways that water 
can be used for the benefit of people and/or wildlife, such as drinking, swimming, 
industrial and agricultural supplies, and support of aquatic habitats. 

Twenty-three beneficial uses are now defined statewide; nineteen of these are applied 
to the Santa Ana Region.6  The Basin Plan also lists one beneficial use specific to the 
region (Limited Warm Freshwater Habitat), bringing the total number of beneficial 
uses recognized in the Santa Ana Region to twenty. Chapter 3 of the Basin Plan 
identifies and defines the twenty beneficial uses and provides a table showing 
designated beneficial uses for waterbodies within the Santa Ana Region. Waterbodies 
typically have more than one identified beneficial use. 

The Basin Plan designates all surface waters and their tributaries within the 
watershed as having both water contact recreation (REC1) and non-contact water 
recreation (REC2) beneficial uses. All surface waters, including open stormwater 
channels that have been modified, primarily for flood protection purposes, are 
presumed to be REC1.  Many of these improved open channels are not specifically 
named in the Basin Plan but are considered tributaries to the named water bodies and 
the beneficial use of the downstream named water body applies. The Basin Plan 

                                                 
6 The four state defined uses not found in the Basin Plan are Migration of Aquatic Organisms, 
Freshwater Replenishment, Inland Saline Water Habitat and Aquaculture. 
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currently defines REC1 as waters used for recreational activities involving body 
contact with water where ingestion of water is reasonably possible. These uses may 
include, but are not limited to, swimming, wading, water-skiing, skin and scuba 
diving, surfing, whitewater activities, fishing, and use of natural hot springs. The 
Basin Plan defines REC2 as waters used for recreational activities involving proximity 
to water, but not normally involving body contact with water where ingestion of 
water would be reasonably possible. These uses may include, but are not limited to, 
picnicking, sunbathing, hiking, beachcombing, camping, boating, tidepool and marine 
life study, hunting, sightseeing, and aesthetic enjoyment in conjunction with the 
above activities.  

2.2 Proposed Amendments 
Since 2003, Regional Board staff have been actively participating in a stakeholder 
process coordinated through the Santa Ana Watershed Project Authority and 
designated as the Stormwater Quality Standards Task Force (Task Force).  The Task 
Force has been involved in a work effort to assist the Regional Board in reevaluating 
water quality standards related to recreational use of the Region’s inland fresh waters.  
The Task Force includes representatives from agencies and organizations involved 
and interested in water quality issues in the watershed, including Orange, Riverside, 
and San Bernardino Counties, in particular the Municipal Stormwater (MS4) 
Programs for each county and the included cities, environmental groups, the Santa 
Ana Water Quality Control Board, wastewater dischargers, the United States 
Environmental Protection Agency (USEPA), Region 9, and others.  Throughout the 
process, the Task Force has been seeking to develop a pathogen control strategy that 
would not only meet statutory and regulatory water quality standards requirements 
but that would also encourage finite public resources to be invested in prioritized 
fashion. One goal is to provide the highest level of water quality protection where 
people are actually coming into contact with the water. Such an approach would 
allow planning agencies to implement more cost-effective regional BMP solutions 
while continuing to protect downstream uses. 

The work efforts of the Task Force have led to proposed modifications to the existing 
bacteria quality objectives for recreational uses based on the best available science and 
recommendations for changes in recreational use designations and implementation 
strategies. Together, the proposed modifications and recommendations are 
incorporated into a number of proposed amendments to the Basin Plan related to 
Recreational Standards for Inland Fresh Waters for the Santa Ana Region (Proposed 
Project) described below.   

The Proposed Project consists of amendments to the Basin Plan that fall largely into 
two principal categories: A) revisions to bacteria water objectives; and B) revisions to 
beneficial uses. The specific amendments are presented below under each of the two 
general categories. The proposed amendments also include recommendations for 
temporary suspension of recreation standards for specific surface waters under 
certain high flow conditions, and the addition of specific surface waters in the Region 
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that are not identified in the current Basin Plan.  Beneficial use designations are 
proposed to be added for these waters.  Two reservoirs (Laguna and Lambert) are 
proposed to be deleted from the list of inland surface waters included in the Basin 
Plan since these reservoirs no longer exist.   

Implementation plan language will be proposed that includes: a surveillance plan to 
assess compliance with the revised bacteria quality objectives; identifies the criteria 
for suspension of recreation standards for specific streams under certain flow 
conditions; describes the intended application of single sample maximum values in 
REC1 freshwaters; describes implementation of antidegradation targets for REC2 only 
freshwaters; discusses controllable and uncontrollable source of bacteria inputs to 
surface waters; and describes the basis for POTW coliform bacteria requirements and 
their relationship to recreational standards. 
 
Finally, minor editorial changes are proposed to update the narrative text regarding 
recreation standards, modify footnote numbering, and the like.  These minor editorial 
changes, which are identified in the staff report accompanying the proposed 
amendments, have no substantive regulatory effect and, therefore, no potential effect 
on the environment.  No further discussion or analysis of these editorial changes is 
necessary, and none is included in this document. 

2.2.1 Revisions to Bacteria Water Quality Objectives 
The proposed amendments include revisions to the Basin Plan's existing bacteria 
water quality objective for inland surface waters. Each proposed revision is discussed 
below. 

2.2.1.1 Proposed Amendment A.1 - Deletion of the Fecal Coliform 
Objectives for REC1 and REC2 

Direct measurement of all pathogens (bacteria, viruses, parasites, or other organisms 
that may cause illness to persons exposed) is not feasible at the present time and 
therefore indicators are used to establish objectives to assure that water quality is 
adequate to protect human health against excessive risk of illness. Fecal coliform are 
the existing indicator organism used to set water quality objectives to protect REC1 
and REC2 uses. The Basin Plan describes fecal bacteria as part of the intestinal flora of 
warm-blooded animals and states that their presence in water is an indicator of 
pollution. Fecal coliform bacteria are measured in terms of the number of organisms 
per unit volume. Water quality objectives for the numbers of fecal coliform vary 
depending on the designated use of the water. For inland surface waters designated 
REC1 the water quality objectives are as follows: 

REC1 Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30 day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30-day period 

For lakes and streams designated REC2 the water quality objectives are as follows: 
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REC2 Fecal coliform: average less than 2,000 organisms/100 mL and not more than 
10% of samples exceed 4,000 organisms/100 mL for any 30-day period 

All of the surface water bodies within the Basin are currently designated both REC1 
and REC2, and therefore the more stringent REC1 water quality objectives govern.  

The United States Environmental Protection Agency (USEPA) has directed the States, 
including California, to update fecal coliform objectives based on USEPA’s 1986 
Ambient Water Quality Criteria for Bacteria.  These recommended national criteria 
are based on Escherichia coli (E. coli) or enterococcus in freshwater and enterococcus in 
marine waters.  USEPA found that these bacteria indicators are better for assessing 
potential health effects resulting from water contact recreation.  E. coli is also a type of 
bacteria commonly found in the lower intestine of warm-blooded organisms. 
Accordingly, Proposed Amendment A.1 would remove the current fecal coliform 
objectives for REC1 and REC2 designated freshwaters from the Basin Plan. The fecal 
coliform objectives would be replaced with objectives based on E. coli (Proposed 
Amendment A.2) and a bacteria indicator target for REC2 only surface waters would 
be established (Proposed Amendment A.3).  The most recently adopted Total 
Maximum Daily Load (TMDL) developed to address bacteria indicator impairments 
in Reach 3 of the Santa Ana River and its tributaries and approved by USEPA already 
includes a numeric target for E. coli. This target was included with the expectation 
that E. coli objectives based on USEPA’s national criteria would be established in the 
near future. 

2.2.1.2 Proposed Amendment A.2 – Establishment of an E. coli Objective 
for REC1 Waters 

Under Proposed Amendments A.2, the existing fecal coliform objective would be 
replaced with an E. coli pathogen indicator bacteria objective based on the USEPA's 
1986 Ambient Water Quality Criteria for Bacteria. These criteria apply to waters that 
are or may be used for primary contact recreation, which is essentially comparable to 
the REC1 designation.  

The REC1 E. coli objective would be established as follows: 

 For waters designated REC1 only or REC1 and REC2, the objective would be 
less than 126 E. coli organisms per 100 mL, (expressed as the geometric mean 
of at least 5 samples over a 30-day period).    

Proposed Amendment A.2 includes the addition of a new table to the Basin Plan titled 
"Pathogen Indicator Bacteria Objectives for Fresh Waters" which presents the 
objectives described above. USEPA’s 1986 national criteria document finds that E. coli 
geomean objectives of 126-206 organisms per 100 mL, which correlate to approximate 
excess health risk rates of 8/1000 swimmers and 10/1000 swimmers, respectively, 
provide health protection that is roughly comparable to that provided by the fecal 
coliform geomean objective (200/100 mL). 
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Proposed Amendment A.2 would also add a new table to the Basin Plan titled, 
"Alternative Method for Assessing Probable Compliance with the E. coli Objective in 
Freshwaters Designated REC1 When Insufficient Data are Available to Calculate a 
Geometric Mean." The table presents USEPA's recommended formula for calculating 
the maximum expected single sample maximum (SSM) value for E. coli (1986 Ambient 
Water Quality Criteria for Bacteria). Single sample maximum values are statistical 
constructs designed to assess probable compliance with the geomean7 objective for 
REC1 waters. USEPA expects states to use the SSMs to make short-term decisions 
about beach notification and closure, and as a trigger for further monitoring and 
investigation. The States have flexibility to determine how to use the SSM in Clean 
Water Programs, such as impairment assessments and TMDLs. 

2.2.1.3 Proposed Amendment A.3 – Establishment of a Bacteria Indicator 
Target for REC2 only Waters 

Antidegradation bacteria indicator targets for water bodies designated only REC2 as 
the result of a Use Attainability Analysis are proposed. The bacteria indicator targets 
for REC2 only surface waters would be established as follows: 

 For waters that are designated only REC2 pursuant to an approved Use 
Attainability Analysis, identify bacteria quality targets, in conformance with 
the state antidegradation policy.  Subject to the availability of data, the targets 
are based on fecal coliform bacteria and/or E. coli. The targets are intended to 
provide the basis for assuring that bacteria quality conditions do not degrade. 

Proposed Amendment A.3 would add a new table to Section 5 of the Basin Plan 
summarizing the recommended targets, within the discussion of anti-degradation.     

2.2.1.4 Proposed Amendment A.4 – Add Narrative Pathogen Objective 
The current basin plan does not have a narrative objective for pathogens. Both the 
existing and proposed numeric objectives to protect REC1 uses of the Region’s waters 
are based on bacterial indicators (fecal coliform, E. coli respectively) that indicate the 
likelihood of the presence of disease-causing organisms (pathogens). USEPA 
recognizes the limitations of the 1986 bacteria criteria and is currently engaged in 
studies that may lead to revision of these criteria. Given progress with analytical 
techniques, it may be possible to detect the actual pathogenic organisms (e.g., viruses) 
directly in a timely and practicable manner, such that it no longer is necessary to rely 
on these bacterial indicators. In anticipation that this may occur, a narrative pathogen 
objective is proposed to be added to the Basin Plan to provide the Regional Board an 
additional tool to assure that water quality and beneficial uses will be protected. 

Amendment A.4 would establish the following narrative pathogen objective:  

                                                 
7 Geomean, or geometric mean, is a type of mean or average that indicates a central tendency 
or typical value of a set of numbers. 
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Waste discharges shall not cause or contribute to excessive risk of illness from 
microorganisms pathogenic to human beings. Pathogen indicator concentrations shall 
not exceed the values specified in Table 4-pio below as a result of controllable water 
quality factors (see also Chapter 5, Recreation Water Quality Standards, 
Controllable and Uncontrollable Sources of Bacteria) unless it is demonstrated to the 
Regional Board’s satisfaction that the elevated indicator concentrations do not result 
in excessive risk of illness among people recreating in or near the water. In all cases, 
the level of water quality necessary to protect existing uses must be maintained.  
Where existing water quality is better than necessary to protect the designated use, the 
existing high level of water quality must be maintained unless it is demonstrated that 
existing or potential beneficial uses would be protected and that water quality 
consistent with maximum benefit to the people of California would be maintained, as 
specified in the state antidegradation policy (SWRCB Resolution No. 68-16). The 
Regional Board may also require recycled water discharged to freshwaters designated 
REC 1 or REC 2to comply with other limitations recommended by the California 
Department of Public Health (CDPH). 

2.2.1.5 Proposed Amendment A.5 – Delete the MUN Bacteria Objective 
The Basin Plan currently contains a bacteria objective (total coliform less than 100 
organisms per 100 mL) for waters designated as municipal and domestic supply 
(MUN). This objective would be deleted under Proposed Amendment A.5. Per the 
Basin Plan, MUN waters are used for community, military, municipal or individual 
water supply systems. The uses may include, but are not limited to, drinking water 
supply. The current MUN objective was developed to protect drinking water sources 
from bacterial contamination. However, since this objective was established states 
were required to adopt and implement the USEPA Enhanced Surface Water 
Treatment Rule by January 1, 2002. The Enhanced Surface Water Treatment Rule was 
implemented to strengthen protection of drinking water sources against microbial 
contaminants and requires adequate disinfection and regular monitoring of MUN 
waters. Thus, the MUN bacteria objective is now obsolete and can be deleted.  The 
deletion of the objective will not result in any adverse impacts on beneficial uses and 
will not result in the lowering of water quality.  

2.2.2 Revisions Related to Beneficial Uses 
The proposed amendments include revisions related to the Basin Plan's Beneficial 
Uses. Each proposed revision is discussed below. 

2.2.2.1 Proposed Amendment B.1 – Temporary Suspension of Recreational 
Standards During High Flow Conditions  

Proposed Amendment B.1 would result in temporary suspension of the recreational 
use designations and applicable bacteria objectives in certain stream segments when 
unsafe flow conditions preclude attainment of the designated recreational uses for 
short periods of time.  
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The temporary suspension would apply only to freshwater creeks and streams that 
have been engineered or modified to serve as flood control channels.  These channels 
have been constructed or modified with concrete, rip-rap or similar materials along 
the sides and/or bottom of the waterway. Such construction/modifications are 
designed to contain the flow and convey it efficiently downstream, and to prevent 
erosion. The specific waters to which the suspension applies are listed in proposed 
Basin Plan Appendices VIII and IX.  

The Regional Board may determine that it is appropriate to apply the temporary 
suspension to additional waters that may not be engineered. Such waters may be added 
provided that it is demonstrated that recreational uses are not “existing” uses (as defined 
by federal regulations) under the suspension conditions and that either the suspension 
criteria identified below apply or other stream or flow conditions result in hazardous 
conditions that preclude attainment of the use. The Regional Board may also determine 
that recreation standards should not be suspended in some specific streams if it is 
demonstrated that stream channel conditions or flow controls effectively eliminate any 
safety hazard to the public.  

 
The criteria for high flow suspension of recreation standards are described in a new 
subsection (Recreation Water Quality Standards, High Flow Suspension) that is also 
proposed to be added to Chapter 5 of the Basin Plan. Flow conditions are 
presumptively unsafe if one or more of the following conditions occurs:  (1) stream 
velocity is greater than 8 feet-per-second (fps); or, (2) the product of stream depth 
(feet) and stream velocity (fps) (the depth-velocity product) is greater than 10 ft2/s. 
Where representative stream gauge data are not available, flow velocity is presumed 
to be greater than 8 fps when rainfall in the area tributary to the stream is greater than 
or equal to 0.5 inches in 24 hours. Rainfall measurements may be estimated using 
gauges, Doppler radar data, or other scientifically defensible methods. Stream flows 
will be presumed to return to safe conditions and the temporary suspension of 
recreation standards will cease 24 hours after rain ceases to fall in the area tributary to 
the stream, unless actual flow data demonstrate that the suspension conditions 
identified above either continue beyond or terminate prior to the 24 hour period. In all 
cases, the temporary suspension will terminate automatically once stream flows have 
returned to normal baseline conditions, generally defined as flows at or below the 
98th percentile as calculated from a calibrated hydrograph for the stream. 

2.2.2.2 Proposed Amendment B.2 – Assignment of REC1 Designated 
Waters to Tiers A, B, C, and D 

Proposed Amendment B.2 would establish four tiers of REC1 designated inland 
freshwaters for the purposes of determining appropriate single sample maximum 
values for REC1 waters. The four tiers, Tiers A, B, C, and D are proposed to be 
defined as follows: 

Tier A:  includes freshwater lakes and streams that are or may be heavily-used by the 
public for primary contact recreational activities, relative to other freshwater bodies in 
the Santa Ana Region.  Typical examples of Tier A waters include, but are not limited 
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to:  Big Bear Lake, Canyon Lake, Lake Elsinore, Lake Perris, Reach 3 of the Santa Ana 
River, Reach 2 of Mill Creek in Redlands and Lytle Creek (Middle and North Forks).  
Single sample maximum (SSM) values for Tier A waters are calculated using a 75% 
statistical confidence factor. (See Table 5-REC1-ssv, below).  
 
Tier B:  includes freshwater lakes and streams that are or may be moderately-used by 
the public for primary contact recreational activities.  Moderate use occurs where the 
number of people accessing the waterbody is approximately half that which generally 
occurs in Tier A waters.  Typical examples of Tier B waters include, but are not 
limited to:  Jenks Lake, Santiago Reservoir, Cucamonga Creek Reach 2, and Reaches 4 
and 6 of the Santa Ana River. Single sample maximum values for Tier B waters are 
calculated using an 82% confidence factor. (See Table 5-REC1-ssv, below)  
 
Tier C: includes freshwater lakes and streams that are or may be lightly-used by the 
public for primary contact recreational activities.  Light use occurs where the number 
of people accessing the waterbody is less than half that which generally occurs in Tier 
A waters.  Typical examples of Tier C waters include, but are not limited to:  Reach 2 
of the Santa Ana River, Bear Creek, Chino Creek Reach 1B, Anza Park Drain, and 
Sunnyslope Channel.  Single sample maximum values for Tier C waters are calculated 
using a 90% statistical confidence factor. (See Table 5-REC1-ssv, below) 
 
Tier D:  includes freshwater lakes and streams that are infrequently used by the public 
for primary contact recreational activities.  Infrequent use occurs where people only 
access the waterbody rarely or occasionally.  Typical examples of Tier D waters 
include, but are not limited to:  most concrete-lined storm water channels in the 
urbanized areas of the watershed and many of the ephemeral streams located in the 
undeveloped areas of the watershed.  Single sample maximum values for Tier D waters 
are calculated using a 95% confidence factor.  (See Table 5-REC1-ssv, below). 

 
REC1 waters listed in the Basin Plan are proposed to be assigned to one of these Tiers. 
The proposed assignments are shown in Table 5 - REC1-Tiers (Chapter 5 
Implementation). 

2.2.2.3 Proposed Amendment B.3 – Clarification of Definition of REC1 
(Water Contact Recreation) 

REC1 waters are currently defined in the Basin Plan as follows: 

Water Contact Recreation (REC1*)8 waters are used for recreational activities 
involving body contact with water where ingestion of water is reasonably possible. 
These uses may include, but are not limited to, swimming, wading, water-skiing, skin 
and scuba diving, surfing, whitewater activities, fishing, and use of natural hot 
springs. 

Amendment B.3 would clarify the definition as follows:  

                                                 
8 The "*" references a footnote to the definition of REC 1. This footnote, and proposed changes, 
is discussed in the following section, B.4. 
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Primary Contact Recreation (REC1*) waters are used for recreational activities 
involving deliberate water contact, especially by children, where ingestion is likely to 
occur. Examples of REC1 may include, but are not limited to: swimming, water-
skiing, surfing, whitewater rafting, float tubing, bathing in natural hot springs, skin 
diving, scuba diving and some forms of wading and fishing. Brief incidental or 
accidental water contact that is limited primarily to the body extremities (e.g. hands 
and feet), is not generally deemed Primary Contact Recreation because ingestion is not 
likely to occur. 

The clarifications are based, in part, on consideration of the nature of the recreational 
use for which the USEPA published bacteria quality criteria in 1986. Specifically, the 
1986 criteria are intended to address water contact recreation where the ingestion of 
water is likely or expected. The USEPA defines this type of recreational activity as 
“primary contact recreation,” which is and has been regarded historically as 
functionally equivalent to the REC1 beneficial use.  To assure that the national 
bacteria criteria are properly applied, the proposed modifications to the REC1 
definition are designed to conform as closely as possible to the USEPA’s description 
of Primary Contact Recreation.  

As noted in the proposed clarified definition, incidental or accidental contact limited 
primarily to the body extremities is not likely to result in exposure via ingestion. 
Further, some forms of wading and fishing are not likely to result in such exposure. 
Special recognition of the potential for ingestion by children is explicitly provided in 
the proposed definition. The phrase “reasonably possible” in the current Basin Plan 
definition is subject to wide variation in interpretation, which has the potential to 
result in inappropriate designation of the surface waters. This phrase would be 
replaced with “likely”. 

2.2.2.4 Proposed Amendment B.4 – Revision of Existing Footnote 
Regarding REC1 and REC2 Designations 

Currently, the definitions of REC1 and REC2 waters include the following footnote:  

The REC1 and REC2 beneficial use designations assigned to surface waterbodies in 
this Region should not be construed as encouraging recreational activities. In some 
cases, such as Lake Matthews and certain reaches of the Santa Ana River, access to the 
waterbodies is prohibited because of potentially hazardous conditions and/or because of 
the need to protect other uses, such as municipal supply or sensitive wildlife habitat. 
Where REC1 or REC2 is indicated as a beneficial use in Table 3-1, the designations 
are intended to indicate that the uses exist or that the water quality of the waterbody 
could support uses. 

Proposed Amendment B.4 would revise the footnote as follows. Proposed new text is 
shown in bold and underlined, deleted text is shown in strikeout:  

Proposed revised footnote (changes from the existing definition are shown in italics):  
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The REC1 and REC2 beneficial use designations assigned to surface waterbodies in 
this Region should not be construed as encouraging or authorizing recreational 
activities. In some case, such as Lake Mathews and certain reaches of the Santa Ana 
River and its tributaries, access to the water bodies is prohibited by other agencies 
because of potentially hazardous conditions and/or because of the need to protect other 
uses such as municipal water supply or sensitive wildlife habitat. Where REC1 or 
REC2 is identified as a beneficial use in Table 3-1, the designations are only intended 
to indicate that the such uses exist may occur or that the water quality of the 
waterbody could support uses may be capable of supporting recreational uses 
unless a Use Attainability Analysis demonstrates otherwise and the Regional 
Board amends the Basin Plan accordingly. 

The proposed revisions are intended to document the Regional Board’s 
understanding of the existing Basin Plan more accurately. The term “existing use” has 
special regulatory meaning under federal law and regulation; uses explicitly 
determined to be “existing” cannot be removed. Recreational uses in the Basin Plan 
are designated as “present or potential” (or, in some cases, as “intermittent”). Use of 
the word “exist” in the current footnote incorrectly suggests that the Regional Board 
has made an affirmative determination that these designated uses are “existing.” 
Revising the terminology in the footnote merely corrects the currently understood 
status of recreational beneficial use designations. 

2.2.2.5 Proposed Amendment B.5 – Re-designation of Specific Waters 
Based on Use Attainability Analyses 

Currently all surface waters in the Santa Ana Region are assumed to have present or 
potential REC1 use. If such a designation is inappropriate because recreational uses 
cannot be and have not been achieved in certain water bodies, such uses can be 
downgraded or deleted after a Use Attainability Analysis (UAA) is performed. 
Pursuant to the Clean Water Act, a UAA is a structured scientific assessment of the 
factors affecting the attainment of uses, including physical, chemical, biological, and 
economic considerations. A designated use may be removed provided that it is not an 
existing use and that it can be demonstrated that attaining the designated use is not 
feasible because:  

1. Naturally occurring pollutant concentrations prevent the attainment of the 
use; or  

2. Natural, ephemeral, intermittent or low flow conditions or water levels 
prevent the attainment of the use, unless these conditions may be 
compensated for by the discharge of sufficient volume of effluent discharges 
without violating State water conservation requirements to enable uses to be 
met; or  

3. Human caused conditions or sources of pollution prevent the attainment of 
the use and cannot be remedied or would cause more environmental damage 
to correct than to leave in place; or  
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4. Dams, diversions or other types of hydrologic modifications preclude the 
attainment of the use, and it is not feasible to restore the water body to its 
original condition or to operate such modification in a way that would result 
in the attainment of the use; or  

5. Physical conditions related to the natural features of the water body, such as 
the lack of a proper substrate, cover, flow, depth, pools, riffles, and the like, 
unrelated to water quality, preclude attainment of aquatic life protection uses; 
or  

6. Controls more stringent than those required by sections 301(b) and 306 of the 
[Clean Water] Act would result in substantial and widespread economic and 
social impact.  

The proposed amendments include re-designations of specific water bodies from 
REC1 and REC2 to REC2 only, or, where neither REC1 nor REC2 use is attainable, to 
“not-REC” (a footnote would be added to those waters not designated either REC1 or 
REC2 to reflect that the Regional Board has made an affirmative determination 
through a UAA that neither of these uses is attainable; these waters are also proposed 
to be listed in a separate new table (Table 3-2) in the Basin Plan). UAAs have been 
prepared for each of the water bodies to demonstrate that REC1, and for some water 
bodies REC2, uses are neither existing nor attainable. The proposed re-designations 
would be reviewed at least once every three years to determine whether any changes 
to conditions in the water bodies have occurred such that REC1 or REC2 use is 
attainable and either or both designations should be reinstated.  

Waters considered for re-designation include sections of the following water bodies: 

 Santa Ana-Delhi Channel 

 Greenville/Banning Channel 

 Temescal Creek 

 Cucamonga Channel 

All of the sections of these waters proposed for re-designation would be no longer be 
designated REC1, but would continue to be designated as REC2, with the exception of 
Reach 1 of Santa Ana Delhi Channel, Reach 1 of Greenville Banning Channel, Reach 
1b of Temescal Creek, and Reach 1 of Cucamonga Creek, which would be annotated 
with the footnote reflecting that they are neither REC1 nor REC2. The water bodies 
proposed for re-designation are shown in figures in the following sections. 

2.2.3 Addition / Deletion of Specific Surface Waters 
As noted above and discussed in the staff report for these amendments, two 
reservoirs (Laguna and Lambert) are no longer in existence and it is proposed to 
remove them from the Basin Plan. No further regulation of these now non-existent 
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waters would be necessary and thus the removal of these waters would not have any 
adverse impacts on the environment. No further discussion of this amendment is 
necessary and none is included in the subsequent text of this document. 

Waters proposed to be added to the Basin Plan include:   

 Santa Ana-Delhi Channel 

 Los Cerritos Wetlands 

 Huntington Beach Wetlands 

 Mystic Lake 

 Goodhart Canyon Creek 

 Saint Johns Canyon Creek 

 Cactus Valley Creek  

 Greenville-Banning Channel 

Beneficial use designations for these waters are proposed to be added as well. Water 
quality objectives that are now specified in the Basin Plan to protect these uses would 
apply to these waters; no water-body specific objectives are proposed or anticipated at 
this time. The addition of these waters and beneficial use designations are not 
expected to have a substantive regulatory effect.  Per the federal Clean Water Act and 
implementing regulations, all surface waters, whether or not specifically listed in the 
Basin Plan are presumed to be “fishable/swimmable,” unless a UAA demonstrates 
that fishable/swimmable uses are neither existing nor attainable. Therefore, in 
regulatory activities necessary to protect the water quality and beneficial uses of these 
as yet unlisted waters, the Regional Board would apply water quality objectives 
already established to protect these, and other beneficial uses, on a Best Professional 
Judgment basis, and would implement established policies, including the state 
antidegradation policy. The result is that it is not expected that there would be any 
significant difference in the regulatory requirements that would apply to these waters, 
and thus there is no anticipated environmental effect.  

2.3 Identification of Reasonably Foreseeable Methods 
of Compliance 

As discussed previously in Section 1.1, while the Regional Board cannot specify the 
particular manner of compliance with orders it adopts, the analysis conducted for this 
SED must address reasonably foreseeable environmental impacts of the reasonably 
foreseeable methods of compliance taking into account a range of environmental, 
economic, and other factors. 
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Currently, a variety of methods are in place and being implemented in an effort to 
achieve compliance with the Basin Plan bacteria objectives, including programs aimed 
at reducing urban runoff and stormwater pollution through implementation of 
structural and non-structural Best Management Practices (BMPs). These BMPs include 
site design measures such as minimizing impervious surfaces and establishment of 
treatment control systems such as infiltration, detention basins, or biotreatment, and 
source controls such as limits on non-stormwater discharges and spill prevention. As 
discussed below, the proposed amendments primarily involve changes to the 
indicator bacteria used as the basis for setting objectives in the Basin Plan, and 
beneficial use designations, which would not trigger the need for new BMPs or other 
compliance mechanisms that would not otherwise occur should the proposed 
amendments not be adopted. In other words, BMPs would continue to be 
implemented and maintained whether or not the proposed amendments are adopted. 
In addition the amendments are not anticipated to substantially change the manner or 
type of BMPs that are implemented in the future. 

2.3.1 Revisions to Bacteria Water Quality Objectives 
The change in bacteria objectives, from fecal coliform to E. coli, would result in the 
need for changes in the monitoring plans which must be prepared by agencies 
required to comply with the Basin Plan. As previously described, the TMDLs 
developed to address pathogen impairment in the Santa Ana Region include a 
numeric target for E. coli, so some testing for E. coli already occurs. 

The types of BMPs needed to achieve bacteria objectives will not change as the result 
of the change from fecal coliform to E. coli  as the indicator organism specified in the 
objectives.  The number of BMPs needed to achieve the revised objectives is not 
expected to increase. Rather, incorporating the high flow suspension of recreation 
standards is expected to reduce the number of BMPs that would otherwise be 
required to assure compliance during high flow conditions. Also, as discussed below 
(2.3.2), refining the recreation use designations for certain waters, through the UAA 
process, may allow the implementation of fewer, more strategically located BMPs that 
will assure the protection of downstream recreation uses. Further, changing the 
bacteria indicator is not anticipated to change the specific waters bodies that are 
identified as exceeding bacterial levels as the water bodies that currently exceed levels 
for fecal coliform would also be expected to exceed levels for E. coli. Similarly, water 
bodies that are within acceptable levels for fecal coliform would likely be within 
acceptable levels for E. coli. Thus, the change in indicator bacteria is not anticipated to 
result in an increase in the number of water bodies which exceed the bacteria 
objectives, thereby becoming subject to implementation of new BMPs that would 
otherwise not be expected to be implemented.  

Adopting a narrative Pathogen Objective (Proposed Amendment A.4) is aimed at 
providing greater regulatory support and flexibility to specify permit limitations and 
monitoring requirements and would not trigger the need for new foreseeable 
compliance methods.  
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The MUN bacteria objective proposed for deletion (Proposed Amendment A.5) serves 
to eliminate an obsolete objective and would not trigger the need for new foreseeable 
compliance methods. 

2.3.2 Revisions to Beneficial Uses 
As described previously, the temporary suspension of recreational use designations 
and bacteria objectives during high flow conditions is primarily related to public 
safety concerns during high flow conditions and hydrologic conditions rather than 
bacteria densities in the water.  This temporary suspension would not require new 
foreseeable methods of compliance. In fact, the suspension would be expected to 
result in a reduction in the number of BMPs that would need to be implemented in 
order to achieve compliance with the objectives under high flow conditions that meet 
the proposed suspension criteria. 

The proposed assignment of REC1 waterbodies to Tier A, B, C, or D is intended to 
clarify the frequency and intensity of recreational uses that occur in REC1 waters for 
the purposes of assigning single sample maximum E. coli values that decision-makers 
can use to assess the need to post-close recreation areas. No associated foreseeable 
changes to the methods of compliance are needed. 

Similarly, the proposed changes in the REC1 definition and to the REC1 and REC2 
footnote are designed to bring the definition to closer conformity with the USEPA 
description of Primary Contract Recreation, and to better clarify the status of 
recreational beneficial use designations, respectively. The proposed changes in the 
wording have no associated foreseeable changes to the methods of compliance. 

As noted above, the change in designation of a water body from REC1 to REC2 or 
neither REC1 nor REC2 could result in a reduction in required monitoring and a 
reduction in the need for future implementation of BMPs to improve water quality to 
REC1 standards. However, pursuant to the Antidegradation Policy, existing high 
water quality must be maintained and thus existing BMPs must be maintained. 
Further, new BMPs may be needed assure that water quality, including that of 
downstream waters, would not degrade. However, the possible need for future BMPs 
would be less than would otherwise occur should the waters remain designated 
REC1. Therefore, the re-designation would not trigger new foreseeable methods of 
compliance than would otherwise occur.  

As the water quality of waters designated as REC2 or neither REC1 nor REC2 would 
be maintained and would not be allowed to deteriorate, no adverse changes to the 
water quality of the receiving water are anticipated. Thus, the proposed re-
designations would not result in the need for additional BMPs in the receiving waters 
than would otherwise occur.  

2.3.3 Conclusion 
As described above, the only reasonable foreseeable method of compliance related to 
the proposed Basin Plan amendments involves minor revisions to monitoring plans to 
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change the bacteria indicator from fecal coliform to E. coli. While BMPs would 
continue to be implemented and maintained should the Basin Plan amendments be 
approved, the amendments are not anticipated to result in the need for new BMPs or 
implementation of other compliance methods that would not otherwise occur should 
the amendments not be approved. Should BMPs or other compliance methods 
associated with the Proposed Project be implemented, a project specific 
environmental review would be conducted by the lead agency and any potential 
environmental impacts would be addressed during that process. 
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Section 3 
Environmental Setting 
3.1 Surrounding Land Uses and Setting 
The Santa Ana River watershed is located in southern California, south and east of the 
City of Los Angeles. In very broad terms, the Santa Ana Region is a group of 
connected inland basins and open coastal basins drained by surface streams flowing 
generally southwestward to the Pacific Ocean. It is the smallest of the State's nine 
regions at approximately 2,800 square miles. It includes the upper and lower Santa 
Ana River watersheds, the San Jacinto River watershed, and several other small 
drainage areas. It includes the northern portion of Orange County, the northwestern 
corner of Riverside County, and the southwestern corner of San Bernardino County.  

The Santa Ana Basin is one of the most densely populated of all of the nine Regions 
with approximately 5 million people living in the region. Land use ranges from 
pristine forests to highly developed urban areas.  The area is subject to a variety of 
pollution sources from industrial, agricultural and urban activities. Approximately 32 
percent of the land use is developed as residential, commercial, or industrial uses. The 
nature of surface waters in the Basin varies considerably in relation to land use.  
Surface streams in mountainous/undeveloped areas are generally unmodified while 
surface waters in developed areas are generally modified/armored to varying 
degrees to assure protection from flooding. 

River drainages generally flow from east to west. The highest elevations of the 
watershed occur in the San Bernardino, San Gabriel and San Jacinto Mountains. In the 
central part of the watershed, the Santa Ana Mountains and the Chino Hills form a 
topographic high before the River flows onto the Coastal Plain and into the Pacific 
Ocean. 

The climate of the Santa Ana Region is classified as Mediterranean: generally dry in 
the summer with mild, wet winters. The average annual rainfall in the region is about 
15 inches, most of it occurring between November and March.  Most streams within 
the basin carry minimal flow throughout most of the year except in response to 
rainfall events, or as a result of man-made discharges such as wastewater treatment 
effluent discharges or imported water releases. During the winter season, storms can 
bring significant rainfall resulting in high flow rates within the River and tributary 
streams and channels. 

The waters proposed for re-designation from REC1 to REC2 or “not REC” (i.e., neither 
REC1 nor REC2) are in various locations in Orange, and Riverside and San 
Bernardino Counties. Following is a description of each: 

3.1.1 Santa Ana Delhi Channel 
The Santa Ana Delhi Channel watershed (approximately 20 square miles) is located in 
Orange County and includes portions of the Cities of Santa Ana, Costa Mesa, and 
Newport Beach (Figure 3-1).  The channel is not currently separately listed in the 
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Basin Plan, but is proposed to be added. Three “reaches” are identified for the channel 
as described below: 

 “Tidal Prism” – Bridge at University Avenue / Upper Newport Bay to 1,036 ft 
upstream (near pedestrian bridge at the end of University Drive in Newport 
Beach) 

 “Reach 1” – Tidal Prism to Sunflower Avenue / Flower Street (in Santa Ana) 

 “Reach 2” – Sunflower Avenue / Flower Street to Warner Avenue (in Santa 
Ana) 
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Figure 3-1
Map of Santa Ana Delhi Channel Watershed
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Local underground storm drains within the City of Santa Ana discharge into the 
upstream end of Reach 2 and at other locations along the Delhi channel. Underground 
storm drains within the Cities of Costa Mesa and Newport Beach discharge into 
Reach 1. Two major tributary channels flow into Reach 1, which were not considered 
for recreation use re-designation in the UAA: (1) Santa Ana Gardens Channel flows 
into the upstream end; and (2) Paularino Channel flows into the closed culvert 
portion. The Santa Ana Delhi Channel flows into Upper Newport Bay near University 
Drive. 

The Santa Ana-Delhi Channel has been significantly modified for flood control 
purposes. It is comprised of vertical, trapezoidal, and closed culvert segments, with 
segments of significant widening and permanent armoring. The upper part of the 
watershed draining to Reach 1 is largely developed with commercial/institutional 
uses, while the lower part of the watershed draining to Reach 1 has been developed 
with residential and commercial/industrial uses, with some open space area. The area 
of the watershed that drains to Reach 2 mostly consists of residential uses with some 
commercial / institutional uses. According to channel record drawings and field 
verification, open channel segments are fenced and gated to deter access. Fencing 
ends at the downstream end as the channel transitions to Upper Newport Bay. 

Figure 3-2
Santa Ana Delhi Channel (Looking Upstream at Reach 2)
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3.1.2 Greenville-Banning Channel 
The Greenville-Banning Channel watershed (approximately 9 square miles) is located 
in Orange County and includes portions of the Cities of Costa Mesa and Santa Ana 
(shown in Figure 3-3).  

The entire length of the channel proposed for recreational use re-designation, 
described as two “reaches”: 

 “Tidal Prism” – Confluence with Santa Ana River to the Diversion Dam 
(located approximately 0.23 miles downstream of the confluence with 
Fairview Channel) 

 “Reach 1” – Diversion Dam to California Street (in Costa Mesa) 

Local underground storm drains within the City of Costa Mesa discharge into the 
Greenville-Banning Channel. Fairview Channel is the single tributary channel flowing 
into Greenville-Banning Channel. The watershed draining to Reach 1 is largely 
developed as residential and open space areas, including the Talbert Nature Reserve. 
The downstream end of the Greenville-Banning Channel above the confluence with 
the Santa Ana River is subject to tidal influence due to its proximity to the Pacific 
Ocean. The Greenville-Banning Channel has been significantly modified for flood 
control purposes and it is comprised of vertical and trapezoidal segments of 
significant widening and permanent armoring. 



Section 3 
Environmental Setting 

 
November 30, 2011  3-6 

 
Figure 3-3 

Map of Greenville-Banning Channel Watershed 
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Figure 3-4 

Greenville-Banning Channel 
(Facing Downstream - Trapezoidal Channel to Vertical Channel Transition) 

 
3.1.3 Temescal Creek 
The Temescal Creek watershed (shown in Figure 3-5) is located in Riverside County 
and is approximately 200 square miles in size. Temescal Creek extends approximately 
28 miles from Lake Elsinore to the Prado Basin.  

Two “reaches” are proposed for recreational use re-designation: 

  “Reach 1a” - Lincoln Avenue to confluence with Arlington Channel.   

 “Reach 1b” – Arlington Channel confluence to 1,400 ft upstream of Magnolia 
Avenue. 
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Figure 3-5
Map of Temescal Creek Watershed
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Local underground storm drains within the City of Corona discharge into Reach 1a. 
Other local underground storm drains within the City of Corona and natural stream 
flow discharge into the upstream end of Reach 1b. Two major tributary channels (not 
proposed for re-designation) flow into the creek: (1) Arlington Drain flows into the 
creek at the Reach 1a/Reach 1b boundary; (2) Canyon Wash flows into Reach 1a north 
of East 6th Street. Reach 1a then flows into Prado Basin. 

The watershed draining to Reach 1a and Reach 1b is largely developed with 
commercial/ industrial uses, and pockets of residential uses. Temescal Creek has been 
significantly modified for flood control purposes and is comprised of vertical and 
trapezoidal segments with segments of significant widening and permanent 
armoring. 

3.1.4 Cucamonga Creek 
The Cucamonga Creek watershed (approximately 92 square miles) is located in San 
Bernardino County and Riverside County and includes portions of the cities of Chino, 
Ontario, Rancho Cucamonga, and Upland (see Figure 3-7).  

The proposed recreational use re-designation covers the portion of Cucamonga Creek 
from its confluence with Mill Creek to 23rd Street in Upland (Reach 1). Typical 
channel conditions along this portion are shown in Figure 3-8.   

Figure 3-6
Temescal Creek (Looking Upstream Reach 1a)
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Lower Deer Creek Channel, West Cucamonga Channel, Upper Deer Canyon Wash, 
and Demens Channel (not proposed for re-designation) are tributary to Cucamonga 
Creek Reach 1. Local underground storm drains within the City of Ontario also 
discharge into this reach. This reach of Cucamonga Creek flows into Prado Basin. 

The watershed draining to this reach is largely agricultural, residential and mixed 
urban, with vacant natural lands. Cucamonga Creek has been significantly modified 
for flood control purposes and the channel is comprised of trapezoidal segments, with 
segments of significant widening and permanent armoring.  

The Inland Empire Utilities Agency’s Regional Water Recycling Plant No. 1 (RP-1) 
discharges approximately 2.8 million gallons per day of treated wastewater flows to 
Cucamonga Creek.  



Section 3 
Environmental Setting 

 
November 30, 2011  3-11 

 
 

Figure 3-7
Map of Cucamonga Creek Watershed
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Figure 3-8
Cucamonga Creek (Looking Upstream near Hellman Avenue)
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Section 4 
Environmental Issues 
This section presents the Environmental Checklist, evaluates the potential impacts of 
the project relative to 17 environmental issue areas, and presents mandatory findings 
of significance required under CEQA.  The analysis begins with a summary 
delineation of the environmental factors (issue areas) addressed in the checklist and 
whether any potentially significant impacts have been identified in the analysis, and 
is followed by an explanation of the environmental factors potentially affected.  

In formulating answers to the checklist questions, the Regional Board staff evaluated 
the environmental effects of the Proposed Project in the context of the existing 
regulatory and environmental setting (see Sections 1.1 and 3 respectively). Social or 
economic changes related to a physical change in the environment were also 
considered in determining whether there would be a significant effect on the 
environment; however, adverse social and economic impacts alone are not considered 
significant effects on the environment. Section 15382 of the CEQA Guidelines defines 
a significant effect on the environment as “a substantial, or potentially substantial, 
adverse change in any of the physical conditions within the area affected by the project, 
including land, air, water, minerals, flora, fauna, ambient noise, and objects of historic or 
aesthetic significance. A social or economic change by itself shall not be considered a 
significant effect on the environment. A social or economic change related to a physical change 
may be considered in determining whether the physical change is significant.” 

Section 4 provides an evaluation of, and presents significance findings for, both the 
proposed amendments and reasonably foreseeable methods of compliance. The 
proposed amendment package is analyzed in its entirety unless specified otherwise 
(i.e., individual amendments are discussed separately only when relevant to a specific 
resource area). The analysis of foreseeable methods of compliance addresses only 
updates to the monitoring plans to change the bacteria indicator analyzed from fecal 
coliform to E. coli and minor changes in sampling and testing methods (see Section 
2.3).  As previously discussed (see Section 2.3), changing the applicable bacteria 
objectives to employ a different pathogen indicator, as proposed in the amendments, 
would not result in significant changes, if any, in the types or numbers of BMPs 
needed to meet the bacteria objectives. In fact, the proposed re-designation of certain 
waters from REC1 to REC2 or “not REC” (neither REC1 nor REC2) and temporary 
suspension of recreation standards are expected to reduce the number of BMPs that 
will need to be implemented, thereby reducing potential impacts on the environment. 
As BMPs are implemented, site-specific, project level CEQA review and conformance 
will be necessary.  The following analysis recognizes that BMP implementation has 
the potential to effect a number of the resource areas considered but also finds that 
implementation of the BMPs needed to achieve compliance with the proposed 
amendments would not have potential effects different from those already associated 
with BMPs needed to achieve compliance with the current Basin Plan standards. 
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The Regional Board staff’s review concluded that adoption of the Basin Plan 
amendments and implementation of the reasonably foreseeable methods of 
compliance do not have the potential to result in significant adverse impacts on any of 
the 17 resource areas. However, pursuant to Section 13360 of the California Water 
Code, the Regional Board cannot define the specific actions that entities would take to 
comply with requirements derived from the amendments. While no substantial 
physical changes resulting from implementation of the Proposed Project are 
foreseeable at this time, specific compliance actions will be subject to CEQA review 
and/or approval by the Regional Board or other responsible agencies once they have 
been developed. As a result, the Regional Board (or other lead/responsible agencies 
under CEQA) could either disapprove actions with significant and unacceptable 
environmental impacts, or require implementation of mitigation measures (e.g., best 
construction management practices) to ensure that potential environmental impacts 
associated with such actions are reduced to less than significant levels.  

Environmental Factors Potentially Affected: 

The following environmental factors were considered as part of this analysis.  

� Aesthetics  � Agriculture Resources  � Air Quality 

� Biological Resources � Cultural Resources  � Geology /Soils 

� Greenhouse Gases � 
Hazards & Hazardous 
Materials � 

Hydrology / Water 
Quality 

� Land Use / Planning � Mineral Resources � Noise 

� Population / Housing � Public Services � Recreation 

� Transportation/ Traffic � Utilities / Service Systems � 
Mandatory Findings of 
Significance 

 
The checklist on the following pages assesses the potential effect of the proposed 
project on these environmental factors. 
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Preliminary Staff Determination: 

X 

The proposed project COULD NOT have a significant effect on the 
environment, and, therefore, no alternatives or mitigation measures are 
proposed. 
 

� 
The proposed project MAY have a significant or potentially significant 
effect on the environment, and therefore alternatives and mitigation 
measures have been evaluated. 

  
 
 
 
 
Signature  Date 
   
   
   
Printed Name/Title  Date 
 
Environmental Factors (Issue Areas): 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 

I. AESTHETICS:  Would the project: 

a) Have a substantial adverse effect on a 
scenic vista? � � � X 

b) Substantially damage scenic 
resources, including, but not limited 
to, trees, rock outcroppings, and 
historic buildings within a state 
scenic highway? 

� � � X 

c) Substantially degrade the existing 
visual character or quality of the site 
and its surroundings? 

� � � X 

d) Create a new source of substantial 
light or glare which would adversely 
affect day or nighttime views in the 
area? 

� � � X 
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Discussion:  

a) Would the project have a substantial adverse effect on a scenic vista? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions.  These revisions would not result in changes to a 
scenic vista or other aesthetic resources.   

As discussed further under IX. Hydrology and Water Quality a), water quality of 
the water bodies proposed to be re-designated from REC1 to REC2/”not REC” 
(neither REC1 nor REC2) would not be allowed to degrade beyond existing 
conditions and thus no visual changes (i.e., increase in trash or nuisance algae) are 
anticipated as a result of re-designation.   

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not result in changes to a scenic vista 
or other aesthetic resources.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project substantially damage scenic resources, including, but not 
limited to, trees, rock outcroppings, and historic buildings within a state scenic 
highway? 

See I. Aesthetics a) above. 

c) Would the project substantially degrade the existing visual character or quality of 
the site and its surroundings? 

See I. Aesthetics a) above. 
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d) Would the project create a new source of substantial light or glare which would 
adversely affect day or nighttime views in the area? 

See I. Aesthetics a) above. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with Mitigation 
Incorporated 

Less Than 
Significant 

Impact No Impact 

II. AGRICULTURE AND FOREST RESOURCES:  In determining whether impacts to agricultural 
resources are significant environmental effects, lead agencies may refer to the California Agricultural 
Land Evaluation and Site Assessment Model (1997) prepared by the California Dept. of Conservation as 
an optional model to use in assessing impacts on agriculture and farmland. In determining whether 
impacts to forest resources, including timberland, are significant environmental effects, lead agencies 
may refer to information compiled by the California Department of Forestry and Fire Protection 
regarding the state’s inventory of forest land, including the Forest and Range Assessment Project 
and the Forest Legacy Assessment Project; and forest carbon measurement methodology provided 
in Forest Protocols adopted by the California Air Resources Boards. Would the project: 

a) Convert Prime Farmland, Unique 
Farmland, or Farmland of Statewide 
Importance (Farmland), as shown on 
the maps prepared pursuant to the 
Farmland Mapping and Monitoring 
Program of the California Resources 
Agency, to non-agricultural use? 

� � � X 

b) Conflict with existing zoning for 
agricultural use, or a Williamson Act 
contract? 

� � � X 

c) Conflict with existing zoning for, or 
cause rezoning of, forest land (as 
defined in Public Resources Code 
section 12220(g)), timberland (as 
defined by Public Resources Code 
section 4526), or timberland zoned 
Timberland Production (as defined by 
Government Code section 51104(g))? 

� � � X 

d) Result in the loss of forest land or 
conversion of forest land to non-forest 
use? 

� � � X 

e) Involve other changes in the existing 
environment which, due to their 
location or nature, could result in 
conversion of Farmland, to non-
agricultural use or conversion of forest 
land to non-forest use? 

� � � X 
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Discussion: 

a) Would the project convert Prime Farmland, Unique Farmland, or Farmland of 
Statewide Importance (Farmland), as shown on the maps prepared pursuant to 
the Farmland Mapping and Monitoring Program of the California Resources 
Agency, to non-agricultural use? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. These revisions would not result in conversion of 
agricultural land to non-agricultural use or otherwise affect agricultural 
operations. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not convert agricultural land to non-
agricultural use or otherwise affect agricultural operations. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project conflict with existing zoning for agricultural use or a 
Williamson Act contract? 

See II. Agriculture and Forest Resources a) above. 

c) Would the project conflict with existing zoning for, or cause rezoning of, forest 
land (as defined in Public Resources Code section 12220(g)), timberland (as 
defined by Public Resources Code section 4526), or timberland zoned Timberland 
Production (as defined by Government Code section 51104(g))?  

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. These revisions would not affect zoning for forest 
land or timberland, or otherwise result in the conversion of forest land or 
timberland to non-forest land/timberland use. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not affect zoning for forest land or 
timberland, or otherwise result in the conversion of forest land or timberland to 
non-forest land/timberland use. 
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Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

d)  Would the project result in the loss of forest land or conversion of forest land to 
non-forest use? 

See II. Agriculture and Forest Resources c) above. 

e)  Would the project involve other changes in the existing environment which, due 
to their location or nature, could result in conversion of Farmland, to non-
agricultural use or conversion of forest land to non-forest use? 

See II. Agriculture and Forest Resources a) and c) above. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 

III. AIR QUALITY:  Where available, the significance criteria established by the applicable air quality 
management or air pollution control district may be relied upon to make the following 
determinations. Would the project: 

a) Conflict with or obstruct 
implementation of the applicable air 
quality plan? 

� � � X 

b) Violate any air quality standard or 
contribute substantially to an existing 
or projected air quality violation? 

� � � X 

c) Result in a cumulatively considerable 
net increase of any criteria pollutant 
for which the project region is non-
attainment under an applicable 
federal or state ambient air quality 
standard (including releasing 
emissions which exceed quantitative 
thresholds for ozone precursors)? 

� � � X 

d) Expose sensitive receptors to 
substantial pollutant concentrations? � � � X 

e) Create objectionable odors affecting a 
substantial number of people? � � � X 
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Discussion: 

a) Would the project conflict with or obstruct implementation of the applicable air 
quality plans? 

The Santa Ana Region is within the South Coast Air Basin (SCAB), a 6,600-square 
mile basin encompassing all of Orange County, most of Los Angeles and 
Riverside Counties, and the western portion of San Bernardino County, which is 
under the jurisdiction of the South Coast Air Quality Management District 
(SCAQMD). SCAB is currently designated as a nonattainment area is for both 
national and state 1-hour ozone and particulate matter (PM) standards. SCAQMD 
is responsible for administering the Air Quality Management Plan (AQMP), 
which is a comprehensive air pollution control program for attaining federal and 
state ambient air quality standards.  

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. These revisions would not conflict with or obstruct 
implementation of the AQMP or any other air quality plans. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not conflict with or obstruct 
implementation of the AQMP or any other air quality plans.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project violate any air quality standard or contribute substantially to an 
existing or projected air quality violation? 

Under the SCAQMD, the SCAB is designed as a nonattainment area for ozone and 
particulate matter. In addition, the SCAB is designated as a maintenance area for 
carbon monoxide and nitrogen dioxide and is in attainment for sulfur dioxide. In 
determining attainment and maintenance of air quality standards, the SCAQMD 
has established thresholds of significance for these and other criteria pollutants.  A 
significant impact would occur if project operation results in substantial emissions 
which would exceed the established thresholds.  

Proposed Basin Plan Amendments: The Basin Plan amendments would not 
involve new construction activities, increased traffic generation, or other activities 
that could generate emissions that are different from those already required to 
meet the existing bacteria objectives. Thus, the proposed amendments would not 
result in exceedances of established thresholds for criteria pollutants or otherwise 
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result in a violation of air quality standards or substantially contribute to existing 
or projected air quality violations. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction activities, 
increased traffic generation, or other activities that would generate emissions. 
Thus, the proposed amendments would not result in exceedances of established 
thresholds for criteria pollutants or otherwise result in a violation of air quality 
standards or substantially contribute to existing or projected air quality violations. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

c) Would the project result in a cumulatively considerable net increase of any criteria 
pollutant for which the region is non-attainment under an applicable federal or 
state ambient air quality standard (including releasing emission which exceed 
quantitative thresholds for ozone precursors)? 

As indicated above, the SCAB is currently in non-attainment for several criteria 
pollutants.  

Proposed Basin Plan Amendments: The Basin Plan amendments would not 
involve changes in construction activities, increased traffic generation, or other 
activities that would generate emissions that would exceed established thresholds 
for criteria pollutants or otherwise result in a violation of air quality standards or 
substantially contribute to existing or projected air quality violations (see also III. 
Air Quality, b., above). Thus, the proposed amendments would not result in a 
cumulatively considerable net increase of any criteria pollutant for which the 
region is in non-attainment. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction activities, 
increased traffic generation, or other activities that would generate emissions that 
would exceed established thresholds for criteria pollutants or otherwise result in a 
violation of air quality standards or substantially contribute to existing or 
projected air quality violations. Thus, the proposed amendments would not result 
in a cumulatively considerable net increase of any criteria pollutant for which the 
project region is non-attainment. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

d) Would the project expose sensitive receptors to substantial pollutant 
concentrations?  
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See III. Air Quality b) and c) above. 

e) Would the project create objectionable odors affecting a substantial number of 
people? 

Proposed Basin Plan Amendments: The proposed amendments would not 
involve changes in construction activities, increased traffic generation, or other 
activities that could generate objectionable odors affecting a substantial number of 
people (see also III. Air Quality, b., above).  The water quality of the water bodies 
that would be re-designated from REC1 to REC2/”not REC” (neither REC1 nor 
REC2) would not be allowed to degrade beyond existing conditions and thus 
conditions in the waterbodies that might result in the potential for creation or 
release of objectionable odors are not anticipated to change as a result of re-
designation.   

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction activities, 
increased traffic generation, or other activities that that could generate 
objectionable odors affecting a substantial number of people.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

 

Potentially 
Significant 

Impact 

Less than 
Significant with 

Mitigation 
Incorporated 

Less Than 
Significant 

Impact No Impact 
IV. BIOLOGICAL RESOURCES:  Would the project: 

a) Have a substantial adverse effect, 
either directly or through habitat 
modifications, on any species 
identified as a candidate, sensitive, or 
special status species in local or 
regional plans, policies, or 
regulations, or by the California 
Department of Fish and Game or U.S. 
Fish and Wildlife Service? 

� � � X 

b) Have a substantial adverse effect on 
any riparian habitat or other sensitive 
natural community identified in local 
or regional plans, policies, regulations 
or by the California Department of 
Fish and Game or US Fish and 
Wildlife Service? 

� � � X 
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Potentially 
Significant 

Impact 

Less than 
Significant with 

Mitigation 
Incorporated 

Less Than 
Significant 

Impact No Impact 
c) Have a substantial adverse effect on 

federally protected wetlands as 
defined by Section 404 of the Clean 
Water Act (including, but not limited 
to, marsh, vernal pool, coastal, etc.) 
through direct removal, filling, 
hydrological interruption, or other 
means? 

� � � X 

d) Interfere substantially with the 
movement of any native resident or 
migratory fish or wildlife species or 
with established native resident or 
migratory wildlife corridors, or 
impede the use of native wildlife 
nursery sites? 

� � � X 

e) Conflict with any local policies or 
ordinances protecting biological 
resources, such as a tree preservation 
policy or ordinance? 

� � � X 

f) Conflict with the provisions of an 
adopted Habitat Conservation Plan, 
Natural Community Conservation 
Plan, or other approved local, 
regional, or state habitat conservation 
plan? 

� � � X 

 
Discussion: 

a) Would the project have a substantial adverse impact, either directly or through 
habitat modifications, on any species identified as a candidate, sensitive, or 
special-status species in local or regional plans, policies, or regulations, or by the 
California Department of Fish and Game or the U.S. Fish and Wildlife Service?  

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The bacteria quality objectives apply to the 
protection of public health, not to wildlife or wildlife habitat. Therefore, changes 
to those objectives, as proposed, would not have any direct or indirect on 
biological resources. Direct or indirect (e.g., changes in water quality that might 
affect habitat suitability) impacts to candidate, sensitive or special-status species 
could result from the implementation of BMPs needed to meet bacteria objectives. 
Implementation of the amendments would not result in significant changes, if 
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any, in the number or type of BMPs required to achieve the objectives.  Thus, the 
amendments would not have any different potential direct or indirect effects on 
the biota, including candidate/sensitive/special status species, than 
implementation of the current recreation standards. Implementation of BMPs to 
meet either the current or proposed bacteria objectives would require project- 
specific consideration of CEQA requirements, including avoidance and mitigation 
measures.   

Certain waters are proposed to be designated only REC2 or “not REC” (neither 
REC1 nor REC2).  Bacteria targets for these waters will be based on consideration 
of the state’s antidegradation policy (State Board Resolution No. 68-16), rather 
than USEPA’s national criteria, which were developed to protect public health 
and primary contact recreation (REC1) uses.  Conformance with the 
antidegradation policy will assure that no lowering of water quality that would 
significantly adversely affect beneficial uses in the re-designated waters or in 
downstream waters will be permitted. Thus, changes in beneficial use 
designations for certain waters will not directly or indirectly adversely impact 
candidate, sensitive or special status species, either within the re-designated 
waters themselves or in downstream waters.  

Similarly, the temporary suspension of recreation standards will have no direct or 
indirect adverse effect on the biota.  No changes in water quality that might 
adversely affect the biota would result from the suspension of bacteria objectives. 
Reductions of the number/magnitude of BMPs that might otherwise be necessary 
to meet recreation standards during the suspension conditions would reduce the 
potential environmental effects of implementation of these measures. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator to E. coli would not affect sensitive species directly or indirectly.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project have a substantial adverse impact on any riparian habitat or 
other sensitive natural community identified in local or regional plans, policies, or 
regulations, or by the California Department of Fish and Game or the U.S. Fish 
and Wildlife Service? 

See IV. Biological Resources a) above.  

c) Would the project have a substantial adverse effect on federally protected 
wetlands as defined by Section 404 of the Clean Water Act (including, but not 
limited to, marshes, vernal pools, coastal wetlands, etc.) through direct removal, 
filling, hydrological interruption, or other means?  
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Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. These revisions would not result in removal, filling, 
hydrologic interruption, or other disturbance of wetlands; nor would they 
adversely impact water quality.  Therefore, the proposed amendments would not 
have a substantial adverse effect on wetlands. See also IV. Biological Resources a) 
above. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not adversely impact federally 
protected wetlands.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

d) Would the project interfere substantially with the movement of any native 
resident or migratory fish or wildlife species, or with established native resident 
or migratory wildlife corridors, or impede the use of wildlife nursery sites? 

Proposed Basin Plan Amendments: While inland water bodies within the region 
may serve as wildlife corridors or wildlife nursery sites, the proposed 
amendments would not involve construction or other modifications, including 
degradation of water quality that could interfere with the movement of wildlife 
species directly or indirectly. As previously discussed, (see IV. Biological 
Resources a) above and Section 2.3), changing the applicable bacteria objectives to 
employ a different pathogen indicator, as proposed in the amendments, will not 
result in significant changes, if any, in the types or numbers of BMPs needed to 
meet the bacteria objectives. The re-designation of certain waters from REC1 to 
REC2 or “not REC” (neither REC1 nor REC2) and the temporary suspension of 
recreation standards are expected to reduce the number of BMPs that will need to 
be implemented, thereby reducing potential impacts on the environment. As 
BMPs are implemented, site-specific, project level CEQA review and conformance 
will be necessary. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not have the potential to interfere 
with the movement of any native resident or migratory fish or wildlife species, 
including wildlife corridors or wildlife nursery sites. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 
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e) Would the project conflict with any local policies or ordinances protecting 
biological resources, such as a tree preservation policy or ordinance? 

Proposed Basin Plan Amendments: As discussed in IV. Biological Resources a) 
though d) above, the proposed amendments would not adversely impact 
biological resources directly or indirectly. Likewise, the proposed amendments 
would not conflict with local policies or ordinances protecting biological 
resources. 

Reasonably Foreseeable Methods of Compliance:  As discussed in IV. Biological 
Resources a) though d) above, the minor revisions to monitoring plans and 
monitoring methods resulting from a change in the bacteria indicator from fecal 
coliform to E. coli would not adversely impact biological resources. Likewise, the 
minor revisions to monitoring plans and methods would not conflict with local 
policies or ordinances protecting biological resources. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

f) Would the project conflict with the provisions of adopted habitat conservation 
plan, natural communities’ conservation plan, or any other approved local, 
regional, or state habitat conservation plan? 

See IV. Biological Resources e) above. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
V. CULTURAL RESOURCES:  Would the project: 

a) Cause a substantial adverse change in 
the significance of a historical 
resource as defined in §15064.5? 

� � � X 

b) Cause a substantial adverse change in 
the significance of an archaeological 
resource pursuant to §15064.5? 

� � � X 

c) Directly or indirectly destroy a 
unique paleontological resource or 
site or unique geologic feature? 

� � � X 

d) Disturb any human remains, 
including those interred outside of 
formal cemeteries? 

� � � X 
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Discussion: 

a. Would the project cause a substantial adverse change in significance of a historical 
resource as defined in State CEQA §15064.5? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. These revisions would not involve construction, 
earth movement, or other disturbance which could impact any structures or 
buried cultural resources. Changing the applicable bacteria objectives to employ a 
different pathogen indicator, as proposed in the amendments, will not result in 
significant changes, if any, in the types or numbers of BMPs needed to meet the 
bacteria objectives. The re-designation of certain waters from REC1 to REC2 or 
“not REC” (neither REC1 nor REC2) and temporary suspension of recreation 
standards are expected to reduce the number of BMPs that will need to be 
implemented, thereby reducing potential impacts on the environment. As BMPs 
are implemented, site-specific, project level CEQA review and conformance will 
be necessary. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction, earth 
movement, or other disturbance which could impact any historic structures or 
buried cultural resources.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b. Would the project cause a substantial adverse change in significance of an 
archaeological resource pursuant to State CEQA §15064.5? 

See V. Cultural Resources a) above. 

c. Would the project directly or indirectly destroy a unique paleontological resource 
or site or unique geologic feature? 

See V. Cultural Resources a) above. 

d. Would the project disturb any human remains, including those interred outside of 
formal cemeteries? 

See V. Cultural Resources a) above. 
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Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 

VI. GEOLOGY AND SOILS -- Would the project: 

a) Expose people or structures to 
potential substantial adverse effects, 
including the risk of loss, injury, or 
death involving: 

� � � X 

i) Rupture of a known earthquake 
fault, as delineated on the most 
recent Alquist-Priolo Earthquake 
Fault Zoning Map issued by the 
State Geologist for the area or 
based on other substantial 
evidence of a known fault? Refer 
to Division of Mines and Geology 
Special Publication 42. 

� � � X 

ii) Strong seismic ground shaking? � � � X 

iii) Seismic-related ground failure, 
including liquefaction? � � � X 

iv) Landslides? � � � X 

b) Result in substantial soil erosion or 
the loss of topsoil? � � � X 

c) Be located on a geologic unit or soil 
that is unstable, or that would 
become unstable as a result of the 
action, and potentially result in on- or 
off-site landslide, lateral spreading, 
subsidence, liquefaction or collapse? 

� � � X 

d) Be located on expansive soil, as 
defined in Table 18-1-B of the 
Uniform Building Code (1994), 
creating substantial risks to life or 
property? 

� � � X 

e) Have soils incapable of adequately 
supporting the use of septic tanks or 
alternative waste water disposal 
systems where sewers are not 
available for the disposal of waste 
water? 

� � � X 
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Discussion: 

a) Would the project expose people or structures to potential substantial adverse 
effects, including the risk of loss, injury, or death involving: 

(i.) Rupture of a known earthquake fault, as delineated on the most recent 
Alquist-Priolo Earthquake Fault Zoning Map issued by the state geologist for 
the area or based on other substantial evidence of a known fault? Refer to 
Division of Mines and Geology Special Publication 42. 

Several major earthquake faults are located in the Santa Ana region, including 
the San Andreas Fault, the San Jacinto Fault, the Elsinore-Whittier Fault, and 
the Newport-Inglewood Fault.  

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. These revisions would not involve the construction 
of habitable structures or otherwise result in any human safety risks related to 
fault rupture, seismic ground-shaking, ground failure, or landslides. Changing the 
applicable bacteria objectives to employ a different pathogen indicator, as 
proposed in the amendments, will not result in significant changes, if any, in the 
types or numbers of BMPs needed to meet the bacteria objectives. The re-
designation of certain waters from REC1 to REC2 or “not REC” (neither REC1 nor 
REC2) and temporary suspension of recreation standards are expected to reduce 
the number of BMPs that will need to be implemented, thereby reducing potential 
impacts on the environment. As BMPs are implemented, site-specific, project level 
CEQA review and conformance will be necessary.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve the construction of 
habitable structures or otherwise result in any human safety risks related to fault 
rupture, seismic ground-shaking, ground failure, or landslides. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

(ii.) Strong seismic ground shaking? 

See VI. Geology and Soils a)(i.) above. 

(iii.) Seismic-related ground failure, including liquefaction? 

See VI. Geology and Soils a)(i.) above. 
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(iv.) Landslides? 

See VI. Geology and Soils a)(i.) above. 

b) Would the project result in substantial soil erosion or the loss of topsoil? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. These revisions would not involve construction or 
other earthmoving activities that could result in substantial soil erosion or the loss 
of topsoil. Changing the applicable bacteria objectives to employ a different 
pathogen indicator, as proposed in the amendments, will not result in significant 
changes, if any, in the types or numbers of BMPs needed to meet the bacteria 
objectives. The re-designation of certain waters from REC1 to REC2 or “not REC” 
(neither REC1 nor REC2) and temporary suspension of recreation standards are 
expected to reduce the number of BMPs that will need to be implemented, thereby 
reducing potential impacts on the environment. As BMPs are implemented, site-
specific, project level CEQA review and conformance will be necessary. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction or other 
earthmoving activities that could result in substantial soil erosion or the loss of 
topsoil. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

c) Is the project located on a geologic unit or soil that is unstable, or that would 
become unstable as a result of the action, and potentially result in onsite or offsite 
landslides, lateral spreading, subsidence, liquefaction, or collapse? 

Proposed Basin Plan Amendments: See VI. Geology and Soils a) and b). The 
proposed amendments would result in revisions to bacteria water quality 
objectives for inland freshwaters identified in the Basin Plan, changes to beneficial 
use designations for some of those waters, and temporary suspension of 
recreation standards for specific surface waters under certain flow conditions. 
These revisions would not involve construction or other earthmoving activities on 
a geologic unit or soil that is unstable or would be unstable, potentially resulting 
in landslides, lateral spreading, subsidence, liquefaction, or collapse. 

 Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction or other 
earthmoving activities on a geologic unit or soil that is unstable or would be 
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unstable, potentially resulting in landslides, lateral spreading, subsidence, 
liquefaction, or collapse. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

d) Is the project located on expansive soil, as defined in Table 18-1-B of the Uniform 
Building Code (1994), creating substantial risks to life or property? 

See VI. Geology and Soils a), b), and c) above. 

e) Would the project have soils that are incapable of supporting the use of septic 
tanks or alternative wastewater disposal systems where sewers are not available 
for the disposal of wastewater? 

Proposed Basin Plan Amendments: The proposed amendments do not entail the 
construction of wastewater disposal systems.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not require wastewater disposal 
systems; soil characteristics are not relevant to the consideration of monitoring-
related changes. It is possible that compliance with the objectives in certain areas 
will require actions to address inadequate or failing septic systems or other 
wastewater disposal systems. These actions would be required in any case to meet 
the current Basin Plan objectives. Installation and operation of these systems are 
subject to the requirements imposed by the Regional Board and the counties.  
These requirements include the demonstration of soil capability for subsurface 
disposal system use.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
VII. GREENHOUSE GAS EMISSIONS:  Would the project: 

a) Generate greenhouse gas emissions, 
either directly or indirectly, that may 
have a significant impact on the 
environment? 

� � � X 

b) Conflict with an applicable plan, 
policy or regulation adopted for the 
purpose of reducing the emissions of 
greenhouse gases?  

� � � X 
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Discussion: 

a) Would the project generate greenhouse gas emissions, either directly or indirectly, 
that may have a significant impact on the environment? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain conditions. Changing the applicable bacteria objectives to employ a 
different pathogen indicator, as proposed in the amendments, will not result in 
significant changes, if any, in the types or numbers of BMPs needed to meet the 
bacteria objectives. Thus, these revisions would not result in new construction, 
generation of new traffic, or other activities that could generate greenhouse gas 
emissions.  Similarly, the re-designation of certain waters from REC1 to REC2 or 
“not REC” (neither REC1 nor REC2) and temporary suspension of recreation 
standards are expected to reduce the number of BMPs that will need to be 
implemented, thereby reducing potential impacts on the environment, including 
greenhouse gas emissions. As BMPs are implemented, site-specific, project level 
CEQA review and conformance will be necessary.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction, generation 
of new traffic, or other activities that could generate greenhouse gas emissions.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project conflict with an applicable plan, policy or regulation adopted 
for the purpose of reducing the emissions of greenhouse gases? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain conditions. As discussed in VII. Greenhouse Gas Emissions a) 
above, the revisions would not result in the generation greenhouse gas emissions, 
nor would they otherwise conflict with an applicable plan, policy or regulation 
adopted for the purpose of reducing greenhouse gas emissions.   

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not, as discussed in VII. Greenhouse 
Gas Emissions a) above, generate greenhouse gas emissions, nor would they 
otherwise conflict with an applicable plan, policy or regulation adopted for the 
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purpose of reducing greenhouse gas emissions involve construction, generation of 
new traffic, or other activities that could generate greenhouse gas emissions.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
VIII.  HAZARDS AND HAZARDOUS MATERIALS:  Would the project: 

a) Create a significant hazard to the 
public or the environment through 
the routine transport, use, or disposal 
of hazardous materials? 

� � � X 

b) Create a significant hazard to the 
public or the environment through 
reasonably foreseeable upset and 
accident conditions involving the 
release of hazardous materials into 
the environment? 

� � � X 

c) Emit hazardous emissions or handle 
hazardous or acutely hazardous 
materials, substances, or waste within 
one-quarter mile of an existing or 
proposed school? 

� � � X 

d) Be located on a site which is included 
on a list of hazardous materials sites 
compiled pursuant to Government 
Code Section 65962.5 and, as a result, 
would it create a significant hazard to 
the public or the environment? 

� � � X 

e) For a project located within an airport 
land use plan or, where such a plan 
has not been adopted, within two 
miles of a public airport or public use 
airport, would the project result in a 
safety hazard for people residing or 
working in the project area? 

� � � X 

f) For a project within the vicinity of a 
private airstrip, would the project 
result in a safety hazard for people 
residing or working in the project 
area? 

� � � X 

g) Impair implementation of or 
physically interfere with an adopted 
emergency response plan or 
emergency evacuation plan? 

� � � X 
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Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
h) Expose people or structures to a 

significant risk of loss, injury or death 
involving wildland fires, including 
where wildlands are adjacent to 
urbanized areas or where residences 
are intermixed with wildlands? 

� � � X 

 
Discussion: 

a) Would the project create a significant hazard to the public or the environment 
through the routine transport, use, or disposal of hazardous materials? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions.  These revisions would not involve the transport, 
use, disposal, release, or transmission of hazardous materials. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve would not involve the 
transport, use, disposal, release, or transmission of hazardous materials. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project create a significant hazard to the public or the environment 
through reasonably foreseeable upset and accident conditions involving the likely 
release of hazardous materials into the environment? 

See VIII. Hazards and Hazardous Materials a) above. 

c)  Would the project emit hazardous emissions or handle hazardous materials or 
acutely hazardous materials, substances, or waste within 0.25 mile of an existing 
or proposed school? 

See VIII. Hazards and Hazardous Materials a) above. 

d) Is the project located on a site that is included on a list of hazardous material sites 
compiled pursuant to Government Code Section 65962.5 and, as a result, would it 
create a significant hazard to the public or the environment? 
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Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not involve construction or 
other disturbance at a hazardous site such that a significant hazard to the public or 
the environment would be created. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction or other 
disturbance at a hazardous site such that a significant hazard to the public or the 
environment would be created. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

e) For a project located within an airport land use plan or, where such a plan has not 
been adopted, within 2 miles of a public airport or public use airport, would the 
project result in a safety hazard for people residing or working in the projectarea? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not result in exposing people 
to a safety hazard associated with a public or private airport.   

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not result in exposing people to a 
safety hazard associated with a public or private airport.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

f) For a project located within the vicinity of a private airstrip, would the project 
result in a safety hazard for people residing or working in the project area? 

See VIII. Hazards and Hazardous Materials e) above. 

g) Would the project impair implementation of or physically interfere with an 
adopted emergency response plan or emergency evacuation plan? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
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and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not involve construction or 
other activities that could impair implementation of or physically interfere with an 
adopted emergency response plan or emergency evacuation plan. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction or other 
activities that could impair implementation of or physically interfere with an 
adopted emergency response plan or emergency evacuation plan. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

h) Would the project expose people or structures to the risk of loss, injury, or death 
involving wildland fires, including where wildlands are adjacent to urbanized 
areas or where residences are intermixed with wildlands? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not expose people or 
structures to wildland fires.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not expose people or structures to 
wildland fires.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

 

Potentially 
Significant 

Impact 
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IX. HYDROLOGY AND WATER QUALITY:  Would the project: 

a) Violate any water quality standards 
or waste discharge requirements? � � � X 

b) Substantially deplete groundwater 
supplies or interfere substantially 
with groundwater recharge such that 
there would be a net deficit in aquifer 
volume or a lowering of the local 
groundwater table level (e.g., the 
production rate of pre-existing 

� � � X 
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Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
nearby wells would drop to a level 
which would not support existing 
land uses or planned uses for which 
permits have been granted)? 

c) Substantially alter the existing 
drainage pattern of the site or area, 
including through the alteration of 
the course of a stream or river, in a 
manner which would result in 
substantial erosion or siltation on- or 
off-site? 

� � � X 

d) Substantially alter the existing 
drainage pattern of the site or area, 
including through the alteration of 
the course of a stream or river, or 
substantially increase the rate or 
amount of surface runoff in a manner 
which would result in flooding on- or 
off-site? 

� � � X 

e) Create or contribute runoff water 
which would exceed the capacity of 
existing or planned stormwater 
drainage systems or provide 
substantial additional sources of 
polluted runoff? 

� � � X 

f) Otherwise substantially degrade 
water quality? � � � X 

g) Place housing within a 100-year flood 
hazard area as mapped on a federal 
Flood Hazard Boundary or Flood 
Insurance Rate Map or other flood 
hazard delineation map? 

� � � X 

h) Place within a 100-year flood hazard 
area structures which would impede 
or redirect flood flows? 

� � � X 

i) Expose people or structures to a 
significant risk of loss, injury or death 
involving flooding, including 
flooding as a result of the failure of a 
levee or dam? 

� � � X 

j) Inundation by seiche, tsunami, or 
mudflow? � � � X 

 
Discussion: 
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a) Would the project violate any water quality standards or waste discharge 
requirements? 

As discussed in Section 2, the current Basin Plan for the Santa Ana Region 
establishes water quality standards for the surface and ground waters of the Santa 
Ana Region and provides the basis for the Regional Board's regulatory programs. 
The Basin Plan designates the beneficial uses of specific waterbodies within the 
Santa Ana Region and establishes water quality objectives for the protection of 
these uses. In addition, the California Water Code (Porter-Cologne Water Quality 
Act) requires that any entity discharging waste, or proposing to discharge waste 
that could affect the quality of the waters of the state must submit a report of 
waste discharge to the Regional Board. The Regional Board regulates such 
discharges by issuing general and individual WDRs including NPDES permits 
and conditional waivers of WDRs. These WDRs and waivers of WDRs require 
written pollution prevention plans and implementation of mitigation measures to 
ensure that discharges do not cause a violation of water quality objectives.  

Proposed Basin Plan Amendments: If approved, the proposed revisions to the 
bacteria water quality objectives, addition of a narrative pathogen objective and 
changes to beneficial use designations for inland freshwaters would establish new 
water quality standards applicable to these waters. These changes by themselves 
do not involve construction or other activities that would result in a waste 
discharge or otherwise violate water quality standards, nor would the proposed 
revisions result in a lowering of the existing water quality of waters affected by 
the proposed amendments. The implementation of BMPs needed to meet the 
revised standards has the potential to result in waste discharges that might 
adversely affect water quality standards.  However, the proposed amendments 
would not result in an increase in or change in type of the BMPs that are being or 
may need to be implemented to achieve the current Basin Plan standards.  The 
implementation of BMPs is subject to appropriate waste discharge requirements 
intended to assure no adverse water quality or beneficial use impacts. Further, 
BMPs are subject to project-level CEQA review and conformance. 

The proposed temporary suspension of recreation standards under specified high 
flow conditions qualifies application of the recreation standards; the application of 
the suspension would not violate water quality standards. The temporary 
suspension of recreation standards is expected to reduce the number of BMPs that 
would otherwise be needed to assure compliance under the flow conditions that 
qualify for the suspension.  

The change to the E. coli indicator is being proposed to assure consistency with 
USEPA guidance and recommendations as directed by the USEPA. The E. coli 
indicator is functionally equivalent to the existing fecal coliform indicator and is 
not anticipated to change the location, number, or severity of water bodies that 
attain or do not attain water quality objectives for bacteria. Thus, changing the 
objectives is not expected to increase or decrease the number of water bodies that 
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either meet or violate water quality standards for bacteria under either dry 
weather or wet weather conditions.  

The proposed amendments would not result in changes to waste discharge 
requirements issued by the Regional Board to publicly owned treatment works 
(POTWs), which provide treatment of domestic wastewater. Waste discharge 
requirements, including NPDES permits, issued to POTWs establish performance 
standards for treatment to assure that the effluent is essentially pathogen free. 
Such requirements are necessary and will continue to be implemented to assure 
that public health and beneficial uses are protected.  

Reasonably Foreseeable Methods of Compliance:  Minor revisions to monitoring 
plans and monitoring methods resulting from a change in the bacteria indicator 
from fecal coliform to E. coli would result in a change in the indicators used to 
identify a violation of water quality standards. They would not result in a waste 
discharge or otherwise violate water quality standards. As discussed above, the 
change to the E. coli indicator is functionally equivalent to the existing fecal 
coliform indicator and is not expected to increase or decrease the number of water 
bodies that either meet or exceed water quality standards for bacteria under either 
dry weather or wet weather conditions. 

Finding of Significance: No significant impacts are anticipated and no mitigation 
is necessary. 

b) Would the project substantially deplete groundwater supplies or interfere 
substantially with groundwater recharge such that there would be a net deficit in 
aquifer volume or a lowering of the local groundwater table level (i.e., the 
production rate of pre-existing nearby wells would drop to a level that would not 
support existing land uses or planned uses for which permits have been granted)? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not involve activities that 
could deplete groundwater supplies or interfere with groundwater recharge. The 
implementation of BMPs to achieve the revised water quality standards has the 
potential to result in activities that could affect groundwater supplies/recharge. 
However, these BMPs would not be significantly different, if at all, from those 
now required to meet current Basin Plan recreation standards. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve activities that could 
deplete groundwater supplies or interfere with groundwater recharge. 
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Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

c) Would the project substantially alter the existing drainage pattern of the site or 
area, including through the alteration of the course of a stream or river, in a 
manner that would result in substantial erosion or siltation on site or off site? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not result in construction or 
other activities that could substantially alter existing drainage patterns. See IX. 
Hydrology and Water Quality, a) and b) above.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction or other 
activities that could substantially alter existing drainage patterns. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

d) Would the project substantially alter the existing drainage pattern of the site or 
area, including through the alteration of the course of a stream or river, or 
substantially increase the rate or amount of surface runoff in a manner that would 
result in flooding on site or off site?  

See IX. Hydrology and Water Quality c) above 

e) Would the project create or contribute runoff water that would exceed the 
capacity of existing or planned stormwater drainage systems or provide 
substantial additional sources of polluted runoff?  

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not increase the rate or 
amount of runoff to the storm drain system or create additional sources of 
polluted runoff. See IX. Hydrology and Water Quality, a) and b) above.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not increase the rate or amount of 
runoff to the storm drain system or create additional sources of polluted runoff. 
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Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

f) Would the project otherwise substantially degrade water quality? 

See IX. Hydrology and Water Quality a) above 

g) Would the project place housing within a 100-year floodplain, as mapped on a 
federal Flood Hazard Boundary, Flood Insurance Rate Map or other flood hazard 
delineation map? 

Proposed Basin Plan Amendments: The proposed amendments would not place 
housing or other structures within a 100-year flood plain.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not place housing or structures 
within a 100-year flood plain.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

h) Would the project place within a 100-year floodplain structures that would 
impede or redirect flood flows? 

See IX. Hydrology and Water Quality g) above. 

i) Would the project expose people or structures to a significant risk of loss, injury, 
or death involving flooding, including flooding as a result of the failure of a levee 
or dam? 

See IX. Hydrology and Water Quality g) above. Additionally, the recreational use 
designation would temporarily be suspended during certain high flow conditions 
that present a hazard to public safety. 

j) Would the project contribute to inundation by seiche, tsunami, or mudflow? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not contribute to risk of 
inundation by seiche, tsunami, or mudflow. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
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indicator from fecal coliform to E. coli would not contribute to risk of inundation 
by seiche, tsunami, or mudflow. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
X. LAND USE AND PLANNING:  Would the project: 

a) Physically divide an established 
community? � � � X 

b) Conflict with any applicable land use 
plan, policy, or regulation of an 
agency with jurisdiction over the 
project (including, but not limited to 
the general plan, specific plan, local 
coastal program, or zoning 
ordinance) adopted for the purpose 
of avoiding or mitigating an 
environmental effect? 

� � � X 

c) Conflict with any applicable habitat 
conservation plan or natural 
community conservation plan? 

� � � X 

 
Discussion: 

a) Would the project physically divide an established community? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not physically divide an 
established community. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not physically divide an established 
community. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project conflict with any applicable land use plan, policy, or regulation 
of an agency with jurisdiction over the project (including, but not limited to, the 
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general plan, specific plan, local coastal program, or zoning ordinance) adopted 
for the purpose of avoiding or mitigating an environmental effect? 

Proposed Basin Plan Amendments: The adoption of the proposed amendments 
would meet statutory and regulatory water quality standards requirements 
related to pathogen control and water contact recreation.  The amendments would 
not establish any new uses nor would they otherwise conflict with any land use 
plan, policy, or regulation; or any habitat conservation plan or natural community 
conservation plan. The re-designation of water bodies from REC1 to REC2/“not 
REC” (neither REC1 nor REC2) and temporary suspensions of recreation 
standards would not conflict with goals contained in the County or city general 
plans supporting expansion of recreational opportunities because, as discussed in 
greater detail in XV. Recreation, the waterways to be re-designated have not 
supported and do not currently allow or support primary contact recreational 
uses. Additionally, the new designations would not preclude existing or future 
establishment of REC2 (non-water contact recreation)  uses in the vicinity, 
including aesthetic enjoyment, camping, or boating.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not conflict with any land use plan, 
policy, or regulation, or habitat conservation plan or natural community 
conservation plan.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

c) Would the project conflict with any applicable habitat conservation plan or 
natural community conservation plan? 

See X. Land Use and Planning b) above. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
XI. MINERAL RESOURCES -- Would the project: 

a) Result in the loss of availability of a 
known mineral resource that would 
be of value to the region and the 
residents of the state? 

� � � X 
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Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
b) Result in the loss of availability of a 

locally-important mineral resource 
recovery site delineated on a local 
general plan, specific plan or other 
land use plan? 

� � � X 

 
Discussion: 

a) Would the project result in the loss of availability of a known mineral resource 
that would be of value to the region and the residents of the state? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not involve construction or 
other activities that could result in the loss of availability of a known mineral 
resource.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not would not involve construction 
or other activities that could result in changes to a known mineral resource.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project result in the loss of availability of a locally important mineral 
resource recovery site delineated on a local general plan, specific plan, or other 
land use plan? 

See XI. Mineral Resources a) above. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
XII. NOISE Would the project result in 

a) Exposure of persons to or generation 
of noise levels in excess of standards 
established in the local general plan 
or noise ordinance, or applicable 

� � � X 
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Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
standards of other agencies? 

b) Exposure of persons to or generation 
of excessive groundborne vibration or 
groundborne noise levels? 

� � � X 

c) A substantial permanent increase in 
ambient noise levels in the project 
vicinity above levels existing without 
the project? 

� � � X 

d) A substantial temporary or periodic 
increase in ambient noise levels in the 
project vicinity above levels existing 
without the project? 

� � � X 

e) For a project located within an airport 
land use plan or, where such a plan 
has not been adopted, within two 
miles of a public airport or public use 
airport, would the project expose 
people residing or working in the 
project area to excessive noise levels? 

� � � X 

f) For a project within the vicinity of a 
private airstrip, would the project 
expose people residing or working in 
the project area to excessive noise 
levels? 

� � � X 

 
Discussion: 

a) Would the project result in exposure of persons to or generation of noise levels in 
excess of standards established in the local general plan or noise ordinance or 
applicable standards of other agencies? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not require construction or 
other noise generating activities that would result in temporary or permanent 
increase in noise levels.  The implementation and operation of BMPs to achieve 
the revised recreation standards has the potential to result in increases in noise 
levels. However, these BMPs would not be significantly different, if at all, from 
those now required to meet current Basin Plan recreation standards. 
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Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction or other 
noise generating activities that would result in temporary or permanent increase 
in noise  levels.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project expose persons to or generate excessive groundborne vibration 
or groundborne noise? 

See XII. Noise a) above. 

c) Would the project result in a substantial permanent increase in ambient noise 
levels in the project vicinity above levels existing without the action? 

See XII. Noise a) above. 

d) Would the project result in a substantial temporary or periodic increase in 
ambient noise levels in the project vicinity above levels existing without the 
action?  

See XI. Noise a) above. 

e) For a project located within an airport land use plan or, where such a plan has not 
been adopted, within two miles of a public airport or public use airport, would the 
project expose people residing or working in the project area to excessive noise 
levels? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not involve exposing people 
to excessive noise levels associated with a public or private airport.   

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve exposing people to 
excessive noise levels associated with a public or private airport.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

f) For a project located within the vicinity of a private airstrip, would the project 
expose people residing or working in the project area to excessive noise levels? 
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See XI. Noise e) above. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
XIII.  POPULATION AND HOUSING -- Would the project: 

a) Induce substantial population growth 
in an area, either directly (for 
example, by proposing new homes 
and businesses) or indirectly (for 
example, through extension of roads 
or other infrastructure)? 

� � � X 

b) Displace substantial numbers of 
existing housing, necessitating the 
construction of replacement housing 
elsewhere? 

� � � X 

c) Displace substantial numbers of 
people, necessitating the construction 
of replacement housing elsewhere? 

� � � X 

 
Discussion: 

a) Would the project induce substantial population growth in an area, either directly 
(e.g., by proposing new homes and business) or indirectly (e.g., through extension 
of roads or other infrastructure)? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not induce population growth 
to the region, either directly or indirectly; nor would they involve displacing 
housing or people. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not induce population growth to the 
region, either directly or indirectly.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 
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b) Would the project displace substantial numbers of existing housing, necessitating 
the construction of replacement housing elsewhere? 

See XIII. Population and Housing a) above. 

c) Would the project displace substantial numbers of people, necessitating the 
construction of replacement housing elsewhere? 

See XIII. Population and Housing a) above. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 

XIV.  PUBLIC SERVICES     

a) Would the project result in substantial adverse physical impacts associated with the provision of 
new or physically altered governmental facilities, need for new or physically altered 
governmental facilities, the construction of which could cause significant environmental 
impacts, in order to maintain acceptable service ratios, response times or other performance 
objectives for any of the public services: 

Fire protection? � � � X 

Police protection? � � � X 

Schools? � � � X 

Parks? � � � X 

Other public facilities? � � � X 

 
Discussion: 

a) Would the project result in substantial adverse physical impacts associated with 
the provision of new or physically altered governmental facilities or a need for 
new or physically altered governmental facilities, the construction of which could 
cause significant environmental impacts, in order to maintain acceptable service 
ratios, response times, or other performance objectives for any of the public 
services: 

i.) Fire Protection  

Proposed Basin Plan Amendments: The proposed amendments would result 
in revisions to bacteria water quality objectives for inland freshwaters 
identified in the Basin Plan, changes to beneficial use designations for some of 
those waters, and temporary suspension of recreation standards for specific 
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surface waters under certain flow conditions. The revisions would not affect 
service ratios, response times, or other performance objectives for any public 
services, including fire protection, police protection, schools, or parks.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the 
bacteria indicator from fecal coliform to E. coli would not affect service ratios, 
response times, or other performance objectives for any public services, 
including fire protection, police protection, schools, or parks.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

ii.) Police Protection 

See XIV. Public Services a) i.) above. 

iii) Schools  

See XIV. Public Services a) i.) above. 

iv) Parks 

See XIV. Public Services a) i.) above. 

v) Other Public Facilities  

See XIV. Public Services a) i.) above. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
XV. RECREATION     

a) Would the project increase the use of 
existing neighborhood and regional 
parks or other recreational facilities 
such that substantial physical 
deterioration of the facility would 
occur or be accelerated? 

� � � X 

b) Does the project include recreational 
facilities or require the construction 
or expansion of recreational facilities 
which might have an adverse 
physical effect on the environment? 

� � � X 
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Discussion: 

a) Would the project increase the use of existing neighborhood and regional parks or 
other recreational facilities such that substantial physical deterioration of the 
facility would occur or be accelerated? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not induce new growth to the 
region that could increase the demand for parks or other recreational facilities in 
the area. Additionally, the revisions would not reduce existing recreational 
opportunities available to the public. Nor would the revisions cause increased use 
of existing parks/recreational facilities. Specifically, the proposed changes to the 
definition of REC1 would increase its consistency with the USEPA definition of 
“primary contact recreation”, which is functionally equivalent to the REC1 
beneficial use.  It would not eliminate uses that do or could occur currently within 
water bodies designated as REC1.  

The proposed assignment of REC1 waters to Tier A, B, C, and D would be based 
on existing/anticipated conditions and would not modify recreational activities 
that currently occur in these waters.  

Similarly, the re-designation of water bodies from REC1 and REC2 to REC2 only 
or “not REC” (neither REC1 nor REC2) would not result in changes in recreation 
uses if and as they now or may occur. Rather, the purpose of the re-designation of 
water bodies from REC1 and REC2 to REC2 only or “not REC” is to reflect the 
nature of the recreational use (if any) that actually occurs or has the potential to 
occur. Likewise, the temporary suspension of recreation standards merely reflects 
the lack of recreational activities under high flow conditions that result in unsafe 
conditions. A UAA has been prepared for each of the water bodies proposed for 
re-designation in accordance with the Clean Water Act to support these changes. 
The UAAs include an eligibility analysis to determine if any primary contact 
recreation has taken place or is currently taking place within the channel. The 
methodology included on-location physical surveys and digital field observation 
camera surveys to obtain information regarding existing levels and types of 
recreational use within the water bodies. The survey results indicate that none of 
the water bodies are currently used for primary contact recreation and thus, the 
re-designation would not limit any current recreational uses. Additionally, the 
UAA effort did not find documented historical primary contact use of these water 
bodies. The re-designation of these waters, which would be reviewed once every 
three years in accordance with Basin Plan triennial review requirements, would 
not preclude changes in conditions such that REC1 and/or REC2 might become 
attainable in the future such that these uses should be designated.   
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Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not induce new growth to the region 
that could increase the demand for parks or other recreational facilities in the area. 
Additionally, the proposed amendments would not reduce existing recreational 
opportunities available to the public 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Does the project include recreational facilities or require the construction or 
expansion of recreational facilities that might have an adverse physical effect on 
the environment? 

See XV. Recreation a) above. 

 

Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
XVI.  TRANSPORTATION/TRAFFIC:  Would the project: 

a) Conflict with an applicable plan, 
ordinance or policy establishing 
measures of effectiveness for the 
performance of the circulation system, 
taking into account all modes of 
transportation including mass transit 
and non-motorized travel and relevant 
components of the circulation system, 
including but not limited to 
intersections, streets, highways and 
freeways, pedestrian and bicycle 
paths, and mass transit? 

� � � X 

b) Conflict with an applicable congestion 
management program, including, but 
not limited to level of service 
standards and travel demand 
measures, or other standards 
established by the county congestion 
management agency for designated 
roads or highways? 

� � � X 

c) Result in a change in air traffic 
patterns, including either an increase 
in traffic levels or a change in location 
that results in substantial safety risks? 

� � � X 
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Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
d) Substantially increase hazards due to a 

design feature (e.g., sharp curves or 
dangerous intersections) or 
incompatible uses (e.g., farm 
equipment)? 

� � � X 

e) Result in inadequate emergency 
access? � � � X 

g) Conflict with adopted policies, plans, 
or programs regarding public transit, 
bicycle, or pedestrian facilities, or 
otherwise decrease the performance or 
safety of such facilities? 

� � � X 

 
Discussion: 

a) Would the project conflict with an applicable plan, ordinance or policy 
establishing measures of effectiveness for the performance of the circulation 
system, taking into account all modes of transportation including mass transit and 
non-motorized travel and relevant components of the circulation system, 
including but not limited to intersections, streets, highways and freeways, 
pedestrian and bicycle paths, and mass transit? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan , changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not involve the generation of 
new traffic that could conflict with an applicable plan, ordinance or policy 
establishing measures of effectiveness for the performance of the circulation 
system. The implementation and operation of BMPs to achieve the revised 
recreation standards has the potential to result in increases in traffic patterns and 
levels. However, these BMPs would not be significantly different, if at all, from 
those now required to meet current Basin Plan recreation standards. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve the generation of new 
traffic that could conflict with an applicable plan, ordinance or policy establishing 
measures of effectiveness for the performance of the circulation system. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 
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b) Would the project conflict with an applicable congestion management program, 
including, but not limited to level of service standards and travel demand 
measures, or other standards established by the county congestion management 
agency for designated roads or highways? 

See XVI. Transportation/Traffic a) above. 

c) Would the project result in a change in air traffic patterns, including either an 
increase in traffic levels or a change in location that results in substantial safety 
risks? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan , changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not affect air traffic patterns.   

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not affect air traffic patterns.   

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

d) Would the project substantially increase hazards because of a design feature (e.g., 
sharp curves or dangerous intersections) or incompatible uses (e.g., farm 
equipment)? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan , changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not involve new construction 
or activities that could substantially increase hazards because of a design feature 
or incompatible uses. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve new construction or 
activities that could substantially increase hazards because of a design feature or 
incompatible uses. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 
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e) Would the project result in inadequate emergency access? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives and beneficial uses for inland waters 
presented in the Basin Plan.  The revisions would not involve new construction or 
other activities that could result in inadequate emergency access.  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve new construction or 
other activities that could result in inadequate emergency access.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

f) Would the project conflict with adopted policies, plans, or programs regarding 
public transit, bicycle, or pedestrian facilities, or otherwise decrease the 
performance or safety of such facilities? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan , changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not conflict with adopted 
policies, plans, or programs regarding public transit, bicycle, or pedestrian 
facilities, or otherwise decrease the performance or safety of such facilities. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not conflict with adopted policies, 
plans, or programs regarding public transit, bicycle, or pedestrian facilities, or 
otherwise decrease the performance or safety of such facilities. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 
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Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
XVII.  UTILITIES AND SERVICE SYSTEMS:  Would the project 

a) Exceed wastewater treatment 
requirements of the applicable 
Regional Water Quality Control Board? 

� � � X 

b) Require or result in the construction of 
new water or wastewater treatment 
facilities or expansion of existing 
facilities, the construction of which 
could cause significant environmental 
effects? 

� � � X 

c) Require or result in the construction of 
new storm water drainage facilities or 
expansion of existing facilities, the 
construction of which could cause 
significant environmental effects? 

� � � X 

d) Have sufficient water supplies 
available to serve the project from 
existing entitlements and resources, or 
are new or expanded entitlements 
needed? 

� � � X 

e) Result in a determination by the 
wastewater treatment provider which 
serves or may serve the project that it 
has adequate capacity to serve the 
project’s projected demand in addition 
to the provider’s existing 
commitments? 

� � � X 

f) Be served by a landfill with sufficient 
permitted capacity to accommodate the 
project’s solid waste disposal needs? 

� � � X 

g) Comply with federal, state, and local 
statutes and regulations related to solid 
waste? 

� � � X 

 
Discussion: 

a) Would the project exceed wastewater treatment requirements of the applicable 
Regional Water Quality Control Board? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan, changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
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under certain flow conditions. The revisions would not increase water demand or 
generate wastewater which could exceed the Regional Board’s wastewater 
treatment requirements.  See also IX. Hydrology and Water Quality a). 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not increase water demand or 
generate wastewater which could exceed the Regional Board’s wastewater 
treatment requirements.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b) Would the project require or result in the construction of new water or wastewater 
treatment facilities or expansion of existing facilities, the construction of which 
could cause significant environmental effects? 

See XVII. Utility and Service Systems a) above. BMPs needed to achieve the 
proposed recreation standards may include diversion of surface water flows to 
existing or new wastewater treatment facilities. Existing facilities might need to be 
expanded to accommodate increased flows.  However, these BMPs would not be 
significantly different, if at all, from those now required to meet current Basin Plan 
recreation standards.  Thus, the proposed amendments would not have any new 
adverse environmental effect. 

c) Would the project require or result in the construction of new stormwater 
drainage facilities or expansion of existing facilities, the construction of which 
could cause significant environmental effects? 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan , changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not involve construction of 
new stormwater drainage facilities or expansion of existing facilities. See XVII.  
Utilities and Service Systems b).  

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not involve construction of new 
stormwater drainage facilities or expansion of existing facilities.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 
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d) Would the project have sufficient water supplies available to serve the project 
from existing entitlements and resources, or are new or expanded entitlements 
needed? 

See XVII. Utility and Service Systems a) above.  

e) Has the wastewater treatment provider that serves or may serve the project 
determined that it has adequate capacity to serve the action’s projected demand in 
addition to the provider’s existing commitments? 

See XVII. Utility and Service Systems a) above.  

f) Is the project served by a landfill with sufficient permitted capacity to 
accommodate the action’s solid waste disposal needs? 

No Impact. Basin Plan amendment implementation would not affect solid waste 
generation or landfill capacities. 

Proposed Basin Plan Amendments: The proposed amendments would result in 
revisions to bacteria water quality objectives for inland freshwaters identified in 
the Basin Plan , changes to beneficial use designations for some of those waters, 
and temporary suspension of recreation standards for specific surface waters 
under certain flow conditions. The revisions would not result in solid waste 
generation or affect landfill capacities. 

Reasonably Foreseeable Methods of Compliance:  The minor revisions to 
monitoring plans and monitoring methods resulting from a change in the bacteria 
indicator from fecal coliform to E. coli would not result in solid waste generation 
or affect landfill capacities. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

g) Would the project comply with federal, state, and local statutes and regulations 
related to solid waste? 

See XVII. Utility and Service Systems f) above. 
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Potentially 
Significant 

Impact 

Less than 
Significant 

with 
Mitigation 

Incorporated 

Less Than 
Significant 

Impact No Impact 
XVIII.  MANDATORY FINDINGS OF SIGNIFICANCE 

a) Does the project have the potential to 
degrade the quality of the 
environment, substantially reduce the 
habitat of a fish or wildlife species, 
cause a fish or wildlife population to 
drop below self-sustaining levels, 
threaten to eliminate a plant or 
animal community, reduce the 
number or restrict the range of a rare 
or endangered plant or animal or 
eliminate important examples of the 
major periods of California history or 
prehistory? 

� � � X 

b) Does the project have impacts that are 
individually limited, but 
cumulatively considerable? 
("Cumulatively          
 considerable" means that the 
incremental effects of a project are 
considerable when viewed in 
connection with the effects of past 
projects, the effects of other current 
projects, and the effects of probable 
future projects)? 

� � � X 

c) Does the project have environmental 
effects which will cause substantial 
adverse effects on human beings, 
either directly or indirectly? 

� � � X 

 
Discussion: 

a. Does the project have the potential to degrade the quality of the environment, 
substantially reduce the habitat of a fish or wildlife species, cause a fish or wildlife 
population to drop below self-sustaining levels, threaten to eliminate a plant or 
animal community, reduce the number or restrict the range of a rare or 
endangered plant or animal, or eliminate important examples of the major periods 
of California history or prehistory? 

Proposed Basin Plan Amendments: As discussed in IV. Biological Resources, the 
proposed amendments would not degrade the quality of the environment 
(including water quality) or adversely affect biological resources directly or 
indirectly. As discussed in V. Cultural Resources, no construction, earthwork, or 
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removal of existing structures would occur, and thus, examples of the major 
periods of California history or prehistory would not be eliminated. 

Reasonably Foreseeable Methods of Compliance:  As with the proposed 
amendments discussed above, the minor revisions to monitoring plans and 
monitoring methods would not degrade the quality of the environment, adversely 
affect biological resources, or involve construction or other activities that could 
eliminate examples of the major periods of California history or prehistory. 

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

b. Does the project have impacts that are individually limited, but cumulatively 
considerable? (“Cumulatively considerable” means that the incremental effects of 
a project are considerable when viewed in connection with the effects of past 
projects, the effects of other current projects, and the effects of probable future 
actions.) 

Proposed Basin Plan Amendments: As discussed throughout this section, the 
proposed amendments would not have significant adverse effects on the 
environment, and thus, would not cause or add to a cumulative impact.  

Reasonably Foreseeable Methods of Compliance:  As discussed throughout this 
section, the reasonably foreseeable methods of compliance would not have 
significant adverse effects on the environment, and thus, would not cause or add 
to a cumulative impact.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 

c. Does the project have environmental effects that would cause substantial adverse 
effects on human beings, either directly or indirectly? 

Proposed Basin Plan Amendments: As discussed throughout this section, the 
proposed amendments would not have significant adverse effects on the 
environment, and thus, would not cause substantial adverse effects on human 
beings, either directly or indirectly.  

Reasonably Foreseeable Methods of Compliance:  As discussed throughout this 
section, the reasonably foreseeable methods of compliance would not have 
significant adverse effects on the environment, and thus, would not cause 
substantial adverse effects on human beings, either directly or indirectly.  

Finding of Significance: No impacts are anticipated and no mitigation is 
necessary. 
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Section 5 
Alternatives 
Pursuant to the State Water Board’s regulations for implementing CEQA (CCR title 
23, sec. 3777[a]), this environmental review must include an analysis of reasonable 
alternatives to the Proposed Project.  The intent is to consider whether there are 
reasonable alternatives that would fulfill the underlying purpose of the Proposed 
Project which involves amendments to the Basin Plan to also achieve and protect 
water quality standards, but that would minimize or eliminate the potential adverse 
environmental effects of the Proposed Project.  Further pursuant to CEQA Section 
15187, this environmental review must also include an analysis of reasonable 
foreseeable alternative means of compliance with the rule or regulation which would 
avoid or eliminate the identified impacts.  

As described in the discussion of potential Environmental Impacts (Section 3), there 
are no potential adverse environmental impacts associated with the Proposed Project 
or reasonably foreseeable methods of compliance. As there are no potential 
environmental impacts which could be reduced by an alternative to the Proposed 
Project or alternative means of compliance with the Proposed Project, the only 
alternative addressed herein is the No Project Alternative.   

5.1 No Project Alternative 
Under the “No Project” Alternative, the Regional Board would not adopt the 
proposed revisions to the bacteria water quality objectives and revisions related to 
beneficial uses and implementation strategies; the Basin Plan would remain 
unchanged. Therefore, fecal coliform would continue to be the bacteria indicator and 
the lack of conformance with USEPA recommendations would continue.   

Additionally, the need for all freshwater streams to meet REC1 standards during high 
flow conditions would continue. Given the large challenges and costs that would be 
associated with reducing bacterial indicators and the associated potential pathogens 
under large storm event flows, it may be economically infeasible for local agencies to 
implement actions to try and attain these standards under all flow conditions. 
Expending resources to address standards compliance under all flow conditions 
could delay expenditures to address compliance when and where most needed, i.e., 
when and where recreational use occurs. 

The water bodies proposed for re-designation as REC2 or “not REC” (neither REC1 
nor REC2) would remain REC1. Implementation of additional treatment controls or 
BMPs would be required for those water bodies to attain REC1 standards throughout 
the entire reach. This would divert funds and efforts for establishment of BMPs at 
other locations which may yield greater benefits (i.e., where recreational uses are 
currently occurring.)  
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and Attachments  



California Regional Water Quality Control Board 
Santa Ana Region 

 
April 27, 2012 

 
ITEM:  9 
 
SUBJECT: Public Hearing – Basin Plan Amendments: Recreational Standards for      

Inland Surface Waters (continuation of March 16, 2012 hearing on the 
proposed amendments) – Supplemental Staff Report 

 
DISCUSSION:   
 
At the March 16, 2012 Regional Board meeting, Board staff and a consultant to the 
Stormwater Quality Standards Task Force presented in detail the proposed recreation 
standards amendments to the Basin Plan. This included discussion of comments 
received from interested agencies and parties, including the U.S. Environmental 
Protection Agency, Region 9 (USEPA). In light of the USEPA comments, which were 
unclear and unsubstantiated, Board staff recommended that no action on the proposed 
amendments be taken at the March meeting. Staff recommended a delay to allow for 
discussion and resolution of the USEPA concerns. The Board agreed with this 
recommendation.   
 
Discussion of concerns regarding the proposed amendments took place on April 10, 
2012. Regional Board staff and members of and consultants to the Stormwater Quality 
Standards Task Force met with USEPA staff and State Water Board staff. In response 
to this discussion, and based on further review of the proposed amendments, some 
changes to those amendments are now proposed.  
 
This report supplements the Basin Plan amendment documentation, dated January 12, 
2012, that included a staff report, environmental analysis document and checklist, and 
the proposed Basin Plan amendments. The purpose of this supplemental report is to 
describe the changes now proposed to the amendments and the rationale for those 
changes. The recommended changes to the amendments are shown in the Errata 
Sheet attached to this report.  
 
Also attached to this report are: (1) a copy of a message from Vicky Whitney (State 
Board Deputy Director, Division of Water Quality) to Kurt Berchtold et al re “RB 8 Rec 1 
Objectives” (see discussion of items 1-4, below); (2) Board staff’s responses to 
USEPA’s written comments on the proposed amendments, dated February 23, 2012; 
(3) Board staff’s responses to written comments provided by Heal the Bay on March 15, 
2012. Note: On April 20, 2012, Heal the Bay submitted additional comments concerning 
the Use Attainability Analyses components of the proposed amendments.  These 
additional comments were appended to the March 15, 2012 comment letter. The 
amended comment letter was not signed. Responses to the additional comments will be 
prepared and provided at the April 27, 2012 hearing.   
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ERRATA SHEET: 

 
Items 1- 4, p.1-5): REC1 Beneficial Use Nomenclature and Definition:  

 
The amendments presented on March 16, 2012 include recommended changes to the 
name and definition of the REC1 use. New narrative discussion was also proposed to 
be added to describe briefly the rationale for these changes.  
 
USEPA and State Water Board staff recommended that any changes to the REC1 
definition and name be considered on a statewide basis, rather than in region-specific 
amendments. State Board staff provided written clarification of their understanding of 
the types of REC1 activities and associated likelihood of ingestion. State Board staff 
recognized that ingestion is not reasonably possible with all forms of wading and fishing, 
a concept addressed in the amendments to the REC1 definition presented on March 12, 
2012. A copy of the April 12, 2012 message from Vicky Whitney, Deputy Director, 
Division of Water Quality at the State Board, providing this clarification is attached to 
this report.  
 
Taking this written clarification into account, Board staff now proposes not to include the 
proposed REC1 name change and refinements to the definition of this use in the 
recreation standards amendments. Rather, Board staff now recommends that: (1) the 
term “Primary Contact Recreation” be added to the REC1 beneficial use name; (2) the 
term “Secondary Contact Recreation” be added to the REC2 beneficial use name; and, 
(3) that the narrative discussion regarding REC1 activities and the application of 
bacterial quality objectives to those activities be revised to provide the clarification 
previously sought in the refinements to the definition itself.  
 
Board staff believes that these revised recommendations are consistent with applicable 
federal guidance, provided that the new E. coli objectives are not applied to waterbodies 
where only incidental or accidental water contact is likely to occur. These revised 
recommendations should not result in concerns with respect to statewide consistency, 
since the revisions supplement but do not modify agreed-upon statewide nomenclature.  
 
Item 5, p. 5 - 6: Addition of References:  

 
The proposed revised REC1 narrative described above includes citations to references 
not previously included in the Basin Plan. Amendment of the list of references is 
necessary to include these new references. 
 
Item 6, p. 6:  MUN Designations for Goodhart Canyon, St. John’s Canyon and 

Cactus Valley Creeks and Mystic Lake: 

 
The amendments presented at the March 16, 2012 meeting included recommendations 
for the addition of these waters to the Basin Plan and for the exception of these waters 
from the MUN (municipal and domestic supply) beneficial use designation.  The 
recommended exceptions were based on the exception criterion specified in the State 
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Board’s Sources of Drinking Water Policy that “the water source does not provide 
sufficient water to supply a single well capable of producing an average, sustained yield 
of 200 gallons per day.”  
 
The waters listed above are ephemeral and it is considered unlikely that they could 
serve as a source of drinking water supply, specifically, that they could provide sufficient 
water to supply a single well capable of producing an average, sustained yield of 200 
gallons per day. However, since quantitative data to support this finding are limited, 
Board staff now recommends that these waters be designated with the MUN beneficial 
use, intermittent (“I”).  This designation should be reviewed in the future based on 
additional, relevant data and revised if needed.  
 
Item 7, p.6 - 7:  Note re Pathogen Indicator Bacteria in Bays and Estuaries: 

 

This note was proposed in order to provide pertinent information concerning the manner 
in which the Regional Board will implement the enterococci criteria promulgated by the 
USEPA in 2004 for coastal waters. The promulgation left to state discretion the 
determination of: (1) the appropriate averaging period for the criteria; and (2) the 
assignment of coastal recreation waters to one or more recreational use tiers for the 
purposes of determining the applicable single sample maximum values. The last 
sentence in the proposed note speaks to the use of best professional judgment to make 
these determinations until a formal Basin Plan amendment process can be completed to 
address them.   USEPA and State Board staff objected to this approach. They indicated 
their belief that until a Basin Plan amendment process is completed, the assumptions 
must be made that (a) the averaging period for the objectives is a 30-day rolling 
average and (b) that the most stringent single sample maximum value, applicable to 
designated beaches with high REC1 use, applies to these waters.  While Board staff is 
not persuaded of the merits of this position, it appears appropriate to remove the 
proposed last sentence pending further deliberation and confirmation of this matter. 
Accordingly, the last sentence of this note is now proposed for deletion. 
 
Item 8, p. 6 - 7:  Narrative re Recreation Water Quality Standards  

 

Consistent with the recommended changes identified in Item 1, above, Board staff 
recommends deletion of the proposed reference to the clarification of the REC1 
definition.  
 
Item 9, p. 7- 8:  Narrative regarding the “N” notation in Table 5-REC1-Tiers:  

 

As a matter of clarity, Board staff proposes to include some additional explanatory 
language regarding the intent of the “N” notation in Table 5-REC1-Tiers. 
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Item 10, p. 8:  Table 5-REC1-Tiers: 

 

Clarification of the notation employed in this table is proposed. The revised table 
(underline-strikeout version (Attachment 1 to Resolution No. R8-2012-0001)) is shown 
at the end of the errata sheet (p. 14-20).    
 
 
Item 11, p. 8 - 9:  Narrative re Application of Single Sample Maximum Values in 

REC1 freshwaters: 

 

See discussion of item 7. Board staff proposes to delete the proposed narrative 
regarding the Regional Board’s approach to the assignment of REC1 tiers to fresh 
surface water streams that are not now included in the Basin Plan. The proposed 
language speaks to the use of Regional Board discretion based on local knowledge of 
these streams to make interim tier decisions, until the Basin Planning process is used to 
formalize those decisions. Once again, it appears appropriate to defer the addition of 
this language pending further discussion and determination of the appropriate way to 
proceed. 
 
Item 12, p. 9: Table 5-REC1-ssv notation: 

 

As noted by Board staff during the March 16, 2012 hearing on the proposed 
amendments, a typographical error in the notation in one of the column headers needs 
to be corrected.  
 
Item 13, p. 9 - 11: High Flow suspension of recreation standards:  

 

Changes to the proposed text describing and defining the applicability of the high flow 
suspension are proposed. The recommended changes are intended, in part, to make 
clear that the suspension would apply to engineered channels, as defined, and to 
channels that are heavily modified. The word “heavily” would be added at several 
appropriate places in the proposed text in order to address concerns that the 
suspension might be applied inappropriately to channels that have had only minor 
modifications that would not appreciably alter the flow regime, resulting in unsafe 
conditions that preclude recreational use.   
 
Further, in response to a comment by USEPA staff, text is proposed to be added to 
specify that the depth-velocity product suspension criterion would not apply to the low-
flow pilot channels sometimes constructed in larger channels. Normal dry weather flows 
in these pilot channels may meet the depth-velocity product suspension criterion, but 
not necessarily preclude recreational use.  
 
Finally, as discussed at the March 16, 2012 hearing, a paragraph is proposed to be 
added to the section entitled “Delineation of Engineered or Modified Channels”. The 
intent of this added paragraph is to address concerns expressed by Orange County 
Coastkeeper that the delineation of the channels to which the suspension would apply 
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might limit the ability to fund and support habitat and species restoration projects in 
these channels.  The proposed added paragraph makes clear that this is not the intent. 
 
 
Item 14, p. 11-13:  Antidegradation targets for REC2 only freshwaters: 
 
The antidegradation targets for REC2 Only waters recommended in the January 12, 
2012 proposed amendments are based on the 95th percentile upper confidence level 
(UCL). As shown in Table 5-REC2 Only Targets – FW and Table 5-REC2 Only Targets 
– Other Waters, the numeric values are generally high. While these values are 
calculated using standard mathematics, the inherent variability of the data renders the 
numbers generally very high. This may result in the perception that water quality is not 
being adequately protected. As discussed at the March 16, 2012 public hearing, a 
revised approach, using the 75th percentile upper confidence level is proposed. There is 
no substantive effect with respect to the intent to prevent water quality degradation, but 
the lower 75th percentile values may reduce the potential public perception problem. 
 
The recommended text and tables have been revised to reflect this alternative 
approach. A table note is proposed to be added to each of the tables to reflect that the 
targets are calculated for dry weather baseflow conditions only and do not apply to 
samples collected during wet weather conditions.   Further, minor changes in the 
narrative are recommended to clarify follow-up in case of exceedances of the targets.  
 
Item 15, p. 13:  References to antidegradation target calculation documentation.  

 

To address the change in antidegradation targets from the 95th to 75th percentile upper 
confidence level, the relevant documentation prepared by CDM and Regional Board 
staff has been revised and re-dated. The appropriate changes to those references are 
shown in the Errata Sheet.  
 
Errata Sheet, p. (14-20): revised Table 5-REC1-Tiers 

 
 
CEQA Consideration: 

 

Regional Board staff has considered whether the changes to the proposed amendments 
identified in the Errata Sheet would have any effect on the environmental checklist and 
analysis document and the preliminary determination by Board staff that the proposed 
amendments would not have a significant effect on the environment. Board staff 
concludes that the changes recommended in the Errata Sheet would not substantively 
affect implementation of the revised recreation standards and therefore, would have no 
effect on the environment.  Board staff’s preliminary determination, as specified in the 
environmental analysis document dated November 30, 2011 (Attachment C to the 
January 12, 2012 staff report concerning the amendments), remains proper.  
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RECOMMENDATION: 

 

Board staff recommends that the Regional Board adopt Resolution No. R8-2012-0001, 
thereby: 
 

(1) Confirming the preliminary determination by Regional Board staff that the 
proposed amendments could not have a significant effect on the environment 
and certifying the environmental checklist and analysis document (Attachment C 
to the January 12, 2012 staff report); and,  

(2) Adopting the Basin Plan amendments delineated in Attachment 1 and 
Attachment 2 to Resolution No. R8-2012-0001, as modified by the Errata Sheet.  

 
Attachments: (1) Errata Sheet 

(2) Copy of April 12, 2012 message from Vicky Whitney (State 
Board staff) to Kurt Berchtold et al re “RB 8 Rec 1 Objectives” 
(3) Board staff responses to the USEPA comments dated February     
23, 2012.  
(4)  Board staff responses to Heal the Bay comments dated March 
15, 2012. 

 
 
 
 

 
 

 
 



  April 23, 2012 

 

ITEM 9 

 

Errata 

Attachments 1 and 2 to Resolution No. R8-2012-0001 

 

 

 

1. Attachment 1 to Resolution No. R8-2012-0001, p. 2 of 76: Modify the text proposed to 

be added to CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USES section. (Deleted 

text is in strikeout type; added text is shown in bold italics.) 
 
In response to recommendations from the Stormwater Quality Standards Task Force, 
formed in response to the 2002 triennial review of the Basin Plan, changes to recreation 
water quality standards were approved by the Regional Board in 2012 (RWQCB 
Resolution No. R8-2012-0001). These modifications included revision the addition of 

“Primary Contact Recreation” as an alternative name for of the name of the REC1 
beneficial use from “Water Contact Recreation” to “Primary Contact Recreation” (see 
BENEFICIAL USE DEFINITIONS, below) and added narrative clarifying the nature of 

REC1 activities and the bacteria objectives established to protect them. a clearer 
definition of this use (see also RECREATION BENEFICIAL USES, below). , for further 
discussion of the changes in the REC1 definition.) The changes also included 
differentiating inland surface REC1 waters on the basis of frequency of use and other 
characteristics for the purposes of assigning applicable single sample maximum values 
(see Chapter 5). The REC1/REC2 designations for specific inland surface waters were 
revised based on the results of completed Use Attainability Analyses (see RECREATION 
BENEFICIAL USES, below).  Revised water quality objectives to protect the REC1 use of 
inland freshwaters were also approved (see Chapter 4), and criteria for temporary 
suspension of recreation use designations and objectives were identified (see 
RECREATION BENEFICIAL USES , below, and Chapter 5, Implementation, Recreation 
Water Quality Standards, High Flow Suspension).  The 2012 Basin Plan revisions to 
incorporate the changes in recreation standards included the addition of certain waters to 
the list of the Region’s waters in Table 3-1 and the designation of beneficial uses for those 
waters. Where appropriate, the added waters were excepted from the MUN designation. 
Laguna and Lambert reservoirs, which no longer exist, were deleted from the list. 
 
Attachment 2 to Resolution No. R8-2012-0001, p. 2 of 77: Modify the text proposed to be 

added to CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USES section. (Deleted text 

is in strikeout type; added text is shown in bold italics.) 
 

In response to recommendations from the Stormwater Quality Standards Task Force, 
formed in response to the 2002 triennial review of the Basin Plan, changes to recreation 
water quality standards were approved by the Regional Board in 2012 (RWQCB 
Resolution No. R8-2012-0001). These modifications included revision the addition of 

“Primary Contact Recreation” as an alternative name for of the name of the REC1 
beneficial use from “Water Contact Recreation” to “Primary Contact Recreation” (see 
BENEFICIAL USE DEFINITIONS, below) and added narrative clarifying the nature of 
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REC1 activities and the bacteria objectives established to protect them a clearer 
definition of this use (see also RECREATION BENEFICIAL USES, below). , for further 
discussion of the changes in the REC1 definition.) The changes also included 
differentiating inland surface REC1 waters on the basis of frequency of use and other 
characteristics for the purposes of assigning applicable single sample maximum values 
(see Chapter 5). The REC1/REC2 designations for specific inland surface waters were 
revised based on the results of completed Use Attainability Analyses (see RECREATION 
BENEFICIAL USES, below).  Revised water quality objectives to protect the REC1 use of 
inland freshwaters were also approved (see Chapter 4), and criteria for temporary 
suspension of recreation use designations and objectives were identified (see 
RECREATION BENEFICIAL USES , below, and Chapter 5, Implementation, Recreation 
Water Quality Standards, High Flow Suspension).  The 2012 Basin Plan revisions to 
incorporate the changes in recreation standards included the addition of certain waters to 
the list of the Region’s waters in Table 3-1 and the designation of beneficial uses for those 
waters. Where appropriate, the added waters were excepted from the MUN designation. 
Laguna and Lambert reservoirs, which no longer exist, were deleted from the list. 
 

 
2. Attachment 1 to Resolution No. R8-2012-0001, p. 2-3 of 76, and Attachment 2 to 

Resolution No. R8-2012-0001, p.2 of 77, CHAPTER 3 – BENEFICIAL USES, 

BENEFICIAL USE DEFINITIONS, Water Contact Recreation (REC1*):  
 

a. Delete proposed revisions to the name and definition of the Water Contact 

Recreation (REC1*) beneficial use. 
 

b. Modify the name of the Water Contact Recreation (REC1*) beneficial use as 

follows: (added text is shown in bold italics): 
 

Water Contact Recreation (REC1*: Primary Contact Recreation) 

 

3. Add the following modification of the name of the Non-contact Water Recreation 

(REC2*) beneficial use (CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE 

DEFINITIONS) as follows:  (added text is shown in bold italics) 
 
Non-contact Water Recreation (REC2*: Secondary Contact Recreation) 

 
 

4. Attachment 1 to Resolution No. R8-2012-0001, p. 3-4 of 76, and Attachment 2 to 

Resolution No. R8-2012-0001, p. 3 of 77, CHAPTER 3 – BENEFICIAL USES: revise the 

proposed section “RECREATION BENEFICIAL USES” as follows: 
 

a. Delete the first three proposed paragraphs in this section. 
b. Add the following text at the start of the proposed RECREATION BENEFICIAL 

USES section, preceding the paragraph that begins “Pursuant to the federal 

Clean Water Act and implementing regulation…”: (added text is shown in bold 
italics) 
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As part of the work that led to the adoption of recreation standards amendments in 

2012, the Stormwater Quality Standards Task Force considered the merits of and 

various alternatives for modifying the REC1 definition to improve clarity and 

precision. This was based on careful consideration of the scientific basis of the 

1986 USEPA bacteria criteria for REC1 waters and earlier criteria guidance. 

Specifically, as discussed in the 1986 criteria document and other USEPA guidance 

and regulation (see, for example, USEPA 2004), USEPA’s recommended bacteria 

quality criteria were intended to reduce the risk of waterborne illness to acceptable 

levels for those engaged in swimming or similar recreational activities where 

immersion and ingestion of water are likely.  The Stormwater Quality Standards 

Task Force documentation, which essentially comprised the administrative record 

for the 2012 recreation standards amendments, includes a memorandum to the Task 

Force that was prepared by Camp Dresser and McKee, Inc. (CDM), one of the Task 

Force consultants (“Scientific Basis for EPA Recommended Water Quality 

Objectives for Bacteria”, CDM, April 10, 2006).  This memorandum discusses the 

scientific basis of the criteria, as well as that of the Basin Plan water quality 

objectives for fecal coliform in freshwaters that were replaced by the E. coli 

objective in the 2012 Basin Plan amendments. The administrative record also 

documents the extensive consideration of alternatives appropriate to clarify the 

REC1 definition to reflect the underlying scientific assumptions of the USEPA 

criteria, and expectations regarding the likelihood of immersion and ingestion.   

 

In response to State Board staff comments that a consistent statewide definition for 

REC1 should be maintained absent statewide consideration of revisions to the 

definition, the specific recommendations developed by the Task Force for refining 

the definition of that use were not included in the recreation standards amendments 

adopted by the Regional Board in 2012. These Task Force recommendations should 

be considered on a statewide basis. Until such time as such statewide consideration 

occurs, it was thought sufficient for the purposes of the 2012 amendments to add 

reference to “primary contact recreation” in the name of the REC1 use (see 

BENEFICIAL USE DEFINITIONS) and to incorporate the following clarifying 

discussion.   

 

USEPA has provided explicit direction regarding the types of recreational activities 

to which the USEPA bacteria guidance should be applied. Specifically, USEPA’s 

1986 criteria (and prior bacteria criteria guidance) are intended for “Bathing (Full 

Body Contact) Recreational Waters”.  The 1986 criteria document states:  

 

"In 1986, EPA published Ambient Water Quality Criteria for Bacteria-1986.  This 

document contains EPA's current recommended water quality criteria for bacteria to 

protect people from gastrointestinal illness in recreational waters, i.e. waters 

designated for primary contact recreation or similar full body contact uses.  States 

and Territories typically define primary contact recreation to encompass 

recreational activities that could be expected to result in the ingestion of, or 

immersion in, water, such as swimming, water skiing, surfing, kayaking or any other 

recreational activity where ingestion of, or immersion in, the water is likely." 
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As defined statewide, the REC1 use includes recreational activities involving 

body contact with water where ingestion of water is reasonably possible 

including, but not limited to: swimming, wading, water-skiing, skin and scuba 

diving, surfing, whitewater activities, fishing and use of natural hot springs.  

 

The Regional Board has always considered the REC1 designation as functionally 

equivalent to USEPA’s description of primary contact recreation. In practice, the 

phrase “reasonably possible” is synonymous with the term “likely” when 

evaluating the probability of ingestion when persons swim or engage in similar 

body contact recreation. To reflect this, reference to “primary contact recreation” 

in the REC1 nomenclature was incorporated as part of the 2012 recreation 

standards amendments, as noted above.  

 

USEPA’s rule promulgating E. coli objectives for recreational freshwaters in 

certain Great Lakes states (USEPA 2004, p. 67222) provides that the pathogen 

indicator objectives apply “only to those waters designated by a State or Territory 

for swimming, bathing, surfing or similar water contact recreation activities, not 

to waters designated for uses that only involve incidental contact.“  USEPA 

defines this “secondary contact” recreation as “those activities where most 

participants would have very little direct contact with the water and where 

ingestion of water is unlikely. Secondary contact activities may include wading, 

canoeing, motor boating, fishing, etc.” (USEPA 2002, p. 39). 

 
The Basin Plan definition of the REC 2 beneficial use is functionally-equivalent to 

that described by USEPA as “Secondary Contact Recreation.” Therefore, the 2012 

recreation standards amendments added “Secondary Contact Recreation” to the 

REC2 nomenclature (see BENEFICIAL USE DEFINITIONS).  The Regional Board 

will rely on federal regulation and guidance to determine which waterbodies 

should be designated REC 2. Relatively brief incidental or accidental water 

contact that is limited primarily to the body extremities (e.g., hands or feet) is 

generally deemed REC 2 because ingestion is not considered reasonably 

possible.  

 
Some confusion may arise as to whether wading and fishing should be 

considered primary contact recreation (REC1) activities or secondary contact 

recreation (REC2) activities.  Wading and fishing cover a multitude of activities 

involving a wide range of potential water contact.  To avoid misapplication of the 

E. coli objectives, it is important to apply USEPA's recommended criteria for 

primary contact recreation only where ingestion of water is reasonably possible.  

For example, fly-fishing in the middle of a stream or fishing from a float tube 

would be considered REC-1 activities as it is likely that the person fishing may 

ingest water.  On the other hand, fishing from a riverbank or lake dock is more 

appropriately deemed REC-2 activity because ingestion, while conceivable, is not 

considered reasonably possible.  Similarly, walking beside or crossing through a 

shallow creek and getting ones feet wet is also not considered water contact 
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recreation (REC-1.) This activity is more akin to beachcombing, a recognized 

"non-contact recreation" (or REC-2) activity.  It is not reasonably possible to 

ingest appreciable quantities of water by merely touching or being splashed by 

the water. The E. coli objectives established in this Basin Plan are not intended or 

needed to protect this and similar incidental contact. However, a child sitting in 

the middle of a low flow creek playing in the water represents the sort of activity 

that is encompassed by the REC-1 use designation. The Basin Plan E. coli 

objectives properly apply to this type of activity.  (State Board staff spoke to and 

confirmed these views in a message to Regional Board staff on April 12, 2012. 

This message is part of the administrative record for the recreation standards 

amendments approved in 2012.)  

 

The Regional Board's longstanding approach to determining appropriate 

recreational use classifications is entirely consistent with federal guidance.  A 

review of historical records indicates that USEPA relied heavily on pre-existing 

definitions to describe primary and secondary contact recreation: 

 

"The Subcommittee defines primary contact recreation as activities in which 

there is prolonged and intimate contact with the water involving considerable risk 

of ingesting water in quantities sufficient to pose a significant health hazard.  

Examples include wading and dabbling by children, swimming, diving, water 

skiing, and surfing.  Secondary contact sports include those in which contact 

with the water is either incidental or accidental and the probability of ingesting 

appreciable quantities of water is minimal." (“Report of the Committee on Water 

Quality Criteria” (aka “Green Book”), US Department of Interior, Federal Water 

Pollution Control Administration, 1968, p. 11) 

 

In summary, some forms of wading and fishing are considered REC-1 because 

immersion is likely and ingestion is reasonably possible.  Other forms of wading 

and fishing, involving only limited incidental or accidental water contact 

(primarily to hands and feet) are considered REC-2 because immersion is unlikely 

and ingestion is not reasonably possible. 

 

Acknowledging that California’s REC1 definition has always been considered 

synonymous with the federal definition of Primary Contact Recreation ensures 

that the E. coli  objective, adopted as part of the 2012 recreation standards 

amendments, is applied in a manner that is neither more nor less stringent than 

the federal Clean Water  Act requires.  

 
 
 

5. Attachment 1 to Resolution No. R8-2012-0001, p. 6 of 76 and Attachment 2 to 

Resolution No. R8-2012-0001, p. 6 of 77: add the following references: 
 

United States Department of Interior. Federal Water Pollution Control Administration. 
Report of the Committee on Water Quality Criteria (aka “Green Book”). 1968.  
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United States Environmental Protection Agency. “Implementation Guidance for Ambient 
Water Quality Criteria for Bacteria [Draft]. May 2002. 
 

 
6. Attachments 1 and 2 to Resolution No. R8-2012-0001: Table 3-1 BENEFICIAL USES, 

p. 25 and p. 27: Change the proposed MUN designation for Goodhart Canyon, St. 

John’s Canyon and Cactus Valley Creeks (all listed on p. 25) and Mystic Lake (listed 

on p. 27) from “+” to “I”. 
 

7. Attachment 1 to Resolution No. R8-2012-0001: CHAPTER 4 WATER QUALITY 

OBJECTIVES, Pathogen Indicator Bacteria, Bays and Estuaries, REC-1, p. 35-36: 

delete the last sentence of the Note, as shown (deleted sentence in strikeout-type): 
 
Note:  The USEPA promulgated enterococci criteria for coastal recreation waters, 
including enclosed bays and estuaries, in 2004 (40 CFR 131.41). The established 
geometric mean enterococci value is 35/100mL.  No averaging period was specified, 
leaving that determination to the state’s discretion. USEPA also identified single 
sample maximum enterococci values, which vary based on the frequency of use of 
the REC1 waters.  The Regional Board intends to consider a Basin Plan amendment 
in the future to formally recognize the enterococci criteria established for enclosed 
bays and estuaries, to define an appropriate averaging period for the application of 
the geometric mean criterion, and to define appropriate application of the single 
sample maximum values to varying areas within enclosed bays and estuaries in the 
Region. Until the Basin Plan amendment process is completed, the Regional Board 
will implement the USEPA enterococci criteria for coastal recreation waters on a 
best professional judgment basis, with full opportunity for public participation and 
comment. 
 

Attachment 2 to Resolution No. R8-2012-0001: CHAPTER 4 WATER QUALITY 

OBJECTIVES, Pathogen Indicator Bacteria, Bays and Estuaries, REC-1, p. 35: delete 

the last sentence of the Note, as shown (deleted sentence in strikeout-type): 
 
Note:  The USEPA promulgated enterococci criteria for coastal recreation waters, 
including enclosed bays and estuaries, in 2004 (40 CFR 131.41). The established 
geometric mean enterococci value is 35/100mL.  No averaging period was specified, 
leaving that determination to the state’s discretion. USEPA also identified single 
sample maximum enterococci values, which vary based on the frequency of use of 
the REC1 waters.  The Regional Board intends to consider a Basin Plan amendment 
in the future to formally recognize the enterococci criteria established for enclosed 
bays and estuaries, to define an appropriate averaging period for the application of 
the geometric mean criterion, and to define appropriate application of the single 
sample maximum values to varying areas within enclosed bays and estuaries in the 
Region. Until the Basin Plan amendment process is completed, the Regional Board 
will implement the USEPA enterococci criteria for coastal recreation waters on a 
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best professional judgment basis, with full opportunity for public participation and 
comment. 
 

 
 

8. Attachment 1 to Resolution No. R8-2012-0001: Recreation Water Quality  Standards, 

p. 53 of 76: modify the second proposed paragraph as follows: (deleted text is 

shown in strike-out type; added text is shown in bold italics) 
 

In 2012, the Regional Board adopted changes to the recreation standards, based on the work 
and recommendations of the Stormwater Quality Standards Task Force (Resolution No. R8-
2012-0001). These changes included revised bacteria quality objectives applicable to 
freshwaters (see Chapter 4), and changes to the recreation use designations for specific fresh 
waters. , and clarification of the definition of REC1 (see Chapter 3).  Specific implementation 
strategies pertaining to the revised standards for freshwaters were also approved. This section 
describes those implementation strategies, which include the following:  
 

Attachment 2 to Resolution No. R8-2012-0001: Recreation Water Quality Standards, 

p. 52 of 77: modify the second proposed paragraph as follows: (deleted text is 

shown in strike-out type; added text is shown in bold italics) 

 

In 2012, the Regional Board adopted changes to the recreation standards, based on the work 
and recommendations of the Stormwater Quality Standards Task Force (Resolution No. R8-
2012-0001). These changes included revised bacteria quality objectives applicable to 
freshwaters (see Chapter 4),  and changes to the recreation use designations for specific fresh 
waters. , and clarification of the definition of REC1 (see Chapter 3).  Specific implementation 
strategies pertaining to the revised standards for freshwaters were also approved. This section 
describes those implementation strategies, which include the following:  

 
 

9. Attachment 1 to Resolution No. R8-2012-0001: Application of Single Sample 

Maximum values in REC1 freshwaters, p. 55 of 76: revise the following paragraph as 

shown in bold italics: 
 

Tier A, B, C and D waters are listed in Table 5-REC1-Tiers. Table 5-REC1-Tiers includes a 
“Comments” column that provides information regarding factors considered in making Tier 
assignments. An additional, qualifying notation, “N”, is also included in this table for certain 
waters assigned to Tier A, B, C or D based on the known or anticipated frequency of 

use. It is recognized that there are waters within the Region that are in undeveloped areas and 
are expected to have low natural bacteria levels. While use of these waters for primary contact 
recreation may or may not occur or may be limited due to difficulties in access, channel 
characteristics, flow conditions and the like, as reflected in the Tier assignments, it is also 
necessary and appropriate to assure the protection of the high quality of these waters. 
Accordingly, these “N” listed waters are assigned Single Sample Maximum values using the 
75% confidence factor in the calculation, which is the same approach utilized with Tier A, 
heavily-used waters.  “N” listed waters are defined as follows: 
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Attachment 2 to Resolution No. R8-2012-0001: Application of Single Sample Maximum 

values in REC1 freshwaters, p. 54 of 76: revise the following paragraph as shown in 

italics: 
 
Tier A, B, C and D waters are listed in Table 5-REC1-Tiers. Table 5-REC1-Tiers includes a 
“Comments” column that provides information regarding factors considered in making Tier 
assignments. An additional, qualifying notation, “N”, is also included in this table for certain 
waters assigned to Tier A, B, C or D based on the known or anticipated frequency of 

use. It is recognized that there are waters within the Region that are in undeveloped areas and 
are expected to have low natural bacteria levels. While use of these waters for primary contact 
recreation may or may not occur or may be limited due to difficulties in access, channel 
characteristics, flow conditions and the like, as reflected in the Tier assignments, it is also 
necessary and appropriate to assure the protection of the high quality of these waters. 
Accordingly, these “N” listed waters are assigned Single Sample Maximum values using the 
75% confidence factor in the calculation, which is the same approach utilized with Tier A, 
heavily-used waters.  “N” listed waters are defined as follows: 

 
 

10. Attachments 1 and 2 to Resolution No. R8-2012-0001, Table 5-REC1-Tiers, p. 56-62:  

Make the following modifications:  
a. Add the new table notation symbol “x” at the end of the title of the table (Table 5-

REC1-Tiers) on each page of the table. 
b. Move the text shown in table notes 1 and 4 to “x” and remove the numbering. 
c. Re-number the other existing table notes. 
d. Revise the text in the new table note “x” describing N waters as follows: (deleted text 

is shown in strikeout type; added text is underlined)  
Natural (N) refers to a natural or pristine conditions. waters, typically in largely natural condition, that are 
expected to have good ambient bacterial quality. Natural N waters will be assigned SSMs based on the 
75% confidence level, like Tier A waters, even if designated Tier B, C or D based on the intensity of 
REC1 use. 

e. Change “n” to “N” where “n” appears in this table.  
 

These changes are shown in the revised Table 5-REC1-Tiers attached at the end of this 
errata sheet. (Since this table has multiple pages, only the underline/strikeout version is 
attached for simplicity. These changes will be reflected also in the “clean” version 
(Attachment 2 to Resolution No. R8-2012-0001)).  
 

11. Attachments 1 and 2 to Resolution No. R8-2012-0001, Application of Single Sample 

Maximum Values in REC1 freshwaters, p. 63: remove second paragraph, as shown 

(deleted text is shown in strike-out type): 
 
This Basin Plan attempts to list and designate appropriate recreation (and other) beneficial 
uses for all the significant inland freshwater bodies in the Region. The Clean Water Act and 
implementing federal regulations establish the rebuttable presumption that all surface 
waters are REC1. While surface water bodies in the Region that are not listed in the Basin 
Plan will be considered REC1 unless and until demonstrated to be otherwise through a Use 
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Attainability Analysis, there is no requisite presumption that all such waters belong to any 
specific REC1 Tier. Until formal consideration, through the Basin Planning process, of the 
appropriate Tier for any unlisted inland freshwater bodies in the Region is provided, the 
Regional Board will employ discretion based on its knowledge of those waters and 
information provided by interested parties to determine the appropriate Tier for those water 
bodies for regulatory purposes.  
 

12. Attachments 1 and 2 to Resolution No. R8-2012-0001, p.65, Table 5-REC1-ssv 

“Alternative Method for Assessing Probable Compliance with the E. coli Objective in 

Freshwaters Designated REC1 when Insufficient Data are Available to Calculate a 

Geometric Mean”:  Revise the symbol in the column header “Maximum Expected Single 
Value for E. coli…” from “>” to “=”. 
 

13. Attachment 1 to Resolution No. R8-2012-0001, High Flow suspension of recreation 

standards, p. 70-71: revise the text as follows: (added text is shown in bold 

italics)(Only the underline-strikeout version of the text is shown, for simplicity. The 

changes shown will also be included in the “clean” version of the amendments 

(Attachment 2 to Resolution No. R8-2012-0001)) 

 

a. Second paragraph, first two sentences: 

These hazards are exacerbated in urban streams that have been engineered or 
heavily modified to provide essential flood protection during and immediately 
following storm events.  Channel straightening, bank stabilization, substantial 
vegetation removal and flow diversions are all intended to convey stormwater runoff 
to a suitable discharge location as rapidly as possible while minimizing the risk of 
flooding and erosion.  
  

b. Third paragraph: 

This Plan recognizes these circumstances and specifies that the recreational use 
designations (REC1 and REC2), the narrative pathogen objective and the numeric 
pathogen indicator objectives shown in  Table 4-pio are temporarily suspended 
when high flows preclude safe recreation in or near freshwater stream channels that 
have been engineered, heavily modified or maintained to serve as temporary flood 
control facilities. Temporary suspensions of recreation standards do not apply to 
freshwater lakes, ocean beaches or enclosed bays or estuaries.  
 

c. Paragraph “Definition of Unsafe Flows”, first paragraph:  

Flow conditions in freshwater streams in the Santa Ana watershed are presumptively 
unsafe if either of the following conditions occurs:  (1) stream velocity is greater than 
8 feet-per-second (fps); or, (2) the product of stream depth (feet) and stream velocity 
(fps) (the depth-velocity product) is greater than 10 ft2/s+. Where representative 
stream gauge data are not available, unsafe flows are presumed to exist in stream 
channels that have been engineered or heavily modified for flood control purposes 
when rainfall in the area tributary to the stream is greater than or equal to 0.5 inches 
in 24 hours. Rainfall measurements may be estimated using gauges, Doppler radar 
data, or other scientifically defensible methods. 
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+ 

The depth-velocity product criterion is not intended to apply to normal dry 

weather flows contained within low-flow pilot channels within engineered or 

heavily modified channels. 

 

 
d. Paragraph “Definition of Engineered or Modified Channels, Modify paragraph 

as follows:  

Definition of Engineered or Heavily Modified Channels.  The temporary 
suspension of recreational uses and related water quality objectives during unsafe 
flow conditions applies only to streams that have been engineered or heavily 

modified to enhance flood control protection.  Engineered streams include all man-
made flood control facilities with a box-shaped, V-shaped or trapezoidal 
configuration that have been lined on the side(s) and/or bottom with concrete or 
similar channel-hardening materials.  Heavily mModified channels include once 
natural streams that have been substantially re-engineered, using levees, bank 
stabilization (rip-rap), channel straightening, vegetation removal and other similar 
practices, to facilitate rapid evacuation of increased urban runoff during storm 
events.   
 

e. Paragraph “Delineation of Engineered or Modified Channels”, add second 

paragraph as follows: (added text is shown in italics) 

 

 

Delineation of Engineered or Modified Channels.  The very large number of engineered 
and modified flood control facilities in the Santa Ana Region makes it difficult to identify all 
such channels individually by name.  Therefore, Appendix VIII provides maps of the waterbody 
segments that have been engineered or modified in the manner described above and that, 
therefore, qualify for the temporary suspension of recreational standards under specific high 
flow conditions.  Appendix IX contains ArcGIS files that identify each of these same 
waterbodies in a more precise, high-resolution format.  The engineered flood control channels 
identified in these Appendices will be updated annually via the annual report submitted by the 
MS4 permittees for each county in the Region. Additions or deletions to the list of waters 
identified in these Appendices will also be considered during the triennial review process or on 
a case-by-case basis upon request by an interested party to do so. Any such request must be 
supported by substantial evidence. Appendix VIII and Appendix IX can be viewed at the 
Regional Board’s website:  
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_s

tandards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf, and  

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_s

tandards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip. 

 

It is important to recognize that while these channels have been engineered or modified for 

flood control purposes, these changes do not necessarily preclude the support of habitat in 

and adjacent to the channels, or the use of that habitat by aquatic, avian and terrestrial wildlife. 

There may be opportunities for habitat and/or species restoration projects in or adjacent to 
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these channels. The temporary suspension of recreation standards in these channels would 

have no effect on the ability to implement such projects.  

 

 

 
14. Attachment 1 to Resolution No. R8-2012-0001, p. 67- 68, Antidegradation targets for 

REC2 only freshwaters:  revise text and tables to reflect that the antidegradation 

targets will be based on the upper 75
th

 percentile, rather than the upper 95
th

 

percentile, as shown below (deleted text is struck out; added text is shown in bold 

italics.  Numeric values in the tables are revised accordingly.) (Only the 

underline/strike-out version of the revised section is shown, in its entirety, for 

simplicity. The changes shown will be incorporated also in the “clean” version of the 

proposed amendments presented in Attachment 2 to Resolution No. R8-2012-0001, 

p. 67-68, Antidegradation targets for REC2 only freshwaters.) 
 

Antidegradation targets for REC2 only freshwaters 

 

As discussed in Chapter 4 (Pathogen Indicator Bacteria, REC2 Only Freshwaters), this Plan 
does not specify bacteria quality objectives for freshwaters designated REC2 only. However, it 
is appropriate to take steps to assure that bacteria quality conditions in these waters do not 
degrade as the result of controllable water quality factors, consistent with antidegradation 
policy requirements.  
 
For waters designated REC2 only pursuant to approved Use Attainability Analyses (UAAs; see 
discussion in Chapter 3 and Table 3-1), bacteria quality targets will be calculated and used to 
provide a baseline for expected water quality conditions in these waters. If future monitoring 
provides credible evidence that these targets are being exceeded and that quality conditions 
may have declined, then additional monitoring and investigation will be initiated and corrective 
action taken if and as appropriate. Requirements pertaining to monitoring and follow-up 
investigation and action are identified below (Monitoring Plan for Pathogen Indicator Bacteria 

in Freshwaters).  
 

The baseline condition (antidegradation target) for each REC2 only water will be established 
through a comprehensive statistical analysis of ambient bacteria quality data that is conducted 
as part of the UAA used to justify the REC2 only designation. The statistical analysis must be 
designed to characterize the entire distribution of the dataset. This includes determination of 
the geometric mean, median, standard deviation, coefficient-of-variation, maximum value, 
upper 75

th
 95th percentile value and sample size for the dataset. The upper 75

th 95th 
percentile density will serve as the antidegradation target, that is, the trigger threshold for 
further investigation and possible corrective action. As new data become available pursuant to 
requisite monitoring, they will be compared to this antidegradation target to determine whether 
further investigation or action is needed. The additional monitoring results must be sufficiently 
robust to assess whether a lowering of water quality has occurred. 

 
In general, the following method will be used to estimate the upper 75

th 95th percentile 
densities: 
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Step 1) Log-transform the existing data 
Step 2) Calculate the mean of the log-transformed data 
Step 3) Calculate the standard deviation of the log-transformed data 
Step 4) Multiply the standard deviation of log-transformed data by 0.675 1.65 
Step 5) Add result from Step 4 to the mean value calculated in Step 2 
Step 6) Calculate the anti-log for the value derived in Step 5; this is the 75

th 
95% Upper Confidence Level. 

 
Using the 75

th 95th percentile to assess water quality trends and as a trigger for further 
monitoring is conceptually similar to U.S. EPA’s recommended approach for using Single 
Sample Maximums (see Application of Single Sample Maximum values in REC1 freshwaters, 

above), and to the approach used to characterize ambient TDS and nitrogen quality in the 
groundwater management zones throughout the Santa Ana Region (see Chapter 4, 
Management Zone TDS and Nitrate-nitrogen Water Quality Objectives). 
 
 
Where 75% 95% of the new data is less than or equal to the antidegradation target, no 
degradation will be inferred.  However, if more than 25% 5% of the samples exceed the target, 
additional samples must be collected and analyzed to determine whether the elevated values 
is an anomaly are anomalous (verified by formal outlier analysis) or if  there is it indicates a 
true trend toward water quality degradation.   
 
Use Attainability Analyses have been completed to justify the designation as REC2- only the 
specific freshwater stream segments listed in Table 5-REC2 Only Targets-FW.  For each of 
these waters, this Table shows the antidegradation indicator bacteria targets, based on the 
75% 95% upper confidence level of data obtained as part of the UAAs:  
 
 

Table 5-REC2 Only Targets-FW
1
  

 

REC2 Only Waterbody 
E. coli  Densities  (cfu/100 mL) 

Geometric 

Mean 
Std. 
Dev. 

N 
Max. 

Observed 

75 95% 

UCL
3 

      

Temescal Creek, Reach 1b 198 34 119 9,2002 
374  933 

Santa Ana Delhi Channel, 
Reach 2 

448 
110 63 12,590 

1231 

5,269 

UCL= Upper Confidence Level;  75 95% upper confidence level is the antidegradation target.  

1
 CDM, Inc.  Technical Memorandum. Calculation of Antidegradation Targets for REC2 Only 

Freshwaters. December 30, 2011. April 24, 2012. 
2
 A value of 1,800,000 cfu/100 mL, from the sample collected on 9/8/2007, was excluded as an 

outlier. 
3 
Targets calculated for dry weather baseflow conditions only; do not apply to samples 

collected during wet weather conditions. 
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Use Attainability Analyses have also been completed for two tidal prisms (Santa Ana Delhi and 
Greenville-Banning channels).  Antidegradation targets for these waters, though not freshwater 
bodies, are shown in Table 5-REC2 Only Targets-Other  Waters, below.  
 
 

Table 5-REC2 Only Targets- Other Waters
1 

REC2 Only Waterbody 

 

Enterococcus Densities  (cfu/100 mL) 

Geometric 

Mean 

Std. 

Dev. N 

Max. 

Observed 

75% 

95% 

UCL
2 

      

Greenville-Banning Channel, 
Tidal Prism 

44 116 
2041 116108 22,000 

133 660 

Santa Ana-Delhi Channel, 
Tidal Prism 

4391900 
4852 65 28,600 

1320 

6466 

UCL= Upper Confidence Level;  75% 95% upper confidence level is the antidegradation target 

1
 California Regional Water Quality Control Board, Santa Ana Region.  Memorandum prepared by 

David Woelfel. Calculation of Antidegradation Targets for REC2 Only Waters-Tidal Prisms.  
December 30, 2011 April 24, 2012. 

2
 

 
Targets calculated for dry weather baseflow conditions only; do not apply to samples 

collected during wet weather conditions. 

 

 
 

15. Attachment 1 (p. 76) and Attachment 2 (p. 77) to Resolution No. R8-2012-0001, Revise 

the date for two references (#34 and 35) proposed to be added to Chapter 5 from 

December 30, 2011 to April 24, 2012. 
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(Revised)  Table 5- REC 1-Tiers
x
 

 

INLAND SURFACE STREAMS 

TIER 

A, B, C, OR D
 

 

Rationale for Tier 

Assignment  

LOWER SANTA ANA RIVER   
  Santa Ana River   
    Reach 1 D Intermittent, low flow

1 
limited 

access
2 

    Reach 2 C Low flows, limited access 

    Aliso Creek D (N) Natural condition, limited 
access 

    Carbon Canyon Creek D Low, intermittent flow, limited 
access 

  Santiago Creek Drainage   

    Santiago Creek       

    Reach 1 D Intermittent flow 
    Reach 2 – Irvine Lake (see Lakes)   

    Reach 3 -  D (N) Low flow 

    Reach 4 - D (N) Low flow 

    Silverado Creek     D (N) Low flow 

    Black Star Creek  D (N) Low flow 

    Ladd Creek D (N) Low flow, limited access 

San Diego Creek Drainage   

    San Diego Creek   

    Reach 1 C Low flow, no observed REC1 
use

3
; however fishing and 

children observed near water 

    Reach 2 D  Low flow, limited access 

Tributaries: Bonita Creek, Serrano 
Creek, Peters Canyon Wash, Hicks 
Canyon Wash, Bee Canyon Wash, 
Borrego Canyon Wash, Agua Chinon 
Wash, Laguna Canyon Wash, 
Rattlesnake Canyon, Sand Canyon 
Wash and other tributaries to these 
creeks.  

D Low flow, limited access 

San Gabriel River Drainage   

    Coyote Creek D Low flow/access prohibited 

Upper Santa Ana River   
 

X
 Tiers based on  USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water  Quality 

 Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41),  November 
 2004. Natural (N) refers to waters, typically in largely natural condition, that are expected to have 
 good ambient bacterial quality. N waters will be assigned SSMs based on the  75% confidence level, 
 like Tier A waters, even if designated Tier B, C or D based on the intensity of REC1 use.

 

1
  Low, intermittent or ephemeral flows limit opportunity for REC1 use.

 

2 
Access limited or precluded by prohibitions by agency/party with jurisdiction and/or physical 

 constraints (fencing and signage, riprap/concrete/natural steep slopes, impenetrable vegetation 
 in/adjacent to the fresh water body, remote location, and the like).

 

3 
Photographic survey showed no REC1 use.  (See CDM Recreation Use Survey Reports)
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 Table 5- REC 1-Tiers
X
 (Continued) 

 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 

Rationale for Tier 

Assignment 

    Reach 3 A High use, wading and soaking, 
Reference condition for Tier 

A waters 

    Reach 4 B Access restricted, some water 
contact REC use observed 

    Reach 5 D Low/intermittent flow 

    Reach 6 B (N) Natural condition, fishing 
stream  

San Bernardino Mountain Streams   

  Mill Creek Drainage   

    Mill Creek   

    Reach 1 A High use, wading and soaking 

    Reach 2 A (N) Natural condition, wading and 
soaking  

    Mountain Home Creek  D (N) Natural condition, infrequent 
water contact REC use 

    Mountain Home Creek, East Fork D (N) Natural condition, remote 

Monkeyface Creek D (N) Natural condition, remote/low 
flow, light to infrequent water 
contact REC use 

Alger Creek D (N) 

Falls Creek D (N) 

Vivan Creek  D (N) 

High Creek D (N) 

Other Tributaries: Lost, Oak, Cove, 
Green, Skinner, Hatchery, Rattlesnake, 
Slide, Snow, Bridal Veil, and Oak 
Creeks and tributaries to these Creeks 

D (N) 

Bear Creek Drainage C (N) Natural condition, remote, light 
to infrequent water contact 
REC use. Fishing streams 

  Bear Creek  

  Siberia Creek 

  Slide Creek  

  Johnson Creek 

  All other tributaries to these Creeks 

Big Bear Lake Tributaries   

  North Creek D (N) Natural condition/low flows, 
infrequent water contact REC 
activities 

  Metcalf Creek 

  Grout Creek 

  Rathbone Creek 

  Meadow Creek 

  Summit Creek 

  Knickerbocker Creek /Reach 1 D Access prohibited, low flow, no 
REC 1 use observed

4 

  Reach 2 D (N) Natural condition, low flow 

  Other tributaries: Minnelusa Canyon,       
Poligue, Red Ant Creeks and 
Tributaries to these Creeks 

D (N) Natural condition, low flow 

X
  Tiers based on  USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water  Quality 

 Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 
 2004. Natural (N) refers to waters, typically in largely natural condition, that are expected to have good 
 ambient bacterial quality. N waters will be assigned SSMs based on the 75% confidence level, like 
 Tier A waters, even if designated Tier B, C or D based on the intensity of REC1 use.

 

.
 

4   
Photographic survey for one year period showed no REC1 use.
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 Table 5- REC 1-Tiers
X
  

 (Continued) 

 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 

Rationale for Tier 

Assignment 

Other Tributaries to Baldwin Lake: 
Sawmill, Green, and Caribou Canyon 
Creeks and other Tributaries to these 
Creeks 

D (N) Natural condition, low flow, 
remote 

Other Streams Draining to Santa Ana 
River (Mountain Reaches) 

 

Cajon Canyon Creek C (N) Natural condition, low flow 

City Creek D (N) Natural condition, low flow, 
limited access, remote 

Devil Canyon Creek D (N) Natural condition, low flow, 
limited access, remote 

East Twin and Strawberry Creeks D (N) Natural condition, low flow, 
limited access, remote 

Waterman Canyon Creek  D (N) Natural condition, low flow, 
limited access, remote 

Fish Creek D (N) Natural condition, low flow, 
limited access, remote 

Forsee Creek  D (N) Natural condition, low flow, 
limited access, remote 

Plunge Creek  D (N) Natural condition, low flow, 
limited access, remote 

Barton Creek D (N) Natural condition, low flow, 
limited access, remote 

Bailey Creek D (N) Natural condition, low flow, 
limited access, remote 

Kimbark Canyon, East Fork Kimbark  
Canyon, Ames Canyon and West Fork 
Cable Canyon Creeks 

D (N) Natural condition, low flow, 
limited access, remote 

Valley Reaches of Above Streams D (N) Natural condition, low, flow, 
limited access 

Other Tributaries (Mountain Reaches): 
Alder, Badger Canyon, Bledsoe Gulch, 
Borea Canyon, Breakneck, Cable 
Canyon, Cienaga Seca, Cold, 
Converse, Coon, Crystal, Deer, elder, 
Fredalba, Frog, Government, Hamilton, 
Heart Bar, Hemlock, Keller, Kilpecker, 
Little Mill, Little Sand Canyon, Lost, 
Meyer Canyon, Mile, Monroe Canyon, 
Oak, Rattlesnake, Round Cienaga, 
Sand, Schneider, Staircase, Warm 
Springs Canyon and Wild Horse 
Creeks, and other tributaries to those 
Creeks. 

D (N) Natural condition, low flow, 
limited access, remote 

San Gabriel Mountain Streams  

San Antonio Creek A (N) Natural condition, wading and 
soaking in summer months 

X
  Tiers based on  USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water  Quality 

 Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 
 2004. Natural (N) refers to waters, typically in largely natural condition, that are expected to have 
 good ambient bacterial quality. N waters will be assigned SSMs based on the 75% confidence level, 
 like Tier A waters, even if designated Tier B, C or D based on the intensity of REC1 use.
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Table 5- REC 1-Tiers
x
  

 (Continued) 

 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 

Rationale for Tier 

Assignment 

Lytle Creek (Middle and North Forks)  A (N)  Natural condition, wading and 
soaking in summer months, 
fishing streams 

Tributaries to Lytle Creek (South Fork 
and Coldwater Canyon Creek) 

D (N) Natural condition, low flow 

Day Canyon Creek  D (N) Natural condition, low flow, 
remote, limited access 

East Etiwanda Creek D (N) Natural condition, low flow, 
limited access, remote 

Valley Reaches of Above Streams D (N) Natural condition, low flow, 
limited access 

Cucamonga Creek / Reach 2 
(Mountain Reach) – 23

rd
 St. in Upland 

to headwaters 

B (N) Natural condition, limited 
access 

Mill Creek (Prado Area) C  limited  access, low flow 

Other Tributaries (Mountain Reaches) 
San Sevaine, Deer Canyon, Duncan 
Canyon, Henderson Canyon, Bull, Fan, 
Demens, Thorpe, Angalls, Telegraph 
Canyon, Stoddard Canyon, Icehouse 
Canyon, Cascade Canyon, Cedar, 
Falling Rock, Kerkhoff, and Cherry 
Creeks and other Tributaries to these 
Creeks 

C (N) Natural condition, low flow, 
limited access, most creeks in 
remote areas 

Valley Reaches of Above Streams D   Low flow, limited access 

San Timoteo Creek   

Reach 1A – Santa Ana River 
Confluence to Barton Road 

D   Low flow, limited access 

Reach 1B – Barton Road to Gage at 
San Timoteo Canyon Rd. 

D   Low flow, limited access 

Reach 2 – gage at San Timoteo to 
confluence with Yucaipa Creek  

C   Low flow, limited access 

Reach 3 – Confluence with Yucaipa 
Creek to confluence with little San 
Gorgonio and Noble Creeks 

C   Low flow, limited access 

Oak Glen, Potato Canyon, and Birch 
Creeks 

D (N)  Natural condition, low flow, 
limited access 

Little San Gorgonio Creeks C (N) Natural condition, low flow, 
limited access, remote 

Yucaipa Creek D  Low flow, limited access 

Other Tributaries to these Creeks-
Valley Reaches 

D  Low flow, limited access 

 

x  
Tiers based on  USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality 

 Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41),  November 
 2004. Natural (N) refers to waters, typically in largely natural condition, that are  expected to have 
 good ambient bacterial quality. N waters will be assigned SSMs based on the 75%  confidence 
 level, like Tier A waters, even if designated Tier B, C or D based on the intensity of REC1 use.
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Table 5- REC 1-Tiers
x
  

 (Continued) 

 

INLAND SURFACE STREAMS 

Tier A, B, C, OR 

D 

 

Rationale for Tier 

Assignment 

Other Tributaries to these Creeks 
(Mountain Reaches) 

C (N) Natural condition  

Anza Park Drain C  Low flow 

Sunnyslope Channel C  Low flow, limited access,  
Santa Ana sucker habitat 

Tequesquite Arroyo (Sycamore Creek) C   Low flow, limited access 

Prado Area Streams  

Chino Creek  

Reach 1A – Santa Ana River 
confluence to downstream of 
confluence with Mill Creek (Prado 
Area) 

D Low flow, limited access 

Reach 1B – Confluence with Mill Creek 
(Prado Area) to beginning of concrete 
lined channel south of Los Serranos 
Rd.   

C Low flow, limited access 

Reach 2 – Beginning of concrete-lined 
channel south of Los Serranos Rd. to 
confluence with San Antonio Creek  

D Low flow, limited access 

Temescal Creek 

Reach 2 – 1400 ft. upstream of 
Magnolia Ave. to Lee Lake 

D Low flow, limited access 

Reach 3 – Lee Lakes (see Lakes)   

Reach 4 – Lee Lake to Mid-section 
Line of Section 17 

D Low flow, limited access 

Reach 5 – Mid-section line of Section 
17 to Elsinore Groundwater 
Management Zone  Boundary 

D Low flow, limited access 

Reach 6 – Elsinore Groundwater 
Management Zone Boundary to Lake 
Elsinore Outlet 

D Low flow 

Coldwater Canyon Creek C (N) Natural condition, limited 
access, remote 

Bedford Canyon Creek  C (N) Natural condition, limited 
access, remote 

Dawson Canyon Creek C (N) Natural condition, limited 
access, remote 

 

x
   Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality  

  Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41),    
  November 2004. Natural (N) refers to waters, typically in largely natural condition, that are    
  expected to have good  ambient bacterial quality. N waters will be assigned SSMs based on the 
  75% confidence level, like Tier A waters, even if designated Tier B, C or D based on the intensity of 
REC1 use. 
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Table 5- REC 1-Tiers
X
  

 (Continued) 

 

INLAND SURFACE STREAMS 

Tier A, B, C, OR 

D 

 

Rationale for Tier 

Assignment 

Other Tributaries to these Creeks 
C (N) Natural condition, limited 

access 

San Jacinto River   

Reach 1 – Lake Elsinore to Canyon 
Lake 

C Low flow 

Reach 2 – Canyon Lake (see Lakes)   

Reach 3 – Canyon Lake to Nuevo 
Road 

D Low / ephemeral flow, limited 
access 

Reach 4 – Nuevo Road to North-South 
Mid-Section Line, T4S/R1W-S8 

D Low / ephemeral flow, limited 
access 

Reach 5 – North-South Mid-Section 
Line, T4S/R1W-S8, to Confluence with 
Poppet Creek  

D Low / ephemeral flow, limited 
access 

Reach 6 – Poppet Creek to Cranston 
Bridge 

C Low flow 

Reach 7 – Cranston Bridge to Lake 
Hemet  

C (N) Natural condition, limited  
access, remote 

Bautista Creek - Headwaters to Debris 
Dam 

D (N) Low flow, agricultural lands in 
lower section 

Strawberry Creek and San Jacinto 
River, North Fork 

C (N) Low flow, limited access, 
some areas remote  

Fuller Mill Creek C (N) Low flow, limited access, 
remote 

Stone Creek C (N) Low flow, limited access, 
remote 

Other Tributaries: Logan, Black 
Mountain, Juaro Canyon, Indian, 
Herkey, Poppet, and Potrero Creeks 
and other Tribuarties to these Creeks 

D (N) Low flow, limited access, 
remote 

Salt Creek D  Low /  ephemeral flow 

Goodhart Canyon Creek, St. John’s 
Canyon, and Cactus Valley Creeks 

D Low / ephemeral flow, remote 

Lakes and Reservoirs  

Baldwin Lake D (N) Ephemeral / intermittent  

Big Bear Lake A Designated swimming areas 

Erwin Lake D Ephemeral / intermittent 

Evans Lake D Swimming prohibited by City 
Park officials  

Jenks Lake B (N) Mt. fishing lake, REC body 
contact activities discouraged 

Lee Lake C Swimming prohibited, float 
tube fishing allowed 

Lake Mathews D Drinking water reservoir, 
access prohibited 

 

x
  Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality  

 Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41),  November 
 2004. Natural (N) refers to waters, typically in largely natural condition, that are expected to have 
 good  ambient bacterial quality. N waters will be assigned SSMs based on the  75% confidence 
 level, like Tier A waters, even if designated Tier B, C or D based on the intensity of REC1 use.
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.
 

 
Table 5- REC 1-Tiers

X
  

 (Continued) 

 

LAKES AND RESERVOIRS 

Tier A, B, C, OR 

D 

 

Rationale for Tier 

Assignment 

Mockingbird Reservoir 
D Limited access/ fenced and 

locked 

Lake Norconian  
D Access prohibited by U.S. 

Navy, no water contact REC 
activities allowed  

Anaheim Lake  C Fishing, GW recharge basin, 
water contact REC activities 
prohibited  

Irvine Lake B Fishing Lake, water contact 
REC activities prohibited. Float 
tube fishing allowed. 

Peters Canyon, Rattlesnake, Sand 
Canyon and Siphon Reservoirs 

D Water contact REC activities 
and/or access prohibited 

Canyon Lake A Water contact activities 
allowed 

Lake Elsinore  A Water contact activities 
allowed 

Lake Fulmor C Fishing allowed 

Lake Hemet C Fishing Lake, float tube fishing 
and water contact REC 
activities prohibited. 

Mystic Lake C Ephemeral lake, water fowl 
hunting allowed 

Lake Perris A Water contact activities 
allowed, designated swimming 
areas 

WETLANDS (INLAND) 

San Joaquin Freshwater Marsh D Access prohibited 

Shay Meadows D (N) Natural conditions, low flows 

Stanfield Marsh D Access prohibited  

Prado Basin Management Zone C Access prohibited, thick 
vegetation limits accessibility  

San Jacinto Wildlife Preserve  C Hunting ponds filled with 
treated effluent 

Glen Helen C Low flow, County Park 

   

   

 
 x

  Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality  

 Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41),  November 
 2004. Natural (N) refers to waters, typically in largely natural condition, that are  expected to have 
 good ambient bacterial quality. N waters will be assigned SSMs based on the  75% confidence level, 
 like Tier A waters, even if designated Tier B, C or D based on the intensity of REC1 use.

 

 

 

 



Thursday - April 12, 2012 8:58 AM 

 From:   Vicky Whitney 

To: Kurt Berchtold 

CC: Joanne Schneider; Jonathan Bishop; Rik Rasmussen; Tom Howard; 
kemmerer.john@epa.gov 

Subject: RB 8 Rec 1 Objectives 

 
 
Kurt, 
Per your request State Board staff wanted to clarify the types of activities that are not 

intended to be covered by the beneficial use definition of contact recreations (REC-1). 
The current definition in your Basin Plan (and through-out the state) is: 
 
“Water Contact Recreation (REC 1*) waters are used for recreational activities involving 

body contact with water where ingestion of water is reasonably possible. These uses 

may include, but are not limited to, swimming, wading, water-skiing, skin and scuba 

diving, surfing, whitewater activities, fishing and use of natural hot springs.” 

 
Some of the listed activities that may be covered under the definition can have overly 
broad interpretations. Two are particularly prone to misapplication since they cover a 
multitude of activities. They are “fishing” and “wading”. The key to interpretation of the 
activities is where “ingestion of water is reasonably possible”. Therefore at one extreme, 
fishing from the bank of a river or lake would be covered under the non-contact 
recreation beneficial use as well as the Commercial and Sports Fishing use (at least 
until the person falls into the water at which point they cease to fish and--hopefully--are 
now swimming). On the other extreme, fishing from a float tube in a river or lake would 
likely be covered under REC-1 as the fisherperson is likely to ingest water. Likewise 
wading can take various forms. Walking a dog along a very shallow creek and getting 
ones feet wet crossing the creek is not likely covered under the definition while a small 
child sitting in the middle of a low flow creek playing in the water is likely covered by the 
REC-1 definition. Again the key is the possible ingestion of water. 
 
State Board Staff appreciates your willingness to consider not re-defining this core 
beneficial use definition on a regional basis at this time. We would encourage your staff 
to engage the Basin Planning roundtable and MCC to bring forward a proposal to 
examine the current definition to explore possibilities of clarifying the definition on a 
statewide basis.  
 
I hope this email is helpful. Please let me know if you need anything further, 
 
Vicky 
 



 

Responses to March 15, 2012 Comments from Heal the Bay
1, 2 

#1. Rename the REC1 Use from “Water Contact Recreation” to 
“Primary Contact Recreation”: “We urge the Regional Board to 
retain the current definition.”  

Please see the response to 2-23-12 comments from EPA  Region 
9, # 3 

#2. Delete fecal coliform objectives and replace with E. coli 

objectives:  The Basin Plan should specify that a rolling 
geometric mean be calculated based on five samples collected 
over the last thirty days or the five most recent samples. 
 
 
 
“In addition, the Regional Board must include a single-sample 
limit of E. coli density of 235/100ml. This single sample is critical 
for both public health protection and compliance purposes. 
There is no justification as to why this criterion is absent in this 
proposal.” 

The proposed amendments included a recommended objective 
for E. coli expressed as the geometric mean of at least 5 sample 
in a 30-day period (running).  (“Running” is the equivalent of 
“rolling” in the context of the expression and implementation of the 
objectives). See proposed Table 4-pio-Pathogen Indicator 
Bacteria Objectives for Fresh Water. 
 
Single sample maximum values, including 235/100ml E. coli, are 
included in the proposed amendments. Single sample maximum 
values and their application are described in detail in the proposed 
amendments (see “Application of Single Sample Maximum values 

in REC1 freshwaters”, including Table 5-REC-ssv (Chapter 5), 
and Table 4-pio- Pathogen Indicator Bacteria Objectives for Fresh 
Water (table note 3)). The detailed rationale for these 
amendments is described in the January 12, 2012 staff report for 
the amendments. The proposed single-sample maximum related 
amendments are wholly consistent with established USEPA 
guidance and regulation, including the Water Quality  Standards 
for Coastal and Great Lakes Recreation Waters; Final Rule 
(BEACH Act rule) (2004) and, as such, will assure public health 
and beneficial use protection. Please see also the responses to 2-
23-12- comments from EPA Region 9, #19-21. 
 

                                                           
1
 Heal the Bay acknowledges in their March 15, 2012 letter that the comments provided focus on the proposals as described in the Executive 

Summary of the proposed amendments only, due to time constraints.  
2 

On April 20, 2012, Heal the Bay submitted additional comments concerning the Use Attainability Analyses components of the proposed 
amendments.  These additional comments were appended to the March 15, 2012 comment letter. The amended comment letter was not signed. 
Responses to the additional comments will be prepared and provided at the April 27, 2012 hearing.   
 



Responses to March 15, 2012 Comments from Heal the Bay 

2 

 

#3.  Establish narrative pathogen objective: “It is unclear why 
the Regional Board would propose a narrative pathogen 
objective. The numeric recreational water quality criteria are 
based on health impacts. These numeric criteria should be 
sufficient to protect public health.” 

The rationale for the proposed narrative pathogen objective is 
discussed in the January 12, 2012 staff report and explicitly in the 
proposed amendments (see the proposed narrative in CHAPTER 
4 WATER QUALITY OBJECTIVES, INLAND SURFACE 
WATERS, Pathogen Indicator Bacteria, third paragraph). In short, 
the intent of the narrative objective is to provide the Regional 
Board an additional regulatory tool to employ in situations where 
data on pathogens or other bacterial indicators of the presence of 
pathogens, numeric objectives for which are not specified in the 
Basin Plan, provide evidence of actual or threatened impacts to 
public health and recreational uses. Board staff is at a loss to 
understand why Heal the Bay would object to such an objective; 
indeed, we believe that Heal the Bay should applaud it and 
encourage its adoption by other regional boards in the state. 

#4 and #5: “Subdivide REC1 standards into tiers based on 
intensity of use”: “We urge the Regional Board to reject the 
proposal of a tiered approach based on intensity of 
use….USEPA states that “the 2012 RWQC [proposed 
Recreational Water Quality Criteria, published in draft in 2011] 
are no longer recommending multiple “use intensity” values, in 
an effort to increase national consistency…and ensure 
equivalent health protection in all waters”. Thus, one set of 
standards based on the same health protection is appropriate.” 
 
“..we are concerned with the Regional Board’s assessment that 
the single sample value is for posting purposes only…Both the 
single sample and the geomean standards play an important 
role in public health protection and compliance assurance. The 
Regional Board cannot simply decide to use one or the other. “ 
 
 
 
 
 
 
 

Please see the response to 2-23-12 comments from EPA Region 
9 , #1 and 7. 
 
 
 
 
 
 
 
 
As specified in the proposed amendments  (see “Application of 

Single Sample Maximum values in REC1 freshwaters”, including 
Table 5-REC-ssv (Chapter 5), and Table 4-pio- Pathogen 
Indicator Bacteria Objectives for Fresh Water (table note 3)), the 
principal use of the SSMs would be as a beach posting/closure 
decision-making tool. This is entirely consistent with the express 
purpose of the SSMs, as described in USEPA guidance and 
regulations (e.g., USEPA’s 1986 bacteria criteria document and 
the USEPA 2006 Fact Sheet concerning SSMs (see references in 
the January 12, 2012 staff report)). However, pursuant to the 
proposed amendments, SSMs would be used also for compliance 
purposes where there are insufficient data to calculate a 
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“Any derivation of the single sample or geomean from default 
values are (sic) a standards change and would be subject to 
EPA approval.” 

geometric mean for comparison to the geometric mean objective 
(once again, please see see “Application of Single Sample 

Maximum values in REC1 freshwaters”, including Table 5-REC-
ssv (see note1) (Chapter 5), and Table 4-pio- Pathogen Indicator 
Bacteria Objectives for Fresh Water (table note 3)).  The proposed 
amendments include both recommended geometric mean 
objectives and SSMs.  
 
 
This is not the case. Explicit confirmation to the contrary is 
provided in the BEACH Act rule ( p.67227).  See also response to 
2-23-12- comment from EPA Region 9, #21.   

#6. Temporary suspension of bacteria objectives. “The term 
“high flow suspension” is very misleading. Did the Regional 
Board collect flow data over an extended period of time in the 
waterbodies proposed for temporary suspension of bacteria 
objectives?  Without rain gauges on a specific waterbody, it is 
impossible to know if the flow is truly significantly elevated. 
…Given the lack of understanding about flow, it is impossible to 
predict when individuals could be recreating in a waterbody. 
People who swim or surf in wet or winter weather are entitled to 
the same health protection and water quality standards as those 
that swim at beaches during the Fourth of July. …Of note, high 
bacteria concentrations from upstream waterbodies could 
contribute to exceedances of water quality standards in 
downstream waterbodies. Thus we urge the Regional Board to 
not include a temporary suspension of bacteria objectives.  
 
 
 
 
 
 
 
 
 

The January 12, 2012 staff report for the proposed amendments, 
and supporting technical documentation in the administrative 
record for this matter, describe in detail the technical bases for the 
recommended high flow suspension, the criteria to be used to 
trigger the suspension, and the criteria for termination of the 
suspension. Flow conditions in a number of streams considered 
representative of the types of channels to which the suspension 
criteria would apply were carefully evaluated. The flow response 
in these streams to storm events of different sizes, and the time 
required to return to base flow conditions, were evaluated. 
Further, the criteria employed by flood control agencies to 
determine when access to channels by the public should be 
prohibited in the interest of safety and the criteria employed by 
agencies engaged in stream monitoring (e.g., the United States 
Geological Survey) to determine when samplers are placed at 
undue risk were also evaluated and used to define the 
recommended suspension criteria. The suspension criteria 
proposed in the amendments identify those conditions in which 
flow conditions in the streams effectively preclude recreational 
uses because of safety considerations. To the extent that an 
individual chooses to recreate in such waters during unsafe 
conditions, the characteristics of the flow rather than bacteria 
quality are the principal public health and safety concern. In 
theory, the suspension should be applied to any surface stream 



Responses to March 15, 2012 Comments from Heal the Bay 

4 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The definition of “modified channels” can lead to use suspension 
in any water body where any vegetation has been removed or 
had any small modifications.  This is completely inappropriate.  

when the suspension criteria are met. However, Board staff 
recommends that the suspension be limited to engineered or 
heavily modified channels.  
 
It is recognized that bacteria concentrations from upstream 
waterbodies could contribute to exceedances of water quality 
standards downstream. Water quality standards in waters 
downstream of those for which the suspension is in temporary 
effect must be met, unless the suspension also applies to the 
downstream waters. In fact, the application of the temporary 
suspension to certain waters could facilitate the protection of 
downstream waters where recreation use may continue to occur 
(e.g., ocean beaches) by making it feasible to focus control efforts 
on those downstream waters, rather than in the upstream waters 
themselves. This approach would enhance rather than preclude 
public health and beneficial use protection.  
 
 
Please see the response to EPA Region 9 comment # 9. 

#7. Re-designate specific waters to remove REC1 or REC1 and 
REC2 uses.  “…the proposal sets an incentive to channelize 
inland waters in order to dedesignate beneficial uses and have 
less stringent requirements.  The additional regulatory incentive 
of dedesignation will only lead to more efforts to channelize 
creeks and streams…rather than more ecologically friendly flood 
control efforts…More natural, bioengineered approaches to 
flood control will likely result when beneficial use designations 
are maintained.”  
 
“In addition, waterbodies dedesignated from a REC1 to a REC2 
or complete dedesignation from water quality standards could 
stall restoration efforts.  
 
 

The Regional Board exercises authority pursuant to the federal 
Clean Water Act (section 401 (water quality standards 
certifications)) and the California Water Code (e.g., consideration 
of the issuance of waste discharges requirements and 
enforcement of adopted waste discharge requirements) to 
regulate proposed discharges, such as those associated with 
stream modification projects, to assure that water quality and 
beneficial uses will be protected. The exercise of that authority 
does not negate the Regional Board’s responsibilities and 
authorities for determining the water quality standards that 
properly apply to waters of the state and the United States.  The 
Regional Board’s determinations in surface water quality 
standards matters are subject to review and approval by the State 
Water Board and EPA Region 9.  
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“The Regional Board states that dedesignated waters would be 
reviewed at least once every three years during the Triennial 
Review process. Given resource constraints, it is impossible that 
this review would be given the enormous amount of time 
needed to review all of the data and science.” 

The recommendations in the proposed amendments for de-
designation of REC1 or REC1 and REC2 uses for certain waters 
were based on detailed analyses described at length in the 
January 12, 2012 staff report (see the UAA sections of this staff 
report) and supporting documents in the administrative record. 
These analyses fully comply with relevant federal regulations for 
the consideration of de-designations.  
 
We understand that Heal the Bay is cognizant of, and disagrees at 
least in part with, the de-designations of some recreational uses 
for portions of Ballona Creek, which is in the Los Angeles Region. 
These de-designations were based on a Use Attainability Analysis 
performed by staff of the Los Angeles Regional Board.  Of 
particular relevance in response to this Heal the Bay comment is 
the fact that the State Board took up the matter of the re-
designations for Ballona Creek on its own motion. The Los 
Angeles Regional Board had declined to approve the 
recommendations of its staff for the de-designations, on the 
grounds that it would be appropriate to await consideration of 
future restoration efforts that might affect the attainability of 
recreational uses in the Creek. However, the State Board found 
instead that it would be appropriate to proceed with the re-
designations, recognizing that changes could be made in the 
future if justified by restoration efforts. Federal regulations require 
the re-consideration of water quality standards that do not include 
“swimmable” (i.e., REC1) uses (and “fishable” uses) at least once 
every three years to determine whether conditions have changed 
such that the REC1 designation has become appropriate. This 
requirement applies to Ballona Creek, and to the waters in Region 
8 that are proposed for de-designation. We appreciate the fact 
that Heal the Bay recognizes the resource constraints that 
confront the Board. These constraints confront virtually every 
agency and organization, and they make all the more essential 
sound decisions regarding applicable water quality standards.  
With appropriate standards established,  resources can then be 
used in the most appropriate and effective manner to improve and 
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protect water quality, beneficial uses and public health 
 
 
It should be noted that the level of UAA documentation collected 
and reviewed by the Santa Ana Regional Board in recommending 
the de-designations in the proposed amendments is equal to or 
exceeds that which the State Board relied on to reclassify Ballona 
Creek. It may be noted that EPA Region 9 approved the re-
designations for Ballona Creek without reservation. 
 

#9. (note, there is no #8 in the Heal the Bay letter): Delete the 
bacterial quality objective for MUN.  The Regional Board should 
not remove the MUN use without adequate documentation that 
MUN is not an “existing” use.   

See response to 2-23-12 comments by EPA Region 9, #5  

Conclusion: “ The Regional Board’s proposal has major 
implications on public health protection…many elements of the 
proposal will put recreators at greater risk and will not protect 
beneficial uses.  At the same time, the proposal will likely stall 
restoration and water quality improvement efforts… The 
proposed Basin Plan amendment is the wrong action at the 
wrong time…Heal the Bay opposes the proposal as discussed 
above. 

In contrast to the position expressed by Heal the Bay, and for the 
reasons described in part above, Regional Board staff believes 
that the proposed amendments, if approved and implemented, will 
result in public health and beneficial use protection. In fact, that 
the level of protection provided would exceed that now provided 
by the Basin Plan since (1)  revised bacteria quality objectives 
based on an indicator organism now recommended by USEPA to 
protect public health would be established and (2) the suite of 
amendments, including changes to REC1 designations for certain 
waters and implementation strategies such as the temporary 
suspension of recreational standards, would enable and 
encourage responsible parties to implement control actions in 
prioritized and most appropriate fashion, thereby allowing limited 
resources to be applied first where the risks to public health and 
beneficial uses are most acute.   

 



 

 

Responses to February 23, 2012 Comments - EPA-Region 9
1
 

 
#1. p. 1, ¶ 1:  “The Regional Board’s 
submission arrives at an inopportune time. 
As you know, the United States 
Environmental Protection Agency (USEPA), 
as required by the Clean Water Act (CWA), 
developed and published draft Recreational 
Water Quality Criteria (Office of Water 820-
D-11-002) in 2011. This document provided 
USEPA’s recommended CWA Section 
304(a) Recreational Water Quality Criteria.” 

The draft 2011 Recreational Water Quality Criteria published by the Office of Water 
includes the following disclaimer: “This information is distributed solely for the purpose 
of obtaining scientific views on the content of this document. It does not represent and 

should not be construed to represent any final agency determination or policy.” 

[emphases added]  Furthermore, in subsequent commentary in its February 23, 2012 
letter, EPA Region 9 refers to the USEPA’s “Ambient Water Quality Criteria for Bacteria 
– 1986” as the “current” guidance, and to the draft 2011 Recreational Water Quality 
Criteria document as “proposed” guidance, or “draft proposed guidance”. Regional 
Board staff agrees that the applicable guidance is currently found in the approved and 
published 1986 guidance. 

#2. p.1, ¶ 1: "EPA Region 9 has concerns 
with some of the Regional Board's 
proposed amendments.  Our primary 
concern is that human health may not be 
adequately protected under the proposed 
revisions." 

EPA Region 9 does not explain or substantiate the basis of this public health concern 
and does not identify the specific proposed amendments that trigger it. The proposed 
amendments implement USEPA’s 1986 Ambient Water Quality Criteria for Bacteria – 
1986 (1986 criteria) in a manner consistent both with USEPA guidance (e.g., EPA Fact 
Sheets concerning the selection of risk levels and using single sample maximum values 
(both August 2006; see references in the January 12, 2012 staff report, Section 12)) and 
with EPA regulation implementing the 1986 criteria for the Great Lakes and coastal 
recreation waters (BEACH Act Rule, 2004). The federal guidance explicitly states that 
adoption of EPA’s recommended criteria will adequately protect human health. 
Presumably, EPA’s promulgation of these criteria in the BEACH Act Rule fulfilled or was 
intended to fulfill this purpose.  In addition, EPA has previously approved nearly identical 
standards in numerous other states.  Is it now EPA Region 9's contention that the 
criteria recommended in EPA's 1986 guidance, promulgated in the BEACH Act Rule and 
approved in other states, are not fully protective of human health? 

Board staff believes that the proposed amendments, if approved and implemented, 
would provide superior public health protection to the recreation standards now 

                                                      
1
 Note: On two occasions shortly after receipt of the EPA Region 9 comments, Regional Board staff requested that EPA Region 9 staff retract their 

February 23, 2012 comment letter on the grounds that many of the comments provided were not clear or substantiated, making responses by Regional 
Board staff speculative. These requests were declined (see March 1, 2012 e-mail correspondence between Joanne Schneider (Regional Board staff) to 
Janet Hashimoto (EPA Region 9)). A meeting of Regional Board, State Board and EPA Region 9 staff was held on April 10, 2012 to discuss the 
comments. In part, this discussion formed the basis for a number of the changes to the January 12, 2012 draft Basin Plan amendments that are shown in 
an Errata Sheet (dated April 23, 2012).  These responses are directed to the February 23, 2012 comment letter. However, where appropriate, references 
to changes made in response to further consideration, including the April 10, 2012 discussion, are also included.  
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established in the Basin Plan, for two main reasons. First, the Basin Plan bacteria 
quality objectives based on fecal coliform, now disavowed by USEPA (as reflected in 
USEPA’s 1986 bacteria guidance), would be replaced with objectives based on one of 
the bacteria indicators (E. coli) now recommended by USEPA. Second, the proposed 
amendments include a suite of other recommended recreation standards changes (e.g., 
changes in REC1 designations, supported by Use Attainability Analyses) and 
implementation strategies (including the temporary, high flow suspension of recreation 
standards) that would allow and encourage priority actions to protect public health and 
recreation uses where people are most likely to be exposed.  

Assertions regarding a possible failure to protect public health are serious and not 
responsible unless accompanied by specific and detailed substantiation, which EPA 
Region 9 failed to provide.  

#3. p. 1, ¶ 2, re REC1 definition: "We 
recommend that the Regional Board not 
change the Beneficial Use name from 
"Water Contact Recreation" to "Primary 
Contact Recreation."  Retaining the current 
name and definition would be consistent 
with the SWRCB name and definition for 
REC1.  The current REC1 definition was 
developed through an extensive 
collaborative effort between the State Board 
and USEPA in order to have a consistent 
statewide definition of REC1." 

Recommendation noted. Based on discussion with EPA Region 9 staff, Regional Board 
staff understands that EPA Region 9 would not object to the revised definition proposed 
in the January 12, 2012 Basin Plan amendment documentation, provided that the 
revised definition would be applied on a statewide basis. We agree that the REC1 
definition should be revised on a statewide basis: the changes to the definition proposed 
in the January 12, 2012 documentation provide clarification of terms that may otherwise 
be misinterpreted. We believe that the January 12, 2012 recommended changes should 
be considered on a statewide basis. It should be noted that the amendments proposed 
in the January 12, 2012 Basin Plan amendment documentation would not result in any 
substantive changes to the definition of REC1.  Board staff believes that the phrase 
"reasonably possible" in the current statewide definition has long been understood to 
convey the same level of probability and is synonymous with the term "likely" in the 
definition of primary contact recreation used in federal guidance and regulation.  
However, in practice, the latter term has been shown to be more precise and less 
vulnerable to misinterpretation.  Therefore, the sole purpose of the revisions proposed in 
the January 12, 2012 Basin Plan amendment documentation is to express the original 
meaning and intent of the original definition more clearly.  Doing so would ensure that 
USEPA's recommended bacteria criteria are applied in a manner consistent with federal 
guidance and with the conditions and assumptions underlying the epidemiology studies 
that USEPA relied on to derive the recommended E. coli criteria.  Board staff believes 
that more precise language is needed to "avoid different definitions, interpretations and 
implementation" just as EPA Region 9 suggests in the last paragraph of its comment 
letter. 



Responses to February 23, 2012 Comments – EPA Region 9  

 

April 23, 2012    Page 3 of 21 

 
[Note: At the April 10, 2012 meeting, EPA Region 9 staff acknowledged that the 
principal party with regard to approval of the proposed revisions to the REC1 definition 
is the State Board.  In response to comments provided by State Board staff at the April 
10, 2012 meeting that consideration of changing the definition should be considered on 
a statewide basis to assure consistency, a revised approach is now being 
recommended, as reflected in the Errata Sheet. The name “Primary contact recreation” 
would be added as an optional way to identify this use, rather than as a replacement to 
the current name of the REC1 use (i.e., Water contact recreation). No clarifications of 
the definition itself would be made. Instead, narrative language is proposed to clarify 
what is understood with regard to the nature of recreational activities that constitute 
REC1 use.]  
 

#4. p.1, ¶ 3, re re-designation based on 
UAAs:  "EPA is not opposed to 
reclassification of recreational water bodies.  
However, we find that the rationale in most 
instances was not clear or substantiated." 

EPA Region 9 does explain or substantiate this finding. This statement raises the 
question of what documentation associated with the proposed amendments 
implementing UAAs has been reviewed by EPA Region 9. A comprehensive Use 
Attainability Analysis (UAA) was performed on all waterbodies where the Regional 
Board proposes to revise the designated recreational uses.  UAA Technical Reports, 
providing basic technical data (channel morphology, water quality, flow characterization, 
recreational use survey information (including the results of extensive photographic 
surveys), etc.) were prepared by CDM, one of the Task Force consultants. These 
reports are part of the administrative record for this matter. CDM was charged with 
assembling the relevant data and information, but not to draw any conclusions regarding 
the propriety of the designated uses. Interpretation of the data was left to Regional 
Board staff. Using the information provided in each of these technical reports, Regional 
Board staff prepared stand-alone UAA staff reports for each of the waters considered, 
with appropriate cross-references to other detailed reports in the administrative record. 
These UAA reports are subsections to the January 12, 2012 staff report for the 
proposed amendments. Each of these UAA staff reports identifies the specific factor(s) 
used to justify the reclassification as required by 40 CFR 131.10(g).  The UAA Technical 
and Board staff Reports also provide extensive evidentiary support for each factor cited.  
Historical records were reviewed and extensive video surveys were conducted at each 
location to confirm that, in fact, REC1 is not an existing use, as defined in federal 
regulation, and that no water contact recreation was occurring in the stream segments 
recommended for re-designation.  The level of UAA documentation collected and 
reviewed by the Santa Ana Regional Board is equal to or exceeds that which the State 
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Board relied on to reclassify Ballona Creek.  It may be noted that EPA Region 9 
approved the redesignations for Ballona Creek without reservation. 
 
 

#5. p. 1, last ¶, p.2, first ¶, re MUN 
exceptions: "Federal regulations prohibit 
removal of designated uses which are 
existing uses, as defined in 40 CFR Sect. 
130.3, unless a use requiring more stringent 
criteria is added, or another provision of 40 
CFR Sect. 131.11(h) is shown to be 
applicable.  Documentation is lacking 
showing the newly excepted waterbodies 
do not have existing MUN use 
designations." 

It should be self-evident that the significant influence of marine waters makes certain of 
the waters proposed to be added to the list of surface waters identified in the Basin Plan 
unsuitable as a source for municipal drinking water supply, now and historically. These 
waters include: the tidal prisms of the Santa Ana Delhi and Greeneville-Banning 
channels, the Huntington Beach wetlands, and the Los Cerritos wetlands. As indicated 
in the January 12, 2012 staff report, there is no evidence that MUN is an existing use in 
any of the other waters proposed to be added, i.e., other reaches of the Santa Ana Delhi 
and Greenville-Banning channels, Mystic Lake, Goodhart Canyon Creek, St. John’s  
Canyon Creek and Cactus  Valley Creek. 
 
[Note: At the April 10, 2012 meeting, EPA Region 9 staff expressed their belief that the 
matter of the MUN designations for the waters proposed to be added to the Basin Plan 
rests with the State Board, pursuant to the Sources of Drinking Water Policy. State 
Board staff indicated their concurrence with the recommendations regarding the marine-
influenced waters and advised that the State Board is considering carefully exceptions 
based on the exception criterion for channels modified to convey stormwater runoff that 
is specified in the Sources of Drinking Water Policy. (This criterion is one basis for 
recommended MUN exceptions for the Santa Ana Delhi Channel and Greenville-
Banning Channel.)  Board staff advised that we propose to revise the recommendation 
to except the MUN designation for Mystic Lake, Goodhart Canyon Creek, St.John’s 
Canyon Creek and Cactus Valley Creek to specify intermittent MUN as an existing or 
potential use since we lack adequate data to assert a compelling case that these waters 
are incapable of supplying a water supply well that can produce a minimum of 200 
gallons per day on a sustained basis (this is another of the exception criteria specified in 
the Sources of Drinking Water Policy). The propriety of this MUN designation for these 
waters should be re-evaluated based on additional data in the future.] 
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#6. p.2, ¶ 2, re deletion of fecal coliform and 
addition of E. coli objectives: "EPA's 1986 
guidance recommends that states and 
tribes replace existing fecal coliform 
bacteria standards with E. coli criteria. We 
support the criteria submitted for the E. coli 

geometric mean. We support the use of 
UAAs to classify waters as REC2. However, 
we do not support the elimination of the 
REC2 objectives.”  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Regional Board staff propose to replace existing fecal coliform bacteria objectives with 
E. coli objectives based on USEPA's 1986 recommended criteria. EPA Region 9’s 
support for the proposed E. coli geometric mean is noted. However, EPA Region 9 does 
not explain the basis for declining to support the elimination of the REC2 objectives. 
This position is inconsistent with the explicit acknowledgment by USEPA that there are 
insufficient scientific data to establish an appropriate E. coli (or any other bacterial 
indicator) standard for REC2 (effectively, ‘secondary contact’ waters in federal 
parlance). 
 

"EPA explored the feasibility of scientifically deriving criteria for secondary 

contact waters and found it infeasible for several reasons.  In reviewing the data 

generated in the epidemiological studies conducted by EPA that formed the 

basis for its 1986 recommendations, EPA found these data would be unsuitable 

for development of a secondary contact criterion.  Secondary contact recreation 

activities generally do not involve immersion in the water, unless it is incidental 

(e.g. slipping and falling into the water or water being inadvertently splashed in 

the face).  While the main illness likely to be contracted during primary contact 

recreation is gastrointestinal illness, illness contracted from secondary contact 

recreation activities may just a likely be diseases and conditions affecting the 

eye, ear, skin, and upper respiratory tract.  Because of the different exposure 

scenarios and the different exposure routes that are likely to occur under the two 

different types of uses, EPA is unable to derive a national criterion for secondary 

contact recreation based upon existing data."
2
 

 
The REC2 objectives currently included in the Basin Plan are based on arbitrary 
multiplication of the fecal coliform objectives for REC1 waters. Applying this approach to 
the establishment of REC2 objectives would not now likely pass requisite scrutiny by 
independent peer reviewers. Further, per EPA’s criteria guidance, reliance on fecal 
coliform objectives to protect even REC1 waters is no longer appropriate. Because EPA 
has repudiated the relationship between fecal coliform and exposure-related illness 
among swimmers, there is no defensible scientific basis to retain the current REC2 
objectives. 
 

                                                      
2 U.S. EPA.  Implementation Guidance for Ambient Water Quality Criteria for Bacteria [Draft].  May, 2002;  pg. 39;  draft document was cited by EPA in 69 
FR 220,  67218 (Nov. 16, 2004).  Moreover, EPA offers this as a statement of fact not policy and later reaffirmed this factual conclusion in the BEACH Act  
Rule. 
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#6. p.2, ¶ 2: (continued) 

"In EPA's view, it would not be reasonable to rely on the equivocal discussion 
regarding after-the-fact approximation of an illness rate for fecal coliform in light 
of the unequivocal conclusion of the entire document [Ambient Water Quality 
Criteria for Bacteria – 1986]:  That the fecal coliform criteria for recreation is ( 
(sic) not a reliable indicator of illness to swimmers."3 

 
It should be noted that 2 of the nine Regional Boards in California have not specified 
numeric bacteria objectives in their respective Basin Plans to protect REC2 uses. To 
date, EPA Region 9 has apparently accepted these omissions.  
 

#7. p. 2, ¶ 3, re REC1 Tiers: "EPA's current 
guidance allows for the adjustment of single 
sample maxima for waters where use is not 
frequent. However, in the 2011 
Recreational Water Quality Criteria 
Guidance we are no longer recommending 
multiple "use intensity" values, in an effort to 
increase national consistency across bodies 
of water and ensure equivalent health 
protection in all waters. EPA’s proposed 
criteria remove the tiering component partly 
because of confusion by the states on its 
application." 
 
 
 
 
 
 
 
 
 

Comment noted. See also response to comment #1. The draft 2011 guidance to which 
EPA Region 9 refers is a draft document that has no legal authority.  In addition, 
although the draft 2011 guidance no longer recommends multiple use intensity values, 
the draft guidance also does NOT prohibit the states from continuing to do so.  USEPA 
promulgated the exact same use intensity values in the BEACH Act Rule that the 
Regional Board staff now recommends.  EPA Region 9 staff advised Regional Board 
staff that the BEACH Act Rule provided the most relevant guidance with respect to 
USEPA’s expectations regarding implementation of the current and applicable 1986 
criteria guidance.  
 
The argument for "national consistency" does not comport with explicit, contrary 
language in the BEACH Act Rule:  
 
"EPA does not consider the benefits of identical standards in the States and Territories 

covered by this rule to outweigh the negative effects of unnecessarily constraining the 

flexibility that the Clean Water Act and EPA's rules give States and Territories in 

establishing water quality standards…"
4  

 
This conflict should be addressed explicitly in any final, revised bacteria quality criteria 
guidance that is issued. 
 
 

                                                      
3 U.S. EPA.  Water Quality Standards for Coastal and Great Lakes Recreational Waters – Final Rule.  69 FR 220, 67230  (Nov. 16, 2004).  
4 U.S. EPA.  Water Quality Standards for Coastal and Great Lakes Recreational Waters – Final Rule.  69 FR 220, 67227  (Nov. 16, 2004).  
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#7. p. 2, ¶ 3 (continued): 

Moreover, USEPA/EPA Region 9’s supposition that using only one single sample 
maximum value (proposed in the draft 2011 guidance to be called a “Statistical 
Threshold Value” (STV)) for all waters will provide "equivalent health protection for all 
waters" is only true if the underlying variability in bacteria densities in all waters is the 
same as that identified in USEPA's original epidemiology studies.  Site-specific data 
from numerous creeks and streams throughout the Santa Ana Region show this 
assumption is demonstrably false.  This should come as no surprise because the 
original epidemiology studies were conducted on freshwater lakes and reservoirs where 
bacteria levels vary far less than in the flashy western streams common to the Santa 
Ana Region.  Application of a single “STV” that is derived after severely underestimating 
the true log standard deviation will result in water quality standards that are far MORE 
restrictive than intended as watersheds with naturally high levels of variability in bacteria 
densities will be forced to achieve much lower geometric means in order to assure 
compliance with BOTH the geomean and STV criteria that USEPA is proposing in the 
draft 2011 guidance.  The practical effect will be anything but "equivalent" between 
states with vastly different stream characteristics.  
 
USEPA's desire to address confusion in OTHER states does not provide a technical or 
legal basis to disapprove the application of use intensity tiers in the Santa Ana Region.  
The sole question for USEPA at this time is whether the proposed tier definitions are 
consistent with the applicable federal guidance.  Since Regional Board staff proposes to 
rely on definitions essentially the same as those provided by USEPA in the BEACH Act 
Rule, there can be no question that the proposed Basin Plan amendments meet federal 
requirements.  In addition, the Board staff has recommended to interpret USEPA's tier 
definitions very conservatively so that high intensity streams need not reflect the same 
level of use as nearby ocean beaches in order to qualify for the same tier protection.  
Specifically, as described in the January 12, 2012 staff report, Reach 3 of the Santa Ana 
River was used to define a high intensity (Tier A) REC1 water. Reach 3 of the River was 
then used as the baseline for determination of relative use intensity in other freshwater 
streams. An alternative and arguably appropriate approach would have been to assign 
Tier A status to ocean beaches, with actual REC1 use that is orders of magnitude 
greater that Reach 3 of the River, and to rank inland freshwater streams with lower use 
intensity (including Reach 3 of the River itself) accordingly, Thus, if anything, the 
proposed Basin Plan amendments provide greater health protection than might be 
accepted if EPA's definitions of high intensity use were applied more literally. 
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#8, p.2, ¶4, re temporary suspension:  "We 
support lifting the REC uses for a specified 
amount of time after storms, but only at 
certain intensities and durations of rainfall 
and only in concrete-lined channels." 

EPA Region 9 does not specify the “certain intensities and durations of rainfall” that it 
believes would support lifting REC uses. Regional Board staff is proposing a high flow 
suspension that is specified for a limited amount of time, under specified flow and/or 
rainfall conditions that result in hazardous conditions that, in turn, prevent attainment of 
REC uses on a temporary basis.  While the suspension could arguably apply to any 
surface water when such hazardous conditions exist, the recommended suspension 
would apply to engineered channels, including concrete-lined channels, and other stream 
channels that have been heavily modified to convey flow downstream as quickly as 
possible.  

#9, p. 2, ¶4, re temporary suspension: "The 
language the Regional Board uses to define 
where lifting of REC uses will occur is too 
broad.The definition of 'modified channels' 
can lead to use suspension in any water 
body where any vegetation has been 
removed or had any small modifications." 

The language was not meant to convey that the suspension would apply to any surface 
stream that had minor modification or vegetation removal. As described to the Regional 
Board at the March 16, 2012 public hearing (no EPA Region 9 representative was 
present) and reflected in the Errata sheet, Board staff proposes to modify the 
terminology to indicate that the suspension would apply to streams that have been 
heavily modified so as to hasten downstream flow such that hazardous conditions that 
preclude attainment of REC uses occur. The manner in which the high flow suspension 
has been applied to Reach 2 of the Santa Ana River, a segment that is concrete-lined 
and very heavily modified, provides strong evidence of the Regional Board's good faith 
intent to be both reasonable and responsible on this matter. 

#10, p.2, ¶4, re temporary suspension: "The 
maps provided by the Regional Board in 
Appendix VIII are riddled with red 
delineations and lack sufficient justification 
for selecting these waterbodies." 

The large number of red delineations in the maps provided in Appendix VIII accurately 
reflects the very large number of concrete-lined flood control channels found throughout 
the Santa Ana Region.  These are relatively low resolution maps comparable to some 
other figures in the Basin Plan and are intended to give a reader a general idea. Far 
more detailed maps are found in Appendix IX, which provides ArcGIS files of the 
streams to which the temporary suspension would apply. The decision criteria used to 
determine the streams to which the suspension should apply are nearly identical to 
those adopted by the Los Angeles Regional Board and subsequently approved by EPA 
Region 9.  As noted in the accompanying staff report, federal guidance explicitly 
recommends the use of broad categorical exceptions where waterbodies share 
substantially similar characteristics. 

#11, p. 2, ¶5, re enterococcus criteria: “The 
proposed amendment indicates that the 
Regional Board would implement the 2004 
EPA enterococci criteria for coastal 
recreation waters (40 CFR 131.41)[BEACH 
Act rule] promulgation  “on a best 

Regional Board staff understands that the BEACH Act rule established numeric 
enterococcus objectives for coastal recreation waters, and nothing in the proposed 
amendments is intended to suggest otherwise. Rather, the use of the phrase “best 
professional judgment” is intended to reflect the fact that the BEACH Act rule did not 
provide specificity regarding the averaging period for those criteria, nor did the rule 
identify the REC1 use tiers to which each of the coastal recreation waters should be 
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professional judgment basis”. The 
enterococci criteria were promulgated as 
numeric objectives and are applicable for all 
designated marine recreational waters.” 

assigned for the purposes of identifying applicable single sample maximum (SSM) 
values. (Numeric SSM values are identified in the BEACH Act rule for four tiers of REC1 
waters, which vary based on known or anticipated REC1 use.)  Therefore, until such 
time as an appropriate averaging period and REC1 use tiers are assigned through a 
formal Basin Plan amendment process, it is necessary to apply best professional 
judgment to the application of the promulgated enterococcus criteria. The proposed 
amendment simply states this basic fact. 
 
[Note: During the April 10, 2012 meeting, EPA Region 9 staff indicated their expectation 
that the averaging period employed to express the enterococcus objective would be the 
same as that now typically employed, i.e., as a 30 day running average.  This 
expectation is itself based on best professional judgment since, as stated above, there 
is no explicit statement of the appropriate averaging period in the BEACH Act rule. 
Further, both EPA Region 9 and State Board staff opined that in the absence of a 
standards setting process, tier decisions could not be made on a best professional 
judgment basis. Rather, under these circumstances, the applicable SSM would need to 
be assumed to be that for designated beaches/heavily used REC1 areas, i.e., the most 
stringent SSM.  The Errata sheet proposes the removal of the reference to the 
application of best professional judgment, but Board staff has requested that State 
Board staff (and/or EPA Region 9 staff) provide the explicit statutory, regulatory or policy 
basis for the presumption that REC1 waters are designated beaches unless it is 
determined otherwise through a standards setting process. Such a presumption can 
lead to clearly inappropriate results. For example, part of Upper Newport Bay is an 
ecological reserve and REC1 activities are prohibited in the interest of wildlife/habitat 
preservation. It is not logical to presume that this area is a designated beach area, 
unless determined otherwise through a standards process.] 

#12, p. 2, ¶5, p.3 top, re enterococcus 
criteria:”The 2011 EPA proposed guidance 
for marine waters suggests that the 
applicable criteria protective of recreation 
are: cultural enterococci at a geometric 
mean of 35 cfu per 100 mL and a Statistical 
Threshold Value (STV) of 104 cfu per 100 
mL.” 

See response to comment #1, above. 

#13, p.3, ¶1, re REC2 targets: "The 
procedures for the use of antidegradation to 

This comment is not clear. Both the proposed amendments and the accompanying 
January 12, 2012 staff report make clear the expectation that the proposed REC2 



Responses to February 23, 2012 Comments – EPA Region 9  

 

April 23, 2012    Page 10 of 21 

maintain water quality in REC2 waters is 
(sic) not clearly specified. Given the 
variability in bacterial counts, it is unclear 
how these waterbodies would be monitored 
to assess compliance with the narrative 
objective, or how the Regional Board could 
assure that this would be protective." 

targets will be used to assess whether water quality conditions in REC2 only waters (of 
which there would be a very limited number, assuming that the UAA-based 
recommendations for these designations are approved) are declining over time. The 
specific procedures for calculating the targets are identified in both the staff report and 
proposed amendments. Monitoring will be required to assess whether these targets are 
being met (see the proposed monitoring language to be added to Chapter 5 
IMPLEMENTATION of the Basin Plan – Monitoring Plan for Pathogen Indicator Bacteria 

in Freshwaters”).  This proposed language also speaks to the steps the Regional Board 
will follow should there be credible evidence that the targets are being exceeded.  This 
follow-up is the appropriate and typically employed method to address evidence of water 
quality problems. It is not clear in what manner EPA Region 9 believes that this 
approach would not implement antidegradation requirements or fail to be protective of 
water quality conditions.  
 
It should be noted that the Regional Board approved a detailed bacteria monitoring and 
source identification program as part of the Middle Santa River bacteria TMDL, now 
being implemented, and more recently (February 2012) approved monitoring programs 
that are part of  Comprehensive Bacteria Reduction Plans for Riverside and San 
Bernardino counties (part of the MS4 permit requirements).  These are examples of the 
type of monitoring effort we expect to see expanded to protect REC1 uses throughout 
the watershed.  Results to date have demonstrated the efficacy of these programs in 
directing control efforts. 
 

#14, p.3, ¶ 2, re establishing REC2 targets: 
"The [antidegradation] procedures outlined 
do not provide assurance that water quality 
will be attained." 

See response to comment #13.  It should be noted that a similar antidegradation policy 
implementation approach has been used by the Santa Ana Regional Board to 
successfully prevent degradation in local groundwaters.  Regional Board staff are not 
aware of any procedure adopted elsewhere to prevent water quality degradation by 
bacteria.  Arguably then, the proposed Basin Plan amendment provides the highest 
level of assurance in the state. 

#15, p.3, ¶ 2, re establishing REC2 targets: 
"Exceedence of the antidegradation-based 
objectives is when at least 5% of the 
samples exceed the 95% upper confidence 
interval of the data used in the original UAA.  
As water quality data are highly variable, 
this can lead to extremely high upper 

First, Regional Board staff proposes that antidegradation targets, not objectives, apply 
to REC2- only waters. As USEPA and EPA Region 9 have acknowledged, there is no 
scientific basis for setting objectives to protect REC2 uses.  
 
 
It is well recognized that bacteria data are highly variable, which is what can result in 
very high, calculated 95% upper confidence level values. The values shown in the 
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confidence limits (UCLs).  For instance, for 
the Santa Ana River- New Delhi Channel 
tidal prism the UCL is greater than 6,000 
cfu per 100 mL."  To establish exceedances 
of this number, 5% of samples must exceed 
this value and the exceedance is only 
established after removal of outliers and 
establishment of a true trend.” 

proposed amendments, including those for the Santa Ana Delhi Channel tidal prism (this 
reach is mis-cited by EPA Region 9 as the “Santa Ana River – New Delhi Channel tidal 
prism”), are mathematical calculations based on the available data for this channel and 
reflect the variability of those data. Given the highly variable nature of bacteria 
concentrations in the flashy flows of local streams, it is not surprising that the 95% UCL 
is often quite high. 
 
The high degree of variability is presumably the basis for the preference stated in 
USEPA’s 1986 bacteria criteria document for the use of site-specific log standard 
deviations when calculating applicable single sample maximum values. The procedure 
used to calculate the antidegradation targets is comparable.  
 
Regional Board staff does not understand EPA Regon 9’s apparent concern about 
establishing a true trend. The point of the targets and subsequent monitoring is to 
establish a true trend so that the need for corrective action can be ascertained properly. 
The inclusion of outliers in the target calculation would be likely to drive the upper 
confidence levels higher and mask the true trend, which would be counterproductive.  
 
[Note: as discussed at the March 16, 2012 Regional Board hearing concerning the 
proposed recreation standards amendments, Regional Board staff recognizes that very 
high upper confidence levels/REC2 targets, though calculated through a straightforward 
mathematical process using actual ambient quality data, can create the perception that 
water quality is not being adequately protected. Therefore, Board staff advised the 
Board at the March 16, 2012 hearing that we would revise the targets to reflect the 75% 
upper confidence level. This approach results in lower target values. From an 
implementation perspective, there is no substantive difference. The revised targets are 
shown in the  April 23, 2012 Errata sheet]  

#16, p. 3, ¶2 re establishing REC2 targets: 
"It is unclear how [the proposed 
antidegradation-based] standard could be 
evaluated when only periodic monitoring of 
REC2 waters is recommended." 

Pursuant to the proposed amendments, a monitoring program would be developed and 
implemented upon Regional Board approval. The monitoring program must identify 
specific recommendations re REC2 targets. Where the results of periodic monitoring 
indicate that an antidegradation target is being exceeded, the Regional Board would 
require appropriate follow-up action, including supplemental accelerated monitoring to 
determine whether water quality degradation has, in fact, occurred.  If there is credible 
evidence of a declining trend, then further investigation would be required. See also 
response to comment # 13.  
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#17, p. 3, ¶3, additional comments: "EPA 
recommends the STV in the 2011 proposed 
criteria, rather than the term 'single sample 
maximum'  to resolve previous 
inconsistencies in implementation." 

See response to comment #1. If USEPA believes that some states are implementing the 
SSM improperly, it is incumbent upon USEPA to correct the error.  If and when finalized 
as the official 304(a) criteria, the 2011 proposed criteria would serve as guidance to the 
states. There is no requirement that states be consistent with one another provided that 
each is implementing the standard in accordance with federal guidance. 

#18, p.3, ¶3, additional comments: 
"Identical to the derivation of the SSM in the 
1986 criteria document, the STV 
corresponds to an upper percentile (e.g. 
75th percentile) of a water-quality 
distribution around the geometric mean." 

EPA Region 9 is correct in noting that the “STV” recommended in the draft 2011 criteria 
document was calculated using the exact same data and equations that were previously 
used to derive the SSM values in the 1986 criteria document.  As such, there is no new 
scientific data or analysis that underpins EPA's more recent (2011) recommendations.  
Nor does USEPA make any claim that the 1986 guidance is in error.  Rather, it appears 
that USEPA merely wishes to standardize on one approach to be used by all states 
despite previously acknowledging (in the BEACH Act Rule) that the Clean Water Act 
does not require national consistency with regard to this issue (see response to 
comment #7).  Further, applying the same SSM (or “STV”) to all waters does not 
necessarily provide equivalent water quality and public health protection to all waters 
(see also response to comment # 7). 

#19, p.3, ¶3, additional comments: "In order 
to be consistent with EPA's recommended 
criteria, the State standards should include 
both the geometric mean and STV." 

Per published USEPA guidance, it is not necessary to include the SSM (or “STV”, if 
included in final 304(a) guidance on this subject) as a compliance measure provided 
that the state implementation procedures explicitly describe how compliance will be 
assessed when there are insufficient data to calculate a geometric mean.5   EPA Region 
9's assertion is in direct conflict with previous USEPA guidance that states the SSMs (or 
proposed “STVs”) were never intended to be applied as independent water quality 
standards when there were sufficient data to calculate a proper geometric mean.6 

#20, p. 3, ¶4 and p. 4, top, additional 
comments: "The formulation of the SSM the 
Regional Board uses is a misapplication of 
the USEPA criteria.  The SSM in this 
formulation is dependent on the variability 
of the sample which can be very large 
which is partially why USEPA has 
abandoned the tiered approach in favor of a 
statistical approach consistent with the 

EPA Region 9 does not explain how the formulation of the SSM in the proposed 
amendments is a misapplication of the USEPA criteria. Further, it is not clear whether 
EPA Region 9 refers to the established 1986 criteria or to the proposed 2011 draft 
criteria. The status of the 2011 draft criteria is described in the response to comment #1. 
Application of these proposed criteria in making SSM recommendations would be 
inappropriate at this time. 
 
In the established 1986 criteria guidance, USEPA explicitly recognizes sample variability 
and its importance in determining SSMs. First, USEPA states the preference for use of 

                                                      
5 USEPA.  Water Quality Standards for Coastal Recreation Waters:  Using Single Sample Maximum Values in State Water Quality Standards.  EPA-823-
F-06-13  (Aug., 2006) 
6 USEPA.  Water Quality Standards for Coastal Recreation Waters:  Using Single Sample Maximum Values in State Water Quality Standards.  EPA-823-
F-06-13  (Aug., 2006). Pg. 5 
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original epidemiology study." site-specific data to determine the value of the log standard deviation to be used in the 
SSM calculation equation. A default value based on USEPA’s epidemiology studies is to 
be used only where data are insufficient to calculate a site-specific value. Second, the 
SSM calculation equation itself is included in the 1986 guidance document. The BEACH 
Act rule also includes this equation and provides guidance on the number of samples 
that should be collected to determine a site-specific log standard deviation. The BEACH 
Act rule states further that sufficient guidance is provided by USEPA to allow calculation 
of site-specific SSMs without a standards-setting process. We note that other EPA 
regions have approved SSMs higher than those based on the default standards 
deviation values in other states (e.g., Texas). These SSMs were based on real-world 
data with higher variability. These SSMs were calculated in conformance with the 
method described in the BEACH Act rule. 
 
Consistent with the BEACH Act guidance, the proposed amendments include the SSM 
equation and require the minimum number of samples identified in the BEACH Act rule 
in order to justify the site-specific derivation of the log standard deviation (see Table 5-
REC1-ssv, notes #2 and 5). Use of a site-specific log standard deviation would be 
considered through the Regional Board’s normal public comment/participation process. 
(see Table 5-REC1-ssv, note #5). 
 
The nature of the argument in the last phrase (“which is partially why USEPA….original 
epidemiology study”) is not clear. Is EPA Region 9 suggesting that the tiered approach 
that was previously recommended in the 1986 304(a) bacteria criteria document and 
that USEPA promulgated in the BEACH Act Rule was actually inconsistent with the 
original epidemiology studies?  Regional Board staff understands that USEPA has been 
unable to locate the original study data when asked to provide copies under the 
Freedom-of-Information Act (FOIA).  If EPA Region 9 is now in possession of that data 
we hereby request complete copies so that we may confirm what level of variability was 
present at the time the studies were conducted and how the variability compares to that 
observed in the Santa Ana Region. 

#21, p. 4, top, additional comments: "EPA 
Region 9 is also concerned that the SSM 
values are in the implementation section of 
the Basin Plan.  Any derivation of the SSM 
from the default values are a standards 
change and should be included in the water 

As USEPA explains in its 2006 guidance memorandum concerning the application of 
SSMs, SSMs should only be used when there are insufficient data available to calculate 
a proper geomean.  The SSM is not a new or different water quality standard, it is an 
alternative method for evaluating compliance with a geometric mean under certain data-
limited conditions.  The proposed Basin Plan amendments establish an E. coli objective 
expressed as a geomean and set forth a mandatory procedure to assess compliance 
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quality objectives section and would be 
subject to EPA approval." 

when there are insufficient data to calculate a geomean. This procedure entails the use 
of SSM values. This proposed procedure is identified both in the water quality objectives 
chapter of the Basin Plan (see Table 4-pio, note #3) and in the implementation chapter 
(see Table 5-REC1-ssv, note #1).  This approach is entirely consistent with federal 
guidance which states:  
 

"States retain discretion to determine whether and how to use the Single Sample 

Maximums in other Clean Water Act programs"
7
 

 

The BEACH Act rule makes clear that the derivation of site-specific SSMs is not subject 
to a standards setting process. (see p. 67227 of the rule; see also the response to 
comment #20). 

#22, p. 4, 1st full ¶, “EPA observes that the 
Regional Board has struck some language 
regarding site specific objectives (SSO) for 
copper, cadmium and lead in the middle 
Santa Ana River…"EPA Region 9 would 
like to make clear that EPA did not approve 
[the metals] SSOs (letter to the Regional 
Board dated May 30, 2000)." 

Substantive changes to the Basin Plan regarding metals objectives for the Santa Ana 
River are beyond the scope of the proposed amendments. Changes to this language 
are proposed simply in order to (1) correct the spelling of one word (“formulas” to 
“formulae”) and (2) change footnote notation. The latter change is necessary to 
accommodate new footnotes that are proposed to be added to the Basin Plan after the 
metals footnote.  
 
In the interest of clarity, it should be noted that EPA Region 9 offered the Santa Ana 
Region the option of approving the SSOs or accepting the standards proposed in the 
California Toxics Rule.  EPA Region 9 made it very clear that they could and would 
approve either approach for the Santa Ana.  The Santa Ana Regional Board staff 
consulted with local stakeholders and informed EPA Region 9 that either approach 
would be acceptable provided that the site-specific metals translators that were 
developed and approved by the Regional Board at the same time the SSOs were 
adopted could continue to be used to derive appropriate effluent limits in NPDES 
permits.  EPA agreed and the State Implementation Policy contains a specific provision 
allowing continued use of metals translators that were developed and approved prior to 
the adoption of the SIP. 
 

#23, p. 4, ¶2, additional comments: "In 
2007, we provided the Regional Board with 

EPA Region 9 does not specify those parts of the Strawman proposal that it believes 
were not addressed. The Strawman Proposal previously submitted for EPA Region 9's 

                                                      
7 USEPA.  Water Quality Standards for Coastal Recreation Waters:  Using Single Sample Maximum Values in State Water Quality Standards.  EPA-823-
F-06-13  (Aug., 2006). Pg. 1 
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comments on the "Strawman Document: 
Recommended Revision to Santa Ana 
Region's Basin Plan for Recreational Use 
Classification and Related Water Quality 
Objectives”.  Many of our comments and 
recommendation have not yet been 
addressed." 

consideration was substantially revised in direct response to EPA Region 9's comments.  
A separate document is appended to this response that describes the specific changes 
made in response to each of the comments we received from EPA Region 9 in 2008 
(see below). As reflected therein, Board staff believes that all of the comments and 
recommendations provided by EPA Region 9 were considered seriously and resulted in 
substantive changes that are reflected in the proposed amendments.  

#24, p. 4, ¶3, additional comments: "EPA 
supports the State Board's effort to adopt 
statewide standards for recreational 
beneficial uses that are consistent 
statewide.  We strongly recommend that the 
Regional Board work with the State Board 
on this statewide effort to avoid different 
definitions, interpretation and 
implementation of standards to protect 
human health." 

Recommendation noted. Regional Board staff have provided comments to State Board 
and other regional board staff on preliminary proposals for establishing and 
implementing bacteria objectives, and we anticipate continuing to participate in this 
effort.  
 
Board staff firmly believes that the proposed amendments are fully consistent with 
applicable guidance and will result in public health and beneficial use protection that is 
superior to the established Basin Plan standards. For this reason, it is imperative that 
consideration and approval of these amendments proceed without delay and ahead of 
the statewide effort, which has been and will likely be delayed as we await the outcome 
of USEPA’s development of revised bacteria criteria guidance. 
 
For the record, we note that the Clean Water Act requires that uses be protected, not 
that the specific approach to providing that protection be consistent from place to place.   
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Comparison of 2007 Strawman Proposal and revised 2012 Recreation Standards Amendments Proposal 

  Revising the Definition of REC1 

2007 Strawman Proposal EPA Comments on Strawman 

Proposal 

2012 Basin Plan Amendment Revisions Made to Address EPA Concern 

 

"REC1 - Primary Contact 

Recreation:  waters used for 

recreational activities involving 

frequent and prolonged water 

contact, especially by children, 

where ingestion of water is likely.  

Examples of Primary Contact 

Recreation include, but are not 

limited to:  swimming, water-skiing, 

surfing, whitewater rafting, float-

tubing, bathing in natural hot 

springs, skin and scuba diving.  All 

defined waters of the U.S. are 

presumed to be capable of 

supporting primary contract 

recreation unless a Use Attainability 

Analysis (UAA) demonstrates that 

this use has not been attained and 

is not attainable and the Basin Plan 

is revised accordingly." 

 
The proposed changes have the effect 
of altering the thresholds for REC1 
use designations, rendering them less 
protective... 
 
1)  By using the phrase "frequent and 
prolonged use" to define REC1... 
 
2)  By removing "fishing and wading" 
from the current definition of REC1 
activities... 
 
3)  By changing the threshold for 
water ingestion from "reasonably 
possible" to "likely." 
 
EPA also notes that: 
 
"The current REC1 definition was the 
product of an intense collaborative 
effort by the State Water Resources 
Control Board and the Regional Water 
Quality Control Boards and the 
USEPA to develop a consistent 
statewide definition for the REC1 use." 
 

 

"Primary Contact Recreation (REC 1*) 

waters are used for recreational activities 

involving deliberate water contact, 

especially by children, where ingestion is 

likely to occur. Examples of REC1 

activities may include, but are not limited 

to, swimming, water-skiing, surfing, 

whitewater rafting, float tubing, bathing in 

natural hot springs, skin diving, scuba 

diving and some forms of wading and 

fishing. Brief incidental or accidental 

water contact that is limited primarily to 

the body extremities (e.g. hands and 

feet), is not generally deemed Primary 

Contact Recreation because ingestion is 

not likely to occur." 

 
"The definition of the REC1 use was also 

updated to improve clarity and precision, 

and new bacteria quality objectives, 

based on USEPA’s recommended E. coli 

criteria (1986), were adopted for fresh 

inland surface waters (see Chapter 4, 

pathogen indicator bacteria objectives for 

inland surface waters). The minor 

revisions to the REC1 definition neither 

broadened nor reduced the intended 

scope of the prior REC1 definition. 

Rather, the sole purpose was to ensure 

that objectives based on the USEPA 

bacteria quality criteria are applied in a 

manner that is consistent with the specific 

exposure assumptions (including the 

nature of recreational activities) described 

in USEPA’s criteria document and related 

guidance." 

 
1)  The phrase "frequent and prolonged" use 
was deleted at EPA's suggestion. 
 
2a)  All types of fishing where ingestion is 
likely to occur (e.g.  instream fly-fishing) will 
continue to be included in the definition of 
REC1 activities as they always have been.  
Dock-fishing, boat-fishing and shoreline 
fishing involving only brief incidental water 
contact to the hands and feet will continue to 
be considered REC2-type activities as they 
always have been. 
 
2b)  Any form of wading where ingestion is 
likely to occur will continue to be included in 
the definition of REC1 activities as it always 
has been.  Activities such as beachcombing, 
tide-pool study, dog-walking, rock-skipping, 
and similarly brief incidental or accidental 
water contact limited primarily to the hands 
and feet will continue to be considered REC2 
activities as they always have been. 
 
3)  The word "reasonably" in the phrase 
"reasonably possible" was originally intended 
to convey a level of probability that was 
synonymous with the term "likely."  So, 
substituting the term "likely" is not meant to 
alter the threshold for water ingestion but, 
rather, to use the more precise language 
suggested in federal guidance to more 
accurately convey the original meaning and 
reduce the potential for misinterpretation.  
Additional explanation was added to the text 
of the proposed Basin Plan amendment to 
make this very clear. 
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2007 Strawman/2012 BPA Comparison: Use Attainability Analyses (UAA) 

2007 Strawman Proposal EPA Comments on Strawman 

Proposal 

2012 Basin Plan Amendment Revisions Made to Address EPA Concern 

 

"The Regional Board will consider a 

suite of factors when determining how 

best to classify a waterbody to protect 

recreational uses.  The factors may 

include but are not limited to:  flow 

conditions, ease of access, adjacent 

land uses, proximity to parks and/or 

residences, channel morphology and 

modifications, naturally-occurring 

sources of pollution or aesthetic 

conditions of the waterbody, legal 

restrictions, public safety concerns, the 

probable risk of ingesting water, parks 

and recreation plans, and the type of 

recreational activities that are occurring 

or have occurred in the waterbody since 

November 28, 1975 (i.e. 'existing uses').  

Where the Regional Board determines, 

through a Use Attainability Analysis, that 

a waterbody cannot support any 

recreational uses (REC1 or REC2), that 

stream segment will be designated 

REC-X." 

 

 
1)  RB8 should identify which factors 
would be used in UAAs and how 
these relate to the six factors in 
40CFR131.10(g). 
 
2)  Under Factor 1, RB8 would need 
to show that natural sources prevent 
attainment of the use.  This is similar 
to the approach used in RB4.  For 
EPA approval, there must be a 
demonstration that the exceedances 
are due to natural sources (i.e. all 
human sources have been 
controlled). 
 
3)  Under Factor 4 [EPA] would 
expect an analysis as to how 
hydromodification precludes the 
attainment of the use and why it is 
not feasible to restore the use to its 
"original" (i.e., the use that existed in 
November, 1975) condition. 
 
4)  Under Factor 6 [EPA] would 
expect a demonstration that 
attainment would result in 
widespread economic and social 
impact. 
 
5)  Land use by itself is not a factor 
in the UAA process. 
 

 

"Pursuant to the federal Clean Water 

Act and implementing regulation, all 

defined waters of the United States 

are presumed to be capable of 

supporting Primary Contact 

Recreation and shall be designated 

REC 1 unless a Use Attainability 

Analysis (UAA) demonstrates that this 

use is not an existing use and is not 

attainable and the Basin Plan is 

revised accordingly. A suite of factors 

must be considered when UAAs are 

conducted to determine whether to 

downgrade or delete the REC 1 use 

from any waterbody. The relevant 

factors are identified in federal and 

state regulations." 

 
1) The Basin Plan now states that the relevant 
factors that must be considered when 
conducting a UAA are identified in federal 
regulations as EPA suggested.  The technical 
support document for each UAA now describes 
which of the six federal factors, and the specific 
scientific evidence, that were used to justify 
downgrading or deleting a recreational use. 
 
2) No revisions necessary because none of the 
UAA's recommended for approval relied on 
Factor #1 (naturally-occurring sources of 
pollution) to justify downgrading or deleting a 
REC1 use. 
 
3) The technical support document for each 
UAA now describes the specific 
hydromodifications that preclude attainment of 
the use in any given   channel.  Many of these 
channels were modified prior to November, 
1975 or were man-made conveyances 
constructed after that date.  In both cases, the 
current condition is the original condition. 
 
4)  No revisions were necessary because none 
of the UAA's recommended for approval relied 
on Factor #6 (widespread economic and social 
impact) to justify downgrading or deleting a 
REC1 use. 
 
5)  None of the UAA's cite land use, by itself, to 
justify downgrading or deleting a REC1 use.   
Land use is only considered as an element of 
Factor #3 (human caused conditions prevent 
attainment of the use) and the likelihood of 
future potential use. 
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2007 Strawman/2012 BPA Comparison: E. coli Objectives for REC1 

2007 Strawman Proposal EPA Comments on 

Strawman Proposal 

2012 Basin Plan Amendment Revisions Made to Address EPA 

Concern 

 
"Pathogen indicator concentrations shall 
not exceed the values specified in Table 
1(below) as a result of controllable water 
quality factors unless it is demonstrated 
to the Regional Board's satisfaction that 
the elevated indicator concentrations do 
not result in excessive risk of illness (i.e. 
greater than 8 gastrointestinal illnesses 
per 1000 swimmers) among people 
recreating in or near the water.   

 
Table 1:  Pathogen Indicator 

Bacteria Objectives for Fresh 

Waters 

Recreational 

Use 

Designation 

Pathogen 

Indicator 

Objective 

REC1 and 
REC2 

<126  E. coli/100 
ml 

(30-day geometric 
mean of at least 5 

samples) 

 
REC2-only 

<2000 fecal 
coliform/100 ml 

(30-day average of 
at least 5 samples) 

and <10% of 
samples >4000 
fecal coliform/ 

100ml 

The water quality objectives specified 
in Table 1 do not apply when 
designated uses are temporarily 
suspended due to unsafe flow 
conditions in the waterbody. 

 
 

 
1) We [EPA] do not believe we 
can approve the standards 
change being proposed without a 
single sample standard for E. 
coli.  In other EPA approvals, we 
have required adding single 
sample standards where only a 
geometric mean has been 
adopted. 
 
2) EPA guidance allows 
adjustment of single sample 
maxima for areas where use is 
less frequent. 

 

"Lakes and Streams:  Waste discharges shall not 

cause or contribute to excessive risk of illness from 

microorganisms pathogenic to human beings. 

Pathogen indicator concentrations shall not exceed 

the values specified in Table 4-pio below as a result 

of controllable water quality factors:  

[excerpt of Table; all the notes not included] 

Table 4-pio - 

Pathogen 

Indicator 

Bacteria 

Objectives for 

Fresh Waters
1
 

Recreational Use  

Pathogen Indicator 
Objective  
(geometric mean of at 
least 5 samples in a 30-
day period (running)

2
  

REC1-only or  
REC1 and REC2  

<126 E. coli organisms 
per 100 mL

3
  

REC2-only
4
  N/A; see REC2 Only 

Freshwaters, below, 
and Chapter 5, 
Recreation Water 
Quality Standards, 
Antidegradation targets 

for REC2 only 

freshwaters  
3
 ...For all other purposes related to implementing 

the Clean Water Act, if there are insufficient data 

to calculate a representative geometric mean for 

E. coli, “X%” of the representative sample data 

collected over a 30 day period (running) shall be 

less than the applicable Single Sample Maximum 

value, where X% is the statistical confidence level 

assigned to a particular waterbody. Where there 

are sufficient data to calculate a representative 

geometric mean for E. coli, the applicable Single 

Sample Maximum value shall not be used to 

assess compliance with the E. coli objective in 

Table 4-pio. The intent of Single Sample Maximum 

values is to inform public notification decisions and 

to trigger additional follow-up monitoring (see 

Chapter 5, Recreation Water Quality Standards, 

Application of Single Sample Maximum Values in 

REC1 Freshwaters).  
 

 
1) The proposed E. coli objective is 

expressed as a geometric mean of 
at least 5 data points collected 
overa30-day period (rolling 
average).  The amendments It now 
include EPA's recommended 
procedure for evaluating 
compliance with that objective 
when there are insufficient data to 
calculate a proper geometric mean 
(see Table 4-pio, note 3; see also 
Table 5-REC1-ssv, notes 2 and 5)).  
This approach is consistent with 
EPA's 2006 guidance regarding the 
use and application of Single 
Sample Maximum values.  The 
SSM is not a "separate" water 
quality standard because none is 
needed.  The SSM is a statistical 
translation of the geometric mean 
and is fully enforceable when there 
are insufficient data to calculate a 
representative geometric mean. 
The SSMs thus serve as both a 
standard (where there are 
insufficient data to determine a 
geomean) and a public notification 
tool, as was intended. 

 
2) The proposed Basin Plan 
amendment now includes different SSM 
values using the adjustments EPA 
recommended where use is less 
frequent.  Tier assignments based on 
the known/anticipated frequency of 
REC1 use are proposed. The equation 
used to calculate SSMs is also included, 
with specifics regarding the number of 
samples that must be collected to justify 
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a site-specific log standard deviation (a 
variable in the SSM equation). 
 
3) The SSM method may also be used 
as an implementation procedure for 
evaluating compliance with the 
proposed narrative pathogen objective. 
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2007 Strawman/2012 BPA Comparison: Fecal Coliform Objectives for REC2 

2007 Strawman Proposal EPA Comments on Strawman 

Proposal 

2012 Basin Plan Amendment Revisions Made to Address EPA 

Concern 

 

"The current fecal coliform objective 

established to protect beneficial uses 

designated REC2-only should not be 

changed.  However, some clarification from 

U.S. EPA is required regarding the most 

appropriate method for calculating an 

"average" for bacterial data. 

 

The historical record is unclear as to how 

the term "log-mean" was suggested for the 

Primary Contact criteria while the word 

"average" was selected for the Secondary 

Contact criteria.  It is uncertain whether this 

was a deliberate choice intended to 

recommend different methods of calculation 

or not.  Nor is it clear why, if the Secondary 

Contact criteria as originally derived by 

multiplying the Primary Contact criteria by 

5x or 10x, the units should change.  

Therefore, the Task Force seeks some 

clarification from EPA: 

 

1)  What is the most mathematically correct 

procedure for calculating the "average" for 

fecal coliform in order to assess compliance 

with the Secondary Contact criteria if the 

underlying data are log-normally 

distributed? 

2)  If a footnote is added to the Basin Plan 

to describe the most mathematically correct 

procedure for calculating the fecal coliform 

average, does that constitute a revision of 

water quality standards or merely a 

clarification of an existing water quality 

objective in order to avoid confusion and 

misinterpretation during the implementation 

process?" 

 
1) It is unclear why RB8 is not 
replacing the REC2 fecal objective with 
an E. coli objective. 
 
2) Having different indicators for 
different uses would seem to confuse 
the issue and could result in increased 
monitoring costs. 
 
3) We [EPA] believe that the term 
"average" for REC2 can be interpreted 
as a geomean.  This would be 
consistent with the existing REC1 fecal 
standard.  Such a clarification of the 
standards language would constitute a 
standards change. 
 
4) Use of the single sample maxima 
[solely] as a trigger for monitoring 
would require a standards change.  We 
suggest that the language in the 
California Ocean Plan regarding single 
sample maxima could be used as a 
model. 

 
The current fecal coliform objectives 
adopted for freshwaters designated 
REC2 are deleted from the Basin 
Plan. 
 
No numeric pathogen indicator 
bacteria objectives are proposed to 
replace the deleted fecal coliform 
objectives for freshwaters designated 
REC2. 
 
Waters designated both REC1 and 
REC2 would be governed by the 
proposed E. coli objectives (see Table 
4-pio). For waters designated REC-2 
only, bacteria quality targets are 
proposed in conformance with 
antidegradation policies. Exceedances 
of these targets would trigger 
additional monitoring and 
investigation.  

 
1) The Regional Board is replacing the 
REC2 fecal coliform objectives with an 
E. coli objective because EPA has not 
yet recommended such a criterion 
pursuant to Section 304(a) of the Clean 
Water Act and there are insufficient 
scientific data available for the Regional 
Board to develop such an objective. 
 
2) The Regional Board agrees that 
having different pathogen indicators for 
different recreational uses may confuse 
the issue.  Therefore, the Regional 
Board now proposes to delete the 
obsolete fecal coliform objectives from 
the Basin Plan. 
 
3) The clarification previously suggested 
in the Strawman document is no longer 
necessary because the obsolete fecal 
coliform objectives are being deleted in 
their entirety. 
 
4) The proposed Basin Plan 
amendments no longer limit the use of 
single sample maxima solely to serve as 
a trigger for additional monitoring.  
Instead, the proposed Basin Plan 
amendment would employ the SSMs as 
EPA recommends in the 1986 Bacteria 
criteria and the additional federal 
guidance published in 2006. 
 
5) Fecal coliform data can continue to be 
used to assess compliance with federal 
and state antidegradation policies. 
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2007 Strawman/2012 BPA Comparison: Temporary High Flow Suspension 

2007 Strawman Proposal EPA Comments on Strawman 

Proposal 

2012 Basin Plan Amendment Revisions Made to Address EPA 

Concern 

 

"A footnote should be added to all 

freshwater rivers and streams 

designated as REC1 or REC2 in Table 

3-1 of the Basin Plan;  said footnote to 

state: 

 

"The REC1 and REC2 use designations 

are temporarily suspended when high 

flows, caused by stormwater runoff, 

preclude safe recreation in the stream 

channel.  The temporary suspension is 

automatically terminated when flow 

conditions have returned to a safe level." 

 

The footnote would not be applied to 

lakes, reservoirs or ocean waters 

designated REC1 and/or REC2.  The 

Regional Board will define what 

constitutes unsafe flow conditions using 

one or more of the following thresholds:  

1) the U.S. Geological Survey's safe 

sampling standard, 2) the Swift Water 

Rescue safe access standard,  3) the 

Los Angeles Regional Water Quality 

Control Board's use suspension 

standard for temporary high flows, 4) or 

other objective indicators." 

 
1) This is a reasonable approach, 
however the proposal is too vague as 
to what criteria would be used to 
define high flow...  RB8 must provide 
the threshold hydrologic event values 
that would be used to initiate the high 
flow suspension... 
 
2) RB8 must provide the threshold 
values or duration limits that would 
signal the return of the use. 
 
3) We [EPA} are concerned that the 
high flow exclusion is not confined to 
specific engineered channels. 
 
4) We [EPA] agree that flow and 
velocity are important factors in 
estimating potential use of the 
waterbody for swimming but this is 
but one factor that should be 
considered.  However, high flows 
may not preclude other recreational 
uses of the water where ingestion is 
possible (e.g. kayaking). 
 

"Recreational use of certain inland surface 

waters is precluded under certain flow 

conditions that make recreational activities 

unsafe. Recreation use designations (and 

the applicable pathogen and pathogen 

indicator objectives) are temporarily 

suspended when such conditions exist. 

 

Definition of Unsafe Flows. Flow conditions 

in freshwater streams in the Santa Ana 

watershed are presumptively unsafe if 

either of the following conditions occurs: (1) 

stream velocity is greater than 8 feet-per-

second (fps); or, (2) the product of stream 

depth (feet) and stream velocity (fps) (the 

depth-velocity product) is greater than 10 

ft
2
/s. Where representative stream gauge 

data are not available, unsafe flows are 

presumed to exist in stream channels that 

have been engineered or modified for flood 

control purposes when rainfall in the area 

tributary to the stream is greater than or 

equal to 0.5 inches in 24 hours. 

 

Termination of Temporary Suspension. 

Stream flows will be presumed to return to 

safe conditions and the temporary 

suspension of recreation standards will 

cease 24-hours after the end of the storm 

event, unless actual flow data demonstrate 

that the suspension should terminate 

sooner or later than the default period. In 

such cases, the suspension terminates 

once stream flows (measured as cubic-

feet/second or (cfs) have returned to the 

range of normal pre-storm conditions 

(cfs<98th percentile as calculated from a 

calibrated hydrograph for the stream). 

 
1) The proposed Basin Plan amendment 
now includes specific threshold values 
that would be used to initiate the high 
flow suspension. 
 
2) The proposed Basin Plan amendment 
now includes specific duration limits and 
specific threshold values for stream flow 
that would terminate the temporary 
suspension of water quality standards 
for recreational uses. 
 
3) The proposed Basin Plan amendment 
now limits application of the temporary 
high flow suspension to specific 
channels that have been substantially 
modified to protect people and property 
from flooding. 
 
4) High flows like those that would 
trigger a temporary suspension of water 
quality standards represent such an 
extreme hazard that they effectively 
preclude safe recreational water contact 
of any kind.  Kayaking is not known to 
occur under such conditions in creeks 
and streams of the Santa Ana region.  
The intrinsic risk associated with 
kayaking in channels during high flow 
conditions is far greater than the 
potential health hazard associated with 
temporarily suspending water quality 
standards during significant storm 
events. 
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ITEM:  16 
 
SUBJECT: Public Hearing – Basin Plan Amendments: Recreational Standards for      

Inland Surface Waters (continuation of March 16, 2012 and April 27, 2012 
hearing on the proposed amendments) – Supplemental Staff Report 

 
DISCUSSION:   
 
At the March 16, 2012 Regional Board meeting, Board staff and a consultant to the 
Stormwater Quality Standards Task Force presented in detail the proposed recreation 
standards amendments to the Basin Plan.  Consideration of approval of those 
amendments was postponed to allow further discussion with staff of the U.S. 
Environmental Protection Agency, Region 9 (USEPA) to resolve concerns expressed by 
USEPA.  
 
At the April 27, 2012 Regional Board meeting, Board staff described the results of the 
discussion with USEPA and identified proposed changes to the amendments that were 
shown in an Errata Sheet (dated April 23, 2012).  Additional comments on the proposed 
amendments were provided by Heal the Bay (oral comments) and USEPA (written 
comments dated April 25, 2012).  Other speakers provided additional information 
regarding BMP implementation in the Region and certain clarifications to address 
comments from other parties on the Use Attainability Analysis components of the 
proposed amendments. These other speakers indicated their support for the proposed 
amendments. Regional Board staff provided the recommendation to approve the 
proposed amendments, as revised by the Errata sheet and with an additional change in 
the position of an asterisk in the name of the REC1 and REC2 beneficial uses. 
However, Regional Board consideration of the amendments, with the changes identified 
in the Errata Sheet and with the additional modification of the asterisk, was postponed 
due to the lack of a quorum.  
 
Regional Board staff has prepared a revised Errata sheet to incorporate the change in 
the asterisk discussed at the April 27, 2012 meeting. Further, Board staff has prepared 
responses to the additional oral comments presented by Heal the Bay at the April 27, 
2012 meeting, and to the April 25, 2012 written comments submitted by USEPA. The 
oral comments from Heal the Bay are summarized in the attached response to 
comments document. The USEPA written comments are attached to this report, 
together with Board staff’s response.  
 

 

 



Supplemental Staff Report – Recreation Standards Amendments   June 15, 2012 
Resolution No. R8-2012-0001   
 

RECOMMENDATION: 

 

Board staff recommends that the Regional Board adopt Resolution No. R8-2012-0001, 
thereby: 
 

(1) Confirming the preliminary determination by Regional Board staff that the 
proposed amendments could not have a significant effect on the environment 
and certifying the environmental checklist and analysis document (Attachment C 
to the January 12, 2012 staff report); and,  

(2) Adopting the Basin Plan amendments delineated in Attachment 1 and 
Attachment 2 to Resolution No. R8-2012-0001, as modified by the Errata Sheet.  

 
Attachments: (1) Errata Sheet (dated May 29, 2012) 
   (2) USEPA comments dated April 25, 2012 

(3) Board staff responses to the USEPA comments dated April 25,  
2012.  
(4)  Board staff responses to Heal the Bay oral comments, 
presented on April 27, 2012. 

 



  May 29, 2012 

ITEM 16 

 

Errata 

Attachments 1 and 2 to Resolution No. R8-2012-0001 

 

 

 

1. Attachment 1 to Resolution No. R8-2012-0001, p. 2 of 76: Modify the text proposed to 

be added to CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USES section. (Deleted 

text is in strikeout type; added text is shown in bold italics.) 
 
In response to recommendations from the Stormwater Quality Standards Task Force, 
formed in response to the 2002 triennial review of the Basin Plan, changes to recreation 
water quality standards were approved by the Regional Board in 2012 (RWQCB 
Resolution No. R8-2012-0001). These modifications included revision the addition of 

“Primary Contact Recreation” as an alternative name for of the name of the REC1 
beneficial use from “Water Contact Recreation” to “Primary Contact Recreation” (see 
BENEFICIAL USE DEFINITIONS, below) and added narrative clarifying the nature of 

REC1 activities and the bacteria objectives established to protect them. a clearer 
definition of this use (see also RECREATION BENEFICIAL USES, below). , for further 
discussion of the changes in the REC1 definition.) The changes also included 
differentiating inland surface REC1 waters on the basis of frequency of use and other 
characteristics for the purposes of assigning applicable single sample maximum values 
(see Chapter 5). The REC1/REC2 designations for specific inland surface waters were 
revised based on the results of completed Use Attainability Analyses (see RECREATION 
BENEFICIAL USES, below).  Revised water quality objectives to protect the REC1 use of 
inland freshwaters were also approved (see Chapter 4), and criteria for temporary 
suspension of recreation use designations and objectives were identified (see 
RECREATION BENEFICIAL USES , below, and Chapter 5, Implementation, Recreation 
Water Quality Standards, High Flow Suspension).  The 2012 Basin Plan revisions to 
incorporate the changes in recreation standards included the addition of certain waters to 
the list of the Region’s waters in Table 3-1 and the designation of beneficial uses for those 
waters. Where appropriate, the added waters were excepted from the MUN designation. 
Laguna and Lambert reservoirs, which no longer exist, were deleted from the list. 
 
Attachment 2 to Resolution No. R8-2012-0001, p. 2 of 77: Modify the text proposed to be 

added to CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USES section. (Deleted text 

is in strikeout type; added text is shown in bold italics.) 
 

In response to recommendations from the Stormwater Quality Standards Task Force, 
formed in response to the 2002 triennial review of the Basin Plan, changes to recreation 
water quality standards were approved by the Regional Board in 2012 (RWQCB 
Resolution No. R8-2012-0001). These modifications included revision the addition of 

“Primary Contact Recreation” as an alternative name for of the name of the REC1 
beneficial use from “Water Contact Recreation” to “Primary Contact Recreation” (see 
BENEFICIAL USE DEFINITIONS, below) and added narrative clarifying the nature of 
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REC1 activities and the bacteria objectives established to protect them a clearer 
definition of this use (see also RECREATION BENEFICIAL USES, below). , for further 
discussion of the changes in the REC1 definition.) The changes also included 
differentiating inland surface REC1 waters on the basis of frequency of use and other 
characteristics for the purposes of assigning applicable single sample maximum values 
(see Chapter 5). The REC1/REC2 designations for specific inland surface waters were 
revised based on the results of completed Use Attainability Analyses (see RECREATION 
BENEFICIAL USES, below).  Revised water quality objectives to protect the REC1 use of 
inland freshwaters were also approved (see Chapter 4), and criteria for temporary 
suspension of recreation use designations and objectives were identified (see 
RECREATION BENEFICIAL USES , below, and Chapter 5, Implementation, Recreation 
Water Quality Standards, High Flow Suspension).  The 2012 Basin Plan revisions to 
incorporate the changes in recreation standards included the addition of certain waters to 
the list of the Region’s waters in Table 3-1 and the designation of beneficial uses for those 
waters. Where appropriate, the added waters were excepted from the MUN designation. 
Laguna and Lambert reservoirs, which no longer exist, were deleted from the list. 
 

 
2. Attachment 1 to Resolution No. R8-2012-0001, p. 2-3 of 76, and Attachment 2 to 

Resolution No. R8-2012-0001, p.2 of 77, CHAPTER 3 – BENEFICIAL USES, 

BENEFICIAL USE DEFINITIONS, Water Contact Recreation (REC1*):  
 

a. Delete proposed revisions to the name and definition of the Water Contact 

Recreation (REC1*) beneficial use. 
 

b. Modify the name of the Water Contact Recreation (REC1*) beneficial use as 

follows: (added text is shown in bold italics): 
 

Water Contact Recreation (REC1: Primary Contact Recreation*) 

 

3. Add the following modification of the name of the Non-contact Water Recreation 

(REC2*) beneficial use (CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE 

DEFINITIONS) as follows:  (added text is shown in bold italics) 
 
Non-contact Water Recreation (REC2: Secondary Contact Recreation*) 

 
 

4. Attachment 1 to Resolution No. R8-2012-0001, p. 3-4 of 76, and Attachment 2 to 

Resolution No. R8-2012-0001, p. 3 of 77, CHAPTER 3 – BENEFICIAL USES: revise the 

proposed section “RECREATION BENEFICIAL USES” as follows: 
 

a. Delete the first three proposed paragraphs in this section. 
b. Add the following text at the start of the proposed RECREATION BENEFICIAL 

USES section, preceding the paragraph that begins “Pursuant to the federal 

Clean Water Act and implementing regulation…”: (added text is shown in bold 
italics) 
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As part of the work that led to the adoption of recreation standards amendments in 

2012, the Stormwater Quality Standards Task Force considered the merits of and 

various alternatives for modifying the REC1 definition to improve clarity and 

precision. This was based on careful consideration of the scientific basis of the 

1986 USEPA bacteria criteria for REC1 waters and earlier criteria guidance. 

Specifically, as discussed in the 1986 criteria document and other USEPA guidance 

and regulation (see, for example, USEPA 2004), USEPA’s recommended bacteria 

quality criteria were intended to reduce the risk of waterborne illness to acceptable 

levels for those engaged in swimming or similar recreational activities where 

immersion and ingestion of water are likely.  The Stormwater Quality Standards 

Task Force documentation, which essentially comprised the administrative record 

for the 2012 recreation standards amendments, includes a memorandum to the Task 

Force that was prepared by Camp Dresser and McKee, Inc. (CDM), one of the Task 

Force consultants (“Scientific Basis for EPA Recommended Water Quality 

Objectives for Bacteria”, CDM, April 10, 2006).  This memorandum discusses the 

scientific basis of the criteria, as well as that of the Basin Plan water quality 

objectives for fecal coliform in freshwaters that were replaced by the E. coli 

objective in the 2012 Basin Plan amendments. The administrative record also 

documents the extensive consideration of alternatives appropriate to clarify the 

REC1 definition to reflect the underlying scientific assumptions of the USEPA 

criteria, and expectations regarding the likelihood of immersion and ingestion.   

 

In response to State Board staff comments that a consistent statewide definition for 

REC1 should be maintained absent statewide consideration of revisions to the 

definition, the specific recommendations developed by the Task Force for refining 

the definition of that use were not included in the recreation standards amendments 

adopted by the Regional Board in 2012. These Task Force recommendations should 

be considered on a statewide basis. Until such time as such statewide consideration 

occurs, it was thought sufficient for the purposes of the 2012 amendments to add 

reference to “primary contact recreation” in the name of the REC1 use (see 

BENEFICIAL USE DEFINITIONS) and to incorporate the following clarifying 

discussion.   

 

USEPA has provided explicit direction regarding the types of recreational activities 

to which the USEPA bacteria guidance should be applied. Specifically, USEPA’s 

1986 criteria (and prior bacteria criteria guidance) are intended for “Bathing (Full 

Body Contact) Recreational Waters”.  The 1986 criteria document states:  

 

"In 1986, EPA published Ambient Water Quality Criteria for Bacteria-1986.  This 

document contains EPA's current recommended water quality criteria for bacteria to 

protect people from gastrointestinal illness in recreational waters, i.e. waters 

designated for primary contact recreation or similar full body contact uses.  States 

and Territories typically define primary contact recreation to encompass 

recreational activities that could be expected to result in the ingestion of, or 

immersion in, water, such as swimming, water skiing, surfing, kayaking or any other 

recreational activity where ingestion of, or immersion in, the water is likely." 
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As defined statewide, the REC1 use includes recreational activities involving 

body contact with water where ingestion of water is reasonably possible 

including, but not limited to: swimming, wading, water-skiing, skin and scuba 

diving, surfing, whitewater activities, fishing and use of natural hot springs.  

 

The Regional Board has always considered the REC1 designation as functionally 

equivalent to USEPA’s description of primary contact recreation. In practice, the 

phrase “reasonably possible” is synonymous with the term “likely” when 

evaluating the probability of ingestion when persons swim or engage in similar 

body contact recreation. To reflect this, reference to “primary contact recreation” 

in the REC1 nomenclature was incorporated as part of the 2012 recreation 

standards amendments, as noted above.  

 

USEPA’s rule promulgating E. coli objectives for recreational freshwaters in 

certain Great Lakes states (USEPA 2004, p. 67222) provides that the pathogen 

indicator objectives apply “only to those waters designated by a State or Territory 

for swimming, bathing, surfing or similar water contact recreation activities, not 

to waters designated for uses that only involve incidental contact.“  USEPA 

defines this “secondary contact” recreation as “those activities where most 

participants would have very little direct contact with the water and where 

ingestion of water is unlikely. Secondary contact activities may include wading, 

canoeing, motor boating, fishing, etc.” (USEPA 2002, p. 39). 

 
The Basin Plan definition of the REC 2 beneficial use is functionally-equivalent to 

that described by USEPA as “Secondary Contact Recreation.” Therefore, the 2012 

recreation standards amendments added “Secondary Contact Recreation” to the 

REC2 nomenclature (see BENEFICIAL USE DEFINITIONS).  The Regional Board 

will rely on federal regulation and guidance to determine which waterbodies 

should be designated REC 2. Relatively brief incidental or accidental water 

contact that is limited primarily to the body extremities (e.g., hands or feet) is 

generally deemed REC 2 because ingestion is not considered reasonably 

possible.  

 
Some confusion may arise as to whether wading and fishing should be 

considered primary contact recreation (REC1) activities or secondary contact 

recreation (REC2) activities.  Wading and fishing cover a multitude of activities 

involving a wide range of potential water contact.  To avoid misapplication of the 

E. coli objectives, it is important to apply USEPA's recommended criteria for 

primary contact recreation only where ingestion of water is reasonably possible.  

For example, fly-fishing in the middle of a stream or fishing from a float tube 

would be considered REC-1 activities as it is likely that the person fishing may 

ingest water.  On the other hand, fishing from a riverbank or lake dock is more 

appropriately deemed REC-2 activity because ingestion, while conceivable, is not 

considered reasonably possible.  Similarly, walking beside or crossing through a 

shallow creek and getting ones feet wet is also not considered water contact 
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recreation (REC-1.) This activity is more akin to beachcombing, a recognized 

"non-contact recreation" (or REC-2) activity.  It is not reasonably possible to 

ingest appreciable quantities of water by merely touching or being splashed by 

the water. The E. coli objectives established in this Basin Plan are not intended or 

needed to protect this and similar incidental contact. However, a child sitting in 

the middle of a low flow creek playing in the water represents the sort of activity 

that is encompassed by the REC-1 use designation. The Basin Plan E. coli 

objectives properly apply to this type of activity.  (State Board staff spoke to and 

confirmed these views in a message to Regional Board staff on April 12, 2012. 

This message is part of the administrative record for the recreation standards 

amendments approved in 2012.)  

 

The Regional Board's longstanding approach to determining appropriate 

recreational use classifications is entirely consistent with federal guidance.  A 

review of historical records indicates that USEPA relied heavily on pre-existing 

definitions to describe primary and secondary contact recreation: 

 

"The Subcommittee defines primary contact recreation as activities in which 

there is prolonged and intimate contact with the water involving considerable risk 

of ingesting water in quantities sufficient to pose a significant health hazard.  

Examples include wading and dabbling by children, swimming, diving, water 

skiing, and surfing.  Secondary contact sports include those in which contact 

with the water is either incidental or accidental and the probability of ingesting 

appreciable quantities of water is minimal." (“Report of the Committee on Water 

Quality Criteria” (aka “Green Book”), US Department of Interior, Federal Water 

Pollution Control Administration, 1968, p. 11) 

 

In summary, some forms of wading and fishing are considered REC-1 because 

immersion is likely and ingestion is reasonably possible.  Other forms of wading 

and fishing, involving only limited incidental or accidental water contact 

(primarily to hands and feet) are considered REC-2 because immersion is unlikely 

and ingestion is not reasonably possible. 

 

Acknowledging that California’s REC1 definition has always been considered 

synonymous with the federal definition of Primary Contact Recreation ensures 

that the E. coli  objective, adopted as part of the 2012 recreation standards 

amendments, is applied in a manner that is neither more nor less stringent than 

the federal Clean Water  Act requires.  

 
 
 

5. Attachment 1 to Resolution No. R8-2012-0001, p. 6 of 76 and Attachment 2 to 

Resolution No. R8-2012-0001, p. 6 of 77: add the following references: 
 

United States Department of Interior. Federal Water Pollution Control Administration. 
Report of the Committee on Water Quality Criteria (aka “Green Book”). 1968.  
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United States Environmental Protection Agency. “Implementation Guidance for Ambient 
Water Quality Criteria for Bacteria [Draft]. May 2002. 
 

 
6. Attachments 1 and 2 to Resolution No. R8-2012-0001: Table 3-1 BENEFICIAL USES, 

p. 25 and p. 27: Change the proposed MUN designation for Goodhart Canyon, St. 

John’s Canyon and Cactus Valley Creeks (all listed on p. 25) and Mystic Lake (listed 

on p. 27) from “+” to “I”. 
 

7. Attachment 1 to Resolution No. R8-2012-0001: CHAPTER 4 WATER QUALITY 

OBJECTIVES, Pathogen Indicator Bacteria, Bays and Estuaries, REC-1, p. 35-36: 

delete the last sentence of the Note, as shown (deleted sentence in strikeout-type): 
 
Note:  The USEPA promulgated enterococci criteria for coastal recreation waters, 
including enclosed bays and estuaries, in 2004 (40 CFR 131.41). The established 
geometric mean enterococci value is 35/100mL.  No averaging period was specified, 
leaving that determination to the state’s discretion. USEPA also identified single 
sample maximum enterococci values, which vary based on the frequency of use of 
the REC1 waters.  The Regional Board intends to consider a Basin Plan amendment 
in the future to formally recognize the enterococci criteria established for enclosed 
bays and estuaries, to define an appropriate averaging period for the application of 
the geometric mean criterion, and to define appropriate application of the single 
sample maximum values to varying areas within enclosed bays and estuaries in the 
Region. Until the Basin Plan amendment process is completed, the Regional Board 
will implement the USEPA enterococci criteria for coastal recreation waters on a 
best professional judgment basis, with full opportunity for public participation and 
comment. 
 

Attachment 2 to Resolution No. R8-2012-0001: CHAPTER 4 WATER QUALITY 

OBJECTIVES, Pathogen Indicator Bacteria, Bays and Estuaries, REC-1, p. 35: delete 

the last sentence of the Note, as shown (deleted sentence in strikeout-type): 
 
Note:  The USEPA promulgated enterococci criteria for coastal recreation waters, 
including enclosed bays and estuaries, in 2004 (40 CFR 131.41). The established 
geometric mean enterococci value is 35/100mL.  No averaging period was specified, 
leaving that determination to the state’s discretion. USEPA also identified single 
sample maximum enterococci values, which vary based on the frequency of use of 
the REC1 waters.  The Regional Board intends to consider a Basin Plan amendment 
in the future to formally recognize the enterococci criteria established for enclosed 
bays and estuaries, to define an appropriate averaging period for the application of 
the geometric mean criterion, and to define appropriate application of the single 
sample maximum values to varying areas within enclosed bays and estuaries in the 
Region. Until the Basin Plan amendment process is completed, the Regional Board 
will implement the USEPA enterococci criteria for coastal recreation waters on a 
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best professional judgment basis, with full opportunity for public participation and 
comment. 
 

 
 

8. Attachment 1 to Resolution No. R8-2012-0001: Recreation Water Quality  Standards, 

p. 53 of 76: modify the second proposed paragraph as follows: (deleted text is 

shown in strike-out type; added text is shown in bold italics) 
 

In 2012, the Regional Board adopted changes to the recreation standards, based on the work 
and recommendations of the Stormwater Quality Standards Task Force (Resolution No. R8-
2012-0001). These changes included revised bacteria quality objectives applicable to 
freshwaters (see Chapter 4), and changes to the recreation use designations for specific fresh 
waters. , and clarification of the definition of REC1 (see Chapter 3).  Specific implementation 
strategies pertaining to the revised standards for freshwaters were also approved. This section 
describes those implementation strategies, which include the following:  
 

Attachment 2 to Resolution No. R8-2012-0001: Recreation Water Quality Standards, 

p. 52 of 77: modify the second proposed paragraph as follows: (deleted text is 

shown in strike-out type; added text is shown in bold italics) 

 

In 2012, the Regional Board adopted changes to the recreation standards, based on the work 
and recommendations of the Stormwater Quality Standards Task Force (Resolution No. R8-
2012-0001). These changes included revised bacteria quality objectives applicable to 
freshwaters (see Chapter 4),  and changes to the recreation use designations for specific fresh 
waters. , and clarification of the definition of REC1 (see Chapter 3).  Specific implementation 
strategies pertaining to the revised standards for freshwaters were also approved. This section 
describes those implementation strategies, which include the following:  

 
 

9. Attachment 1 to Resolution No. R8-2012-0001: Application of Single Sample 

Maximum values in REC1 freshwaters, p. 55 of 76: revise the following paragraph as 

shown in bold italics: 
 

Tier A, B, C and D waters are listed in Table 5-REC1-Tiers. Table 5-REC1-Tiers includes a 
“Comments” column that provides information regarding factors considered in making Tier 
assignments. An additional, qualifying notation, “N”, is also included in this table for certain 
waters assigned to Tier A, B, C or D based on the known or anticipated frequency of 

use. It is recognized that there are waters within the Region that are in undeveloped areas and 
are expected to have low natural bacteria levels. While use of these waters for primary contact 
recreation may or may not occur or may be limited due to difficulties in access, channel 
characteristics, flow conditions and the like, as reflected in the Tier assignments, it is also 
necessary and appropriate to assure the protection of the high quality of these waters. 
Accordingly, these “N” listed waters are assigned Single Sample Maximum values using the 
75% confidence factor in the calculation, which is the same approach utilized with Tier A, 
heavily-used waters.  “N” listed waters are defined as follows: 
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Attachment 2 to Resolution No. R8-2012-0001: Application of Single Sample Maximum 

values in REC1 freshwaters, p. 54 of 76: revise the following paragraph as shown in 

italics: 
 
Tier A, B, C and D waters are listed in Table 5-REC1-Tiers. Table 5-REC1-Tiers includes a 
“Comments” column that provides information regarding factors considered in making Tier 
assignments. An additional, qualifying notation, “N”, is also included in this table for certain 
waters assigned to Tier A, B, C or D based on the known or anticipated frequency of 

use. It is recognized that there are waters within the Region that are in undeveloped areas and 
are expected to have low natural bacteria levels. While use of these waters for primary contact 
recreation may or may not occur or may be limited due to difficulties in access, channel 
characteristics, flow conditions and the like, as reflected in the Tier assignments, it is also 
necessary and appropriate to assure the protection of the high quality of these waters. 
Accordingly, these “N” listed waters are assigned Single Sample Maximum values using the 
75% confidence factor in the calculation, which is the same approach utilized with Tier A, 
heavily-used waters.  “N” listed waters are defined as follows: 

 
 

10. Attachments 1 and 2 to Resolution No. R8-2012-0001, Table 5-REC1-Tiers, p. 56-62:  

Make the following modifications:  
a. Add the new table notation symbol “x” at the end of the title of the table (Table 5-

REC1-Tiers) on each page of the table. 
b. Move the text shown in table notes 1 and 4 to “x” and remove the numbering. 
c. Re-number the other existing table notes. 
d. Revise the text in the new table note “x” describing N waters as follows: (deleted text 

is shown in strikeout type; added text is underlined)  
Natural (N) refers to a natural or pristine conditions. waters, typically in largely natural condition, that are 
expected to have good ambient bacterial quality. Natural N waters will be assigned SSMs based on the 
75% confidence level, like Tier A waters, even if designated Tier B, C or D based on the intensity of 
REC1 use. 

e. Change “n” to “N” where “n” appears in this table.  
 

These changes are shown in the revised Table 5-REC1-Tiers attached at the end of this 
errata sheet. (Since this table has multiple pages, only the underline/strikeout version is 
attached for simplicity. These changes will be reflected also in the “clean” version 
(Attachment 2 to Resolution No. R8-2012-0001)).  
 

11. Attachments 1 and 2 to Resolution No. R8-2012-0001, Application of Single Sample 

Maximum Values in REC1 freshwaters, p. 63: remove second paragraph, as shown 

(deleted text is shown in strike-out type): 
 
This Basin Plan attempts to list and designate appropriate recreation (and other) beneficial 
uses for all the significant inland freshwater bodies in the Region. The Clean Water Act and 
implementing federal regulations establish the rebuttable presumption that all surface 
waters are REC1. While surface water bodies in the Region that are not listed in the Basin 
Plan will be considered REC1 unless and until demonstrated to be otherwise through a Use 
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Attainability Analysis, there is no requisite presumption that all such waters belong to any 
specific REC1 Tier. Until formal consideration, through the Basin Planning process, of the 
appropriate Tier for any unlisted inland freshwater bodies in the Region is provided, the 
Regional Board will employ discretion based on its knowledge of those waters and 
information provided by interested parties to determine the appropriate Tier for those water 
bodies for regulatory purposes.  
 

12. Attachments 1 and 2 to Resolution No. R8-2012-0001, p.65, Table 5-REC1-ssv 

“Alternative Method for Assessing Probable Compliance with the E. coli Objective in 

Freshwaters Designated REC1 when Insufficient Data are Available to Calculate a 

Geometric Mean”:  Revise the symbol in the column header “Maximum Expected Single 
Value for E. coli…” from “>” to “=”. 
 

13. Attachment 1 to Resolution No. R8-2012-0001, High Flow suspension of recreation 

standards, p. 70-71: revise the text as follows: (added text is shown in bold 

italics)(Only the underline-strikeout version of the text is shown, for simplicity. The 

changes shown will also be included in the “clean” version of the amendments 

(Attachment 2 to Resolution No. R8-2012-0001)) 

 

a. Second paragraph, first two sentences: 

These hazards are exacerbated in urban streams that have been engineered or 
heavily modified to provide essential flood protection during and immediately 
following storm events.  Channel straightening, bank stabilization, substantial 
vegetation removal and flow diversions are all intended to convey stormwater runoff 
to a suitable discharge location as rapidly as possible while minimizing the risk of 
flooding and erosion.  
  

b. Third paragraph: 

This Plan recognizes these circumstances and specifies that the recreational use 
designations (REC1 and REC2), the narrative pathogen objective and the numeric 
pathogen indicator objectives shown in  Table 4-pio are temporarily suspended 
when high flows preclude safe recreation in or near freshwater stream channels that 
have been engineered, heavily modified or maintained to serve as temporary flood 
control facilities. Temporary suspensions of recreation standards do not apply to 
freshwater lakes, ocean beaches or enclosed bays or estuaries.  
 

c. Paragraph “Definition of Unsafe Flows”, first paragraph:  

Flow conditions in freshwater streams in the Santa Ana watershed are presumptively 
unsafe if either of the following conditions occurs:  (1) stream velocity is greater than 
8 feet-per-second (fps); or, (2) the product of stream depth (feet) and stream velocity 
(fps) (the depth-velocity product) is greater than 10 ft2/s+. Where representative 
stream gauge data are not available, unsafe flows are presumed to exist in stream 
channels that have been engineered or heavily modified for flood control purposes 
when rainfall in the area tributary to the stream is greater than or equal to 0.5 inches 
in 24 hours. Rainfall measurements may be estimated using gauges, Doppler radar 
data, or other scientifically defensible methods. 
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+ 

The depth-velocity product criterion is not intended to apply to normal dry 

weather flows contained within low-flow pilot channels within engineered or 

heavily modified channels. 

 

 
d. Paragraph “Definition of Engineered or Modified Channels, Modify paragraph 

as follows:  

Definition of Engineered or Heavily Modified Channels.  The temporary 
suspension of recreational uses and related water quality objectives during unsafe 
flow conditions applies only to streams that have been engineered or heavily 

modified to enhance flood control protection.  Engineered streams include all man-
made flood control facilities with a box-shaped, V-shaped or trapezoidal 
configuration that have been lined on the side(s) and/or bottom with concrete or 
similar channel-hardening materials.  Heavily mModified channels include once 
natural streams that have been substantially re-engineered, using levees, bank 
stabilization (rip-rap), channel straightening, vegetation removal and other similar 
practices, to facilitate rapid evacuation of increased urban runoff during storm 
events.   
 

e. Paragraph “Delineation of Engineered or Modified Channels”, add second 

paragraph as follows: (added text is shown in italics) 

 

 

Delineation of Engineered or Modified Channels.  The very large number of engineered 
and modified flood control facilities in the Santa Ana Region makes it difficult to identify all 
such channels individually by name.  Therefore, Appendix VIII provides maps of the waterbody 
segments that have been engineered or modified in the manner described above and that, 
therefore, qualify for the temporary suspension of recreational standards under specific high 
flow conditions.  Appendix IX contains ArcGIS files that identify each of these same 
waterbodies in a more precise, high-resolution format.  The engineered flood control channels 
identified in these Appendices will be updated annually via the annual report submitted by the 
MS4 permittees for each county in the Region. Additions or deletions to the list of waters 
identified in these Appendices will also be considered during the triennial review process or on 
a case-by-case basis upon request by an interested party to do so. Any such request must be 
supported by substantial evidence. Appendix VIII and Appendix IX can be viewed at the 
Regional Board’s website:  
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_s

tandards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf, and  

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_s

tandards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip. 

 

It is important to recognize that while these channels have been engineered or modified for 

flood control purposes, these changes do not necessarily preclude the support of habitat in 

and adjacent to the channels, or the use of that habitat by aquatic, avian and terrestrial wildlife. 

There may be opportunities for habitat and/or species restoration projects in or adjacent to 
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these channels. The temporary suspension of recreation standards in these channels would 

have no effect on the ability to implement such projects.  

 

 

 
14. Attachment 1 to Resolution No. R8-2012-0001, p. 67- 68, Antidegradation targets for 

REC2 only freshwaters:  revise text and tables to reflect that the antidegradation 

targets will be based on the upper 75
th

 percentile, rather than the upper 95
th

 

percentile, as shown below (deleted text is struck out; added text is shown in bold 

italics.  Numeric values in the tables are revised accordingly.) (Only the 

underline/strike-out version of the revised section is shown, in its entirety, for 

simplicity. The changes shown will be incorporated also in the “clean” version of the 

proposed amendments presented in Attachment 2 to Resolution No. R8-2012-0001, 

p. 67-68, Antidegradation targets for REC2 only freshwaters.) 
 

Antidegradation targets for REC2 only freshwaters 

 

As discussed in Chapter 4 (Pathogen Indicator Bacteria, REC2 Only Freshwaters), this Plan 
does not specify bacteria quality objectives for freshwaters designated REC2 only. However, it 
is appropriate to take steps to assure that bacteria quality conditions in these waters do not 
degrade as the result of controllable water quality factors, consistent with antidegradation 
policy requirements.  
 
For waters designated REC2 only pursuant to approved Use Attainability Analyses (UAAs; see 
discussion in Chapter 3 and Table 3-1), bacteria quality targets will be calculated and used to 
provide a baseline for expected water quality conditions in these waters. If future monitoring 
provides credible evidence that these targets are being exceeded and that quality conditions 
may have declined, then additional monitoring and investigation will be initiated and corrective 
action taken if and as appropriate. Requirements pertaining to monitoring and follow-up 
investigation and action are identified below (Monitoring Plan for Pathogen Indicator Bacteria 

in Freshwaters).  
 

The baseline condition (antidegradation target) for each REC2 only water will be established 
through a comprehensive statistical analysis of ambient bacteria quality data that is conducted 
as part of the UAA used to justify the REC2 only designation. The statistical analysis must be 
designed to characterize the entire distribution of the dataset. This includes determination of 
the geometric mean, median, standard deviation, coefficient-of-variation, maximum value, 
upper 75

th
 95th percentile value and sample size for the dataset. The upper 75

th 95th 
percentile density will serve as the antidegradation target, that is, the trigger threshold for 
further investigation and possible corrective action. As new data become available pursuant to 
requisite monitoring, they will be compared to this antidegradation target to determine whether 
further investigation or action is needed. The additional monitoring results must be sufficiently 
robust to assess whether a lowering of water quality has occurred. 

 
In general, the following method will be used to estimate the upper 75

th 95th percentile 
densities: 
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Step 1) Log-transform the existing data 
Step 2) Calculate the mean of the log-transformed data 
Step 3) Calculate the standard deviation of the log-transformed data 
Step 4) Multiply the standard deviation of log-transformed data by 0.675 1.65 
Step 5) Add result from Step 4 to the mean value calculated in Step 2 
Step 6) Calculate the anti-log for the value derived in Step 5; this is the 75

th 
95% Upper Confidence Level. 

 
Using the 75

th 95th percentile to assess water quality trends and as a trigger for further 
monitoring is conceptually similar to U.S. EPA’s recommended approach for using Single 
Sample Maximums (see Application of Single Sample Maximum values in REC1 freshwaters, 

above), and to the approach used to characterize ambient TDS and nitrogen quality in the 
groundwater management zones throughout the Santa Ana Region (see Chapter 4, 
Management Zone TDS and Nitrate-nitrogen Water Quality Objectives). 
 
 
Where 75% 95% of the new data is less than or equal to the antidegradation target, no 
degradation will be inferred.  However, if more than 25% 5% of the samples exceed the target, 
additional samples must be collected and analyzed to determine whether the elevated values 
is an anomaly are anomalous (verified by formal outlier analysis) or if  there is it indicates a 
true trend toward water quality degradation.   
 
Use Attainability Analyses have been completed to justify the designation as REC2- only the 
specific freshwater stream segments listed in Table 5-REC2 Only Targets-FW.  For each of 
these waters, this Table shows the antidegradation indicator bacteria targets, based on the 
75% 95% upper confidence level of data obtained as part of the UAAs:  
 
 

Table 5-REC2 Only Targets-FW
1
  

 

REC2 Only Waterbody 
E. coli  Densities  (cfu/100 mL) 

Geometric 

Mean 
Std. 
Dev. 

N 
Max. 

Observed 

75 95% 

UCL
3 

      

Temescal Creek, Reach 1b 198 34 119 9,2002 
374  933 

Santa Ana Delhi Channel, 
Reach 2 

448 
110 63 12,590 

1231 

5,269 

UCL= Upper Confidence Level;  75 95% upper confidence level is the antidegradation target.  

1
 CDM, Inc.  Technical Memorandum. Calculation of Antidegradation Targets for REC2 Only 

Freshwaters. December 30, 2011. April 24, 2012. 
2
 A value of 1,800,000 cfu/100 mL, from the sample collected on 9/8/2007, was excluded as an 

outlier. 
3 
Targets calculated for dry weather baseflow conditions only; do not apply to samples 

collected during wet weather conditions. 
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Use Attainability Analyses have also been completed for two tidal prisms (Santa Ana Delhi and 
Greenville-Banning channels).  Antidegradation targets for these waters, though not freshwater 
bodies, are shown in Table 5-REC2 Only Targets-Other  Waters, below.  
 
 

Table 5-REC2 Only Targets- Other Waters
1 

REC2 Only Waterbody 

 

Enterococcus Densities  (cfu/100 mL) 

Geometric 

Mean 

Std. 

Dev. N 

Max. 

Observed 

75% 

95% 

UCL
2 

      

Greenville-Banning Channel, 
Tidal Prism 

44 116 
2041 116108 22,000 

133 660 

Santa Ana-Delhi Channel, 
Tidal Prism 

4391900 
4852 65 28,600 

1320 

6466 

UCL= Upper Confidence Level;  75% 95% upper confidence level is the antidegradation target 

1
 California Regional Water Quality Control Board, Santa Ana Region.  Memorandum prepared by 

David Woelfel. Calculation of Antidegradation Targets for REC2 Only Waters-Tidal Prisms.  
December 30, 2011 April 24, 2012. 

2
 

 
Targets calculated for dry weather baseflow conditions only; do not apply to samples 

collected during wet weather conditions. 

 

 
 

15. Attachment 1 (p. 76) and Attachment 2 (p. 77) to Resolution No. R8-2012-0001, Revise 

the date for two references (#34 and 35) proposed to be added to Chapter 5 from 

December 30, 2011 to April 24, 2012. 
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(Revised)  Table 5- REC 1-Tiers
x
 

 

INLAND SURFACE STREAMS 

TIER 

A, B, C, OR D
 

 

Rationale for Tier 

Assignment  

LOWER SANTA ANA RIVER   
  Santa Ana River   
    Reach 1 D Intermittent, low flow

1 
limited 

access
2 

    Reach 2 C Low flows, limited access 

    Aliso Creek D (N) Natural condition, limited 
access 

    Carbon Canyon Creek D Low, intermittent flow, limited 
access 

  Santiago Creek Drainage   

    Santiago Creek       

    Reach 1 D Intermittent flow 
    Reach 2 – Irvine Lake (see Lakes)   

    Reach 3 -  D (N) Low flow 

    Reach 4 - D (N) Low flow 

    Silverado Creek     D (N) Low flow 

    Black Star Creek  D (N) Low flow 

    Ladd Creek D (N) Low flow, limited access 

San Diego Creek Drainage   

    San Diego Creek   

    Reach 1 C Low flow, no observed REC1 
use

3
; however fishing and 

children observed near water 

    Reach 2 D  Low flow, limited access 

Tributaries: Bonita Creek, Serrano 
Creek, Peters Canyon Wash, Hicks 
Canyon Wash, Bee Canyon Wash, 
Borrego Canyon Wash, Agua Chinon 
Wash, Laguna Canyon Wash, 
Rattlesnake Canyon, Sand Canyon 
Wash and other tributaries to these 
creeks.  

D Low flow, limited access 

San Gabriel River Drainage   

    Coyote Creek D Low flow/access prohibited 

Upper Santa Ana River   
 

X
 Tiers based on  USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water  Quality 

 Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41),  November 
 2004. Natural (N) refers to waters, typically in largely natural condition, that are expected to have 
 good ambient bacterial quality. N waters will be assigned SSMs based on the  75% confidence level, 
 like Tier A waters, even if designated Tier B, C or D based on the intensity of REC1 use.

 

1
  Low, intermittent or ephemeral flows limit opportunity for REC1 use.

 

2 
Access limited or precluded by prohibitions by agency/party with jurisdiction and/or physical 

 constraints (fencing and signage, riprap/concrete/natural steep slopes, impenetrable vegetation 
 in/adjacent to the fresh water body, remote location, and the like).

 

3 
Photographic survey showed no REC1 use.  (See CDM Recreation Use Survey Reports)
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 Table 5- REC 1-Tiers
X
 (Continued) 

 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 

Rationale for Tier 

Assignment 

    Reach 3 A High use, wading and soaking, 
Reference condition for Tier 

A waters 

    Reach 4 B Access restricted, some water 
contact REC use observed 

    Reach 5 D Low/intermittent flow 

    Reach 6 B (N) Natural condition, fishing 
stream  

San Bernardino Mountain Streams   

  Mill Creek Drainage   

    Mill Creek   

    Reach 1 A High use, wading and soaking 

    Reach 2 A (N) Natural condition, wading and 
soaking  

    Mountain Home Creek  D (N) Natural condition, infrequent 
water contact REC use 

    Mountain Home Creek, East Fork D (N) Natural condition, remote 

Monkeyface Creek D (N) Natural condition, remote/low 
flow, light to infrequent water 
contact REC use 

Alger Creek D (N) 

Falls Creek D (N) 

Vivan Creek  D (N) 

High Creek D (N) 

Other Tributaries: Lost, Oak, Cove, 
Green, Skinner, Hatchery, Rattlesnake, 
Slide, Snow, Bridal Veil, and Oak 
Creeks and tributaries to these Creeks 

D (N) 

Bear Creek Drainage C (N) Natural condition, remote, light 
to infrequent water contact 
REC use. Fishing streams 

  Bear Creek  

  Siberia Creek 

  Slide Creek  

  Johnson Creek 

  All other tributaries to these Creeks 

Big Bear Lake Tributaries   

  North Creek D (N) Natural condition/low flows, 
infrequent water contact REC 
activities 

  Metcalf Creek 

  Grout Creek 

  Rathbone Creek 

  Meadow Creek 

  Summit Creek 

  Knickerbocker Creek /Reach 1 D Access prohibited, low flow, no 
REC 1 use observed

4 

  Reach 2 D (N) Natural condition, low flow 

  Other tributaries: Minnelusa Canyon,       
Poligue, Red Ant Creeks and 
Tributaries to these Creeks 

D (N) Natural condition, low flow 

X
  Tiers based on  USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water  Quality 

 Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 
 2004. Natural (N) refers to waters, typically in largely natural condition, that are expected to have good 
 ambient bacterial quality. N waters will be assigned SSMs based on the 75% confidence level, like 
 Tier A waters, even if designated Tier B, C or D based on the intensity of REC1 use.

 

.
 

4   
Photographic survey for one year period showed no REC1 use.
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 Table 5- REC 1-Tiers
X
  

 (Continued) 

 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 

Rationale for Tier 

Assignment 

Other Tributaries to Baldwin Lake: 
Sawmill, Green, and Caribou Canyon 
Creeks and other Tributaries to these 
Creeks 

D (N) Natural condition, low flow, 
remote 

Other Streams Draining to Santa Ana 
River (Mountain Reaches) 

 

Cajon Canyon Creek C (N) Natural condition, low flow 

City Creek D (N) Natural condition, low flow, 
limited access, remote 

Devil Canyon Creek D (N) Natural condition, low flow, 
limited access, remote 

East Twin and Strawberry Creeks D (N) Natural condition, low flow, 
limited access, remote 

Waterman Canyon Creek  D (N) Natural condition, low flow, 
limited access, remote 

Fish Creek D (N) Natural condition, low flow, 
limited access, remote 

Forsee Creek  D (N) Natural condition, low flow, 
limited access, remote 

Plunge Creek  D (N) Natural condition, low flow, 
limited access, remote 

Barton Creek D (N) Natural condition, low flow, 
limited access, remote 

Bailey Creek D (N) Natural condition, low flow, 
limited access, remote 

Kimbark Canyon, East Fork Kimbark  
Canyon, Ames Canyon and West Fork 
Cable Canyon Creeks 

D (N) Natural condition, low flow, 
limited access, remote 

Valley Reaches of Above Streams D (N) Natural condition, low, flow, 
limited access 

Other Tributaries (Mountain Reaches): 
Alder, Badger Canyon, Bledsoe Gulch, 
Borea Canyon, Breakneck, Cable 
Canyon, Cienaga Seca, Cold, 
Converse, Coon, Crystal, Deer, elder, 
Fredalba, Frog, Government, Hamilton, 
Heart Bar, Hemlock, Keller, Kilpecker, 
Little Mill, Little Sand Canyon, Lost, 
Meyer Canyon, Mile, Monroe Canyon, 
Oak, Rattlesnake, Round Cienaga, 
Sand, Schneider, Staircase, Warm 
Springs Canyon and Wild Horse 
Creeks, and other tributaries to those 
Creeks. 

D (N) Natural condition, low flow, 
limited access, remote 

San Gabriel Mountain Streams  

San Antonio Creek A (N) Natural condition, wading and 
soaking in summer months 

X
  Tiers based on  USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water  Quality 

 Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 
 2004. Natural (N) refers to waters, typically in largely natural condition, that are expected to have 
 good ambient bacterial quality. N waters will be assigned SSMs based on the 75% confidence level, 
 like Tier A waters, even if designated Tier B, C or D based on the intensity of REC1 use.
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Table 5- REC 1-Tiers
x
  

 (Continued) 

 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 

Rationale for Tier 

Assignment 

Lytle Creek (Middle and North Forks)  A (N)  Natural condition, wading and 
soaking in summer months, 
fishing streams 

Tributaries to Lytle Creek (South Fork 
and Coldwater Canyon Creek) 

D (N) Natural condition, low flow 

Day Canyon Creek  D (N) Natural condition, low flow, 
remote, limited access 

East Etiwanda Creek D (N) Natural condition, low flow, 
limited access, remote 

Valley Reaches of Above Streams D (N) Natural condition, low flow, 
limited access 

Cucamonga Creek / Reach 2 
(Mountain Reach) – 23

rd
 St. in Upland 

to headwaters 

B (N) Natural condition, limited 
access 

Mill Creek (Prado Area) C  limited  access, low flow 

Other Tributaries (Mountain Reaches) 
San Sevaine, Deer Canyon, Duncan 
Canyon, Henderson Canyon, Bull, Fan, 
Demens, Thorpe, Angalls, Telegraph 
Canyon, Stoddard Canyon, Icehouse 
Canyon, Cascade Canyon, Cedar, 
Falling Rock, Kerkhoff, and Cherry 
Creeks and other Tributaries to these 
Creeks 

C (N) Natural condition, low flow, 
limited access, most creeks in 
remote areas 

Valley Reaches of Above Streams D   Low flow, limited access 

San Timoteo Creek   

Reach 1A – Santa Ana River 
Confluence to Barton Road 

D   Low flow, limited access 

Reach 1B – Barton Road to Gage at 
San Timoteo Canyon Rd. 

D   Low flow, limited access 

Reach 2 – gage at San Timoteo to 
confluence with Yucaipa Creek  

C   Low flow, limited access 

Reach 3 – Confluence with Yucaipa 
Creek to confluence with little San 
Gorgonio and Noble Creeks 

C   Low flow, limited access 

Oak Glen, Potato Canyon, and Birch 
Creeks 

D (N)  Natural condition, low flow, 
limited access 

Little San Gorgonio Creeks C (N) Natural condition, low flow, 
limited access, remote 

Yucaipa Creek D  Low flow, limited access 

Other Tributaries to these Creeks-
Valley Reaches 

D  Low flow, limited access 

 

x  
Tiers based on  USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality 

 Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41),  November 
 2004. Natural (N) refers to waters, typically in largely natural condition, that are  expected to have 
 good ambient bacterial quality. N waters will be assigned SSMs based on the 75%  confidence 
 level, like Tier A waters, even if designated Tier B, C or D based on the intensity of REC1 use.
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Table 5- REC 1-Tiers
x
  

 (Continued) 

 

INLAND SURFACE STREAMS 

Tier A, B, C, OR 

D 

 

Rationale for Tier 

Assignment 

Other Tributaries to these Creeks 
(Mountain Reaches) 

C (N) Natural condition  

Anza Park Drain C  Low flow 

Sunnyslope Channel C  Low flow, limited access,  
Santa Ana sucker habitat 

Tequesquite Arroyo (Sycamore Creek) C   Low flow, limited access 

Prado Area Streams  

Chino Creek  

Reach 1A – Santa Ana River 
confluence to downstream of 
confluence with Mill Creek (Prado 
Area) 

D Low flow, limited access 

Reach 1B – Confluence with Mill Creek 
(Prado Area) to beginning of concrete 
lined channel south of Los Serranos 
Rd.   

C Low flow, limited access 

Reach 2 – Beginning of concrete-lined 
channel south of Los Serranos Rd. to 
confluence with San Antonio Creek  

D Low flow, limited access 

Temescal Creek 

Reach 2 – 1400 ft. upstream of 
Magnolia Ave. to Lee Lake 

D Low flow, limited access 

Reach 3 – Lee Lakes (see Lakes)   

Reach 4 – Lee Lake to Mid-section 
Line of Section 17 

D Low flow, limited access 

Reach 5 – Mid-section line of Section 
17 to Elsinore Groundwater 
Management Zone  Boundary 

D Low flow, limited access 

Reach 6 – Elsinore Groundwater 
Management Zone Boundary to Lake 
Elsinore Outlet 

D Low flow 

Coldwater Canyon Creek C (N) Natural condition, limited 
access, remote 

Bedford Canyon Creek  C (N) Natural condition, limited 
access, remote 

Dawson Canyon Creek C (N) Natural condition, limited 
access, remote 

 

x
   Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality  

  Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41),    
  November 2004. Natural (N) refers to waters, typically in largely natural condition, that are    
  expected to have good  ambient bacterial quality. N waters will be assigned SSMs based on the 
  75% confidence level, like Tier A waters, even if designated Tier B, C or D based on the intensity of 
REC1 use. 
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Table 5- REC 1-Tiers
X
  

 (Continued) 

 

INLAND SURFACE STREAMS 

Tier A, B, C, OR 

D 

 

Rationale for Tier 

Assignment 

Other Tributaries to these Creeks 
C (N) Natural condition, limited 

access 

San Jacinto River   

Reach 1 – Lake Elsinore to Canyon 
Lake 

C Low flow 

Reach 2 – Canyon Lake (see Lakes)   

Reach 3 – Canyon Lake to Nuevo 
Road 

D Low / ephemeral flow, limited 
access 

Reach 4 – Nuevo Road to North-South 
Mid-Section Line, T4S/R1W-S8 

D Low / ephemeral flow, limited 
access 

Reach 5 – North-South Mid-Section 
Line, T4S/R1W-S8, to Confluence with 
Poppet Creek  

D Low / ephemeral flow, limited 
access 

Reach 6 – Poppet Creek to Cranston 
Bridge 

C Low flow 

Reach 7 – Cranston Bridge to Lake 
Hemet  

C (N) Natural condition, limited  
access, remote 

Bautista Creek - Headwaters to Debris 
Dam 

D (N) Low flow, agricultural lands in 
lower section 

Strawberry Creek and San Jacinto 
River, North Fork 

C (N) Low flow, limited access, 
some areas remote  

Fuller Mill Creek C (N) Low flow, limited access, 
remote 

Stone Creek C (N) Low flow, limited access, 
remote 

Other Tributaries: Logan, Black 
Mountain, Juaro Canyon, Indian, 
Herkey, Poppet, and Potrero Creeks 
and other Tribuarties to these Creeks 

D (N) Low flow, limited access, 
remote 

Salt Creek D  Low /  ephemeral flow 

Goodhart Canyon Creek, St. John’s 
Canyon, and Cactus Valley Creeks 

D Low / ephemeral flow, remote 

Lakes and Reservoirs  

Baldwin Lake D (N) Ephemeral / intermittent  

Big Bear Lake A Designated swimming areas 

Erwin Lake D Ephemeral / intermittent 

Evans Lake D Swimming prohibited by City 
Park officials  

Jenks Lake B (N) Mt. fishing lake, REC body 
contact activities discouraged 

Lee Lake C Swimming prohibited, float 
tube fishing allowed 

Lake Mathews D Drinking water reservoir, 
access prohibited 

 

x
  Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality  

 Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41),  November 
 2004. Natural (N) refers to waters, typically in largely natural condition, that are expected to have 
 good  ambient bacterial quality. N waters will be assigned SSMs based on the  75% confidence 
 level, like Tier A waters, even if designated Tier B, C or D based on the intensity of REC1 use.
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Table 5- REC 1-Tiers

X
  

 (Continued) 

 

LAKES AND RESERVOIRS 

Tier A, B, C, OR 

D 

 

Rationale for Tier 

Assignment 

Mockingbird Reservoir 
D Limited access/ fenced and 

locked 

Lake Norconian  
D Access prohibited by U.S. 

Navy, no water contact REC 
activities allowed  

Anaheim Lake  C Fishing, GW recharge basin, 
water contact REC activities 
prohibited  

Irvine Lake B Fishing Lake, water contact 
REC activities prohibited. Float 
tube fishing allowed. 

Peters Canyon, Rattlesnake, Sand 
Canyon and Siphon Reservoirs 

D Water contact REC activities 
and/or access prohibited 

Canyon Lake A Water contact activities 
allowed 

Lake Elsinore  A Water contact activities 
allowed 

Lake Fulmor C Fishing allowed 

Lake Hemet C Fishing Lake, float tube fishing 
and water contact REC 
activities prohibited. 

Mystic Lake C Ephemeral lake, water fowl 
hunting allowed 

Lake Perris A Water contact activities 
allowed, designated swimming 
areas 

WETLANDS (INLAND) 

San Joaquin Freshwater Marsh D Access prohibited 

Shay Meadows D (N) Natural conditions, low flows 

Stanfield Marsh D Access prohibited  

Prado Basin Management Zone C Access prohibited, thick 
vegetation limits accessibility  

San Jacinto Wildlife Preserve  C Hunting ponds filled with 
treated effluent 

Glen Helen C Low flow, County Park 

   

   

 
 x

  Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality  

 Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41),  November 
 2004. Natural (N) refers to waters, typically in largely natural condition, that are  expected to have 
 good ambient bacterial quality. N waters will be assigned SSMs based on the  75% confidence level, 
 like Tier A waters, even if designated Tier B, C or D based on the intensity of REC1 use.
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Responses to USEPA Region 9 Comments – April 25, 2012 

 

Comment Response 

1. EPA appreciates the discussion at the meeting in San 
Francisco on April 10, 2012 between EPA, Santa Ana 
Regional Water Quality Control Board, and members of 
the Storm Water Quality Task Force to clarify the 
proposed amendment and supporting documents. The 
errata document addresses many of our earlier 
concerns…We have not as yet completed reviewing the 
UAAs, but appreciate that the scope is limited to 
redesignation of REC1 to REC2 in 4 waterbodies.  

Comments noted. No further response required. 

2. We have no objection to the modifications to add “Primary 
Contact Recreation” to the REC1 name and “Secondary 
Contact Recreation” to the REC2 name. 

Comment noted. No further response required. 

3. EPA recommends that the 13 paragraphs in bold, on 
pages 3-5, be deleted in full. The language is 
unnecessary Basin Plan language. It may be more 
appropriate in a staff report.  

EPA makes reference to paragraphs proposed in the Errata 
sheet, p. 3-5, for addition to the Basin Plan.  This language is 
proposed in lieu of changes to the REC1 definition itself.  EPA 
had earlier expressed concern about the proposed changes in 
the definition, specifically, that the changes to the definition itself 
would result in statewide inconsistency.    
 
The narrative language proposed to be added to the Basin Plan 
is intended to provide the clarification initially sought in the 
proposed refinements to the REC1 definition itself. This 
clarification is necessary to assure that recreation standards are 
applied and implemented in a manner consistent with federal 
guidance and with the conditions and assumptions underlying the 
epidemiology studies that USEPA relied on the derive the 
recommended national bacteria criteria. Thus, the proposed 
language is significant and an appropriate part of the Basin Plan 
itself.  
 

4. EPA recommends that the entire paragraph in section 7 
of the errata document, on p.6, be deleted, as it is 
unnecessary to include future “intent” to consider a Basin 

EPA refers to the paragraph in the Errata sheet that is proposed 
to be included in the Basin Plan to take note of the USEPA 
promulgation of enterococci criteria for coastal recreation waters, 
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Plan amendment for enterococcus. The enterococcus 
criterion is already promulgated under the BEACH Act.  

including enclosed bays and estuaries, in 2004. The proposed 
language takes note of the facts that (1) in promulgating these 
criteria, USEPA did not specify an averaging period for the 
expression of the criteria and (2) that while USEPA identified 
single sample maximum values for enterococcus that vary based 
on the intensity of REC1 use, USEPA did not define the specific 
areas to which the varying numbers would apply. The proposed 
language simply clarifies these pertinent facts and indicates that 
a future Basin Plan amendment will be appropriate to address 
these current issues.  Once such an amendment is approved, 
then this explanatory paragraph, if approved as part of the 
proposed amendments, would be removed. 
 
We are surprised by this comment since, during our April 10, 
2012 meeting, EPA staff commented that the inclusion of most of 
this explanatory language would be useful. 

5. We appreciate that staff has changed the proposed REC2 
antidegradation standard from being based on the 95th 
percentile to the 75th percentile, which is more protective 
than the previous proposal. We believe that the 
implementation of the proposed REC2 standard depends 
on a proper monitoring program and that the adequacy of 
said monitoring programs should be reviewed by the 
State Board and EPA. 

The proposed antidegradation targets for REC2-only waters are 
intended to provide evidence concerning water quality 
degradation over time. Per the proposed Basin Plan language, 
where credible evidence indicates that there may be water quality 
degradation, then follow-up actions, including increased 
monitoring and source investigations/corrective actions (where 
shown to be necessary) would be implemented. See the 
proposed amendments to Chapter 5, Implementation, 
Antidegradation targets for REC2 only freshwaters, and 
Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters. 

 

We appreciate EPA’s acknowledgement that the number of 
waters that would be designated REC2 only (through UAAs) and 
to which the antidegradation targets only, not the recommended 
E. coli objectives, would apply, is very limited.  Even without the 
proposed re-designations, monitoring in these waters is likely to 
be very limited given what is known about the nature of their use 
for water contact recreation; in light of resource constraints, 
monitoring efforts are more properly directed to and focused on 
areas where recreational use is more likely to occur and where, 
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therefore, the threat to public health is most significant.  We 
believe that it would be an inappropriate use of both State Water 
Board and EPA staff resources to focus time and effort on the 
review of monitoring programs designed to address REC2 only 
waters. That said, Regional Board staff would consider any 
comments that either State Water Board or EPA staff choose to 
provide on such monitoring efforts.  

6. We would like to point out that though the tiering of uses 
(in Table 5) is placed in the implementation chapter of the 
Basin Plan, EPA considers such tiering as a standards 
change, and thus actionable under the Clean Water Act.  

EPA refers to Table 5-REC1-Tiers, which is proposed to be 
added to Chapter 5 Implementation, of the Basin Plan. For the 
purposes of assigning appropriate single sample maximum E. 

coli values, the table assigns each fresh surface water in the 
Region to a tier based on the known or anticipated intensity of 
REC1 use.  
 
EPA’s comment is noted; no further response is required.  

 



EPA REGION 9 COMMENTS TO THE SANTA ANA REGIONAL WATER QUALITY 
CONTROL BOARD REGARDING THE ERRATA TO THE PROPOSED AMENDMENT TO 

THE WATER QUALITY CONTROL PLAN FOR RECREATIONAL USES 

April 25, 2012 

Members of the Board:  We have reviewed the errata document provided by the Regional Board 
on April 24, 2012 and would like to make a few comments.  EPA appreciates the discussion at 
the meeting in San Francisco on April 10, 2012 between EPA, Santa Ana Regional Water 
Quality Control Board, and members of the Storm Water Quality Task Force to clarify the 
proposed amendment and supporting documents.  The errata document addresses many of our 
earlier concerns, and we appreciate the effort that staff has made to accommodate changes to the 
proposed amendment.  We have not as yet completed reviewing the UAAs, but appreciate that 
the scope is limited to redesignation of REC1 to REC2 in 4 waterbodies.    

We agree with the Regional Board’s decision to retain the current state-wide name and definition 
of the core Beneficial Use of Water Contact Recreation (REC1).  As we commented previously, 
it is important for California to have consistent definitions in their regulations.  We have no 
objection to the modification “Water Contact Recreation (REC1*: Primary Contact Recreation)”, 
nor with the modification “Non-contact Recreation (REC2*: Secondary Contact Recreation”. 

EPA recommends that the 13 paragraphs in bold, on Pages 3-5, be deleted in full.  We find the 
language to be unnecessary Basin Plan language.  It may be more appropriate in a staff report.  If 
the added language is deleted, so should the references to the added language. 

EPA recommends that the entire paragraph in section 7 of the errata document, on page 6, be 
deleted, as it is unnecessary to include future “intent” to consider a Basin Plan Amendment for 
enterococcus.  Furthermore, the enterococcus criterion is already promulgated under the BEACH 
Act.   

EPA generally prefers numeric water quality objectives over narrative objectives.  However, we 
appreciate that staff has changed the proposed REC2 antidegradation standard from being based 
on the 95th percentile to the 75th percentile, which is more protective than the previous proposal.  
We also appreciate the added clarification that the data from these distributions will be based on 
dry-weather data only.  We believe that the implementation of the proposed REC2 standard 
depends on a proper monitoring program and that the adequacy of said monitoring programs 
should be reviewed by the State Board and EPA.   

We would like to point out that though the tiering of uses (in Table 5) is placed in the 
implementation chapter of the Basin Plan, EPA considers such tiering as a standards change, and 
thus actionable under the Clean Water Act.    



Finally, EPA would like to make it clear that de-designation of Clean Water Act Section 
101(A)(2) uses must be on a case-by-case and site-specific basis.  We are particularly 
apprehensive with de-designations that render standards less stringent, as this is counter to the 
goal of the Clean Water Act.  This proposed amendment should in no way be considered 
precedential.  Each UAA will be considered separately.   
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Comment Response 
Santa Ana-Delhi Channel  

 
 

Reach Identification 
1. The reaches should have been: 

o Tidal Prism: Bike path to Mesa Dr. (earthen bottom/one side 
rip rap) 

o Mesa Dr to Alton Ave. (box channel) 
o Alton Ave. to Warner Ave. (earthen bottom/rip rap) 

By segmenting these reaches according to similar characteristics, such 
as earthen bottoms, rip-rap walls, and more natural landforms, the 
public has a better sense of the possibilities for each reach, in terms 
of water quality, habitat, and recreational uses. The UAA’s 
segmentation of the Creek combines reaches with different 
characteristics, like earthen bottoms segments with box channel 
segments. This type of segmentation can promote certain features or 
attributes as being homogeneous throughout the stretch of Creek, 
when they are not.  

Reach boundaries do not necessarily represent stream reaches with 
homogenous attributes.  The proposed boundaries reflect differences in 
the nature of flow (marine, freshwater), channel morphology and other 
characteristics that affect recreational potential and, thus, 
recommendations for appropriate use designations. 
The tidal prism reach of the Santa Ana-Delhi Channel (SAD) was identified 
in the UAA as the section from  the Bike Bridge at Upper Newport Bay 
upstream 1038 ft. ,to the bend in channel.  This section is in view of the 
public from the bridge and dominated by marine waters. From the bend in 
the channel up to Mesa Dr. (and further upstream) the channel is 
generally out of public view with no evidence of REC activities.  As result, 
this section, although an earthen channel, is proposed to be designated as 
part of Reach 1.  Reach 1 is designated as from the Tidal prism up to the 
intersection of Sunflower Ave and Flower St in Santa Ana.  Except for the 
short section of earthen channel above the Tidal prism to Mesa Dr. and 
where the channel runs underground from the 405 Freeway to Sunflower 
Ave, the channel is a concrete open box.  The Heal the Bay comments have 
miss-identified the proposed SAD Reach 1 and Reach 2.  The Santa Ana 
Gardens Channel, a tributary of the SAD channel and not part of the UAA, 
flows past Alton Ave. The proposed SAD Reach 2 starts at the intersection 
of Sunflower Ave and Flower St and ends at Warner Ave.  Reach 2 is 
mostly an earthen bottom channel with rip rap sides.  
 

2. It is first argued that there is not enough flow: the dominant dry 
weather flows create perennial flow of a few inches (6 inches or 
less)…and sources are groundwater and urban runoff . Then it is 
argued that the region cannot attain water quality criteria during dry 
weather because the BMPs implemented are not sufficient. Perhaps 
the BMPs implemented should not be treatment types, but capture 
and reuse or infiltration given the low flow volumes. 

The OC Stormwater NPDES permit requires an iterative process of BMP 
implementation designed to achieve water quality standards in receiving 
waters. Since the watershed is completely built, implementation of 
capture/reuse or infiltration BMPs is highly problematic.  
 

3. There is no documentation on whether a source control/source 
identification program, and the subsequent source abatement 
program having been implemented. There is no discussion on 
whether a watershed approach to BMP implementation was ever 
adopted. No documentation on actual BMP implementation, and or 

Considerable documentation regarding source identification and control 
has been developed and submitted to the Regional Board by the MS4 co-
permittees in all three counties. The Regional Board receives regular 
reports , at publicly noticed public meetings ,describing the scope and 
effectiveness of these efforts.    All of the information regarding BMP 
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performance criteria associated with those implemented BMPs. All 
the information associated with BMPs in this section are citations to 
studies on efficacy. There is no actual information highlighting any 
implemented BMPs, aside from diversions, in the watersheds. How 
can the public reasonable expect that the effort was made to control 
Bacteria inputs by any agency or municipality to control urban runoff 
or nuisance flows without such information? 

planning, implementation and effectiveness is available for public review 
and inspection at the Regional Board's office in Riverside.   

4. Dry weather diversions are stated as 100% effective. The rational 
cited on the phone—per our conversation (04/19) was a concern for 
habitat. Yet, the UAA states that “treatment agencies do not like 
them”, and view them as a temporary practice. Which of the two 
responses is it? If the later, this is not a sufficient reason why bacterial 
objectives can’t be obtained. Dry-weather, and even some wet-
weather, low-flow diversions are an integral part in RWQCB 4 
Bacterial TMDL compliance. In addition, the UAA argues that full 
capture is economically infeasible. This is understandable if the 
argument is for wet weather conditions. However, this is should not 
be the case for dry weather time-periods and low flow events.  

Although dry weather diversions are 100% effective, this strategy may 
pose a risk to aquatic habitat by dehydrating local streams.  And, at the 
same time, dry weather diversions may not be a reliable option because 
the wastewater treatment agencies caution that they are unable to assure 
that there is sufficient capacity in the collection or treatment system to 
handle the increased flow from storm channel diversions.  (The UAA 
report reflects this, not that “treatment agencies do not like them”.) 
Nevertheless, diversions are likely to be a key component for achieving 
compliance with bacterial objectives during dry weather, low-flow 
conditions, as reflected in the Comprehensive Bacteria Reduction Plans 
recently approved (February 2012) by the Regional Board for San 
Bernardino and Orange counties.  As described in the UAA staff reports, a 
number of these diversions are already being operated in Orange County. 

5. Why did the RWQCB 8 use a calendar time-period to conduct its 
geometric mean analysis for bacteria for this UAA, when the Basin 
plan uses a 30-day rolling average? 

The Basin Plan does not specify existing bacteria quality objectives as a 
rolling average.  The available data were compared to the Basin Plan 
objectives, which specify a minimum of five samples over a 30-day period. 
The results of those analyses showed that the objectives are not 
consistently met, as reported in the UAA report. 

6. The UAA fails to demonstrate how efforts to attain recreational water 
quality standards in the downstream receiving water body—currently 
REC 1—will not be negatively impacted by the request to remove the 
upstream recreational use designations—an action that will allow 
higher levels of indicator bacteria in the upstream tidal prism, REACH 
1 and REACH 2.  The REC-1 use of the downstream receiving water-
body is not in question. If bacterial standards during dry weather in 
this section of the receiving water-body can’t be met, then how does 
it figure this runoff or flow will not have a negative impact on the 
downstream receiving water-body? 

The need to protect downstream uses is an axiom recognized and 
employed by Regional Board staff and members of the Stormwater Quality 
Standards Task Force since the outset of the effort to consider revisions to 
recreation standards in the Region. (The administrative record for this 
matter includes a list of other applicable axioms, based on existing law, 
regulation and policy.) Nothing in the proposed Basin Plan amendment 
"allows higher levels of indicator bacteria in the upstream" waters.  State 
and federal antidegradation policies continue to prevent lower water 
quality even if upstream segments are redesignated.  Moreover, the 
proposed Basin Plan amendment makes clear in several places that water 
quality must continue to be applicable downstream objectives even if 
upstream segments are reclassified.  Consequently, the Regional Board 
has no reason to believe downstream uses will be negatively impacted by 
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the proposed Basin Plan revisions.  On the contrary, by promoting the  
implementation of regional treatment solutions, the Regional Board 
expects downstream water quality to improve over time. 

7. Did RWQCB 8 solicit information from ‘historic societies’, local 
historians, or personal interviews to complete if determination of 
historic uses? Historic uses exploration should have included a people 
survey of local historians or senior citizens of the area. Personal 
Interviews should have been a component of this process. Simply 
looking on Google or electronic archives can be insufficient and 
incomplete due to the nature of digital archives. 

The Stormwater Quality Standards Task Force (SWQSTF) commissioned 
CDM to investigate all readily available sources of information regarding 
past, present and probable future recreational uses in each waterbody as 
a key part of the UAA.  Contrary to the allegations made by this 
commenter the investigation was not limited to simple Google searches.  
CDM conducted numerous interviews with local experts and resource 
managers.  County flood control staff who regularly visit the channels, 
many of them with long years of experience, were also interviewed. The 
results of these interviews are documented in the UAA Technical Reports 
and the minutes of the SWQSTF meetings. 

8. In addition, there were photos that showed ‘tagging’ or graffiti in 
portions adjacent to the Creek, which suggests that there is access. 
Such actions would indicate that people are able to access the areas. 
In RWQCB 4, ‘tagging’ or graffiti, while illegal, can demonstrate that 
access and use exist in the area.   

Tagging and graffiti were noted and considered as part of each UAA.  
Board staff acknowledges that graffiti does provide evidence of access and 
was treated as such.  However, the voluminous photographic 
documentation developed by the SWQSTF demonstrates that "tagging" is 
not a reliable indicator of water contact recreation (REC1 or REC2). 
CDM prepared a report “Summary of Camera Survey Locations Report on 
the Delhi” that shows all pictures that include people in the channel. No 
one observed was recreating in the water. The sections of the channel 
where graffiti was observed are in the proposed Reach 2; the REC2 
designation is recommended for that reach.  

9. The OCFCD denies access due to safety concerns. As it relates to this 
issue of de-designation or this UAA, the argument may be applicable 
for wet-weather (high velocity flow) conditions, yet is completely 
inappropriate for dry-weather. There is little justification as to why 
the public should not be able to use or have access to the Creek 
during the 98% of time when such high-flow conditions do not exist. 

Regional Board staff disagrees with the commenters suggestion that the 
flood control channels only present a safety hazard during high flow 
conditions. In particular, the high vertical walls can be especially 
dangerous at all times.  That's why access is restricted by fences and 
locked gates.  Whether the public "should be able to use or have access" 
to these channels is not a decision the Regional Board is authorized to 
make. 



 Responses to Heal the Bay's Supplemental Comments (4-20-12) Concerning the Use Attainability Analyses 

 4 

 
10. While there are vertical walls in segments, there is a sufficient amount 

of area that is covered with rip-rap. RWQCB 8 seems to make the 
subjective argument that even in dry-weather the Creek is unsafe in 
these areas to access. 

Board staff can attest to the fact that walking down a rip-rap slope, 
particularly a steep one, can be hazardous. Nevertheless, where the public 
has relatively easy access to the stream channels, and particularly where 
rip-rap is used in lieu of concrete, the proposed Basin Plan amendments 
acknowledge this distinction by recommending the reach be classified 
REC2 rather than removing all recreational use designations.  The 
photographic evidence clearly demonstrates that there is no reasonable 
possibility of immersion or ingestion even in those locations where the 
public is entering such channels during dry weather conditions.  Contact 
with the water, if it occurs at all, is limited to incidental contact (e.g., 
walking in the channel; it appeared that some people use the channel as a 
travel route from one point to another). 

11. This UAA fails to even discuss the statewide, and Southern California, 
initiatives to obtain great access to these once off-limit areas. For 
example, the City of Los Angeles has the lead the way in making the 
LA River a destination place for contact water recreation and public 
education. There are several other examples in Los Angeles County 
where semi-channelized waterbodies are being utilized for their non-
direct recreation benefits, habitat opportunities, and public 
education. A number of State Conservancies and Private Non-profits 
are currently looking at acquiring parcels to develop greater open 
space opportunities for park poor regions by working with local 
groups. Neither the State Agencies, Non-Profit groups, nor local 
community groups appear to have been solicited for this review. On 
the State level, SB1201 (De Leon) seeks to address this issue of public 
access to flood control channels, engineered creeks, streams, and 
rivers. The bill, if adopted, will amend Section 2 of the Los Angeles 
County Flood Control Act (Chapter 755 of the Statutes of 1915) “to 
include or provide for public use of navigable waterways that are 
suitable for recreational and education purposes” as they relate to the 
Los Angeles River. This bill is likely to set precedent for other receiving 
waterbodies in the State.  

The Regional Board staff carefully considered the on-going efforts to 
obtain greater public access to flood control channels.  CDM contacted 
county and city planning agencies to determine whether there are 
restoration plans, firm or otherwise. There are no plans for restoration of 
the Delhi channel to allow or encourage recreational activity.  
 
In accordance with the State Board's determination in WQO 2005-0004, 
the mere existence of such restoration plans is not sufficient to 
demonstrate that a recreational use is likely to occur.  There must also be 
a real-world commitment to actually build the parks and other amenities 
that facilitate water contact recreation activities.  If and when such 
improvements are made, the Regional Board is obligated to reconsider the 
appropriate beneficial use designation as part of the regular triennial 
review process.  In the meantime, the proposed Basin Plan amendments 
are intended to better protect water quality in all lakes and streams where 
water contact recreation is already occurring. 

12. The UAA appears to argue that hydro-modifications impacts are 
indefinite. In addition, the UAA seemed only to consider full 
restoration of the Creek as the only alternative. There is no discussion 
of partial enhancement to the Creek as a viable option. Also, this 
section took no account of statewide and southern California wide 

As described above, the Regional Board staff did take into consideration 
the possibility that some creeks may be fully or partially restored.  
However, rather than speculate as to when and where such improvements 
may occur, and consistent with the State Board's instructions, the Regional 
Board will continue to rely on the existing triennial review process to make 
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measures that consider these areas as important sites for 
implementing integrated water management opportunities, LID, and 
other multiple-benefit land-use policies to treat water.  

appropriate adjustments to designated beneficial uses. 

13. Finally, the summary of adjacent land-uses and their potential to 
impact water quality or the role they could play in addressing water 
quality issues—as the relate to the previous bullet point—are not 
sufficiently address. How is the public able to determine possible 
sources impact the Creek or evaluate opportunities for watershed-
wide multiple benefit BMPs. For example, there are two large golf 
courses, a regional park, and a school all in located is close proximity 
to the Creek. 

Regional Board staff agrees that adjacent land uses have the potential to 
impact water quality.  Land use characteristics are carefully evaluated as 
part of on-going source identification and source control programs. Where 
golf courses, parks and schools are located in close proximity to creeks, 
these factors were carefully considered as part of the UAA process and 
used to inform the Regional Board's determination as to whether 
immersion and ingestion was reasonably possible at any given location. 

Greenville-Banning Channel  
14, 15: See comments # 2 and 4    [note: many of the comments provided re the Santa Ana Delhi Channel 

were repeated for the other UAA waters. In these cases, the comments 
and responses are referenced by number] 
See responses 2 and 4. It is noted that a dry weather diversion is operated 
in the Greenville-Banning channel.   
 

16. An ‘Orange County Areawide Urban Stormwater Runoff Management 
Plan’ is mentioned, and a suggestion that the drainage area limits the 
effectiveness of many BMPs. What documents or data support this 
assertion? Most management plans are an iterative process, based on 
implemented programmatic and structural BMPs. Has this type of 
evaluative component been completed on actual implemented structural 
BMP performance and design? Beyond low-flow diversions, what other 
actual BMPs were installed in this watershed? What changes or 
modifications to those implemented BMPs were completed to address 
short-coming to initial BMP construction? As for programmatic BMPs, 
what evaluative measures were used to determine behavioral changes in 
municipalities (the general population), given that urban runoff is the 
primary bacterial source?  

The build-out of much of the tributary area places practical limitations on 
the implementation of BMPs . The MS4 co-permittees in all three counties 
have conducted  studies and submitted numerous reports to the Regional 
Board regarding the implementation and effectiveness of BMPs for 
controlling bacteria pollution.  These and other related documents are 
available for public review and inspection at the Regional Board's main 
office in downtown Riverside.  Where monitoring indicates the BMPs may 
not be adequate to meet the bacteria objectives, the MS4 co-permittees 
must submit a plan to remedy such deficiencies and implement the plan 
upon approval by the Regional Board. 

17. Has enforcement been implemented in this watershed as a deterrent 
to urban runoff or nuisance flows in association with MS4 or NPDES 
compliance? 

The Regional Board has conducted numerous audits of the MS4 program 
in all three counties and has initiated enforcement actions in a number of 
cases.  These actions are a matter of public record. 

18. There is no documentation on whether a source control/source 
identification program, and the subsequent source abatement 
program having been implemented. There is no discussion on 
whether a watershed approach to BMP implementation was ever 

The comment is factually incorrect.  The area-wide stormwater programs 
have submitted a considerable number of reports documenting on-going 
source identification, source control and BMP implementation efforts in all 
three counties.  The Regional Board reviews these reports and routinely 
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adopted. No documentation on actual BMP implementation, and or 
performance criteria associated with those implemented BMPs. All 
the information associated with BMPs in this section are citations to 
studies on efficacy. There is no actual information highlighting any 
implemented BMPs, aside from diversions, in the watersheds. How 
can the public reasonable expect that the effort was made by any 
agency or municipality to control bacteria inputs from urban runoff 
without such information? 

hears related presentations at informational workshops during regularly 
scheduled public meetings.  All of these records are available for public 
review and inspection at the Regional Board's office in Riverside. 

19. See comment #5 See response #5 
20. See comment #6 See response #6 
21. See comment #7 See response #7 
22. See comment #11 See response #11 
23. See comment #12 See response #11 
24. Finally, the summary of adjacent land-uses and their potential to 

impact water quality (Mesa Verde and Costa Mesa golf courses) or the 
role they play in addressing water quality issues (Fairview Regional 
Park and Talbert Regional Par) – as the relate to the previous bullet 
point – are not sufficiently addressed. How is the public able to 
determine possible sources impact the Creek or evaluate 
opportunities for watershed-wide multiple benefit BMPs. 

See response #13 

Temescal Creek  
Reach Identification 
25. Reach Identification:  

The UAA Reach 1a should not have included: Cota St. Lincoln Ave 
(earthen bottom/rip-rap); everything else is in this reach is a box or 
trapezoidal channel.  
…This combining of different segments can promote or hide certain 
desirable features or attributes as not existing or being homogeneous 
throughout the stretch of Creek. (see also comment #1) 

Although this short segment of Reach 1a is earthen while the remainder 
Reach 1a is concrete trapezoidal, both segments have similar beneficial 
uses.  Both are fenced and posted to keep people out, there is no evidence 
of water contact recreation, and both have the same flow and no or little 
riparian vegetation. It is obviously that people walk in both of these 
sections of Reach 1a. In addition, staff didn’t want to over segment 
sections of any water. The earthen segment is very similar to the rest of 
Reach 1a and very dissimilar to the reach downstream of Lincoln Ave, 
Prado Basin Management Zone (listed as a wetlands in the Basin Plan).  
See also response #1 

26. A ‘Comprehensive Bacteria Reduction Plan’ has been developed and is 
the foundation for achieving compliance of water quality standards as 
part of the MS4 permit, and to support compliance with the Middle 
Santa Ana River TMDL.  While Bacteria treatment or structural BMPs 
are stated, and citations to Stormwater Design Handbook mentioned, 
there is no actual projects referenced or discussed. “Planning is 

The CBRP provides a detailed description of how BMP projects will be 
evaluated and selected.  However, as explained in both the CBRP and in 
the administrative record for the proposed Basin Plan amendments, the 
range of available solution strategies depends on whether the proposed 
Basin Plan amendments (particularly the channel reclassifications and high 
flow suspensions) are approved.  The Basin Plan amendments are 
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underway to develop future management controls” but this is not 
explained in detail as to what actual projects will be forthcoming, and 
whether those identified projects will actually work. 

intended to facilitate implementation of regional treatment alternatives 
that might otherwise be unavailable without the proposed revisions. 

27. In the meantime, as the UAA asserts “the ‘Comprehensive Bacteria 
Reduction Plan’ is an iterative and adaptive process” that was started 
in 2006 and nearing completion in 2010—“Final Draft CBRPs were 
submitted in late December 2010...to RWQCB staff for review.” What 
BMPs, treatment, structural or programmatic, have been 
implemented during this time-period? Has any evaluative component 
been completed on actual implemented structural BMP performance 
and design? Beyond low-flow diversions, what other actual BMPs 
were installed in this watershed? What changes or modifications to 
those implemented BMPs were completed to address short-coming to 
initial BMP construction? As for programmatic BMPs, what evaluative 
measures were used to determine behavioral changes in 
municipalities or the general population, given that urban runoff is a 
bacterial source?  

28. As noted above, successful implementation of the CBRP is contingent 
upon whether the Regional Board approves the proposed Basin Plan 
amendments.  The commenter will find detailed descriptions of 
previous and proposed BMPs in the CBRP itself, in the annual reports 
submitted by the MS4 co-permittees, in the Urban Source Evaluation 
reports prepared by the MSAR-TMDL Task Force.  All of these and 
other related documents are available for public review and 
inspection at the Regional Board's office in Riverside. 

29. In addition, the Middle Santa Ana River TMDL and MS4 are stated as 
the drivers for Bacteria compliance in Temescal Creek. Compliance is 
set for December 2015, at the latest. Why move forward with a UAA 
now instead of waiting 3 years until the TMDL has run its course? 
Also, it seems premature to proceed with a UAA for Temescal and 
Mill-Cucamonga Creek when the ‘Comprehensive Bacteria Reduction 
Plan’ was barely finalized—“Final Draft CBRPs were submitted in late 
December 2010...to RWQCB staff for review.” It seems that the plan 
hasn’t had enough time to be in effect to make a UAA determination 
for non-compliance with water quality objectives for Bacteria. 
Implementing a UAA will most certainly impact monitoring (removing 
or reducing), BMP implementation, and water quality compliance 
schedules (eliminating the use, eliminates the compliance).    

30. How can the public reasonable expect that the effort was made by 
any agency or municipality to control bacteria inputs from urban 
runoff without such information? 
 

The strategy for achieving compliance in Temescal Creek presumes that 
the stream is re-designated to reflect the actual and probable future 
beneficial uses likely to occur in the stream.  The relationship between the 
CBRP and the proposed Basin Plan amendments is described, in detail, in 
the administrative record for both actions.  It appears that the commenter 
is unfamiliar with the specifics of these documents.  The UAA 
determination is based on whether the uses are likely to occur or whether 
water quality is already meeting the proposed E. coli objective.  If the 
BMPs are successful at achieving the proposed objectives in waterbodies 
that are not designated REC1, the Regional Board will be obligated to 
reconsider whether such uses must be upgraded to reflect improved 
water quality during the regular triennial review process. 
 
We agree that the UAA results are likely to impact monitoring and BMP 
implementation, allowing and encouraging responsible parties to focus 
resources on BMPs, including regional treatment facilities, where they are 
most necessary to protect recreational uses. The result will be enhanced 
water quality and beneficial use protection. 

31. Sources are nuisance flows from urban runoff, wastewater, and Water 
District.  If the waste water plant is coming off line, does this impact 
the District’s recycled water program? What is the capacity of the 

This comment is unclear. The City of Corona and Lee Lake Water District 
operate separate wastewater treatment facilities. Both the District and 
the City may reduce or cease their  discharges to Temescal Creek, further 
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wastewater or district agencies to capture first flush or storm events? reducing the amount of water in the Creek. Information concerning the 
ability to capture first flush/storm events can be sought directly from 
these agencies. The context of such information in this matter is not clear.   

32. This comment is essentially with same as #6, with reference to Reach 
1a and 1b 

See response to #6 

33. The ‘Probable Future Uses’ section appears limited to local 
municipalities. Did RWQCB 8 check with State or other open 
space/Park groups desires regarding future uses for the area? 

The "probable future uses" section is not limited to local municipalities.  
Appropriate inquiries were also made of state and county park officials 
regarding future recreational plans for areas adjacent to the creeks. 

34. Again, the characterization of adjacent land-uses and available areas 
is limited in its scope as it relates to bacterial inputs or opportunities 
for regional or site specific BMP implementation. For example, there 
is a large sized lot at Magnolia and 6th (27 acres)—willing seller based 
on Google photos—in proximity to Temescal Creek that could be 
identified as a multiple benefit project.  

This comment has been forwarded to Riverside County Flood Control 
District, as the principal permittee for the area-wide stormwater permit, 
for further consideration as part of the CBRP implementation effort. 

35. See comment #7 See response #7 
36. This comment is essentially the same as #9, with reference to RCFCD See response #9 
37. Again, characterization of adjacent land-uses and available areas is 

limited in its scope (p.11) as it relates to bacterial inputs or 
opportunities for regional or site specific BMP implementation. For 
examples, there is a large sized lot at Magnolia and 6th (27 acres) – 
willing seller based on Google photos – in proximity to Temescal Crrek 
that could be identified as multiple benefit project. 

See response #13. Site selection is an important part of BMP 
implementation, taking into account the ability to employ regional BMPs 
vs site-specific BMPs, land availability, downstream use protection, etc.  

38. See comment #11 See response #11 
Cucamonga Creek 
 

 

39.  Water Quality; Documented sources are nuisance flows urban runoff 
(2.8mgd), agricultural (feed-lots and farming), and wastewater 
(2.8mgd). Did the San Bernardino Stormwater Program include the 
wastewater effluent as part of the nuisance flows or is this a separate 
2.8 mgd value? Is there a runoff value for Ontario Airport? 

Wastewater effluent is not considered a "nuisance flow."  The UAA report 
does not include a specific runoff value for Ontario Airport.  However, 
other studies and reports have been submitted to the Regional Board 
regarding water quality in and around the airport.  These reports are 
available for public review and inspection at the Regional Board's office in 
Riverside. 

40. Has the San Bernardino Stormwater Program, the local POTW or 
RWQCB 8 considered an Integrated Water Resources Management 
Plan in an effort to limit the amount of nuisance flows to Cucamonga 
Creek? There is no discussion of this type of planning in the UAA.  

The San Bernardino Stormwater Program, in conjunction with several 
water and wastewater agencies throughout the county, is actively 
engaged in implementing an Integrated Water Resources Management 
Plan to limit nuisance flows in Cucamonga Creek by capturing and 
infiltrating such flows.  This effort is thoroughly described in the CBRP, the 
Watershed Action Plan, and numerous other documents submitted to the 
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Regional Board.  All of these documents are available for public review and 
inspection at the Regional Board's office in Riverside. 

41. While there is a recycled water program, there is no discussion as to 
volumes being recycled or goals/capacity of future recycling efforts? 
This is critical information if flows from treated wastewater create 
conditions that exacerbated bacterial growth? Given that the POTW is 
treating its sewage water to tertiary level, is groundwater infiltration a 
possibility versus discharging it into a box channel? 

A detailed discussion of wastewater recycling efforts in the Santa Ana 
region can be found in the voluminous record associated with Resolution 
No. R8-2004-0001 wherein the Regional Board enacted a comprehensive 
salt and nitrate management plan for the entire watershed, including 
provisions pertaining to the use of recycled water.  There is no evidence in 
the record to indicate that tertiary treated effluent is exacerbating 
bacterial growth.  Nor is such effluent discharged to box channels in the 
Santa Ana Region.  Most municipal effluent is released to streams that are 
and will continue to be designated REC1.  There is no need to divert such 
discharges out of the streams because the effluent quality meets all Title-
22 requirements and is better than the proposed bacterial  
objectives. 

42. See comment # 26 
 

See response #26 

43. See comment #27 See response #27 
44. This is essentially the same as comment 29, with reference to 

Cucamonga Creek 
See response #29 

45. See comment #30 See response #30 
46. See comment #7 See response #7 
47. See comment #9 (with reference here to RCFCD and SBCFCD) See response #9 
48. See comment #33 See response #33 

 



 
 
 
 
 
 

 

6.06 Comments and Responses   



David Woelfel 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION IX 

75 Hawthorne Street 
San Francisco, CA 94105-3901 

February 23, 2012 

Santa Ana Regional Water Quality Control Board 
3737 Main Street, Suite 500 
Riverside, CA 93501-3339 

Dear Mr. Woelfel: 

FEB 2 7 2012 

1: :: I ~ 
We appreciate the opportunity to comment on the Basin Plan Amendments to Revise Recreation 

Shiiiu'urJsfor l;dunt1 Ftesh Surfw.:e vilu1ers in rhe Santa Ana Regwn submitted by the Santa Ana 
Regional Water Quality Control Board (Regional Board) for public review on January 12, 2012. The 
Regional Board's submission arrives at an inopportune time. As you know, the United States 
Environmental Protection Agency (USEPA), as required by the Clean Water Act (CWA), developed and 
published draft Recreational Water Quality Criteria (Office of Water 820-D-11-002) in 2011. This 
document provides USEPA's recommended CWA Section 304(a) Recreational Water Quality Criteria. 
Additionally, the State Water Resources Control Board (State Board) has been developing Recreational 
Water Quality Objectives, and EPA Region 9 has been working with them on this effort. EPA Region 9 
has concerns with some of the Regional Board's proposed amendments. Our primary concem is that 
human health may not be adequately protected under the proposed revisions. Our specific comments to 
some of the Regional Board revisions to the Basin Plan are outlined below. 

1) Proposed Changes to Beneficial Uses 

Proposed change to the name and definition of"Water Contact Recreation (RECl)". V..Je 
recommend that the Regional Board not change the Beneficial Use name from "Water Contact 
Recreation" to "Primary Contact Recreation."' Retaining the cunent name and definitjon would be 
consistent with the State \Vater Resources Control Board (SWRCB) name and definition for RECl. The 
current REC1 definition was developed t:hrough an extensive collaborative effort between the State 
Board and US EPA in order to have a consistent statewide definition of REC 1. 

Re-designation of specific waters to remove the RECl or RECl and REC2 uses, based on Use 
Attainability Analyses. EPA is not opposed to reclassification of recreational water bodies. However, 
we find that the rationale in most instances was not clear or substantiated. 

Exception of some water bodies from the 1\1l1N beneficial use, per the exception criteria specified 
in the State Board's Sources of Drinking \Vater Policy. vVbile the Regional Board cited rationale 
from the State Board's Sources of Drinking \Vater Policy (such as "total dissolved solids exceeding 
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3,000 mg/L" and "not providing sufficient water to provide a single well capable of producing an 

average, sustained yield of 200 gallons per day"l for excepting water bodies from the MUN designation, 

no documentation was given for how this \vas shown or measured. These exception rules were adopted 
by the State of California pursuant t(_"' State Board ResolutiOn 88-63 as applicable to designations of 
potential MUN. Federal regul:.Jtion~ proh1bit rem\lVal ,Jl JesJgnated uses \vbich are existing uses, as 
defined in 40 CFR Sect. 130.3, unless a use requiring more stnngent criteria is added, or another 
provision of 40 CFR Sect. 131.11 (h) is shown to be applicable. Documentation is lacking showing the 
newly excepted waterbodies do not have existing MUN use designations. 

2) Proposed Changes to Water Quality Criteria. 

Deletion of the current Basin Plan fecal coliform objectives for RECl and REC2 (non-contact 
water recreation) and replacement with E. coli objectives. EPA's 1986 guidance recommends that 
st<Jtes and tribes replace rxisting fecnl coliform h2~terie1 -;tandards with E. roli criteria .. We ro;upport the 
criteria submitted for the E. coli geometric mean. We support the use of UAAs to classify waters as 
REC2. However, we do not support the elimination of the REC2 numeric objectives. 

Establishment of tiers of RECl-designated inland surface waters as Tier A, B, CorD for the 
purposes of assigning expected maximum single sample E. coli values. EPA's current guidance 
allows for the adjustment of single sample maxima for waters where use is not frequent. However, in 
the 2011 Recreational Water Quality Criteria Guidance we are no longer recommending multiple "use 
intensity" values, in an effort to increase national consistency across bodies of water and ensure 
equivalent public health protection in all waters. EPA's proposed criteria remove the tiering component 
partly because of confusion by the states on its application. 

Establishment of criteria for the temporary suspension of bacteria objectives and recreation 
beneficial uses for inland surface streams under certain flow conditions. We support lifting the 
REC uses for a specified amount of time after storms, but only at certain intensities and durations of 
n:,~nfall and only in concrete-lined channels. The language the Regional Board uses to define where the 
lifting of REC uses will occur is too broad. The definition of "modified channels" can lead to use 
suspension in any water body where any vegetation has been removed or had any small modifications. 
This is evirlent in the l8nB:n~:::r:- "TJ~ ~ ,,.,T~' 1:~;2:~ Jvtmt.::-; nf ~nsi"'~'-''"'r1 ::mr! !""(1ificcl flnod cc~trol 

facilities in the Santa Ana Region makes it difficult to identify all such channels individually by name." 
The maps provided by the Regional Board in Appendix VIII are riddled with red delineations, and lack 
sufficient justification for selecting these water bodies. 

Proposed Enterococcus Criteria. The proposed amendment indicates that the Regional Board would 
implement the 2004 EPA enterococci criteria for coastal recreation waters ( 40 CFR 131.41) 
promulgation "on a best professional judgment basis." The enterococci criteria from 40 CFR 131.41 
were promulgated as numeric objectives and are applicable for all designated marine recreational waters. 
The 2011 EPA proposed guidance for marine waters suggests that the applicable criteria protective of 
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recreation are: culturable enterococci at a geometric mean of 35 cfu per 100 mL and a Statistical 
Threshold Value (STV) of 104 cfu per 100 mL. 

3) Antidegradation Issues 

The Regional Board proposes to identify bacteria quality targets, in conformance with the state 
antidegradation policy, for waters designated REC2, pursuant to an approved Use Attainability 
Analysis. The targets are intended to provide the basis for assuring that bacteria quality 
conditions do not degrade. The procedures for the use of antidegradation to maintain water quality in 
REC2 waters is not clearly specified. Given the variability in bacterial counts, it is unclear how these 
waterbodies would be monitored to assess compliance with the narrative objective, or how the Regional 
Board could assure that this would be protective. 

-
The Regional Board proposes that the baseline condition (antidegradation target) for each REC2 
only water will be established through a comprehensive statistical analysis of ambient bacteria 
quality data conducted as part of the UAA used to justify the REC2 only designation. The 
procedures outlined do not provide assurance that water quality will be attained. Exceedance of the 
antidegradation-based objectives is when at least 5% of the samples exceed the 95% upper confidence 
interval of the data used in the original UAA. As water quality data are highly variable this can lead to 
extremely high upper confidence limits (UCLs). For instance, for the Santa Ana River- New Dehli 
Channel tidal prism the UCL is greater than 6,000 cfu per 100 mL. To establish exceedances of this 
number, 5% of samples must exceed this value and the exceedance is only established after removal of 
outliers and establishment of a true trend.· It is unclear how such a standard could be evaluated when 
only periodic monitoring of REC2 waters is recommended. 

4) Additional comments 

EPA notes that in Table 4-pio, the footnotes refer to information regarding the single sample maximums 
(SSM). While the current EPA guidance supports the use of a SSM, the most recent EPA draft proposed 
guidance has replaced the SSM with a new term: "Statistical Threshold Value" (STV). EPA 
recommends the STV in the 2011 proposed criteria, rather than the term "single sample maximum," to 
resolve previous inconsistencies in implementation. Identical to the derivation of the SSM in the 1986 
criteria document, the STV corresponds to an upper percentile (e.g., 75th percentile) of a water-quality 
distribution around the geometric mean. In order to be consistent with EPA's recommended criteria, the 
State standards should include both the geometric mean and STV. 

Table 5-REC1-ssv shows maximum expected Single Sample values for E. coli for Tier A, B, C and D 
freshwaters. The values shown are based on a default log standard deviation, derived from the 
epidemiological studies USEPA used to formulate the 1986 national criteria, and on alternative log 
standard deviations. The formulation of the SSM the Regional Board uses is a misapplication of the 
USEPA criteria. The SSM in this formulation is dependent on the variability of the sample which can 
be very large, which is partially why USEPA has abandoned the tiered approach in favor of a statistical 

3 



approach consistent with the original epidemiology study. EPA Region 9 is also concerned that the 

SSM values are in the implementation section of the Basin Plan. Any derivation of the SSM from the 

default values are a standards change and should be included in the water quality objectives section and 

would be subject to EPA approval. 

In the amendments to Chapter 4 introduction, EPA observes that the Regional Board has struck some 

language regarding site specific objectives (SSO) for copper, cadmium and lead in the middle Santa Ana 

River. Additionally, in the language in Chapter 4 under "Water Quality Objectives, Inland Surface 
Waters, Metals", there is language regarding these SSOs. EPA Region 9 would like to make clear that 

EPA did not approve those SSOs (letter to the Regional Board dated May 30, 2000). 

We have been working with the Regional Board over the last several years on the recreational use 

amendment. In 2007, we provided the Regional Board with comments on the "Strawman Document," 
Recommended Revision to Santa Ana Region's Basin Plan for Recreational Use Classifications and 

Related Water Quality Objectives. Many of our comments and recommendations have not yet been 

addressed. 

To provide consistency across Regional Boards, we have been working with the State Water Resources 

Control Board (State Board) in their efforts to adopt a statewide policy for recreational water quality 

standards. EPA supports the State Board's effort to adopt statewide standards for recreational beneficial 
uses that are consistent statewide. We strongly recommend that the Regional Board work with the State 
Board on this statewide effort to avoid different definitions, interpretation and implementation of 

standards to protect human health. If you have any questions, please call me at (415) 972-3452, Suesan 
Saucerman at (415) 972-3522, or Terry Fleming at (415) 972-3462. 

dSinc::tL~ Hashimoto 

Manager, Standards and TMDL Office 

cc: Rik Rasmussen, S'NRCB 
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February 27, 2012 

David Woelfel 
SARWQCB 
3737 Main St, Suite 500 
Riverside, CA 92501 

3151 Airway Avenue, Suite F-110 
Costa Mesa, CA 92626 
Phone 714-850-1965 
Fax 714-850-1592 
Website www.Coastkeeper.org 

Re: Comments on Proposed Basin Plan Amendments: Recreational Use 
Standards for Inland Fresh Surface Waters in the Santa Ana Region 

Dear Mr. Woelfel, 

Orange County Coastkeeper (Coastkeeper) is an environmental organization with the 
mission to preserve and protect the coastal waters and watersheds of the area through 
education advocacy restoration research and enforcement. We have participated in the 
stakeholder process to develop recommendations for the proposed basin plan 
amendments as a member of the Storm Water Task Force (SWTF) for the past six 
years. We support the proposed amendments which are based on the 
recommendations of the SWTF and respectfully submit the following clarifying 
comments: 

Primary Recreational Use Standard 
At the beginning of the process the SWTF agreed that the goal of the process was to 
protect recreational uses where they exist and to revise the standards in other areas to 
reflect the existing uses. It was also agreed that this process was not intended to be a 
vehicle to revise standards to avoid having to make the necessary investments in 
pollution controls to meet water quality standards. With this in mind, and after years of 
discussion the SWTF agreed on the use of a 126 MPN/1 OOml geomean standard for 
REC1 waters, which equates to an approximate illness level among swimmers of 
8/1000. This level was chosen for several reasons, with the primary reason to provide 
the same level of protection for swimmers in this region as is provided in the rest of the 
state and most of the country. Coastkeeper supports this decision and strongly 
disapproves of the use of any higher number for a geomean, as will the rest of the 
environmental community and the vast majority of the public. 

In the staff report, considerable time is spent discussing the development of the different 
USEPA recommendations for bacteria standards over time ending with a conclusion 
that the USEPA will accept an illness rate of eight to ten per thousand as being just a 
protective as the current fecal coliform standard the proposed Basin Plan amendments 



. . 

replace. While this may be statistically correct, there can be no doubt that the adoption 
of a higher geomean (which correlates to a higher illness rate) would result in a larger 
number of sick swimmers and set the Santa Ana Region apart as having the weakest 
recreational water quality standard in the state. Coastkeeper rejects the idea that a 
geomean above 126 MPN/1 000 is adequately protective of primary contact recreation 
and can only conclude that any consideration of such a standard would be an attempt to 
avoid the costs associated with taking the necessary steps to improve water quality 
where necessary to meet the 126 MPN/1 00 ml standard recommended by the SWTF. 
So we reiterate our support for Basin Plan Amendment using the SWTF 
recommendation of 126 MPN/1 OOml as the primary contact recreation standard with no 
exceptions. This will maintain the health of swimmers in the Santa Ana Watershed at 
the same level as in the rest of the state and give swimmers in the area confidence that 
our waters are safe for recreation. 

Compliance Costs 
The staff report also mentions the compliance cost analysis done by COM as part of this 
process and presents cost estimates from this analysis . While this analysis was well 
done (according to the instructions that that COM was given) it is important to note that 
this study was intended as a worst case scenario (cost wise) and assumed that the 
primary recreational uses standard had to be met at all locations in every water using 
only one type of Best Management Practice (BMP), diversion to a treatment plant. This 
resulted in a greatly exaggerated cost estimate for compliance with the recreational 
uses standard. Coastkeeper brought this to the attention of the SWTF during 
discussions of the study and on the costs of compliance. 

First of all, one of the goals of the proposed Basin Plan Amendments is to remove the 
necessity to meet primary recreational standards in the areas where they do not occur. 
This includes over 90% of the waterbodies in the watershed. So potentially 90% of the 
cost estimate presented is unnecessary. Secondly, the analysis does not consider the 
most likely scenario to meet water quality standards which would include a variety of 
conservation measures, including new regulations and BMPs along with infiltration and 
recycling efforts that would not only reduce pollution but provide direct benefits to the 
local water supply and offset much of the cost of implementation. So the real cost for 
implementation of an effective set of BMPs to meet water quality standards in the 
proposed Basin Plan Amendments may less than 1 0% of the cost estimate from the 
COM study. Using this estimate, the costs of compliance are relatively low. 

Also paragraph two on page 1 06 that attempts to break down the cost benefit per 
swimmer is complete speculation and should be deleted from the proposed BPA. This 
analysis does not take into account the intangible losses that the perceptions of poor 
water quality bring, including loss of visitors, lower property values, and loss of 
recreational opportunities form living in an area with poor water quality and poor access 
to public waters. 



. ' 

High Flow Suspension/Engineered Flood Control Channel Maps 
Coastkeeper has concerns about the maps referenced on page sixty nine of the 
proposed BPA identifying the modified and engineered flood control channels. We feel 
that these maps overestimate the amount of area that is maintained for "flood control". 
Many of the areas identified as flood control channels, including large sections of 
Temescal Creek and many other locations are in reality largely natural areas that have 
important habitat and wildlife values. 

As a trained cartographer I am aware of the difficulty of adequately displaying such 
large areas at a resolution that allows the accurate representation of flood control 
facilities. However these maps were devoid of essential information such as stream 
names and the type of flood control facility being represented to the point of making 
them useless for determining their accuracy. I spent several hours reviewing the maps 
and could never get a good idea of what part of what waterbody I was looking at or 
determine the "flood control" function identified. 

These distinctions are important as many of the natural areas identified on the map are 
or could be habitat restoration or species recovery areas where the designation of the 
area as·a flood control facility would endanger or eliminate the ability to receive funding 
for habitat and species restoration projects. So while we would support the use of these 
maps for delineating the areas that would be subject to a high flow suspension for 
recreational uses, the Regional Board should state that this is the only intended use of 
the maps presented in this proposed BPA and that they were not intended to and do not 
present an accurate representation of the natural areas interspersed within the flood 
control facilities represented on the maps. 

Thank you, 

Raymond Hiemstra 
Associate Director 
Orange County Coastkeeper 



,. 

WARREN D. WlLLIAMS 
General Manager-Chief Engineer 
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RIVERSIDE COUNTY FLOOD CONTROL 
AND WATER CONSERVATION DISTRICT 

February 27, 2012 

Mr. Kurt Berchtold, Executive Officer 
California Regional Water Quality Control Board 

Santa Ana Region 
3737 Main Street, Suite 500 
Riverside, CA 92501-3339 

Dear Mr. Berchtold: Re: Basin Plan Amendments to Revise 
Recreation Standards for Inland Fresh 
Surface Waters in the Santa Ana Region 
(Basin Plan Amendment) 

The Riverside County Flood Control and Water Conservation District (District) is the Principal 
Permittee on the National Pollutant Discharge Elimination System (NPDES) Municipal Separate 
Storm Sewer System (MS4) Permit (Order No. RS-2010-0033, NPDES No. CAS 618033). In 
addition to the District, the Permittees to the MS4 Permit are the County of Riverside (County) and 
the Cities in Riverside County within the Santa Ana Region (collectively referred to herein as 
"Permittees"). 

On behalf of the Permittees, the District would like to submit the following comments in support of 
the Basin Plan Amendment. This Basin Plan Amendment represents a carefully negotiated plan that 
has been agreed to by all parties, including the Regional Board, various dischargers, non
governmental entities and other interested stakeholders. The Basin Plan Amendment is a 
comprehensive package of requirements that necessarily includes the recommended clarifications to 
the definition of REC-1, the application of a temporary high flow suspension, the exclusion of 
uncontrollable natural sources of bacteria, the suggested changes to designated uses in certain 
streams, deletion of the obsolete total coliform objective for MUN waters, deletion of the obsolete 
and scientifically-invalid fecal coliform objectives for REC-2 waters, etc. The provisions of the 
proposed Basin Plan amendments are not generally severable from the other Basin Plan amendments 
that are being proposed as part of a comprehensive Program of implementation package. 

The Permittees recommend adopting the proposal as is. If substantial amendments are proposed by 
Board staff, or are considered for approval by the Board at the hearing, the Permittees would 
recommend that such amendments be taken back to the Storm Water Quality Standards Task Force 
for careful consideration rather than be acted upon at the hearing. The full ramifications of such 
modifications may not be understood otherwise. 
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The Permittees would further note that adoption of this Basin Plan Amendment, as is, is presumed in 
the CBRP for the Middle Santa Ana River Bacterial Indicator TMDL. As noted in the CBRP, 
without this Basin Plan Amendment, the plan of action contained within the CBRP would need to be 
substantially modified as it depends on the exclusion of uncontrollable sources of bacteria, deletion of 
obsolete coliform bacteria indicators, the high flow suspension (for wet season compliance) and other 
elements of this Basin Plan Amendment. Further, it is expected that the cost of implementing the 
CBRP would greatly increase as a result of a failure to adopt this Basin Plan Amendment due to the 
loss of flexibility to prioritize and focus on high-priority human sourced pathogen indicators. The 
Permittees would likely have to default to flow capture and diversion techniques, as opposed to 
source control, as the primary BMP to address the TMDL. This alternative could have significant 
impacts on water resource management activities along the Santa Ana River and its tributaries. There 
would also be a potential for impacts to other beneficial uses due to flow diversion and capture 
activities that would need to be considered by the Board. 

Finally, the Permittees have summarized their understanding of several of the key provisions of the 
Basin Plan Amendment below. No response is required unless our understanding of any ofthe issues 
summarized below is incorrect. 

Beneficial Uses Designations 

1. The proposed revisions to REC-1 definition are intended to clarify, not modify, the 
meaning of the original text. The new language is intended to ensure that the original 
meaning is not accidentally misinterpreted or misapplied. 

2. The proposed changes are necessary to ensure that the new E. coli objectives are applied 
in a manner consistent with EPA's recommended water quality criteria and the related 
federal guidance. Similar language has been approved by U.S. EPA in numerous other 
states. 

3. The proposed clarifications will continue to protect wading and fishing as REC-1 
activities when immersion and ingestion is likely to occur as a result of those activities. 
Incidental water contact to the extremities (hands and feet) will continue to be considered 
REC-2 activities (e.g., beach-combing, tide-pool study) just as it is now. 

Pathogen Indicator Bacteria Objectives 

4. A narrative objective is necessary to address true water quality concerns as E. coli is only 
a surrogate indicator. Not all species of E. coli are pathogenic to humans. 

5. Deletion of fecal coliform objectives is consistent with federal guidance stating that the 
best available scientific data no longer supports this standard. 
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6. There is insufficient scientific data available to establish an appropriate numeric pathogen 
indicator bacteria objective for E. coli to protect secondary contact recreation. This is 
why the EPA did not recommend or establish such water quality objectives in the Great 
Lakes states. 

7. The proposed approach is consistent with other Regions in California because most other 
Regional Boards have not yet established any numeric pathogen indicator bacteria 
objectives (fecal coliform or E. coli) in their Basin Plans to protect REC-2 uses. 

8. The narrative pathogen objective will continue to apply to REC-2 and the Regional Board 
can rely on any new pathogen indicator criteria if and when EPA recommends new 
standards to protect secondary contact recreation. 

9. The existing total coliform objective previously established to protect surface waters 
designated MUN is obsolete and unnecessary. Such waters are already protected through 
the Enhanced Surface Water Treatment Rule and antidegradation policies continue to 
apply as well. 

I 0. Where there is sufficient reliable data to demonstrate compliance with the geometric mean 
E. coli objectives, single sample data will not be needed or used to assess compliance. In 
addition, where available, site-specific data will be used to calculate the appropriate SSM 
using EPA's recommended equations. 

High Flow Suspension 

I J. Unsafe flows temporarily preclude recreational use regardless of water quality. Elevated 
bacteria concentrations that sometimes occur during wet weather events do not impair the 
designated use because no such use is occurring, or can occur, at these times. 

12. The High Flow Suspension is consistent with EPA guidance because: 

a) The E. coli criteria were developed during low-flow, warm weather conditions. No 
epidemiological studies have ever been performed on stormwater runoff during wet 
weather conditions where high flows preclude safe recreational access. 

b) Temporary suspensions due to adverse weather conditions are analogous to the 
seasonal exemptions that EPA has already approved in other states. 

c) EPA and the SWRCB have also approved a temporary high flow suspension in the 
Los Angeles Region. 
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13. Consistent with CWC §13241, the proposed narrative pathogen objective and related 
numeric pathogen indicator bacteria objectives are not intended to apply to bacteria 
generated by birds, wildlife, sediment or other uncontrollable natural sources. 

14. The § 13241 analysis performed by the Regional Board is based on the entire program of 
implementation proposed pursuant to § 13242 of the CWC. That proposed program of 
implementation is a comprehensive package of requirements that necessarily includes the 
recommended clarifications to the definition of REC-1, the application of a temporary 
high flow suspension, the exclusion of uncontrollable natural sources of bacteria, the 
suggested changes to designated uses in certain streams, deletion of the obsolete total 
coliform objective for MUN waters, deletion of the obsolete and scientifically-invalid 
fecal coliform objectives for REC-2 waters, etc. Were any of these or other significant 
provisions to be subsequently disapproved by the SWRCB, OAL or EPA, it will be 
necessary to perform a new § 13241 analysis based on the revised program of 
implementation that may result from such disapprovals. The provisions of the proposed 
Basin Plan amendments are not generally severable from the other Basin Plan 
amendments that are being proposed as part of a comprehensive Program of 
implementation package. 

15. Attainment of the proposed E. coli objectives is expected to be quite complex and require 
a considerable amount of time to identify and control all potential sources of bacteria. It is 
the Regional Board's intent that such activities be implemented using a risk-based 
resource allocation strategy like that enacted in the recently approved Comprehensive 
Bacteria Reduction Plans (CBRP) to prioritize monitoring efforts and remediation 
projects. 

In conclusion, the Permittees would like to thank the Board and its staff for their substantial 
commitment to this effort. This model effort has established a firm scientific foundation for future 
effective management and protection of receiving waters and has done so in an open, inclusive and 
transparent manner. The Permittees look forward to continuing to work with Regional Board staff in 
the implementing this Basin Plan Amendment. Please feel free to contact me (951.955.1273; 
juhley@rcflood.org) if you have any questions. 

ec: Santa Ana MS4 Permittees 

JU:bjp 



Engineering Department 

March 7, 2012 

Santa Ana Regional Water Quality Control Board 
3737 Main Street, Suite 500 
Riverside, California 92501-3348 

Submitted via email: dwoelfel@waterboards.ca.gov 

Attention: 

Subject: 

Dave Woelfel 

Basin Plan Amendments to Revise Recreation Standards for Inland 
Fresh 'Surface Waters in the Sarita Ana 'Region·· · 

. . :. ' . :,. '. .. . · .. ' ~ . ·.' . . ' . ; ; . ._. ''. . 

Dear Mr. Woelfel: 
' -;::: ' ' ' 

The City of Fullerton is pleased to support the adoption of the proposed Basin 
Plan Amendments to revise recreation standards for inland fresh surface waters in the 
Santa Ana Region. 

We recognize the efforts of the Storm Water Quality Standards Task Force, 
which was convened in 2003 to review the water quality standards related to swimming 
and recreational uses in the region's streams and rivers. Through a multi-year effort 
involving a wide range of stakeholders, the Task Force has evaluated the science 
underlying water quaiiry critena for bacteria, nas condur,;ted comprehensive evaiuations 
of the ability of the region's water bodies to support swimming and other recreational 
uses, and has considered a wide range of potential implementation options. 

We believe that the proposed Basin Plan Amendments will help assure that 
human health will be protected within our region and that public resources will be 
expended reasonably and fairly. The Basin Plan Amendments update the region's 
water quality objectives for indicator bacteria to conform to USEPA's recommended 
criteria, and the amendments incorporate a narrative objective to assure that waste 
discharges do not contain human pathogens at levels that will increase the risk of 
illness. The proposed changes recognize that some waters are commonly used for 
swimming and other recreational activities; while other waters are used infrequently, 1f at 
all. Finally, the pro.posed ·amendments acknowledge that recreational activities are 
unsafe in some streams during wet weather and regulate those streams accordingly. 

303 West Commonwealth Avenue, Fullerton, California 92832-1775 
(714) 738-6845 o Fax (714) 738-3115 o Web Site: www.ci.fullerton.ca.us 
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The City of Fullerton commends the Santa Ana Regional Board for its efforts with 
the Storm Water Quality Standards Task Force. This comprehensive effort has 
established a firm scientific foundation for much-needed changes to the Region's Basin 
Plan and has done so in a manner that is open and transparent. 

We thank you for your consideration of our comments and congratulate you for 
your commitment to environmental protection, sound science, and prudent public policy. 
Please contact Trung Chanh Phan at 714-738-5333 or trungp@ci.fullerton.ca.us if you 
require additional information. 

Sincerely, 

~~~ 
Donald K. Hoppe 
Director of Engineering 

TCP:bas 

cc: Orange County Region 8 Permittees 
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City of Huntington Beach 
2000 Main Street • PO Box 190 • CA 92648 

Travis K. Hopkins, PE 
Director 

March 5, 2012 

Mr. David Woelfel 
Santa Ana Regional Water Quality Control Board 
3737 Main Street, Suite 500 
Riverside, California92501-3348 

Dear Mr. Woelfel: 

Department of Public Works 
(714) 536-5431 

Subject: Basin Plan Amendments to Revise Recreation Standards for Inland Fresh 
Surface Waters in the Santa Ana Region 

The City of Huntington Beach is pleased to submit this letter in support of the adoption 
of the proposed Basin Plan Amendments to revise recreation standards for inland fresh 
surface waters in the Santa Ana Region. 

We recognize the efforts of the Stormwater Quality Standards Task Force involving a 
wide range of stakeholders to review the water quality standards related to swimming 
and recreational uses in the region's streams and rivers. Through a multi-year effort, 
the Task Force evaluated the science underlying water quality criteria for bacteria; 
conducted comprehensive evaluations of the ability of the region's water bodies to 
support swimming and other recreational uses; and considered a wide range of 
potential implementation options. 

We believe that the proposed Basin Plan Amendments will help assure that human 
health will be protected within our region and that public resources will be expended 
reasonably and fairly. The Basin Plan Amendments update the region's water quality 
objectives for indicator bacteria to conform with USEPA's recommended criteria, and 
the amendments incorporate a narrative objective to assure that waste discharges do 
not contain human pathogens at levels that will increase the risk of illness. The 
proposed changes recognize that some waters are commonly used for swimming and 
other recreational activities, while others are used infrequently, if at all. Finally, the 
proposed amendments acknowledge that recreational activities are unsafe in some 
streams during wet weather and regulate those streams accordingly. 



The City commends the Santa Ana Regional Board for its efforts with the Stormwater 
Quality Standards Task Force. This comprehensive effort has established a firm 
scientific foundation for much-needed changes to the Region's Basin Plan and has 
done so in a manner that is open and transparent. 

We thank you for your consideration of our comments. If you have any questions, 
please contact Terri Elliott at 714-375-8494. 

Sincerely, 

Tony 01 os, PE 
City Engineer 

TO/TE:jg 

C: Chris Crompton, County of Orange, OC Watersheds 



0 IRVINE COMPANY 

March 12, 2012 

Santa Ana Regional Water Quality Control Board 
3737 Main Street, Suite 500 
Riverside, California 92501-3348 

Submitted via email: dwoelfel@waterboards.ca.gov 

Attention: Dave Woelfel 

Since 1864 

Subject: Basin Plan Amendments to Revise Recreation Standards for Inland 
Fresh Surface Waters in the Santa Ana Region 

Dear Mr. Woelfel, 

The Irvine Company is pleased to support the adoption of the proposed Basin Plan 
Amendments to revise recreation standards for inland fresh surface waters in the Santa 
Ana Region. 

We recognize the efforts of the Stormwater Quality Standards Task Force, which was 
convened in 2003 to review the water quality standards related to swimming and 
recreational uses in the region's streams and rivers. Through a multi-year effort 
involving a wide range of stakeholders, the Task Force has evaluated the science 
underlying water quality criteria for bacteria, has conducted comprehensive evaluations 
of the ability of the region's water bodies to support swimming and other recreational 
uses, and has considered a wide range of potential implementation options. 

We believe that the proposed Basin Plan Amendments will help assure that human 
health will be protected within our region and that public resources will be expended 
reasonably and fairly. The Basin Plan Amendments update the region's water quality 
objectives for indicator bacteria to conform with USEPA's recommended criteria, and the 
amendments incorporate a narrative objective to assure that waste discharges do not 
contain human pathogens at levels that will increase the risk of illness. The proposed 
changes recognize that some waters are commonly used for swimming and other 
recreational activities, while others are used infrequently, if at all. Finally, the proposed 
amendments acknowledge that recreational activities are unsafe in some streams during 
wet weather and regulate those streams accordingly. 

550 Newport Center Drive, Newport Beach, California 92660-7011 949.720.2000 



Dave Woelfel 
March 12, 2012 
Page 2 

The Irvine Company commends the Santa Ana Regional Board for its efforts with the 
Stormwater Quality Standards Task Force. This comprehensive effort has established a 
firm scientific foundation for much-needed changes to the Region's Basin Plan and has 
done so in a manner that is open and transparent. 

We thank you for your consideration of our comments and congratulate you for your 
commitment to environmental protection, sound science, and prudent public policy. 
Please contact Dean Kirk at (949) 720-2878 if you require additional information. 

Sincerely, 

Paul P. Hernandez 
Vice President 
Government Relations 

550 Newport Center Drive, Newport Beach, California 92660-7011 949.720.2000 
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City of Anaheim 

DEPARTMENT OF PUBLIC WORKS 
March 14, 2012 

Dave Woelfel 
Santa Ana Regional Water Quality Control Board 
3737 Main Street, Suite 500 
Riverside, Califomia9250 1-3348 

BY ELECTRONIC MAIL ONLY 

Subject: Support for Basin Plan Amendments to Revise Recreation Standards 
for Inland Fresh Surface Waters in the Santa Ana Region 

Dear Mr. Woelfel: 

The City of Anaheim supports the efforts of the Stormwater Quality Task Force 
("Task Force") and their proposed amendments to the Santa Ana Region Basin 
Plan. The multi-year effort of the Task Force has evaluated the science 
underlying water quality criteria for bacteria, has conducted comprehensive 
evaluations of the ability of the region's water bodies to support swimming and 
other recreational uses, and has considered a wide range of potential 
implementation options. 

The Amendment updates the region's water quality objectives for indicator 
bacteria to conform to USEPA's recommended criteria, as well as incorporates a 
narrative objective to avoid human pathogens in the water at a level that would 
increase the risk of illness. Further, the Amendment recognizes the many 
urbanized water channels that are not used for swimming and other recreational 
activities and that recreational activities present in some streams are unsafe and do 
not occur during high wet weather flows, and should be regulated accordingly. 

The comprehensive efforts of the Task Force, and the Santa Ana Regional 
Board's support of the Task Force, have presented a firm, scientific foundation for 
needed changes to the region's Basin Plan. We appreciate your consideration of 
this letter of support and look forward to the continuing efforts to utilize sound 
science and prudent public policy in the protection of the environment. 

Sincerely, 

Mark Vukojevic 
City Engineer 

c: Natalie Meeks, Director of Public Works 
Ed Fernandez, Development Services Manager 
Keith Linker, Principal Civil Engineer 
Jonathan Heffernan, Operations Supervisor 



CITY OF COSTA MESA 
P.O. BOX 1200 • 77 FAIR DRIVE • CALIFORNIA 92628-1200 

FROM THE DEPARTMENT OF PUBLIC SERVICES/ENGINEERING DIVISION 

February 24, 2012 

Santa Ana Regional Water Quality Control Board 
3737 Main Street, Suite 500 
Riverside, California 92501-3348 

Submitted via email: dwoelfel@waterboards.ca.gov 

Attention: 

Subject: 

Dave Woelfel 

Basin Plan Amendments to Revise Recreation Standards for Inland 
Fresh Surface Waters in the Santa Ana Region 

Dear Mr. Woelfel, 

The City of Costa Mesa is pleased to support the adoption of the proposed Basin 
Plan Amendments to revise recreation standards for inland fresh surface waters in the 
Santa Ana Region. 

We have participated in the Stormwater Quality Standards Task Force, which was 
convened in 2003 to review the water quality standards related to swimming and 
recreational uses in the region's streams and rivers. Through a multi-year effot1 
involving a wide range of stakeholders, the Task Force has evaluated the science 
underlying water quality criteria for bacteria, has conducted comprehensive evaluations 
of the ability of the region's water bodies to support swimming and other recreational 
uses, and has considered a wide range of potential implementation options. 

We believe that the proposed Basin Plan Amendments will help assure that 
human health will be protected within our region and that public resources will be 
expended reasonably and fairly. The Basin Plan Amendments update the region's water 
quality objectives for indicator bacteria to conform with USEPA's recommended criteria, 
and the amendments incorporate a narrative objective to assure that waste discharges do 
not contain human pathogens at levels that will increase the risk of illness. The proposed 
changes recognize that some waters are commonly used for swimming and other 
recreational activities, while others are used infrequently, if at all. Finally, the proposed 
amendments acknowledge that recreational activities are unsafe in some streams during 
wet weather and regulate those streams accordingly. 

PHONE: (714) 754-5335 FAX: (714) 754·5026 TOO: (714) 754-5244 
www.costamesaca.gov 
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The City of Costa Mesa commends the Santa Ana Regional Board for its efforts 
with the Stormwater Quality Standards Task Force. This comprehensive effort has 
established a firm scientific foundation for much-needed changes to the Region's Basin 
Plan and has done so in a manner that is open and transparent. 

We thank you for your consideration of our comments and congratulate you for 
your commitment to environmental protection, sound science, and prudent public policy. 
Please contact Patrick Bauer at 714-7 54-5633 if you require additional information. 

Sincerely, 

aJ~\~(]~J; 
Fariba Fazeli, P.E. 
Interim City Engineer 



February 27, 2012 

Dave Woelfel 

California Stormwater Quality Association· 
Dedicated to the Advancement of Stormwater Quality Managemmt, Science and Regulation 

Santa Ana Regional Water Quality Control Board 

Subject: Basin Plan Amendments to Revise Recreation Standards for Inland Fresh Surface 
Waters in the Santa Ana Region 

Dear Mr. Woelfel, 

The California Stormwater Quality Association (CASQA1
) is pleased to recognize the efforts of the 

Stormwater Quality Standards Task Force, which was convened in 2003 to review the water quality 
standards related to swimming and recreational uses in the Santa Ana region's streams and rivers. 
Through a multi-year effort involving a wide range of stakeholders, the Task Force has evaluated the 
science underlying water quality criteria for bacteria, has conducted comprehensive evaluations of 
the ability of the region's water bodies to support swimming and other recreational uses, and has 
considered a wide range of potential implementation options. 

CASQA believes that the proposed Basin Plan Amendments will help assure that human health will be 
protected and that public resources will be expended reasonably and fairly. The Amendments update 
the region's water quality objectives for indicator bacteria to conform to USEPA's recommended 
criteria, and the amendments incorporate a narrative objective to assure that waste discharges do not 
contain human pathogens at levels that will increase the risk of illness. The proposed changes 
recognize that some waters are commonly used for swimming and other recreational activities, while 
others are used infrequently, if at all. Finally, the proposed amendments acknowledge that recreational 
activities are unsafe in some streams during wet weather and regulate those streams accordingly. 

CASQA commends the Santa Ana Regional Water Board for its efforts with the Stormwater Quality 
Standards Task Force. This model effort has established a firm scientific foundation for the future 
effective management and protection of highly modified urban streams in the Santa Ana River 
Watershed and has done so in a manner that is open and transparent. 

We thank you for your consideration of our comments and congratulate you for your commitment to 
environmental protection, sound science, and prudent public policy. 

Sincerely, 

Richard Boon, Chair - California Stormwater Quality Association 

1 CASQA is comprised of stormwater quality management organizations and individuals, including cities, counties, 
special districts, industries, and consulting firms throughout California. Our membership provides stormwater quality 
management services to more than 23 million people in California. CASQA was originally formed in 1989 as the 
Stormwater Quality Task Force to recommend approaches for stormwater quality management to the California State 
Water Resources Control Board. 

1'.0. Box 2105 :'vknlo I' ark CA 44026·2105 o50. 306.1042 \\ww.casqa.org info<a•casqa.org 



WARREN D. WILLIAMS 
General Manager-Chief Engineer 
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RIVERSIDE COUNTY FLOOD CONTROL 
AND WATER CONSERVATION DISTRICT 

February 27, 2012 

Mr. Kurt Berchtold, Executive Officer 
California Regional Water Quality Control Board 

Santa Ana Region 
3737 Main Street, Suite 500 
Riverside, CA 92501-3339 

Dear Mr. Berchtold: Re: Basin Plan Amendments to Revise 
Recreation Standards for Inland Fresh 
Surface Waters in the Santa Ana Region 
(Basin Plan Amendment) 

The Riverside County Flood Control and Water Conservation District (District) is the Principal 
Permittee on the National Pollutant Discharge Elimination System (NPDES) Municipal Separate 
Storm Sewer System (MS4) Permit (Order No. R8-2010-0033, NPDES No. CAS 618033). In 
addition to the District, the Permittees to the MS4 Permit are the County of Riverside (County) and 
the Cities in Riverside County within the Santa Ana Region (collectively referred to herein as 
"Permittees"). 

On behalf of the Permittees, the District would like to submit the following comments in support of 
the Basin Plan Amendment. This Basin Plan Amendment represents a carefully negotiated plan that 
has been agreed to by all parties, including the Regional Board, various dischargers, non
governmental entities and other interested stakeholders. The Basin Plan Amendment is a 
comprehensive package of requirements that necessarily includes the recommended clarifications to 
the definition of REC-1, the application of a temporary high flow suspension, the exclusion of 
uncontrollable natural sources of bacteria, the suggested changes to designated uses in certain 
streams, deletion of the obsolete total coliform objective for MUN waters, deletion of the obsolete 
and scientifically-invalid fecal coliform objectives for REC-2 waters, etc. The provisions of the 
proposed Basin Plan amendments are not generally severable from the other Basin Plan amendments 
that are being proposed as part of a comprehensive Program of implementation package. 

The Permittees recommend adopting the proposal as is. If substantial amendments are proposed by 
Board staff, or are considered for approval by the Board at the hearing, the Permittees would 
recommend that such amendments be taken back to the Storm Water Quality Standards Task Force 
for careful consideration rather than be acted upon at the hearing. The full ramifications of such 
modifications may not be understood otherwise. 
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The Permittees would further note that adoption of this Basin Plan Amendment, as is, is presumed in 
the CBRP for the Middle Santa Ana River Bacterial Indicator TMDL. As noted in the CBRP, 
without this Basin Plan Amendment, the plan of action contained within the CBRP would need to be 
substantially modified as it depends on the exclusion of uncontrollable sources of bacteria, deletion of 
obsolete coliform bacteria indicators, the high flow suspension (for wet season compliance) and other 
elements of this Basin Plan Amendment. Further, it is expected that the cost of implementing the 
CBRP would greatly increase as a result of a failure to adopt this Basin Plan Amendment due to the 
loss of flexibility to prioritize and focus on high-priority human sourced pathogen indicators. The 
Permittees would likely have to default to flow capture and diversion techniques, as opposed to 
source control, as the primary BMP to address the TMDL. This alternative could have significant 
impacts on water resource management activities along the Santa Ana River and its tributaries. There 
would also be a potential for impacts to other beneficial uses due to flow diversion and capture 
activities that would need to be considered by the Board. 

Finally, the Permittees have summarized their understanding of several of the key provisions of the 
Basin Plan Amendment below. No response is required unless our understanding of any of the issues 
summarized below is incorrect. 

Beneficial Uses Designations 

1. The proposed revisions to REC-1 definition are intended to clarify, not modify, the 
meaning of the original text. The new language is intended to ensure that the original 
meaning is not accidentally misinterpreted or misapplied. 

2. The proposed changes are necessary to ensure that the new E. coli objectives are applied 
in a manner consistent with EPA's recommended water quality criteria and the related 
federal guidance. Similar language has been approved by U.S. EPA in numerous other 
states. 

3. The proposed clarifications will continue to protect wading and fishing as REC-1 
activities when immersion and ingestion is likely to occur as a result of those activities. 
Incidental water contact to the extremities (hands and feet) will continue to be considered 
REC-2 activities (e.g., beach-combing, tide-pool study) just as it is now. 

Pathogen Indicator Bacteria Objectives 

4. A narrative objective is necessary to address true water quality concerns as E. coli is only 
a surrogate indicator. Not all species of E. coli are pathogenic to humans. 

5. Deletion of fecal coliform objectives is consistent with federal guidance stating that the 
best available scientific data no longer supports this standard. 
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6. There is insufficient scientific data available to establish an appropriate numeric pathogen 
indicator bacteria objective for E. coli to protect secondary contact recreation. This is 
why the EPA did not recommend or establish such water quality objectives in the Great 
Lakes states. 

7. The proposed approach is consistent with other Regions in California because most other 
Regional Boards have not yet established any numeric pathogen indicator bacteria 
objectives (fecal coliform or E. coli) in their Basin Plans to protect REC-2 uses. 

8. The narrative pathogen objective will continue to apply to REC-2 and the Regional Board 
can rely on any new pathogen indicator criteria if and when EPA recommends new 
standards to protect secondary contact recreation. 

9. The existing total coliform objective previously established to protect surface waters 
designated MUN is obsolete and unnecessary. Such waters are already protected through 
the Enhanced Surface Water Treatment Rule and antidegradation policies continue to 
apply as well. 

l 0. Where there is sufficient reliable data to demonstrate compliance with the geometric mean 
E. coli objectives, single sample data will not be needed or used to assess compliance. In 
addition, where available, site-specific data will be used to calculate the appropriate SSM 
using EPA's recommended equations. 

High Flow Suspension 

ll. Unsafe flows temporarily preclude recreational use regardless of water quality. Elevated 
bacteria concentrations that sometimes occur during wet weather events do not impair the 
designated use because no such use is occurring, or can occur, at these times. 

12. The High Flow Suspension is consistent with EPA guidance because: 

a) The E. coli criteria were developed during low-flow, warm weather conditions. No 
epidemiological studies have ever been performed on stormwater runoff during wet 
weather conditions where high flows preclude safe recreational access. 

b) Temporary suspensions due to adverse weather conditions are analogous to the 
seasonal exemptions that EPA has already approved in other states. 

c) EPA and the SWRCB have also approved a temporary high flow suspension in the 
Los Angeles Region. 
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13. Consistent with CWC §13241, the proposed narrative pathogen objective and related 
numeric pathogen indicator bacteria objectives are not intended to apply to bacteria 
generated by birds, wildlife, sediment or other uncontrollable natural sources. 

14. The §13241 analysis performed by the Regional Board is based on the entire program of 
implementation proposed pursuant to § 13242 of the CWC. That proposed program of 
implementation is a comprehensive package of requirements that necessarily includes the 
recommended clarifications to the definition of REC-1, the application of a temporary 
high flow suspension, the exclusion of uncontrollable natural sources of bacteria, the 
suggested changes to designated uses in certain streams, deletion of the obsolete total 
coliform objective for MUN waters, deletion of the obsolete and scientifically-invalid 
fecal coliform objectives for REC-2 waters, etc. Were any of these or other significant 
provisions to be subsequently disapproved by the SWRCB, OAL or EPA, it will be 
necessary to perform a new § 13241 analysis based on the revised program of 
implementation that may result from such disapprovals. The provisions of the proposed 
Basin Plan amendments are not generally severable from the other Basin Plan 
amendments that are being proposed as part of a comprehensive Program of 
implementation package. 

15. Attainment of the proposed E. coli objectives is expected to be quite complex and require 
a considerable amount of time to identify and control all potential sources of bacteria. It is 
the Regional Board's intent that such activities be implemented using a risk-based 
resource allocation strategy like that enacted in the recently approved Comprehensive 
Bacteria Reduction Plans (CBRP) to prioritize monitoring efforts and remediation 
projects. 

In conclusion, the Permittees would like to thank the Board and its staff for their substantial 
commitment to this effort. This model effort has established a firm scientific foundation for future 
effective management and protection of receiving waters and has done so in an open, inclusive and 
transparent manner. The Permittees look forward to continuing to work with Regional Board staff in 
the implementing this Basin Plan Amendment. Please feel free to contact me (951.955.1273; 
juhley@rcflood.org) if you have any questions. 

ec: Santa Ana MS4 Permittees 

JU:bjp 
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2 Park Plaza, Suite 100 I Irvine, California 92614-5904 
phone: 949.794.2242 I fax: 949.476.04431 www.ocbc.org 

Santa Ana Regional Water Quality Control Board 
3737 Main Street, Suite 500 
Riverside, California 92501-3348 

Attention: 

Subject: 

Dave Woelfel 

Basin Plan Amendments to Revise Recreation Standards for Inland Fresh 
Surface Waters in the Santa Ana Region 

Dear Mr. Woelfel: 

The Orange County Business Council, representing the largest and most innovative employers in 
America's sixth largest county supports the adoption of the proposed Basin Plan Amendments to 
revise recreation standards for inland fresh surface waters in the Santa Ana Region. 

We appreciate the efforts of the Stormwater Quality Standards Task Force to evaluate the science 
underlying water quality criteria for bacteria and establish standards for recreational use designs 
and implementation strategies. As a result, the proposed Basin Plan Amendments will help 
assure that human health will be protected within our region and that public resources will be 
expended reasonably and fairly. 

The proposed changes recognize the need for the safe expansion of recreation and community 
areas, taking into account concerns regarding bacteria levels. The Basin Plan Amendments update 
the region's water quality objectives for indicator bacteria to conform to USEPA's recommended 
criteria, and the amendments incorporate a narrative objective to assure that waste discharges do 
not contain human pathogens at levels that will increase the risk of illness. These proposed 
changes support the safe expansion of our community as Orange County meets the demands of 
an ever growing, ever active population. 

The Orange County Business Council commends the Santa Ana Regional Board for its efforts with 
the Stormwater Quality Standards Task Force. This comprehensive effort has established a firm 
scientific foundation for the future implementation of recreational design plans within our 
community. 

Thank you for your consideration of our comments. 

Sincerely, 

Kate Klimow 
Vice President, Government Affairs 

SHAPING ORANGE COUNTY'S ECONOMIC FUTURE 
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Ms. Carol H. Beswick 
Chairperson 

ORANGE COUNTY'S GROUNDWATER AUTHORITY 

California Regional Water Quality Control Board - Santa Ana Region 8 
3737 Main Street, Suite 500 
Riverside, CA 92501-3348 

Dear Chair Beswick: 

Re: Proposed Basin Plan Amendment Related to Recreational Uses 

CLAUDIA C. ALVAREZ, ESQ. 

First Vice President 
PHILIP L. ANTHONY 

Second Vice President 
DON BANKHEAD 

General Manager 
MICHAEL R. MARKUS, P.E., D.WRE 

CRWOCB. REGION 8 

' 
FEB 2 8 2012 

\ J 
The Orange County Water District (OCWD, the District) wishes to express support for the 
proposed Basin Plan Amendment related to recreation uses (REC1 and REC2) and the 
associated water quality objectives. We commend your staff on their extraordinary 
collaboration with stakeholders in the Stormwater Quality Standards Task Force, and the 
diligence your staff and the Task Force have shown in developing these recommendations 
since 2003. 

The proposed Basin Plan amendment will clarify the definitions of contact and noncontact 
recreation and change the water quality objectives from using fecal coliform as the indicator 
to E.coli, as recommended by federal and State agencies. In addition, the proposed 
changes include a high-flow suspension when such flows are unsafe for recreation and the 
de-designation of the REC1 use in several water bodies based on Use Attainability 
Analyses. These changes are important because they enable the region to focus on 
protecting recreational uses when and where they actually occur. 

The current regulatory approach to protecting the recreation beneficial use has not 
reflected the fact that recreation only occurs in certain kinds of water bodies. This has 
diluted efforts and reduced the ability to focus on places where risks are real. The aim of 
the proposed Basin Plan amendment is to improve water quality while targeting 
regulatory efforts to maximize protection of public health. 

Protection of water quality in the Santa Ana Watershed is a central concern for OCWD 
as water from the Santa Ana River is the primary supply of water for recharging the 
Orange County Groundwater Basin. These proposed changes do not alter the level of 
wastewater treatment required for wastewater discharges to the Santa Ana River and 
as such maintain the current level of water quality protection. 

PO Box 8300 18700 Ward Street (714) 378-3200 www ocwd com 
Fountain Valley, CA 92728-8300 Fountain Valley, CA 92708 (714) 378-3373 fax · · 
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The proposed changes are within the law as it has been interpreted by the US 
Environmental Protection Agency and the State Water Resources Control Board. This new 
and better approach will actually improve our protection of public health and the beneficial 
use of waters of the State, while also giving dischargers, particularly municipalities, a clear 
and achievable path to compliance. OCWD supports the adoption of the proposed Basin 
Plan Amendment. If there are questions regarding this letter, please contact Greg 
Woodside at 714-378-3275 or gwoodside@ ocwd.com. 

Sincerely, 

Ct.J:.. c. -N.., 
Claudia Alvarez ~ 
President U 
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. Public Works 
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February 27, 2012 

Dave Woelfel 
Santa Ana Regional Water Quality Control Board 
3737 Main Street, Suite 500 
Riverside, Califomia92501-3348 

Jess A. Carbajal, Director 
300 N. Flower Street 

Santa Ana. CA 

P.O. Box 4048 
Santa Ana. CA 92702-4048 

Telephone: (714} 834-2300 
Fa~ (714)834-5188 

Submitted via email 

Subject: Basin Plan Amendments to Revise Recreation Standards for Inland Fresh 
Surface Waters in the Santa Ana Region 

Dear Mr. Woelfel: 

OC Public Works has actively supported and participated in the Stormwater Quality Standards 
Task Force (Task Force) since it was formed in 2003. After many years of effort it is gratifying to 
see the proposed Basin Plan Amendments to revise recreation standards for inland fresh 
surface waters in the Santa Ana Region being considered for adoption. We support the 
proposed revisions as an appropriate programmatic approach for recreation standards. 

The Task Force process induded a wide range of stakeholders, allowing important issues 
underlying water quality criteria for recreation in fresh waters to receive much greater in-depth 
attention than would otherwise be possible. The Task Force also collected extensive data, 
conducted comprehensive evaluations of the science underlying water quality criteria for 
baderia, reviewed the ability of the region's water bodies to support swimming and other 
recreational uses, and considered a wide range of potential implementation options. The 
resulting proposed Basin Plan Amendments, as a result of this intensive effort, will help assure 
that human health is protected within our region and that public resources will be expended 
reasonably and fairly. 

The Basin Plan Amendments will update the region's water quality objedives for indicator 
bacteria to conform with USEPA's recommended criteria, and incorporate a narrative objective 
to assure that waste discharges do not contain human pathogens at levels that will increase the 
risk of illness. The proposed changes also recognize that some waters are commonly used for 
swimming and other recreational activities, while others are used infrequently, if at all. Finally, 
the proposed amendments acknowledge that recreational activities are unsafe in some streams 
during wet weather and regulate those streams accordingly. This latter fador is particularly 
important for our organization which manages flood control facilities. 
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The engagement of Santa Ana Regional Board staff in the Task Force was vital for the success 
of the collaborative basin planning effort and we commend the Board and its staff for this level 
of involvement This comprehensive effort has established a firm scientific foundation for much
needed changes to the Region's Basin Plan and has done so in a manner that is open and 
transparent 

Please contact me at (714) 955-0630 if you require additional information. 

-~--



Department of Public Works 
Douglas S. Stack, P.E. 

Director 

March 6, 2012 

Mr. Dave Woelfel 
Santa Ana Regional Water Quality Control Board 
3737 Main Street, Suite 500 
Riverside, CA 92501-3348 

BY ELECTRONIC MAIL ONLY 

Subject: Basin Plan Amendments to Revise Recreation Standards for Inland 
Fresh Surface Waters In the Santa Ana Region 

Dear Mr. Woelfel: 

The City of Tustin supports the adoption of the proposed Basin Plan Amendments to 
revise the recreation standards for inland fresh surface waters in the Santa Ana Region. 

The City recognizes the efforts of the Stormwater Quality Standards Task Force to 
review the water quality standards related to swimming and recreational uses in the 
region's streams and rivers. Through a multi-year effort involving a wide range of 
stakeholders, the Task Force evaluated the science underlying water quality criteria for 
bacteria, conducted comprehensive evaluations of the ability of the region's water 
bodies to support swimming and other recreational uses, and considered a wide range 
of potential implementation options. 

The City of Tustin believes that the proposed Basin Plan Amendments will help assure 
that human heaHh will be protected within our region and that public resources will be 
expended reasonably and fairly. The Basin Plan Amendments update the region's 
water quality objectives for indicator bacteria to conform to the USEPA's recommended 
criteria, and the amendments incorporate a narrative objective to assure that waste 
discharges do not contain human pathogens at levels that will increase the risk of 
illness. The proposed changes reeognize that some waters are commonly used for 
swimming and other recreational activities, while others are used infrequently, if at all. 
Finally, the proposed amendments acknowledge that recreational activities are unsafe 
in some streams during wet weather and regulate those streams accordingly. 

300Centennial Way, Tustin, CA 92780 • P: (714) 573-3150 • F: (714) 734-8991 • wwwtustinca.org 
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The CHy of Tustin commends the Santa Ana Regional Board for its efforts with the 
Stormwater Quality Standards Task Force. This comprehensive effort has established 
a firm scientific foundation for much-needed changes to the Region's Basin Plan and 
has done so in a manner that is open and transparent. 

We thank you for your consideration of our comments. Please contact Mr. Alex Waite 
at 714.573.3305 if you require additional information. 

c: Dana Kudan, Engineering Services Manager 
Doug Anderson, Transportation and Development Services Manager 
Alex Waite, Environmental Compliance Specialist 
Orange County Region 8 Permittees 



Community Development 

February 27, 2012 

Santa Ana Regional Water Quality Control Board 

3737 Main Street, Suite 500 

Riverside, California92501-3348 

Submitted via email: dwoelfel@waterboards.ca.gov 

Subject: Basin Plan Amendments to Revise Recreation Standards for Inland Fresh Surface 
Waters in the Santa Ana Region 

Dear Mr. Woelfel, 

The City of Irvine is pleased to support the adoption ofthe proposed Basin Plan 

Amendments to revise recreation standards for inland fresh surface waters In the Santa Ana 

Region. We recognize the efforts the Stormwater Quality Standards Task Force and appreciate 

the multi-year effort involving a wide range of stakeholders to evaluate the science underlying 

water quality criteria for bacteria, conduct comprehensive evaluations of the region's water 

bodies and consider a wide range of potential implementation options. 

We believe that the proposed Basin Plan Amendments will help assure that human 

health will be protected within our region and that public resources will be expended 

reasonably and fairly. The Basin Plan Amendments update the region's water quality objectives 

for indicator bacteria to conform with USEPA's recommended criteria, and the amendments 

incorporate a narrative objective to assure that waste discharges do not contain human 

pathogens at levels that will increase the risk of illness. The proposed changes recognize that 

some waters are commonly used for swimming and other recreational activities, while others 

are used infrequently, if at all. Finally, the proposed amendments acknowledge that 

recreational activities are unsafe In some streams during wet weather and regulate those 

streams accordingly. 

The City of Irvine commends the Santa Ana Regional Board for its efforts with the 

Stormwater Quality Standards Task Force. This comprehensive, collaborative effort has 

1?4-6000 
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established a firm scientific foundation for much-needed changes to the Region's Basin Plan 

and has done so in a manner that is open and transparent. 

We thank you for your consideration of our comments and congratulate you for your 

commitment to environmental protection, sound science, and prudent public policy. Please 

contact me at 949-724-6315 or acarr@cityofirvine.org if you require additional information. 

Sincerely, 

Amanda Carr 

Water Quality Administrator 



CITY OF LAKE FOREST 
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February 27, 2012 

Mr. David Woelfel 
California Regional Water Quality Control Board, 
Santa Ana Region 

Council Members 
Peter Herzog 

Marcia Rudolph 
Mark Tettemer 

3737 Main Street, Suite 500 
Riverside, CA 92501-3348 

Via US Mail and E-mail City Manager 
Robert C. Dunek 

Subject: Basin Plan Amendments to Revise Recreation Standards for Inland Fresh Surface 
Waters in the Santa Ana Region 

Dear Mr. Woelfel: 

The City of Lake Forest (City) submits this comment letter to the California Regional Water 
Quality Control Board, Santa Ana Region (SARWQCB) in support of the adoption of the 
proposed Basin Plan Amendments to revise recreation standards for inland fresh surface 
waters in the Santa Ana Region. 

The City has participated in and recognizes the efforts of the Storm water Quality Standards 
Task Force, which was convened in 2003 to review the water quality standards related to 
swimming and recreational uses in the region's streams and rivers. Through a multi-year 
effort involving a wide range of stakeholders, the Task Force has evaluated the science 
underlying water quality criteria for bacteria, has conducted comprehensive evaluations of 
the ability of the region's water bodies to support swimming and other recreational uses, and 
has considered a wide range of potential implementation options. 

The proposed Basin Plan Amendments should facilitate the protection of human health 
within the region while promoting the responsible expenditure of limited public resources. 
The Basin Plan Amendments update the region's water quality objectives for indicator 
bacteria to conform with the US Environmental Protection Agency's recommended criteria, 
and the amendments incorporate a narrative objective to assure that waste discharges do not 
contain human pathogens at levels that will increase the risk of illness. The proposed 
changes recognize that some waters are commonly used for swimming and other 
recreational activities, while others are used infrequently, if at all. Finally, the proposed 
amendments acknowledge that recreational activities are unsafe in some streams during wet 
weather and regulate those streams accordingly. 

.. 
~ 

www.lakeforestca.gov 
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The City recognizes and appreciates the long-term participation and efforts of the 
SARWQCB staff with the Stormwater Quality Standards Task Force. This comprehensive 
effort has established a firm scientific foundation for much-needed changes to the region's 
Basin Plan and has done so in a manner that is open and transparent. 

We appreciate your attention to our comments. If you should have any questions, please 
contact Devin Slaven, Water Quality Specialist, at (949) 461-3436. 

Sincerely, 

CITY OF LAKE FOREST 

~~ 
Thomas Wheeler, P.E. 
Director of Public Works/City Engineer 

cc: Devin Slaven, REA, CPSWQ, Water Quality Specialist 
Dennis Jue, P.E., Deputy City Engineer 
Luis Estevez, MP A, Public Works Manager 
Chris Crompton, County of Orange, OC Public Works 

Q:\Departments\Public Works\0 1-TOML TRS\SARWQCB Bact Stnd Support LF.doc 



PUBLIC WORKS DEPARTMENT 
ENGINEERING DIVISION 

(714) 744-5544 
FAX: (714) 744-5573 

March 7, 2012 

CITY OF ORANGE 

MAINTENANCE DIVISION 
(714)532-6480 

FAX: (714) 532-6444 

TRAFFIC DIVISION 
(714) 844-5540 

FAX: (714) 744-5573 

Santa Ant;~ Regional Water Quality Control Board 
3737 Main Street, Suite 500 
Riverside, California92501-3348 

Submitted via email: dwoelfel@waterboards.ca.gov 

Attention: Dave Woelfel 

WATER DMSION 
(714) 288-2475 

FAX: (714) 744-2973 

Subject: Basin Plan Amendments to Revise Recreation Standards for Inland 
Fresh Surface Waters in the Santa Ana Region 

Dear Mr. Woelfel: 

The City of Orange is pleased to support the adoption of the proposed Basin 
Plan Amendments to revise recreation standards for inland fresh surface waters 
in the Santa Ana Region. 

The City has participated in the Stormwater Quality Standards Task Force's 
efforts to review water quality standards related to swimming and recreational 
uses in the region's streams and rivers. Since 2003 the Task Force has been 
engaged in a multi-year cooperative effort involving a wide range of stakeholders 
to evaluate the science underlying water quality criteria for bacteria. It has 
conducted comprehensive evaluations of the ability of the region's water bodies 
to support swimming and other recreational uses and considered a wide range of 
potential implementation options. 

The body of work completed by the Task Force is impressive: a complete 
inventory of watershed water bodies; identification of the physical parameters of 
watershed's channels (lined, earthen, etc.); conducting a recreational use and 
field survey and collecting over 500,000 photographs. We believe all these 

ORANGE CIVIC CENTER • 300 E. CHAPMAN AVENUE • ORANGE, CA 92866-1591 • P.O. BOX 449 

0 PIUNTEOOHREC'ICL£0PAPER 



Santa Ana Basin Plan Amendments 
Page2 

efforts will help assure that human health is protected within our region and that 
public resources will be expended reasonably and fairly in the proposed Basin 
Plan Amendments. 

The proposed Basin Plan Amendments update the region's water quality 
objectives for indicator bacteria to conform to USEPA's recommended criteria 
and the amendments incorporate a narrative objective to assure that waste 
discharges do not contain human pathogens at levels that will increase the risk of 
illness. The proposed changes recognize a tiered system where some waters 
are commonly used for swimming and other recreational activities, while others 
are used infrequently, if at all. Finally, the proposed amendments acknowledge 
that recreational activities are unsafe in some streams during wet weather and 
regulate those streams accordingly. 

The City of Orange commends the Santa Ana Regional Board for its efforts with 
the Stormwater Quality Standards Task Force. This comprehensive effort has 
established a firm scientific foundation for much-needed changes to the Region's 
Basin Plan and has done so in a manner that is open and transparent. 

We thank you for your consideration of our comments and congratulate you for 
your commitment to environmental protection, sound science, and prudent public 
policy. If you have any questions or require additional information please contact 
Gene Estrada at 714-744-5547. 

si7Jf----
Joe DeFrancesco 
Director, Public Works 

cc: John Sibley, City Manager 
Chris Crompton, Manager, Environmental Resources 
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February 21, 2012 

Mrs. Carole Beswick, Chair 
California Regional Water Quality Control Board 
Santa Ana Region 
3737 Main Street, Suite 500 
Riverside, CA 92501-3339 

Re: Proposed Basin Plan Amendment Related to Recreational Uses 

Dear Chair Beswick: 

Eastern Municipal Water District (EMWD) would like to express support for the proposed 
Basin Plan Amendment related to recreation uses (REC1 and REC2) and the 
associated water quality objectives. There was extraordinary collaboration from your 
staff with the stakeholders in the Stormwater Quality Standards Task Force, resulting in 
a clear path to compliance while protecting public health and beneficial uses. 

The proposed Basin Plan Amendment will clarify the definitions of contact and 
noncontact recreation, change the water quality objectives from using fecal coliform as 
the indicator to using E.coli, as the federal and State agencies have recommended. 
More importantly, the proposed changes include a high-flow suspension when flows are 
too unsafe for recreation, and the de-designation of the REC1 use in several water 
bodies based on Use Attainability Analyses. These changes are important because they 
enable the region to focus on protecting recreational uses when and where they actually 
occur. 

EMWD agrees with the recommendation to remove the REC1 designation for Temescal 
Creek. EMWD currently has an intermittent discharge into this creek and acknowledge 
that the level of recreation in that area is extremely infrequent as indicated in the studies. 
Also, EMWD agrees with the finding in the studies that the reclamation plant discharges 
in the river will not be changed as a result of this basin plan amendment but remain in 
accordance with the permit conditions that support REC1 beneficial uses. 

EMWD supports the adoption of the proposed Basin Plan Amendment. If there are 
questions regarding this letter, please contact Ms. Jayne Joy at (951) 928-3777 x6241. 

Pall D. Jon I, P.E. 
General Manager 

PJ/JJ:tlg 

cc: Behrooz Mortazavi 
Mailing Address: Post Office Box 8300 Perris, CA 92572-8300 Telephone: (951) 928-3777 Fax: (951) 928-6177 

Location: 2270 Trumble Road Perris, CA 92570 Internet : www.emwd.org 
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John V. R~mr 
General Manager 

Charle5 D. Field Thome' P. Evans 
Division 1 Divi~lon 2 

February 16, 2014 

Carole Beswick 

Drend~ Dennstedt 
Division 3 

Don11ld 0. Gall•ano 
Division 4 

Chair, California Regional Water Quality Control Board - Region 8 
3737 Main Street 

-Suite 500 
Riverside, CA 92501 

Re: Proposed Basin Plan Amendment Related to Recreational Uses 

Dear Chair Beswick: 

S.R. "AI• Lopez 
Divi,ion 5 

1~001/002 

Securing Your Water Supply 

Western Municipal Water District supports the proposed Basin Plan Amendment related to 
recreation uses (RECl and REC2} and the associated water quality objectives. We commend your 
staff on their extraordinary collaboration with stakeholders in the Stormwater Quality Standards 
Task Force, and the diligence your staff and that Task Force have shown in developing these 
recommendations since 2003. 

The proposed Basin Plan Amendment will clarify the definitions of contact and noncontact 
recreation, change the water quality objectives from using fecal coliform as the Indicator to using 
E.cali, as the federal and State agencies have recommended. More importantly, the proposed 
changes Include a high-flow suspension when flows are too unsafe for recreation. and the dt~·· 

designation of the REC1 use in several water bodies based on Use Attainability Analyses. These 
changes are important because they enable the region to focus on protecting recreational uses 
when and where they actually occur. 

We all support water quality, and the ability to recreate in and around our water bodies 
without unreasonable fear of illness is a hallmark of our federal and State water quality laws. 
At the same time, our approach to protecting the recreation beneficial use has not reflected the 
fact that recreation only occurs in certain kinds of water bodies. This has diluted our efforts and 
reduced our ability to focus on places where risks are real. 

The proposed changes are within the law as it has been Interpreted by the US Environmental 
Protection Agency and the State Water Resources Control Board. This new and better approach will 
actually improve our protection of public health and the beneficial use of waters of the State, while 

14205 Mtnidi11n Parkway, Riverside. CA 92518 • Mail' No. 951.571.7100 • wrnwd.com 
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Re: Proposed Basin Plan Amendment Related to Recreational Uses 
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also giving dischargers, particularly municipalities, a clear and achievable path to compliance. The 
proposed Basin Plan Amendment is therefore good public policy. Compliance will still require 
significant investments, but those expenditures can at least be made effective and the standards 
achievable, the Basin Plan Amendment will result in water quality standards that are mon~ 
appropriate than the existing standards. 

Western supports the adoption of the proposed Basin Plan Amendment. If there are questions 
regarding this letter, please do not hesitate to contact me at 951-571-7226. 



February 21,2012 

Ms. Carole Beswick 
Santa Ana Regional Water Quality Control Board 
3 73 7 Main Street, Suite 500 
Riverside, CA 92501 

Re: Proposed Basin Plan Amendment Related to Recreational Uses 

Dear Chair Beswick: 

FEB 2 3 20i2 

This letter is to express San Bernardino Valley Municipal Water District's support for the proposed 
Basin Plan Amendment related to recreation uses (REC 1 and REC2) and the associated water quality 
objectives. We commend your staff on their extraordinary collaboration with stakeholders in the 
Stormwater Quality Standards Task Force, and the diligence your staff and the Task Force have 
shown in developing these recommendations since 2003. 

The proposed Basin Plan Amendment will clarify the definitions of contact and noncontact recreation 
and change the water quality objectives from using fecal coliform as the indicator to using E.coli, as 
the federal and State agencies have recommended. More importantly, the proposed changes include a 
high-flow suspension when flows are too unsafe for recreation, and the de-designation of the REC1 
use in several water bodies based on Use Attainability Analyses. These changes are important 
because they enable the region to focus on protecting recreational uses when and where they actually 
occur. 

We all support water quality, and the ability to recreate in and around our water bodies without 
unreasonable fear of illness is a hallmark of our federal and State water quality laws. At the same 
time, our approach to protecting the recreation beneficial use has not reflected the fact that recreation 
only occurs in certain kinds of water bodies. This has diluted our efforts and reduced our ability to 
focus on places where risks are real. 

The proposed changes are within the law as it has been interpreted by the US Environmental 
Protection Agency and the State Water Resources Control Board. This new and better approach will 
actually improve our protection of public health and the beneficial use of waters of the State, while 
also giving dischargers, particularly municipalities, a clear and achievable path to compliance. The 
proposed Basin Plan Amendment is therefore good public policy. Compliance will still require 
significant investments, but those expenditures can at least be made in a more effective manner. The 
Basin Plan Amendment will result in water quality standards that are more appropriate than the 
existing standards. 

MARK ALVAREZ 

Division 1 
GEORGE A. AGUILAR 

Division 2 

Board of Directors and Officers 

C. PATRICK MILLIGAN 

Division 3 

MARK BULOT 

Division 4 

STEVE COPELAN 

Division 5 
DOUGLAS D. HEADRICK 

General Manager 
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Ms. Carole Beswick 
February 21, 2012 
Page Two 

San Bernardino Valley Municipal Water District supports the adoption of the proposed Basin Plan 
Amendment. If there are questions regarding this letter, please contact our General Manager, Douglas 
Headrick, at 909-387-9226. 

C. Patrick l\1il1gan 
President 

cc: Kurt Berchtold 



(\ Inland Empire Utilities AgeQ"~y 
A MUNICIPAL WATER DISTRICT 

March 7, 2012 

Mr. Kurt V. Berchtold 
Attention: David Woelfel 
State of California Regional Water Quality Control Board 

Santa Ana Region 
3737 Main Street, Suite 500 
Riverside CA 92501-3339 

6075 Kimball Ave, • Chino, CA 91708 
PO. Box 9020 • Chino, Hills, CA 91709 
TEL (909) 993-1600 • FAX (909) 993-9000 

www.ieua. org 

MAR 1 2 2012 

Subject: Public Hearing: Basin Plan Amendments to Revise Recreation Standards for 
Inland Fresh Surface Waters 

Dear Mr. Berchtold: 

The Inland Empire Utilities Agencies (lEU A) supports the adoption of the proposed Basin Plan 
Amendments to revise recreation standards for inland fresh surface waters in the Santa Ana 
Region. The IEUA Board of Directors adopted the enclosed Resolution of Support at their 
March 7, 2012 Board Meeting. 

We believe that the revised recreation standards will protect the beneficial uses of the inland 
surface waters of the Santa Ana Region and provide a sound basis for applying water quality 
objectives. The proposed standards will allow local agencies responsible for surface water 
quality to focus their attention on pathogens in areas where recreation actually occurs, thus being 
more efficient with public resources and likely reducing public health risks. Compliance will 
still require significant investments, but those expenditures can be focused on areas of exposure. 

The proposed Basin Plan Amendments were developed after many hundreds of hours of work by 
Regional Board staff, assisted by a Task Force including the three county flood control agencies, 
cities, and public interest groups in the region. We strongly urge the Regional Board to adopt 
these amendments at its March 16, 2012 hearing. 

INLAND EMPIRE UTILITIES AGENCY 

~~w~h_ 
Thomas A. Love 
General Manager 

Enclosure: IEUA Resolution of Support 

Water Smart- Thinking in Terms of Tomorrow 

Terry Catlin 
President 

Michael E. Camacho 
Vice President 

Steven J. Elie 
Secretary/Treasurer 

Gene Koopman 
Director 

Angel Santiago 
Director 

Thomas A. Love 
General Manager 
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City ofBrea 
March 5, 2012 

Submitted via email: dwoelfel@waterboards.ca.gov 

Mr. Dave Woelfel 
Santa Ana Regional Water Quality Control Board 
3737 Main Street, Suite 500 
Riverside, California92501-3348 

Subject: Basin Plan Amendments to Revise Recreation Standards for Inland 
Fresh Surface Waters In the Santa Ana Region 

Dear Mr. Woelfel: 

The City of Brea is pleased to support the adoption of the proposed Basin Plan 
Amendments to revise recreation standards for inland fresh surface waters in the Santa 
Ana Region. 

We recognize the efforts of the Stormwater Quality Standards Task Force, which 
was convened in 2003 to review the water quality standards related to swimming and 
recreational uses in the region's streams and rivers. Through a multi-year effort 
involving a wide range of stakeholders, the Task Force has evaluated the science 
underlying water quality criteria for bacteria, has conducted comprehensive evaluations 
of the ability of the region's water bodies to support swimming and other recreational 
uses, and has considered a wide range of potential implementation options. 

We believe that the proposed Basin Plan Amendments will help assure that 
human health will be protected within our region and that public resources will be 
expended reasonably and fairly. The Basin Plan Amendments update the region's 
water quality objectives for indicator bacteria to conform with USEPA's recommended 
criteria, and the amendments incorporate a narrative objective to assure that waste 
discharges do not contain human pathogens at levels that will increase the risk of 
illness. The proposed changes recognize that some waters are commonly used for 
swimming and other recreational activities, while others are used Infrequently, if at all. 
Finally, the proposed amendments acknowledge that recreational activities are unsafe 
in some streams during wet weather and regulate those streams accordingly. 

City Council Don Schweitzer Brett Murdock 
Mayor Mayor Pro Tem 

Ron Garcia 
Council Member 

Roy Moore 
Council Member 

Marty Simonoft' 
Coundl Member 

Civic & Cultural Center o 1 Civic Center Circle o Brea, California 92821-5732 o 714/990-7600 o FAX 714/990-2258 o www.cityofbrea.net 



The City of Brea commends the Santa Ana Regional Board for its efforts with the 
Stormwater Quality Standards Task Force. This comprehensive effort has established 
a firm scientific foundation for much-needed changes to the Region's Basin Plan and 
has done so in a manner that is open and transparent. 

We thank you for your consideration of our comments and congratulate you for 
your commitment to environmental protection, sound science, and prudent public policy. 
Please contact Brian M. lngallinera at 714-990-7672 if you require additional 
information. 

Sincerely, 

Charles View 
Public Works Director 

Cc: Brian M. lngalllnera, CPSWQ, Environmental Services Coordinator 
Chris Compton, County of Orange, OC Public Works 
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RESOLUTION NO. 2012-3-1 

A RESOLUTION OF THE BOARD OF DIRECTORS OF THE INLAND 
EMPIRE UTILITIES AGENCY*, SAN BERNARDINO COUNTY, 
CALIFORNIA, SUPPORTING A PROPOSED BASIN PLAN AMENDMENT 
RELATED TO RECREATIONAL USES 

WHEREAS, the Santa Ana Watershed Project Authority (hereinafter "SAWPA") entered 
into a task force agreement with key stakeholders in the watershed in 2003, including the three 
county flood control agencies in the region, cities, wastewater agencies, public interest groups, 
and the California Regional Water Quality Control Board, Santa Ana Region (Regional Board) 
staff; 

WHEREAS, the task force has assisted Regional Board staff in reviewing the 
appropriateness of body contact and non-contact recreation pathogen standards in the 
watershed, developing appropriate amendments thereto, and achieving consensus on those 
proposed amendments; 

WHEREAS, the task force recommendations are embodied in a Basin Plan Amendment 
that Regional Board staff has proposed to the Regional Board for consideration of approval; 

WHEREAS, the proposed Basin Plan Amendment would make numerous changes to 
the regulation of pathogen indicator bacteria to better focus public agency efforts on protecting 
swimming and other water recreation where and when it actually occurs, thus improving 
government efficiency and reducing public health risk; 

WHEREAS, the proposed Basin Plan Amendment complies with all statutory and 
regulatory requirements of federal and California water quality law, and; 

WHEREAS, it is in the best interest of the entire Santa Ana River Watershed that the 
proposed Basin Plan Amendment be adopted. 

NOW, THEREFORE, BE IT RESOLVED that the Board of Directors of the Inland Empire 
Utilities Agency hereby expresses support for the adoption of the proposed Basin Plan 
Amendment related to recreation beneficial uses and their protection. 

BE IT FURTHER RESOLVED, that the Inland Empire Utilities Agency* Board of 
Directors hereby adopts Resolution No. 2012-3-1 on this th day of March, 2012. 

ATTEST: 

Steven J. Elie Seer aryl reasurer 
of the Inland Empir Utilities Agency* 
and of the Board of irectors thereof 

:::r-~e Inland Empire 
Utilities Agency* and of the Board of 
Directors thereof 

The undersigned certifies that thh; is a true 
copy as on file In the permanent records 
of the Agency. This stamp must be In 
purple Ink to constitute a certified copy. 
Inland Empire Utilities Agency• 
• A Municipal W•ter District 

Sy .. '., " Date-
LZZZ. 4 - = ~ w 
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Resolution No. 201 2-3-1 
Page 2 of 2 

STATE OF CALIFORNIA ) 
) ss 

COUNTY OF SAN BERNARDINO ) 

I, Steven J. Elie, Secretary/Treasurer of the Inland Empire Utilities Agency*, DO 

HEREBY CERTIFY that the foregoing Resolution No. 2012-3-1 was adopted at a regular 

meeting on March 7, 2012, of said Agency* by the following vote: 

AYES: 

NOES: 

ABSTAIN: 

ABSENT: 

(SEAL) 

Santiago, Elie, Camacho, Koopman, Catlin 

None 

None 

None 

Steven J. 'Eiie 
Secretary/Tre surer 

* A Municipal Water District 
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1444 9th Street 
Santa Monica CA 90401 

Heal the Bay 

March 15, 2012 

Kurt V. Berchtold, Executive Officer 
Regional Water Quality Control Board 
Santa Ana 
3 73 7 Main Street, Suite 500 
Riverside, California 92501 

ph 310 451 1500 
fax 310 496 1902 

info@healthebay.org 
www. healthebay. org 

Re: Basin Plan Amendments to Revise Recreation Standards for Inland Fresh Surface 
Waters in the Santa Ana Region 

Dear Mr. Berchtold, 

On behalf of Heal the Bay, we submit the following comments on Basin Plan Amendments to 
Revise Recreation Standards for Inland Fresh Surface Waters in the Santa Ana Region ("Draft 
Amendment") issued by the Santa Ana Regional Water Quality Control Board (Regional Board) 
for public review on January 12, 2012. We focus our comments on the proposals as described in 
the Executive Summary only, due to time constraints. We appreciate staffs willingness to 
include our comment letter in the record and in Board materials despite being submitted past the 
original response deadline. 

Our overarching concern with these proposals is that human health will not adequately be 
protected. This concern is discussed in more detail below, and our comments follow the outline 
ofthe Executive Summary. 

#1. Rename the RECluse from "Water Contact Recreation" to "Primary Contact 
Recreation." 

We echo USEPA's concern expressed in their February 23, 2012 comment letter that renaming 
the REC1 use would be inconsistent with the State Water Resources Control Board's definition 
that was developed through an extensive process. Thus, we urge the Regional Board to retain the 
current definition. 

#2. Delete the current Basin Plan fecal coliform objectives and replace with E. coli 
objectives. 

We concur with Regional Board's general finding that fecal coliform objectives be replaced by 
E. coli objectives. However, we are extremely concerned by the proposal to require at least 5 
samples over a 30 day period. Instead, the Basin Plan should specify that a rolling geometric 
mean be calculated based on five samples collected over the last thirty days or the five most 
recent samples. As shown in the Regional Board's data analysis, there are many instances where 
only four samples were collected in a 30 day period. This would lead to no geometric mean 
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1444 9th Street 
Santa Monica CA 90401 

Heal the Bay 

ph 310 451 1500 
fax 310 496 1902 

info@healthebay.org 
www. healthebay .org 

calculation, therefore putting the public's health at risk. Not having a geomean calculation is 
problematic because it helps to reveal chronic pollution problems. 

In addition, the Regional Board must include a single-sample limit of E. coli density of235/100 
ml. The single sample is critical for both public health protection and compliance purposes. 
There is no justification as to why this criterion is absent in the proposal. 

#3. Establish a narrative pathogen objective 

It is unclear why the Regional Board would propose a narrative pathogen objective. The 
numeric recreational water quality criteria are based on health impacts. These numeric criteria 
should be sufficient to protect public health. 

#4 and #5. Sub-divide RECl standards into tiers based on intensity of use 

We urge the Regional Board to reject the proposal of a tiered approach based on intensity of use. 
Each individual who recreates in a waterbody should be afforded the same public health 
projection, regardless of how many "fellow swimmers" are utilizing the same waterbody. In fact 
USEPA recognizes the flaw with the tiered approach in the proposed Recreational Water Quality 
Criteria (Office of Water 820-D-11-002). USEPA states that "the 2012 RWQC are no longer 
recommending multiple "use intensity" values, in an effort to increase national consistency 
across bodies of water and ensure equivalent public health protection in all waters." (Criteria at 
4). Thus, one set of standards based on the same health protection is appropriate. 

In addition, we are concerned with the Regional Board's assessment that the single sample value 
is for posting purposes only and that insufficient data may exist for the geomean calculation. 
Both the single sample and the geomean standards play an important role in public health 
protection and compliance assurance. The Regional Board cannot simply decide to use one or 
the other. Any derivation of the single sample or geomean from default values are a standards 
change and would be subject to EPA approval. Both standards must be used, and a sufficient 
number of samples should be taken for the geomean calculation (the five most recent samples or 
five samples collected over the last 30 days). 

#6. Temporary suspension of bacteria objectives 

The term "high flow suspension" is very misleading. Did the Regional Board collect flow data 
over an extended period of time in the water bodies proposed for temporary suspension of 
bacteria objectives? Without proper rain gauges on a specific waterbody, it is impossible to 
know if the flow is truly significantly elevated. Simply relying on nearby (or regional) rain 
gauge data is not sufficient to understand the flow regime. Given the lack of understanding about 
flow, it is impossible to predict when individuals could be recreating in a waterbody. People 
who swim or surf in wet or winter weather are entitled to the same health protections and water 
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www.healthebay.org 

quality standards as those that swim at beaches during the Fourth of July. Also the State Water 
Board made this determination as they acknowledged that swimming and surfing are activities 
that occur in Southern California waters 365 days a year, rain or shine. Of note, high bacteria 
concentrations from upstream waterbodies could contribute to exceedances of water quality 
standards in downstream waterbodies. Thus we urge the Regional Board to not include a 
temporary suspension of bacteria objectives. 

Also we echo USEPA's concerns that the definition of"modified channels" can lead to use 

suspension in any water body where any vegetation has been removed or had any small 
modifications. This is completely inappropriate. 

#7. Re-designate specific waters to remove RECl or RECl and REC2 uses. 

As this is the first Use Attainability Analysis (UAA) performed by the Santa Ana Region Board, 
and only second in the entire state, we are extremely concerned about the bad precedent this 

Basin Plan amendment sets for future dedesignation efforts throughout the state. 

In fact, the proposal sets an incentive to channelize inland waters in order to dedesignate 
beneficial uses and have less stringent requirements. The additional regulatory incentive of 

dedesignation will only lead to more efforts to channelize creeks and streams to prevent 

flooding, rather than more ecologically friendly flood control efforts or a bioengineering 
approach. More natural, bioengineered approaches to flood control will likely result when 

beneficial use designations are maintained. 

In addition, waterbodies dedesignated from a REC 1 to a REC2 or complete dedesignation from 

water quality standards could stall restoration efforts. Millions of dollars in bond funds have 
been allocated to develop riparian restoration and enhancement plans and projects for many 

degraded waterways in the state. If efforts to improve water quality and restore riparian resources 
will result in tougher regulatory requirements, this will provide a tremendous disincentive for 

restoration and enhancement projects. The current regulatory framework provides no such 

incentive because the potential REC 1 beneficial use exists on most of the receiving waters that 

are the focus of dedesignation efforts. Modification of the current Basin Plan beneficial uses 
could result in the unintended consequence of providing a disincentive to the many long-overdue 

restoration efforts of urban creeks and rivers. Also, one can easily see how this creates an 
incentive for resource management agencies to limit access to the very resources the Regional 

Board is trying to protect. For example, why would a resource management agency put in a new 
bike path segment along a concrete lined receiving water if the beneficial action would lead to 

tougher regulatory requirements? 
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The Regional Board states that dedesignated waters would be reviewed at least once every three 
years .during the Triennial Review process. Given resource constraints, it is impossible that this 
review would be given the enormous amount of time needed to review all of the data and 
science. 

#9. Delete the bacterial quality objective for MUN 

How did the Regional Board determine that the waterbodies in question do not meet the 
threshold for MUN as described in the State Board's Sources of Drinking Water Policy? Federal 
regulations prohibit removal of designated uses which are existing uses, as defined in 40 CFR 
Sect. 130.3, unless a use requiring more stringent criteria is added. We echo USEPA's concern 
that documentation is lacking showing that the proposed excepted waterbodies do not have 
existing MUN use designations. Thus, the Regional Board should not remove this beneficial use. 

*** 

In conclusion, the Regional Board's proposal has major implications on public health protection. 
As discussed above, many elements of the proposal will put recreators at greater risk and will not 
protect beneficial uses. At the same time, the proposal will likely stall restoration and water 
quality improvement efforts. Heal the Bay believes that the proposed Basin Plan amendment is 
the wrong action at the wrong time. Thus, Heal the Bay opposes the proposal as discussed 
above. 

Comments on the four proposed UAAs are attached (see below). 
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ATTACHMENT ONE (04/20/2012) 
UAA Comments 

Santa Ana-Delhi Channel 
Reach Identification 

• The reaches should have been: 

• Tidal Prism: Bike Path to Mesa Dr. (earthen bottom/one side rip-rap) 

• Mesa Dr to Alton Ave. (box channel) 

• Alton Ave to Warner Ave (earthen bottom/rip-rap) 

• By segmenting these reaches according to similar characteristics, such as earthen bottoms, 
rip-: rap walls, and more natural landforms, the public has a better sense of the possibilities 
for each reach, in terms of water quality, habitat, and recreational uses. The UAA's 
segmentation of the Creek combines reaches with different characteristics, like earthen 
bottoms segments with box channel segments. This type of segmentation can promote 
certain features or attributes as being homogeneous throughout the stretch of Creek, when 
they are not. 

Water Quality 

• It is first argued that there is not enough flow: the dominant dry weather flows create 
perennial flow of a few inches (6 inches or less) ... and sources are groundwater and urban 
runoff (pg7 -8). Then it is argued that the region cannot attain water quality criteria during 
dry weather because the BMPs implemented are not sufficient (5.6.3.7.1-- pg14). Perhaps 
the BMPs implemented should not be treatment types, but capture and reuse or infiltration 
given the low flow volumes. 

• There is no documentation on whether a source control/source identification program, and 
the subsequent source abatement program having been implemented. There is no 
discussion on whether a watershed approach to BMP implementation was ever adopted. No 
documentation on actual BMP implementation, and or performance criteria associated with 
those implemented BMPs. All the information associated with BMPs in this section are 

citations to studies on efficacy. There is no actual information highlighting any 
implemented BMPs, aside from diversions, in the watersheds. How can the public 
reasonable expect that the effort was made to control Bacteria inputs by any agency or 
municipality to control urban runoff or nuisance flows without such information? 

• Dry weather diversions are stated as 100% effective. The rational cited on the phone-per 
our conversation (04119) was a concern for habitat. Yet, the UAA states that "treatment 
agencies do not like them", and view them as a temporary practice. Which of the two 
responses is it? If the later, this is not a sufficient reason why bacterial objectives can't be 

obtained. Dry-weather, and even some wet-weather, low-flow diversions are an integral 
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part in RWQCB 4 Bacterial TMDL compliance. In addition, the UAA argues that full 
capture is economically infeasible. This is understandable if the argument is for wet 
weather conditi~ns. However, this is should not be the case for dry weather time-periods 
and low flow events. 

• Why did the RWQCB 8 use a calendar time-period to conduct its geometric mean analysis 
for bacteria for this UAA, when the Basin plan uses a 30-day rolling average (pg13)? 

• · The UAA fails to demonstrate how efforts to attain recreational water quality standards in 
the downstream receiving water body-currently REC 1-will not be negatively impacted 
by the request to remove the upstream recreational use designations-an action that will 
allow higher levels of indicator bacteria in the upstream tidal prism, REACH 1 and 
REACH 2. The REC-1 use of the downstream receiving water-body is not in question. (pg 
23). Ifbacterial standards during dry weather in this section of the receiving water-body 
can't be met, then how does it figure this runoff or flow will not have a negative impact on 
the downstream receiving water-body? 

USES 

• Did RWQCB 8 solicit information from 'historic societies', local historians, or personal 
·interviews to complete if determination of historic uses? Historic uses exploration should 
have included a people survey of local historians or senior citizens of the area. Personal 
Interviews should have been a component of this process. Simply looking on Google or 
electronic archives can be insufficient and incomplete due to the nature of digital archives. 

• In· addition, there were photos that showed 'tagging' or graffiti in portions adjacent to the 
Creek, which suggests that there is access. Such actions would indicate that people are able 
to access the areas. In R WQCB 4, 'tagging' or graffiti, while illegal, can demonstrate that 
access and use exist in the area. 

• The OCFCD denies access due to safety concerns. As it relates to this issue of de
designation or this UAA, the argument may be applicable for wet-weather (high velocity 
flow) conditions, yet is completely inappropriate for dry-weather. There is little 
justification as to why the public should not be able to use or have access to the Creek 
during the 98% of time when such high-flow conditions do not exist. While there are 
vertical walls in segments, there is a sufficient amount of area that is covered with rip-rap. 
RWQCB 8 seems to make the subjective argument that even in dry-weather the Creek is 
unsafe in these areas (pg12) to access. This UAA fails to even discuss the statewide, and 
Southern California, initiatives to obtain great access to these once off-limit areas. For 
example, the City of Los Angeles has the lead the way in making the LA River a 
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destination place for contact water recreation and public education. There are several other 
examples in Los Angeles County where semi-channelized waterbodies are being utilized 
for their non-direct recreation benefits, habitat opportunities, and public education. A 
number of State Conservancies and Private Non-profits are currently looking at acquiring 
parcels to develop greater open space opportunities for park poor regions by working with 
local groups. Neither the State Agencies, Non-Profit groups, nor local community groups 
appear to have been solicited for this review. On the State level, SB1201 (De Leon) seeks 
to address this issue of public access to flood control channels, engineered creeks, streams, 
and rivers. The bill, if adopted, will amend Section 2 of the Los Angeles County Flood 
Control Act (Chapter 755 of the Statutes of 1915) "to include or provide for public use of 
navigable waterways that are suitable for recreational and education purposes" as they 
relate to the Los Angeles River. This bill is likely to set precedent for other receiving 
waterbodies in the State. 

• The UAA appears to argue that hydro-modifications impacts are indefinite. In addition, the 
UAA seemed only to consider full restoration of the Creek as the only alternative. There is 
no discussion of partial enhancement to the Creek as a viable option. Also, this section took 
no account of statewide and southern California wide measures that consider these areas as 
important sites for implementing integrated water management opportunities, LID, and 
other multiple-benefit land-use policies to treat water. 

• Finally, the summary of adjacent land-uses and their potential to impact water quality or 
the role they could play in addressing water quality issues-as the relate to the previous 
bullet point-are not sufficiently address. How is the public able to determine possible 
sources impact the Creek or evaluate opportunities for watershed-wide multiple benefit 
BMPs. For example, there are two large golf courses, a regional park, and a school all in 
located is close proximity to the Creek. 

Greenville-Banning Channel 
Water Quality 

• First argue that there is not enough flow: the dominant dry weather flows create perennial 
flow of a few inches (6 inches or less) ... and sources _are groundwater and urban runoff 
(pg 7 -8). Then it is argued that the region cannot attain water quality criteria during dry 
weather because the BMPs implemented are not sufficient (pg 16-17). Perhaps the BMPs 
implemented should not be treatment types, but capture and reuse or infiltration given the 
low flow volumes. 

• Dry weather diversions are stated as 100% effective. The rational cited on the phone-per 
our conversation (04119) was a concern for habitat. Yet, the UAA states that "treatment 
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agencies do not like them", and view them as a temporary practice. Which ofthe two 
responses is it? If the later, this is not a sufficient reason why bacterial objectives can't be 
obtained. Dry-weather, and even some wet-weather, low-flow diversions are an integral 
part in RWQCB 4 Bacterial TMDL compliance. In addition, the UAA argues that full 
capture is economically infeasible. This is understandable if the argument is for wet 
weather conditions. However, this is should not be the case for dry weather time-periods 
and low flow events. 

• An 'Orange County Areawide Urban Stormwater Runoff Management Plan' is 

mentioned, and a suggestion that the drainage area limits the effectiveness of many 

BMPs. What documents or data support this assertion? Most management plans are an . 
iterative process, based on implemented programmatic and structural BMPs. Has this 
type of evaluative component been completed on actual implemented structural BMP 

performance and design? Beyond low-flow diversions, what other actual BMPs were 
installed in this watershed? What changes or modifications to those implemented BMPs 

were completed to address short-coming to initial BMP construction? As for 

programmatic BMPs, what evaluative measures were used to determine behavioral 
changes in municipalities (the general population), given that urban runoff is the primary 

bacterial source? Has enforcement been implemented in this watershed as a deterrent to 

urban runoff or nuisance flows in association with MS4 or NPDES compliance? (pg.16) 

• There is no documentation on whether a source control/source identification program, 

and the subsequent source abatement program having been implemented. There is no 
discussion on whether a watershed approach to BMP implementation was ever adopted. 

No documentation on actual BMP implementation, and or performance criteria associated 
with those implemented BMPs. All the information associated with BMPs in this section 

are citations to studies on efficacy. There is no actual information highlighting any 

implemented BMPs, aside from diversions, in the watersheds. How can the public 
reasonable expect that the effort was made by any agency or municipality to control 
bacteria inputs from urban runoff without such information? 

• Why did the R WQCB 8 use a calendar time-period to conduct its geometric mean 

analysis for bacteria for this UAA when the Basin plan uses a 30-day rolling average 
(pgll)? 

• The UAA fails to demonstrate how efforts to attain recreational water quality standards in 
the downstream receiving water body-currently REC 1- will not be negatively 
impacted by the request to remove the upstream recreational use designations-an action 

that will allow higher levels of indicator bacteria in the upstream tidal prism, and 

REACH 1. The REC-1 use of the downstream receiving water-body is not in question. 
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Heal the Bay 

USES 

(pg 23). If bacterial standards during dry weather in this section ofthe receiving water
body can't be met, then how does it figure this runoff or flow will not have a negative 
impact on the downstream receiving water-body? 

• Did RWQCB 8 solicit information from 'historic societies', local historians, or personal 
interviews to complete if determination of historic uses? Historic uses exploration should 
have included a people survey of local historians or senior citizens of the area. Personal 
Interviews should have been a component of this process. Simply looking on Google or 
electronic archives can be insufficient and incomplete due to the nature of digital 

archives. (Pg.21) 

• This UAA fails to even discuss the statewide, and Southern California, initiatives to 
obtain great access to these once off-limit areas (pg 22-probable future uses). For 
example, the City of Los Angeles has the lead the way in making the LA River a 
destination place for contact water recreation and public education. There are several 
other examples in Los Angeles County where semi-channelized waterbodies are being 
utilized for their non-direct recreation benefits, habitat opportunities, and public 
education. A number of State Conservancies and Private Non-profits are currently 
looking at acquiring parcels to develop greater open space opportunities for park poor 
regions by working with local groups. Neither the State Agencies, Non-Profit groups, nor 
local community groups appear to have been solicited for this review. On the State level, 
SB1201 (De Leon) seeks to address this issue of public access to flood control channels, 
engineered creeks, streams, and rivers. The bill, if adopted, will amend Section 2 of the 
Los Angeles County Flood Control Act (Chapter 755 of the Statutes of 1915) "to include 
or provide for public use of navigable waterways that are suitable for recreational and 
education purposes" as they relate to the Los Angeles River. This bill is likely to set 
precedent for other receiving waterbodies in the State. 

• The UAA appears to argue that hydro-modifications impacts are indefinite. In addition, 
the UAA seemed only to consider full restoration of the Creek as the only alternative. It 
appears that the only criteria R WQCB 8 used for channel restoration was a complete 
riparian wetland restoration? There is no discussion of partial enhancement to the Creek 
as a viable option for supporting REC-1 uses. There are many gradients, without full 
restoration, that could support REC-1 as has been witnessed in the LA River. Also, this 

section took no account of statewide and southern California wide measures that consider 
these areas as important sites for implementing integrated water management 
opportunities, LID, and other multiple-benefit land-use policies to treat water. 

9 



1444 9th Street 
Santa Monica CA 90401 

Heal the Bay 

ph 310 451 1500 
fax 310 496 1902 

info@healthebay.org 
www.healthebay .org 

• Finally, the summary of adjacent land-uses and their potential to impact water quality 
(Mesa Verde and Costa Mesa golf courses) or the role they could play in addressing 
water quality issues (Fairview Regional Park and Talbert Regional Park}-as the relate to 
the previous bullet point-are not sufficiently addressed (5.6.4.9.2). How is the public 
able to determine possible sources impact the Creek or evaluate opportunities for 
watershed-wide multiple benefit BMPs. 

Temescal Creek 
Reach Identification 

• The UAA Reach 1a should not have included: 

• Cota St to Lincoln Ave (earthen bottom/rip-rap); everything else is in this reach is a box 
or trapezoidal channel. (pg 1) 

• By segmenting these reaches according to similar characteristics, such as earthen 
bottoms, rip-rap walls, and more natural landforms, compared to box and trapezoidal 
channels, the public has a better sense of the possibilities for each reach, in terms of water 
quality, habitat, and recreational uses. The UAA's segmentation ofthe Creek combines 
reaches with different characteristics, like earthen bottoms segments with box channel 
segments. This combining of different segments can promote or hide certain desirable 
features or attributes as not existing or being homogeneous throughout the stretch of Creek, 
when they are not. 

Water Quality 

• A 'Comprehensive Bacteria Reduction Plan' has been developed and is the foundation for 
achieving compliance of water quality standards as part of the MS4 permit, and to support 
compliance with the Middle Santa Ana River TMDL. (pg 15): 

• While Bacteria treatment or structural BMPs are stated, and citations to Stormwater 
Design Handbook mentioned, there is no actual projects referenced or discussed. 
"Planning is underway to develop future management controls" but this is not 
explained in detail as to what actual projects will be forthcoming, and whether those 
identified projects will actually work. (pg15 and pg16); 

• In the meantime, as the UAA asserts "the 'Comprehensive Bacteria Reduction Plan' is 
an iterative and adaptive process" that was started in 2006 and nearing completion in 
2010-"Final Draft CBRPs were submitted in late December 2010 ... to RWQCB staff 
for review. (pg 16)" What BMPs, treatment, structural or programmatic, have been 
implemented during this time-period? Has any evaluative component been completed 
on actual implemented structural BMP performance and design? Beyond low-flow 
diversions, what other actual BMPs were installed in this watershed? What changes or 
modifications to those implemented BMPs were completed to address short-coming to 

10 
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initial BMP construction? As for programmatic BMPs, what evaluative measures were 
used to determine behavioral changes in municipalities or the general population, given 
that urban runoff is a bacterial source? Has enforcement been implemented in this 
watershed as a deterrent to urban runoff or nuisance flows in association with MS4 or 
TMDL compliance? (pg.16); 

• In addition, the Middle Santa Ana River TMDL and MS4 are stated as the drivers for 

Bacteria compliance in Temescal Creek. Compliance is set for December 2015, at the 
latest. Why move forward with a UAA now instead of waiting 3 years until the TMDL 

· has run its course? Also, it seems premature to proceed with a UAA for Temescal 

Creek when the 'Comprehensive Bacteria Reduction Plan' was barely finalized-"Final 

Draft CBRPs were submitted in late December 2010 ... to RWQCB staff for review. (pg 
16)" It seems that the plan hasn' t had enough time to be in effect to make a UAA 
determination for non-compliance with water quality objectives for Bacteria. 
Implementing a UAA will most certainly impact monitoring (removing or reducing), 

BMP implementation, and water quality compliance schedules (eliminating the use, 

eliminates the compliance). 

• How can the public reasonable expect that the effort was made by any agency or 

municipality to control bacteria inputs from urban runoff without such information? 

• Sources are nuisance flows from urban runoff, wastewater, and Water District. (pg7-8) 

If the waste water plant is coming offline, does this impact the District' s recycled water 

program? What is the capacity of the wastewater or district agencies to capture first 

flush or storm events? 

• The UAA fails to demonstrate how efforts to attain recreational water quality standards 
in the downstream receiving water body-currently REC 1- will not be negatively 

impacted by the request to remove the upstream recreational use designations- an 
action that will allow higher levels of indicator bacteria in the upstream portions of 
REACH 1a and REACH 1b in Temescal Creek. The REC-1 use ofthe downstream 

receiving water-body is not in question. (pg 23). IfRWQCB 8 can' t comply with 

bacterial standards during dry weather in this section of the receiving water-body, then 

how does it figure this runoff or flow will not have a negative impact on the downstream 

receiving water-body? 

USE 

• The 'Probable Future Uses' section appears limited to local municipalities. Did RWQCB 8 
check with State or other open space/Park groups desires regarding future uses for the area? 

11 
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• Did RWQCB 8 solicit information from 'historic societies', local historians, or personal 
interviews to complete if determination of historic uses? Historic uses exploration should 
have included a people survey of local historians or senior citizens of the area. Personal 
Interviews should have been a component of this process. Simply looking on Google or 
electronic archives can be insufficient and incomplete due to the nature of digital archives. 
(pg 22) 

• The RCFCD denies access due to safety concerns. As it relates to this issue of de
designation or this UAA, the argument may be applicable for wet-weather (high velocity 
flow) conditions, yet is completely inappropriate for dry-weather. There is little 
justification as to why the public should not be able to use or have access to the Creek 
during the 98% of time when such high-flow conditions do not exist. RWQCB 8 seems to 
make the subjective argument that even in dry-weather the Creek is unsafe in these areas 
(pg 23) to access. 

• Again, the characterization of adjacent land-uses and available areas is limited in its scope 
(pg11) as it relates to bacterial inputs or opportunities for regional or site specific BMP 
implementation. For example, there is a large sized lot at Magnolia and 61h (27 acres)
willing seller based on Google photos-in proximity to Temescal Creek that could be 
identified as a multiple benefit project. 

• This UAA fails to even discuss the statewide, and Southern California, initiatives to obtain 
great access to these once off-limit areas (pg 22-probable future uses). For example, the 
City of Los Angeles has the lead the way in making the LA River a destination place for 
contact water recreation and public education. There are several other examples in Los 
Angeles County where semi-channelized waterbodies are being utilized for their non-direct 
recreation benefits, habitat opportunities, and public education. A number of State 
Conservancies and Private Non-profits are currently looking at acquiring parcels to develop 
greater open space opportunities for park poor regions by working with local groups. 
Neither the State Agencies, Non-Profit groups, nor local community groups appear to have 
been solicited for this review. On the State level, SB1201 (De Leon) seeks to address this 
issue of public access to flood control channels, engineered creeks, streams, and rivers. The 
bill, if adopted, will amend Section 2 of the Los Angeles County Flood Control Act 
(Chapter 755 of the Statutes of 1915) "to include or provide for public use of navigable 
waterways that are suitable for recreational and education purposes" as they relate to the 
Los Angeles River. This bill is likely to set precedent for other receiving waterbodies in the 
State. 
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• Documented sources are nuisance flows urban runoff (2.8mgd), agricultural (feed-lots 
and farming), and wastewater (2.8mgd). (pg 8) 

• Did the San Bernardino Stormwater Program include the wastewater effluent as 

part ofthe nuisance flows or is this a separate 2.8 mgd value? Is there a runoff 
value for Ontario Airport? 

• Has the San Bernardino Storm water Program, the local POTW or R WQCB 8 
considered an Integrated Water Resources Management Plan in an effort to limit 
the amount of nuisance flows to Cucamonga Creek? There is no discussion of this 

type of planning in theUAA. While there is a recycled water program, there is no 
discussion as to volumes being recycled or goals/capacity of future recycling 

efforts? This is critical information if flows from treated wastewater create 

conditions that exacerbated bacterial growth? Given that the POTW is treating its 
sewage water to tertiary level, is groundwater infiltration a possibility versus 
discharging it into a box channel? 

• A 'Comprehensive Bacteria Reduction Plan' has been developed and is the foundation 
for achieving compliance of water quality standards as part of the MS4 permit, and to 

support compliance with the Middle Santa Ana River TMDL. (pg 15): 

• While Bacteria treatment or structural BMPs are discussed, and citations to 

Stormwater Design Handbook mentioned, there are no actual projects referenced 
or discussed. "Planning is underway to develop future management controls" but 
this is not explained in detail as to what actual projects will be forthcoming, and 

whether those identified projects will actually work. (pg15 and pg16) 

• In the meantime, as the UAA asserts "the 'Comprehensive Bacteria Reduction 

Plan' is an iterative and adaptive process" that was started in 2006 and nearing 

completion in 2010-"Final Draft CBRPs were submitted in late December 
2010 ... to RWQCB staff for review. (pg 16)" What BMPs, treatment, structural or 

programmatic, have been implemented during this time-period? Has any 
evaluative component been completed on actual implemented structural BMP 

performance and design? Beyond low-flow diversions, what other actual BMPs 
were installed in this watershed? What changes or modifications to those 

implemented BMPs were completed to address short-coming to initial BMP 
construction? As for programmatic BMPs, what evaluative measures were used to 

determine behavioral changes in municipalities or the general population, given 
that urban runoff is a bacterial source? Has enforcement been implemented in this 

watershed as a deterrent to urban runoff or nuisance flows in association with 
MS4 or TMDL compliance? (pg.16) 
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• In addition, the Middle Santa Ana River TMDL and MS4 are stated as the drivers 
for Bacteria compliance in Cucamonga Creek. Compliance is set for December 
2015, at the latest. Why move forward with a UAA now instead of waiting 3 
years until the TMDL has run its course? Also, it seems premature to proceed 
with a UAA for Cucamonga Creek when the 'Comprehensive Bacteria Reduction 
Plan' was barely finalized-"Final Draft CBRPs were submitted in late December 

2010 ... to RWQCB staff for review. (pg 16)" It seems that the plan hasn't had 

enough time to be in effect to make a UAA determination for non-compliance 
with water quality objectives for Bacteria. Implementing a UAA will most 
certainly impact monitoring (removing or reducing), BMP implementation, and 

water quality compliance schedules (eliminating the use, eliminates the 
compliance). 

• How can the public reasonable expect that the effort was made by any agency or 
municipality to control bacteria inputs from urban runoff without such 

information? 

• Finally, the UAA fails to demonstrate that efforts to attain recreational water quality 

standards in the downstream receiving water body will not be negatively impacted by 
their request to remove the recreational use designations in upstream portions of REACH 
1 in Cucamonga Creek. The REC-1 use of the downstream receiving water-body is not 

in question. If you can't comply with bacterial standards during dry weather in this 

section of the receiving water-body, then it is impossible to not have an impact on the 
downstream receiving water-body. 

USE 

• Did RWQCB 8 solicit information from 'historic societies', local historians, or personal 
interviews to complete if determination of historic uses? Historic uses exploration should 

have included a people survey of local historians or senior citizens of the area. Personal 

Interviews should have been a component of this process. Simply looking on Google or 

electronic archives can be insufficient and incomplete due to the nature of digital 
archives.(pg 22) 

• The RCFCD and SBCFCD deny access due to safety concerns. As it relates to this issue 
of de-designation or this UAA, the argument may be applicable for wet-weather (high 

velocity flow) conditions, yet is completely inappropriate for dry-weather. There is little 
justification as to why the public should not be able to use or have access to the Creek 

during the 98% of time when such high-flow conditions do not exist. RWQCB 8 seems to 

make the subjective argument that even in dry-weather the Creek is unsafe in these areas 
(pg 23) to access. 

14 
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• The 'Probable Future Uses' section appears limited to local municipalities. Did RWQCB 
8 check with State or other open space/Park groups desires regarding future uses for the 
area? A number of State Conservancies and Private Non-profits are currently looking at 
acquiring parcels to develop greater open space opportunities for park poor regions by 
working with local groups. Neither the State Agencies, Non-Profit groups, nor local 
community groups appear to have been solicited for this review. On the State level, 
SB1201 (De Leon) seeks to address this issue of public access to flood control channels, 
engineered creeks, streams, and rivers, specifically the Los Angeles River. The bill, if 
adopted, will amend Section 2 of the Los Angeles County Flood Control Act (Chapter 
755 of the Statutes of 1915) "to include or provide for public use of navigable waterways 
that are suitable for recreational and education purpQses". This bill is likely to set 
precedent for other receiving waterbodies in the State. 
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Hello, my name is Amanda Griesbach and I'm here from Heal the Bay in Santa Monica. First, I would like 

to thank the Regional Board for giving us this opportunity to provide comments on the proposed 

amendments to revi.se recreational standards for inland fresh surface waters in the Santa Ana Region. 

Our primary concern with these proposals is that human health will not adequately be protected. Our 

main issues lie with proposed amendment #7 which would re-designate specific waters to remove the 

RECl and REC2 beneficial uses, based on Use Attainability Analyses or (UAA). 

This would be the first UAA performed by the Santa Ana Regional Board, and only the second in the 

entire state. We are extremely concerned with the bad precedent this Basin Plan amendment sets for 

future dedesignation efforts throughout the state. The proposal as written actually sets an incentive to 

channelize inland waters in order to dedesignate beneficial uses in order to have less stringent 

requirements. 

These additional regulatory incentives to dedesignate beneficial uses, will ultimately lead to more 

efforts to channelize creeks and streams to prevent flooding, rather than more ecologically friendly 

flood control efforts or a bioengineering approach. Furthermore, waterbodies dedesignated from a 

RECl to a REC2 or complete dedesignation from water quality standards could stall restoration efforts, 

as the current regulatory framework does not provide incentives for enhancement and restoration 

projects. Thus, we urge the Regional Board to omit proposed amendment #7, to re-designate waters in 

order to remove beneficial uses, based on Use Attainability Analyses, from the Basin Plan. 

We support the Regional Boards proposal #2 to delete the current Basin Plan fecal coliform objectives 

and replace with E. coli objectives. However, we urge the Regional Board to specify a rolling geometric 

mean (based on at least 5 samples over a 30 day period). A rolling geometric mean is crucial for 

identifying water quality deviations on a continuous basis, which is essential for public health protection. 

Therefore we encourage the Regional Board to add language to the proposed Basin Plan amendment 

requiring a rolling 30 day geometric mean. 

We encourage the Regional Board to retain the current RECl beneficial use name as "Water Contact 

Recreation" and not change to "Primary Contact Recreation". We agree with EPA's concerns, in that 

renaming the RECl use would be inconsistent with the State Board's definition that was developed 

through an extensive process. Thus, we urge the Regional Board to keep RECl's current definition. 

According to EPA's Draft 2012 Recreational Water Quality Criteria, it is no longer recommended to 

implement "use intensity" values, in an effort to increase national consistency across waterbodies. We 

agree with EPA's recommendation and ask that the Regional Board uphold consistency in the Region, by 

not sub-dividing RECl standards into tiers based on use. Everyone deserves the same level of public 

health protection, regardless of the condition. 

Lastly, we urge the Regional Board not to temporarily suspend state bacteria objectives based on "high 

flow suspension". Did the Regional Board collect flow data over an extended period of time in the 

waterbodies proposed for the suspension of bacteria objectives? Simply relying on nearby rain gauge 



,. 

data is not sufficient to understand the flow regime. Given a lack of understanding about flow, it is 

impossible to predict when individuals may be recreating in a waterbody. 

Heal the Bay believes that the proposed Basin Plan amendment is the wrong action at the wrong time. 

As discussed, many elements of the proposal will put recreators at greater risk and will not protect 

beneficial uses. We encourage the Regional Board to seriously consider our concerns before finalizing 

the proposed amendments to the Basin Plan. 



 

Response to comments from the following: 

1.  Santa Ana Watershed Project Authority  (Resolution No. 2012-03)   
2. Orange  County Public Works  
3.  City of Irvine 
4.  City of Costa Mesa 
5.  City of Lake Forest 
6.  Orange County Water District 
7.  Eastern Municipal Water District 
8.  Western Municipal Water District   
9.  California Stormwater Quality  Association 
10.  Orange County Business Council 
11.  City of Huntington Beach 
12.  City of Brea 
13.  City of Fullerton 
14.  City of Orange 
15.  City of Tustin 
16.   The Irvine Company 
 

 
Comment letters submitted by the listed agencies and 
organizations express support for the proposed Basin Plan 
amendments.  

Comments noted and support appreciated. 

 



Responses to February 27, 2012 Comments – Riverside County Flood Control and Water Conservation District 
 
 
The comments provided by Riverside County Flood Control and 
Water Conservation District (Jason Uhley, Chief of Watershed 
Protection) support the adoption of the proposed Basin Plan 
amendments as is. The District recommends that any substantive 
changes that may be proposed and considered at the Regional 
Board hearing be brought back to the Stormwater Quality 
Standards Task Force for careful consideration before such 
changes are considered for approval by the Regional Board. 
 

 
Regional Board staff agrees that any substantive proposed 
modifications to the amendments should be considered by the 
Stormwater Quality Standards Task Force before being 
considered for approval by the Regional Board 
 
 
 
 
 

The District’s comments include a summary of the proposed 
amendments and advise that no response is necessary unless 
the summary presentation is incorrect. This summary includes 
references (p. 1, second paragraph and p. 4, paragraphs # 14) to 
the “exclusion” of uncontrollable natural sources of bacteria from 
the application of the proposed objectives.  
 
 
 

It may be appropriate to clarify and confirm what is proposed in 
the amendments with respect to uncontrollable sources.  The 
amendments include a proposed narrative pathogen objective, 
which mirrors many other narrative objectives already 
established in the Basin Plan. The proposed narrative pathogen 
objective specifies, in pertinent part, that pathogen indicator 
concentrations shall not exceed the numeric pathogen indicator 
objectives proposed and presented in Table 4-pio Pathogen 
Indicator Bacteria Objectives for Fresh Waters as the result of 
controllable water quality factors.  The proposed amendments 
include a discussion of controllable and uncontrollable sources of 
pathogen indicator bacteria, and lists of sources that likely belong 
in each of these two categories.  In broad terms, controllable 
sources are likely to be anthropogenic, while uncontrollable 
sources are likely to be of natural origin, including birds and other 
wildlife. The basic purpose of these proposed provisions is to 
explain that in regulating waste discharges that may affect 
pathogen indicator bacteria quality in receiving waters, it is 
neither appropriate nor the Regional Board’s intent to require 
dischargers to take actions to correct uncontrollable sources. 
Where we can demonstrate that uncontrollable sources are the 
cause of the violation of receiving water objectives, then we 
would take appropriate regulatory steps to recognize that and 



continue to require that permittees focus implementation efforts 
on those sources that are controllable. We would not find 
dischargers in violation of waste discharge requirements if it is 
demonstrated that exceedances of receiving water objectives are 
not the result of permitted discharges but, rather, the result of 
uncontrollable sources. 

 



Response to February 27, 2012 Comments by Orange County Coastkeeper 

Orange County Coastkeeper’s comments (signed by Ray 
Heimstra, Associate Director) state the organization’s support 
of  the proposed amendments and include the following 
clarifying comments:  
 

1. Coastkeeper notes the extensive discussion of the 
development of the USEPA recommendations for 
bacteria standards over time and points out that the 
Task Force agreed on the use of a 126/100mL 
geomean for REC1 waters, which equates to an 
approximate illness level among swimmers of 8/1000. 
The Task Force chose this level for several reasons, 
“with the primary reason to provide the same level of 
protection for swimmers in this region as is provided in 
the rest of the state and most of the country.” 
Coastkeeper notes the staff report discussion of USEPA 
guidance, which indicates that USEPA will accept an 
illness rate of “eight to ten per thousand as being just as 
protective as the current fecal coliform standard the 
proposed amendments replace. While this may be 
statistically correct, there can be no doubt that the 
adoption of a higher geomean (which correlates to a 
higher illness rate) would result in a larger number of 
sick swimmers and set the Santa Ana Region apart as 
having the weakest recreational water quality standard 
in the state.  Coastkeeper rejects the idea that a 
geomean above 126 MPN/100mL is adequately 
protective of primary contact recreation.” Coastkeeper 
reiterates support for the recommendation of 
126/100mL as the primary contact recreation standard.  
 

2. Coastkeeper notes that the compliance cost analysis 
done by CDM was intended as a worst case scenario 
(cost wise) that “assumed that the primary recreational 

 
 
 
 
 

1.  Coastkeeper’s comments on the proposed amendments 
were discussed with Mr. Heimstra at the Stormwater Quality 
Standards Task Force meeting on March 1, 2012. As 
discussed at that time, the intent of the January 12, 2012 
staff report discussion was to provide background 
information concerning USEPA’s guidance and 
recommendations re bacteria criteria for recreational waters 
and, thereby, to place the recommendations in the 
proposed amendments in proper context. That is that while 
a less stringent geometric mean based on the higher risk 
level would be approvable, based on USEPA guidance, the 
proposed amendments incorporate the more stringent 
value. [The January 12, 2012 staff report also takes note of 
USEPA draft 2011 revised bacteria guidance, which would 
recommend that a single E. coli geometric mean 
(126/100mL) be used for REC1 waters.] Again, the 
proposed Basin Plan amendments (Attachments 1 and 2 to 
Resolution No. R8-2012-0001) include the recommendation 
for the 126/100mL geometric mean for E. coli for REC1 
waters. 

 
 
 
 
 

2. CDM’s compliance cost analysis does represent a “worst 
case” scenario. It was intended to represent the probable 
cost of the “No Action” alternative, i.e., that the proposed 
amendments are not adopted and the MS4 permittees 



uses standard had to be met at all locations in every 
water using only one type of Best Management Practice 
(BMP), diversion to a treatment plant. This resulted in a 
greatly exaggerated cost estimate for compliance with 
the recreational uses standards.  
 

 
 

 
 “…one of the goals of the proposed Basin Plan 
Amendments is to remove the necessity to meet 
primary recreation standards in the areas where they do 
not occur”…. “The [cost] analysis does not consider the 
most likely scenario to meet water quality standards 
which would include a variety of conservation 
measures, including new regulations and BMPs along 
with infiltration and recycling efforts that would….offset 
much of the cost of implementation. So the real cost for 
implementation of an effective set of BMPs to meet 
water quality standards in the proposed Basin Plan 
Amendments may be less than 10% of the cost 
estimate from the CDM study. Using this estimate, the 
costs of compliance are relatively low.” 
 
“Also, paragraph two on page 106 that attempts to 
break down the cost benefit per swimmer is complete 
speculation and should be deleted from the proposed 
BPA.” 

 
 
 
 
 
 

 
 

would be required to achieve the fecal coliform objectives 
and, for those dischargers affected by the adopted bacteria 
indicator TMDL for the Middle Santa Ana River watershed, 
the TMDL wasteload allocation of 113/100mL at each and 
every outfall. CDM’s analysis assumed that the only way 
consistent compliance with the fecal coliform 
objectives/TMDL WLAs could be achieved would be to 
divert runoff through a POTW.  

 
Board staff agrees that the costs of compliance of 
implementing the proposed amendments would be 
considerably less than the “No Action” alternative.  
 
 
 
 
 
 
 
 
 
 
 
The discussion of economics, including costs of compliance 
and information concerning the monetary benefits of 
compliance, is included in the January 12, 2012 staff report 
only, not in the draft Basin Plan amendments. The high 
degree of difficulty in estimating costs precisely is 
acknowledged in that report. Please see p. 102 of 106, 
Factor (d): Economic considerations, second paragraph. As 
noted in therein, the economic analyses conducted by the 
Stormwater Quality Standards Task Force endeavored to 
address a range of potential economic effects of the 
proposed amendments.  
 
 



 
 

3. “Coastkeeper has concerns about the maps referenced 
on page sixty nine of the proposed BPA identifying the 
modified and engineered flood control channels. We 
feel that these maps overestimate the amount of area 
that is maintained for “flood control”. Many of the areas 
identified as flood control channels, including large 
sections of Temescal Creek and many other locations 
are in reality largely natural areas that have important 
habitat and wildlife values.” 
 
“As a trained cartographer, I am aware of the difficulty 
of adequately displaying such large areas at a 
resolution that allows the accurate representation of 
flood control facilities. However, these maps were 
devoid of essential information such as stream names 
and the type of flood control facility being represented to 
the point of making them useless for determining their 
accuracy.” 
 
“These distinctions are important as many of the natural 
areas identified on the map are or could be habitat 
restoration or species recovery areas where the 
designation of the area as a flood control facility would 
endanger or eliminate the ability to receive funding for 
habitat and species restoration projects. So while we 
would support the use of these maps for delineating the 
areas that would be subject to a high flow suspension 
for recreational uses, the Regional Board should state 
that this is the only intended use of the maps presented 
in this proposed BPA and that they were not intended to 
and do not present an accurate representation of the 
natural areas interspersed within the flood control 
facilities represented on the maps.”  
  

3. This issue was discussed at the Stormwater Quality 
Standards Task Force meeting on March 1, 2012. It was 
agreed that the maps would be reviewed to assure that the 
streams identified conform to the proposed suspension 
criteria and to enhance clarity. It was confirmed that there 
was no underlying intent to include streams where the 
criteria would not apply.  
 
To address the concern about the potential preclusion of 
habitat/species restoration projects in the stream channels 
identified on these maps, additional language is proposed 
to be added to the Basin Plan amendment. The draft 
language was discussed at the March 1, 2012 meeting of 
the Task Force and reads as follows: [language to be 
added to the discussion of the high flow suspension 
proposed to be added to Chapter 5 Implementation of the 
Basin Plan in the subsection entitled “Delineation of 
Engineered or Modified Channels”] 
 
“It is important to recognize that while these channels have 
been engineered or modified for flood control purposes, these 
changes do not necessarily preclude the support of habitat in 
and adjacent to the channels, or the use of that habitat by 
aquatic, avian and terrestrial wildlife. There may be 
opportunities for habitat and/or species restoration projects in 
or adjacent to these channels. The temporary suspension of 
recreation standards in these channels would have no effect o  
the ability to implement such projects.”  
 



 

 

Responses to February 23, 2012 Comments - EPA-Region 9
1
 

 
#1. p. 1, ¶ 1:  “The Regional Board’s 
submission arrives at an inopportune time. 
As you know, the United States 
Environmental Protection Agency (USEPA), 
as required by the Clean Water Act (CWA), 
developed and published draft Recreational 
Water Quality Criteria (Office of Water 820-
D-11-002) in 2011. This document provided 
USEPA’s recommended CWA Section 
304(a) Recreational Water Quality Criteria.” 

The draft 2011 Recreational Water Quality Criteria published by the Office of Water 
includes the following disclaimer: “This information is distributed solely for the purpose 
of obtaining scientific views on the content of this document. It does not represent and 

should not be construed to represent any final agency determination or policy.” 

[emphases added]  Furthermore, in subsequent commentary in its February 23, 2012 
letter, EPA Region 9 refers to the USEPA’s “Ambient Water Quality Criteria for Bacteria 
– 1986” as the “current” guidance, and to the draft 2011 Recreational Water Quality 
Criteria document as “proposed” guidance, or “draft proposed guidance”. Regional 
Board staff agrees that the applicable guidance is currently found in the approved and 
published 1986 guidance. 

#2. p.1, ¶ 1: "EPA Region 9 has concerns 
with some of the Regional Board's 
proposed amendments.  Our primary 
concern is that human health may not be 
adequately protected under the proposed 
revisions." 

EPA Region 9 does not explain or substantiate the basis of this public health concern 
and does not identify the specific proposed amendments that trigger it. The proposed 
amendments implement USEPA’s 1986 Ambient Water Quality Criteria for Bacteria – 
1986 (1986 criteria) in a manner consistent both with USEPA guidance (e.g., EPA Fact 
Sheets concerning the selection of risk levels and using single sample maximum values 
(both August 2006; see references in the January 12, 2012 staff report, Section 12)) and 
with EPA regulation implementing the 1986 criteria for the Great Lakes and coastal 
recreation waters (BEACH Act Rule, 2004). The federal guidance explicitly states that 
adoption of EPA’s recommended criteria will adequately protect human health. 
Presumably, EPA’s promulgation of these criteria in the BEACH Act Rule fulfilled or was 
intended to fulfill this purpose.  In addition, EPA has previously approved nearly identical 
standards in numerous other states.  Is it now EPA Region 9's contention that the 
criteria recommended in EPA's 1986 guidance, promulgated in the BEACH Act Rule and 
approved in other states, are not fully protective of human health? 

Board staff believes that the proposed amendments, if approved and implemented, 
would provide superior public health protection to the recreation standards now 

                                                      
1
 Note: On two occasions shortly after receipt of the EPA Region 9 comments, Regional Board staff requested that EPA Region 9 staff retract their 

February 23, 2012 comment letter on the grounds that many of the comments provided were not clear or substantiated, making responses by Regional 
Board staff speculative. These requests were declined (see March 1, 2012 e-mail correspondence between Joanne Schneider (Regional Board staff) to 
Janet Hashimoto (EPA Region 9)). A meeting of Regional Board, State Board and EPA Region 9 staff was held on April 10, 2012 to discuss the 
comments. In part, this discussion formed the basis for a number of the changes to the January 12, 2012 draft Basin Plan amendments that are shown in 
an Errata Sheet (dated April 23, 2012).  These responses are directed to the February 23, 2012 comment letter. However, where appropriate, references 
to changes made in response to further consideration, including the April 10, 2012 discussion, are also included.  
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established in the Basin Plan, for two main reasons. First, the Basin Plan bacteria 
quality objectives based on fecal coliform, now disavowed by USEPA (as reflected in 
USEPA’s 1986 bacteria guidance), would be replaced with objectives based on one of 
the bacteria indicators (E. coli) now recommended by USEPA. Second, the proposed 
amendments include a suite of other recommended recreation standards changes (e.g., 
changes in REC1 designations, supported by Use Attainability Analyses) and 
implementation strategies (including the temporary, high flow suspension of recreation 
standards) that would allow and encourage priority actions to protect public health and 
recreation uses where people are most likely to be exposed.  

Assertions regarding a possible failure to protect public health are serious and not 
responsible unless accompanied by specific and detailed substantiation, which EPA 
Region 9 failed to provide.  

#3. p. 1, ¶ 2, re REC1 definition: "We 
recommend that the Regional Board not 
change the Beneficial Use name from 
"Water Contact Recreation" to "Primary 
Contact Recreation."  Retaining the current 
name and definition would be consistent 
with the SWRCB name and definition for 
REC1.  The current REC1 definition was 
developed through an extensive 
collaborative effort between the State Board 
and USEPA in order to have a consistent 
statewide definition of REC1." 

Recommendation noted. Based on discussion with EPA Region 9 staff, Regional Board 
staff understands that EPA Region 9 would not object to the revised definition proposed 
in the January 12, 2012 Basin Plan amendment documentation, provided that the 
revised definition would be applied on a statewide basis. We agree that the REC1 
definition should be revised on a statewide basis: the changes to the definition proposed 
in the January 12, 2012 documentation provide clarification of terms that may otherwise 
be misinterpreted. We believe that the January 12, 2012 recommended changes should 
be considered on a statewide basis. It should be noted that the amendments proposed 
in the January 12, 2012 Basin Plan amendment documentation would not result in any 
substantive changes to the definition of REC1.  Board staff believes that the phrase 
"reasonably possible" in the current statewide definition has long been understood to 
convey the same level of probability and is synonymous with the term "likely" in the 
definition of primary contact recreation used in federal guidance and regulation.  
However, in practice, the latter term has been shown to be more precise and less 
vulnerable to misinterpretation.  Therefore, the sole purpose of the revisions proposed in 
the January 12, 2012 Basin Plan amendment documentation is to express the original 
meaning and intent of the original definition more clearly.  Doing so would ensure that 
USEPA's recommended bacteria criteria are applied in a manner consistent with federal 
guidance and with the conditions and assumptions underlying the epidemiology studies 
that USEPA relied on to derive the recommended E. coli criteria.  Board staff believes 
that more precise language is needed to "avoid different definitions, interpretations and 
implementation" just as EPA Region 9 suggests in the last paragraph of its comment 
letter. 
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[Note: At the April 10, 2012 meeting, EPA Region 9 staff acknowledged that the 
principal party with regard to approval of the proposed revisions to the REC1 definition 
is the State Board.  In response to comments provided by State Board staff at the April 
10, 2012 meeting that consideration of changing the definition should be considered on 
a statewide basis to assure consistency, a revised approach is now being 
recommended, as reflected in the Errata Sheet. The name “Primary contact recreation” 
would be added as an optional way to identify this use, rather than as a replacement to 
the current name of the REC1 use (i.e., Water contact recreation). No clarifications of 
the definition itself would be made. Instead, narrative language is proposed to clarify 
what is understood with regard to the nature of recreational activities that constitute 
REC1 use.]  
 

#4. p.1, ¶ 3, re re-designation based on 
UAAs:  "EPA is not opposed to 
reclassification of recreational water bodies.  
However, we find that the rationale in most 
instances was not clear or substantiated." 

EPA Region 9 does explain or substantiate this finding. This statement raises the 
question of what documentation associated with the proposed amendments 
implementing UAAs has been reviewed by EPA Region 9. A comprehensive Use 
Attainability Analysis (UAA) was performed on all waterbodies where the Regional 
Board proposes to revise the designated recreational uses.  UAA Technical Reports, 
providing basic technical data (channel morphology, water quality, flow characterization, 
recreational use survey information (including the results of extensive photographic 
surveys), etc.) were prepared by CDM, one of the Task Force consultants. These 
reports are part of the administrative record for this matter. CDM was charged with 
assembling the relevant data and information, but not to draw any conclusions regarding 
the propriety of the designated uses. Interpretation of the data was left to Regional 
Board staff. Using the information provided in each of these technical reports, Regional 
Board staff prepared stand-alone UAA staff reports for each of the waters considered, 
with appropriate cross-references to other detailed reports in the administrative record. 
These UAA reports are subsections to the January 12, 2012 staff report for the 
proposed amendments. Each of these UAA staff reports identifies the specific factor(s) 
used to justify the reclassification as required by 40 CFR 131.10(g).  The UAA Technical 
and Board staff Reports also provide extensive evidentiary support for each factor cited.  
Historical records were reviewed and extensive video surveys were conducted at each 
location to confirm that, in fact, REC1 is not an existing use, as defined in federal 
regulation, and that no water contact recreation was occurring in the stream segments 
recommended for re-designation.  The level of UAA documentation collected and 
reviewed by the Santa Ana Regional Board is equal to or exceeds that which the State 
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Board relied on to reclassify Ballona Creek.  It may be noted that EPA Region 9 
approved the redesignations for Ballona Creek without reservation. 
 
 

#5. p. 1, last ¶, p.2, first ¶, re MUN 
exceptions: "Federal regulations prohibit 
removal of designated uses which are 
existing uses, as defined in 40 CFR Sect. 
130.3, unless a use requiring more stringent 
criteria is added, or another provision of 40 
CFR Sect. 131.11(h) is shown to be 
applicable.  Documentation is lacking 
showing the newly excepted waterbodies 
do not have existing MUN use 
designations." 

It should be self-evident that the significant influence of marine waters makes certain of 
the waters proposed to be added to the list of surface waters identified in the Basin Plan 
unsuitable as a source for municipal drinking water supply, now and historically. These 
waters include: the tidal prisms of the Santa Ana Delhi and Greeneville-Banning 
channels, the Huntington Beach wetlands, and the Los Cerritos wetlands. As indicated 
in the January 12, 2012 staff report, there is no evidence that MUN is an existing use in 
any of the other waters proposed to be added, i.e., other reaches of the Santa Ana Delhi 
and Greenville-Banning channels, Mystic Lake, Goodhart Canyon Creek, St. John’s  
Canyon Creek and Cactus  Valley Creek. 
 
[Note: At the April 10, 2012 meeting, EPA Region 9 staff expressed their belief that the 
matter of the MUN designations for the waters proposed to be added to the Basin Plan 
rests with the State Board, pursuant to the Sources of Drinking Water Policy. State 
Board staff indicated their concurrence with the recommendations regarding the marine-
influenced waters and advised that the State Board is considering carefully exceptions 
based on the exception criterion for channels modified to convey stormwater runoff that 
is specified in the Sources of Drinking Water Policy. (This criterion is one basis for 
recommended MUN exceptions for the Santa Ana Delhi Channel and Greenville-
Banning Channel.)  Board staff advised that we propose to revise the recommendation 
to except the MUN designation for Mystic Lake, Goodhart Canyon Creek, St.John’s 
Canyon Creek and Cactus Valley Creek to specify intermittent MUN as an existing or 
potential use since we lack adequate data to assert a compelling case that these waters 
are incapable of supplying a water supply well that can produce a minimum of 200 
gallons per day on a sustained basis (this is another of the exception criteria specified in 
the Sources of Drinking Water Policy). The propriety of this MUN designation for these 
waters should be re-evaluated based on additional data in the future.] 
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#6. p.2, ¶ 2, re deletion of fecal coliform and 
addition of E. coli objectives: "EPA's 1986 
guidance recommends that states and 
tribes replace existing fecal coliform 
bacteria standards with E. coli criteria. We 
support the criteria submitted for the E. coli 

geometric mean. We support the use of 
UAAs to classify waters as REC2. However, 
we do not support the elimination of the 
REC2 objectives.”  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Regional Board staff propose to replace existing fecal coliform bacteria objectives with 
E. coli objectives based on USEPA's 1986 recommended criteria. EPA Region 9’s 
support for the proposed E. coli geometric mean is noted. However, EPA Region 9 does 
not explain the basis for declining to support the elimination of the REC2 objectives. 
This position is inconsistent with the explicit acknowledgment by USEPA that there are 
insufficient scientific data to establish an appropriate E. coli (or any other bacterial 
indicator) standard for REC2 (effectively, ‘secondary contact’ waters in federal 
parlance). 
 

"EPA explored the feasibility of scientifically deriving criteria for secondary 

contact waters and found it infeasible for several reasons.  In reviewing the data 

generated in the epidemiological studies conducted by EPA that formed the 

basis for its 1986 recommendations, EPA found these data would be unsuitable 

for development of a secondary contact criterion.  Secondary contact recreation 

activities generally do not involve immersion in the water, unless it is incidental 

(e.g. slipping and falling into the water or water being inadvertently splashed in 

the face).  While the main illness likely to be contracted during primary contact 

recreation is gastrointestinal illness, illness contracted from secondary contact 

recreation activities may just a likely be diseases and conditions affecting the 

eye, ear, skin, and upper respiratory tract.  Because of the different exposure 

scenarios and the different exposure routes that are likely to occur under the two 

different types of uses, EPA is unable to derive a national criterion for secondary 

contact recreation based upon existing data."
2
 

 
The REC2 objectives currently included in the Basin Plan are based on arbitrary 
multiplication of the fecal coliform objectives for REC1 waters. Applying this approach to 
the establishment of REC2 objectives would not now likely pass requisite scrutiny by 
independent peer reviewers. Further, per EPA’s criteria guidance, reliance on fecal 
coliform objectives to protect even REC1 waters is no longer appropriate. Because EPA 
has repudiated the relationship between fecal coliform and exposure-related illness 
among swimmers, there is no defensible scientific basis to retain the current REC2 
objectives. 
 

                                                      
2 U.S. EPA.  Implementation Guidance for Ambient Water Quality Criteria for Bacteria [Draft].  May, 2002;  pg. 39;  draft document was cited by EPA in 69 
FR 220,  67218 (Nov. 16, 2004).  Moreover, EPA offers this as a statement of fact not policy and later reaffirmed this factual conclusion in the BEACH Act  
Rule. 
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#6. p.2, ¶ 2: (continued) 

"In EPA's view, it would not be reasonable to rely on the equivocal discussion 
regarding after-the-fact approximation of an illness rate for fecal coliform in light 
of the unequivocal conclusion of the entire document [Ambient Water Quality 
Criteria for Bacteria – 1986]:  That the fecal coliform criteria for recreation is ( 
(sic) not a reliable indicator of illness to swimmers."3 

 
It should be noted that 2 of the nine Regional Boards in California have not specified 
numeric bacteria objectives in their respective Basin Plans to protect REC2 uses. To 
date, EPA Region 9 has apparently accepted these omissions.  
 

#7. p. 2, ¶ 3, re REC1 Tiers: "EPA's current 
guidance allows for the adjustment of single 
sample maxima for waters where use is not 
frequent. However, in the 2011 
Recreational Water Quality Criteria 
Guidance we are no longer recommending 
multiple "use intensity" values, in an effort to 
increase national consistency across bodies 
of water and ensure equivalent health 
protection in all waters. EPA’s proposed 
criteria remove the tiering component partly 
because of confusion by the states on its 
application." 
 
 
 
 
 
 
 
 
 

Comment noted. See also response to comment #1. The draft 2011 guidance to which 
EPA Region 9 refers is a draft document that has no legal authority.  In addition, 
although the draft 2011 guidance no longer recommends multiple use intensity values, 
the draft guidance also does NOT prohibit the states from continuing to do so.  USEPA 
promulgated the exact same use intensity values in the BEACH Act Rule that the 
Regional Board staff now recommends.  EPA Region 9 staff advised Regional Board 
staff that the BEACH Act Rule provided the most relevant guidance with respect to 
USEPA’s expectations regarding implementation of the current and applicable 1986 
criteria guidance.  
 
The argument for "national consistency" does not comport with explicit, contrary 
language in the BEACH Act Rule:  
 
"EPA does not consider the benefits of identical standards in the States and Territories 

covered by this rule to outweigh the negative effects of unnecessarily constraining the 

flexibility that the Clean Water Act and EPA's rules give States and Territories in 

establishing water quality standards…"
4  

 
This conflict should be addressed explicitly in any final, revised bacteria quality criteria 
guidance that is issued. 
 
 

                                                      
3 U.S. EPA.  Water Quality Standards for Coastal and Great Lakes Recreational Waters – Final Rule.  69 FR 220, 67230  (Nov. 16, 2004).  
4 U.S. EPA.  Water Quality Standards for Coastal and Great Lakes Recreational Waters – Final Rule.  69 FR 220, 67227  (Nov. 16, 2004).  
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#7. p. 2, ¶ 3 (continued): 

Moreover, USEPA/EPA Region 9’s supposition that using only one single sample 
maximum value (proposed in the draft 2011 guidance to be called a “Statistical 
Threshold Value” (STV)) for all waters will provide "equivalent health protection for all 
waters" is only true if the underlying variability in bacteria densities in all waters is the 
same as that identified in USEPA's original epidemiology studies.  Site-specific data 
from numerous creeks and streams throughout the Santa Ana Region show this 
assumption is demonstrably false.  This should come as no surprise because the 
original epidemiology studies were conducted on freshwater lakes and reservoirs where 
bacteria levels vary far less than in the flashy western streams common to the Santa 
Ana Region.  Application of a single “STV” that is derived after severely underestimating 
the true log standard deviation will result in water quality standards that are far MORE 
restrictive than intended as watersheds with naturally high levels of variability in bacteria 
densities will be forced to achieve much lower geometric means in order to assure 
compliance with BOTH the geomean and STV criteria that USEPA is proposing in the 
draft 2011 guidance.  The practical effect will be anything but "equivalent" between 
states with vastly different stream characteristics.  
 
USEPA's desire to address confusion in OTHER states does not provide a technical or 
legal basis to disapprove the application of use intensity tiers in the Santa Ana Region.  
The sole question for USEPA at this time is whether the proposed tier definitions are 
consistent with the applicable federal guidance.  Since Regional Board staff proposes to 
rely on definitions essentially the same as those provided by USEPA in the BEACH Act 
Rule, there can be no question that the proposed Basin Plan amendments meet federal 
requirements.  In addition, the Board staff has recommended to interpret USEPA's tier 
definitions very conservatively so that high intensity streams need not reflect the same 
level of use as nearby ocean beaches in order to qualify for the same tier protection.  
Specifically, as described in the January 12, 2012 staff report, Reach 3 of the Santa Ana 
River was used to define a high intensity (Tier A) REC1 water. Reach 3 of the River was 
then used as the baseline for determination of relative use intensity in other freshwater 
streams. An alternative and arguably appropriate approach would have been to assign 
Tier A status to ocean beaches, with actual REC1 use that is orders of magnitude 
greater that Reach 3 of the River, and to rank inland freshwater streams with lower use 
intensity (including Reach 3 of the River itself) accordingly, Thus, if anything, the 
proposed Basin Plan amendments provide greater health protection than might be 
accepted if EPA's definitions of high intensity use were applied more literally. 
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#8, p.2, ¶4, re temporary suspension:  "We 
support lifting the REC uses for a specified 
amount of time after storms, but only at 
certain intensities and durations of rainfall 
and only in concrete-lined channels." 

EPA Region 9 does not specify the “certain intensities and durations of rainfall” that it 
believes would support lifting REC uses. Regional Board staff is proposing a high flow 
suspension that is specified for a limited amount of time, under specified flow and/or 
rainfall conditions that result in hazardous conditions that, in turn, prevent attainment of 
REC uses on a temporary basis.  While the suspension could arguably apply to any 
surface water when such hazardous conditions exist, the recommended suspension 
would apply to engineered channels, including concrete-lined channels, and other stream 
channels that have been heavily modified to convey flow downstream as quickly as 
possible.  

#9, p. 2, ¶4, re temporary suspension: "The 
language the Regional Board uses to define 
where lifting of REC uses will occur is too 
broad.The definition of 'modified channels' 
can lead to use suspension in any water 
body where any vegetation has been 
removed or had any small modifications." 

The language was not meant to convey that the suspension would apply to any surface 
stream that had minor modification or vegetation removal. As described to the Regional 
Board at the March 16, 2012 public hearing (no EPA Region 9 representative was 
present) and reflected in the Errata sheet, Board staff proposes to modify the 
terminology to indicate that the suspension would apply to streams that have been 
heavily modified so as to hasten downstream flow such that hazardous conditions that 
preclude attainment of REC uses occur. The manner in which the high flow suspension 
has been applied to Reach 2 of the Santa Ana River, a segment that is concrete-lined 
and very heavily modified, provides strong evidence of the Regional Board's good faith 
intent to be both reasonable and responsible on this matter. 

#10, p.2, ¶4, re temporary suspension: "The 
maps provided by the Regional Board in 
Appendix VIII are riddled with red 
delineations and lack sufficient justification 
for selecting these waterbodies." 

The large number of red delineations in the maps provided in Appendix VIII accurately 
reflects the very large number of concrete-lined flood control channels found throughout 
the Santa Ana Region.  These are relatively low resolution maps comparable to some 
other figures in the Basin Plan and are intended to give a reader a general idea. Far 
more detailed maps are found in Appendix IX, which provides ArcGIS files of the 
streams to which the temporary suspension would apply. The decision criteria used to 
determine the streams to which the suspension should apply are nearly identical to 
those adopted by the Los Angeles Regional Board and subsequently approved by EPA 
Region 9.  As noted in the accompanying staff report, federal guidance explicitly 
recommends the use of broad categorical exceptions where waterbodies share 
substantially similar characteristics. 

#11, p. 2, ¶5, re enterococcus criteria: “The 
proposed amendment indicates that the 
Regional Board would implement the 2004 
EPA enterococci criteria for coastal 
recreation waters (40 CFR 131.41)[BEACH 
Act rule] promulgation  “on a best 

Regional Board staff understands that the BEACH Act rule established numeric 
enterococcus objectives for coastal recreation waters, and nothing in the proposed 
amendments is intended to suggest otherwise. Rather, the use of the phrase “best 
professional judgment” is intended to reflect the fact that the BEACH Act rule did not 
provide specificity regarding the averaging period for those criteria, nor did the rule 
identify the REC1 use tiers to which each of the coastal recreation waters should be 
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professional judgment basis”. The 
enterococci criteria were promulgated as 
numeric objectives and are applicable for all 
designated marine recreational waters.” 

assigned for the purposes of identifying applicable single sample maximum (SSM) 
values. (Numeric SSM values are identified in the BEACH Act rule for four tiers of REC1 
waters, which vary based on known or anticipated REC1 use.)  Therefore, until such 
time as an appropriate averaging period and REC1 use tiers are assigned through a 
formal Basin Plan amendment process, it is necessary to apply best professional 
judgment to the application of the promulgated enterococcus criteria. The proposed 
amendment simply states this basic fact. 
 
[Note: During the April 10, 2012 meeting, EPA Region 9 staff indicated their expectation 
that the averaging period employed to express the enterococcus objective would be the 
same as that now typically employed, i.e., as a 30 day running average.  This 
expectation is itself based on best professional judgment since, as stated above, there 
is no explicit statement of the appropriate averaging period in the BEACH Act rule. 
Further, both EPA Region 9 and State Board staff opined that in the absence of a 
standards setting process, tier decisions could not be made on a best professional 
judgment basis. Rather, under these circumstances, the applicable SSM would need to 
be assumed to be that for designated beaches/heavily used REC1 areas, i.e., the most 
stringent SSM.  The Errata sheet proposes the removal of the reference to the 
application of best professional judgment, but Board staff has requested that State 
Board staff (and/or EPA Region 9 staff) provide the explicit statutory, regulatory or policy 
basis for the presumption that REC1 waters are designated beaches unless it is 
determined otherwise through a standards setting process. Such a presumption can 
lead to clearly inappropriate results. For example, part of Upper Newport Bay is an 
ecological reserve and REC1 activities are prohibited in the interest of wildlife/habitat 
preservation. It is not logical to presume that this area is a designated beach area, 
unless determined otherwise through a standards process.] 

#12, p. 2, ¶5, p.3 top, re enterococcus 
criteria:”The 2011 EPA proposed guidance 
for marine waters suggests that the 
applicable criteria protective of recreation 
are: cultural enterococci at a geometric 
mean of 35 cfu per 100 mL and a Statistical 
Threshold Value (STV) of 104 cfu per 100 
mL.” 

See response to comment #1, above. 

#13, p.3, ¶1, re REC2 targets: "The 
procedures for the use of antidegradation to 

This comment is not clear. Both the proposed amendments and the accompanying 
January 12, 2012 staff report make clear the expectation that the proposed REC2 
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maintain water quality in REC2 waters is 
(sic) not clearly specified. Given the 
variability in bacterial counts, it is unclear 
how these waterbodies would be monitored 
to assess compliance with the narrative 
objective, or how the Regional Board could 
assure that this would be protective." 

targets will be used to assess whether water quality conditions in REC2 only waters (of 
which there would be a very limited number, assuming that the UAA-based 
recommendations for these designations are approved) are declining over time. The 
specific procedures for calculating the targets are identified in both the staff report and 
proposed amendments. Monitoring will be required to assess whether these targets are 
being met (see the proposed monitoring language to be added to Chapter 5 
IMPLEMENTATION of the Basin Plan – Monitoring Plan for Pathogen Indicator Bacteria 

in Freshwaters”).  This proposed language also speaks to the steps the Regional Board 
will follow should there be credible evidence that the targets are being exceeded.  This 
follow-up is the appropriate and typically employed method to address evidence of water 
quality problems. It is not clear in what manner EPA Region 9 believes that this 
approach would not implement antidegradation requirements or fail to be protective of 
water quality conditions.  
 
It should be noted that the Regional Board approved a detailed bacteria monitoring and 
source identification program as part of the Middle Santa River bacteria TMDL, now 
being implemented, and more recently (February 2012) approved monitoring programs 
that are part of  Comprehensive Bacteria Reduction Plans for Riverside and San 
Bernardino counties (part of the MS4 permit requirements).  These are examples of the 
type of monitoring effort we expect to see expanded to protect REC1 uses throughout 
the watershed.  Results to date have demonstrated the efficacy of these programs in 
directing control efforts. 
 

#14, p.3, ¶ 2, re establishing REC2 targets: 
"The [antidegradation] procedures outlined 
do not provide assurance that water quality 
will be attained." 

See response to comment #13.  It should be noted that a similar antidegradation policy 
implementation approach has been used by the Santa Ana Regional Board to 
successfully prevent degradation in local groundwaters.  Regional Board staff are not 
aware of any procedure adopted elsewhere to prevent water quality degradation by 
bacteria.  Arguably then, the proposed Basin Plan amendment provides the highest 
level of assurance in the state. 

#15, p.3, ¶ 2, re establishing REC2 targets: 
"Exceedence of the antidegradation-based 
objectives is when at least 5% of the 
samples exceed the 95% upper confidence 
interval of the data used in the original UAA.  
As water quality data are highly variable, 
this can lead to extremely high upper 

First, Regional Board staff proposes that antidegradation targets, not objectives, apply 
to REC2- only waters. As USEPA and EPA Region 9 have acknowledged, there is no 
scientific basis for setting objectives to protect REC2 uses.  
 
 
It is well recognized that bacteria data are highly variable, which is what can result in 
very high, calculated 95% upper confidence level values. The values shown in the 
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confidence limits (UCLs).  For instance, for 
the Santa Ana River- New Delhi Channel 
tidal prism the UCL is greater than 6,000 
cfu per 100 mL."  To establish exceedances 
of this number, 5% of samples must exceed 
this value and the exceedance is only 
established after removal of outliers and 
establishment of a true trend.” 

proposed amendments, including those for the Santa Ana Delhi Channel tidal prism (this 
reach is mis-cited by EPA Region 9 as the “Santa Ana River – New Delhi Channel tidal 
prism”), are mathematical calculations based on the available data for this channel and 
reflect the variability of those data. Given the highly variable nature of bacteria 
concentrations in the flashy flows of local streams, it is not surprising that the 95% UCL 
is often quite high. 
 
The high degree of variability is presumably the basis for the preference stated in 
USEPA’s 1986 bacteria criteria document for the use of site-specific log standard 
deviations when calculating applicable single sample maximum values. The procedure 
used to calculate the antidegradation targets is comparable.  
 
Regional Board staff does not understand EPA Regon 9’s apparent concern about 
establishing a true trend. The point of the targets and subsequent monitoring is to 
establish a true trend so that the need for corrective action can be ascertained properly. 
The inclusion of outliers in the target calculation would be likely to drive the upper 
confidence levels higher and mask the true trend, which would be counterproductive.  
 
[Note: as discussed at the March 16, 2012 Regional Board hearing concerning the 
proposed recreation standards amendments, Regional Board staff recognizes that very 
high upper confidence levels/REC2 targets, though calculated through a straightforward 
mathematical process using actual ambient quality data, can create the perception that 
water quality is not being adequately protected. Therefore, Board staff advised the 
Board at the March 16, 2012 hearing that we would revise the targets to reflect the 75% 
upper confidence level. This approach results in lower target values. From an 
implementation perspective, there is no substantive difference. The revised targets are 
shown in the  April 23, 2012 Errata sheet]  

#16, p. 3, ¶2 re establishing REC2 targets: 
"It is unclear how [the proposed 
antidegradation-based] standard could be 
evaluated when only periodic monitoring of 
REC2 waters is recommended." 

Pursuant to the proposed amendments, a monitoring program would be developed and 
implemented upon Regional Board approval. The monitoring program must identify 
specific recommendations re REC2 targets. Where the results of periodic monitoring 
indicate that an antidegradation target is being exceeded, the Regional Board would 
require appropriate follow-up action, including supplemental accelerated monitoring to 
determine whether water quality degradation has, in fact, occurred.  If there is credible 
evidence of a declining trend, then further investigation would be required. See also 
response to comment # 13.  
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#17, p. 3, ¶3, additional comments: "EPA 
recommends the STV in the 2011 proposed 
criteria, rather than the term 'single sample 
maximum'  to resolve previous 
inconsistencies in implementation." 

See response to comment #1. If USEPA believes that some states are implementing the 
SSM improperly, it is incumbent upon USEPA to correct the error.  If and when finalized 
as the official 304(a) criteria, the 2011 proposed criteria would serve as guidance to the 
states. There is no requirement that states be consistent with one another provided that 
each is implementing the standard in accordance with federal guidance. 

#18, p.3, ¶3, additional comments: 
"Identical to the derivation of the SSM in the 
1986 criteria document, the STV 
corresponds to an upper percentile (e.g. 
75th percentile) of a water-quality 
distribution around the geometric mean." 

EPA Region 9 is correct in noting that the “STV” recommended in the draft 2011 criteria 
document was calculated using the exact same data and equations that were previously 
used to derive the SSM values in the 1986 criteria document.  As such, there is no new 
scientific data or analysis that underpins EPA's more recent (2011) recommendations.  
Nor does USEPA make any claim that the 1986 guidance is in error.  Rather, it appears 
that USEPA merely wishes to standardize on one approach to be used by all states 
despite previously acknowledging (in the BEACH Act Rule) that the Clean Water Act 
does not require national consistency with regard to this issue (see response to 
comment #7).  Further, applying the same SSM (or “STV”) to all waters does not 
necessarily provide equivalent water quality and public health protection to all waters 
(see also response to comment # 7). 

#19, p.3, ¶3, additional comments: "In order 
to be consistent with EPA's recommended 
criteria, the State standards should include 
both the geometric mean and STV." 

Per published USEPA guidance, it is not necessary to include the SSM (or “STV”, if 
included in final 304(a) guidance on this subject) as a compliance measure provided 
that the state implementation procedures explicitly describe how compliance will be 
assessed when there are insufficient data to calculate a geometric mean.5   EPA Region 
9's assertion is in direct conflict with previous USEPA guidance that states the SSMs (or 
proposed “STVs”) were never intended to be applied as independent water quality 
standards when there were sufficient data to calculate a proper geometric mean.6 

#20, p. 3, ¶4 and p. 4, top, additional 
comments: "The formulation of the SSM the 
Regional Board uses is a misapplication of 
the USEPA criteria.  The SSM in this 
formulation is dependent on the variability 
of the sample which can be very large 
which is partially why USEPA has 
abandoned the tiered approach in favor of a 
statistical approach consistent with the 

EPA Region 9 does not explain how the formulation of the SSM in the proposed 
amendments is a misapplication of the USEPA criteria. Further, it is not clear whether 
EPA Region 9 refers to the established 1986 criteria or to the proposed 2011 draft 
criteria. The status of the 2011 draft criteria is described in the response to comment #1. 
Application of these proposed criteria in making SSM recommendations would be 
inappropriate at this time. 
 
In the established 1986 criteria guidance, USEPA explicitly recognizes sample variability 
and its importance in determining SSMs. First, USEPA states the preference for use of 

                                                      
5 USEPA.  Water Quality Standards for Coastal Recreation Waters:  Using Single Sample Maximum Values in State Water Quality Standards.  EPA-823-
F-06-13  (Aug., 2006) 
6 USEPA.  Water Quality Standards for Coastal Recreation Waters:  Using Single Sample Maximum Values in State Water Quality Standards.  EPA-823-
F-06-13  (Aug., 2006). Pg. 5 
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original epidemiology study." site-specific data to determine the value of the log standard deviation to be used in the 
SSM calculation equation. A default value based on USEPA’s epidemiology studies is to 
be used only where data are insufficient to calculate a site-specific value. Second, the 
SSM calculation equation itself is included in the 1986 guidance document. The BEACH 
Act rule also includes this equation and provides guidance on the number of samples 
that should be collected to determine a site-specific log standard deviation. The BEACH 
Act rule states further that sufficient guidance is provided by USEPA to allow calculation 
of site-specific SSMs without a standards-setting process. We note that other EPA 
regions have approved SSMs higher than those based on the default standards 
deviation values in other states (e.g., Texas). These SSMs were based on real-world 
data with higher variability. These SSMs were calculated in conformance with the 
method described in the BEACH Act rule. 
 
Consistent with the BEACH Act guidance, the proposed amendments include the SSM 
equation and require the minimum number of samples identified in the BEACH Act rule 
in order to justify the site-specific derivation of the log standard deviation (see Table 5-
REC1-ssv, notes #2 and 5). Use of a site-specific log standard deviation would be 
considered through the Regional Board’s normal public comment/participation process. 
(see Table 5-REC1-ssv, note #5). 
 
The nature of the argument in the last phrase (“which is partially why USEPA….original 
epidemiology study”) is not clear. Is EPA Region 9 suggesting that the tiered approach 
that was previously recommended in the 1986 304(a) bacteria criteria document and 
that USEPA promulgated in the BEACH Act Rule was actually inconsistent with the 
original epidemiology studies?  Regional Board staff understands that USEPA has been 
unable to locate the original study data when asked to provide copies under the 
Freedom-of-Information Act (FOIA).  If EPA Region 9 is now in possession of that data 
we hereby request complete copies so that we may confirm what level of variability was 
present at the time the studies were conducted and how the variability compares to that 
observed in the Santa Ana Region. 

#21, p. 4, top, additional comments: "EPA 
Region 9 is also concerned that the SSM 
values are in the implementation section of 
the Basin Plan.  Any derivation of the SSM 
from the default values are a standards 
change and should be included in the water 

As USEPA explains in its 2006 guidance memorandum concerning the application of 
SSMs, SSMs should only be used when there are insufficient data available to calculate 
a proper geomean.  The SSM is not a new or different water quality standard, it is an 
alternative method for evaluating compliance with a geometric mean under certain data-
limited conditions.  The proposed Basin Plan amendments establish an E. coli objective 
expressed as a geomean and set forth a mandatory procedure to assess compliance 
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quality objectives section and would be 
subject to EPA approval." 

when there are insufficient data to calculate a geomean. This procedure entails the use 
of SSM values. This proposed procedure is identified both in the water quality objectives 
chapter of the Basin Plan (see Table 4-pio, note #3) and in the implementation chapter 
(see Table 5-REC1-ssv, note #1).  This approach is entirely consistent with federal 
guidance which states:  
 

"States retain discretion to determine whether and how to use the Single Sample 

Maximums in other Clean Water Act programs"
7
 

 

The BEACH Act rule makes clear that the derivation of site-specific SSMs is not subject 
to a standards setting process. (see p. 67227 of the rule; see also the response to 
comment #20). 

#22, p. 4, 1st full ¶, “EPA observes that the 
Regional Board has struck some language 
regarding site specific objectives (SSO) for 
copper, cadmium and lead in the middle 
Santa Ana River…"EPA Region 9 would 
like to make clear that EPA did not approve 
[the metals] SSOs (letter to the Regional 
Board dated May 30, 2000)." 

Substantive changes to the Basin Plan regarding metals objectives for the Santa Ana 
River are beyond the scope of the proposed amendments. Changes to this language 
are proposed simply in order to (1) correct the spelling of one word (“formulas” to 
“formulae”) and (2) change footnote notation. The latter change is necessary to 
accommodate new footnotes that are proposed to be added to the Basin Plan after the 
metals footnote.  
 
In the interest of clarity, it should be noted that EPA Region 9 offered the Santa Ana 
Region the option of approving the SSOs or accepting the standards proposed in the 
California Toxics Rule.  EPA Region 9 made it very clear that they could and would 
approve either approach for the Santa Ana.  The Santa Ana Regional Board staff 
consulted with local stakeholders and informed EPA Region 9 that either approach 
would be acceptable provided that the site-specific metals translators that were 
developed and approved by the Regional Board at the same time the SSOs were 
adopted could continue to be used to derive appropriate effluent limits in NPDES 
permits.  EPA agreed and the State Implementation Policy contains a specific provision 
allowing continued use of metals translators that were developed and approved prior to 
the adoption of the SIP. 
 

#23, p. 4, ¶2, additional comments: "In 
2007, we provided the Regional Board with 

EPA Region 9 does not specify those parts of the Strawman proposal that it believes 
were not addressed. The Strawman Proposal previously submitted for EPA Region 9's 

                                                      
7 USEPA.  Water Quality Standards for Coastal Recreation Waters:  Using Single Sample Maximum Values in State Water Quality Standards.  EPA-823-
F-06-13  (Aug., 2006). Pg. 1 
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comments on the "Strawman Document: 
Recommended Revision to Santa Ana 
Region's Basin Plan for Recreational Use 
Classification and Related Water Quality 
Objectives”.  Many of our comments and 
recommendation have not yet been 
addressed." 

consideration was substantially revised in direct response to EPA Region 9's comments.  
A separate document is appended to this response that describes the specific changes 
made in response to each of the comments we received from EPA Region 9 in 2008 
(see below). As reflected therein, Board staff believes that all of the comments and 
recommendations provided by EPA Region 9 were considered seriously and resulted in 
substantive changes that are reflected in the proposed amendments.  

#24, p. 4, ¶3, additional comments: "EPA 
supports the State Board's effort to adopt 
statewide standards for recreational 
beneficial uses that are consistent 
statewide.  We strongly recommend that the 
Regional Board work with the State Board 
on this statewide effort to avoid different 
definitions, interpretation and 
implementation of standards to protect 
human health." 

Recommendation noted. Regional Board staff have provided comments to State Board 
and other regional board staff on preliminary proposals for establishing and 
implementing bacteria objectives, and we anticipate continuing to participate in this 
effort.  
 
Board staff firmly believes that the proposed amendments are fully consistent with 
applicable guidance and will result in public health and beneficial use protection that is 
superior to the established Basin Plan standards. For this reason, it is imperative that 
consideration and approval of these amendments proceed without delay and ahead of 
the statewide effort, which has been and will likely be delayed as we await the outcome 
of USEPA’s development of revised bacteria criteria guidance. 
 
For the record, we note that the Clean Water Act requires that uses be protected, not 
that the specific approach to providing that protection be consistent from place to place.   
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Comparison of 2007 Strawman Proposal and revised 2012 Recreation Standards Amendments Proposal 

  Revising the Definition of REC1 

2007 Strawman Proposal EPA Comments on Strawman 

Proposal 

2012 Basin Plan Amendment Revisions Made to Address EPA Concern 

 

"REC1 - Primary Contact 

Recreation:  waters used for 

recreational activities involving 

frequent and prolonged water 

contact, especially by children, 

where ingestion of water is likely.  

Examples of Primary Contact 

Recreation include, but are not 

limited to:  swimming, water-skiing, 

surfing, whitewater rafting, float-

tubing, bathing in natural hot 

springs, skin and scuba diving.  All 

defined waters of the U.S. are 

presumed to be capable of 

supporting primary contract 

recreation unless a Use Attainability 

Analysis (UAA) demonstrates that 

this use has not been attained and 

is not attainable and the Basin Plan 

is revised accordingly." 

 
The proposed changes have the effect 
of altering the thresholds for REC1 
use designations, rendering them less 
protective... 
 
1)  By using the phrase "frequent and 
prolonged use" to define REC1... 
 
2)  By removing "fishing and wading" 
from the current definition of REC1 
activities... 
 
3)  By changing the threshold for 
water ingestion from "reasonably 
possible" to "likely." 
 
EPA also notes that: 
 
"The current REC1 definition was the 
product of an intense collaborative 
effort by the State Water Resources 
Control Board and the Regional Water 
Quality Control Boards and the 
USEPA to develop a consistent 
statewide definition for the REC1 use." 
 

 

"Primary Contact Recreation (REC 1*) 

waters are used for recreational activities 

involving deliberate water contact, 

especially by children, where ingestion is 

likely to occur. Examples of REC1 

activities may include, but are not limited 

to, swimming, water-skiing, surfing, 

whitewater rafting, float tubing, bathing in 

natural hot springs, skin diving, scuba 

diving and some forms of wading and 

fishing. Brief incidental or accidental 

water contact that is limited primarily to 

the body extremities (e.g. hands and 

feet), is not generally deemed Primary 

Contact Recreation because ingestion is 

not likely to occur." 

 
"The definition of the REC1 use was also 

updated to improve clarity and precision, 

and new bacteria quality objectives, 

based on USEPA’s recommended E. coli 

criteria (1986), were adopted for fresh 

inland surface waters (see Chapter 4, 

pathogen indicator bacteria objectives for 

inland surface waters). The minor 

revisions to the REC1 definition neither 

broadened nor reduced the intended 

scope of the prior REC1 definition. 

Rather, the sole purpose was to ensure 

that objectives based on the USEPA 

bacteria quality criteria are applied in a 

manner that is consistent with the specific 

exposure assumptions (including the 

nature of recreational activities) described 

in USEPA’s criteria document and related 

guidance." 

 
1)  The phrase "frequent and prolonged" use 
was deleted at EPA's suggestion. 
 
2a)  All types of fishing where ingestion is 
likely to occur (e.g.  instream fly-fishing) will 
continue to be included in the definition of 
REC1 activities as they always have been.  
Dock-fishing, boat-fishing and shoreline 
fishing involving only brief incidental water 
contact to the hands and feet will continue to 
be considered REC2-type activities as they 
always have been. 
 
2b)  Any form of wading where ingestion is 
likely to occur will continue to be included in 
the definition of REC1 activities as it always 
has been.  Activities such as beachcombing, 
tide-pool study, dog-walking, rock-skipping, 
and similarly brief incidental or accidental 
water contact limited primarily to the hands 
and feet will continue to be considered REC2 
activities as they always have been. 
 
3)  The word "reasonably" in the phrase 
"reasonably possible" was originally intended 
to convey a level of probability that was 
synonymous with the term "likely."  So, 
substituting the term "likely" is not meant to 
alter the threshold for water ingestion but, 
rather, to use the more precise language 
suggested in federal guidance to more 
accurately convey the original meaning and 
reduce the potential for misinterpretation.  
Additional explanation was added to the text 
of the proposed Basin Plan amendment to 
make this very clear. 
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2007 Strawman/2012 BPA Comparison: Use Attainability Analyses (UAA) 

2007 Strawman Proposal EPA Comments on Strawman 

Proposal 

2012 Basin Plan Amendment Revisions Made to Address EPA Concern 

 

"The Regional Board will consider a 

suite of factors when determining how 

best to classify a waterbody to protect 

recreational uses.  The factors may 

include but are not limited to:  flow 

conditions, ease of access, adjacent 

land uses, proximity to parks and/or 

residences, channel morphology and 

modifications, naturally-occurring 

sources of pollution or aesthetic 

conditions of the waterbody, legal 

restrictions, public safety concerns, the 

probable risk of ingesting water, parks 

and recreation plans, and the type of 

recreational activities that are occurring 

or have occurred in the waterbody since 

November 28, 1975 (i.e. 'existing uses').  

Where the Regional Board determines, 

through a Use Attainability Analysis, that 

a waterbody cannot support any 

recreational uses (REC1 or REC2), that 

stream segment will be designated 

REC-X." 

 

 
1)  RB8 should identify which factors 
would be used in UAAs and how 
these relate to the six factors in 
40CFR131.10(g). 
 
2)  Under Factor 1, RB8 would need 
to show that natural sources prevent 
attainment of the use.  This is similar 
to the approach used in RB4.  For 
EPA approval, there must be a 
demonstration that the exceedances 
are due to natural sources (i.e. all 
human sources have been 
controlled). 
 
3)  Under Factor 4 [EPA] would 
expect an analysis as to how 
hydromodification precludes the 
attainment of the use and why it is 
not feasible to restore the use to its 
"original" (i.e., the use that existed in 
November, 1975) condition. 
 
4)  Under Factor 6 [EPA] would 
expect a demonstration that 
attainment would result in 
widespread economic and social 
impact. 
 
5)  Land use by itself is not a factor 
in the UAA process. 
 

 

"Pursuant to the federal Clean Water 

Act and implementing regulation, all 

defined waters of the United States 

are presumed to be capable of 

supporting Primary Contact 

Recreation and shall be designated 

REC 1 unless a Use Attainability 

Analysis (UAA) demonstrates that this 

use is not an existing use and is not 

attainable and the Basin Plan is 

revised accordingly. A suite of factors 

must be considered when UAAs are 

conducted to determine whether to 

downgrade or delete the REC 1 use 

from any waterbody. The relevant 

factors are identified in federal and 

state regulations." 

 
1) The Basin Plan now states that the relevant 
factors that must be considered when 
conducting a UAA are identified in federal 
regulations as EPA suggested.  The technical 
support document for each UAA now describes 
which of the six federal factors, and the specific 
scientific evidence, that were used to justify 
downgrading or deleting a recreational use. 
 
2) No revisions necessary because none of the 
UAA's recommended for approval relied on 
Factor #1 (naturally-occurring sources of 
pollution) to justify downgrading or deleting a 
REC1 use. 
 
3) The technical support document for each 
UAA now describes the specific 
hydromodifications that preclude attainment of 
the use in any given   channel.  Many of these 
channels were modified prior to November, 
1975 or were man-made conveyances 
constructed after that date.  In both cases, the 
current condition is the original condition. 
 
4)  No revisions were necessary because none 
of the UAA's recommended for approval relied 
on Factor #6 (widespread economic and social 
impact) to justify downgrading or deleting a 
REC1 use. 
 
5)  None of the UAA's cite land use, by itself, to 
justify downgrading or deleting a REC1 use.   
Land use is only considered as an element of 
Factor #3 (human caused conditions prevent 
attainment of the use) and the likelihood of 
future potential use. 
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2007 Strawman/2012 BPA Comparison: E. coli Objectives for REC1 

2007 Strawman Proposal EPA Comments on 

Strawman Proposal 

2012 Basin Plan Amendment Revisions Made to Address EPA 

Concern 

 
"Pathogen indicator concentrations shall 
not exceed the values specified in Table 
1(below) as a result of controllable water 
quality factors unless it is demonstrated 
to the Regional Board's satisfaction that 
the elevated indicator concentrations do 
not result in excessive risk of illness (i.e. 
greater than 8 gastrointestinal illnesses 
per 1000 swimmers) among people 
recreating in or near the water.   

 
Table 1:  Pathogen Indicator 

Bacteria Objectives for Fresh 

Waters 

Recreational 

Use 

Designation 

Pathogen 

Indicator 

Objective 

REC1 and 
REC2 

<126  E. coli/100 
ml 

(30-day geometric 
mean of at least 5 

samples) 

 
REC2-only 

<2000 fecal 
coliform/100 ml 

(30-day average of 
at least 5 samples) 

and <10% of 
samples >4000 
fecal coliform/ 

100ml 

The water quality objectives specified 
in Table 1 do not apply when 
designated uses are temporarily 
suspended due to unsafe flow 
conditions in the waterbody. 

 
 

 
1) We [EPA] do not believe we 
can approve the standards 
change being proposed without a 
single sample standard for E. 
coli.  In other EPA approvals, we 
have required adding single 
sample standards where only a 
geometric mean has been 
adopted. 
 
2) EPA guidance allows 
adjustment of single sample 
maxima for areas where use is 
less frequent. 

 

"Lakes and Streams:  Waste discharges shall not 

cause or contribute to excessive risk of illness from 

microorganisms pathogenic to human beings. 

Pathogen indicator concentrations shall not exceed 

the values specified in Table 4-pio below as a result 

of controllable water quality factors:  

[excerpt of Table; all the notes not included] 

Table 4-pio - 

Pathogen 

Indicator 

Bacteria 

Objectives for 

Fresh Waters
1
 

Recreational Use  

Pathogen Indicator 
Objective  
(geometric mean of at 
least 5 samples in a 30-
day period (running)

2
  

REC1-only or  
REC1 and REC2  

<126 E. coli organisms 
per 100 mL

3
  

REC2-only
4
  N/A; see REC2 Only 

Freshwaters, below, 
and Chapter 5, 
Recreation Water 
Quality Standards, 
Antidegradation targets 

for REC2 only 

freshwaters  
3
 ...For all other purposes related to implementing 

the Clean Water Act, if there are insufficient data 

to calculate a representative geometric mean for 

E. coli, “X%” of the representative sample data 

collected over a 30 day period (running) shall be 

less than the applicable Single Sample Maximum 

value, where X% is the statistical confidence level 

assigned to a particular waterbody. Where there 

are sufficient data to calculate a representative 

geometric mean for E. coli, the applicable Single 

Sample Maximum value shall not be used to 

assess compliance with the E. coli objective in 

Table 4-pio. The intent of Single Sample Maximum 

values is to inform public notification decisions and 

to trigger additional follow-up monitoring (see 

Chapter 5, Recreation Water Quality Standards, 

Application of Single Sample Maximum Values in 

REC1 Freshwaters).  
 

 
1) The proposed E. coli objective is 

expressed as a geometric mean of 
at least 5 data points collected 
overa30-day period (rolling 
average).  The amendments It now 
include EPA's recommended 
procedure for evaluating 
compliance with that objective 
when there are insufficient data to 
calculate a proper geometric mean 
(see Table 4-pio, note 3; see also 
Table 5-REC1-ssv, notes 2 and 5)).  
This approach is consistent with 
EPA's 2006 guidance regarding the 
use and application of Single 
Sample Maximum values.  The 
SSM is not a "separate" water 
quality standard because none is 
needed.  The SSM is a statistical 
translation of the geometric mean 
and is fully enforceable when there 
are insufficient data to calculate a 
representative geometric mean. 
The SSMs thus serve as both a 
standard (where there are 
insufficient data to determine a 
geomean) and a public notification 
tool, as was intended. 

 
2) The proposed Basin Plan 
amendment now includes different SSM 
values using the adjustments EPA 
recommended where use is less 
frequent.  Tier assignments based on 
the known/anticipated frequency of 
REC1 use are proposed. The equation 
used to calculate SSMs is also included, 
with specifics regarding the number of 
samples that must be collected to justify 
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a site-specific log standard deviation (a 
variable in the SSM equation). 
 
3) The SSM method may also be used 
as an implementation procedure for 
evaluating compliance with the 
proposed narrative pathogen objective. 

  



Responses to February 23, 2012 Comments – EPA Region 9  

 

April 23, 2012    Page 20 of 21 

2007 Strawman/2012 BPA Comparison: Fecal Coliform Objectives for REC2 

2007 Strawman Proposal EPA Comments on Strawman 

Proposal 

2012 Basin Plan Amendment Revisions Made to Address EPA 

Concern 

 

"The current fecal coliform objective 

established to protect beneficial uses 

designated REC2-only should not be 

changed.  However, some clarification from 

U.S. EPA is required regarding the most 

appropriate method for calculating an 

"average" for bacterial data. 

 

The historical record is unclear as to how 

the term "log-mean" was suggested for the 

Primary Contact criteria while the word 

"average" was selected for the Secondary 

Contact criteria.  It is uncertain whether this 

was a deliberate choice intended to 

recommend different methods of calculation 

or not.  Nor is it clear why, if the Secondary 

Contact criteria as originally derived by 

multiplying the Primary Contact criteria by 

5x or 10x, the units should change.  

Therefore, the Task Force seeks some 

clarification from EPA: 

 

1)  What is the most mathematically correct 

procedure for calculating the "average" for 

fecal coliform in order to assess compliance 

with the Secondary Contact criteria if the 

underlying data are log-normally 

distributed? 

2)  If a footnote is added to the Basin Plan 

to describe the most mathematically correct 

procedure for calculating the fecal coliform 

average, does that constitute a revision of 

water quality standards or merely a 

clarification of an existing water quality 

objective in order to avoid confusion and 

misinterpretation during the implementation 

process?" 

 
1) It is unclear why RB8 is not 
replacing the REC2 fecal objective with 
an E. coli objective. 
 
2) Having different indicators for 
different uses would seem to confuse 
the issue and could result in increased 
monitoring costs. 
 
3) We [EPA] believe that the term 
"average" for REC2 can be interpreted 
as a geomean.  This would be 
consistent with the existing REC1 fecal 
standard.  Such a clarification of the 
standards language would constitute a 
standards change. 
 
4) Use of the single sample maxima 
[solely] as a trigger for monitoring 
would require a standards change.  We 
suggest that the language in the 
California Ocean Plan regarding single 
sample maxima could be used as a 
model. 

 
The current fecal coliform objectives 
adopted for freshwaters designated 
REC2 are deleted from the Basin 
Plan. 
 
No numeric pathogen indicator 
bacteria objectives are proposed to 
replace the deleted fecal coliform 
objectives for freshwaters designated 
REC2. 
 
Waters designated both REC1 and 
REC2 would be governed by the 
proposed E. coli objectives (see Table 
4-pio). For waters designated REC-2 
only, bacteria quality targets are 
proposed in conformance with 
antidegradation policies. Exceedances 
of these targets would trigger 
additional monitoring and 
investigation.  

 
1) The Regional Board is replacing the 
REC2 fecal coliform objectives with an 
E. coli objective because EPA has not 
yet recommended such a criterion 
pursuant to Section 304(a) of the Clean 
Water Act and there are insufficient 
scientific data available for the Regional 
Board to develop such an objective. 
 
2) The Regional Board agrees that 
having different pathogen indicators for 
different recreational uses may confuse 
the issue.  Therefore, the Regional 
Board now proposes to delete the 
obsolete fecal coliform objectives from 
the Basin Plan. 
 
3) The clarification previously suggested 
in the Strawman document is no longer 
necessary because the obsolete fecal 
coliform objectives are being deleted in 
their entirety. 
 
4) The proposed Basin Plan 
amendments no longer limit the use of 
single sample maxima solely to serve as 
a trigger for additional monitoring.  
Instead, the proposed Basin Plan 
amendment would employ the SSMs as 
EPA recommends in the 1986 Bacteria 
criteria and the additional federal 
guidance published in 2006. 
 
5) Fecal coliform data can continue to be 
used to assess compliance with federal 
and state antidegradation policies. 
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2007 Strawman/2012 BPA Comparison: Temporary High Flow Suspension 

2007 Strawman Proposal EPA Comments on Strawman 

Proposal 

2012 Basin Plan Amendment Revisions Made to Address EPA 

Concern 

 

"A footnote should be added to all 

freshwater rivers and streams 

designated as REC1 or REC2 in Table 

3-1 of the Basin Plan;  said footnote to 

state: 

 

"The REC1 and REC2 use designations 

are temporarily suspended when high 

flows, caused by stormwater runoff, 

preclude safe recreation in the stream 

channel.  The temporary suspension is 

automatically terminated when flow 

conditions have returned to a safe level." 

 

The footnote would not be applied to 

lakes, reservoirs or ocean waters 

designated REC1 and/or REC2.  The 

Regional Board will define what 

constitutes unsafe flow conditions using 

one or more of the following thresholds:  

1) the U.S. Geological Survey's safe 

sampling standard, 2) the Swift Water 

Rescue safe access standard,  3) the 

Los Angeles Regional Water Quality 

Control Board's use suspension 

standard for temporary high flows, 4) or 

other objective indicators." 

 
1) This is a reasonable approach, 
however the proposal is too vague as 
to what criteria would be used to 
define high flow...  RB8 must provide 
the threshold hydrologic event values 
that would be used to initiate the high 
flow suspension... 
 
2) RB8 must provide the threshold 
values or duration limits that would 
signal the return of the use. 
 
3) We [EPA} are concerned that the 
high flow exclusion is not confined to 
specific engineered channels. 
 
4) We [EPA] agree that flow and 
velocity are important factors in 
estimating potential use of the 
waterbody for swimming but this is 
but one factor that should be 
considered.  However, high flows 
may not preclude other recreational 
uses of the water where ingestion is 
possible (e.g. kayaking). 
 

"Recreational use of certain inland surface 

waters is precluded under certain flow 

conditions that make recreational activities 

unsafe. Recreation use designations (and 

the applicable pathogen and pathogen 

indicator objectives) are temporarily 

suspended when such conditions exist. 

 

Definition of Unsafe Flows. Flow conditions 

in freshwater streams in the Santa Ana 

watershed are presumptively unsafe if 

either of the following conditions occurs: (1) 

stream velocity is greater than 8 feet-per-

second (fps); or, (2) the product of stream 

depth (feet) and stream velocity (fps) (the 

depth-velocity product) is greater than 10 

ft
2
/s. Where representative stream gauge 

data are not available, unsafe flows are 

presumed to exist in stream channels that 

have been engineered or modified for flood 

control purposes when rainfall in the area 

tributary to the stream is greater than or 

equal to 0.5 inches in 24 hours. 

 

Termination of Temporary Suspension. 

Stream flows will be presumed to return to 

safe conditions and the temporary 

suspension of recreation standards will 

cease 24-hours after the end of the storm 

event, unless actual flow data demonstrate 

that the suspension should terminate 

sooner or later than the default period. In 

such cases, the suspension terminates 

once stream flows (measured as cubic-

feet/second or (cfs) have returned to the 

range of normal pre-storm conditions 

(cfs<98th percentile as calculated from a 

calibrated hydrograph for the stream). 

 
1) The proposed Basin Plan amendment 
now includes specific threshold values 
that would be used to initiate the high 
flow suspension. 
 
2) The proposed Basin Plan amendment 
now includes specific duration limits and 
specific threshold values for stream flow 
that would terminate the temporary 
suspension of water quality standards 
for recreational uses. 
 
3) The proposed Basin Plan amendment 
now limits application of the temporary 
high flow suspension to specific 
channels that have been substantially 
modified to protect people and property 
from flooding. 
 
4) High flows like those that would 
trigger a temporary suspension of water 
quality standards represent such an 
extreme hazard that they effectively 
preclude safe recreational water contact 
of any kind.  Kayaking is not known to 
occur under such conditions in creeks 
and streams of the Santa Ana region.  
The intrinsic risk associated with 
kayaking in channels during high flow 
conditions is far greater than the 
potential health hazard associated with 
temporarily suspending water quality 
standards during significant storm 
events. 

 
 



 

Responses to March 15, 2012 Comments from Heal the Bay
1, 2 

#1. Rename the REC1 Use from “Water Contact Recreation” to 
“Primary Contact Recreation”: “We urge the Regional Board to 
retain the current definition.”  

Please see the response to 2-23-12 comments from EPA  Region 
9, # 3 

#2. Delete fecal coliform objectives and replace with E. coli 

objectives:  The Basin Plan should specify that a rolling 
geometric mean be calculated based on five samples collected 
over the last thirty days or the five most recent samples. 
 
 
 
“In addition, the Regional Board must include a single-sample 
limit of E. coli density of 235/100ml. This single sample is critical 
for both public health protection and compliance purposes. 
There is no justification as to why this criterion is absent in this 
proposal.” 

The proposed amendments included a recommended objective 
for E. coli expressed as the geometric mean of at least 5 sample 
in a 30-day period (running).  (“Running” is the equivalent of 
“rolling” in the context of the expression and implementation of the 
objectives). See proposed Table 4-pio-Pathogen Indicator 
Bacteria Objectives for Fresh Water. 
 
Single sample maximum values, including 235/100ml E. coli, are 
included in the proposed amendments. Single sample maximum 
values and their application are described in detail in the proposed 
amendments (see “Application of Single Sample Maximum values 

in REC1 freshwaters”, including Table 5-REC-ssv (Chapter 5), 
and Table 4-pio- Pathogen Indicator Bacteria Objectives for Fresh 
Water (table note 3)). The detailed rationale for these 
amendments is described in the January 12, 2012 staff report for 
the amendments. The proposed single-sample maximum related 
amendments are wholly consistent with established USEPA 
guidance and regulation, including the Water Quality  Standards 
for Coastal and Great Lakes Recreation Waters; Final Rule 
(BEACH Act rule) (2004) and, as such, will assure public health 
and beneficial use protection. Please see also the responses to 2-
23-12- comments from EPA Region 9, #19-21. 
 

                                                           
1
 Heal the Bay acknowledges in their March 15, 2012 letter that the comments provided focus on the proposals as described in the Executive 

Summary of the proposed amendments only, due to time constraints.  
2 

On April 20, 2012, Heal the Bay submitted additional comments concerning the Use Attainability Analyses components of the proposed 
amendments.  These additional comments were appended to the March 15, 2012 comment letter. The amended comment letter was not signed. 
Responses to the additional comments will be prepared and provided at the April 27, 2012 hearing.   
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#3.  Establish narrative pathogen objective: “It is unclear why 
the Regional Board would propose a narrative pathogen 
objective. The numeric recreational water quality criteria are 
based on health impacts. These numeric criteria should be 
sufficient to protect public health.” 

The rationale for the proposed narrative pathogen objective is 
discussed in the January 12, 2012 staff report and explicitly in the 
proposed amendments (see the proposed narrative in CHAPTER 
4 WATER QUALITY OBJECTIVES, INLAND SURFACE 
WATERS, Pathogen Indicator Bacteria, third paragraph). In short, 
the intent of the narrative objective is to provide the Regional 
Board an additional regulatory tool to employ in situations where 
data on pathogens or other bacterial indicators of the presence of 
pathogens, numeric objectives for which are not specified in the 
Basin Plan, provide evidence of actual or threatened impacts to 
public health and recreational uses. Board staff is at a loss to 
understand why Heal the Bay would object to such an objective; 
indeed, we believe that Heal the Bay should applaud it and 
encourage its adoption by other regional boards in the state. 

#4 and #5: “Subdivide REC1 standards into tiers based on 
intensity of use”: “We urge the Regional Board to reject the 
proposal of a tiered approach based on intensity of 
use….USEPA states that “the 2012 RWQC [proposed 
Recreational Water Quality Criteria, published in draft in 2011] 
are no longer recommending multiple “use intensity” values, in 
an effort to increase national consistency…and ensure 
equivalent health protection in all waters”. Thus, one set of 
standards based on the same health protection is appropriate.” 
 
“..we are concerned with the Regional Board’s assessment that 
the single sample value is for posting purposes only…Both the 
single sample and the geomean standards play an important 
role in public health protection and compliance assurance. The 
Regional Board cannot simply decide to use one or the other. “ 
 
 
 
 
 
 
 

Please see the response to 2-23-12 comments from EPA Region 
9 , #1 and 7. 
 
 
 
 
 
 
 
 
As specified in the proposed amendments  (see “Application of 

Single Sample Maximum values in REC1 freshwaters”, including 
Table 5-REC-ssv (Chapter 5), and Table 4-pio- Pathogen 
Indicator Bacteria Objectives for Fresh Water (table note 3)), the 
principal use of the SSMs would be as a beach posting/closure 
decision-making tool. This is entirely consistent with the express 
purpose of the SSMs, as described in USEPA guidance and 
regulations (e.g., USEPA’s 1986 bacteria criteria document and 
the USEPA 2006 Fact Sheet concerning SSMs (see references in 
the January 12, 2012 staff report)). However, pursuant to the 
proposed amendments, SSMs would be used also for compliance 
purposes where there are insufficient data to calculate a 
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“Any derivation of the single sample or geomean from default 
values are (sic) a standards change and would be subject to 
EPA approval.” 

geometric mean for comparison to the geometric mean objective 
(once again, please see see “Application of Single Sample 

Maximum values in REC1 freshwaters”, including Table 5-REC-
ssv (see note1) (Chapter 5), and Table 4-pio- Pathogen Indicator 
Bacteria Objectives for Fresh Water (table note 3)).  The proposed 
amendments include both recommended geometric mean 
objectives and SSMs.  
 
 
This is not the case. Explicit confirmation to the contrary is 
provided in the BEACH Act rule ( p.67227).  See also response to 
2-23-12- comment from EPA Region 9, #21.   

#6. Temporary suspension of bacteria objectives. “The term 
“high flow suspension” is very misleading. Did the Regional 
Board collect flow data over an extended period of time in the 
waterbodies proposed for temporary suspension of bacteria 
objectives?  Without rain gauges on a specific waterbody, it is 
impossible to know if the flow is truly significantly elevated. 
…Given the lack of understanding about flow, it is impossible to 
predict when individuals could be recreating in a waterbody. 
People who swim or surf in wet or winter weather are entitled to 
the same health protection and water quality standards as those 
that swim at beaches during the Fourth of July. …Of note, high 
bacteria concentrations from upstream waterbodies could 
contribute to exceedances of water quality standards in 
downstream waterbodies. Thus we urge the Regional Board to 
not include a temporary suspension of bacteria objectives.  
 
 
 
 
 
 
 
 
 

The January 12, 2012 staff report for the proposed amendments, 
and supporting technical documentation in the administrative 
record for this matter, describe in detail the technical bases for the 
recommended high flow suspension, the criteria to be used to 
trigger the suspension, and the criteria for termination of the 
suspension. Flow conditions in a number of streams considered 
representative of the types of channels to which the suspension 
criteria would apply were carefully evaluated. The flow response 
in these streams to storm events of different sizes, and the time 
required to return to base flow conditions, were evaluated. 
Further, the criteria employed by flood control agencies to 
determine when access to channels by the public should be 
prohibited in the interest of safety and the criteria employed by 
agencies engaged in stream monitoring (e.g., the United States 
Geological Survey) to determine when samplers are placed at 
undue risk were also evaluated and used to define the 
recommended suspension criteria. The suspension criteria 
proposed in the amendments identify those conditions in which 
flow conditions in the streams effectively preclude recreational 
uses because of safety considerations. To the extent that an 
individual chooses to recreate in such waters during unsafe 
conditions, the characteristics of the flow rather than bacteria 
quality are the principal public health and safety concern. In 
theory, the suspension should be applied to any surface stream 
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The definition of “modified channels” can lead to use suspension 
in any water body where any vegetation has been removed or 
had any small modifications.  This is completely inappropriate.  

when the suspension criteria are met. However, Board staff 
recommends that the suspension be limited to engineered or 
heavily modified channels.  
 
It is recognized that bacteria concentrations from upstream 
waterbodies could contribute to exceedances of water quality 
standards downstream. Water quality standards in waters 
downstream of those for which the suspension is in temporary 
effect must be met, unless the suspension also applies to the 
downstream waters. In fact, the application of the temporary 
suspension to certain waters could facilitate the protection of 
downstream waters where recreation use may continue to occur 
(e.g., ocean beaches) by making it feasible to focus control efforts 
on those downstream waters, rather than in the upstream waters 
themselves. This approach would enhance rather than preclude 
public health and beneficial use protection.  
 
 
Please see the response to EPA Region 9 comment # 9. 

#7. Re-designate specific waters to remove REC1 or REC1 and 
REC2 uses.  “…the proposal sets an incentive to channelize 
inland waters in order to dedesignate beneficial uses and have 
less stringent requirements.  The additional regulatory incentive 
of dedesignation will only lead to more efforts to channelize 
creeks and streams…rather than more ecologically friendly flood 
control efforts…More natural, bioengineered approaches to 
flood control will likely result when beneficial use designations 
are maintained.”  
 
“In addition, waterbodies dedesignated from a REC1 to a REC2 
or complete dedesignation from water quality standards could 
stall restoration efforts.  
 
 

The Regional Board exercises authority pursuant to the federal 
Clean Water Act (section 401 (water quality standards 
certifications)) and the California Water Code (e.g., consideration 
of the issuance of waste discharges requirements and 
enforcement of adopted waste discharge requirements) to 
regulate proposed discharges, such as those associated with 
stream modification projects, to assure that water quality and 
beneficial uses will be protected. The exercise of that authority 
does not negate the Regional Board’s responsibilities and 
authorities for determining the water quality standards that 
properly apply to waters of the state and the United States.  The 
Regional Board’s determinations in surface water quality 
standards matters are subject to review and approval by the State 
Water Board and EPA Region 9.  
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“The Regional Board states that dedesignated waters would be 
reviewed at least once every three years during the Triennial 
Review process. Given resource constraints, it is impossible that 
this review would be given the enormous amount of time 
needed to review all of the data and science.” 

The recommendations in the proposed amendments for de-
designation of REC1 or REC1 and REC2 uses for certain waters 
were based on detailed analyses described at length in the 
January 12, 2012 staff report (see the UAA sections of this staff 
report) and supporting documents in the administrative record. 
These analyses fully comply with relevant federal regulations for 
the consideration of de-designations.  
 
We understand that Heal the Bay is cognizant of, and disagrees at 
least in part with, the de-designations of some recreational uses 
for portions of Ballona Creek, which is in the Los Angeles Region. 
These de-designations were based on a Use Attainability Analysis 
performed by staff of the Los Angeles Regional Board.  Of 
particular relevance in response to this Heal the Bay comment is 
the fact that the State Board took up the matter of the re-
designations for Ballona Creek on its own motion. The Los 
Angeles Regional Board had declined to approve the 
recommendations of its staff for the de-designations, on the 
grounds that it would be appropriate to await consideration of 
future restoration efforts that might affect the attainability of 
recreational uses in the Creek. However, the State Board found 
instead that it would be appropriate to proceed with the re-
designations, recognizing that changes could be made in the 
future if justified by restoration efforts. Federal regulations require 
the re-consideration of water quality standards that do not include 
“swimmable” (i.e., REC1) uses (and “fishable” uses) at least once 
every three years to determine whether conditions have changed 
such that the REC1 designation has become appropriate. This 
requirement applies to Ballona Creek, and to the waters in Region 
8 that are proposed for de-designation. We appreciate the fact 
that Heal the Bay recognizes the resource constraints that 
confront the Board. These constraints confront virtually every 
agency and organization, and they make all the more essential 
sound decisions regarding applicable water quality standards.  
With appropriate standards established,  resources can then be 
used in the most appropriate and effective manner to improve and 
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protect water quality, beneficial uses and public health 
 
 
It should be noted that the level of UAA documentation collected 
and reviewed by the Santa Ana Regional Board in recommending 
the de-designations in the proposed amendments is equal to or 
exceeds that which the State Board relied on to reclassify Ballona 
Creek. It may be noted that EPA Region 9 approved the re-
designations for Ballona Creek without reservation. 
 

#9. (note, there is no #8 in the Heal the Bay letter): Delete the 
bacterial quality objective for MUN.  The Regional Board should 
not remove the MUN use without adequate documentation that 
MUN is not an “existing” use.   

See response to 2-23-12 comments by EPA Region 9, #5  

Conclusion: “ The Regional Board’s proposal has major 
implications on public health protection…many elements of the 
proposal will put recreators at greater risk and will not protect 
beneficial uses.  At the same time, the proposal will likely stall 
restoration and water quality improvement efforts… The 
proposed Basin Plan amendment is the wrong action at the 
wrong time…Heal the Bay opposes the proposal as discussed 
above. 

In contrast to the position expressed by Heal the Bay, and for the 
reasons described in part above, Regional Board staff believes 
that the proposed amendments, if approved and implemented, will 
result in public health and beneficial use protection. In fact, that 
the level of protection provided would exceed that now provided 
by the Basin Plan since (1)  revised bacteria quality objectives 
based on an indicator organism now recommended by USEPA to 
protect public health would be established and (2) the suite of 
amendments, including changes to REC1 designations for certain 
waters and implementation strategies such as the temporary 
suspension of recreational standards, would enable and 
encourage responsible parties to implement control actions in 
prioritized and most appropriate fashion, thereby allowing limited 
resources to be applied first where the risks to public health and 
beneficial uses are most acute.   
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Comment Response 
Santa Ana-Delhi Channel  

 
 

Reach Identification 
1. The reaches should have been: 

o Tidal Prism: Bike path to Mesa Dr. (earthen bottom/one side 
rip rap) 

o Mesa Dr to Alton Ave. (box channel) 
o Alton Ave. to Warner Ave. (earthen bottom/rip rap) 

By segmenting these reaches according to similar characteristics, such 
as earthen bottoms, rip-rap walls, and more natural landforms, the 
public has a better sense of the possibilities for each reach, in terms 
of water quality, habitat, and recreational uses. The UAA’s 
segmentation of the Creek combines reaches with different 
characteristics, like earthen bottoms segments with box channel 
segments. This type of segmentation can promote certain features or 
attributes as being homogeneous throughout the stretch of Creek, 
when they are not.  

Reach boundaries do not necessarily represent stream reaches with 
homogenous attributes.  The proposed boundaries reflect differences in 
the nature of flow (marine, freshwater), channel morphology and other 
characteristics that affect recreational potential and, thus, 
recommendations for appropriate use designations. 
The tidal prism reach of the Santa Ana-Delhi Channel (SAD) was identified 
in the UAA as the section from  the Bike Bridge at Upper Newport Bay 
upstream 1038 ft. ,to the bend in channel.  This section is in view of the 
public from the bridge and dominated by marine waters. From the bend in 
the channel up to Mesa Dr. (and further upstream) the channel is 
generally out of public view with no evidence of REC activities.  As result, 
this section, although an earthen channel, is proposed to be designated as 
part of Reach 1.  Reach 1 is designated as from the Tidal prism up to the 
intersection of Sunflower Ave and Flower St in Santa Ana.  Except for the 
short section of earthen channel above the Tidal prism to Mesa Dr. and 
where the channel runs underground from the 405 Freeway to Sunflower 
Ave, the channel is a concrete open box.  The Heal the Bay comments have 
miss-identified the proposed SAD Reach 1 and Reach 2.  The Santa Ana 
Gardens Channel, a tributary of the SAD channel and not part of the UAA, 
flows past Alton Ave. The proposed SAD Reach 2 starts at the intersection 
of Sunflower Ave and Flower St and ends at Warner Ave.  Reach 2 is 
mostly an earthen bottom channel with rip rap sides.  
 

2. It is first argued that there is not enough flow: the dominant dry 
weather flows create perennial flow of a few inches (6 inches or 
less)…and sources are groundwater and urban runoff . Then it is 
argued that the region cannot attain water quality criteria during dry 
weather because the BMPs implemented are not sufficient. Perhaps 
the BMPs implemented should not be treatment types, but capture 
and reuse or infiltration given the low flow volumes. 

The OC Stormwater NPDES permit requires an iterative process of BMP 
implementation designed to achieve water quality standards in receiving 
waters. Since the watershed is completely built, implementation of 
capture/reuse or infiltration BMPs is highly problematic.  
 

3. There is no documentation on whether a source control/source 
identification program, and the subsequent source abatement 
program having been implemented. There is no discussion on 
whether a watershed approach to BMP implementation was ever 
adopted. No documentation on actual BMP implementation, and or 

Considerable documentation regarding source identification and control 
has been developed and submitted to the Regional Board by the MS4 co-
permittees in all three counties. The Regional Board receives regular 
reports , at publicly noticed public meetings ,describing the scope and 
effectiveness of these efforts.    All of the information regarding BMP 
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performance criteria associated with those implemented BMPs. All 
the information associated with BMPs in this section are citations to 
studies on efficacy. There is no actual information highlighting any 
implemented BMPs, aside from diversions, in the watersheds. How 
can the public reasonable expect that the effort was made to control 
Bacteria inputs by any agency or municipality to control urban runoff 
or nuisance flows without such information? 

planning, implementation and effectiveness is available for public review 
and inspection at the Regional Board's office in Riverside.   

4. Dry weather diversions are stated as 100% effective. The rational 
cited on the phone—per our conversation (04/19) was a concern for 
habitat. Yet, the UAA states that “treatment agencies do not like 
them”, and view them as a temporary practice. Which of the two 
responses is it? If the later, this is not a sufficient reason why bacterial 
objectives can’t be obtained. Dry-weather, and even some wet-
weather, low-flow diversions are an integral part in RWQCB 4 
Bacterial TMDL compliance. In addition, the UAA argues that full 
capture is economically infeasible. This is understandable if the 
argument is for wet weather conditions. However, this is should not 
be the case for dry weather time-periods and low flow events.  

Although dry weather diversions are 100% effective, this strategy may 
pose a risk to aquatic habitat by dehydrating local streams.  And, at the 
same time, dry weather diversions may not be a reliable option because 
the wastewater treatment agencies caution that they are unable to assure 
that there is sufficient capacity in the collection or treatment system to 
handle the increased flow from storm channel diversions.  (The UAA 
report reflects this, not that “treatment agencies do not like them”.) 
Nevertheless, diversions are likely to be a key component for achieving 
compliance with bacterial objectives during dry weather, low-flow 
conditions, as reflected in the Comprehensive Bacteria Reduction Plans 
recently approved (February 2012) by the Regional Board for San 
Bernardino and Orange counties.  As described in the UAA staff reports, a 
number of these diversions are already being operated in Orange County. 

5. Why did the RWQCB 8 use a calendar time-period to conduct its 
geometric mean analysis for bacteria for this UAA, when the Basin 
plan uses a 30-day rolling average? 

The Basin Plan does not specify existing bacteria quality objectives as a 
rolling average.  The available data were compared to the Basin Plan 
objectives, which specify a minimum of five samples over a 30-day period. 
The results of those analyses showed that the objectives are not 
consistently met, as reported in the UAA report. 

6. The UAA fails to demonstrate how efforts to attain recreational water 
quality standards in the downstream receiving water body—currently 
REC 1—will not be negatively impacted by the request to remove the 
upstream recreational use designations—an action that will allow 
higher levels of indicator bacteria in the upstream tidal prism, REACH 
1 and REACH 2.  The REC-1 use of the downstream receiving water-
body is not in question. If bacterial standards during dry weather in 
this section of the receiving water-body can’t be met, then how does 
it figure this runoff or flow will not have a negative impact on the 
downstream receiving water-body? 

The need to protect downstream uses is an axiom recognized and 
employed by Regional Board staff and members of the Stormwater Quality 
Standards Task Force since the outset of the effort to consider revisions to 
recreation standards in the Region. (The administrative record for this 
matter includes a list of other applicable axioms, based on existing law, 
regulation and policy.) Nothing in the proposed Basin Plan amendment 
"allows higher levels of indicator bacteria in the upstream" waters.  State 
and federal antidegradation policies continue to prevent lower water 
quality even if upstream segments are redesignated.  Moreover, the 
proposed Basin Plan amendment makes clear in several places that water 
quality must continue to be applicable downstream objectives even if 
upstream segments are reclassified.  Consequently, the Regional Board 
has no reason to believe downstream uses will be negatively impacted by 
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the proposed Basin Plan revisions.  On the contrary, by promoting the  
implementation of regional treatment solutions, the Regional Board 
expects downstream water quality to improve over time. 

7. Did RWQCB 8 solicit information from ‘historic societies’, local 
historians, or personal interviews to complete if determination of 
historic uses? Historic uses exploration should have included a people 
survey of local historians or senior citizens of the area. Personal 
Interviews should have been a component of this process. Simply 
looking on Google or electronic archives can be insufficient and 
incomplete due to the nature of digital archives. 

The Stormwater Quality Standards Task Force (SWQSTF) commissioned 
CDM to investigate all readily available sources of information regarding 
past, present and probable future recreational uses in each waterbody as 
a key part of the UAA.  Contrary to the allegations made by this 
commenter the investigation was not limited to simple Google searches.  
CDM conducted numerous interviews with local experts and resource 
managers.  County flood control staff who regularly visit the channels, 
many of them with long years of experience, were also interviewed. The 
results of these interviews are documented in the UAA Technical Reports 
and the minutes of the SWQSTF meetings. 

8. In addition, there were photos that showed ‘tagging’ or graffiti in 
portions adjacent to the Creek, which suggests that there is access. 
Such actions would indicate that people are able to access the areas. 
In RWQCB 4, ‘tagging’ or graffiti, while illegal, can demonstrate that 
access and use exist in the area.   

Tagging and graffiti were noted and considered as part of each UAA.  
Board staff acknowledges that graffiti does provide evidence of access and 
was treated as such.  However, the voluminous photographic 
documentation developed by the SWQSTF demonstrates that "tagging" is 
not a reliable indicator of water contact recreation (REC1 or REC2). 
CDM prepared a report “Summary of Camera Survey Locations Report on 
the Delhi” that shows all pictures that include people in the channel. No 
one observed was recreating in the water. The sections of the channel 
where graffiti was observed are in the proposed Reach 2; the REC2 
designation is recommended for that reach.  

9. The OCFCD denies access due to safety concerns. As it relates to this 
issue of de-designation or this UAA, the argument may be applicable 
for wet-weather (high velocity flow) conditions, yet is completely 
inappropriate for dry-weather. There is little justification as to why 
the public should not be able to use or have access to the Creek 
during the 98% of time when such high-flow conditions do not exist. 

Regional Board staff disagrees with the commenters suggestion that the 
flood control channels only present a safety hazard during high flow 
conditions. In particular, the high vertical walls can be especially 
dangerous at all times.  That's why access is restricted by fences and 
locked gates.  Whether the public "should be able to use or have access" 
to these channels is not a decision the Regional Board is authorized to 
make. 
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10. While there are vertical walls in segments, there is a sufficient amount 

of area that is covered with rip-rap. RWQCB 8 seems to make the 
subjective argument that even in dry-weather the Creek is unsafe in 
these areas to access. 

Board staff can attest to the fact that walking down a rip-rap slope, 
particularly a steep one, can be hazardous. Nevertheless, where the public 
has relatively easy access to the stream channels, and particularly where 
rip-rap is used in lieu of concrete, the proposed Basin Plan amendments 
acknowledge this distinction by recommending the reach be classified 
REC2 rather than removing all recreational use designations.  The 
photographic evidence clearly demonstrates that there is no reasonable 
possibility of immersion or ingestion even in those locations where the 
public is entering such channels during dry weather conditions.  Contact 
with the water, if it occurs at all, is limited to incidental contact (e.g., 
walking in the channel; it appeared that some people use the channel as a 
travel route from one point to another). 

11. This UAA fails to even discuss the statewide, and Southern California, 
initiatives to obtain great access to these once off-limit areas. For 
example, the City of Los Angeles has the lead the way in making the 
LA River a destination place for contact water recreation and public 
education. There are several other examples in Los Angeles County 
where semi-channelized waterbodies are being utilized for their non-
direct recreation benefits, habitat opportunities, and public 
education. A number of State Conservancies and Private Non-profits 
are currently looking at acquiring parcels to develop greater open 
space opportunities for park poor regions by working with local 
groups. Neither the State Agencies, Non-Profit groups, nor local 
community groups appear to have been solicited for this review. On 
the State level, SB1201 (De Leon) seeks to address this issue of public 
access to flood control channels, engineered creeks, streams, and 
rivers. The bill, if adopted, will amend Section 2 of the Los Angeles 
County Flood Control Act (Chapter 755 of the Statutes of 1915) “to 
include or provide for public use of navigable waterways that are 
suitable for recreational and education purposes” as they relate to the 
Los Angeles River. This bill is likely to set precedent for other receiving 
waterbodies in the State.  

The Regional Board staff carefully considered the on-going efforts to 
obtain greater public access to flood control channels.  CDM contacted 
county and city planning agencies to determine whether there are 
restoration plans, firm or otherwise. There are no plans for restoration of 
the Delhi channel to allow or encourage recreational activity.  
 
In accordance with the State Board's determination in WQO 2005-0004, 
the mere existence of such restoration plans is not sufficient to 
demonstrate that a recreational use is likely to occur.  There must also be 
a real-world commitment to actually build the parks and other amenities 
that facilitate water contact recreation activities.  If and when such 
improvements are made, the Regional Board is obligated to reconsider the 
appropriate beneficial use designation as part of the regular triennial 
review process.  In the meantime, the proposed Basin Plan amendments 
are intended to better protect water quality in all lakes and streams where 
water contact recreation is already occurring. 

12. The UAA appears to argue that hydro-modifications impacts are 
indefinite. In addition, the UAA seemed only to consider full 
restoration of the Creek as the only alternative. There is no discussion 
of partial enhancement to the Creek as a viable option. Also, this 
section took no account of statewide and southern California wide 

As described above, the Regional Board staff did take into consideration 
the possibility that some creeks may be fully or partially restored.  
However, rather than speculate as to when and where such improvements 
may occur, and consistent with the State Board's instructions, the Regional 
Board will continue to rely on the existing triennial review process to make 
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measures that consider these areas as important sites for 
implementing integrated water management opportunities, LID, and 
other multiple-benefit land-use policies to treat water.  

appropriate adjustments to designated beneficial uses. 

13. Finally, the summary of adjacent land-uses and their potential to 
impact water quality or the role they could play in addressing water 
quality issues—as the relate to the previous bullet point—are not 
sufficiently address. How is the public able to determine possible 
sources impact the Creek or evaluate opportunities for watershed-
wide multiple benefit BMPs. For example, there are two large golf 
courses, a regional park, and a school all in located is close proximity 
to the Creek. 

Regional Board staff agrees that adjacent land uses have the potential to 
impact water quality.  Land use characteristics are carefully evaluated as 
part of on-going source identification and source control programs. Where 
golf courses, parks and schools are located in close proximity to creeks, 
these factors were carefully considered as part of the UAA process and 
used to inform the Regional Board's determination as to whether 
immersion and ingestion was reasonably possible at any given location. 

Greenville-Banning Channel  
14, 15: See comments # 2 and 4    [note: many of the comments provided re the Santa Ana Delhi Channel 

were repeated for the other UAA waters. In these cases, the comments 
and responses are referenced by number] 
See responses 2 and 4. It is noted that a dry weather diversion is operated 
in the Greenville-Banning channel.   
 

16. An ‘Orange County Areawide Urban Stormwater Runoff Management 
Plan’ is mentioned, and a suggestion that the drainage area limits the 
effectiveness of many BMPs. What documents or data support this 
assertion? Most management plans are an iterative process, based on 
implemented programmatic and structural BMPs. Has this type of 
evaluative component been completed on actual implemented structural 
BMP performance and design? Beyond low-flow diversions, what other 
actual BMPs were installed in this watershed? What changes or 
modifications to those implemented BMPs were completed to address 
short-coming to initial BMP construction? As for programmatic BMPs, 
what evaluative measures were used to determine behavioral changes in 
municipalities (the general population), given that urban runoff is the 
primary bacterial source?  

The build-out of much of the tributary area places practical limitations on 
the implementation of BMPs . The MS4 co-permittees in all three counties 
have conducted  studies and submitted numerous reports to the Regional 
Board regarding the implementation and effectiveness of BMPs for 
controlling bacteria pollution.  These and other related documents are 
available for public review and inspection at the Regional Board's main 
office in downtown Riverside.  Where monitoring indicates the BMPs may 
not be adequate to meet the bacteria objectives, the MS4 co-permittees 
must submit a plan to remedy such deficiencies and implement the plan 
upon approval by the Regional Board. 

17. Has enforcement been implemented in this watershed as a deterrent 
to urban runoff or nuisance flows in association with MS4 or NPDES 
compliance? 

The Regional Board has conducted numerous audits of the MS4 program 
in all three counties and has initiated enforcement actions in a number of 
cases.  These actions are a matter of public record. 

18. There is no documentation on whether a source control/source 
identification program, and the subsequent source abatement 
program having been implemented. There is no discussion on 
whether a watershed approach to BMP implementation was ever 

The comment is factually incorrect.  The area-wide stormwater programs 
have submitted a considerable number of reports documenting on-going 
source identification, source control and BMP implementation efforts in all 
three counties.  The Regional Board reviews these reports and routinely 
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adopted. No documentation on actual BMP implementation, and or 
performance criteria associated with those implemented BMPs. All 
the information associated with BMPs in this section are citations to 
studies on efficacy. There is no actual information highlighting any 
implemented BMPs, aside from diversions, in the watersheds. How 
can the public reasonable expect that the effort was made by any 
agency or municipality to control bacteria inputs from urban runoff 
without such information? 

hears related presentations at informational workshops during regularly 
scheduled public meetings.  All of these records are available for public 
review and inspection at the Regional Board's office in Riverside. 

19. See comment #5 See response #5 
20. See comment #6 See response #6 
21. See comment #7 See response #7 
22. See comment #11 See response #11 
23. See comment #12 See response #11 
24. Finally, the summary of adjacent land-uses and their potential to 

impact water quality (Mesa Verde and Costa Mesa golf courses) or the 
role they play in addressing water quality issues (Fairview Regional 
Park and Talbert Regional Par) – as the relate to the previous bullet 
point – are not sufficiently addressed. How is the public able to 
determine possible sources impact the Creek or evaluate 
opportunities for watershed-wide multiple benefit BMPs. 

See response #13 

Temescal Creek  
Reach Identification 
25. Reach Identification:  

The UAA Reach 1a should not have included: Cota St. Lincoln Ave 
(earthen bottom/rip-rap); everything else is in this reach is a box or 
trapezoidal channel.  
…This combining of different segments can promote or hide certain 
desirable features or attributes as not existing or being homogeneous 
throughout the stretch of Creek. (see also comment #1) 

Although this short segment of Reach 1a is earthen while the remainder 
Reach 1a is concrete trapezoidal, both segments have similar beneficial 
uses.  Both are fenced and posted to keep people out, there is no evidence 
of water contact recreation, and both have the same flow and no or little 
riparian vegetation. It is obviously that people walk in both of these 
sections of Reach 1a. In addition, staff didn’t want to over segment 
sections of any water. The earthen segment is very similar to the rest of 
Reach 1a and very dissimilar to the reach downstream of Lincoln Ave, 
Prado Basin Management Zone (listed as a wetlands in the Basin Plan).  
See also response #1 

26. A ‘Comprehensive Bacteria Reduction Plan’ has been developed and is 
the foundation for achieving compliance of water quality standards as 
part of the MS4 permit, and to support compliance with the Middle 
Santa Ana River TMDL.  While Bacteria treatment or structural BMPs 
are stated, and citations to Stormwater Design Handbook mentioned, 
there is no actual projects referenced or discussed. “Planning is 

The CBRP provides a detailed description of how BMP projects will be 
evaluated and selected.  However, as explained in both the CBRP and in 
the administrative record for the proposed Basin Plan amendments, the 
range of available solution strategies depends on whether the proposed 
Basin Plan amendments (particularly the channel reclassifications and high 
flow suspensions) are approved.  The Basin Plan amendments are 
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underway to develop future management controls” but this is not 
explained in detail as to what actual projects will be forthcoming, and 
whether those identified projects will actually work. 

intended to facilitate implementation of regional treatment alternatives 
that might otherwise be unavailable without the proposed revisions. 

27. In the meantime, as the UAA asserts “the ‘Comprehensive Bacteria 
Reduction Plan’ is an iterative and adaptive process” that was started 
in 2006 and nearing completion in 2010—“Final Draft CBRPs were 
submitted in late December 2010...to RWQCB staff for review.” What 
BMPs, treatment, structural or programmatic, have been 
implemented during this time-period? Has any evaluative component 
been completed on actual implemented structural BMP performance 
and design? Beyond low-flow diversions, what other actual BMPs 
were installed in this watershed? What changes or modifications to 
those implemented BMPs were completed to address short-coming to 
initial BMP construction? As for programmatic BMPs, what evaluative 
measures were used to determine behavioral changes in 
municipalities or the general population, given that urban runoff is a 
bacterial source?  

28. As noted above, successful implementation of the CBRP is contingent 
upon whether the Regional Board approves the proposed Basin Plan 
amendments.  The commenter will find detailed descriptions of 
previous and proposed BMPs in the CBRP itself, in the annual reports 
submitted by the MS4 co-permittees, in the Urban Source Evaluation 
reports prepared by the MSAR-TMDL Task Force.  All of these and 
other related documents are available for public review and 
inspection at the Regional Board's office in Riverside. 

29. In addition, the Middle Santa Ana River TMDL and MS4 are stated as 
the drivers for Bacteria compliance in Temescal Creek. Compliance is 
set for December 2015, at the latest. Why move forward with a UAA 
now instead of waiting 3 years until the TMDL has run its course? 
Also, it seems premature to proceed with a UAA for Temescal and 
Mill-Cucamonga Creek when the ‘Comprehensive Bacteria Reduction 
Plan’ was barely finalized—“Final Draft CBRPs were submitted in late 
December 2010...to RWQCB staff for review.” It seems that the plan 
hasn’t had enough time to be in effect to make a UAA determination 
for non-compliance with water quality objectives for Bacteria. 
Implementing a UAA will most certainly impact monitoring (removing 
or reducing), BMP implementation, and water quality compliance 
schedules (eliminating the use, eliminates the compliance).    

30. How can the public reasonable expect that the effort was made by 
any agency or municipality to control bacteria inputs from urban 
runoff without such information? 
 

The strategy for achieving compliance in Temescal Creek presumes that 
the stream is re-designated to reflect the actual and probable future 
beneficial uses likely to occur in the stream.  The relationship between the 
CBRP and the proposed Basin Plan amendments is described, in detail, in 
the administrative record for both actions.  It appears that the commenter 
is unfamiliar with the specifics of these documents.  The UAA 
determination is based on whether the uses are likely to occur or whether 
water quality is already meeting the proposed E. coli objective.  If the 
BMPs are successful at achieving the proposed objectives in waterbodies 
that are not designated REC1, the Regional Board will be obligated to 
reconsider whether such uses must be upgraded to reflect improved 
water quality during the regular triennial review process. 
 
We agree that the UAA results are likely to impact monitoring and BMP 
implementation, allowing and encouraging responsible parties to focus 
resources on BMPs, including regional treatment facilities, where they are 
most necessary to protect recreational uses. The result will be enhanced 
water quality and beneficial use protection. 

31. Sources are nuisance flows from urban runoff, wastewater, and Water 
District.  If the waste water plant is coming off line, does this impact 
the District’s recycled water program? What is the capacity of the 

This comment is unclear. The City of Corona and Lee Lake Water District 
operate separate wastewater treatment facilities. Both the District and 
the City may reduce or cease their  discharges to Temescal Creek, further 
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wastewater or district agencies to capture first flush or storm events? reducing the amount of water in the Creek. Information concerning the 
ability to capture first flush/storm events can be sought directly from 
these agencies. The context of such information in this matter is not clear.   

32. This comment is essentially with same as #6, with reference to Reach 
1a and 1b 

See response to #6 

33. The ‘Probable Future Uses’ section appears limited to local 
municipalities. Did RWQCB 8 check with State or other open 
space/Park groups desires regarding future uses for the area? 

The "probable future uses" section is not limited to local municipalities.  
Appropriate inquiries were also made of state and county park officials 
regarding future recreational plans for areas adjacent to the creeks. 

34. Again, the characterization of adjacent land-uses and available areas 
is limited in its scope as it relates to bacterial inputs or opportunities 
for regional or site specific BMP implementation. For example, there 
is a large sized lot at Magnolia and 6th (27 acres)—willing seller based 
on Google photos—in proximity to Temescal Creek that could be 
identified as a multiple benefit project.  

This comment has been forwarded to Riverside County Flood Control 
District, as the principal permittee for the area-wide stormwater permit, 
for further consideration as part of the CBRP implementation effort. 

35. See comment #7 See response #7 
36. This comment is essentially the same as #9, with reference to RCFCD See response #9 
37. Again, characterization of adjacent land-uses and available areas is 

limited in its scope (p.11) as it relates to bacterial inputs or 
opportunities for regional or site specific BMP implementation. For 
examples, there is a large sized lot at Magnolia and 6th (27 acres) – 
willing seller based on Google photos – in proximity to Temescal Crrek 
that could be identified as multiple benefit project. 

See response #13. Site selection is an important part of BMP 
implementation, taking into account the ability to employ regional BMPs 
vs site-specific BMPs, land availability, downstream use protection, etc.  

38. See comment #11 See response #11 
Cucamonga Creek 
 

 

39.  Water Quality; Documented sources are nuisance flows urban runoff 
(2.8mgd), agricultural (feed-lots and farming), and wastewater 
(2.8mgd). Did the San Bernardino Stormwater Program include the 
wastewater effluent as part of the nuisance flows or is this a separate 
2.8 mgd value? Is there a runoff value for Ontario Airport? 

Wastewater effluent is not considered a "nuisance flow."  The UAA report 
does not include a specific runoff value for Ontario Airport.  However, 
other studies and reports have been submitted to the Regional Board 
regarding water quality in and around the airport.  These reports are 
available for public review and inspection at the Regional Board's office in 
Riverside. 

40. Has the San Bernardino Stormwater Program, the local POTW or 
RWQCB 8 considered an Integrated Water Resources Management 
Plan in an effort to limit the amount of nuisance flows to Cucamonga 
Creek? There is no discussion of this type of planning in the UAA.  

The San Bernardino Stormwater Program, in conjunction with several 
water and wastewater agencies throughout the county, is actively 
engaged in implementing an Integrated Water Resources Management 
Plan to limit nuisance flows in Cucamonga Creek by capturing and 
infiltrating such flows.  This effort is thoroughly described in the CBRP, the 
Watershed Action Plan, and numerous other documents submitted to the 
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Regional Board.  All of these documents are available for public review and 
inspection at the Regional Board's office in Riverside. 

41. While there is a recycled water program, there is no discussion as to 
volumes being recycled or goals/capacity of future recycling efforts? 
This is critical information if flows from treated wastewater create 
conditions that exacerbated bacterial growth? Given that the POTW is 
treating its sewage water to tertiary level, is groundwater infiltration a 
possibility versus discharging it into a box channel? 

A detailed discussion of wastewater recycling efforts in the Santa Ana 
region can be found in the voluminous record associated with Resolution 
No. R8-2004-0001 wherein the Regional Board enacted a comprehensive 
salt and nitrate management plan for the entire watershed, including 
provisions pertaining to the use of recycled water.  There is no evidence in 
the record to indicate that tertiary treated effluent is exacerbating 
bacterial growth.  Nor is such effluent discharged to box channels in the 
Santa Ana Region.  Most municipal effluent is released to streams that are 
and will continue to be designated REC1.  There is no need to divert such 
discharges out of the streams because the effluent quality meets all Title-
22 requirements and is better than the proposed bacterial  
objectives. 

42. See comment # 26 
 

See response #26 

43. See comment #27 See response #27 
44. This is essentially the same as comment 29, with reference to 

Cucamonga Creek 
See response #29 

45. See comment #30 See response #30 
46. See comment #7 See response #7 
47. See comment #9 (with reference here to RCFCD and SBCFCD) See response #9 
48. See comment #33 See response #33 
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Responses to USEPA Region 9 Comments – April 25, 2012 

 

Comment Response 

1. EPA appreciates the discussion at the meeting in San 
Francisco on April 10, 2012 between EPA, Santa Ana 
Regional Water Quality Control Board, and members of 
the Storm Water Quality Task Force to clarify the 
proposed amendment and supporting documents. The 
errata document addresses many of our earlier 
concerns…We have not as yet completed reviewing the 
UAAs, but appreciate that the scope is limited to 
redesignation of REC1 to REC2 in 4 waterbodies.  

Comments noted. No further response required. 

2. We have no objection to the modifications to add “Primary 
Contact Recreation” to the REC1 name and “Secondary 
Contact Recreation” to the REC2 name. 

Comment noted. No further response required. 

3. EPA recommends that the 13 paragraphs in bold, on 
pages 3-5, be deleted in full. The language is 
unnecessary Basin Plan language. It may be more 
appropriate in a staff report.  

EPA makes reference to paragraphs proposed in the Errata 
sheet, p. 3-5, for addition to the Basin Plan.  This language is 
proposed in lieu of changes to the REC1 definition itself.  EPA 
had earlier expressed concern about the proposed changes in 
the definition, specifically, that the changes to the definition itself 
would result in statewide inconsistency.    
 
The narrative language proposed to be added to the Basin Plan 
is intended to provide the clarification initially sought in the 
proposed refinements to the REC1 definition itself. This 
clarification is necessary to assure that recreation standards are 
applied and implemented in a manner consistent with federal 
guidance and with the conditions and assumptions underlying the 
epidemiology studies that USEPA relied on the derive the 
recommended national bacteria criteria. Thus, the proposed 
language is significant and an appropriate part of the Basin Plan 
itself.  
 

4. EPA recommends that the entire paragraph in section 7 
of the errata document, on p.6, be deleted, as it is 
unnecessary to include future “intent” to consider a Basin 

EPA refers to the paragraph in the Errata sheet that is proposed 
to be included in the Basin Plan to take note of the USEPA 
promulgation of enterococci criteria for coastal recreation waters, 
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Plan amendment for enterococcus. The enterococcus 
criterion is already promulgated under the BEACH Act.  

including enclosed bays and estuaries, in 2004. The proposed 
language takes note of the facts that (1) in promulgating these 
criteria, USEPA did not specify an averaging period for the 
expression of the criteria and (2) that while USEPA identified 
single sample maximum values for enterococcus that vary based 
on the intensity of REC1 use, USEPA did not define the specific 
areas to which the varying numbers would apply. The proposed 
language simply clarifies these pertinent facts and indicates that 
a future Basin Plan amendment will be appropriate to address 
these current issues.  Once such an amendment is approved, 
then this explanatory paragraph, if approved as part of the 
proposed amendments, would be removed. 
 
We are surprised by this comment since, during our April 10, 
2012 meeting, EPA staff commented that the inclusion of most of 
this explanatory language would be useful. 

5. We appreciate that staff has changed the proposed REC2 
antidegradation standard from being based on the 95th 
percentile to the 75th percentile, which is more protective 
than the previous proposal. We believe that the 
implementation of the proposed REC2 standard depends 
on a proper monitoring program and that the adequacy of 
said monitoring programs should be reviewed by the 
State Board and EPA. 

The proposed antidegradation targets for REC2-only waters are 
intended to provide evidence concerning water quality 
degradation over time. Per the proposed Basin Plan language, 
where credible evidence indicates that there may be water quality 
degradation, then follow-up actions, including increased 
monitoring and source investigations/corrective actions (where 
shown to be necessary) would be implemented. See the 
proposed amendments to Chapter 5, Implementation, 
Antidegradation targets for REC2 only freshwaters, and 
Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters. 

 

We appreciate EPA’s acknowledgement that the number of 
waters that would be designated REC2 only (through UAAs) and 
to which the antidegradation targets only, not the recommended 
E. coli objectives, would apply, is very limited.  Even without the 
proposed re-designations, monitoring in these waters is likely to 
be very limited given what is known about the nature of their use 
for water contact recreation; in light of resource constraints, 
monitoring efforts are more properly directed to and focused on 
areas where recreational use is more likely to occur and where, 
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therefore, the threat to public health is most significant.  We 
believe that it would be an inappropriate use of both State Water 
Board and EPA staff resources to focus time and effort on the 
review of monitoring programs designed to address REC2 only 
waters. That said, Regional Board staff would consider any 
comments that either State Water Board or EPA staff choose to 
provide on such monitoring efforts.  

6. We would like to point out that though the tiering of uses 
(in Table 5) is placed in the implementation chapter of the 
Basin Plan, EPA considers such tiering as a standards 
change, and thus actionable under the Clean Water Act.  

EPA refers to Table 5-REC1-Tiers, which is proposed to be 
added to Chapter 5 Implementation, of the Basin Plan. For the 
purposes of assigning appropriate single sample maximum E. 

coli values, the table assigns each fresh surface water in the 
Region to a tier based on the known or anticipated intensity of 
REC1 use.  
 
EPA’s comment is noted; no further response is required.  

 



1 

 

Responses to Heal the Bay’s Oral Comments at 4-27-2012 Regional Board Meeting – Item 9
1
 

Comment Response 
1. We are concerned that there has been an inadequate effort 

put forth towards effectively trying to meet the actual water 
quality standards prior to implementing a UAA. Specifically, 
documentation on actual BMP implementation and 
subsequent performance criteria is lacking.  

Considerable effort has been and continues to be made to 
achieve recreation water quality standards. These efforts are 
documented in reports submitted by responsible parties in the 
watershed. See responses to comments # 3, 18, 26 and 27 in the 
“Responses to Heal the Bay’s Supplemental Comments (4-20-
12) Concerning the Use Attainability Analyses”. 

2. Dry weather diversions are stated as 100 percent effective. 
Yet, as quoted in the UAA, that treatment agencies do not 
like them. Simply not liking a BMP is an unacceptable reason 
not to meet bacteria objectives. 

None of the UAA reports states that treatment agencies “do not 
like” dry weather diversions. Rather, the UAA reports identify 
constraints on the use of dry weather diversions; these 
constraints are noted in the response to comment #4 in the 
“Responses to Heal the Bay’s Supplemental Comments (4-20-
12) Concerning the Use Attainability Analyses”. It is recognized 
nevertheless that dry weather diversions are likely to be a key 
component of achieving recreation standards. 

3. An additional factor that should have been considered is how 
will receiving water bodies downstream from the UAAs 
achieve recreational water quality standards. 

Board staff responded to this comment orally at the April 27, 
2012 meeting (see transcript, p. 58-59). It is well recognized that 
downstream recreational water quality standards must be 
achieved and protected.  See also response to comment #6 in 
the “Responses to Heal the Bay’s Supplemental Comments (4-
20-12) Concerning the Use Attainability Analyses”. 

4. Why not wait to explore de-designation until December 2015, 
the compliance deadline for the middle Santa Ana River 
bacteria TMDL, to see if bacteria standards could actually be 
met by that deadline? 

 
 
 
 

It is important to consider whether revisions to recreation water 
quality standards (including beneficial use designations) are 
appropriate and justified so that control measure expenditures 
and efforts are likewise appropriate and justified. Waters for 
which the REC1 use is de-designated, through a Use Attainability 
Analysis, must be reviewed at least once every three years to 
determine whether conditions (including water quality conditions) 
 

                                                           
1
 A verbatim transcript of the April 27, 2012 proceedings was prepared and includes Heal the Bay’s oral comments, which are summarized in this 

response document. The oral comments focused on Use Attainability Analyses (UAAs). Heal the Bay had earlier expressed concerns regarding 
the Use Attainability Analyses in supplemental written comments dated April 20, 2012.  Board staff prepared written responses to these 
supplemental comments; these responses were part of the documentation prepared, posted and distributed for the April 27, 2012 Regional Board 
meeting on the recreation standards amendments.   
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have changed such that the REC1 designation has become 
appropriate. If so, the Basin Plan would need to be modified 
accordingly.  

5. According to Clean Water Act Section 131.10(g), the State 
must be able to demonstrate that attaining the water body’s 
beneficial use is not feasible due to one of six factors before 
implementing a UAA. However, all efforts to uphold a water 
body’s highest beneficial use must be exhausted. This 
includes the implementation and performance analysis of 
actual BMPs, explored integrated water management 
opportunities, and low impact development.   
 

Some clarification of terminology may be appropriate here. A Use 
Attainability Analysis is conducted to determine whether a 
designated beneficial use (e.g., REC1) is not attainable due to 
one or more of the six factors identified in the federal water 
quality standards regulations at 40 CFR 131.10(g). The 
legal/regulatory basis for UAAs is described in detail in the 
January 12, 2012 staff report for the proposed recreation 
standards amendments (see Sec. 5.6.2.1).  
 
It is not clear whence the concept of “highest” beneficial use 
derives, nor is it clear whether Heal the Bay believes that 
recreational use constitutes the “highest” beneficial use. Federal 
regulations (40 CFR 131.11(a)) make clear that the most 
sensitive beneficial use must be protected when establishing and 
implementing water quality criteria. There is nothing in the UAAs 
or proposed amendments implementing them that violates this 
requirement. 
 
It may be noted that there is no explicit statement in the UAA 
regulations of the specific controls or actions that must be taken 
to achieve standards. As stated above (see response to 
comment #1), substantial efforts have been and are being made 
to achieve water quality standards.  
 
 

6. Moreover, it is critical to seriously consider section 101(a) 
and (b) of the Clean Water Act, which states that the 
objective of this act is to restore and maintain the chemical, 
physical, and biological integrity of the nation’s waters, as 
well as it is the primary responsibility and rights of states to 
prevent, reduce and eliminate pollution before removing a 
water’s beneficial use. 

These provisions of the Clean Water Act, including the 
“fishable/swimmable” goal expressed in 101(a)(2), are well 
understood.  It is in the context of these (and other) provisions of 
the Clean Water Act that the federal water quality standards 
regulations were written, including regulations pertaining to Use 
Attainability Analyses. These regulations essentially create the 
rebuttable presumption that “fishable/swimmable” uses, including 
REC1, should be designated for surface waters. The UAA 
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regulations were established to provide the framework whereby 
that rebuttable presumption may be reviewed and reversed. The 
UAAs conducted and reported as part of the development of the 
proposed recreation standards amendments conform to the 
applicable regulations. As the administrative record for this 
matter makes clear, very serious consideration has been given to 
the goals and requirements of the Clean Water Act and 
implementing regulations. 

 



EPA REGION 9 COMMENTS TO THE SANTA ANA REGIONAL WATER QUALITY 
CONTROL BOARD REGARDING THE ERRATA TO THE PROPOSED AMENDMENT TO 

THE WATER QUALITY CONTROL PLAN FOR RECREATIONAL USES 

April 25, 2012 

Members of the Board:  We have reviewed the errata document provided by the Regional Board 
on April 24, 2012 and would like to make a few comments.  EPA appreciates the discussion at 
the meeting in San Francisco on April 10, 2012 between EPA, Santa Ana Regional Water 
Quality Control Board, and members of the Storm Water Quality Task Force to clarify the 
proposed amendment and supporting documents.  The errata document addresses many of our 
earlier concerns, and we appreciate the effort that staff has made to accommodate changes to the 
proposed amendment.  We have not as yet completed reviewing the UAAs, but appreciate that 
the scope is limited to redesignation of REC1 to REC2 in 4 waterbodies.    

We agree with the Regional Board’s decision to retain the current state-wide name and definition 
of the core Beneficial Use of Water Contact Recreation (REC1).  As we commented previously, 
it is important for California to have consistent definitions in their regulations.  We have no 
objection to the modification “Water Contact Recreation (REC1*: Primary Contact Recreation)”, 
nor with the modification “Non-contact Recreation (REC2*: Secondary Contact Recreation”. 

EPA recommends that the 13 paragraphs in bold, on Pages 3-5, be deleted in full.  We find the 
language to be unnecessary Basin Plan language.  It may be more appropriate in a staff report.  If 
the added language is deleted, so should the references to the added language. 

EPA recommends that the entire paragraph in section 7 of the errata document, on page 6, be 
deleted, as it is unnecessary to include future “intent” to consider a Basin Plan Amendment for 
enterococcus.  Furthermore, the enterococcus criterion is already promulgated under the BEACH 
Act.   

EPA generally prefers numeric water quality objectives over narrative objectives.  However, we 
appreciate that staff has changed the proposed REC2 antidegradation standard from being based 
on the 95th percentile to the 75th percentile, which is more protective than the previous proposal.  
We also appreciate the added clarification that the data from these distributions will be based on 
dry-weather data only.  We believe that the implementation of the proposed REC2 standard 
depends on a proper monitoring program and that the adequacy of said monitoring programs 
should be reviewed by the State Board and EPA.   

We would like to point out that though the tiering of uses (in Table 5) is placed in the 
implementation chapter of the Basin Plan, EPA considers such tiering as a standards change, and 
thus actionable under the Clean Water Act.    



Finally, EPA would like to make it clear that de-designation of Clean Water Act Section 
101(A)(2) uses must be on a case-by-case and site-specific basis.  We are particularly 
apprehensive with de-designations that render standards less stringent, as this is counter to the 
goal of the Clean Water Act.  This proposed amendment should in no way be considered 
precedential.  Each UAA will be considered separately.   
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Responses to USEPA Region 9 Comments – April 25, 2012 

 

Comment Response 

1. EPA appreciates the discussion at the meeting in San 
Francisco on April 10, 2012 between EPA, Santa Ana 
Regional Water Quality Control Board, and members of 
the Storm Water Quality Task Force to clarify the 
proposed amendment and supporting documents. The 
errata document addresses many of our earlier 
concerns…We have not as yet completed reviewing the 
UAAs, but appreciate that the scope is limited to 
redesignation of REC1 to REC2 in 4 waterbodies.  

Comments noted. No further response required. 

2. We have no objection to the modifications to add “Primary 
Contact Recreation” to the REC1 name and “Secondary 
Contact Recreation” to the REC2 name. 

Comment noted. No further response required. 

3. EPA recommends that the 13 paragraphs in bold, on 
pages 3-5, be deleted in full. The language is 
unnecessary Basin Plan language. It may be more 
appropriate in a staff report.  

EPA makes reference to paragraphs proposed in the Errata 
sheet, p. 3-5, for addition to the Basin Plan.  This language is 
proposed in lieu of changes to the REC1 definition itself.  EPA 
had earlier expressed concern about the proposed changes in 
the definition, specifically, that the changes to the definition itself 
would result in statewide inconsistency.    
 
The narrative language proposed to be added to the Basin Plan 
is intended to provide the clarification initially sought in the 
proposed refinements to the REC1 definition itself. This 
clarification is necessary to assure that recreation standards are 
applied and implemented in a manner consistent with federal 
guidance and with the conditions and assumptions underlying the 
epidemiology studies that USEPA relied on the derive the 
recommended national bacteria criteria. Thus, the proposed 
language is significant and an appropriate part of the Basin Plan 
itself.  
 

4. EPA recommends that the entire paragraph in section 7 
of the errata document, on p.6, be deleted, as it is 
unnecessary to include future “intent” to consider a Basin 

EPA refers to the paragraph in the Errata sheet that is proposed 
to be included in the Basin Plan to take note of the USEPA 
promulgation of enterococci criteria for coastal recreation waters, 
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Plan amendment for enterococcus. The enterococcus 
criterion is already promulgated under the BEACH Act.  

including enclosed bays and estuaries, in 2004. The proposed 
language takes note of the facts that (1) in promulgating these 
criteria, USEPA did not specify an averaging period for the 
expression of the criteria and (2) that while USEPA identified 
single sample maximum values for enterococcus that vary based 
on the intensity of REC1 use, USEPA did not define the specific 
areas to which the varying numbers would apply. The proposed 
language simply clarifies these pertinent facts and indicates that 
a future Basin Plan amendment will be appropriate to address 
these current issues.  Once such an amendment is approved, 
then this explanatory paragraph, if approved as part of the 
proposed amendments, would be removed. 
 
We are surprised by this comment since, during our April 10, 
2012 meeting, EPA staff commented that the inclusion of most of 
this explanatory language would be useful. 

5. We appreciate that staff has changed the proposed REC2 
antidegradation standard from being based on the 95th 
percentile to the 75th percentile, which is more protective 
than the previous proposal. We believe that the 
implementation of the proposed REC2 standard depends 
on a proper monitoring program and that the adequacy of 
said monitoring programs should be reviewed by the 
State Board and EPA. 

The proposed antidegradation targets for REC2-only waters are 
intended to provide evidence concerning water quality 
degradation over time. Per the proposed Basin Plan language, 
where credible evidence indicates that there may be water quality 
degradation, then follow-up actions, including increased 
monitoring and source investigations/corrective actions (where 
shown to be necessary) would be implemented. See the 
proposed amendments to Chapter 5, Implementation, 
Antidegradation targets for REC2 only freshwaters, and 
Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters. 

 

We appreciate EPA’s acknowledgement that the number of 
waters that would be designated REC2 only (through UAAs) and 
to which the antidegradation targets only, not the recommended 
E. coli objectives, would apply, is very limited.  Even without the 
proposed re-designations, monitoring in these waters is likely to 
be very limited given what is known about the nature of their use 
for water contact recreation; in light of resource constraints, 
monitoring efforts are more properly directed to and focused on 
areas where recreational use is more likely to occur and where, 
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therefore, the threat to public health is most significant.  We 
believe that it would be an inappropriate use of both State Water 
Board and EPA staff resources to focus time and effort on the 
review of monitoring programs designed to address REC2 only 
waters. That said, Regional Board staff would consider any 
comments that either State Water Board or EPA staff choose to 
provide on such monitoring efforts.  

6. We would like to point out that though the tiering of uses 
(in Table 5) is placed in the implementation chapter of the 
Basin Plan, EPA considers such tiering as a standards 
change, and thus actionable under the Clean Water Act.  

EPA refers to Table 5-REC1-Tiers, which is proposed to be 
added to Chapter 5 Implementation, of the Basin Plan. For the 
purposes of assigning appropriate single sample maximum E. 

coli values, the table assigns each fresh surface water in the 
Region to a tier based on the known or anticipated intensity of 
REC1 use.  
 
EPA’s comment is noted; no further response is required.  
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Responses to Heal the Bay’s Oral Comments at 4-27-2012 Regional Board Meeting – Item 91 

Comment Response 
1. We are concerned that there has been an inadequate effort 

put forth towards effectively trying to meet the actual water 
quality standards prior to implementing a UAA. Specifically, 
documentation on actual BMP implementation and 
subsequent performance criteria is lacking.  

Considerable effort has been and continues to be made to 
achieve recreation water quality standards. These efforts are 
documented in reports submitted by responsible parties in the 
watershed. See responses to comments # 3, 18, 26 and 27 in the 
“Responses to Heal the Bay’s Supplemental Comments (4-20-
12) Concerning the Use Attainability Analyses”. 

2. Dry weather diversions are stated as 100 percent effective. 
Yet, as quoted in the UAA, that treatment agencies do not 
like them. Simply not liking a BMP is an unacceptable reason 
not to meet bacteria objectives. 

None of the UAA reports states that treatment agencies “do not 
like” dry weather diversions. Rather, the UAA reports identify 
constraints on the use of dry weather diversions; these 
constraints are noted in the response to comment #4 in the 
“Responses to Heal the Bay’s Supplemental Comments (4-20-
12) Concerning the Use Attainability Analyses”. It is recognized 
nevertheless that dry weather diversions are likely to be a key 
component of achieving recreation standards. 

3. An additional factor that should have been considered is how 
will receiving water bodies downstream from the UAAs 
achieve recreational water quality standards. 

Board staff responded to this comment orally at the April 27, 
2012 meeting (see transcript, p. 58-59). It is well recognized that 
downstream recreational water quality standards must be 
achieved and protected.  See also response to comment #6 in 
the “Responses to Heal the Bay’s Supplemental Comments (4-
20-12) Concerning the Use Attainability Analyses”. 

4. Why not wait to explore de-designation until December 2015, 
the compliance deadline for the middle Santa Ana River 
bacteria TMDL, to see if bacteria standards could actually be 
met by that deadline? 

 
 
 
 

It is important to consider whether revisions to recreation water 
quality standards (including beneficial use designations) are 
appropriate and justified so that control measure expenditures 
and efforts are likewise appropriate and justified. Waters for 
which the REC1 use is de-designated, through a Use Attainability 
Analysis, must be reviewed at least once every three years to 
determine whether conditions (including water quality conditions) 
 

                                                           
1 A verbatim transcript of the April 27, 2012 proceedings was prepared and includes Heal the Bay’s oral comments, which are summarized in this 
response document. The oral comments focused on Use Attainability Analyses (UAAs). Heal the Bay had earlier expressed concerns regarding 
the Use Attainability Analyses in supplemental written comments dated April 20, 2012.  Board staff prepared written responses to these 
supplemental comments; these responses were part of the documentation prepared, posted and distributed for the April 27, 2012 Regional Board 
meeting on the recreation standards amendments.   
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have changed such that the REC1 designation has become 
appropriate. If so, the Basin Plan would need to be modified 
accordingly.  

5. According to Clean Water Act Section 131.10(g), the State 
must be able to demonstrate that attaining the water body’s 
beneficial use is not feasible due to one of six factors before 
implementing a UAA. However, all efforts to uphold a water 
body’s highest beneficial use must be exhausted. This 
includes the implementation and performance analysis of 
actual BMPs, explored integrated water management 
opportunities, and low impact development.   
 

Some clarification of terminology may be appropriate here. A Use 
Attainability Analysis is conducted to determine whether a 
designated beneficial use (e.g., REC1) is not attainable due to 
one or more of the six factors identified in the federal water 
quality standards regulations at 40 CFR 131.10(g). The 
legal/regulatory basis for UAAs is described in detail in the 
January 12, 2012 staff report for the proposed recreation 
standards amendments (see Sec. 5.6.2.1).  
 
It is not clear whence the concept of “highest” beneficial use 
derives, nor is it clear whether Heal the Bay believes that 
recreational use constitutes the “highest” beneficial use. Federal 
regulations (40 CFR 131.11(a)) make clear that the most 
sensitive beneficial use must be protected when establishing and 
implementing water quality criteria. There is nothing in the UAAs 
or proposed amendments implementing them that violates this 
requirement. 
 
It may be noted that there is no explicit statement in the UAA 
regulations of the specific controls or actions that must be taken 
to achieve standards. As stated above (see response to 
comment #1), substantial efforts have been and are being made 
to achieve water quality standards.  
 
 

6. Moreover, it is critical to seriously consider section 101(a) 
and (b) of the Clean Water Act, which states that the 
objective of this act is to restore and maintain the chemical, 
physical, and biological integrity of the nation’s waters, as 
well as it is the primary responsibility and rights of states to 
prevent, reduce and eliminate pollution before removing a 
water’s beneficial use. 

These provisions of the Clean Water Act, including the 
“fishable/swimmable” goal expressed in 101(a)(2), are well 
understood.  It is in the context of these (and other) provisions of 
the Clean Water Act that the federal water quality standards 
regulations were written, including regulations pertaining to Use 
Attainability Analyses. These regulations essentially create the 
rebuttable presumption that “fishable/swimmable” uses, including 
REC1, should be designated for surface waters. The UAA 
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regulations were established to provide the framework whereby 
that rebuttable presumption may be reviewed and reversed. The 
UAAs conducted and reported as part of the development of the 
proposed recreation standards amendments conform to the 
applicable regulations. As the administrative record for this 
matter makes clear, very serious consideration has been given to 
the goals and requirements of the Clean Water Act and 
implementing regulations. 

 



Response to Comments:  Heal the Bay, Attachment One (04/20/2012) 
UAA Comments 
 
Comments: 
Santa Ana-Delhi Channel 
Reach Identification 
The reaches should have 
been: 

• Tidal Prism: Bike 
path to Mesa Dr. (earthen 
bottom/one side rip rap) 

• Mesa Dr to Alton 
Ave. (box channel) 

• Alton Ave. to Warner 
Ave. (earthen bottom/rip 
rap) 
By segmenting these 
reaches according to similar 
characteristics, such as 
earthen bottoms, rip-rap 
walls, and more natural 
landforms, the public has a 
better sense of the 
possibilities for each reach, 
in terms of water quality, 
habitat, and recreational 
uses. The UAA’s 
segmentation of the Creek 
combines reaches with 
different characteristic 
which promotes certain 
features or attributes as 
being homogeneous 
throughout the stretch of 
Creek, when they are not.  
 
 
 
 
 

Regional Board Staff Response: 
The tidal prism reach was identified in the UAA as the section in 
which the beneficial uses of MAR and REC2 are existing (Bike 
Bridge upstream 1038 ft. (bend of channel).  This section is in 
view of the public from the bridge and dominated by marine 
waters. From the bend in the channel up to Mesa Dr. (and further 
upstream) the channel is generally out of public view with no 
evidence of REC activities.  As result, this section, although an 
earthen channel, is proposed to be designated as part of Reach 
1.  Reach 1 is designated as from the Tidal prism up to the 
intersection of Sunflower Ave and Flower St in Santa Ana.  
Except for the short section of earthen channel above the Tidal 
prism to Mesa Dr. the channel is a concrete open box except for 
where the channel is placed underground from the 405 Freeway 
to Sunflower Ave.  The Heal the Bay comments have miss-   
identified the proposed SAD Reach 1 and Reach 2.  The Santa 
Ana Gardens channel, a tributary of the SAD channel and not 
part of the UAA, flows past Alton Ave. The proposed SAD Reach 
2 starts at the intersection of Sunflower Ave and Flower St and 
ends at Warner Ave.  Reach 2 is mostly an earthen bottom 
channel with rip rap sides.  
Staff believe that the SAD reach characteristics are 
homogeneous.   

Water Quality/ 
As stated in UAA;  dry 
weather low flows and 
implementation of BMPs 
as not sufficient; perhaps 
the BMPs implemented 
should not treatment 
types, but capture  and 
reuse or infiltration given 

The OC Stormwater NPDES permit requires the use of 
BMPs that are effective to the MEP which would include the 
use of BMPs that capture and allow reuse or infiltration. The 
permittees are continuing to consider effective BMPs to 
improve water quality. However, since the watershed is 
completely build out there is little space for capture/reuse or 
infiltration BMPs. Regional Board staff would encourage the 
use of these types of BMPs if found to be practical.  



the low flow volumes 
 
There is no 
documentation on 
whether a source 
control/source id 
program, abatement 
program, watershed 
approach, or what BMPs 
have been implemented. 
How can the public 
reasonable expect that 
the effort was made to 
control Bacteria inputs by 
any agency or 
municipality to control 
urban runoff or nuisance 
flows without such 
information.? 
 

As stated in the UAA, “currently, UAAs are being employed 
to reduce fecal indicator bacteria including fecal coliform in 
the Delhi Channel and other tributaries to Newport Bay in 
response to the approved fecal coliform TMDL for the Bay 
and pertinent requirements in the Orange County Areawide 
Urban Stormwater Runoff Management Program NPDES 
Permit.”  The TDML has been in operation since 1999 and 
different Stormwater permits since 1990 resulting in efforts 
for many years to improve the water quality of the SAD 
Channel.   

Dry weather diversions 
are stated as 100% 
effective.  The rationale 
cited on the phone-per 
conversation 4/19 was a 
concern for habitat. Yet, 
the UAA states that 
“treatment agencies do 
not like them” and view 
them as temporary 
practice.  Which response 
is it? In addition, the UAA 
argues that full capture is 
economically infeasible.  
Dry-weather, and even 
some wet-weather, low-
flow diversions are an 
integral part in RWQCB 4 
BACT TMDL. However, 
this should not be the 
case for dry weather 
time-periods and low flow 
events.   

Full diversion of urban runoff under all weather conditions 
would be economically and technically infeasible for several 
reasons.  First, freshwater habitat located particularly just 
above the tidal prism and in Reach 2 would be impacted.  
Second, the diversion of flows would be difficult considering 
the need to modify the local sewer system. Third, the FCC 
TMDL has focused efforts on more key impacts to the bay 
then the inflow from the SAD.  

 
 
 



 
Why did the RWQCB 8 use a calendar 
time-period to conduct its geometric mean 
analysis for bacteria for this UAA, when 
the Basin plan use a 30-day rolling 
average.  

The Basin Plan currently does not specify 
a 30-day rolling average (i.e., log mean 
less than 200 organism/100mL based on 
five or more samples/30 day period, and 
not more than 10% of samples exceed 400 
organisms/100 mL for any 30-day period).  
The analysis of samples collected showed 
that fecal coliform and e. coli levels 
significantly exceeded current basin plan 
objectives.  

The UAA fails to demonstrate how efforts 
to attain recreational water quality 
standards in the downstream receiving 
water body, currently REC1, will not be 
negatively impacted by the request to 
remove the upstream recreational use 
designations-an action that will allow 
higher levels of indicator bacteria in the 
upstream tidal prism, Reach 1 and 2. If 
bacteria standards during dry weather in 
this section of the receiving water-body 
can’t be met, then how does it figure this 
runoff or flow will not have a negative 
impact on the downstream receiving 
water-body.  

The UAA states that all downstream 
waters must meet objectives.  If 
necessary, regional treatment will takes 
place to treat SAD flows before they enter 
the downstream REC 1 designation Upper 
Newport Bay.  

USES 
Did RWQCB 8 solicit information from 
historic societies, local historians, or 
personal interviews to complete if 
determination of historic use? Personal 
interviews should have been a component 
of this process. 

Staff interviewed flood control officials, 
Park Rangers, and local city officials who 
all said that they had no knowledge of 
anyone recreating in water in the channel. 
Where REC photo surveys showed people 
in the channel in Reach 2 those areas 
were designated as REC2.  The images of 
people in Reach 1 were of employees 
working in the channel. Staff didn’t believe 
it was necessary to contact the local 
historic groups or long- time residents 
because the other interviewees (and staff) 
had sufficient knowledge of the possible 
use of the channel for REC activities.  

Photos showed tagging or graffiti adjacent 
Creek, suggesting use.  

See “Summary of Camera Survey 
Locations Report on the Delhi” by CDM.  
This report shows all pictures of individuals 
in the channel including all pictures shown 
in the UAA. The sections of the channel 
showing graffiti are in Reach 2 and will be 



assigned the REC2 use. Individuals are 
noted in the channel but no one was 
shown Recreating in the water. All Camera 
Survey reports used in the UAAs are found 
on at SAWPA.org/stormwater quality 
standards taskforce.  

The OCFCD denies access due to safety 
concerns.  There is little justification as to why 
the public should not be able to use or have 
access to the creek during the time when high-
flow conditions do not exist.  

Regional Board Staff agree with the OCFCD 
that the SAD channel is an unsafe place for 
the public to be in. The tidal prism has steep 
slopes with no beach area to walk on in the 
channel and water overhead (in sections) with 
a muddy bottom and slopes. Reach 1 is mostly 
a narrow vertical walled concrete channel 
mostly out of view. Reach 2 has steep rip rap 
sides with no beach area and a muddy rocky 
shallow water channel bottom. Staff can attest 
to the fact that walking down a rip rap slope is 
hazardous. The upper section of the channel 
is a vertical concrete box. This channel is 
different from the LA River Channel which has 
a wide channel bottom that is dry and 
accessible to walk in.    

The UAA appears to argue that hydro-
modifications impacts are indefinite. There is 
no discussion of partial enhancement of the 
creek.   

OCFCD reported that there are no plans for 
enhancement of the SAD Channel.  During the 
Triennial Reviews the UAA will be accessed to 
determine if there is the existence or potential 
for REC enhancement of the Channel. 

The summary of adjacent land-uses and their 
potential to impact water quality or the role 
they could play in addressing water quality 
issues are not sufficiently addressed.  

The UAA points out that the Channel is very 
much isolated from the public.  Much of the 
channel has few areas that the public are able 
to view the channel. The two golf courses and 
school that are adjacent the channel are 
isolated from it by fencing and vegetation. 
Most of the land use adjacent the channel is 
commercial or industrial.  Finally a section is 
completely placed underneath a shopping and 
the OC Performing Arts Center.    

Greenville-Banning Channel  
Water Quality 

 

Perhaps the BMPs implemented should not be 
treatment types, but capture and reuse or 
infiltration given low flow volumes. 

Currently the low flows are impounded and 
diverted to the sewer. The Stormwater Permit 
encourages the use of all types of BMPs 
including reuse or infiltration types.  It is 
apparent that those types of BMPs are not 
practical for this Channel.  

Dry weather diversions; why not used? Dry weather diversions are used.  The rubber 
inflatable dam impounds dry weather flows to 
be pumped to the sewage treatment plant.  In 
the tidal prism section, water quality is 
impacted by flows coming down the Santa Ana 



River into the River Tidal Prism. At this time it 
would be too difficult to divert flows from the 
River.  

An Orange County Areawide Urban 
Stormwater Runoff Management Plan is 
mentioned, and a suggestion that the drainage 
area limits the effectiveness of many BMPs. 
What documents or data support this 
assertion?   
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FOR:    Administrative Record for REC Standards Amendment / Deletion of 
 the MUN Beneficial Use BACT Objective  
 
FROM: Dave Woelfel 
 SANTA ANA REGIONAL WATER QUALITY CONTROL BOARD 
 
DATE: November 29, 2011 
 
SUBJECT: Drinking Water Disinfection Regulation of Water Systems  
 
Regional Board staff has determined that as a result of California and federal law 
requiring total disinfection of drinking water that the current Basin Plan MUN bacteria 
objective of 100 / 100 mL mpn of total coliform is obsolete. There was some question as 
to the regulations for small drinking water systems and individuals as to the disinfection 
of surface water and the use of untreated surface water for domestic use. To verify the 
state drinking water regulations Regional Board staff contacted County Environmental 
Health and State Public Health officials as well as to review State regulations.  
 
Some background information on State regulations pertaining to drinking water 
systems.  

• The total coliform rule is mandated for all drinking water systems from state small 
water systems (5-14 service connections) on up to the largest systems.  The rule 
requires monitoring and reporting actions for the water systems. The larger the 
system the more frequent monitoring that is required.  

• The state MCL for total coliform is presence/absence, with percentage of positive 
samples and number of samples collected dependent on size of system. For 
example, a public water system that is required to collect at least 40 samples per 
month is in violation of the MCL if more than 5 % of the samples collected during 
any month are total coliform-positive. A public water system with 11,801 to 
14,600 connections has to sample for total coliform at least 10 times per week.  

• Individuals and drinking water systems with less than 5 service connections are 
not subject to the California State Safe Drinking Water Act.  

• A state small water system is defined as serving from 5 to 14 service connections 
and 25 or less individuals. The local Health officer regulates these systems.  

• In Orange County the Environmental Health Department regulates state small 
water systems, the State Department of Health regulates all systems larger. In 
Riverside County the Environmental Health Department regulates state small 
water systems as well as all systems with less than 200 service connections. The 
San Bernardino County Environmental Health Department regulates state small 
water systems. 
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• Non-transient and transient waters systems provide water for over 25 individuals 
in camps and RV parks. The water produced must be monitored and disinfected .  

• Per Oliver Pacifico of the State Department of Public Health, the California 
regulations allow water treatment facilities to use less intensive treatment for 
disinfection if their raw water source is found to have concentrations of total 
coliform less than1000 MPN.  The Department is switching to a threshold value 
of 100 e. coli MPN and to delete the 1000 MPN threshold. Examples of surface 
drinking water sources water for Orange County are Lake Mathews and the 
Metropolitan Water District Dimer Plant.  

• Any state small water system using surface water as a source of supply shall 
provide continuous disinfection treatment of the water prior to entry to the 
distribution system per Title 17 CCR section 64217.  

• A possible source of the current Region 8 MUN objective of 100 / 100mL total 
coliform may be related to regulations from Title 17 Code of Regulations Section 
64652.5.  As a criteria for public water treatment facilities avoiding filtration, raw 
source waters (surface water upstream of the first or only point of disinfectant 
application) if found to have total coliform concentration equal to or less than 100 
/ 100 mL  and if certain other requirements are meet than filtration is not required. 
 

Use of surface water for domestic supply for individuals or state small water systems by 
county: 
 
Orange County  Larry Honeybourne of the County Environmental Health Division 
(OCEHD), stated that OCEHD regulates several state small water systems. However, 
all of these systems use well water as their source. Mr. Honeybourne knows of no 
systems using surface water for domestic supply.  Furthermore he doubts that any 
individuals would be using surface waters for domestic supply considering the lack of 
perennial waters in the rural areas of the county. He speculated that the US Forest 
Service might allow the use of untreated water for non-potable uses in remote areas of 
Cleveland National Forest.   
 
San Bernardino County.  Joy Chakma of the Environment Health Division stated that 
there are three state small water systems in the Santa Ana River Watershed region of 
the county that use surface water for domestic supply without treatment.  These 
systems provide water to recreational cabins in the San Bernardino Mountains.  The 
systems have from 5 to 14 connections and in most cases in California would be 
required to monitor and disinfect surface water before use. Mr. Chakma stated that 
these three water systems are not monitoring and treating the water received from the 
surface water sources because the service connections are used for only a short period 
of each year and for a variety of other reasons such as the US Forest Service does not 
want any treated water to be returned to streams, there is no room for a treatment 
system, or costs are prohibitive. The systems are located along Minnelusa Creek, 
Stetson Creek and another area in the San Bernardino Mountains. 
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Mr. Chakma stated that there are several other state small water systems and transient, 
and non-transient systems in the county that are regulated by the County Environmental 
Health Division and that monitoring and disinfection requirements are met.   
 
Riverside County. Matt Abbott of Riverside County Environmental Health Department 
provided the following information. There are no drinking water systems in the Santa 
Ana Region of Riverside County in which surface water is used and not treated. State 
and local regulations don’t allow the use of surface water without treatment. For 
example, Title 22 Section 64217 of the California Code of Regulations requires that all 
state small water systems that use surface water must provide continuous treatment.  In 
addition,  plumbing codes require all homes to use approved water sources for domestic 
water supply.  
 
The county does regulate three state small water systems that use surface flows in the 
Colorado Desert Region of the county.  These systems are required to treat and monitor 
the water provided.  
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Memorandum 
 
To: Santa Ana Stormwater Quality Standards Task Force 
 
From: Risk Sciences and CDM, Inc. 
 
Date: January 10, 2012 
 

Subject: Application of the Temporary High Flow Suspension of Recreational 
Standards in the Santa Ana River, Reach 3    

Although much of Reach 3 of the Santa Ana River may appear relatively natural to the casual 
observer, it has been heavily modified and re-engineered to provide enhanced flood protection.  
The largest of these modifications is Prado Dam which separates Reach 2 (below) and Reach 3 
(above).  The dam was constructed in 1941 after severe wet weather caused the Santa Ana 
River to overflow and flood much of Orange County three years earlier. Figure 1 illustrates 
examples of modified areas of Reach 3 of the Santa Ana River. 
 
The Army Corps of Engineers recently raised the dam by an additional 28 feet, to an elevation 
of 594 feet (msl), to accommodate the increased stormwater runoff from the surrounding 
urban area.  The reservoir is now capable of impounding 362,000 acre-feet (118 billion gallons) 
of water.  When full, the flood plain behind Prado Dam encompasses an area of more than 
10,000 acres including nearly all of the most natural areas of Reach 3 below Hamner Ave.1

Although the upper half of Reach 3 is not under the direct influence of Prado Dam, much of the 
channel has been modified by local flood control authorities.  Levees have been constructed 
and reinforced with rip-rap to contain stream flows and prevent erosion during wet weather 
conditions (see Figure 2).  Maintenance personnel routinely straighten the channel and remove 
nuisance vegetation in the channel to facilitate evacuation of urban runoff and prevent flooding 
in the developed areas adjacent to Reach 3.

 
 

                                                      
1  Orange Co. Public Works.  Santa Ana River Project:  Prado Dam.  http://www.ocflood.com/SARP_pradoDam.aspx 



   

 January 10, 2012  2 

Figure 1.  Modified Areas of the Santa Ana River  
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Figure 2.  Rip-Rap along Levees of Santa Ana River Reach 3 in Riverside, CA 
 

 
 
Several large storm drains have been constructed in the streams tributary to Reach 3, including:  
Day Creek, San Sevaine Channel, Anza Channel, Sunnyslope Channel, Magnolia Center Drain 
and Tequesquite Channel.  Together, these flood control facilities have modified the natural 
stream hydrology of Reach 3 by re-directing and accelerating stormwater flows to the Santa 
Ana mainstem.  Calibrated hydrographs based on USGS data at the MWD Crossing show that 
Reach 3 is less than 2 feet deep 90% of the time.  However, when it rains, the river can rapidly 
rise to a depth of more than 10 feet as urban runoff swells the streamflow by a factor of 40 (see 
Figure 3) 
 
The USGS does not publish water depth for the Santa Ana River at MWD Crossing flow gauge 
because scour and deposition of channel bottom sediment is substantial during storm events. 
For this analysis the most recent rating curve (October 2004 to present) was used to 
approximate the depth of water that would occur given a range of historical runoff (1988 to 
present), as shown in the estimated cumulative frequency curves (Figure 4). Since the USGS 
does not identify the elevation of the channel bottom, an assumption was necessary to convert 
water surface elevation measured in the field to water depth. The lowest water surface 
elevation recorded in the period used to develop each rating curve was assumed to represent a 
depth of water of 1.5 feet, which is typical of low flow conditions at the deepest point along the 
Reach 3 at MWD Crossing.  
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Comparison of daily rainfall over the watershed (measured at NCDC station Riverside Fire 
Station No. 3) to mean daily flow at MWD Crossing allowed for the approximation of flow 
depths for varying rainfall amounts using the most recent rating curve (Figure 5). For example, a 
½ inch rainfall event over the watershed above the Santa Ana River at MWD Crossing flow 
gauge could result in water depths ranging from 2 to 6 feet.  

Flow depth-velocity product (ft2/s) was estimated from the data for varying rainfall amounts 
(Figure 6). For example, a ½ inch rainfall event over the watershed above the Santa Ana River at 
MWD Crossing flow gauge could generate a depth velocity product in excess of 10 ft/sec, 
resulting in unsafe conditions. 
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Figure 3.  Hydrographs of Santa Ana River Reach 3 at MWD Crossing  (1988-2004)2

 
 

 
 

 
 
 

                                                      
2 CDM, Inc.  Phase 1 Study Report for the Storm Water Quality Standards Task Force.  Technical Memorandum 3.  

Flow and Water Quality Data Inventory and Characterization. January 2005; pg. 93,94. 
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Figure 4. Estimated Cumulative Frequency Curves for Reach 3 at MWD Crossing 

 

Figure 5. Estimated Flow Depths for Reach 3 at MWD Crossing 
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Figure 6. Estimated Flow Depth-Velocity Product for Reach 3 at MWD Crossing 

 

 
So great is this threat that all of the bridges crossing in Reach 3 have been engineered to 
withstand the enormous force imposed by water flowing past at more than 100,000 cfs.  This is 
partially in response to the fact that the bridge at Van Buren Blvd. failed when flood waters 
trapped debris behind the pilings in 1969 (see Figure 7).  
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Figure 7. Van Buren Bridge over Reach 3 of the Santa Ana River in December, 2010. 
 

 
 
Also during elevated streamflow conditions, already unstable streambed conditions become 
more unstable, significantly reducing the ability to recreate safely. Reach 3 has a loose, sandy 
substrate which is greatly affected and modified by streamflow. Under normal baseline flow 
conditions, substrate can be somewhat unstable and can make maintaining physical stability 
difficult. Under elevated flow conditions, substantial scour of the channel bottom occurs 
moving the substrate with the water flow, making attempts to recreate within the reach 
unsafe.  
 
Trained USGS field personnel note while wading in Reach 3 to take measurements, channel 
substrate underfoot can be lost very quickly during even small storm events. Additionally, 
saturation of recently deposited sediment along bank areas can be very dangerous to walk 
within. A person could sink into the sediment beyond their ability to free themselves and 
become trapped within the river. Trained USGS field staff experienced in working in flowing 
water do not enter the river in these conditions. (Communication with Travis Kordiak, 
Hydrologic Technician, USGS Pacific Southwest Area, January 9, 2012.) 
 
Elevated stream flows are the unavoidable product of modifying the natural drainage system to 
prevent flooding in surrounding urban areas.  Such flows present an extreme hazard that 
precludes safe recreation in or near the water during wet weather conditions.  Consequently, 
Reach 3 qualifies for temporary high flow suspension even though the channel has not been 
converted to a concrete-lined culvert.  Because the runoff from a great many other concrete-
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lined channels now flows directly to Reach 3, the modified hydrology creates a severe risk of 
flash-flooding (see Figures 8, 9 & 10). 
 
 

Figure 8.  San Sevaine Channel above confluence with Santa Ana River  (Dec., 2010) 
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Figure 9.  San Sevaine Channel at confluence with Santa Ana River  (Dec., 2010) 
 

 
 
 

Figure 10.  Reach 3 of the Santa Ana River below confluence with the San Sevaine Channel 
 

 
 



 
 
 

 

TO: REC Standards Basin Plan Amendment Staff Report 
 
 
 

FROM: Dave Woelfel 
 

DATE: March 7, 2012 
 

SUBJECT: MUN Beneficial Use Exception for Mystic Lake 
 
In proposing to list Mystic Lake in the Basin Plan as part of the REC Standards Basin Plan 
Amendment Regional Board staff must designate beneficial uses appropriate for that water 
body.  In designating the municipal or domestic water supply (MUN) beneficial use Regional 
Board staff must follow the State Water Resources Control Board Resolution No. 88-63 
“Sources of Drinking Water” Policy. The policy states that all surface and ground waters of the 
State are considered to be suitable, or potentially suitable, for municipal or domestic waters 
supply (and thereby designated with the MUN beneficial use) and should be so designated by 
the Regional Boards with the exception if certain conditions are met. Three of the conditions that 
will allow a water to be excepted from the MUN designation are (as listed on the Policy 
resolution): 
 

1. Surface and ground waters where: 
 

a) The total dissolved solids (TDS) exceed 3,000 mg/L and it is not reasonably expected by 
Regional Boards to supply a public water system, or 

b) There is contamination, either by natural processes or by human activity (unrelated to 
the specific pollution incident), that cannot reasonably be treated for domestic use using 
either Best management Practices or best economically achievable treatment practices, 
or 

c) The water source does not provide sufficient water to supply a single well capable of 
producing an average, sustained yield of 200 gallons per day.   

 
Regional Board staff has suspected that because of the ephemeral conditions of Mystic Lake 
and the noticeable clayey soils of the lake bottom that condition 1 c as noted above would apply 
to the Lake.  Staff reviewed several documents concerning the geology of the Mystic Lake area 
in determining whether the MUN beneficial use designation is appropriate for Mystic Lake. Two 
documents were especially helpful in this review; a study “Results of the Soil Characterization 
Study of the San Jacinto Wildlife Area in Support of the Use of Recycled Water in the San 
Jacinto Lower Pressure Management Zone”  by Wildermuth Environmental INC. dated April 29, 
2011and and an article “Mystic Lake: Geology and Land Use”  by Michael A. McKibben, 
Associate Professor Geology, University of California, Riverside.   
 
Dr. McKibben’s article gave a background description of the Lake.  Mystic Lake forms during 
wet years in a topographic depression formed by active movements along parallel strands of the 
San Jacinto fault known as a “pull-apart basin”.  The overall effect of this active pull-apart basin 



MUN Beneficial Use Exception for Mystic Lake - 2 - March 7, 2012 
 
 
is to generate a large, growing hole in the bedrock that is continually being filled in with 
sediment. Because of the continuous ground subsidence, Mystic Lake has grown in size each 
time it has formed.  According to California Department of Fish and Game staff at the San 
Jacinto Wildlife area, which includes Mystic Lake, over several years the lake will range from 
being completely dry to a very large shallow lake over a mile long. Regional Board staff has 
observed that over the last 11 years the lake size has fluctuated greatly from flood stage to 
completely dry but mostly filled to a smaller footprint then it’s potentially large flood size. The 
lake is mainly supplied by the San Jacinto River when during high flows spills out of its channel 
and flow into the Mystic Lake depression.  
 
The Soil Characterization Study by Wildermuth showed that the shallow soils underlying Mystic 
Lake and the wetland ponds at the adjacent San Jacinto Wildlife area are clay-rich and 
effectively impervious. Over 50 soil borings, which included 1,500 ft of soil, were completed in 
the area.  The soil boring showed that over 94% of soil examined consisted of fine-grained soils, 
the vast majority of which is clay.  Although no borings were taken in the Mystic Lake lakebed, 
the borings taken just adjacent the lakebed had the highest concentration of clay soils. Though 
the study only classified the first 30 feet of soils beneath the area, historical borehole data 
indicate that the fine-grained materials could extend up to 100 feet beneath the area.   
 
Additionally the Wildermuth study stated that anecodotal observations from the wetland 
operators, who receive recycled water to fill ponds for wildfowl, report that water in the ponds 
does not infiltrate. The conclusion of the study was that soil boring data and observations 
indicate that the fine grained soils underlying the Study Area impede the infiltration of recycled 
water to the underlying aquifer to a de minimis amount.  Although the study was focused on the 
infiltration of recycled water in the wetland ponds adjacent Mystic Lake it can be implied that 
storm flows that fill Mystic Lake would also not infiltrate beyond a de minimis amount into the 
aquifer beyond the lake.  This is especially true considering the fact that the lake is very 
ephemeral and that the shallow lake depth and the warm to hot dry climate of the San Jacinto 
Valley increases the evaporation of the lake thereby decreasing infiltration of the water into the 
subsurface. 
  
Regional Board staff strongly believe that the MUN beneficial use should be excepted from 
Mystic Lake as a result of meeting Condition 1c of the SWRCB Sources of Drinking Water 
Policy. The studies conducted and the observations of staff and others indicate that the lake 
waters do not infiltrate into the aquifers of the area. The Lake meets Condition 1c of the, waters 
of the lake do not provide sufficient water to supply a single well capable of producing an 
average, sustained yield of 200 gallons per day.   
 
 
  
  
  
 
cc:   
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TO: REC Standards Amendment Administrative Record 
 
 
 

FROM: Dave Woelfel 
 

DATE: April 3, 2012 
 

SUBJECT: Recommendations re Municipal and Domestic Supply (MUN)1 Designation and 
De-designation for specific waters proposed to be added to the Basin Plan 

 
Background:  As directed in the State Water Resources Control Board’s Sources of Drinking 
Water Policy (Resolution No. 88-63 (as revised by Resolution No. 2006-0008)) (hereafter, 
“Policy”), all surface and ground waters of the State are considered to be suitable, or potentially 
suitable, for municipal and domestic water supply and should be so designated by the Regional 
Boards with the exception of: 
 
1)  Surface and ground water where: 
 
 a) The total dissolved solids (TDS) exceed 3,000 mg/L and it is not reasonably  
  expected by Regional Boards to supply a public water supply, or 
 
 b) There is contamination, either by natural processes or by human activity that  
  cannot reasonable be treated for domestic use using either BMPs or best   
  economically achievable treatment practices, or  
 
 c) The water source does not provide sufficient water to supply a single well   
  capable of producing an average, sustained yield of 200 gallons per day. 
 
2)  Surface Waters Where: 
 
 a) The water is in systems designed or modified to collect or treat municipal or  
  industrial wastewaters, process waters, mining wastewaters, or storm water  
  runoff, provided that the discharge from such systems is monitored to assure  
  compliance with all relevant water quality objectives as required by the Regional  
  Boards; or,   
 
 b) The water is in systems designed or modified for the primary purpose of   
  conveying or holding agricultural drainage waters, provided that the discharge  
  from such systems is monitored to assure compliance with all relevant waters  
  quality objectives as required by the Regional Boards.  
                                                
1 Municipal and Domestic Supply (MUN) waters are commonly used for community, military, municipal or individual 
water supply systems.  These uses include, but are not limited to, drinking water supply.  
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3)  Ground water where:  (not relevant to the BPA amendment and the waters to be added) 
 
4)  Regional Board Authority to Amend Use Designations:  
 
( ……Where a body of water is not currently designated as MUN but, in the opinion of Regional 
Board, is presently or potentially suitable for MUN, the Regional Board shall include MUN in the 
beneficial use designation…Regional Boards shall also assure that the beneficial uses of 
municipal and domestic supply are designated for protection wherever those uses are presently 
being attained, and assure that any changes in beneficial use designations for waters of the 
State are consistent with all applicable regulations adopted by the USEPA. The Regional 
Boards shall review and revise the Basin Plans to incorporate this policy). 
 
Recommendations and Rationale for Proposed MUN Designation/De-Designations:  
 
As part of the Proposed Basin Plan Amendment for Recreation Standards, it is proposed to add 
eight waters to the Santa Ana Region Basin Plan. Regional Board staff surveyed these waters 
to determine if designation of the MUN beneficial use was appropriate.  
 
Recommendations for MUN exceptions:  
 
 
Santa Ana-Delhi Channel Reaches: 
 
1) Tidal Prism (Bicycle Bridge to 1038 ft. upstream):  Recommendation: Except from MUN 
designation: 
 

• There is no evidence that MUN is an “existing use”, as defined in federal regulations. 
 

• The channel system is designed and modified to collect storm water runoff (Policy, No. 
2a). The channel is lined along the banks with rip rap and concrete in sections and 
bermed with earth on the other sections.   
  

• TDS levels exceed 3,000 mg/L (Policy, No. 1a).  This reach discharges into Upper 
Newport Bay and the waters of the Bay dominate this reach.  There is minimal 
freshwater flow from the upstream channel which does not greatly affect the salinity of 
the tidal flows. Field measurements by Staff at the Bicycle Bridge at the downstream 
end of the tidal prism showed salinity on February and May of 2001 at about 3% or 
30,000 mg/L TDS which is roughly the salinity level of sea water (30,000 to 40,000 mg/L 
TDS).  

 
2) Reach 1 (Tidal Prism upstream to intersection of Flower Ave. and Sunflower Street in 
 the city of Santa Ana).  Recommendation: Except from MUN designation because: 
 

• There is no evidence that MUN is an “existing use”, as defined in federal regulations. 
 

• The channel system is designed and modified to collect storm water runoff. Almost the 
entire Reach is composed of a concrete lined box channel designated to carry storm 
flows from the adjacent urban areas. (Policy, No. 2a)  
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3) Reach 2 (Flower Ave. and Sunflower Streets intersection to Warner Ave. in the City of 
 Santa Ana). Recommendation: Except from MUN designation because: 
 

• There is no evidence that MUN is an “existing use”, as defined in federal regulations. 
 

• The channel system is designed and modified to collect storm water runoff. Most of the 
reach is an earthen channel with riprap sides with the remainder of the channel an open 
concrete box. The channel is designated to carry storm flows from the adjacent urban 
areas. (Policy No. 2a) 
 

Greenville-Banning Channel Reaches 
 
1)   Tidal Prism (confluence of the Santa Ana River Tidal Prism upstream 1.2 miles to the 
 inflatable diversion dam). Recommendation: Except from MUN designation because: 
  

• There is no evidence that MUN is an “existing use”, as defined in federal regulations. 
 

• The channel system is designed and modified to collect storm water runoff (Policy, No. 
2a). The channel is a concreted lined box designated to carry flows from upstream 
urban areas including a major tributary, the Fairview Channel.  
   

• TDS levels exceed 3,000 mg/L (Policy, No. 1a).  This reach discharges into the Santa 
Ana River Tidal Prism (previously identified as tidal waters in the 1995 Basin Plan).   
During dry weather the diversion dam blocks all freshwater flows in this reach. As a 
result, tidal waters from the Santa Ana River and nearby Ocean dominate this reach.  
Field measurements in the channel by Staff at the Victoria St. Bridge (upstream of the 
Santa Ana River confluence about ¼ mile) in June 2010 showed 2.9% salinity which is 
about 29,000 mg/L TDS. 
 

2. Reach 1 Greenville-Banning (inflatable diversion dam upstream 2.15 miles to California 
 Street). Recommendation: Except from MUN because: 
 

• There is no evidence that MUN is an “existing use”, as defined in federal regulations. 
 

• The channel system is designed and modified to collect storm water runoff (Policy, No. 
2a). The channel is a concreted lined box designated to carry flows from upstream and 
adjacent urban areas. 

 
Huntington Beach Wetlands (located west of the Santa Ana River and inland and bordering 
the Pacific Coast Highway in the City of Huntington Beach). Recommendation: Except from 
MUN because: 
 

• There is no evidence that MUN is an “existing use”, as defined in federal regulations. 
 

• TDS levels exceed 3,000 mg/L (Policy, No. 1a).  Three segments of the wetlands have 
been restored as a salt water marsh (Talbert, Magnolia, and Brookhurst Marsh 
segments).  The fourth and fifth segments are to be restored. A channel was 
constructed from the marsh to the Ocean in the 1990’s and now provides tidal flows to 
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the three restored sections and to the Huntington Beach Channel, which will provide 
tidal flows to the two proposed restoration sites. The wetlands are obviously tidally 
influenced (i.e., salt water marsh plants such as pickleweed (Salicornia) and California 
cord grass (Spartina) dominate the area).  

 
Los Cerritos Wetlands (located north of the city of Seal Beach and adjacent the San Gabriel 
River). Recommendation: Except from MUN because: 
 

• There is no evidence that MUN is an “existing use” as defined in federal regulations. 
 

• TDS levels exceed 3,000 mg/L (Policy, No. 1a).  A channel carries flows from the tidally 
influenced San Gabriel River into the Wetlands.  The Wetlands are dominated in areas 
by salt marsh plants and animal species such as pickleweed, tiger beetles, and marine 
fish (small fish such as California killifish).  The area is proposed to be restored with 
increased tidal flows.  
 

 
Recommendations to add MUN Designations 
 
Based on evidence available at this time, Staff proposes to designate MUN for the following 
waters proposed to be added to the Basin Plan. All the recommended MUN designations are “I” 
(intermittent”), since the waters themselves are intermittent. There is no evidence of direct use 
of these waters for municipal or domestic supply, now or in the past. Nor is direct use 
anticipated, given the limited, ephemeral nature of the flows in these waters. No data are 
available to quantify flows in these waters when flows occur, so there are no data available to 
document that these waters are incapable of supplying a single well capable of producing an 
average, sustained yield of 200 gallons per day (an exception from MUN provided in the Policy, 
No. 1c). It may be appropriate to revise these MUN designations based on such data and 
analysis in the future.    
 
Mystic Lake (located east of Lake Perris in rural western Riverside County). It is proposed to 
designate the MUN beneficial use for this ephemeral lake.   
 
A recent study (“Results of the Soil Characterization Study”  by Wildermuth Environmental, Inc. 
2011) documented that the subsurface area beneath the lake and the adjacent water fowl ponds 
is composed mostly of clay and other fine-grained soils which allows only a very limited amount 
of infiltration. However, information from Dr. Michael McKibben of UC Riverside Earth Science 
Department stated that there are many conduits allowing recharge and infiltration of 
runoff/lakewater through the clay layer and into the groundwater system. He also stated that this 
is especially true during the periods when the ephemeral lake is at its largest. Therefore, it 
appears that there is the potential for the lake to provide recharge for domestic supply wells.  
There are insufficient technical data available to determine whether the Lake provides sufficient 
water to supply a single well capable of producing an average, sustained yield of 200 gallons 
per day. 
 
Goodhart Canyon, St. John’s Canyon, and Cactus Valley Canyon Creeks (located east of 
Diamond Valley Reservoir and south of the city of Hemet in rural western Riverside County).  It 
is proposed to designate the MUN use for these waters. 
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These canyons contain intermittent creeks.  Staff has noted that in the spring of 2011 and 2012 
the creeks were dry.  However, the homes located scattered about in the upper parts of these 
canyons, approximately from 7 to 20 homes depending on the Canyon, are supplied by their 
own water wells and have no municipal water system hookup. It is unknown whether these 
creeks contribute significant recharge for the private drinking water wells or if other areas in the 
watershed provide the majority of recharge.  
 
Prepared by Dave Woelfel 
 
.    
 
 
 
 
 
 
 
cc:   
 
 
 
 
 
 



 

Technical Memorandum 
 
To:  Stormwater Quality Standards Task Force ‐ SAWPA 
 
From:  CDM 
 
Date:  April 24, 2012 
 
Subject:  Calculation of Antidegradation Targets for REC2 Only Freshwaters 

The purpose of this memorandum is to present antidegradation analysis calculation methods and 
calculation results for data collected from four monitoring sites located upon Mill‐Cucamonga 
Creek, Temescal Creek, Santa Ana Delhi Channel and Greenville‐Banning Channel. Bacterial 
indicator data were compiled for both fecal coliform and E. coli for Mill‐Cucamonga Creek, 
Temescal Creek, and Santa Ana Delhi Channel sampling sites using data from January 2001 to 
March 2011 for Mill‐Cucamonga Creek, from October 2002 to February 2008 for Temescal Creek, 
and from August 1973 to December 2008 for the Santa Ana Delhi Channel. For each of these sites, 
three sets of data were compiled: all data, dry weather data, and wet weather data. Wet and dry 
weather values were determined by daily flow; flow cutoffs were 60 cfs at Mill‐Cucamonga Creek, 
25 cfs at Temescal Creek, and 5 cfs at Santa Ana Delhi Channel. Enterococcus data were compiled 
for the Santa Ana Delhi Channel and Greenville‐Banning Channel from 2001 to 2004. Dry weather 
and wet weather Enterococcus data were not compiled.  
 

Mill‐Cucamonga Creek Data 
The Regional Water Quality Control Board has performed water quality monitoring approximately 

weekly at Mill Creek at Chino Corona Road, Cucamonga Creek above RP‐1, and Icehouse Canyon 

from 2002 to 2004. [Note: Cucamonga Creek is referred to as Mill Creek beginning where the 

concrete trapezoidal channel transitions to a trapezoidal rip rap channel downstream of Hellman 

Avenue.] The San Bernardino County Flood Control District (SBCFCD) performed water quality 

monitoring approximately monthly at Cucamonga Creek at Hellman Avenue from 2001 to 2009. 

SBCFCD also conducted water quality monitoring approximately weekly at Mill Creek at Chino 

Corona Road from 2007‐ 2009. 

Temescal Creek Data 
Orange County Coastkeeper performed water quality monitoring in Temescal Creek at Lincoln 
Avenue from 2002 to 2004. Monitoring was performed at the same location from 2007 to 2008 by 
the Middle Santa Ana River TMDL Grant Project for the Santa Ana Watershed Project Authority 
(SAWPA).  E. coli samples were collected approximately monthly during the 2002 to 2004 time 
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period. Sample collection for fecal coliform and E. coli occurred on a more frequent basis between 
2007 to 2008. 
 

Santa Ana Delhi Channel Data 
Orange County Health Department has performed water quality monitoring upon the Santa Ana‐
Delhi Channel since 1973. From August 1973 through February 1976, fecal coliform grab samples 
were collected at Irvine Avenue. Beginning in 1985, the sampling site was relocated to the Santa 
Ana‐Delhi Channel at Backbay, where the channel transitions from a trapezoidal rip‐rap lined 
channel to a natural wetlands area.  At the Irvine Avenue sampling location, samples were collected 
approximately monthly. At the Backbay location, samples have been collected approximately 
weekly. Orange County Coastkeeper also performed water quality monitoring at MacArthur 
Boulevard and Mesa Drive for E. coli between 2004 and 2006. Samples were collected from one to 
three times per month at both sample locations. The Regional Water Quality Control Board 
performed Enterococcus water quality monitoring within the tidal prism of the Channel from 2001 
to 2004.  
 

Greenville‐Banning Channel Data 
The Regional Water Quality Control Board performed Enterococcus water quality monitoring 
within the tidal prism of the Greenville‐Banning Channel from 2001 to 2004.  
 
Calculation of Antidegradation Targets 
Antidegradation target analysis was performed on the data sets per the guidelines provided in EPA 
Technical Support Document for Water Quality Based Toxics Control (1991). Analysis via two 
methods was performed, each of which can be used to estimate an antidegradation target for 
ambient water quality in streams. These methods are described below. 
 
Method 1 ‐ Percentiles of Log‐Normal Distribution 
For waterbodies with larger data sets (n>20), it may be appropriate to fit the existing dataset to a 
log‐normal distribution. Most pollutants, especially bacteria, are commonly assumed to fit a log‐
normal distribution. The distribution fitting process allows for the estimation of the full range of 
potential bacteria concentrations. Results for this method are shown below in Table 1, including the 
75th percentile and 95th percentile of the data for each waterbody. 
 
Method 2 ‐ Reasonable Potential Multiplying Factor 
Another method to approximate the maximum expected single sample bacteria concentration is to 
multiply the maximum value in a data set by a factor. The factor is based on the assumption that 
concentrations would be log‐normally distributed, and therefore uses the log‐mean and log 
standard deviation to estimate the reasonable potential multiplying factor. EPA developed matrices 
of factors for varying coefficients of variation and sample sizes, so that the estimated maximum 
concentration would equal the upper bound of the expected lognormal distribution at a 99th 
percentile confidence level. Results for this method are shown below in Table 1, including the 
factors used. 
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Tables 2, 3, and 4 contain the fecal coliform and E. coli data used in the calculations for Mill‐
Cucamonga Creek, Temescal Creek, and Santa Ana Delhi Channel sampling sites, respectively. 
Table 5 contains the Enterococcus data used in the calculations for the Santa Ana Delhi and 
Greenville‐Banning Channels. 
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Table 1 –Analysis Values and Calculation Results 

Parameter  Fecal Coliform  E. coli Enterococcus 

Waterbody 
Mill‐Cucamonga 

Creek 
Temescal Creek1  Santa Ana Delhi

Channel 2 
Mill‐Cucamonga

Creek 
Temescal Creek1 Santa Ana Delhi

Channel 
Santa Ana Delhi 

Channel 
Greenville‐Banning 

Channel 
All Samples         
 n  307  19  921  308 119 63 65 116 
 Geomean (cfu/100mL)   489  1,276  1,028  355 198 448 439 44 
 95% UCL for Geomean (cfu/100mL)   8,629  30,909  6,560  4,373 370 2,391 2,993  256 
 95th Percentile of Data (cfu/100mL)   15,400  10,780  24,192  6,710 1,244 4,871 8,080  693 
 Maximum value (cfu/100mL)   50,000  16,000  241,920  160,000 9,200 12,590 28,600  22,000 
 Antidegradation Target          
 Method 1 (cfu/100mL) ‐ 75th Percentile    2,157   4,297    3,534   1,414  374  1,231  1,320    133  
 Method 1 (cfu/100mL) ‐ 95th Percentile    18,208    24,609    20,827   10,492  933  5,269  6,414    654  
 Method 2 (cfu/100mL)   90,000  25,600  387,072  288,000 11,960 16,367  
 Geometric Standard Deviation   2.2  1.8  1.8  2.1 0.9 1.5  
 Reasonable Potential Multiplying Factor   1.8  1.6  1.6  1.8 1.3 1.3  
 Dry Weather          
 n   229  12  503  168 108 56  
 Geomean (cfu/100mL)   434  3,259  854  387 192 411  
 95% UCL for Geomean (cfu/100mL)  6,645  29,763  4,293  2,873 357 2,121  
 95th Percentile of Data (cfu/100mL)  10,650  13,100  17,000  5,140 1,352 4,523  
 Maximum value (cfu/100mL)   50,000  16,000  241,920  23,000 9,200 12,590  
 Antidegradation Target          
 Method 1 (cfu/100mL) ‐ 75th Percentile   1,817  7,915  2,634  871 359 1,104  
 Method 1 (cfu/100mL) ‐ 95th Percentile   14,230  28,333  13,282  6,362 886 4,557  
 Method 2 (cfu/100mL)   90,000  22,400  314,496  41,400 11,960 16,367  
 Geometric Standard Deviation    2.1    1.3    1.7   2.1  0.9  1.5   
 Reasonable Potential Multiplying Factor    1.8    1.4    1.3   1.8  1.3  1.3   
Wet Weather 3         
 n   78  7  65  78 11 7  
 Geomean (cfu/100mL)   694  256  1,317  135 267 878  
 95% UCL for Geomean (cfu/100mL)   34,171  7,106  11,883  1,819 1,372 264,499  
 95th Percentile of Data (cfu/100mL)   23,200  2,818  19,704  3,160 1,220 4,723  
 Maximum value (cfu/100mL)   50,000  3,600  25,000  5,700 1,220 4,950  
 Antidegradation Target          
 Method 1 (cfu/100mL) ‐ 75th Percentile   3,487  627  4,249  1,355 546 2,844  
 Method 1 (cfu/100mL) ‐ 95th Percentile   35,497  2,275  22,871  3,906 1,530 15,387  
 Method 2 (cfu/100mL)   90,000  12,960  32,500  10,440 1,830 17,820  
 Geometric Standard Deviation   2.4  1.3  1.7  1.1 1.1 1.7  
 Reasonable Potential Multiplying Factor   1.8  3.6  1.3  1.8 1.5 3.6  
         
1) Outlier samples collected from Temescal Creek on 9/8/2007 were removed (Max Fecal Coliform = 1,800,000; Max E. coli = 410,000)
2) All samples values include historical records when no flow data were available to determine hydrologic condition, these samples are not included in dry only or wet only calculations
3) Wet weather is determined by daily flow equaling  >60 cfs at Mill‐Cucamonga Creek,  >25 cfs at Temescal Creek, and >5 cfs at Santa Ana Delhi Channel
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Table 2 – Mill‐Cucamonga Creek Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

2/5/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  10  2.30 

2/5/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  10  2.30 

2/5/2002 
Cucamonga Creek at 

RP‐1 
  6,600  8.79  5,300  8.58 

2/5/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
260  5.56  99  4.60 

2/5/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
190  5.25  120  4.79 

2/7/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  10  2.30 

2/7/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  10  2.30 

2/7/2002 
Cucamonga Creek at 

RP‐1 
  2,300  7.74  5,600  8.63 

2/7/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
1,060  6.97  680  6.52 

2/7/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
1,240  7.12  680  6.52 

2/13/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
9  2.20  10  2.30 

2/13/2002 
Cucamonga Creek at 

RP‐1 
  1,300  7.17  2,500  7.82 

2/13/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
410  6.02  180  5.19 

2/20/2002 
Mill Creek at Chino 

Corona Road 
MSAR Data  490  6.19  720  6.58 

2/20/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  10  2.30 

2/20/2002 
Cucamonga Creek at 

RP‐1 
  7,100  8.87  3,500  8.16 

2/20/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
200  5.30  60  4.09 

2/27/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  10  2.30 

2/27/2002 
Cucamonga Creek at 

RP‐1 
  4,700  8.46  3,200  8.07 

2/27/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
120  4.79  70  4.25 

3/12/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  10  2.30 

3/12/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  10  2.30 
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Table 2 – Mill‐Cucamonga Creek Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

3/12/2002 
Cucamonga Creek at 

RP‐1 
  2,500  7.82  880  6.78 

3/12/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
2,100  7.65  90  4.50 

3/12/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
160  5.08  90  4.50 

3/14/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  10  2.30 

3/14/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  10  2.30 

3/14/2002 
Cucamonga Creek at 

RP‐1 
  3,100  8.04  2,000  7.60 

3/14/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
140  4.94  50  3.91 

3/14/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
110  4.70  100  4.61 

3/20/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  10  2.30 

3/20/2002 
Cucamonga Creek at 

RP‐1 
  3,900  8.27  4,800  8.48 

3/20/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
120  4.79  100  4.61 

3/27/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  10  2.30 

3/27/2002 
Cucamonga Creek at 

RP‐1 
  2,400  7.78  1,000  6.91 

3/27/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
140  4.94  60  4.09 

4/3/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  10  2.30 

4/3/2002 
Cucamonga Creek at 

RP‐1 
  6,000  8.70  4,300  8.37 

4/3/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
170  5.14  80  4.38 

7/10/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
40  3.69  50  3.91 

7/10/2002 
Cucamonga Creek at 

RP‐1 
  4,500  8.41  570  6.35 

7/10/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
1,800  7.50  910  6.81 

7/17/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
60  4.09  30  3.40 

7/17/2002 
Cucamonga Creek at 

RP‐1 
  19,000  9.85  5,200  8.56 
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Table 2 – Mill‐Cucamonga Creek Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

7/17/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
2,000  7.60  410  6.02 

7/24/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  40  3.69 

7/24/2002 
Cucamonga Creek at 

RP‐1 
  50,000  10.82  23,000  10.04 

7/24/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
1,000  6.91  250  5.52 

7/31/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
20  3.00  10  2.30 

7/31/2002 
Cucamonga Creek at 

RP‐1 
  16,000  9.68  3,700  8.22 

7/31/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
800  6.68  330  5.80 

8/7/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
20  3.00  50  3.91 

8/7/2002 
Cucamonga Creek at 

RP‐1 
  30,000  10.31  8,700  9.07 

8/7/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
1,000  6.91  500  6.21 

9/11/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
30  3.40  9  2.20 

9/11/2002 
Cucamonga Creek at 

RP‐1 
  10,000  9.21  600  6.40 

9/11/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
1,600  7.38  470  6.15 

9/18/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
20  3.00  10  2.30 

9/18/2002 
Cucamonga Creek at 

RP‐1 
  4,800  8.48  800  6.68 

9/18/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
1,000  6.91  400  5.99 

9/25/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
9  2.20  10  2.30 

9/25/2002 
Cucamonga Creek at 

RP‐1 
  13,000  9.47  1,970  7.59 

9/25/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
1,800  7.50  640  6.46 

10/2/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
50  3.91  50  3.91 

10/2/2002 
Cucamonga Creek at 

RP‐1 
  11,000  9.31  4,000  8.29 

10/2/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
2,000  7.60  410  6.02 
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Table 2 – Mill‐Cucamonga Creek Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

10/9/2002 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  10  2.30 

10/9/2002 
Cucamonga Creek at 

RP‐1 
  9,000  9.10  2,700  7.90 

10/9/2002 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
700  6.55  210  5.35 

1/8/2003 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
9  2.20  9  2.20 

1/8/2003 
Cucamonga Creek at 

RP‐1 
  20,000  9.90  11,000  9.31 

1/8/2003 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
510  6.23  530  6.27 

1/15/2003 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
9  2.20  9  2.20 

1/15/2003 
Cucamonga Creek at 

RP‐1 
  16,000  9.68  2,700  7.90 

1/15/2003 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
400  5.99  190  5.25 

1/22/2003 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  10  2.30 

1/22/2003 
Cucamonga Creek at 

RP‐1 
  13,000  9.47  3,300  8.10 

1/22/2003 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
570  6.35  280  5.63 

1/29/2003 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  30  3.40 

1/29/2003 
Cucamonga Creek at 

RP‐1 
  2,200  7.70  700  6.55 

1/29/2003 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
420  6.04  330  5.80 

2/5/2003 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  10  2.30 

2/5/2003 
Cucamonga Creek at 

RP‐1 
  1,200  7.09  1,000  6.91 

2/5/2003 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
240  5.48  260  5.56 

3/19/2003 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
20  3.00  10  2.30 

3/19/2003 
Cucamonga Creek at 

RP‐1 
  700  6.55  260  5.56 

3/19/2003 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
9,000  9.10  510  6.23 

4/2/2003 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  20  3.00 
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Table 2 – Mill‐Cucamonga Creek Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

4/2/2003 
Cucamonga Creek at 

RP‐1 
  70  4.25  50  3.91 

4/2/2003 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
16,000  9.68  70  4.25 

2/4/2004 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
9  2.20  9  2.20 

2/4/2004 
Cucamonga Creek at 

RP‐1 
  2,800  7.94  1,840  7.52 

2/4/2004 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
360  5.89  210  5.35 

2/11/2004 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
9  2.20  9  2.20 

2/11/2004 
Cucamonga Creek at 

RP‐1 
  930  6.84  510  6.23 

2/11/2004 
Mill Creek at Chino 

Corona Road 
Regional Water

Quality Control Board 
220  5.39  40  3.69 

2/19/2004 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  14,000  9.55  5,000  8.52 

3/10/2004 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
9  2.20  9  2.20 

3/10/2004 
Cucamonga Creek at 

RP‐1 
  9  2.20  9  2.20 

3/10/2004 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
120  4.79  40  3.69 

3/17/2004 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
9  2.20  9  2.20 

3/17/2004 
Cucamonga Creek at 

RP‐1 
  300  5.70  300  5.70 

3/17/2004 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
9  2.20  9  2.20 

3/24/2004 
Cucamonga Creek at 

RP‐1 
  230  5.44  250  5.52 

3/24/2004 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
130  4.87  60  4.09 

3/31/2004 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
9  2.20  9  2.20 

3/31/2004 
Cucamonga Creek at 

RP‐1 
  700  6.55  270  5.60 

3/31/2004 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
180  5.19  140  4.94 

4/7/2004 
Mill Creek at Chino 

Corona Road 
MSAR Data  18,000  9.80  2,800  7.94 

4/7/2004 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
9  2.20  9  2.20 
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Table 2 – Mill‐Cucamonga Creek Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

4/7/2004 
Cucamonga Creek at 

RP‐1 
  400  5.99  9  2.20 

4/7/2004 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
340  5.83  60  4.09 

4/14/2004 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
9  2.20  9  2.20 

4/14/2004 
Cucamonga Creek at 

RP‐1 
  310  5.74  180  5.19 

4/14/2004 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
300  5.70  110  4.70 

12/17/2006 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  800  6.68  800  6.68 

2/12/2007 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  700  6.55  200  5.30 

7/14/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  5,200  8.56  2,000  7.60 

7/21/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  2,600  7.86  1,000  6.91 

7/28/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  9,000  9.10  5,700  8.65 

8/4/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  1,600  7.38  1,170  7.06 

8/11/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  2,700  7.90  1,150  7.05 

8/18/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  2,200  7.70  720  6.58 

8/25/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  2,800  7.94  750  6.62 

9/1/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  1,300  7.17  780  6.66 

9/8/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  1,500  7.31  550  6.31 

9/15/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  2,300  7.74  1,150  7.05 

9/22/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  850  6.75  660  6.49 

9/29/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  4,200  8.34  700  6.55 

10/6/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  1,700  7.44  730  6.59 

10/13/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  280  5.63  380  5.94 

10/20/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  2,400  7.78  910  6.81 
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Table 2 – Mill‐Cucamonga Creek Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

10/27/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  450  6.11  500  6.21 

12/10/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  200  5.30  130  4.87 

12/11/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  170  5.14  120  4.79 

12/22/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  730  6.59  1,500  7.31 

12/29/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  170  5.14  150  5.01 

1/12/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  480  6.17  360  5.89 

1/19/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  180  5.19  100  4.61 

2/16/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  70  4.25  110  4.70 

2/23/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  7,700  8.95  5,200  8.56 

5/17/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  1,000  6.91  1,260  7.14 

5/24/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  540  6.29  590  6.38 

5/31/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  3,500  8.16  700  6.55 

6/7/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  380  5.94  730  6.59 

6/7/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  3,000  8.01  1,180  7.07 

6/14/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  380  5.94  390  5.97 

6/14/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  1,140  7.04  1,030  6.94 

6/21/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  1,400  7.24  1,240  7.12 

6/28/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  530  6.27  640  6.46 

6/28/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  1,400  7.24  810  6.70 

7/5/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  1,300  7.17  620  6.43 

7/12/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  5,900  8.68  8,700  9.07 

7/19/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  3,400  8.13  1,100  7.00 

9/6/2008  Mill Creek at Chino  MSAR Data  1,600  7.38  790  6.67 
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Table 2 – Mill‐Cucamonga Creek Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

Corona Road 

12/13/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  900  6.80  970  6.88 

12/19/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  140  4.94  590  6.38 

12/26/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  380  5.94  390  5.97 

12/27/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  200  5.30  210  5.35 

1/7/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
530  6.27  640  6.46 

1/14/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
380  5.94  390  5.97 

1/21/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
850  6.75  660  6.49 

1/28/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
380  5.94  390  5.97 

2/4/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
390  5.97  580  6.36 

2/11/2009 
Mill Creek at Chino 

Corona Road 
MSAR Data  40  3.69  140  4.94 

2/18/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
450  6.11  500  6.21 

5/27/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
150  5.01  320  5.77 

6/2/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
210  5.35  490  6.19 

6/9/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
540  6.29  620  6.43 

6/16/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
480  6.17  830  6.72 

6/23/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
290  5.67  330  5.80 

6/30/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
350  5.86  410  6.02 

7/7/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
300  5.70  570  6.35 

7/14/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
220  5.39  370  5.91 

7/21/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
280  5.63  520  6.25 

7/28/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
1,500  7.31  2,300  7.74 

8/4/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
280  5.63  540  6.29 
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Table 2 – Mill‐Cucamonga Creek Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

8/11/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
560  6.33  982  6.89 

8/18/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
271  5.60  620  6.43 

8/25/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
4,300  8.37  4,600  8.43 

9/1/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
500  6.21  1,350  7.21 

9/8/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
450  6.11  950  6.86 

9/15/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
3,000  8.01  2,900  7.97 

9/22/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
840  6.73  700  6.55 

9/29/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
850  6.75  690  6.54 

10/6/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
580  6.36  620  6.43 

10/13/2009 
Mill Creek at Chino 

Corona Road 
MSAR Data  1,700  7.44  420  6.04 

10/16/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
4,500  8.41  2,200  7.70 

10/17/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
430  6.06  850  6.75 

10/18/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
2,200  7.70  820  6.71 

12/29/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
30  3.40  130  4.87 

1/5/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
450  6.11  550  6.31 

1/12/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
2,400  7.78  2,300  7.74 

1/19/2010 
Mill Creek at Chino 

Corona Road 
MSAR Data  590  6.38  540  6.29 

2/2/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
60  4.09  80  4.38 

5/18/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
1,100  7.00  1,200  7.09 

5/25/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
260  5.56  880  6.78 

6/1/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
410  6.02  420  6.04 

6/8/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
1,250  7.13  1,000  6.91 

6/15/2010  Mill Creek at Chino‐ MSAR Monitoring  1,300  7.17  870  6.77 
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Table 2 – Mill‐Cucamonga Creek Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

Corona Rd  Data

6/22/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
540  6.29  1,100  7.00 

6/29/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
710  6.57  850  6.75 

7/7/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
520  6.25  760  6.63 

7/13/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
3,700  8.22  890  6.79 

7/20/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
1,200  7.09  580  6.36 

7/27/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
2,900  7.97  1,800  7.50 

8/3/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
7,100  8.87  5,800  8.67 

8/10/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
830  6.72  1,130  7.03 

8/17/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
3,200  8.07  2,900  7.97 

8/24/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
4,800  8.48  3,500  8.16 

8/31/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
7,000  8.85  3,700  8.22 

9/7/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
1,400  7.24  1,400  7.24 

9/14/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
1,060  6.97  1,170  7.06 

9/21/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
1,500  7.31  1,250  7.13 

9/28/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
880  6.78  1,450  7.28 

11/22/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
340  5.83  310  5.74 

11/23/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
570  6.35  250  5.52 

11/24/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
1,900  7.55  590  6.38 

12/28/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
30  3.40  40  3.69 

1/4/2011 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
100  4.61  180  5.19 

1/25/2011 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
480  6.17  580  6.36 

2/1/2011 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
240  5.48  220  5.39 
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Table 2 – Mill‐Cucamonga Creek Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

2/8/2011 
Mill Creek at Chino 

Corona Road 
MSAR Data  420  6.04  340  5.83 

2/8/2011 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
350  5.86  470  6.15 

2/15/2011 
Mill Creek at Chino 

Corona Road 
MSAR Data  3,800  8.24  440  6.09 

2/22/2011 
Mill Creek at Chino 

Corona Road 
MSAR Data  2,800  7.94  2,100  7.65 

2/15/2011 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
410  6.02  570  6.35 

2/22/2011 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
180  5.19  190  5.25 

3/1/2011 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
80  4.38  250  5.52 

3/12/2003 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
310  5.74  90  4.50 

3/12/2003 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  10  2.30 

3/12/2003 
Cucamonga Creek at 

RP‐1 
  220  5.39  10  2.30 

12/9/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  790  6.67  520  6.25 

1/14/2004 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
270  5.60  240  5.48 

1/14/2004 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
9  2.20  20  3.00 

1/14/2004 
Cucamonga Creek at 

RP‐1 
  3,500  8.16  2,700  7.90 

3/26/2003 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
30  3.40  10  2.30 

3/26/2003 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  10  2.30 

3/26/2003 
Cucamonga Creek at 

RP‐1 
  10  2.30  10  2.30 

2/9/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  160  5.08  50  3.91 

2/16/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
40  3.69  80  4.38 

1/21/2004 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
5,700  8.65  2,600  7.86 

1/21/2004 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
9  2.20  9  2.20 

1/21/2004 
Cucamonga Creek at 

RP‐1 
  9,300  9.14  3,100  8.04 

1/28/2004  Mill Creek at Chino  Regional Water  100  4.61  40  3.69 



Calculation of Antidegradation Targets for REC2 Only Freshwaters 
April 24, 2012 
Page 16 

Table 2 – Mill‐Cucamonga Creek Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

Corona Road  Quality Control Board

1/28/2004 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
9  2.20  9  2.20 

1/28/2004 
Cucamonga Creek at 

RP‐1 
  470  6.15  200  5.30 

2/4/2004 
Mill Creek at Chino 

Corona Road 
MSAR Data  180  5.19  270  5.60 

9/22/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  1,500  7.31  760  6.63 

1/7/2004 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
110  4.70  140  4.94 

1/7/2004 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
9  2.20  9  2.20 

1/7/2004 
Cucamonga Creek at 

RP‐1 
  1,500  7.31  1,010  6.92 

3/2/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
12,000  9.39  1,700  7.44 

3/3/2004 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
450  6.11  440  6.09 

3/3/2004 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
9  2.20  30  3.40 

3/3/2004 
Cucamonga Creek at 

RP‐1 
  320  5.77  410  6.02 

4/9/2003 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
400  5.99  210  5.35 

4/9/2003 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
10  2.30  10  2.30 

4/9/2003 
Cucamonga Creek at 

RP‐1 
  380  5.94  320  5.77 

11/13/2001 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  23,000  10.04  23,000  10.04 

11/25/2001 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  22,000  10.00  17,000  9.74 

1/31/2007 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  400  5.99  400  5.99 

2/2/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  340  5.83  360  5.89 

2/23/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
210  5.35  240  5.48 

12/22/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
4,200  8.34  2,900  7.97 

2/23/2007 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  1,700  7.44  1,700  7.44 

10/26/2004 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  16,000  9.68  16,000  9.68 
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Table 2 – Mill‐Cucamonga Creek Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

1/26/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  230  5.44  200  5.30 

10/13/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  480  6.17  500  6.21 

1/24/2001 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  1,300  7.17  340  5.83 

12/18/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  5,900  8.68  4,200  8.34 

3/18/2002 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  3,000  8.01  5,000  8.52 

2/23/2001 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  2,300  7.74  2,300  7.74 

2/3/2004 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  9,000  9.10  160,000  11.98 

1/26/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
110  4.70  9  2.20 

2/17/2005 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  8,000  8.99  8,000  8.99 

10/14/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
3,900  8.27  4,400  8.39 

2/25/2004 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
230  5.44  140  4.94 

2/25/2004 
Cucamonga Creek at 

RP‐1 
  410  6.02  300  5.70 

2/22/2008 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  8,000  8.99  5,000  8.52 

2/13/2009 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
280  5.63  380  5.94 

1/7/2008 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  1,400  7.24  400  5.99 

1/28/2002 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  1,100  7.00  1,100  7.00 

12/7/2007 
Mill Creek at Chino 

Corona Road 
MSAR Data  22,000  10.00  5,000  8.52 

2/9/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
330  5.80  360  5.89 

2/18/2004 
Mill Creek at Chino 

Corona Road 
Regional Water 

Quality Control Board 
160  5.08  90  4.50 

2/18/2004 
Cucamonga Creek at 

Merrill 
Regional Water 

Quality Control Board 
9  2.20  9  2.20 

2/18/2004 
Cucamonga Creek at 

RP‐1 
  1,230  7.11  730  6.59 

4/7/2001 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  24,000  10.09  24,000  10.09 

3/29/2006  Cucamonga Creek at  San Bernardino CFCD  8,000  8.99  5,000  8.52 
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Table 2 – Mill‐Cucamonga Creek Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

Hellman 

11/26/2008 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  50,000  10.82  13,000  9.47 

12/17/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  1,700  7.44  1,400  7.24 

2/6/2009 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  1,700  7.44  1,700  7.44 

11/20/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
7,400  8.91  5,300  8.58 

2/11/2003 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  5,000  8.52  5,000  8.52 

2/18/2003 
Mill Creek at Chino 

Corona Road 
MSAR Data  390  5.97  580  6.36 

11/30/2007 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD      13,000  9.47 

1/19/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
2,200  7.70  2,100  7.65 

3/22/2005 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  3,000  8.01  1,700  7.44 

11/8/2002 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  5,000  8.52  5,000  8.52 

12/28/2004 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  8,000  8.99  8,000  8.99 

12/15/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  4,800  8.48  7,200  8.88 

4/5/2006 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  30,000  10.31  30,000  10.31 

1/5/2008 
Mill Creek at Chino 

Corona Road 
MSAR Data  180  5.19  200  5.30 

12/21/2010 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
3,900  8.27  4,200  8.34 

3/15/2003 
Cucamonga Creek at 

Hellman 
San Bernardino CFCD  24,000  10.09  24,000  10.09 

1/11/2011 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
110  4.70  50  3.91 

1/18/2011 
Mill Creek at Chino‐

Corona Rd 
MSAR Monitoring 

Data 
70  4.25  150  5.01 
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Table 3 – Temescal Creek Data 

Date  Site 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

10/29/2002 
Temescal Creek at Lincoln 

Ave 
    100  4.61 

10/29/2002  tem1      100  4.61 
10/29/2002  tem2      100  4.61 
10/29/2002  tem3      100  4.61 

11/24/2002 
Temescal Creek at Lincoln 

Ave 
    100  4.61 

11/24/2002  tem2      100  4.61 
11/24/2002  tem3      100  4.61 
12/9/2002  tem1      100  4.61 
12/9/2002  tem2      100  4.61 

12/22/2002 
Temescal Creek at Lincoln 

Ave 
    410  6.02 

12/22/2002  tem1      200  5.30 
12/22/2002  tem2      100  4.61 
12/22/2002  tem3      410  6.02 
1/4/2003  tem1      100  4.61 
1/5/2003  tem1      100  4.61 
1/6/2003  tem1      100  4.61 
1/6/2003  tem2      100  4.61 
1/6/2003  tem3      100  4.61 
1/23/2003  tem1      100  4.61 
1/23/2003  tem2      100  4.61 
1/23/2003  tem3      100  4.61 
2/5/2003  tem2      100  4.61 
2/5/2003  tem3      100  4.61 

2/20/2003 
Temescal Creek at Lincoln 

Ave 
    970  6.88 

2/20/2003  tem1      100  4.61 
2/20/2003  tem2      100  4.61 
2/20/2003  tem3      970  6.88 

3/10/2003 
Temescal Creek at Lincoln 

Ave 
    200  5.30 

3/10/2003  tem1      200  5.30 
3/10/2003  tem2      100  4.61 
3/10/2003  tem3      200  5.30 

3/24/2003 
Temescal Creek at Lincoln 

Ave 
    1,460  7.29 

3/24/2003  tem1      100  4.61 
3/24/2003  tem2      100  4.61 
3/24/2003  tem3      1,460  7.29 
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Table 3 – Temescal Creek Data 

Date  Site 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

4/15/2003 
Temescal Creek at Lincoln 

Ave 
    1,220  7.11 

4/15/2003  tem1      100  4.61 
4/15/2003  tem2      400  5.99 
4/15/2003  tem3      1,220  7.11 

5/21/2003 
Temescal Creek at Lincoln 

Ave 
    100  4.61 

5/21/2003  tem1      100  4.61 
5/21/2003  tem2      100  4.61 
5/21/2003  tem3      200  5.30 

6/19/2003 
Temescal Creek at Lincoln 

Ave 
    410  6.02 

6/19/2003  tem1      100  4.61 
6/19/2003  tem2      100  4.61 
6/19/2003  tem3      520  6.25 

7/17/2003 
Temescal Creek at Lincoln 

Ave 
    520  6.25 

7/17/2003  tem1      200  5.30 
7/17/2003  tem2      100  4.61 
7/17/2003  tem3      520  6.25 

8/13/2003 
Temescal Creek at Lincoln 

Ave 
    100  4.61 

8/13/2003  tem1      100  4.61 
8/13/2003  tem2      100  4.61 
8/13/2003  tem3      100  4.61 

9/17/2003 
Temescal Creek at Lincoln 

Ave 
    200  5.30 

9/17/2003  tem1      100  4.61 
9/17/2003  tem2      100  4.61 
9/17/2003  tem3      200  5.30 

10/8/2003 
Temescal Creek at Lincoln 

Ave 
    200  5.30 

10/8/2003  tem1      100  4.61 
10/8/2003  tem2      100  4.61 
10/8/2003  tem3      200  5.30 

11/18/2003 
Temescal Creek at Lincoln 

Ave 
    100  4.61 

11/18/2003  tem1      100  4.61 
11/18/2003  tem2      100  4.61 
11/18/2003  tem3      100  4.61 

12/9/2003 
Temescal Creek at Lincoln 

Ave 
    520  6.25 

12/9/2003  tem1      100  4.61 
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Table 3 – Temescal Creek Data 

Date  Site 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

12/9/2003  tem2      200  5.30 
12/9/2003  tem3      520  6.25 

12/23/2003 
Temescal Creek at Lincoln 

Ave 
    200  5.30 

12/23/2003  tem1      100  4.61 
12/23/2003  tem2      100  4.61 
12/23/2003  tem3      200  5.30 

1/5/2004 
Temescal Creek at Lincoln 

Ave 
    100  4.61 

1/5/2004  tem2      100  4.61 
1/5/2004  tem3      100  4.61 
1/29/2004  tem2      100  4.61 

2/5/2004 
Temescal Creek at Lincoln 

Ave 
    200  5.30 

2/5/2004  tem2      100  4.61 
2/5/2004  tem2      100  4.61 
2/5/2004  tem3      200  5.30 

3/4/2004 
Temescal Creek at Lincoln 

Ave 
    200  5.30 

3/4/2004  tem1      100  4.61 
3/4/2004  tem2      100  4.61 
3/4/2004  tem3      200  5.30 
3/12/2004  tem2      100  4.61 

3/22/2004 
Temescal Creek at Lincoln 

Ave 
    1,480  7.30 

3/22/2004  tem3      1,480  7.30 

4/11/2004 
Temescal Creek at Lincoln 

Ave 
    1,100  7.00 

4/11/2004  tem1      100  4.61 
4/11/2004  tem2      100  4.61 
4/11/2004  tem3      1,100  7.00 
5/6/2004  tem1      100  4.61 
5/6/2004  tem2      310  5.74 
5/6/2004  tem2      100  4.61 
6/3/2004  tem1      100  4.61 
6/3/2004  tem2      200  5.30 
6/3/2004  tem3      310  5.74 

7/14/2007 
Temescal Creek at Lincoln 

Ave 
3,800  8.24  1,000  6.91 

7/21/2007 
Temescal Creek at Lincoln 

Ave 
5,000  8.52  690  6.54 

7/28/2007 
Temescal Creek at Lincoln 

Ave 
4,600  8.43  710  6.57 
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Table 3 – Temescal Creek Data 

Date  Site 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

8/4/2007 
Temescal Creek at Lincoln 

Ave 
8,100  9.00  290  5.67 

8/11/2007 
Temescal Creek at Lincoln 

Ave 
10,200  9.23  200  5.30 

9/1/2007 
Temescal Creek at Lincoln 

Ave 
3,700  8.22  720  6.58 

9/8/2007 
Temescal Creek at Lincoln 

Ave 
1,800,000  14.40  410,000  12.92 

9/15/2007 
Temescal Creek at Lincoln 

Ave 
1,800  7.50  500  6.21 

9/22/2007 
Temescal Creek at Lincoln 

Ave 
3,600  8.19  920  6.82 

9/29/2007 
Temescal Creek at Lincoln 

Ave 
9,400  9.15  2,200  7.70 

12/7/2007 
Temescal Creek at Lincoln 

Ave 
16,000  9.68  9,200  9.13 

12/9/2007 
Temescal Creek at Lincoln 

Ave 
2,700  7.90  740  6.61 

12/10/2007 
Temescal Creek at Lincoln 

Ave 
350  5.86  310  5.74 

12/11/2007 
Temescal Creek at Lincoln 

Ave 
210  5.35  220  5.39 

1/19/2008 
Temescal Creek at Lincoln 

Ave 
140  4.94  150  5.01 

1/26/2008 
Temescal Creek at Lincoln 

Ave 
300  5.70  270  5.60 

2/2/2008 
Temescal Creek at Lincoln 

Ave 
470  6.15  280  5.63 

2/9/2008 
Temescal Creek at Lincoln 

Ave 
70  4.25  70  4.25 

2/16/2008 
Temescal Creek at Lincoln 

Ave 
110  4.70  140  4.94 

2/23/2008 
Temescal Creek at Lincoln 

Ave 
130  4.87  80  4.38 
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

7/2/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

7/9/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  160,000  11.98     

7/30/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

8/6/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

10/1/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  160,000  11.98     

10/10/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,700  7.44     

10/21/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

10/29/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  9,000  9.10     

11/5/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

11/13/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  90,000  11.41     

11/20/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  16,000  9.68     

11/26/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

12/3/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  16,000  9.68     

12/23/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  20  3.00     

4/29/1992 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

6/11/1992 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,300  7.74     

6/16/1992 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  110  4.70     

8/24/1992 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  30,000  10.31     

9/14/1992 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  170  5.14     

9/21/1992 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  220  5.39     

1/5/1993 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  230  5.44     

8/3/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  170  5.14     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

8/9/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

8/17/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,300  7.17     

8/24/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  230  5.44     

8/31/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,300  7.17     

9/6/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,400  7.78     

9/21/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  170  5.14     

9/27/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

10/3/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

10/12/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,400  7.24     

10/18/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  130  4.87     

10/24/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  700  6.55     

11/2/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

11/9/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  16,000  9.68     

11/14/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

11/22/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  230  5.44     

11/29/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  16,000  9.68     

12/6/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  16,000  9.68     

12/14/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  9,000  9.10     

12/28/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

6/3/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  16,000  9.68     

6/9/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

6/24/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

7/1/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  700  6.55     

7/8/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,400  7.24     

7/15/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,400  7.78     

7/22/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

7/29/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,700  7.44     

8/5/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  230  5.44     

8/12/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,300  7.17     

8/19/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,300  7.17     

8/26/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,700  7.44     

9/2/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

9/9/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

9/16/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

9/23/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  700  6.55     

9/30/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  90,000  11.41     

10/7/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  17,000  9.74     

10/11/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

10/14/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  50,000  10.82     

10/22/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

10/28/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

11/4/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

11/19/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  8,000  8.99     

11/24/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

12/2/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,300  7.74     

12/11/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  13,000  9.47     

12/16/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,400  7.78     

12/22/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

12/29/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  230  5.44     

1/7/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

1/15/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  700  6.55     

1/20/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,300  7.74     

2/11/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  13,000  9.47     

3/18/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

3/24/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  13,000  9.47     

4/13/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

4/23/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,100  7.00     

4/28/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

5/18/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

5/27/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,100  7.00     

6/1/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

6/8/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  700  6.55     

6/17/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

6/24/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  80  4.38     

7/1/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

7/6/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  130  4.87     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

7/14/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  17,000  9.74     

7/22/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

7/29/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,700  7.44     

8/4/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,300  7.74     

8/12/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

8/17/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

8/24/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

8/31/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

9/8/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

9/14/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  700  6.55     

9/22/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  700  6.55     

9/29/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,300  7.74     

10/5/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,100  7.00     

10/13/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  230  5.44     

10/20/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  230  5.44     

10/26/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  160,000  11.98     

11/2/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,192  10.09     

11/10/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,192  10.09     

11/16/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  529  6.27     

11/23/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  11,198  9.32     

12/8/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,810  10.12     

12/14/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  100  4.61     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

12/22/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  57,940  10.97     

12/29/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  14,136  9.56     

1/4/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  12,110  9.40     

1/12/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  10,462  9.26     

1/28/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,192  10.09     

2/3/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  74  4.30     

2/8/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  241,920  12.40     

2/17/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  410  6.02     

2/22/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  630  6.45     

3/1/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  717  6.58     

3/9/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  100  4.61     

3/17/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  111,985  11.63     

3/22/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  135  4.91     

3/29/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  19,863  9.90     

4/5/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,192  10.09     

4/13/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  92,080  11.43     

4/19/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  11,980  9.39     

4/26/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  7,490  8.92     

5/4/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  110  4.70     

5/10/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  15,531  9.65     

5/17/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  9,100  9.12     

5/24/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  141,360  11.86     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

6/1/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

6/7/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  52  3.95     

6/14/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

6/23/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  132  4.88     

6/28/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  46,110  10.74     

7/5/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  546  6.30     

7/10/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  269  5.59     

7/19/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  228  5.43     

7/26/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  723  6.58     

8/2/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  187  5.23     

8/7/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  20  3.00     

8/14/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  657  6.49     

8/16/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  40  3.69     

8/21/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  391  5.97     

8/28/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,192  10.09     

9/13/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

9/15/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

9/19/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  379  5.94     

9/25/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  8,164  9.01     

10/3/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  359  5.88     

10/10/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  175  5.16     

10/17/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  230  5.44     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

10/24/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  145  4.98     

11/2/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  109  4.69     

11/6/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  240  5.48     

11/14/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  134  4.90     

11/21/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  135  4.91     

11/28/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  855  6.75     

12/5/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  512  6.24     

12/12/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  146  4.98     

12/19/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  536  6.28     

12/26/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  275  5.62     

1/3/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  384  5.95     

1/9/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,192  10.09     

1/17/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  187  5.23     

1/23/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  408  6.01     

1/30/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  336  5.82     

2/6/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  110  4.70     

2/21/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

3/13/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  187  5.23     

3/26/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     

4/2/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  340  5.83     

4/9/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,600  7.38     

4/16/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  450  6.11     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

4/23/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  550  6.31     

4/30/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,200  8.07     

5/9/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  150  5.01     

5/14/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  140  4.94     

5/21/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  880  6.78     

5/31/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  170  5.14     

6/4/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  130  4.87     

6/11/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  280  5.63     

6/18/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

6/25/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  220  5.39     

7/2/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,000  6.91     

7/9/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  6,600  8.79     

7/16/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,300  7.17     

7/23/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,400  7.24     

7/30/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

8/6/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  440  6.09     

8/13/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  760  6.63     

8/20/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,200  8.07     

8/27/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,200  7.70     

9/4/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,000  6.91     

9/10/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,800  8.24     

9/17/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

9/24/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

10/1/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  870  6.77     

10/9/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,200  7.09     

10/15/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  12,000  9.39     

10/29/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,600  7.86     

11/5/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  12,000  9.39     

11/20/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  12,000  9.39     

11/26/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  12,000  9.39     

1/7/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  650  6.48     

3/11/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  390  5.97     

3/25/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

4/1/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,100  7.00     

4/8/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,200  7.70     

4/18/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  280  5.63     

4/22/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  630  6.45     

4/29/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  470  6.15     

5/6/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  520  6.25     

5/13/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  930  6.84     

5/20/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  520  6.25     

5/28/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     

6/3/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,000  6.91     

6/10/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  560  6.33     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

6/17/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  340  5.83     

6/25/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  730  6.59     

7/1/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  390  5.97     

7/10/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,400  7.24     

7/15/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  320  5.77     

7/22/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  840  6.73     

7/31/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

8/5/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  570  6.35     

8/12/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,000  7.60     

8/19/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     

8/26/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,000  6.91     

9/3/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  7,600  8.94     

9/9/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  740  6.61     

9/16/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  220  5.39     

9/23/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  730  6.59     

9/30/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

10/7/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,000  6.91     

10/15/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  570  6.35     

10/21/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,550  7.35     

10/28/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  13,000  9.47     

11/4/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,200  7.70     

11/12/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  6,000  8.70     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

11/18/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,000  6.91     

11/25/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  880  6.78     

12/2/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,800  7.94     

12/9/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  910  6.81     

12/23/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,800  7.94     

1/6/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

1/13/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  340  5.83     

1/21/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  310  5.74     

1/27/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

2/3/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  480  6.17     

2/10/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  70  4.25     

2/18/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,190  7.08     

2/24/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,060  6.97     

3/3/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  380  5.94     

3/10/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  480  6.17     

3/24/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,010  6.92     

3/31/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  390  5.97     

4/7/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  420  6.04     

4/21/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

4/30/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  460  6.13     

5/5/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,800  8.24     

5/12/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  530  6.27     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

5/19/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,170  7.06     

6/2/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  220  5.39     

6/9/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  4,400  8.39     

6/16/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  710  6.57     

6/23/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  4,600  8.43     

6/30/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  4,200  8.34     

7/7/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,400  7.78     

7/14/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,200  7.70     

7/21/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  600  6.40     

7/28/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  700  6.55     

8/4/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  7,800  8.96     

8/11/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,600  7.86     

8/21/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,200  8.56     

8/25/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  130  4.87     

9/2/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  160  5.08     

9/8/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,000  7.60     

9/15/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  580  6.36     

9/29/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,000  6.91     

10/6/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  240  5.48     

10/14/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  460  6.13     

10/20/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  410  6.02     

10/27/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  270  5.60     



Calculation of Antidegradation Targets for REC2 Only Freshwaters 
April 24, 2012 
Page 36 

Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

11/17/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,000  6.91     

11/24/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  250  5.52     

12/1/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  120  4.79     

12/9/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,200  7.70     

12/22/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  7,200  8.88     

12/29/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  660  6.49     

1/5/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  160  5.08     

1/12/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  15,000  9.62     

1/20/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  190  5.25     

1/26/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  60  4.09     

2/9/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  100  4.61     

2/17/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  180  5.19     

3/8/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  260  5.56     

3/9/2004 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      100  4.61 

3/15/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  140  4.94     

3/18/2004 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      100  4.61 

3/18/2004 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      100  4.61 

3/22/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  270  5.60     

3/30/2004 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      100  4.61 

3/30/2004 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      100  4.61 

3/31/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  220  5.39     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

4/5/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  320  5.77     

4/12/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  140  4.94     

4/19/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,600  8.63     

4/22/2004 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      310  5.74 

4/22/2004 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      100  4.61 

4/26/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  110  4.70     

5/1/2004 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      310  5.74 

5/3/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  250  5.52     

5/10/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  120  4.79     

7/6/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  320  5.77     

7/13/2004 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      100  4.61 

7/13/2004 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      100  4.61 

7/14/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  140  4.94     

7/15/2004 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      630  6.45 

7/15/2004 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      100  4.61 

7/19/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  590  6.38     

7/26/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,000  6.91     

8/2/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

8/9/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  260  5.56     

8/16/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  170  5.14     

8/23/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  280  5.63     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

8/26/2004 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      100  4.61 

8/26/2004 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      100  4.61 

8/30/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  430  6.06     

9/7/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,000  6.91     

9/13/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     

9/20/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  310  5.74     

9/27/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  330  5.80     

10/4/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  250  5.52     

10/12/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,200  7.70     

10/25/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  7,000  8.85     

10/29/2004 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      2,180  7.69 

10/29/2004 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      2,180  7.69 

11/1/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  430  6.06     

11/11/2004 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      100  4.61 

11/12/2004 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      740  6.61 

11/15/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  490  6.19     

11/22/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  10,000  9.21     

11/29/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  10,000  9.21     

12/13/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  290  5.67     

12/14/2004 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      100  4.61 

12/20/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  240  5.48     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

12/27/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  280  5.63     

12/30/2004 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      4,160  8.33 

1/6/2005 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      300  5.70 

1/18/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  19,000  9.85     

1/24/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  260  5.56     

1/25/2005 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      278  5.63 

1/25/2005 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      135  4.91 

1/31/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

2/3/2005 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      630  6.45 

2/3/2005 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      5,794  8.66 

2/7/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  12,000  9.39     

2/14/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,000  7.60     

2/25/2005 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      700  6.55 

2/25/2005 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      1,590  7.37 

2/28/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  570  6.35     

3/7/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  520  6.25     

3/14/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  330  5.80     

3/21/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  320  5.77     

3/24/2005 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      12,590  9.44 

3/30/2005 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      310  5.74 
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

3/30/2005 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      100  4.61 

4/4/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  470  6.15     

4/11/2005 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      740  6.61 

4/11/2005 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      630  6.45 

4/18/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  13,000  9.47     

5/2/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  760  6.63     

5/7/2005 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      4,130  8.33 

5/7/2005 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      5,610  8.63 

5/9/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  650  6.48     

5/16/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  100  4.61     

5/23/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

5/31/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  320  5.77     

6/6/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  140  4.94     

6/7/2005 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      833  6.73 

6/7/2005 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      63  4.14 

6/15/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  190  5.25     

6/20/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  140  4.94     

6/27/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  160  5.08     

7/5/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  420  6.04     

7/11/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  710  6.57     

7/12/2005 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      447  6.10 
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

7/15/2005 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      472  6.16 

7/25/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  4,600  8.43     

8/2/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  18,000  9.80     

8/11/2005 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      1,080  6.98 

8/11/2005 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      100  4.61 

8/15/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  570  6.35     

8/22/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  580  6.36     

9/6/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     

9/14/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  490  6.19     

9/19/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,010  6.92     

10/3/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  830  6.72     

10/11/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,600  7.86     

10/24/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,600  7.86     

10/31/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  390  5.97     

11/7/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,120  7.02     

11/7/2005 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      200  5.30 

11/7/2005 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      100  4.61 

11/14/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  930  6.84     

11/21/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  560  6.33     

11/30/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,170  7.06     

12/5/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,000  6.91     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

12/12/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  250  5.52     

12/15/2005 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      1,560  7.35 

12/15/2005 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      520  6.25 

12/19/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  280  5.63     

12/27/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,800  8.24     

12/28/2005 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      1,100  7.00 

12/28/2005 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      1,040  6.95 

1/9/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  210  5.35     

1/16/2006 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      1,480  7.30 

1/16/2006 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      1,340  7.20 

1/17/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

1/23/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  70  4.25     

1/25/2006 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      100  4.61 

1/25/2006 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      10  2.30 

1/30/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  150  5.01     

2/6/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  180  5.19     

2/14/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  130  4.87     

2/15/2006 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      1,610  7.38 

2/15/2006 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      850  6.75 

2/21/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,600  8.19     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

3/1/2006 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      2,430  7.80 

3/1/2006 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      2,430  7.80 

3/6/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

3/14/2006 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      410  6.02 

3/14/2006 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      100  4.61 

3/15/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  350  5.86     

3/20/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  440  6.09     

3/27/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  340  5.83     

4/3/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  150  5.01     

4/11/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  580  6.36     

4/17/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  360  5.89     

4/24/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  4,600  8.43     

5/1/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,200  7.70     

5/17/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  990  6.90     

5/24/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  15,000  9.62     

5/30/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,400  8.13     

6/19/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  390  5.97     

6/26/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  580  6.36     

7/5/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  8,200  9.01     

7/10/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  510  6.23     

7/17/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

8/7/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,800  7.94     

8/14/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,000  7.60     

8/21/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,000  6.91     

8/28/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,000  7.60     

9/11/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  6,200  8.73     

9/20/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  7,600  8.94     

9/25/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  900  6.80     

10/2/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,100  7.00     

10/10/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,400  8.13     

10/16/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  4,400  8.39     

10/23/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

10/30/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  700  6.55     

11/8/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  310  5.74     

11/13/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,030  6.94     

11/20/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  710  6.57     

12/4/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  590  6.38     

12/11/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  16,000  9.68     

12/18/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  7,800  8.96     

12/28/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  21,400  9.97     

1/2/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  210  5.35     

1/8/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  240  5.48     

1/16/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  260  5.56     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

1/22/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  490  6.19     

1/29/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  210  5.35     

2/7/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  650  6.48     

2/20/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  12,000  9.39     

2/26/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  180  5.19     

3/5/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  110  4.70     

3/12/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  17,000  9.74     

3/19/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  80  4.38     

3/26/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  80  4.38     

4/2/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,760  7.47     

4/9/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  50  3.91     

4/16/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  150  5.01     

4/30/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  350  5.86     

5/9/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  320  5.77     

5/14/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  280  5.63     

5/29/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  530  6.27     

6/4/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,650  7.41     

6/11/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  710  6.57     

6/18/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  100  4.61     

6/25/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

7/9/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  260  5.56     

7/16/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  350  5.86     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

7/23/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  390  5.97     

7/30/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  370  5.91     

8/6/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  280  5.63     

8/13/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  290  5.67     

8/20/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  240  5.48     

8/29/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,200  7.70     

9/10/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  480  6.17     

9/17/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  4,000  8.29     

10/1/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,000  7.60     

10/9/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  290  5.67     

10/15/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,200  8.07     

10/29/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  840  6.73     

11/5/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  11,000  9.31     

11/13/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  600  6.40     

11/19/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  540  6.29     

11/27/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  380  5.94     

12/4/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  580  6.36     

12/10/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,000  7.60     

12/17/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  220  5.39     

12/26/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  100  4.61     

1/2/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  150  5.01     

1/14/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  150  5.01     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

1/29/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,000  7.60     

2/6/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  160  5.08     

2/13/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  40  3.69     

2/19/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  390  5.97     

2/25/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  720  6.58     

3/4/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  270  5.60     

3/10/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  80  4.38     

3/17/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  40  3.69     

3/24/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  120  4.79     

4/7/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  70  4.25     

4/14/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  170  5.14     

4/21/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

4/28/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  50  3.91     

5/5/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  80  4.38     

5/12/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  110  4.70     

5/19/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  80  4.38     

5/27/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,000  7.60     

6/2/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,200  7.70     

6/9/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  130  4.87     

6/16/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  280  5.63     

7/7/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  120  4.79     

7/14/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  130  4.87     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

7/21/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  320  5.77     

7/28/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  560  6.33     

8/7/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  280  5.63     

8/18/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

8/25/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  190  5.25     

9/4/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  10,000  9.21     

9/8/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  260  5.56     

9/22/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  170  5.14     

9/29/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  100  4.61     

10/6/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  190  5.25     

10/20/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  280  5.63     

10/27/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  170  5.14     

11/12/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  290  5.67     

11/17/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  260  5.56     

11/24/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  130  4.87     

12/1/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

12/8/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,000  7.60     

12/23/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  640  6.46     

12/29/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  390  5.97     

4/23/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,400  8.59     

10/24/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,600  8.19     

6/21/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  700  6.55     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

5/11/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

10/22/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,800  7.94     

6/12/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  750  6.62     

10/14/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  390  5.97     

6/5/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,000  7.60     

3/9/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

1/14/2005 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      100  4.61 

7/31/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  6,800  8.82     

12/17/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

5/27/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,600  7.86     

5/10/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  390  5.97     

6/17/1997 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

6/28/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  310  5.74     

5/17/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  80  4.38     

3/3/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,300  7.74     

6/7/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  250  5.52     

6/7/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  250  5.52     

11/13/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  12,000  9.39     

5/4/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,300  7.74     

6/16/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,000  6.91     

6/16/2004 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      100  4.61 

6/16/2004 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      310  5.74 
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

3/19/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     

4/6/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,100  7.00     

7/5/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  240  5.48     

1/22/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  4,000  8.29     

12/16/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  14,000  9.55     

1/20/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  23,820  10.08     

12/26/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  640  6.46     

2/4/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  810  6.70     

1/2/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  210  5.35     

5/24/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  270  5.60     

1/3/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  14,000  9.55     

11/8/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  25,000  10.13     

3/18/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  18,800  9.84     

11/12/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  380  5.94     

9/22/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  10  2.30     

2/25/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,000  7.60     

2/11/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  760  6.63     

1/14/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  260  5.56     

2/19/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  850  6.75     

1/22/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  180  5.19     

3/4/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  130  4.87     

2/13/2007 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  670  6.51     



Calculation of Antidegradation Targets for REC2 Only Freshwaters 
April 24, 2012 
Page 51 

Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

1/26/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  170  5.14     

12/10/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  714  6.57     

2/14/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,172  8.55     

1/4/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

3/29/2006 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      4,040  8.30 

3/29/2006 
Santa Ana Delhi 

Channel at Mesa Dr 
Coastkeeper      4,950  8.51 

12/3/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  12,000  9.39     

1/7/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  18,000  9.80     

3/6/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  19,863  9.90     

2/23/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  4,200  8.34     

1/5/1995 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

12/1/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,192  10.09     

3/1/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  160  5.08     

2/27/2006 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  210  5.35     

2/2/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  100  4.61     

1/28/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  15,400  9.64     

2/27/2001 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,172  8.55     

3/31/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

1/11/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

12/16/2002 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  330  5.80     

2/19/1998 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  9,000  9.10     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

10/26/2004 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      2,130  7.66 

12/31/2004 
Santa Ana Delhi 

Channel at 
MacArthur 

Coastkeeper      3,050  8.02 

2/22/2005 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  6,600  8.79     

4/14/2003 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  230  5.44     

8/6/1973 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  46,000  10.74     

4/1/1974 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  43  3.76     

4/30/1974 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  930  6.84     

6/3/1974 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  43  3.76     

7/9/1974 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  430  6.06     

8/6/1974 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  39  3.66     

9/10/1974 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  210  5.35     

10/1/1974 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  460  6.13     

12/3/1974 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  430  6.06     

12/29/1974 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  4,300  8.37     

1/6/1975 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  90  4.50     

3/4/1975 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  75  4.32     

4/1/1975 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  43  3.76     

4/9/1975 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  23,000  10.04     

5/6/1975 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  930  6.84     

6/3/1975 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  430  6.06     

7/1/1975 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  230  5.44     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

8/5/1975 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  1,100  7.00     

9/10/1975 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  460  6.13     

10/7/1975 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  9,300  9.14     

11/4/1975 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  460  6.13     

11/28/1975 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  93,000  11.44     

12/2/1975 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  430  6.06     

2/3/1976 
Santa Ana Delhi 

Channel at Irvine Ave 
ocbeachinfo.com  460  6.13     

12/31/1985 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  700  6.55     

1/6/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

1/13/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

1/21/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,700  7.44     

1/27/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,300  7.17     

2/3/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  110  4.70     

2/11/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,300  7.17     

2/18/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  7,000  8.85     

2/24/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

3/3/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

3/10/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  30,000  10.31     

3/17/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  4,000  8.29     

3/24/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

3/31/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     

4/7/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  30,000  10.31     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

4/16/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  50,000  10.82     

4/22/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     

4/29/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

5/6/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,300  7.17     

5/13/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

5/20/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     

5/27/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

6/2/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,700  7.44     

6/9/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  160,000  11.98     

6/16/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     

6/23/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     

6/30/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

7/7/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  11,000  9.31     

7/14/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

7/21/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  22,000  10.00     

7/28/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  7,000  8.85     

8/4/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

8/11/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  80  4.38     

8/18/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

8/25/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

9/2/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  70  4.25     

9/8/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  700  6.55     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

9/15/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  20  3.00     

9/22/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

9/29/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  17,000  9.74     

10/6/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  160,000  11.98     

10/13/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  17,000  9.74     

10/20/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  8,000  8.99     

10/27/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  4,000  8.29     

11/3/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,300  7.17     

11/10/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  20  3.00     

11/24/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,700  7.44     

12/1/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  8,000  8.99     

12/8/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,300  7.74     

12/15/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,000  10.09     

12/22/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  160,000  11.98     

12/29/1986 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     

1/5/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,300  7.17     

1/12/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,300  7.17     

1/20/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

1/26/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

2/2/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

2/9/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  700  6.55     

2/17/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

2/23/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  7,000  8.85     

3/2/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

3/9/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

3/17/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,200  7.70     

3/23/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,000  10.09     

3/30/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

4/7/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

4/13/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

4/20/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

4/27/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

5/4/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

5/11/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  700  6.55     

5/18/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

5/26/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

6/1/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     

6/8/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

6/15/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  20  3.00     

6/22/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

6/29/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

7/6/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

7/13/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  200  5.30     

7/27/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

8/3/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,300  7.17     

8/10/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     

8/24/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  80  4.38     

8/31/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,300  7.74     

9/8/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     

9/14/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,100  7.00     

9/21/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,300  7.74     

9/28/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

10/5/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

10/12/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  160,000  11.98     

10/20/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,300  7.74     

10/26/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  8,000  8.99     

11/2/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

11/10/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

11/16/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,300  7.74     

11/24/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,100  7.00     

11/30/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  700  6.55     

12/7/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  7,000  8.85     

12/14/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  20  3.00     

12/21/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  20  3.00     

12/28/1987 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  130  4.87     

1/4/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  40  3.69     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

1/11/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

1/19/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,400  7.78     

1/25/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  20  3.00     

2/1/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  40  3.69     

2/8/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  8,000  8.99     

2/16/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     

2/23/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  20  3.00     

2/29/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

3/7/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  20  3.00     

3/15/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

3/28/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  20  3.00     

4/5/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  80  4.38     

4/12/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,700  7.44     

4/18/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  8,000  8.99     

4/25/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  130  4.87     

5/2/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  20  3.00     

6/1/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  40  3.69     

6/6/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  230  5.44     

6/13/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

6/20/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,100  7.00     

6/27/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,100  7.00     

7/6/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

7/11/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     

7/18/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     

7/25/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  400  5.99     

8/1/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  50,000  10.82     

8/8/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  600  6.40     

8/15/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

8/22/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

8/31/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,800  7.94     

9/6/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

9/12/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,300  7.17     

9/19/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,400  7.24     

9/26/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

10/4/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,300  7.17     

10/10/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

10/17/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

10/24/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,700  7.44     

10/31/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

11/7/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

11/14/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  160,000  11.98     

11/21/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  80  4.38     

11/28/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

12/5/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,300  7.17     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

12/27/1988 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,400  7.78     

1/3/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

1/9/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,200  7.70     

1/23/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  13,000  9.47     

1/30/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

2/7/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  7,000  8.85     

2/21/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

2/28/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

3/6/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

3/21/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

3/27/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

4/3/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,400  7.78     

4/18/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  8,000  8.99     

4/25/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,200  7.70     

5/1/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

5/9/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,300  7.17     

5/15/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  22,000  10.00     

5/22/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  11,000  9.31     

5/30/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

6/13/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  13,000  9.47     

6/19/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

6/26/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  50,000  10.82     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

7/3/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,200  7.70     

7/10/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

7/24/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  17,000  9.74     

8/7/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  11,000  9.31     

8/14/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  50,000  10.82     

8/21/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  11,000  9.31     

8/28/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

9/6/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  11,000  9.31     

9/19/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  160,000  11.98     

10/2/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  30,000  10.31     

10/9/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  110  4.70     

10/16/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

10/30/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  8,000  8.99     

11/7/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

11/13/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

11/20/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,300  7.74     

11/27/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  160,000  11.98     

12/4/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  13,000  9.47     

12/11/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

12/27/1989 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

1/8/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

1/16/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,300  7.74     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

1/22/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,300  7.74     

1/30/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

2/5/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

2/13/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,400  7.24     

2/26/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  80  4.38     

3/5/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  7,000  8.85     

3/12/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  22,000  10.00     

3/26/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  8,000  8.99     

4/2/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

4/9/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,700  7.44     

4/16/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  130  4.87     

4/30/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

5/7/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

5/14/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,100  7.00     

5/21/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

5/29/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  160,000  11.98     

6/5/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,700  7.44     

6/11/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  160,000  11.98     

6/18/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,300  7.74     

6/27/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,300  7.74     

7/10/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

7/16/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  700  6.55     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

7/24/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  8,000  8.99     

7/30/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  13,000  9.47     

8/6/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  40  3.69     

8/13/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

8/27/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

9/4/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

9/11/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  130  4.87     

9/17/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  220  5.39     

9/24/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

10/1/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

10/8/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

10/15/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

10/22/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

10/29/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

11/5/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

11/13/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  70  4.25     

11/27/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  30,000  10.31     

12/10/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

12/17/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

12/31/1990 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

1/15/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

1/22/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  270  5.60     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

1/28/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,100  7.00     

2/4/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,300  7.17     

2/19/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

2/25/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

3/12/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

3/19/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

4/10/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  13,000  9.47     

4/23/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,400  7.24     

5/28/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

6/4/1991 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  300  5.70     

8/10/1993 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  16,000  9.68     

9/21/1993 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  16,000  9.68     

9/28/1993 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

10/5/1993 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  230  5.44     

10/14/1993 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

10/19/1993 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

10/25/1993 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,700  7.44     

11/1/1993 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

11/22/1993 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

11/29/1993 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

12/13/1993 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

12/20/1993 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  13,000  9.47     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

1/3/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

1/11/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  230  5.44     

1/18/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  170  5.14     

1/24/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  80  4.38     

1/31/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,100  7.00     

2/8/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  8,000  8.99     

2/14/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

2/22/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,800  7.94     

3/1/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,100  7.00     

3/7/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,000  10.09     

3/14/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  800  6.68     

3/21/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  8,000  8.99     

3/28/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  500  6.21     

4/4/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,300  7.17     

4/11/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,300  7.74     

4/25/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  160,000  11.98     

5/2/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,100  7.00     

5/9/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,000  8.52     

5/16/1994 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,000  8.01     

7/6/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  100  4.61     

7/12/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  8,000  8.99     

7/20/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  241,920  12.40     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

7/26/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,192  10.09     

8/4/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  789  6.67     

8/10/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  2,098  7.65     

8/16/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  740  6.61     

8/23/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  410  6.02     

8/31/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  687  6.53     

9/9/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,192  10.09     

9/14/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,192  10.09     

9/22/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  1,334  7.20     

9/28/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  637  6.46     

10/5/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,192  10.09     

10/14/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  573  6.35     

10/19/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  187  5.23     

10/25/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  789  6.67     

11/1/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  189  5.24     

11/9/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,192  10.09     

11/15/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  108  4.68     

11/22/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,335  8.58     

11/29/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,192  10.09     

12/6/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  379  5.94     

12/13/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  52  3.95     

12/20/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,794  8.66     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

12/27/1999 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  3,609  8.19     

1/4/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  74  4.30     

1/10/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  285  5.65     

1/18/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,192  10.09     

1/27/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,192  10.09     

2/1/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  10  2.30     

2/7/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  52  3.95     

2/14/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  9,804  9.19     

2/24/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  11,199  9.32     

2/28/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  12,033  9.40     

3/7/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  24,192  10.09     

3/13/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  98  4.58     

3/21/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  14,136  9.56     

3/29/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  12,033  9.40     

4/3/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  4,884  8.49     

4/10/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  5,172  8.55     

4/17/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  9,804  9.19     

4/24/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  121  4.80     

5/1/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  327  5.79     

5/8/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  191  5.25     

5/15/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  173  5.15     

5/30/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  309  5.73     
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Table 4 – Santa Ana Delhi Channel Data 

Date  Site  Source 
Fecal Coliform 
(MPN/100ml) 

LN of Fecal 
Coliform 

E. coli  LN of E.coli 

6/6/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  187  5.23     

6/12/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  211  5.35     

6/19/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  181  5.20     

6/26/2000 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  197  5.28     

6/1/2004 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  390  5.97     

6/30/2008 
Santa Ana Delhi 

Channel at Backbay 
ocbeachinfo.com  220  5.39     

 
 
 
   



Calculation of Antidegradation Targets for REC2 Only Freshwaters 
April 24, 2012 
Page 69 

Table 5 – Enterococcus Data  

    Santa Ana Delhi Channel  Greenville‐Banning Channel 

Date  Source 
Enterococcus 
(MPN/100ml) 

LN of Enterococcus 
Enterococcus 
(MPN/100ml) 

LN of Enterococcus 

2001 ‐ 2004  RWQCB  70  4.25  50  3.91 
2001 ‐ 2004  RWQCB  160  5.08  60  4.09 
2001 ‐ 2004  RWQCB  400  5.99  10  2.30 
2001 ‐ 2004  RWQCB  400  5.99  120  4.79 
2001 ‐ 2004  RWQCB  800  6.68  10  2.30 
2001 ‐ 2004  RWQCB  56  4.03  20  3.00 
2001 ‐ 2004  RWQCB  8400  9.04  5  1.61 
2001 ‐ 2004  RWQCB  3200  8.07  23  3.14 
2001 ‐ 2004  RWQCB  1000  6.91  60  4.09 
2001 ‐ 2004  RWQCB  120  4.79  20  3.00 
2001 ‐ 2004  RWQCB  150  5.01  5  1.61 
2001 ‐ 2004  RWQCB  70  4.25  5  1.61 
2001 ‐ 2004  RWQCB  208  5.34  10  2.30 
2001 ‐ 2004  RWQCB  289  5.67  10  2.30 
2001 ‐ 2004  RWQCB  261  5.56  25  3.22 
2001 ‐ 2004  RWQCB  98  4.58  5  1.61 
2001 ‐ 2004  RWQCB  36  3.58  15  2.71 
2001 ‐ 2004  RWQCB  240  5.48  40  3.69 
2001 ‐ 2004  RWQCB  150  5.01  100  4.61 
2001 ‐ 2004  RWQCB  400  5.99  60  4.09 
2001 ‐ 2004  RWQCB  800  6.68  30  3.40 
2001 ‐ 2004  RWQCB  6  1.79  630  6.45 
2001 ‐ 2004  RWQCB  200  5.30  10  2.30 
2001 ‐ 2004  RWQCB  230  5.44  1  0.00 
2001 ‐ 2004  RWQCB  1000  6.91  740  6.61 
2001 ‐ 2004  RWQCB  354  5.87  1  0.00 
2001 ‐ 2004  RWQCB  2200  7.70  10  2.30 
2001 ‐ 2004  RWQCB  28  3.33  30  3.40 
2001 ‐ 2004  RWQCB  190  5.25  150  5.01 
2001 ‐ 2004  RWQCB  140  4.94  150  5.01 
2001 ‐ 2004  RWQCB  291  5.67  20  3.00 
2001 ‐ 2004  RWQCB  96  4.56  80  4.38 
2001 ‐ 2004  RWQCB  82  4.41  50  3.91 
2001 ‐ 2004  RWQCB  400  5.99  30  3.40 
2001 ‐ 2004  RWQCB  60  4.09  30  3.40 
2001 ‐ 2004  RWQCB  2000  7.60  700  6.55 
2001 ‐ 2004  RWQCB  110  4.70  60  4.09 
2001 ‐ 2004  RWQCB  396  5.98  70  4.25 
2001 ‐ 2004  RWQCB  800  6.68  280  5.63 
2001 ‐ 2004  RWQCB  6800  8.82  240  5.48 
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Table 5 – Enterococcus Data  

    Santa Ana Delhi Channel  Greenville‐Banning Channel 

Date  Source 
Enterococcus 
(MPN/100ml) 

LN of Enterococcus 
Enterococcus 
(MPN/100ml) 

LN of Enterococcus 

2001 ‐ 2004  RWQCB  1000  6.91  690  6.54 
2001 ‐ 2004  RWQCB  1000  6.91  580  6.36 
2001 ‐ 2004  RWQCB  19000  9.85  710  6.57 
2001 ‐ 2004  RWQCB  198  5.29  220  5.39 
2001 ‐ 2004  RWQCB  2000  7.60  80  4.38 
2001 ‐ 2004  RWQCB  2200  7.70  80  4.38 
2001 ‐ 2004  RWQCB  19000  9.85  50  3.91 
2001 ‐ 2004  RWQCB  1000  6.91  10  2.30 
2001 ‐ 2004  RWQCB  2400  7.78  110  4.70 
2001 ‐ 2004  RWQCB  1,000  6.91  60  4.09 
2001 ‐ 2004  RWQCB  1000  6.91  80  4.38 
2001 ‐ 2004  RWQCB  400  5.99  100  4.61 
2001 ‐ 2004  RWQCB  800  6.68  20  3.00 
2001 ‐ 2004  RWQCB  130  4.87  50  3.91 
2001 ‐ 2004  RWQCB  140  4.94  70  4.25 
2001 ‐ 2004  RWQCB  1000  6.91  15  2.71 
2001 ‐ 2004  RWQCB  600  6.40  10  2.30 
2001 ‐ 2004  RWQCB  88  4.48  900  6.80 
2001 ‐ 2004  RWQCB  400  5.99  60  4.09 
2001 ‐ 2004  RWQCB  66  4.19  40  3.69 
2001 ‐ 2004  RWQCB  1000  6.91  500  6.21 
2001 ‐ 2004  RWQCB  800  6.68  6  1.79 
2001 ‐ 2004  RWQCB  6000  8.70  12  2.48 
2001 ‐ 2004  RWQCB  1000  6.91  80  4.38 
2001 ‐ 2004  RWQCB  28,600  10.26  60  4.09 
2001 ‐ 2004  RWQCB      30  3.40 
2001 ‐ 2004  RWQCB      20  3.00 
2001 ‐ 2004  RWQCB      30  3.40 
2001 ‐ 2004  RWQCB      20  3.00 
2001 ‐ 2004  RWQCB      10  2.30 
2001 ‐ 2004  RWQCB      70  4.25 
2001 ‐ 2004  RWQCB      80  4.38 
2001 ‐ 2004  RWQCB      10  2.30 
2001 ‐ 2004  RWQCB      40  3.69 
2001 ‐ 2004  RWQCB      20  3.00 
2001 ‐ 2004  RWQCB      50  3.91 
2001 ‐ 2004  RWQCB      10  2.30 
2001 ‐ 2004  RWQCB      70  4.25 
2001 ‐ 2004  RWQCB      10  2.30 
2001 ‐ 2004  RWQCB      160  5.08 
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Table 5 – Enterococcus Data  

    Santa Ana Delhi Channel  Greenville‐Banning Channel 

Date  Source 
Enterococcus 
(MPN/100ml) 

LN of Enterococcus 
Enterococcus 
(MPN/100ml) 

LN of Enterococcus 

2001 ‐ 2004  RWQCB      63  4.14 
2001 ‐ 2004  RWQCB      80  4.38 
2001 ‐ 2004  RWQCB      530  6.27 
2001 ‐ 2004  RWQCB      90  4.50 
2001 ‐ 2004  RWQCB      20  3.00 
2001 ‐ 2004  RWQCB      20  3.00 
2001 ‐ 2004  RWQCB      60  4.09 
2001 ‐ 2004  RWQCB      20  3.00 
2001 ‐ 2004  RWQCB      130  4.87 
2001 ‐ 2004  RWQCB      240  5.48 
2001 ‐ 2004  RWQCB      11  2.40 
2001 ‐ 2004  RWQCB      300  5.70 
2001 ‐ 2004  RWQCB      900  6.80 
2001 ‐ 2004  RWQCB      130  4.87 
2001 ‐ 2004  RWQCB      22000  10.00 
2001 ‐ 2004  RWQCB      300  5.70 
2001 ‐ 2004  RWQCB      500  6.21 
2001 ‐ 2004  RWQCB      500  6.21 
2001 ‐ 2004  RWQCB      23  3.14 
2001 ‐ 2004  RWQCB      23  3.14 
2001 ‐ 2004  RWQCB      170  5.14 
2001 ‐ 2004  RWQCB      50  3.91 
2001 ‐ 2004  RWQCB      11  2.40 
2001 ‐ 2004  RWQCB      2  0.69 
2001 ‐ 2004  RWQCB      4  1.39 
2001 ‐ 2004  RWQCB      8  2.08 
2001 ‐ 2004  RWQCB      18  2.89 
2001 ‐ 2004  RWQCB      80  4.38 
2001 ‐ 2004  RWQCB      17  2.83 
2001 ‐ 2004  RWQCB      23  3.14 
2001 ‐ 2004  RWQCB      2  0.69 
2001 ‐ 2004  RWQCB      2  0.69 
2001 ‐ 2004  RWQCB      2  0.69 
2001 ‐ 2004  RWQCB      23  3.14 
2001 ‐ 2004  RWQCB      80  4.38 
2001 ‐ 2004  RWQCB      470  6.15 
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TO:   Administrative Record for the Revisions to Recreational  Standards 
 for Inland Fresh Surface Waters Basin Plan Amendments  
 (Resolution  No. R8-2012-0001) 
 
FROM: David G. Woelfel 
 SANTA ANA REGIONAL WATER QUALITY CONTROL BOARD 
 
DATE: April 24, 2012 
 
SUBJECT: Calculation of Antidegradation Targets for Proposed REC2 Only Tidal 
 Prism Waters 
 
The purpose of this memorandum is to present the results and calculation methodology 
used to determine antidegradation targets for the proposed tidal prism segments of the 
Santa Ana-Delhi and Greenville-Banning channels. Antidegradation targets are 
described in  the staff report for the proposed amendments (Staff Report: Basin Plan 
Amendments, Revisions to Recreational Standards for Inland  Fresh Surface Waters in 
the Santa Ana Region, January 12, 2012,  Section 5.2.2).   
 
USEPA guidance recommends the use of only enterococcus to protect body contact 
recreation activity (REC1) in marine waters.  Therefore enterococcus data collected 
from two monitoring sites located upon the proposed tidal prism segments of the Santa 
Ana-Delhi and Greenville Banning channels were used to determine the antidegradation 
targets.  
 
Santa Ana-Delhi Channel 
 
The Orange County Environmental Health Division has performed water quality 
monitoring on the Santa Ana-Delhi Channel at the bicycle bridge at University Drive, 
Newport Beach. Data on enterococcus densities have been collected approximately 
weekly for the last year several years. The bicycle bridge is the downstream boundary 
of the proposed tidal prism segment of the Santa Ana-Delhi Channel.  The tidal prism 
segment is mostly earthen and at the bridge, the water depth is usually several feet.  
Given the proximity to upper Newport Bay, the salinity of the waters of the segment are 
within marine levels except, very likely, during heavy rainfall events when high storm 
flows dominate the channel.  
 
The antidegradation targets were calculated using data collected from January 4, 2010 
to November 21, 2011. The results from a total of 65 samples were used in the 
calculation.  
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Greenville-Banning Channel 
 
The County of Orange Public Works Division conducted water quality monitoring of the 
Greenville-Banning Channel at 200 ft. downstream of the inflatable diversion dam. The 
entire length of the proposed tidal prism segment of the channel (from the confluence 
with the Santa Ana River to the inflatable dam) is an open concrete rectangular box. 
The waters have a high salinity concentration comparable to marine waters due to tidal 
influence. High storm flows in the Santa Ana River and the Channel greatly reduce the 
salinity concentrations of the tidal prism. At times the sampling location was found to be 
dry as a result of extreme low tides.  
 
The Public Works Division monitored the tidal prism for enterococcus densities from 
May 21, 2002 to April 27, 2004, a total of 108 times. 
 
Calculations of Antidegradation Targets 
 
The upper 75th percentile density, estimated from the existing data collected during the 
UAA process and shown in Table 1 and 2 of this memo, will serve as the trigger 
threshold, i.e., the antidegradation target, for further investigation and possible 
corrective action.  The following method was used to estimate the upper 75th percentile 
densities: 
 

Step 1) Log-transform the existing data 
Step 2) Calculate the mean of the log-transformed data 
Step 3) Calculate the standard deviation of the log-transformed data 
Step 4) Multiply the standard deviation of log-transformed data by 0.675 
Step 5) Add result from Step 4 to the mean value calculated in Step 2 
Step 6) Calculate the anti-log for the value derived in Step 5; this is the 

75% Upper Confidence Level. 
 

Employing these steps and using the data shown in Table 1 and 2, the following targets 
were determined. 
 

Table 5-REC2 Only Targets –Tidal Prisms 

REC2 Only Waterbody 
 

Enterococcus Densities  (cfu/100 mL) 

Mean 
Std. 
Dev. 

N 
Max. 

Observed 
75% 
UCL 

      
Greenville-Banning Channel, Tidal Prism 44 2041 116 22,000 133 
Santa Ana-Delhi Channel, Tidal Prism 439 4852 65 28,600 1320 
UCL= Upper Confidence Level; 75% upper confidence level is the 
antidegradation target 
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Table 1 / Monitoring Results for Enterococcus 

Santa Ana-Delhi Channel 
Newport Beach Back Bay at Bicycle Bridge 
Data Provided by: OC Health Care Agency- 

Environmental Health Division 
Date Entero-

coccus 
(CFU/100 

mL) 

1/4/2010 70 
1/11/2010 160 
1/25/2010 400 

2/1/2010 400 
2/8/2010 800 

2/16/2010 56 
2/22/2010 8400 

3/1/2010 3200 
3/8/2010 1000 

3/15/2010 120 
3/22/2010 150 
3/29/2010 70 

4/5/2010 208 
4/19/2010 289 
4/26/2010 261 

5/3/2010 98 
5/10/2010 170 
5/17/2010 240 
5/24/2010 150 

6/1/2010 400 
6/7/2010 800 

6/14/2010 240 
6/21/2010 200 
6/28/2010 230 

7/6/2010 1000 
7/12/2010 354 
7/19/2010 2200 
7/26/2010 400 

8/2/2010 190 
8/9/2010 140 

8/16/2010 291 
8/23/2010 96 
8/30/2010 82 

Date Entero-
coccus 

(CFU/100 
mL) 

9/7/2010 400 
9/13/2010 60 
9/20/2010 2000 
9/27/2010 110 
10/4/2010 1000 

10/12/2010 800 
10/18/2010 6800 
10/26/2010 1000 
11/1/2010 1000 
11/8/2010 19000 

11/15/2010 198 
11/22/2010 2000 
11/29/2010 2200 
12/6/2010 19000 

12/15/2010 1000 
12/27/2010 2400 

1/4/2011 2000 
1/10/2011 180 
1/18/2011 42 
1/24/2011 64 
1/31/2011 12000 

2/7/2011 234 
2/16/2011 11000 
2/23/2011 600 

3/1/2011 42 
3/8/2011 20 

3/14/2011 140 
3/23/2011 2000 
3/28/2011 <200 

4/4/2011 140 
4/11/2011 86 
4/18/2011 88 
4/25/2011 28 

Date Entero-
coccus 

(CFU/100 
mL) 

5/2/2011 34 
5/9/2011 78 

5/23/2011 283 
5/31/2011 82 

6/6/2011 110 
6/13/2011 337 
6/20/2011 251 
6/27/2011 220 

7/5/2011 86 
7/11/2011 251 
7/18/2011 64 
7/25/2011 200 

8/1/2011 1000 
8/8/2011 1000 

8/15/2011 400 
8/22/2011 800 
8/29/2011 130 

9/6/2011 140 
9/12/2011 1000 
9/19/2011 600 
9/26/2011 88 

10/11/2011 400 
10/17/2011 66 
10/24/2011 1000 
10/31/2011 800 
11/7/2011 6000 

11/16/2011 1000 
11/21/2011 28600 
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California Environmental Protection Agency 
 

  Recycled Paper 

Table 2 
Monitoring Results for Enterococcus Concentrations 

Greenville-Banning Channel 
200’ Downstream of Diversion (marine waters) 

Data Provided by: OC Public Works- 
OC Watersheds 

 
Date Entero-

coccus 
(CFU/100 

mL) 
5/16/01 50 
6/6/01 60 
6/13/01 <10 
6/20/01 120 
6/27/01 10 
7/3/01 20 
7/11/01 <5 
7/18/01 23 
7/25/01 60 
8/1/01 <20 
8/8/01 5 
8/15/01 <5 
8/22/01 10 
8/29/01 10 
9/5/01 25 
9/12/01 <5 
9/19/01 15 
9/26/01 40 

5/21/2002 100 
5/31/2002 60 
6/25/2002 30 
6/20/2002 630 
7/12/2002 10 
7/17/2002 <1 
8/1/2002 740 
8/7/2002 <1 

8/23/2002 <10 
8/28/2002 30 
9/11/2002 150 
9/4/2002 150 

9/17/2002 20 
9/25/2002 80 
9/30/2002 50 

Date Entero-
coccus 

(CFU/100 
mL) 

10/8/2002 30 
10/17/2002 30 
10/31/2002 700 
11/13/2002 60 
11/22/2002 70 
11/29/2002 280 
12/4/2002 240 
12/16/2002 690 
12/13/2002 580 
12/23/2002 710 

1/7/2003 220 
1/17/2003 80 
1/21/2003 80 
1/29/2003 50 
2/6/2003 10 

2/10/2003 110 
2/21/2003 60 
2/24/2003 80 
3/3/2003 100 

3/10/2003 20 
3/21/2003 50 
3/26/2003 70 
3/31/2003 15 
4/8/2003 <10 

4/17/2003 900 
4/24/2003 60 
5/1/2003 40 
5/8/2003 500 

5/15/2003 6 
5/23/2003 DRY 
5/29/2003 12 
6/4/2003 NA 

6/12/2003 80 

Date Entero-
coccus 

(CFU/100 
mL) 

6/20/2003 DRY 
6/24/2003 DRY 
6/30/2003 60 
7/9/2003 DRY 

7/11/2003 DRY 
7/16/2003 30 
7/23/2003 20 
7/30/2003 DRY 
8/7/2003 30 

8/15/2003 <20 
8/21/2003 10 
8/25/2003 70 
9/4/2003 80 

9/10/2003 <10 
9/19/2003 40 
9/22/2003 20 
10/1/2003 50 
10/9/2003 10 
10/16/2003 70 
10/22/2003 10 
10/31/2003 160 
11/3/2003 63 
11/10/2003 80 
11/20/2003 530 
11/28/2003 90 
12/1/2003 20 
12/11/2003 20 
12/19/2003 60 

1/7/2004 20 
1/13/2004 130 
1/19/2004 240 
1/26/2004 11 
2/2/2004 300  
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California Environmental Protection Agency 
 

  Recycled Paper 

Table 2 (continued) 
 

Date Enterococcus 
(CFU/100 mL) 

Date Enterococcus 
(CFU/100 mL) 

Date Enterococcus 
(CFU/100 mL) 

2/9/2004 900 4/5/2004 170 6/14/2004 17 
2/17/2004 130 4/12/2004 50 6/21/2004 23 
2/23/2004 22000 4/19/2004 11 6/28/2004 2 
3/1/2004 300 4/27/2004 2 7/6/2004 <2 
3/8/2004 500 5/3/2004 4 7/12/2004 <2 
3/15/2004 500 5/10/2004 8 7/19/2004 23 
3/22/2004 23 5/24/2004 18 8/13/2004 80 
3/29/2004 23 6/2/2004 80 8/19/2004 470 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 

 

6.08 Presentations to the Regional 
Board   



Temporary 
High Flow Suspension 

1 



High  Flow Suspension 
 Temporarily suspend recreational uses 

and bacterial objectives: 
 In heavily-modified flood control channels 
 When high flows preclude safe water access 

 
 

2 



Suspension Trigger Criteria 

Flow-based hazard to public safety: 
1. Stream velocity > 8 fps 
2. Stream depth * velocity > 10 ft2/sec  
3. Rainfall in tributary area   ≥ 0.5 inches 

3 



Suspension Termination Criteria 

 Suspension 
automatically 
terminates 24 hours 
after rainfall stops, 
unless flow data 
demonstrates that 
stream flows continue 
to exceed suspension 
criteria 

 4 



Suspension Termination Criteria 
 Suspension automatically terminates once 

stream flows return to normal baseline 
(<98th percentile of calibrated hydrograph) 

5 



Temporary Suspension 
 Suspension would apply sparingly 

(approx. 7-10 days/year) 
 Suspension would NOT automatically 

apply to natural creeks and streams 
 Suspension would NOT apply to lakes or 

ocean beaches 
 Suspension would 
   NOT apply to 
   routine high flows 
   in SAR-Reach 2 

6 



Eligible Engineered & Modified 
Flood Control Channels 

 Appendix VIII: Low Resolution Maps 
 Appendix IX:  ArcGIS Files 
 Tabular List of Channels  

7 



Special Cases for 
HFS  Implementation 

 
 Reach 2, Santa Ana River  (Prado Dam to 

17th Street (Santa Ana) 
 

 Reach 3, Santa Ana River (Mission Blvd. 
(Riverside) to Prado Dam 

8 



Temporary HFS in SAR-Reach 2 
Routine flow conditions often exceed criteria 
that trigger temporary suspension 

9 

 Suspension will be 
applied only if: 
 Rainfall criterion met 

(≥ 0.5 inches in 
tributary area) 

 USACOE releasing 
excess flows behind 
Prado Dam in 
response to prior rain 
events 



Temporary HFS in SAR-Reach 3 
 Natural hydrology significantly altered  

exceptionally hazardous conditions: 
 
 Upper half: heavily 
     modified & engineered  
    (channelized, armored 
    levees) 
 
 Below Van Buren Blvd: 
    largely natural but many 
    flood control facilities in 
    tributary streams 10 



11 



 

12 



Other Limitations on 
Temporary High Flow Suspension 

 
 No effect on POTW permit requirements to 

filter and disinfect wastewater effluent 
 Must continue to protect downstream uses 

where water quality objectives have not 
been suspended 

 No effect on other beneficial uses 
   (e.g. WARM, COLD, RARE, WILD, etc.) 

13 



14 



Justification for HFS 

Recreational Uses Are Temporarily  
Unattainable Under High Flow Conditions 

Hydromodifications have Exacerbated the 
Flash Flooding Hazard 

 Volume of Water is Uncontrollable 
 Essential Element of Comprehensive 

Bacteria Reduction Plan’s (CBRP) 
Implementation Strategy 

15 



Proposed Basin Plan 
Amendments 

Recreation Standards for Fresh 
Waters in the Santa Ana Region 

 
March 16, 2012 

 



2 



3 

Guiding Task Force Principles 

 
 Process must be objective 
 Proposed changes must be based on best 

available science 
 Proposed changes must comport with 

existing law and regulation 



4 

 

 Protect public health  
 Ensure reasonable protection of beneficial 

uses  

Key Objectives 



5 

Proposed Amendments 

   
 Meet Task Force Objectives   
 Significant improvement over existing 

Basin Plan standards and implementation 
strategies 

 Achievable 



SQS Task Force: 

 5 funding partners:  
•  Orange, Riverside, San Bernardino County 

stormwater agencies 
• Orange County Sanitation District 
• Santa Ana Watershed Project Authority (SAWPA) 

 Regional Board a non-funding member 
 Public/agency participation actively sought 

• ~125 people on mailing list; 54 agencies 

6 



Presentation Outline 

1. Proposed Basin Plan amendments 
 Bacteria Basics 
 Individual amendments 

2. Requisite BPA analyses 
3. Comments and responses 
4. Errata 
5. Recommendation 

7 



Proposed Amendments 

1. Changes to bacteria objectives in 
freshwater 

2. Changes to REC1 beneficial use 
definition; recreation use designations 

3. Changes to implementation plan 
4. Editorial changes 

8 



Proposed Amendments 

 
 Attachments 1 and 2 to tentative 

Resolution No. R8-2012-0001 
 Attachment 1: underline/strike-out version 
 Attachment 2: “clean” version 

9 



Bacteria  Basics 

  Bacteria used as surrogate indicators of 
the presence of pathogens 

 USEPA bacteria criteria:   
 Fecal coliform → E. coli/enterococcus 

10 



Bacteria Basics 

 USEPA criteria:  guidance 
  
 States expected to adopt objectives at least 

as protective of human health 
  Basin Plan:  fecal coliform objectives based 

on USEPA criteria 
  1986- revised USEPA bacteria criteria: 

• Freshwater: E. coli/enterococcus 
 

11 



Bacteria Basics 

 USEPA BEACH Act rule (2004): 
 

 Promulgated bacteria criteria for Great Lakes 
and coastal recreation waters 

• Implement 1986 criteria 
 

  Per USEPA staff: BEACH Act rule provides 
best guidance re implementation of 1986 
criteria 

12 



Bacteria Basics 

 USEPA bacteria criteria: 
 Address full body contact recreation (primary 

contact recreation) 
  Definitions: 

• Prolonged, intimate contact with water 
• Immersion likely 
• Recreational activities where ingestion of water 

is likely 

13 



Bacteria Basics 

 USEPA criteria based on studies at 
bathing beaches  

 Compared illness rates in swimmers vs 
non-swimmers 
 Swimmers: swam; head/face wet 
 Non-swimmers: no contact, waders, or less 

than 10 minutes in water even if head or face 
wet 

14 



Bacteria Basics 

 USEPA Studies: 
 

 Statistically significant differences between 
swimmers/non-swimmers in GI illness 

 
• GI illnesses most frequent type contracted during 

recreational activities in water 
• Usually no significant differences in other types of 

illnesses 

15 



Bacteria  Basics 

 USEPA studies: 
 

 Swimming-associated GI illness rate 
(“excess” illness rate): 

 
• GI illness rate in swimmers minus rate in non-

swimmers 

16 



Basin Plan Bacteria Objectives 

 REC1: Fecal coliform: log mean less than 
200/100 mL (5 or more samples/30 days) 
and not more than 10% of samples 
exceed 400/100 mL 

 REC2:  Fecal coliform: average less than 
2000/100 mL and not more than 10% of 
samples exceed 4000/100 mL (30 day 
period) 

 MUN:  Total coliform: less than 100/100 
mL 17 



Basin Plan Bacteria Objectives 

   Apply to all fresh surface water bodies, 
year-round (dry weather and wet weather) 

18 



Basin Plan Objectives 

REC1: fecal coliform 200/100mL; not more 
than 10% samples exceed 400/100mL 
 200/100mL: initially thought to provide 

zero illness risk 
 400/100mL: detectable risk of illness no more 

than 10% of time 
 USEPA re-evaluation: 200/100mL results 

in ~8 “excess” GI illnesses/1000 
swimmers 

19 



Basin Plan Objectives 

REC2: 2000/100mL; not more than 10% 
samples exceed 4000/100mL 
 Objectives are arbitrary 10X multiplication 

of REC1 objectives 
 No scientific basis for REC2 objectives 

(any bacteria indicator) 

20 



USEPA 1986 Criteria 

21 



USEPA 1986 Criteria 

 Freshwater criteria: E. coli or enterococcus 
 Geometric means: 

 8 “excess” GI illnesses/1000 swimmers 
• ~ health risk of 200/100mL fecal coliform 
• E. coli:  126/100mL 

 Single sample maximum (SSM) values 
 Vary based on recreation use intensity 

22 



USEPA 1986 Criteria 

 2006 Fact Sheet: geometric mean 
objective based on GI illness rate of 
10/1000 or less swimmers acceptable 
 10/1000mL geometric mean= 206/100mL E. 

coli 
 126 – 206/100mL E. coli  geometric mean 

acceptable 

23 



USEPA 1986 Criteria 

 Geometric mean used to assess long-term 
water quality 
 More reliable; less subject to random variation 
 More relevant for determining need for 

corrective action 
 Directly linked to USEPA criteria studies 

24 



USEPA 1986 Criteria 

25 



USEPA 1986 Criteria 

 Single sample maximum values: 
 Used to assess likelihood of compliance with 

geometric mean when data are limited 
 Intended to assist timely beach 

notification/closure decisions 
• State discretion to use for other CWA purposed 

26 



USEPA 1986 Criteria 

 SSMs: statistical constructs calculated 
with equation: 
 Selected geometric mean (e.g., 126/100mL) 
 Log standard deviation of bacteria data 

• Site-specific preferred; default (0.4) applied if 
necessary 

 Confidence levels 

27 



USEPA 1986 Criteria 

 SSM confidence levels 
 

   Contingent on intensity of REC1 use, 
desired conservatism 

28 



USEPA 1986 Criteria 

29 



USEPA 1986 Criteria 

SSMs:  
 All calculated from the same geometric 

mean 
 SSMs reflect selected degree of conservatism 

based on intensity of full body contact 
recreation 
• Intended for REC1 waters 

 Geometric mean  more relevant for water 
quality control actions 

30 



Proposed Amendments 

1. Changes to bacteria objectives in 
freshwater 

2. Changes to REC1 beneficial use 
definition; recreation use designations 

3. Changes to implementation plan 
4. Editorial changes 

31 



Bacteria Objective Changes 

1. Delete fecal coliform objectives for REC1 
and REC2 

2. Adopt E. coli objectives  
3. Adopt bacteria quality targets for REC2-

only waters 
4. Adopt a narrative pathogen objective 
5. Delete total coliform objective for MUN 

waters 

32 



Bacteria Objective  Changes 

 Apply to inland fresh surface waters 

33 



Bacteria Objective Changes 

1. Delete REC1 and REC2 fecal coliform 
objectives 
 Fecal coliform not a reliable indicator of 

illness in swimmers 
2. Replace with E. coli  objectives 

 USEPA 1986 Criteria 
 REC1 and REC1+REC2 waters 

34 



Recommended Objectives 

 E. coli  geometric mean = 126/100mL 
 8 “excess” GI illnesses/1000 swimmers 

• ~Health risk of 200/100mL 
 Expressed as minimum of 5 samples over 30 

day period (running average) 

35 



Recommended Objectives 

36 



Recommendations re SSMs 

 Ch. 5 Implementation:  Application of SSM  
values in REC1 freshwaters  

• Table 5-REC1-Tiers 
• Table 5-REC1-ssv 
 

 Table 4 –pio: footnote 3 
 
 

37 



Recommendations re SSMs 

 Principal use as implementation tool 
 Beach closure/notification 
 Additional monitoring/investigation 

 For beach closure/notification decisions: 
no single sample shall exceed applicable 
SSM 
 (Table 4-pio, footnote 3; Table 5-REC1-ssv, 

footnote 1) 

38 



Recommendations re SSMs 

 Use for other compliance purposes only 
where data are not sufficient to calculate 
geometric mean 

  X% of data collected over a 30-day period 
shall be less than the applicable SSM, 
where X%=applicable  statistical 
confidence level (75, 82, 90, 95%)  (Table 
4-pio, footnote 3) 
 

39 



Recommendations re SSMs 

REC1 Tiers: A, B, C, D (Table 5-REC1-
Tiers): 

 Intensity of known/anticipated REC1 use 
• Relative to Santa Ana River, Reach 3 not 

ocean beaches: conservative 

 Not comprehensive assessment 
 Subject to change 

40 



Recommendations re SSMs 

 Tier A:  heavily-used (Reach 3, Santa  Ana 
River) (SAR)  

 Tier B: moderately-used (Reach 4, SAR) 
 Tier C: lightly-used (Reach 2, SAR) 
 Tier D:  infrequently-used (concrete-lined 

channels, ephemeral streams) 
• UAAs – REC1 designation appropriate? 

 N:  high bacteria quality; Tier A confidence 
level 
 
 41 



Recommendations re SSMs 

42 



Recommendations re SSMs 

43 



Recommendations re SSMs 

Table 5-REC1-ssv -   SSMs for Tier A, B, C, 
D (and N) waters: 
 

 E. coli geometric mean= 126/100mL 
 Default log std. dev. (LSD) 
 Other LSD values (site-specific) 
 SSM equation included (footnote 2) 
 Site specific LSD: at least 30 samples in one 

recreation season 
44 



Recommendations re SSMs 

Table 5-REC1-ssv: 
•   For beach closure/notification: no single 

sample shall exceed applicable SSM 
• Use for other compliance purposes where data 

are insufficient to calculate geometric mean 
• X% of data (30 days) shall be less than applicable 

SSM 
• X= assigned statistical confidence level 

45 



Summary 

1. Delete fecal coliform objectives for REC1 
and REC2 

2. Adopt E. coli  geometric mean objective: 
126/100mL 
 REC1, REC+REC2 waters 

3. Implementation of SSMs for REC1 waters 
 

46 



Bacteria Objective Changes 

1. Delete fecal coliform objectives for REC1 
and REC2 

2. Adopt E. coli objectives  
3. Adopt bacteria quality targets for 

REC2-only waters 

4. Adopt a narrative pathogen objective 
5. Delete total coliform objective for MUN 

waters 

47 



REC2-Only Waters 

  Presumption that all waters support REC1 
use 

• May be rebutted via Use Attainability Analysis 
(UAA) 

• Several UAAs completed→ REC2-only 
designations 

48 



REC2-Only Waters 

 USEPA: no scientific basis for setting 
REC2 (secondary contact recreation 
objectives) 
 REC2 fecal coliform objectives are arbitrary 

10X REC1 objectives 
 No REC2 Objectives in ‘86 criteria or 

BEACH Act rule 

49 



REC2-Only Waters 

 
Chapter 5 Implementation, Antidegradation 
targets for REC2 only freshwaters: 
 
 Propose to establish bacteria quality targets 

 Conform to antidegradation requirements 
 Upper 95%ile densities 
 Upper 75%ile densities (errata) 

 Monitoring/investigation trigger 
50 



REC2-Only Waters 

 Proposed narrative pathogen objective 
would apply 

 If/when USEPA publishes REC2 criteria, 
numeric objectives could be considered 

51 



Bacteria Objective Changes 

1. Delete fecal coliform objectives for REC1 
and REC2 

2. Adopt E. coli objectives  
3. Adopt bacteria quality targets for REC2-

only waters 
4. Adopt a narrative pathogen objective 

5. Delete total coliform objective for MUN 
waters 

52 



Narrative Objective 

 Mimics other narrative objectives in the 
Basin Plan 

 Provides regulatory flexibility  

53 



Narrative Objective 

 Waste discharges shall not cause/contribute to 
excessive risk of illness from microorganisms 
pathogenic to human beings 

 Interpret with proposed E. coli  objectives 
 Pathogen indicator concentrations shall not 

exceed values in  Table 4-pio as the result of 
controllable water quality factors 
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Bacteria Objective Changes 

1. Delete fecal coliform objectives for REC1 
and REC2 

2. Adopt E. coli objectives  
3. Adopt bacteria quality targets for REC2-

only waters 
4. Adopt a narrative pathogen objective 
5. Delete total coliform objective for MUN 

waters 

55 



MUN Objective 

MUN:  total coliform less than 100/mL 
 
 No scientific basis 
 Made obsolete by surface water drinking 

water regulations 

56 



Proposed Amendments 

1. Changes to bacteria objectives in 
freshwater 

2. Changes to REC1 beneficial use 
definition; recreation use designations 

3. Changes to implementation plan 
4. Editorial changes 

57 



REC1 Definition  

 

58 



REC1 Definition - Current Basin 
Plan 

 
Water contact recreation (REC1) waters are used for 
recreational activities involving body contact with water 
where ingestion of water is reasonably possible. These 
uses may include, but are not limited to, swimming, wading, 
water-skiing, skin and scuba diving, surfing, whitewater 
activities, fishing and use of natural  hot springs”. 
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Proposed REC1 Definition 

Water Contact Recreation Primary Contact Recreation 
(REC 1*) waters are used for recreational activities 
involving deliberate water body contact, especially by 
children,  with water where ingestion of water is likely to 
occur reasonably possible. Examples of REC1 activities 
These uses may include, but are not limited to, swimming, 
wading, water-skiing, skin and scuba diving, surfing, 
whitewater rafting activities,, float tubing, bathing in natural 
hot springs, skin diving, scuba diving and some forms of 
wading and fishing. fishing and use of natural hot springs. 
Brief incidental or accidental water contact that is limited 
primarily to the body extremities (e.g. hands and feet), is 
not generally deemed Primary Contact Recreation because 
ingestion is not likely to occur. 
 

60 



Proposed REC1 Definition 

Primary Contact Recreation (REC 1*) waters are used for 
recreational activities involving deliberate water contact, 
especially by children, where ingestion is likely to occur. 
Examples of REC1 activities may include, but are not 
limited to, swimming, water-skiing, surfing, whitewater 
rafting, float tubing, bathing in natural hot springs, skin 
diving, scuba diving and some forms of wading and fishing. 
Brief incidental or accidental water contact that is limited 
primarily to the body extremities (e.g. hands and feet), is 
not generally deemed Primary Contact Recreation because 
ingestion is not likely to occur. 
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Proposed REC1 Definition 

 Clarifications not substantive differences 
 Express understood meaning and intent in  

more precise manner 
 “Reasonably possible” ≈ ”likely” 
 “Likely” more precise 

 Avoid misinterpretation/misapplication of 
bacteria criteria 
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Proposed REC1 Definition 

 Clarifications harmonize with guidance and 
science underlying USEPA criteria 
 Criteria developed to protect primary contact 

recreation (full body contact) where ingestion of 
water is likely. 

 Propose to add language re incidental/accidental 
contact where ingestion is not likely. 
 Not generally REC1 
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Proposed REC1 Definition 

 No direct regulatory effect 
 

 REC1 presumed absent Use Attainability 
Analysis 
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Beneficial Use Changes 

 
 Revise REC, REC2 designations for 

certain waters based on UAAs 
 

 Add surface waters and designations to  
Basin Plan 
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Use  Attainability Analyses 

Dave’s presentation – to be reviewed 

66 



Proposed Amendments 

1. Changes to bacteria objectives in 
freshwater 

2. Changes to REC1 beneficial use 
definition; recreation use designations 

3. Changes to implementation plan 

4. Editorial changes 
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Implementation Plan 

 Application of SSMs 
 Antidegradation targets for REC2 only 

freshwaters 
 High flow suspension of recreational 

standards 
 POTW discharge requirements 
 Controllable/uncontrollable bacteria sources 
 Monitoring Plan 
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High Flow Suspension 

 Suspension of REC1 and REC2 standards 
 Beneficial uses and bacteria objectives 
 Temporary 

69 



High  Flow Suspension 

 Applies to freshwater streams (not lakes, 
marine beaches, enclosed bays and 
estuaries) 
 Streams engineered/modified flood control: 
 Man-made flood control channels w/ box-, v-, 

trapezoidal shape, lined on side(s)/bottom with 
hardening materials 

 Natural channels heavily modified for rapid outflow 
(with levees, bank stabilization, straightening, 
vegetation removal etc.) 
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Temporary  Suspension Criteria 

Flow-based hazard to public safety: 
 

1. Stream velocity > 8 fps 
2. Stream depth-velocity product > 10 ft2/sec 

• Depth x velocity 
3. Rainfall in tributary area ≥ 0.5 inches 
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Temporary Suspension Criteria 

 Suspension automatically terminates 24 
hours after rainfall stops, unless flow data 
demonstrates that stream flows continue 
to exceed suspension criteria 

 Suspension automatically terminates once 
stream flows return to baseline (at or 
below 98th percentile (calibrated 
hydrograph) 
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Temporary Suspension 

 
 Suspension would apply <X% of the time 
 
 Suspension would reduce treatment 

requirements when treatment most 
problematic  

73 



Temporary Suspension 

 Appendix VIII: maps of 
engineered/modified channels 

 Appendix IX:  ArcGIS files 
 List of channels (errata) 
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Temporary  Suspension 

 
 Apply to other waterbodies based on UAA 
 Apply different suspension criteria based 

on site-specific analysis 
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Temporary Suspension 

 
 No effect on POTW discharge 

requirements 
 
 Continued conformance with requirements for 

virus free effluent required 
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Implementation Plan 

 Application of SSMs 
 Antidegradation targets for REC2 only 

freshwaters 
 High flow suspension of recreational standards 
 POTW discharge requirements 

 Controllable/uncontrollable bacteria sources 
 Monitoring Plan 
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POTW requirements 

 Total coliform: 2.2/100mL 
 Performance-based: treatment to assure 

virus-free effluent 
 REC objectives: 220 (fecal coliform); 126 

(E. coli) 
 New REC1 objectives would have no 

effect on POTW treatment requirements 
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Implementation Plan 

 Application of SSMs 
 Antidegradation targets for REC2 only 

freshwaters 
 High flow suspension of recreational standards 
 POTW discharge requirements 
 Controllable/uncontrollable bacteria sources 

 Monitoring Plan 
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Controllable/Uncontrollable  
Sources 

 Narrative pathogen objective: No 
violations of E. coli  objectives due to 
controllable sources 
 Dischargers not expected to control 

uncontrollable source 
 Lists of likely controllable/uncontrollable sources  
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Implementation Plan 

 Application of SSMs 
 Antidegradation targets for REC2 only 

freshwaters 
 High flow suspension of recreational standards 
 POTW discharge requirements 
 Controllable/uncontrollable bacteria sources 
 Monitoring Plan 
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Monitoring Plan 

 Orange, Riverside, San Bernardino counties: 
commitment to develop/implement 
comprehensive bacteria monitoring program 
 Integrate with monitoring requirements in 

other WDRS 
 Proposed plan: 1 year of Regional Board  

approval of E. coli objectives 
 Implement plan upon approval 

 Review/revise at least once every 3 years 
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Proposed Monitoring Plan 

 Expectations identified in draft BPA 
 Prioritization: 

 REC1: Tier A→B, C, D 
 Document site selection 
 Minimum frequency for Tier A waters 
 Monitoring to address Tier B,C, D, REC2- only 

waters 
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Proposed Monitoring Plan 

 Non-compliance (geometric means, 
SSMs, REC2-only targets: 
 Source evaluation plan 
 Controllable source: corrective action plan 
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Proposed Monitoring Plan 

 “Procedural” requirements: quality 
assurance, reporting, database entry 
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Summary - Proposed 
Amendments 

1. Changes to bacteria objectives 
(freshwater) 

2. Changes to REC1 definition/beneficial 
use designations 

3. Changes to implementation plan 
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Key Points 

 Suite of amendments will assure public 
health and beneficial use protection 

 
 Public health protection improved 
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Key Points 

Amendments improve public health protection: 
 E. coli  objectives replace fecal coliform 
 Control efforts focused where people are 

engaged in REC1 
• REC1 definition clarified 
•  UAAs: REC1→REC2 
• High flow suspension 
• Tiers of REC1 waters 

• Focus on controllable sources 
• Comprehensive monitoring/investigation 

strategies 88 



89 



Presentation Outline 

1. Proposed BP Amendments 
2. Requisite BPA Analyses 

3. Comments and Responses 
4. Recommendation 
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BPA Analyses 

 
1. CWC § 13241 factors 
2. Antidegradation Analyses 
3. Peer Review 
4. California Environmental Quality Act 

(CEQA) 
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CWC §13241 Factors 

 Factors to be considered in setting 
objectives 
 

 Objectives must ensure: 
 Reasonable protection of beneficial uses 
 Prevention nuisance 
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CWC §13241 Factors 

1. Past, present, probable future beneficial uses 
2. Environmental characteristics, including water 

quality 
3. Water qualtiy conditions that could be reasonably 

achieved through coordinated control of all factors 
4. Economic considerations 
5. Need for housing 
6. Need to develop/use recycled water 
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CWC §13241 Factors 

 Not weighted 
 

 Analyses in context of existing fecal coliform 
objectives 
 Differential effect of adopting new objectives with 

respect to the factors? 
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CWC §13241 Factors 

• Analyses based on full suite of proposed 
amendments 
• Changes to objectives, beneficial uses, implementation 

strategies  
• If one or more amendments not approved, then re- 

consideration of 13241 analysis appropriate 
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CWC §13241 Factors 

 Economic considerations 
 Cost-benefit analysis not required 
 Regional Board may adopt objectives even if 

there are significant costs 
 Finding that costs are needed for reasonable 

beneficial use protection/prevent nuisance 
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CWC §13241 Factors 

 Costs of complying with E. coli objectives  ≈ than 
meeting fecal coliform objectives 

 Proposed amendments should reduce costs 
 Regional BMP implementation 
 Focus on areas where recreation occurs 
 Compliance with objectives  not required under 

extreme wet weather conditions when REC use 
does not occur. 
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BPA Analyses 

 
1. CWC § 13241 factors 
2. Antidegradation Analyses 

3. Peer Review 
4. California Environmental Quality Act 

(CEQA) 
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Antidegradation 

 State and federal policies (SWRCB Res.No. 68-
16; 40 CFR 131.12) 

 Lowering of water quality allowed if: 
 Beneficial uses are protected 
 Waste discharges controlled 
 Resulting water quality consistent with maximum 

benefit to people of state (SWRCB) 
 Lowering of water quality needed to support important 

socio-economic development (40 CFR 131.12) 
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Antidegradation 

 Proposed amendments will not result in 
lowering of water quality 
 
 Conform to antidegradation policies 

100 



BPA Analyses 

 
1. CWC § 13241 factors 
2. Antidegradation Analyses 
3. Peer Review 

4. California Environmental Quality Act 
(CEQA) 
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Peer Review  Comments 

 Review of scientific elements 
 Two review letters/responses 
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Peer Review  Comments 

 
 No changes to proposed amendments in 

response to comments 
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Peer Review  Comments 

May need to identify/discuss some of 
these - pending 
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BPA Analyses 

 
1. CWC § 13241 factors 
2. Antidegradation Analyses 
3. Peer Review 
4. California Environmental Quality Act 

(CEQA) 
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CEQA 

 Staff preliminary determination:  
 Amendments would have no adverse effects 

on the environment 
 Programmatic level of analysis 

 Site-specific CEQA analysis of individual 
compliance projects required 
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Presentation Outline 

1. Proposed Basin Plan amendments 
 Bacteria Basics 
 Individual amendments 

2. Requisite BPA analyses 
3. Comments and responses 

4. Errata 
5. Recommendation 
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Comments and Responses 
1. USEPA Region 9 
2. Orange County Coastkeeper 
3. Santa Ana Watershed Project Authority – Resolution 

No. 2012-03 
4. RCFC&WCD 
5. Orange  County Public Works 
6. City of Irvine 
7. City of Costa Mesa 
8. City of Lake Forest 
9. Orange County Water District 
10. Eastern Municipal Water District 
11. Western Municipal Water District 108 



Comments and Responses 

11. California Stormwater Quality  Association 
12. Orange County Business Council 
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Errata 

Insert appropriate text 
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Summary – Proposed Amendments 

 Will assure reasonable protection of beneficial uses and 
prevent nuisance 

 Will assure protection of public health 
 Exceed public health protection of existing Basin Plan recreation 

standards 

 Implement applicable federal and state law, regulation, 
policy and guidance 
 CWA & CWC 
 USEPA bacteria criteria guidance 
 BEACH Act rule 
 Antidegradation provisions 
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Recommendation 

Adopt Resolution No. R8-2012-0001: 
 

• Approving the amendments in Att.1 and 2 
 

• Confirming the preliminary determination that the 
amendments would not have a significant effect on the 
environment 
 

• Certifying the environmental checklist/environmental 
analysis document (Attachment C to January 12, 2012 
staff report) 
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Beneficial Use Changes  
 
 
  

REC1/REC2 Designation/Re-
Designation based on Use 
Attainability Analysis (UAA) 

 



2 

UAA Recommendations for 
REC1/REC2 Designation/Re-

Designation  
 

Portions of the   
 Santa Ana-Delhi Channel 
 Greenville-Banning Channel 
 Temescal Creek 
 Cucamonga Creek  
 
 

 
 



Key Requirements 
   

Beneficial Uses: 
 

 Rebuttable presumption that all surface 
waters support REC1 use  

 
• (“fishable/swimmable” goal of  Clean Water Act) 

3 



Key Requirements 

 Can remove or subcategorize designated 
REC1 use if: 

 
• REC1 not an “existing use”, and 
 
• Such uses can not be attained by implementing 

effluent limits required under sections of 301 (b) 
and 306 of the CWA and by implementing cost-
effective and reasonable best management 
practices for nonpoint source control 

4 



“Existing Use” 
• Uses actually occurred in water body on or after 

November 28, 1975, or 
 

• Water quality is suitable to allow such uses to occur 
 
• Existing REC1 use: consider suite of factors and where 

actual primary contact use is very limited and the 
physical and or water quality characteristics are not likely 
to support REC 1 use, then: 
 

 REC 1 is not an “existing use” 
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Remove Designated Uses 
 
Use Attainability Analysis (UAA) = Structured 
scientific assessment of the factors affecting 
the attainment of the use(s), which can 
include physical, chemical, biological, and 
economic factors  
 
UAA demonstrates attaining REC1 not 
feasible per one or more of 6 factors (40 CFR 
131.10 (g)) 
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UAA Factors 

• Natural, ephemeral, intermittent or low flow 
conditions or water levels prevent the attainment 
of the use… and discharge of a sufficient volume 
of effluent to restore use is not possible.  
 

• Dams, diversions or other types of hydrologic 
modifications preclude the attainment of the 
use… and it is not feasible to restore the water 
body.  

7 



UAA Analysis 
• Existing use: use since 1975 and water 

quality 
• Suite of Factors  

• Water quality potential  
• Probable future use  
• Channel characteristics  
• Safety considerations 
• Access (restricted) 
• Adjacent land use   
• proximity to parks, schools 
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Task Force UAA Analyses 
 • Extensive analysis: land use, channel 

characteristics, flow, water quality 
 

• UAA Technical Reports/Memo (CDM) 
  
• Recreational Use Surveys: 

 
• Remote camera surveys    and  Field observation 

 
• January 12, 2012 staff report: UAA analyses and 

recommendations for REC1 re-designation  
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Recreational Use Surveys 

Unprecedented use of digital field observation cameras 
 
Number of images 11 sites:  274,901 / UAA waters 80,027 
 
On-site REC surveys were conducted by SWQSTF  
members in 2006 and 2011 
 
Surveyed Flood Control and Regional Board staff 
 
Observations:  People  walking (not in water), very limited 
water contact below ankle  
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Camera Survey Results 
 

Cucamonga Creek Reach 1  
 
   

11 

Operation 
Period 

Number of 
images 

REC activity noted 

Up Stream 
@ Hellman 
Ave. 

11/1/05 to  
11/1/06 

2,546 No images of water 
contact   
One image of vehicle in 
channel 

RP1 10/2/07 to 
11/10/08 

27,122 0 images of people in 
channel 



 
Camera Survey Results 

 
Temescal Creek Reach 1a 

Main St.  7/26/05 to 
8/14/05 

512 No images of water 
contact 
3 people walking or biking 

WWTP 11/1/05 to  
11/1/06 

10,608  2 images of body 
contact/below ankle 
28 people walking/biking 
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Camera Survey Results 
 

Greenville-Banning Channel Reach 1 

Pedestrian 
Bridge 

7/7/05 to 
7/27/05 

424 
(camera 
stolen) 

No images of people in 
channel 

Adams 
Bridge 

11/17/05 to 
1/33/06 

2,552 No images of people in 
channel 
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Camera Survey Results 
 

Santa Ana-Delhi Channel Reach 1 and 2 

Mesa 
Drive 

6/20/05 to 
7/13/06 

21,284 No images of water 
contact/ 
 Images of 6 
individuals walking  

Sunflower 
Avenue 

7/7/05 to 
7/13/06 

20,978 1 images show water 
contact, below ankle 
6 images of individuals 
walking 
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UAA Waters 
  

Reaches+ Reach 
Boundaries+ 

REC1 REC2 Current  
Beneficial Use 
Designations 

Santa Ana-
Delhi 
Channel 
  
  
  
  

Tidal Prism  

Bicycle Bridge at 
University 
Avenue/Upper 
Newport Bay to 
1036 ft upstream 

No  Yes 

Not listed  
In the Basin  
Plan;  
Assumed 
REC1 

Reach 1 
Tidal prism to 
Sunflower Ave. 
/Flower St.  

No  No 

Reach 2 

Sunflower/Flower 
to Warner 
Avenue 
  

No Yes 

Greenville-
Banning 
Channel 
  
  

Tidal Prism 

Confluence with 
Santa Ana River 
to Diversion 
Dam* 

No  Yes 

Not listed in 
the Basin  
Plan; 
Assumed 
REC1 

Reach 1 
Diversion Dam 
to  
California Street 

No No 

Proposed REC Beneficial Use 
Designations-UAA Waters 



Proposed REC Beneficial Use Designations 
UAA Waters - Continued 

 
UAA Waters 

 
Reaches 

 
Reach 
Boundaries REC1 REC2 

Current  
Beneficial  
Use 
Designation 

Temescal 
Creek 
  
  
  

Reach 1a Lincoln Street to 
Arlington Channel 
confluence No Yes 

(Listed as 
Reach 1) 
  
REC1, REC2, 
WARM, 
WILD Reach 1b Arlington Channel  

to 1400 ft 
upstream of 
Magnolia Ave.  

No No 

Cucamonga 
Creek 
  

Reach 1 Confluence with 
Mill Creek to 23rd 
Street, Upland No No 

GWR, 
REC1,REC2, 
LWARM, 
WILD 
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Santa Ana-Delhi Channel 
Watershed  

 

17 



Santa Ana-Delhi Channel 
Tidal Prism 

18 

Tidal Prism Segment 



Santa Ana-Delhi Channel 
Reach 1 
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Santa Ana-Delhi Channel 
Reach 2 



Greenville-Banning Channel 
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Greenville-Banning Channel 
Tidal Prism 
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Greenville-Banning Channel 
Reach 1 
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Temescal Creek Watershed 
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Temescal Creek 
Reach 1a 
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Temescal Creek  
Reach 1b 

26 



Cucamonga Creek Watershed 
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Cucamonga Creek Reach 1 
Hellman Avenue 
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Cucamonga Creek  
Reach 1  

29 



Conclusion 

•    UAA waters must be reviewed each 
 Triennial Review 
 

•    Downstream waters must be      
 protected: Task Force Axiom 
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State of California 

California Regional Water Quality Control Board 


Santa Ana Region 


Minutes of March 16, 2012 Board Meeting 

City of Loma Linda 

25541 Barton Road 


Loma Linda, CA 92354 


1. Chair Beswick called the meeting to order at 9:00 a.m. 


Board Members Present Board Members Absent 


Carole Beswick, Chair Fred Ameri 

Mark Murai, Vice-Chair 

William Ruh 

Richard Freschi 

Linda Ackerman 


Staff Members Present 

Kurt V. Berchtold, Executive Officer overview 

David Rice, Regional Board Counsel 

Michael J. Adackapara, Supervising Water Resource Control Engineer 

Joanne Schneider, Environmental Program Manager 

Xinyu (Cindy) Li, Chief of Land Disposal 

Mark G. Adelson, Chief of Regional Planning Programs 

Wanda Cross, Chief of Basin Planning - Coastal Waters 

Hope Smythe, Chief of Basin Planning - Inland 

Mark E. Smythe, Chief of Stormwater - Coastal 

David Woelfel, Environmental Scientist 

Bill Rice, Engineering Geologist 

Felipa Carrillo, Executive Assistant 

Kevin Heinemann, Staff Information Systems Analyst 


Public In Attendance 

Jason Uhley, RCFC & WCD Bob Tincher, SBVMWD 
Karen Cowan, Larry Walker Assoc. Susan Paulsen, Flow Science 
Amanda Griesbach, Heal the Bay Ray Hiemstra, OC Coastkeeper 
Matt Yeager, Yeager Environmental Assoc. Mary Anne Skorpanich, County of Orange 
Marsha Westropp, OCWD Chris Crompton, County of Orange 
Don Lee, Tetra Tech Larry McKenney, SAWPA 
Bobby Gustafson, City of San Bernardino WD Tim Keyes, California Steel 
Jack Nelson, Yucaipa Valley WD Reni Keane-Denge, Larry Walker Assoc. 
Gian Villarreal, RBF 

2. 	 Public Forum 
None 

3. 	 State Water Resources Control Board (SWRCB) Liaison Report 
None 
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4. Approval of the Minutes of February 10, 2012 

Motion: 

5. Consent Calendar 

It was moved by Board Member Ruh, seconded by Board Member 
Freschi, and unanimously carried to approve the Minutes of the 
February 10, 2012 Board Meeting as presented. 

"It was noted that Item No.8 had a revised attachment. 


*6. Appeal of Staffs Denial of an Exemption from the Minimum Lot Size Requirement 

by David and Karen DeMauro 

*7. Rescissions - Order No. R8-2012-0025 

Order No. 

1. 96-54 

2. 77 -200 

3. 91-78 

4. 84-13 

5. 85-19 

6. 85-42 

7. 84-15 

8. 87-56 

Facility and Location 


Lee Lake Water District 

Clay Canyon Mobile Home 

Park WTP, Riverside 


Hillyard Aluminum Recovery 

Corp/Alumax, Inc. 

Brine Facility, Fontana 


Janet & Len Slegers, Paul Van 

Leeuwen, Aspen Dairy 

10241 Edison, Chino 


Adriana Weeda, 

Daniel Weeda Dairy 

15708 Pomona-Rincon, Chino 


Pablo Echeverria, 

Pablo Echeverria Dairy, 7481 

Cleveland, Corona 


Jay TeVelde Jr. 

Jay TeVelde Dairy, 

7565 Eucalyptus, Chino 


Edward (Broer) Vander 

Dussen, West Coast Dairy 

15993 EI Prado, Chino 


George Plantega, 

6500 Hamner, Corona 


Reason for Rescission 

Wastewater is now discharged 
to the regional plant, WDR no 
longer required. 

Project completed, WDR no 
longer required. 

Corrective actions have been 
implemented, enforcement 
order no longer applicable. 

Facility no longer in business, 
enforcement order no longer 
applicable. 

Facility no longer in business, 
enforcement order no longer 
applicable. 

Corrective actions have been 
implemented, enforcement 
order no longer applicable. 

Corrective actions have been 
implemented, enforcement 
order no longer applicable. 

Facility no longer in business, 
enforcement order no longer 
applicable. 

*8. 	 Chino Basin and Cucamonga Basin Maximum Benefit Hydraulic Control Monitoring 
Program - Resolution No. R8-2012-0026 with revised attachment 

Motion: 	 It was moved by Board Member Ruh, seconded by Board Member 
Ackerman, and unanimously carried to adopt Order No. R8-2012-0025, 
Resolution No. R8-2012-0026 with revised attachment, and approve the 
exemption from the minimum lot size requirements requested by David 
and Karen DeMauro. 
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9. 	 Public Hearing: Basin Plan Amendments - Recreational Standards for Inland Surface Waters 
Resolution No. R6-2012-0001 

(Information regarding this item is contained in a verbatim transcript of the proceedings) 

This item was presented by Joanne Schneider and David Woelfel of Regional Board staff, and Tim 
Moore of Risk Sciences. Ms. Schneider began with a brief review of the Stormwater Quality 
Standards Task Force process and objectives. She described the Task Force's operational principles 
and overall goal to develop a pathogen control strategy that would protect public health, meet 
regulatory requirements and allow/encourage finite public resources to be invested in prioritized 
fashion. She identified some of the tasks that the Task Force had undertaken and emphasized thei 
volume of the work accomplished, as reflected in the extensive administrative record. She noted tliat 
the staff report prepared for the proposed amendments and the presentation here today represented 
only succinct summaries of that work, which led to the proposed amendments. Ms. Schneider the~ 
provided a review of "bacteria basics" and discussed the individual amendments, including change$ 
to the bacteria objectives for inland fresh surface waters, changes to beneficial use terminology and 
definitions, and changes to the implementation plan. 

Dave Woelfel, Environmental Scientist, presented and discussed the beneficial use changes that 
were being proposed by this Basin Plan Amendment in regards to REC 1 and REC 2 designations 
and re-designations based on Used Attainability Analyses (UAA). 

Tim Moore, Risk Sciences, discussed the proposed high-flow suspension of recreational standards. 

Ms. Schneider completed the description of the changes that are being proposed to be made to the 
Basin Plan and reviewed the analyses required as part of the Basin Plan amendment process. These 
analyses include consideration of the factors identified in Water Code Section 13241, CEQA, and 
conformance with antidegradation policies. Ms. Schneider also discussed the comments provided ~y 
the external scientific peer reviewers and staffs responses. She indicated that no changes to the 
proposed amendments were warranted based on the peer review comments. She stated that the 
proposed amendments would assure the reasonable protection of beneficial uses, would prevent 
nuisance, and would assure the protection of public health, and do so in a way that would be superior 
to the existing Basin Plan standards. Ms. Schneider discussed comments provided by other 
agencies and parties and staffs responses. She noted that negative comments had been received. 
from the US Environmental Protection Agency, Region 9 and Heal the Bay. Ms. Schneider indicated 
that USEPA had asserted, in part, that some elements of the proposed amendments were not 
substantiated or clear. She stated that Board staff believes that USEPA's comments are not clear dr 
substantiated. 

Ms. Schneider's recommendation was to postpone the Board's consideration of adoption of the 
proposed amendments, pending discussion of USEPA's comments with USEPA staff. She added 
that an errata sheet would also be prepared to take care of some minor items. 

The Board members posed questions to which Ms. Schneider responded. 

Chair Beswick's suggestion to Board Members was to not close the hearing today and continue to 
keep the public hearing open until the next Board Meeting in April, so as to give staff and USEPA a ' 
chance to meet. She also indicated that all of the comment letters received would be made a part of 
the public record of this meeting, and that the errata may be affected by the discussion with USEPAl 

Speakers: 
Larry McKenney, Jason Uhley, Mary Ann Skorpanich, Ray Hiemstra and Amanda Griesbach. 

10. 	 Lower Newport Bay Maintenance Dredge Project - Potential Use of Funds from Robinson-Skinner 
Newport Beach Account 

Mr. Berchtold provided a brief summary of this item. 
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11. 	 In Lieu Fee Enabling Instrument between Riverside-Corona Resource Conservation District and th@ 
U.S. Army Corps of Engineers, U.S. Environmental Protection Agency, the California Department ~f 
Fish and Game, and the Santa Ana Regional Water Quality Control Board ' 

Mr. Berchtold provided a brief summary of this item. 

11a. 	 Hazardous Waste Incident Report 
Written information item. 

11 b. 	 Underground Storage Tanks Corrective Action Plans 
Written information item. 

11c. 	 Underground Storage Tanks Site Closure Report 
Written information item. 

12. 	 Regional Board Member and Executive Officer Communications 

Chair Beswick expressed thanks to Member Ruh for sitting on the Chairs' conference call. Membe~ 
Ruh reported that during the conference call, the scrap metal item was discussed as well as 
Poseidon. Chair Beswick announced she would be attending the next Chairs meeting in Sacramen~o. 

13. 	 Closed Session 

There was no closed session. 

14. 	 Adjournment 

The meeting was adjourned at 1:00 p.m. to the regular Board Meeting of April 27, 2012 at 9:00 a.m., 
at the Orange County Water District. 18700 Ward Street, Fountain Valley, CA 92708. 

Respectfully submitted: 

r.-:t V ()1±)J 
KURT V. BERCHTOLD 
Executive Officer 

ffc 
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State of California 

California Regional Water Quality Control Board 


Santa Ana Region 


Minutes of April 27, 2012 Board Meeting 

Orange County Water District 


18700 Ward Street 

Fountain Valley, CA 92708 


1. Chair Beswick called the meeting to order at 9:00 a.m. 


Board Members Present Board Members Absent 


Carole Beswick, Chair Mark Murai, Vice-Chair 

Fred Ameri William Ruh 

Richard Freschi 

Linda Ackerman 


Staff Members Present 

Kurt V. Berchtold, Executive Officer 

David Rice, Regional Board Counsel 

Robert L. Holub, Supervising Water Resources Control Engineer 

Joanne Schneider, Environmental Program Manager 

Ann E. Sturdivant, Chief of Site Cleanup 

Dave Woelfel, Environmental Scientist 

Patricia Hannon, Engineering Geologist 

Kevin Heinemann, Information Systems Analyst 

Felipa Carrillo, Executive Assistant 


Public In Attendance 

Jason Uhley, RCFC & WCD Don Lee, Tetra Tech 
Curtis Paxton, CDA Amanda Griesbach, Heal the Bay 
Bob Page, County of San Bernardino Allison Burns, Chino Basin Desalter 
Debbie Burris, DDB Engineering, Inc. Grant Sharp, OC Public Works 
Bill Kruger, CDA (City of Chino Hills) David W. Pedersen, IRWD 
Tracy Egoscue, CBWM Ag Pool Mary Ann Skorpanich, County of Orange 
Lars Oldewage, IRWD Ray Hiemstra, OC Coastkeeper 
Jerry A. King, Tetra Tech, Inc. Matt Yeager, Yeager Environmental Assoc. 
Reni Keane-Dengel, Larry Walker Assoc. Gian Villarreal 
Shawn Nelson, County of Orange 

2. Public Forum 

Shawn Nelson, County Supervisor for Orange County's Fourth District, addressed an issue that 
has come up several times in their meetings regarding a bike path they want to create along 
Coyote Creek's flood channels. He said the new MS4 permit mandates they do a water-collection 
program for Low Impact Development (LID). Mr. Nelson said it is difficult to capture all of the 
water due to the clay-type soils and because it sloughs off into the drain. Mr. Nelson indicated this 
mandate is not required in the Los Angeles Region and the San Diego Region, and asked the 
Board to consider alleviating some of the mandate for this development plan. 

Mr. Berchtold said staff would be happy to work together with County staff. He explained that 
there is a square footage threshold in the permit that qualifies this project as a 'Priority Project', 
which is subject to the new requirements. He also said that the issue about consistency between 
regional boards concerning MS4 permit requirements has been raised before, and stated that the 
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State Water Board is working on developing an MS4 permit template to promote consistency 
amongst regional boards throughout the State. 

3. 	 State Water Resources Control Board (SWRCB) Liaison Report 

Tam Doduc, SWRCB Liaison, provided a brief update on some of the recent activities pertaining to 
the upcoming State Board Meeting. She said that the construction storm water permit was out for 
public comment. 

Ms. Doduc said that at the next State Board meeting, the Jow threat UST closure policy will be 
considered for adoption. She thanked Kurt Berchtold for his involvement with the stakeholder 
group that helped develop that policy, along with Roy Herndon from the OCWD, who was also a 
member of that group, and other representatives who did an excellent job preparing some 
recommendations for the State Board. She said the day following the State Board meeting, they 
will revisit the septic tanks policy, which has been under development for almost a decade. She 
feels they have the policy to a point where it is reasonable and implementable and is looking 
forward to additional comments they might receive from stakeholders and the public. 

Ms. Doduc stated that in BIA vs. State Board, in December of 2011, there was a superior court 
ruling on the Construction Stormwater permit to comply with a writ of mandate. The writ of 
mandate would remove the numeric effluent limits for pH and turbidity. She said a revised 
construction permit was out for public comment. 

Ms. Doduc also said that three other draft state-wide stormwater permits (CaITrans, the Industrial 
General permit, as well as the MS4 Phase 2 permit), were released last year and have received 
extensive comments. She indicated that a lot of time and effort was spent revising the permits in 
order to address comments and concerns received before releasing revised drafts. Workshops 
and public hearings will be held throughout the summer. 

Ms. Doduc indicated that staff is still working on the San Joaquin flows and Selenium standards, 
and that staff will soon begin the scoping process for the remaining work on the Delta activities. 
She said a public notice will be released, outlining a series of public workshops, and during this 
time, they will gather information in order to proceed on the remaining Delta activities. 

Ms. Doduc reported changes of Executive Officers at several of the regional water boards and 
stated that they are still two board members short at the State Board level. 

4. 	 Approval of the Minutes of March 16.2012 

5. 	 Consent Calendar 

*6. 	 Appeal of Staffs Denial of an Exemption from the Minimum Lot Size 
Requirement - Juan and Nena Amaral 

*7. 	 Appeal of Staffs Denial of an Exemption from the Minimum Lot Size 
Requirement - Ravinder and Manbir Sidhu 

*8. 	 Resolution Regarding Funding from the State Water Resources Control Board 
(SWRCB) Emergency. Abandoned and Recalcitrant Site Account - Resolution 
No. R8-2012-0032 

*8A. 	 Irvine Ranch Water District. Michelson Water Reclamation Plant - Order No. 
R8-2012-0004 

Minutes of April 27, 2012 
Page 2 



Motion: Due to a lack of a quorum the Minutes of March 16,2012 and the 
Consent Calendar items were postponed until the subsequent Board 
meeting. 

CHANGE IN ORDER OF AGENDA 

10. 	 Status Report on the Volatile Organic Compound Groundwater Plume at Chino Airport. San 
Bernardino County - information item. 

An update was presented by Mr. Bob Holub of Regional Board Staff. He summarized the 
background regarding Chino Airport. He said that in the mid- to late- 1980s, trichloroethylene 
(TCE) was first discovered in several agricultural wells, up to 44 ppb, downgradient of Chino 
Airport. After an investigation, it was determined that Chino Airport was the likely source. A 
cleanup and abatement order was issued in 1990. In 1998, groundwater extraction wells were 
installed for the Chino I Desalter. TCE was initially detected in one of these wells, on the Airport 
property, at 15 1J91I in 2000. 

Since then, Mr. Holub indicated, the County has installed monitoring wells during several phases 
of investigations, and a new cleanup and abatement order was issued in 2008. In 2011, the 
County submitted a work plan to install additional off-site wells to further delineate the plume and 
support the development of a remedial action plan. He said the Executive Officer concurred with 
the plan and required that the final report be submitted by May 1,2012. In February 2012, the 
County notified Board staff that none of the wells had been installed due to the County not being 
able to obtain site access for the three well locations on Corps of Engineers' property. The County 
also requested six additional months to complete the work. In March 2012, the Executive Officer 
denied the County's request and issued a Notice of Violation, The Notice of Violation stated that 
the County's efforts to install all the wells as quickly as possible would be a factor in determining 
the extent of any additional enforcement action that may be taken for failing to comply with the 
May 1, 2012 completion date. 

Mr. Holub indicated that no action was required of the Regional Board at this time. His 
recommendation was close monitoring of getting these wells installed and keeping the Board 
updated at future Board meetings of the County's progress. 

Speakers: 

James Jenkins, County of San Bernardino, Department of Airports. Mr. Jenkins apologized that 
the Board had to hear about them being out of compliance, but indicated they have obtained 
contracts to begin drilling on the well sites they currently have access to. They are waiting on their 
other permits to be approved by the City of Chino and the Army Corps of Engineers. Mr. Jenkins 
said they will be under contract on or about June 28, with a notice to proceed within fourteen days,' 
thereafter. He said they would be in constant communication with Regional Board staff. 

Curtis Paxton, General Manger of Chino Basin Desalter Authority. Mr. Paxton said they are on 
schedule in getting the Chino Creek wells installed to meet the hydraulic control issue. The well 
that is right in the middle of the plume has been drilled and cased, and they are getting ready to 
equip it in order to go into operation in 2013. He indicated that the product water from the 
desalters goes into the municipal drinking supplies and the TCE will need to be removed. 

Tracy Egoscue, Legal Counsel for the CBWM Ag Pool. Ms. Egoscue said the Ag Pool was very 
frustrated at the lack of progress on the remediation of this plume. She appreCiates the staff and 
the Executive Officer for drawing the line. She looks forward to remediation and cleanup, so that 
this valuable resource is reclaimed. 
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9. 	 Public Hearing: Basin Plan Amendments - Recreational Standards for Inland Surface Waters 
Resolution No. R8-2012-0001 (continuation of March 16,2012 hearing on the proposed 
amendments) - Supplemental Staff Report and Errata. 
(Information pertaining to this item is contained in a verbatim transcript of the proceedings) 

Action on this item was postponed due to the lack of a quorum. Joanne Schneider of Regional 
Board Staff provided the Board an update. Ms. Schneider reminded Board Members about the 
detailed presentation given by Regional staff and a consultant to the Stormwater Quality 
Standards Task Force at the March 16, 2012 hearing. She said that on April 10, 2012, a 
discussion of concerns regarding the proposed amendments took place with USEPA Region 9 and 
State Board staff. 

Ms. Schneider indicated that following the April 10, 2012 discussion, certain changes to the 
proposed amendments are being proposed. These are presented in the errata sheet for this item. 
Ms. Schneider reviewed the other documents included in the Board members' agenda packets, 
including a supplemental staff report that identifies the proposed changes to the amendments and 
the rationale for those changes. This report supplements the Basin Plan amendment 
documentation dated January 12, 2012, which includes a staff report, environmental analYSis 
document and checklist, and the proposed Basin Plan amendments. Ms. Schneider reviewed the 
proposed changes presented in the Errata sheet and noted one additional proposed change, not 
shown in the Errata sheet, that pertains to the position of an asterisk in the REC1 and REC2 
names. 

Ms. Schneider advised that a copy of a message from Vicky Whitney, Deputy Director of the 
Division of Water Quality at the State Water Board, was also included in their packets, along with 
Board staffs responses to comments from USEPA and Heal the Bay, including responses to the 
additional comments submitted by Heal the Bay on April 20, 2012. 

In closing, Ms. Schneider stated that. assuming that a quorum were present. Board staffs 
recommendation to the Regional Board would have been to adopt Resolution No. R8-2012-0001. 
confirming the preliminary determination by Regional Board staff that the proposed amendments 
could not have a significant effect on the environment and certifying the environmental checklist 
and analysis document, and adopting the basin plan amendments delineated in Attachment 1 and 
Attachment 2 to the Resolution, as modified by the Errata and with the additional recommended 
change to the position of the asterisk in the REC1 and REC2 names. 

Speakers: 

Jason Uhley. RCFC & WCD; Mary Ann Skorpanich, County of Orange; Ray Hiemstra, OC 
Coastkeeper, and Amanda Griesbach, Heal the Bay 

Motion: 	 Due to a lack of a quorum this item was postponed until the 
subsequent Board meeting. A formal action will be considered at that 
time. 

11. 	 Regional Board Member and Executive Officer Communications 

Chair Beswick informed Board Members that a WQCC meeting had been scheduled for November 
and to mark their calendars. 

Kurt Berchtold, Executive Officer, informed Board Members that he received a request from 
Orange County Sanitation District that the Board consider reissuance of their permit before the 
end of June. However, Mr. Berchtold said that the permit was still being drafted by EPA staff and 
was not ready for public review. He said that the soonest they would have the permit ready for 
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consideration would be June 15, 2012. Mr. Berchtold asked the Board Members if they would 
check their calendars to see if they would be willing and available to meet on June 15, so that the 
next meeting could be rescheduled from June 8,2012 to June 15, 2012. 

It was decided that the Board Meeting of June 8 would be tentatively changed to June 15, 2012. 
Board members that were present had no conflict with the new date. Mr. Berchtold will check with 
Board Members not present today to see if they have any conflict with the new date. If there is no 
conflict, a new date will be posted. (The next meeting date was subsequently changed to June 
15.) 

12. 	 Closed Session 
None 

13. 	 Adjournment 

The meeting adjourned at 11 :07 a.m. to the June 15, 2012 meeting at the Irvine Ranch Water 
District, 15600 Sand Canyon Ave., Irvine, CA 

Respectfully submitted: 

pV. C>l:tL! 
KURT V. BERCHTOLD 
Executive Officer 

ffc 
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State of California 

California Regional Water Quality Control Board 


Santa Ana Region 


Minutes of June 15, 2012 Board Meeting 

Irvine Ranch Water District 

15600 Sand Canyon Avenue 


Irvine, CA 92618 


1. Chair Beswick called the meeting to order at 9:00 a.m. 


Board Members Present Board Members Absent 


Carole Beswick, Chair 
Mark Murai, Vice-Chair 
William Ruh 
Fred Ameri 
Richard Freschi 
Lin'-'a Ackerman 

Staff Members Present 

Kurt V. Berchtold, Executive Officer 
David Rice, Regional Board Counsel 
Joanne Schneider, Environmental Program Manager 
Gary D. Stewart, Chief of Permitting and Compliance 
Dave Woelfel, Environmental Scientist 
Mary Bartholomew, Environmental SCientist 
Kevin Heinemann, Information Systems Analyst 
Felipa Carrillo, Executive Assistant 

Public In Attendance 

Tom Meregillano, OCSD 
Matt Yeager, Yeager Env. Assoc. 
Ron Coss, OCSD 
Oscar Khoury, Riverside Public Utilities 
David Garcia, RPU 
Diana Lang, Oxy 
Steve LaMar, IRWD/SDWC 
Dean Pasko, OCSD 
Larry McKenney, SAWPA 
Cindy Beck, IRWD 
Alex Waite, City of Tustin 
Greg Woodside, OCWD 

Jim Colston, OCSD 
James (Jim) Herberg, OCSD 
Rob Thompson, OCSD 
Amanda Carr, City of Irvine 
Kristy Monji, Oxy 
Marsha Westropp, OCWD 
Debbie Burris, DDB Engineering, Inc 
Ngoc-Tram Tan, WSS/OCSD 
Jessica Chin 
Don Lee, Tetra Tech 
Dr. Jack Skinner 

2. Public Forum 

Dr. Jack Skinner voiced his concerns to the Regional Board regarding the Orange County 
Sanitation District's (OCSD) proposed use of its short outfall. He said OCSD is moving ahead 
quite rapidly with plans to release treated wastewater to the Ocean through its short outfall and 
feels it had not been addressed adequately. He said the outfall that OCSD wants to use is about a I 
mile off the beach in shallow water, and that ever since they build that new outfall, it has had a 
history of causing beach contamination and potential health risk to swimmers. Dr. Skinner asked 
the Regional Board if they had taken all types of precaution before going ahead with this plan in 
order to protect the public's health and welfare. 
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Mr. Berchtold said that staff has taken into consideration Dr. Skinner's concerns and is confident 
that discharge through the short outfall will not cause any adverse water quality impacts at the 
beach. 	After a brief discussion, the Regional Board decided to remove items 14 and 15 from the 
consent calendar to be discussed later. 

3. 	 State Water Resources Control Board (SWRCB) Liaison Report 

Chair Beswick stated that Tam Doduc, SWRCB Liaison, was not present today, but had provided a 
written report to the Board Members. 

Mr. Berchtold added that there was a proposal in this year's budget package to reduce the number 
of members from nine to seven on each of the Regional Boards. He said the proposal was 
approved by the budget committees in both houses of the legislature, and it was likely that change 
would happen as part of the budget approval this year. 

Chair Beswick also added that there are proposed changes to appOintment categories and conflict 
of interest rules. 

4. 	 Approval ofthe Minutes of March 16, 2012 

Motion: 	 It was moved by Board Member Freschi, seconded by Board 
Member Ruh, and unanimously carried to approve the Minutes 
of the March 16,2012 Board Meeting as presented. 

Approval of the Minutes of April 27, 2012 

Motion: 	 It was moved by Board Member Murai, seconded by Board 
Member Ackerman, and unanimously carried to approve the 
Minutes of the April 27, 2012 Board Meeting as presented. 

Chair Beswick announced that item 12had been postponed, and Items 14 and 15 were being 
withdrawn from the consent calendar. 

5. 	 Consent Calendar 

*6. 	 Appeal of Staffs Denial of an Exemption from the Minimum Lot Size 
Requirement - Juan and Nena Amaral 

*7. 	 Appeal of Staffs Denial of an Exemption from the Minimum Lot Size 
Requirement - Ravinder and Manbir Sidhu 

*8. 	 Appeal of Staffs Denial of an Exemption from the Minimum Lot Size 
Requirement - Ronald Jones 

*9. 	 Appeal of Staffs Denial of an Exemption from the Minimum Lot Size 
Requirement - Jo Montoya 

*10. 	 Irvine Ranch Water District. Michelson Water Reclamation Plant
Order No. R8-2012-0004 

*11. 	 Waste Discharge Requirements for FR/Cal Moreno Valley, LLC's 
Nandina Distribution Center, City of Moreno Valley. Riverside County 
- Order No. R8-2012-0036 
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*13. 	 Renewal of Waste Discharge Requirements and National Pollutant 
Discharge Elimination System Permit (NPDES No. CAS CAS619001) 
for OXY USA, Inc.! Huntington Beach Crude Oil and Gas Production 
Facilities - Order No. R8-2012-0029 

Motion: 	 It was moved by Board Member Ruh. seconded by Board 
Member Ackerman, and unanimously carried to approve the 
Consent calendar items as presented. 

14. 	 Renewal of Waste Discharge Requirements and National Pollutant Discharge Elimination Permit 
(NPDES No. CA CA8000326) for Orange County Sanitation District. Reclamation Plant No.1 and 
Treatment Plant No.2 - Order No. R8-2012-0035, and 

15. 	 Amendment of Time Schedule Order No. R8-2004-0067 for Orange County Sanitation District 
Order No. RB-2012-0037 

Mr. Berchtold commented that Dr. Skinner's concerns (see Public Forum, above) should be 
considered as part of the record of this item. Mr. Berchtold indicated he had earlier, provided a 
response and asked if anyone from OCSD would like to respond further to that issue. 

Jim Colston. OCSD, responded by saying that this permit renewal was vital for the sanitation 
district and that timing was key as they move forward with the important project, which Dr. Skinner 
referenced. 

Mr. Colston's presentation described all the work they have been doing to prepare for the project. 
He explained the purpose of using the short outfall and long outfall and how they are trying to 
avoid using the Santa Ana River as a discharge point, as well as trying not to impact any beneficial 
uses in the ocean or on the beach. 

Mr. Colston said they have met with the local community, Dr. Skinner, and the OC Health Care 
Agency to discuss the project and have established an extensive monitoring program. He said 
Larry Honeybourne was here from the health care agency and said that they work closely with his 
staff and will continue to meet with them, including Dr. Skinner, because they were committed to 
protecting those folks that recreate in that area. 

There were several questions from Board Members. 

Motion: 	 It was moved by Board Member Ameri, seconded by Board 
Member Freschi, and unanimously carried to adopt Order No. 
RB-2012-0035 and Order No. RB-2012-0037, amending Time 
Schedule Order No. RB-2004-0067. 

Mr. Berchtold mentioned that the first the Regional Board had considered adopting a permit for 
OCSD that required full secondary treatment was in 2004. But prior to that time, the Board had 
granted a waiver of full secondary treatment standards. OCSD had made a huge commitment in 
terms of the resources to achieve compliance with secondary treatment standards and he noted 
the magnitude of the construction projects they needed to undertake to achieve that. He added 
that OCSD had set out an aggressive schedule at that time and they are close to completing the 
project on schedule. He thanked OCSD for all its good work. 
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16. 	 Public Hearing: Basin Plan Amendments - Recreational Standards for Inland Surface Waters 
Resolution No. R8-2012-0001 {continuation from March 16,2012 and April 27, 2012 hearings. 
(Information pertaining to this item is contained in a verbatim transcript of the proceedings) 

Ms. Schneider stated for the record that the Board Members had in their packets: a brief 
supplemental staff report; an errata sheet dated May 29, 2012; a comment letter from U.S. EPA 
dated April 25, 2012 with comments pertaining to the April 23, 2012 errata sheet that was 
presented at the April 27, 2012 Board meeting; and a comments/responses document that 
included a summary of the Heal the Bay comments presented orally at the April 27, 2012 meeting, 
Board staffs responses to those comments, and staffs responses to the USEPA April 25, 2012 
comments. 	 She said they also had tentative Resolution No. R8-2012-0001. 

Staffs recommendation is for the Regional Board to adopt Resolution No. R8-2012-0001, 
confirming the preliminary determination by Regional Board staff that the proposed amendments 
could not have a significant effect on the environment, and certifying the environmental checklist 
ant analysis document, which is Attachment C of the substitute environmental document. By 
approving the resolution, the Regional Board would adopt the Basin Plan Amendment delineated 
in Attachment 1 and Attachment 2 to the Resolution as modified by the May 29,2012 errata sheet. 

Motion: 	 It was moved by Board Member Freschi and seconded by Board 
Member Ruh to approve staffs recommendation. 

Chair Beswick closed the public hearing and asked for a vote 
on the Motion. The Motion was unanimously carried to approve 
staffs recommendation to adopt Resolution No. R8-2012-0001 as 
modified by the May 29,2012 errata sheet. 

17. Stormwater Capture 

Executive Officer, Kurt Berchtold informed the Regional Board that the Southern California Water 
Committee had asked for an opportunity to present some information regarding stormwater 
capture. He thought it would be informative and useful for the Board because it is was closely 
entwined with matters regarding Low Impact Development (LID) that the Board has dealt with 
before and would be dealing with in the future when our MS4 permits come up for renewal once 
again. 

Steve LaMar, IRWD, said that they have been talking stormwater capture for water supply 
purposes for a long time. He complimented the Regional Board and the County of Orange for their\: 
work with the Coyote Canyon/San Gabriel River Subwatershed study. He said it was one of the 
most detailed geographic information system studies he had ever seen and was excited about I 
progressing to other subwatersheds in Orange County. I 

Greg Woodside briefly informed the Regional Board that they had in front of them a summary of 
the issue paper that presents the results of their work. He said they are focusing on how to use 
the existing framework with MS4 permits for integrated water management in order to get the most 
return for water supply. They are working to develop a database of stormwater projects in 
Southern California - both small and large scale projects. 

He indicated that a committee was formed to look at MS4 permits for stormwater management and 
benefit in terms of water supply opportunities for enhancing the water supply and protecting water 
quality. 
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18. Hazardous Waste Incident Report 
Written information item. 

19. 	 Underground Storage Tanks Corrective Action Plans 
Written information item. 

20. 	 Underground Storage Tanks Site Closure Report 
Written information item. 

21. 	 Regional Board Member and Executive Officer Communications 

Mr. Berchtold informed the Regional Board that two of the Board members would not be available 
to attend the July 20,2012 Board Meeting and suggested finding an alternate date. He informed . 
them about the possibility of the quorum changing to four instead of five. He said the agenda for 
the next meeting might be lighter than it was today and that it might be a brief meeting or a 
telephonic meeting and would follow up with Board Members on this issue. 

22. 	 Closed Session 
None 

23. 	 Adjournment 

The meeting adjourned at 9:40 a.m. to the next meeting, sometime in July. The date of the July 
meeting will be posted. 

Respectfully submitted: 

K~~!~ 

Executive Officer 

Ifc 
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6.10 Regional Board Resolution/ 
Basin Plan Amendment   



 

 

California Regional Water Quality Control Board 

Santa Ana Region 

 

RESOLUTION NO. R8-2012-0001 

 

Resolution Approving Amendments to the Basin Plan Pertaining to Bacteria 

Quality Objectives and Implementation Strategies, Recreation Beneficial Uses, 

the Addition and Deletion of Certain Waters Listed in the Basin Plan and 

Designation of Appropriate Beneficial Uses, and Other Minor Modifications 

 
 
 WHEREAS, the California Regional Water Quality Control Board, Santa Ana Region 
(hereinafter Regional Board), finds that: 

 
1. An updated Water Quality Control Plan for the Santa Ana River Basin (Basin 

Plan) was adopted by the Regional Board on March 11, 1994, approved by the 
State Water Resources Control Board (SWRCB) on July 21, 1994, and approved 
by the Office of Administrative Law (OAL) on January 24, 1995. Subsequent 
amendments to the Basin Plan have been approved. 

 
2. The Basin Plan identifies ground and surface waters within the Santa Ana 

Region (Region), designates beneficial uses for those waters, establishes water 
quality objectives for the protection of those uses, prescribes implementation 
plans whereby the objectives are to be achieved, and establishes monitoring and 
surveillance programs. 
 

3. Designated beneficial uses of surface waters in the Basin Plan include Water 
Contact Recreation (REC1) and Non-contact Water Recreation (REC2). REC1 is 
essentially equivalent to “primary contact recreation”, the terminology employed 
by many states and accepted and used by the U.S. Environmental Protection 
Agency (USEPA). Similarly, REC2 is effectively equivalent to “secondary contact 
recreation”, as this use is recognized and used by USEPA.   
 

4. The federal Clean Water Act and implementing regulations establish the 
presumption that all surface waters support primary contact (water contact) 
recreation and should be designated REC1. This presumption can be rebutted 
for one or more specific surface waters by demonstrating that: (a) REC1 is not an 
“existing” use, as defined in federal regulations (40 Code of Federal Regulations 
(CFR) 131.3); and, (b) a structured scientific assessment, known as a Use 
Attainability Analysis, demonstrates that attaining the use is not feasible based 
on one or more of the six factors identified in federal regulations (40 CFR 
131.10(g)).   
 

5. The Basin Plan establishes water quality objectives intended to protect both 
REC1 and REC2 uses of surface waters. These objectives were established in 
the 1975 Basin Plan, relying on federal guidance at that time that recommended  
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that fecal coliform bacteria be used to assess the sanitary quality of recreational 
waters and to assure the protection of public health and recreational uses. Fecal 
coliform are surrogate bacterial indicators of the presence of pathogens, such as 
viruses, that may cause disease in persons exposed, primarily via the ingestion 
of water.  
 

6. In 1986, USEPA published revised guidance (“Ambient Water Quality Criteria for 
Bacteria – 1986”) regarding the surrogate pathogen indicator bacteria that States 
should employ to assure the protection of primary contact recreation (REC1). For 
freshwaters, the revised guidance recommends that States adopt objectives 
based on E. coli or enterococcus. USEPA has acknowledged that there is no 
scientific basis for establishing pathogen indicator bacteria objectives to protect 
secondary contact (REC2) recreation, since the epidemiological data used by 
USEPA to derive the bacteria criteria were associated with swimming-related 
activities involving immersion, where the ingestion of water was likely. However, 
USEPA recommends that States set numeric objectives for secondary contact 
recreation based on multiplication (5X or 10X) of their primary contact recreation 
objectives.  
 

7. USEPA expects States to adopt bacteria quality objectives that provide public 
health protection in primary contact recreation waters that is at least equivalent to 
that provided by the criteria in USEPA’s 1986 criteria document. In 2004, USEPA 
promulgated bacteria criteria based on the 1986 guidance for the Great Lakes 
and for coastal recreation waters in those states that had not adopted equally 
protective objectives (Water Quality Standards for Coastal and Great Lakes 
Recreational Waters – Final Rule. 40 CFR 131.41). 
 

8. Working with the Stormwater Quality Standards Task Force (SWQSTF, or Task 
Force), Regional Board staff developed recommendations for revising the Basin 
Plan fecal coliform objectives to implement USEPA’s 1986 recommended 
criteria. As part of this process, the Task Force carefully considered the scientific 
basis of both the established fecal coliform objectives and the 1986 
recommended bacteria criteria. Based on detailed understanding of the scientific 
basis for these objectives and criteria, the Task Force determined that it would be 
appropriate to consider also the need for and nature of amendments to the Basin 
Plan recreational use definitions, recreational use designations for certain 
surface waters in the Region, and bacteria indicator objective implementation 
strategies, including monitoring.  The suite of Basin Plan amendments delineated 
in Attachments 1 (underline-strikeout version) and 2 (“clean”version) to this 
resolution are the product of this consideration. 
 

9. The proposed Basin Plan amendments include recommendations for changes to 
pathogen indicator bacteria objectives in freshwater. These include: (1) 
establishing new, numeric pathogen indicator objectives, based on E. coli, for 
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freshwaters designated both REC1 and REC2; (2) deleting the Basin Plan fecal 
coliform objectives for REC1 and REC2 in freshwaters; (3) establishing a new, 
narrative pathogen indicator objective; (4) establishing single sample maximum 
(SSM) values for E. coli that will be used, in part, to assess compliance with 
geometric mean objectives in the absence of sufficient data to calculate 
geometric means (and, principally, as public notification tools); (5) establishing 
numeric, antidegradation pathogen indicator bacteria targets (in lieu of 
objectives) for waters designated REC2 only, as justified by Use Attainability 
Analyses; and, (6) deleting the established total coliform objective for freshwaters 
designated MUN (municipal and domestic supply). 
 

10. Water Code Section 13241 requires that certain factors, including economics, be 
evaluated, at a minimum, when the Regional Board considers changes to water 
quality objectives. Pursuant to this requirement, analysis was conducted of the 
proposed changes to pathogen indicator objectives in freshwater described in the 
preceding Finding (#9).  This analysis was conducted in the context of the 
proposed strategies for the application and implementation of the revised 
objectives.  These implementation strategies include: the de-designation of the 
REC1 use for certain surface waters, based on Use Attainability Analyses; 
implementation of E. coli SSMs principally as public notification tools or to 
provide a surrogate measure of attainment when insufficient data are available to 
calculate a representative geometric mean; and, implementation of the proposed 
temporary, high flow suspension of pathogen indicator objectives. The costs of 
compliance with the proposed objectives is not likely to be significantly different 
than the cost of meeting the established fecal coliform objectives, provided that 
the proposed objectives are applied and implemented in accordance with the 
suite of strategies proposed in these amendments. If the suite of amendments is 
approved and the proposed objectives are applied and implemented in that 
context, then the costs of compliance may be reduced since the need for bacteria 
control facilities is expected to be reduced. The costs associated with meeting 
the proposed objectives are necessary to ensure the reasonable protection of 
beneficial uses and the prevention of nuisance.  Should one or more elements of 
the suite of amendments proposed in the attachments to this resolution not be 
approved, then the Section 13241 analysis may be invalid and any future 
reliance on this analysis for regulatory purposes would be improper. Under these 
circumstances, additional Section 13241 analysis would be appropriate.  
   

11. Analysis of the proposed Basin Plan amendments was conducted to determine 
consistency with the antidegradation policy (SWRCB Resolution No. 68-16 
“Statement of Policy with Respect to Maintaining High Quality Waters in 
California” and 40 CFR 131.12). None of the proposed amendments is expected 
to result in the lowering of water quality. Thus, the proposed amendments 
conform to antidegradation policy requirements.  
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12. Pursuant to the requirements of the California Environmental Quality Act (CEQA) 
and implementing regulations, including those established by the SWRCB, 
analyses were conducted of the potential environmental effects of the proposed 
amendments. These analyses are presented in “Environmental Checklist and 
Analysis - Substitute Environmental Document for Proposed Amendments 
Related to Recreational Use Standards for Inland Fresh Waters within the Santa 
Ana Region”, November 30, 2011. This environmental checklist and analysis 
document is attached (Attachment C) to the staff report prepared to describe the 
proposed Basin Plan amendments (“Staff Report, Basin Plan Amendments, 
Revisions to Recreational Standards for Inland Fresh Surface Waters in the 
Santa Ana Region”, January 12, 2012). This staff report, the draft Basin Plan 
amendments included as attachments to this resolution, and the environmental 
checklist and analysis document collectively comprise the Substitute 
Environmental Document (SED) required under CEQA for Basin Plan 
amendments.  
 

13. The analyses of the potential environmental effects of the proposed amendments 
were conducted on a programmatic level. Those entities subject to the 
amendments, if approved, are responsible for identifying specific compliance 
strategies and conducting required project-level CEQA analyses of the 
implementation of those strategies.   

 
14. Based on the environmental analyses described in the preceding Findings (#12 

and 13), Regional Board staff made the preliminary determination that the 
proposed amendments could not have a significant effect on the environment, 
and, therefore, no alternatives or mitigation measures are proposed. This 
includes the determination that the Basin Plan amendments would not have an 
impact on biological resources.   On February 16, 2012, the California 
Department of Fish and Game issued a “No Effect Determination”, confirming 
that the Basin Plan amendments have no potential effect on fish, wildlife and 
habitat.  

 
15. Health and Safety Code Section 57004 requires that all proposed rules, such as 

the proposed Basin Plan amendments, that have a scientific basis or 
components must be submitted for scientific peer review. The proposed 
amendments were submitted for scientific peer review in accordance with this 
requirement. The review was conducted in accordance with California 
Environmental Protection Agency guidelines.  Peer reviewer comments were 
considered in recommendations regarding the proposed amendments.  
 

16. The proposed amendments meet the necessity standard of the Administrative 
Procedures Act, Government Code Section 11353, subdivision (b). The proposed 
amendments are required to fulfill the Regional Board’s obligation pursuant to the 
California Water Code to exercise its full power and jurisdiction to protect the 
quality of waters in the state, including the duties to establish such objectives as 
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will assure the reasonable protection of beneficial uses and to identify the 
program of implementation, including monitoring, needed to achieve those 
objectives.  
 

17. A CEQA Scoping Meeting was held on January 28, 2010 to provide interested 
parties the opportunity to comment on the appropriate scope and content of the 
SED to be prepared for the proposed Basin Plan amendments. Written 
responses to comments provided were prepared and attached to the staff report 
(Attachment B). Periodic presentations to the Regional Board regarding the 
proposed amendments were made during the Board’s regularly scheduled public 
meetings.  Public and agency participation in the consideration of the proposed 
amendments was actively sought. 

 
18. A Notice of Public Hearing/Notice of Filing and the SED, including the staff 

report, draft Basin Plan amendments and environmental checklist and analysis 
document, were prepared and distributed to interested individuals and public 
agencies for review and comment on January 12, 2012. Written responses to 
comments received by the date specified in the Public Hearing notice (February 
27, 2012) were prepared and attached to the staff report (Attachment F).  
 

19. On March 16, 2012, the Regional Board held a Public Hearing to consider the 
proposed Basin Plan amendments. The Regional Board considered all testimony 
offered at the hearing and the written comments submitted by interested parties 
and public agencies before taking any final action.  
 

20. The Basin Plan amendments must be submitted for review and approval by the 
SWRCB, OAL and USEPA.  The Basin Plan amendments will become effective 
upon approval by USEPA.  A Notice of Decision will be filed. 

 
 

NOW, THEREFORE, BE IT RESOLVED THAT: 

 
 
1. The Regional Board has reviewed and considered the record of this matter, 

including the information contained in the SED, all written testimony provided 
during the public comment period, and all oral testimony provided at said public 
hearing.  
 

2. The Regional Board confirms the preliminary determination by Regional Board 
staff that the proposed amendments could not have a significant effect on the 
environment and hereby certifies the environmental checklist and analysis 
document that is part of the SED.  
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3. The Regional Board hereby adopts the Basin Plan amendments delineated in 

Attachment 1 (underline/strike-out version) and Attachment 2 (“clean” version) to 
this Resolution.  
 

4. The Executive Officer is directed to forward copies of the Basin Plan 
amendments to the SWRCB in accordance with the requirements of Section 
13245 of the California Water Code.  
 

5. The Regional Board requests that the SWRCB approve the Basin Plan 
amendments in accordance with the requirements of Sections 13245 and 13246 
of the California Water Code and, thereafter, forward the amendments to OAL 
and USEPA for their approval.  
 

6. If during its approval process the SWRCB or OAL determine that minor, non-
substantive corrections to the language of the amendments are needed for clarity 
or consistency, the Executive Officer may make such changes and shall inform 
the Regional Board forthwith. 
 

7. The Executive Officer is directed, at the time of filing and posting the Notice of 
Decision, to file the No Effect Determination received from the Department of 
Fish and Game.  

 
I, Kurt V. Berchtold, Executive Officer, do hereby certify that the foregoing is a full, true 
and correct copy of a resolution adopted by the California Regional Water Quality 
Control Board – Santa Ana Region on March 16, 2012. 
 
 

 
_______________________________________ 

Kurt V. Berchtold 
Executive Officer 

 
 

 
 

 
   

 
 



 
9. Public Hearing: Basin Plan Amendments - Recreational Standards for Inland 

Surface Waters - The Regional Board will be asked to consider adoption of Basin 
Plan amendments revising recreational standards for inland surface waters in the 
Santa Ana Region.  Editorial and other changes are also proposed. 
{Joanne E. Schneider 951/782-3287 jschneider@waterboards.ca.gov }  Resolution 
No. R8-2012-0001 
 

 
For additional technical reports, references, comments and supporting documents 
regarding this item please see our web site: 
 
Proposed Basin Plan Amendments: Recreation Standards for Inland Fresh Surface Waters 

mailto:jschneider@waterboards.ca.gov
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/recreational_standards.shtml


ATTACHMENT 2 TO RESOLUTION NO. RS-2012~001 

Proposed Basin Plan Amendments ("clean" version) 

(NOTE: Changes to the recreation standards for inland fresh waters within the Santa Ana 
Region and related explanatory narrative and implementation strategies are proposed to be 
incorporated in Chapter 3, Beneficial Uses, Chapter 4, Water Quality Objectives, and 
Chapter 5, Implementation. Certain surface waters not currently listed in the Basin Plan are 
proposed to be added, changes in reach designations for one of the listed waters are 
proposed, and two reservoirs no longer in existence are proposed to be removed. Other 
changes are proposed. If the Basin Plan Amendment is approved, corresponding changes 
will be made as necessary to the Table of Contents, the List of Tables, page numbers, and 
page headers in the Plan. Formatting changes, including page numbers, page headers and 
table and figure identifiers may be modified for the purposes of possible re-publication of the 
Basin Plan. However, no substantive changes to the text, tables or figures would occur 
absent a Basin Plan amendment.) 

Attachment 1 to Resolution No. RB-2012-0001 shows the proposed amendments using 
underline/strike-out format. 

CHANGES TO CHAPTER 3 - BENEFICIAL USES 

Amend CHAPTER 3 - BENEFICIAL USES, INTRODUCTION, second paragraph: 

(., Section 303(d) of the federal Clean Water Act (33 U.S.C. § 1313) defines water quality 
standards as consisting of the uses of the surface (navigable) waters involved, the water 
quality criteria which are applied to protect those uses and an antidegradation policy. Under 
the Porter-Cologne Water Quality Control Act (California Water Code, Division 7, Chapter 2 
§ 13050) the uses of waters and water quality criteria are separately considered as 
beneficial uses and water quality objectives. Beneficial uses and water quality objectives 
are to be established for all waters of the state, both surface and subsurface (groundwater). 

Amend CHAPTER 3 - BENEFICIAL USES, BENEFICIAL USES section, last sentence 
of second paragraph, third paragraph and fourth paragraph; add new paragraph: 

Shortly thereafter, this revised Beneficial Use table was reviewed again and changes were 
made, including the addition of the Water Contact Recreation (REC1) use for some 
waterbodies, the revision of some Beneficial Use designations from intermittent (I) to 
existing or potential (X), and the addition of more waterbodies (RWQCB Resolution No. 89-
99). 

In the update to the Basin Plan approved by the Regional Board in 1994 (RWQCB Resolution 
No. 94-1 ), further changes to the Beneficial Use table were made. Significant waterbodies not 
previously identified were included and their beneficial uses were designated. Certain of these 
waters were excepted from the MUN designation. The designation RARE was added where 

I' substantial evidence indicated that the waterbody supports rare, threatened or endangered 
~ species (Appendix II). Certain known wetlands in the Region were listed in a new waterbody 

category (see wetlands discussion below). A revised list of Beneficial Uses was developed as 
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part of a comprehensive statewide update of all Basin Plans. In all, twenty-three beneficial 
uses were defined statewide. This list was used to update the list of beneficial use definitions 
in the Basin Plan. Nineteen of the beneficial uses were recognized. (The four not utilized are J 
Migration of Aquatic Organisms, Freshwater Replenishment, Inland Saline Water Habitat and 
Aquaculture). One beneficial use specific to the Region, Limited Warm Freshwater Habitat, 
was added, bringing the total number of beneficial uses recognized in the Santa Ana Region to 
twenty. 

In response to recommendations from the Stormwater Quality Standards Task Force, formed 
in response to the 2002 triennial review of the Basin Plan, changes to recreation water quality 
standards were approved by the Regional Board in 2012 (RWQCB Resolution No. RB-2012-
0001 ). These modifications included revision of the name of the REC1 beneficial use from 
"Water Contact Recreation" to "Primary Contact Recreation" (see BENEFICIAL USE 
DEFINITIONS, below) and a clearer definition of this use (see also RECREATION 
BENEFICIAL USES, below, for further discussion of the changes in the REC1 definition.) The 
changes also included differentiating inland surface REC1 waters on the basis of frequency of 
use and other characteristics for the purposes of assigning applicable single sample maximum 
values (see Chapter 5). The REC1/REC2 designations for specific inland surface waters were 
revised based on the results of completed Use Attainability Analyses (see RECREATION 
BENEFICIAL USES, below). Revised water quality objectives to protect the REC1 use of 
inland freshwaters were also approved (see Chapter 4), and criteria for temporary suspension 
of recreation use designations and objectives were identified (see RECREATION BENEFICIAL 
USES , below, and Chapter 5, Implementation, Recreation Water Quality Standards, High 
Flow Suspension). The 2012 Basin Plan revisions to incorporate the changes in recreation 
standards included the addition of certain waters to the list of the Region's waters in Table 3-1 J 
and the designation of beneficial uses for those waters. Where appropriate, the added waters 
were excepted from the MUN designation. Laguna and Lambert reservoirs, which no longer 
exist, were deleted from the list. 

The region's beneficial uses are listed and described below. 

Amend CHAPTER 3 - BENEFICIAL USES, BENEFICIAL USE DEFINITIONS, Water 
Contact Recreation (REC 1 *): 

Primary Contact Recreation (REC 1*) waters are used for recreational activities involving 
deliberate water contact, especially by children, where ingestion is likely to occur. Examples of 
REC1 activities may include, but are not limited to, swimming, water-skiing, surfing, whitewater 
rafting, float tubing, bathing in natural hot springs, skin diving, scuba diving and some forms of 
wading and fishing. Brief incidental or accidental water contact that is limited primarily to the 
body extremities (e.g. hands and feet), is not generally deemed Primary Contact Recreation 
because ingestion is not likely to occur. 
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I Amend CHAPTER 3 - BENEFICIAL USES, footnote "*" (associated with REC1 and 
'-"'' REC2 (i.e., REC1*, REC2*) beneficial use definitions): 

* The REC 1 and REC 2 beneficial use designations assigned to surface waterbodies in this 
Region should not be construed as encouraging or authorizing recreational activities. In some 
cases, such as Lake Matthews and certain reaches of the Santa Ana River and its tributaries, 
access to the waterbodies is prohibited by other agencies because of potentially hazardous 
conditions and/or because of the need to protect other uses, such as municipal supply or 
sensitive wildlife habitat. Where REC 1 or REC 2 is indicated as a beneficial use in Table 3-1, 
the designations are only intended to indicate that such uses may occur or that the water 
quality of the waterbody may be capable of supporting recreational uses unless a Use 
Attainability Analysis demonstrates otherwise and the Regional Board amends the Basin Plan 
accordingly. 

Amend CHAPTER 3 - BENEFICIAL USES - add the following section after the 
BENEFICIAL USE DEFINITIONS section: 

RECREATION BENEFICIAL USES 

As stated above, in 2012, the Regional Board approved modification of the name of the REC1 
beneficial use from "Water Contact Recreation" to "Primary Contact Recreation". The definition 
of the REC1 use was also updated to improve clarity and precision, and new bacteria quality 

I objectives, based on USEPA's recommended E. coli criteria (1986), were adopted for fresh 
'-"' inland surface waters (see Chapter 4, pathogen indicator bacteria objectives for inland surface 

waters). The minor revisions to the REC1 definition neither broadened nor reduced the 
intended scope of the prior REC1 definition. Rather, the sole purpose was to ensure that 
objectives based on the USEPA bacteria quality criteria are applied in a manner that is 
consistent with the specific exposure assumptions (including the nature of recreational 
activities) described in USEPA's criteria document and related guidance. 

The revisions to the REC1 definition were based on the recommendations of the Stormwater 
Quality Standards Task Force, which carefully considered the scientific basis of the USEPA 
criteria. Specifically, as discussed in the criteria document, USEPA's recommended bacteria 
quality criteria were intended to reduce the risk of waterborne illness to acceptable levels for 
those engaged in swimming or similar recreational activities where immersion and ingestion of 
water are likely. The Stormwater Quality Standards Task Force documentation, which 
essentially comprised the administrative record for the 2012 recreation standards 
amendments, includes a memorandum to the Task Force that was prepared by Camp Dresser 
and McKee, Inc. (COM), one of the Task Force consultants ("Scientific Basis for EPA 
Recommended Water Quality Objectives for Bacteria", COM, April 10, 2006). This 
memorandum also discusses the scientific basis of the criteria, as well as that of the Basin 
Plan water quality objectives based on fecal coliform in freshwaters that were replaced by the 
E. coli objectives by the 2012 Basin Plan amendments. The administrative record also 
documents the extensive consideration of alternatives appropriate to clarify the REC1 

1 definition to reflect the underlying scientific assumptions of the USEPA criteria, and 
'-" expectations regarding the likelihood of immersion and ingestion. 
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The definition of the REC 2 beneficial use is functionally-equivalent to that described by 
USEPA as "Secondary Contact Recreation." Therefore, the Regional Board will rely on federal ' 
regulation and guidance to determine which waterbodies should be designated REC 2. .._, 
Relatively brief incidental or accidental water contact that is limited primarily to the body 
extremities (e.g. hands or feet) is generally deemed REC 2 because ingestion is not 
considered reasonably possible. 

Pursuant to the federal Clean Water Act and implementing regulation, all defined waters of the 
United States are presumed to be capable of supporting Primary Contact Recreation and shall 
be designated REC 1 unless a Use Attainability Analysis (UAA) demonstrates that this use is 
not an existing use and is not attainable and the Basin Plan is revised accordingly. A suite of 
factors must be considered when UAAs are conducted to determine whether to downgrade or 
delete the REC 1 use from any waterbody. The relevant factors are identified in federal and 
state regulations. 

Where the Regional Board determines, through a UAA and requisite public hearing(s), that a 
waterbody or portion of a waterbody has not supported and cannot support REC 1 or REC1 
and REC 2 uses, that waterbody or portion of a waterbody will be identified with table note "u" 
in Table 3-1, below, and, for clarity, also listed in Table 3-2. Waters designated REC 2 but not 
REC 1, and waters not designated either REC1 or REC2, will be reassessed as part of the 
Basin Plan triennial review process to determine whether conditions have changed sufficiently 
to warrant one or both of these recreation use designations. This reassessment does not 
necessitate a new UAA; it is sufficient to determine whether there has been a significant 
change in the factor or factors on which the Regional Board originally relied to justify 
reclassifying each waterbody as something other than REC-1. Where such a change has J 
occurred, revision of the recreational use designations will be considered through the Basin . 
Planning process. 

Use Attainability Analyses were conducted for several stream segments as part of the work of 
the Stormwater Quality Standards Task Force. Technical reports to support these UAAs were 
prepared by COM and are a part of the administrative record of the 2012 recreation standards 
amendments. These UAA reports were intended not only to provide the technical and factual 
data necessary to consider recreation standards changes for the waters evaluated, but also to 
serve as informal "templates" to guide similar stream assessment studies in the future. In 
particular, the UAA reports illustrate the type of scientific and technical documentation needed 
to meet federal and state requirements for subcategorizing or reclassifying a recreational use. 
Regional Board staff relied heavily on the data and analyses provided in the COM technical 
UAA reports in formulating specific recommendations for recreation beneficial use changes for 
these waters (CRWQCB - Santa Ana Region, "Staff Report, Basin Plan Amendments, 
Revisions to Recreational Standards for Inland Fresh Waters in the Santa Ana Region", 
January 12, 2012). The approved changes are summarized in Table 3-2 and reflected in Table 
3-1. 

Recreational use of certain inland surface waters is precluded under certain flow conditions 
that make recreational activities unsafe. Recreation use designations (and the applicable 
pathogen and pathogen indicator objectives) are temporarily suspended when such conditions 
exist. The criteria for suspension of recreation uses (and objectives), and for termination of the . /' 
suspension, are described in detail in Chapter 5, Implementation, Recreation Water Quality '.1 
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Standards, High flow suspension of recreation standards). Temporary suspensions of 
I' recreation standards do not apply to waters other than the inland surface streams identified in 
~ Appendix VIII and Appendix IX. 

Amend CHAPTER 3- BENEFICIAL USES, BENEFICIAL USE TABLE, first and second 
paragraphs; add footnote; add new paragraph after the second paragraph: 

Table 3-1 lists the designated beneficial uses for waterbodies within the Santa Ana Region. In 
this table, an "X" indicates that the waterbody has an existing or potential use2

. Many of the 
existing uses are well-known; some are not. Lakes and streams may have potential beneficial 
uses established because plans already exist to put the water to those uses, or because 
conditions (e.g., location, demand) make such future use likely. The establishment of a 
potential beneficial use serves to protect the quality of that water for such eventual use. 

Add footnote 2: Water Code Section 13241 identifies the factors that the Regional 
Board must consider, at a minimum, when establishing water quality objectives to 
ensure the reasonable protection of beneficial uses and the prevention of nuisance. 
Among these factors are the "Past, present, and probable future beneficial uses of 
water. (CWC 13241 (a) [italics added] "Potential" beneficial uses are assumed to be the 
same as "probable future" beneficial uses. 

An "I" in Table 3-1 indicates that the waterbody has an intermittent beneficial use. This may be 
. because water conditions do not allow the beneficial use to occur year-round. The most 

(., common example of this is an ephemeral stream. Ephemeral streams in this region include, at 
one extreme, those which flow only while it is raining or for a short time afterward, and at the 
other extreme, established streams which flow through part of the year but also dry up for part 
of the year. While such ephemeral streams are flowing, beneficial uses may be made of the 
water. Because such uses depend on the presence of water, they are intermittent. Waste 
discharges which could impair intermittent beneficial uses, whether they are made while those 
uses occur or not, are not permitted. 

As described above, Table 3-2 shows inland surface waters for which Use Attainability 
Analyses demonstrated that the REC1 or REC1 and REC2 uses are neither existing nor 
attainable. These waters, designated with a "u" in in the REC1 column and also, in some 
cases, the REC2 column in Table 3-1, will be evaluated at least once every three years to 
determine whether conditions have changed such that these use designations are applicable 
to these waters and that the Basin Plan should be amended accordingly. 

Amend CHAPTER 3 - BENEFICIAL USES, REFERENCES: 

COM. Memorandum to Stormwater Quality Standards Task Force re "Scientific Basis for EPA Recommended 
Water Quality Objectives for Bacteria", April10, 2006 

I CRWQCB - Santa Ana Region, "Staff Report, Basin Plan Amendments, Revisions to Recreational Standards for 
~ Inland Fresh Waters in the Santa Ana Region", January 12, 2012. 
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City of Big Bear Department of Water and Power, "Final Report- Task 4, Revised Water Quality Objectives, Big 
Bear Ground Water Basins," April1993. 

United States Environmental Protection Agency "Ambient Water Quality Criteria for Bacteria- 1986" EPA 440/5-
84-002, January 1986. 

United States Environmental Protection Agency "National Guidance-Water Quality Standards for Wetlands," EPA 
440/s-90-011, July 1990. 

United States Environmental Protection Agency "Water Quality Standards for Coastal and Great Lakes 
Recreation Waters; Final Rule" (40 CFR 131.41), November 2004. 

Governor Pete Wilson, "California Wetlands Conservation Policy," August, 1993. 

CHAPTER 3 TABLES: Amend CHAPTER 3- BENEFICIAL USES, TABLE 3-1, as shown in 
the following pages. 

Add Table 3-2 Summary of Approved Use Attainability Analyses (UAAs) to Re-Designate 
Recreational Beneficial Uses in some Inland Waterbodies 
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Table 3-1 BENEFICIAL USES 

OCEAN WATERS 

s::: 
c 
z 

NEARSHORE ZONE* 

San Gabriel River to Poppy 
Street in Corona Del Mar + 

Poppy Street to Southeast 
Regional Boundary + 

OFFSHORE ZONE 

Waters Between Nearshore 
Zone and Limit of State 

+ 
Waters 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

~ 
G) 
:;o 

BENEFICIAL USE 
Hydrologic Unit 

"U G) z "U :;o :;o () 

~ 
r- () OJ ~ ~ 

(/) (/) z :;o 
~ 0 m m 0 ~ 0 "U s::: m 

0 ~ 0 j= ~ ~ I (/) Primary Secondary 0 ~ () () s::: :;o :;o r- :;o m 
() :;o ..... 1\.) s::: s::: s::: 0 r- 0 m z :;o r- -I 

X X X X X X X X X X 801.11 

X X X X X X X X X X 801.11 

X X X X X X X X X 

* Defined by Ocean Plan Chapter II B-1.: "Within a zone bounded by shoreline and a distance of 1000 feet from 
shoreline or the 30-foot depth contour, whichever is further from shoreline ... " 
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Table 3-1 BENEFICIAL USES - Continued 

BAYS, ESTUARIES, AND BENEFICIAL USE 
TIDAL PRISMS 

s:: )> "'0 G) "'0 ::0 ::0 (") 

~ 
r-

z ::0 z m m 0 :lE c G) 
0 0 :lE ~ 0 (") (") s:: ::0 ::0 z ::0 (") ::0 :lE ...... I\) s:: 3: s:: 

Los Cerritos Wetlands + X X 

Anaheim Bay - Outer Bay + X X X 

Anaheim Bay- Seal Beach 
National Wildlife Refuge + x, X 

Sunset Bay - Huntington + X X X X 
Harbor 

Bolsa Bay + X X X 

Bolsa Chica Ecological Reserve + X X 

Lower Newport Bay + X X X X 

Upper Newport Bay + X X X 
---·· ~--·· 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 

1 Access prohibited per agency with jurisdiction 

+ Excepted from MUN (see text) 
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Hydrologic Unit 

(") CD :lE ~ 
(/) s:: (/) 

0 "'0 I m 
r- 0 j= ::0 :lE )> m (/) Primary Secondary 
0 r- 0 m z ::0 r- -i 

X X X X X 801.11 

X X X X X 801.11 

X X X X X X 801.11 

X X X X 801.11 

X X X X X X 801.11 

X X X X X X 801.11 

X X X X X 801.11 

X X X X X X X 801.11 
- -----

'-' 
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Table 3-1 BENEFICIAL USES - Continued 

BAYS, ESTUARIES, AND BENEFICIAL USE 
Hydrologic Unit 

TIDAL PRISMS 
s::: ~ -o G) -o :;o :;o (") 

~ 
r (") Ill ~ ~ 

en s::: en z :;o 
~ 

z 
0 m m 0 ~ 0 -o :I: m 

c G) 
0 0 ~ ~ 

(") (") s::: :;o :;o r 0 r= :;o ~ ~ m en Primary Secondary z :;o (") :;o ...... "' s:: s::: s::: 0 r 0 m z :;o r -I 

Santa Ana River Salt Marsh + X X X X X X X 801.11 

Huntington Beach Wetlands + X X X X X X X 801.11 

Tidal Prism of Santa Ana River 
(to within 1 000' of Victoria + X X X X X X 801.11 
Street) and Newport Slough 
Tidal Prism of San Gabriel River 
- River Mouth to Marina Drive + X X X X X X X X X 845.61 

Tidal Prism of Santa Ana-Delhi 
Channel - Bicycle Bridge at 

+ u X X X X 801.11 
University Dr. at Upper Newport 
Bay to 1 036 ft. upstream 
Tidal Prism of Greenville-
Banning Channel - Santa Ana 

+ u X X X X 801.11 
River Confluence to Inflatable 
Diversion Dam" 
Tidal Prisms of Flood Control 
Channels Discharging to + X X X X X 801.11 
Coastal or Bay Waters 

1 Access prohibited per agency with jurisdiction X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

u REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 3, 
Recreation Beneficial Uses) 

" The diversion dam is 0.23 mile downstream 
of confluence with the Fairview Channel. 
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Table 3-1 BENEFICIAL USES • Continued 

INLAND SURFACE STREAMS 
BENEFICIAL USE 

s::: e; ""0 G) z ""0 ::0 ::0 () 

~ 
r (") OJ z ::0 0 =E c =E ~ 0 m m 0 5 

::0 0 0 :?: () () s::: ::0 ::0 r z () ::0 ....>. 1\) s::: s::: s::: 0 r 

LOWER SANTA ANA RIVER 
BASIN 

Santa Ana River 

Reach 1 - Tidal Prism to 17m 
Street in Santa Ana + X2 X I 

Reach 2 - 17m Street in Santa 
Ana to Prado Dam + X X X X X 

Aliso Creek X X X X X 

Carbon Canyon Creek X X X X X 

Santiago Creek Drainage 

Santiago Creek 

Reach 1 - below Irvine Lake X X X2 X X 

Reach 2 -Irvine Lake (see 
Lakes, pg. 3-xx 

Reach 3 - Irvine Lake to 
Modjeska Canyon I I I I I 

Reach 4 - in Modjeska Canyon X X X X X 

Silverado Creek X X X X X 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 

Access prohibited in all or part per agency with jurisdiction 

+ Excepted from MUN (see text) 

'-' 
Page 10 of 77 

u 

Hydrologic Unit 

Primary Secondary 

~ ~ 
CIJ 
""0 m 

CIJ r ::0 =E 0 m z -1 

801.11 I 

I 
I 

801.11 801.12 
X X 

X X 845.63 

X X 845.63 

X 801.12 801.11 

801.12 
I 

X 801.12 

X 801.12 

'-' 



Attachmr't. to Resolution No. RB-2012-0001 ~rch 16, 2012 

Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS 
BENEFICIAL USE 

s:: )> "tt G) "tt ::0 ::0 (') 

~ 
r (') z ::0 z 0 ~ c G) ~ ~ 0 m m 0 

z ::0 Cl 0 
::0 ~ (') (') s:: ::0 ::0 r 

(') ....>. 1\.) s:: s:: s:: Cl 

LOWER SANTA ANA RIVER 
BASIN 

Santiago Creek Drainage 

Black Star 
I I I I I 

Ladd Creek 
I I I I I 

San Diego Creek Drainage 

San Diego Creek 

Reach 1 - below Jeffrey 
+ X2 X X 

Road 
Reach 2 - above Jeffrey 

+ I I I I 
Road to Headwaters 

Other Tributaries: Bonita Creek, + I I I I 
Serrano Creek, Peters Canyon 
Wash, Hicks Canyon Wash, 
Bee Canyon Wash, Borrego 
Canyon Wash, Agua Chinon 
Wash, Laguna Canyon Wash, 
Rattlesnake Canyon Wash, 
Sand Canyon Wash*, and other 
Tributaries to these Creeks 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 

2 Access prohibited in all or part per agency with jurisdiction 
* Sand Canyon Wash also has RARE Beneficial Use 

+ Excepted from MUN (see text) 
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(' 

Hydrologic Unit 

Primary Secondary 

OJ ~ ~ 
(/) 
"tt m 

6 r= ~ (/) 

Cl 
::0 -i r m z 

I 

I 
801.12 

I I 
801.12 

X 801.11 

I 
801.11 

I 801.11 

~~-



Attachment 2 to Resolution No. RB-2012-0001 

Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS 

San Gabriel River Drainage 

Coyote Creek (within Santa Ana 
Regional Boundary) 

Santa Ana-Delhi Channel 

Reach 1 - upper boundary of 
Tidal Prism to intersection of 
Sunflower Ave./Flower St. 
Reach 2 - Sunflower 
Ave./Flower St. intersection to 
Warner Avenue 

Greenville Banning Channel 

Reach 1- Inflatable Diversion Dam 
to California Street 

UPPER SANTA RIVER BASIN 

Santa Ana River 

Reach 3 - Prado Dam to Mission 
Blvd. in Riverside 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

'-' 

s:: )> 
G) z c 0 z :;c 

X 

+ 

+ 

+ 

+ X 

March 16, 2012 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
"U G) "U :;c :;c (") 

~ 
r (") tD :E ~ 

en 
:;c :E 

z 
0 m m 0 :E 0 5 "U m 

0 ~ (") (") 3: :;c :;c r r :;c :E en 
(") :;c :E ...... 1\) s:: s:: s:: 0 r 0 m z -I 

X X X X 845.61 

u u X X X 801.10 

u X X X 801.10 

u u X X 801.10 

X X X X X X X 801.21 
801.21, 
801.25 

u REG 1 and/or REG 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 3, 
Recreation Beneficial Uses) 
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Attachm(';. to Resolution No. RB-2012-0001 

Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS 

Reach 4- Mission Blvd. in 
Riverside to San Jacinto Fault 
in San Bernardino 

Reach 5- San Jacinto Fault in 
Bernardino to Seven Oaks Dam' 
Reach 6 - Seven Oaks Dam to 
Headwaters (see also Individual 
Tributary Streams) 

San Bernardino Mountain Streams 

Mill Creek Drainage: 

Mill Creek 

Reach 1 - Confluence with 
Santa Ana River to Bridge 
Crossing Route 38 at Upper 
Powerhouse 
Reach 2 - Bridge Crossing 
Route 38 at Upper 
Powerhouse to Headwaters 

~ ~- - ~-- - -

X -Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

s:: ::t> z c G) 
z ::0 0 

+ 

X* X 

X X 

I I 

X X 

~ .. ---

nrch 16,2012 " 
BENEFICIAL USE 

Hydrologic Unit 

Primary Secondary 
'"U G) '"U ::0 ::0 (") 

~ 
r (") ttl ~ ~ 

en 
::0 z 0 ~ '"U m 

~ ~ 0 m m 0 5 en 0 ~ 
(") (") 3: ::0 ::0 r r ::0 ~ -I (") ::0 ~ N s:: s:: s:: 0 r 0 m z 

801.27 801.44 

X x3 X X X X X 

X X3 X X X X 
801.52 801.57 

801.72 
X X X X X X X 

801.58 

I I I I I I 

801.58 

X X X X X X 

- - ~- - -~ - - - - L___ 
---~ 

* MUN applies upstream of Orange Avenue (Redlands); downstream, water is excepted from MUN 
t Reach 5 uses are intermittent upstream of Waterman Avenue 
3 Access prohibited in some portions per agency with jurisdiction 
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Attachment 2 to Resolution No. RB-2012-0001 

Table 3-1 BENEFICIAL USES • Continued 

INLAND SURFACE STREAMS 

Mountain Home Creek 

Mountain Home Creek, East 
Fork 

Monkeyface Creek 
Alger Creek 

Falls Creek 

Vivian Creek 

High Creek 

Other Tributaries: Lost, Oak 
Cove, Green, Skinner, Momyer, 
Glen Martin, Camp, Hatchery, 
Rattlesnake, Slide, Snow, 
Bridal Veil, and Oak Creeks 
and other Tributaries to these 
Creeks 

Bear Creek Drainage: 

Bear Creek 

Siberia Creek 

Slide Creek 

Johnson Creek 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

'-' 

s:: )> z c G) 
::0 0 z 

X 

X 

X 

X 

X 

X 

X 

I 

X X 

X 

I 

I 

"0 G) "0 ::0 z 
:E ~ 0 0 :E (") ::0 

X X 

X X X 

X 

X 

X X 

X 

X 

I 

X X 

X 

I 

I 

March 16, 2012 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
::0 ::0 (") 

~ 
r- (") OJ :E ~ 

(J) 
0 :E "0 m m m 0 6 j= :E (J) 

(") (") s:: ::0 ::0 r- ::0 -I ....>. N s:: s:: s:: 0 r- 0 m z 

X X X X 801.58 

X X X X X 801.70 

X X X X 
801.70 

X X X X 
801.70 

X X X X X 801.70 

X X X X 
801.70 

X X X X 801.70 

I I I I 801.71 

X X X X X 801.71 

X X X X X 801.71 

I I I I 801.71 

I I I I 801.71 
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Attachmr'2. to Resolution No. RB-2012-0001 ~rch 16,2012 (' 

Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS Hydrologic Unit 
BENEFICIAL USE 

Primary Secondary 
"'U G) "'U ;o ;o (') 

~ 
r- (') OJ :E ~ 

en s:: )> z 0 :E "'U m 
G) z ;o :E ~ 0 m m 0 0 r= :E en c 

0 0 :E (') (') s:: ;o ;o r- ;o -I z ;o (') ;o ...... 1\.) s:: s:: s:: 0 r 0 m z 

All other Tributaries to these 
I I I I I I 801.71 

Creeks 
Big Bear Lake (see Lakes, pg. 
3-xx) 

Big Bear Lake Tributaries: 

North Creek 
X X X X X X X 

801.71 

Metcalf Creek X X X X X X X 801.71 

Grout Creek X X X X X X 
X 801.71 

Rathbone (Rathbun) Creek X X X X X X 801.71 

Meadow Creek X X X X X X 801.71 

Summit Creek I I I I I I 801.71 

Knickerbocker Creek 

Reach 1 - concrete channel, 
I I I I I I 801.71 

the Lake to Village Dr. 
Reach 2 - natural channel, 

I I I I I I 801.71 
VillaQe Dr. to headwater 

Other Tributaries to Big Bear 
Lake: Minnelusa, Poligue, and I I I I I I 801.71 
Red Ant Creeks and other 
Tributaries to these Creeks 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
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Attachment 2 to Resolution No. RB-2012-0001 March 16, 2012 

Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS Hydrologic Unit 
BENEFICIAL USE 

Primary Secondary 

s:: )> "'U G) z "'U ::0 ::0 ("') 

~ ~ (') OJ :lE $! en z ::0 0 "'U m c G) :lE ~ 0 m m 0 6 r= en z ::0 0 0 :lE ("') ("') s:: ::0 ::0 ;- ::0 :lE -i ("') ::0 ...... 1\) s:: s:: s:: 0 ;- 0 m z 

Baldwin Lake (see Lakes, pg. 
3-xx) 

Baldwin Lake Drainage: 

Shay Creek X X X X X X X 801.73 

Other Tributaries to Baldwin I I I I I I 801.73 
Lake: Sawmill, Green, and 
Caribou Canyons and other 
Tributaries to these Creeks 

Other Streams Draining to Santa 
Ana River (Mountain Reaches+) 

Cajon Canyon Creek X X X X X X X 801.52 801.51 

City Creek X X X X X X X X X 
801.57 

Devil Canyon Creek X X X X X X 801.57 

East Twin and Strawberry 
X X X X X X X X 

801.57 
Creeks 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 

+ The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino 
or San Gabriel Mountains 
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Attachm~ to Resolution No. RB-2012-0001 

Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS 

s:: 
c 
z 

Waterman Canyon Creek X 

Fish Creek X 

Forsee Creek X 

Plunge Creek X 

Barton Creek X 

Bailey Canyon Creek I 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 

}> 
G) z 
:;;tJ 0 

X 

X 

""0 G) ""0 :;;tJ z 
~ ~ 0 0 ~ (") :;;tJ 

X 

X 

X 

X 

X 

I 

nrch 16,2012 r' 

BENEFICIAL USE Hydrologic Unit 

Primary Secondary 
:;;tJ :;;tJ (") 

~ 
.- (") OJ ~ ~ 

(/) 

0 ~ ""0 m m m 0 5 j= (/) (") (") s:: :;;tJ :;;tJ .- :;;tJ ~ -i ....>. 1\.) s:: s:: s:: 0 .- 0 m z 

X X X X 801.57 

X X X X X 801.57 

X X X X X 801.72 

X X X X X 801.72 

X X X X 801.72 

I I I I 801.72 
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Attachment 2 to Resolution No. RB-2012-0001 March 16, 2012 

Table 3-1 BENEFICIAL USES • Continued 

INLAND SURFACE STREAMS Hydrologic Unit 
BENEFICIAL USE 

Primary Secondary 

s::: )> -u G) z -u :::0 :::0 () 

~ ~ () CJ ~ ~ 
(/J 

m z :::0 0 -u c G) ~ ~ 0 m m 0 0 j= ~ 
(/J 

z :::0 0 0 ~ 
() () s::: :::0 :::0 r- :::0 -i () :::0 ..... I\) s::: s::: s::: 0 r- 0 m z 

Kimbark Canyon, East Fork X X X X X X X 801.52 
Kimbark Canyon, Ames 
Canyon and West Fork Cable 
Canyon Creeks 
Valley Reaches+ of Above 

I I I I I I 
801.52 

Streams 
Other Tributaries (Mountain I I I I I I 801.72 801.71' 801.57 
Reaches;): Alder, Badger 
Canyon, Bledsoe Gulch, Borea 
Canyon, Breakneck, Cable 
Canyon, Cienaga Seca, Cold, 
Converse, Coon, Crystal, Deer, 
Elder, Fredalba, Frog, 
Government, Hamilton, Heart 
Bar, Hemlock, Keller, Kilpecker, 
Little Mill, Little Sand Canyon, 
Lost, Meyer Canyon, Mile, 
Monroe Canyon, Oak, 
Rattlesnake, Round Cienaga, 
Sand, Schneider, Staircase, 
Warm Springs Canyon, and 
Wild Horse Creeks and other 
Tributaries to these Creeks 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 

; The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino 
or San Gabriel Mountains 

'-' 
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Attachmf'i to Resolution No. RB-2012-0001 nrch 16, 2012 
("' 

Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS 

San Gabriel Mountain Streams 
_{Mountain Reaches+) 

San Antonio Creek 

Lytle Creek (South, Middle, 
and North Forks) and 
Coldwater Canyon Creek 

Day Canyon Creek 

East Etiwanda Creek 

Valley Reaches + of Above 
Streams 

Cucamonga Creek 

Reach 1 - Confluence with 
Mill Creek to 23rd St. in 

L____.____ 
Upland 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

s::: ::t> z c G) 
z ::0 0 

X X X 

X X X 

X 

X 

I 

+ 

BENEFICIAL USE Hydrologic Unit 

Primary 
"'U G) "'U ::0 ::0 (') 

~ 
r (') til ~ ~ 

en 
::0 z 0 ~ "'U m 

~ ~ 0 m m 0 0 j= ~ en 0 (') (') s::: ::0 ::0 r ::0 ::0 ~ r 0 -1 (') -" N s::: s::: s::: 0 m z 

X X X X X X X 801.23 

801.41 

X X X X X X X X 

X X X X X X 801.21 

X X X X X X X 
801.21 

I I I I I 801.21 

X u3 u X X 801.21 

+ The division between Mountain and Valley reaches occurs at the base of the foothills of the 
San Bernardino Mountains or San Gabriel Mountains 

Secondary 

801.42, 801.52, 
801.59 

u REC 1 and/or REC 2 are not attainable as determined by a UAA.(See Table 3-2 and Chapter 3, 
Recreation Beneficial Uses) 

~ Access prohibited in some portions per agency with jurisdiction 
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Attachment 2 to Resolution No. RB-2012-0001 March 16, 2012 

Table 3-1 BENEFICIAL USES • Continued 

INLAND SURFACE STREAMS 

Reach 2 (Mountain Reach"') 
- 23rd St. In Upland to 
headwaters 

Mill Creek (Prado Area) 

Other Tributaries (Mountain 
Reaches +): San Sevaine, Deer, 
Duncan Canyon, Henderson 
Canyon, Bull, Fan, Demens, 
Thorpe, Angalls, Telegraph 
Canyon, Stoddard Canyon, 
Icehouse Canyon, Cascade Canyon, 
Cedar, Falling Rock, Kerkhoff, 
and Cherry Creeks and other 

Tributaries to these Creeks 

Valley Reaches+ of Above Streams 

San Timoteo Area Streams 

San Timoteo Creek 

Reach 1A- Santa Ana River 
Confluence to Barton Road 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

v 

s::: )> 
c G> 
z ::;o 

X 

+ 

I 

I 

+ II I 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
""0 G> ""0 ::;o ::;o () 

~ 
r- () OJ ::lE ~ 

C/J 
::;o z 0 ::lE ""0 m z ::lE ~ 0 m m 0 5 ;= C/J 0 0 ::lE () () s::: ::;o ::;o r- ::;o ::lE -1 () ::;o ...... 1\.) s::: s:: s:: 0 r- 0 m z 

X X X X X X X X X 801.24 

X X X X X 801.25 

I I I I I 801.21 801.23 

I I I I I 801.21 801.43 

I I I I 113 II I II I I I II I I I 1
801.52 I 

+ The division between Mountain and Valley reaches occurs at the base of the foothills of the San 
Bernardino Mountains or San Gabriel Mountains 

3 Access prohibited in some portions per agency with jurisdiction 
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Att.achmf'2 to Resolution No. RB-2012-0001 nrch 16,2012 
,... 

Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS 

Reach 1B Barton Road to 
Gage at San Timoteo Canyon 
Rd. 
Reach 2 Gage at San Timoteo 
Creek to Confluence with 
Yucaioa Creek 
Reach 3 Confluence with 
Yucaipa Creek to confluence 
with little San Gorgonio and 
Noble Creeks (Headwaters of 
San Timoteo Creek} 

Oak Glen, Potato Canyon, and 
Birch Creeks 

Little San Gorgonio Creek 

Yucaipa Creek 

Other Tributaries to these 
Creeks-Valley Reaches:~: 
Other Tributaries to these 
Creeks-Mountain Reaches:~: 

Anza Park Drain 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

s:: )> 
c G) z 
z :::0 0 

+ I 

+ 

+ 

X 

X 

I 

I 

I 

X 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
"'0 () 

~ G) z "'0 :::0 :::0 r- 0 OJ ~ ~ 
en 

:::0 
~ ~ 0 m m 0 ~ 0 5 "'0 m 

0 ~ 
() () s:: :::0 :::0 r- j= :::0 ~ en 

() :::0 ....>. N s:: s:: s:: 0 r- 0 m z -I 

I 13 I I I 801.52 

X X X X X 801.61 

X X X X X 801.61 

X X X X X 801.67 

X X X X X 
801.69 801.62, 801.63 

I I I I I 801.67 801.61' 801.62, 
801.64 

I I I I I 801.62 801.52, 801.53 

I I I I I 801.69 801.67 

X X X X X 801.27 

:t: The division between Mountain and Valley reaches occurs at the base of the foothills of the San 
Bernardino or San Gabriel Mountains 

3 Access prohibited in some portions per agency with jurisdiction 
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Attachment 2 to Resolution No. RB-2012-0001 March 16, 2012 

Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS 

:s:: 
c z 

Sunnyslope Channel X 

Tequesquite Arroyo (Sycamore 
+ 

Creek} 

Prado Area Streams 

Chino Creek 

Reach 1 A - Santa Ana River 
confluence to downstream of 

+ 
confluence with Mill Creek 

(Prado Area} 
Reach 1 B - Confluence with 
Mill Creek (Prado Area} to 
beginning of concrete-lined + 
channel south of Los 
Serra nos Rd.*** 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

'-' 

)> z G) 
:::0 0 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
""C G) ""C :::0 :::0 () 

~ 
r () 0::1 :E ~ 

en 
:::0 z 0 :E 0 ""C m 

:E ~ 0 m m 5 j= :E en 0 () () :s:: :::0 :::0 r :::0 :::0 :E r 0 --i () -"' "' 3:: :s:: :s:: 0 m z 

X X X X ~ X 801.27 

X X X X X X 801.27 

801.21 

X X X X X 

X X X X X 801.21 

:1: The division between Mountain and Valley reaches occurs at the base of the foothills of the San 
Bernardino or San Gabriel Mountains 

*** The confluence of Mill Creek is in Chino Creek, Reach 1 B 
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Attachmf'l. to Resolution No. RB-2012-0001 ~rch 16, 2012 r' 
Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS 

Reach 2 - Beginning of 
concrete-lined channel south 
of Serranos Rd. to confluence 
with San Antonio Creek 

T emescal Creek 

Reach 1a- Lincoln Ave. to 
Arlington Channel confluence 
Reach 1 b - Arlington Channel 
confluence to 1400 ft. 
upstream of Maqnolia Ave. 
Reach 2-1400 ft. upstream of 
Magnolia Ave. to Lee Lake 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

s:: )> 
G) z c 0 z ::u 

+ 

+ 

+ 

+ X X 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
"U G) "U ::u ::u (") 

~ 
r- (") Ill :E ~ 

en z 0 :E "U m ::u :E ~ 0 m m 0 0 :E en 0 :E (") (") s:: ::u ::u r- r- ::u -i (") ::u ...... 1\) s:: s:: s:: 0 r- 0 m z 

X X3 X X X 801.21 

u3 X X X 801.25 

u3 u X X 801.25 

X X X X X 801.25 

- - ~- I,__ -~ -~ ~~~L-~---

*** The confluence of Mill Creek is in Chino Creek, Reach 1 B 
3 Access prohibited in some portions per agency with jurisdiction 
u REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 3, 

Recreation Beneficial Uses) 
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Attachment 2 to Resolution No. RB-2012-0001 

Table 3-1 BENEFICIAL USES • Continued 

INLAND SURFACE STREAMS 

Reach 3- Lee Lakes (see Lakes, 
Page 3-xx) 
Reach 4 - Lee Lake to Mid-Section 
Line of Section 17 (downstream end 
of freeway cut) 
Reach 5 - Mid-section line of 
Section 17 (downstream end of 
freeway cut) to Elsinore Ground-
water Subbasin Boundary 
Reach 6 - Elsinore Groundwater 
Subbasin Boundary to Lake 
Elsinore Outlet 

Coldwater Canyon Creek 

Bedford Canyon Creek 

Dawson Canyon Creek 

Other Tributaries to these Creeks 

SAN JACINTO RIVER BASIN 

San Jacinto River 

Reach 1 - Lake Elsinore to Canyon 
Lake 
Reach 2- Canyon Lake (see Lakes 
Pg. 3-xx) 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

~ 

s:: )> 
c G) 
z ;;o 

+ X 

+ X 

+ 

X X 

+ 

I 

I 

I I 

""0 G) z z ;;o :E ~ 0 0 ;;o () 

X 

X 

I 

X 

I 

I 

I 

I 

March 16, 2012 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 

""0 ;;o ;;o () 

~ ~ () OJ :E ~ 
(J) 

m 0 ""0 0 m m 0 6 r= :E (J) 

:E () () s:: ;;o ;;o r- r- 0 
;;o -I ...... 1\.) 3: s:: s:: 0 m z 

X X X X X 801.34 

X X X X X 801.35 

I I I I 801.35 

X X X X 801.32 

I I I I 801.32 

I I I I 801.32 

I I I I 801.32 
I 

I 

I 

I I I I 801.32 802.31 
I 

-
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Attachmn to Resolution No. R8-2012-ooo1 

Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS 

Reach 3 - Canyon Lake to Nuevo 
Road 

Reach 4 - Nuevo Road to North-
South Mid-Section Line, T4S/R1W-S8 
Reach 5 - North-South Mid-Section 
Line, T4S/R1 W-S8, to Confluence 
With Poppet Creek 
Reach 6 - Poppet Creek to 
Cranston Bridge 
Reach 7 - Cranston Bridge to Lake 
Hemet 

Bautista Creek - Headwaters to Debris 
Dam 
Strawberry Creek and San Jacinto 
River, North Fork 

Fuller Mill Creek 

Stone Creek 

Other Tributaries: Logan, Black 
Mountain, Juaro Canyon, Indian, 
Hgrkey, Poppet, and Potrero Creeks 
and other Tributaries to these Creeks 

Salt Creek 

Goodhart Canyon, St. John's Canyon, 
and Cactus Valley Creeks 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

s:: ~ 
G) c z ;;c 

+ I 

+ I 

+ I 

I I 

X X 

X X 

X X 

X X 

X X 

I I 

+ 

+ I 

"0 G) z z ;;c 
~ ~ 0 0 

(") ;;c 

I 

I 

I 

I 

X 

X 

X 

X 

X 

I 

~rch 16,2012 r' 

BENEFICIAL USE Hydrologic Unit 

Primary Secondary 
;;c ;;c (") 

~ 
I""' (") llJ ~ ~ 

(/) "0 0 ~ "0 m 0 m m 0 6 r= ~ (/) 

~ 
(") (") s:: ;;c ;;c I""' ;;c -f _., 1\) s:: s:: s:: 0 I""' 0 m z 

I I I I 802.11 

I I I I 802.21 802.21 

I I I I 802.21 

I I I I 
802.21 

X X X X 801.21 

X X X X 802.21 802.23 

X X X X 801.21 

X X X X 802.22 

X X X X 802.21 

I I I I 802.21 802.22 

I I I I 802.12 

I I I X 802.15 
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Table 3-1 BENEFICIAL USES - Continued 

LAKES AND RESERVOIRS 
BENEFICIAL USE 

s::: )> '"U G) z '"U ::0 ::0 (") 

~ ~ (") z ::0 0 c G) :E ~ 0 m m 0 
z ::0 0 0 :E (") (") s::: ::0 ;:o r 

(") ::0 _.. 1\.) s::: s::: s::: 0 

UPPER SANTA ANA RIVER BASIN 

Baldwin Lake + I I I I 

Big Bear Lake X X X X X X X 

Erwin Lake X X X X 

Evans, Lake + X X X X 

Jenks Lake X X X X X X 

Lee Lake + X X X X X X 

Mathews, Lake X X X X X x4 X X 

Mockingbird Reservoir + X x4 X X 

Norconian, Lake + X X X 

LOWER SANTA ANA RIVER BASIN 

Anaheim Lake + X X X X 

Irvine Lake (Santiago Reservoir) X X X X X X 

Peters Canyon, Rattlesnake, 
Sand Canyon, and + X x4 X X 
Siphon Reservoirs 

- L_ -

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 

4 Access prohibited per agency/company with jurisdiction 

+ Excepted from MUN (see text) 
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Hydrologic Unit 

Primary Secondary 

CD :E ~ 
en 
'"U m 

5 r= :E en ::0 -I r 0 m z 

I I I 801.73 

X X 801.71 

X X X 801.73 

X 801.27 

X 801.72 

X 802.34 

X X 802.33 

X 802.26 

X 802.25 

X 801.11 

X 801.12 

X 801.11 
- - - -- L_ 

~ 
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Table 3-1 BENEFICIAL USES - Continued 

LAKES AND RESERVOIRS 

s:: 
c 
z 

SAN JACINTO RIVER BASIN 

Canyon Lake (Railroad Canyon X 
Reservoir) 

Elsinore, Lake + 

Fulmer, Lake X 

Hemet, Lake X 

Mystic Lake + 

Perris, Lake X 
L___ 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

)> "U 
:::0 G) z 

:::0 0 0 
("') 

X 

X 

X 

X X X 

G) "U z 
:;E ?< 0 

:;E :::0 

X 

X X 

X 
-

~rch 16,2012 (" 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
:::0 :::0 ("') 

~ 
;- ("') m :;E ~ 

en 
0 :;E "U m m m 0 0 j= en ("') ("') s:: :::0 :::0 ;- :::0 :;E -I ....>. 1\) s:: s:: s:: 0 ;- 0 m z 

X X X X 802.11 802.12 

X X X X 802.31 

X X X X X 802.21 

X X X X X X 802.22 

I I I X X X 802.11 

X X X X X 802.11 
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Table 3-1 BENEFICIAL USES -Continued 

WETLANDS (INLAND) 

s:: )> 
c G) 
z ;c 

San Joaquin Freshwater + 
Marsh** 

Shay Meadows I 

Stanfield Marsh** X 

Prado Basin Management 
Zone@ + 

San Jacinto Wildlife 
+ 

Preserve** 

Glen Helen X 
----

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

u 

"1J 
z ;c 
0 0 

(') 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
(') 

~ G) z "1J ;c ;c r (') OJ :E ~ 
(fJ 

::E ?( 0 m m 0 :E 0 0 "1J m 

:E (') (') s:: ;c ;c r ;= ;c ::E (fJ 
;c ....>. N s:: s:: s:: 0 r 0 m z -f 

X X X X X X 801.11 801.14 

I I I I 801.73 

X X X X X 801.71 

X X X X X 802.21 

X X X X X X 802.21 802.14 

X X X X 801.59 

** This is a created wetland as defined in the wetland discussion 
@ The Prado Basin Management Zone includes the Prado Flood Control Basin, a created wetland 

as defined in the Basin Plan (see Chapter 3, pages 3-4 through 3-7) 
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Table 3-1 BENEFICIAL USES - Continued 

GROUNDWATER 
MANAGEMENT 

ZONES 

UPPER SANTA ANA RIVER BASIN 

Big Bear Valley 

Beaumont 

Bunker Hill- A 

Bunker Hill- B 

Colton 

Chino North "maximum benefit"++ 

Chino 1 - "antidegradation"++ 

Chino 2 - "antidegradation"++ 

Chino 3- "antidegradation"++ 

Chino East@ 

Chino South @ 

Cucamonga 
- - -

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

s:: 
c z 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
-

BENEFICIAL USE Hydrologic Unit 

Primary Secondary 
)> "'tl G> "'tl :;c :;c (") 

~ 
r (") OJ :lE ~ 

(J) 

z :;c z 
0 m m 0 :lE 0 "'tl m 

G> 
CJ 0 :lE ~ (") (") s:: :;c :;c r 0 r :;c :lE (J) 

:;c (") :;c :lE ...... 1\) s:: s:: s:: CJ r CJ m z -I 

X 801.71 801.73 

X X X 801.62 801.63, 801.69 

X X X 801.52 801.52 

X X X 802.52 801.53, 801.54, 
801.57, 801.58 

X X X 801.44 801.45 

X X X 801.21 481.21' 481.23 

X X X 801.21 481.21 

X X X 801.21 

X X X 801.21 

X X X 801.21 801.27 

X X X 801.21 801.25, 801.26 

X X X 801.24 801.21 
-- - L___ L_ - - - - - - - - L_ - - - - -

++ Chino North "maximum benefit" management zone applies unless Regional Board determines that lowering of 
water quality is not of maximum benefit to the people of the state; in that case, the Chino 1, 2, and 3 

"antidegradation" management zones would apply (see also discussion in Chapter 5). 
@ Chino East and South are the designations in the Chino Basin Watermaster "maximum benefit" proposal 

(see Chapter 5) for the management zones identified by Wildermuth Environmental , Inc. (July 2000) as 
Chino 4 and 5, respectively 
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Table 3-1 BENEFICIAL USES - Continued 

GROUNDWATER 
MANAGEMENT 

ZONES 

Lytle 

Rialto 

San Timoteo 

Yucaipa 

MIDDLE SANTA ANA RIVER BASIN 

Arlington 

Bedford 

Coldwater 

Elsinore 

Lee Lake 

Riverside - A 

Riverside - B 

Riverside - C 

Riverside - D 

Riverside - E 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

'-' 

~ )> z G) c 
Cl z ::0 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

\J 
::0 
0 
() 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

March 16, 2012 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
G) \J ::0 ::0 () 

~ 
r () OJ :E ~ 

en z 0 :E \J m 
:E ~ 0 m m 0 5 () () ~ ::0 ::0 r j= ::0 :E en 
::0 :E ...... N ~ ~ ~ Cl r Cl m z -I 

801.59 801.42 

801.44 801.21' 801.43 

801.62 801.61 

801.61 
801.55, 801.63, 
801.67 

801.26 

801.32 481.31 
! 

I 

801.31 
I 

802.31 

801.34 

801.27 801.44 

801.27 801.44 

801.27 

801.27 801.26 

801.27 
- -
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Table 3-1 BENEFICIAL USES - Continued 

GROUNDWATER 
MANAGEMENT 

ZONES 

Riverside - F 

Temescal 

SAN JACINTO RIVER BASIN 

Garner Valley 

Idyllwild Area 

Canyon 

Hemet - South 

Lakeview- Hemet North 

Menifee 

Perris North 

Perris South 

San Jacinto - Lower 

San Jacinto- Upper 
-- -- - -- --

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

s::: )> z c G> 
z ::0 0 

X X X 

X X X 

X X 

X X 

X X X 

X X X 

X X X 

X X 

X X X 

X X 

X X X 

X X X 

"U G> ::0 z 
~ ~ 0 

() ::0 

X 

X 

X 

X 

X 

X 

X 

X 

nrch 16, 2012 (' 

Hydrologic Unit ' 

BENEFICIAL USE 
Primary Secondary 

I 

"U ::0 ::0 () 

~ 
r () CJ ~ ~ 

en 
0 ~ "U m 0 m m 0 0 j= en 

~ 
() () s::: ::0 ::0 r ::0 ~ -i 

I 
...... 1\) s::: s::: s::: 0 r 0 m z 

801.27 

801.25 

802.22 

802.22 802.21 

802.21 

802.15 802.13, 802.21 

802.14 802.15 

802.13 

802.11 

802.11 802.12,802.13 

802.21 802.11 

802.27 802.23 
L___ - - L__ - - -- - -
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Table 3-1 BENEFICIAL USES - Continued 

GROUNDWATER 
MANAGEMENT 

ZONES 

LOWER SANTA ANA RIVER BASIN 

La Habra 

Santiago 

Orange 

Irvine 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

'-' 

s:: > c G) z 
z :::0 0 

X X 

X X X 

X X X 

X X X 

""0 G) 
:::0 :E 0 
(") :::0 

X 

X 

March 16, 2012 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 

z ""0 :::0 :::0 (") :E r (") OJ :E ~ 
en 

> 0 m m 0 > :E 0 5 
""0 m 

< :E (") (") s:: :::0 :::0 r r= :::0 :E en 
...... 1\.) s:: s:: s:: 0 r 0 m z -1 

845.62 

801.12 801.11 

801.11 
801.13, 801.14 
845.61' 845.63 

801.11 _.___._- - ·--1.....- _...._ '- - - ·- ·- L___ 
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Table 3-2 Summary of Approved Use Attainability Analyses (UAAs) to Re-designate Recreational Beneficial Uses in some Inland 
Waterbodies 

Agency 
Segment/ 

Reach Description REC1 REC2 
Approval 

Waterbody Reach Dates1 

Greenville-Banning Tidal Santa Ana River Confluence to Inflatable Diversion Dam no X 
Channel Prism ( 0.23 mile downstream of Fairview Channel Confluence) 

(City of Costa Mesa) 
Reach 1 Inflatable Diversion Dam to California Street. no no 

(City of Costa Mesa) 

Santa Ana Delhi Tidal Bicycle Bridge at University Dr. at Upper Newport Bay to no X 
Channel Prism 1 036 ft. upstream 

(City of Newport Beach) 
Reach 1 Upper Boundary of Tidal Prism to immediately upstream no no 

of intersection of Sunflower Ave. and Flower Street 
(City of Santa Ana) 

Reach 2 Immediately upstream of intersection of Sunflower Ave. no X 
and Flower St. to Warner Ave 

(City of Santa Ana) 

Reach 1a 
Lincoln Avenue to Arlington Channel Confluence no X 

(City of Corona) 
Temescal Creek Arlington Channel Confluence to 

Reach 1b 1400 ft. upstream of Magnolia Avenue no no 
(City of Corona) 

Cucamonga Creek Confluence with Mill Creek in Prado area 
Reach 1 to near 23rd Street (City of Upland) no no 

-----------·-·- --- - ~--- ---- -----

X Existing or Potential 
1 Date of Regional Board, State Board, USEPA approvals to be added 
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CHANGES TO CHAPTER 4- WATER QUALITY OBJECTIVES 

Amend CHAPTER 4- WATER QUALITY OBJECTIVES, INTRODUCTION, third paragraph et 
seq.: 

The water quality objectives in this Plan are specified according to waterbody type: ocean waters; 
enclosed bays and estuaries; inland surface waters; and, groundwaters. 

The narrative water quality objectives below are arranged alphabetically. They vary in applicability 
and scope, reflecting the variety of beneficial uses of water that have been identified (Chapter 3). 
Where numerical objectives are specified, they generally represent the levels that will protect 
beneficial uses. However, in establishing waste discharge requirements for specific discharges, the 
Regional Board may find that more stringent levels are necessary to protect beneficial uses. In 
other cases, an objective may prohibit the discharge of specific substances, may tolerate natural or 
"background" levels of certain substances or characteristics but no increases over those values, or 
may express a limit in terms of not impacting other beneficial uses. An adverse effect or impact on 
a beneficial use occurs where there is an actual or threatened loss or impairment of that beneficial 
use. 

Some of these water quality objectives refer to "controllable sources" or controllable water quality 
factors." Controllable sources include both point and nonpoint source discharges, such as 
conventional discharges from pipes and discharges from land areas or other diffuse sources. 
Controllable sources are predominantly anthropogenic in nature. Controllable water quality factors :.J 
are those characteristics of the discharge and/or the receiving water that can be controlled by 
treatment or management methods. Examples of other activities that may not involve waste 
discharges, but which also constitute controllable water quality factors, include the percolation of 
storm water, transport/delivery of water via natural stream channels, 'and stream diversions. 
Uncontrollable sources of pollutants can occur naturally or as the result of anthropogenic activities. 
These sources are not readily managed through technological or natural mechanisms. 

Amend CHAPTER 4- WATER QUALITY OBJECTIVES, ENCLOSED BAYS AND ESTUARIES
insert the following between the Oxygen, Dissolved and pH objectives: 

Pathogen Indicator Bacteria 

Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence in bay and 
estuarine waters is used as an indicator of pollution. Total coliform is measured in terms of the 
number of coliform organisms per unit volume. Total coliform numbers can include non-fecal 
bacteria, so additional testing is often done to confirm the presence and numbers of fecal coliform 
bacteria. Water quality objectives for numbers of total and fecal coliform vary with the uses of the 
water, as shown below. 
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~ys and Estuaries 

REC-1 Fecal coliform: log mean less than 200 organisms/1 00 ml based on five or more 
samples/30 day period, and not more than 10% of the samples exceed 400 
organisms/1 00 ml for any 30-day period. 

Note: The USEPA promulgated enterococci criteria for coastal recreation waters, 
including enclosed bays and estuaries, in 2004 (40 CFR 131.41 ). The established 
geometric mean enterococci value is 35/1 OOmL. No averaging period was specified, 
leaving that determination to the state's discretion. USEPA also identified single sample 
maximum enterococci values, which vary based on the frequency of use of the REC1 
waters. The Regional Board intends to consider a Basin Plan amendment in the future 
to formally recognize the enterococci criteria established for enclosed bays and 
estuaries, to define an appropriate averaging period for the application of the geometric 
mean criterion, and to define appropriate application of the single sample maximum 
values to varying areas within enclosed bays and estuaries in the Region. Until the Basin 
Plan amendment process is completed, the Regional Board will implement the USEPA 
enterococci criteria for coastal recreation waters on a best professional judgment basis, 
with full opportunity for public participation and comment. 

SHEL Fecal coliform: median concentration not more than 14 MPN (most probable 
number)/1 00 ml and not more than 10% of samples exceed 43 mpn /100 ml. 

Amend Chapter 4- WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS, 
Metals, as follows: 

The SSOs for cadmium and copper are simply the hardness-dependent formulae for calculating 
the objective (national criteria), corrected by the dissolved-to-total (metal) ratio. The SSO for 
lead is the recalculated1 hardness-dependent formula, corrected by the dissolved-to-total ratio. 

1 Recalculation for lead was carried out by EPA-Region IX, using the lowest mean genus acute 
value (GMAV) as the final acute value (FAV) and an acute-to-chronic ratio (ACR) of 51.29, 
resulting in a final chronic value (FCV) of 2.78 and the SSO formula already shown. 

Amend CHAPTER 4- WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS- insert 
the following between the Oxygen, Dissolved and pH objectives: 

Pathogen Indicator Bacteria 

Bacteria, viruses, protozoa and parasites occur naturally in the environment and may also be 
present in waste discharges. Some of these organisms, particularly those that originate from 
human sources, are pathogenic and may cause illness to exposed persons. The main route of 

{,. :posure to illness-causing organisms during primary water contact recreation is through 
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accidental ingestion of fecally contaminated water. The presence of these pathogens in 
waterbodies may impair recreational uses and/or municipal water supplies. 

Direct measurement of all pathogens is impractical because standard methods have not yet been 
approved, nor have water quality criteria been established for each and every microorganism that 
may be harmful. Therefore, the USEPA recommends using surrogate indicators, such as E. coli 
or enterococcus densities, to demonstrate that water quality is adequate to protect human health 
against excessive risk of illness to those making deliberate recreational contact with the water 
where ingestion of water is likelj. 

Over time, the recommended surrogate indicators to protect primary contact recreation have 
changed from total and fecal coliform to E. coli or Enterococcus for freshwaters (USEPA, 1986). 
Ongoing epidemiological studies and laboratory research may someday identify better pathogen 
indicators3 and USEPA may recommend revised numeric criteria based on those new indicators. 
New and/or improved analytical protocols for direct measurement of pathogens may also become 
available. This Plan addresses these circumstances as follows. The Plan specifies the following 
narrative objective and the numeric objectives for surrogate indicators in Table 4-pio- Pathogen 
Indicator Bacteria Objectives for Fresh Waters. The numeric objectives in Table 4-pio are 
intended to interpret the narrative objective, based on the best available science. These numeric 
objectives are based on the water quality criteria recommended by USEPA in 1986. The 
narrative objective is intended to provide the permitting flexibility needed to accommodate 
appropriate regulatory actions to assure the protection of beneficial uses as water quality 
monitoring technology improves or USEPA revises the recommended bacteria criteria4

. This is 
consistent with the Regional Board's obligation when establishing waste discharge requirements 
to impose limitations more stringent than established objectives if such more stringent limitations 
are necessary to protect beneficial uses. 

Lakes and Streams 

Waste discharges shall not cause or contribute to excessive risk of illness from microorganisms 
pathogenic to human beings. Pathogen indicator concentrations shall not exceed the values 
specified in Table 4-pio below as a result of controllable water quality factors (see also Chapter 5, 
Recreation Water Quality Standards, Controllable and Uncontrollable Sources of Bacteria) unless 
it is demonstrated to the Regional Board's satisfaction that the elevated indicator concentrations 
do not result in excessive risk of illness among people recreating in or near the water. In all 
cases, the level of water quality necessary to protect existing uses must be maintained. Where 
existing water quality is better than necessary to protect the designated use, the existing high 
level of water quality must be maintained unless it is demonstrated that existing or potential 
beneficial uses would be protected and that water quality consistent with maximum benefit to the 
people of California would be maintained, as specified in the state antidegradation policy 
(SWRCB Resolution No. 68-16). The Regional Board may also require recycled water 
discharged to fresh waters designated REG 1 or REG 2 to comply with other limitations 
recommended by the California Department of Public Health (CDPH). 
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Table 4~o - Pathog_en Indicator Bacteria Objectives for Fresh Waters 
Recreational Use Pathogen Indicator Objective 

(geometric mean of at least 5 samples in a 30-day period 
(running}_2 

REC1-only or 
REC1 and REC2 

REC2-onll 

<126 E. coli organisms per 100 ml3 

N/A; see REC2 Only Freshwaters, below, and Chapter 5, 
Recreation Water Quality Standards, Antidegradation targets 

for REC2 only freshwaters 

1 
The water quality objectives specified in Table 4-pio (and the alternate Single Sample Maximum 

values in Table 5-REC1-ssv) do not apply to a river or stream if and when the recreational uses 
are temporarily suspended due to unsafe flow conditions therein. (See Chapter 5-
lmplementation, Recreation Water Quality Standards, High Flow Suspension, Appendices VIII 
and IX, and Application of Single Sample Maximum Values). 
2 The Regional Board may adopt other alternative averaging periods, such as annual or seasonal 
averages, through the basin planning process. 
3 Where it is necessary to make public notification and/or beach closure decisions in the absence 
of sufficient data to calculate a representative geometric mean for E. coli, no single sample shall 
exceed the default value shown in Table 5-REC1-ssv or an alternative value calculated by using 
the formula shown in Table 5-REC1-ssv, note 2 (see also table note 5). For all other purposes 
related to implementing the Clean Water Act, if there are insufficient data to calculate a 
representative geometric mean for E. coli, "X%" of the representative sample data collected over 
a 30 day period (running) shall be less than the applicable Single Sample Maximum value, where 
X% is the statistical confidence level assigned to a particular waterbody. Where there are 
sufficient data to calculate a representative geometric mean for E. coli, the applicable Single 
Sample Maximum value shall not be used to assess compliance with the E. coli objective in 
Table 4-pio. The intent of Single Sample Maximum values is to inform public notification 
decisions and to trigger additional follow-up monitoring (see Chapter 5, Recreation Water Quality 
Standards, Application of Single Sample Maximum Values in REC1 Freshwaters). 
"waterbodies designated REC2 but not designated REC1. 

As discussed in Chapter 3 (RECREATION BENEFICIAL USES) and Chapter 5 
(RECREATION WATER QUALITY STANDARDS, High Flow Suspension) of this Plan, 
recreational standards are temporarily suspended in certain fresh surface waters during 
specific high flow conditions. This includes the temporary suspension of the pathogen 
indicator objectives established in Table 4-pio, and alternative Single Sample Maximum 
values, which apply under specified circumstances (See Chapter 5 RECREATION WATER 
QUALITY STANDARDS, Application of Single Sample Maximum values in REC1 
freshwaters.) 

REC2 Only Freshwaters 

Designation of a waterbody as REC2 but not REC1 requires a demonstration that the REC1 
use has not been attained and is not attainable, based on one or more of the Use Attainability 

~\nalysis (UM) factors identified in federal regulations (40 CFR 131.10(g)(1-6)). Where water 
quality consistently meets the REC1 (or REC1 and REC2) pathogen indicator objectives in 
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Table 4-pio, then it is unlikely that a UAA would successfully demonstrate that the REC1 use 
is not attainable. Accordingly, the waterbody would likely be designated REC1 (and REC2), 
and the objectives in Table 4-pio would apply. 

REC2 activities involve proximity to water but not normally body contact such that the 
ingestion of water is reasonably possible. Water contact is incidental or accidental, relatively 
brief and limited primarily to body extremities. There is no scientific basis to establish 
pathogen indicator objectives intended to protect human health as the result of such contact. 

While water quality objectives for REC2 only waters are not specified in this Plan, it is 
appropriate to take steps to assure that water quality conditions in these waters are not 
degraded as the result of controllable water quality factors, consistent with antidegradation 
policy requirements. Accordingly, bacteria quality targets for REC2 only waters have been 
identified (See Chapter 5, Recreation Water Quality Standards, Antidegradation targets for 
REC2 only freshwaters). 

Add the following footnotes and re-number subsequent footnotes in Chapter 4 
accordingly: 

[Footnote 2 is found above in "Pathogen Indicator Bacteria", end of 2nd paragraph, p. 36 of 
77] 

_
2 As discussed in detail in USEPA's 1986 bacteria criteria document ("Ambient Water Quality 

Criteria for Bacteria - 1986"), USEPA's recommended E. coli criteria are based on the long
accepted rate of 8 gastrointestinal illness per 1000 swimmers in freshwaters. USEPA believes J 
that this illness rate is comparable to the estimated illness rate associated with the fecal 
coliform objectives that were used historically by states, and previously in this Basin Plan. 
Epidemiological studies were used to develop the 1986 criteria. The swimming-associated 
"excess" illness rate was determined by subtracting the gastrointestinal illness rate in 
nonswimmers from that for swimmers. Swimmers and nonswimmers were differentiated on the 
basis of exposure and the likelihood of ingestion of water. Swimmers were those who swam or 
otherwise got their head or face wet. Nonswimmers were those who did not go into the water, 
went into the water but did not get their head or face wet (waders), or were in the water for less 
than 10 minutes, whether or not they got their head or face wet. In short, the 1986 criteria were 
developed based on exposures during swimming with head immersion, where the ingestion of 
water was considered likely. Consistent with USEPA's intent and the underlying science, the E. 
coli objectives specified in this Basin Plan (Table 4-pio- Pathogen Indicator Bacteria 
Objectives for Fresh Waters), are intended to protect primary contact recreation. 

[Footnote 3 is found above in "Pathogen Indicator Bacteria", 3rd paragraph, last sentence, p. 
36 of 77] 

3 See, for example, U.S. EPA. Report of the Experts Scientific Workshop on Critical Research 
Needs for the Development of New or Revised Recreational Water Quality Criteria. June 15, 
2007 (EPA 823-R-07-006) 
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[Footnote 4 is found above in "Pathogen Indicator Bacteria", end of 2nd to last sentence, p. 36 
(.,of 77] 

4 See, for example, U.S. EPA. Criteria Development Plan and Schedule for Recreational Water 
Quality Criteria. August 31, 2007. (EPA 823-R-003) 

Amend CHAPTER 4- WATER QUALITY OBJECTIVES, GROUNDWATERS, Bacteria, 
Coliform, as follows: 

Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence groundwater 
is used as an indicator of pollution. 

Amend CHAPTER 4- Table 4-1 WATER QUALITY OBJECTIVES, add and delete waters as 
shown in the following pages: 
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Table 4-1 WATER QUALITY OBJECTIVES -Continued 

BAYS, ESTUARIES, AND TIDAL 
PRISMS WATER QUALITY OBJECTIVES Hydrologic Unit 

(mg/L) 
Total Total Chemical 

Dissolved Hardness Sodium Chloride Inorganic Sulfate Oxygen 
Solid Nitrogen Demand 

Los Cerritos Wetlands+ --- --- --- -- -- --- --- 801.11 

Anaheim Bay - Outer Bay+ --- --- --- --- --- --- --- 801.11 

Anaheim Bay - Seal Beach National --- --- --- - --- --- --- 801.11 Wildlife Refuge+ 
Sunset Bay- Huntington Harbour+ --- --- --- --- --- --- --- 801.11 

Balsa Bay+ --- -- --- -- --- --- --- 801.11 

Balsa Chica Ecological Reserve+ --- --- --- -- --- --- --- 801.11 

Lower Newport Bay+ --- --- - - --- --- --- 801.11 

Upper Newport Bay+ -- - --- -- --- --- --- 801.11 

+ Numeric objectives have not been established; narrative objectives apply. 
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Attachm~ to Resolution No. RB-2012-0001 ~rch 16, 2012 r' 

Table 4-1 WATER QUALITY OBJECTIVES ·Continued 

BAYS, ESTUARIES, AND TIDAL 
PRISMS WATER QUALITY OBJECTIVES Hydrologic Unit 

(mg/L) 
Total Total Chemical 

Dissolved Hardness Sodium Chloride Inorganic Sulfate Oxygen 
Solid Nitrogen Demand 

Santa Ana River Salt Marsh+ --- --- --- --- - --- --- 801.11 

Huntington Beach Wetlands+ --- --- - --- --- --- --- 801.11 

Tidal Prism of Santa Ana River (to within 
1 000' of Victoria Street) and --- --- --- - --- --- --- 801.11 
Newport Slough+ 
Tidal Prism of San Gabriel River - River 845.61 
Mouth to Marina Drive+ --- -- --- - -- --- ---

Tidal Prism of Santa Ana-Delhi Channel 
- Bicycle Bridge at University Dr. at --- --- --- --- --- --- --- 801.11 
Upper Newport Bay to 1 036 ft. 
upstream+ 
Tidal Prism of Greenville-Banning 
Channel - Santa Ana River Confluence --- - --- --- --- --- --- 801.11 
to Inflatable diversion dam/\+ 
Tidal Prisms of Flood Control Channels 801.11 
Discharging to Coastal or Bay Waters+ 

--- --- --- --- --- --- ---

J\ The Inflatable Diversion Dam is -0.23 mile downstream of confluence with the Fairview Channel. 
+ Numeric objectives have not been established; narrative objectives apply. 
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Table 4-1 WATER QUALITY OBJECTIVES- Continued 

INLAND SURFACE STREAMS WATER QUALITY OBJECTIVES 
(moll) 

Total Total 
Dissolved Hardness Sodium Chloride Inorganic 

Solids Nitroaen 

Santa Ana-Delhi Channel 

Reach 1 - upper boundary of Tidal 
Prism to intersection of Sunflower --- --- --- -- ---Ave./Flower St. Intersection to 
Warner Avenue+ 
Reach 2- above Sunflower Avenue --- - --- - -to Warner Avenue+ 

Greenville Banning Channel 

Reach 1 - Inflatable diversion dam -- - --- -- ---to California Street+ 

+ Numeric objectives have not been established; narrative objectives apply. 

u 
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Hydrologic Unit 

Chemical 
Sulfate Oxygen 

Demand I 

--- --- 801.11 

--- --- 801.11 

--- --- 801.11 
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Attachmr'l. to Resolution No. RB-2012-0001 ~rch 16, 2012 (' 
Table 4-1 WATER QUALITY OBJECTIVES- Continued 

INLAND SURFACE STREAMS WATER QUALITY OBJECTIVES Hydrologic Unit 
(mg/L} 

Total Total Chemical 
Dissolved Hardness Sodium Chloride Inorganic Sulfate Oxygen Primary Secondary 

Solids Nitrogen Demand 
Mountain Home Creek 

200 100 30 10 1 20 5 801.58 

Mountain Home Creek, East Fork 200 --- --- - --- --- --- 801.70 

Monkevface Creek 200 100 30 10 1 20 5 801.70 

Alger Creek 200 --- --- --- --- --- --- 801.70 

Falls Creek 200 100 30 10 1 20 5 801.70 

Vivian Creek 200 --- --- -- --- --- --- 801.70 

High Creek 200 --- --- -- --- --- --- 801.70 

Other Tributaries: Lost, Oak Cove, 200 -- --- - --- --- --- 801.70 
Green, Skinner, Momyer, Glen Martin, 
Camp, Hatchery, Rattlesnake, Slide, 
Snow, Bridal Veil, and Oak Creeks, 
and other Tributaries to these Creeks 

Bear Creek Drainage: 

Bear Creek 175 115 10 10 1 4 5 801.71 

Siberia Creek 200 --- --- --- --- --- --- 801.71 

Slide Creek 175 -- --- --- --- --- --- 801.71 

Johnson Creek 175 --- --- --- --- --- --- 801.71 - - - - - -
All other Tributaries to these Creeks+ -- - --- --- --- --- --- 801.71 

Big Bear Lake (see Lakes, pg. 4- ... 
-

+ Numeric objectives have not been established; narrative objectives apply. 
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Table 4-1 WATER QUALITY OBJECTIVES- Continued 

INLAND SURFACE STREAMS WATER QUALITY OBJECTIVES Hydrologic Unit 
(mg/L) 

Total Total Chemical 
Dissolved Hardness Sodium Chloride Inorganic Sulfate Oxygen Primary Secondary 

Solids Nltroaen Demand 
Big Bear Lake Tributaries: 

North Creek 175 --- --- -- --- --- --- 801.71 

Metcalf Creek 175 --- --- - --- --- --- 801.71 

Grout Creek 150 --- --- --- - --- --- 801.71 

Rathbone (Rathbun) Creek 300 --- -- --- --- --- --- 801.71 

Meadow Creek+ --- --- -- --- --- --- --- 801.71 

Summit Creek+ --- --- --- -- --- --- --- 801.71 

Knickerbocker Creek 

Reach 1- concrete channel; the 
175 --- --- --- --- --- --- 801.71 Lake to Village Dr. 

Reach 2- natural channel, Village 
175 --- --- - --- --- --- 801.71 Dr. to headwater 

Other Tributaries to Big Bear Lake: 175 --- - -- --- --- --- 801.71 
Minnelusa, Poligue, and Red Ant 
Creeks, and other Tributaries 
to these Creeks 

Baldwin Lake (see Lakes, pg. 4-xx) 

Baldwin Lake Drainage: 

Shay Creek+ --- --- --- --- --- --- --- 801.73 

Other Tributaries to Baldwin Lake: 
Sawmill, Green, and Caribou --- --- --- --- --- --- --- 801.73 Canyons and other Tributaries to 
these Creeks+ 

----

+ Numeric objectives have not been established; narrative objectives apply. 
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Attachmn to Resolution No. RB-2012-0001 nrch 16,2012 (" 
Table 4-1 WATER QUALITY OBJECTIVES· Continued 

INLAND SURFACE STREAMS WATER QUALITY OBJECTIVES Hydrologic Unit 
(mg/L) 

Total Total Chemical 
Dissolved Hardness Sodium Chloride Inorganic Sulfate Oxygen Primary Secondary 

Solids Nitrogen Demand 
Other Streams Draining to Santa Ana 
River (Mountain Reaches+ ) 

Cajon Canyon Creek 200 100 30 10 1 20 5 801.51 

City Creek 200 115 30 10 1 20 5 801.57 

Devil Canyon Creek 275 125 35 20 1 25 5 801.57 

East Twin and Strawberry Creeks 475 --- -- --- -- --- --- 801.57 

Waterman Canyon Creek 250 --- --- --- --- --- --- 801.57 

Fish Creek 200 100 30 10 1 20 5 801.57 

Forsee Creek 200 100 30 10 1 20 5 801.72 

Plunge Creek 200 100 30 10 1 20 5 801.72 

Barton Creek 200 100 30 10 1 20 5 801.72 

Bailey Canyon Creek 200 -- --- -- --- --- --- 801.72 

Kimbark Canyon, East Fork 325 --- --- --- --- --- --- 801.52 
Kimbark Canyon, Ames Canyon 
And West Fork Cable Canyon 
Creeks 

Valley Reaches+ of Above Streams (Water Quality Objectives Correspond to Underlying GW Basin Objectives) 801.52 
------------------

+ The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains. 
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Table 4-1 WATER QUALITY OBJECTIVES- Continued 

INLAND SURFACE STREAMS WATER QUALITY OBJECTIVES Hydrologic Unit 
(mg/L) 

Total Total Chemical 
Dissolved Hardness Sodium Chloride Inorganic Sulfate Oxygen Primary Secondary 

Solids Nitrogen Demand 
Other Tributaries (Mountain 200 100 30 10 1 20 5 801.72 801.71, 
Reaches1

): Alder, Badger Canyon, 801.57 
Bledsoe Gulch, Borea Canyon, 
Breakneck, Cable Canyon, 
CienmJa Seca, Cold, Converse, 
Coon, Crystal, Deer, Elder, 
Fredalba, Frog, Government, 
Hamilton, Heart Bar, Hemlock, 
Keller, Kilpecker, Little Mill, 
Little Sand Canyon, Lost, 
Meyer Canyon, Mile, Monroe 
Canyon, Oak, Rattlesnake, Round 
Cien,2ga, Sand, Schneider, 
Staircase, Warm Springs Canyon 
And Wild Horse Creeks, and other 
tributaries to those Creeks 

San Gabriel Mountain Streams 
JMountain Reaches+) 

San Antonio Creek 225 150 20 6 4 25 5 801.23 

Lytle Creek (South, Middle, and 801.42, 
North Forks) and Coldwater 200 100 15 4 4 25 5 801.41 801.52, 
Canyon Creek 801.59 

Day Canyon Creek 200 100 15 4 4 25 5 801.21 

East Etiwanda Creek 200 100 15 4 4 25 5 801.21 

Valley Reaches+ of Above Streams (Water Quality Objectives Correspond to Underlying GW Basin Objectives) 801.21 
-

+ The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains. 
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Attachm~ to Resolution No. RS-2012-0001 nrch 16, 2012 r' 
Table 4-1 WATER QUALITY OBJECTIVES- Continued 

INLAND SURFACE STREAMS WATER QUALITY OBJECTIVES Hydrologic Unit 
(mg/L) 

Total Total Chemical 
Dissolved Hardness Sodium Chloride Inorganic Sulfate Oxygen Primary Secondary 

Solids Nitroaen Demand 

Cucamonga Creek 

Reach 1 - Confluence with Mill 
801.21 Creek to 23rd St. in Upland+ --- --- --- -- --- --- ---

Reach 2 ( Mountain Reach+) -
23rd St. in Uoland to headwaters 200 100 15 4 4 25 5 801.24 

Mill Creek (Prado Area)+ --- --- - --- --- --- --- 801.25 

Other Tributaries (Mountain 200 --- --- --- --- --- --- 801.21 801.23 
Reaches):San Sevaine, Deer, Duncan 
Canyon, Henderson Canyon, Bull, 
Fan, Demens, Thorpe, Angalls, 
Telegraph Canyon, Stoddard Canyon, 
Icehouse Canyon, Cascade Canyon, 
Cedar, Failing Rock, Kerkhoff and 
Cherry Creeks, and other Tributaries 
to these Creeks 

Valley Reaches of Above Streamst --- --- - --- --- --- --- 801.21 

San Timoteo Area Streams 

San Timoteo Creek 

Reach 1 A - Santa Ana River 
801.52 801.53 

Confluence to Barton Road** --- -- --- --- --- --- ---

Reach 1 B - Barton Road to Gage 
at San Timoteo Canyon Rd. u/s of - --- --- --- --- --- --- 801.52 801.53 
Yucaipa Valley WD discharge** 

Numeric objectives have not been established; narrative objectives apply + 
:1: 

** 
The Division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains 
Surface water objectives not established; underlying Management Zone objectives apply. Biological quality protected by narrative objectives 
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Table 4-1 WATER QUALITY OBJECTIVES· Continued 

INLAND SURFACE STREAMS 

Total 
Dissolved 

Solids 

Prado Area Streams 

Chino Creek 

Reach 1 A - Santa Ana River 
confluence to downstream of 

700 
confluence with Mill Creek (Prado 
Area) Base Flow* 
Reach 1 B - Confluence of Mill Creek 
(Prado Area) to beginning of concrete-

550 
lined channel south of Los Serranos 
Rd. 
Reach 2 - Beginning of concrete-lined 
channel south of Los Serranos Road ---
to confluence with San Antonio Creek+ 

Temescal Creek 

Reach 1 a - Lincoln Avenue to ---Arlington Channel confluence 
Reach 1 b - Arlington Channel 
confluence to 1400 ft. upstream ---
upstream of Magnolia Avenue+ 
Reach 2 - 1400 ft. upstream of ---
Maanolia Avenue to Lee Lakes+ 

Reach 3- Lee Lake, (see Lakes, 
Pq. 4-xx) 

* 
** 

Additional objective: Boron 0. 75 mg/1 
Total nitrogen, filtered sample 

Hardness 

350 

240 

---

---

---

--

March 16, 2012 

WATER QUALITY OBJECTIVES 
(mq/L) 

Total 
Sodium Chloride Inorganic 

Nitroaen 

110 140 10** 

75 75 8 

--- --- ---

--- --- ---

--- --- ---

-- --- ---

+ Numeric objectives have not been established; narrative objectives apply 
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Hydrologic Unit 

Chemical 
Sulfate Oxygen Primary Secondary 

Demand 

150 30 801.21 

60 15 801.21 

--- --- 801.21 

--- --- 801.27 

--- --- 801.27 

--- --- 801.27 
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Attachmr'l. to Resolution No. RB-2012-0001 nrch 16, 2012 (' 
Table 4-1 WATER QUALITY OBJECTIVES -Continued 

INLAND SURFACE STREAMS WATER QUALITY OBJECTIVES Hydrologic Unit 
(mg/L) 

Total Total Chemical 
Dissolved Hardness Sodium Chloride Inorganic Sulfate Oxygen Primary Secondary 

Solids Nitroaen Demand 

Fuller Mill Creek 150 100 10 15 1 20 5 802.22 

Stone Creek 150 100 10 15 1 20 5 802.21 

Other Tributaries: Logan, Black 
Mountain, Juaro Canyon, Indian, 

150 70 10 12 1 15 5 802.12 802.22 Hgrkey, Poppet and Potrero Creeks, 
and other Tributaries to these Creeks 

Salt Creek+ --- --- -- --- -- --- --- 802.12 

Goodhart Canyon, St. John's Canyon, --- --- --- --- --- --- --- 802.15 
and Cactus Valley Creeks+ 

+ Numeric objectives have not been established; narrative objectives apply. 
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Attachment 2 to Resolution No. RB-2012-0001 

Table 4-1 WATER QUALITY OBJECTIVES· Continued 

LAKES AND RESERVOIRS 

Total 
Dissolved Hardness 

Solids 

UPPER SANTA ANA RIVER BASIN 

Baldwin Lake*+ --- ---
Big Bear Lake** 175 125 

Erwin Lake+ --- ---
Evans, Lake 490 ---
Jenks Lake 200 100 

Lee Lake+ --- ---

Mathews, Lake 700 325 

Mockingbird Reservoir 650 ---
Norconian, Lake 1050 ---

LOWER SANTA ANA RIVER BASIN 

Anaheim Lake 600 -
Irvine Lake (Santiago Reservoir) 730 360 

Peters Canyon, Rattlesnake,Sand 
720 --Canyon, and Siphon Reservoirs 

----------

* 
** 

Fills occasionally with storm flows; may evaporate completely 
Additional Objective: 0.15 mg/1 Phosphorus 

March 16, 2012 

WATER QUALITY OBJECTIVES 
(mg/L) 

Total 
Sodium Chloride Inorganic 

Nitrogen 

--- --- --
20 10 0.15 

--- --- -
--- --- ---
30 10 1 

--- -- ---
100 90 ---

- -- ---

--- --- ---

--- --- ---

110 130 6 

--- --- ---

+ Numeric objectives have not been established; narrative objectives apply. 
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Hydrologic Unit 

Chemical 
Sulfate Oxygen Primary Secondary 

Demand 

--- --- 801.73 

10 --- 801.71 

--- --- 801.73 

--- --- 801.27 

20 --- 801.72 

--- --- 801.34 

290 --- 801.33 

--- --- 801.26 

--- --- 801.25 

--- --- 801.11 

310 --- 801.12 

--- --- 801.11 
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Attachmn to Resolution No. RB-2012-0001 ~rch 16,2012 

Table 4-1 WATER QUALITY OBJECTIVES- Continued 

LAKES AND RESERVOIRS WATER QUALITY OBJECTIVES 
(mg/L) 

Total Total Chemical 
Dissolved Hardness Sodium Chloride Inorganic Sulfate Oxygen 

Solids Nitroaen Demand 

SAN JACINTO RIVER BASIN 

Canyon Lake (Railroad Canyon 
700 325 100 90 8 290 ---

Reservoir)*** 

Elsinore, Lake**** 2000 --- --- --- 1.5 --- ---
Fulmor, Lake 150 70 10 12 1 15 ---
Hemet, Lake 135 --- 25 20 1 10 ---

Mystic Lake+ --- --- --- -- --- --- ---
Perris, Lake 220 110 50 55 1 45 ---

*** 
**** 

Note: The quality objectives for Canyon Lake are not intended to preclude transport of water supplies or delivery to the Lake. 
Lake volume and quality highly variable 

+ Numeric objectives have not been established; narrative objectives apply.:. 
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802.11 802.12 

802.31 

802.21 

802.22 

802.21 
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Attachment 2 to Resolution No. RB-2012-0001 March 16, 2012 

Amend CHAPTER 4- WATER QUALITY OBJECTIVES, add REFERENCES: 

REFERENCES 

State Water Resources Control Board , "Water Quality Control Policy for Developing California's Clean Water Act 
Section 303(d) List, September 2004. 

United States Environmental Protection Agency "Ambient Water Quality Criteria for Bacteria - 1986" EPA 440/5-
84-002, January 1986. 

United States Environmental Protection Agency "Water Quality Standards for Coastal and Great Lakes 
Recreation Waters; Final Rule" (40 CFR 131.41 ), November 2004. 

United States Environmental Protection Agency "Report of the Experts Scientific Workshop on Critical Research 
Needs for the Development of New or Revised Recreational Water Quality Criteria". June 15, 2007 (EPA 823-R-
07-006) 

United States Environmental Protection Agency "Criteria Development Plan and Schedule for Recreational Water 
Quality Criteria" August 31, 2007. (EPA 823-R-003) 

CHANGES TO CHAPTER 5- IMPLEMENTATION 

Amend CHAPTER 5 -IMPLEMENTATION -Insert the following between TOTAL DISSOLVED 
SOLIDS and NITROGEN MANAGEMENT and NONPOINT SOURCE PROGRAM 

Recreation Water Quality Standards 

Since the early 1970's, this Basin Plan has specified recreation water quality standards for surface 
waters in the Region, including REC1 and/or REC2 beneficial use designations and water quality 
objectives intended to protect those uses. Because of analytical constraints that make routine 
direct measurement of pathogens impractical, these objectives have been and continue to be 
based on levels of surrogate bacteria indicators. As noted in Chapter 4, the US EPA's 
recommendations for surrogate indicators to protect primary contact recreation have changed from 
total and fecal coliform to E. coli or enterococcus for freshwaters, and to enterococcus for marine 
waters (USEPA 1986). Epidemiological and laboratory investigations are ongoing and may lead to 
revised recommendations regarding the appropriate water quality criteria to protect recreation 
uses. 

In 2012, the Regional Board adopted changes to the recreation standards, based on the work and 
recommendations of the Stormwater Quality Standards Task Force (Resolution No. RB-2012-
0001 ). These changes included revised bacteria quality objectives applicable to freshwaters (see 
Chapter 4 ), changes to the recreation use designations for specific fresh waters, and clarification of 
the definition of REC1 (see Chapter 3). Specific implementation strategies pertaining to the ~~, 
revised standards for freshwaters were also approved. This section describes those 'tttittll 
implementation strategies, which include the following: 
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Attachment 2 to Resolution No. RB-2012-0001 March 16, 2012 

I •• Intended application of Single Sample Maximum values in REC1 freshwaters 
'-"' Antidegradation targets for REC2 only freshwaters 

• Controllable and uncontrollable sources of bacteria 
• High flow suspension of recreation standards 
• Monitoring plan for pathogen indicator bacteria in freshwaters 
• POTW discharge requirements and implementation of recreational standards 

Application of Single Sample Maximum values in REC1 freshwaters 

It is recognized that a variety of factors affect the suitability of a water body for primary contact 
recreation, including the morphology of stream channels, the depth, velocity and aesthetic quality 
of the flows, access to the site by the public, and the extent to which recreational activity is actively 
encouraged by local authorities by providing parking, access, restrooms and other amenities. 
Federal guidance and regulation [United States Environmental Protection Agency, "Ambient Water 
Quality Criteria for Bacteria", January 1986, and "Water Quality Standards for Coastal and Great 
Lakes Recreation Waters; Final Rule" (the so-called "BEACH Act Rule"), Federal Register, Vol. 69, 
No. 200, November 16, 2004, pp.67217 et seq.] directs states to differentiate primary contact 
waters on the basis of the intensity of use, and other conditions as states deem appropriate, for the 
purposes of assigning Single Sample Maximum pathogen indicator values. These Single Sample 
Maximum values are statistical constructs, designed to be used as an indicator of whether 
established pathogen objectives (typically expressed as geometric means, as in this Plan (see 

Capter 4)) are being met when insufficient data are available to calculate a geomean. The Single 
mple values are derived from the formula included in the USEPA criteria document and shown 

in Table 5-REC1-ssv, note 2 (also see note 5). The Single Sample Maximum values are intended 
to provide a timely measure of the apparent quality of the water for primary contact recreation for 
public notification (posting) and, where necessary, closure purposes. States have discretion to 
employ the Single Sample Maximum values in the context of Clean Water Act programs, apart 
from their use for beach notification and closure purposes. 

This Plan includes Single Sample Maximum provisions that apply to the REC1 freshwaters in the 
Region and that are consistent with federal guidance and regulation. These provisions are 
described below. 

First, based on the analyses and recommendations of the Stormwater Quality Standards Task 
Force, REC1 freshwater lakes and streams within the Region are identified as "Tier A", "B", "C" or 
"D", based on the known or estimated actual or potential intensity of primary contact recreational 
use by the public, and other factors. These Tiers are defined as follows: 

Tier A REC1 Waters: includes freshwater lakes and streams that are or may be heavily
used by the public for primary contact recreational activities, relative to other freshwater 
bodies in the Santa Ana Region. Typical examples of Tier A waters include, but are not 
limited to: Big Bear Lake, Canyon Lake, Lake Elsinore, Lake Perris, Reach 3 of the Santa 
Ana River, Reach 2 of Mill Creek (near Redlands) and Lytle Creek (Middle and North 

1 .. Forks). Single Sample Maximum (SSM) values for Tier A waters are calculated using a 
'-" 75% statistical confidence factor. (See Table 5-REC1-ssv, below). 
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Tier B REC1 Waters: includes freshwater lakes and streams that are or may be 
moderately-used by the public for primary contact recreational activities. Moderate use 
occurs where the number of people accessing the waterbody is approximately half that 
which generally occurs in Tier A waters. Typical examples of Tier B waters include, but are 
not limited to: Jenks Lake, Santiago Reservoir, Cucamonga Creek Reach 2, and Reaches 4 
and 6 of the Santa Ana River. Single Sample Maximum values for Tier B waters are 
calculated using an 82% statistical confidence factor. (See Table 5-REC1-ssv, below) 

Tier C REC1 Waters: includes freshwater lakes and streams that are or may be lightly-used 
by the public for primary contact recreational activities. Light use occurs where the number 
of people accessing the waterbody is less than half that which generally occurs in Tier A 
waters. Typical examples of Tier C waters include, but are not limited to: Reach 2 of the 
Santa Ana River, Bear Creek, Chino Creek Reach 1 B, Anza Park Drain, and Sunnyslope 
Channel. Single Sample Maximum values for Tier C waters are calculated using a 90% 
statistical confidence factor. (See Table 5-REC1-ssv, below) 

Tier D REC1 Waters: includes freshwater lakes and streams that are infrequently used by 
the public for primary contact recreational activities. Infrequent use occurs where people 
only access the waterbody rarely or occasionally. Typical examples of Tier D waters 
include, but are not limited to: most concrete-lined storm water channels in the urbanized 
areas of the watershed and many of the ephemeral streams located in the undeveloped 
areas of the watershed. Single Sample Maximum values for Tier D waters are calculated 
using a 95% statistical confidence factor. (See Table 5-REC1-ssv, below). 

Tier A, B, C and D waters are listed in Table 5-REC1-Tiers. Table 5-REC1-Tiers includes a ::) 
"Comments" column that provides information regarding factors considered in making Tier 
assignments. An additional notation, "N", is also included in this table for certain waters. It is 
recognized that there are waters within the Region that are in undeveloped areas and are 
expected to have low natural bacteria levels. While use of these waters for primary contact 
recreation may or may not occur or may be limited due to difficulties in access, channel 
characteristics, flow conditions and the like, it is also necessary and appropriate to assure the 
protection of the high quality of these waters. Accordingly, these waters are assigned Single 
Sample Maximum values using the 75% confidence factor in the calculation, which is the same 
approach utilized with Tier A, heavily-used waters. "N" listed waters are defined as follows: 

Natural Conditions (N): includes freshwater lakes and streams located in largely 
undeveloped areas where ambient water quality is expected to be better than necessary to 
protect primary contact recreational activities regardless of whether such activities actually 
occur in these waterbodies. Single Sample Maximum values for "N" waters are calculated 
using a 75% statistical confidence factor. (See Table 5-REC1-ssv, below). 

Use of the different statistical confidence factors (75%, 82%, 90% and 95%) to calculate SSM 
values results in a range in conservatism regarding the likelihood that the geometric mean is being 
met. A more conservative SSM value, based on the 75% confidence factor, is appropriate for 
waters that are heavily-used for primary contact recreation {Tier A). More people are likely to 
become ill if the bacteria quality of heavily-used waters is poor, so a higher degree of caution in 
evaluating quality conditions is appropriate. The more conservative SSM value is also appropriate _, 
where it is necessary to assure that existing high quality waters are protected ("N" waters). ,..,., 
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Progressively less conservative SSM values, calculated using the 82, 90 and 95% confidence 
JPctors, are appropriate where there is declining frequency of existing or potential primary contact 
~reation (Tier B, C and D.) 
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Table 5- REC 1-Tiers 

TIER 
INLAND SURFACE STREAMS A, 8, C, OR 0 1 Rationale for Tier 

Assignment 
LOWER SANTA ANA RIVER 

Santa Ana River 

Reach 1 D Intermittent, low floW' limited 
access3 

Reach 2 c Low flows, limited access 
Aliso Creek D (n") Natural condition, limited 

access 
Carbon Canyon Creek D Low, intermittent flow, limited 

access 
Santiago Creek Drainage 

Santiago Creek 
Reach 1 D Intermittent flow 
Reach 2- Irvine Lake (see Lakes) 
Reach 3- D (n) Low flow 
Reach 4- D (n) Low flow 
Silverado Creek D (n) Low flow 
Black Star Creek D (n) Low flow 
Ladd Creek D (n) Low flow, limited access 

San Diego Creek Drainage 
San Diego Creek 
Reach 1 c Low flow, no observed REC1 

use5
; however fishing and 

children observed near water 
Reach 2 D Low flow, limited access 

Tributaries: Bonita Creek, Serrano D Low flow, limited access 
Creek, Peters Canyon Wash, Hicks 
Canyon Wash, Bee Canyon Wash, 
Borrego Canyon Wash, Agua Chinon 
Wash, Laguna Canyon Wash, 
Rattlesnake Canyon, Sand Canyon 
Wash and other tributaries to these 
creeks. 
San Gabriel River Drainage 

Coyote Creek D Low flow/access prohibited 
Upper Santa Ana River 

1 Tier assignments based on USEPA's "Ambient Water Quality Criteria for Bacteria- 1986" and "Water 
Quality Standards for Coastal and Great Lakes Recreation Waters, Final Rule" (40 CFR 131.41 ), 
November 2004. 

2 

3 

4 

5 

Low, intermittent or ephemeral flows limit opportunity for REC1 use. 
Access limited or precluded by prohibitions by agency/party with jurisdiction and/or physical 
constraints (fencing and signage, riprap/concrete/natural steep slopes, impenetrable vegetation 
in/adjacent to the fresh water body, remote location, and the like) 
Natural (n) refers to a natural or pristine condition. Natural waters will be assigned SSMs based on the 
75% confidence level, like Tier A waters. 
Photographic survey showed no REC1 use. (See COM Recreation Use Survey Reports) 
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Table 5- REC 1-Tiers 
(Continued) 

INLAND SURFACE STREAMS 
Tier A, B, C, OR Rationale for Tier 

D Assignment 
Reach 3 A High use, wading and soaking, 

Reference condition for Tier 
A waters 

Reach 4 B Access restricted, some water 
contact REC use observed 

Reach 5 D Low/intermittent flow 
Reach 6 B (n) Natural condition, fishing 

stream 
San Bernardino Mountain Streams 

Mill Creek Drainage 
Mill Creek 
Reach 1 A High use, wading and soaking 
Reach 2 A (n) Natural condition, wading and 

soaking 
Mountain Home Creek D (n) Natural condition, infrequent 

water contact REC use 
Mountain Home Creek, East Fork D (n) Natural condition, remote 

Monkeyface Creek D(n) Natural condition, remote/low 
Alger Creek D (n) flow, light to infrequent water 
Falls Creek D (n) contact REC use 
Vivan Creek D (n) 
High Creek D (n) 
Other Tributaries: Lost, Oak, Cove, D (n) 
Green, Skinner, Hatchery, Rattlesnake, 
Slide, Snow, Bridal Veil, and Oak 
Creeks and tributaries to these Creeks 
Bear Creek Drainage C (n) Natural condition, remote, light 

Bear Creek to infrequent water contact 
Siberia Creek REC use. Fishing streams 
Slide Creek 
Johnson Creek 
All other tributaries to these Creeks 

Big Bear Lake Tributaries 
North Creek D (n) Natural condition/low flows, 
Metcalf Creek infrequent water contact REC 
Grout Creek activities 
Rathbone Creek 
Meadow Creek 
Summit Creek 
Knickerbocker Creek /Reach 1 D Access prohibited, low flow, no 

REC 1 use observed6 

Reach 2 D(n) Natural condition, low flow 
Other tributaries: Minnelusa Canyon, D (n) Natural condition, low flow 

Poligue, Red Ant Creeks and 
Tributaries to these Creeks 

6 Photographic survey for one year period showed no REC1 use. 

L 
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Table 5- REC 1-Tiers 
(Continued) 

INLAND SURFACE STREAMS 
Tier A, B, C, OR Rationale for Tier 

D Assignment 
Other Tributaries to Baldwin Lake: D (n) Natural condition, low flow, 
Sawmill, Green, and Caribou Canyon remote 
Creeks and other Tributaries to these 
Creeks 
Other Streams Draining to Santa Ana 
River (Mountain Reaches) 
Cajon Canyon Creek C (n) Natural condition, low flow 
City Creek D (n) Natural condition, low flow, 

limited access, remote 
Devil Canyon Creek D (n) Natural condition, low flow, 

limited access, remote 
East Twin and Strawberry Creeks D (n) Natural condition, low flow, 

limited access, remote 
Waterman Canyon Creek D (n) Natural condition, low flow, 

limited access, remote 
Fish Creek D (n) Natural condition, low flow, 

limited access, remote 
Forsee Creek D (n) Natural condition, low flow, 

limited access, remote 
Plunge Creek D (n) Natural condition, low flow, 

limited access, remote 
Barton Creek D (n) Natural condition, low flow, 

limited access, remote 
Bailey Creek D (n) Natural condition, low flow, 

limited access, remote 
Kimbark Canyon, East Fork Kimbark D (n) Natural condition, low flow, 
Canyon, Ames Canyon and West Fork limited access, remote 
Cable Canyon Creeks 
Valley Reaches of Above Streams D (n) Natural condition, low, flow, 

limited access 
Other Tributaries (Mountain Reaches): D (n) Natural condition, low flow, 
Alder, Badger Canyon, Bledsoe Gulch, limited access, remote 
Borea Canyon, Breakneck, Cable 
Canyon, Cienaga Seca, Cold, 
Converse, Coon, Crystal, Deer, elder, 
Fredalba, Frog, Government, Hamilton, 
Heart Bar, Hemlock, Keller, Kilpecker, 
Little Mill, Little Sand Canyon, Lost, 
Meyer Canyon, Mile, Monroe Canyon, 
Oak, Rattlesnake, Round Cienaga, 
Sand, Schneider, Staircase, Warm 
Springs Canyon and Wild Horse 
Creeks, and other tributaries to those 
Creeks. 
San Gabriel Mountain Streams 
San Antonio Creek A (n) Natural condition, wading and 

soaking in summer months 
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Table 5- REC 1-Tiers 
(Continued) 

INLAND SURFACE STREAMS 
Tier A, B, C, OR Rationale for Tier 

D Assignment 
Lytle Creek (Middle and North Forks) A (n) Natural condition, wading and 

soaking in summer months, 
fishing streams 

Tributaries to Lytle Creek (South Fork D (n) Natural condition, low flow 
and Coldwater Canyon Creek) 
Day Canyon Creek D (n) Natural condition, low flow, 

remote, limited access 
East Etiwanda Creek D (n) Natural condition, low flow, 

limited access, remote 
Valley Reaches of Above Streams D (n) Natural condition, low flow, 

limited access 
Cucamonga Creek I Reach 2 B (n) Natural condition, limited 
(Mountain Reach)- 23rd St. in Upland access 
to headwaters 
Mill Creek (Prado Area) c limited access, low flow 
Other Tributaries (Mountain Reaches) C (n) Natural condition, low flow, 
San Sevaine, Deer Canyon, Duncan limited access, most creeks in 
Canyon, Henderson Canyon, Bull, Fan, remote areas 
Demens, Thorpe, Angalls, Telegraph 
Canyon, Stoddard Canyon, Icehouse 
Canyon, Cascade Canyon, Cedar, 
Falling Rock, Kerkhoff, and Cherry 
Creeks and other Tributaries to these 
Creeks 
Valley Reaches of Above Streams D Low flow, limited access 
San Timoteo Creek 
Reach 1 A - Santa Ana River D Low flow, limited access 
Confluence to Barton Road 
Reach 1 B - Barton Road to Gage at D Low flow, limited access 
San Timoteo Canyon Rd. 
Reach 2 - gage at San Timoteo to c Low flow, limited access 
confluence with Yucaipa Creek 
Reach 3 - Confluence with Yucaipa c Low flow, limited access 
Creek to confluence with little San 
Gorgonio and Noble Creeks 
Oak Glen, Potato Canyon, and Birch D(n) Natural condition, low flow, 
Creeks limited access 
Little San Gorgonio Creeks C (n) Natural condition, low flow, 

limited access, remote 
Yucaipa Creek D Low flow, limited access 
Other Tributaries to these Creeks- D Low flow, limited access 
Valley Reaches 
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Table 5- REC 1-Tiers 
(Continued) 

Tier A, B, C, OR 
INLAND SURFACE STREAMS D Rationale for Tier 

Assignment 
Other Tributaries to these Creeks C(n) Natural condition 
(Mountain Reaches) 
Anza Park Drain c Low flow 
Sunnyslope Channel c Low flow, limited access, 

Santa Ana sucker habitat 
Tequesquite Arroyo (Sycamore Creek) c Low flow, limited access 
Prado Area Streams 
Chino Creek 
Reach 1 A - Santa Ana River D Low flow, limited access 
confluence to downstream of 
confluence with Mill Creek (Prado 
Area) 
Reach 1 B - Confluence with Mill Creek c Low flow, limited access 
(Prado Area) to beginning of concrete 
lined channel south of Los Serranos 
Rd. 
Reach 2 - Beginning of concrete-lined D Low flow, limited access 
channel south of Los Serranos Rd. to 
confluence with San Antonio Creek 
Temescal Creek 1 

Reach 2 - 1400 ft. upstream of D Low flow, limited access 
Magnolia Ave. to Lee Lake 
Reach 3- Lee Lakes (see Lakes) 
Reach 4 - Lee Lake to Mid-section D Low flow, limited access 
Line of Section 17 
Reach 5 - Mid-section line of Section D Low flow, limited access 
17 to Elsinore Groundwater 
Management Zone Boundary 
Reach 6 - Elsinore Groundwater D Low flow 
Management Zone Boundary to Lake 
Elsinore Outlet 
Coldwater Canyon Creek C(n) Natural condition, limited 

access, remote 
Bedford Canyon Creek C(n) Natural condition, limited 

access, remote 
Dawson Canyon Creek C(n) Natural condition, limited 

access, remote 

7 Reach 1a and 1b not designated REC1 as determined through the UAA process. 
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Table 5- REC 1-Tiers 
(Continued) 

Tier A, 8, C, OR 
INLAND SURFACE STREAMS D Rationale for Tier 

Assignment 

Other Tributaries to these Creeks 
C(n) Natural condition, limited 

access 
San Jacinto River 
Reach 1 - Lake Elsinore to Canyon c Low flow 
Lake 
Reach 2- Cai}Yon Lake_(see Lakes) 
Reach 3 - Canyon Lake to Nuevo D Low I ephemeral flow, limited 
Road access 
Reach 4- Nuevo Road to North-South D Low I ephemeral flow, limited 
Mid-Section Line, T4S/R1W-S8 access 
Reach 5 - North-South Mid-Section D Low I ephemeral flow, limited 
Line, T4S/R1W-S8, to Confluence with access 
Poppet Creek 
Reach 6 - Poppet Creek to Cranston c Low flow 
Bridge 
Reach 7 - Cranston Bridge to Lake C(n) Natural condition, limited 
Hemet access, remote 
Bautista Creek - Headwaters to Debris D(n) Low flow, agricultural lands in 
Dam lower section 
Strawberry Creek and San Jacinto C(n) Low flow, limited access, 
River, North Fork some areas remote 
Fuller Mill Creek C(n) Low flow, limited access, 

remote 
Stone Creek C(n) Low flow, limited access, 

remote 
Other Tributaries: Logan, Black D(n) Low flow, limited access, 
Mountain, Juaro Canyon, Indian, remote 
Herkey, Poppet, and Potrero Creeks 
and other Tribuarties to these Creeks 
Salt Creek D Low I ephemeral flow 
Goodhart Canyon Creek, St. John's D Low I ephemeral flow, remote 
Canyon, and Cactus Valley Creeks 
Lakes and Reservoirs 
Baldwin Lake D(n) E_Q_hemeral/ intermittent 
Big Bear Lake A Designated swimming areas 
Erwin Lake D Ephemeral/ intermittent 
Evans Lake D Swimming prohibited by City 

Park officials 
Jenks Lake B(n) Mt. fishing lake, REC body 

contact activities discouraged 
Lee Lake c Swimming prohibited, float 

tube fishing_ allowed 
Lake Mathews D Drinking water reservoir, 

access prohibited 

Page 61 of 77 



Attachment 2 to Resolution No. RB-2012-0001 March 16, 2012 

Table 5- REC 1-Tiers 
(Continued) 

Tier A, 8, C, OR 
LAKES AND RESERVOIRS D Rationale for Tier 

Assignment 

Mockingbird Reservoir 
D Limited access/ fenced and 

locked 
D Access prohibited by U.S. 

Lake Norconian Navy, no water contact REC 
activities allowed 

Anaheim Lake c Fishing, GW recharge basin, 
water contact REC activities 
prohibited 

Irvine Lake 8 Fishing Lake, water contact 
REC activities prohibited. Float 
tube fishinQ allowed. 

Peters Canyon, Rattlesnake, Sand D Water contact REC activities 
Canyon and Siphon Reservoirs and/or access prohibited 
Canyon Lake A Water contact activities 

allowed 
Lake Elsinore A Water contact activities 

allowed 
Lake Fulmor c Fishing allowed 
Lake Hemet c Fishing Lake, float tube fishing 

and water contact REC 
activities prohibited. 

Mystic Lake c Ephemeral lake, water fowl 
huntil}g_ allowed 

Lake Perris A Water contact activities 
allowed, designated swimming 
areas 

WETLANDS (INLAND) 
San Joaquin Freshwater Marsh D Access prohibited 
Shay Meadows D(n} Natural conditions, low flows 
Stanfield Marsh D Access prohibited 
Prado Basin Management Zone c Access prohibited, thick 

veQetation limits accessibili!Y 
San Jacinto Wildlife Preserve c Hunting ponds filled with 

treated effluent 
Glen Helen c Low flow, County Park 
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It is important to note that the freshwaters listed in Table 5-REC1-Tiers were not assessed 
rmprehensively in detail to determine whether primary contact recreation actually takes place or 
~taken place in the past, and at what intensity. The assignments to different Tiers are based on 

Board staff and stakeholder knowledge of the characteristics of these waters, evidence regarding 
existing or probable future primary contact recreational activity, and anecdotal information, all 
compiled by the Stormwater Quality Standards Task Force and during public review of the 
recreation standards amendments in 2012. Therefore, if and as knowledge of each of these waters 
is obtained in the future, the Tier assignments are subject to change. Further, Use Attainability 
Analyses may be conducted in the future for one or more of these waters, which may lead to 
changes in REC1 designations (see Chapter 3, Recreation Beneficial Uses). Inclusion of a 
waterbody in Table 5- REC1-Tiers does not denote a determination that REC1 is, in fact, an 
existing use for that waterbody. 

This Basin Plan attempts to list and designate appropriate recreation (and other) beneficial uses 
for all the significant inland freshwater bodies in the Region. The Clean Water Act and 
implementing federal regulations establish the rebuttable presumption that all surface waters are 
REC1. While surface water bodies in the Region that are not listed in the Basin Plan will be 
considered REC1 unless and until demonstrated to be otherwise through a Use Attainability 
Analysis, there is no requisite presumption that all such waters belong to any specific REC1 Tier. 
Until formal consideration, through the Basin Planning process, of the appropriate Tier for any 
unlisted inland freshwater bodies in the Region is provided, the Regional Board will employ 
discretion based on its knowledge of those waters and information provided by interested parties to 
determine the appropriate Tier for those water bodies for regulatory purposes. 

~· ;::)ccordance with federal regulation (the "BEACH Act Rule"), an heavily used primary contact 
Yshwater (Reach 3 of the Santa Ana River) was used as the baseline for identifying other Tier A 

waters within the Region. Then, Reach 3 and other Tier A waters were used to categorize other 
freshwaters in the Region based on their relative known or estimated intensity of primary contact 
use. 

Table 5-REC1-ssv shows maximum expected Single Sample values for E. coli for Tier A, B, C and 
D freshwaters. The values shown are based on a default log standard deviation, derived from the 
epidemiological studies USEPA used to formulate the 1986 national criteria, and on alternative log 
standard deviations. The equation used to calculate these Single Sample Maximum values is 
included in the Table and may be used to derive site-specific SSMs, under certain conditions (see 
table notes 2 and 5). As stated above, these Single Sample Maximum values were derived from 
USEPA's recommended bacteria criteria (USEPA 1986). Again as stated previously, the Single 
Sample values for waters denoted as "N" in Table 5-REC1-Tiers are calculated using the 75% 
confidence factor, like Tier A waters. 

As specified in Table 4-pio (note 3) and Table 5-REC1-ssv (note 1 ), where there are sufficient data 
to calculate a representative geometric mean for E. coli, the Single Sample Maximum values 
specified in Table 5-REC1-ssv shall not be used to assess compliance with the geometric mean E. 
coli objective specified in Table 4-pio. Geometric mean objectives are the more reliable measure of 
long-term water body conditions and are thus strongly preferred for use in water body assessment 
d,ecisions, including the development of the Clean Water Act section 303(d) list of impaired waters. 

I" e use of only Single Sample Maximum bacterial data is generally inappropriate for such 
~sessments unless there is a limited data set, the water is subject to short-term spikes in bacteria 
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concentrations, or there are other circumstances that justify the use of only single sample 
maximum data. The expected principal use of Single Sample Maximum values for the freshwaters .~, 
of this Region is to implement public notification programs and/or to trigger additional monitoring ~ 
and investigation to determine whether there are controllable sources of pathogen input that pose 
a public health concern. Where it is necessary to make public notification and/or beach closure 
decisions in the absence of sufficient data to calculate a representative geometric mean for E. coli, 
no single sample shall exceed the default value shown in Table 5-REC1-ssv or an alternative value 
calculated by using the formula shown in table note 2 (see also table note 5). For all other 
purposes related to implementing the Clean Water Act, if there are insufficient data to calculate a 
representative geometric mean for E. coli, "X%" of the representative sample data collected over a 
30 day period (running) shall be less than the default value specified in this Table or the alternative 
calculated value, where X% is the statistical confidence level assigned to a particular waterbody. 

A monitoring program designed to assure that sufficient data are collected to determine geometric 
means and/or to provide sufficient data necessary to assess trends in bacteria water quality will be 
implemented. The expected elements of that program, which is subject to approval by the Regional 
Board through the normal public participation process, are described below (Monitoring plan for 
pathogen indicator bacteria in freshwaters). 
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{.., Table 5-REC1-ssv: Alternative Method for Assessing Probable Compliance with the E. coli 
Objective in Freshwaters Designated REC1 when Insufficient Data are Available to Calculate 

• 1 
a Geometnc Mean 

Maximum Expected Single Value for E. co/P 
(assuming true geometric mean is >126 

organism/mL 
Standard Deviation Tier A3

: Tier 8 3
: Tier C3

: Tier D3
: 

of Log-transformed 75% C.L4
• 82% C.L. 90%C.L. 95% C.L. 

E. coli data 
0.10 147 156 169 184 
0.20 172 194 227 269 
0.30 201 240 305 394 

0.40(default)5 235 298 409 575 
0.50 274 370 550 842 
0.60 320 459 739 1,231 
0.70 374 569 992 1,801 
0.80 437 705 1,332 2,633 
0.90 510 875 1,788 3,849 
1.00 596 1,085 2,401 5,629 
1.10 696 1,346 3,224 8,230 
1.20 814 1,669 4,329 12,034 

1 I lhis table shows single sample values calculated using the formula identified in table note 2. Default values 
'-"" for each Tier are calculated using 0.4 as the log standard deviation (LSD). Alternative values calculated using 

different LSD values are also shown. See table note 5 for discussion of these alternative LSD values. Where it 
is necessary to make public notification and/or beach closure decisions in the absence of sufficient data to 
calculate a representative geometric mean for E. coli, no single sample shall exceed the default value shown 
in this table or an alternative value calculated by using the formula shown in table note 2 (see also table note 
5). For all other purposes related to implementing the Clean Water Act, if there are insufficient data to 
calculate a representative geometric mean for E. coli, "X%" of the representative sample data collected over a 
30 day period (running) shall be less than the default value specified in this Table or the alternative calculated 
value, where X% is the statistical confidence level assigned to a particular waterbody. Where there are 
sufficient data to calculate a representative geometric mean for E. coli, the default or calculated single sample 
maximum value shall not be used to assess compliance with the E. coli objective in Table 4-pio. The intent of 
single sample maximum values is to inform public notification decisions and to trigger additional follow-up 
monitoring. 
2 

EPA's recommended formula for calculating the maximum expected single sample value is: 
(SCF*LSD) 

SSM = ECO * 10 , where ... 
ECO =E. coli Objective expressed as geometric mean of a minimum number of samples; Assumed EC0=126 
based on a minimum of 5 samples over a 30-day period (rolling average) (see Table 4-pio). 
SCF =the appropriate Statistical Confidence Level Factor for the given waterbody; SCF=0.675 corresponds 
with the 75% confidence level; SCF=0.935 corresponds with the 82% confidence level; SCF=1.28 corresponds 
with the 90% confidence level; SCF=1.65 corresponds with the 95% confidence level. 
LSD = the Log Standard Deviation of measured E. coli densities. 
3 

Single Sample Maximum values for Tier A, B, C or D waters that are also denoted with an "N" in Table 5-
REC1-Tiers shall be calculated as for Tier A waters. 
4 C.L. = Confidence Level 
5 
Variability is calculated as the standard deviation of the log-transformed E. coli data. In the absence of 

I adequate representative data to estimate E. coli variability, the maximum expected single sample value will be 
'--' calculated based on the assumption that the LSD= 0.4, as recommended by EPA [40 CFR 131.41 (69 Fed. 

Reg. 220, 67242; Nov. 16, 2004 ("BEACH Act Rule"))]. Application of an alternative LSD value(s) must be 
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approved by the Regional Board through the normal public notice and comment process. Per USEPA 
requirements identified in the BEACH Act Rule {69 Fed. Reg. 220, 67227), at least 30 samples must be 
collected in a single recreation season to calculate a statistically valid site-specific log standard deviation that 
can be used to calculate a corresponding single sample maximum . Data acceptability shall generally be 
determined using the guidelines described in the Water Quality Control Policy for Developing California's 
Clean Water Act Section 303{d) List [Sept., 2004]. 
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{..,·tidegradation targets for REC2 only freshwaters 

As discussed in Chapter 4 (Pathogen Indicator Bacteria, REC2 Only Freshwaters), this Plan does 
not specify bacteria quality objectives for freshwaters designated REC2 only. However, it is 
appropriate to take steps to assure that bacteria quality conditions in these waters do not degrade 
as the result of controllable water quality factors, consistent with antidegradation policy 
requirements. 

For waters designated REC2 only pursuant to approved Use Attainability Analyses (UAAs; see 
discussion in Chapter 3 and Table 3-1 ), bacteria quality targets will be calculated and used to 
provide a baseline for expected water quality conditions in these waters. If future monitoring 
provides credible evidence that these targets are being exceeded and that quality conditions may 
have declined, then additional monitoring and investigation will be initiated and corrective action 
taken if and as appropriate. Requirements pertaining to monitoring and follow-up investigation and 
action are identified below (Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters). 

The baseline condition (antidegradation target) for each REC2 only water will be established 
through a comprehensive statistical analysis of ambient bacteria quality data that is conducted as 
part of the UAA used to justify the REC2 only designation. The statistical analysis must be 
designed to characterize the entire distribution of the dataset. This includes determination of the 
mean, median, standard deviation, coefficient-of-variation, maximum value, upper 95th percentile 
v~lue and sample size for the dataset. The upper 95th percentile density will serve as the 

I'~ tidegradation target, that is, the trigger threshold for further investigation and possible corrective 
~tion. As new data become available pursuant to requisite monitoring, they will be compared to 

this antidegradation target to determine whether further investigation or action is needed. The 
additional monitoring results must be sufficiently robust to assess whether a lowering of water 
quality has occurred. 

In general, the following method will be used to estimate the upper 95th percentile densities: 

Step 1) 
Step 2) 
Step 3) 
Step 4) 
Step 5) 
Step 6) 

Log-transform the existing data 
Calculate the mean of the log-transformed data 
Calculate the standard deviation of the log-transformed data 
Multiply the standard deviation of log-transformed data by 1.65 
Add result from Step 4 to the mean value calculated in Step 2 
Calculate the anti-log for the value derived in Step 5; this is the 95% 
Upper Confidence Level. 

Using the 95th percentile to assess water quality trends and as a trigger for further monitoring is 
conceptually similar to U.S. EPA's recommended approach for using Single Sample Maximums 
(see Application of Single Sample Maximum values in REC1 freshwaters, above), and to the 
approach used to characterize ambient TDS and nitrogen quality in the groundwater management 
zones throughout the Santa Ana Region (see Chapter 4, Management Zone TDS and Nitrate
nitrogen Water Quality Objectives). 

~ 
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Where 95% of the new data is less than or equal to the antidegradation target, no degradation will 
be inferred. However, if more than 5% of the samples exceed the target, additional samples must ·. -~. 
be collected and analyzed to determine whether the elevated value is an anomaly (verified by -...1 
formal outlier analysis) or if it indicates a true trend toward water quality degradation. 

Use Attainability Analyses have been completed to justify the designation as REC2- only the 
specific freshwater stream segments listed in Table 5-REC2 Only Targets-FW. For each of these 
waters, this Table shows the antidegradation indicator bacteria targets, based on the 95% upper 
confidence level of data obtained as part of the UAAs: 

a e - nly arge s-T bl 5 REC2 0 I T t FW1 

E. coli Densities (cfu/1 00 ml) 
REC2 Only Waterbody 

Mean 
Std. 

N 
Max. 95% 

Dev. Observed UCL 

T emescal Creek, Reach 1 b 198 34 119 9,200:t 933 
Santa Ana Delhi Channel, Reach 2 448 110 63 12,590 5,269 

UCL= Upper Confidence Level; 95% upper confidence level is the antidegradation target 

1 COM, Inc. Technical Memorandum. Calculation of Antidegradation Targets for REC2 Only Freshwaters. 
December 30, 2011. 
2 A value of 1,800,000 cfu/100 mL, from the sample collected on 9/8/2007, was excluded as an outlier. 

Use Attainability Analyses have also been completed for two tidal prisms (Santa Ana Delhi and 
Greenville-Banning channels). Antidegradation targets for these waters, though not freshwater 
bodies, are shown in Table 5-REC2 Only Targets-Other Waters, below. 

a e - n1y arge s- er a ers T bl 5 REC2 0 I T t Oth W t 1 

REC2 Only Waterbody 
Enterococcus Densities _icfu/100 mll 

Std. Max. 95% 
Mean 

Dev. 
N Observed UCL 

Greenville-Bannin_g_ Channel, Tidal Prism 116 2041 108 22,000 660 
Santa Ana-Delhi Channel, Tidal Prism 1900 4852 65 28,600 6466 

UCL= Upper Confidence Level; 95% upper confidence level 1s the ant1degradat1on target 

1 California Regional Water Quality Control Board, Santa Ana Region. Memorandum prepared by David 
Woelfel, Calculation of Antidegradation Targets for REC2 Only Waters-Tidal Prisms. December 30, 2011 

Controllable and Uncontrollable Sources of Bacteria 

As described in Chapter 4, certain water quality objectives established in this Basin Plan refer to 
"controllable sources" or "controllable water quality factors". Whether or not sources are c""\ 
"controllable" affects the ability of the Regional Board and dischargers to assure that waste ..., 
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discharges are regulated and controlled so as to assure the reasonable protection of beneficial 
('c.es. 

~controllable bacteria sources refer to contributions of bacteria within the watershed from 
nonpoint sources that are not readily managed through technological or natural mechanisms or 
through source control and that may result in exceedances of water quality objectives for indicator 
bacteria. Specific uncontrollable indicator bacteria sources within the Santa Ana Region may 
include: 

• Wildlife activity and waste 
• Bacterial regrowth within sediment or biofilm 
• Resuspension from disturbed sediment 
• Marine vegetation (wrack) along high tide line 
• Concentrations (flocks) of semi-wild waterfowl 
• Shedding during swimming 

Controllable bacteria sources refer to any bacteria indicator source that can be controlled by 
treatment or management methods. Requirements for the application of Best Available Treatment 
technology (BAT) and Best Conventional Treatment technology (BCT) apply to some of these 
sources (e.g., POTWs); in other cases, such as discharges regulated under the areawide 
municipal separate storm system permits ("MS4" permits), reasonable actions to reduce or 
eliminate the contribution of these sources to the maximum extent practicable are required. These 
include the implementation of best management practices or other mechanisms. Controllable 
sources are predominantly anthropogenic in nature and can be reduced in varying degrees. 

(.,ecific anthropogenic controllable indicator bacteria sources within the Santa Ana Region may 
include: 

• Improper use of fertilizers on residential and commercial properties and agricultural lands 
• Improper handling of pet waste 
• Cross-connections between the sanitary and storm sewer systems 
• Leaky sanitary sewer conveyances 
• Discharges from POTWs 
• Improper handling and disposal of food waste 
• Improper management of CAFO waste and washwater 
• Runoff from yards containing fertilizers, pet waste, and lawn trimmings 
• Homeless encampments 

Certain techniques are available to identify human sources; when practical, those techniques 
should be used in areas where persistent exceedances of bacteria objectives occur. 

These source definitions and categories may be further refined as more science becomes 
available. 
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High flow suspension of recreation standards 

In semi-arid areas like much of the Santa Ana Region, intermittent but sometimes intense rains 
pose a serious risk of flash flooding. Stormwater runoff significantly increases the volume and 
velocity of local stream flows. Dam releases and other irregular sources, such as imported water 
transfers, can also result in dramatic, though transitory, increases in stream flow and velocity. Such 
flows create a severe hazard to public safety and temporarily preclude attainment of recreational 
uses in or near the water. 

These hazards are exacerbated in urban streams that have been engineered or modified to 
provide essential flood protection during and immediately following storm events. Channel 
straightening, bank stabilization, vegetation removal and flow diversions are all intended to convey 
stormwater runoff to a suitable discharge location as rapidly as possible while minimizing the risk of 
flooding and erosion. However, these common flood control construction practices and 
maintenance procedures significantly increase the volume and velocity of flow in urban channels 
during wet weather conditions. The danger inherent in recreating under such conditions is well
recognized by other Regional Boards and reflected in the suspension of recreational beneficial 
uses and applicable bacteria quality objectives during specific high flow conditions in other urban 
areas (see, for example, Resolution No. 2003-010 of the Los Angeles Regional Board, 
subsequently affirmed by State Board Resolution No. 2003-0071 ). 

This Plan recognizes these circumstances and specifies that the recreational use designations 
(REC1 and REC2), the narrative pathogen objective and the numeric pathogen indicator objectives ·~ 
shown in Table 4-pio are temporarily suspended when high flows preclude safe recreation in or ..J 
near freshwater stream channels that have been engineered, modified or maintained to serve as 
temporary flood control facilities. Temporary suspensions of recreation standards do not apply to 
freshwater lakes, ocean beaches or enclosed bays or estuaries. 

Definition of Unsafe Flows. Flow conditions in freshwater streams in the Santa Ana watershed 
are presumptively unsafe if either of the following conditions occurs: (1) stream velocity is greater 
than 8 feet-per-second (fps); or, (2) the product of stream depth (feet) and stream velocity (fps) 
(the depth-velocity product) is greater than 10 fels. Where representative stream gauge data are 
not available, unsafe flows are presumed to exist in stream channels that have been engineered or 
modified for flood control purposes when rainfall in the area tributary to the stream is greater than 
or equal to 0.5 inches in 24 hours. Rainfall measurements may be estimated using gauges, 
Doppler radar data, or other scientifically defensible methods. 

It is recognized that, because of channel morphology, substrate type or other conditions, it may be 
unsafe to engage in recreational activities under lower flow conditions in stream channels. The fact 
that recreational standards may be suspended under some but not all flow conditions does not 
imply that it is safe to recreate in or near a waterbody when the high flow suspension is not in 
force. 
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Cmination of Temporary Suspension. Stream flows will be presumed to return to safe 
ditions and the temporary suspension of recreation standards will cease 24-hours after the end 

of the storm event, unless actual flow data demonstrate that the suspension should terminate 
sooner or later than the default period. In such cases, the suspension terminates once stream 
flows (measured as cubic-feet/second or (cfs) have returned to the range of normal pre-storm 
conditions (cfs<98th percentile as calculated from a calibrated hydrograph for the stream). 

Site-Specific Flow Triggers. The hydrology of individual freshwater streams varies greatly. 
Therefore, the thresholds and presumptions related to rainfall and stream flow identified above 
may be adjusted based on site-specific data analysis and/or runoff models, subject to approval by 
the Regional Board through the normal public participation process. 

Definition of Engineered or Modified Channels. The temporary suspension of recreational uses 
and related water quality objectives during unsafe flow conditions applies only to streams that have 
been engineered or modified to enhance flood control protection. Engineered streams include all 
man-made flood control facilities with a box-shaped, V-shaped or trapezoidal configuration that 
have been lined on the side(s) and/or bottom with concrete or similar channel-hardening materials. 
Modified channels include once natural streams that have been re-engineered, using levees, bank 
stabilization (rip-rap), channel straightening, vegetation removal and other similar practices, to 
facilitate rapid evacuation of increased urban runoff during storm events. 

~lineation of Engineered or Modified Channels. The very large number of engineered and 
modified flood control facilities in the Santa Ana Region makes it difficult to identify all such 
channels individually by name. Therefore, Appendix VIII provides maps of the waterbody 
segments that have been engineered or modified in the manner described above and that, 
therefore, qualify for the temporary suspension of recreational standards under specific high flow 
conditions. Appendix IX contains ArcGIS files that identify each of these same waterbodies in a 
more precise, high-resolution format. The engineered flood control channels identified in these 
Appendices will be updated annually via the annual report submitted by the MS4 permittees for 
each county in the Region. Additions or deletions to the list of waters identified in these 
Appendices will also be considered during the triennial review process or on a case-by-case basis 
upon request by an interested party to do so. Any such request must be supported by substantial 
evidence. Appendix VIII and Appendix IX can be viewed at the Regional Board's website: 
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/B 
PA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf, and 
http://www. waterboards.ca.gov/santaana/water _issues/programs/basin _plan/docs/rec _ standards/B 
PA_REC_Standards_Staff_Rpt_AttA_AppiX.zip. 
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Site-Specific Eligibility for Temporary Suspension. The Regional Board may determine that it 
is appropriate to apply the temporary suspension to additional waters that may not be engineered 
or modified. Such waters may be added provided that it is demonstrated that high hazardous flow 
conditions preclude attainment of the use and that such recreational uses are not "existing" uses 
during high flow conditions. Such a demonstration will require that a Use Attainability Analysis 
(UAA) be performed in accordance with federal regulations. The Regional Board may also 
determine that recreation standards should not be suspended in some specific streams if it is 
demonstrated that stream channel conditions or flow controls effectively eliminate any safety 
hazard to the public. 

Special Case: Santa Ana River- Reach 2. Reach 2 of the Santa Ana River extends from Prado 
Dam near Corona downstream to 17th Street in Santa Ana. This segment of the River has been 
heavily modified and re-engineered to provide greater flood control protection to the residents of 
Orange County. Although flow control at Prado Dam minimizes the risk of flash flooding in Reach 
2, the volume of water passing through the deep and narrow channel near Featherly Park, just 
downstream of the Dam, often exceeds the default threshold that triggers application of the high 
flow suspension. 1 The temporary high flow suspension is intended to apply on a limited basis to 
transient conditions. It is not intended to de-designate recreational uses where elevated flows 
represent the normal baseline condition even during dry weather conditions. Consequently, the 
flow-based threshold will not be used to trigger application of the high flow suspension in Reach 2 
of the Santa Ana River. Instead, the temporary high flow suspension will only be applied using the 
rainfall criteria described above or when the Army Corps of Engineers is releasing excess flows 
stored behind Prado Dam in response to previous rain events as described in their Standard 
Operating Procedures. 2 

Santa Ana River- Reach 3. It is appropriate to take notice also of Reach 3 of the Santa Ana 
River, which extends from Prado Dam upstream to Mission Avenue in Riverside. Although much 
of Reach 3 may appear relatively natural to the casual observer, it has in fact been heavily 
modified and re-engineered to enhance flood protection. The upper half of the reach has been 
channelized with reinforced levees armored by rip-rap. Below Van Buren Boulevard, Reach 3 
remains largely natural. However, numerous flood control facilities have been constructed/modified 
in the multiple streams tributary to this area. These changes have modified the natural stream 
hydrology of the Reach by re-directing and accelerating stormwater runoff from the upper Santa 
Ana watershed that can create exceptionally hazardous flow conditions in the Reach. The 
temporary suspension of recreational standards applies to this Reach. 

1 Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model Report. Prepared for the 
Santa Ana Watershed Project Authority's (SAWPA) Basin Monitoring Program Task Force. May, 2009 
~Historical flows below Prado Dam are charted in Fig. 2-16 of the Report). 

United States Army Corps of Engineers. Water Control Manual: Prado Dam and Reservoir, 
Santa Ana River, California. 1994. 
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~ 
Limitations of the Temporary High Flow Suspension. It is important to emphasize that 
temporary suspensions of recreation standards in specific waters do not nullify the obligation to 
meet downstream standards, unless the recreation standards have also been suspended for those 
waters at the same time. Further, temporary suspensions of recreation standards do not relieve 
Publicly Owned Treatment Works (POTWs) of the obligation to continue to comply with effluent 
limitations established to assure the protection of recreation beneficial uses in the receiving waters. 
These effluent limitations take into account the dilution that may be made available by stormwater 
flows. (See also POTW Discharge Requirements and Implementation of Recreational Standards, 
below). 

Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters 

Monitoring of pathogen indicator bacteria in fresh surface waters in the Region is conducted by a 
variety of agencies in response to statutory and regulatory requirements. This includes monitoring 
of stormwater at selected locations within Orange, Riverside and San Bernardino counties, as 
required by the areawide urban stormwater permits. Monitoring is also conducted to address 
pathogen indicator TMDL requirements (e.g, the Middle Santa Ana River TMDL) and to support the 
assessment of surface waters, which may lead to the listing or delisting of these waters on the 
Clean Water Section 303(d) list of impaired waters. These monitoring efforts have been conducted 

jtdependently to a large degree to respond to individual agency needs. 

~me of these monitoring programs have evolved from focus on fecal and total coliform bacteria, 
on which bacteria quality objectives have been based historically, to include other pathogen 
indicators, such as E. coli and enterococcus. Measurement of these other indicators was prompted 
by changes in USEPA's recommended bacteria quality criteria for recreation waters, published in 
1986. These criteria changes also led to the modification of the Basin Plan in 2012 to incorporate 
revised pathogen indicator objectives and implementation triggers (single sample maximum 
values), all based on E. coli, to protect recreation uses in inland surface waters (see Chapter 4 
WATER QUALITY OBJECTIVES; CHAPTER 5 IMPLEMENTATION, Application of Single Sample 
Maximum Values in REC1 freshwaters). 

The E. coli objectives and single sample maximum values that are specified in this Basin Plan 
implement the public health risk management approach employed in USEPA's 1986 national 
criteria. Pathogen indicator monitoring should also reflect this risk-based approach. Because 
monitoring resources are limited, the highest priority should be given to REC1 waters where 
primary contact recreation is most likely to occur, i.e. Tier A REC1 waters. Lower priority should be 
assigned to waters where primary contact recreation occurs infrequently or not at all. 

As part of the Stormwater Quality Standards Task Force efforts that led to the adoption of the E. 
coli objectives for inland fresh surface waters, the three principal funding members, 
i.e., the Orange, Riverside and San Bernardino county stormwater agencies, committed to 

C
rticipate in the development and implementation of a comprehensive, watershed-wide bacteria 
,ality monitoring program. Other dischargers who contribute or may contribute to pathogen 

clicator bacteria inputs to surface waters will be required to conduct bacteria quality monitoring, 
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individually or in concert with this comprehensive program. It is expected that participation in the 
comprehensive effort would result in cost savings to individual dischargers and would be the most ' 
effective way to collect data necessary to assess the receiving water quality effects of discharges. ...., 

A proposed comprehensive monitoring program is to be submitted by the Orange, Riverside and 
San Bernardino county stormwater agencies no later than [1 year from the date of Regional Board 
approval of the new E. coli objectives- insert date certain once amendment is approved by 
Regional Board], except that the Quality Assurance Project Plan (QAPP) shall be submitted no 
later than [90 days after EPA approval of the new E. coli objectives- insert date certain once 
amendment is approved]. The proposed program shall meet the following: (1) all water quality 
monitoring for pathogen indicator bacteria must be conducted in accordance with a QAPP that has 
been approved by the Regional Board's Quality Assurance Officer; (2) bacteria monitoring data 
must be compatible with the state's Surface Water Ambient Monitoring Program (SWAMP); (3) 
waterbodies proposed as a high priority for monitoring shall be identified and the rationale for their 
selection documented; (4) each identified high priority waterbody must be sampled for pathogen 
indicator bacteria sufficient to provide a minimum of 5 samples per 30 day period, year-round, 
unless documented waterbody conditions (e.g,. water temperature, ice on the surface of lakes, 
high risk of flash flooding, etc.) exist that justify a reduced frequency; (5) the designated sampling 
locations must be selected so as to characterize bacteria concentrations immediately upstream of 
areas where the greatest level of recreational activity normally occurs; (6) the monitoring plan must 
identify the latitude and longitude of routine sampling location(s), the rationale for selecting each 
location, other locations considered but rejected, and the agency responsible for collecting and 
analyzing the sample from each high priority location; (7) the monitoring plan must describe the 
sampling locations and frequency for collecting pathogen indicator bacteria data in lakes and 
streams designated REC-1 but where recreational activities are far less likely to occur (i.e., Tier B, J 
CorD waterbodies); (8) the monitoring plan must include a proposal for periodic bacteria 
monitoring of waters designated REC2 in order to confirm that there is no significant degradation of 
the quality of these waters; (9) results from the comprehensive bacteria monitoring program must 
be submitted annually. The agencies implementing the program may submit the report collectively 
or on an individual basis; and, (10) the data must be put into the CEDEN (SWAMP) database 
and/or the database maintained by the Santa Ana Watershed Project Authority. 

The comprehensive program is to be implemented upon the approval of the Regional Board. The 
program will be reviewed and may be revised at least once every three years. This includes 
consideration of the waterbodies deemed high and low priority for monitoring purposes. Monitoring 
programs specified as part of NPDES permits, Waste Discharge Requirements and other orders of 
the Regional Board will be considered in light of the comprehensive program being implemented. 
As appropriate, dischargers in addition to the stormwater agencies will be required to conduct 
bacteria quality monitoring of the receiving waters. Such monitoring may be conducted 
independently by these other dischargers, but participation in and coordination with the 
comprehensive program will be strongly encouraged. The goal is to integrate all monitoring efforts 
to the extent feasible and reasonable to reduce or eliminate redundancy and maximize the efficacy 
of the monitoring effort. Requirements pertaining to data quality assurance, SWAMP compatibility, 
reporting and database entry will also be specified in individual requirements issued by the 
Regional Board. 

Where water quality monitoring data indicate significant non-compliance with the applicable Q 
pathogen indicator objective, agencies discharging to that waterbody must submit a plan to the 

Page 74 of 77 



Attachment 2 to Resolution No. RB-2012-0001 March 16, 2012 

Regional Board to identify the pollutant source(s) unless monitoring data show that their particular 

Ccharge is not causing or contributing to the exceedance. The source evaluation plan must be 
plemented upon approval by the Executive Officer. 

Where water quality monitoring data, collected through the approved comprehensive monitoring 
program or by interested agencies, organizations or individuals, indicate that a single sample 
maximum value assigned to a Tier B, C or D REC1 water, or the bacteria target assigned to a 
REC2 only water, is being exceeded, then the Regional Board will require agencies discharging to 
that waterbody to submit a plan for investigation into the bacteria quality of that waterbody, 
including monitoring. Where the investigation shows that the bacteria quality of the waterbody is 
adversely affected by a controllable source, then a corrective action plan and schedule will be 
required. Both the investigation plan and, as necessary, corrective action plan, must be 
implemented upon approval by the Regional Board's Executive Officer. Such follow-up 
investigation and corrective action will be triggered only upon the demonstration of credible 
evidence documenting a potential bacterial quality problem. Credible evidence shall consist of at 
least two consecutive samples that exceed the SSM/REC2 target. It is expected that the proposed 
schedule for any needed corrective action will be as soon as practicable but no longer than two 
years from the date that the controllable source(s) is identified. 

The Regional Board acknowledges that the obligation to gather, analyze and report water quality 
data does not, by itself, establish any specific liability for pollutant remediation. That responsibility 
depends on identifying the source(s) of bacterial contamination. The Regional Board strongly 
supports proactive voluntary efforts organized through local Task Forces to accomplish these 

pjectives. However, where necessary, the Regional Board will continue to impose monitoring and 
\.,-nediation requirements through the permitting, enforcement and TMDL processes in order to 

protect water quality for recreational uses. 

To begin the development of a comprehensive bacteria quality monitoring program, the 
Stormwater Quality Standards Task Force considered the waterbodies that should be considered 
high priority for monitoring and identified a tentative list, shown in Table 5-REC-Potential High 
Priority Waters, below. The waterbodies identified in Table 5- REG-Potential High Priority Waters 
should be considered in the development of the proposed comprehensive monitoring program. 

Table 5-REC-Potential High Priority Waters for Monitoring of Pathogen Indicator 
Bacteria in Freshwaters 

LAKES STREAMS 
Big Bear Lake Lytle Creek - Middle and North 

Forks 
Lake Perris Mill Creek - Reach 2 
Lake Elsinore Santa Ana River- Reach 3 
Canyon Lake San Antonio Creek 
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POTW discharge requirements and implementation of recreation standards 

As discussed in Chapter 4- WATER QUALITY OBJECTIVES, this Basin Plan establishes 
water quality objectives that are intended to protect beneficial uses. These include the 
narrative pathogen objective and numeric pathogen indicator objectives for freshwaters 
{Table 4-pio) that are specified for the protection of primary contact recreation in surface 
waters. However, in issuing waste discharge requirements that assure beneficial use 
protection, the Regional Board must consider not only the established objectives but also 
whether case-specific circumstances warrant the application of limitations more stringent 
than those necessary to implement the objectives. Such special consideration applies to 
discharges of treated sewage to surface waters by Publicly Owned Treatment Works 
(POTWs) or other entities and the protection of public health and primary contact recreation 
in those receiving waters. 

The California Department of Public Health (CDPH) has found that in most instances, in 
order to protect the health of members of the public who engage in primary contact 
recreation in surface waters that receive treated sewage discharges, treatment of the 
discharges must be provided so as to achieve an approximate 5 log reduction in the virus 
content of the wastewater. The efficacy of the treatment process in achieving this reduction 
is reflected, in part, by measurements of total coliform bacteria. 

Based on these recommendations and relevant regulations established by CDPH in the 
California Code of Regulations {Title 22, Division 4, Chapter 3, Section 60301 et seq.), 
waste discharge requirements issued by the Regional Board to POTWs and other entities :;) 
for discharges of treated sewage to surface waters include stringent total coliform 
limitations. The Fact Sheets accompanying these waste discharge requirements provide 
detailed explanation of the rationale for these effluent limitations and related discharge 
specifications. The salient point here is that these waste discharge requirements do not 
include effluent limitations based on the numeric objectives for E. coli that are specified in 
Table 4-pio. The Regional Board has found that the total coliform limitations are necessary 
to assure adequate treatment of sewage before discharge to surface waters and thereby, to 
assure protection of public health and primary contact recreation uses. 

The temporary suspension of recreation standards in certain surface waters (see High flow 
suspension of recreation standards, above) under high flow conditions does not obviate the 
need for POTWs and other entities discharging treated sewage (recycled water) to surface 
waters to continue to meet the coliform limitations specified in their waste discharge 
requirements. To implement the narrative pathogen objective (see Chapter 4, WATER 
QUALITY OBJECTIVES, INLAND SURFACE WATERS, Pathogen Indicator Bacteria), the 
Regional Board may also require recycled water discharged to freshwaters designated 
REC1 or REC2 to comply with other limitations, including those recommended by CDPH. 

Amend CHAPTER 5 -IMPLEMENTATION- add references 

33. United States Environmental Protection Agency, 'Water Quality Standards for Coastal 
and Great Lakes Recreation Waters; Final Rule", 40 CFR 131.41. Federal Register, Vol. 69, 
No. 200, November 16, 2004, pp.67217 et seq 
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L. 34. COM. Technical Memorandum. Calculation of Antidegradation Targets for REC2 Only 
'-"' Freshwaters. December 30, 2011. 

35. California Regional Water Quality Control Board, Santa Ana Region. Memorandum 
prepared by David Woelfel. Calculation of Antidegradation Targets for REC2 Only Waters
Tidal Prisms. December 30, 2011 

36. U.S. EPA. Water Quality Standards Handbook. Sept. 15, 1993. 

37. United States Army Corps of Engineers. Water Control Manual: Prado Dam and 
Reservoir, Santa Ana River, California. 1994. 

38. Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model 
Report. Prepared for the Santa Ana Watershed Project Authority's (SAWPA) Basin 
Monitoring Program Task Force. May, 2009 

39. State Water Resources Control Board .. "Water Quality Control Policy for Developing 
California's Clean Water Act Section 303(d) List". September 2004 
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ATTACHMENT 1 TO RESOLUTION NO. RS-2012-0001 

~ Proposed Basin Plan Amendments (underline/strike-out version) 

(NOTE: Changes to the recreation standards for inland fresh waters within the Santa Ana 
Region and related explanatory narrative and implementation strategies are proposed to be 
incorporated in Chapter 3, Beneficial Uses, Chapter 4, Water Quality Objectives, and 
Chapter 5, Implementation. Certain surface waters not currently listed in the Basin Plan are 
proposed to be added, changes in reach designations for one of the listed waters are 
proposed, and two reservoirs no longer in existence are proposed to be removed. Other 
changes are proposed. If the Basin Plan Amendment is approved, corresponding changes 
will be made as necessary to the Table of Contents, the List of Tables, page numbers, and 
page headers in the Plan. Formatting changes, including page numbers, page headers and 
table and figure identifiers may be modified for the purposes of possible re-publication of the 
Basin Plan. However, no substantive changes to the text, tables or figures would occur 
absent a Basin Plan amendment.) 

In the text and tables that follow, added language is underlined; deleted language is 
shown in strikeout type. Attachment 2 to Resolution No. RS-2012-0001 provides a "clean" 
version, showing how the amendments would appear in the Basin Plan. 

CHANGES TO CHAPTER 3- BENEFICIAL USES 

~~mend CHAPTER 3- BENEFICIAL USES, INTRODUCTION, second paragraph: 

Section 303(d) of the federal Clean Water Act (33 U.S.C. § 1313) defines water quality 
standards as consisting of BetA the uses of the surface (navigable) waters involved,~. 800 the 
water quality criteria which are applied to protect those uses and an antidegradation policy. 
Under the Porter-Cologne Water Quality Control Act (California Water Code, Division 7, 
Chapter 2 § 13050) these oonoepts the uses of waters and water quality criteria are 
separately considered as beneficial uses and water quality objectives. Beneficial uses and 
water quality objectives are to be established for all waters of the state, both surface and 
subsurface (groundwater). 

Amend CHAPTER 3- BENEFICIAL USES, BENEFICIAL USES section, last sentence 
of second paragraph, third paragraph and fourth paragraph; add new paragraph: 

Shortly thereafter, this revised Beneficial Use table was reviewed again and changes were 
made, including the addition of the Water Contact Recreation (REC1) use for some 
waterbodies, the revision of some Beneficial Use designations from intermittent (I) to 
existing W or potential (X), and the addition of more waterbodies (RWQCB Resolution No. 
89-99). 

In theis update to the Basin Plan approved by the Regional Board in 1994 (RWQCB 
Resolution No. 94-1 ), further changes to the Beneficial Use table were ha'le been made. 

I . Significant waterbodies not previously identified aFe were included and their beneficial uses aFe 
'-"";Were designated. Certain of these waters aFe were excepted from the MUN designation. The 

designation RARE has been was added where substantial evidence indicatesg that the 
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waterbody supports rare, threatened or endangered species (Appendix II). Certain known 
wetlands in the Region af8 were listed in a new waterbody category (see wetlands discussion 
below). A revised list of Beneficial Uses was developed as part of a comprehensive statewide ..J 
update of all Basin Plans. In all. twenty-three beneficial uses were defined statewide. This list 
was used to update the list of beneficial use definitions in the Basin Plan. Nineteen of the 
beneficial uses were recognized Using this revised state ... :ide list as a guide, this Basin Plan 
updates the list of Benefioial Uses definitions oontained in the 1983 Plan. [delete sentence 
spacing; no new paragraph] 
In all, twenty three benefioial uses are now defined statewide; of those, nineteen are 
reoognized within the Santa Ana Region. (The four not utilized are Migration of Aquatic 
Organisms, Freshwater Replenishment, Inland Saline Water Habitat and Aquaculture). One 
beneficial use specific to the Region, Limited Warm Freshwater Habitat, has been was added, 
bringing the total number of beneficial uses recognized in the Santa Ana Region to twenty. 

In response to recommendations from the Stormwater Quality Standards Task Force. formed 
in response to the 2002 triennial review of the Basin Plan. changes to recreation water quality 
standards were approved by the Regional Board in 2012 (RWQCB Resolution No. RB-2012-
0001 ). These modifications included revision of the name of the REC1 beneficial use from 
"Water Contact Recreation" to "Primary Contact Recreation" (see BENEFICIAL USE 
DEFINITIONS. below) and a clearer definition of this use (see also RECREATION 
BENEFICIAL USES. below. for further discussion of the changes in the REC1 definition.) The 
changes also included differentiating inland surface REC1 waters on the basis of frequency of 
use and other characteristics for the purposes of assigning applicable single sample maximum 
values (see Chapter 5). The REC1/REC2 designations for specific inland surface waters were 'oc' 
revised based on the results of completed Use Attainability Analyses (see RECREATION "-' 
BENEFICIAL USES. below). Revised water quality objectives to protect the REC1 use of 
inland freshwaters were also approved (see Chapter 4 ). and criteria for temporary suspension 
of recreation use designations and objectives were identified (see RECREATION BENEFICIAL 
USES . below. and Chapter 5. Implementation. Recreation Water Quality Standards. High 
Flow Suspension). The 2012 Basin Plan revisions to incorporate the changes in recreation 
standards included the addition of certain waters to the list of the Region's waters in Table 3-1 
and the designation of beneficial uses for those waters. Where appropriate. the added waters 
were excepted from the MUN designation. Laguna and Lambert reservoirs. which no longer 
exist. were deleted from the list. 
[add space: new paragraph] 
The region's beneficial uses are listed and described below. 

Amend CHAPTER 3 - BENEFICIAL USES, BENEFICIAL USE DEFINITIONS, Water 
Contact Recreation (REC 1*): 

'Nater Contaot Reoreation Primary Contact Recreation (REC 1*) waters are used for 
recreational activities involving deliberate water be9y contact. especially by children. ~ 
wateF where ingestion of water is likely to occur reasonably possible. Examples of REC1 
activities These uses may include, but are not limited to, swimming, wading, water-skiing, skiR 
and souba diving, surfing, whitewater rafting aotivitios,. float tubing. bathing in natural hot 
springs. skin diving. scuba diving and some forms of wading and fishing. fishing and use of ~ "'\ 
natural hot springs. Brief incidental or accidental water contact that is limited primarily to the ...J 
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body extremities (e.g. hands and feet), is not generally deemed Primary Contact Recreation 
(..because ingestion is not likely to occur. 

Amend CHAPTER 3 - BENEFICIAL USES, footnote "*" (associated with REC1 and 
REC2 (i.e., REC1*, REC2*) beneficial use definitions): 

* The REC 1 and REC 2 beneficial use designations assigned to surface waterbodies in this 
Region should not be construed as encouraging or authorizing recreational activities. In some 
cases, such as Lake Matthews and certain reaches of the Santa Ana River and its tributaries, 
access to the waterbodies is prohibited by other agencies because of potentially hazardous 
conditions and/or because of the need to protect other uses, such as municipal supply or 
sensitive wildlife habitat. Where REC 1 or REC 2 is indicated as a beneficial use in Table 3-1, 
the designations are only intended to indicate that such tRe uses may occur E*ist or that the 
water quality of the waterbody could support recreational uses may be capable of supporting 
recreational uses unless a Use Attainability Analysis demonstrates otherwise and the Regional 
Board amends the Basin Plan accordingly. 

Amend CHAPTER 3 - BENEFICIAL USES - add the following section after the 
BENEFICIAL USE DEFINITIONS section: 

RECREATION BENEFICIAL USES 

I As stated above. in 2012. the Regional Board approved modification of the name of the REC1 
'-"" beneficial use from 'Water Contact Recreation" to "Primary Contact Recreation". The definition 

of the REC1 use was also updated to improve clarity and precision. and new bacteria quality 
objectives. based on USEPA's recommended E. coli criteria (1986). were adopted for fresh 
inland surface waters (see Chapter 4. pathogen indicator bacteria objectives for inland surface 
waters). The minor revisions to the REC1 definition neither broadened nor reduced the 
intended scope of the prior REC1 definition. Rather. the sole purpose was to ensure that 
objectives based on the US EPA bacteria quality criteria are applied in a manner that is 
consistent with the specific exposure assumptions (including the nature of recreational 
activities) described in USEPA's criteria document and related guidance. 

The revisions to the REC1 definition were based on the recommendations of the Stormwater 
Quality Standards Task Force. which carefully considered the scientific basis of the USEPA 
criteria. Specifically. as discussed in the criteria document. USEPA's recommended bacteria 
quality criteria were intended to reduce the risk of waterborne illness to acceptable levels for 
those engaged in swimming or similar recreational activities where immersion and ingestion of 
water are likely. The Stormwater Quality Standards Task Force documentation. which 
essentially comprised the administrative record for the 2012 recreation standards 
amendments. includes a memorandum to the Task Force that was prepared by Camp Dresser 
and McKee. Inc. (COM). one of the Task Force consultants ("Scientific Basis for EPA 
Recommended Water Quality Objectives for Bacteria", COM. April 10, 2006). This 
memorandum also discusses the scientific basis of the criteria, as well as that of the Basin 

~c Plan water quality objectives based on fecal coliform in freshwaters that were replaced by the 
'-"' E. coli objectives by the 2012 Basin Plan amendments. The administrative record also 

documents the extensive consideration of alternatives appropriate to clarifv the REC1 
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definition to reflect the underlying scientific assumptions of the USEPA criteria. and 
expectations regarding the likelihood of immersion and ingestion. 

The definition of the REC 2 beneficial use is functionally-equivalent to that described by 
USEPA as "Secondary Contact Recreation." Therefore. the Regional Board will rely on federal 
regulation and guidance to determine which waterbodies should be designated REC 2. 
Relatively brief incidental or accidental water contact that is limited primarily to the body 
extremities (e.g. hands or feet) is generally deemed REC 2 because ingestion is not 
considered reasonably possible. 

Pursuant to the federal Clean Water Act and implementing regulation. all defined waters of the 
United States are presumed to be capable of supporting Primary Contact Recreation and shall 
be designated REC 1 unless a Use Attainability Analysis CUM) demonstrates that this use is 
not an existing use and is not attainable and the Basin Plan is revised accordingly. A suite of 
factors must be considered when UAAs are conducted to determine whether to downgrade or 
delete the REC 1 use from any waterbody. The relevant factors are identified in federal and 
state regulations. 

Where the Regional Board determines. through a UAA and requisite public hearing(s). that a 
waterbody or portion of a waterbody has not supported and cannot support REC 1 or REC1 
and REC 2 uses. that waterbody or portion of a waterbody will be identified with table note "u" 
in Table 3-1. below. and. for clarity. also listed in Table 3-2. Waters designated REC 2 but not 
REC 1. and waters not designated either REC1 or REC2. will be reassessed as part of the 
Basin Plan triennial review process to determine whether conditions have changed sufficiently . ' 
to warrant one or both of these recreation use designations. This reassessment does not """' 
necessitate a new UAA: it is sufficient to determine whether there has been a significant 
change in the factor or factors on which the Regional Board originally relied to justify 
reclassifying each waterbody as something other than REC-1. Where such a change has 
occurred. revision of the recreational use designations will be considered through the Basin 
Planning process. 

Use Attainability Analyses were conducted for several stream segments as part of the work of 
the Stormwater Quality Standards Task Force. Technical reports to support these UAAs were 
prepared by COM and are a part of the administrative record of the 2012 recreation standards 
amendments. These UAA reports were intended not only to provide the technical and factual 
data necessary to consider recreation standards changes for the waters evaluated, but also to 
serve as informal "templates" to guide similar stream assessment studies in the future. In 
particular. the UAA reports illustrate the type of scientific and technical documentation needed 
to meet federal and state requirements for subcategorizing or reclassifying a recreational use. 
Regional Board staff relied heavily on the data and analyses provided in the COM technical 
UAA reports in formulating specific recommendations for recreation beneficial use changes for 
these waters (CRWQCB - Santa Ana Region. "Staff Report. Basin Plan Amendments. 
Revisions to Recreational Standards for Inland Fresh Waters in the Santa Ana Region". 
January 12. 2012). The approved changes are summarized in Table 3-2 and reflected in Table 
3-1. 

Recreational use of certain inland surface waters is precluded under certain flow conditions . ' 
that make recreational activities unsafe. Recreation use designations (and the applicable -.1 
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pathogen and pathogen indicator objectives) are temporarily suspended when such conditions 
I . exist. The criteria for suspension of recreation uses (and objectives). and for termination of the 
'-"suspension. are described in detail in Chapter 5. Implementation. Recreation Water Quality 

Standards. High flow suspension of recreation standards). Temporary suspensions of 
recreation standards do not apply to waters other than the inland surface streams identified in 
Appendix VIII and Appendix IX. 

Amend CHAPTER 3- BENEFICIAL USES, BENEFICIAL USE TABLE, first and second 
paragraphs; add footnote; add new paragraph after the second paragraph: 

Table 3-1 lists the designated beneficial uses for waterbodies within the Santa Ana Region. In 
this table, an "X" indicates that the waterbody has an existing or potential use~. Many of the 
existing uses are well-known; some are not. Lakes and streams may have potential beneficial 
uses established because plans already exist to put the water to those uses, or because 
conditions (e.g., location, demand) make such future use likely. The establishment of a 
potential beneficial use serves to protect the quality of that water for such eventual use. 

Add footnote 2: Water Code Section 13241 identifies the factors that the Regional 
Board must consider. at a minimum. when establishing water quality objectives to 
ensure the reasonable protection of beneficial uses and the prevention of nuisance. 
Among these factors are the "Past. present. and probable future beneficial uses of 
water. (CWC 13241 (a) [italics added] "Potential" beneficial uses are assumed to be the 
same as "probable future" beneficial uses. 

(.An "I" in Table 3-1 indicates that the waterbody has an intermittent beneficial use. This may 
GGffi2f be because water conditions do not allow the beneficial use to ffiEfst occur year-round. 
The most common example of this is an ephemeral stream. Ephemeral streams in this region 
include, at one extreme, those which flow only while it is raining or for a short time afterward, 
and at the other extreme, established streams which flow through part of the year but also dry 
up for part of the year. While such ephemeral streams are flowing, beneficial uses af8 may be 
made of the water. Because such uses depend on the presence of water, they are intermittent. 
Waste discharges which could impair intermittent beneficial uses, whether they are made while 
those uses ffiEfst occur or not, are not permitted. 

As described above. Table 3-2 shows inland surface waters for which Use Attainability 
Analyses demonstrated that the REC1 or REC1 and REC2 uses are neither existing nor 
attainable. These waters. designated with a "u" in in the REC1 column and also. in some 
cases. the REC2 column in Table 3-1. will be evaluated at least once every three years to 
determine whether conditions have changed such that these use designations are applicable 
to these waters and that the Basin Plan should be amended accordingly. 

Amend CHAPTER 3 - BENEFICIAL USES, REFERENCES: 

COM. Memorandum to Stormwater Quality Standards Task Force re "Scientific Basis for EPA Recommended 
{..,Water Quality Objectives for Bacteria", April10. 2006 
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CRWQCB - Santa Ana Region. "Staff Report. Basin Plan Amendments. Revisions to Recreational Standards for 
Inland Fresh Waters in the Santa Ana Region". Januarv 12. 2012. 

City of Big Bear Department of Water and Power, "Final Report - Task 4, Revised Water Quality Objectives, Big 
Bear Ground Water Basins," April1993. 

United States Environmental Protection Agency "Ambient Water Quality Criteria for Bacteria- 1986" EPA 440/5-
84-002. January 1986. 

United States Environmental Protection Agency "National Guidance-Water Quality Standards for Wetlands," EPA 
440/s-90-011, July 1990. 

United States Environmental Protection Agency "Water Quality Standards for Coastal and Great Lakes 
Recreation Waters: Final Rule" (40 CFR 131.41 ). November 2004. 

Governor Pete Wilson, "California Wetlands Conservation Policy," August, 1993. 

Amend CHAPTER 3 - BENEFICIAL USES, TABLE 3-1, as shown in the following pages. 

Add Table 3-2 Summary of Approved Use Attainability Analyses (UAAs) to Re-Designate 
Recreational Beneficial Uses in some Inland Waterbodies (Table 3-2 follows Table 3-1, 
below) 
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Table 3-1 BENEFICIAL USES 

OCEAN WATERS BENEFICIAL USE 
Hydrologic Unit 

s::: )> "'U G) z "'U ::u ::u (') 

~ 
r (') CD ~ ~ 

CIJ CIJ 
c G) z ::u 

~ ~ 0 m m 0 ~ 0 0 
"'U s::: I m 

z ::u 0 0 ~ 
(') (') s::: ;;c ::u r r= ::u ~ )> m CIJ Primary Secondary 

(') ::u ~ N s::: s::: s::: 0 r 0 m z ::u r -I 

NEARSHORE ZONE* 

San Gabriel River to Poppy 
Street in Corona Del Mar + X X X X X X X X X X 801.11 

Poppy Street to Southeast 
Regional Boundary + X X X X X X X X X X 801.11 

OFFSHORE ZONE 

Waters Between Nearshore 
Zone and Limit of State 

+ X X X X X 
Waters 

X X X X 

--

X Pr=eseRt Existing or Potential Beneficial Use * Defined by Ocean Plan Chapter II B-1.: "Within a zone bounded by shoreline and a distance of 1000 feet from 
I Intermittent Beneficial Use shoreline or the 30-foot depth contour, whichever is further from shoreline ... " 
+ Excepted from MUN (see text) 
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Table 3-1 BENEFICIAL USES - Continued 

BAYS, ESTUARIES, AND 
TIDAL PRISMS 

BENEFICIAL USE 

3: )> ""0 G> ""0 :::0 :::0 (") :::E ..... (") Ill :::E 
G> z :::0 :::E 

z 
0 m m 0 )> :::E 0 c 0 0 ~ :::E (") (") 3: :::0 :::0 ..... 0 r= z :::0 (") :::0 ...... 1\.) 3: 3: 3: 0 ..... c 

Los Cerritos Wetlands + X X X X 

Anaheim Bay - Outer Bay 
+ X X X X X 

Anaheim Bay - Seal Beach 
National Wildlife Refuge + X1 X X X 

Sunset Bay- Huntington 
+ X X X X X 

Harbor 

Balsa Bay + X X X X X 

Balsa Chica Ecological Reserve + X X X X 

Lower Newport Bay + X X X X X 

Upper Newport Bay + X X X X X 

X Present Existing or Potential Beneficial Use 1 -Ne Access prohibited per agency with jurisdiction (U.S. ~law) 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 
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Hydrologic Unit 

~ 
(/) 

3: (/) 
""0 I m 

:::0 :::E )> m (/) Primary Secondary 
m z :::0 ..... -I 

X X X 801.11 

X X X 801.11 

X X X X 801.11 I 
X X X 801.11 

X X X X 801.11 I 
X X X X 801.11 

X X X X 801.11 l 
X X X X X 801.11 

--

'-' 
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Table 3-1 BENEFICIAL USES - Continued 

BAYS, ESTUARIES, AND BENEFICIAL USE 
Hydrologic Unit 

TIDAL PRISMS 
s:: ~ ""0 G) ""0 :::0 :::0 (") 

~ 
r (") llJ :E ~ 

en s:: en z :::0 z m m 0 :E 0 ""0 :I: m c G) :E ~ 0 5 ;= ~ en Primary Secondary z :::0 0 0 :E (") (") s:: :::0 :::0 r :::0 :E m -I (") :::0 _., 1\.) s:: s:: s:: 0 r 0 m z :::0 r 

Santa Ana River Salt Marsh + X X X X X X X 801.11 

Huntington Beach Wetlands + X X X X X X X 801.11 

Tidal Prism of Santa Ana River 
(to within 1 000' of Victoria + X X X X X X 801.11 
Street) and Newport Slough 
Tidal Prism of San Gabriel River 
- River Mouth to Marina Drive + X X X X X X X X X 845.61 

Tidal Prism of Santa Ana-Delhi 
Channel - Bicycle Bridge at + !! ~ ~ ~ ~ 801.11 University Dr. at Ugger Newgort -
Bav to 1 036 ft. uostream 
Tidal Prism of Greenville-
Banning Channel - Santa Ana 

+ ~ ~ ~ ~ 801.11 
River Confluence to Inflatable !! 

Diversion Dam" 
Tidal Prisms of Flood Control 
Channels Discharging to + X X X X X 801.11 
Coastal or Bay Waters 

- L___ - L_ - --

1 ---Ne Access grohibited per agency with jurisdiction (U.S. ~Javy) X PFesent Existing or Potential Beneficial Use 
I Intermittent Beneficial Use u REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chagter 3. 
+ Excepted from MUN (see text) 
~ The diversion dam is 0.23 mile downstream 

of confluence with the Fairview Channel. 

Recreation Beneficial Uses) 
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Table 3-1 BENEFICIAL USES - Continued 
INLAND SURFACE STREAMS Hydrologic Unit 

BENEFICIAL USE 
Primary Secondary 

s::: )> "'0 G) z "'0 :::0 :::0 ('") 

~ 
r- ('") llJ ~ ~ 

(/) 

c G) z :::0 
~ ~ 0 m m 0 ~ 0 5 "'0 m 

0 0 ('") ('") s::: :::0 :::0 r= :::0 ~ 
(/) 

z :::0 :::0 ~ r- -1 ('") ...... "' s::: s::: s::: 0 r- 0 m z 

LOWER SANTA ANA RIVER 
BASIN 

Santa Ana River 

Reach 1 - Tidal Prism to 17'r 801.11 
Street in Santa Ana + X2 X I I 

Reach 2 - 17'n Street in Santa 801.11 801.12 
Ana to Prado Dam + X X X X X X X 

Aliso Creek X X X X X X X 845.63 

Carbon Canyon Creek X X X X X X X 845.63 

Santiago Creek Drainage 

Santiago Creek 

Reach 1 - below Irvine Lake X X X2 X X X 801.12 801.11 

Reach 2- Irvine Lake (see 
Lakes, pg. 3-xx 

Reach 3 - Irvine Lake to 801.12 
Modjeska Canyon I I I I I I 

Reach 4 - in Modjeska Canyon X X X X X X 801.12 

Silverado Creek X X X X X X 801.12 

X Present Existing or Potential Beneficial Use Access 
- .... . . .. n .. ,... .... __ r"-··-·h· o-,..-···--,.. n_ .. ,_. __ _... __ • ,., ......... a.•-----rY'\o.tl"'t.l"'t.+ ni,,i~inn pronibited In all or part by C>i Ui 190 C>UQI h) I (00001 000 UU f 010p1 I 101 h Ui IU If lUI 1<ASfU1 I lUI iL Ui f IUIUO 0 

Intermittent Beneficial Use lRDMO) per agency with jurisdiction 
+ Excepted from MUN (see text) 
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Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS 

s::: ~ 
G) c z :;:o 

LOWER SANTA ANA RIVER 
BASIN 

Santiago Creek Drainage 

Black Star 
I 

Ladd Creek 
I 

San Diego Creek Drainage 

San Diego Creek 

Reach 1 - below Jeffrey 
+ 

Road 
Reach 2 - above Jeffrey 

+ 
Road to Headwaters 

Other Tributaries: Bonita Creek, + 
Serrano Creek, Peters Canyon 
Wash, Hicks Canyon Wash, 
Bee Canyon Wash, Borrego 
Canyon Wash, Agua Chinon 
Wash, Laguna Canyon Wash, 
Rattlesnake Canyon Wash, 
Sand Canyon Wash*, and other 
Tributaries to these Creeks 

X Present Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

z 
0 

~arch 16, 2012 (' 

BENEFICIAL USE 
Hydrologic Unit I 

Primary Secondary 
""0 G) ""0 :;:o :;:o (") 

~ 
r (") OJ :lE ~ 

en m z 0 :lE ""0 :;:o 
:lE ~ 

0 m m 0 5 :lE en 0 (") (") s::: :;:o :;:o r r :;:o :lE 0 -I (") :;:o ...... ~ s::: s::: s::: 0 r m z 
J 

I 

I I I I I 
801.12 

I 

I I I I I I 801.12 

X2 X X X 801.11 

I I I I I 801.11 

I I I I I 801.11 

I 

_j 
2 Access prohibited in all or part ev OranQe Co~:~ntv Reso~:~rses Development and ManaQement Division 

per agency with jurisdiction 
* Sand Canyon Wash also has RARE Beneficial Use 
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Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS 

s::: )> 
c G) 
z ;;tJ 

San Gabriel River Drainage 

Coyote Creek (within Santa Ana X 
Regional Boundary) 

Santa Ana-Delhi Channel 

Reach 1 - uj;mer bounda!Y of 
Tidal Prism to intersection of + 
Sunflower Ave./Flower St. 
Reach 2 - Sunflower 
Ave./Flower St. intersection to + 
Warner Avenue 

Greenville Banning Channel 

Reach 1- Inflatable Diversion Dam 
to California Street + 

UPPER SANTA RIVER BASIN 

Santa Ana River 

Reach 3 - Prado Dam to Mission 
X Blvd. in Riverside 

+ 

X Present Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

'-' 

z 
0 

March 16, 2012 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
"U G) "U ;;tJ ;;tJ (") 

~ 
r (") OJ ~ ~ 

en 
;;tJ z m 0 ~ 0 "U m 

~ ~ 0 m 0 r= ~ en 0 ~ 
(") (") s::: ;;tJ ;;tJ r ;;tJ -i (") ;;tJ ....... 1\.) s::: s::: s::: 0 r 0 m z 

X X X X 845.61 

Y. Y. ~ ~ ~ 801.10 

Y. ~ ~ ~ 801.10 

!! Y. ~ ~ 801.10 

X X X X I X X ~ 801.21 
801.21, 
801.25 

u REC 1 and/or REC 2 are not attainable uses as determined by UM (See Table 3-2 and Chapter 3, 
Recreation Beneficial Uses) 
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Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS 

s:: )> 
G> c z ::0 

Reach 4- Mission Blvd. in 
Riverside to San Jacinto Fault + 
in San Bernardino 

Reach 5- San Jacinto Fault in 
X* X 

Bernardino to Seven Oaks Dam' 
Reach 6 - Seven Oaks Dam to 
Headwaters (see also Individual X X 
Tributary Streams) 

San Bernardino Mountain Streams 

Mill Creek Drainage: 

Mill Creek 

Reach 1 - Confluence with 
Santa Ana River to Bridge 

I I 
Crossing Route 38 at Upper 
Powerhouse 
Reach 2 - Bridge Crossing 
Route 38 at Upper 

X X 
Powerhouse to Headwaters 

--

X Present Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

z 
0 

r"a.rch 16, 2012 r 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
"U G> "U ::0 ::0 () 

~ 
r (") OJ ~ ~ 

(/) 

::0 ~ 
z 

0 m m 0 ~ 0 0 
"U m 

0 ~ (") (") s:: ::0 ::0 r r= ::0 ~ 
(/) 

(") ::0 ~ ...... 1\) s:: s:: s:: 0 r 0 m z -I 

801.27 801.44 

X X3 X X X 2£ 2£ 

X x3 X X X X 
801.52 801.57 

801.72 
X X X X X X X 

801.58 

I I I I I I 

801.58 

X X X X X X 

* MUN applies upstream of Orange Avenue (Redlands); downstream, water is excepted from MUN 
t Reach 5 uses are intermittent upstream of Waterman Avenue 
3 Access prohibited in some portions by San 8ernardino Co1::1nty Flood Control per agency with 

jurisdiction 
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Table 3-1 BENEFICIAL USES - Continued 
INLAND SURFACE STREAMS 

s:: ~ 
c G) 
z ::0 

Mountain Home Creek X 

Mountain Home Creek, East X 
Fork 
MeRkey ~ase GFeek 
Monkevface Creek 

X 

Alger Creek 
X 

Falls Creek X 

Vivian Creek X 

High Creek X 

Other Tributaries: Lost, Oak I 
Cove, Green, Skinner, Momyer, 
Glen Martin, Camp, Hatchery, 
Rattlesnake, Slide, Snow, 
Bridal Veil, and Oak Creeks 
and other Tributaries to these 
Creeks 

Bear Creek Drainage: 

Bear Creek X X 

Siberia Creek X 

Slide Creek I 

Johnson Creek I 

X PFeseRt Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

'-' 

z 
0 

"'U G) 
::0 z 

~ ~ 0 
(") ::0 

X 

X X 

X 

X 

X 

X 

X 

I 

X 

X 

I 

I 

March 16, 2012 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
"'U ::0 ::0 (") 

~ 
r (") 00 ~ ~ 

en 
0 ~ "'U m 0 m m 0 0 j= en 

~ 
(") (") s:: ::0 ::0 r ::0 ~ -i ....>. ~ s:: s:: s:: 0 r 0 m z 

X X X X X 801.58 

X X X X X X 801.70 

X X X X 
801.70 

X X X X 
801.70 

X X X X X X 801.70 

X X X X 
801.70 

X X X X 801.70 

I I I I 801.71 

X X X X X X 801.71 

X X X X X 801.71 

I I I I 801.71 

I I I I 801.71 
--L__ - L_ -- - _L__ -- L___ 
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Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS 

s:: )> 
c G) 
z ::0 

All other Tributaries to these 
I 

Creeks 
Big Bear Lake (see Lakes, pg. 
3-xx) 

Big Bear Lake Tributaries: 

North Creek 
X 

Metcalf Creek X 

Grout Creek X 

Rathbone (Rathbun) Creek X 

Meadow Creek X 

Summit Creek I 

Knickerbocker Creek 

Reach 1 - concrete channel, 
l the Lake to Villaae Dr. 

Reach 2 - natural channel, 
! Villaae Dr. to headwater 

Other Tributaries to Big Bear 
Lake: Kniskereosker, Johnson, 
Minnelusa, PoliEfQ.ue, and Red I 
Ant Creeks and other 
Tributaries to these Creeks 
--- ---

X Present Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 

z 
0 

"U G) "U 
::0 z 

:§! ~ 0 0 :§! (') ::0 

I 

X 

X 

X 

X 

X 

I 

1 

! 

I 

~rch 16,2012 r' 

BENEFICIAL USE 
Hydrologic Unit 

i 

Primary Secondary I 

::0 ::0 (') 

~ 
r (') OJ :§! ~ 

(J) 

0 :§! "U m m m 0 0 r= (J) 

I 

(') (') s:: ::0 ::0 r ::0 :§! -i ...... N s:: s:: s:: 0 r 0 m z 

I I I I 801.71 
j 

I 

I 

801.71 I 

X X X X X 
' 

X X X X X 801.71 

X X X X 
X 801.71 

X X X X 801.71 

X X X X 801.71 

I I I I 801.71 

l l 1 l 801.71 

! ! ! ! 801.71 

I I I I 801.71 
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Table 3-1 BENEFICIAL USES • Continued 

INLAND SURFACE STREAMS Hydrologic Unit 
BENEFICIAL USE 

Primary Secondary 

s:: )> 1J (j) 1J :;o :;o (") 

~ 
r (") OJ :E ~ 

(/) 

z :;o z 0 :E 1J m c (j) :E ~ 0 m m 0 0 j= :E (/) 
z :;o CJ 0 :E (") (") s:: :;o :;o r :;o -i (") :;o ..... 1\.) s:: s:: s:: CJ r CJ m z 

Baldwin Lake (see Lakes, pg. 
3-xx) 

Baldwin Lake Drainage: 

Shay Creek X X X X X X X 801.73 

Other Tributaries to Baldwin I I I I I I 801.73 
Lake: Sawmill, Green, and 
Caribou Canyons and other 
Tributaries to these Creeks 

Other Streams Draining to Santa 
Ana River (Mountain Reaches:!:) 

Cajon Can~on Creek X X X X X X X 801.52 801.51 

City Creek X X X X X X X X X 801.57 

Devil Canyon Creek X X X X X X 801.57 

East Twin and Strawberry X X X X X X X X 801.57 
Creeks 

- - - -

X Prosent Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 

:t: The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino 
Bernardino or San Gabriel Mountains 
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Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS 

s:: ~ 
c G) 
z :::0 

Waterman Canyon Creek X 

Fish Creek X 

Forsee Creek X 

Plunge Creek X X 

Barton Creek X X 

Bailey Canyon Creek I 

X Present Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 

z 
0 

'U G) 
:::0 :?! 0 

:::0 (") 

X 

X 

X 

X 

X 

I 

r'a.rch 16, 2012 

BENEFICIAL USE 

'U :::0 :::0 (") 

~ 
r-z 0 :?! 

~ 0 m m 
:?! (") (") s:: :::0 :::0 ...... 1\) s:: s::: s::: 

X X 

X X 

X X 

X X 

X X 

I I 
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Hydrologic Unit 

Primary Secondary 
(") OJ :?! ~ 

en 
'U m 0 6 j= en r-

0 
:::0 :?! -1 0 r- m z 

X X 801.57 

X X X 801.57 

X X X 801.72 
i 

X X X 801.72 I 

X X 801.72 

I I 801.72 
-
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Table 3·1 BENEFICIAL USES • Continued 

INLAND SURFACE STREAMS 

s:: )> 
c G) 
z ;o 

Kimbark Canyon, East Fork X 
Kimbark Canyon, Ames 
Canyon and West Fork Cable 
Canyon Creeks 
Valley Reaches"' of Above 

I 
Streams 
Other Tributaries (Mountain I 
Reaches=~=): Alder, Badger 
Canyon, Bledsoe Gulch, Borea 
Canyon, Breakneck, Cable 
Canyon, Cien~a Seca, Cold, 
Converse, Coon, Crystal, Deer, 
Elder, Fredalba, Frog, 
Government, Hamilton, Heart 
Bar, Hemlock, Keller, Kilpecker, 
Little Mill, Little Sand Canyon, 
Lost, Meyer Canyon, Mile, 
Monroe Canyon, Oak, 
Rattlesnake, Round Cienegga, 
Sand, Schneider, Staircase, 
Warm Springs Canyon, and 
Wild Horse Creeks and other 
Tributaries to these Creeks 

~-- ~--

X PFesent Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 

'-' 

z 
0 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
"0 G) z "0 ;o ;o (") ~ ~ ('") CJ ~ ~ 

en 
;o 0 "0 m 

~ ~ 0 m m )> 0 6 r= ~ en 0 ~ (") (") s:: ;o ;o r ;o -1 (") ;o ...... N s:: s:: s:: 0 r 0 m z 

X X X X X X 801.52 

I I I I I 
801.52 

I I I I I 801.72 801.71, 801.57 

:1: The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino 
or Gabriel Mountains 
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Table 3-1 BENEFICIAL USES -Continued 

INLAND SURFACE STREAMS 

s:: )> 
c G) 
z ::u 

San Gabriel Mountain Streams 
(Mountain Reaches+) 

San Antonio Creek X X 

Lytle Creek (South, Middle, 
and North Forks) and X X 
Coldwater Canyon Creek 

Day Can~on Creek X 

East Etiwanda Creek X 

Valley Reaches + of Above 
I 

Streams 

Cucamonga Creek 

Reach 1 - Confluence with 
Mill Creek to 23rd St. in + 
Upland 

X Present Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

z 
Cl 

X 

X 

BENEFICIAL USE 
Hydrologic Unit 

Primary 
"U G) "U ::u ::u 0 ~ 

r- 0 CD :E ~ 
en 

::u z 0 :E "U m 
:E ~ 0 m m 0 6 en 0 :E 0 0 s:: ::u ::u r- r- ::u :E -i 0 ::u ....... 1\) s:: s:: s:: Cl r- Cl m z 

X X X X X X X 801.23 

801.41 

X X X X X X X X 

X X X X X X 801.21 

X X X X X X X 801.21 

I I I I I 801.21 

X X X X X 801.21 u3 !! 
-

+ The division between Mountain and Valley reaches occurs at the base of the foothills of the 
San Bernardino Mountains or San Gabriel Mountains 

Secondary 

801.42, 801.52, 
801.59 

-

u REC 1 and/or REC 2 are not attainable as determined b~ a UAA.(See Table 3-2 and Chapter 3. 
Recreation Beneficial Uses) 

~ Access prohibited in some portions by the San BernarEiino County FlooEI Control_per agency with 
jurisdiction 
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Attachment 1 to Resolution No. RB-2012-0001 

Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS 

s::: 
c z 

Reach 2 (Mountain Reach"') 
- 23rd St. In Upland to X 
headwaters 

Mill Creek (Prado Area) + 

Other Tributaries (Mountain I 
Reaches +): CajoA CaAyoA, San 
Sevaine, Deer, Duncan Canyon, 
Henderson Canyon, Bull, Fan, 
Demens, Thorpe, Angalls, 
Telegraph Canyon, Stoddard 
Canyon, Icehouse Canyon, 
Cascade Canyon, Cedar, Falling 
Rock, Kerkhoff, and Cherry 
Creeks and other Tributaries to 
these Creeks 

Valley: Reaches+ of Above Streams ! 

San Timoteo Area Streams 

San Timoteo Creek 

Reach 1 A - Santa Ana River 
+ II Confluence to Barton Road 

X PresoRt Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

'-' 

)> 
G) z 
;:o 0 

X 

I 

March 16, 2012 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
-u G) -u ;:o ;:o ("') 

~ 
,.... 

("') OJ ~ ~ 
(/) 

;:o z 0 ~ -u m 
~ ~ 0 m m 0 5 r= ~ 

(/) 0 ~ 
("') ("') s::: ;:o ;:o ,.... ;:o -i ("') ;:o ...... ~ s::: s::: s::: 0 

,.... 0 m z 

X X X X X X X X 801.24 

X X X X X 801.25 

I I I I I 801.21 801.23 

! ! ! ! ! 801.21 801.43 

I I I I 113 II I II I I I II I I I 
1801.52 

1. The division between Mountain and Valley reaches occurs at the base of the foothills of the San 
Bernardino Mountains or San Gabriel Mountains 

3 Access prohibited in some portions by SaA 8emaFEliAo Coi:JAty Flood CoAtrol per agency: with jurisdiction 
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Att.achm('; to Resolution No. RB-2012-0001 ~rch 16,2012 (' 

Table 3-1 BENEFICIAL USES -Continued 

INLAND SURFACE STREAMS 

~ )> 
c G) 
z ;:o 

Reach 1B Barton Road to 
Gage at San Timoteo Canyon + I 
Rd. 
Reach 2 Gage at San Timoteo 
Creek to Confluence with + 
Yucaipa Creek 
Reach 3 Confluence with + 
Yucaipa Creek to confluence 
with little San Gorgonio and 
Noble Creeks (Headwaters of 
San Timoteo Creek) 

Oak Glen, Potato Canyon, and X 
Birch Creeks 

Little San Gorgonio Creek X 

Yucaipa Creek I 

Other Tributaries to these 
I 

Creeks-Valley Reaches:!: 
Other Tributaries to these 

I 
Creeks-Mountain Reaches:!: 

Anza Park Drain X 

X Present Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

z 
0 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
(") 

~ -u G) z -u ;:o ;:o r- (") OJ ~ ~ 
(/) 

;:o 
:lE ~ 0 m m 0 :lE 0 6 

-u m 
0 :lE (") (") ~ ;:o ;:o r r ;:o :lE (/) 

(") ;:o ...... 1\.) ~ ~ ~ 0 r 0 m z -i 

I 13 I I I 801.52 

X X X X X 801.61 

X X X X X 801.61 

X X X X X 801.67 

X X X X X 801.69 801.62, 801.63 

I I I I I 801.67 801.61' 801.62, 
801.64 

I I I I I 801.62 801.52, 801.53 

I I I I I 801.69 801.67 

X X X X X 801.27 
-- -- -

t The division between Mountain and Valley reaches occurs at the base of the foothills of the San 
Bernardino or San Gabriel Mountains 

3 Access prohibited in some portions ~ San 8eFRaFdine Ceunty Fleed Central per agency with jurisdiction 
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Attachment 1 to Resolution No. RB-2012-0001 March 16, 2012 

Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS 

:s:: )> 
c G) 
z :::0 

Sunnyslope Channel X 

Tequesquite Arroyo (Sycamore + 
Creek) 

Prado Area Streams 

Chino Creek 

Reach 1 A - Santa Ana River 
confluence to downstream of + 
confluence with Mill Creek 
(Prado Area) 
Reach 1 B - Confluence with 
Mill Creek (Prado Area) to 
beginning of concrete-lined + 
channel south of Los 
Serranos Rd.*** 

X Present Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

'--' 

z 
0 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
""0 G) ""0 :::0 :::0 (") 

~ 
r (") OJ ~ ~ 

(J) 

:::0 z 0 ~ 0 ""0 m 
~ ~ 0 m m 6 j= ~ 

(J) 0 (") (") :s:: :::0 :::0 r :::0 
(") :::0 ~ ...... 1\) :s:: :s:: :s:: 0 r 0 m z -I 

X X X X 2S X 801.27 

X X X X X X 
801.27 

801.21 

X X X X X 

X X X X X 801.21 

L__ ·-- -

+ The division between Mountain and Valley reaches occurs at the base of the foothills of the San 
Bernardino or San Gabriel Mountains 

*** The confluence of Mill Creek is in Chino Creek, Reach 1 B 
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Attachm("l to Resolution No. RB-2012-0001 t'\rch 16, 2012 ~ 
Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS 

s:: )> 
c G) 
z ;:o 

Reach 2 - Beginning of 
concrete-lined channel south 

+ 
of Serranos Rd. to confluence 
with San Antonio Creek 

Temescal Creek 

Roash 1 Linsoln Avo. to ..... 
Ri,.IOFsiEio Ganal 
Roash;;! RivoFsiEio Ganal to ..... ~ 
boo bake 
Reach 1a- Lincoln Ave. to 

+ 
Arlinaton Channel confluence -
Reach 1 b - Arlington Channel 
confluence to 1400 ft. + 
uostream of Maanolia Ave. 
Reach 2 -1400 ft. u12stream of 
Magnolia Ave. to Lee Lake + t-~ 

X PFosont Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

z 
0 

~ 

t-~ 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
""0 G) z ""0 ;:o ;:o (") 

~ ~ 0 OJ ::E ~ 
(/) 

;:o 0 0 ""0 m 
::E ~ 0 m m 6 r= (/) 0 (") (") s:: ;:o ;:o r ;:o ::E 

(") ;:o ::E ...... N s:: s:: s:: 0 r 0 m z -i 

X x3 X X X 801.21 

~ X X X 8Q1.;;!a 

~ ~ ~ ~ ~ 8Q1.3;;! 8Q1.;;!a 

ll ~ ~ ~ 801.25 

!!3 !! ~ ~ 801.25 

t-~ t-~ t-~ t-~ t-~ 801.25 

*** The confluence of Mill Creek is in Chino Creek, Reach 1 B by Ri'JOFsiEio Gmmty FlooEI GontFOI 
3 Access prohibited in some portions by San BomaFEiino Gmmty FlooEI Gontrol 12er agency with jurisdiction 
~/\.GGOSS f'IFOhibitoEI in SOFAO f'IOrtions by Ri•JOFSiEio Gounty FIOOEI GontFOI 
u REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Cha12ter 3. 

Recreation Beneficial Uses) 
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Attachment 1 to Resolution No. RB-2012-0001 

Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS 

s: 
c 
z 

Reach 3- Lee Lakes (see Lakes, 
Page 3-xxj_ 
Reach 4 - Lee Lake to Mid-Section 
Line of Section 17 (downstream end + 
of freeway cut) 
Reach 5 - Mid-section line of 
Section 17 (downstream end of 
freeway cut) to Elsinore Ground-

+ 

water Subbasin Boundary 
Reach 6 - Elsinore Groundwater 
Subbasin Boundary to Lake + 
Elsinore Outlet 

Coldwater Canyon Creek X 

Bedford Canyon Creek + 

Dawson Canyon Creek I 

Other Tributaries to these Creeks I 

SAN JACINTO RIVER BASIN 

San Jacinto River 

Reach 1 - Lake Elsinore to Canyon 
I 

Lake 
Reach 2- Canyon Lake (see Lakes 
Pg. 3-xx) 

X Present Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

ll 

)> 
G') 
:::0 

~~ 

X 

X 

I 

"0 G') z z :::0 ~ ~ 0 0 
() :::0 

~~ 

X 

I 

X 

I 

I 

I 

I 

March 16, 2012 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 

"0 :::0 :::0 () 

~ 
r () Ill ~ ~ 

en 
0 ~ "0 m 

0 m m 0 5 j= ~ en 
~ 

() () s: :::0 :::0 r :::0 -I .... 1\.) s: s: s: 0 r- 0 m z 

I 
I 

~~ ~~ ~~ ~~ ~~ 801.34 

I 

X X X X X 801.35 

I I I I 801.35 
I 
I 

X X X X 801.32 I 

I I I I 801.32 

I I I I 801.32 
I 

I I I I 801.32 

I I I I 801.32 802.31 

--

Page 24 of 76 

'--' '--' 



Att.achm('j to Resolution No. RB-2012-0001 

Table 3-1 BENEFICIAL USES - Continued 

INLAND SURFACE STREAMS 

s:: 
c 
z 

Reach 3 - Canyon Lake to Nuevo 
+ 

Road 
Reach 4- Nuevo Road to North-

+ 
South Mid-Section Line, T4S/R1W-S8 
Reach 5 - North-South Mid-Section 
Line, T4S/R1 W-S8, to Confluence + 
With Poppet Creek 
Reach 6 - Poppet Creek to I 
Cranston Bridge 
Reach 7 - Cranston Bridge to Lake X 
Hemet 

Bautista Creek - Headwaters to Debris X 
Dam 
Strawberry Creek and San Jacinto X 
River, North Fork 

Fuller Mill Creek X 

Stone Creek X 

Other Tributaries: Logan, Black 
Mountain, Juaro Canyon, Indian, 

I 
H~rkey, Poppet, and Protrero Creeks 
and other Tributaries to these Creeks 

Salt Creek + 

Goodhart Can)lon, St. John's Can)lon, 
+ 

and Cactus Vallev Creeks 

X Pr=esent Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

)> 
G) 
;:o 

I 

I 

I 

I 

X 

X 

X 

X 

X 

I 

! 

'"C G) z z ;:o 
~ ~ 0 0 

("') ;:o 

I 

I 

I 

I 

X 

X 

X 

X 

X 

I 

nrch 16, 2012 (' 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
'"C ;:o ;:o ("') 

~ 
r- ("') OJ ~ ~ 

(/) 
0 ~ '"C m 0 m m 0 0 j= ~ (/) 

~ ("') ("') s:: ;:o ;:o r- ;:o -i ....... 1\.) s:: s:: s:: 0 r- 0 m z 

I I I I 802.11 

I I I I 802.21 802.21 

I I I I 802.21 

I I I I 
802.21 

X X X X 801.21 

X X X X 802.21 802.23 

X X X X 801.21 

X X X X 802.22 

X X X X 802.21 

I I I I 802.21 802.22 

I I I I 802.12 

! ! ! ~ 802.15 
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Attachment 1 to Resolution No. RB-2012-0001 

Table 3-1 BENEFICIAL USES - Continued 

LAKES AND RESERVOIRS 

s:: )> 
c G) 
z ::0 

UPPER SANTA ANA RIVER BASIN 

Baldwin Lake + 

Big Bear Lake X X 

Erwin Lake X 

Evans, Lake + 

Jenks Lake X X 

Lee Lake + X 

Mathews, Lake X X 

Mockingbird Reservoir + X 

Norconian, Lake + 

LOWER SANTA ANA RIVER BASIN 

Anaheim Lake + 

Irvine Lake (Santiago Reservoir) X X 

La!1J1:1Aa, Lambert, Peters Canyon, 
Rattlesnake, Sand Canyon, and + X 
Siphon Reservoirs 

X Present Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

'-' 

z 
CJ 

X 

X 

March 16, 2012 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
\) G) \) ::0 ::0 (") 

~ 
r- (") OJ :E ~ 

en 
::0 z 0 :E \) m 

:E ~ 0 m m 0 5 r= :E en 0 :E (") (") s:: ::0 ::0 r ::0 --1 (") ::0 ...... "' s:: s::: s:: CJ r- CJ m z 

I I I I I I I 801.73 

X X X X X X X 801.71 

X X X X X X 801.73 

X X X X X 801.27 

X X X X X 801.72 

X X X X X 802.34 

X X x4 X X X X 802.33 

x4 X X X 802.26 

X X X X 802.25 

X X X X X 801.11 

X X X X X 801.12 

x4 X X X 801.11 

4 Access prohibited by the Metro~olitan Water Distrist per agency/company with jurisdiction 
' Assess prohibitea by the Ga!1Je Canal Company 
7-/\ssess ~rohibitea by the IPiine Ransh Comf')any 
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Attachmf"l to Resolution No. RS-2012-0001 

Table 3-1 BENEFICIAL USES - Continued 

LAKES AND RESERVOIRS 

s:: ~ 
c G) 
z :;o 

SAN JACINTO RIVER BASIN 

Canyon Lake (Railroad Canyon X X Reservoir) 

Elsinore, Lake + 

Fulmor, Lake X X 

Hemet, Lake X X 

M~stic Lake + 

Perris, Lake X X 

X Present Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

'U 
z :;o 
0 0 

(") 

X X 

G) 'U z 
~ ~ 0 
:;o ~ 

X 

X X 

X 

f'arch 16, 2012 r 

BENEFICIAL USE Hydrologic Unit 

Primary Secondary 
:;o :;o (") 

~ 
r- (") OJ ~ ~ 

en 
0 ~ 'U m m m 0 5 F ~ en (") (") s:: :;o :;o r- :;o 

...... N s:: s::: s::: 0 r- 0 m z -; 

X X X X 802.11 802.12 

X X X X 802.31 

X X X X X 802.21 

X X X X X X 802.22 

1 1 1 X X X 802.11 

X X X X X 802.11 
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Attachment 1 to Resolution No. RB-2012-0001 March 16, 2012 

Table 3-1 BENEFICIAL USES -Continued 

WETLANDS (INLAND) 

-u s:: )> 
c G> z ::0 
z ::0 0 0 

() 

San Joaquin Freshwater + 
Marsh** 

Shay Meadows I 

Stanfield Marsh** X 

Prado Basin Management 
Zone@ + 

San Jacinto Wildlife + 
Preserve** 

Glen Helen X 

X Present Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

'-' 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
() 

~ G> z -u ::0 ::0 I () CJ ~ $! en 
~ ~ 0 m m 0 ~ 0 0 

-u m 
~ 

() () s:: ::0 ::0 I I ::0 ~ en 
::0 ...... N s:: s:: s:: 0 I 0 m z -I 

X X X X X X 801.11 801.14 

I I I I 801.73 

X X X X X 801.71 

X X X X X 802.21 

X X X X X X 802.21 802.14 

X X X X 801.59 

** This is a created wetland as defined in the wetland discussion 
® The Prado Basin Management Zone includes the Prado Flood Control Basin, a created wetland 

as defined in the Basin Plan (see Chapter 3, pages 3-4 through 3-7) 
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Attachrl to Resolution No. RB-2012-0001 ~rch 16, 2012 (" 
Table 3-1 BENEFICIAL USES - Continued 

GROUNDWATER 
MANAGEMENT 

ZONES 
s:::: 
c z 

UPPER SANTA ANA RIVER BASIN 

Big Bear Valley X 

Beaumont X 

Bunker Hill- A X 

Bunker Hill- B X 

Colton X 

Chino North "maximum benefit"++ X 

Chino 1 - "antidegradation"++ X 

Chino 2 - "antidegradation"++ X 

Chino 3- "antidegradation"++ X 

Chino East@ X 

Chino South @ X 

Cucamonga X 
-

X Present Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
)> ""0 G> ""0 ;:o ;:o () 

~ 
r () CD ~ ~ 

en 
;:o z 0 ::E ""0 m z 0 m m 0 G> 

0 0 ::E ~ ::E () () s:::: ;:o ;:o r 0 r ;:o ::E en 
;:o () ;:o ....>. 1\.) s:::: s:::: s:::: 0 r 0 m z -i 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 801.71 801.73 

X X 801.62 801.63, 801.69 

X X 801.52 801.52 

X X 802.52 . 801.53, 801.54, 
801.57, 801.58 

X X 801.44 801.45 

X X 801.21 481.21, 481.23 

X X 801.21 481.21 

X X 801.21 

X X 801.21 

X X 801.21 801.27 

X X 801.21 801.25, 801.26 

X X 801.24 801.21 

++ Chino North "maximum benefit" management zone applies unless Regional Board determines that lowering of 
water quality is not of maximum benefit to the people of the state; in that case, the Chino 1, 2, and 3 

"antidegradation" management zones would apply (see also discussion in Chapter 5). 
@ Chino East and South are the designations in the Chino Basin Watermaster "maximum benefit" proposal 

(see Chapter 5) for the management zones identified by Wildermuth Environmental , Inc. (July 2000) as 
Chino 4 and 5, respectively 
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Attachment 1 to Resolution No. RB-2012-0001 

Table 3-1 BENEFICIAL USES -Continued 

GROUNDWATER 
MANAGEMENT 

ZONES 
s:: 
c 
z 

Lytle X 

Rialto X 

San Timoteo X 

Yucaipa X 

MIDDLE SANTA ANA RIVER BASIN 

Arlington X 

Bedford X 

Coldwater X 

Elsinore X 

Lee Lake X 

Riverside - A X 

Riverside - B X 

Riverside - C X 

Riverside - D ).< 

Riverside - E X 

X PFesent Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

'-' 

~ z G> 
;c 0 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X 

X X 

X X 

X X 

X X 

X X 

X X 

"1J ;c 
0 
(") 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

March 16, 2012 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 
G> "1J ;c ;c (") 

~ 
r- (") OJ :lE ~ 

en z m m 0 :lE 0 "1J m 
:lE ~ 0 5 j= :lE en 
;c :lE (") (") s:: ;c ;c r-

0 
;c -i ....>. N s:: s:: s:: 0 r- m z 

801.59 801.42 I 

801.44 801.21, 801.43 

801.62 801.61 ! 

801.61 
801.55, 801.63, 

I 801.67 

I 

801.26 I 

801.32 481.31 
I 

801.31 
I 

802.31 

801.34 

801.27 801.44 

801.27 801.44 

801.27 

801.27 801.26 

801.27 
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Attachrrk 2 to Resolution No. RB-2012-0001 

Table 3-1 BENEFICIAL USES - Continued 

GROUNDWATER 
MANAGEMENT 

ZONES 

Riverside - F 

Temescal 

SAN JACINTO RIVER BASIN 

Garner Valley 

Idyllwild Area 

Canyon 

Hemet - South 

Lakeview - Hemet North 

Menifee 

Perris North :: .. :· 
Perris South 

San Jacinto - Lower 

San Jacinto - Upper 

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

··-~~ 

~ 
c: z 

X 

X 

X 

X 

X 

X 

X 

X 

l 1l~·/::~ 
X 

X 

:X 

)> z G) 
:::0 CJ 

X X 

X X 

X 

X 

X X 

X ,x." 
X~ rr* :.::·. 

X L\~~~~ 
'::>(, 
;. . .. ~ X 

X 

X X 

X X 

""0 G) 
:::0 z 

:E ~ 0 
(") :::0 

X 

X 

.:·' 

X 

X :. 

··'I,..;• 

X l~l~J; 
.X :::::~~i l~&fd:~~J ?Jf, 

'·X 

; .. 
x:·.;;; 

._.arch 16, 2012 --../' 

BENEFICIAL USE,zi. "'£ .: 
Hydrologic Unit 

o,,,.. 
1;: ; Primary Secondary 

""0 :::0 :::0 (") ··~· r (")': ;'OJ ~ ?; (/) 

m m 0 )> ~ o· ""0 m 
0 .. 5· j= (/) 

:E (") (") s::::: :::0 :::0 r :::0 :E -1 _. 1\.), :s:: s:: s:: CJ ··r:· CJ m z 

801.27 ... ;' 

. •, .... · ..... ~{:;;: 
1·:. 801.25 

y 

.. •; 802.22 .; ··. 

< ':· 
802.22 802.21 

•. 

. . ·\; 802.21 

:I. 802.15 802.13, 802.21 · .. ,: 
.. ;; :·· 802.14 802.15 

1"~(:;~:, ii~ > '.• r 
802.13 

802.11 

802.11 802.12, 802.13 

802.21 802.11 

802.27 802.23 
I 
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Attachment 2 to Resolution No. RB-2012-0001 

Table 3·1 BENEFICIAL USES • Continued 

GROUNDWATER 
MANAGEMENT 

ZONES 

LOWER SANTA ANA RIVER BASIN 

La Habra 

Santiago 

Orange 

Irvine 
-- --

X Existing or Potential Beneficial Use 
I Intermittent Beneficial Use 
+ Excepted from MUN (see text) 

, ____ / 

s::: )> 
c G) z 
z ::0 0 

X X 

X X X 

X X X 

X X X 

"'U G) z ::0 :E ~ 0 
::0 (') 

X 

X 

March 16. 2012 

BENEFICIAL USE 
Hydrologic Unit 

Primary Secondary 

"'U ::0 ::0 (') :E r (') OJ :E ~ 
en 

0 m m 0 )> :E 0 0 
"'U m 

(') s::: ::0 r= :E en 
:E (') ::0 r ::0 -1 

~ 1\J s::: s::: s::: 0 r 0 m z 

845.62 

801.12 801.11 

801.11 
801.13,801.14 
845.61' 845.63 

801.11 
-- -
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Attachri1,~- 2 to Resolution No. RB-2012-0001 ----~•arch 16, 2012 ) 

in some Inland 

.··· .. -. ~:~~r '"·~~~~-~~$. 
'~ i!i'+;':<-" Agency 

Segment/ 
Reach Description ··~~s:t REC2 Approval 

Waterbody Reach ~~-~,~of,··.\_; Dates1 

~,< . .:l 
, •.• 2,,, " : . ') 

Greenville-Banning Tidal Santa Ana River Confluence to Inflatable Diversion Dam no ··x .. ~.~·;. 
Channel Prism ( 0.23 mile downstream of Fairview Charnnel Conflt:re'rn'ce) 

(City of Costa Mesa) ·~.;·t \. .c::' 
Reach 1 Inflatable Diversion Dam to Californial?Str:eet. no no 

(City oH::osta Mesa) 

-"-- .····. ·:· :··.· 

Santa Ana Delhi Tidal Bicycle Bridge at UniversityDr. at·WpJiier,,Newport'Hay,,,to no X 
Channel - Prism 1 036 ft. upstream 

' ' ' ~ 

{City of NewQ_(l)tb:Beacb1);;, >'. ·· •···· 
Reach 1 Upper Boundary:ofiEidal Prism 10~immediately upstteam no no 

of inter:section of S:wrnflower Av~~Hd Flower Street 
,~1~~--.·:· (Cit\f~f Santa Afilaj 

Reach 2 lmmedJiately upstreaf;n~f intersectionr:t>f Sunflower Ave. no X 
and FII!>WE!!t~st~"to Warner~:Ave 

. • ::f~ity'of~~ffiialfAlma~. 
Reach 1a 

birncoln Avemwe to Arlington Ctlannel Confluence no X 
·<:~(City of Corona) 

Temescal Creek Arlingtol!l~Channel Confluence to 
Rea·cb·1b 1400·ft. upsfrefclm of Magnolia Avenue no no 

·····.,_f. (Ci~il:Of Corona) 
Cucamonga Creek ::·:· Conflue·rnce with Mill Creek in Prado area 

Reach 1 to ne·ti·r 23rd Street (City of Upland) no no 

' ' 

X Existing or Potential 
1 Date of Regional Board, State Board, USEPA approvals to be added 
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Attachment 2 to Resolution No. RB-2012-0001 March 16, 2012 

CHANGES TO CHAPTER 4- WATER QUALITY OBJECTIVES 

Amend CHAPTER 4- WATER QUALITY OBJECTIVES, INTRODUCTION, third paragraph et 
seq.: 

The water quality objectives in this Plan are specified according to waterbody type: ocean waters; 
enclosed bays and estuaries; inland surface waters; and, groundwaters. 

The narrative water quality objectives below are arranged alphabetically. They vary in applicability 
and scope, reflecting the variety of beneficial uses of water that t1~VE! peen identified (Chapter 3). 
Where numerical objectives are specified, they generally repr~seht the l~vels that will protect 
beneficial uses. However, in establishing waste discharge reqtiirement§·'for specific discharges, the 

' . ·~ .iL~ 

Regional Board may find that more stringent levels are neGessary to protect ·gf;lneficial uses. In 
other cases, an objective may prohibit the discharge of specific substances, iT1ay tolerate natural or 
"background" levels of certain substances or characteristics but np increases oV~U!lose values, or 
may express a limit in terms of not impacting other beneficial U$e$. An adverse efl~ct or impact on 
a beneficial use occurs where there is an actual or threatened loss or impairment of that beneficial 
use. 

Some of these water quality objectives refer to "controllable sources" or controllable water quality 
factors." Controllable sources include both point and non point spurce discharges, such as 
conventional discharges from pipes and dischc:Jrges frqrn l~nQ areas or other diffuse sources. 
Controllable sources are predortUrumtly anthHif?.pg~nic in natij,te.: ,Controllable water quality factors 
are those characteristics of the discharge and/or the receiving water that can be controlled by 
treatment or management methods. l;xamples of other activities that may not involve waste 
discharges, but which also constitute controllable water quality factors, include the percolation of 
storm water, transport/delivery of water via r,atural stream channels, and stream diversions. 
Uncontrollable sources of pollutants can occur naturally or as the result of anthropogenic activities. 
These sources are not readily managed through technological or natural mechanisms. 

Amend CHAPTER 4- WATE~ QUALITY OBJECTIVES, ENCLOSED BAYS AND ESTUARIES
insert the following between tile Oxygen, Dissolved and pH objectives: 

' . . 

Pathogen Indicator Bacteria 

Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence in bay and 
estuarine waters is used as an indicator of pollution. Total coliform is measured in terms of the 
number of coliform organisms per unit volume. Total coliform numbers can include non-fecal 
bacteria, so additional testing is often done to confirm the presence and numbers of fecal coliform 
bacteria. Water quality objectives for numbers of total and fecal coliform vary with the uses of the 
water, as shown below. 
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Amend CHAPTER 4- WATER QUALITY OBJECTIVES, ENCLOSED BAYS AND ESTUARIES: 

&asteria, Coliform 
Fecal bacteria are part of the intestinal flora of warm blooded animals. Their presence in bay and 
estuarine 'Naters is an indicator of pollution. Total coliform is measured in terms of the number of 
coliform organisms per unit volume. Total coliform numbers can include non fecal bacteria, so 
additional testing is often done to confirm the presence and numbers of fecal coliform bacterial. 
VVater quality objecti·.(es for numbers of total and fecal coliform vary with the uses of the 'Nater, as 
shown belo'.v. 

Bays aRd Estoories 

REC 1 Fecal coliform: log mean less than 200 organisms/1 00 ml based on five or more 
samples/30 day period, and not more than 10% of the samples exceed 400 
organisms/1 00 ml for any 30 day period. 

SI-IEL Fecal coliform: median .concentration not more than ·14 MPN (most probable 
number )/100 ml and not more than 10% of samples exceed 43 mpn /100 ml 

(..1end CHAPTER 4- WATER QUALITY OBJECTIVES, ENCLOSED BAYS AND ESTUARIES
insert the following between the Oxygen, Dissolved and pH objectives: 

Pathogen Indicator Bacteria 

Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence in bay and 
estuarine waters is used as an indicator of pollution. Total coliform is measured in terms of the 
number of coliform organisms per unit volume. Total coliform numbers can include non-fecal 
bacteria. so additional testing is often done to confirm the presence and numbers of fecal coliform 
bacteria. Water quality objectives for numbers of total and fecal coliform varv with the uses of the 
water. as shown below. 

Bavs and Estuaries 

REC-1 Fecal coliform: log mean less than 200 organisms/1 00 ml based on five or more 
samples/30 day period. and not more than 10% of the samples exceed 400 
organisms/1 00 ml for any 30-day period. 

Note: The USEPA promulgated enterococci criteria for coastal recreation waters. 
including enclosed bays and estuaries. in 2004 (40 CFR 131.41). The established 
geometric mean enterococci value is 35/100ml. No averaging period was specified. 
leaving that determination to the state's discretion. USEPA also identified single sample 
maximum enterococci values. which vary based on the frequency of use of the REC1 
waters. The Regional Board intends to consider a Basin Plan amendment in the future 
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to formally recognize the enterococci criteria established for enclosed bays and 
estuaries. to define an appropriate averaging period for the application of the geometric ''\ 
mean criterion. and to define appropriate application of the single sample maximum ...1 
values to varving areas within enclosed bays and estuaries in the Region. Until the Basin 
Plan amendment process is completed. the Regional Board will implement the USEPA 
enterococci criteria for coastal recreation waters on a best professional judgment basis. 
with full opportunity for public participation and comment. 

SHEL Fecal coliform: median concentration not more than 14 MPN (most probable 
number}/1 00 ml and not more than 10% of samples exceed 43 mpn /100 ml. 

Amend CHAPTER 4- WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS: 

8aGteria, Golif.erm 
Fecal bacteria are part of the intestinal flora of ·.varm blooded animals. Their presence in surface 
waters is an indicator of pollution. Total coliform is measured in terms of the number of coliform 
organisms per unit volume. Total coliform numbers can include non fecal bacteria, so additional 
testing is often done to confirm the presence and numbers of fecal coliform bacteria. '..Yater 
quality objectives for numbers of total and fecal coliform vary ¥lith the uses of the water, as shovm 
below. 

Lakes aRd Stteams 
MUN Total coNform: less thaR 100 orgaRisFR&/100 mL 

REG 1 Fecal oo!ifoFFR: log meaR less thaR 200 orgaRisms/100 mL based oR 
five or mor:e saFRples/30 day period, aRd Rot more thaR 10% of the samples eJWeed 
400 orgaRisms/1 00 mL for aRY 30 day period 

REG 2 Feca! oofifoFFR: average less thaR 2000 orgaRisms/100 mL aRd Rot mor:e thaR 10% of 
saFRples eJWeed 4000 orgaRisms/1 00 FRL for aRy 30 day period 

Amend Chapter 4- WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS, 
Metals, as follows: 

The SSOs for cadmium and copper are simply the hardness-dependent formulas§. for 
calculating the objective (national criteria), corrected by the dissolved-to-total (metal) ratio. The 
SSO for lead is the recalculated!1 hardness-dependent formula, corrected by the dissolved-to
total ratio. 

! 1 Recalculation for lead was carried out by EPA-Region IX, using the lowest mean genus acute 
value (GMAV) as the final acute value (FAV) and an acute-to-chronic ratio (ACR) of 51.29, 
resulting in a final chronic value (FCV) of 2.78 and the SSO formula already shown. J 
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~ Proposed Basin Plan Amendments (underline/strike-out version) 

(NOTE: Changes to the recreation standards for inland fresh waters within the Santa Ana 
Region and related explanatory narrative and implementation strategies are proposed to be 
incorporated in Chapter 3, Beneficial Uses, Chapter 4, Water Quality Objectives, and 
Chapter 5, Implementation. Certain surface waters not currently listed in the Basin Plan are 
proposed to be added, changes in reach designations for one of the listed waters are 
proposed, and two reservoirs no longer in existence are proposed to be removed. Other 
changes are proposed. If the Basin Plan Amendment is approved, corresponding changes 
will be made as necessary to the Table of Contents, the List of Tables, page numbers, and 
page headers in the Plan. Formatting changes, including page numbers, page headers and 
table and figure identifiers may be modified for the purposes of possible re-publication of the 
Basin Plan. However, no substantive changes to the text, tables or figures would occur 
absent a Basin Plan amendment.) 

In the text and tables that follow, added language is underlined; deleted language is 
shown in strikeout type. Attachment 2 to Resolution No. RB-2012-0001 provides a "clean" 
version, showing how the amendments would appear in the Basin Plan. 

CHANGES TO CHAPTER 3 - BENEFICIAL USES 

(.,~mend CHAPTER 3- BENEFICIAL USES, INTRODUCTION, second paragraph: 

Section 303(d) of the federal Clean Water Act (33 U.S.C. § 1313) defines water quality 
standards as consisting of 9etR the uses of the surface (navigable) waters involved.~. aR9 the 
water quality criteria which are applied to protect those uses and an antidegradation policy. 
Under the Porter-Cologne Water Quality Control Act (California Water Code, Division 7, 
Chapter 2 § 13050) these concepts the uses of waters and water quality criteria are 
separately considered as beneficial uses and water quality objectives. Beneficial uses and 
water quality objectives are to be established for all waters of the state, both surface and 
subsurface (groundwater). 

Amend CHAPTER 3 - BENEFICIAL USES, BENEFICIAL USES section, last sentence 
of second paragraph, third paragraph and fourth paragraph; add new paragraph: 

Shortly thereafter, this revised Beneficial Use table was reviewed again and changes were 
made, including the addition of the Water Contact Recreation (REC1) use for some 
waterbodies, the revision of some Beneficial Use designations from intermittent (I) to 
existing W or potential (X), and the addition of more waterbodies (RWQCB Resolution No. 
89-99). 

In theffi update to the Basin Plan approved by the Regional Board in 1994 (RWQCB 
Resolution No. 94-1 ), further changes to the Beneficial Use table were have been made. 

~·· . Significant waterbodies not previously identified aFe were included and their beneficial uses aFe 

~:Were designated. Certain of these waters aFe were excepted from the MUN designation. The 
designation RARE has been was added where substantial evidence indicatesg that the 
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waterbody supports rare, threatened or endangered species (Appendix II). Certain known 
wetlands in the Region afe were listed in a new waterbody category (see wetlands discussion ' 
below). A revised list of Beneficial Uses was developed as part of a comprehensive statewide ......_, 
update of all Basin Plans. In all. twenty-three beneficial uses were defined statewide. This list 
was used to update the list of beneficial use definitions in the Basin Plan. Nineteen of the 
beneficial uses were recognized Using this revised state•.vide list as a guide, this Basin Plan 
updates the list of Beneficial Uses definitions contained in the 1Q83 Plan. [delete sentence 
spacing; no new paragraph] 
In all, t\•tenty three beneficial uses are now defined statewide; of those, nineteen are 
recognized within the Santa Ana Region. (The four not utilized are Migration of Aquatic 
Organisms, Freshwater Replenishment, Inland Saline Water Habitat and Aquaculture). One 
beneficial use specific to the Region, Limited Warm Freshwater Habitat, has been was added, 
bringing the total number of beneficial uses recognized in the Santa Ana Region to twenty. 

In response to recommendations from the Stormwater Quality Standards Task Force. formed 
in response to the 2002 triennial review of the Basin Plan. changes to recreation water quality 
standards were approved by the Regional Board in 2012 (RWQCB Resolution No. RB-2012-
0001 ). These modifications included revision of the name of the REC1 beneficial use from 
"Water Contact Recreation" to "Primarv Contact Recreation" (see BENEFICIAL USE 
DEFINITIONS. below) and a clearer definition of this use (see also RECREATION 
BENEFICIAL USES. below. for further discussion of the changes in the REC1 definition.) The 
changes also included differentiating inland surface REC1 waters on the basis of frequency of 
use and other characteristics for the purposes of assigning applicable single sample maximum 
values (see Chapter 5). The REC1/REC2 designations for specific inland surface waters were 
revised -based on the results of completed Use-Attainability Analyses (see RECREATION () 
BENEFICIAL USES. below). Revised water quality objectives to protect the REC1 use of 
inland freshwaters were also approved (see Chapter 4). and criteria for temporary suspension 
of recreation use designations and objectives were identified (see RECREATION BENEFICIAL 
USES . below. and Chapter 5. Implementation. Recreation Water Quality Standards. High 
Flow Suspension). The 2012 Basin Plan revisions to incorporate the changes in recreation 
standards included the addition of certain waters to the list of the Region's waters in Table 3-1 
and the designation of beneficial uses for those waters. Where appropriate. the added waters 
were excepted from the MUN designation. Laguna and Lambert reservoirs. which no longer 
exist. were deleted from the list. 
[add space; new paragraph] 
The region's beneficial uses are listed and described below. 

Amend CHAPTER 3- BENEFICIAL USES, BENEFICIAL USE DEFINITIONS, Water 
Contact Recreation (REC 1*): 

'A'ater Contact Recreation Primary Contact Recreation (REC 1 *) waters are used for 
recreational activities involving deliberate water 9eGy contact. especially by children. witR 
watef where ingestion of water is likely to occur reasonably possible. Examples of REC1 
activities These uses may include, but are not limited to, swimming, wading, water-skiing, skffi 
and scuba diving, surfing, whitewater rafting activities,. float tubing. bathing in natural hot 
springs. skin diving. scuba diving and some forms of wading and fishing. fishing and use of - "'\ 
natural hot springs. Brief incidental or accidental water contact that is limited primarily to the """' 
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Amend CHAPTER 4- WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS- insert 
the following between the Oxygen, Dissolved and pH objectives: 

Pathogen Indicator Bacteria 

Bacteria. viruses. protozoa and parasites occur naturally in the environment and may also be 
present in waste discharges. Some of these organisms. particularly those that originate from 
human sources. are pathogenic and may cause illness to exposed persons. The main route of 
exposure to illness-causing organisms during primary water contact recreation is through 
accidental ingestion of fecally contaminated water. The presence of these pathogens in 
waterbodies may impair recreational uses and/or municipal water supplies. 

Direct measurement of all pathogens is impractical because standard methods have not yet been 
approved. nor have water quality criteria been established for each and every microorganism that 
may be harmful. Therefore. the USEPA recommends using surrogate indicators. such as E. coli 
or enterococcus densities. to demonstrate that water quality is adequate to protect human health 
a ainst excessive risk of illness to those makin deliberate recreational contact with the water 
where in estion of water is likel . 

Over time. the recommended surrogate indicators to protect primary contact recreation have 
an ed from total and fecal coliform to E. coli or Enterococcus for freshwaters USEPA 1986 . 
ngoing epidemiological studies and laboratory research may someday identify better pathogen 

indicators3 and US EPA may recommend revised numeric criteria based on those new indicators. 
New and/or improved analytical protocols for direct measurement of pathogens may also become 
available. This Plan addresses these circumstances as follows. The Plan specifies the following 
narrative objective and the numeric objectives for surrogate indicators in Table 4-pio - Pathogen 
Indicator Bacteria Objectives for Fresh Waters. The numeric objectives in Table 4-pio are 
intended to interpret the narrative objective. based on the best available science. These numeric 
objectives are based on the water quality criteria recommended by USEPA in 1986. The 
narrative objective is intended to provide the permitting flexibility needed to accommodate 
appropriate regulatory actions to assure the protection of beneficial uses as water quality 
monitoring technology improves or USEPA revises the recommended bacteria criteria4

. This is 
consistent with the Regional Board's obligation when establishing waste discharge requirements 
to impose limitations more stringent than established objectives if such more stringent limitations 
are necessary to protect beneficial uses. 

Lakes and Streams 

Waste discharges shall not cause or contribute to excessive risk of illness from microorganisms 
pathogenic to human beings. Pathogen indicator concentrations shall not exceed the values 
specified in Table 4-pio below as a result of controllable water quality factors (see also Chapter 5, 
·· ·.~creation Water Qual it Standards Controllable and Uncontrollable Sources of Bacteria unless 

is demonstrated to the Regional Board's satisfaction that the elevated indicator concentrations 
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do not result in excessive risk of illness among people recreating in or near the water. In all 
cases, the level of water quality necessary to protect existing uses must be maintained. Where ·~ 
existing water quality is better than necessary to protect the designated use, the existing high ~ 
level of water quality must be maintained unless it is demonstrated that existing or potential 
beneficial uses would be protected and that water quality consistent with maximum benefit to the 
people of California would be maintained, as specified in the state antidegradation policy 
(SWRCB Resolution No. 68-16). The Regional Board may also require recycled water 
discharged to freshwaters designated REG 1 or REG 2 to comply with other limitations 
recommended by the California Department of Public Health (CDPH). 

Table 4-pio - Pathogen Indicator Bacteria Objectives for Fresh Waters 1 

Recreational Use Pathogen Indicator Objective 
{geometric mean of at least 5 samQies in a 30-da~ Qeriod 

(runnina)2 

REC1-onl~ or <126 E. coli organisms Qer 100 mL3 

REC1 and REC2 
N/A; see REC2 Onl'f. Freshwaters. below. and ChaQter 5. 

REC2-onll Recreation Water Qualitv Standards. Antidegradation targets 
for REC2 onlv freshwaters 

1 
The water gualit~ objectives sgecified in Table 4-gio {and the alternate Single Samgle Maximum 

values in Table 5-REC1-ssv} do not aggl~ to a river or stream if and when the recreational uses 
are temgoraril~ susgended due to unsafe flow CO!Jditions therein. {See Chagter 5-
lmglementation, Recreation Water Qualit~ Standards, High Flow SusQension, Aggendices VIII 
and IX, and AQQiication of Single Sam12.1e Maximum Values}. 
2 The Regional Board rna~ adogt other alternative averaging geriods, such as annual or seasonal 
averages, through the basin glanning orocess. 
3 Where it is necessa!): to make gublic notification and/or beach closure decisions in the absence 
of sufficient data to calculate a regresentative geometric mean for E. coli, no single samgle shall 
exceed the default value shown in Table 5-REC1-ssv or an alternative value calculated b~ using 
the formula shown in Table 5-REC1-ssv, note 2 (see also table note 5}. For all other gurgoses 
related to imglementing the Clean Water Act, if there are insufficient data to calculate a 
regresentative geometric mean for E. coli, "X%" of the regresentative samgle data collected over 
a 30 da~ geriod (running) shall be less than the ag(;!licable Single Samgle Maximum value, where 
X% is the statistical confidence level assigned to a garticular waterbod~. Where there are 
sufficient data to calculate a regresentative geometric mean for E. coli, the agglicable Single 
Samgle Maximum value shall not be used to assess comgliance with the E. coli objective in 
Table 4-gio. The intent of Single Samgle Maximum values is to inform gublic notification 
decisions and to trigger additional follow-ug monitoring (see Chagter 5, Recreation Water Qualit~ 
Standards ADolication of Sinale Samole Maximum Values in REC1 Freshwaters). 
"Waterbodies designated REC2 but not designated REC1. 

As discussed in Chapter 3 (RECREATION BENEFICIAL USES) and Chapter 5 
(RECREATION WATER QUALITY STANDARDS. High Flow Suspension) of this Plan. 
recreational standards are temporarily suspended in certain fresh surface waters during 
specific high flow conditions. This includes the temporary suspension of the pathogen 
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indicator objectives established in Table 4-pio. and alternative Single Sample Maximum 
. values. which apply under specified circumstances (See Chapter 5 RECREATION WATER 

· UALITY STANDARDS A lication of Sin le Sam le Maximum values in REC1 
freshwaters.) 

REC2 Onlv Fresh waters 

Designation of a waterbody as REC2 but not REC1 requires a demonstration that the REC1 
use has not been attained and is not attainable. based on one or more of the Use Attainability 
Analysis (UAA) factors identified in federal regulations (40 CFR 131.1 0(g)(1-6)). Where water 
quality consistently meets the REC1 (or REC1 and REC2) pathogen indicator objectives in 
Table 4-pio. then it is unlikely that a UAA would successfully demonstrate that the REC1 use 
is not attainable. Accordingly. the waterbody would likely be designated REC1 (and REC2), 
and the objectives in Table 4-pio would apply. 

REC2 activities involve proximity to water but not normally body contact such that the 
ingestion of water is reasonably possible. Water contact is incidental or accidental. relatively 
brief and limited primarily to body extremities. There is no scientific basis to establish 
pathogen indicator objectives intended to protect human health as the result of such contact. 

While water quality objectives for REC2 only waters are not specified in this Plan. it is 
ro riate to take ste s to assure that water ualit conditions in these waters are not 

degraded as the result of controllable water quality factors. consistent with antidegradation 
policy requirements. Accordingly, bacteria quality targets for REC2 only waters have been 
identified (See Chapter 5. Recreation Water Quality Standards. Antidegradation targets for 
REC2 only freshwaters). 

Add the following footnotes and re-number subsequent footnotes in Chapter 4 
accordingly: 

!Footnote 2 is found above in "Pathogen Indicator Bacteria", end of 2"d paragraph, p. 37of 76] 

2 As discussed in detail in USEPA's 1986 bacteria criteria document ("Ambient Water Quality 
Criteria for Bacteria - 1986"). USEPA's recommended E. coli criteria are based on the long
accepted rate of 8 gastrointestinal illness per 1000 swimmers in freshwaters. USEPA believes 
that this illness rate is comparable to the estimated illness rate associated with the fecal 
coliform objectives that were used historically by states. and previously in this Basin Plan. 
Epidemiological studies were used to develop the 1986 criteria. The swimming-associated 
"excess" illness rate was determined by subtracting the gastrointestinal illness rate in 
nonswimmers from that for swimmers. Swimmers and nonswimmers were differentiated on the 
basis of exposure and the likelihood of ingestion of water. Swimmers were those who swam or 
otherwise got their head or face wet. Nonswimmers were those who did not go into the water. 
went into the water but did not get their head or face wet (waders). or were in the water for less 

(.....than 10 minutes. whether or not they got their head or face wet. In short. the 1986 criteria were 
developed based on exposures during swimming with head immersion. where the ingestion of 
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water was considered likely. Consistent with USEPA's intent and the underlying science. the E. 
coli objectives specified in this Basin Plan (Table 4-pio- Pathogen Indicator Bacteria , ' 
Objectives for Fresh Waters). are intended to protect primary contact recreation. ~ 

[Footnote 3 is found above in "Pathogen Indicator Bacteria", 3rd paragraph, last sentence, p. 
37 of 76] 

3 See. for example. U.S. EPA. Report of the Experts Scientific Workshop on Critical Research 
Needs for the Development of New or Revised Recreational Water Quality Criteria. June 15. 
2007 (EPA 823-R-07-006) 

[Footnote 4 is found above in "Pathogen Indicator Bacteria", end of 2"d to last sentence, p. 37 
of 76] 

4 See. for example. U.S. EPA. Criteria Development Plan and Schedule for Recreational Water 
Quality Criteria. August 31. 2007. (EPA 823-R-003) 

Amend CHAPTER 4- WATER QUALITY OBJECTIVES, GROUNDWATERS, Bacteria, 
Coliform, as follows: 

Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence groundwater J 
is used as an indicator of pollution. 

Amend CHAPTER 4- Table 4-1 WATER QUALITY OBJECTIVES, add and delete waters as 
shown in the following pages: 
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Table 4-1 WATER QUALITY OBJECTIVES- Continued 

BAYS, ESTUARIES, AND TIDAL 
PRISMS WATER QUALITY OBJECTIVES Hydrologic Unit 

(mg/L) 
Total Total Chemical 

Dissolved Hardness Sodium Chloride Inorganic Sulfate Oxygen 
Solid Nitro_gen Demand 

Los Cerritos Wetlands+ --- --- --- --- --- --- --- 801.11 - - - - - - -

Anaheim Bay - Outer Bay+ --- --- --- -- --- --- --- 801.11 
I 

Anaheim Bay - Seal Beach National --- --- --- --- --- --- --- 801.11 
I 

Wildlife Refuge+ 

Sunset Bay- Huntington Harbour+ 
801.11 

I 
--- --- -- --- --- --- ---

Bolsa Bay+ --- --- --- -- --- --- --- 801.11 

Bolsa Chica Ecological Reserve+ --- --- --- -- -- --- --- 801.11 

Lower Newport Bay+ --- -- --- -- --- --- --- 801.11 

Upper Newport Bay+ --- --- --- -- --- --- --- 801.11 
L__ -- -~ 

+ Numeric objectives have not been established; narrative objectives apply. 
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Table 4-1 WATER QUALITY OBJECTIVES- Continued 

BAYS, ESTUARIES, AND TIDAL 
PRISMS WATER QUALITY OBJECTIVES Hydrologic Unit 

(mg/L} 
Total Total Chemical 

Dissolved Hardness Sodium Chloride Inorganic Sulfate Oxygen 
Solid Nitrogen Demand 

Santa Ana River Salt Marsh+ --- --- --- - --- --- --- 801.11 

Huntington Beach Wetlands+ --- --- --- -- --- --- --- 801.11 

Tidal Prism of Santa Ana River (to within 
1 000' of Victoria Street) and --- --- --- --- --- --- --- 801.11 
Newport Slough+ 
Tidal Prism of San Gabriel River - River 845.61 
Mouth to Marina Drive+ --- --- - --- - --- ---
Tidal Prism of Santa Ana-Delhi Channel 
- Bicycle Bridge at University Dr. at 801.11 --- --- --- -- --- --- ---
UJ2(2er New12ort Bay to 1 036 ft. - - - - - - -
upstream+ 
Tidal Prism of Greenville-Banning 
Channel - Santa Ana River Confluence --- --- --- --- --- --- --- 801.11 - - - - - - -
to Inflatable diversion damA+ 
Tidal Prisms of Flood Control Channels 801.11 
Disch_arging to Coastal or Bay Waters+ --- --- - -- --- --- ---

-- - -- ---- - -- : ______ ---- - - - ---

A The Inflatable Diversion Dam is -0.23 mile downstream of confluence with the Fairview Channel. 
+ Numeric objectives have not been established; narrative objectives apply. 
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Table 4-1 WATER QUALITY OBJECTIVES- Continued 

INLAND SURFACE STREAMS WATER QUALITY OBJECTIVES Hydrologic Unit 
(mg/L) 

Total Total Chemical 
Dissolved Hardness Sodium Chloride Inorganic Sulfate Oxygen 

Solids Nitroaen Demand 

Santa Ana-Delhi Channel 

Reach 1 - UJ2J2er boundary of Tidal 
I Prism to intersection of Sunflower --- -- --- --- --- --- 801.11 ---Ave./Flower St. Intersection to - - - - - - -

Warner Avenue+ I 

Reach 2- above Sunflower Avenue --- --- --- --- --- --- 801.11 ---
to Warner Avenue+ - - - - - - -

Greenville Banning Channel 

Reach 1 Inflatable diversion dam --- --- -- --- --- --- 801.11 ---to California Street+ - - - - - - -
-- - -

+ Numeric objectives have not been established; narrative objectives apply. 
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Table 4-1 WATER QUALITY OBJECTIVES- Continued 

INLAND SURFACE STREAMS WATER QUALITY OBJECTIVES Hydrologic Unit 
(mg/L) 

Total Total Chemical 
Dissolved Hardness Sodium Chloride Inorganic Sulfate Oxygen Primary Secondary 

Solids Nitroaen Demand 
Mountain Home Creek 

200 100 30 10 1 20 5 801.58 

Mountain Home Creek, East Fork 200 --- --- - --- --- --- 801.70 

Monkey Fase CFeek Monkevtace 
200 100 30 10 1 20 5 801.70 Creek 

Alger Creek 200 --- -- --- --- --- --- 801.70 

Falls Creek 200 100 30 10 1 20 5 801.70 

Vivian Creek 200 --- --- - --- --- --- 801.70 

High Creek 200 -- --- - -- --- --- 801.70 

Other Tributaries: Lost, Oak Cove, 200 - --- - --- --- --- 801.70 
Green, Skinner, Momyer, Glen Martin, 
Camp, Hatchery, Rattlesnake, Slide, 
Snow, Bridal Veil, and Oak Creeks, 
and other Tributaries to these Creeks 

Bear Creek Drainage: 

Bear Creek 
175 115 10 10 1 4 5 801.71 

Siberia Creek 200 -- --- --- --- --- --- 801.71 

Slide Creek 175 -- --- --- --- --- --- 801.71 

Johnson Creek 175 -- --- --- --- --- --- 801.71 

All other Tributaries to these Creeks+ --- --- --- --- --- --- --- 801.71 
I 

Big Bear Lake (see Lakes, pg. 4- ... 
I 

+ Numeric objectives have not been established; narrative objectives apply. 

Page 44 of 76 

~ \._, '-' 



Att.achm('j to Resolution No. RB-2012-0001 ~rch 16, 2012 (' 
Table 4-1 WATER QUALITY OBJECTIVES -Continued 

INLAND SURFACE STREAMS WATER QUALITY OBJECTIVES Hydrologic Unit 
(mg/L} 

Total Total Chemical 
Dissolved Hardness Sodium Chloride Inorganic Sulfate Oxygen Primary Secondary 

Solids Nitrogen Demand 
Big Bear Lake Tributaries: 

North Creek 175 --- --- -- --- --- --- 801.71 

Metcalf Creek 175 --- --- - --- --- --- 801.71 

Grout Creek 150 --- --- --- - --- --- 801.71 

Rathbone (Rathbun) Creek 300 --- - --- --- --- --- 801.71 I 

Meadow Creek+ --- --- -- --- --- --- --- 801.71 

Summit Creek+ --- --- --- -- --- --- --- 801.71 

Knickerbocker Creek 

Reach 1- concrete channel: the 
175 801.71 --- --- --- --- --- ---

Lake to Villaae Dr. - - - - - -
Reach 2- natural channel. Village 

175 801.71 --- --- - --- --- ---
Dr. to headwater - - - - - -

Other Tributaries to Big Bear Lake: 175 --- - -- --- --- --- 801.71 
Kniskorboskor, Johnson, Minnelusa, 
PoliEJQ.ue, and Red Ant Creeks, and 
other Tributaries to these Creeks 

Baldwin Lake (see Lakes, pg. 4-xx) 

Baldwin Lake Drainage: 

Shay Creek+ --- --- --- --- --- --- --- 801.73 

Other Tributaries to Baldwin Lake: 
Sawmill, Green, and Caribou --- -- --- --- --- --- --- 801.73 
Canyons and other Tributaries to 
these Creeks+ 

-

+ Numeric objectives have not been established; narrative objectives apply. 
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Table 4-1 WATER QUALITY OBJECTIVES -Continued 

INLAND SURFACE STREAMS WATER QUALITY OBJECTIVES Hydrologic Unit 
(mg/L) 

Total Total Chemical 
Dissolved Hardness Sodium Chloride Inorganic Sulfate Oxygen Primary Secondary 

Solids Nitrogen Demand 
Other Streams Draining to Santa Ana 
River (Mountain Reaches+) 

Cajon Can~on Creek 200 100 30 10 1 20 5 801.51 

City Creek 200 115 30 10 1 20 5 801.57 

Devil Canyon Creek 275 125 35 20 1 25 5 801.57 

East Twin and Strawberry Creeks 475 --- -- --- --- --- --- 801.57 

Waterman Canyon Creek 250 --- --- --- --- --- --- 801.57 

Fish Creek 200 100 30 10 1 20 5 801.57 

Forsee Creek 200 100 30 10 1 20 5 801.72 

Plunge Creek 200 100 30 10 1 20 5 801.72 
I 

Barton Creek 200 100 30 10 1 20 5 801.72 
I 

Bailey Canyon Creek 200 --- --- -- --- --- --- 801.72 

Kimbark Canyon, East Fork 325 --- --- --- --- --- --- 801.52 ' 

Kimbark Canyon, Ames Canyon 
And West Fork Cable Canyon 
Creeks 

Valley Reaches+ of Above Streams (Water Quality Objectives Correspond to Underlying GW Basin Objectives) 801.52 

:j: The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains. 
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Attachmr'f to Resolution No. RB-2012-0001 nrch 16,2012 " Table 4-1 WATER QUALITY OBJECTIVES- Continued 

INLAND SURFACE STREAMS WATER QUALITY OBJECTIVES Hydrologic Unit 
(mg/L} 

Total Total Chemical 
Dissolved Hardness Sodium Chloride Inorganic Sulfate Oxygen Primary Secondary 

Solids Nitrogen Demand 
Other Tributaries (Mountain 200 100 30 10 1 20 5 801.72 801.71, 
Reaches1

): Alder, Badger Canyon, 801.57 
Bledsoe Gulch, Borea Canyon, 
Breakneck, Cable Canyon, 
Cien~ga Seca, Cold, Converse, 
Coon, Crystal, Deer, Elder, 

Fredalba, Frog, Government, 
Hamilton, Heart Bar, Hemlock, 
Keller, Kilpecker, Little Mill, 
Little Sand Canyon, Lost, 
Meyer Canyon, Mile, Monroe 
Canyon, Oak, Rattlesnake, Round 
Cien~ga, Sand, Schneider, 
Staircase, Warm Springs Canyon ! 

And Wild Horse Creeks, and other 
tributaries to those Creeks 

San Gabriel Mountain Streams 
I 

(Mountain Reaches:!:) 

San Antonio Creek 225 150 20 6 4 25 5 801.23 

Lytle Creek (South, Middle, and 801.42, 
North Forks) and Coldwater 200 100 15 4 4 25 5 801.41 801.52, 
Canyon Creek 801.59 

Day Can~on Creek 200 100 15 4 4 25 5 801.21 

East Etiwanda Creek 200 100 15 4 4 25 5 801.21 

Valley Reaches:!: of Above Streams (Water Quality Objectives Correspond to Underlying GW Basin Objectives) 801.21 
-· ·-

:1: The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains. 
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Table 4-1 WATER QUALITY OBJECTIVES- Continued 

INLAND SURFACE STREAMS WATER QUALITY OBJECTIVES Hydrologic Unit 
(mg/L) 

Total Total Chemical 
Dissolved Hardness Sodium Chloride Inorganic Sulfate Oxygen Primary Secondary 

Solids Nitrogen Demand 

Cucamonga Creek 

Reach 1 - Confluence with Mill 
801.21 Creek to 23'd St. in Upland+ --- --- --- - --- --- ---

Reach 2 ( Mountain Reach+) -
23'd St. in Upland to headwaters 

200 100 15 4 4 25 5 801.24 

Mill Creek (Prado Area)+ --- --- --- --- --- --- --- 801.25 

Other Tributaries (Mountain 200 --- --- --- -- --- --- 801.21 801.23 
Reaches): CajeR CaRyeR, San 
Sevaine, Deer, Duncan Canyon, 
Henderson Canyon, Bull, Fan, 
Demens, Thorpe, Angalls, 
Telegraph Canyon, Stoddard Canyon, 
Icehouse Canyon, Cascade Canyon, 
Cedar, Failing Rock, Kerkhoff and 
Cherry Creeks, and other Tributaries 
to these Creeks 

Valley Reaches of Above Streams; --- --- - -- --- --- --- 801.21 - - - - - - -
San Timoteo Area Streams 

San Timoteo Creek 

Reach 1 A - Santa Ana River 801.52 801.53 
Confluence to Barton Road** --- -- -- --- --- --- ---
Reach 1 B - Barton Road to Gage 
at San Timoteo Canyon Rd. u/s of - -- --- --- --- --- --- 801.52 801.53 
Yucaipa Valley WD discharge** 

- ---- - - - ----

Numeric objectives have not been established; narrative objectives apply + 
; 

** 
The Division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains 
Surface water objectives not established; underlying Management Zone objectives apply. Biological quality protected by narrative objectives 
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Table 4-1 WATER QUALITY OBJECTIVES -Continued 

INLAND SURFACE STREAMS 

Total 
Dissolved 

Solids 

Prado Area Streams 

Chino Creek 

Reach 1A- Santa Ana River 
confluence to downstream of 

700 
confluence with Mill Creek (Prado 
Area) Base Flow* 
Reach 1 B - Confluence of Mill Creek 
(Prado Area) to beginning of concrete-

550 
lined channel south of Los Serranos 
Rd. 
Reach 2 - Beginning of concrete-lined 
channel south of Los Serranos Road ---
to confluence with San Antonio Creek+ 

T emescal Creek 

Reasl=l1 biRGeiR h1-e. te Ri .. •eFsiEle ---GaRal 
Reasl=l2 Ri¥eFsiEle GaRal te bee --bake 
Reach 1a- Lincoln Avenue to ---Arlinaton Channel confluence 
Reach 1 b -Arlington Channel 
confluence to 1400 ft. u12stream ---
uostream of Maanolia Avenue+ 
Reach 2 - 1400 ft. u12stream of --Maanolia Avenue to Lee Lakes+ 

Reach 3- Lee Lake, (see Lakes, 
PQ. 4-xx} 

* 
** 

Additional objective: Boron 0.75 mg/1 
Total nitrogen, filtered sample 

Hardness 

350 

240 

---

---

-

---

-

--

r.arch 16, 2012 

WATER QUALITY OBJECTIVES 
(mQ/L} 

Total 
Sodium Chloride Inorganic 

Nitroaen 

110 140 10** 

75 75 8 

--- -- --

- - ---

--- --- ---

--- --- ---

-- --- ---

--- --- ---

+ Numeric objectives have not been established; narrative objectives apply 
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Hydrologic Unit 

Chemical 
Sulfate Oxygen Primary Secondary 

Demand 

150 30 801.21 

60 15 801.21 

--- --- 801.21 

--- --- 8Q1.27 

--- --- 8Q1.27 

--- --- 801.27 

--- --- 801.27 

--- --- 801.27 
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Table 4-1 WATER QUALITY OBJECTIVES- Continued 

INLAND SURFACE STREAMS WATER QUALITY OBJECTIVES Hydrologic Unit 
(mg/L) 

Total Total Chemical 
Dissolved Hardness Sodium Chloride Inorganic Sulfate Oxygen Primary Secondary 

Solids Nitrogen Demand 

Fuller Mill Creek 150 100 10 15 1 20 5 802.22 

Stone Creek 150 100 10 15 1 20 5 802.21 

Other Tributaries: Logan, Black 
Mountain, Juaro Canyon, Indian, 

150 70 10 12 1 15 5 802.12 802.22 
H~rkey, Poppet and Protrero Creeks, 
and other Tributaries to these Creeks 

Salt Creek+ --- --- --- - - --- --- 802.12 

Goodhart Canyon. St. John's Canyon. --- --- --- --- 802.15 --- --- ---and Cactus Vallev Creeks+ - - - - - - -
_L....._ - -- - -~ 

+ Numeric objectives have not been established; narrative objectives apply. 
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Table 4-1 WATER QUALITY OBJECTIVES- Continued 

LAKES AND RESERVOIRS 

Total 
Dissolved Hardness 

Solids 

UPPER SANTA ANA RIVER BASIN 

Baldwin Lake*+ --- ---
Big Bear Lake** 175 125 

Erwin Lake+ --- ---

Evans, Lake 490 ---
Jenks Lake 200 100 

Lee Lake+ --- --
Mathews, Lake 700 325 

Mockingbird Reservoir 650 ---
Norconian, Lake 1050 -

LOWER SANTA ANA RIVER BASIN 

Anaheim Lake 600 ---
Irvine Lake (Santiago Reservoir) 730 360 

Lagllna, Lambert, Peters Canyon, 
Rattlesnake, Sand Canyon, and 720 ---
Siphon Reservoirs 

* 
** 

Fills occasionally with storm flows; may evaporate completely 
Additional Objective: 0.15 mg/1 Phosphorus 

f":arch 16, 2012 

WATER QUALITY OBJECTIVES 
(mg/L} 

Total 
Sodium Chloride Inorganic 

Nitrogen 

--- -- ---
20 10 0.15 

- --- ---
--- - ---

30 10 1 

--- -- ---

100 90 ---

-- --- ---

--- --- ---

--- --- ---

110 130 6 

--- --- ---

+ Numeric objectives have not been established; narrative objectives apply. 
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Hydrologic Unit 

Chemical 
Sulfate Oxygen Primary Secondary 

Demand 

--- --- 801.73 

10 --- 801.71 

--- --- 801.73 

--- --- 801.27 

20 --- 801.72 

--- --- 801.34 

290 --- 801.33 

--- --- 801.26 

--- --- 801.25 

--- --- 801.11 

310 --- 801.12 

--- --- 801.11 
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Table 4-1 WATER QUALITY OBJECTIVES- Continued 

LAKES AND RESERVOIRS WATER QUALITY OBJECTIVES 
(mg/L) 

Total Total Chemical 
Dissolved Hardness Sodium Chloride Inorganic Sulfate Oxygen 

Solids Nitrogen Demand 

SAN JACINTO RIVER BASIN 

Canyon Lake (Railroad Canyon 700 325 100 90 8 290 ---Reservoir)*** 

Elsinore, Lake**** 2000 --- --- --- 1.5 --- ---
Fulmer, Lake 150 70 10 12 1 15 ---
Hemet, Lake 135 --- 25 20 1 10 ---
M:Jlstic Lake+ --- - --- - --- ---
Perris, Lake 220 110 50 55 1 45 ---
~ --- - -

*** 
**** 

Note: The quality objectives for Canyon Lake are not intended to preclude transport of water supplies or delivery to the Lake. 
Lake volume and quality highly variable 

+ Numeric objectives have not been established; narrative objectives apply.:. 
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Hydrologic Unit 

Primary Secondary 

802.11 802.12 

802.31 
I 

802.21 

802.22 

802.21 

802.11 
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Amend CHAPTER 4- WATER QUALITY OBJECTIVES, add REFERENCES: 

(.,;EFERENCES 

State Water Resources Control Board . "Water Quality Control Policy for Developing California's Clean Water Act 
Section 303(d) List. September 2004. 

United States Environmental Protection Agency "Ambient Water Quality Criteria for Bacteria - 1986" EPA 440/5-
84-002. Januarv 1986. 

United States Environmental Protection Agency "Water Quality Standards for Coastal and Great Lakes 
Recreation Waters: Final Rule" (40 CFR 131.41). November 2004. 

United States Environmental Protection Agency "Report of the Experts Scientific Workshop on Critical Research 
Needs for the Development of New or Revised Recreational Water Quality Criteria". June 15. 2007 (EPA 823-R-
07-006) 

United States Environmental Protection Agency "Criteria Development Plan and Schedule for Recreational Water 
Quality Criteria" August 31. 2007. (EPA 823-R-003) 

CHANGES TO CHAPTER 5-IMPLEMENTATION 

~mend CHAPTER 5 -IMPLEMENTATION- insert the following between TOTAL DISSOLVED 
\..~LIDS and NITROGEN MANAGEMENT and NONPOINT SOURCE PROGRAM 

Recreation Water Quality Standards 

Since the early 1970's. this Basin Plan has specified recreation water quality standards for surface 
waters in the Region. including REC1 and/or REC2 beneficial use designations and water quality 
objectives intended to protect those uses. Because of analytical constraints that make routine 
direct measurement of pathogens impractical. these objectives have been and continue to be 
based on levels of surrogate bacteria indicators. As noted in Chapter 4. the USEPA's 
recommendations for surrogate indicators to protect primary contact recreation have changed from 
total and fecal coliform to E. coli or enterococcus for freshwaters. and to enterococcus for marine 
waters (USEPA 1986). Epidemiological and laboratory investigations are ongoing and may lead to 
revised recommendations regarding the appropriate water quality criteria to protect recreation 
uses. 

In 2012. the Regional Board adopted changes to the recreation standards. based on the work and 
recommendations of the Stormwater Quality Standards Task Force (Resolution No. RS-2012-
0001 ). These changes included revised bacteria quality objectives applicable to freshwaters (see 
Chapter 4 ), changes to the recreation use designations for specific fresh waters. and clarification of 
the definition of REC1 (see Chapter 3). Specific implementation strategies pertaining to the 
revised standards for freshwaters were also approved. This section describes those 

C'lementation strategies, which include the following: 

• Intended application of Single Sample Maximum values in REC1 freshwaters 
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• Antidegradation targets for REC2 only freshwaters 
• Controllable and uncontrollable sources of bacteria 
• High flow suspension of recreation standards 
• Monitoring plan for pathogen indicator bacteria in freshwaters 
• POTW discharge requirements and implementation of recreational standards 

Application of Single Sample Maximum values in REC1 fresh waters 

It is recognized that a variety of factors affect the suitability of a water body for primary contact 
recreation. including the morphology of stream channels. the depth. velocity and aesthetic quality 
of the flows. access to the site by the public. and the extent to which recreational activity is actively 
encouraged by local authorities by providing parking. access. restrooms and other amenities. 
Federal guidance and regulation [United States Environmental Protection Agency. "Ambient Water 
Quality Criteria for Bacteria". January 1986. and "Water Quality Standards for Coastal and Great 
Lakes Recreation Waters: Final Rule" (the so-called "BEACH Act Rule"), Federal Register. Vol. 69. 
No. 200. November 16. 2004. pp.67217 et seq.] directs states to differentiate primary contact 
waters on the basis of the intensity of use. and other conditions as states deem appropriate. for the 
purposes of assigning Single Sample Maximum pathogen indicator values. These Single Sample 
Maximum values are statistical constructs. designed to be used as an indicator of whether 
established pathogen objectives (typically expressed as geometric means. as in this Plan (see 
Chapter 4)) are being met when insufficient data are available to calculate a geomean. The Single 
Sample values are derived from the formula included in the USEPA criteria document and shown 
in Table 5-REC1-ssv. note 2 (also see note 5). The Single Sample Maximum values are intended "'""\ 
to provide a timely measure of the apparent quality of the water for primary contact recreation for ..., 
public notification (posting) and. where necessary. closure purposes. States have discretion to 
employ the Single Sample Maximum values in the context of Clean Water Act programs. apart 
from their use for beach notification and closure purposes. 

This Plan includes Single Sample Maximum provisions that apply to the REC1 freshwaters in the 
Region and that are consistent with federal guidance and regulation. These provisions are 
described below. 

First. based on the analyses and recommendations of the Stormwater Quality Standards Task 
Force. REC1 freshwater lakes and streams within the Region are identified as "Tier A". "B", "C" or 
"D". based on the known or estimated actual or potential intensity of primary contact recreational 
use by the public. and other factors. These Tiers are defined as follows: 

Tier A REC1 Waters: includes freshwater lakes and streams that are or may be heavily
used by the public for primary contact recreational activities. relative to other freshwater 
bodies in the Santa Ana Region. Typical examples of Tier A waters include. but are not 
limited to: Big Bear Lake. Canyon Lake. Lake Elsinore. Lake Perris. Reach 3 of the Santa 
Ana River. Reach 2 of Mill Creek (near Redlands) and Lvtle Creek (Middle and North 
Forks). Single Sample Maximum (SSM) values for Tier A waters are calculated using a 
75% statistical confidence factor. (See Table 5-REC1-ssv. below). 

Tier B REC1 Waters: includes freshwater lakes and streams that are or may be 
moderately-used by the public for primary contact recreational activities. Moderate use 
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occurs where the number of people accessing the waterbodv is approximately half that 
I which generally occurs in Tier A waters. Typical examples of Tier B waters include. but are 
'-"not limited to: Jenks Lake. Santiago Reservoir. Cucamonga Creek Reach 2. and Reaches 4 

and 6 of the Santa Ana River. Single Sample Maximum values for Tier B waters are 
calculated using an 82% statistical confidence factor. (See Table 5-REC1-ssv. below) 

Tier C REC1 Waters: includes freshwater lakes and streams that are or may be lightly-used 
by the public for primary contact recreational activities. Light use occurs where the number 
of people accessing the waterbody is less than half that which generally occurs in Tier A 
waters. Typical examples of Tier C waters include. but are not limited to: Reach 2 of the 
Santa Ana River. Bear Creek. Chino Creek Reach 1 B. Anza Park Drain. and Sunnyslope 
Channel. Single Sample Maximum values for Tier C waters are calculated using a 90% 
statistical confidence factor. (See Table 5-REC1-ssv. below) 

Tier D REC1 Waters: includes freshwater lakes and streams that are infrequently used by 
the public for primary contact recreational activities. Infrequent use occurs where people 
only access the waterbody rarely or occasionally. Typical examples of Tier D waters 
include. but are not limited to: most concrete-lined storm water channels in the urbanized 
areas of the watershed and many of the ephemeral streams located in the undeveloped 
areas of the watershed. Single Sample Maximum values for Tier D waters are calculated 
using a 95% statistical confidence factor. (See Table 5-REC1-ssv. below). 

Tier A. B. C and D waters are listed in Table 5-REC1-Tiers. Table 5-REC1-Tiers includes a 
"Comments" column that provides information regarding factors considered in making Tier 

~i nments. An additional notation "N" is also included in this table for certain waters. It is 
recognized that there are waters within the Region that are in undeveloped areas and are 
expected to have low natural bacteria levels. While use of these waters for primary contact 
recreation may or may not occur or may be limited due to difficulties in access. channel 
characteristics. flow conditions and the like. it is also necessary and appropriate to assure the 
protection of the high qualitv of these waters. Accordingly. these waters are assigned Single 
Sample Maximum values using the 75% confidence factor in the calculation. which is the same 
approach utilized with Tier A. heavily-used waters. "N" listed waters are defined as follows: 

Natural Conditions (N): includes freshwater lakes and streams located in largely 
undeveloped areas where ambient water quality is expected to be better than necessary to 
protect primary contact recreational activities regardless of whether such activities actually 
occur in these waterbodies. Single Sample Maximum values for "N" waters are calculated 
using a 75% statistical confidence factor. (See Table 5-REC1-ssv. below). 

Use of the different statistical confidence factors (75%. 82%. 90% and 95%) to calculate SSM 
values results in a range in conservatism regarding the likelihood that the geometric mean is being 
met. A more conservative SSM value. based on the 75% confidence factor. is appropriate for 
waters that are heavily-used for primary contact recreation (Tier A). More people are likely to 
become ill if the bacteria quality of heavily-used waters is poor. so a higher degree of caution in 
evaluating quality conditions is appropriate. The more conservative SSM value is also appropriate 
where it is necessary to assure that existing high quality waters are protected ("N" waters). 

CJgressively less conservative SSM values. calculated using the 82. 90 and 95% confidence 
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factors. are appropriate where there is declining frequency of existing or potential primary contact 
recreation (Tier B. C and D.) 

Table 5- REC 1-Tiers 

TIER 
INLAND SURFACE STREAMS - 1 Rationale for Tier AI Bl C1 ORo 

Assianment 
LOWER SANTA ANA RIVER 
Santa Ana River 

Reach 1 Q Intermittent, low flow" limited 
access3 

Reach 2 c Low flows limited access 
Aliso Creek Q1ri1 Natural condition, limited 

access 
Carbon Can~on Creek Q Low, intermittent flow, limited 

access 
Santiaoo Creek Drainaoe 
Santiaao Creek 
Reach 1 D Intermittent flow 
Reach 2- Irvine Lake lsee LakesJ 
Reach 3- D_inj Low flow 
Reach 4- DinJ Low flow 
Silverado Creek D_in} Low flow 
Black Star Creek DlnJ Low flow 
Ladd Creek D_inj Low flow limited access 

San Dieoo Creek Drainaoe 
San Dieao Creek 
Reach 1 .Q Low flow, no observed REC1 

use5; however fishing and 
children observed near water 

Reach 2 Q Low flow limited access 
Tributaries: Bonita Creek, Serrano Q Low flow, limited access 
Creek, Peters Qan~on Wash, Hicks 
Can~on Wash, Bee Can~on Wash, 
Borrego Can~on Wash, Agua Chinon 
Wash, Laguna Can~on Wash, 
Rattlesnake Can~on, Sand Can~on 
Wash and other tributaries to these 
creeks. 
San Gabriel River Drainaae 

Covote Creek D Low flow/access orohibited 
Uooer Santa Ana River 

1 Tier assignments based on USEPA's "Ambient Water Qualit~ Criteria for Bacteria- 1986" and "Water 
Qualit~ Standards for Coastal and Great Lakes Recreation Waters, Final Rule" (40 CFR 131.41 ), 
November 2004. 

2 

3 

4 

5 

Low, intermittent or ephemeral flows limit opportunit~ for REC1 use. 
Access limited or precluded b~ prohibitions b~ agencv/part~ with jurisdiction and/or ph~sical 
constraints (fencing and signage, riprap/concrete/natural steep slopes, impenetrable vegetation 
in/adjacent to the fresh water bod~. remote location, and the like) 
Natural (n) refers to a natural or pristine condition. Natural waters will be assigned SSMs based on the 
75% confidence level, like Tier A waters. 
Photographic surve~ showed no REC1 use. (See CDM Recreation Use Surve~ Reports) 
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Table 5- REC 1-Tiers 
1Continued\ 

INLAND SURFACE STREAMS Tier AI 81 cl OR Rationale for Tier 
D Assianment 

Reach 3 A High use, wading and soaking, 
Reference condition for Tier 
A waters 

Reach 4 ~ Access restricted, some water 
contact REC use observed 

Reach 5 D Low/intermittent flow 
Reach 6 .61n1 Natural condition, fishing 

stream 
San Bernardino Mountain Streams 

Mill Creek Drainaae 
Mill Creek 
Reach 1 A Hiah use wadina and soakina 
Reach 2 A (n) Natural condition, wading and 

soaking 
Mountain Home Creek Q1n) Natural condition, infreguent 

water contact REC use 
Mountain Home Creek East Fork D_{.nj Natural condition remote 

Monkevface Creek Din_l Natural condition, remote/low 
Alaer Creek D_{.nj flow, light to infreguent water 

{_ Falls Creek D_{.nj contact REC use 
Vivan Creek Dl.n_l - Hiah Creek QJ.nj 
Other Tributaries: Lost, Oak, Cove, Q1n) 
Green, Skinner, Hatche~, Rattlesnake, 
Slide, Snow, Bridal Veil, and Oak 
Creeks and tributaries to these Creeks 
Bear Creek Drainaae .Q1nl Natural condition, remote, light 
Bear Creek to infreguent water contact 
Siberia Creek REC use. Fishing streams 
Slide Creek 
Johnson Creek 
All other tributaries to these Creeks 

Bia Bear Lake Tributaries 
North Creek Q1n) Natural condition/low flows, 
Metcalf Creek infreguent water contact REC 
Grout Creek activities 
Rathbone Creek 
Meadow Creek 
Summit Creek 
Knickerbocker Creek /Reach 1 Q Access 12rohibited, low flow, no 

REC 1 use observed5 

Reach 2 D_in_l Natural condition low flow 
Other tributaries: Minnelusa Can~on, Q1n) Natural condition, low flow 

Poligue, Red Ant Creeks and 
Tributaries to these Creeks 

{..., 
6 Photogra12hic surve~ for one ~ear 12eriod showed no REC1 use. 
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Table 5- REC 1-Tiers 
(Continued) 

INLAND SURFACE STREAMS 
Tier ~ 8 1 C1 OR Rationale for Tier 

D Assianment 
Other Tributaries to Baldwin Lake: Qj!l) Natural condition, low flow, 
Sawmill, Green, and Caribou Can~on remote 
Creeks and other Tributaries to these 
Creeks 
Other Streams Draining to Santa Ana 
River _(_Mountain ReachesJ 
Caion Canvon Creek C_Ln_} Natural condition low flow 
Cit~ Creek Qj!l) Natural condition, low flow, 

limited access remote 
Devil Can~on Creek Qj!l) Natural condition, low flow, 

limited access remote 
East Twin and Strawberl:l Creeks Qj!l) Natural condition, low flow, 

limited access remote 
Waterman Can~on Creek Qj!l) Natural condition, low flow, 

limited access remote 
Fish Creek Qj!l) Natural condition, low flow, 

limited access remote 
Forsee Creek Qj!l) Natural condition, low flow, 

limited access remote 
Plunge Creek Qj!l) Natural condition, low flow, 

limited access remote 
Barton Creek Qj!l) Natural condition, low flow, 

limited access remote 
Baile~ Creek Qj!l) Natural condition, low flow, 

limited access remote 
Kimbark Can~on, East Fork Kimbark Qj!l) Natural condition, low flow, 
Can~on, Ames Can~on and West Fork limited access, remote 
Cable Canyon Creeks 
Valle~ Reaches of Above Streams Qj!l) Natural condition, low, flow, 

limited access 
Other Tributaries (Mountain Reaches}: Qj!l) Natural condition, low flow, 
Alder, Badger Can~on, Bledsoe Gulch, limited access, remote 
Borea Can~on, Breakneck, Cable 
Can~on, Cienaga Seca, Cold, 
Converse, Coon, Cl:lstal, Deer, elder, 
Fredalba, Frog, Government, Hamilton, 
Heart Bar, Hemlock, Keller, Kil~cker, 
Little Mill, Little Sand Can~on, Lost, 
Me~er Can~on, Mile, Monroe Can~on, 
Oak, Rattlesnake, Round Cienaga, 
Sand, Schneider, Staircase, Warm 
SQrings Can~on and Wild Horse 
Creeks, and other tributaries to those 
Creeks. 
San Gabriel Mountain Streams 
San Antonio Creek A (n} Natural condition, wading and 

soakina in summer months 
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Table 5- REC 1-Tiers 
(Continued) 

INLAND SURFACE STREAMS Tier A~ 8~ C~ OR Rationale for Tier 
D Assianment 

L~le Creek (Middle and North Forks} A (n} Natural condition, wading and 
soaking in summer months, 
fishino streams 

Tributaries to L~le Creek (South Fork QJn) Natural condition, low flow 
and Coldwater Canvon Creek) 
Day Canyon Creek QJn) Natural condition, low flow, 

remote limited access 
East Etiwanda Creek QJn) Natural condition, low flow, 

limited access remote 
Valley Reaches of Above Streams QJn) Natural condition, low flow, 

limited access 
Cucamonga Creek I Reach 2 .61n1 Natural condition, limited 
(Mountain Reach}- 23ra St. in Ugland access 
to headwaters 
Mill Creek (Prado Area) c limited access low flow 
Other Tributaries (Mountain Reaches} g_(!l) Natural condition, low flow, 
San Sevaine, Deer Canyon, Duncan limited access, most creeks in 
Canyon, Henderson Canyon, Bull, Fan, remote areas 
Demens, Thorge, Angalls, Telegragh 
Canyon, Stoddard Canyon, Icehouse 
Canyon, Cascade Canyon, Cedar, 
Falling Rock, Kerkhoff, and Cher!Y 

· Creeks and other Tributaries to these 
Creeks 
Vallev Reaches of Above Streams D Low flow limited access 
San Timoteo Creek 
Reach 1 A - Santa Ana River Q Low flow, limited access 
Confluence to Barton Road 
Reach 1 B - Barton Road to Gage at Q Low flow, limited access 
San Timoteo Canvon Rd. 
Reach 2 - gage at San Timoteo to Q Low flow, limited access 
confluence with Yucaioa Creek 
Reach 3 - Confluence with Yucaiga Q Low flow, limited access 
Creek to confluence with little San 
Goraonio and Noble Creeks 
Oak Glen, PotatQ Canyon, and Birch D(n} Natural condition, low flow, 
Creeks limited access 
Little San Gorgonio Creeks g_(!l) Natural condition, low flow, 

limited access remote 
Yucaioa Creek D Low flow limited access 
Other Tributaries to these Creeks- Q Low flow, limited access 
Valley Reaches 
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Table 5- REC 1-Tiers 
{Continued) 

Tier AI Bl cl OR 
INLAND SURFACE STREAMS D Rationale for Tier 

Assh:mment 
Other Tributaries to these Creeks C(n) Natural condition 
(Mountain Reaches) 
Anza Park Drain c Low flow 
Sunn:tsloQe Channel .Q Low flow, limited access, 

Santa Ana sucker habitat 
Teauesauite Arrovo (Svcamore Creek) c Low flow limited access 
Prado Area Streams 
Chino Creek 
Reach 1 A - Santa Ana River Q Low flow, limited access 
confluence to downstream of 
confluence with Mill Creek (Prado 
Areaj 
Reach 1 B - Confluence with Mill Creek .Q Low flow, limited access 
(Prado Area} to beginning of concrete 
lined channel south of Los Serranos 
Rd. 
Reach 2 - Beginning of concrete-lined Q Low flow, limited access 
channel south of Los Serra nos Rd. to 
confluence with San Antonio Creek 
Temescal CreekL 
Reach 2 - 1400 ft. UQstream of Q Low flow, limited access 
Maanolia Ave. to Lee Lake 
Reach 3- Lee Lakes Csee Lakes) 
Reach 4 - Lee Lake to Mid-section Q Low flow, limited access 
Line of Section 17 
Reach 5 - Mid-section line of Section Q Low flow, limited access 
17 to Elsinore Groundwater 
Manaaement Zone Boundarv 
Reach 6 - Elsinore Groundwater Q Low flow 
Management Zone Bounda!Y to Lake 
Elsinore Outlet 
Coldwater Can:ton Creek C(n} Natural condition, limited 

access remote 
Bedford Can~on Creek C(n} Natural condition, limited 

access remote 
Dawson Can~on Creek C(n} Natural condition, limited 

access remote 

7 Reach 1a and 1b not designated REC1 as determined through the UAA process. 
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Table 5- REC 1-Tiers 
(Continued) 

Tier AI Bl cl OR 
INLAND SURFACE STREAMS D Rationale for Tier 

Assianment 

Other Tributaries to these Creeks 
C(n) Natural condition. limited 

access 
San Jacinto River 
Reach 1 - Lake Elsinore to Canyon Q Low flow 
Lake 
Reach 2- Canvon Lake (see Lakes) 
Reach 3 - Canyon Lake to Nuevo Q Low I e(;!hemeral flow, limited 
Road access 
Reach 4- Nuevo Road to North-South Q Low I e(;!hemeral flow, limited 
Mid-Section Line T4SIR1W-S8 access 
Reach 5 - North-South Mid-Section Q Low I e(;!hemeral flow, limited 
Line, T4SIR1W-S8, to Confluence with access 
Poooet Creek 
Reach 6 - Po(;!(;!et Creek to Cranston Q Low flow 
BriQg_e 
Reach 7 - Cranston Bridge to Lake C(n) Natural condition, limited 
Hemet access remote 
Bautista Creek - Headwaters to Debris D(n) Low flow, agricultural lands in 
Dam lower section 
Strawber(Y Creek and San Jacinto C(n) Low flow, limited access, 
River North Fork some areas remote 
Fuller Mill Creek C(n) Low flow, limited access, 

remote 
Stone Creek C(n) Low flow, limited access, 

remote 
Other Tributaries: Logan, Black D(n) Low flow, limited access, 
Mountain, Juaro Canyon, Indian, remote 
Herkey, PO(;!(;!et, and Potrero Creeks 
and other Tribuarties to these Creeks 
Salt Creek D Low I eohemeral flow 
Goodhart Canyon Creek, St. John's Q Low I e(;!hemeral flow, remote 
Canvon and Cactus Valley Creeks 
Lakes and Reservoirs 
Baldwin Lake Dl_nj Eohemeral I intermittent 
Bia Bear Lake A Desianated swimmina areas 
Erwin Lake D Eohemeral I intermittent 
Evans Lake Q Swimming (;!rohibited by City 

Park officials 
Jenks Lake B(n) Mt. fishing lake, REC body 

contact activities discouraaed 
Lee Lake Q Swimming (;!rohibited, float 

tube fishina allowed 
Lake Mathews Q Drinking water reservoir, 

access orohibited 
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Table 5- REC 1-Tiers 
I Continued) 

Tier AI 81 cl OR 
LAKES AND RESERVOIRS D Rationale for Tier 

Assianment 

Mockingbird Reservoir Q Limited access/ fenced and 
locked 

Q Access ~rohibited b~ U.S. 
Lake Norconian Nav~. no water contact REC 

activities allowed 
Anaheim Lake Q Fishing, GW recharge basin, 

water contact REC activities 
orohibited 

Irvine Lake § Fishing Lake, water contact 
REC activities ~rohibited. Float 
tube fishina allowed. 

Peters Can~on, Rattlesnake, Sand Q Water contact REC activities 
Canvon and Siohon Reservoirs and/or access orohibited 
Can~on Lake A Water contact activities 

allowed 
Lake Elsinore A Water contact activities 

allowed 
Lake Fulmor c Fishina allowed 
Lake Hemet Q Fishing Lake, float tube fishing 

and water contact REC 
activities orohibited. J 

M~stic Lake Q E~hemeral lake, water fowl 
huntina allowed 

Lake Perris A Water contact activities 
allowed, designated swimming 
areas 

WETLANDS liNLANDl 
San Joaauin Freshwater Marsh D Access orohibited 
Shav Meadows Dlnl Natural conditions low flows 
Stanfield Marsh _Q Access orohibited 
Prado Basin Management Zone Q Access ~rohibited, thick 

veaetation limits accessibilitv 
San Jacinto Wildlife Preserve Q Hunting gonds filled with 

treated effluent 
Glen Helen c Low flow Countv Park 
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• im ortant to note that the freshwaters listed in Table 5-REC1-Tiers were not assessed 
comprehensively in detail to determine whether primary contact recreation actually takes place or 
has taken place in the past. and at what intensity. The assignments to different Tiers are based on 
Board staff and stakeholder knowledge of the characteristics of these waters. evidence regarding 
existing or probable future primary contact recreational activity. and anecdotal information. all 
compiled by the Stormwater Quality Standards Task Force and during public review of the 
recreation standards amendments in 2012. Therefore. if and as knowledge of each of these waters 
is obtained in the future. the Tier assignments are subject to change. Further. Use Attainability 
Analyses may be conducted in the future for one or more of these waters. which may lead to 
changes in REC1 designations (see Chapter 3. Recreation Beneficial Uses). Inclusion of a 
waterbody in Table 5- REC1-Tiers does not denote a determination that REC1 is. in fact. an 
existing use for that waterbody. 

This Basin Plan attempts to list and designate appropriate recreation (and other) beneficial uses 
for all the significant inland freshwater bodies in the Region. The Clean Water Act and 
implementing federal regulations establish the rebuttable presumption that all surface waters are 
REC1. While surface water bodies in the Region that are not listed in the Basin Plan will be 
considered REC1 unless and until demonstrated to be otherwise through a Use Attainability 
Analysis. there is no requisite presumption that all such waters belong to any specific REC1 Tier. 
Until formal consideration. through the Basin Planning process. of the appropriate Tier for any 
unlisted inland freshwater bodies in the Region is provided. the Regional Board will employ 
.:.scretion based on its knowledge of those waters and information provided by interested parties to 

ermine the a ro riate Tier for those water bodies for re ulato ur oses. 

In accordance with federal regulation (the "BEACH Act Rule"). an heavily used primary contact 
freshwater (Reach 3 of the Santa Ana River) was used as the baseline for identifying other Tier A 
waters within the Region. Then. Reach 3 and other Tier A waters were used to categorize other 
freshwaters in the Region based on their relative known or estimated intensity of primary contact 
use. 

Table 5-REC1-ssv shows maximum expected Single Sample values for E. coli for Tier A. B. C and 
D freshwaters. The values shown are based on a default log standard deviation. derived from the 
epidemiological studies USEPA used to formulate the 1986 national criteria. and on alternative log 
standard deviations. The equation used to calculate these Single Sample Maximum values is 
included in the Table and may be used to derive site-specific SSMs. under certain conditions (see 
table notes 2 and 5). As stated above. these Single Sample Maximum values were derived from 
USEPA's recommended bacteria criteria (USEPA 1986). Again as stated previously. the Single 
Sample values for waters denoted as "N" in Table 5-REC1-Tiers are calculated using the 75% 
confidence factor. like Tier A waters. 

As specified in Table 4-pio (note 3) and Table 5-REC1-ssv (note 1 ). where there are sufficient data 
to calculate a representative geometric mean for E. coli. the Single Sample Maximum values 
specified in Table 5-REC1-ssv shall not be used to assess compliance with the geometric mean E. 
coli ob"ective s ecified in Table 4- io. Geometric mean ob"ectives are the more reliable measure of 

'a-term water body conditions and are thus strongly preferred for use in water body assessment 
cisions. including the development of the Clean Water Act section 303(d) list of impaired waters. 
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The use of only Single Sample Maximum bacterial data is generally inappropriate for such 
assessments unless there is a limited data set. the water is subject to short-term spikes in bacteria ' 
concentrations. or there are other circumstances that justify the use of only single sample "'-' 
maximum data. The expected principal use of Single Sample Maximum values for the freshwaters 
of this Region is to implement public notification programs and/or to trigger additional monitoring 
and investigation to determine whether there are controllable sources of pathogen input that pose 
a public health concern. Where it is necessary to make public notification and/or beach closure 
decisions in the absence of sufficient data to calculate a representative geometric mean for E. coli, 
no single sample shall exceed the default value shown in Table 5-REC1-ssv or an alternative value 
calculated by using the formula shown in table note 2 (see also table note 5). For all other 
purposes related to implementing the Clean Water Act. if there are insufficient data to calculate a 
representative geometric mean for E. coli, "X%" of the representative sample data collected over a 
30 day period (running) shall be less than the default value specified in this Table or the alternative 
calculated value. where X% is the statistical confidence level assigned to a particular waterbody. 

A monitoring program designed to assure that sufficient data are collected to determine geometric 
means and/or to provide sufficient data necessary to assess trends in bacteria water quality will be 
implemented. The expected elements of that program. which is subject to approval by the Regional 
Board through the normal public participation process. are described below (Monitoring plan for 
pathogen indicator bacteria in freshwaters). 
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Table 5-REC1-ssv: Alternative Method for Assessing Probable Compliance with the E. coli 
I Objective in Freshwaters Designated REC1 when Insufficient Data are Available to Calculate 
'-" a Geometric Mean 

1 

Maximum Expected Single Value for E. co/P 
(assuming true geometric mean is >126 

organism/mL 
Standard Deviation 

Tier A3
: Tier 8 3

: Tier C3
: Tier D3

: of Log-transformed 
75% C.L4

• 82% C.L. 90% C.L. 95% C.L. E. coli data 
0.10 147 156 169 184 
0.20 172 194 227 269 
0.30 201 240 305 394 

0.40idefault)5 235 298 409 575 
0.50 274 370 550 842 
0.60 320 459 739 1,231 
0.70 374 569 992 1,801 
0.80 437 705 1,332 2,633 
0.90 510 875 1,788 3,849 
1.00 596 1,085 2,401 5,629 
1.10 696 1,346 3,224 8,230 
1.20 814 1,669 4,329 12,034 

1 
This table shows single sample values calculated using the formula identified in table note 2. Default values 

for each Tier are calculated using 0.4 as the log standard deviation (LSD). Alternative values calculated using 
1 different LSD values are also shown. See table note 5 for discussion of these alternative LSD values. Where it 
'-" is necessary to make public notification and/or beach closure decisions in the absence of sufficient data to 

calculate a representative geometric mean for E. coli. no single sample shall exceed the default value shown 
in this table or an alternative value calculated by using the formula shown in table note 2 (see also table note 
5). For all other purposes related to implementing the Clean Water Act. if there are insufficient data to 
calculate a representative geometric mean for E. coli. "X%" of the representative sample data collected over a 
30 day periOd (running) shall be less than the default value specified in this Table or the alternative calculated 
value. where X% is the statistical confidence level assigned to a particular waterbody. Where there are 
sufficient data to calculate a representative geometric mean for E. coli. the default or calculated single sample 
maximum value shall not be used to assess compliance with the E. coli objective in Table 4-pio. The intent of 
single sample maximum values is to Inform public notification decisions and to trigger additional follow-up 
monitoring. 
2 

EPA's recommended formula for calculating the maxi'iY&f.lc~~pected single sample value is: 
SSM= ECO * 10 . where ... 

ECO = E. coli Objective expressed as geometric mean of a minimum number of samples: Assumed ECO= 126 
based on a minimum of 5 samples over a 30-day period (rolling average) (see Table 4-piol. 
SCF =the appropriate Statistical Confidence Level Factor for the given waterbody: SCF=0.675 corresponds 
with the 75% confidence level: SCF=0.935 corresponds with the 82% confidence level: SCF=1.28 corresponds 
with the 90% confidence level: SCF=1.65 corresponds with the 95% confidence level. 
LSD = the Log Standard Deviation of measured E. coli densities. 
3 

Single Sample Maximum values for Tier A. B. C or D waters that are also denoted with an "N" in Table 5-
REC1-Tiers shall be calculated as for Tier A waters. 
C.L. = Confidence Level 

Variability is calculated as the standard deviation of the log-transformed E. coli data. In the absence of 
adequate representative data to estimate E. coli variability. the maximum expected single sample value will be 
calculated based on the assumption that the LSD= 0.4. as recommended by EPA [40 CFR 131.41 (69 Fed. 

I Reg. 220. 67242: Nov. 16. 2004 ("BEACH Act Rule"))]. Application of an alternative LSD value(s) must be 
'-"" approved by the Regional Board through the normal public notice and comment process. Per USEPA 

requirements identified in the BEACH Act Rule (69 Fed. Reg. 220. 67227), at least 30 samples must be 
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collected in a single recreation season to calculate a statistically valid site-specific log standard deviation that 
can be used to calculate a corresponding single sample maximum . Data acceptability shall generally be 
determined using the guidelines described in the Water Quality Control Policy for Developing California's 
Clean Water Act Section 303(d) List [Sept., 20041. 
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IQtidegradation targets for REC2 only fresh waters 

~discussed in Chapter 4 (Pathogen Indicator Bacteria. REC2 Only Freshwaters). this Plan does 
not specify bacteria quality objectives for freshwaters designated REC2 only. However. it is 
appropriate to take steps to assure that bacteria quality conditions in these waters do not degrade 
as the result of controllable water quality factors. consistent with antidegradation policy 
requirements. 

For waters designated REC2 only pursuant to approved Use Attainability Analyses (UAAs: see 
discussion in Chapter 3 and Table 3-1 ), bacteria quality targets will be calculated and used to 
provide a baseline for expected water quality conditions in these waters. If future monitoring 
provides credible evidence that these targets are being exceeded and that quality conditions may 
have declined, then additional monitoring and investigation will be initiated and corrective action 
taken if and as appropriate. Requirements pertaining to monitoring and follow-up investigation and 
action are identified below (Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters). 

The baseline condition (antidegradation target) for each REC2 only water will be established 
through a comprehensive statistical analysis of ambient bacteria quality data that is conducted as 
part of the UAA used to justify the REC2 only designation. The statistical analysis must be 
designed to characterize the entire distribution of the dataset. This includes determination of the 
mean. median, standard deviation, coefficient-of-variation. maximum value. upper 95th percentile 
value and sample size for the dataset. The upper 95th percentile density will serve as the 

ntidegradation target. that is. the trigger threshold for further investigation and possible corrective 
·· ion. As new data become available ursuant to re uisite monitorin the will be com ared to 
1s antidegradation target to determine whether further investigation or action is needed. The 

additional monitoring results must be sufficiently robust to assess whether a lowering of water 
quality has occurred. 

In general. the following method will be used to estimate the upper 95th percentile densities: 

Step 1) Log-transform the existing data 
Step 2) Calculate the mean of the log-transformed data 
Step 3) Calculate the standard deviation of the log-transformed data 
Step 4) Multiply the standard deviation of log-transformed data by 1.65 
Step 5) Add result from Step 4 to the mean value calculated in Step 2 
Step 6) Calculate the anti-log for the value derived in Step 5: this is the 95% 

Upper Confidence Level. 

Using the 95th percentile to assess water quality trends and as a trigger for further monitoring is 
conceptually similar to U.S. EPA's recommended approach for using Single Sample Maximums 
(see Application of Single Sample Maximum values in REC1 freshwaters, above). and to the 
approach used to characterize ambient TDS and nitrogen quality in the groundwater management 
zones throughout the Santa Ana Region (see Chapter 4. Management Zone TDS and Nitrate
nitrogen Water Quality Objectives). 
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Where 95% of the new data is less than or equal to the antidegradation target. no degradation will 
be inferred. However. if more than 5% of the samples exceed the target. additional samples must """' 
be collected and analyzed to determine whether the elevated value is an anomaly (verified by ..., 
formal outlier analysis) or if it indicates a true trend toward water quality degradation. 

Use Attainability Analyses have been completed to justify the designation as REC2- only the 
specific freshwater stream segments listed in Table 5-REC2 Only Targets-FW. For each of these 
waters. this Table shows the antidegradation indicator bacteria targets. based on the 95% upper 
confidence level of data obtained as part of the UAAs: 

a e - mv arae s-T bl 5 REC2 0 I T t FW1 

E. coli Densities (cfu/1 00 mLJ 
REC2 Only Waterbody 

Mean 
Std. 

N 
Max. 95% 

Dev. Observed UCL 

T emescal Creek Reach 1 b 198 34 119 9._200;t 933 
Santa Ana Delhi Channel Reach 2 448 110 63 12 590 5_269 

UCL= Upper Confidence Level: 95% upper confidence level IS the ant1degradat1on target 

1 COM. Inc. Technical Memorandum. Calculation of Antidegradation Targets for REC2 Only Freshwaters. 
December 30. 2011. 
2 A value of 1.800.000 cfu/100 mL. from the sample collected on 9/8/2007. was excluded as an outlier. 

Use Attainability Analyses have also been completed for two tidal prisms (Santa Ana Delhi and 
Greenville-Banning channels). Antidegradation targets for these waters. though not freshwater 
bodies. are shown in Table 5-REC2 Only Targets-Other Waters. below. 

a e - niV arae s- er a ers T bl 5 REC2 0 I T t Oth W t 1 

REC2 On I~ Waterbod~ 
Enterococcus Densities (cfu/100 mll 

Std. Max. 95% Mean N 
Dev. Observed UCL 

Greenville-Bannina Channel Tidal Prism 116 2041 108 22 000 660 
Santa Ana-Delhi Channel Tidal Prism 1900 4852 65 28 600 6466 

UCL= Upper Confidence Level: 95% upper confidence level1s the ant1degradat1on target 

1 California Regional Water Quality Control Board. Santa Ana Region. Memorandum prepared by David 
Woelfel. Calculation of Antidegradation Targets for REC2 Only Waters-Tidal Prisms. December 30. 2011 

Controllable and Uncontrollable Sources of Bacteria 

As described in Chapter 4. certain water quality objectives established in this Basin Plan refer to 
"controllable sources" or "controllable water quality factors". Whether or not sources are , -"'\ 
"controllable" affects the ability of the Regional Board and dischargers to assure that waste ...., 

Page 68 of 76 



Attachment 1 to Resolution No. RB-2012-0001 March 16, 2012 

discharges are regulated and controlled so as to assure the reasonable protection of beneficial ces. 
Uncontrollable bacteria sources refer to contributions of bacteria within the watershed from 
nonpoint sources that are not readily managed through technological or natural mechanisms or 
through source control and that may result in exceedances of water quality objectives for indicator 
bacteria. Specific uncontrollable indicator bacteria sources within the Santa Ana Region may 
include: 

• Wildlife activity and waste 
• Bacterial regrowth within sediment or biofilm 
• Resuspension from disturbed sediment 
• Marine vegetation (wrack) along high tide line 
• Concentrations (flocks) of semi-wild waterfowl 
• Shedding during swimming 

Controllable bacteria sources refer to any bacteria indicator source that can be controlled by 
treatment or management methods. Requirements for the application of Best Available Treatment 
technology (BAT) and Best Conventional Treatment technology (BCT) apply to some of these 
sources (e.g .. POTWs): in other cases. such as discharges regulated under the areawide 
municipal separate storm system permits ("MS4" permits). reasonable actions to reduce or 
eliminate the contribution of these sources to the maximum extent practicable are required. These 
include the implementation of best management practices or other mechanisms. Controllable 
sources are predominantly anthropogenic in nature and can be reduced in varying degrees. 

ecific anthro o enic controllable indicator bacteria sources within the Santa Ana Re ion rna 
include: 

• Improper use of fertilizers on residential and commercial properties and agricultural lands 
• Improper handling of pet waste 
• Cross-connections between the sanitary and storm sewer systems 
• Leaky sanitary sewer conveyances 
• Discharges from POTWs 
• Improper handling and disposal of food waste 
• Improper management of CAFO waste and washwater 
• Runoff from yards containing fertilizers. pet waste. and lawn trimmings 
• Homeless encampments 

Certain techniques are available to identify human sources: when practical. those techniques 
should be used in areas where persistent exceedances of bacteria objectives occur. 

These source definitions and categories may be further refined as more science becomes 
available. 

Page 69 of 76 



Attachment 1 to Resolution No. RB-2012-0001 March 16, 2012 

High flow suspension of recreation standards 

In semi-arid areas like much of the Santa Ana Region. intermittent but sometimes intense rains 
pose a serious risk of flash flooding. Stormwater runoff significantly increases the volume and 
velocity of local stream flows. Dam releases and other irregular sources. such as imported water 
transfers. can also result in dramatic. though transitory, increases in stream flow and velocity. Such 
flows create a severe hazard to public safety and temporarily preclude attainment of recreational 
uses in or near the water. 

These hazards are exacerbated in urban streams that have been engineered or modified to 
provide essential flood protection during and immediately following storm events. Channel 
straightening. bank stabilization. vegetation removal and flow diversions are all intended to convey 
stormwater runoff to a suitable discharge location as rapidly as possible while minimizing the risk of 
flooding and erosion. However. these common flood control construction practices and 
maintenance procedures significantly increase the volume and velocity of flow in urban channels 
during wet weather conditions. The danger inherent in recreating under such conditions is well
recognized by other Regional Boards and reflected in the suspension of recreational beneficial 
uses and applicable bacteria quality objectives during specific high flow conditions in other urban 
areas (see. for example. Resolution No. 2003-010 of the Los Angeles Regional Board. 
subsequently affirmed by State Board Resolution No. 2003-0071 ). 

This Plan recognizes these circumstances and specifies that the recreational use designations 
(REC1 and REC2). the narrative pathogen objective and the numeric pathogen indicator objectives '"'\ 
shown in Table 4-pio are temporarily suspended when high flows preclude safe recreation in or ,.., 
near freshwater stream channels that have been engineered. modified or maintained to serve as 
temporary flood control facilities. Temporary suspensions of recreation standards do not apply to 
freshwater lakes. ocean beaches or enclosed bays or estuaries. 

Definition of Unsafe Flows. Flow conditions in freshwater streams in the Santa Ana watershed 
are presumptively unsafe if either of the following conditions occurs: (1) stream velocity is greater 
than 8 feet-per-second (fpsl: or. (2) the product of stream depth (feet) and stream velocity (fps) 
(the depth-velocity product) is greater than 10 ft2/s. Where representative stream gauge data are 
not available. unsafe flows are presumed to exist in stream channels that have been engineered or 
modified for flood control purposes when rainfall in the area tributary to the stream is greater than 
or equal to O.Sinches in 24 hours. Rainfall measurements may be estimated using gauges. 
Doppler radar data. or other scientifically defensible methods. 

It is recognized that. because of channel morphology. substrate type or other conditions. it may be 
unsafe to engage in recreational activities under lower flow conditions in stream channels. The fact 
that recreational standards may be suspended under some but not all flow conditions does not 
imply that it is safe to recreate in or near a waterbody when the high flow suspension is not in 
force. 

Termination of Temporary Suspension. Stream flows will be presumed to return to safe 
conditions and the temporary suspension of recreation standards will cease 24-hours after the end ..J 
of the storm event. unless actual flow data demonstrate that the suspension should terminate 
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Site-Specific Flow Triggers. The hydrology of individual freshwater streams varies greatly. 
Therefore. the thresholds and presumptions related to rainfall and stream flow identified above 
may be adjusted based on site-specific data analysis and/or runoff models. subject to approval by 
the Regional Board through the normal public participation process. 

Definition of Engineered or Modified Channels. The temporary suspension of recreational uses 
and related water quality objectives during unsafe flow conditions applies only to streams that have 
been engineered or modified to enhance flood control protection. Engineered streams include all 
man-made flood control facilities with a box-shaped. V-shaped or trapezoidal configuration that 
have been lined on the side(s) and/or bottom with concrete or similar channel-hardening materials. 
Modified channels include once natural streams that have been re-engineered. using levees. bank 
stabilization (rip-rap), channel straightening. vegetation removal and other similar practices. to 
facilitate rapid evacuation of increased urban runoff during storm events. 

Delineation of Engineered or Modified Channels. The very large number of engineered and 
modified flood control facilities in the Santa Ana Region makes it difficult to identify all such 
,hannels individually by name. Therefore. Appendix VIII provides maps of the waterbody 

ments that have been en ineered or modified in the manner described above and that 
erefore. qualify for the temporary suspension of recreational standards under specific high flow 

conditions. Appendix IX contains ArcGIS files that identify each of these same waterbodies in a 
more precise. high-resolution format. The engineered flood control channels identified in these 
Appendices will be updated annually via the annual report submitted by the MS4 permittees for 
each county in the Region. Additions or deletions to the list of waters identified in these 
Appendices will also be considered during the triennial review process or on a case-by-case basis 
upon request by an interested party to do so. Any such request must be supported by substantial 
evidence. Appendix VIII and Appendix IX can be viewed at the Regional Board's website: 
http://www.waterboards.ca.gov/santaana/water issues/programs/basin plan/docs/rec stan 
dards/BPA REC Standards Staff Rpt AttA AppVIII.pdf, and 
http://www.waterboards.ca.gov/santaana/water issues/programs/basin plan/docs/rec stan 
dards/BPA REC Standards Staff Rpt AttA AppiX.zip. 

Site-Specific Eligibility for Temporarv Suspension. The Regional Board may determine that it 
is appropriate to apply the temporary suspension to additional waters that may not be engineered 
or modified. Such waters may be added provided that it is demonstrated that high hazardous flow 
conditions preclude attainment of the use and that such recreational uses are not "existing" uses 
during high flow conditions. Such a demonstration will require that a Use Attainability Analysis 
(UAA) be performed in accordance with federal regulations. The Regional Board may also 
<;ietermine that recreation standards should not be suspended in some specific streams if it is 

monstrated that stream channel conditions or flow controls effective! eliminate an safe 
zard to the public. 

Page 71 of 76 



Attachment 1 to Resolution No. RB-2012-0001 March 16, 2012 

Special Case: Santa Ana River- Reach 2. Reach 2 of the Santa Ana River extends from Prado 0· . 

Dam near Corona downstream to 1 th Street in Santa Ana. Much of this segment of the River has 
been heavily modified and re-engineered to provide greater flood control protection to the residents 
of Orange County. Although flow control at Prado Dam minimizes the risk of flash flooding in 
Reach 2. the volume of water passing through the deep and narrow channel near Featherly Park. 
just downstream of the Dam. often exceeds the default threshold that triggers application of the 
high flow suspension. 1 The temporary high flow suspension is intended to apply on a limited basis 
to transient conditions. It is not intended to de-designate recreational uses where elevated flows 
represent the normal baseline condition even during dry weather conditions. Consequently. the 
flow-based threshold will not be used to trigger application of the high flow suspension in Reach 2 
of the Santa Ana River. Instead. the temporary high flow suspension will only be applied using the 
rainfall criteria described above or when the Army Corps of Engineers is releasing excess flows 
stored behind Prado Dam in response to previous rain events as described in their Standard 
Operating Procedures.~ 

Santa Ana River- Reach 3. It is appropriate to take notice also of Reach 3 of the Santa Ana 
River. which extends from Prado Dam upstream to Mission Avenue in Riverside. Although much 
of Reach 3 may appear relatively natural to the casual observer. it has in fact been heavily 
modified and re-engineered to enhance flood protection. The upper half of the reach has been 
channelized with reinforced levees armored by rip-rap. Below Van Buren Boulevard. Reach 3 
remains largely natural. However. numerous flood control facilities have been constructed/modified 
in the multiple streams tributary to this area. These changes have modified the natural stream 
hydrology of the Reach by re-directing and accelerating stormwater runoff from the upper Santa 
Ana watershed that can create exceptionally hazardous flow conditions in the Reach. The Q 
temporary suspension of recreational standards applies to this Reach. 

Limitations of the Temporary High Flow Suspension. It is important to emphasize that 
temporary suspensions of recreation standards in specific waters do not nullify the obligation to 
meet downstream standards. unless the recreation standards have also been suspended for those 
waters at the same time. Further. temporary suspensions of recreation standards do not relieve 
Publicly Owned Treatment Works (POTWs) of the obligation to continue to comply with effluent 
limitations established to assure the protection of recreation beneficial uses in the receiving waters. 
These effluent limitations take into account the dilution that may be made available by stormwater 
flows. (See also POTW Discharge Requirements and Implementation of Recreational Standards. 
below). 

Monitoring Plan for Pathogen Indicator Bacteria in Fresh waters 

Monitoring of pathogen indicator bacteria in fresh surface waters in the Region is conducted by a 
variety of agencies in response to statutory and regulatory requirements. This includes monitoring 

1 Wildermuth Environmental Inc .. 2008 Santa Ana River Wasteload Allocation Model Report. Prepared for the 
Santa Ana Watershed Project Authority's (SAWPA) Basin Monitoring Program Task Force. May. 2009 
~Historical flows below Prado Dam are charted in Fig. 2-16 of the Report). 0· 

United States Army Corps of Engineers. Water Control Manual: Prado Dam and Reservoir. 
Santa Ana River. California. 1994. 
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of stormwater at selected locations within Orange. Riverside and San Bernardino counties. as 
Pquired by the areawide urban stormwater permits. Monitoring is also conducted to address 

~ ho en indicator TMDL re uirements e. the Middle Santa Ana River TMDL and to su ort the 
assessment of surface waters. which may lead to the listing or delisting of these waters on the 
Clean Water Section 303(d) list of impaired waters. These monitoring efforts have been conducted 
independently to a large degree to respond to individual agency needs. 

Some of these monitoring programs have evolved from focus on fecal and total coliform bacteria. 
on which bacteria quality objectives have been based historically. to include other pathogen 
indicators. such as E. coli and enterococcus. Measurement of these other indicators was prompted 
by changes in USEPA's recommended bacteria quality criteria for recreation waters. published in 
1986. These criteria changes also led to the modification of the Basin Plan in 2012 to incorporate 
revised pathogen indicator objectives and implementation triggers (single sample maximum 
values). all based on E. coli. to protect recreation uses in inland surface waters (see Chapter 4 
WATER QUALITY OBJECTIVES; CHAPTER 51MPLEMENTATION. Application of Single Sample 
Maximum Values in REC1 freshwaters). 

The E. coli objectives and single sample maximum values that are specified in this Basin Plan 
implement the public health risk management approach employed in USEPA's 1986 national 
criteria. Pathogen indicator monitoring should also reflect this risk-based approach. Because 
monitoring resources are limited. the highest priority should be given to REC1 waters where 
primary contact recreation is most likely to occur. i.e. Tier A REC1 waters. Lower priority should be 
assigned to waters where primary contact recreation occurs infrequently or not at all. 

art of the Stormwater Qualit Standards Task Force efforts that led to the ado tion of the E. 
oli objectives for inland fresh surface waters. the three principal funding members. 

i.e .. the Orange. Riverside and San Bernardino county stormwater agencies. committed to 
participate in the development and implementation of a comprehensive. watershed-wide bacteria 
quality monitoring program. Other dischargers who contribute or may contribute to pathogen 
indicator bacteria inputs to surface waters will be required to conduct bacteria quality monitoring. 
individually or in concert with this comprehensive program. It is expected that participation in the 
comprehensive effort would result in cost savings to individual dischargers and would be the most 
effective way to collect data necessary to assess the receiving water quality effects of discharges. 

A proposed comprehensive monitoring program is to be submitted by the Orange. Riverside and 
San Bernardino county stormwater agencies no later than [1 vear from the date of Regional Board 
approval of the new E. coli objectives- insert date certain once amendment is approved by 
Regional Board], except that the Quality Assurance Project Plan (QAPP) shall be submitted no 
later than [90 days after EPA approval of the new E. coli objectives- insert date certain once 
amendment is approved]. The proposed program shall meet the following: (1) all water quality 
monitoring for pathogen indicator bacteria must be conducted in accordance with a QAPP that has 
been approved by the Regional Board's Quality Assurance Officer: (2) bacteria monitoring data 
must be compatible with the state's Surface Water Ambient Monitoring Program (SWAMP); (3) 
waterbodies proposed as a high priority for monitoring shall be identified and the rationale for their 
selection documented: (4) each identified high priority waterbody must be sampled for pathogen 
indicator bacteria sufficient to provide a minimum of 5 samples per 30 day period. year-round. 

'·ess documented waterbody conditions (e.g .. water temperature. ice on the surface of lakes. 
h risk of flash flood in etc. exist that ·usti a reduced fre uenc · 5 the desi nated sam lin 
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locations must be selected so as to characterize bacteria concentrations immediately upstream of 

~ea~:hher~ t~e Jreat~~t le~~l ~f r~creat~ional acti~ity ~or~_all~ ~c~~rs: \~) th~ ~onit~rinf plan ~ust ·Q 
i ent1 t e at1tu e an onq1 u e o rou 1ne samp mg oca 1on s . e ra 1ona e or se ec 1ng eac 
location. other locations considered but rejected. and the agency responsible for collecting and 
analyzing the sample from each high priority location: (7) the monitoring plan must describe the 
sampling locations and frequency for collecting pathogen indicator bacteria data in lakes and 
streams designated REC-1 but where recreational activities are far less likely to occur (i.e .. Tier B. 
C or D waterbodies); (8) the monitoring plan must include a proposal for periodic bacteria 
monitoring of waters designated REC2 in order to confirm that there is no significant degradation of 
the quality of these waters: (9) results from the comprehensive bacteria monitoring program must 
be submitted annually. The agencies implementing the program may submit the report collectively 
or on an individual basis: and. (10) the data must be put into the CEDEN (SWAMP) database 
and/or the database maintained by the Santa Ana Watershed Project Authority. 

The comprehensive program is to be implemented upon the approval of the Regional Board. The 
program will be reviewed and may be revised at least once every three years. This includes 
consideration of the waterbodies deemed high and low priority for monitoring purposes. Monitoring 
programs specified as part of NPDES permits. Waste Discharge Requirements and other orders of 
the Regional Board will be considered in light of the comprehensive program being implemented. 
As appropriate. dischargers in addition to the stormwater agencies will be required to conduct 
bacteria quality monitoring of the receiving waters. Such monitoring may be conducted 
independently by these other dischargers. but participation in and coordination with the 
comprehensive program will be strongly encouraged. The goal is to integrate all monitoring efforts 
to the extent feasible and reasonable to reduce or eliminate redundancy and maximize the efficacy 
of the monitoring effort. Requirements pertaining to data quality assurance. SWAMP compatibility~ J 
reporting and database entry will also be specified in individual requirements issued by the 
Regional Board. 

Where water quality monitoring data indicate significant non-compliance with the applicable 
pathogen indicator objective. agencies discharging to that waterbody must submit a plan to the 
Regional Board to identify the pollutant source(s) unless monitoring data show that their particular 
discharge is not causing or contributing to the exceedance. The source evaluation plan must be 
implemented upon approval by the Executive Officer. 

Where water quality monitoring data. collected through the approved comprehensive monitoring 
program or by interested agencies. organizations or individuals, indicate that a single sample 
maximum value assigned to a Tier B. C or D REC1 water. or the bacteria target assigned to a 
REC2 only water. is being exceeded. then the Regional Board will require agencies discharging to 
that waterbody to submit a plan for investigation into the bacteria quality of that waterbody, 
including monitoring. Where the investigation shows that the bacteria quality of the waterbody is 
adversely affected by a controllable source. then a corrective action plan and schedule will be 
required. Both the investigation plan and. as necessary, corrective action plan. must be 
implemented upon approval by the Regional Board's Executive Officer. Such follow-up 
investigation and corrective action will be triggered only upon the demonstration of credible 
evidence documenting a potential bacterial quality problem. Credible evidence shall consist of at 
least two consecutive samples that exceed the SSM/REC2 target. It is expected that the proposed 
schedule for any needed corrective action will be as soon as practicable but no longer than two 
years from the date that the controllable source(s) is identified. 
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t,e Regional Board acknowledges that the obligation to gather. analyze and report water quality 
·a does not b itself establish an s ecific liabilit for ollutant remediation. That res onsibilit 

epends on identifying the source(s) of bacterial contamination. The Regional Board strongly 
supports proactive voluntary efforts organized through local Task Forces to accomplish these 
objectives. However. where necessary. the Regional Board will continue to impose monitoring and 
remediation requirements through the permitting. enforcement and TMDL processes in order to 
protect water quality for recreational uses. 

To begin the development of a comprehensive bacteria quality monitoring program. the 
Stormwater Quality Standards Task Force considered the waterbodies that should be considered 
high priority for monitoring and identified a tentative list. shown in Table 5-REC-Potential High 
Priority Waters. below. The waterbodies identified in Table 5- REG-Potential High Priority Waters 
should be considered in the development of the proposed comprehensive monitoring program. 

Table 5-REC-Potential High Priority Waters for Monitoring of Pathogen Indicator 
Bacteria in Freshwaters 

LAKES STREAMS 
Big Bear Lake Lvtle Creek- Middle and North 

Forks 
Lake Perris Mill Creek- Reach 2 
Lake Elsinore Santa Ana River - Reach 3 
Canvon Lake San Antonio Creek 

POTW discharge reguirements and implementation of recreation standards 

As discussed in Chapter 4- WATER QUALITY OBJECTIVES. this Basin Plan establishes 
water quality objectives that are intended to protect beneficial uses. These include the 
narrative pathogen objective and numeric pathogen indicator objectives for freshwaters 
(Table 4-pio) that are specified for the protection of primary contact recreation in surface 
waters. However. in issuing waste discharge requirements that assure beneficial use 
protection. the Regional Board must consider not only the established objectives but also 
whether case-specific circumstances warrant the application of limitations more stringent 
than those necessary to implement the objectives. Such special consideration applies to 
discharges of treated sewage to surface waters by Publicly Owned Treatment Works 
(POTWs) or other entities and the protection of public health and primary contact recreation 
in those receiving waters. 

The California Department of Public Health (CDPH) has found that in most instances. in 
order to protect the health of members of the public who engage in primary contact 
recreation in surface waters that receive treated sewage discharges. treatment of the 
discharges must be provided so as to achieve an approximate 5 log reduction in the virus 

. content of the wastewater. The efficacy of the treatment process in achieving this reduction 
{..., is reflected. in part. by measurements of total coliform bacteria. 
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Based on these recommendations and relevant regulations established by CDPH in the 
California Code of Regulations (Title 22. Division 4. Chapter 3. Section 60301 et seq.). .

0 
..... 

waste discharge requirements issued by the Regional Board to POTWs and other entities 
for discharges of treated sewage to surface waters include stringent total coliform 
limitations. The Fact Sheets accompanying these waste discharge requirements provide 
detailed explanation of the rationale for these effluent limitations and related discharge 
specifications. The salient point here is that these waste discharge requirements do not 
include effluent limitations based on the numeric objectives for E. coli that are specified in 
Table 4-pio. The Regional Board has found that the total coliform limitations are necessary 
to assure adequate treatment of sewage before discharge to surface waters and thereby. to 
assure protection of public health and primary contact recreation uses. 

The temporary suspension of recreation standards in certain surface waters (see High flow 
suspension of recreation standards. above) under high flow conditions does not obviate the 
need for POTWs and other entities discharging treated sewage (recycled water) to surface 
waters to continue to meet the coliform limitations specified in their waste discharge 
requirements. To implement the narrative pathogen objective (see Chapter 4. WATER 
QUALITY OBJECTIVES. INLAND SURFACE WATERS. Pathogen Indicator Bacteria). the 
Regional Board may also require recycled water discharged to freshwaters designated 
REC1 or REC2 !o comply with other limitations. including those recommended by CDPH. 

Amend CHAPTER 5- IMPLEMENTATION- add references 

33. United States Environmental Protection Agency. "Water Quality Standards for Coastal 
and Great Lakes Recreation Waters: Final Rule". 40 CFR 131.41. Federal Register. Vol. 69, 
No. 200. November 16.2004. pp.67217 et seq 

34. CDM. Technical Memorandum. Calculation of Antidegradation Targets for REC2 Only 
Freshwaters. December 30, 2011. 

35. California Regional Water Quality Control Board. Santa Ana Region. Memorandum 
prepared by David Woelfel. Calculation of Antidegradation Targets for REC2 Only Waters
Tidal Prisms. December 30. 2011 

36. U.S. EPA. Water Quality Standards Handbook. Sept. 15. 1993. 

37. United States Army Corps of Engineers. Water Control Manual: Prado Dam and 
Reservoir. Santa Ana River. California. 1994. 

38. Wildermuth Environmental Inc .. 2008 Santa Ana River Wasteload Allocation Model 
Report. Prepared for the Santa Ana Watershed Project Authority's (SAWPA) Basin 
Monitoring Program Task Force. May. 2009 

39. State Water Resources Control Board .. "Water Quality Control Policy for Developing 
California's Clean Water Act Section 303(d) List". September 2004. 
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California Regional Water Quality Control Board 

Santa Ana Region 


RESOLUTION NO. R8-2012-0001 


Resolution Approving Amendments to the Basin Plan Pertaining to Bacteria 

Quality Objectives and Implementation Strategies, Recreation Beneficial Uses, 


the Addition and Deletion of Certain Waters Listed in the Basin Plan and 

Designation of Appropriate Beneficial Uses, and Other Minor Modifications 


WHEREAS, the California Regional Water Quality Control Board, Santa Ana Region 
(hereinafter Regional Board), finds that: 

1. 	 An updated Water Quality Control Plan for the Santa Ana River Basin (Basin 
Plan) was adopted by the Regional Board on March 11, 1994, approved by the 
State Water Resources Control Board (SWRCB) on July 21, 1994, and approved 
by the Office of Administrative Law (OAL) on January 24, 1995. Subsequent 
amendments to the Basin Plan have been approved. 

2. 	 The Basin Plan identifies ground and surface waters within the Santa Ana 
Region (Region), designates beneficial uses for those waters, establishes water 
quality objectives for the protection of those IJses, prescribes implementation 
plans whereby the objectives are to be achieved, and establishes monitoring and 
surveillance programs. 

3. 	 Designated beneficial uses of surface waters in the Basin Plan include Water 
Contact Recreation (REC1) and Non-contact Water Recreation (REC2). REC1 is 
essentially equivalent to "primary contact recreation", the terminology employed 
by many states and accepted and used by the U.S. Environmental Protection 
Agency (USEPA). Similarly, REC2 is effectively equivalent to "secondary contact 
recreation", as this use is recognized and used by USEPA. 

4. 	 The federal Clean Water Act and implementing regulations establish the 
presumption that all surface waters support primary contact (water contact) 
recreation and should be designated. REC1. This presumption can be rebutted 
for one or more specific surface waters by demonstrating that: (a) REC1 is not an 
"existing" use, as defined in federal regulations (40 Code of Federal Regulations 
(CFR) 131.3); and, (b) a structured scientific assessment, known as a Use 
Attainability Analysis, demonstrates that attaining the use is not feasible based 
on one or more of the six factors identified in federal regulations (40 CFR 
131.10{g». 

5. 	 The Basin Plan establishes water quality objectives intended to protect both 
REC1 and REC2 uses of surface waters. These objectives were established in 
the 1975 Basin Plan, relying on federal guidance at that time that recommended 
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that fecal coliform bacteria be used to assess the sanitary quality of recreational 
waters and to assure the protection of public health and recreational uses. Fecal 
coliform are surrogate bacterial indicators of the presence of pathogens, such as 
viruses, that may cause disease in persons exposed, primarily via the ingestion 
of water. 

6. 	 In 1986, USEPA published revised guidance f'Ambient Water Quality Criteria for 
Bacteria - 1986") regarding the surrogate pathogen indicator bacteria that States 
should employ to assure the protection of primary contact recreation (REC1). For 
freshwaters, the revised guidance recommends that States adopt objectives 
based on E. coli or enterococcus. USEPA has acknowledged that there is no 
scientific basis for establishing pathogen indicator bacteria objectives to protect 
secondary contact (REC2) recreation, since the epidemiological data used by 
USEPA to derive the bacteria criteria were associated with swimming-related 
activities involving immersion, where the ingestion of water was likely. However, 
USEPA recommends that States set numeric objectives for secondary contact 
recreation based on multiplication (5X or 10X) of their primary contact recreation 
objectives. 

7. 	 USEPA expects States to adopt bacteria quality objectives that provide public 
health protection in primary contact recreation waters that is at least equivalent to 
that provided by the criteria in USEPA's 1986 criteria document. In 2004, USEPA 
promulgated bacteria criteria based on the 1986 guidance for the Great Lakes 
and for coastal recreation waters in those states that had not adopted equally 
protective objectives (Water Quality Standards for Coastal and Great Lakes 
Recreational Waters - Final Rule. 40 CFR 131.41). 

8. 	 Working with the Stormwater Quality Standards Task Force (SWQSTF; or Task 
Force). Regional Board staff developed recommendations for revising the Basin 
Plan fecal coliform objectives to implement USEPA's 1986 recommended 
criteria. As part of this process. the Task Force carefully considered the scientific 
basis of both the established fecal coliform objectives and the 1986 
recommended bacteria criteria. Based on detailed understanding of the scientific 
basis for these objectives and criteria, the Task Force determined that it would be 
appropriate to consider also the need for and nature of amendments to the Basin 
Plan recreational use definitions, recreational use designations for certain 
surface waters in the Region, and bacteria indicator objective implementation 
strategies, including monitoring. The suite of Basin Plan amendments delineated 
in Attachments 1 (underline-strikeout version) and 2 ("clean"version) to this 
resolution are the product of this consideration. 

9. 	 The proposed Basin Plan amendments include recommendations for changes to 
pathogen indicator bacteria objectives in freshwater. These include: (1) 
establishing new, numeric pathogen indicator objectives, based on E. coli, for 

2 
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freshwaters designated both REC1 and REC2; (2) deleting the Basin Plan fecal 
coliform objectives for REC1 and REC2 in freshwaters; (3) establishing a new, 
narrative pathogen indicator objective; (4) establishing single sample maximum 
(SSM) values for E. coli that will be used, in part, to assess compliance with 
geometric mean objectives in the absence of sufficient data to calculate 
geometric means (and, principally, as public notification tools); (5) establishing 
numeric, antidegradation pathogen indicator bacteria targets (in lieu of 
objectives) for waters designated REC2 only, as justified by Use Attainability 
Analyses; and, (6) deleting the established total coliform objective for freshwaters 
designated MUN (municipal and domestic supply). 

10.Water Code Section 13241 requires that certain factors, including economics, be 
evaluated, at a minimum, when the Regional Board considers changes to water 
quality objectives. Pursuant to this requirement, analysis was conducted of the 
proposed changes to pathogen indicator objectives in freshwater described in the 
preceding Finding (#9). This analysis was conducted in the context of the 
proposed strategies for the application and implementation of the revised 
objectives. These implementation strategies include: the de-designation of the 
REC1 use for certain surface waters, based on Use Attainability Analyses; 
implementation of E. coli SSMs principally as public notification tools or to 
provide a surrogate measure of attainment when insufficient data are available to 
calculate a representative geometric mean; and, implementation of the proposed 
temporary, high flow suspension of pathogen indicator objectives. The costs of 
compliance with the proposed objectives are not likely to be significantly different 
than the cost of meeting the established fecal coliform objectives, provided that 
the proposed objectives are applied and implemented in accordance with the 
suite of strategies proposed in these amendments. If the suite of amendments is 
approved and the proposed objectives are applied and implemented in that 
context, then the costs of compliance may be red uced since the need for bacteria 
control facilities is expected to be reduced. The costs associated with meeting 
the proposed objectives are necessary to ensure the reasonable protection of 
beneficial uses and the prevention of nuisance. Should one or more elements of 
the suite of amendments proposed in the attachments to this resolution not be 
approved, then the Section 13241 analysis may be invalid and any future 
reliance on this analysis for regulatory purposes would be improper. Under these 
circumstances, additional Section 13241 analysis would be appropriate. 

11.Analysis of the proposed Basin Plan amendments was conducted to determine 
consistency with the antidegradation policy (SWRCB Resolution No. 68-16 
"Statement of Policy with Respect to Maintaining High Quality Waters in 
California" and 40 CFR 131.12). None of the proposed amendments is expected 
to result in the lowering of water quality. Thus, the proposed amendments 
conform to antidegradation policy requirements. 

3 
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12. Pursuant to the requirements of the California Environmental Quality Act (CEQA) 
and implementing regulations, including those established by the SWRCB, 
analyses were conducted of the potential environmental effects of the proposed 
amendments. These analyses are presented in "Environmental Checklist and 
Analysis - Substitute Environmental Document for Proposed Amendments 
Related to Recreational Use Standards for Inland Fresh Waters within the Santa 
Ana Region", November 30,2011, which is attached (Attachment C) to the staff 
report prepared to describe the proposed Basin Plan amendments ("Staff Report, 
Basin Plan Amendments, Revisions to Recreational Standards for Inland Fresh 
Surface Waters in the Santa Ana Region", January 12,2012) and the 
Supplemental Staff Report (dated April 27, 2012). The 2012 staff reports, 
including a second Supplemental Staff Report (dated June 15, 2012), the draft 
Basin Plan amendments included as attachments to this resolution, and the 
environmental checklist and analysis document collectively comprise the 
Substitute Environmental Document (SED) required under CEQA for Basin Plan 
amendments. 

13.The analyses of the potential environmental effects of the proposed amendments 
were conducted on a programmatic level. Those entities subject to the 
amendments, if approved, are responsible for identifying specific compliance 
strategies and conducting required project-level CEQA analyses of the 
implementation of those strategies. 

14. Based on the environmental analyses described in the preceding Findings (#12 
and 13), Regional Board staff made the preliminary determination that the 
proposed amendments could not have a significant effect on the environment, 
and, therefore, no alternatives or mitigation measures are proposed. This 
includes the determination that the Basin Plan amendments would not have an 
impact on biological resources. On February 16, 2012, the California 
Department of Fish and Game issued a "No Effect Determination", confirming 
that the Basin Plan amendments have no potential effect on fish, wildlife and 
habitat. 

15. Health and Safety Code Section 57004 requires that all proposed rules, such as 
the proposed Basin Plan amendments, that have a scientific basis or 
components must be submitted for scientific peer review. The proposed 
amendments were submitted for scientific peer review in accordance with this 
requirement. The review was conducted in accordance with California 
Environmental Protection Agency guidelines. Peer reviewer comments were 
considered in recommendations regarding the proposed amendments. 

16.The proposed amendments meet the necessity standard of the Administrative 
Procedures Act, Government Code Section 11353, subdivision (b). The proposed 
amendments are required to fulfill the Regional Board's obligation pursuant to the 
California Water Code to exercise its full power and jurisdiction to protect the 
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quality of waters in the state, including the duties to establish such objectives as 
will assure the reasonable protection of beneficial uses and to identify the 
program of implementation, including monitoring, needed to achieve those 
objectives. 

17.A CEQA Scoping Meeting was held on January 28,2010 to provide interested 
parties the opportunity to comment on the appropriate scope and content of the 
SED to be prepared for the proposed Basin Plan amendments. Written 
responses to comments provided were prepared and attached to the staff report 
(Attachment B). Periodic presentations to the Regional Board regarding the 
proposed amendments were made during the Board's regularly scheduled public 
meetings. Public and agency partiCipation in the consideration of the proposed 
amendments was actively sought. 

18.A Notice of Public Hearing/Notice of Filing and the SED, including the staff 
report, draft Basin Plan amendments and environmental checklist and analysis 
document, were prepared and distributed to interested individuals and public 
agencies for review and comment on January 12, 2012. Written responses to 
comments received by the date specified in the Public Hearing notice (February 
27,2012) were prepared and attached to the staff report (Attachment F). 
Attachment F also includes written responses to oral and written comments 
received after February 27, 2012. 

19.0n March 16,2012, the Regional Board held a Public Hearing to consider the 
proposed Basin Plan amendments. The Regional Board considered all testimony 
offered at the hearing and the written comments submitted by interested parties 
and public agencies. In order to obtain clarification of the February 23, 2012 
written comments on the proposed amendments that were submitted by the 
USEPA Region 9, the Board continued the public hearing. Regional Board staff 
and members of and consultants to the Stormwater Quality Standards Task 
Force met with USEPA Region 9 and State Water Board staff on April 10, 2012. 
Based on that discussion and further consideration of the proposed 
amendments, an Errata Sheet showing recommended changes to the proposed 
recreation standards amendments was prepared and presented at the 
continuation of the Public Hearing on the amendments at the Regional Board's 
April 27, 2012 meeting. This Errata sheet was attached to the Supplemental Staff 
Report (dated April 27, 2012) prepared for the proposed amendments. Action on 
the proposed amendments was delayed due to the lack of a quorum. Approval of 
the proposed amendments was considered at the continuation of the Public 
Hearing at the Regional Board's June 15, 2012 meeting. All oral and written 
comments were considered by the Regional Board before taking any final action. 

20. The Basin Plan amendments must be submitted for review and approval by the 
SWRCB, OAL and USEPA. The Basin Plan amendments will become effective 
upon approval by USEPA. A Notice of Decision will be filed. 
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NOW, THEREFORE, BE IT RESOLVED THAT: 

1. 	 The Regional Board has reviewed and considered the record of this matter, 
including the information contained in the SED, all written comments, and all oral 
testimony provided at the public hearing of this matter held on March 16,2012, 
April 27, 2012 and June 15, 2012. 

2. 	 The Regional Board confirms the preliminary determination by Regional Board 
staff that the proposed amendments could not have a significant effect on the 
environment and hereby certifies the environmental checklist and analysis 
document that is part of the SED. 

3. 	 The Regional Board hereby adopts the Basin Plan amendments delineated in 
Attachment 1 (underline/strike-out version) and Attachment 2 ("clean" version) to 
this Resolution, as modified by the Errata Sheet. 

4. 	 The Executive Officer is directed to forward copies of the Basin Plan 
amendments to the SWRCB in accordance with the requirements of Section 
13245 of the California Water Code. 

5. 	 The Regional Board requests that the SWRCB approve the Basin Plan 
amendments in accordance with the requirements of Sections 13245 and 13246 
of the California Water Code and, thereafter, forward the amendments to OAL 
and USEPA for their approval. 

6. 	 If during its approval process the SWRCB or OAL determine that minor, non
substantive corrections to the language of the amendments are needed for clarity 
or consistency, the Executive Officer may make such changes and shall inform 
the Regional Board forthwith. 

7. 	 The Executive Officer is directed, at the time of filing and posting the Notice of 
Decision, to file the No Effect Determination received from the Department of 
Fish and Game. 

I, Kurt V. Berchtold, Executive Officer, do hereby certify that the foregoing is a full, true 
and correct copy of a resolution adopted by the California Regional Water Quality 
Control Board - Santa Ana Region on June 15. 2012. 

. KurtV. Berchtold 
Executive Officer 

6 




Page 1 of 79 
 

 
ATTACHMENT 2 TO RESOLUTION NO. R8-2012-0001 

 
Proposed Basin Plan Amendments (“clean” version) 

 
(NOTE: Changes to the recreation standards for inland fresh waters within the Santa Ana 
Region and related explanatory narrative and implementation strategies are proposed to be 
incorporated in Chapter 3, Beneficial Uses, Chapter 4, Water Quality Objectives, and 
Chapter 5, Implementation.  Certain surface waters not currently listed in the Basin Plan are 
proposed to be added, changes in reach designations for one of the listed waters are 
proposed, and two reservoirs no longer in existence are proposed to be removed. Other 
changes are proposed. If the Basin Plan Amendment is approved, corresponding changes 
will be made as necessary to the Table of Contents, the List of Tables, page numbers, and 
page headers in the Plan.  Formatting changes, including page numbers, page headers and 
table and figure identifiers may be modified for the purposes of possible re-publication of the 
Basin Plan.  However, no substantive changes to the text, tables or figures would occur 
absent a Basin Plan amendment.)  
 
Attachment 1 to Resolution No. R8-2012-0001 shows the proposed amendments using 
underline/strike-out format. 
  
CHANGES TO CHAPTER 3 – BENEFICIAL USES 
 
Amend CHAPTER 3 – BENEFICIAL USES, INTRODUCTION, second paragraph: 
 
Section 303(d) of the federal Clean Water Act (33 U.S.C. § 1313) defines water quality 
standards as consisting of the uses of the surface (navigable) waters involved, the water 
quality criteria which are applied to protect those uses and an antidegradation policy. Under 
the Porter-Cologne Water Quality Control Act (California Water Code, Division 7, Chapter 2 
§ 13050) the uses of waters and water quality criteria are separately considered as 
beneficial uses and water quality objectives.  Beneficial uses and water quality objectives 
are to be established for all waters of the state, both surface and subsurface (groundwater). 
 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USES section, last sentence 
of second paragraph, third paragraph and fourth paragraph; add new paragraph:  
 
Shortly thereafter, this revised Beneficial Use table was reviewed again and changes were 
made, including the addition of the Water Contact Recreation (REC1) use for some 
waterbodies, the revision of some Beneficial Use designations from intermittent (I) to 
existing or potential (X), and the addition of more waterbodies (RWQCB Resolution No. 89-
99).  
 
In the update to the Basin Plan approved by the Regional Board in 1994 (RWQCB Resolution 
No. 94-1), further changes to the Beneficial Use table were made.  Significant waterbodies not 
previously identified were included and their beneficial uses were designated. Certain of these 
waters were excepted from the MUN designation. The designation RARE was added where 
substantial evidence indicated that the waterbody supports rare, threatened or endangered 
species (Appendix II). Certain known wetlands in the Region were listed in a new waterbody 
category (see wetlands discussion below). A revised list of Beneficial Uses was developed as 
part of a comprehensive statewide update of all Basin Plans. In all, twenty-three beneficial 
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uses were defined statewide. This list was used to update the list of beneficial use definitions 
in the Basin Plan. Nineteen of the beneficial uses were recognized. (The four not utilized are 
Migration of Aquatic Organisms, Freshwater Replenishment, Inland Saline Water Habitat and 
Aquaculture).  One beneficial use specific to the Region, Limited Warm Freshwater Habitat, 
was added, bringing the total number of beneficial uses recognized in the Santa Ana Region to 
twenty.  
 
In response to recommendations from the Stormwater Quality Standards Task Force, formed 
in response to the 2002 triennial review of the Basin Plan, changes to recreation water quality 
standards were approved by the Regional Board in 2012 (RWQCB Resolution No. R8-2012-
0001). These modifications included the addition of “Primary Contact Recreation” as an 
alternative name for the REC1 beneficial use (see BENEFICIAL USE DEFINITIONS, below) 
and added narrative clarifying the nature of REC1 activities and the bacteria objectives 
established to protect them (see RECREATION BENEFICIAL USES, below). The changes 
also included differentiating inland surface REC1 waters on the basis of frequency of use and 
other characteristics for the purposes of assigning applicable single sample maximum values 
(see Chapter 5). The REC1/REC2 designations for specific inland surface waters were revised 
based on the results of completed Use Attainability Analyses (see RECREATION BENEFICIAL 
USES, below).  Revised water quality objectives to protect the REC1 use of inland freshwaters 
were also approved (see Chapter 4), and criteria for temporary suspension of recreation use 
designations and objectives were identified (see RECREATION BENEFICIAL USES , below, 
and Chapter 5, Implementation, Recreation Water Quality Standards, High Flow Suspension).  
The 2012 Basin Plan revisions to incorporate the changes in recreation standards included the 
addition of certain waters to the list of the Region’s waters in Table 3-1 and the designation of 
beneficial uses for those waters. Where appropriate, the added waters were excepted from the 
MUN designation. Laguna and Lambert reservoirs, which no longer exist, were deleted from 
the list. 
 
The region’s beneficial uses are listed and described below. 
 
 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE DEFINITIONS, Water 
Contact Recreation (REC 1*):  

 
Water Contact Recreation (REC 1: Primary Contact Recreation*)  
 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE DEFINITIONS, Non-
contact Water Recreation (REC 2*):  

 
 Non-contact Water Recreation (REC2: Secondary Contact Recreation*)  
 

Amend CHAPTER 3 – BENEFICIAL USES, footnote “*” (associated with REC1 and 
REC2  (i.e., REC1*, REC2*) beneficial use definitions):  
   
*  The REC 1 and REC 2 beneficial use designations assigned to surface waterbodies in this 
Region should not be construed as encouraging or authorizing recreational activities. In some 
cases, such as Lake Matthews and certain reaches of the Santa Ana River and its tributaries, 
access to the waterbodies is prohibited by other agencies because of potentially hazardous 



Attachment 2 to Resolution No. R8-2012-0001     Approved June 15, 2012 
 

Page 3 of 79 
 

conditions and/or because of the need to protect other uses, such as municipal supply or 
sensitive wildlife habitat. Where REC 1 or REC 2 is indicated as a beneficial use in Table 3-1, 
the designations are only intended to indicate that such uses may occur or that the water 
quality of the waterbody may be capable of supporting recreational uses unless a Use 
Attainability Analysis demonstrates otherwise and the Regional Board amends the Basin Plan 
accordingly. 
 
 
Amend CHAPTER 3 – BENEFICIAL USES - add the following section after the 
BENEFICIAL USE DEFINITIONS section: 
 
RECREATION BENEFICIAL USES 

 
As part of the work that led to the adoption of recreation standards amendments in 2012, the 
Stormwater Quality Standards Task Force considered the merits of and various alternatives for 
modifying the REC1 definition to improve clarity and precision. This was based on careful 
consideration of the scientific basis of the 1986 USEPA bacteria criteria for REC1 waters and 
earlier criteria guidance. Specifically, as discussed in the 1986 criteria document and other 
USEPA guidance and regulation (see, for example, USEPA 2004), USEPA’s recommended 
bacteria quality criteria were intended to reduce the risk of waterborne illness to acceptable 
levels for those engaged in swimming or similar recreational activities where immersion and 
ingestion of water are likely.  The Stormwater Quality Standards Task Force documentation, 
which essentially comprised the administrative record for the 2012 recreation standards 
amendments, includes a memorandum to the Task Force that was prepared by Camp Dresser 
and McKee, Inc. (CDM), one of the Task Force consultants (“Scientific Basis for EPA 
Recommended Water Quality Objectives for Bacteria”, CDM, April 10, 2006).  This 
memorandum discusses the scientific basis of the criteria, as well as that of the Basin Plan 
water quality objectives for fecal coliform in freshwaters that were replaced by the E. coli 
objective in the 2012 Basin Plan amendments. The administrative record also documents the 
extensive consideration of alternatives appropriate to clarify the REC1 definition to reflect the 
underlying scientific assumptions of the USEPA criteria, and expectations regarding the 
likelihood of immersion and ingestion.   
 
In response to State Board staff comments that a consistent statewide definition for REC1 
should be maintained absent statewide consideration of revisions to the definition, the specific 
recommendations developed by the Task Force for refining the definition of that use were not 
included in the recreation standards amendments adopted by the Regional Board in 2012. 
These Task Force recommendations should be considered on a statewide basis. Until such 
time as such statewide consideration occurs, it was thought sufficient for the purposes of the 
2012 amendments to add reference to “primary contact recreation” in the name of the REC1 
use (see BENEFICIAL USE DEFINITIONS) and to incorporate the following clarifying 
discussion.   
 
USEPA has provided explicit direction regarding the types of recreational activities to which the 
USEPA bacteria guidance should be applied. Specifically, USEPA’s 1986 criteria (and prior 
bacteria criteria guidance) are intended for “Bathing (Full Body Contact) Recreational Waters”.  
The 1986 criteria document states:  
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"In 1986, EPA published Ambient Water Quality Criteria for Bacteria-1986.  This document 
contains EPA's current recommended water quality criteria for bacteria to protect people from 
gastrointestinal illness in recreational waters, i.e. waters designated for primary contact 
recreation or similar full body contact uses.  States and Territories typically define primary 
contact recreation to encompass recreational activities that could be expected to result in the 
ingestion of, or immersion in, water, such as swimming, water skiing, surfing, kayaking or any 
other recreational activity where ingestion of, or immersion in, the water is likely." 
 
As defined statewide, the REC1 use includes recreational activities involving body contact 
with water where ingestion of water is reasonably possible including, but not limited to: 
swimming, wading, water-skiing, skin and scuba diving, surfing, whitewater activities, fishing 
and use of natural hot springs.  
 
The Regional Board has always considered the REC1 designation as functionally equivalent 
to USEPA’s description of primary contact recreation. In practice, the phrase “reasonably 
possible” is synonymous with the term “likely” when evaluating the probability of ingestion 
when persons swim or engage in similar body contact recreation. To reflect this, reference 
to “primary contact recreation” in the REC1 nomenclature was incorporated as part of the 
2012 recreation standards amendments, as noted above.  
 
USEPA’s rule promulgating E. coli objectives for recreational freshwaters in certain Great 
Lakes states (USEPA 2004, p. 67222) provides that the pathogen indicator objectives apply 
“only to those waters designated by a State or Territory for swimming, bathing, surfing or 
similar water contact recreation activities, not to waters designated for uses that only involve 
incidental contact.“  USEPA defines this “secondary contact” recreation as “those activities 
where most participants would have very little direct contact with the water and where 
ingestion of water is unlikely. Secondary contact activities may include wading, canoeing, 
motor boating, fishing, etc.” (USEPA 2002, p.39). 
 
The Basin Plan definition of the REC 2 beneficial use is functionally-equivalent to that 
described by USEPA as “Secondary Contact Recreation.” Therefore, the 2012 recreation 
standards amendments added “Secondary Contact Recreation” to the REC2 nomenclature 
(see BENEFICIAL USE DEFINITIONS).  The Regional Board will rely on federal regulation 
and guidance to determine which waterbodies should be designated REC 2. Relatively brief 
incidental or accidental water contact that is limited primarily to the body extremities (e.g., 
hands or feet) is generally deemed REC 2 because ingestion is not considered reasonably 
possible.  
 
Some confusion may arise as to whether wading and fishing should be considered primary 
contact recreation (REC1) activities or secondary contact recreation (REC2) activities.  
Wading and fishing cover a multitude of activities involving a wide range of potential water 
contact.  To avoid misapplication of the E. coli objectives, it is important to apply USEPA's 
recommended criteria for primary contact recreation only where ingestion of water is 
reasonably possible.  For example, fly-fishing in the middle of a stream or fishing from a 
float tube would be considered REC-1 activities as it is likely that the person fishing may 
ingest water.  On the other hand, fishing from a riverbank or lake dock is more appropriately 
deemed REC-2 activity because ingestion, while conceivable, is not considered reasonably 
possible.  Similarly, walking beside or crossing through a shallow creek and getting ones 
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feet wet is also not considered water contact recreation (REC-1.) This activity is more akin 
to beachcombing, a recognized "non-contact recreation" (or REC-2) activity.  It is not 
reasonably possible to ingest appreciable quantities of water by merely touching or being 
splashed by the water. The E. coli objectives established in this Basin Plan are not intended 
or needed to protect this and similar incidental contact. However, a child sitting in the middle 
of a low flow creek playing in the water represents the sort of activity that is encompassed 
by the REC-1 use designation. The Basin Plan E. coli objectives properly apply to this type 
of activity.  (State Board staff spoke to and confirmed these views in a message to Regional 
Board staff on April 12, 2012. This message is part of the administrative record for the 
recreation standards amendments approved in 2012.)  
 
The Regional Board's longstanding approach to determining appropriate recreational use 
classifications is entirely consistent with federal guidance.  A review of historical records 
indicates that USEPA relied heavily on pre-existing definitions to describe primary and 
secondary contact recreation: 
 
"The Subcommittee defines primary contact recreation as activities in which there is 
prolonged and intimate contact with the water involving considerable risk of ingesting water 
in quantities sufficient to pose a significant health hazard.  Examples include wading and 
dabbling by children, swimming, diving, water skiing, and surfing.  Secondary contact sports 
include those in which contact with the water is either incidental or accidental and the 
probability of ingesting appreciable quantities of water is minimal." (“Report of the 
Committee on Water Quality Criteria” (aka “Green Book”), US Department of Interior, 
Federal Water Pollution Control Administration, 1968, p. 11) 
 
In summary, some forms of wading and fishing are considered REC-1 because immersion is 
likely and ingestion is reasonably possible.  Other forms of wading and fishing, involving 
only limited incidental or accidental water contact (primarily to hands and feet) are 
considered REC-2 because immersion is unlikely and ingestion is not reasonably possible. 
 
Acknowledging that California’s REC1 definition has always been considered synonymous 
with the federal definition of Primary Contact Recreation ensures that the E. coli  objective, 
adopted as part of the 2012 recreation standards amendments, is applied in a manner that 
is neither more nor less stringent than the federal Clean Water  Act requires.  
 
Pursuant to the federal Clean Water Act and implementing regulation, all defined waters of the 
United States are presumed to be capable of supporting Primary Contact Recreation and shall 
be designated REC 1 unless a Use Attainability Analysis (UAA) demonstrates that this use is 
not an existing use and is not attainable and the Basin Plan is revised accordingly.  A suite of 
factors must be considered when UAAs are conducted to determine whether to downgrade or 
delete the REC 1 use from any waterbody.  The relevant factors are identified in federal and 
state regulations.  
 
Where the Regional Board determines, through a UAA and requisite public hearing(s), that a 
waterbody or portion of a waterbody has not supported and cannot support REC 1 or REC1 
and REC 2 uses, that waterbody or portion of a waterbody will be identified with table note “u” 
in Table 3-1, below, and, for clarity, also listed in Table 3-2. Waters designated REC 2 but not 
REC 1, and waters not designated either REC1 or REC2, will be reassessed as part of the 
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Basin Plan triennial review process to determine whether conditions have changed sufficiently 
to warrant one or both of these recreation use designations.  This reassessment does not 
necessitate a new UAA; it is sufficient to determine whether there has been a significant 
change in the factor or factors on which the Regional Board originally relied to justify 
reclassifying each waterbody as something other than REC-1. Where such a change has 
occurred, revision of the recreational use designations will be considered through the Basin 
Planning process. 
 
Use Attainability Analyses were conducted for several stream segments as part of the work of 
the Stormwater Quality Standards Task Force. Technical reports to support these UAAs were 
prepared by CDM and are a part of the administrative record of the 2012 recreation standards 
amendments. These UAA reports were intended not only to provide the technical and factual 
data necessary to consider recreation standards changes for the waters evaluated, but also to 
serve as informal “templates” to guide similar stream assessment studies in the future.  In 
particular, the UAA reports illustrate the type of scientific and technical documentation needed 
to meet federal and state requirements for subcategorizing or reclassifying a recreational use.  
Regional Board staff relied heavily on the data and analyses provided in the CDM technical 
UAA reports in formulating specific recommendations for recreation beneficial use changes for 
these waters (CRWQCB – Santa Ana Region, “Staff Report, Basin Plan Amendments, 
Revisions to Recreational Standards for Inland Fresh Waters in the Santa Ana Region”, 
January 12, 2012). The approved changes are summarized in Table 3-2 and reflected in Table 
3-1. 
 
Recreational use of certain inland surface waters is precluded under certain flow conditions 
that make recreational activities unsafe. Recreation use designations (and the applicable 
pathogen and pathogen indicator objectives) are temporarily suspended when such conditions 
exist. The criteria for suspension of recreation uses (and objectives), and for termination of the 
suspension, are described in detail in Chapter 5, Implementation, Recreation Water Quality 
Standards, High flow suspension of recreation standards). Temporary suspensions of 
recreation standards do not apply to waters other than the inland surface streams identified in 
Appendix VIII and Appendix IX.   
 

 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE TABLE, first and second 
paragraphs; add footnote; add new paragraph after the second paragraph: 
 
Table 3-1 lists the designated beneficial uses for waterbodies within the Santa Ana Region. In 
this table, an “X” indicates that the waterbody has an existing or potential use2. Many of the 
existing uses are well-known; some are not. Lakes and streams may have potential beneficial 
uses established because plans already exist to put the water to those uses, or because 
conditions (e.g., location, demand) make such future use likely. The establishment of a 
potential beneficial use serves to protect the quality of that water for such eventual use. 
 

Add footnote 2:  Water Code Section 13241 identifies the factors that the Regional 
Board must consider, at a minimum, when establishing water quality objectives to 
ensure the reasonable protection of beneficial uses and the prevention of nuisance. 
Among these factors are the “Past, present, and probable future beneficial uses of 
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water. (CWC 13241(a) [italics added] “Potential” beneficial uses are assumed to be the 
same as “probable future” beneficial uses.  

  
An “I” in Table 3-1 indicates that the waterbody has an intermittent beneficial use. This may be 
because water conditions do not allow the beneficial use to occur year-round. The most 
common example of this is an ephemeral stream. Ephemeral streams in this region include, at 
one extreme, those which flow only while it is raining or for a short time afterward, and at the 
other extreme, established streams which flow through part of the year but also dry up for part 
of the year. While such ephemeral streams are flowing, beneficial uses may be made of the 
water. Because such uses depend on the presence of water, they are intermittent. Waste 
discharges which could impair intermittent beneficial uses, whether they are made while those 
uses occur or not, are not permitted. 

 
As described above, Table 3-2 shows inland surface waters for which Use Attainability 
Analyses demonstrated that the REC1 or REC1 and REC2 uses are neither existing nor 
attainable. These waters, designated with a “u” in in the REC1 column and also, in some 
cases, the REC2 column in Table 3-1, will be evaluated at least once every three years to 
determine whether conditions have changed such that these use designations are applicable 
to these waters and that the Basin Plan should be amended accordingly.  
 
Amend CHAPTER 3 – BENEFICIAL USES, REFERENCES: 
 
CDM. Memorandum to Stormwater Quality Standards Task Force re “Scientific Basis for EPA Recommended 
Water Quality Objectives for Bacteria”, April 10, 2006 
 
CRWQCB – Santa Ana Region, “Staff Report, Basin Plan Amendments, Revisions to Recreational Standards for 
Inland Fresh Waters in the Santa Ana Region”, January 12, 2012. 
 
City of Big Bear Department of Water and Power, “Final Report – Task 4, Revised Water Quality Objectives, Big 
Bear Ground Water Basins,” April 1993. 
 
United States Department of Interior. Federal Water Pollution Control Administration. Report of the Committee on 
Water Quality Criteria (aka “Green Book”). 1968.  
 
United States Environmental Protection Agency “Ambient Water Quality Criteria for Bacteria – 1986” EPA 440/5-
84-002, January 1986. 

 
United States Environmental Protection Agency. “Implementation Guidance for Ambient Water Quality Criteria for 
Bacteria [Draft]. May 2002. 
 
United States Environmental Protection Agency “National Guidance-Water Quality Standards for Wetlands,” EPA 
440/s-90-011, July 1990. 
 
United States Environmental Protection Agency “Water Quality Standards for Coastal and Great Lakes 
Recreation Waters; Final Rule” (40 CFR 131.41), November 2004. 
 
Governor Pete Wilson, “California Wetlands Conservation Policy,” August, 1993. 
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CHAPTER 3 TABLES: Amend CHAPTER 3 – BENEFICIAL USES, TABLE 3-1, as shown in 
the following pages. 
 
Add Table 3-2 Summary of Approved Use Attainability Analyses (UAAs) to Re-Designate 
Recreational Beneficial Uses in some Inland Waterbodies  
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Table 3-1  BENEFICIAL USES   
 

OCEAN WATERS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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EST Primary Secondary 

NEARSHORE ZONE* 
 
 
 

   San Gabriel River to Poppy             
   Street in Corona Del Mar  
 

+  X   X  X X X     X X X X X  801.11  

   Poppy Street to Southeast 
   Regional Boundary 
 

+ 
  

  X  X X X    X X X X X X  801.11  

OFFSHORE ZONE  
    Waters Between Nearshore 
    Zone and Limit of State         

Waters 
        

+  X   X  X X X     X X X X       

 
X  Existing or Potential Beneficial Use               * Defined by Ocean Plan Chapter II B-1.: “Within a zone bounded by shoreline and a distance of 1000 feet from       
I    Intermittent Beneficial Use                           shoreline or the 30-foot depth contour, whichever is further from shoreline…” 
+  Excepted from MUN (see text)
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Table 3-1  BENEFICIAL USES - Continued  
 

BAYS, ESTUARIES, AND 
TIDAL PRISMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
 

AG
R

 

IN
D

 

PR
O

C
 

G
W

R
 

N
AV

 

PO
W

 

R
EC

1 

R
EC

2 

C
O

M
M

 

W
AR

M
 

LW
R

M
 

C
O

LD
 

BIO
L 

W
ILD

 

R
AR

E
 

SP
W

N
 

M
AR

 

SH
E

L 
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Los Cerritos Wetlands +       X X     X X X X X   801.11  
Anaheim Bay – Outer Bay   
 +     X  X X     X X X X X   801.11  

Anaheim Bay – Seal Beach  
National Wildlife Refuge 
 

+ 
  

    X¹ X     X X X X X  X 801.11  

Sunset Bay – Huntington 
Harbor        +     X  X X X     X X X X   801.11    

Bolsa Bay  +       X X X    X X X X X X  801.11  

Bolsa Chica Ecological Reserve +       X X     X X X X X  X 801.11  

Lower Newport Bay +     X  X X X     X X X X X  801.11  

Upper Newport Bay +       X X X    X X X X X X X 801.11  
 
X   Existing or Potential Beneficial Use               ¹ Access prohibited per agency with jurisdiction   
I    Intermittent Beneficial Use                            
+   Excepted from MUN (see text) 
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Table 3-1  BENEFICIAL USES - Continued  
 
 
 
BAYS, ESTUARIES, AND 
TIDAL PRISMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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Santa Ana River Salt Marsh +       X X     X X X  X  X 801.11  

Huntington Beach Wetlands +       X X     X X X X X   801.11  
Tidal Prism of Santa Ana River  
(to within 1000’ of Victoria 
Street) and Newport Slough 

+       X X X     X X  X   801.11  

Tidal Prism of San Gabriel River  
 - River Mouth to Marina Drive 
    

+  X     X X X     X X  X X X 845.61  

Tidal Prism of Santa Ana-Delhi  
Channel – Bicycle Bridge at 
University Dr. at Upper Newport 
Bay to 1036 ft. upstream 

+       u X      X X  X   801.11  

Tidal Prism of Greenville-
Banning Channel – Santa Ana  
River Confluence to Inflatable 
Diversion Dam^ 

+       u X      X X  X   801.11  

Tidal Prisms of Flood Control  
Channels Discharging to 
Coastal or Bay Waters 

+       X X X     X   X   801.11  

 
X  Existing or Potential Beneficial Use              ¹   Access prohibited per agency with jurisdiction   
I    Intermittent Beneficial Use                           u  REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 3,   
+  Excepted from MUN (see text)                             Recreation Beneficial Uses) 
^  The diversion dam is 0.23 mile downstream    
    of confluence with the Fairview Channel.                                                                                          
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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Primary Secondary 

LOWER SANTA ANA RIVER 
BASIN  

    Santa Ana River  
        Reach 1 – Tidal Prism to 17th 
        Street  in Santa Ana   
                     

+      
 

X² X  I    I  
  801.11  

        Reach 2 – 17th Street in Santa  
        Ana to Prado Dam  
 

+ X   X  
 

X X  X    X X 
  801.11 801.12 

        Aliso Creek X    X   X X  X    X X   845.63  

        Carbon Canyon Creek X    X   X X  X    X X   845.63  

    Santiago Creek Drainage  

        Santiago Creek  

        Reach 1 – below Irvine Lake X    X   X² X  X    X    801.12 801.11 

        Reach 2 – Irvine Lake (see  
        Lakes, pg. 3-xx       
    

      
 

         
    

        Reach 3 – Irvine Lake to 
        Modjeska Canyon 
 

I    I  
 

I I  I    I  
  801.12  

        Reach 4 – in Modjeska Canyon X    X   X X  X    X    801.12  

     Silverado Creek X    X   X X  X    X    801.12  

X  Existing or Potential Beneficial Use              2      Access prohibited in all or part per agency with jurisdiction                                                
I   Intermittent Beneficial Use                                               
+  Excepted from MUN (see text)                                       
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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LOWER SANTA ANA RIVER 
BASIN  

   Santiago Creek Drainage  
        Black Star 
                     I    I   I I  I    I    801.12  

        Ladd Creek 
 I    I   I I  l    I I   801.12  

    San Diego Creek Drainage  

        San Diego Creek  
            Reach 1 – below Jeffrey  
            Road +       X² X  X    X    801.11  

            Reach 2 – above Jeffrey 
            Road to Headwaters    +    I   I I  I    I    801.11  

        Other Tributaries: Bonita Creek,     
        Serrano Creek, Peters Canyon   
        Wash, Hicks Canyon Wash,  
        Bee Canyon Wash, Borrego  
        Canyon Wash, Agua Chinon  
        Wash, Laguna Canyon Wash, 
        Rattlesnake Canyon Wash,    
        Sand Canyon Wash*, and other 
        Tributaries to these Creeks 

+ 

   

I 

 

 I I 

 

I 

   

I 

 

  801.11  

 
X  Existing or Potential Beneficial Use                 ²    Access prohibited in all or part per agency with jurisdiction 
I   Intermittent Beneficial Use                               *   Sand Canyon Wash also has RARE Beneficial Use                                                              
+  Excepted from MUN (see text)              
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
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Primary Secondary 

  San Gabriel River Drainage  
    Coyote Creek (within Santa Ana 
     Regional Boundary) X       X X  X    X    845.61                     

  

  Santa Ana-Delhi Channel  
     Reach 1 – upper boundary of   
     Tidal Prism to intersection of 
     Sunflower Ave./Flower St.                   

+       u u  X    X X   801.10  

     Reach 2 – Sunflower  
     Ave./Flower St. intersection to 
     Warner Avenue 

+       u X  X    X    801.10  

  

  Greenville Banning Channel  
    Reach 1- Inflatable Diversion Dam  
    to California Street 
                        

+      
 

u u  X    X  
  

 801.10 
 

UPPER SANTA RIVER BASIN  

  Santa Ana River  
     Reach 3 – Prado Dam to Mission 
     Blvd. in Riverside + X   X   X X  X    X X X  801.21 801.21, 

801.25 
 
X  Existing or Potential Beneficial Use                      u   REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 3,    
I   Intermittent Beneficial Use                                             Recreation Beneficial Uses) 
+  Excepted from MUN (see text)                                            
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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Primary Secondary 

       Reach 4 – Mission Blvd. in     
       Riverside to San Jacinto Fault  
       in San Bernardino  
 

+    X  
 

X³ X  X    X X X 
 801.27 801.44 

       Reach 5 – San Jacinto Fault in 
       Bernardino to Seven Oaks Damt X* X   X   X³ X  X    X X   801.52 801.57 

       Reach 6 – Seven Oaks Dam to 
       Headwaters (see also Individual  
       Tributary Streams) 

X X   X  
 
X 

 
X X    X  X  

 
X 

 801.72  

    San Bernardino Mountain Streams   

       Mill Creek Drainage:   

         Mill Creek  
           Reach 1 – Confluence with  
           Santa Ana River to Bridge  
           Crossing Route 38 at Upper 
           Powerhouse  

I I   I  
 

I I    I  I I 
  801.58  

          Reach 2 – Bridge Crossing  
           Route 38 at Upper  
           Powerhouse to Headwaters       
    

X X   X  X X X    X  X  

  801.58  

 
X   Existing or Potential Beneficial Use           *   MUN applies upstream of Orange Avenue (Redlands); downstream, water is excepted from MUN 
I    Intermittent Beneficial Use            t   Reach 5 uses are intermittent upstream of Waterman Avenue                      
+  Excepted from MUN (see text)                       ³   Access prohibited in some portions per agency with jurisdiction                     
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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Primary Secondary 

       Mountain Home Creek X    X  X X X    X  X    801.58  
       Mountain Home Creek, East    
       Fork 

X    X X X X X    X  X  X  801.70  

              
       Monkeyface Creek             X    X   X X    X  X    801.70  

       Alger Creek 
 X    X   X X    X  X    801.70  

       Falls Creek X    X  X X X    X  X  X  801.70  

       Vivian Creek X    X   
 X X    X  X   

 
 801.70  

       High Creek X    X   X X    X  X    801.70  
       Other Tributaries: Lost, Oak  
       Cove, Green, Skinner, Momyer, 
       Glen Martin, Camp, Hatchery,    
       Rattlesnake, Slide, Snow,  
       Bridal Veil, and Oak Creeks 
       and other Tributaries to these 
       Creeks     

I 

   

I 

  

I I 

   

I 

 

I 

   

801.71 

 

    Bear Creek Drainage:   

       Bear Creek X X   X  X X X    X  X  X  801.71  

      Siberia Creek X    X   X X    X  X  X  801.71  

      Slide Creek  I    I   I I    I  I    801.71  

      Johnson Creek  I    I   I I    I  I    801.71  
X  Existing or Potential Beneficial Use                                  
I   Intermittent Beneficial Use                                        
+  Excepted from MUN (see text)                                 
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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Primary Secondary 

       All other Tributaries to these  
       Creeks   I    I   I I    I  I    801.71  
       Big Bear Lake (see Lakes, pg.  
       3-xx) 

                    

    Big Bear Lake Tributaries:      
                      

       North Creek 
 X    X   X X    X  X  X  801.71  

       Metcalf Creek X    X   X X    X  X  X  801.71  

       Grout Creek X    X   
 X X    X  X  

X 
 

 801.71  

       Rathbone (Rathbun) Creek X    X   X X    X  X    801.71  

       Meadow Creek     X    X   X X    X  X    801.71  

       Summit Creek  I    I   I I    I  I    801.71  

       Knickerbocker Creek       
        Reach 1 – concrete channel, 
        the Lake to Village Dr. I    I   I I    I  I    801.71  

        Reach 2 – natural channel, 
         Village Dr. to headwater  I    I   I I    I  I    801.71  

       Other Tributaries to Big Bear  
       Lake: Minnelusa, Poligue, and       
       Red Ant Creeks and other  
       Tributaries to these Creeks  

I    I   I I    I  I    801.71  

 
X   Existing or Potential Beneficial Use   
I     Intermittent Beneficial Use                                
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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    Baldwin Lake (see Lakes, pg. 
    3-xx)                        

    Baldwin Lake Drainage:  

       Shay Creek X    X   X X    X  X X   801.73  
       Other Tributaries to Baldwin 
       Lake: Sawmill, Green, and  
       Caribou Canyons and other 
       Tributaries to these Creeks      
                     

I 

   

I 

  

I I 

   

I 

 

I 

   

801.73 

 

    Other Streams Draining to Santa                                    
    Ana River (Mountain Reaches‡)           
        

 

       Cajon Canyon Creek X    X   X X    X  X X   801.52 801.51 

       City Creek X X   X   
 X X    X  X X X  801.57  

       Devil Canyon Creek X    X   X X    X  X    801.57  
       East Twin and Strawberry  
       Creeks                   X X   X   X X    X  X  X  801.57  

 
X   Existing or Potential Beneficial Use          ‡    The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino  
I    Intermittent Beneficial Use                           or San Gabriel Mountains 
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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      Waterman Canyon Creek  X    X   X X    X  X    801.57  

      Fish Creek  X    X   X X    X  X  X  801.57  

      Forsee Creek X    X   X X    X  X  X  801.72  

      Plunge Creek  X X   X   X X    X  X X   801.72  

     Barton Creek X X   X   X X    X  X    801.72  
     Bailey Canyon Creek    
                     

I    I   I I    I  I    801.72  

 
X   Existing or Potential Beneficial Use 
I    Intermittent Beneficial Use                                  
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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     Kimbark Canyon, East Fork 
     Kimbark Canyon, Ames   
     Canyon and West Fork Cable  
     Canyon Creeks 

X 

   
X   X X  X  X  X    801.52  

     Valley Reaches‡ of Above  
     Streams I    I   

 I I  I    I   
 

 801.52  

     Other Tributaries (Mountain  
     Reaches‡): Alder, Badger  
     Canyon, Bledsoe Gulch, Borea 
     Canyon, Breakneck, Cable  
     Canyon, Cienaga Seca, Cold,  
     Converse, Coon, Crystal, Deer, 
     Elder, Fredalba, Frog,  
     Government, Hamilton, Heart      
     Bar, Hemlock, Keller, Kilpecker,   
     Little Mill, Little Sand Canyon,  
     Lost, Meyer Canyon, Mile,  
     Monroe Canyon, Oak,       
     Rattlesnake, Round Cienaga,     
     Sand, Schneider, Staircase,  
     Warm Springs Canyon, and    
     Wild Horse Creeks and other  
     Tributaries to these Creeks 

I 
 

   I   I I    I  I 

   

801.72 801.71, 801.57 

 
  X  Existing or Potential Beneficial Use            ‡    The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino  
  I   Intermittent Beneficial Use                              or San Gabriel Mountains 
 
  
                                                                         
                                                                 



Attachment 2 to Resolution No. R8-2012-0001     Approved June 15, 2012 
 

Page 21 of 79 
 

 
 
Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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    San Gabriel Mountain Streams 
    (Mountain Reaches‡)     

       San Antonio Creek X X X X X  X X X    X  X    801.23  
       Lytle Creek (South, Middle,  
       and North Forks) and  
       Coldwater Canyon Creek      
                     

X X X X X  X X X    X  X X   

801.41 801.42, 801.52, 
801.59 

       Day Canyon Creek X   X X   X X    X  X    801.21  

       East Etiwanda Creek X   X X   
 X X    X  X X  

 
 801.21  

       Valley Reaches ‡ of Above  
       Streams   I    I   I I  I    I    801.21  

       Cucamonga Creek      
           Reach 1 – Confluence with  
           Mill Creek to 23rd St. in  
           Upland 

+    X   
 
u³ 

 
u   X   X    801.21  

 
X  Existing or Potential Beneficial Use                              ‡  The division between Mountain and Valley reaches occurs at the base of the foothills of the  
I   Intermittent Beneficial Use                                      San Bernardino Mountains or San Gabriel Mountains 
+  Excepted from MUN (see text)                     u    REC 1 and/or REC 2 are not attainable as determined by a UAA.(See Table 3-2 and  Chapter 3,      
                                                  Recreation Beneficial Uses) 
                                                                                                                                  ³    Access prohibited in some portions per agency with jurisdiction  
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BENEFICIAL USE Hydrologic Unit 

M
U

N
 

AG
R

 

IN
D

 

PR
O

C
 

G
W

R
 

N
AV

 

PO
W

 

R
EC

1 

R
EC

2 

C
O

M
M

 

W
AR

M
 

LW
R

M
 

C
O

LD
 

BIO
L 

W
ILD

 

R
AR

E
 

SP
W

N
 

EST 

Primary Secondary 

           Reach 2 (Mountain Reach‡)  
           - 23rd St. In Upland to 
           headwaters 

X  X X X  X X X    X  X  X  801.24 
 

       Mill Creek (Prado Area)      +       X X  X    X X   801.25  

     Other Tributaries (Mountain 
     Reaches ‡): San Sevaine, Deer, 
     Duncan Canyon, Henderson  
     Canyon, Bull, Fan, Demens, 
     Thorpe, Angalls, Telegraph 
     Canyon, Stoddard Canyon,  
     Icehouse Canyon, Cascade Canyon, 
     Cedar, Falling Rock, Kerkhoff,  
      and Cherry Creeks and other 
     Tributaries to these Creeks 

I    I   I I    I  I    801.21 801.23 

     Valley Reaches‡ of Above Streams I    I   I I  I    I    801.21 801.43 

         
San Timoteo Area Streams               

     San Timoteo Creek  
         Reach 1A – Santa Ana River 
         Confluence to Barton Road + I      

 I³ I  I    I   
 

 801.52  

 
X   Existing or Potential Beneficial Use                          ‡   The division between Mountain and Valley reaches occurs at the base of the foothills of the San  
I    Intermittent Beneficial Use                                         Bernardino Mountains or San Gabriel Mountains 
+  Excepted from MUN (see text)                        ³   Access prohibited in some portions per agency with jurisdiction                      
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Table 3-1 BENEFICIAL USES - Continued 
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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       Reach 1B – Barton Road to  
       Gage at San Timoteo Canyon  
       Rd.    

+ I   I   I³ I  I    I    801.52  

       Reach 2–Gage at San Timoteo     
       Creek to Confluence with  
       Yucaipa Creek 

+    X   X X  X    X    801.61  

       Reach 3 – Confluence with  
       Yucaipa Creek to confluence 
       with little San Gorgonio and  
       Noble Creeks (Headwaters of  
       San Timoteo Creek) 

+    X   X X  X    X  

  

801.61  

    Oak Glen, Potato Canyon, and  
    Birch Creeks    

X    X   X X  X    X    801.67  

    Little San Gorgonio Creek X    X   
 X X    X  X   

 
 801.69 801.62, 801.63 

    Yucaipa Creek   I    I   I I  I    I    801.67 801.61, 801.62, 
801.64 

    Other Tributaries to these  
    Creeks-Valley Reaches‡ I    I   I I  I    I    801.62 801.52, 801.53 

    Other Tributaries to these  
    Creeks-Mountain Reaches‡ I    I   I I    I  I    801.69 801.67 

   Anza Park Drain X       X X  X    X  X  801.27  
 
X  Existing or Potential Beneficial Use                     ‡  The division between Mountain and Valley reaches occurs at the base of the foothills of the San  
I   Intermittent Beneficial Use                                    Bernardino or San Gabriel Mountains 
+  Excepted from MUN (see text)                   ³   Access prohibited in some portions per agency with jurisdiction               
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BENEFICIAL USE Hydrologic Unit 
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  Sunnyslope Channel X       X X  X    X X X  801.27  
  Tequesquite Arroyo (Sycamore 
  Creek) +    X   X X  X    X  X  801.27  

  Prado Area Streams    

     Chino Creek  
         Reach 1A – Santa Ana River 
         confluence to downstream of  
         confluence with Mill Creek  
        (Prado Area)   

+       X X  X    X X   

801.21 

 

         Reach 1B – Confluence with 
         Mill Creek (Prado Area) to 
         beginning of concrete-lined 
         channel south of Los 
         Serranos Rd.*** 

+ 

      

X X 

 

X 

   

X X 

  

801.21  

 
X   Existing or Potential Beneficial Use                      ‡  The division between Mountain and Valley reaches occurs at the base of the foothills of the San 
I    Intermittent Beneficial Use                                     Bernardino or San Gabriel Mountains 
+   Excepted from MUN (see text)                  *** The confluence of Mill Creek is in Chino Creek, Reach 1B 
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BENEFICIAL USE Hydrologic Unit 

M
U

N
 

AG
R

 

IN
D

 

PR
O

C
 

G
W

R
 

N
AV

 

PO
W

 

R
EC

1 

R
EC

2 

C
O

M
M

 

W
AR

M
 

LW
R

M
 

C
O

LD
 

BIO
L 

W
ILD

 

R
AR

E
 

SP
W

N
 

EST 

Primary Secondary 

         Reach 2 – Beginning of  
         concrete-lined channel south   
         of Serranos Rd. to confluence  
         with San Antonio Creek 

+    X  
 
 X³ X   X   X   

 

 
801.21 

 

    Temescal Creek    
        Reach 1a – Lincoln Ave. to  
        Arlington Channel confluence +       u³ X  X    X    801.25  

        Reach 1b – Arlington Channel 
        confluence to 1400 ft.  
        upstream of Magnolia Ave. 

+       u³ u  X    X    801.25  

        Reach 2 –1400 ft. upstream of 
        Magnolia Ave. to Lee Lake  
         

+ X X  X   X X  X    X    801.25  

 
X  Existing or Potential Beneficial Use                       ***  The confluence of Mill Creek is in Chino Creek, Reach 1B                
I    Intermittent Beneficial Use                                     ³    Access prohibited in some portions per agency with jurisdiction  
+   Excepted from MUN (see text)                    u    REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 3,   

            Recreation Beneficial Uses)                                                                                                                                                                           
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         Reach 3 – Lee Lakes (see Lakes, 
         Page 3-xx)                     

         Reach 4 – Lee Lake to Mid-Section 
         Line of Section 17 (downstream end 
         of freeway cut) 

+ X   X   X X  X    X X 
  

801.34 
 

         Reach 5 – Mid-section line of  
         Section 17 (downstream end of  
         freeway cut) to Elsinore Ground- 
         water Subbasin Boundary   

+ X   X   X X  X    X X 

  
801.35 

 

         Reach 6 – Elsinore Groundwater 
         Subbasin Boundary to Lake  
         Elsinore Outlet 

+    I   I I  I    I 
   

801.35 
 

     Coldwater Canyon Creek X X   X   
 X X  X    X   

 
 801.32  

     Bedford Canyon Creek +    I   I I  I    I    801.32  

     Dawson Canyon Creek I    I   I I  I    I    801.32  

     Other Tributaries to these Creeks I    I   I I  I    I    801.32  

  SAN JACINTO RIVER BASIN  

     San Jacinto River  
        Reach 1 – Lake Elsinore to Canyon  
        Lake  I I   I   I I  I    I    801.32 802.31 

        Reach 2 – Canyon Lake (see Lakes  
        Pg. 3-xx)                     

 
X   Existing or Potential Beneficial Use             
I    Intermittent Beneficial Use                                   
+   Excepted from MUN (see text)                                      
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INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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         Reach 3 – Canyon Lake to Nuevo 
         Road + I   I   I I  I    I    802.11  

        Reach 4 – Nuevo Road to North- 
        South Mid-Section Line, T4S/R1W-S8 + I   I   I I  I    I    802.21 802.21 

        Reach 5 – North-South Mid-Section 
        Line, T4S/R1 W-S8, to Confluence 
        With Poppet Creek  

+ I   I   I I  I    I 
   

802.21  

        Reach 6 – Poppet Creek to 
        Cranston Bridge 

I I   I   I I  I    I    802.21  

        Reach 7 – Cranston Bridge to Lake 
         Hemet X X   X   X X    X  X    801.21  

    Bautista Creek – Headwaters to Debris 
    Dam  X X   X   X X    X  X    802.21 802.23 

    Strawberry Creek and San Jacinto 
    River, North Fork   X X   X   X X    X  X    801.21  

    Fuller Mill Creek X X   X   X X    X  X    802.22  

    Stone Creek X X   X   X X    X  X    802.21  
    Other Tributaries:  Logan, Black 
    Mountain, Juaro Canyon, Indian,  
    Herkey, Poppet, and Potrero Creeks 
    and other Tributaries to these Creeks 

I I   I   I I  I    I    802.21 802.22 

    Salt Creek  +       I I  I    I    802.12  
    Goodhart Canyon, St. John’s Canyon,             
    and Cactus Valley Creeks I I      I I  I    X    802.15  

 
X  Existing or Potential Beneficial Use                                                          
I   Intermittent Beneficial Use                                              
+  Excepted from MUN (see text)                             
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LAKES AND RESERVOIRS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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UPPER SANTA ANA RIVER BASIN  

    Baldwin Lake +       
 I I  I  I I I I  

 
 801.73  

    Big Bear Lake  X X   X   X X  X  X  X X   801.71  

    Erwin Lake  X       X X    X X X X   801.73  

    Evans, Lake   +       X X  X  X  X    801.27  

    Jenks Lake  X X   X   X X    X  X    801.72  

    Lee Lake + X X  X   X X  X    X    802.34  

    Mathews, Lake X X X X X   X4 X  X    X X   802.33  

    Mockingbird Reservoir + X      X4 X  X    X    802.26  

    Norconian, Lake  +       X X  X    X    802.25  

LOWER SANTA ANA RIVER BASIN  

    Anaheim Lake  +    X   X X  X    X    801.11  

    Irvine Lake (Santiago Reservoir) X X      X X  X  X  X    801.12  
    Peters Canyon, Rattlesnake, 
    Sand Canyon, and 
    Siphon Reservoirs                  

+ X      X4 X  X    X    801.11  

                                                                                                                                                                                                                                
X   Existing or Potential Beneficial Use             4  Access prohibited per agency/company with jurisdiction                                                 
I    Intermittent Beneficial Use                                    
+   Excepted from MUN (see text)                       
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Table 3-1  BENEFICIAL USES - Continued  
 
LAKES AND RESERVOIRS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
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EST 

Primary Secondary 

SAN JACINTO RIVER BASIN  

    Canyon Lake (Railroad Canyon 
    Reservoir) X X   X   

 X X  X    X  
 
 

 802.11 802.12 

    Elsinore, Lake  +       X X  X    X    802.31  

    Fulmor, Lake  X X      X X  X  X  X    802.21  

    Hemet, Lake  X X   X  X X X  X  X  X  X  802.22  

    Mystic Lake I       I I  I   X X X   802.11  

    Perris, Lake X X X X X   X X  X  X  X    802.11  
 
X  Existing or Potential Beneficial Use              .  
I   Intermittent Beneficial Use                            
+  Excepted from MUN (see text) 
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Table 3-1  BENEFICIAL USES - Continued  
 

WETLANDS (INLAND) 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
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Primary Secondary 

 San Joaquin Freshwater  
 Marsh** +       

 X X  X   X X X  
 

 801.11 801.14 

 Shay Meadows I       I I    I  I    801.73  

 Stanfield Marsh** X       X X    X  X X   801.71  
 Prado Basin Management  
 Zone@  +       X X  X    X X   802.21  

 San Jacinto Wildlife  
 Preserve** +       X X  X   X X X   802.21 802.14 

 Glen Helen X       X X  X    X    801.59  
       
X  Existing or Potential Beneficial Use             **  This is a created wetland as defined in the wetland discussion 
I   Intermittent Beneficial Use                          @  The Prado Basin Management Zone includes the Prado Flood Control Basin, a created wetland  
+  Excepted from MUN (see text)                  as defined in the Basin Plan (see Chapter 3, pages 3-4 through 3-7) 
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
 

AG
R

 

IN
D

 

PR
O

C
 

G
W

R
 

N
AV

 

PO
W

 

R
EC

1 
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EC

2 
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M
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R
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N
 

EST 

Primary Secondary 

UPPER SANTA ANA RIVER BASIN 
 
 
 

Big Bear Valley X   X               801.71 801.73 

Beaumont X X X X               801.62 801.63, 801.69 

Bunker Hill - A  X X X X               801.52 801.52 

Bunker Hill - B X X X X               802.52 801.53, 801.54, 
801.57, 801.58 

Colton X X X X               801.44 801.45 

Chino North “maximum benefit”++ X X X X               801.21 481.21, 481.23 

Chino 1 – “antidegradation”++ X X X X               801.21 481.21 

Chino 2 – “antidegradation”++ X X X X               801.21  

Chino 3 – “antidegradation”++ X X X X               801.21  

Chino East @ X X X X               801.21 801.27 

Chino South @ X X X X               801.21 801.25, 801.26 

Cucamonga X X X X               801.24 801.21 
 
X   Existing or Potential Beneficial Use               ++  Chino North “maximum benefit” management zone applies unless Regional Board determines that lowering of   
I    Intermittent Beneficial Use                                water quality is not of maximum benefit to the people of the state; in that case, the Chino 1, 2, and 3  
+  Excepted from MUN (see text)                  “antidegradation” management zones would apply (see also discussion in Chapter 5). 
                                                                             @  Chino East and South are the designations in the Chino Basin Watermaster “maximum benefit” proposal 
                                                                      (see Chapter 5) for the management zones identified by Wildermuth Environmental , Inc. (July 2000) as 
                                                                                    Chino 4 and 5, respectively 
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
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R
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N
 

EST 

Primary Secondary 

Lytle X X X X               801.59 801.42 

Rialto X X X X               801.44 801.21, 801.43 

San Timoteo X X X X               801.62 801.61 

Yucaipa X X X X               801.61 801.55, 801.63, 
801.67 

MIDDLE SANTA ANA RIVER BASIN  

Arlington X X X X               801.26  

Bedford X X X X               801.32 481.31 

Coldwater X X X X               801.31  

Elsinore X X  X               802.31  

Lee Lake  X X X X               801.34  

Riverside - A X X X X               801.27 801.44 

Riverside – B  X X X X               801.27 801.44 

Riverside - C  X X X X               801.27  

Riverside - D X X X X               801.27 801.26 

Riverside - E X X X X               801.27  
 
X  Existing or Potential Beneficial Use               
I   Intermittent Beneficial Use                               
+  Excepted from MUN (see text)                  
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
 

AG
R

 

IN
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R

M
 

C
O

LD
 

BIO
L 

W
ILD

 

R
AR

E
 

SP
W

N
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Primary Secondary 

Riverside - F X X X X               801.27  

Temescal  X X X X               801.25  

SAN JACINTO RIVER BASIN  

Garner Valley X X                 802.22  

Idyllwild Area X  X                802.22 802.21 

Canyon  X X X X               802.21  

Hemet - South X X X X               802.15 802.13, 802.21 

Lakeview – Hemet North  X X X X               802.14 802.15 

Menifee X X  X               802.13  

Perris North  X X X X               802.11  

Perris South   X X                 802.11 802.12, 802.13 

San Jacinto - Lower X X X                802.21 802.11 

San Jacinto - Upper X X X X               802.27 802.23 
 
X  Existing or Potential Beneficial Use               
I   Intermittent Beneficial Use                               
+  Excepted from MUN (see text) 
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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Primary Secondary 

LOWER SANTA ANA RIVER BASIN  

La Habra X X                 845.62  

Santiago  X X X                801.12 801.11 

Orange   X X X X               801.11 801.13, 801.14 
845.61, 845.63 

Irvine X X X X               801.11  
 
X   Existing or Potential Beneficial Use               
I    Intermittent Beneficial Use                               
+   Excepted from MUN (see text)  
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Table 3-2 Summary of Approved Use Attainability Analyses (UAAs) to Re-designate Recreational Beneficial Uses in some Inland 
Waterbodies 

 
 
 

 
Waterbody 

 

Segment/ 
Reach Reach Description REC1 REC2 

Agency 
Approval 
Dates1 

Greenville-Banning 
Channel 

Tidal 
Prism 
 

Santa Ana River Confluence to Inflatable Diversion Dam 
( 0.23 mile downstream of Fairview Channel Confluence) 

(City of Costa Mesa) 

no X                        

Reach 1 Inflatable Diversion Dam to California Street.  
(City of Costa Mesa)  

 

no no  

Santa Ana Delhi 
Channel 

Tidal 
Prism 
 

Bicycle Bridge at University Dr. at Upper Newport Bay to 
1036 ft. upstream 

(City of Newport Beach) 

no X  

Reach 1 
 

Upper Boundary of Tidal Prism to immediately upstream 
of intersection of Sunflower Ave. and Flower Street  

(City of Santa Ana) 

no no  

Reach 2 Immediately upstream of intersection of Sunflower Ave. 
and Flower St. to Warner Ave 

(City of Santa Ana) 

no X  

Temescal Creek 

Reach 1a Lincoln Avenue to Arlington Channel Confluence 
(City of Corona) 

no  X  

Reach 1b 
Arlington Channel Confluence to 

1400 ft. upstream of Magnolia Avenue 
(City of Corona) 

no no 
 

Cucamonga Creek 
Reach 1 

Confluence with Mill Creek in Prado area 
 to near 23rd Street (City of Upland) 

 
no no 

 

 
X  Existing or Potential 
1   Date of Regional Board, State Board, USEPA approvals to be added 
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CHANGES TO CHAPTER 4- WATER QUALITY OBJECTIVES 
 
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, INTRODUCTION, third paragraph et 
seq.: 
 
The water quality objectives in this Plan are specified according to waterbody type:  ocean waters; 
enclosed bays and estuaries; inland surface waters; and, groundwaters. 
 
The narrative water quality objectives below are arranged alphabetically. They vary in applicability 
and scope, reflecting the variety of beneficial uses of water that have been identified (Chapter 3). 
Where numerical objectives are specified, they generally represent the levels that will protect 
beneficial uses. However, in establishing waste discharge requirements for specific discharges, the 
Regional Board may find that more stringent levels are necessary to protect beneficial uses.  In 
other cases, an objective may prohibit the discharge of specific substances, may tolerate natural or 
“background” levels of certain substances or characteristics but no increases over those values, or  
may express a limit in terms of not impacting other beneficial uses. An adverse effect or impact on 
a beneficial use occurs where there is an actual or threatened loss or impairment of that beneficial 
use.  
 
Some of these water quality objectives refer to “controllable sources” or controllable water quality 
factors.”  Controllable sources include both point and nonpoint source discharges, such as 
conventional discharges from pipes and discharges from land areas or other diffuse sources.  
Controllable sources are predominantly anthropogenic in nature. Controllable water quality factors 
are those characteristics of the discharge and/or the receiving water that can be controlled by 
treatment or management methods. Examples of other activities that may not involve waste 
discharges, but which also constitute controllable water quality factors, include the percolation of 
storm water, transport/delivery of water via natural stream channels, and stream diversions.  
Uncontrollable sources of pollutants can occur naturally or as the result of anthropogenic activities. 
These sources are not readily managed through technological or natural mechanisms. 
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, ENCLOSED BAYS AND ESTUARIES - 
insert the following between the Oxygen, Dissolved and pH objectives:   
 

Pathogen Indicator Bacteria 
 
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence in bay and 
estuarine waters is used as an indicator of pollution. Total coliform is measured in terms of the 
number of coliform organisms per unit volume. Total coliform numbers can include non-fecal 
bacteria, so additional testing is often done to confirm the presence and numbers of fecal coliform  
bacteria. Water quality objectives for numbers of total and fecal coliform vary with the uses of the 
water, as shown below. 
 
Bays and Estuaries 
 

REC-1 Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30 day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30-day period. 
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Note:  The USEPA promulgated enterococci criteria for coastal recreation waters, 
including enclosed bays and estuaries, in 2004 (40 CFR 131.41). The established 
geometric mean enterococci value is 35/100mL.  No averaging period was specified, 
leaving that determination to the state’s discretion. USEPA also identified single sample 
maximum enterococci values, which vary based on the frequency of use of the REC1 
waters.  The Regional Board intends to consider a Basin Plan amendment in the future 
to formally recognize the enterococci criteria established for enclosed bays and 
estuaries, to define an appropriate averaging period for the application of the geometric 
mean criterion, and to define appropriate application of the single sample maximum 
values to varying areas within enclosed bays and estuaries in the Region.  

 
SHEL Fecal coliform: median concentration not more than 14 MPN (most   probable 
number)/100 mL and not more than 10% of samples exceed 43 mpn /100 mL. 

 
 

Amend Chapter 4 – WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS, 
Metals, as follows:  
 
The SSOs for cadmium and copper are simply the hardness-dependent formulae for calculating 
the objective (national criteria), corrected by the dissolved-to-total (metal) ratio. The SSO for 
lead is the recalculated1 hardness-dependent formula, corrected by the dissolved-to-total ratio.  

 
1 Recalculation for lead was carried out by EPA-Region IX, using the lowest mean genus acute 
value (GMAV) as the final acute value (FAV) and an acute-to-chronic ratio (ACR) of 51.29, 
resulting in a final chronic value (FCV) of 2.78 and the SSO formula already shown.  
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS - insert 
the following between the Oxygen, Dissolved and pH objectives:  
 
Pathogen Indicator Bacteria 
 
Bacteria, viruses, protozoa and parasites occur naturally in the environment and may also be 
present in waste discharges.  Some of these organisms, particularly those that originate from 
human sources, are pathogenic and may cause illness to exposed persons.  The main route of 
exposure to illness-causing organisms during primary water contact recreation is through 
accidental ingestion of fecally contaminated water. The presence of these pathogens in 
waterbodies may impair recreational uses and/or municipal water supplies. 
 
Direct measurement of all pathogens is impractical because standard methods have not yet been 
approved, nor have water quality criteria been established for each and every microorganism that 
may be harmful.  Therefore, the USEPA recommends using surrogate indicators, such as E. coli 
or enterococcus densities, to demonstrate that water quality is adequate to protect human health 
against excessive risk of illness to those making deliberate recreational contact with the water 
where ingestion of water is likely2.  
 
Over time, the recommended surrogate indicators to protect primary contact recreation have                                                                                             
changed from total and fecal coliform to E. coli or Enterococcus for freshwaters (USEPA, 1986).  
Ongoing epidemiological studies and laboratory research may someday identify better pathogen 
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indicators3 and USEPA may recommend revised numeric criteria based on those new indicators. 
New and/or improved analytical protocols for direct measurement of pathogens may also become 
available. This Plan addresses these circumstances as follows. The Plan specifies the following 
narrative objective and the numeric objectives for surrogate indicators in Table 4-pio – Pathogen 
Indicator Bacteria Objectives for Fresh Waters. The numeric objectives in Table 4-pio are 
intended to interpret the narrative objective, based on the best available science. These numeric 
objectives are based on the water quality criteria recommended by USEPA in 1986.  The 
narrative objective is intended to provide the permitting flexibility needed to accommodate 
appropriate regulatory actions to assure the protection of beneficial uses as water quality 
monitoring technology improves or USEPA revises the recommended bacteria criteria4.  This is 
consistent with the Regional Board’s obligation when establishing waste discharge requirements 
to impose limitations more stringent than established objectives if such more stringent limitations 
are necessary to protect beneficial uses. 

 
Lakes and Streams 

 
Waste discharges shall not cause or contribute to excessive risk of illness from microorganisms 
pathogenic to human beings.  Pathogen indicator concentrations shall not exceed the values 
specified in Table 4-pio below as a result of controllable water quality factors (see also Chapter 5, 
Recreation Water Quality Standards, Controllable and Uncontrollable Sources of Bacteria) unless 
it is demonstrated to the Regional Board’s satisfaction that the elevated indicator concentrations 
do not result in excessive risk of illness among people recreating in or near the water. In all 
cases, the level of water quality necessary to protect existing uses must be maintained. Where 
existing water quality is better than necessary to protect the designated use, the existing high   
level of water quality must be maintained unless it is demonstrated that existing or potential 
beneficial uses would be protected and that water quality consistent with maximum benefit to the 
people of California would be maintained, as specified in the state antidegradation policy 
(SWRCB Resolution No. 68-16).  The Regional Board may also require recycled water 
discharged to freshwaters designated REC 1 or REC 2 to comply with other limitations 
recommended by the California Department of Public Health (CDPH).    
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Table 4-pio - Pathogen Indicator Bacteria Objectives for Fresh Waters1 

Recreational Use 
 

Pathogen Indicator Objective 

(geometric mean of at least 5 samples in a 30-day period 
(running)2 

REC1-only or 
REC1 and REC2 <126  E. coli organisms per 100 mL3 

REC2-only4 
N/A; see REC2 Only Freshwaters, below, and Chapter 5, 

Recreation Water Quality Standards, Antidegradation targets 
for REC2 only freshwaters 

 

1 The water quality objectives specified in Table 4-pio (and the alternate Single Sample Maximum 
values in Table 5-REC1-ssv) do not apply to a river or stream if and when the recreational uses 
are temporarily suspended due to unsafe flow conditions therein. (See Chapter 5- 
Implementation, Recreation Water Quality Standards, High Flow Suspension, Appendices VIII 
and IX, and Application of Single Sample Maximum Values).  
2  The Regional Board may adopt other alternative averaging periods, such as annual or seasonal 
averages, through the basin planning process. 
3 Where it is necessary to make public notification and/or beach closure decisions in the absence 
of sufficient data to calculate a representative geometric mean for E. coli, no single sample shall 
exceed the default value shown in Table 5-REC1-ssv or an alternative value calculated by using 
the formula shown in Table 5-REC1-ssv, note 2 (see also table note 5).  For all other purposes 
related to implementing the Clean Water Act, if there are insufficient data to calculate a 
representative geometric mean for E. coli, “X%” of the representative sample data collected over 
a 30 day period (running) shall be less than the applicable Single Sample Maximum value, where 
X% is the statistical confidence level assigned to a particular waterbody. Where there are 
sufficient data to calculate a representative geometric mean for E. coli, the applicable Single 
Sample Maximum value shall not be used to assess compliance with the E. coli objective in 
Table 4-pio.  The intent of Single Sample Maximum values is to inform public notification 
decisions and to trigger additional follow-up monitoring (see Chapter 5, Recreation Water Quality 
Standards, Application of Single Sample Maximum Values in REC1 Freshwaters). 
4Waterbodies designated REC2 but not designated REC1.   

 
 

As discussed in Chapter 3 (RECREATION BENEFICIAL USES) and Chapter 5 
(RECREATION WATER QUALITY STANDARDS, High Flow Suspension) of this Plan, 
recreational standards are temporarily suspended in certain fresh surface waters during 
specific high flow conditions. This includes the temporary suspension of the pathogen 
indicator objectives established in Table 4-pio, and alternative Single Sample Maximum 
values, which apply under specified circumstances (See Chapter 5 RECREATION WATER 
QUALITY STANDARDS, Application of Single Sample Maximum values in REC1 
freshwaters.)  
 
 
REC2 Only Freshwaters 
 
Designation of a waterbody as REC2 but not REC1 requires a demonstration that the REC1 
use has not been attained and is not attainable, based on one or more of the Use Attainability 
Analysis (UAA) factors identified in federal regulations (40 CFR 131.10(g)(1-6)). Where water 
quality consistently meets the REC1 (or REC1 and REC2) pathogen indicator objectives in 
Table 4-pio, then it is unlikely that a UAA would successfully demonstrate that the REC1 use 
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is not attainable. Accordingly, the waterbody would likely be designated REC1 (and REC2), 
and the objectives in Table 4-pio would apply.  
 
REC2 activities involve proximity to water but not normally body contact such that the 
ingestion of water is reasonably possible. Water contact is incidental or accidental, relatively 
brief and limited primarily to body extremities.  There is no scientific basis to establish 
pathogen indicator objectives intended to protect human health as the result of such contact.  
 
While water quality objectives for REC2 only waters are not specified in this Plan, it is 
appropriate to take steps to assure that water quality conditions in these waters are not 
degraded as the result of controllable water quality factors, consistent with antidegradation 
policy requirements. Accordingly, bacteria quality targets for REC2 only waters have been 
identified (See Chapter 5, Recreation Water Quality Standards, Antidegradation targets for 
REC2 only freshwaters).   

 
Add the following footnotes and re-number subsequent footnotes in Chapter 4 
accordingly:  
 
[Footnote 2 is found above in “Pathogen Indicator Bacteria”, end of 2nd paragraph, p. 37 of 
79] 
 
2  As discussed in detail in USEPA’s 1986 bacteria criteria document (“Ambient Water Quality 
Criteria for Bacteria – 1986”), USEPA’s recommended E. coli criteria are based on the long-
accepted rate of 8 gastrointestinal illness per 1000 swimmers in freshwaters. USEPA believes 
that this illness rate is comparable to the estimated illness rate associated with the fecal 
coliform objectives that were used historically by states, and previously in this Basin Plan. 
Epidemiological studies were used to develop the 1986 criteria. The swimming-associated 
“excess” illness rate was determined by subtracting the gastrointestinal illness rate in 
nonswimmers from that for swimmers. Swimmers and nonswimmers were differentiated on the 
basis of exposure and the likelihood of ingestion of water. Swimmers were those who swam or 
otherwise got their head or face wet. Nonswimmers were those who did not go into the water, 
went into the water but did not get their head or face wet (waders), or were in the water for less 
than 10 minutes, whether or not they got their head or face wet. In short, the 1986 criteria were 
developed based on exposures during swimming with head immersion, where the ingestion of 
water was considered likely. Consistent with USEPA’s intent and the underlying science, the E. 
coli  objectives specified in this Basin Plan (Table 4-pio – Pathogen Indicator Bacteria 
Objectives for Fresh Waters), are intended to protect primary contact recreation.  
 
[Footnote 3 is found above in “Pathogen Indicator Bacteria”, first sentence, p. 38 of 79] 
 
3 See, for example, U.S. EPA. Report of the Experts Scientific Workshop on Critical Research 
Needs for the Development of New or Revised Recreational Water Quality Criteria.  June 15, 
2007 (EPA 823-R-07-006) 
 
 
[Footnote 4 is found above in “Pathogen Indicator Bacteria”, first paragraph, end of 2nd to last 
sentence, p. 38 of 79] 
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4 See, for example, U.S. EPA.  Criteria Development Plan and Schedule for Recreational Water 
Quality Criteria.  August 31, 2007. (EPA 823-R-003) 

 
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, GROUNDWATERS, Bacteria, 
Coliform, as follows: 
 
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence groundwater 
is used as an indicator of pollution. 
 
Amend CHAPTER 4 – Table 4-1 WATER QUALITY OBJECTIVES, add and delete waters as 
shown in the following pages:  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 
BAYS, ESTUARIES, AND TIDAL 
PRISMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solid 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

 
 
 

Los Cerritos Wetlands+ --- --- --- --- --- --- --- 801.11  

Anaheim Bay – Outer Bay+ --- --- --- --- --- --- --- 801.11  

Anaheim Bay – Seal Beach National 
Wildlife Refuge+ --- --- --- --- --- --- --- 801.11  

Sunset Bay – Huntington Harbour+   
  --- --- --- --- --- --- --- 801.11  

Bolsa Bay+   
    --- --- --- --- --- --- --- 801.11  

Bolsa Chica Ecological Reserve+ --- --- --- --- --- --- --- 801.11  

Lower Newport Bay+ --- --- --- --- --- --- --- 801.11  

Upper Newport Bay+ --- --- --- --- --- --- --- 801.11  

  
 
 
 
 
 
 
 
 
+ Numeric objectives have not been established; narrative objectives apply.  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 
BAYS, ESTUARIES, AND TIDAL 
PRISMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solid 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

 
 
 

Santa Ana River Salt Marsh+ --- --- --- --- --- --- --- 801.11  

Huntington Beach Wetlands+ --- --- --- --- --- --- --- 801.11  
Tidal Prism of Santa Ana River (to within 
1000’ of Victoria Street) and  
Newport Slough+ 

--- --- --- --- --- --- --- 801.11  

Tidal Prism of San Gabriel River – River 
Mouth to Marina Drive+ --- --- --- --- --- --- --- 845.61  

Tidal Prism of Santa Ana-Delhi Channel 
– Bicycle Bridge at University Dr. at 
Upper Newport Bay to 1036 ft. 
upstream+ 

--- --- --- --- --- --- --- 801.11  

Tidal Prism of Greenville-Banning 
Channel – Santa Ana River Confluence 
to Inflatable diversion dam^+ 

--- --- --- --- --- --- --- 801.11  

Tidal Prisms of Flood Control Channels 
Discharging to Coastal or Bay Waters+ --- --- --- --- --- --- --- 801.11  

 
 
 
 
 
 
^          The Inflatable Diversion Dam is ~0.23 mile downstream of confluence with the Fairview Channel.   
+ Numeric objectives have not been established; narrative objectives apply.  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

 
 
 

    

Santa Ana-Delhi Channel  

       Reach 1 – upper boundary of Tidal  
       Prism to intersection of Sunflower  
       Ave./Flower St. Intersection to  
       Warner Avenue+       

--- --- --- --- --- --- --- 801.11  

       Reach 2 – above Sunflower Avenue 
       to Warner Avenue+ --- --- --- --- --- --- --- 801.11  

    

Greenville Banning Channel   
      Reach 1 – Inflatable diversion dam   
      to California Street+ --- --- --- --- --- --- --- 801.11  

 
 
 
 
 
 
 
 
 
 
 
+ Numeric objectives have not been established; narrative objectives apply.   
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Table 4-1 WATER QUALITY OBJECTIVES - Continued 
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

     Mountain Home Creek 
    200 100 30 10 1 20 5 801.58  

     Mountain Home Creek, East Fork 200 --- --- --- --- --- --- 801.70  

     Monkeyface Creek 200 100 30 10 1 20 5 801.70  

     Alger Creek 200 --- --- --- --- --- --- 801.70  

     Falls Creek 200 100 30 10 1 20 5 801.70  

     Vivian Creek 200 --- --- --- --- --- --- 801.70  

     High Creek 200 --- --- --- --- --- --- 801.70  
     Other Tributaries: Lost, Oak Cove, 
     Green, Skinner, Momyer, Glen Martin, 
     Camp, Hatchery, Rattlesnake, Slide, 
     Snow, Bridal Veil, and Oak Creeks,  
     and other Tributaries to these Creeks 

200 --- --- --- --- --- --- 801.70 

 

  Bear Creek Drainage:  
     Bear Creek  
    175 115 10 10 1 4 5 801.71  

     Siberia Creek 200 --- --- --- --- --- --- 801.71  

     Slide Creek 175 --- --- --- --- --- --- 801.71  

     Johnson Creek 175 --- --- --- --- --- --- 801.71  

     All other Tributaries to these Creeks+ --- --- --- --- --- --- --- 801.71  

    Big Bear Lake (see Lakes, pg. 4-…          
 
+ Numeric objectives have not been established; narrative objectives apply.   
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

     Big Bear Lake Tributaries: 
     

        North Creek  175 --- --- --- --- --- --- 801.71  

        Metcalf Creek 175 --- --- --- --- --- --- 801.71  

        Grout Creek 150 --- --- --- --- --- --- 801.71  

        Rathbone (Rathbun) Creek 300 --- --- --- --- --- --- 801.71  

        Meadow Creek+ --- --- --- --- --- --- --- 801.71  

        Summit Creek+ --- --- --- --- --- --- --- 801.71  

        Knickerbocker Creek  
Reach 1- concrete channel; the 
Lake to Village Dr. 175 --- --- --- --- --- --- 801.71  

Reach 2- natural channel, Village 
Dr. to headwater 175 --- --- --- --- --- --- 801.71  

        Other Tributaries to Big Bear Lake: 
        Minnelusa, Poligue, and Red Ant 
        Creeks, and other Tributaries 
        to these Creeks 

175 --- --- --- --- --- --- 801.71 

 

     Baldwin Lake (see Lakes, pg. 4-xx)          

     Baldwin Lake Drainage:  
        Shay Creek+  
    --- --- --- --- --- --- --- 801.73  

        Other Tributaries to Baldwin Lake: 
        Sawmill, Green, and Caribou  
        Canyons and other Tributaries to  
        these Creeks+ 

--- --- --- --- --- --- --- 801.73  

+ Numeric objectives have not been established; narrative objectives apply.  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

  Other Streams Draining to Santa Ana 
  River (Mountain Reaches‡ )  

        Cajon Canyon Creek 200 100 30 10 1 20 5 801.51  

        City Creek 200 115 30 10 1 20 5 801.57  

        Devil Canyon Creek 275 125 35 20 1 25  5 801.57  

        East Twin and Strawberry Creeks 475 --- --- --- --- --- --- 801.57  

        Waterman Canyon Creek 250 --- --- --- --- --- --- 801.57  

        Fish Creek 200 100 30 10 1 20 5 801.57  

        Forsee Creek 200 100 30 10 1 20 5 801.72  

        Plunge Creek  200 100 30 10 1 20 5 801.72  

        Barton Creek 200 100 30 10 1 20 5 801.72  

        Bailey Canyon Creek  200 --- --- --- --- --- --- 801.72  
        Kimbark Canyon, East Fork  
        Kimbark Canyon, Ames Canyon 
        And West Fork Cable Canyon  
        Creeks 

325 --- --- --- --- --- --- 801.52 

 

        Valley Reaches‡ of Above Streams (Water Quality Objectives Correspond to Underlying GW Basin Objectives) 801.52  
 

 
‡ The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains. 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

        Other Tributaries (Mountain 
        Reaches¹): Alder, Badger Canyon, 
        Bledsoe Gulch, Borea Canyon,  
        Breakneck, Cable Canyon,  

  Cienaga Seca, Cold, Converse,             
         Coon, Crystal, Deer, Elder,  
        Fredalba, Frog, Government,  
        Hamilton, Heart Bar, Hemlock,  
        Keller, Kilpecker, Little Mill, 
        Little Sand Canyon, Lost,  
        Meyer Canyon, Mile, Monroe  
        Canyon, Oak, Rattlesnake, Round 
        Cienaga, Sand, Schneider,  
        Staircase, Warm Springs Canyon 
        And Wild Horse Creeks, and other 
        tributaries to those Creeks 

200 100 30 10 1 20 5 801.72 801.71, 
801.57 

   San Gabriel Mountain Streams 
   (Mountain Reaches‡)  

        San Antonio Creek 225 150 20 6 4 25 5 801.23  
        Lytle Creek (South, Middle, and  
        North Forks) and Coldwater 
        Canyon Creek 

200 100 15 4 4 25 5 801.41 
801.42, 
801.52, 
801.59 

        Day Canyon Creek 200 100 15 4 4 25 5 801.21  

        East Etiwanda Creek 200 100 15 4 4 25 5 801.21  

        Valley Reaches‡ of Above Streams (Water Quality Objectives Correspond to Underlying GW Basin Objectives) 801.21  
 

‡ The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains. 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

    Cucamonga Creek  
            Reach 1 – Confluence with Mill 
            Creek to 23rd St. in Upland+ --- --- --- --- --- --- --- 801.21  

            Reach 2 ( Mountain Reach‡) –  
            23rd St. in Upland to headwaters 200 100 15 4 4 25 5 801.24  

    Mill Creek (Prado Area)+ --- --- --- --- --- --- --- 801.25  
    Other Tributaries (Mountain  
    Reaches):San Sevaine, Deer, Duncan 
    Canyon, Henderson Canyon, Bull, 
    Fan, Demens, Thorpe, Angalls, 
    Telegraph Canyon, Stoddard Canyon, 
    Icehouse Canyon, Cascade Canyon, 
    Cedar, Failing Rock, Kerkhoff and 
    Cherry Creeks, and other Tributaries 
    to these Creeks 

200 --- --- --- --- --- --- 801.21 801.23 

    Valley Reaches of Above Streams‡ --- --- --- --- --- --- --- 801.21  

 San Timoteo Area Streams  

    San Timoteo Creek   
        Reach 1A – Santa Ana River  
        Confluence to Barton Road** --- --- --- --- --- --- --- 801.52 801.53 

        Reach 1B – Barton Road to Gage 
        at San Timoteo Canyon Rd. u/s of 
        Yucaipa Valley WD discharge** 

--- --- --- --- --- --- --- 801.52 801.53 

 
+ Numeric objectives have not been established; narrative objectives apply 
‡ The Division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains 
** Surface water objectives not established; underlying Management Zone objectives apply.  Biological quality protected by narrative objectives  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

 Prado Area Streams  

   Chino Creek   
     Reach 1A – Santa Ana River  
     confluence to downstream of  
     confluence with Mill Creek (Prado  
     Area) – Base Flow* 

700 350 110 140 10** 150 30 801.21  

    Reach 1B – Confluence of Mill Creek 
    (Prado Area) to beginning of concrete- 
    lined channel south of Los Serranos 
    Rd. 

550 240 75 75 8 60 15 801.21  

    Reach 2 – Beginning of concrete-lined 
    channel south of Los Serranos Road 
    to confluence with San Antonio Creek+ 

--- --- --- --- --- --- --- 801.21  

  Temescal Creek  
     Reach 1a – Lincoln Avenue to  
     Arlington Channel confluence --- --- --- --- --- --- --- 801.27  

     Reach 1b – Arlington Channel   
      confluence to 1400 ft. upstream 
      upstream of Magnolia Avenue+ 

--- --- --- --- --- --- --- 801.27  

      Reach 2 – 1400 ft. upstream of 
      Magnolia Avenue to Lee Lakes+  --- --- --- --- --- --- --- 801.27  

     Reach 3– Lee Lake, (see Lakes,  
     Pg. 4-xx)          

 
* Additional objective: Boron 0.75 mg/l     
** Total nitrogen, filtered sample 
+ Numeric objectives have not been established; narrative objectives apply 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

  Fuller Mill Creek 150 100 10 15 1 20 5 802.22  

  Stone Creek  150 100 10 15 1 20 5 802.21  
  Other Tributaries: Logan, Black 
  Mountain, Juaro Canyon, Indian,  
  Herkey, Poppet and Potrero Creeks, 
  and other Tributaries to these Creeks 

150 70 10 12 1 15 5 802.12 802.22 

  Salt Creek+ --- --- --- --- --- --- --- 802.12  
  Goodhart Canyon, St. John’s Canyon,    
   and Cactus Valley Creeks+ --- --- --- --- --- --- --- 802.15  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
+ Numeric objectives have not been established; narrative objectives apply. 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

LAKES AND RESERVOIRS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

UPPER SANTA ANA RIVER BASIN  

  Baldwin Lake*+   --- --- --- --- --- --- --- 801.73  

  Big Bear Lake** 175 125 20 10 0.15 10 --- 801.71  

  Erwin Lake+ --- --- --- --- --- --- --- 801.73  

  Evans, Lake 490 --- --- --- --- --- --- 801.27  

  Jenks Lake 200 100 30 10 1 20 --- 801.72  

  Lee Lake+ --- --- --- --- --- --- --- 801.34  

  Mathews, Lake 700 325 100 90 --- 290 --- 801.33  

  Mockingbird Reservoir 650 --- --- --- --- --- --- 801.26  

  Norconian, Lake 1050 --- --- --- --- --- --- 801.25  

LOWER SANTA ANA RIVER BASIN    

  Anaheim Lake 600 --- --- --- --- --- --- 801.11  

  Irvine Lake (Santiago Reservoir) 730 360 110 130 6 310 --- 801.12  
  Peters Canyon, Rattlesnake,Sand 
  Canyon, and Siphon Reservoirs 720 --- --- --- --- --- --- 801.11  

 
 
* Fills occasionally with storm flows; may evaporate completely 
** Additional Objective: 0.15 mg/l Phosphorus 
+ Numeric objectives have not been established; narrative objectives apply. 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

LAKES AND RESERVOIRS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

SAN JACINTO RIVER BASIN  
  Canyon Lake (Railroad Canyon 
  Reservoir)***  700 325 100 90 8 290 --- 802.11 802.12 

  Elsinore, Lake**** 2000 --- --- --- 1.5 --- --- 802.31  

  Fulmor, Lake 150 70 10 12 1 15 --- 802.21  

  Hemet, Lake 135 --- 25 20 1 10 --- 802.22  

  Mystic Lake+ --- --- --- --- --- --- --- 802.21  

  Perris, Lake 220 110 50 55 1 45 --- 802.11  
 
 
 
 
 
 
*** Note:  The quality objectives for Canyon Lake are not intended to preclude transport of water supplies or delivery to the Lake. 
**** Lake volume and quality highly variable 
+          Numeric objectives have not been established; narrative objectives apply.  
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Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, add REFERENCES: 

 
REFERENCES 
 

State Water Resources Control Board , “Water Quality Control Policy for Developing California’s Clean Water Act 
Section 303(d) List, September 2004.  
 
United States Environmental Protection Agency “Ambient Water Quality Criteria for Bacteria – 1986” EPA 440/5-
84-002, January 1986. 
 
United States Environmental Protection Agency “Water Quality Standards for Coastal and Great Lakes 
Recreation Waters; Final Rule” (40 CFR 131.41), November 2004. 
 
United States Environmental Protection Agency “Report of the Experts Scientific Workshop on Critical Research 
Needs for the Development of New or Revised Recreational Water Quality Criteria”.  June 15, 2007 (EPA 823-R-
07-006) 
 
United States Environmental Protection Agency  “Criteria Development Plan and Schedule for Recreational Water 
Quality Criteria”  August 31, 2007. (EPA 823-R-003) 
 
 

 
 

CHANGES TO CHAPTER 5- IMPLEMENTATION 
  
 
Amend CHAPTER 5 – IMPLEMENTATION – insert the following between TOTAL DISSOLVED 
SOLIDS and NITROGEN MANAGEMENT and NONPOINT SOURCE PROGRAM 
 
Recreation Water Quality Standards 
 
Since the early 1970’s, this Basin Plan has specified recreation water quality standards for surface 
waters in the Region, including REC1 and/or REC2 beneficial use designations and water quality 
objectives intended to protect those uses. Because of analytical constraints that make routine 
direct measurement of pathogens impractical, these objectives have been and continue to be 
based on levels of surrogate bacteria indicators.  As noted in Chapter 4, the USEPA’s 
recommendations for surrogate indicators to protect primary contact recreation have changed from 
total and fecal coliform to E. coli or enterococcus for freshwaters, and to enterococcus for marine 
waters (USEPA 1986).  Epidemiological and laboratory investigations are ongoing and may lead to 
revised recommendations regarding the appropriate water quality criteria to protect recreation 
uses.  
 
In 2012, the Regional Board adopted changes to the recreation standards, based on the work and 
recommendations of the Stormwater Quality Standards Task Force (Resolution No. R8-2012-
0001). These changes included revised bacteria quality objectives applicable to freshwaters (see 
Chapter 4) and changes to the recreation use designations for specific fresh waters.  Specific 
implementation strategies pertaining to the revised standards for freshwaters were also approved. 
This section describes those implementation strategies, which include the following:  
 

• Intended application of Single Sample Maximum values in REC1 freshwaters  
• Antidegradation targets for REC2 only freshwaters 
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• Controllable and uncontrollable sources of bacteria 
• High flow suspension of recreation standards 
• Monitoring plan for pathogen indicator bacteria in freshwaters 
• POTW discharge requirements and implementation of recreational standards 
 
 

Application of Single Sample Maximum values in REC1 freshwaters   
 
It is recognized that a variety of factors affect the suitability of a water body for primary contact 
recreation, including the morphology of stream channels, the depth, velocity and aesthetic quality 
of the flows, access to the site by the public, and the extent to which recreational activity is actively 
encouraged by local authorities by providing parking, access, restrooms and other amenities.  
Federal guidance and regulation [United States Environmental Protection Agency, “Ambient Water 
Quality Criteria for Bacteria”, January 1986, and “Water Quality Standards for Coastal and Great 
Lakes Recreation Waters; Final Rule” (the so-called “BEACH Act Rule”), Federal Register, Vol. 69, 
No. 200, November 16, 2004, pp.67217 et seq.] directs states to differentiate primary contact 
waters on the basis of the intensity of use, and other conditions as states deem appropriate, for the 
purposes of assigning Single Sample Maximum pathogen indicator values. These Single Sample  
Maximum values are statistical constructs, designed to be used as an indicator of whether 
established pathogen objectives (typically expressed as geometric means, as in this Plan (see 
Chapter 4)) are being met when insufficient data are available to calculate a geomean. The Single 
Sample values are derived from the formula included in the USEPA criteria document and shown 
in Table 5-REC1-ssv, note 2 (also see note 5). The Single Sample Maximum values are intended 
to provide a timely measure of the apparent quality of the water for primary contact recreation for 
public notification (posting) and, where necessary, closure purposes.  States have discretion to 
employ the Single Sample Maximum values in the context of Clean Water Act programs, apart 
from their use for beach notification and closure purposes.   
 
This Plan includes Single Sample Maximum provisions that apply to the REC1 freshwaters in the 
Region and that are consistent with federal guidance and regulation.  These provisions are 
described below.  
 
First, based on the analyses and recommendations of the Stormwater Quality Standards Task 
Force, REC1 freshwater lakes and streams within the Region are identified as “Tier A”, “B”, “C” or 
“D”, based on the known or estimated actual or potential intensity of primary contact recreational 
use by the public, and other factors.  These Tiers are defined as follows:  
 

Tier A REC1 Waters:  includes freshwater lakes and streams that are or may be heavily-
used by the public for primary contact recreational activities, relative to other freshwater 
bodies in the Santa Ana Region.  Typical examples of Tier A waters include, but are not 
limited to:  Big Bear Lake, Canyon Lake, Lake Elsinore, Lake Perris, Reach 3 of the Santa 
Ana River, Reach 2 of Mill Creek (near Redlands) and Lytle Creek (Middle and North 
Forks).  Single Sample Maximum (SSM) values for Tier A waters are calculated using a 
75% statistical confidence factor. (See Table 5-REC1-ssv, below). 
 
Tier B REC1 Waters:  includes freshwater lakes and streams that are or may be 
moderately-used by the public for primary contact recreational activities.  Moderate use 
occurs where the number of people accessing the waterbody is approximately half that 
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which generally occurs in Tier A waters.  Typical examples of Tier B waters include, but are 
not limited to:  Jenks Lake, Santiago Reservoir, Cucamonga Creek Reach 2, and Reaches 4 
and 6 of the Santa Ana River.  Single Sample Maximum values for Tier B waters are 
calculated using an 82% statistical confidence factor. (See Table 5-REC1-ssv, below) 
 
Tier C REC1 Waters: includes freshwater lakes and streams that are or may be lightly-used 
by the public for primary contact recreational activities.  Light use occurs where the number 
of people accessing the waterbody is less than half that which generally occurs in Tier A 
waters.  Typical examples of Tier C waters include, but are not limited to: Reach 2 of the 
Santa Ana River, Bear Creek, Chino Creek Reach 1B, Anza Park Drain, and Sunnyslope 
Channel. Single Sample Maximum values for Tier C waters are calculated using a 90% 
statistical confidence factor. (See Table 5-REC1-ssv, below) 
 
Tier D REC1 Waters:  includes freshwater lakes and streams that are infrequently used by 
the public for primary contact recreational activities.  Infrequent use occurs where people 
only access the waterbody rarely or occasionally.  Typical examples of Tier D waters 
include, but are not limited to:  most concrete-lined storm water channels in the urbanized 
areas of the watershed and many of the ephemeral streams located in the undeveloped 
areas of the watershed.  Single Sample Maximum values for Tier D waters are calculated 
using a 95% statistical confidence factor.  (See Table 5-REC1-ssv, below). 
 

Tier A, B, C and D waters are listed in Table 5-REC1-Tiers. Table 5-REC1-Tiers includes a 
“Comments” column that provides information regarding factors considered in making Tier 
assignments. An additional, qualifying notation, “N”, is also included in this table for certain waters 
assigned to Tier A, B, C, or D based on the known or anticipated frequency of use.  It is recognized 
that there are waters within the Region that are in undeveloped areas and are expected to have 
low natural bacteria levels. While use of these waters for primary contact recreation may or may 
not occur or may be limited due to difficulties in access, channel characteristics, flow conditions 
and the like, as reflected in the Tier assignments, it is also necessary and appropriate to assure 
the protection of the high quality of these waters. Accordingly, these “N” listed waters are assigned 
Single Sample Maximum values using the 75% confidence factor in the calculation, which is the 
same approach utilized with Tier A, heavily-used waters.  “N” listed waters are defined as follows: 

 
Natural Conditions (N):  includes freshwater lakes and streams located in largely 
undeveloped areas where ambient water quality is expected to be better than necessary to 
protect primary contact recreational activities regardless of whether such activities actually 
occur in these waterbodies.  Single Sample Maximum values for “N” waters are calculated 
using a 75% statistical confidence factor. (See Table 5-REC1-ssv, below). 

 
Use of the different statistical confidence factors (75%, 82%, 90% and 95%) to calculate SSM 
values results in a range in conservatism regarding the likelihood that the geometric mean is being 
met. A more conservative SSM value, based on the 75% confidence factor, is appropriate for 
waters that are heavily-used for primary contact recreation (Tier A). More people are likely to 
become ill if the bacteria quality of heavily-used waters is poor, so a higher degree of caution in 
evaluating quality conditions is appropriate. The more conservative SSM value is also appropriate 
where it is necessary to assure that existing high quality waters are protected (“N” waters). 
Progressively less conservative SSM values, calculated using the 82, 90 and 95% confidence 
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factors, are appropriate where there is declining frequency of existing or potential primary contact 
recreation (Tier B, C and D.)  
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Table 5- REC 1-Tiersx  
 

INLAND SURFACE STREAMS 
TIER 

A, B, C, OR D 
 

Rationale for Tier 
Assignment  

LOWER SANTA ANA RIVER   
  Santa Ana River   
    Reach 1 D Intermittent, low flow1 limited 

access2 

    Reach 2 C Low flows, limited access 
    Aliso Creek D (N) Natural condition, limited 

access 
    Carbon Canyon Creek D Low, intermittent flow, limited 

access 
  Santiago Creek Drainage   
    Santiago Creek       
    Reach 1 D Intermittent flow 
    Reach 2 – Irvine Lake (see Lakes)   
    Reach 3 -  D (N) Low flow 
    Reach 4 - D (N) Low flow 
    Silverado Creek     D (N) Low flow 
    Black Star Creek  D (N) Low flow 
    Ladd Creek D (N) Low flow, limited access 
San Diego Creek Drainage   
    San Diego Creek   
    Reach 1 C Low flow, no observed REC1 

use3; however fishing and 
children observed near water 

    Reach 2 D  Low flow, limited access 
Tributaries: Bonita Creek, Serrano 
Creek, Peters Canyon Wash, Hicks 
Canyon Wash, Bee Canyon Wash, 
Borrego Canyon Wash, Agua Chinon 
Wash, Laguna Canyon Wash, 
Rattlesnake Canyon, Sand Canyon 
Wash and other tributaries to these 
creeks.  

D Low flow, limited access 

San Gabriel River Drainage   
    Coyote Creek D Low flow/access prohibited 
Upper Santa Ana River   
 
x Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November  2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 

1   Low, intermittent or ephemeral flows limit opportunity for REC1 use. 
2 Access limited or precluded by prohibitions by agency/party with jurisdiction and/or physical constraints 

(fencing and signage, riprap/concrete/natural steep slopes, impenetrable vegetation in/adjacent to the fresh 
water body, remote location, and the like) 

3 Photographic survey showed no REC1 use.  (See CDM Recreation Use Survey Reports) 
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Table 5- REC 1-Tiersx (Continued) 
 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
Rationale for Tier 

Assignment 
    Reach 3 A High use, wading and soaking, 

Reference condition for Tier 
A waters 

    Reach 4 B Access restricted, some water 
contact REC use observed 

    Reach 5 D Low/intermittent flow 
    Reach 6 B (N) Natural condition, fishing 

stream  
San Bernardino Mountain Streams   
  Mill Creek Drainage   
    Mill Creek   
    Reach 1 A High use, wading and soaking 
    Reach 2 A (N) Natural condition, wading and 

soaking  
    Mountain Home Creek  D (N) Natural condition, infrequent 

water contact REC use 
    Mountain Home Creek, East Fork D (N) Natural condition, remote 
Monkeyface Creek D (N) Natural condition, remote/low 

flow, light to infrequent water 
contact REC use 

Alger Creek D (N) 
Falls Creek D (N) 
Vivan Creek  D (N) 
High Creek D (N) 
Other Tributaries: Lost, Oak, Cove, 
Green, Skinner, Hatchery, Rattlesnake, 
Slide, Snow, Bridal Veil, and Oak 
Creeks and tributaries to these Creeks 

D (N) 

Bear Creek Drainage C (N) Natural condition, remote, light 
to infrequent water contact 
REC use. Fishing streams 

  Bear Creek  
  Siberia Creek 
  Slide Creek  
  Johnson Creek 
  All other tributaries to these Creeks 
Big Bear Lake Tributaries   
  North Creek D (N) Natural condition/low flows, 

infrequent water contact REC 
activities 

  Metcalf Creek 
  Grout Creek 
  Rathbone Creek 
  Meadow Creek 
  Summit Creek 
  Knickerbocker Creek /Reach 1 D Access prohibited, low flow, no 

REC 1 use observed4 

  Reach 2 D (N) Natural condition, low flow 
  Other tributaries: Minnelusa Canyon,       
Poligue, Red Ant Creeks and 
Tributaries to these Creeks 

D (N) Natural condition, low flow 

x Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 
for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November  2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 

4 Photographic survey for one year period showed no REC1 use. 
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Table 5- REC 1-TiersX 

(Continued) 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
Rationale for Tier 

Assignment 
Other Tributaries to Baldwin Lake: 
Sawmill, Green, and Caribou Canyon 
Creeks and other Tributaries to these 
Creeks 

D (N) Natural condition, low flow, 
remote 

Other Streams Draining to Santa Ana 
River (Mountain Reaches) 

 

Cajon Canyon Creek C (N) Natural condition, low flow 
City Creek D (N) Natural condition, low flow, 

limited access, remote 
Devil Canyon Creek D (N) Natural condition, low flow, 

limited access, remote 
East Twin and Strawberry Creeks D (N) Natural condition, low flow, 

limited access, remote 
Waterman Canyon Creek  D (N) Natural condition, low flow, 

limited access, remote 
Fish Creek D (N) Natural condition, low flow, 

limited access, remote 
Forsee Creek  D (N) Natural condition, low flow, 

limited access, remote 
Plunge Creek  D (N) Natural condition, low flow, 

limited access, remote 
Barton Creek D (N) Natural condition, low flow, 

limited access, remote 
Bailey Creek D (N) Natural condition, low flow, 

limited access, remote 
Kimbark Canyon, East Fork Kimbark  
Canyon, Ames Canyon and West Fork 
Cable Canyon Creeks 

D (N) Natural condition, low flow, 
limited access, remote 

Valley Reaches of Above Streams D (N) Natural condition, low, flow, 
limited access 

Other Tributaries (Mountain Reaches): 
Alder, Badger Canyon, Bledsoe Gulch, 
Borea Canyon, Breakneck, Cable 
Canyon, Cienaga Seca, Cold, 
Converse, Coon, Crystal, Deer, elder, 
Fredalba, Frog, Government, Hamilton, 
Heart Bar, Hemlock, Keller, Kilpecker, 
Little Mill, Little Sand Canyon, Lost, 
Meyer Canyon, Mile, Monroe Canyon, 
Oak, Rattlesnake, Round Cienaga, 
Sand, Schneider, Staircase, Warm 
Springs Canyon and Wild Horse 
Creeks, and other tributaries to those 
Creeks. 

D (N) Natural condition, low flow, 
limited access, remote 

San Gabriel Mountain Streams  
San Antonio Creek A (N) Natural condition, wading and 

soaking in summer months 
X Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 
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Table 5- REC 1-TiersX  

(Continued) 
 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
Rationale for Tier 

Assignment 
Lytle Creek (Middle and North Forks)  A (N)  Natural condition, wading and 

soaking in summer months, 
fishing streams 

Tributaries to Lytle Creek (South Fork 
and Coldwater Canyon Creek) 

D (N) Natural condition, low flow 

Day Canyon Creek  D (N) Natural condition, low flow, 
remote, limited access 

East Etiwanda Creek D (N) Natural condition, low flow, 
limited access, remote 

Valley Reaches of Above Streams D (N) Natural condition, low flow, 
limited access 

Cucamonga Creek / Reach 2 
(Mountain Reach) – 23rd St. in Upland 
to headwaters 

B (N) Natural condition, limited 
access 

Mill Creek (Prado Area) C  limited  access, low flow 
Other Tributaries (Mountain Reaches) 
San Sevaine, Deer Canyon, Duncan 
Canyon, Henderson Canyon, Bull, Fan, 
Demens, Thorpe, Angalls, Telegraph 
Canyon, Stoddard Canyon, Icehouse 
Canyon, Cascade Canyon, Cedar, 
Falling Rock, Kerkhoff, and Cherry 
Creeks and other Tributaries to these 
Creeks 

C (N) Natural condition, low flow, 
limited access, most creeks in 
remote areas 

Valley Reaches of Above Streams D   Low flow, limited access 
San Timoteo Creek   
Reach 1A – Santa Ana River 
Confluence to Barton Road 

D   Low flow, limited access 

Reach 1B – Barton Road to Gage at 
San Timoteo Canyon Rd. 

D   Low flow, limited access 

Reach 2 – gage at San Timoteo to 
confluence with Yucaipa Creek  

C   Low flow, limited access 

Reach 3 – Confluence with Yucaipa 
Creek to confluence with little San 
Gorgonio and Noble Creeks 

C   Low flow, limited access 

Oak Glen, Potato Canyon, and Birch 
Creeks 

D (N)  Natural condition, low flow, 
limited access 

Little San Gorgonio Creeks C (N) Natural condition, low flow, 
limited access, remote 

Yucaipa Creek D  Low flow, limited access 
Other Tributaries to these Creeks-
Valley Reaches 

D  Low flow, limited access 

 
X Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality 

Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. 
Natural (N) refers to waters, typically in largely natural condition, that are expected to have good ambient 
bacterial quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, 
even if designated Tier B, C, or D based on the intensity of REC1 use. 
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Table 5- REC 1-TiersX  

(Continued) 
 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
 

Rationale for Tier 
Assignment 

Other Tributaries to these Creeks 
(Mountain Reaches) 

C (N) Natural condition  

Anza Park Drain C  Low flow 
Sunnyslope Channel C  Low flow, limited access,  

Santa Ana sucker habitat 
Tequesquite Arroyo (Sycamore Creek) C   Low flow, limited access 
Prado Area Streams  
Chino Creek  
Reach 1A – Santa Ana River 
confluence to downstream of 
confluence with Mill Creek (Prado 
Area) 

D Low flow, limited access 

Reach 1B – Confluence with Mill Creek 
(Prado Area) to beginning of concrete 
lined channel south of Los Serranos 
Rd.   

C Low flow, limited access 

Reach 2 – Beginning of concrete-lined 
channel south of Los Serranos Rd. to 
confluence with San Antonio Creek  

D Low flow, limited access 

Temescal Creek5 
Reach 2 – 1400 ft. upstream of 
Magnolia Ave. to Lee Lake 

D Low flow, limited access 

Reach 3 – Lee Lakes (see Lakes)   
Reach 4 – Lee Lake to Mid-section 
Line of Section 17 

D Low flow, limited access 

Reach 5 – Mid-section line of Section 
17 to Elsinore Groundwater 
Management Zone  Boundary 

D Low flow, limited access 

Reach 6 – Elsinore Groundwater 
Management Zone Boundary to Lake 
Elsinore Outlet 

D Low flow 

Coldwater Canyon Creek C N) Natural condition, limited 
access, remote 

Bedford Canyon Creek  C (N) Natural condition, limited 
access, remote 

Dawson Canyon Creek C N) Natural condition, limited 
access, remote 

 
x Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November  2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 

5 Reach 1a and 1b not designated REC1 as determined through the UAA process. 
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Table 5- REC 1-TiersX  

(Continued) 
 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
 

Rationale for Tier 
Assignment 

Other Tributaries to these Creeks C (N) Natural condition, limited 
access 

San Jacinto River   
Reach 1 – Lake Elsinore to Canyon 
Lake 

C Low flow 

Reach 2 – Canyon Lake (see Lakes)   
Reach 3 – Canyon Lake to Nuevo 
Road 

D Low / ephemeral flow, limited 
access 

Reach 4 – Nuevo Road to North-South 
Mid-Section Line, T4S/R1W-S8 

D Low / ephemeral flow, limited 
access 

Reach 5 – North-South Mid-Section 
Line, T4S/R1W-S8, to Confluence with 
Poppet Creek  

D Low / ephemeral flow, limited 
access 

Reach 6 – Poppet Creek to Cranston 
Bridge 

C Low flow 

Reach 7 – Cranston Bridge to Lake 
Hemet  

C (N) Natural condition, limited  
access, remote 

Bautista Creek - Headwaters to Debris 
Dam 

D (N) Low flow, agricultural lands in 
lower section 

Strawberry Creek and San Jacinto 
River, North Fork 

C (N) Low flow, limited access, 
some areas remote  

Fuller Mill Creek C (N) Low flow, limited access, 
remote 

Stone Creek C (N) Low flow, limited access, 
remote 

Other Tributaries: Logan, Black 
Mountain, Juaro Canyon, Indian, 
Herkey, Poppet, and Potrero Creeks 
and other Tribuarties to these Creeks 

D (N) Low flow, limited access, 
remote 

Salt Creek D  Low /  ephemeral flow 
Goodhart Canyon Creek, St. John’s 
Canyon, and Cactus Valley Creeks 

D Low / ephemeral flow, remote 

Lakes and Reservoirs  
Baldwin Lake D (N) Ephemeral / intermittent  
Big Bear Lake A Designated swimming areas 
Erwin Lake D Ephemeral / intermittent 
Evans Lake D Swimming prohibited by City 

Park officials  
Jenks Lake B (N) Mt. fishing lake, REC body 

contact activities discouraged 
Lee Lake C Swimming prohibited, float 

tube fishing allowed 
Lake Mathews D Drinking water reservoir, 

access prohibited 
X Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
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quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 

 
Table 5- REC 1-TiersX  

(Continued) 
 

LAKES AND RESERVOIRS 
Tier A, B, C, OR 

D 
 

Rationale for Tier 
Assignment 

Mockingbird Reservoir D Limited access/ fenced and 
locked 

Lake Norconian  
D Access prohibited by U.S. 

Navy, no water contact REC 
activities allowed  

Anaheim Lake  C Fishing, GW recharge basin, 
water contact REC activities 
prohibited  

Irvine Lake B Fishing Lake, water contact 
REC activities prohibited. Float 
tube fishing allowed. 

Peters Canyon, Rattlesnake, Sand 
Canyon and Siphon Reservoirs 

D Water contact REC activities 
and/or access prohibited 

Canyon Lake A Water contact activities 
allowed 

Lake Elsinore  A Water contact activities 
allowed 

Lake Fulmor C Fishing allowed 
Lake Hemet C Fishing Lake, float tube fishing 

and water contact REC 
activities prohibited. 

Mystic Lake C Ephemeral lake, water fowl 
hunting allowed 

Lake Perris A Water contact activities 
allowed, designated swimming 
areas 

WETLANDS (INLAND) 
San Joaquin Freshwater Marsh D Access prohibited 
Shay Meadows D (N) Natural conditions, low flows 
Stanfield Marsh D Access prohibited  
Prado Basin Management Zone C Access prohibited, thick 

vegetation limits accessibility  
San Jacinto Wildlife Preserve  C Hunting ponds filled with 

treated effluent 
Glen Helen C Low flow, County Park 
   
   

 
X Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 
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It is important to note that the freshwaters listed in Table 5-REC1-Tiers were not assessed 
comprehensively in detail to determine whether primary contact recreation actually takes place or 
has taken place in the past, and at what intensity. The assignments to different Tiers are based on 
Board staff and stakeholder knowledge of the characteristics of these waters, evidence regarding 
existing or probable future primary contact recreational activity, and anecdotal information, all 
compiled by the Stormwater Quality Standards Task Force and during public review of the 
recreation standards amendments in 2012. Therefore, if and as knowledge of each of these waters 
is obtained in the future, the Tier assignments are subject to change. Further, Use Attainability 
Analyses may be conducted in the future for one or more of these waters, which may lead to 
changes in REC1 designations (see Chapter 3, Recreation Beneficial Uses). Inclusion of a 
waterbody in Table 5- REC1-Tiers does not denote a determination that REC1 is, in fact, an 
existing use for that waterbody.  
 
In accordance with federal regulation (the “BEACH Act Rule”), an heavily used primary contact 
freshwater (Reach 3 of the Santa Ana River) was used as the baseline for identifying other Tier A 
waters within the  Region. Then, Reach 3 and other Tier A waters were used to categorize other 
freshwaters in the Region based on their relative known or estimated intensity of primary contact 
use.   
 
Table 5-REC1-ssv shows maximum expected Single Sample values for E. coli for Tier A, B, C and 
D freshwaters. The values shown are based on a default log standard deviation, derived from the 
epidemiological studies USEPA used to formulate the 1986 national criteria, and on alternative log 
standard deviations. The equation used to calculate these Single Sample Maximum values is 
included in the Table and may be used to derive site-specific SSMs, under certain conditions (see 
table notes 2 and 5). As stated above, these Single Sample Maximum values were derived from 
USEPA’s recommended bacteria criteria (USEPA 1986). Again as stated previously, the Single 
Sample values for waters denoted as “N” in Table 5-REC1-Tiers are calculated using the 75% 
confidence factor, like Tier A waters.  
 
As specified in Table 4-pio (note 3) and Table 5-REC1-ssv (note 1), where there are sufficient data 
to calculate a representative geometric mean for E. coli, the Single Sample Maximum values 
specified in Table 5-REC1-ssv shall not be used to assess compliance with the geometric mean E. 
coli objective specified in Table 4-pio. Geometric mean objectives are the more reliable measure of 
long-term water body conditions and are thus strongly preferred for use in water body assessment 
decisions, including the development of the Clean Water Act section 303(d) list of impaired waters.  
The use of only Single Sample Maximum bacterial data is generally inappropriate for such 
assessments unless there is a limited data set, the water is subject to short-term spikes in bacteria 
concentrations, or there are other circumstances that justify the use of only single sample 
maximum data. The expected principal use of Single Sample Maximum values for the freshwaters 
of this Region is to implement public notification programs and/or to trigger additional monitoring 
and investigation to determine whether there are controllable sources of pathogen input that pose 
a public health concern. Where it is necessary to make public notification and/or beach closure 
decisions in the absence of sufficient data to calculate a representative geometric mean for E. coli, 
no single sample shall exceed the default value shown in Table 5-REC1-ssv or an alternative value 
calculated by using the formula shown in table note 2 (see also table note 5).  For all other 
purposes related to implementing the Clean Water Act, if there are insufficient data to calculate a 
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representative geometric mean for E. coli, “X%” of the representative sample data collected over a 
30 day period (running) shall be less than the default value specified in this Table or the alternative 
calculated value, where X% is the statistical confidence level assigned to a particular waterbody.  
 
A monitoring program designed to assure that sufficient data are collected to determine geometric 
means and/or to provide sufficient data necessary to assess trends in bacteria water quality will be 
implemented. The expected elements of that program, which is subject to approval by the Regional 
Board through the normal public participation process, are described below (Monitoring plan for 
pathogen indicator bacteria in freshwaters). 
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Table 5-REC1-ssv:  Alternative Method for Assessing Probable Compliance with the E. coli 
Objective in Freshwaters Designated REC1 when Insufficient Data are Available to Calculate 

a Geometric Mean
1
 

 

 

Maximum Expected Single Value for E. coli² 
(assuming true geometric mean is = 126 

organism/mL 
Standard Deviation 
of Log-transformed 
E. coli data 

Tier A3: 
75% C.L4. 

Tier B3: 
82% C.L. 

Tier C3: 
90% C.L. 

Tier D3: 
95% C.L. 

0.10 147 156 169 184 
0.20 172 194 227 269 
0.30 201 240 305 394 

0.40(default)5 235 298 409 575 
0.50 274 370 550 842 
0.60 320 459 739 1,231 
0.70 374 569 992 1,801 
0.80 437 705 1,332 2,633 
0.90 510 875 1,788 3,849 
1.00 596 1,085 2,401 5,629 
1.10 696 1,346 3,224 8,230 
1.20 814 1,669 4,329 12,034 

 
1 
This table shows single sample values calculated using the formula identified in table note 2.  Default values 

for each Tier are calculated using 0.4 as the log standard deviation (LSD). Alternative values calculated using 
different LSD values are also shown. See table note 5 for discussion of these alternative LSD values. Where it 
is necessary to make public notification and/or beach closure decisions in the absence of sufficient data to 
calculate a representative geometric mean for E. coli, no single sample shall exceed the default value shown 
in this table or an alternative value calculated by using the formula shown in table note 2 (see also table note 
5).  For all other purposes related to implementing the Clean Water Act, if there are insufficient data to 
calculate a representative geometric mean for E. coli, “X%” of the representative sample data collected over a 
30 day period (running) shall be less than the default value specified in this Table or the alternative calculated 
value, where X% is the statistical confidence level assigned to a particular waterbody. Where there are 
sufficient data to calculate a representative geometric mean for E. coli, the default or calculated single sample 
maximum value shall not be used to assess compliance with the E. coli objective in Table 4-pio.  The intent of 
single sample maximum values is to inform public notification decisions and to trigger additional follow-up 
monitoring.  
2
 EPA's recommended formula for calculating the maximum expected single sample value is: 

SSM = ECO * 10
(SCF * LSD)

, where… 
ECO = E. coli Objective expressed as geometric mean of a minimum number of samples; Assumed ECO=126 
based on a minimum of 5 samples over a 30-day period (rolling average) (see Table 4-pio). 
SCF = the appropriate Statistical Confidence Level Factor for the given waterbody; SCF=0.675 corresponds 
with the 75% confidence level; SCF=0.935 corresponds with the 82% confidence level; SCF=1.28 corresponds 
with the 90% confidence level; SCF=1.65 corresponds with the 95% confidence level. 
LSD = the Log Standard Deviation of measured E. coli densities. 
3
 Single Sample Maximum values for Tier A, B, C or D waters that are also denoted with an “N” in Table 5-

REC1-Tiers shall be calculated as for Tier A waters. 
4 C.L. = Confidence Level 
5 
Variability is calculated as the standard deviation of the log-transformed E. coli data.  In the absence of 

adequate representative data to estimate E. coli variability, the maximum expected single sample value will be 
calculated based on the assumption that the LSD = 0.4, as recommended by EPA [40 CFR 131.41 (69 Fed. 
Reg. 220, 67242; Nov. 16, 2004 (”BEACH Act Rule”))].  Application of an alternative LSD value(s) must be 
approved by the Regional Board through the normal public notice and comment process.  Per USEPA 
requirements identified in the BEACH Act Rule (69 Fed. Reg. 220, 67227), at least 30 samples must be 
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collected in a single recreation season to calculate a statistically valid site-specific log standard deviation that 
can be used to calculate a corresponding single sample maximum . Data acceptability shall generally be 
determined using the guidelines described in the Water Quality Control Policy for Developing California's 
Clean Water Act Section 303(d) List [Sept., 2004].   
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Antidegradation targets for REC2 only freshwaters 
 
As discussed in Chapter 4 (Pathogen Indicator Bacteria, REC2 Only Freshwaters), this Plan does 
not specify bacteria quality objectives for freshwaters designated REC2 only. However, it is 
appropriate to take steps to assure that bacteria quality conditions in these waters do not degrade 
as the result of controllable water quality factors, consistent with antidegradation policy 
requirements.  
 
For waters designated REC2 only pursuant to approved Use Attainability Analyses (UAAs; see 
discussion in Chapter 3 and Table 3-1), bacteria quality targets will be calculated and used to 
provide a baseline for expected water quality conditions in these waters. If future monitoring 
provides credible evidence that these targets are being exceeded and that quality conditions may 
have declined, then additional monitoring and investigation will be initiated and corrective action 
taken if and as appropriate. Requirements pertaining to monitoring and follow-up investigation and 
action are identified below (Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters).  

 
The baseline condition (antidegradation target) for each REC2 only water will be established 
through a comprehensive statistical analysis of ambient bacteria quality data that is conducted as 
part of the UAA used to justify the REC2 only designation. The statistical analysis must be 
designed to characterize the entire distribution of the dataset. This includes determination of the 
geometric mean, median, standard deviation, coefficient-of-variation, maximum value, upper 75th 
percentile value and sample size for the dataset. The upper 75th percentile density will serve as 
the antidegradation target, that is, the trigger threshold for further investigation and possible 
corrective action. As new data become available pursuant to requisite monitoring, they will be 
compared to this antidegradation target to determine whether further investigation or action is 
needed. The additional monitoring results must be sufficiently robust to assess whether a lowering 
of water quality has occurred. 

 
In general, the following method will be used to estimate the upper 75th percentile densities: 

 
Step 1) Log-transform the existing data 
Step 2) Calculate the mean of the log-transformed data 
Step 3) Calculate the standard deviation of the log-transformed data 
Step 4) Multiply the standard deviation of log-transformed data by 0.675 
Step 5) Add result from Step 4 to the mean value calculated in Step 2 
Step 6) Calculate the anti-log for the value derived in Step 5; this is the 75% 

Upper Confidence Level. 
 

Using the 75th percentile to assess water quality trends and as a trigger for further monitoring is 
conceptually similar to U.S. EPA’s recommended approach for using Single Sample Maximums 
(see Application of Single Sample Maximum values in REC1 freshwaters, above), and to the 
approach used to characterize ambient TDS and nitrogen quality in the groundwater management 
zones throughout the Santa Ana Region (see Chapter 4, Management Zone TDS and Nitrate-
nitrogen Water Quality Objectives). 
 
 
Where 75% of the new data is less than or equal to the antidegradation target, no degradation will 
be inferred.  However, if more than 25% of the samples exceed the target, additional samples must 
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be collected and analyzed to determine whether the elevated values are anomalous (verified by 
formal outlier analysis) or if there is a true trend toward water quality degradation.   
 
Use Attainability Analyses have been completed to justify the designation as REC2- only the 
specific freshwater stream segments listed in Table 5-REC2 Only Targets-FW.  For each of these 
waters, this Table shows the antidegradation indicator bacteria targets, based on the 75% upper 
confidence level of data obtained as part of the UAAs:  
 
 

Table 5-REC2 Only Targets-FW1  

REC2 Only Waterbody 
E. coli  Densities  (cfu/100 mL) 

Geometric 
Mean 

Std. 
Dev. N Max. 

Observed 
75% 
UCL3 

      
Temescal Creek, Reach 1b 198 34 119 9,2002 374 
Santa Ana Delhi Channel, Reach 2 448 110 63 12,590 1231 

UCL= Upper Confidence Level; 75% upper confidence level is the antidegradation target 

1 CDM, Inc.  Technical Memorandum. Calculation of Antidegradation Targets for REC2 Only Freshwaters. 
April 24, 2012. 
2 A value of 1,800,000 cfu/100 mL, from the sample collected on 9/8/2007, was excluded as an outlier. 
3  Targets calculated for dry weather baseflow conditions only; do not apply to samples collected during 
wet weather conditions. 
 

 
Use Attainability Analyses have also been completed for two tidal prisms (Santa Ana Delhi and 
Greenville-Banning channels).  Antidegradation targets for these waters, though not freshwater 
bodies, are shown in Table 5-REC2 Only Targets-Other Waters, below.  
 

Table 5-REC2 Only Targets- Other Waters1 

REC2 Only Waterbody 
 

Enterococcus Densities  (cfu/100 mL) 
Geometric 

Mean 
Std. 
Dev. N Max. 

Observed 
75% 
UCL 

      
Greenville-Banning Channel, Tidal Prism 44 2041 116 22,000 133 
Santa Ana-Delhi Channel, Tidal Prism 439 4852 65 28,600 1320 
UCL= Upper Confidence Level; 75% upper confidence level is the antidegradation target 
  

1 California Regional Water Quality Control Board, Santa Ana Region.  Memorandum prepared by David 
Woelfel, Calculation of Antidegradation Targets for REC2 Only Waters-Tidal Prisms. April 24, 2012. 

2 Targets calculated for dry weather baseflow conditions only; do not apply to samples collected during 
wet weather conditions. 

 
Controllable and Uncontrollable Sources of Bacteria 

 
As described in Chapter 4, certain water quality objectives established in this Basin Plan refer to 
“controllable sources” or “controllable water quality factors”.   Whether or not sources are 
“controllable” affects the ability of the Regional Board and dischargers to assure that waste 
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discharges are regulated and controlled so as to assure the reasonable protection of beneficial 
uses.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
 
Uncontrollable bacteria sources refer to contributions of bacteria within the watershed from 
nonpoint sources that are not readily managed through technological or natural mechanisms or 
through source control and that may result in exceedances of water quality objectives for indicator 
bacteria. Specific uncontrollable indicator bacteria sources within the Santa Ana Region may 
include:  

• Wildlife activity and waste 
• Bacterial regrowth within sediment or biofilm 
• Resuspension from disturbed sediment 
• Marine vegetation (wrack) along high tide line 
• Concentrations (flocks) of semi-wild waterfowl 
• Shedding during swimming 

 
Controllable bacteria sources refer to any bacteria indicator source that can be controlled by 
treatment or management methods. Requirements for the application of Best Available Treatment 
technology (BAT) and Best Conventional Treatment technology (BCT) apply to some of these 
sources (e.g., POTWs) ;  in other cases, such as discharges regulated under the areawide 
municipal separate storm system permits (“MS4” permits), reasonable actions to reduce or 
eliminate the contribution of these sources to the maximum extent practicable are required. These 
include the implementation of best management practices or other mechanisms.  Controllable 
sources are predominantly anthropogenic in nature and can be reduced in varying degrees.  
 
Specific anthropogenic controllable indicator bacteria sources within the Santa Ana Region may 
include:  

• Improper use of fertilizers on residential and commercial properties and agricultural lands 
• Improper handling of pet waste 
• Cross-connections between the sanitary and storm sewer systems 
• Leaky sanitary sewer conveyances 
• Discharges from POTWs 
• Improper handling and disposal of food waste 
• Improper management of CAFO waste and washwater 
• Runoff from yards containing fertilizers, pet waste, and lawn trimmings 
• Homeless encampments 
 

Certain techniques are available to identify human sources; when practical, those techniques 
should be used in areas where persistent exceedances of bacteria objectives occur.  
 
These source definitions and categories may be further refined as more science becomes 
available.  
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High flow suspension of recreation standards  
 

In semi-arid areas like much of the Santa Ana Region, intermittent but sometimes intense rains 
pose a serious risk of flash flooding. Stormwater runoff significantly increases the volume and 
velocity of local stream flows. Dam releases and other irregular sources, such as imported water 
transfers, can also result in dramatic, though transitory, increases in stream flow and velocity. Such 
flows create a severe hazard to public safety and temporarily preclude attainment of recreational 
uses in or near the water. 
 
These hazards are exacerbated in urban streams that have been engineered or heavily modified to 
provide essential flood protection during and immediately following storm events.  Channel 
straightening, bank stabilization, substantial vegetation removal and flow diversions are all 
intended to convey stormwater runoff to a suitable discharge location as rapidly as possible while 
minimizing the risk of flooding and erosion.  However, these common flood control construction 
practices and maintenance procedures significantly increase the volume and velocity of flow in 
urban channels during wet weather conditions.  The danger inherent in recreating under such 
conditions is well-recognized by other Regional Boards and reflected in the suspension of 
recreational beneficial uses and applicable bacteria quality objectives during specific high flow 
conditions in other urban areas (see, for example, Resolution No. 2003-010 of the Los Angeles 
Regional Board, subsequently affirmed by State Board Resolution No. 2003-0071).  
 
This Plan recognizes these circumstances and specifies that the recreational use designations 
(REC1 and REC2), the narrative pathogen objective and the numeric pathogen indicator objectives 
shown in  Table 4-pio are temporarily suspended when high flows preclude safe recreation in or 
near freshwater stream channels that have been engineered, heavily modified or maintained to 
serve as temporary flood control facilities. Temporary suspensions of recreation standards do not 
apply to freshwater lakes or ocean beaches. 
 
 
Definition of Unsafe Flows.  Flow conditions in freshwater streams in the Santa Ana watershed 
are presumptively unsafe if either of the following conditions occurs:  (1) stream velocity is greater 
than 8 feet-per-second (fps); or, (2) the product of stream depth (feet) and stream velocity (fps) 
(the depth-velocity product) is greater than 10 ft2/s+. Where representative stream gauge data are 
not available, unsafe flows are presumed to exist in stream channels that have been engineered or 
heavily modified for flood control purposes when rainfall in the area tributary to the stream is 
greater than or equal to 0.5 inches in 24 hours. Rainfall measurements may be estimated using 
gauges, Doppler radar data, or other scientifically defensible methods. 
 
It is recognized that, because of channel morphology, substrate type or other conditions, it may be 
unsafe to engage in recreational activities under lower flow conditions in stream channels. The fact 
that recreational standards may be suspended under some but not all flow conditions does not 
imply that it is safe to recreate in or near a waterbody when the high flow suspension is not in force 
(see, for example, discussion of reaches 2 and 3 of the Santa Ana River, below).  
 
+ The depth-velocity product criterion is not intended to apply to normal dry weather flows contained within low-flow 
pilot channels within engineered or heavily modified channels.   
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Termination of Temporary Suspension.  Stream flows will be presumed to return to safe 
conditions and the temporary suspension of recreation standards will cease 24-hours after the end 
of the storm event, unless actual flow data demonstrate that the suspension should terminate 
sooner or later than the default period. In such cases, the suspension terminates once stream 
flows (measured as cubic-feet/second or (cfs) have returned to the range of normal pre-storm 
conditions (cfs<98th percentile as calculated from a calibrated hydrograph for the stream). 
 
 
Site-Specific Flow Triggers.  The hydrology of individual freshwater streams varies greatly. 
Therefore, the thresholds and presumptions related to rainfall and stream flow identified above 
may be adjusted based on site-specific data analysis and/or runoff models, subject to approval by 
the Regional Board through the normal public participation process. 

 
Definition of Engineered or Heavily Modified Channels.  The temporary suspension of 
recreational uses and related water quality objectives during unsafe flow conditions applies only to 
streams that have been engineered or heavily modified to enhance flood control protection.  
Engineered streams include all man-made flood control facilities with a box-shaped, V-shaped or 
trapezoidal configuration that have been lined on the side(s) and/or bottom with concrete or similar 
channel-hardening materials.  Heavily modified channels include once natural streams that have 
been substantially re-engineered, using levees, bank stabilization (rip-rap), channel straightening, 
vegetation removal and other similar practices, to facilitate rapid evacuation of increased urban 
runoff during storm events. 
 
Delineation of Engineered or Modified Channels.  The very large number of engineered and 
modified flood control facilities in the Santa Ana Region makes it difficult to individually identify all 
such channels by name.  Therefore, Appendix VIII provides maps of the waterbody segments that 
have been engineered or modified in the manner described above and that, therefore, qualify for 
the temporary suspension of recreational standards under specific high flow conditions.1  Appendix 
IX contains ARC-GIS files that identify each of these same waterbodies in a more precise, high-
resolution format.  The engineered flood control channels identified in these Appendices will be 
updated annually via the annual report submitted by the MS4 permittees for each county in the 
Region. Additions or deletions to the list of waters identified in these Appendices will also be 
considered during the triennial review process or on a case-by-case basis upon request by an 
interested party to do so. Any such request must be supported by substantial evidence. 

 
It is important to recognize that while these channels have been engineered or modified for 
flood control purposed, these changes do not necessarily preclude the support of habitat in and 
adjacent to the channels, or the use of that habitat by aquatic, avian and terrestrial wildlife. 
There may be opportunities for habitat and/or species restoration projects in or adjacent to 
these channels. The temporary suspension of recreation standards in these channels would 
have no effect on the ability to implement such projects.   

                                                 
1 U.S. EPA.  Water Quality Standards Handbook.  Sept. 15, 1993.  Section 2.9:  "States may also conduct 
generic use attainability analyses for groups of water body segments provided that the circumstances relating 
to the segments in question are sufficiently similar to make the results of the generic analyses reasonably 
applicable to each segment."  (pg. 2-9). 
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Site-Specific Eligibility for Temporary Suspension.  The Regional Board may determine that it 
is appropriate to apply the temporary suspension to additional waters that may not be engineered 
or modified. Such waters may be added provided that it is demonstrated that high hazardous flow 
conditions preclude attainment of the use and that such recreational uses are not “existing” uses 
during high flow conditions. Such a demonstration will require that a Use Attainability Analysis 
(UAA) be performed in accordance with federal regulations. The Regional Board may also 
determine that recreation standards should not be suspended in some specific streams if it is 
demonstrated that stream channel conditions or flow controls effectively eliminate any safety 
hazard to the public.  

 
Special Case:  Santa Ana River- Reach 2.  Reach 2 of the Santa Ana River extends from Prado 
Dam near Corona downstream to 17th Street in Santa Ana.  This segment of the river has been 
heavily modified and re-engineered to provide greater flood control protection to the residents of 
Orange County.  Although flow control at Prado Dam minimizes the risk of flash flooding in Reach 
2, the volume of water passing through the deep and narrow channel near Featherly Park, just 
downstream of the Dam, often exceeds the default threshold that triggers application of the high 
flow suspension.2  The temporary high flow suspension is intended to apply on a limited basis to 
transient conditions.  It is not intended to de-designate recreational uses where elevated flows 
represent the normal baseline condition even during dry weather conditions.  Consequently, the 
flow-based threshold will not be used to trigger application of the high flow suspension in Reach 2 
of the Santa Ana River.  Instead, the temporary high flow suspension will only be applied using the 
rainfall criteria described above or when the Army Corps of Engineers is releasing excess flows 
stored behind Prado Dam in response to previous rain events as described in their Standard 
Operating Procedures.3 

 
Special Case:  Santa Ana River- Reach 3.  Reach 3 of the Santa Ana River extends upstream 
from Prado Dam to Mission Avenue in Riverside.  While the upper half of this segment has been 
channelized with reinforced levees armored by rip-rap, the lower half of Reach 3 (below Van Buren 
Avenue) remains largely natural.  Nevertheless, the construction of Prado Dam and significant 
urbanization in the area tributary to Reach 3 have fundamentally altered the natural hydrology of 
the entire segment.  Nearly all of the stormwater runoff in the developed areas of San Bernardino 
and Riverside counties eventually makes its way to Reach 3 of the Santa Ana River.  As such, the 
baseflow will swell from an average of approximately 90 cfs to over 10,000 cfs during extreme wet 
weather conditions.4  The historical record contains several accounts of accidental death and injury 
to persons trapped by such flows in the Santa Ana River.5 

  

                                                 
2 Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model Report.  Prepared for the 
Santa Ana Watershed Project Authority's (SAWPA) Basin Monitoring Program Task Force.  May, 2009  
(Historical flows below Prado Dam are charted in Fig. 2-16 of the Report). 
3 United States Army Corps of Engineers. Water Control Manual: Prado Dam and Reservoir, 
Santa Ana River, California.  1994. 
4 Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model Report.  Prepared for the 
Santa Ana Watershed Project Authority's (SAWPA) Basin Monitoring Program Task Force.  May, 2009  
(Historical flows for Reach 3 are charted in Fig. 2-12 of the Report). 
5 See the Administrative Record for the recreation standards amendments adopted pursuant to Resolution No. 
R8-2012-0001. 
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As with Reach 2, the baseflow in Reach 3 may exceed the default high flow suspension trigger 
even during dry weather conditions.  However, it would be inappropriate to suspend recreational 
uses and related pathogen objectives at such times because the ambient flow spreads out over a 
sufficiently wide area to minimize the force exerted on persons recreating in the water.  But, it 
remains appropriate to apply the high flow suspension during wet weather conditions when 
elevated stormwater runoff in Reach 3 precludes safe recreation in or near the river.  REC1 and 
REC2 uses will be temporarily suspended in Reach 3 when rainfall exceeds 0.5" in a 24-hour 
period or when flows at MWD crossing are greater than 100 cfs (measured at the USGS gauge).  
The 100 cfs threshold provides an objective metric to distinguish between reasonably safe dry 
weather flows and the more hazardous high flow conditions that arise during wet weather events.6 
 
 
Limitations of the Temporary High Flow Suspension.  It is important to emphasize that 
temporary suspensions of recreation standards in specific waters do not nullify the obligation to 
meet downstream standards, unless the recreation standards have also been suspended for those 
waters at the same time. Further, temporary suspensions of recreation standards do not relieve 
Publicly Owned Treatment Works (POTWs) of the obligation to continue to comply with effluent 
limitations established to assure the protection of recreation beneficial uses in the receiving waters.  
These effluent limitations take into account the dilution that may be made available by stormwater 
flows. (See also POTW Discharge Requirements and Implementation of Recreational Standards, 
below). 

 
 

Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters 
 

Monitoring of pathogen indicator bacteria in fresh surface waters in the Region is conducted by a 
variety of agencies in response to statutory and regulatory requirements. This includes monitoring 
of stormwater at selected locations within Orange, Riverside and San Bernardino counties, as 
required by the areawide urban stormwater permits. Monitoring is also conducted to address 
pathogen indicator TMDL requirements (e.g, the Middle Santa Ana River TMDL) and to support the 
assessment of surface waters, which may lead to the listing or delisting of these waters on the 
Clean Water Section 303(d) list of impaired waters. These monitoring efforts have been conducted 
independently to a large degree to respond to individual agency needs. 
 
Some of these monitoring programs have evolved from focus on fecal and total coliform bacteria, 
on which bacteria quality objectives have been based historically, to include other pathogen 
indicators, such as E. coli and enterococcus. Measurement of these other indicators was prompted 
by changes in USEPA’s recommended bacteria quality criteria for recreation waters, published in 
1986. These criteria changes also led to the modification of the Basin Plan in 2012 to incorporate 
revised pathogen indicator objectives and implementation triggers (single sample maximum 
values), all based on E. coli, to protect recreation uses in inland surface waters (see Chapter 4 
WATER QUALITY OBJECTIVES; CHAPTER 5 IMPLEMENTATION, Application of Single Sample 
Maximum Values in REC1 freshwaters). 
 

                                                 
6 Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model Report.  Prepared for the 
Santa Ana Watershed Project Authority's (SAWPA) Basin Monitoring Program Task Force.  May, 2009  
(Historical flows for Reach 3 are charted in Fig. 2-12 of the Report). 



Attachment 2 to Resolution No. R8-2012-0001     Approved June 15, 2012 
 

Page 76 of 79 
 

The E. coli objectives and single sample maximum values that are specified in this Basin Plan 
implement the public health risk management approach employed in USEPA’s 1986 national 
criteria. Pathogen indicator monitoring should also reflect this risk-based approach. Because 
monitoring resources are limited, the highest priority should be given to REC1 waters where 
primary contact recreation is most likely to occur, i.e. Tier A REC1 waters.  Lower priority should be 
assigned to waters where primary contact recreation occurs infrequently or not at all. 
 
As part of the Stormwater Quality Standards Task Force efforts that led to the adoption of the E. 
coli objectives for inland fresh surface waters, the three principal funding members,  
i.e., the Orange, Riverside and San Bernardino county stormwater agencies, committed to 
participate in the development and implementation of a comprehensive, watershed-wide bacteria 
quality monitoring program. Other dischargers who contribute or may contribute to pathogen 
indicator bacteria inputs to surface waters will be required to conduct bacteria quality monitoring, 
individually or in concert with this comprehensive program. It is expected that participation in the 
comprehensive effort would result in cost savings to individual dischargers and would be the most 
effective way to collect data necessary to assess the receiving water quality effects of discharges.  
 
A proposed comprehensive monitoring program is to be submitted by the Orange, Riverside and 
San Bernardino county stormwater agencies no later than [1 year from the date of Regional Board 
approval of the new E. coli objectives – insert date certain once amendment is approved by 
Regional Board], except that the Quality Assurance Project Plan (QAPP) shall be submitted no 
later than [90 days after EPA approval of the new E. coli objectives – insert date certain once 
amendment is approved]. The proposed program shall meet the following: (1) all water quality 
monitoring for pathogen indicator bacteria must be conducted in accordance with a QAPP that has 
been approved by the Regional Board's Quality Assurance Officer; (2) bacteria monitoring data 
must be compatible with the state's Surface Water Ambient Monitoring Program (SWAMP); (3) 
waterbodies proposed as a high priority for monitoring shall be identified and the rationale for their 
selection documented; (4)  each identified high priority waterbody must be sampled for pathogen 
indicator bacteria sufficient to provide a minimum of 5 samples per 30 day period, year-round, 
unless documented waterbody conditions (e.g,. water temperature, ice on the surface of lakes, 
high risk of flash flooding, etc.) exist that justify a reduced frequency; (5) the designated sampling 
locations must be selected so as to characterize bacteria concentrations immediately upstream of 
areas where the greatest level of recreational activity normally occurs; (6) the monitoring plan must 
identify the latitude and longitude of routine sampling location(s), the rationale for selecting each 
location, other locations considered but rejected, and the agency responsible for collecting and 
analyzing the sample from each high priority location; (7) the monitoring plan must describe the 
sampling locations and frequency for collecting pathogen indicator bacteria data in lakes and 
streams designated REC-1 but where recreational activities are far less likely to occur (i.e., Tier B, 
C or D waterbodies); (8) the monitoring plan must include a proposal for periodic bacteria 
monitoring of waters designated REC2 in order to confirm that there is no significant degradation of 
the quality of these waters; (9) results from the comprehensive bacteria monitoring program must 
be submitted annually. The agencies implementing the program may submit the report collectively 
or on an individual basis; and, (10) the data must be put into the CEDEN (SWAMP) database 
and/or the database maintained by the Santa Ana Watershed Project Authority.  
 
The comprehensive program is to be implemented upon the approval of the Regional Board.  The 
program will be reviewed and may be revised at least once every three years. This includes 
consideration of the waterbodies deemed high and low priority for monitoring purposes. Monitoring 
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programs specified as part of NPDES permits, Waste Discharge Requirements and other orders of 
the Regional Board will be considered in light of the comprehensive program being implemented. 
As appropriate, dischargers in addition to the stormwater agencies will be required to conduct 
bacteria quality monitoring of the receiving waters. Such monitoring may be conducted 
independently by these other dischargers, but participation in and coordination with the 
comprehensive program will be strongly encouraged.  The goal is to integrate all monitoring efforts 
to the extent feasible and reasonable to reduce or eliminate redundancy and maximize the efficacy 
of the monitoring effort. Requirements pertaining to data quality assurance, SWAMP compatibility, 
reporting and database entry will also be specified in individual requirements issued by the 
Regional Board.  
 
Where water quality monitoring data indicate significant non-compliance with the applicable 
pathogen indicator objective, agencies discharging to that waterbody must submit a plan to the 
Regional Board to identify the pollutant source(s) unless monitoring data show that their particular 
discharge is not causing or contributing to the exceedance.  The source evaluation plan must be 
implemented upon approval by the Executive Officer. 
 
Where water quality monitoring data, collected through the approved comprehensive monitoring 
program or by interested agencies, organizations or individuals, indicate that a single sample 
maximum value assigned to a Tier B, C or D REC1 water, or the bacteria target assigned to a 
REC2 only water, is being exceeded, then the Regional Board will require agencies discharging to 
that waterbody to submit a plan for investigation into the bacteria quality of that waterbody, 
including monitoring.  Where the investigation shows that the bacteria quality of the waterbody is 
adversely affected by a controllable source, then a corrective action plan and schedule will be 
required. Both the investigation plan and, as necessary, corrective action plan, must be 
implemented upon approval by the Regional Board’s Executive Officer. Such follow-up 
investigation and corrective action will be triggered only upon the demonstration of credible 
evidence documenting a potential bacterial quality problem. Credible evidence shall consist of at 
least two consecutive samples that exceed the SSM/REC2 target.  It is expected that the proposed 
schedule for any needed corrective action will be as soon as practicable but no longer than two 
years from the date that the controllable source(s) is identified.  
 
The Regional Board acknowledges that the obligation to gather, analyze and report water quality 
data does not, by itself, establish any specific liability for pollutant remediation.  That responsibility 
depends on identifying the source(s) of bacterial contamination.  The Regional Board strongly 
supports proactive voluntary efforts organized through local Task Forces to accomplish these 
objectives.  However, where necessary, the Regional Board will continue to impose monitoring and 
remediation requirements through the permitting, enforcement and TMDL processes in order to 
protect water quality for recreational uses. 
 
To begin the development of a comprehensive bacteria quality monitoring program, the 
Stormwater Quality Standards Task Force considered the waterbodies that should be considered 
high priority for monitoring and identified a tentative list, shown in Table 5-REC-Potential High 
Priority Waters, below. The waterbodies identified in Table 5- REC-Potential High Priority Waters 
should be considered in the development of the proposed comprehensive monitoring program.  
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Table 5-REC-Potential High Priority Waters for Monitoring of Pathogen Indicator 
Bacteria in Freshwaters 

 
LAKES STREAMS 

Big Bear Lake Lytle Creek – Middle and North 
Forks 

Lake Perris Mill Creek – Reach 2 
Lake Elsinore Santa Ana River – Reach 3 
Canyon Lake San Antonio Creek  
  

 
 
POTW discharge requirements and implementation of recreation standards 
 
As discussed in Chapter 4 – WATER QUALITY OBJECTIVES, this Basin Plan establishes 
water quality objectives that are intended to protect beneficial uses. These include the 
narrative pathogen objective and numeric pathogen indicator objectives for freshwaters 
(Table 4-pio) that are specified for the protection of primary contact recreation in surface 
waters. However, in issuing waste discharge requirements that assure beneficial use 
protection, the Regional Board must consider not only the established objectives but also 
whether case-specific circumstances warrant the application of limitations more stringent 
than those necessary to implement the objectives. Such special consideration applies to 
discharges of treated sewage to surface waters by Publicly Owned Treatment Works 
(POTWs) or other entities and the protection of public health and primary contact recreation 
in those receiving waters. 
 
The California Department of Public Health (CDPH) has found that in most instances, in 
order to protect the health of members of the public who engage in primary contact 
recreation in surface waters that receive treated sewage discharges, treatment of the 
discharges must be provided so as to achieve an approximate 5 log reduction in the virus 
content of the wastewater. The efficacy of the treatment process in achieving this reduction 
is reflected, in part, by measurements of total coliform bacteria.  
 
Based on these recommendations and relevant regulations established by CDPH in the 
California Code of Regulations (Title 22, Division 4, Chapter 3, Section 60301 et seq.), 
waste discharge requirements issued by the Regional Board to POTWs and other entities 
for discharges of treated sewage to surface waters include stringent total coliform 
limitations. The Fact Sheets accompanying these waste discharge requirements provide 
detailed explanation of the rationale for these effluent limitations and related discharge 
specifications. The salient point here is that these waste discharge requirements do not 
include effluent limitations based on the numeric objectives for E. coli that are specified in 
Table 4-pio. The Regional Board has found that the total coliform limitations are necessary 
to assure adequate treatment of sewage before discharge to surface waters and thereby, to 
assure protection of public health and primary contact recreation uses.  
 
The temporary suspension of recreation standards in certain surface waters (see High flow 
suspension of recreation standards, above) under high flow conditions does not obviate the 
need for POTWs and other entities discharging treated sewage (recycled water) to surface 
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waters to continue to meet the coliform limitations specified in their waste discharge 
requirements. To implement the narrative pathogen objective (see Chapter 4, WATER 
QUALITY OBJECTIVES, INLAND SURFACE WATERS, Pathogen Indicator Bacteria), the 
Regional Board may also require recycled water discharged to freshwaters designated 
REC1 or REC2 to comply with other limitations, including those recommended by CDPH.  
 
Amend CHAPTER 5 – IMPLEMENTATION – add references 
 
33. United States Environmental Protection Agency, “Water Quality Standards for Coastal 
and Great Lakes Recreation Waters; Final Rule”, 40 CFR 131.41. Federal Register, Vol. 69, 
No. 200, November 16, 2004, pp.67217 et seq 
 
34.  CDM, Inc.  Technical Memorandum. Calculation of Antidegradation Targets for REC2 
Only Freshwaters. December 30, 2011. 
 
35. California Regional Water Quality Control Board, Santa Ana Region.  Memorandum 
prepared by David Woelfel. Calculation of Antidegradation Targets for REC2 Only Waters-
Tidal Prisms.  December 30, 2011 
 
36. U.S. EPA.  Water Quality Standards Handbook.  Sept. 15, 1993.  
 
37. United States Army Corps of Engineers. Water Control Manual: Prado Dam and 
Reservoir, Santa Ana River, California.  1994. 
 
38. Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model 
Report.  Prepared for the Santa Ana Watershed Project Authority's (SAWPA) Basin 
Monitoring Program Task Force.  May, 2009    
 
39. State Water Resources Control Board.. “Water Quality Control Policy for Developing 
California's Clean Water Act Section 303(d) List”. September 2004 
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ATTACHMENT 1 TO RESOLUTION NO. R8-2012-0001 

 
Proposed Basin Plan Amendments (underline/strike-out version) 

 
(NOTE: Changes to the recreation standards for inland fresh waters within the Santa Ana 
Region and related explanatory narrative and implementation strategies are proposed to be 
incorporated in Chapter 3, Beneficial Uses, Chapter 4, Water Quality Objectives, and 
Chapter 5, Implementation.  Certain surface waters not currently listed in the Basin Plan are 
proposed to be added, changes in reach designations for one of the listed waters are 
proposed, and two reservoirs no longer in existence are proposed to be removed. Other 
changes are proposed. If the Basin Plan Amendment is approved, corresponding changes 
will be made as necessary to the Table of Contents, the List of Tables, page numbers, and 
page headers in the Plan.  Formatting changes, including page numbers, page headers and 
table and figure identifiers may be modified for the purposes of possible re-publication of the 
Basin Plan.  However, no substantive changes to the text, tables or figures would occur 
absent a Basin Plan amendment.)  
 
 In the text and tables that follow, added language is underlined; deleted language is 
shown in strikeout type. Attachment 2 to Resolution No. R8-2012-0001 provides a “clean” 
version, showing how the amendments would appear in the Basin Plan.  
 
CHANGES TO CHAPTER 3 – BENEFICIAL USES 
 
Amend CHAPTER 3 – BENEFICIAL USES, INTRODUCTION, second paragraph: 
 
Section 303(d) of the federal Clean Water Act (33 U.S.C. § 1313) defines water quality 
standards as consisting of both the uses of the surface (navigable) waters involved, and the 
water quality criteria which are applied to protect those uses and an antidegradation policy. 
Under the Porter-Cologne Water Quality Control Act (California Water Code, Division 7, 
Chapter 2 § 13050) these concepts the uses of waters and water quality criteria are 
separately considered as beneficial uses and water quality objectives.  Beneficial uses and 
water quality objectives are to be established for all waters of the state, both surface and 
subsurface (groundwater). 
 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USES section, last sentence 
of second paragraph, third paragraph and fourth paragraph; add new paragraph:  
 
Shortly thereafter, this revised Beneficial Use table was reviewed again and changes were 
made, including the addition of the Water Contact Recreation (REC1) use for some 
waterbodies, the revision of some Beneficial Use designations from intermittent (I) to 
existing (X) or potential (X), and the addition of more waterbodies (RWQCB Resolution No. 
89-99).  
 
In theis update to the Basin Plan approved by the Regional Board in 1994 (RWQCB 
Resolution No. 94-1), further changes to the Beneficial Use table were have been made.  
Significant waterbodies not previously identified are were included and their beneficial uses are 
were designated. Certain of these waters are were excepted from the MUN designation. The 
designation RARE has been was added where substantial evidence indicatesd that the 
waterbody supports rare, threatened or endangered species (Appendix II). Certain known 
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wetlands in the Region are were listed in a new waterbody category (see wetlands discussion 
below). A revised list of Beneficial Uses was developed as part of a comprehensive statewide  
update of all Basin Plans. In all, twenty-three beneficial uses were defined statewide. This list 
was used to update the list of beneficial use definitions in the Basin Plan. Nineteen of the 
beneficial uses were recognized Using this revised statewide list as a guide, this Basin Plan 
updates the list of Beneficial Uses definitions contained in the 1983 Plan.  [delete sentence 
spacing; no new paragraph] 
In all, twenty-three beneficial uses are now defined statewide; of these, nineteen are 
recognized within the Santa Ana Region. (The four not utilized are Migration of Aquatic 
Organisms, Freshwater Replenishment, Inland Saline Water Habitat and Aquaculture).  One 
beneficial use specific to the Region, Limited Warm Freshwater Habitat, has been was added, 
bringing the total number of beneficial uses recognized in the Santa Ana Region to twenty.  
 
In response to recommendations from the Stormwater Quality Standards Task Force, formed 
in response to the 2002 triennial review of the Basin Plan, changes to recreation water quality 
standards were approved by the Regional Board in 2012 (RWQCB Resolution No. R8-2012-
0001). These modifications included the addition of “Primary Contact Recreation” as an 
alternate name for the REC1 beneficial use (see BENEFICIAL USE DEFINITIONS, below) and 
added narrative clarifying the nature of REC1 activities and the bacteria objectives established 
to protect them.  (see RECREATION BENEFICIAL USES, below). The changes also included 
differentiating inland surface REC1 waters on the basis of frequency of use and other 
characteristics for the purposes of assigning applicable single sample maximum values (see 
Chapter 5). The REC1/REC2 designations for specific inland surface waters were revised 
based on the results of completed Use Attainability Analyses (see RECREATION BENEFICIAL 
USES, below).  Revised water quality objectives to protect the REC1 use of inland freshwaters 
were also approved (see Chapter 4), and criteria for temporary suspension of recreation use 
designations and objectives were identified (see RECREATION BENEFICIAL USES , below, 
and Chapter 5, Implementation, Recreation Water Quality Standards, High Flow Suspension).  
The 2012 Basin Plan revisions to incorporate the changes in recreation standards included the 
addition of certain waters to the list of the Region’s waters in Table 3-1 and the designation of 
beneficial uses for those waters. Where appropriate, the added waters were excepted from the 
MUN designation. Laguna and Lambert reservoirs, which no longer exist, were deleted from 
the list. 
[add space; new paragraph] 
The region’s beneficial uses are listed and described below. 
 
 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE DEFINITIONS, Water 
Contact Recreation (REC 1*):  

 
Water Contact Recreation (REC1: Primary Contact Recreation*)  
 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE DEFINITIONS, Non-contact 
Water Contact Recreation (REC 2*): 
Non-contact Water Recreation (REC2: Secondary Contact Recreation*) 
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Amend CHAPTER 3 – BENEFICIAL USES, footnote “*” (associated with REC1 and 
REC2  (i.e., REC1*, REC2*) beneficial use definitions):  
   
*  The REC 1 and REC 2 beneficial use designations assigned to surface waterbodies in this 
Region should not be construed as encouraging or authorizing recreational activities. In some 
cases, such as Lake Matthews and certain reaches of the Santa Ana River and its tributaries, 
access to the waterbodies is prohibited by other agencies because of potentially hazardous 
conditions and/or because of the need to protect other uses, such as municipal supply or 
sensitive wildlife habitat. Where REC 1 or REC 2 is indicated as a beneficial use in Table 3-1, 
the designations are only intended to indicate that such the uses may occur exist or that the 
water quality of the waterbody could support recreational uses may be capable of supporting 
recreational uses unless a Use Attainability Analysis demonstrates otherwise and the Regional 
Board amends the Basin Plan accordingly. 
 
 
Amend CHAPTER 3 – BENEFICIAL USES - add the following section after the 
BENEFICIAL USE DEFINITIONS section: 
 
RECREATION BENEFICIAL USES 

 
As part of the work that led to the adoption of recreation standards amendments in 2012, the 
Stormwater Quality Standards Task Force considered the merits of and various alternatives for 
modifying the REC1 definition to improve clarity and precision. This was based on careful 
consideration of the scientific basis of the 1986 USEPA bacteria criteria for REC1 waters and 
earlier criteria guidance. Specifically, as discussed in the 1986 criteria document and other 
USEPA guidance and regulation (see, for example, USEPA 2004), USEPA’s recommended 
bacteria quality criteria were intended to reduce the risk of waterborne illness to acceptable 
levels for those engaged in swimming or similar recreational activities where immersion and 
ingestion of water are likely.  The Stormwater Quality Standards Task Force documentation, 
which essentially comprised the administrative record for the 2012 recreation standards 
amendments, includes a memorandum to the Task Force that was prepared by Camp Dresser 
and McKee, Inc. (CDM), one of the Task Force consultants (“Scientific Basis for EPA 
Recommended Water Quality Objectives for Bacteria”, CDM, April 10, 2006).  This 
memorandum discusses the scientific basis of the criteria, as well as that of the Basin Plan 
water quality objectives for fecal coliform in freshwaters that were replaced by the E. coli 
objective in the 2012 Basin Plan amendments. The administrative record also documents the 
extensive consideration of alternatives appropriate to clarify the REC1 definition to reflect the 
underlying scientific assumptions of the USEPA criteria, and expectations regarding the 
likelihood of immersion and ingestion.   
 
In response to State Board staff comments that a consistent statewide definition for REC1 
should be maintained absent statewide consideration of revisions to the definition, the specific 
recommendations developed by the Task Force for refining the definition of that use were not 
included in the recreation standards amendments adopted by the Regional Board in 2012. 
These Task Force recommendations should be considered on a statewide basis. Until such 
time as such statewide consideration occurs, it was thought sufficient for the purposes of the 
2012 amendments to add reference to “primary contact recreation” in the name of the REC1 
use (see BENEFICIAL USE DEFINITIONS) and to incorporate the following clarifying 
discussion.   
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USEPA has provided explicit direction regarding the types of recreational activities to which the 
USEPA bacteria guidance should be applied. Specifically, USEPA’s 1986 criteria (and prior 
bacteria criteria guidance) are intended for “Bathing (Full Body Contact) Recreational Waters”.  
The 1986 criteria document states:  
 
"In 1986, EPA published Ambient Water Quality Criteria for Bacteria-1986.  This document 
contains EPA's current recommended water quality criteria for bacteria to protect people from 
gastrointestinal illness in recreational waters, i.e. waters designated for primary contact 
recreation or similar full body contact uses.  States and Territories typically define primary 
contact recreation to encompass recreational activities that could be expected to result in the 
ingestion of, or immersion in, water, such as swimming, water skiing, surfing, kayaking or any 
other recreational activity where ingestion of, or immersion in, the water is likely." 
 
As defined statewide, the REC1 use includes recreational activities involving body contact 
with water where ingestion of water is reasonably possible including, but not limited to: 
swimming, wading, water-skiing, skin and scuba diving, surfing, whitewater activities, fishing 
and use of natural hot springs.  
 
The Regional Board has always considered the REC1 designation as functionally equivalent 
to USEPA’s description of primary contact recreation. In practice, the phrase “reasonably 
possible” is synonymous with the term “likely” when evaluating the probability of ingestion 
when persons swim or engage in similar body contact recreation. To reflect this, reference 
to “primary contact recreation” in the REC1 nomenclature was incorporated as part of the 
2012 recreation standards amendments, as noted above.  
 
USEPA’s rule promulgating E. coli objectives for recreational freshwaters in certain Great 
Lakes states (USEPA 2004, p. 67222) provides that the pathogen indicator objectives apply 
“only to those waters designated by a State or Territory for swimming, bathing, surfing or 
similar water contact recreation activities, not to waters designated for uses that only involve 
incidental contact.“  USEPA defines this “secondary contact” recreation as “those activities 
where most participants would have very little direct contact with the water and where 
ingestion of water is unlikely. Secondary contact activities may include wading, canoeing, 
motor boating, fishing, etc.” (USEPA 2002, p. 39). 
 
The Basin Plan definition of the REC 2 beneficial use is functionally-equivalent to that 
described by USEPA as “Secondary Contact Recreation.” Therefore, the 2012 recreation 
standards amendments added “Secondary Contact Recreation” to the REC2 nomenclature 
(see BENEFICIAL USE DEFINITIONS).  The Regional Board will rely on federal regulation 
and guidance to determine which waterbodies should be designated REC 2. Relatively brief 
incidental or accidental water contact that is limited primarily to the body extremities (e.g., 
hands or feet) is generally deemed REC 2 because ingestion is not considered reasonably 
possible.  
 
Some confusion may arise as to whether wading and fishing should be considered primary 
contact recreation (REC1) activities or secondary contact recreation (REC2) activities.  
Wading and fishing cover a multitude of activities involving a wide range of potential water 
contact.  To avoid misapplication of the E. coli objectives, it is important to apply USEPA's 
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recommended criteria for primary contact recreation only where ingestion of water is 
reasonably possible.  For example, fly-fishing in the middle of a stream or fishing from a 
float tube would be considered REC-1 activities as it is likely that the person fishing may 
ingest water.  On the other hand, fishing from a riverbank or lake dock is more appropriately 
deemed REC-2 activity because ingestion, while conceivable, is not considered reasonably 
possible.  Similarly, walking beside or crossing through a shallow creek and getting ones 
feet wet is also not considered water contact recreation (REC-1.) This activity is more akin 
to beachcombing, a recognized "non-contact recreation" (or REC-2) activity.  It is not 
reasonably possible to ingest appreciable quantities of water by merely touching or being 
splashed by the water. The E. coli objectives established in this Basin Plan are not intended 
or needed to protect this and similar incidental contact. However, a child sitting in the middle 
of a low flow creek playing in the water represents the sort of activity that is encompassed 
by the REC-1 use designation. The Basin Plan E. coli objectives properly apply to this type 
of activity.  (State Board staff spoke to and confirmed these views in a message to Regional 
Board staff on April 12, 2012. This message is part of the administrative record for the 
recreation standards amendments approved in 2012.)  
 
The Regional Board's longstanding approach to determining appropriate recreational use 
classifications is entirely consistent with federal guidance.  A review of historical records 
indicates that USEPA relied heavily on pre-existing definitions to describe primary and 
secondary contact recreation: 
 
"The Subcommittee defines primary contact recreation as activities in which there is 
prolonged and intimate contact with the water involving considerable risk of ingesting water 
in quantities sufficient to pose a significant health hazard.  Examples include wading and 
dabbling by children, swimming, diving, water skiing, and surfing.  Secondary contact sports 
include those in which contact with the water is either incidental or accidental and the 
probability of ingesting appreciable quantities of water is minimal." (“Report of the 
Committee on Water Quality Criteria” (aka “Green Book”), US Department of Interior, 
Federal Water Pollution Control Administration, 1968, p. 11) 
 
In summary, some forms of wading and fishing are considered REC-1 because immersion is 
likely and ingestion is reasonably possible.  Other forms of wading and fishing, involving 
only limited incidental or accidental water contact (primarily to hands and feet) are 
considered REC-2 because immersion is unlikely and ingestion is not reasonably possible. 
 
Acknowledging that California’s REC1 definition has always been considered synonymous 
with the federal definition of Primary Contact Recreation ensures that the E. coli  objective, 
adopted as part of the 2012 recreation standards amendments, is applied in a manner that 
is neither more nor less stringent than the federal Clean Water  Act requires.  
 
Pursuant to the federal Clean Water Act and implementing regulation, all defined waters of the 
United States are presumed to be capable of supporting Primary Contact Recreation and shall 
be designated REC 1 unless a Use Attainability Analysis (UAA) demonstrates that this use is 
not an existing use and is not attainable and the Basin Plan is revised accordingly.  A suite of 
factors must be considered when UAAs are conducted to determine whether to downgrade or 
delete the REC 1 use from any waterbody.  The relevant factors are identified in federal and 
state regulations.  
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Where the Regional Board determines, through a UAA and requisite public hearing(s), that a 
waterbody or portion of a waterbody has not supported and cannot support REC 1 or REC1 
and REC 2 uses, that waterbody or portion of a waterbody will be identified with table note “u” 
in Table 3-1, below, and, for clarity, also listed in Table 3-2. Waters designated REC 2 but not 
REC 1, and waters not designated either REC1 or REC2, will be reassessed as part of the 
Basin Plan triennial review process to determine whether conditions have changed sufficiently 
to warrant one or both of these recreation use designations.  This reassessment does not 
necessitate a new UAA; it is sufficient to determine whether there has been a significant 
change in the factor or factors on which the Regional Board originally relied to justify 
reclassifying each waterbody as something other than REC-1. Where such a change has 
occurred, revision of the recreational use designations will be considered through the Basin 
Planning process. 
 
Use Attainability Analyses were conducted for several stream segments as part of the work of 
the Stormwater Quality Standards Task Force. Technical reports to support these UAAs were 
prepared by CDM and are a part of the administrative record of the 2012 recreation standards 
amendments. These UAA reports were intended not only to provide the technical and factual 
data necessary to consider recreation standards changes for the waters evaluated, but also to 
serve as informal “templates” to guide similar stream assessment studies in the future.  In 
particular, the UAA reports illustrate the type of scientific and technical documentation needed 
to meet federal and state requirements for subcategorizing or reclassifying a recreational use.  
Regional Board staff relied heavily on the data and analyses provided in the CDM technical 
UAA reports in formulating specific recommendations for recreation beneficial use changes for 
these waters (CRWQCB – Santa Ana Region, “Staff Report, Basin Plan Amendments, 
Revisions to Recreational Standards for Inland Fresh Waters in the Santa Ana Region”, 
January 12, 2012). The approved changes are summarized in Table 3-2 and reflected in Table 
3-1. 
 
Recreational use of certain inland surface waters is precluded under certain flow conditions 
that make recreational activities unsafe. Recreation use designations (and the applicable 
pathogen and pathogen indicator objectives) are temporarily suspended when such conditions 
exist. The criteria for suspension of recreation uses (and objectives), and for termination of the 
suspension, are described in detail in Chapter 5, Implementation, Recreation Water Quality 
Standards, High flow suspension of recreation standards). Temporary suspensions of 
recreation standards do not apply to waters other than the inland surface streams identified in 
Appendix VIII and Appendix IX.   

 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE TABLE, first and second 
paragraphs; add footnote; add new paragraph after the second paragraph: 
 
Table 3-1 lists the designated beneficial uses for waterbodies within the Santa Ana Region. In 
this table, an “X” indicates that the waterbody has an existing or potential use2. Many of the 
existing uses are well-known; some are not. Lakes and streams may have potential beneficial 
uses established because plans already exist to put the water to those uses, or because 
conditions (e.g., location, demand) make such future use likely. The establishment of a 
potential beneficial use serves to protect the quality of that water for such eventual use. 
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Add footnote 2:  Water Code Section 13241 identifies the factors that the Regional 
Board must consider, at a minimum, when establishing water quality objectives to 
ensure the reasonable protection of beneficial uses and the prevention of nuisance. 
Among these factors are the “Past, present, and probable future beneficial uses of 
water. (CWC 13241(a) [italics added] “Potential” beneficial uses are assumed to be the 
same as “probable future” beneficial uses.  

  
An “I” in Table 3-1 indicates that the waterbody has an intermittent beneficial use. This may 
occur be because water conditions do not allow the beneficial use to exist occur year-round. 
The most common example of this is an ephemeral stream. Ephemeral streams in this region 
include, at one extreme, those which flow only while it is raining or for a short time afterward, 
and at the other extreme, established streams which flow through part of the year but also dry 
up for part of the year. While such ephemeral streams are flowing, beneficial uses are may be 
made of the water. Because such uses depend on the presence of water, they are intermittent. 
Waste discharges which could impair intermittent beneficial uses, whether they are made while 
those uses exist occur or not, are not permitted. 

 
As described above, Table 3-2 shows inland surface waters for which Use Attainability 
Analyses demonstrated that the REC1 or REC1 and REC2 uses are neither existing nor 
attainable. These waters, designated with a “u” in in the REC1 column and also, in some 
cases, the REC2 column in Table 3-1, will be evaluated at least once every three years to 
determine whether conditions have changed such that these use designations are applicable 
to these waters and that the Basin Plan should be amended accordingly.  
 
 
 
Amend CHAPTER 3 – BENEFICIAL USES, REFERENCES: 
 
CDM. Memorandum to Stormwater Quality Standards Task Force re “Scientific Basis for EPA Recommended 
Water Quality Objectives for Bacteria”, April 10, 2006 
 
CRWQCB – Santa Ana Region, “Staff Report, Basin Plan Amendments, Revisions to Recreational Standards for 
Inland Fresh Waters in the Santa Ana Region”, January 12, 2012. 
 
City of Big Bear Department of Water and Power, “Final Report – Task 4, Revised Water Quality Objectives, Big 
Bear Ground Water Basins,” April 1993. 
 
United States Department of Interior. Federal Water Pollution Control Administration. Report of the Committee on 
Water Quality Criteria (aka “Green Book”). 1968.  
 
United States Environmental Protection Agency “Ambient Water Quality Criteria for Bacteria – 1986” EPA 440/5-
84-002, January 1986. 

 
United States Environmental Protection Agency. “Implementation Guidance for Ambient Water Quality Criteria for 
Bacteria [Draft]. May 2002. 
 
United States Environmental Protection Agency “National Guidance-Water Quality Standards for Wetlands,” EPA 
440/s-90-011, July 1990. 
 
United States Environmental Protection Agency “Water Quality Standards for Coastal and Great Lakes 
Recreation Waters; Final Rule” (40 CFR 131.41), November 2004. 
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Governor Pete Wilson, “California Wetlands Conservation Policy,” August, 1993. 
 
 

 
Amend CHAPTER 3 – BENEFICIAL USES, TABLE 3-1, as shown in the following pages. 
 
Add Table 3-2 Summary of Approved Use Attainability Analyses (UAAs) to Re-Designate 
Recreational Beneficial Uses in some Inland Waterbodies (Table 3-2 follows Table 3-1, 
below) 
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Table 3-1  BENEFICIAL USES   
 

OCEAN WATERS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
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O
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PO
W

 

R
EC

1 

R
EC

2 

C
O

M
M

 

W
AR

M
 

LW
R
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R
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E
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W

N
 

M
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E

L 

EST Primary Secondary 

NEARSHORE ZONE* 
 
 
 

   San Gabriel River to Poppy             
   Street in Corona Del Mar  
 

+  X   X  X X X     X X X X X  801.11  

   Poppy Street to Southeast 
   Regional Boundary 
 

+ 
  

  X  X X X    X X X X X X  801.11  

OFFSHORE ZONE  
    Waters Between Nearshore 
    Zone and Limit of State         

Waters 
        

+  X   X  X X X     X X X X       

 
X  Present Existing or Potential Beneficial Use  *  Defined by Ocean Plan Chapter II B-1.: “Within a zone bounded by shoreline and a distance of 1000 feet from       
I    Intermittent Beneficial Use                            shoreline or the 30-foot depth contour, whichever is further from shoreline…” 
+  Excepted from MUN (see text)                   
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Table 3-1  BENEFICIAL USES - Continued  
 

BAYS, ESTUARIES, AND 
TIDAL PRISMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
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N
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R
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M
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L 

EST Primary Secondary 

Los Cerritos Wetlands +       X X     X X X X X   801.11  
Anaheim Bay – Outer Bay   
 +     X  X X     X X X X X   801.11  

Anaheim Bay – Seal Beach  
National Wildlife Refuge 
 

+ 
  

    X¹ X     X X X X X  X 801.11  

Sunset Bay – Huntington 
Harbor        +     X  X X X     X X X X   801.11    

Bolsa Bay  +       X X X    X X X X X X  801.11  

Bolsa Chica Ecological Reserve +       X X     X X X X X  X 801.11  

Lower Newport Bay +     X  X X X     X X X X X  801.11  

Upper Newport Bay +       X X X    X X X X X X X 801.11  
 
X  Present Existing or Potential Beneficial Use ¹  No Access prohibited per agency with jurisdiction (U.S. Navy)  
I    Intermittent Beneficial Use                            
+  Excepted from MUN (see text) 
 
 
 
 
 
 
 
 
 



Attachment 1 to Resolution No. R8-2012-0001    Approved June 15, 2012 
 

Page 11 of 78 
 

 
Table 3-1  BENEFICIAL USES - Continued  
 
 
 
BAYS, ESTUARIES, AND 
TIDAL PRISMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
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R
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N
 

M
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EST Primary Secondary 

Santa Ana River Salt Marsh +       X X     X X X  X  X 801.11  

Huntington Beach Wetlands +       X X     X X X X X   801.11  
Tidal Prism of Santa Ana River  
(to within 1000’ of Victoria 
Street) and Newport Slough 

+       X X X     X X  X   801.11  

Tidal Prism of San Gabriel River  
 - River Mouth to Marina Drive 
    

+  X     X X X     X X  X X X 845.61  

Tidal Prism of Santa Ana-Delhi  
Channel – Bicycle Bridge at 
University Dr. at Upper Newport 
Bay to 1036 ft. upstream 

+       u X      X X  X   801.11  

Tidal Prism of Greenville-
Banning Channel – Santa Ana  
River Confluence to Inflatable 
Diversion Dam^ 

+       u X      X X  X   801.11  

Tidal Prisms of Flood Control  
Channels Discharging to 
Coastal or Bay Waters 

+       X X X     X   X   801.11  

 
X  Present Existing or Potential Beneficial Use ¹   No Access prohibited per agency with jurisdiction (U.S. Navy)  
I    Intermittent Beneficial Use                           u  REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 3,   
+  Excepted from MUN (see text)                             Recreation Beneficial Uses) 
 ^  The diversion dam is 0.23 mile downstream    
     of confluence with the Fairview Channel.                                                                                          
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Table 3-1  BENEFICIAL USES - Continued  
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
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1  
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R
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R
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E
 

SP
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Primary Secondary 

LOWER SANTA ANA RIVER 
BASIN  

    Santa Ana River  
        Reach 1 – Tidal Prism to 17th 
        Street  in Santa Ana   
                     

+      
 

X² X  I    I  
  801.11  

        Reach 2 – 17th Street in Santa  
        Ana to Prado Dam  
 

+ X   X  
 

X X  X    X X 
  801.11 801.12 

        Aliso Creek X    X   X X  X    X X   845.63  

        Carbon Canyon Creek X    X   X X  X    X X   845.63  

    Santiago Creek Drainage  

        Santiago Creek  

        Reach 1 – below Irvine Lake X    X   X² X  X    X    801.12 801.11 

        Reach 2 – Irvine Lake (see  
        Lakes, pg. 3-xx       
    

      
 

         
    

        Reach 3 – Irvine Lake to 
        Modjeska Canyon 
 

I    I  
 

I I  I    I  
  801.12  

        Reach 4 – in Modjeska Canyon X    X   X X  X    X    801.12  

     Silverado Creek X    X   X X  X    X    801.12  

X  Present Existing or Potential Beneficial Use         2      Access prohibited in all or part by Orange County Resources Development and Management Division                                               
I   Intermittent Beneficial Use                                             (RDMD) per agency with jurisdiction  
+  Excepted from MUN (see text)                                       
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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Primary Secondary 

LOWER SANTA ANA RIVER 
BASIN  

   Santiago Creek Drainage  
        Black Star 
                     I    I   I I  I    I    801.12  

        Ladd Creek 
 I    I   I I  l    I I   801.12  

    San Diego Creek Drainage  

        San Diego Creek  
            Reach 1 – below Jeffrey  
            Road +       X² X  X    X    801.11  

            Reach 2 – above Jeffrey 
            Road to Headwaters    +    I   I I  I    I    801.11  

        Other Tributaries: Bonita Creek,     
        Serrano Creek, Peters Canyon   
        Wash, Hicks Canyon Wash,  
        Bee Canyon Wash, Borrego  
        Canyon Wash, Agua Chinon  
        Wash, Laguna Canyon Wash, 
        Rattlesnake Canyon Wash,    
        Sand Canyon Wash*, and other 
        Tributaries to these Creeks 

+ 

   

I 

 

 I I 

 

I 

   

I 

 

  801.11  

 
X  Present Existing or Potential Beneficial Use               ²    Access prohibited in all or part by Orange County Resources Development and Management Division 
I   Intermittent Beneficial Use                                                per agency with jurisdiction 
+  Excepted from MUN (see text)             *    Sand Canyon Wash also has RARE Beneficial Use                                                         
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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  San Gabriel River Drainage  
    Coyote Creek (within Santa Ana 
     Regional Boundary) X       X X  X    X    845.61                     

  

  Santa Ana-Delhi Channel  
     Reach 1 – upper boundary of   
     Tidal Prism to intersection of 
     Sunflower Ave./Flower St.                   

+       u u  X    X X   801.10  

     Reach 2 – Sunflower  
     Ave./Flower St. intersection to 
     Warner Avenue 

+       u X  X    X    801.10  

  

  Greenville Banning Channel  
    Reach 1- Inflatable Diversion Dam  
    to California Street 
                        

+      
 

u u  X    X  
  

 801.10 
 

UPPER SANTA RIVER BASIN  

  Santa Ana River  
     Reach 3 – Prado Dam to Mission 
     Blvd. in Riverside + X   X   X X  X    X X X  801.21 801.21, 

801.25 
 
X  Present Existing or Potential Beneficial Use         u   REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 3,    
I   Intermittent Beneficial Use                                             Recreation Beneficial Uses) 
+  Excepted from MUN (see text)                                            
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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Primary Secondary 

       Reach 4 – Mission Blvd. in     
       Riverside to San Jacinto Fault  
       in San Bernardino  
 

+    X  
 

X³ X  X    X X X 
 801.27 801.44 

       Reach 5 – San Jacinto Fault in 
       Bernardino to Seven Oaks Damt X* X   X   X³ X  X    X X   801.52 801.57 

       Reach 6 – Seven Oaks Dam to 
       Headwaters (see also Individual  
       Tributary Streams) 

X X   X  
 
X 

 
X X    X  X  

 
X 

 801.72  

    San Bernardino Mountain Streams   

       Mill Creek Drainage:   

         Mill Creek  
           Reach 1 – Confluence with  
           Santa Ana River to Bridge  
           Crossing Route 38 at Upper 
           Powerhouse  

I I   I  
 

I I    I  I I 
  801.58  

          Reach 2 – Bridge Crossing  
           Route 38 at Upper  
           Powerhouse to Headwaters       
    

X X   X  X X X    X  X  

  801.58  

 
X  Present Existing or Potential Beneficial Use  *   MUN applies upstream of Orange Avenue (Redlands); downstream, water is excepted from MUN 
I    Intermittent Beneficial Use    t   Reach 5 uses are intermittent upstream of Waterman Avenue                      
+  Excepted from MUN (see text)                           ³   Access prohibited in some portions by San Bernardino County Flood Control per agency with    
                                                         jurisdiction                                                     
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INLAND SURFACE STREAMS 
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       Mountain Home Creek X    X  X X X    X  X    801.58  
       Mountain Home Creek, East    
       Fork 

X    X X X X X    X  X  X  801.70  

       Monkey Face Creek        
       Monkeyface Creek             X    X   X X    X  X    801.70  

       Alger Creek 
 X    X   X X    X  X    801.70  

       Falls Creek X    X  X X X    X  X  X  801.70  

       Vivian Creek X    X   
 X X    X  X   

 
 801.70  

       High Creek X    X   X X    X  X    801.70  
       Other Tributaries: Lost, Oak  
       Cove, Green, Skinner, Momyer, 
       Glen Martin, Camp, Hatchery,    
       Rattlesnake, Slide, Snow,  
       Bridal Veil, and Oak Creeks 
       and other Tributaries to these 
       Creeks     

I 

   

I 

  

I I 

   

I 

 

I 

   

801.71 

 

    Bear Creek Drainage:   

       Bear Creek X X   X  X X X    X  X  X  801.71  

      Siberia Creek X    X   X X    X  X  X  801.71  

      Slide Creek  I    I   I I    I  I    801.71  

      Johnson Creek  I    I   I I    I  I    801.71  
X  Present Existing or Potential Beneficial Use                                  
I   Intermittent Beneficial Use                                        
+  Excepted from MUN (see text)                                 
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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       All other Tributaries to these  
       Creeks   I    I   I I    I  I    801.71  
       Big Bear Lake (see Lakes, pg.  
       3-xx) 

                    

    Big Bear Lake Tributaries:      
                      

       North Creek 
 X    X   X X    X  X  X  801.71  

       Metcalf Creek X    X   X X    X  X  X  801.71  

       Grout Creek X    X   
 X X    X  X  

X 
 

 801.71  

       Rathbone (Rathbun) Creek X    X   X X    X  X    801.71  

       Meadow Creek     X    X   X X    X  X    801.71  

       Summit Creek  I    I   I I    I  I    801.71  

       Knickerbocker Creek       
        Reach 1 – concrete channel, 
        the Lake to Village Dr. I    I   I I    I  I    801.71  

        Reach 2 – natural channel, 
         Village Dr. to headwater  I    I   I I    I  I    801.71  

       Other Tributaries to Big Bear  
       Lake: Knickerbocker, Johnson,  
       Minnelusa, Poliqgue, and Red  
       Ant Creeks and other  
       Tributaries to these Creeks  

I    I   I I    I  I    801.71  

 
X  Present Existing or Potential Beneficial Use   
I    Intermittent Beneficial Use                                
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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    Baldwin Lake (see Lakes, pg. 
    3-xx)                        

    Baldwin Lake Drainage:  

       Shay Creek X    X   X X    X  X X   801.73  
       Other Tributaries to Baldwin 
       Lake: Sawmill, Green, and  
       Caribou Canyons and other 
       Tributaries to these Creeks      
                     

I 

   

I 

  

I I 

   

I 

 

I 

   

801.73 

 

    Other Streams Draining to Santa                                    
    Ana River (Mountain Reaches‡)           
        

 

       Cajon Canyon Creek X    X   X X    X  X X   801.52 801.51 

       City Creek X X   X   
 X X    X  X X X  801.57  

       Devil Canyon Creek X    X   X X    X  X    801.57  
       East Twin and Strawberry  
       Creeks                   X X   X   X X    X  X  X  801.57  

 
X  Present Existing or Potential Beneficial Use      ‡    The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino  
I    Intermittent Beneficial Use                                    Bernardino or San Gabriel Mountains 
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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      Waterman Canyon Creek  X    X   X X    X  X    801.57  

      Fish Creek  X    X   X X    X  X  X  801.57  

      Forsee Creek X    X   X X    X  X  X  801.72  

      Plunge Creek  X X   X   X X    X  X X   801.72  

     Barton Creek X X   X   X X    X  X    801.72  
     Bailey Canyon Creek    
                     

I    I   I I    I  I    801.72  

 
X   Present Existing or Potential Beneficial Use 
I    Intermittent Beneficial Use                                  
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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     Kimbark Canyon, East Fork 
     Kimbark Canyon, Ames   
     Canyon and West Fork Cable  
     Canyon Creeks 

X 

   
X   X X  X  X  X    801.52  

     Valley Reaches‡ of Above  
     Streams I    I   

 I I  I    I   
 

 801.52  

     Other Tributaries (Mountain  
     Reaches‡): Alder, Badger  
     Canyon, Bledsoe Gulch, Borea 
     Canyon, Breakneck, Cable  
     Canyon, Cieneaga Seca, Cold,  
     Converse, Coon, Crystal, Deer, 
     Elder, Fredalba, Frog,  
     Government, Hamilton, Heart      
     Bar, Hemlock, Keller, Kilpecker,   
     Little Mill, Little Sand Canyon,  
     Lost, Meyer Canyon, Mile,  
     Monroe Canyon, Oak,       
     Rattlesnake, Round Cieneaga,     
     Sand, Schneider, Staircase,  
     Warm Springs Canyon, and    
     Wild Horse Creeks and other  
     Tributaries to these Creeks 

I 
 

   I   I I    I  I 

   

801.72 801.71, 801.57 

 
  X  Present Existing or Potential Beneficial Use        ‡    The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino  
  I   Intermittent Beneficial Use                                        or Gabriel Mountains 
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INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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    San Gabriel Mountain Streams 
    (Mountain Reaches‡)     

       San Antonio Creek X X X X X  X X X    X  X    801.23  
       Lytle Creek (South, Middle,  
       and North Forks) and  
       Coldwater Canyon Creek      
                     

X X X X X  X X X    X  X X   

801.41 801.42, 801.52, 
801.59 

       Day Canyon Creek X   X X   X X    X  X    801.21  

       East Etiwanda Creek X   X X   
 X X    X  X X  

 
 801.21  

       Valley Reaches ‡ of Above  
       Streams   I    I   I I  I    I    801.21  

       Cucamonga Creek      
           Reach 1 – Confluence with  
           Mill Creek to 23rd St. in  
           Upland 

+    X   X 
u³ 

X 
u   X   X    801.21  

 
X  Present Existing or Potential Beneficial Use           ‡  The division between Mountain and Valley reaches occurs at the base of the foothills of the  
I    Intermittent Beneficial Use                                      San Bernardino Mountains or San Gabriel Mountains 
+  Excepted from MUN (see text)                     u    REC 1 and/or REC 2 are not attainable as determined by a UAA.(See Table 3-2 and  Chapter 3,      
                                                  Recreation Beneficial Uses) 
                                                                                                                                  ³    Access prohibited in some portions by the San Bernardino County Flood Control per agency with  
                                                                             jurisdiction 
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           Reach 2 (Mountain Reach‡)  
           - 23rd St. In Upland to 
           headwaters 

X  X X X  X X X    X  X  X  801.24 
 

       Mill Creek (Prado Area)      +       X X  X    X X   801.25  

     Other Tributaries (Mountain 
     Reaches ‡): Cajon Canyon, San 
     Sevaine, Deer, Duncan Canyon, 
     Henderson Canyon, Bull, Fan, 
     Demens, Thorpe, Angalls,  
     Telegraph Canyon, Stoddard 
     Canyon, Icehouse Canyon,  
     Cascade Canyon, Cedar, Falling 
     Rock, Kerkhoff, and Cherry  
     Creeks and other Tributaries to 
     these Creeks 

I    I   I I    I  I    801.21 801.23 

     Valley Reaches‡ of Above Streams I    I   I I  I    I    801.21 801.43 

         
San Timoteo Area Streams               

     San Timoteo Creek  
         Reach 1A – Santa Ana River 
         Confluence to Barton Road + I      

 I³ I  I    I   
 

 801.52  

 
X  Present Existing or Potential Beneficial Use              ‡   The division between Mountain and Valley reaches occurs at the base of the foothills of the San  
I    Intermittent Beneficial Use                                         Bernardino Mountains or San Gabriel Mountains 
+  Excepted from MUN (see text)                        ³   Access prohibited in some portions by San Bernardino County Flood Control per agency with jurisdiction                      
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       Reach 1B – Barton Road to  
       Gage at San Timoteo Canyon  
       Rd.    

+ I   I   I³ I  I    I    801.52  

       Reach 2–Gage at San Timoteo     
       Creek to Confluence with  
       Yucaipa Creek 

+    X   X X  X    X    801.61  

       Reach 3 – Confluence with  
       Yucaipa Creek to confluence 
       with little San Gorgonio and  
       Noble Creeks (Headwaters of  
       San Timoteo Creek) 

+    X   X X  X    X  

  

801.61  

    Oak Glen, Potato Canyon, and  
    Birch Creeks    

X    X   X X  X    X    801.67  

    Little San Gorgonio Creek X    X   
 X X    X  X   

 
 801.69 801.62, 801.63 

    Yucaipa Creek   I    I   I I  I    I    801.67 801.61, 801.62, 
801.64 

    Other Tributaries to these  
    Creeks-Valley Reaches‡ I    I   I I  I    I    801.62 801.52, 801.53 

    Other Tributaries to these  
    Creeks-Mountain Reaches‡ I    I   I I    I  I    801.69 801.67 

  Anza Park Drain X       X X  X    X  X  801.27  
 
X  Present Existing or Potential Beneficial Use        ‡  The division between Mountain and Valley reaches occurs at the base of the foothills of the San  
I    Intermittent Beneficial Use                                    Bernardino or San Gabriel Mountains 
+  Excepted from MUN (see text)                  ³   Access prohibited in some portions by San Bernardino County Flood Control per agency with jurisdiction               
          
                                                           
                     



Attachment 1 to Resolution No. R8-2012-0001    Approved June 15, 2012 
 

Page 24 of 78 
 

 
 
 
 
Table 3-1 BENEFICIAL USES - Continued 
 
INLAND SURFACE STREAMS 
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  Sunnyslope Channel X       X X  X    X X X  801.27  
  Tequesquite Arroyo (Sycamore 
  Creek) +    X   X X  X    X  X  801.27  

  Prado Area Streams    

     Chino Creek  
         Reach 1A – Santa Ana River 
         confluence to downstream of  
         confluence with Mill Creek  
        (Prado Area)   

+       X X  X    X X   

801.21 

 

         Reach 1B – Confluence with 
         Mill Creek (Prado Area) to 
         beginning of concrete-lined 
         channel south of Los 
         Serranos Rd.*** 

+ 

      

X X 

 

X 

   

X X 

  

801.21  

 
X  Present Existing or Potential Beneficial Use         ‡  The division between Mountain and Valley reaches occurs at the base of the foothills of the San 
I    Intermittent Beneficial Use                                     Bernardino or San Gabriel Mountains 
+  Excepted from MUN (see text)                  *** The confluence of Mill Creek is in Chino Creek, Reach 1B 
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         Reach 2 – Beginning of  
         concrete-lined channel south   
         of Serranos Rd. to confluence  
         with San Antonio Creek 

+    X  
 
 X³ X   X   X   

 

 
801.21 

 

    Temescal Creek    
        Reach 1 – Lincoln Ave. to  
        Riverside Canal +       X4 X  X    X    801.25  

        Reach 2 – Riverside Canal to 
        Lee Lake + I I  I   I I   I   I    801.32 801.25 

        Reach 1a – Lincoln Ave. to  
        Arlington Channel confluence +       u³ X  X    X    801.25  

        Reach 1b – Arlington Channel 
        confluence to 1400 ft.  
        upstream of Magnolia Ave. 

+       u³ u  X    X    801.25  

        Reach 2 –1400 ft. upstream of 
        Magnolia Ave. to Lee Lake  
         

+ I X I X  I X   I X I X  I X    I X    801.25  

 
X  Present Existing or Potential Beneficial Use          ***  The confluence of Mill Creek is in Chino Creek, Reach 1B               by Riverside County Flood Control 
I    Intermittent Beneficial Use                                     ³     Access prohibited in some portions by San Bernardino County Flood Control per agency with jurisdiction  
+   Excepted from MUN (see text)                    4        Access prohibited in some portions by Riverside County Flood Control   
                                                                               u    REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 3,   

             Recreation Beneficial Uses)                                                                                                                                                                           
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         Reach 3 – Lee Lakes (see Lakes, 
         Page 3-xx)                     

         Reach 4 – Lee Lake to Mid-Section 
         Line of Section 17 (downstream end 
         of freeway cut) 

+ I X   I X   I X I X  I X    I X I X 
  

801.34 
 

         Reach 5 – Mid-section line of  
         Section 17 (downstream end of  
         freeway cut) to Elsinore Ground- 
         water Subbasin Boundary   

+ X   X   X X  X    X X 

  
801.35 

 

         Reach 6 – Elsinore Groundwater 
         Subbasin Boundary to Lake  
         Elsinore Outlet 

+    I   I I  I    I 
   

801.35 
 

     Coldwater Canyon Creek X X   X   
 X X  X    X   

 
 801.32  

     Bedford Canyon Creek +    I   I I  I    I    801.32  

     Dawson Canyon Creek I    I   I I  I    I    801.32  

     Other Tributaries to these Creeks I    I   I I  I    I    801.32  

  SAN JACINTO RIVER BASIN  

     San Jacinto River  
        Reach 1 – Lake Elsinore to Canyon  
        Lake  I I   I   I I  I    I    801.32 802.31 

        Reach 2 – Canyon Lake (see Lakes  
        Pg. 3-xx)                     

 
X  Present Existing or Potential Beneficial Use             
I    Intermittent Beneficial Use                                   
+  Excepted from MUN (see text)                                      



Attachment 1 to Resolution No. R8-2012-0001    Approved June 15, 2012 
 

Page 27 of 78 
 

Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
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         Reach 3 – Canyon Lake to Nuevo 
         Road + I   I   I I  I    I    802.11  

        Reach 4 – Nuevo Road to North- 
        South Mid-Section Line, T4S/R1W-S8 + I   I   I I  I    I    802.21 802.21 

        Reach 5 – North-South Mid-Section 
        Line, T4S/R1 W-S8, to Confluence 
        With Poppet Creek  

+ I   I   I I  I    I 
   

802.21  

        Reach 6 – Poppet Creek to 
        Cranston Bridge 

I I   I   I I  I    I    802.21  

        Reach 7 – Cranston Bridge to Lake 
         Hemet X X   X   X X    X  X    801.21  

    Bautista Creek – Headwaters to Debris 
    Dam  X X   X   X X    X  X    802.21 802.23 

    Strawberry Creek and San Jacinto 
    River, North Fork   X X   X   X X    X  X    801.21  

    Fuller Mill Creek X X   X   X X    X  X    802.22  

    Stone Creek X X   X   X X    X  X    802.21  
    Other Tributaries:  Logan, Black 
    Mountain, Juaro Canyon, Indian,  
    Huerkey, Poppet, and Protrero Creeks 
    and other Tributaries to these Creeks 

I I   I   I I  I    I    802.21 802.22 

    Salt Creek  +       I I  I    I    802.12  
    Goodhart Canyon, St. John’s Canyon,             
    and Cactus Valley Creeks I I      I I  I    X    802.15  

 
X  Present Existing or Potential Beneficial Use                                                          
I   Intermittent Beneficial Use                                              
+  Excepted from MUN (see text)                             
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UPPER SANTA ANA RIVER BASIN  

    Baldwin Lake +       
 I I  I  I I I I  

 
 801.73  

    Big Bear Lake  X X   X   X X  X  X  X X   801.71  

    Erwin Lake  X       X X    X X X X   801.73  

    Evans, Lake   +       X X  X  X  X    801.27  

    Jenks Lake  X X   X   X X    X  X    801.72  

    Lee Lake + X X  X   X X  X    X    802.34  

    Mathews, Lake X X X X X   X4 X  X    X X   802.33  

    Mockingbird Reservoir + X      X4 X  X    X    802.26  

    Norconian, Lake  +       X X  X    X    802.25  

LOWER SANTA ANA RIVER BASIN  

    Anaheim Lake  +    X   X X  X    X    801.11  

    Irvine Lake (Santiago Reservoir) X X      X X  X  X  X    801.12  
    Laguna, Lambert, Peters Canyon, 
    Rattlesnake, Sand Canyon, and 
    Siphon Reservoirs                  

+ X      X4 X  X    X    801.11  

                                                                                                                                                                                                                                
X  Present Existing or Potential Beneficial Use        4  Access prohibited by the Metropolitan Water District per agency/company with jurisdiction                                                 
I    Intermittent Beneficial Use                                   6  Access prohibited by the Gage Canal Company   
+  Excepted from MUN (see text)                      7   Access prohibited by the Irvine Ranch Company  
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SAN JACINTO RIVER BASIN  

    Canyon Lake (Railroad Canyon 
    Reservoir) X X   X   

 X X  X    X  
 
 

 802.11 802.12 

    Elsinore, Lake  +       X X  X    X    802.31  

    Fulmor, Lake  X X      X X  X  X  X    802.21  

    Hemet, Lake  X X   X  X X X  X  X  X  X  802.22  

    Mystic Lake I       I I  I   X X X   802.11  

    Perris, Lake X X X X X   X X  X  X  X    802.11  
 
X  Present Existing or Potential Beneficial Use              .  
I    Intermittent Beneficial Use                            
+  Excepted from MUN (see text) 
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Table 3-1  BENEFICIAL USES - Continued  
 

WETLANDS (INLAND) 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
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Primary Secondary 

 San Joaquin Freshwater  
 Marsh** +       

 X X  X   X X X  
 

 801.11 801.14 

 Shay Meadows I       I I    I  I    801.73  

 Stanfield Marsh** X       X X    X  X X   801.71  
 Prado Basin Management  
 Zone@  +       X X  X    X X   802.21  

 San Jacinto Wildlife  
 Preserve** +       X X  X   X X X   802.21 802.14 

 Glen Helen X       X X  X    X    801.59  
       
X  Present Existing or Potential Beneficial Use **  This is a created wetland as defined in the wetland discussion 
I    Intermittent Beneficial Use                           @  The Prado Basin Management Zone includes the Prado Flood Control Basin, a created wetland  
+  Excepted from MUN (see text)                   as defined in the Basin Plan (see Chapter 3, pages 3-4 through 3-7) 
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
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R
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N
 

EST 

Primary Secondary 

UPPER SANTA ANA RIVER BASIN 
 
 
 

Big Bear Valley X   X               801.71 801.73 

Beaumont X X X X               801.62 801.63, 801.69 

Bunker Hill - A  X X X X               801.52 801.52 

Bunker Hill - B X X X X               802.52 801.53, 801.54, 
801.57, 801.58 

Colton X X X X               801.44 801.45 

Chino North “maximum benefit”++ X X X X               801.21 481.21, 481.23 

Chino 1 – “antidegradation”++ X X X X               801.21 481.21 

Chino 2 – “antidegradation”++ X X X X               801.21  

Chino 3 – “antidegradation”++ X X X X               801.21  

Chino East @ X X X X               801.21 801.27 

Chino South @ X X X X               801.21 801.25, 801.26 

Cucamonga X X X X               801.24 801.21 
 
X  Present Existing or Potential Beneficial Use   ++  Chino North “maximum benefit” management zone applies unless Regional Board determines that lowering of   
I    Intermittent Beneficial Use                                water quality is not of maximum benefit to the people of the state; in that case, the Chino 1, 2, and 3  
+  Excepted from MUN (see text)                  “antidegradation” management zones would apply (see also discussion in Chapter 5). 
                                                                             @  Chino East and South are the designations in the Chino Basin Watermaster “maximum benefit” proposal 
                                                                      (see Chapter 5) for the management zones identified by Wildermuth Environmental , Inc. (July 2000) as 
                                                                                    Chino 4 and 5, respectively 
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
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R
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W

N
 

EST 

Primary Secondary 

Lytle X X X X               801.59 801.42 

Rialto X X X X               801.44 801.21, 801.43 

San Timoteo X X X X               801.62 801.61 

Yucaipa X X X X               801.61 801.55, 801.63, 
801.67 

MIDDLE SANTA ANA RIVER BASIN  

Arlington X X X X               801.26  

Bedford X X X X               801.32 481.31 

Coldwater X X X X               801.31  

Elsinore X X  X               802.31  

Lee Lake  X X X X               801.34  

Riverside - A X X X X               801.27 801.44 

Riverside – B  X X X X               801.27 801.44 

Riverside - C  X X X X               801.27  

Riverside - D X X X X               801.27 801.26 

Riverside - E X X X X               801.27  
 
X  Present Existing or Potential Beneficial Use               
I    Intermittent Beneficial Use                               
+  Excepted from MUN (see text)                  
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
 

AG
R

 

IN
D
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EST 

Primary Secondary 

Riverside - F X X X X               801.27  

Temescal  X X X X               801.25  

SAN JACINTO RIVER BASIN  

Garner Valley X X                 802.22  

Idyllwild Area X  X                802.22 802.21 

Canyon  X X X X               802.21  

Hemet - South X X X X               802.15 802.13, 802.21 

Lakeview – Hemet North  X X X X               802.14 802.15 

Menifee X X  X               802.13  

Perris North  X X X X               802.11  

Perris South   X X                 802.11 802.12, 802.13 

San Jacinto - Lower X X X                802.21 802.11 

San Jacinto - Upper X X X X               802.27 802.23 
 
X  Present Existing or Potential Beneficial Use               
I    Intermittent Beneficial Use                               
+  Excepted from MUN (see text) 
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
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Primary Secondary 

LOWER SANTA ANA RIVER BASIN  

La Habra X X                 845.62  

Santiago  X X X                801.12 801.11 

Orange   X X X X               801.11 801.13, 801.14 
845.61, 845.63 

Irvine X X X X               801.11  
 
X  Present Existing or Potential Beneficial Use               
I    Intermittent Beneficial Use                               
+  Excepted from MUN (see text) 



Attachment 1 to Resolution No. R8-2012-0001    Approved June 15, 2012 
 

Page 35 of 78 
 

Table 3-2 Summary of Approved Use Attainability Analyses (UAAs) to Re-designate Recreational Beneficial Uses in some Inland 
Waterbodies 

 
 
 

 
Waterbody 

 

Segment/ 
Reach Reach Description REC1 REC2 

Agency 
Approval 
Dates1 

Greenville-Banning 
Channel 

Tidal 
Prism 
 

Santa Ana River Confluence to Inflatable Diversion Dam 
( 0.23 mile downstream of Fairview Channel Confluence) 

(City of Costa Mesa) 

no X                        

Reach 1 Inflatable Diversion Dam to California Street.  
(City of Costa Mesa)  

 

no no  

Santa Ana Delhi 
Channel 

Tidal 
Prism 
 

Bicycle Bridge at University Dr. at Upper Newport Bay to 
1036 ft. upstream 

(City of Newport Beach) 

no X  

Reach 1 
 

Upper Boundary of Tidal Prism to immediately upstream 
of intersection of Sunflower Ave. and Flower Street  

(City of Santa Ana) 

no no  

Reach 2 Immediately upstream of intersection of Sunflower Ave. 
and Flower St. to Warner Ave 

(City of Santa Ana) 

no X  

Temescal Creek 

Reach 1a Lincoln Avenue to Arlington Channel Confluence 
(City of Corona) 

no  X  

Reach 1b 
Arlington Channel Confluence to 

1400 ft. upstream of Magnolia Avenue 
(City of Corona) 

no no 
 

Cucamonga Creek 
Reach 1 

Confluence with Mill Creek in Prado area 
 to near 23rd Street (City of Upland) 

 
no no 

 

X = existing or potential 
1. Date of Regional Board, State Board, USEPA approvals to be added 
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CHANGES TO CHAPTER 4- WATER QUALITY OBJECTIVES 
 
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, INTRODUCTION, third paragraph et 
seq.: 
 
The water quality objectives in this plan supersede and replace those adopted in the 1983 Basin 
Plan.  Perhaps the most significant difference between this and the prior Plan is the inclusion of 
new objectives for un-ionized ammonia and site-specific objectives for the middle Santa Ana River 
system for copper, cadmium and lead. 
 
Some of these water quality objectives refer to “controllable sources” or controllable water quality 
factors.”  Controllable sources include both point and nonpoint source discharges, such as 
conventional discharges from pipes, as well as discharges from land areas or other diffuse 
sources.  Controllable water quality factors are those characteristics of the discharge and/or the 
receiving water which can be controlled by treatment or management methods. Examples of other 
activities which may not involve waste discharges, but which also constitute controllable water 
quality factors, include the percolation of storm water, transport/delivery of water via natural stream 
channels, and stream diversions. 
 
The water quality objectives in this Plan are specified according to waterbody type:  ocean waters; 
enclosed bays and estuaries; inland surface waters; and, groundwaters. 
 
The narrative water quality objectives below are arranged alphabetically. They vary in applicability 
and scope, reflecting the variety of beneficial uses of water that have been identified (Chapter 3). 
Where numerical objectives are specified, they generally represent the levels that will protect 
beneficial uses. However, in establishing waste discharge requirements for specific discharges, the 
Regional Board may find that more stringent levels are necessary to protect beneficial uses.  In 
other cases, an objective may prohibit the discharge of specific substances, may tolerate natural or 
“background” levels of certain substances or characteristics but no increases over those values, or  
may express a limit in terms of not impacting other beneficial uses. An adverse effect or impact on 
a beneficial use occurs where there is an actual or threatened loss or impairment of that beneficial 
use.  
 
Some of these water quality objectives refer to “controllable sources” or controllable water quality 
factors.”  Controllable sources include both point and nonpoint source discharges, such as 
conventional discharges from pipes, as well as and discharges from land areas or other diffuse 
sources.  Controllable sources are predominantly anthropogenic in nature. Controllable water 
quality factors are those characteristics of the discharge and/or the receiving water that can be 
controlled by treatment or management methods. Examples of other activities that may not involve 
waste discharges, but which also constitute controllable water quality factors, include the 
percolation of storm water, transport/delivery of water via natural stream channels, and stream 
diversions.  Uncontrollable sources of pollutants can occur naturally or as the result of 
anthropogenic activities. These sources are not readily managed through technological or natural 
mechanisms. 
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Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, ENCLOSED BAYS AND ESTUARIES:  
 
Bacteria, Coliform   
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence in bay and 
estuarine waters is an indicator of pollution. Total coliform is measured in terms of the number of 
coliform organisms per unit volume. Total coliform numbers can include non-fecal bacteria, so 
additional testing is often done to confirm the presence and numbers of fecal coliform bacterial. 
Water quality objectives for numbers of total and fecal coliform vary with the uses of the water, as 
shown below. 
 
Bays and Estuaries 
 

REC-1 Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30 day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30-day period. 

 
SHEL Fecal coliform: median concentration not more than 14 MPN (most   probable 
number )/100 ml and not more than 10% of samples exceed 43 mpn /100 mL 
 

 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, ENCLOSED BAYS AND ESTUARIES - 
insert the following between the Oxygen, Dissolved and pH objectives:   
 

Pathogen Indicator Bacteria 
 
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence in bay and 
estuarine waters is used as an indicator of pollution. Total coliform is measured in terms of the 
number of coliform organisms per unit volume. Total coliform numbers can include non-fecal 
bacteria, so additional testing is often done to confirm the presence and numbers of fecal coliform  
bacteria. Water quality objectives for numbers of total and fecal coliform vary with the uses of the 
water, as shown below. 
 
Bays and Estuaries 
 

REC-1 Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30 day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30-day period. 
 
Note:  The USEPA promulgated enterococci criteria for coastal recreation waters, 
including enclosed bays and estuaries, in 2004 (40 CFR 131.41). The established 
geometric mean enterococci value is 35/100mL.  No averaging period was specified, 
leaving that determination to the state’s discretion. USEPA also identified single sample 
maximum enterococci values, which vary based on the frequency of use of the REC1 
waters.  The Regional Board intends to consider a Basin Plan amendment in the future 
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to formally recognize the enterococci criteria established for enclosed bays and 
estuaries, to define an appropriate averaging period for the application of the geometric 
mean criterion, and to define appropriate application of the single sample maximum 
values to varying areas within enclosed bays and estuaries in the Region.  

 
SHEL Fecal coliform: median concentration not more than 14 MPN (most   probable 
number)/100 mL and not more than 10% of samples exceed 43 mpn /100 mL. 

 
 
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS: 
 
Bacteria, Coliform 
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence in surface 
waters is an indicator of pollution. Total coliform is measured in terms of the number of coliform 
organisms per unit volume. Total coliform numbers can include non-fecal bacteria, so additional 
testing is often done to confirm the presence and numbers of fecal coliform bacteria. Water 
quality objectives for numbers of total and fecal coliform vary with the uses of the water, as shown 
below. 
 
Lakes and Streams 
    MUN Total coliform: less than 100 organisms/100 mL 
 

REC-1 Fecal coliform: log mean less than 200 organisms/100 mL based on  
five or more samples/30 day period, and not more than 10% of the samples exceed 
400 organisms/100 mL for any 30-day period 

 
 
 
REC-2 Fecal coliform: average less than 2000 organisms/100 mL and not more than 10% of 

samples exceed 4000 organisms/100 mL for any 30-day period 
 

 
Amend Chapter 4 – WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS, 
Metals, as follows:  
 
The SSOs for cadmium and copper are simply the hardness-dependent formulase for 
calculating the objective (national criteria), corrected by the dissolved-to-total (metal) ratio. The 
SSO for lead is the recalculated*1  hardness-dependent formula, corrected by the dissolved-to-
total ratio.  

 
* 1 Recalculation for lead was carried out by EPA-Region IX, using the lowest mean genus acute 
value (GMAV) as the final acute value (FAV) and an acute-to-chronic ratio (ACR) of 51.29, 
resulting in a final chronic value (FCV) of 2.78 and the SSO formula already shown.  
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Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS - insert 
the following between the Oxygen, Dissolved and pH objectives:  
 
Pathogen Indicator Bacteria 
 
Bacteria, viruses, protozoa and parasites occur naturally in the environment and may also be 
present in waste discharges.  Some of these organisms, particularly those that originate from 
human sources, are pathogenic and may cause illness to exposed persons.  The main route of 
exposure to illness-causing organisms during primary water contact recreation is through 
accidental ingestion of fecally contaminated water. The presence of these pathogens in 
waterbodies may impair recreational uses and/or municipal water supplies. 
 
Direct measurement of all pathogens is impractical because standard methods have not yet been 
approved, nor have water quality criteria been established for each and every microorganism that 
may be harmful.  Therefore, the USEPA recommends using surrogate indicators, such as E. coli 
or enterococcus densities, to demonstrate that water quality is adequate to protect human health 
against excessive risk of illness to those making deliberate recreational contact with the water 
where ingestion of water is likely2.  
 
Over time, the recommended surrogate indicators to protect primary contact recreation have                                                                                             
changed from total and fecal coliform to E. coli or Enterococcus for freshwaters (USEPA, 1986).  
Ongoing epidemiological studies and laboratory research may someday identify better pathogen 
indicators3 and USEPA may recommend revised numeric criteria based on those new indicators. 
New and/or improved analytical protocols for direct measurement of pathogens may also become 
available. This Plan addresses these circumstances as follows. The Plan specifies the following 
narrative objective and the numeric objectives for surrogate indicators in Table 4-pio – Pathogen 
Indicator Bacteria Objectives for Fresh Waters. The numeric objectives in Table 4-pio are 
intended to interpret the narrative objective, based on the best available science. These numeric 
objectives are based on the water quality criteria recommended by USEPA in 1986.  The 
narrative objective is intended to provide the permitting flexibility needed to accommodate 
appropriate regulatory actions to assure the protection of beneficial uses as water quality 
monitoring technology improves or USEPA revises the recommended bacteria criteria4.  This is 
consistent with the Regional Board’s obligation when establishing waste discharge requirements 
to impose limitations more stringent than established objectives if such more stringent limitations 
are necessary to protect beneficial uses. 
 

 
Lakes and Streams 

 
Waste discharges shall not cause or contribute to excessive risk of illness from microorganisms 
pathogenic to human beings.  Pathogen indicator concentrations shall not exceed the values 
specified in Table 4-pio below as a result of controllable water quality factors (see also Chapter 5, 
Recreation Water Quality Standards, Controllable and Uncontrollable Sources of Bacteria) unless 
it is demonstrated to the Regional Board’s satisfaction that the elevated indicator concentrations 
do not result in excessive risk of illness among people recreating in or near the water. In all 
cases, the level of water quality necessary to protect existing uses must be maintained. Where 
existing water quality is better than necessary to protect the designated use, the existing high   
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level of water quality must be maintained unless it is demonstrated that existing or potential 
beneficial uses would be protected and that water quality consistent with maximum benefit to the 
people of California would be maintained, as specified in the state antidegradation policy 
(SWRCB Resolution No. 68-16).  The Regional Board may also require recycled water 
discharged to freshwaters designated REC 1 or REC 2 to comply with other limitations 
recommended by the California Department of Public Health (CDPH).    

 
 
 
 

Table 4-pio - Pathogen Indicator Bacteria Objectives for Fresh Waters1 

 

Recreational Use 
 

Pathogen Indicator Objective 

(geometric mean of at least 5 samples in a 30-day period 
(running)2 

REC1-only or 
REC1 and REC2 <126  E. coli organisms per 100 mL3 

REC2-only4 
N/A; see REC2 Only Freshwaters, below, and Chapter 5, 

Recreation Water Quality Standards, Antidegradation targets 
for REC2 only freshwaters 

 

1 The water quality objectives specified in Table 4-pio (and the alternate Single Sample Maximum 
values in Table 5-REC1-ssv) do not apply to a river or stream if and when the recreational uses 
are temporarily suspended due to unsafe flow conditions therein. (See Chapter 5- 
Implementation, Recreation Water Quality Standards, High Flow Suspension, Appendices VIII 
and IX, and Application of Single Sample Maximum Values).  
2  The Regional Board may adopt other alternative averaging periods, such as annual or seasonal 
averages, through the basin planning process. 
3 Where it is necessary to make public notification and/or beach closure decisions in the absence 
of sufficient data to calculate a representative geometric mean for E. coli, no single sample shall 
exceed the default value shown in Table 5-REC1-ssv or an alternative value calculated by using 
the formula shown in Table 5-REC1-ssv, note 2 (see also table note 5).  For all other purposes 
related to implementing the Clean Water Act, if there are insufficient data to calculate a 
representative geometric mean for E. coli, “X%” of the representative sample data collected over 
a 30 day period (running) shall be less than the applicable Single Sample Maximum value, where 
X% is the statistical confidence level assigned to a particular waterbody. Where there are 
sufficient data to calculate a representative geometric mean for E. coli, the applicable Single 
Sample Maximum value shall not be used to assess compliance with the E. coli objective in 
Table 4-pio.  The intent of Single Sample Maximum values is to inform public notification 
decisions and to trigger additional follow-up monitoring (see Chapter 5, Recreation Water Quality 
Standards, Application of Single Sample Maximum Values in REC1 Freshwaters). 
4Waterbodies designated REC2 but not designated REC1.   

 
 

As discussed in Chapter 3 (RECREATION BENEFICIAL USES) and Chapter 5 
(RECREATION WATER QUALITY STANDARDS, High Flow Suspension) of this Plan, 
recreational standards are temporarily suspended in certain fresh surface waters during 
specific high flow conditions. This includes the temporary suspension of the pathogen 
indicator objectives established in Table 4-pio, and alternative Single Sample Maximum 
values, which apply under specified circumstances (See Chapter 5 RECREATION WATER 
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QUALITY STANDARDS, Application of Single Sample Maximum values in REC1 
freshwaters.)  
 
 
 
REC2 Only Freshwaters 
 
 
Designation of a waterbody as REC2 but not REC1 requires a demonstration that the REC1 
use has not been attained and is not attainable, based on one or more of the Use Attainability 
Analysis (UAA) factors identified in federal regulations (40 CFR 131.10(g)(1-6)). Where water 
quality consistently meets the REC1 (or REC1 and REC2) pathogen indicator objectives in 
Table 4-pio, then it is unlikely that a UAA would successfully demonstrate that the REC1 use 
is not attainable. Accordingly, the waterbody would likely be designated REC1 (and REC2), 
and the objectives in Table 4-pio would apply.  
 
REC2 activities involve proximity to water but not normally body contact such that the 
ingestion of water is reasonably possible. Water contact is incidental or accidental, relatively 
brief and limited primarily to body extremities.  There is no scientific basis to establish 
pathogen indicator objectives intended to protect human health as the result of such contact.  
 
While water quality objectives for REC2 only waters are not specified in this Plan, it is 
appropriate to take steps to assure that water quality conditions in these waters are not 
degraded as the result of controllable water quality factors, consistent with antidegradation 
policy requirements. Accordingly, bacteria quality targets for REC2 only waters have been 
identified (See Chapter 5, Recreation Water Quality Standards, Antidegradation targets for 
REC2 only freshwaters).   

 
Add the following footnotes and re-number subsequent footnotes in Chapter 4 
accordingly:  
 
[Footnote 2 is found above in “Pathogen Indicator Bacteria”, end of 2nd paragraph, p. 39 of 
78] 
 
 2  As discussed in detail in USEPA’s 1986 bacteria criteria document (“Ambient Water Quality 
Criteria for Bacteria – 1986”), USEPA’s recommended E. coli criteria are based on the long-
accepted rate of 8 gastrointestinal illness per 1000 swimmers in freshwaters. USEPA believes 
that this illness rate is comparable to the estimated illness rate associated with the fecal 
coliform objectives that were used historically by states, and previously in this Basin Plan. 
Epidemiological studies were used to develop the 1986 criteria. The swimming-associated 
“excess” illness rate was determined by subtracting the gastrointestinal illness rate in 
nonswimmers from that for swimmers. Swimmers and nonswimmers were differentiated on the 
basis of exposure and the likelihood of ingestion of water. Swimmers were those who swam or 
otherwise got their head or face wet. Nonswimmers were those who did not go into the water, 
went into the water but did not get their head or face wet (waders), or were in the water for less 
than 10 minutes, whether or not they got their head or face wet. In short, the 1986 criteria were 
developed based on exposures during swimming with head immersion, where the ingestion of 
water was considered likely. Consistent with USEPA’s intent and the underlying science, the E. 
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coli  objectives specified in this Basin Plan (Table 4-pio – Pathogen Indicator Bacteria 
Objectives for Fresh Waters), are intended to protect primary contact recreation.  
 
 
 
[Footnote 3 is found above in “Pathogen Indicator Bacteria”, 3rd paragraph, second sentence, 
p. 39 of 78] 
 
3 See, for example, U.S. EPA. Report of the Experts Scientific Workshop on Critical Research 
Needs for the Development of New or Revised Recreational Water Quality Criteria.  June 15, 
2007 (EPA 823-R-07-006) 
 

 

[Footnote 4 is found above in “Pathogen Indicator Bacteria”, end of 2nd to last sentence, p. 39 
of 78] 
 
4 See, for example, U.S. EPA.  Criteria Development Plan and Schedule for Recreational Water 
Quality Criteria.  August 31, 2007. (EPA 823-R-003) 

 
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, GROUNDWATERS, Bacteria, 
Coliform, as follows: 
 
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence groundwater 
is used as an indicator of pollution. 
 
Amend CHAPTER 4 – Table 4-1 WATER QUALITY OBJECTIVES, add and delete waters as 
shown in the following pages:  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 
BAYS, ESTUARIES, AND TIDAL 
PRISMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solid 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

 
 
 

Los Cerritos Wetlands+ --- --- --- --- --- --- --- 801.11  

Anaheim Bay – Outer Bay+ --- --- --- --- --- --- --- 801.11  

Anaheim Bay – Seal Beach National 
Wildlife Refuge+ --- --- --- --- --- --- --- 801.11  

Sunset Bay – Huntington Harbour+   
  --- --- --- --- --- --- --- 801.11  

Bolsa Bay+   
    --- --- --- --- --- --- --- 801.11  

Bolsa Chica Ecological Reserve+ --- --- --- --- --- --- --- 801.11  

Lower Newport Bay+ --- --- --- --- --- --- --- 801.11  

Upper Newport Bay+ --- --- --- --- --- --- --- 801.11  

  
 
 
 
 
 
 
 
 
+  Numeric objectives have not been established; narrative objectives apply.  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 
BAYS, ESTUARIES, AND TIDAL 
PRISMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solid 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

 
 
 

Santa Ana River Salt Marsh+ --- --- --- --- --- --- --- 801.11  

Huntington Beach Wetlands+ --- --- --- --- --- --- --- 801.11  
Tidal Prism of Santa Ana River (to within 
1000’ of Victoria Street) and  
Newport Slough+ 

--- --- --- --- --- --- --- 801.11  

Tidal Prism of San Gabriel River – River 
Mouth to Marina Drive+ --- --- --- --- --- --- --- 845.61  

Tidal Prism of Santa Ana-Delhi Channel 
– Bicycle Bridge at University Dr. at 
Upper Newport Bay to 1036 ft. 
upstream+ 

--- --- --- --- --- --- --- 801.11  

Tidal Prism of Greenville-Banning 
Channel – Santa Ana River Confluence 
to Inflatable diversion dam^+ 

--- --- --- --- --- --- --- 801.11  

Tidal Prisms of Flood Control Channels 
Discharging to Coastal or Bay Waters+ --- --- --- --- --- --- --- 801.11  

 
 
 
 
 
 
^   The Inflatable Diversion Dam is ~0.23 mile downstream of confluence with the Fairview Channel.   
+   Numeric objectives have not been established; narrative objectives apply.  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

 
 
 

    

Santa Ana-Delhi Channel  

       Reach 1 – upper boundary of Tidal  
       Prism to intersection of Sunflower  
       Ave./Flower St. Intersection to  
       Warner Avenue+       

--- --- --- --- --- --- --- 801.11  

       Reach 2 – above Sunflower Avenue 
       to Warner Avenue+ --- --- --- --- --- --- --- 801.11  

    

Greenville Banning Channel   
      Reach 1 – Inflatable diversion dam   
      to California Street+ --- --- --- --- --- --- --- 801.11  

 
 
 
 
 
 
 
 
 
 
 
 
 
+ Numeric objectives have not been established; narrative objectives apply.   
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Table 4-1 WATER QUALITY OBJECTIVES - Continued 
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

     Mountain Home Creek 
    200 100 30 10 1 20 5 801.58  

     Mountain Home Creek, East Fork 200 --- --- --- --- --- --- 801.70  
     Monkey Face Creek  Monkeyface 
Creek 200 100 30 10 1 20 5 801.70  

     Alger Creek 200 --- --- --- --- --- --- 801.70  

     Falls Creek 200 100 30 10 1 20 5 801.70  

     Vivian Creek 200 --- --- --- --- --- --- 801.70  

     High Creek 200 --- --- --- --- --- --- 801.70  
     Other Tributaries: Lost, Oak Cove, 
     Green, Skinner, Momyer, Glen Martin, 
     Camp, Hatchery, Rattlesnake, Slide, 
     Snow, Bridal Veil, and Oak Creeks,  
     and other Tributaries to these Creeks 

200 --- --- --- --- --- --- 801.70 

 

  Bear Creek Drainage:  
     Bear Creek  
    175 115 10 10 1 4 5 801.71  

     Siberia Creek 200 --- --- --- --- --- --- 801.71  

     Slide Creek 175 --- --- --- --- --- --- 801.71  

     Johnson Creek 175 --- --- --- --- --- --- 801.71  

     All other Tributaries to these Creeks+ --- --- --- --- --- --- --- 801.71  

    Big Bear Lake (see Lakes, pg. 4-…          
+ Numeric objectives have not been established; narrative objectives apply.   
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

     Big Bear Lake Tributaries: 
     

        North Creek  175 --- --- --- --- --- --- 801.71  

        Metcalf Creek 175 --- --- --- --- --- --- 801.71  

        Grout Creek 150 --- --- --- --- --- --- 801.71  

        Rathbone (Rathbun) Creek 300 --- --- --- --- --- --- 801.71  

        Meadow Creek+ --- --- --- --- --- --- --- 801.71  

        Summit Creek+ --- --- --- --- --- --- --- 801.71  

        Knickerbocker Creek  
Reach 1- concrete channel; the 
Lake to Village Dr. 175 --- --- --- --- --- --- 801.71  

Reach 2- natural channel, Village 
Dr. to headwater 175 --- --- --- --- --- --- 801.71  

        Other Tributaries to Big Bear Lake: 
        Knickerbocker, Johnson, Minnelusa, 
        Poliqgue, and Red Ant Creeks, and  
        other Tributaries to these Creeks 

175 --- --- --- --- --- --- 801.71 

 

     Baldwin Lake (see Lakes, pg. 4-xx)          

     Baldwin Lake Drainage:  
        Shay Creek+  
    --- --- --- --- --- --- --- 801.73  

        Other Tributaries to Baldwin Lake: 
        Sawmill, Green, and Caribou  
        Canyons and other Tributaries to  
        these Creeks+ 

--- --- --- --- --- --- --- 801.73  

+ Numeric objectives have not been established; narrative objectives apply.  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

  Other Streams Draining to Santa Ana 
  River (Mountain Reaches‡ )  

        Cajon Canyon Creek 200 100 30 10 1 20 5 801.51  

        City Creek 200 115 30 10 1 20 5 801.57  

        Devil Canyon Creek 275 125 35 20 1 25  5 801.57  

        East Twin and Strawberry Creeks 475 --- --- --- --- --- --- 801.57  

        Waterman Canyon Creek 250 --- --- --- --- --- --- 801.57  

        Fish Creek 200 100 30 10 1 20 5 801.57  

        Forsee Creek 200 100 30 10 1 20 5 801.72  

        Plunge Creek  200 100 30 10 1 20 5 801.72  

        Barton Creek 200 100 30 10 1 20 5 801.72  

        Bailey Canyon Creek  200 --- --- --- --- --- --- 801.72  
        Kimbark Canyon, East Fork  
        Kimbark Canyon, Ames Canyon 
        And West Fork Cable Canyon  
        Creeks 

325 --- --- --- --- --- --- 801.52 

 

        Valley Reaches‡ of Above Streams (Water Quality Objectives Correspond to Underlying GW Basin Objectives) 801.52  
 

 
 
 
 
 
‡ The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains. 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

        Other Tributaries (Mountain 
        Reaches¹): Alder, Badger Canyon, 
        Bledsoe Gulch, Borea Canyon,  
        Breakneck, Cable Canyon,  

  Cieneaga Seca, Cold, Converse,             
         Coon, Crystal, Deer, Elder,  
        Fredalba, Frog, Government,  
        Hamilton, Heart Bar, Hemlock,  
        Keller, Kilpecker, Little Mill, 
        Little Sand Canyon, Lost,  
        Meyer Canyon, Mile, Monroe  
        Canyon, Oak, Rattlesnake, Round 
        Cieneaga, Sand, Schneider,  
        Staircase, Warm Springs Canyon 
        And Wild Horse Creeks, and other 
        tributaries to those Creeks 

200 100 30 10 1 20 5 801.72 801.71, 
801.57 

   San Gabriel Mountain Streams 
   (Mountain Reaches‡)  

        San Antonio Creek 225 150 20 6 4 25 5 801.23  
        Lytle Creek (South, Middle, and  
        North Forks) and Coldwater 
        Canyon Creek 

200 100 15 4 4 25 5 801.41 
801.42, 
801.52, 
801.59 

        Day Canyon Creek 200 100 15 4 4 25 5 801.21  

        East Etiwanda Creek 200 100 15 4 4 25 5 801.21  

        Valley Reaches‡ of Above Streams (Water Quality Objectives Correspond to Underlying GW Basin Objectives) 801.21  
 

 

‡ The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains. 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

    Cucamonga Creek  
            Reach 1 – Confluence with Mill 
            Creek to 23rd St. in Upland+ --- --- --- --- --- --- --- 801.21  

            Reach 2 ( Mountain Reach‡) –  
            23rd St. in Upland to headwaters 200 100 15 4 4 25 5 801.24  

    Mill Creek (Prado Area)+ --- --- --- --- --- --- --- 801.25  
    Other Tributaries (Mountain  
    Reaches): Cajon Canyon, San  
    Sevaine, Deer, Duncan Canyon,  
    Henderson Canyon, Bull, Fan,  
    Demens, Thorpe, Angalls,  
    Telegraph Canyon, Stoddard Canyon, 
    Icehouse Canyon, Cascade Canyon, 
    Cedar, Failing Rock, Kerkhoff and 
    Cherry Creeks, and other Tributaries 
    to these Creeks 

200 --- --- --- --- --- --- 801.21 801.23 

    Valley Reaches of Above Streams‡ --- --- --- --- --- --- --- 801.21  

 San Timoteo Area Streams  

    San Timoteo Creek   
        Reach 1A – Santa Ana River  
        Confluence to Barton Road** --- --- --- --- --- --- --- 801.52 801.53 

        Reach 1B – Barton Road to Gage 
        at San Timoteo Canyon Rd. u/s of 
        Yucaipa Valley WD discharge** 

--- --- --- --- --- --- --- 801.52 801.53 

 
+ Numeric objectives have not been established; narrative objectives apply 
‡ The Division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains 
** Surface water objectives not established; underlying Management Zone objectives apply.  Biological quality protected by narrative objectives  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

 Prado Area Streams  

   Chino Creek   
     Reach 1A – Santa Ana River  
     confluence to downstream of  
     confluence with Mill Creek (Prado  
     Area) – Base Flow* 

700 350 110 140 10** 150 30 801.21  

    Reach 1B – Confluence of Mill Creek 
    (Prado Area) to beginning of concrete- 
    lined channel south of Los Serranos 
    Rd. 

550 240 75 75 8 60 15 801.21  

    Reach 2 – Beginning of concrete-lined 
    channel south of Los Serranos Road 
    to confluence with San Antonio Creek+ 

--- --- --- --- --- --- --- 801.21  

  Temescal Creek  
     Reach 1 – Lincoln Ave. to Riverside  
     Canal --- --- --- --- --- --- --- 801.27  

     Reach 2 – Riverside Canal to Lee      
     Lake --- --- --- --- --- --- --- 801.27  

     Reach 1a – Lincoln Avenue to  
     Arlington Channel confluence --- --- --- --- --- --- --- 801.27  

     Reach 1b – Arlington Channel   
      confluence to 1400 ft. upstream 
      upstream of Magnolia Avenue+ 

--- --- --- --- --- --- --- 801.27  

      Reach 2 – 1400 ft. upstream of 
      Magnolia Avenue to Lee Lakes+  --- --- --- --- --- --- --- 801.27  

     Reach 3– Lee Lake, (see Lakes,  
     Pg. 4-xx)          

* Additional objective: Boron 0.75 mg/l     
** Total nitrogen, filtered sample 
+ Numeric objectives have not been established; narrative objectives apply 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

  Fuller Mill Creek 150 100 10 15 1 20 5 802.22  

  Stone Creek  150 100 10 15 1 20 5 802.21  
  Other Tributaries: Logan, Black 
  Mountain, Juaro Canyon, Indian,  
  Huerkey, Poppet and Protrero Creeks, 
  and other Tributaries to these Creeks 

150 70 10 12 1 15 5 802.12 802.22 

  Salt Creek+ --- --- --- --- --- --- --- 802.12  
  Goodhart Canyon, St. John’s Canyon,    
   and Cactus Valley Creeks+ --- --- --- --- --- --- --- 802.15  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
+ Numeric objectives have not been established; narrative objectives apply. 



Attachment 1 to Resolution No. R8-2012-0001    Approved June 15, 2012 
 

Page 53 of 78 
 

 
 
Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

LAKES AND RESERVOIRS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

UPPER SANTA ANA RIVER BASIN  

  Baldwin Lake*+   --- --- --- --- --- --- --- 801.73  

  Big Bear Lake** 175 125 20 10 0.15 10 --- 801.71  

  Erwin Lake+ --- --- --- --- --- --- --- 801.73  

  Evans, Lake 490 --- --- --- --- --- --- 801.27  

  Jenks Lake 200 100 30 10 1 20 --- 801.72  

  Lee Lake+ --- --- --- --- --- --- --- 801.34  

  Mathews, Lake 700 325 100 90 --- 290 --- 801.33  

  Mockingbird Reservoir 650 --- --- --- --- --- --- 801.26  

  Norconian, Lake 1050 --- --- --- --- --- --- 801.25  

LOWER SANTA ANA RIVER BASIN    

  Anaheim Lake 600 --- --- --- --- --- --- 801.11  

  Irvine Lake (Santiago Reservoir) 730 360 110 130 6 310 --- 801.12  
  Laguna, Lambert, Peters Canyon, 
  Rattlesnake, Sand Canyon, and 
  Siphon Reservoirs 

720 --- --- --- --- --- --- 801.11  

 
* Fills occasionally with storm flows; may evaporate completely 
** Additional Objective: 0.15 mg/l Phosphorus 
+ Numeric objectives have not been established; narrative objectives apply. 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

LAKES AND RESERVOIRS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

SAN JACINTO RIVER BASIN  
  Canyon Lake (Railroad Canyon 
  Reservoir)***  700 325 100 90 8 290 --- 802.11 802.12 

  Elsinore, Lake**** 2000 --- --- --- 1.5 --- --- 802.31  

  Fulmor, Lake 150 70 10 12 1 15 --- 802.21  

  Hemet, Lake 135 --- 25 20 1 10 --- 802.22  

  Mystic Lake+ --- --- --- --- --- --- --- 802.21  

  Perris, Lake 220 110 50 55 1 45 --- 802.11  
 
 
 
 
 
 
 
*** Note:  The quality objectives for Canyon Lake are not intended to preclude transport of water supplies or delivery to the Lake. 
**** Lake volume and quality highly variable 
+          Numeric objectives have not been established; narrative objectives apply.  
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Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, add REFERENCES: 
 
REFERENCES 
 

State Water Resources Control Board , “Water Quality Control Policy for Developing California’s Clean Water Act 
Section 303(d) List, September 2004.  
 
United States Environmental Protection Agency “Ambient Water Quality Criteria for Bacteria – 1986” EPA 440/5-
84-002, January 1986. 
 
United States Environmental Protection Agency “Water Quality Standards for Coastal and Great Lakes 
Recreation Waters; Final Rule” (40 CFR 131.41), November 2004. 
 
United States Environmental Protection Agency “Report of the Experts Scientific Workshop on Critical Research 
Needs for the Development of New or Revised Recreational Water Quality Criteria”.  June 15, 2007 (EPA 823-R-
07-006) 
 
United States Environmental Protection Agency  “Criteria Development Plan and Schedule for Recreational Water 
Quality Criteria”  August 31, 2007. (EPA 823-R-003) 
 
 

 
 

CHANGES TO CHAPTER 5- IMPLEMENTATION 
  
 
Amend CHAPTER 5 – IMPLEMENTATION – insert the following between TOTAL DISSOLVED 
SOLIDS and NITROGEN MANAGEMENT and NONPOINT SOURCE PROGRAM 
 
Recreation Water Quality Standards 
 
Since the early 1970’s, this Basin Plan has specified recreation water quality standards for surface 
waters in the Region, including REC1 and/or REC2 beneficial use designations and water quality 
objectives intended to protect those uses. Because of analytical constraints that make routine 
direct measurement of pathogens impractical, these objectives have been and continue to be 
based on levels of surrogate bacteria indicators.  As noted in Chapter 4, the USEPA’s 
recommendations for surrogate indicators to protect primary contact recreation have changed from 
total and fecal coliform to E. coli or enterococcus for freshwaters, and to enterococcus for marine 
waters (USEPA 1986).  Epidemiological and laboratory investigations are ongoing and may lead to  
revised recommendations regarding the appropriate water quality criteria to protect recreation 
uses.  
 
In 2012, the Regional Board adopted changes to the recreation standards, based on the work and 
recommendations of the Stormwater Quality Standards Task Force (Resolution No. R8-2012-
0001). These changes included revised bacteria quality objectives applicable to freshwaters (see 
Chapter 4), and changes to the recreation use designations for specific fresh waters. Specific 
implementation strategies pertaining to the revised standards for freshwaters were also approved. 
This section describes those implementation strategies, which include the following:  
 

• Intended application of Single Sample Maximum values in REC1 freshwaters  
• Antidegradation targets for REC2 only freshwaters 
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• Controllable and uncontrollable sources of bacteria 
• High flow suspension of recreation standards 
• Monitoring plan for pathogen indicator bacteria in freshwaters 
• POTW discharge requirements and implementation of recreational standards 
 
 

Application of Single Sample Maximum values in REC1 freshwaters   
 
It is recognized that a variety of factors affect the suitability of a water body for primary contact 
recreation, including the morphology of stream channels, the depth, velocity and aesthetic quality 
of the flows, access to the site by the public, and the extent to which recreational activity is actively 
encouraged by local authorities by providing parking, access, restrooms and other amenities.  
Federal guidance and regulation [United States Environmental Protection Agency, “Ambient Water 
Quality Criteria for Bacteria”, January 1986, and “Water Quality Standards for Coastal and Great 
Lakes Recreation Waters; Final Rule” (the so-called “BEACH Act Rule”), Federal Register, Vol. 69, 
No. 200, November 16, 2004, pp.67217 et seq.] directs states to differentiate primary contact 
waters on the basis of the intensity of use, and other conditions as states deem appropriate, for the 
purposes of assigning Single Sample Maximum pathogen indicator values. These Single Sample  
Maximum values are statistical constructs, designed to be used as an indicator of whether 
established pathogen objectives (typically expressed as geometric means, as in this Plan (see 
Chapter 4)) are being met when insufficient data are available to calculate a geomean. The Single 
Sample values are derived from the formula included in the USEPA criteria document and shown 
in Table 5-REC1-ssv, note 2 (also see note 5). The Single Sample Maximum values are intended 
to provide a timely measure of the apparent quality of the water for primary contact recreation for 
public notification (posting) and, where necessary, closure purposes.  States have discretion to 
employ the Single Sample Maximum values in the context of Clean Water Act programs, apart 
from their use for beach notification and closure purposes.   
 
This Plan includes Single Sample Maximum provisions that apply to the REC1 freshwaters in the 
Region and that are consistent with federal guidance and regulation.  These provisions are 
described below.  
 
First, based on the analyses and recommendations of the Stormwater Quality Standards Task 
Force, REC1 freshwater lakes and streams within the Region are identified as “Tier A”, “B”, “C” or 
“D”, based on the known or estimated actual or potential intensity of primary contact recreational 
use by the public, and other factors.  These Tiers are defined as follows:  
 

Tier A REC1 Waters:  includes freshwater lakes and streams that are or may be heavily-
used by the public for primary contact recreational activities, relative to other freshwater 
bodies in the Santa Ana Region.  Typical examples of Tier A waters include, but are not 
limited to:  Big Bear Lake, Canyon Lake, Lake Elsinore, Lake Perris, Reach 3 of the Santa 
Ana River, Reach 2 of Mill Creek (near Redlands) and Lytle Creek (Middle and North 
Forks).  Single Sample Maximum (SSM) values for Tier A waters are calculated using a 
75% statistical confidence factor. (See Table 5-REC1-ssv, below). 
 
Tier B REC1 Waters:  includes freshwater lakes and streams that are or may be 
moderately-used by the public for primary contact recreational activities.  Moderate use 
occurs where the number of people accessing the waterbody is approximately half that 
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which generally occurs in Tier A waters.  Typical examples of Tier B waters include, but are 
not limited to:  Jenks Lake, Santiago Reservoir, Cucamonga Creek Reach 2, and Reaches 4 
and 6 of the Santa Ana River.  Single Sample Maximum values for Tier B waters are 
calculated using an 82% statistical confidence factor. (See Table 5-REC1-ssv, below) 
 
Tier C REC1 Waters: includes freshwater lakes and streams that are or may be lightly-used 
by the public for primary contact recreational activities.  Light use occurs where the number 
of people accessing the waterbody is less than half that which generally occurs in Tier A 
waters.  Typical examples of Tier C waters include, but are not limited to: Reach 2 of the 
Santa Ana River, Bear Creek, Chino Creek Reach 1B, Anza Park Drain, and Sunnyslope 
Channel. Single Sample Maximum values for Tier C waters are calculated using a 90% 
statistical confidence factor. (See Table 5-REC1-ssv, below) 
 
Tier D REC1 Waters:  includes freshwater lakes and streams that are infrequently used by 
the public for primary contact recreational activities.  Infrequent use occurs where people 
only access the waterbody rarely or occasionally.  Typical examples of Tier D waters 
include, but are not limited to:  most concrete-lined storm water channels in the urbanized 
areas of the watershed and many of the ephemeral streams located in the undeveloped 
areas of the watershed.  Single Sample Maximum values for Tier D waters are calculated 
using a 95% statistical confidence factor.  (See Table 5-REC1-ssv, below). 
 

Tier A, B, C and D waters are listed in Table 5-REC1-Tiers. Table 5-REC1-Tiers includes a 
“Comments” column that provides information regarding factors considered in making Tier 
assignments. An additional, qualifying notation, “N”, is also included in this table for certain waters 
assigned to Tier A, B, C, and D based on the known or anticipated frequency of use. It is 
recognized that there are waters within the Region that are in undeveloped areas and are 
expected to have low natural bacteria levels. While use of these waters for primary contact 
recreation may or may not occur or may be limited due to difficulties in access, channel 
characteristics, flow conditions and the like, as reflected in the Tier assignments, it is also 
necessary and appropriate to assure the protection of the high quality of these waters. Accordingly, 
these “N” listed waters are assigned Single Sample Maximum values using the 75% confidence 
factor in the calculation, which is the same approach utilized with Tier A, heavily-used waters.  “N” 
listed waters are defined as follows: 

 
Natural Conditions (N):  includes freshwater lakes and streams located in largely 
undeveloped areas where ambient water quality is expected to be better than necessary to 
protect primary contact recreational activities regardless of whether such activities actually 
occur in these waterbodies.  Single Sample Maximum values for “N” waters are calculated 
using a 75% statistical confidence factor. (See Table 5-REC1-ssv, below). 

 
Use of the different statistical confidence factors (75%, 82%, 90% and 95%) to calculate SSM 
values results in a range in conservatism regarding the likelihood that the geometric mean is being 
met. A more conservative SSM value, based on the 75% confidence factor, is appropriate for 
waters that are heavily-used for primary contact recreation (Tier A). More people are likely to 
become ill if the bacteria quality of heavily-used waters is poor, so a higher degree of caution in 
evaluating quality conditions is appropriate. The more conservative SSM value is also appropriate 
where it is necessary to assure that existing high quality waters are protected (“N” waters). 
Progressively less conservative SSM values, calculated using the 82, 90 and 95% confidence 
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factors, are appropriate where there is declining frequency of existing or potential primary contact 
recreation (Tier B, C and D.)  
 

 Table 5- REC 1-TiersX  
 

INLAND SURFACE STREAMS 
TIER 

A, B, C, OR D1 
 

Rationale for Tier 
Assignment  

LOWER SANTA ANA RIVER   
  Santa Ana River   
    Reach 1 D Intermittent, low flow1 limited 

access2 

    Reach 2 C Low flows, limited access 
    Aliso Creek D (N) Natural condition, limited 

access 
    Carbon Canyon Creek D Low, intermittent flow, limited 

access 
  Santiago Creek Drainage   
    Santiago Creek       
    Reach 1 D Intermittent flow 
    Reach 2 – Irvine Lake (see Lakes)   
    Reach 3 -  D (N) Low flow 
    Reach 4 - D (N) Low flow 
    Silverado Creek     D (N) Low flow 
    Black Star Creek  D (N) Low flow 
    Ladd Creek D (N) Low flow, limited access 
San Diego Creek Drainage   
    San Diego Creek   
    Reach 1 C Low flow, no observed REC1 

use3; however fishing and 
children observed near water 

    Reach 2 D  Low flow, limited access 
Tributaries: Bonita Creek, Serrano 
Creek, Peters Canyon Wash, Hicks 
Canyon Wash, Bee Canyon Wash, 
Borrego Canyon Wash, Agua Chinon 
Wash, Laguna Canyon Wash, 
Rattlesnake Canyon, Sand Canyon 
Wash and other tributaries to these 
creeks.  

D Low flow, limited access 

San Gabriel River Drainage   
    Coyote Creek D Low flow/access prohibited 
Upper Santa Ana River   

 
X  Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 

1  Low, intermittent or ephemeral flows limit opportunity for REC1 use. 
2 Access limited or precluded by prohibitions by agency/party with jurisdiction and/or physical constraints 

(fencing and signage, riprap/concrete/natural steep slopes, impenetrable vegetation in/adjacent to the fresh 
water body, remote location, and the like) 

3 Photographic survey showed no REC1 use.  (See CDM Recreation Use Survey Reports) 
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Table 5- REC 1-TiersX  (Continued) 
 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
Rationale for Tier 

Assignment 
    Reach 3 A High use, wading and soaking, 

Reference condition for Tier 
A waters 

    Reach 4 B Access restricted, some water 
contact REC use observed 

    Reach 5 D Low/intermittent flow 
    Reach 6 B (N) Natural condition, fishing 

stream  
San Bernardino Mountain Streams   
  Mill Creek Drainage   
    Mill Creek   
    Reach 1 A High use, wading and soaking 
    Reach 2 A (N) Natural condition, wading and 

soaking  
    Mountain Home Creek  D (N) Natural condition, infrequent 

water contact REC use 
    Mountain Home Creek, East Fork D (N) Natural condition, remote 
Monkeyface Creek D (N) Natural condition, remote/low 

flow, light to infrequent water 
contact REC use 

Alger Creek D (N) 
Falls Creek D (N) 
Vivan Creek  D (N) 
High Creek D (N) 
Other Tributaries: Lost, Oak, Cove, 
Green, Skinner, Hatchery, Rattlesnake, 
Slide, Snow, Bridal Veil, and Oak 
Creeks and tributaries to these Creeks 

D (N) 

Bear Creek Drainage C (N) Natural condition, remote, light 
to infrequent water contact 
REC use. Fishing streams 

  Bear Creek  
  Siberia Creek 
  Slide Creek  
  Johnson Creek 
  All other tributaries to these Creeks 
Big Bear Lake Tributaries   
  North Creek D (N) Natural condition/low flows, 

infrequent water contact REC 
activities 

  Metcalf Creek 
  Grout Creek 
  Rathbone Creek 
  Meadow Creek 
  Summit Creek 
  Knickerbocker Creek /Reach 1 D Access prohibited, low flow, no 

REC 1 use observed4 

  Reach 2 D (N) Natural condition, low flow 
  Other tributaries: Minnelusa Canyon,       
Poligue, Red Ant Creeks and 
Tributaries to these Creeks 

D (N) Natural condition, low flow 

  X  Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality 
Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. 
Natural (N) refers to waters, typically in largely natural condition, that are expected to have good ambient 
bacterial quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, 
even if designated Tier B, C, or D based on the intensity of REC1 use. 

4   Photographic survey for one year period showed no REC1 use. 
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Table 5- REC 1-TiersX  (Continued)  
 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
Rationale for Tier 

Assignment 
Other Tributaries to Baldwin Lake: 
Sawmill, Green, and Caribou Canyon 
Creeks and other Tributaries to these 
Creeks 

D (N) Natural condition, low flow, 
remote 

Other Streams Draining to Santa Ana 
River (Mountain Reaches) 

 

Cajon Canyon Creek C (N) Natural condition, low flow 
City Creek D (N) Natural condition, low flow, 

limited access, remote 
Devil Canyon Creek D (N) Natural condition, low flow, 

limited access, remote 
East Twin and Strawberry Creeks D (N) Natural condition, low flow, 

limited access, remote 
Waterman Canyon Creek  D (N) Natural condition, low flow, 

limited access, remote 
Fish Creek D (N) Natural condition, low flow, 

limited access, remote 
Forsee Creek  D (N) Natural condition, low flow, 

limited access, remote 
Plunge Creek  D (N) Natural condition, low flow, 

limited access, remote 
Barton Creek D (N) Natural condition, low flow, 

limited access, remote 
Bailey Creek D (N) Natural condition, low flow, 

limited access, remote 
Kimbark Canyon, East Fork Kimbark  
Canyon, Ames Canyon and West Fork 
Cable Canyon Creeks 

D (N) Natural condition, low flow, 
limited access, remote 

Valley Reaches of Above Streams D (N) Natural condition, low, flow, 
limited access 

Other Tributaries (Mountain Reaches): 
Alder, Badger Canyon, Bledsoe Gulch, 
Borea Canyon, Breakneck, Cable 
Canyon, Cienaga Seca, Cold, 
Converse, Coon, Crystal, Deer, elder, 
Fredalba, Frog, Government, Hamilton, 
Heart Bar, Hemlock, Keller, Kilpecker, 
Little Mill, Little Sand Canyon, Lost, 
Meyer Canyon, Mile, Monroe Canyon, 
Oak, Rattlesnake, Round Cienaga, 
Sand, Schneider, Staircase, Warm 
Springs Canyon and Wild Horse 
Creeks, and other tributaries to those 
Creeks. 

D (N) Natural condition, low flow, 
limited access, remote 

San Gabriel Mountain Streams  
San Antonio Creek A (N) Natural condition, wading and 

soaking in summer months 
X  Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 
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Table 5- REC 1-TiersX  

(Continued) 
 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
Rationale for Tier 

Assignment 
Lytle Creek (Middle and North Forks)  A (N)  Natural condition, wading and 

soaking in summer months, 
fishing streams 

Tributaries to Lytle Creek (South Fork 
and Coldwater Canyon Creek) 

D (N) Natural condition, low flow 

Day Canyon Creek  D (N) Natural condition, low flow, 
remote, limited access 

East Etiwanda Creek D (N) Natural condition, low flow, 
limited access, remote 

Valley Reaches of Above Streams D (N) Natural condition, low flow, 
limited access 

Cucamonga Creek / Reach 2 
(Mountain Reach) – 23rd St. in Upland 
to headwaters 

B (N) Natural condition, limited 
access 

Mill Creek (Prado Area) C  limited  access, low flow 
Other Tributaries (Mountain Reaches) 
San Sevaine, Deer Canyon, Duncan 
Canyon, Henderson Canyon, Bull, Fan, 
Demens, Thorpe, Angalls, Telegraph 
Canyon, Stoddard Canyon, Icehouse 
Canyon, Cascade Canyon, Cedar, 
Falling Rock, Kerkhoff, and Cherry 
Creeks and other Tributaries to these 
Creeks 

C (N) Natural condition, low flow, 
limited access, most creeks in 
remote areas 

Valley Reaches of Above Streams D   Low flow, limited access 
San Timoteo Creek   
Reach 1A – Santa Ana River 
Confluence to Barton Road 

D   Low flow, limited access 

Reach 1B – Barton Road to Gage at 
San Timoteo Canyon Rd. 

D   Low flow, limited access 

Reach 2 – gage at San Timoteo to 
confluence with Yucaipa Creek  

C   Low flow, limited access 

Reach 3 – Confluence with Yucaipa 
Creek to confluence with little San 
Gorgonio and Noble Creeks 

C   Low flow, limited access 

Oak Glen, Potato Canyon, and Birch 
Creeks 

D(N)  Natural condition, low flow, 
limited access 

Little San Gorgonio Creeks C (N) Natural condition, low flow, 
limited access, remote 

Yucaipa Creek D  Low flow, limited access 
Other Tributaries to these Creeks-
Valley Reaches 

D  Low flow, limited access 

 

X     Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality 
Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. 
Natural (N) refers to waters, typically in largely natural condition, that are expected to have good ambient 
bacterial quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, 
even if designated Tier B, C, or D based on the intensity of REC1 use. 
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Table 5- REC 1-TiersX  
(Continued)  

 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
 

Rationale for Tier 
Assignment 

Other Tributaries to these Creeks 
(Mountain Reaches) 

C (N ) Natural condition  

Anza Park Drain C  Low flow 
Sunnyslope Channel C  Low flow, limited access,  

Santa Ana sucker habitat 
Tequesquite Arroyo (Sycamore Creek) C   Low flow, limited access 
Prado Area Streams  
Chino Creek  
Reach 1A – Santa Ana River 
confluence to downstream of 
confluence with Mill Creek (Prado 
Area) 

D Low flow, limited access 

Reach 1B – Confluence with Mill Creek 
(Prado Area) to beginning of concrete 
lined channel south of Los Serranos 
Rd.   

C Low flow, limited access 

Reach 2 – Beginning of concrete-lined 
channel south of Los Serranos Rd. to 
confluence with San Antonio Creek  

D Low flow, limited access 

Temescal Creek5 
Reach 2 – 1400 ft. upstream of 
Magnolia Ave. to Lee Lake 

D Low flow, limited access 

Reach 3 – Lee Lakes (see Lakes)   
Reach 4 – Lee Lake to Mid-section 
Line of Section 17 

D Low flow, limited access 

Reach 5 – Mid-section line of Section 
17 to Elsinore Groundwater 
Management Zone  Boundary 

D Low flow, limited access 

Reach 6 – Elsinore Groundwater 
Management Zone Boundary to Lake 
Elsinore Outlet 

D Low flow 

Coldwater Canyon Creek C (N) Natural condition, limited 
access, remote 

Bedford Canyon Creek  C (N) Natural condition, limited 
access, remote 

Dawson Canyon Creek C (N) Natural condition, limited 
access, remote 

 

X     Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality 
Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. 
Natural (N) refers to waters, typically in largely natural condition, that are expected to have good ambient 
bacterial quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, 
even if designated Tier B, C, or D based on the intensity of REC1 use. 

5 Reach 1a and 1b not designated REC1 as determined through the UAA process.  
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Table 5- REC 1-TiersX  
(Continued) 

 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
 

Rationale for Tier 
Assignment 

Other Tributaries to these Creeks C (N) Natural condition, limited 
access 

San Jacinto River   
Reach 1 – Lake Elsinore to Canyon 
Lake 

C Low flow 

Reach 2 – Canyon Lake (see Lakes)   
Reach 3 – Canyon Lake to Nuevo 
Road 

D Low / ephemeral flow, limited 
access 

Reach 4 – Nuevo Road to North-South 
Mid-Section Line, T4S/R1W-S8 

D Low / ephemeral flow, limited 
access 

Reach 5 – North-South Mid-Section 
Line, T4S/R1W-S8, to Confluence with 
Poppet Creek  

D Low / ephemeral flow, limited 
access 

Reach 6 – Poppet Creek to Cranston 
Bridge 

C Low flow 

Reach 7 – Cranston Bridge to Lake 
Hemet  

C (N) Natural condition, limited  
access, remote 

Bautista Creek - Headwaters to Debris 
Dam 

D (N) Low flow, agricultural lands in 
lower section 

Strawberry Creek and San Jacinto 
River, North Fork 

C (N) Low flow, limited access, 
some areas remote  

Fuller Mill Creek C (N) Low flow, limited access, 
remote 

Stone Creek C (N) Low flow, limited access, 
remote 

Other Tributaries: Logan, Black 
Mountain, Juaro Canyon, Indian, 
Herkey, Poppet, and Potrero Creeks 
and other Tribuarties to these Creeks 

D (N) Low flow, limited access, 
remote 

Salt Creek D  Low /  ephemeral flow 
Goodhart Canyon Creek, St. John’s 
Canyon, and Cactus Valley Creeks 

D Low / ephemeral flow, remote 

Lakes and Reservoirs  
Baldwin Lake D (N) Ephemeral / intermittent  
Big Bear Lake A Designated swimming areas 
Erwin Lake D Ephemeral / intermittent 
Evans Lake D Swimming prohibited by City 

Park officials  
Jenks Lake B (N) Mt. fishing lake, REC body 

contact activities discouraged 
Lee Lake C Swimming prohibited, float 

tube fishing allowed 
Lake Mathews D Drinking water reservoir, 

access prohibited 
X  Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 
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Table 5- REC 1-TiersX  
(Continued) 

 

LAKES AND RESERVOIRS 
Tier A, B, C, OR 

D 
 

Rationale for Tier 
Assignment 

Mockingbird Reservoir D Limited access/ fenced and 
locked 

Lake Norconian  
D Access prohibited by U.S. 

Navy, no water contact REC 
activities allowed  

Anaheim Lake  C Fishing, GW recharge basin, 
water contact REC activities 
prohibited  

Irvine Lake B Fishing Lake, water contact 
REC activities prohibited. Float 
tube fishing allowed. 

Peters Canyon, Rattlesnake, Sand 
Canyon and Siphon Reservoirs 

D Water contact REC activities 
and/or access prohibited 

Canyon Lake A Water contact activities 
allowed 

Lake Elsinore  A Water contact activities 
allowed 

Lake Fulmor C Fishing allowed 
Lake Hemet C Fishing Lake, float tube fishing 

and water contact REC 
activities prohibited. 

Mystic Lake C Ephemeral lake, water fowl 
hunting allowed 

Lake Perris A Water contact activities 
allowed, designated swimming 
areas 

WETLANDS (INLAND) 
San Joaquin Freshwater Marsh D Access prohibited 
Shay Meadows D (N) Natural conditions, low flows 
Stanfield Marsh D Access prohibited  
Prado Basin Management Zone C Access prohibited, thick 

vegetation limits accessibility  
San Jacinto Wildlife Preserve  C Hunting ponds filled with 

treated effluent 
Glen Helen C Low flow, County Park 
   
   

 
X  Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 
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It is important to note that the freshwaters listed in Table 5-REC1-Tiers were not assessed 
comprehensively in detail to determine whether primary contact recreation actually takes place or 
has taken place in the past, and at what intensity. The assignments to different Tiers are based on 
Board staff and stakeholder knowledge of the characteristics of these waters, evidence regarding 
existing or probable future primary contact recreational activity, and anecdotal information, all 
compiled by the Stormwater Quality Standards Task Force and during public review of the 
recreation standards amendments in 2012. Therefore, if and as knowledge of each of these waters 
is obtained in the future, the Tier assignments are subject to change. Further, Use Attainability 
Analyses may be conducted in the future for one or more of these waters, which may lead to 
changes in REC1 designations (see Chapter 3, Recreation Beneficial Uses). Inclusion of a 
waterbody in Table 5- REC1-Tiers does not denote a determination that REC1 is, in fact, an 
existing use for that waterbody.  
 
In accordance with federal regulation (the “BEACH Act Rule”), an heavily used primary contact 
freshwater (Reach 3 of the Santa Ana River) was used as the baseline for identifying other Tier A 
waters within the  Region. Then, Reach 3 and other Tier A waters were used to categorize other 
freshwaters in the Region based on their relative known or estimated intensity of primary contact 
use.   
 
Table 5-REC1-ssv shows maximum expected Single Sample values for E. coli for Tier A, B, C and 
D freshwaters. The values shown are based on a default log standard deviation, derived from the 
epidemiological studies USEPA used to formulate the 1986 national criteria, and on alternative log 
standard deviations. The equation used to calculate these Single Sample Maximum values is 
included in the Table and may be used to derive site-specific SSMs, under certain conditions (see 
table notes 2 and 5). As stated above, these Single Sample Maximum values were derived from 
USEPA’s recommended bacteria criteria (USEPA 1986). Again as stated previously, the Single 
Sample values for waters denoted as “N” in Table 5-REC1-Tiers are calculated using the 75% 
confidence factor, like Tier A waters.  
 
As specified in Table 4-pio (note 3) and Table 5-REC1-ssv (note 1), where there are sufficient data 
to calculate a representative geometric mean for E. coli, the Single Sample Maximum values 
specified in Table 5-REC1-ssv shall not be used to assess compliance with the geometric mean E. 
coli objective specified in Table 4-pio. Geometric mean objectives are the more reliable measure of 
long-term water body conditions and are thus strongly preferred for use in water body assessment 
decisions, including the development of the Clean Water Act section 303(d) list of impaired waters.  
The use of only Single Sample Maximum bacterial data is generally inappropriate for such 
assessments unless there is a limited data set, the water is subject to short-term spikes in bacteria 
concentrations, or there are other circumstances that justify the use of only single sample 
maximum data. The expected principal use of Single Sample Maximum values for the freshwaters 
of this Region is to implement public notification programs and/or to trigger additional monitoring 
and investigation to determine whether there are controllable sources of pathogen input that pose 
a public health concern. Where it is necessary to make public notification and/or beach closure 
decisions in the absence of sufficient data to calculate a representative geometric mean for E. coli, 
no single sample shall exceed the default value shown in Table 5-REC1-ssv or an alternative value 
calculated by using the formula shown in table note 2 (see also table note 5).  For all other 
purposes related to implementing the Clean Water Act, if there are insufficient data to calculate a 
representative geometric mean for E. coli, “X%” of the representative sample data collected over a 
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30 day period (running) shall be less than the default value specified in this Table or the alternative 
calculated value, where X% is the statistical confidence level assigned to a particular waterbody.  
 
A monitoring program designed to assure that sufficient data are collected to determine geometric 
means and/or to provide sufficient data necessary to assess trends in bacteria water quality will be 
implemented. The expected elements of that program, which is subject to approval by the Regional 
Board through the normal public participation process, are described below (Monitoring plan for 
pathogen indicator bacteria in freshwaters). 
 
 

Table 5-REC1-ssv:  Alternative Method for Assessing Probable Compliance with the E. coli 
Objective in Freshwaters Designated REC1 when Insufficient Data are Available to Calculate 

a Geometric Mean
1
 

 

 

Maximum Expected Single Value for E. coli² 
(assuming true geometric mean is =126 

organism/mL 
Standard Deviation 
of Log-transformed 
E. coli data 

Tier A3: 
75% C.L4. 

Tier B3: 
82% C.L. 

Tier C3: 
90% C.L. 

Tier D3: 
95% C.L. 

0.10 147 156 169 184 
0.20 172 194 227 269 
0.30 201 240 305 394 

0.40(default)5 235 298 409 575 
0.50 274 370 550 842 
0.60 320 459 739 1,231 
0.70 374 569 992 1,801 
0.80 437 705 1,332 2,633 
0.90 510 875 1,788 3,849 
1.00 596 1,085 2,401 5,629 
1.10 696 1,346 3,224 8,230 
1.20 814 1,669 4,329 12,034 

 
1 
This table shows single sample values calculated using the formula identified in table note 2.  Default values 

for each Tier are calculated using 0.4 as the log standard deviation (LSD). Alternative values calculated using 
different LSD values are also shown. See table note 5 for discussion of these alternative LSD values. Where it 
is necessary to make public notification and/or beach closure decisions in the absence of sufficient data to 
calculate a representative geometric mean for E. coli, no single sample shall exceed the default value shown 
in this table or an alternative value calculated by using the formula shown in table note 2 (see also table note 
5).  For all other purposes related to implementing the Clean Water Act, if there are insufficient data to 
calculate a representative geometric mean for E. coli, “X%” of the representative sample data collected over a 
30 day peri0d (running) shall be less than the default value specified in this Table or the alternative calculated 
value, where X% is the statistical confidence level assigned to a particular waterbody. Where there are 
sufficient data to calculate a representative geometric mean for E. coli, the default or calculated single sample 
maximum value shall not be used to assess compliance with the E. coli objective in Table 4-pio.  The intent of 
single sample maximum values is to inform public notification decisions and to trigger additional follow-up 
monitoring.  
2
 EPA's recommended formula for calculating the maximum expected single sample value is: 

SSM = ECO * 10
(SCF * LSD)

, where… 
ECO = E. coli Objective expressed as geometric mean of a minimum number of samples; Assumed ECO=126 
based on a minimum of 5 samples over a 30-day period (rolling average) (see Table 4-pio). 
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SCF = the appropriate Statistical Confidence Level Factor for the given waterbody; SCF=0.675 corresponds 
with the 75% confidence level; SCF=0.935 corresponds with the 82% confidence level; SCF=1.28 corresponds 
with the 90% confidence level; SCF=1.65 corresponds with the 95% confidence level. 
LSD = the Log Standard Deviation of measured E. coli densities. 
3
 Single Sample Maximum values for Tier A, B, C or D waters that are also denoted with an “N” in Table 5-

REC1-Tiers shall be calculated as for Tier A waters. 
4 C.L. = Confidence Level 
5 
Variability is calculated as the standard deviation of the log-transformed E. coli data.  In the absence of 

adequate representative data to estimate E. coli variability, the maximum expected single sample value will be 
calculated based on the assumption that the LSD = 0.4, as recommended by EPA [40 CFR 131.41 (69 Fed. 
Reg. 220, 67242; Nov. 16, 2004 (”BEACH Act Rule”))].  Application of an alternative LSD value(s) must be 
approved by the Regional Board through the normal public notice and comment process.  Per USEPA 
requirements identified in the BEACH Act Rule (69 Fed. Reg. 220, 67227), at least 30 samples must be 
collected in a single recreation season to calculate a statistically valid site-specific log standard deviation that 
can be used to calculate a corresponding single sample maximum . Data acceptability shall generally be 
determined using the guidelines described in the Water Quality Control Policy for Developing California's 
Clean Water Act Section 303(d) List [Sept., 2004].   
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Antidegradation targets for REC2 only freshwaters 
 
As discussed in Chapter 4 (Pathogen Indicator Bacteria, REC2 Only Freshwaters), this Plan does 
not specify bacteria quality objectives for freshwaters designated REC2 only. However, it is 
appropriate to take steps to assure that bacteria quality conditions in these waters do not degrade 
as the result of controllable water quality factors, consistent with antidegradation policy 
requirements.  
 
For waters designated REC2 only pursuant to approved Use Attainability Analyses (UAAs; see 
discussion in Chapter 3 and Table 3-1), bacteria quality targets will be calculated and used to 
provide a baseline for expected water quality conditions in these waters. If future monitoring 
provides credible evidence that these targets are being exceeded and that quality conditions may 
have declined, then additional monitoring and investigation will be initiated and corrective action 
taken if and as appropriate. Requirements pertaining to monitoring and follow-up investigation and 
action are identified below (Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters).  

 
The baseline condition (antidegradation target) for each REC2 only water will be established 
through a comprehensive statistical analysis of ambient bacteria quality data that is conducted as 
part of the UAA used to justify the REC2 only designation. The statistical analysis must be 
designed to characterize the entire distribution of the dataset. This includes determination of the 
geometric mean, median, standard deviation, coefficient-of-variation, maximum value, upper 75th 
percentile value and sample size for the dataset. The upper 75th percentile density will serve as 
the antidegradation target, that is, the trigger threshold for further investigation and possible 
corrective action. As new data become available pursuant to requisite monitoring, they will be 
compared to this antidegradation target to determine whether further investigation or action is 
needed. The additional monitoring results must be sufficiently robust to assess whether a lowering 
of water quality has occurred. 

 
In general, the following method will be used to estimate the upper 75th percentile densities: 

 
Step 1) Log-transform the existing data 
Step 2) Calculate the mean of the log-transformed data 
Step 3) Calculate the standard deviation of the log-transformed data 
Step 4) Multiply the standard deviation of log-transformed data by 0.675 
Step 5) Add result from Step 4 to the mean value calculated in Step 2 
Step 6) Calculate the anti-log for the value derived in Step 5; this is the 75% 

Upper Confidence Level. 
 

Using the 75th percentile to assess water quality trends and as a trigger for further monitoring is 
conceptually similar to U.S. EPA’s recommended approach for using Single Sample Maximums 
(see Application of Single Sample Maximum values in REC1 freshwaters, above), and to the 
approach used to characterize ambient TDS and nitrogen quality in the groundwater management 
zones throughout the Santa Ana Region (see Chapter 4, Management Zone TDS and Nitrate-
nitrogen Water Quality Objectives). 



Attachment 1 to Resolution No. R8-2012-0001    Approved June 15, 2012 
 

Page 69 of 78 
 

 
 
Where 75% of the new data is less than or equal to the antidegradation target, no degradation will 
be inferred.  However, if more than 25% of the samples exceed the target, additional samples must 
be collected and analyzed to determine whether the elevated values are anomalous (verified by 
formal outlier analysis) or if there is a true trend toward water quality degradation.   
 
Use Attainability Analyses have been completed to justify the designation as REC2- only the 
specific freshwater stream segments listed in Table 5-REC2 Only Targets-FW.  For each of these 
waters, this Table shows the antidegradation indicator bacteria targets, based on the 75% upper 
confidence level of data obtained as part of the UAAs:  
 
 

Table 5-REC2 Only Targets-FW1  
 

REC2 Only Waterbody 

E. coli  Densities  (cfu/100 mL) 
 

Geometric 
Mean 

Std. 
Dev. N 

Max. 
Observed 

75% 
UCL 

      
Temescal Creek, Reach 1b 198 34 119 9,2002 374 
Santa Ana Delhi Channel, Reach 2 448 110 63 12,590 1231 

UCL= Upper Confidence Level; 75% upper confidence level is the antidegradation target 

1 CDM, Inc.  Technical Memorandum. Calculation of Antidegradation Targets for REC2 Only Freshwaters. 
April 24, 2012. 
2 A value of 1,800,000 cfu/100 mL, from the sample collected on 9/8/2007, was excluded as an outlier. 
3 Targets calculated for dry weather baseflow conditions only; do not apply to samples collected during 
wet weather conditions.  
 

 
Use Attainability Analyses have also been completed for two tidal prisms (Santa Ana Delhi and 
Greenville-Banning channels).  Antidegradation targets for these waters, though not freshwater 
bodies, are shown in Table 5-REC2 Only Targets-Other Waters, below.  
 

Table 5-REC2 Only Targets- Other Waters1 

 

REC2 Only Waterbody 
 

Enterococcus Densities  (cfu/100 mL) 
 

Geometric 
Mean 

Std. 
Dev. N 

Max. 
Observed 

75% 
UCL 

      
Greenville-Banning Channel, Tidal Prism 44 2041 116 22,000 133 
Santa Ana-Delhi Channel, Tidal Prism 439 4852 65 28,600 1320 
UCL= Upper Confidence Level; 75% upper confidence level is the antidegradation target 

1 California Regional Water Quality Control Board, Santa Ana Region.  Memorandum prepared by David 
Woelfel. Calculation of Antidegradation Targets for REC2 Only Waters-Tidal Prisms.  April 24, 2012 
2       Targets calculated for dry weather baseflow conditions only; do not apply to samples collected during 
wet weather conditions.  
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Controllable and Uncontrollable Sources of Bacteria 

 
As described in Chapter 4, certain water quality objectives established in this Basin Plan refer to 
“controllable sources” or “controllable water quality factors”.   Whether or not sources are 
“controllable” affects the ability of the Regional Board and dischargers to assure that waste 
discharges are regulated and controlled so as to assure the reasonable protection of beneficial 
uses.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
 
Uncontrollable bacteria sources refer to contributions of bacteria within the watershed from 
nonpoint sources that are not readily managed through technological or natural mechanisms or 
through source control and that may result in exceedances of water quality objectives for indicator 
bacteria. Specific uncontrollable indicator bacteria sources within the Santa Ana Region may 
include:  

• Wildlife activity and waste 
• Bacterial regrowth within sediment or biofilm 
• Resuspension from disturbed sediment 
• Marine vegetation (wrack) along high tide line 
• Concentrations (flocks) of semi-wild waterfowl 
• Shedding during swimming 

 
Controllable bacteria sources refer to any bacteria indicator source that can be controlled by 
treatment or management methods. Requirements for the application of Best Available Treatment 
technology (BAT) and Best Conventional Treatment technology (BCT) apply to some of these 
sources (e.g., POTWs) ;  in other cases, such as discharges regulated under the areawide 
municipal separate storm system permits (“MS4” permits), reasonable actions to reduce or 
eliminate the contribution of these sources to the maximum extent practicable are required. These 
include the implementation of best management practices or other mechanisms.  Controllable 
sources are predominantly anthropogenic in nature and can be reduced in varying degrees.  
 
Specific anthropogenic controllable indicator bacteria sources within the Santa Ana Region may 
include:  

• Improper use of fertilizers on residential and commercial properties and agricultural lands 
• Improper handling of pet waste 
• Cross-connections between the sanitary and storm sewer systems 
• Leaky sanitary sewer conveyances 
• Discharges from POTWs 
• Improper handling and disposal of food waste 
• Improper management of CAFO waste and washwater 
• Runoff from yards containing fertilizers, pet waste, and lawn trimmings 
• Homeless encampments 
 

Certain techniques are available to identify human sources; when practical, those techniques 
should be used in areas where persistent exceedances of bacteria objectives occur.  
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These source definitions and categories may be further refined as more science becomes 
available.  
 

 
High flow suspension of recreation standards  

 
 

In semi-arid areas like much of the Santa Ana Region, intermittent but sometimes intense rains 
pose a serious risk of flash flooding. Stormwater runoff significantly increases the volume and 
velocity of local stream flows. Dam releases and other irregular sources, such as imported water 
transfers, can also result in dramatic, though transitory, increases in stream flow and velocity. Such 
flows create a severe hazard to public safety and temporarily preclude attainment of recreational 
uses in or near the water. 
 
These hazards are exacerbated in urban streams that have been engineered or heavily modified to 
provide essential flood protection during and immediately following storm events.  Channel 
straightening, bank stabilization, substantial vegetation removal and flow diversions are all 
intended to convey stormwater runoff to a suitable discharge location as rapidly as possible while 
minimizing the risk of flooding and erosion.  However, these common flood control construction 
practices and maintenance procedures significantly increase the volume and velocity of flow in 
urban channels during wet weather conditions.  The danger inherent in recreating under such 
conditions is well-recognized by other Regional Boards and reflected in the suspension of 
recreational beneficial uses and applicable bacteria quality objectives during specific high flow 
conditions in other urban areas (see, for example, Resolution No. 2003-010 of the Los Angeles 
Regional Board, subsequently affirmed by State Board Resolution No. 2003-0071).  
 
This Plan recognizes these circumstances and specifies that the recreational use designations 
(REC1 and REC2), the narrative pathogen objective and the numeric pathogen indicator objectives 
shown in  Table 4-pio are temporarily suspended when high flows preclude safe recreation in or 
near freshwater stream channels that have been engineered, heavily modified or maintained to 
serve as temporary flood control facilities. Temporary suspensions of recreation standards do not 
apply to freshwater lakes, ocean beaches or enclosed bays or estuaries. 
 
 
Definition of Unsafe Flows.  Flow conditions in freshwater streams in the Santa Ana watershed 
are presumptively unsafe if either of the following conditions occurs:  (1) stream velocity is greater 
than 8 feet-per-second (fps); or, (2) the product of stream depth (feet) and stream velocity (fps) 
(the depth-velocity product) is greater than 10 ft2/s+. Where representative stream gauge data are 
not available, unsafe flows are presumed to exist in stream channels that have been engineered or 
heavily modified for flood control purposes when rainfall in the area tributary to the stream is 
greater than or equal to 0.5 inches in 24 hours. Rainfall measurements may be estimated using 
gauges, Doppler radar data, or other scientifically defensible methods. 
 
It is recognized that, because of channel morphology, substrate type or other conditions, it may be 
unsafe to engage in recreational activities under lower flow conditions in stream channels. The fact 
that recreational standards may be suspended under some but not all flow conditions does not 
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imply that it is safe to recreate in or near a waterbody when the high flow suspension is not in 
force.  
 

+ The depth-velocity product criterion is not intended to apply to normal dry weather flows contained within low-
flow pilot channels within engineered or heavily modified channels.  

 
Termination of Temporary Suspension.  Stream flows will be presumed to return to safe 
conditions and the temporary suspension of recreation standards will cease 24-hours after the end 
of the storm event, unless actual flow data demonstrate that the suspension should terminate 
sooner or later than the default period. In such cases, the suspension terminates once stream 
flows (measured as cubic-feet/second or (cfs) have returned to the range of normal pre-storm 
conditions (cfs<98th percentile as calculated from a calibrated hydrograph for the stream). 
 
 
Site-Specific Flow Triggers.  The hydrology of individual freshwater streams varies greatly. 
Therefore, the thresholds and presumptions related to rainfall and stream flow identified above 
may be adjusted based on site-specific data analysis and/or runoff models, subject to approval by 
the Regional Board through the normal public participation process. 

 
 

Definition of Engineered or Heavily Modified Channels.  The temporary suspension of 
recreational uses and related water quality objectives during unsafe flow conditions applies only to 
streams that have been engineered or heavily modified to enhance flood control protection.  
Engineered streams include all man-made flood control facilities with a box-shaped, V-shaped or 
trapezoidal configuration that have been lined on the side(s) and/or bottom with concrete or similar 
channel-hardening materials.  Heavily modified channels include once natural streams that have 
been substantially re-engineered, using levees, bank stabilization (rip-rap), channel straightening, 
vegetation removal and other similar practices, to facilitate rapid evacuation of increased urban 
runoff during storm events. 
 
 
Delineation of Engineered or Modified Channels.  The very large number of engineered and 
modified flood control facilities in the Santa Ana Region makes it difficult to identify all such 
channels individually by name.  Therefore, Appendix VIII provides maps of the waterbody 
segments that have been engineered or modified in the manner described above and that, 
therefore, qualify for the temporary suspension of recreational standards under specific high flow 
conditions.  Appendix IX contains ArcGIS files that identify each of these same waterbodies in a 
more precise, high-resolution format.  The engineered flood control channels identified in these 
Appendices will be updated annually via the annual report submitted by the MS4 permittees for 
each county in the Region. Additions or deletions to the list of waters identified in these 
Appendices will also be considered during the triennial review process or on a case-by-case basis 
upon request by an interested party to do so. Any such request must be supported by substantial 
evidence. Appendix VIII and Appendix IX can be viewed at the Regional Board’s website:  
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_stan
dards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf, and  
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_stan
dards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip. 
 

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip
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It is important to recognize that while these channels have been engineered or modified for flood 
control purposes, these changes do not necessarily preclude the support of habitat in and adjacent 
to the channels, or the use of that habitat by aquatic, avian and terrestrial wildlife. There may be 
opportunities for habitat and/or species restoration projects in or adjacent to these channels. The 
temporary suspension of recreation standards in these channels would have no effect on the ability 
to implement such projects. 
 
Site-Specific Eligibility for Temporary Suspension.  The Regional Board may determine that it 
is appropriate to apply the temporary suspension to additional waters that may not be engineered 
or modified. Such waters may be added provided that it is demonstrated that high hazardous flow 
conditions preclude attainment of the use and that such recreational uses are not “existing” uses 
during high flow conditions. Such a demonstration will require that a Use Attainability Analysis 
(UAA) be performed in accordance with federal regulations. The Regional Board may also 
determine that recreation standards should not be suspended in some specific streams if it is 
demonstrated that stream channel conditions or flow controls effectively eliminate any safety 
hazard to the public.  

 
Special Case:  Santa Ana River- Reach 2.  Reach 2 of the Santa Ana River extends from Prado 
Dam near Corona downstream to 17th Street in Santa Ana.  Much of this segment of the River has 
been heavily modified and re-engineered to provide greater flood control protection to the residents 
of Orange County.  Although flow control at Prado Dam minimizes the risk of flash flooding in 
Reach 2, the volume of water passing through the deep and narrow channel near Featherly Park, 
just downstream of the Dam, often exceeds the default threshold that triggers application of the 
high flow suspension.1  The temporary high flow suspension is intended to apply on a limited basis 
to transient conditions.  It is not intended to de-designate recreational uses where elevated flows 
represent the normal baseline condition even during dry weather conditions.  Consequently, the 
flow-based threshold will not be used to trigger application of the high flow suspension in Reach 2 
of the Santa Ana River.  Instead, the temporary high flow suspension will only be applied using the 
rainfall criteria described above or when the Army Corps of Engineers is releasing excess flows 
stored behind Prado Dam in response to previous rain events as described in their Standard 
Operating Procedures.2 

 
Santa Ana River- Reach 3.  It is appropriate to take notice also of Reach 3 of the Santa Ana 
River, which extends from Prado Dam upstream to Mission Avenue in Riverside.  Although much 
of Reach 3 may appear relatively natural to the casual observer, it has in fact been heavily 
modified and re-engineered to enhance flood protection.  The upper half of the reach has been 
channelized with reinforced levees armored by rip-rap. Below Van Buren Boulevard, Reach 3 
remains largely natural. However, numerous flood control facilities have been constructed/modified 
in the multiple streams tributary to this area. These changes have modified the natural stream 
hydrology of the Reach by re-directing and accelerating stormwater runoff from the upper Santa 
Ana watershed that can create exceptionally hazardous flow conditions in the Reach. The 
temporary suspension of recreational standards applies to this Reach. 
 

                                                 
1 Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model Report.  Prepared for the 
Santa Ana Watershed Project Authority's (SAWPA) Basin Monitoring Program Task Force.  May, 2009  
(Historical flows below Prado Dam are charted in Fig. 2-16 of the Report). 
2 United States Army Corps of Engineers. Water Control Manual: Prado Dam and Reservoir, 
Santa Ana River, California.  1994. 
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Limitations of the Temporary High Flow Suspension.  It is important to emphasize that 
temporary suspensions of recreation standards in specific waters do not nullify the obligation to 
meet downstream standards, unless the recreation standards have also been suspended for those 
waters at the same time. Further, temporary suspensions of recreation standards do not relieve 
Publicly Owned Treatment Works (POTWs) of the obligation to continue to comply with effluent 
limitations established to assure the protection of recreation beneficial uses in the receiving waters.  
These effluent limitations take into account the dilution that may be made available by stormwater 
flows. (See also POTW Discharge Requirements and Implementation of Recreational Standards, 
below). 

 
 

Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters 
 

Monitoring of pathogen indicator bacteria in fresh surface waters in the Region is conducted by a 
variety of agencies in response to statutory and regulatory requirements. This includes monitoring 
of stormwater at selected locations within Orange, Riverside and San Bernardino counties, as 
required by the areawide urban stormwater permits. Monitoring is also conducted to address 
pathogen indicator TMDL requirements (e.g, the Middle Santa Ana River TMDL) and to support the 
assessment of surface waters, which may lead to the listing or delisting of these waters on the 
Clean Water Section 303(d) list of impaired waters. These monitoring efforts have been conducted 
independently to a large degree to respond to individual agency needs. 
 
Some of these monitoring programs have evolved from focus on fecal and total coliform bacteria, 
on which bacteria quality objectives have been based historically, to include other pathogen 
indicators, such as E. coli and enterococcus. Measurement of these other indicators was prompted 
by changes in USEPA’s recommended bacteria quality criteria for recreation waters, published in 
1986. These criteria changes also led to the modification of the Basin Plan in 2012 to incorporate 
revised pathogen indicator objectives and implementation triggers (single sample maximum 
values), all based on E. coli, to protect recreation uses in inland surface waters (see Chapter 4 
WATER QUALITY OBJECTIVES; CHAPTER 5 IMPLEMENTATION, Application of Single Sample 
Maximum Values in REC1 freshwaters). 
 
The E. coli objectives and single sample maximum values that are specified in this Basin Plan 
implement the public health risk management approach employed in USEPA’s 1986 national 
criteria. Pathogen indicator monitoring should also reflect this risk-based approach. Because 
monitoring resources are limited, the highest priority should be given to REC1 waters where 
primary contact recreation is most likely to occur, i.e. Tier A REC1 waters.  Lower priority should be 
assigned to waters where primary contact recreation occurs infrequently or not at all. 
 
As part of the Stormwater Quality Standards Task Force efforts that led to the adoption of the E. 
coli objectives for inland fresh surface waters, the three principal funding members,  
i.e., the Orange, Riverside and San Bernardino county stormwater agencies, committed to 
participate in the development and implementation of a comprehensive, watershed-wide bacteria 
quality monitoring program. Other dischargers who contribute or may contribute to pathogen 
indicator bacteria inputs to surface waters will be required to conduct bacteria quality monitoring, 
individually or in concert with this comprehensive program. It is expected that participation in the 
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comprehensive effort would result in cost savings to individual dischargers and would be the most 
effective way to collect data necessary to assess the receiving water quality effects of discharges.  
 
A proposed comprehensive monitoring program is to be submitted by the Orange, Riverside and 
San Bernardino county stormwater agencies no later than [1 year from the date of Regional Board 
approval of the new E. coli objectives – insert date certain once amendment is approved by 
Regional Board], except that the Quality Assurance Project Plan (QAPP) shall be submitted no 
later than [90 days after EPA approval of the new E. coli objectives – insert date certain once 
amendment is approved]. The proposed program shall meet the following: (1) all water quality 
monitoring for pathogen indicator bacteria must be conducted in accordance with a QAPP that has 
been approved by the Regional Board's Quality Assurance Officer; (2) bacteria monitoring data 
must be compatible with the state's Surface Water Ambient Monitoring Program (SWAMP); (3) 
waterbodies proposed as a high priority for monitoring shall be identified and the rationale for their 
selection documented; (4)  each identified high priority waterbody must be sampled for pathogen 
indicator bacteria sufficient to provide a minimum of 5 samples per 30 day period, year-round, 
unless documented waterbody conditions (e.g,. water temperature, ice on the surface of lakes, 
high risk of flash flooding, etc.) exist that justify a reduced frequency; (5) the designated sampling 
locations must be selected so as to characterize bacteria concentrations immediately upstream of 
areas where the greatest level of recreational activity normally occurs; (6) the monitoring plan must 
identify the latitude and longitude of routine sampling location(s), the rationale for selecting each 
location, other locations considered but rejected, and the agency responsible for collecting and 
analyzing the sample from each high priority location; (7) the monitoring plan must describe the 
sampling locations and frequency for collecting pathogen indicator bacteria data in lakes and 
streams designated REC-1 but where recreational activities are far less likely to occur (i.e., Tier B, 
C or D waterbodies); (8) the monitoring plan must include a proposal for periodic bacteria 
monitoring of waters designated REC2 in order to confirm that there is no significant degradation of 
the quality of these waters; (9) results from the comprehensive bacteria monitoring program must 
be submitted annually. The agencies implementing the program may submit the report collectively 
or on an individual basis; and, (10) the data must be put into the CEDEN (SWAMP) database 
and/or the database maintained by the Santa Ana Watershed Project Authority.  
 
The comprehensive program is to be implemented upon the approval of the Regional Board.  The 
program will be reviewed and may be revised at least once every three years. This includes 
consideration of the waterbodies deemed high and low priority for monitoring purposes. Monitoring 
programs specified as part of NPDES permits, Waste Discharge Requirements and other orders of 
the Regional Board will be considered in light of the comprehensive program being implemented. 
As appropriate, dischargers in addition to the stormwater agencies will be required to conduct 
bacteria quality monitoring of the receiving waters. Such monitoring may be conducted 
independently by these other dischargers, but participation in and coordination with the 
comprehensive program will be strongly encouraged.  The goal is to integrate all monitoring efforts 
to the extent feasible and reasonable to reduce or eliminate redundancy and maximize the efficacy 
of the monitoring effort. Requirements pertaining to data quality assurance, SWAMP compatibility, 
reporting and database entry will also be specified in individual requirements issued by the 
Regional Board.  
 
Where water quality monitoring data indicate significant non-compliance with the applicable 
pathogen indicator objective, agencies discharging to that waterbody must submit a plan to the 
Regional Board to identify the pollutant source(s) unless monitoring data show that their particular 
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discharge is not causing or contributing to the exceedance.  The source evaluation plan must be 
implemented upon approval by the Executive Officer. 
 
Where water quality monitoring data, collected through the approved comprehensive monitoring 
program or by interested agencies, organizations or individuals, indicate that a single sample 
maximum value assigned to a Tier B, C or D REC1 water, or the bacteria target assigned to a 
REC2 only water, is being exceeded, then the Regional Board will require agencies discharging to 
that waterbody to submit a plan for investigation into the bacteria quality of that waterbody, 
including monitoring.  Where the investigation shows that the bacteria quality of the waterbody is 
adversely affected by a controllable source, then a corrective action plan and schedule will be 
required. Both the investigation plan and, as necessary, corrective action plan, must be 
implemented upon approval by the Regional Board’s Executive Officer. Such follow-up 
investigation and corrective action will be triggered only upon the demonstration of credible 
evidence documenting a potential bacterial quality problem. Credible evidence shall consist of at 
least two consecutive samples that exceed the SSM/REC2 target.  It is expected that the proposed 
schedule for any needed corrective action will be as soon as practicable but no longer than two 
years from the date that the controllable source(s) is identified.  
 
The Regional Board acknowledges that the obligation to gather, analyze and report water quality 
data does not, by itself, establish any specific liability for pollutant remediation.  That responsibility 
depends on identifying the source(s) of bacterial contamination.  The Regional Board strongly 
supports proactive voluntary efforts organized through local Task Forces to accomplish these 
objectives.  However, where necessary, the Regional Board will continue to impose monitoring and 
remediation requirements through the permitting, enforcement and TMDL processes in order to 
protect water quality for recreational uses. 
 
To begin the development of a comprehensive bacteria quality monitoring program, the 
Stormwater Quality Standards Task Force considered the waterbodies that should be considered 
high priority for monitoring and identified a tentative list, shown in Table 5-REC-Potential High 
Priority Waters, below. The waterbodies identified in Table 5- REC-Potential High Priority Waters 
should be considered in the development of the proposed comprehensive monitoring program.  

 
Table 5-REC-Potential High Priority Waters for Monitoring of Pathogen Indicator 

Bacteria in Freshwaters 
 

LAKES STREAMS 
Big Bear Lake Lytle Creek – Middle and North 

Forks 
Lake Perris Mill Creek – Reach 2 
Lake Elsinore Santa Ana River – Reach 3 
Canyon Lake San Antonio Creek  
  

 
 
POTW discharge requirements and implementation of recreation standards 
 
As discussed in Chapter 4 – WATER QUALITY OBJECTIVES, this Basin Plan establishes 
water quality objectives that are intended to protect beneficial uses. These include the 
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narrative pathogen objective and numeric pathogen indicator objectives for freshwaters 
(Table 4-pio) that are specified for the protection of primary contact recreation in surface 
waters. However, in issuing waste discharge requirements that assure beneficial use 
protection, the Regional Board must consider not only the established objectives but also 
whether case-specific circumstances warrant the application of limitations more stringent 
than those necessary to implement the objectives. Such special consideration applies to 
discharges of treated sewage to surface waters by Publicly Owned Treatment Works 
(POTWs) or other entities and the protection of public health and primary contact recreation 
in those receiving waters. 
 
The California Department of Public Health (CDPH) has found that in most instances, in 
order to protect the health of members of the public who engage in primary contact 
recreation in surface waters that receive treated sewage discharges, treatment of the 
discharges must be provided so as to achieve an approximate 5 log reduction in the virus 
content of the wastewater. The efficacy of the treatment process in achieving this reduction 
is reflected, in part, by measurements of total coliform bacteria.  
 
Based on these recommendations and relevant regulations established by CDPH in the 
California Code of Regulations (Title 22, Division 4, Chapter 3, Section 60301 et seq.), 
waste discharge requirements issued by the Regional Board to POTWs and other entities 
for discharges of treated sewage to surface waters include stringent total coliform 
limitations. The Fact Sheets accompanying these waste discharge requirements provide 
detailed explanation of the rationale for these effluent limitations and related discharge 
specifications. The salient point here is that these waste discharge requirements do not 
include effluent limitations based on the numeric objectives for E. coli that are specified in 
Table 4-pio. The Regional Board has found that the total coliform limitations are necessary 
to assure adequate treatment of sewage before discharge to surface waters and thereby, to 
assure protection of public health and primary contact recreation uses.  
 
The temporary suspension of recreation standards in certain surface waters (see High flow 
suspension of recreation standards, above) under high flow conditions does not obviate the 
need for POTWs and other entities discharging treated sewage (recycled water) to surface 
waters to continue to meet the coliform limitations specified in their waste discharge 
requirements. To implement the narrative pathogen objective (see Chapter 4, WATER 
QUALITY OBJECTIVES, INLAND SURFACE WATERS, Pathogen Indicator Bacteria), the 
Regional Board may also require recycled water discharged to freshwaters designated 
REC1 or REC2 to comply with other limitations, including those recommended by CDPH.  
 
Amend CHAPTER 5 – IMPLEMENTATION – add references 
 
33. United States Environmental Protection Agency, “Water Quality Standards for Coastal 
and Great Lakes Recreation Waters; Final Rule”, 40 CFR 131.41. Federal Register, Vol. 69, 
No. 200, November 16, 2004, pp.67217 et seq 
 
34.  CDM.  Technical Memorandum. Calculation of Antidegradation Targets for REC2 Only 
Freshwaters. December 30, 2011. 
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35. California Regional Water Quality Control Board, Santa Ana Region.  Memorandum 
prepared by David Woelfel. Calculation of Antidegradation Targets for REC2 Only Waters-
Tidal Prisms.  December 30, 2011 
 
36. U.S. EPA.  Water Quality Standards Handbook.  Sept. 15, 1993.  
 
37. United States Army Corps of Engineers. Water Control Manual: Prado Dam and 
Reservoir, Santa Ana River, California.  1994. 
 
38. Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model 
Report.  Prepared for the Santa Ana Watershed Project Authority's (SAWPA) Basin 
Monitoring Program Task Force.  May, 2009    
 
39. State Water Resources Control Board.. “Water Quality Control Policy for Developing 
California's Clean Water Act Section 303(d) List”. September 2004. 
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7.01 Request to State Water 
Resources Control Board   



EDMUND G. SHOWN JR 
GOVLflNO~l 

Water Boards 
~ MAHHEw Roonmut:z l ............... ~ SECfHfMlYrOR 
~ f"NVmONM~NTAl F'~1t;l!l,T10N 

Santa Ana Regional Water Quality Control Board 

TO: 

FROM: 

DATE: 

SUBJECT: 

Tom Howard 
Executive Director 
STATE WATER RESOURCES CONTROL BOARD 

furtt~ch~ 
Executive Officer 
SANTA ANA REGIONAL WATER QUALITY CONTROL BOARD 

August 14, 2012 

STATE WATER RESOURCES CONTROL BOARD APPROVAL OF 
SANTA ANA REGION RESOLUTION NO. RS-2012-0001, ADOPTING 
AMENDMENTS TO THE WATER QUALITY CONTROL PLAN (BASIN 
PLAN) FOR THE SANTA ANA REGION TO INCORPORATE REVISED 
RECREATIONAL STANDARDS FOR INLAND FRESH SURFACE 
WATERS IN THE REGION 

This is to request State Water Board approval at the State Water Board's October 16, 
2012 meeting of Basin Plan amendments adopted by the Santa Ana Regional Water 
Board on June 15, 2012 (Resolution No. RS-2012-0001 ). The amendments revise 
recreational standards for inland fresh surface waters in the Santa Ana Region. The 
amendments make other changes to the Basin Plan, including: (1) the addition of 
surface waters not presently listed in the Basin Plan and designation of beneficial uses 
for these added waters; (2) deletion of the fecal coliform objective specified for MUN
designated fresh waters; and, (3) editorial changes. 

A copy of Resolution No. RS-2012-0001 and two attachments to that Resolution are 
attached. Attachment 1 to Resolution No. RS-2012-0001 is the underline/strikeout 
version of the amendments. Attachment 2 to the Resolution is the "clean" version of the 
amendments. Also attached are Santa Ana Water Board staffs responses to peer 
review comments. 

The Resolution, attachments, peer review comments and responses, public/agency 
comments and responses, staff reports, CEQA analyses and other supporting 
documentation are posted on the Santa Ana Water Board's website at: 
http://www.waterboards.ca.gov/santaana/water issues/programs/basin plan/recreation 
al standards.shtml. 

The approved amendments address the following performance measures: 
• Four (4) UAAs adopted (affecting 4 surface streams and 8 stream segments) 
• Water quali,ty objective actions: 

CAROLE H. BeSWICK, CHAIR 1 Kum V. BERCIIIPI n, EXECUTIVE OFFICER 

3737 Mam St., Suite 500, Riverside, CA 92501 I www.waterboards.ca.gov/santaana 



Tom Howard - 2 - August 14, 2012 

o Fecal coliform objectives for REC1/REC2 inland fresh waters deleted 
o E. coli objectives added for REC1 inland fresh waters 
o Fecal coliform objective for MUN-designated inland fresh waters deleted 
o Narrative pathogen objective added 

The Santa Ana Water Board contact persons most familiar with these Basin Plan 
amendments and the administrative record are Joanne Schneider and David Woelfel, 
who can be reached at (951)782-3287 and (951)782-7960, respectively. The Santa Ana 
Water Board's legal counsel is David Rice, who can be reached at (916)341-5182. 

cc: w/ attachments 
Vicky Whitney, Deputy Director, Division of Water Quality 
Rik Rasmussen, Division of Water Quality 
Paul Hann, Division of Water Quality 
Julie Saturnio, Division of Water Quality 

Attachments 
Notice of Opportunity to Comment 
Resolution No. R8-2012-0001 w/ Attachments 1 (underline/strikeout version of 
the amendments) and 2 ("clean" version of the amendments) 
Responses to Peer Review Comments 



 
 
 
 
 
 

 

7.02 Notices and Agendas   



 
 
 
 
 
 
 
 
 

 

 

NOTICE OF OPPORTUNITY TO COMMENT 

 
PROPOSED APPROVAL OF AMENDMENTS TO THE WATER QUALITY CONTROL PLAN 

FOR THE SANTA ANA RIVER BASIN TO REVISE 
RECREATIONAL STANDARDS FOR INLAND FRESH 

SURFACE WATERS IN THE SANTA ANA REGION 

 

NOTICE IS HEREBY GIVEN THAT the State Water Resources Control Board (State Water 
Board) will accept comments on the proposed approval of the Regional Water Quality Control 
Board – Santa Ana Region’s (Santa Ana Water Board’s) amendment to the Water Quality 
Control Plan for the Santa Ana River Basin (Basin Plan) that would revise recreational 
standards for inland fresh surface waters in the Santa Ana Region.  The Basin Plan 
amendments were adopted by the Santa Ana Water Board on June 15, 2012, and are available 
for review at:   

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/recreational_standards.sht

ml.  

A copy of the Basin Plan amendments can also be obtained by mail by contacting David Woelfel 
at 951-782-7906.   

REQUEST NOTICE OF STATE BOARD MEETINGS.  The State Water Board will separately 
publish an agenda for the meeting at which it will consider adopting a resolution approving the 
Basin Plan amendments.  Oral comments at the State Water Board meeting generally will be 
limited to a summary of the written comments submitted during the written comment period.  
Persons interested (including those who submit oral or written comments to the Santa Ana  
Water Board and State Water Board) in receiving notice of the meeting at which the State Water 
Board will consider approving the Basin Plan amendments must subscribe to: 
http://www.waterboards.ca.gov/resources/email_subscriptions/reg8_subscribe.shtml and check 
the box for Basin Planning.  The State Water Board encourages use of its electronic mailing list.  
Persons who require notice by regular mail must submit such request to the Santa Ana Water 
Board contact identified below. 

SUBMISSION OF WRITTEN COMMENTS.  Persons interested in the Basin Plan amendments 
are encouraged to submit comments electronically.  Comment letters must be received by 

12:00 noon on September 14, 2012.  Comment letters received after that deadline will not be 
accepted unless the State Water Board determines otherwise.  Send comments to Jeanine 
Townsend, Clerk to the State Water Board, by email at commentletters@waterboards.ca.gov 
(must be no more than 15 megabytes); fax at (916) 341-5620; or mail or hand delivery at: 
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Jeanine Townsend, Clerk to the Board 
State Water Resources Control Board 

P.O. Box 100, Sacramento, CA 95812-2000 (mail) 
1001 I Street, 24th Floor, Sacramento, CA 95814 (hand delivery) 

Please also indicate in the subject line, “Comment Letter—Recreation Standards 

Amendments by the Santa Ana Water Board”. 

REQUIREMENTS FOR SUBMITTING COMMENTS (23 Cal. Code Regs., § 3779, subd. (f)). 
The State Water Board may refuse to accept any comments that do not satisfy all of the 
following requirements:   

1. Comments must specifically address the final version of the Basin Plan amendments 
adopted by the Santa Ana Water Board. 

2. If the Santa Ana Water Board previously responded to a similar or identical comment, 
the commenter must explain why and in what manner the commenter believes each of 
the responses provided by the Santa Ana Water Board to each comment was 
inadequate or incorrect.   

3. The commenter also must include either a statement that each of the comments was 
timely raised before the Santa Ana Water Board, or an explanation of why the 
commenter was unable to raise the specific comment before the Santa Ana Water 
Board.   

Please direct any questions about this notice to Joanne Schneider, Environmental Program 
Manager at 951-782-3287 or jschneider@waterboards.ca.gov; or David Rice, Staff Counsel at 
916-341-5182 or DavidRice@waterboards.ca.gov. 

 

 

 

     
Date Jeanine Townsend 
 Clerk to the Board 
 
 
 
 
 



 
 
 
 
 
 
 
 
 

 

REVISED 
NOTICE OF OPPORTUNITY TO COMMENT 

 
PROPOSED APPROVAL OF AMENDMENTS TO THE WATER QUALITY CONTROL PLAN 

FOR THE SANTA ANA RIVER BASIN TO REVISE RECREATIONAL STANDARDS  
FOR INLAND FRESH SURFACE WATERS IN THE SANTA ANA REGION 

 
 

NOTICE IS HEREBY GIVEN THAT the State Water Resources Control Board (State Water 
Board) will accept comments on the proposed approval of the Regional Water Quality Control 
Board – Santa Ana Region’s (Santa Ana Water Board’s) amendment to the Water Quality 
Control Plan for the Santa Ana River Basin (Basin Plan) that would revise recreational 
standards for inland fresh surface waters in the Santa Ana Region.  The Basin Plan 
amendments were adopted by the Santa Ana Water Board on June 15, 2012, and are available 
for review at:  
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/recreational_stand
ards.shtml. 
 
A copy of the Basin Plan amendments can also be obtained by mail by contacting David Woelfel 
at (951) 782-7960. 
 
REQUEST NOTICE OF STATE BOARD MEETINGS 
The State Water Board will separately publish an agenda for the meeting at which it will 
consider adopting a resolution approving the Basin Plan amendments.  Oral comments at the 
State Water Board meeting generally will be limited to a summary of the written comments 
submitted during the written comment period.  Persons interested (including those who submit 
oral or written comments to the Santa Ana Water Board and State Water Board) in receiving 
notice of the meeting at which the State Water Board will consider approving the Basin Plan 
amendments must subscribe to: 
http://www.waterboards.ca.gov/resources/email_subscriptions/reg8_subscribe.shtml and check 
the box for Basin Planning.  The State Water Board encourages use of its electronic mailing list.  
Persons who require notice by regular mail must submit such request to the Santa Ana Water 
Board contact identified below. 
 
SUBMISSION OF WRITTEN COMMENTS 
Persons interested in the Basin Plan amendments are encouraged to submit comments 
electronically.  Comment letters must be received by 12:00 noon on October 1, 2012.  
Comment letters received after that deadline will not be accepted unless the State Water Board 
determines otherwise.  Send comments to Jeanine Townsend, Clerk to the State Water Board, 
by e-mail at commentletters@waterboards.ca.gov (must be no more than 15 megabytes); fax 
at (916) 341-5620; or mail or hand delivery at: 

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/recreational_standards.shtml
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/recreational_standards.shtml
http://www.waterboards.ca.gov/resources/email_subscriptions/reg8_subscribe.shtml
mailto:commentletters@waterboards.ca.gov
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Jeanine Townsend, Clerk to the Board 
State Water Resources Control Board 

1001 I Street, 24th Floor, Sacramento, CA 95814 
 
Please also indicate in the subject line, “Comment Letter—Recreation Standards 
Amendments by the Santa Ana Water Board”. 
 
REQUIREMENTS FOR SUBMITTING COMMENTS (23 Cal. Code Regs., § 3779, subd. (f)) 
The State Water Board may refuse to accept any comments that do not satisfy all of the 
following requirements:   
 

1. Comments must specifically address the final version of the Basin Plan amendments 
adopted by the Santa Ana Water Board. 

2. If the Santa Ana Water Board previously responded to a similar or identical comment, 
the commenter must explain why and in what manner the commenter believes each of 
the responses provided by the Santa Ana Water Board to each comment was 
inadequate or incorrect. 

3. The commenter also must include either a statement that each of the comments was 
timely raised before the Santa Ana Water Board, or an explanation of why the 
commenter was unable to raise the specific comment before the Santa Ana Water 
Board. 

 
Please direct any questions about this notice to Joanne Schneider, Environmental Program 
Manager at (951) 782-3287 or jschneider@waterboards.ca.gov; or David Rice, Staff Counsel at 
(916) 341-5182 or DavidRice@waterboards.ca.gov. 
 
 
 
 
 August 29, 2012           
Date       Jeanine Townsend 

Clerk to the Board 

mailto:jschneider@waterboards.ca.gov
mailto:DavidRice@waterboards.ca.gov
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STATE WATER RESOURCES CONTROL BOARD 
BOARD MEETING SESSION –DIVISION OF WATER QUALITY 

NOVEMBER 6, 2012 
 

ITEM # 
 
 
SUBJECT 
 
CONSIDERATION OF A PROPOSED RESOLUTION APPROVING AMENDMENTS TO THE 
WATER QUALITY CONTROL PLAN FOR THE SANTA ANA RIVER BASIN TO REVISE 
RECREATIONAL STANDARDS FOR INLAND FRESH SURFACE WATERS IN THE SANTA 
ANA REGION    
 
DISCUSSION 
 
Basin Plan amendments adopted by the Santa Ana Regional Water Board on June 15, 2012 
(Resolution No. R8-2012-0001) revise recreation standards for inland fresh surface waters in 
the Region.  The changes include replacing established fecal coliform objectives with E. coli 
objectives that are based on the national bacteria criteria recommended by USEPA in 1986, and 
changes to REC1/REC2 designations for specific surface water segments based on Use 
Attainability Analyses. Implementation strategies for the revised objectives, including monitoring 
and the temporary suspension of recreation standards under certain high flow conditions, are 
also included. The amendments also entail the addition of surface waters not now listed in the 
Basin Plan and designation of appropriate beneficial uses for those waters. The amendments 
include the deletion of the total coliform objective for MUN-designated fresh surface waters, and 
editorial changes. The recreation standards amendments respond to USEPA’s direction to 
states to implement recommended E. coli criteria and provide for focused attention on waters 
where public health is most likely to be affected by water quality conditions. Upon approval and 
implementation, the amendments would provide superior public health protection for 
recreational users.  
 
The amendments are the culmination of a multi-year task force process initiated in response to 
the 2002 triennial review of the Santa Ana Region Basin Plan. Numerous stakeholders (125 
parties/54 agencies on the mailing list) throughout the Region participated in the process 
regularly. These stakeholders included nongovernmental organizations and resource/regulatory 
agencies, including the USEPA, Region 9. Funding was provided by 5 stakeholder agencies. 
The Regional Water Board is a signatory to the Task Force agreement and Water Board staff 
played a key role in the development of the amendments. The Task Force process was 
characterized by open communication and invitations for participation by all interested parties. 
Development and consideration of the amendments was governed by commitments to 
objectivity, to conformance with applicable law and regulation, and to the best available science.  
 
POLICY ISSUE 
 
The changes to the recreation standards for fresh waters are based on USEPA’s 1986 national 
bacteria quality criteria and associated USEPA guidance and regulation (the 2004 BEACH Act 
Rule). The key policy issue is whether the recreation standards amendments conform to 
pertinent water quality standards requirements and should be approved and implemented to 
improve public health and beneficial use protection. With respect to the other amendments 
(deletion of the total coliform objective for MUN-designated waters, addition of surface waters 
and designation of beneficial uses), the issue is whether these changes are appropriate and 
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justified pursuant to applicable water quality standards regulations and will ensure the 
reasonable protection of beneficial uses.  
 
USEPA is expected to publish revised bacteria criteria recommendations in the near future.  The 
statewide bacteria objective development effort is awaiting the publication of the revised USEPA 
criteria. Given these circumstances, the policy issue that may arise is whether consideration of 
the Santa Ana Water Board amendments should be postponed pending publication of revised 
bacteria criteria by USEPA and/or the statewide bacteria objective policy.  
 
FISCAL IMPACT 
 
The amendments will require that responsible agencies commit resources to implementation of 
a bacteria quality monitoring program and to corrective actions if and as directed by the 
monitoring results and the Regional Board’s direction. The amendments are expected to result 
in cost savings and efficiencies given expected monitoring and control measure emphasis on 
those surface waters where people are most likely to be engaged in recreational activities that 
pose a threat to public health.  
 
Santa Ana Water Board and State Water Board staff work associated with or resulting from this 
action will be addressed with existing and future budgeted resources.  The approval of these 
Basin Plan amendments should streamline current and future workloads.  
 
REGIONAL BOARD IMPACT 
 
Yes. Santa Ana Regional Water Board.  
 
STAFF RECOMMENDATION 
 
That the State Water Board:  
 
1. Approve the Basin Plan amendments adopted under Santa Ana Water Board Resolution 

No. R8-2012-0001.  
 
2. Authorize the Executive Director or designee to submit the amendments adopted under 

Santa Ana Water Board Resolution No. R8-2012-0001 to the Office of Administrative Law 
(“OAL”) and to the USEPA for approval.  

 
 
State Water Board action on this item will assist the Water Boards in reaching Goals 1 and 4 of 
the Strategic Plan Update: 2008-2012 to protect and restore surface water quality and to 
comprehensively address water quality protection and restoration. In particular, approval of this 
item will assist in fulfilling Objective 4.3, Action 4.3.1, by which priority Basin Plan amendment 
needs are accomplished by collaborating in external stakeholder processes to address Water 
Board and stakeholder interests, with resources provided by the stakeholders.  
 
Policy Review    

Fiscal Review    

Legal Review     

Exec Review     
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STATE WATER RESOURCES CONTROL BOARD 
RESOLUTION NO. 2012-XXXX 

 
APPROVING AMENDMENTS TO THE WATER QUALITY CONTROL PLAN FOR THE 

SANTA ANA RIVER BASIN TO REVISE RECREATIONAL STANDARDS FOR INLAND FRESH 
SURFACE WATERS IN THE SANTA ANA REGION 

 
 
WHEREAS:   
 
1. On June 15, 2012, the Santa Ana Regional Water Quality Control Board (Santa Ana Water 

Board) adopted Resolution No. R8-2012-0001, approving amendments to the Water Quality 
Control Plan for the Santa Ana River Basin (Basin Plan) that revise recreational standards 
for inland fresh surface waters in the Region. The amendments include an implementation 
plan for the revised recreational standards. The amendments also include the addition of 
surface waters to the Basin Plan and designation of beneficial uses for those waters. The 
amendments delete the established total coliform objective for MUN-designated waters and 
include other, editorial changes.  
 

2. The State Water Board finds that, in amending the Basin Plan, the Santa Ana Water Board 
complied with the requirements set forth in sections 13240, 13241, 13242 and 13244 of the 
Water Code.  

 
3. The Santa Ana Water Board found that the amendments would not result in a lowering of 

water quality and were thus consistent with state and federal antidegradation policies (State 
Water Board Resolution No. 68-16; 40 CFR 131.12).  The State Water Board agrees with 
these determinations. 

 
4. Pursuant to Health and Safety Code Section 57004, the amendments were submitted for 

scientific peer review. The review was conducted in accordance with California 
Environmental Protection Agency guidelines.  Peer reviewer comments were considered in 
recommendations regarding the amendments. 

 
5. The Santa Ana Water Board conducted requisite analyses of the amendments pursuant to 

the California Environmental Quality Act (CEQA) and implementing regulations, including 
those regulations established by the State Water Board (California Code of Regulations, 
Title 23, Division 3, Chapter 27, commencing with section 3720).  In adopting the 
amendments, the Santa Ana Water Board confirmed Santa Ana Water Board staff’s 
preliminary determination that the amendments could not have a significant effect on the 
environment and certified the environmental checklist and analysis included as part of the 
Substitute Environmental Document prepared for the amendments.  The State Water Board 
agrees with the determination that the amendments could not have a significant effect on 
the environment.  

 
6. The Santa Ana Water Board found that the amendments meet the necessity standard of the 

Administrative Procedures Act, Government Code Section 11353, subdivision (b). The State 
Water Board agrees with this determination. 
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7. The Basin Plan amendments do not become effective until approved by the State Water 
Board and until the regulatory provisions are approved by the Office of Administrative Law 
(OAL). The revisions to water quality standards specified in the amendments must also be 
approved by the U.S. Environmental Protection Agency (USEPA). 
 

THEREFORE BE IT RESOLVED THAT: 
 
The State Water Board:  
 
1. Approves the amendments to the Basin Plan adopted under Santa Ana Water Board 

Resolution No. R8-2012-0001.  
 
2. Authorizes the Executive Director or designee to submit the amendments adopted under 

Santa Ana Water Board Resolution No. R8-2012-0001 to the OAL for approval of the 
regulatory provisions and to USEPA for approval of the water quality standards 
amendments. 

 
 

CERTIFICATION 
 
The undersigned, Clerk to the Board, does hereby certify that the foregoing is a full, true, and 
correct copy of a resolution duly and regularly adopted at a meeting of the State Water 
Resources Control Board held on November 6, 2012. 
 
 
 
        _____________________________ 

Jeanine Townsend  
Clerk to the Board 

 
 



STATE WATER RESOURCES CONTROL BOARD 
BOARD MEETING SESSION –DIVISION OF WATER QUALITY 

March 19, 2013 
 

ITEM x 
 
 
SUBJECT 
 
CONSIDERATION OF A PROPOSED RESOLUTION TO AMEND THE WATER QUALITY 
CONTROL PLAN FOR THE SANTA ANA RIVER BASIN TO REVISE RECREATIONAL 
STANDARDS FOR INLAND FRESH SURFACE WATERS IN THE SANTA ANA REGION 
 
DISCUSSION 
 
Basin Plan amendments adopted by the Santa Ana Regional Water Board on June 15, 2012 
(Resolution No. R8-2012-0001) revise recreation standards for inland fresh surface waters in 
the Region.  The Regional Board’s Executive Officer made non-substantive corrections to the 
amendments on February 12, 2013.The Basin Plan amendments include replacing established 
fecal coliform objectives with E. coli objectives that are based on the national bacteria criteria 
recommended by U.S. EPA in 1986, and changes to REC1/REC2 designations for specific 
surface water segments based on Use Attainability Analyses.  Implementation strategies for the 
revised objectives, including monitoring and the temporary suspension of recreation standards 
under certain high flow conditions, are also included.  The amendments also entail the addition 
of surface waters not now listed in the Basin Plan and designation of appropriate beneficial uses 
for those waters.  The amendments include the deletion of the total coliform objective for MUN-
designated fresh surface waters, and editorial changes.  The recreation standards amendments 
respond to U.S. EPA’s direction to states to implement recommended E. coli criteria and provide 
for focused attention on waters where public health is most likely to be affected by water quality 
conditions.  Upon approval and implementation, the amendments would provide superior public 
health protection for recreational users.  
 
The amendments are the culmination of a multi-year task force process initiated in response to 
the 2002 triennial review of the Santa Ana Region Basin Plan.  Numerous stakeholders  
(125 parties/54 agencies on the mailing list) throughout the Region participated in the process 
regularly.  These stakeholders included nongovernmental organizations and resource/regulatory 
agencies, including the U.S. EPA, Region 9.  Funding was provided by 5 stakeholder agencies. 
The Regional Water Board is a signatory to the Task Force agreement and Water Board staff 
played a key role in the development of the amendments.  The Task Force process was 
characterized by open communication and invitations for participation by all interested parties. 
Development and consideration of the amendments was governed by commitments to 
objectivity, to conformance with applicable law and regulation, and to the best available science.  
 
POLICY ISSUE 
 
The changes to the recreation standards for fresh waters are based on U.S. EPA’s 1986 
national bacteria quality criteria and associated U.S. EPA guidance and regulation (the 2004 
BEACH Act Rule).  The key policy issue is whether the recreation standards amendments 
conform to pertinent water quality standards requirements and should be approved and 
implemented to improve public health and beneficial use protection.  With respect to the other 
amendments (in particular, the de-designation of REC1 and, in some cases, REC2 designations 
for specific surface waters based on Use Attainability Analyses), the issue is whether these 

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/recreational_standards.shtml
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changes are appropriate and justified pursuant to applicable water quality standards regulations 
and will ensure the reasonable protection of beneficial uses.  
 
U.S. EPA recently published revised bacteria criteria recommendations for primary contact 
recreation.  The statewide bacteria objective development effort has awaited the publication of 
the revised U.S. EPA criteria.  Given these circumstances, the policy issue that is expected to 
arise is whether consideration of the Santa Ana Water Board amendments, or relevant portions 
thereof, should be postponed pending the development and approval of the statewide bacteria 
objective policy.  
 
Further, in November 2012, USEPA raised issues regarding a number of elements of the 
amendments, including the de-designations of REC uses based on Use Attainability Analyses.  
Supplemental summary and other information has been provided to USEPA to address these 
concerns.  
 
FISCAL IMPACT 
 
The amendments will require that responsible agencies commit resources to implementation of 
a bacteria quality monitoring program and to corrective actions if and as directed by the 
monitoring results and the Regional Board’s direction.  The amendments are expected to result 
in cost savings and efficiencies given expected monitoring and control measure emphasis on 
those surface waters where people are most likely to be engaged in recreational activities that 
pose a threat to public health.  
 
Santa Ana Water Board and State Water Board staff work associated with or resulting from this 
action will be addressed with existing and future budgeted resources.  The approval of these 
Basin Plan amendments should streamline current and future workloads.  
 
REGIONAL BOARD IMPACT 
 
Yes. Santa Ana Regional Water Board.  
 
STAFF RECOMMENDATION 
 
That the State Water Board:  
 
1. Approve the Basin Plan amendments adopted under Santa Ana Water Board Resolution 

No. R8-2012-0001, with the Santa Ana Regional Board Executive Officer corrections dated 
February 12, 2013.  

 
2. Authorize the Executive Director or designee to submit the amendments adopted under 

Santa Ana Water Board Resolution No. R8-2012-0001, as corrected, to the Office of 
Administrative Law (“OAL”) and to the U.S. EPA for approval.  

 
 
State Water Board action on this item will assist the Water Boards in reaching Goals 1 and 4 of 
the Strategic Plan Update: 2008-2012 to protect and restore surface water quality and to 
comprehensively address water quality protection and restoration. In particular, approval of this 
item will assist in fulfilling Objective 4.3, Action 4.3.1, by which priority Basin Plan amendment 
needs are accomplished by collaborating in external stakeholder processes to address Water 
Board and stakeholder interests, with resources provided by the stakeholders. 



D R A F T 

STATE WATER RESOURCES CONTROL BOARD 
RESOLUTION NO. 2013- 

 
AMEND THE WATER QUALITY CONTROL PLAN FOR THE SANTA ANA RIVER BASIN 
TO REVISE RECREATIONAL STANDARDS FOR INLAND FRESH SURFACE WATERS  

IN THE SANTA ANA REGION 
 
 
WHEREAS:   
 
1. On June 15, 2012, the Santa Ana Regional Water Quality Control Board (Santa Ana Water 

Board) adopted Resolution No. R8-2012-0001, approving amendments to the Water Quality 
Control Plan for the Santa Ana River Basin (Basin Plan) that revise recreational standards 
for inland fresh surface waters in the Region.  The Santa Ana Water Board’s Executive 
Officer made non-substantive corrections to the amendments on February 12, 2013. The 
amendments include an implementation plan for the revised recreational standards.  The 
amendments also include the addition of surface waters to the Basin Plan and designation 
of beneficial uses for those waters.  The amendments delete the established total coliform 
objective for MUN-designated waters and include other, editorial changes.  
 

2. The State Water Board finds that, in amending the Basin Plan, the Santa Ana Water Board 
complied with the requirements set forth in sections 13240, 13241, 13242 and 13244 of the 
Water Code.  

 
3. The Santa Ana Water Board found that the amendments would not result in a lowering of 

water quality and were thus consistent with state and federal antidegradation policies (State 
Water Board Resolution No. 68-16; 40 CFR 131.12).  The State Water Board agrees with 
these determinations. 

 
4. Pursuant to Health and Safety Code Section 57004, the amendments were submitted for 

scientific peer review.  The review was conducted in accordance with California 
Environmental Protection Agency guidelines.  Peer reviewer comments were considered in 
recommendations regarding the amendments. 

 
5. The Santa Ana Water Board conducted requisite analyses of the amendments pursuant to 

the California Environmental Quality Act (CEQA) and implementing regulations, including 
those regulations established by the State Water Board (California Code of Regulations, 
Title 23, Division 3, Chapter 27, commencing with section 3720).  In adopting the 
amendments, the Santa Ana Water Board confirmed Santa Ana Water Board staff’s 
preliminary determination that the amendments could not have a significant effect on the 
environment and certified the environmental checklist and analysis included as part of the 
Substitute Environmental Document prepared for the amendments.  The State Water Board 
agrees with the determination that the amendments could not have a significant effect on 
the environment.  

 
6. The Santa Ana Water Board found that the amendments meet the necessity standard of the 

Administrative Procedures Act, Government Code Section 11353, subdivision (b). The State 
Water Board agrees with this determination. 

 

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/recreational_standards.shtml
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7. The Basin Plan amendments do not become effective until approved by the State Water 
Board and until the regulatory provisions are approved by the Office of Administrative Law 
(OAL). The revisions to water quality standards specified in the amendments must also be 
approved by the U.S. Environmental Protection Agency (U.S. EPA). 

 
 
THEREFORE BE IT RESOLVED THAT: 
 
The State Water Board:  
 
1. Approves the amendments to the Basin Plan adopted under Santa Ana Water Board 

Resolution No. R8-2012-0001, with the corrections made by the Santa Ana Water Board’s 
Executive Officer on February 12, 2013.  

 
2. Authorizes the Executive Director or designee to submit the amendments adopted under 

Santa Ana Water Board Resolution No. R8-2012-0001, as corrected by the Santa Ana Water 
Board’s Executive Officer, to the OAL for approval of the regulatory provisions and to U.S. 
EPA for approval of the water quality standards amendments. 

 
 

CERTIFICATION 
 
The undersigned, Clerk to the Board, does hereby certify that the foregoing is a full, true, and 
correct copy of a resolution duly and regularly adopted at a meeting of the State Water 
Resources Control Board held on March 19, 2013. 
 
 
 
              

Jeanine Townsend  
Clerk to the Board 



STATE WATER RESOURCES CONTROL BOARD 
BOARD MEETING SESSION –DIVISION OF WATER QUALITY 

November 5, 2013 
 

ITEM x 
 
 
SUBJECT 
 
CONSIDERATION OF A PROPOSED RESOLUTION TO AMEND THE WATER QUALITY 
CONTROL PLAN FOR THE SANTA ANA RIVER BASIN TO REVISE RECREATIONAL 
STANDARDS FOR INLAND FRESH SURFACE WATERS IN THE SANTA ANA REGION 
 
DISCUSSION 
 
Basin Plan amendments adopted by the Santa Ana Regional Water Board on June 15, 2012 
(Resolution No. R8-2012-0001) revise recreation standards for inland fresh surface waters in 
the Region.  The Regional Board’s Executive Officer made non-substantive corrections to the 
amendments on February 12, 2013.The Basin Plan amendments include replacing established 
fecal coliform objectives with E. coli objectives that are based on the national bacteria criteria 
recommended by U.S. EPA in 1986, and changes to REC1/REC2 designations for specific 
surface water segments based on Use Attainability Analyses.  Implementation strategies for the 
revised objectives, including monitoring and the temporary suspension of recreation standards 
under certain high flow conditions, are also included.  The amendments also entail the addition 
of surface waters not now listed in the Basin Plan and designation of appropriate beneficial uses 
for those waters.  The amendments include the deletion of the total coliform objective for MUN-
designated fresh surface waters, and editorial changes.  The recreation standards amendments 
respond to U.S. EPA’s direction to states to implement recommended E. coli criteria and provide 
for focused attention on waters where public health is most likely to be affected by water quality 
conditions.  Upon approval and implementation, the amendments would provide superior public 
health protection for recreational users.  
 
The amendments are the culmination of a multi-year task force process initiated in response to 
the 2002 triennial review of the Santa Ana Region Basin Plan.  Numerous stakeholders  
(125 parties/54 agencies on the mailing list) throughout the Region participated in the process 
regularly.  These stakeholders included nongovernmental organizations and resource/regulatory 
agencies, including the U.S. EPA, Region 9.  Funding was provided by 5 stakeholder agencies. 
The Regional Water Board is a signatory to the Task Force agreement and Water Board staff 
played a key role in the development of the amendments.  The Task Force process was 
characterized by open communication and invitations for participation by all interested parties. 
Development and consideration of the amendments was governed by commitments to 
objectivity, to conformance with applicable law and regulation, and to the best available science.  
 
POLICY ISSUE 
 
The changes to the recreation water quality objectives for fresh waters are based on U.S. EPA’s 
1986 national bacteria quality criteria and associated U.S. EPA guidance and regulation (the 
2004 BEACH Act Rule).  The key policy issue is whether the recreation objectives amendments 
conform to pertinent water quality standards requirements and should be approved and 
implemented to improve public health and beneficial use protection.  With respect to the other 
amendments (in particular, the de-designation of REC1 and, in some cases, REC2 designations 
for specific surface waters based on Use Attainability Analyses), the issue is whether these 

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/recreational_standards.shtml
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changes are appropriate and justified pursuant to applicable water quality standards regulations 
and will ensure the reasonable protection of beneficial uses.  
 
In late 2012, U.S. EPA published revised bacteria criteria recommendations for primary contact 
recreation.  The statewide bacteria objective development effort has awaited the publication of 
the revised U.S. EPA criteria.  Given these circumstances, the policy issue that is expected to 
arise is whether consideration of the Santa Ana Water Board amendments, or relevant portions 
thereof, should be postponed pending the development and approval of the statewide bacteria 
objective policy. While the Regional Board approved bacteria objectives differ from USEPA’s 
new recommended criteria, the Regional Board believes that consideration of all of the 
amendments should proceed since they provide superior public health protection to the bacteria 
objectives currently specified in the Santa Ana Region Basin Plan and are scientifically 
defensible.  The Regional Board recognizes that the bacteria objectives may be superseded by 
those specified in a new statewide policy. 
 
Further, in November 2012, U.S. EPA raised issues regarding a number of elements of the 
amendments, including the de-designations of REC uses based on Use Attainability Analyses.  
State Water Board and Regional Water Board staff/Task Force consultants met with U.S. EPA 
staff in January 2013 to discuss these issues and summary and supplemental information was 
subsequently provided to U.S. EPA.  A follow-up meeting between U.S. EPA and Regional 
Board staff/Task Force consultants was held in April 2013 at which U.S. EPA requested that the 
multiple UAA analyses be reported in revised format. Those re-formatted UAA reports were 
prepared. No substantive changes were made to the standards recommendations that were 
approved by the Regional Water Board on June 15, 2012.  
 
FISCAL IMPACT 
 
The amendments will require that responsible agencies commit resources to implementation of 
a bacteria quality monitoring program and to corrective actions if and as directed by the 
monitoring results and the Regional Board’s direction.  The amendments are expected to result 
in cost savings and efficiencies given expected monitoring and control measure emphasis on 
those surface waters where people are most likely to be engaged in recreational activities that 
pose a threat to public health.  
 
Santa Ana Water Board and State Water Board staff work associated with or resulting from this 
action will be addressed with existing and future budgeted resources.  The approval of these 
Basin Plan amendments should streamline current and future workloads.  
 
REGIONAL BOARD IMPACT 
 
Yes. Santa Ana Regional Water Board.  
 
STAFF RECOMMENDATION 
 
That the State Water Board:  
 
1. Approve the Basin Plan amendments adopted under Santa Ana Water Board Resolution 

No. R8-2012-0001, with the Santa Ana Regional Board Executive Officer corrections dated 
February 12, 2013.  
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2. Authorize the Executive Director or designee to submit the amendments adopted under 
Santa Ana Water Board Resolution No. R8-2012-0001, as corrected, to the Office of 
Administrative Law (“OAL”) and to the U.S. EPA for approval.  

 
 
State Water Board action on this item will assist the Water Boards in reaching Goals 1 and 4 of 
the Strategic Plan Update: 2008-2012 to protect and restore surface water quality and to 
comprehensively address water quality protection and restoration. In particular, approval of this 
item will assist in fulfilling Objective 4.3, Action 4.3.1, by which priority Basin Plan amendment 
needs are accomplished by collaborating in external stakeholder processes to address Water 
Board and stakeholder interests, with resources provided by the stakeholders. 



D R A F T 

STATE WATER RESOURCES CONTROL BOARD 
RESOLUTION NO. 2013- 

 
AMEND THE WATER QUALITY CONTROL PLAN FOR THE SANTA ANA RIVER BASIN 
TO REVISE RECREATIONAL STANDARDS FOR INLAND FRESH SURFACE WATERS  

IN THE SANTA ANA REGION 
 
 
WHEREAS:   
 
1. On June 15, 2012, the Santa Ana Regional Water Quality Control Board (Santa Ana Water 

Board) adopted Resolution No. R8-2012-0001, approving amendments to the Water Quality 
Control Plan for the Santa Ana River Basin (Basin Plan) that revise recreational standards 
for inland fresh surface waters in the Region.  The Santa Ana Water Board’s Executive 
Officer made non-substantive corrections to the amendments on February 12, 2013. The 
amendments include an implementation plan for the revised recreational standards.  The 
amendments also include the addition of surface waters to the Basin Plan and designation 
of beneficial uses for those waters.  The amendments delete the established total coliform 
objective for MUN-designated waters and include other, editorial changes.  
 

2. The State Water Board finds that, in amending the Basin Plan, the Santa Ana Water Board 
complied with the requirements set forth in sections 13240, 13241, 13242 and 13244 of the 
Water Code.  

 
3. The Santa Ana Water Board found that the amendments would not result in a lowering of 

water quality and were thus consistent with state and federal antidegradation policies (State 
Water Board Resolution No. 68-16; 40 CFR 131.12).  The State Water Board agrees with 
these determinations. 

 
4. Pursuant to Health and Safety Code Section 57004, the amendments were submitted for 

scientific peer review.  The review was conducted in accordance with California 
Environmental Protection Agency guidelines.  Peer reviewer comments were considered in 
recommendations regarding the amendments. 

 
5. The Santa Ana Water Board conducted requisite analyses of the amendments pursuant to 

the California Environmental Quality Act (CEQA) and implementing regulations, including 
those regulations established by the State Water Board (California Code of Regulations, 
Title 23, Division 3, Chapter 27, commencing with section 3720).  In adopting the 
amendments, the Santa Ana Water Board confirmed Santa Ana Water Board staff’s 
preliminary determination that the amendments could not have a significant effect on the 
environment and certified the environmental checklist and analysis included as part of the 
Substitute Environmental Document prepared for the amendments.  The State Water Board 
agrees with the determination that the amendments could not have a significant effect on 
the environment.  

 
6. The Santa Ana Water Board found that the amendments meet the necessity standard of the 

Administrative Procedures Act, Government Code Section 11353, subdivision (b). The State 
Water Board agrees with this determination. 

 

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/recreational_standards.shtml
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7. The Basin Plan amendments do not become effective until approved by the State Water 
Board and until the regulatory provisions are approved by the Office of Administrative Law 
(OAL). The revisions to water quality standards specified in the amendments must also be 
approved by the U.S. Environmental Protection Agency (U.S. EPA). 

 
 
THEREFORE BE IT RESOLVED THAT: 
 
The State Water Board:  
 
1. Approves the amendments to the Basin Plan adopted under Santa Ana Water Board 

Resolution No. R8-2012-0001, with the corrections made by the Santa Ana Water Board’s 
Executive Officer on February 12, 2013.  

 
2. Authorizes the Executive Director or designee to submit the amendments adopted under 

Santa Ana Water Board Resolution No. R8-2012-0001, as corrected by the Santa Ana Water 
Board’s Executive Officer, to the OAL for approval of the regulatory provisions and to U.S. 
EPA for approval of the water quality standards amendments. 

 
 

CERTIFICATION 
 
The undersigned, Clerk to the Board, does hereby certify that the foregoing is a full, true, and 
correct copy of a resolution duly and regularly adopted at a meeting of the State Water 
Resources Control Board held on November 5, 2013. 
 
 
 
              

Jeanine Townsend  
Clerk to the Board 



 
State Water Resources Control Board ▪ P.O. Box 100 ▪ Sacramento, CA 95812-0100 ▪ Fax: (916) 341-5620 

 
 
 
 
 
 
 
 
 
 
DECLARATION OF A QUORUM 
Felicia Marcus, Chair; Frances Spivy-Weber, Vice Chair; Tam M. Doduc, Member; 
Steven Moore, Member; Dorene D’Adamo, Member 
 
 

BOARD MEETING 
Public comments on agenda items will be limited to 5 minutes or otherwise at the discretion of the Board Chair 

 
PUBLIC FORUM 
 
Any member of the public may address and ask questions of the Board relating to any matter 
within the State Water Board’s jurisdiction provided the matter is not on the agenda, or pending 
before the State Water Resources Control Board or any California Regional Water Quality 
Control Board. 
 
BOARD BUSINESS 
 
1. The Board will consider adoption of the November 5, 2013 Board Meeting minutes. 
 
2. Board Member Report. 
 
DIVISION OF FINANCIAL ASSISTANCE 
 
3. Consideration of a proposed Resolution directing the State Water Resources Control 

Board’s Executive Director to apply to the United States Environmental Protection Agency 
to offer Extended Term Financing for all projects eligible for the Clean Water State 
Revolving Fund Program. 

 
SANTA ANA REGIONAL WATER BOARD 
 
4. Consideration of a proposed Resolution to amend the Water Quality Control Plan for the 

Santa Ana River Basin to revise recreational standards for Inland Fresh Surface Waters in 
the Santa Ana Region. (Written comments were due on October 1, 2012 by 12 noon.) 

 
INFORMATIONAL ITEM 
 
5. Executive Director’s Report. 
 
 

STATE WATER BOARD 
BOARD MEETING 

Tuesday, November 19, 2013 – 9:00 a.m. 
Coastal Hearing Room – Second Floor 

Joe Serna Jr. - Cal/EPA Building 
1001 I Street, Sacramento 

 

 

http://www.waterboards.ca.gov/board_info/agendas/2013/nov/111913_3dftres.pdf
http://www.waterboards.ca.gov/board_info/agendas/2013/nov/111913_3dftres.pdf
http://www.waterboards.ca.gov/board_info/agendas/2013/nov/111913_4.pdf
http://www.waterboards.ca.gov/board_info/agendas/2013/nov/111913_4.pdf
http://www.waterboards.ca.gov/public_notices/comments/rb8/cmmnt100112.shtml


 
State Water Resources Control Board ▪ P.O. Box 100 ▪ Sacramento, CA 95812-0100 ▪ Fax: (916) 341-5620 

 

 
IMPORTANT INFORMATION!! 

Unless otherwise specified, submittal of written comments must be received by 12:00 p.m. on November 14, 2013, and will 
not be accepted after that time.   
 
Submittal of electronic Powerpoint presentations must be received by 12:00 p.m. on November 14, 2013 and will not be 
accepted after that time. 
 

Submittals are to be sent via e-mail to the Clerk to the Board at commentletters@waterboards.ca.gov.  Please indicate in the 
subject line, “11/19/13 BOARD MEETING (fill in bolded subject from appropriate item).”  If you have questions about the 

agenda, contact the Clerk to the Board at (916) 341-5600. 
 

Agenda and items will be available electronically at:  http://www.waterboards.ca.gov/board_info/calendar/index.shtml  
 
* Items on the uncontested items calendar may be removed at the request of any Board member or person.  If an item is 
removed from the uncontested items calendar, it will only be voted on at this meeting if the Board accepts the staff 
recommendation for the agenda item.  Otherwise, the item will be continued to a subsequent board meeting to allow input by 
interested persons. 
 
Video broadcast of meetings will be available at: http://www.calepa.ca.gov/Broadcast/. 
 

For a map to our building, visit: http://www.calepa.ca.gov/EPABldg/location.htm.  For security purposes, all visitors are 
required to sign in and receive a badge prior to entering the building.  Valid picture identification may be required due to the 
security level so please allow up to 15 minutes for this process.  Individuals who require special accommodations are 
requested to contact the Clerk to the Board, (916) 341-5600. 

mailto:commentletters@waterboards.ca.gov
http://www.waterboards.ca.gov/board_info/calendar/index.shtml
http://www.calepa.ca.gov/Broadcast/
http://www.calepa.ca.gov/EPABldg/location.htm


 

STATE WATER RESOURCES CONTROL BOARD 
 

AGENDA ITEM FOR JANUARY 21, 2014 BOARD MEETING 
DIVISION OF WATER QUALITY 

 
WATER QUALITY: 
Consideration of a Proposed Resolution to Amend the Water Quality Control Plan for the 
Santa Ana River Basin to Revise Recreational Standards for Inland Fresh Surface Waters in 
the Santa Ana Region. 
 
 
Informational Item:   
 
Workshop Item:   
 
Hearing Item:  X 
 
Controversial:  x   (An item is controversial if there is significant opposition or public interest.) 
 
Uncontested:    (An action item is uncontested if staff expects no opposition to the proposed action.)  
 
Estimate of time needed:  30  minutes  
 
Written comments due by 12 Noon on October 1, 2012. 
 
 
Staff Contact: Joanne E. Schneider (951-782-3287)  
 
Attorney: David Rice (916-341-5182) 
 
Division Liaison: Courtney Davis    
 
Presenter: Joanne Schneider (951-782-3287) 
 
 
Annotation:  On June 15, 2012, the Santa Ana Regional Water Board adopted amendments to the 
Basin Plan to incorporate revised recreation standards for inland fresh surface waters in the Region.  
The changes include replacing established fecal coliform objectives with E. coli objectives and 
changes to REC1/REC2 designations for specific surface water segments based on Use Attainability 
Analyses. Implementation strategies for the revised objectives, including monitoring, are also 
included. The amendments also include the addition of surface waters not currently listed in the Basin 
Plan and designation of appropriate beneficial uses for those waters. The amendments include the 
deletion of the total coliform objective for MUN-designated fresh surface waters and editorial 
changes. The recreation standards amendments respond to USEPA’s direction to states to 
implement recommended E. coli criteria and provide for focused attention on waters where public 
health is most likely to be affected by water quality conditions. Approval of the amendments is 
needed to provide superior public health protection for recreational users.  



 
State Water Resources Control Board ▪ P.O. Box 100 ▪ Sacramento, CA 95812-0100 ▪ Fax: (916) 341-5620 

 
 
 
 
 
 
 
 
 
 
DECLARATION OF A QUORUM 
Felicia Marcus, Chair; Frances Spivy-Weber, Vice Chair; Tam M. Doduc, Member; 
Steven Moore, Member; Dorene D’Adamo, Member 
 
 

BOARD MEETING 
Public comments on agenda items will be limited to 5 minutes or otherwise at the discretion of the Board Chair 

 
PUBLIC FORUM 
 
Any member of the public may address and ask questions of the Board relating to any matter 
within the State Water Board’s jurisdiction provided the matter is not on the agenda, or pending 
before the State Water Resources Control Board or any California Regional Water Quality 
Control Board. 
 
BOARD BUSINESS 
 
1. The Board will consider adoption of the December 3, 2013 Board Meeting minutes. 
 
2. Board Member Report. 
 

UNCONTESTED ITEMS* (Items 3-5) 
 
*3. Consideration of a proposed Resolution approving an amendment to the Water Quality 

Control Plan for the San Diego Region to incorporate a Sediment Total Maximum Daily 
Load for Los Peñasquitos Lagoon, San Diego County, California. (Written comments were 
due on November 26, 2012 by 12 noon.) 

 
• Response to Comments 

 
*4. Consideration of a proposed Resolution for authorization to enter into an agreement with 

the California Department of Public Health for Development of Uniform Water Recycling 
Criteria for Surface Water Augmentation and Investigation of Feasibility of Direct Potable 
Reuse. 

 
*5. Consideration of a proposed Resolution approving an amendment to the Water Quality 

Control Plan for the Central Coastal Basin to revise the onsite wastewater system 
implementation program. (Written comments were due on January 6, 2014 by 12 noon.) 

 
 

STATE WATER BOARD 
BOARD MEETING/WORKSHOP 

Tuesday, January 21, 2014 – 9:00 a.m. 
Wednesday, January 22, 2014 – 9:00 a.m. 

Coastal Hearing Room – Second Floor 
Joe Serna Jr. - Cal/EPA Building 

1001 I Street, Sacramento 

 

http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_3_with_draft_resolution.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_3_with_draft_resolution.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_3_with_draft_resolution.pdf
http://www.waterboards.ca.gov/public_notices/comments/los_penasquitos/
http://www.waterboards.ca.gov/water_issues/programs/tmdl/docs/sandiego/lospenasquitos_rtc.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_4_with_draft_resolution.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_4_with_draft_resolution.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_4_with_draft_resolution.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_5_with_draft_resolution.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_5_with_draft_resolution.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_5_with_draft_resolution.pdf
http://www.waterboards.ca.gov/public_notices/comments/rb3/comments010614/index.shtml
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INFORMATIONAL ITEM 
 
6. Central Valley Salinity Alternatives for Long-Term Sustainability (CV-Salts): Annual 

Progress Report and Demonstration of Adequate Progress. 
 
DIVISION OF FINANCIAL ASSISTANCE 
 
7. Consideration of a proposed Resolution to Allocate Funding from the Cleanup and 

Abatement Account to the North Coast Regional Water Quality Control Board for the Eel 
River Monitoring and Water Quality Awareness Pilot Project. 

  
SANTA ANA REGIONAL WATER BOARD 
 
8. Consideration of a proposed Resolution to Amend the Water Quality Control Plan for the 

Santa Ana River Basin to Revise Recreational Standards for Inland Fresh Surface Waters 
in the Santa Ana Region. (Written comments were due on October 1, 2012 by 12 noon.) 

 
 

BOARD WORKSHOP 
 

9. The State Water Board will hold a Public Workshop to receive oral comments regarding a 
proposed order addressing the petitions of (a) California Department of Transportation; 
and, (b) MCM Construction, Inc. (Administrative Civil Liability Order No. R1-2012-0034 In 
the Matter of California Department of Transportation, Confusion Hill Bypass Project), 
North Coast Regional Water Quality Control Board. 

 (SWRCB/OCC FILES A-2208 (a) and (b).) 
 
INFORMATIONAL ITEMS 
 
10. Statewide Sanitary Sewer Overflow Reduction Program Annual Compliance Report for 

Fiscal Year 2012-2013. 
 
11. The California Microbial Source Identification Manual: A Tiered Approach To Identifying 

Fecal Pollution Sources To Beaches. 
 
12. Informational Update by the Office of Delta Watermaster on water activities within the 

Delta. 
 
13. Report on Sanitary Sewer Overflow Requirements to address Cost of Compliance - 

Resolution 2013-0029. 
 
14. Executive Director’s Report. 
 
 

http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_6.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_6.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_7_with_draft_resolution.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_7_with_draft_resolution.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_7_with_draft_resolution.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_8_with_draft_resolution.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_8_with_draft_resolution.pdf
http://www.waterboards.ca.gov/public_notices/comments/rb8/cmmnt100112.shtml
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_9.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_9.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_9.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_9.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_10.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_10.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_11.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_11.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_12.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_12.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_13.pdf
http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012114_13.pdf
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Wednesday, January 22, 2014 
 

BOARD WORKSHOP 
 

15. The State Water Board will hold a Public Workshop to consider input on the State Water 
Board’s Discussion Draft Groundwater Workplan Concept Paper. (Written comments were 
due on December 18, 2013.) 

 
 
 

IMPORTANT INFORMATION!! 

Unless otherwise specified, submittal of written comments must be received by 12:00 p.m. on January 16, 2014, and will not 
be accepted after that time.   
 
Submittal of electronic Powerpoint presentations must be received by 12:00 p.m. on January 16, 2014 and will not be 
accepted after that time. 
 
Submittals are to be sent via e-mail to the Clerk to the Board at commentletters@waterboards.ca.gov.  Please indicate in the 
subject line, “1/21-22/14 BOARD MEETING (fill in bolded subject from appropriate item).”  If you have questions about 
the agenda, contact the Clerk to the Board at (916) 341-5600. 
 
Agenda and items will be available electronically at:  http://www.waterboards.ca.gov/board_info/calendar/index.shtml  
 
* Items on the uncontested items calendar may be removed at the request of any Board member or person.  If an item is 
removed from the uncontested items calendar, it will only be voted on at this meeting if the Board accepts the staff 
recommendation for the agenda item.  Otherwise, the item will be continued to a subsequent board meeting to allow input by 
interested persons. 
 
Video broadcast of meetings will be available at: http://www.calepa.ca.gov/Broadcast/. 
 
For a map to our building, visit: http://www.calepa.ca.gov/EPABldg/location.htm.  For security purposes, all visitors are 
required to sign in and receive a badge prior to entering the building.  Valid picture identification may be required due to the 
security level so please allow up to 15 minutes for this process.  Individuals who require special accommodations are 
requested to contact the Clerk to the Board, (916) 341-5600. 

http://www.waterboards.ca.gov/board_info/agendas/2014/jan/012214_15.pdf
http://www.waterboards.ca.gov/water_issues/programs/groundwater/workplan_comments.shtml
mailto:commentletters@waterboards.ca.gov
http://www.waterboards.ca.gov/board_info/calendar/index.shtml
http://www.calepa.ca.gov/Broadcast/
http://www.calepa.ca.gov/EPABldg/location.htm


STATE WATER RESOURCES CONTROL BOARD 
RESOLUTION NO. 2014-0005 

AMEND THE WATER QUALITY CONTROL PLAN FOR THE SANTA ANA RIVER BASIN 
TO REVISE RECREATIONAL STANDARDS FOR INLAND FRESH SURFACE WATERS 

IN THE SANTA ANA REGION 

WHEREAS: 

1. On June 15, 2012, the Santa Ana Regional Water Quality Control Board (Santa Ana Water 
Board) adopted Resolution No. RB-2012-0001 , approving amendments to the Water Quality 
Control Plan for the Santa Ana River Basin (Basin Plan) that revise recreational standards 
for inland fresh surface waters in the Region. The Santa Ana Water Board's Executive 
Officer made non-substantive corrections to the amendments on February 12, 2013 and 
November 15, 2013. The amendments include an implementation plan for the revised 
recreational standards. The amendments also include the addition of surface waters to the 
Basin Plan and designation of beneficial uses for those waters. The amendments delete the 
established total coliform objective for MUN-designated waters and include other, editorial 
changes. 

2. The State Water Board finds that, in amending the Basin Plan, the Santa Ana Water Board 
complied with the requirements set forth in sections 13240, 13241 , 13242 and 13244 of the 
Water Code. 

3. The Santa Ana Water Board found that the amendments would not result in a lowering of 
water quality and were thus consistent with state and federal antidegradation policies (State 
Water Board Resolution No. 68-16; 40 CFR 131 .12). The State Water Board agrees with 
these determinations. 

4. Pursuant to Health and Safety Code Section 57004, the amendments were submitted for 
scientific peer review. The review was conducted in accordance with California 
Environmental Protection Agency guidelines. Peer reviewer comments were considered in 
recommendations regarding the amendments. 

5. The Santa Ana Water Board conducted requisite analyses of the amendments pursuant to 
the California Environmental Quality Act (CEQA) and implementing regulations, including 
those regulations established by the State Water Board (California Code of Regulations, 
Title 23, Division 3, Chapter 27, commencing with section 3720). In adopting the 
amendments, the Santa Ana Water Board confirmed Santa Ana Water Board staff's 
preliminary determination that the amendments could not have a significant effect on the 
environment and certified the environmental checklist and analysis included as part of the 
Substitute Environmental Document prepared for the amendments. The State Water Board 
agrees with the determination that the amendments could not have a significant effect on 
the environment. 

6. The Santa Ana Water Board found that the amendments meet the necessity standard of the 
Administrative Procedures Act, Government Code Section 11353, subdivision (b). The 
State Water Board agrees with this determination. 



7. The Basin Plan amendments d~ not become effective until approved by the State Water 
Board and until the regulatory provisions are approved by the Office of Administrative Law 
(OAL). The revisions to water quality standards specified in the amendments must also be 
approved by the U.S. Environmental Protection Agency (U.S. EPA). 

THEREFORE BE ITRESOLVED THAT: 

The State Water Board: 

1. Approves the amendments to the Basin Plan adopted under Santa Ana Water Board 
Resolution No. RB-2012-0001 , with the corrections made by the Santa Ana Water Board's 
Executive Officer on February 12, 2013 and November 15, 2013. 

2. Authorizes the Executive Director or designee to submit the amendments adopted under 
Santa Ana Water Board Resolution No. RB-2012-0001 , as corrected by the Santa Ana Water 
Board's Executive Officer, to the OAL for approval of the regulatory provisions and to 

3. U.S. EPA for approval of the water quality standards amendments. 

CERTIFICATION 

The undersigned, Clerk to the Board, does hereby certify that the foregoing is a full , true, and 
correct copy of a resolution duly and regularly adopted at a meeting of the State Water 
Resources Control Board held on January 21 , 2014. 

AYE: 

NAY: 

ABSENT: 

ABSTAIN: 

Chair Felicia Marcus 
Vice Chair Frances Spivy-Weber 
Board Member Tam M. Doduc 
Board Member Steven Moore 
Board Member Dorene D'Adamo 

None 

None 

None 
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7.03 Comments and Responses   



Public Comment
Rec. Std. Amend - Santa Ana RWB

Deadline: 10/1/12 by 12 noon 

9-27-12





Public Comment
Rec. Std. Amend - Santa Ana RWB

Deadline: 10/1/12 by 12 noon 

9-27-12
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September 28, 2012 

 

Jeanine Townsend, Clerk to the Board 

State Water Resources Control Board 

1001 I Street, 24
th

 Floor 

Sacramento, CA 95814 

 

Re:  Proposed Approval of Amendments to the Water Quality Control Plan for the Santa 

Ana River Basin to Revise Recreational Standards for Inland Fresh Surface Waters in the 

Santa Ana Region. 

 

Dear Chairman Hoppin and State Board members, 

 

On behalf of Heal the Bay, we submit the following comments on the Proposed Approval of 

Amendments to the Water Quality Control Plan for the Santa Ana River Basin to Revise 

Recreational Standards for Inland Fresh Surface Waters in the Santa Ana Region (“Draft 

Amendments”) adopted by the Santa Ana Regional Water Board (Regional Board) on June 15, 

2012. The following comments specifically address the de-designation of the REC-1 use for 

certain surface waters, based on Use Attainability Analyses (UAAs), as adopted by the Regional 

Board (Resolution NO. R8-2012-0001), and briefly discuss our additional written and verbal 

concerns left inadequately addressed in the Draft Amendments. 

 

We have several major concerns, many shared with the United States Environmental Protection 

Agency (USEPA) Region 9, about the Draft Amendments as adopted by the Regional Board. 

Our primary concern is the proposed beneficial use de-designation of four water-bodies [REC-1 

(primary contact recreation) to REC-2 (non-contact water recreation)] by means of UAA. We are 

also concerned with the Draft Amendment’s failure to adequately protect public health, 

inadequate effort to address water quality problems, and inappropriate rationale for de-

designation of a water-body’s beneficial use. Our concerns were addressed verbally at the 

Regional Board hearings on March 16
 
and April 27, 2012, and detailed written comments were 

submitted to the Regional Board on March 15 and April 20 of this year (see letter and attachment 

below).  

 

While we appreciate the opportunity to express our concerns, we strongly recommend that the 

State Board remand the proposed Draft Amendments to the Regional Board so our concerns can 

be appropriately addressed.  

 

UAAs should not substitute for adequately addressing water quality issues  

 

UAAs should only be used in exceptional cases and where they would not impact or weaken 

existing or potential beneficial uses. Statewide, there has been only one UAA leading to an 

approved Basin Plan Amendment and de-designation of a water-body’s beneficial use – the 

Ballona Creek UAA in the Los Angeles Region (see attached comments on Ballona Creek’s 

Public Comment
Rec. Std. Amend - Santa Ana RWB

Deadline: 10/1/12 by 12 noon 

10-1-12
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UAA starting on page 21). We are extremely concerned with the four  Rec-1 standard de-

designations proposed in the Draft Amendments. 

 

Inappropriately de-designating a water-body’s beneficial use can have long lasting negative 

impacts on public health and water quality in receiving water-bodies. Thus, due-diligence must 

occur to determine if a UAA should be pursued at all and to ensure that a UAA is completed 

appropriately. UAAs are not suitable for a water-body when water quality improvement efforts 

like Total Maximum Daily Loads (TMDLs) are in place or when BMPs have not been 

appropriately explored and evaluated.  

 

Two of the four UAAs presented in the staff report (Cucamonga Creek Reach 1 and Santa Ana-

Delhi Channel) are in areas where Bacteria TMDLs are in the implementation phase with future 

compliance deadlines of December 2019. Why are UAAs being pursued, while water quality 

improvement efforts towards meeting future compliance deadlines have not been completed 

and/or fully explored? This is inappropriate as efforts have not been given a chance to succeed 

(of note, a factor in determining if an UAA should proceed is a determination that attaining the 

use is not feasible). It is unacceptable for an area to undergo a UAA when a TMDL has been 

implemented or is underway.  

 

In addition, the proposed UAAs fail to investigate a variety of BMPs in order to truly understand 

if water quality objectives are achievable. This analysis should take priority before pursuing a 

UAA. Furthermore, the Regional Board failed to collect and analyze comparative monitoring 

data BMPs in order to affectively understand BMP effectiveness.    

 

UAAs must provide sufficient evidence to justify de-designations  

 

A UAA should be an extremely rigorous process to fully understand the existing and potential 

beneficial uses of a water-body. To ensure that water quality standards are not being weakened, 

the regional boards, State Board and USEPA must require that the UAA be a high quality 

analysis which appropriately assesses water-bodies of concern. However as discussed in our 

March 2012 comments, the UAAs included in the staff report fail to adequately meet EPA’s 

water quality guidelines, specifically by not proving that naturally occurring pollutant 

concentrations prevent the attainment of a water-body’s use  (see Table 1 and Attachment 1). In 

addition, the proposed UAAs also fail to protect receiving waters downstream which are still 

required to meet REC-1 standards.  How does the Regional Board plan to ensure that these 

downstream standards are met? 

 

A number of other technical flaws demonstrate that insufficient analyses were performed, which 

ultimately calls into question the integrity of the UAAs. Among the many flaws, discussed in 

more detail in our previous comments, is the lack of sufficient evidence that the water-bodies do 

not support or do not have the potential to support REC-1 uses. A complete analysis needs to 

determine accessibility, public use and the potential for human contact in the water-body. The 

UAA in question inappropriately evaluates these uses through subjective evidence such as 

intermittent photographs. Furthermore, it is extremely important to conduct sufficient water 

quality monitoring in order to determine if and where standards are being exceeded in order to 
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identify potential pollution sources. The technical report fails to provide this information along 

with any source control measures.     

 

The proposed de-designations may result in a disincentive to restore or enhance water-

bodies and harm to downstream water-bodies 

 

Modification of the current Basin Plan beneficial use designations could result in the unintended 

consequence of providing a disincentive to the many long-overdue restoration efforts of our 

urban creeks and rivers. Also, how can we expect to meet beneficial uses in downstream REC-1 

designated receiving waters when inland standards are de-designated to REC-2 standards? It is 

inappropriate to potentially preclude or provide a disincentive for restoration.  

 

The proposed subdivision of the REC-1 beneficial uses in the Proposed Amendment is 

premature 

 

Another issue with the Draft Amendments is the proposal to tier the REC-1 standard based on 

intensity in use. Not only do we disagree with subdividing a REC-1 standard from a public 

health standpoint (see March 2012 comment letter), but also, the proposal is premature. EPA is 

planning to release the 2012 Recreational Water Quality Criteria for Bacteria (“Criteria”) before 

the end of this year. Though coastal states have the authority to create and implement their own 

water quality standards, many closely follow EPA’s recommendations to develop and improve 

their own state’s bacteria standards. The Draft Criteria released in December 2011 do not include 

a subdivision of the criteria based on use intensity. Of note, in California efforts for developing 

inland bacteria standards were put on hold to wait for the EPA criteria. This begs the question 

why the Regional Board is so anxious to amend their Basin Plan at this time. Approving the 

proposed Draft Amendments is untimely and inappropriate.  

 

UAA criteria need to be developed to ensure protection of water quality standards and for 

statewide consistency  

 

EPA’s current UAA criteria are extremely vague and do not provide much needed guidance (see 

Table 1). It is extremely vital for the state to develop strong UAA criteria to best preserve 

beneficial uses, support meeting water quality standards in receiving waters, strengthen public 

health protection, and provide statewide consistency during UAA implementation. It is likely 

that we will see additional UAAs proposed in the future, so it is critical that the State Board be 

proactive and provide minimum guidelines for when and how a UAA can be pursued.   

 

Statewide UAA criteria should include the following: 

 At least five years of consistent water quality monitoring data (at least weekly) showing 

chronic water-body impairment (exceedances of state water quality standards). These 

data must be consistent among all areas seeking to undergo a UAA.  

 All efforts towards improving water quality (BMPs, water quality improvement projects, 

source tracking etc.) must be exhausted. These efforts should include an analysis of water 

quality monitoring data before and after project implementation.  
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 Must provide adequate data to demonstrate human sources are not contributing to water 

quality impairment. 

 Must provide significant documentation on the suggested lack of public use or access 

(pictures alone do not justify). This should be demonstrated by obtaining information 

through a combination of documented historical use, personal interviews, historians and 

digital archives.     

 

 

*** 

 

In conclusion, we urge the State Board to remand the proposed Draft Amendments to the 

Regional Board due to the major negative implications on public health protection, the dangerous 

precedent this sets, inadequate effort put forth towards improving water quality prior to UAA 

implementation, and insufficient data collection and analysis as part of the UAAs. Heal the Bay 

believes that the proposed Basin Plan amendment is the wrong action presented at the wrong 

time. We strongly recommend the development of statewide UAA criteria, to ensure a high level 

of public health protection and to avoid future statewide inconsistencies, prior to the approval of 

any Basin Plan amendment resulting from a UAA.  

 

Thanks you for taking our comments into consideration. Please feel free to call us with any 

questions or comments at 310-451-1500. 

 

 

 

Sincerely, 

 

 

 

 

Amanda Griesbach, MS   Kirsten James, MESM 

Water Quality Scientist   Water Quality Director 

Heal the Bay     Heal the Bay 
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Table 1. 

EPA’s water quality standards for UAA’s1  

1 Naturally occurring pollutant concentrations prevent the attainment of the use; or 

2 Natural, ephemeral, intermittent or low flow conditions or water levels prevent the 

attainment of the use, unless these conditions may be compensated for by the discharge of 

sufficient volume of effluent discharges without violating State water conservation 

requirements to enable uses to be met; or 

3 Human caused conditions or sources of pollution prevent the attainment of the use and 

cannot be remedied or would cause more environmental damage to correct than to leave in 

place; or 

4 Dams, diversions or other types of hydrologic modifications preclude the attainment of the 

use, and it is not feasible to restore the water body to its original condition or to operate 

such modification in a way that would result in the attainment of the use; or 

5 Physical conditions related to the natural features of the water body, such as the lack of a 

proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated to water quality, 

preclude attainment of aquatic life protection uses; or 

6 Controls more stringent than those required by sections 301(b) and 306 of the Act would 

result in substantial and widespread economic and social impact. 

 
1
A describes in EPA’s water quality standards regulation [40 CFR 131.10(g)(1)-(6)] 
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March 15, 2012 

 

Kurt V. Berchtold, Executive Officer 

Regional Water Quality Control Board 

Santa Ana 

3737 Main Street, Suite 500 

Riverside, California 92501 

 

 

 

Re:  Basin Plan Amendments to Revise Recreation Standards for Inland Fresh Surface 

Waters in the Santa Ana Region 

 

Dear Mr. Berchtold, 

 

On behalf of Heal the Bay, we submit the following comments on Basin Plan Amendments to 

Revise Recreation Standards for Inland Fresh Surface Waters in the Santa Ana Region (“Draft 

Amendments”) issued by the Santa Ana Regional Water Quality Control Board (Regional Board) 

for public review on January 12, 2012. We focus our comments on the proposals as described in 

the Executive Summary only, due to time constraints.  We appreciate staff’s willingness to 

include our comment letter in the record and in Board materials despite being submitted past the 

original response deadline.   

 

Our overarching concern with these proposals is that human health will not adequately be 

protected.  This concern is discussed in more detail below, and our comments follow the outline 

of the Executive Summary. 

 

#1. Rename the REC1 use from “Water Contact Recreation” to “Primary Contact 

Recreation.” 

 

We echo USEPA’s concern expressed in their February 23, 2012 comment letter that renaming 

the REC1 use would be inconsistent with the State Water Resources Control Board’s definition 

that was developed through an extensive process.  Thus, we urge the Regional Board to retain the 

current definition. 

 

#2. Delete the current Basin Plan fecal coliform objectives and replace with E. coli 

objectives. 

 

We concur with Regional Board’s general finding that fecal coliform objectives be replaced by 

E. coli objectives.  However, we are extremely concerned by the proposal to require at least 5 

samples over a 30 day period.  Instead, the Basin Plan should specify that a rolling geometric 

mean be calculated based on five samples collected over the last thirty days or the five most 

recent samples.  As shown in the Regional Board’s data analysis, there are many instances where 

only four samples were collected in a 30 day period.  This would lead to no geometric mean 

calculation, therefore putting the public’s health at risk.  Not having a geomean calculation is 

problematic because it helps to reveal chronic pollution problems. 
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In addition, the Regional Board must include a single-sample limit of E. coli density of 235/100 

ml.  The single sample is critical for both public health protection and compliance purposes.  

There is no justification as to why this criterion is absent in the proposal. 

 

#3. Establish a narrative pathogen objective 

 

It is unclear why the Regional Board would propose a narrative pathogen objective.  The 

numeric recreational water quality criteria are based on health impacts.  These numeric criteria 

should be sufficient to protect public health. 

 

#4 and #5. Sub-divide REC1 standards into tiers based on intensity of use 

 

We urge the Regional Board to reject the proposal of a tiered approach based on intensity of use.  

Each individual who recreates in a water-body should be afforded the same public health 

projection, regardless of how many “fellow swimmers” are utilizing the same water-body.  In 

fact USEPA recognizes the flaw with the tiered approach in the proposed Recreational Water 

Quality Criteria (Office of Water 820-D-11-002).  USEPA states that “the 2012 RWQC are no 

longer recommending multiple “use intensity” values, in an effort to increase national 

consistency across bodies of water and ensure equivalent public health protection in all waters.”  

(Criteria at 4).  Thus, one set of standards based on the same health protection is appropriate. 

 

In addition, we are concerned with the Regional Board’s assessment that the single sample value 

is for posting purposes only and that insufficient data may exist for the geomean calculation.  

Both the single sample and the geomean standards play an important role in public health 

protection and compliance assurance.  The Regional Board cannot simply decide to use one or 

the other.  Any derivation of the single sample or geomean from default values are a standards 

change and would be subject to EPA approval.  Both standards must be used, and a sufficient 

number of samples should be taken for the geomean calculation (the five most recent samples or 

five samples collected over the last 30 days). 

 

#6. Temporary suspension of bacteria objectives 

 

The term “high flow suspension” is very misleading.  Did the Regional Board collect flow data 

over an extended period of time in the waterbodies proposed for temporary suspension of 

bacteria objectives?  Without proper rain gauges on a specific water-body, it is impossible to 

know if the flow is truly significantly elevated.  Simply relying on nearby (or regional) rain 

gauge data is not sufficient to understand the flow regime. Given the lack of understanding about 

flow, it is impossible to predict when individuals could be recreating in a water-body.  People 

who swim or surf in wet or winter weather are entitled to the same health protections and water 

quality standards as those that swim at beaches during the Fourth of July.  Also the State Water 
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Board made this determination as they acknowledged that swimming and surfing are activities 

that occur in Southern California waters 365 days a year, rain or shine.  Of note, high bacteria 

concentrations from upstream waterbodies could contribute to exceedances of water quality 

standards in downstream waterbodies.  Thus we urge the Regional Board to not include a 

temporary suspension of bacteria objectives.  

 

Also we echo USEPA’s concerns that the definition of “modified channels” can lead to use 

suspension in any water body where any vegetation has been removed or had any small 

modifications.  This is completely inappropriate.   

 

#7.  Re-designate specific waters to remove REC1 or REC1 and REC2 uses. 

 

As this is the first Use Attainability Analysis (UAA) performed by the Santa Ana Region Board, 

and only second in the entire state, we are extremely concerned about the bad precedent this 

Basin Plan amendment sets for future dedesignation efforts throughout the state. 

 

In fact, the proposal sets an incentive to channelize inland waters in order to dedesignate 

beneficial uses and have less stringent requirements. The additional regulatory incentive of 

dedesignation will only lead to more efforts to channelize creeks and streams to prevent 

flooding, rather than more ecologically friendly flood control efforts or a bioengineering 

approach. More natural, bioengineered approaches to flood control will likely result when 

beneficial use designations are maintained.  

 

In addition, waterbodies dedesignated from a REC1 to a REC2 or complete dedesignation from 

water quality standards could stall restoration efforts. Millions of dollars in bond funds have 

been allocated to develop riparian restoration and enhancement plans and projects for many 

degraded waterways in the state. If efforts to improve water quality and restore riparian resources 

will result in tougher regulatory requirements, this will provide a tremendous disincentive for 

restoration and enhancement projects. The current regulatory framework provides no such 

incentive because the potential REC1 beneficial use exists on most of the receiving waters that 

are the focus of dedesignation efforts. Modification of the current Basin Plan beneficial uses 

could result in the unintended consequence of providing a disincentive to the many long-overdue 

restoration efforts of urban creeks and rivers. Also, one can easily see how this creates an 

incentive for resource management agencies to limit access to the very resources the Regional 

Board is trying to protect.  For example, why would a resource management agency put in a new 

bike path segment along a concrete lined receiving water if the beneficial action would lead to 

tougher regulatory requirements? 

 

The Regional Board states that dedesignated waters would be reviewed at least once every three 

years during the Triennial Review process.  Given resource constraints, it is impossible that this 
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review would be given the enormous amount of time needed to review all of the data and 

science. 

 

#9.  Delete the bacterial quality objective for MUN 

 

How did the Regional Board determine that the waterbodies in question do not meet the 

threshold for MUN as described in the State Board’s Sources of Drinking Water Policy?  Federal 

regulations prohibit removal of designated uses which are existing uses, as defined in 40 CFR 

Sect. 130.3, unless a use requiring more stringent criteria is added.  We echo USEPA’s concern 

that documentation is lacking showing that the proposed excepted waterbodies do not have 

existing MUN use designations. Thus, the Regional Board should not remove this beneficial use. 

 

*** 

 

In conclusion, the Regional Board’s proposal has major implications on public health protection.  

As discussed above, many elements of the proposal will put recreators at greater risk and will not 

protect beneficial uses.  At the same time, the proposal will likely stall restoration and water 

quality improvement efforts.  Heal the Bay believes that the proposed Basin Plan amendment is 

the wrong action at the wrong time.  Thus, Heal the Bay opposes the proposal as discussed 

above. 

 

Comments on the four proposed UAAs are attached (see below).  
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ATTACHMENT ONE (04/20/2012) 

UAA Comments 

     

Santa Ana-Delhi Channel 

Reach Identification 

 The reaches should have been:  

  Tidal Prism: Bike Path to Mesa Dr. (earthen bottom/one side rip-rap) 

  Mesa Dr to Alton Ave. (box channel) 

  Alton Ave to Warner Ave (earthen bottom/rip-rap) 

 By segmenting these reaches according to similar characteristics, such as earthen bottoms, 

rip-rap walls, and more natural landforms, the public has a better sense of the possibilities 

for each reach, in terms of water quality, habitat, and recreational uses. The UAA’s 

segmentation of the Creek combines reaches with different characteristics, like earthen 

bottoms segments with box channel segments. This type of segmentation can promote 

certain features or attributes as being homogeneous throughout the stretch of Creek, when 

they are not.  

 

Water Quality  

 It is first argued that there is not enough flow: the dominant dry weather flows create 

perennial flow of a few inches (6 inches or less)…and sources are groundwater and urban 

runoff (pg7-8). Then it is argued that the region cannot attain water quality criteria during 

dry weather because the BMPs implemented are not sufficient (5.6.3.7.1-- pg14). Perhaps 

the BMPs implemented should not be treatment types, but capture and reuse or infiltration 

given the low flow volumes. 

  

 There is no documentation on whether a source control/source identification program, and 

the subsequent source abatement program having been implemented. There is no 

discussion on whether a watershed approach to BMP implementation was ever adopted. No 

documentation on actual BMP implementation, and or performance criteria associated with 

those implemented BMPs. All the information associated with BMPs in this section are 

citations to studies on efficacy. There is no actual information highlighting any 

implemented BMPs, aside from diversions, in the watersheds. How can the public 

reasonable expect that the effort was made to control Bacteria inputs by any agency or 

municipality to control urban runoff or nuisance flows without such information? 

 

 Dry weather diversions are stated as 100% effective. The rational cited on the phone—per 

our conversation (04/19) was a concern for habitat. Yet, the UAA states that “treatment 

agencies do not like them”, and view them as a temporary practice. Which of the two 

responses is it? If the later, this is not a sufficient reason why bacterial objectives can’t be 

obtained. Dry-weather, and even some wet-weather, low-flow diversions are an integral 
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part in RWQCB 4 Bacterial TMDL compliance. In addition, the UAA argues that full 

capture is economically infeasible. This is understandable if the argument is for wet 

weather conditions. However, this is should not be the case for dry weather time-periods 

and low flow events.  

 

 Why did the RWQCB 8 use a calendar time-period to conduct its geometric mean analysis 

for bacteria for this UAA, when the Basin plan uses a 30-day rolling average (pg13)?  

 

 The UAA fails to demonstrate how efforts to attain recreational water quality standards in 

the downstream receiving water body—currently REC 1—will not be negatively impacted 

by the request to remove the upstream recreational use designations—an action that will 

allow higher levels of indicator bacteria in the upstream tidal prism, REACH 1 and 

REACH 2.  The REC-1 use of the downstream receiving water-body is not in question. (pg 

23). If bacterial standards during dry weather in this section of the receiving water-body 

can’t be met, then how does it figure this runoff or flow will not have a negative impact on 

the downstream receiving water-body? 

 

 

USES   

  Did RWQCB 8 solicit information from ‘historic societies’, local historians, or personal 

interviews to complete if determination of historic uses? Historic uses exploration should 

have included a people survey of local historians or senior citizens of the area. Personal 

Interviews should have been a component of this process. Simply looking on Google or 

electronic archives can be insufficient and incomplete due to the nature of digital archives. 

 

 In addition, there were photos that showed ‘tagging’ or graffiti in portions adjacent to the 

Creek, which suggests that there is access. Such actions would indicate that people are able 

to access the areas. In RWQCB 4, ‘tagging’ or graffiti, while illegal, can demonstrate that 

access and use exist in the area.   

 

 The OCFCD denies access due to safety concerns. As it relates to this issue of de-

designation or this UAA, the argument may be applicable for wet-weather (high velocity 

flow) conditions, yet is completely inappropriate for dry-weather. There is little 

justification as to why the public should not be able to use or have access to the Creek 

during the 98% of time when such high-flow conditions do not exist. While there are 

vertical walls in segments, there is a sufficient amount of area that is covered with rip-rap. 

RWQCB 8 seems to make the subjective argument that even in dry-weather the Creek is 

unsafe in these areas (pg12) to access. This UAA fails to even discuss the statewide, and 

Southern California, initiatives to obtain great access to these once off-limit areas. For 

example, the City of Los Angeles has the lead the way in making the LA River a 
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destination place for contact water recreation and public education. There are several other 

examples in Los Angeles County where semi-channelized waterbodies are being utilized 

for their non-direct recreation benefits, habitat opportunities, and public education. A 

number of State Conservancies and Private Non-profits are currently looking at acquiring 

parcels to develop greater open space opportunities for park poor regions by working with 

local groups. Neither the State Agencies, Non-Profit groups, nor local community groups 

appear to have been solicited for this review. On the State level, SB1201 (De Leon) seeks 

to address this issue of public access to flood control channels, engineered creeks, streams, 

and rivers. The bill, if adopted, will amend Section 2 of the Los Angeles County Flood 

Control Act (Chapter 755 of the Statutes of 1915) “to include or provide for public use of 

navigable waterways that are suitable for recreational and education purposes” as they 

relate to the Los Angeles River. This bill is likely to set precedent for other receiving 

waterbodies in the State.  

 The UAA appears to argue that hydro-modifications impacts are indefinite. In addition, the 

UAA seemed only to consider full restoration of the Creek as the only alternative. There is 

no discussion of partial enhancement to the Creek as a viable option. Also, this section took 

no account of statewide and southern California wide measures that consider these areas as 

important sites for implementing integrated water management opportunities, LID, and 

other multiple-benefit land-use policies to treat water.  

 Finally, the summary of adjacent land-uses and their potential to impact water quality or 

the role they could play in addressing water quality issues—as the relate to the previous 

bullet point—are not sufficiently address. How is the public able to determine possible 

sources impact the Creek or evaluate opportunities for watershed-wide multiple benefit 

BMPs. For example, there are two large golf courses, a regional park, and a school all in 

located is close proximity to the Creek. 

 

Greenville-Banning Channel 

Water Quality  

 First argue that there is not enough flow: the dominant dry weather flows create perennial 

flow of a few inches (6 inches or less)…and sources are groundwater and urban runoff  

(pg 7-8). Then it is argued that the region cannot attain water quality criteria during dry 

weather because the BMPs implemented are not sufficient (pg 16-17). Perhaps the BMPs 

implemented should not be treatment types, but capture and reuse or infiltration given the 

low flow volumes. 

 

 Dry weather diversions are stated as 100% effective. The rational cited on the phone—per 

our conversation (04/19) was a concern for habitat. Yet, the UAA states that “treatment 
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agencies do not like them”, and view them as a temporary practice. Which of the two 

responses is it? If the later, this is not a sufficient reason why bacterial objectives can’t be 

obtained. Dry-weather, and even some wet-weather, low-flow diversions are an integral 

part in RWQCB 4 Bacterial TMDL compliance. In addition, the UAA argues that full 

capture is economically infeasible. This is understandable if the argument is for wet 

weather conditions. However, this is should not be the case for dry weather time-periods 

and low flow events.  

 

 An ‘Orange County Areawide Urban Stormwater Runoff Management Plan’ is 

mentioned, and a suggestion that the drainage area limits the effectiveness of many 

BMPs. What documents or data support this assertion? Most management plans are an 

iterative process, based on implemented programmatic and structural BMPs. Has this 

type of evaluative component been completed on actual implemented structural BMP 

performance and design? Beyond low-flow diversions, what other actual BMPs were 

installed in this watershed? What changes or modifications to those implemented BMPs 

were completed to address short-coming to initial BMP construction? As for 

programmatic BMPs, what evaluative measures were used to determine behavioral 

changes in municipalities (the general population), given that urban runoff is the primary 

bacterial source? Has enforcement been implemented in this watershed as a deterrent to 

urban runoff or nuisance flows in association with MS4 or NPDES compliance? (pg.16) 

 

 There is no documentation on whether a source control/source identification program, 

and the subsequent source abatement program having been implemented. There is no 

discussion on whether a watershed approach to BMP implementation was ever adopted. 

No documentation on actual BMP implementation, and or performance criteria associated 

with those implemented BMPs. All the information associated with BMPs in this section 

are citations to studies on efficacy. There is no actual information highlighting any 

implemented BMPs, aside from diversions, in the watersheds. How can the public 

reasonable expect that the effort was made by any agency or municipality to control 

bacteria inputs from urban runoff without such information?      

 

 Why did the RWQCB 8 use a calendar time-period to conduct its geometric mean 

analysis for bacteria for this UAA when the Basin plan uses a 30-day rolling average 

(pg11)?  

 

 The UAA fails to demonstrate how efforts to attain recreational water quality standards in 

the downstream receiving water body—currently REC 1—will not be negatively 

impacted by the request to remove the upstream recreational use designations—an action 

that will allow higher levels of indicator bacteria in the upstream tidal prism, and 

REACH 1.  The REC-1 use of the downstream receiving water-body is not in question. 
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(pg 23). If bacterial standards during dry weather in this section of the receiving water-

body can’t be met, then how does it figure this runoff or flow will not have a negative 

impact on the downstream receiving water-body? 

 

USES   

 Did RWQCB 8 solicit information from ‘historic societies’, local historians, or personal 

interviews to complete if determination of historic uses? Historic uses exploration should 

have included a people survey of local historians or senior citizens of the area. Personal 

Interviews should have been a component of this process. Simply looking on Google or 

electronic archives can be insufficient and incomplete due to the nature of digital 

archives. (Pg.21) 

 

 This UAA fails to even discuss the statewide, and Southern California, initiatives to 

obtain great access to these once off-limit areas (pg 22-probable future uses). For 

example, the City of Los Angeles has the lead the way in making the LA River a 

destination place for contact water recreation and public education. There are several 

other examples in Los Angeles County where semi-channelized waterbodies are being 

utilized for their non-direct recreation benefits, habitat opportunities, and public 

education. A number of State Conservancies and Private Non-profits are currently 

looking at acquiring parcels to develop greater open space opportunities for park poor 

regions by working with local groups. Neither the State Agencies, Non-Profit groups, nor 

local community groups appear to have been solicited for this review. On the State level, 

SB1201 (De Leon) seeks to address this issue of public access to flood control channels, 

engineered creeks, streams, and rivers. The bill, if adopted, will amend Section 2 of the 

Los Angeles County Flood Control Act (Chapter 755 of the Statutes of 1915) “to include 

or provide for public use of navigable waterways that are suitable for recreational and 

education purposes” as they relate to the Los Angeles River. This bill is likely to set 

precedent for other receiving waterbodies in the State.  

 The UAA appears to argue that hydro-modifications impacts are indefinite. In addition, 

the UAA seemed only to consider full restoration of the Creek as the only alternative. It 

appears that the only criteria RWQCB 8 used for channel restoration was a complete 

riparian wetland restoration? There is no discussion of partial enhancement to the Creek 

as a viable option for supporting REC-1 uses. There are many gradients, without full 

restoration, that could support REC-1 as has been witnessed in the LA River. Also, this 

section took no account of statewide and southern California wide measures that consider 

these areas as important sites for implementing integrated water management 

opportunities, LID, and other multiple-benefit land-use policies to treat water.  
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 Finally, the summary of adjacent land-uses and their potential to impact water quality 

(Mesa Verde and Costa Mesa golf courses) or the role they could play in addressing 

water quality issues (Fairview Regional Park and Talbert Regional Park)—as the relate to 

the previous bullet point—are not sufficiently addressed (5.6.4.9.2). How is the public 

able to determine possible sources impact the Creek or evaluate opportunities for 

watershed-wide multiple benefit BMPs.  

 

 

Temescal Creek 

Reach Identification 

 The UAA Reach 1a should not have included:  

  Cota St to Lincoln Ave (earthen bottom/rip-rap); everything else is in this reach is a box 

or trapezoidal channel. (pg 1) 

  By segmenting these reaches according to similar characteristics, such as earthen 

bottoms, rip-rap walls, and more natural landforms, compared to box and trapezoidal 

channels, the public has a better sense of the possibilities for each reach, in terms of water 

quality, habitat, and recreational uses. The UAA’s segmentation of the Creek combines 

reaches with different characteristics, like earthen bottoms segments with box channel 

segments. This combining of different segments can promote or hide certain desirable 

features or attributes as not existing or being homogeneous throughout the stretch of Creek, 

when they are not. 

 

Water Quality  

 A ‘Comprehensive Bacteria Reduction Plan’ has been developed and is the foundation for 

achieving compliance of water quality standards as part of the MS4 permit, and to support 

compliance with the Middle Santa Ana River TMDL. (pg 15): 

    While Bacteria treatment or structural BMPs are stated, and citations to Stormwater 

Design Handbook mentioned, there is no actual projects referenced or discussed. 

“Planning is underway to develop future management controls” but this is not 

explained in detail as to what actual projects will be forthcoming, and whether those 

identified projects will actually work. (pg15 and pg16); 

 In the meantime, as the UAA asserts “the ‘Comprehensive Bacteria Reduction Plan’ is 

an iterative and adaptive process” that was started in 2006 and nearing completion in 

2010—“Final Draft CBRPs were submitted in late December 2010...to RWQCB staff 

for review. (pg 16)” What BMPs, treatment, structural or programmatic, have been 

implemented during this time-period? Has any evaluative component been completed 

on actual implemented structural BMP performance and design? Beyond low-flow 

diversions, what other actual BMPs were installed in this watershed? What changes or 

modifications to those implemented BMPs were completed to address short-coming to 
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initial BMP construction? As for programmatic BMPs, what evaluative measures were 

used to determine behavioral changes in municipalities or the general population, given 

that urban runoff is a bacterial source? Has enforcement been implemented in this 

watershed as a deterrent to urban runoff or nuisance flows in association with MS4 or 

TMDL compliance? (pg.16); 

  In addition, the Middle Santa Ana River TMDL and MS4 are stated as the drivers for 

Bacteria compliance in Temescal Creek. Compliance is set for December 2015, at the 

latest. Why move forward with a UAA now instead of waiting 3 years until the TMDL 

has run its course? Also, it seems premature to proceed with a UAA for Temescal 

Creek when the ‘Comprehensive Bacteria Reduction Plan’ was barely finalized—“Final 

Draft CBRPs were submitted in late December 2010...to RWQCB staff for review. (pg 

16)” It seems that the plan hasn’t had enough time to be in effect to make a UAA 

determination for non-compliance with water quality objectives for Bacteria. 

Implementing a UAA will most certainly impact monitoring (removing or reducing), 

BMP implementation, and water quality compliance schedules (eliminating the use, 

eliminates the compliance). 

 

 How can the public reasonable expect that the effort was made by any agency or 

municipality to control bacteria inputs from urban runoff without such information?  

 

 Sources are nuisance flows from urban runoff, wastewater, and Water District. (pg7-8) 

If the waste water plant is coming off line, does this impact the District’s recycled water 

program? What is the capacity of the wastewater or district agencies to capture first 

flush or storm events? 

 

 The UAA fails to demonstrate how efforts to attain recreational water quality standards 

in the downstream receiving water body—currently REC 1—will not be negatively 

impacted by the request to remove the upstream recreational use designations—an 

action that will allow higher levels of indicator bacteria in the upstream portions of 

REACH 1a and REACH 1b in Temescal Creek.  The REC-1 use of the downstream 

receiving water-body is not in question. (pg 23). If RWQCB 8 can’t comply with 

bacterial standards during dry weather in this section of the receiving water-body, then 

how does it figure this runoff or flow will not have a negative impact on the downstream 

receiving water-body? 

 

 

USE 

 The ‘Probable Future Uses’ section appears limited to local municipalities. Did RWQCB 8 

check with State or other open space/Park groups desires regarding future uses for the area? 
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 Did RWQCB 8 solicit information from ‘historic societies’, local historians, or personal 

interviews to complete if determination of historic uses? Historic uses exploration should 

have included a people survey of local historians or senior citizens of the area. Personal 

Interviews should have been a component of this process. Simply looking on Google or 

electronic archives can be insufficient and incomplete due to the nature of digital archives. 

(pg 22) 

 

 The RCFCD denies access due to safety concerns. As it relates to this issue of de-

designation or this UAA, the argument may be applicable for wet-weather (high velocity 

flow) conditions, yet is completely inappropriate for dry-weather. There is little 

justification as to why the public should not be able to use or have access to the Creek 

during the 98% of time when such high-flow conditions do not exist. RWQCB 8 seems to 

make the subjective argument that even in dry-weather the Creek is unsafe in these areas 

(pg 23) to access.  

 

 Again, the characterization of adjacent land-uses and available areas is limited in its scope 

(pg11) as it relates to bacterial inputs or opportunities for regional or site specific BMP 

implementation. For example, there is a large sized lot at Magnolia and 6
th

 (27 acres)—

willing seller based on Google photos—in proximity to Temescal Creek that could be 

identified as a multiple benefit project.  

 

 This UAA fails to even discuss the statewide, and Southern California, initiatives to obtain 

great access to these once off-limit areas (pg 22-probable future uses). For example, the 

City of Los Angeles has the lead the way in making the LA River a destination place for 

contact water recreation and public education. There are several other examples in Los 

Angeles County where semi-channelized waterbodies are being utilized for their non-direct 

recreation benefits, habitat opportunities, and public education. A number of State 

Conservancies and Private Non-profits are currently looking at acquiring parcels to develop 

greater open space opportunities for park poor regions by working with local groups. 

Neither the State Agencies, Non-Profit groups, nor local community groups appear to have 

been solicited for this review. On the State level, SB1201 (De Leon) seeks to address this 

issue of public access to flood control channels, engineered creeks, streams, and rivers. The 

bill, if adopted, will amend Section 2 of the Los Angeles County Flood Control Act 

(Chapter 755 of the Statutes of 1915) “to include or provide for public use of navigable 

waterways that are suitable for recreational and education purposes” as they relate to the 

Los Angeles River. This bill is likely to set precedent for other receiving waterbodies in the 

State.  

 

 

 



 
 1444 9th Street ph  310 451 1500 info@healthebay.org 

   Santa Monica CA 90401 fax  310 496 1902 www.healthebay.org 
  

 

 

 18 

Cucamonga Creek 

Water Quality 

 Documented sources are nuisance flows urban runoff (2.8mgd), agricultural (feed-lots 

and farming), and wastewater (2.8mgd). (pg 8)  

 Did the San Bernardino Stormwater Program include the wastewater effluent as 

part of the nuisance flows or is this a separate 2.8 mgd value? Is there a runoff 

value for Ontario Airport? 

 Has the San Bernardino Stormwater Program, the local POTW or RWQCB 8 

considered an Integrated Water Resources Management Plan in an effort to limit 

the amount of nuisance flows to Cucamonga Creek? There is no discussion of this 

type of planning in the UAA. While there is a recycled water program, there is no 

discussion as to volumes being recycled or goals/capacity of future recycling 

efforts? This is critical information if flows from treated wastewater create 

conditions that exacerbated bacterial growth? Given that the POTW is treating its 

sewage water to tertiary level, is groundwater infiltration a possibility versus 

discharging it into a box channel? 

 

 A ‘Comprehensive Bacteria Reduction Plan’ has been developed and is the foundation 

for achieving compliance of water quality standards as part of the MS4 permit, and to 

support compliance with the Middle Santa Ana River TMDL. (pg 15): 

 While Bacteria treatment or structural BMPs are discussed, and citations to 

Stormwater Design Handbook mentioned, there are no actual projects referenced 

or discussed. “Planning is underway to develop future management controls” but 

this is not explained in detail as to what actual projects will be forthcoming, and 

whether those identified projects will actually work. (pg15 and pg16) 

 In the meantime, as the UAA asserts “the ‘Comprehensive Bacteria Reduction 

Plan’ is an iterative and adaptive process” that was started in 2006 and nearing 

completion in 2010—“Final Draft CBRPs were submitted in late December 

2010...to RWQCB staff for review. (pg 16)” What BMPs, treatment, structural or 

programmatic, have been implemented during this time-period? Has any 

evaluative component been completed on actual implemented structural BMP 

performance and design? Beyond low-flow diversions, what other actual BMPs 

were installed in this watershed? What changes or modifications to those 

implemented BMPs were completed to address short-coming to initial BMP 

construction? As for programmatic BMPs, what evaluative measures were used to 

determine behavioral changes in municipalities or the general population, given 

that urban runoff is a bacterial source? Has enforcement been implemented in this 

watershed as a deterrent to urban runoff or nuisance flows in association with 

MS4 or TMDL compliance? (pg.16) 
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  In addition, the Middle Santa Ana River TMDL and MS4 are stated as the drivers 

for Bacteria compliance in Cucamonga Creek. Compliance is set for December 

2015, at the latest. Why move forward with a UAA now instead of waiting 3 

years until the TMDL has run its course? Also, it seems premature to proceed 

with a UAA for Cucamonga Creek when the ‘Comprehensive Bacteria Reduction 

Plan’ was barely finalized—“Final Draft CBRPs were submitted in late December 

2010...to RWQCB staff for review. (pg 16)” It seems that the plan hasn’t had 

enough time to be in effect to make a UAA determination for non-compliance 

with water quality objectives for Bacteria. Implementing a UAA will most 

certainly impact monitoring (removing or reducing), BMP implementation, and 

water quality compliance schedules (eliminating the use, eliminates the 

compliance). 

 How can the public reasonable expect that the effort was made by any agency or 

municipality to control bacteria inputs from urban runoff without such 

information?  

 

 Finally, the UAA fails to demonstrate that efforts to attain recreational water quality 

standards in the downstream receiving water body will not be negatively impacted by 

their request to remove the recreational use designations in upstream portions of REACH 

1 in Cucamonga Creek.  The REC-1 use of the downstream receiving water-body is not 

in question. If you can’t comply with bacterial standards during dry weather in this 

section of the receiving water-body, then it is impossible to not have an impact on the 

downstream receiving water-body. 

 

USE 

 Did RWQCB 8 solicit information from ‘historic societies’, local historians, or personal 

interviews to complete if determination of historic uses? Historic uses exploration should 

have included a people survey of local historians or senior citizens of the area. Personal 

Interviews should have been a component of this process. Simply looking on Google or 

electronic archives can be insufficient and incomplete due to the nature of digital 

archives.(pg 22) 

 

 The RCFCD and SBCFCD deny access due to safety concerns. As it relates to this issue 

of de-designation or this UAA, the argument may be applicable for wet-weather (high 

velocity flow) conditions, yet is completely inappropriate for dry-weather. There is little 

justification as to why the public should not be able to use or have access to the Creek 

during the 98% of time when such high-flow conditions do not exist. RWQCB 8 seems to 

make the subjective argument that even in dry-weather the Creek is unsafe in these areas 

(pg 23) to access.  
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 The ‘Probable Future Uses’ section appears limited to local municipalities. Did RWQCB 

8 check with State or other open space/Park groups desires regarding future uses for the 

area? A number of State Conservancies and Private Non-profits are currently looking at 

acquiring parcels to develop greater open space opportunities for park poor regions by 

working with local groups. Neither the State Agencies, Non-Profit groups, nor local 

community groups appear to have been solicited for this review. On the State level, 

SB1201 (De Leon) seeks to address this issue of public access to flood control channels, 

engineered creeks, streams, and rivers, specifically the Los Angeles River. The bill, if 

adopted, will amend Section 2 of the Los Angeles County Flood Control Act (Chapter 

755 of the Statutes of 1915) “to include or provide for public use of navigable waterways 

that are suitable for recreational and education purposes”. This bill is likely to set 

precedent for other receiving waterbodies in the State.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 1444 9th Street ph  310 451 1500 info@healthebay.org 

   Santa Monica CA 90401 fax  310 496 1902 www.healthebay.org 
  

 

 

 21 

May 24, 2003 

 

Mr. Dennis Dickerson, Executive Officer 

Los Angeles Regional Water Quality Control Board 

320 W. 4
th

 St. 

Los Angeles, CA 90013 

 

Re: Proposed Basin Plan Amendment to Remove REC-1 Beneficial Use for Ballona Creek to 

Estuary 

 

Dear Mr. Dickerson: 

 

Heal the Bay has numerous objections and concerns about the proposed Basin Plan Amendment 

to remove the REC-1 beneficial use for the water body segments from Ballona Creek near 

Cochran Ave. to the estuary at Centinela Ave.  This is the first Use Attainability Analysis (UAA) 

performed by the LA-RWQCB and Heal the Bay is extremely concerned about the numerous bad 

precedents that this Basin Plan amendment sets for future dedesignation efforts for the region.  

As you know, there is a significant effort in the regulated community spearheaded by the 

Coalition for Practical Regulation and others, to push for dedesignation of as many beneficial 

uses as possible in order to eliminate the requirement for TMDL development and the addition of 

Waste Load Allocations in the L.A. County Municipal Stormwater NPDES permit.  As such, any 

UAA developed by the RWQCB must meet the CWA requirements for UAA development and 

shall not set a precedent for further weakening of water quality protections in the region. 

 

Heal the Bay objects to the following provisions to the preferred alternative in the UAA: 

 

The creation of a Limited Rec-1 beneficial use sets a horrible precedent of unequal 

protection under the Clean Water Act.  One of the single greatest achievements of this 

RWQCB was the development and approval of the dry and wet weather TMDLs for fecal 

indicator bacteria (FIB) at Santa Monica Bay beaches.  One of the arguments brought by Los 

Angeles County and CPR that the RWQCB and the SWRCB soundly rejected was the premise 

that the public recreating at infrequently visited beaches was entitled to less health protection 

than those that swim at popular beaches.  The RWQCB and the SWRCB made it clear that 

people who swim or surf in wet weather are entitled to the same health protections and water 

quality standards as those that swim at Santa Monica’s beaches during the Fourth of July.  

Similarly, those that surf at Leo Carillo Beach during a rainstorm are entitled to the same public 

health protections as those that surf at Malibu Surfrider Beach during a storm.  The State made 

this determination because they acknowledged that swimming and surfing are activities that 

occur in Southern California waters 365 days a year, rain or shine. 

 

The UAA proposes using a limited Rec-1 designation for Reach 2 of Ballona Creek, thereby 

proposing the weaker water quality objective of 576 E. coli/100 mls. instead of the more 

protective existing objective of 235 E. coli/100 mls.  This recommendation is completely 

inconsistent with the recent FIB TMDLs for Santa Monica Bay beaches.  The creation of a 

Limited Rec-1 category sets a horrible precedent of unequal public health protection under the 
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Clean Water Act that may be applied to other inland waters, enclosed bays or estuaries, and even 

ocean waters on a year-round or seasonal basis.  

 

The proposed dedesignation of the REC-1 beneficial use on Ballona Creek is premature.  
At a time when nearly every single Basin Plan amendment, TMDL and major discharge permit 

has been opposed by members of the regulated community, it is unconscionable to modify a 

beneficial use of a water body when there have been no efforts to decrease FIB densities in 

Ballona Creek.  In a classic case of putting the cart before the horse, the RWQCB’s proposed 

amendment provides a regulatory incentive to dischargers to push for weaker water quality 

standards before undertaking any efforts to improve water quality.  To date, there have been no 

successful efforts to reduce FIB densities in any inland water in the entire Los Angeles region.  

Until such time as there are RWQCB approved comprehensive programs to reduce FIB densities 

in inland waters and there is incremental reduction in FIB densities, there should be no attempts 

to weaken water quality standards for those same inland waters.  Otherwise, efforts to reduce 

FIB densities in Ballona Creek and the L.A. River to protect the public health of swimmers in the 

receiving waters and the beaches impacted by the polluted Creek and River will likely continue 

to be non-existent to half-hearted and will certainly be pushed off to the distant future.  

 

The proposed dedesignation sets an incentive to dedesignate inland waters for REC-1 uses.   
On page 36, the UAA states that this Basin Plan amendment will result in a precedent for 

dedesignation of other similar concrete lined channels.  However, it is completely unclear how 

this precedent will be applied in the future.  With the current ambiguity in the UAA, one can 

easily see future regulatory community efforts to push for dedesignation of any inland water with 

concrete lined bottoms and/or sides, or ephemeral flows. As stated in the UAA, requests to 

dedesignate the San Gabriel River have already occurred despite the fact that most of the river is 

soft-bottomed and the public has the opportunity to recreate in the river along much of its length.  

 

Also, the UAA states that the lack of easy public access is additional grounds for dedesignating 

Ballona Creek.  One can easily see how this creates an incentive for resource management 

agencies to limit access to the very resources the RWQCB is trying to protect.  For example, why 

would a resource management agency put in a new bike path segment along a concrete lined 

receiving water if the beneficial action would lead to tougher regulatory requirements? 

 

The proposed dedesignation sets an incentive to channelize inland waters in order to 

eliminate the REC-1 beneficial uses. –  Since the REC-1 dedesignation for Ballona Creek sets a 

precedent for dedesignation of concrete lined channels, this provides an incentive for further 

flood control channelization of riparian inland waters.  More natural, bioengineered approaches 

to flood control will likely result in the maintenance of the REC-1 beneficial use designation, 

while concrete channelization may lead to dedesignation.  Much to Heal the Bay’s dismay, 

riparian habitat destroying, flood control channelization projects still occur today (See recent 

Medea Creek project in Agoura Hills). The additional regulatory incentive of REC-1 

dedesignation will only lead to more efforts to channelize creeks and streams to prevent 

flooding, rather than more ecologically friendly flood control efforts such as those in Sun Valley 

or a bioengineering approach. 
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The proposed dedesignation may result in a disincentive to restore or enhance receiving 

water resources.   

Currently, there are large-scale, funded efforts to develop riparian restoration and enhancement 

plans and projects for Ballona Creek, the L.A. River, the San Gabriel River and many other 

degraded waterways in the region.  To date, well over one hundred million dollars in bond funds 

have been allocated to these efforts.  If efforts to improve water quality and restore riparian 

resources will result in tougher regulatory requirements, this will provide a tremendous 

disincentive for restoration and enhancement projects.  The current regulatory framework 

provides no such incentive because the potential REC-1 beneficial use exists on most of the 

receiving waters that are the focus of dedesignation efforts.  Modification of the current Basin 

Plan beneficial uses could well result in the unintended consequence of providing a disincentive 

to the many long-overdue restoration efforts of our urban creeks and rivers. 

 

The REC-1 dedesignation provides illusory regulatory relief , so the only benefit to the 

regulated community is the bad precedent of the UAA – Under the tributary rule, Ballona 

Creek still must meet REC-1 water quality objectives for inland waters.  The Ballona Creek 

estuary maintains an existing REC-1 use (both in current use and regulatory designation) and has 

been designated as REC-1 since prior to 1975.  Since the Ballona Creek estuary has an existing 

(E) beneficial use, then the use cannot be changed.  Also, there are no new sources of Creek flow 

between Reach 2 and the estuary, so Ballona Creek waters must meet REC-1 water quality 

objectives at Centinela Ave. with no allowable dilution – even at low tide conditions where 

Ballona Creek flow makes up the entire filled Creek volume in the upper estuary.  As a result, all 

of Ballona Creek must meet REC-1 FIB water quality objectives. 

 

The fact that all of Ballona Creek must meet REC-1 FIB water quality objectives despite 

dedesignation because of the downstream impact issue will lead to additional efforts to weaken 

the tributary rule.  Already, as part of the controversial Basin Plan record critique document 

funded by CPR, the Los Angeles County Sanitation Districts and others, some in the regulated 

community have made it clear that they oppose the RWQCB’s application of the tributary rule.   

 

The RWQCB did not adequately demonstrate that conditions 2 and 4 under 40 CFR S 

131.10(g) were met.  Conditions 2 and 4 under the requirements for dedesignation are the basis 

of the RWQCB’s proposed dedesignation.  Condition 2 – states that low flow conditions prevent 

the attainment of use.  However, the analysis of human use in Ballona Creek was based on a very 

small number of returned questionnaires (n=33) and limited staff observation of the creek.  

Between 2:30 and 4:30 PM on May 4
th

 2003, I walked Ballona Creek from Sepulveda Blvd. to 

Lincoln Blvd. and I saw 6 children wading in the water near the Mar Vista Gardens in efforts to 

catch four-square balls floating down the creek a day or two after a storm. Clearly, based on my 

own limited observations and the lack of detailed RWQCB field analysis and questionnaires, the 

issue of REC-1 use in Ballona Creek is still uncertain.  Also, the fact that conditions of low flow 

and low stream depth are prevalent does not eliminate the possibility that Ballona Creek could be 

restored to provide more optimal conditions for REC-1 through the creation of a soft Creek 

bottom with pools habitat. 

 

As for condition 4, Ballona Creek does not even come close to attaining a condition of precluded 

use because of hydrological modification and infeasibility of restoration.  There is a concerted 
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effort to focus on the restoration of Ballona Creek, so any conclusion that the Creek cannot be 

restored would be in direct opposition of this stakeholder based watershed management effort. 

Also, the mere presence of concrete does not eliminate the REC-1 use in any way, shape or form 

and the UAA fails to demonstrate why concrete eliminates the REC-1 use.    

 

There are a number of other issues that Heal the Bay is concerned about in the UAA.  The 

geometric mean and single sample water quality objectives apply to Ballona Creek.  However, 

there are no currently required monitoring programs in segment one or two of the Creek, let 

alone the estuary.  Without a current monitoring program, it will be impossible to determine if 

Ballona Creek is in compliance with the REC-1single sample water quality objective, let alone 

the geometric mean requirement.  Typically, numerous samples are required to determine if an 

effluent or receiving water is in compliance with the geometric mean requirement.  For example, 

at least five samples a month are needed to determine if a discharger is in compliance with 30 

day geometric mean requirements in an NPDES permit. 

 

An issue that was not discussed in the alternatives section of the UAA was the possibility of 

issuing a five year variance for the REC-1 beneficial use on Ballona Creek. In light of the clear 

concerns about the precedent setting nature of this UAA, why didn’t the RWQCB investigate 

temporarily dedesignating the receiving water via a variance route ?  As you know, five year 

variances have been given to power plants for thermal and chlorine discharges for over three 

decades.  Although Heal the Bay does not necessarily support such variances, at least there is 

precedent for giving them under certain, narrow environmental and regulatory circumstances.  

 

In conclusion, the RWQCB’s first attempt at a UAA sets a dangerous precedent for 

dedesignation at a time when nearly every new TMDL, Basin Plan amendment and major 

NPDES permit is under attack by the certain members of the regulated community.  Heal the 

Bay believes that the proposed Basin Plan amendment is the wrong action at the wrong time.  

Until such time as there has been incremental progress in reducing FIB densities in inland waters 

and the RWQCB crafts a UAA that more carefully, narrowly and completely addresses the legal 

requirements under S.131.10(g), then Heal the Bay will continue to oppose similar REC-1 

dedesignation efforts. 

 

 

If you have any questions about Heal the Bay’s comments, please call me at 310-453-0395 x119. 

 

 

Sincerely, 

 

 

Mark Gold,  D.Env. 

Executive Director 
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October 1, 2012 
 
Jeanine Townsend, Clerk to the Board 
State Water Resources Control Board 
1001 I Street, 24th Floor  
Sacramento, CA 95814 
 
Subject:  Comment Letter—Recreation Standards Amendments by the Santa Ana Water Board 
 
Dear Ms. Townsend: 
 
CASQA supports the State Water Resources Control Board’s approval of the amendment of the 
Santa Ana Regional Water Quality Control Board Basin Plan with respect to recreation uses.   
Indeed, CASQA has previously commended the work of the Stormwater Quality Standards Task 
Force (Task Force) for its development of these Basin Plan Amendments (see attached letter of 
February 27, 2012).  
 
The amendments approved by the Regional Water Board are the product of a comprehensive 
stakeholder Task Force process facilitated by the Santa Ana Watershed Project Authority since 2003.  
This deliberation was the most thorough consideration of recreational use standards ever undertaken 
in California, or perhaps anywhere.  The Phase I municipal stormwater permittees, water and 
wastewater agencies, environmental advocates, and Regional Water Board and US EPA staff 
actively participated in the process.  The Task Force’s mission was to work within the existing law, 
to apply available science underlying the standards, and to develop a consensus approach to 
recreational water quality standards that is appropriate, enforceable, achievable, and that focuses 
effort on reducing the actual risk of illness.   
 
These amendments will allow local agencies responsible for surface water quality to prioritize and 
apply available public resources in areas where recreation actually occurs.  The local agencies can 
implement a systematic, prioritized, resource efficient implementation approach that minimizes 
public health risks.  In addition, the amendments expressly acknowledge the continuing requirement 
to protect beneficial uses not only at a particular location, but also downstream from that location.  
These amendments address only fresh water and, therefore, do not affect the standards that apply at 
ocean beaches.   
 
Currently, numeric standards apply everywhere throughout the watershed at all times and without 
consideration of whether or not the region’s highly modified urban channels are actually used for 
recreation.  In addition, most management programs cannot attain the numeric standards in wet 
weather because uncontrollable factors cause exceedances in the water bodies.  With the amendments, 
compliance will still require significant investments, but those expenditures can be more precisely 
focused on achieving regulatory compliance and protecting people where they swim. 
 



CASQA comments on Recreation Standards Amendments by the Santa Ana Water Board 

October 1, 2012  2 

For these reasons, CASQA requests the State Water Board to approve the amendments.  Thank 
you for your consideration. 
 
Sincerely, 

 
Richard Boon, Chair - California Stormwater Quality Association 
 
Attachment: CASQA Letter to Santa Ana Regional Water Board – February 27, 2012 
 
 



 

 

February 27, 2012 
 
Dave Woelfel  
Santa Ana Regional Water Quality Control Board 
 
Subject: Basin Plan Amendments to Revise Recreation Standards for Inland Fresh Surface 

Waters in the Santa Ana Region 
 
Dear Mr. Woelfel, 
 
The California Stormwater Quality Association (CASQA1) is pleased to recognize the efforts of the 
Stormwater Quality Standards Task Force, which was convened in 2003 to review the water quality 
standards related to swimming and recreational uses in the Santa Ana region’s streams and rivers.  
Through a multi-year effort involving a wide range of stakeholders, the Task Force has evaluated the 
science underlying water quality criteria for bacteria, has conducted comprehensive evaluations of 
the ability of the region’s water bodies to support swimming and other recreational uses, and has 
considered a wide range of potential implementation options. 
 
CASQA believes that the proposed Basin Plan Amendments will help assure that human health will be 
protected and that public resources will be expended reasonably and fairly.  The Amendments update 
the region’s water quality objectives for indicator bacteria to conform to USEPA’s recommended 
criteria, and the amendments incorporate a narrative objective to assure that waste discharges do not 
contain human pathogens at levels that will increase the risk of illness.  The proposed changes 
recognize that some waters are commonly used for swimming and other recreational activities, while 
others are used infrequently, if at all.  Finally, the proposed amendments acknowledge that recreational 
activities are unsafe in some streams during wet weather and regulate those streams accordingly. 
  
CASQA commends the Santa Ana Regional Water Board for its efforts with the Stormwater Quality 
Standards Task Force.  This model effort has established a firm scientific foundation for the future 
effective management and protection of highly modified urban streams in the Santa Ana River 
Watershed and has done so in a manner that is open and transparent. 
 
We thank you for your consideration of our comments and congratulate you for your commitment to 
environmental protection, sound science, and prudent public policy.  
 
Sincerely, 

 
Richard Boon, Chair - California Stormwater Quality Association 
                                                
1 CASQA is comprised of stormwater quality management organizations and individuals, including cities, counties, 
special districts, industries, and consulting firms throughout California.  Our membership provides stormwater quality 
management services to more than 23 million people in California.  CASQA was originally formed in 1989 as the 
Stormwater Quality Task Force to recommend approaches for stormwater quality management to the California State 
Water Resources Control Board. 
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Jeanine Townsend
Clerk to the Board
State Water Resources Control Board
1001 I Street, 24th Floor
Sacramento, CA 95814

Dear Ms. Townsend:

Re: Comment Letter - Recreational Standards Amendments by the Santa Ana Water
Board

The Orange County Water District (OCWD, the District) wishes to express support for the
proposed Basin Plan Amendment related to recreation uses (REC1 and REC2) and the
associated water quality objectives. We commend the Santa Ana Regional Board staff on
their extraordinary collaboration with stakeholders in the Stormwater Quality Standards Task
Force, and the diligence the staff and the Task Force have shown in developing these
recommendations since 2003.

The proposed Basin Plan amendment will clarify the definitions of contact and noncontact
recreation and change the water quality objectives from using fecal coliform as the indicator
to E.coli, as recommended by federal and State agencies. In addition, the proposed
changes include a high-flow suspension when such flows are unsafe for recreation and the
de-designation of the REC1 use in several water bodies based on Use Attainability
Analyses. These changes are important because they enable the region to focus on
protecting recreational uses when and where they actually occur.

The current regulatory approach to protecting the recreation beneficial use has not
reflected the fact that recreation only occurs in certain kinds of water bodies. This has
diluted efforts and reduced the ability to focus on places where risks are real. The aim of
the proposed Basin Plan amendment is to improve water quality while targeting
regulatory efforts to maximize protection of public health.

Protection of water quality in the Santa Ana Watershed is a central concern for OCWD
as water from the Santa Ana River is the primary supply of water for recharging the
Orange County Groundwater Basin. These proposed changes do not alter the level of

POBox8300 18700 Ward Street (714) 378-3200 wwwocwd com
Fountain Valle I CA 92728-8300 Fountain Valle CA 92708 714 378-3373fax ..
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wastewater treatment required for wastewater discharges to the Santa Ana River and
as such maintain the current level of water quality protection.

The proposed changes are within the law as it has been interpreted by the US
Environmental Protection Agency and the State Water Resources Control Board. This new
and better approach will actually improve our protection of public health and the beneficial
use of waters of the State, while also giving dischargers, particularly municipalities, a clear
and achievable path to compliance. OCWD supports the adoption of the proposed Basin
Plan Amendment. If there are questions regarding this letter, please contact Greg
Woodside at 714-378-3275 or gwoodside@ocwd.com.

Sincerely,

Michael R. Markus, P.E
General Manager
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION IX

PRO1

75 Hawthorne Street
San Francisco, CA 941 05-3901

NOV05 2012
Mr. Tom howard
Executive I)irector
Calilornia State Water Quality Control Board
1001 IStrect
Sacramento, CA 95814

Dear Mr. howard:

The EPA has reviewed the proposed Basin Plan amendment (R8-2012-0001, Amendments to th
Water Quality Control Plan for the Santa Ana River Basin to Revise Recreational Standards for
Inland Fresh Suiface Waters in the Santa Ana Region). We have determined that the use
attainability analyses (UAAs) and aspects of the proposed changes to the bacterial objective will
not he approved by EPA.

We have objections to the UAAs because 1) they do not adequately demonstrate that the use
cannot be attained using permit authority for point sources andlor best management practices for
nonpoint sources, 2) they do not provide the basic information to evaluate whether the UAA
factors specified in federal regulations at 40 CFR 131,1O(g) have been met and 3) they do not
demonstrate that downstream uses will be protected.

1. ‘l’herc is no evidence that the use cannot be achieved. Per 40 CFR 131.10(d), uses are
deemed attainable “if they can be achieved by the imposition of effluent limits required under
sections 30/ (h) and section 306 of the Act and cost-effective and reasonable best nanagement
maci,ce.c for nonpoint source control”. Our review of the dry-weather bacteria data in
Cucamonga Creek, Temescal Creek and the Santa Ana Delhi Channel leads us to believe that
reasonable actions might bring the waters into compliance. These water bodies meet REC1
objectives frequently during dry weather and the proposed high flow suspension of the
recreational use would provide relaxation. for storm events. There is no demonstration that the
water quality criteria cannot be met with authorities under the storrnwater permit or reasonable
[M Ps.

2. There is iiisuTicien[ justification for [he UAA factors cited nuder 40 CET 131.10(g). ‘Ihc
iJ\As in the Bisin Plan amendment describe the lack of dry-weather flow and shallow depths as
a raiionalc for usc removal under 131.10(g)21,The description in the UAAs provides an
ncomplete assessment of depth throughout the reaches proposeçl for use removal. We are

13 1.1 fl(g)2. Natural, ephemeral, intermittent, or low- flow conditions or water levels prevent
Ihe altammem u the use. unless these conditions may be compensated for by the discharge of
sufficient volume of efflueni discharges without violating State water conservation requirements
10 enable uses to he met:

Printed on Recycled Paper



particularly concerned with the tidal prisms of the reaches where depth can be in the range of 5

to 7 feet during high tide.

The UAAs cite 131.1O(g)42and state “Given the level of development in the vicinity of the

channel and the ongoing need to provide ood protection, it is not consideredJa.sible to restore

the channel to its original condition or to operate the channel so as to attain the J?ECJ use. As

discussed above, there is no evidence presented to support the notion that REd objectives

cannot be met in these flood control channels.

The high flow suspension is a temporary suspension of the use requiring UAAs. 1ach water

body with the high flow suspension should be formally evaluated against the 131.10(g) factors.

We have approved such suspensions in Regional Boards 4 and 9. but these have generally been

limited to concrete-lined channels. We need a better rationale before we could approve any

temporary use suspension for channels with “levees, bank stabilization (rip-rap), channel

straightening, ‘egetation removal or other similar practices.”

3. There is no demonstration of downstream protection. There is no evidence that relaxation

or removal of the REC uses will protect the downstream uses. Three of the four UAAs include

water bodies and reaches named in TMDLs that are in the implementation phase. The Santa Ana

I)elhi Channel discharges directly into Upper Newport Bay which remains on the 303(d) list. It

is unclear how removing all REC standards for the Santa Ana Delhi Channel Reaches 1 and 2,

and changing the existing numeric standard at the tidal prism would assure that the REC1 use in

Upper Newport Bay is met. Similarly, both Cucamonga Creek and Temesca] Creek arc named

in the Bacteria Indicator TMDL for the Middle Santa Ana River. It is unclear how removaL of all

RFC uses from Cucamonga Creek and Reach lb of Temescal Creek will protect downstream

uses.

We also have the following concerns with changes to the bacterial standard and portions of the

implementation chapter that affect or modify the standard. We consider factors that affect or

modify the standard to be relevant, standards changes, subject to EPA review and approval. Our

major concerns are summarized below:

We object to removal of numeric objectives for REC2 and replacement with a narrative

antidegradation target based on the 75th percentile of existing concentrations. The use of the

75th percentile would allow a 25% increase in bacteria concentration before any action is

taken. For waters that are already impaired, the use of the existing bacterial concentrations to

establish a threshold maintains the existing degradation. This approach is inconsistent with

current antidegradation policies and not scientifically defensible. We arc likely to

disapprove the antidegradation targeting procedure.

2 131. lO(g)4. Hydrologic modifications preclude the attainment of the use, and it is not feasible

to restore the water body to its original condition or to operate such modification in a way that

would result in the attainment of the use;



The criteria for initiating and terminating the high flow suspension of bacteria criteria arc
also water quality objectives subject to EPA approval. These details should not be in the
implementation chapter.

The definition of controllable and uncontrollable sources of bacteria should be part of the
standard and thus is subject to EPA review approval.

• The text on page 39 reads “Pathogen indicator concentrations shall not exceed the values
specified in Table 4-pio as a result of controllable water qualityfactors (see also Ghapter 5,
Recreational Water Quality Standards, Controllable and Uncontrollable Sources of
Bacteria) unless it is demonstrated to the Regional Board’s satisfaction that the elevated
indicator concentrations do not result in excessive risk of illness among people recreating in
or near the water.” We believe that such a finding would require either an epidemiological
study or a Quantitative Microbial Risk Assessment (QMRA). In either case any such finding
would be site-specific criteria subject to EPA approval.

• The text on page 77 reads “Where water quality monitoring data indicate significant non
compliance with the applicable pathogen indicator objective, agencies discharging to that
walerbody must submit a plan to the Regional Board to identify the pollutant source(s) unless
monitoring data show that their particular discharge is not causing or contributing to the
exceedance. The source evaluation plan must be implemented upon approval by the
Executive Officer.” This text is more appropriately considered for inclusion in an NPDES
permit or other Waste Discharge Requirement and should cover all discharges, not just
discharges from “agencies.” Inclusion of text along these lines in the appropriate discharge
requirements must be drafted to ensure that it doesn’t impinge upon State Board or EPA
authority to enforce against Clean Water Act violations. -

In conclusion, the amendment in general is not approvable. The challenges of meeting bacteria
criteria in urban landscapes are not unique to the Santa Ana Region. We believe that these issues
would be better addressed in association with the other Regional Boards. EPA is aware the State
Board intends to adopt a statewide policy for freshwater bacteria. We would prefer that your
agency adopt appropriate bacterial indicator criteria for human health protection as part of a
statewide effort. Also as you know, the new EPA Recreational Water Quality Criteria will be
published as final on November 30, 2012. We recommend that it be the starting point for any
changes to bacterial standards.

Sincerely,

Nancy Woo, Acting Director
Water Division

cc: Vicky Whitney
Rik Rasmussen
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION IX

FRO1 75 Hawthorne Street
San Francisco, CA 94105-3901

NOV J

Mr. Kurt V. Berchtold
Executive Officer
Santa Ann Regional Water Quality Control Board
3737 Main Street. Suite 500

Riverside. CA 92501-3348

Dear Mr. Berchtold:

This letter serves as a lollow-up to our meeting with the Santa Ana Regional Water Quality
Control T3oard (SARWQCB) and the State Water Resources Control Board in Sacramento on
January 18. 2013. where we discussed EPA Region 9’s concerns regarding the SARWQCBs
amendment to the Basin Plan (Res. No. R8—201 2—0001). Since that time. we have had additional
meetings and communications to help the SARWQCB make appropriate revisions to the Basin

P lan amendments and/or documentation.

fhe SARWQCB prepared Executive Officer Corrections to the amendment on February 1 2.
2013. Subsequently. EPA R9 staff met with SARWQCT3 stall (April 3. 2013) to discuss the Use
Attainability Analyses (I JAAs) associated with Res. No. 2012—0001. The SARWQCB cmai led
their revised IJAAs to EPA R9 on October 4 and 7. 2013; they were received by EPA on October
1 7. 2013, after EPA returned from the federal government shutdown.

The EPA has informally reviewed the revised UAAs. The UAAs focus on the beneficial uses
REC 1 and REC2 and are thu the Greenville—Banning Channel Tidal Prism and Reach I . the Santa
Ann Delhi Channel Tidal Prism and Reaches 1 and 2, Temescal Creek Reaches 1 a and I h. and
Cucamonga Creek. The I TAAs seem to be greatly improved in terms of clarity, substance, and in
justification ol the cited 131. IO(g) lhctors and appear to alleviate many of EPA’s concerns that
were raised previously in our letter to Tom I-Toward, dated November 5, 2012. We will provide
more detailed comments on the UAAs when it is formally submitted for our review and
approval. We hope that they are helpful in the Regional Board’s development of future UAAs.
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We appreciate the SARWQC’Bs willingness to work with us to ensure that our mutual

environmental goals are met. If you have any questions, please feel free to contact me at (415)

972—3452 or !ashimoto.ianeViena.gov.

Sincerely.

4 J
Janet liashimoto

Ivianager, Standards and TMDL Office

cc: ioiii Iloward, SWRCI3



 
 
 

 

TO:   Administrative Record: REC Standards for Inland Surface Waters 
Basin Plan Amendment 

 
 
FROM: Dave Woelfel 
 SANTA ANA REGIONAL WATER QUALITY CONTROL BOARD 
 
DATE: November 25, 2013 
 
SUBJECT: Heal the Bay Teleconference 
 
On November 22, 2013 I participated in a teleconference with Heal the Bay 
representative Amanda Grisbach. Executive Officer Kurt Berchtold had asked me to 
contact Heal the Bay representatives to discuss the revised UAAs and the REC 
Standards.  
 
In the phone conference I emphasized to Amanda the following: 1) the UAAs were 
revised in response to USEPA’s comments. They ask us to reformat them in that they 
were hard to follow they said. In the revised UAAs no substantial changes were made, 
only a reorganization  and an addition of a limited amount of data to further verify our 
conclusions; 2) Region 8’s Stormwater agency are actively and currently working to 
improve water quality in the UAA watersheds through the Stormwater Permits and 
TMDLs; 3) this amendment will allow the Agencies to allocate funds to allow effective 
treatment of water quality, that is to improve water quality where there is water contact 
recreation; 4) there are two existing end of the line water treatment systems (diversions 
into water treatment wetlands) and two planned for the four UAA waters; and 5) in 
response to the comment on what will encourage the restoration of waters and the use 
of low impact development strategies, I mentioned that the Stormwater Permits 
currently direct planning agencies to require the implementation of low impact 
development strategies.   
 
The Heal the Bay representative stated that they were concerned that the restoration of 
channels and improvement of water quality in our Region would not occur with the 
implementation of the REC Standards amendment. In addition, they felt that there would 
be further degradation of natural channels by the implementation of this amendment in 
that the amendment would encourage the concrete lining of channels. Finally the Heal 
the Bay representative stated the opinion that the Regional Board does what the 
dischargers want.  
 
The Representative asked if I would be able to provide a strikeout version of our UAAs 
so she could see the changes made. I stated that we didn’t make a strikeout version 



REC Standards Inland Surface Waters BPA - 2 - November 25, 2013 
 
 
when revising the UAAs. We just reorganized them with some limited additions of data 
and text, again to respond to USEPA’s requests. She asked if I could provide her with 
copies of the UAAs showing the changes.  I stated I could, however subsequently I 
decided that my work load won’t allow me to do that.  
 
Finally, I stated that we would be able to provide field trips to see the UAA waters if Heal 
The Bay wanted that. She said they would consider this offer.  
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List of Commenter’s: 
Comment 
Reference 

Organization Representative 

1 California Department of Fish and Game, Inland Deserts 
Region 

Jeff Brandt 

2 California Stormwater Quality Association Richard Boon 
3 Calleguas Creek Watershed Management Plan Lucia McGovern 
4 City of Ontario Chris Hughes 
5 City of Orange Joe DeFrancesco 
6 Heal the Bay Amanda Griesbach 

Kirsten James 
7 Orange County Public Works John Moorlach 
8 Orange County Water District Michael Markus 
9 Riverside County Flood Control and Water Conservation 

District 
Jason Uhley 

10 United States Environmental Protection Agency, Region IX Nancy Woo 
11 United States Environmental Protection Agency, Region IX Nancy Woo 
12 United States Environmental Protection Agency, Region IX Janet Hashimoto 
13   
14   
15   
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No. Author Comment 
1 Jeff Brandt The California Department of Fish and Game (Department) has reviewed the amendment to the 

Basin Plan and has extensive comments pertaining to the following Beneficial Use categories: COLD, 
BIOL, WILD, RARE, and SPWN. Department staff discussed these comments with SARWQCB staff 
who requested that the Department postpone the submittal of these comments until the public 
comment period for the Triennial Review. The Department has agreed to postpone comments on the 
above-mentioned beneficial use categories as requested, but will like to submit for public record that 
comments were prepared. The comments will be submitted following notice of the public comment 
period for the SARWQCB Triennial Review. 

Response, 1 
As noted, Santa Ana Regional Board staff discussed the Department’s concerns re beneficial use designations and determined that 
the concerns did not pertain to the recreation standards amendments. Thus, Regional Board staff suggested that these comments 
would be better addressed during the upcoming Triennial Review. Board staff stated that input from the Department would be very 
much appreciated in developing criteria to designate these beneficial uses appropriately. 

No. Author Comment 
2,3,4,5 
7,8,9 

Multiple These comments stated support for the adoption of the proposed Basin Plan Amendments to Revise 
Recreational Standards for Inland Fresh Waters in the Santa Ana Region. The comments generally 
stated that the proposed Amendments would provide greater public health and beneficial use 
protection because they properly prioritize the water bodies most likely to be used for recreation. This 
will allow stakeholders to focus their limited resources to maximize human health and beneficial use 
protection. In addition, the comments praised the comprehensive stakeholder task force process in 
developing the amendments. 

Response, 2,3,4,5,7,8,9 
Comments noted 
No. Author Comments 

 
6.0 

Amanda 
Griesbach, 
Kirsten James 

The following comments specifically address the de-designation of the REC-1 use for certain waters, 
based on Use Attainability Analyses (UAAs), as adopted by the Regional Board, and briefly discuss 
our additional written and verbal concerns left inadequately addressed in the Draft Amendments. 

 
Our primary concern is the proposed beneficial use de-designation of four water-bodies [REC-1) 
(primary contact recreation) to REC-2 (non-contact water recreation)] by means of UAA. We are also 
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Comment Deadline: October 1, 2012 

Amendment to the Santa Ana Region Basin Plan to Revise Recreational Standards for Inland Fresh Waters 

 

6.0 
(con’td) 

Amanda 
Griesbach, 
Kirsten James 

concerned with the Draft Amendment’s failure to adequately protect public health, inadequate effort 
to address water quality problems, and inappropriate rationale for de-designation of a water-body’s 
beneficial use. Our concerns were addressed verbally at the Regional Board hearings on March 16 
and April 27, 2012, and detailed written comments were submitted to the Regional Board on March 
15 and April 20 of this year. 

 
We strongly recommend that the State Board remand the proposed Draft Amendments to the 
Regional Board so our concerns can be appropriately addressed. 

Response, 6.0 
As a matter of record and clarification, Heal the Bay submitted to the Regional Board written comments on the proposed recreation 
standards amendments on March 15, 2012. This letter explicitly acknowledged that the comments provided focused on the proposals 
as described in the Executive Summary of the proposed amendments only, due to time constraints. On April 20, 2012, Heal the Bay 
submitted supplemental comments concerning the Use Attainability Analysis (UAA) components of the proposed amendments. These 
additional comments were appended to the March 15, 2012 comment letter. The amended comment letter was not signed. Santa Ana 
Regional Board staff provided detailed written responses to the March 15, 2012 comments and the April 20, 2012 supplemental 
comments. Regional Board staff also prepared written responses to the oral comments by Heal the Bay at the April 27, 
2012 Regional Board meeting. Heal the Bay (Ms. Griesbach) provided oral testimony at the March 16, 2012 Regional Board meeting; 
this testimony merely re-stated parts of the March 15, 2012 written comments, to which Regional Board staff prepared written 
responses as noted. 

 
Many of the comments provided in the September 28, 2012 letter from Heal the Bay are essentially the same as those previously 
presented and for which the Regional Board provided detailed written responses. The State Water Board’s Notice of Opportunity to 
Comment concerning this Basin Plan amendment accurately informs interested persons of the procedural requirements used to 
implement the State Water Board’s regulatory programs. According to the State Water Board’s CEQA Regulations (23 Cal. 
Code Regs. § 3779, subd. (f)):  The state board, when considering approval of a regional board's adoption of an amendment to its 
water quality control plan or guideline, shall prescribe a comment period of not less than 30 days. The state board may refuse to 
accept any comments received after the noticed deadline. All comments submitted to the state board must be specifically related to 
the final amendment adopted by the regional board. If the regional board previously responded to the comment, the commenter 
must explain why it believes that the regional board's response was inadequate. The commenter must include either a statement that 
each of the comments was timely raised before the regional board, or an explanation of why the commenter was unable to raise the 
specific comment before the regional board. The state board may refuse to accept any comments that do not include such a 
statement. The state board is not required to consider any comment that is not in compliance with this section. 

 
Heal the Bay has not fulfilled these requirements specified in the Notice of Opportunity to Comment for re-submittal of these 
comments. Rather, Heal the Bay argues that their concerns were “left inadequately addressed in the Draft Amendments”. Heal the 



Draft Comment Summary and Responses 
Comment Deadline: October 1, 2012 

Amendment to the Santa Ana Region Basin Plan to Revise Recreational Standards for Inland Fresh Waters 

 

Bay confuses the Regional Board’s responsibility to respond to comments, which has been fulfilled, from the Regional Board’s 
discretion to consider changes to the amendments based on those comments. 

 
Nevertheless, additional responses and/or references to prior responses to the concerns expressed by Heal the Bay are provided 
below. 
As described in detail in response to the October 1, 2012 comments from EPA Region 9, it would be contrary to water quality, public 
health and beneficial use protection to delay consideration of the amendments. Please see responses to comments 10.2 and 10.11. 

6.1 Amanda 
Griesbach, 
Kirsten James 

Comment 
UAA should not substitute for adequately addressing water quality issues: UAAs should only be used 
in exceptional cases and where they would not impact or weaken existing or potential beneficial 
uses. 

 
Inappropriately de-designating a water-body’s beneficial use can have long lasting negative impacts 
on public health and water quality. Due-diligence must occur to determine if a UAA should be 
pursued at all and to ensure that a UAA is completed appropriately. 

Response, 6.1 
UAAs are used to determine whether or not beneficial uses are attainable and should be designated or de-designated for 
waterbodies. 

 
We agree that unless UAAs are properly conducted, such that all relevant factors are considered and applicable regulations satisfied, 
inappropriate de-designations may result that may have adverse public health and water quality consequences. For this reason, and 
because Regional Board staff recognized the potentially precedential nature of the UAAs given the limited number of recreational use 
UAAs conducted and approved in California to date, extensive, thorough data collection and analyses were conducted to support 
UAA decision-making. These efforts are documented in the extensive administrative record for this matter. The UAAs and 
recommendations for recreational use designations derived therefrom conform to all applicable requirements and result from a 
remarkable level of due-diligence. We do not understand the argument that due-diligence must be applied to the decision to conduct a 
UAA at all. Federal and state regulations require states to adopt water quality standards, including beneficial uses, to periodically 
review those standards, and to revise them, if and as appropriate. Federal UAA regulations specify the bases for de-designating 
beneficial uses. UAAs are thus an appropriate and allowable part of the standards setting and revision process. EPA advocates the 
use of UAAs to assure that uses are properly identified: “EPA realizes that deciding what uses are attainable is critical, and views the 
UAA process, properly applied and implemented, as a vital tool in making those decisions.” (EPA Memorandum, “Improving the 
Effectiveness of the Use Attainability Analysis (UAA) Process, March 13, 2006) Again, we agree that UAAs must fulfill all applicable 
requirements and be based on thorough evaluation of all relevant factors. 
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6.2 Amanda 
Griesbach, 
Kirsten James 

Comment 
Use Attainability Analyses (UAAs) are not suitable for a water-body when water quality improvements 
efforts like TMDLs are in place or when BMPs have not been appropriately explored and evaluated. 
Two of the four UAAs (Cucamonga Creek and Santa Ana Delhi Channel) are in areas where Bacteria 
TMDLs are in the implementation phase with future compliance deadlines of December 2019. Why 
are UAAs being pursued, while water quality improvements efforts towards meeting future 
compliance deadlines have not been completed and/or fully explored?  This is inappropriate as 
efforts have not been given a chance to succeed (of note, a factor in determining if an UAA should 
proceed is a determination that attaining the use is not feasible.) It is unacceptable for an area to 
undergo a UAA when a TMDL has been implemented or is underway. 

Response, 6.2 
First, the purpose of a UAA is to determine whether a use is attainable. A UAA is not preceded by an attainability determination; it is 
used to make it. 
Heal the Bay’s assertion that "UAAs are not suitable for a water-body when water quality improvements like TMDLs are in place," is 
inconsistent with federal guidance wherein EPA advises that UAAs are an integral element of sound TMDL implementation (see, for 
example, the EPA Memorandum entitled: "Improving the Effectiveness of the Use Attainability Analysis Process, March 13, 2006; 
see also EPA’s Water Quality Standards Academy guidance to regulators regarding the coordination of UAAs and TMDLs; January 
14, 2009 powerpoint presentation, Module 4: UAAs, p. 3 (excerpt is attached as Appendix 1; see also response to comment 6.1 and 
EPA R9 comments 10.8). Further, Heal the Bay’s recommended approach is contrary to the recommendations of the National 
Research Council (NRC) stressing the importance of assuring that water quality standards (uses and objectives) have been properly 
assigned before imposing significant regulatory obligations through the TMDL process (National Research Council - Water Science 
and Technology Board, "Assessing the TMDL Approach to Water Quality Management," 2001).  The NRC correctly stated that 
"water quality standards are the foundation on which the entire TMDL process rests; if the standards are flawed, all subsequent steps 
in the TMDL process will be affected." The General Accounting Office agreed with the NRC and made similar recommendations to 
Congress in its 2003 report entitled: "Water Quality: EPA Should Improve Guidance and Support to Help States Develop Standards 
that Better Target Cleanup Efforts" (GAO-03-881T). The existing TMDL process presumes that appropriate uses and objectives 
have been established. If this is the case, then Heal the Bay is correct, and the TMDL process should proceed with all due haste. 
However, if there are questions regarding the propriety of established standards, then the first step in the TMDL process is or should 
be to review and revise the standards as necessary.  As EPA has pointed out in its Water Quality Standards Academy guidance, 
UAAs and TMDLs may also proceed simultaneously, and UAA results may point to the need to revise an established TMDL. 

 
Heal the Bay does not explain why it is inappropriate to conduct UAAs when water quality improvement efforts are underway, nor 
does Heal the Bay justify why a UAA should not proceed while a TMDL is being implemented. As stated above and in the response 
to EPA Region 9’s comment 10. 8, appropriate revisions to water quality standards should proceed irrespective of TMDLs, and ideally 
in advance of identifying waters for which TMDLs are needed, such that requirements for the expenditure of public resources 
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are justified, responsible and fair. 
Heal the Bay’s underlying premise appears to be that water quality conditions, which are expected to be addressed by TMDLs, are or 
should be the sole determinant of whether a use is attainable (see also comments 6.3 and 6.4, below), despite the fact that Heal the 
Bay has listed the six UAA factors in its September 28, 2012 comment letter. 
UAAs are used to determine whether or not recreational (or other) beneficial uses are attainable based on the factors identified in 
federal regulations (40 CFR 131.10(g)) and taking into consideration the suite of other factors recommended by EPA. (Please see 
response to EPA Region 9’s comment # 10.10). The federal UAA factors explicitly recognize that beneficial uses may not be 
attainable for reasons other than water quality. In fact, the UAAs completed for waters in the Santa Ana Region demonstrate that 
REC1 uses (and, in some cases also REC2 uses) are not attainable because of flow conditions and hydrological modifications (40 
CFR 131.10(g)(2) and (4)). 
Board staff responded to similar comments presented orally by Heal the Bay at the 4-27-2012 Regional Board meeting (see 
Responses to Heal the Bay’s Oral Comments at 4-27-2012 Regional Board Meeting, #1 and 4) and to Heal the Bay’s supplemental 
written comments on the UAAs (4-20-12) (see, for example, Responses to Heal the Bay’s Supplemental Comments (4-20-12) 
Concerning the Use Attainability Analyses, 3, 18, 26, 29, 42,44) . The overall goal of the recreation standards amendments is to 
develop a pathogen control strategy that would not only protect public health and meet statutory and regulatory water quality 
standards requirements but that would also allow finite public resources to be invested in prioritized fashion. The recreational 
beneficial use changes incorporated in the amendments will allow the responsible parties to implement strategically placed BMPs, 
such as dry weather flow diversions, while protecting public health and recreational uses in areas where those uses occur or are most 
likely to occur. Such a diversion is already in place in the Greenville-Banning channel to protect intense REC1 use in downstream 
ocean waters at Huntington Beach. A similar diversion is planned for the Santa Ana Delhi Channel (also addressed by a UAA for the 
purposes of these amendments), which flows into Upper Newport Bay. Strategic BMP implementation is already contemplated in the 
Comprehensive Bacteria Reduction Plans approved by the Regional Board and now being implemented by San Bernardino and 
Riverside counties to address the Middle Santa Ana River Bacteria Indicator TMDL (which includes Cucamonga Creek). This 
approach will assist TMDL implementation and compliance. Please see also the responses to EPA Region 9 comments 
10.7 and 10. 9. 
As discussed in the January 12, 2012 staff report to support the amendments, the UAA-based recreational beneficial changes must 
be reviewed at least once every three years to determine whether conditions have changed such that the REC1 designation has 
become appropriate. 
Heal the Bay’s statement that "it is unacceptable for an area to undergo a UAA when a TMDL has been implemented or is underway" 
also incorrectly assumes that UAAs are done on an area-wide basis. UAAs are conducted on individual waterbodies or stream 
segments not watershed areas. Consequently, it is entirely appropriate to evaluate uses in individual flood control channels that are 
tributary to the Middle Santa Ana River at the same time a TMDL is being implemented in Reach 3 of that river. This is particularly true 
for tributary streams, such as Temescal Creek, that are tributary to the middle Santa Ana River but are not themselves included on the 
303(d) list of impaired waterbodies for pathogens. This case-by-case approach is essential to support a TMDL 
implementation strategy that rests heavily on treatment and diversion BMPs to protect downstream waters. 
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6.3 Amanda 
Griesbach, 
Kirsten James 

Comment 
The proposed UAAs fail to investigate a variety of BMPs in order to truly understand if water quality 
objectives are achievable. This analysis should take priority before pursuing a UAA. The Regional 
Board failed to collect and analyze comparative monitoring data BMPs (sic) in order to affectively 
(sic) understand BMP effectiveness. 

Response, 6.3 
Please see the response to the preceding comment. 
The January 12, 2012 staff report prepared to support the amendments includes a summary of the potential bacteria reduction 
BMPs, their efficacy and cost (Table 6-1 - Comparative Efficacy of Reducing Bacteria Levels in Urban Stormwater Using Best 
Management Practices; p. 104 of 126). The evaluation of the efficacy of BMPs is an ongoing part of the implementation of bacteria 
indicator TMDLs, MS4 permits and Comprehensive Bacteria Reduction Plans. BMP-related efforts are documented in reports 
submitted to the Santa Ana Regional Board by responsible parties in the watershed. These reports are available for review at the 
Regional Board’s office. See responses to comments #3, 18, 26 and 27 in Regional Board staff’s Responses to Heal the Bay’s 
Supplemental Comments (4-20-12) Concerning the Use Attainability Analyses. 

6.4 Amanda 
Grisbach, 
Kirsten James 

Comment 
UAAs must provide sufficient evidence to justify de-designations: A UAA should be an extremely 
rigorous process. To ensure that water quality standards are not being weakened, the regional 
boards, State Board and USEPA must require that the UAA be a high quality analysis. However, the 
UAAs fail to adequately meet EPA’s water quality guidelines, specifically by not proving that naturally 
occurring pollutant concentrations prevent the attainment of a water-body’s use. 

Response, 6.4 
As described in the response to comment 6.1, the UAAs conducted to support the recreational standards changes in the amendments 
were both rigorous and high quality. Heal the Bay’s assertion that the UAAs fail to meet EPA’s water quality guidelines, specifically by 
not demonstrating that naturally occurring pollutant concentrations prevent the attainment, is incorrect. First, the UAA factors identified 
by EPA as the basis for concluding that a use is not attainable are part of the federal water quality standards 
regulations; they are not guidelines. As already noted, these factors are cited in an attachment to Heal the Bay’s comment letter. As 
explicitly stated therein, naturally-occurring pollutant concentrations define only one of the factors that preclude use attainment. 
Alternatively, other identified factors may preclude attainment and justify the de-designation of a use. These factors are independent 
of one another. 
The UAAs conducted to support recreational use changes in the amendments demonstrate that two of the factors (low-flow 
conditions and hydrologic modifications) prevent recreational use attainment. Again, it is not necessary to determine if the UAA 
waters meet the first factor (i.e., naturally occurring pollutant concentrations prevent the attainment of the use). 
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6.5 Amanda 
Griesbach, 
Kirsten James 

Comment 
In addition, the proposed UAAs also fail to protect receiving waters downstream which are still 
required to meet REC-1 standards. How does the Regional Board plan to ensure that these 
downstream (REC1) standards are met? 

Response, 6.5 
This question is addressed in our response to 6.2 and in responses to EPA Region 9’s comments (10.7). In addition, we responded 
to this concern in our Responses to Heal the Bay’s Oral Comments at the April 27, 2012 Board Meeting (#3), and Responses to Heal 
the Bay’s Supplemental Comments (4-20-12) Concerning the Use Attainability Analyses (# 6, 20). In short, the requirement to 
protect downstream waters is well recognized, and none of the UAA-related changes will compromise efforts to achieve it. In fact, the 
UAA-related changes are expected to enhance the protection of downstream waters by allowing strategic placement of BMPs. 

 
The Regional Board will continue to use its existing tools, including but not limited to: NPDES permits, Waste Discharge 
Requirements, 303(d) and 305(b) assessments, TMDLS, waste load allocations, load allocations, discharge prohibitions, and 13267 
investigation orders to ensure that downstream standards are met. The decision to reclassify an upstream waterbody imposes no 
limitation whatsoever on the Regional Board's duty and authority to protect downstream uses when and where they may occur. 

6.6.a Amanda 
Griesbach, 
Kirsten James 

Comment 
A number of other technical flaws demonstrate that insufficient analyses were performed, which 
ultimately calls into question the integrity of the UAAs. Among the many flaws…is the lack of 
sufficient evidence that the (UAA) water-bodies do not support or do not have the potential to support 
REC-1 uses. A complete analysis needs to determine accessibility, public use and the potential for 
human contact in the water-body. The UAA inappropriately evaluates these uses through subjective 
evidence such as intermittent photographs. 

Response, 6.6.a 
See the response to comment 6.1. Since Heal the Bay did not participate in the Stormwater Quality Standards Task Force effort, in 
which all interested parties were invited to participate and which was characterized by open communication and ready availability of 
documentation, it may be that Heal the Bay is simply unaware of the extensive administrative record for these amendments. The 
record documents the extensive analyses and consideration of the factors that might affect recreational activity in the UAA waters, 
including: channel morphology; flow conditions; water quality conditions; surrounding land use; safety and access; plans for parks or 
other recreational facilities, etc. (See 5.6.2.2 in the January 12, 2012 staff report prepared for these amendments for a description of 
the UAA tasks conducted and the individual UAA reports included in that staff report. As noted, these individual UAA reports 
summarize data and information compiled in separate reports that are a part of the administrative record for this matter.) 
Field surveys were conducted and remote cameras were used to collect photographs to document any recreational activity in the 
UAA waters. Heal the Bay’s characterization of the photographs as “intermittent” is a gross disservice to the unprecedented 
photographic record accrued. At each UAA location, thousands/tens of thousands of photographs were taken during daylight hours 
(every 15 minutes for over a year at more than a dozen representative locations reflecting a wide variety of stream conditions) to 
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record any potential recreational activity. The photographic record constitutes not subjective but very objective evidence. We are not 
aware of any other comparable effort to identify actual recreational use. However, we do know that EPA has approved numerous 
revisions to recreational standards in other states based on UAAs using far less rigorous survey techniques than those employed in 
the Santa Ana Region. 
In addition to field surveys by Regional Board staff and other Stormwater Quality Standards Task Force members, county flood 
control and city officials, park rangers, and others were surveyed concerning REC use in the UAA waters. Board staff visited the 
sites numerous times over the last several years. In addition, the Task Force commissioned CDM to investigate all available sources 
of information regarding past, present, and probable future recreational uses in each waterbody as a key part of the UAA. 
In short, Heal the Bay has simply not provided substantive evidence that would lead to “question the integrity of the UAAs.” Such an 
assertion is irresponsible unless accompanied by specific proof. 

6.6.b Amanda 
Griesbach, 
Kirsten James 

Comment 
Furthermore, it is extremely important to conduct sufficient water quality monitoring in order to 
determine if and where standards are being exceeded in order to identify potential pollution sources. 
The technical report fails to provide this information along with any source control measures. 

Response, 6.6.b 
Heal the Bay’s statement regarding the technical reports is factually incorrect. Each of the UAA technical reports provides a detailed 
summary of relevant water quality data. The Regional Board relied on these summaries as well as the detailed monitoring reports 
prepared and submitted as part of the on-going TMDL implementation processes throughout the watershed. An evaluation of "source 
control measures" is not a mandatory element of a UAA. However, several such studies have been performed to evaluate 
bacteria loads in the middle Santa Ana River and were considered by the Regional Board prior to and as part of this rule-making 
procedure. All of the aforementioned data is included in the administrative record for the proposed action. Finally, the fact that many 
of these waterbodies are on California's 303(d) list indicates that state and federal authorities have already determined that there are 
adequate monitoring data to conclude standards are being exceeded. 

6.7 Amanda 
Griesbach, 
Kirsten James 

Comment 
The proposed de-designations may result in a disincentive to restore or enhance water-bodies and 
harm to downstream water-bodies. Modification of the current Basin Plan beneficial use designations 
could result in the unintended consequence of providing a disincentive to the many long-overdue 
restoration efforts of our urban creeks and rivers. Also, how can we expect to meet beneficial uses in 
downstream REC-1 designated receiving waters when inland standards are de-designated to REC-2 
standards? It is inappropriate to potentially preclude or provide a disincentive for restoration. 
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Response, 6.7 
Heal the Bay provides no substantive documentation to support its assertion that de-designations have any effect whatsoever on 
state, county or municipal decisions to restore or enhance waterbodies. Moreover, were these agencies to advance a serious 
proposal to engage in this activity, the Regional Board would be legally obligated to reassess and reclassify relevant use 
designations to reflect the probable future beneficial uses in accordance with §13240 of the California Water Code.  Nothing in the 
proposed Basin Plan amendment precludes state, county or city officials from restoring concrete-lined flood control channels to a 
more natural condition if and when they decide to do so and have requisite financial resources. 
Further, as a matter of convenience, Regional Board staff’s prior response to this comment (see Responses to March 15, 2012 
Comments from Heal the Bay, #7) is excerpted below: 
“The Regional Board exercises authority pursuant to the federal Clean Water Act (section 401 (water quality standards certifications)) 
and the California Water Code (e.g., consideration of the issuance of waste discharges requirements and enforcement of adopted 
waste discharge requirements) to regulate proposed discharges, such as those associated with stream modification projects, to assure 
that water quality and beneficial uses will be protected. The exercise of that authority does not negate the Regional Board’s 
responsibilities and authorities for determining the water quality standards that properly apply to waters of the state and the United 
States. The Regional Board’s determinations in surface water quality standards matters are subject to review and approval by the 
State Water Board and EPA Region 9. 

 
The recommendations in the proposed amendments for de-designation of REC1 or REC1 and REC2 uses for certain waters were 
based on detailed analyses described at length in the January 12, 2012 staff report (see the UAA sections of this staff report) and 
supporting documents in the administrative record. These analyses fully comply with relevant federal regulations for the 
consideration of de-designations. 

 
We understand that Heal the Bay is cognizant of, and disagrees at least in part with, the de-designations of some recreational uses for 
portions of Ballona Creek, which is in the Los Angeles Region. These de-designations were based on a Use Attainability Analysis 
performed by staff of the Los Angeles Regional Board. Of particular relevance in response to this Heal the Bay comment is the fact 
that the State Board took up the matter of the re-designations for Ballona Creek on its own motion. The Los Angeles Regional Board 
had declined to approve the recommendations of its staff for the de-designations, on the grounds that it would be appropriate to await 
consideration of future restoration efforts that might affect the attainability of recreational uses in the Creek. However, the State 
Board found instead that it would be appropriate to proceed with the re-designations, recognizing that changes could be made in the 
future if justified by restoration efforts. Federal regulations require the re-consideration of water quality standards that do not include 
“swimmable” (i.e., REC1) uses (and “fishable” uses) at least once every three years to determine whether conditions have changed 
such that the REC1 designation has become appropriate. This requirement applies to Ballona Creek, and to the waters in Region 8 
that are proposed for de-designation. We appreciate the fact that Heal the Bay recognizes the resource constraints that confront the 
Board. These constraints confront virtually every agency and organization, and they make all the more essential sound decisions 
regarding applicable water quality standards. With appropriate standards established, resources can then be used in the most 
appropriate and effective manner to improve and protect water quality, beneficial uses and public health.” 
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See response to 6.5 concerning the protection of downstream uses. 

6.8 Amanda 
Griesbach, 
Kirsten James 

Comment 
The proposed subdivision of the REC- beneficial use in the Proposed Amendment is premature: 
Another issue with the Draft Amendments is the proposal to tier the REC-1 Standard based on 
intensity of use. Not only do we disagree with subdividing a REC-1 standard from a public health 
standpoint, but also, the proposal is premature. The EPA draft criteria released in December 2011 do 
not include a subdivision of the criteria based on use intensity. This begs the question why the 
Regional Board is so anxious to amend their Basin Plan at this time. Approving the proposed Draft 
Amendments is untimely and inappropriate. 

Response, 6.8 
See: Responses to March 15, 2012 Comments from Heal the Bay, #4; Responses to February 23, 2012 Comments – EPA Region 
9, #1 and 7; and the Responses to EPA Region 9 October 1, 2012 comments, # 10. 2 and 10.9. Briefly, the use of REC1 use 
intensity tiers and varying single sample maximum (SSM) E. coli values faithfully implements the current, 1986 EPA recreational 
water quality criteria and is wholly consistent with EPA’s own action to promulgate recreational water quality criteria, based on the 
1986 guidance, for certain Great Lakes states and coastal recreation waters (the BEACH Act Rule, 2004). Revised recreational water 
quality criteria have not yet been published by EPA and the draft revisions do not represent any final agency determination or policy. 
Moreover, even if a different approach to the use of tiers and SSMs is included in the revised criteria, this does not preclude the 
Regional Board from maintaining the tiered approach. The national criteria are intended to serve as guidance to the states. In the 
BEACH Act Rule, EPA spoke to the need for state flexibility in establishing and implementing water quality standards, as recognized 
by Congress in the Clean Water Act,: “EPA does not consider the benefits of identical standards in the States and Territories 
covered by this rule to outweigh the negative effects of unnecessarily constraining the flexibility that the Clean Water Act and EPA’s 
rules give States and Territories in establishing water quality standards.” (69 FR 220, 67227, Nov. 16, 2004). 
As discussed in the other responses (e.g., 10.2), the amendments will assure superior public health and beneficial use protection and 
should be adopted and implemented promptly. 
Heal the Bay’s assertion that the Regional Board is "anxious to amend" the Basin Plan reflects a poor understanding of the events 
leading to and both the duration and level of effort involved in preparing the amendments. The process began as part of the triennial 
review process in 2002 and required the better part of nine years to complete. During that time, the Task Force held at least 70 
public meetings and engaged in more than 300 hours of detailed discussions on whether and what changes to recreational standards 
for inland freshwaters in the Santa Ana Region would be appropriate and justified. Describing this as an "anxious" effort implies that it 
was conducted in haste and without due deliberation. The voluminous administrative record clearly demonstrates the error in such 
an assumption. Again, it may be that Heal the Bay is simply unaware of the record and the extensive deliberations that led to the 
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recommended standards amendments. Despite widespread and repeated invitations to all interested parties to participate in the Task 
Force effort and the very open nature of that process, Heal the Bay did not participate in the Task Force process or meetings and did 
not provide written or oral comments on numerous draft documents circulated to the Task Force members and made readily available 
to the public for discussion and comment over the last eight years. No communication from Heal the Bay was received until Heal the 
Bay provided comments on the draft amendments on the eve of the first Regional Board hearing to consider their adoption. 
Finally, we note that If and when substantive changes to the EPA recreational water quality criteria are published, those changes can 
be considered in future, further revisions to recreational standards. 
6.9 Amanda 

Griesbach, 
Kirsten James 

Comment 
UAA criteria need to be developed to ensure protection of water quality standards and for statewide 
consistency: EPA’s current UAA criteria are extremely vague and do not provide much needed 
guidance. It is likely that we will see additional UAAs proposed in the future, so it is critical that the 
State Board be proactive and provide minimum guidelines for when and how a UAA can be pursued. 
Statewide UAA criteria should include the following: 

•  At least five years of consistent water quality monitoring data showing chronic water-body 
impairment. 

•  All efforts towards improving water quality must be exhausted. 
•  Must provide adequate data to demonstrate human sources are not contributing to water 

quality impairment. 
Must provide significant documentation on the suggested public use or access (pictures along 
do not justify). This should be demonstrated by historical use, personal interviews, historians 
and digital archives. 

Response, 6.9 
This recommendation is noted. 
Since this recommendation is directed to the State Board, no further Regional Board response is necessary. However, we wish to 
point out that the UAA criteria identified by Heal the Bay focus on water quality improvement without consideration of the other 
factors affecting use attainability that are identified in federal regulations. 
We also point out that EPA has published several additional guidance documents describing how to perform a UAA. The Water 
Environment Research Foundation (WERF) also published detailed and informative documents summarizing effective UAA 
development techniques used throughout the United States. EPA provided both funding and peer-review comments on the WERF 
documents prior to publication. One of WERF's principal investigators and primary authors served as a technical advisor to the Storm 
Water Quality Standards Task Force throughout the development process. Finally, the Task Force went to considerable effort to 
evaluate exactly what uses and criteria EPA had approved in all of the other states in order to ensure the decision criteria employed 
and the documentation used would meet EPA requirements for designating or de-designating REC1 uses. 



Draft Comment Summary and Responses 
Comment Deadline: October 1, 2012 

Amendment to the Santa Ana Region Basin Plan to Revise Recreational Standards for Inland Fresh Waters 

 

 

 
 
 
 
 
 
 
 
 

Please see response to 
comments 7, 8 and 9 on p.2 of 

this document 
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No. 
10.1 

Nancy Woo 
USEPA, Region 9 

Comment 
EPA Region 9 has informally and formally commented on the proposed amendments several times 
since 2008. EPA Region 9 staff met with Regional Board staff in February 2008 and submitted written 
comments on the Regional Board’s “Strawman” document on March 25, 2008. EPA Region 9 
testified at the State Board meeting regarding EPA Region 9’s concerns with this amendment on 
November 4, 2008. Formal comments were submitted on February 23, 2012 and April 25, 2012. 

Response, 10.1 
From the outset of the Stormwater Quality Standards Task Force effort that led to Santa Ana Regional Board adoption of the 
recreation standards amendments in June 2012, the participation of EPA Region 9 (EPA R9) was actively solicited. A “Strawman” 
proposal of potential amendments was prepared and was, to a significant degree, a conceptual proposal of those amendments. 
Significant development and refinement of specific amendments was accomplished subsequent to the submittal of the proposal to 
EPA R9. EPA R9’s February 23, 2012 Comments in part alleged that EPA R9’s comments on the “Strawman” proposal had not been 
addressed. This is not the case. Santa Ana Regional Board’s Responses (dated April 23, 2012) to EPA R9’s February 23, 2012 
Comments include a detailed matrix showing how the Strawman was revised in response to EPA R9’s comments. . The changes did 
not necessarily reflect agreement with EPA R9, but EPA R9’s comments were carefully considered. (Please see the response to EPA 
R9’s comment #23 and the matrix attached to the Responses document). 
As noted above, Santa Ana Regional Board staff prepared detailed responses to EPA R9’s formal comments of February 23, 20112, 
as well as those dated April 25, 2012. These responses are included in the administrative record of this matter. It is noteworthy that: (1) 
A meeting among staff of EPA R9, State Board and the Santa Ana Regional Board and Stormwater Quality Standards Task Force 
consultants was held on April 10, 2012 to discuss the proposed amendments. Substantive changes to the proposed amendments were 
made based on that discussion; (2) EPA R9 staff acknowledged during the April 10, 2012 meeting that they had not yet 
completed review of the complete package of proposed amendments. EPA R9’s April 25, 2012 comments acknowledged that EPA R9 
had not yet completed reviewing the UAAs. EPA R9’s October 1, 2012 comment letter characterizes EPA R9’s review of the UAAs as 
“preliminary”. 
This recitation is provided to clarify the status and nature of communications between EPA R9 and Santa Ana Regional Board staff so 
as to avoid any perception that Santa Ana Regional Board staff has not been responsive to EPA R9’s concerns. EPA R9’s expressed 
concerns, though sometimes acknowledged to be based on incomplete review of the amendments and associated documentation, 
were seriously considered and, in some cases, changes to the amendments were made. 

10.2 Nancy Woo 
USEPA, 
Region 9 

Comment 
We believe it would be prudent to refrain from action on this amendment until after the publication 
of the final Recreational Water Quality Criteria, expected to be completed by November 30, 2012, 
pursuant to court order. We note that the State Board has postponed working on the statewide 
freshwater bacterial objective until after the publication of the final EPA Recreational Criteria. 
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Response, 10.2 
First, the proposed revisions to EPA's Recreational Water Quality Criteria that have been available for Regional Board staff review to 
date confirm that the Agency does not intend to recommend any changes to the geometric mean objective for E. coli that is intended 
to protect primary contract recreation (REC1). Nor do the draft revised criteria rely on any new science or investigation on E. coli. As 
such, there is no value in delaying adoption of an E. coli objective for freshwaters in the Santa Ana Region. The only substantive 
difference between the existing federal 304(a) criteria and those likely to be published by EPA in November, 2012 is the guidance 
related to implementing Single Sample Maxima. This issue will be addressed in a response to a later comment. 
Second, and more importantly, It would be contrary to water quality, public health and beneficial use protection interests to delay 
consideration of the amendments approved by the Santa Ana Regional Board on June 15, 2012. These amendments will assure public 
health and beneficial use protection far superior to the recreation standards now established in the Basin Plan: (1) the amendments 
establish objectives based on E. coli, the bacterial surrogate indicator organism recommended by EPA. These E. coli objectives 
replace objectives based on fecal coliform, which have been disavowed by EPA as a reliable indicator of potential public health risk to 
those engaged in water contact recreation; (2) the amendments include changes to recreation use designations for specific water 
segments, based on Use Attainability Analyses (UAAs). These designation changes will enable responsible parties to prioritize control 
efforts on areas where recreational activity is known or expected to occur. The result will be better protection of public health and 
recreational uses in waters downstream of the re-designated waters that are actually used for water contact recreation. Dry weather 
flow diversions, such as that on the Greenville-Banning Channel, are already being used in or planned for strategic locations in the 
Santa Ana Region to protect downstream waters that are heavily used for water contact recreation, including ocean beaches. This 
approach is also reflected in Comprehensive Bacteria Reduction Plans approved by the Santa Ana Regional Board and being 
implemented by Riverside and San Bernardino counties to achieve the Middle Santa Ana River Bacteria Indicator TMDL. Here, proper 
recreational use designations will enable strategic placement of diversions and other control measures to assure that downstream 
waters actually used for recreation will be protected. Absent the changes to recreational use designations, limited resources would be 
required to implement controls where recreational activity does not occur and is not expected to occur; (3) the amendments include the 
temporary, high flow suspension of recreation standards under specified conditions. The temporary suspension of standards under 
uncontrollable, hazardous flow conditions will enable responsible parties to focus their control effort expenditures to protect recreational 
activities when they are attainable; (4) the amendments include the addition of a narrative pathogen objective, which will enhance the 
Santa Ana Regional Board’s ability to address pathogen-related water quality problems, 
even where no such problems may be indicated by E. coli monitoring data; (5) the amendments include requirements for the submittal 
and implementation, upon Regional Board approval, of a comprehensive bacteria monitoring program designed to assess compliance 
with the new standards and to identify needs for further investigation and control measure implementation; (6) the amendments also 
include other significant changes that bear no relation to either EPA’s current (1986) or draft revised Water Quality Criteria for 
Recreational Waters. These include the addition of surface waters not now listed in the Santa Ana Region Basin Plan and beneficial 
use designations for those waters, and the deletion of the obsolete and unjustified total coliform objective for MUN-designated waters. 

 
Further changes to the recreation standards specified in the Santa Ana Region Basin Plan can be considered in the future, based on 
requisite triennial review of UAA-related beneficial use designation changes, consideration of EPA’s Recreational Water Quality 
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Criteria, and other relevant considerations 

10.3 Nancy Woo 
USEPA, Region 9 

Comment 
Re the definition of REC1: EPA does not support the language added to the Basin Plan (pages 3 to 6) 
that details what REC1 and REC2 consist of. EPA has conveyed its disagreement with the REC 
definition revisions in every EPA communication with the Regional Board. The new language appears 
to be counter to what the Regional Board agreed to with the State Board and EPA Region 9 at our 
meeting on April 10, 2012. The revision may have ramifications for other Regional Boards that may not 
support such a change. 

Response, 10.3 
The language to which EPA R9 refers is found on p. 3-6 of Attachment 2 to Resolution No. R8-2012-0001. This new narrative 
language is in a new subsection (“RECREATION BENEFICIAL USES”) added to Chapter 3 – BENEFICIAL USES of the Santa Ana 
Region Basin Plan. 
The draft recreation standards amendments initially recommended included changes to the REC1 definition itself. The changes 
proposed were intended to provide clarification of terms (e.g., “reasonably possible”) so as to assure that EPA’s recommended 
bacteria criteria for REC1 waters are applied in a manner consistent with federal guidance and the conditions and assumptions 
underlying the epidemiology studies EPA relied on to derive the criteria. The changes to the REC1 definition that had been proposed 
would not have resulted in any substantive changes to that definition. 
However, both State Board and EPA R9 staff expressed the concern that changes to the REC1 definition per se would result in 
inconsistency with the previously agreed-upon (during statewide basin plan update efforts in the 1990’s) statewide REC1 definition. 
EPA R9 staff advised Santa Ana Water Board staff that: (1) the principal party with regard to approval of the proposed revisions to the 
REC1 definition is the State Board; and, (2) that EPA R9 would not object to the proposed revisions to the REC1 definition, provided 
that the changes were made on a statewide basis to maintain consistency. 
This issue was discussed during the April 10, 2012 meeting among EPA R9, State Board and Santa Ana Regional Board staff and 
Stormwater Quality Standards Task Force consultants. At that time, State Board staff offered to provide written clarification regarding 
their interpretation of what constitutes and does not constitute REC1 activity and recommended that this clarification suffice, without 
changes to the REC1 definition itself to avoid statewide inconsistency. That written documentation was provided by Vicky Whitney, 
Deputy Director, Division of Water Quality, on April 12, 2012. (A copy of this memorandum is part of the administrative record of this 
matter.) 
Santa Ana Water Board staff agreed to recommend a revised approach to provide needed clarification of what constitutes REC1 
activities. As reflected in the amendments approved under Resolution No. R8-2012-0001, no changes to the REC1 definition itself are 
included (apart from the addition of the phrase “Primary Contact Recreation” to the name of the REC1 use (“Primary Contact 
Recreation” is the term used by EPA and many states to describe full body contact (REC1) activities.)) Instead, narrative language 
was added to the new “RECREATION BENEFICIAL USES” section in Chapter 3 of the Basin Plan to provide the necessary 
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clarification and to avoid accidental misinterpretation and misapplication of the objectives. The added narrative was derived from 
applicable EPA guidance (including the 1986 EPA criteria document and draft EPA guidance for the implementation of those criteria) 
and regulation (“Water Quality Standards for Coastal and Great Lakes Recreational Waters –Final Rule. 69 Fed. Reg. 220. 67217- 
67243. November 16, 2004 (the “BEACH Act Rule”)), and from the information contained in the April 12 2012 memorandum from 
State Board staff (Vicky Whitney). 
The approach to the REC1 definition and clarifying language adopted under the Regional Board-approved amendments is entirely 
consistent with the expressed desire to avoid inconsistencies with the statewide REC1 use definition. In EPA R9’s April 25, 2012 
comments, EPA expressed agreement “with the Regional Board’s decision to retain the current state-wide name and definition” for 
REC1, and noted that EPA R9 has no objection to the addition of “Primary Contact Recreation” to the name of the REC1 use. EPA 
R9 also opined that the added narrative was unnecessary and recommended that it be deleted. Santa Ana Regional Board staff 
responded (see “Responses to USEPA Region 9 Comments – April 25, 2012, response to comment #3) that the narrative offered 
significant clarification and would thus be an appropriate part of the Santa Ana Region’s Basin Plan. 
EPA R9’s present comment re the REC1 definition and the comments EPA R9 provided on April 25, 2012 do not appear to be 
consistent. Santa Ana Regional Board staff believes that the amendments approved under Resolution No. R8-2012-0001are 
consistent with the discussion that took place on April 10, 2012. 
See also Santa Ana Water Board staff’s response to comment # 3 in the “Responses to February 23, 2012 Comments – EPA Region 
9”. 

10.4 Nancy Woo 
USEPA, Region 9 

Comment 
Re the definition of REC1: The Regional Board argued that “It is not reasonably possible to ingest 
appreciable quantities of water by merely touching or being splashed by the water”. EPA disagrees 
that this statement is justified and consistent with federal guidance. EPA cites the supporting 
document for the 1986 criteria: “The criteria suggest that there are measurable health effects 
associated with enterococcus of (sic) E. coli densities as low as 10/100mL via a route in which only 
10-50mL of water is ingested”. EPA asserts that this level of ingestion could reasonably occur during 
activities as splashing. EPA also cites epidemiological studies to point out that “children may be more 
likely to swallow water, transfer water to their mouth after exposure.” 

Response, 10.4 
While there may be measurable health effects associated with limited ingestion of water, such as by incidental contact (e.g., touching, 
being splashed), EPA’s bacteria criteria for recreational waters are not based on this type of exposure or any potential associated 
health risk. In fact, common misunderstanding of these facts provided the impetus for the additional clarifying narrative that is 
incorporated in the new Basin Plan section “RECREATION BENEFICIAL USES”; see preceding comment/response. 
EPA’s 1986 bacteria criteria explicitly address the protection of people engaged in full body contact recreational activities where there is 
the likelihood of ingestion of water. This was affirmed in EPA’s BEACH Act rule, which promulgated EPA’s criteria recommendations 
for E. coli (and enterococcus) for certain Great Lakes states (and coastal recreation waters): “In 1986, EPA published Ambient Water 
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Quality Criteria for Bacteria – 1986. This document contains EPA’s current recommended water quality criteria for bacteria to protect 
people from gastrointestinal illness in recreational waters, i.e., waters designated for primary contact recreation or similar full body 
contact uses. States and Territories typically define primary contact recreation to encompass recreational activities that could be 
expected to result in the ingestion of, or immersion in, water, such as swimming, water skiing, surfing, kayaking or any other 
recreational activity where ingestion of, or immersion in, the water is likely.” (69 Fed. Reg. 220, 67220.) (emphasis added) Further, the 
BEACH Act Rule states that: “Today’s rule applies only to those waters designated by a State or Territory for swimming, bathing, 
surfing, or similar water contact activities, not to waters designated for uses that only involve incidental contact.” (Federal Register, 
Vol. 69, No. 220, p. 67222) (emphasis added). 
EPA’s recommended E. coli criteria are based on epidemiology studies in which swimmers were distinguished from non-swimmers and 
rates of gastrointestinal illness then compared. Non-swimmers included those who either did not go in the water or who went into the 
water but did not get their head or face wet. Importantly, persons who reported that they were in the water for less than 10 minutes were 
classified as non-swimmers regardless of whether they got their head or face wet. In short, EPA’s criteria address exposure where 
there is the likelihood of ingestion of water, not the incidental ingestion of water that may be associated with incidental contact. 
Incidental ingestion and exposure are considered Secondary Contact Recreation (or “REC2” in California parlance). 
The narrative added to the Basin Plan in the new “RECREATION BENEFICIAL USES” explains these salient facts, citing and/or 
consistent with EPA’s own documentation. It is therefore difficult to understand EPA R9’s disagreement with this language. 
The narrative language explicitly recognizes the special consideration that must be given to recreation by children, given their 
propensity for hand-to-mouth contact. Consistent with the view expressed in writing by State Board staff (Vicky Whitney, April 12 
2012), the narrative states that “a child sitting in the middle of a low flow creek playing in the water represents the sort of activity that is 
encompassed by the REC-1 use designation.” 
The special consideration that needs to be afforded to children in recommending specific recreation standards amendments has long 
been recognized by both Santa Ana Regional Board staff and the Stormwater Quality Standards Task Force. The initial 
recommendations for clarification of the REC1 definition itself also included explicit reference to consideration of use by children in 
determining whether or not a specific type of recreational activity should be considered a REC1 use. 
In summary, the new narrative clarifies the nature of REC1 activities and anticipated exposure that are assumed in EPA’s bacteria 
criteria. The text relies on explicit EPA documentation itself and is consistent with the views expressed by State Board staff. As stated 
in Regional Board staff’s response to EPA R9’s February 23, 2012 comment on this issue (see “Responses to February 23, 2012 
Comments – EPA Region 9, comment/response #3), the more precise language embodied in the new narrative is needed to “avoid 
different definitions, interpretation and implementation”, as EPA Region 9 suggested in the last paragraph of its February 23, 2012 
comment letter. 
A final comment on this matter: It is true that researchers reported “measurable effects” at lower E. coli densities and limited volumes of 
water ingested. However, they were unable to determine whether such effects represented a statistically-significant difference or were 
simply random variations in the underlying data. It is noteworthy that EPA declined to rely on these data to recommend separate, more 
stringent water quality criteria to protect children. It is recognized that children are potentially more susceptible to illness than adults. 
However, children were included in the freshwater epidemiological studies used to develop EPA’s national bacteria criteria. Thus, the 
recommended criteria consider the potential for increased illness rates in children. 
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10.5 Nancy Woo 
USEPA, Region 9 

Comment 
Re REC2 Antidegradation Targets and Downstream Protection: The revision of calculation of the 
REC2 antidegradation standard from the 95th to the 75th percentile should be made in the UAAs. 

Response, 10.5 
This comment is not clear or explained. The analyses of water quality conditions as part of each of the UAA analyses found that there 
was not consistent compliance with fecal coliform, enterococcus and proposed E. coli objectives. In short, there was no evidence, 
based on water quality conditions, that the REC1 use was being attained in these waters and that the use was “existing”, as defined in 
federal regulations. 
While EPA R9 uses the term “standard” to describe the REC2 targets incorporated in the amendments, it should be clarified that the 
intent of these targets is to assure compliance with the antidegradation component of the water quality standards. This is described in 
the January 12, 2012 staff report prepared to support these amendments and in the implementation section of the amendments 
themselves (see changes to Chapter 5, Antidegradation targets for REC2 only freshwaters, p. 69-70, Attachment 2 to Resolution No. 
R8-2012-0001.) The targets will not be used as traditional numeric water quality objectives (since there is no scientific basis for 
deriving such objectives) but, rather, as a baseline for comparison of water quality conditions over time to determine whether there is 
evidence of a lowering of water quality. If so, the amendments call for follow-up investigation and corrective action, if warranted. 

10.6 Nancy Woo 
USEPA, Region 9 

Comment 
EPA previously commented that implementation of the proposed REC2 standards depends on proper 
monitoring programs, the adequacy of which should be reviewed by the State Board and EPA. 
Regional Board staff has indicated that it would be an inappropriate use of State Board and EPA 
resources to focus time and effort in this review. Consequently, it is unclear how the antidegradation 
based objectives will be implemented. 

Response, 10.6 
Santa Ana Regional Board staff’s response remains that we do not believe that this review rises to the level of significance warranting 
the expenditure of either State Board or EPA R9 staff time, particularly in light of numerous other program priorities that are likely of 
greater significance. However, we also noted that should EPA/State Board staff care to provide comments, Regional Board staff would 
take them into consideration. 
Simply because Regional Board staff believes that this extra-agency review is unnecessary does not mean that there will be no 
monitoring or other effort to implement the targets. The Regional Board agrees that an adequate monitoring program is essential. 
Numerous water quality monitoring programs already exist to assess bacteria levels throughout the Santa Ana Region. These efforts 
are particularly comprehensive for impaired waters, including the Middle Santa Ana River. The implementation provisions of the 
amendments include specific requirements pertaining to monitoring, including evaluation of water quality conditions in comparison to 
established numeric antidegradation targets. A proposed, comprehensive monitoring program is to be submitted by MS4 permittees in 
Riverside, Orange and San Bernardino counties no later than one year from the date of adoption of the amendments by the Regional 
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Board (i.e., by June 15, 2013). The program is to be implemented upon approval by the Regional Board. The Regional Board intends to 
consider approval of the monitoring program through the normal public comment process, during which EPA R9 and State Board staff 
will have an opportunity to comment. See changes to Chapter 5, Implementation, Monitoring Plan for Pathogen Indicator Bacteria in 
Freshwaters, p.75ff, Attachment 2 to Resolution No. R8-2012-0001. The proposal is to include a plan for “periodic bacteria monitoring 
of waters designated REC2 in order to confirm that there is no significant degradation of the quality of these waters.” (p. 76, 
item 9). This section also includes a description of the actions that the Regional Board will take should there be credible evidence of a 
lowering of water quality in these waters. 

10.7 Nancy Woo 
USEPA, Region 9 

Comment 
An adequate monitoring program is also needed to address protection of downstream recreational 
uses. Federal regulations require that water quality standards provide for the attainment and 
maintenance of the water quality standards of downstream waters. “It has not been demonstrated that 
removing the recreational uses from these reaches would allow for the protection of downstream 
waters. For example, it is unclear how removing the REC1 use and relaxing the bacteria objectives in 
the Santa Ana Delhi Channel, would ensure protection of the REC1 use in the downstream waters of 
Newport Bay, which is also currently impaired for bacteria.” 

Response, 10.7 
The requirement to assure the protection of downstream waters is well recognized and understood and was explicitly included in the 
consideration of the standards amendments. (See the list of regulatory axioms1 included in the administrative record of this matter. The 
need to comply with these regulatory requirements was a governing principle of the Stormwater Quality Standards Task Force. The 
axioms were repeatedly discussed and considered during the development of the amendments and described as a part of status 
reports on the proposed amendments that were provided to the Santa Ana Regional Board at public meetings.) 
Though EPA R9 has not explicitly stated it (apart from reference to the Santa Ana Delhi Channel), we presume that this comment 
refers generally to the UAA waters where recreational uses would be de-designated. Strictly speaking, the UAA analysis itself does 
not require a demonstration that downstream water quality standards will be protected. This is a separate requirement that must be 
achieved as appropriate standards are implemented. Nevertheless, the need to protect downstream waters was clearly recognized as 
UAA-related recommendations were considered. 
The de-designation of recreational uses in the UAA waters will in fact enhance the protection of downstream water quality and 
beneficial uses because the designation changes will allow strategic placement of BMPs, including flow diversions, treatment facilities 
and other control measures, to assure that downstream standards are achieved. (Please see also the response to comment 1.2, 
above.) 
For example, a large-scale diversion project is being planned by the City of Costa Mesa and Orange County near the bottom of the tidal 
prism of the Santa Ana Delhi Channel upstream of the confluence with Upper Newport Bay. Once completed, this diversion project will 
reduce or eliminate dry weather urban runoff inputs of bacteria entering Upper Newport Bay from the Channel. This project 

 

 
1 Risk Sciences. 2004. “Axioms for Setting or Changing Stormwater Standards”, prepared for Stormwater Quality Standards Task Force 
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is patterned after the Greenville-Banning Channel diversion, which is intercepting and diverting 2-4 mgd of urban runoff to the sanitary 
sewer in order to reduce pathogen loads to the coastal ocean waters of Huntington Beach. By diverting flows from channels where no 
REC1 use occurs, these types of large-scale, regional projects can protect downstream waters, such as ocean beaches, where there 
is often intense REC1 use. However, implementation of this approach is possible only if it is demonstrated that REC1 is not an 
“existing” use, as defined in federal regulations, and that the use is not attainable in the channels themselves pursuant to one or more 
of the UAA factors (40 CFR 131.10(g); see also UAA-related responses below). Re-designations, if and as demonstrated to be 
appropriate through UAAs, are an essential part of comprehensive strategies to ensure full protection to downstream waters where 
water contact recreation is occurring. 
Where UAA waters are shown to be sources of violations of the applicable standards in downstream waters, then those sources will 
continue to be regulated in the manner necessary to restore downstream compliance, irrespective of the recreational use designations 
of the UAA waters themselves. 
10.8 Nancy Woo 

USEPA, Region 9 
Comments 
It is also unclear how the changes to the REC1 use will affect the current allocations for the Middle 
Santa Ana River bacteria indicator TMDL or the TMDL for fecal coliform bacteria in Newport Bay. It 
would be more sensible to address issues of use attainability and use designations within the context 
of these TMDLS. 

Response, 10.8 
None of the revised recreational use designations will have any effect on the allocations specified in either the Middle Santa Ana River 
or Newport Bay bacteria TMDLs. As stated above, if any of the UAA-affected waters are shown to be sources of bacteria inputs to 
impaired waters, control measures will be required for those waters to reduce or eliminate bacterial sources, irrespective of the 
recreational use designations of the waters. [It may be noted that the Middle Santa Ana River bacteria indicator TMDL anticipated the 
adoption of new, E. coli objectives for inland freshwaters. The TMDL includes allocations based on E. coli as well as fecal coliform (the 
established Basin Plan objectives). The TMDL stipulates that the E. coli allocations take effect once the fecal coliform objectives are 
replaced by the new E. coli objectives.] 
The Regional Board well recognizes that UAAs and TMDLs can and should inform one another. This is also well recognized by EPA 
(see, for example, EPA Memorandum “Improving the Effectiveness of the Use Attainability (UAA) Process”, March 13, 2006) and 
others (U.S. General Accounting Office, “Water Quality – EPA Should Improve Guidance and Support to Help States Develop 
Standards That Better Target Cleanup Efforts- (Testimony Before the Subcommittee on Water Resources and Environment, 
committee on Transportation and Infrastructure, House of Representatives (GAO-03-881T)). Ideally, appropriate water quality 
standards, including beneficial uses properly identified through UAAs, are established before the need for and nature of TMDLs are 
considered. This approach ensures that TMDL requirements are appropriate and justified before resources are committed to meet 
them. There may be cases in which the development of a TMDL leads to consideration of whether standards are appropriate; TMDL 
development and UAAs can proceed simultaneously. If a TMDL has been developed, a subsequent UAA may necessitate a change in 
the TMDL. EPA has clearly expressed these views in guidance provided to regulators in its Water Quality Standards Academy (see, 
for example, Water Quality Standards Academy powerpoint presentation, Module 4: UAAs, p. 3 (January 14, 2009) (excerpt 
attached).) 
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The intent of EPA R9’s statement that it would be more sensible to address use attainability and use designations in the context of the 
established TMDLs is not clear. If it is EPA’s intent to suggest that the TMDLs should first be fully implemented so that expected 
water quality improvements are taken into account before UAAs are considered, then we point out that (1) this approach would not be 
consistent with EPA’s own guidance, as noted above; and, (2) that water quality conditions are not necessarily the determining factor in 
UAA decisions. As EPA R9 is aware, the UAA factors specified in federal regulations (40 CFR 131.10(g)) specify other factors, 
including flow and channel conditions, that may prevent the attainability of beneficial uses. 

 
EPA R9 may simply be unaware that both the Newport Bay and Middle Santa Ana River TMDLs for pathogen indicators are being 
implemented, and that the UAAs are already being considered in that context. As EPA R9 staff was advised during our meeting on April 
10, 2012, Comprehensive Bacteria Reduction Plans have been prepared by the Riverside and San Bernardino County municipal 
stormwater permittees to achieve the Middle Santa Ana River TMDLs. These Plans in part anticipate that appropriate recreational use 
changes will be approved through the UAAs. Projects to address bacterial inputs to Newport Bay are also in the planning stages; the 
location and nature of these projects anticipate that appropriate recreational use designations for the Santa Ana Delhi Channel will be 
approved through the UAA for this channel. 

 
It must be emphasized that the UAAs were conducted in an objective manner, consistent with the governing principles identified at the 
outset of the Stormwater Quality Standards Task Force effort. Technical information was collected and analyzed in accordance with 
relevant guidance and regulation, without a particular outcome in mind. However, based on the UAAs and the recommendations for 
recreational use changes that resulted, implementation plans were and are being devised that consider that these use changes will be 
approved. 

 
As described in preceding responses (1.2, 1.7), de-designation of recreational uses as the result of the UAAs will allow enhanced 
protection of water quality, beneficial uses and public health since any needed control measures can be prioritized and focused on the 
protection of uses where they are actually occurring or where they are expected to occur. 
The UAA and TMDL/implementation approach embodied in the recreation standards amendments, Comprehensive Bacteria Reduction 
Plans and other control strategies is precisely the sort of UAA and TMDL integration that EPA, the GAO and the State Water Board 
(Water Quality Control Policy for Addressing Impaired Waters: Regulatory Structure and Options (Resolution 2005-0050) envision. 



Draft Comment Summary and Responses 
Comment Deadline: October 1, 2012 

Amendment to the Santa Ana Region Basin Plan to Revise Recreational Standards for Inland Fresh Waters 

 

10.9 Nancy Woo Comment 
Re Tiering of uses: While EPA’s current guidance allows for the adjustment of single sample maxima 
for waters where use is not frequent, the draft 2011 Recreational Water Quality Criteria Guidance no 
longer recommends multiple use intensity values. This is an effort to increase national consistency 
across bodies of water and to ensure equivalent public health protection in all waters. EPA’s 
proposed criteria remove the tiering component partly because of confusion by States on its 
application. This confusion is evident in the Regional Board’s tiering of remote water bodies at lower 
tiers based on infrequent use while adding footnotes that protect those water bodies because they 
are “natural”. The Regional Board noted the comment but did not respond. EPA is concerned that the 
tiering of uses involved a great deal of subjectivity and does not stand up to justification for adjusting 
single sample maxima to a less protective criterion. 

Response, 10.9 
The January 12, 2012 staff report supporting these amendments provides a detailed discussion of the scientific basis and purpose of 
single sample maximum values and their application to waters of varying REC1 use intensity (see sections 4.1.2 (p.25ff. of 126) and 
5.3.2.1 (p. 50ff. of 126)). This discussion relies on the discussion of the scientific basis and intended application of the SSMs in EPA 
guidance and regulation (appropriate citations are included in the January 12, 2012 staff report.)To place the response to this 
comment in proper context, salient details are summarized below. It should be noted that these points (and the discussion in the 
January 12 2012 staff report) pertain to full body contact recreation (REC1). 

(1) The geometric mean bacteria indicator (e.g., E. coli) objective is usually the more relevant value for ensuring that appropriate 
actions are taken to protect and improve water quality. This is because the geometric mean is usually a more reliable measure 
of long term water quality, being less subject to random variation, and more directly linked to the epidemiology studies 
underlying the EPA criteria. 

(2) Single sample maximum (SSM) values are statistical constructs designed to provide information regarding the likelihood of 
compliance with the geometric mean objective. They are intended by EPA to be used by decision-makers who must make 
timely beach notification/closure decisions without adequate data to calculate a geometric mean. 

(3) SSMs were never intended to serve as independently applicable acute criteria. Rather, all of the different SSMs were intended 
to provide the same level of health protection while simultaneously allowing different statistical confidence levels regarding the 
determination of compliance with geometric mean objectives using limited data. The intent is to provide risk management 
discretion to the state. 

(4) Single sample maximum (SSM) values are calculated using an equation in which the selected geometric mean objective, the 
log standard deviation of bacteria data and a statistical confidence factor are the variables. 

(5) The 1986 criteria document establishes the preference for site-specific derivation of the log standard deviation, since the 
degree of variability in bacteria data can vary significantly among different waterbodies. Where it is not possible to derive a 
site-specific log standard deviation, a default value is applied in the SSM equation. The default value was derived from the 
epidemiology studies EPA conducted to derive the bacteria criteria. 
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(6) The statistical confidence factor used in the SSM equation is based on the intensity of REC1 use. A smaller confidence factor 
is used for designated beach areas (high intensity REC1 use), while a larger confidence factor is used for waters with 
infrequent REC1 use. The smaller confidence factor results in a lower, less certain but more conservative SSM; this added 
conservatism is appropriate where REC1 use and the potential for adverse effects on public health are higher. A higher, more 
certain but less conservative confidence factor, and thus SSM, is appropriate where there is infrequent REC1 use. 

(7) To apply SSMs, waters are “tiered” based on their known or anticipated REC1 use intensity. 
(8) States have the flexibility to determine how they choose to apply the SSM outside the beach monitoring and notification 

context. EPA expects that States will determine whether and how to use the SSMs in the context of their other programs 
implementing the Clean Water Act. 

 

*** 
The tiering of fresh surface water bodies in the Santa Ana Region based on the intensity of known or anticipated REC1 use is entirely 
consistent with the scheme recommended in the 1986 EPA criteria document, which now applies, in 2006 EPA guidance on the 
application of single sample maximum values, and in EPA’s own promulgation of the 1986 criteria in the BEACH Act Rule. In the 
BEACH Act Rule, EPA identified single sample maximum E. coli values to be applied to different waters based on their intensity of 
REC1 use. However, the BEACH Act Rule left to the states covered under the Rule the task of identifying the specific waters to which 
each of these use tiers, and single sample maximum values, would apply. The Santa Ana Regional Board amendments surpass the 
action by EPA by completing the tiering task for inland fresh waters in the Region. 

 
The tiers identified in the amendments approved under Resolution No. R8-2012-0001 are based, first and foremost, on the relative 
known or anticipated frequency of use, as directed by EPA in now applicable guidance and regulation. The amendments take an 
additional, cautionary step by recognizing that there are waters, largely in natural condition, which can be expected to have good 
bacteria quality. To provide additional protection of these high quality waters, the amendments include a “natural conditions” annotation 
and require that single sample maximum values be established for these annotated waters based on the application of the most 
conservative statistical confidence factor in the equation used to calculate the single sample maximum values. The most conservative 
statistical confidence factor is also applied to water bodies that receive high intensity REC1 use. Applying the same statistical 
confidence factor to annotated waters, even though they might not receive high intensity REC1 use, is a conservative approach 
consistent with antidegradation principles. In contrast to EPA R9’s assertion in this comment, this approach is NOT a sign of 
confusion by the Regional Board but, rather, a deliberate effort to provide a higher level of conservatism to the protection of these high 
quality waters. There is nothing in federal regulation or guidance that precludes this approach, which we had expected EPA to 
applaud, not characterize as a sign of confusion. 
In short, the tiering of uses in the amendments demonstrates that there is no confusion on the Regional Board’s part. If and where 
such confusion exists nationally, EPA can and should address it. However, correcting any confusion should not be accomplished by 
ignoring the science underlying and purpose of the single sample maximum values, or by ignoring the significant variability in bacteria 
data in many freshwater streams. As noted at the outset of this response (and described in more detail in EPA’s criteria documentation 
and in the January 12, 2012 staff report supporting these amendments), variability is a significant determinant of the 
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single sample maximum value that should be applied to a waterbody, in any use tier. 
In the BEACH Act Rule, EPA explicitly rejected the argument for national consistency: “EPA does not consider the benefits of identical 
standards in the States and Territories covered by this rule to outweigh the negative effects of unnecessarily constraining the flexibility 
that the Clean Water Act and EPA’s rules give States and Territories in establishing water quality standards...” (69 FR 220, 67227) In 
short, national consistency may be convenient, but is not necessarily appropriate or justified. Seeking consistency while ignoring 
important variables is not consistent with good science; limiting flexibility is likely also to limit innovative and potentially more protective 
approaches and trigger unjustified TMDLs. 
The assertion that EPA’s proposed removal of the tiering component and multiple single sample maximum values based on REC1 use 
intensity would assure equivalent public health protection is incorrect. As noted in the initial summary in this response, the different 
SSMs were intended to provide the same level of health protection, as determined by the geometric mean objective, while 
simultaneously allowing different statistical confidence levels regarding the determination of compliance with the geometric mean 
objective. This allows risk management decisions to post or close REC1 use areas to be made. 
Again, calculation of the single sample maximum values is performed with an equation in which the geometric mean objective, the log 
standard deviation of bacteria data (reflecting variability) and a statistical confidence factor related to the intensity of use are included. 
Forcing all waters to meet the same single sample maximum value irrespective of inherent variability could necessitate actions to 
meet a more stringent geometric mean objective than that established. In other words, ignoring variability could result in greater health 
protection for some water bodies, where such protection is not necessarily warranted, at least as a high priority, based on the intensity 
of REC1 use. Where single sample values are not calculated taking variability into account, the result may be unjustified Clean Water 
Act impaired waters listings, triggering TMDLs that may also not be justified. 
The tiering of inland freshwater bodies in the Santa Ana Region was conducted in a highly conservative manner, with guidance and 
input from Stormwater Quality Standards Task Force members, including Orange County Coastkeeper and Inland Empire 
Waterkeeper, and others. No comments on the specific tiers to which waters were assigned were provided during the extensive, open 
Task Force process or during the Regional Board’s public comment period for these amendments. The conservatism employed in the 
tiering process stems from the reliance on the Santa Ana River Reach 3 as the high REC1 use intensity baseline, against which the 
known or anticipated REC1 use intensity of other freshwaters was judged. REC1 use intensity in Reach 3 of the River is high 
compared to most other freshwater bodies in the Region, but significantly lower than the use that occurs at ocean beaches in the 
Region. Arguably, the level of REC1 use intensity at ocean beaches could have been used as the comparative baseline to determine 
REC1 use intensity tiers. Instead, as stated, a more conservative approach was used to make the tier assignments in the amendments. 
EPA R9 asserts that the tiering of uses involved a great deal of subjectivity and does not stand up to justification for adjusting single 
sample maxima to a “less protective” criterion. First, EPA R9 does not specify the justification necessary to make tier assignments, or 
why the Santa Ana Regional Board’s approach was flawed. The definitions of the use tiers employed in the amendments are 
essentially the same as those employed by EPA in the BEACH Act Rule. We are not aware of any more specific guidance and 
regulation issued by EPA that elucidates the justification that EPA R9 appears to believe necessary. 
Second, as discussed above, we do not believe that it is appropriate to characterize a higher single sample maximum value calculated 
for less frequently used REC1 waters as a “less protective criterion”: (a) All REC1 designated waters, irrespective of their tier 



Draft Comment Summary and Responses 
Comment Deadline: October 1, 2012 

Amendment to the Santa Ana Region Basin Plan to Revise Recreational Standards for Inland Fresh Waters 

 

assignment based on known or anticipated REC1 use, would have the same geometric mean objective (126/100mL E. coli) pursuant to 
the amendments; (b) As intended by EPA, the amendments reflect that the principal purpose of the SSMs is to provide information for 
beach notification/closure decisions, and as a trigger for further investigation of possible bacteria sources should the SSM be exceeded. 
However, the amendments also explicitly provide that where there are insufficient data to calculate a geometric mean objective, the 
SSMs values shall apply for the purposes of compliance determinations. See Table 4- pio, - Pathogen Indicator Bacteria 
Objectives for Fresh Waters, note 3 (p. 39 of 79) and Table 5- REC1-ssv: Alternative Method for Assessing Probable Compliance with 
the E. coli Objective in Freshwaters Designated REC1 when Insufficient Data are Available to Calculate a Geometric Mean, note 1 (p. 
67 of 79, Attachment 2 to Resolution No. R8-2012-0001); (c) the SSMs are simply different statistical expressions of the same 
geometric mean objective, which, as EPA has explicitly acknowledged, is the more relevant value for assessing long term water 
quality conditions. The different SSMs based on different REC1 use intensities reflect the degree of conservatism that states might 
choose to employ in determining whether or not that geometric mean objective is being met when there are insufficient data to 
calculate the geometric mean. This does not represent a difference in the stringency of the criteria, but rather a risk management 
decision that is properly left to the state. 
Regional Board staff presumes that EPA R9’s reference to our noting a comment but purportedly failing to respond refers to a comment 
in EPA R9’s April 25, 2012 letter on the proposed amendments. EPA R9 pointed out that though the tiering of freshwaters based on the 
intensity of use in the amendments is included in the Implementation chapter of the Santa Ana Region Basin Plan, EPA considers such 
tiering as a standards change and thus actionable under the Clean Water Act. Regional Board staff responded that the comment was 
noted. It’s not clear what additional response was needed or anticipated at that time. However, we now point out again that Table 4- pio, 
- Pathogen Indicator Bacteria Objectives for Fresh Waters, which is to be included in Chapter 4 (WATER QUALITY OBJECTIVES) of 
the Basin Plan, includes specific reference to SSMs and their application as objectives should there be insufficient data to calculate 
geometric means. The method in which SSMs are incorporated in the Santa Ana Region Basin Plan, including relevant implementation 
plan requirements, is entirely consistent with EPA’s intended purpose for the SSMs and the flexibility that 
EPA expects states to employ in their application. 
See also Regional Board staff responses to EPA’s February 23, 2012 comments, #7. 

10.10 Nancy Woo 
USEPA, Region 
9 

Comment 
Re Use Attainability Analyses (UAAs): Based on preliminary review of the UAAs, there is some 
evidence that the removal of the REC1 use may be justified in some reaches based on low flow and 
channel morphology, but it is apparent that the REC2 use can be removed. Specific comments: 

 
 
Santa Ana Delhi Channel (SAD): The reasoning that REC2 is not attainable in Reaches 1 and 2 is not 
apparent. The low flow and channel morphology reasoning does not apply to the tidal prism. 
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Response, 10.10 
The documentation in the administrative record to describe and support the UAAs is extensive, reflecting the intensive, 
comprehensive analyses that were conducted to address the questions of whether recreational uses in the waters evaluated are 
“existing”, as defined in federal regulations, whether and which of the UAA factors defined in federal regulations (40CFR 131.10(g)) 
affect the attainability of recreational uses, and the suite of other factors (land use, safety considerations, access, etc.) that EPA 
recommends be considered when making recreational use attainability decisions (see 63 FR 129, 36756). The volume of the 
documentation may account for the continued “preliminary” nature of EPA R9’s comments on the UAAs. 

 
[Note: Pursuant to the recreation standards amendments, the Santa Ana Delhi Channel will be explicitly listed in the Basin Plan for first 
time and appropriate beneficial use designations will be added. The UAA analyses and conclusions for the Santa Ana Delhi Channel 
are presented in Section 5.6.3 of the January 12, 2012 staff report for the amendments. In part, this section of the staff report 
summarizes technical information and analyses for the Channel that are compiled in separate reports that are part of the 
administrative record for this matter]. 
Pursuant to the UAA analyses, the REC1 designation is not recommended for the tidal prism, Reach 1 or Reach 2 of the channel. This 
is based on the determination that two of the UAA factors (131.20(g)(2) (flow conditions) and (4) hydrologic modifications) prevent the 
attainment of the REC1 use. EPA R9 appears to contest the propriety of this determination for the tidal prism, asserting that the low flow 
and channel morphology reasoning (i.e., UAA factors 2 and 4) do not apply. The Regional Board disagrees. 
As described in the January 12, 2012 staff report supporting the amendments (Section 5.6.3, Table SAD-2: Santa Ana Delhi Channel 
Characteristics), the tidal prism is characterized by a mix of steep, eroded earthen side slopes (see Section 5.6.3. Figure SAD-3) and 
concrete-lined side slopes, making access to the flow in the tidal prism difficult and potentially hazardous. As the name suggests, flows 
in the tidal prism vary considerably based on tidal stage. During low tide and during dry weather, flows in the tidal prism are less than 
one foot. The fact that no recreational activity or people were observed in the tidal prism during repeated field surveys and in 
21,284 photographs speaks to the unattainability of the REC1 use. 
The REC2 use2 designation is not recommended for Reach 1. This Reach is a mix of heavily modified concrete-lined channel and 
underground culvert. Because of fencing and adjacent land uses (commercial/industrial) in areas where the channel is open, there is 
limited site view of and access to much of the Reach. Use of the channel for water contact recreation or non-contact activities, 
including sightseeing or aesthetic enjoyment, is thus not attainable. There is no evidence of such use or of other REC2-type activities. 
The REC2 designation is recommended for both the tidal prism and Reach 2 of the Santa Ana Delhi channel, given opportunities to 
view the channel from adjacent areas and to observe wildlife that may visit or inhabit the channel. 

 
 
 

2 [REC2 Non-contact Water Recreation (termed “Secondary Contact Recreation by EPA and many states) is defined statewide (with some 
editorial changes in certain Regions) as use for “recreational activities involving proximity to water, but not normally involving body contact with 
water where ingestion of water would be reasonably possible. These uses may include but are not limited to picnicking, sunbathing, hiking, 
beachcombing, camping, boating, tidepool and marine life study, hunting, sightseeing and aesthetic enjoyment in conjunction with the above 
activities.”] 
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10.10 
Continued 

Nancy Woo 
USEPA, 
Region 9 

Comment 
Greenville Banning Channel (GB): “There is evidence (low flow, channel morphology) that REC1 can 
be removed in Reach 1, but there is no evidence to support the removal of REC2. Particularly 
considering the BMPS employed have shown that there has been water quality improvement. The 
discussion regarding not designating REC2 (page 24 of UAA) is insufficient; Low flow, algae, and lack 
of vegetation are not 40 CFR 131.10(g) factors. Figure GB-12 shows an area that appears accessible 
and is surrounded by a residential area. The tidal prism is accessible from the Santa Ana River which 
is designated REC1. There is no firm evidence for designating the tidal prism as REC2.” 

Response, 10.10 
[Note: Pursuant to the recreation standards amendments, the Greenville-Banning Channel will be explicitly listed in the Basin Plan for 
first time and appropriate beneficial use designations will be added. The UAA analyses and conclusions for the Greenville-Banning 
Channel are presented in Section 5.6.4 of the January 12, 2012 staff report for the amendments. In part, this section of the staff report 
summarizes technical information and analyses compiled for this channel in separate reports that are part of the administrative record 
for this matter]. 
As described in detail in the January 12, 2012 staff report, Reach 1 is not readily accessible. Most of the Reach has been heavily 
modified, with vertical concrete-lined walls (there is a limited section of trapezoidal concrete walls). There is fencing along the length of 
the channel on both sides and there are no maintenance access points (no gates or ramps to allow access into the channel). Part of this 
Reach runs through a residential area where the homes face away from the channel and are separated from the channel by 
fencing/walls. Low flows in the channel and limited vegetation (other than algae mats) provide poor habitat for wildlife that might attract 
bird watchers or sightseers. See Figures GB-6 and 12 in the January 12, 2012 staff report. (The reference to algae in the January 12, 
2012 staff report was provided in this context; no assertion was made or contemplated that the presence of algae would satisfy one of 
the 131.10(g) UAA factors. However, in contrast to EPA R9’s statement, flow conditions, including low flow conditions, are included in 
the 131.10(g) factors (131.10(g)(2)).) Thus, there is no basis to conclude that REC2 has been or is likely to be attained. 
The tidal prism is fully concrete-lined, with fenced, vertical walls. While it is theoretically possible to enter the tidal prism from the 
Santa Ana River, it is highly unlikely considering the difficulty of access to this confluence and the expected preference to remain at or 
near the ocean beach, which is approximately 1.5 miles from the mouth of the Greenville-Banning Channel. This is confirmed by 
photographic and in-person field observation: no one has been observed paddling, wading, walking, or swimming in any section of the 
Greenville-Banning Channel. 
As discussed in the January 12, 2012 staff report, there are opportunities for REC2 activities adjacent to the tidal prism. A bicycle path 
parallels the channel for much of the length of the tidal prism and tidal flows in the channel provide opportunities for wildlife viewing. 
REC2 is an appropriate designation for the tidal prism. 
EPA R9 comments that there has been water quality improvement in the channel. Such improvement is the result of the implementation 
of a diversion dam at the upstream end of the tidal prism. The intent of the dam is to improve water quality at downstream ocean 
beaches that receive heavy REC1 use. The diversion dam is deployed during dry weather to capture dry weather flows that are 
conveyed to the sanitary sewer system. Ponding behind the dam also promotes better solar disinfection. Further, natural 
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stream flow is slowed, reducing the load of bacteria that would otherwise be scoured from the substrate. Studies conducted by Dr. 
Stan Grant of UC Irvine show that substrate scour is a significant source of bacteria loads in freshwater streams in the Santa Ana 
Region. 

10.10 
Continued 

Nancy Woo 
USEPA 
Region 9 

Comment 
 
Re Temescal Creek: “The Regional Board renamed reaches and proposes to remove the REC1 use 
from Reaches 1a and 1b. The Regional Board also proposes to remove REC2 from Reach 1b. 
There is some evidence (low flow, channel morphology) that REC1 might be removed, but there is 
no evidence to support the removal of REC2 in Reach 1b.” 

Response, 10.10 
[Note: The UAA analyses and conclusions for Temescal Creek are presented in Section 5.6.5 of the January 12, 2012 staff report for 
the amendments. In part, this section of the staff report summarizes technical information and analyses compiled for the creek in 
separate reports that are part of the administrative record for this matter]. 
As described in the January 12, 2012 staff report, Reach 1b is vertical walled, fully concrete-lined and extends through an area 
dominated by commercial/industrial development where people are engaged in business activities, not recreation. Flows are very 
limited and provide poor habitat for wildlife. Access to and sight views of the channel are limited by fencing and commercial/industrial 
development. In short, there is no evidence that Reach 1b supports or is likely to support use of the channel for recreational activities 
in proximity to water (i.e., REC2), such as sightseeing or wildlife observation. See Figure TC-5 in the January 12, 2012 staff report. 

   
Re Cucamonga Creek Reach 1: “There is evidence (low flow, channel morphology) that REC1 can 
be removed, but there is no evidence to support the removal of REC2. The bacteria data presented 
show that REC1 is met about half the time (Figures CC and CC-16) but there’s no discussion or 
evidence that REC2 can’t be met. As stated in the UAA (p. 24), in 1974 the U.S. Army Engineer 
district, Los, Angeles, Corps of Engineers, Los Angeles District proposed a Recreation Master Plan 
for Cucamonga Creek which included equestrian, hiking and bicycle trails adjacent to the creek.” 

 
Response, 10.10 
[Note: The UAA analyses and conclusions for Cucamonga Creek are presented in Section 5.6.6 of the January 12, 2012 staff report 
for the amendments. In part, this section of the staff report summarizes technical information and analyses compiled for the creek in 
separate reports that are part of the administrative record for this matter]. 
As described in the January 12, 2012 staff report, Reach 1 is fenced and concrete-lined along its length, with vertical or trapezoidal 
walls, making access difficult and hazardous. Much of Reach 1 is adjacent to agricultural, commercial and industrial land uses, 
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making much of the Reach out of view by the general public. Low flows limit habitat and opportunities for sightseeing/wildlife 
observation. In person field surveys and photographic observation resulted in a single observation of human presence in Reach 1, 
namely a vehicle (likely a maintenance vehicle) being driven in the channel. In short, there is no evidence that Reach 1 supports or is 
likely to support use of the channel for recreational activities in proximity to water (i.e., REC2), such as sightseeing or wildlife 
observation. 
One of the initial tasks taken by the Stormwater Quality Standards Task Force as part of the UAA analyses for all of the water body 
segments considered, including Cucamonga Creek Reach 1, was to determine whether and what proposed plans had been or were 
being developed for the development of parks, trails, etc. that might invite recreational activity, and the status of those plans. The 
information obtained initially was later reconfirmed just prior to the completion of the draft amendments. While the Army Corps of 
Engineers proposed a recreation master plan for the Creek in 1974, that plan has not been implemented and there is no evidence that 
any such plans will be implemented in this area (please see Section 5.6.6.8.4. “Probable Future Use” in the January 12, 2012 staff 
report for the amendments). Should any such plans come to fruition, then it would be appropriate for the Regional Board to consider 
changes to recreational use designations as part of the triennial review process. 
REC2 bacteria (fecal coliform) quality objectives now established in the Basin Plan are deleted under the amendments since there is 
no scientific basis for such objectives. Whether or not water quality might meet the fecal coliform objectives is arguably irrelevant to 
the question of the designation of the use where, as in this case, that use has been shown not to occur and to not have the 
reasonable probability to occur because of other factors. In the case of Cucamonga Creek Reach 1, physical factors, taken together 
with other considerations as EPA has directed (including land use, access, safety, other recreational facilities), preclude the 
attainment of the REC2 use. Furthermore, EPA has acknowledged that there is no scientific basis for establishing REC2 objectives, 
and has disavowed the use of fecal coliform objectives as a reliable indicator of public health risk even in REC1 waters. It should be 
emphasized that all surface waters in the Santa Ana Region will continue to be protected pursuant to antidegradation requirements 
and narrative objectives, including the new narrative pathogen objective that would be incorporated in the Basin Plan pursuant to the 
amendments. 

 
The preceding EPA R9 comments state that “there is some evidence” or that “there is evidence” that REC1 uses can be removed. The 
Regional Board found that the evidence supporting de-designation of REC1 for the UAA waters was compelling and that the de- 
designations are fully consistent with EPA regulation and guidance. As stated above, EPA recommends that the States and Territories 
look at a suite of factors, including the actual use, existing water quality, potential water quality, access, recreational facilities, safety 
considerations and location as well as physical factors such as flow conditions and channel morphology, when making recreational 
use attainability decisions. The documentation in the administrative record for these UAAs, in part summarized in the UAA staff report 
sections referenced above, demonstrates that all of these factors were carefully evaluated and considered in making the UAA 
decisions reflected in the amendments. It is not clear whether EPA R9 supports these REC1 decisions or whether EPA R9 believes 
that some other demonstration is necessary. In the latter case, EPA R9 should make this explicit (and, in our view, should have done 
so in the 9 months since the amendments were submitted for public and agency comment.) 
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10.10 
Continued 

  
Comment 

 
“The Regional Board has not demonstrated that changing the recreational uses from these reaches 
would allow for the protection of the Upper Newport Bay, or the Santa Ana river, or other receiving 
waters, which have standards that include REC1 uses.” 

 
Response, 10.10 
As stated in the response to comment 10.7, there is no explicit requirement to demonstrate the protection of downstream uses when 
conducting UAAs: the requirement to protect downstream water quality standards is a separate, stand-alone requirement. There are 
federal and state requirements to adopt and consider appropriate revisions to water quality standards to ensure the reasonable 
protection of beneficial uses. UAAs are a part of this process, authorized under federal regulation. 
With this said, the recreational use changes included in the amendments are expected to improve water quality and enhance 
protection of REC1 beneficial uses in affected receiving waters, including Upper Newport Bay and the Santa Ana River. As discussed 
in the responses to comments 10.2, 10.7 and 10.8, above, the recreational use changes will allow for the placement of BMPs at 
strategic locations upstream of areas where REC1 use is known to occur. The Greenville-Banning channel diversion is an excellent 
example. As noted above, a diversion is also planned for the Santa Ana Delhi Channel to protect Upper Newport Bay. The Regional 
Board-approved Comprehensive Bacteria Reduction Plans for Riverside and San Bernardino counties anticipate the approval of the 
recreation standards changes in their design and implementation of control measures to achieve the Middle Santa Ana River TMDL, 
with the prioritized protection of known REC1 use areas in mind. 

10.11 Nancy Woo 
USEPA, Region 
9 

 
Comment 

 
Conclusion: “EPA Region 9 has identified many serious issues with this Basin Plan Amendment. EPA 
Region 9 recommends that the State Board remand this amendment back to the Regional Board at 
this time. We also recommend that the Regional Board delay any revisions of their Recreational Uses 
until the Santa Ana river and Newport Bay TMDL’s are revised and there’s more thorough 
assessment of sources and attainability.” 
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Response, 10.11 
Clearly, the Regional Board does not agree with EPA R9’s assessment that there are serious issues with the amendments. The 
amendments are fully consistent with current guidance and regulation, based on sound science, and will enhance the protection of 
water quality and beneficial uses in the Region. EPA R9 has not provided compelling, explicit argument to the contrary. 
The UAAs conducted to support the amendments are thorough assessments of the factors that EPA requires and recommends to be 
considered in making use designation decisions. Indeed, these UAAs are remarkably and uniquely thorough. We trust that EPA R9’s 
views will change once their own thorough review is completed. Where there remain questions or needs for clarification, EPA R9 
should consult with Regional Board staff. 
As stated in the response to comment 10. 8, appropriate revisions to water quality standards should proceed irrespective of TMDLs, 
and ideally in advance of identifying waters for which TMDLs are needed, such that requirements for the expenditure of public 
resources are justified, responsible and fair. 
Source assessments are proceeding in response to TMDL requirements for both the Middle Santa Ana River and Newport Bay. As 
previously discussed, waters identified as sources of bacteria inputs resulting in impairment of downstream waters will be required to 
be addressed, irrespective of the recreational use designations of the waters themselves. 
For the reasons described in the preceding responses (see 10.2), EPA R9’s repeated recommendation to delay approving the 
amendments is simply contrary to the interests of protecting public health, water quality and beneficial uses. EPA R9’s 
recommendation to delay the amendments pending publication of new recreational water quality criteria is also contrary to EPA R9’s 
action during the 2010-12 Clean Water Act §303(d) impaired waters listing process. At that time, the Santa Ana Regional Board 
suggested that it would be prudent to defer any new listings for the Region based on bacteria indicators until the Regional Board’s 
new objectives, or EPA’s revised criteria, were finalized. The State Board agreed, but EPA R9 over-rode this decision and added 
several waterbodies to the 303(d) list on the basis of violations or inferred violations of bacteria objectives. EPA R9 stated that it was 
“inappropriate to defer regulatory action on the basis of unadopted water quality objectives.” But this is now precisely what EPA R9 
recommends with respect to the amendments. 
Not only would the failure to proceed with the amendments be a detriment to water quality, public health and beneficial use protection, it 
would have a chilling effect on stakeholder participation in the basin planning process. Stakeholders within the Region made 
extraordinary commitments of time, effort and money to support data collection, technical and other analyses and the development of 
recommendations for the standards changes and implementation strategies included in the amendments. This reflects the stakeholders’ 
commitment to protect water quality and public health in the most effective and responsible manner. 



 

Draft Comment Summary and Responses 
Comment Deadline: October 1, 2012 

Amendment to the Santa Ana Region Basin Plan to Revise Recreational Standards for 
Inland Fresh Waters 

 
Appendix 1 

Water Quality Based Approach 
 
 

(Section 302) Determine Protection Level (EPA Criteria/State WQS) Conduct WQ Assessment (Identify Impaired Waters) Set 
Priorities (Rank/Target Waterbodies) Evaluate Appropriateness of WQS for Specific Waters (Reaffirm WQS) Define and Allocate Control 

Responsibilities (TMDL/WLA/LA) Establish Source Controls (Point Source, NPS) Monitor and Enforce Compliance (Self Monitoring, Agency 
Monitoring) Measure Progress 

WQSA Module 4: UAAs For information purposes only – Not official statements of EPA policy Offi fS i dT h l 

 
How can the total maximum daily process (TMDL) and the use refinement process be coordinated? 

As the stakeholder process and analyses used for a use attainability analysis (UAA) and a TMDL 
are often similar, they can play a large role in informing each other. To effectively make use of the resources 
dedicated to these processes, states and tribes should consider evaluating the attainability of their uses during the 
TMDL development process. Such an approach may have a number of benefits for a state or tribe. By designating a 
use known to be attainable for an impaired waterbody, a state or tribe can develop TMDLs using the most 
appropriate targets. TMDLs developed to meet appropriate water quality standards (WQS) should result in the 
development of reasonable waste load allocations for point sources and load allocations for non point sources. These 
allocations may in turn, ultimately affect proposed controls. In addition, the information gathered to develop a 
TMDL, and the allocations in a TMDL, may point to the need for a designated use change (and possibly a UAA). 

In addition to ensuring appropriate targets, coordinating the use refinement and TMDL 
development processes may allow for a more collaborative approach where states/tribes and stakeholders can 
discuss issues that may influence both processes. This method provides a forum for affected parties, who may be 
the same for both processes, to discuss the ways in which to best achieve necessary WQS and meet local needs. A 
collaborative approach may also spur an information exchange where a UAA can assist in finding other unknown 
causes or sources of impairment. 

States and tribes have discretion to determine whether to do the use refinement and TMDL 
development processes sequentially or simultaneously. If a state or tribe chooses to do them sequentially, there are a 
number of factors that a state or tribe may want to consider in determining the order. In particular, it is important for 
states and tribes to consider the time needed to adopt revised WQS should a use redesignation become appropriate. 
Many state/tribal regulation adoption processes can take two to three years to effect a change. Depending on TMDL- 
development schedule, a state or tribe may not have the flexibility to wait several years to finalize a TMDL. 
However, if a UAA is completed after a TMDL is finalized, the TMDL may need to be revised to reflect the newly 
refined use. States and tribes should consider ways to reduce the overall workload when determining the appropriate 
sequence. 
Often, the timing of TMDLs and use changes are influenced by factors out of the control of the state/tribe, 
stakeholders or EPA (e.g., consent decrees, active court cases, legislative or statutory requirements). Therefore, time 
permitting, states and tribes could evaluate uses and develop TMDLs simultaneously to spur cross-program 
information exchange (e.g., water quality data, formulation of multi-stakeholder teams and workgroups). This 
approach may also yield a current and historical assessment of the effectiveness of modeling tools, best management 
practices, resources, and partnerships. A simultaneous process may also allow a state or tribes to combine public 
participation requirements for establishing a TMDL and revising a state/tribal WQS, if needed. States and tribes 
could also conduct use attainability analysis during the implementation of a TMDL and subsequently revise the 
TMDL if any 
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ITEM 11: DRAFT Responses to EPA Region IX Letter (November 5, 2012) signed by 
Nancy Woo, Acting Director, Water Division  
 
[Note: Regional Board, State Board and EPA Region IX staff met on January 18, 2013 to seek 
clarification of and discuss the concerns identified in EPA’s November 5, 2012 letter. A 
subsequent meeting of EPA and Regional Board staff and a consultant for the Stormwater 
Quality Standards Task Force was held on April 3, 2013. Regional Board staff and consultants 
to the Task Force prepared and submitted additional documentation in response to these 
discussions. These supplemental documents included UAA summary documents and re-
formatted Use Attainability Reports. All the supplemental documentation is posted on the 
Regional Board’s website. The following responses to EPA’s November 5, 2012 letter reflect 
Regional Board staff’s understanding of the comments as explained by EPA staff at the 
meetings on January 18 and April 3, 2013.]  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.1) As an initial matter, this comment appears to interpret 40 CFR 131.10(d) in such a way 

as to render 40 CFR 131.10(g) moot, thereby nullifying a critical part of the federal use 
attainability scheme.  The comment cites to 40 CFR 131.10(d) for the correct proposition 
- that uses are deemed attainable if those uses can be achieved through the imposition 
of effluent limits and cost-effective and reasonable best management practices 
(“BMPs”).  However, to support its assertion that there is no evidence that the use 
cannot be achieved, EPA focuses solely on whether the water quality necessary to 
support the REC1 uses could be achieved.  By doing so, EPA appears to argue that a 
use is deemed attainable even when there are physical factors, such as those set forth 
in 40 CFR 131.10(g), which prevent the attainment of the use.  In other words, this 
comment rewrites 40 CFR 131.10(d) to read: 

 
“At a minimum, uses are deemed attainable if the water quality necessary to 
support the specific beneficial use can be achieved by the imposition of effluent 
limits required under sections 301(b) and section 306 of the Act and cost-
effective and reasonable best management practices for nonpoint source 
control.”  (Italicized language added.) 

1.  There is no evidence that the use cannot be achieved.  Per 40 CFR 131.10(d), 
uses are deemed attainable "if they can be achieved by the imposition of effluent 
limits required under sections 301 (b) and section 306 of the Act and cost-effective 
and reasonable best management practices for non-point source control."  Our 
review of the dry-weather bacteria data in Cucamonga Creek, Temescal Creek and 
the Santa Ana Delhi leads us to believe that reasonable actions might bring the 
waters into compliance.  These water bodies meet REC1 objectives frequently during 
dry weather and the proposed high flow suspension of the recreational use would 
provide relaxation for storm events.  There is no demonstration that the water quality 
criteria cannot be met with authorities under the stormwater permit or reasonable 
BMPs." 
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We believe that EPA's interpretation is inconsistent with 40 CFR 131.10(g).  40 CFR 
131.10(g) expressly allows for the removal of a designated, but not existing, use for 
reasons other than an inability to achieve water quality to support the use.  These 
reasons include natural, ephemeral, intermittent, or low flow conditions and dams, 
diversions, and other hydrologic modifications which prevent the attainment of the use.   
 
If, as EPA appears to argue, every designated use is deemed attainable simply by 
achieving water quality sufficient to support the use, and one cannot de-designate a 
waterbody that is deemed attainable, then 40 CFR 131.10(g) ceases to have any utility.  
40 CFR 131.10(g) applies only in cases, such as here, where the designated use is not 
"existing". EPA defines an "existing" use to include those where both the use and the 
water quality necessary to support the beneficial use have been achieved on or after 
November 28, 1975 (see September 5, 2008 letter from Denise Keehner, Director, 
Standards and Health Protection Division, USEPA, Washington, D.C. to Derek Smithee, 
State of Oklahoma providing answers to water quality standards questions).  Following 
the logic implicit in the comment above, a use could never be removed for any of the 
reasons contained in 40 CFR 131.10(g) as long as the waterbody could achieve the 
water quality sufficient to theoretically support the use.  Such an interpretation is illogical 
and   would be a departure from EPA guidance regarding UAAs.  Further, it would be 
inconsistent with the changes to the water quality standards regulations pertaining to 
designated uses that were recently proposed by EPA (see 78 FR 171, 54518   9/4/2013) 
(these changes call for modification of 40 CFR 131.10(g) to require the designation of 
the highest attainable uses where a “fishable/swimmable” use is found not attainable per 
one or more of the 131.10(g) factors.)  
 
Guidance provided by EPA headquarters (Advanced Notice of Proposed Rulemaking on 
the Water Quality Standards Regulation. 1998. 63 FR 36756, first column) recommends 
that a suite of factors, including physical conditions, water quality, access and safety and 
other factors) be evaluated when considering recreational use changes.  EPA staff 
strongly endorsed this "suite-of-factors" approach at the earliest meetings of the Santa 
Ana Storm Water Quality Standards Task Force.  Based on EPA's recommendation, the 
Task Force relied on this approach to conduct Use Attainability Analyses in the Santa 
Ana Region.   
It is a central tenet of statutory construction that provisions should be interpreted to avoid 
internal inconsistencies.  Thus, the better interpretation of 40 CFR 131.10(d) recognizes 
that even if the water quality sufficient to support a beneficial use may be achieved, that 
alone does not constitute attainability.  Physical factors, such as those listed in 40 CFR 
131.10(g), remain relevant to determining whether a use can be attained. Not only is this 
interpretation faithful to the plain language of 40 CFR 131.10(d), this interpretation 
allows for consistency between 40 CFR 131.10(d) and 40 CFR 131.10(g).   
 

 
1.2) There is substantial evidence in the administrative record for all of the UAAs, including 

the three cited by EPA, that demonstrates that factors other than water quality preclude 
attainment of the REC1 and, in some cases, REC2, uses. Specifically, the record 
demonstrates that hydrological modifications (40 CFR 131.10[g]4) and, in most cases, 
flow conditions (40 CFR 131.10[g]2)  prevent attainment of the recreational use 
regardless of what effluent limits are imposed or what BMPs are implemented. The 
Regional Board concluded further that flow conditions cannot be compensated for by 
effluent discharges and that it is not feasible to restore the water bodies or operate the 
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hydrologic modifications in order to attain the recreational use. The probable future 
recreational use of each of the UAA waters was also evaluated. While relevant evidence 
regarding such future use supports the de-designation of recreational use(s), it is 
recognized that the recreational use designations of these waters will be subject to 
review and change, if warranted, as part of the water quality standards triennial review 
process.  The reformatted UAA documents seek to make this general point much 
clearer. 

 
1.3) While historical and current bacteria indicator data were evaluated as part of each UAA, 

the sole purpose for doing so was to determine whether or not existing water quality was 
already meeting the established or proposed objective for pathogen indicator bacteria.  
The Regional Board did not cite or rely on 40 CFR 131.10[g]1 (naturally-occurring 
sources of pollution) or 40 CFR 131.10[g]3 (human caused conditions or  sources of 
pollution) as a justification for deleting REC1 use designations when it approved the 
Basin Plan amendments.  Instead, the Regional Board concluded that other factors 
would continue to preclude attainment of the REC1 use even if bacteria quality 
conditions improved to meet the existing or proposed bacteria indicator objective.  
Contrary to EPA's claim, the Regional Board is not required to demonstrate "that the 
water quality criteria [“objectives”, in California parlance] cannot be met with authorities 
under the storm water permit or reasonable BMPs".  It is only necessary to show that the 
designated uses will not be achieved even if more stringent effluent limits or BMP 
requirements are imposed. As discussed above, EPA’s assertion that water quality 
conditions alone may determine use attainability renders meaningless the federal UAA 
regulations at 40 CFR 131.10(g) and is contrary to EPA’s published guidance regarding 
attainment determinations. In addition, it does not appear that such an interpretation was 
applied when EPA approved similar UAA's to downgrade or delete recreational uses in 
other states.  
 

1.4) As described in the UAA sections of the January 12, 2012 staff report (and the 
supplemental  re-formatted UAA reports), and the extensive documentation in the 
administrative record that was used to prepare and support those discussions, the 
Regional Board also evaluated the feasibility of meeting the proposed E. coli objectives 
in the flood control channels where de-designation was recommended.  A 
comprehensive review of available scientific literature and site-specific analyses 
prepared by CDM clearly show that cost-effective BMPs cannot assure consistent 
compliance. Moreover, attempting to meet bacteria objectives at each and every 
stormwater outfall discharging to these largely concrete flood control channels, which 
would be required absent recreational use de-designation of these channels where 
appropriate, would cost local residents nearly $3 billion while producing no real reduction 
in swimming-related illnesses, since there is no evidence of existing or reasonably 
probable future REC1 use in these waters.  Imposing such an obligation would be 
inherently unreasonable and inconsistent with Section 13000 and Section 13241 of the 
California Water Code.   

 
1.5) EPA's assertion that these waters frequently meet REC1 objectives during dry weather 

is not supported by the best available data.  For example, Fig. 1 summarizes dry season 
results from the TMDL compliance monitoring station in Cucamonga Creek.  None of the 
nearly 100 samples evaluated in the last six years complied with the proposed E. coli 
objective.  This information is reported annually to the Regional Board.  The Regional 
Board carefully reviewed and considered the data when it approved the Comprehensive 
Bacteria Reduction Plan (Res. No. R8-2012-0015) just one month prior to initiating 
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public hearings on the proposed Basin Plan amendments (Res. No. R8-2012-0001).  
The Comprehensive Bacteria Reduction Plan is part of the Administrative Record for 
these amendments. Similar water quality monitoring data are presented in the UAA 
subsections of the January 12, 2012 staff report and re-formatted UAA reports (and in 
the technical support documents that CDM prepared for each of the UAAs).  

 
 

Fig. 1:  Dry Season Monitoring Data for E. coli in Mill-Cucamonga Creek 

 
 
1.5) The Basin Plan amendments approved by the Regional Board do not alter existing 

requirements in the county stormwater permits to implement cost-effective and 
reasonable BMPs.  Therefore, in the event that such BMPs actually do cause any of the 
aforementioned channels to meet the proposed E. coli objectives consistently, the 
Regional Board would be required to preserve this higher level of water quality 
consistent with state and federal antidegradation policies.  The Regional Board must 
also reassess the on-going validity of each de-designated use as part of the regular 
triennial review process. 

 
1.6) EPA "believes reasonable actions might bring the waters into compliance" [underline 

added] but does not identify any specific BMPs, and does not provide any evaluation of 
whether any such BMPs are either cost-effective or reasonable.  Nor does the Agency 
explain how meeting established or proposed bacteria indicator objectives would 
overcome the flow and channel morphology conditions that would continue to preclude 
the REC1 use regardless of such water quality improvements.  Importantly, as  
explained in the UAA documents, de-designating REC-1 uses where it is appropriate to 
do so is essential in order to implement regional BMP projects that will, in fact, better 
protect primary contact recreation that occurs downstream of these locations. 
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2.0) Before responding to these comments regarding the UAAs, it is appropriate to take 

notice of the UAA summary documents prepared by Regional Board staff per 
commitments made at the January 18, 2013 meeting among Regional Board, State 
Board and EPA staff. These summaries were provided to EPA on February 15, 2013; 
they were also distributed on the same day to State Board staff for review and for 
distribution to the State Board members, as deemed appropriate.  The summaries are 
also posted on the Regional Board’s website.  EPA provided “preliminary” comments on 
the UAAs on February 22, 2013 (e-mail from Janet Hashimoto to Kurt Berchtold). 
Regional Board staff reviewed these comments and took them into consideration when 
preparing the re-formatted UAA reports requested by EPA at the April 3, 2013 
discussion of the recreation standards amendments. Again, these re-formatted reports 
were submitted in early October, 2013.  

 
2.1) It is unclear whether the concern expressed by EPA in the comment shown above 

applies to all of the UAAs or is limited to the tidal prisms.  The “preliminary” comments 
provided by EPA on February 22, 2013 provide more specific information regarding this 
concern, which is that there are inadequate flow data to support the proposed de-
designations for specific water body segments where no flow gauge data are available.  

 
Consistent with well-established practice in identifying surface waters in the Basin Plan, 
each of the reaches as a whole has generally very similar characteristics with respect to 
flow and morphology. The reaches for the Santa Ana Delhi Channel and the Greenville-
Banning Channel, which are not now listed in the Basin Plan, were also identified based 
on generally similar flow and morphological characteristics. Again, this is comparable to 
the long-established approach employed to identify reaches of streams already listed in 
the Basin Plan, including Cucamonga Creek and Temescal Creek. 
 
The reaches evaluated for UAA purposes were deliberately selected to ensure that data 
presented in the UAA would be typical and representative of the entire reach.  The entire 
Stormwater Quality Standards Task Force (Task Force) participated in a field trip to each 
stream location to better ensure the integrity of this decision-making process. Numerous 
subsequent site visits were made as part of recreational use surveys, including 
observations accompanying remote camera maintenance.  These observations included 
flow conditions, whether anyone was observed in or in the immediate vicinity of the 
waterbody segment, etc.  These results of these field surveys are part of the 
administrative record for this matter. In response to EPA’s February 22, 2013 preliminary 
comments, the re-formatted UAA reports include summaries of the field survey 
observations.  
 

2.  There is insufficient justification for the UAA factors cited under 40 CFR 131.10(g).  
The UAAs in the Basin Plan amendment describe the lack of dry-weather flow and 
shallow depths as a rationale for use removal under 131.10(g)2.  The description in 
the UAAs provides an incomplete assessment of depth throughout the reaches 
proposed for use removal.  We are particularly concerned with the tidal prisms of the 
reaches where depth can be in the range of 5-7 feet during high tide. 
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During dry weather conditions, the depth of water does not vary dramatically throughout 
each of the inland channel segments proposed for redesignation.  This is a result of the 
nature of the flows, as described for each of the waters in the UAA sections in the 
January 12, 2012 staff report (and in the February 15, 2013 UAA summaries and re-
formatted UAA reports).  Urban nuisance flows and POTW discharges contribute to the 
flows in Cucamonga Creek and Temescal Creek (flows in Temescal Creek are expected 
to decline further once the POTW is removed from service and those discharges cease.)  
Urban nuisance runoff is the predominant source of dry weather flow in the other inland 
channel segments. Low flow conditions predominate in these waters and are unsuitable 
for primary contact recreation, during which immersion and the ingestion of water are 
considered likely. This is corroborated by flow gauge data (where gauges are present), 
by multiple visual observations (multiple field surveys conducted by the Stormwater 
Quality Standards Task Force, camera maintenance observations, observations 
collected during other monitoring activities, etc.) and by the extensive photographic 
record. Representative photographs of the reaches are shown in the UAA sections of the 
January 12, 2012 staff report (and repeated in the UAA summaries (February 15, 2013) 
and re-formatted UAA reports (October 2013)).  The findings that low flow conditions 
predominate and that such flows are not suited to water contact recreational activity 
appeared to Regional Board staff to be self-evident, though EPA staff pointed out during 
the January 18, 2013 meeting that Regional Board staff’s knowledge of these local 
waters is naturally superior to that of EPA, which would facilitate Board staff’s 
conclusions on this matter.  Therefore, Regional Board staff revised and reformatted the 
UAA reports to better document some of this key "local knowledge." 
 

 
2.2) By their nature, flows in the tidal prisms are subject to variation based on the tidal cycle; 

for the tidal prisms, the influence of marine water is a significant, distinguishing 
characteristic.  Inadequate flow is, at times, a limiting factor precluding attainment of the 
REC1 use in the tidal prism segments but it is not the only limiting factor.  As 
documented in the administrative record, in the lower part of the tidal prism of the Santa 
Ana Delhi Channel the banks are steep and highly eroded, making access difficult and 
dangerous and thus unlikely. No current or prior primary contact recreational activity was 
observed or documented by others (including flood control maintenance personnel) as 
part of the Task Force investigations. These investigations included multiple site visits 
and the collection of a photographic record. The upper part of this tidal prism, where 
lower flows predominate, is fenced, with locked access gates. The channel sides are 
concrete-lined. (Figure SAD-3 in Section 5. 6.3 of the January 12, 2012 staff report for 
the Basin Plan amendments shows a representative photograph of the tidal prism). 
Further, the convergence zone between the Santa Ana Delhi Channel (at the terminus of 
the tidal prism) and Upper Newport Bay is part of the Upper Newport Bay Ecological 
Preserve. Recreational uses such as swimming are prohibited in the Preserve and this 
prohibition is strictly enforced in the interest of protecting wildlife.  The 20,203 
photographs taken at this location show that the prohibition is extremely effective 
because no REC1 activity was observed during the entire 12 month survey period.  The 
Regional Board properly concluded that primary contact recreation was not an existing 
use in the Santa Ana Delhi's tidal prism, nor is that use reasonably probable in the 
future.  It should be noted, however, that Upper Newport Bay will continue to be 
designated REC1 and discharges from the Santa Ana Delhi must meet the pathogen 
indicator bacteria objectives assigned to this marine water. BMPs are already required to 
reduce pathogen indicator bacteria inputs from this source, pursuant to the Orange 
County MS4 permit and in response to the established fecal coliform TMDL for Newport 
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Bay.  A diversion project is being planned in the area of the tidal prism to improve the 
quality of flows from the Channel into the Bay. (See also response 3.5, below) 

 
The tidal prism of the Greenville-Banning Channel is a concrete-lined flood control 
channel with vertical walls topped by chain-link fencing.  While it is technically true that 
someone could access the channel by walking up from the bottom, i.e., from the Santa 
Ana River confluence, it is highly improbable that anyone would do so given access 
difficulties (fencing and concrete-lined side slopes along the River), nor were any such 
observations made or documented as part of the Task Force investigations.  It is also 
extremely unlikely that those seeking an opportunity to swim would leave an ideal Pacific 
Ocean beach location approximately 1.3 miles downstream of the terminus of the tidal 
prism to recreate in a concrete storm channel.  In their February 22, 2013 preliminary 
comments on the UAAs, EPA points out that access to the tidal prism of the channel via 
a canoe or kayak is feasible. While this is true when tidal conditions allow it, it is 
extremely unlikely that anyone would enter the channel, certainly for any significant 
period, given the far more appealing opportunity to enjoy the Santa Ana River, into which 
the tidal prism empties. Once again, the extensive photographic record collected at 
Reach 1 of the Greenville-Banning Channel and similar locations with vertical, concrete-
walled channels throughout the watershed supports the Regional Board's reasonable 
conclusion on this matter, based on consideration of a suite of factors, as recommended 
by EPA.  
 

2.3) It is worthwhile to take notice of the recreational use UAA protocols developed by certain 
states, including Kansas, Missouri and Iowa. Here, UAAs are simplified and recreation 
use decisions rely largely on water depth during base flow conditions (the water must be 
over 1 meter deep to be REC1 and over 0.5m deep to be deemed REC2) and local 
interviews to determine whether there is evidence of actual recreation use.  
 
Similarly, it is worthwhile to take notice of UAA guidance provided by the USEPA. In 
2006, the Director of the Office of Science and Technology distributed a memorandum to 
EPA Regional Water Division Directors to address “Improving the Effectiveness of the 
Use Attainability Analysis (UAA) Process”. Attached to the memorandum were a number 
of case studies compiled in a document titled “UAAs and Other Tools for Managing 
Designated Uses” (USEPA Office of Water (Washington, D.C.), EPA 821-R-07-001).  In 
the Preface, EPA states the following:  
 
 “The enclosed case studies display the breadth and variety of UAAs. In some 
cases, such as the one provided for Chesapeake Bay, the UAA is extensive and 
resource-intensive. However, we have also seen effective UAAs that are much simpler, 
for example by conveying the appropriate designated use expectations principally 
through a set of photographs documenting the physical characteristics of the 
waterbody.” [italics added for emphasis] 
 
The Santa Ana Region UAAs include an unprecedented photographic record of images 
taken at selected, representative locations at each of the surface waters evaluated. In 
each case, the UAA conclusions are based on consideration of extensive data and 
information on channel characteristics, flows, water quality, access and safety, and other 
factors, as documented in the January 12, 2012 staff report. The Santa Ana Region 
UAAs do not rely solely on the photographic record, but that record strongly supports the 
conclusions drawn based on the other evidence.  
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The requisite documentation to support the Missouri UAAs, or those based on 
photographic evidence appears to be considerably less than that provided to support the 
UAAs in the Santa Ana Region, and less than EPA Region IX required to approve similar 
UAAs in the Los Angeles Region.  
 

 
2.  The UAAs cite 131.10(g)4 [hydrologic modifications preclude the attainment of 
the use and it is not feasible to restore the water body to its original condition or to 
operate such modification in a way that would result in the attainment of the use] 
and state “Given the level of development in the vicinity of the channel and the 
ongoing need to provide flood protection, it is not considered feasible to restore the 
channel to its original condition or to operate the channel so as to attain the REC1 
use.”  As discussed above, there is no evidence presented to support the notion 
that REC1 objectives cannot be met in these flood control channels.   
 
 
2.4) See responses 1.1- 1.3, above. Water quality is not the sole or over-riding determinant 
of attainability. This is particularly true where, as in the Santa Ana Region, Factor 1 (natural 
sources of pollution) and Factor 3 (man-made sources of pollution) are not relied on to justify 
any of the proposed de-designations.  The UAA factors specified in federal regulations explicitly 
provide that physical factors, such as hydrologic modifications, may render uses unattainable, 
irrespective of quality conditions.  Moreover, the assertion that there is no evidence that REC1 
objectives cannot be met is contradicted by the water quality data in the record, as discussed 
above and in the UAA staff report sections. 
 
  
 
 
 
 
 
 
 
 
2.5) As a preliminary matter, Regional Board staff is not aware of any high flow suspension of 

recreation standards that has been approved for the San Diego Region, nor was staff 
from that Region able to confirm the existence of any such policy.  In subsequent 
discussions, EPA staff withdrew all reference to the San Diego Region. 

 
2.6)  The Regional Board carefully reviewed the high flow suspension of recreation standards 

previously approved by EPA in the Los Angeles Region. 1 The “categorical” approach 
employed in Los Angeles provided a template for developing a similar approach for the 
Santa Ana Region2.  This categorical approach recognizes that hazardous flow 
conditions that preclude attainment of recreational uses are expected to occur under wet 

                                                           
1 See letter from Alexis Strauss, Director of Water Division, U.S. EPA-Region 9 to Celeste Cantu, Exec. Dir. California 
State Water Resources Control Board; August 12, 2004. 
2 U.S. EPA Water Quality Standards Handbook. Sept. 15, 1993. Section 2.9: “States may also conduct generic use 
attainability analyses for groups of water body segments provided that the circumstances relating to the segments in 
question are sufficiently similar to make the results of the generic analyses reasonably applicable to each segment.” 
(p.2-9) 

2.  The high flow suspension is a temporary suspension of the use requiring UAAs.  
Each water body with the high flow suspension should be formally evaluated against 
the 131.10(g) factors.  We have approved such suspensions in Regional Boards 4 
and 9, but these have generally been limited to concrete-lined channels.  We need a 
better rationale before we could approve any temporary use suspension for channels 
with "levees, bank stabilization (rip-rap), channel straightening, vegetation removal or 
other similar practices." 
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weather conditions in waterbodies that have been modified for flood control purposes, 
i.e., to restrict stormwater flows to the channels and to accelerate the conveyance of 
those flows downstream. The nature of flood control modifications varies and may 
include concrete or rip-rap lining of channel bottom and/or side-slopes, levees to prevent 
overflows into adjacent developments, extensive vegetation removal (which also 
prevents the release of debris that may be as or more damaging to structures and 
property as the high flow conditions themselves), and channel straightening. The nature 
of the modification is less important than its intended purpose: to assure that stormwater 
flows are confined and conveyed from an area as quickly as possible. It is the resultant 
stream flow conditions, irrespective of the nature of the substrate, which are 
determinative of safety conditions3. It should be noted that EPA has previously 
recognized the effects of other modifications, including channel straightening, in creating 
hazardous flow conditions.4  

 
2.7) The high flow suspension in the Santa Ana Region is directly analogous to that in the 

Los Angeles Region. It is limited to engineered and heavily modified channels where 
flood control modifications are a significant factor contributing to the safety hazard 
associated with elevated flows during storm conditions.   In most cases, channels 
eligible for the high flow suspension in the Santa Ana Region are concrete-lined.  In 
other cases, the channels have been heavily modified, such as with rip-rap, levees, 
vegetation removal and the like, often using a combination of these measures, for flood 
control purposes and to prevent erosion.  

 
During the discussion on January 18, 2013, Regional Board staff understood EPA staff 
to confirm that the issue of concern with respect to the application of the suspension to 
these “non-concrete-lined” channels was the propriety of the 0.5” rainfall trigger included 
in the recreation standards amendments. [The amendments specify certain flow velocity 
and depth/velocity product figures as triggers for the suspension. The amendments also 
specify that where stream gauge data are not available to assess these flow conditions, 
then the suspension would be triggered by 0.5” rainfall in the tributary area. This is the 
same default employed in the Los Angeles Region.]  Additional “error” analyses of 
representative channels in the Santa Ana Region have been performed to confirm the 
propriety of the rainfall trigger5.  These analyses are part of the supplemental information 

                                                           
3 The USGS National Field Manual for the Collection of Water-Quality Data (Chapter A9, Safety in Field Activities) 
states: “Do not attempt to wade a stream for which values of depth multiplied by velocity equal or exceed 10 ft-ft/sec.” 
(Lane, S.L., and Fay, R.G., 1997, Safety in field activities: U.S. Geological Survey Techniques of Water-Resources 
Investigations, book 9, chap. A9, October 1997). Guidance provided by the USFWS et al Cooperative Instream Flow 
Service Group (Hydra, Ronald. Methods of Assessing Instream Flows for Recreation, Instream Flow Information 
Paper No. 6. June 1978. FWS/OBS-78/34) states that “water depth and water velocity are the two stream flow 
components which are most important in determining whether or not a certain recreation activity may be pleasurably 
engaged in” (p. 4) and shows that the probability of recreational activity drops to zero when depth * velocity exceeds 
10 ft2 /sec. Neither USGS nor the USFWS guidance qualifies these determinations based on whether or not concrete-
lining is present in the waterbody. 

4 EPA describes the Los Angeles Region high flow suspension as justified by a “simple” UAA and refers to channel 
straightening as well as concrete-lining as modifications that affect safety conditions. See 
http://water.epa.gov/scitech/swguidance/standards/uses/uaa/la_channels.cfm  
5 Risk Sciences. February 15, 2013. “Error Analysis for Application of High Flow Suspension Using the 0.5" Rainfall 
Trigger In Engineered/Modified Flood Control Channels that are Concrete-Lined” and “Error Analysis for Application 
of High Flow Suspension Using the 0.5" Rainfall Trigger In Engineered/Modified Flood Control Channels that are 
NOT Concrete-Lined”.  

http://water.epa.gov/scitech/swguidance/standards/uses/uaa/la_channels.cfm
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conveyed to EPA on February 15, 2013 and February 19, 2013 (a revised version of the 
error analysis for channels that are not concrete-lined6 (using five channels rather than 
four) was transmitted on the latter date). The analyses demonstrate that the surrogate 
rainfall trigger is very conservative, i.e., it is ~ 3-4 times more likely to NOT activate the 
high flow suspension during hazardous conditions than it is to incorrectly activate the 
suspension when it is not warranted.  The conservative nature of the rainfall trigger is 
confirmed for both concrete-lined channels and engineered/heavily modified channels 
that are not concrete-lined. 
 
The analyses conducted to consider the high flow suspension in the Santa Ana Region 
demonstrated that the temporary suspension is expected to occur very rarely, on the 
order of 7-10 days per year, irrespective of the channel substrate.  This may be 
contrasted with the seasonal application of recreation standards approved in other 
states, where recreational uses do not apply for about half the year or more (see 2.9, 
below).  Subsequent discussions with EPA in April of 2013 lead us to believe that the 
supplement "error analysis" adequately addressed the agency's concerns on this issue. 

 
2.8) The technical analysis submitted in support of the high flow suspension in the Santa Ana 

Region showed that once flow velocity reaches 10 fps, the resulting physical force is 
sufficient to sweep away both children, adults and even small cars in just 1 foot of water 
(see Fig 2).  The temporary suspension trigger criteria specified in the amendments 
reflect this reality. The suspension trigger criteria are expressed as follows: Stream 
velocity exceeds 8 feet-per-second, or stream velocity times stream depth (depth-
velocity product) exceeds 10 feet-per-second. Where representative flow data from a 
calibrated stream gauge are not available to document these conditions, the temporary 
suspension would also be triggered when rainfall in the area tributary to the channel is 
greater than or equal to 0.5 inches of rainfall in 24 hours. (See Attachments 1 and 2 to 
Resolution No. R8-2012-0001, Chapter 5 Implementation, High flow suspension of 
recreation standards, “Definition of Unsafe Flows”). As discussed previously (2.7), error 
analyses conducted to assess the probability that application of the 0.5 inch rainfall 
trigger would result in inappropriate temporary suspension of recreation standards 
demonstrated that the rainfall trigger is far more likely to err on the side of failing to 
trigger the suspension when unsafe flow conditions exist than to activate it 
unnecessarily.  

 
 
 
 
 
 
 
 
 
 

                                                                                                                                                                                           
 
6 Risk Sciences February 18, 2013. “Error Analysis for Application of High Flow Suspension Using the 0.5" Rainfall 
Trigger In Engineered/Modified Flood Control Channels that are NOT Concrete-Lined”.  
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Fig.2:  Physical Force Exerted at a Given Stream Velocity and Depth 

 
 
 
 
2.9) The high flow suspension establishes a subcategory of the designated use based on 

temporary seasonal conditions.  In some states, recreational uses are suspended during 
cold winter months (ranging from 119 days/year in Iowa to 227 days/year in Maine) 
when water temperatures create an inherently unsafe condition. In Southern California, 
extreme flow, not temperature, is the seasonal weather-related phenomenon that 
temporarily precludes attainment of the REC1 use.  Rather than adopt the calendar-
based approach used by eastern states, the Regional Board approved a more 
environmentally-conservative method (far fewer days in which the suspension is applied) 
to temporarily suspend uses during hazardous weather conditions.  Some natural 
hazards (such as winter weather) are sufficiently self-evident that EPA does not even 
require a UAA to justify "seasonal uses."7  Further, while EPA considers high flow 
exceptions to be "subcategorical uses" requiring a UAA, agency guidance also indicates 
that these should be "simple" UAAs with less onerous evidentiary requirements.8 
Similarly, the hazardous conditions that can be expected to result during wet weather in 
channels modified with levees, rip-rap, vegetation removal, and channel straightening, 
all intended to accelerate flows out of an area, also seem self-evident. (As noted 
previously, EPA itself has acknowledged the effects of channel straightening; see 2.6).  

 
                                                           
7 U.S. EPA.  Implementation Guidance for Ambient Water Quality Criteria for Bacteria.  EPA-823-B-04-002.  March, 
2004; Section 3.1.2; pg. 25 
8 http://water.epa.gove/scitech/swguidance/standards/uses/uaa/la_channels.cfm 

 

http://water.epa.gove/scitech/swguidance/standards/uses/uaa/la_channels.cfm
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2.10) Following discussions with EPA in April of 2013, Regional Board staff asked CDM to 

prepare additional technical memoranda to better document the specific engineering 
methods used to translate data from USGS flow gauges into estimates of stream depth 
and velocity.  The memoranda were added to the administrative record to provide a 
more detailed technical explanation for the analyses presented in the UAA reports. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.1) We believe this comment was made before EPA staff had reviewed all of the technical 

support documentation included or cited in the Administrative Record. In particular, it is 
not clear that EPA fully understood the importance of documentation in the record 
concerning Comprehensive Bacteria Reduction Plans (CBRPs), which affect TMDL 
implementation and compliance. (The CBRPs were discussed during an April 10, 2012 
meeting among Regional Board, EPA and State Board staff and copies of the 
documentation were provided to EPA.) Nor do we believe that EPA has considered the 
regulatory context, including established MS4 stormwater permits, in which these UAA 
decisions would be implemented.  Therefore, the relationship between the proposed 
Basin Plan amendments and the CBRP, as both are related to implementing bacteria 
TMDLs, was more thoroughly described when the UAA reports were reformatted.  It is 
important to note that this supplemental information was thoroughly reviewed and well-
understood by the Regional Board at the time the Basin Plan amendments were 
approved.  The descriptive material added to the UAA Summary Reports and re-
formatted reports is intended to better document this fact to outside reviewers. 

 
3.2) Regional Board staff responded to similar comments regarding the protection of 

downstream uses in EPA’s October 1, 2012 letter regarding the proposed amendments.  
EPA’s letter of November 5th  does not provide any new comment.  Nor does it explain 
how  our prior responses (see Responses to October 1, 2012 Comments from Nancy 
Woo, EPA Region IX, 10.2, 10.7, and 10.8) are deficient.            

The Regional Board is well aware of the requirement to assure the protection of 
downstream water quality standards, and regulatory actions by the Regional Board are 
consistent with that requirement. The Santa Ana Regional Board issues and enforces 
permits for waste discharges that may include pathogens/pathogen indicators. These 
permits include municipal separate stormwater system permits (MS4 permits) issued to 
each of the counties (Orange, Riverside, San Bernardino) and their co-permittees within 
the Region, and those issued for discharges from Publicly Owned Treatment Works 
(POTWs). As discussed in the recreation standards amendments themselves (see Att. 2 
to Resolution No. R8-2012-0001, p. 78-79 of 79, POTW discharge requirements and 
implementation of recreation standards), the POTW permits require that wastewater 

3.  There is no demonstration of downstream protection.  There is no evidence that 
relaxation or removal of the REC uses will protect downstream uses.  Three of the 
four UAAs include waterbodies and reaches named in the TMDLs that are in the 
implementation phase.  The Santa Ana Delhi Channel discharges directly into Upper 
Newport Bay which remains on the 303(d) list.  It is unclear how removing all REC 
standards for the Santa Ana Delhi Channel Reaches 1 and 2, and changing the 
existing numeric standard at the tidal prism would assure that the REC1 use in Upper 
Newport Bay is met.  Similarly, both Cucamonga Creek and Temescal Creek are 
named in the Bacteria Indicator TMDL for the Middle Santa Ana River.  It is unclear 
how removal of all REC uses from Cucamonga Creek and Reach 1b of Temescal 
Creek will protect downstream uses. 
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effluents meet coliform limitations that are significantly more stringent than recreational 
water quality objectives. Within the Santa Ana Region, POTWs are required to meet 
performance-based coliform limits that necessitate treatment (tertiary or equivalent) to 
assure effectively pathogen-free effluents. The MS4 permits require the permittees to 
implement programs and Best Management Practices to assure that discharges from the 
MS4 system do not cause or contribute to violations of water quality standards in the 
receiving waters, including waters downstream of waters for which recreational uses 
have been de-designated pursuant to UAAs. The MS4 permits also include requirements 
that implement established TMDLs, including wasteload allocations. Among the actions 
required and implemented pursuant to the MS4 permits, the permittees are required to 
conduct investigations of illicit connections to the MS4 system, which may be a source of 
pathogens/pathogen indicators, and to take corrective action where such connections 
are found. Investigations of potential pathogen/pathogen indicator sources are required 
to determine whether there are any such contributions that result in or contribute to 
downstream impairment in TMDL waters. Corrective actions are required where 
necessary. In short, the Regional Board has regulatory mechanisms in place to identify 
and correct sources of pathogen/pathogen indicator contributions to surface waters, 
including TMDL waters. The de-designation of recreational uses pursuant to UAAs does 
not remove these requirements to assure that water quality standards, including those of 
downstream waters, are achieved. (It may be noted that the February 15, 2013 UAA 
summaries and the re-formatted UAA reports prepared by Regional Board staff include 
summary information regarding the regulatory context in which the de-designations and 
protection of downstream waters must be considered.) 

As discussed in our prior responses and again below, the Santa Ana Regional Board 
envisions a direct BMP approach, in addition to existing permit-required investigation 
and control strategies, to assure that downstream uses will be protected. This is part of 
the comprehensive strategy identified by the Regional Board to develop and implement 
appropriate recreation standards for the Region, including waterbodies included on the 
CWA 303(d) list of impaired waters.  The Middle Santa Ana River Bacteria TMDL Task 
Force meets every 6-8 weeks with Regional Board staff to review implementation 
effectiveness.  In addition, MS4 permittees submit detailed written reports twice a year to 
document progress toward attainment of the pathogen-indicator bacteria objectives. 

 
 
3.3) The reasons that the Regional Board approved the recreational use designation 

changes are that (1) these changes are appropriate and justified pursuant to applicable 
federal regulations, and (2) de-designating these reaches, where no REC1 use occurs or 
is likely to occur, will allow better and timelier protection of downstream segments where 
REC1 use is actually occurring.  This is because the de-designation allows the MS4 
permittees to focus their resources on the strategic placement and construction of 
regional treatment facilities to protect recreational uses where they occur or have the 
potential to occur. (As noted previously, POTWs are already required to assure 
essentially pathogen-free effluent discharges; these requirements are not affected by de-
designation of recreational uses in specific reaches, in part recognizing the need to 
protect downstream waters used for recreation.) As described in Regional Board staff’s 
prior responses, one such regional facility is already operating in Greenville-Banning 
Channel to divert poor quality urban runoff before it can adversely affect the very heavily 
used designated beach area at Huntington Beach. Other such facilities are being 
planned (see below).   
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3.4) To understand the significance of focused BMP implementation where recreational uses 

occur or are likely to occur, it is important to understand the dynamic and difficult nature 
of bacteria indicator organisms, which may come from a wide variety of natural and 
anthropogenic sources, and which have the ability to grow in the receiving waters. A 
number of examples are evident from over 10 years of work and 40 quarterly reports on 
Aliso Creek, in that part of Orange County within the San Diego Region, which was 
identified as impaired due to bacteria indicator organisms. In one case, to correct the 
impairment, the County of Orange installed an advanced treatment facility to treat inflow 
from a major urbanized subdrainage area which then discharged into the Creek. Despite 
highly effective treatment of the discharge to below detectable limits, there was no 
discernible improvement in bacteria quality conditions in the receiving water somewhat 
downstream of the discharge point and no additional causative anthropogenic inputs that 
are of most concern from a public health perspective. This demonstrates the importance 
of strategically placed and concentrated BMPs at or close to areas where recreation is 
occurring or is likely to take place. Absent appropriate de-designation of waterbody 
segments, as identified through the UAAs, control efforts would be required to address 
objective compliance in waters even though no recreation is known or expected to occur 
in those waters. The result is misplaced use of resources that is likely to delay or prevent 
control efforts where they are needed.  In short, improper designations can result in 
reduced protection of downstream uses and public health. 

 
3.5) The County of Orange, together with the cities of Santa Ana and Costa Mesa, are 

planning to divert flows from the Santa Ana Delhi Channel into a stormwater treatment 
device and thence an underground storage vault. The flows would then be pumped into 
the Orange County Sanitation District sanitary sewer line or harvested for golf course 
irrigation. Engineering and development work is already underway for this project.  When 
it is complete, the facility will not only eliminate a significant dry weather source of 
bacteria, it will divert a number of other pollutants, including nutrient and metals, which 
are contributing to impairment in downstream Newport Bay.   It should be noted that the 
Basin Plan amendments do not remove all REC standards for the Santa Ana Delhi 
Channel as stated in EPA's letter.  Both the tidal prism and Reach 2 will continue to be 
designated REC2.  It should also be noted that the Santa Ana Delhi Channel is not the 
only, nor the most significant tributary to Upper Newport Bay. While bacteria source 
reduction measures are and will be required to reduce/eliminate inputs from the Delhi, 
such reductions will not, by themselves, be sufficient to assure that recreational uses are 
protected in Upper Newport Bay. 

 
3.6) Another treatment wetlands is under construction at the downstream end of Reach 1 of 

Cucamonga Creek (at Hellman Avenue) and will be completed by the end of this year.  
Hellman Avenue is where the concrete-lining ends and the channel reverts to more 
natural conditions as it enters reservoir behind Prado Dam.  The Basin Plan 
amendments include de-designation of REC1 and REC2 from the reach upstream of this 
location. REC1 and REC2 designations would continue to apply to the Creek 
downstream of this location. The treatment wetlands is intended to better protect these 
downstream uses.  

 
3.7) At present, the evidence is unclear as to whether bacteria levels in Temescal Creek are 

contributing to the pathogen impairment in Reach 3 of the Santa Ana River. (Temescal 
Creek itself is not included on the CWA 303(d) list but it is included in CBRP monitoring 
and planning as a potential source of pathogens in downstream waters.)  If results from 
the on-going TMDL monitoring programs show this to be true, then Riverside County's 
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Comprehensive Bacteria Reduction Plan (CBRP) (also a part of the Administrative 
Record for this matter) specifies a step-wise remediation strategy to address this source.  
One alternative currently under review by the County is construction of treatment 
wetlands at the base of Temescal Creek above its confluence with the Middle Santa Ana 
River.  However, as demonstrated by the Regional Board-approved CBRP, the County is 
committed to explore other BMPs designed to eliminate bacterial sources and nuisance 
flows during dry weather conditions before building a regional treatment facility.  This 
strategy is entirely consistent with the integrated planning approach framework that is 
now recommended by EPA (see below).  

 
3.8) EPA correctly notes that three of the four waterbodies identified for redesignation are 

named in existing TMDLs that are currently in the implementation phase.  The Regional 
Board carefully considered this fact and approved the proposed Basin Plan amendments 
as an integral part of the TMDL implementation strategy.  The Regional Board believes 
downstream uses can best be protected by replicating the very successful regional 
treatment strategy that has been in place for many years in the Greenville-Banning 
Channel.   

 
3.9) The Regional Board acknowledges and accepts its responsibility to protect downstream 

uses regardless of whether upstream segments are designated REC1 or not.  Nothing in 
the Basin Plan amendments waives this requirement.  The regional facilities described 
above are explicitly designed to ensure that dischargers meet this obligation.  Where de-
designated segments are shown to be causing or contributing to violations of applicable 
standards in downstream waters, then those sources will continue to be regulated in the 
manner necessary to achieve downstream compliance, irrespective of whether 
recreational use designations are removed from the upstream segments.  

 
3.10) The appropriate designation of receiving waters is key to the proper, prioritized use of 

limited resources and funds, and thus to the protection of public health and beneficial 
uses in both the immediate and downstream waters.  As EPA acknowledges in its UAA 
website information9, “Improving water quality starts with water quality standards, and 
effective water quality standards start with getting the uses right.”  Further, EPA does not 
believe “that setting unattainable uses advances actions to improve water quality”10. It 
would be imprudent to commit resources to meet recreational objectives in areas where 
recreational activity does not and is not likely to occur.  This is especially true if doing so 
comes at the expense of timely implementation of measures to protect water quality 
where recreational activity does occur.  

 
3.11) EPA has recognized the financial limitations affecting state and local agencies and the 

need for integrated planning to identify cost-effective and protective solutions to water 
quality challenges11. As already described, Comprehensive Bacteria Reduction Plans 
(CBRPs) prepared by Riverside and San Bernardino counties in response to MS4 permit 
requirements have been approved by the Regional Board and are being implemented. 
The CBRPs conform strongly to the eight guiding principles described in EPA’s 

                                                           
9 http://water.epa.gov/scitech/swguidance/standards/uses/uaa/index.cfm 
10 USEPA “UAAs and Other Tools for Managing Designated Uses”. EPA 821-R-07-001. March 2006 
11 USEPA Memorandum “Achieving Water Quality Through Integrated Municipal Stormwater and Wastewater Plans”, 
Nancy Stoner, October 27, 2011. 
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Integrated Planning Approach Framework12, particularly in the areas of priority setting,  
maximizing the effectiveness of funds used to address water quality concerns, and the 
sequencing of actions needed to address beneficial use and human health protection. 
The CBRPs integrate the anticipated changes in recreational use designations identified 
in the Basin Plan amendments and identify strategically placed, structural BMP solutions 
where non-structural BMPs are not sufficient to achieve compliance in waters 
downstream from the re-designated waters.  

 
 
 
 
 
 
 
 
 
 
 
 
4.1) It is Regional Board staff’s understanding that EPA withdrew this comment during the 

discussion on January 18, 2013. In case of any ambiguity, the following response is 
nonetheless provided:  

 
4.2) The established Basin Plan numeric REC2 objective, which is based on fecal coliform, is 

being removed because federal guidance shows it be scientifically indefensible.  
According to EPA, there are insufficient technical data to develop an appropriate health-
based bacteria criterion for secondary contact recreation (REC2).  Furthermore, EPA 
has explicitly rejected the use of fecal coliform as an appropriate bacteria indicator 
organism. The entire triennial review process is founded on the principle that water 
quality standards must be reassessed to assure that they are based on the best 
available scientific information.  Therefore, it is entirely appropriate to remove the current 
REC2 objectives for fecal coliform regardless of whether EPA accepts the Regional 
Board's proposed approach for implementing state and federal antidegradation policies.  
The REC2 objective is not being replaced with a numeric antidegradation target.  These 
are two separate and unrelated actions. 

 
4.3) The proposed numeric target procedure for implementing existing antidegradation 

requirements is based on the exact same mathematical principles that EPA used to 
develop the Statistical Threshold Value (STV) found in the recently published 304(a) 
bacteria criteria document.  Contrary to EPA’s assertion, the proposed method would not 
"allow a 25% increase in bacteria concentration before any action is taken."  Rather, the 
upper 75th percentile density is intended to serve as the trigger threshold for further 
investigation and corrective action, where necessary. If and when more than 25% of the 
sampling data in a given stream segment exceeds the 75th percentile threshold from the 
historical data distribution for the same waterbody, additional monitoring is required to 
determine whether the elevated values are indicative of a true lowering of water quality.  

                                                           
12 USEPA, Draft Integrated Planning Approach Framework, January 13, 2012; USEPA, Integrated Municipal  
Stormwater and Wastewater Planning Approach Framework, May, 2012 (attached to USEPA Memorandum 
“Integrated Municipal Stormwater and Wastewater Planning Approach Framework”, Nancy Stoner,  Cynthia Giles 
June 5, 2012. 

4. We object to removal of numeric objectives for REC2 and replacement with a 
narrative antidegradation target based on the 75th percentile of existing 
concentrations.  The use of the 75th percentile would allow a 25% increase in 
bacteria concentration before any action is taken.  For waters that are already 
impaired, the use of the existing bacterial concentrations to establish a threshold 
maintains the existing degradation.  This approach is inconsistent with current 
antidegradation policies and not scientifically defensible.  We are likely to disapprove 
the antidegradation targeting procedure. 
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If such a trend is demonstrated, then further investigation and corrective action, as 
appropriate, would be required.  See Attachments 1 and 2 to Resolution No. R8-2012-
0001, Chapter 5, Antidegradation targets for REC2 only freshwaters and Monitoring Plan 
for Pathogen Indicator Bacteria in Freshwaters. Since the proposed procedure 
establishes target values using the frequency, duration and magnitude of existing water 
quality data just as the new 304(a) criteria recommends, it is not clear how EPA arrived 
at the conclusion that it is "scientifically indefensible", nor is it clear how such a 
procedure is inconsistent with antidegradation policies. 

 
4.4) The 75th percentile was selected to address EPA’s prior comments and concerns.  

Originally, Regional Board staff recommended using the 95th percentile as the 
antidegradation trigger level.  EPA objected on the basis that the resulting threshold 
value was "too high."  Consequently, the proposed Basin Plan amendment was revised 
to use a much lower trigger.  The 75th percentile was selected because EPA previously 
used it to develop the most conservative Single Sample Maximum (SSMs) values in the 
1986 bacteria criteria document and because, in late 2011, EPA was suggesting that the 
75th percentile be used to calculate the Statistical Threshold Value in the revised 304(a) 
criteria document. 

 
4.5) In late November  2012, U.S. EPA published the final revised 304(a) criteria for 

pathogen indicator bacteria to protect recreational uses.  In the revised criteria 
document, EPA now recommends using the STV rather than the SSM to regulate the 
frequency of excursions.  In addition, EPA elected to calculate the STV based on the 
90th percentile rather than use the 75th percentile originally suggested in the 2011 draft 
criteria document.  As such, the antidegradation targets recommended in the proposed 
Basin Plan amendments are now somewhat more conservative than the higher bacteria 
level that would be allowed if EPA's final method for calculating the STV were used. 

 
4.6) The STV calculation procedure recognizes the intrinsic trade-off between frequency and 

magnitude when evaluating the risk of exceedance.  This is a mathematical relationship 
that remains true regardless of whether one is using the method to assess the 
probability of exceeding a 304(a) water quality criterion or the probability of exceeding an 
antidegradation target level.  If the 90th percentile is chosen, the threshold value will be 
higher but the tolerable number of extreme values will be lower (e.g. not more than 10% 
of the sampling data can exceed the 90th percentile trigger threshold).  If the 75th 
percentile is chosen, the threshold value will be lower, but the allowable number of 
extreme values will be higher (e.g. not more than 25% of the sampling data can exceed 
the 75th percentile trigger threshold).  Mathematically, this is just two different ways of 
saying the same thing and both triggers are expected to provide the same level of water 
quality protection.  This concept is thoroughly explained in EPA's revised 304(a) bacteria 
criteria document and the antidegradation implementation procedure described in the 
proposed Basin Plan amendment is entirely consistent with this new federal guidance. 

 
4.7) EPA’s assertion that "for waters that are already impaired, the use of existing bacteria 

concentrations to establish a threshold maintains the existing degradation" is not correct.  
First, the question of whether REC2 uses are impaired presumes the existence of a valid 
bacterial objective for secondary contact recreation.  Without such an objective, and 
without any evidence to support the development of such an objective, there is no 
means by which to assess impairment.  Second, the proposed implementation 
procedure ensures that existing water quality is not degraded until such time as a 
scientifically-defensible bacterial objective can be established for REC2 streams. 
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4.8) To our knowledge, the proposed approach for developing water quality targets and 

triggers is the most rigorous procedure ever suggested for implementing antidegradation 
requirements with respect to bacteria.  We had expected EPA to applaud this level of 
implementation detail. If EPA disapproves the procedure, the Regional Board would be 
forced to implement the existing narrative antidegradation policy with no objective test 
for making the threshold determination as to whether water quality was lower or not.  
Moreover, we note for the record that the proposed antidegradation targets are actually 
more stringent than if we simply multiplied the REC-1 objectives for E. coli by a factor of 
ten, as was done with fecal coliform to develop the current and obsolete REC-2 
objectives.  So, in a very real sense, the proposed antidegradation targets provide more 
water quality protection than the prior method for establishing REC-2 objectives. 

 
 
 
 
 
 
 
5.1) The Regional Board disagrees that the suspension criteria are “water quality objectives”, 

which are the values for different constituents that have been developed scientifically to 
protect beneficial uses. Rather, the suspension criteria identify those characteristics of 
the water body that make it appropriate to suspend the use and applicable objectives. 
During the January 18, 2013 discussion, EPA staff appeared to confirm that this 
comment was intended to convey that the suspension criteria affect the implementation 
of water quality standards and are thus subject to EPA review and approval. 

 
5.2) The Regional Board agrees that EPA is required to review and approve changes to the 

Basin Plan that affect  the application of water quality standards, irrespective of where 
such changes appear in the Basin Plan.  The fact that the criteria for initiating or 
terminating the high flow suspension appear in the Implementation section (Chapter 5) 
of the Basin Plan does not insulate them from EPA's review and approval.  There are 
innumerable examples on EPA's website of letters approving or disapproving state 
implementation procedures. 

 
5.3) The Regional Board frequently places the more complicated and detailed 

implementation requirements in Chapter 5 of the Basin Plan.  For example, all of the 
TMDLs previously adopted by the Regional Board are published in this Implementation 
section.  Doing so has never impeded EPA's authority to review and approve these 
TMDLs nor would we expect it to pose any impediment with respect to reviewing the 
criteria for initiating and terminating application of the high flow suspension. 

 
 
 
 
 
 
 
6.1) The language to which EPA refers (Attachments 1 and 2 to Resolution No. R8-2012-

0001, Chapter 5, Implementation, Controllable and Uncontrollable Sources of Bacteria), 
references terminology long-employed in established narrative objectives in the Basin 

5. The criteria for initiating and terminating the high flow suspension of bacteria 
criteria are also water quality objectives subject to EPA approval.  These details 
should not be in the implementation chapter. 

6. The definition of controllable and uncontrollable sources of bacteria should be part 
of the standard and thus is subject to EPA review approval. 
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Plan (and in other regional board Basin Plans) that speaks to “controllable water quality 
factors”. The language added to the Implementation Chapter recognizes that whether or 
not sources are “controllable” affects the ability of the Regional Board to regulate 
dischargers so as to assure the reasonable protection of beneficial uses. 

 
  The determination of what constitutes a “controllable water quality factor” has been and 

remains a matter of Regional Board discretion, employing best professional judgment. 
The intent of the added language is simply to provide additional guidance concerning the 
Regional Board’s considerations in exercising that judgment. We are not aware of any 
situation in which EPA has found it necessary or appropriate to question the 
establishment or Regional Board interpretation, employing best professional judgment, 
of narrative objectives that employ the phrase “controllable water quality factors”. It 
should be noted further that the added language is hardly determinative, as reflected by 
the fact that examples are cited as sources that may be identified as uncontrollable or 
controllable sources. 

 
With this said, the Regional Board does not object to EPA’s review and comment on this 
narrative as it may affect the application of water quality standards. Indeed, we welcome 
EPA’s substantive suggestions concerning the narrative itself.   

 
6.2) The Basin Plan amendments now include a new narrative objective to prohibit the 

discharge of pathogens in addition to regulating the levels  of pathogen indicator bacteria 
that may not, themselves, be pathogenic to humans.  As with any narrative objective, the 
Regional Board is required to provide information identifying the method by which it 
intends to regulate point source discharges in order to achieve compliance with the 
narrative criteria [see, for example, 40 CFR 131.11(a)(2)].  Further, federal regulations 
state that "such information may be included as part of the standards or may be included 
in documents generated by the State in response to the Water Quality Planning and 
Management Regulations (40 CFR Part 35).  The Santa Ana Regional Water Quality 
Control Plan (aka "Basin Plan"), including Chapter 5, is one such document. 

 
 
 
 
 
 
 
 
 
 
 
 
 
7.1) The language to which EPA refers is an excerpt from the narrative pathogen objective 

included in the amendments (Attachment 1 to Resolution No. R8-2012-0001, Chapter 4, 
Water Quality Objectives, p.39f.) The Regional Board agrees that any attempt to 
demonstrate compliance with the narrative pathogen objective using pathogen-indicator 
objectives other than those specified in Table 4-pio would constitute a site-specific 
change to water quality standards and must be approved by the State Water Board, 
California Office of Administrative Law, and EPA before becoming effective.  In addition, 
as with all revisions to water quality standards, such a change is subject to the other 

7. The text on page 39 reads "Pathogen indicator concentrations shall not exceed the 
values specified in Table 4-pio as a result of controllable water quality factors (see 
also Chapter 5, Recreational Water Quality Standards, Controllable and 
Uncontrollable Sources of Bacteria) unless it is demonstrated to the Regional Board's 
satisfaction that the elevated indicator concentrations do not result in excessive risk 
of illness among people recreating in or near the water."  We believe that such a 
finding would require either an epidemiological study or a Quantitative Microbial Risk 
Assessment (QMRA).  In either case any such finding would be site-specific criteria 
subject to EPA approval. 
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requirements related to scientific peer review, public participation, hearings, etc. Nothing 
in the narrative pathogen objective text would or was intended to modify any of these 
legal requirements. As discussed in the January 12, 2012 staff report, the underlying 
intent of the narrative pathogen objective is to enhance the Regional Board’s ability to 
address public health and beneficial use concerns that may be triggered by evidence of 
the presence of pathogens other than that provided by data on the bacteria indicator (E. 
coli) specified in Table 4-pio. 

 
7.2) To eliminate any unintended ambiguity concerning state and federal requirements 
for developing and approving site-specific objectives  the Regional Board Executive Officer 
has made the following non-substantive correction (added language is underlined) to the 
Basin Plan amendment:  
 
Lakes and Streams 
 
Waste discharges shall not cause or contribute to excessive risk of illness from 
microorganisms pathogenic to human beings.  Pathogen indicator concentrations shall not 
exceed the values specified in Table 4-pio below as a result of controllable water quality 
factors (see also Chapter 5, Recreation Water Quality Standards, Controllable and 
Uncontrollable Sources of Bacteria) unless it is demonstrated to the Regional Board’s 
satisfaction that the elevated indicator concentrations do not result in excessive risk of 
illness among people recreating in or near the water. If this demonstration is made, then 
site-specific consideration of appropriate pathogen indicator concentrations will be 
necessary. In all cases, the level of water quality necessary to protect existing uses must be 
maintained. Where existing water quality is better than necessary to protect the designated 
use, the existing high   level of water quality must be maintained unless it is demonstrated 
that existing or potential beneficial uses would be protected and that water quality 
consistent with maximum benefit to the people of California would be maintained, as 
specified in the state antidegradation policy (SWRCB Resolution No. 68-16).  The Regional 
Board may also require recycled water discharged to freshwaters designated REC 1 or 
REC 2 to comply with other limitations recommended by the California Department of 
Public Health (CDPH).    

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.1) The language to which EPA refers is found in Attachment 2 to Resolution No. R8-2012-

0001, Chapter 5 Implementation, Monitoring Plan for Pathogen Indicator Bacteria in 
Freshwaters, p. 77 of 79.  

8. The text on page 77 reads "Where water quality monitoring data indicate 
significant non-compliance with the applicable pathogen indicator objective, 
agencies discharging to that waterbody must submit a plan to the Regional Board 
to identify the pollutant source(s) unless monitoring data show that their particular 
discharge is not causing or contributing to the exceedance.  The source evaluation 
plan must be implemented upon approval by the Executive Officer."  This text is 
more appropriately considered for inclusion in an NPDES permit or other Waste 
Discharge Requirement and should cover all discharges, not just discharges from 
"agencies."  Inclusion of text along these lines in the appropriate discharge 
requirements must be drafted to ensure that it doesn't impinge upon State Board 
or EPA authority to enforce against Clean Water Act violations. 
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Waste discharge requirements, including NPDES permits, issued by the Regional Board 
must implement the Basin Plan. The intent of this language is to provide clarity regarding 
the Regional Board’s expectations of follow-up by responsible parties should there be 
evidence of significant non-compliance with pathogen objectives. Including this language 
in the Basin Plan provides direction to permit writers. Assuming that the Basin Plan 
amendments are approved sometime in 2013, parallel language will be added to permits 
as they are issued/renewed.  The aforementioned text provides clear notice of the 
Regional Board's intent to do so.  Nothing about this section of the Basin Plan 
amendments "impinges upon State Board or EPA authority to enforce Clean Water Act 
violations" and EPA's letter provides no explanation as to how such a result might occur. 
(No clarification of this was provided during the subsequent discussions with EPA staff.) 
Moreover, we emphasize the Regional Board’s significant primary role in enforcing 
violations of orders issued to implement the Clean Water Act (and other relevant 
provisions of the California Water Code). 
 

8.2)  Use of the term “agencies” does not, cannot, and is not intended to limit the Regional 
Board’s authority and responsibility to issue and enforce waste discharge requirements 
for those responsible for waste discharges. We believe that the monitoring section, read 
as a whole, makes this evident. In context, the text of this particular section makes clear 
that the Regional Board expects existing organizations to assume primary responsibility 
for developing the watershed-wide monitoring program but also states that "Other 
dischargers who contribute or may contribute to pathogen indicator bacteria inputs to 
surface waters will be required to conduct bacteria quality monitoring, individually or in 
concert with his comprehensive program" (Attachment 2 to Resolution No. R8-2012-
0001, p. 76 of 79). We believe this text addresses EPA's concern regarding the 
applicability to all dischargers. To avoid any misunderstanding, the Executive Officer has 
made a non-substantive correction for clarification purposes (added text is underlined; 
deleted text is shown in strike-out type):  

 
“Where water quality monitoring data indicate significant non-compliance with the 
applicable pathogen indicator objective, agencies dischargers discharging to that 
waterbody must submit a plan to the Regional Board to identify the pollutant source(s) 
unless monitoring data show that their particular…” 

 
 

8.3)  A significant impetus for the inclusion of this language was to provide MS4 permittees 
with detailed advanced notice regarding the specific elements that must be included in 
the watershed-wide monitoring plan in order for such a plan to be deemed "adequate" by 
the Regional Board.  Per the amendments (Attachments 1 and 2, Resolution No. R8-
2012-0001, Chapter 5, Implementation, Monitoring Plan for Pathogen Indicator Bacteria 
in Freshwaters), the Orange, Riverside and San Bernardino county stormwater agencies 
are to submit to the Regional Board a proposed comprehensive bacteria indicator 
monitoring program no later than one year from the date of Regional Board adoption of 
the recreation standards amendments. Including this language in the Basin Plan 
amendment itself was intended to accelerate the development process for the 
monitoring plan.  It should be noted for the record that the language was added at the 
express request of the MS4 permittees themselves.   
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9.1) It appears that EPA Region IX reached this conclusion prior to reviewing all of the 

technical support documents considered by the Regional Board and included or cited in 
the Administrative Record.  EPA staff acknowledged their incomplete review of the 
record on November 6th immediately after the State Board hearing on the amendments 
was postponed and during the January 18, 2013 discussion of the amendments. 
Subsequent discussions with EPA revealed that many, if not most, of the agency's 
concerns could best be addressed by reformatting the UAA technical reports to enhance 
clarity for outside reviewers that may be less familiar with local conditions in the Santa 
Ana Region.  Regional Board staff, and consultants for the Task Force worked closely 
with EPA staff to develop a reporting template that better served EPA's review process.  
All of the updated UAA reports were re-submitted to EPA in early October of 2013. 

 
9.2) Regional Board staff, with the other members of the Stormwater Quality Standards Task 

Force, exerted great care and enormous effort  to ensure that every substantive element 
of the Basin Plan amendments was built upon similar water quality standard revisions in 
other California regions or in other states.  Further, considerable effort was made to 
ensure that all elements of the amendments comply with established law and regulations 
and are consistent with applicable EPA guidance. Consequently, we do not understand 
why EPA Region IX is unable to approve UAA demonstrations that rely on the same 
methods and are often more rigorous than those which other EPA regions have already 
deemed adequate. 

 
9.3) The volume and quality of supporting technical documents greatly exceeds that used to 

justify and approve similar water quality revisions in other regions and in other states.  It 
is unclear why EPA Region IX appears to be imposing a higher burden-of-proof on the 
Santa Ana Regional Board.  EPA’s comment regarding the protection of downstream 
waters (comment 3, above) is one example: strategies deliberately designed to assure 
the protection of waters downstream of de-designated waters in the Santa Ana Region 
have been overlooked while similar scrutiny of the Los Angeles Region high flow 
suspension appears to be lacking. EPA’s UAA guidance has acknowledged that “we 
have also seen effective UAAs that are much simpler, for example by conveying the 
appropriate designated use expectations principally through a set of photographs 
documenting the physical characteristics of the waterbody.” 13  The photographic record 
that is part of the documentation supporting the UAAs in the Santa Ana Region is 
unequalled anywhere in the United States, and it supports the extensive technical data 
collection, field surveys and analyses, all documented in the administrative record for 
this matter.  

 
 
 
 
 
 
 
 

                                                           
13 USEPA “UAAs and Other Tools for Managing Designated Uses”, EPA 821-R-07-001, March 2006, p.iii. 

9. In conclusion, the amendment in general is not approvable. 
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10.1) The Regional Board agrees that the challenge of meeting bacteria criteria in urban 

landscapes is not unique to the Santa Ana watershed, and, a unique solution is not 
proposed.  Rather, the Regional Board surveyed other regional boards in California and 
other states to assemble the best ideas into a comprehensive bacteria standards 
package of Basin Plan amendments that relies on tried and proven regulatory 
approaches previously approved by EPA. 

 
10.2) The proposed geometric mean for E. coli has already been adopted by several other 

regional boards in California and is identical to that which EPA now recommends in the 
new 304(a) bacteria criteria. 

 
10.3) The deletion of the obsolete and scientifically-indefensible fecal coliform objective for 

REC2 is also consistent with existing standards in other California Basin Plans. 
 
10.4) The high flow suspension is functionally identical to that already approved for the Los 

Angeles region.  In addition, the flow-based trigger criteria are far more environmentally 
conservative than the calendar approach EPA has approved to recognize the limiting 
effects of extreme weather conditions on primary contact recreation in other states. 

 
10.5) The rationale underlying each of the UAAs closely parallels that which was previously 

endorsed by EPA Region IX in certain segments of Ballona Creek and by EPA Region 
VIII for many ephemeral streams in Iowa, Kansas and Missouri. The technical 
justification for the Santa Ana Region UAAs exceeds that provided to support these 
other UAAs.  

 
 At the January 18, 2013 meeting, EPA staff noted the approval of the Limited REC1 use 

for portions of Ballona Creek in the Los Angeles Region. E. coli objectives based on 
EPA’s 1986 recommended bacteria quality criteria are specified to protect the Limited 
REC1 use. The same geometric mean E. coli objective is applied to the Limited REC1 
use as “full” REC1, but the single sample maximum E. coli value differs; it corresponds 
to the single sample maximum recommended in EPA’s 1986 bacteria criteria guidance 
for infrequently used REC1 areas. The implication at the January 18, 2013 meeting 
appeared to be that the Santa Ana Region should employ the same or a comparable 
approach. This would be inappropriate for several reasons. 

 
 First, the definition of the Limited REC1 use speaks to the incidental and infrequent 

ingestion of water because of physical limitations that preclude “full REC1” body 
contact14. As explained in the BEACH Act rule, the 1986 recommended bacteria criteria 

                                                           
14   Limited REC1 definition: “Uses of water for recreational activities involving body contact with water, where full 
REC1 use is limited by physical conditions such as very shallow water depth and restricted access and, as a result, 

10. The challenges of meeting bacteria criteria in urban landscapes are not unique to 
the Santa Ana Region.  We believe that these issues would be better addressed in 
association with other Regional Boards.  EPA is aware that the State Board intends 
to adopt a statewide policy for freshwater bacteria.  We would prefer that your agency 
[Santa Ana Regional Water Quality Control Board] adopt appropriate bacterial 
indicator criteria for human health protection as part of a statewide effort. 
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(and the revised criteria published by EPA in late 2012), are not intended to apply to 
incidental contact15.  Second, overwhelming evidence in the record for the UAA-based 
recreation designation changes in the Santa Ana Region demonstrates that water 
contact recreation activities and, in some cases, non-contact recreation activities, are 
neither existing nor attainable. The appropriate approach is that approved by the Santa 
Ana Regional Board, i.e., de-designation of the uses for specific reaches. It is clearly 
understood that these de-designations must be reviewed and revised, if appropriate. 

 
10.6) The Basin Plan amendments are part of an integrated implementation strategy designed 

to achieve compliance with existing TMDLs.  These TMDLs all have enforceable 
deadlines that cannot be deferred pending development of a statewide bacteria policy.  
Thus, the Regional Board has no choice but to proceed apace and is committed to 
resolve any incompatibilities with future state policy as an active participant in that 
development process. 

 
10.7) EPA stated preference for a larger statewide effort is understandable but it does not 

establish any legal basis to disapprove the Basin Plan amendments.  See, for example, 
the discussion regarding the relative value of consistency when EPA promulgated 
bacteria standards for the Great Lakes states and coastal recreation waters (69 FR 220, 
67227, first column): 

 
“EPA does not consider the benefits of identical standards in the States and Territories 
covered by this rule to outweigh the negative effects of unnecessarily constraining the 
flexibility that the Clean Water Act and EPA’s rules give States and Territories in 
establishing water quality standards…” 

 
10.8) EPA staff comments submitted to date on the recreation standards amendments have 

consistently raised two points.  First, as in the present comment, EPA repeatedly stated 
its interest in statewide consistency and encouraged the Regional Board to modify 
recreation standards through the statewide process, rather than proceeding with the 
Region 8-specific amendments. Second, and we believe related to the first matter, EPA 
repeatedly acknowledged that its comments were based on “preliminary review” of the 
amendments and supporting documentation. In short, the Regional Board believes that 
EPA had not yet completed a detailed review of the amendments and associated 
documentation prior to the submittal of comments on the amendments, including those 
provided to the Executive Director on November 5, 2012.  It appears, rather, that EPA 
sought or expected to defer any such detailed review to the consideration of a statewide 
bacteria objectives policy.  

 
While the Regional Board understands EPA’s desire to minimize its review commitments 
and associated resource expenditures, the Board also believes that such an approach 
will severely undermine cooperative, stakeholder efforts such as that undertaken by the 
Stormwater Quality Standards Task Force.  The Santa Ana Regional Board views such 
Task Forces as absolutely essential to ensure that Basin Planning proceeds in   an 

                                                                                                                                                                                           
ingestion of water is incidental and infrequent.” (Source:  Los Angeles RWQCB Basin Plan, p.2-2 (as directed in the 
attachment to State Water Board Resolution No. 2005-0015). 
15  The BEACH Act Lakes Rule (69 FR 220, p. 67222, first column)  states that “Today’s rule applies only to those 
waters designated by a State or Territory for swimming, bathing, surfing, or similar water contact activities, not to 
waters designated for uses that only involve incidental contact.” [italics added for emphasis] 
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efficient and legally and scientifically defensible manner.  This is especially true in light of 
the limited state resources available to support development of proper water quality 
standards. EPA’s evident preference for a statewide approach will set back water quality 
protection in the Santa Ana Region, and in other regions that contemplate emulating the 
Region 8 approach. The extraordinary value of the collaborative approach used in 
Region 8 to better protect water quality has been repeatedly demonstrated.    
 
Further, as a practical and legal matter, a statewide approach would not be appropriate 
for some key features of the amendments, in particular, recreational use de-designations 
based on site-specific UAAs.  Most importantly, the Regional Board found that the 
amendments would assure public health and beneficial use protection, and that the 
amendments would do so in a manner far superior to the standards now established in 
the Basin Plan. Implementation of these new, superior standards and implementation 
strategies should not await the development and approval of a statewide policy, which is 
likely to be two years away.  

 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 

Item 12: DRAFT Response to EPA Region IX Letter (November 14, 2013) signed by Janet 
Hashimoto, Manager, Standards and TMDL Office 

 

 
Comments: 
This letter serves as a follow-up to our meeting with the Santa 
Ana Regional Water Quality Control Board (SARWQCB) and the 
State Water Resources Control Board in Sacramento on January 
18. 2013 where we discussed EPA Region 9’s concerns regarding 
the SARWQCBs amendment to the Basin Plan (Res. No. R8-
2012-0001). Since that time we have had additional meetings and 
communications to help the SARWQCB make appropriate 
revisions to the Basin Plan amendments and/or documentation. 
 
The SARWQCB prepared Executive Officer Corrections to the 
amendment on February 12, 2013. Subsequently, EPA R9 staff 
met with SARWQCB staff (April 3. 2013) to discuss the Use 
Attainability Analyses (UAAs) associated with Res. No. 2012-
0001. The SARWQCB emailed their revised UAAs to EPA R9 on 
October 4 and 7, 2013; they were received by EPA on October 
17, 2013, after EPA returned from the federal government 
shutdown. 
 
The EPA has informally reviewed the revised UAAs. The UAAs 
focus on the beneficial uses REC 1 and REC2 and are for the 
Greenville-Banning Channel Tidal Prism and Reach I, the Santa 
Ana Delhi Channel Tidal Prism and Reaches 1 and 2, Temescal 
Creek Reaches 1a and Ib, and 
Cucamonga Creek. The UAAs seem to be greatly improved in 
terms of clarity, substance, and in justification of the cited 
131.10(g) factors and appear to alleviate many of EPA’s concerns 
that were raised previously in our letter to Tom Howard, dated 
November 5, 2012. We will provide more detailed comments on 
the UAAs when it is formally submitted for our review and 
approval. We hope that they are helpful in the Regional Board’s 
development of future UAAs. 
 
We appreciate the SARWQCB’s willingness to work with us to 
ensure that our mutual environmental goals are met. 
 

 
Regional Board Response: 
 
Comments noted. 

 

 



 
 
 
 
 
 

 

7.04 EPA Meeting Notes and 
Emails   



SANTA ANA RWQCB- RECREATION STANDARDS AMENDMENTS 
January 18, 2013 

9:00 AM - 1 :00 PM 
CaiEPA Building- Sacramento- Room 1510 

MEETING AGENDA 

1. Use Attainabiity: 40 CFR 131.1 O(d) 
• Water quality vs physical factors in use attainment decisions 

2. UAA Factor Justification for R8 UAAs 

• Depth assessments 
• Tidal prisms: Santa Ana Delhi and Greenville-Banning Channel 

3. High Flow Suspension - UAAs 
• Categorical vs individual water body 

• RWQCB 4 approach vs RWQCB 8 approach 
• Concrete-lining, levees, channel straightening, etc. 
• RWQCB 4 approach vs RWQCB 8 approach 
• Suspension criteria= water quality objectives subject to EPA approval (BPian 

Ch.3 vs Ch.5) 

4. Downstream Protection: 40 CFR 131. 10(b) 
• RWQCB 4 approach vs RWQCB 8 approach 
• Comprehensive Bacteria Reduction Plans (Middle Santa Ana River) 
• BMPs implemented/proposed: Greenville-Banning Channel, Santa Ana Delhi 

Channel 

5. Antidegradation Targets 
• Numeric vs narrative 

• Maintain/cause degradation 
• Not scientifically defensible 

6. Uncontrollable/controllable sources definition/EPA approval (BPian Ch.3 vs Ch. 5) 

7. Pathogen objective: Epi study/QMRA demonstration+EPA approval 

8. Non-compliance with pathogen indicator objectives/source evaluation plan 
• Use of term "agencies" 
• Enforcement by State Board/EPA 

9. Statewide/national consistency: RWQCB/SWRCB; EPARegioniX/Other EPAregions/HQ 
• Congressional intent for state supremacy in setting w.q. standards 

10. Next Steps 



Woelfel, David@Waterboards 

From: 
Sent: 
To: 

Schneider, Joanne@Waterboards 
Tuesday, March 12, 2013 10:26 AM 
Woelfel, David@Waterboards 

Subject: FW: Reg. 8 recreation standards amendments (R8-2012-0001): High flow suspension 
error analyses 

Here is another e-mail string for the record. 

From: Hashimoto, Janet [Hashimoto.Janet@epa.gov] 
Sent: Tuesday, February 19, 2013 1:11 PM 
To: Schneider, Joanne@Waterboards; Bishop, Jonathan@Waterboards; Berchtold, Kurt@Waterboards; Rasmussen, 
Rik@Waterboards; Hann, Paui@Waterboards; Flemming, Terrence@EPA; Saucerman, Suesan 
Cc: Woelfel, David@Waterboards; Rice, David@Waterboards; tmoore@risk-sciences.com; LMcKenney@sawpa.org 
Subject: RE: Reg. 8 recreation standards amendments {R8-2012-0001): High flow suspension error analyses 

Joanne: Unbelievably, I think we received everything that you've sent. I'll let you know when we receive the Fed Ex 
package. My real email through Outlook took about 2 hours to transfer over, but I was able to use the alternative web 
option in the meantime. We'll start looking through the documents. If we see something that's not quite right, we'll let 
you know as soon as possible. We'll continue to work with you and others to make sure the record reflects an 
approvable package. Thanks. Janet 

From: Schneider, Joanne@Waterboards [mailto:Joanne.Schneider@waterboards.ca.gov] 
Sent: Tuesday, February 19, 2013 11:51 AM 
To: Hashimoto, Janet; Bishop, Jonathan@Waterboards; Berchtold, Kurt@Waterboards; Rasmussen, Rik@Waterboards; 
Hann, Paui@Waterboards; Fleming, Terrence; Saucerman, Suesan 
Cc: Woelfel, David@Waterboards; Rice, David@Waterboards; tmoore@risk-sciences.com; LMcKenney@sawpa.org 
Subject: RE: Reg. 8 recreation standards amendments (R8-2012-0001): High flow suspension error analyses 

Great- glad to hear it. You will see another message from me this morning conveying a revised error analysis for non
concrete channels. You will also see a message from the Region 8 webmaster(2-15-2013) that conveys files for you to 
download - these are the UAA summaries. These summaries have also been sent via Fedex; we're told that the 
documents were delivered to the EPA office this a.m. 

All of the documents (error analyses, EO corrections and revised Attachments 1 and 2 (revised to include the corrections), 
and the UAA summaries) will be posted to our website. I am not sure of timing, but I expect it early this week (possibly 
today). 

Joanne 

From: Hashimoto, Janet [Hashimoto.Janet@epa.gov] 
Sent: Tuesday, February 19, 2013 11:45 AM 
To: Schneider, Joanne@Waterboards; Bishop, Jonathan@Waterboards; Berchtold, Kurt@Waterboards; Rasmussen, 
Rik@Waterboards; Hann, Paui@Waterboards; Flemming, Terrence@EPA; Saucerman, Suesan 
Cc: Woelfel, David@Waterboards; Rice, David@Waterboards; tmoore@risk-sciences.com 
Subject: RE: Reg. 8 recreation standards amendments (R8-2012-0001): High flow suspension error analyses 

Joanne: Received this email with attachments, so our system seems to be working. Janet 

From: Schneider, Joanne@Waterboards [Joanne.Schneider@waterboards.ca.gov] 
Sent: Friday, February 15, 2013 1:48PM 
To: Hashimoto, Janet; Bishop, Jonathan@Waterboards; Berchtold, Kurt@Waterboards; Rasmussen, Rik@Waterboards; 
Hann, Paui@Waterboards; Fleming, Terrence; Saucerman, Suesan 

1 



Cc: Woelfel, David@Waterboards; Rice, David@Waterboards; tmoore@risk-sciences.com 
Subject: Reg. 8 recreation standards amendments (R8-2012-0001): High flow suspension error analyses 

In response to our discussion and commitments at the January 18, 2013 meeting to discuss the amendments, attached 
are two error analyses: one for concrete-lined channels and the other for channels that have been engineered/modified 
but not concrete-lined. 

We expect to augment the analyses for the channels that are not concrete-lined based on data from at least two other 
representative channels. We expect to send that analysis next week. 

If you have any questions, please let me or Dave Woelfel know. 

Joanne 

Joanne E. Schneider 
Environmental Program Manager 
Regional Water Quality Control Board - Santa Ana Region 
3737 Main Street, Suite 500 
Riverside, CA 92501-3348 
jschneider@waterboards.ca .gov 
Phone: 951-782-3287 
FAX: 951-686-8016 
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From: Hashimoto, Janet [Hashimoto.Janet@epa.gov] 
Sent: Friday, February 22, 2013 5:43 PM 
To: Berchtold, Kurt@Waterboards 
Cc: Flemming, Terrence@EPA; Saucerman, Suesan 
Subject: FW: RB8 UAA matrix 

Hi Kurt:  This is pretty rushed, but as I mentioned to you by phone today, here is our matrix of how we 
reviewed the UAA’s.  The green highlights are UAA changes that are probably OK with us.  However, 
there really is little data or documentation to substantiate the use removals or downgrades.  The yellow 
highlights are areas where we are still very uncomfortable approving.  Complete REC removal is of great 
concern to us in many of those areas.  Keeping REC2 would be preferred, especially where we see 
evidence of people in the water.  Also, where we say there is little data for low flow, there really is only 
about a couple observations.  We generally use actual measured flow information or modeled data sets 
to substantiate low flow conditions. 
  
Had to rush this out.  We can talk more later.  Janet  

RB8 UAA Comment 
022213.docx  



From: Schneider, Joanne@Waterboards [mailto:Joanne.Schneider@waterboards.ca.gov]  
Sent: Monday, March 04, 2013 10:55 AM 
To: Fleming, Terrence 
Cc: Woelfel, David@Waterboards 
Subject: UAA matrix comments 
Importance: High 
  
Good morning, Terry. Dave and I would like to schedule some time to discuss the comments you 
included in the UAA matrix that Janet shared with us. Perhaps you could identify some openings in your 
schedule for the next two weeks; for us, this Thursday or Friday would be feasible, or March 11 p.m., 
March 12.  
 
An immediate question: there are two comments in your matrix that suggest that there is confusion. For 
Temescal Reach 1b, you include a comment re the presence of people throughout the Reach. On what 
basis do you make that finding? We have no evidence of people in Reach 1b. We see people in Reach 1a 
and recommend REC2 designation (even though it appears that no one comes into contact with the 
water; the channel appears to be used as a short-cut to get from one area of the City to another street.) 
 
For Cucamonga Creek, Reach 1 you question the removal of REC2 on the basis of the presence of people. 
Again, on what basis do you make this statement? The only evidence we have of people in Reach 1 of 
the Creek is a single vehicle (a maintenance vehicle?) driving in the channel.  
 
I have strongly recommended that EPA staff make a site visit to the UAA waters, but have had no 
response. If you  or Janet are coming down for the SCCWRP meeting on Friday, perhaps you could 
coordinate a field trip with Dave Woelfel. I am aware that you are familiar with Ballona Creek, but I think 
that there are differences that warrant a first-hand look at our UAA waters.  
 
Thanks! 
 
Joanne 
 
From: Fleming, Terrence [Fleming.Terrence@epa.gov] 
Sent: Monday, March 04, 2013 4:57 PM 
To: Schneider, Joanne@Waterboards 
Cc: Woelfel, David@Waterboards; hashimoto.janet@epa.gov; Saucerman, Suesan 
Subject: RE: UAA matrix comments 

Hi Joanne, I won’t be at the SCCWRP meeting on Friday.  I am not sure that we have the travel funds in 
the short-term to visit these waterbodies in person. 
  
 

mailto:Joanne.Schneider@waterboards.ca.gov
mailto:hashimoto.janet@epa.gov


Woelfel, David@Waterboards 

From: 
Sent: 
To: 
Subject: 

Schneider, Joanne@Waterboards 
Tuesday, March 12, 2013 10:28 AM 
Woelfel, David@Waterboards 
FW: Santa Ana Basin Plan Amendments 

Dave- a message for the admin record of this matter. Thanks! 

From: Tim Moore [tmoore@risk-sciences.com] 
Sent: Thursday, March 07, 2013 10:44 AM 
To: Fleming, Terry@epamail.epa.gov; Saucerman.Suesan@epamail.epa.gov 
Cc: Schneider, Joanne@Waterboards; Berchtold, Kurt@Waterboards; Hashimoto.Janet@epamail.epa.gov 
Subject: Santa Ana Basin Plan Amendments 

Hi Suesan and Terry: 

While working on various supplemental materials to aid your review of the proposed Basin Plan amendments, I am 
(slowly) coming to understand just how difficult this task must be for EPA staff. 

I have been thorough immersed in this stuff for nearly 8 years and it has all become second-nature to me. But, the 
questions and concerns raised as EPA looks at these same documents with "fresh eyes" has shown that we could have 
done a better job describing the evidence and explaining our thought processes. In some ways, our documents are 
"clear only if known." They make perfect sense to those of us who wrote the darn things ... but, no so much to those 
who are wading through them for the first time. 

Over the last year, I noted that we made much better progress when we had the chance to sit and talk with you about 
the details. To that end, I would like to come out to San Francisco and spend a day or two working directly with you to 
assist the review process. This would be just me (and maybe one of the CDM people). We would be there to answer all 
of your questions and serve as your unofficial travel guide through the numerous supporting documents. And, as at our 
previous meetings, we would be listening for opportunities to prepare additional documentation where needed to close 
any unintended data gaps. 

Twenty years ago, we went through a controversial and contentious UAA process following the original 304(L) 
listings. In 2005, when we kicked-off this new effort, I promised Maria Rea that we had learned our lessons and would 
do a much better job of it this time. I really want to keep that promise and believe the best way to do so is to place 
myself at your disposal and work through each of your issues one-by-one. In many cases, I think we already have the 
evidence we need to assuage your concern. However, we are also prepared to gather more if that's what it takes to 
make this a true "win-win" for everyone. 

As you probably heard, the SWRCB has deferred the adoption hearing for our proposed Basin Plan amendments for at 
least another month. We supported this decision because it was important to give EPA enough time to absorb the new 
materials we sent two weeks ago. After 8 years of work, this short delay is a small price to pay if we use the time 
wisely. I believe that we can accomplish far more in two days of face-to-face meetings than we could in two months of 
exchanging letters and emails. Please let me come to your office so that I can show you our genuine commitment to 
true collaboration. 

I am available all day on Tuesday and Wednesday, March 26 and 27 and all day on Tuesday and Wednesday, April 2 & 3'd 
or any time on April9, 10 and 111

h. Would any of those days work for you? 

Thanks, 
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Woelfel, David@Waterboards 

From: 
Sent: 
To: 

Schneider, Joanne@Waterboards 
Thursday, March 28, 2013 5:25 AM 
Tim Moore 

Cc: 
Subject: 

Berchtold, Kurt@Waterboards; Woelfel, David@Waterboards 
RE: Santa Ana Basin Plan Amendments 

I sincerely appreciate your patience with this. While I understand the desire to please in the interest of approval, I do not 
want to convey the idea that we did not consider land use, access, etc. Suesan's "data deficiencies" are way over-board, 
as I'm sure you realize. So, while providing new information, I hope that you will not hesitate to remind Suesan of the 
documentation already in the record. 

From: Tim Moore [tmoore@risk-sciences.com] 
Sent: Tuesday, March 26, 2013 11:21 AM 
To: Saucerman, Suesan; Flemming, Terrence@EPA; hashimoto.janet@epa.gov 
Cc: Schneider, Joanne@Waterboards; Berchtold, Kurt@Waterboards; Woelfel, David@Waterboards 
Subject: RE: Santa Ana Basin Plan Amendments 

Hi Suesan: 

Thanks for the list. That's just what I was looking for. Some of these things we may already have (land use maps; 
summaries of field surveys) and some of it we are working on (fencing maps; additional flow data). 

I forwarded a copy of your email to the three counties and asked them to focus particularly on providing flow rating 
curves, as-built renditions and channel dimensions. These are things that probably already exist somewhere in their 
files. 

I also asked CDM to summarize the survey activities associated with their routine camera maintenance. 

Just wanted to let you know that we followed up your data request with immediate action. Not sure how much will be 
done in time for our meeting but we hope to be able to provide a pretty good chunk of it. 

David and I will see you at 8:30a on Wednesday, April 3rd. 

Tim 

From: Saucerman, Suesan [mailto:Saucerman.Suesan@epa.gov] 
Sent: Tuesday, March 26, 2013 12:22 PM 
To: Tim Moore; Fleming, Terrence; Hashimoto, Janet 
Cc: Schneider, Joanne@Waterboards; Berchtold, Kurt@Waterboards; DWoelfel@waterboards.ca.gov 
Subject: RE: Santa Ana Basin Plan Amendments 
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Hi Tim: 

We look forward to meeting with you and Dave next week to see if some of the issues we have can be 
resolved. We have decided that 8:30a.m. would be a good time to start our meeting; you will have to sign in 
downstairs and then have the security people call upstairs to us (Terry is 972-3462, Suesan is 972-3522, and 
Janet is 972-3452). 

Some of the data deficiencies we would like to see addressed are listed below. 

Factor 131.10(g)(2); in order to characterize these areas as "low flow", we need to see quantifiable data 
(measurements and number of measurements at representative times) showing low flow, and a better 
description of flow conditions (can be models), and rating curves, particularly for: 

• Greenville Banning both the Tidal Prism and Reach 1 
• Santa Ana Delhi Channel for the Tidal Prism and Reach 2 
• Temescal Creek for Reach 1 b 

Factor 131.10(g)(4); in order to characterize theses areas as "Hydrologically Modified", for all of four the 
UAAs we would like to see: 

• As-Built renditions for all Reaches (entire Reach). 
• Dimensions of channels for all Reaches 

Landuse; For all UAAs, all Reaches, we need to have quantifiable descriptions(% residential,% industrial, 
etc.). 

Access; For all UAAs, we need a better description of access- this can be tied in with the discussion of channel 
dimensions, fencing, etc. 

Evidence of Use Investigations; for all UAAs, for all Reaches we need quantifiable information for surveys 
and field observations: 

• SWQSTF member surveys: July/August 2006 and July/August 2011. (Survey design? How many 
surveys?) 

• Channel maintenance personnel communications (how many times did maintenance personnel go out 
and observe?) 

• Weekly observations made in coordination with remote camera maintenance (how many 
weeks/observations? Dates? Day of week? Time of day?) 

Control Measure Implementation; From the UAA summaries, and for all of the UAAs and Reaches, we need 
to see a more clear description and discussion ·of the regulatory framework; 

• What the requirements for permits and TMDLs mean for the UAAs 

• What the proposed "Regional treatment systems" are 

• How the proposed "Regional treatment systems" tie in to the UAAs 

We look forward to meeting with you. 

~':·:·"'"~:~ '·'Jt/ Umt&d Sta!•c•s Environmer:tal Protect,OI1 AyePcy 

Suesan Saucerman 
U.S. EPA Region 9, WTR-2 
75 Hawthorne Street 
San Francisco, CA 94105 
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Phone: ( 415)-972-3522 

Jj Please consider the environment before printing this e-mail. 

From: Tim Moore [mailto:tmoore@risk-sciences.com] 
Sent: Monday, March 25, 2013 9:37AM 
To: Fleming, Terrence; Saucerman, Suesan; Hashimoto, Janet 
Cc: Schneider, Joanne@Waterboards; Berchtold, Kurt@Waterboards; DWoelfel@waterboards.ca.gov 
Subject: RE: Santa Ana Basin Plan Amendments 

Hi Suesan, Terry and Janet 

Since our meeting in January, we have been working to close some of the data gaps identified by EPA staff. So, for 
example, we have prepared supplemental analyses to address EPA's questions related to "low flow" conditions in some 
of the UAA segments. David Woelfel has also been burning the midnight oil to prepare a concise summary matrix 
(similar to the one EPA shared with us) for each of the UAA segments. We will be sending you these new materials over 
the next couple of days so that you have a chance to look 'em over before we get together on April 3rd. 

One other thing we have been working on is a "virtual tour" of each UAA segment. Using Google-Earth maps and photos 
from our own field trips we should be able to provide a good sense of accessibility and surrounding land uses for the 
channels in question. We have organized this information into sub-directories so we can simply Click-on-Demand rather 
than asking you to sit through a boring Powerpoint presentation of "My Vacation" -type slides. 

David and I are looking forward to this and believe it will be a very productive technical discussion. Both of us are 
planning to arrive in San Francisco the night before our scheduled meeting. We can be at your office as early as you 
like. What time would you like us to arrive? 

Thanks, 

Tim 

P.S.: If there are any particular technical questions you would like us to work on before the meeting, just send them 
along and we'll get busy. 
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Woelfel, David@Waterboards 

From: 
Sent: 
To: 

Schneider, Joanne@Waterboards 
Wednesday, April 03, 2013 7:38 AM 
Woelfel, David@Waterboards 

Subject: FW: Santa Ana Basin Plan Amendments 

Another message for the record, Dave. 

From: Tim Moore [tmoore@risk-sciences.com] 
Sent: Monday, April 01, 2013 3:13PM 
To: Saucerman, Suesan; Flemming, Terrence@EPA; hashimoto.janet@epa.gov 
Cc: Schneider, Joanne@Waterboards; Berchtold, Kurt@Waterboards; Woelfel, David@Waterboards 
Subject: RE: Santa Ana Basin Plan Amendments 

Hi Suesan and Terry: 

I just sent you folks a link to a cloud storage drive that contains many of the supporting documents that were requested 
early last week. 

For example, the As-Built drawings and channel dimension blueprints are located in each named subdirectory. 

Likewise, some of the new flow data is there as well. 

Finally, many of the most relevant documents related to the MSAR-TMDL and the M$4-CBRP are in similarly named 

subdirectories. 

We will guide you through these new materials at our meeting on Wednesday. See you soon. 

Thanks, 

Tim 

1 



From: Woelfel, David@Waterboards [mailto:David.Woelfel@waterboards.ca.gov]  
Sent: Thursday, June 27, 2013 4:22 PM 
To: Saucerman, Suesan 
Cc: Schneider, Joanne@Waterboards; tmoore@risk-sciences.com 
Subject: Greenville-Banning revised UAA 
 
Hi Suesan; 
 
Thank you for getting back to us about your review of the UAA. Since we really do have high level 
interest in getting this project completed it would be helpful to know of any format concerns that you 
have so that we can address them as we move forward on the other UAA documents.  
 
I realize that you may have concerns on other issues about the UAA but is the format acceptable to 
you?  If it is then we can really get moving on the other UAAs.  
 
Thank you 

Hi David: 
 
The format is fine.  It’s the same format that we said was okay on May 7th, right? 
 
Sorry I didn’t get back to you sooner  – the EPA email systems have been down nationally and just came 
back up this morning.  Since we had the transition from lotus notes to microsoft  outlook, there have 
been several issues, so emails may not be delivered in a timely manner.  Please, if you have an urgent 
request, call me at (415)  972-3522. 
 

 
        Suesan Saucerman 
        U.S. EPA Region 9, WTR-2 
        75 Hawthorne Street 
        San Francisco, CA 94105  
        Phone: (415)-972-3522 

mailto:David.Woelfel@waterboards.ca.gov
mailto:tmoore@risk-sciences.com


UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION IX

FRO1 75 Hawthorne Street
San Francisco, CA 94105-3901

NOV J

Mr. Kurt V. Berchtold
Executive Officer
Santa Ann Regional Water Quality Control Board
3737 Main Street. Suite 500

Riverside. CA 92501-3348

Dear Mr. Berchtold:

This letter serves as a lollow-up to our meeting with the Santa Ana Regional Water Quality
Control T3oard (SARWQCB) and the State Water Resources Control Board in Sacramento on
January 18. 2013. where we discussed EPA Region 9’s concerns regarding the SARWQCBs
amendment to the Basin Plan (Res. No. R8—201 2—0001). Since that time. we have had additional
meetings and communications to help the SARWQCB make appropriate revisions to the Basin

P lan amendments and/or documentation.

fhe SARWQCB prepared Executive Officer Corrections to the amendment on February 1 2.
2013. Subsequently. EPA R9 staff met with SARWQCT3 stall (April 3. 2013) to discuss the Use
Attainability Analyses (I JAAs) associated with Res. No. 2012—0001. The SARWQCB cmai led
their revised IJAAs to EPA R9 on October 4 and 7. 2013; they were received by EPA on October
1 7. 2013, after EPA returned from the federal government shutdown.

The EPA has informally reviewed the revised UAAs. The UAAs focus on the beneficial uses
REC 1 and REC2 and are thu the Greenville—Banning Channel Tidal Prism and Reach I . the Santa
Ann Delhi Channel Tidal Prism and Reaches 1 and 2, Temescal Creek Reaches 1 a and I h. and
Cucamonga Creek. The I TAAs seem to be greatly improved in terms of clarity, substance, and in
justification ol the cited 131. IO(g) lhctors and appear to alleviate many of EPA’s concerns that
were raised previously in our letter to Tom I-Toward, dated November 5, 2012. We will provide
more detailed comments on the UAAs when it is formally submitted for our review and
approval. We hope that they are helpful in the Regional Board’s development of future UAAs.

Printed on Recycled Paper



We appreciate the SARWQC’Bs willingness to work with us to ensure that our mutual

environmental goals are met. If you have any questions, please feel free to contact me at (415)

972—3452 or !ashimoto.ianeViena.gov.

Sincerely.

4 J
Janet liashimoto

Ivianager, Standards and TMDL Office

cc: ioiii Iloward, SWRCI3



 
 
 
 
 
 

 

7.05 UAA Summaries   



February 15, 2013 
 

Summary of Cucamonga Creek as described in January 12, 2012 Staff Report Section 5.6.6. UAA Analysis 
Cucamonga Creek and CDM UAA Technical Report for Cucamonga Creek 

 
 
 
 
 
[Note: The Regional Board staff report UAA sections utilize, in part, technical information presented in the CDM UAA 
technical report for each of the UAA waters. To the extent feasible, the technical information in the CDM reports was 
summarized/reiterated in the Regional Board staff reports to minimize the need for readers to review both reports. 
However, the CDM reports include additional photographs and figures that were not included in the Regional Board staff 
reports because of file size considerations. These additional photographs/figures are referenced as needed in the 
Regional Board staff reports, and in the summary below. 
 
To avoid confusion, please note further that in some cases, the reach designations differ slightly between the Regional 
Board reports and CDM’s reports. (Regional Board staff recommended slight revisions of CDM’s approach, which was 
initiated first, based on review of applicable data and information.) References in the summary below to figures in the 
CDM reports as applicable to specific reaches are based on the Regional Board’s reach designation scheme.] 
  

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_566.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_566.pdf
http://sawpa.org/documents/roundtable/stormwater/PhaseIV/UAA%20Tech%20Report_Cucamonga%20Creek_Aug%202010.pdf


Summary of UAA Cucamonga Creek (Continued) 
 

Cucamonga Creek REC1 REC2 40 CFR 131.10(g) Factors 
 

  131.10(g)(2) Low Flow                        131.10(g)(4) Hydrologic Modifications 

Reach 1 u u Depth <2ft 98% of time; <1.5ft 93% 
of time 
5 inches deep at most downstream 
section at Hellman Ave as observed 
by RB staff on February 2, 2011. 
Observed channel to be dry at most 
upstream section, RB staff in May 
2011. 
 

Concrete vertical wall (~12-15 ft 
height) channel 11 miles in length. 
Concrete trapezoidal channel (2:1 
side slope) 4 miles in length. 
 

Representative Photographs 

Reach 1 See Figures CC-5, CC-6, CC-7, CC-8, CC-9, CC-13, CC-20 UAA Analysis CC.  
See Figures 2-8, 2-9 of the CDM UAA Technical Report, CC.  
 

 
 
u REC1 and/or REC2 are not attainable uses as determined by UAA. 
 
 
 
 
 
 
 
 
 
 
 
 



 
Summary of UAA Cucamonga Creek (Continued) 

 

 
Nature of Flows 

 
6see Section 5.6.6 UAA Analysis Cucamonga Creek: 5.6.6.4 “Flow Conditions and Water Levels”) 

Reach 1 Low flows consist of treated POTW effluent (tertiary treated) and urban nuisance flows 

 
Water Quality Conditions 

 
(See Section 5.6.6 UAA Analysis Cucamonga Creek: 5.6.6.7. “Water Quality Conditions” and Appendix 1)   

Water quality data show that there has been no consistent compliance with REC1 objectives 

 
Evidence of Use Investigations 

 
(See Section 5.6.6 UAA Analysis CC: 5.6.6.8 “Recreation Use Surveys”) 

  
1. Field Observation: 

    a.   SQSTF member surveys: July/August 2006 and July/August 2011. 
                i.  No REC 1 or REC 2 activity observed. 
     b.   Channel maintenance personnel communications 
                i.   No REC 1 or REC 2 activity reported. 
     c.    Weekly observations made in coordination with remote camera maintenance 
                i.   No REC 1 or REC 2 activity reported  
 

 
 
 
 
 
 
 



Summary of UAA Cucamonga Creek (Continued) 
2. Photographic Evidence: 

(Table below excerpted from Section 5.6.6. UAA Analysis CC) 
 

Table TC-4 
Recreation Use Survey Duration and Number of Images Collected 

   

Survey Location Start Date End Date Number of Images 

Hellman Avenue 
Upstream 

11/1/2005 11/1/2006 2,546 

Hellman Avenue 
Downstream* 

7/26/2005 11/1/2006 17,678 

RP1, facing upstream 10/2/07 10/10/08 27,122 

 
*Note that the Hellman Avenue Downstream survey location is not included in the recommendations for REC beneficial 
use changes based on this UAA analysis 
 
(Table below excerpted from Section 5.6.6 UAA Analysis Cucamonga Creek) 

Table CC-3 
Recreational Activity Recorded for the Cucamonga Creek 

 
Location 

 
Number of Individuals  
 

 
Estimated 
Duration 
(min) 

 
 
Type of Activity 

Total Dry 
Season 

Wet 
Season 

Hellman Avenue 
Upstream 

1 1 0 30 Vehicle Driving in  
Water 
 

Hellman Avenue 
Downstream* 

35 21 14 1,080 Walking, horseback 
riding in water 
 

RP-1 upstream at 
RP1 

0 0 0   

*Note that the Hellman Avenue Downstream survey location is not included in the recommendations for REC beneficial 
use changes based on this UAA analysis 



 
Conclusion: No photographic evidence of REC1 or REC2 activity in Cucamonga Creek, Reach 1. 
Vehicle photographed in channel (Figure CC-21) likely County Flood Control Department.  

 
 

 
Control Measure Implementation 

1) Established Regulatory Framework: 
a) MS4 permit (and general statewide industrial/construction permits) for San Bernardino County. Includes: 

i) Requirements include investigations to identify/correction of illicit connections to the MS4 system. 
ii) BMP implementation (including education, street sweeping, LID, etc.) 

b) Requirements based on Middle Santa Ana River Pathogen TMDL: 
i) WQBELs based on TMDL WLAs: 

(1) TMDL/MS4 permit require compliance by specified interim/final deadlines; MS4 permittees on track to 
achieve compliance 
(a) Compliance contingent, in part, on approval of recreation standards amendments 

ii) Develop and implement bacteria indicator urban source reduction  plans: 
(1)  Monitoring program (ongoing implementation) 
(2) Urban source evaluation plan (ongoing implementation) 
(3) Comprehensive Bacteria Reduction Plan (CBRP): (ongoing implementation) 

(a) Implement non-structural BMP activities: conduct Tier 1 source evaluation (including microbial DNA 
source tracking for human sources) 

(b) Prioritize MS4 drainage areas based on findings of Tier 1 source evaluations 
(c) Identify alternatives for reducing or eliminating controllable urban flow or bacterial indicator sources from 

MS4 outfalls 
(d) Identify structural BMP solutions, where non-structural BMPs are insufficient 
(e) Complete UAAs where appropriate to guide placement of structural BMP solutions 
(f) Construct structural BMP 

See           
http://www.waterboards.ca.gov/santaana/water_issues/programs/stormwater/docs/sbpermit/cbrp/SBC_CBRP_6-
28-2011.pdf; staff report re approval of CBRPs for San Bernardino (and Riverside) counties: 
http://www.waterboards.ca.gov/santaana/board_info/agendas/2012/02_10/02-10-2012_item_11.pdf 

 

http://www.waterboards.ca.gov/santaana/water_issues/programs/stormwater/docs/sbpermit/cbrp/SBC_CBRP_6-28-2011.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/stormwater/docs/sbpermit/cbrp/SBC_CBRP_6-28-2011.pdf
https://mail.ces.ca.gov/owa/redir.aspx?C=bNgef0B3CUC7jCHdZbbjuNNR9KcZ3M8I5Uf5dV18dmtrHmTMoqEqjAcgJFpN44k5frLTm9dh7-A.&URL=http%3a%2f%2fwww.waterboards.ca.gov%2fsantaana%2fboard_info%2fagendas%2f2012%2f02_10%2f02-10-2012_item_11.pdf


2)  A regional structural BMP treatment system will be constructed later this year. Low flows will be diverted from the     
downstream terminus of Cucamonga Creek Reach 1 into a series of wetlands and then back into the Creek (known as Mill 
Creek downstream of Reach 1).  Responds directly to UAA results for Reach 1 and need to protect downstream REC1 
use. 
  
3)  Discharged POTW effluent is tertiary treated (to provide essentially pathogen-free effluent), including disinfection to 
meet California Department of Public Health’s recommendations to protect public health and primary contact recreational 
use.    
 
 
 
 

 
Other Factors Considered 

 
1) Access and Safety (Section 5.6.5 UAA Analysis CC, 5.6.5.5) 

a) Reach 1: All fenced; maintenance access gates locked.  
b) Reach channel walls trapezoidal and vertical. 

i) Channel considered unsafe for public access 
2) Adjacent Land Use (Section 5.6.6 UAA Analysis CC, 5.6.6.6; Figure CC-14): 

a) Reach 1: Predominately agricultural, industrial and commercial/service in downstream sections and 
residential in most upstream section (where channel has vertical walls). 
 

In addition to the results of field and photographic surveys, adjacent land use, channel morphology, accessibility 
and fencing or other barriers to viewing the channel (such as vegetative cover) were considered in 
recommendations regarding REC2 designations.  Based on this evidence, de-designation of REC2 was found 
appropriate. Much of the Reach runs through an agricultural area with limited public access or visibility; 
access/visibility is also limited in commercial/industrial and residential areas adjacent to the vertical-walled 
channel. Channel morphology severely limits wildlife habitat and viewing opportunities. Of the 29,668 
photographic images captured for Reach 1, there were no observations of people in or near the channel (apart 
from a vehicle, which may have been a county flood control maintenance vehicle.)  

 



Summary of UAA Cucamonga Creek (Continued) 
 

 
Figure CC-5. Reach 1. Photo REC Survey Location; looking upstream at Hellman 
Avenue. REC 1 and REC 2 are not attainable in Reach 1. (UAA Analysis CC) 
Figure 2-8. Reach 1. (CDM UAA Technical Report CC) 

 



 
Figure CC-21, Reach 1: Photo REC Survey Location; only photo of individual 
(presumably driving the vehicle in distance) in Reach 1. (UAA Analysis CC) 
 

 
Figure CC-6. Reach 1 looking upstream. Eleven miles of the total 15 mile length of 
Reach 1 is contained by concrete vertical walls at 12-15 ft in height. (UAA Analysis CC) 

 



Summary of UAA Cucamonga Creek (Continued) 
 
 
 

Figure CC-7. Reach 1, looking at upstream terminus (Cucamonga Canyon Dam) of 
Reach 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Summary of UAA Cucamonga Creek (Continued) 

 

 
Figure CC-13. Reach 1, showing locked gate, fencing, and no trespassing/warning sign. 
The entire Reach is fenced with locked gates and posted to keep individuals out.  All of 
the UAA waters are fenced and posted in a similar fashion to prohibit access.  

 
 
 
 
 
 
 
 

 



February 15, 2013 
 

Summary of UAA Greenville-Banning Channel as described in the January 12, 
2012 Staff Report (Section 5.6.4. UAA Analysis Greenville-Banning Channel) and 
with references from CDM UAA Technical Report for Greenville-Banning Channel 

  
 
 
 
 
[Note: The Regional Board staff report UAA sections utilize, in part, technical 
information presented in the CDM UAA technical report for each of the UAA waters. To 
the extent feasible, the technical information in the CDM reports was 
summarized/reiterated in the Regional Board staff reports to minimize the need for 
readers to review both reports. However, the CDM reports include additional 
photographs and figures that were not included in the Regional Board staff reports 
because of file size considerations. These additional photographs/figures are 
referenced as needed in the Regional Board staff reports, and in the summary below. 
 
To avoid confusion, please note further that in some cases, the reach designations 
differ slightly between the Regional Board reports and CDM’s reports. (Regional Board 
staff recommended slight revisions of CDM’s approach, which was initiated first, based 
on review of applicable data and information.) References in the summary below to 
figures in the CDM reports as applicable to specific reaches are based on the Regional 
Board’s reach designation scheme.] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_564.pdf
http://sawpa.org/documents/roundtable/stormwater/PhaseIV/UAA%20Tech%20Report_Greenville-Banning_Aug%202010.pdf


 
Summary of UAA Greenville-Banning Channel (Continued) 

Greenville-
Banning 
Channel 

REC1 REC2 40 CFR 131.10(g) Factors 
 

  131.10(g)(2) Low Flow                        131.10(g)(4) 
Hydrologic Modifications 

Tidal Prism u X At high tides several 
feet deep at confluence 
with Santa Ana River. 
At low tides dry at 
upstream inflatable 
dam. At high tide on 
May 24, 2011, 1.5 ft. 
deep at inflatable dam.  
RB staff observation.  

Concrete vertical wall 
channel, 60 ft. bottom 
width, 1.2 miles in 
length.   

Reach 1 u u Immediately upstream 
of inflatable dam when 
it is in operation, water 
pools up to about 1.5 ft 
deep. Most of Reach 1 
water levels are < 1 ft. 
At upstream areas 
waters sheet flows 
across bottom. RB staff 
observation.  

Concrete vertical wall 
channel for 2 miles. 
The upper 0.20 mile 
section is concrete 
with steep (> 45° 
trapezoidal) walls. 

Representative Photographs 

Tidal Prism  See Figures GB-3, GB-4, GB-5 in UAA Analysis GB  
See Figures 2-6, 2-7 in the CDM UAA Technical Report GB 

 
Reach 1 

 
See Figures GB-6, GB-7, GB-10, and GB-11 in UAA Analysis GB 
See Figure 2-8, of the CDM UAA Technical Report GB 

 
 
u REC1 and/or REC2 are not attainable uses as determined by UAA. 
X Existing or Potential Beneficial Use 

 
 
 
 
 
 
 
 
 
 
 



 
Summary of UAA Greenville-Banning Channel (Continued) 

 
Nature of Flows 

 
(see Section 5.6.4.4 “Flow Conditions and Water Levels) 

Tidal Prism Tidal flows from the Santa Ana River Tidal Prism dominate the 
Reach. Water levels deeper at confluence with the Santa Ana River 
to ankle depth or dry at upstream inflatable dam, the upstream 
terminus of the tidal prism.  

 Reach 1 Low flows consist of groundwater and urban nuisance flows. No 
POTW flows.  

 
Water Quality Conditions 

 
(See Section 5.6.4. UAA Analysis GB: 5.6.4.7 “Water Quality Conditions”; Tables GB-3, 

4, 5, 6, 7 and Appendix 1  

 Water quality data show that there has been no consistent compliance with REC1 
objectives 

 
Evidence of Use Investigations 

 
(See Section 5.6.4. UAA Analysis GB: 5.6.4.8 “Recreation Use Surveys”) 

1. Field Observation: 
a) SWQSTF member surveys: July/August 2006 and July/August 2011. 

i.    No REC1 or 2 activities observed.  
b) Channel maintenance and Park Ranger personnel communications 

i. No REC 1 or 2 activities reported. 
c) Weekly observations made in coordination with remote camera 

maintenance   
i. No REC 1 or 2 activities reported. See below 

 
2. Photographic Evidence: (Table below excerpted from Section 5.6.4. UAA 

Analysis GB)  
Table GB-8 

Survey Location+ Start Date End Date Number of 
Images 

Pedestrian Bridge 7/7/05 7/27/05 425 
Adams Avenue 
Bridge 

11/17/05 1/3//06 2,552 

 +  Both survey locations in Reach 1 

 

 
 
 
 
 



 
Summary of UAA Greenville-Banning Channel (Continued) 

 
(Table below excerpted from Section 5.6.3 UAA Analysis GB) 

Table GB-9   Recreation Activity Recorded for Greenville-Banning Channel 
 

Location+ Number of Individuals Estimated 
 

Duration 
(min) 

Types of 
Activities Total  Dry Season Wet 

Season 

Pedestrian Bridge 0 0 0 0 None 
 

Adams Avenue Bridge 
 

0 0 0 0 None 

 +  Both locations in Reach 1 
 

Conclusion: No photographic evidence of REC1 activity within the Greenville-
Banning Channel 
 
 

 
Control Measure Implementation 

1) Established Regulatory Framework: 
a) MS4 permit (and general statewide industrial/construction permits) for 

Orange County. Include: 
i) Requirements to implement BMPs to assure that applicable standards in 

receiving waters are achieved. 
ii) Requirements include investigations to identify/correction of illicit 

connections to the MS4 system (may be a pathogen/pathogen indicator 
source) 

2) Diversion of low flows to sewer at inflatable rubber dam has been in operation 
for many years; has resulted in improvement in ocean beach water quality 
downstream. In addition, low flows will be diverted to a newly constructed 
wetland in the Talbert Nature Reserve to the east of the diversion dam area. 

 
 
 

 
Other Factors Considered 

 
1) Access and Safety (Section 5.6.4 UAA Analysis GB, 5.6.4.5) 

a) Tidal Prism: Vertical walls and all fenced (six-foot), maintenance access 
limited and locked.  
i) Access from Santa Ana River to Greenville-Banning channel difficult 

(fencing, concrete side-slopes).  
ii) Proximity of ocean beaches (1.3 mi.) makes REC1 activity in Greenville-

Banning channel highly unlikely; no photographic or field observations  



 
Summary of UAA Greenville-Banning Channel (Continued)  

 
 
of such activity. People were observed on the bicycle trail adjacent to 
the channel (see Figure GB-5).  

b) Reach 1: Vertical walls (except 0.20 mile steep trapezoidal walls, all fenced. 
i) Channel considered unsafe for public access. 
 

2) Adjacent Land Use (including proximity to other recreational sites) Section 
5.6.4 UAA Analysis GB, 5.6.4.6 
a) Tidal Prism: Santa Ana River (SAR) to the west, Talbert Nature Preserve to 

the East.  
b) Reach 1: Talbert Nature Preserve, golf course, and residential in most 

upstream section to the East. Santa Ana River to West. Back of residences 
to channel and separate by walls/fencing (Figure GB-12). 

c) Bicycle trail along most of both tidal prism and Reach 1, separated from 
channel by fence.  
 

In addition to the results of field and photographic surveys, adjacent land use, 
channel morphology, accessibility and fencing or other barriers to viewing the 
channel (such as vegetative cover) were considered in recommendations 
regarding REC2 designations.  Based on this evidence, designation of REC2 for 
Reach 1 was not found appropriate. While, in part, it runs through a residential 
area, it is separated from the backs of those residences by walls/fencing, limiting 
access and visibility. Channel morphology severely limits wildlife habitat and 
viewing opportunities. Given that a bicycle trail runs along the tidal prism, REC2 
designation for the tidal prism is appropriate.  

 

 
 
  



Summary of UAA Analysis Greenville-Banning Channel (Continued) 
 

 
Figure 2-6. Terminus of Greenville Banning Channel tidal prism (right);confluence w/ Santa Ana River (left) Ana 
River (left) (CDM UAA Technical Report GB) 

  

 
 

 
Figure GB-4. Tidal Prism Reach of the Greenville-Banning Channel Facing 
downstream.  (UAA Analysis GB) 
 



Summary of UAA Analysis Greenville-Banning Channel (Continued) 
 

 
Figure GB-5. Tidal Prism of the Greenville-Banning Channel facing upstream. 
In Tidal Prism REC 2 use is attained, REC 1 use is not attainable. (UAA Analysis GB) 

 
Figure GB-3. Rubber dam diversion at the Greenville-Banning Channel. The dam 
separates the Tidal Prism Reach from Reach 1. (UAA Analysis GB) 
 
 



Summary of UAA Analysis Greenville-Banning Channel (Continued) 
 

 
Figure GB-10.  Reach 1, Photo REC Survey location, just upstream of inflatable dam.  
The water behind the dam can be about 1.5 ft. deep. (UAA Analysis GB)   

 
 
Figure GB-7. Reach 1, facing upstream. REC1 and REC2 uses are not attainable in 
Reach 1. (UAA Analysis GB)   
 



Summary of UAA Analysis Greenville-Banning Channel (Continued) 
 

 

 
Figures 2-9. Reach .1 Facing downstream, shows transition from vertical to trapezoidal 
channel. (CDM UAA Technical Report GB)   

 
Figure GB-12. Reach 1. Facing upstream, the trapezoidal section is 0.20 mile in length. 



 
February 15, 2013 
 

 
 

Summary of Santa Ana Delhi Channel UAA as described in January 12, 2012 Staff Report 
(Section 5.6.3, UAA Analysis Santa Ana-Delhi Channel) and CDM UAA Technical Report for Santa 

Ana-Delhi Channel 
 

 
 
 
[Note: The Regional Board staff report UAA sections utilize, in part, technical information presented in the CDM UAA 
technical report for each of the UAA waters. To the extent feasible, the technical information in the CDM reports was 
summarized/reiterated in the Regional Board staff reports to minimize the need for readers to review both reports. 
However, the CDM reports include additional photographs and figures that were not included in the Regional Board staff 
reports because of file size considerations. These additional photographs/figures are referenced as needed in the 
Regional Board staff reports, and in the summary below. 
 
To avoid confusion, please note further that in some cases, the reach designations differ slightly between the Regional 
Board reports and CDM’s reports. (Regional Board staff recommended slight revisions of CDM’s approach, which was 
initiated first, based on review of applicable data and information.) References in the summary below to figures in the 
CDM reports as applicable to specific reaches are based on the Regional Board’s reach designation scheme.] 

 
 

 
 
 
 
 
 
 

 

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_563.pdf
http://sawpa.org/documents/roundtable/stormwater/PhaseIV/UAA%20Tech%20Report_Santa%20Ana%20Delhi_Aug%202010.pdf
http://sawpa.org/documents/roundtable/stormwater/PhaseIV/UAA%20Tech%20Report_Santa%20Ana%20Delhi_Aug%202010.pdf


Summary of UAAs Santa Ana-Delhi Channel (Continued) 
 

SANTA ANA-DELHI 
CHANNEL  

REC1 REC2 40 CFR 131.10(g) Factors 

 
  131.10(g)(2) Low Flow                        131.10(g)(4) Hydrologic Modifications 

Tidal Prism u X Tidal variation. At Bicycle Bridge 
(downstream terminus of prism): 
depth to 7.5 ft.; Upstream section at 
1038 ft. from Bicycle Bridge: low 
tide depth to < 1 ft. (RB staff 
observation).   

Earthen bottom and steep earthen 
sides on east side; concrete and 
earthen on west slope of channel. 
Channel length 1038 ft. 
  

Reach 1 u u Depth < 2 ft. 95% of time, < 1 ft. 90% 
of time. Depth observed by RB Staff 
to be 1 ft or less and contained to 
low flow channel.  

Concrete vertical wall channel 3.19 
miles in length; includes ~ 1 mi. 
enclosed box culverts. Most 
downstream 0.25 mile earthen with 
concrete trapezoidal west slope.  

Reach 2  u X 6 inches or less as observed by RB 
staff.  

0.9 mile earthen trapezoidal channel 
w/rip-rap; 0.55 mile concrete 
vertical wall channel.  

Representative Photographs 

Tidal Prism Figure SAD-3 in Section 5.6.3 UAA Analysis SAD;  
Figure 2-13 of CDM UAA Technical Report SAD 
  

Reach 1 Figure SAD-4 in Section 5.6.3 UAA Analysis SAD;  
Figure 2-14, 2-15, 2-16, 2-17, 2-18, 2-19, 2-20, 2-21, 2-22 in the CDM UAA Technical Report 
SAD    
 

Reach 2 Figure SAD-5 in Section 5.6.3 UAA Analysis SAD;  
Figure 2-23, 2-24, 2-25 in the CDM UAA Technical Report  
SAD. 

 
u REC1 and/or REC2 are not attainable uses as determined by UAA. 
X Existing or Potential Beneficial Use 



 
Summary of UAAs Santa Ana-Delhi Channel (Continued) 

 

 
Nature of Flows 

 
 (see Section 5.6.3 UAA Analysis SAD: 5.6.3.4 “Flow Conditions and Water Levels”) 

Tidal Prism Tidal flows from adjacent Upper Newport Bay dominate lower half of tidal prism. Low flows (less 
than one ft deep) of urban nuisance flows and groundwater occur during low tide in upper section. 
No POTW flows 

Reaches 1,2  Low flows consist of groundwater and urban nuisance flows. No POTW flows. 

 
Water Quality Conditions 

 
(See Section 5.6.3 UAA Analysis SAD: 5.6.3.7. “Water Quality Conditions” and Appendices 1 and 2.)   

Water quality data show that there has been no consistent compliance with REC1 objectives.  

 
Evidence of Use Investigations 

(See Section 5.6.3. UAA Analysis SAD: 5.6.3.8 “Recreation Use Surveys”) 
 

1. Field Observation: 
a. SWQSTF member surveys: July/August 2006 and July/August 2011. 

i. No REC1 or REC2 activity observed. 
b. Channel maintenance personnel communications 

i. No REC1 or REC2 activity reported. 
c. Weekly observations made in coordination with remote camera maintenance 

i. No REC1 or REC2 activity observed.  
 
 
 
 
 

 



 
Summary of UAAs Santa Ana-Delhi Channel – Evidence of Use Investigations (Continued) 

 
2. Photographic Evidence:  

 
(Table below excerpted from Section 5.6.3. UAA Analysis SAD) 

 
Table SAD-3 

Recreational Use Survey Duration and Number of Images Collected 
 
 
Survey Location  
 

Start Date  End Date  Number of 
Images  

Upper Newport 
Bay  

6/20/2005  6/6/2006  20,203  

Mesa Drive  6/20/2005  7/13/2006  21,284  
Sunflower Avenue  7/7/2005  7/9/2006  20,978  

 

 
 

 
Note that the Upper Newport Bay photo location is immediately downstream of the terminus of the Santa Ana-Delhi 
Channel tidal prism in the Upper Newport Bay Ecological Reserve. The lack of water contact observed (see next table 
below) at this easily accessible location is indicative of the expected degree of contact at the tidal prism terminus.  The 
Mesa Drive survey location is in Reach 1; the Sunflower Avenue location is at the downstream terminus of Reach 2. 
 
 
 
 
 
 
 
 
 
 
 



 
 

Summary of UAAs Santa Ana-Delhi Channel (Continued) 
 
(Table below excerpted from Section 5.6.3 UAA Analysis SAD) 
 

Table SAD-4 
Recreational Activity Recorded for the Santa Ana-Delhi Channel 

Location 

Number of Individuals Estimated 
Duration 
(min) 

Type of Activity 

Total Dry 
Season 

Wet 
Season 

Upper Newport 
Bay 

38 34 4 1,170 Walking, Sitting, 
Boating 

Mesa Drive 6 4 2 180 Walking, Bicycling 

Sunflower Avenue 7 4 3 210 Walking 

 

 
Notes on Table SAD-4: Observations of individuals walking/bicycling or sitting were of individuals not in contact 
with the water. A possible exception was one observation at Sunflower Avenue (see Figure SAD-15, below, which 
shows a young adult standing in the channel; it is not clear whether there was any hand contact with water).  
 
Conclusion: No photographic evidence of REC1 activity within the Santa Ana-Delhi Channel; very limited REC2 
activity that did not entail physical contact with the water (w/possible exception shown in Fig. SAD-15). 

 

 
Control Measure Implementation 

 
1) Established Regulatory Framework: 

a) MS4 permit (and general statewide industrial/construction permits) for Orange County. Include: 



i) Requirements to implement BMPs to assure that applicable standards in receiving waters are achieved. 
ii) Requirements include investigations to identify/correction of illicit connections to the MS4 system (may 

be a pathogen/pathogen indicator source). 
b) Newport Bay fecal coliform TMDL: source investigations required to determine sources; corrective action 

required to meet TMDL [note: the Santa Ana-Delhi Channel is one tributary to the Bay; San Diego Creek is 
the major tributary. Corrective action in the Santa Ana-Delhi Channel alone will not assure that standards 
are met in the Bay]. 

2) Planned diversion of dry weather flows in the Santa Ana-Delhi Channel (~ at downstream terminus of Reach 
1). 
 

 

 
Other Factors Considered 

 
1. Access and Safety (Section 5.6.3 UAA Analysis SAD, 5.6.3.5)  

a. Tidal prism, Reach 1, Reach 2:  All fenced (six-foot); maintenance access gates locked. 
i. Channel considered unsafe for public access 

 
2. Adjacent Land Use (including proximity to other recreational sites) (Section 5.6.3 UAA Analysis SAD, 5.6.3.6; 

Figure SAD-10) 
a. Tidal prism: office complex and residences; golf course; Upper Newport Bay Ecological Reserve; 

equestrian area 
b. Reach 1: Commercial/industrial urban uses predominate; residences/golf courses in lower section; ~ 

0.3 mile bicycle trail (separated from channel by fence). Channel is largely out of view due to 
adjacent fencing, structures. 

c. Reach 2: residences/businesses/elementary school, intermediate school 
 

 
The Santa Ana Delhi Channel is tributary to Upper Newport Bay.  Both Lower Newport Bay and Pacific Ocean 
coastal waters are in close proximity and are heavily used for primary contact recreation. The proximity of these 
areas and restrictions on access to/physical conditions of the Santa Ana-Delhi Channel make REC1 activity in the 
Channel extremely unlikely. 
 



In addition to the results of field and photographic surveys, adjacent land use, channel morphology, accessibility 
and fencing or other barriers to viewing the channel (such as vegetative cover) were considered in 
recommendations regarding REC2 designations.  Based on this evidence, the tidal prism and Reach 2 of the 
Channel are designated REC2 per the recreation standards amendments. However, because a significant portion 
of Reach 1 is blocked from view by fencing/vegetation, runs adjacent to industrial/commercial development or is 
enclosed in underground culverts, the REC2 designation was found inappropriate for this Reach.  Observations 
of individuals in or adjacent to this Reach were very limited (6 individuals walking or bicycling out of 21,284 
images recorded.)  

 

 



Representative Photographs of the Santa Ana-Delhi Channel from the UAA 
Analysis SAD (January 12, 2012 staff report) and the CDM UAATechnical Report 
SAD. 
 

 
Figure SAD-2 Santa Ana-Delhi Channel, Tidal Prism Segment. (UAA Analysis  
SAD) 

 
Figure SAD-3.  Tidal Prism Segment, looking upstream from Bicycle Bridge.  
(UAA Analysis SAD).  REC2 use is existing or potential, REC1use is not attainable. 

Tidal Prism Segment 

Bicycle Bridge 

Anniversary Lane 

North

th 



 
Figure 2-13 (April 2009) Tidal Prism Segment looking upstream from Bicycle Bridge. 
(CDM UAA Technical Report SAD) 

Figure 2-14 (April 2009) Reach 1 looking downstream from Mesa Ave, Newport Beach, 
into earthen bottom section which contains a concrete slope on west bank.  The earthen 
section of Reach 1 is about 0.20 mile in length and is the most downstream section of 
Reach 1. This site was a photo REC Use Survey location. (CDM UAA Technical Report 
SAD) 



 

 
Figure 2-16. Reach 1, In the City of Costa Mesa just south of SE Bristol St. (April 2009) 
(CDM UAA Technical Report SAD). REC1&REC2 uses are not attainable.   
 

 
 
Figure 2-18. Reach 1, located in the City of Santa Ana. (April 2009) (CDM UAA 
Technical Report SAD).  

 



 

 

 
Figures 2-24 and 2-25. Reach 2, Santa Ana-Delhi Channel, rip rap and concrete box 
sections located in the city of Santa Ana. The rip-rap section is 0.9 mile in length while 
the vertical concrete section is 0.55 mile in length. (CDM UAA Technical Report SAD) 



 
 

 
 
Figure SAD-15, Reach 2.  Photo of activity at the Photo REC Use Survey Location on 
the Santa Ana-Delhi Channel at Sunflower Avenue in the City of Santa Ana.  (In the 
January 12, 2012 Staff Report, Figure SAD-15 was mislabeled as being at Mesa Drive.) 
This is the only image out of almost 21,000 photos taken at this location during the 
digital camera REC survey of anyone close to the water. REC2 use is considered 
existing or potential, REC1 use is considered not attainable. (UAA Analysis SAD) 



February 15, 2013 
 

Summary of Temescal Creek UAA as described in the January 12, 2012 Staff Report (Section 5.6.5. UAA Analysis 
Temescal Creek and CDM UAA Technical Report for Temescal Creek 

 
 
 
 
[Note: The Regional Board staff report UAA sections utilize, in part, technical information presented in the CDM UAA 
technical report for each of the UAA waters. To the extent feasible, the technical information in the CDM reports was 
summarized/reiterated in the Regional Board staff reports to minimize the need for readers to review both reports. 
However, the CDM reports include additional photographs and figures that were not included in the Regional Board staff 
reports because of file size considerations. These additional photographs/figures are referenced as needed in the 
Regional Board staff reports, and in the summary below. 
 
To avoid confusion, please note further that in some cases, the reach designations differ slightly between the Regional 
Board reports and CDM’s reports. (Regional Board staff recommended slight revisions of CDM’s approach, which was 
initiated first, based on review of applicable data and information.) References in the summary below to figures in the 
CDM reports as applicable to specific reaches are based on the Regional Board’s reach designation scheme.] 
 
  

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_565.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_565.pdf
http://sawpa.org/documents/roundtable/stormwater/PhaseIV/UAA%20Tech%20Report_Temescal%20Creek_Aug%202010.pdf


Summary of UAA - Temescal Creek (Continued) 
 
 

Temescal Creek  REC1 REC2 40 CFR 131.10(g) Factors 
 

  131.10(g)(2) Low Flow                        131.10(g)(4) Hydrologic Modifications 
Reach 1a u X USGS data <1 ft. 90% of time 

contained mostly in low flow 
channel. 

3 miles of concrete trapezoidal 
channel with low flow channel.   0.5 
mile of earthen channel. 

Reach 1b u u < 1 ft, very shallow sheet flow 
across bottom (RB Staff 
observation).  

Concrete vertical wall channel 
approximately 3 miles in length.  
 

Representative Photographs  
Reach 1a See Figures TC-3, TC-4, TC-5, TC-13, TC-14, TC-15. TC-16, TC-17 in the UAA Analysis TC. 

See Figures 2-8, 2-9, 2-10, 2-11 (at junction of 1a and b) in the CDM UAA Technical Report 
TC. 
 

Reach 1b See Figures TC-5 in the UAA Analysis TC. 
See Figures 2-11 (at junction of 1a and 1b), 2-12, and 2-13 in the CDM UAA Technical 
Report TC.  
 

 
u REC1 and/or REC2 are not attainable uses as determined by UAA. 
X Existing or Potential Beneficial Use 
 
 
 
 
 
 
 
 
 



 
Summary of UAA Temescal Creek (Continued) 

 
 

Nature of Flows 
 

(see Section 5.6.5 UAA Analysis Temescal Creek: 5.6.5.4 “Flow Conditions and Water Levels”) 
Reach 1a 

and 1b 
Low flows consist of POTW treated effluent (tertiary treated) [these flows expected to decline when 
POTW taken out of service], urban nuisance flows, and, at times, flows from natural upstream 
areas. 

 
Water Quality Conditions 

 
(See Section 5.6.5 UAA Analysis Temescal Creek 5.6.5.7. “Water Quality Conditions” (including Table TC-3)   

Water quality data show that there has been no consistent compliance with REC1 objectives 
 

Evidence of Use Investigations  
 

(See Section 5.6.5 UAA Analysis Temescal Creek: 5.6.5.8 “Recreation Use Surveys” 
  

1. Field Observation: 
    a.   SWQSTF member surveys: July/August 2006 and July/August 2011. 
                i.  No REC 1 activity observed.  
     b.   Channel maintenance personnel communications 
                i.   No REC 1  activity reported. Individuals observed walking in Reach 1.   (Evident use of channel 
as a corridor for easy access to adjacent streets)  
     c.    Weekly observations made in coordination with remote camera maintenance 
                i.   No REC 1 activity reported. 
 
 
 
 
 



Summary of UAAs Temescal Creek (Continued) 
 

2. Photographic Evidence: 
 
(Table below excerpted from Section 5.6.5. UAA Analysis Temescal Creek) 

 
Table TC-4 

Recreation Use Survey Duration 
   

Survey Location Start Date End Date Number of Images 
Main Street 7/26/05 8/4/05 513 

WWTP No. 2 11/1/05 11/1/06 10,653 
Note that the camera at Main Street was vandalized beyond repair on the ninth day of operation.  
 
 
(Table below excerpted from Section 5.6.5 UAA Analysis Temescal Creek) 
 

Table TC-5 
Recreational Activity Recorded for the Temescal Creek 

 
Location 

 
Number of Individuals  
 

 
Estimated 
Duration 
(min) 

 
 
Type of Activity 

Total Dry 
Season 

Wet 
Season 

Main Street 4 4 0 120 Walking and biking 
 

WWTP No. 2 29 20 9 840 Walking and biking 
 

 
Conclusion: No photographic evidence of REC1 activity within Temescal Creek.  There is evidence (31 images) of 
individuals walking/bicycling in Reach 1a section of the Channel, without water contact (e.g., see Figure TC-17).  
These individuals appear to be using the channel as a convenient access corridor. Of the 11,166 images recorded 
at the camera survey locations (Reach 1a), only two suggested any type of water contact; contact was limited to 
below ankle and short duration (less than 30 minutes) (e.g. see Figure TC-15). 



Summary of UAAs Temescal Creek (Continued) 
 
 
 

 
Control Measure Implementation 

 
1) Established Regulatory Framework: 

a) MS4 permit (and general statewide industrial/construction permits) for Riverside County.  
i) Requirements include investigations to identify/correction of illicit connections to the MS4 system. 
ii) BMP implementation (including education, street sweeping, LID, etc.) 

 
b) Requirements based on Middle Santa Ana River Pathogen TMDL: 

i) WQBELs based on TMDL WLAs: 
(1) TMDL/MS4 permit require compliance by specified interim/final deadlines; MS4 permittees on track to 

achieve compliance 
(a) Compliance contingent, in part, on approval of recreation standards amendments 

ii) Develop and implement bacteria indicator urban source reduction  plans: 
(1)  Monitoring program (ongoing implementation) 
(2) Urban source evaluation plan (ongoing implementation) 
(3) Comprehensive Bacteria Reduction Plan (CBRP): (ongoing implementation) 

(a) Implement non-structural BMP activities: conduct Tier 1 source evaluation (including microbial DNA 
source tracking for human sources) 

(b) Prioritize MS4 drainage areas based on findings of Tier 1 source evaluations 
(c) Identify alternatives for reducing or eliminating controllable urban flow or bacterial indicator sources from 

MS4 outfalls 
(d) Identify structural BMP solutions, where non-structural BMPs are insufficient 
(e) Complete UAAs where appropriate to guide placement of structural BMP solutions 
(f) Construct structural BMP 

See: 
http://www.waterboards.ca.gov/santaana/water_issues/programs/stormwater/docs/rcpermit/cbrp/CBRP_for_Riverside_Co
unty_Final_with_Attachments.pdf;   staff report re approval of CBRPs for Riverside (and San Bernardino) counties: 
http://www.waterboards.ca.gov/santaana/board_info/agendas/2012/02_10/02-10-2012_item_11.pdf 

https://mail.ces.ca.gov/owa/redir.aspx?C=bNgef0B3CUC7jCHdZbbjuNNR9KcZ3M8I5Uf5dV18dmtrHmTMoqEqjAcgJFpN44k5frLTm9dh7-A.&URL=http%3a%2f%2fwww.waterboards.ca.gov%2fsantaana%2fboard_info%2fagendas%2f2012%2f02_10%2f02-10-2012_item_11.pdf


 
2)  Regional treatment system proposed to be implemented at downstream terminus of Reach 1a. Responds directly to 
UAA results for Reach 1a and need to protect downstream REC1 use. 
 
3)  Discharged POTW effluent is tertiary treated (to provide essentially pathogen-free effluent), including disinfection to 
meet California Department of Public Health’s recommendations to protect public health and primary contact recreational 
use.    
 

 
Other Factors Considered 

 
1) Access and Safety (Section 5.6.5 UAA Analysis TC, 5.6.5.5) 

a) Reach 1a and Reach 1b: All fenced; maintenance access gates locked. (see Figure TC-10) 
b) Reach channel walls trapezoidal and vertical. 

i) Channel considered unsafe for public access 
2) Adjacent Land Use (Section 5.6.5 UAA Analysis TC, 5.6.5.6; Figure TC-11) 

a) Reaches 1a and 1b: Predominately industrial and commercial. 
3) In addition to the results of field and photographic surveys, adjacent land use, channel morphology, 

accessibility and fencing or other barriers to viewing the channel (such as vegetative cover) were considered 
in recommendations regarding REC2 designations.  Based on this evidence, de-designation of REC2 was 
found appropriate for Reach 1b.  Reach 1b runs through a heavily commercial/industrial area with limited 
public access or visibility. Channel morphology in Reach 1b (vertical walls) also severely limits wildlife habitat 
and viewing opportunities. REC2 is designated for Reach 1a, even though the individuals seen in the channel 
appeared almost exclusively to be using the channel as an access corridor to other streets. 



Summary of UAA Analysis Temescal Creek 

 
Figure TC-3. Temescal Creek, Reach 1a. This 0.5 mile long section, between Cota 
Street and Lincoln Ave, is the only earthen section of Reach 1a. (UAA Analysis TC)     

 
Figure TC-4. Temescal Creek, Reach 1a, looking upstream from Cota Street. This 
trapezoidal walled section of Reach 1a extends 3 miles. (UAA Analysis TC) 
 



Summary of UAA Analysis Temescal Creek (continued) 

 
Figure TC-13. Reach 1a. Photo of the Camera View at the REC use survey location at 
Main Street. (UAA Analysis TC). REC1 use is not attainable; REC2 use is attained in 
Reach 1a. 
 

 
Figure TC-14. Reach 1a. Photo of the Camera View at the REC use survey location at 
City of Corona WWTP No. 2. Facing downstream. (UAA Analysis TC) 



 
 
 
Summary of UAA Analysis Temescal Creek (continued) 
 

 
Figure TC-10. Reach 1a at Cota Street, City of Corona.  Access is prohibited and the 
channel is fenced with locked gates in all areas of Reach 1a and 1b (UAA Analysis, TC) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Summary of UAA Analysis Temescal Creek (continued) 
 
 
 
 
 

 
Figure TC-15. Reach 1a. Photo of Activity from the REC use survey camera location at 
Main Street in the City of Corona. Of the over 11,000 photos taken at the two REC  
survey photo locations in Temescal Creek Reach 1a, only two images, which includes 
this photo, show any possible water contact with individuals. (UAA Analysis, TC)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Summary of UAA Analysis Temescal Creek (continued) 
 

 
Figure TC-17. Reach 1a. Photo of Activity from the REC use survey camera location at 
City of Corona Waste Water Treatment Plant.  This shows evidence of individuals 
walking/bicycling in Reach 1a section of the Channel, without water contact.  These 
individuals appear to be using the channel as a convenient access corridor. As a result 
of this type of activity noted in the channel, the REC 2 use was designed for Reach 1a. 
The REC 1 use is not considered to have being attained. (UAA Analysis, TC)  
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
Summary of UAA Analysis Temescal Creek (continued) 
 

 
Figure TC-5. Reach 1b contains 14 ft. high vertical walls with a bottom width of 84 ft. 
and is approximately 3 miles in length. REC1 and REC2 uses are not attainable in 
Reach 1b. (UAA Analysis TC) 
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UAA ANALYSIS: 
SANTA ANA-DELHI CHANNEL – TIDAL PRISM  

 
 

1.0 Executive Summary 
 
 
This analysis demonstrates that the REC1 use does not exist and is not attainable in the Tidal Prism 
of the Santa Ana-Delhi Channel.  REC2 use of the Tidal Prism exists and the Tidal Prism should be 
so designated. The uses are described as:  

 
Water Contact Recreation (REC1) waters are used for recreational activities involving 
body contact with water where ingestion of water is reasonably possible.  These uses 
may include, but are not limited to, swimming, wading, water-skiing, skin and scuba 
diving, surfing, whitewater activities, fishing, and use of natural hot springs. 
 
Non-contact Water Recreation (REC2) waters are used for recreational activities 
involving proximity to water, but not normally involving body contact with water where 
ingestion of water would be reasonable possible. These uses may include, but are not 
limited to, picnicking, sunbathing, hiking, beachcombing, camping, boating, tidepool and 
marine life study, hunting, sightseeing, and aesthetic enjoyment in conjunction with the 
above activities.  
 

The Tidal Prism is a heavily eroded, earthen or rip-rap lined flood control channel except for the upper 
half of the western bank, which is concrete lined.  The Tidal Prism extends upstream 1038 feet from 
the Bicycle Bridge located at the boundary of the Upper Newport Bay Ecological Reserve to the point 
where the channel makes a sharp turn to the west. Public access is prohibited by law and prevented 
by chain link fencing and locked gates. During dry weather, flows in the Tidal Prism are predominantly 
tidal flows and urban nuisance flows.   
 
Extensive field surveys, interviews of knowledgeable local authorities and photographic evidence 
indicate that water contact recreation is not occurring and has not occurred in the Santa Ana-Delhi 
Channel Tidal Prism.  The REC1 use cannot occur in this area because flood control modifications 
preclude attainment of this use. 
 
Analysis of historical water quality monitoring data indicates that the bacterial objectives are not being 
met.  However, the REC1 use cannot be attained by imposing more stringent effluent limitations or 
requiring additional Best Management Practices (BMPs) to control non-point sources because factors 
other than water quality will continue to preclude this use. 
 
Tidal flows in the Tidal Prism provide the opportunity for viewing wildlife from the Bicycle Bridge. As a 
result, the REC2 use is attained. However, the REC1 use is not attained and should not be 
designated for the Tidal Prism.  
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2.0 Segment Description  

 
 
2.1 Location 
 
The Santa Ana-Delhi Channel watershed (approximately 20 mi²) is located in Orange County and 
includes portions of the cities of Santa Ana, Costa Mesa, and Newport Beach. See Figure SAD-1. 
The channel starts in the midsection of the City of Santa Ana and empties into the Upper Newport 
Bay Ecological Reserve in the City of Newport Beach. Currently, the Santa Ana-Delhi Channel is not 
listed in the Basin Plan. Three reaches of the Channel are proposed to be identified and included in 
the Basin Plan: the Tidal Prism, which is the subject of the UAA contained herein, and Reaches 1 and 
2 of the Channel.  UAAs for Reaches 1 and 2 have also been conducted and reported in a separate 
document.   

 
 

Figure SAD-1. Santa Ana-Delhi Channel Watershed (Source: Use Attainability Analysis 
Technical Report for the Santa Ana-Delhi Channel, CDM, August 2010 Figure 2-1) 
 
 
The downstream boundary of the proposed Tidal Prism is the pedestrian/ equestrian/ bicycle bridge 
(Bicycle Bridge) located at the terminus of University Drive in the City of Newport Beach. The Bicycle 
Bridge separates the Tidal Prism from the Upper Newport Bay Ecological Reserve. The upstream 
boundary of the Tidal Prism segment is 1,036 feet upstream of the Bicycle Bridge at the point where 
the channel turns sharply to the west (left). See Figure SAD-2.   Representative photographs of the 
Tidal Prism are shown in Figures SAD-3 and SAD-4. 
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2.2 Proximate Land Uses  
 
As noted, the Upper Newport Bay Ecological Reserve lies to the south of the terminus of the Tidal 
Prism, just downstream of the Bicycle Bridge. The popular Peter and Mary Muth Interpretative Center 
lies to the west of the Bicycle Bridge in the Upper Newport Bay Nature Preserve, which surrounds the 
Ecological Reserve.  An office complex and residences border the western bank of the Tidal Prism.  
Along the eastern bank lies a strip of vacant property owned by the Orange County Public Works 
Department (OCPW) and currently used as an informal equestrian area. To the east of the vacant 
area lie residential properties consisting of some horse properties and large estates. A public golf 
course is located to the north of the most upstream section of the Tidal Prism. All areas immediately 
adjacent to the Tidal Prism are located in the City of Newport Beach. The channel is completely 
fenced and posted to prohibit access.  
 

 
 

Figure SAD-2. Santa Ana-Delhi Channel, Tidal Prism Segment 
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Figure SAD-3.  Tidal Prism, looking upstream from Bicycle Bridge. 
Regional Board staff photograph, June 2010. 

 
 
2.3 Channel Characteristics   
 
The Tidal Prism is the most downstream section of the Santa Ana-Delhi Channel, which was 
originally constructed by agricultural interests. In1870, the community of Delhi was founded in what is 
now the southern section of the city of Santa Ana near the current location of Warner Avenue. The 
land in this area was used for the production of sugar beets and several sugar mills were established 
in the area.  As farming increased it became necessary to drain this area of natural sumps and 
swamps.  As a result, in the 1890’s a drainage ditch was dug from this area to Newport Bay1.  It is 
likely that in the most downstream section the ditch followed the historic meandering path of a short 
natural drainage that emptied into Upper Newport Bay2.  The present day Santa Ana-Delhi Channel 
now follows the alignment of the original drainage ditch.  
  
2.3.1 Morphology 
 
The Tidal Prism features a 20 ft. wide earthen bottom with an earthen side slope along the eastern 
channel bank (on the right when facing upstream from the Bicycle Bridge). The eastern side slope 
has transformed into a steep, eroded cliff several feet in height. The western or left bank adjacent to 

                                            
1 Orange County Environmental Management Agency. Draft Environmental Impact Report #527, Santa Ana-Delhi 
Channel System April 1993. 
2 Trimble, Stanley W., Historic Hydrographic and Hydrologic Changes in the Newport Bay-San Diego Creek Watershed, 
June 1, 1998.  
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the residences along Anniversary Lane is a reinforced concrete side slope. See Figure SAD-4. This 
side slope transitions downstream to a rip-rap covered area and then, closest to the Bicycle Bridge, 
an earthen side slope. See photograph on the cover of this report.  The channel bottom near the 
Bicycle Bridge is composed of dark clayey soils.   In the upper section of the Tidal Prism, small riprap 
rock, likely placed for erosion control, is found in the channel bottom with sections of clay and silt soil. 
See Figure SAD-4.  

 
 
Figure SAD-4. Tidal Prism, most upstream section. The upstream terminus of the Tidal Prism is the point at 
which the Channel curves sharply to the west (in this photo to the left). (Regional Board staff photograph (OCPW 
staff person at upper right), April 2013) 
 
The Tidal Prism is completely fenced off by a six foot high chain fence with locked gates.  The area is 
posted by the OCPW that public access is not permitted by law. The typical fencing surrounding the 
Tidal Prism is shown in Figure SAD-4, above. (Note: though not apparent in this photograph, the golf 
course is fenced off from the channel.)  
 
2.4 Regulatory Status  
 
No segment of the Santa Ana-Delhi Channel is currently identified or included in the Basin Plan. As 
stated above, it is proposed that three segments of the Channel be added to the Basin Plan, including 
the Tidal Prism. The following beneficial use designations or exceptions are recommended for the 
Tidal Prism: 
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MAR (Marine Habitat):  The marine waters of the channel support marine habitat that is 
interconnected with the marine habitat of Upper Newport Bay. Marine fish can be seen at times 
swimming in this reach. Although the most upstream section of the tidal prism often experiences 
brackish or freshwater conditions during low tides, marine waters typically dominate this upstream 
section during high tides.  
 
MUN (Municipal and Domestic Supply): MUN is not an existing use nor can this use be feasibly 
attained in the future.  Total dissolved solids (TDS) levels exceed 3,000 mg/l.3  
An exception from the MUN designation is appropriate pursuant to the Sources of Drinking Water 
Policy.  
 
RARE (Rare, Threatened, or Endangered Species):  Wildlife biologists working with California 
Department of Fish and Wildlife (CDFW) and the United States Fish and Wildlife Service (USFWS) 
report that the federally-listed Light-footed Clapper Rail (Rallus longirostris levipes) has been 
observed in the Tidal Prism. The federally-listed California Least Tern (Sterna antillarum browni) is 
reported to forage in the Tidal Prism4.  
 
REC2 (Non-contact Water Recreation): Field and camera observations, reported in this UAA, 
demonstrate that the Bicycle Bridge is heavily used by walkers, runners, bicyclists and even 
equestrians traveling around the Ecological Preserve. From the Bridge, visitors engage in wildlife 
observation, sightseeing and aesthetic enjoyment of the upstream Tidal Prism (as well as the 
downstream Ecological Reserve).  
 
WILD (Wildlife Habitat): Birds and other wildlife from Upper Newport Bay regularly use the Tidal Prism 
as habitat.  
 
2.4.1 303 (d) Listings and Total Maximum Daily Loads (TMDLs) 
 
The Santa Ana-Delhi is listed on the 2010 303 (d) list as impaired for indicator bacteria. As discussed 
above, the Santa Ana-Delhi Channel flows into Upper Newport Bay, which is also 303(d) listed for 
indicator bacteria.  The Regional Board adopted and is implementing a fecal coliform (bacteria 
indicator) TMDL for Newport Bay that includes wasteload and load allocations for bacteria indicator 
inputs from tributaries, including the Santa Ana-Delhi Channel. Bacterial investigations in the Channel 
have been conducted and BMPs have been and will be implemented in response to TMDL and 
stormwater permit requirements (Orange County Areawide Urban Storm Water Runoff Management 
Program NPDES permit (Order No. R8-2009-0033, NDPES CA 8618030, as amended) to improve 
bacteria indicator quality conditions in the Channel and to assure that the Channel, the second largest 
tributary to the Bay, does not cause or contribute to the impairment downstream in the Bay. Re-
designation of Tidal Prism (and other reaches of the Channel, as recommended in a separate UAA 
document) would allow focused implementation of BMPs in downstream areas adjacent or close to 

                                            
3 The “Glossary of Salt Water” published by the Water Quality Association classifies ocean waters as containing 30,000 to 
40,000 ppm TDS (i.e., 3,000 to 4,000 mg/L). 
4 Orange County Environmental Management Agency. Draft Environmental Impact Report #527, Santa Ana-Delhi 
Channel System April 1993. 
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the Bay, which is expected to enhance their effectiveness in protecting downstream recreational 
uses5.  
 
 

3.0 Use Attainability Analysis – Factors Analysis 
 
 
3.1 Regulatory Framework – UAAs and Beneficial Use Designations 
 
Section 101 (a) (2) of the CWA states that “it is the national goal that wherever attainable, an interim 
goal of water quality which provides for the protection and propagation of fish, shellfish, and wildlife 
and provides for recreation in and on the water be achieved by July 1, 1983”.  The CWA and 
implementing federal regulations provide special protection for these “fishable/swimmable” uses by 
establishing a rebuttable presumption that all surface waters should support these uses and should 
be so designated as part of states’ water quality standards.   
 
To overcome this presumption, the states are required to conduct a Use Attainability Analysis (UAA) 
and demonstrate that attaining the use(s) is not feasible based on one or more of the six factors 
identified in federal regulations (40 CFR 131.10(g)):  
  

1. Naturally occurring pollutant concentrations prevent the attainment of the use; or  
2. Natural, ephemeral, intermittent or low flow conditions or water levels prevent the attainment of 

the use, unless these conditions may be compensated for by the discharge of sufficient volume 
of effluent discharges without violating State water conservation requirements to enable uses 
to be met; or 

3. Human caused conditions or sources of pollution prevent the attainment of the use and cannot 
be remedied or would cause more environmental damage to correct than to leave in place; or  

4. Dams, diversions or other types of hydrologic modifications preclude the attainment of the use, 
and it is not feasible to restore the water body to its original condition or to operate such 
modifications in a way that would result in the attainment of the use; or 

5. Physical conditions related to the natural features of the water body, such as the lack of a 
proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated to water quality, 
preclude attainment of aquatic life protection uses: or  

6. Controls more stringent than those required by sections 301 (b) (Effluent Limitations) and 306 
(National Standards of Performance) of the Act would result in substantial and widespread 
economic and social impact.   

 
A UAA is a structured scientific assessment of the factors affecting the attainment of the use(s), which 
can include physical, chemical, biological, and economic factors as described in 40 CFR 131.10 
(g)(1)-(6), above .   
 
Federal regulation at 40 CFR 131.10 (h) prohibits States from removing designated uses if: 
                                            
5 Experience with a media filtration and UV treatment facility for Aliso Creek (in the San Diego Region) shows that such 
treatment can be highly effective in reducing bacteria at the end of the pipe, but that the treatment effect is or may be 
negated by bacteria in the receiving water. Thus, the location of the BMP is critical to assure that bacteria reductions 
occur where needed.  
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1. They are existing uses, as defined in 40 CFR 131.3, unless a use requiring more stringent 
criteria is added; or 

 
2. Such uses will be attained by implementing effluent limits required under sections 301 (b) and 

306 of the Act and by implementing cost-effective and reasonable best management practices 
for nonpoint source control.  

 
“Existing uses” are those uses actually attained in the water body on or after November 28, 1975 (the 
date of USEPA’s initial water quality standards regulation), whether or not they are included in the 
water quality standards.6  Guidance provided by USEPA in 1985 indicates that an “existing” primary 
contact recreational use7 can be established by demonstrating that swimming has actually occurred 
since November 28, 1975, or that the water quality is suitable to allow such uses to occur, unless 
there are physical problems that prevent the use regardless of water quality.8   Suitable water quality 
is demonstrated by consistent, not merely sporadic, attainment of applicable water quality objectives. 
More recent USEPA guidance states that USEPA considers an “existing” use to mean the use and 
water quality necessary to support the use that have been achieved in the waterbody on or after 
November 28, 1975.9 USEPA states that: “It is appropriate to describe the existing uses of a 
waterbody in terms of both actual use and water quality because doing so provides the most 
comprehensive means of describing the baseline conditions that must be protected.”  
 
USEPA has indicated that where there is very limited actual primary contact use and the physical 
and/or water quality characteristics of the water body do not and are not likely to support that use, 
then it would be appropriate to conclude the primary contact recreation is not an “existing” use10. In 
making such determinations, federal guidance recommends that states should consider a suite of 
factors such as the actual use (present and historic), existing water quality, potential water quality 
conditions, access, recreational facilities, location (e.g., proximity to suitable recreational alternatives), 
safety considerations, as well as the physical conditions of the water body.11 However, states are not 
required to evaluate all six factors identified in 40 CFR 131.10(g) as part of every UAA.  
 
In designating the uses of a water body, and in considering changes to those designations, states 
must take into consideration the water quality standards of downstream waters and ensure that water 
quality standards provide for the attainment and maintenance of the water quality standards of 
downstream waters. (40 CFR 131.10(b)). 
 
Finally, decisions to remove or not designate REC1 uses for surface waters are subject to 
reconsideration as part of the Basin Plan Triennial Review process. Where new information and/or 
changed conditions warrant the REC1 designation, then the Basin Plan must be amended 
accordingly. 
 
                                            
6 40 CFR 131.3 
7 “Primary contact” recreation is equivalent to California’s REC1 (water contact recreation) beneficial use 
8 USEPA. Questions & Answers on: Antidegradation, August 1985. 
9 USEPA, Letter w/attachment from Denise Keehneer (Director, Standards and Health Protection Division) to Derek 
Smithee, State of Oklahoma, September 5, 2008. (Cited as updated information in USEPA Water Quality Standards 
Handbook, Second Edition. EPA-823-B-12-002, Chapter 4) 
10 USEPA. 63 FR 36752 (July 7, 1998) 
11 USEPA. 63 FR 36756 (July 7, 1998) 
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3.2 40 CFR 131.10(g) Factor Assessment  
 
The Tidal Prism of the Santa Ana-Delhi Channel is incapable of supporting water contact recreation 
because: 
 

Dams, diversions or other types of hydrologic modifications preclude the attainment of the use 
and it is not feasible to restore the water body to its original condition or to operate such 
modifications in a way that would result in the attainment of the use (see Section 3.2.1).  

 
3.2.1 40 CFR 131.10 (g) Factor 4: Dams, diversions or other types of hydrologic modifications 
preclude the attainment of the use 
 
3.2.1.1 Methods and Fieldwork  
 
CDM (now CDM-Smith), serving as consultants to the SWQSTF, prepared a UAA Technical Report 
assessing and summarizing key attributes of the channel morphology, and other characteristics, such 
as adjacent land use, in August 2010.12 Regional Board staff made reconnaissance visits to the 
Channel, including the Tidal Prism, on at least eight occasions from 2009 through 2013. Relevant 
reports on the history of the channel and its morphology were reviewed. These included the Orange 
County Environmental Management Agency “Draft Environmental Impact Report #527, Santa Ana-
Delhi Channel System April 1993”, which described the physical conditions and the history of the 
Channel.  In addition, RB Staff reviewed the report “Santa Ana-Delhi Channel Improvement Project” 
April 2012 by RBF Consulting which describes proposed modifications to the Tidal Prism and 
adjacent sections of Reach 1 (see below).   
 
3.2.1.2 Findings and Conclusions 
 
As described in Section 2, above, the Santa Ana Delhi Channel, including the Tidal Prism, has been 
modified significantly over time to accommodate flows and prevent flooding. Flood flows can be quite 
large and erosive, up to 14.62 fps as measured at the Bicycle Bridge13 .  Concrete or rip-rap lining 
predominates on the western bank of the Tidal Prism; the eastern bank is a heavily eroded, steep 
earthen bank. These physical modifications of the channel make access both difficult and hazardous. 
Further, the Tidal Prism is fenced and locked gates preclude access. Signs are posted to prohibit 
access. There are high quality and easily accessible recreational areas (Newport Bay (outside the 
Ecological Reserve) and Pacific Ocean beaches) in close proximity. According to OCPW staff, 
flooding in the Tidal Prism can be severe: at times, flood flows breach the concrete banks on the west 
and the earthen/rip-rapped bank on the east side of the channel.  Erosional damage to the earthen 
slopes occurs as noted in Figure SAD-3 and the figure on the report cover.   As reported in the April 
2012 RBF report, to address this problem, OCPW is considering further modifications to widen the 
channel in the Tidal Prism from 20 to 60-129 feet. All channel slopes other than the existing concrete 
slope would be reinforced with rip rap.  The newly widened channel would be fenced, gated, and 
posted to prohibit access.  
 

                                            
12 CDM  Use Attainability Analysis Technical Report for the Santa Ana - Delhi Channel. August 2010 
13 RBF Consulting.  Santa Ana-Delhi Channel (FO1) Improvement Project.  April 16, 2012 
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It is not feasible to restore the Tidal Prism to its original condition or to operate the modified channel 
so as to attain REC1 use.  As just described, the magnitude and erosive nature of flood flows 
prompted the design of further channel modifications designed to prevent flooding and bank erosion. 
The nature of these modifications would continue to preclude REC1 use.   
   
 

4.0 Existing Use Analysis 
 
 
4.1 Regulatory Requirements 
 
As described in Section 3.1, federal law and regulation create the rebuttable presumption that all 
surface waters support “swimmable” uses (REC1). A UAA is required to overcome this presumption 
and justify the decision not to designate a surface waterbody as REC1 (or to de-designate the REC1 
use for that waterbody). However, states must designate REC1 if that use is “existing” or if the 
recreational use can be attained by implementing effluent limits required under sections 301 (b) and 
306 of the Clean Water Act and by implementing cost-effective and reasonable Best management 
Practices for non-point source control.14  A formal analysis was conducted to evaluate these factors. 
 
4.2 Evaluation of Actual Recreational Activities 
 
4.2.1 Assessment Methods 
 
This analysis consisted of numerous site visits by Regional Board and CDM staff, on-site weekend 
REC use surveys during the summers of 2006 and 2011, interviews of OCPW staff, Orange County 
Environmental Health staff and Nature Preserve Rangers, and a review of evidence of historical 
recreational use. As part of remote camera surveys conducted by the Task Force, a digital field 
observation camera was placed at the Bicycle Bridge, facing downstream toward the un-fenced areas 
of the Upper Newport Bay Ecological Reserve/Nature Preserve. This camera placement was chosen 
to provide an indication of recreational activity in an area that would be expected to receive more 
extensive use than the Tidal Prism, given its un-fenced, natural state.  
 
4.2.2 Physical Surveys and Other Information 
 
Task Force members visited the Tidal Prism six times in 2006 and five times in 2011 to conduct in 
person, on-site recreational use surveys.  The Task Force members visited the site on weekends in 
the summer months and were to stay at least a half hour to record whatever recreational activity they 
observed. The Task Force members filled out a survey form to describe the number of people 
observed, if any, in the area, the weather, depth and clarity of the water and any evidence of 
recreational activity. The Task Force members who conducted the surveys reported seeing no 
individuals in the Tidal Prim waters or even inside the fences of the channel.  The surveyors reported 
seeing numerous individuals crossing the Bicycle Bridge and walking along the trails in the Nature 
Preserve adjacent to the Ecological Reserve downstream of the Tidal Prism.  
 

                                            
14 40 CFR 131.10 (h) 
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During the one year period that the digital camera was in operation at the Bicycle Bridge, CDM made 
forty-one visits to the Tidal Prism to maintain the camera. As part of each of these visits, CDM looked 
both upstream from the Bicycle Bridge, from which the entire length of the Tidal Prism can be 
observed, and downstream. CDM logged observations including water depth, aesthetic quality of the 
water, and evidence of recreational activity. CDM did not observe anyone in the water or in the 
channel in the Tidal Prism during any of the 41 site visits.     
 
The OCPW staff members who regularly conduct channel maintenance activities reported no 
observations of individuals in the water in the Tidal Prism or even inside the fencing. Likewise, 
Orange County Harbors, Beaches and Park Department Rangers patrolling  the Upper Newport Bay 
Nature Preserve, which surrounds the Ecological Preserve, reported that they had never observed 
any individuals in the Tidal Prism channel.  
 
Since the 1980’s, Orange County Environmental Health (OCHCA) staff have collected water samples 
from the Bicycle Bridge to measure indicator bacteria. The OCHCA staff person 15 who has collected 
samples at the Bridge from about 1995 to the present on an almost weekly basis has reported that 
she has never seen anyone in the water in the Tidal Prism or even inside the fencing.  
 
Finally, Regional Board staff has made at least eight visits to the Tidal Prism since the work of the 
Task Force began.  Board staff has never seen anyone in the water or inside the fenced area of the 
channel during any visit. 
 
4.2.3 Digital Field Observation Camera Recreation Survey 
 
As noted above, a digital field observation camera was placed on the Bicycle Bridge, facing 
downstream toward the Upper Newport Bay Ecological Reserve/Nature Preserve, to obtain 
photographic evidence concerning recreational activity in the area. As also noted, the placement of 
the camera was downstream, rather than upstream into the Tidal Prism itself. The area of the 
Reserve in the camera field of vision (see Figure SAD-6) is unfenced, accessible, and, of course, 
close to the Bicycle Bridge/Tidal Prism. If the data collected showed that no water contact recreation 
occurred in this area, then it is very unlikely that such activity would occur in the Tidal Prism, given 
the channel characteristics and difficulty of access. (Note that Upper Newport Bay itself is designated 
REC1 and no changes to this designation are proposed.)  
 
Table SAD-1 shows the duration of the survey and number of images collected at this location. An 
image was collected every fifteen minutes during daylight hours throughout the study duration unless 
signal strength fluctuations or equipment failures precluded collection and transmission. Images were 
not collected at night due to darkness.  
 

 
 
 
 
 
 

                                            
15 Tami Halle, OCHCA. Personal Communication, 2011. 
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Table SAD-1 
Recreational Use Survey Duration and Number of Images Collected 

 
Survey Location Start Date End Date Number of Images 
 
Upper Newport  
Bay (Bicycle 
Bridge) 

 
6/20/2005 

 
6/6/2006 

 
20,203 

 
Any image containing a person or persons within channel fencing or boundaries was defined as a 
recreation event.  If a person or persons were observed meeting the same conditions as above during 
the weekly on-site surveys, these were also considered events. An event could include one or more 
persons. For each event each person’s activity and the estimated duration of the event were logged.  
If an activity was captured on only one image, an activity duration was reported as <30 minutes.  
Likewise, if the same activity by the same person or persons was observed in two consecutive fifteen-
minute interval images, the duration was reported as <45 minutes.  
 
Table SAD-2 presents a summary of the activity recorded at the Upper Newport Bay (Bicycle Bridge) 
camera site. The seasonal periods defined in southern California NPDES stormwater permits were 
used to categorize the observations by season: dry season (April 1 to September 30) and wet season 
(October 1 to March 31). Figure SAD-6 is a photograph of the camera view and Figure SAD-7 is an 
example of a photograph of observed activity. The full recreational use survey information can be 
found in the Recreational Use Survey Data Report – Santa Ana-Delhi Channel prepared for the Task 
Force by CDM in October 2006.   
 
 
 

Table SAD-2 
Recreational Activity Recorded for the Santa Ana-Delhi Channel 

Location Number of Individuals 
 

Estimated 
Duration 
(min) 

Type of 
Activity 

Total Dry Season Wet Season 
Upper 
Newport Bay 
(Bicycle 
Bridge) 

38 34 4 1,170 Walking, 
Sitting, 
Boating 
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Figure SAD-5 
Photo of the Camera View at the Recreational Use Survey Location for Santa Ana-Delhi Channel (Upper 
Newport Bay). Camera is located on Bicycle Bridge facing away from the Tidal Prism. The Muth Interpretive 
Center is seen in the distance. (Source: Use Attainability Analysis Technical Report for the Santa Ana-Delhi Channel 
August 2010 by CDM) 
 

 
 

Figure SAD-6 
Photo of Activity at Recreational Use Survey Location for Santa Ana-Delhi Channel (Upper Newport 
Bay), 5/19/2006 12:30 (Source:  Use Attainability Analysis Technical Report for Santa Ana-Delhi Channel Figure 3-8, 
August 2010 by CDM 
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4.2.4 Evidence re Historical Recreational Use  
 
To collect information regarding historical recreational use, CDM conducted inquiries to local 
jurisdictional agencies, online searches of California newspaper archives, databases (engineering 
and environmental trade journals), and search engines such Google News archive and Lexis-Nexis to 
identify any accounts or reference to recreational activities in the Santa Ana Delhi channel. No 
historical use information was identified from these searches. 
 
4.2.5 Probable Future Use 
 
Information regarding potential future recreational uses for the Santa Ana-Delhi Channel was 
obtained through discussions with local agencies and review of relevant county and municipal master 
plans.  The Cities of Costa Mesa, Newport Beach, and Santa Ana were contacted, as was the County 
of Orange.  Based on these inquiries, proposed planned uses were documented, as presented below.  
 
According to the Orange County Flood Control District, facilities that could support water contact 
recreation use are not planned for the channel.  Areas immediately adjacent to the Tidal Prism are 
included in the proposed Santa Ana Heights Regional Trail System and a trail has been planned to 
extend from Upper Newport Bay to the Orange County Fairgrounds.  A part of this trail, located 
adjacent to the Santa Ana-Delhi Channel but not adjacent to the Tidal Prism, is already in use. The 
trail is separated from the Channel by fencing.  
 
In 2011, planning staff for the County provided updated planning information. While there remain 
plans for riding, hiking and biking trails adjacent to the channel, there are no firm plans for 
implementation or funding.  There are no plans to provide recreational facilities that would support 
water contact recreation in the channel itself.  
 
4.2.6 Summary – Evidence of Past, Present or Probable Future Recreational Use 

In summary, there is no evidence of actual or historic REC1 use in the proposed Tidal Prism, Multiple 
field surveys, information provided by public agency staff members who routinely visit the Tidal Prism 
and photographic data provided no evidence of current REC1 use.  Nor is there any evidence of 
historic use of the Tidal Prism for REC1 use.  
 
The lack of REC1 use in the Tidal Prism is a reflection of the various characteristics of the channel 
described above.  In addition to the morphology of the channel, these include fencing and locked 
gates, signage to prohibit access, and the proximity of easily accessible and preferable recreational 
areas elsewhere (e.g., Newport Bay (outside the Ecological Reserve), ocean beaches).  
While it is theoretically possible to enter the Tidal Prism from Upper Newport Bay by paddling a canoe 
or kayak or perhaps swimming it is both very unlikely and unlawful. In the interest of protecting salt 
marsh habitat and sensitive species (e.g., light footed clapper rail) in the Ecological Reserve, the 
California Department of Fish and Wildlife has posted signage to prohibit entry to the Reserve and the 
Channel. Beyond legal restrictions and other bars to access (fencing, locked gates, steep eroded 
slopes, etc.), the conditions of the Tidal Prism simply make recreating in the channel very 
unappealing. The channel is very narrow and, at low tide during dry weather, the water is generally 
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shallow. There is no beach or shoreline to access and the slopes and bottom consist of clayey soils 
rich with decomposing organic material. Sting rays are noted in abundance in the Channel, which 
would likely discourage individuals from swimming or wading in the channel’s murky waters.  
When and if the proposed widening of the Tidal Prism is completed, it is expected that the area will be 
constructed to support a shallow water salt marsh habitat in most sections. It is very likely that listed 
wildlife species may use the area, which would result in continued CDFW restrictions on public 
access.  Such changed circumstances can be considered as part of the Basin Plan Triennial Review.    
 
4.3 Evaluation of Ambient Water Quality 
 
4.3.1   Assessment Methods 
 
The Orange County Health Care Agency (OCHCA) has performed water quality monitoring of the 
Tidal Prism of the Santa Ana-Delhi Channel at the Bicycle Bridge since 1985.  This location is noted 
by the OCHCA as “Santa Ana-Delhi Channel at Back Bay.” From 1985 to 2008, samples were 
collected at this location and analyzed for fecal coliform approximately weekly, providing 3, 4 or 5 
samples per month. The fecal coliform data are presented in Appendix 1.  
 
Since 2008, the OCHCA has sampled at the Bicycle Bridge for enterococcus.  Weekly monitoring 
data for enterococcus collected from January 4, 2010 to November 21, 2011 were evaluated to 
determine antidegradation targets for the proposed Tidal Prism section of the channel. See the 
January 12, 2012 Staff Report, Section 5.2 for a discussion of REC2 antidegradation targets for the 
Tidal Prism. 
 
4.3.2 Findings and Conclusions 
 
For the fecal coliform data collected during 1985-2008, when 5 or more samples were collected in a 
30 day period (calendar month, not rolling 30 day periods), a geometric mean (geomean) was 
calculated and compared to the existing REC1 fecal coliform objective (200 organisms/100mL based 
on five or more samples/30 day period). Where insufficient data were available to calculate 
geomeans, the fecal coliform data were compared generally to that part of the existing REC1 fecal 
coliform objective that specifies that not more than 10% of the samples exceed 400 organisms/100mL 
for any 30-day period.   
 
These fecal coliform data indicate that the existing fecal coliform objectives are consistently 
exceeded, with minor exception. Fifty-six (56) geomean fecal coliform values were calculated and all 
but one exceeded the fecal coliform geomean objective of 200 organisms/100mL. (See also CDM 
SAD Technical Report, Figure 3-16). Approximately two-thirds of the grab sample results for fecal 
coliform exceeded the 400 fecal coliform per 100 mL objective. (See also CDM SAD Technical 
Report, Figure 3-15). 
 
Using the enterococcus data collected at the Bicycle Bridge by OCHCA from January 4, 2010 to 
November 21, 2011, Regional Board calculated a geomean of 439 per 100mL as the recommended 
antidegradation target.  (The calculation methodology is described in Section 5.2 of the January 12, 
2012 staff report for the recreation standards amendments.) This geomean exceeds the USEPA’s 
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enterococcus geometric mean criterion of 35 per 100 mL for marine waters. See Appendix 2 for table 
of enterococcus data. 
In summary, the monitoring data demonstrate that applicable water quality objectives for REC1 are 
consistently exceeded.   
 
4.3.3 Probable Future Water Quality 
 
BMPs, including inspections for illegal discharges/illicit connections and public education, are being 
implemented pursuant to the Orange County Urban Storm Water Runoff permit (MS4 Permit). The 
area tributary to the Santa Ana-Delhi Channel is sewered and septic tanks are not considered a 
source of bacteria inputs. Sewer system leaks have not been demonstrated to be a contributor to 
bacteria densities in the Channel.  OCPW has conducted an extensive review of Best Management 
Practices (BMPs) for bacteria control (see Table SAD-3).  Very few BMPs provide the level of 
effectiveness required to achieve consistent compliance with bacteria water quality standards.  Those 
BMPs that are most effective (e.g. percolation ponds and artificial wetlands) require large amounts of 
land that is not available in the fully-developed watershed draining to the Santa Ana-Delhi Channel.  
Given the constraints of land availability, significant water quality improvement that results in 
consistent compliance with bacteria quality objectives as the result of BMP implementation is likely to 
be highly problematic. As part of the recreation standards amendments for inland waters, 
antidegradation targets for enterococcus were calculated for the Tidal Prism by Regional Board staff 
(see discussion in Section 5.2 of the January 12, 2012 staff report). The intent of these targets and 
accompanying monitoring requirements is to assure that water quality conditions do not degrade in 
the Tidal Prism should REC1 not be designated and, accordingly, REC1 objectives not apply. A 
diversion is being planned near the upstream end of the Tidal Prism to address the indicator bacteria 
and other established TMDLs and improve quality conditions in both the immediate and downstream 
receiving waters. See further discussion in Section 6.2.  
 
Imposing stringent effluent limitations pursuant to Section 301(b) and 306 of the Clean Water Act 
would have no effect on water quality in the Tidal Prism because there are no municipal publicly-
owned treatment works (POTW) or industrial wastewater discharges to the Santa Ana-Delhi Channel.  
 
Most important, even if water quality was in compliance with the bacterial objectives, REC1 use would 
continue to be precluded by the same hydrologic modification constraints that exist today.  To protect 
public safety, access to the Channel is prohibited. The entire length of the Channel, including the 
Tidal Prism, is fenced and gated to deny entry.  Warning signs are displayed stating that access is 
prohibited. Regular site visits by maintenance crews help ensure compliance.  For these reasons, the 
REC1 use cannot be attained by imposing more stringent effluent limitations or requiring additional 
BMPs to control non-point sources. 
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Table SAD‐3:  Evaluation of BMP Alternatives for Effective Control of Bacteria 

Bacteria BMP Type Parameter 

Mean 
Influent 
#/100 
mL 

Mean 
Effluent 

#/100 
mL n 

Percent 
Removal Source 

Water Treatment BMPs 

Wet Basins (Retention 
ponds, wet ponds, wet 
extended detention 
ponds, stormwater 
ponds, retention 
basins).  Retains 
permanent pool. 

FC 11700 100 NR 99 CalTrans (2004) study in SoCal 
FC 4400 20 NR 99 CalTrans (2004) study in SoCal 
FC 1929 515 9 73 BMP dB; Fremont, CA 
FC 58 5 24 91 BMP dB; Largo, FL 
FC 4231 2475 16 41.5 BMP dB; Valhalla, NY 
FC NR 1779 10 90 Schueler (2000); ON 
FC NR 2858 10 64 Schueler (2000); ON 

E. coli NR NR 10 86 Schueler (2000); ON 
E. coli NR NR 10 51 Schueler (2000); ON 

FC 152 63 84 58 Mallin et al. (2002); NC  

Dry Basins (Dry ponds, 
detention or extended 
detention basins or 
ponds).  Designed to 
empty within several 
days. 

FC 900 2000 NR -122 CalTrans (2004) study in SoCal; 
storm 

FC 6700 7500 NR -12 CalTrans (2004) study in SoCal; 
storm 

FC 27 27 8 0 USGS (2004) study in USVI 

FC 3412 724 35 79 Harper et al. (1999) study in FL 

E. coli 563 515 18 9 MSAR (2009) 

FC 957 738 18 23 MSAR (2009) 

E. coli 149 204 12 -37 MSAR (2009) 

FC 380 490 12 -29 MSAR (2009) 

Constructed Wetlands 
(Stormwater wetlands, 
wetland basins, shallow 
marshes, extended 
detention wetlands).  
"Essentially shallow 
wet basins." 

FC 33.8 7.4 5 78 Hinds et al. (2004); Columbus 

FC 760 80 10 89 LN & COO (2004); Laguna Niguel 

FC 1915 116 9 94 LN & COO (2004); Laguna Niguel 

FC 5178 101 12 98 LN & COO (2004); Laguna Niguel 

E. coli 4163 27 10 99 LN & COO (2004); Laguna Niguel 

E. coli 1897 107 9 94 LN & COO (2004); Laguna Niguel 
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Table SAD‐3 :  Evaluation of BMP Alternatives for Effective Control of Bacteria (Continued) 
 

Bacteria BMP Type 
Parameter 

Mean 
Influent 
#100mL

Mean Effluent 
#100 mL n 

Percent Removal Source 

Water Treatment BMPs 

 
E. coli 630 73 9 

88 
LN & COO 
(2004); Laguna 
Niguel 

Media Filters 

FC 5800 1400 NR 76 CalTrans (2004) 
study in SoCal 

FC NR 18528   -85 City of Austin 
(1997) 

FC 
NR NR   36 

Glick et al. 
(1998); Austin, 
TX 

Disinfection (UV, ozone, 
chlorine) FC 32800** 16**   

99.9% (inversely 
proportional to 

turbidity) 

**County of 
Orange (2008) 

Diversion         100% of diverted 
fraction RBF (2003) 

 Vegetated Swales or 
Channels (Grassed channels, 
dry swales, retention swales). 
Only includes those features 
with little to moderate soil 
infiltration. 

FC 386 459 NR -19 
BMP dB; 
Altadena, 
Caltrans (2004) 

FC 84853 47 NR 99.9 
BMP dB; 
Carlsbad, 
Caltrans (2004) 

FC 490 1122 NR -129 
BMP dB; 
Cerritos, 
Caltrans (2004) 

E. coli 20651 717 18 97 MSAR (2009); 
dry 

FC 16293 675 18 96 MSAR (2009); 
dry 

E. coli 2448 2904 12 -19 MSAR (2009); 
wet 

FC 3954 4196 12 -6 MSAR (2009); 
wet 

FC 65 105 NR -62 
BMP dB; 
Downey, 
Caltrans (2004) 

FC 9460 9168 NR 3 
BMP dB; 
Lakewood, 
Caltrans (2004) 

FC 
1366 239 

NR 82 
BMP dB; Vista, 
CA, Caltrans 
(2004) 

Volume Reduction BMPs 

Infiltration Basins & Trenches 

FC 80-5000 <23 9 >99 LASGRWC 
(2005) 

E. coli 20-1300 <6.9 9 >99   
FC 500 ND-800 8   

FC ND-
13000 11-110 8   

E. coli ND-120 ND 8 >99  
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5.0 Protection of Downstream Uses 
 
 
5.1 Regulatory Requirements  
 
In designating the uses of a water body, and in considering changes to those designations, states 
must take into consideration the water quality standards of downstream waters and ensure that water 
quality standards provide for the attainment and maintenance of the water quality standards of 
downstream waters16. As previously described, the Santa Ana-Delhi Channel is tributary to Upper 
Newport Bay, which is designated both REC1 and REC2. No changes to these designations are 
proposed. These designated beneficial uses of Upper Newport Bay must continue to be protected.  
 
5.2 Compliance Strategies  
 
As described above (Section 4.3.3), BMPs are being employed to reduce fecal indicator bacteria in 
the Santa Ana-Delhi Channel and downstream receiving waters.  Antidegradation bacteria indicator 
targets have been identified to prevent water quality degradation.  Additional BMPs will be 
implemented as necessary in conformance with established TMDLs and the Orange County 
Areawide Urban Storm Water Runoff NPDES Permit (MS4 Permit).  
 
Currently a diversion facility is being designed to capture and divert low flow from the Santa Ana-
Delhi Channel17. The diversion, sponsored by the cities of Newport Beach, Costa Mesa, and Santa 
Ana, is planned to address surface water quality in accordance with the MS4 Permit and established 
TMDLs for Upper Newport Bay, including the fecal coliform and nutrient TMDLs. The diversion would 
be constructed near the upstream end of the Tidal Prism and just downstream of the concrete apron 
of the Mesa Drive road crossing and culvert. The diversion would remove low flow to be pumped into 
the Orange County Sanitation District (OCSD) sanitary sewer system and/or to be used for golf 
course irrigation. It is anticipated that the diversion will improve the water quality of downstream 
waters  by removing from inflow waters not only pathogens but also nutrients, which have been found 
to support regrowth of pathogen microscopic organisms.18 See Figure SAD-9. 
 
 
 

                                            
16 40 CFR 131.10(b) 
17 TMDL Compliance Alternatives Santa Ana Delhi Watershed, URS May 22, 2012 
18 Recent studies have shown that nutrients at excessive levels in urban runoff have been found to encourage regrowth of 
fecal indicator bacteria in streambed sediments and salt marshes (Grant et al. 2001 and Litton et al. 2010).   
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Figure SAD-7. Santa Ana Delhi Channel Mesa Drive/Irvine Avenue Proposed Diversion Site Plan. The 
diversion would divert low flows into the sanitary sewer or to be used as irrigation for the adjacent golf course. 

URS August 2012 
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6.0 Triennial Review Requirements 
 
 
6.1 Regulatory Requirements 
 
Section 101(a)(2) of the Clean Water Act states:  "it is the national goal that wherever attainable, an 
interim goal of water quality which provides for … recreation in and on the water be achieved…"  
Federal regulations [40 CFR 131.6(a)] requires states to enact water quality standards and "use 
designations consistent with the provisions of section 101(a)(2)." 
 
A Use Attainability Analysis (UAA) must be conducted when "the State designates or has designated 
uses that do not include the uses specified in section 101(a)(2) of the Act"  [40 CFR 131.10(j)].  In 
addition, in accordance with 40 CFR 131.20(a)(1):  “Any water body segment with water quality 
standards that do not include the uses specified in section 101(a)(2) of the Act shall be re-examined 
every three years to determine if any new information has become available. If such new information 
indicates that the uses specified in section 101(a)(2) of the Act are attainable, the State shall revise 
its standards accordingly.”   
 
6.2 Reassessment Procedures 
 
If the Tidal Prism of the Santa Ana-Delhi Channel is not designated REC1, the Regional Board will re-
examine this decision every three years as part of the Triennial Review process.  The focus of this 
review will be to determine whether there has been any substantial change to the factors supporting 
the original determination.  However, it is not necessary to conduct an entirely new UAA as part of 
this review. 
 
In preparation for the Triennial Review, Regional Board staff will visit the Tidal Prism of the Santa 
Ana-Delhi Channel to confirm that the existing hydromodifications and access restrictions remain in 
place and unaltered.  In addition, staff will request the Orange County Flood Control District to provide 
data summarizing the flow diversions from the Tidal Prism to the Orange County Sanitation District 
and or golf course.  Finally, the Regional Board will solicit any new information concerning actual or 
potential recreational use of the Santa Ana-Delhi Channel when public notice is given for the Triennial 
Review. 
 
If new evidence indicates that recreation in or on the water may be attainable because the  factors 
previously precluding the use have changed, the Regional Board may elect to:  1) designate Santa 
Ana-Delhi Channel Tidal Prism for REC1; or 2) require that a new UAA be conducted in order to 
determine whether the Santa Ana-Delhi Channel should continue not to be de-designated REC1  The 
review may also consider whether circumstances have changed such that there should be 
reconsideration of the REC2 designation.  
 
The Regional Board retains the authority and discretion to re-examine the issue of appropriate use 
designations for the Santa Ana-Delhi Channel more frequently than once every three years when 
warranted. 
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Appendix 1 – Fecal Coliform Data for the Santa Ana Delhi Channel Tidal Prism 19  
  

Table 3-320 
Summary of Monthly Fecal Coliform: Santa Ana Delhi Channel at Back 

Bay 1985-2008 
Month and 

Year 
Numbers of 

Samples 
Collected 

Minimum 
Value 

(MPN/100ml) 

Maximum 
Value (MPN 

/100ml) 

 
Geometric 

Mean 
(MPN/100ml) 

Fecal Coliform 

12/1985 1 700 700  

1/1986 4 1,300 5,000  

2/1986 4 110 7,000  

3/1986 5 400 30,000 2,862 

4/1986 4 200 50,000  

5/1986 4 200 1,300  

6/1986 5 200 160,000 1,542 

7/1986 4 800 22,000  

8/1986 4 80 200  

9/1986 5 20 17,000 422 

10/1986 4 4,000 160,000  

11/1986 3 20 1,700  

12/1986 5 400 160,000 7,767 

1/1987 4 200 1,300  

2/1987 4 300 7,000  

3/1987 5 200 24,000 842 

4/1987 4 200 200  

5/1987 4 200 700  

6/1987 5 20 400 145 

7/1987 3 200 400  

8/1987 4 80 2,300  

9/1987 4 400 3,000  

10/1987 4 800 160,000  

11/1987 5 500 2,300 933 

12/1987 4 20 7,000  

1/1988 4 20 2,400  

2/1988 5 20 8,000 264 

 
 
 

                                            
19 Samples collected by Orange County Environmental Department at the Bicycle Bridge. 
20 Source: UAA Technical Report for Santa Ana Delhi by CDM, August 2010 
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Appendix 1 – Fecal Coliform Data for the Santa Ana Delhi Channel Tidal Prism (continued) 
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Table 3-3 
Summary of Monthly Fecal Coliform at the Santa Ana Delhi Channel at 

Back Bay 1985-2008 
Fecal Coliform 

Month and 
Year 

Number of 
Samples 
Collected 

Minimum 
Value 

(MPN/100ml) 

Maximum 
Value (MPN 

/100ml) 
 
 

Geometric 
Mean 

(MPN/100ml) 

3/1988 3 20 500  
4/1988 4 80 8,000  
5/1988 1 20 20  
6/1988 5 40 1,100 354 
7/1988 4 400 800  
8/1988 5 600 50,000 3201 
9/1988 4 1,300 3,000  
10/1988 5 800 3,000 1739 
11/1988 4 80 160,000  
12/1988 2 1,300 2,400  
1/1989 4 800 13,000  
2/1989 3 3,000 7,000  
3/1989 3 800 5,000  
4/1989 3 2,200 8,000  
5/1989 5 1,300 22,000 5,430 
6/1989 3 300 50,000  
7/1989 3 2,200 17,000  
8/1989 4 5,000 50,000  
9/1989 2 11,000 160,000  
10/1989 4 110 30,000  
11/1989 4 2,300 160,000  
12/1989 3 800 13,000  
1/1990 4 2,300 5,000  
2/1990 3 80 3,000  
3/1990 3 7,000 22,000  
4/1990 4 130 5,000  
5/1990 4 300 160,000  
6/1990 4 1,700 160,000  
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Appendix 1 – Fecal Coliform Data for the Santa Ana Delhi Channel Tidal Prism (continued) 

 
Table 3-3 

Summary of Monthly Fecal Coliform at the Santa Ana Delhi Channel at 
Back Bay 1985-2008 

Fecal Coliform 

Month and 
Year 

Number of 
Samples 
Collected 

Minimum 
Value 
(MPN/100ml)  

Maximum 
Value 
 (MPN 
/100ml) 

Geometric
Mean 
(MPN/100ml) 

7/1990  4  700  13,000   
8/1990  3  40  300   
9/1990  4  130  800   
10/1990  5  300  5,000  710 
11/1990  3  70  30,000   
12/1990  3  300  3,000   
1/1991  3  270  1,100   
2/1991  3  500  1,300   
3/1991  2  3,000  5,000   
4/1991  2  1,400  13,000   
5/1991  1  800  800   
6/1991  1  300  300   
7/1991  3  800  160,000   
8/1991  1  5,000  5,000   
10/1991  4  500  160,000   
11/1991  4  800  90,000   
12/1991  2  20  16,000   
4/1992  1  300  300   
6/1992  2  110  2,300   
8/1992  1  30,000  30,000   
9/1992  2  170  220   
1/1993  1  230  230   
8/1993  1  16,000  16,000   
9/1993  2  800  16,000   
10/1993  4  230  5,000   
11/1993  3  3,000  5,000   
12/1993  2  5,000  13,000   
1/1994  5  80  1,100  280 
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Appendix 1 – Fecal Coliform Data for the Santa Ana Delhi Channel Tidal Prism (continued) 
 

Table 3-3 
Summary of Monthly Fecal Coliform at the Santa Ana Delhi Channel at 

Back Bay 1985-2008
Fecal Coliform 

Month and 
Year 

Number of 
Samples          

Minimum 
Value 
 
(MPN/100ml) 
 
  

Maximum 
Value (MPN 
/100ml) 

Geometric
Mean 
(MPN/100ml) 

2/1994  3  500  8,000   
3/1994  5  500  24,000  2,429 
4/1994  3  1,300  160,000   
5/1994  3  1,100  5,000   
8/1994  5  170  3,000  723 
9/1994  3  170  2,400   
10/1994  4  130  1,400   
11/1994  5  230  16,000  3,506 
12/1994  3  800  16,000   
1/1995  1  3,000  3,000   
6/1997  4  800  16,000   
7/1997  5  700  5,000  1,820 
8/1997  4  230  1,700   
9/1997  5  700  90,000  4,169 
10/1997  5  300  50,000  2,966 
11/1997  3  3,000  8,000   
12/1997  5  230  13,000  2,182 
1/1998  4  170  2,300   
2/1998  2  9,000  13,000   
3/1998  5  300  13,000  1,175 
4/1998  4  500  3,000   
5/1998  4  500  5,000   
6/1998  4  80  800   
7/1998  5  130  17,000  1,276 
8/1998  5  500  5,000  1,075 
9/1998  4  700  5,000   
10/1998  4  230  160,000   
11/1998  4  529  24,192  
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Appendix 1 – Fecal Coliform Data for the Santa Ana Delhi Channel Tidal Prism (continued) 
 

Table 3-3 
Summary of Monthly Fecal Coliform at the Santa Ana Delhi Channel at 

Back Bay 1985-2008 
Fecal Coliform 

Month and 
Year 

Numbers of 
Samples 
Collected 

Minimum 
Value 
(MPN/100ml)  
 

Maximum 
Value (MPN 
/100ml)  

Geometric  
Mean  
(MPN/100mL 

12/1998  5  100  57,940  8,676 
1/1999  4  10,462  24,192   
2/1999  4  74  241,920   
3/1999  5  100  111,985  1,848 
4/1999  4  7,490  92,080   
5/1999  4  110  141,360   
6/1999  5  52  46,110  417 
7/1999  4  100  241,920   
8/1999  5  410  2,098  808 
9/1999  4  637  24,192   
10/1999  4  187  24,192   
11/1999  5  108  24,192  2,295 
12/1999  4  52  5,794   
1/2000  4  74  24,192   
2/2000  5  10  12,033  928 
3/2000  4  98  24,192   
4/2000  4  121  9,804   
5/2000  4  173  327   
6/2000  4  181  211   
7/2000  4  228  723   
8/2000  6  20  24,192  312 
9/2000  4  379  8,164   
10/2000  4  145  359   
11/2000  5  109  855  210 
12/2000  4  146  536   
1/2001  5  187  24,192  751 
2/2001  4  110  5,172   
3/2001  4  187  19,863  
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Appendix 1 – Fecal Coliform Data for the Santa Ana Delhi Channel Tidal Prism (continued) 
 

Table 3-3 
Summary of Monthly Fecal Coliform at the Santa Ana Delhi Channel at 

Back Bay 1985-2008 
Fecal Coliform 

Month and 
Year 

Number of 
Samples 
Collected 

Minimum 
Value 
(MPN/100ml)  
 
 
 

Maximum 
Value (MPN 
/100ml)  

Geometric 
Mean 
(MPN/100ml) 

4/2001  5  340  3,200  845 

5/2001  4  140  880   

6/2001  4  130  500   

7/2001  5  800  6,600  1,572 

8/2001  4  440  3,200   

9/2001  4  400  3,800   

10/2001  5  870  12,000  2,466 

11/2001  4  12,000  12,000   

12/2001  4  640  12,000   

1/2002  5  180  15,400  629 

2/2002  4  760  2,000   

3/2002  4  130  18,800   

4/2002  5  280  2,200  725 

5/2002  4  400  930   

6/2002  4  340  1,000   

7/2002  5  320  5,000  940 

8/2002  4  400  2,000   

9/2002  5  220  7,600  937 

10/2002  4  570  13,000   

11/2002  4  880  6,000   

12/2002  4  330  2,800   

1/2003  4  200  340   

2/2003  4  70  1,190   

3/2003  4  380  1,010   

4/2003  4  230  800   

5/2003  4  530  3,800   

6/2003  5  220  4,600  1,677 

7/2003  4  600  2,400  
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Appendix 1 – Fecal Coliform Data for the Santa Ana Delhi Channel Tidal Prism (continued) 
 

Table 3-3 
Summary of Monthly Fecal Coliform at the Santa Ana Delhi Channel at 

Back Bay 1985-2008 
Fecal Coliform 

Month and 
Year 

Number of 
Samples 
Collected 

Minimum 
Value 
(MPN/100ml)  
 
 

Maximum 
Value (MPN 
/100ml)  

Geometric 
Mean 
(MPN/100ml) 

8/2003  4  130  7,800   
9/2003  5  10  2,000  284 
10/2003  4  240  460   
11/2003  3  250  1,000   
12/2003  4  120  7,200   
1/2004  4  60  15,000   
2/2004  4  100  4,200   
3/2004  5  140  270  203 
4/2004  4  110  5,600   
5/2004  4  80  270   
6/2004  6  250  1,000  417 
7/2004  4  140  1,000   
8/2004  5  170  5,000  484 
9/2004  4  310  1,000   
10/2004  3  250  7,000   
11/2004  5  430  25,000  3,502 
12/2004  3  240  290   
1/2005  5  260  19,000  1,679 
2/2005  4  570  12,000   
3/2005  3  320  520   
4/2005  2  470  13,000   
5/2005  5  100  760  316 
6/2005  4  140  190   
7/2005  3  420  4,600   
8/2005  3  570  18,000   
9/2005  3  400  1,010   
10/2005  4  390  2,600   
11/2005  4  560  1,170  
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Appendix 1 – Fecal Coliform Data for the Santa Ana Delhi Channel Tidal Prism (continued) 
 

Table 3-3 
Summary of Monthly Fecal Coliform at the Santa Ana Delhi Channel at 

Back Bay 1985-2008 
Fecal Coliform

Month and 
Year 

Number of 
Samples 
Collected 

Minimum 
Value 
(MPN/100ml)  

Maximum 
Value (MPN 
/100ml)  
 
 
 

Geometric
Mean 
(MPN/100ml) 

12/2005  4  250  3,800   

1/2006  5  70  14,000  362 

2/2006  4  130  3,600   

3/2006  4  200  440   

4/2006  4  150  4,600   

5/2006  5  390  15,000  2,215 

6/2006  4  390  2,000   

7/2006  4  510  8,200   

8/2006  4  1,000  2,800   

9/2006  3  900  7,600   

10/2006  5  700  5,000  2,249 

11/2006  3  310  1,030   

12/2006  4  590  21,400   

1/2007  5  210  490  267 

2/2007  4  180  12,000   

3/2007  4  80  17,000   

4/2007  5  50  5,400  478 

5/2007  3  280  530   

6/2007  4  100  1,650   

7/2007  5  240  390  316 

8/2007  4  240  2,200   

9/2007  2  480  4,000   

10/2007  5  290  3,600  1,412 

11/2007  4  380  11,000   

12/2007  4  100  2,000   

1/2008  5  150  18,000  1,265 

2/2008  4  40  720   

3/2008  4  40  270  
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Appendix 1 – Fecal Coliform Data for the Santa Ana Delhi Channel Tidal Prism (continued) 
 
 

Table 3-3 
Summary of Monthly Fecal Coliform at the Santa Ana Delhi Channel at 

Back Bay 1985-2008 
Fecal Coliform 

Month and 
Year 

Number of 
Samples 
Collected 

Minimum 
Value 

(MPN/100ml) 

Maximum 
Value (MPN 

/100ml) 
 
 

Geometric 
Mean 

(MPN/100ml) 

4/2008  4  50  200   

5/2008  4  80  2,000   

6/2008  4  130  2,200   

7/2008  4  120  560   

8/2008  3  190  300   

9/2008  4  100  10,000   

10/2008  4  170  390   

11/2008  3  130  290   

12/2008  5  390  14,000  1,840 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



35 
 

Appendix 2
Monitoring Results for Enterococcus 

Santa Ana-Delhi Channel 
Newport Beach Back Bay at Bicycle Bridge 
Data Provided by: OC Health Care Agency- 

Environmental Health Division 
 

Date Entero-
coccus 

(CFU/100 
mL) 

1/4/2010 70 
1/11/2010 160 
1/25/2010 400 

2/1/2010 400 
2/8/2010 800 

2/16/2010 56 
2/22/2010 8400 

3/1/2010 3200 
3/8/2010 1000 

3/15/2010 120 
3/22/2010 150 
3/29/2010 70 

4/5/2010 208 
4/19/2010 289 
4/26/2010 261 

5/3/2010 98 
5/10/2010 170 
5/17/2010 240 
5/24/2010 150 

6/1/2010 400 
6/7/2010 800 

6/14/2010 240 
6/21/2010 200 
6/28/2010 230 

7/6/2010 1000 
7/12/2010 354 
7/19/2010 2200 
7/26/2010 400 

8/2/2010 190 
8/9/2010 140 

8/16/2010 291 
8/23/2010 96 
8/30/2010 82 

Date Entero-
coccus 

(CFU/100 
mL) 

9/7/2010 400
9/13/2010 60
9/20/2010 2000
9/27/2010 110
10/4/2010 1000

10/12/2010 800
10/18/2010 6800
10/26/2010 1000
11/1/2010 1000
11/8/2010 19000

11/15/2010 198
11/22/2010 2000
11/29/2010 2200
12/6/2010 19000

12/15/2010 1000
12/27/2010 2400

1/4/2011 2000
1/10/2011 180
1/18/2011 42
1/24/2011 64
1/31/2011 12000

2/7/2011 234
2/16/2011 11000
2/23/2011 600

3/1/2011 42
3/8/2011 20

3/14/2011 140
3/23/2011 2000
3/28/2011 <200

4/4/2011 140
4/11/2011 86
4/18/2011 88
4/25/2011 28

Date Entero-
coccus 

(CFU/100 
mL) 

5/2/2011 34 
5/9/2011 78 

5/23/2011 283 
5/31/2011 82 

6/6/2011 110 
6/13/2011 337 
6/20/2011 251 
6/27/2011 220 

7/5/2011 86 
7/11/2011 251 
7/18/2011 64 
7/25/2011 200 

8/1/2011 1000 
8/8/2011 1000 

8/15/2011 400 
8/22/2011 800 
8/29/2011 130 

9/6/2011 140 
9/12/2011 1000 
9/19/2011 600 
9/26/2011 88 

10/11/2011 400 
10/17/2011 66 
10/24/2011 1000 
10/31/2011 800 
11/7/2011 6000 

11/16/2011 1000 
11/21/2011 28600 
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UAA ANALYSIS: 
CUCAMONGA CREEK - REACH 1 

 

1.0 Executive Summary 
 

Cucamonga Creek Reach 1 is a concrete-lined flood control channel that extends from the 
base of the Cucamonga Canyon dam, in the City of Upland, to Hellman Avenue near the 
border between San Bernardino and Riverside counties.  This analysis demonstrates that 
contact and non-contact water recreation uses (REC1 and REC2, respectively) do not 
exist and are not attainable in Reach 1 of Cucamonga Creek because low flow conditions 
and flood control modifications preclude attainment of such uses. 
 
During typical dry weather conditions the upper half of Cucamonga Creek, nearest to 
residential areas, is less than an inch deep.  The only significant source of flow in this 
segment is nuisance urban runoff from nearby landscape irrigation. 
 
The lower half of Cucamonga Creek (south of the Ontario Airport and Highway 60) is 
dominated by commercial/industrial and agricultural land uses.  During dry weather 
conditions, highly treated municipal effluent provides nearly 90% of the stream flow to this 
lower segment.  However, the stream is typically less than 9 inches deep as the water 
spreads across the 75-foot wide concrete channel.  And, dry weather discharges are 
slowly declining as the Inland Empire Utilities Agency continues to implement large-scale 
water conservation and recycled water projects throughout the area. 
 
Public access is prohibited by law and prevented by chain link fencing and locked gates 
throughout the entire 15-mile length of Cucamonga Creek Reach 1.  The vertical or steep 
trapezoidal concrete walls also preclude easy or safe access to the stream. 
 
Extensive photographic evidence, field surveys and interviews of knowledgeable local 
authorities indicates that water recreation (REC1 or REC2) is not occurring and has not 
occurred in the channel.  And, there are no city or county plans to construct recreational 
facilities (e.g. parks or trails) adjacent to the channel. 
 
Analysis of historical water quality monitoring data indicates that the bacterial objectives 
are not being met.  However, recreational uses cannot be attained by imposing more 
stringent effluent limitations or requiring additional Best Management Practices (BMPs) to 
control non-point sources because factors other than water quality will continue to preclude 
such uses.  Therefore, the Cucamonga Creek flood control channel (e.g. Reach 1) should 
not be designated REC1 or REC2 because: 
 
 1)  Natural, ephemeral, intermittent and low flow conditions preclude such uses, 

and. 
 
 2)  Extensive hydrologic flood control modifications preclude such uses and cannot 

be removed or operated in a manner that would allow for safe water recreation. 
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2.0 Segment Description 
 
2.1 Channel Location 

The Cucamonga Creek Watershed is approximately 92 mi²
 
in size.  The watershed 

includes portions of the cities of Chino, Ontario, Rancho Cucamonga, and Upland and 
sections of unincorporated Riverside and San Bernardino Counties (Figure CC-1).   The 
Basin Plan identifies two reaches of Cucamonga Creek (Basin Plan, Chapter 3, Table 3-1).   
 
Cucamonga Creek Reach 1 is approximately 15 miles long.  The Basin Plan defines the 
downstream boundary of Reach 1 as the confluence with Mill Creek1 near Hellman 
Avenue (Figure CC-2).  The upstream boundary of Reach 1 is marked by the Cucamonga 
Canyon Dam located near 23rd Street in the City of Upland.  Reach 1 is tributary to the 
Prado Basin Management Zone and the Middle Santa Ana River. 
 
Lower Deer Creek, West Cucamonga Channel, Upper Deer Canyon Wash, and Demens 
Creek are the main tributaries to Reach 1 of Cucamonga Creek. There are numerous local 
storm drain outfalls discharging runoff into the channel and its tributaries.  This UAA 
addresses Reach 1 of Cucamonga Creek. Neither Reach 2 of the Creek nor tributaries to 
the Creek are addressed in this UAA. 
 

 
Figure CC-1:  Map of Cucamonga Creek Watershed 

  
                                                      
¹ Mill Creek is identified in the Basin Plan as beginning at the downstream end of Cucamonga Creek, where 

the concrete trapezoidal channel transitions to a trapezoidal rip rap channel, just downstream of Hellman 
Avenue, located in unincorporated Riverside County. See Figure CC-2. The area downstream of Hellman 
Avenue is in the Prado Basin Management Zone.    
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Figure CC-2:   Mill Creek at Hellman Ave. in the Prado Basin Management Zone, looking 
downstream.  Cucamonga Creek becomes known as Mill Creek at this point. 
 
 
2.2 Proximate Land Uses 
 
The Reach 1 watershed drains 55,456 acres composed of agricultural, residential, urban 
and industrial land uses.2  The upper half of Reach 1, in the Cities of Ontario, Rancho 
Cucamonga, and Upland, is predominantly urban and includes a mix of residential, 
commercial, transportation, industrial and public service land uses.  The lower part of 
Reach 1 is slowly transitioning to more urban land uses as development encroaches on 
this largely agricultural area of the watershed (Figure CC-3).  Land uses adjacent to Reach 
1 are summarized in Table CC-1. 
 
  

                                                      
2 San Bernardino County.  CBRP;  Dec., 2010;  see Table 3-1 on pg. 3-6. 
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Figure CC-3:  Land Use with the Cucamonga Creek Drainage Area 

 
 
 

Table CC-1:  Summary of Land Uses Adjacent to Cucamonga Creek Reach 1  
 

Land Use Linear Feet % of Channel 
Length 

Agriculture 25,157 59% 
Commercial, Institutional, Industrial, Mixed 12,666 30% 
Residential 4,842 11% 
Parks and Recreation 0 0% 

TOTAL 42,665 100% 
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2.3 Channel Characteristics  
 
Reach 1 of Cucamonga Creek is fully concrete lined throughout its entire 15 mile length.  
The upper 11 miles of Reach 1 is a box channel with vertical walls ranging from 12-15 feet 
high (Figure CC-4).  A short section (<½-mile) of Reach 1 passes in a tunnel beneath the 
Ontario Airport.  The channel varies from approximately 25 feet wide at the uppermost end 
of Reach 1 to nearly 75 feet wide south of the Airport and the 60 Freeway (Figure CC-5). 
 

 
Figure CC-4:  The upstream boundary of Reach 1, near Cucamonga Canyon Dam. 

 

 
Figure CC-5:   Mid-point of Cucamonga Creek, Reach 1.  Treated effluent is contained by a 
berm to the right side of channel while dry weather runoff from the surrounding areas flows on the 
left side of the channel.   
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The lower 4 miles of Reach 1 is a trapezoidal channel with a 2:1 side-slope.  The bottom 
width ranges between 70-80 feet in this section of Reach 1 (Figure CC-6).  The channel 
characteristics of Reach 1 are summarized in Table CC-2.   
 

 
 
Figure CC-6:  Cucamonga Creek -  Reach 1 at Hellman Avenue.  This trapezoidal walled 
section of the channel stretches from this location to the confluence with Deer Creek four miles 
upstream. 
 

Table CC-2:  Channel Characteristics of Cucamonga Creek - Reach 1 
 

Segment Description 

UPPER:  Cucamonga Canon Dam to a 
point approximately 750 ft. downstream of 
confluence with Deer Creek Channel  
(approx.. 11 miles) 

Vertical walls (approximately 12-15 ft. in 
height), fully concrete-lined; bottom width of 
25-75 ft. with low flow channel in some 
sections. 

LOWER:  Confluence with Deer Creek to 
confluence with Mill Creek near Hellman 
Ave. (approx.. 4 miles) 

Trapezoidal, fully concrete-lined; side slope 
(2:1); bottom width of 70 to 78 ft. with low 
flow channel 
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The Riverside County Flood Control and Water Conservation District and the San 
Bernardino County Flood Control District, which own and manage the channel in Reach 1, 
prohibit public access into the channel.  As a result, the entire length of Reach 1 is fenced 
with locked gates and posted to keep individuals out of the channel (see Figure CC-7).  
 
 

 
 

Figure CC-7:  Cucamonga Creek-Reach 1 near Baseline St. in City of Rancho Cucamonga 
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2.4 Regulatory Status 
 
2.4.1 Beneficial Use Designations 

Table 3-1 of the Basin Plan3 identifies the following designated beneficial uses for Reach 1 
of Cucamonga Creek: 

• WILD (Wildlife Habitat):   waters support wildlife habitats that may include, but are 
not limited to, preservation and enhancement of aquatic habitats, vegetation, fish 
and wildlife, including invertebrates.  

 
• LWRM (Limited Warm Freshwater Habitat):  waters support freshwater ecosystems 

which are severely limited in diversity and abundance as a result of concrete-lined 
watercourses and low, shallow dry weather flows which result in extreme 
temperature, pH and/or dissolved oxygen conditions.  Naturally reproducing finfish 
populations are not expected to occur in LWRM waters. 

 
• GWR (Groundwater Recharge):  waters are used for natural or artificial recharge of 

groundwater for purposes that may include, but are not limited to, future extraction, 
maintaining water quality or halting saltwater intrusion into freshwater aquifers. 

 
• MUN+ (Municipal and Domestic Supply): MUN is not an existing use and cannot be 

feasibly attained. An exception from the MUN designation is appropriate pursuant to 
the Sources of Drinking Water Policy.  The channel has been heavily modified to 
convey storm water runoff from the urbanized watershed and dry weather flows are 
dominated by wastewater effluent. Therefore, in accordance with the statewide 
Sources of Drinking Water Policy, the Regional Board removed the MUN 
designation from Reach 1 in 1989. 

 
• REC-1 (Water Contact Recreation):  waters are used for recreational activities 

involving body contact with water where ingestion of water is reasonably possible.  
These uses may include, but are not limited to, swimming, wading, water-skiing, 
skin and scuba diving, surfing, whitewater activities, fishing and use of natural hot 
springs. 

 
• REC-2 (Non-Contact Recreation):  waters are used for recreational activities 

involving proximity to water, but not normally involving body contact with water 
where ingestion of water would be reasonably possible.  These uses may include, 
but are not limited to: picnicking, sunbathing, hiking, beachcombing, camping, 
boating, tidepool and marine life study, hunting, sightseeing and aesthetic 
enjoyment in conjunctions with the above activities. 

 
The purpose of this Use Attainability Analysis (UAA) is to determine whether or not the 
REC1 and/or REC2 uses are, in fact, achievable in Reach 1 of Cucamonga Creek. 
  

                                                      
3 Water Quality Control Plan - Santa Ana River Basin (8).   Updated Feb., 2008 @ pg. 3-30. 
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2.4.2 303(d) Listings and Total Maximum Daily Loads (TMDLs) 
 
Reach 1 of Cucamonga Creek is presently on California's 303(d) list of impaired waters 
due to elevated fecal coliform levels.  The Santa Ana Regional Water Quality Control 
Board adopted Total Maximum Daily Loads (TMDLs) for the Middle Santa Ana River 
(MSAR) Watershed, including Cucamonga Creek, for both fecal coliform and E. coli 
bacteria in 2005.4  Applicable wasteload and load allocations are shown in Table CC-3. 
 
 

Table CC-3:  TMDL, Wasteload Allocations and Load Allocations for Pathogen 
Indicator Bacteria in Cucamonga Creek during Dry and Wet Conditions.5 

 

 
 
 
The Regional Board regulates bacteria discharges to Cucamonga Creek through several 
different NPDES permits.  A summary of significant regulatory actions is provided in Table 
CC-4. 
 
Municipal effluent discharged to Reach 1 by Inland Empire Utilities Agency (IEUA) is 
governed by effluent limits requiring filtration and disinfection in accordance with Title-22.6  
As such, the total coliform concentration in this recycled water discharge is consistently 
less than 2 cfu per 100 mL and is not a significant source of bacteria loads to Cucamonga 
Creek. 
  
                                                      
4 Resolution No. R8-2005-0001.  Middle Santa Ana River Watershed Bacteria Indicator TMDLs. 
5 Reprinted from Table 5-9x on pg. 4 of 15 in Attachment to Resolution No. R8-2005-0001. 
6 NPDES No. CA8000409  (R8-2009-0021)  
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Pathogen indicator bacteria from local dairies is governed by effluent limits in the 
Concentrated Animal Feeding Operation (CAFO) permit.7  This permit prohibits the dairies 
from discharging to Cucamonga Creek during all dry weather and most wet weather 
conditions (up to and including a 25-year, 24-hour precipitation event).  In addition, any 
discharge that does occur must comply with the previously adopted wasteload allocation 
for pathogen indicator bacteria. See Table CC-3. 
 
The discharge of pathogen indicator bacteria in urban runoff to Cucamonga Creek is 
governed by effluent limits in the Area-wide Municipal Separate Stormwater System (MS4) 
permits.8  The permits require MS4 agencies to develop and implement Best Management 
Practices (BMPs) designed to achieve compliance with the adopted wasteload allocations 
by December, 2015 for dry weather conditions and by December, 2025 for wet weather 
conditions. In response to these requirements, both counties developed an Urban Source 
Evaluation Monitoring Plan (USEP) and Comprehensive Bacteria Reduction Plans 
(CBRP). The Regional Board approved the USEP in 20079 , and the CBRPs in early 
2012.10  The MS4 permittees are actively implementing these plans.  A more detailed 
discussion of these efforts will be provided in Section 5 of this report.  
 
Table CC4: Summary of Significant Regulatory Actions Related to Controlling 

Pathogen Indicator Bacteria Discharges in Cucamonga Creek. 
 

Date Regulatory Action 
1998 Cucamonga Creek added to the 303(d) list for pathogen impairment. 

July, 2002 Regional Board prioritizes need to update Recreational Standards as 
part of the Triennial Review Process 

Aug., 2003 Regional Board authorizes staff to participate in the Storm Water 
Quality Standards Task Force. 

Dec., 2004 Regional Board approves MSAR TMDL for pathogen indicator 
bacteria. 

May, 2005 State Board approves MSAR TMDL for pathogen indicator bacteria. 
Sept., 2005 U.S. EPA approves MSAR TMDL for pathogen indicator bacteria. 
June, 2007 Regional Board approves Urban Source Evaluation Plan (USEP) 
Jan., 2010 Regional Board adopts new MS4 permits requiring compliance with 

the WLA for pathogen indicator bacteria 
Feb., 2012 Regional Board approves the Comprehensive Bacteria Reduction 

Plans (CBRP) submitted by the MS4 permittees. 
June, 2012 Regional Board amends Basin Plan to establish E. coli objectives, 

enact a high flow suspension, and reclassify Cucamonga Creek 
(pending final State and EPA approval). 

June, 2013 Regional Board adopts new CAFO permit prohibiting dry weather 
discharge and requiring compliance with WLA for pathogen indicator 
bacteria during wet weather. 

  
                                                      
7 NPDES No. CAG018001  (R8-2013-0001)  replaced R8-2007-0001 on June 7, 2013. 
8 NPDES No. CAS618036 in San Bernardino County and NPDES No. CAS618033 in Riverside County. 
9 R8-2007-0046 
10 R8-2012-0015 
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3.0 Use Attainability Analysis - Factors Analysis 
 
 
3.1 Federal Regulatory Requirements - UAAs 
 
Section 101(a)(2) of the CWA states that “it is the national goal that wherever attainable, 
an interim goal of water quality which provides for the protection and propagation of fish, 
shellfish, and wildlife and provides for recreation in and on the water be achieved by July 
1, 1983”.  The CWA and implementing federal regulations provide special protection for 
these “fishable/swimmable” uses by establishing a rebuttable presumption that all surface 
waters should support these uses and must be so designated. 
 
A state may elect not to designate certain waterbodies to protect water contact recreation 
only after conducting a Use Attainability Analysis (UAA)11 and demonstrating that attaining 
the use is not feasible based on one or more of the following six factors:12  
 

1. Naturally occurring pollutant concentrations prevent the attainment of the 
use; or  

2. Natural, ephemeral,,intermittent or low flow conditions or water levels prevent 
the attainment of the use, unless these conditions may be compensated for 
by the discharge of sufficient volume of effluent discharges without violating 
State water conservation requirements to enable uses to be met; or 

3. Human caused conditions or sources of pollution prevent the attainment of 
the use and cannot be remedied or would cause more environmental 
damage to correct than to leave in place; or  

4. Dams, diversions or other types of hydrologic modifications preclude the 
attainment of the use, and it is not feasible to restore the water body to its 
original condition or to operate such modifications in a way that would result 
in the attainment of the use; or 

5. Physical conditions related to the natural features of the water body, such as 
the lack of a proper substrate, cover, flow, depth, pools, riffles, and the like, 
unrelated to water quality, preclude attainment of aquatic life protection uses: 
or  

6. Controls more stringent than those required by sections 301 (b) (Effluent 
Limitations) and 306 (National Standards of Performance) of the Act would 
result in substantial and widespread economic and social impact.   

 
Federal regulations13 prohibit States from removing designated uses if: 
 

1. They are existing uses, as defined in 40 CFR 131.3, unless a use requiring more 
stringent criteria is added; or 

  
                                                      
11 40 CFR 131.10(j) 
12 40 CFR 131.10(g) 
13 40 CFR 131.10(h) 
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2. Such uses will be attained by implementing effluent limits required under sections 
301 (b) and 306 of the Act and by implementing cost-effective and reasonable best 
management practices for nonpoint source control.  

 
"Existing uses” are those uses actually attained in the water body on or after November 
28, 1975 (the date of USEPA’s initial water quality standards regulation became effective), 
whether or not they are included in the water quality standards.14 Guidance provided by 
USEPA in 1985 indicates that an “existing” primary contact recreational use15  can be 
established by demonstrating that swimming has actually occurred since November 28, 
1975, or that the water quality is suitable to allow such uses to occur, unless there are 
physical problems that prevent the use regardless of water quality.16   
 
Suitable water quality is demonstrated by consistent, not merely sporadic, attainment of 
applicable water quality objectives. More recent USEPA guidance states that EPA 
considers an “existing” use to mean the use and water quality necessary to support the 
use that have been achieved in the waterbody on or after November 28, 1975.17  USEPA 
states that: “It is appropriate to describe the existing uses of a waterbody in terms of both 
actual use and water quality because doing so provides the most comprehensive means of 
describing the baseline conditions that must be protected.” 
 
USEPA has indicated that where there is very limited actual primary contact use and the 
physical and/or water quality characteristics of the water body do not and are not likely to 
support that use, then it would be appropriate to conclude the primary contact recreation is 
not an “existing” use.18  In making such determinations, federal guidance recommends that 
states should consider a suite of factors such as the actual use (present and historic), 
existing water quality, potential water quality conditions, access, recreational facilities, 
location (e.g.,  proximity to suitable recreational alternatives), safety considerations, as well 
as the physical conditions of the water body.19  However, states are not required to 
evaluate all six factors identified in 40 CFR 131.10(g) as part of every UAA. 
 
Reach 1 of Cucamonga Creek is incapable of supporting water contact recreation 
because: 
 

Natural, ephemeral intermittent or low flow conditions or water levels prevent 
the attainment of the use (see Section 3.2), and...  
 
Dams, diversions or other types of hydrologic modifications preclude the 
attainment of the use, and it is not feasible to restore the water body to its 
original condition or to operate such modifications in a way that would result 
in the attainment of the use (see Section 3.3). 

  
                                                      
14 40 CFR 131.3 
15 “Primary contact” recreation is equivalent to California’s REC1 (water contact recreation) beneficial use 
16 USEPA. Questions & Answers on Antidegradation, August 1985. 
17 USEPA, Letter w/attachment from Denise Keehner (Director, Standards and Health Protection Division) to 

Derek Smithee, State of Oklahoma, September 5, 2008. 
18 USEPA.  63 FR 36752 (July 7, 1998) 
19 USEPA.  63 FR 36756 (July 7, 1998) 
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3.2 Natural, Ephemeral, Intermittent and Low Flows Preclude Recreational Uses 
 

As with the other waters in the Santa Ana Region for which UAA results are being 
considered, dry weather flow is the predominant flow condition in Cucamonga Creek.  The 
dry weather flows in Reach 1 are a combination of nuisance flows from the urban and 
agricultural land uses tributary to the Creek and treated effluent discharged to Reach 1 by 
the IEUA's two regional wastewater treatment facilities (RP-1 and RP-4). 
 
Precipitation-derived runoff typically occurs for only relatively short episodic periods during 
and immediately after rainfall events in the watershed. As is typical of this area, rainfall 
events almost always occur in the wet season (mid-October through Mid-April) and 
generally effect stream flows on fewer than 14 days/year. 
 
Depending on the magnitude of nuisance runoff and effluent discharges, dry weather flows 
in the channel may be limited to part of the width of the channel (see Figure CC-8) or 
extend across its entire width (see Figure CC-9). 
 
 

 
 

Figure CC-8:  Cucamonga Creek upstream of Hellman Ave. 
during typical dry weather conditions  (Feb. 10, 2011) 
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Figure CC-9:  Cucamonga Creek at Hellman Avenue Looking Upstream. 
 
 
3.2.1 Methods and Fieldwork 
 
Two methods were used to evaluate flow depths in Cucamonga Creek:  engineering 
estimates based on gauge data and direct stream measurements collected during the UAA 
technical investigation.  
 
There is a USGS flow gauge located in Cucamonga Creek at Merrill Avenue.  This gauge 
is just downstream of the confluence with the Lower Deer Creek Channel and measures 
flows from 95% of the entire drainage area to of Reach 1 of Cucamonga Creek.  CDM 
developed a rating curve to translate continuous flow data from the USGS gauge into an 
engineering estimate of stream depth.  
 
Direct depth measurements were obtained by CDM staff and Regional Board staff during 
separate field surveys.  The engineering estimates and field measurements were further 
corroborated by subjective depth assessments reported each time CDM staff visited the 
site to perform maintenance on the video cameras that had been installed to capture any 
potential recreational activity in the concrete channel. 
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3.2.2 Findings and Conclusions 
 
The average dry weather flow in Cucamonga Creek is approximately 31 cfs at the USGS 
gauging location.  And, 87% of this baseflow (27 cfs) is comprised of high quality recycled 
water discharged by IEUA's treatment plants a few miles upstream.20  Figure CC-10 
presents a hydrograph of mean daily flow data from 1988-2008. 
 
 

 
 

Figure CC-10:  Flow Duration Curve for the Cucamonga Channel (1988-2008) 
 
 
Based on the historical flow gauge data (1998-2008), the stream was less than 1 foot 
deep, at its deepest point, more than 98% of time (see Figure CC-11).   
 
 CDM's engineering estimates are consistent with the actual depth measurements 
collected by Regional Board staff.  For example, on February 10, 2011, during a typical dry 
weather period, stream flow in lower Cucamonga Creek was approximately 5 cfs and 
extended across ¾ of the channel bottom.  At this time, the Regional Board staff measured 
the stream and found it to be 5 inches deep at mid-channel (see Figure CC-12).  The most 
upstream sections of Cucamonga Creek (above the wastewater outfalls) were observed to 
be dry. 
  

                                                      
20 County of San Bernardino.  CBRP;  Dec., 2010;  see Table 6-2 on page 6-6. 
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Figure CC-11:  Channel Depth Curve for the Cucamonga Creek (1988-2008) 

 

 
 

Fig. CC-12:  Cucamonga Creek at Hellman Ave.  Field Survey Showing Flow Depth <6" 
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The stream depths calculated by CDM and measured by Regional Board staff were 
consistent with those observed during prior site visits.  In July and August of 2006, during a 
routine site-visit by members of the Storm Water Quality Standards Task Force, stream 
flow in Cucamonga Creek was estimated to range between "ankle-deep" and "mid-calf 
deep" at Hellman Ave. 
 
Similarly, in the 15-month period between July of 2005 and October of 2006, CDM staff 
made 56 visual observations of stream flow in Cucamonga Creek at Hellman Ave.  The 
vast majority of these assessments ranged between 6" and 12" deep.  A few estimates, 
particularly during the wet winter of 2006, fell between 1' and 2' deep.21 
 
Cucamonga Creek is a naturally ephemeral stream.  During dry weather conditions, it 
would normally dry up completely were it not for the discharge of treated wastewater.  The 
upper half of Cucamonga Creek rarely has more than an inch or two of sheet flow present 
in the channel.  The lower half of Cucamonga Creek is usually less than12" deep even 
with the discharge of large volumes of recycled water.  Therefore, Reach 1 of Cucamonga 
Creek is too shallow to support swimming or other forms of primary contact recreation in 
the stream.22  
 
There are no sources of additional effluent discharges that could be used to augment the 
flows in Reach 1 and thereby enable the REC1 use to be met. As noted, some highly 
treated effluent is already discharged to Reach 1; other effluent produced at the IEUA 
Regional Plants is used for water recycling.  The long-term trend is toward less discharge 
of reclaimed water as IEUA implements programs designed to conform with the State 
Board’s “Policy for Water Quality Control for Recycled Water.” 
 
Based on the preceding stream depth data, Regional Board staff has concluded that the 
natural, ephemeral, intermittent and low flow conditions preclude attainment of water 
contact recreation in Reach 1 of Cucamonga Creek.  Therefore, this stream segment 
should not be designated for REC1 in Table 3-1 of the Santa Ana Basin Plan. 
 
3.3 Dams, Diversions and Hydrologic Modifications Preclude Recreational Uses 
 
Wet weather flows can be quite large and destructive in Cucamonga Creek.  Historical 
flood accounts indicate that Cucamonga Creek has changed its course, causing significant 
damage to commercial, residential and agricultural areas, as well as to transportation (road 
and railroads) and utility facilities. The largest flood on record occurred in March of 1938.  
During that flood, the estimated peak discharge for Cucamonga creek was 10,300 cfs.  
Consequently, Reach 1 of Cucamonga Creek has been heavily modified to provide greater 
flood protection. 
  

                                                      
21 CDM.  Stormwater Quality Standards Study - Recreational Use Survey Weekly Data Collection Forms.  

Cucamonga @ Hellman Upstream for the period from July 16, 2005 - Nov. 4, 2006. 
22  Federal Cooperative Instream Flow Service Group (members include:  U.S. Fish & Wildlife Service, U.S. 

EPA, U.S. Heritage Conservation and Recreation Service, & U.S. Bureau of Reclamation).  Methods of 
Assessing Instream Flows for Recreation.  FWS/OBS-78/34  (June, 1978) pg. A-7. 
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3.3.1  Methods and Fieldwork  
 
The hydrological modifications made to Reach 1 of Cucamonga Creek were evaluated 
using both field surveys and aerial imagery.  Regional Board staff has visited a number of 
sites throughout Cucamonga Creek to confirm the findings and conclusions presented 
below. 
 
3.3.2 Findings and Conclusions 
 
Cucamonga Creek is a concrete-lined and fenced channel throughout the entire 15 mile 
length of Reach 1 (see Figure CC-13 and Figure CC-14).  Access is further restricted by 
locked gates at all of the entry points used for flood control maintenance. 
 
 

 
 

Figure CC-13:  Chainlink Fences and Locked Gates Prevent Access to Cucamonga Creek 
 
 

For the first 11 miles, the channel is confined by vertical concrete walls that are 12-15 feet 
high (see Figure CC-15).  In the final 4 miles, the channel walls are trapezoidal with a 
steep, 2:1 side-slope (see Figure CC-16). 
  



23 

 
Figure CC-14:  Hydrological Modifications in Cucamonga Creek - Reach 1 
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Figure CC-15:  Cucamonga Creek South of Highway 60 and the Ontario Airport 
 
 

 
Figure CC-16:  Cucamonga Creek Near Confluence with Deer Creek (June, 2009) 
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Several large percolation ponds have been built along Cucamonga Creek (see Figure CC-
17 and Figure CC-18).  These basins are used to improve groundwater storage by 
intercepting and recharging urban runoff during both wet and dry weather conditions.  The 
dams and diversion structures prevent pollutants from reaching the creek but also reduce 
stream flows below levels normally considered conducive to water contact recreation. 
 

 

Figure CC-17:  Percolation Ponds at the Upstream Boundary of Cucamonga Creek Reach 1 
 
 

 

Figure. CC-18:  Groundwater Recharge Basins North of Ontario Airport  
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Gaining access to Cucamonga Creek is extremely difficult in the upper section of Reach-1 
because one must scale the fence and rappel down the vertical walls before being able to 
make any water contact.  Further,  at these locations, the stream flow is usually only an 
inch or two deep.  Access is not much easier in the trapezoidal section.  Those intent on 
water recreation are far more likely to choose the nearby Santa Ana River with its 
attractive natural stream banks and absence of restrictive fencing (see Figure CC-19). 
 
 

 

Figure CC-19:  Recreation in Reach 3 of Santa Ana River 
(Location is approximately 3 miles from Cucamonga Creek) 

 
Given the existing level of development in the vicinity of the channel and rapid 
urbanization, there is an ongoing and increasing need to provide flood protection. 
Therefore, it is not feasible to restore the channel to its original condition or to operate the 
channel so as to attain the REC 1 use. 
 
Regional Board staff has concluded that the dams, diversions and other hydrologic 
modifications installed to provide flood control protection and/or enhance groundwater 
recharge, coupled with the predominant, low flow conditions preclude attainment of water 
contact recreation in Reach 1 of Cucamonga Creek.  Therefore, this stream segment 
should not be designated for REC1 in Table 3-1 of the Santa Ana Basin Plan. 
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3.4 REC-2 Designation 
 
The CWA and federal regulations establish a legal presumption that all surface waters of 
the U.S. are capable of supporting recreation "in or on the water" unless a UAA 
demonstrates otherwise.  In California, such water contact recreation is considered a 
"REC-1" beneficial use.  Non-Contact Recreation, which occurs near but not in or on the 
water, is categorized as a "REC-2" use.  A UAA is not required to remove a REC-2 use.  
Nevertheless, many of the same factors that preclude primary contact recreation also 
inhibit non-contact recreation in Cucamonga Creek. 
 
REC-2 use designations are intended to protect activities such as:  beachcombing, 
tidepool watching, picnicking, wildlife viewing and similar recreational pursuits that benefit 
from being in close proximity to water.  Reach-1 of Cucamonga Creek is a concrete-lined 
flood control channel that is protected by chain-link throughout its entire length.  As such, it 
offers little aesthetic appeal or recreational opportunity.   
 
In addition, during the dry weather conditions where people are most likely to engage in 
outdoor recreation, there is very little natural flow in Cucamonga Creek.  This is particularly 
true in the upper half of Reach-1 above the IEUA outfall where highly treated municipal 
effluent enters the channel.  The lack of reliable perennial flow severely restricts the 
availability of suitable habitat to support fish and wildlife.  Consequently, Cucamonga 
Creek offers no real opportunity to participate in the sort of activities envisioned under the 
REC-2 designation.  The bicycle trail that parallels the uppermost four miles of Reach-1 is 
rarely used and has fallen into disrepair. 
 
Further downstream, the concrete-lining precludes the development of suitable habitat 
conditions despite the presence of perennial flows provided by high quality recycled water 
discharged by IEUA (see Figure CC-20).  There is not much to see or do along this 
downstream segment of Reach-1 and the County has abandoned its prior (1975) plans to 
extend the bicycle path along the entire length of Cucamonga Creek. 

 
Figure CC-20:  Cucamonga Creek downstream of RP1 Near Confluence with Deer Creek.  
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Unlike Temescal Creek - Reach 1a and Santa Ana Delhi - Reach 2, the video surveillance 
program (described below) revealed no evidence of any non-contact recreation (jogging, 
biking, dog-walking, etc.) in or near the Cucamonga Creek.  In fact, the only people that 
were ever observed in the channel were staff from the flood control district engaged in 
routine maintenance activities (see Figure CC-21).  Therefore, Board staff recommends 
that the REC2 designation be deleted from the Basin Plan for Reach 1 of Cucamonga 
Creek. 
 
 

4.0 Existing Use Analysis 
 

 
As noted in Section 3.1, states may not remove the recreational use designation if it is an 
"existing use."  Nor can recreational uses be de-designated if such uses will be attained by 
implementing effluent limits required under sections 301(b) and 306 of the Clean Water Act 
and by implementing cost-effective and reasonable Best Management Practices for non-
point source control.23  A formal analysis was conducted to evaluate both these conditions. 
 
This section provides information on current, historical, and probable future recreational 
activity in Reach 1 of Cucamonga Creek.  This analysis consisted of numerous site visits 
by Regional Board and CDM staff, extensive digital photo REC surveys, on-site field 
surveys, interviews of San Bernardino County Flood Control District staff, Park Rangers 
and an analysis of all representative and reliable water quality data.  
 

4.1 Evaluation of Actual Recreational Activities  
 

4.1.1 Photo Reconnaissance Survey 
 
Recreational use surveys were performed by CDM at three locations on Reach 1 of 
Cucamonga Creek. Two sites were surveyed from July 2005 through November 2006. The 
third site was surveyed from October 2007 through October 2008. The three sites are: 
 

• Cucamonga Creek facing upstream at Hellman Avenue (2005-2006) 

• Cucamonga Creek facing downstream at Hellman Avenue (2005-2006) 

• Cucamonga Creek at Regional Plant #1 facing upstream (2007-2008) 
 

It should be noted that the reach of Cucamonga Creek downstream of Hellman Avenue is 
not included in recommendations for changes to water quality standards based on this 
UAA analysis. The survey at this location (facing downstream at Hellman Avenue) was 
conducted to provide basic information regarding recreational activity, if any, in the area 
and to assess whether any such activity might affect recreational use upstream in Reach 1 
in the vicinity of Hellman Avenue.  
  

                                                      
23 40 CFR 131.10(h) 
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Digital field observation cameras and data transfer technology, coupled with weekly on-
location physical surveys to check the camera equipment were used to collect the data.  A 
representative photo depicting the upstream camera view at Hellman Ave. is provided in 
Figure CC-9 (above).  A representative photo depicting the camera view at Regional Plant 
#1 (RP1) is provided in Figure CC-15 (above).  A representative photo depicting the 
downstream camera view at Hellman Ave. is provided in Figure CC-21 (below).  Survey 
results for all three locations are summarized in Table CC-5. 
 

 

Figure CC-21:  Cucamonga Creek at Hellman Avenue Looking Downstream 

 
 

Table CC-5:  Summary of Photo Surveys in Cucamonga Creek 
 

Camera 
Location 

Survey 
Dates 

Total # of 
Images 

Images w/ 
Water Contact 

Hellman - Upstream 11/1/2005 - 11/1/2006 2,546 1 
Hellman - Downstream* 7/26/2005 - 11/1/2006 17,678 35 
Regional Plant #1 10/2/2007 - 10/10/2008 27,122 0 

* Note:  locations downstream of Hellman Ave. are not part of Reach-1 and will 
continue to be designated REC-1 in the Basin Plan. 
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The cameras were programmed to collect one picture every 15 minutes during daylight 
hours.   Signal fluctuations and equipment failures sometimes limited the actual number of 
photos collected.  However, the cameras generated a minimum of at least 200 images per 
month and this was deemed to be sufficient to provide a representative survey sample for 
potential water contact recreation in Cucamonga Creek. 
 
Any image containing a person or persons with channel fencing or boundaries was 
considered a "potential" recreation event and evaluated more closely.  In most cases, 
subsequent investigation confirmed that the persons seen in the pictures were performing 
routine maintenance for the flood control district.  This was true for the one picture from the 
Hellman-Upstream camera showing water contact (see Figure CC-22). 
 
 

 

Fig. CC-22:  Maintenance Workers in Cucamonga Creek, Upstream of Hellman Ave. 

Many of the pictures showing water contact downstream of Hellman Avenue were also 
determined to be county personnel collecting water quality samples (see Figure CC-23).  
However, there were also some photos of actual recreation at this location (see Figure CC-
24).  Overall, the photographic survey indicated that no water contact recreation activity of 
any kind was occurring in Reach 1 of Cucamonga Creek.  This is the concrete-lined 
segment above Hellman Ave.  There is evidence of water contact recreation in the more 
natural section of Cucamonga Creek below Hellman Ave (and outside of Reach 1).  
Consequently, this segment should continue to be designated REC-1 in the Basin Plan. 
  

  
 

   
 

  



31 

 
Fig. CC-23:  Water Quality Sampling in Cucamonga Creek, Downstream of Hellman Ave. 

 
 

 
Fig. CC-24:  Horseback Riding in Cucamonga Creek, Downstream of Hellman Ave. 
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4.1.2 Field Surveys 
 
Between July of 2005 and November of 2006, CDM staff made a total of 62 site visits to 
install, service or remove the surveillance cameras located at Hellman Ave.  These visits 
took place at various times during the day and CDM staff kept a written log of each visit.  
They noted that no water contact recreation of any kind was observed above or below 
Hellman Avenue during any of the site visits.  They also estimated water depth, which 
ranged between six inches and18 inches feet deep. 

In addition to the weekly physical surveys associated with maintenance of the digital 
cameras, Task Force members visited Cucamonga Creek at Hellman Avenue on six 
weekends in July and August 2006.  Task Force members were asked to stay at the 
location for half an hour and record what recreational activities they observed. No people 
were observed in the channel during the time Task Force members visited the site. The 
Task Force members described the water depth as ankle deep or less.  Regional Board 
staff taking part in the survey noted that the extreme heat, lack of shade, shallow flows 
over a concrete bottom and swarms of flies all contributed to poor conditions for water 
contact or non-contact recreation. 

In the summer and early fall of 2011 Task Force members again visited Cucamonga Creek 
Reach 1 on four weekends to assess whether conditions had changed at the site and 
whether there was new evidence of recreational activity.  This time Task Force members 
were encouraged to visit several locations in Reach 1. It was noted that the upper section 
of the channel was either completely dry or had only trickle flows while the lower sections 
of the channel carried treated effluent, resulting in shallow, ankle-deep flows.  There was 
no evidence of either REC1 or REC2 activity.  The channel remains entirely fenced, and 
access gates were locked.  A bicycle trail follows the channel in the most upstream four 
mile section of Reach 1, but the trail appears lightly used and in disrepair. 

 

4.1.3 Other Evidence of Historical Recreational Use in Reach 1 

To collect information regarding historical recreational use, inquiries to local jurisdictional 
agencies, online searches of California newspaper archives, databases (engineering and 
environmental trade journals), and search engines such as Google News archive and 
Lexis-Nexis were conducted to identify any accounts or reference to recreational activities 
in the creek. No historical use information was identified from these searches. 

SBCFCD staff who conduct maintenance activities in the channel have reported to 
Regional Board staff that they have seen no one in any segment of Reach 1.  In addition, 
the City of Ontario Fire Department has reported to Regional Board staff that the swift 
water rescue devices in the channel have not been used for a rescue in at least ten years.  
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4.1.4 Probable Future Use  

Information regarding potential future recreational uses for Reach 1 of Cucamonga Creek 
was obtained through discussions with local agencies and review of relevant master plans.  
SBCFCD provided the Recreation Master Plan for Cucamonga Creek and Tributaries, 
Feature Design Memorandum No. 3.24 This document describes concept plans for bicycle, 
equestrian, and hiking trails along the creek. Bicycle trails were planned for the eastern 
side of the creek; equestrian/hiking trails were planned for the western side of the creek. 
The design memorandum indicated that if funding were available in fiscal year 1975, 
construction of equestrian, hiking, and bicycle trails would occur adjacent to Cucamonga 
Creek from the Lower Deer Creek confluence to Hellman Avenue. This plan was never 
implemented.  Based on discussions with City of Ontario and San Bernardino County 
Regional Parks Department, there are no current plans for development of future 
recreational uses for this reach of Cucamonga Creek.25 

In 2011, Task Force members had further discussions with City of Ontario, Rancho 
Cucamonga, and County staff concerning recreational plans for Cucamonga Creek. The 
city of Ontario and county staff indicated that there were still no plans for development of 
recreational facilities for Reach 1 of Cucamonga Creek. City of Rancho Cucamonga staff 
indicated that there were no plans to extend the existing bicycle trail located alongside the 
most upstream section of the channel beyond its current four mile length.  

In addition to inquiries with local jurisdictional agencies, online searches of California 
newspaper archives, databases (engineering and environmental trade journals), and 
search engines such as Google News archive and Lexis-Nexis were conducted to identify 
any accounts or reference to future recreational activities in the channel. No potential 
probable future recreational uses were identified from this search. 

4.1.5 Summary – Evidence of Past, Present or Probable Future Recreational Use 
 
In summary, neither the intensive photographic surveys nor the field surveys showed any 
evidence of current REC1 use in Reach 1 of Cucamonga Creek.  Further, there is no 
evidence of historic or reasonably probable future REC1 use in Reach 1 of the creek. 

The lack of REC1 use is a reflection of the various characteristics of Reach 1, including: 
vertical or trapezoidal walls, concrete-lining, and chain-link fencing along the entire length 
and both sides of the channel.  These channel characteristics make access difficult and 
dangerous.  In addition, the low flow conditions that predominate on most days make water 
contact recreation highly unlikely in Cucamonga Creek. 

  

                                                      
24 U.S. Army Engineer District, Los Angeles, Corps of Engineers.  Recreation Master Plan for Cucamonga 

Creek and Tributaries, Feature Design memorandum No. 3, March 1974. 
25 Communication with Steve Wilson, NPDES Coordinator, Water/Wastewater Engineer, City of Ontario, 

August 12, 2009; and Jim Canaday, Planner III, San Bernardino County Regional Parks Department, 
September 17, 2009 
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Much of the channel is adjacent to agricultural and commercial/industrial land uses.  These 
land uses are not conducive to recreational activity in or near the channel.  Residential 
land use is more common in the upper areas adjacent to Reach 1; however, there is 
virtually no dry weather flow in this segment because recycled water is discharged much 
further downstream from these residential neighborhoods. 

The REC-1 use cannot be attained by imposing more stringent permit limitations on 
municipal effluent.  POTW discharges to Cucamonga Creek already receive full tertiary 
treatment and are required to meet effluent limitations (e.g. total coliform <2.2 
MPN/100mL) that are significantly more stringent than the fecal coliform objectives 
established in the Basin Plan to protect REC1 uses.  Primary contact recreation is, and will 
continue to be, precluded by two factors unrelated to instream water quality in Reach 1 of 
Cucamonga Creek: 

• Natural, ephemeral intermittent or low flow conditions or water levels prevent the 
attainment of the use, unless these conditions may be compensated for by the 
discharge of sufficient volume of effluent discharges without violating State water 
conservation requirements to enable uses to be met. (131.10(g)(2)) 

 
• Dams, diversions or other types of hydrologic modifications preclude the attainment 

of the use, and it is not feasible to restore the water body to its original condition or 
to operate such modifications in a way that would result in the attainment of the use. 
(131.10(g)(4)) 

 
 
4.2 Evaluation of Ambient Water Quality 
 
4.2.1 Assessment Methods 
 
Regional Board staff performed bacteria quality monitoring approximately weekly at Mill 
Creek at Chino Corona Road (about 0.3 mile downstream of the lower terminus of Reach 
1)) and at Cucamonga Creek at Merrill Avenue, from 2002 to 2004.  The Regional Board's 
water quality data are summarized in Appendix A. 
 
San Bernardino County Flood Control District (SBCFCD) performed bacteria quality 
monitoring approximately monthly at Cucamonga Creek at Hellman Avenue, from 2001 to 
2009. From 2007-2012 SBCFCD also conducted bacteria quality monitoring approximately 
weekly at Chino Corona Road (a location 500m downstream of Hellman Ave with easier 
and safer access to Cucamonga Creek).  Figure CC-14 (above) shows the sampling 
locations.  SBCFD continues to collect pathogen data, during both dry weather and wet 
weather conditions, as part of the larger and on-going water quality monitoring program 
developed to implement the bacterial TMDL for the Middle Santa Ana River.  All samples 
were collected and analyzed in accordance with an approved Quality Assurance Project 
Plan (QAPP). 
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4.2.2 Results and Findings 
 
For fecal coliform, when 5 or more samples were collected in a 30 day period (calendar 
month, not rolling 30 day periods), a geometric mean (geomean) was calculated and 
compared to the existing REC1 fecal coliform objective (200 organisms/100mL based on 
five or more samples/30day period). When insufficient data were available to calculate 
geomeans, the fecal coliform data were compared generally to that part of the existing 
REC1 fecal coliform objective that specifies that no more than 10% of the samples exceed 
400 organisms/100mL for any 30-day period.  Similarly, geomeans were calculated for E. 
coli provided that five or more samples/30 day period had been collected. The E. coli 
geomeans were compared to the recommended E. coli geomean objective (126/100mL). 
 
The routine water quality sampling data shows that the existing REC1 pathogen indicator 
objectives not consistently attained in Reach 1 of Cucamonga Creek.  Figure CC-25 
summarizes the monitoring data for fecal coliform during the last 5 years. Figure CC-26 
does the same for the E. coli data.  Data collected prior to 2007 are summarized in 
Appendix A of this UAA report. 
 

 
Figure CC-25:  Fecal Coliform Concentrations in Cucamonga Creek (2007-2012) 26 

  

                                                      
26 CDM-Smith.   Middle Santa Ana River Bacterial Indicator TMDL 2012 Dry Season Report.  Dec., 2012 

(see Fig. 4-4 on pg. 4-9). 
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Figure CC-26:  E. coli Concentrations in Cucamonga Creek (2007-2012)27 

 

Recent monitoring data clearly indicate that water quality in Cucamonga Creek is not 
meeting the Basin Plan objective for pathogen indicator bacteria.  100% of the geomeans 
calculated for the period from 2007 to 2012 exceeded EPA's recommended water quality 
criteria for E. coli. 28  Consequently, based on the available water quality data, REC1 is 
neither attained nor an existing use in Reach 1 of Cucamonga Creek. 

A detailed source investigation, conducted as part of the larger and on-going TMDL 
Implementation Program, shows that less than 10% of the bacterial load occurring in 
Cucamonga Creek during dry weather conditions is attributable to permitted point sources 
(e.g. POTW effluent or MS4 discharges).29  It appears that much of the remaining bacteria 
load is growing within the confines of the channel itself.  Similar conclusions have been 
documented in other urban watersheds in Southern California.30,31 
  
                                                      
27 CDM-Smith.   Middle Santa Ana River Bacterial Indicator TMDL 2012 Dry Season Report.  Dec., 2012 

(see Fig. 4-9 on pg. 4-14). 
28 CDM-Smith.  Middle Santa Ana River Bacterial Indicator TMDL Implementation Report.  Feb., 2013  (see 

Fig. 2-20 on pg. 2-29 and Fig. 2-22 on pg. 2-30 
29 County of Riverside.  Comprehensive Bacteria Reduction Plan (CBRP).  Dec. 10, 2010.  (see Fig. 6-2, see 

also Tables 6-2 and 6-3.) 
30 Dustin G. Bambic.  The Los Angeles River Bacteria Source Identification Study.  Aug. 23, 2008. 
31 Litton, R.M et al.  Evaluation of Chemical, Molecular and Traditional Markers of Fecal Contamination in an 

Effluent Dominated Urban Stream.  Environ. Sci. Technol.  2010, 44, 7369-7375.  See also:  Rachel M. 
Litton.  Fecal Bacteria Source Tracking in the Middle Santa Ana River.  NWRI..  Apr. 5, 2008. 
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4.2.3 Probable Future Water Quality 
 
As noted above, most of the dry weather flow in Cucamonga Creek is provided by 
discharged of high quality recycled water from IEUA's Regional Plant #1.32  However, all of 
recycled water must meet Title-22 disinfection requirements prior to discharge.  As such, 
the average concentration of Total Coliform in the municipal effluent is less than 2 mpn per 
100 mL (approximately two orders of magnitude lower than the current fecal coliform 
objective).  It is estimated that recycled water contributes less than 1% of all bacterial 
mass that occurs in Cucamonga Creek. 
 
Discharges from urban storm drains contribute approximately 10% of the total flow and 
10% of the bacterial mass in Cucamonga Creek.  Imposing more stringent effluent 
limitations, including prohibiting the MS4 discharges altogether, would do little to ensure 
attainment of the pathogen indictor objectives.  Nevertheless, the MS4 agencies are 
required to minimize their bacterial discharges to the Maximum Extent Practicable (MEP). 
 
The Regional Board adopted Bacteria Indicator Total Maximum Daily Loads (TMDLs) for 
Reach 3 of the Santa Ana River and its major tributaries, including Cucamonga Creek, in 
2005.  USEPA approved the TMDLs in 2007. The Middle Santa Ana River (MSAR) Task 
Force (stakeholders representing urban stormwater dischargers, agricultural operators, 
POTWs, and the Regional Board) was established to facilitate and coordinate TMDL 
implementation efforts. The TMDLs required urban stormwater dischargers in the MSAR 
watershed to (1) implement a watershed-wide compliance monitoring program; and (2) 
develop an Urban Source Evaluation Plan (USEP) for the purpose of identifying specific 
activities, operations, and processes in urban areas that contribute bacteria to the impaired 
waterbodies. 
 
San Bernardino and Riverside County stormwater programs developed and implemented a 
wide range of Best Management Practices (BMPs) focused on source control of pathogens 
and other pollutants.  BMP implementation in the Cucamonga Creek watershed is guided 
largely by the Middle Santa Ana River Watershed Bacteria Indicator TMDLs and the 
Comprehensive Bacteria Reduction Plans approved by the Regional Board.33  
 
While implementation of the CBRPs is intended to achieve the numeric wasteload 
allocations, it will require an iterative and adaptive process, given inherent uncertainties 
regarding the efficacy of BMPs to control bacteria.  Moreover, the source investigation data 
demonstrate that merely meeting the urban WLA will not necessarily ensure attainment of 
the applicable bacterial objectives in Cucamonga Creek.  Therefore, given the absence of 
any primary or secondary contact recreation in Reach 1, the focus should be on protecting 
downstream waterbodies which continue to support REC1 uses (see Section 5). 
  

                                                      
32 Average dry weather flow in Cucamonga Creek (at Hellman Ave.) is 31 cfs.  Discharges from IEUA-RP1 

account for 87% of this flow (27 cfs) during dry weather conditions. 
33 R8-2012-0015  (Approved:  Feb. 10, 2012) 
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5.0 Protection of Downstream Uses 
 
5.1 Regulatory Requirements 
 
In designating the uses of a water body, and in considering changes to those designations, 
states must take into consideration the water quality standards of downstream waters and 
ensure that water quality standards provide for the attainment and maintenance of the 
water quality standards of downstream waters.34  Cucamonga Creek is tributary to Reach 
3 of the Santa Ana River which is designated (and will remain designated) for REC1 and 
REC2.  These downstream waters must continue to meet water quality objectives intended 
to protect primary contact recreation.  This obligation continues to apply, and must be 
enforced, regardless of whether the REC1 designation is removed from Reach 1 of 
Cucamonga Creek. 
 
5.2 Compliance Strategies  
 
All POTWs in the Santa Ana Region are required to disinfect municipal wastewater prior to 
discharge to comply with total coliform limitations that are more stringent than the Basin 
Plan fecal coliform objective for REC1 waters.  All such discharges have consistently met 
with this requirement for nearly 20 years.  This recycled water poses no health threat to 
those engaged in primary contact recreation.  Therefore, the Regional Board will continue 
to require all POTWs to comply with total coliform limitations based on the disinfection 
requirements specified in Title-22. 
 
The MS4 permits issued by the Santa Ana Regional Board require the cities and counties 
to eliminate dry weather nuisance discharges from their facilities.  The permittees have an 
active program to reduce such discharges. 
 
In addition, the MS4 agencies have initiated a large-scale source investigation program to 
identify and eradicate significant sources of bacterial contamination throughout the Middle 
Santa Ana River watershed.  This program was initiated in response to the MSAR TMDL 
adopted by the Regional Board in 2006 and approved by EPA in 2007. 
 
As noted above, results from the source identification program have demonstrated that 
more than 90% of the bacteria load occurring in Cucamonga Creek is arising within the 
creek itself.  Eliminating upstream urban sources is expected to have very little effect on 
these instream pathogen loads.  Therefore, the TMDL implementation effort has shifted to 
protecting the downstream uses by intercepting and diverting the dry weather flows from 
Cucamonga Creek before these flows converge with Reach 3 of the Santa Ana River. 
 
Working with IEUA, the City of Ontario has constructed a series of off-channel artificial 
wetlands ponds near the end of Cucamonga Creek - Reach 1 (see Figure CC-27).  As of 
the fall of 2013, approximately half of the dry weather flow (≈15 of 35 cfs) is already being 
diverted out of Cucamonga Creek just downstream of Hellman Ave.  More will be diverted 
when the project is completed in the spring of 2014. 
  
                                                      
34 40 CFR 131.10(b) 
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Figure CC-27:  Artificial Wetlands Treatment Ponds on Cucamonga Creek 
 
These constructed wetlands are expected to significantly reduce the concentration and 
mass of pathogens entering the Santa Ana River from Cucamonga Creek.  This is 
important because, while there is no known REC1 or REC2 activity occurring in 
Cucamonga Creek, there is considerable water contact recreation occurring downstream 
in Reach 3 of the Santa Ana River.  Therefore, this project is expected to provide 
significant improvements in downstream water quality. 
 
However, the viability of this and similar projects planned for other flood control channels in 
the region depends on regulatory approval for this compliance strategy.  In order for such 
projects to move forward, the Regional Board must be able to de-designate flood control 
channels where water contact recreation is unlikely to occur so that diversion and 
treatment structures can be constructed at the end of such conveyances.35 
 
Without such regulatory relief, there is no feasible or practicable means to achieve 
compliance with the REC1 objectives throughout the entire length of the concrete-lined 
flood control channels.  Available resources would be directed toward eliminating dry 
weather discharges from the storm drains in order to demonstrate technical compliance 
with the TMDL.  However, such an approach would provide far less public health 
protection for the REC1 activities that are actually occurring in downstream waterbodies.  

                                                      
35 40 CFR 131.10(a) prohibits states from adopting waste transport or waste assimilation as a designated 

use and that is not what is being proposed for Cucamonga Creek.  Rather, the Regional Board is merely 
recognizing that water contact recreation is not an existing or probable future use in Reach 1 and that 
bacterial standards should not apply in Reach 1 but must be attained before Reach 1 converges with the 
mainstem of the Santa Ana River in order to protect downstream uses. 
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6.0 Triennial Review Requirements   
 

6.1 Regulatory Requirements 
 
Section 101(a)(2) of the Clean Water Act states:  "it is the national goal that wherever 
attainable, an interim goal of water quality which provides for … recreation in and on the 
water be achieved…"  Federal regulations [40 CFR 131.6(a)] requires states to enact 
water quality standards and "use designations consistent with the provisions of section 
101(a)(2)." 
 
A Use Attainability Analysis (UAA) must be conducted when "the State designates or has 
designated uses that do not include the uses specified in section 101(a)(2) of the Act"  [40 
CFR 131.10(j)].  In addition, in accordance with 40 CFR 131.20(a)(1):  “Any water body 
segment with water quality standards that do not include the uses specified in section 
101(a)(2) of the Act shall be re-examined every three years to determine if any new 
information has become available. If such new information indicates that the uses specified 
in section 101(a)(2) of the Act are attainable, the State shall revise its standards 
accordingly.”   
 

6.2 Reassessment Procedures 
 
If Reach 1 of Cucamonga Creek is not designated REC1 or REC2, the Regional Board will 
re-examine this decision every three years as part of the regular Triennial Review process.  
The focus of this review will be to determine whether there has been any substantial 
change to the factors supporting the original determination.  However, it is not necessary 
to conduct an entirely new UAA as part of this review. 
 
In preparation for the Triennial Review, Regional Board staff will visit Reach 1 of 
Cucamonga Creek to confirm that the existing hydromodifications and access restrictions 
remain in place and unaltered.  In addition, staff will request the San Bernardino Flood 
Control District to provide data summarizing the flow diversions from Cucamonga Creek to 
the artificial wetlands ponds.  Finally, the Regional Board will solicit any new information 
concerning actual or potential recreational use of Cucamonga Creek when public notice is 
given for the Triennial Review. 
 
If new evidence indicates that recreation in or on the water may be attainable because one 
or both factors previously precluding the use have changed, the Regional Board may elect 
to:  1) designate Reach 1 of Cucamonga Creek for REC1 and/or REC2; or 2) require that a 
new UAA be conducted in order to determine whether Cucamonga Creek should continue 
to be de-designated for REC1 and/ or REC2. 
 
The Regional Board retains the authority and discretion to re-examine the issue of 
appropriate use designations for Cucamonga Creek more frequently than once every three 
years when warranted. 
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Appendix 1  Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at Mill-Cucamonga Creek (2001-2009)  

Month 
and Year 

Fecal Coliform 
 

E. Coli 
Number 

of 
Samples 
Collected 

Minimum 
Value 
(MPN 

/100ml) 

Maximum 
Value 
(MPN 

/100ml) 

Geometric 
Mean1 

(MPN/100mL
) 

 

Number 
of 

Samples 
Collected 

Minimum 
Value 
(MPN 

/100mL) 

Maximu
m Value 

(MPN 
/100mL) 

Geometric 
Mean1 
(MPN 

/100mL) 
Mill Creek at Chino Corona Road 

Feb-02 7 120 1,240 350  7 60 680 170 
Mar-02 4 110 2,100   4 50 100  
Apr-02 1 170 170   1 80 80  
Jul-02 4 800 2,000   4 250 910  
Aug-02 1 1,000 1,000   1 500 500  
Sep-02 3 1,000 1,800   3 400 640  
Oct-02 2 700 2,000   2 210 410  
Jan-03 4 400 570   4 190 530  
Feb-03 1 240 240   1 260 260  
Mar-03 3 30 9,000   3 10 510  
Apr-03 2 400 16,000   2 70 210  
Jan-04 4 100 5,700   4 40 2,600  
Feb-04 4 160 360   4 40 210  
Mar-04 5 9 450 103  5 9 440 67 
Apr-04 2 300 340   2 60 110  
Jul-07 3 2,600 9,000   3 1,000 5,700  
Aug-07 4 1,600 2,800   4 720 1,170  
Sep-07 5 1,300 4,200 1,951  5 550 1,150 765 
Oct-07 3 480 2,400   3 500 910  
Dec-07 6 170 22,000 647  6 120 5,000 457 
Jan-08 4 180 480   4 100 360  
Feb-08 4 70 7,700   4 50 5,200  
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Appendix 1  Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at Mill-Cucamonga Creek (2001-2009)  

Month 
and Year 

Fecal Coliform 
 

E. Coli 
Number 

of 
Samples 
Collected 

Minimum 
Value 
(MPN 

/100ml) 

Maximum 
Value 
(MPN 

/100ml) 

Geometric 
Mean1 

(MPN/100mL
) 

 

Number 
of 

Samples 
Collected 

Minimum 
Value 
(MPN 

/100mL) 

Maximu
m Value 

(MPN 
/100mL) 

Geometric 
Mean1 
(MPN 

/100mL) 
May-08 3 540 3,500   3 590 1,260  
Jun-08 4 1,140 3,000   4 810 1,240  
Jul-08 3 1,300 5,900   3 620 8,700  
Sep-08 4 380 2,800   4 540 2,100  
Oct-08 4 40 18,000   4 140 2,800  
Nov-08 2 420 3,800   2 340 440  
Dec-08 6 140 5,900 1,033  6 210 7,200 1,311 
Jan-09 5 180 850 411  5 270 660 444 
Feb-09 3 280 450   3 380 580  Cucamonga Creek at Hellman 
Jan-01 1 1,300 1,300   1 340 340  
Feb-01 1 2,300 2,300   1 2300 2,300  
Apr-01 1 24,000 24,000   1 24000 24,000  
Nov-01 2 22,000 23,000   2 17000 23,000  
Jan-02 1 1,100 1,100   1 1100 1,100  
Mar-02 1 3,000 3,000   1 5000 5,000  
Nov-02 1 5,000 5,000   1 5000 5,000  
Feb-03 1 5,000 5,000   1 5000 5,000  
Mar-03 1 24,000 24,000   1 24,000 24,000  
Feb-04 2 9,000 14,000   2 5,000 160,000  
Oct-04 1 16,000 16,000   1 16,000 16,000  
Dec-04 1 8,000 8,000   1 8,000 8,000  
Feb-05 1 8,000 8,000   1 8,000 8,000  
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Appendix 1  Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at Mill-Cucamonga Creek (2001-2009)  

Month 
and Year 

Fecal Coliform 
 

E. Coli 
Number 

of 
Samples 
Collected 

Minimum 
Value 
(MPN 

/100ml) 

Maximum 
Value 
(MPN 

/100ml) 

Geometric 
Mean1 

(MPN/100mL
) 

 

Number 
of 

Samples 
Collected 

Minimum 
Value 
(MPN 

/100mL) 

Maximu
m Value 

(MPN 
/100mL) 

Geometric 
Mean1 
(MPN 

/100mL) 
Mar-05 1 3,000 3,000   1 1,700 1,700  
Mar-06 1 8,000 8,000   1 5000 5,000  
Apr-06 1 30,000 30,000   1 30,000 30,000  
Dec-06 1 800 800   1 800 800  
Jan-07 1 400 400   1 400 400  
Feb-07 2 700 1,700   2 1,700 1,700  
Nov-07      1 13,000 13,000  
Jan-08 1 1,400 1,400   1 400 400  
Feb-08 1 8,000 8,000   1 5,000 5,000  
Nov-08 1 50,000 50,000   1 13,000 13,000  
Feb-09 1 1,700 1,700   1 1,700 1,700  

Cucamonga Creek Above RP-1 
Feb-02 5 1,300 7,100 3,662  5 2,500 5,600 3,836 
Mar-02 4 2,400 3,900   4 880 4,800  
Apr-02 1 6,000 6,000   1 4,300 4,300  
Jul-02 4 4,500 50,000   4 570 23,000  
Aug-02 1 30,000 30,000   1 8,700 8,700  
Sep-02 3 4,800 13,000   3 600 1,970  
Oct-02 2 9,000 11,000   2 2,700 4,000  
Jan-03 4 2,200 20,000   4 700 11,000  
Feb-03 1 1,200 1,200   1 1,000 1,000  
Mar-03 3 10 700   3 10 260  
Apr-03 2 70 380   2 50 320  
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Appendix 1  Table 3-3 
Summary of Monthly E. coli and Fecal Coliform at Mill-Cucamonga Creek (2001-2009)  

Month 
and Year 

Fecal Coliform 
 

E. Coli 
Number 

of 
Samples 
Collected 

Minimum 
Value 
(MPN 

/100ml) 

Maximum 
Value 
(MPN 

/100ml) 

Geometric 
Mean1 

(MPN/100mL
) 

 

Number 
of 

Samples 
Collected 

Minimum 
Value 
(MPN 

/100mL) 

Maximu
m Value 

(MPN 
/100mL) 

Geometric 
Mean1 
(MPN 

/100mL) 
Jan-04 4 470 9,300   4 200 3,100  
Feb-04 4 410 2,800   4 300 1,840  
Mar-04 5 9 700 169  5 9 410 150 
Apr-04 2 310 400   2 9 180  1Geometric mean calculated if at least five samples were collected during the calendar month. 
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UAA ANALYSIS: TEMESCAL CREEK REACH 1 (PROPOSED REACH 
1A AND 1B) 

 
 

1.0 Executive Summary 

 
 
The Santa Ana Region Basin Plan identifies Temescal Creek, Reach 1, which is 
designated both REC1 and REC2. This Reach is proposed to be subdivided into two 
reaches: Reach 1a and Reach 1b. This Use Attainability Analysis (UAA) demonstrates 
that REC1 use does not exist and is not attainable in either Reach 1a or Reach 1b, and 
that REC2 use is not attained in Reach 1b. These uses are described as:  

 
Water Contact Recreation (REC1) waters are used for recreational activities 
involving body contact with water where ingestion of water is reasonably possible.  
These uses may include, but are not limited to, swimming, wading, water-skiing, 
skin and scuba diving, surfing, whitewater activities, fishing, and use of natural hot 
springs. 
 
Non-contact Water Recreation (REC2) waters are used for recreational activities 
involving proximity to water, but not normally involving body contact with water 
where ingestion of water would be reasonably possible.  These uses may include, 
but are not limited to, picnicking, sunbathing, hiking, beachcombing, camping, 
boating, tidepool and marine life study, hunting, sightseeing, and aesthetic 
enjoyment in conjunction with the above activities.  

 
Reach 1a consists of 0.5 miles of rip-rap lined, trapezoidal channel and 2.5 miles of 
concrete trapezoidal channel 14 feet in height.   

 
Reach 1b consists of 3 miles of concrete rectangular channel with 14 ft. high vertical 
walls.   
 
Flow depth in Reach 1a is under 0.5 ft. 90 % of the time, and flow depth in Reach 1b is 
under 0.5 ft. 98% of the time. In both reaches, dry weather flows are contained in a 
relatively narrow depression in the centerline of the channel. REC1 uses cannot occur 
in the channel because low flow conditions and flood control modifications preclude 
attainment of these uses. 
 
Extensive photographic evidence, field surveys, and interviews of knowledgeable local 
authorities indicate that water contact recreation (REC1) does not occur and has not 
occurred in Reach 1a and 1b. Public access is prohibited by law and both reaches are 
fenced throughout their length, with locked access gates.  
 
Analysis of water quality monitoring data indicates that the bacterial objectives are not 
being met consistently. Recreational uses cannot be attained by imposing more 
stringent effluent limitations or requiring additional Best Management Practices (BMPs) 
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to control non-point sources, as factors other than water quality will continue to preclude 
REC1 and/or REC2 uses. Therefore, Reach 1a and 1b of Temescal Creek should not 
be designated REC1. In addition, REC2 should not be designated for Reach 1b. 
Temescal Creek Reach 1, as identified in the Basin Plan, should be subdivided into 
Reach 1a and Reach 1b, as described within this UAA. 
 
 

2.0 UAA Reach Description 
 
 

2.1 Location 

The Temescal Creek watershed is located in Riverside County, California and is 
approximately 200 mi2 in size. Temescal Creek drains the north side of the Santa Ana 
Mountains, Lake Elsinore1 and other areas, and extends from Lake Elsinore to the 
Prado Basin, approximately 28 miles in length (Figure TC-1).  
 
The portion of the Creek analyzed in this UAA is identified in the Basin Plan as 
Temescal Creek Reach 1, which extends from Lincoln Avenue to the Riverside Canal2 
in the City of Corona (Basin Plan, Chapter 3, Table 3-1).  
 
For the purposes of this UAA, and for future identification in the Basin Plan, Reach 1 is 
subdivided into two reaches, Reach 1a and 1b: 
 

• Reach 1a extends from Lincoln Avenue (33°53’29.904”N, 117°34’12.432”W) 
upstream to the confluence with Arlington Channel (approximately 
33°52’51.204”N, 117°33’15.732“W).  
 

• Reach 1b extends from the confluence with Arlington Channel upstream to 
approximately 1,400 feet upstream of Magnolia Avenue (approximately 
33°52’1.992”N, 117°31’30.108”W)(this is the approximate location of the former 
Riverside Canal).  

 
Table TC-1 and Figure TC-2 summarize and display the reach boundaries.  
 
 
 
 
 
 
 

                                            
1 Lake Elsinore seldom overflows to its outlet to Temescal Creek.  
2 Riverside Canal has been abandoned and does not currently connect to or cross Temescal Creek. 
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Table TC-1. 
Temescal Creek Reach Identification 

Reaches Boundaries 

Basin Plan Reach 1 
(Existing Basin Plan Designation) Lincoln Avenue to Riverside Canal 

Reach 1a 
(Proposed Basin Plan Designation) 

Lincoln Avenue to confluence with Arlington Channel, 
a distance of 3 miles 

Reach 1b 
(Proposed Basin Plan Designation) 

Arlington Channel confluence to 1,400 ft. upstream of 
Magnolia Avenue, a distance of 3 miles  

 
The UAA reaches are shown in yellow in Figure TC-1. Tributaries to Temescal Creek, 
which include Arlington Channel, Canyon Wash, Oak Street Channel, and Main Street 
Channel, are not included in this UAA. 
 

 
Figure TC-1. Map of Temescal Creek Watershed. Source: Use Attainability Analysis 
Technical Report for Temescal Creek, CDM, August 2010, Figure 2-1 



9 
 

 
Figure TC-2. Temescal Creek Segments and Surrounding Area 

2.2 Proximate Land Uses  

The portion of the Temescal Creek watershed proximate to Reaches 1a and 1b is fully 
developed and highly urbanized. As shown in Table TC-2, land use adjacent to both 
Reach 1a and Reach 1b consists of commercial, institutional, and industrial uses. There 
are no parks or schools immediately adjacent to the reaches, and residential 
development is very limited (<1% (Reach 1b)). Figure TC-3 depicts land use in the area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lincoln Avenue UAA Reach 1a 

Temescal Creek UAA Reach 1b 

Cota Street 

Magnolia Avenue 

Arlington Channel 
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     Table TC-2. Land Use Adjacent to Reaches 1a and 1b1 

 Temescal Creek - Reach 1a 
Land Use Linear Feet % of Channel Length 

Commercial, Institutional, Industrial, Mixed 18,727 100% 
Residential 0 0% 
Parks and Recreation 0 0% 
TOTAL 18,727 100% 

   Temescal Creek - Reach 1b 
Land Use Linear Feet % of Channel Length 

Commercial, Institutional, Industrial, Mixed 17,372 >99% 
Residential 52 <1% 
Parks and Recreation 0 0% 
TOTAL 17,424 100% 

 1 CDM Smith Technical Memo – Land Use Adjacent to UAA Reaches, October 2013 
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Figure TC-3. Temescal Creek:  Channel Characteristics and Land Use. (Source:  
Use Attainability Analysis Technical Report for Temescal Creek, CDM, August 2010, 
Figure 2-5) Note to reader: Increase the zoom level of this page to improve the 
readability of this Figure. 

 
2.3 Reach Characteristics  

Reaches 1a and 1b are engineered, modified channels that follow the alignment of the 
historic natural Temescal Creek channel. The County of Riverside Flood Control and 
Water Conservation District (Flood Control District) completed modifications to the 
Creek for flood control purposes by the mid 1980’s. 
 
2.3.1 Reach 1a Morphology 

The downstream segment of Reach 1a (Lincoln Avenue to near Cota Street) has a 
shallow trapezoidal configuration with a riprap bottom and riprap covered side slopes 
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(see Figure TC -4). This segment is approximately 0.5 miles in length and has a 
channel bottom width of approximately 100 ft.  
 
The remainder of Reach 1a (near Cota Street to Arlington Channel) has a concrete 
lined, trapezoidal configuration. This segment is 100 feet wide and 14 feet deep, with 
1.5:1 sloped sidewalls (see Figure TC-5). This segment was constructed with a low flow 
depression along the centerline of the channel bottom to convey low flows at sufficient 
velocity to prevent excessive debris buildup. The low flow channel is two feet deep at its 
deepest point and is 40 feet wide.  
 
The total length of Reach 1a is approximately 3 miles. The entire length is fenced with a 
six foot high chain link fence and is gated to prevent individuals from accessing the 
channel. All gates are locked and the reach is posted with signs stating that trespassing 
and loitering are forbidden by law. See Figure TC-6. 
 

 
Figure TC-4. Temescal Creek, Reach 1a – facing downstream (downstream of 
Cota Street, Lincoln Avenue Bridge in distance) Regional Board staff photograph, 
May 2011 
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Figure TC-5. Temescal Creek, Reach 1a, at Cota Street looking upstream in the 
City of Corona. Regional Board staff photograph, December 2010 

 
Figure TC-6. Temescal Creek, Reach 1a at Cota Street.  Access is prohibited and 
the channel is fenced with locked gates. Regional Board staff photograph, May 2011 

2.3.2 Reach 1b Morphology 

Reach 1b has a concrete lined, vertical wall configuration for its entire 3 mile length. The 
channel is 84 ft wide with 14 ft high channel walls. See Figure TC-7. The upstream 
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terminus of Reach 1b is approximately 1,400 ft upstream of Magnolia Avenue, where it 
transitions to a natural, earthen channel.    
 
Rather than a low flow depression or swale along the centerline of the channel bottom 
as in Reach 1a, Reach 1b has been designed with a one foot deep cross-fall towards 
the center of the channel. The centerline of the channel bottom is 1 foot deeper than 
where the vertical channel sidewalls meet the channel bottom.  
 
The entire length of Reach 1b is fenced with a six foot high chain link fence and is gated 
to keep individuals out of the channel. All gates are locked and the reach is posted 
stating that trespassing and loitering are forbidden by law. 
 
Table TC-3 summarizes the characteristics and linear extent of Reach 1a and 1b. 

 
Figure TC-7. Temescal Creek, Reach 1b facing downstream at Magnolia Avenue in 
the City of Corona. Regional Board staff photograph, May 2011. 
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Table TC-3. 
Reach 1a and 1b Channel Characteristics  

Reach No. Extent Description 

Reach 1a  
(Lower Segment) 

Lincoln Ave. to 100 ft. 
Downstream of Cota Street  

Rip rap lined earthen 
channel; 100 ft. width; 
approx. 0.5 miles in length 

Reach 1a  
(Upper Segment) 

From 100 ft. downstream 
of Cota Street to Arlington 
Channel Confluence 

Trapezoidal, concrete-lined 
channel with 1.5:1 side 
slopes; 100 ft. bottom 
width with centerline 
depression;  approx. 3 
miles in length 

Reach 1b 

Arlington Channel 
confluence to ~1,400 ft. 
(0.27 mile) upstream of 
Magnolia Avenue 

Vertical walled, concrete- 
lined channel, 84 ft. bottom 
width with curved bottom 
design; approx. 3 miles in 
length 

 
2.4 Regulatory Status 

2.4.1 Beneficial Use Designations 

Reaches 1a and 1b are currently identified as Reach 1 in Table 3-1 of the Santa Ana 
Basin Plan3. The following beneficial uses are designated for Reach 1: 
 
WILD (Wildlife Habitat): waters support wildlife habitats that may include, but are not 
limited to, preservation and enhancement of aquatic habitats, vegetation, fish and 
wildlife, including invertebrates.  
 
WARM (Warm Water Habitat): waters support warm water ecosystems that may 
include, but are not limited to, preservation and enhancement of aquatic habitats, 
vegetation, fish and wildlife, including invertebrates. 
 
MUN+ (Municipal and Domestic Supply): MUN is not an existing use and cannot be 
feasibly attained. An exception from the MUN designation was found appropriate 
pursuant to the Sources of Drinking Water Policy. The channel has been heavily 
modified to convey storm water runoff from the urbanized watershed and dry weather 
flows are dominated by wastewater effluent. Therefore, in accordance with the 
statewide Sources of Drinking Water Policy, an exception to the MUN designation for 
Reach 1 was approved. 
 
REC-1 (Water Contact Recreation): waters are used for recreational activities involving 
body contact with water where ingestion of water is reasonably possible. These uses 
                                            
3 Water Quality Control Plan - Santa Ana River Basin (8). Updated Feb., 2008 @ pg. 3-33. 
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may include, but are not limited to, swimming, wading, water-skiing, skin and scuba 
diving, surfing, whitewater activities, fishing and use of natural hot springs.  
 
REC-2 (Non-Contact Recreation): waters are used for recreational activities involving 
proximity to water, but not normally involving body contact with water where ingestion of 
water would be reasonably possible. These uses may include, but are not limited to: 
picnicking, sunbathing, hiking, beachcombing, camping, boating, tidepool and marine 
life study, hunting, sightseeing and aesthetic enjoyment in conjunction with the above 
activities. 
 
This UAA was conducted to determine whether or not the REC1 and/or REC2 uses are 
existing and/or attainable in Reaches 1a and 1b of Temescal Creek.. Based on the UAA 
results, the recreational beneficial uses that should be designated for these reaches 
are: 
 
Reach 1a: 
 

• REC1 (Water Contact Recreation):  Results from a comprehensive UAA 
demonstrate that water contact recreation is not an existing or attainable use in 
Reach 1a.  A more detailed explanation is provided in Section 3 of this 
document. 
 

• REC 2 (Non-contact Water Recreation): A limited number of individuals have 
been noted walking or biking on the channel bottom in Reach 1a. The concrete-
lined section of this reach appears to be used as a means of access from one 
street crossing of the channel to another. Few individuals even approach the 
water.   See further discussion in Section 3 of this document. 

 
Reach 1b: 
 

• REC1 and REC 2 (Contact and Non-contact Water Recreation): Results from a 
comprehensive UAA demonstrate that contact and non-contact recreation are 
not existing or attainable uses in Reach 1b.  A more detailed explanation is 
provided in Section 3 of this document.   

 
Both Reach 1a and 1b would continue to be designated WILD and WARM. The MUN 
exception would continue to apply to both these reaches. 

 
2.4.2 303(d) Listings and Total Maximum Daily Loads (TMDLs) 

303 (d) listing 
 
Reach 1 of Temescal Creek is presently on California's 303(d) list of impaired waters 
due to high levels of pH.  
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3.0 Use Attainability Analysis – Factors Analysis 
 

 
3.1 Federal Regulatory Requirements - UAAs 

Section 101 (a) (2) of the CWA states that “it is the national goal that wherever 
attainable, an interim goal of water quality which provides for the protection and 
propagation of fish, shellfish, and wildlife and provides for recreation in and on the water 
be achieved by July 1, 1983”.  The CWA and implementing federal regulations provide 
special protection for these “fishable/swimmable” uses by establishing a rebuttable 
presumption that all surface waters should support these uses and must be so 
designated. 
 
A state may elect to de-designate recreational use for certain waterbodies only after 
conducting a UAA4 and demonstrating that attaining the use is not feasible based on 
one or more of the following six factors:5  
 

1. Naturally occurring pollutant concentrations prevent the attainment of the use; or  
 

2. Natural, ephemeral, intermittent or low flow conditions or water levels prevent 
the attainment of the use, unless these conditions may be compensated for by 
the discharge of sufficient volume of effluent discharges without violating State 
water conservation requirements to enable uses to be met; or 
 

3. Human caused conditions or sources of pollution prevent the attainment of the 
use and cannot be remedied or would cause more environmental damage to 
correct than to leave in place; or  
 

4. Dams, diversions or other types of hydrologic modifications preclude the 
attainment of the use, and it is not feasible to restore the water body to its 
original condition or to operate such modifications in a way that would result in 
the attainment of the use; or 
 

5. Physical conditions related to the natural features of the water body, such as the 
lack of a proper substrate, cover, flow, depth, pools, riffles, and the like, 
unrelated to water quality, preclude attainment of aquatic life protection uses: or  
 

6. Controls more stringent than those required by sections 301 (b) (Effluent 
Limitations) and 306 (National Standards of Performance) of the Act would result 
in substantial and widespread economic and social impact.   

 
A UAA is a structured scientific assessment of the factors affecting the attainment of the 
use(s), which can include physical, chemical, biological, and economic factors as 
described in 40 CFR 131.10 (g)(1)-(6), above.   
                                            
4 40 CFR 131.10(j) 
5 40 CFR 131.10(g) 
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Federal regulations6 prohibit States from removing designated uses if: 
 

1. They are existing uses, as defined in 40 CFR 131.3, unless a use requiring more 
stringent criteria is added; or 

 
2. Such uses will be attained by implementing effluent limits required under sections 

301 (b) and 306 of the Act and by implementing cost-effective and reasonable 
best management practices for nonpoint source control.  

 
"Existing uses” are those uses actually attained in the water body on or after November 
28, 1975 (the date of USEPA’s initial water quality standards regulation), whether or not 
they are included in the water quality standards.7 Guidance provided by USEPA in 1985 
indicates that an “existing” primary contact recreational use8 can be established by 
demonstrating that swimming has actually occurred since November 28, 1975, or that 
the water quality is suitable to allow such uses to occur, unless there are physical 
problems that prevent the use regardless of water quality).9   Suitable water quality is 
demonstrated by consistent, not merely sporadic, attainment of applicable water quality 
objectives. More recent USEPA guidance states that EPA considers an “existing” use to 
mean the use and water quality necessary to support the use that have been achieved 
in the waterbody on or after November 28, 1975.10  USEPA states that: “It is appropriate 
to describe the existing uses of a waterbody in terms of both actual use and water 
quality because doing so provides the most comprehensive means of describing the 
baseline conditions that must be protected.” 
 
USEPA has indicated that where there is very limited actual primary contact use and the 
physical and/or water quality characteristics of the water body do not and are not likely 
to support that use, then it would be appropriate to conclude the primary contact 
recreation is not an “existing” use.11  In making such determinations, federal guidance 
recommends that states should consider a suite of factors such as the actual use 
(present and historic), existing water quality, potential water quality conditions, access, 
recreational facilities, location (e.g.,  proximity to suitable recreational alternatives), 
safety considerations, as well as the physical conditions of the water body.12  However, 
states are not required to evaluate all six factors identified in 40 CFR 131.10(g) as part 
of every UAA. 
 
In designating the uses of a water body, and in considering changes to those 
designations, states must take into consideration the water quality standards of 

                                            
6 40 CFR 131.10(h) 
7 40 CFR 131.3 
8 “Primary contact” recreation is equivalent to California’s REC1 (water contact recreation) beneficial use 
9 USEPA. Questions & Answers on Antidegradation, August 1985. (USEPA Water Quality Standards 
Handbook, Second Edition. EPA-823-B-12-002. Appendix G)  
10 USEPA, Letter w/attachment from Denise Keehner (Director, Standards and Health Protection Division) 
to Derek Smithee, State of Oklahoma, September 5, 2008. (Cited as updated information in USEPA 
Water Quality Standards Handbook, Second Edition. EPA-823-B-12-002,  Chapter 4) 
11 USEPA.  63 FR 36752 (July 7, 1998) 
12 USEPA.  63 FR 36756 (July 7, 1998) 
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downstream waters and ensure that water quality standards provide for the attainment 
and maintenance of the water quality standards of downstream waters. (40 CFR 131. 
10(b)). 
 
Finally, decisions to remove or not designate REC1 uses for surface waters are subject 
to reconsideration as part of the Basin Plan Triennial Review process. Where new 
information and/or changed conditions warrant the REC1 designation, then the Basin 
Plan must be amended accordingly. 
 
3.2 40 CFR 131.10 (g) Factor Assessment  

Reaches 1a and Reach 1b of Temescal Creek are incapable of supporting water 
contact recreation because: 
 

• Natural, ephemeral intermittent or low flow conditions or water levels prevent the 
attainment of the use (see Section 3.2.1)  

 
• Dams, diversions or other types of hydrologic modifications preclude the 

attainment of the use, and it is not feasible to restore the water body to its original 
condition or to operate such modifications in a way that would result in the 
attainment of the use (see Section 3.2.2). 

 
3.2.1 Natural, Ephemeral, Intermittent and Low Flows Preclude Recreational 

Uses (40 CFR 131.10(g) Factor 2) 

Dry weather flow is the predominant flow condition in Temescal Creek. The dry weather 
flows are a combination of nuisance flows from the surrounding urbanized area and 
treated wastewater effluent. The City of Corona Wastewater Treatment Plant (WWTP) 
#3 and the Lee Lake Water District discharge into the Creek upstream of Reach 1b. At 
the present time, the City of Corona discharges approximately 0.37 million gallons per 
day (mgd) and the Lee Lake Water District approximately 0.82 mgd.   
 
The Lee Lake Water District is building a large recycled water storage pond. Once the 
pond is in use, the District’s discharge to the creek will be infrequent and possibly, only 
under emergency conditions.  
 
The City of Corona recently indicated its intent to cease operation of WWTP #3, since 
anticipated growth in the service area of the facility has not yet materialized. The 
treatment plant may be reopened if and when justified by sufficient development and 
wastewater flows. Although the City of Corona Municipal WWTP #2 lies adjacent to 
Reach 1a, its treated effluent is not discharged into Temescal Creek.  
 
Precipitation-derived runoff typically occurs for only relatively short episodic periods 
during and immediately after rainfall events in the watershed. As is typical of this area, 
rainfall events almost always occur in the wet season (mid-October through Mid-April) 
and generally affect stream flows on fewer than 14 days/year. Depending on the 
amount of nuisance runoff and effluent discharges, dry weather flows 
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in the channel are normally limited to part of the width of the channel in both reaches 
(see Figures TC-5 and TC-7). 
 
3.2.1.1 Methods and Fieldwork  

Two methods were used to evaluate flow depths and conditions in Temescal Creek: 
engineering estimates based on gauge data and aerial imagery, and direct stream 
measurements collected during the UAA technical investigation. 
 
For Reach 1a, depth data were analyzed from a USGS gauging station located just 
upstream of Main Street. CDM13 processed the 15-minute interval USGS flow data from 
1980 through 2008 to facilitate time series plotting and flow / depth frequency 
distribution analyses. CDM developed a rating curve to convert continuous depth 
records to flow rates. The continuous time series of measured depth and estimated flow 
rate was analyzed to assess the frequency of different flow conditions in the reach. 
Cumulative frequency distributions were developed to show the likelihood of a particular 
flow condition occurring.  
 
For Reach 1b, where there is no gauging station, Flood Control District staff estimated 
depth based on flow width observation using Google Earth imagery. As the channel 
bottom in Reach 1b is sloped along the cross section with the centerline 1 foot below 
the toe (bottom) of the sidewalls, an image showing a wetted flow width narrower than 
the full channel width would be less than one foot deep at the centerline. Flow depth 
was estimated by the percentage of wetted channel width.  Depths were estimated 
using 14 available images from 1994 to 2012. 
 
To estimate flows in Reach 1b in dry weather conditions, CDM used the data available 
at the Main Street gauge and assumed that all the flows at the gauge originated from 
Reach 1b. Channel geometry was used near the East 6th Street crossing in Reach 1b to 
estimate flow depth14.    
 
Additionally, direct depth measurements were obtained by CDM staff and Regional 
Board staff during separate field surveys. The engineering estimates and field 
measurements were further corroborated by subjective depth assessments reported 
each time CDM staff visited surveillance cameras being used to capture evidence of 
recreational activity in the creek. 
 

                                            
13 CDM performed technical analysis for the Stormwater Quality Standards Task Force for this UAA, 
producing the “Use Attainability Analysis Technical Report for Temescal Creek” (August 2010) (CDM 
Technical Report) and “Recreational Use Survey – Temescal” (November 2006). 
14 CDM Technical Memorandum – Flow Characterization of Temescal Creek UAA Reach 1b (September 
2013). 
 

http://sawpa.org/documents/TemescalWashRecreationalUseSurveyDataReport_000.pdf
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3.2.1.2 Findings and Conclusions 

As reported in the CDM Technical Report, given the hydrologic patterns in Southern 
California, dry weather flow is the predominant condition in Temescal Creek.  Dry 
weather flow consists of urban nuisance flows and treated POTW effluent. Precipitation-
derived runoff typically occurs for only relatively short episodic periods during and 
shortly after rainfall events within the tributary watershed.  These events are typically 
during the wet season (October 15 to April 15), although infrequent late summer rainfall 
and runoff events do occur.  
 
CDM’s analysis of the cumulative frequency curves of flow rate and depth from 1980 to 
2008 at Main Street (Reach 1a) showed that more than 90 percent of the time, flow 
rates and depths are characteristic of dry weather flow conditions. As shown in 
FigureTC-8, flow depths during 1980 to 2008 were less than 2 feet approximately 99 
percent of the time and less than 1 foot approximately 90 percent of the time.     
 

 

 
Figure TC-8. Channel Depth Curve for Temescal Creek at Main Street (Reach 1a) (1980-
2008) (Source: Use Attainability Analysis Technical Report for Temescal Creek, CDM, August 2010, 
Figures 4-3 and 4-4) 

 
CDM's engineering estimates are consistent with the actual depth measurements 
collected by Regional Board staff. Regional Board staff have observed that dry weather 
flows are contained within the designed low flow centerline depression in Reach 1a, 
with depths less than one foot. On August 15, 2013 Regional Board staff measured the 
deepest depth of flow to be four inches just upstream of Cota Street. Board staff 
observations confirm shallow (less than one foot) dry weather flows in Reach 1a near 
Lincoln Avenue, although water sometimes pools in a small area at the downstream end 
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of this reach segment near the Lincoln Street Bridge. Regional Board staff measured 
the deepest depth in the pool to be 2.75 ft. on August 15, 2013. 
 
For Reach 1b, aerial imagery indicated an average depth of less than 5 inches. On 
August 15, 2013, Regional Board staff measured flow depth to be 1 inch deep at the 
downstream end of the reach and observed the channel to be completely dry at the 
upstream end. CDM’s flow characterization analysis shows depths less than 6 inches 
98% of the time from 1988 to 2008.   
 
CDM staff made 47 visual observations of flow in Reach 1a from July 2005 to 
November 2006. CDM staff depth estimates averaged approximately 14 inches.  A 
small number of observations during wet periods exceeded 4 ft. of depth.15,16   
 
Flows in Temescal Creek are too shallow to support swimming or other forms of primary 
contact recreation.17 The creek is a naturally ephemeral stream. During dry weather 
conditions, it would normally dry up completely were it not for the discharge of treated 
wastewater or nuisance flows from landscape irrigation. Analysis/observation of 
Reaches 1a and 1b indicates that for a significant majority of the time, flow in the 
channel is shallow (less than ~ 1 foot). In Reach 1a the dry weather flows are confined 
to the designed low flow centerline depression. Flow depths are less than less than 1 
foot approximately 90 percent of the time and less than 2 feet approximately 99 percent 
of the time. In Reach 1b, dry weather flows are typically very shallow, less than 6 
inches, with periods of time when the channel is completely dry.  
 
Based on the preceding analysis, Regional Board staff has concluded that the natural, 
ephemeral, intermittent and low flow conditions preclude attainment of water contact 
recreation in Reaches 1a and Reach 1b.  Therefore, Reaches 1a and 1b should not be 
designated REC1 in Table 3-1 of the Santa Ana Basin Plan.  
 
3.2.2 Dams, Diversions and Hydrologic Modifications Preclude the Recreational 

Use (40 CFR 131.10(g) Factor 4) 

Wet weather flows can be quite large in Temescal Creek. Consequently, the creek has 
been engineered and heavily modified for flood control protection purposes. 
 
3.2.2.1 Methods and Fieldwork  

The hydrological modifications made to Temescal Creek were evaluated using both field 
surveys and aerial imagery. Regional Board staff made seven (7) field visits to all 
                                            
15 CDM. Stormwater Quality Standards Study - Recreational Use Survey Weekly Data Collection Forms. 
Temescal Creek for the period from July 2005 to November 2006. 
16 Evidence from other UAA investigations conducted by Regional Board staff and the Stormwater Quality 
Standards Task Force indicates that flow depth estimates are subject to variability and inaccuracy. 
17 Federal Cooperative Instream Flow Service Group (members include: U.S. Fish & Wildlife Service, U.S. 
EPA, U.S. Heritage Conservation and Recreation Service, & U.S. Bureau of Reclamation). Methods of 
Assessing Instream Flows for Recreation. FWS/OBS-78/34 (June, 1978) pg. A-7. 
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sections of Reaches 1a and 1b between 2006 and 2013. In addition, staff reviewed as-
built designs for the channel provided by the Riverside Flood Control District. 
 
3.2.2.2 Findings and Conclusions 

Both Reaches 1a and 1b have been engineered and significantly modified to provide 
flood control protection.  Reach 1a consists of 2.5 miles of trapezoidal, concrete lined 
channel with a bottom width of 100 ft. and channel height of 14 ft. (see Figure TC-11). 
The most downstream 0.5 mile segment of Reach 1a is lined with rip rap (see Figure 
TC-12).  Reach 1b consist of 3 miles of vertical walled, concrete-lined channel with a 
bottom width of 84 ft. and channel height of 14 ft. (see Figure TC-13). 
 

 
Figure TC-9. Temescal Creek, Reach 1a at Cota Street. Regional Board staff 
photograph, December 2010 
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Figure TC-10. Temescal Creek, Reach 1a downstream downstream of Cota Street. 
Regional Board staff photograph, May 2011 

 

 
Figure TC-11. Temescal Creek, Reach 1b facing downstream at Magnolia Avenue 
in the City of Corona. Regional Board staff photograph, May 2011 

The entire length of Reaches 1a and 1b is fenced with locked gates to prevent access, 
with signs forbidding trespassing.  
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Figure TC-12. Fence and Gate on Temescal Creek at Cota Street.  Regional Board 
staff photograph, May 2011. 

Gaining access into Reaches 1a and 1b is difficult. In Reach 1a, the trapezoidal slopes 
are very steep making it difficult for an individual to climb down or back up the slope. In 
Reach 1b, the 14 ft. high vertical walls make getting into the channel extremely difficult 
and dangerous (see Figures TC-11 and TC-13). Those intent on water recreation are far 
more likely to choose other stream locations. Other areas of Temescal Creek upstream 
of Reaches 1a and 1b provide individuals with the opportunity to hike along a natural 
stream section (these other areas are designated both REC1 and REC2 and would 
remain so designated). More suitable and accessible water contact recreation 
opportunities may also be found in the nearby Santa Ana River upstream of the City of 
Corona.  
 
Given the existing level of development in the vicinity of the creek and high degree of 
urbanization, there is an ongoing and increasing need to provide flood protection. 
Therefore, it is not feasible to restore the channel to its original condition or to operate 
the channel so as to attain the REC 1 use. 
 
Based on the preceding analysis, Regional Board staff has concluded that the existing 
dams, diversions and other hydrologic modifications made to provide flood control 
protection preclude attainment of water contact recreation in Reaches 1a and 1b of 
Temescal Creek. Therefore, Reaches 1a and 1b should not be designated REC1 in 
Table 3-1 of the Santa Ana Basin Plan. 
 
3.3 REC2 Designation 

REC2 (non-contact recreation) activities include, but are not limited to:  "picnicking, 
sunbathing, hiking, beachcombing, camping, boating, tidepool and marine life study, 
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hunting, sightseeing and aesthetic enjoyment in conjunction with the above activities”. 
Temescal Creek Reach 1 is currently designated REC2. 
 
Reach 1a 
 
There are documented observations, albeit limited, of individuals walking or biking in 
Reach 1a (see Section 4.1, below). There is also evidence of individuals periodically 
living under the Main Street and River Road Bridges inside the channel fences; 
Riverside County conducts periodic sweeps to clear these individuals from the area18. 
The evidence of any water contact is extremely limited. While it appears that the 
individuals observed are or may be using the channel as a convenient travel route 
rather than as an opportunity for REC2 activities, it is possible that such activities are 
taking place. Board staff recommends continuing to designate the REC2 beneficial use 
for Reach 1a, consistent with the current Basin Plan REC2 designation for Temescal 
Creek Reach 1.  
 
Reach 1b 
 
REC2 is not attainable in Reach 1b for many of the same reasons that REC1 (water 
contact recreation) is precluded. There have been no documented observations of 
individuals in or around Reach 1b.  Reach 1b passes through a largely industrial area of 
the City of Corona, with very limited viewing opportunities and no access to the channel 
for the public. There are no sidewalks or walking/cycling trails adjacent to the reach. 
The vertical walls and fencing make getting into Reach 1b extremely difficult and 
dangerous. The flat concrete channel bottom provides very poor habitat for plants or 
wildlife, thereby significantly limiting wildlife viewing opportunities.  Therefore, Board 
staff recommends that REC2 not be designated for Reach 1b.  
 
 

4.0 Existing Use Analysis 
 

 
As noted in Section 3.1, states may not remove the recreational use designation if it is 
an "existing use."  Nor can recreational uses be de-designated if such uses will be 
attained by implementing effluent limits required under sections 301(b) and 306 of the 
Clean Water Act and by implementing cost-effective and reasonable Best Management 
Practices for non-point source control.19  A formal analysis was conducted to evaluate 
these conditions. 
 

                                            
18 This is part of the Comprehensive Bacteria Reduction Plan (June 28, 2011) developed and being 
implemented by the Riverside County Stormwater Program.   Riverside County identifies and removes 
transient encampments for health and safety reasons, as well as to protect water quality. 
19 40 CFR 131.10(h) 
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This analysis consisted of numerous site visits by Regional Board and CDM staff, 
extensive digital photo REC surveys, on-site field surveys, interviews of Flood Control 
District staff, and an analysis of all representative and reliable water quality data.  
 
4.1 Evaluation of Actual Recreational Activities  

4.1.1 Photo Reconnaissance Survey 

From July 2005 through November 2006, recreational use surveys were performed to 
obtain information regarding existing levels and types of recreation use.  Digital field 
observation cameras and data transfer technology, coupled with on-location physical 
surveys were used to collect data. Digital cameras were installed at two locations in 
Reach 1a to collect information.  Electronic photos were transmitted, over the cellular 
phone network, to a secure network server for storage and analysis. The two locations 
within Reach 1a that were surveyed were:   
 

• Temescal Creek at Main Street facing upstream (July / August 2005) 
 

• Temescal Creek at City of Corona WWTP No. 2 facing downstream (November 
2005 to November 2006) 

 
The duration of the survey and number of images collected for each location are shown 
in Table TC-4. At each survey location, an image was collected every fifteen minutes 
during daylight hours throughout the study duration unless signal strength fluctuations 
or equipment failures precluded collection and transmission.    
 

Table TC-4. 
Recreational Use Survey Duration 

Survey Location Start Date End Date Number of Images 

Main Street+ 7/26/05 8/4/05 513 
WWTP No. 2 11/1/05 11/1/06 10,653 

+ Camera vandalized beyond repair on the ninth day of operation 
 

Due to signal strength fluctuation issues and other equipment functionality issues, 
periodic, short-term gaps in image collection occurred between the start and end dates.  
The gaps ranged from relatively minor single fifteen-minute interval image gaps (on 
numerous days) to gaps in image collection spanning several days.   
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Figure TC-13. Photo of the Camera View at the Recreational Use Survey Location 
for Temescal Creek at Main Street (Reach 1a) Facing Upstream (Source: Use 
Attainability Analysis Technical Report for Temescal Creek, CDM, August 2010, Figure 3-2) 

 
Figure TC-14. Photo of the Camera View at the Recreational Use Survey Location 
for Temescal Creek at City of Corona WWTP No. 2 (Reach 1a) - Facing 
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Downstream (Source: Use Attainability Analysis Technical Report for Temescal Creek, CDM, 
August 2010, Figure 3-3) 

Any image containing a person or persons within creek fencing or boundaries was 
defined as a recreation event.  If a person or persons were observed meeting these 
same conditions during on-location physical surveys, these were also considered 
events.  An event could include one or more persons. For each event, each person’s 
activity (type), and the estimated duration of the event were logged.  If an activity was 
captured on only one image, an activity duration was reported as <30 minutes.  
Likewise, if the same activity by the same person or persons was observed in two 
consecutive fifteen-minute interval images, the duration was reported as <45 minutes.   
 
Table TC-5 presents a summary of the activity recorded at the Temescal Creek, Reach 
1a survey locations over the duration of the survey.  The seasonal periods defined in 
southern California NPDES stormwater permits were used to categorize the 
observations by season (April 1 to September 30 for the dry season; October 1 to 
March 31 for the wet season).  Full recreational use survey information can be found in 
the Recreational Use Survey Data Report – Temescal Creek prepared for the 
Stormwater Task Force by CDM in November 2006.  

 

Table TC-5. 
Recreational Activity Recorded for Temescal Creek 

Location 

Number of Individuals Estimated 
Duration 

(min) 
Types of 
Activity Total Dry Season 

Wet 
Season 

Main Street 4 4 0 120 Walking 
and biking 

WWTP #2 29 20 9 840 Walking 
and biking 

 
As shown in Table TC-5, the camera survey results indicate a very low frequency of 
human activity of any kind in Reach 1a of the Creek.  While no camera survey was 
conducted in Reach 1b, it is reasonable to expect similar results, and even less activity 
in Reach 1b given the channel morphology (vertical concrete walls and bottom; see 
Figure TC-5) and adjacent land use, which is largely industrial and commercial (see 
Figure TC-11). Of the 11,166 images collected at the camera survey locations in Reach 
1a, only two suggested any type of water contact.  In both cases, an individual was 
observed walking in or adjacent to shallow water in the center low flow depression, with 
any contact limited to below the ankle in depth and of short duration (less than 30 
minutes). These images are included here as Figures TC-17 and TC-18.  Thirty-one 
images showed a few individuals either walking or, on rare occasions, riding a bicycle in 
the channel without water contact. This type of activity is depicted in Figure TC-19. 
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Figure TC-15. Photo of Activity at Temescal Creek at Main Street (Reach 1a), 
7/27/2005, 10:00 (Source: Use Attainability Analysis Technical Report for Temescal Creek, 
CDM, August 2010, Figure 3-4) 

 
Figure TC-16. Photo of Activity at Temescal Creek at Corona WWTP (Reach 1a), 
7/1/2006, 13:30 (Source: Use Attainability Analysis Technical Report for Temescal Creek, 
CDM, August 2010, Figure 3-6) 



31 
 

 
Figure TC-17. Photo of activity at Temescal Creek at Corona WWTP (Reach 1a), 
2/25/2006, 12:15. (Source: Use Attainability Analysis Technical Report for Temescal Creek, 
CDM, August 2010, Figure 3-7) 

4.1.2 Field Surveys 

Regional Board staff  made at least seven trips to Reach 1a and 1b of Temescal Creek 
between 2006 and 2013, during which the channel was observed from numerous 
locations (on two occasions, the surveys were complemented by  City of Corona and 
Riverside County Flood staff persons who drove the concrete-lined portion of these 
reaches) .  During one visit individuals were observed in Reach 1a walking in the 
channel, though not in the low flow channel and without contacting the water. On two 
occasions, apparent homeless camps20 were noted under the Main Street bridge 
crossing. Regional Board staff never observed any individuals in the low flow 
depression in the center of the channel or in contact with water in the channel. No 
individuals were ever observed in any section of Reach 1b.   
 
Task Force members performed seven separate recreational use field surveys of 
Reaches 1a and 1b.  Each site visit was conducted on a summer weekend in order to 
maximize the opportunity to observe any recreational activity that might occur.  Four 
surveys were completed in July and August of 2006.  Three additional surveys were 
conducted in July and August of 2011. Task Force members were required to remain at 
each location for at least 30 minutes and to record observations on a standardized form.  
This included the date and time of the visit, the weather conditions, an estimate of the 
depth and clarity of water in the channel, and the number of people and nature of any 
recreational activities observed.  Individuals were noted in Reach 1a near the River 
                                            
20 As noted previously, County Flood Control Staff participate with police, city staff, and county social 
service staff in periodic sweeps of Reach 1 to remove transient encampments.  
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Road Crossing during two surveys. One surveyor noted that there appeared to be a 
homeless encampment under the River Road Bridge (located in Reach 1a).  
 
Field surveys were also conducted by CDM staff as they performed regular 
maintenance at the survey camera locations.  The maintenance crews completed a 
written log documenting their observations during each site visit. The crews logged any 
observed water contact or evidence of water contact. CDM staff visited the two camera 
sites a total of 47 times between July 2005 and November  2006 – approximately 3  
visits at the Main Street location, 44 visits at the City of Corona WWTP #2 location. Both 
of these locations were in Reach 1a, about one mile apart. CDM staff provided Regional 
Board staff copies of the maintenance logs for review. The crews recorded observing no 
individuals in contact with the water.  
 
4.1.3 Other Evidence of Historical Recreational Use  

To collect information regarding historical recreational use, Regional Board staff 
interviewed local agency staff who frequent or are familiar with Reaches 1a and 1b of 
Temescal Creek.  CDM made similar inquires and performed additional electronic 
searches in the course of preparing the UAA Technical Report for Temescal Creek. 
 
County Flood Control staff regularly visit the area to maintain the channel.  These 
maintenance crews state that they have never encountered any unauthorized persons 
within the confines of Reaches 1a or 1b of Temescal Creek (i.e., "inside the chain link 
fence"). 
 
CDM conducted inquiries to local jurisdictional agencies, online searches of California 
newspaper archives, databases (engineering and environmental trade journals), and 
search engines such as Google News archive and Lexis-Nexis to identify any accounts 
or reference to recreational activities in the channel.  No historical use information was 
identified from these searches.  
 
Finally, the Regional Board received no written comments and no public testimony 
during the public hearing process for the recreation standards amendments, including 
these UAAs, documenting any past or present recreational activity in Reaches 1a and 
1b. 
 
4.1.4 Probable Future Use  

Information regarding probable future recreational uses for Temescal Creek was 
obtained through discussions with local agencies.  The City of Corona was contacted as 
well as the Flood Control District.  Based on these agency inquiries, probable future 
uses have been documented. Subsequent triennial review may identify future probable 
uses.  
 
The City’s General Plan Land Use Atlas has Temescal Creek designated as Open 
Space / General, which includes lands permanently committed for public safety, 
including flood control channels.  The City’s Zoning Map indicates Temescal Creek as 
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zoned for Flood Control, with no other uses planned.  The City of Corona reported that 
its General Plan for existing and proposed bicycle trails does list the relevant reach of 
Temescal Creek as planned for a Class I Bicycle Path (completely separated from 
traffic).  No immediate plans are in place to construct this bicycle path (communication 
with Michelle Hindersinn, Associate Engineer, City of Corona – Public Works, July 23, 
2009). 
 
The Riverside County Parks and Open Space District indicated that there are no water 
contact recreation use facilities planned for the creek (Communication with Marc 
Brewer, Riverside County Parks and Open Space District, July 28, 2009). This 
information was confirmed in a more recent conversation with Mr. Brewer (September 
29, 2011), who then indicated that a future bicycle trail is proposed along the entire 
length of Temescal Creek from Lake Elsinore to the Santa Ana River. The future trail 
would lay atop the service road adjacent to the channel in Reaches 1a and 1b. Mr. 
Brewer stated that there will very likely be no funding available for the next several 
years to initiate the trail.   
 
4.1.5 Summary – Evidence of Past, Present or Probable Future Recreational Use 

In summary, there is no evidence of actual current, historic, or reasonable probable 
future REC1 use in Reaches 1a and 1b of Temescal Creek.  Photographic surveys, field 
surveys and information provided by public agency staff members who routinely visit the 
Creek corroborate this conclusion.   
 
The absence of any water-related recreation in Reaches 1a and 1b confirms that the 
low flows, hydrologic modifications, and physical access deterrents are in fact 
precluding attainment of the REC1 use.  No one has been observed paddling, wading, 
walking, or swimming in any section of channel. These same factors also limit the 
available habitat and the resulting opportunity to engage in wildlife sightseeing. Taking 
into consideration this suite of factors, as well as master planning information, there is 
no evidence that REC1 use in the future is probable.  
 
There are documented observations of people in the Reach 1a channel. While it 
appears that the individuals observed are using the channel as a convenient travel route 
rather than as an opportunity for REC2 activities, it is possible that such activities are 
taking place. Accordingly, REC2 designation is recommended for Reach 1a. No 
individuals have been observed in Reach 1b and physical deterrents, limited (if any) 
flows and the commercial/industrial nature of adjacent land use make REC2 use 
unattainable, now and in the probable future. 
 
Concrete-lined flood control channels are quite common throughout the Santa Ana 
Region.  Photographic evidence from the Greenville-Banning Channel and several 
similar locations, including Demens Channel, Anza Park Channel, and Cucamonga 
Creek (shown below), provide strong evidence  that there is no meaningful water 
recreation occurring in these types of facilities. 
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Figure TC-18. Cucamonga Creek Channel (Source: Recreational 
Use Survey, CDM 11/2006) 

4.2 Evaluation of Ambient Water Quality    

4.2.1 Assessment Methods 

Water quality samples were collected in Temescal Creek Reach 1 by Orange County 
Coastkeeper and the Middle Santa Ana River TMDL Grant Project Team. Orange 
County Coastkeeper performed water quality monitoring from 2002 to 2004 at the 
Lincoln Avenue crossing, the downstream terminus of Reach 1a. The Middle Santa Ana 
River TMDL Grant Project team conducted monitoring at this same location from 2007 
to 2008.  Samples were collected approximately monthly from 2002 to 2004 and 
analyzed for E. coli concentrations. Monitoring for both fecal coliform and E. coli was 
conducted on a more frequent basis from 2007 to 2008.  The fecal coliform data are 
presented in Table TC-6, below. The E. coli data are presented in Table TC-7.  
 
For fecal coliform, when 5 or more samples were collected in a 30-day period, a 
geometric mean (geomean) was calculated and compared to the existing REC1 fecal 
coliform objective (200 organisms/100mL based on five or more samples in a 30-day 
period). The fecal coliform data were also compared to that part of the existing REC1 
fecal coliform objective that specifies that no more than 10% of the samples exceed 400 
organisms/100mL for any 30-day period.  
 
For E. coli, insufficient data were collected to compare to the E. coli geometric mean 
recommended in the recreation standards amendments.  The recommended geometric 
mean requires that at least 5 samples be collected during a 30-day period. Accordingly, 
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the available E. coli data were evaluated based on the recommended criteria in 
USEPA’s 2012 Recreational Water Quality Criteria document. These new criteria 
include the geometric mean of 126/100mL, to be calculated based on the number of 
samples collected during any 30-day period (no minimum number of samples during 
that period is specified). In addition to the geometric mean, the 2012 Criteria include a 
Statistical Threshold Value (STV) of 410/100mL that is not to be exceeded in more than 
10%of the samples collected during the same 30-day interval used to assess the 
geometric mean.  
 
 

Table TC-6 

Monthly Fecal Coliform Data at Temescal Creek at Lincoln Avenue (Reach 1a) 
(2007-2008) 

 
Date 

 
Sample results 

MPN/100mL 

Percent 
greater than 
400 / 30 day  
period1 

 Geometric 
means (5 
samples/30 
day period1) 

7/8/2007 3,800    
7/15/2007 5,000   
7/22/2007 4,600   
7/29/2007 8,100   
8/5/2007 10,200 100% 5,912 
8/26/2007 3,700   
9/2/2007 1,800,000   
9/9/2007 1,800   
9/17/2007 3,600   
9/23/2007 9,400 100% 13,232 
12/7/2007 16,000   
12/9/2007 2,700   
12/10/2007 350   
12/11/2007 210 50%  
1/13/2008 140   
1/20/2008 300   
1/27/2008 470   
2/3/2008 100   
2/10/2008 110 20% 185 
2/17/2008 130 20% 182 
Notes: 
1.  Basin Plan REC1 objective: logmean <200 organisms/100mL based on 5 or more 
samples/30-day period and not more than 10% of samples exceed 400 organisms/100 mL for 
any 30-day period. 
2.  Geometric mean results in bold exceed Basin Plan objective.  
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Table TC-7 

 Monthly E. coli Data at Temescal Creek at Lincoln Avenue (Reach 1a) (2002-08)  

Month 
and  
Year 

E. coli (MPN/100mL) 
Number 
of 
Samples 
Collected 

 
 
Sample results1 

Percent 
Exceedance 
of STV 
(410 
cfu/100mL) 

Geometric 
means2 that 
exceed  
USEPA 2012 
criterion 
(126cfu/100mL) 

10/2002 1 100 0%  
11/2002 1 100 0%  
12/2002 1 410 0% 410 
1/2003 2 100; 100 0%  
2/2003 2 100; 970 50% 311 
3/2003 2 200; 1460 50% 540 
4/2003 1 1220 100% 1220 
5/2003 1 200 0% 200 
6/2003 1 520 100% 520 
7/2003 1 520 100% 520 
8/2003 1 100 0%  
9/2003 1 200 0% 200 
10/2003 1 200 0% 200 
11/2003 1 100 0%  
12/2003 2 520; 200 50% 322 
1/2004 2 100; 0 0%  
2/2004 1 200 0% 200 
3/2004 2 200; 1480 50% 544 
4/2004 1 1100 100% 1100 
6/2004 1 310 0% 310 
7/2007 4 1,000; 690; 710; 290  75% 614 
8/2007 2 200; 720  50% 379 
9/2007 4 410,000; 500; 920; 2,200 100% 4513 
12/2007 4 9,200; 740; 310; 220 50% 155 
1/2008 3 150; 270; 280 0% 225 
2/2008 3 70; 140; 80 0%  
Notes: 

1 Sample results in bold exceed USEPA 2012 Recreational Water Quality Criteria 
(2012 Criteria) recommended Statistical Threshold Value (STV) (410 cfu/100mL) 
corresponding to recommended geometric mean of 126 cfu/100mL  

2 USEPA 2012 Criteria recommend that the geometric mean not be exceeded in any 
30-day interval. No minimum number of samples for the geometric mean calculation 
is identified.     
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4.2.2 Findings and Conclusions 

Water quality data and analysis show that the existing REC1 fecal coliform objectives 
are not consistently attained in Temescal Creek. As shown in Table TC-6, two  
geomean values were calculated for fecal coliform (5,912 and 13,232 MPN per 100 
mL). Both values significantly exceeded the current Basin Plan fecal coliform geomean 
objective (200/100 mL). That part of the established REC1 objective that specifies that 
no more than 10% of the samples exceed 400 organisms/100mL for any 30-day period 
was consistently exceeded. Figure TC-21 presents fecal coliform concentrations from 
2007 through 2008. As shown, more than half of the samples exceeded 400/100 mL 
fecal coliform. 
 
As shown in Table TC-7, E. coli concentrations frequently exceeded USEPA’s 
recommended geometric mean (126 cfu/100mL) and associated Statistical Threshold 
Value of 410/100 mL. 
 

 
Figure TC-19. Time Series of Fecal Coliform Concentrations in Temescal Creek at 
Lincoln Avenue (Reach 1a) from 2007 through 2008 (Source:  Use Attainability Analysis 
Technical Report for Temescal Creek, CDM, August 2010, Figure 3-9) 

In summary, water quality sampling conducted in Temescal Creek indicates that the 
existing fecal coliform and recommended E. coli objectives are not consistently 
achieved.  
 
4.2.3 Probable Future Water Quality 

The Riverside County Stormwater Program was formed to meet the requirements of the 
Municipal Separate Storm Sewer System (MS4) Permit issued to the County and its 
municipal co-permittees. The Riverside County Stormwater Program has developed and 
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implemented a wide range of Best Management Practices (BMPs) focused on source 
control of pathogens and other pollutants. Riverside County has developed a 
“Stormwater BMP Design Handbook”, which provides design procedures for structural 
BMPs for new development and redevelopment with the County. The Handbook 
includes a treatment control BMP matrix that describes the appropriate BMPs to select 
to address particular pollutants of concern. For pathogens, this matrix lists infiltration- 
and filtration- type BMPs as potentially providing “medium” or “high” levels of removal 
efficiency21.   
 
In response to the Middle Santa Ana River Bacteria Indicator TMDL and requirements 
of the MS4 Permit implementing that TMDL, the Riverside County Stormwater Program 
prepared a Comprehensive Bacteria Reduction Plan (CBRP) (June 28, 2011), which 
was approved by the Regional Board and is now being implemented. The CBRP 
identifies a multi-step procedure that is being and will be used to prioritize and 
investigate MS4 outfalls and then to select and implement the most appropriate control 
strategy for each MS4 outfall that is tributary to the Middle Santa Ana River. Tributaries 
to the Middle Santa Ana River include Temescal Creek. A range of structural and non-
structural BMPs are identified and evaluated in the CBRP. Implementation of these 
BMPs is expected to be an adaptive, iterative process, based on demonstrated 
success. 
 
While BMPs are expected to have a beneficial effect, the problematic nature of 
achieving consistent compliance with bacteria quality objectives through BMP 
implementation (apart from complete removal/diversion of flows from surface waters 
(with the potential for significant concomitant adverse effects on the beneficial uses of 
those waters)), must be recognized.  
 
 

5.0 Protection of Downstream Uses 
 
 

5.1 Regulatory Requirements  

In designating the uses of a water body, and in considering changes to those 
designations, states must take into consideration the water quality standards of 
downstream waters and ensure that water quality standards provide for the attainment 
and maintenance of the water quality standards of downstream waters. 22 Reaches 1a 
and 1b of Temescal Creek are tributary to the Prado Basin Management Zone and to 
the Santa Ana River, which are designated REC1 and REC2 
 

                                            
21 See also “Stormwater Bacteria BMPs” (Excel spreadsheet and related references). Prepared for the 
Stormwater Quality Standards Task Force, April 2009 – Prepared by Stuart Goong, PhD, County of 
Orange, Orange, CA 
22 40 CFR 131.10(b) 
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5.2 Compliance Strategies  

As described above, BMPs are being implemented to reduce fecal indicator bacteria in 
the Temescal Creek Watershed and downstream waters as part of implementation of 
the area-wide MS4 Permit and CBRP. Antidegradation bacteria indicator targets have 
been identified to prevent water quality degradation (see discussion in January 12, 2012 
staff report for the recreation standards amendments, Sec. 5.2).    
 
To address potential impacts to downstream waters, the Flood Control District has 
proposed a diversion project, a type of BMP identified and evaluated in the CBRP. The 
proposed Temescal Channel Cota Street Recharge Pond Diversion Project would divert 
base flows from Temescal Creek just downstream of Cota Street (Reach 1a). Three 
existing ponds located adjacent to Temescal Creek and to the west of Cota Street have 
excess capacity to allow recharge of base flow, additional reclaimed water and/or 
imported water. Depending on downstream water rights and habitat issues, a certain 
amount of base flow could be diverted from the channel into the recharge ponds. It is 
anticipated that up to half of the base flow of the creek below Cota Street could be 
diverted into the ponds. Implementation of the diversion is expected to result in 
significant reduction of indicator bacteria loading to downstream waters. The project has 
been budgeted and the Flood Control District is working on necessary agreements with 
the City of Corona to be able to begin the project. 23   It is important to point out that the 
implementation of this project rests on the assumption that recreational use 
designations for Reach 1a and 1b are modified in accordance with the 
recommendations of this UAA, making it unnecessary to achieve REC1 objectives in the 
two reaches themselves. To require compliance with these objectives in the two 
reaches would be inappropriate, based on the findings of this UAA, and would defeat 
the intended purpose of the diversion project.  
 
 

6.0 Triennial Review Requirements 
 
   

6.1 Regulatory Requirements 

Section 101(a)(2) of the Clean Water Act states:  "it is the national goal that wherever 
attainable, an interim goal of water quality which provides for … recreation in and on the 
water be achieved…"  Federal regulations [40 CFR 131.6(a)] requires states to enact 
water quality standards and "use designations consistent with the provisions of section 
101(a)(2)." 
 
A UAA must be conducted when "the State designates or has designated uses that do 
not include the uses specified in section 101(a)(2) of the Act"  [40 CFR 131.10(j)].  In 
addition, in accordance with 40 CFR 131.20(a)(1):  “Any water body segment with water 
                                            
23 Jason Uhley. Riverside County Flood Control and Water Conservation District.  Personal 
Communication, August 2013 



40 
 

quality standards that do not include the uses specified in section 101(a)(2) of the Act 
shall be re-examined every three years to determine if any new information has become 
available. If such new information indicates that the uses specified in section 101(a)(2) 
of the Act are attainable, the State shall revise its standards accordingly.”   
 
6.2 Reassessment Procedures 

If UAA Reaches 1a and 1b of Temescal Creek are not designated REC1 and/or REC2, 
the Regional Board will re-examine this decision every three years as part of the regular 
Triennial Review process.  The focus of this review will be to determine whether there 
has been any substantial change to the factors supporting the original determination.   
 
In preparation for the Triennial Review, Regional Board staff will visit Reaches 1a and 
1b of the Temescal Creek to confirm that the existing hydromodifications and access 
restrictions remain in place and unaltered.  Finally, the Regional Board will solicit any 
new information concerning actual or potential recreational use of Temescal Creek 
when public notice is given for the Triennial Review. 
 
If new evidence indicates that recreation in or on the water may be attainable because 
one or both factors previously precluding the use have changed, the Regional Board 
may elect to:  1) designate Reach 1a and 1b for REC1 and/or REC2; or 2) require that a 
new UAA be conducted in order to determine whether Reach 1a and 1b should continue 
to be de-designated for REC1 and/ or REC2. 
 
The Regional Board retains the authority and discretion to re-examine the issue of 
appropriate use designations for Temescal Creek more frequently than once every 
three years when warranted. 
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UAA ANALYSIS: 
GREENVILLE-BANNING CHANNEL – TIDAL PRISM  

 
 
1.0 Executive Summary 
 
This analysis demonstrates that the REC1 use does not exist and is not attainable in the 
Tidal Prism of the Greenville-Banning Flood Control Channel (GBC).  REC2 use of the 
Tidal Prism exists and the Tidal Prism should be so designated. The REC1 and REC2 
uses are described as:  

 
Water Contact Recreation (REC1) waters are used for recreational 
activities involving body contact with water where ingestion of water is 
reasonably possible.  These uses may include, but are not limited to, 
swimming, wading, water-skiing, skin and scuba diving, surfing, 
whitewater activities, fishing, and use of natural hot springs. 
 
Non-contact Water Recreation (REC2) waters are used for recreational 
activities involving proximity to water, but not normally involving body 
contact with water where ingestion of water would be reasonably possible.  
These uses may include, but are not limited to, picnicking, sunbathing, 
hiking, beachcombing, camping, boating, tidepool and marine life study, 
hunting, sightseeing, and aesthetic enjoyment in conjunction with the 
above activities.  
 

The Tidal Prism is a concrete-lined box flood control channel.  It is 60-feet wide with 
vertical walls that are 20-feet high.  Public access is prohibited by law and prevented by 
chain link fencing and locked gates throughout its entire length.  The Tidal Prism 
extends from the confluence with the Santa Ana River upstream to an inflatable dam 
and pump works, a distance of approximately 1.2 miles. During dry conditions, the 
inflatable dam diverts low flows from the channel to the Orange County Sanitation 
District and a nearby constructed wetland. As a result, the Tidal Prism is dominated by 
tidal flows from the Santa Ana River Tidal Prism. Water depths are generally shallow in 
this reach.   
 
Extensive photographic evidence, field surveys and interviews of knowledgeable local 
authorities indicates that water contact recreation is not occurring and has not occurred 
in the Greenville-Banning Channel Tidal Prism.  The REC1 use cannot occur in the 
Tidal Prism because flood control modifications and, at times, low flow conditions 
preclude attainment of these uses. 
 
Analysis of historical water quality monitoring data indicates that the bacterial objectives 
are not being met.  However, recreational uses cannot be attained by imposing more 
stringent effluent limitations or requiring additional Best Management Practices (BMPs) 
to control non-point sources because factors other than water quality will continue to 
preclude the REC1 use.  
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The tidal flows in the Tidal Prism provide the opportunity for viewing wildlife from the 
adjacent bicycle path. As a result, the REC2 use is attained. However, the REC1 use is 
not attained and should not be designated for the Tidal Prism of the Greenville-Banning 
Flood Control Channel. 

 
2.0 Segment description 
 
2.1 Location 

The Greenville-Banning Channel watershed (approximately 9 mi2) is located in Orange 
County and includes portions of the Cities of Costa Mesa and Santa Ana. See Figure 
GB-1. The Channel is not now listed in the Basin Plan, and beneficial uses for the 
Channel have not yet been formally designated. Two reaches of the Channel are 
proposed to be identified and included in the Basin Plan: the proposed Tidal Prism 
reach, which is the subject of the UAA contained herein, and proposed Reach 1 of the 
Channel.  A UAA for Reach 1 has also been conducted and reported in a separate 
document.  These two reaches extend approximately 3.35 miles from the confluence of 
the channel with the Santa Ana River upstream to the California Street crossing in the 
City of Costa Mesa.  

The Tidal Prism is subject to tidal influence due to its proximity to the Pacific Ocean and 
low elevation. The terminus of the Greenville-Banning channel is located approximately 
1.3 miles upstream of the ocean at the confluence with the Santa Ana River just 
downstream of the Hamilton Avenue/Victoria Street Bridge in the City of Costa Mesa. 
The proposed Tidal Prism segment of the Greenville-Banning channel begins at the 
Santa Ana River confluence and extends upstream approximately 1.2 mile to the 
inflatable rubber dam operated by the Orange County Public Works Department. Dry 
weather flows that pool up behind the dam are diverted to the sanitary sewer system for 
treatment and to supply water to a constructed wetland. There are no tributaries to the 
Tidal Prism. See Figure GB-1,GB-2, and GB-5.  
 
2.2 Proximate Land Use 
 
The Talbert Nature Preserve borders the eastern side of the proposed Tidal Prism. The 
Santa Ana River borders the tidal prism to the west. A bicycle trail lies adjacent to the 
entire length of the Tidal Prism. See Figure GB-5. 
 
2.3 Channel Characteristics  
 
The area surrounding the current Greenville-Banning Channel originally drained to the 
Santa Ana River. The channelization of the Santa Ana River created flooding in the area 
in the early 1900’s.  A channel, known as the Talbert Ditch, was constructed in the early 
1900’s to resolve these flooding issues.  In 1959 the Greenville-Banning Channel was 
completed as an earthen trapezoidal channel to replace the Talbert Ditch. Over time the 
Tidal Prism and Reach 1 sections of the channel were converted to concrete-lined. 
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The Tidal Prism is a vertical walled, fully concrete-lined channel.  The channel is flat 
bottomed and 60 ft. in width. The walls are 20 ft. in height. The entire length of the Tidal 
Prism is fenced off on both sides of the channel by a six foot high chain link fence with 
one locked access gate and ramp. The inflatable dam, the upstream terminus of the 
tidal prism, is approximately 5 ft. in height when inflated.  The dam is inflated during dry 
weather conditions that occurs the vast majority of the time during the year.   

 

Figure GB-1.  Map of Greenville-Banning Channel watershed. (Source:  Use Attainability 
Analysis Technical Report for Greenville-Banning Channel, CDM, August 2010, Figure 2-1) 
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Figure GB-2 Proposed Tidal Prism and Reach 1 of the Greenville-Banning Channel. The 
Channel lies adjacent to the Santa Ana River from its confluence with the River to upstream of 
Gisler Avenue at the California Street crossing.   
  

Reach 1 
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Figure GB-3:  Rubber dam diversion at Greenville-Banning Channel. (Photograph 
from Orange County Public Works) 

 
 

 

Figure GB-4 Proposed Tidal Prism Reach of the Greenville-Banning Channel 
Facing Downstream. The Santa Ana River (tidal prism), Pacific Coast Highway Bridge, 
and Pacific Ocean are in the distance. (Regional Board Staff photograph, June 2010) 
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Figure GB-5:  Proposed Tidal Prism Reach of the Greenville-Banning Channel, facing 
upstream.  The Santa Ana River Bicycle Trail and Talbert Nature Reserve are to the right and 
the Santa Ana River to the left of the channel. The inflatable dam is approximately 0.5 further 
upstream from this location. (Regional Board Staff Photograph, October 2010) 

 
 

 

Table GB-1:  Channel Characteristics for Tidal Prism Reach of GBC 

Length  Boundaries Description 
 

1.2 miles 
Low flow diversion 
dam (inflatable dam) 
to Santa Ana River 
Confluence 

Fully concrete-lined, 
60 ft. bottom width, 
20 ft. high vertical walls. 

 

  



10 
 

2.4 Regulatory Status 

2.4.1 Beneficial Use Designations 

No portion of the Greenville Banning Channel (GBC) is currently identified or included in 
the Santa Ana Basin Plan.  It is proposed that both the Tidal Prism and Reach 1 of the 
GBC be added to the Basin Plan.  The following beneficial use designations or 
exceptions are recommended for the Tidal Prism: 

 MUN (Municipal and Domestic Supply): MUN is not an existing use nor can this 
use be feasibly attained in the future. Total dissolved solids (TDS) levels exceed 
3,000 mg/l. An exception from the MUN designation is appropriate pursuant to 
the Sources of Drinking Water Policy. 
 

 REC2 (Non-contact Water Recreation): The bicycle path adjacent to the channel 
offers opportunities for aesthetic enjoyment including wildlife viewing.  
 

 MAR (Marine Habitat): The marine waters of the channel support a marine 
habitat that is interconnected with the tidal prism of the Santa Ana River and the 
Ocean.  Marine organisms such as barnacles and mussels grow on the concrete 
walls of this reach. Marine fish such as sting rays are noted in the channel. 
 

 WILD (Wildlife Habitat):   Birds and fish from the adjacent tidal prism of the Santa 
Ana River and birds from area wetlands use the proposed tidal prism as habitat. 

 
 RARE (Rare, Threatened, or Endangered Species): Per CDFW staff (personal 

communication with Regional Board staff), the proposed tidal prism provides 
foraging habitat for the federally listed California Least Tern (Sterna antillarum). 
 

2.4.2 303 (d) Listings and Total Maximum Daily Loads (TMDLs) 
 
The Greenville-Banning Channel is not listed on the 2010 303 (d) list of impaired waters 
for any pollutant.  No TMDLs are required for this waterbody.  
 
Elevated levels of bacteria indicators, including enterococcus, have been detected at 
Huntington Beach State Park, located downstream of the Channel, leading to the 
inclusion of the Park on the 2006 303 (d) list of impaired waters. The State Park was 
delisted in the 2010 303 (d) list for enterococcus and bacteria indicators because of an 
insufficient number of water samples that showed impairment.  
 
In order to protect downstream water quality and prevent future impairment of beneficial 
uses near Huntington Beach State Park and coastal Newport Beach due to inputs from 
the Greenville-Banning Channel, the Orange County Public Works Department (OCPW) 
installed the inflatable dam (see Figure GB-3, above). This system diverts flows to the 
Orange County Sanitation District (OCSD) and an adjacent constructed wetland and 
riparian area. The diversion system is discussed in greater detail in Section 5 of this 
document.   
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3.0 Use Attainability Analysis- Factors Analysis  
 
 

3.1 Regulatory Framework – UAAs and Beneficial Use Designations 
 
Section 101 (a)(2) of the CWA states that “it is the national goal that wherever 
attainable, an interim goal of water quality which provides for the protection and 
propagation of fish, shellfish, and wildlife and provides for recreation in and on the water 
be achieved by July 1, 1983”.  The CWA and implementing federal regulations provide 
special protection for these “fishable/swimmable” uses, including recreation. The statute 
and regulations create a rebuttable presumption that all waters support these uses and 
should be so-designated as part of the states’ water quality standards.   
 
To overcome this presumption, the states are required to conduct a Use Attainability 
Analysis (UAA) and demonstrate that attaining the use(s) is not feasible based on one 
or more of the six factors identified in federal regulations (40 CFR 131.10(g)):  
 

1. Naturally occurring pollutant concentrations prevent the attainment of the use; or  
2. Natural, ephemeral, intermittent or low flow conditions or water levels prevent the 

attainment of the use, unless these conditions may be compensated for by the 
discharge of sufficient volume of effluent discharges without violating State water 
conservation requirements to enable uses to be met; or 

3. Human caused conditions or sources of pollution prevent the attainment of the 
use and cannot be remedied or would cause more environmental damage to 
correct than to leave in place; or  

4. Dams, diversions or other types of hydrologic modifications preclude the 
attainment of the use, and it is not feasible to restore the water body to its original 
condition or to operate such modifications in a way that would result in the 
attainment of the use; or 

5. Physical conditions related to the natural features of the water body, such as the 
lack of a proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated 
to water quality, preclude attainment of aquatic life protection uses: or  

6. Controls more stringent than those required by sections 301 (b) (Effluent 
Limitations) and 306 (National Standards of Performance) of the Act would result 
in substantial and widespread economic and social impact.   

 
A UAA is a structured scientific assessment of the factors affecting the attainment of the 
use(s), which can include physical, chemical, biological, and economic factors as 
described in 40 CFR 131.10 (g)(1)-(6), above.   
 
Federal regulation at 40 CFR 131.10 (h) prohibits States from removing designated 
uses if: 
  

1. They are existing uses, as defined in 40 CFR 131.3, unless a use requiring more 
stringent criteria is added; or 

  



12 
 

 
2. Such uses will be attained by implementing effluent limits required under sections 

301 (b) and 306 of the Act and by implementing cost-effective and reasonable 
best management practices for nonpoint source control.  

 
"Existing uses” are those uses actually attained in the water body on or after November 
28, 1975 (the date of USEPA’s initial water quality standards regulation), whether or not 
they are included in the water quality standards.1 Guidance provided by USEPA in 1985 
indicates that an “existing” primary contact recreational use2  can be established by 
demonstrating that swimming has actually occurred since November 28, 1975, or that 
the water quality is suitable to allow such uses to occur, unless there are physical 
problems that prevent the use regardless of water quality.3   Suitable water quality is 
demonstrated by consistent, not merely sporadic, attainment of applicable water quality 
objectives. More recent USEPA guidance states that EPA considers an “existing” use to 
mean the use and water quality necessary to support the use that have been achieved 
in the waterbody on or after November 28, 1975.4  USEPA states that: “It is appropriate 
to describe the existing uses of a waterbody in terms of both actual use and water 
quality because doing so provides the most comprehensive means of describing the 
baseline conditions that must be protected.” 
 
USEPA has indicated that where there is very limited actual primary contact use and the 
physical and/or water quality characteristics of the water body do not and are not likely 
to support that use, then it would be appropriate to conclude the primary contact 
recreation is not an “existing” use.5  In making such determinations, federal guidance 
recommends that states should consider a suite of factors such as the actual use 
(present and historic), existing water quality, potential water quality conditions, access, 
recreational facilities, location (e.g.,  proximity to suitable recreational alternatives), 
safety considerations, as well as the physical conditions of the water body.6  However, 
states are not required to evaluate all six factors identified in 40 CFR 131.10(g) as part 
of every UAA. 
 
In designating the uses of a water body, and in considering changes to those 
designations, states must take into consideration the water quality standards of 
downstream waters and ensure that water quality standards provide for the attainment 
and maintenance of the water quality standards of downstream waters. (40 CFR 131. 
10(b)). 
  

                                            
1 40 CFR 131.3 
2 “Primary contact” recreation is equivalent to California’s REC1 (water contact recreation) beneficial use 
3 USEPA. Questions & Answers on Antidegradation, August 1985. (USEPA Water Quality Standards 

Handbook, Second Edition. EPA-823-B-12-002. Appendix G) 
4 USEPA, Letter w/attachment from Denise Keehner (Director, Standards and Health Protection Division) 

to Derek Smithee, State of Oklahoma, September 5, 2008. (Cited as updated information in USEPA 
Water Quality Standards Handbook, Second Edition. EPA-823-B-12-002,  Chapter 4) 

5 USEPA.  63 FR 36752 (July 7, 1998) 
6 USEPA.  63 FR 36756 (July 7, 1998) 
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Finally, decisions to remove or not designate REC1 uses for surface waters are subject 
to reconsideration as part of the Basin Plan Triennial Review process. Where new 
information and/or changed conditions warrant the REC1 designation, then the Basin 
Plan must be amended accordingly. 
 
 
3.2 40 CFR 131.10 (g) Factor Assessment 
 
Based on the analyses described in the following sections of this report, Regional Board 
staff concluded that the Tidal Prism of the Greenville-Banning Channel is incapable of 
supporting water contact recreation (REC1) because: 
 

Dams, diversions or other types of hydrologic modifications preclude the 
attainment of the use, and it is not feasible to restore the water body to its 
original condition or to operate such modifications in a way that would 
result in the attainment of the use (see Section 3.2.1); and, under typical 
dry weather conditions, 
 
Natural, ephemeral intermittent or low flow conditions or water levels 
prevent the attainment of the use (see Section 3.2.2).  
 
 

3.2.1. 40 CFR 131.10 (g) Factor 4: Dams, diversions or other types of hydrologic 
modifications preclude the attainment of the use 

 
3.2.1.1 Methods and Fieldwork  
 
CDM (now CDM-Smith), serving as consultants to the SWQSTF, collected relevant data 
and prepared a UAA Technical Report that included an assessment and summary of 
key attributes of the Greenville-Banning channel morphology in June 2010.7  Regional 
Board staff made nine field visits to the Greenville-Banning Channel between 2009 and 
2013.  During these reconnaissance surveys, Regional Board staff walked the entire 
length of the Channel to acquire first-hand knowledge of the depth, dimensions and 
dominant construction characteristics, as well as information concerning accessibility 
and evidence of recreational use.  In addition, the Regional Board staff reviewed the 
original engineering documents describing the planned improvements when the 
Channel was being converted to a concrete-lined flood control facility.8  OCPW provided 
more recent construction plans of the channel from March 2013.  
  

                                            
7  CDM-Smith.  Use Attainability Analysis Technical Report for the Greenville-Banning Channel.  June, 

2010   
8 County of Orange Environmental Management Agency.  Greenville-Banning Channel Facility No. D03.  

August, 1989. 
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3.2.1.2 Findings and Conclusions 
 
The Greenville-Banning Channel Tidal Prism has been significantly modified for flood 
control purposes.  As described above, the channel is completely vertical walled and 
concrete lined.  The channel bottom is flat, causing tidal flows to spread out over the 
width of the channel, which acts also to reduce the depth.  There are no areas that 
would become scoured out and deepened by flow as in earthen channels. The 20 ft. 
high vertical walls make it virtually impossible and extremely unsafe to gain access to 
the water. While it is theoretically possible to access the Tidal Prism from the Santa Ana 
River, it is extremely unlikely that anyone would elect to do so, given the difficulty of 
access to the River itself and the close proximity of far superior recreational areas 
(ocean beaches and the Santa Ana River).  Indeed, no evidence of any recreational use 
at or in the vicinity of the mouth of the Channel at the River confluence was obtained as 
the result of the Task Force investigations, including field observations and 
photographic data collection.  Representative photographs of the modified channel are 
shown in this report in Figures GB-3, GB-4, and GB-5.  
 
It is not feasible to restore the water body to its original condition or to operate such 
modifications in a way that would result in the attainment of the use. The original 
condition of the channel was a flood control channel.  The concrete lining of the channel 
was and remains necessary to keep the channel gradient in relation to the adjacent 
Santa Ana River channel and for flood control purposes, i.e., to accelerate flows 
downstream and prevent flooding in areas adjacent to the channel.  
 
 
3.2.2. 40 CFR 131.10 (g) Factor 2 “Natural, Ephemeral, Intermittent or Low Flow 
Conditions or Water Levels prevent the attainment of the use   
 
 
3.2.2.1 Methods and Fieldwork  
 
Water level data were collected during the reconnaissance field visits to the channel 
and during REC use surveys conducted on 5 summer weekends in 2011. There is no 
gauging station on the channel and access into the channel to measure depths directly 
was not possible for the most part as special logistical arrangements are required 
because of fencing and locked gates. Surveyors were asked to estimate depths as 
viewed from the bicycle path adjacent to the Channel.  
 
Twice in April 2013, Regional Board staff arranged to enter the Channel and took water 
level measurements at four locations in the Tidal Prism: 1) the confluence with the 
Santa Ana River; 2) at the Victoria Street Bridge; 3) midway in the Tidal Prism; and 4) 
just downstream of the inflatable dam.  At each location, in-channel measurements 
were taken at one-third, one-half, and two-thirds of the width of the channel.  
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3.2.2.2 Findings and Conclusions 
 

As noted above, the proposed Tidal Prism is subject to tidal influence and, accordingly, 
the depth of flow in the channel in this area varies according to the tidal cycle. However, 
the depths are not typically deep enough to allow water contact activities where 
ingestion of water is reasonably possible.  In April 2013 Regional Board staff measured 
depths at the Santa Ana River confluence, where depths in the Tidal Prism would be 
expected to be deepest, of 20 inches near low tide and three feet 1 inch near high tide. 
At the midway point of the Tidal Prism between the confluence and the inflatable dam, 
the average depth measured by staff was 11 inches. Just below the inflatable dam the 
average low and high tide depth was 1 inch.  See Figure GB-6. Board staff has also 
observed that at low tides there can be no standing water for several yards downstream 
of the inflatable dam.  Individuals who completed the REC use surveys estimated 
varying depths (from viewing the channel from the bicycle trail) of the Tidal Prism. The 
variation in these observations and comparisons to the measured depths reflect the 
difficulty of accurately determining the depth by observations of this kind9.  

In conclusion, the shallow depths of the Tidal Prism that predominate in the majority of 
the Tidal Prism most of the time do not allow attainment of the REC 1 use10.  

Finally, it is not feasible to attain the REC 1 use by the discharge of a sufficient volume 
of effluent discharges. First, even if practical to divert recycled water to the channel (and 
it is not), there is significant demand for recycled water for beneficial reuse (e.g., the 
Groundwater Replenishment System, operated by Orange County Water District in 
conjunction with the Orange County Sanitation District). Second, It would simply be 
nonsensical to discharge effluent, even if available, to the Greenville-Banning Channel 
in an effort to provide recreational opportunity, since recreational activities do not and 
have no reasonable probability to occur because of other considerations, e.g., access, 
safety and channel morphology.  
 

  

                                            
9 REC use surveyors have estimated the depth at the Santa Ana River confluence (downstream boundary 

of Tidal Prism) to be from 5 meters to 3 ft. while actual measurements showed much shallower depths 
as described above and shown on Figure GB-6. 

10 Federal Cooperative Instream Flow Service Group (members include: U.S. Fish & Wildlife Service, U.S. 
EPA, U.S. Heritage Conservation and Recreation Service, & U.S. Bureau of Reclamation). Methods of 
Assessing Instream Flows for Recreation. FWS/OBS-78/34 (June, 1978) pg. A-7. 
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4.0 Existing Use Analysis 

As described in Section 3.1, federal law and regulation create the rebuttable 
presumption that all surface waters support “swimmable” uses (REC1). A UAA is 
required to overcome this presumption and justify the decision not to designate a 
surface waterbody as REC1 (or to de-designate the REC1 use for that waterbody). 
However, states must designate REC1 if that use is “existing” or if the recreational use 
can be attained by implementing effluent limits required under sections 301(b) and 306 
of the Clean Water Act and by implementing cost-effective and reasonable Best 
Management Practices for non-point source control.11  A formal analysis was conducted 
to evaluate these conditions. 
 
4.1 Evaluation of Actual Recreational Activities  
 
4.1.1 Assessment Methods 
 
This analysis consisted of numerous site visits by Regional Board and CDM staff, two 
summers of on-site weekend REC surveys, interviews of Orange County Public Works 
(OCPW) staff, Park Rangers, users of the bicycle trail, and a review of historical 
recreational use.  
 
4.1.2  Findings and Conclusions  
 
Task Force members visited the Greenville-Banning Channel during weekends in July, 
August, and into the fall of 2011 and in July and August 2006 to complete a recreational 
use survey along the Greenville-Banning Channel.  Task Force members were asked to 
stay at a location for half an hour and record what recreational activities, if any, they 
observed. The Task Force members described the number and activity of people they 
saw in the area, the weather, depth and clarity of the water and any evidence of activity 
in the area and recorded the information on survey forms. In 2011 five surveys were 
completed in which the entire length of the Tidal Prism was observed. No individuals 
were reported to be in the water or inside the channel.  During the recreational use 
surveys completed in 2006, the surveyors were asked to view the channel from the 
camera locations (see upcoming discussion on camera use survey). The camera 
locations were located in Reach 1 a short distance upstream of the Tidal Prism. From 
the camera locations the recreational use surveyors would have at least a view of the 
up-stream section of the Tidal Prism. Again these surveys reported no individuals in the 
water or within the channel. Since the recreational use survey instructions were to note 
any recreational activity in the channel, it is fair to assume that they looked into the tidal 
prism segment as well as in Reach 1. All survey reports note numerous people on the 
bike trail alongside the Tidal Prism segment of the Greenville-Banning Channel.  
  

                                            
11 40 CFR 131.10(h) 
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As described in detail in the Greenville-Banning Reach 1 UAA, a digital remote camera 
recreational use survey was completed in Reach 1. As just noted, two camera locations 
were located in Reach 1. Weekly surveys associated with maintenance of the digital 
cameras were completed by CDM staff. CDM staff completed a log for each visit to 
document any recreation use observed in the channel. As a result, a total of 28 weekly 
logs were completed in 2005.  CDM staff had at least a view of the upper segments of 
the Tidal Prism. They stated that they looked both upstream and downstream of the 
cameras during each visit, as far as could be seen, not just in the direction the camera 
faced and documented any recreation activity they saw.  Regional Board staff reviewed 
the maintenance logs which stated that no individuals were noted in any section of the 
channel from their viewpoint. 
 
OCPW staff who regularly conduct maintenance activities on the channel have reported 
no incidents of individuals in the channel or inside the fences. OCPW staff regularly visit 
the area to operate the inflatable dam and diversion.  In addition, Orange County 
Harbors, Beaches, and Parks employees working at the Talbert Nature Preserve have 
reported never observing any individuals in the channel in either the proposed Tidal 
Prism or Reach 1.   
 
Finally, Regional Board staff made frequent visits, at least 12, to the Tidal Prism (and 
Reach 1) since the work of the Stormwater Quality Standards Task Force began.  No 
individuals have been observed in the channel during those visits. In addition, during 
site visits Regional Board staff regularly asks individuals who are walking or biking on 
the bicycle trail if they have ever observed any recreational activities in the Channel. 
Long time regular bike trail users reported never seeing any one in the channel.    
 

4.1.3 Evidence of Historical Recreational Use 

To collect information regarding historical recreational use, CDM conducted inquiries to 
local jurisdictional agencies, online searches of California newspaper archives, 
databases (engineering and environmental trade journals), and search engines such as 
Google News archive and Lexis-Nexis to identify any accounts or reference to 
recreational activities in the channel. No historical use information was identified from 
these searches.  

Finally, the Regional Board received no written comments and no public testimony 
during the public hearing process on the recreation standards amendments, of which 
this UAA was a part, documenting any past or present recreational activity in GBC. 
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4.1.4 Probable Future Use  

In accordance with the State Water Resources Control Board recommendations, 
information regarding potential future recreational uses for the Greenville-Banning 
Channel was obtained by interviewing local parks and planning authorities.12  The City 
of Costa Mesa was contacted as well as Orange County Public Works. From these 
agency inquiries, proposed use plans were identified. The City of Costa Mesa 
developed concept plans as part of the Blue Ribbon Committee for the Santa Ana River 
Trail Vision Study. These plans include improvements to the existing bicycle trail along 
the channel. Improvements include new access points to the existing bicycle trail, rest 
areas, improved signage, and pocket parks. The project is at a concept plan level and is 
not currently funded (via communication with Robert Staples, Fairview Park Plan 
Administrator, City of Costa Mesa, June 25, 2009). These plans do not include changes 
to improve access to or make any recreational improvements inside the Greenville-
Banning channel itself.  
 
Orange County Public Works was also contacted regarding any potential projects in the 
Greenville-Banning Channel. No additional projects were identified apart from the 
concept plans developed by the City of Costa Mesa. Per communications with Jeff 
Dickman, Regional Recreational Trail Coordinator, OC Public Works (April 22 and July 
20, 2009), facilities supporting water contact recreational use are not planned for the 
channel. 

Information concerning potential future recreational facilities was reviewed again in 
2011 and no substantive changes were identified. Any updated information can be 
considered during subsequent triennial reviews. 
 
4.1.5 Summary – Evidence of Past, Present or Probable Future Recreational Use 

In summary, there is no evidence of actual current or historic REC1 use in the proposed 
Tidal Prism of the Greenville-Banning Channel.  Surveys, field surveys and information 
provided by public agency staff members who routinely visit the proposed reaches of 
the Channel, particularly the Tidal Prism, provided no evidence of current REC1 use. 
Nor is there any evidence of historic use of the proposed reach for REC1 use.  
 
The lack of REC1 use in the Tidal Prism is a reflection of the various characteristics of 
the channel described in detail above, including channel morphology, typical low flows 
and access and safety considerations.  
 
While it is theoretically possible to enter the proposed Tidal Prism from the Santa Ana 
River, it is very unlikely that anyone would do so considering the lack of accessibility 
and the expected preference to remain at or near the ocean beach, which is 
approximately 1.3 miles from the mouth of the Greenville-Banning Channel. The 
conditions in the Tidal Prism also make recreating in the channel very unappealing.

                                            
12 SWRCB  Res. No. 2005-0015 
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The tidal flows fill the flat bottomed channel with murky water providing no area to get 
out of the water (such as a shore or beach) and hazardous wading conditions (sting 
rays and sharp objects noted in the channel). In fact, no one has been observed 
paddling, wading, walking, or swimming in any section of the Greenville-Banning 
Channel.  
 
4.2 Evaluation of Ambient Water Quality   
 
4.2.1 Assessment Methods 
 
Water quality samples were collected in the Greenville-Banning Channel from 2001 to 
2004.   
 
From May 16, 2001 to October 15, 2004 water quality samples were collected at 200 ft. 
upstream of the inflatable diversion dam and 200 ft. downstream of the diversion dam. 
The sampling location 200 ft. upstream of the diversion dam is in the proposed Reach 1 
and the sampling location 200 ft. downstream of the diversion dam is in the proposed 
Tidal Prism segment of the Channel. Fecal coliform data for the Tidal Prism are 
presented in Tables GB-2 and GB-3. Enterococcus data are shown in Table GB-4. 
 
Over the 2001-2004 time period, samples were collected on an approximate weekly 
basis.  For a variety of reasons, sampling was not conducted during some weeks of this 
period and no sampling was conducted between October 2001 and May 2002. Sample 
analysis included total and fecal coliform.   
 
Table GB-2 shows the results for fecal coliform for 2001-2004.  When 5 or more 
samples were collected in a 30 day period (calendar month, not rolling 30 day periods), 
a geometric mean (geomean) was calculated and compared to the existing REC1 fecal 
coliform objective (200 organisms/100mL based on five or more samples/30 day 
period.) When, as in most cases, insufficient data were available to calculate geometric 
means, the fecal coliform data were compared generally to that part of the existing 
REC1 fecal coliform objective that specifies that not more than 10% of the samples 
exceed 400 organisms/100mL for any 30-day period.  
 
Using the 2001-2004 data, fecal coliform geometric means were also calculated based 
on the results of running groups of 5 consecutive samples, collected over periods of 28-
30 days. A total of 82 sets of 5 consecutive samples were evaluated. As shown in Table 
GB-3, the fecal coliform geometric mean objective was exceeded in 18 of these groups 
(22%). While direct comparison of many of these results to the established Basin Plan 
objective may be considered inappropriate given the less than 30-day period over which 
the samples were collected, the results are indicative of the likely frequency of violation 
of the geomean objective.  
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Table GB-2: Monthly Fecal Coliform Data Summary 
Greenville-Banning Channel, 2001-2004 

Year & 
Month 

Downstream (200' below diversion dam) 

 Count Sample Results  % > 400 GeoMean 
May-01 1 800 100%  
Jun-01 4 40; 300; 80; 4 0%  
Jul-01 4 4; 4; 4; 7 0%  
Aug-01 5 <2; 11; <2; 17; 2 0% 4 
Sep-01 4 110; 8; <2; 8,000 25%  
May-02 2 70; 300 0%  
Jun-02 2 2; 2400 50%  
Jul-02 2 4; 300 0%  
Aug-02 4 30; 8; <2; 2; 0%  
Sep-02 5 8; 8; 11; 500; 110 20% 33 
Oct-02 3 30; 23; 700 33%  
Nov-02 3 3000; 80; 40; 33%  
Dec-02 4 50; 700; 130; 270; 25%  
Jan-03 4 23; 80; 13; 23 0%  
Feb-03 4 4; 1100; 50; 80; 25%  
Mar-03 5 50; 4; 240; 170; 1700 20% 107 
Apr-03 3 500; 8000; 700 100%  
May-03 4 800; 3000; 110; DRY; 50 40%  
Jun-03 2 DRY; 30; DRY; DRY; 7 0%  
Jul-03 2 DRY; DRY;7; 11 0%  
Aug-03 4 14; <20; <20; 17; 0%  
Sep-03 4 >160,000; 50; 40; 900; 50%  
Oct-03 5 130; 30; 110; 23; 5000 20% 138 
Nov-03 4 2,400; 80; 270; 700 50%  
Dec-03 3 50; 23; 110 0%  
Jan-04 4 70; 70; 240; 11 0%  
Feb-04 4 220; 90; 300; 3000 25%  
Mar-04 5 300; 80; 20; 27; 50 0% 58 
Apr-04 4 >16,000; 500; 24,000; 23 50%  
May-04 3 13; 4; 6 0%  
Jun-04 4 4; <2; 6;<2 0%  
Jul-04 3 17; 300; 2 0%  
Aug-04 2 4; 70; DRY 0%  
Sep-04 0 DRY 0%  
Oct-04 0 DRY 0%  

Total No. of Months with Violations: 16 0 
Total No. of Months w/Samples: 33 33 

Notes                                                                                   Percent: 
: 

48% --- 

1.  Units are colony forming units per 100 milliliters (CFU/100 mL) except for samples collected                 
in 2001, which are reported as most probable number per 100 mL (MPN/100mL). 

2.  Reporting limit used for results above or below reporting limit when calculating geomean. 
3.  Geometric mean shown only for calendar months with 5 or more samples. 
4.  Basin Plan water quality objectives:  
 a)  logmean, 200 organisms/100mL based on five or more samples/30 day period 
  b)  Not more than 10% of samples exceed 400 organism/100 ml for any 30 day period
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Table GB-3: Running 5-Sample Fecal Coliform Geometric Means  
that exceed Fecal Coliform Objective 

Greenville-Banning Channel, 2001-2004 
Downstream (200' below diversion dam) 

Date1 Date2 No. of Days GeoMean 
21-Mar-03 17-Apr-03 28 774 
26-Mar-03 24-Apr-03 30 959 
17-Apr-03 15-May-03 29 1081 
24-Apr-03 23-May-03 30 656 
1-May-03 29-May-03 29 339 
8-May-03 4-Jun-03 28 255 
25-Aug-03 22-Sep-03 29 345 
4-Sep-03 1-Oct-03 28 518 
9-Oct-03 3-Nov-03 26 247 
16-Oct-03 10-Nov-03 26 300 
22-Oct-03 20-Nov-03 30 359 
31-Oct-03 28-Nov-03 29 711 
3-Nov-03 1-Dec-03 29 283 
2-Feb-04 1-Mar-04 29 351 
9-Feb-04 8-Mar-04 29 287 
17-Feb-04 15-Mar-04 28 212 
22-Mar-04 19-Apr-04 29 207 
29-Mar-04 27-Apr-04 30 200 

    
    

Total No. of Geomeans > 200
Total No. of 5-Sample Data Sets:

Percent:

18 
82 

22% 
Notes:   
1. Units are colony forming units per 100 milliliters (CFU/100 mL), 

except for samples collected in 2001, which are reported as 
most probable number per 100 mL (MPN/100 mL) 

2. Reporting limit used for results above or below reporting limit 
when calculating geomean 

3. Basin Plan water quality objective for REC 1: Logmean < 200 
organism/100 mL based on five or more samples/30 day period 

 
 
The enterococcus data were evaluated using the criteria recommendations in USEPA’s 
2012 Recreational Water Quality Criteria. These new criteria include the geometric 
mean of 35 cfu/100mL for enterococcus, to be calculated based on the number of 
samples collected during any 30-day period (no minimum number of samples during 
that period is specified). In addition to the geometric mean, the 2012 Criteria include a 
Statistical Threshold Value (STV) of 130/100mL that is not to be exceeded in more than 
10%of the samples collected during the same 30-day interval used to assess the 
geometric mean.  
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Table GB-4  Monitoring Results for Enterococcus for GBC Channel Tidal Prism 
200’ Downstream of Diversion (marine water)                                                   

Exceedances of 2012 USEPA REC Criteria for Statistical Threshold Value (STV) 
and Geomean in Bold 

Year and 
Month 

 
Count 

 
Sample Results 

Percent > 
130cfu/100mL 
(STV)  

   Geomean 
(35cfu/100mL
exceedances 

May /01 1  50 0%  
June/01 4 60; <10; 120; 10 0%  
July/01 4 20; <5; 23; 60 0%  
Aug/01 5 <20; 5; <5; 10; 10 0%  
Sept/01 4 25; <5; 15; 40 0%  
Aug/01 4 <20; 5; <5; 10; 10 0%  
Sept/01 2 25; <5; 15; 40 0%  
May/02 2 100; 60 0% 77 
June/02 2 30; 630 50% 137 
July/02 2 10; <1 0%  
Aug/02 4 740; <1; <10; 30 25%  
Sept/02 5 150; 150; 20; 80; 50 40% 71 
Oct/02 3 30; 30; 700 33% 86 
Nov/02 3 60; 70; 280 33% 106 
Dec/02 4 240; 690; 580; 710 100% 511 
Jan/03 4 220; 80; 80; 50 25% 92 
Feb/03 4 10; 110; 60; 80 0% 48 
March/03 5 100; 20; 50; 70; 15 0% 40 
April/03 3 <10; 900; 60 33% 81 
May/03 5 40; 500; 6; Dry; 12 25% 35 
June/03 5 NA; 80; Dry; Dry; 60 0% 69 
July/03 5 Dry; Dry; 30; 20; Dry 0%  
Aug/03 5 30; <20; 10; 70;  0%  
Sept/03 4 80; <10; 40; 20 0% 39 
Oct/03 5 50; 10; 70; 10; 160 0%  
Nov/03 4 63; 80; 530; 90 25% 125 
Dec/03 3 20; 20; 60  0%  
Jan/04 4 20; 130; 240;11 25% 51 
Feb/04 4 300; 900; 130; 2200 75% 527 
March/04 5 300; 500; 500; 23; 23 60% 132 
April/04 4 170; 50; 11; 21 0% 37 
May/04 3 4; 8; 18;  0%  
June/04 4 80; 17; 23; 2;  0%  
July/04 3 <2; <2; 23 0%  
Aug/04 2 80; 470 50% 194 
Notes: 
Months >10% of samples exceed STV =15 (43% of the months monitored) 
19 months geomean exceeded (54% of the months monitored) 
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4.2.2 Findings and Conclusions 
 
Table GB-2 indicates that in the Tidal Prism, the current Basin Plan objective for fecal 
coliform that specifies that no more than 10% of samples collected in a 30-day period 
are to exceed 400 organisms/100mL was violated in sixteen of the thirty-three months 
of samples, or 48% of the months sampled.  The results presented in Table GB-3 
indicate that there are frequent violations of the geomean fecal coliform objective in the 
Tidal Prism.  
 
As shown in Table GB-4, there were frequent exceedances of both the geometric mean 
and STV components of USEPA’s 2012 recommended criteria.  
 
4.2.3  Probable Future Water Quality 

OCPW has conducted an extensive review of Best Management Practices (BMPs) for 
bacteria control (see Table GB-5).  Very few BMPs provide the level of effectiveness 
required to achieve consistent compliance with water quality standards.  Those BMPs 
that are most effective (e.g. percolation ponds and artificial wetlands) require large 
amounts of land that is not available in the fully-developed watershed draining to the 
Greenville-Banning Channel.   
 
That said, BMPs are being and will be implemented in response to pertinent 
requirements in the Orange County Areawide Urban Storm Water Runoff Management 
Program NPDES permit (Order No. R8-2009-0033, NDPES CA 8618030, as amended). 
BMPs evaluated and implemented by the Orange County MS4 Stormwater Program 
include wet ponds, wetlands and source control programs, including septic system 
inventory and assessment and portable toilet oversight. Again, the existing development 
in the drainage area limits the effectiveness of many of these BMPs. The area tributary 
to the Greenville Banning Channel is sewered and septic tanks are not considered a 
source of bacteria inputs. Sewer system leaks have not been demonstrated to be a 
contributor to bacteria densities in the Channel.  In short, absent the dry weather 
diversion at the upper end of the Tidal Prism, significant water quality improvement that 
results in consistent compliance with bacteria quality objectives as the result of BMP 
implementation is likely to be highly problematic. 
 
The inflatable dam and diversion works at the upper end of the Tidal Prism were 
installed because there was no feasible or practicable alternative to achieve water 
quality standards.  Diversion to treatment provides the most effective means to improve 
downstream water quality and protect downstream uses. 
 
Imposing stringent effluent limitations, pursuant to Section 301(b) and 306 of the Clean 
Water Act would have no effect on water quality in the Tidal Prism because there are no 
municipal or industrial wastewater discharges to the Greenville-Banning Channel.  
 
Most important, even if water quality was in compliance with the bacterial objectives, 
REC1 use of the Tidal Prism would continue to be precluded by the hydrologic 
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modifications, predominant low flow conditions, and existing access/safety 
considerations.  To protect public safety, the OCPW prohibits access to GBC.  The 
entire length of channel is fenced and gated to deny entry. 
 
The bicycle trial that parallels the Tidal Prism is separated from the channel by fencing 
and the 20-ft. vertical walls of the channel.  Warning signs are displayed stating that 
access is prohibited and regular site visits by maintenance crews help ensure 
compliance.  For these reasons, recreational uses cannot be attained by imposing more 
stringent effluent limitations or requiring additional BMPs to control non-point sources. 
 

Table GB-5:  Evaluation of BMP Alternatives for Control of Bacteria 

Bacteria BMP Type Parameter 

Mean 
Influent 

#/100 mL 

Mean 
Effluent 
#/100 mL n 

Percent 
Removal Source 

Water Treatment BMPs 

Wet Basins 
(Retention ponds, 
wet ponds, wet 
extended detention 
ponds, stormwater 
ponds, retention 
basins).  Retains 
permanent pool. 

FC 11700 100 NR 99 
CalTrans (2004) study 
in SoCal 

FC 4400 20 NR 99 
CalTrans (2004) study 
in SoCal 

FC 1929 515 9 73 BMP dB; Fremont, CA 
FC 58 5 24 91 BMP dB; Largo, FL 
FC 4231 2475 16 41.5 BMP dB; Valhalla, NY 
FC NR 1779 10 90 Schueler (2000); ON 
FC NR 2858 10 64 Schueler (2000); ON 

E. coli NR NR 10 86 Schueler (2000); ON 
E. coli NR NR 10 51 Schueler (2000); ON 

FC 152 63 84 58 Mallin et al. (2002); NC 

Dry Basins (Dry 
ponds, detention or 
extended detention 
basins or ponds).  
Designed to empty 
within several days. 

FC 900 2000 NR -122 CalTrans (2004) study 
in SoCal; storm 

FC 6700 7500 NR -12 CalTrans (2004) study 
in SoCal; storm 

FC 27 27 8 0 USGS (2004) study in 
USVI 

FC 3412 724 35 79 Harper et al. (1999) 
study in FL 

E. coli 563 515 18 9 MSAR (2009) 

FC 957 738 18 23 MSAR (2009) 

E. coli 149 204 12 -37 MSAR (2009) 

FC 380 490 12 -29 MSAR (2009) 

Constructed 
Wetlands 
(Stormwater 
wetlands, wetland 
basins, shallow 
marshes, extended 
detention wetlands).  
"Essentially shallow 
wet basins." 

FC 33.8 7.4 5 78 Hinds et al. (2004); 
Columbus 

FC 760 80 10 89 LN & COO (2004); 
Laguna Niguel 

FC 1915 116 9 94 LN & COO (2004); 
Laguna Niguel 

FC 5178 101 12 98 LN & COO (2004); 
Laguna Niguel 

E. coli 4163 27 10 99 LN & COO (2004); 
Laguna Niguel 

E. coli 1897 107 9 94 LN & COO (2004); 
Laguna Niguel 
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Table GB-5:  Evaluation of BMP Alternatives for Control of Bacteria (cont.) 
 

Bacteria BMP Type Parameter 
Mean 

Influent 
#100mL

Mean 
Effluent 
#100 mL

n 
Percent 
Removal 

Source 

Water Treatment BMPs 

 
E. coli 630 73 9 

88 
LN & COO 
(2004); Laguna 
Niguel 

Media Filters 
FC 5800 1400 NR

76 
CalTrans 
(2004) study in 
SoCal 

FC NR 18528   -85 City of Austin 
(1997) 

FC 
NR NR   36 

Glick et al. 
(1998); Austin, 
TX 

Disinfection (UV, ozone, 
chlorine) FC 32800** 16**   99.9% **County of 

Orange (2008) 

Diversion         
100% of 
diverted 
fraction 

RBF (2003) 

 Vegetated Swales or 
Channels (Grassed 
channels, dry swales, 
retention swales). Only 
includes those features 
with little to moderate soil 
infiltration. 

FC 386 459 NR -19 
BMP dB; 
Altadena, 
Caltrans (2004) 

FC 84853 47 NR 99.9 
BMP dB; 
Carlsbad, 
Caltrans (2004) 

FC 490 1122 NR -129 
BMP dB; 
Cerritos, 
Caltrans (2004) 

E. coli 20651 717 18 97 MSAR (2009); 
dry 

FC 16293 675 18 96 MSAR (2009); 
dry 

E. coli 2448 2904 12 -19 MSAR (2009); 
wet 

FC 3954 4196 12 -6 MSAR (2009); 
wet 

FC 65 105 NR -62 
BMP dB; 
Downey, 
Caltrans (2004) 

FC 9460 9168 NR 3 
BMP dB; 
Lakewood, 
Caltrans (2004) 

FC 
1366 239 

NR 82 
BMP dB; Vista, 
CA, Caltrans 
(2004) 

Volume Reduction BMPs 

Infiltration Basins & 
Trenches 

FC 80-5000 <23 9 >99 LASGRWC 
(2005) 

E. coli 20-1300 <6.9 9 >99   
FC 500 ND-800 8   

FC ND-
13000 11-110 8   

E. coli ND-120 ND 8 >99  
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Table GB-5: Evaluation of BMP Alternatives for Control of Bacteria (cont.) 

Bactria BMP Type Parameter
Mean 

Influent 
#100 mL

Mean 
Effluent 
#100 mL

n Percent 
Removal Source 

Infiltration Basins & 
Trenches 

FC 230 ND 5 >99  
    100% for 

infiltration 
fraction 

USEPA 
(1999); Arvind 
& Pitt 
(2006) 

Low Impact 
Development (LID) 

    No data  

NR = Not Reported; ND=Not detected 
Shaded percent removal values were not statistically significant 
 

 
5.0 Protection of Downstream Uses  
 
5.1 Regulatory Requirements  
 
In designating the uses of a water body, and in considering changes to those 
designations, states must take into consideration the water quality standards of 
downstream waters and ensure that water quality standards provide for the attainment 
and maintenance of the water quality standards of downstream waters. The Greenville-
Banning Channel is tributary to Reach 1 of the Santa Ana River which is designated 
(and will remain designated) REC1 and REC2.  In addition, the Santa Ana River joins 
the Pacific Ocean just over a mile below the GBC confluence.  Shoreline beaches are 
also designated (and will remain designated) REC1 and REC2.  These downstream 
waters must continue to meet water quality objectives intended to protect primary 
contact recreation.  
 
 
5.2 Compliance Strategies  
 
Currently, BMPs are being employed to reduce fecal indicator bacteria, including fecal 
coliform, in the Greenville Banning Channel and downstream receiving waters. As 
previously discussed, in response to elevated concentrations of indicator bacteria 
detected in the late 1990’s at Huntington Beach State Park, OCPW implemented the 
diversion of dry weather flows from the Greenville-Banning Channel. An inflatable dam 
was installed in the channel about 1.2 miles upstream of the confluence with the Santa 
Ana River. The dam is the upstream terminus of the proposed Tidal Prism. The 
impounded flows are transported via pipeline across the Santa Ana River to the Orange 
County Sanitation District treatment facility.  
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In anticipation of and during stormflow conditions, the dam is deflated and the diversion 
is stopped. As a result, flows in the channel pass unimpeded downstream into the Santa 
Ana River and thence the Pacific Ocean. Data from Orange County Public Works show 
that from January 2006 to October 2010 diversions occurred in 36 of the 58 months in 
that period and averaged approximately 400,000 gallons per day. On average, 
approximately12, 200,000 gallons were diverted to the sanitary sewer during a month in 
which flows were diverted.  The diversions reduce bacteria and nutrient13 loading to 
downstream receiving waters, which include ocean coastal beaches that are heavily 
used for water contact recreation, particularly during the dry summer months.  
 
In addition, starting in early 2013, flows impounded from the inflatable dam are also 
diverted to a wetland and riparian habitat area that was constructed in the adjacent 
Fairview Park. The flows are used to support a series of 6 ponds in the wetland area 
and 17 acres of riparian habitat. All flows diverted to the wetland and riparian area stay 
in the area; no flows are returned to the GBC. Between the two diversion sources most 
of the dry weather flows are diverted out of the channel.   
 
As discussed in Section 4.2.3 Probable Future Water Quality, other BMPs are being 
and will be implemented in response to pertinent requirements in the Orange County 
Areawide Urban Storm Water Runoff Management Program NPDES permit (Order No. 
R8-2009-0033, NDPES CA 8618030, as amended).   
 
6.0 Triennial Review Requirements 
 
6.1 Regulatory Requirements 
 
Section 101(a)(2) of the Clean Water Act states:  "it is the national goal that wherever 
attainable, an interim goal of water quality which provides for … recreation in and on the 
water be achieved…"  Federal regulations [40 CFR 131.6(a)] requires states to enact 
water quality standards and "use designations consistent with the provisions of section 
101(a)(2)." 
 
A Use Attainability Analysis (UAA) must be conducted when "the State designates or 
has designated uses that do not include the uses specified in section 101(a)(2) of the 
Act"  [40 CFR 131.10(j)].  In addition, in accordance with 40 CFR 131.20(a)(1):  “Any 
water body segment with water quality standards that do not include the uses specified 
in section 101(a)(2) of the Act shall be re-examined every three years to determine if 
any new information has become available. If such new information indicates that the 
uses specified in section 101(a)(2) of the Act are attainable, the State shall revise its 
standards accordingly.”   
  

                                            
13 Recent studies have shown that nutrients at excessive levels in urban runoff have been found to 

encourage regrowth of fecal indicator bacteria in streambed sediments and salt marshes (Grant et al. 
2001 and Litton et al. 2010).   
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6.2 Reassessment Procedures 
 
If, pursuant to the evidence and recommendations presented in this report, the Tidal 
Prism of the Greenville-Banning Channel is not designated REC1, the Regional Board 
will re-examine this decision every three years as part of the regular Triennial Review 
process.  The focus of this review will be to determine whether there has been any 
substantial change to the factors supporting the original determination.  However, it is 
not necessary to conduct an entirely new UAA as part of this review. 
 
In preparation for the Triennial Review, Regional Board staff will visit the Tidal Prism of 
the Greenville-Banning Channel to confirm that the existing hydromodifications and 
access restrictions remain in place and unaltered.  In addition, staff will request the 
Orange County Flood Control District to provide data summarizing the flow diversions 
from the GBC to the Orange County Sanitation District.  Finally, the Regional Board will 
solicit any new information concerning actual or potential recreational use of the Tidal 
Prism when public notice is given for the Triennial Review. 
 
If new evidence indicates that recreation in or on the water may be attainable because 
one or more factors previously precluding the use have changed, the Regional Board 
may elect to:  1) designate the Tidal Prism REC1; or 2) require that a new UAA be 
conducted in order to determine whether the Tidal Prism should continue to not be 
designated REC1. 
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UAA ANALYSIS: 
SANTA ANA-DELHI CHANNEL - REACHES 1 AND 2 

 
 

1.0 Executive Summary 
 
 
This analysis demonstrates that the REC1 use does not exist and is not attainable in the 
proposed Reaches 1 and 2 of the Santa Ana-Delhi Channel.  The REC2 use is not 
attained in Reach 1. The uses are described as:  

 
Water Contact Recreation (REC1) waters are used for recreational activities 
involving body contact with water where ingestion of water is reasonably 
possible.  These uses may include, but are not limited to, swimming, wading, 
water-skiing, skin and scuba diving, surfing, whitewater activities, fishing, and 
use of natural hot springs. 
 
Non-contact Water Recreation (REC2) waters are used for recreational 
activities involving proximity to water, but not normally involving body contact 
with water where ingestion of water would be reasonably possible.  These 
uses may include, but are not limited to, picnicking, sunbathing, hiking, 
beachcombing, camping, boating, tidepool and marine life study, hunting, 
sightseeing, and aesthetic enjoyment in conjunction with the above activities.  

 
Reaches 1 and 2 are generally characterized by alternating segments of open, concrete-
lined, vertical walled channel (3.75 miles in total) and channel with earthen bottom and 
either earthen or rip-rapped side slopes (1.15 miles in total).  Reach 1 includes two closed, 
concrete-lined culverts that run under roadway, commercial and industrial areas.    Public 
access is prohibited by law and prevented by chain link fencing and locked gates 
throughout the length of these Reaches.  During dry weather conditions, flows in the 
channel are typically less than ~8 inches and contained in a low flow channel/swale.  
 
Extensive photographic evidence, field surveys and interviews of knowledgeable local 
authorities indicate that water contact recreation (REC1) does not occur and has not 
occurred in these Reaches of the Santa Ana-Delhi Channel.  REC1 uses cannot occur in 
the channel because low flow conditions and flood control modifications preclude 
attainment of these uses.  REC2 use in Reach 1 is also precluded, given these and other 
factors. 
 
Analysis of historical water quality monitoring data indicates that the bacterial objectives 
are not being met.  However, recreational uses cannot be attained by imposing more 
stringent effluent limitations or requiring additional Best Management Practices (BMPs) to 
control non-point sources because factors other than water quality will continue to preclude 
these uses. Reach 1 and Reach 2 of the Channel should not be designated REC1. In 
addition, Reach 1 should not be designated REC2. 
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2.0 Segment Description 
 
 
2.1 Location 

The Santa Ana-Delhi Channel (SAD) watershed (approximately 20 mi²) is located in 
Orange County and includes portions of the cities of Santa Ana, Costa Mesa, and Newport 
Beach. See Figure SAD-1. The channel starts in the midsection of the City of Santa Ana 
and empties into the Upper Newport Bay Ecological Reserve in the City of Newport Beach. 
Currently, the Santa Ana-Delhi Channel is not listed in the Basin Plan. Three reaches of 
the Channel are proposed to be identified and included in the Basin Plan: the Tidal Prism, 
which is the subject of a UAA reported in a separate document, and Reaches 1 and 2 of 
the Channel.  This document reports the results of the UAA conducted for Reaches 1 and 
2.  
 

 

Figure SAD-1 Santa Ana-Delhi Channel Watershed (Source: Use Attainability Analysis 
Technical Report for the Santa Ana-Delhi Channel, CDM, August 2010 Figure 2-1) 

 
The downstream boundary of Reach 1 is the upper boundary of the Tidal Prism, located 
1,036 ft. upstream of the Bicycle Bridge at the terminus of University Drive in the City of 
Newport Beach. The Bicycle Bridge is at the boundary of the Upper Newport Bay 
Ecological Reserve. Reach 1 extends to immediately upstream of the intersection of 
Sunflower Avenue and Flower Street in the City of Santa Ana. Reach 2 stretches from the 
intersection of Sunflower Avenue and Flower Street to Warner Avenue. 
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Table SAD-1 
Reach Identification 

 
Reaches Boundaries 

Tidal Prism 
 
(see SAD Tidal Prism UAA)  
 

Bicycle Bridge (at Upper Newport Bay Ecological 
Reserve) to 1,036 ft. upstream 

Reach 1 
 

Upper boundary of Tidal Prism (1,036 ft. upstream from 
Bicycle Bridge) to immediately upstream of intersection 
of Sunflower Avenue and Flower Street, Santa Ana 
 

Reach 2 Upstream of intersection of Sunflower Avenue and 
Flower Street to Warner Avenue 
 

 
 
2.2 Proximate Land Uses 
 
Reaches 1 and 2 are located in a heavily developed watershed, with a mix of residential, 
commercial and industrial land uses. See Figure SAD-2 and Table SAD-2. Two golf 
courses border the lower portion of Reach 1.  Most of Reach 1 is out of the view of 
residences and the public because of fencing (the entire length of the channel), dense 
vegetation, commercial and industrial land uses adjacent to the channel that discourage or 
preclude access to the fenced channel, earthen berms and dense vegetation on the golf 
course west of the channel, and the enclosed nature of segments of the Reach (in closed 
culverts underneath Interstate Highway 405 (San Diego Freeway), the Orange County 
Performing Arts Center and associated entertainment/business complex, and the State 
Highway Route 55 and 73 interchange).  A little-used bicycle trail lies adjacent to the 
concrete-lined section of Reach 1 for about 1/3 mile between Bristol Street and Irvine 
Avenue near Mesa Drive.   The trail is separated from the channel by the channel fencing.   
 
Reach 2 is bounded by Flower Street on the west side of the channel, residences, some 
industrial and commercial development, an elementary school, and an intermediate 
school. In the upstream concrete-lined section of this Reach, a bike trail lies adjacent to 
the east side of the channel for about a city block. Again, the channel is fenced.  
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Figure SAD-2: Santa Ana-Delhi Channel Characteristics and Adjacent Land Uses 
(Source: Use Attainability Analysis Technical Report for the Santa Ana-Delhi Channel, 
CDM, August 2010 Figure 2-9) Note to reader: Increase the zoom level of this page to 
enhance the readability of this figure. 

 

Table SAD-2:  Land Uses Adjacent Santa Ana-Delhi Channel1 

 Reach 1 

 
Land Use Linear Ft. % of Channel 

Length 
Commercial, Institutional, Industrial, Mixed 20,180 54% 
Parks, Natural, Open Space 8,217 22% 
Residential 8,865 24% 
TOTAL 37,262 100% 
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Table SAD-2: Land Uses Adjacent Santa Ana-Delhi Channel (continued) 
   

Reach 2 
                                                            

Land Use Linear Ft. % of Channel 
Length 

Commercial, Institutional, Industrial, Mixed 14,930 77% 
Parks, Natural, Open Space 0 0% 
Residential 4,364 23% 
TOTAL 19,294 100% 

1 CDM Smith Technical Memo – Land Use Adjacent to UAA Reaches, October 2013 
 
2.3 Channel Characteristics  
 
The Santa Ana-Delhi Channel (SDC), including the proposed Reaches 1 and 2, was 
originally constructed by agricultural interests. In 1870 the community of Delhi was 
founded in what is now the southern section of the city of Santa Ana near the location of 
the present day Warner Avenue. The land in this area was used for the production of sugar 
beets. As farming increased it became necessary to drain this area of natural sumps and 
swamps.  As a result, in the 1890’s a drainage ditch was dug from this area to Upper 
Newport Bay1. Reaches 1 and 2 follow the alignment of the original drainage ditch.  
    
2.3.1  Reach 1 Morphology 
 
Reach 1 extends from the upper end of the Tidal Prism upstream to immediately upstream of 
the intersection of Sunflower Avenue and Flower Street in the City of Santa Ana.  
Representative photographs are shown in Figures SAD-3 and 4. Channel characteristics are 
summarized in Table SAD-3. As shown in Table SAD-3, Reach 1 is dominated by vertical 
concrete walls and a concrete bottom.  Reach 1 is approximately 3.4 miles in length.   
 
The downstream section of Reach 1 continues the 20-24 foot wide and 15 foot deep, 
earthen-bottomed channel from the upper end of the proposed Tidal Prism to Mesa Drive, 
a distance of about ¼ mile. See Figure SAD-3. The right side slope (facing upstream), 
bordering a golf course, is earthen and heavily eroded, while the left side slope is 
reinforced concrete.   The remainder of Reach 1 consists of a reinforced concrete 
rectangular channel that is 55 feet wide with vertical walls from 15 to 18 feet high. The 
concrete-lined section of this Reach includes a shallow, trapezoidal 10 foot wide pilot low 
flow channel. See Figure SAD-4. The channel is confined in fully enclosed culverts under 
the SR 55 / SR 73 interchange for approximately 2100 feet, and north of Interstate 405 for 
approximately half a mile as the channel runs beneath a business/entertainment complex 
in the city of Costa Mesa.  Upstream of this closed culvert, the channel resumes its open, 
reinforced concrete rectangular channel configuration for the short distance to the upper 
end of Reach 1 just upstream of the intersection of Sunflower Avenue and Flower Street.     
 
 
                                            
1  County of Orange Environmental Management Agency. April 1993. Draft Environmental Impact Report 
#527, Santa Ana-Delhi Channel System.   
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Figure SAD-3. Reach 1 of the Santa Ana-Delhi Channel in the City of Newport Beach.  
The most downstream segment of Reach 1 is earthen on the northeast slope and bottom and 
concrete on the southwest slope as shown in this Figure taken at Mesa Drive looking downstream.  
This earthen segment is approximately ¼ mile in length. Regional Board Staff photograph, June 
2011.  
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Figure SAD-4.  Reach 1 of the Santa Ana-Delhi Channel in the City of Costa Mesa. 

Regional Board staff photograph, June 2010. 
 
2.3.2  Reach 2 Morphology 
    
Reach 2 extends from upstream of the intersection of Sunflower Avenue and Flower Street 
to Warner Avenue (where the channel transforms into an underground culvert), a distance 
of 1.45 miles.  The entire reach is in the City of Santa Ana. Representative photographs 
are shown in Figures SAD-5 and 6. Channel characteristics are summarized in Table SAD-
3.  
 
From the intersection of Sunflower Avenue and Flower Street, Reach 2 consists of an 
earthen trapezoidal channel with fully rip-rapped 2:1 side slopes for about 0.9 miles. See 
Figure SAD-5.   The bottom is approximately 20 ft. wide and the height of the channel is 
approximately 14 ft. Upstream of the earthen section, Reach 2 consists of a reinforced 
concrete, rectangular (vertical walls 15 ft. in height) channel for approximately 0.55 mile. 
The width is approximately 32 feet. See Figure SAD-6. In this section, the low flow channel 
is a shallow swale in the middle of the channel.  Reach 2 terminates at Warner Avenue in 
the City of Santa Ana.   
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Figure SAD-5. Reach 2 of the Santa Ana Delhi Channel at Sunflower Avenue and 
Flower Street, looking upstream. This earthen riprap-sided segment transitions to a 
concrete rectangular segment approximately 0.9 mile upstream from this point.  Low flows 
are approximately six inches deep at this point. Regional Board staff photograph, June 2010 
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Figure SAD-6. Reach 2 of the Santa Ana-Delhi Channel. The most upstream section of Reach 2 
features a vertical wall concrete channel for approximately 0.55 mile in length. There is a low flow 
swale mid-channel. In the distance is the upstream boundary of Reach 2, Warner Avenue.  

 

Table SAD-3 Channel Characteristics - Reaches 1 and 2 of the Santa Ana Delhi Channel 
Reach 1  ~15’ high, 20-24 ft. wide earthen bottom; 

eroded earthen side slope along the right 
channel bank along the golf course; left bank 
reinforced concrete side slope 

1,036 ft. upstream of 
Bicycle Bridge to Mesa 
Drive; a distance of 
approximately 0.25mile. 

Reach 1  Reinforced concrete rectangular channel 
(open with vertical walls from 15 to 18ft in 
height; channel width 55’), except for 
reinforced concrete box culverts (closed box) 
under streets and a ½ mile segment north of 
interstate 405.  V-shaped low flow channel. 

Mesa Drive to 
immediately upstream 
of intersection of 
Sunflower Avenue and 
Flower Street, Santa 
Ana; a distance of 3.19 
miles. 

Reach 2  Earth trapezoidal channel with 2:1 riprap side 
slopes, bottom width of 20 ft. and height of 14 
ft.   

Sunflower Ave / Flower 
Street upstream 0.9 
mile 

Reach 2  Reinforced concrete rectangular channel, 
(open with vertical walls 15 ft. in height; 
channel width ~32’) with low flow swale 

0.55 mile length to 
Warner Ave, Santa Ana 
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2.4 Regulatory Status 

 
2.4.1 Beneficial Use Designations 

No portion of the Santa Ana-Delhi Channel is currently identified or included in the Santa 
Ana Region Basin Plan.  It is proposed that the Tidal Prism, Reach 1, and Reach 2 of the 
Channel be added to the Basin Plan.  The following beneficial use designations or 
exceptions are recommended for Reaches 1 and 2.   

Reach 1: 

 WILD (Wildlife Habitat):   Birds such as mallard ducks and other wildlife are noted to 
use the downstream segment of Reach 1 as habitat.  

 
 WARM (Warm Water Habitat): Small, perennial flows that consist largely of urban 

runoff and rising groundwater and that typically occupy the low flow channel create 
warm water habitat (albeit poor, with very limited vegetation).  
 
MUN (Municipal and Domestic Supply): MUN is not an existing use and cannot be 
attained. As described above, the channel has been heavily modified to convey 
storm water runoff from the urbanized watershed. An exception from the MUN 
designation is appropriate pursuant to the Sources of Drinking Water Policy.  
 

 REC1 and REC2 (Contact and Non-Contact Recreation):  Results from a 
comprehensive Use Attainability Analysis demonstrate that contact and non-contact 
recreation are not existing or attainable uses in Reach 1.  A more detailed 
explanation is provided in Section 3 of this document. 
 

 RARE (Rare, Threatened, or Endangered Species):   The western pond turtle 
(Emys marmorata), listed as a species of special concern by the California 
Department of Fish and Wildlife (CDFW) was reported in this reach.  A 1998 survey 
conducted for the Natural Community Conservation Plan reported that a western 
pond turtle (Emys marmorata) was captured in the earthen section of the channel 
from the Bicycle Bridge to Mesa Avenue. United States Geologic Survey (USGS) 
staff from the Western Ecological Research Center reported to Regional Board staff 
in 2010 that although western pond turtles were not captured during a 2003 survey 
of the channel they believe the turtles exist in the channel.  In addition, the federally-
listed California Least Tern (Sterna antillarum) is reported to forage in the most 
downstream segment of Reach 12. 

 
 

 
 
 

                                            
2 Orange County Environmental Management Agency. April 1993. Draft Environmental Impact Report #527, 
Santa Ana-Delhi Channel System. 
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Reach 2: 
 

 MUN (Municipal and Domestic Supply): MUN is not an existing use nor can this use 
be attained in the future. As described above, the channel has been heavily 
modified to convey storm water runoff from the urbanized watershed.  An exception 
from the MUN designation is appropriate pursuant to the Sources of Drinking Water 
Policy. 
 

 WILD (Wildlife Habitat):   Wildlife is commonly observed in this area of the channel, 
including small finned fish, crayfish, and waterfowl such as herons, egrets and 
mallard ducks. Vegetation occasionally grows large enough (between channel 
maintenance activities) to enhance the habitat value in the earthen section of the 
channel.  

 
 WARM (Warm Freshwater Habitat): Perennial flow typically comprised of urban 

runoff and rising/seeping groundwater provides support for an aquatic habitat.  As 
noted, small fish and crayfish are observed in the channel waters.  

 
 REC 2 (Non-contact Water Recreation); Individuals from adjacent schools, 

businesses, parks and neighborhoods, and on sidewalks that bridge the channel, 
are able to view this Reach.  There are opportunities for aesthetic enjoyment of the 
water and viewing the wildlife attracted to it. Large wading birds such as blue 
herons and egrets and colorful birds such as mallards and red wing blackbirds are 
often observed in this proposed reach. 

  
2.4.2 303(d) Listings and Total Maximum Daily Loads (TMDLs) 
 
The Santa Ana-Delhi is listed on the 2010 303 (d) list as impaired for indicator bacteria. As 
discussed above, the Santa Ana-Delhi Channel flows into Upper Newport Bay, which is 
also 303(d) listed for indicator bacteria.  The Regional Board adopted and is implementing 
a fecal coliform (bacteria indicator) TMDL for Newport Bay that includes wasteload and 
load allocations for bacteria indicator inputs from tributaries, including the Santa Ana-Delhi 
Channel. Bacterial investigations in the Channel have been conducted and BMPs have 
been and will be implemented in response to TMDL and stormwater permit requirements 
(Orange County Areawide Urban Storm Water Runoff Management Program NPDES 
permit (Order No. R8-2009-0033, NDPES CA 8618030, as amended) to improve bacteria 
indicator quality conditions in the Channel and to assure that the Channel, the second 
largest tributary to the Bay, does not cause or contribute to the impairment downstream in 
the Bay. Re-designation of Reaches 1 and 2 (and the Tidal Prism, as recommended in a 
separate UAA document) would allow focused implementation of BMPs in downstream 
areas adjacent or close to the Bay, which is expected to enhance their effectiveness in 
protecting downstream recreational uses3.  
 
                                            
3 Experience with a media filtration and UV treatment facility for Aliso Creek (in the San Diego Region) 
shows that such treatment can be highly effective in reducing bacteria at the end of the pipe,  but that the 
treatment effect is or may be negated by bacteria in the receiving water. Thus, the location of the BMP is 
critical to assure that bacteria reductions occur where needed.  
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3.0 Use Attainability Analysis – Factors Analysis 
. 
 
3.1 Regulatory Framework – UAAs and Beneficial Use Designations 
 
Section 101 (a) (2) of the CWA states that “it is the national goal that wherever attainable, 
an interim goal of water quality which provides for the protection and propagation of fish, 
shellfish, and wildlife and provides for recreation in and on the water be achieved by July 
1, 1983”.  The CWA and implementing federal regulations provide special protection for 
these “fishable/swimmable” uses by establishing a rebuttable presumption that all surface 
waters should support these uses and should be so designated as part of states’ water 
quality standards. 
 
To overcome this presumption, the states are required to conduct a Use Attainability 
Analysis (UAA) and demonstrate that attaining the use(s) is not feasible based on one or 
more of the six factors identified in federal regulations (40 CFR 131.10(g)):  
  

1. Naturally occurring pollutant concentrations prevent the attainment of the 
use; or  

2. Natural, ephemeral, intermittent or low flow conditions or water levels prevent 
the attainment of the use, unless these conditions may be compensated for 
by the discharge of sufficient volume of effluent discharges without violating 
State water conservation requirements to enable uses to be met; or 

3. Human caused conditions or sources of pollution prevent the attainment of 
the use and cannot be remedied or would cause more environmental 
damage to correct than to leave in place; or  

4. Dams, diversions or other types of hydrologic modifications preclude the 
attainment of the use, and it is not feasible to restore the water body to its 
original condition or to operate such modifications in a way that would result 
in the attainment of the use; or 

5. Physical conditions related to the natural features of the water body, such as 
the lack of a proper substrate, cover, flow, depth, pools, riffles, and the like, 
unrelated to water quality, preclude attainment of aquatic life protection uses; 
or  

6. Controls more stringent than those required by sections 301 (b) (Effluent 
Limitations) and 306 (National Standards of Performance) of the Act would 
result in substantial and widespread economic and social impact.   
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A UAA is a structured scientific assessment of the factors affecting the attainment of the 
use(s), which can include physical, chemical, biological, and economic factors as 
described in 40 CFR 131.10 (g)(1)-(6), above .   
 
Federal regulation at 40 CFR 131.10(h) prohibits States from removing designated uses if: 
 

1. They are existing uses, as defined in 40 CFR 131.3, unless a use requiring more 
stringent criteria is added; or 

 
2. Such uses will be attained by implementing effluent limits required under sections 

301 (b) and 306 of the Act and by implementing cost-effective and reasonable best 
management practices for nonpoint source control.  

 
"Existing uses” are those uses actually attained in the water body on or after November 
28, 1975 (the date of USEPA’s initial water quality standards regulation), whether or not 
they are included in the water quality standards.4 Guidance provided by USEPA in 1985 
indicates that an “existing” primary contact recreational use5  can be established by 
demonstrating that swimming has actually occurred since November 28, 1975, or that the 
water quality is suitable to allow such uses to occur, unless there are physical problems 
that prevent the use regardless of water quality.6   Suitable water quality is demonstrated 
by consistent, not merely sporadic, attainment of applicable water quality objectives. More 
recent USEPA guidance states that USEPA considers an “existing” use to mean the use 
and water quality necessary to support the use that have been achieved in the waterbody 
on or after November 28, 1975.7  USEPA states that: “It is appropriate to describe the 
existing uses of a waterbody in terms of both actual use and water quality because doing 
so provides the most comprehensive means of describing the baseline conditions that 
must be protected.” 
 
USEPA has indicated that where there is very limited actual primary contact use and the 
physical and/or water quality characteristics of the water body do not and are not likely to 
support that use, then it would be appropriate to conclude that primary contact recreation 
is not an “existing” use.8  In making such determinations, federal guidance recommends 
that states should consider a suite of factors such as the actual use (present and 
historic), existing water quality, potential water quality conditions, access, recreational 
facilities, location (e.g.,  proximity to suitable recreational alternatives), safety 
considerations, as well as the physical conditions of the water body.9  However, states are 
not required to evaluate all six factors identified in 40 CFR 131.10(g) as part of every UAA. 
 

                                            
4 40 CFR 131.3 
5 “Primary contact” recreation is equivalent to California’s REC1 (water contact recreation) beneficial use 
6 USEPA. Questions & Answers on Antidegradation, August 1985. 
7 USEPA, Letter w/attachment from Denise Keehner (Director, Standards and Health Protection Division) to 
Derek Smithee, State of Oklahoma, September 5, 2008. (Cited as updated information in USEPA Water 
Quality Standards Handbook, Second Edition. EPA-823-B-12-002, Chapter 4) 
8 USEPA.  63 FR 36752 (July 7, 1998) 
9 USEPA.  63 FR 36756 (July 7, 1998) 
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In designating the uses of a water body, and in considering changes to those designations, 
states must take into consideration the water quality standards of downstream waters and 
ensure that water quality standards provide for the attainment and maintenance of the 
water quality standards of downstream waters. (40 CFR 131.10(b)). 
 
Finally, decisions to remove or not designate REC1 uses for surface waters are subject to 
reconsideration as part of the Basin Plan Triennial Review process. Where new 
information and/or changed conditions warrant the REC1 designation, then the Basin Plan 
must be amended accordingly. 
 
3.2 40 CFR 131.10(g) Factor Assessment 
 
Reach 1 and Reach 2 of the Santa Ana Delhi Channel are incapable of supporting water 
contact recreation because: 
 

Natural, ephemeral intermittent or low flow conditions or water levels prevent 
the attainment of the use (see Section 3.2.1); and.  
 
Dams, diversions or other types of hydrologic modifications preclude the 
attainment of the use, and it is not feasible to restore the water body to its 
original condition or to operate such modifications in a way that would result 
in the attainment of the use (see Section 3.2.2). 

 
3.2.1 Natural, Ephemeral, Intermittent and Low Flows Preclude the Recreational 

Use (40 CFR 131.10(g) Factor 2) 
 

3.2.1.1 Methods and Fieldwork   
 
To evaluate flow conditions in the SAD Channel Reaches 1 and 2, the data collected from 
an Orange County Public Works (OCPW) gauging station just upstream of Irvine Avenue 
(Reach 1) were analyzed and direct measurements were taken in both Reaches. 
Estimates of flow depths were also made as part of recreational use surveys.   
 
CDM (now CDM-Smith), serving as a consultant to the Task Force, prepared a UAA 
Technical Report for the Santa Ana Delhi Channel. 10 The report assesses and 
summarizes key attributes of the Channel, including flow conditions, channel morphology 
and other characteristics relevant to the UAA process. CDM developed a rating curve for 
the concrete-lined portion of Reach 1 by field calibrations of flow at varying depths. The 
rating curve defines the relationship between depth of flow and flow rate. Data collected at 
the Irvine Avenue stream gauge between 1991 and 2008 were used to generate 
cumulative frequency curves of flow rate and depth. See CDM Technical Report, Sec. 
4.2.1. 
 

                                            
10 CDM. Use Attainability Analysis Technical Report for the Santa Ana - Delhi Channel.   August 2010 (CDM 
Technical Report) 
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Regional Board staff measured depths in Reach 2, near the Sunflower and Flower Street 
intersection, in 2006, 2009 and 2013. OCPW staff measured depths in Reach 1, at Mesa 
Drive, in 2011. Regional Board staff measured depth at this location in 2013. In 2010, 
OCPW staff measured flow and gauge height at the gauging station near Irvine Avenue 
(Reach 1) on a monthly basis during the dry season (June through September). Estimates 
of flow depth were made by Task Force members who conducted recreational use surveys 
at the Mesa Drive and Sunflower/Flower Street crossings in 2006.  
 
3.2.1.2 Findings and Conclusions 
 
As reported in the CDM Technical Report, given the hydrologic patterns in Southern 
California, dry weather flow is the predominant condition in the Santa Ana Delhi Channel.   
Dry weather runoff consists of urban nuisance flows and groundwater that rises into 
unlined portions of the channel or enters lined portions of the channel via weepholes. 
There are also periodic groundwater dewatering and groundwater well discharges to the 
channel. Precipitation-derived runoff typically occurs for only relatively short, episodic 
periods during and shortly after rainfall events within the tributary watershed. These events 
typically occur almost entirely during the wet season.  
 
CDM’s analysis of the cumulative frequency curves of flow rate and depth in Reach 1 
showed that more than 90 percent of the time, flow rates and depths are characteristic of 
dry weather flow conditions. As shown in Figure SAD-7, flow depths during 1991-2008 
were less than 2 feet approximately 95 percent of the time and less than 1 foot 
approximately 90 percent of the time.  
 
These findings are consistent with direct measurements made by Regional Board and 
OCPW staff in 2006, 2009, 2010, 2011 and 2013. See Table SAD-4. As shown in this 
table, depths in both Reach 1 and Reach 2 were typically less than ~8 inches.  In Reach 1, 
the measured flows were confined to the low flow pilot channel. Similarly, the flows were 
confined to the low flow swale in the concrete-lined section of Reach 2.  
 
Recreational use surveyors estimated the depth of the water at Mesa Drive and the 
Sunflower Avenue/Flower Street remote camera locations (see discussion of photographic 
evidence below). The water was frequently reported as murky, which complicates such 
estimations. Nevertheless, most surveyors reported estimated depths that were knee-deep 
or less at both locations; most reported ankle deep or less depth.  
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Figure SAD-7  Channel Depth Curve for the Santa Ana-Delhi Channel at Irvine Avenue (1991-2008) 
(Source: Use Attainability Analysis Technical Report for the Santa Ana-Delhi Channel, CDM, August 2010, 
Figure 4-4) 
 
 

Table SAD-4  
Water Depth Measurements1 of Reach 1 and Reach 2 of the Santa Ana Delhi Channel 

 
 

Date 
Reach 1 

Mesa Drive 
Reach 2 

Sunflower Ave/Flower St. 
August 5, 2006  4 – 6 inches 
June 5, 2009  6-8 inches 
June 11, 2009  5 inches 
June 18, 2009  7 inches 
June 25, 2009  7 inches 
   
June 29, 2009  7 inches 
July 12, 20112 6 inches  
July 18, 20112 6.8 inches  
July 29, 20112 6 inches  
August 4, 20112 6.6 inches  
March 5, 2013 7.5 inches3  10 inches 
1  Measurements by Regional Board staff unless otherwise noted. Measurements were taken where flows 
were deepest. 
2  Measurements by OCPW staff where flows were deepest. 
3  Measurement made just upstream of Mesa Drive near Irvine Avenue in the low flow channel 
 
 



21 

Wet weather runoff in these reaches can result in high velocity, bank-to-bank flows that 
reach within a few feet of the maximum channel depth.  The gauging station near Irvine 
Boulevard showed a flow depth of over 16 ft. on one occasion between 1991 and 2008, 
which was close to breaching the vertical walls of the channel. Such flows create 
conditions that are unsafe for recreational use. (The temporary suspension of recreational 
standards under certain high flow conditions is proposed; see Section 5.5 of the January 
12, 2012 Staff Report for the recreation standards amendments). 
 
Based on the preceding stream depth data and analyses, Regional Board staff concludes 
that low flow conditions preclude attainment of water contact recreation in Reach 1 and 
Reach 2 of the Santa Ana-Delhi Channel.  The water is too shallow to support swimming 
or other forms of primary contact recreation in the stream.11  Therefore, Reach 1 and 
Reach 2 should not be designated for REC1 in Table 3-1 of the Santa Ana Basin Plan.   
See 3.3 for discussion of the REC2 use. 

 
3.2.2 Dams, Diversions and Hydrologic Modifications Preclude the 

Recreational Use (40 CFR 131.10(g) Factor 4) 
 
3.2.2.1 Methods and Fieldwork  
 
As previously noted, CDM prepared a UAA Technical Report (August 2010) that, in part, 
assesses and summarizes key attributes of the channel morphology.  In addition, Regional 
Board staff made over 13 field visits to the Santa Ana-Delhi Channel between 2009 and 
2013 to confirm channel conditions.  In addition, Regional Board staff reviewed a report12 
by OCPW that summarized hydrologic modifications to the channel and fencing/access 
conditions.  
 
3.2.2.2 Findings and Conclusions 
 
As described in Section 2.2, Reach 1 and Reach 2 of the Santa Ana-Delhi Channel have 
been significantly modified to provide greater flood control protection.  Reach 1 is almost 
completely a vertical walled, concrete-lined box channel that is 15-18 feet deep and 55 feet 
wide. The vertical-walled configuration comprises 2.96 miles (92%) of the total length of 
Reach 1(3.19 miles). This includes two underground culverts that run under roadways and 
commercial developments. The vertical walls make it virtually impossible, and extremely 
unsafe, to gain access to the water for casual recreation activities. Reach 1 is fenced with 
locked gates to prevent access to the channel. In addition, the concrete channel bottom 
drains quickly, as it is designed to do, preventing pooling of flows that might support 
recreational opportunities if access was feasible.  
 
The most downstream section of Reach 1 has an earthen bottom and earthen and rip-rap 
side slopes (see Figure SAD-4). The earthen side slope is heavily eroded, such that the 

                                            
11  Federal Cooperative Instream Flow Service Group (members include:  U.S. Fish & Wildlife Service, U.S. 
EPA, U.S. Heritage Conservation and Recreation Service, & U.S. Bureau of Reclamation).  Methods of 
Assessing Instream Flows for Recreation.  FWS/OBS-78/34  (June, 1978) pg. A-7. 
12 OCPW. Santa Ana Delhi Channel (F01) Access Ramps. March 1, 2013.  
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slope is nearly vertical.  The rip-rap side slope is also very steep. Once again, access to 
the water in the channel in this area would be extremely unsafe.   
 
As discussed in Section 2.2, Reach 2 consists of an earthen trapezoidal channel with fully 
rip-rapped 2:1 side slopes for about 0.9 miles.   The bottom is approximately 15 ft. wide.  
Upstream of the earthen section, Reach 2 consists of a reinforced concrete, rectangular 
(15 foot high vertical walls) channel for approximately 0.55 mile. These steep/vertical 
conditions render access to water in the channel extremely unsafe. Like Reach 1, this 
Reach of the channel is completely fenced, with locked access gates. The entire length of 
the Santa Ana Delhi Channel is posted to advise that access is not allowed and is 
considered trespassing. One would have to scale the fence and rappel down the 15-18 ft. 
walls in most sections of Reaches 1 and 2 while avoiding county maintenance workers 
who would prohibit such activity, to reach the predominantly limited amount of water found 
on the Channel bottom. 
 
As discussed previously, the Santa Ana Delhi Channel was originally designed and 
constructed to drain marshy areas for agricultural purposes. With the almost total 
urbanization of the watershed, the Channel has been modified over time to provide flood 
protection. Concrete-lining was found necessary to maintain the proper channel gradient, 
prevent further erosion, and protect nearby homes and businesses.  
 
It is not feasible to restore the Channel to a more natural condition without compromising 
its primary purpose - flood protection.  Further, the public benefit that would derive from 
attempting to do so would be limited at best, given that there are far superior opportunities 
for water contact recreation available just a short distance away in Upper and Lower 
Newport Bay and along the Pacific Coast. For example, the Newport Dunes Resort, the 
city of Newport Beach Aquatic Center, and public beaches located in Upper Newport Bay 
provide nearby public beach access and opportunities for recreational activities.  
 
Based on the preceding analysis, Regional Board staff has concluded that the existing 
dams, diversions and other hydrological modifications preclude attainment of water 
recreation activities in Reach 1 and Reach 2 of the Santa Ana-Delhi Channel.  Regional 
Board staff has further concluded that it is not possible to restore the channel to a more 
natural condition or to operate the facilities in a way that would allow recreational activity, 
or even safe recreational access to occur in the Santa Ana-Delhi Channel.  Consequently, 
Reach 1 and 2 should not be designated for REC1 in Table 3-1 of the Santa Ana Basin 
Plan. 
 
3.3 REC2 Designation 
 
In Reach 1, REC2 (non-contact recreation) is not attainable for all of the same reasons 
that REC1 (contact recreation) is precluded.  REC2 activities include, but are not limited to:  
"picnicking, sunbathing, hiking, beachcombing, camping, boating, tidepool and marine life 
study, hunting, sightseeing and aesthetic enjoyment in conjunction with the above 
activities”.  Channel morphology, low flow conditions, access limitations, and aesthetic 
conditions are not conducive to any of these activities.  While two golf courses and some 
residential units border Reach 1, there is very limited sight view of the entire Reach. A 
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thick screen of trees and golf course design limit any view of the Reach from the golf 
courses, where observation of the channel might be most expected. A little-used bicycle 
trail adjoins the concrete-lined, vertical wall section of Reach 1 between Irvine Boulevard 
and Bristol Street for approximately 1/3 of a mile.  The bicycle trail is separated from the 
box channel by a 6 six ft. high chain link fence. Just beyond the upstream end of the 
bicycle trail the channel is underground for 2100 ft. to cross under Bristol Street and the 
SR55 and 73 interchange. (See Figure SAD-2).  From just north of SR55 upstream to 
Reach 2, the channel goes through a commercial/ industrial area where public access 
even to the proximity of the channel is very limited: the only views allowed of the channel 
for the public are from the street bridges that cross the channel and that receive little if any 
pedestrian traffic. A portion of this segment is underground and obviously not visible to the 
public   Because of limited flows and the concrete-lining that dominates the channel, there 
is very limited habitat that offers any opportunity for wildlife viewing or aesthetic enjoyment. 
The principal observations of wildlife are in the most downstream section of Reach 1, with 
the earthen bottom. However, as described above, the opportunity to view this part of the 
Channel is severely restricted by fencing and dense vegetation. Photographic evidence, 
streamside surveys and interviews of knowledgeable local authorities all confirm that no 
recreation of any kind is occurring in the SAD Channel Reach 1. Thus, Board staff 
recommends that Reach 1 not be designated REC2.   
 
 

4.0 Existing Use Analysis 
 
 
As noted in Section 3.1, states may not remove the recreational use designation if it is an 
"existing use."  Nor can recreational uses be de-designated if such uses will be attained by 
implementing effluent limits required under sections 301(b) and 306 of the Clean Water Act 
and by implementing cost-effective and reasonable Best Management Practices for non-
point source control.13  A formal analysis was conducted to evaluate both of these 
conditions. 
 
This analysis consisted of numerous site visits by Regional Board and CDM staff, 
extensive digital photo REC surveys, on-site field surveys, interviews of Orange County 
Public Works (OCPW) staff, Park Rangers and an analysis of all representative and 
reliable water quality data.  
 

4.1 Evaluation of Actual Recreational Activities 
 
4.1.1 Assessment Methods 
 
A number of methods were employed to assess existing recreational use.  A remote photo 
reconnaissance recreation survey was conducted for a one year period at two locations, 
one in Reach 1 and the other in Reach 2. Observations made in the field during weekly 
camera maintenance visits by CDM were recorded. In addition, Regional Board staff and 
other Stormwater Quality Task Force members conducted recreational use surveys.  
                                            
13 40 CFR 131.10(h) 
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Finally, Regional Board staff surveyed public agency staff who visit the Channel for 
maintenance and monitoring to obtain information concerning any recreational use they 
observed in the Channel.       
 

4.1.2 Photo Reconnaissance Survey 
 
Digital cameras were installed at Mesa Drive (Reach 1, facing downstream) and at the 
Sunflower Avenue/Flower Street intersection (Reach 2, facing upstream).  See Figures 
SAD-8 and 9. These cameras were programmed to collect one image every 15 minutes 
during daylight hours.  Electronic photos were transmitted, over the cellular phone network, 
to a secure network server for storage and further analysis.  
 
The duration of the survey and number of images collected for each location on the 
channel are shown in Table SAD-5. 
 

 
. 
 

 
 
 
 

 
Any image containing a person or persons within channel fencing or boundaries was 
defined as a recreation event.  If a person or persons were observed within channel 
fencing or boundaries during the weekly on-site surveys, these were also considered 
events.  An event could include one or more persons.  For each event each person’s 
activity and the estimated duration of the event were logged.  If an activity was captured on 
 
 
 

Table SAD-5 
Recreational Use Survey Duration and Number of Images Collected 

 
Survey Location  
 

Start Date  End Date  Number of 
Images  

    
Mesa Drive  6/20/2005  7/13/2006  21,284  
Sunflower Avenue  7/7/2005  7/9/2006  20,978  
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Figure SAD-8 
Photo of the Camera View at the Recreational Use Survey Location for 
Santa Ana-Delhi Channel at Mesa Drive looking downstream. (Reach 1) 

(Source: UAA  Technical Report – Santa Ana-Delhi Channel, CDM. August 2012, Figure 3-10)  
 
 

 
 

Figure SAD-9 
Photo of Activity at Santa Ana-Delhi Channel at Mesa Drive (Reach 1), 7/8/2006 14:30 

(Source: UAA Technical Report for Santa Ana-Delhi CDM, August 2010 Figure 3-11) 
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only one image, an activity duration was reported as <30 minutes.  Likewise, if the same 
activity by the same person or persons was observed in two consecutive fifteen-minute 
interval images, the duration was reported as <45 minutes.   
 
Table SAD-6 presents a summary of the activity recorded at the two camera locations. The 
seasonal periods defined in southern California NPDES stormwater permits were used to 
categorize the observations by season: dry season (April 1 to September 30) and wet 
season (October 1 to March 31).  During the year-long REC photo surveys, six individuals 
were observed at Mesa Drive walking in the channel and seven individuals at Sunflower 
Avenue were captured walking in the channel. In no case at either location was there 
evidence of contact with water. At the Mesa Drive location (Reach 1), the individuals 
recorded were likely OCPW staff and Task Force Members conducting maintenance 
activities, monitoring or completing recreational use surveys. See Figure SAD- 9. At the 
Sunflower Avenue site (Reach 2) seven images were captured of young adults inside the 
channel fencing. Most of these individuals were walking in the channel; there was no 
evidence of contact with the water.  One of these observations was of a young adult 
standing on rocks/rip-rap in the channel and bending down to observe the water, an 
activity considered to be REC2. See Figure SAD-11.   
 
 
 
 
 

Table SAD-6
Recreational Activity Recorded for the Santa Ana-Delhi Channel 

Location 
Number of Individuals Estimated 

Duration 
(min) 

Type of Activity 
Total Dry 

Season 
Wet
Season 

Mesa Drive 6 4 2 180 Walking, Bicycling1 

Sunflower Avenue 7 4 3 210 Walking

1 One image showed a bicycle on the access ramp leaning against the fence. Since the access 
gate is locked it is unclear how the bicycle got there. The image with the bike was counted as a 
non-contact event, less than 30 minutes. No one was seen in the water. There was only one such 
image for the duration of the survey. 
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Figure SAD-10 
Photo of the Camera View of the Recreational Use Survey Location for 

Santa Ana-Delhi Channel at Sunflower Avenue (Reach 2) 
(Source: UAA Technical Report Santa Ana-Delhi Channel, CDM August 2010, Figure 3-4) 

 

 
 

Figure SAD-11 
Photo of Activity at Santa Ana-Delhi Channel at Sunflower Avenue (Reach 2), 

7/8/2006 14:30. (Source: UAA Technical Report for Santa Ana-Delhi CDM, August 2010 Figure 3-7) 
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Results from the cameras installed in the SAD Channel are consistent with the 
photographic evidence collected at similar concrete-lined boxed flood control channels in 
the Santa Ana Region.  More than 21,000 pictures were taken in the Demens Channel 
located in a residential neighborhood in the city of Upland (see Figure SAD-12).  No water 
contact recreation was observed in these photographs, nor in the nearly 24,000 photos 
taken in the Anza Channel adjacent to a public park (see Fig. SAD-13). 
 
 

 
 

Figure SAD-12:  Demens Flood Control Channel 
      (Source: Recreational Use Survey – Demens Channel CDM, 7/2009) 
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Figure SAD-13:  Anza Park Flood Control Channel 
(Source: Recreational Use Survey – Anza Channel CDM, 4/2010) 

 
4.1.3 Physical Surveys and Other Information 
 
Regional Board staff has made at least twelve visits to Reaches 1 and 2 of the Santa Ana-
Delhi Channel during the last five years to observe conditions and obtain evidence 
regarding recreational use.  No individuals have been observed by staff in the channel 
during any of those visits.   
 
Task Force members performed eleven separate recreation field surveys of the Santa 
Ana-Delhi Channel.  Each site visit was conducted on a summer weekend in order to 
maximize the opportunity to observe any recreational activity (particularly by children) that 
might occur in the Channel.  Six surveys were completed in July and August of 2006.  Five 
surveys were conducted in July and August of 2011.  
 
Surveyors were required to remain on station for at least 30 minutes and to record all 
relevant observations on a standardized form.  The observations recorded include:  date 
and time of the visit, the weather conditions, an estimate of the depth and clarity of water in 
the channel, the number of people and nature of any recreational activities observed.  The 
surveys were conducted at the remote camera locations described above. No individuals 
were observed in the channel by the Task Force members during these surveys, and no 
evidence of recreational activity was reported.  
 
Weekly field surveys were also conducted by CDM staff as they performed regular 
maintenance at the remote camera locations.  The maintenance crews were required to 
complete a written log documenting their observations during each site visit. CDM staff 
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visited the Mesa Avenue site and completed a log entry 41 times between August 16, 2005 
and June 30, 2006. The crews observed no individuals in the channel. CDM staff recorded 
41 visits to the Sunflower Avenue and Flower Street location between August 16, 2005 
and June 30, 2006. Again, staff reported no individuals in the channel.  
 
Both Regional Board staff and CDM interviewed staff of local agencies with channel 
maintenance/monitoring responsibilities and/or whose work routine provides exposure to 
the channel. No observations of people engaged in recreational activity in the channel 
were reported. In particular, Orange County Public Works staffs regularly visit the area to 
maintain the channel.  These maintenance crews stated that they have never encountered 
any unauthorized persons within the confines of the Channel (i.e., "inside the chain link 
fence").  Orange County Harbors, Beaches, and Parks employees working at the Upper 
Newport Bay Ecological Reserve also report never observing any individuals in the lower 
segment of Reach 1.   
 
4.2 Evidence re Historical Recreational Use  

In addition to the collection of current information regarding human presence in the 
Channel from local agency staff who frequent or are familiar with the channel, other efforts 
were made to obtain any information concerning historic recreational use. As discussed in 
the preceding section, local agency staff consistently reported that they had not observed 
unauthorized individuals within the Channel. CDM conducted inquiries to local agencies, 
online searches of California newspaper archives, databases (engineering and 
environmental trade journals) and search engines such as Google News archive and 
Lexis-Nexis to identify any accounts or references to recreational activities in the Santa 
Ana-Delhi Channel. No historical use information was identified from these searches.  
 
Finally, the Regional Board received no written comments and no public testimony during 
the public hearing process for the recreation standards amendments, including UAAs for 
various waters, documenting any past or present recreational activity in the Santa Ana-
Delhi Channel. 
 
4.2.1 Probable Future Use  

Information regarding potential future recreational uses for the Santa Ana-Delhi Channel 
was obtained through discussions with local agencies and review of relevant county and 
municipal master plans.  The Cities of Costa Mesa, Newport Beach, and Santa Ana were 
contacted, as was the County of Orange.  Based on these inquiries, proposed planned 
uses were documented, as presented below.  
 
According to the Orange County Public Works, facilities that could support water contact 
recreation are not planned for the channel.  Areas immediately adjacent to downstream 
sections of the channel (proposed Tidal Prism and parts of proposed Reach 1) are 
included in the proposed Santa Ana Heights Regional Trail System and a trail has been 
planned to extend from Upper Newport Bay to the Orange County Fairgrounds.  As noted 
previously, approximately 1/3 mile of this trail, along the channel from roughly Bristol Street 
to Irvine Avenue, is already in limited use.  The trail is separated from the Channel by 
fencing. 
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The City of Santa Ana Department of Parks and Recreation Services is planning to 
construct a bicycle trail along the Santa Ana-Delhi Channel between Warner Avenue and 
Sunflower Avenue.  The bicycle trail is proposed to be constructed on an existing OCPW 
maintenance road between the channel and adjacent properties. Construction was 
expected to commence before 2010.  As of early 2011, construction has not been initiated.       
 
The City of Costa Mesa has preliminary design concept plans for a multipurpose trail to be 
constructed along the Santa Ana-Delhi Channel.  This trail is proposed to also be 
constructed on the existing OCPW maintenance road along portions of the channel within 
the City’s jurisdiction.  Again, no construction has been initiated. 
 
In 2011, planning staff for the County provided updated planning information. While there 
remain plans for riding, hiking and biking trails adjacent to the Channel, there are no firm 
plans for implementation or funding.  There are no plans to provide recreational facilities 
that would support water contact recreation in the channel itself.  
 
4.2.2 Summary – Evidence of Past, Present or Probable Future Recreational Use 
 
In summary, there is no evidence of any actual or historic REC1 use in Reaches 1 and 2 of 
the Santa Ana-Delhi Channel.  Photographic surveys, field surveys and information 
provided by public agency staff members who routinely visit the Channel all corroborate 
this conclusion. Nor is there evidence of REC2 activity in Reach 1. There is no evidence of 
historic recreational use in either Reach.  
 
The absence of any observed water-related recreation in Reaches 1 and 2 is a reflection of 
the various characteristics of the Reaches described above. These include the extensive 
hydrologic modifications of these reaches for flood control purposes and the low flow 
conditions that predominate.  In addition, the Channel is fenced throughout its length, there 
is signage to prohibit access, and maintenance access gates are locked. Easily accessible 
and far more appealing recreational areas are in close proximity (Newport Bay and Pacific 
Ocean beaches).  
 
4.3 Evaluation of Ambient Water Quality   
 
4.3.1 Assessment Methods 
 
The Orange County Health Care Agency (OCHCA) has performed water quality monitoring 
of the Santa Ana-Delhi Channel since 1973.  From August 1973 through February 1976, 
fecal coliform grab samples were collected approximately monthly at Irvine Blvd., which is 
near the lower boundary of the proposed Reach 1. See Table SAD-7.  
   
Between 2004 and 2006, Orange County Coastkeeper also performed E. coli monitoring at 
Mesa Drive (in proposed Reach 1) and at MacArthur Boulevard (within proposed Reach 2). 
Samples were collected from one to three times per month at both sample locations. 
These data are presented in Tables SAD-8 and 9. 
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Regional Board staff sampled at Sunflower Avenue (proposed Reach 2) for E. coli in June 
2009.  Five samples were taken in a 30 day period and a geometric mean of 722 
MPN/100mL was determined. See Table SAD-9. 
 
Where insufficient fecal coliform data (i.e., less than 5 sample results/30 day period) were 
available to calculate geometric means, these coliform data were compared generally to 
that part of the existing REC1 fecal coliform objective that specifies that not more than 
10% of the samples exceed 400 organisms/100mL for any 30-day period.  
 
For E. coli, insufficient data were collected to compare to the E. coli geometric mean 
recommended in the recreation standards amendments.  The recommended geometric 
mean requires that at least 5 samples be collected during a 30-day period. Accordingly, 
the available E. coli data were evaluated based on the recommended criteria in USEPA’s 
2012 Recreational Water Quality Criteria document. These new criteria include the 
geometric mean of 126/100mL, to be calculated based on the number of samples collected 
during any 30-day period (no minimum number of samples during that period is specified). 
In addition to the geometric mean, the 2012 Criteria include a Statistical Threshold Value 
(STV) of 410/100mL that is not to be exceeded in more than 10%of the samples collected 
during the same 30-day interval used to assess the geometric mean.  
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Table SAD-7 

Summary of Monthly Fecal Coliform at the Santa Ana Delhi Channel at 
Irvine Avenue 1973-1976 (OCHCA) 

Fecal Coliform 
Month and 

Year 
Number 

of 
Samples 
Collected 

Sample results
MPN/100mL 

Percent 
greater than 
400 / 30 day  

period1 

Geometric 
means (5 

samples/30 
day period2) 

Santa Ana Delhi Channel at Irvine Avenue (Reach 1) 

8/1973  1  46,000  100%  

4/1974  2  43; 930  50%  

6/1974  1  43  0%  

7/1974  1  430  100%  

8/1974  1  39  0%  

9/1974  1  210  0%  

10/1974  1  460  100%  

12/1974  2  430, 4,300  100%  

1/1975  1  90  0%  

3/1975  1  75  0%  

4/1975  2  43, 23,000  50%  

5/1975  1  930  100%  

6/1975  1  430  100%  

7/1975  1  230  0%  

8/1975  1  1,100  100%  

9/1975  1  460  100%  

10/1975  1  9,300  100%  

11/1975  2  46, 93,000  50%  

12/1975 1 430 100%  

2/1976 1 460 100%  
Notes: 
1.  Basin Plan REC1 objective: logmean <200 organisms/100mL based on 5 or more samples/30-day period 
and not more than 10% of samples exceed 400 organisms/100 mL for any 30-day period. 
2.  It was not possible to calculate geometric means as there were no 30 day periods when five samples 
were taken.  
3.  Sample results in bold indicate exceedances of Basin Plan REC1 objective.  
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Table SAD-8 
Summary of Monthly E. coli Data for  the Santa Ana Delhi Channel (2004-2006) (Orange 

County  Coastkeeper) 
E. coli 

Month and Year Number of 
Samples 
Collected 

Sample Results 
(MPN/100mL) 

Percent 
Exceedance of 
STV (410 
cfu/100mL) 

Geometric 
Means that 
exceed USEPA 
2012 criterion 
(126cfu/100mL) 

Santa Ana Delhi Channel at Mesa Drive (Reach 1)  
3/2004 3 100; 100; 100 0%  
4/2004 1 100 0%  
5/2004 1 310 0% 310 
6/2004 1 310 0% 310 
7/2004 2 100; 100 0%  
10/2004 1 2,180 100% 2,180 
11/2004 1 100 0%  
12/2004 1 100; 4160 50% 4160 
1/2005 1 135 0%  
2/2005 1 1590 100% 1590 
3/2005 2 12,590; 100 100% 1,122 
4/2005 1 630 100% 630 
5/2005 1 5,610 100% 5,610 
6/2005 1 63 0%  
7/2005 1 447 100% 447 
8/2005 1 100 0%  
11/2005 1 100 0%  
12/2005 2 520; 1040 100% 742 
1/2006 2 1340; 10 50% 116 
2/2006 1 850 100% 850 
3/2006 3 2430; 100; 4950 67% 1063 
Notes:  
1. Sample results in bold exceed USEPA 2012 Recreational Water Quality Criteria (2012 Criteria) 
recommended Statistical Threshold Value (STV) (410 cfu/100mL) corresponding to recommended geometric 
mean of 126 cfu/100mL  
2.  USEPA 2012 Criteria recommend that the geometric mean not be exceeded in any 30-day interval. No 
minimum number of samples for the geometric mean calculation is identified.     
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Table SAD-9 
Summary of Monthly E. coli at the Santa Ana Delhi Channel (2004-2006) (Orange County 

Coastkeeper) 
E. coli 

Santa Ana Delhi Channel at MacArthur Boulevard (Reach 2) 
Month and Year Number of 

Samples 
Collected 

Sample Results 
MPN/100ml 

Percent 
Exceedance 

STV 
(410cfu/100mL) 

Geometric 
Means that 

Exceed USEPA 
2012 criterion 

(126cfu/100mL)
3/2004 2 100; 100 0%  
4/2004 1 310 0% 310 
6/2004 1 100 0%  
7/2004 1 630 100% 630 
8/2004 1 100 0%  
10/2004 1 2,130 100% 2,130 
11/2004 1 740 100% 740 
12/2004 1 3050 100% 3050 
1/2005 1 300 0% 300 
2/2005 1 700 100% 700 
3/2005 1 310 0% 310 
4/2005 1 740 100% 740 
5/2005 1 4130 100% 4130 
6/2005 1 833 100% 833 
7/2005 1 472 100% 472 
8/2005 1 1080 100% 1080 
11/2005 1 200 0% 200 
12/2005 2 1560; 1100 100% 1310 
1/2006 2 1480; 100 50% 385 
2/2006 1 1610 100% 1610 
3/2006 3 2430; 410; 4040 67% 1591 

Summary of E. coli Data (MPN/100mL) for Santa Ana Delhi Channel at Sunflower Avenue 
and Flower Street (Reach 2) 

(completed by Regional Board Staff) 
6/2009 5 3,500; 800; 200; 700; 500 80% 722 
Notes:  
1. Sample results in bold exceed USEPA 2012 Recreational Water Quality Criteria (2012 Criteria) 
recommended Statistical Threshold Value (STV) (410 cfu/100mL) corresponding to recommended geometric 
mean of 126 cfu/100mL  
2.  USEPA 2012 Criteria recommend that the geometric mean not be exceeded in any 30-day interval. No 
minimum number of samples for the geometric mean calculation is identified.  
.     
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4.3.2   Findings and Conclusions 
 
As reflected in Table SAD-7, insufficient samples were collected within a 30 day period to 
calculate geometric means in conformance with the established fecal coliform objective for 
REC1 waters. Consequently, the data were compared to that part of the fecal coliform 
objective that specifies that no more than 10% of the samples shall exceed 400 
organisms/100 mL for any 30 day period. As shown in Table SAD-7, there is inconsistent 
compliance with this objective in Reach 1 of the Channel:   two-thirds of the grab sample 
results analyzed for fecal coliform from 1973 to 1976 exceeded the 400 fecal coliform per 
100 mL objective 
 
The E. coli geometric mean determined from samples collected in June 2009 at Sunflower 
Avenue, in Reach 2, was  722 E. coli organisms per 100/mL, which exceeds the proposed 
REC 1 geomean objective of 126 E. coli organisms per 100 m/L(based on five or more 
samples during a 30-day period).  This value also exceeds both E. coli geometric means 
identified in USEPA’s 2012 Recreational Water Quality Criteria (100 and 126/100mL). 
 
As shown in Table SAD-8, E. coli concentrations at both Mesa Drive (Reach 1) and 
MacArthur Boulevard (Reach 2) frequently exceeded USEPA’s recommended geometric 
mean (126 cfu/100mL) and associated Statistical Threshold Value of 410/100 mL. 
 
To summarize, sampling conducted at locations in Reach 1 and Reach 2 showed that the 
existing fecal coliform and Regional Board proposed/USEPA recommended E. coli 
geomean and single sample objectives are not consistently achieved.  
 
4.3.3 Probable Future Water Quality 
 
BMPs, including inspections for illegal discharges/illicit connections and public education, 
are being implemented pursuant to the Orange County Urban Storm Water Runoff permit 
(MS4 Permit). The area tributary to the Santa Ana-Delhi Channel is sewered and septic 
tanks are not considered a source of bacteria inputs. Sewer system leaks have not been 
demonstrated to be a contributor to bacteria densities in the Channel.  OCPW has 
conducted an extensive review of Best Management Practices (BMPs) for bacteria control 
(see Table SAD-10).  Very few BMPs provide the level of effectiveness required to achieve 
consistent compliance with bacteria water quality standards.  Those BMPs that are most 
effective (e.g. percolation ponds and artificial wetlands) require large amounts of land that 
is not available in the fully-developed watershed draining to the Santa Ana-Delhi Channel.  
Given the constraints of land availability, significant water quality improvement that results 
in consistent compliance with bacteria quality objectives as the result of BMP 
implementation is likely to be highly problematic. As part of the recreation standards 
amendments for inland waters, antidegradation targets for E. coli were calculated for 
Reach 2 by Regional Board staff (see discussion in Section 5.2 of the January 12, 2012 
staff report for the recreation standards amendments). The intent of these targets and 
accompanying monitoring requirements is to assure that water quality conditions do not 
degrade in Reach 2 should REC1 not be designated and, accordingly, REC1 objectives 
not apply. A diversion is being planned near the downstream end of Reach 1 to address 
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the indicator bacteria and other established TMDLs and improve quality conditions in both 
the immediate and downstream receiving waters. See further discussion in Section 5.2.  
 
Imposing stringent effluent limitations pursuant to Section 301(b) and 306 of the Clean 
Water Act would have no effect on water quality in Reach 1 or Reach 2. No municipal 
publicly-owned treatment works (POTW) discharge to the Channel in these reaches. There 
are periodic discharges of groundwater to these Reaches as the result of dewatering 
and/or well production activities, but these discharges do not have the reasonable potential 
to contribute to bacteria indicator densities in these surface waters and thus bacteria 
indicator effluent limitations would be inappropriate.  
 
Most important, even if water quality was in compliance with the bacterial objectives, REC1 
use would continue to be precluded by the same hydrologic modification and low flow 
constraints that exist today.  To protect public safety, access to the Channel is prohibited. 
The entire length of the Channel, including Reaches 1 and 2, is fenced and gated to deny 
entry.  Warning signs are displayed stating that access is prohibited. Regular site visits by 
maintenance crews help ensure compliance.  For these reasons, the REC1 use cannot be 
attained by imposing more stringent effluent limitations or requiring additional BMPs to 
control non-point sources. 
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Table SAD‐10:  Evaluation of BMP Alternatives for Effective Control of Bacteria 

Bacteria BMP Type Parameter

Mean 
Influent 

#/100 mL 
Mean Effluent 

#/100 mL n 
Percent 
Removal Source 

Water Treatment BMPs 

Wet Basins (Retention ponds, wet 
ponds, wet extended detention ponds, 
stormwater ponds, retention basins).  
Retains permanent pool. 

FC 11700 100 NR 99 CalTrans (2004) study in SoCal 
FC 4400 20 NR 99 CalTrans (2004) study in SoCal 
FC 1929 515 9 73 BMP dB; Fremont, CA 
FC 58 5 24 91 BMP dB; Largo, FL 
FC 4231 2475 16 41.5 BMP dB; Valhalla, NY 
FC NR 1779 10 90 Schueler (2000); ON 
FC NR 2858 10 64 Schueler (2000); ON 

E. coli NR NR 10 86 Schueler (2000); ON 
E. coli NR NR 10 51 Schueler (2000); ON 

FC 152 63 84 58 Mallin et al. (2002); NC  

Dry Basins (Dry ponds, detention or 
extended detention basins or ponds).  
Designed to empty within several days. 

FC 900 2000 NR -122 CalTrans (2004) study in SoCal; 
storm 

FC 6700 7500 NR -12 CalTrans (2004) study in SoCal; 
storm 

FC 27 27 8 0 USGS (2004) study in USVI 

FC 3412 724 35 79 Harper et al. (1999) study in FL 

E. coli 563 515 18 9 MSAR (2009) 

FC 957 738 18 23 MSAR (2009) 

E. coli 149 204 12 -37 MSAR (2009) 

FC 380 490 12 -29 MSAR (2009) 

Constructed Wetlands (Stormwater 
wetlands, wetland basins, shallow 
marshes, extended detention 
wetlands).  "Essentially shallow wet 
basins." 

FC 33.8 7.4 5 78 Hinds et al. (2004); Columbus 

FC 760 80 10 89 LN & COO (2004); Laguna Niguel 

FC 1915 116 9 94 LN & COO (2004); Laguna Niguel 

FC 5178 101 12 98 LN & COO (2004); Laguna Niguel 

E. coli 4163 27 10 99 LN & COO (2004); Laguna Niguel 

E. coli 1897 107 9 94 LN & COO (2004); Laguna Niguel 
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Table SAD‐10:  Evaluation of BMP Alternatives for Effective Control of Bacteria (Continued) 
 

Bacteria BMP Type 
Parameter

Mean 
Influent 
#100mL

Mean Effluent 
#100 mL n 

Percent Removal Source 

Water Treatment BMPs 

 E. coli 630 73 9 88 LN & COO (2004); Laguna Niguel 

Media Filters 
FC 5800 1400 NR 76 CalTrans (2004) study in SoCal 

FC NR 18528   -85 City of Austin (1997) 

FC NR NR   36 Glick et al. (1998); Austin, TX 

Disinfection (UV, ozone, chlorine) FC 32800** 16**   
99.9% (inversely 
proportional to 

turbidity) 
**County of Orange (2008) 

Diversion         100% of diverted 
fraction RBF (2003) 

 Vegetated Swales or Channels 
(Grassed channels, dry swales, 
retention swales). Only includes those 
features with little to moderate soil 
infiltration. 

FC 386 459 NR -19 BMP dB; Altadena, Caltrans (2004) 
FC 84853 47 NR 99.9 BMP dB; Carlsbad, Caltrans (2004) 
FC 490 1122 NR -129 BMP dB; Cerritos, Caltrans (2004) 

E. coli 20651 717 18 97 MSAR (2009); dry 

FC 16293 675 18 96 MSAR (2009); dry 

E. coli 2448 2904 12 -19 MSAR (2009); wet 

FC 3954 4196 12 -6 MSAR (2009); wet 
FC 65 105 NR -62 BMP dB; Downey, Caltrans (2004) 

FC 9460 9168 NR 3 BMP dB; Lakewood, Caltrans 
(2004) 

FC 1366 239 NR 82 BMP dB; Vista, CA, Caltrans 
(2004) 

Volume Reduction BMPs 

Infiltration Basins & Trenches 

FC 80-5000 <23 9 >99 LASGRWC (2005) 
E. coli 20-1300 <6.9 9 >99   

FC 500 ND-800 8   
FC ND-13000 11-110 8   

E. coli ND-120 ND 8 >99  
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Table SAD-10: Evaluation of BMP Alternatives for Effective Control of Bacteria (continued) 
 
 
Bactria BMP Type 

 
Parameter

Mean 
Influent 
#100 mL  

Mean 
Effluent  
#100 mL 

n  Percent 
Removal 

Source 

Infiltration Basins & Trenches  FC  230  ND  5  >99   

       100% for infiltration 
fraction 

USEPA (1999); Arvind & Pitt 
(2006) 

Low Impact Development (LID)          No data   

NR = Not Reported; ND=Not detected 
Shaded percent removal values were not statistically significant
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5.0 Protection of Downstream Uses 
 
 
5.1 Regulatory Requirements. 
 
In designating the uses of a water body, and in considering changes to those 
designations, states must take into consideration the water quality standards of 
downstream waters and ensure that water quality standards provide for the attainment 
and maintenance of the water quality standards of downstream waters. 14 The proposed 
Reaches 1 and 2 of the Santa Ana-Delhi Channel are tributary to the proposed Tidal 
Prism, which Is proposed to be designated REC2, but not REC1, pursuant to the 
findings of a separate UAA. The Tidal Prism flows into Upper Newport Bay, which is 
designated REC1.  
 
5.2 Compliance Strategies  
 
Currently a diversion facility is being designed to capture and divert low flow from the 
Santa Ana-Delhi Channel, at the lower end of Reach 115. The diversion, sponsored by 
the cities of Newport Beach, Costa Mesa, and Santa Ana, is planned to address surface 
water quality in accordance with the Orange County Areawide Urban Storm Water 
Runoff Management Program NPDES permit (Order No. R8-2009-0033, NDPES CA 
8618030, as amended) and the current TMDLs for Upper Newport Bay, including those 
for fecal coliform, nutrients and selenium. The diversion would be constructed just 
upstream of the Tidal Prism reach and just downstream of the concrete apron of the 
Mesa Drive road crossing and culvert. The diversion would remove low flow to be 
pumped into a nearby Orange County Sanitation District (OCWD) sanitary sewer 
system outlet and/or to be used for golf course irrigation. It is anticipated that the 
diversion will improve the water quality of the downstream tidal prism and Upper 
Newport Bay by removing from inflow waters not only pathogens but also nutrients 
which have been found to support regrowth of pathogen microscopic organisms. 16 See 
Figure SAD-14. 
 
 
 
 
 
 
 
                                            
14 40 CFR 131.10(b) 
15 TMDL Compliance Alternatives Santa Ana Delhi Watershed, URS May 22, 2012 
16 Recent studies have shown that nutrients at excessive levels in urban runoff have been found to 
encourage regrowth of fecal indicator bacteria in streambed sediments and salt marshes (Grant et al. 
2001 and Litton et al. 2010).   
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Figure SAD-14. Santa Ana Delhi Channel Mesa Drive/Irvine Avenue Proposed Diversion 
Site Plan. The diversion would divert low flows into the sanitary sewer or to be used as 
irrigation for the adjacent golf course. URS August 2012 
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.   
6.0 Triennial Review Requirements   

 
 
6.1 Regulatory Requirements 
 
Section 101(a)(2) of the Clean Water Act states:  "it is the national goal that wherever 
attainable, an interim goal of water quality which provides for … recreation in and on the 
water be achieved…"  Federal regulations [40 CFR 131.6(a)] requires states to enact 
water quality standards and "use designations consistent with the provisions of section 
101(a)(2)." 
 
A Use Attainability Analysis (UAA) must be conducted when "the State designates or has 
designated uses that do not include the uses specified in section 101(a)(2) of the Act"  [40 
CFR 131.10(j)].  In addition, in accordance with 40 CFR 131.20(a)(1):  “Any water body 
segment with water quality standards that do not include the uses specified in section 
101(a)(2) of the Act shall be re-examined every three years to determine if any new 
information has become available. If such new information indicates that the uses specified 
in section 101(a)(2) of the Act are attainable, the State shall revise its standards 
accordingly.”   
 
6.2 Reassessment Procedures 
 
If Reaches 1 and 2 of the SAD Channel are not designated REC1 or REC2, the Regional 
Board will re-examine this decision every three years as part of the regular Triennial 
Review process.  The focus of this review will be to determine whether there has been any 
substantial change to the factors supporting the original determination.  However, it is not 
necessary to conduct an entirely new UAA as part of this review. 
 
In preparation for the Triennial Review, Regional Board staff will visit Reaches 1 and 2 of 
the SAD Channel to confirm that the existing hydromodifications and access restrictions 
remain in place and unaltered, and to assess whether flow conditions have changed.  
Finally, the Regional Board will solicit any new information concerning actual or potential 
recreational use of the SAD Channel when public notice is given for the Triennial Review. 
 
If new evidence indicates that recreation in or on the water may be attainable because the 
factors previously precluding the use have changed, the Regional Board may elect to:  1) 
designate SAD Reaches 1 and 2 for REC1 and/or REC2; or 2) require that a new UAA be 
conducted in order to determine whether Reach 1 should continue to not be designated 
REC1 or REC2, and whether Reach 2 should continue to not be designated REC1.  
The Regional Board retains the authority and discretion to re-examine the issue of 
appropriate use designations for the Santa Ana-Delhi Channel more frequently than once 
every three years when warranted. 
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UAA ANALYSIS: 
GREENVILLE-BANNING CHANNEL - REACH 1 

 
1.0 Executive Summary 
 
This analysis demonstrates that the REC1 and REC2 uses do not exist and are not 
attainable in Reach 1 of the Greenville-Banning Flood Control Channel.  The uses are 
described as:  

 
Water Contact Recreation (REC1) waters are used for recreational activities 
involving body contact with water where ingestion of water is reasonably possible.  
These uses may include, but are not limited to, swimming, wading, water-skiing, 
skin and scuba diving, surfing, whitewater activities, fishing, and use of natural hot 
springs. 
 
Non-contact Water Recreation (REC2) waters are used for recreational activities 
involving proximity to water, but not normally involving body contact with water 
where ingestion of water would be reasonably possible.  These uses may include, 
but are not limited to, picnicking, sunbathing, hiking, beachcombing, camping, 
boating, tidepool and marine life study, hunting, sightseeing, and aesthetic 
enjoyment in conjunction with the above activities.  

 
Greenville-Banning Channel is a man-made, concrete-lined flood control conveyance.  For 
most of its length, the channel is 60-feet wide with vertical walls that are 20-feet high.  
There is a short (0.2 mile) section at the uppermost end of Reach 1 that has steep 
trapezoidal walls. 
 
Public access is prohibited by law and prevented by chain link fencing and locked gates 
throughout its entire length.  Extensive photographic evidence, field surveys and interviews 
of knowledgeable local authorities indicates that water recreation (REC1 or REC2) is not 
occurring and has not occurred in the Greenville-Banning Channel.  REC1 and REC2 uses 
cannot occur in the channel because low flow conditions and flood control modifications 
preclude attainment of these uses. 
 
During dry weather conditions, there is normally less than 1 cfs of natural stream flow in 
the channel.  An inflatable dam and pump works have been installed in Greenville-Banning 
Channel to protect downstream ocean beaches.  Urban runoff is intercepted and diverted 
to the Orange County Sanitation District for further treatment and final disposal.  Some 
stream flow is also diverted to an artificial wetlands and riparian zone in a park adjacent to 
the Greenville-Banning Channel. 
 
Analysis of historical water quality monitoring data indicates that the bacterial objectives 
are not being met.  However, recreational uses cannot be attained by imposing more 
stringent effluent limitations or requiring additional Best Management Practices (BMPs) to 
control non-point sources because factors other than water quality will continue to preclude 
these uses.  Therefore, Reach 1 of the Greenville-Banning Flood Control Channel should 
not be designated REC1 or REC2. 



5 

2.0 Segment Description 
 
2.1 Location 

The Greenville-Banning Channel (GBC) is a man-made flood control conveyance located 
in Orange County and is tributary to Reach 1 of the Santa Ana River.  Stormwater runoff 
from the Cities of Costa Mesa and Santa Ana drains to the GBC (see Figure GB-1).  
Reach 1 of the GBC is located entirely within the City of Costa Mesa. 

 

 

Figure GB-1: Map of Greenville-Banning Channel Watershed.  (Source:  Use 
Attainability Analysis Technical Report for Greenville-Banning Channel, CDM, August 2010, 
Figure 2-1) 
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GBC is 3.35 miles long and is divided into two segments (see Figure GB-2).  The lower 
segment, called the Tidal Prism Reach, extends from the confluence with the Santa Ana 
River 1.2 miles upstream to an inflatable dam located near Fairview Park.  The Pacific 
Ocean is 1.3 miles further downstream from the point where GBC joins the Santa Ana 
River.  The upper segment, called Reach 1, begins at the inflatable diversion dam and 
ends where California Street crosses the stream channel - a distance of 2.15 miles.  This 
Use Attainability Analysis focuses exclusively on Reach 1.  The lower, Tidal Prism, reach 
is addressed in a separate UAA.  The portions of GBC above California Street have not yet 
been added to the Basin Plan. 

 

 
 

Figure GB-2: Proposed Tidal Prism and Reach 1 of the Greenville-Banning Channel. 
The Channel lies adjacent to the Santa Ana River from its confluence with the River to 
upstream of Gisler Avenue at the California Street crossing.   

  

Reach 1 

Gisler Avenue 

Fairview Channel 

Santa Ana  
River 

Tidal Prism    

City of Costa Mesa 

City of Huntington 
Beach  
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2.2 Proximate Land Uses 
 
The Greenville-Banning drainage area encompasses a 9 square-mile urban area that has 
been fully developed (see GB-3).  The Santa Ana River Channel borders all but 0.2 miles 
of the western side of Reach 1.  A public park, private golf course and single family homes 
lie along the east side of Reach 1.  Table GB-1 provides a detailed breakdown of land 
uses adjacent to Reach 1.  
 

 

Figure GB-3: Greenville-Banning Channel Characteristics and Adjacent Land Uses 
(Source: Use Attainability Analysis Technical Report for the Greenville Banning Channel, 
CDM, August 2010 Figure 2-4) (Note to reader: Increase the zoom level of this page to 
enhance the readability of this figure.) 
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 Table TC-2. Land Use Adjacent to Reach 11 

Land Use Linear 
Feet 

% of Channel 
Length 

Santa Ana River Channel2         9,681 45% 
Parks and Recreation   4,644 22% 
Residential  7,000 33% 
Total 21,325 100% 

1   CDM Smith Technical Memo – Land Use Adjacent to UAA Reaches, October 2013                       
2  The River Channel is fenced and posted to prohibit public access.                                                

 
2.3 Channel Characteristics  
 
The area surrounding the current GBC originally drained to the Santa Ana River.  One 
hundred years ago, levees were constructed to prevent the Santa Ana River from flooding 
adjacent land areas.  However, the levees also prevented local runoff from reaching the 
river.  A channel, known as the Talbert Ditch, was constructed in the early 1900’s to 
resolve these flooding issues.  In 1959, the GBC was built to replace the Talbert Ditch. 

Originally constructed as a trapezoidal earthen channel, the GBC Reach 1 and the tidal 
prism Reach have since been converted to a concrete-lined box channel to provide 
adequate flood protection.  Most of the Greenville-Banning Channel Reach 1 is now fully-
lined with a flat bottom that is 60 feet wide and vertical walls that are 20 feet high (see 
Figure GB-4).  There is a short (0.2 mile) section at the uppermost end of Reach 1 that has 
steep trapezoidal walls and a small (8-9 ft. wide) low flow channel (see Figures GB-5 and 
GB-6 and Table GB-2). 
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Figure GB-4:  Reach 1 of Greenville-Banning Channel, Looking Upstream During Dry 
Weather. The channel bottom width is 60 ft. and the vertical walls are 20 ft. in height. Dry 
weather flows characteristically are found mostly along the eastern side of the channel as 
shown in this photograph. The deepest depth of the low flow at this location as measured in 
April 2013 was measured to be 4 inches. In the distance, at the curve of the channel, is 
where the channel transforms to trapezoidal shape.   Regional Board staff photograph, 
December 2010.    
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Figure GB-5:  Proposed Reach 1 of the Greenville-Banning Channel, Facing 
Downstream. Trapezoidal to Vertical Channel Transition.  (Source:  Use Attainability 
Analysis Technical Report for the Greenville-Banning Channel, CDM, August 2010, Figure 
2-9) 
 

 
Figure GB-6:  The Upper 0.20 mile Segment of Reach 1 Looking Upstream. Just 
upstream of the curve of the channel shown in this photograph is the proposed upstream 
boundary of Reach 1, the California Street crossing located in the city of Costa Mesa. The 
channel dimensions in this segment are approximately: bottom width 24 ft.; low flow 
channel width 8-9 ft.; and channel depth 20 ft.  (Regional Board staff photograph, May 
2010).  
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The dividing line between Reach 1 and the Tidal Reach of GBC is marked by the presence 
of an inflatable dam (see Figure GB-7).  This dam was installed in the late 1990's as part 
of a project designed to prevent urban runoff from polluting popular beach areas.  Water 
trapped behind the dam is pumped to Orange County Sanitation District's wastewater 
plant, on the opposite side of the Santa Ana River, for treatment. In addition, beginning in 
early 2013, impounded flows will also be diverted to an adjacent constructed wetland and 
riparian area.  

 
Figure GB-7:  Inflatable dam diversion at Greenville-Banning Channel. The inflatable 
rubber dam impounds low flows, shown in the background of the photo, which are pumped 
to the sanitary sewer system for treatment and to a nearby constructed wetland.  The 
inflatable dam marks the downstream end of Reach 1. (Photograph from Orange County 
Public Works) 

 
 

Table GB-2:  Channel Characteristics for Reach-1 of Greenville-Banning Channel 

Sub-Section Boundaries Description 
Downstream Section 

(1.95 miles long) 
Low flow diversion 
dam to 1125 ft. (0.21 
mi.) upstream of 
Gisler Ave. 

Fully concrete-lined, 
60 ft. bottom width, 
20 ft. high vertical walls. 

Upstream Section 
(0.2 miles long) 

1125 ft. (0.21 mile) 
upstream of Gisler 
Ave. to California St. 

Concrete-lined; top ~10 ft. of slope is 
dirt lined) 
24 ft. bottom width; 
20 ft. vertical depth  
Trapezoidal walls w/ slope >45º  
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2.4 Regulatory Status 
 
2.4.1 Beneficial Use Designations 

No portion of the Greenville Banning Channel is currently identified or included in the 
Santa Ana Basin Plan.  It is proposed that both the Tidal Reach and Reach 1 of the GBC 
be added to the Basin Plan.  The following are recommendations regarding beneficial uses 
designations for Reach 1: 

• WILD (Wildlife Habitat):   Birds such as mallard ducks are noted to use the channel 
as habitat.  

 
• WARM (Warm Water Habitat): Perennial flows of urban runoff and raising 

groundwater create a warm water habitat (albeit poor habitat; shallow flows with 
thick algae growth and concrete substrate)  
 

• MUN (Municipal and Domestic Supply): MUN is not an existing use and cannot be 
feasibly attained. An exception from the MUN designation is appropriate pursuant to 
the Sources of Drinking Water Policy. As noted above the channel has been heavily 
modified to convey storm water runoff from the urbanized watershed. Therefore, in 
accordance with the statewide Sources of Drinking Water Policy, Reach 1 should 
not be designated MUN. 
 

• REC1 and REC2 (Contact and Non-Contact Recreation):  Results from a 
comprehensive Use Attainability Analysis demonstrate that contact and non-
contract recreation are not existing or attainable uses in Reach 1.  A more detailed 
explanation is provided in Section 3 of this document. 

 
2.4.2 303(d) Listings and Total Maximum Daily Loads (TMDLs) 
 
The Greenville-Banning Channel is now proposed to be added to the Basin Plan.  The 
Channel has not yet undergone a formal 303(d) assessment and no TMDLs have been 
adopted for this waterbody. 
 
Huntington Beach State Park, located along the Pacific Coast downstream of the GBC, 
has had elevated levels of bacteria indicators detected in the past. The State Park was 
listed on the 2006 303 (d) list for enterococcus and bacteria indicators. The State Park was 
delisted in the 2010 303 (d) list for enterococcus and bacteria indicators because of an 
insufficient amount of water samples showing impairment. 
 
In order to protect downstream water quality and prevent any future impairment of 
beneficial uses near Huntington Beach State Park, the Orange County Public Works 
Department (OCPW) installed the inflatable dam.(see Figure GB-7, above). This system, 
which intercepts and at times divert approximately 430,000 gallons per day of urban runoff, 
will be discussed in greater detail in Section 5 of this document. 
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3.0 Use Attainability Analysis - Factors Analysis 
 
 
3.1 Federal Regulatory Requirements – UAAs and Beneficial Use Designations 
 
Section 101 (a) (2) of the CWA states that “it is the national goal that wherever attainable, 
an interim goal of water quality which provides for the protection and propagation of fish, 
shellfish, and wildlife and provides for recreation in and on the water be achieved by July 
1, 1983”.  The CWA and implementing federal regulations provide special protection for 
these “fishable/swimmable” uses by establishing a rebuttable presumption that all surface 
waters should support these uses and must be so designated. 
 
A state may elect not to designate certain waterbodies to protect water contact recreation 
only after conducting a Use Attainability Analysis (UAA)1 and demonstrating that attaining 
the use is not feasible based on one or more of the following six factors:2  
 

1. Naturally occurring pollutant concentrations prevent the attainment of the 
use; or  

2. Natural, ephemeral, intermittent or low flow conditions or water levels prevent 
the attainment of the use, unless these conditions may be compensated for 
by the discharge of sufficient volume of effluent discharges without violating 
State water conservation requirements to enable uses to be met; or 

3. Human caused conditions or sources of pollution prevent the attainment of 
the use and cannot be remedied or would cause more environmental 
damage to correct than to leave in place; or  

4. Dams, diversions or other types of hydrologic modifications preclude the 
attainment of the use, and it is not feasible to restore the water body to its 
original condition or to operate such modifications in a way that would result 
in the attainment of the use; or 

5. Physical conditions related to the natural features of the water body, such as 
the lack of a proper substrate, cover, flow, depth, pools, riffles, and the like, 
unrelated to water quality, preclude attainment of aquatic life protection uses: 
or  

6. Controls more stringent than those required by sections 301 (b) (Effluent 
Limitations) and 306 (National Standards of Performance) of the Act would 
result in substantial and widespread economic and social impact.   

 
A UAA is a structured scientific assessment of the factors affecting the attainment of the 
use(s), which can include physical, chemical, biological, and economic factors as 
described in 40 CFR 131.10 (g)(1)-(6), above.   
  

                                            
1 40 CFR 131.10(j) 
2 40 CFR 131.10(g) 
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Federal regulations3 prohibit States from removing designated uses if: 
 

1. They are existing uses, as defined in 40 CFR 131.3, unless a use requiring more 
stringent criteria is added; or 

 
2. Such uses will be attained by implementing effluent limits required under sections 

301 (b) and 306 of the Act and by implementing cost-effective and reasonable best 
management practices for nonpoint source control.  

 
"Existing uses” are those uses actually attained in the water body on or after November 
28, 1975 (the date of USEPA’s initial water quality standards regulation), whether or not 
they are included in the water quality standards.4 Guidance provided by USEPA in 1985 
indicates that an “existing” primary contact recreational use5 can be established by 
demonstrating that swimming has actually occurred since November 28, 1975, or that the 
water quality is suitable to allow such uses to occur, unless there are physical problems 
that prevent the use regardless of water quality).6   Suitable water quality is demonstrated 
by consistent, not merely sporadic, attainment of applicable water quality objectives. More 
recent USEPA guidance states that EPA considers an “existing” use to mean the use and 
water quality necessary to support the use that have been achieved in the waterbody on or 
after November 28, 1975.7  USEPA states that: “It is appropriate to describe the existing 
uses of a waterbody in terms of both actual use and water quality because doing so 
provides the most comprehensive means of describing the baseline conditions that must 
be protected.” 
 
USEPA has indicated that where there is very limited actual primary contact use and the 
physical and/or water quality characteristics of the water body do not and are not likely to 
support that use, then it would be appropriate to conclude the primary contact recreation is 
not an “existing” use.8  In making such determinations, federal guidance recommends that 
states should consider a suite of factors such as the actual use (present and historic), 
existing water quality, potential water quality conditions, access, recreational facilities, 
location (e.g.,  proximity to suitable recreational alternatives), safety considerations, as well 
as the physical conditions of the water body.9  However, states are not required to 
evaluate all six factors identified in 40 CFR 131.10(g) as part of every UAA. 
  

                                            
3 40 CFR 131.10(h) 
4 40 CFR 131.3 
5 “Primary contact” recreation is equivalent to California’s REC1 (water contact recreation) beneficial use 
6 USEPA. Questions & Answers on Antidegradation, August 1985. (USEPA Water Quality Standards 
Handbook, Second Edition. EPA-823-B-12-002. Appendix G)  
7 USEPA, Letter w/attachment from Denise Keehner (Director, Standards and Health Protection Division) to 
Derek Smithee, State of Oklahoma, September 5, 2008. (Cited as updated information in USEPA Water 
Quality Standards Handbook, Second Edition. EPA-823-B-12-002,  Chapter 4) 
8 USEPA.  63 FR 36752 (July 7, 1998) 
9 USEPA.  63 FR 36756 (July 7, 1998) 
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In designating the uses of a water body, and in considering changes to those designations, 
states must take into consideration the water quality standards of downstream waters and 
ensure that water quality standards provide for the attainment and maintenance of the 
water quality standards of downstream waters. (40 CFR 131. 10(b)). 
 
Finally, decisions to remove or not designate REC1 uses for surface waters are subject to 
reconsideration as part of the Basin Plan Triennial Review process. Where new 
information and/or changed conditions warrant the REC1 designation, then the Basin Plan 
must be amended accordingly 
 
3.2  40 CFR 131.10 (g) Factor Assessment 
 
Reach 1 of the Greenville-Banning Channel is incapable of supporting water contact 
recreation because: 
 

Natural, ephemeral intermittent or low flow conditions or water levels prevent 
the attainment of the use (see Section 3.2.1), and...  
 
Dams, diversions or other types of hydrologic modifications preclude the 
attainment of the use, and it is not feasible to restore the water body to its 
original condition or to operate such modifications in a way that would result 
in the attainment of the use (see Section 3.2.2). 

 
3.2.1 Natural, Ephemeral, Intermittent and Low Flows Preclude Recreational Uses 
 

3.2.1.1 Methods and Fieldwork  
 
Two methods were used to evaluate flow depths in the Greenville-Banning Channel:  
subjective assessments and direct measurements.  There is no gauging station located on 
the Greenville-Banning Channel.  Direct access to the water is extremely difficult due to 
the vertical concrete walls, tall chain link fencing and locked gates. 
 
In 2006 and 2011, field surveys were performed by members of the Storm Water Quality 
Standards Task Force (SWQSTF) on 11 different summer weekends.  Surveyors were 
asked to estimate the depth of water from a vantage point 20-feet above the channel.  In 
2006, surveyors were asked to record whether the water depth appeared to be "ankle-
deep" (e.g. a few inches), "calf-deep," (≈1 foot), "knee-deep," (≈18") "thigh-deep," (≈2 ft.) 
or "waist-deep" (≈3 ft.).  In 2011, surveyors were asked to estimate depths in feet and 
inches rather than by reference to a hypothetical person standing in the channel. 
 
In April of 2013, Regional Board staff measured the depth of flow at four locations in 
Reach 1 of the Greenville Banning Channel during conditions typical of the dominant dry 
weather pattern for this area.  The four locations were:  1) immediately upstream of the 
inflatable dam, 2) at the Adams St. crossing, 3) at the Gisler St. bicycle bridge, and 4) at 
the California St. crossing.  At each site, three measurements were taken across a 
transect:  at one-third, one-half and two-thirds the channel width.  Since the bottom of the 
channel is quite flat, the three measurements were very similar to one another.  
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It should be noted that operation of the diversion works installed at the bottom of Reach 1 
has altered the natural depth of water that would otherwise occur in this segment.  The 
dam is normally raised to impound all urban runoff from the watershed during dry weather 
conditions.  When inflated, the dam stands nearly 4 feet tall.  It is necessary to maintain an 
average depth of approximately 15-24" immediately behind the dam in order to ensure 
proper operation of the pumps used to transfer the water to OCSD's treatment plant and to 
a newly-created wetlands and riparian area adjacent to Fairview park.  Were the dam to be 
removed, the depth of natural dry weather flows (usually < 1.5 cfs) would rarely rise more 
than an inch above the concrete channel bottom10. 
 

3.2.1.2 Findings and Conclusions 
 
In April of 2013, actual field measurements indicated that the stream flow in GBC was 
approximately 0.83 cfs (0.45 mgd) during dry weather conditions.11  Water was impounded 
behind the inflatable dam up to about the Adams Street crossing - a distance of 
approximately 0.45 miles.  Stream conditions in April of 2013 were typical of those 
observed by Regional Board staff during prior reconnaissance surveys over the last few 
years. The average water depth in the deepest section in each of the following areas of 
Reach 1 was: 15 inches just upstream of the inflatable dam; 6 inches at the Adams Street 
Bridge; 4 inches at the Gisler Street Bridge; and 4 inches at California Street Bridge 
crossing (see Fig. GB-8).  Dry weather flows upstream of Adams Street were fully 
contained in a low flow notch that is about 8-9 ft. wide and 4 inches deep.  As stated 
above, if the dam is not inflated, dry weather depths of an inch or less would be expected. 

 

                                            
10 CDM Smith Technical Memo – Dry Weather Flow Analysis for Greenville-Banning Channel. October 3, 
2013. 
11 Dr. Stan Grant previously estimated dry weather base flow in GBC at 0.16 MGD or 0.25 cfs.  OCSD 
estimates the dry weather base flow is <0.7 cfs based on diversions at the inflatable dam. 
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Figure GB-8:  Depth of Water in Reach 1 of the Greenville-Banning Channel.  The 
depths are the average of the measurements taken on April 16 and 25th, 2013 from the 
deepest section of the flow or pooled water. 
 

On average, the City of Costa Mesa receives 10-12" of annual precipitation.  However, it 
typically rains fewer than 30 days each year.  During the dry weather conditions common 
to this area, and with the dam inflated, stream flows in GBC usually range between 4" at 
the top of Reach 1 to approximately 15-18" near the inflatable dam.  The water is too 
shallow to support swimming or other forms of primary contact recreation in the stream.12  
Further, given the presence of highly attractive ocean beaches less than two miles away, it 
is extremely unlikely that anyone would choose to recreate in the Greenville-Banning flood 
control channel where less than a foot of water is available. 
 
It is not feasible to enhance the natural stream flows by discharging a sufficient volume of 
treated effluent to GBC.  At present, no municipal or industrial wastewater is discharged to 
the channel and there are no plans to do so in the foreseeable future.  Nor is there any 
legal authority to compel a wastewater treatment facility to provide such a discharge.  Most 
important, any effort to augment existing stream flows would undermine the on-going effort 
to intercept and divert urban runoff in order to protect water quality at the downstream 
beaches. 
 
Based on the preceding stream depth data, Regional Board staff has concluded that the 
natural, ephemeral, intermittent and low flow conditions preclude attainment of water 
contact recreation in Reach 1 of the Greenville-Banning Channel.  Therefore, this stream 
segment should not be designated for REC1 in Table 3-1 of the Santa Ana Basin Plan. 
See 3.4 for discussion of the REC2 use. 

                                            
12  Federal Cooperative Instream Flow Service Group (members include:  U.S. Fish & Wildlife Service, U.S. 
EPA, U.S. Heritage Conservation and Recreation Service, & U.S. Bureau of Reclamation).  Methods of 
Assessing Instream Flows for Recreation.  FWS/OBS-78/34  (June, 1978) pg. A-7. 
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3.2.2 Dams, Diversions and Hydrologic Modifications Preclude Recreational Uses 
 
3.2.2.1 Methods and Fieldwork  
 
CDM (now CDM-Smith), serving as consultants to the SWQSTF, prepared a UAA 
Technical Report assessing and summarizing key attributes of the channel morphology in 
June of 201013  In addition, Regional Board staff made nine field visits (at different times of 
the year) to the Greenville-Banning Channel between 2009 and 2013.  During these 
reconnaissance surveys, Regional Board staff walked the entire length of the GBC to 
confirm the depth, dimensions and dominant construction characteristics previously 
reported by CDM.  In addition, the Regional Board staff reviewed the original engineering 
documents describing the planned improvements when GBC was being converted to a 
concrete-lined flood control facility.14 The Orange County Public Works Department 
(OCPW) provided more recent construction plans of the channel15 
 
 
3.2.2.2 Findings and Conclusions 
 
Over the years, Reach 1 of the Greenville-Banning Channel, which was originally 
constructed as a simple stormwater ditch, has been significantly modified to provide 
greater flood control protection.  In the 1990's, concrete-lining replaced the existing rip-rap 
to prevent further erosion, maintain the proper gradient and protect nearby homes (see, for 
example Figure GB-6). 
 
As described in Section 2.3, Reach 1 is now mostly a vertical walled, concrete-lined box 
channel.  In fact, the vertical-walled section comprises 1.95 miles (91%) of Reach 1's total 
(2.15 mile) length.  The short, trapezoidal section at the top of Reach 1 is also concrete-
lined with walls that slope at about a 45-degree angle.  These walls make it virtually 
impossible, and extremely unsafe, to gain access to the water for casual recreation 
activities. 
 
In addition, chain link fencing and locked gates prevent access throughout the entire length 
of GBC.  One would have to scale the fence and rappel down the 20-foot walls, while 
avoiding county maintenance workers who would prohibit such activity, to reach the water.  
An alternative would be to climb down the riprap slope from the bicycle trail into the Santa 
Ana River Tidal prism and walk up the Tidal Prism Reach of the GBC, a distance of greater 
than 1.2 miles, to the inflatable dam, the downstream terminus of Reach 1. In addition, 
someone could enter the Reach 1 channel by climbing down (i.e., over fences and down 
steep slopes) into the upstream section of the GBC or into the Fairview Channel and walk 
into the Reach. However, this also would be very cumbersome.   
 

                                            
13  CDM .  Use Attainability Analysis Technical Report for the Greenville-Banning Channel.   June, 2011. 
14 County of Orange Environmental Management Agency.  Greenville-Banning Channel Facility No. D03.  
August, 1989. 
15Orange County Public Works Department. Greenville-Banning Channel (F01) Access Ramps. March 1, 
2013. 
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The diversion works at the bottom of Reach 1 requires special protection.  The pump 
station and inflatable rubber dam would be vulnerable to vandalism were public access to 
GBC allowed and encouraged.  These facilities are an essential element in the effort to 
protect downstream water quality.  Any attempt to provide greater recreational 
opportunities for the few who may wish to recreate in a concrete-lined flood control 
channel would compromise those same opportunities for tens of thousands of people at 
the downstream beaches.  In addition, recreating near the pump intakes poses a severe 
safety hazard especially to small children who may be trapped by the suction. 
 
From its inception, GBC was designed and constructed as a flood control facility.  It was 
never natural stream and it is not feasible to convert GBC to a more natural condition 
without compromising its primary purpose - flood protection.  There is no public benefit 
provided by transforming GBC to a more natural condition as far superior opportunities for 
water contact recreation are available just a short distance away at Huntington Beach 
State Park and Newport Beach along the Pacific Coast.  Even closer, are the newly-
created wetland and riparian area recently constructed in Fairview Park adjacent to GBC 
(see Figures GB-9 and GB-16). 
 
 

 
Figure GB-9:  Wetlands and Riparian Area Under Construction (now complete) in Fairview 

Park. 
 
Based on the preceding analysis, the Regional Board staff has concluded that the existing 
dams, diversions and other hydrological modifications preclude attainment of any 
meaningful water recreation activities in Reach 1 of the Greenville-Banning Channel.  
Regional Board staff has further concluded that it is not possible to restore the channel to a 
more natural condition or to operate the facilities in a way that would allow recreational 
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activity, or even safe recreational access to occur in GBC.  Consequently, Reach 1 should 
not be designated for REC1 in Table 3-1 of the Santa Ana Basin Plan. 
 
3.3 REC2 Designation 
 
REC2 (non-contact recreation) is not attainable for many of the same reasons that REC1 
(contact recreation) is precluded.  REC2 activities include, but are not limited to:  
"picnicking, sunbathing, hiking, beachcombing, camping, boating, tidepool and marine life 
study, hunting, sightseeing and aesthetic enjoyment in conjunction with the above 
activities”.  The high walls and chain-link fencing preclude all access to the channel.  In 
addition, the low flows and concrete-lining provide poor habitat that severely limits the 
opportunity for any aesthetic enjoyment.  This general lack of wildlife was confirmed during 
numerous site visits by Regional Board staff and members of the Stormwater Task Force. 
 
There is a bicycle path adjacent to the east side of GBC. At Adams Street, the path jogs 
across and away from the GBC to the Santa Ana River levee.  It is part of a long bike trail 
that runs along the Santa Ana River from the ocean upstream to Prado Dam.  In the Tidal 
Prism reach of the GBC, there is sufficient flow and habitat to provide opportunities for 
wildlife viewing by persons walking or riding along the bicycle path.  Consequently, the 
Regional Board staff recommended that the Tidal Prism segment be designated REC2. 
However, as noted above, that area of Reach 1 adjacent to the path has limited flows and 
vegetation (apart from aesthetically unpleasing algal mats) that severely restrict wildlife 
use and the opportunity for aesthetic enjoyment.  
 
In that section of the bike trail that borders Reach 1, opportunities for sightseeing are 
limited to those who look west toward the Santa Ana River and away from Greenville 
Banning Channel.  No one has been observed bird watching, walking in the channel, or 
engaging in any other REC2 activity in GBC-Reach 1. Photographic evidence, streamside 
surveys and interviews of knowledgeable local authorities all confirm that no water 
recreation of any kind is occurring in or along this portion of the Greenville-Banning 
Channel.  Thus, Board staff recommends that Reach 1 not be designated REC2.  
However, both the Santa Ana River and the Tidal Prism Reach of GBC should be 
designated REC2. 
 
 
4.0 Existing Use Analysis 

As noted in Section 3.1, states may not remove the recreational use designation if it is an 
"existing use."  Nor can recreational uses be de-designated if such uses will be attained by 
implementing effluent limits required under sections 301(b) and 306 of the Clean Water Act 
and by implementing cost-effective and reasonable Best Management Practices for non-
point source control.16  A formal analysis was conducted to evaluate both of these 
conditions. 
 
This analysis consisted of numerous site visits by Regional Board and CDM staff, 
extensive digital photo REC surveys, on-site field surveys, interviews of Orange County 
                                            
16 40 CFR 131.10(h) 
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Public Works (OCPW) staff, Park Rangers and users of the bicycle trail, and an analysis of 
all representative and reliable water quality data.  
 

4.1 Evaluation of Actual Recreational Activities  
 

4.1.1 Photo Reconnaissance Survey 
 
Digital cameras were installed at two locations in Reach 1 of Greenville-Banning Channel.  
These cameras were programmed to collect one image every 15 minutes during daylight 
hours.  Electronic photos were transmitted, over the cellular phone network, to a secure 
network server for storage and further analysis. 

The first camera was installed on a pedestrian bridge, 1,000 feet upstream from the 
inflatable dam.  This location was selected because it provides an excellent view of the 
area where recreation would be most likely to occur (see Fig. GB-10).  It is adjacent to 
Fairview Park and water is present year-round.  The first camera operated for three weeks 
in July of 2005 before being destroyed by vandals.  A total of 425 images were collected 
during the peak summer recreation season; but, there were no people present in any of 
these photos. 
A second camera was installed on the Adams Avenue bridge approximately 0.45 of a mile 
north of, and focused downstream toward, the first camera location (see Fig. GB-11).  It 
operated for six weeks and collected 2,552 images before also being destroyed by 
vandals.  No water contact recreation was observed in any of the photographs.  Results 
from the camera survey are summarized in Table GB-3. 
 

 

Table GB-3:  Summary of Photo Survey in Reach 1 of Greenville-Banning Channel 

Location in 
Reach 1 

Survey 
Dates 

# of 
Images 

# of Images 
w/ Water Contact 

1)  Pedestrian Bridge 7/7/05 - 7/27/05 425 0 out of 425 
2)  Adams Ave. Bridge 11/17/05 - 1/3/06 2,552 0 out of 2,552 

 
 
Results from the cameras installed in GBC are consistent with the photographic evidence 
collected at similar concrete-lined boxed flood control channels in the Santa Ana Region.  
More than 21,000 pictures were taken in the Demens Channel located in a residential 
neighborhood (see Fig. GB-12).  No water contact recreation was observed in these 
photographs, nor in the nearly 24,000 photos taken in the Anza Channel adjacent to 
another public park (see Fig. GB-13).  Therefore, the Regional Board staff concluded that 
the pictures collected in Greenville-Banning Channel, and particularly those taken in mid-
summer, accurately characterized the level of recreational activity likely to occur in GBC-
Reach 1. 
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Figure GB-10:  Greenville-Banning Channel (looking north toward confluence w/ 
Fairview Channel) from the Rec-Survey Camera Mounted on the Pedestrian Bridge 
near Fairview Park.(Source: Recreational Use Survey – Greenville Banning CDM 11/2006) 
 

 
Figure GB-11:  Greenville-Banning Channel (looking South) from the Rec-Survey 
Camera Mounted on the Adams Ave. Bridge (approximately 0.45 mile North of 
Camera Location in Figure GB-10). (Source: Recreational Use Survey – Greenville-
Banning CDM 11/2006) 
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Figure GB-12:  Demens Flood Control Channel 
(Source: Recreational Use Survey – Demens Channel CDM, 7/2009) 

 
 

 
 

Figure GB-13:  Anza Park Flood Control Channel 
(Source: Recreational Use Survey – Anza Channel CDM, 4/2010) 
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4.1.2 Field Surveys 
 
The Regional Board staff has made numerous field trips to Reach 1 of the Greenville-
Banning Channel during the last five years.  These visits occurred at different times, on 
different days, and during different seasons.  No individuals have been observed in the 
channel during any of those visits.  In addition, during site visits Regional Board staff 
regularly asks individuals who are walking on the bicycle trail if they have ever observed 
any recreational activities in the Channel.  No one has reported to staff seeing any 
individuals in the channel.  One couple, who has regularly walked the bike path for the last 
several years, stated that they only people they had ever seen in or near the water were 
the Regional Board staff collecting depth data in April of 2013. 
 
Task Force members performed eleven separate field surveys of the Greenville-Banning 
Channel.  Each site visit was conducted on a summer weekend in order to maximize the 
opportunity to observe any recreational activity (particularly by children) that might occur in 
GBC.  Six surveys were completed in July and August of 2006.  Five additional surveys 
were conducted in in July and August of 2011. 
 
Surveyors were required to remain on station for at least 30 minutes and to record all 
relevant observations on a standardized form.  This includes:  date and time of the visit, 
the weather conditions, an estimate of the depth and clarity of water in the channel, the 
number of people and nature of any recreational activities observed.  Numerous people 
were observed along the Santa Ana River bicycle trail adjacent to the tidal prism of the 
Channel, but no persons were observed inside the wetted section of Greenville-Banning 
Channel, between Adams St. and the inflatable dam, in any of the 11 recreational surveys. 
 
Weekly field surveys were also conducted by CDM staff as they performed regular 
maintenance at the remote camera locations.  The maintenance crews were required to 
complete a written log documenting their observations during each site visit.  The crews 
were asked to continue keeping the logs even after the cameras were vandalized in order 
to compensate for the lost cameras.. CDM staff visited the site and filled out the log 28 
times between December 3, 2005 and July 1, 2006. Regional Board staff reviewed these 
reports and confirmed that CDM staff observed no recreational activity or any persons 
within Reach 1 of the Greenville-Banning Channel. 
 
4.1.3 Other Evidence of Historical Recreational Use  

To collect information regarding historical recreational use, Regional Board staff 
interviewed local agencies with routine responsibilities in or along the Greenville-Banning 
Channel.  CDM made similar inquires and performed additional electronic searches in the 
course of preparing the UAA Technical Report for GBC. 
 
Orange County Flood Control District (OCFCD) staff visit the area several times a month to 
operate and maintain the inflatable diversion dam.  These maintenance crews state that 
they have never encountered any unauthorized persons within the confines of the 
Greenville-Banning Channel (i.e., "inside the chain link fence"). 
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Orange County Harbors, Beaches, and Parks employees working at the Talbert Nature 
Preserve also report never observing any individuals in any section of the Greenville-
Banning channel (including both Reach 1 and the Tidal Prism reach).  This is not 
surprising considering that both the beach and the nature preserve are very close to GBC 
but provide far superior recreational opportunities. 
 
CDM conducted inquiries to local jurisdictional agencies, online searches of California 
newspaper archives, databases (engineering and environmental trade journals), and 
search engines such Google News archive and Lexis-Nexis to identify any accounts or 
reference to recreational activities in the channel.  No historical use information was 
identified from these searches.  
 
Finally, the Regional Board received no written comments and no public testimony, during 
the public hearing process, documenting any past or present recreational activity in GBC 
Reach 1. 
 
4.1.4 Probable Future Use  

In accordance with the State Water Resources Control Board recommendations, 
information regarding potential future recreational uses for the Greenville-Banning Channel 
was obtained by interviewing local parks and planning authorities.17  The City of Costa 
Mesa and the Orange County Public Works Department were both contacted in 2009 to 
identify any planned improvements.  Information concerning potential future recreational 
facilities was reviewed again in 2011 and no substantive changes were identified. 
 
The City of Costa Mesa developed concept plans as part of the Blue Ribbon Committee for 
the Santa Ana River Trail Vision Study. These plans include improvements to the existing 
bicycle trail along the channel. Improvements include new access points to the existing 
bicycle trail, rest areas, improved signage, and pocket parks.  However, there are no plans 
to allow public access or make any recreational improvements inside GBC itself. 18   The 
project is at a concept plan level and is not currently funded.  The SWRCB has previously 
ruled that unfunded, conceptual improvements are not sufficient evidence that a 
recreational use is "reasonably possible."19  However, the Regional Board will continue to 
monitor these plans and must reconsider the most appropriate use designations if and 
when the conceptual improvements move toward actual implementation. 
 
OC Public Works was also contacted regarding any potential projects in the Greenville-
Banning Channel.  No additional projects were identified apart from the concept plans 
developed by the City of Costa Mesa.  There are no plans to provide facilities for any sort 
of water recreation in or along GBC now or in the future.20  This is consistent with 
Greenville-Banning's original purpose and on-going mission to serve as a man-made flood 
control conveyance. 
  
                                            
17 SWRCB  Res. No. 2005-0015 
18 Robert Staples, Fairview Park Plan Administrator, City of Costa Mesa, June 25, 2009) 
19 SWRCB  Res. No. 2005-0015 
20 Jeff Dickman, Regional Recreational Trail Coordinator, OC Public Works (April 22 and July 20, 2009), 
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4.1.5 Summary – Evidence of Past, Present or Probable Future Recreational Use 

 
In summary, there is no evidence of any actual recreational activity occurring in Reach 1 of 
the Greenville-Banning Channel.  Photographic surveys, field surveys and information 
provided by public agency staff members who routinely visit the GBC all corroborate this 
conclusion.  
 
The absence of any water-related recreation in Reach 1 confirms that the low flows and 
hydrologic modifications are, in fact, precluding attainment of the REC1 or REC2 uses in 
the Greenville-Banning Channel.  No one has been observed paddling, wading, walking, or 
swimming in any section of the Greenville-Banning Channel.  The conditions of Reach 1 
make accessing the channel very difficult and unappealing.  These same factors also limit 
the available habitat and the resulting opportunity to engage in wildlife sightseeing. 
 
While it is theoretically possible to enter Reach 1 by hiking in, it is very unlikely that anyone 
would choose to do considering the long distance and the superior recreational experience 
available at ocean beaches less than 3 miles away. 
 
Concrete-lined boxed flood control channels are quite common throughout the Santa Ana 
Region.  However, photographic evidence from the Greenville-Banning Channel and 
several similar locations, including Demens Channel, Anza Park Channel, and Cucamonga 
Creek (shown below), provide strong evidence that there is no meaningful water recreation 
occurring in these types of man-made flood control facilities. 
 

 
Figure GB-14: Cucamonga Creek Channel 

(Source: Recreational Use Survey – Cucamonga Creek CDM 7/2009) 
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4.2 Evaluation of Ambient Water Quality   
 
4.2.1 Assessment Methods 
 
Water quality samples were collected in the Greenville-Banning Channel, on an almost 
weekly basis, from 2001 to 2004.  For a variety of reasons, sampling was not conducted 
during some weeks of this period and no sampling was conducted between October 2001 
and May 2002.    Sample analysis included total and fecal coliform. 
 
From May 16, 2001 to October 15, 2004 water quality samples were collected at 200 ft. 
upstream of the inflatable diversion dam and 200 ft. downstream of the diversion dam.  
The sampling location 200 ft. upstream of the diversion dam is in Reach 1 and the 
sampling location 200 ft. downstream of the diversion dam is in the Tidal Prism segment of 
the Channel. 
 
Table GB-4 shows the Reach 1 results for fecal coliform for 2001-2004.  When 5 or more 
samples were collected in a 30 day period (calendar month, not rolling 30 day periods), a 
geometric mean (geomean) was calculated and compared to the existing REC1 fecal 
coliform objective (200 organisms/100mL based on five or more samples/30 day period.) 
When, as in most cases, insufficient data were available to calculate geometric means, the 
fecal coliform data were compared generally to that part of the existing REC1 fecal 
coliform objective that specifies that not more than 10% of the samples exceed 400 
organisms/100mL for any 30-day period.  
 
Table GB-5 shows running 5-sample geometric mean results for the data collected during 
2001-2004. Geometric means were calculated based on the results of discrete groups of 5 
consecutive samples, collected over periods of 28-30 days. A total of 82 sets of 5 
consecutive samples were evaluated.  
 
In August and September of 2011, Orange County Public Works Department staff 
collected samples from three locations in Reach 1:  California Street (GBC3), Gisler Street 
(GBC4), and at the inflatable diversion dam (GBC5). The sampling locations are shown in 
Figure GB-14.  The results are presented in Table GB-6.   
 
Geometric means were calculated with and without sample results from September 12, 
2011; the results on that day were likely affected by rainfall on September 10, 2011. The 
geometric means are shown in Table GB-7. On this date, the diversion dam was deflated 
and flow in the channel was seaward. The results show that, with the exception of the area 
at the diversion dam, the geometric means for both fecal coliform and E. coli exceed the 
established and proposed objectives. 
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Figure GB-15: Map of Bacteria Sampling Locations 
on the Greenville-Banning Channel  in August-September 2011 

 
 
4.2.2 Results and Findings  
 
Tables GB-4, GB-5, GB-6 and GB-7 illustrate that current fecal coliform objective and the 
proposed E. coli objective are frequently exceeded in Reach 1 of the Greenville-Banning 
Channel.  Consequently, neither REC1 nor REC2 can be considered "existing uses" on the 
basis of having attained the water quality standard (nor would such water quality evidence 
suffice on its own to make an existing use determination; see the discussion in section 
3.1).  

GBC3 

GBC4 

GBC5 
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Table GB-4: Monthly Fecal Coliform Data Summary 
Greenville-Banning Channel, 2001-2004 

 
Year & 
Month 

Upstream (200' above diversion dam) 

 Count Min Max % > 
400 

GeoMean 

May-01 1 3000 3000 100%  
Jun-01 4 2 230 0%  
Jul-01 4 2 8 0%  
Aug-01 5 2 8 0% 3 
Sep-01 4 2 110 0%  
May-02 4 40 230 0%  
Jun-02 2 80 130 0%  
Jul-02 2 300 800 50%  
Aug-02 4 50 800 25%  
Sep-02 5 9 1100 40% 114 
Oct-02 3 2 110 0%  
Nov-02 3 23 220 0%  
Dec-02 4 50 400 0%  
Jan-03 4 90 700 25%  
Feb-03 4 23 3000 25%  
Mar-03 5 4 800 20% 74 
Apr-03 3 300 5000 67%  
May-03 5 70 5000 40% 528 
Jun-03 5 13 240 0% 43 
Jul-03 5 7 50 0% 21 
Aug-03 4 20 1600 25%  
Sep-03 4 17 170 0%  
Oct-03 5 23 5000 40% 244 
Nov-03 4 50 5000 25%  
Dec-03 4 13 110 0%  
Jan-04 4 17 300 0%  
Feb-04 4 70 24000 25%  
Mar-04 5 20 300 0% 36 
Apr-04 4 4 6008 25%  
May-04 3 2 110 0%  
Jun-04 4 2 8 0%  
Jul-04 3 2 300 0%  
Aug-04 4 2 8 0%  
Sep-04 5 2 570 40% 28 
Oct-04 2 2100 5400 100%  

Total No. of Months with Violations: 
                     Total No. of Months: 
                                       Percent: 

16 2 
35 35 

 46%    6% 
Notes: 
1. Units are colony forming units per 100 milliliters (CFU/100 mL), except for samples collected in 2001,  
     which are reported as most probable number per 100 mL (MPN/100mL) 
2. Reporting limit used for results above or below reporting limit when calculating geomean 
3. Geometric mean shown only for calendar months with 5 or more samples 
4. Basin Plan objectives: logmean<200 organisms/100 mL based on 5 or more samples/30-day period  
    and not more than 10% of samples exceed 400 organisms/100 mL for any 30-day period 
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Table GB-5: Running 5-Sample Geometric Means  - Fecal Coliform 
Greenville-Banning Channel, 2001-2004 

 
Upstream (200' above diversion dam) 

Date1 Date2 No. of Days GeoMean 
7-Aug-02 4-Sep-02 29 327 
23-Aug-02 17-Sep-02 26 310 
17-Jan-03 10-Feb-03 25 217 
21-Mar-03 17-Apr-03 28 771 
26-Mar-03 24-Apr-03 30 633 
17-Apr-03 15-May-03 29 1239 
24-Apr-03 23-May-03 30 706 
1-May-03 29-May-03 29 528 
8-May-03 4-Jun-03 28 229 
9-Oct-03 3-Nov-03 26 428 

16-Oct-03 10-Nov-03 26 428 
22-Oct-03 20-Nov-03 30 678 
31-Oct-03 28-Nov-03 29 458 
3-Nov-03 1-Dec-03 29 200 
26-Jan-04 23-Feb-04 29 217 
2-Feb-04 1-Mar-04 29 386 
9-Feb-04 8-Mar-04 29 265 

17-Feb-04 15-Mar-04 28 206 
17-Sep-04 15-Oct-04 29 481 

    
Total No. of Geomeans > 200 

Total No. of 5-Sample Data Sets: 
Percent: 

19 
82 

23% 
 
Notes: 
1. Units are colony forming units per 100 milliliters (CFU/100 mL), except for samples collected in 2001,  
     which are reported as most probable number per 100 mL (MPN/100mL)  
2. Reporting limit used for results above or below reporting limit when calculating geomean 
3. Basin Plan water quality objectives:  logmean < 200 organisms/100 mL based on 5 or more samples 
     in a 30 day period 
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Table GB-6:  Greenville- Banning Channel Sampling Data, August-September 2011  

Site Code Date Time Fecal Coliform 
(CFU/100 mL) 

E. coli 
(CFU/100 mL) 

GB3 8/18/2011 08:44 930 1,130 
GB3 8/24/2011 12:10 350 770 
GB3 8/24/2011 12:10 300 630 
GB3 8/31/2011 11:10 960 1,100 
GB3 9/7/2011 10:35 2,600 2,700 
GB3 9/7/2011 10:35 2,300 2,400 
GB3 9/12/2011 10:20 2,500,000 460,000 
GB3 9/14/2011 09:15 18,000 3,700 
GB3 9/21/2011 12:00 2,000 1,800 
GB3 9/21/2011 12:00 2,100 1,700 
GB3 9/22/2011 10:38 10,200 9,300 
GB4 8/24/2011 11:45 80 100 
GB4 8/31/2011 10:50 410 430 
GB4 9/7/2011 10:55 1,700 1,620 
GB4 9/12/2011 10:35 1,500,000 170,000 
GB4 9/14/2011 09:40 5,700 2,700 
GB4 9/21/2011 11:40 1,900 1,600 
GB4 9/22/2011 10:50 4,300 4,500 
GB5 8/18/2011 07:55 < 9 < 9 
GB5 8/31/2011 11:40 < 9 < 9 
GB5 8/24/2011 11:00 < 9 < 9 
GB5 9/7/2011 10:00 < 9 < 9 
GB5 9/12/2011 11:05 >= 7,300,000 >= 3,600,000 
GB5 9/21/2011 10:55 20 < 10 

Samples at the same date and time are duplicate samples. 
 
 

Table GB-7  Geomean Summary:  Aug. - Sept., 2011 

Site Code Date # of 
Samples 

Fecal 
Coliform 

(CFU/100 mL) 

E. coli 
(CFU/100 mL) 

GB3 (w/o 9/12 sample) 8/24–9/22/2011 6 2,728 2,251 
GB3 (w/ 9/12 sample)* 8/24–9/22/2011 7 8,503 4,813 
GB4 (w/o 9/12 sample) 8/24–9/22/2011 6 1,172 1,034 
GB4 (w/ 9/12 sample)* 8/24-9/22/2011 7 3,358 2,142 
GB5 (w/o 9/12 sample) 8/18-9/14/2011 4 9 9 
GB5 (w/ 9/12 sample)* 8/18-9/14/2011 5 137 119 

*Rainfall on September 10 likely influenced the bacteria concentrations on Sept. 12.  The 
diversion dam was deflated on this date, with high tides in the dam area, and remained 
deflated until Sept. 15. 
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4.2.3 Probable Future Water Quality 
 
OCPW has conducted an extensive review of Best Management Practices (BMPs) for 
bacteria control (see Table GB-8).  Very few BMPs provide the level of effectiveness 
required to achieve consistent compliance with water quality standards.  Those BMPs that 
are most effective (e.g. percolation ponds and artificial wetlands) require large amounts of 
land that is not available in the fully-developed watershed draining to the Greenville-
Banning Channel. 
 
That said, BMPs are being and will be implemented in response to pertinent requirements 
in the Orange County Areawide Urban Storm Water Runoff Management Program NPDES 
permit (Order No. R8-2009-0033, NDPES CA 8618030, as amended). BMPs evaluated 
and implemented by the Orange County MS4 Stormwater Program include wet ponds, 
wetlands and source control programs, including septic system inventory and assessment 
and portable toilet oversight. Again, the existing development in the drainage area limits 
the effectiveness of many of these BMPs. The area tributary to the Greenville Banning 
Channel is sewered and septic tanks are not considered a source of bacteria inputs. 
Sewer system leaks have not been demonstrated to be a contributor to bacteria densities 
in the Channel.  In short, absent the dry weather diversion, significant water quality 
improvement that results in consistent compliance with bacteria quality objectives as the 
result of BMP implementation is likely to be highly problematic. 
 
The inflatable dam and diversion works were installed in Greenville-Banning Channel 
because there was no feasible or practicable alternative to achieve water quality 
standards.  Diversion to treatment provides the most effective means to protect 
downstream uses.  During dry weather conditions, the flood control district presently 
diverts an average of 429,116 gallons per day (0.664 cfs) of urban runoff away from the 
public beaches (see Fig. GB-16).  During wet weather conditions, up to one million gallons 
per day (1.7 cfs) has been diverted to the sewer system before the rubber dam had to be 
deflated to prevent flooding. 
 
Imposing stringent effluent limitations, pursuant to Section 301(b) and 306 of the Clean 
Water Act would have no effect on water quality in Reach 1 because there are no 
municipal or industrial wastewater discharges to the Greenville-Banning Channel.  
 
Most important, even if water quality was in compliance with the bacterial objectives, REC1 
and REC2 uses would continue to be precluded by the same (or worse) low flows and 
hydrologic modifications that exist today.  To protect public safety, the Orange County 
Flood Control District prohibits access to GBC.  The entire length of channel is fenced and 
gated to deny entry.  The bicycle trial that parallels portions of Reach 1 is separated from 
the channel by fencing and the 20-ft. vertical walls of the channel.  Warning signs are 
displayed stating that access is prohibited and regular site visits by maintenance crews 
help ensure compliance.  For these reasons, recreational uses cannot be attained by 
imposing more stringent effluent limitations or requiring additional BMPs to control non-
point sources. 
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Figure GB-16:  Urban Runoff Diversions to OCSD from the Greenville-Banning Channel (2009-2011) 
  



34 

Table GB-8:  Evaluation of BMP Alternatives for Effective Control of Bacteria 

Bacteria BMP Type Parameter 

Mean 
Influent 

#/100 mL 
Mean Effluent 

#/100 mL n 
Percent 
Removal Source 

Water Treatment BMPs 

Wet Basins (Retention ponds, wet 
ponds, wet extended detention ponds, 
stormwater ponds, retention basins).  
Retains permanent pool. 

FC 11700 100 NR 99 CalTrans (2004) study in SoCal 
FC 4400 20 NR 99 CalTrans (2004) study in SoCal 
FC 1929 515 9 73 BMP dB; Fremont, CA 
FC 58 5 24 91 BMP dB; Largo, FL 
FC 4231 2475 16 41.5 BMP dB; Valhalla, NY 
FC NR 1779 10 90 Schueler (2000); ON 
FC NR 2858 10 64 Schueler (2000); ON 

E. coli NR NR 10 86 Schueler (2000); ON 
E. coli NR NR 10 51 Schueler (2000); ON 

FC 152 63 84 58 Mallin et al. (2002); NC  

Dry Basins (Dry ponds, detention or 
extended detention basins or ponds).  
Designed to empty within several days. 

FC 900 2000 NR -122 CalTrans (2004) study in SoCal; 
storm 

FC 6700 7500 NR -12 CalTrans (2004) study in SoCal; 
storm 

FC 27 27 8 0 USGS (2004) study in USVI 

FC 3412 724 35 79 Harper et al. (1999) study in FL 

E. coli 563 515 18 9 MSAR (2009) 

FC 957 738 18 23 MSAR (2009) 

E. coli 149 204 12 -37 MSAR (2009) 

FC 380 490 12 -29 MSAR (2009) 

Constructed Wetlands (Stormwater 
wetlands, wetland basins, shallow 
marshes, extended detention 
wetlands).  "Essentially shallow wet 
basins." 

FC 33.8 7.4 5 78 Hinds et al. (2004); Columbus 

FC 760 80 10 89 LN & COO (2004); Laguna Niguel 

FC 1915 116 9 94 LN & COO (2004); Laguna Niguel 

FC 5178 101 12 98 LN & COO (2004); Laguna Niguel 
E. coli 4163 27 10 99 LN & COO (2004); Laguna Niguel 

E. coli 1897 107 9 94 LN & COO (2004); Laguna Niguel 
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Table GB-8:  Evaluation of BMP Alternatives for Effective Control of Bacteria (Continued) 
 

Bacteria BMP Type 
Parameter 

Mean 
Influent 
#100mL 

Mean Effluent 
#100 mL n 

Percent Removal Source 

Water Treatment BMPs 

 E. coli 630 73 9 88 LN & COO (2004); Laguna Niguel 

Media Filters 
FC 5800 1400 NR 76 CalTrans (2004) study in SoCal 

FC NR 18528   -85 City of Austin (1997) 

FC NR NR   36 Glick et al. (1998); Austin, TX 

Disinfection (UV, ozone, chlorine) FC 32800** 16**   
99.9% (inversely 
proportional to 

turbidity) 
**County of Orange (2008) 

Diversion         100% of diverted 
fraction RBF (2003) 

 Vegetated Swales or Channels 
(Grassed channels, dry swales, 
retention swales). Only includes those 
features with little to moderate soil 
infiltration. 

FC 386 459 NR -19 BMP dB; Altadena, Caltrans (2004) 
FC 84853 47 NR 99.9 BMP dB; Carlsbad, Caltrans (2004) 
FC 490 1122 NR -129 BMP dB; Cerritos, Caltrans (2004) 

E. coli 20651 717 18 97 MSAR (2009); dry 

FC 16293 675 18 96 MSAR (2009); dry 

E. coli 2448 2904 12 -19 MSAR (2009); wet 

FC 3954 4196 12 -6 MSAR (2009); wet 
FC 65 105 NR -62 BMP dB; Downey, Caltrans (2004) 

FC 9460 9168 NR 3 BMP dB; Lakewood, Caltrans 
(2004) 

FC 1366 239 NR 82 BMP dB; Vista, CA, Caltrans 
(2004) 

Volume Reduction BMPs 

Infiltration Basins & Trenches 

FC 80-5000 <23 9 >99 LASGRWC (2005) 
E. coli 20-1300 <6.9 9 >99   

FC 500 ND-800 8   
FC ND-13000 11-110 8   

E. coli ND-120 ND 8 >99  
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Table GB-8: Evaluation of BMP Alternatives for Effective Control of Bacteria (continued) 
 
 
Bactria BMP Type 

 
Parameter 

Mean 
Influent 
#100 mL  

Mean 
Effluent  
#100 mL 

n Percent 
Removal 

Source 

Infiltration Basins & Trenches FC 230 ND 5 >99  
    100% for 

infiltration fraction 
USEPA (1999); Arvind & 
Pitt 
(2006) 

Low Impact Development (LID)     No data  
NR = Not Reported; ND=Not detected 
Shaded percent removal values were not statistically significant 
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5.0 Protection of Downstream Uses 
 
5.1 Regulatory Requirements 
 
In designating the uses of a water body, and in considering changes to those designations, 
states must take into consideration the water quality standards of downstream waters and 
ensure that water quality standards provide for the attainment and maintenance of the 
water quality standards of downstream waters.21  The Greenville-Banning Channel is 
tributary to Reach 1 of the Santa Ana River which is designated (and will remain 
designated) for REC1 and REC2.  In addition, the Santa Ana River joins the Pacific Ocean 
just over a mile below the GBC confluence.  Shoreline beaches are also designated (and 
will remain designated) for REC1 and REC2.  These downstream waters must continue to 
meet water quality objectives intended to protect primary contact recreation. 
 
5.2 Compliance Strategies  
 
Currently, BMPs are being employed to reduce fecal indicator bacteria, including fecal 
coliform, in the Greenville Banning Channel and downstream receiving waters.  As 
discussed above, in response to elevated concentrations of indicator bacteria detected in 
the late 1990’s at Huntington Beach State Park the Orange County Public Works 
Department implemented the diversion of dry weather flows from the Greenville-Banning 
Channel.  An inflatable dam was installed in the channel about 1.2 miles upstream of the 
confluence with the Santa Ana River. The dam is the downstream terminus of the 
proposed Reach 1. The impounded flows are transported via pipeline across the Santa 
Ana River to the Orange County Sanitation District (OCSD) treatment facility.  From 
January 2006 to December 2009 an average of 302,166 gallons/day (approx.. 0.55 cfs) 
were diverted to the sanitary sewer. 
 
During repair and maintenance operations and during rain events the dam is lowered and 
no water is diverted. As a result during rainy years not as much water is diverted as during 
dry years. The diversions reduce bacteria and nutrient22 loading to downstream receiving 
waters, which include ocean coastal beaches that are heavily used for water contact 
recreation, particularly during the drier summer months. 
 
In addition, starting in early 2013, flows impounded from the inflatable dam were diverted 
to a wetland and riparian habitat area that was constructed in the adjacent Fairview Park 
(see Fig. GB-17).  It is estimated that up to 330 gallons/minute of flows were diverted to fill 
a series of six ponds in the wetland area.  Up to 150 gallons/minute will be used to 
maintain the ponds and connecting channels. Some of flows will also be used to maintain 
17 acres of riparian habitat.  All diverted flows to the wetland and riparian area will stay in 
the area with none returned to the channel.  According to the City of Costa Mesa the 
diverted flows from the GBC will be split evenly between the OCSD and the Wetland and 
Riparian Habitat area.   

                                            
21 40 CFR 131.10(b) 
22 Recent studies have shown that nutrients at excessive levels in urban runoff have been found to 
encourage regrowth of fecal indicator bacteria in streambed sediments and salt marshes (Grant et al. 2001 
and Litton et al. 2010).   
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Between the two diversion sources virtually all of the dry weather flows will be diverted out 
of the Greenville-Banning Channel thus providing significant protection to the downstream 
beaches.  Although intended as a permanent BMP at the time of construction, continued 
operation of these diversion and treatment strategies rests on the assumption that it is not 
necessary to achieve bacterial objectives in water held behind the inflatable dam.  To 
require otherwise would defeat the intended purpose of this diversion project and 
discourage similar BMP efforts elsewhere in the region. 
 
 

 
 
Figure GB-17: Fairview Park Wetland and Riparian Habitat Project. In early 
2013, flows from the Greenville-Banning Channel have begun to be diverted into the 
Fairview Park Wetland and Riparian Habitat area. The diverted flows will fill a series 
of six ponds and sustain 17 acres of riparian habitat. (Regional Board staff 
photograph, April 2013) 
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6.0 Triennial Review Requirements   
 
 
6.1 Regulatory Requirements 
 
Section 101(a)(2) of the Clean Water Act states:  "it is the national goal that wherever 
attainable, an interim goal of water quality which provides for … recreation in and on the 
water be achieved…"  Federal regulations [40 CFR 131.6(a)] requires states to enact 
water quality standards and "use designations consistent with the provisions of section 
101(a)(2)." 
 
A Use Attainability Analysis (UAA) must be conducted when "the State designates or has 
designated uses that do not include the uses specified in section 101(a)(2) of the Act"  [40 
CFR 131.10(j)].  In addition, in accordance with 40 CFR 131.20(a)(1):  “Any water body 
segment with water quality standards that do not include the uses specified in section 
101(a)(2) of the Act shall be re-examined every three years to determine if any new 
information has become available. If such new information indicates that the uses specified 
in section 101(a)(2) of the Act are attainable, the State shall revise its standards 
accordingly.”   
 
6.2 Reassessment Procedures 
 
If Reach 1 of the Greenville-Banning Channel is not designated REC1 or REC2, the 
Regional Board will re-examine this decision every three years as part of the regular 
Triennial Review process.  The focus of this review will be to determine whether there has 
been any substantial change to the factors supporting the original determination.  
However, it is not necessary to conduct an entirely new UAA as part of this review. 
 
In preparation for the Triennial Review, Regional Board staff will visit Reach 1 of the 
Greenville-Banning Channel to confirm that the existing hydromodifications and access 
restrictions remain in place and unaltered.  In addition, staff will request the Orange County 
Flood Control District to provide data summarizing the flow diversions from the GBC to the 
Orange County Sanitation District.  Finally, the Regional Board will solicit any new 
information concerning actual or potential recreational use of the GBC when public notice 
is given for the Triennial Review. 
 
If new evidence indicates that recreation in or on the water may be attainable because one 
or both factors previously precluding the use have changed, the Regional Board may elect 
to:  1) designate GBC for REC1 and/or REC2; or 2) require that a new UAA be conducted 
in order to determine whether the GBC should continue to be de-designated for REC1and/ 
or REC2. 
 
The Regional Board retains the authority and discretion to re-examine the issue of 
appropriate use designations for Greenville-Banning Channel more frequently than once 
every three years when warranted. 
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7.07 Executive Officer’s 
Corrections   



 
 
 

 

TO: Vicky Whitney 
Deputy Director, Division of Water Quality 
State Water Resources Control Board 
 
 

FROM: Kurt V. Berchtold 
Executive Officer  
 

DATE: February 12, 2013 
 

SUBJECT: EXECUTIVE OFFICER CORRECTIONS: RECREATION STANDARDS BASIN 
PLAN AMENDMENTS ADOPTED UNDER RESOLUTION NO R8-2012-0001 

 
On June 15, 2012, the Santa Ana Regional Water Board adopted Resolution No. R8-2012-
0001, approving amendments to the Basin Plan for the Santa Ana Region that revise recreation 
standards for freshwaters in the Region and incorporate other Basin Plan changes. The 
amendments are shown in two attachments to Resolution No. R8-2012-0001: Attachment 1 is 
the underline/strikeout version of the amendments; Attachment 2 is the “clean” version of the 
amendments. 
 
In reviewing the amendments shown in Attachments 1 and 2 in preparation for State Water 
Board consideration of adoption, it has come to my attention that certain non-substantive 
corrections are required to assure clarity and consistency between the two Attachments. These 
corrections are shown below. In each case, both the corrections and the final text as it should 
appear in the Basin Plan are shown. 
 
The final versions of the amendments, including these corrections, are shown in the corrected 
Attachments 1 and 2 to Resolution No. R8-2012-0001. These corrected Attachments are 
attached to this memo.  
 
If there any questions concerning these corrections, please contact Joanne Schneider at 951-
782-3287 or jschneider@waterboards.ca.gov.  
 
 
  

mailto:jschneider@waterboards.ca.gov


Vicky Whitney - 2 - February 12, 2013 
 
 
Corrections to Attachment 2 (“clean” version of amendments) to Resolution No. R8-2012-
0001:  
 
1. p. 38 of 79: Pathogen Indicator Bacteria, Lakes and Streams, Modify as follows (added 

text is underlined):  
 
Lakes and Streams 
 
Waste discharges shall not cause or contribute to excessive risk of illness from 
microorganisms pathogenic to human beings.  Pathogen indicator concentrations shall not 
exceed the values specified in Table 4-pio below as a result of controllable water quality 
factors (see also Chapter 5, Recreation Water Quality Standards, Controllable and 
Uncontrollable Sources of Bacteria) unless it is demonstrated to the Regional Board’s 
satisfaction that the elevated indicator concentrations do not result in excessive risk of 
illness among people recreating in or near the water. If this demonstration is made, then 
site-specific consideration of appropriate pathogen indicator concentrations will be 
necessary. In all cases, the level of water quality necessary to protect existing uses must 
be maintained. Where existing water quality is better than necessary to protect the 
designated use, the existing high   level of water quality must be maintained unless it is 
demonstrated that existing or potential beneficial uses would be protected and that water 
quality consistent with maximum benefit to the people of California would be maintained, 
as specified in the state antidegradation policy (SWRCB Resolution No. 68-16).  The 
Regional Board may also require recycled water discharged to freshwaters designated 
REC 1 or REC 2 to comply with other limitations recommended by the California 
Department of Public Health (CDPH).    
 
The corrected text reads as follows:  
 
Lakes and Streams 
 
Waste discharges shall not cause or contribute to excessive risk of illness from 
microorganisms pathogenic to human beings.  Pathogen indicator concentrations shall not 
exceed the values specified in Table 4-pio below as a result of controllable water quality 
factors (see also Chapter 5, Recreation Water Quality Standards, Controllable and 
Uncontrollable Sources of Bacteria) unless it is demonstrated to the Regional Board’s 
satisfaction that the elevated indicator concentrations do not result in excessive risk of 
illness among people recreating in or near the water. If this demonstration is made, then 
site-specific consideration of appropriate pathogen indicator concentrations will be 
necessary. In all cases, the level of water quality necessary to protect existing uses must 
be maintained. Where existing water quality is better than necessary to protect the 
designated use, the existing high   level of water quality must be maintained unless it is 
demonstrated that existing or potential beneficial uses would be protected and that water 
quality consistent with maximum benefit to the people of California would be maintained, 
as specified in the state antidegradation policy (SWRCB Resolution No. 68-16).  The 
Regional Board may also require recycled water discharged to freshwaters designated 
REC 1 or REC 2 to comply with other limitations recommended by the California 
Department of Public Health (CDPH).    



Vicky Whitney - 3 - February 12, 2013 
 
 

 
2. p. 70 of 79: Table 5-REC2 Only Targets – FW: change reference to Temescal Creek, 

Reach 1b to Temescal Creek, Reach 1a. (deleted text in strike-out type; added text is 
underlined):  [table notes not shown] 
 

Table 5-REC2 Only Targets-FW1  

REC2 Only Waterbody 
E. coli  Densities  (cfu/100 mL) 

Geometric 
Mean 

Std. 
Dev. N Max. 

Observed 
75% 
UCL3 

      
Temescal Creek, Reach 1ba 198 34 119 9,2002 374 
Santa Ana Delhi Channel, Reach 2 448 110 63 12,590 1231 

 
Corrected table: [table notes not shown] 
 

3. Table 5-REC2 Only Targets-FW1  

REC2 Only Waterbody 
E. coli  Densities  (cfu/100 mL) 

Geometric 
Mean 

Std. 
Dev. N Max. 

Observed 
75% 
UCL3 

      
Temescal Creek, Reach 1a 198 34 119 9,2002 374 
Santa Ana Delhi Channel, Reach 2 448 110 63 12,590 1231 

 
 

3. p. 72 of 79: High flow suspension of recreation standards, third paragraph, modify last 
sentence as follows: (added text is underlined; deleted text is shown in strike-out type) 

 
“Temporary suspensions of recreation standards do not apply to freshwater lakes, or ocean 
beaches. or enclosed bays or estuaries.” 
 
The corrected text reads as follows:  
 
“Temporary suspensions of recreation standards do not apply to freshwater lakes, ocean 
beaches or enclosed bays or estuaries.” 
 
 

4. p. 72 of 79: High flow suspension of recreation standards, Definition of Unsafe Flows, end 
of second paragraph, delete the parenthetical phrase:  (deleted text is shown in strike-out 
type) 
 
“It is recognized that, because of channel morphology, substrate type or other conditions, it 
may be unsafe to engage in recreational activities under lower flow conditions in stream 
channels. The fact that recreational standards may be suspended under some but not all 
flow conditions does not imply that it is safe to recreate in or near a waterbody when the 
high flow suspension is not in force (see, for example, discussion of reaches 2 and 3 of the 
Santa Ana River, below).” 
 
The corrected text reads as follows:  
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It is recognized that, because of channel morphology, substrate type or other conditions, it 
may be unsafe to engage in recreational activities under lower flow conditions in stream 
channels. The fact that recreational standards may be suspended under some but not all 
flow conditions does not imply that it is safe to recreate in or near a waterbody when the 
high flow suspension is not in force.   
 

5. p. 73 of 79, High flow suspension of recreation standards, Delineation of Engineered or 
Modified Channels, end of first paragraph, add the following: (added text is underlined): 
 
“…Any such request must be supported by substantial evidence. Appendix VIII and Appendix IX 
can be viewed at the Regional Board’s website:  
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_st
andards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf, and  
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_st
andards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip. 
 
The corrected text reads as follows:  
 
“…Any such request must be supported by substantial evidence. Appendix VIII and Appendix IX 
can be viewed at the Regional Board’s website:  
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_st
andards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf, and  
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_st
andards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip. 
 

6. p. 73 of 79: High flow suspension of recreation standards, Delineation of Engineered or 
Modified Channels, first paragraph, second sentence: delete footnote 1 (deleted text is 
shown in strike-out type): 
 
“Therefore, Appendix VIII provides maps of the waterbody segments that have been 
engineered or modified in the manner described above and that, therefore, qualify for the 
temporary suspension of recreational standards under specific high flow conditions.1 “ 
 
1 U.S. EPA. Water Quality Standards Handbook. September 15, 1993. Section 2.9: “States may also conduct 
generic use attainability analyses for groups of water body segments provided that the circumstances relating to 
the segments in question are sufficiently similar to make the results of the generic analyses reasonably 
applicable to each segment.” (pg. 2-9). 
 
The corrected text reads as follows:  
 
“Therefore, Appendix VIII provides maps of the waterbody segments that have been 
engineered or modified in the manner described above and that, therefore, qualify for the 
temporary suspension of recreational standards under specific high flow conditions.” 
 

 
7. p. 74 of 79: High flow suspension of recreation standards, Special Case: Santa Ana River 

– Reach 2:  
a. Modify the second sentence as follows (added text is underlined; deleted text is 

shown in strike-out type): 
 

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip
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“Much of tThis segment of the Rriver has been heavily modified and re-engineered to 
provide greater flood control protection to the residents of Orange County.  
 
The corrected text reads as follows: 
 
 “Much of this segment of the River has been heavily modified and re-engineered to 
provide greater flood control protection to the residents of Orange County. 
 

b. Modify footnote number 2 at the end of the third sentence to number 1 (to reflect 
correction identified in #6, above).  
 
“…often exceeds the default threshold that triggers application of the high flow 
suspension.21  “ 
 
21 Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model Report.  Prepared 
for the Santa Ana Watershed Project Authority's (SAWPA) Basin Monitoring Program Task Force.  May, 
2009  (Historical flows below Prado Dam are charted in Fig. 2-16 of the Report). 

 
The corrected text reads as follows:  
 
“….often exceeds the default threshold that triggers application of the high flow 
suspension.1 

 
1 Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model Report.  Prepared 
for the Santa Ana Watershed Project Authority's (SAWPA) Basin Monitoring Program Task Force.  May, 
2009  (Historical flows below Prado Dam are charted in Fig. 2-16 of the Report). 

 
c. Modify footnote number 3 at the end of the paragraph to number 2 (to reflect 

corrections identified in #6 and # 7.b., above).  
 

“…in response to previous rain events as described in their Standard Operating 
Procedures. 32” 
 
32 United States Army Corps of Engineers. Water Control Manual: Prado Dam and Reservoir, Santa     
Ana River, California.  1994. 
 
The corrected text reads as follows:  
 
“…in response to previous rain events as described in their Standard Operating 
Procedures.2” 
 
2 United States Army Corps of Engineers. Water Control Manual: Prado Dam and Reservoir, 

          Santa Ana River, California.  1994. 

 
 

8. p. 74 and 75 of 79: High flow suspension of recreation standards, Special Case: Santa Ana 
River – Reach 3: Modify as follows (added text is underlined/deleted text is shown in strike-
out type) [Note that footnotes 4,5 and 6 are deleted with the deleted text]: 
 
Reach 3 of the Santa Ana River extends upstream from Prado Dam to Mission Avenue in 
Riverside.  While the upper half of this segment has been channelized with reinforced levees 



Vicky Whitney - 6 - February 12, 2013 
 
 

armored by rip-rap, the lower half of Reach 3 (below Van Buren Avenue) remains largely 
natural.  Nevertheless, the construction of Prado Dam and significant urbanization in the area 
tributary to Reach 3 have fundamentally altered the natural hydrology of the entire segment.  
Nearly all of the stormwater runoff in the developed areas of San Bernardino and Riverside 
counties eventually makes its way to Reach 3 of the Santa Ana River.  As such, the baseflow 
will swell from an average of approximately 90 cfs to over 10,000 cfs during extreme wet 
weather conditions.4  The historical record contains several accounts of accidental death and 
injury to persons trapped by such flows in the Santa Ana River.5 

 
As with Reach 2, the baseflow in Reach 3 may exceed the default high flow suspension trigger 
even during dry weather conditions.  However, it would be inappropriate to suspend recreational 
uses and related pathogen objectives at such times because the ambient flow spreads out over 
a sufficiently wide area to minimize the force exerted on persons recreating in the water.  But, it 
remains appropriate to apply the high flow suspension during wet weather conditions when 
elevated stormwater runoff in Reach 3 precludes safe recreation in or near the river.  REC1 and 
REC2 uses will be temporarily suspended in Reach 3 when rainfall exceeds 0.5" in a 24-hour 
period or when flows at MWD crossing are greater than 100 cfs (measured at the USGS 
gauge).  The 100 cfs threshold provides an objective metric to distinguish between reasonably 
safe dry weather flows and the more hazardous high flow conditions that arise during wet 
weather events.6 

 
It is appropriate to take notice also of Reach 3 of the Santa Ana River, which extends from 
Prado Dam upstream to Mission Avenue in Riverside.  Although much of Reach 3 may appear 
relatively natural to the casual observer, it has in fact been heavily modified and re-engineered 
to enhance flood protection.  The upper half of the reach has been channelized with reinforced 
levees armored by rip-rap. Below Van Buren Boulevard, Reach 3 remains largely natural. 
However, numerous flood control facilities have been constructed/modified in the multiple 
streams tributary to this area. These changes have modified the natural stream hydrology of the 
Reach by re-directing and accelerating stormwater runoff from the upper Santa Ana watershed 
that can create exceptionally hazardous flow conditions in the Reach. The temporary 
suspension of recreational standards applies to this Reach. 
 
4 Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model Report.  Prepared for the 
Santa Ana Watershed Project Authority's (SAWPA) Basin Monitoring Program Task Force.  May, 2009  
(Historical flows for Reach 3 are charted in Fig. 2-12 of the Report). 
5 See the Administrative Record for the recreation standards amendments adopted pursuant to Resolution No. R8-
2012-0001. 
 
6 Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model Report.  Prepared for the 
Santa Ana Watershed Project Authority's (SAWPA) Basin Monitoring Program Task Force.  May, 2009  
(Historical flows for Reach 3 are charted in Fig. 2-12 of the Report). 

 
The corrected text reads as follows:   
 
It is appropriate to take notice also of Reach 3 of the Santa Ana River, which extends from 
Prado Dam upstream to Mission Avenue in Riverside.  Although much of Reach 3 may appear 
relatively natural to the casual observer, it has in fact been heavily modified and re-engineered 
to enhance flood protection.  The upper half of the reach has been channelized with reinforced 
levees armored by rip-rap. Below Van Buren Boulevard, Reach 3 remains largely natural. 
However, numerous flood control facilities have been constructed/modified in the multiple 
streams tributary to this area. These changes have modified the natural stream hydrology of the 
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Reach by re-directing and accelerating stormwater runoff from the upper Santa Ana watershed 
that can create exceptionally hazardous flow conditions in the Reach. The temporary 
suspension of recreational standards applies to this Reach. 
 

 
9. p. 77 of 79: Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters, modify second  

paragraph on page as follows (deleted text shown in strike-out type; added text is 
underlined): 
 
“Where water quality monitoring data indicate significant non-compliance with the applicable 
pathogen indicator objective, agencies dischargers discharging to that waterbody must 
submit a plan to the Regional Board to identify the pollutant source(s) unless monitoring 
data show that their particular…” 
 
The corrected text reads as follows:  
 
Where water quality monitoring data indicate significant non-compliance with the applicable 
pathogen indicator objective, dischargers discharging to that waterbody must submit a plan 
to the Regional Board to identify the pollutant source(s) unless monitoring data show that 
their particular…” 
 

 
Corrections to Attachment 1 (underline/strike-out version of amendments) to Resolution 
No. R8-2012-0001 
 
1. p. 39,40 of 78: Pathogen Indicator Bacteria, Lakes and Streams, Modify as follows (added 

text is shown in bold, without italics and without underline):  
 
Lakes and Streams 
 
Waste discharges shall not cause or contribute to excessive risk of illness from 
microorganisms pathogenic to human beings.  Pathogen indicator concentrations shall not 
exceed the values specified in Table 4-pio below as a result of controllable water quality 
factors (see also Chapter 5, Recreation Water Quality Standards, Controllable and 
Uncontrollable Sources of Bacteria) unless it is demonstrated to the Regional Board’s 
satisfaction that the elevated indicator concentrations do not result in excessive risk of 
illness among people recreating in or near the water. If this demonstration is made, then 
site-specific consideration of appropriate pathogen indicator concentrations will be 
necessary. In all cases, the level of water quality necessary to protect existing uses must 
be maintained. Where existing water quality is better than necessary to protect the 
designated use, the existing high   level of water quality must be maintained unless it is 
demonstrated that existing or potential beneficial uses would be protected and that water 
quality consistent with maximum benefit to the people of California would be maintained, 
as specified in the state antidegradation policy (SWRCB Resolution No. 68-16).  The 
Regional Board may also require recycled water discharged to freshwaters designated 
REC 1 or REC 2 to comply with other limitations recommended by the California 
Department of Public Health (CDPH).    
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The corrected text reads as follows:  
Lakes and Streams 
 
Waste discharges shall not cause or contribute to excessive risk of illness from 
microorganisms pathogenic to human beings.  Pathogen indicator concentrations shall not 
exceed the values specified in Table 4-pio below as a result of controllable water quality 
factors (see also Chapter 5, Recreation Water Quality Standards, Controllable and 
Uncontrollable Sources of Bacteria) unless it is demonstrated to the Regional Board’s 
satisfaction that the elevated indicator concentrations do not result in excessive risk of 
illness among people recreating in or near the water. If this demonstration is made, then 
site-specific consideration of appropriate pathogen indicator concentrations will be 
necessary. In all cases, the level of water quality necessary to protect existing uses must 
be maintained. Where existing water quality is better than necessary to protect the 
designated use, the existing high   level of water quality must be maintained unless it is 
demonstrated that existing or potential beneficial uses would be protected and that water 
quality consistent with maximum benefit to the people of California would be maintained, 
as specified in the state antidegradation policy (SWRCB Resolution No. 68-16).  The 
Regional Board may also require recycled water discharged to freshwaters designated 
REC 1 or REC 2 to comply with other limitations recommended by the California 
Department of Public Health (CDPH).    
 
 
2. p. 69 of 78: Table 5-REC2 Only Targets – FW: change reference to Temescal Creek, 

Reach 1b to Temescal Creek, Reach 1a. (deleted text in strike-out type; added text is in 
bold, italics, no underline) [table notes not shown] 
 

Table 5-REC2 Only Targets-FW1  
 

REC2 Only Waterbody 

E. coli  Densities  (cfu/100 mL) 
 

Geometric 
Mean 

Std. 
Dev. N 

Max. 
Observed 

75% 
UCL 

      
Temescal Creek, Reach 1ba 198 34 119 9,2002 374 
Santa Ana Delhi Channel, Reach 2 448 110 63 12,590 1231 

 
Corrected table: [table notes not shown] 
 

Table 5-REC2 Only Targets-FW1  
 

REC2 Only Waterbody 

E. coli  Densities  (cfu/100 mL) 
 

Geometric 
Mean 

Std. 
Dev. N 

Max. 
Observed 

75% 
UCL 

      
Temescal Creek, Reach 1a 198 34 119 9,2002 374 
Santa Ana Delhi Channel, Reach 2 448 110 63 12,590 1231 
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3. p. 75 of 78: Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters, modify last 

paragraph on page as follows (deleted text shown in strike-out type; added text is bold italics 
without underline): 
 
“Where water quality monitoring data indicate significant non-compliance with the applicable 
pathogen indicator objective, agencies dischargers discharging to that waterbody must 
submit a plan to the Regional Board to identify the pollutant source(s) unless monitoring 
data show that their particular…” 
 
The corrected text reads as follows:  
 
Where water quality monitoring data indicate significant non-compliance with the applicable 
pathogen indicator objective, dischargers discharging to that waterbody must submit a plan 
to the Regional Board to identify the pollutant source(s) unless monitoring data show that 
their particular…” 

 
 
 
 
cc w/ att:  Santa Ana Regional Board members 
  David Rice, OCC 
  Jon Bishop, Rik Rasmussen, Paul Hann, DWQ 
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SUBJECT: EXECUTIVE OFFICER CORRECTIONS: RECREATION STANDARDS BASIN 
PLAN AMENDMENTS ADOPTED UNDER RESOLUTION NO R8-2012-0001 

On June 15, 2012, the Santa Ana Regional Water Board adopted Resolution No. R8-2012-
0001, approving amendments to the Basin Plan for the Santa Ana Region that revise recreation 
standards for freshwaters in the Region and incorporate other Basin Plan changes. The 
amendments are shown in two attachments to Resolution No. R8-2012-0001: Attachment 1 is 
the underline/strikeout version of the amendments; Attachment 2 is the "clean" version of the 
amendments. 

On February 12, 2013, I sent a set of certain non-substantive corrections to the amendments. It 
has come to my attention that certain additional non-substantive corrections are required. These 
corrections are shown below. 

The final versions of the amendments, including the February 12, 2013 corrections and those 
identified herein, are shown in the corrected Attachments 1 and 2 to Resolution No. R8-2012-
0001. These corrected Attachments are attached to this memo. 

If there any questions concerning these corrections, please contact Joanne Schneider at 951-
782-3287 or jschneider@waterboards.ca.gov. 

CAROLE H. BESWICK. CHAIR ! Kl;;q V. Bf P''HI(il L', O.ECUTIVE OFFICER 

3737 Ma1n St. Su1te 500, R1vers1de, CA 92501 I www waterboards.ca.gov/santaana 

0 rlFCvL.Ill f'AP! f< 
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November 15, 2013 Corrections to Attachment 2 ("clean" version of amendments) to 
Resolution No. RB-2012-0001: 

1. p. 69 et seq. of 79: Antidegradation targets for REC2 only freshwaters , Modify as 
follows (added text is underlined; deleted text is shown in strike-out type) 

The baseline condition (antidegradation target) for each REC2 only water will be 
established through a comprehensive statistical analysis of ambient bacteria quality 
data that is conducted as part of the UAA used to justify the REC2 only designation. 
The statistical analysis must be designed to characterize the entire distribution of the 
dataset. This includes determination of the geometric mean, median, standard 
deviation, coefficient-of-variation, maximum value, upper 75th percentile value and 
sample size for the dataset. The upper 75th percentile density will serve as the 
antidegradation target, that is, the trigger threshold for further investigation and possible 
corrective action. As new data become available pursuant to requisite monitoring, they 
will be compared to this antidegradation target to determine whether further 
investigation or action is needed. The additional monitoring results must be sufficiently 
robust to assess whether a lowering of water quality has occurred. 

In general, the following method will be used to estimate the upper 75th percentile 
densities: 

Step 1) Log-transform the existing data 
Step 2) Calculate the mean of the log-transformed data 
Step 3) Calculate the standard deviation of the log-transformed data 
Step 4) Multiply the standard deviation of log-transformed data by 0.675 
Step 5) Add result from Step 4 to the mean value calculated in Step 2 
Step 6) Calculate the anti-log for the value derived in Step 5; this is the 75% 
Upper Confidence Level percentile of the fitted log-normal distribution. 

Use Attainability Analyses have been completed to justify the designation as REC2-
only the specific freshwater stream segments listed in Table 5-REC2 Only Targets-FW. 
For each of these waters, this Table shows the antidegradation indicator bacteria 
targets, based on the 75% percentile upper confidence level of data obtained as part of 
the UAAs: 
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a e - n1y arge s-T bl 5 REC2 0 I T 
E. coli Densities (cfu/100 ml) 

REC2 Only Waterbody Geometric Std. 
N 

Max. 75%~ 

Mean Dev. Observed YGb3 

Temescal Creek, Reach 1a 4Q3..192 34 ~108 9,2002 3+4-- 359 
Santa Ana Delhi Channel, Reach 2 443-411 110 e3-56 12,590 ~1104 . 
UCL- Upper Confidence Level; 75% percentile upper GonfldenGe level1s the ant1degradat1on 
target 

1 CDM, Inc. Technical Memorandum. Calculation of Antidegradation Targets for REC2 Only Freshwaters. 
April 24, 2012. 
2 A value of 1,800,000 cfu/100 ml, from the sample collected ori 9/8/2007, was excluded as an outlier. 
3 Targets calculated for dry weather baseflow conditions only; do not apply to samples collected during 

wet weather conditions. 

T bl 5 REC2 0 I T a e - my arge ts Oth - ers Wt a ers 
Enterococcus Densities (cfu/1 00 ml) 

REC2 Only Waterbody Geometric Std. 
N 

Max. 75%~ 

Mean Dev. Observed YGb 

Greenville-Banning Channel, Tidal 44- 24 2Q# ~ 22,000 ~ 
Prism 144 61 740 64 
Santa Ana-Delhi Channel, Tidal 4-852 9& 28,600 ~ 
Prism 

~240 
474 43 2200 464 

UCL Upper Confidence Level; 75%percentlle upper Gonf•denGe level 1s the ant1degradat1on target 
1 California Regional Water Quality Control Board, Santa Ana Region. Memorandum prepared by David 
Woelfel, Calculation of Antidegradation Targets for REC2 Only Waters-Tidal Prisms. April 24, 2012. 
2 Targets calculated for dry weather baseflow conditions only; do not apply to samples collected during 
wet weather conditions. 

cc w/ att: Santa Ana Regional Board members 
David Rice, OCC 
Jon Bishop, Rik Rasmussen, Paul Hann, DWQ 



 
 
 
 
 
 

 

7.08 Supplemental Reports   



 

Feb. 15, 2013 

 
 

Error Analysis for Application of High Flow Suspension Using the 0.5" Rainfall Trigger 

In Engineered/Modified Flood Control Channels that are NOT Concrete-Lined 

 

Using rainfall data and stream gauge data from four unlined flood control channels*, we 

computed the decision error rate for application of the high flow suspension when the 0.5" 

rainfall trigger is used as a surrogate for actual stream flow.  

 

A false positive occurs when high flow suspension is wrongly triggered (e.g. rainfall exceeded 

0.5" but the actual depth-velocity product remained below 10 ft
2
/sec).  A false negative occurs 

if the high flow suspension is mistakenly not triggered when a hazardous condition truly exists 

(e.g. rainfall was less than 0.5" but the actual depth-velocity product was greater than 10 

ft
2
/sec). 

 

Results from combined analysis of 1,571 storm events, in four different channels, are 

summarized in the following table: 

 

High Flow 

Suspension 

Depth-Velocity Product 
Total 

<10 ft
2
/sec >10 ft

2
/sec 

Triggered 95 294 389 

Not Triggered 870 312 1,182 

 

The 0.5" rainfall criteria triggered a high flow suspension in 389 (25%) of the 1,571 rainfall 

events.  And, there was a 76% chance that the actual stream flow were, in fact, hazardous at 

the time (e.g. exceeded the 10 ft
2
/sec threshold). 

 

Stream flows were considered "safe" (e.g. <10 ft
2
/sec) in 965 of the 1,571 rain events.  The high 

flow suspension was incorrectly activated by the 0.5" rainfall trigger in 95 of these cases.  

Therefore, the false positive error rate is only 9.8%.  However, the average Depth-Velocity 

Product (DVP) was greater than 5 ft
2
/sec even at times when the HFS was not supposed to be 

triggered. 

 

The 0.5" rainfall trigger is far more likely to underestimate the real-world hazard.  Unsafe 

stream flows occurred in 606 (39%) of the 1571 rain events.  However, the high flow suspension 

was only activated in 294 (49%) of these 606 occasions.  Thus, the false negative error rate was 

51%.  The surrogate rainfall trigger is five times more likely to NOT activate the HFS during 

hazardous conditions than it is to incorrectly activate the HFS when it is not warranted. 

 

* Santa Ana River-Reach 3, Santa Ana River-Reach 4, Perris Valley Channel and Salt Creek 



Feb. 18, 2013 

 
 

Error Analysis for Application of High Flow Suspension Using the 0.5" Rainfall Trigger 

In Engineered/Modified Flood Control Channels that are NOT Concrete-Lined 

 

Using rainfall data and stream gauge data from five* unlined flood control channels, we computed 

the decision error rate for application of the high flow suspension when the 0.5" rainfall trigger is 

used as a surrogate for actual stream flow.  

 

A false positive occurs when high flow suspension is wrongly triggered (e.g. rainfall exceeded 0.5" but 

the actual depth-velocity product remained below 10 ft
2
/sec).  A false negative occurs if the high flow 

suspension is mistakenly not triggered when a hazardous condition truly exists (e.g. rainfall was less 

than 0.5" but the actual depth-velocity product was greater than 10 ft
2
/sec). 

 

Results from combined analysis of 1,788 storm events, in five different channels, are summarized in 

the following table: 

 

High Flow 

Suspension 

Depth-Velocity Product 
Total 

<10 ft
2
/sec >10 ft

2
/sec 

Triggered 157 310 467 

Not Triggered 1,007 314 1,321 

Total 1,164 624 1,788 

 

The 0.5" rainfall criteria triggered a high flow suspension in 467 (26%) of the 1,788 rainfall events.  

And, there was a 66% chance that the actual stream flow were, in fact, hazardous at the time (e.g. 

exceeded the 10 ft
2
/sec threshold). 

 

Stream flows were considered "safe" (e.g. <10 ft
2
/sec) in 1,164 (65%) of the 1,788 rain events.  The 

high flow suspension was incorrectly activated by the 0.5" rainfall trigger in 157 of these 1,164 cases.  

Therefore, the false positive error rate is only 13.5%.  However, the average Depth-Velocity Product 

(DVP) was greater than 4 ft
2
/sec.  Such flows would probably not be safe for children even though the 

actual stream conditions do not meet the flow-based trigger criteria. 

 

The 0.5" rainfall trigger is far more likely to underestimate the real-world hazard.  Unsafe stream 

flows occurred in 624 (35%) of the 1788 rain events.  However, the high flow suspension was only 

activated on 310 (50%) of these 624 occasions.  Thus, the false negative error rate was also 50%.  The 

surrogate rainfall trigger is four times more likely to NOT activate the HFS during true hazardous 

conditions than it is to incorrectly activate the HFS when actual stream conditions do not warrant the 

exemption. 

 

 

* SAR-Reach 3, SAR-Reach 4, San Jacinto River, Perris Valley Channel and Salt Creek 



ORANGE COUNTY CHANNEL NAME LENGTH FT COMPOSITION
ADAMS STORM DRAIN 1864.81 Reinforced Concrete
AGUA CHINON CHANNEL 25094.64 Reinforced Concrete and Earthen
AIRPORT STORM CHANNEL 6773.56 Reinforced Concrete
ALAMEDA STORM CHANNEL 7317.77 Reinforced Concrete
ANAHEIM-BARBER CITY CHANNEL 45657.70 Reinforced Concrete
ARMSTRONG STORM CHANNEL 4468.05 Reinforced Concrete and Engineered Earth
ASH STORM CHANNEL 1294.36 Reinforced Concrete
ATWOOD CHANNEL 17512.56 Reinforced Concrete and Engineered Earth
BARRANCA CHANNEL 13408.00 Reinforced Concrete and Engineered Earth
BEE CANYON CHANNEL 26660.73 Reinforced Concrete, Engineered Earth, and Earthen
BESTEL STORM CHANNEL 2785.68 Reinforced Concrete
BITTERBUSH CHANNEL 8611.94 Reinforced Concrete
BIXBY STORM CHANNEL 5584.86 Reinforced Concrete
BLUE MUD STORM CHANNEL 2617.11 Reinforced Concrete
BOLSA CHICA CHANNEL 37739.64 Reinforced Concrete, Engineered Earth, and Earthen
BORREGO CANYON CHANNEL 30421.10 Reinforced Concrete, Engineered Earth, and Earthen
BREA CANYON CHANNEL 20397.01 Reinforced Concrete, Engineered Earth, and Earthen
BREA CREEK CHANNEL 30008.45 Reinforced Concrete and Engineered Earth
BUCKEYE STORM CHANNEL 6286.35 Reinforced Concrete
BUENA PARK STORM CHANNEL 4463.71 Reinforced Concrete and Engineered Earth
CANADA CHANNEL 5906.78 Reinforced Concrete, Engineered Earth, and Earthen
CARBON CANYON CHANNEL 18755.78 Reinforced Concrete and Engineered Earth
CARBON CREEK CHANNEL 72192.25 Reinforced Concrete and Engineered Earth
CARBON CREEK DIVERSION CHANNEL 10423.79 Reinforced Concrete and Engineered Earth
CENTRAL IRVINE CHANNEL 11614.90 Reinforced Concrete and Engineered Earth
CITY OF ANAHEIM S01 833.97 Reinforced Concrete
CITY OF ANAHEIM S02 1225.42 Reinforced Concrete
CITY OF BUENA PARK S01 4743.82 Reinforced Concrete
CITY OF GARDEN GROVE S01 12003.67 Reinforced Concrete
CITY OF HUNTINGTON BEACH S01 8797.13 Reinforced Concrete
CITY OF HUNTINGTON BEACH S02 4041.46 Reinforced Concrete and Engineered Earth
CITY OF ORANGE S01 727.43 Reinforced Concrete
CITY OF SANTA ANA S01 5000.52 Reinforced Concrete



ORANGE COUNTY CHANNEL NAME LENGTH FT COMPOSITION
COLLINS CHANNEL 12116.52 Reinforced Concrete and Engineered Earth
COMO STORM CHANNEL 10305.15 Reinforced Concrete and Engineered Earth
COYOTE CREEK CHANNEL 42023.33 Reinforced Concrete, Engineered Earth, and Earthen
CULVER STORM CHANNEL 5155.83 Reinforced Concrete
CYPRESS RETARDING BASIN 1001.33 Reinforced Concrete
CYPRESS STORM CHANNEL 6893.88 Reinforced Concrete
DAIRYLAND STORM CHANNEL 4545.52 Reinforced Concrete
DEERFIELD STORM CHANNEL 2380.35 Reinforced Concrete
EAST COSTA MESA CHANNEL 5233.55 Reinforced Concrete
EAST GARDEN GROVE-WINTERSBURG CHANNEL 61173.44 Reinforced Concrete and Engineered Earth
EAST RICHFIELD STORM DRAIN 2048.94 Reinforced Concrete
EDINGER STORM CHANNEL 5353.34 Reinforced Concrete
EL MODENA-IRVINE CHANNEL 33768.66 Reinforced Concrete and Engineered Earth
ESPERANZA CHANNEL 9254.82 Reinforced Concrete
FAIRVIEW CHANNEL 5041.84 Reinforced Concrete and Engineered Earth
FEDERAL STORM CHANNEL 9856.09 Reinforced Concrete and Engineered Earth
FLETCHER CHANNEL 14812.74 Reinforced Concrete
FOUNTAIN VALLEY CHANNEL 15854.12 Reinforced Concrete and Engineered Earth
FULLERTON CREEK CHANNEL 60275.41 Reinforced Concrete, Engineered Earth, and Earthen
GREENVILLE-BANNING CHANNEL 41162.50 Reinforced Concrete and Engineered Earth
HANDY CREEK STORM CHANNEL 9408.36 Reinforced Concrete, Engineered Earth, and Earthen
HOUSTON STORM CHANNEL 14392.48 Reinforced Concrete
HUMBOLDT STORM CHANNEL 5095.52 Reinforced Concrete
HUNTINGTON BEACH CHANNEL 16125.55 Metal Sheet and Reinforced Concrete
IMPERIAL CHANNEL 17193.05 Reinforced Concrete, Engineered Earth, and Earthen
JONATHAN STORM CHANNEL 2756.67 Reinforced Concrete
KEMPTON STORM CHANNEL 5989.69 Reinforced Concrete
KIMBERLY STORM CHANNEL 7138.83 Reinforced Concrete and Engineered Earth
LA COLINA-REDHILL STORM DRAIN 5625.79 Reinforced Concrete and Engineered Earth
LA VETA STORM DRAIN 8822.19 Reinforced Concrete
LANE CHANNEL 17129.76 Reinforced Concrete and Engineered Earth
LEWIS STORM CHANNEL 3168.73 Reinforced Concrete
LOFTUS DIVERSION CHANNEL 11129.54 Reinforced Concrete and Engineered Earth



ORANGE COUNTY CHANNEL NAME LENGTH FT COMPOSITION
LOS ALAMITOS CHANNEL 18997.87 Reinforced Concrete and Engineered Earth
MARLBORO STORM CHANNEL 10720.70 Reinforced Concrete
MARSHBURN CHANNEL 19165.97 Reinforced Concrete
MILAN STORM CHANNEL 9403.61 Reinforced Concrete
MONITECITO STORM CHANNEL 6491.12 Reinforced Concrete and Engineered Earth
MOODY CREEK CHANNEL 10520.69 Reinforced Concrete and Engineered Earth
NEWHOPE STORM CHANNEL 1644.96 Reinforced Concrete
NEWLAND STORM CHANNEL 5096.66 Reinforced Concrete and Engineered Earth
NORTH TUSTIN CHANNEL 7160.91 Reinforced Concrete
OCEAN VIEW CHANNEL 21968.72 Reinforced Concrete and Engineered Earth
PAULARINO CHANNEL 9612.00 Reinforced Concrete and Engineered Earth
PETERS CANYON CHANNEL 35002.47 Reinforced Concrete, Engineered Earth, and Earthen
PLACENTIA STORM CHANNEL 11235.11 Reinforced Concrete
REDHILL CHANNEL 13579.39 Reinforced Concrete and Engineered Earth
RICHFIELD CHANNEL 14366.85 Reinforced Concrete
ROSALIA STORM CHANNEL 4323.98 Reinforced Concrete
ROSSMOOR STORM CHANNEL 16066.43 Reinforced Concrete
ROUND CANYON CHANNEL 5155.72 Reinforced Concrete and Earthen
SAN DIEGO CREEK CHANNEL 50011.28 Reinforced Concrete, Engineered Earth, and Earthen
SAN JOAQUIN CHANNEL 22535.78 Reinforced Concrete and Engineered Earth
SANTA ANA-DELHI CHANNEL 28990.40 Reinforced Concrete and Engineered Earth
SANTA ANA-SANTA FE CHANNEL 19469.70 Reinforced Concrete and Engineered Earth
SANTA ANA GARDEN CHANNEL 21850.89 Reinforced Concrete and Engineered Earth
SANTA ANA RIVER CHANNEL 148900.22 Reinforced Concrete and Engineered Earth
SANTIAGO CREEK CHANNEL 48336.99 Reinforced Concrete, Engineered Earth, and Earthen
SERRANO CREEK CHANNEL 13322.29 Reinforced Concrete and Earthen
SHANNON STORM CHANNEL 4112.32 Reinforced Concrete
SLATER STORM CHANNEL 10413.52 Reinforced Concrete and Engineered Earth
SOUTHWEST TUSTIN CHANNEL 1908.39 Reinforced Concrete
STANTON STORM CHANNEL 15714.86 Reinforced Concrete and Engineered Earth
SUNSET CHANNEL 9264.99 Reinforced Concrete and Engineered Earth
TALBERT CHANNEL 28961.79 Reinforced Concrete, Engineered Earth, Earthen, and Metal Sheet
WALNUT CANYON STORM CHANNEL 7219.25 Reinforced Concrete



ORANGE COUNTY CHANNEL NAME LENGTH FT COMPOSITION
WARNER STORM DRAIN 1435.78 Reinforced Concrete and Engineered Earth
WESTMINSTER CHANNEL 41755.85 Reinforced Concrete and Engineered Earth
WORTHY STORM DRAIN 1134.17 Reinforced Concrete



County Nearest City HUC_CODE Concrete? Rip‐Rap?

If NOT Concrete or Rip‐Rap, Describe Other Relevant HFS 

Factors:

ANZA CHANNEL RIVERSIDE RIVERSIDE 801.26 YES Earthen prismatic d/s of Arlington Avenue

ARIZONA CHANNEL ‐ LINE C RIVERSIDE RIVERSIDE 801.26 YES

ARIZONA CHANNEL ‐ LINE C1 RIVERSIDE RIVERSIDE 801.26 YES

ARLINGTON CHANNEL RIVERSIDE CORONA 801.25, 801.26 YES

BAUTISTA CREEK CHANNEL RIVERSIDE HEMET 802.21 YES

BLY CHANNEL ‐ LATERAL A RIVERSIDE JURUPA VALLEY 801.21 YES

BLY CHANNEL AND FREEWAY COLLECTOR RIVERSIDE JURUPA VALLEY 801.21 YES

BOX SPRINGS STORM DRAIN RIVERSIDE RIVERSIDE 801.27 YES

BRADLEY ROAD CHANNEL RIVERSIDE MENIFEE 802.12 YES

BROWN CANYON CHANNEL RIVERSIDE LAKE ELSINORE 801.32 YES

BROWN CANYON CHANNEL ‐ LATERALS A AND B RIVERSIDE LAKE ELSINORE 801.32 YES

CALIMESA CHANNEL RIVERSIDE CALIMESA 801.63 YES

CHANDLER STREET CHANNEL RIVERSIDE EASTVALE 801.21 EARTHEN PRISMATIC

CHERRY AVENUE ‐ EIGHTH STREET CHANNEL RIVERSIDE BEAUMONT 802.21 EARTHEN PRISMATIC

CHERRY AVENUE ‐ EIGHTH STREET CHANNEL RIVERSIDE BEAUMONT 802.21 YES

City Beaumont Channel (u/s of Highland Springs Ch) RIVERSIDE BEAUMONT 802.21, 801.69 YES

City of Beaumont Channel RIVERSIDE BEAUMONT 801.62 YES

City of Corona Channel (drains into Oak St. Ch) RIVERSIDE CORONA 801.25 YES

City of Corona Channel (drains to Temescal Cyn) RIVERSIDE CORONA 801.32 YES

City of Jurupa Valley Channel RIVERSIDE JURUPA VALLEY 801.21 EARTHEN PRISMATIC

City of Lake Elsinore Channel (TR 31920) RIVERSIDE LAKE ELSINORE 802.31 EARTHEN PRISMATIC

City of Riverside Channel RIVERSIDE RIVERSIDE 801.26 YES

City of Riverside Channel (d/s of Sycamore Dam) RIVERSIDE RIVERSIDE 801.27 YES

City of Riverside Channel (u/s of Box Springs SD) RIVERSIDE RIVERSIDE 801.27 YES

City of Riverside Channel (u/s of Sycamore Dam) RIVERSIDE RIVERSIDE 801.27 GOLF COURSE

City of Wildomar Channel (drains to Palomar Ch) RIVERSIDE WILDOMAR 802.31 EARTHEN PRISMATIC

City Riverside Channel (near Sycamore Dam) RIVERSIDE RIVERSIDE 801.27 YES

CORONA DRAINS ‐ LINE 1 RIVERSIDE CORONA 801.25 YES Earthen prismatic d/s of Cota Street

COUNTY LINE CHANNEL RIVERSIDE EASTVALE 801.21 YES

DAY CREEK ‐ INLAND AVENUE STORM DRAIN CHANNEL RIVERSIDE JURUPA VALLEY 801.21 EARTHEN PRISMATIC

RCFC & WCD Engineered and Modified Flood Control Channels Eligible for High Flow Suspension (HFS)

PROJECT NAME

LOCATION Significant Flood Control Modifications



County Nearest City HUC_CODE Concrete? Rip‐Rap?

If NOT Concrete or Rip‐Rap, Describe Other Relevant HFS 

Factors:

RCFC & WCD Engineered and Modified Flood Control Channels Eligible for High Flow Suspension (HFS)

PROJECT NAME

LOCATION Significant Flood Control Modifications

DAY CREEK CHANNEL RIVERSIDE JURUPA VALLEY 801.21 YES Rip‐rap section d/s of Lucretia Street

DAY CREEK MASTER DRAINAGE PLAN ‐ LATERAL A‐2 RIVERSIDE JURUPA VALLEY 801.21 EARTHEN PRISMATIC

EASTVALE MASTER DRAINAGE PLAN ‐ LINE E RIVERSIDE JURUPA VALLEY 801.21 YES

EDGEMONT CHANNEL RIVERSIDE MORENO VALLEY 801.27 YES

EL CERRITO CHANNEL RIVERSIDE CORONA 801.32 YES

FAIRVIEW AVENUE CHANNEL RIVERSIDE HEMET 802.21 YES

FLORIDA AVENUE STORM DRAIN RIVERSIDE HEMET 802.15 YES

FOUR CORNERS STORM DRAIN RIVERSIDE LAKE ELSINORE 802.31 YES

GAVILAN HILLS ‐ SMITH ROAD CHANNEL AND BASIN RIVERSIDE RIVERSIDE 801.33 YES

HEACOCK CHANNEL ‐ SUNNYMEAD LINE B RIVERSIDE MORENO VALLEY 802.11 YES

HEMET STORM CHANNEL RIVERSIDE HEMET 802.13, 802.15 EARTHEN PRISMATIC

HEMET STORM CHANNEL RIVERSIDE HEMET 802.15 YES

HIGHGROVE CHANNEL RIVERSIDE JURUPA VALLEY 801.27 YES

HIGHLAND SPRINGS CHANNEL RIVERSIDE BEAUMONT 802.21 YES

HOME GARDENS ‐ LINCOLN STREET CHANNEL RIVERSIDE CORONA 801.25 YES

HOMELAND LINE 1B RIVERSIDE MENIFEE 802.11 YES

JURUPA CHANNEL RIVERSIDE JURUPA VALLEY 801.21 YES

KITCHING STREET CHANNEL RIVERSIDE MORENO VALLEY 802.11 YES

LA SIERRA CHANNEL RIVERSIDE RIVERSIDE 801.26 YES

LAKE ELSINORE OUTLET CHANNEL RIVERSIDE LAKE ELSINORE 802.31, 801.35 EARTHEN PRISMATIC

LAKELAND VILLAGE CHANNEL RIVERSIDE LAKE ELSINORE 802.31 YES

LEACH CANYON CHANNEL RIVERSIDE LAKE ELSINORE 802.31 YES

LIME STREET CHANNEL RIVERSIDE LAKE ELSINORE 802.31 YES

LITTLE SAN GORGONIO CREEK RIVERSIDE BANNING 801.62, 801.69 EARTHEN CHANNEL

MAIN STREET CHANNEL RIVERSIDE CORONA 801.25 YES

MERIDIAN STREET CHANNEL RIVERSIDE HEMET, SAN JACINTO 802.21 YES

METZ ROAD STORM DRAIN RIVERSIDE PERRIS 802.11 YES

MIRA LOMA ‐ DOWNEY STREET STORM DRAIN RIVERSIDE JURUPA VALLEY 801.21 YES

MOCKINGBIRD CANYON RIVERSIDE RIVERSIDE 801.26 YES

MORENO MASTER DRAINAGE PLAN ‐ LINE A RIVERSIDE MORENO VALLEY 802.11 YES



County Nearest City HUC_CODE Concrete? Rip‐Rap?

If NOT Concrete or Rip‐Rap, Describe Other Relevant HFS 

Factors:

RCFC & WCD Engineered and Modified Flood Control Channels Eligible for High Flow Suspension (HFS)

PROJECT NAME

LOCATION Significant Flood Control Modifications

MORENO MASTER DRAINAGE PLAN ‐ LINE F RIVERSIDE MORENO VALLEY 802.11 YES

MORENO MASTER DRAINAGE PLAN ‐ LINE F‐2 RIVERSIDE MORENO VALLEY 802.11 YES

MOUNTAIN VIEW CHANNEL RIVERSIDE BEAUMONT 801.62 YES

NOBLE CREEK CHANNEL RIVERSIDE BEAUMONT 801.62, 801.69 YES

NORTH MAIN STREET CHANNEL RIVERSIDE CORONA 801.25 EARTHEN PRISMATIC

NORTH NORCO CHANNEL RIVERSIDE NORCO 801.25 YES Earthen prismatic u/s of Sixth Street

NORTH NORCO CHANNEL ‐ FREEWAY LATERAL RIVERSIDE NORCO 801.25 YES

NORTH NORCO CHANNEL ‐ LINE NA RIVERSIDE NORCO 801.25 YES

NORTH NORCO CHANNEL ‐ LINE NB RIVERSIDE NORCO 801.25 YES Earthen prismatic d/s of Valley View Avenue

NUEVO CHANNEL RIVERSIDE PERRIS 802.14 EARTHEN PRISMATIC

OAK STREET CHANNEL RIVERSIDE CORONA 801.25 YES

Oak Valley Golf Course RIVERSIDE BEAUMONT 801.62 GOLF COURSE

ORTEGA CHANNEL RIVERSIDE LAKE ELSINORE 802.31 YES

PALOMA WASH CHANNEL RIVERSIDE MENIFEE 802.12 EARTHEN PRISMATIC

PALOMAR CHANNEL RIVERSIDE WILDOMAR 802.31 YES

PARAMOUNT ESTATES MASTER DRAINAGE PLAN ‐ LINE E RIVERSIDE JURUPA VALLEY 801.27 YES

PARAMOUNT ESTATES MDP ‐ LINES A AND A‐2 RIVERSIDE JURUPA VALLEY 801.27 YES

PARKHILL RETENTION BASIN RIVERSIDE HEMET 802.21 EARTHEN PRISMATIC

PERRIS ‐ G STREET STORM DRAIN RIVERSIDE PERRIS 802.11 EARTHEN PRISMATIC

PERRIS ‐ G STREET STORM DRAIN RIVERSIDE PERRIS 802.11 YES

PERRIS VALLEY CHANNEL RIVERSIDE MORENO VALLEY, PERRIS 802.11 YES Earthen prismatic d/s of Perris Valley Lateral B

PERRIS VALLEY CHANNEL ‐ LATERAL A RIVERSIDE MORENO VALLEY 802.11 EARTHEN PRISMATIC

PERRIS VALLEY CHANNEL ‐ LATERAL B RIVERSIDE MORENO VALLEY, PERRIS 802.11 EARTHEN PRISMATIC

PERRIS VALLEY MASTER DRAINAGE PLAN ‐ LINE J RIVERSIDE PERRIS 802.11 YES

PERRIS VALLEY MASTER DRAINAGE PLAN ‐ LINE J‐1 RIVERSIDE PERRIS 802.11 YES

PERRIS VALLEY MASTER DRAINAGE PLAN ‐ LINE L RIVERSIDE PERRIS 802.11 YES

PERRIS VALLEY MASTER DRAINAGE PLAN ‐ LINE Q RIVERSIDE PERRIS 802.11 YES

PERRIS VALLEY MDP ‐ LINES E‐10 AND F RIVERSIDE PERRIS 802.11 YES

PIGEON PASS CHANNEL ‐ LINE J RIVERSIDE MORENO VALLEY 802.11 YES

PYRITE CHANNEL RIVERSIDE JURUPA VALLEY 801.21 YES



County Nearest City HUC_CODE Concrete? Rip‐Rap?

If NOT Concrete or Rip‐Rap, Describe Other Relevant HFS 

Factors:

RCFC & WCD Engineered and Modified Flood Control Channels Eligible for High Flow Suspension (HFS)

PROJECT NAME

LOCATION Significant Flood Control Modifications

QUINCY STREET CHANNEL RIVERSIDE MORENO VALLEY 802.11 YES

RATHKE CHANNEL RIVERSIDE JURUPA VALLEY 801.27 YES

RECHE CANYON CHANNEL RIVERSIDE MORENO VALLEY 801.45 YES

ROMOLAND CHANNEL LINE A RIVERSIDE PERRIS 802 YES Earthen prismatic d/s of 215 Freeway

RUBIDOUX CHANNEL RIVERSIDE JURUPA VALLEY 801.27 YES

RUBIDOUX CRESTMORE CHANNEL RIVERSIDE JURUPA VALLEY 801.27 EARTHEN PRISMATIC

SALT CREEK ‐ DORVAL COURT LATERALS RIVERSIDE MENIFEE 802.12 YES

SALT CREEK ‐ EMWD CHANNEL RIVERSIDE MENIFEE 802.12 YES

SALT CREEK ‐ GOLDMINE CIRCLE CHANNEL RIVERSIDE MENIFEE 802.12 YES

SALT CREEK ‐ HERITAGE LAKE CHANNEL RIVERSIDE MENIFEE 802.13 YES

SALT CREEK ‐ POTOMAC DRIVE CHANNEL RIVERSIDE MENIFEE 802.12 YES

SALT CREEK CHANNEL RIVERSIDE HEMET 802.13, 802.15 YES Earthen prismatic d/s of S. Cawstson Avenue

SALT CREEK I‐215 CHANNEL RIVERSIDE MENIFEE 802.12 YES

SAN JACINTO MASTER DRAINAGE PLAN ‐ LINE D RIVERSIDE SAN JACINTO 802.21 YES

SAN JACINTO MASTER DRAINAGE PLAN ‐ LINE E RIVERSIDE SAN JACINTO 802.21 YES Earthen prismatic d/s of Palm Ave

SAN JACINTO RIVER RIVERSIDE PERRIS 802.11 EARTHEN CHANNEL

SAN JACINTO RIVER LEVEES RIVERSIDE SAN JACINTO 802.21 YES

SAN SEVAINE CHANNEL RIVERSIDE JURUPA VALLEY 801.21 YES

SANTA ANA RIVER RIVERSIDE JURUPA VALLEY 801.27 YES

SEDCO MASTER DRAINAGE PLAN ‐ LINE D AND D‐1 RIVERSIDE LAKE ELSINORE 802.31 YES

SEDCO MASTER DRAINAGE PLAN ‐ LINE E RIVERSIDE LAKE ELSINORE 802.31 YES

SEDCO MASTER DRAINAGE PLAN ‐ LINE F‐2 RIVERSIDE WILDOMAR 802.31 YES

SEDCO MASTER DRAINAGE PLAN ‐ SEDCO BASIN RIVERSIDE WILDOMAR 802.31 YES

SOUTH NORCO CHANNEL RIVERSIDE CORONA, NORCO 801.25 YES Earthen prismatic u/s of 2nd St. and d/s of Mountain Ave.

SOUTH NORCO CHANNEL ‐ LINE SA RIVERSIDE NORCO 801.25 YES

SOUTH NORCO CHANNEL ‐ LINE SB RIVERSIDE NORCO 801.25 YES

SOUTH RIVERSIDE CHANNEL RIVERSIDE LAKE ELSINORE 802.31 YES

SOUTHWEST HEMET MDP ‐  LINE B RIVERSIDE HEMET 802.13 EARTHEN PRISMATIC

SPRING STREET CHANNEL RIVERSIDE JURUPA VALLEY 801.27 YES

Springbrook Wash RIVERSIDE RIVERSIDE 801.27 EARTHEN PRISMATIC



County Nearest City HUC_CODE Concrete? Rip‐Rap?

If NOT Concrete or Rip‐Rap, Describe Other Relevant HFS 

Factors:

RCFC & WCD Engineered and Modified Flood Control Channels Eligible for High Flow Suspension (HFS)

PROJECT NAME

LOCATION Significant Flood Control Modifications

STETSON AVENUE CHANNEL RIVERSIDE HEMET 802.15 YES

STONEMAN STREET CHANNEL RIVERSIDE LAKE ELSINORE 802.31 YES

SUN CITY ‐ ROUSE ROAD STORM DRAIN RIVERSIDE MENIFEE 802.12, 802.11 YES

SUN CITY CHANNEL RIVERSIDE MENIFEE 802.12 YES

SUN CITY CHANNEL ‐ LATERAL A‐A RIVERSIDE MENIFEE 802.12 EARTHEN PRISMATIC

SUN CITY CHANNELS LINE G‐G RIVERSIDE MENIFEE 802.12 YES

SUN CITY CHANNELS LINE H‐H RIVERSIDE MENIFEE 802.12 YES

SUNNYMEAD MASTER DRAINAGE PLAN ‐ LINE B RIVERSIDE MORENO VALLEY 802.11 YES

SUNNYMEAD MASTER DRAINAGE PLAN ‐ LINE C RIVERSIDE MORENO VALLEY 802.11 YES

SUNNYMEAD MASTER DRAINAGE PLAN ‐ LINE D RIVERSIDE MORENO VALLEY 802.11 YES

SUNNYMEAD MASTER DRAINAGE PLAN ‐ LINE E RIVERSIDE MORENO VALLEY 802.11 YES

SUNNYMEAD MASTER DRAINAGE PLAN ‐ LINE F RIVERSIDE MORENO VALLEY 802.11 YES

SUNNYMEAD MASTER DRAINAGE PLAN ‐ LINE G RIVERSIDE MORENO VALLEY 802.11 YES

SUNNYMEAD MASTER DRAINAGE PLAN ‐ LINE H RIVERSIDE MORENO VALLEY 802.11 YES

SUNNYMEAD MASTER DRAINAGE PLAN ‐ LINE K RIVERSIDE MORENO VALLEY 802.11 YES

SUNNYMEAD MASTER DRAINAGE PLAN ‐ LINE Q RIVERSIDE MORENO VALLEY 802.11 YES

SUNNYMEAD MASTER DRAINAGE PLAN ‐ LINE S AND R RIVERSIDE MORENO VALLEY 802.11 YES

SUNNYMEAD MASTER DRAINAGE PLAN ‐ LINE T AND T‐1 RIVERSIDE MORENO VALLEY 802.11 YES

SUNNYSLOPE CHANNEL RIVERSIDE JURUPA VALLEY 801.27 YES

TEMESCAL CREEK ‐ LEROY ROAD STORM DRAIN RIVERSIDE CORONA 801.32 YES

TEMESCAL CREEK CHANNEL RIVERSIDE CORONA 801.25 YES Rip‐rap section d/s of Cota Street

THIRD STREET CHANNEL RIVERSIDE LAKE ELSINORE 801.35 EARTHEN PRISMATIC

UNIVERSITY WASH ‐ SPRUCE STREET STORM DRAIN RIVERSIDE RIVERSIDE 801.27 YES

UNIVERSITY WASH CHANNEL RIVERSIDE RIVERSIDE 801.27 YES

VALLE VISTA CHANNELS RIVERSIDE SAN JACINTO 802.21 YES

WASSON CANYON CHANNEL RIVERSIDE LAKE ELSINORE 801.35 YES

WHITTIER STORM DRAIN RIVERSIDE HEMET 802.15 YES



County Nearest City Tributary To: Type Material Hydromodification

Almond Intercept Channel San Bernardino County Rancho Cucamonga Prado Box Concrete EHM

Alta Loma Storm Drain San Bernardino County Rancho Cucamonga Prado Rectangular Channel Concrete EHM

Badger Channel San Bernardino County San Bernardino City Lytle Creek Channel Earthen EHM

Bailey Creek San Bernardino County San Bernardino City Lytle Creek Hidden Earthen High (Default)

Baldridge Creek San Bernardino County Highland SAR‐R5 Channel Earthen EHM

Birch Creek San Bernardino County Yucaipa SAR‐R5 Trapezoid Earthen High (Default)

Bledsoe Creek San Bernardino County Highland SAR‐R5 Rectangular Channel Earthen/Concrete EHM

Boys Republic South Channel San Bernardino County Chino Hills Prado Channel Earthen High (Default)

Cable Creek Channel San Bernardino County San Bernardino City Lytle Creek Box Concrete EHM

Cactus Channel San Bernardino County Rialto SAR‐R4 Channel Concrete EHM

Cajon Creek Wash San Bernardino County San Bernardino City Lytle Creek Channel Earthen High (Default)

Carbon Canyon Creek Channel San Bernardino County Chino Hills Prado Rectangular Channel Concrete EHM

Carbon Canyon/Orange Channel San Bernardino County Chino Hills SAR‐R2 Water Course Earthen High (Default)

Chicken Springs Creek San Bernardino County Yucaipa SAR‐R5 Water Course Earthen EHM

Chino Creek San Bernardino County City of Chino Prado Transition Concrete EHM

Chino Storm Drain San Bernardino County City of Chino Prado Channel Concrete EHM

City Creek San Bernardino County San Bernardino City SAR‐R5 Channel Earthen High (Default)

City Creek Channel San Bernardino County San Bernardino City SAR‐R5 Box Concrete EHM

City Creek Levee, COE San Bernardino County Highland SAR‐R5 Levee Earthen EHM

Cook Canyon Creek San Bernardino County San Bernardino City SAR‐R5 Transition Concrete High (Default)

Cook Canyon Diversion Levee San Bernardino County San Bernardino City SAR‐R5 Levee Unknown EHM

County Line Channel San Bernardino County Ontario Prado Rectangular Channel Concrete EHM

Crafton Drain San Bernardino County Redlands SAR‐R5 Channel Concrete High (Default)

Cucamonga Channel San Bernardino County Ontario Prado Rectangular Channel Concrete EHM

Cucamonga Channel, COE San Bernardino County City of Chino Prado Trapezoid Concrete EHM

Cucamonga Connector San Bernardino County Upland Prado Channel Riprap EHM

Cypress Channel San Bernardino County City of Chino Prado Box Concrete/Earthen EHM

Daley Canyon San Bernardino County San Bernardino City SAR‐R5 Water Course Earthen High (Default)

Day Creek Channel San Bernardino County Ontario Riverside Basin Rectangular Channel Concrete EHM

Day Creek Spreading Grounds Levee San Bernardino County Rancho Cucamonga Riverside Basin Levee Concrete EHM

Channel Identification
Location Significant Flood Control Modifications

San Bernardino County Flood Control District 

Engineered and Modified Flood Control Channels Eligible for High Flow Suspension (HFS)
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Declez Channel San Bernardino County Fontana SAR‐R3 Rectangular Channel Concrete EHM

Deer Creek Channel, COE San Bernardino County Ontario Prado Rectangular Channel Concrete EHM

Del Rosa Channel (Daley Channel) San Bernardino County San Bernardino City SAR‐R5 Channel Concrete EHM

Demens Creek Channel San Bernardino County Rancho Cucamonga Prado Water Course Earthen High

Demens Creek Channel, COE San Bernardino County Rancho Cucamonga Prado Rectangular Channel Concrete EHM

Devil Creek San Bernardino County San Bernardino City Lytle Creek Channel Concrete EHM

Devil Creek Channel San Bernardino County San Bernardino City SAR‐R5 Channel Concrete EHM

Devil Creek Diversion Channel, COE San Bernardino County San Bernardino City Lytle Creek Trapezoid Concrete EHM

Devil Creek Levee, COE San Bernardino County San Bernardino City Lytle Creek Levee Concrete EHM

Dunlap SD (13th Street SD) San Bernardino County Yucaipa SAR‐R5 Trapezoid Earthen EHM

Dunlap Storm Drain (13th Street Storm Drain) San Bernardino County Yucaipa SAR‐R5 Box Concrete EHM

East Fontana Storm Drain San Bernardino County Rialto SAR‐R4 Trapezoid Earthen High (Default)

East Highland SD San Bernardino County Highland SAR‐R5 Channel Earthen High (Default)

Elm Storm Drain San Bernardino County Highland SAR‐R5 Rectangular Channel Concrete EHM

English Canyon (Little Chino Creek) San Bernardino County Chino Hills Prado Channel Earthen/Riprap/Pipes High

Etiwanda Creek Channel San Bernardino County Fontana Etiwanda Conservation Basin Rectangular Channel Concrete EHM

Gateway Wash San Bernardino County Yucaipa SAR‐R5 Channel Concrete EHM

Hawker‐Crawford Channel San Bernardino County Rancho Cucamonga Etiwanda Conservation Basin Box Concrete EHM

Henderson Channel San Bernardino County Rancho Cucamonga Etiwanda Conservation Basin Rectangular Channel Concrete/Earthen EHM

Henderson Channel (Wardman Channel) San Bernardino County Rancho Cucamonga Etiwanda Conservation Basin Channel Concrete EHM

Highgrove Storm Drain San Bernardino County Colton SAR‐R4 Trapezoid Concrete EHM

Highland Channel San Bernardino County Fontana Etiwanda Conservation Basin Channel Concrete EHM

Highland Channel (San Sevaine Ditch) San Bernardino County Fontana Etiwanda Conservation Basin Channel Concrete EHM

Hillside Channel, COE San Bernardino County Rancho Cucamonga Prado Rectangular Channel Concrete EHM

Island Levee, COE San Bernardino County Rialto Lytle Creek Levee Unknown EHM

Lake Los Serranos Channel San Bernardino County Chino Hills Prado Transition Concrete EHM

Little Mountain Channel San Bernardino County San Bernardino City SAR‐R5 Transition Concrete EHM

Little Sand Creek San Bernardino County San Bernardino City SAR‐R5 Box Concrete EHM

Live Oak Creek San Bernardino County Redlands SAR‐R5 Channel Earthen High

Loma Linda SD San Bernardino County Loma Linda SAR‐R5 Channel Earthen EHM
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Los Serranos/Chino Hills San Bernardino County Chino Hills SAR‐R2 Water Course Earthen High (Default)

Lower Deer Creek Channel San Bernardino County Ontario Prado Trapezoid Concrete EHM

Lower Devore Levee, COE San Bernardino County San Bernardino City Lytle Creek Levee Unknown EHM

Lower Etiwanda Creek Channel San Bernardino County Ontario Riverside Basin Channel Concrete EHM

Lower Los Serranos Channel San Bernardino County Chino Hills Prado Channel Concrete EHM

Lytle Creek Channel, COE San Bernardino County San Bernardino City SAR‐R5 Rectangular Channel Concrete EHM

Lytle Creek Levee, COE San Bernardino County Rialto Lytle Creek Levee Unknown EHM

Lytle Creek Wash San Bernardino County Rialto Lytle Creek Channel Earthen Medium

Lytle‐Cajon Channel, COE San Bernardino County Colton SAR‐R5 Rectangular Channel Concrete EHM

MacQuiddy‐Severance Diversion Channel San Bernardino County San Bernardino City SAR‐R5 Channel Earthen High (Default)

Macy Storm Drain San Bernardino County Rialto Lytle Creek Channel Earthen High (Default)

McGlothlen Storm Drain San Bernardino County San Bernardino City SAR‐R5 Rectangular Channel Concrete EHM

Meecham Creek San Bernardino County San Bernardino City Lytle Creek Channel Earthen Medium

Mentone SD San Bernardino County Redlands SAR‐R5 Trapezoid Earthen High (Default)

Mill Creek San Bernardino County Redlands SAR‐R5 Channel Earthen High

Mill Creek Levee, COE San Bernardino County Redlands SAR‐R5 Levee Unknown EHM

Mission Channel San Bernardino County Redlands SAR‐R5 Transition Riprap EHM

Morrey Arroyo San Bernardino County Redlands SAR‐R5 Box Concrete High

Mulberry Channel San Bernardino County Fontana SAR‐R3 Trapezoid Concrete EHM

Muscoy Groin #1 ,COE San Bernardino County San Bernardino City Lytle Creek Groin Earthen EHM

Muscoy Groin #2 ,COE San Bernardino County San Bernardino City Lytle Creek Groin Earthen EHM

Muscoy Groin #3 ,COE San Bernardino County San Bernardino City Lytle Creek Groin Earthen EHM

Muscoy Groin #4 ,COE San Bernardino County San Bernardino City Lytle Creek Groin Metal EHM

Muscoy Groin #5 ,COE San Bernardino County San Bernardino City Lytle Creek Groin Earthen EHM

Muscoy Levee, COE San Bernardino County San Bernardino City Lytle Creek Levee Unknown EHM

Nealey's Corner Drain San Bernardino County Rialto Lytle Creek Channel Earthen High (Default)

Oak Creek San Bernardino County Highland SAR‐R5 Box Concrete EHM

Oak Glen Creek San Bernardino County Yucaipa SAR‐R5 Trapezoid Earthen High (Default)

Ono Storm Drain San Bernardino County San Bernardino City Lytle Creek Trapezoid Earthen EHM

Plunge Creek San Bernardino County Highland SAR‐R5 Channel Earthen Low
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Potato Creek San Bernardino County Yucaipa SAR‐R5 Box Concrete High (Default)

Reche Canyon Creek San Bernardino County Colton SAR‐R4 Transition Concrete EHM

Rialto Channel San Bernardino County Colton SAR‐R4 Transition Concrete/Rip‐Rap EHM

Riverside Groin #1, COE San Bernardino County Rialto Lytle Creek Groin Earthen EHM

Riverside Groin #2, COE San Bernardino County Rialto Lytle Creek Groin Earthen EHM

Riverside Groin #3, COE San Bernardino County Rialto Lytle Creek Groin Earthen EHM

Riverside Groin #4, COE San Bernardino County Rialto Lytle Creek Groin Earthen EHM

Riverside Groin #5, COE San Bernardino County Rialto Lytle Creek Groin Earthen EHM

San Antonio Channel San Bernardino County City of Chino Prado Channel Concrete/Earthen EHM

San Antonio Channel, (Baldy Village Channel) San Bernardino County Upland Prado Water Course Earthen High (Default)

San Antonio Channel, COE San Bernardino County Upland Prado Box Concrete EHM

San Antonio Heights Intercept, COE San Bernardino County Upland Prado Rectangular Channel Concrete EHM

San Bernardino Avenue SD San Bernardino County Loma Linda SAR‐R5 Channel Earthen EHM

San Sevaine Channel San Bernardino County Fontana SAR‐R3 Rectangular Channel Concrete EHM

San Sevaine Sprdg Grnds ‐ East Levee San Bernardino County Rancho Cucamonga Etiwanda Conservation Basin Levee Unknown EHM

San Sevaine Spreading Grnds ‐ West Levee San Bernardino County Rancho Cucamonga Etiwanda Conservation Basin Levee Unknown EHM

San Timoteo Creek San Bernardino County Loma Linda SAR‐R5 Trapezoid Concrete EHM

Sand Creek San Bernardino County Highland SAR‐R5 Channel Concrete EHM

Santa Ana River San Bernardino County Colton SAR‐R4 Water Course Earthen High (Default)

Santa Ana River (Incl. COE) San Bernardino County San Bernardino City SAR‐R5 Channel Earthen EHM

Small Canyon Channel San Bernardino County San Bernardino City SAR‐R5 Rectangular Channel Concrete EHM

Small Canyon Diversion Channel San Bernardino County San Bernardino City SAR‐R5 Channel Earthen High (Default)

Soquel Canyon Channel San Bernardino County Chino Hills Prado Channel Earthen High

Speedway Storm Drain San Bernardino County Rancho Cucamonga Riverside Basin Rectangular Channel Concrete EHM

Stoddard Creek San Bernardino County Upland Prado Water Course Earthen High (Default)

Sultana‐Cypress Storm Drain San Bernardino County Ontario Prado Trapezoid Concrete EHM

Sweetwater Channel San Bernardino County San Bernardino City Lytle Creek Water Course Earthen High (Default)

Sycamore Diversion Channel San Bernardino County San Bernardino City SAR‐R5 Trapezoid Concrete EHM

Timber Creek San Bernardino County San Bernardino City SAR‐R5 Channel Riprap High (Default)

Tonner Canyon Channel San Bernardino County Chino Hills SAR‐R2 Water Course Earthen High (Default)
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Twin Creek Channel Improved, COE San Bernardino County San Bernardino City SAR‐R5 Channel Concrete EHM

Twin Creek Levee, COE San Bernardino County San Bernardino City SAR‐R5 Levee Earthen EHM

Upper Devore Levee, COE San Bernardino County San Bernardino City Lytle Creek Levee Unknown EHM

Upper Warm Creek Channel San Bernardino County San Bernardino City SAR‐R5 Channel Earthen EHM

Warm Creek Channel San Bernardino County San Bernardino City SAR‐R5 Trapezoid Earthen EHM

Warm Creek Levee, COE San Bernardino County Colton SAR‐R4 Levee Earthen EHM

Warm Creek, COE San Bernardino County Colton SAR‐R4 Transition Concrete EHM

Waterman Creek San Bernardino County San Bernardino City SAR‐R5 Channel Earthen High (Default)

Waterman Levee, COE San Bernardino County San Bernardino City SAR‐R5 Levee Earthen EHM

West Cucamonga By‐Pass Channel San Bernardino County Upland Prado Channel Earthen EHM

West Cucamonga Channel San Bernardino County Ontario Prado Rectangular Channel Concrete EHM

West Fontana Channel San Bernardino County Fontana SAR‐R3 Hidden Riprap EHM

West State Street Storm Drain San Bernardino County Monclair Prado Rectangular Channel Concrete EHM

Western Avenue Channel San Bernardino County San Bernardino City SAR‐R5 Box Concrete EHM

Wildwood Creek San Bernardino County Yucaipa SAR‐R5 Trapezoid Riprap High (Default)

Wilson Creek San Bernardino County Redlands SAR‐R5 Channel Earthen Medium

Yucaipa Creek San Bernardino County Yucaipa SAR‐R5 Water Course Earthen High

Zanja Creek San Bernardino County Redlands SAR‐R5 Channel Earthen Medium



 

 

Memorandum 
 
To: Santa Ana Stormwater Quality Standards Task Force 
 
From: CDM Smith 
 
Date: October 3, 2013 
 
Subject: Dry Weather Flow Analysis for Greenville-Banning Channel   

This technical memorandum summarizes an assessment of flow conditions that would exist 
within the Greenville-Banning Channel if the existing rubber dam diversion structure was not 
in place. This analysis was performed to support the UAA process for the channel. 

The rubber dam within the channel is part of a dry weather diversion system used to capture 
flows from the upstream drainage area and divert them to a sanitary sewer for treatment. A 
pipeline connected to an orifice in the side of the channel, just upstream of the rubber dam, 
collects captured flows for screening and pumping to the sanitary sewer. Orange County 
Sanitation District (OCSD) maintains a record of dry weather flow that is diverted. These data 
were used to characterize dry weather flow rates in the channel. Summary statistics of these 
data are provided below: 

  The average flow diversion was 429,116 gallons per day  (0.664 cfs) 

  The median flow diversion was 358,664 gallons per day  (0.555 cfs) 

  The 90th percentile flow diversion was 892,014 gallons per day  (1.38 cfs) 

  The maximum flow diversion was 1,111,519 gallons per day  (1.72 cfs) 

The SWMM hydraulic model, employing the Manning’s Equation to compute water surface 
profiles, was used to determine the depth (ft) and velocity (ft/sec) within the channel 
associated with typical dry weather flow rates (cfs). Key channel characteristics used for input 
parameters to the model include: 

 Concrete lined rectangular shaped channel type 

 Bottom width of 60 feet 

 Longitudinal slope of 0.005 

 Roughness coefficient of 0.01  
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The model was run for a series of flow rates to generate a relationship between flow rate 
and flow depth in the channel. The flow rates used provide sufficient resolution to capture 
minor differences that are associated with the temporal variability of dry weather flow. 
Figure 1 shows the rating curve over a range of flow that would include both dry and wet 
weather. Figure 2 represents the lower portion the curve (<2 cfs) and shows how depths 
vary for minor changes to dry weather flows that are likely occur.  

The estimated depth of water in Greenville-Banning Channel during dry weather is very 
low (<1 inch), assuming flow is spread uniformly across the channel bottom. Based on 
field observations of similar flow rates in similar Santa Ana River watershed channels, it is 
likely that the dry weather flow will not spread uniformly across the channel bottom, but 
will instead flow against one of the vertical side walls, being normally 1 inch deep.  

 

 
 

 

 

 

 

 

 

Figure 1  
Rating Curve for Flow Depth and Discharge in 

Greenville-Banning Channel 

Figure 2 
Rating Curve for Flow Depth and Discharge in 

Greenville-Banning Channel for Low Flow Conditions 



 

 

Memorandum 
 
To: Santa Ana Stormwater Quality Standards Task Force 
 
From: CDM Smith 
 
Date: October 3, 2013 
 
Subject: Hydraulic Calculation Method used for High Flow Suspension 

Analysis 

This technical memorandum describes the methodologies used in the technical analysis 
that supported the recommendation of a high flow suspension to be included in the Basin 
Plan amendment for select reaches of Mill-Cucamonga Creek, Temescal Creek, and Santa 
Ana Delhi Channel (CDM Smith’s analysis memo dated March 3, 2010). Supplemental 
detail regarding the derivation of flow, depth, velocity, and depth-velocity product 
described within the 2010 analysis is provided below.  

The proposed suspension triggers included: 

• Stream velocity greater than or equal to  8 ft/s; or 

• Steam depth-velocity product greater than or equal to 10 ft2/s. 

The Task Force requested CDM Smith evaluate the relationship between these triggers 
and a rainfall depth of 0.5 inches.  

Rainfall data were used to identify the start and end dates and total event depths for all 
historical storm events at meteorological stations representative of weather patterns in 
each of the respective watersheds with reaches considered for high flow suspension. The 
dates were used to determine the maximum flow resulting from each distinct rainfall 
event by comparing a concurrent time series dataset of flow from historical gages along 
the reaches where Use Attainability Analysis (UAA) reports have been prepared.  

The metrics considered for high flow suspension are based on the depth (ft) and velocity 
(ft/sec) of runoff, thus it was necessary to convert flow rate (cfs) reported at the gage by 
developing a rating curve for the cross section. Haested Methods Flow Master was used to 
develop rating curves for each cross section which was then used to convert peak event 
flows into depths and velocities. Flow Master employs simple hydraulic calculations to 
solve energy equations for a range of flow rates for given channel dimensions and a menu 
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of friction loss methods. Input data for channel dimensions were extracted from record 
drawings of each reach (see reach-specific UAA reports). For these open channels, the 
Manning’s formula was used to estimate friction losses and compute expected water 
depths and velocities for a range of flows.  

These methods and time series analyses facilitated the investigation of relationships 
between peak event flow and total event rainfall. Results showed a wide range of channel 
flow responses for similar size storm events, which could be due to different antecedent 
moisture conditions, control release point operations, or spatial and temporal distribution 
of rainfall across the watershed. Storms can distribute rainfall in one portion of a 
watershed more than another (different spatial distribution). A storm producing rainfall 
mostly east of a rain gauge and a storm producing rainfall mostly west of the gauge could 
show a similar total rainfall at the gauge, but produce very different flow responses in 
drainage channels east and west of the gauge. Temporal distribution of rainfall also affects 
channel flow response. For a specific rainfall amount, peak flow in the channel will be 
lower if the rainfall occurs over a 3-hour period than if the same amount of rain falls over 
a 30-minute, more intense period. For example, a 0.5 inch 24-hour storm in the Santa Ana 
Delhi Channel watershed can result in a peak flow anywhere from 20 cfs to more than 
1,700 cfs, resulting in velocities ranging from 0.9 to 4.1 ft/s, and depth-velocity products 
ranging from 1.2 to 35.7 ft2/s.  

Table 1 shows a summary of the range of peak flows, velocities, and depth-velocity 
products for all storms with total rainfall between 0.4” to 0.59” at representative gages for 
Santa Ana Delhi, Temescal Wash, and Mill-Cucamonga Creek over the period of 1988 to 
2008.  Further analysis results are contained within the 2010 analysis memo. 

Table 1 – Summary of Peak Flow Ranges 

 

  

Peak Flow Velocity at Peak Flow Rate Depth-Velocity Product 

Range Average Range Average % storms 
greater 

than 8 ft/s 

Range Average % storms 
greater than 

10 ft2/s 
(cfs) (cfs) (ft/s) (ft/s) (ft2/s) (ft2/s) 

Santa Ana Delhi 23 to 1,765 557.2 0.9 to 4.1 2.6 0% 1.2 to 35.7 12.4 50% 

Temescal Wash 77 to 908 459.0 3.1 to 10.6 8.6 71% 3.5 to 25.7 18.3 75% 
Mill-Cucamonga 
Creek 403 to 5,150 1474.7 5.7 to 24.5 12 80% 4.8 to 62 17.9 60% 
* storm sizes ranged from 0.4" to 0.59" 



 

 

Memorandum 
 
To: Santa Ana Stormwater Quality Standards Task Force 
 
From: CDM Smith 
 
Date: October 3, 2013 
 
Subject: Land Use Adjacent to UAA Reaches 

This technical memorandum summarizes land use information as part of technical support 
to the Use Attainability Analysis (UAA) process. Available land use information was used to 
estimate the linear distance of different land use types immediately adjacent to each of the 
following UAA Reaches: 

• Temescal Creek - Reach 1a 
• Temescal Creek - Reach 1b 
• Cucamonga Creek - Reach 1 
• Greenville Banning Channel - Reach 1 
• Santa Ana Delhi - Reach 1 
• Santa Ana Delhi - Reach 2 

The land use information referenced in this analysis was acquired in GIS format from the 
Department of Research and Analysis at the Southern California Association of 
Governments, last updated in 2008. The upper and lower extent used for each reach are 
described below. 

Temescal Creek  

Reach 1a extends from Lincoln Avenue upstream to the confluence with Arlington Channel. 
Reach 1b extends from the confluence with Arlington Channel upstream to approximately 
1,400 feet upstream of Magnolia Avenue. 

Cucamonga Creek 

The Basin Plan defines the downstream boundary of Reach 1 as the confluence with Mill 
Creek near Hellman Avenue (Figure CC-2).  The upstream boundary of Reach 1 is marked 
by the Cucamonga Canyon Dam located near 23rd Street in the City of Upland. 
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Greenville Banning Channel 

The upper segment, called Reach 1, begins at the inflatable diversion dam and ends where 
California Street crosses the channel. 

Santa Ana Delhi Channel 

The downstream boundary of Reach 1 is the upper boundary of the Tidal Prism, located 
1,036 ft. upstream of the bicycle bridge at the terminus of University Drive in the City of 
Newport Beach. The bicycle bridge is at the boundary of the Upper Newport Bay Ecological 
Reserve. Reach 1 extends to immediately upstream of the intersection of Sunflower Avenue 
and Flower Street in the City of Santa Ana. Reach 2 stretches from the intersection of 
Sunflower Avenue and Flower Street to Warner Avenue. 

The linear distance of land use types adjacent to each reach was totaled (both sides of each 
channel) and summarized in the following tables.  

 

Temescal Creek - Reach 1a 

Land Use Linear Feet % of Channel Length 

Commercial, Institutional, Industrial, Mixed 18,727 100% 
Parks and Recreation 0 0% 
Residential 0 0% 
TOTAL 18,727 100% 

   Temescal Creek - Reach 1b 

Land Use Linear Feet % of Channel Length 

Commercial, Institutional, Industrial, Mixed 17,372 >99% 
Parks and Recreation 0 0% 
Residential 52 <1% 
TOTAL 17,424 100% 

   Cucamonga Creek - Reach 1 

Land Use Linear Feet % of Channel Length 

Agriculture 25,157 59% 
Commercial, Institutional, Industrial, Mixed 12,666 30% 
Parks and Recreation 0 0% 
Residential 4,842 11% 
TOTAL 42,665 100% 
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Greenville Banning Channel - Reach 1 

Land Use Linear Feet % of Channel Length 

Santa Ana River Channel 9,681 45% 
Parks and Recreation 4,644 22% 
Residential 7,000 33% 
TOTAL 21,325 100% 

   Santa Ana Delhi - Reach 1 

Land Use Linear Feet % of Channel Length 

Commercial, Institutional, Industrial, Mixed 20,180 54% 
Parks and Recreation 8,217 22% 
Residential 8,865 24% 
TOTAL 37,262 100% 

   Santa Ana Delhi - Reach 2 

Land Use Linear Feet % of Channel Length 

Commercial, Institutional, Industrial, Mixed 14,930 77% 
Parks and Recreation 0 0% 
Residential 4,364 23% 
TOTAL 19,294 100% 
 

 

 



 
 

Technical Memorandum 
 
To: Stormwater Quality Standards Task Force - SAWPA 
 
From: CDM Smith 
 
Date: October 13, 2013 
 
Subject: Calculation of Anti-degradation Targets for REC2 Only Freshwaters 

The purpose of this memorandum is to present antidegradation analysis calculation methods for 
bacteria during dry weather flows in waterbodies proposed to be re-designated as REC2 in the Santa 
Ana Basin Plan Amendment. These waterbodies are Mill-Cucamonga Creek, Temescal Creek, Santa 
Ana Delhi Channel, and Greenville-Banning Channel. This memo supplements calculations 
provided in a previous technical memorandum (Calculation of Antidegradation Targets for REC2 
Only Freshwaters - April 24, 2012) that contains additional background information and the raw 
data. Analysis via three methods was performed, each of which can be used to estimate an anti-
degradation target for ambient water quality in streams. The calculations for Method 1 and Method 
2 are based on guidelines provided in EPA’s Technical Support Document for Water Quality Based 
Toxics Control (1991)i. Method 1 may be found in Appendix E of the Technical Support Document, 
and Method 2 within Box 3-2 in Section 3. Method 3 may be found in EPA’s Data Quality 
Assessment: Statistical Methods for Practitioners (2006)ii, in Section 3.2.1.5. Each method is 
described below. 

Method 1 - Percentiles of Log-Normal Distribution 

For waterbodies with larger data sets (n>20), it may be appropriate to fit the existing dataset to a 
log-normal distribution. Most pollutant data, especially bacteria concentration data, are commonly 
found to most closely fit a log-normal distribution. Fitting the data to a distribution characterizes 
the full range of potential bacteria concentrations. The standard deviation of the log-transformed 
data is used to estimate deviations from the mean for a target frequency of occurrence. Estimating a 
bacteria concentration for a targeted percentile (Cp) from a fitted distribution involves use of a z-
score for a standard normal distribution (z=1.645 for 95th percentile; z=2.326 for 99th percentile). 
The value is then equal to the exponentiation of the log-mean (𝑦�) plus the deviation from the log-
mean (𝑧𝑝𝜎), as follows:  

𝐶𝑝 =  𝑒  �𝑦� + 𝑧𝑝𝜎� 

i  EPA, 1991. Technical Support Document for Water Quality Based Toxics Control, EPA/505/2-90-001, Office of Water, March 1991.  
ii EPA, 2006. Data Quality Assessment: Statistical Methods for Practitioners, EPA/240/B-06/003, Office of Environmental Information, February 
2006. 
 



Method 2 - Reasonable Potential Multiplying Factor 

This method calculates a maximum expected single sample bacteria concentration. This is 
accomplished by multiplying the maximum value in a data set by a factor. The factor is based on 
the assumption that concentrations would be log-normally distributed, and therefore uses the log-
mean and log standard deviation to estimate the reasonable potential multiplying factor. EPA 
developed matrices of factors for varying coefficients of variation and sample sizes, so that the 
estimated maximum concentration would equal the upper bound of the expected lognormal 
distribution at a target confidence level (Technical Support Document for Water Quality Based 
Toxics Control (1991) Table 3-1 and 3-2). 

Method 3 – Land’s Method for Confidence Limits for a Mean 

This method involves setting an anti-degradation target using the geomean of subsets of samples 
from all data. Future monitoring data may have a different average than historical data simply as a 
result of the natural variability of bacteria concentrations and the small sample size in the initial 
years of a monitoring program. Using confidence limits around the mean estimates the variability 
of the mean of a dataset when subjected to changing sample size. One approach to estimating 
confidence limits for a mean would be to evaluate the distribution of means from numerous 
(~10,000) random subsamples of the historical dataset. According to the central limit theorem, the 
mean of future bacteria data would tend to approach the mean of historical data with increasing 
number of observations, if conditions remain the same.   

Land’s Method provides a parametric statistical method to estimate the confidence interval of the 
mean (y) of a dataset that is assumed to be log-normally distributed. The upper confidence limit 
(UCL) for the mean of a data set can be estimated as a function of the standard deviation (σ) and a 
factor (H1-α), as follows: 

𝑦�𝑈𝐶𝐿 =  𝑒
 � 𝑦� + �𝜎

2
2� � + �𝐻1−∝𝜎
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Values for H for determining the one-sided confidence limit (H1-α) provided for α=0.05 are 
provided in Table A-17 of EPA Data Quality Assessment: Statistical Methods for Practitioners. This 
table involves a matrix of both standard deviation and number of samples in the dataset, with the 
highest H values for the smallest sample size and largest standard deviation.  

  



Table 1 presents the results of the analysis methods. 

Table 1 Analysis of Existing Water Quality Data*  

Parameter 
Fecal Coliform E. coli 

Mill-Cucamonga Temescal 1 Delhi 2 Mill-Cucamonga Temescal Delhi 

 Dry Weather3             

n  229 12 503 168 108 56 

Geomean (cfu/100 mL)  434 3,259 854 218 192 411 

75rd Percentile of Data (cfu/100 mL)  2,000 8,750 2,300 805 300 1,160 

90th Percentile of Data (cfu/100 mL)  5,410 10,200 11,902 2,960 832 2,430 

95th Percentile of Data (cfu/100 mL)  10,650 13,100 17,000 5,140 1,352 4,523 

Maximum value (cfu/100 mL)  50,000 16,000 241,920 23,000 9,200 12,590 

 Anti-Degradation Objective  
      

Method 1 (cfu/100 mL) - 75th Percentile  1,817 7,915 2,634 871 359 1,104 

 Method 1 (cfu/100 mL) - 95th Percentile  14,230 28,333 13,282 6,362 886 4,557 

 Method 2 (cfu/100 mL)  90,000 22,400 314,496 41,400 11,960 16,367 

 Method 3 (cfu/100 mL) - 95% UCL for Geomean   6,645 29,763 4,293 2,873 357 2,121 
   
* Raw data contained within CDM Smith technical memo - Calculation of Anti-degradation Targets for REC2 Only Freshwaters (April 24, 2012) 
1) Outlier samples collected from Temescal Creek on 9/8/2007 were removed (Max Fecal Coliform = 1,800,000; Max E. coli = 410,000) 
2) All samples values include historical records when no flow data was available to determine hydrologic condition, these samples are not 
included in dry weather calculations 
3) Dry weather is determined by daily flow <60 cfs at Mill-Cucamonga, <25 cfs at Temescal, and <5 cfs at Delhi 

 
The following provides a brief explanation of each calculated value in the table: 

 n – The total number of samples in the dataset.  
 
 Geomean – The central tendency of the dataset, determined by multiplying the series of 

sample values together then taking the “nth” root of the product, where n is the number of 
samples in the dataset. 

 
 75th Percentile of Data (cfu/100 mL) - The sample value that is greater than or equal to 75% 

of all the sample values. 
 
 90th Percentile of Data (cfu/100 mL) - The sample value that is greater than or equal to 90% 

of all the sample values. 
 
 95th Percentile of Data (cfu/100 mL) - The sample value that is greater than or equal to 95% 

of all the sample values. 
 

 Maximum value (cfu/100 mL) – The maximum, or single highest value in the dataset. 



 
 Method 1 (cfu/100 mL) - 75th Percentile. This is the 75th percentile from a log-normal 

distribution fitted to historical data (Method 1 above).  
 

 Method 1 (cfu/100 mL) - 95th Percentile. This is the 95th percentile from a log-normal 
distribution fitted to historical data (Method 1 above).  
 

 Method 2 (cfu/100 mL) – This method takes the maximum historical concentration and uses 
variability in historical data to estimate how much higher a future maximum concentration 
could be without suggesting there is some cause beyond natural variability (Method 2 
above).  
 

 Method 3 (cfu/100 mL) - 95% UCL for Geomean –The value is determined based on Land’s 
Method, which involves a statistical analysis of variability for the geomean of subsets of 
samples from all data. 
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Mill-Cucamonga Temescal 1 Delhi 2 Mill-Cucamonga Temescal Delhi Delhi Greenville-Banning
All Samples

n 307               19                 921               308                 119         63           65 116
Geomean (cfu/100mL) 489               1,276           1,028           351                 198         448        439      44                          
95% UCL for Geomean (cfu/100mL) 8,629           30,909         6,560           4,373              370         2,391     2,993   256                       
95th Percentile of Data (cfu/100mL) 15,400         10,780         24,192         6,710              1,244     4,871     8,080   693                       
Maximum value (cfu/100mL) 50,000         16,000         241,920       160,000         9,200     12,590   28,600 22,000                  
Anti-Degredation Objective

Method 1 (cfu/100mL) - 75th Percentile 2,157           4,297           3,534           1,414              374         1,231     1,320   133                       
Method 1 (cfu/100mL) - 95th Percentile 18,208         24,609         20,827         10,492           933         5,269     6,414   654                       
Method 2 (cfu/100mL) 90,000         25,600         387,072       288,000         11,960   16,367   

Dry Weather
n 229               12                 503               168                 108         56           
Geomean (cfu/100mL) 434               3,259           854               218                 192         411        
95% UCL for Geomean (cfu/100mL) 6,645           29,763         4,293           2,873              357         2,121     
75th Percentile of Data (cfu/100mL) 2,000           8,750           2,300           805                 300         1,160     
90th Percentile of Data (cfu/100mL) 5,410           10,200         11,902         2,960              832         2,430     
95th Percentile of Data (cfu/100mL) 10,650         13,100         17,000         5,140              1,352     4,523     
Maximum value (cfu/100mL) 50,000         16,000         241,920       23,000           9,200     12,590   
Anti-Degredation Objective

Method 1 (cfu/100mL) - 75th Percentile 1,817           7,915           2,634           871                 359         1,104     
Method 1 (cfu/100mL) - 95th Percentile 14,230         28,333         13,282         6,362              886         4,557     
Method 2 (cfu/100mL) 90,000         22,400         314,496       41,400           11,960   16,367   

Wet Weather 3

n 78                 7                   65                 78                   11           7             
Geomean (cfu/100mL) 694               256               1,317           452                 267         878        
95% UCL for Geomean (cfu/100mL) 34,171         7,106           11,883         1,819              1,372     264,499 
95th Percentile of Data (cfu/100mL) 23,200         2,818           19,704         3,160              1,220     4,723     
Maximum value (cfu/100mL) 50,000         3,600           25,000         5,800              1,220     4,950     
Anti-Degredation Objective

Method 1 (cfu/100mL) - 75th Percentile 3,487           627               4,249           1,355              546         2,844     
Method 1 (cfu/100mL) - 95th Percentile 35,497         2,275           22,871         3,906              1,530     15,387   
Method 2 (cfu/100mL) 90,000         12,960         32,500         10,440           1,830     17,820   

1) Outlier samples collected from Temescal Creek on 9/8/2007 were removed (Max Fecal Coliform = 1,800,000; Max E. coli = 410,000)

E. Coli (mpn/100 mL) Geomean  BAV (75th %) STV (90th %)

REC1 Objective 126 206 410

REC1 x 10 (current REC2 method) 1,260 2,060 4,100

Mill-Cucamonga (Dry; n=229) 218 805 2,960

Temescal Creek (Dry; n=108) 192 300 832

Santa Ana Delhi Channel (Dry; n=56) 411 1,160 2,430

Enterococcus

2) All samples values include historical records when no flow data was available to determine hydrologic condition, these samples are not included in dry only or wet only 
calculations

Table 1 Analysis of Existing Water Quality Data

3) Wet weather is determined by daily flow is >60 cfs at Mill-Cucamonga, >25 cfs at Temescal, and >5 cfs at Delhi

Fecal Coliform E. coli
Parameter



Date Site Source
 Flow 
(cfs) 

 Fecal 
coliform 

(MPN/100ml) 

 LN of 
fecal 

coliform 

 E. coli 
(MPN/100ml

) 

 LN of 
E.coli 

2/5/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 43                                   10 2.30                                        10 2.30       
2/5/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 43                                   10 2.30                                        10 2.30       
2/5/2002 Cucamonga Creet at RP-1 43         6,600                    8.79               5,300                   8.58       
2/5/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 43                                 260 5.56                                        99 4.60       
2/5/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 43                                 190 5.25                                     120 4.79       
2/7/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 43                                   10 2.30                                        10 2.30       
2/7/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 43                                   10 2.30                                        10 2.30       
2/7/2002 Cucamonga Creet at RP-1 43         2,300                    7.74               5,600                   8.63       
2/7/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 43                              1,060 6.97                                     680 6.52       
2/7/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 43                              1,240 7.12                                     680 6.52       

2/13/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 47                                     9 2.20                                        10 2.30       
2/13/2002 Cucamonga Creet at RP-1 47         1,300                    7.17               2,500                   7.82       
2/13/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 47                                 410 6.02                                     180 5.19       
2/20/2002 Mill Creek at Chino Corona Road MSAR Data 43                                 490 6.19                                     720 6.58       
2/20/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 48                                   10 2.30                                        10 2.30       
2/20/2002 Cucamonga Creet at RP-1 48         7,100                    8.87               3,500                   8.16       
2/20/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 48                                 200 5.30                                        60 4.09       
2/27/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 39                                   10 2.30                                        10 2.30       
2/27/2002 Cucamonga Creet at RP-1 39         4,700                    8.46               3,200                   8.07       
2/27/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 39                                 120 4.79                                        70 4.25       
3/12/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 39                                   10 2.30                                        10 2.30       
3/12/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 39                                   10 2.30                                        10 2.30       
3/12/2002 Cucamonga Creet at RP-1 39         2,500                    7.82               880                      6.78       
3/12/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 39                              2,100 7.65                                        90 4.50       
3/12/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 39                                 160 5.08                                        90 4.50       
3/14/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 45                                   10 2.30                                        10 2.30       
3/14/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 45                                   10 2.30                                        10 2.30       
3/14/2002 Cucamonga Creet at RP-1 45         3,100                    8.04               2,000                   7.60       
3/14/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 45                                 140 4.94                                        50 3.91       
3/14/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 45                                 110 4.70                                     100 4.61       
3/20/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 42                                   10 2.30                                        10 2.30       
3/20/2002 Cucamonga Creet at RP-1 42         3,900                    8.27               4,800                   8.48       
3/20/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 42                                 120 4.79                                     100 4.61       
3/27/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 41                                   10 2.30                                        10 2.30       
3/27/2002 Cucamonga Creet at RP-1 41         2,400                    7.78               1,000                   6.91       
3/27/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 41                                 140 4.94                                        60 4.09       
4/3/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 46                                   10 2.30                                        10 2.30       
4/3/2002 Cucamonga Creet at RP-1 46         6,000                    8.70               4,300                   8.37       
4/3/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 46                                 170 5.14                                        80 4.38       

7/10/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 44                                   40 3.69                                        50 3.91       
7/10/2002 Cucamonga Creet at RP-1 44         4,500                    8.41               570                      6.35       
7/10/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 44                              1,800 7.50                                     910 6.81       
7/17/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 39                                   60 4.09                                        30 3.40       
7/17/2002 Cucamonga Creet at RP-1 39         19,000                  9.85               5,200                   8.56       
7/17/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 39                              2,000 7.60                                     410 6.02       
7/24/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 39                                   10 2.30                                        40 3.69       
7/24/2002 Cucamonga Creet at RP-1 39         50,000                  10.82             23,000                 10.04     
7/24/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 39                              1,000 6.91                                     250 5.52       
7/31/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 50                                   20 3.00                                        10 2.30       
7/31/2002 Cucamonga Creet at RP-1 50         16,000                  9.68               3,700                   8.22       
7/31/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 50                                 800 6.68                                     330 5.80       
8/7/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 44                                   20 3.00                                        50 3.91       
8/7/2002 Cucamonga Creet at RP-1 44         30,000                  10.31             8,700                   9.07       
8/7/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 44                              1,000 6.91                                     500 6.21       

9/11/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 39                                   30 3.40                                          9 2.20       
9/11/2002 Cucamonga Creet at RP-1 39         10,000                  9.21               600                      6.40       
9/11/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 39                              1,600 7.38                                     470 6.15       
9/18/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 51                                   20 3.00                                        10 2.30       
9/18/2002 Cucamonga Creet at RP-1 51         4,800                    8.48               800                      6.68       
9/18/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 51                              1,000 6.91                                     400 5.99       
9/25/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 52                                     9 2.20                                        10 2.30       
9/25/2002 Cucamonga Creet at RP-1 52         13,000                  9.47               1,970                   7.59       
9/25/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 52                              1,800 7.50                                     640 6.46       



10/2/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 41                                   50 3.91                                        50 3.91       
10/2/2002 Cucamonga Creet at RP-1 41         11,000                  9.31               4,000                   8.29       
10/2/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 41                              2,000 7.60                                     410 6.02       
10/9/2002 Cucamonga Creek at Merrill Regional Water Qualty Control Board 52                                   10 2.30                                        10 2.30       
10/9/2002 Cucamonga Creet at RP-1 52         9,000                    9.10               2,700                   7.90       
10/9/2002 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 52                                 700 6.55                                     210 5.35       
1/8/2003 Cucamonga Creek at Merrill Regional Water Qualty Control Board 44                                     9 2.20                                          9 2.20       
1/8/2003 Cucamonga Creet at RP-1 44         20,000                  9.90               11,000                 9.31       
1/8/2003 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 44                                 510 6.23                                     530 6.27       

1/15/2003 Cucamonga Creek at Merrill Regional Water Qualty Control Board 55                                     9 2.20                                          9 2.20       
1/15/2003 Cucamonga Creet at RP-1 55         16,000                  9.68               2,700                   7.90       
1/15/2003 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 55                                 400 5.99                                     190 5.25       
1/22/2003 Cucamonga Creek at Merrill Regional Water Qualty Control Board 55                                   10 2.30                                        10 2.30       
1/22/2003 Cucamonga Creet at RP-1 55         13,000                  9.47               3,300                   8.10       
1/22/2003 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 55                                 570 6.35                                     280 5.63       
1/29/2003 Cucamonga Creek at Merrill Regional Water Qualty Control Board 54                                   10 2.30                                        30 3.40       
1/29/2003 Cucamonga Creet at RP-1 54         2,200                    7.70               700                      6.55       
1/29/2003 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 54                                 420 6.04                                     330 5.80       
2/5/2003 Cucamonga Creek at Merrill Regional Water Qualty Control Board 42                                   10 2.30                                        10 2.30       
2/5/2003 Cucamonga Creet at RP-1 42         1,200                    7.09               1,000                   6.91       
2/5/2003 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 42                                 240 5.48                                     260 5.56       

3/19/2003 Cucamonga Creek at Merrill Regional Water Qualty Control Board 56                                   20 3.00                                        10 2.30       
3/19/2003 Cucamonga Creet at RP-1 56         700                       6.55               260                      5.56       
3/19/2003 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 56                              9,000 9.10                                     510 6.23       
4/2/2003 Cucamonga Creek at Merrill Regional Water Qualty Control Board 50                                   10 2.30                                        20 3.00       
4/2/2003 Cucamonga Creet at RP-1 50         70                         4.25               50                        3.91       
4/2/2003 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 50                            16,000 9.68                                        70 4.25       
2/4/2004 Cucamonga Creek at Merrill Regional Water Qualty Control Board 50                                     9 2.20                                          9 2.20       
2/4/2004 Cucamonga Creet at RP-1 50         2,800                    7.94               1,840                   7.52       
2/4/2004 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 50                                 360 5.89                                     210 5.35       

2/11/2004 Cucamonga Creek at Merrill Regional Water Qualty Control Board 45                                     9 2.20                                          9 2.20       
2/11/2004 Cucamonga Creet at RP-1 45         930                       6.84               510                      6.23       
2/11/2004 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 45                                 220 5.39                                        40 3.69       
2/19/2004 Cucamonga Creek at Hellman San Bernardino CFCD 48         14,000                  9.55               5,000                   8.52       
3/10/2004 Cucamonga Creek at Merrill Regional Water Qualty Control Board 52                                     9 2.20                                          9 2.20       
3/10/2004 Cucamonga Creet at RP-1 52         9                            2.20               9                          2.20       
3/10/2004 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 52                                 120 4.79                                        40 3.69       
3/17/2004 Cucamonga Creek at Merrill Regional Water Qualty Control Board 47                                     9 2.20                                          9 2.20       
3/17/2004 Cucamonga Creet at RP-1 47         300                       5.70               300                      5.70       
3/17/2004 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 47                                     9 2.20                                          9 2.20       
3/24/2004 Cucamonga Creet at RP-1 47         230                       5.44               250                      5.52       
3/24/2004 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 47                                 130 4.87                                        60 4.09       
3/31/2004 Cucamonga Creek at Merrill Regional Water Qualty Control Board 42                                     9 2.20                                          9 2.20       
3/31/2004 Cucamonga Creet at RP-1 42         700                       6.55               270                      5.60       
3/31/2004 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 42                                 180 5.19                                     140 4.94       
4/7/2004 Mill Creek at Chino Corona Road MSAR Data 42                            18,000 9.80                                  2,800 7.94       
4/7/2004 Cucamonga Creek at Merrill Regional Water Qualty Control Board 47                                     9 2.20                                          9 2.20       
4/7/2004 Cucamonga Creet at RP-1 47         400                       5.99               9                          2.20       
4/7/2004 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 47                                 340 5.83                                        60 4.09       

4/14/2004 Cucamonga Creek at Merrill Regional Water Qualty Control Board 47                                     9 2.20                                          9 2.20       
4/14/2004 Cucamonga Creet at RP-1 47         310                       5.74               180                      5.19       
4/14/2004 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 47                                 300 5.70                                     110 4.70       
12/17/2006 Cucamonga Creek at Hellman San Bernardino CFCD 58         800                       6.68               800                      6.68       
2/12/2007 Cucamonga Creek at Hellman San Bernardino CFCD 54         700                       6.55               200                      5.30       
7/14/2007 Mill Creek at Chino Corona Road MSAR Data 31                              5,200 8.56                                  2,000 7.60       
7/21/2007 Mill Creek at Chino Corona Road MSAR Data 45                              2,600 7.86                                  1,000 6.91       
7/28/2007 Mill Creek at Chino Corona Road MSAR Data 50                              9,000 9.10                                  5,700 8.65       
8/4/2007 Mill Creek at Chino Corona Road MSAR Data 34                              1,600 7.38                                  1,170 7.06       

8/11/2007 Mill Creek at Chino Corona Road MSAR Data 39                              2,700 7.90                                  1,150 7.05       
8/18/2007 Mill Creek at Chino Corona Road MSAR Data 38                              2,200 7.70                                     720 6.58       
8/25/2007 Mill Creek at Chino Corona Road MSAR Data 37                              2,800 7.94                                     750 6.62       
9/1/2007 Mill Creek at Chino Corona Road MSAR Data 42                              1,300 7.17                                     780 6.66       
9/8/2007 Mill Creek at Chino Corona Road MSAR Data 35                              1,500 7.31                                     550 6.31       

9/15/2007 Mill Creek at Chino Corona Road MSAR Data 39                              2,300 7.74                                  1,150 7.05       
9/22/2007 Mill Creek at Chino Corona Road MSAR Data 40                                 850 6.75                                     660 6.49       
9/29/2007 Mill Creek at Chino Corona Road MSAR Data 41                              4,200 8.34                                     700 6.55       
10/6/2007 Mill Creek at Chino Corona Road MSAR Data 42                              1,700 7.44                                     730 6.59       



10/13/2007 Mill Creek at Chino Corona Road MSAR Data 42                                 280 5.63                                     380 5.94       
10/20/2007 Mill Creek at Chino Corona Road MSAR Data 40                              2,400 7.78                                     910 6.81       
10/27/2007 Mill Creek at Chino Corona Road MSAR Data 40                                 450 6.11                                     500 6.21       
12/10/2007 Mill Creek at Chino Corona Road MSAR Data 52                                 200 5.30                                     130 4.87       
12/11/2007 Mill Creek at Chino Corona Road MSAR Data 56                                 170 5.14                                     120 4.79       
12/22/2007 Mill Creek at Chino Corona Road MSAR Data 59                                 730 6.59                                  1,500 7.31       
12/29/2007 Mill Creek at Chino Corona Road MSAR Data 55                                 170 5.14                                     150 5.01       
1/12/2008 Mill Creek at Chino Corona Road MSAR Data 58                                 480 6.17                                     360 5.89       
1/19/2008 Mill Creek at Chino Corona Road MSAR Data 53                                 180 5.19                                     100 4.61       
2/16/2008 Mill Creek at Chino Corona Road MSAR Data 52                                   70 4.25                                     110 4.70       
2/23/2008 Mill Creek at Chino Corona Road MSAR Data 48                              7,700 8.95                                  5,200 8.56       
5/17/2008 Mill Creek at Chino Corona Road MSAR Data 28                              1,000 6.91                                  1,260 7.14       
5/24/2008 Mill Creek at Chino Corona Road MSAR Data 33                                 540 6.29                                     590 6.38       
5/31/2008 Mill Creek at Chino Corona Road MSAR Data 22                              3,500 8.16                                     700 6.55       
6/7/2008 Mill Creek at Chino Corona Road MSAR Data 23                                 380 5.94                                     730 6.59       
6/7/2008 Mill Creek at Chino Corona Road MSAR Data 28                              3,000 8.01                                  1,180 7.07       

6/14/2008 Mill Creek at Chino Corona Road MSAR Data 28                                 380 5.94                                     390 5.97       
6/14/2008 Mill Creek at Chino Corona Road MSAR Data 37                              1,140 7.04                                  1,030 6.94       
6/21/2008 Mill Creek at Chino Corona Road MSAR Data 26                              1,400 7.24                                  1,240 7.12       
6/28/2008 Mill Creek at Chino Corona Road MSAR Data 27                                 530 6.27                                     640 6.46       
6/28/2008 Mill Creek at Chino Corona Road MSAR Data 38                              1,400 7.24                                     810 6.70       
7/5/2008 Mill Creek at Chino Corona Road MSAR Data 19                              1,300 7.17                                     620 6.43       

7/12/2008 Mill Creek at Chino Corona Road MSAR Data 40                              5,900 8.68                                  8,700 9.07       
7/19/2008 Mill Creek at Chino Corona Road MSAR Data 25                              3,400 8.13                                  1,100 7.00       
9/6/2008 Mill Creek at Chino Corona Road MSAR Data 28                              1,600 7.38                                     790 6.67       

12/13/2008 Mill Creek at Chino Corona Road MSAR Data 48                                 900 6.80                                     970 6.88       
12/19/2008 Mill Creek at Chino Corona Road MSAR Data 58                                 140 4.94                                     590 6.38       
12/26/2008 Mill Creek at Chino Corona Road MSAR Data 49                                 380 5.94                                     390 5.97       
12/27/2008 Mill Creek at Chino Corona Road MSAR Data 53                                 200 5.30                                     210 5.35       

1/7/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 38         530                       6.27               640                      6.46       
1/14/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 17         380                       5.94               390                      5.97       
1/21/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 45         850                       6.75               660                      6.49       
1/28/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 34         380                       5.94               390                      5.97       
2/4/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 23         390                       5.97               580                      6.36       

2/11/2009 Mill Creek at Chino Corona Road MSAR Data 35                                   40 3.69                                     140 4.94       
2/18/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 58         450                       6.11               500                      6.21       
5/27/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 35         150                       5.01               320                      5.77       
6/2/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 24         210                       5.35               490                      6.19       
6/9/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 18         540                       6.29               620                      6.43       

6/16/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 8           480                       6.17               830                      6.72       
6/23/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 21         290                       5.67               330                      5.80       
6/30/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 20         350                       5.86               410                      6.02       
7/7/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 9           300                       5.70               570                      6.35       

7/14/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 14         220                       5.39               370                      5.91       
7/21/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 7           280                       5.63               520                      6.25       
7/28/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 12         1,500                    7.31               2,300                   7.74       
8/4/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 14         280                       5.63               540                      6.29       

8/11/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 18         560                       6.33               982                      6.89       
8/18/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 13         271                       5.60               620                      6.43       
8/25/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 9           4,300                    8.37               4,600                   8.43       
9/1/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 5           500                       6.21               1,350                   7.21       
9/8/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 13         450                       6.11               950                      6.86       

9/15/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 27         3,000                    8.01               2,900                   7.97       
9/22/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 25         840                       6.73               700                      6.55       
9/29/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 24         850                       6.75               690                      6.54       
10/6/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 7           580                       6.36               620                      6.43       

10/13/2009 Mill Creek at Chino Corona Road MSAR Data 25                              1,700 7.44                                     420 6.04       
10/16/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 18         4,500                    8.41               2,200                   7.70       
10/17/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 28         430                       6.06               850                      6.75       
10/18/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 32         2,200                    7.70               820                      6.71       
12/29/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 42         30                         3.40               130                      4.87       

1/5/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 31         450                       6.11               550                      6.31       
1/12/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 29         2,400                    7.78               2,300                   7.74       
1/19/2010 Mill Creek at Chino Corona Road MSAR Data 31                                 590 6.38                                     540 6.29       
2/2/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 57         60                         4.09               80                        4.38       

5/18/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 23         1,100                    7.00               1,200                   7.09       
5/25/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 12         260                       5.56               880                      6.78       



6/1/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 11         410                       6.02               420                      6.04       
6/8/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 13         1,250                    7.13               1,000                   6.91       

6/15/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 6           1,300                    7.17               870                      6.77       
6/22/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 6           540                       6.29               1,100                   7.00       
6/29/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 3           710                       6.57               850                      6.75       
7/7/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 5           520                       6.25               760                      6.63       

7/13/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 10         3,700                    8.22               890                      6.79       
7/20/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 7           1,200                    7.09               580                      6.36       
7/27/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 3           2,900                    7.97               1,800                   7.50       
8/3/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 3           7,100                    8.87               5,800                   8.67       

8/10/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 18         830                       6.72               1,130                   7.03       
8/17/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 23         3,200                    8.07               2,900                   7.97       
8/24/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 6           4,800                    8.48               3,500                   8.16       
8/31/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 12         7,000                    8.85               3,700                   8.22       
9/7/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 15         1,400                    7.24               1,400                   7.24       

9/14/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 13         1,060                    6.97               1,170                   7.06       
9/21/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 14         1,500                    7.31               1,250                   7.13       
9/28/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 19         880                       6.78               1,450                   7.28       

11/22/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 42         340                       5.83               310                      5.74       
11/23/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 44         570                       6.35               250                      5.52       
11/24/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 43         1,900                    7.55               590                      6.38       
12/28/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 46         30                         3.40               40                        3.69       

1/4/2011 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 46         100                       4.61               180                      5.19       
1/25/2011 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 36         480                       6.17               580                      6.36       
2/1/2011 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 23         240                       5.48               220                      5.39       
2/8/2011 Mill Creek at Chino Corona Road MSAR Data 37                                 420 6.04                                     340 5.83       
2/8/2011 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 14         350                       5.86               470                      6.15       

2/15/2011 Mill Creek at Chino Corona Road MSAR Data 24                              3,800 8.24                                     440 6.09       
2/22/2011 Mill Creek at Chino Corona Road MSAR Data 37                              2,800 7.94                                  2,100 7.65       
2/15/2011 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 33         410                       6.02               570                      6.35       
2/22/2011 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 53         180                       5.19               190                      5.25       
3/1/2011 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 25         80                         4.38               250                      5.52       

3/12/2003 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 60                                 310 5.74                                        90 4.50       
3/12/2003 Cucamonga Creek at Merrill Regional Water Qualty Control Board 60                                   10 2.30                                        10 2.30       
3/12/2003 Cucamonga Creet at RP-1 60         220                       5.39               10                        2.30       
12/9/2007 Mill Creek at Chino Corona Road MSAR Data 60                                 790 6.67                                     520 6.25       
1/14/2004 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 61                                 270 5.60                                     240 5.48       
1/14/2004 Cucamonga Creek at Merrill Regional Water Qualty Control Board 61                                     9 2.20                                        20 3.00       
1/14/2004 Cucamonga Creet at RP-1 61         3,500                    8.16               2,700                   7.90       
3/26/2003 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 62                                   30 3.40                                        10 2.30       
3/26/2003 Cucamonga Creek at Merrill Regional Water Qualty Control Board 62                                   10 2.30                                        10 2.30       
3/26/2003 Cucamonga Creet at RP-1 62         10                         2.30               10                        2.30       
2/9/2008 Mill Creek at Chino Corona Road MSAR Data 62                                 160 5.08                                        50 3.91       
2/16/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 62         40                         3.69               80                        4.38       
1/21/2004 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 63                              5,700 8.65                                  2,600 7.86       
1/21/2004 Cucamonga Creek at Merrill Regional Water Qualty Control Board 63                                     9 2.20                                          9 2.20       
1/21/2004 Cucamonga Creet at RP-1 63         9,300                    9.14               3,100                   8.04       
1/28/2004 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 63                                 100 4.61                                        40 3.69       
1/28/2004 Cucamonga Creek at Merrill Regional Water Qualty Control Board 63                                     9 2.20                                          9 2.20       
1/28/2004 Cucamonga Creet at RP-1 63         470                       6.15               200                      5.30       
2/4/2004 Mill Creek at Chino Corona Road MSAR Data 64                                 180 5.19                                     270 5.60       

9/22/2007 Mill Creek at Chino Corona Road MSAR Data 64                              1,500 7.31                                     760 6.63       
1/7/2004 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 65                                 110 4.70                                     140 4.94       
1/7/2004 Cucamonga Creek at Merrill Regional Water Qualty Control Board 65                                     9 2.20                                          9 2.20       
1/7/2004 Cucamonga Creet at RP-1 65         1,500                    7.31               1,010                   6.92       
3/2/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 65         12,000                  9.39               1,700                   7.44       
3/3/2004 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 66                                 450 6.11                                     440 6.09       
3/3/2004 Cucamonga Creek at Merrill Regional Water Qualty Control Board 66                                     9 2.20                                        30 3.40       
3/3/2004 Cucamonga Creet at RP-1 66         320                       5.77               410                      6.02       
4/9/2003 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 67                                 400 5.99                                     210 5.35       
4/9/2003 Cucamonga Creek at Merrill Regional Water Qualty Control Board 67                                   10 2.30                                        10 2.30       
4/9/2003 Cucamonga Creet at RP-1 67         380                       5.94               320                      5.77       

11/13/2001 Cucamonga Creek at Hellman San Bernardino CFCD 69         23,000                  10.04             23,000                 10.04     
11/25/2001 Cucamonga Creek at Hellman San Bernardino CFCD 69         22,000                  10.00             17,000                 9.74       
1/31/2007 Cucamonga Creek at Hellman San Bernardino CFCD 69         400                       5.99               400                      5.99       



2/2/2008 Mill Creek at Chino Corona Road MSAR Data 70                                 340 5.83                                     360 5.89       
2/23/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 73         210                       5.35               240                      5.48       

12/22/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 76         4,200                    8.34               2,900                   7.97       
2/23/2007 Cucamonga Creek at Hellman San Bernardino CFCD 77         1,700                    7.44               1,700                   7.44       

10/26/2004 Cucamonga Creek at Hellman San Bernardino CFCD 82         16,000                  9.68               16,000                 9.68       
1/26/2008 Mill Creek at Chino Corona Road MSAR Data 91                                 230 5.44                                     200 5.30       

10/13/2007 Mill Creek at Chino Corona Road MSAR Data 99                                 480 6.17                                     500 6.21       
1/24/2001 Cucamonga Creek at Hellman San Bernardino CFCD 105       1,300                    7.17               340                      5.83       

12/18/2008 Mill Creek at Chino Corona Road MSAR Data 105                            5,900 8.68                                  4,200 8.34       
3/18/2002 Cucamonga Creek at Hellman San Bernardino CFCD 107       3,000                    8.01               5,000                   8.52       
2/23/2001 Cucamonga Creek at Hellman San Bernardino CFCD 122       2,300                    7.74               2,300                   7.74       
2/3/2004 Cucamonga Creek at Hellman San Bernardino CFCD 132       9,000                    9.10               160,000              11.98     

1/26/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 138       110                       4.70               9                          2.20       
2/17/2005 Cucamonga Creek at Hellman San Bernardino CFCD 139       8,000                    8.99               8,000                   8.99       

10/14/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 144       3,900                    8.27               4,400                   8.39       
2/25/2004 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 159                               230 5.44                                     140 4.94       
2/25/2004 Cucamonga Creet at RP-1 159       410                       6.02               300                      5.70       
2/22/2008 Cucamonga Creek at Hellman San Bernardino CFCD 169       8,000                    8.99               5,000                   8.52       
2/13/2009 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 171       280                       5.63               380                      5.94       
1/7/2008 Cucamonga Creek at Hellman San Bernardino CFCD 192       1,400                    7.24               400                      5.99       

1/28/2002 Cucamonga Creek at Hellman San Bernardino CFCD 227       1,100                    7.00               1,100                   7.00       
12/7/2007 Mill Creek at Chino Corona Road MSAR Data 247                          22,000 10.00                                5,000 8.52       
2/9/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 253       330                       5.80               360                      5.89       

2/18/2004 Mill Creek at Chino Corona Road Regional Water Qualty Control Board 274                               160 5.08                                        90 4.50       
2/18/2004 Cucamonga Creek at Merrill Regional Water Qualty Control Board 274                                   9 2.20                                          9 2.20       
2/18/2004 Cucamonga Creet at RP-1 274       1,230                    7.11               730                      6.59       
4/7/2001 Cucamonga Creek at Hellman San Bernardino CFCD 280       24,000                  10.09             24,000                 10.09     
3/29/2006 Cucamonga Creek at Hellman San Bernardino CFCD 295       8,000                    8.99               5,000                   8.52       

11/26/2008 Cucamonga Creek at Hellman San Bernardino CFCD 295       50,000                  10.82             13,000                 9.47       
12/17/2008 Mill Creek at Chino Corona Road MSAR Data 303                            1,700 7.44                                  1,400 7.24       

2/6/2009 Cucamonga Creek at Hellman San Bernardino CFCD 324       1,700                    7.44               1,700                   7.44       
11/20/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 337       7,400                    8.91               5,300                   8.58       
2/11/2003 Cucamonga Creek at Hellman San Bernardino CFCD 346       5,000                    8.52               5,000                   8.52       
2/18/2003 Mill Creek at Chino Corona Road MSAR Data 365                               390 5.97                                     580 6.36       
11/30/2007 Cucamonga Creek at Hellman San Bernardino CFCD 534       13,000                 9.47       
1/19/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 535       2,200                    7.70               2,100                   7.65       
3/22/2005 Cucamonga Creek at Hellman San Bernardino CFCD 578       3,000                    8.01               1,700                   7.44       
11/8/2002 Cucamonga Creek at Hellman San Bernardino CFCD 587       5,000                    8.52               5,000                   8.52       

12/28/2004 Cucamonga Creek at Hellman San Bernardino CFCD 603       8,000                    8.99               8,000                   8.99       
12/15/2008 Mill Creek at Chino Corona Road MSAR Data 792                            4,800 8.48                                  7,200 8.88       

4/5/2006 Cucamonga Creek at Hellman San Bernardino CFCD 815       30,000                  10.31             30,000                 10.31     
1/5/2008 Mill Creek at Chino Corona Road MSAR Data 1,310                            180 5.19                                     200 5.30       

12/21/2010 Mill Creek at Chino-Corona Rd MSAR Monitoring Data 1,500    3,900                    8.27               4,200                   8.34       
3/15/2003 Cucamonga Creek at Hellman San Bernardino CFCD 1,690    24,000                  10.09             24,000                 10.09     
1/11/2011 Mill Creek at Chino-Corona Rd MSAR Monitoring Data Eqp 110                       4.70               50                        3.91       
1/18/2011 Mill Creek at Chino-Corona Rd MSAR Monitoring Data Eqp 70                         4.25               150                      5.01       

2.06       



Date Site  Flow (cfs) 
 Fecal coliform 
(MPN/100ml) 

 LN of fecal 
coliform 

 E. coli 
(MPN/100ml) 

 LN of E.coli 

10/29/2002 Temescal Creek at Lincoln Ave 10                     100                       4.61             
10/29/2002 tem1 10                                             100 4.61             
10/29/2002 tem2 10                                             100 4.61             
10/29/2002 tem3 10                                             100 4.61             
11/24/2002 Temescal Creek at Lincoln Ave 13                     100                       4.61             
11/24/2002 tem2 13                                             100 4.61             
11/24/2002 tem3 13                                             100 4.61             
12/9/2002 tem1 13                                             100 4.61             
12/9/2002 tem2 13                                             100 4.61             
12/22/2002 Temescal Creek at Lincoln Ave 10                     410                       6.02             
12/22/2002 tem1 10                                             200 5.30             
12/22/2002 tem2 10                                             100 4.61             
12/22/2002 tem3 10                                             410 6.02             

1/4/2003 tem1 11                                             100 4.61             
1/5/2003 tem1 11                                             100 4.61             
1/6/2003 tem1 11                                             100 4.61             
1/6/2003 tem2 11                                             100 4.61             
1/6/2003 tem3 11                                             100 4.61             

1/23/2003 tem1 10                                             100 4.61             
1/23/2003 tem2 10                                             100 4.61             
1/23/2003 tem3 10                                             100 4.61             
2/5/2003 tem2 12                                             100 4.61             
2/5/2003 tem3 12                                             100 4.61             
2/20/2003 Temescal Creek at Lincoln Ave 20                     970                       6.88             
2/20/2003 tem1 20                                             100 4.61             
2/20/2003 tem2 20                                             100 4.61             
2/20/2003 tem3 20                                             970 6.88             
3/10/2003 Temescal Creek at Lincoln Ave 13                     200                       5.30             
3/10/2003 tem1 13                                             200 5.30             
3/10/2003 tem2 13                                             100 4.61             
3/10/2003 tem3 13                                             200 5.30             
3/24/2003 Temescal Creek at Lincoln Ave 15                     1,460                    7.29             
3/24/2003 tem1 15                                             100 4.61             
3/24/2003 tem2 15                                             100 4.61             
3/24/2003 tem3 15                                         1,460 7.29             
5/21/2003 Temescal Creek at Lincoln Ave 15                     100                       4.61             
5/21/2003 tem1 15                                             100 4.61             
5/21/2003 tem2 15                                             100 4.61             
5/21/2003 tem3 15                                             200 5.30             
6/19/2003 Temescal Creek at Lincoln Ave 3                       410                       6.02             
6/19/2003 tem1 3                                               100 4.61             
6/19/2003 tem2 3                                               100 4.61             
6/19/2003 tem3 3                                               520 6.25             
7/17/2003 Temescal Creek at Lincoln Ave 3                       520                       6.25             
7/17/2003 tem1 3                                               200 5.30             
7/17/2003 tem2 3                                               100 4.61             
7/17/2003 tem3 3                                               520 6.25             
8/13/2003 Temescal Creek at Lincoln Ave 16                     100                       4.61             
8/13/2003 tem1 16                                             100 4.61             
8/13/2003 tem2 16                                             100 4.61             
8/13/2003 tem3 16                                             100 4.61             
9/17/2003 Temescal Creek at Lincoln Ave 11                     200                       5.30             
9/17/2003 tem1 11                                             100 4.61             
9/17/2003 tem2 11                                             100 4.61             
9/17/2003 tem3 11                                             200 5.30             
10/8/2003 Temescal Creek at Lincoln Ave 14                     200                       5.30             
10/8/2003 tem1 14                                             100 4.61             
10/8/2003 tem2 14                                             100 4.61             
10/8/2003 tem3 14                                             200 5.30             
11/18/2003 Temescal Creek at Lincoln Ave 11                     100                       4.61             
11/18/2003 tem1 11                                             100 4.61             
11/18/2003 tem2 11                                             100 4.61             
11/18/2003 tem3 11                                             100 4.61             
12/9/2003 Temescal Creek at Lincoln Ave 10                     520                       6.25             
12/9/2003 tem1 10                                             100 4.61             
12/9/2003 tem2 10                                             200 5.30             
12/9/2003 tem3 10                                             520 6.25             
12/23/2003 Temescal Creek at Lincoln Ave 16                     200                       5.30             
12/23/2003 tem1 16                                             100 4.61             
12/23/2003 tem2 16                                             100 4.61             
12/23/2003 tem3 16                                             200 5.30             

1/5/2004 Temescal Creek at Lincoln Ave 13                     100                       4.61             
1/5/2004 tem2 13                                             100 4.61             
1/5/2004 tem3 13                                             100 4.61             

1/29/2004 tem2 10                                             100 4.61             
2/5/2004 Temescal Creek at Lincoln Ave 9                       200                       5.30             
2/5/2004 tem2 9                                               100 4.61             
2/5/2004 tem2 9                                               100 4.61             
2/5/2004 tem3 9                                               200 5.30             



3/4/2004 Temescal Creek at Lincoln Ave 23                     200                       5.30             
3/4/2004 tem1 23                                             100 4.61             
3/4/2004 tem2 23                                             100 4.61             
3/4/2004 tem3 23                                             200 5.30             

3/12/2004 tem2 8                                               100 4.61             
3/22/2004 Temescal Creek at Lincoln Ave 6                       1,480                    7.30             
3/22/2004 tem3 6                                           1,480 7.30             
4/11/2004 Temescal Creek at Lincoln Ave 7                       1,100                    7.00             
4/11/2004 tem1 7                                               100 4.61             
4/11/2004 tem2 7                                               100 4.61             
4/11/2004 tem3 7                                           1,100 7.00             
5/6/2004 tem1 6                                               100 4.61             
5/6/2004 tem2 6                                               310 5.74             
5/6/2004 tem2 6                                               100 4.61             
6/3/2004 tem1 7                                               100 4.61             
6/3/2004 tem2 7                                               200 5.30             
6/3/2004 tem3 7                                               310 5.74             

7/14/2007 Temescal Creek at Lincoln Ave 5                                           3,800 8.24                                       1,000 6.91             
7/21/2007 Temescal Creek at Lincoln Ave 5                                           5,000 8.52                                           690 6.54             
7/28/2007 Temescal Creek at Lincoln Ave 4                                           4,600 8.43                                           710 6.57             
8/4/2007 Temescal Creek at Lincoln Ave 5                                           8,100 9.00                                           290 5.67             

8/11/2007 Temescal Creek at Lincoln Ave 5                                         10,200 9.23                                           200 5.30             
9/1/2007 Temescal Creek at Lincoln Ave 9                                           3,700 8.22                                           720 6.58             

9/15/2007 Temescal Creek at Lincoln Ave 5                                           1,800 7.50                                           500 6.21             
9/29/2007 Temescal Creek at Lincoln Ave 7                                           9,400 9.15                                       2,200 7.70             
12/7/2007 Temescal Creek at Lincoln Ave 22                                       16,000 9.68                                       9,200 9.13             
12/9/2007 Temescal Creek at Lincoln Ave 13                                         2,700 7.90                                           740 6.61             

12/10/2007 Temescal Creek at Lincoln Ave 6                                               350 5.86                                           310 5.74             
12/11/2007 Temescal Creek at Lincoln Ave 6                                               210 5.35                                           220 5.39             

9/22/2007 Temescal Creek at Lincoln Ave 30                                         3,600 8.19                                           920 6.82             
1/19/2008 Temescal Creek at Lincoln Ave 47                                             140 4.94                                           150 5.01             
2/9/2008 Temescal Creek at Lincoln Ave 53                                               70 4.25                                             70 4.25             

2/16/2008 Temescal Creek at Lincoln Ave 61                                             110 4.70                                           140 4.94             
2/23/2008 Temescal Creek at Lincoln Ave 78                                             130 4.87                                             80 4.38             
4/15/2003 Temescal Creek at Lincoln Ave 88                     1,220                    7.11             
4/15/2003 tem1 88                                             100 4.61             
4/15/2003 tem2 88                                             400 5.99             
4/15/2003 tem3 88                                         1,220 7.11             
2/2/2008 Temescal Creek at Lincoln Ave 92                                             470 6.15                                           280 5.63             

1/26/2008 Temescal Creek at Lincoln Ave 95                                             300 5.70                                           270 5.60             



Date Site Source  Flow (cfs) 
 Fecal coliform 
(MPN/100ml) 

 LN of fecal 
coliform 

 E. coli 
(MPN/100ml) 

 LN of E.coli 
 Enterococcus 
(MPN/100ml) 

 LN of 
Enterococcus 

7/2/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.5                         800                          6.68                      
7/9/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.0                         160,000                  11.98                    

7/30/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.1                         800                          6.68                      
8/6/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.2                         5,000                       8.52                      

10/1/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.0                         160,000                  11.98                    
10/10/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.3                         1,700                       7.44                      
10/21/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         500                          6.21                      
10/29/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.5                         9,000                       9.10                      
11/5/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.9                         3,000                       8.01                      

11/13/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         90,000                     11.41                    
11/20/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         16,000                     9.68                      
11/26/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.2                         800                          6.68                      
12/3/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.3                         16,000                     9.68                      

12/23/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         20                             3.00                      
4/29/1992 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.4                         300                          5.70                      
6/11/1992 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.5                         2,300                       7.74                      
6/16/1992 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.0                         110                          4.70                      
8/24/1992 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.1                         30,000                     10.31                    
9/14/1992 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.1                         170                          5.14                      
9/21/1992 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         220                          5.39                      
1/5/1993 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.3                         230                          5.44                      
8/3/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         170                          5.14                      
8/9/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.8                         3,000                       8.01                      

8/17/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         1,300                       7.17                      
8/24/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         230                          5.44                      
8/31/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.0                         1,300                       7.17                      
9/6/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.9                         2,400                       7.78                      

9/21/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.8                         170                          5.14                      
9/27/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.8                         500                          6.21                      
10/3/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.3                         800                          6.68                      

10/12/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.3                         1,400                       7.24                      
10/18/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         130                          4.87                      
10/24/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         700                          6.55                      
11/2/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         3,000                       8.01                      
11/9/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.1                         16,000                     9.68                      

11/14/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.1                         3,000                       8.01                      
11/22/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.9                         230                          5.44                      
11/29/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         16,000                     9.68                      
12/6/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         16,000                     9.68                      

12/14/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.4                         9,000                       9.10                      
12/28/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         800                          6.68                      

6/3/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         16,000                     9.68                      
6/9/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         3,000                       8.01                      

6/24/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.5                         5,000                       8.52                      
7/1/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.2                         700                          6.55                      
7/8/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         1,400                       7.24                      

7/15/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         2,400                       7.78                      
7/22/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         5,000                       8.52                      
7/29/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.8                         1,700                       7.44                      
8/5/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.4                         230                          5.44                      

8/12/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.9                         1,300                       7.17                      
8/19/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         1,300                       7.17                      
8/26/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.0                         1,700                       7.44                      
9/2/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.9                         5,000                       8.52                      
9/9/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.2                         800                          6.68                      

9/16/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.9                         5,000                       8.52                      
9/23/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.5                         700                          6.55                      
9/30/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.4                         90,000                     11.41                    
10/7/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.3                         17,000                     9.74                      

10/11/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.2                         3,000                       8.01                      
10/14/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.0                         50,000                     10.82                    
10/22/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.9                         300                          5.70                      
10/28/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.5                         300                          5.70                      
11/4/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.3                         3,000                       8.01                      

11/19/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.9                         8,000                       8.99                      
11/24/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.1                         3,000                       8.01                      
12/2/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         2,300                       7.74                      

12/11/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         13,000                     9.47                      
12/16/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         2,400                       7.78                      
12/22/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         3,000                       8.01                      
12/29/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.2                         230                          5.44                      

1/7/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.8                         800                          6.68                      
1/15/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         700                          6.55                      
1/20/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         2,300                       7.74                      
2/11/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.1                         13,000                     9.47                      
3/18/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.2                         300                          5.70                      
3/24/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.4                         13,000                     9.47                      
4/13/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         3,000                       8.01                      
4/23/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.1                         1,100                       7.00                      
4/28/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.6                         500                          6.21                      
5/18/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.2                         500                          6.21                      
5/27/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.2                         1,100                       7.00                      
6/1/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.3                         500                          6.21                      
6/8/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.5                         700                          6.55                      

6/17/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         800                          6.68                      
6/24/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         80                             4.38                      
7/1/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.6                         300                          5.70                      
7/6/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.6                         130                          4.87                      

7/14/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.2                         17,000                     9.74                      
7/22/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.4                         3,000                       8.01                      
7/29/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.0                         1,700                       7.44                      
8/4/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.0                         2,300                       7.74                      

8/12/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.7                         500                          6.21                      
8/17/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.0                         500                          6.21                      



8/24/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.2                         500                          6.21                      
8/31/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         5,000                       8.52                      
9/8/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.6                         5,000                       8.52                      

9/14/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.7                         700                          6.55                      
9/22/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.8                         700                          6.55                      
9/29/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.6                         2,300                       7.74                      
10/5/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.5                         1,100                       7.00                      

10/13/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.5                         230                          5.44                      
10/20/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.7                         230                          5.44                      
10/26/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.0                         160,000                  11.98                    
11/2/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.1                         24,192                     10.09                    

11/10/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.7                         24,192                     10.09                    
11/16/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.6                         529                          6.27                      
11/23/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.7                         11,198                     9.32                      
12/8/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.1                         24,810                     10.12                    

12/14/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.8                         100                          4.61                      
12/22/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.5                         57,940                     10.97                    
12/29/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.9                         14,136                     9.56                      

1/4/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.5                         12,110                     9.40                      
1/12/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.1                         10,462                     9.26                      
1/28/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.9                         24,192                     10.09                    
2/3/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.7                         74                             4.30                      
2/8/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.0                         241,920                  12.40                    

2/17/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.8                         410                          6.02                      
2/22/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.1                         630                          6.45                      
3/1/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         717                          6.58                      
3/9/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         100                          4.61                      

3/17/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.1                         111,985                  11.63                    
3/22/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         135                          4.91                      
3/29/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.0                         19,863                     9.90                      
4/5/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.2                         24,192                     10.09                    

4/13/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.7                         92,080                     11.43                    
4/19/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.2                         11,980                     9.39                      
4/26/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.0                         7,490                       8.92                      
5/4/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.9                         110                          4.70                      

5/10/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.5                         15,531                     9.65                      
5/17/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         9,100                       9.12                      
5/24/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         141,360                  11.86                    
6/1/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         200                          5.30                      
6/7/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         52                             3.95                      

6/14/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.2                         200                          5.30                      
6/23/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         132                          4.88                      
6/28/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.1                         46,110                     10.74                    
7/5/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.4                         546                          6.30                      

7/10/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         269                          5.59                      
7/19/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         228                          5.43                      
7/26/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.6                         723                          6.58                      
8/2/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         187                          5.23                      
8/7/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.0                         20                             3.00                      

8/14/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         657                          6.49                      
8/16/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.5                         40                             3.69                      
8/21/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.3                         391                          5.97                      
8/28/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.8                         24,192                     10.09                    
9/13/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         500                          6.21                      
9/15/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.8                         500                          6.21                      
9/19/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.4                         379                          5.94                      
9/25/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         8,164                       9.01                      
10/3/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         359                          5.88                      

10/10/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.8                         175                          5.16                      
10/17/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         230                          5.44                      
10/24/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.8                         145                          4.98                      
11/2/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.8                         109                          4.69                      
11/6/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.2                         240                          5.48                      

11/14/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.5                         134                          4.90                      
11/21/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.8                         135                          4.91                      
11/28/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.3                         855                          6.75                      
12/5/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         512                          6.24                      

12/12/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.6                         146                          4.98                      
12/19/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.3                         536                          6.28                      
12/26/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         275                          5.62                      

1/3/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.3                         384                          5.95                      
1/9/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.7                         24,192                     10.09                    

1/17/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.7                         187                          5.23                      
1/23/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.8                         408                          6.01                      
1/30/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.1                         336                          5.82                      
2/6/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         110                          4.70                      

2/21/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.3                         500                          6.21                      
3/13/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.5                         187                          5.23                      
3/26/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.7                         400                          5.99                      
4/2/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         340                          5.83                      
4/9/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.4                         1,600                       7.38                      

4/16/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.3                         450                          6.11                      
4/23/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.3                         550                          6.31                      
4/30/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.0                         3,200                       8.07                      
5/9/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.3                         150                          5.01                      

5/14/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.8                         140                          4.94                      
5/21/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.1                         880                          6.78                      
5/31/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         170                          5.14                      
6/4/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.8                         130                          4.87                      

6/11/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.4                         280                          5.63                      
6/18/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.9                         500                          6.21                      
6/25/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         220                          5.39                      
7/2/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.2                         1,000                       6.91                      
7/9/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         6,600                       8.79                      

7/16/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         1,300                       7.17                      
7/23/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.8                         1,400                       7.24                      



7/30/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         800                          6.68                      
8/6/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         440                          6.09                      

8/13/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         760                          6.63                      
8/20/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         3,200                       8.07                      
8/27/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.3                         2,200                       7.70                      
9/4/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.9                         1,000                       6.91                      

9/10/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         3,800                       8.24                      
9/17/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.4                         400                          5.99                      
9/24/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         3,000                       8.01                      
10/1/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         870                          6.77                      
10/9/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         1,200                       7.09                      

10/15/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         12,000                     9.39                      
10/29/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.9                         2,600                       7.86                      
11/5/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.9                         12,000                     9.39                      

11/20/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.8                         12,000                     9.39                      
11/26/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.1                         12,000                     9.39                      

1/7/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         650                          6.48                      
3/11/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         390                          5.97                      
3/25/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.3                         200                          5.30                      
4/1/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         1,100                       7.00                      
4/8/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         2,200                       7.70                      

4/18/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.8                         280                          5.63                      
4/22/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.3                         630                          6.45                      
4/29/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         470                          6.15                      
5/6/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         520                          6.25                      

5/13/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.6                         930                          6.84                      
5/20/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.4                         520                          6.25                      
5/28/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.3                         400                          5.99                      
6/3/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.4                         1,000                       6.91                      

6/10/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.8                         560                          6.33                      
6/17/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.5                         340                          5.83                      
6/25/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.2                         730                          6.59                      
7/1/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.0                         390                          5.97                      

7/10/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.2                         1,400                       7.24                      
7/15/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.1                         320                          5.77                      
7/22/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.0                         840                          6.73                      
7/31/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.8                         5,000                       8.52                      
8/5/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.2                         570                          6.35                      

8/12/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.8                         2,000                       7.60                      
8/19/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.2                         400                          5.99                      
8/26/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.5                         1,000                       6.91                      
9/3/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.5                         7,600                       8.94                      
9/9/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.6                         740                          6.61                      

9/16/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.4                         220                          5.39                      
9/23/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.6                         730                          6.59                      
9/30/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.2                         800                          6.68                      
10/7/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.8                         1,000                       6.91                      

10/15/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.9                         570                          6.35                      
10/21/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.8                         1,550                       7.35                      
10/28/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.5                         13,000                     9.47                      
11/4/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.5                         2,200                       7.70                      

11/12/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.3                         6,000                       8.70                      
11/18/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         1,000                       6.91                      
11/25/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.3                         880                          6.78                      
12/2/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.2                         2,800                       7.94                      
12/9/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.2                         910                          6.81                      

12/23/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.4                         2,800                       7.94                      
1/6/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.1                         200                          5.30                      

1/13/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.9                         340                          5.83                      
1/21/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.6                         310                          5.74                      
1/27/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.5                         300                          5.70                      
2/3/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.9                         480                          6.17                      

2/10/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         70                             4.25                      
2/18/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.4                         1,190                       7.08                      
2/24/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.1                         1,060                       6.97                      
3/3/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.4                         380                          5.94                      

3/10/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.0                         480                          6.17                      
3/24/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.4                         1,010                       6.92                      
3/31/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         390                          5.97                      
4/7/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 0.8                         420                          6.04                      

4/21/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.4                         800                          6.68                      
4/30/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.4                         460                          6.13                      
5/5/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.4                         3,800                       8.24                      

5/12/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         530                          6.27                      
5/19/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         1,170                       7.06                      
6/2/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.4                         220                          5.39                      
6/9/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.9                         4,400                       8.39                      

6/16/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         710                          6.57                      
6/23/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.1                         4,600                       8.43                      
6/30/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.7                         4,200                       8.34                      
7/7/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.9                         2,400                       7.78                      

7/14/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.4                         2,200                       7.70                      
7/21/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.8                         600                          6.40                      
7/28/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.7                         700                          6.55                      
8/4/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.3                         7,800                       8.96                      

8/11/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         2,600                       7.86                      
8/21/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.4                         5,200                       8.56                      
8/25/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.8                         130                          4.87                      
9/2/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.0                         160                          5.08                      
9/8/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.3                         2,000                       7.60                      

9/15/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.5                         580                          6.36                      
9/29/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.2                         1,000                       6.91                      
10/6/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         240                          5.48                      

10/14/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.1                         460                          6.13                      
10/20/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         410                          6.02                      
10/27/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.5                         270                          5.60                      



11/17/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.8                         1,000                       6.91                      
11/24/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.7                         250                          5.52                      
12/1/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.3                         120                          4.79                      
12/9/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.2                         2,200                       7.70                      

12/22/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.3                         7,200                       8.88                      
12/29/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.1                         660                          6.49                      

1/5/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.6                         160                          5.08                      
1/12/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.6                         15,000                     9.62                      
1/20/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.8                         190                          5.25                      
1/26/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         60                             4.09                      
2/9/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         100                          4.61                      

2/17/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.7                         180                          5.19                      
3/8/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         260                          5.56                      
3/9/2004 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 2.4                                                    100 4.61               
3/15/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         140                          4.94                      
3/18/2004 Santa Ana Delhi Channel at MacArthur Coastkeeper 3.1                                                    100 4.61               
3/18/2004 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 3.1                                                    100 4.61               
3/22/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.2                         270                          5.60                      
3/30/2004 Santa Ana Delhi Channel at MacArthur Coastkeeper 2.9                                                    100 4.61               
3/30/2004 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 2.9                                                    100 4.61               
3/31/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         220                          5.39                      
4/5/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         320                          5.77                      

4/12/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.6                         140                          4.94                      
4/19/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         5,600                       8.63                      
4/22/2004 Santa Ana Delhi Channel at MacArthur Coastkeeper 3.6                                                    310 5.74               
4/22/2004 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 3.6                                                    100 4.61               
4/26/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         110                          4.70                      
5/1/2004 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 2.6                                                    310 5.74               
5/3/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.8                         250                          5.52                      

5/10/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.7                         120                          4.79                      
7/6/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         320                          5.77                      

7/13/2004 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 2.7                                                    100 4.61               
7/13/2004 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 2.7                                                    100 4.61               
7/14/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         140                          4.94                      
7/15/2004 Santa Ana Delhi Channel at MacArthur Coastkeeper 2.7                                                    630 6.45               
7/15/2004 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 2.7                                                    100 4.61               
7/19/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.8                         590                          6.38                      
7/26/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         1,000                       6.91                      
8/2/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         5,000                       8.52                      
8/9/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         260                          5.56                      

8/16/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.3                         170                          5.14                      
8/23/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.9                         280                          5.63                      
8/26/2004 Santa Ana Delhi Channel at MacArthur Coastkeeper 1.8                                                    100 4.61               
8/26/2004 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 1.8                                                    100 4.61               
8/30/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.5                         430                          6.06                      
9/7/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         1,000                       6.91                      

9/13/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.6                         400                          5.99                      
9/20/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         310                          5.74                      
9/27/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.0                         330                          5.80                      
10/4/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.5                         250                          5.52                      

10/12/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         2,200                       7.70                      
10/25/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.5                         7,000                       8.85                      
10/29/2004 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 3.1                                                 2,180 7.69               
10/29/2004 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 3.1                                                 2,180 7.69               
11/1/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         430                          6.06                      

11/11/2004 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 2.0                                                    100 4.61               
11/12/2004 Santa Ana Delhi Channel at MacArthur Coastkeeper 2.3                                                    740 6.61               
11/15/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.2                         490                          6.19                      
11/22/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         10,000                     9.21                      
11/29/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.0                         10,000                     9.21                      
12/13/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         290                          5.67                      
12/14/2004 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 2.3                                                    100 4.61               
12/20/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.6                         240                          5.48                      
12/27/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.6                         280                          5.63                      
12/30/2004 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 3.5                                                 4,160 8.33               

1/6/2005 Santa Ana Delhi Channel at MacArthur Coastkeeper 2.1                                                    300 5.70               
1/18/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.2                         19,000                     9.85                      
1/24/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         260                          5.56                      
1/25/2005 Santa Ana Delhi Channel at MacArthur Coastkeeper 2.1                                                    278 5.63               
1/25/2005 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 2.1                                                    135 4.91               
1/31/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         300                          5.70                      
2/3/2005 Santa Ana Delhi Channel at MacArthur Coastkeeper 1.7                                                    630 6.45               
2/3/2005 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 1.7                                                 5,794 8.66               
2/7/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.8                         12,000                     9.39                      

2/14/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         2,000                       7.60                      
2/25/2005 Santa Ana Delhi Channel at MacArthur Coastkeeper 4.5                                                    700 6.55               
2/25/2005 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 4.5                                                 1,590 7.37               
2/28/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.5                         570                          6.35                      
3/7/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.0                         520                          6.25                      

3/14/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.9                         330                          5.80                      
3/21/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.0                         320                          5.77                      
3/24/2005 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 1.5                                              12,590 9.44               
3/30/2005 Santa Ana Delhi Channel at MacArthur Coastkeeper 1.2                                                    310 5.74               
3/30/2005 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 1.2                                                    100 4.61               
4/4/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.3                         470                          6.15                      

4/11/2005 Santa Ana Delhi Channel at MacArthur Coastkeeper 2.9                                                    740 6.61               
4/11/2005 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 2.9                                                    630 6.45               
4/18/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.3                         13,000                     9.47                      
5/2/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.2                         760                          6.63                      
5/7/2005 Santa Ana Delhi Channel at MacArthur Coastkeeper 1.1                                                 4,130 8.33               
5/7/2005 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 1.1                                                 5,610 8.63               
5/9/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.3                         650                          6.48                      

5/16/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.2                         100                          4.61                      
5/23/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         200                          5.30                      
5/31/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         320                          5.77                      
6/6/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         140                          4.94                      



6/7/2005 Santa Ana Delhi Channel at MacArthur Coastkeeper 2.4                                                    833 6.73               
6/7/2005 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 2.4                                                      63 4.14               
6/15/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         190                          5.25                      
6/20/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         140                          4.94                      
6/27/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         160                          5.08                      
7/5/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.9                         420                          6.04                      

7/11/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.9                         710                          6.57                      
7/12/2005 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 1.9                                                    447 6.10               
7/15/2005 Santa Ana Delhi Channel at MacArthur Coastkeeper 2.0                                                    472 6.16               
7/25/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         4,600                       8.43                      
8/2/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.5                         18,000                     9.80                      

8/11/2005 Santa Ana Delhi Channel at MacArthur Coastkeeper 1.7                                                 1,080 6.98               
8/11/2005 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 1.7                                                    100 4.61               
8/15/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         570                          6.35                      
8/22/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         580                          6.36                      
9/6/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.3                         400                          5.99                      

9/14/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         490                          6.19                      
9/19/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         1,010                       6.92                      
10/3/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         830                          6.72                      

10/11/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.0                         2,600                       7.86                      
10/24/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.8                         2,600                       7.86                      
10/31/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         390                          5.97                      
11/7/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         1,120                       7.02                      
11/7/2005 Santa Ana Delhi Channel at MacArthur Coastkeeper 1.7                                                    200 5.30               
11/7/2005 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 1.7                                                    100 4.61               
11/14/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.4                         930                          6.84                      
11/21/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         560                          6.33                      
11/30/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.8                         1,170                       7.06                      
12/5/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.8                         1,000                       6.91                      

12/12/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.3                         250                          5.52                      
12/15/2005 Santa Ana Delhi Channel at MacArthur Coastkeeper 2.1                                                 1,560 7.35               
12/15/2005 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 2.1                                                    520 6.25               
12/19/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         280                          5.63                      
12/27/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.3                         3,800                       8.24                      
12/28/2005 Santa Ana Delhi Channel at MacArthur Coastkeeper 1.4                                                 1,100 7.00               
12/28/2005 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 1.4                                                 1,040 6.95               

1/9/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.0                         210                          5.35                      
1/16/2006 Santa Ana Delhi Channel at MacArthur Coastkeeper 1.3                                                 1,480 7.30               
1/16/2006 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 1.3                                                 1,340 7.20               
1/17/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.3                         200                          5.30                      
1/23/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.3                         70                             4.25                      
1/25/2006 Santa Ana Delhi Channel at MacArthur Coastkeeper 1.4                                                    100 4.61               
1/25/2006 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 1.4                                                      10 2.30               
1/30/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.5                         150                          5.01                      
2/6/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         180                          5.19                      

2/14/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.9                         130                          4.87                      
2/15/2006 Santa Ana Delhi Channel at MacArthur Coastkeeper 1.9                                                 1,610 7.38               
2/15/2006 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 1.9                                                    850 6.75               
2/21/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.8                         3,600                       8.19                      
3/1/2006 Santa Ana Delhi Channel at MacArthur Coastkeeper 2.1                                                 2,430 7.80               
3/1/2006 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 2.1                                                 2,430 7.80               
3/6/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.4                         200                          5.30                      

3/14/2006 Santa Ana Delhi Channel at MacArthur Coastkeeper 2.4                                                    410 6.02               
3/14/2006 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 2.4                                                    100 4.61               
3/15/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.8                         350                          5.86                      
3/20/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.7                         440                          6.09                      
3/27/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.3                         340                          5.83                      
4/3/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.4                         150                          5.01                      

4/11/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.5                         580                          6.36                      
4/17/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.4                         360                          5.89                      
4/24/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         4,600                       8.43                      
5/1/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.2                         2,200                       7.70                      

5/17/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.1                         990                          6.90                      
5/24/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.3                         15,000                     9.62                      
5/30/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.1                         3,400                       8.13                      
6/19/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.6                         390                          5.97                      
6/26/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         580                          6.36                      
7/5/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         8,200                       9.01                      

7/10/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.1                         510                          6.23                      
7/17/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.3                         3,000                       8.01                      
8/7/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.2                         2,800                       7.94                      

8/14/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         2,000                       7.60                      
8/21/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.1                         1,000                       6.91                      
8/28/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.8                         2,000                       7.60                      
9/11/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         6,200                       8.73                      
9/20/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.3                         7,600                       8.94                      
9/25/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.2                         900                          6.80                      
10/2/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         1,100                       7.00                      

10/10/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         3,400                       8.13                      
10/16/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         4,400                       8.39                      
10/23/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         5,000                       8.52                      
10/30/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.3                         700                          6.55                      
11/8/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         310                          5.74                      

11/13/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         1,030                       6.94                      
11/20/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         710                          6.57                      
12/4/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.8                         590                          6.38                      

12/11/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.5                         16,000                     9.68                      
12/18/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         7,800                       8.96                      
12/28/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.2                         21,400                     9.97                      

1/2/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.2                         210                          5.35                      
1/8/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         240                          5.48                      

1/16/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         260                          5.56                      
1/22/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         490                          6.19                      
1/29/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.2                         210                          5.35                      
2/7/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         650                          6.48                      

2/20/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.8                         12,000                     9.39                      



2/26/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         180                          5.19                      
3/5/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.8                         110                          4.70                      

3/12/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         17,000                     9.74                      
3/19/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.1                         80                             4.38                      
3/26/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.1                         80                             4.38                      
4/2/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.0                         1,760                       7.47                      
4/9/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.6                         50                             3.91                      

4/16/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.7                         150                          5.01                      
4/30/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         350                          5.86                      
5/9/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.2                         320                          5.77                      

5/14/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.1                         280                          5.63                      
5/29/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         530                          6.27                      
6/4/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.3                         1,650                       7.41                      

6/11/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         710                          6.57                      
6/18/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.0                         100                          4.61                      
6/25/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.2                         300                          5.70                      
7/9/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         260                          5.56                      

7/16/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         350                          5.86                      
7/23/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         390                          5.97                      
7/30/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         370                          5.91                      
8/6/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         280                          5.63                      

8/13/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         290                          5.67                      
8/20/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         240                          5.48                      
8/29/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         2,200                       7.70                      
9/10/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.2                         480                          6.17                      
9/17/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         4,000                       8.29                      
10/1/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.4                         2,000                       7.60                      
10/9/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.2                         290                          5.67                      

10/15/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.8                         3,200                       8.07                      
10/29/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.6                         840                          6.73                      
11/5/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.2                         11,000                     9.31                      

11/13/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         600                          6.40                      
11/19/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         540                          6.29                      
11/27/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.3                         380                          5.94                      
12/4/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.8                         580                          6.36                      

12/10/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         2,000                       7.60                      
12/17/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.8                         220                          5.39                      
12/26/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         100                          4.61                      

1/2/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         150                          5.01                      
1/14/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         150                          5.01                      
1/29/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.8                         2,000                       7.60                      
2/6/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.8                         160                          5.08                      

2/13/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.1                         40                             3.69                      
2/19/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         390                          5.97                      
2/25/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.5                         720                          6.58                      
3/4/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         270                          5.60                      

3/10/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         80                             4.38                      
3/17/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.2                         40                             3.69                      
3/24/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         120                          4.79                      
4/7/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         70                             4.25                      

4/14/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         170                          5.14                      
4/21/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         200                          5.30                      
4/28/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.1                         50                             3.91                      
5/5/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         80                             4.38                      

5/12/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.3                         110                          4.70                      
5/19/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.6                         80                             4.38                      
5/27/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.1                         2,000                       7.60                      
6/2/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         2,200                       7.70                      
6/9/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         130                          4.87                      

6/16/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         280                          5.63                      
7/7/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         120                          4.79                      

7/14/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.9                         130                          4.87                      
7/21/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.3                         320                          5.77                      
7/28/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.5                         560                          6.33                      
8/7/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         280                          5.63                      

8/18/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 4.1                         300                          5.70                      
8/25/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         190                          5.25                      
9/4/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         10,000                     9.21                      
9/8/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.5                         260                          5.56                      

9/22/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.1                         170                          5.14                      
9/29/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         100                          4.61                      
10/6/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         190                          5.25                      

10/20/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.8                         280                          5.63                      
10/27/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.0                         170                          5.14                      
11/12/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.4                         290                          5.67                      
11/17/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.6                         260                          5.56                      
11/24/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.3                         130                          4.87                      
12/1/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.0                         500                          6.21                      
12/8/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 1.7                         2,000                       7.60                      

12/23/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 3.6                         640                          6.46                      
12/29/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 2.7                         390                          5.97                      

4/23/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 5.0                         5,400                       8.59                      
10/24/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 5.0                         3,600                       8.19                      
6/21/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 5.0                         700                          6.55                      
5/11/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 5.0                         5,000                       8.52                      

10/22/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 5.1                         2,800                       7.94                      
6/12/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 5.1                         750                          6.62                      

10/14/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 5.1                         390                          5.97                      
6/5/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 5.1                         2,000                       7.60                      
3/9/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 5.2                         500                          6.21                      

1/14/2005 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 5.2                                                    100 4.61               
7/31/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 5.3                         6,800                       8.82                      

12/17/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 5.4                         800                          6.68                      
5/27/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 5.4                         2,600                       7.86                      
5/10/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 5.4                         390                          5.97                      



6/17/1997 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 5.5                         800                          6.68                      
6/28/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 5.7                         310                          5.74                      
5/17/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 5.8                         80                             4.38                      
3/3/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 5.9                         2,300                       7.74                      
6/7/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 6.1                         250                          5.52                      
6/7/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 6.1                         250                          5.52                      

11/13/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 6.2                         12,000                     9.39                      
5/4/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 6.2                         2,300                       7.74                      

6/16/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 6.4                         1,000                       6.91                      
6/16/2004 Santa Ana Delhi Channel at MacArthur Coastkeeper 6.4                                                    100 4.61               
6/16/2004 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 6.4                                                    310 5.74               
3/19/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 6.5                         400                          5.99                      
4/6/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 6.6                         1,100                       7.00                      
7/5/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 6.9                         240                          5.48                      

1/22/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 7.3                         4,000                       8.29                      
12/16/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 7.3                         14,000                     9.55                      
1/20/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 7.5                         23,820                     10.08                    

12/26/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 7.6                         640                          6.46                      
2/4/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 7.8                         810                          6.70                      
1/2/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 7.8                         210                          5.35                      

5/24/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 8.1                         270                          5.60                      
1/3/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 9.9                         14,000                     9.55                      

11/8/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 10.1                       25,000                     10.13                    
3/18/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 10.2                       18,800                     9.84                      

11/12/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 10.4                       380                          5.94                      
9/22/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 10.5                       10                             2.30                      
2/25/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 11.5                       2,000                       7.60                      
2/11/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 12.1                       760                          6.63                      
1/14/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 12.4                       260                          5.56                      
2/19/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 12.7                       850                          6.75                      
1/22/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 13.0                       180                          5.19                      
3/4/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 13.1                       130                          4.87                      

2/13/2007 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 13.8                       670                          6.51                      
1/26/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 15.1                       170                          5.14                      

12/10/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 16.0                       714                          6.57                      
2/14/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 18.3                       5,172                       8.55                      
1/4/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 20.2                       3,000                       8.01                      

3/29/2006 Santa Ana Delhi Channel at MacArthur Coastkeeper 22.9                                               4,040 8.30               
3/29/2006 Santa Ana Delhi Channel at Mesa Dr Coastkeeper 22.9                                               4,950 8.51               
12/3/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 26.2                       12,000                     9.39                      
1/7/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 26.7                       18,000                     9.80                      
3/6/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 31.9                       19,863                     9.90                      

2/23/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 37.0                       4,200                       8.34                      
1/5/1995 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 37.0                       3,000                       8.01                      

12/1/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 39.8                       24,192                     10.09                    
3/1/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 45.1                       160                          5.08                      

2/27/2006 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 50.3                       210                          5.35                      
2/2/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 57.2                       100                          4.61                      

1/28/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 68.0                       15,400                     9.64                      
2/27/2001 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 68.5                       5,172                       8.55                      
3/31/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 77.6                       500                          6.21                      
1/11/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 97.8                       3,000                       8.01                      

12/16/2002 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 103.5                     330                          5.80                      
2/19/1998 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 115.9                     9,000                       9.10                      

10/26/2004 Santa Ana Delhi Channel at MacArthur Coastkeeper 173.3                                             2,130 7.66               
12/31/2004 Santa Ana Delhi Channel at MacArthur Coastkeeper 181.4                                             3,050 8.02               
2/22/2005 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 229.4                     6,600                       8.79                      
4/14/2003 Santa Ana Delhi Channel at Backbay ocbeachinfo.com 233.6                     230                          5.44                      

8/6/1973 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 46,000                     10.74                    
4/1/1974 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 43                             3.76                      

4/30/1974 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 930                          6.84                      
6/3/1974 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 43                             3.76                      
7/9/1974 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 430                          6.06                      
8/6/1974 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 39                             3.66                      

9/10/1974 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 210                          5.35                      
10/1/1974 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 460                          6.13                      
12/3/1974 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 430                          6.06                      

12/29/1974 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 4,300                       8.37                      
1/6/1975 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 90                             4.50                      
3/4/1975 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 75                             4.32                      
4/1/1975 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 43                             3.76                      
4/9/1975 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 23,000                     10.04                    
5/6/1975 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 930                          6.84                      
6/3/1975 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 430                          6.06                      
7/1/1975 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 230                          5.44                      
8/5/1975 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 1,100                       7.00                      

9/10/1975 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 460                          6.13                      
10/7/1975 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 9,300                       9.14                      
11/4/1975 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 460                          6.13                      

11/28/1975 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 93,000                     11.44                    
12/2/1975 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 430                          6.06                      
2/3/1976 Santa Ana Delhi Channel at Irvine Ave ocbeachinfo.com #N/A 460                          6.13                      

12/31/1985 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 700                          6.55                      
1/6/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      

1/13/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      
1/21/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,700                       7.44                      
1/27/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,300                       7.17                      
2/3/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 110                          4.70                      

2/11/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,300                       7.17                      
2/18/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 7,000                       8.85                      
2/24/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      
3/3/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      

3/10/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 30,000                     10.31                    
3/17/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 4,000                       8.29                      
3/24/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      



3/31/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 400                          5.99                      
4/7/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 30,000                     10.31                    

4/16/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 50,000                     10.82                    
4/22/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 400                          5.99                      
4/29/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      
5/6/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,300                       7.17                      

5/13/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      
5/20/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 400                          5.99                      
5/27/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      
6/2/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,700                       7.44                      
6/9/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 160,000                  11.98                    

6/16/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 400                          5.99                      
6/23/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 400                          5.99                      
6/30/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      
7/7/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 11,000                     9.31                      

7/14/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      
7/21/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 22,000                     10.00                    
7/28/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 7,000                       8.85                      
8/4/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      

8/11/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 80                             4.38                      
8/18/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      
8/25/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      
9/2/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 70                             4.25                      
9/8/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 700                          6.55                      

9/15/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 20                             3.00                      
9/22/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      
9/29/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 17,000                     9.74                      
10/6/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 160,000                  11.98                    

10/13/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 17,000                     9.74                      
10/20/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 8,000                       8.99                      
10/27/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 4,000                       8.29                      
11/3/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,300                       7.17                      

11/10/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 20                             3.00                      
11/24/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,700                       7.44                      
12/1/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 8,000                       8.99                      
12/8/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,300                       7.74                      

12/15/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 24,000                     10.09                    
12/22/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 160,000                  11.98                    
12/29/1986 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 400                          5.99                      

1/5/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,300                       7.17                      
1/12/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,300                       7.17                      
1/20/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      
1/26/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      
2/2/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 300                          5.70                      
2/9/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 700                          6.55                      

2/17/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      
2/23/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 7,000                       8.85                      
3/2/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      
3/9/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      

3/17/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,200                       7.70                      
3/23/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 24,000                     10.09                    
3/30/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      
4/7/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      

4/13/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      
4/20/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      
4/27/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      
5/4/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      

5/11/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 700                          6.55                      
5/18/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      
5/26/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      
6/1/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 400                          5.99                      
6/8/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      

6/15/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 20                             3.00                      
6/22/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      
6/29/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      
7/6/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      

7/13/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 200                          5.30                      
7/27/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 400                          5.99                      
8/3/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,300                       7.17                      

8/10/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 400                          5.99                      
8/24/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 80                             4.38                      
8/31/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,300                       7.74                      
9/8/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 400                          5.99                      

9/14/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,100                       7.00                      
9/21/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,300                       7.74                      
9/28/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      
10/5/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      

10/12/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 160,000                  11.98                    
10/20/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,300                       7.74                      
10/26/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 8,000                       8.99                      
11/2/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 500                          6.21                      

11/10/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      
11/16/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,300                       7.74                      
11/24/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,100                       7.00                      
11/30/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 700                          6.55                      
12/7/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 7,000                       8.85                      

12/14/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 20                             3.00                      
12/21/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 20                             3.00                      
12/28/1987 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 130                          4.87                      

1/4/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 40                             3.69                      
1/11/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      
1/19/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,400                       7.78                      
1/25/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 20                             3.00                      
2/1/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 40                             3.69                      
2/8/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 8,000                       8.99                      

2/16/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 400                          5.99                      



2/23/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 20                             3.00                      
2/29/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 500                          6.21                      
3/7/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 20                             3.00                      

3/15/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 500                          6.21                      
3/28/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 20                             3.00                      
4/5/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 80                             4.38                      

4/12/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,700                       7.44                      
4/18/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 8,000                       8.99                      
4/25/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 130                          4.87                      
5/2/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 20                             3.00                      
6/1/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 40                             3.69                      
6/6/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 230                          5.44                      

6/13/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 500                          6.21                      
6/20/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,100                       7.00                      
6/27/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,100                       7.00                      
7/6/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      

7/11/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 400                          5.99                      
7/18/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 400                          5.99                      
7/25/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 400                          5.99                      
8/1/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 50,000                     10.82                    
8/8/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 600                          6.40                      

8/15/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      
8/22/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      
8/31/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,800                       7.94                      
9/6/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      

9/12/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,300                       7.17                      
9/19/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,400                       7.24                      
9/26/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      
10/4/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,300                       7.17                      

10/10/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      
10/17/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      
10/24/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,700                       7.44                      
10/31/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      
11/7/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      

11/14/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 160,000                  11.98                    
11/21/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 80                             4.38                      
11/28/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      
12/5/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,300                       7.17                      

12/27/1988 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,400                       7.78                      
1/3/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      
1/9/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,200                       7.70                      

1/23/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 13,000                     9.47                      
1/30/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      
2/7/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 7,000                       8.85                      

2/21/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      
2/28/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      
3/6/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      

3/21/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      
3/27/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      
4/3/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,400                       7.78                      

4/18/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 8,000                       8.99                      
4/25/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,200                       7.70                      
5/1/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      
5/9/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,300                       7.17                      

5/15/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 22,000                     10.00                    
5/22/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 11,000                     9.31                      
5/30/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      
6/13/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 13,000                     9.47                      
6/19/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 300                          5.70                      
6/26/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 50,000                     10.82                    
7/3/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,200                       7.70                      

7/10/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      
7/24/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 17,000                     9.74                      
8/7/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 11,000                     9.31                      

8/14/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 50,000                     10.82                    
8/21/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 11,000                     9.31                      
8/28/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      
9/6/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 11,000                     9.31                      

9/19/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 160,000                  11.98                    
10/2/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 30,000                     10.31                    
10/9/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 110                          4.70                      

10/16/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      
10/30/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 8,000                       8.99                      
11/7/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      

11/13/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      
11/20/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,300                       7.74                      
11/27/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 160,000                  11.98                    
12/4/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 13,000                     9.47                      

12/11/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      
12/27/1989 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      

1/8/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      
1/16/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,300                       7.74                      
1/22/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,300                       7.74                      
1/30/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      
2/5/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      

2/13/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,400                       7.24                      
2/26/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 80                             4.38                      
3/5/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 7,000                       8.85                      

3/12/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 22,000                     10.00                    
3/26/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 8,000                       8.99                      
4/2/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      
4/9/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,700                       7.44                      

4/16/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 130                          4.87                      
4/30/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      
5/7/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 300                          5.70                      

5/14/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,100                       7.00                      



5/21/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      
5/29/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 160,000                  11.98                    
6/5/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,700                       7.44                      

6/11/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 160,000                  11.98                    
6/18/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,300                       7.74                      
6/27/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,300                       7.74                      
7/10/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      
7/16/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 700                          6.55                      
7/24/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 8,000                       8.99                      
7/30/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 13,000                     9.47                      
8/6/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 40                             3.69                      

8/13/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 300                          5.70                      
8/27/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 300                          5.70                      
9/4/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 300                          5.70                      

9/11/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 130                          4.87                      
9/17/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 220                          5.39                      
9/24/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      
10/1/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 300                          5.70                      
10/8/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 500                          6.21                      

10/15/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      
10/22/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      
10/29/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 300                          5.70                      
11/5/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      

11/13/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 70                             4.25                      
11/27/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 30,000                     10.31                    
12/10/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      
12/17/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 300                          5.70                      
12/31/1990 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 300                          5.70                      
1/15/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 500                          6.21                      
1/22/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 270                          5.60                      
1/28/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,100                       7.00                      
2/4/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,300                       7.17                      

2/19/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      
2/25/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 500                          6.21                      
3/12/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      
3/19/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      
4/10/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 13,000                     9.47                      
4/23/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,400                       7.24                      
5/28/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      
6/4/1991 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 300                          5.70                      

8/10/1993 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 16,000                     9.68                      
9/21/1993 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 16,000                     9.68                      
9/28/1993 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      
10/5/1993 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 230                          5.44                      

10/14/1993 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      
10/19/1993 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      
10/25/1993 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,700                       7.44                      
11/1/1993 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      

11/22/1993 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      
11/29/1993 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      
12/13/1993 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      
12/20/1993 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 13,000                     9.47                      

1/3/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 500                          6.21                      
1/11/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 230                          5.44                      
1/18/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 170                          5.14                      
1/24/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 80                             4.38                      
1/31/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,100                       7.00                      
2/8/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 8,000                       8.99                      

2/14/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 500                          6.21                      
2/22/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,800                       7.94                      
3/1/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,100                       7.00                      
3/7/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 24,000                     10.09                    

3/14/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 800                          6.68                      
3/21/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 8,000                       8.99                      
3/28/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 500                          6.21                      
4/4/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,300                       7.17                      

4/11/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,300                       7.74                      
4/25/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 160,000                  11.98                    
5/2/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,100                       7.00                      
5/9/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,000                       8.52                      

5/16/1994 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,000                       8.01                      
7/6/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 100                          4.61                      

7/12/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 8,000                       8.99                      
7/20/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 241,920                  12.40                    
7/26/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 24,192                     10.09                    
8/4/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 789                          6.67                      

8/10/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 2,098                       7.65                      
8/16/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 740                          6.61                      
8/23/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 410                          6.02                      
8/31/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 687                          6.53                      
9/9/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 24,192                     10.09                    

9/14/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 24,192                     10.09                    
9/22/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 1,334                       7.20                      
9/28/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 637                          6.46                      
10/5/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 24,192                     10.09                    

10/14/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 573                          6.35                      
10/19/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 187                          5.23                      
10/25/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 789                          6.67                      
11/1/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 189                          5.24                      
11/9/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 24,192                     10.09                    

11/15/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 108                          4.68                      
11/22/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,335                       8.58                      
11/29/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 24,192                     10.09                    
12/6/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 379                          5.94                      

12/13/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 52                             3.95                      
12/20/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,794                       8.66                      



12/27/1999 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 3,609                       8.19                      
1/4/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 74                             4.30                      

1/10/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 285                          5.65                      
1/18/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 24,192                     10.09                    
1/27/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 24,192                     10.09                    
2/1/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 10                             2.30                      
2/7/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 52                             3.95                      

2/14/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 9,804                       9.19                      
2/24/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 11,199                     9.32                      
2/28/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 12,033                     9.40                      
3/7/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 24,192                     10.09                    

3/13/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 98                             4.58                      
3/21/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 14,136                     9.56                      
3/29/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 12,033                     9.40                      
4/3/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 4,884                       8.49                      

4/10/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 5,172                       8.55                      
4/17/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 9,804                       9.19                      
4/24/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 121                          4.80                      
5/1/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 327                          5.79                      
5/8/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 191                          5.25                      

5/15/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 173                          5.15                      
5/30/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 309                          5.73                      
6/6/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 187                          5.23                      

6/12/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 211                          5.35                      
6/19/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 181                          5.20                      
6/26/2000 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 197                          5.28                      
6/1/2004 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 390                          5.97                      

6/30/2008 Santa Ana Delhi Channel at Backbay ocbeachinfo.com #N/A 220                          5.39                      

2001-2004 Tidal prism RWQCB #N/A 70 4.25
2001-2005 Tidal prism RWQCB #N/A 160 5.08
2001-2006 Tidal prism RWQCB #N/A 400 5.99
2001-2007 Tidal prism RWQCB #N/A 400 5.99
2001-2008 Tidal prism RWQCB #N/A 800 6.68
2001-2009 Tidal prism RWQCB #N/A 56 4.03
2001-2010 Tidal prism RWQCB #N/A 8400 9.04
2001-2011 Tidal prism RWQCB #N/A 3200 8.07
2001-2012 Tidal prism RWQCB #N/A 1000 6.91
2001-2013 Tidal prism RWQCB #N/A 120 4.79
2001-2014 Tidal prism RWQCB #N/A 150 5.01
2001-2015 Tidal prism RWQCB #N/A 70 4.25
2001-2016 Tidal prism RWQCB #N/A 208 5.34
2001-2017 Tidal prism RWQCB #N/A 289 5.67
2001-2018 Tidal prism RWQCB #N/A 261 5.56
2001-2019 Tidal prism RWQCB #N/A 98 4.58
2001-2020 Tidal prism RWQCB #N/A 36 3.58
2001-2021 Tidal prism RWQCB #N/A 240 5.48
2001-2022 Tidal prism RWQCB #N/A 150 5.01
2001-2023 Tidal prism RWQCB #N/A 400 5.99
2001-2024 Tidal prism RWQCB #N/A 800 6.68
2001-2025 Tidal prism RWQCB #N/A 6 1.79
2001-2026 Tidal prism RWQCB #N/A 200 5.30
2001-2027 Tidal prism RWQCB #N/A 230 5.44
2001-2028 Tidal prism RWQCB #N/A 1000 6.91
2001-2029 Tidal prism RWQCB #N/A 354 5.87
2001-2030 Tidal prism RWQCB #N/A 2200 7.70
2001-2031 Tidal prism RWQCB #N/A 28 3.33
2001-2032 Tidal prism RWQCB #N/A 190 5.25
2001-2033 Tidal prism RWQCB #N/A 140 4.94
2001-2034 Tidal prism RWQCB #N/A 291 5.67
2001-2035 Tidal prism RWQCB #N/A 96 4.56
2001-2036 Tidal prism RWQCB #N/A 82 4.41
2001-2037 Tidal prism RWQCB #N/A 400 5.99
2001-2038 Tidal prism RWQCB #N/A 60 4.09
2001-2039 Tidal prism RWQCB #N/A 2000 7.60
2001-2040 Tidal prism RWQCB #N/A 110 4.70
2001-2041 Tidal prism RWQCB #N/A 396 5.98
2001-2042 Tidal prism RWQCB #N/A 800 6.68
2001-2043 Tidal prism RWQCB #N/A 6800 8.82
2001-2044 Tidal prism RWQCB #N/A 1000 6.91
2001-2045 Tidal prism RWQCB #N/A 1000 6.91
2001-2046 Tidal prism RWQCB #N/A 19000 9.85
2001-2047 Tidal prism RWQCB #N/A 198 5.29
2001-2048 Tidal prism RWQCB #N/A 2000 7.60
2001-2049 Tidal prism RWQCB #N/A 2200 7.70
2001-2050 Tidal prism RWQCB #N/A 19000 9.85
2001-2051 Tidal prism RWQCB #N/A 1000 6.91
2001-2052 Tidal prism RWQCB #N/A 2400 7.78
2001-2053 Tidal prism RWQCB #N/A 1,000 6.91
2001-2054 Tidal prism RWQCB #N/A 1000 6.91
2001-2055 Tidal prism RWQCB #N/A 400 5.99
2001-2056 Tidal prism RWQCB #N/A 800 6.68
2001-2057 Tidal prism RWQCB #N/A 130 4.87
2001-2058 Tidal prism RWQCB #N/A 140 4.94
2001-2059 Tidal prism RWQCB #N/A 1000 6.91
2001-2060 Tidal prism RWQCB #N/A 600 6.40
2001-2061 Tidal prism RWQCB #N/A 88 4.48
2001-2062 Tidal prism RWQCB #N/A 400 5.99
2001-2063 Tidal prism RWQCB #N/A 66 4.19
2001-2064 Tidal prism RWQCB #N/A 1000 6.91
2001-2065 Tidal prism RWQCB #N/A 800 6.68
2001-2066 Tidal prism RWQCB #N/A 6000 8.70
2001-2067 Tidal prism RWQCB #N/A 1000 6.91
2001-2068 Tidal prism RWQCB #N/A 28,600 10.26



Date Site Source
 Enterococcus 
(MPN/100ml) 

LN of Enterococcus

2001-2004 Tidal prism RWQCB 50 3.91
2001-2005 Tidal prism RWQCB 60 4.09
2001-2006 Tidal prism RWQCB 10 2.30
2001-2007 Tidal prism RWQCB 120 4.79
2001-2008 Tidal prism RWQCB 10 2.30
2001-2009 Tidal prism RWQCB 20 3.00
2001-2010 Tidal prism RWQCB 5 1.61
2001-2011 Tidal prism RWQCB 23 3.14
2001-2012 Tidal prism RWQCB 60 4.09
2001-2013 Tidal prism RWQCB 20 3.00
2001-2014 Tidal prism RWQCB 5 1.61
2001-2015 Tidal prism RWQCB 5 1.61
2001-2016 Tidal prism RWQCB 10 2.30
2001-2017 Tidal prism RWQCB 10 2.30
2001-2018 Tidal prism RWQCB 25 3.22
2001-2019 Tidal prism RWQCB 5 1.61
2001-2020 Tidal prism RWQCB 15 2.71
2001-2021 Tidal prism RWQCB 40 3.69
2001-2022 Tidal prism RWQCB 100 4.61
2001-2023 Tidal prism RWQCB 60 4.09
2001-2024 Tidal prism RWQCB 30 3.40
2001-2025 Tidal prism RWQCB 630 6.45
2001-2026 Tidal prism RWQCB 10 2.30
2001-2027 Tidal prism RWQCB 1 0.00
2001-2028 Tidal prism RWQCB 740 6.61
2001-2029 Tidal prism RWQCB 1 0.00
2001-2030 Tidal prism RWQCB 10 2.30
2001-2031 Tidal prism RWQCB 30 3.40
2001-2032 Tidal prism RWQCB 150 5.01
2001-2033 Tidal prism RWQCB 150 5.01
2001-2034 Tidal prism RWQCB 20 3.00
2001-2035 Tidal prism RWQCB 80 4.38
2001-2036 Tidal prism RWQCB 50 3.91
2001-2037 Tidal prism RWQCB 30 3.40
2001-2038 Tidal prism RWQCB 30 3.40
2001-2039 Tidal prism RWQCB 700 6.55
2001-2040 Tidal prism RWQCB 60 4.09
2001-2041 Tidal prism RWQCB 70 4.25
2001-2042 Tidal prism RWQCB 280 5.63
2001-2043 Tidal prism RWQCB 240 5.48
2001-2044 Tidal prism RWQCB 690 6.54
2001-2045 Tidal prism RWQCB 580 6.36
2001-2046 Tidal prism RWQCB 710 6.57
2001-2047 Tidal prism RWQCB 220 5.39
2001-2048 Tidal prism RWQCB 80 4.38
2001-2049 Tidal prism RWQCB 80 4.38
2001-2050 Tidal prism RWQCB 50 3.91
2001-2051 Tidal prism RWQCB 10 2.30
2001-2052 Tidal prism RWQCB 110 4.70
2001-2053 Tidal prism RWQCB 60 4.09
2001-2054 Tidal prism RWQCB 80 4.38
2001-2055 Tidal prism RWQCB 100 4.61
2001-2056 Tidal prism RWQCB 20 3.00
2001-2057 Tidal prism RWQCB 50 3.91
2001-2058 Tidal prism RWQCB 70 4.25
2001-2059 Tidal prism RWQCB 15 2.71
2001-2060 Tidal prism RWQCB 10 2.30
2001-2061 Tidal prism RWQCB 900 6.80
2001-2062 Tidal prism RWQCB 60 4.09
2001-2063 Tidal prism RWQCB 40 3.69
2001-2064 Tidal prism RWQCB 500 6.21
2001-2065 Tidal prism RWQCB 6 1.79
2001-2066 Tidal prism RWQCB 12 2.48
2001-2067 Tidal prism RWQCB 80 4.38
2001-2068 Tidal prism RWQCB 60 4.09
2001-2069 Tidal prism RWQCB 30 3.40
2001-2070 Tidal prism RWQCB 20 3.00
2001-2071 Tidal prism RWQCB 30 3.40
2001-2072 Tidal prism RWQCB 20 3.00
2001-2073 Tidal prism RWQCB 10 2.30
2001-2074 Tidal prism RWQCB 70 4.25
2001-2075 Tidal prism RWQCB 80 4.38
2001-2076 Tidal prism RWQCB 10 2.30
2001-2077 Tidal prism RWQCB 40 3.69
2001-2078 Tidal prism RWQCB 20 3.00
2001-2079 Tidal prism RWQCB 50 3.91
2001-2080 Tidal prism RWQCB 10 2.30
2001-2081 Tidal prism RWQCB 70 4.25
2001-2082 Tidal prism RWQCB 10 2.30
2001-2083 Tidal prism RWQCB 160 5.08
2001-2084 Tidal prism RWQCB 63 4.14
2001-2085 Tidal prism RWQCB 80 4.38
2001-2086 Tidal prism RWQCB 530 6.27
2001-2087 Tidal prism RWQCB 90 4.50
2001-2088 Tidal prism RWQCB 20 3.00
2001-2089 Tidal prism RWQCB 20 3.00
2001-2090 Tidal prism RWQCB 60 4.09
2001-2091 Tidal prism RWQCB 20 3.00
2001-2092 Tidal prism RWQCB 130 4.87
2001-2093 Tidal prism RWQCB 240 5.48
2001-2094 Tidal prism RWQCB 11 2.40
2001-2095 Tidal prism RWQCB 300 5.70
2001-2096 Tidal prism RWQCB 900 6.80
2001-2097 Tidal prism RWQCB 130 4.87



2001-2098 Tidal prism RWQCB 22000 10.00
2001-2099 Tidal prism RWQCB 300 5.70
2001-2100 Tidal prism RWQCB 500 6.21
2001-2101 Tidal prism RWQCB 500 6.21
2001-2102 Tidal prism RWQCB 23 3.14
2001-2103 Tidal prism RWQCB 23 3.14
2001-2104 Tidal prism RWQCB 170 5.14
2001-2105 Tidal prism RWQCB 50 3.91
2001-2106 Tidal prism RWQCB 11 2.40
2001-2107 Tidal prism RWQCB 2 0.69
2001-2108 Tidal prism RWQCB 4 1.39
2001-2109 Tidal prism RWQCB 8 2.08
2001-2110 Tidal prism RWQCB 18 2.89
2001-2111 Tidal prism RWQCB 80 4.38
2001-2112 Tidal prism RWQCB 17 2.83
2001-2113 Tidal prism RWQCB 23 3.14
2001-2114 Tidal prism RWQCB 2 0.69
2001-2115 Tidal prism RWQCB 2 0.69
2001-2116 Tidal prism RWQCB 2 0.69
2001-2117 Tidal prism RWQCB 23 3.14
2001-2118 Tidal prism RWQCB 80 4.38
2001-2119 Tidal prism RWQCB 470 6.15
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TO: MEMORANDUM TO FILE: BASIN PLANNING: BASIN PLAN AMENDMENTS – 
REVISIONS TO RECREATIONAL STANDARDS FOR INLAND FRESH 
SURFACE WATERS IN THE SANTA ANA REGION 
 
 

FROM: Joanne Schneider 
Environmental Program Manager  
Santa Ana Region 
 

DATE: May 30, 2013 
 

SUBJECT: 2008 USEPA GUIDANCE ON “EXISTING” USES; REVISION OF 
INFORMATION ON EXISTING USES PROVIDED IN THE JANUARY 12, 2012 
STAFF REPORT FOR THE RECREATIONAL STANDARDS AMENDMENTS 
FOR INLAND FRESH SURFACE WATERS IN THE SANTA ANA REGION 

 
The purpose of this memo is twofold: (1) to take note of the 2008 guidance provided by USEPA 
regarding the definition and interpretation of “existing” beneficial uses; and, (2) based on this 
2008 guidance, to correct the information provided on “existing” uses in the January 12, 2012 
staff report for the recreational standards Basin Plan amendments.  
 
This USEPA guidance is contained in an attachment to a September 5, 2008 letter from Denise 
Keehner, Director – Standards and Health Protection Division, USEPA, Washington, D.C. to Mr. 
Derek Smithee of the State of Oklahoma (cc attached to this memorandum). This letter and 
attached guidance were USEPA’s response to questions regarding “existing” uses that were 
posed by Mr. Smithee in an August 11, 2008 letter to Ms. Keehner (included as part of the 
attachment). The guidance provides information concerning the definition and interpretation of 
“existing” uses that is different from the information relied upon in drafting the January 12, 2012 
staff report, which included earlier USEPA guidance (USEPA Questions and Answers on: 
Antidegradation, August 1985) and State Water Board decisions that addressed this matter. The 
2008 USEPA guidance was not known to Regional Board staff at the time the January 12, 2012 
staff report was prepared.  
 
The January 12, 2012 staff report (p. 80) includes the following discussion of “existing” uses:  
 

“Per 40 CFR 131.3, “existing uses” are those uses actually attained in the water body on 
or after November 28, 1975 (the date of USEPA’s initial water quality standards 
regulation), whether or not they are included in the water quality standards.  USEPA 
guidance indicates that an “existing” primary contact recreational use can be established 
by demonstrating that swimming has actually occurred since November 28, 1975, or that 
the water quality is suitable to allow such uses to occur, unless there are physical 
problems that prevent the use regardless of water quality).”  [underline added] 
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BPA: Recreational Standards Amendments 
 
In contrast to the guidance cited above that an “existing” use can be established by actual use 
or by water quality sufficient to support the use, the 2008 USEPA guidance provides the general 
direction to consider both actual use and water quality in making “existing” use determinations. 
Pertinent statements in the 2008 guidance letter follow:  
 

• “It is appropriate to describe the existing uses of a waterbody in terms of both actual use 
and water quality because doing so provides the most comprehensive means of 
describing the baseline conditions that must be protected.” [underline added] (p.5 of 
attachment to September 5, 2008 letter) 
 

• “Although EPA interprets the definition of "existing use" to require consideration of the 
available data and information on both actual use and water quality, all the necessary 
data may not be available. In these circumstances, a state or tribe may choose, in 
implementing its water quality standards program, to determine an existing use based 
on the strength of evidence that a use has actually been achieved or the strength of 
evidence that water quality supporting a use has been achieved. In other words, where 
data may be limited or inconclusive, EPA expects states and tribes to consider the 
quantity, quality, and reliability of the different types of available data to describe the 
existing use as accurately and completely as possible and to resolve any apparent 
discrepancies based upon that evaluation.” (p.3 of attachment to September 5, 2008 
letter) 
 

• “Under the clarification that states and tribes are not bound to describing their existing 
uses with the same categories employed for designated uses, the following summarizes 
how states and tribes should determine existing uses.  

 
1. Where a use (i.e., some degree of use related to aquatic life, wildlife, and 

human activity) has actually been achieved on or after November 28, 1975, 
the existing use is the highest degree of use and the water quality that has 
been achieved and is necessary to support the use (see examples 1 and 2); 
and 

2. Where the water quality achieved was sufficient to support a use on or after 
November 28, 1975, but the use (i.e., some degree of use related to aquatic 
life, wildlife, and human activity) has not occurred, the federal regulations 
provide states and tribes the discretion to determining whether or not this is 
an existing use. In this case, however, it would be reasonable to presume the 
use is attainable and that a state or tribe would need to explain the factors 
unrelated to water quality (e.g. human caused conditions that cannot be 
remedied, hydrologic modifications) that are limiting the attainment of the use 
before it can be removed (see examples 3 and 4).” (p.4-5 of attachment to 
September 5, 2008 letter) 
 

 
This USEPA guidance is subject to further change. Therefore, it is advisable to review the 
USEPA website (http://water.epa.gov/scitech/swguidance/standards) to determine whether any 
updated information is available.  
 
   
 
 
 

http://water.epa.gov/scitech/swguidance/standards


 
 
 

 

TO:   REC Standards BPA for Inland Surface Waters 
 
 
FROM: Dave Woelfel 
 SANTA ANA REGIONAL WATER QUALITY CONTROL BOARD 
 
DATE: November 15, 2013 
 
SUBJECT: Correction Memo on REC 2 only Targets  
 
It was determined that the Antidegradation Targets (targets) developed for REC2 only waters 
and found on page 70 of the Attachment 2 to Resolution No. R8-2012-0001was calculated 
incorrectly. In addition, some editorial changes were necessary in the text describing the 
targets. The targets were to be calculated using dry weather flow data only.  However, in Table 
5 on page 70 the targets that are shown were calculated using all sample data (wet and dry 
weather data).  CDMSmith had provided in an earlier memo on April 2012, target calculations 
for the two fresh water sites using dry weather data and all sample data.  Staff had mistakenly 
used the targets developed that used all sample data to place in Table 5. For the other water 
targets, staff had calculated the targets using all sample data.  
 
To provide the correct targets staff used the dry weather targets developed by CDMSmith for 
the two fresh water reaches.  For the other water sites, staff used data from dry weather months 
(May-September) from the original sampling data set to calculate the targets. These corrected 
target calculations were placed in Table 5 on page 70 in underline form and the incorrect target 
were placed in strikeout form.    
 
In addition, the term Upper Confidence Level, was deleted and replaced in the text with 
percentile.  See Correction Memo of November 15, 2013 with text and Table 5-REC2 Only 
Targets-FW and Table 5-REC2 Only Targets-Other Waters. 
 
CDMSmith staff Dan Bounds and Stevel Wolosoff reviewed the updated target calculations and 
the Correction Memo.  In an email on November 15, 2013 to RB staff they stated that the 
calculations were done correctly to determine the 75 percentile and that the Memo was accurate 
with two slight exceptions. The Standard Deviation numbers for the two freshwater reaches was 
incorrect and the bacteria densities should have been noted as mpn/100mL and not cfu/100mL. 
These errors will not affect the accuracy of the targets.    
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November 14, 2013 Corrections to Attachment 2 (“clean” version of amendments) to 
Resolution No. R8-2012-0001:  
 
1. p. 69 et seq. of 79: Antidegradation targets for REC2 only freshwaters , Modify as 

follows (added text is underlined; deleted text is shown in strike-out type) 
 
 

The baseline condition (antidegradation target) for each REC2 only water will be 
established through a comprehensive statistical analysis of ambient bacteria quality 
data that is conducted as part of the UAA used to justify the REC2 only designation. 
The statistical analysis must be designed to characterize the entire distribution of the 
dataset. This includes determination of the geometric mean, median, standard 
deviation, coefficient-of-variation, maximum value, upper 75th percentile value and 
sample size for the dataset. The upper 75th percentile density will serve as the 
antidegradation target, that is, the trigger threshold for further investigation and possible 
corrective action. As new data become available pursuant to requisite monitoring, they 
will be compared to this antidegradation target to determine whether further 
investigation or action is needed. The additional monitoring results must be sufficiently 
robust to assess whether a lowering of water quality has occurred. 

  
In general, the following method will be used to estimate the upper 75th percentile 
densities: 
 
Step 1) Log-transform the existing data 
Step 2) Calculate the mean of the log-transformed data 
Step 3) Calculate the standard deviation of the log-transformed data 
Step 4) Multiply the standard deviation of log-transformed data by 0.675 
Step 5) Add result from Step 4 to the mean value calculated in Step 2 
Step 6) Calculate the anti-log for the value derived in Step 5; this is the 75% 
Upper Confidence Level percentile of the fitted log-normal distribution.  
 
  
 
Use Attainability Analyses have been completed to justify the designation as REC2- 
only the specific freshwater stream segments listed in Table 5-REC2 Only Targets-FW. 
For each of these waters, this Table shows the antidegradation indicator bacteria 
targets, based on the 75% percentile upper confidence level of data obtained as part of 
the UAAs: 
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Table 5-REC2 Only Targets-FW1  

REC2 Only Waterbody 
E. coli  Densities  (cfu/100 mL) 

Geometric 
Mean 

Std. 
Dev. N Max. 

Observed 
75%3 
UCL3 

      
Temescal Creek, Reach 1a 198 192 34 119 108 9,2002 374   359 
Santa Ana Delhi Channel, Reach 2 448  411 110 63  56 12,590 1231 1,104 
UCL= Upper Confidence Level; 75% percentile upper confidence level is the antidegradation 
target 

1 CDM, Inc. Technical Memorandum. Calculation of Antidegradation Targets for REC2 Only Freshwaters. 
April 24, 2012. 
2 A value of 1,800,000 cfu/100 mL, from the sample collected on 9/8/2007, was excluded as an outlier. 
3 Targets calculated for dry weather baseflow conditions only; do not apply to samples collected during 

wet weather conditions. 
 

 
Table 5-REC2 Only Targets-Others Waters1 

REC2 Only Waterbody 
Enterococcus  Densities  (cfu/100 mL) 

Geometric 
Mean 

Std. 
Dev. N Max. 

Observed 
75%2 

UCL 
      
Greenville-Banning Channel, Tidal 
Prism 

44    24 
   

2041  
144 

116 
61 

22,000 

740 
133 
64 

Santa Ana-Delhi Channel, Tidal 
Prism 439  240 4852  

474 
65 
43 

28,600 
2200 

1,320 
464 

UCL= Upper Confidence Level; 75%percentile upper confidence level is the antidegradation target 
1 California Regional Water Quality Control Board, Santa Ana Region. Memorandum prepared by David 
Woelfel, Calculation of Antidegradation Targets for REC2 Only Waters-Tidal Prisms. April 24, 2012. 
2 Targets calculated for dry weather baseflow conditions only; do not apply to samples collected during 
 wet weather conditions. 
  
CDMSmith staff stated in the November 15, 2013 email that the correct standard deviations for 
the Temescal Creek was 937 and not 34 and for Santa Ana-Delhi Channel 2,035 and not 110.   
CDM staff used the correct Std. Deviation numbers in calculating the targets which they 
provided in the April Memo.   
 
Attached to this document is the data set and calculations in an excel spread sheet used to 
calculate the tidal prism targets.   
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 7.10 Presentations to State Board 



 Basin Plan Amendments 
 

Recreation Standards for Fresh 
Waters in the Santa Ana Region 

 
 



Recreation Standards for Fresh 
Waters in the  Santa Ana Region 

 
 Regional Board Adoption: June 15, 2012 
 Resolution No. R8-2012-0001 
 

 Executive Officer Corrections:  
 February 12, 2013 
 November 15, 2013  

 

2 



3 

 Culmination of Stormwater Quality Standards 
Task Force (SWQSTF) effort: 

 
 Significant stakeholder commitment 
 Open/inclusive process 
 Guiding principles:  
 Process  must be objective 
 Proposed changes must be based on best available 

science 
 Proposed changes must comport with existing 

law/regulation  
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 Protect public health  
 Ensure reasonable protection of beneficial uses  
 Overall goal: develop pathogen control strategy 

to protect public health/meet legal requirements 
AND allow/encourage prioritized use of finite 
public resources  

Key Objectives 
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Recreation Standards Amendments 

   
 Meet Objectives  
  
 Significant improvement over existing 

Basin Plan standards and implementation 
strategies 
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Recreation Standards Amendments 

 Delete fecal coliform objectives for REC1 and 
REC2  
• Objectives are obsolete, scientifically invalid 

 Add E. coli objectives for REC1 waters (USEPA 
1986 criteria) [Table 4- pio] 
 Note: REC1 waters also designated REC2 
 REC1 objectives obviate need for separate REC2 objectives 
 No scientific basis for REC2  objectives  

 
 Add a narrative pathogen objective 



7 

 Remove REC1 and, in some cases, REC2 
designations for 8 specific water segments in 4  
streams  via Use Attainability Analyses (UAAs)  
 Uses not “existing” 
 Uses cannot be attained by imposition of more 

stringent effluent limits or controls on non-point 
sources 

 Factors identified in 40 CFR 131.10(g) preclude 
attainment: 
 Hydrological modifications and, in most cases, low flow 

conditions 

 
 

 

Use Attainability Analyses 
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 Use of single sample maximum E. coli values for 
REC1 waters [Table 5-REC1-Tiers; Table 5-REC1-
ssv] 
 Based on intensity of REC1 use 
 Employ equation to calculate on site-specific basis, or 

default value if necessary 

 Antidegradation targets for REC2-only waters [Tables 
5-REC2 Only Targets – FW, Other Waters] 
 As stringent as REC2 objectives 

 Temporary, high flow suspension of REC standards 
 Monitoring 
 
 

 

Implementation Strategies  
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 Re UAAs:  November 14, 2013 letter to Reg. 
Bd. Executive Officer: 

 
 “Informal” review of re-formatted UAA reports  
 Non-committal re UAA approval 
 Reports appear to have addressed many of EPA’s 

concerns  
 EPA will provide more detailed comments when 

amendments submitted for formal review 

 

EPA Review/Approval   
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 Re Use of single sample maximum E. coli 
values for REC1 waters: 
 Based on intensity of REC1 use 

 Tier “D” (rarely used) SSM:  575  (default) 
 EPA 2012 criteria: STV=  410 (assumes 

geometric mean= 126 E. coli) 
 EPA may disapprove Tier D SSM 

 Tier D waters: likely UAA candidates (no REC 
use) 

 

EPA Review/Approval   
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RECOMMENDATION 

• Adopt  Resolution 2014-xxxx: 
 

• Approve the Basin Plan amendments adopted 
under Santa Ana Water Board Resolution No. R8-
2012-0001, with Executive Officer corrections 
(February 12, 2013; November 14, 2013) 

• Authorize the Executive Director or designee to 
submit the amendments adopted under Santa Ana 
Water Board Resolution No. R8-2012-0001 to the 
Office of Administrative Law and to the USEPA for 
approval.  
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  End of Brief Presentation 



 Basin Plan Amendments 
 

Recreation Standards for Fresh 
Waters in the Santa Ana Region 
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 Geometric mean:  126/100mL (min. 5 

samples/30 days (running))  [Table 4 –pio] 
 
 ~8/1000 gastrointestinal illness rate in 

swimmers (1986 and prior USEPA estimate)  
 
 Risk level approx. that estimated for fecal 

coliform objectives 
 
 

 

New E. coli  Objectives: REC1 waters  
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Use Attainability Analyses 

 “Existing” use? 
 Water quality  
 Evidence of REC1 use 
[USEPA describes “existing” uses in terms of water 
quality and actual use (2008 guidance to Oklahoma; 
2013 proposed water quality standards revisions)] 
 

 Probable future use? 
 Regional plans, flow and channel characteristics, 

land use, access, safety, etc. 
 

 40 CFR 131.10(g) factor(s) apply? 
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Use Attainability Analyses 

 “Existing” use: 
 Historical investigation 
 Field Observation 
 Remote camera surveys: 
 Images every 15 min. during daylight hours 
 One year or more 
 Thousands/tens of thousands of images at each site 
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Camera Locations Channel Type Total # 
Images 

Immersive 
Contact 

Incidental 
Contact 
  

Non- 
Contact 

Santa Ana Delhi Channel 
@ Mesa Drive 
  

Vertical, Concrete 21,284 0% 0% 0% 

Santa Ana Delhi Channel 
@ Sunflower Ave. 
  

Trapezoidal,  
Rip-rap 

20,978 0% 0% 0% 

Greenville-Banning 
Channel  
  

Vertical, Concrete 2,977 0% 0% 0% 

Cucamonga Creek @Hellman 
Ave. 
  

Trapezoidal,  
Concrete 

2,546 0% 0% 1 (0.04%) 

Cucamonga Creek 
@IEUA-RP1 
  

Vertical, Concrete 
  

27,122 0% 0% 0% 

Temescal Creek, Main St. 
 & Corona WWTP 
  

Trapezoidal, Concrete 11,120 0% 2 (0.02%) 31 
(0.28%) 

Summary of Photographic Survey 
Results for UAA Waters 
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Use Attainability Analyses 

 No evidence of “existing” use 
 No reasonable probability of future use 
 Very conservative approach: any contact that 

might result in ingestion= REC1; any people= 
REC2  
 Findings subject to triennial review 

 40 CFR 131.10(g) (4) and, in most cases, (2) 
apply 
 Hydrologic modifications prevent attainment (factor 

4) 
 Low flow conditions prevent attainment (factor 2) 
 

 

 
 



Santa Ana-Delhi Channel 
Reach 1 
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Santa Ana-Delhi Channel 
Reach 2 
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Santa Ana-Delhi Channel 
Tidal Prism 



Greenville-Banning Channel 
Tidal Prism 

22 



Greenville-Banning Channel 
Reach 1 

23 



Temescal Creek 
Reach 1a 

24 



Temescal Creek 
Reach 1b 

25 



Cucamonga Creek 
 Reach 1 

26 



Cucamonga Creek  
Reach 1  

27 



Cucamonga Creek 
 Reach 1 

28 
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 E. coli  Single Sample Maximum  Values (SSM, 
ssv) 
 Use SSM as objective where data insufficient to 

calculate geometric mean 
 
 Principal SSM use: public notification/investigation 

 
[Note: 2012 USEPA criteria employ a revised approach 
to use of single sample data] 

Recreation Standards Amendments 
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 Equation to calculate SSMs included: 
 

 Geometric mean objective: 126/100mL E. coli 
 Variability:  site-specific log standard deviation or 

USEPA default 
 Statistical confidence factor: dependent on 

intensity of REC1 use 
 Designated beach (heavy REC1 use) to infrequent REC1 

use 

E. coli Single  Sample Maximum Values 
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 Fresh surface waters placed in REC1 use 
tiers [Table 5-REC1-Tiers] 
 Tier A (heavy REC1 use):  Santa Ana River, 

Reach 3 
 Tiers B, C, D: moderate, light, infrequent REC1 

use 
 “N” designated waters: treat as Tier A for SSMs 

E. coli Single Sample Maximum Values  



Santa  Ana River, Reach 3 
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Santa Ana River, Reach 3 
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Temporary Suspension of Rec. Stds.  

 Engineered/heavily modified channels 
 Flow-based triggers:  

• Stream velocity > 8 fps 
• Stream depth x velocity > 10 ft2/sec   

• Rainfall in tributary area 0.5 ≥ inches 
 

• [LARWQCB Res. No. 2003-010; USGS National 
Field Manual] 
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Temporary Suspension of Rec. Stds.  

 Automatic termination: 
 
 24 hours after rainfall stops (unless stream flows 

continue to exceed suspension criteria), or 
 
 Once stream flows return to baseline (<98th 

percentile of calibrated hydrograph) 
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Policy Considerations  

• Postpone Santa Ana Reg. Bd. rec. stds. 
amendments: await statewide objective process 
(based on 2012 USEPA criteria) ? 
 

• Regional Board response: NO 
• Important to proceed to consider amendments 

to protect public health and beneficial uses; 
delay would reduce public health protection 

• Amendments support regional BMPs to attain 
TMDLs 
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Policy Considerations  

• Santa Ana Reg. Bd. rec. stds. amendments vs.  
revised USEPA bacteria criteria/statewide 
objective process  
 
• Santa Ana Reg. Bd. amendments not all contingent 

on new criteria/statewide policy 
• Santa Ana Reg. Bd.  E. coli 

objectives/implementation strategies provide 
superior public health/beneficial use protection  
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Amendments vs 2012 USEPA criteria:  

• USEPA 2012 criteria (December 2012): 
• Intent: national consistency; ensure equivalent 

health protection in all waters 
• Two sets of E. coli  geometric mean (GM) and 

Statistical Threshold Values (STVs) to choose from 
• Includes 126 cfu/100mL GM; 410 cfu/100 mL STV 

• Different approach to single sample data (STV) 
•  Both geometric mean and STV apply independently and 

simultaneously 
• No variation based on intensity of REC1 use 
• No equation to account for site-specific variability 
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• 2012 criteria recommendations do not rely on 
new E. coli  science 

• Change in policy intended to assure 
consistency, equivalent health protection for 
REC1 waters nationwide 

• Santa Ana Reg. Bd. amendments remain 
scientifically defensible and protective of 
public health/beneficial uses 

• Differences between Reg. Bd. amendments & 
future statewide policy can/should be 
addressed upon policy adoption. 

Key Points 
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 Re UAAs:  November 14, 2013 letter to Reg. 
Bd. Executive Officer: 

 
 “Informal” review of re-formatted UAA reports  
 Non-committal re UAA approval 
 Reports appear to have addressed many of EPA’s 

concerns  
 EPA will provide more detailed comments when 

amendments submitted for formal review 

 

EPA Review/Approval   
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 Re Use of single sample maximum E. coli 
values for REC1 waters: 
 Based on intensity of REC1 use 

 Tier “D” (rarely used) SSM:  575  (default) 
 EPA 2012 criteria: STV=  410 (assumes 

geometric mean= 126 E. coli) 
 EPA may disapprove Tier D SSM 

 Tier D waters: likely UAA candidates (no REC 
use) 

 

EPA Review/Approval   



Summary – Amendments 

 Will assure reasonable protection of beneficial uses and 
prevent nuisance 

 Will assure protection of public health 
 Exceed public health protection of existing Basin Plan recreation 

standards 
 Amendments remain scientifically defensible approach 

 Any revisions to address 2012 USEPA criteria can be made upon statewide 
policy adoption 

 Implement applicable federal and state law and 
regulation 
 CWA & CWC 
 BEACH Act rule (2004) 
 Antidegradation provisions 
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RECOMMENDATION 

• Adopt  Resolution 2014-xxxx: 
 

• Approve the Basin Plan amendments adopted 
under Santa Ana Water Board Resolution No. R8-
2012-0001, with Executive Officer corrections 
(February 12, 2013, November 14, 2013) 

• Authorize the Executive Director or designee to 
submit the amendments adopted under Santa Ana 
Water Board Resolution No. R8-2012-0001 to the 
Office of Administrative Law and to the USEPA for 
approval.  

 
 
 



Jason Uhley 

Chief of Watershed Protection 

Riverside County Flood Control and Water Conservation 
District 

on behalf of  

Riverside County NPDES MS4 Permit Program 





 

Santa Ana Region Recreation Uses Basin Plan 
Amendment 

2005 Middle Santa Ana River TMDL 

2010 Santa Ana MS4 Permit For 
Riverside County 

2012 Comprehensive 
Bacteria Reduction Plan for 

Riverside County 

Beneficial Use 
Restoration 
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Comprehensive Bacteria 
Reduction Plan 

Step 1:   
 

Eliminate human 
coliform sources 



Tier 2 Source Assessment Plan 



Comprehensive Field Investigations 

Presenter
Presentation Notes




Use aggressive 
microbial source 

assessment  to identify 
and eliminate 

Sewer Cross 
Connections 

High Risk 
Homeless 

Encampments 

Leaking 
Septics 



 

Comprehensive Bacteria 
Reduction Plan 

Step 2:   
 

Eliminate Nuisance Dry 
Weather Flows 



Dry Weather Flow Assessment 



 

Comprehensive Bacteria 
Reduction Plan 

Step 3:  Supplement with 
structural solutions where 
necessary 

• Dry Weather Diversion 
• MS4 Retrofit Projects 
• Integrated Water Management 



A UAA and Diversion Project 
is being considered here 

(Temescal Channel): 
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To Better Protect 
Downstream Beneficial Uses 

Here: 
 

13 



 

We are in the process of 
identifying other retrofit 

opportunities. 



 

Comprehensive Bacteria 
Reduction Plan 

Step 4:   
 Characterize Other Sources 

• Natural Sources 
• Sediment Resuspension 
• Other Sources 



Evaluate Other Sources 





END OF SHOW 



Santa Ana River 



 

 
 

 

Photos of removal of Box Springs Sewer 
Cross Connection Elimination as a result of 
2008 Microbial Source Assessment Study 
 



Homeless Camp Abatement 
Temescal Wash 
El Sobrante Road and 6th 



Homeless Camp Abatement 
Temescal Wash 
El Sobrante Road and 6th 



 
 
 
 
 
 

 7.11 Updated List of Channels 
Eligible for High Flow Suspension 
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County Nearest City HUC_CODE Concrete? Rip-Rap?

If NOT Concrete or Rip-
Rap, Describe Other 

Relevant HFS Factors:

ANZA CHANNEL RIVERSIDE RIVERSIDE 801.26 YES
Earthen prismatic d/s of 
Arlington Avenue

ARIZONA CHANNEL - LINE C RIVERSIDE RIVERSIDE 801.26 YES
ARIZONA CHANNEL - LINE C1 RIVERSIDE RIVERSIDE 801.26 YES
ARLINGTON CHANNEL RIVERSIDE CORONA 801.25, 801.26 YES
BAUTISTA CREEK CHANNEL RIVERSIDE HEMET 802.21 YES
BLY CHANNEL - LATERAL A RIVERSIDE JURUPA VALLEY 801.21 YES
BLY CHANNEL AND FREEWAY COLLECTOR RIVERSIDE JURUPA VALLEY 801.21 YES
BOX SPRINGS STORM DRAIN RIVERSIDE RIVERSIDE 801.27 YES
BRADLEY ROAD CHANNEL RIVERSIDE MENIFEE 802.12 YES
BROWN CANYON CHANNEL RIVERSIDE LAKE ELSINORE 801.32 YES
BROWN CANYON CHANNEL - LATERALS A AND B RIVERSIDE LAKE ELSINORE 801.32 YES
CALIMESA CHANNEL RIVERSIDE CALIMESA 801.63 YES
CHANDLER STREET CHANNEL RIVERSIDE EASTVALE 801.21 EARTHEN PRISMATIC
CHERRY AVENUE - EIGHTH STREET CHANNEL RIVERSIDE BEAUMONT 802.21 EARTHEN PRISMATIC
CHERRY AVENUE - EIGHTH STREET CHANNEL RIVERSIDE BEAUMONT 802.21 YES
City Beaumont Channel (u/s of Highland Springs Ch) RIVERSIDE BEAUMONT 802.21, 801.69 YES
City of Beaumont Channel RIVERSIDE BEAUMONT 801.62 YES
City of Corona Channel (drains into Oak St. Ch) RIVERSIDE CORONA 801.25 YES
City of Corona Channel (drains to Temescal Cyn) RIVERSIDE CORONA 801.32 YES
City of Jurupa Valley Channel RIVERSIDE JURUPA VALLEY 801.21 EARTHEN PRISMATIC
City of Lake Elsinore Channel (TR 31920) RIVERSIDE LAKE ELSINORE 802.31 EARTHEN PRISMATIC
City of Riverside Channel RIVERSIDE RIVERSIDE 801.26 YES
City of Riverside Channel (d/s of Sycamore Dam) RIVERSIDE RIVERSIDE 801.27 YES
City of Riverside Channel (u/s of Box Springs SD) RIVERSIDE RIVERSIDE 801.27 YES

City of Riverside Channel (u/s of Sycamore Dam) RIVERSIDE RIVERSIDE 801.27 GOLF COURSE

RCFC & WCD Engineered and Modified Flood Control Channels Eligible for High Flow Suspension (HFS)

PROJECT NAME

LOCATION Significant Flood Control Modifications



City of Wildomar Channel (drains to Palomar Ch) RIVERSIDE WILDOMAR 802.31 EARTHEN PRISMATIC
City Riverside Channel (near Sycamore Dam) RIVERSIDE RIVERSIDE 801.27 YES

CORONA DRAINS - LINE 1 RIVERSIDE CORONA 801.25 YES
Earthen prismatic d/s of 
Cota Street

COUNTY LINE CHANNEL RIVERSIDE EASTVALE 801.21 YES

DAY CREEK - INLAND AVENUE STORM DRAIN CHANNEL RIVERSIDE JURUPA VALLEY 801.21 EARTHEN PRISMATIC

DAY CREEK CHANNEL RIVERSIDE JURUPA VALLEY 801.21 YES
Rip-rap section d/s of 
Lucretia Street

DAY CREEK MASTER DRAINAGE PLAN - LATERAL A-2 RIVERSIDE JURUPA VALLEY 801.21 EARTHEN PRISMATIC
EASTVALE MASTER DRAINAGE PLAN - LINE E RIVERSIDE JURUPA VALLEY 801.21 YES
EDGEMONT CHANNEL RIVERSIDE MORENO 801.27 YES
EL CERRITO CHANNEL RIVERSIDE CORONA 801.32 YES
FAIRVIEW AVENUE CHANNEL RIVERSIDE HEMET 802.21 YES
FLORIDA AVENUE STORM DRAIN RIVERSIDE HEMET 802.15 YES
FOUR CORNERS STORM DRAIN RIVERSIDE LAKE ELSINORE 802.31 YES
GAVILAN HILLS - SMITH ROAD CHANNEL AND BASIN RIVERSIDE RIVERSIDE 801.33 YES

HEACOCK CHANNEL - SUNNYMEAD LINE B RIVERSIDE
MORENO 
VALLEY 802.11 YES

HEMET STORM CHANNEL RIVERSIDE HEMET 802.13, 802.15 EARTHEN PRISMATIC
HEMET STORM CHANNEL RIVERSIDE HEMET 802.15 YES
HIGHGROVE CHANNEL RIVERSIDE JURUPA VALLEY 801.27 YES
HIGHLAND SPRINGS CHANNEL RIVERSIDE BEAUMONT 802.21 YES

HOME GARDENS - LINCOLN STREET CHANNEL RIVERSIDE CORONA 801.25 YES
HOMELAND LINE 1B RIVERSIDE MENIFEE 802.11 YES
JURUPA CHANNEL RIVERSIDE JURUPA VALLEY 801.21 YES
KITCHING STREET CHANNEL RIVERSIDE MORENO 802.11 YES
LA SIERRA CHANNEL RIVERSIDE RIVERSIDE 801.26 YES

LAKE ELSINORE OUTLET CHANNEL RIVERSIDE LAKE ELSINORE 802.31, 801.35 EARTHEN PRISMATIC
LAKELAND VILLAGE CHANNEL RIVERSIDE LAKE ELSINORE 802.31 YES
LEACH CANYON CHANNEL RIVERSIDE LAKE ELSINORE 802.31 YES
LIME STREET CHANNEL RIVERSIDE LAKE ELSINORE 802.31 YES



LITTLE SAN GORGONIO CREEK RIVERSIDE BANNING 801.62, 801.69 EARTHEN CHANNEL
MAIN STREET CHANNEL RIVERSIDE CORONA 801.25 YES

MERIDIAN STREET CHANNEL RIVERSIDE
HEMET, SAN 

JACINTO 802.21 YES
METZ ROAD STORM DRAIN RIVERSIDE PERRIS 802.11 YES
MIRA LOMA - DOWNEY STREET STORM DRAIN RIVERSIDE JURUPA VALLEY 801.21 YES
MOCKINGBIRD CANYON RIVERSIDE RIVERSIDE 801.26 YES

MORENO MASTER DRAINAGE PLAN - LINE A RIVERSIDE
MORENO 
VALLEY 802.11 YES

MORENO MASTER DRAINAGE PLAN - LINE F RIVERSIDE
MORENO 
VALLEY 802.11 YES

MORENO MASTER DRAINAGE PLAN - LINE F-2 RIVERSIDE
MORENO 
VALLEY 802.11 YES

MOUNTAIN VIEW CHANNEL RIVERSIDE BEAUMONT 801.62 YES
NOBLE CREEK CHANNEL RIVERSIDE BEAUMONT 801.62, 801.69 YES
NORTH MAIN STREET CHANNEL RIVERSIDE CORONA 801.25 EARTHEN PRISMATIC

NORTH NORCO CHANNEL RIVERSIDE NORCO 801.25 YES
Earthen prismatic u/s of 
Sixth Street

NORTH NORCO CHANNEL - FREEWAY LATERAL RIVERSIDE NORCO 801.25 YES

NORTH NORCO CHANNEL - LINE NA RIVERSIDE NORCO 801.25 YES

NORTH NORCO CHANNEL - LINE NB RIVERSIDE NORCO 801.25 YES
Earthen prismatic d/s of 
Valley View Avenue

NUEVO CHANNEL RIVERSIDE PERRIS 802.14 EARTHEN PRISMATIC
OAK STREET CHANNEL RIVERSIDE CORONA 801.25 YES
Oak Valley Golf Course RIVERSIDE BEAUMONT 801.62 GOLF COURSE
ORTEGA CHANNEL RIVERSIDE LAKE ELSINORE 802.31 YES
PALOMA WASH CHANNEL RIVERSIDE MENIFEE 802.12 EARTHEN PRISMATIC
PALOMAR CHANNEL RIVERSIDE WILDOMAR 802.31 YES

PARAMOUNT ESTATES MASTER DRAINAGE PLAN - LINE E RIVERSIDE JURUPA VALLEY 801.27 YES
PARAMOUNT ESTATES MDP - LINES A AND A-2 RIVERSIDE JURUPA VALLEY 801.27 YES
PARKHILL RETENTION BASIN RIVERSIDE HEMET 802.21 EARTHEN PRISMATIC
PERRIS - G STREET STORM DRAIN RIVERSIDE PERRIS 802.11 EARTHEN PRISMATIC



PERRIS - G STREET STORM DRAIN RIVERSIDE PERRIS 802.11 YES

PERRIS VALLEY CHANNEL RIVERSIDE
MORENO 

VALLEY, PERRIS 802.11 YES
Earthen prismatic d/s of 
Perris Valley Lateral B

PERRIS VALLEY CHANNEL - LATERAL A RIVERSIDE
MORENO 
VALLEY 802.11 EARTHEN PRISMATIC

PERRIS VALLEY CHANNEL - LATERAL B RIVERSIDE
MORENO 

VALLEY, PERRIS 802.11 EARTHEN PRISMATIC
PERRIS VALLEY MASTER DRAINAGE PLAN - LINE J RIVERSIDE PERRIS 802.11 YES
PERRIS VALLEY MASTER DRAINAGE PLAN - LINE J-1 RIVERSIDE PERRIS 802.11 YES
PERRIS VALLEY MASTER DRAINAGE PLAN - LINE L RIVERSIDE PERRIS 802.11 YES
PERRIS VALLEY MASTER DRAINAGE PLAN - LINE Q RIVERSIDE PERRIS 802.11 YES
PERRIS VALLEY MDP - LINES E-10 AND F RIVERSIDE PERRIS 802.11 YES
PIGEON PASS CHANNEL - LINE J RIVERSIDE MORENO 802.11 YES
PYRITE CHANNEL RIVERSIDE JURUPA VALLEY 801.21 YES
QUINCY STREET CHANNEL RIVERSIDE MORENO 802.11 YES
RATHKE CHANNEL RIVERSIDE JURUPA VALLEY 801.27 YES
RECHE CANYON CHANNEL RIVERSIDE MORENO 801.45 YES

ROMOLAND CHANNEL LINE A RIVERSIDE PERRIS 802 YES
Earthen prismatic d/s of 
215 Freeway

RUBIDOUX CHANNEL RIVERSIDE JURUPA VALLEY 801.27 YES
RUBIDOUX CRESTMORE CHANNEL RIVERSIDE JURUPA VALLEY 801.27 EARTHEN PRISMATIC

SALT CREEK - DORVAL COURT LATERALS RIVERSIDE MENIFEE 802.12 YES
SALT CREEK - EMWD CHANNEL RIVERSIDE MENIFEE 802.12 YES

SALT CREEK - GOLDMINE CIRCLE CHANNEL RIVERSIDE MENIFEE 802.12 YES

SALT CREEK - HERITAGE LAKE CHANNEL RIVERSIDE MENIFEE 802.13 YES

SALT CREEK - POTOMAC DRIVE CHANNEL RIVERSIDE MENIFEE 802.12 YES

SALT CREEK CHANNEL RIVERSIDE HEMET 802.13, 802.15 YES
Earthen prismatic d/s of 
S. Cawstson Avenue

SALT CREEK I-215 CHANNEL RIVERSIDE MENIFEE 802.12 YES

SAN JACINTO MASTER DRAINAGE PLAN - LINE D RIVERSIDE SAN JACINTO 802.21 YES



SAN JACINTO MASTER DRAINAGE PLAN - LINE E RIVERSIDE SAN JACINTO 802.21 YES
Earthen prismatic d/s of 
Palm Ave

SAN JACINTO RIVER RIVERSIDE PERRIS 802.11 EARTHEN CHANNEL
SAN JACINTO RIVER LEVEES RIVERSIDE SAN JACINTO 802.21 YES
SAN SEVAINE CHANNEL RIVERSIDE JURUPA VALLEY 801.21 YES
SANTA ANA RIVER RIVERSIDE JURUPA VALLEY 801.27 YES
SEDCO MASTER DRAINAGE PLAN - LINE D AND D-1 RIVERSIDE LAKE ELSINORE 802.31 YES

SEDCO MASTER DRAINAGE PLAN - LINE E RIVERSIDE LAKE ELSINORE 802.31 YES

SEDCO MASTER DRAINAGE PLAN - LINE F-2 RIVERSIDE WILDOMAR 802.31 YES

SEDCO MASTER DRAINAGE PLAN - SEDCO BASIN RIVERSIDE WILDOMAR 802.31 YES

SOUTH NORCO CHANNEL RIVERSIDE
CORONA, 
NORCO 801.25 YES

Earthen prismatic u/s of 
2nd St. and d/s of 
Mountain Ave.

SOUTH NORCO CHANNEL - LINE SA RIVERSIDE NORCO 801.25 YES

SOUTH NORCO CHANNEL - LINE SB RIVERSIDE NORCO 801.25 YES
SOUTH RIVERSIDE CHANNEL RIVERSIDE LAKE ELSINORE 802.31 YES

SOUTHWEST HEMET MDP -  LINE B RIVERSIDE HEMET 802.13 EARTHEN PRISMATIC
SPRING STREET CHANNEL RIVERSIDE JURUPA VALLEY 801.27 YES
Springbrook Wash RIVERSIDE RIVERSIDE 801.27 EARTHEN PRISMATIC
STETSON AVENUE CHANNEL RIVERSIDE HEMET 802.15 YES
STONEMAN STREET CHANNEL RIVERSIDE LAKE ELSINORE 802.31 YES

SUN CITY - ROUSE ROAD STORM DRAIN RIVERSIDE MENIFEE 802.12, 802.11 YES
SUN CITY CHANNEL RIVERSIDE MENIFEE 802.12 YES

SUN CITY CHANNEL - LATERAL A-A RIVERSIDE MENIFEE 802.12 EARTHEN PRISMATIC
SUN CITY CHANNELS LINE G-G RIVERSIDE MENIFEE 802.12 YES
SUN CITY CHANNELS LINE H-H RIVERSIDE MENIFEE 802.12 YES

SUNNYMEAD MASTER DRAINAGE PLAN - LINE B RIVERSIDE
MORENO 
VALLEY 802.11 YES

SUNNYMEAD MASTER DRAINAGE PLAN - LINE C RIVERSIDE
MORENO 
VALLEY 802.11 YES

SUNNYMEAD MASTER DRAINAGE PLAN - LINE D RIVERSIDE
MORENO 
VALLEY 802.11 YES



SUNNYMEAD MASTER DRAINAGE PLAN - LINE E RIVERSIDE
MORENO 
VALLEY 802.11 YES

SUNNYMEAD MASTER DRAINAGE PLAN - LINE F RIVERSIDE
MORENO 
VALLEY 802.11 YES

SUNNYMEAD MASTER DRAINAGE PLAN - LINE G RIVERSIDE
MORENO 
VALLEY 802.11 YES

SUNNYMEAD MASTER DRAINAGE PLAN - LINE H RIVERSIDE
MORENO 
VALLEY 802.11 YES

SUNNYMEAD MASTER DRAINAGE PLAN - LINE K RIVERSIDE
MORENO 
VALLEY 802.11 YES

SUNNYMEAD MASTER DRAINAGE PLAN - LINE Q RIVERSIDE
MORENO 
VALLEY 802.11 YES

SUNNYMEAD MASTER DRAINAGE PLAN - LINE S AND R RIVERSIDE
MORENO 
VALLEY 802.11 YES

SUNNYMEAD MASTER DRAINAGE PLAN - LINE T AND T-1 RIVERSIDE
MORENO 
VALLEY 802.11 YES

SUNNYSLOPE CHANNEL RIVERSIDE JURUPA VALLEY 801.27 YES

TEMESCAL CREEK - LEROY ROAD STORM DRAIN RIVERSIDE CORONA 801.32 YES

TEMESCAL CREEK CHANNEL RIVERSIDE CORONA 801.25 YES
Rip-rap section d/s of 
Cota Street

THIRD STREET CHANNEL RIVERSIDE LAKE ELSINORE 801.35 EARTHEN PRISMATIC

UNIVERSITY WASH - SPRUCE STREET STORM DRAIN RIVERSIDE RIVERSIDE 801.27 YES
UNIVERSITY WASH CHANNEL RIVERSIDE RIVERSIDE 801.27 YES
VALLE VISTA CHANNELS RIVERSIDE SAN JACINTO 802.21 YES
WASSON CANYON CHANNEL RIVERSIDE LAKE ELSINORE 801.35 YES
WHITTIER STORM DRAIN RIVERSIDE HEMET 802.15 YES



County Nearest City Tributary To: Type Material Hydromodification

Almond Intercept Channel San Bernardino County Rancho Cucamonga Prado Box Concrete EHM

Alta Loma Storm Drain San Bernardino County Rancho Cucamonga Prado Rectangular Channel Concrete EHM

Badger Channel San Bernardino County San Bernardino City Lytle Creek Channel Earthen EHM

Bailey Creek San Bernardino County San Bernardino City Lytle Creek Hidden Earthen High (Default)

Baldridge Creek San Bernardino County Highland SAR‐R5 Channel Earthen EHM

Birch Creek San Bernardino County Yucaipa SAR‐R5 Trapezoid Earthen High (Default)

Bledsoe Creek San Bernardino County Highland SAR‐R5 Rectangular Channel Earthen/Concrete EHM

Boys Republic South Channel San Bernardino County Chino Hills Prado Channel Earthen High (Default)

Cable Creek Channel San Bernardino County San Bernardino City Lytle Creek Box Concrete EHM

Cactus Channel San Bernardino County Rialto SAR‐R4 Channel Concrete EHM

Cajon Creek Wash San Bernardino County San Bernardino City Lytle Creek Channel Earthen High (Default)

Carbon Canyon Creek Channel San Bernardino County Chino Hills Prado Rectangular Channel Concrete EHM

Carbon Canyon/Orange Channel San Bernardino County Chino Hills SAR‐R2 Water Course Earthen High (Default)

Chicken Springs Creek San Bernardino County Yucaipa SAR‐R5 Water Course Earthen EHM

Chino Creek San Bernardino County City of Chino Prado Transition Concrete EHM

Chino Storm Drain San Bernardino County City of Chino Prado Channel Concrete EHM

City Creek San Bernardino County San Bernardino City SAR‐R5 Channel Earthen High (Default)

City Creek Channel San Bernardino County San Bernardino City SAR‐R5 Box Concrete EHM

City Creek Levee, COE San Bernardino County Highland SAR‐R5 Levee Earthen EHM

Cook Canyon Creek San Bernardino County San Bernardino City SAR‐R5 Transition Concrete High (Default)

Cook Canyon Diversion Levee San Bernardino County San Bernardino City SAR‐R5 Levee Unknown EHM

County Line Channel San Bernardino County Ontario Prado Rectangular Channel Concrete EHM

Crafton Drain San Bernardino County Redlands SAR‐R5 Channel Concrete High (Default)

Cucamonga Channel San Bernardino County Ontario Prado Rectangular Channel Concrete EHM

Cucamonga Channel, COE San Bernardino County City of Chino Prado Trapezoid Concrete EHM

Cucamonga Connector San Bernardino County Upland Prado Channel Riprap EHM

Cypress Channel San Bernardino County City of Chino Prado Box Concrete/Earthen EHM

Daley Canyon San Bernardino County San Bernardino City SAR‐R5 Water Course Earthen High (Default)

Day Creek Channel San Bernardino County Ontario Riverside Basin Rectangular Channel Concrete EHM

Day Creek Spreading Grounds Levee San Bernardino County Rancho Cucamonga Riverside Basin Levee Concrete EHM

Channel Identification
Location Significant Flood Control Modifications

San Bernardino County Flood Control District 

Engineered and Modified Flood Control Channels Eligible for High Flow Suspension (HFS)



County Nearest City Tributary To: Type Material Hydromodification
Channel Identification

Location Significant Flood Control Modifications

San Bernardino County Flood Control District 

Engineered and Modified Flood Control Channels Eligible for High Flow Suspension (HFS)

Declez Channel San Bernardino County Fontana SAR‐R3 Rectangular Channel Concrete EHM

Deer Creek Channel, COE San Bernardino County Ontario Prado Rectangular Channel Concrete EHM

Del Rosa Channel (Daley Channel) San Bernardino County San Bernardino City SAR‐R5 Channel Concrete EHM

Demens Creek Channel San Bernardino County Rancho Cucamonga Prado Water Course Earthen High

Demens Creek Channel, COE San Bernardino County Rancho Cucamonga Prado Rectangular Channel Concrete EHM

Devil Creek San Bernardino County San Bernardino City Lytle Creek Channel Concrete EHM

Devil Creek Channel San Bernardino County San Bernardino City SAR‐R5 Channel Concrete EHM

Devil Creek Diversion Channel, COE San Bernardino County San Bernardino City Lytle Creek Trapezoid Concrete EHM

Devil Creek Levee, COE San Bernardino County San Bernardino City Lytle Creek Levee Concrete EHM

Dunlap SD (13th Street SD) San Bernardino County Yucaipa SAR‐R5 Trapezoid Earthen EHM

Dunlap Storm Drain (13th Street Storm Drain) San Bernardino County Yucaipa SAR‐R5 Box Concrete EHM

East Fontana Storm Drain San Bernardino County Rialto SAR‐R4 Trapezoid Earthen High (Default)

East Highland SD San Bernardino County Highland SAR‐R5 Channel Earthen High (Default)

Elm Storm Drain San Bernardino County Highland SAR‐R5 Rectangular Channel Concrete EHM

English Canyon (Little Chino Creek) San Bernardino County Chino Hills Prado Channel Earthen/Riprap/Pipes High

Etiwanda Creek Channel San Bernardino County Fontana Etiwanda Conservation Basin Rectangular Channel Concrete EHM

Gateway Wash San Bernardino County Yucaipa SAR‐R5 Channel Concrete EHM

Hawker‐Crawford Channel San Bernardino County Rancho Cucamonga Etiwanda Conservation Basin Box Concrete EHM

Henderson Channel San Bernardino County Rancho Cucamonga Etiwanda Conservation Basin Rectangular Channel Concrete/Earthen EHM

Henderson Channel (Wardman Channel) San Bernardino County Rancho Cucamonga Etiwanda Conservation Basin Channel Concrete EHM

Highgrove Storm Drain San Bernardino County Colton SAR‐R4 Trapezoid Concrete EHM

Highland Channel San Bernardino County Fontana Etiwanda Conservation Basin Channel Concrete EHM

Highland Channel (San Sevaine Ditch) San Bernardino County Fontana Etiwanda Conservation Basin Channel Concrete EHM

Hillside Channel, COE San Bernardino County Rancho Cucamonga Prado Rectangular Channel Concrete EHM

Island Levee, COE San Bernardino County Rialto Lytle Creek Levee Unknown EHM

Lake Los Serranos Channel San Bernardino County Chino Hills Prado Transition Concrete EHM

Little Mountain Channel San Bernardino County San Bernardino City SAR‐R5 Transition Concrete EHM

Little Sand Creek San Bernardino County San Bernardino City SAR‐R5 Box Concrete EHM

Live Oak Creek San Bernardino County Redlands SAR‐R5 Channel Earthen High

Loma Linda SD San Bernardino County Loma Linda SAR‐R5 Channel Earthen EHM



County Nearest City Tributary To: Type Material Hydromodification
Channel Identification

Location Significant Flood Control Modifications

San Bernardino County Flood Control District 

Engineered and Modified Flood Control Channels Eligible for High Flow Suspension (HFS)

Los Serranos/Chino Hills San Bernardino County Chino Hills SAR‐R2 Water Course Earthen High (Default)

Lower Deer Creek Channel San Bernardino County Ontario Prado Trapezoid Concrete EHM

Lower Devore Levee, COE San Bernardino County San Bernardino City Lytle Creek Levee Unknown EHM

Lower Etiwanda Creek Channel San Bernardino County Ontario Riverside Basin Channel Concrete EHM

Lower Los Serranos Channel San Bernardino County Chino Hills Prado Channel Concrete EHM

Lytle Creek Channel, COE San Bernardino County San Bernardino City SAR‐R5 Rectangular Channel Concrete EHM

Lytle Creek Levee, COE San Bernardino County Rialto Lytle Creek Levee Unknown EHM

Lytle Creek Wash San Bernardino County Rialto Lytle Creek Channel Earthen Medium

Lytle‐Cajon Channel, COE San Bernardino County Colton SAR‐R5 Rectangular Channel Concrete EHM

MacQuiddy‐Severance Diversion Channel San Bernardino County San Bernardino City SAR‐R5 Channel Earthen High (Default)

Macy Storm Drain San Bernardino County Rialto Lytle Creek Channel Earthen High (Default)

McGlothlen Storm Drain San Bernardino County San Bernardino City SAR‐R5 Rectangular Channel Concrete EHM

Meecham Creek San Bernardino County San Bernardino City Lytle Creek Channel Earthen Medium

Mentone SD San Bernardino County Redlands SAR‐R5 Trapezoid Earthen High (Default)

Mill Creek San Bernardino County Redlands SAR‐R5 Channel Earthen High

Mill Creek Levee, COE San Bernardino County Redlands SAR‐R5 Levee Unknown EHM

Mission Channel San Bernardino County Redlands SAR‐R5 Transition Riprap EHM

Morrey Arroyo San Bernardino County Redlands SAR‐R5 Box Concrete High

Mulberry Channel San Bernardino County Fontana SAR‐R3 Trapezoid Concrete EHM

Muscoy Groin #1 ,COE San Bernardino County San Bernardino City Lytle Creek Groin Earthen EHM

Muscoy Groin #2 ,COE San Bernardino County San Bernardino City Lytle Creek Groin Earthen EHM

Muscoy Groin #3 ,COE San Bernardino County San Bernardino City Lytle Creek Groin Earthen EHM

Muscoy Groin #4 ,COE San Bernardino County San Bernardino City Lytle Creek Groin Metal EHM

Muscoy Groin #5 ,COE San Bernardino County San Bernardino City Lytle Creek Groin Earthen EHM

Muscoy Levee, COE San Bernardino County San Bernardino City Lytle Creek Levee Unknown EHM

Nealey's Corner Drain San Bernardino County Rialto Lytle Creek Channel Earthen High (Default)

Oak Creek San Bernardino County Highland SAR‐R5 Box Concrete EHM

Oak Glen Creek San Bernardino County Yucaipa SAR‐R5 Trapezoid Earthen High (Default)

Ono Storm Drain San Bernardino County San Bernardino City Lytle Creek Trapezoid Earthen EHM

Plunge Creek San Bernardino County Highland SAR‐R5 Channel Earthen Low



County Nearest City Tributary To: Type Material Hydromodification
Channel Identification

Location Significant Flood Control Modifications

San Bernardino County Flood Control District 

Engineered and Modified Flood Control Channels Eligible for High Flow Suspension (HFS)

Potato Creek San Bernardino County Yucaipa SAR‐R5 Box Concrete High (Default)

Reche Canyon Creek San Bernardino County Colton SAR‐R4 Transition Concrete EHM

Rialto Channel San Bernardino County Colton SAR‐R4 Transition Concrete/Rip‐Rap EHM

Riverside Groin #1, COE San Bernardino County Rialto Lytle Creek Groin Earthen EHM

Riverside Groin #2, COE San Bernardino County Rialto Lytle Creek Groin Earthen EHM

Riverside Groin #3, COE San Bernardino County Rialto Lytle Creek Groin Earthen EHM

Riverside Groin #4, COE San Bernardino County Rialto Lytle Creek Groin Earthen EHM

Riverside Groin #5, COE San Bernardino County Rialto Lytle Creek Groin Earthen EHM

San Antonio Channel San Bernardino County City of Chino Prado Channel Concrete/Earthen EHM

San Antonio Channel, (Baldy Village Channel) San Bernardino County Upland Prado Water Course Earthen High (Default)

San Antonio Channel, COE San Bernardino County Upland Prado Box Concrete EHM

San Antonio Heights Intercept, COE San Bernardino County Upland Prado Rectangular Channel Concrete EHM

San Bernardino Avenue SD San Bernardino County Loma Linda SAR‐R5 Channel Earthen EHM

San Sevaine Channel San Bernardino County Fontana SAR‐R3 Rectangular Channel Concrete EHM

San Sevaine Sprdg Grnds ‐ East Levee San Bernardino County Rancho Cucamonga Etiwanda Conservation Basin Levee Unknown EHM

San Sevaine Spreading Grnds ‐ West Levee San Bernardino County Rancho Cucamonga Etiwanda Conservation Basin Levee Unknown EHM

San Timoteo Creek San Bernardino County Loma Linda SAR‐R5 Trapezoid Concrete EHM

Sand Creek San Bernardino County Highland SAR‐R5 Channel Concrete EHM

Santa Ana River San Bernardino County Colton SAR‐R4 Water Course Earthen High (Default)

Santa Ana River (Incl. COE) San Bernardino County San Bernardino City SAR‐R5 Channel Earthen EHM

Small Canyon Channel San Bernardino County San Bernardino City SAR‐R5 Rectangular Channel Concrete EHM

Small Canyon Diversion Channel San Bernardino County San Bernardino City SAR‐R5 Channel Earthen High (Default)

Soquel Canyon Channel San Bernardino County Chino Hills Prado Channel Earthen High

Speedway Storm Drain San Bernardino County Rancho Cucamonga Riverside Basin Rectangular Channel Concrete EHM

Stoddard Creek San Bernardino County Upland Prado Water Course Earthen High (Default)

Sultana‐Cypress Storm Drain San Bernardino County Ontario Prado Trapezoid Concrete EHM

Sweetwater Channel San Bernardino County San Bernardino City Lytle Creek Water Course Earthen High (Default)

Sycamore Diversion Channel San Bernardino County San Bernardino City SAR‐R5 Trapezoid Concrete EHM

Timber Creek San Bernardino County San Bernardino City SAR‐R5 Channel Riprap High (Default)

Tonner Canyon Channel San Bernardino County Chino Hills SAR‐R2 Water Course Earthen High (Default)



County Nearest City Tributary To: Type Material Hydromodification
Channel Identification

Location Significant Flood Control Modifications

San Bernardino County Flood Control District 

Engineered and Modified Flood Control Channels Eligible for High Flow Suspension (HFS)

Twin Creek Channel Improved, COE San Bernardino County San Bernardino City SAR‐R5 Channel Concrete EHM

Twin Creek Levee, COE San Bernardino County San Bernardino City SAR‐R5 Levee Earthen EHM

Upper Devore Levee, COE San Bernardino County San Bernardino City Lytle Creek Levee Unknown EHM

Upper Warm Creek Channel San Bernardino County San Bernardino City SAR‐R5 Channel Earthen EHM

Warm Creek Channel San Bernardino County San Bernardino City SAR‐R5 Trapezoid Earthen EHM

Warm Creek Levee, COE San Bernardino County Colton SAR‐R4 Levee Earthen EHM

Warm Creek, COE San Bernardino County Colton SAR‐R4 Transition Concrete EHM

Waterman Creek San Bernardino County San Bernardino City SAR‐R5 Channel Earthen High (Default)

Waterman Levee, COE San Bernardino County San Bernardino City SAR‐R5 Levee Earthen EHM

West Cucamonga By‐Pass Channel San Bernardino County Upland Prado Channel Earthen EHM

West Cucamonga Channel San Bernardino County Ontario Prado Rectangular Channel Concrete EHM

West Fontana Channel San Bernardino County Fontana SAR‐R3 Hidden Riprap EHM

West State Street Storm Drain San Bernardino County Monclair Prado Rectangular Channel Concrete EHM

Western Avenue Channel San Bernardino County San Bernardino City SAR‐R5 Box Concrete EHM

Wildwood Creek San Bernardino County Yucaipa SAR‐R5 Trapezoid Riprap High (Default)

Wilson Creek San Bernardino County Redlands SAR‐R5 Channel Earthen Medium

Yucaipa Creek San Bernardino County Yucaipa SAR‐R5 Water Course Earthen High

Zanja Creek San Bernardino County Redlands SAR‐R5 Channel Earthen Medium



ORANGE COUNTY CHANNEL NAME LENGTH FT COMPOSITION
ADAMS STORM DRAIN 1864.81 Reinforced Concrete
AGUA CHINON CHANNEL 25094.64 Reinforced Concrete and Earthen
AIRPORT STORM CHANNEL 6773.56 Reinforced Concrete
ALAMEDA STORM CHANNEL 7317.77 Reinforced Concrete
ANAHEIM-BARBER CITY CHANNEL 45657.70 Reinforced Concrete
ARMSTRONG STORM CHANNEL 4468.05 Reinforced Concrete and Engineered Earth
ASH STORM CHANNEL 1294.36 Reinforced Concrete
ATWOOD CHANNEL 17512.56 Reinforced Concrete and Engineered Earth
BARRANCA CHANNEL 13408.00 Reinforced Concrete and Engineered Earth
BEE CANYON CHANNEL 26660.73 Reinforced Concrete, Engineered Earth, and Earthen
BESTEL STORM CHANNEL 2785.68 Reinforced Concrete
BITTERBUSH CHANNEL 8611.94 Reinforced Concrete
BIXBY STORM CHANNEL 5584.86 Reinforced Concrete
BLUE MUD STORM CHANNEL 2617.11 Reinforced Concrete
BOLSA CHICA CHANNEL 37739.64 Reinforced Concrete, Engineered Earth, and Earthen
BORREGO CANYON CHANNEL 30421.10 Reinforced Concrete, Engineered Earth, and Earthen
BREA CANYON CHANNEL 20397.01 Reinforced Concrete, Engineered Earth, and Earthen
BREA CREEK CHANNEL 30008.45 Reinforced Concrete and Engineered Earth
BUCKEYE STORM CHANNEL 6286.35 Reinforced Concrete
BUENA PARK STORM CHANNEL 4463.71 Reinforced Concrete and Engineered Earth
CANADA CHANNEL 5906.78 Reinforced Concrete, Engineered Earth, and Earthen
CARBON CANYON CHANNEL 18755.78 Reinforced Concrete and Engineered Earth
CARBON CREEK CHANNEL 72192.25 Reinforced Concrete and Engineered Earth
CARBON CREEK DIVERSION CHANNEL 10423.79 Reinforced Concrete and Engineered Earth
CENTRAL IRVINE CHANNEL 11614.90 Reinforced Concrete and Engineered Earth
CITY OF ANAHEIM S01 833.97 Reinforced Concrete
CITY OF ANAHEIM S02 1225.42 Reinforced Concrete
CITY OF BUENA PARK S01 4743.82 Reinforced Concrete
CITY OF GARDEN GROVE S01 12003.67 Reinforced Concrete
CITY OF HUNTINGTON BEACH S01 8797.13 Reinforced Concrete
CITY OF HUNTINGTON BEACH S02 4041.46 Reinforced Concrete and Engineered Earth
CITY OF ORANGE S01 727.43 Reinforced Concrete
CITY OF SANTA ANA S01 5000.52 Reinforced Concrete



ORANGE COUNTY CHANNEL NAME LENGTH FT COMPOSITION
COLLINS CHANNEL 12116.52 Reinforced Concrete and Engineered Earth
COMO STORM CHANNEL 10305.15 Reinforced Concrete and Engineered Earth
COYOTE CREEK CHANNEL 42023.33 Reinforced Concrete, Engineered Earth, and Earthen
CULVER STORM CHANNEL 5155.83 Reinforced Concrete
CYPRESS RETARDING BASIN 1001.33 Reinforced Concrete
CYPRESS STORM CHANNEL 6893.88 Reinforced Concrete
DAIRYLAND STORM CHANNEL 4545.52 Reinforced Concrete
DEERFIELD STORM CHANNEL 2380.35 Reinforced Concrete
EAST COSTA MESA CHANNEL 5233.55 Reinforced Concrete
EAST GARDEN GROVE-WINTERSBURG CHANNEL 61173.44 Reinforced Concrete and Engineered Earth
EAST RICHFIELD STORM DRAIN 2048.94 Reinforced Concrete
EDINGER STORM CHANNEL 5353.34 Reinforced Concrete
EL MODENA-IRVINE CHANNEL 33768.66 Reinforced Concrete and Engineered Earth
ESPERANZA CHANNEL 9254.82 Reinforced Concrete
FAIRVIEW CHANNEL 5041.84 Reinforced Concrete and Engineered Earth
FEDERAL STORM CHANNEL 9856.09 Reinforced Concrete and Engineered Earth
FLETCHER CHANNEL 14812.74 Reinforced Concrete
FOUNTAIN VALLEY CHANNEL 15854.12 Reinforced Concrete and Engineered Earth
FULLERTON CREEK CHANNEL 60275.41 Reinforced Concrete, Engineered Earth, and Earthen
GREENVILLE-BANNING CHANNEL 41162.50 Reinforced Concrete and Engineered Earth
HANDY CREEK STORM CHANNEL 9408.36 Reinforced Concrete, Engineered Earth, and Earthen
HOUSTON STORM CHANNEL 14392.48 Reinforced Concrete
HUMBOLDT STORM CHANNEL 5095.52 Reinforced Concrete
HUNTINGTON BEACH CHANNEL 16125.55 Metal Sheet and Reinforced Concrete
IMPERIAL CHANNEL 17193.05 Reinforced Concrete, Engineered Earth, and Earthen
JONATHAN STORM CHANNEL 2756.67 Reinforced Concrete
KEMPTON STORM CHANNEL 5989.69 Reinforced Concrete
KIMBERLY STORM CHANNEL 7138.83 Reinforced Concrete and Engineered Earth
LA COLINA-REDHILL STORM DRAIN 5625.79 Reinforced Concrete and Engineered Earth
LA VETA STORM DRAIN 8822.19 Reinforced Concrete
LANE CHANNEL 17129.76 Reinforced Concrete and Engineered Earth
LEWIS STORM CHANNEL 3168.73 Reinforced Concrete
LOFTUS DIVERSION CHANNEL 11129.54 Reinforced Concrete and Engineered Earth



ORANGE COUNTY CHANNEL NAME LENGTH FT COMPOSITION
LOS ALAMITOS CHANNEL 18997.87 Reinforced Concrete and Engineered Earth
MARLBORO STORM CHANNEL 10720.70 Reinforced Concrete
MARSHBURN CHANNEL 19165.97 Reinforced Concrete
MILAN STORM CHANNEL 9403.61 Reinforced Concrete
MONITECITO STORM CHANNEL 6491.12 Reinforced Concrete and Engineered Earth
MOODY CREEK CHANNEL 10520.69 Reinforced Concrete and Engineered Earth
NEWHOPE STORM CHANNEL 1644.96 Reinforced Concrete
NEWLAND STORM CHANNEL 5096.66 Reinforced Concrete and Engineered Earth
NORTH TUSTIN CHANNEL 7160.91 Reinforced Concrete
OCEAN VIEW CHANNEL 21968.72 Reinforced Concrete and Engineered Earth
PAULARINO CHANNEL 9612.00 Reinforced Concrete and Engineered Earth
PETERS CANYON CHANNEL 35002.47 Reinforced Concrete, Engineered Earth, and Earthen
PLACENTIA STORM CHANNEL 11235.11 Reinforced Concrete
REDHILL CHANNEL 13579.39 Reinforced Concrete and Engineered Earth
RICHFIELD CHANNEL 14366.85 Reinforced Concrete
ROSALIA STORM CHANNEL 4323.98 Reinforced Concrete
ROSSMOOR STORM CHANNEL 16066.43 Reinforced Concrete
ROUND CANYON CHANNEL 5155.72 Reinforced Concrete and Earthen
SAN DIEGO CREEK CHANNEL 50011.28 Reinforced Concrete, Engineered Earth, and Earthen
SAN JOAQUIN CHANNEL 22535.78 Reinforced Concrete and Engineered Earth
SANTA ANA-DELHI CHANNEL 28990.40 Reinforced Concrete and Engineered Earth
SANTA ANA-SANTA FE CHANNEL 19469.70 Reinforced Concrete and Engineered Earth
SANTA ANA GARDEN CHANNEL 21850.89 Reinforced Concrete and Engineered Earth
SANTA ANA RIVER CHANNEL 148900.22 Reinforced Concrete and Engineered Earth
SANTIAGO CREEK CHANNEL 48336.99 Reinforced Concrete, Engineered Earth, and Earthen
SERRANO CREEK CHANNEL 13322.29 Reinforced Concrete and Earthen
SHANNON STORM CHANNEL 4112.32 Reinforced Concrete
SLATER STORM CHANNEL 10413.52 Reinforced Concrete and Engineered Earth
SOUTHWEST TUSTIN CHANNEL 1908.39 Reinforced Concrete
STANTON STORM CHANNEL 15714.86 Reinforced Concrete and Engineered Earth
SUNSET CHANNEL 9264.99 Reinforced Concrete and Engineered Earth
TALBERT CHANNEL 28961.79 Reinforced Concrete, Engineered Earth, Earthen, and Metal Sheet
WALNUT CANYON STORM CHANNEL 7219.25 Reinforced Concrete



ORANGE COUNTY CHANNEL NAME LENGTH FT COMPOSITION
WARNER STORM DRAIN 1435.78 Reinforced Concrete and Engineered Earth
WESTMINSTER CHANNEL 41755.85 Reinforced Concrete and Engineered Earth
WORTHY STORM DRAIN 1134.17 Reinforced Concrete



Sources: Esri, DeLorme, USGS, NPS
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 7.12 State Board Resolution 



STATE WATER RESOURCES CONTROL BOARD 
RESOLUTION NO. 2014-0005 

AMEND THE WATER QUALITY CONTROL PLAN FOR THE SANTA ANA RIVER BASIN 
TO REVISE RECREATIONAL STANDARDS FOR INLAND FRESH SURFACE WATERS 

IN THE SANTA ANA REGION 

WHEREAS: 

1. On June 15, 2012, the Santa Ana Regional Water Quality Control Board (Santa Ana Water 
Board) adopted Resolution No. RB-2012-0001 , approving amendments to the Water Quality 
Control Plan for the Santa Ana River Basin (Basin Plan) that revise recreational standards 
for inland fresh surface waters in the Region. The Santa Ana Water Board's Executive 
Officer made non-substantive corrections to the amendments on February 12, 2013 and 
November 15, 2013. The amendments include an implementation plan for the revised 
recreational standards. The amendments also include the addition of surface waters to the 
Basin Plan and designation of beneficial uses for those waters. The amendments delete the 
established total coliform objective for MUN-designated waters and include other, editorial 
changes. 

2. The State Water Board finds that, in amending the Basin Plan, the Santa Ana Water Board 
complied with the requirements set forth in sections 13240, 13241 , 13242 and 13244 of the 
Water Code. 

3. The Santa Ana Water Board found that the amendments would not result in a lowering of 
water quality and were thus consistent with state and federal antidegradation policies (State 
Water Board Resolution No. 68-16; 40 CFR 131 .12). The State Water Board agrees with 
these determinations. 

4. Pursuant to Health and Safety Code Section 57004, the amendments were submitted for 
scientific peer review. The review was conducted in accordance with California 
Environmental Protection Agency guidelines. Peer reviewer comments were considered in 
recommendations regarding the amendments. 

5. The Santa Ana Water Board conducted requisite analyses of the amendments pursuant to 
the California Environmental Quality Act (CEQA) and implementing regulations, including 
those regulations established by the State Water Board (California Code of Regulations, 
Title 23, Division 3, Chapter 27, commencing with section 3720). In adopting the 
amendments, the Santa Ana Water Board confirmed Santa Ana Water Board staff's 
preliminary determination that the amendments could not have a significant effect on the 
environment and certified the environmental checklist and analysis included as part of the 
Substitute Environmental Document prepared for the amendments. The State Water Board 
agrees with the determination that the amendments could not have a significant effect on 
the environment. 

6. The Santa Ana Water Board found that the amendments meet the necessity standard of the 
Administrative Procedures Act, Government Code Section 11353, subdivision (b). The 
State Water Board agrees with this determination. 



7. The Basin Plan amendments d~ not become effective until approved by the State Water 
Board and until the regulatory provisions are approved by the Office of Administrative Law 
(OAL). The revisions to water quality standards specified in the amendments must also be 
approved by the U.S. Environmental Protection Agency (U.S. EPA). 

THEREFORE BE ITRESOLVED THAT: 

The State Water Board: 

1. Approves the amendments to the Basin Plan adopted under Santa Ana Water Board 
Resolution No. RB-2012-0001 , with the corrections made by the Santa Ana Water Board's 
Executive Officer on February 12, 2013 and November 15, 2013. 

2. Authorizes the Executive Director or designee to submit the amendments adopted under 
Santa Ana Water Board Resolution No. RB-2012-0001 , as corrected by the Santa Ana Water 
Board's Executive Officer, to the OAL for approval of the regulatory provisions and to 

3. U.S. EPA for approval of the water quality standards amendments. 

CERTIFICATION 

The undersigned, Clerk to the Board, does hereby certify that the foregoing is a full , true, and 
correct copy of a resolution duly and regularly adopted at a meeting of the State Water 
Resources Control Board held on January 21 , 2014. 

AYE: 

NAY: 

ABSENT: 

ABSTAIN: 

Chair Felicia Marcus 
Vice Chair Frances Spivy-Weber 
Board Member Tam M. Doduc 
Board Member Steven Moore 
Board Member Dorene D'Adamo 

None 

None 

None 
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ATTACHMENT 1 TO RESOLUTION NO. R8-2012-0001 

 
Proposed Basin Plan Amendments (underline/strike-out version) 

 
(NOTE: Changes to the recreation standards for inland fresh waters within the Santa Ana 
Region and related explanatory narrative and implementation strategies are proposed to be 
incorporated in Chapter 3, Beneficial Uses, Chapter 4, Water Quality Objectives, and 
Chapter 5, Implementation.  Certain surface waters not currently listed in the Basin Plan are 
proposed to be added, changes in reach designations for one of the listed waters are 
proposed, and two reservoirs no longer in existence are proposed to be removed. Other 
changes are proposed. If the Basin Plan Amendment is approved, corresponding changes 
will be made as necessary to the Table of Contents, the List of Tables, page numbers, and 
page headers in the Plan.  Formatting changes, including page numbers, page headers and 
table and figure identifiers may be modified for the purposes of possible re-publication of the 
Basin Plan.  However, no substantive changes to the text, tables or figures would occur 
absent a Basin Plan amendment.)  
 
 In the text and tables that follow, added language is underlined; deleted language is 
shown in strikeout type. Attachment 2 to Resolution No. R8-2012-0001 provides a “clean” 
version, showing how the amendments would appear in the Basin Plan.  
 
CHANGES TO CHAPTER 3 – BENEFICIAL USES 
 
Amend CHAPTER 3 – BENEFICIAL USES, INTRODUCTION, second paragraph: 
 
Section 303(d) of the federal Clean Water Act (33 U.S.C. § 1313) defines water quality 
standards as consisting of both the uses of the surface (navigable) waters involved, and the 
water quality criteria which are applied to protect those uses and an antidegradation policy. 
Under the Porter-Cologne Water Quality Control Act (California Water Code, Division 7, 
Chapter 2 § 13050) these concepts the uses of waters and water quality criteria are 
separately considered as beneficial uses and water quality objectives.  Beneficial uses and 
water quality objectives are to be established for all waters of the state, both surface and 
subsurface (groundwater). 
 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USES section, last sentence 
of second paragraph, third paragraph and fourth paragraph; add new paragraph:  
 
Shortly thereafter, this revised Beneficial Use table was reviewed again and changes were 
made, including the addition of the Water Contact Recreation (REC1) use for some 
waterbodies, the revision of some Beneficial Use designations from intermittent (I) to 
existing (X) or potential (X), and the addition of more waterbodies (RWQCB Resolution No. 
89-99).  
 
In theis update to the Basin Plan approved by the Regional Board in 1994 (RWQCB 
Resolution No. 94-1), further changes to the Beneficial Use table were have been made.  
Significant waterbodies not previously identified are were included and their beneficial uses are 
were designated. Certain of these waters are were excepted from the MUN designation. The 
designation RARE has been was added where substantial evidence indicatesd that the 
waterbody supports rare, threatened or endangered species (Appendix II). Certain known 
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wetlands in the Region are were listed in a new waterbody category (see wetlands discussion 
below). A revised list of Beneficial Uses was developed as part of a comprehensive statewide  
update of all Basin Plans. In all, twenty-three beneficial uses were defined statewide. This list 
was used to update the list of beneficial use definitions in the Basin Plan. Nineteen of the 
beneficial uses were recognized Using this revised statewide list as a guide, this Basin Plan 
updates the list of Beneficial Uses definitions contained in the 1983 Plan.  [delete sentence 
spacing; no new paragraph] 
In all, twenty-three beneficial uses are now defined statewide; of these, nineteen are 
recognized within the Santa Ana Region. (The four not utilized are Migration of Aquatic 
Organisms, Freshwater Replenishment, Inland Saline Water Habitat and Aquaculture).  One 
beneficial use specific to the Region, Limited Warm Freshwater Habitat, has been was added, 
bringing the total number of beneficial uses recognized in the Santa Ana Region to twenty.  
 
In response to recommendations from the Stormwater Quality Standards Task Force, formed 
in response to the 2002 triennial review of the Basin Plan, changes to recreation water quality 
standards were approved by the Regional Board in 2012 (RWQCB Resolution No. R8-2012-
0001). These modifications included the addition of “Primary Contact Recreation” as an 
alternate name for the REC1 beneficial use (see BENEFICIAL USE DEFINITIONS, below) and 
added narrative clarifying the nature of REC1 activities and the bacteria objectives established 
to protect them.  (see RECREATION BENEFICIAL USES, below). The changes also included 
differentiating inland surface REC1 waters on the basis of frequency of use and other 
characteristics for the purposes of assigning applicable single sample maximum values (see 
Chapter 5). The REC1/REC2 designations for specific inland surface waters were revised 
based on the results of completed Use Attainability Analyses (see RECREATION BENEFICIAL 
USES, below).  Revised water quality objectives to protect the REC1 use of inland freshwaters 
were also approved (see Chapter 4), and criteria for temporary suspension of recreation use 
designations and objectives were identified (see RECREATION BENEFICIAL USES , below, 
and Chapter 5, Implementation, Recreation Water Quality Standards, High Flow Suspension).  
The 2012 Basin Plan revisions to incorporate the changes in recreation standards included the 
addition of certain waters to the list of the Region’s waters in Table 3-1 and the designation of 
beneficial uses for those waters. Where appropriate, the added waters were excepted from the 
MUN designation. Laguna and Lambert reservoirs, which no longer exist, were deleted from 
the list. 
[add space; new paragraph] 
The region’s beneficial uses are listed and described below. 
 
 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE DEFINITIONS, Water 
Contact Recreation (REC 1*):  

 
Water Contact Recreation (REC1: Primary Contact Recreation*)  
 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE DEFINITIONS, Non-contact 
Water Contact Recreation (REC 2*): 
Non-contact Water Recreation (REC2: Secondary Contact Recreation*) 
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Amend CHAPTER 3 – BENEFICIAL USES, footnote “*” (associated with REC1 and 
REC2  (i.e., REC1*, REC2*) beneficial use definitions):  
   
*  The REC 1 and REC 2 beneficial use designations assigned to surface waterbodies in this 
Region should not be construed as encouraging or authorizing recreational activities. In some 
cases, such as Lake Matthews and certain reaches of the Santa Ana River and its tributaries, 
access to the waterbodies is prohibited by other agencies because of potentially hazardous 
conditions and/or because of the need to protect other uses, such as municipal supply or 
sensitive wildlife habitat. Where REC 1 or REC 2 is indicated as a beneficial use in Table 3-1, 
the designations are only intended to indicate that such the uses may occur exist or that the 
water quality of the waterbody could support recreational uses may be capable of supporting 
recreational uses unless a Use Attainability Analysis demonstrates otherwise and the Regional 
Board amends the Basin Plan accordingly. 
 
 
Amend CHAPTER 3 – BENEFICIAL USES - add the following section after the 
BENEFICIAL USE DEFINITIONS section: 
 
RECREATION BENEFICIAL USES 

 
As part of the work that led to the adoption of recreation standards amendments in 2012, the 
Stormwater Quality Standards Task Force considered the merits of and various alternatives for 
modifying the REC1 definition to improve clarity and precision. This was based on careful 
consideration of the scientific basis of the 1986 USEPA bacteria criteria for REC1 waters and 
earlier criteria guidance. Specifically, as discussed in the 1986 criteria document and other 
USEPA guidance and regulation (see, for example, USEPA 2004), USEPA’s recommended 
bacteria quality criteria were intended to reduce the risk of waterborne illness to acceptable 
levels for those engaged in swimming or similar recreational activities where immersion and 
ingestion of water are likely.  The Stormwater Quality Standards Task Force documentation, 
which essentially comprised the administrative record for the 2012 recreation standards 
amendments, includes a memorandum to the Task Force that was prepared by Camp Dresser 
and McKee, Inc. (CDM), one of the Task Force consultants (“Scientific Basis for EPA 
Recommended Water Quality Objectives for Bacteria”, CDM, April 10, 2006).  This 
memorandum discusses the scientific basis of the criteria, as well as that of the Basin Plan 
water quality objectives for fecal coliform in freshwaters that were replaced by the E. coli 
objective in the 2012 Basin Plan amendments. The administrative record also documents the 
extensive consideration of alternatives appropriate to clarify the REC1 definition to reflect the 
underlying scientific assumptions of the USEPA criteria, and expectations regarding the 
likelihood of immersion and ingestion.   
 
In response to State Board staff comments that a consistent statewide definition for REC1 
should be maintained absent statewide consideration of revisions to the definition, the specific 
recommendations developed by the Task Force for refining the definition of that use were not 
included in the recreation standards amendments adopted by the Regional Board in 2012. 
These Task Force recommendations should be considered on a statewide basis. Until such 
time as such statewide consideration occurs, it was thought sufficient for the purposes of the 
2012 amendments to add reference to “primary contact recreation” in the name of the REC1 
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use (see BENEFICIAL USE DEFINITIONS) and to incorporate the following clarifying 
discussion.   
 
USEPA has provided explicit direction regarding the types of recreational activities to which the 
USEPA bacteria guidance should be applied. Specifically, USEPA’s 1986 criteria (and prior 
bacteria criteria guidance) are intended for “Bathing (Full Body Contact) Recreational Waters”.  
The 1986 criteria document states:  
 
"In 1986, EPA published Ambient Water Quality Criteria for Bacteria-1986.  This document 
contains EPA's current recommended water quality criteria for bacteria to protect people from 
gastrointestinal illness in recreational waters, i.e. waters designated for primary contact 
recreation or similar full body contact uses.  States and Territories typically define primary 
contact recreation to encompass recreational activities that could be expected to result in the 
ingestion of, or immersion in, water, such as swimming, water skiing, surfing, kayaking or any 
other recreational activity where ingestion of, or immersion in, the water is likely." 
 
As defined statewide, the REC1 use includes recreational activities involving body contact 
with water where ingestion of water is reasonably possible including, but not limited to: 
swimming, wading, water-skiing, skin and scuba diving, surfing, whitewater activities, fishing 
and use of natural hot springs.  
 
The Regional Board has always considered the REC1 designation as functionally equivalent 
to USEPA’s description of primary contact recreation. In practice, the phrase “reasonably 
possible” is synonymous with the term “likely” when evaluating the probability of ingestion 
when persons swim or engage in similar body contact recreation. To reflect this, reference 
to “primary contact recreation” in the REC1 nomenclature was incorporated as part of the 
2012 recreation standards amendments, as noted above.  
 
USEPA’s rule promulgating E. coli objectives for recreational freshwaters in certain Great 
Lakes states (USEPA 2004, p. 67222) provides that the pathogen indicator objectives apply 
“only to those waters designated by a State or Territory for swimming, bathing, surfing or 
similar water contact recreation activities, not to waters designated for uses that only involve 
incidental contact.“  USEPA defines this “secondary contact” recreation as “those activities 
where most participants would have very little direct contact with the water and where 
ingestion of water is unlikely. Secondary contact activities may include wading, canoeing, 
motor boating, fishing, etc.” (USEPA 2002, p. 39). 
 
The Basin Plan definition of the REC 2 beneficial use is functionally-equivalent to that 
described by USEPA as “Secondary Contact Recreation.” Therefore, the 2012 recreation 
standards amendments added “Secondary Contact Recreation” to the REC2 nomenclature 
(see BENEFICIAL USE DEFINITIONS).  The Regional Board will rely on federal regulation 
and guidance to determine which waterbodies should be designated REC 2. Relatively brief 
incidental or accidental water contact that is limited primarily to the body extremities (e.g., 
hands or feet) is generally deemed REC 2 because ingestion is not considered reasonably 
possible.  
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Some confusion may arise as to whether wading and fishing should be considered primary 
contact recreation (REC1) activities or secondary contact recreation (REC2) activities.  
Wading and fishing cover a multitude of activities involving a wide range of potential water 
contact.  To avoid misapplication of the E. coli objectives, it is important to apply USEPA's 
recommended criteria for primary contact recreation only where ingestion of water is 
reasonably possible.  For example, fly-fishing in the middle of a stream or fishing from a 
float tube would be considered REC-1 activities as it is likely that the person fishing may 
ingest water.  On the other hand, fishing from a riverbank or lake dock is more appropriately 
deemed REC-2 activity because ingestion, while conceivable, is not considered reasonably 
possible.  Similarly, walking beside or crossing through a shallow creek and getting ones 
feet wet is also not considered water contact recreation (REC-1.) This activity is more akin 
to beachcombing, a recognized "non-contact recreation" (or REC-2) activity.  It is not 
reasonably possible to ingest appreciable quantities of water by merely touching or being 
splashed by the water. The E. coli objectives established in this Basin Plan are not intended 
or needed to protect this and similar incidental contact. However, a child sitting in the middle 
of a low flow creek playing in the water represents the sort of activity that is encompassed 
by the REC-1 use designation. The Basin Plan E. coli objectives properly apply to this type 
of activity.  (State Board staff spoke to and confirmed these views in a message to Regional 
Board staff on April 12, 2012. This message is part of the administrative record for the 
recreation standards amendments approved in 2012.)  
 
The Regional Board's longstanding approach to determining appropriate recreational use 
classifications is entirely consistent with federal guidance.  A review of historical records 
indicates that USEPA relied heavily on pre-existing definitions to describe primary and 
secondary contact recreation: 
 
"The Subcommittee defines primary contact recreation as activities in which there is 
prolonged and intimate contact with the water involving considerable risk of ingesting water 
in quantities sufficient to pose a significant health hazard.  Examples include wading and 
dabbling by children, swimming, diving, water skiing, and surfing.  Secondary contact sports 
include those in which contact with the water is either incidental or accidental and the 
probability of ingesting appreciable quantities of water is minimal." (“Report of the 
Committee on Water Quality Criteria” (aka “Green Book”), US Department of Interior, 
Federal Water Pollution Control Administration, 1968, p. 11) 
 
In summary, some forms of wading and fishing are considered REC-1 because immersion is 
likely and ingestion is reasonably possible.  Other forms of wading and fishing, involving 
only limited incidental or accidental water contact (primarily to hands and feet) are 
considered REC-2 because immersion is unlikely and ingestion is not reasonably possible. 
 
Acknowledging that California’s REC1 definition has always been considered synonymous 
with the federal definition of Primary Contact Recreation ensures that the E. coli  objective, 
adopted as part of the 2012 recreation standards amendments, is applied in a manner that 
is neither more nor less stringent than the federal Clean Water  Act requires.  
 
Pursuant to the federal Clean Water Act and implementing regulation, all defined waters of the 
United States are presumed to be capable of supporting Primary Contact Recreation and shall 
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be designated REC 1 unless a Use Attainability Analysis (UAA) demonstrates that this use is 
not an existing use and is not attainable and the Basin Plan is revised accordingly.  A suite of 
factors must be considered when UAAs are conducted to determine whether to downgrade or 
delete the REC 1 use from any waterbody.  The relevant factors are identified in federal and 
state regulations.  
 
Where the Regional Board determines, through a UAA and requisite public hearing(s), that a 
waterbody or portion of a waterbody has not supported and cannot support REC 1 or REC1 
and REC 2 uses, that waterbody or portion of a waterbody will be identified with table note “u” 
in Table 3-1, below, and, for clarity, also listed in Table 3-2. Waters designated REC 2 but not 
REC 1, and waters not designated either REC1 or REC2, will be reassessed as part of the 
Basin Plan triennial review process to determine whether conditions have changed sufficiently 
to warrant one or both of these recreation use designations.  This reassessment does not 
necessitate a new UAA; it is sufficient to determine whether there has been a significant 
change in the factor or factors on which the Regional Board originally relied to justify 
reclassifying each waterbody as something other than REC-1. Where such a change has 
occurred, revision of the recreational use designations will be considered through the Basin 
Planning process. 
 
Use Attainability Analyses were conducted for several stream segments as part of the work of 
the Stormwater Quality Standards Task Force. Technical reports to support these UAAs were 
prepared by CDM and are a part of the administrative record of the 2012 recreation standards 
amendments. These UAA reports were intended not only to provide the technical and factual 
data necessary to consider recreation standards changes for the waters evaluated, but also to 
serve as informal “templates” to guide similar stream assessment studies in the future.  In 
particular, the UAA reports illustrate the type of scientific and technical documentation needed 
to meet federal and state requirements for subcategorizing or reclassifying a recreational use.  
Regional Board staff relied heavily on the data and analyses provided in the CDM technical 
UAA reports in formulating specific recommendations for recreation beneficial use changes for 
these waters (CRWQCB – Santa Ana Region, “Staff Report, Basin Plan Amendments, 
Revisions to Recreational Standards for Inland Fresh Waters in the Santa Ana Region”, 
January 12, 2012). The approved changes are summarized in Table 3-2 and reflected in Table 
3-1. 
 
Recreational use of certain inland surface waters is precluded under certain flow conditions 
that make recreational activities unsafe. Recreation use designations (and the applicable 
pathogen and pathogen indicator objectives) are temporarily suspended when such conditions 
exist. The criteria for suspension of recreation uses (and objectives), and for termination of the 
suspension, are described in detail in Chapter 5, Implementation, Recreation Water Quality 
Standards, High flow suspension of recreation standards). Temporary suspensions of 
recreation standards do not apply to waters other than the inland surface streams identified in 
Appendix VIII and Appendix IX.   

 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE TABLE, first and second 
paragraphs; add footnote; add new paragraph after the second paragraph: 
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Table 3-1 lists the designated beneficial uses for waterbodies within the Santa Ana Region. In 
this table, an “X” indicates that the waterbody has an existing or potential use2. Many of the 
existing uses are well-known; some are not. Lakes and streams may have potential beneficial 
uses established because plans already exist to put the water to those uses, or because 
conditions (e.g., location, demand) make such future use likely. The establishment of a 
potential beneficial use serves to protect the quality of that water for such eventual use. 
 

Add footnote 2:  Water Code Section 13241 identifies the factors that the Regional 
Board must consider, at a minimum, when establishing water quality objectives to 
ensure the reasonable protection of beneficial uses and the prevention of nuisance. 
Among these factors are the “Past, present, and probable future beneficial uses of 
water. (CWC 13241(a) [italics added] “Potential” beneficial uses are assumed to be the 
same as “probable future” beneficial uses.  

  
An “I” in Table 3-1 indicates that the waterbody has an intermittent beneficial use. This may 
occur be because water conditions do not allow the beneficial use to exist occur year-round. 
The most common example of this is an ephemeral stream. Ephemeral streams in this region 
include, at one extreme, those which flow only while it is raining or for a short time afterward, 
and at the other extreme, established streams which flow through part of the year but also dry 
up for part of the year. While such ephemeral streams are flowing, beneficial uses are may be 
made of the water. Because such uses depend on the presence of water, they are intermittent. 
Waste discharges which could impair intermittent beneficial uses, whether they are made while 
those uses exist occur or not, are not permitted. 

 
As described above, Table 3-2 shows inland surface waters for which Use Attainability 
Analyses demonstrated that the REC1 or REC1 and REC2 uses are neither existing nor 
attainable. These waters, designated with a “u” in in the REC1 column and also, in some 
cases, the REC2 column in Table 3-1, will be evaluated at least once every three years to 
determine whether conditions have changed such that these use designations are applicable 
to these waters and that the Basin Plan should be amended accordingly.  
 
 
 
Amend CHAPTER 3 – BENEFICIAL USES, REFERENCES: 
 
CDM. Memorandum to Stormwater Quality Standards Task Force re “Scientific Basis for EPA Recommended 
Water Quality Objectives for Bacteria”, April 10, 2006 
 
CRWQCB – Santa Ana Region, “Staff Report, Basin Plan Amendments, Revisions to Recreational Standards for 
Inland Fresh Waters in the Santa Ana Region”, January 12, 2012. 
 
City of Big Bear Department of Water and Power, “Final Report – Task 4, Revised Water Quality Objectives, Big 
Bear Ground Water Basins,” April 1993. 
 
United States Department of Interior. Federal Water Pollution Control Administration. Report of the Committee on 
Water Quality Criteria (aka “Green Book”). 1968.  
 
United States Environmental Protection Agency “Ambient Water Quality Criteria for Bacteria – 1986” EPA 440/5-
84-002, January 1986. 
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United States Environmental Protection Agency. “Implementation Guidance for Ambient Water Quality Criteria for 
Bacteria [Draft]. May 2002. 
 
United States Environmental Protection Agency “National Guidance-Water Quality Standards for Wetlands,” EPA 
440/s-90-011, July 1990. 
 
United States Environmental Protection Agency “Water Quality Standards for Coastal and Great Lakes 
Recreation Waters; Final Rule” (40 CFR 131.41), November 2004. 
 
Governor Pete Wilson, “California Wetlands Conservation Policy,” August, 1993. 

 
 

 
Amend CHAPTER 3 – BENEFICIAL USES, TABLE 3-1, as shown in the following pages. 
 
Add Table 3-2 Summary of Approved Use Attainability Analyses (UAAs) to Re-Designate 
Recreational Beneficial Uses in some Inland Waterbodies (Table 3-2 follows Table 3-1, 
below) 
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Table 3-1  BENEFICIAL USES   
 

OCEAN WATERS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
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R
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R
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E
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W

N
 

M
AR
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E

L 

EST Primary Secondary 

NEARSHORE ZONE* 
 
 
 

   San Gabriel River to Poppy             
   Street in Corona Del Mar  
 

+  X   X  X X X     X X X X X  801.11  

   Poppy Street to Southeast 
   Regional Boundary 
 

+ 
  

  X  X X X    X X X X X X  801.11  

OFFSHORE ZONE  
    Waters Between Nearshore 
    Zone and Limit of State         

Waters 
        

+  X   X  X X X     X X X X       

 
X  Present Existing or Potential Beneficial Use  *  Defined by Ocean Plan Chapter II B-1.: “Within a zone bounded by shoreline and a distance of 1000 feet from       
I    Intermittent Beneficial Use                            shoreline or the 30-foot depth contour, whichever is further from shoreline…” 
+  Excepted from MUN (see text)                   
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Table 3-1  BENEFICIAL USES - Continued  
 

BAYS, ESTUARIES, AND 
TIDAL PRISMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
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EST Primary Secondary 

Los Cerritos Wetlands +       X X     X X X X X   801.11  
Anaheim Bay – Outer Bay   
 +     X  X X     X X X X X   801.11  

Anaheim Bay – Seal Beach  
National Wildlife Refuge 
 

+ 
  

    X¹ X     X X X X X  X 801.11  

Sunset Bay – Huntington 
Harbor        +     X  X X X     X X X X   801.11    

Bolsa Bay  +       X X X    X X X X X X  801.11  

Bolsa Chica Ecological Reserve +       X X     X X X X X  X 801.11  

Lower Newport Bay +     X  X X X     X X X X X  801.11  

Upper Newport Bay +       X X X    X X X X X X X 801.11  
 
X  Present Existing or Potential Beneficial Use ¹  No Access prohibited per agency with jurisdiction (U.S. Navy)  
I    Intermittent Beneficial Use                            
+  Excepted from MUN (see text) 
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Table 3-1  BENEFICIAL USES - Continued  
 
 
 
BAYS, ESTUARIES, AND 
TIDAL PRISMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
 

AG
R
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R
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EST Primary Secondary 

Santa Ana River Salt Marsh +       X X     X X X  X  X 801.11  

Huntington Beach Wetlands +       X X     X X X X X   801.11  
Tidal Prism of Santa Ana River  
(to within 1000’ of Victoria 
Street) and Newport Slough 

+       X X X     X X  X   801.11  

Tidal Prism of San Gabriel River  
 - River Mouth to Marina Drive 
    

+  X     X X X     X X  X X X 845.61  

Tidal Prism of Santa Ana-Delhi  
Channel – Bicycle Bridge at 
University Dr. at Upper Newport 
Bay to 1036 ft. upstream 

+       u X      X X  X   801.11  

Tidal Prism of Greenville-
Banning Channel – Santa Ana  
River Confluence to Inflatable 
Diversion Dam^ 

+       u X      X X  X   801.11  

Tidal Prisms of Flood Control  
Channels Discharging to 
Coastal or Bay Waters 

+       X X X     X   X   801.11  

 
X  Present Existing or Potential Beneficial Use ¹   No Access prohibited per agency with jurisdiction (U.S. Navy)  
I    Intermittent Beneficial Use                           u  REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 3,   
+  Excepted from MUN (see text)                             Recreation Beneficial Uses) 
 ^  The diversion dam is 0.23 mile downstream    
     of confluence with the Fairview Channel.                                                                                          
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
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Primary Secondary 

LOWER SANTA ANA RIVER 
BASIN  

    Santa Ana River  
        Reach 1 – Tidal Prism to 17th 
        Street  in Santa Ana   
                     

+      
 

X² X  I    I  
  801.11  

        Reach 2 – 17th Street in Santa  
        Ana to Prado Dam  
 

+ X   X  
 

X X  X    X X 
  801.11 801.12 

        Aliso Creek X    X   X X  X    X X   845.63  

        Carbon Canyon Creek X    X   X X  X    X X   845.63  

    Santiago Creek Drainage  

        Santiago Creek  

        Reach 1 – below Irvine Lake X    X   X² X  X    X    801.12 801.11 

        Reach 2 – Irvine Lake (see  
        Lakes, pg. 3-xx       
    

      
 

         
    

        Reach 3 – Irvine Lake to 
        Modjeska Canyon 
 

I    I  
 

I I  I    I  
  801.12  

        Reach 4 – in Modjeska Canyon X    X   X X  X    X    801.12  

     Silverado Creek X    X   X X  X    X    801.12  

X  Present Existing or Potential Beneficial Use         2      Access prohibited in all or part by Orange County Resources Development and Management Division                                               
I   Intermittent Beneficial Use                                             (RDMD) per agency with jurisdiction  
+  Excepted from MUN (see text)                                       
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INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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Primary Secondary 

LOWER SANTA ANA RIVER 
BASIN  

   Santiago Creek Drainage  
        Black Star 
                     I    I   I I  I    I    801.12  

        Ladd Creek 
 I    I   I I  l    I I   801.12  

    San Diego Creek Drainage  

        San Diego Creek  
            Reach 1 – below Jeffrey  
            Road +       X² X  X    X    801.11  

            Reach 2 – above Jeffrey 
            Road to Headwaters    +    I   I I  I    I    801.11  

        Other Tributaries: Bonita Creek,     
        Serrano Creek, Peters Canyon   
        Wash, Hicks Canyon Wash,  
        Bee Canyon Wash, Borrego  
        Canyon Wash, Agua Chinon  
        Wash, Laguna Canyon Wash, 
        Rattlesnake Canyon Wash,    
        Sand Canyon Wash*, and other 
        Tributaries to these Creeks 

+ 

   

I 

 

 I I 

 

I 

   

I 

 

  801.11  

 
X  Present Existing or Potential Beneficial Use               ²    Access prohibited in all or part by Orange County Resources Development and Management Division 
I   Intermittent Beneficial Use                                                per agency with jurisdiction 
+  Excepted from MUN (see text)             *    Sand Canyon Wash also has RARE Beneficial Use                                                         
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INLAND SURFACE STREAMS 
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  San Gabriel River Drainage  
    Coyote Creek (within Santa Ana 
     Regional Boundary) X       X X  X    X    845.61                     

  

  Santa Ana-Delhi Channel  
     Reach 1 – upper boundary of   
     Tidal Prism to intersection of 
     Sunflower Ave./Flower St.                   

+       u u  X    X X   801.10  

     Reach 2 – Sunflower  
     Ave./Flower St. intersection to 
     Warner Avenue 

+       u X  X    X    801.10  

  

  Greenville Banning Channel  
    Reach 1- Inflatable Diversion Dam  
    to California Street 
                        

+      
 

u u  X    X  
  

 801.10 
 

UPPER SANTA RIVER BASIN  

  Santa Ana River  
     Reach 3 – Prado Dam to Mission 
     Blvd. in Riverside + X   X   X X  X    X X X  801.21 801.21, 

801.25 
 
X  Present Existing or Potential Beneficial Use         u   REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 3,    
I   Intermittent Beneficial Use                                             Recreation Beneficial Uses) 
+  Excepted from MUN (see text)                                            
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INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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       Reach 4 – Mission Blvd. in     
       Riverside to San Jacinto Fault  
       in San Bernardino  
 

+    X  
 

X³ X  X    X X X 
 801.27 801.44 

       Reach 5 – San Jacinto Fault in 
       Bernardino to Seven Oaks Damt X* X   X   X³ X  X    X X   801.52 801.57 

       Reach 6 – Seven Oaks Dam to 
       Headwaters (see also Individual  
       Tributary Streams) 

X X   X  
 
X 

 
X X    X  X  

 
X 

 801.72  

    San Bernardino Mountain Streams   

       Mill Creek Drainage:   

         Mill Creek  
           Reach 1 – Confluence with  
           Santa Ana River to Bridge  
           Crossing Route 38 at Upper 
           Powerhouse  

I I   I  
 

I I    I  I I 
  801.58  

          Reach 2 – Bridge Crossing  
           Route 38 at Upper  
           Powerhouse to Headwaters       
    

X X   X  X X X    X  X  

  801.58  

 
X  Present Existing or Potential Beneficial Use  *   MUN applies upstream of Orange Avenue (Redlands); downstream, water is excepted from MUN 
I    Intermittent Beneficial Use    t   Reach 5 uses are intermittent upstream of Waterman Avenue                      
+  Excepted from MUN (see text)                           ³   Access prohibited in some portions by San Bernardino County Flood Control per agency with    
                                                         jurisdiction                                                     
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INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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       Mountain Home Creek X    X  X X X    X  X    801.58  
       Mountain Home Creek, East    
       Fork 

X    X X X X X    X  X  X  801.70  

       Monkey Face Creek        
       Monkeyface Creek             X    X   X X    X  X    801.70  

       Alger Creek 
 X    X   X X    X  X    801.70  

       Falls Creek X    X  X X X    X  X  X  801.70  

       Vivian Creek X    X   
 X X    X  X   

 
 801.70  

       High Creek X    X   X X    X  X    801.70  
       Other Tributaries: Lost, Oak  
       Cove, Green, Skinner, Momyer, 
       Glen Martin, Camp, Hatchery,    
       Rattlesnake, Slide, Snow,  
       Bridal Veil, and Oak Creeks 
       and other Tributaries to these 
       Creeks     

I 

   

I 

  

I I 

   

I 

 

I 

   

801.71 

 

    Bear Creek Drainage:   

       Bear Creek X X   X  X X X    X  X  X  801.71  

      Siberia Creek X    X   X X    X  X  X  801.71  

      Slide Creek  I    I   I I    I  I    801.71  

      Johnson Creek  I    I   I I    I  I    801.71  
X  Present Existing or Potential Beneficial Use                                  
I   Intermittent Beneficial Use                                        
+  Excepted from MUN (see text)                                 
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INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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       All other Tributaries to these  
       Creeks   I    I   I I    I  I    801.71  
       Big Bear Lake (see Lakes, pg.  
       3-xx) 

                    

    Big Bear Lake Tributaries:      
                      

       North Creek 
 X    X   X X    X  X  X  801.71  

       Metcalf Creek X    X   X X    X  X  X  801.71  

       Grout Creek X    X   
 X X    X  X  

X 
 

 801.71  

       Rathbone (Rathbun) Creek X    X   X X    X  X    801.71  

       Meadow Creek     X    X   X X    X  X    801.71  

       Summit Creek  I    I   I I    I  I    801.71  

       Knickerbocker Creek       
        Reach 1 – concrete channel, 
        the Lake to Village Dr. I    I   I I    I  I    801.71  

        Reach 2 – natural channel, 
         Village Dr. to headwater  I    I   I I    I  I    801.71  

       Other Tributaries to Big Bear  
       Lake: Knickerbocker, Johnson,  
       Minnelusa, Poliqgue, and Red  
       Ant Creeks and other  
       Tributaries to these Creeks  

I    I   I I    I  I    801.71  

 
X  Present Existing or Potential Beneficial Use   
I    Intermittent Beneficial Use                                
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INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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    Baldwin Lake (see Lakes, pg. 
    3-xx)                        

    Baldwin Lake Drainage:  

       Shay Creek X    X   X X    X  X X   801.73  
       Other Tributaries to Baldwin 
       Lake: Sawmill, Green, and  
       Caribou Canyons and other 
       Tributaries to these Creeks      
                     

I 

   

I 

  

I I 

   

I 

 

I 

   

801.73 

 

    Other Streams Draining to Santa                                    
    Ana River (Mountain Reaches‡)           
        

 

       Cajon Canyon Creek X    X   X X    X  X X   801.52 801.51 

       City Creek X X   X   
 X X    X  X X X  801.57  

       Devil Canyon Creek X    X   X X    X  X    801.57  
       East Twin and Strawberry  
       Creeks                   X X   X   X X    X  X  X  801.57  

 
X  Present Existing or Potential Beneficial Use      ‡    The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino  
I    Intermittent Beneficial Use                                    Bernardino or San Gabriel Mountains 
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      Waterman Canyon Creek  X    X   X X    X  X    801.57  

      Fish Creek  X    X   X X    X  X  X  801.57  

      Forsee Creek X    X   X X    X  X  X  801.72  

      Plunge Creek  X X   X   X X    X  X X   801.72  

     Barton Creek X X   X   X X    X  X    801.72  
     Bailey Canyon Creek    
                     

I    I   I I    I  I    801.72  

 
X   Present Existing or Potential Beneficial Use 
I    Intermittent Beneficial Use                                  
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     Kimbark Canyon, East Fork 
     Kimbark Canyon, Ames   
     Canyon and West Fork Cable  
     Canyon Creeks 

X 

   
X   X X  X  X  X    801.52  

     Valley Reaches‡ of Above  
     Streams I    I   

 I I  I    I   
 

 801.52  

     Other Tributaries (Mountain  
     Reaches‡): Alder, Badger  
     Canyon, Bledsoe Gulch, Borea 
     Canyon, Breakneck, Cable  
     Canyon, Cieneaga Seca, Cold,  
     Converse, Coon, Crystal, Deer, 
     Elder, Fredalba, Frog,  
     Government, Hamilton, Heart      
     Bar, Hemlock, Keller, Kilpecker,   
     Little Mill, Little Sand Canyon,  
     Lost, Meyer Canyon, Mile,  
     Monroe Canyon, Oak,       
     Rattlesnake, Round Cieneaga,     
     Sand, Schneider, Staircase,  
     Warm Springs Canyon, and    
     Wild Horse Creeks and other  
     Tributaries to these Creeks 

I 
 

   I   I I    I  I 

   

801.72 801.71, 801.57 

 
  X  Present Existing or Potential Beneficial Use        ‡    The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino  
  I   Intermittent Beneficial Use                                        or Gabriel Mountains 
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    San Gabriel Mountain Streams 
    (Mountain Reaches‡)     

       San Antonio Creek X X X X X  X X X    X  X    801.23  
       Lytle Creek (South, Middle,  
       and North Forks) and  
       Coldwater Canyon Creek      
                     

X X X X X  X X X    X  X X   

801.41 801.42, 801.52, 
801.59 

       Day Canyon Creek X   X X   X X    X  X    801.21  

       East Etiwanda Creek X   X X   
 X X    X  X X  

 
 801.21  

       Valley Reaches ‡ of Above  
       Streams   I    I   I I  I    I    801.21  

       Cucamonga Creek      
           Reach 1 – Confluence with  
           Mill Creek to 23rd St. in  
           Upland 

+    X   X 
u³ 

X 
u   X   X    801.21  

 
X  Present Existing or Potential Beneficial Use           ‡  The division between Mountain and Valley reaches occurs at the base of the foothills of the  
I    Intermittent Beneficial Use                                      San Bernardino Mountains or San Gabriel Mountains 
+  Excepted from MUN (see text)                     u    REC 1 and/or REC 2 are not attainable as determined by a UAA.(See Table 3-2 and  Chapter 3,      
                                                  Recreation Beneficial Uses) 
                                                                                                                                  ³    Access prohibited in some portions by the San Bernardino County Flood Control per agency with  
                                                                             jurisdiction 
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           Reach 2 (Mountain Reach‡)  
           - 23rd St. In Upland to 
           headwaters 

X  X X X  X X X    X  X  X  801.24 
 

       Mill Creek (Prado Area)      +       X X  X    X X   801.25  

     Other Tributaries (Mountain 
     Reaches ‡): Cajon Canyon, San 
     Sevaine, Deer, Duncan Canyon, 
     Henderson Canyon, Bull, Fan, 
     Demens, Thorpe, Angalls,  
     Telegraph Canyon, Stoddard 
     Canyon, Icehouse Canyon,  
     Cascade Canyon, Cedar, Falling 
     Rock, Kerkhoff, and Cherry  
     Creeks and other Tributaries to 
     these Creeks 

I    I   I I    I  I    801.21 801.23 

     Valley Reaches‡ of Above Streams I    I   I I  I    I    801.21 801.43 

         
San Timoteo Area Streams               

     San Timoteo Creek  
         Reach 1A – Santa Ana River 
         Confluence to Barton Road + I      

 I³ I  I    I   
 

 801.52  

 
X  Present Existing or Potential Beneficial Use              ‡   The division between Mountain and Valley reaches occurs at the base of the foothills of the San  
I    Intermittent Beneficial Use                                         Bernardino Mountains or San Gabriel Mountains 
+  Excepted from MUN (see text)                        ³   Access prohibited in some portions by San Bernardino County Flood Control per agency with jurisdiction                      
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       Reach 1B – Barton Road to  
       Gage at San Timoteo Canyon  
       Rd.    

+ I   I   I³ I  I    I    801.52  

       Reach 2–Gage at San Timoteo     
       Creek to Confluence with  
       Yucaipa Creek 

+    X   X X  X    X    801.61  

       Reach 3 – Confluence with  
       Yucaipa Creek to confluence 
       with little San Gorgonio and  
       Noble Creeks (Headwaters of  
       San Timoteo Creek) 

+    X   X X  X    X  

  

801.61  

    Oak Glen, Potato Canyon, and  
    Birch Creeks    

X    X   X X  X    X    801.67  

    Little San Gorgonio Creek X    X   
 X X    X  X   

 
 801.69 801.62, 801.63 

    Yucaipa Creek   I    I   I I  I    I    801.67 801.61, 801.62, 
801.64 

    Other Tributaries to these  
    Creeks-Valley Reaches‡ I    I   I I  I    I    801.62 801.52, 801.53 

    Other Tributaries to these  
    Creeks-Mountain Reaches‡ I    I   I I    I  I    801.69 801.67 

  Anza Park Drain X       X X  X    X  X  801.27  
 
X  Present Existing or Potential Beneficial Use        ‡  The division between Mountain and Valley reaches occurs at the base of the foothills of the San  
I    Intermittent Beneficial Use                                    Bernardino or San Gabriel Mountains 
+  Excepted from MUN (see text)                  ³   Access prohibited in some portions by San Bernardino County Flood Control per agency with jurisdiction               
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  Sunnyslope Channel X       X X  X    X X X  801.27  
  Tequesquite Arroyo (Sycamore 
  Creek) +    X   X X  X    X  X  801.27  

  Prado Area Streams    

     Chino Creek  
         Reach 1A – Santa Ana River 
         confluence to downstream of  
         confluence with Mill Creek  
        (Prado Area)   

+       X X  X    X X   

801.21 

 

         Reach 1B – Confluence with 
         Mill Creek (Prado Area) to 
         beginning of concrete-lined 
         channel south of Los 
         Serranos Rd.*** 

+ 

      

X X 

 

X 

   

X X 

  

801.21  

 
X  Present Existing or Potential Beneficial Use         ‡  The division between Mountain and Valley reaches occurs at the base of the foothills of the San 
I    Intermittent Beneficial Use                                     Bernardino or San Gabriel Mountains 
+  Excepted from MUN (see text)                  *** The confluence of Mill Creek is in Chino Creek, Reach 1B 
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         Reach 2 – Beginning of  
         concrete-lined channel south   
         of Serranos Rd. to confluence  
         with San Antonio Creek 

+    X  
 
 X³ X   X   X   

 

 
801.21 

 

    Temescal Creek    
        Reach 1 – Lincoln Ave. to  
        Riverside Canal +       X4 X  X    X    801.25  

        Reach 2 – Riverside Canal to 
        Lee Lake + I I  I   I I   I   I    801.32 801.25 

        Reach 1a – Lincoln Ave. to  
        Arlington Channel confluence +       u³ X  X    X    801.25  

        Reach 1b – Arlington Channel 
        confluence to 1400 ft.  
        upstream of Magnolia Ave. 

+       u³ u  X    X    801.25  

        Reach 2 –1400 ft. upstream of 
        Magnolia Ave. to Lee Lake  
         

+ I X I X  I X   I X I X  I X    I X    801.25  

 
X  Present Existing or Potential Beneficial Use          ***  The confluence of Mill Creek is in Chino Creek, Reach 1B               by Riverside County Flood Control 
I    Intermittent Beneficial Use                                     ³     Access prohibited in some portions by San Bernardino County Flood Control per agency with jurisdiction  
+   Excepted from MUN (see text)                    4        Access prohibited in some portions by Riverside County Flood Control   
                                                                               u    REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 3,   

             Recreation Beneficial Uses)                                                                                                                                                                           
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         Reach 3 – Lee Lakes (see Lakes, 
         Page 3-xx)                     

         Reach 4 – Lee Lake to Mid-Section 
         Line of Section 17 (downstream end 
         of freeway cut) 

+ I X   I X   I X I X  I X    I X I X 
  

801.34 
 

         Reach 5 – Mid-section line of  
         Section 17 (downstream end of  
         freeway cut) to Elsinore Ground- 
         water Subbasin Boundary   

+ X   X   X X  X    X X 

  
801.35 

 

         Reach 6 – Elsinore Groundwater 
         Subbasin Boundary to Lake  
         Elsinore Outlet 

+    I   I I  I    I 
   

801.35 
 

     Coldwater Canyon Creek X X   X   
 X X  X    X   

 
 801.32  

     Bedford Canyon Creek +    I   I I  I    I    801.32  

     Dawson Canyon Creek I    I   I I  I    I    801.32  

     Other Tributaries to these Creeks I    I   I I  I    I    801.32  

  SAN JACINTO RIVER BASIN  

     San Jacinto River  
        Reach 1 – Lake Elsinore to Canyon  
        Lake  I I   I   I I  I    I    801.32 802.31 

        Reach 2 – Canyon Lake (see Lakes  
        Pg. 3-xx)                     

 
X  Present Existing or Potential Beneficial Use             
I    Intermittent Beneficial Use                                   
+  Excepted from MUN (see text)                                      
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
 

AG
R
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O
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R
 

N
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W
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R
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E
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W

N
 

EST 

Primary Secondary 

         Reach 3 – Canyon Lake to Nuevo 
         Road + I   I   I I  I    I    802.11  

        Reach 4 – Nuevo Road to North- 
        South Mid-Section Line, T4S/R1W-S8 + I   I   I I  I    I    802.21 802.21 

        Reach 5 – North-South Mid-Section 
        Line, T4S/R1 W-S8, to Confluence 
        With Poppet Creek  

+ I   I   I I  I    I 
   

802.21  

        Reach 6 – Poppet Creek to 
        Cranston Bridge 

I I   I   I I  I    I    802.21  

        Reach 7 – Cranston Bridge to Lake 
         Hemet X X   X   X X    X  X    801.21  

    Bautista Creek – Headwaters to Debris 
    Dam  X X   X   X X    X  X    802.21 802.23 

    Strawberry Creek and San Jacinto 
    River, North Fork   X X   X   X X    X  X    801.21  

    Fuller Mill Creek X X   X   X X    X  X    802.22  

    Stone Creek X X   X   X X    X  X    802.21  
    Other Tributaries:  Logan, Black 
    Mountain, Juaro Canyon, Indian,  
    Huerkey, Poppet, and Protrero Creeks 
    and other Tributaries to these Creeks 

I I   I   I I  I    I    802.21 802.22 

    Salt Creek  +       I I  I    I    802.12  
    Goodhart Canyon, St. John’s Canyon,             
    and Cactus Valley Creeks I I      I I  I    X    802.15  

 
X  Present Existing or Potential Beneficial Use                                                          
I   Intermittent Beneficial Use                                              
+  Excepted from MUN (see text)                             
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Table 3-1  BENEFICIAL USES - Continued  
 
LAKES AND RESERVOIRS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
 

AG
R

 

IN
D

 

PR
O

C
 

G
W

R
 

N
AV
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1 
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O

M
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W
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R

M
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L 

W
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R
AR

E
 

SP
W

N
 

EST 

Primary Secondary 

UPPER SANTA ANA RIVER BASIN  

    Baldwin Lake +       
 I I  I  I I I I  

 
 801.73  

    Big Bear Lake  X X   X   X X  X  X  X X   801.71  

    Erwin Lake  X       X X    X X X X   801.73  

    Evans, Lake   +       X X  X  X  X    801.27  

    Jenks Lake  X X   X   X X    X  X    801.72  

    Lee Lake + X X  X   X X  X    X    802.34  

    Mathews, Lake X X X X X   X4 X  X    X X   802.33  

    Mockingbird Reservoir + X      X4 X  X    X    802.26  

    Norconian, Lake  +       X X  X    X    802.25  

LOWER SANTA ANA RIVER BASIN  

    Anaheim Lake  +    X   X X  X    X    801.11  

    Irvine Lake (Santiago Reservoir) X X      X X  X  X  X    801.12  
    Laguna, Lambert, Peters Canyon, 
    Rattlesnake, Sand Canyon, and 
    Siphon Reservoirs                  

+ X      X4 X  X    X    801.11  

                                                                                                                                                                                                                                
X  Present Existing or Potential Beneficial Use        4  Access prohibited by the Metropolitan Water District per agency/company with jurisdiction                                                 
I    Intermittent Beneficial Use                                   6  Access prohibited by the Gage Canal Company   
+  Excepted from MUN (see text)                      7   Access prohibited by the Irvine Ranch Company  
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Table 3-1  BENEFICIAL USES - Continued  
 
LAKES AND RESERVOIRS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
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N
 

EST 

Primary Secondary 

SAN JACINTO RIVER BASIN  

    Canyon Lake (Railroad Canyon 
    Reservoir) X X   X   

 X X  X    X  
 
 

 802.11 802.12 

    Elsinore, Lake  +       X X  X    X    802.31  

    Fulmor, Lake  X X      X X  X  X  X    802.21  

    Hemet, Lake  X X   X  X X X  X  X  X  X  802.22  

    Mystic Lake I       I I  I   X X X   802.11  

    Perris, Lake X X X X X   X X  X  X  X    802.11  
 
X  Present Existing or Potential Beneficial Use              .  
I    Intermittent Beneficial Use                            
+  Excepted from MUN (see text) 
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Table 3-1  BENEFICIAL USES - Continued  
 

WETLANDS (INLAND) 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
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N
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Primary Secondary 

 San Joaquin Freshwater  
 Marsh** +       

 X X  X   X X X  
 

 801.11 801.14 

 Shay Meadows I       I I    I  I    801.73  

 Stanfield Marsh** X       X X    X  X X   801.71  
 Prado Basin Management  
 Zone@  +       X X  X    X X   802.21  

 San Jacinto Wildlife  
 Preserve** +       X X  X   X X X   802.21 802.14 

 Glen Helen X       X X  X    X    801.59  
       
X  Present Existing or Potential Beneficial Use **  This is a created wetland as defined in the wetland discussion 
I    Intermittent Beneficial Use                           @  The Prado Basin Management Zone includes the Prado Flood Control Basin, a created wetland  
+  Excepted from MUN (see text)                   as defined in the Basin Plan (see Chapter 3, pages 3-4 through 3-7) 
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
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R
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EST 

Primary Secondary 

UPPER SANTA ANA RIVER BASIN 
 
 
 

Big Bear Valley X   X               801.71 801.73 

Beaumont X X X X               801.62 801.63, 801.69 

Bunker Hill - A  X X X X               801.52 801.52 

Bunker Hill - B X X X X               802.52 801.53, 801.54, 
801.57, 801.58 

Colton X X X X               801.44 801.45 

Chino North “maximum benefit”++ X X X X               801.21 481.21, 481.23 

Chino 1 – “antidegradation”++ X X X X               801.21 481.21 

Chino 2 – “antidegradation”++ X X X X               801.21  

Chino 3 – “antidegradation”++ X X X X               801.21  

Chino East @ X X X X               801.21 801.27 

Chino South @ X X X X               801.21 801.25, 801.26 

Cucamonga X X X X               801.24 801.21 
 
X  Present Existing or Potential Beneficial Use   ++  Chino North “maximum benefit” management zone applies unless Regional Board determines that lowering of   
I    Intermittent Beneficial Use                                water quality is not of maximum benefit to the people of the state; in that case, the Chino 1, 2, and 3  
+  Excepted from MUN (see text)                  “antidegradation” management zones would apply (see also discussion in Chapter 5). 
                                                                             @  Chino East and South are the designations in the Chino Basin Watermaster “maximum benefit” proposal 
                                                                      (see Chapter 5) for the management zones identified by Wildermuth Environmental , Inc. (July 2000) as 
                                                                                    Chino 4 and 5, respectively 
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
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EST 

Primary Secondary 

Lytle X X X X               801.59 801.42 

Rialto X X X X               801.44 801.21, 801.43 

San Timoteo X X X X               801.62 801.61 

Yucaipa X X X X               801.61 801.55, 801.63, 
801.67 

MIDDLE SANTA ANA RIVER BASIN  

Arlington X X X X               801.26  

Bedford X X X X               801.32 481.31 

Coldwater X X X X               801.31  

Elsinore X X  X               802.31  

Lee Lake  X X X X               801.34  

Riverside - A X X X X               801.27 801.44 

Riverside – B  X X X X               801.27 801.44 

Riverside - C  X X X X               801.27  

Riverside - D X X X X               801.27 801.26 

Riverside - E X X X X               801.27  
 
X  Present Existing or Potential Beneficial Use               
I    Intermittent Beneficial Use                               
+  Excepted from MUN (see text)                  
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
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Primary Secondary 

Riverside - F X X X X               801.27  

Temescal  X X X X               801.25  

SAN JACINTO RIVER BASIN  

Garner Valley X X                 802.22  

Idyllwild Area X  X                802.22 802.21 

Canyon  X X X X               802.21  

Hemet - South X X X X               802.15 802.13, 802.21 

Lakeview – Hemet North  X X X X               802.14 802.15 

Menifee X X  X               802.13  

Perris North  X X X X               802.11  

Perris South   X X                 802.11 802.12, 802.13 

San Jacinto - Lower X X X                802.21 802.11 

San Jacinto - Upper X X X X               802.27 802.23 
 
X  Present Existing or Potential Beneficial Use               
I    Intermittent Beneficial Use                               
+  Excepted from MUN (see text) 
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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Primary Secondary 

LOWER SANTA ANA RIVER BASIN  

La Habra X X                 845.62  

Santiago  X X X                801.12 801.11 

Orange   X X X X               801.11 801.13, 801.14 
845.61, 845.63 

Irvine X X X X               801.11  
 
X  Present Existing or Potential Beneficial Use               
I    Intermittent Beneficial Use                               
+  Excepted from MUN (see text) 
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Table 3-2 Summary of Approved Use Attainability Analyses (UAAs) to Re-designate Recreational Beneficial Uses in some Inland 
Waterbodies 

 
 
 

 
Waterbody 

 

Segment/ 
Reach Reach Description REC1 REC2 

Agency 
Approval 
Dates1 

Greenville-Banning 
Channel 

Tidal 
Prism 
 

Santa Ana River Confluence to Inflatable Diversion Dam 
( 0.23 mile downstream of Fairview Channel Confluence) 

(City of Costa Mesa) 

no X                        

Reach 1 Inflatable Diversion Dam to California Street.  
(City of Costa Mesa)  

 

no no  

Santa Ana Delhi 
Channel 

Tidal 
Prism 
 

Bicycle Bridge at University Dr. at Upper Newport Bay to 
1036 ft. upstream 

(City of Newport Beach) 

no X  

Reach 1 
 

Upper Boundary of Tidal Prism to immediately upstream 
of intersection of Sunflower Ave. and Flower Street  

(City of Santa Ana) 

no no  

Reach 2 Immediately upstream of intersection of Sunflower Ave. 
and Flower St. to Warner Ave 

(City of Santa Ana) 

no X  

Temescal Creek 

Reach 1a Lincoln Avenue to Arlington Channel Confluence 
(City of Corona) 

no  X  

Reach 1b 
Arlington Channel Confluence to 

1400 ft. upstream of Magnolia Avenue 
(City of Corona) 

no no 
 

Cucamonga Creek 
Reach 1 

Confluence with Mill Creek in Prado area 
 to near 23rd Street (City of Upland) 

 
no no 

 

X = existing or potential 
1. Date of Regional Board, State Board, USEPA approvals to be added 
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CHANGES TO CHAPTER 4- WATER QUALITY OBJECTIVES 
 
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, INTRODUCTION, third paragraph et 
seq.: 
 
The water quality objectives in this plan supersede and replace those adopted in the 1983 Basin 
Plan.  Perhaps the most significant difference between this and the prior Plan is the inclusion of 
new objectives for un-ionized ammonia and site-specific objectives for the middle Santa Ana River 
system for copper, cadmium and lead. 
 
Some of these water quality objectives refer to “controllable sources” or controllable water quality 
factors.”  Controllable sources include both point and nonpoint source discharges, such as 
conventional discharges from pipes, as well as discharges from land areas or other diffuse 
sources.  Controllable water quality factors are those characteristics of the discharge and/or the 
receiving water which can be controlled by treatment or management methods. Examples of other 
activities which may not involve waste discharges, but which also constitute controllable water 
quality factors, include the percolation of storm water, transport/delivery of water via natural stream 
channels, and stream diversions. 
 
The water quality objectives in this Plan are specified according to waterbody type:  ocean waters; 
enclosed bays and estuaries; inland surface waters; and, groundwaters. 
 
The narrative water quality objectives below are arranged alphabetically. They vary in applicability 
and scope, reflecting the variety of beneficial uses of water that have been identified (Chapter 3). 
Where numerical objectives are specified, they generally represent the levels that will protect 
beneficial uses. However, in establishing waste discharge requirements for specific discharges, the 
Regional Board may find that more stringent levels are necessary to protect beneficial uses.  In 
other cases, an objective may prohibit the discharge of specific substances, may tolerate natural or 
“background” levels of certain substances or characteristics but no increases over those values, or  
may express a limit in terms of not impacting other beneficial uses. An adverse effect or impact on 
a beneficial use occurs where there is an actual or threatened loss or impairment of that beneficial 
use.  
 
Some of these water quality objectives refer to “controllable sources” or controllable water quality 
factors.”  Controllable sources include both point and nonpoint source discharges, such as 
conventional discharges from pipes, as well as and discharges from land areas or other diffuse 
sources.  Controllable sources are predominantly anthropogenic in nature. Controllable water 
quality factors are those characteristics of the discharge and/or the receiving water that can be 
controlled by treatment or management methods. Examples of other activities that may not involve 
waste discharges, but which also constitute controllable water quality factors, include the 
percolation of storm water, transport/delivery of water via natural stream channels, and stream 
diversions.  Uncontrollable sources of pollutants can occur naturally or as the result of 
anthropogenic activities. These sources are not readily managed through technological or natural 
mechanisms. 
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Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, ENCLOSED BAYS AND ESTUARIES:  
 
Bacteria, Coliform   
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence in bay and 
estuarine waters is an indicator of pollution. Total coliform is measured in terms of the number of 
coliform organisms per unit volume. Total coliform numbers can include non-fecal bacteria, so 
additional testing is often done to confirm the presence and numbers of fecal coliform bacterial. 
Water quality objectives for numbers of total and fecal coliform vary with the uses of the water, as 
shown below. 
 
Bays and Estuaries 
 

REC-1 Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30 day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30-day period. 

 
SHEL Fecal coliform: median concentration not more than 14 MPN (most   probable 
number )/100 ml and not more than 10% of samples exceed 43 mpn /100 mL 
 

 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, ENCLOSED BAYS AND ESTUARIES - 
insert the following between the Oxygen, Dissolved and pH objectives:   
 

Pathogen Indicator Bacteria 
 
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence in bay and 
estuarine waters is used as an indicator of pollution. Total coliform is measured in terms of the 
number of coliform organisms per unit volume. Total coliform numbers can include non-fecal 
bacteria, so additional testing is often done to confirm the presence and numbers of fecal coliform  
bacteria. Water quality objectives for numbers of total and fecal coliform vary with the uses of the 
water, as shown below. 
 
Bays and Estuaries 
 

REC-1 Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30 day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30-day period. 
 
Note:  The USEPA promulgated enterococci criteria for coastal recreation waters, 
including enclosed bays and estuaries, in 2004 (40 CFR 131.41). The established 
geometric mean enterococci value is 35/100mL.  No averaging period was specified, 
leaving that determination to the state’s discretion. USEPA also identified single sample 
maximum enterococci values, which vary based on the frequency of use of the REC1 
waters.  The Regional Board intends to consider a Basin Plan amendment in the future 
to formally recognize the enterococci criteria established for enclosed bays and 
estuaries, to define an appropriate averaging period for the application of the geometric 
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mean criterion, and to define appropriate application of the single sample maximum 
values to varying areas within enclosed bays and estuaries in the Region.  

 
SHEL Fecal coliform: median concentration not more than 14 MPN (most   probable 
number)/100 mL and not more than 10% of samples exceed 43 mpn /100 mL. 

 
 
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS: 
 
Bacteria, Coliform 
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence in surface 
waters is an indicator of pollution. Total coliform is measured in terms of the number of coliform 
organisms per unit volume. Total coliform numbers can include non-fecal bacteria, so additional 
testing is often done to confirm the presence and numbers of fecal coliform bacteria. Water 
quality objectives for numbers of total and fecal coliform vary with the uses of the water, as shown 
below. 
 
Lakes and Streams 
    MUN Total coliform: less than 100 organisms/100 mL 
 

REC-1 Fecal coliform: log mean less than 200 organisms/100 mL based on  
five or more samples/30 day period, and not more than 10% of the samples exceed 
400 organisms/100 mL for any 30-day period 

 
 
 
REC-2 Fecal coliform: average less than 2000 organisms/100 mL and not more than 10% of 

samples exceed 4000 organisms/100 mL for any 30-day period 
 

 
Amend Chapter 4 – WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS, 
Metals, as follows:  
 
The SSOs for cadmium and copper are simply the hardness-dependent formulase for 
calculating the objective (national criteria), corrected by the dissolved-to-total (metal) ratio. The 
SSO for lead is the recalculated*1  hardness-dependent formula, corrected by the dissolved-to-
total ratio.  

 
* 1 Recalculation for lead was carried out by EPA-Region IX, using the lowest mean genus acute 
value (GMAV) as the final acute value (FAV) and an acute-to-chronic ratio (ACR) of 51.29, 
resulting in a final chronic value (FCV) of 2.78 and the SSO formula already shown.  
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Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS - insert 
the following between the Oxygen, Dissolved and pH objectives:  
 
Pathogen Indicator Bacteria 
 
Bacteria, viruses, protozoa and parasites occur naturally in the environment and may also be 
present in waste discharges.  Some of these organisms, particularly those that originate from 
human sources, are pathogenic and may cause illness to exposed persons.  The main route of 
exposure to illness-causing organisms during primary water contact recreation is through 
accidental ingestion of fecally contaminated water. The presence of these pathogens in 
waterbodies may impair recreational uses and/or municipal water supplies. 
 
Direct measurement of all pathogens is impractical because standard methods have not yet been 
approved, nor have water quality criteria been established for each and every microorganism that 
may be harmful.  Therefore, the USEPA recommends using surrogate indicators, such as E. coli 
or enterococcus densities, to demonstrate that water quality is adequate to protect human health 
against excessive risk of illness to those making deliberate recreational contact with the water 
where ingestion of water is likely2.  
 
Over time, the recommended surrogate indicators to protect primary contact recreation have                                                                                             
changed from total and fecal coliform to E. coli or Enterococcus for freshwaters (USEPA, 1986).  
Ongoing epidemiological studies and laboratory research may someday identify better pathogen 
indicators3 and USEPA may recommend revised numeric criteria based on those new indicators. 
New and/or improved analytical protocols for direct measurement of pathogens may also become 
available. This Plan addresses these circumstances as follows. The Plan specifies the following 
narrative objective and the numeric objectives for surrogate indicators in Table 4-pio – Pathogen 
Indicator Bacteria Objectives for Fresh Waters. The numeric objectives in Table 4-pio are 
intended to interpret the narrative objective, based on the best available science. These numeric 
objectives are based on the water quality criteria recommended by USEPA in 1986.  The 
narrative objective is intended to provide the permitting flexibility needed to accommodate 
appropriate regulatory actions to assure the protection of beneficial uses as water quality 
monitoring technology improves or USEPA revises the recommended bacteria criteria4.  This is 
consistent with the Regional Board’s obligation when establishing waste discharge requirements 
to impose limitations more stringent than established objectives if such more stringent limitations 
are necessary to protect beneficial uses. 
 

 
Lakes and Streams 

 
Waste discharges shall not cause or contribute to excessive risk of illness from microorganisms 
pathogenic to human beings.  Pathogen indicator concentrations shall not exceed the values 
specified in Table 4-pio below as a result of controllable water quality factors (see also Chapter 5, 
Recreation Water Quality Standards, Controllable and Uncontrollable Sources of Bacteria) unless 
it is demonstrated to the Regional Board’s satisfaction that the elevated indicator concentrations 
do not result in excessive risk of illness among people recreating in or near the water. If this 
demonstration is made, then site-specific consideration of appropriate pathogen indicator 
concentrations will be necessary. In all cases, the level of water quality necessary to protect 
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existing uses must be maintained. Where existing water quality is better than necessary to 
protect the designated use, the existing high   level of water quality must be maintained unless it 
is demonstrated that existing or potential beneficial uses would be protected and that water 
quality consistent with maximum benefit to the people of California would be maintained, as 
specified in the state antidegradation policy (SWRCB Resolution No. 68-16).  The Regional 
Board may also require recycled water discharged to freshwaters designated REC 1 or REC 2 to 
comply with other limitations recommended by the California Department of Public Health 
(CDPH).    

 
Table 4-pio - Pathogen Indicator Bacteria Objectives for Fresh Waters1 

 

Recreational Use 
 

Pathogen Indicator Objective 

(geometric mean of at least 5 samples in a 30-day period 
(running)2 

REC1-only or 
REC1 and REC2 <126  E. coli organisms per 100 mL3 

REC2-only4 
N/A; see REC2 Only Freshwaters, below, and Chapter 5, 

Recreation Water Quality Standards, Antidegradation targets 
for REC2 only freshwaters 

 

1 The water quality objectives specified in Table 4-pio (and the alternate Single Sample Maximum 
values in Table 5-REC1-ssv) do not apply to a river or stream if and when the recreational uses 
are temporarily suspended due to unsafe flow conditions therein. (See Chapter 5- 
Implementation, Recreation Water Quality Standards, High Flow Suspension, Appendices VIII 
and IX, and Application of Single Sample Maximum Values).  
2  The Regional Board may adopt other alternative averaging periods, such as annual or seasonal 
averages, through the basin planning process. 
3 Where it is necessary to make public notification and/or beach closure decisions in the absence 
of sufficient data to calculate a representative geometric mean for E. coli, no single sample shall 
exceed the default value shown in Table 5-REC1-ssv or an alternative value calculated by using 
the formula shown in Table 5-REC1-ssv, note 2 (see also table note 5).  For all other purposes 
related to implementing the Clean Water Act, if there are insufficient data to calculate a 
representative geometric mean for E. coli, “X%” of the representative sample data collected over 
a 30 day period (running) shall be less than the applicable Single Sample Maximum value, where 
X% is the statistical confidence level assigned to a particular waterbody. Where there are 
sufficient data to calculate a representative geometric mean for E. coli, the applicable Single 
Sample Maximum value shall not be used to assess compliance with the E. coli objective in 
Table 4-pio.  The intent of Single Sample Maximum values is to inform public notification 
decisions and to trigger additional follow-up monitoring (see Chapter 5, Recreation Water Quality 
Standards, Application of Single Sample Maximum Values in REC1 Freshwaters). 
4Waterbodies designated REC2 but not designated REC1.   

 
 

As discussed in Chapter 3 (RECREATION BENEFICIAL USES) and Chapter 5 
(RECREATION WATER QUALITY STANDARDS, High Flow Suspension) of this Plan, 
recreational standards are temporarily suspended in certain fresh surface waters during 
specific high flow conditions. This includes the temporary suspension of the pathogen 
indicator objectives established in Table 4-pio, and alternative Single Sample Maximum 
values, which apply under specified circumstances (See Chapter 5 RECREATION WATER 
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QUALITY STANDARDS, Application of Single Sample Maximum values in REC1 
freshwaters.)  
 
REC2 Only Freshwaters 
 
 

Designation of a waterbody as REC2 but not REC1 requires a demonstration that the REC1 
use has not been attained and is not attainable, based on one or more of the Use 
Attainability Analysis (UAA) factors identified in federal regulations (40 CFR 131.10(g)(1-6)). 
Where water quality consistently meets the REC1 (or REC1 and REC2) pathogen indicator 
objectives in Table 4-pio, then it is unlikely that a UAA would successfully demonstrate that 
the REC1 use is not attainable. Accordingly, the waterbody would likely be designated 
REC1 (and REC2), and the objectives in Table 4-pio would apply.  

 
REC2 activities involve proximity to water but not normally body contact such that the 
ingestion of water is reasonably possible. Water contact is incidental or accidental, relatively 
brief and limited primarily to body extremities.  There is no scientific basis to establish 
pathogen indicator objectives intended to protect human health as the result of such contact.  
 
While water quality objectives for REC2 only waters are not specified in this Plan, it is 
appropriate to take steps to assure that water quality conditions in these waters are not 
degraded as the result of controllable water quality factors, consistent with antidegradation 
policy requirements. Accordingly, bacteria quality targets for REC2 only waters have been 
identified (See Chapter 5, Recreation Water Quality Standards, Antidegradation targets for 
REC2 only freshwaters).   

 
Add the following footnotes and re-number subsequent footnotes in Chapter 4 
accordingly:  
 
[Footnote 2 is found above in “Pathogen Indicator Bacteria”, end of 2nd paragraph, p. 39 of 
78] 
 
 2  As discussed in detail in USEPA’s 1986 bacteria criteria document (“Ambient Water Quality 
Criteria for Bacteria – 1986”), USEPA’s recommended E. coli criteria are based on the long-
accepted rate of 8 gastrointestinal illness per 1000 swimmers in freshwaters. USEPA believes 
that this illness rate is comparable to the estimated illness rate associated with the fecal 
coliform objectives that were used historically by states, and previously in this Basin Plan. 
Epidemiological studies were used to develop the 1986 criteria. The swimming-associated 
“excess” illness rate was determined by subtracting the gastrointestinal illness rate in 
nonswimmers from that for swimmers. Swimmers and nonswimmers were differentiated on the 
basis of exposure and the likelihood of ingestion of water. Swimmers were those who swam or 
otherwise got their head or face wet. Nonswimmers were those who did not go into the water, 
went into the water but did not get their head or face wet (waders), or were in the water for less 
than 10 minutes, whether or not they got their head or face wet. In short, the 1986 criteria were 
developed based on exposures during swimming with head immersion, where the ingestion of 
water was considered likely. Consistent with USEPA’s intent and the underlying science, the E. 
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coli  objectives specified in this Basin Plan (Table 4-pio – Pathogen Indicator Bacteria 
Objectives for Fresh Waters), are intended to protect primary contact recreation.  
 
[Footnote 3 is found above in “Pathogen Indicator Bacteria”, 3rd paragraph, second sentence, 
p. 39 of 78] 
 
3 See, for example, U.S. EPA. Report of the Experts Scientific Workshop on Critical Research 
Needs for the Development of New or Revised Recreational Water Quality Criteria.  June 15, 
2007 (EPA 823-R-07-006) 
 

 

[Footnote 4 is found above in “Pathogen Indicator Bacteria”, end of 2nd to last sentence, p. 39 
of 78] 
 
4 See, for example, U.S. EPA.  Criteria Development Plan and Schedule for Recreational Water 
Quality Criteria.  August 31, 2007. (EPA 823-R-003) 

 
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, GROUNDWATERS, Bacteria, 
Coliform, as follows: 
 
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence groundwater 
is used as an indicator of pollution. 
 
Amend CHAPTER 4 – Table 4-1 WATER QUALITY OBJECTIVES, add and delete waters as 
shown in the following pages:  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 
BAYS, ESTUARIES, AND TIDAL 
PRISMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solid 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

 
 
 

Los Cerritos Wetlands+ --- --- --- --- --- --- --- 801.11  

Anaheim Bay – Outer Bay+ --- --- --- --- --- --- --- 801.11  

Anaheim Bay – Seal Beach National 
Wildlife Refuge+ --- --- --- --- --- --- --- 801.11  

Sunset Bay – Huntington Harbour+   
  --- --- --- --- --- --- --- 801.11  

Bolsa Bay+   
    --- --- --- --- --- --- --- 801.11  

Bolsa Chica Ecological Reserve+ --- --- --- --- --- --- --- 801.11  

Lower Newport Bay+ --- --- --- --- --- --- --- 801.11  

Upper Newport Bay+ --- --- --- --- --- --- --- 801.11  

  
 
 
 
 
 
 
 
 
+  Numeric objectives have not been established; narrative objectives apply.  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 
BAYS, ESTUARIES, AND TIDAL 
PRISMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solid 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

 
 
 

Santa Ana River Salt Marsh+ --- --- --- --- --- --- --- 801.11  

Huntington Beach Wetlands+ --- --- --- --- --- --- --- 801.11  
Tidal Prism of Santa Ana River (to within 
1000’ of Victoria Street) and  
Newport Slough+ 

--- --- --- --- --- --- --- 801.11  

Tidal Prism of San Gabriel River – River 
Mouth to Marina Drive+ --- --- --- --- --- --- --- 845.61  

Tidal Prism of Santa Ana-Delhi Channel 
– Bicycle Bridge at University Dr. at 
Upper Newport Bay to 1036 ft. 
upstream+ 

--- --- --- --- --- --- --- 801.11  

Tidal Prism of Greenville-Banning 
Channel – Santa Ana River Confluence 
to Inflatable diversion dam^+ 

--- --- --- --- --- --- --- 801.11  

Tidal Prisms of Flood Control Channels 
Discharging to Coastal or Bay Waters+ --- --- --- --- --- --- --- 801.11  

 
 
 
 
 
 
^   The Inflatable Diversion Dam is ~0.23 mile downstream of confluence with the Fairview Channel.   
+   Numeric objectives have not been established; narrative objectives apply.  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

 
 
 

    

Santa Ana-Delhi Channel  

       Reach 1 – upper boundary of Tidal  
       Prism to intersection of Sunflower  
       Ave./Flower St. Intersection to  
       Warner Avenue+       

--- --- --- --- --- --- --- 801.11  

       Reach 2 – above Sunflower Avenue 
       to Warner Avenue+ --- --- --- --- --- --- --- 801.11  

    

Greenville Banning Channel   
      Reach 1 – Inflatable diversion dam   
      to California Street+ --- --- --- --- --- --- --- 801.11  

 
 
 
 
 
 
 
 
 
 
 
 
 
+ Numeric objectives have not been established; narrative objectives apply.   
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Table 4-1 WATER QUALITY OBJECTIVES - Continued 
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

     Mountain Home Creek 
    200 100 30 10 1 20 5 801.58  

     Mountain Home Creek, East Fork 200 --- --- --- --- --- --- 801.70  
     Monkey Face Creek  Monkeyface 
Creek 200 100 30 10 1 20 5 801.70  

     Alger Creek 200 --- --- --- --- --- --- 801.70  

     Falls Creek 200 100 30 10 1 20 5 801.70  

     Vivian Creek 200 --- --- --- --- --- --- 801.70  

     High Creek 200 --- --- --- --- --- --- 801.70  
     Other Tributaries: Lost, Oak Cove, 
     Green, Skinner, Momyer, Glen Martin, 
     Camp, Hatchery, Rattlesnake, Slide, 
     Snow, Bridal Veil, and Oak Creeks,  
     and other Tributaries to these Creeks 

200 --- --- --- --- --- --- 801.70 

 

  Bear Creek Drainage:  
     Bear Creek  
    175 115 10 10 1 4 5 801.71  

     Siberia Creek 200 --- --- --- --- --- --- 801.71  

     Slide Creek 175 --- --- --- --- --- --- 801.71  

     Johnson Creek 175 --- --- --- --- --- --- 801.71  

     All other Tributaries to these Creeks+ --- --- --- --- --- --- --- 801.71  

    Big Bear Lake (see Lakes, pg. 4-…          
+ Numeric objectives have not been established; narrative objectives apply.   
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

     Big Bear Lake Tributaries: 
     

        North Creek  175 --- --- --- --- --- --- 801.71  

        Metcalf Creek 175 --- --- --- --- --- --- 801.71  

        Grout Creek 150 --- --- --- --- --- --- 801.71  

        Rathbone (Rathbun) Creek 300 --- --- --- --- --- --- 801.71  

        Meadow Creek+ --- --- --- --- --- --- --- 801.71  

        Summit Creek+ --- --- --- --- --- --- --- 801.71  

        Knickerbocker Creek  
Reach 1- concrete channel; the 
Lake to Village Dr. 175 --- --- --- --- --- --- 801.71  

Reach 2- natural channel, Village 
Dr. to headwater 175 --- --- --- --- --- --- 801.71  

        Other Tributaries to Big Bear Lake: 
        Knickerbocker, Johnson, Minnelusa, 
        Poliqgue, and Red Ant Creeks, and  
        other Tributaries to these Creeks 

175 --- --- --- --- --- --- 801.71 

 

     Baldwin Lake (see Lakes, pg. 4-xx)          

     Baldwin Lake Drainage:  
        Shay Creek+  
    --- --- --- --- --- --- --- 801.73  

        Other Tributaries to Baldwin Lake: 
        Sawmill, Green, and Caribou  
        Canyons and other Tributaries to  
        these Creeks+ 

--- --- --- --- --- --- --- 801.73  

+ Numeric objectives have not been established; narrative objectives apply.  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

  Other Streams Draining to Santa Ana 
  River (Mountain Reaches‡ )  

        Cajon Canyon Creek 200 100 30 10 1 20 5 801.51  

        City Creek 200 115 30 10 1 20 5 801.57  

        Devil Canyon Creek 275 125 35 20 1 25  5 801.57  

        East Twin and Strawberry Creeks 475 --- --- --- --- --- --- 801.57  

        Waterman Canyon Creek 250 --- --- --- --- --- --- 801.57  

        Fish Creek 200 100 30 10 1 20 5 801.57  

        Forsee Creek 200 100 30 10 1 20 5 801.72  

        Plunge Creek  200 100 30 10 1 20 5 801.72  

        Barton Creek 200 100 30 10 1 20 5 801.72  

        Bailey Canyon Creek  200 --- --- --- --- --- --- 801.72  
        Kimbark Canyon, East Fork  
        Kimbark Canyon, Ames Canyon 
        And West Fork Cable Canyon  
        Creeks 

325 --- --- --- --- --- --- 801.52 

 

        Valley Reaches‡ of Above Streams (Water Quality Objectives Correspond to Underlying GW Basin Objectives) 801.52  
 

 
 
 
 
 
‡ The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains. 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

        Other Tributaries (Mountain 
        Reaches¹): Alder, Badger Canyon, 
        Bledsoe Gulch, Borea Canyon,  
        Breakneck, Cable Canyon,  

  Cieneaga Seca, Cold, Converse,             
         Coon, Crystal, Deer, Elder,  
        Fredalba, Frog, Government,  
        Hamilton, Heart Bar, Hemlock,  
        Keller, Kilpecker, Little Mill, 
        Little Sand Canyon, Lost,  
        Meyer Canyon, Mile, Monroe  
        Canyon, Oak, Rattlesnake, Round 
        Cieneaga, Sand, Schneider,  
        Staircase, Warm Springs Canyon 
        And Wild Horse Creeks, and other 
        tributaries to those Creeks 

200 100 30 10 1 20 5 801.72 801.71, 
801.57 

   San Gabriel Mountain Streams 
   (Mountain Reaches‡)  

        San Antonio Creek 225 150 20 6 4 25 5 801.23  
        Lytle Creek (South, Middle, and  
        North Forks) and Coldwater 
        Canyon Creek 

200 100 15 4 4 25 5 801.41 
801.42, 
801.52, 
801.59 

        Day Canyon Creek 200 100 15 4 4 25 5 801.21  

        East Etiwanda Creek 200 100 15 4 4 25 5 801.21  

        Valley Reaches‡ of Above Streams (Water Quality Objectives Correspond to Underlying GW Basin Objectives) 801.21  
 

 

‡ The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains. 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

    Cucamonga Creek  
            Reach 1 – Confluence with Mill 
            Creek to 23rd St. in Upland+ --- --- --- --- --- --- --- 801.21  

            Reach 2 ( Mountain Reach‡) –  
            23rd St. in Upland to headwaters 200 100 15 4 4 25 5 801.24  

    Mill Creek (Prado Area)+ --- --- --- --- --- --- --- 801.25  
    Other Tributaries (Mountain  
    Reaches): Cajon Canyon, San  
    Sevaine, Deer, Duncan Canyon,  
    Henderson Canyon, Bull, Fan,  
    Demens, Thorpe, Angalls,  
    Telegraph Canyon, Stoddard Canyon, 
    Icehouse Canyon, Cascade Canyon, 
    Cedar, Failing Rock, Kerkhoff and 
    Cherry Creeks, and other Tributaries 
    to these Creeks 

200 --- --- --- --- --- --- 801.21 801.23 

    Valley Reaches of Above Streams‡ --- --- --- --- --- --- --- 801.21  

 San Timoteo Area Streams  

    San Timoteo Creek   
        Reach 1A – Santa Ana River  
        Confluence to Barton Road** --- --- --- --- --- --- --- 801.52 801.53 

        Reach 1B – Barton Road to Gage 
        at San Timoteo Canyon Rd. u/s of 
        Yucaipa Valley WD discharge** 

--- --- --- --- --- --- --- 801.52 801.53 

 
+ Numeric objectives have not been established; narrative objectives apply 
‡ The Division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains 
** Surface water objectives not established; underlying Management Zone objectives apply.  Biological quality protected by narrative objectives  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

 Prado Area Streams  

   Chino Creek   
     Reach 1A – Santa Ana River  
     confluence to downstream of  
     confluence with Mill Creek (Prado  
     Area) – Base Flow* 

700 350 110 140 10** 150 30 801.21  

    Reach 1B – Confluence of Mill Creek 
    (Prado Area) to beginning of concrete- 
    lined channel south of Los Serranos 
    Rd. 

550 240 75 75 8 60 15 801.21  

    Reach 2 – Beginning of concrete-lined 
    channel south of Los Serranos Road 
    to confluence with San Antonio Creek+ 

--- --- --- --- --- --- --- 801.21  

  Temescal Creek  
     Reach 1 – Lincoln Ave. to Riverside  
     Canal --- --- --- --- --- --- --- 801.27  

     Reach 2 – Riverside Canal to Lee      
     Lake --- --- --- --- --- --- --- 801.27  

     Reach 1a – Lincoln Avenue to  
     Arlington Channel confluence --- --- --- --- --- --- --- 801.27  

     Reach 1b – Arlington Channel   
      confluence to 1400 ft. upstream 
      upstream of Magnolia Avenue+ 

--- --- --- --- --- --- --- 801.27  

      Reach 2 – 1400 ft. upstream of 
      Magnolia Avenue to Lee Lakes+  --- --- --- --- --- --- --- 801.27  

     Reach 3– Lee Lake, (see Lakes,  
     Pg. 4-xx)          

* Additional objective: Boron 0.75 mg/l     
** Total nitrogen, filtered sample 
+ Numeric objectives have not been established; narrative objectives apply 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

  Fuller Mill Creek 150 100 10 15 1 20 5 802.22  

  Stone Creek  150 100 10 15 1 20 5 802.21  
  Other Tributaries: Logan, Black 
  Mountain, Juaro Canyon, Indian,  
  Huerkey, Poppet and Protrero Creeks, 
  and other Tributaries to these Creeks 

150 70 10 12 1 15 5 802.12 802.22 

  Salt Creek+ --- --- --- --- --- --- --- 802.12  
  Goodhart Canyon, St. John’s Canyon,    
   and Cactus Valley Creeks+ --- --- --- --- --- --- --- 802.15  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
+ Numeric objectives have not been established; narrative objectives apply. 



Attachment 1 to Resolution No. R8-2012-0001   Approved June 15, 2012; corrected February 12, 2013 & November 15, 2013 
 

Page 53 of 78 
 

 
 
Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

LAKES AND RESERVOIRS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

UPPER SANTA ANA RIVER BASIN  

  Baldwin Lake*+   --- --- --- --- --- --- --- 801.73  

  Big Bear Lake** 175 125 20 10 0.15 10 --- 801.71  

  Erwin Lake+ --- --- --- --- --- --- --- 801.73  

  Evans, Lake 490 --- --- --- --- --- --- 801.27  

  Jenks Lake 200 100 30 10 1 20 --- 801.72  

  Lee Lake+ --- --- --- --- --- --- --- 801.34  

  Mathews, Lake 700 325 100 90 --- 290 --- 801.33  

  Mockingbird Reservoir 650 --- --- --- --- --- --- 801.26  

  Norconian, Lake 1050 --- --- --- --- --- --- 801.25  

LOWER SANTA ANA RIVER BASIN    

  Anaheim Lake 600 --- --- --- --- --- --- 801.11  

  Irvine Lake (Santiago Reservoir) 730 360 110 130 6 310 --- 801.12  
  Laguna, Lambert, Peters Canyon, 
  Rattlesnake, Sand Canyon, and 
  Siphon Reservoirs 

720 --- --- --- --- --- --- 801.11  

 
* Fills occasionally with storm flows; may evaporate completely 
** Additional Objective: 0.15 mg/l Phosphorus 
+ Numeric objectives have not been established; narrative objectives apply. 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

LAKES AND RESERVOIRS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

SAN JACINTO RIVER BASIN  
  Canyon Lake (Railroad Canyon 
  Reservoir)***  700 325 100 90 8 290 --- 802.11 802.12 

  Elsinore, Lake**** 2000 --- --- --- 1.5 --- --- 802.31  

  Fulmor, Lake 150 70 10 12 1 15 --- 802.21  

  Hemet, Lake 135 --- 25 20 1 10 --- 802.22  

  Mystic Lake+ --- --- --- --- --- --- --- 802.21  

  Perris, Lake 220 110 50 55 1 45 --- 802.11  
 
 
 
 
 
 
 
*** Note:  The quality objectives for Canyon Lake are not intended to preclude transport of water supplies or delivery to the Lake. 
**** Lake volume and quality highly variable 
+          Numeric objectives have not been established; narrative objectives apply.  
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Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, add REFERENCES: 
 
REFERENCES 
 

State Water Resources Control Board , “Water Quality Control Policy for Developing California’s Clean Water Act 
Section 303(d) List, September 2004.  
 
United States Environmental Protection Agency “Ambient Water Quality Criteria for Bacteria – 1986” EPA 440/5-
84-002, January 1986. 
 
United States Environmental Protection Agency “Water Quality Standards for Coastal and Great Lakes 
Recreation Waters; Final Rule” (40 CFR 131.41), November 2004. 
 
United States Environmental Protection Agency “Report of the Experts Scientific Workshop on Critical Research 
Needs for the Development of New or Revised Recreational Water Quality Criteria”.  June 15, 2007 (EPA 823-R-
07-006) 
 
United States Environmental Protection Agency  “Criteria Development Plan and Schedule for Recreational Water 
Quality Criteria”  August 31, 2007. (EPA 823-R-003) 
 
 

 
 

CHANGES TO CHAPTER 5- IMPLEMENTATION 
  
 
Amend CHAPTER 5 – IMPLEMENTATION – insert the following between TOTAL DISSOLVED 
SOLIDS and NITROGEN MANAGEMENT and NONPOINT SOURCE PROGRAM 
 
Recreation Water Quality Standards 
 
Since the early 1970’s, this Basin Plan has specified recreation water quality standards for surface 
waters in the Region, including REC1 and/or REC2 beneficial use designations and water quality 
objectives intended to protect those uses. Because of analytical constraints that make routine 
direct measurement of pathogens impractical, these objectives have been and continue to be 
based on levels of surrogate bacteria indicators.  As noted in Chapter 4, the USEPA’s 
recommendations for surrogate indicators to protect primary contact recreation have changed from 
total and fecal coliform to E. coli or enterococcus for freshwaters, and to enterococcus for marine 
waters (USEPA 1986).  Epidemiological and laboratory investigations are ongoing and may lead to  
revised recommendations regarding the appropriate water quality criteria to protect recreation 
uses.  
 
In 2012, the Regional Board adopted changes to the recreation standards, based on the work and 
recommendations of the Stormwater Quality Standards Task Force (Resolution No. R8-2012-
0001). These changes included revised bacteria quality objectives applicable to freshwaters (see 
Chapter 4), and changes to the recreation use designations for specific fresh waters. Specific 
implementation strategies pertaining to the revised standards for freshwaters were also approved. 
This section describes those implementation strategies, which include the following:  
 

• Intended application of Single Sample Maximum values in REC1 freshwaters  
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• Antidegradation targets for REC2 only freshwaters 
• Controllable and uncontrollable sources of bacteria 
• High flow suspension of recreation standards 
• Monitoring plan for pathogen indicator bacteria in freshwaters 
• POTW discharge requirements and implementation of recreational standards 
 
 

Application of Single Sample Maximum values in REC1 freshwaters   
 
It is recognized that a variety of factors affect the suitability of a water body for primary contact 
recreation, including the morphology of stream channels, the depth, velocity and aesthetic quality 
of the flows, access to the site by the public, and the extent to which recreational activity is actively 
encouraged by local authorities by providing parking, access, restrooms and other amenities.  
Federal guidance and regulation [United States Environmental Protection Agency, “Ambient Water 
Quality Criteria for Bacteria”, January 1986, and “Water Quality Standards for Coastal and Great 
Lakes Recreation Waters; Final Rule” (the so-called “BEACH Act Rule”), Federal Register, Vol. 69, 
No. 200, November 16, 2004, pp.67217 et seq.] directs states to differentiate primary contact 
waters on the basis of the intensity of use, and other conditions as states deem appropriate, for the 
purposes of assigning Single Sample Maximum pathogen indicator values. These Single Sample  
Maximum values are statistical constructs, designed to be used as an indicator of whether 
established pathogen objectives (typically expressed as geometric means, as in this Plan (see 
Chapter 4)) are being met when insufficient data are available to calculate a geomean. The Single 
Sample values are derived from the formula included in the USEPA criteria document and shown 
in Table 5-REC1-ssv, note 2 (also see note 5). The Single Sample Maximum values are intended 
to provide a timely measure of the apparent quality of the water for primary contact recreation for 
public notification (posting) and, where necessary, closure purposes.  States have discretion to 
employ the Single Sample Maximum values in the context of Clean Water Act programs, apart 
from their use for beach notification and closure purposes.   
 
This Plan includes Single Sample Maximum provisions that apply to the REC1 freshwaters in the 
Region and that are consistent with federal guidance and regulation.  These provisions are 
described below.  
 
First, based on the analyses and recommendations of the Stormwater Quality Standards Task 
Force, REC1 freshwater lakes and streams within the Region are identified as “Tier A”, “B”, “C” or 
“D”, based on the known or estimated actual or potential intensity of primary contact recreational 
use by the public, and other factors.  These Tiers are defined as follows:  
 

Tier A REC1 Waters:  includes freshwater lakes and streams that are or may be heavily-
used by the public for primary contact recreational activities, relative to other freshwater 
bodies in the Santa Ana Region.  Typical examples of Tier A waters include, but are not 
limited to:  Big Bear Lake, Canyon Lake, Lake Elsinore, Lake Perris, Reach 3 of the Santa 
Ana River, Reach 2 of Mill Creek (near Redlands) and Lytle Creek (Middle and North 
Forks).  Single Sample Maximum (SSM) values for Tier A waters are calculated using a 
75% statistical confidence factor. (See Table 5-REC1-ssv, below). 
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Tier B REC1 Waters:  includes freshwater lakes and streams that are or may be 
moderately-used by the public for primary contact recreational activities.  Moderate use 
occurs where the number of people accessing the waterbody is approximately half that 
which generally occurs in Tier A waters.  Typical examples of Tier B waters include, but are 
not limited to:  Jenks Lake, Santiago Reservoir, Cucamonga Creek Reach 2, and Reaches 4 
and 6 of the Santa Ana River.  Single Sample Maximum values for Tier B waters are 
calculated using an 82% statistical confidence factor. (See Table 5-REC1-ssv, below) 
 
Tier C REC1 Waters: includes freshwater lakes and streams that are or may be lightly-used 
by the public for primary contact recreational activities.  Light use occurs where the number 
of people accessing the waterbody is less than half that which generally occurs in Tier A 
waters.  Typical examples of Tier C waters include, but are not limited to: Reach 2 of the 
Santa Ana River, Bear Creek, Chino Creek Reach 1B, Anza Park Drain, and Sunnyslope 
Channel. Single Sample Maximum values for Tier C waters are calculated using a 90% 
statistical confidence factor. (See Table 5-REC1-ssv, below) 
 
Tier D REC1 Waters:  includes freshwater lakes and streams that are infrequently used by 
the public for primary contact recreational activities.  Infrequent use occurs where people 
only access the waterbody rarely or occasionally.  Typical examples of Tier D waters 
include, but are not limited to:  most concrete-lined storm water channels in the urbanized 
areas of the watershed and many of the ephemeral streams located in the undeveloped 
areas of the watershed.  Single Sample Maximum values for Tier D waters are calculated 
using a 95% statistical confidence factor.  (See Table 5-REC1-ssv, below). 
 

Tier A, B, C and D waters are listed in Table 5-REC1-Tiers. Table 5-REC1-Tiers includes a 
“Comments” column that provides information regarding factors considered in making Tier 
assignments. An additional, qualifying notation, “N”, is also included in this table for certain waters 
assigned to Tier A, B, C, and D based on the known or anticipated frequency of use. It is 
recognized that there are waters within the Region that are in undeveloped areas and are 
expected to have low natural bacteria levels. While use of these waters for primary contact 
recreation may or may not occur or may be limited due to difficulties in access, channel 
characteristics, flow conditions and the like, as reflected in the Tier assignments, it is also 
necessary and appropriate to assure the protection of the high quality of these waters. Accordingly, 
these “N” listed waters are assigned Single Sample Maximum values using the 75% confidence 
factor in the calculation, which is the same approach utilized with Tier A, heavily-used waters.  “N” 
listed waters are defined as follows: 

 
Natural Conditions (N):  includes freshwater lakes and streams located in largely 
undeveloped areas where ambient water quality is expected to be better than necessary to 
protect primary contact recreational activities regardless of whether such activities actually 
occur in these waterbodies.  Single Sample Maximum values for “N” waters are calculated 
using a 75% statistical confidence factor. (See Table 5-REC1-ssv, below). 

 
Use of the different statistical confidence factors (75%, 82%, 90% and 95%) to calculate SSM 
values results in a range in conservatism regarding the likelihood that the geometric mean is being 
met. A more conservative SSM value, based on the 75% confidence factor, is appropriate for 
waters that are heavily-used for primary contact recreation (Tier A). More people are likely to 
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become ill if the bacteria quality of heavily-used waters is poor, so a higher degree of caution in 
evaluating quality conditions is appropriate. The more conservative SSM value is also appropriate 
where it is necessary to assure that existing high quality waters are protected (“N” waters). 
Progressively less conservative SSM values, calculated using the 82, 90 and 95% confidence 
factors, are appropriate where there is declining frequency of existing or potential primary contact 
recreation (Tier B, C and D.)  
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 Table 5- REC 1-TiersX  
 

INLAND SURFACE STREAMS 
TIER 

A, B, C, OR D1 
 

Rationale for Tier 
Assignment  

LOWER SANTA ANA RIVER   
  Santa Ana River   
    Reach 1 D Intermittent, low flow1 limited 

access2 

    Reach 2 C Low flows, limited access 
    Aliso Creek D (N) Natural condition, limited 

access 
    Carbon Canyon Creek D Low, intermittent flow, limited 

access 
  Santiago Creek Drainage   
    Santiago Creek       
    Reach 1 D Intermittent flow 
    Reach 2 – Irvine Lake (see Lakes)   
    Reach 3 -  D (N) Low flow 
    Reach 4 - D (N) Low flow 
    Silverado Creek     D (N) Low flow 
    Black Star Creek  D (N) Low flow 
    Ladd Creek D (N) Low flow, limited access 
San Diego Creek Drainage   
    San Diego Creek   
    Reach 1 C Low flow, no observed REC1 

use3; however fishing and 
children observed near water 

    Reach 2 D  Low flow, limited access 
Tributaries: Bonita Creek, Serrano 
Creek, Peters Canyon Wash, Hicks 
Canyon Wash, Bee Canyon Wash, 
Borrego Canyon Wash, Agua Chinon 
Wash, Laguna Canyon Wash, 
Rattlesnake Canyon, Sand Canyon 
Wash and other tributaries to these 
creeks.  

D Low flow, limited access 

San Gabriel River Drainage   
    Coyote Creek D Low flow/access prohibited 
Upper Santa Ana River   

 
X  Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 

1  Low, intermittent or ephemeral flows limit opportunity for REC1 use. 
2 Access limited or precluded by prohibitions by agency/party with jurisdiction and/or physical constraints 

(fencing and signage, riprap/concrete/natural steep slopes, impenetrable vegetation in/adjacent to the fresh 
water body, remote location, and the like) 

3 Photographic survey showed no REC1 use.  (See CDM Recreation Use Survey Reports) 
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Table 5- REC 1-TiersX  (Continued) 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
Rationale for Tier 

Assignment 
    Reach 3 A High use, wading and soaking, 

Reference condition for Tier 
A waters 

    Reach 4 B Access restricted, some water 
contact REC use observed 

    Reach 5 D Low/intermittent flow 
    Reach 6 B (N) Natural condition, fishing 

stream  
San Bernardino Mountain Streams   
  Mill Creek Drainage   
    Mill Creek   
    Reach 1 A High use, wading and soaking 
    Reach 2 A (N) Natural condition, wading and 

soaking  
    Mountain Home Creek  D (N) Natural condition, infrequent 

water contact REC use 
    Mountain Home Creek, East Fork D (N) Natural condition, remote 
Monkeyface Creek D (N) Natural condition, remote/low 

flow, light to infrequent water 
contact REC use 

Alger Creek D (N) 
Falls Creek D (N) 
Vivan Creek  D (N) 
High Creek D (N) 
Other Tributaries: Lost, Oak, Cove, 
Green, Skinner, Hatchery, Rattlesnake, 
Slide, Snow, Bridal Veil, and Oak 
Creeks and tributaries to these Creeks 

D (N) 

Bear Creek Drainage C (N) Natural condition, remote, light 
to infrequent water contact 
REC use. Fishing streams 

  Bear Creek  
  Siberia Creek 
  Slide Creek  
  Johnson Creek 
  All other tributaries to these Creeks 
Big Bear Lake Tributaries   
  North Creek D (N) Natural condition/low flows, 

infrequent water contact REC 
activities 

  Metcalf Creek 
  Grout Creek 
  Rathbone Creek 
  Meadow Creek 
  Summit Creek 
  Knickerbocker Creek /Reach 1 D Access prohibited, low flow, no 

REC 1 use observed4 

  Reach 2 D (N) Natural condition, low flow 
  Other tributaries: Minnelusa Canyon,       
Poligue, Red Ant Creeks and 
Tributaries to these Creeks 

D (N) Natural condition, low flow 

  X  Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality 
Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. 
Natural (N) refers to waters, typically in largely natural condition, that are expected to have good ambient 
bacterial quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, 
even if designated Tier B, C, or D based on the intensity of REC1 use. 

4   Photographic survey for one year period showed no REC1 use. 
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Table 5- REC 1-TiersX  (Continued)  

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
Rationale for Tier 

Assignment 
Other Tributaries to Baldwin Lake: 
Sawmill, Green, and Caribou Canyon 
Creeks and other Tributaries to these 
Creeks 

D (N) Natural condition, low flow, 
remote 

Other Streams Draining to Santa Ana 
River (Mountain Reaches) 

 

Cajon Canyon Creek C (N) Natural condition, low flow 
City Creek D (N) Natural condition, low flow, 

limited access, remote 
Devil Canyon Creek D (N) Natural condition, low flow, 

limited access, remote 
East Twin and Strawberry Creeks D (N) Natural condition, low flow, 

limited access, remote 
Waterman Canyon Creek  D (N) Natural condition, low flow, 

limited access, remote 
Fish Creek D (N) Natural condition, low flow, 

limited access, remote 
Forsee Creek  D (N) Natural condition, low flow, 

limited access, remote 
Plunge Creek  D (N) Natural condition, low flow, 

limited access, remote 
Barton Creek D (N) Natural condition, low flow, 

limited access, remote 
Bailey Creek D (N) Natural condition, low flow, 

limited access, remote 
Kimbark Canyon, East Fork Kimbark  
Canyon, Ames Canyon and West Fork 
Cable Canyon Creeks 

D (N) Natural condition, low flow, 
limited access, remote 

Valley Reaches of Above Streams D (N) Natural condition, low, flow, 
limited access 

Other Tributaries (Mountain Reaches): 
Alder, Badger Canyon, Bledsoe Gulch, 
Borea Canyon, Breakneck, Cable 
Canyon, Cienaga Seca, Cold, 
Converse, Coon, Crystal, Deer, elder, 
Fredalba, Frog, Government, Hamilton, 
Heart Bar, Hemlock, Keller, Kilpecker, 
Little Mill, Little Sand Canyon, Lost, 
Meyer Canyon, Mile, Monroe Canyon, 
Oak, Rattlesnake, Round Cienaga, 
Sand, Schneider, Staircase, Warm 
Springs Canyon and Wild Horse 
Creeks, and other tributaries to those 
Creeks. 

D (N) Natural condition, low flow, 
limited access, remote 

San Gabriel Mountain Streams  
San Antonio Creek A (N) Natural condition, wading and 

soaking in summer months 
X  Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 
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Table 5- REC 1-TiersX  

(Continued) 
 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
Rationale for Tier 

Assignment 
Lytle Creek (Middle and North Forks)  A (N)  Natural condition, wading and 

soaking in summer months, 
fishing streams 

Tributaries to Lytle Creek (South Fork 
and Coldwater Canyon Creek) 

D (N) Natural condition, low flow 

Day Canyon Creek  D (N) Natural condition, low flow, 
remote, limited access 

East Etiwanda Creek D (N) Natural condition, low flow, 
limited access, remote 

Valley Reaches of Above Streams D (N) Natural condition, low flow, 
limited access 

Cucamonga Creek / Reach 2 
(Mountain Reach) – 23rd St. in Upland 
to headwaters 

B (N) Natural condition, limited 
access 

Mill Creek (Prado Area) C  limited  access, low flow 
Other Tributaries (Mountain Reaches) 
San Sevaine, Deer Canyon, Duncan 
Canyon, Henderson Canyon, Bull, Fan, 
Demens, Thorpe, Angalls, Telegraph 
Canyon, Stoddard Canyon, Icehouse 
Canyon, Cascade Canyon, Cedar, 
Falling Rock, Kerkhoff, and Cherry 
Creeks and other Tributaries to these 
Creeks 

C (N) Natural condition, low flow, 
limited access, most creeks in 
remote areas 

Valley Reaches of Above Streams D   Low flow, limited access 
San Timoteo Creek   
Reach 1A – Santa Ana River 
Confluence to Barton Road 

D   Low flow, limited access 

Reach 1B – Barton Road to Gage at 
San Timoteo Canyon Rd. 

D   Low flow, limited access 

Reach 2 – gage at San Timoteo to 
confluence with Yucaipa Creek  

C   Low flow, limited access 

Reach 3 – Confluence with Yucaipa 
Creek to confluence with little San 
Gorgonio and Noble Creeks 

C   Low flow, limited access 

Oak Glen, Potato Canyon, and Birch 
Creeks 

D(N)  Natural condition, low flow, 
limited access 

Little San Gorgonio Creeks C (N) Natural condition, low flow, 
limited access, remote 

Yucaipa Creek D  Low flow, limited access 
Other Tributaries to these Creeks-
Valley Reaches 

D  Low flow, limited access 

 

X     Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality 
Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. 
Natural (N) refers to waters, typically in largely natural condition, that are expected to have good ambient 
bacterial quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, 
even if designated Tier B, C, or D based on the intensity of REC1 use. 
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Table 5- REC 1-TiersX 
(Continued)  

 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
 

Rationale for Tier 
Assignment 

Other Tributaries to these Creeks 
(Mountain Reaches) 

C (N ) Natural condition  

Anza Park Drain C  Low flow 
Sunnyslope Channel C  Low flow, limited access,  

Santa Ana sucker habitat 
Tequesquite Arroyo (Sycamore Creek) C   Low flow, limited access 
Prado Area Streams  
Chino Creek  
Reach 1A – Santa Ana River 
confluence to downstream of 
confluence with Mill Creek (Prado 
Area) 

D Low flow, limited access 

Reach 1B – Confluence with Mill Creek 
(Prado Area) to beginning of concrete 
lined channel south of Los Serranos 
Rd.   

C Low flow, limited access 

Reach 2 – Beginning of concrete-lined 
channel south of Los Serranos Rd. to 
confluence with San Antonio Creek  

D Low flow, limited access 

Temescal Creek5 
Reach 2 – 1400 ft. upstream of 
Magnolia Ave. to Lee Lake 

D Low flow, limited access 

Reach 3 – Lee Lakes (see Lakes)   
Reach 4 – Lee Lake to Mid-section 
Line of Section 17 

D Low flow, limited access 

Reach 5 – Mid-section line of Section 
17 to Elsinore Groundwater 
Management Zone  Boundary 

D Low flow, limited access 

Reach 6 – Elsinore Groundwater 
Management Zone Boundary to Lake 
Elsinore Outlet 

D Low flow 

Coldwater Canyon Creek C (N) Natural condition, limited 
access, remote 

Bedford Canyon Creek  C (N) Natural condition, limited 
access, remote 

Dawson Canyon Creek C (N) Natural condition, limited 
access, remote 

 

X     Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality 
Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. 
Natural (N) refers to waters, typically in largely natural condition, that are expected to have good ambient 
bacterial quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, 
even if designated Tier B, C, or D based on the intensity of REC1 use. 

5 Reach 1a and 1b not designated REC1 as determined through the UAA process.  
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Table 5- REC 1-TiersX (Continued) 
 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
 

Rationale for Tier 
Assignment 

Other Tributaries to these Creeks C (N) Natural condition, limited 
access 

San Jacinto River   
Reach 1 – Lake Elsinore to Canyon 
Lake 

C Low flow 

Reach 2 – Canyon Lake (see Lakes)   
Reach 3 – Canyon Lake to Nuevo 
Road 

D Low / ephemeral flow, limited 
access 

Reach 4 – Nuevo Road to North-South 
Mid-Section Line, T4S/R1W-S8 

D Low / ephemeral flow, limited 
access 

Reach 5 – North-South Mid-Section 
Line, T4S/R1W-S8, to Confluence with 
Poppet Creek  

D Low / ephemeral flow, limited 
access 

Reach 6 – Poppet Creek to Cranston 
Bridge 

C Low flow 

Reach 7 – Cranston Bridge to Lake 
Hemet  

C (N) Natural condition, limited  
access, remote 

Bautista Creek - Headwaters to Debris 
Dam 

D (N) Low flow, agricultural lands in 
lower section 

Strawberry Creek and San Jacinto 
River, North Fork 

C (N) Low flow, limited access, 
some areas remote  

Fuller Mill Creek C (N) Low flow, limited access, 
remote 

Stone Creek C (N) Low flow, limited access, 
remote 

Other Tributaries: Logan, Black 
Mountain, Juaro Canyon, Indian, 
Herkey, Poppet, and Potrero Creeks 
and other Tribuarties to these Creeks 

D (N) Low flow, limited access, 
remote 

Salt Creek D  Low /  ephemeral flow 
Goodhart Canyon Creek, St. John’s 
Canyon, and Cactus Valley Creeks 

D Low / ephemeral flow, remote 

Lakes and Reservoirs  
Baldwin Lake D (N) Ephemeral / intermittent  
Big Bear Lake A Designated swimming areas 
Erwin Lake D Ephemeral / intermittent 
Evans Lake D Swimming prohibited by City 

Park officials  
Jenks Lake B (N) Mt. fishing lake, REC body 

contact activities discouraged 
Lee Lake C Swimming prohibited, float 

tube fishing allowed 
Lake Mathews D Drinking water reservoir, 

access prohibited 
X  Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 
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Table 5- REC 1-TiersX  
(Continued) 

 

LAKES AND RESERVOIRS 
Tier A, B, C, OR 

D 
 

Rationale for Tier 
Assignment 

Mockingbird Reservoir D Limited access/ fenced and 
locked 

Lake Norconian  
D Access prohibited by U.S. 

Navy, no water contact REC 
activities allowed  

Anaheim Lake  C Fishing, GW recharge basin, 
water contact REC activities 
prohibited  

Irvine Lake B Fishing Lake, water contact 
REC activities prohibited. Float 
tube fishing allowed. 

Peters Canyon, Rattlesnake, Sand 
Canyon and Siphon Reservoirs 

D Water contact REC activities 
and/or access prohibited 

Canyon Lake A Water contact activities 
allowed 

Lake Elsinore  A Water contact activities 
allowed 

Lake Fulmor C Fishing allowed 
Lake Hemet C Fishing Lake, float tube fishing 

and water contact REC 
activities prohibited. 

Mystic Lake C Ephemeral lake, water fowl 
hunting allowed 

Lake Perris A Water contact activities 
allowed, designated swimming 
areas 

WETLANDS (INLAND) 
San Joaquin Freshwater Marsh D Access prohibited 
Shay Meadows D (N) Natural conditions, low flows 
Stanfield Marsh D Access prohibited  
Prado Basin Management Zone C Access prohibited, thick 

vegetation limits accessibility  
San Jacinto Wildlife Preserve  C Hunting ponds filled with 

treated effluent 
Glen Helen C Low flow, County Park 
   
   

 
X  Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 

 
 
 
 



Attachment 1 to Resolution No. R8-2012-0001   Approved June 15, 2012; corrected February 12, 2013 & 
November 15, 2013 
 

Page 66 of 78 
 

It is important to note that the freshwaters listed in Table 5-REC1-Tiers were not assessed 
comprehensively in detail to determine whether primary contact recreation actually takes place or 
has taken place in the past, and at what intensity. The assignments to different Tiers are based on 
Board staff and stakeholder knowledge of the characteristics of these waters, evidence regarding 
existing or probable future primary contact recreational activity, and anecdotal information, all 
compiled by the Stormwater Quality Standards Task Force and during public review of the 
recreation standards amendments in 2012. Therefore, if and as knowledge of each of these waters 
is obtained in the future, the Tier assignments are subject to change. Further, Use Attainability 
Analyses may be conducted in the future for one or more of these waters, which may lead to 
changes in REC1 designations (see Chapter 3, Recreation Beneficial Uses). Inclusion of a 
waterbody in Table 5- REC1-Tiers does not denote a determination that REC1 is, in fact, an 
existing use for that waterbody.  
 
In accordance with federal regulation (the “BEACH Act Rule”), an heavily used primary contact 
freshwater (Reach 3 of the Santa Ana River) was used as the baseline for identifying other Tier A 
waters within the  Region. Then, Reach 3 and other Tier A waters were used to categorize other 
freshwaters in the Region based on their relative known or estimated intensity of primary contact 
use.   
 
Table 5-REC1-ssv shows maximum expected Single Sample values for E. coli for Tier A, B, C and 
D freshwaters. The values shown are based on a default log standard deviation, derived from the 
epidemiological studies USEPA used to formulate the 1986 national criteria, and on alternative log 
standard deviations. The equation used to calculate these Single Sample Maximum values is 
included in the Table and may be used to derive site-specific SSMs, under certain conditions (see 
table notes 2 and 5). As stated above, these Single Sample Maximum values were derived from 
USEPA’s recommended bacteria criteria (USEPA 1986). Again as stated previously, the Single 
Sample values for waters denoted as “N” in Table 5-REC1-Tiers are calculated using the 75% 
confidence factor, like Tier A waters.  
 
As specified in Table 4-pio (note 3) and Table 5-REC1-ssv (note 1), where there are sufficient data 
to calculate a representative geometric mean for E. coli, the Single Sample Maximum values 
specified in Table 5-REC1-ssv shall not be used to assess compliance with the geometric mean E. 
coli objective specified in Table 4-pio. Geometric mean objectives are the more reliable measure of 
long-term water body conditions and are thus strongly preferred for use in water body assessment 
decisions, including the development of the Clean Water Act section 303(d) list of impaired waters.  
The use of only Single Sample Maximum bacterial data is generally inappropriate for such 
assessments unless there is a limited data set, the water is subject to short-term spikes in bacteria 
concentrations, or there are other circumstances that justify the use of only single sample 
maximum data. The expected principal use of Single Sample Maximum values for the freshwaters 
of this Region is to implement public notification programs and/or to trigger additional monitoring 
and investigation to determine whether there are controllable sources of pathogen input that pose 
a public health concern. Where it is necessary to make public notification and/or beach closure 
decisions in the absence of sufficient data to calculate a representative geometric mean for E. coli, 
no single sample shall exceed the default value shown in Table 5-REC1-ssv or an alternative value 
calculated by using the formula shown in table note 2 (see also table note 5).  For all other 
purposes related to implementing the Clean Water Act, if there are insufficient data to calculate a 
representative geometric mean for E. coli, “X%” of the representative sample data collected over a 
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30 day period (running) shall be less than the default value specified in this Table or the alternative 
calculated value, where X% is the statistical confidence level assigned to a particular waterbody.  
 
A monitoring program designed to assure that sufficient data are collected to determine geometric 
means and/or to provide sufficient data necessary to assess trends in bacteria water quality will be 
implemented. The expected elements of that program, which is subject to approval by the Regional 
Board through the normal public participation process, are described below (Monitoring plan for 
pathogen indicator bacteria in freshwaters). 
 
 

Table 5-REC1-ssv:  Alternative Method for Assessing Probable Compliance with the E. coli 
Objective in Freshwaters Designated REC1 when Insufficient Data are Available to Calculate 

a Geometric Mean
1
 

 

 

Maximum Expected Single Value for E. coli² 
(assuming true geometric mean is =126 

organism/mL 
Standard Deviation 
of Log-transformed 
E. coli data 

Tier A3: 
75% C.L4. 

Tier B3: 
82% C.L. 

Tier C3: 
90% C.L. 

Tier D3: 
95% C.L. 

0.10 147 156 169 184 
0.20 172 194 227 269 
0.30 201 240 305 394 

0.40(default)5 235 298 409 575 
0.50 274 370 550 842 
0.60 320 459 739 1,231 
0.70 374 569 992 1,801 
0.80 437 705 1,332 2,633 
0.90 510 875 1,788 3,849 
1.00 596 1,085 2,401 5,629 
1.10 696 1,346 3,224 8,230 
1.20 814 1,669 4,329 12,034 

 
1 
This table shows single sample values calculated using the formula identified in table note 2.  Default values 

for each Tier are calculated using 0.4 as the log standard deviation (LSD). Alternative values calculated using 
different LSD values are also shown. See table note 5 for discussion of these alternative LSD values. Where it 
is necessary to make public notification and/or beach closure decisions in the absence of sufficient data to 
calculate a representative geometric mean for E. coli, no single sample shall exceed the default value shown 
in this table or an alternative value calculated by using the formula shown in table note 2 (see also table note 
5).  For all other purposes related to implementing the Clean Water Act, if there are insufficient data to 
calculate a representative geometric mean for E. coli, “X%” of the representative sample data collected over a 
30 day peri0d (running) shall be less than the default value specified in this Table or the alternative calculated 
value, where X% is the statistical confidence level assigned to a particular waterbody. Where there are 
sufficient data to calculate a representative geometric mean for E. coli, the default or calculated single sample 
maximum value shall not be used to assess compliance with the E. coli objective in Table 4-pio.  The intent of 
single sample maximum values is to inform public notification decisions and to trigger additional follow-up 
monitoring.  
2
 EPA's recommended formula for calculating the maximum expected single sample value is: 

SSM = ECO * 10
(SCF * LSD)

, where… 
ECO = E. coli Objective expressed as geometric mean of a minimum number of samples; Assumed ECO=126 
based on a minimum of 5 samples over a 30-day period (rolling average) (see Table 4-pio). 
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SCF = the appropriate Statistical Confidence Level Factor for the given waterbody; SCF=0.675 corresponds 
with the 75% confidence level; SCF=0.935 corresponds with the 82% confidence level; SCF=1.28 corresponds 
with the 90% confidence level; SCF=1.65 corresponds with the 95% confidence level. 
LSD = the Log Standard Deviation of measured E. coli densities. 
3
 Single Sample Maximum values for Tier A, B, C or D waters that are also denoted with an “N” in Table 5-

REC1-Tiers shall be calculated as for Tier A waters. 
4 C.L. = Confidence Level 
5 
Variability is calculated as the standard deviation of the log-transformed E. coli data.  In the absence of 

adequate representative data to estimate E. coli variability, the maximum expected single sample value will be 
calculated based on the assumption that the LSD = 0.4, as recommended by EPA [40 CFR 131.41 (69 Fed. 
Reg. 220, 67242; Nov. 16, 2004 (”BEACH Act Rule”))].  Application of an alternative LSD value(s) must be 
approved by the Regional Board through the normal public notice and comment process.  Per USEPA 
requirements identified in the BEACH Act Rule (69 Fed. Reg. 220, 67227), at least 30 samples must be 
collected in a single recreation season to calculate a statistically valid site-specific log standard deviation that 
can be used to calculate a corresponding single sample maximum . Data acceptability shall generally be 
determined using the guidelines described in the Water Quality Control Policy for Developing California's 
Clean Water Act Section 303(d) List [Sept., 2004].   
 
 
 
 

Antidegradation targets for REC2 only freshwaters 
 
As discussed in Chapter 4 (Pathogen Indicator Bacteria, REC2 Only Freshwaters), this Plan does 
not specify bacteria quality objectives for freshwaters designated REC2 only. However, it is 
appropriate to take steps to assure that bacteria quality conditions in these waters do not degrade 
as the result of controllable water quality factors, consistent with antidegradation policy 
requirements.  
 
For waters designated REC2 only pursuant to approved Use Attainability Analyses (UAAs; see 
discussion in Chapter 3 and Table 3-1), bacteria quality targets will be calculated and used to 
provide a baseline for expected water quality conditions in these waters. If future monitoring 
provides credible evidence that these targets are being exceeded and that quality conditions may 
have declined, then additional monitoring and investigation will be initiated and corrective action 
taken if and as appropriate. Requirements pertaining to monitoring and follow-up investigation and 
action are identified below (Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters).  

 
The baseline condition (antidegradation target) for each REC2 only water will be established 
through a comprehensive statistical analysis of ambient bacteria quality data that is conducted as 
part of the UAA used to justify the REC2 only designation. The statistical analysis must be 
designed to characterize the entire distribution of the dataset. This includes determination of the 
geometric mean, median, standard deviation, coefficient-of-variation, maximum value, 75th 
percentile value and sample size for the dataset. The 75th percentile density will serve as the 
antidegradation target, that is, the trigger threshold for further investigation and possible corrective 
action. As new data become available pursuant to requisite monitoring, they will be compared to 
this antidegradation target to determine whether further investigation or action is needed. The 
additional monitoring results must be sufficiently robust to assess whether a lowering of water 
quality has occurred. 

 
In general, the following method will be used to estimate the 75th percentile densities: 
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Step 1) Log-transform the existing data 
Step 2) Calculate the mean of the log-transformed data 
Step 3) Calculate the standard deviation of the log-transformed data 
Step 4) Multiply the standard deviation of log-transformed data by 0.675 
Step 5) Add result from Step 4 to the mean value calculated in Step 2 
Step 6) Calculate the anti-log for the value derived in Step 5; this is the 75% 

percentile of the fitted log-normal distribution. 
 

Using the 75th percentile to assess water quality trends and as a trigger for further monitoring is 
conceptually similar to U.S. EPA’s recommended approach for using Single Sample Maximums 
(see Application of Single Sample Maximum values in REC1 freshwaters, above), and to the 
approach used to characterize ambient TDS and nitrogen quality in the groundwater management 
zones throughout the Santa Ana Region (see Chapter 4, Management Zone TDS and Nitrate-
nitrogen Water Quality Objectives). 
 
 
Where 75% of the new data is less than or equal to the antidegradation target, no degradation will 
be inferred.  However, if more than 25% of the samples exceed the target, additional samples must 
be collected and analyzed to determine whether the elevated values are anomalous (verified by 
formal outlier analysis) or if there is a true trend toward water quality degradation.   
 
Use Attainability Analyses have been completed to justify the designation as REC2- only the 
specific freshwater stream segments listed in Table 5-REC2 Only Targets-FW.  For each of these 
waters, this Table shows the antidegradation indicator bacteria targets, based on the 75% 
percentile of data obtained as part of the UAAs:  
 
 

Table 5-REC2 Only Targets-FW1  
 

REC2 Only Waterbody 

E. coli  Densities  (cfu/100 mL) 
 

Geometric 
Mean 

Std. 
Dev. N 

Max. 
Observed 

75%3 

 

      
Temescal Creek, Reach 1a 192 34 108 9,2002 359 
Santa Ana Delhi Channel, Reach 2 411 110 56 12,590 1104 

75% percentile is the antidegradation target 

1 CDM, Inc.  Technical Memorandum. Calculation of Antidegradation Targets for REC2 Only Freshwaters. 
April 24, 2012. 
2 A value of 1,800,000 cfu/100 mL, from the sample collected on 9/8/2007, was excluded as an outlier. 
3 Targets calculated for dry weather baseflow conditions only; do not apply to samples collected during 
wet weather conditions.  
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Use Attainability Analyses have also been completed for two tidal prisms (Santa Ana Delhi and 
Greenville-Banning channels).  Antidegradation targets for these waters, though not freshwater 
bodies, are shown in Table 5-REC2 Only Targets-Other Waters, below.  
 

Table 5-REC2 Only Targets- Other Waters1 

 

REC2 Only Waterbody 
 

Enterococcus Densities  (cfu/100 mL) 
 

Geometric 
Mean 

Std. 
Dev. N 

Max. 
Observed 

75%2 

 

      
Greenville-Banning Channel, Tidal Prism 24 144 61 740 64 
Santa Ana-Delhi Channel, Tidal Prism 240 474 43 2,200 464 
 75% percentile is the antidegradation target 

1 California Regional Water Quality Control Board, Santa Ana Region.  Memorandum prepared by David 
Woelfel. Calculation of Antidegradation Targets for REC2 Only Waters-Tidal Prisms.  April 24, 2012 
2 Targets calculated for dry weather baseflow conditions only; do not apply to samples collected during 
wet weather conditions.  

 
Controllable and Uncontrollable Sources of Bacteria 

 
As described in Chapter 4, certain water quality objectives established in this Basin Plan refer to 
“controllable sources” or “controllable water quality factors”.   Whether or not sources are 
“controllable” affects the ability of the Regional Board and dischargers to assure that waste 
discharges are regulated and controlled so as to assure the reasonable protection of beneficial 
uses.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
 
Uncontrollable bacteria sources refer to contributions of bacteria within the watershed from 
nonpoint sources that are not readily managed through technological or natural mechanisms or 
through source control and that may result in exceedances of water quality objectives for indicator 
bacteria. Specific uncontrollable indicator bacteria sources within the Santa Ana Region may 
include:  

• Wildlife activity and waste 
• Bacterial regrowth within sediment or biofilm 
• Resuspension from disturbed sediment 
• Marine vegetation (wrack) along high tide line 
• Concentrations (flocks) of semi-wild waterfowl 
• Shedding during swimming 

 
Controllable bacteria sources refer to any bacteria indicator source that can be controlled by 
treatment or management methods. Requirements for the application of Best Available Treatment 
technology (BAT) and Best Conventional Treatment technology (BCT) apply to some of these 
sources (e.g., POTWs) ;  in other cases, such as discharges regulated under the areawide 
municipal separate storm system permits (“MS4” permits), reasonable actions to reduce or 
eliminate the contribution of these sources to the maximum extent practicable are required. These 
include the implementation of best management practices or other mechanisms.  Controllable 
sources are predominantly anthropogenic in nature and can be reduced in varying degrees.  
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Specific anthropogenic controllable indicator bacteria sources within the Santa Ana Region may 
include:  

• Improper use of fertilizers on residential and commercial properties and agricultural lands 
• Improper handling of pet waste 
• Cross-connections between the sanitary and storm sewer systems 
• Leaky sanitary sewer conveyances 
• Discharges from POTWs 
• Improper handling and disposal of food waste 
• Improper management of CAFO waste and washwater 
• Runoff from yards containing fertilizers, pet waste, and lawn trimmings 
• Homeless encampments 
 

Certain techniques are available to identify human sources; when practical, those techniques 
should be used in areas where persistent exceedances of bacteria objectives occur.  
 
These source definitions and categories may be further refined as more science becomes 
available.  
 

 
High flow suspension of recreation standards  

 
 

In semi-arid areas like much of the Santa Ana Region, intermittent but sometimes intense rains 
pose a serious risk of flash flooding. Stormwater runoff significantly increases the volume and 
velocity of local stream flows. Dam releases and other irregular sources, such as imported water 
transfers, can also result in dramatic, though transitory, increases in stream flow and velocity. Such 
flows create a severe hazard to public safety and temporarily preclude attainment of recreational 
uses in or near the water. 
 
These hazards are exacerbated in urban streams that have been engineered or heavily modified to 
provide essential flood protection during and immediately following storm events.  Channel 
straightening, bank stabilization, substantial vegetation removal and flow diversions are all 
intended to convey stormwater runoff to a suitable discharge location as rapidly as possible while 
minimizing the risk of flooding and erosion.  However, these common flood control construction 
practices and maintenance procedures significantly increase the volume and velocity of flow in 
urban channels during wet weather conditions.  The danger inherent in recreating under such 
conditions is well-recognized by other Regional Boards and reflected in the suspension of 
recreational beneficial uses and applicable bacteria quality objectives during specific high flow 
conditions in other urban areas (see, for example, Resolution No. 2003-010 of the Los Angeles 
Regional Board, subsequently affirmed by State Board Resolution No. 2003-0071).  
 
This Plan recognizes these circumstances and specifies that the recreational use designations 
(REC1 and REC2), the narrative pathogen objective and the numeric pathogen indicator objectives 
shown in  Table 4-pio are temporarily suspended when high flows preclude safe recreation in or 
near freshwater stream channels that have been engineered, heavily modified or maintained to 
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serve as temporary flood control facilities. Temporary suspensions of recreation standards do not 
apply to freshwater lakes, ocean beaches or enclosed bays or estuaries. 
 
 
Definition of Unsafe Flows.  Flow conditions in freshwater streams in the Santa Ana watershed 
are presumptively unsafe if either of the following conditions occurs:  (1) stream velocity is greater 
than 8 feet-per-second (fps); or, (2) the product of stream depth (feet) and stream velocity (fps) 
(the depth-velocity product) is greater than 10 ft2/s+. Where representative stream gauge data are 
not available, unsafe flows are presumed to exist in stream channels that have been engineered or 
heavily modified for flood control purposes when rainfall in the area tributary to the stream is 
greater than or equal to 0.5 inches in 24 hours. Rainfall measurements may be estimated using 
gauges, Doppler radar data, or other scientifically defensible methods. 
 
It is recognized that, because of channel morphology, substrate type or other conditions, it may be 
unsafe to engage in recreational activities under lower flow conditions in stream channels. The fact 
that recreational standards may be suspended under some but not all flow conditions does not 
imply that it is safe to recreate in or near a waterbody when the high flow suspension is not in 
force.  
 

+ The depth-velocity product criterion is not intended to apply to normal dry weather flows contained within low-
flow pilot channels within engineered or heavily modified channels.  

 
Termination of Temporary Suspension.  Stream flows will be presumed to return to safe 
conditions and the temporary suspension of recreation standards will cease 24-hours after the end 
of the storm event, unless actual flow data demonstrate that the suspension should terminate 
sooner or later than the default period. In such cases, the suspension terminates once stream 
flows (measured as cubic-feet/second or (cfs) have returned to the range of normal pre-storm 
conditions (cfs<98th percentile as calculated from a calibrated hydrograph for the stream). 
 
 
Site-Specific Flow Triggers.  The hydrology of individual freshwater streams varies greatly. 
Therefore, the thresholds and presumptions related to rainfall and stream flow identified above 
may be adjusted based on site-specific data analysis and/or runoff models, subject to approval by 
the Regional Board through the normal public participation process. 

 
 

Definition of Engineered or Heavily Modified Channels.  The temporary suspension of 
recreational uses and related water quality objectives during unsafe flow conditions applies only to 
streams that have been engineered or heavily modified to enhance flood control protection.  
Engineered streams include all man-made flood control facilities with a box-shaped, V-shaped or 
trapezoidal configuration that have been lined on the side(s) and/or bottom with concrete or similar 
channel-hardening materials.  Heavily modified channels include once natural streams that have 
been substantially re-engineered, using levees, bank stabilization (rip-rap), channel straightening, 
vegetation removal and other similar practices, to facilitate rapid evacuation of increased urban 
runoff during storm events. 
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Delineation of Engineered or Modified Channels.  The very large number of engineered and 
modified flood control facilities in the Santa Ana Region makes it difficult to identify all such 
channels individually by name.  Therefore, Appendix VIII provides maps of the waterbody 
segments that have been engineered or modified in the manner described above and that, 
therefore, qualify for the temporary suspension of recreational standards under specific high flow 
conditions.  Appendix IX contains ArcGIS files that identify each of these same waterbodies in a 
more precise, high-resolution format.  The engineered flood control channels identified in these 
Appendices will be updated annually via the annual report submitted by the MS4 permittees for 
each county in the Region. Additions or deletions to the list of waters identified in these 
Appendices will also be considered during the triennial review process or on a case-by-case basis 
upon request by an interested party to do so. Any such request must be supported by substantial 
evidence. Appendix VIII and Appendix IX can be viewed at the Regional Board’s website:  
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_stan
dards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf, and  
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_stan
dards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip. 
 
It is important to recognize that while these channels have been engineered or modified for flood 
control purposes, these changes do not necessarily preclude the support of habitat in and adjacent 
to the channels, or the use of that habitat by aquatic, avian and terrestrial wildlife. There may be 
opportunities for habitat and/or species restoration projects in or adjacent to these channels. The 
temporary suspension of recreation standards in these channels would have no effect on the ability 
to implement such projects. 
 
Site-Specific Eligibility for Temporary Suspension.  The Regional Board may determine that it 
is appropriate to apply the temporary suspension to additional waters that may not be engineered 
or modified. Such waters may be added provided that it is demonstrated that high hazardous flow 
conditions preclude attainment of the use and that such recreational uses are not “existing” uses 
during high flow conditions. Such a demonstration will require that a Use Attainability Analysis 
(UAA) be performed in accordance with federal regulations. The Regional Board may also 
determine that recreation standards should not be suspended in some specific streams if it is 
demonstrated that stream channel conditions or flow controls effectively eliminate any safety 
hazard to the public.  

 
Special Case:  Santa Ana River- Reach 2.  Reach 2 of the Santa Ana River extends from Prado 
Dam near Corona downstream to 17th Street in Santa Ana.  Much of this segment of the River has 
been heavily modified and re-engineered to provide greater flood control protection to the residents 
of Orange County.  Although flow control at Prado Dam minimizes the risk of flash flooding in 
Reach 2, the volume of water passing through the deep and narrow channel near Featherly Park, 
just downstream of the Dam, often exceeds the default threshold that triggers application of the 
high flow suspension.1  The temporary high flow suspension is intended to apply on a limited basis 
to transient conditions.  It is not intended to de-designate recreational uses where elevated flows 
represent the normal baseline condition even during dry weather conditions.  Consequently, the 
flow-based threshold will not be used to trigger application of the high flow suspension in Reach 2 

                                                 
1 Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model Report.  Prepared for the 
Santa Ana Watershed Project Authority's (SAWPA) Basin Monitoring Program Task Force.  May, 2009  
(Historical flows below Prado Dam are charted in Fig. 2-16 of the Report). 

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip
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of the Santa Ana River.  Instead, the temporary high flow suspension will only be applied using the 
rainfall criteria described above or when the Army Corps of Engineers is releasing excess flows 
stored behind Prado Dam in response to previous rain events as described in their Standard 
Operating Procedures.2 

 
Santa Ana River- Reach 3.  It is appropriate to take notice also of Reach 3 of the Santa Ana 
River, which extends from Prado Dam upstream to Mission Avenue in Riverside.  Although much 
of Reach 3 may appear relatively natural to the casual observer, it has in fact been heavily 
modified and re-engineered to enhance flood protection.  The upper half of the reach has been 
channelized with reinforced levees armored by rip-rap. Below Van Buren Boulevard, Reach 3 
remains largely natural. However, numerous flood control facilities have been constructed/modified 
in the multiple streams tributary to this area. These changes have modified the natural stream 
hydrology of the Reach by re-directing and accelerating stormwater runoff from the upper Santa 
Ana watershed that can create exceptionally hazardous flow conditions in the Reach. The 
temporary suspension of recreational standards applies to this Reach. 
 
 
Limitations of the Temporary High Flow Suspension.  It is important to emphasize that 
temporary suspensions of recreation standards in specific waters do not nullify the obligation to 
meet downstream standards, unless the recreation standards have also been suspended for those 
waters at the same time. Further, temporary suspensions of recreation standards do not relieve 
Publicly Owned Treatment Works (POTWs) of the obligation to continue to comply with effluent 
limitations established to assure the protection of recreation beneficial uses in the receiving waters.  
These effluent limitations take into account the dilution that may be made available by stormwater 
flows. (See also POTW Discharge Requirements and Implementation of Recreational Standards, 
below). 

 
 

Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters 
 

Monitoring of pathogen indicator bacteria in fresh surface waters in the Region is conducted by a 
variety of agencies in response to statutory and regulatory requirements. This includes monitoring 
of stormwater at selected locations within Orange, Riverside and San Bernardino counties, as 
required by the areawide urban stormwater permits. Monitoring is also conducted to address 
pathogen indicator TMDL requirements (e.g, the Middle Santa Ana River TMDL) and to support the 
assessment of surface waters, which may lead to the listing or delisting of these waters on the 
Clean Water Section 303(d) list of impaired waters. These monitoring efforts have been conducted 
independently to a large degree to respond to individual agency needs. 
 
Some of these monitoring programs have evolved from focus on fecal and total coliform bacteria, 
on which bacteria quality objectives have been based historically, to include other pathogen 
indicators, such as E. coli and enterococcus. Measurement of these other indicators was prompted 
by changes in USEPA’s recommended bacteria quality criteria for recreation waters, published in 
1986. These criteria changes also led to the modification of the Basin Plan in 2012 to incorporate 
revised pathogen indicator objectives and implementation triggers (single sample maximum 

                                                 
2 United States Army Corps of Engineers. Water Control Manual: Prado Dam and Reservoir, 
Santa Ana River, California.  1994. 
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values), all based on E. coli, to protect recreation uses in inland surface waters (see Chapter 4 
WATER QUALITY OBJECTIVES; CHAPTER 5 IMPLEMENTATION, Application of Single Sample 
Maximum Values in REC1 freshwaters). 
 
The E. coli objectives and single sample maximum values that are specified in this Basin Plan 
implement the public health risk management approach employed in USEPA’s 1986 national 
criteria. Pathogen indicator monitoring should also reflect this risk-based approach. Because 
monitoring resources are limited, the highest priority should be given to REC1 waters where 
primary contact recreation is most likely to occur, i.e. Tier A REC1 waters.  Lower priority should be 
assigned to waters where primary contact recreation occurs infrequently or not at all. 
 
As part of the Stormwater Quality Standards Task Force efforts that led to the adoption of the E. 
coli objectives for inland fresh surface waters, the three principal funding members,  
i.e., the Orange, Riverside and San Bernardino county stormwater agencies, committed to 
participate in the development and implementation of a comprehensive, watershed-wide bacteria 
quality monitoring program. Other dischargers who contribute or may contribute to pathogen 
indicator bacteria inputs to surface waters will be required to conduct bacteria quality monitoring, 
individually or in concert with this comprehensive program. It is expected that participation in the 
comprehensive effort would result in cost savings to individual dischargers and would be the most 
effective way to collect data necessary to assess the receiving water quality effects of discharges.  
 
A proposed comprehensive monitoring program is to be submitted by the Orange, Riverside and 
San Bernardino county stormwater agencies no later than [1 year from the date of Regional Board 
approval of the new E. coli objectives – insert date certain once amendment is approved by 
Regional Board], except that the Quality Assurance Project Plan (QAPP) shall be submitted no 
later than [90 days after EPA approval of the new E. coli objectives – insert date certain once 
amendment is approved]. The proposed program shall meet the following: (1) all water quality 
monitoring for pathogen indicator bacteria must be conducted in accordance with a QAPP that has 
been approved by the Regional Board's Quality Assurance Officer; (2) bacteria monitoring data 
must be compatible with the state's Surface Water Ambient Monitoring Program (SWAMP); (3) 
waterbodies proposed as a high priority for monitoring shall be identified and the rationale for their 
selection documented; (4)  each identified high priority waterbody must be sampled for pathogen 
indicator bacteria sufficient to provide a minimum of 5 samples per 30 day period, year-round, 
unless documented waterbody conditions (e.g,. water temperature, ice on the surface of lakes, 
high risk of flash flooding, etc.) exist that justify a reduced frequency; (5) the designated sampling 
locations must be selected so as to characterize bacteria concentrations immediately upstream of 
areas where the greatest level of recreational activity normally occurs; (6) the monitoring plan must 
identify the latitude and longitude of routine sampling location(s), the rationale for selecting each 
location, other locations considered but rejected, and the agency responsible for collecting and 
analyzing the sample from each high priority location; (7) the monitoring plan must describe the 
sampling locations and frequency for collecting pathogen indicator bacteria data in lakes and 
streams designated REC-1 but where recreational activities are far less likely to occur (i.e., Tier B, 
C or D waterbodies); (8) the monitoring plan must include a proposal for periodic bacteria 
monitoring of waters designated REC2 in order to confirm that there is no significant degradation of 
the quality of these waters; (9) results from the comprehensive bacteria monitoring program must 
be submitted annually. The agencies implementing the program may submit the report collectively 
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or on an individual basis; and, (10) the data must be put into the CEDEN (SWAMP) database 
and/or the database maintained by the Santa Ana Watershed Project Authority.  
 
The comprehensive program is to be implemented upon the approval of the Regional Board.  The 
program will be reviewed and may be revised at least once every three years. This includes 
consideration of the waterbodies deemed high and low priority for monitoring purposes. Monitoring 
programs specified as part of NPDES permits, Waste Discharge Requirements and other orders of 
the Regional Board will be considered in light of the comprehensive program being implemented. 
As appropriate, dischargers in addition to the stormwater agencies will be required to conduct 
bacteria quality monitoring of the receiving waters. Such monitoring may be conducted 
independently by these other dischargers, but participation in and coordination with the 
comprehensive program will be strongly encouraged.  The goal is to integrate all monitoring efforts 
to the extent feasible and reasonable to reduce or eliminate redundancy and maximize the efficacy 
of the monitoring effort. Requirements pertaining to data quality assurance, SWAMP compatibility, 
reporting and database entry will also be specified in individual requirements issued by the 
Regional Board.  
 
Where water quality monitoring data indicate significant non-compliance with the applicable 
pathogen indicator objective, dischargers discharging to that waterbody must submit a plan to the 
Regional Board to identify the pollutant source(s) unless monitoring data show that their particular 
discharge is not causing or contributing to the exceedance.  The source evaluation plan must be 
implemented upon approval by the Executive Officer. 
 
Where water quality monitoring data, collected through the approved comprehensive monitoring 
program or by interested agencies, organizations or individuals, indicate that a single sample 
maximum value assigned to a Tier B, C or D REC1 water, or the bacteria target assigned to a 
REC2 only water, is being exceeded, then the Regional Board will require agencies discharging to 
that waterbody to submit a plan for investigation into the bacteria quality of that waterbody, 
including monitoring.  Where the investigation shows that the bacteria quality of the waterbody is 
adversely affected by a controllable source, then a corrective action plan and schedule will be 
required. Both the investigation plan and, as necessary, corrective action plan, must be 
implemented upon approval by the Regional Board’s Executive Officer. Such follow-up 
investigation and corrective action will be triggered only upon the demonstration of credible 
evidence documenting a potential bacterial quality problem. Credible evidence shall consist of at 
least two consecutive samples that exceed the SSM/REC2 target.  It is expected that the proposed 
schedule for any needed corrective action will be as soon as practicable but no longer than two 
years from the date that the controllable source(s) is identified.  
 
The Regional Board acknowledges that the obligation to gather, analyze and report water quality 
data does not, by itself, establish any specific liability for pollutant remediation.  That responsibility 
depends on identifying the source(s) of bacterial contamination.  The Regional Board strongly 
supports proactive voluntary efforts organized through local Task Forces to accomplish these 
objectives.  However, where necessary, the Regional Board will continue to impose monitoring and 
remediation requirements through the permitting, enforcement and TMDL processes in order to 
protect water quality for recreational uses. 
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To begin the development of a comprehensive bacteria quality monitoring program, the 
Stormwater Quality Standards Task Force considered the waterbodies that should be considered 
high priority for monitoring and identified a tentative list, shown in Table 5-REC-Potential High 
Priority Waters, below. The waterbodies identified in Table 5- REC-Potential High Priority Waters 
should be considered in the development of the proposed comprehensive monitoring program.  

 
Table 5-REC-Potential High Priority Waters for Monitoring of Pathogen Indicator 

Bacteria in Freshwaters 
 

LAKES STREAMS 
Big Bear Lake Lytle Creek – Middle and North 

Forks 
Lake Perris Mill Creek – Reach 2 
Lake Elsinore Santa Ana River – Reach 3 
Canyon Lake San Antonio Creek  
  

 
 
POTW discharge requirements and implementation of recreation standards 
 
As discussed in Chapter 4 – WATER QUALITY OBJECTIVES, this Basin Plan establishes 
water quality objectives that are intended to protect beneficial uses. These include the 
narrative pathogen objective and numeric pathogen indicator objectives for freshwaters 
(Table 4-pio) that are specified for the protection of primary contact recreation in surface 
waters. However, in issuing waste discharge requirements that assure beneficial use 
protection, the Regional Board must consider not only the established objectives but also 
whether case-specific circumstances warrant the application of limitations more stringent 
than those necessary to implement the objectives. Such special consideration applies to 
discharges of treated sewage to surface waters by Publicly Owned Treatment Works 
(POTWs) or other entities and the protection of public health and primary contact recreation 
in those receiving waters. 
 
The California Department of Public Health (CDPH) has found that in most instances, in 
order to protect the health of members of the public who engage in primary contact 
recreation in surface waters that receive treated sewage discharges, treatment of the 
discharges must be provided so as to achieve an approximate 5 log reduction in the virus 
content of the wastewater. The efficacy of the treatment process in achieving this reduction 
is reflected, in part, by measurements of total coliform bacteria.  
 
Based on these recommendations and relevant regulations established by CDPH in the 
California Code of Regulations (Title 22, Division 4, Chapter 3, Section 60301 et seq.), 
waste discharge requirements issued by the Regional Board to POTWs and other entities 
for discharges of treated sewage to surface waters include stringent total coliform 
limitations. The Fact Sheets accompanying these waste discharge requirements provide 
detailed explanation of the rationale for these effluent limitations and related discharge 
specifications. The salient point here is that these waste discharge requirements do not 
include effluent limitations based on the numeric objectives for E. coli that are specified in 
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Table 4-pio. The Regional Board has found that the total coliform limitations are necessary 
to assure adequate treatment of sewage before discharge to surface waters and thereby, to 
assure protection of public health and primary contact recreation uses.  
 
The temporary suspension of recreation standards in certain surface waters (see High flow 
suspension of recreation standards, above) under high flow conditions does not obviate the 
need for POTWs and other entities discharging treated sewage (recycled water) to surface 
waters to continue to meet the coliform limitations specified in their waste discharge 
requirements. To implement the narrative pathogen objective (see Chapter 4, WATER 
QUALITY OBJECTIVES, INLAND SURFACE WATERS, Pathogen Indicator Bacteria), the 
Regional Board may also require recycled water discharged to freshwaters designated 
REC1 or REC2 to comply with other limitations, including those recommended by CDPH.  
 
Amend CHAPTER 5 – IMPLEMENTATION – add references 
 
33. United States Environmental Protection Agency, “Water Quality Standards for Coastal 
and Great Lakes Recreation Waters; Final Rule”, 40 CFR 131.41. Federal Register, Vol. 69, 
No. 200, November 16, 2004, pp.67217 et seq 
 
34.  CDM.  Technical Memorandum. Calculation of Antidegradation Targets for REC2 Only 
Freshwaters. December 30, 2011. 
 
35. California Regional Water Quality Control Board, Santa Ana Region.  Memorandum 
prepared by David Woelfel. Calculation of Antidegradation Targets for REC2 Only Waters-
Tidal Prisms.  December 30, 2011 
 
36. U.S. EPA.  Water Quality Standards Handbook.  Sept. 15, 1993.  
 
37. United States Army Corps of Engineers. Water Control Manual: Prado Dam and 
Reservoir, Santa Ana River, California.  1994. 
 
38. Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model 
Report.  Prepared for the Santa Ana Watershed Project Authority's (SAWPA) Basin 
Monitoring Program Task Force.  May, 2009    
 
39. State Water Resources Control Board.. “Water Quality Control Policy for Developing 
California's Clean Water Act Section 303(d) List”. September 2004. 
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ATTACHMENT 2 TO RESOLUTION NO. R8-2012-0001 

 
Proposed Basin Plan Amendments (“clean” version) 

 
(NOTE: Changes to the recreation standards for inland fresh waters within the Santa Ana 
Region and related explanatory narrative and implementation strategies are proposed to be 
incorporated in Chapter 3, Beneficial Uses, Chapter 4, Water Quality Objectives, and 
Chapter 5, Implementation.  Certain surface waters not currently listed in the Basin Plan are 
proposed to be added, changes in reach designations for one of the listed waters are 
proposed, and two reservoirs no longer in existence are proposed to be removed. Other 
changes are proposed. If the Basin Plan Amendment is approved, corresponding changes 
will be made as necessary to the Table of Contents, the List of Tables, page numbers, and 
page headers in the Plan.  Formatting changes, including page numbers, page headers and 
table and figure identifiers may be modified for the purposes of possible re-publication of the 
Basin Plan.  However, no substantive changes to the text, tables or figures would occur 
absent a Basin Plan amendment.)  
 
Attachment 1 to Resolution No. R8-2012-0001 shows the proposed amendments using 
underline/strike-out format. 
  
CHANGES TO CHAPTER 3 – BENEFICIAL USES 
 
Amend CHAPTER 3 – BENEFICIAL USES, INTRODUCTION, second paragraph: 
 
Section 303(d) of the federal Clean Water Act (33 U.S.C. § 1313) defines water quality 
standards as consisting of the uses of the surface (navigable) waters involved, the water 
quality criteria which are applied to protect those uses and an antidegradation policy. Under 
the Porter-Cologne Water Quality Control Act (California Water Code, Division 7, Chapter 2 
§ 13050) the uses of waters and water quality criteria are separately considered as 
beneficial uses and water quality objectives.  Beneficial uses and water quality objectives 
are to be established for all waters of the state, both surface and subsurface (groundwater). 
 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USES section, last sentence 
of second paragraph, third paragraph and fourth paragraph; add new paragraph:  
 
Shortly thereafter, this revised Beneficial Use table was reviewed again and changes were 
made, including the addition of the Water Contact Recreation (REC1) use for some 
waterbodies, the revision of some Beneficial Use designations from intermittent (I) to 
existing or potential (X), and the addition of more waterbodies (RWQCB Resolution No. 89-
99).  
 
In the update to the Basin Plan approved by the Regional Board in 1994 (RWQCB Resolution 
No. 94-1), further changes to the Beneficial Use table were made.  Significant waterbodies not 
previously identified were included and their beneficial uses were designated. Certain of these 
waters were excepted from the MUN designation. The designation RARE was added where 
substantial evidence indicated that the waterbody supports rare, threatened or endangered 
species (Appendix II). Certain known wetlands in the Region were listed in a new waterbody 
category (see wetlands discussion below). A revised list of Beneficial Uses was developed as 
part of a comprehensive statewide update of all Basin Plans. In all, twenty-three beneficial 
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uses were defined statewide. This list was used to update the list of beneficial use definitions 
in the Basin Plan. Nineteen of the beneficial uses were recognized. (The four not utilized are 
Migration of Aquatic Organisms, Freshwater Replenishment, Inland Saline Water Habitat and 
Aquaculture).  One beneficial use specific to the Region, Limited Warm Freshwater Habitat, 
was added, bringing the total number of beneficial uses recognized in the Santa Ana Region to 
twenty.  
 
In response to recommendations from the Stormwater Quality Standards Task Force, formed 
in response to the 2002 triennial review of the Basin Plan, changes to recreation water quality 
standards were approved by the Regional Board in 2012 (RWQCB Resolution No. R8-2012-
0001). These modifications included the addition of “Primary Contact Recreation” as an 
alternative name for the REC1 beneficial use (see BENEFICIAL USE DEFINITIONS, below) 
and added narrative clarifying the nature of REC1 activities and the bacteria objectives 
established to protect them (see RECREATION BENEFICIAL USES, below). The changes 
also included differentiating inland surface REC1 waters on the basis of frequency of use and 
other characteristics for the purposes of assigning applicable single sample maximum values 
(see Chapter 5). The REC1/REC2 designations for specific inland surface waters were revised 
based on the results of completed Use Attainability Analyses (see RECREATION BENEFICIAL 
USES, below).  Revised water quality objectives to protect the REC1 use of inland freshwaters 
were also approved (see Chapter 4), and criteria for temporary suspension of recreation use 
designations and objectives were identified (see RECREATION BENEFICIAL USES , below, 
and Chapter 5, Implementation, Recreation Water Quality Standards, High Flow Suspension).  
The 2012 Basin Plan revisions to incorporate the changes in recreation standards included the 
addition of certain waters to the list of the Region’s waters in Table 3-1 and the designation of 
beneficial uses for those waters. Where appropriate, the added waters were excepted from the 
MUN designation. Laguna and Lambert reservoirs, which no longer exist, were deleted from 
the list. 
 
The region’s beneficial uses are listed and described below. 
 
 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE DEFINITIONS, Water 
Contact Recreation (REC 1*):  

 
Water Contact Recreation (REC 1: Primary Contact Recreation*)  
 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE DEFINITIONS, Non-
contact Water Recreation (REC 2*):  

 
 Non-contact Water Recreation (REC2: Secondary Contact Recreation*)  
 

Amend CHAPTER 3 – BENEFICIAL USES, footnote “*” (associated with REC1 and 
REC2  (i.e., REC1*, REC2*) beneficial use definitions):  
   
*  The REC 1 and REC 2 beneficial use designations assigned to surface waterbodies in this 
Region should not be construed as encouraging or authorizing recreational activities. In some 
cases, such as Lake Matthews and certain reaches of the Santa Ana River and its tributaries, 
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access to the waterbodies is prohibited by other agencies because of potentially hazardous 
conditions and/or because of the need to protect other uses, such as municipal supply or 
sensitive wildlife habitat. Where REC 1 or REC 2 is indicated as a beneficial use in Table 3-1, 
the designations are only intended to indicate that such uses may occur or that the water 
quality of the waterbody may be capable of supporting recreational uses unless a Use 
Attainability Analysis demonstrates otherwise and the Regional Board amends the Basin Plan 
accordingly. 
 
 
Amend CHAPTER 3 – BENEFICIAL USES - add the following section after the 
BENEFICIAL USE DEFINITIONS section: 
 
RECREATION BENEFICIAL USES 

 
As part of the work that led to the adoption of recreation standards amendments in 2012, the 
Stormwater Quality Standards Task Force considered the merits of and various alternatives for 
modifying the REC1 definition to improve clarity and precision. This was based on careful 
consideration of the scientific basis of the 1986 USEPA bacteria criteria for REC1 waters and 
earlier criteria guidance. Specifically, as discussed in the 1986 criteria document and other 
USEPA guidance and regulation (see, for example, USEPA 2004), USEPA’s recommended 
bacteria quality criteria were intended to reduce the risk of waterborne illness to acceptable 
levels for those engaged in swimming or similar recreational activities where immersion and 
ingestion of water are likely.  The Stormwater Quality Standards Task Force documentation, 
which essentially comprised the administrative record for the 2012 recreation standards 
amendments, includes a memorandum to the Task Force that was prepared by Camp Dresser 
and McKee, Inc. (CDM), one of the Task Force consultants (“Scientific Basis for EPA 
Recommended Water Quality Objectives for Bacteria”, CDM, April 10, 2006).  This 
memorandum discusses the scientific basis of the criteria, as well as that of the Basin Plan 
water quality objectives for fecal coliform in freshwaters that were replaced by the E. coli 
objective in the 2012 Basin Plan amendments. The administrative record also documents the 
extensive consideration of alternatives appropriate to clarify the REC1 definition to reflect the 
underlying scientific assumptions of the USEPA criteria, and expectations regarding the 
likelihood of immersion and ingestion.   
 
In response to State Board staff comments that a consistent statewide definition for REC1 
should be maintained absent statewide consideration of revisions to the definition, the specific 
recommendations developed by the Task Force for refining the definition of that use were not 
included in the recreation standards amendments adopted by the Regional Board in 2012. 
These Task Force recommendations should be considered on a statewide basis. Until such 
time as such statewide consideration occurs, it was thought sufficient for the purposes of the 
2012 amendments to add reference to “primary contact recreation” in the name of the REC1 
use (see BENEFICIAL USE DEFINITIONS) and to incorporate the following clarifying 
discussion.   
 
USEPA has provided explicit direction regarding the types of recreational activities to which the 
USEPA bacteria guidance should be applied. Specifically, USEPA’s 1986 criteria (and prior 
bacteria criteria guidance) are intended for “Bathing (Full Body Contact) Recreational Waters”.  
The 1986 criteria document states:  
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"In 1986, EPA published Ambient Water Quality Criteria for Bacteria-1986.  This document 
contains EPA's current recommended water quality criteria for bacteria to protect people from 
gastrointestinal illness in recreational waters, i.e. waters designated for primary contact 
recreation or similar full body contact uses.  States and Territories typically define primary 
contact recreation to encompass recreational activities that could be expected to result in the 
ingestion of, or immersion in, water, such as swimming, water skiing, surfing, kayaking or any 
other recreational activity where ingestion of, or immersion in, the water is likely." 
 
As defined statewide, the REC1 use includes recreational activities involving body contact 
with water where ingestion of water is reasonably possible including, but not limited to: 
swimming, wading, water-skiing, skin and scuba diving, surfing, whitewater activities, fishing 
and use of natural hot springs.  
 
The Regional Board has always considered the REC1 designation as functionally equivalent 
to USEPA’s description of primary contact recreation. In practice, the phrase “reasonably 
possible” is synonymous with the term “likely” when evaluating the probability of ingestion 
when persons swim or engage in similar body contact recreation. To reflect this, reference 
to “primary contact recreation” in the REC1 nomenclature was incorporated as part of the 
2012 recreation standards amendments, as noted above.  
 
USEPA’s rule promulgating E. coli objectives for recreational freshwaters in certain Great 
Lakes states (USEPA 2004, p. 67222) provides that the pathogen indicator objectives apply 
“only to those waters designated by a State or Territory for swimming, bathing, surfing or 
similar water contact recreation activities, not to waters designated for uses that only involve 
incidental contact.“  USEPA defines this “secondary contact” recreation as “those activities 
where most participants would have very little direct contact with the water and where 
ingestion of water is unlikely. Secondary contact activities may include wading, canoeing, 
motor boating, fishing, etc.” (USEPA 2002, p.39). 
 
The Basin Plan definition of the REC 2 beneficial use is functionally-equivalent to that 
described by USEPA as “Secondary Contact Recreation.” Therefore, the 2012 recreation 
standards amendments added “Secondary Contact Recreation” to the REC2 nomenclature 
(see BENEFICIAL USE DEFINITIONS).  The Regional Board will rely on federal regulation 
and guidance to determine which waterbodies should be designated REC 2. Relatively brief 
incidental or accidental water contact that is limited primarily to the body extremities (e.g., 
hands or feet) is generally deemed REC 2 because ingestion is not considered reasonably 
possible.  
 
Some confusion may arise as to whether wading and fishing should be considered primary 
contact recreation (REC1) activities or secondary contact recreation (REC2) activities.  
Wading and fishing cover a multitude of activities involving a wide range of potential water 
contact.  To avoid misapplication of the E. coli objectives, it is important to apply USEPA's 
recommended criteria for primary contact recreation only where ingestion of water is 
reasonably possible.  For example, fly-fishing in the middle of a stream or fishing from a 
float tube would be considered REC-1 activities as it is likely that the person fishing may 
ingest water.  On the other hand, fishing from a riverbank or lake dock is more appropriately 
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deemed REC-2 activity because ingestion, while conceivable, is not considered reasonably 
possible.  Similarly, walking beside or crossing through a shallow creek and getting ones 
feet wet is also not considered water contact recreation (REC-1.) This activity is more akin 
to beachcombing, a recognized "non-contact recreation" (or REC-2) activity.  It is not 
reasonably possible to ingest appreciable quantities of water by merely touching or being 
splashed by the water. The E. coli objectives established in this Basin Plan are not intended 
or needed to protect this and similar incidental contact. However, a child sitting in the middle 
of a low flow creek playing in the water represents the sort of activity that is encompassed 
by the REC-1 use designation. The Basin Plan E. coli objectives properly apply to this type 
of activity.  (State Board staff spoke to and confirmed these views in a message to Regional 
Board staff on April 12, 2012. This message is part of the administrative record for the 
recreation standards amendments approved in 2012.)  
 
The Regional Board's longstanding approach to determining appropriate recreational use 
classifications is entirely consistent with federal guidance.  A review of historical records 
indicates that USEPA relied heavily on pre-existing definitions to describe primary and 
secondary contact recreation: 
 
"The Subcommittee defines primary contact recreation as activities in which there is 
prolonged and intimate contact with the water involving considerable risk of ingesting water 
in quantities sufficient to pose a significant health hazard.  Examples include wading and 
dabbling by children, swimming, diving, water skiing, and surfing.  Secondary contact sports 
include those in which contact with the water is either incidental or accidental and the 
probability of ingesting appreciable quantities of water is minimal." (“Report of the 
Committee on Water Quality Criteria” (aka “Green Book”), US Department of Interior, 
Federal Water Pollution Control Administration, 1968, p. 11) 
 
In summary, some forms of wading and fishing are considered REC-1 because immersion is 
likely and ingestion is reasonably possible.  Other forms of wading and fishing, involving 
only limited incidental or accidental water contact (primarily to hands and feet) are 
considered REC-2 because immersion is unlikely and ingestion is not reasonably possible. 
 
Acknowledging that California’s REC1 definition has always been considered synonymous 
with the federal definition of Primary Contact Recreation ensures that the E. coli  objective, 
adopted as part of the 2012 recreation standards amendments, is applied in a manner that 
is neither more nor less stringent than the federal Clean Water  Act requires.  
 
Pursuant to the federal Clean Water Act and implementing regulation, all defined waters of the 
United States are presumed to be capable of supporting Primary Contact Recreation and shall 
be designated REC 1 unless a Use Attainability Analysis (UAA) demonstrates that this use is 
not an existing use and is not attainable and the Basin Plan is revised accordingly.  A suite of 
factors must be considered when UAAs are conducted to determine whether to downgrade or 
delete the REC 1 use from any waterbody.  The relevant factors are identified in federal and 
state regulations.  
 
Where the Regional Board determines, through a UAA and requisite public hearing(s), that a 
waterbody or portion of a waterbody has not supported and cannot support REC 1 or REC1 



Attachment 2 to Resolution No. R8-2012-0001   Approved June 15, 2012; corrected February 12, 2013 
and November 15, 2013 
 

Page 6 of 80 
 

and REC 2 uses, that waterbody or portion of a waterbody will be identified with table note “u” 
in Table 3-1, below, and, for clarity, also listed in Table 3-2. Waters designated REC 2 but not 
REC 1, and waters not designated either REC1 or REC2, will be reassessed as part of the 
Basin Plan triennial review process to determine whether conditions have changed sufficiently 
to warrant one or both of these recreation use designations.  This reassessment does not 
necessitate a new UAA; it is sufficient to determine whether there has been a significant 
change in the factor or factors on which the Regional Board originally relied to justify 
reclassifying each waterbody as something other than REC-1. Where such a change has 
occurred, revision of the recreational use designations will be considered through the Basin 
Planning process. 
 
Use Attainability Analyses were conducted for several stream segments as part of the work of 
the Stormwater Quality Standards Task Force. Technical reports to support these UAAs were 
prepared by CDM and are a part of the administrative record of the 2012 recreation standards 
amendments. These UAA reports were intended not only to provide the technical and factual 
data necessary to consider recreation standards changes for the waters evaluated, but also to 
serve as informal “templates” to guide similar stream assessment studies in the future.  In 
particular, the UAA reports illustrate the type of scientific and technical documentation needed 
to meet federal and state requirements for subcategorizing or reclassifying a recreational use.  
Regional Board staff relied heavily on the data and analyses provided in the CDM technical 
UAA reports in formulating specific recommendations for recreation beneficial use changes for 
these waters (CRWQCB – Santa Ana Region, “Staff Report, Basin Plan Amendments, 
Revisions to Recreational Standards for Inland Fresh Waters in the Santa Ana Region”, 
January 12, 2012). The approved changes are summarized in Table 3-2 and reflected in Table 
3-1. 
 
Recreational use of certain inland surface waters is precluded under certain flow conditions 
that make recreational activities unsafe. Recreation use designations (and the applicable 
pathogen and pathogen indicator objectives) are temporarily suspended when such conditions 
exist. The criteria for suspension of recreation uses (and objectives), and for termination of the 
suspension, are described in detail in Chapter 5, Implementation, Recreation Water Quality 
Standards, High flow suspension of recreation standards). Temporary suspensions of 
recreation standards do not apply to waters other than the inland surface streams identified in 
Appendix VIII and Appendix IX.   
 

 
Amend CHAPTER 3 – BENEFICIAL USES, BENEFICIAL USE TABLE, first and second 
paragraphs; add footnote; add new paragraph after the second paragraph: 
 
Table 3-1 lists the designated beneficial uses for waterbodies within the Santa Ana Region. In 
this table, an “X” indicates that the waterbody has an existing or potential use2. Many of the 
existing uses are well-known; some are not. Lakes and streams may have potential beneficial 
uses established because plans already exist to put the water to those uses, or because 
conditions (e.g., location, demand) make such future use likely. The establishment of a 
potential beneficial use serves to protect the quality of that water for such eventual use. 
 



Attachment 2 to Resolution No. R8-2012-0001   Approved June 15, 2012; corrected February 12, 2013 
and November 15, 2013 
 

Page 7 of 80 
 

Add footnote 2:  Water Code Section 13241 identifies the factors that the Regional 
Board must consider, at a minimum, when establishing water quality objectives to 
ensure the reasonable protection of beneficial uses and the prevention of nuisance. 
Among these factors are the “Past, present, and probable future beneficial uses of 
water. (CWC 13241(a) [italics added] “Potential” beneficial uses are assumed to be the 
same as “probable future” beneficial uses.  

  
An “I” in Table 3-1 indicates that the waterbody has an intermittent beneficial use. This may be 
because water conditions do not allow the beneficial use to occur year-round. The most 
common example of this is an ephemeral stream. Ephemeral streams in this region include, at 
one extreme, those which flow only while it is raining or for a short time afterward, and at the 
other extreme, established streams which flow through part of the year but also dry up for part 
of the year. While such ephemeral streams are flowing, beneficial uses may be made of the 
water. Because such uses depend on the presence of water, they are intermittent. Waste 
discharges which could impair intermittent beneficial uses, whether they are made while those 
uses occur or not, are not permitted. 

 
As described above, Table 3-2 shows inland surface waters for which Use Attainability 
Analyses demonstrated that the REC1 or REC1 and REC2 uses are neither existing nor 
attainable. These waters, designated with a “u” in in the REC1 column and also, in some 
cases, the REC2 column in Table 3-1, will be evaluated at least once every three years to 
determine whether conditions have changed such that these use designations are applicable 
to these waters and that the Basin Plan should be amended accordingly.  
 
Amend CHAPTER 3 – BENEFICIAL USES, REFERENCES: 
 
CDM. Memorandum to Stormwater Quality Standards Task Force re “Scientific Basis for EPA Recommended 
Water Quality Objectives for Bacteria”, April 10, 2006 
 
CRWQCB – Santa Ana Region, “Staff Report, Basin Plan Amendments, Revisions to Recreational Standards for 
Inland Fresh Waters in the Santa Ana Region”, January 12, 2012. 
 
City of Big Bear Department of Water and Power, “Final Report – Task 4, Revised Water Quality Objectives, Big 
Bear Ground Water Basins,” April 1993. 
 
United States Department of Interior. Federal Water Pollution Control Administration. Report of the Committee on 
Water Quality Criteria (aka “Green Book”). 1968.  
 
United States Environmental Protection Agency “Ambient Water Quality Criteria for Bacteria – 1986” EPA 440/5-
84-002, January 1986. 

 
United States Environmental Protection Agency. “Implementation Guidance for Ambient Water Quality Criteria for 
Bacteria [Draft]. May 2002. 
 
United States Environmental Protection Agency “National Guidance-Water Quality Standards for Wetlands,” EPA 
440/s-90-011, July 1990. 
 
United States Environmental Protection Agency “Water Quality Standards for Coastal and Great Lakes 
Recreation Waters; Final Rule” (40 CFR 131.41), November 2004. 
 
Governor Pete Wilson, “California Wetlands Conservation Policy,” August, 1993. 
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Amend CHAPTER 3 – BENEFICIAL USES, TABLE 3-1, as shown in the following pages. 
 
Add Table 3-2 Summary of Approved Use Attainability Analyses (UAAs) to Re-Designate 
Recreational Beneficial Uses in some Inland Waterbodies (Table 3-2 follows Table 3-1, 
below)  
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Table 3-1  BENEFICIAL USES   
 

OCEAN WATERS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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EST Primary Secondary 

NEARSHORE ZONE* 
 
 
 

   San Gabriel River to Poppy             
   Street in Corona Del Mar  
 

+  X   X  X X X     X X X X X  801.11  

   Poppy Street to Southeast 
   Regional Boundary 
 

+ 
  

  X  X X X    X X X X X X  801.11  

OFFSHORE ZONE  
    Waters Between Nearshore 
    Zone and Limit of State         

Waters 
        

+  X   X  X X X     X X X X       

 
X  Existing or Potential Beneficial Use               * Defined by Ocean Plan Chapter II B-1.: “Within a zone bounded by shoreline and a distance of 1000 feet from       
I    Intermittent Beneficial Use                           shoreline or the 30-foot depth contour, whichever is further from shoreline…” 
+  Excepted from MUN (see text)
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Table 3-1  BENEFICIAL USES - Continued  
 

BAYS, ESTUARIES, AND 
TIDAL PRISMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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Los Cerritos Wetlands +       X X     X X X X X   801.11  
Anaheim Bay – Outer Bay   
 +     X  X X     X X X X X   801.11  

Anaheim Bay – Seal Beach  
National Wildlife Refuge 
 

+ 
  

    X¹ X     X X X X X  X 801.11  

Sunset Bay – Huntington 
Harbor        +     X  X X X     X X X X   801.11    

Bolsa Bay  +       X X X    X X X X X X  801.11  

Bolsa Chica Ecological Reserve +       X X     X X X X X  X 801.11  

Lower Newport Bay +     X  X X X     X X X X X  801.11  

Upper Newport Bay +       X X X    X X X X X X X 801.11  
 
X   Existing or Potential Beneficial Use               ¹ Access prohibited per agency with jurisdiction   
I    Intermittent Beneficial Use                            
+   Excepted from MUN (see text) 
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Table 3-1  BENEFICIAL USES - Continued  
 
 
 
BAYS, ESTUARIES, AND 
TIDAL PRISMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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Santa Ana River Salt Marsh +       X X     X X X  X  X 801.11  

Huntington Beach Wetlands +       X X     X X X X X   801.11  
Tidal Prism of Santa Ana River  
(to within 1000’ of Victoria 
Street) and Newport Slough 

+       X X X     X X  X   801.11  

Tidal Prism of San Gabriel River  
 - River Mouth to Marina Drive 
    

+  X     X X X     X X  X X X 845.61  

Tidal Prism of Santa Ana-Delhi  
Channel – Bicycle Bridge at 
University Dr. at Upper Newport 
Bay to 1036 ft. upstream 

+       u X      X X  X   801.11  

Tidal Prism of Greenville-
Banning Channel – Santa Ana  
River Confluence to Inflatable 
Diversion Dam^ 

+       u X      X X  X   801.11  

Tidal Prisms of Flood Control  
Channels Discharging to 
Coastal or Bay Waters 

+       X X X     X   X   801.11  

 
X  Existing or Potential Beneficial Use              ¹   Access prohibited per agency with jurisdiction   
I    Intermittent Beneficial Use                           u  REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 3,   
+  Excepted from MUN (see text)                             Recreation Beneficial Uses) 
^  The diversion dam is 0.23 mile downstream    
    of confluence with the Fairview Channel.                                                                                          
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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Primary Secondary 

LOWER SANTA ANA RIVER 
BASIN  

    Santa Ana River  
        Reach 1 – Tidal Prism to 17th 
        Street  in Santa Ana   
                     

+      
 

X² X  I    I  
  801.11  

        Reach 2 – 17th Street in Santa  
        Ana to Prado Dam  
 

+ X   X  
 

X X  X    X X 
  801.11 801.12 

        Aliso Creek X    X   X X  X    X X   845.63  

        Carbon Canyon Creek X    X   X X  X    X X   845.63  

    Santiago Creek Drainage  

        Santiago Creek  

        Reach 1 – below Irvine Lake X    X   X² X  X    X    801.12 801.11 

        Reach 2 – Irvine Lake (see  
        Lakes, pg. 3-xx       
    

      
 

         
    

        Reach 3 – Irvine Lake to 
        Modjeska Canyon 
 

I    I  
 

I I  I    I  
  801.12  

        Reach 4 – in Modjeska Canyon X    X   X X  X    X    801.12  

     Silverado Creek X    X   X X  X    X    801.12  

X  Existing or Potential Beneficial Use              2      Access prohibited in all or part per agency with jurisdiction                                                
I   Intermittent Beneficial Use                                               
+  Excepted from MUN (see text)                                       
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INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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Primary Secondary 

LOWER SANTA ANA RIVER 
BASIN  

   Santiago Creek Drainage  
        Black Star 
                     I    I   I I  I    I    801.12  

        Ladd Creek 
 I    I   I I  l    I I   801.12  

    San Diego Creek Drainage  

        San Diego Creek  
            Reach 1 – below Jeffrey  
            Road +       X² X  X    X    801.11  

            Reach 2 – above Jeffrey 
            Road to Headwaters    +    I   I I  I    I    801.11  

        Other Tributaries: Bonita Creek,     
        Serrano Creek, Peters Canyon   
        Wash, Hicks Canyon Wash,  
        Bee Canyon Wash, Borrego  
        Canyon Wash, Agua Chinon  
        Wash, Laguna Canyon Wash, 
        Rattlesnake Canyon Wash,    
        Sand Canyon Wash*, and other 
        Tributaries to these Creeks 

+ 

   

I 

 

 I I 

 

I 

   

I 

 

  801.11  

 
X  Existing or Potential Beneficial Use                 ²    Access prohibited in all or part per agency with jurisdiction 
I   Intermittent Beneficial Use                               *   Sand Canyon Wash also has RARE Beneficial Use                                                              
+  Excepted from MUN (see text)              
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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Primary Secondary 

  San Gabriel River Drainage  
    Coyote Creek (within Santa Ana 
     Regional Boundary) X       X X  X    X    845.61                     

  

  Santa Ana-Delhi Channel  
     Reach 1 – upper boundary of   
     Tidal Prism to intersection of 
     Sunflower Ave./Flower St.                   

+       u u  X    X X   801.10  

     Reach 2 – Sunflower  
     Ave./Flower St. intersection to 
     Warner Avenue 

+       u X  X    X    801.10  

  

  Greenville Banning Channel  
    Reach 1- Inflatable Diversion Dam  
    to California Street 
                        

+      
 

u u  X    X  
  

 801.10 
 

UPPER SANTA RIVER BASIN  

  Santa Ana River  
     Reach 3 – Prado Dam to Mission 
     Blvd. in Riverside + X   X   X X  X    X X X  801.21 801.21, 

801.25 
 
X  Existing or Potential Beneficial Use                      u   REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 3,    
I   Intermittent Beneficial Use                                             Recreation Beneficial Uses) 
+  Excepted from MUN (see text)                                            
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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Primary Secondary 

       Reach 4 – Mission Blvd. in     
       Riverside to San Jacinto Fault  
       in San Bernardino  
 

+    X  
 

X³ X  X    X X X 
 801.27 801.44 

       Reach 5 – San Jacinto Fault in 
       Bernardino to Seven Oaks Damt X* X   X   X³ X  X    X X   801.52 801.57 

       Reach 6 – Seven Oaks Dam to 
       Headwaters (see also Individual  
       Tributary Streams) 

X X   X  
 
X 

 
X X    X  X  

 
X 

 801.72  

    San Bernardino Mountain Streams   

       Mill Creek Drainage:   

         Mill Creek  
           Reach 1 – Confluence with  
           Santa Ana River to Bridge  
           Crossing Route 38 at Upper 
           Powerhouse  

I I   I  
 

I I    I  I I 
  801.58  

          Reach 2 – Bridge Crossing  
           Route 38 at Upper  
           Powerhouse to Headwaters       
    

X X   X  X X X    X  X  

  801.58  

 
X   Existing or Potential Beneficial Use           *   MUN applies upstream of Orange Avenue (Redlands); downstream, water is excepted from MUN 
I    Intermittent Beneficial Use            t   Reach 5 uses are intermittent upstream of Waterman Avenue                      
+  Excepted from MUN (see text)                       ³   Access prohibited in some portions per agency with jurisdiction                     
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BENEFICIAL USE Hydrologic Unit 
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Primary Secondary 

       Mountain Home Creek X    X  X X X    X  X    801.58  
       Mountain Home Creek, East    
       Fork 

X    X X X X X    X  X  X  801.70  

              
       Monkeyface Creek             X    X   X X    X  X    801.70  

       Alger Creek 
 X    X   X X    X  X    801.70  

       Falls Creek X    X  X X X    X  X  X  801.70  

       Vivian Creek X    X   
 X X    X  X   

 
 801.70  

       High Creek X    X   X X    X  X    801.70  
       Other Tributaries: Lost, Oak  
       Cove, Green, Skinner, Momyer, 
       Glen Martin, Camp, Hatchery,    
       Rattlesnake, Slide, Snow,  
       Bridal Veil, and Oak Creeks 
       and other Tributaries to these 
       Creeks     

I 

   

I 

  

I I 

   

I 

 

I 

   

801.71 

 

    Bear Creek Drainage:   

       Bear Creek X X   X  X X X    X  X  X  801.71  

      Siberia Creek X    X   X X    X  X  X  801.71  

      Slide Creek  I    I   I I    I  I    801.71  

      Johnson Creek  I    I   I I    I  I    801.71  
X  Existing or Potential Beneficial Use                                  
I   Intermittent Beneficial Use                                        
+  Excepted from MUN (see text)                                 
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INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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       All other Tributaries to these  
       Creeks   I    I   I I    I  I    801.71  
       Big Bear Lake (see Lakes, pg.  
       3-xx) 

                    

    Big Bear Lake Tributaries:      
                      

       North Creek 
 X    X   X X    X  X  X  801.71  

       Metcalf Creek X    X   X X    X  X  X  801.71  

       Grout Creek X    X   
 X X    X  X  

X 
 

 801.71  

       Rathbone (Rathbun) Creek X    X   X X    X  X    801.71  

       Meadow Creek     X    X   X X    X  X    801.71  

       Summit Creek  I    I   I I    I  I    801.71  

       Knickerbocker Creek       
        Reach 1 – concrete channel, 
        the Lake to Village Dr. I    I   I I    I  I    801.71  

        Reach 2 – natural channel, 
         Village Dr. to headwater  I    I   I I    I  I    801.71  

       Other Tributaries to Big Bear  
       Lake: Minnelusa, Poligue, and       
       Red Ant Creeks and other  
       Tributaries to these Creeks  

I    I   I I    I  I    801.71  

 
X   Existing or Potential Beneficial Use   
I     Intermittent Beneficial Use                                
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INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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    Baldwin Lake (see Lakes, pg. 
    3-xx)                        

    Baldwin Lake Drainage:  

       Shay Creek X    X   X X    X  X X   801.73  
       Other Tributaries to Baldwin 
       Lake: Sawmill, Green, and  
       Caribou Canyons and other 
       Tributaries to these Creeks      
                     

I 

   

I 

  

I I 

   

I 

 

I 

   

801.73 

 

    Other Streams Draining to Santa                                    
    Ana River (Mountain Reaches‡)           
        

 

       Cajon Canyon Creek X    X   X X    X  X X   801.52 801.51 

       City Creek X X   X   
 X X    X  X X X  801.57  

       Devil Canyon Creek X    X   X X    X  X    801.57  
       East Twin and Strawberry  
       Creeks                   X X   X   X X    X  X  X  801.57  

 
X   Existing or Potential Beneficial Use          ‡    The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino  
I    Intermittent Beneficial Use                           or San Gabriel Mountains 
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      Waterman Canyon Creek  X    X   X X    X  X    801.57  

      Fish Creek  X    X   X X    X  X  X  801.57  

      Forsee Creek X    X   X X    X  X  X  801.72  

      Plunge Creek  X X   X   X X    X  X X   801.72  

     Barton Creek X X   X   X X    X  X    801.72  
     Bailey Canyon Creek    
                     

I    I   I I    I  I    801.72  

 
X   Existing or Potential Beneficial Use 
I    Intermittent Beneficial Use                                  
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     Kimbark Canyon, East Fork 
     Kimbark Canyon, Ames   
     Canyon and West Fork Cable  
     Canyon Creeks 

X 

   
X   X X  X  X  X    801.52  

     Valley Reaches‡ of Above  
     Streams I    I   

 I I  I    I   
 

 801.52  

     Other Tributaries (Mountain  
     Reaches‡): Alder, Badger  
     Canyon, Bledsoe Gulch, Borea 
     Canyon, Breakneck, Cable  
     Canyon, Cienaga Seca, Cold,  
     Converse, Coon, Crystal, Deer, 
     Elder, Fredalba, Frog,  
     Government, Hamilton, Heart      
     Bar, Hemlock, Keller, Kilpecker,   
     Little Mill, Little Sand Canyon,  
     Lost, Meyer Canyon, Mile,  
     Monroe Canyon, Oak,       
     Rattlesnake, Round Cienaga,     
     Sand, Schneider, Staircase,  
     Warm Springs Canyon, and    
     Wild Horse Creeks and other  
     Tributaries to these Creeks 

I 
 

   I   I I    I  I 

   

801.72 801.71, 801.57 

 
  X  Existing or Potential Beneficial Use            ‡    The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino  
  I   Intermittent Beneficial Use                              or San Gabriel Mountains 
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    San Gabriel Mountain Streams 
    (Mountain Reaches‡)     

       San Antonio Creek X X X X X  X X X    X  X    801.23  
       Lytle Creek (South, Middle,  
       and North Forks) and  
       Coldwater Canyon Creek      
                     

X X X X X  X X X    X  X X   

801.41 801.42, 801.52, 
801.59 

       Day Canyon Creek X   X X   X X    X  X    801.21  

       East Etiwanda Creek X   X X   
 X X    X  X X  

 
 801.21  

       Valley Reaches ‡ of Above  
       Streams   I    I   I I  I    I    801.21  

       Cucamonga Creek      
           Reach 1 – Confluence with  
           Mill Creek to 23rd St. in  
           Upland 

+    X   
 
u³ 

 
u   X   X    801.21  

 
X  Existing or Potential Beneficial Use                              ‡  The division between Mountain and Valley reaches occurs at the base of the foothills of the  
I   Intermittent Beneficial Use                                      San Bernardino Mountains or San Gabriel Mountains 
+  Excepted from MUN (see text)                     u    REC 1 and/or REC 2 are not attainable as determined by a UAA.(See Table 3-2 and  Chapter 3,      
                                                  Recreation Beneficial Uses) 
                                                                                                                                  ³    Access prohibited in some portions per agency with jurisdiction  
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           Reach 2 (Mountain Reach‡)  
           - 23rd St. In Upland to 
           headwaters 

X  X X X  X X X    X  X  X  801.24 
 

       Mill Creek (Prado Area)      +       X X  X    X X   801.25  

     Other Tributaries (Mountain 
     Reaches ‡): San Sevaine, Deer, 
     Duncan Canyon, Henderson  
     Canyon, Bull, Fan, Demens, 
     Thorpe, Angalls, Telegraph 
     Canyon, Stoddard Canyon,  
     Icehouse Canyon, Cascade Canyon, 
     Cedar, Falling Rock, Kerkhoff,  
      and Cherry Creeks and other 
     Tributaries to these Creeks 

I    I   I I    I  I    801.21 801.23 

     Valley Reaches‡ of Above Streams I    I   I I  I    I    801.21 801.43 

         
San Timoteo Area Streams               

     San Timoteo Creek  
         Reach 1A – Santa Ana River 
         Confluence to Barton Road + I      

 I³ I  I    I   
 

 801.52  

 
X   Existing or Potential Beneficial Use                          ‡   The division between Mountain and Valley reaches occurs at the base of the foothills of the San  
I    Intermittent Beneficial Use                                         Bernardino Mountains or San Gabriel Mountains 
+  Excepted from MUN (see text)                        ³   Access prohibited in some portions per agency with jurisdiction                      
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       Reach 1B – Barton Road to  
       Gage at San Timoteo Canyon  
       Rd.    

+ I   I   I³ I  I    I    801.52  

       Reach 2–Gage at San Timoteo     
       Creek to Confluence with  
       Yucaipa Creek 

+    X   X X  X    X    801.61  

       Reach 3 – Confluence with  
       Yucaipa Creek to confluence 
       with little San Gorgonio and  
       Noble Creeks (Headwaters of  
       San Timoteo Creek) 

+    X   X X  X    X  

  

801.61  

    Oak Glen, Potato Canyon, and  
    Birch Creeks    

X    X   X X  X    X    801.67  

    Little San Gorgonio Creek X    X   
 X X    X  X   

 
 801.69 801.62, 801.63 

    Yucaipa Creek   I    I   I I  I    I    801.67 801.61, 801.62, 
801.64 

    Other Tributaries to these  
    Creeks-Valley Reaches‡ I    I   I I  I    I    801.62 801.52, 801.53 

    Other Tributaries to these  
    Creeks-Mountain Reaches‡ I    I   I I    I  I    801.69 801.67 

   Anza Park Drain X       X X  X    X  X  801.27  
 
X  Existing or Potential Beneficial Use                     ‡  The division between Mountain and Valley reaches occurs at the base of the foothills of the San  
I   Intermittent Beneficial Use                                    Bernardino or San Gabriel Mountains 
+  Excepted from MUN (see text)                   ³   Access prohibited in some portions per agency with jurisdiction               
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  Sunnyslope Channel X       X X  X    X X X  801.27  
  Tequesquite Arroyo (Sycamore 
  Creek) +    X   X X  X    X  X  801.27  

  Prado Area Streams    

     Chino Creek  
         Reach 1A – Santa Ana River 
         confluence to downstream of  
         confluence with Mill Creek  
        (Prado Area)   

+       X X  X    X X   

801.21 

 

         Reach 1B – Confluence with 
         Mill Creek (Prado Area) to 
         beginning of concrete-lined 
         channel south of Los 
         Serranos Rd.*** 

+ 

      

X X 

 

X 

   

X X 

  

801.21  

 
X   Existing or Potential Beneficial Use                      ‡  The division between Mountain and Valley reaches occurs at the base of the foothills of the San 
I    Intermittent Beneficial Use                                     Bernardino or San Gabriel Mountains 
+   Excepted from MUN (see text)                  *** The confluence of Mill Creek is in Chino Creek, Reach 1B 
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         Reach 2 – Beginning of  
         concrete-lined channel south   
         of Serranos Rd. to confluence  
         with San Antonio Creek 

+    X  
 
 X³ X   X   X   

 

 
801.21 

 

    Temescal Creek    
        Reach 1a – Lincoln Ave. to  
        Arlington Channel confluence +       u³ X  X    X    801.25  

        Reach 1b – Arlington Channel 
        confluence to 1400 ft.  
        upstream of Magnolia Ave. 

+       u³ u  X    X    801.25  

        Reach 2 –1400 ft. upstream of 
        Magnolia Ave. to Lee Lake  
         

+ X X  X   X X  X    X    801.25  

 
X  Existing or Potential Beneficial Use                       ***  The confluence of Mill Creek is in Chino Creek, Reach 1B                
I    Intermittent Beneficial Use                                     ³    Access prohibited in some portions per agency with jurisdiction  
+   Excepted from MUN (see text)                    u    REC 1 and/or REC 2 are not attainable uses as determined by UAA (See Table 3-2 and Chapter 3,   

            Recreation Beneficial Uses)                                                                                                                                                                           
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
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R
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R
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E
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W

N
 

EST 

Primary Secondary 

         Reach 3 – Lee Lakes (see Lakes, 
         Page 3-xx)                     

         Reach 4 – Lee Lake to Mid-Section 
         Line of Section 17 (downstream end 
         of freeway cut) 

+ X   X   X X  X    X X 
  

801.34 
 

         Reach 5 – Mid-section line of  
         Section 17 (downstream end of  
         freeway cut) to Elsinore Ground- 
         water Subbasin Boundary   

+ X   X   X X  X    X X 

  
801.35 

 

         Reach 6 – Elsinore Groundwater 
         Subbasin Boundary to Lake  
         Elsinore Outlet 

+    I   I I  I    I 
   

801.35 
 

     Coldwater Canyon Creek X X   X   
 X X  X    X   

 
 801.32  

     Bedford Canyon Creek +    I   I I  I    I    801.32  

     Dawson Canyon Creek I    I   I I  I    I    801.32  

     Other Tributaries to these Creeks I    I   I I  I    I    801.32  

  SAN JACINTO RIVER BASIN  

     San Jacinto River  
        Reach 1 – Lake Elsinore to Canyon  
        Lake  I I   I   I I  I    I    801.32 802.31 

        Reach 2 – Canyon Lake (see Lakes  
        Pg. 3-xx)                     

 
X   Existing or Potential Beneficial Use             
I    Intermittent Beneficial Use                                   
+   Excepted from MUN (see text)                                      
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Table 3-1  BENEFICIAL USES - Continued  
 
INLAND SURFACE STREAMS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
 

AG
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D
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O

C
 

G
W
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N
AV

 

PO
W
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1 
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2 

C
O
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R
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E
 

SP
W

N
 

EST 

Primary Secondary 

         Reach 3 – Canyon Lake to Nuevo 
         Road + I   I   I I  I    I    802.11  

        Reach 4 – Nuevo Road to North- 
        South Mid-Section Line, T4S/R1W-S8 + I   I   I I  I    I    802.21 802.21 

        Reach 5 – North-South Mid-Section 
        Line, T4S/R1 W-S8, to Confluence 
        With Poppet Creek  

+ I   I   I I  I    I 
   

802.21  

        Reach 6 – Poppet Creek to 
        Cranston Bridge 

I I   I   I I  I    I    802.21  

        Reach 7 – Cranston Bridge to Lake 
         Hemet X X   X   X X    X  X    801.21  

    Bautista Creek – Headwaters to Debris 
    Dam  X X   X   X X    X  X    802.21 802.23 

    Strawberry Creek and San Jacinto 
    River, North Fork   X X   X   X X    X  X    801.21  

    Fuller Mill Creek X X   X   X X    X  X    802.22  

    Stone Creek X X   X   X X    X  X    802.21  
    Other Tributaries:  Logan, Black 
    Mountain, Juaro Canyon, Indian,  
    Herkey, Poppet, and Potrero Creeks 
    and other Tributaries to these Creeks 

I I   I   I I  I    I    802.21 802.22 

    Salt Creek  +       I I  I    I    802.12  
    Goodhart Canyon, St. John’s Canyon,             
    and Cactus Valley Creeks I I      I I  I    X    802.15  

 
X  Existing or Potential Beneficial Use                                                          
I   Intermittent Beneficial Use                                              
+  Excepted from MUN (see text)                             
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Table 3-1  BENEFICIAL USES - Continued  
 
LAKES AND RESERVOIRS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
 

AG
R

 

IN
D

 

PR
O

C
 

G
W

R
 

N
AV

 

PO
W

 

R
EC

1 

R
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2 

C
O

M
M

 

W
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M
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R

M
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O
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L 

W
ILD

 

R
AR

E
 

SP
W

N
 

EST 

Primary Secondary 

UPPER SANTA ANA RIVER BASIN  

    Baldwin Lake +       
 I I  I  I I I I  

 
 801.73  

    Big Bear Lake  X X   X   X X  X  X  X X   801.71  

    Erwin Lake  X       X X    X X X X   801.73  

    Evans, Lake   +       X X  X  X  X    801.27  

    Jenks Lake  X X   X   X X    X  X    801.72  

    Lee Lake + X X  X   X X  X    X    802.34  

    Mathews, Lake X X X X X   X4 X  X    X X   802.33  

    Mockingbird Reservoir + X      X4 X  X    X    802.26  

    Norconian, Lake  +       X X  X    X    802.25  

LOWER SANTA ANA RIVER BASIN  

    Anaheim Lake  +    X   X X  X    X    801.11  

    Irvine Lake (Santiago Reservoir) X X      X X  X  X  X    801.12  
    Peters Canyon, Rattlesnake, 
    Sand Canyon, and 
    Siphon Reservoirs                  

+ X      X4 X  X    X    801.11  

                                                                                                                                                                                                                                
X   Existing or Potential Beneficial Use             4  Access prohibited per agency/company with jurisdiction                                                 
I    Intermittent Beneficial Use                                    
+   Excepted from MUN (see text)                       
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Table 3-1  BENEFICIAL USES - Continued  
 
LAKES AND RESERVOIRS 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
 

AG
R

 

IN
D

 

PR
O

C
 

G
W
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N
AV

 

PO
W

 

R
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1 
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2 

C
O

M
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W
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L 

W
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R
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E
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W

N
 

EST 

Primary Secondary 

SAN JACINTO RIVER BASIN  

    Canyon Lake (Railroad Canyon 
    Reservoir) X X   X   

 X X  X    X  
 
 

 802.11 802.12 

    Elsinore, Lake  +       X X  X    X    802.31  

    Fulmor, Lake  X X      X X  X  X  X    802.21  

    Hemet, Lake  X X   X  X X X  X  X  X  X  802.22  

    Mystic Lake I       I I  I   X X X   802.11  

    Perris, Lake X X X X X   X X  X  X  X    802.11  
 
X  Existing or Potential Beneficial Use              .  
I   Intermittent Beneficial Use                            
+  Excepted from MUN (see text) 
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Table 3-1  BENEFICIAL USES - Continued  
 

WETLANDS (INLAND) 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
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O
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N
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2 
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R
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EST 

Primary Secondary 

 San Joaquin Freshwater  
 Marsh** +       

 X X  X   X X X  
 

 801.11 801.14 

 Shay Meadows I       I I    I  I    801.73  

 Stanfield Marsh** X       X X    X  X X   801.71  
 Prado Basin Management  
 Zone@  +       X X  X    X X   802.21  

 San Jacinto Wildlife  
 Preserve** +       X X  X   X X X   802.21 802.14 

 Glen Helen X       X X  X    X    801.59  
       
X  Existing or Potential Beneficial Use             **  This is a created wetland as defined in the wetland discussion 
I   Intermittent Beneficial Use                          @  The Prado Basin Management Zone includes the Prado Flood Control Basin, a created wetland  
+  Excepted from MUN (see text)                  as defined in the Basin Plan (see Chapter 3, pages 3-4 through 3-7) 
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
 

AG
R

 

IN
D

 

PR
O

C
 

G
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R
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O
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W
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R
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N
 

EST 

Primary Secondary 

UPPER SANTA ANA RIVER BASIN 
 
 
 

Big Bear Valley X   X               801.71 801.73 

Beaumont X X X X               801.62 801.63, 801.69 

Bunker Hill - A  X X X X               801.52 801.52 

Bunker Hill - B X X X X               802.52 801.53, 801.54, 
801.57, 801.58 

Colton X X X X               801.44 801.45 

Chino North “maximum benefit”++ X X X X               801.21 481.21, 481.23 

Chino 1 – “antidegradation”++ X X X X               801.21 481.21 

Chino 2 – “antidegradation”++ X X X X               801.21  

Chino 3 – “antidegradation”++ X X X X               801.21  

Chino East @ X X X X               801.21 801.27 

Chino South @ X X X X               801.21 801.25, 801.26 

Cucamonga X X X X               801.24 801.21 
 
X   Existing or Potential Beneficial Use               ++  Chino North “maximum benefit” management zone applies unless Regional Board determines that lowering of   
I    Intermittent Beneficial Use                                water quality is not of maximum benefit to the people of the state; in that case, the Chino 1, 2, and 3  
+  Excepted from MUN (see text)                  “antidegradation” management zones would apply (see also discussion in Chapter 5). 
                                                                             @  Chino East and South are the designations in the Chino Basin Watermaster “maximum benefit” proposal 
                                                                      (see Chapter 5) for the management zones identified by Wildermuth Environmental , Inc. (July 2000) as 
                                                                                    Chino 4 and 5, respectively 
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
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R
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R
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W

N
 

EST 

Primary Secondary 

Lytle X X X X               801.59 801.42 

Rialto X X X X               801.44 801.21, 801.43 

San Timoteo X X X X               801.62 801.61 

Yucaipa X X X X               801.61 801.55, 801.63, 
801.67 

MIDDLE SANTA ANA RIVER BASIN  

Arlington X X X X               801.26  

Bedford X X X X               801.32 481.31 

Coldwater X X X X               801.31  

Elsinore X X  X               802.31  

Lee Lake  X X X X               801.34  

Riverside - A X X X X               801.27 801.44 

Riverside – B  X X X X               801.27 801.44 

Riverside - C  X X X X               801.27  

Riverside - D X X X X               801.27 801.26 

Riverside - E X X X X               801.27  
 
X  Existing or Potential Beneficial Use               
I   Intermittent Beneficial Use                               
+  Excepted from MUN (see text)                  
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 

M
U

N
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Primary Secondary 

Riverside - F X X X X               801.27  

Temescal  X X X X               801.25  

SAN JACINTO RIVER BASIN  

Garner Valley X X                 802.22  

Idyllwild Area X  X                802.22 802.21 

Canyon  X X X X               802.21  

Hemet - South X X X X               802.15 802.13, 802.21 

Lakeview – Hemet North  X X X X               802.14 802.15 

Menifee X X  X               802.13  

Perris North  X X X X               802.11  

Perris South   X X                 802.11 802.12, 802.13 

San Jacinto - Lower X X X                802.21 802.11 

San Jacinto - Upper X X X X               802.27 802.23 
 
X  Existing or Potential Beneficial Use               
I   Intermittent Beneficial Use                               
+  Excepted from MUN (see text) 
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Table 3-1  BENEFICIAL USES - Continued  
 

GROUNDWATER 
MANAGEMENT 

ZONES 
 
 
 

 
BENEFICIAL USE Hydrologic Unit 
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Primary Secondary 

LOWER SANTA ANA RIVER BASIN  

La Habra X X                 845.62  

Santiago  X X X                801.12 801.11 

Orange   X X X X               801.11 801.13, 801.14 
845.61, 845.63 

Irvine X X X X               801.11  
 
X   Existing or Potential Beneficial Use               
I    Intermittent Beneficial Use                               
+   Excepted from MUN (see text)  
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Table 3-2 Summary of Approved Use Attainability Analyses (UAAs) to Re-designate Recreational Beneficial Uses in some Inland 
Waterbodies 

 
 
 

 
Waterbody 

 

Segment/ 
Reach Reach Description REC1 REC2 

Agency 
Approval 
Dates1 

Greenville-Banning 
Channel 

Tidal 
Prism 
 

Santa Ana River Confluence to Inflatable Diversion Dam 
( 0.23 mile downstream of Fairview Channel Confluence) 

(City of Costa Mesa) 

no X                        

Reach 1 Inflatable Diversion Dam to California Street.  
(City of Costa Mesa)  

 

no no  

Santa Ana Delhi 
Channel 

Tidal 
Prism 
 

Bicycle Bridge at University Dr. at Upper Newport Bay to 
1036 ft. upstream 

(City of Newport Beach) 

no X  

Reach 1 
 

Upper Boundary of Tidal Prism to immediately upstream 
of intersection of Sunflower Ave. and Flower Street  

(City of Santa Ana) 

no no  

Reach 2 Immediately upstream of intersection of Sunflower Ave. 
and Flower St. to Warner Ave 

(City of Santa Ana) 

no X  

Temescal Creek 

Reach 1a Lincoln Avenue to Arlington Channel Confluence 
(City of Corona) 

no  X  

Reach 1b 
Arlington Channel Confluence to 

1400 ft. upstream of Magnolia Avenue 
(City of Corona) 

no no 
 

Cucamonga Creek 
Reach 1 

Confluence with Mill Creek in Prado area 
 to near 23rd Street (City of Upland) 

 
no no 

 

 
X  Existing or Potential 
1   Date of Regional Board, State Board, USEPA approvals to be added 
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CHANGES TO CHAPTER 4- WATER QUALITY OBJECTIVES 
 
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, INTRODUCTION, third paragraph et 
seq.: 
 
The water quality objectives in this Plan are specified according to waterbody type:  ocean waters; 
enclosed bays and estuaries; inland surface waters; and, groundwaters. 
 
The narrative water quality objectives below are arranged alphabetically. They vary in applicability 
and scope, reflecting the variety of beneficial uses of water that have been identified (Chapter 3). 
Where numerical objectives are specified, they generally represent the levels that will protect 
beneficial uses. However, in establishing waste discharge requirements for specific discharges, the 
Regional Board may find that more stringent levels are necessary to protect beneficial uses.  In 
other cases, an objective may prohibit the discharge of specific substances, may tolerate natural or 
“background” levels of certain substances or characteristics but no increases over those values, or  
may express a limit in terms of not impacting other beneficial uses. An adverse effect or impact on 
a beneficial use occurs where there is an actual or threatened loss or impairment of that beneficial 
use.  
 
Some of these water quality objectives refer to “controllable sources” or controllable water quality 
factors.”  Controllable sources include both point and nonpoint source discharges, such as 
conventional discharges from pipes and discharges from land areas or other diffuse sources.  
Controllable sources are predominantly anthropogenic in nature. Controllable water quality factors 
are those characteristics of the discharge and/or the receiving water that can be controlled by 
treatment or management methods. Examples of other activities that may not involve waste 
discharges, but which also constitute controllable water quality factors, include the percolation of 
storm water, transport/delivery of water via natural stream channels, and stream diversions.  
Uncontrollable sources of pollutants can occur naturally or as the result of anthropogenic activities. 
These sources are not readily managed through technological or natural mechanisms. 
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, ENCLOSED BAYS AND ESTUARIES - 
insert the following between the Oxygen, Dissolved and pH objectives:   
 

Pathogen Indicator Bacteria 
 
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence in bay and 
estuarine waters is used as an indicator of pollution. Total coliform is measured in terms of the 
number of coliform organisms per unit volume. Total coliform numbers can include non-fecal 
bacteria, so additional testing is often done to confirm the presence and numbers of fecal coliform  
bacteria. Water quality objectives for numbers of total and fecal coliform vary with the uses of the 
water, as shown below. 
 
Bays and Estuaries 
 

REC-1 Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30 day period, and not more than 10% of the samples exceed 400 
organisms/100 mL for any 30-day period. 
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Note:  The USEPA promulgated enterococci criteria for coastal recreation waters, 
including enclosed bays and estuaries, in 2004 (40 CFR 131.41). The established 
geometric mean enterococci value is 35/100mL.  No averaging period was specified, 
leaving that determination to the state’s discretion. USEPA also identified single sample 
maximum enterococci values, which vary based on the frequency of use of the REC1 
waters.  The Regional Board intends to consider a Basin Plan amendment in the future 
to formally recognize the enterococci criteria established for enclosed bays and 
estuaries, to define an appropriate averaging period for the application of the geometric 
mean criterion, and to define appropriate application of the single sample maximum 
values to varying areas within enclosed bays and estuaries in the Region.  

 
SHEL Fecal coliform: median concentration not more than 14 MPN (most   probable 
number)/100 mL and not more than 10% of samples exceed 43 mpn /100 mL. 

 
 

Amend Chapter 4 – WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS, 
Metals, as follows:  
 
The SSOs for cadmium and copper are simply the hardness-dependent formulae for calculating 
the objective (national criteria), corrected by the dissolved-to-total (metal) ratio. The SSO for 
lead is the recalculated1 hardness-dependent formula, corrected by the dissolved-to-total ratio.  

 
1 Recalculation for lead was carried out by EPA-Region IX, using the lowest mean genus acute 
value (GMAV) as the final acute value (FAV) and an acute-to-chronic ratio (ACR) of 51.29, 
resulting in a final chronic value (FCV) of 2.78 and the SSO formula already shown.  
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, INLAND SURFACE WATERS - insert 
the following between the Oxygen, Dissolved and pH objectives:  
 
Pathogen Indicator Bacteria 
 
Bacteria, viruses, protozoa and parasites occur naturally in the environment and may also be 
present in waste discharges.  Some of these organisms, particularly those that originate from 
human sources, are pathogenic and may cause illness to exposed persons.  The main route of 
exposure to illness-causing organisms during primary water contact recreation is through 
accidental ingestion of fecally contaminated water. The presence of these pathogens in 
waterbodies may impair recreational uses and/or municipal water supplies. 
 
Direct measurement of all pathogens is impractical because standard methods have not yet been 
approved, nor have water quality criteria been established for each and every microorganism that 
may be harmful.  Therefore, the USEPA recommends using surrogate indicators, such as E. coli 
or enterococcus densities, to demonstrate that water quality is adequate to protect human health 
against excessive risk of illness to those making deliberate recreational contact with the water 
where ingestion of water is likely2.  
 
Over time, the recommended surrogate indicators to protect primary contact recreation have                                                                                             
changed from total and fecal coliform to E. coli or Enterococcus for freshwaters (USEPA, 1986).  
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Ongoing epidemiological studies and laboratory research may someday identify better pathogen 
indicators3 and USEPA may recommend revised numeric criteria based on those new indicators. 
New and/or improved analytical protocols for direct measurement of pathogens may also become 
available. This Plan addresses these circumstances as follows. The Plan specifies the following 
narrative objective and the numeric objectives for surrogate indicators in Table 4-pio – Pathogen 
Indicator Bacteria Objectives for Fresh Waters. The numeric objectives in Table 4-pio are 
intended to interpret the narrative objective, based on the best available science. These numeric 
objectives are based on the water quality criteria recommended by USEPA in 1986.  The 
narrative objective is intended to provide the permitting flexibility needed to accommodate 
appropriate regulatory actions to assure the protection of beneficial uses as water quality 
monitoring technology improves or USEPA revises the recommended bacteria criteria4.  This is 
consistent with the Regional Board’s obligation when establishing waste discharge requirements 
to impose limitations more stringent than established objectives if such more stringent limitations 
are necessary to protect beneficial uses. 

 
Lakes and Streams 

 
Waste discharges shall not cause or contribute to excessive risk of illness from microorganisms 
pathogenic to human beings.  Pathogen indicator concentrations shall not exceed the values 
specified in Table 4-pio below as a result of controllable water quality factors (see also Chapter 5, 
Recreation Water Quality Standards, Controllable and Uncontrollable Sources of Bacteria) unless 
it is demonstrated to the Regional Board’s satisfaction that the elevated indicator concentrations 
do not result in excessive risk of illness among people recreating in or near the water. If this 
demonstration is made, then site-specific consideration of appropriate pathogen indicator 
concentrations will be necessary. In all cases, the level of water quality necessary to protect 
existing uses must be maintained. Where existing water quality is better than necessary to 
protect the designated use, the existing high   level of water quality must be maintained unless it 
is demonstrated that existing or potential beneficial uses would be protected and that water 
quality consistent with maximum benefit to the people of California would be maintained, as 
specified in the state antidegradation policy (SWRCB Resolution No. 68-16).  The Regional 
Board may also require recycled water discharged to freshwaters designated REC 1 or REC 2 to 
comply with other limitations recommended by the California Department of Public Health 
(CDPH).    
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Table 4-pio - Pathogen Indicator Bacteria Objectives for Fresh Waters1 

Recreational Use 
 

Pathogen Indicator Objective 

(geometric mean of at least 5 samples in a 30-day period 
(running)2 

REC1-only or 
REC1 and REC2 <126  E. coli organisms per 100 mL3 

REC2-only4 
N/A; see REC2 Only Freshwaters, below, and Chapter 5, 

Recreation Water Quality Standards, Antidegradation targets 
for REC2 only freshwaters 

 

1 The water quality objectives specified in Table 4-pio (and the alternate Single Sample Maximum 
values in Table 5-REC1-ssv) do not apply to a river or stream if and when the recreational uses 
are temporarily suspended due to unsafe flow conditions therein. (See Chapter 5- 
Implementation, Recreation Water Quality Standards, High Flow Suspension, Appendices VIII 
and IX, and Application of Single Sample Maximum Values).  
2  The Regional Board may adopt other alternative averaging periods, such as annual or seasonal 
averages, through the basin planning process. 
3 Where it is necessary to make public notification and/or beach closure decisions in the absence 
of sufficient data to calculate a representative geometric mean for E. coli, no single sample shall 
exceed the default value shown in Table 5-REC1-ssv or an alternative value calculated by using 
the formula shown in Table 5-REC1-ssv, note 2 (see also table note 5).  For all other purposes 
related to implementing the Clean Water Act, if there are insufficient data to calculate a 
representative geometric mean for E. coli, “X%” of the representative sample data collected over 
a 30 day period (running) shall be less than the applicable Single Sample Maximum value, where 
X% is the statistical confidence level assigned to a particular waterbody. Where there are 
sufficient data to calculate a representative geometric mean for E. coli, the applicable Single 
Sample Maximum value shall not be used to assess compliance with the E. coli objective in 
Table 4-pio.  The intent of Single Sample Maximum values is to inform public notification 
decisions and to trigger additional follow-up monitoring (see Chapter 5, Recreation Water Quality 
Standards, Application of Single Sample Maximum Values in REC1 Freshwaters). 
4Waterbodies designated REC2 but not designated REC1.   

 
 

As discussed in Chapter 3 (RECREATION BENEFICIAL USES) and Chapter 5 
(RECREATION WATER QUALITY STANDARDS, High Flow Suspension) of this Plan, 
recreational standards are temporarily suspended in certain fresh surface waters during 
specific high flow conditions. This includes the temporary suspension of the pathogen 
indicator objectives established in Table 4-pio, and alternative Single Sample Maximum 
values, which apply under specified circumstances (See Chapter 5 RECREATION WATER 
QUALITY STANDARDS, Application of Single Sample Maximum values in REC1 
freshwaters.)  

 
REC2 Only Freshwaters 
 
Designation of a waterbody as REC2 but not REC1 requires a demonstration that the REC1 
use has not been attained and is not attainable, based on one or more of the Use Attainability 
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Analysis (UAA) factors identified in federal regulations (40 CFR 131.10(g)(1-6)). Where water 
quality consistently meets the REC1 (or REC1 and REC2) pathogen indicator objectives in 
Table 4-pio, then it is unlikely that a UAA would successfully demonstrate that the REC1 use 
is not attainable. Accordingly, the waterbody would likely be designated REC1 (and REC2), 
and the objectives in Table 4-pio would apply.  
 
REC2 activities involve proximity to water but not normally body contact such that the 
ingestion of water is reasonably possible. Water contact is incidental or accidental, relatively 
brief and limited primarily to body extremities.  There is no scientific basis to establish 
pathogen indicator objectives intended to protect human health as the result of such contact.  
 
While water quality objectives for REC2 only waters are not specified in this Plan, it is 
appropriate to take steps to assure that water quality conditions in these waters are not 
degraded as the result of controllable water quality factors, consistent with antidegradation 
policy requirements. Accordingly, bacteria quality targets for REC2 only waters have been 
identified (See Chapter 5, Recreation Water Quality Standards, Antidegradation targets for 
REC2 only freshwaters).   

 
Add the following footnotes and re-number subsequent footnotes in Chapter 4 
accordingly:  
 
[Footnote 2 is found above in “Pathogen Indicator Bacteria”, end of 2nd paragraph, p. 37 of 
79] 
 
2  As discussed in detail in USEPA’s 1986 bacteria criteria document (“Ambient Water Quality 
Criteria for Bacteria – 1986”), USEPA’s recommended E. coli criteria are based on the long-
accepted rate of 8 gastrointestinal illness per 1000 swimmers in freshwaters. USEPA believes 
that this illness rate is comparable to the estimated illness rate associated with the fecal 
coliform objectives that were used historically by states, and previously in this Basin Plan. 
Epidemiological studies were used to develop the 1986 criteria. The swimming-associated 
“excess” illness rate was determined by subtracting the gastrointestinal illness rate in 
nonswimmers from that for swimmers. Swimmers and nonswimmers were differentiated on the 
basis of exposure and the likelihood of ingestion of water. Swimmers were those who swam or 
otherwise got their head or face wet. Nonswimmers were those who did not go into the water, 
went into the water but did not get their head or face wet (waders), or were in the water for less 
than 10 minutes, whether or not they got their head or face wet. In short, the 1986 criteria were 
developed based on exposures during swimming with head immersion, where the ingestion of 
water was considered likely. Consistent with USEPA’s intent and the underlying science, the E. 
coli  objectives specified in this Basin Plan (Table 4-pio – Pathogen Indicator Bacteria 
Objectives for Fresh Waters), are intended to protect primary contact recreation.  
 
[Footnote 3 is found above in “Pathogen Indicator Bacteria”, first sentence, p. 38 of 79] 
 
3 See, for example, U.S. EPA. Report of the Experts Scientific Workshop on Critical Research 
Needs for the Development of New or Revised Recreational Water Quality Criteria.  June 15, 
2007 (EPA 823-R-07-006) 
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[Footnote 4 is found above in “Pathogen Indicator Bacteria”, first paragraph, end of 2nd to last 
sentence, p. 38 of 79] 
 
4 See, for example, U.S. EPA.  Criteria Development Plan and Schedule for Recreational Water 
Quality Criteria.  August 31, 2007. (EPA 823-R-003) 

 
 
Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, GROUNDWATERS, Bacteria, 
Coliform, as follows: 
 
Fecal bacteria are part of the intestinal flora of warm-blooded animals. Their presence groundwater 
is used as an indicator of pollution. 
 
Amend CHAPTER 4 – Table 4-1 WATER QUALITY OBJECTIVES, add and delete waters as 
shown in the following pages:  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 
BAYS, ESTUARIES, AND TIDAL 
PRISMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solid 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

 
 
 

Los Cerritos Wetlands+ --- --- --- --- --- --- --- 801.11  

Anaheim Bay – Outer Bay+ --- --- --- --- --- --- --- 801.11  

Anaheim Bay – Seal Beach National 
Wildlife Refuge+ --- --- --- --- --- --- --- 801.11  

Sunset Bay – Huntington Harbour+   
  --- --- --- --- --- --- --- 801.11  

Bolsa Bay+   
    --- --- --- --- --- --- --- 801.11  

Bolsa Chica Ecological Reserve+ --- --- --- --- --- --- --- 801.11  

Lower Newport Bay+ --- --- --- --- --- --- --- 801.11  

Upper Newport Bay+ --- --- --- --- --- --- --- 801.11  

  
 
 
 
 
 
 
 
 
+ Numeric objectives have not been established; narrative objectives apply.  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 
BAYS, ESTUARIES, AND TIDAL 
PRISMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solid 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

 
 
 

Santa Ana River Salt Marsh+ --- --- --- --- --- --- --- 801.11  

Huntington Beach Wetlands+ --- --- --- --- --- --- --- 801.11  
Tidal Prism of Santa Ana River (to within 
1000’ of Victoria Street) and  
Newport Slough+ 

--- --- --- --- --- --- --- 801.11  

Tidal Prism of San Gabriel River – River 
Mouth to Marina Drive+ --- --- --- --- --- --- --- 845.61  

Tidal Prism of Santa Ana-Delhi Channel 
– Bicycle Bridge at University Dr. at 
Upper Newport Bay to 1036 ft. 
upstream+ 

--- --- --- --- --- --- --- 801.11  

Tidal Prism of Greenville-Banning 
Channel – Santa Ana River Confluence 
to Inflatable diversion dam^+ 

--- --- --- --- --- --- --- 801.11  

Tidal Prisms of Flood Control Channels 
Discharging to Coastal or Bay Waters+ --- --- --- --- --- --- --- 801.11  

 
 
 
 
 
 
^          The Inflatable Diversion Dam is ~0.23 mile downstream of confluence with the Fairview Channel.   
+ Numeric objectives have not been established; narrative objectives apply.  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

 
 
 

    

Santa Ana-Delhi Channel  

       Reach 1 – upper boundary of Tidal  
       Prism to intersection of Sunflower  
       Ave./Flower St. Intersection to  
       Warner Avenue+       

--- --- --- --- --- --- --- 801.11  

       Reach 2 – above Sunflower Avenue 
       to Warner Avenue+ --- --- --- --- --- --- --- 801.11  

    

Greenville Banning Channel   
      Reach 1 – Inflatable diversion dam   
      to California Street+ --- --- --- --- --- --- --- 801.11  

 
 
 
 
 
 
 
 
 
 
 
+ Numeric objectives have not been established; narrative objectives apply.   
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Table 4-1 WATER QUALITY OBJECTIVES - Continued 
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

     Mountain Home Creek 
    200 100 30 10 1 20 5 801.58  

     Mountain Home Creek, East Fork 200 --- --- --- --- --- --- 801.70  

     Monkeyface Creek 200 100 30 10 1 20 5 801.70  

     Alger Creek 200 --- --- --- --- --- --- 801.70  

     Falls Creek 200 100 30 10 1 20 5 801.70  

     Vivian Creek 200 --- --- --- --- --- --- 801.70  

     High Creek 200 --- --- --- --- --- --- 801.70  
     Other Tributaries: Lost, Oak Cove, 
     Green, Skinner, Momyer, Glen Martin, 
     Camp, Hatchery, Rattlesnake, Slide, 
     Snow, Bridal Veil, and Oak Creeks,  
     and other Tributaries to these Creeks 

200 --- --- --- --- --- --- 801.70 

 

  Bear Creek Drainage:  
     Bear Creek  
    175 115 10 10 1 4 5 801.71  

     Siberia Creek 200 --- --- --- --- --- --- 801.71  

     Slide Creek 175 --- --- --- --- --- --- 801.71  

     Johnson Creek 175 --- --- --- --- --- --- 801.71  

     All other Tributaries to these Creeks+ --- --- --- --- --- --- --- 801.71  

    Big Bear Lake (see Lakes, pg. 4-…          
 
+ Numeric objectives have not been established; narrative objectives apply.   
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

     Big Bear Lake Tributaries: 
     

        North Creek  175 --- --- --- --- --- --- 801.71  

        Metcalf Creek 175 --- --- --- --- --- --- 801.71  

        Grout Creek 150 --- --- --- --- --- --- 801.71  

        Rathbone (Rathbun) Creek 300 --- --- --- --- --- --- 801.71  

        Meadow Creek+ --- --- --- --- --- --- --- 801.71  

        Summit Creek+ --- --- --- --- --- --- --- 801.71  

        Knickerbocker Creek  
Reach 1- concrete channel; the 
Lake to Village Dr. 175 --- --- --- --- --- --- 801.71  

Reach 2- natural channel, Village 
Dr. to headwater 175 --- --- --- --- --- --- 801.71  

        Other Tributaries to Big Bear Lake: 
        Minnelusa, Poligue, and Red Ant 
        Creeks, and other Tributaries 
        to these Creeks 

175 --- --- --- --- --- --- 801.71 

 

     Baldwin Lake (see Lakes, pg. 4-xx)          

     Baldwin Lake Drainage:  
        Shay Creek+  
    --- --- --- --- --- --- --- 801.73  

        Other Tributaries to Baldwin Lake: 
        Sawmill, Green, and Caribou  
        Canyons and other Tributaries to  
        these Creeks+ 

--- --- --- --- --- --- --- 801.73  

+ Numeric objectives have not been established; narrative objectives apply.  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

  Other Streams Draining to Santa Ana 
  River (Mountain Reaches‡ )  

        Cajon Canyon Creek 200 100 30 10 1 20 5 801.51  

        City Creek 200 115 30 10 1 20 5 801.57  

        Devil Canyon Creek 275 125 35 20 1 25  5 801.57  

        East Twin and Strawberry Creeks 475 --- --- --- --- --- --- 801.57  

        Waterman Canyon Creek 250 --- --- --- --- --- --- 801.57  

        Fish Creek 200 100 30 10 1 20 5 801.57  

        Forsee Creek 200 100 30 10 1 20 5 801.72  

        Plunge Creek  200 100 30 10 1 20 5 801.72  

        Barton Creek 200 100 30 10 1 20 5 801.72  

        Bailey Canyon Creek  200 --- --- --- --- --- --- 801.72  
        Kimbark Canyon, East Fork  
        Kimbark Canyon, Ames Canyon 
        And West Fork Cable Canyon  
        Creeks 

325 --- --- --- --- --- --- 801.52 

 

        Valley Reaches‡ of Above Streams (Water Quality Objectives Correspond to Underlying GW Basin Objectives) 801.52  
 

 
‡ The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains. 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

        Other Tributaries (Mountain 
        Reaches¹): Alder, Badger Canyon, 
        Bledsoe Gulch, Borea Canyon,  
        Breakneck, Cable Canyon,  

  Cienaga Seca, Cold, Converse,             
         Coon, Crystal, Deer, Elder,  
        Fredalba, Frog, Government,  
        Hamilton, Heart Bar, Hemlock,  
        Keller, Kilpecker, Little Mill, 
        Little Sand Canyon, Lost,  
        Meyer Canyon, Mile, Monroe  
        Canyon, Oak, Rattlesnake, Round 
        Cienaga, Sand, Schneider,  
        Staircase, Warm Springs Canyon 
        And Wild Horse Creeks, and other 
        tributaries to those Creeks 

200 100 30 10 1 20 5 801.72 801.71, 
801.57 

   San Gabriel Mountain Streams 
   (Mountain Reaches‡)  

        San Antonio Creek 225 150 20 6 4 25 5 801.23  
        Lytle Creek (South, Middle, and  
        North Forks) and Coldwater 
        Canyon Creek 

200 100 15 4 4 25 5 801.41 
801.42, 
801.52, 
801.59 

        Day Canyon Creek 200 100 15 4 4 25 5 801.21  

        East Etiwanda Creek 200 100 15 4 4 25 5 801.21  

        Valley Reaches‡ of Above Streams (Water Quality Objectives Correspond to Underlying GW Basin Objectives) 801.21  
 

‡ The division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains. 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

    Cucamonga Creek  
            Reach 1 – Confluence with Mill 
            Creek to 23rd St. in Upland+ --- --- --- --- --- --- --- 801.21  

            Reach 2 ( Mountain Reach‡) –  
            23rd St. in Upland to headwaters 200 100 15 4 4 25 5 801.24  

    Mill Creek (Prado Area)+ --- --- --- --- --- --- --- 801.25  
    Other Tributaries (Mountain  
    Reaches):San Sevaine, Deer, Duncan 
    Canyon, Henderson Canyon, Bull, 
    Fan, Demens, Thorpe, Angalls, 
    Telegraph Canyon, Stoddard Canyon, 
    Icehouse Canyon, Cascade Canyon, 
    Cedar, Failing Rock, Kerkhoff and 
    Cherry Creeks, and other Tributaries 
    to these Creeks 

200 --- --- --- --- --- --- 801.21 801.23 

    Valley Reaches of Above Streams‡ --- --- --- --- --- --- --- 801.21  

 San Timoteo Area Streams  

    San Timoteo Creek   
        Reach 1A – Santa Ana River  
        Confluence to Barton Road** --- --- --- --- --- --- --- 801.52 801.53 

        Reach 1B – Barton Road to Gage 
        at San Timoteo Canyon Rd. u/s of 
        Yucaipa Valley WD discharge** 

--- --- --- --- --- --- --- 801.52 801.53 

 
+ Numeric objectives have not been established; narrative objectives apply 
‡ The Division between Mountain and Valley reaches occurs at the base of the foothills of the San Bernardino or San Gabriel Mountains 
** Surface water objectives not established; underlying Management Zone objectives apply.  Biological quality protected by narrative objectives  
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

 Prado Area Streams  

   Chino Creek   
     Reach 1A – Santa Ana River  
     confluence to downstream of  
     confluence with Mill Creek (Prado  
     Area) – Base Flow* 

700 350 110 140 10** 150 30 801.21  

    Reach 1B – Confluence of Mill Creek 
    (Prado Area) to beginning of concrete- 
    lined channel south of Los Serranos 
    Rd. 

550 240 75 75 8 60 15 801.21  

    Reach 2 – Beginning of concrete-lined 
    channel south of Los Serranos Road 
    to confluence with San Antonio Creek+ 

--- --- --- --- --- --- --- 801.21  

  Temescal Creek  
     Reach 1a – Lincoln Avenue to  
     Arlington Channel confluence --- --- --- --- --- --- --- 801.27  

     Reach 1b – Arlington Channel   
      confluence to 1400 ft. upstream 
      upstream of Magnolia Avenue+ 

--- --- --- --- --- --- --- 801.27  

      Reach 2 – 1400 ft. upstream of 
      Magnolia Avenue to Lee Lakes+  --- --- --- --- --- --- --- 801.27  

     Reach 3– Lee Lake, (see Lakes,  
     Pg. 4-xx)          

 
* Additional objective: Boron 0.75 mg/l     
** Total nitrogen, filtered sample 
+ Numeric objectives have not been established; narrative objectives apply 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

INLAND SURFACE STREAMS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

  Fuller Mill Creek 150 100 10 15 1 20 5 802.22  

  Stone Creek  150 100 10 15 1 20 5 802.21  
  Other Tributaries: Logan, Black 
  Mountain, Juaro Canyon, Indian,  
  Herkey, Poppet and Potrero Creeks, 
  and other Tributaries to these Creeks 

150 70 10 12 1 15 5 802.12 802.22 

  Salt Creek+ --- --- --- --- --- --- --- 802.12  
  Goodhart Canyon, St. John’s Canyon,    
   and Cactus Valley Creeks+ --- --- --- --- --- --- --- 802.15  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
+ Numeric objectives have not been established; narrative objectives apply. 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

LAKES AND RESERVOIRS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

UPPER SANTA ANA RIVER BASIN  

  Baldwin Lake*+   --- --- --- --- --- --- --- 801.73  

  Big Bear Lake** 175 125 20 10 0.15 10 --- 801.71  

  Erwin Lake+ --- --- --- --- --- --- --- 801.73  

  Evans, Lake 490 --- --- --- --- --- --- 801.27  

  Jenks Lake 200 100 30 10 1 20 --- 801.72  

  Lee Lake+ --- --- --- --- --- --- --- 801.34  

  Mathews, Lake 700 325 100 90 --- 290 --- 801.33  

  Mockingbird Reservoir 650 --- --- --- --- --- --- 801.26  

  Norconian, Lake 1050 --- --- --- --- --- --- 801.25  

LOWER SANTA ANA RIVER BASIN    

  Anaheim Lake 600 --- --- --- --- --- --- 801.11  

  Irvine Lake (Santiago Reservoir) 730 360 110 130 6 310 --- 801.12  
  Peters Canyon, Rattlesnake,Sand 
  Canyon, and Siphon Reservoirs 720 --- --- --- --- --- --- 801.11  

 
 
* Fills occasionally with storm flows; may evaporate completely 
** Additional Objective: 0.15 mg/l Phosphorus 
+ Numeric objectives have not been established; narrative objectives apply. 
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Table 4-1 WATER QUALITY OBJECTIVES - Continued  
 

LAKES AND RESERVOIRS 
 
 
 

 
WATER QUALITY OBJECTIVES 

(mg/L) 
Hydrologic Unit 

Total 
Dissolved 

Solids 
Hardness 
 

  Sodium 
 
Chloride     
 

Total 
Inorganic 
Nitrogen 

 
Sulfate   
 

Chemical 
Oxygen 
Demand 

Primary Secondary 

SAN JACINTO RIVER BASIN  
  Canyon Lake (Railroad Canyon 
  Reservoir)***  700 325 100 90 8 290 --- 802.11 802.12 

  Elsinore, Lake**** 2000 --- --- --- 1.5 --- --- 802.31  

  Fulmor, Lake 150 70 10 12 1 15 --- 802.21  

  Hemet, Lake 135 --- 25 20 1 10 --- 802.22  

  Mystic Lake+ --- --- --- --- --- --- --- 802.21  

  Perris, Lake 220 110 50 55 1 45 --- 802.11  
 
 
 
 
 
 
*** Note:  The quality objectives for Canyon Lake are not intended to preclude transport of water supplies or delivery to the Lake. 
**** Lake volume and quality highly variable 
+          Numeric objectives have not been established; narrative objectives apply.  
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Amend CHAPTER 4 – WATER QUALITY OBJECTIVES, add REFERENCES: 

 
REFERENCES 
 

State Water Resources Control Board , “Water Quality Control Policy for Developing California’s Clean Water Act 
Section 303(d) List, September 2004.  
 
United States Environmental Protection Agency “Ambient Water Quality Criteria for Bacteria – 1986” EPA 440/5-
84-002, January 1986. 
 
United States Environmental Protection Agency “Water Quality Standards for Coastal and Great Lakes 
Recreation Waters; Final Rule” (40 CFR 131.41), November 2004. 
 
United States Environmental Protection Agency “Report of the Experts Scientific Workshop on Critical Research 
Needs for the Development of New or Revised Recreational Water Quality Criteria”.  June 15, 2007 (EPA 823-R-
07-006) 
 
United States Environmental Protection Agency  “Criteria Development Plan and Schedule for Recreational Water 
Quality Criteria”  August 31, 2007. (EPA 823-R-003) 
 
 

 
 

CHANGES TO CHAPTER 5- IMPLEMENTATION 
  
 
Amend CHAPTER 5 – IMPLEMENTATION – insert the following between TOTAL DISSOLVED 
SOLIDS and NITROGEN MANAGEMENT and NONPOINT SOURCE PROGRAM 
 
Recreation Water Quality Standards 
 
Since the early 1970’s, this Basin Plan has specified recreation water quality standards for surface 
waters in the Region, including REC1 and/or REC2 beneficial use designations and water quality 
objectives intended to protect those uses. Because of analytical constraints that make routine 
direct measurement of pathogens impractical, these objectives have been and continue to be 
based on levels of surrogate bacteria indicators.  As noted in Chapter 4, the USEPA’s 
recommendations for surrogate indicators to protect primary contact recreation have changed from 
total and fecal coliform to E. coli or enterococcus for freshwaters, and to enterococcus for marine 
waters (USEPA 1986).  Epidemiological and laboratory investigations are ongoing and may lead to 
revised recommendations regarding the appropriate water quality criteria to protect recreation 
uses.  
 
In 2012, the Regional Board adopted changes to the recreation standards, based on the work and 
recommendations of the Stormwater Quality Standards Task Force (Resolution No. R8-2012-
0001). These changes included revised bacteria quality objectives applicable to freshwaters (see 
Chapter 4) and changes to the recreation use designations for specific fresh waters.  Specific 
implementation strategies pertaining to the revised standards for freshwaters were also approved. 
This section describes those implementation strategies, which include the following:  
 

• Intended application of Single Sample Maximum values in REC1 freshwaters  
• Antidegradation targets for REC2 only freshwaters 
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• Controllable and uncontrollable sources of bacteria 
• High flow suspension of recreation standards 
• Monitoring plan for pathogen indicator bacteria in freshwaters 
• POTW discharge requirements and implementation of recreational standards 
 
 

Application of Single Sample Maximum values in REC1 freshwaters   
 
It is recognized that a variety of factors affect the suitability of a water body for primary contact 
recreation, including the morphology of stream channels, the depth, velocity and aesthetic quality 
of the flows, access to the site by the public, and the extent to which recreational activity is actively 
encouraged by local authorities by providing parking, access, restrooms and other amenities.  
Federal guidance and regulation [United States Environmental Protection Agency, “Ambient Water 
Quality Criteria for Bacteria”, January 1986, and “Water Quality Standards for Coastal and Great 
Lakes Recreation Waters; Final Rule” (the so-called “BEACH Act Rule”), Federal Register, Vol. 69, 
No. 200, November 16, 2004, pp.67217 et seq.] directs states to differentiate primary contact 
waters on the basis of the intensity of use, and other conditions as states deem appropriate, for the 
purposes of assigning Single Sample Maximum pathogen indicator values. These Single Sample  
Maximum values are statistical constructs, designed to be used as an indicator of whether 
established pathogen objectives (typically expressed as geometric means, as in this Plan (see 
Chapter 4)) are being met when insufficient data are available to calculate a geomean. The Single 
Sample values are derived from the formula included in the USEPA criteria document and shown 
in Table 5-REC1-ssv, note 2 (also see note 5). The Single Sample Maximum values are intended 
to provide a timely measure of the apparent quality of the water for primary contact recreation for 
public notification (posting) and, where necessary, closure purposes.  States have discretion to 
employ the Single Sample Maximum values in the context of Clean Water Act programs, apart 
from their use for beach notification and closure purposes.   
 
This Plan includes Single Sample Maximum provisions that apply to the REC1 freshwaters in the 
Region and that are consistent with federal guidance and regulation.  These provisions are 
described below.  
 
First, based on the analyses and recommendations of the Stormwater Quality Standards Task 
Force, REC1 freshwater lakes and streams within the Region are identified as “Tier A”, “B”, “C” or 
“D”, based on the known or estimated actual or potential intensity of primary contact recreational 
use by the public, and other factors.  These Tiers are defined as follows:  
 

Tier A REC1 Waters:  includes freshwater lakes and streams that are or may be heavily-
used by the public for primary contact recreational activities, relative to other freshwater 
bodies in the Santa Ana Region.  Typical examples of Tier A waters include, but are not 
limited to:  Big Bear Lake, Canyon Lake, Lake Elsinore, Lake Perris, Reach 3 of the Santa 
Ana River, Reach 2 of Mill Creek (near Redlands) and Lytle Creek (Middle and North 
Forks).  Single Sample Maximum (SSM) values for Tier A waters are calculated using a 
75% statistical confidence factor. (See Table 5-REC1-ssv, below). 
 
Tier B REC1 Waters:  includes freshwater lakes and streams that are or may be 
moderately-used by the public for primary contact recreational activities.  Moderate use 
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occurs where the number of people accessing the waterbody is approximately half that 
which generally occurs in Tier A waters.  Typical examples of Tier B waters include, but are 
not limited to:  Jenks Lake, Santiago Reservoir, Cucamonga Creek Reach 2, and Reaches 4 
and 6 of the Santa Ana River.  Single Sample Maximum values for Tier B waters are 
calculated using an 82% statistical confidence factor. (See Table 5-REC1-ssv, below) 
 
Tier C REC1 Waters: includes freshwater lakes and streams that are or may be lightly-used 
by the public for primary contact recreational activities.  Light use occurs where the number 
of people accessing the waterbody is less than half that which generally occurs in Tier A 
waters.  Typical examples of Tier C waters include, but are not limited to: Reach 2 of the 
Santa Ana River, Bear Creek, Chino Creek Reach 1B, Anza Park Drain, and Sunnyslope 
Channel. Single Sample Maximum values for Tier C waters are calculated using a 90% 
statistical confidence factor. (See Table 5-REC1-ssv, below) 
 
Tier D REC1 Waters:  includes freshwater lakes and streams that are infrequently used by 
the public for primary contact recreational activities.  Infrequent use occurs where people 
only access the waterbody rarely or occasionally.  Typical examples of Tier D waters 
include, but are not limited to:  most concrete-lined storm water channels in the urbanized 
areas of the watershed and many of the ephemeral streams located in the undeveloped 
areas of the watershed.  Single Sample Maximum values for Tier D waters are calculated 
using a 95% statistical confidence factor.  (See Table 5-REC1-ssv, below). 
 

Tier A, B, C and D waters are listed in Table 5-REC1-Tiers. Table 5-REC1-Tiers includes a 
“Comments” column that provides information regarding factors considered in making Tier 
assignments. An additional, qualifying notation, “N”, is also included in this table for certain waters 
assigned to Tier A, B, C, or D based on the known or anticipated frequency of use.  It is recognized 
that there are waters within the Region that are in undeveloped areas and are expected to have 
low natural bacteria levels. While use of these waters for primary contact recreation may or may 
not occur or may be limited due to difficulties in access, channel characteristics, flow conditions 
and the like, as reflected in the Tier assignments, it is also necessary and appropriate to assure 
the protection of the high quality of these waters. Accordingly, these “N” listed waters are assigned 
Single Sample Maximum values using the 75% confidence factor in the calculation, which is the 
same approach utilized with Tier A, heavily-used waters.  “N” listed waters are defined as follows: 

 
Natural Conditions (N):  includes freshwater lakes and streams located in largely 
undeveloped areas where ambient water quality is expected to be better than necessary to 
protect primary contact recreational activities regardless of whether such activities actually 
occur in these waterbodies.  Single Sample Maximum values for “N” waters are calculated 
using a 75% statistical confidence factor. (See Table 5-REC1-ssv, below). 

 
Use of the different statistical confidence factors (75%, 82%, 90% and 95%) to calculate SSM 
values results in a range in conservatism regarding the likelihood that the geometric mean is being 
met. A more conservative SSM value, based on the 75% confidence factor, is appropriate for 
waters that are heavily-used for primary contact recreation (Tier A). More people are likely to 
become ill if the bacteria quality of heavily-used waters is poor, so a higher degree of caution in 
evaluating quality conditions is appropriate. The more conservative SSM value is also appropriate 
where it is necessary to assure that existing high quality waters are protected (“N” waters). 
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Progressively less conservative SSM values, calculated using the 82, 90 and 95% confidence 
factors, are appropriate where there is declining frequency of existing or potential primary contact 
recreation (Tier B, C and D.)  
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Table 5- REC 1-Tiersx 
 

INLAND SURFACE STREAMS 
TIER 

A, B, C, OR D 
 

Rationale for Tier 
Assignment  

LOWER SANTA ANA RIVER   
  Santa Ana River   
    Reach 1 D Intermittent, low flow1 limited 

access2 

    Reach 2 C Low flows, limited access 
    Aliso Creek D (N) Natural condition, limited 

access 
    Carbon Canyon Creek D Low, intermittent flow, limited 

access 
  Santiago Creek Drainage   
    Santiago Creek       
    Reach 1 D Intermittent flow 
    Reach 2 – Irvine Lake (see Lakes)   
    Reach 3 -  D (N) Low flow 
    Reach 4 - D (N) Low flow 
    Silverado Creek     D (N) Low flow 
    Black Star Creek  D (N) Low flow 
    Ladd Creek D (N) Low flow, limited access 
San Diego Creek Drainage   
    San Diego Creek   
    Reach 1 C Low flow, no observed REC1 

use3; however fishing and 
children observed near water 

    Reach 2 D  Low flow, limited access 
Tributaries: Bonita Creek, Serrano 
Creek, Peters Canyon Wash, Hicks 
Canyon Wash, Bee Canyon Wash, 
Borrego Canyon Wash, Agua Chinon 
Wash, Laguna Canyon Wash, 
Rattlesnake Canyon, Sand Canyon 
Wash and other tributaries to these 
creeks.  

D Low flow, limited access 

San Gabriel River Drainage   
    Coyote Creek D Low flow/access prohibited 
Upper Santa Ana River   
 
x Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November  2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 

1   Low, intermittent or ephemeral flows limit opportunity for REC1 use. 
2 Access limited or precluded by prohibitions by agency/party with jurisdiction and/or physical constraints 

(fencing and signage, riprap/concrete/natural steep slopes, impenetrable vegetation in/adjacent to the fresh 
water body, remote location, and the like) 

3 Photographic survey showed no REC1 use.  (See CDM Recreation Use Survey Reports) 
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Table 5- REC 1-Tiersx (Continued) 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
Rationale for Tier 

Assignment 
    Reach 3 A High use, wading and soaking, 

Reference condition for Tier 
A waters 

    Reach 4 B Access restricted, some water 
contact REC use observed 

    Reach 5 D Low/intermittent flow 
    Reach 6 B (N) Natural condition, fishing 

stream  
San Bernardino Mountain Streams   
  Mill Creek Drainage   
    Mill Creek   
    Reach 1 A High use, wading and soaking 
    Reach 2 A (N) Natural condition, wading and 

soaking  
    Mountain Home Creek  D (N) Natural condition, infrequent 

water contact REC use 
    Mountain Home Creek, East Fork D (N) Natural condition, remote 
Monkeyface Creek D (N) Natural condition, remote/low 

flow, light to infrequent water 
contact REC use 

Alger Creek D (N) 
Falls Creek D (N) 
Vivan Creek  D (N) 
High Creek D (N) 
Other Tributaries: Lost, Oak, Cove, 
Green, Skinner, Hatchery, Rattlesnake, 
Slide, Snow, Bridal Veil, and Oak 
Creeks and tributaries to these Creeks 

D (N) 

Bear Creek Drainage C (N) Natural condition, remote, light 
to infrequent water contact 
REC use. Fishing streams 

  Bear Creek  
  Siberia Creek 
  Slide Creek  
  Johnson Creek 
  All other tributaries to these Creeks 
Big Bear Lake Tributaries   
  North Creek D (N) Natural condition/low flows, 

infrequent water contact REC 
activities 

  Metcalf Creek 
  Grout Creek 
  Rathbone Creek 
  Meadow Creek 
  Summit Creek 
  Knickerbocker Creek /Reach 1 D Access prohibited, low flow, no 

REC 1 use observed4 

  Reach 2 D (N) Natural condition, low flow 
  Other tributaries: Minnelusa Canyon,       
Poligue, Red Ant Creeks and 
Tributaries to these Creeks 

D (N) Natural condition, low flow 

x Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 
for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November  2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 

4 Photographic survey for one year period showed no REC1 use. 
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Table 5- REC 1-TiersX (Continued)  

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
Rationale for Tier 

Assignment 
Other Tributaries to Baldwin Lake: 
Sawmill, Green, and Caribou Canyon 
Creeks and other Tributaries to these 
Creeks 

D (N) Natural condition, low flow, 
remote 

Other Streams Draining to Santa Ana 
River (Mountain Reaches) 

 

Cajon Canyon Creek C (N) Natural condition, low flow 
City Creek D (N) Natural condition, low flow, 

limited access, remote 
Devil Canyon Creek D (N) Natural condition, low flow, 

limited access, remote 
East Twin and Strawberry Creeks D (N) Natural condition, low flow, 

limited access, remote 
Waterman Canyon Creek  D (N) Natural condition, low flow, 

limited access, remote 
Fish Creek D (N) Natural condition, low flow, 

limited access, remote 
Forsee Creek  D (N) Natural condition, low flow, 

limited access, remote 
Plunge Creek  D (N) Natural condition, low flow, 

limited access, remote 
Barton Creek D (N) Natural condition, low flow, 

limited access, remote 
Bailey Creek D (N) Natural condition, low flow, 

limited access, remote 
Kimbark Canyon, East Fork Kimbark  
Canyon, Ames Canyon and West Fork 
Cable Canyon Creeks 

D (N) Natural condition, low flow, 
limited access, remote 

Valley Reaches of Above Streams D (N) Natural condition, low, flow, 
limited access 

Other Tributaries (Mountain Reaches): 
Alder, Badger Canyon, Bledsoe Gulch, 
Borea Canyon, Breakneck, Cable 
Canyon, Cienaga Seca, Cold, 
Converse, Coon, Crystal, Deer, elder, 
Fredalba, Frog, Government, Hamilton, 
Heart Bar, Hemlock, Keller, Kilpecker, 
Little Mill, Little Sand Canyon, Lost, 
Meyer Canyon, Mile, Monroe Canyon, 
Oak, Rattlesnake, Round Cienaga, 
Sand, Schneider, Staircase, Warm 
Springs Canyon and Wild Horse 
Creeks, and other tributaries to those 
Creeks. 

D (N) Natural condition, low flow, 
limited access, remote 

San Gabriel Mountain Streams  
San Antonio Creek A (N) Natural condition, wading and 

soaking in summer months 
X Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 
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Table 5- REC 1-TiersX  
(Continued) 

 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
Rationale for Tier 

Assignment 
Lytle Creek (Middle and North Forks)  A (N)  Natural condition, wading and 

soaking in summer months, 
fishing streams 

Tributaries to Lytle Creek (South Fork 
and Coldwater Canyon Creek) 

D (N) Natural condition, low flow 

Day Canyon Creek  D (N) Natural condition, low flow, 
remote, limited access 

East Etiwanda Creek D (N) Natural condition, low flow, 
limited access, remote 

Valley Reaches of Above Streams D (N) Natural condition, low flow, 
limited access 

Cucamonga Creek / Reach 2 
(Mountain Reach) – 23rd St. in Upland 
to headwaters 

B (N) Natural condition, limited 
access 

Mill Creek (Prado Area) C  limited  access, low flow 
Other Tributaries (Mountain Reaches) 
San Sevaine, Deer Canyon, Duncan 
Canyon, Henderson Canyon, Bull, Fan, 
Demens, Thorpe, Angalls, Telegraph 
Canyon, Stoddard Canyon, Icehouse 
Canyon, Cascade Canyon, Cedar, 
Falling Rock, Kerkhoff, and Cherry 
Creeks and other Tributaries to these 
Creeks 

C (N) Natural condition, low flow, 
limited access, most creeks in 
remote areas 

Valley Reaches of Above Streams D   Low flow, limited access 
San Timoteo Creek   
Reach 1A – Santa Ana River 
Confluence to Barton Road 

D   Low flow, limited access 

Reach 1B – Barton Road to Gage at 
San Timoteo Canyon Rd. 

D   Low flow, limited access 

Reach 2 – gage at San Timoteo to 
confluence with Yucaipa Creek  

C   Low flow, limited access 

Reach 3 – Confluence with Yucaipa 
Creek to confluence with little San 
Gorgonio and Noble Creeks 

C   Low flow, limited access 

Oak Glen, Potato Canyon, and Birch 
Creeks 

D (N)  Natural condition, low flow, 
limited access 

Little San Gorgonio Creeks C (N) Natural condition, low flow, 
limited access, remote 

Yucaipa Creek D  Low flow, limited access 
Other Tributaries to these Creeks-
Valley Reaches 

D  Low flow, limited access 

 
X Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality 

Standards for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. 
Natural (N) refers to waters, typically in largely natural condition, that are expected to have good ambient 
bacterial quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, 
even if designated Tier B, C, or D based on the intensity of REC1 use. 
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Table 5- REC 1-TiersX 

(Continued) 
 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
 

Rationale for Tier 
Assignment 

Other Tributaries to these Creeks 
(Mountain Reaches) 

C (N) Natural condition  

Anza Park Drain C  Low flow 
Sunnyslope Channel C  Low flow, limited access,  

Santa Ana sucker habitat 
Tequesquite Arroyo (Sycamore Creek) C   Low flow, limited access 
Prado Area Streams  
Chino Creek  
Reach 1A – Santa Ana River 
confluence to downstream of 
confluence with Mill Creek (Prado 
Area) 

D Low flow, limited access 

Reach 1B – Confluence with Mill Creek 
(Prado Area) to beginning of concrete 
lined channel south of Los Serranos 
Rd.   

C Low flow, limited access 

Reach 2 – Beginning of concrete-lined 
channel south of Los Serranos Rd. to 
confluence with San Antonio Creek  

D Low flow, limited access 

Temescal Creek5 
Reach 2 – 1400 ft. upstream of 
Magnolia Ave. to Lee Lake 

D Low flow, limited access 

Reach 3 – Lee Lakes (see Lakes)   
Reach 4 – Lee Lake to Mid-section 
Line of Section 17 

D Low flow, limited access 

Reach 5 – Mid-section line of Section 
17 to Elsinore Groundwater 
Management Zone  Boundary 

D Low flow, limited access 

Reach 6 – Elsinore Groundwater 
Management Zone Boundary to Lake 
Elsinore Outlet 

D Low flow 

Coldwater Canyon Creek C N) Natural condition, limited 
access, remote 

Bedford Canyon Creek  C (N) Natural condition, limited 
access, remote 

Dawson Canyon Creek C N) Natural condition, limited 
access, remote 

 
x Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November  2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 

5 Reach 1a and 1b not designated REC1 as determined through the UAA process. 
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Table 5- REC 1-TiersX 
(Continued) 

INLAND SURFACE STREAMS 
Tier A, B, C, OR 

D 
 

Rationale for Tier 
Assignment 

Other Tributaries to these Creeks C (N) Natural condition, limited 
access 

San Jacinto River   
Reach 1 – Lake Elsinore to Canyon 
Lake 

C Low flow 

Reach 2 – Canyon Lake (see Lakes)   
Reach 3 – Canyon Lake to Nuevo 
Road 

D Low / ephemeral flow, limited 
access 

Reach 4 – Nuevo Road to North-South 
Mid-Section Line, T4S/R1W-S8 

D Low / ephemeral flow, limited 
access 

Reach 5 – North-South Mid-Section 
Line, T4S/R1W-S8, to Confluence with 
Poppet Creek  

D Low / ephemeral flow, limited 
access 

Reach 6 – Poppet Creek to Cranston 
Bridge 

C Low flow 

Reach 7 – Cranston Bridge to Lake 
Hemet  

C (N) Natural condition, limited  
access, remote 

Bautista Creek - Headwaters to Debris 
Dam 

D (N) Low flow, agricultural lands in 
lower section 

Strawberry Creek and San Jacinto 
River, North Fork 

C (N) Low flow, limited access, 
some areas remote  

Fuller Mill Creek C (N) Low flow, limited access, 
remote 

Stone Creek C (N) Low flow, limited access, 
remote 

Other Tributaries: Logan, Black 
Mountain, Juaro Canyon, Indian, 
Herkey, Poppet, and Potrero Creeks 
and other Tribuarties to these Creeks 

D (N) Low flow, limited access, 
remote 

Salt Creek D  Low /  ephemeral flow 
Goodhart Canyon Creek, St. John’s 
Canyon, and Cactus Valley Creeks 

D Low / ephemeral flow, remote 

Lakes and Reservoirs  
Baldwin Lake D (N) Ephemeral / intermittent  
Big Bear Lake A Designated swimming areas 
Erwin Lake D Ephemeral / intermittent 
Evans Lake D Swimming prohibited by City 

Park officials  
Jenks Lake B (N) Mt. fishing lake, REC body 

contact activities discouraged 
Lee Lake C Swimming prohibited, float 

tube fishing allowed 
Lake Mathews D Drinking water reservoir, 

access prohibited 
X Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 
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Table 5- REC 1-TiersX  

(Continued) 
 

LAKES AND RESERVOIRS 
Tier A, B, C, OR 

D 
 

Rationale for Tier 
Assignment 

Mockingbird Reservoir D Limited access/ fenced and 
locked 

Lake Norconian  
D Access prohibited by U.S. 

Navy, no water contact REC 
activities allowed  

Anaheim Lake  C Fishing, GW recharge basin, 
water contact REC activities 
prohibited  

Irvine Lake B Fishing Lake, water contact 
REC activities prohibited. Float 
tube fishing allowed. 

Peters Canyon, Rattlesnake, Sand 
Canyon and Siphon Reservoirs 

D Water contact REC activities 
and/or access prohibited 

Canyon Lake A Water contact activities 
allowed 

Lake Elsinore  A Water contact activities 
allowed 

Lake Fulmor C Fishing allowed 
Lake Hemet C Fishing Lake, float tube fishing 

and water contact REC 
activities prohibited. 

Mystic Lake C Ephemeral lake, water fowl 
hunting allowed 

Lake Perris A Water contact activities 
allowed, designated swimming 
areas 

WETLANDS (INLAND) 
San Joaquin Freshwater Marsh D Access prohibited 
Shay Meadows D (N) Natural conditions, low flows 
Stanfield Marsh D Access prohibited  
Prado Basin Management Zone C Access prohibited, thick 

vegetation limits accessibility  
San Jacinto Wildlife Preserve  C Hunting ponds filled with 

treated effluent 
Glen Helen C Low flow, County Park 
   
   

 
X Tiers based on USEPA’s “Ambient Water Quality Criteria for Bacteria – 1986” and “Water Quality Standards 

for Coastal and Great Lakes Recreation Waters, Final Rule” (40 CFR 131.41), November 2004. Natural (N) 
refers to waters, typically in largely natural condition, that are expected to have good ambient bacterial 
quality. N waters will be assigned SSMs based on the 75% confidence level, like Tier A waters, even if 
designated Tier B, C, or D based on the intensity of REC1 use. 
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It is important to note that the freshwaters listed in Table 5-REC1-Tiers were not assessed 
comprehensively in detail to determine whether primary contact recreation actually takes place or 
has taken place in the past, and at what intensity. The assignments to different Tiers are based on 
Board staff and stakeholder knowledge of the characteristics of these waters, evidence regarding 
existing or probable future primary contact recreational activity, and anecdotal information, all 
compiled by the Stormwater Quality Standards Task Force and during public review of the 
recreation standards amendments in 2012. Therefore, if and as knowledge of each of these waters 
is obtained in the future, the Tier assignments are subject to change. Further, Use Attainability 
Analyses may be conducted in the future for one or more of these waters, which may lead to 
changes in REC1 designations (see Chapter 3, Recreation Beneficial Uses). Inclusion of a 
waterbody in Table 5- REC1-Tiers does not denote a determination that REC1 is, in fact, an 
existing use for that waterbody.  
 
In accordance with federal regulation (the “BEACH Act Rule”), an heavily used primary contact 
freshwater (Reach 3 of the Santa Ana River) was used as the baseline for identifying other Tier A 
waters within the  Region. Then, Reach 3 and other Tier A waters were used to categorize other 
freshwaters in the Region based on their relative known or estimated intensity of primary contact 
use.   
 
Table 5-REC1-ssv shows maximum expected Single Sample values for E. coli for Tier A, B, C and 
D freshwaters. The values shown are based on a default log standard deviation, derived from the 
epidemiological studies USEPA used to formulate the 1986 national criteria, and on alternative log 
standard deviations. The equation used to calculate these Single Sample Maximum values is 
included in the Table and may be used to derive site-specific SSMs, under certain conditions (see 
table notes 2 and 5). As stated above, these Single Sample Maximum values were derived from 
USEPA’s recommended bacteria criteria (USEPA 1986). Again as stated previously, the Single 
Sample values for waters denoted as “N” in Table 5-REC1-Tiers are calculated using the 75% 
confidence factor, like Tier A waters.  
 
As specified in Table 4-pio (note 3) and Table 5-REC1-ssv (note 1), where there are sufficient data 
to calculate a representative geometric mean for E. coli, the Single Sample Maximum values 
specified in Table 5-REC1-ssv shall not be used to assess compliance with the geometric mean E. 
coli objective specified in Table 4-pio. Geometric mean objectives are the more reliable measure of 
long-term water body conditions and are thus strongly preferred for use in water body assessment 
decisions, including the development of the Clean Water Act section 303(d) list of impaired waters.  
The use of only Single Sample Maximum bacterial data is generally inappropriate for such 
assessments unless there is a limited data set, the water is subject to short-term spikes in bacteria 
concentrations, or there are other circumstances that justify the use of only single sample 
maximum data. The expected principal use of Single Sample Maximum values for the freshwaters 
of this Region is to implement public notification programs and/or to trigger additional monitoring 
and investigation to determine whether there are controllable sources of pathogen input that pose 
a public health concern. Where it is necessary to make public notification and/or beach closure 
decisions in the absence of sufficient data to calculate a representative geometric mean for E. coli, 
no single sample shall exceed the default value shown in Table 5-REC1-ssv or an alternative value 
calculated by using the formula shown in table note 2 (see also table note 5).  For all other 
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purposes related to implementing the Clean Water Act, if there are insufficient data to calculate a 
representative geometric mean for E. coli, “X%” of the representative sample data collected over a 
30 day period (running) shall be less than the default value specified in this Table or the alternative 
calculated value, where X% is the statistical confidence level assigned to a particular waterbody.  
 
A monitoring program designed to assure that sufficient data are collected to determine geometric 
means and/or to provide sufficient data necessary to assess trends in bacteria water quality will be 
implemented. The expected elements of that program, which is subject to approval by the Regional 
Board through the normal public participation process, are described below (Monitoring plan for 
pathogen indicator bacteria in freshwaters). 
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Table 5-REC1-ssv:  Alternative Method for Assessing Probable Compliance with the E. coli 
Objective in Freshwaters Designated REC1 when Insufficient Data are Available to Calculate 

a Geometric Mean
1
 

 

 

Maximum Expected Single Value for E. coli² 
(assuming true geometric mean is = 126 

organism/mL 
Standard Deviation 
of Log-transformed 
E. coli data 

Tier A3: 
75% C.L4. 

Tier B3: 
82% C.L. 

Tier C3: 
90% C.L. 

Tier D3: 
95% C.L. 

0.10 147 156 169 184 
0.20 172 194 227 269 
0.30 201 240 305 394 

0.40(default)5 235 298 409 575 
0.50 274 370 550 842 
0.60 320 459 739 1,231 
0.70 374 569 992 1,801 
0.80 437 705 1,332 2,633 
0.90 510 875 1,788 3,849 
1.00 596 1,085 2,401 5,629 
1.10 696 1,346 3,224 8,230 
1.20 814 1,669 4,329 12,034 

 
1 
This table shows single sample values calculated using the formula identified in table note 2.  Default values 

for each Tier are calculated using 0.4 as the log standard deviation (LSD). Alternative values calculated using 
different LSD values are also shown. See table note 5 for discussion of these alternative LSD values. Where it 
is necessary to make public notification and/or beach closure decisions in the absence of sufficient data to 
calculate a representative geometric mean for E. coli, no single sample shall exceed the default value shown 
in this table or an alternative value calculated by using the formula shown in table note 2 (see also table note 
5).  For all other purposes related to implementing the Clean Water Act, if there are insufficient data to 
calculate a representative geometric mean for E. coli, “X%” of the representative sample data collected over a 
30 day period (running) shall be less than the default value specified in this Table or the alternative calculated 
value, where X% is the statistical confidence level assigned to a particular waterbody. Where there are 
sufficient data to calculate a representative geometric mean for E. coli, the default or calculated single sample 
maximum value shall not be used to assess compliance with the E. coli objective in Table 4-pio.  The intent of 
single sample maximum values is to inform public notification decisions and to trigger additional follow-up 
monitoring.  
2
 EPA's recommended formula for calculating the maximum expected single sample value is: 

SSM = ECO * 10
(SCF * LSD)

, where… 
ECO = E. coli Objective expressed as geometric mean of a minimum number of samples; Assumed ECO=126 
based on a minimum of 5 samples over a 30-day period (rolling average) (see Table 4-pio). 
SCF = the appropriate Statistical Confidence Level Factor for the given waterbody; SCF=0.675 corresponds 
with the 75% confidence level; SCF=0.935 corresponds with the 82% confidence level; SCF=1.28 corresponds 
with the 90% confidence level; SCF=1.65 corresponds with the 95% confidence level. 
LSD = the Log Standard Deviation of measured E. coli densities. 
3
 Single Sample Maximum values for Tier A, B, C or D waters that are also denoted with an “N” in Table 5-

REC1-Tiers shall be calculated as for Tier A waters. 
4 C.L. = Confidence Level 
5 
Variability is calculated as the standard deviation of the log-transformed E. coli data.  In the absence of 

adequate representative data to estimate E. coli variability, the maximum expected single sample value will be 
calculated based on the assumption that the LSD = 0.4, as recommended by EPA [40 CFR 131.41 (69 Fed. 
Reg. 220, 67242; Nov. 16, 2004 (”BEACH Act Rule”))].  Application of an alternative LSD value(s) must be 
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approved by the Regional Board through the normal public notice and comment process.  Per USEPA 
requirements identified in the BEACH Act Rule (69 Fed. Reg. 220, 67227), at least 30 samples must be 
collected in a single recreation season to calculate a statistically valid site-specific log standard deviation that 
can be used to calculate a corresponding single sample maximum . Data acceptability shall generally be 
determined using the guidelines described in the Water Quality Control Policy for Developing California's 
Clean Water Act Section 303(d) List [Sept., 2004].   
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Antidegradation targets for REC2 only freshwaters 
 
As discussed in Chapter 4 (Pathogen Indicator Bacteria, REC2 Only Freshwaters), this Plan does 
not specify bacteria quality objectives for freshwaters designated REC2 only. However, it is 
appropriate to take steps to assure that bacteria quality conditions in these waters do not degrade 
as the result of controllable water quality factors, consistent with antidegradation policy 
requirements.  
 
For waters designated REC2 only pursuant to approved Use Attainability Analyses (UAAs; see 
discussion in Chapter 3 and Table 3-1), bacteria quality targets will be calculated and used to 
provide a baseline for expected water quality conditions in these waters. If future monitoring 
provides credible evidence that these targets are being exceeded and that quality conditions may 
have declined, then additional monitoring and investigation will be initiated and corrective action 
taken if and as appropriate. Requirements pertaining to monitoring and follow-up investigation and 
action are identified below (Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters).  

 
The baseline condition (antidegradation target) for each REC2 only water will be established 
through a comprehensive statistical analysis of ambient bacteria quality data that is conducted as 
part of the UAA used to justify the REC2 only designation. The statistical analysis must be 
designed to characterize the entire distribution of the dataset. This includes determination of the 
geometric mean, median, standard deviation, coefficient-of-variation, maximum value, 75th 
percentile value and sample size for the dataset. The 75th percentile density will serve as the 
antidegradation target, that is, the trigger threshold for further investigation and possible corrective 
action. As new data become available pursuant to requisite monitoring, they will be compared to 
this antidegradation target to determine whether further investigation or action is needed. The 
additional monitoring results must be sufficiently robust to assess whether a lowering of water 
quality has occurred. 

 
In general, the following method will be used to estimate the 75th percentile densities: 

 
Step 1) Log-transform the existing data 
Step 2) Calculate the mean of the log-transformed data 
Step 3) Calculate the standard deviation of the log-transformed data 
Step 4) Multiply the standard deviation of log-transformed data by 0.675 
Step 5) Add result from Step 4 to the mean value calculated in Step 2 
Step 6) Calculate the anti-log for the value derived in Step 5; this is the 75% 

percentile of the fitted log-normal distribution. 
Using the 75th percentile to assess water quality trends and as a trigger for further monitoring is 
conceptually similar to U.S. EPA’s recommended approach for using Single Sample Maximums 
(see Application of Single Sample Maximum values in REC1 freshwaters, above), and to the 
approach used to characterize ambient TDS and nitrogen quality in the groundwater management 
zones throughout the Santa Ana Region (see Chapter 4, Management Zone TDS and Nitrate-
nitrogen Water Quality Objectives). 
 
Where 75% of the new data is less than or equal to the antidegradation target, no degradation will 
be inferred.  However, if more than 25% of the samples exceed the target, additional samples must 
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be collected and analyzed to determine whether the elevated values are anomalous (verified by 
formal outlier analysis) or if there is a true trend toward water quality degradation.   
 
Use Attainability Analyses have been completed to justify the designation as REC2- only the 
specific freshwater stream segments listed in Table 5-REC2 Only Targets-FW.  For each of these 
waters, this Table shows the antidegradation indicator bacteria targets, based on the 75% 
percentile of data obtained as part of the UAAs:  
 

Table 5-REC2 Only Targets-FW1  

REC2 Only Waterbody 
E. coli  Densities  (cfu/100 mL) 

Geometric 
Mean 

Std. 
Dev. N Max. 

Observed 
75%3 

 
      
Temescal Creek, Reach 1a 192 34 108 9,2002 359 
Santa Ana Delhi Channel, Reach 2 411 110 56 12,590 1,104 

75% percentile is the antidegradation target 

1 CDM, Inc.  Technical Memorandum. Calculation of Antidegradation Targets for REC2 Only Freshwaters. 
April 24, 2012. 
2 A value of 1,800,000 cfu/100 mL, from the sample collected on 9/8/2007, was excluded as an outlier. 
3  Targets calculated for dry weather baseflow conditions only; do not apply to samples collected during 
wet weather conditions. 
 

Use Attainability Analyses have also been completed for two tidal prisms (Santa Ana Delhi and 
Greenville-Banning channels).  Antidegradation targets for these waters, though not freshwater 
bodies, are shown in Table 5-REC2 Only Targets-Other Waters, below.  
 

Table 5-REC2 Only Targets- Other Waters1 

REC2 Only Waterbody 
 

Enterococcus Densities  (cfu/100 mL) 
Geometric 

Mean 
Std. 
Dev. N Max. 

Observed 
75%2 

 
      
Greenville-Banning Channel, Tidal Prism 24 144 61 740 64 
Santa Ana-Delhi Channel, Tidal Prism 240 474 43 2,200 464 
75% percentile is the antidegradation target 
 
1 California Regional Water Quality Control Board, Santa Ana Region.  Memorandum prepared by David 
Woelfel, Calculation of Antidegradation Targets for REC2 Only Waters-Tidal Prisms. April 24, 2012.          
2 Targets calculated for dry weather baseflow conditions only; do not apply to samples collected during 
wet weather conditions. 

 
Controllable and Uncontrollable Sources of Bacteria 

 
As described in Chapter 4, certain water quality objectives established in this Basin Plan refer to 
“controllable sources” or “controllable water quality factors”.   Whether or not sources are 
“controllable” affects the ability of the Regional Board and dischargers to assure that waste 
discharges are regulated and controlled so as to assure the reasonable protection of beneficial 
uses.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
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Uncontrollable bacteria sources refer to contributions of bacteria within the watershed from 
nonpoint sources that are not readily managed through technological or natural mechanisms or 
through source control and that may result in exceedances of water quality objectives for indicator 
bacteria. Specific uncontrollable indicator bacteria sources within the Santa Ana Region may 
include:  

• Wildlife activity and waste 
• Bacterial regrowth within sediment or biofilm 
• Resuspension from disturbed sediment 
• Marine vegetation (wrack) along high tide line 
• Concentrations (flocks) of semi-wild waterfowl 
• Shedding during swimming 

 
Controllable bacteria sources refer to any bacteria indicator source that can be controlled by 
treatment or management methods. Requirements for the application of Best Available Treatment 
technology (BAT) and Best Conventional Treatment technology (BCT) apply to some of these 
sources (e.g., POTWs) ;  in other cases, such as discharges regulated under the areawide 
municipal separate storm system permits (“MS4” permits), reasonable actions to reduce or 
eliminate the contribution of these sources to the maximum extent practicable are required. These 
include the implementation of best management practices or other mechanisms.  Controllable 
sources are predominantly anthropogenic in nature and can be reduced in varying degrees.  
 
Specific anthropogenic controllable indicator bacteria sources within the Santa Ana Region may 
include:  

• Improper use of fertilizers on residential and commercial properties and agricultural lands 
• Improper handling of pet waste 
• Cross-connections between the sanitary and storm sewer systems 
• Leaky sanitary sewer conveyances 
• Discharges from POTWs 
• Improper handling and disposal of food waste 
• Improper management of CAFO waste and washwater 
• Runoff from yards containing fertilizers, pet waste, and lawn trimmings 
• Homeless encampments 
 

Certain techniques are available to identify human sources; when practical, those techniques 
should be used in areas where persistent exceedances of bacteria objectives occur.  
 
These source definitions and categories may be further refined as more science becomes 
available.  
 

 
High flow suspension of recreation standards  

 
In semi-arid areas like much of the Santa Ana Region, intermittent but sometimes intense rains 
pose a serious risk of flash flooding. Stormwater runoff significantly increases the volume and 
velocity of local stream flows. Dam releases and other irregular sources, such as imported water 
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transfers, can also result in dramatic, though transitory, increases in stream flow and velocity. Such 
flows create a severe hazard to public safety and temporarily preclude attainment of recreational 
uses in or near the water. 
 
These hazards are exacerbated in urban streams that have been engineered or heavily modified to 
provide essential flood protection during and immediately following storm events.  Channel 
straightening, bank stabilization, substantial vegetation removal and flow diversions are all 
intended to convey stormwater runoff to a suitable discharge location as rapidly as possible while 
minimizing the risk of flooding and erosion.  However, these common flood control construction 
practices and maintenance procedures significantly increase the volume and velocity of flow in 
urban channels during wet weather conditions.  The danger inherent in recreating under such 
conditions is well-recognized by other Regional Boards and reflected in the suspension of 
recreational beneficial uses and applicable bacteria quality objectives during specific high flow 
conditions in other urban areas (see, for example, Resolution No. 2003-010 of the Los Angeles 
Regional Board, subsequently affirmed by State Board Resolution No. 2003-0071).  
 
This Plan recognizes these circumstances and specifies that the recreational use designations 
(REC1 and REC2), the narrative pathogen objective and the numeric pathogen indicator objectives 
shown in  Table 4-pio are temporarily suspended when high flows preclude safe recreation in or 
near freshwater stream channels that have been engineered, heavily modified or maintained to 
serve as temporary flood control facilities. Temporary suspensions of recreation standards do not 
apply to freshwater lakes, ocean beaches or enclosed bays or estuaries. 
 
 
Definition of Unsafe Flows.  Flow conditions in freshwater streams in the Santa Ana watershed 
are presumptively unsafe if either of the following conditions occurs:  (1) stream velocity is greater 
than 8 feet-per-second (fps); or, (2) the product of stream depth (feet) and stream velocity (fps) 
(the depth-velocity product) is greater than 10 ft2/s+. Where representative stream gauge data are 
not available, unsafe flows are presumed to exist in stream channels that have been engineered or 
heavily modified for flood control purposes when rainfall in the area tributary to the stream is 
greater than or equal to 0.5 inches in 24 hours. Rainfall measurements may be estimated using 
gauges, Doppler radar data, or other scientifically defensible methods. 
 
It is recognized that, because of channel morphology, substrate type or other conditions, it may be 
unsafe to engage in recreational activities under lower flow conditions in stream channels. The fact 
that recreational standards may be suspended under some but not all flow conditions does not 
imply that it is safe to recreate in or near a waterbody when the high flow suspension is not in 
force.  
 
+ The depth-velocity product criterion is not intended to apply to normal dry weather flows contained within low-flow 
pilot channels within engineered or heavily modified channels.   
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Termination of Temporary Suspension.  Stream flows will be presumed to return to safe 
conditions and the temporary suspension of recreation standards will cease 24-hours after the end 
of the storm event, unless actual flow data demonstrate that the suspension should terminate 
sooner or later than the default period. In such cases, the suspension terminates once stream 
flows (measured as cubic-feet/second or (cfs) have returned to the range of normal pre-storm 
conditions (cfs<98th percentile as calculated from a calibrated hydrograph for the stream). 
 
 
Site-Specific Flow Triggers.  The hydrology of individual freshwater streams varies greatly. 
Therefore, the thresholds and presumptions related to rainfall and stream flow identified above 
may be adjusted based on site-specific data analysis and/or runoff models, subject to approval by 
the Regional Board through the normal public participation process. 

 
Definition of Engineered or Heavily Modified Channels.  The temporary suspension of 
recreational uses and related water quality objectives during unsafe flow conditions applies only to 
streams that have been engineered or heavily modified to enhance flood control protection.  
Engineered streams include all man-made flood control facilities with a box-shaped, V-shaped or 
trapezoidal configuration that have been lined on the side(s) and/or bottom with concrete or similar 
channel-hardening materials.  Heavily modified channels include once natural streams that have 
been substantially re-engineered, using levees, bank stabilization (rip-rap), channel straightening, 
vegetation removal and other similar practices, to facilitate rapid evacuation of increased urban 
runoff during storm events. 
 
Delineation of Engineered or Modified Channels.  The very large number of engineered and 
modified flood control facilities in the Santa Ana Region makes it difficult to individually identify all 
such channels by name.  Therefore, Appendix VIII provides maps of the waterbody segments that 
have been engineered or modified in the manner described above and that, therefore, qualify for 
the temporary suspension of recreational standards under specific high flow conditions.  Appendix 
IX contains ARC-GIS files that identify each of these same waterbodies in a more precise, high-
resolution format.  The engineered flood control channels identified in these Appendices will be 
updated annually via the annual report submitted by the MS4 permittees for each county in the 
Region. Additions or deletions to the list of waters identified in these Appendices will also be 
considered during the triennial review process or on a case-by-case basis upon request by an 
interested party to do so. Any such request must be supported by substantial evidence. Appendix 
VIII and Appendix IX can be viewed at the Regional Board’s website:  
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_stan
dards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf, and  
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_stan
dards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip. 

 
It is important to recognize that while these channels have been engineered or modified for 
flood control purposed, these changes do not necessarily preclude the support of habitat in and 
adjacent to the channels, or the use of that habitat by aquatic, avian and terrestrial wildlife. 
There may be opportunities for habitat and/or species restoration projects in or adjacent to 

http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppVIII.pdf
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/docs/rec_standards/BPA_REC_Standards_Staff_Rpt_AttA_AppIX.zip
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these channels. The temporary suspension of recreation standards in these channels would 
have no effect on the ability to implement such projects.   
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Site-Specific Eligibility for Temporary Suspension.  The Regional Board may determine that it 
is appropriate to apply the temporary suspension to additional waters that may not be engineered 
or modified. Such waters may be added provided that it is demonstrated that high hazardous flow 
conditions preclude attainment of the use and that such recreational uses are not “existing” uses 
during high flow conditions. Such a demonstration will require that a Use Attainability Analysis 
(UAA) be performed in accordance with federal regulations. The Regional Board may also 
determine that recreation standards should not be suspended in some specific streams if it is 
demonstrated that stream channel conditions or flow controls effectively eliminate any safety 
hazard to the public.  

 
Special Case:  Santa Ana River- Reach 2.  Reach 2 of the Santa Ana River extends from Prado 
Dam near Corona downstream to 17th Street in Santa Ana.  Much of this segment of the River has 
been heavily modified and re-engineered to provide greater flood control protection to the residents 
of Orange County.  Although flow control at Prado Dam minimizes the risk of flash flooding in 
Reach 2, the volume of water passing through the deep and narrow channel near Featherly Park, 
just downstream of the Dam, often exceeds the default threshold that triggers application of the 
high flow suspension.1  The temporary high flow suspension is intended to apply on a limited basis 
to transient conditions.  It is not intended to de-designate recreational uses where elevated flows 
represent the normal baseline condition even during dry weather conditions.  Consequently, the 
flow-based threshold will not be used to trigger application of the high flow suspension in Reach 2 
of the Santa Ana River.  Instead, the temporary high flow suspension will only be applied using the 
rainfall criteria described above or when the Army Corps of Engineers is releasing excess flows 
stored behind Prado Dam in response to previous rain events as described in their Standard 
Operating Procedures.2 

 
Special Case:  Santa Ana River- Reach 3.  It is appropriate to take notice also of Reach 3 of the 
Santa Ana River, which extends from Prado Dam upstream to Mission Avenue in Riverside.  
Although much of Reach 3 may appear relatively natural to the casual observer, it has in fact been 
heavily modified and re-engineered to enhance flood protection.  The upper half of the reach has 
been channelized with reinforced levees armored by rip-rap. Below Van Buren Boulevard, Reach 3 
remains largely natural. However, numerous flood control facilities have been constructed/modified 
in the multiple streams tributary to this area. These changes have modified the natural stream 
hydrology of the Reach by re-directing and accelerating stormwater runoff from the upper Santa 
Ana watershed that can create exceptionally hazardous flow conditions in the Reach. The 
temporary suspension of recreational standards applies to this Reach. 
 
Limitations of the Temporary High Flow Suspension.  It is important to emphasize that 
temporary suspensions of recreation standards in specific waters do not nullify the obligation to 
meet downstream standards, unless the recreation standards have also been suspended for those 
waters at the same time. Further, temporary suspensions of recreation standards do not relieve 
Publicly Owned Treatment Works (POTWs) of the obligation to continue to comply with effluent 
limitations established to assure the protection of recreation beneficial uses in the receiving waters.  

                                                 
1 Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model Report.  Prepared for the 
Santa Ana Watershed Project Authority's (SAWPA) Basin Monitoring Program Task Force.  May, 2009  
(Historical flows below Prado Dam are charted in Fig. 2-16 of the Report). 
2 United States Army Corps of Engineers. Water Control Manual: Prado Dam and Reservoir, 
Santa Ana River, California.  1994. 
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These effluent limitations take into account the dilution that may be made available by stormwater 
flows. (See also POTW Discharge Requirements and Implementation of Recreational Standards, 
below). 

 
 

Monitoring Plan for Pathogen Indicator Bacteria in Freshwaters 
 

Monitoring of pathogen indicator bacteria in fresh surface waters in the Region is conducted by a 
variety of agencies in response to statutory and regulatory requirements. This includes monitoring 
of stormwater at selected locations within Orange, Riverside and San Bernardino counties, as 
required by the areawide urban stormwater permits. Monitoring is also conducted to address 
pathogen indicator TMDL requirements (e.g, the Middle Santa Ana River TMDL) and to support the 
assessment of surface waters, which may lead to the listing or delisting of these waters on the 
Clean Water Section 303(d) list of impaired waters. These monitoring efforts have been conducted 
independently to a large degree to respond to individual agency needs. 
 
Some of these monitoring programs have evolved from focus on fecal and total coliform bacteria, 
on which bacteria quality objectives have been based historically, to include other pathogen 
indicators, such as E. coli and enterococcus. Measurement of these other indicators was prompted 
by changes in USEPA’s recommended bacteria quality criteria for recreation waters, published in 
1986. These criteria changes also led to the modification of the Basin Plan in 2012 to incorporate 
revised pathogen indicator objectives and implementation triggers (single sample maximum 
values), all based on E. coli, to protect recreation uses in inland surface waters (see Chapter 4 
WATER QUALITY OBJECTIVES; CHAPTER 5 IMPLEMENTATION, Application of Single Sample 
Maximum Values in REC1 freshwaters). 
 
The E. coli objectives and single sample maximum values that are specified in this Basin Plan 
implement the public health risk management approach employed in USEPA’s 1986 national 
criteria. Pathogen indicator monitoring should also reflect this risk-based approach. Because 
monitoring resources are limited, the highest priority should be given to REC1 waters where 
primary contact recreation is most likely to occur, i.e. Tier A REC1 waters.  Lower priority should be 
assigned to waters where primary contact recreation occurs infrequently or not at all. 
 
As part of the Stormwater Quality Standards Task Force efforts that led to the adoption of the E. 
coli objectives for inland fresh surface waters, the three principal funding members,  
i.e., the Orange, Riverside and San Bernardino county stormwater agencies, committed to 
participate in the development and implementation of a comprehensive, watershed-wide bacteria 
quality monitoring program. Other dischargers who contribute or may contribute to pathogen 
indicator bacteria inputs to surface waters will be required to conduct bacteria quality monitoring, 
individually or in concert with this comprehensive program. It is expected that participation in the 
comprehensive effort would result in cost savings to individual dischargers and would be the most 
effective way to collect data necessary to assess the receiving water quality effects of discharges.  
 
A proposed comprehensive monitoring program is to be submitted by the Orange, Riverside and 
San Bernardino county stormwater agencies no later than [1 year from the date of Regional Board 
approval of the new E. coli objectives – insert date certain once amendment is approved by 
Regional Board], except that the Quality Assurance Project Plan (QAPP) shall be submitted no 
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later than [90 days after EPA approval of the new E. coli objectives – insert date certain once 
amendment is approved]. The proposed program shall meet the following: (1) all water quality 
monitoring for pathogen indicator bacteria must be conducted in accordance with a QAPP that has 
been approved by the Regional Board's Quality Assurance Officer; (2) bacteria monitoring data 
must be compatible with the state's Surface Water Ambient Monitoring Program (SWAMP); (3) 
waterbodies proposed as a high priority for monitoring shall be identified and the rationale for their 
selection documented; (4)  each identified high priority waterbody must be sampled for pathogen 
indicator bacteria sufficient to provide a minimum of 5 samples per 30 day period, year-round, 
unless documented waterbody conditions (e.g,. water temperature, ice on the surface of lakes, 
high risk of flash flooding, etc.) exist that justify a reduced frequency; (5) the designated sampling 
locations must be selected so as to characterize bacteria concentrations immediately upstream of 
areas where the greatest level of recreational activity normally occurs; (6) the monitoring plan must 
identify the latitude and longitude of routine sampling location(s), the rationale for selecting each 
location, other locations considered but rejected, and the agency responsible for collecting and 
analyzing the sample from each high priority location; (7) the monitoring plan must describe the 
sampling locations and frequency for collecting pathogen indicator bacteria data in lakes and 
streams designated REC-1 but where recreational activities are far less likely to occur (i.e., Tier B, 
C or D waterbodies); (8) the monitoring plan must include a proposal for periodic bacteria 
monitoring of waters designated REC2 in order to confirm that there is no significant degradation of 
the quality of these waters; (9) results from the comprehensive bacteria monitoring program must 
be submitted annually. The agencies implementing the program may submit the report collectively 
or on an individual basis; and, (10) the data must be put into the CEDEN (SWAMP) database 
and/or the database maintained by the Santa Ana Watershed Project Authority.  
 
The comprehensive program is to be implemented upon the approval of the Regional Board.  The 
program will be reviewed and may be revised at least once every three years. This includes 
consideration of the waterbodies deemed high and low priority for monitoring purposes. Monitoring 
programs specified as part of NPDES permits, Waste Discharge Requirements and other orders of 
the Regional Board will be considered in light of the comprehensive program being implemented. 
As appropriate, dischargers in addition to the stormwater agencies will be required to conduct 
bacteria quality monitoring of the receiving waters. Such monitoring may be conducted 
independently by these other dischargers, but participation in and coordination with the 
comprehensive program will be strongly encouraged.  The goal is to integrate all monitoring efforts 
to the extent feasible and reasonable to reduce or eliminate redundancy and maximize the efficacy 
of the monitoring effort. Requirements pertaining to data quality assurance, SWAMP compatibility, 
reporting and database entry will also be specified in individual requirements issued by the 
Regional Board.  
 
Where water quality monitoring data indicate significant non-compliance with the applicable 
pathogen indicator objective, dischargers discharging to that waterbody must submit a plan to the 
Regional Board to identify the pollutant source(s) unless monitoring data show that their particular 
discharge is not causing or contributing to the exceedance.  The source evaluation plan must be 
implemented upon approval by the Executive Officer. 
 
Where water quality monitoring data, collected through the approved comprehensive monitoring 
program or by interested agencies, organizations or individuals, indicate that a single sample 
maximum value assigned to a Tier B, C or D REC1 water, or the bacteria target assigned to a 



Attachment 2 to Resolution No. R8-2012-0001   Approved June 15, 2012; corrected February 12, 2013 
and November 15, 2013 
 

Page 78 of 80 
 

REC2 only water, is being exceeded, then the Regional Board will require agencies discharging to 
that waterbody to submit a plan for investigation into the bacteria quality of that waterbody, 
including monitoring.  Where the investigation shows that the bacteria quality of the waterbody is 
adversely affected by a controllable source, then a corrective action plan and schedule will be 
required. Both the investigation plan and, as necessary, corrective action plan, must be 
implemented upon approval by the Regional Board’s Executive Officer. Such follow-up 
investigation and corrective action will be triggered only upon the demonstration of credible 
evidence documenting a potential bacterial quality problem. Credible evidence shall consist of at 
least two consecutive samples that exceed the SSM/REC2 target.  It is expected that the proposed 
schedule for any needed corrective action will be as soon as practicable but no longer than two 
years from the date that the controllable source(s) is identified.  
 
The Regional Board acknowledges that the obligation to gather, analyze and report water quality 
data does not, by itself, establish any specific liability for pollutant remediation.  That responsibility 
depends on identifying the source(s) of bacterial contamination.  The Regional Board strongly 
supports proactive voluntary efforts organized through local Task Forces to accomplish these 
objectives.  However, where necessary, the Regional Board will continue to impose monitoring and 
remediation requirements through the permitting, enforcement and TMDL processes in order to 
protect water quality for recreational uses. 
 
To begin the development of a comprehensive bacteria quality monitoring program, the 
Stormwater Quality Standards Task Force considered the waterbodies that should be considered 
high priority for monitoring and identified a tentative list, shown in Table 5-REC-Potential High 
Priority Waters, below. The waterbodies identified in Table 5- REC-Potential High Priority Waters 
should be considered in the development of the proposed comprehensive monitoring program.  

 
 
 

Table 5-REC-Potential High Priority Waters for Monitoring of Pathogen Indicator 
Bacteria in Freshwaters 

 
LAKES STREAMS 

Big Bear Lake Lytle Creek – Middle and North 
Forks 

Lake Perris Mill Creek – Reach 2 
Lake Elsinore Santa Ana River – Reach 3 
Canyon Lake San Antonio Creek  
  

 
 
POTW discharge requirements and implementation of recreation standards 
 
As discussed in Chapter 4 – WATER QUALITY OBJECTIVES, this Basin Plan establishes 
water quality objectives that are intended to protect beneficial uses. These include the 
narrative pathogen objective and numeric pathogen indicator objectives for freshwaters 
(Table 4-pio) that are specified for the protection of primary contact recreation in surface 
waters. However, in issuing waste discharge requirements that assure beneficial use 
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protection, the Regional Board must consider not only the established objectives but also 
whether case-specific circumstances warrant the application of limitations more stringent 
than those necessary to implement the objectives. Such special consideration applies to 
discharges of treated sewage to surface waters by Publicly Owned Treatment Works 
(POTWs) or other entities and the protection of public health and primary contact recreation 
in those receiving waters. 
 
The California Department of Public Health (CDPH) has found that in most instances, in 
order to protect the health of members of the public who engage in primary contact 
recreation in surface waters that receive treated sewage discharges, treatment of the 
discharges must be provided so as to achieve an approximate 5 log reduction in the virus 
content of the wastewater. The efficacy of the treatment process in achieving this reduction 
is reflected, in part, by measurements of total coliform bacteria.  
 
Based on these recommendations and relevant regulations established by CDPH in the 
California Code of Regulations (Title 22, Division 4, Chapter 3, Section 60301 et seq.), 
waste discharge requirements issued by the Regional Board to POTWs and other entities 
for discharges of treated sewage to surface waters include stringent total coliform 
limitations. The Fact Sheets accompanying these waste discharge requirements provide 
detailed explanation of the rationale for these effluent limitations and related discharge 
specifications. The salient point here is that these waste discharge requirements do not 
include effluent limitations based on the numeric objectives for E. coli that are specified in 
Table 4-pio. The Regional Board has found that the total coliform limitations are necessary 
to assure adequate treatment of sewage before discharge to surface waters and thereby, to 
assure protection of public health and primary contact recreation uses.  
 
The temporary suspension of recreation standards in certain surface waters (see High flow 
suspension of recreation standards, above) under high flow conditions does not obviate the 
need for POTWs and other entities discharging treated sewage (recycled water) to surface 
waters to continue to meet the coliform limitations specified in their waste discharge 
requirements. To implement the narrative pathogen objective (see Chapter 4, WATER 
QUALITY OBJECTIVES, INLAND SURFACE WATERS, Pathogen Indicator Bacteria), the 
Regional Board may also require recycled water discharged to freshwaters designated 
REC1 or REC2 to comply with other limitations, including those recommended by CDPH.  
 
Amend CHAPTER 5 – IMPLEMENTATION – add references 
 
33. United States Environmental Protection Agency, “Water Quality Standards for Coastal 
and Great Lakes Recreation Waters; Final Rule”, 40 CFR 131.41. Federal Register, Vol. 69, 
No. 200, November 16, 2004, pp.67217 et seq 
 
34.  CDM, Inc.  Technical Memorandum. Calculation of Antidegradation Targets for REC2 
Only Freshwaters. December 30, 2011. 
 
35. California Regional Water Quality Control Board, Santa Ana Region.  Memorandum 
prepared by David Woelfel. Calculation of Antidegradation Targets for REC2 Only Waters-
Tidal Prisms.  December 30, 2011 
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36. U.S. EPA.  Water Quality Standards Handbook.  Sept. 15, 1993.  
 
37. United States Army Corps of Engineers. Water Control Manual: Prado Dam and 
Reservoir, Santa Ana River, California.  1994. 
 
38. Wildermuth Environmental Inc., 2008 Santa Ana River Wasteload Allocation Model 
Report.  Prepared for the Santa Ana Watershed Project Authority's (SAWPA) Basin 
Monitoring Program Task Force.  May, 2009    
 
39. State Water Resources Control Board.. “Water Quality Control Policy for Developing 
California's Clean Water Act Section 303(d) List”. September 2004 
 
 
 
 
 
 



Pathogen Criteria White Paper 
ASIWPCA Water Quality Standards Taskforce 

November 4, 2005 
 
The Association of State and Interstate Water Pollution Control Administrators (ASIWPCA) has long 
expressed concern over the validity and implementation of bacteria criteria recommended by the US 
Environmental Protection Agency (EPA) in 1986.  Outside of the enhanced study efforts in the Great 
Lakes states, little progress appears to have been made to clarify bacteria criteria and their implementation 
since publication of the original criteira document.  Many of the issues raised by ASIWPCA in earlier 
correspondence to EPA are yet to be resolved, despite efforts by EPA to address bacteria criteria – the 
most fundamental measure of the sanitary quality of surface water. 
 

Background 
 

Fecal bacteria have a long history of use as indicators for the presence of pathogens in surface water, and 
subsequently a measure of the risk of illness associated with ingestion of contaminated surface water.  
Body contact with fecal contaminated water, primarily during recreation, can cause gastrointestinal, ear, 
or skin infections.  Pathogens responsible for illness associated with surface water ingestion include 
bacteria, viruses, protozoa, fungi, or parasites inherent in feces of humans and other warm-blooded 
animals (EPA, 2003). 
 
The National Technical Advisory Committee (NTAC) of the Department of Interior first proposed federal 
water quality guidelines for pathogen criteria in 1968.  The NTAC’s criterion was based on studies done 
by the U.S. Public Health Services in the 1940’s and 1950’s.  The studies were conducted at bathing 
beaches located on Lake Michigan, the Ohio River, and on Long Island Sound.  The NTAC concluded 
that fecal coliform bacteria should be used as the indicator organisms for pathogen contamination in 
surface waters and that primary contact recreation waters should not exceed a log mean of 200 colony-
forming units (CFUs) per 100 milliliters of water (EPA, 1986). 
 
After issuing their recommendations for bacteria limits, the NTAC was criticized over the validity of their 
data.  However, in 1976, EPA recommended using the NTAC’s data to set water quality criteria for 
bacteria (EPA, 1986).  Consequently, most States adopted the EPA’s recommendation of a fecal coliform 
bacteria criterion of 200 CFU’s/100mL expressed as a geometric mean as their primary contact recreation 
standard. 
 
The criticism directed towards the NTAC data initiated a series of studies by the EPA from 1972 to 1980 
at freshwater and marine beaches. The studies were designed to determine if a relationship existed 
between different bacteria and swimming related illnesses.  In 1984, EPA reported their findings in a 
document titled Health Effects Criteria for Fresh Recreational Waters.  The report concluded that 
swimming associated gastrointestinal illnesses were directly linked to water quality impairments caused 
by sewage and that the illnesses were prevalent when concentrations of enterococci and E. coli bacteria 
were high. No such relationship with fecal coliform bacteria was found. The study also concluded the rate 
of illness in swimmers could be estimated when using either E. coli or enterococci as an indicator 
(Dufour, 1984). 
 
In 1986, EPA published guidance titled Ambient Water Quality Criteria for Bacteria based on the 
findings from the Health Effects Criteria for Fresh Recreational Waters report and concluded that the 
newly recommended indicators, enterococci and E. coli, were superior to the fecal coliform group. The 
rationale was that a positive relationship existed between bacterial density and the number of observed 
illnesses for either of these indicators, while no such relationship was observed for fecal coliform. 
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It was suggested in the guidance that either enterococci or E. coli be used as fresh water indicators.  The 
primary contact recreation criteria for enterococci of 33 CFU/100ml and 126 CFU /100mL for E. coli 
were recommended.  The criteria were recommended based on an evaluation of a geometric mean of a 
minimum of five samples collected over a 30-day period, and were considered approximately equivalent 
to the 200 CFU/100mL criteria for fecal coliform bacteria (EPA, 1986). 
 
Based on the 1986 guidance, EPA directed States to adopt the new enterococci /E. coli criteria during 
their next triennial review. However, there were still many questions posed by States on how to 
implement the recommended standards.  For example, derivation of secondary (non-contact) recreation 
criterion, the plausibility of single sample criteria, wildlife impacts on bacterial water quality, etc.  In 
order to address implementation questions, EPA determined that implementation guidance was needed for 
the recommended bacteria criteria.  EPA published a draft implementation document in May 2002.  
 
The EPA 2002 draft implementation guidance was intended to give States the necessary information to 
implement bacteria criteria set forth in EPA’s 1986 guidance. EPA suggested a shift in indicator 
organisms from fecal coliform to E. coli or enterococci to better protect the public from water borne 
illnesses. EPA believed E. coli and enterococci to be better indicators of risk associated with 
gastrointestinal illness caused by the incidental ingestion of sewage contaminated water (EPA, 2002). 
 
EPA’s 2002 draft guidance expanded on the 1986 guidance by introducing the concept of differential 
risk-based criteria established as geometric mean and single sample maximum bacteria density. EPA 
proposed giving latitude to States in setting risk-based criteria to compensate for different frequency of 
recreation that may occur.  The 2002 draft document also sought to respond to several implementation 
issues raised by States.  ASIWPCA, as an organization, as well as several individual State members 
provided written comment on the draft guidance.  The draft document eventually went through several 
iterations – each commented on by the ASIWPCA membership. 
 
Subsequently, at the 2005 ASIWPCA Mid-Year Meeting, EPA officials stated the 2002 bacteria 
implementation guidance document would not be finalized, in part because of additional data expected 
from an on-going epidemiology study based in the Great Lakes region (personal communication, March 
7, 2005).  It was stated the epidemiology study report had an anticipated completion date of December, 
2005.  
 
Although an EPA-published copy of the study has not yet been released, the results of the study have 
been published online in Environmental Health Perspectives On-Line.  The article titled “Rapidly 
Measured Indicators of Recreational Water Quality are Predictive of Swimming Associated 
Gastrointestinal Illness” summarizes the results of the EPA-funded epidemiology study on two Great 
Lakes swimming beaches (Wade et al., 2005).  The report gives little indication as to what direction EPA 
is moving toward in development of companion implementation guidance for pathogen criteria. 
 
On September 8, 2005, ASIWPCA membership received an email that had been forwarded from EPA 
announcing the first of four Co-Regulator Pathogen Workshops titled Bacteria Criteria for Inland Waters 
scheduled for November 17-18, 2005 in Philadelphia.  Three other workshops are as yet unscheduled.  A 
portion of each workshop is to be devoted to discussion on “how to use/interpret the 1986 bacteria criteria 
for inland waters.”   
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States’ Issues with the Current Status of Pathogen Criteria 
 
Issue 1.   The scientific validity of the 1986 criteria document  
 

EPA has yet to address the continued and substantial State concerns regarding the scientific validity 
of the criteria.  The criteria are now nearly 20 years old and the epidemiological data upon which they 
are based are even older.  The recent study funded by EPA in the Great Lakes does little to expand the 
knowledge base for freshwater or marine criteria in other areas of the country.  The study is as much a 
validation of a rapid test method for enterococci as it is an epidemiological study pertinent to inland 
freshwaters.  While ASIWPCA agrees that a rapid test method has considerable value in protecting 
public health, we first need to reach consensus on which bacterial indicators are valid and at what 
concentrations they present a concern. 

 
The Great Lakes Study had been promised by EPA as a definitive epidemiological study that would 
better refine and update criteria for inland freshwaters by October 2005 (letter from Denise Keehner 
to Sally Knowles, August 6, 2004).  Apparently, the design of the study does not allow the data to be 
translated from the Great Lakes to other inland freshwaters.  Therefore, the reliability of the 
epidemiology for inland freshwaters is still an unresolved issue.  Moreover, there was no validation of 
the specific numeric criteria recommended in 1986. 
 

Issue 2.  The utility of the most recent Great Lakes epidemiology study for marine and inland 
freshwaters 
 
 The Great Lakes epidemiology study utilized a quantitative polymerase chain reaction cell equivalent 

(QPCRCE) method for quantifying enterococci and Bacteroides.  Of those two indicators, the study 
determined enterococcus was the only credible pathogen indicator. EPA’s 1986 bacteria guidance 
document recommended the use of E.coli or enterococci as indicator bacteria (EPA, 1986).  As late as 
the May 2002 EPA’s Draft Implementation Guidance for Bacteria, EPA stated: 

 
 “EPA believes the use of E. coli and/or enterococci are best suited to prevent acute 
gastrointestinal illness caused by the incidental ingestion of fecally contaminated 
recreational waterbodies.” 

 
 Surprisingly, there was no mention as to why E.coli was excluded from the most recent epidemiologic 

study.  Many States have adopted E.coli as their indicator for fecal contamination, plus E.coli was 
identified as one of two default freshwater indicators in EPA’s November 16, 2004 promulgation of 
Water Quality Standards for Coastal and Great Lakes Recreation Waters.  Regardless, this most 
recent study is mute on whether there is epidemiologic support for E.coli as an indicator.  The lack of 
discussion concerning E.coli as an indicator is a major concern.  Other concerns with the Great Lakes 
study include: 

 
 A. There is little, if any, discussion comparing the Great Lakes study findings to the conclusions that 

formed the foundation of the 1986 criteria guidance document.  ASIWPCA was of the 
understanding the Great Lakes study was to be a validation of the numeric criteria presented in 
the 1986 Guidance.  If that is the case, there should be a comparison of the 1986 recommended 
criteria to results of the Great Lakes study; realizing enterococcus is the only comparable indictor.  
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A major concern with the 1986 criteria has been the validity of the specific numeric criteria 
recommendations.   

 
  ASIWPCA’s own analysis indicates that if the data from the Great Lakes study are used as the 

“gold standard”, the 1986 criteria (as interpreted in the 2002 Draft Guidance) may have been 
somewhat liberal on the low end, and very conservative on the high end (Table 1).  Our 
comparison could be flawed, however, since there is no discussion as to whether the “geometric 
mean density” from the 2002 Guidance is comparable to the “daily geometric mean” utilized in 
the latest study.  Regardless, these types of questions need to be answered. 

 
Table 1 

 
 Enterococci Density Data (cfu/100 mL)  
 

Illness rate 
2002 

(Geometric Mean) 
2005 

(Daily Geometric Mean) 
% Difference 
(2005 vs 2002) 

8 35 NA NA 
9 42 15 -180% 

10 54 38 -42% 
11 69 85 +23% 
12 88 170 +48% 
13 112 350 +212% 
14 144 600 +317% 

 
      B. There was no mention of any comparison of illness data to fecal coliform bacteria.  Many States 

still use fecal coliform bacteria as their pathogen indicator.  Again, if the main thrust of the Great 
Lakes study was to validate the 1986 study results, there should have been an analysis of fecal 
coliform data to confirm that fecal coliform bacteria are not a useful indicator of bacterial quality 
of recreational waters.   ASIWPCA realizes that the 1986 study indicated an inverse relationship 
between fecal coliform bacteria and gastrointestinal illness (GI), however, we anticipated that 
finding would be tested for validity by the most recent study.  It is interesting to note that even 
though the 1986 document did not recommend fecal coliform as an appropriate indicator 
organism, the document stated that the numeric criteria presented for enterococci and E. coli were 
comparable to the long-used fecal coliform values of 200 CFU/100ml. 

 
 C. There was no mention in the latest study if the QPCRCE method was compared to split samples 

using more conventional analytical techniques.  Those data would be valuable in understanding 
the comparability of QPCRCE to membrane filtration and multiple tube fermentation methods.  
In addition, the data would assist in validation of the 1986 criteria. 

 
 D. The study confirms that teasing GI illness rates out of the data is tenuous.  For instance, at one of 

the two beaches sampled, there was a greater chance of illness with body immersion but no head 
immersion.  The opposite was true at the other beach.  These types of findings further bear out 
that it is ill-advised to set criteria down to the individual cell count that will cause a specific 
illness rate when bacteria quality can literally change from minute to minute. 

 
Issue 3.  Substantial State implementation concerns 
 
 The ASIWPCA membership was operating under the assumption the most recent epidemiology study 

would form the basis of an implementation guidance document.  At the 2005 ASIWPCA Mid-Year 
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Meeting, EPA stated the 2002 Bacteria Guidance Document would not be finalized, in part because of 
the additional data expected from the on-going Great Lakes study.  The study notes the results are 
promising, but states more study is needed: 

 
 “Because this is the first and only study to evaluate the ability of rapid water quality 

indicators to predict GI illness, additional studies will be required to evaluate the 
generalizability of these findings [emphasis added].” 

 
 Due to the fact the epidemiology is linked to a previously uncharted analytical method, it appears 

EPA is not ready to put forth the data for the Great Lakes or any other inland freshwaters without 
additional study. That decision will undoubtedly push implementation guidance back a year or more – 
guidance states have been expecting for over a decade.  Key issues for which guidance needs have 
previously been identified include: 

 
 Appropriate indicators for fresh waters 
 Appropriate test methods for wastewater 
 Relaxation of criteria in extreme high flow events 
 Applicability of criteria in tropical and sub-tropical climates where E. coli and enterococci persist 

and grow 
 Applicability of non-human sources 

 
 The murkiness of implementation issues is epitomized by recent EPA guidance on 303(d) listings.  

EPA’s current position regarding assessment of ambient data against existing State Water Quality 
Standards has re-emphasized the three components of a water quality criterion:  magnitude, duration 
and frequency.  Bacteria criteria have often been expressed as a geometric mean, typically taken from 
5 samples collected over 30 days.  Since most State monitoring protocols sample for bacteria at a far 
less intense frequency, the use of the geometric means is often moot.  Alternatives have been 
introduced in State standards, such as a provision that no more than 10% of samples collected over a 
set timeframe exceed the criterion.  This approach mirrors the commonplace 10% assessment rule 
employed by States in their development of 303(d) lists, which allows assessment of a set of 
individual samples collected over months to years.  However, current EPA philosophy discounts this 
assessment rule, unless provisions for duration and frequency are explicitly defined in State Water 
Quality Standards. Hence, a single digression of bacteria levels over the criterion garners considerable 
weight in placing a water on the 303(d) list.  Resource and logistical limitations preclude extensive 
use of geometric mean sampling, yet there has been neither guidance nor dialogue as to acceptable 
frequencies or averaging periods in which to assess single grab samples for bacteria. This knowledge 
gap invites the addition of multitudes of waters on 303(d) lists, and subsequently, no clear protocol to 
declare them compliant, with or without TMDLs. 

 
 In lieu of written guidance on these complex implementation issues, it appears EPA has scheduled 

Co-regulator Pathogen Workshops.  ASIWPCA believes this method of providing implementation 
guidance is problematic.  First, it requires considerable expense for most States to travel for a two day 
workshop.  Second, verbal dissemination of information at four separate workshops will lead to 
varying interpretation of EPA’s guidance by States and Regional Offices, leading to more confusion 
and inconsistency in implementation of 1986 criteria. 
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Issue 4. State determination that other activities are “as protective as” adoption of the 1986 

criterion document 
 

EPA needs to adhere to its long-established policies with regard to States’ adoption of recommended 
water quality criteria for toxics to ensure that the same flexibility will be used throughout its dealings 
with all States in all Regions with regard to this determination.  At this time, we do not believe EPA’s 
data from 1986 were verified by the subsequent Great Lakes study.  We now have two studies that 
indicate a relationship between GI illness rate and indicator bacteria, but neither, apparently, can be 
used to confirm the other.  Each study still requires additional follow up studies to confirm its 
findings.  Therefore, ASIWPCA does not believe there is a sound case for disapproving any State 
standard that is based on any of the previously accepted indicators for inland freshwaters - fecal 
coliform, E. coli, or enterococci bacteria.  Nor do we believe there is reason to challenge individual 
State standards that may be more stringent based on recent, local epidemiological data that 
demonstrates a relationship between the levels of bacteria indicators and increased health risks. 
 
As long as States have bacteria criteria in place and aimed at providing some assurance of sanitary 
conditions in recreational waters, those criteria should be honored by EPA. 
 

Issue 5. EPA needs to provide more scientific data and information to States for implementation of 
bacteria criteria 

 
States have concerns regarding the effectiveness of existing treatment capabilities on new indicator 
organisms.  Millions of dollars have been spent providing for disinfection of point source effluent 
using both ultraviolet (UV) and chlorine-based technologies.  Many of those technologies 
(particularly UV) were designed to meet a permit limit based on fecal coliform bacteria.  In switching 
to enterococci or E. coli as an indicator, there is concern those designs may not meet permit limits 
based on the new indicator criteria.  There is evidence based on the relationship between fecal 
coliform bacteria and other indicators that permit limits based on a new indicator may be difficult to 
meet under all conditions.  This is problematic since there is no confirmed increase in human health 
risk associated with a failure to meet limits set using new indicators.  This issue needs to be addressed 
by EPA so that the State programs will have consistent, valid, and, scientifically defensible responses 
when these concerns are raised during the implementation of the new standard.  Addressing this issue 
will necessarily require other branches at EPA become involved in the standards process to assess the 
impact on existing programs. 
 

Issue 6.  EPA needs to provide more scientific information concerning the QPCRCE test method 
and its practical application  

 
ASIWPCA understands the QPCRCE test method quantifies all bacteria in a sample – not 
discriminating between viable, inactive, and dead cells.  This understanding is apparently confirmed 
in the previously referenced article titled “Rapidly Measured Indicators of Recreational Water 
Quality are Predictive of Swimming Associated Gastrointestinal Illness” where it is stated: 
 

“Because QPCR relies on DNA to quantify organisms, viable organisms are not 
necessary for measurement. As a result, indicators measured by QPCR may differ in their 
sensitivity to some environmental conditions. For example, we did not see a reduction in 
QPCRCE over the course of the day, an effect that as been observed for culture-based 
indicator organisms as a resulting from die-off caused by ultraviolet radiation.” 
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This raises several questions: 
 

• How does QPCRCE data correlate with gastrointestinal illness?  We assume pathogens 
have to be viable to cause illness.  

• If disinfection of wastewater effluent is effective in providing a measure of protection 
to public health, how can QPCRCE data confirm that disinfection is taking place when 
inactive and dead cells are included in the test results? 

• If the level of QPCRCE reported material in a sample is independent of disinfection of 
wastewater effluent, is it possible to use QPCRCE as an analytical method for 
wastewater effluent?    

 
ASIWPCA Proposed Plan of Action 

 
Numerous resources have been expended to develop pathogen criteria and implementation guidance for 
those criteria, yet definitive guidance continues to languish.  ASIWPCA believes EPA shares in the 
States’ frustrations in developing and implementing inland freshwater pathogen criteria and recognizes 
the need to definitively establish criteria and implementation guidance for this most basic measure of the 
sanitary quality of surface water.  Therefore, in order to bring forth both short and long term solutions to 
the bacteria criteria/implementation issue, ASIWPCA puts forth the following plan of action: 
 
1. Until such time EPA completes epidemiology studies validating the 1986 bacteria criteria, States will 

maintain their current recreational bacteria criteria and indicators.  Changing criteria or indicators will 
be at the States’ discretion.  EPA will approve State criteria and indicators if they fall within the range 
of previously accepted criteria for fecal coliform, E. coli, or enterococci bacteria.  There is no 
statutory requirement to force adoption of the 1986 bacteria criteria for waters other than coastal 
recreational waters. 

 
2. A subgroup from the ASIWPCA/EPA WQS Workgroup will meet with EPA to discuss the States’ 

needs for epidemiologic studies validating recreational bacteria criteria.  Those needs will include 
indicators, test methodologies, applicable waters, potential pollutant sources, treatment process 
removal efficiencies, etc.  The needs requirements will be utilized as the basis for developing a 
quality assurance project plan (QAPP) for future epidemiologic studies.  ASIWPCA and EPA should 
be able to reach consensus up front regarding the format of the studies and the data output for any 
studies utilized to establish criteria. 

 
3. Epidemiology studies validating the 1986 bacteria criteria will follow the accepted QAPP. 
 
4. Final bacteria guidance will be based on results of the validating study(s) and present criteria in terms 

compatible with identified State implementation needs. 
 
ASIWPCA proposes a dialogue be initiated immediately between States and EPA, as partners, on how to 
deal with each of the matters identified in this White Paper.  Until these issues are resolved, doubt will 
continue to be cast on the validity of EPA’s bacteria criteria and their implementation. 
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From: Matthew Chirdon <MChirdon@dfg.ca.gov> 
To: DWoelfel@waterboards.ca.gov 
CC: RBarabe@dfg.ca.gov; CNavarro@dfg.ca.gov 
Date: 8/12/2010 2:33 PM 
Subject: Re: Sensitive Species Occuring or Potential for occurrence 
Attachments: Ben Uses Santa Ana Regional Board.zip 
Hi David: 
Attached is my exercise in providing documentation of wildlife and habitat documented at the following locations 
for determining beneficial uses. You didn't request anything on Bolsa Chica, Santa Ana River Mainstem, Santiago 
Creek, or Seal Beach are these beneficial uses not being updated? 
1. Santa Ana Delhi Channel 
2. Greenville-Banning Channel (VICINITY)* 
3. SAR Mouth & HB Wetlands 
4. San Gabriel River (Orange County Only) 
5. Los Cerritos Wetlands-Orange County 
Numbers 2 & 5 above have excel spreadsheets documenting species recorded in CNDDB. 
A.) Regarding Ca. least tern foraging at location 2 (above). The CNDDB doesn't record foraging locations for 
avian species just breeding locations. I did not uncover specific documentation of CLT using location #2 for 
foraging. However, I have attached the life history account for CLT. In the discussion it notes the home range for 
CLT as "no specific information found on home range, but breeding adult probably forages in waters close to nest 
site." Based on the 2008 CLT Statewide Survey HB State Beach colony along with Alameda Point, Venice Beach, 
and Los Angeles Harbor produced 50% of the fledglings Statwide. That means CLT would be foraging quite 
actively close to the nesting site and foraging at location # 2 may become necessary if baitfish occur in the channel 
and none exist close to the colony. 
To determine if bait fish are in the channel a monitoring report would be needed. I have not personal observed this 
location. The CNDDB documents Southern Coastal Salt Marsh Habitat existing from where Greenville-Banning 
Channel dumps into SAR up to Fariview Channel (based on 1988 Holland surveys). This same habitat exists in the 
HB wetlands where I have observed CLT foraging. So based on substantial evidence and observances by other 
professionals (R. Zembel) the Greenville-Banning Channel may periodically provide foraging for CLT. It could 
be a potential foraging location if it doesn't presently contain foraging opportunities for CLT based on the Holland 
1988 classification of habitat adjacent to channel, and if channel remains open to ocean tidal exchange. 
B.) Regarding #5 (above) the 2006 BSS statewide survey documents BSS breeding pairs in Los Cerritos Wetlands 
whether any breeding pairs were in OC is non-descript. Based on the surveys and types of plant species documented 
in the CNDDB the potential for BSS to occur is likely. 
The attached excel file represents specific records in the CNDDB from Orange County (south of San Gabriel River) 
on or adjacent to Hellman Ranch. I have attached Life History Account for BSS, and examples of plant species 
found in association with pickleweed marsh, which is the primary habitat requirement for BSS. Examples listed in 
Common Species Pickleweed Series.doc are general examples of plant species found in association with Southern 
Coastal Salt Marsh. Some records in the excel file are provided with additional species info. in the Word files. 
Notice species in Excel file for estuary sea-blight and D. saltscale are in the same Genus as sea-blite (Suaeda sp.) & 
Fat-hen (Atriplex sp.) (Common Species Pickleweed Series.doc). These species occur <200 meter elevation and 
are associated with saline lands, estuaries, and coastal bluffs (habitats assoc. with BSS). However, the CNDDB 
doesn't not identify this area as Southern Coastal Salt Marsh (pickleweed is assoc. with this habitat classification). 
It is likely pickleweed exists here, but I don't have documention that pickleweed exists. 
In summary, yes I do have documentation that BSS are in Los Cerritos Wetlands, and the report has been approved 
by the Department. I don't have specific info. documenting BSS on Los Cerritos Wetlands in OC. At a minimum 
the Los Cerritos Wetlands in OC do present the potential to support BSS based on ecology of salt marsh associated 
plants documented as growing there. 
If all of this still leaves you unclear on existing and suitable beneficial uses let me know what remaining 
documentation RWQCB needs and I will put together a plan with my supervisor to address wildlife species observed 
or potentially present. 
Regards, 
Matt Chirdon 
Environmental Scientist 
Region 5 
PO Box 998 



Oceanside, CA 92049-0998 
(Office)(760) 757-3734 
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TITLE 17 CODE OF REGULATIONS 

DIVISION 1. STATE DEPARTMENT OF HEALTH SERVICES 

CHAPTER 5. SANITATION (ENVIRONMENTAL) 

SUBCHAPTER 1. ENGINEERING (SANITARY) 

GROUP 4. DRINKING WATER SUPPLIES 
 

Article 1. General 
§7583. Definitions. 

In addition to the definitions in Section 116275 of the Health and Safety Code, the following 

terms are defined for the purpose of this Chapter: 

(a) "Approved Water Supply" is a water supply whose potability is regulated by a State of 

local health agency. 

 

(b) "Auxiliary Water Supply" is any water supply other than that received from a public 

water system. 

 

(c) ―Air-gap Separation (AG)" is a physical break between the supply line and a receiving 

vessel. 

 

(d) "AWWA Standard" is an official standard developed and approved by the American 

Water Works Association (AWWA). 

 

(e) "Cross-Connection" is an unprotected actual or potential connection between a potable 

water system used to supply water for drinking purposes and any source or system containing 

unapproved water or a substance that is not or cannot be approved as safe, wholesome, and 

potable. By-pass arrangements, jumper connections, removable sections, swivel or changeover 

devices, or other devices through which backflow could occur, shall be considered to be cross-

connections. 

 

(f) "Double Check Valve Assembly (DC)" is an assembly of at least two independently 

acting check valves including tightly closing shut-off valves on each side of the check valve 

assembly and test cocks available for testing the watertightness of each check valve. 

 

(g) "Health Agency" means the California Department of Health Services, or the local health 

officer with respect to a small water system. 

 

(h) "Local Health Agency" means the county or city health authority. 

 

(i) "Reclaimed Water" is a wastewater which as a result of treatment is suitable for uses other 

than potable use. 

 

(j) "Reduced Pressure Principle Backflow Prevention Device (RP)" is a backflow preventer 

incorporating not less than two check valves, an automatically operated differential relief valve 

located between the two check valves, a tightly closing shut-off valve on each side of the check 
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valve assembly, and equipped with necessary test cocks for testing. 

 

(k) "User Connection" is the point of connection of a user's piping to the water supplier's 

facilities. 

 

(l) "Water Supplier" is the person who owns or operates the public water system. 

 

(m) "Water User" is any person obtaining water from a public water supply. 

 

§7584. Responsibility and scope of program. 

The water supplier shall protect the public water supply from contamination by implementation 

of a cross-connection control program. The program, or any portion thereof, may be 

implemented directly by the water supplier or by means of a contract with the local health 

agency, or with another agency approved by the health agency. The water supplier's cross-

connection control program shall for the purpose of addressing the requirements of Sections 

7585 through 7605 include, but not be limited to, the following elements: 

(a) The adoption of operating rules or ordinances to implement the cross-connection 

program. 

 

(b) The conducting of surveys to identify water user premises where cross-connections are 

likely to occur, 

 

(c) The provisions of backflow protection by the water user at the user's connection or within 

the user's premises or both, 

 

(d) The provision of at least one person trained in cross-connection control to carry out the 

cross-connection program, 

 

(e) The establishment of a procedure or system for testing backflow preventers, and 

 

(f) The maintenance of records of locations, tests, and repairs of backflow preventers. 

 
§7585. Evaluation of hazard. 

The water supplier shall evaluate the degree of potential health hazard to the public water supply 

which may be created as a result of conditions existing on a user's premises. The water supplier, 

however, shall not be responsible for abatement of cross-connections which may exist within a 

user's premises. As a minimum, the evaluation should consider: the existence of cross-

connections, the nature of materials handled on the property, the probability of a backflow 
occurring, the degree of piping system complexity and the potential for piping system 

modification. Special consideration shall be given to the premises of the following types of water 

users: 

(a) Premises where substances harmful to health are handled under pressure in a manner 

which could permit their entry into the public water system. This includes chemical or biological 

process waters and water from public water supplies which have deteriorated in sanitary quality. 
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(b) Premises having an auxiliary water supply, unless the auxiliary supply is accepted as an 

additional source by the water supplier and is approved by the health agency. 

 

(c) Premises that have internal cross-connections that are not abated to the satisfaction of the 

water supplier or the health agency. 

 

(d) Premises where cross-connections are likely to occur and entry is restricted so that cross-

connection inspections cannot be made with sufficient frequency or at sufficiently short notice to 

assure that cross-connections do not exist. 

 

(e) Premises having a repeated history of cross-connections being established or re-

established. 

 
§7586. User supervisor. 

The health agency and water supplier may, at their discretion, require an industrial water user to 

designate a user supervisor when the water user's premises has a multipiping system that convey 

various types of fluids, some of which may be hazardous and where changes in the piping system 

are frequently made. The user supervisor shall be responsible for the avoidance of cross-

connections during the installation, operation and maintenance of the water user's pipelines and 

equipment. 

 

Article 2. Protection of Water System 
§7601. Approval of backflow preventers. 

Backflow preventers required by this Chapter shall have passed laboratory and field evaluation 

tests performed by a recognized testing organization which has demonstrated their competency 

to perform such tests to the Department. 

 

§7602. Construction of backflow preventers. 

(a) Air-gap Separation. An Air-gap separation (AG) shall be at least double the diameter of 

the supply pipe, measured vertically from the flood rim of the receiving vessel to the supply 

pipe; however, in no case shall this separation be less than one inch. 

 

(b) Double Check Valve Assembly. A required double check valve assembly (DC) shall, as a 

minimum, conform to the AWWA Standard C506-78 (R83) adopted on January 28, 1978 for 

Double Check Valve Type Backflow Preventive Devices which is herein incorporated by 

reference. 

 

(c) Reduced Pressure Principle Backflow Prevention Device. A required reduced pressure 
principle backflow prevention device (RP) shall, as a minimum, conform to the AWWA 

Standard C506-78 (R83) adopted on January 28, 1978 for Reduced Pressure Principle Type 

Backflow Prevention Devices which is herein incorporated by reference. 
 
§7603. Location of backflow preventers. 

(a) Air-gap Separation. An air-gap separation shall be located as close as practical to the 

user's connection and all piping between the user's connection and the receiving tank shall be 
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entirely visible unless otherwise approved in writing by the water supplier and the health agency. 

 

(b) Double Check Valve Assembly. A double check valve assembly shall be located as close 

as practical to the user's connection and shall be installed above grade, if possible, and in a 

manner where it is readily accessible for testing and maintenance. 

 

(c) Reduced Pressure Principle Backflow Prevention Device. A reduced pressure principle 

backflow prevention device shall be located as close as practical to the user's connection and 

shall be installed a minimum of twelve inches (12") above grade and not more than thirty-six 

inches (36") above grade measured from the bottom of the device and with a minimum of twelve 

inches (12") side clearance. 

 
§7604. Type of protection required. 

The type of protection that shall be provided to prevent backflow into the public water supply 

shall be commensurate with the degree of hazard that exists on the consumer's premises. The 

type of protective device that may be required (listed in an increasing level of protection) 

includes: Double check Valve Assembly-(DC), Reduced Pressure Principle Backflow Prevention 

Device-(RP) and an Air gap Separation-(AG). The water user may choose a higher level of 

protection than required by the water supplier. The minimum types of backflow protection 

required to protect the public water supply, at the water user's connection to premises with 

various degrees of hazard, are given in Table 1. Situations not covered in Table 1 shall be 

evaluated on a case-by-case basis and the appropriate backflow protection shall be determined by 

the water supplier or health agency. 
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TABLE 1 

TYPE OF BACKFLOW PROTECTION REQUIRED 

 

Degree of Hazard Minimum 

Type of 

Backflow 

Prevention 

(a) Sewage and Hazardous Substances  

(1) Premises where there are waste water pumping and/or treatment plants 

and there is no interconnection with the potable water system. This does not 

include a single-family residence that has a sewage lift pump. A RP may be 

provided in lieu of an AG if approved by the health agency and water supplier. 

AG 

 

(2) Premises where hazardous substances are handled in any manner in 

which the substances may enter the potable water system. This does not 

include a single-family residence that has a sewage lift pump. A RP may be 

provided in lieu of an AG if approved by the health agency and water supplier. 

AG 

 

(3) Premises where there are irrigation systems into which fertilizers, 

herbicides, or pesticides are, or can be, injected. 

RP 

 

(b) Auxiliary Water Supplies  

(1) Premises where there is an unapproved auxiliary water supply which is 

interconnected with the public water system. A RP or DC may be provided in 

lieu of an AG if approved by the health agency and water supplier 

AG 

(2) Premises where there is an unapproved auxiliary RP water supply and 

there are no interconnections with the public water system. A DC may be 

provided in lieu of a RP if approved by the health agency and water supplier. 

RP 

(c) Recycled water  

(1) Premises where the public water system is used to supplement the 

recycled water supply. 

AG 

(2) Premises where recycled water is used, other than as allowed in 

paragraph (3), and there is no interconnection with the potable water system. 

RP 

(3) Residences using recycled water for landscape irrigation as part of an 

approved dual plumbed use area established pursuant to sections 60313 

through 60316 unless the recycled water supplier obtains approval of the local 

public water supplier, or the Department if the water supplier is also the 

supplier of the recycled water, to utilize an alternative backflow protection 

plan that includes an annual inspection and annual shutdown test of the 

recycled water and potable water systems pursuant to subsection 60316(a). 

DC 

(d) Fire Protection Systems  

(1) Premises where the fire system is directly supplied from the public 

water system and there is an unapproved auxiliary water supply on or to the 

premises (not interconnected). 

DC 

(2) Premises where the fire system is supplied from the public water 

system and interconnected with an unapproved auxiliary water supply. A RP 

may be provided in lieu of an AG if approved by the health agency and water 

supplier. 

AG 



NOTE:  This publication is meant to be an aid to the staff of the CDPH Drinking Water Program and cannot be 

relied upon by the regulated community as the State of California‘s representation of the law.  The published codes 

are the only official representation of the law. Refer to the published codes—in this case, 17 CCR and 22 CCR—

whenever specific citations are required.  Statutes related to CDPH‘s drinking water-related activities are in the 

Health & Safety Code, the Water Code, and other codes. 

 

 

Last updated July 1, 2013—from Titles 17 and 22 California Code of Regulations 

California Regulations Related to Drinking Water 

20 

(3) Premises where the fire system is supplied from the public water 

system and where either elevated storage tanks or fire pumps which take 

suction from private reservoirs or tanks are used. 

DC 

(4) Premises where the fire system is supplied from the public water 

system and where recycled water is used in a separate piping system within the 

same building. 

DC 

(e) Dockside Watering Points and Marine Facilities  

(1) Pier hydrants for supplying water to vessels for any purpose. RP 

(2) Premises where there are marine facilities. RP 

(f) Premises where entry is restricted so that inspections for cross-connections 

cannot be made with sufficient frequency or at sufficiently short notice to assure 

that do not exist. 

RP 

(g) Premises where there is a repeated history of cross-connections being 

established or re-established.  

 

RP 

 

§7605. Testing and maintenance of backflow preventers. 

(a) The water supplier shall assure that adequate maintenance and periodic testing are 

provided by the water user to ensure their proper operation. 

 

(b) Backflow preventers shall be tested by persons who have demonstrated their competency 

in testing of these devices to the water supplier or health agency. 

 

(c) Backflow preventers shall be tested at least annually or more frequently if determined to 

be necessary by the health agency or water supplier. When devices are found to be defective, 

they shall be repaired or replaced in accordance with the provisions of this Chapter. 

 

(d) Backflow preventers shall be tested immediately after they are installed, relocated or 

repaired and not placed in service unless they are functioning as required. 

 

(e) The water supplier shall notify the water user when testing of backflow preventers is 

needed. The notice shall contain the date when the test must be completed. 

 

(f) Reports of testing and maintenance shall be maintained by the water supplier for a 

minimum of three years. 
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TITLE 22 CODE OF REGULATIONS 

DIVISION 4. ENVIRONMENTAL HEALTH 

CHAPTER 1. INTRODUCTION 
 

Article 1. Definitions 
§60001. Department. 

Whenever the term ―department‖ or ―Department‖ is used in this division, it means the State 

Department of Public Health, unless otherwise specified. 

 

§60003. Director. 

Whenever the term ―director‖ is used in this division, it means the Director, State Department of 

Public Health, unless otherwise specified. 

 

CHAPTER 2. REGULATIONS FOR THE IMPLEMENTATION OF THE 

CALIFORNIA ENVIRONMENTAL QUALITY ACT 
 

Article 1. General Requirements and Categorical Exemptions 
§60100. General requirements. 

The Department of Health Services incorporates by reference the objectives, criteria, and 

procedures as delineated in Chapters 1, 2, 2.5, 2.6, 3, 4, 5, and 6, Division 13, Public Resources 

Code, Sections 21000 et seq., and the Guidelines for the Implementation of the California 

Environmental Quality Act, Title 14, Division 6, Chapter 3, California Administrative Code, 

Sections 15000 et seq. 

 

§60101. Specific Activities Within Categorical Exempt Classes. 

The following specific activities are determined by the Department to fall within the classes of 

categorical exemptions set forth in Sections 15300 et seq. of Title 14 of the California 

Administrative Code: 

(a) Class 1: Existing Facilities. 

(1) Any interior or exterior alteration of water treatment units, water supply systems, and 

pump station buildings where the alteration involves the addition, deletion, or modification of 

mechanical, electrical, or hydraulic controls. 

(2) Maintenance, repair, replacement, or reconstruction to any water treatment process 

units, including structures, filters, pumps, and chlorinators. 

 

(b) Class 2: Replacement or Reconstruction. 

(1) Repair or replacement of any water service connections, meters, and valves for 

backflow prevention, air release, pressure regulating, shut-off and blow-off or flushing. 

(2) Replacement or reconstruction of any existing water supply distribution lines, storage 

tanks and reservoirs of substantially the same size. 

(3) Replacement or reconstruction of any water wells, pump stations and related 

appurtenances. 
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(c) Class 3: New Construction of Small Structures. 

(1) Construction of any water supply and distribution lines of less than sixteen inches in 

diameter, and related appurtenances. 

(2) Construction of any water storage tanks and reservoirs of less than 100,000 gallon 

capacity. 

 

(d) Class 4: Minor Alterations to Land. 

(1) Minor alterations to land, water, or vegetation on any officially existing designated 

wildlife management areas or fish production facilities for the purpose of reducing the 

environmental potential for nuisances or vector production. 

(2) Any minor alterations to highway crossings for water supply and distribution lines. 

 

Article 2. Monitoring and Reporting Requirements - Scope 
§60098. Monitoring and Reporting Requirements. 

The phrase ―The monitoring and reporting requirements as specified in regulations adopted by 

the department that pertain to maximum contaminant levels‖ as used in Health and Safety Code 

section 116275, subdivision (c)(3) includes, but is not limited to, the requirements of Articles 18 

and 20 of Chapter 15, Title 22, California Code of Regulations. 

 

 

CHAPTER 4. WATER TREATMENT DEVICES 
 

Article 1. Definitions 
§60400. Certification. 

―Certification‖ means that a water treatment device or a treatment component used in water 

treatment devices has met the testing requirements specified in section 60435 or the testing 

requirements accepted by the Department pursuant to section 116830(c) of the Health and Safety 

Code as defined in section 60440. 

 

§60401. Health and Safety Claim. 

(a) ―Health or Safety Claim‖ means one or more of the following: 

(1) Any claim that the water treatment device or treatment component will remove or 

reduce a contaminant for which a primary drinking water standard as defined in Health and 

Safety Code section 116275 or a treatment requirement as authorized in sections 116365(j) and 

116375(d) of the Health and Safety Code has been established. 

Any claim that the water treatment device or treatment component will remove or 

reduce a contaminant for which a national primary drinking water standard or 

treatment requirement has been established under the U.S. Safe Drinking Water Act (PL 

93-523 and as amended under PL 99-339) (42 U.S.C. section 3OOg-1). 

(2) Any claim that the water treatment device or treatment component will remove or 

reduce a contaminant for which a national primary drinking water standard or treatment 

requirement has been established under the U.S. Safe Drinking Water Act (PL 93-523 and as 

amended under PL 99-339) (42 U.S.C. section 300g-1). 

(3) Any claim that the water treatment device or treatment component will remove or 

reduce a contaminant which has been determined to present a health risk by the United States 
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Environmental Protection Agency pursuant to sections 1445(a)(2) and 1445(a)(3) of the U.S. 

Safe Drinking Water Act (PL 93-523 and as amended under PL 99-339) (42 U.S.C. section 300j-

4(a)(2) and (a)(3)). 

 

§60402. Independent Laboratory. 

―Independent Laboratory‖ means a laboratory that is neither owned or operated by the 

manufacturer or an entity which is a parent or subsidiary company to the manufacturer of a water 

treatment device or treatment component nor is in a partnership with the manufacturer or entity 

which is a parent or subsidiary company to the manufacturer. 

 

§60403. Manufacturer. 

(a) ―Manufacturer‖ means any person, as defined by section 116825(c) of the California 

Health and Safety Code, that makes, converts, constructs, or produces water treatment devices or 

treatment components for the purpose of sale, lease or rent to individuals, corporations, 

associations, or other entities. Manufacturer also includes: 

(1) Persons that assemble water treatment devices or treatment components from 

components manufactured by another entity. 

(2) Persons who add their own product name or product identification to water treatment 

devices or treatment components which have been manufactured or assembled by another entity. 

 

§60404. Recognized Testing Organization. 

―Recognized Testing Organization‖ means an independent laboratory which has been accredited 

by the Department pursuant to Health and Safety Code, division 1, part 2, chapter 7.5, section 

1010 et seq. 

 

§60405. Testing Requirements. 

―Testing Requirements‖ means the contaminant reduction and general performance requirements 

pursuant to section 60435. 

 

§60406. Modification. 

―Modification‖ means any change made to a certified water treatment device or certified 

treatment component which may affect its performance in meeting the testing requirements or an 

change in the health or safety claims made with respect to the certified water treatment device or 

certified treatment component. 

 

Article 2. Certification Requirements 
§60407. Certification Period. 

The certification shall be valid for one year and shall be renewable for a period not to exceed five 
years. 
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Article 3. Application Requirements 
§60410. Certification Application. 

(a) Application for certification shall be submitted by the manufacturer for each water 

treatment device or treatment component. 

 

(b) A completed application shall include the following: 

(1) Applicant business name, address, and phone number. 

(2) A contact person, address, and phone number. 

(3) The identification of each and every specific contaminant for each and every health or 

safety claim which is made for the water treatment device or treatment component. 

(4) Product design specifications and engineering information including blueprints or 

similar drawing which will provide detailed information about the construction of the water 

treatment device and treatment components. 

(5) Parts list for the water treatment device or treatment component. 

(6) Test data and verification as prescribed by section 60435, 60445, 60450 or 60455. 

(7) A list of all names, model numbers, or other product identifications which are used by 

the manufacturer to describe the water treatment device or treatment component. 

(8) A statement containing the following declaration by the manufacturer: ―This water 

treatment device or treatment component, which is identified as (insert name, model number, or 

other product identification) has been toxicologically reviewed and tested to verify that no 

substances are contributed by the unit to the treated water at levels that would adversely affect 

the health of the users. The toxicological review and testing was conducted pursuant to the 

requirements of the material review and qualifications procedures contained in the appropriate 

testing standard referenced in Table I of section 60435 or Table II of section 60450‖. 

(9) The application shall be signed by a person in a principal management position. 

 

§60415. Certification Renewal. 

(a) A completed application for renewal of a certification shall be submitted by the 

manufacturer. A completed application shall include the following: 

(1) Applicant business name, address, and phone number. 

(2) A contact person, address, and phone number. 

(3) A written statement that identifies any change to the information provided as 

described in section 60410(b)(7) and (8) or changes to section 60410(b)(4) and (5) which do not 

constitute modifications. 

(4) The application shall be signed by a person in a principal management position. 

 

(b) The manufacturer shall be responsible for making application for renewal of a 

certification at least 30 days prior to the expiration date. If the application is submitted after that 
date, a late application penalty must be paid. 

 

(c) In the event that the application for renewal of the certification is denied by the 

department, the manufacturer will be notified by registered mail of the denial and the reasons for 

the denial. The manufacturer may appeal the denial in accordance with Government Code, title 

2, division 3, chapter 5, section 11500 et seq. The registered letter providing notice of the denial 

will be considered the accusation within the appeal process. 
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§60425. Modification of a Certification. 

(a) Any modification made to a certified water treatment device or certified treatment 

component without the written approval of the Department shall void the certification. 

 

(b) Application to modify an existing certification shall be submitted by the manufacturer. A 

completed application for the modification of a certified water treatment device or certified 

treatment component shall include the following: 

(1) Applicant business name, address, and telephone number. 

(2) Name of a contact person, address, and telephone number. 

(3) A statement of the reasons for the modification(s). 

(4) A description of the modification(s) to the certified water treatment device or certified 

treatment component such as changes in the health or safety claims; changes in treatment 

components; changes in parts which are in direct contact with the influent or product water; or 

changes to parts which affect the treatment process or product safety 

(6) Changes to the parts list provided pursuant to section 60410(b)(5). 

(7) Changes to the product design, specifications and engineering information including 

blueprints or similar drawings provided pursuant to section 60410(b)(4). 

(8) Changes to the list of names, model numbers, or other product identifications 

provided pursuant to section 60410(b)(7). 

(9) A statement containing the following declaration by the manufacturer: ―This water 

treatment device or treatment component, which is identified as (insert name, model number, or 

other product identification) has been to toxicologically reviewed and tested to verify that no 

substances are contributed by the unit to the treated water at levels that would adversely affect 

the health of the users. The toxicological review and testing was conducted pursuant to the 

requirements of the material review and qualifications procedures contained in the appropriate 

testing standard referenced in Table I of section 60435 or Table II of section 60450.‖ 

(10) The application shall be signed by a person in a principal management position. 

 

§60430. Processing Time. (Repealed) 

 

Article 4. Testing and Testing Protocols 
§60435. Testing and Testing Protocols. 

(a) To be considered for certification, a water treatment device or treatment component shall 

be tested and found to meet the requirements set forth in Table I. 

 

(b) The testing shall be conducted: 

(1) By a recognized testing organization; or 
(2) By a manufacturer pursuant to section 60445. 

 

(c) All contaminant reduction and general performance testing shall be conducted by a 

laboratory which has been accredited by the Department pursuant to Health and Safety Code, 

division 1, part 2, chapter 7.5, section 1010 et seq. Test data submitted pursuant to section 60450 

are exempt from this provision. 
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Table I 

Testing Requirements 

 

   TESTING PROTOCOLS 

Treatment Process Reference Standard Contaminant 

Reduction 

Requirements 

(Sections) 

General 

Performance 

Requirements 

(Sections) 

Mechanical 

Filtration 

 

NSF Standard 53
1
 

5.2, 5.2.1, 5.3, 

5.3.1, 5.3.2 

4.2, 4.2.1, 4.2.2, 

4.2.3, 4.2.4, 4.4 

Activated Carbon  5.3.3 5.5 

Reverse Osmosis NSF Standard 58
2
 5.3, 5.4, 5.4.1, 

5.4.2, 5.4.3 

4.1, 4.7.2, 4.7.3 

Cation Exchange NSF Standard 44
3
 5.2, 5.2.1 4.3 

Distillation NSF Standard 62
4
 5.1, 5.2, 5.3 4.21, 4.5, 4.5.1, 

4.5.2, 4.5.2.1, 5.4 
Notes:  

1
National Sanitation Foundation Standard 53, Drinking Water Treatment Units Health Effects, June 1988. 

 2
National Sanitation Foundation Standard 58, Reverse Osmosis Drinking Water Treatment Systems, 

November 1986. 
 3

National Sanitation Foundation Standard 44, Cation Exchange Water Softeners, December 1987. 
 4

National Sanitation Foundation Standard 62, Drinking Water Distillation Systems, May 1989. 

 

§60440. Manufacturer's Testing Protocols. 

(a) Whenever the testing requirements of Table I of section 60435 are not applicable for the 

treatment process or the specific contaminant for which certification is requested, the applicant 

shall submit proposed testing protocols to the Department for approval prior to the testing of the 

water treatment device or treatment component. 

 

(b) The proposed testing protocols shall include the following: 

(1) Testing shall be conducted in duplicate. 

(2) Testing shall be conducted under pressure and flow conditions typical of the end use 

of the water treatment device or treatment component. 

(3) Testing shall provide an equivalent level of assurance that the performance of a water 

treatment device or treatment component is consistent with the performance of those water 

treatment or treatment components devices which are tested against the testing requirements 

prescribed in Table I of section 60435. 

 

§60445. Manufacturer's Test Data. 

(a) Test data developed by a manufacturer and submitted to the Department pursuant to the 

provisions of section 60435(b)(2) shall meet all of the following requirements: 

(1) The data was obtained using the testing requirements prescribed in section 60435 or 

the testing requirements accepted by the Department pursuant to section 116830(c) of the Health 

and Safety Code as defined in section 60440. 

(2) The data was produced by a laboratory which is wholly owned by the manufacturer of 

the water treatment device or treatment component. 

(3) The manufacturer has complied with the Department's request for information 
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regarding the qualifications of the laboratory staff, laboratory equipment used for testing and 

analysis, and records related to the testing under review. 

(4) The manufacturer's laboratory has been inspected by the Department's staff under a 

cost reimbursement agreement to recover the cost incurred to make the inspection(s). 

(5) The manufacturer has performed replicate testing, as specified by the Department, 

during the on-site inspection. Such testing shall be required when test data submitted pursuant to 

this section is incomplete or there is reasonable doubt regarding the ability of the treatment 

process to remove or reduce one or more of the specific contaminants tested. 

 

§60450. Prior Test Data. 

When a manufacturer submits prior test data to satisfy the requirements of section 60410(b)(6), 

the manufacturer shall demonstrate that any test data developed before September 1, 1990 was 

developed by an independent laboratory or by a manufacturer's laboratory; and that the test data 

was developed using a testing protocol that was consistent with the applicable testing 

requirements set forth in Table II. All test data considered by the Department pursuant to this 

paragraph shall have been produced from testing that was conducted after January 1, 1983. 

 

Table II 

Testing Requirements for Prior Data 

 

   TESTING PROTOCOLS 

Treatment Process Reference Standard Contaminant 

Reduction 

Requirements 

(Sections) 

General 

Performance 

Requirements 

(Sections) 

Mechanical Filtration  

NSF Standard 53
1
 

5.2, 5.2.1, 5.3, 

5.3.1, 5.3.2 

4.2, 4.2.1, 4.2.2, 

4.2.3, 4.2.4, 4.4 

Activated Carbon  5.3.3 5.5 

Reverse Osmosis NSF Standard 58
2
 5.3, 5.4, 5.4.1, 

5.4.2, 5.4.3 

4.1, 4.7.2, 4.7.3 

Cation Exchange NSF Standard 44
3
 5.2, 5.2.1 4.3 

Distillation NSF Standard 62
4
 5.1, 5.2, 5.3 4.21, 4.5, 4.5.1, 

4.5.2, 4.5.2.1, 5.4 
Notes:  

1
 National Sanitation Foundation Standard 53, Drinking Water Treatment Units Health Effects, June 1988. 

2
 National Sanitation Foundation Standard 58, Reverse Osmosis Drinking Water Treatment Systems, 

November 1986. 
3
 National Sanitation Foundation Standard 44, Cation Exchange Water Softeners, December 1987. 

4
 National Sanitation Foundation Standard 62, Drinking Water Distillation Systems, May 1989. 

 

§60455. Extrapolation of Data. 

(a) Where a manufacturer has several water treatment devices or treatment components each 

using the same treatment technology and they are of similar construction, the manufacturer may 

submit test data developed pursuant to section 60435 or the manufacturer's testing protocol 

accepted by the Department pursuant to section 4057.1(c)
1
 of the Health and Safety Code, as 

                                                 

1 Section 4057.1(c) has been recodified to 116380(c). 
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defined in section 60440, on one water treatment device or treatment component as 

representative of the others under the following conditions: 

(1) The manufacturer submits evidence that extrapolation will provide test data that is 

reasonably consistent with empirical data that would be obtained from the actual testing of the 

water treatment device or treatment component. 

(2) Extrapolation is limited to the scaling or down in size as measured by the volume of 

product water produced or volume of water to be treated. 

(3) Scaling up shall be limited to three times greater than the size of the representative 

water treatment device or treatment component. 

(4) Scaling down shall be limited to one third the size of the representative water 

treatment device or treatment component. 

 

§60460. Retesting. 

(a) The manufacturer shall retest each certified water treatment device or certified treatment 

component every five years from the date of certification to insure continued compliance with 

this chapter and shall submit the results to the Department along with the application for 

recertification. 

 

(b) The manufacturer shall retest a certified water treatment device or certified treatment 

component for the reduction of a contaminant or for a general performance requirement when the 

Department determines through testing pursuant to section 60435 or the manufacturer's testing 

protocol accepted by the Department pursuant to section 4057.1 of the Health and Safety Code, 

as defined in section 60440, that the water treatment device or treatment component is not 

meeting a requirement when the water treatment device or treatment component is used 

according to the manufacturer's instructions. The manufacturer shall comply with the following 

requirements when retesting pursuant to this paragraph: 

(1) Retesting pursuant to subsection (b) shall be conducted by a recognized testing 

organization in accordance with section 60435 or the manufacturer's testing protocol and shall be 

initiated within three months of notification by registered mail of the Department's 

determination. 

(2) The results of retesting shall be submitted to the Department within 60 days of 

initiating the testing. 

(3) The results of retesting shall be in conformance with section 60435 or the 

manufacturer's testing protocol. Manufacturers of certified water treatment devices or certified 

treatment components determined to be out of compliance with section 60435 or the 

manufacturer's testing protocol will be notified by registered mail of the decertification and 

reason for decertification. The manufacturer may appeal the decertification in accordance with 

Government Code, title 2, division 3, chapter 5, section 11500 et seq. The registered letter 

providing notice of the decertification will be considered the accusation within the appeal 

process. 

 

(c) Retesting pursuant to subdivision (a) shall not be required for a certified water treatment 

device or certified treatment component if the water treatment device or treatment component is 

listed under a product listing program operated a non-profit third party testing organization and 

subject to the following provisions: 
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(1) The listing program is operated by a recognized testing organization. 

(2) The listing program includes retesting of the water treatment device or its treatment 

components at least every five years. 

(3) The listing program requires that the manufacturer maintain a quality assurance and 

quality control program for the manufacturing of the water treatment device or treatment 

component. 

(4) The listing program includes visits at least every two years to the manufacturing 

plants to inspect the manufacturing of the water treatment device or treatment component and the 

quality control records maintained by the manufacturer. 

 

Article 5. Product Labeling and Data Sheet Requirements 
§60465. Product Labeling. 

(a) A permanent, clear, and legible plate or label containing the following information shall 

be securely affixed to each certified water treatment device or certified treatment component so 

that such plate or label can only be removed with a purposeful effort and the plate or label shall 

be affixed in a readily accessible location: 

(1) Equipment name. 

(2) Model designation. 

(3) Name of manufacturer. 

(4) The statement ―For conditions of use, health claims certified by the California 

Department of Health Services, and replacement parts, see product data sheet.‖ 

(5) The statement ―California Department of Health Services certification Number: 

XXXXXX.‖ 

 

§60470. Product Data Sheet. 

(a) Each certified water treatment device shall be accompanied by a Product Data Sheet 

which includes the following information: 

(1) A copy of the certificate by which the Department has granted certification of the 

water treatment device. The copy may be incorporated in the product data sheet or attached to 

the sheet. 

(2) Service flow rate in gallons per minute or gallons per day (Liters/day) or the 

production rate in gallons per day (Liters/day). 

(3) Rated service life of the water treatment device (where applicable). 

(4) General use conditions and needs, such as maximum turbidity and bacteriological 

quality of source water. 

(5) Model or part number and estimated cost of components that must be periodically or 

routinely, replaced to maintain the effectiveness of the certified water treatment device. 

(6) Maximum and minimum operating temperature in degrees Fahrenheit and degrees 
Centigrade. 

(7) Maximum and minimum operating pressure in pounds per square inch and kilograms 

per square centimeter. 

(8) A reference to the owner's manual for general operation and maintenance 

requirements, and the manufacturer's warranty. 
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Article 6. Fees 
§60475. Fees. 

(a) The fees specified shall be paid pursuant to the requirements of this chapter. The fees paid 

are non-refundable: 

(1) Certification or Recertification $1,400 

(2) Annual Renewal   $   400 

(3) Late Renewal Penalty   $   200 

(4) Modification of a Certification $   300 

 

 

CHAPTER 12. SAFE DRINKING WATER PROJECT FUNDING 
 

Article 1. Definitions 
§63000.10. Applicant. 

―Applicant‖ means a public water system that is applying for funding from the State Revolving 

Fund. 

 

§63000.13. CEQA. 

―CEQA‖ means the California Environmental Quality Act and the regulations and guidelines 

adopted by the California Resources Agency to implement that Act. 

 

§63000.16. Completion of Project. 

―Completion of Project‖ means, in the case of a construction project, that the Department has 

conducted a final inspection of the project and has notified the water system that project 

construction has been completed in conformance with the plans and specifications identified in 

the funding agreement for compliance with Health and Safety Code Part 12, Chapter 4, Section 

116270 et seq, and related regulations.  In the case of a planning project, completion of project 

means that the Department has received and approved the planning report. 

 

§63000.17. Consolidation Project. 

"Consolidation project" means a project that involves the restructuring of two or more water 

systems into a single public water system through physical consolidation of the water systems.  

 

§63000.19. Construction Funding. 

"Construction Funding" means a loan and/or grant to cover the cost of planning, preliminary 

engineering, design, acquisition of water systems, purchase of land or equipment, and 

construction or consolidation of a water system project. 

 

§63000.25. Disadvantaged Community. 

―Disadvantaged Community‖ means a community whose median household income is 80 

percent or less of the statewide median household income. 

 

§63000.28. Drinking Water Standards. 

―Drinking Water Standards‖ means all drinking water requirements set forth in the California 

Safe Drinking Water Act (section 116275 et. seq. Health and Safety Code) and the regulations 
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adopted by the Department pursuant thereto. 

 

§63000.31. Eligible Project Cost. 

―Eligible Project Cost‖ means those costs of a proposed project that are deemed by the 

Department to comply with the eligibility criteria set forth in section 63010. 

 

§63000.34. Federal Cross-Cutters. 

―Federal Cross-cutters‖ means those federal laws, regulations, policies and executive orders 

listed in Appendix VII of the USEPA program guidelines. 

 

§63000.35. Federal Funding Allocation. 

―Federal Funding Allocation means the capitalization grant awarded by the USEPA to the 

Department from a specific federal fiscal year allocation. 

 

§63000.40. Funding Application.  

"Funding Application" means the appropriate application form to be submitted by an applicant 

for State Revolving Fund funding.  The application forms are:  Application Cover Sheet [DHS 

8595 (5/99)], Application for Construction Funds [DHS 8585 (4/01)]; Application for Short 

Term Planning Loans [DHS 8586 (1/99)]; Application for Source Water Protection Funds [DHS 

8588 (2/00)]; and Application for Refinancing [DHS 8587 (1/99)], which are all incorporated by 

reference. 

 

§63000.43. Funding Agreement. 

"Funding Agreement" means the document that is signed by the funding recipient and the 

Department, that consummates the loan and/or grant. 

 

§63000.46. Funding Agreement Execution. 

―Funding Agreement Execution‖ means that the funding agreement has been signed by both the 

funding recipient and the Department. 

 

§63000.47. Funding Recipient. 

"Funding recipient" means the public water system that enters into a funding agreement with the 

State and receives funding from the Safe Drinking Water State Revolving Fund.  

 

§63000.48. Intended Use Plan. 

―Intended Use Plan‖ means the document prepared by the Department, which identifies the 

management and utilization of the State Revolving Fund and describes how those uses support 

the goals of the program.  

 

§63000.49. Local Match Project. 

―Local Match Project‖ means a project whereby the local public agency provides 20 percent of 

the total eligible cost of the project to the Department to cover the State's matching share of the 

federal dollars. 
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§63000.62. Median Household Income. 

"Median Household Income" means the household income that represents the median value for 

the service area of a public water system. 

 

§63000.65. NEPA. 

―NEPA‖ means the National Environmental Policy Act (42 U.S.C. 4331 et seq.) or a NEPA 

equivalent or NEPA- Like process approved by the USEPA for the drinking water revolving 

fund loan program. 

 

§63000.66. Non-profit or Not-for-profit. 

"Non-profit" or ―not-for-profit‖ means an entity that is exempt from taxes under United States 

Internal Revenue Code Section 501(c), 26 U.S.C. 501(c). 

 

§63000.67. Notice of Acceptance of Application. 

"Notice of Acceptance of Application" means a notice sent to the applicant that (1) identifies the 

portions and costs of the project that have been determined to be eligible for State Revolving 

Fund funding; (2) explains the terms and conditions that will govern the loan or grant for the 

project; and (3) sets forth the conditions and schedules that must be met before a funding 

agreement will be executed. 

 

§63000.68. Planning Funding. 

―Planning Funding‖ means a loan and/or grant to cover the cost of studies, planning, and 

preliminary engineering for a project. 

 

§63000.70. Possible contaminating activity (PCA). 

―Possible contaminating activity (PCA)‖ means a human activity that is an actual or potential 

origin of contamination for a drinking water source and includes sources of both microbiological 

and chemical contaminants that could have adverse effects upon human health. 

 

§63000.71. Project. 

―Project‖ means all planning, engineering, construction, and construction related activities 

undertaken to solve the specific water system problem for which the project was ranked on the 

project priority list. 

 

§63000.74. Project Priority List. 

―Project Priority List‖ means the list of projects for which public water systems have requested 

funding and that have been ranked in priority order in accordance with section 116760.70 of the 

Health and Safety Code. 

 

§63000.77. Project Primarily to Serve Future Growth. 

―Project Primarily to Serve Future Growth‖ means a project, or project component, that has a 

design capacity that is more than two times the design capacity needed to serve the existing 

water demand at maximum day demand, as defined in Section 64551.30, of Chapter 16 of this 

Title, plus the design capacity needed to meet fire flow requirements of the local fire authority. 
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§63000.80. Refinancing Loan. 

―Refinancing Loan‖ means a loan to refinance the remaining balance of an existing indebtedness 

incurred for construction of an otherwise eligible project where the construction of such project 

commenced after July 1, 1993. 

 

§63000.81. Restructured Water System. 

"Restructured water system" means the single public water system that results from the 

consolidation of two or more water systems.   

 

§63000.83. Service Area. 

―Service Area‖ means all of the geographical area that is currently served drinking water by a 

public water system. 

 

§63000.84. Source Water Assessment. 

―Source water assessment‖ means an evaluation of a drinking water source that includes 

delineation of the boundaries of the source area, identification of PCAs within the delineated 

area, a determination of the PCAs to which the source is most vulnerable, and a summary of the 

vulnerability of the source to contamination. 

 

§63000.85. Source Water Protection (SWP).  

―Source water protection (SWP)‖ means the process of managing the activities within a 

delineated source area to prevent drinking water source contamination. 

 

§63000.86. Source Water Protection Program. 

―Source water protection program‖, also known as a wellhead protection program or a watershed 

management program, means a comprehensive program developed to protect a water source used 

as a drinking water supply and includes activities such as organizing a community taskforce to 

develop and carry out the protection program, educating the community on source protection, 

conducting a source water assessment to determine the PCAs to which the source is most 

vulnerable, identifying management measures for the PCAs posing the highest risk, developing a 

strategy for implementing those measures, considering protection principles when siting any new 

sources, and identifying alternative sources of supply for emergencies. 

 

§63000.87. Source Water Protection (SWP) Loan. 

"Source Water Protection (SWP) loan" means a loan to cover the cost of a Source Water 

Protection Project. 

 

§63000.88. SWP loan applicant. 

―SWP loan applicant‖ means a public water system that is applying for a SWP loan from the 

State Revolving Fund. 

 

§63000.89. State Revolving Fund. 

―State Revolving Fund‖ means the Safe Drinking Water State Revolving Fund created pursuant 

to section 116760.30 of the Health and Safety Code. 
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§63000.90. Target Consumer Rate. 

―Target Consumer Rate‖ means an amount equal to 1 1/2 percent of the median household 

income for water systems where the median household income is equal to or less than the 

statewide median household income or 2 percent of the median household income for water 

systems where the median household income is greater than the statewide median household 

income. 

 

§63000.92. USEPA. 

―USEPA‖ means the United States Environmental Protection Agency. 

 

§63000.95. USEPA Program Guidelines. 

―USEPA Program Guidelines‖ means the Drinking Water State Revolving Fund Program 

Guidelines (EPA 816-R-97-005, February 28, 1997) adopted by the USEPA. 

 

Article 2. Financing Criteria 
§63010. Project Eligibility. 

(a) In order to be eligible for funding, an applicant shall have the authority to enter into a 

debt contract with the State. 

 

(b) In order to be eligible for funding that is not a SWP loan, an applicant shall be either a 

community water system or a non-profit non-community water system. 

(1) Only those project costs that are directly associated with the planning, design, and 

construction of a project shall be eligible for funding. 

(2) The following project costs, that would otherwise be eligible pursuant to paragraph 

(1), shall be ineligible for funding: 

(A) Land acquisition except for land or land access that is integral to the construction 

of source, treatment or distribution facilities. 

(B) Ongoing operation and maintenance costs. 

(C) Any project facilities that are primarily to serve future growth. 

(D) Dams or rehabilitation of dams and any raw water storage facilities. 

(E) Water rights except water rights acquired through consolidation with another 

water system. 

(F) Laboratories except those necessary for operation of a treatment facility. 

 

(c) In order to be eligible for a SWP loan, an applicant shall be a community water system 

except that both a community and non-profit non-community water system shall be eligible for a 

SWP loan for land or easement acquisition. 

(1) SWP project costs that shall be eligible for a SWP loan include only those associated 
with source water protection measures such as destruction of abandoned wells, hazardous waste 

collection programs, upgrade or abatement of septic systems, public education, water quality 

monitoring at critical points in protection areas, fencing out cattle and other animals from 

intakes, tributaries or reservoir boundaries, restricting public access to critical areas in protection 

areas, evaluations of agricultural practices and education on best management practices, 

installation of signs at boundaries of zones or protection areas, and structures to divert 

contaminated runoff from the source. 
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(2) SWP project costs shall be ineligible for SWP funding if the project is eligible for 

funding through the following: 

(A) The federal Comprehensive Environmental Response Compensation and Liability 

Act of 1980 (Superfund) as amended by the Superfund Amendments and Reauthorization Act of 

1986; or  

(B) Programs established under the Hazardous Substance Account Act (Health and 

Safety Code, Chapter 6.8, Section 25300 et seq); or  

(C) The Underground Storage Tank Cleanup Fund created pursuant to Health and 

Safety Code section 25299.50. 

 

(d) Costs arising from construction change orders that occur after funding agreement 

execution shall be ineligible for funding except for the following: 

(1) A change in the executed funding agreement amount based on the final accepted 

construction bid as provided in section 63052(b). 

(2) Change orders that are a result of changes in drinking water standards. 

(3) Change orders requested by the Department. 

 

§63011. Planning Funding. 

(a) Planning funding shall be used only to finance planning, studies, environmental review 

and documentation, water rate studies, and engineering costs for an eligible project. Except as 

provided by statute, planning funds shall not be used for equipment purchase, unless equipment 

is an integral component of the project; or for construction costs, except for construction costs 

associated with pilot testing or test hole or test well activities carried out as an integral part of a 

planning project. 

 

(b) Planning funding shall be limited to a maximum amount of $500,000 per project, as loan, 

grant, or combined loan and grant. 

 

(c) Projects funded by planning funding shall be completed and a planning report submitted 

to the Department within the time period allowed pursuant to requirements and conditions set 

forth in the funding agreement, but in no event later than 36 months from funding agreement 

execution. 

 

(d) When contracting for architectural, landscape architectural, professional engineering, 

environmental, land surveying, and project management services for any part of a project for 

which grant funding is awarded, the applicant shall implement procedures that assure the 

services are engaged on the basis of demonstrated competence and qualifications for the types of 

services to be performed, and at reasonable prices. 

 

§63012. Construction Funding. 

(a) Except as provided in subsection (d), construction funding shall be limited to a maximum 

amount of $20,000,000 per project. 

 

(b) Except as provided in subsection (d), a public water system shall not be awarded more 

than an aggregate amount of $30,000,000 in construction funding and refinancing loans from a 
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federal funding allocation. 

 

(c) The funding limitations established by this section shall not apply during the month 

preceding the federal deadline for obligation of funds to applicants from a federal funding 

allocation. 

 

(d) Subject to the availability of funds and the applicant’s ability to repay a loan, an applicant 

may be awarded up to the full cost of a project in the form of a loan bearing interest at the rate 

established pursuant to Health and Safety Code, section 116761.65(a). 

 

§63013. Refinancing Loans. 

(a) Refinancing loan funds shall only be used to refinance the remaining balance of an 

existing indebtedness incurred by the construction of an eligible project ranked in a category A 

through G on the Project Priority List. 

 

(b) An applicant for a refinancing loan shall be a public agency. 

 

(c) Refinancing loans shall be limited to a maximum amount of $20,000,000 per project and 

an aggregate total of $30,000,000 per water system from a federal funding allocation. 

 

(d) Refinancing loans shall only be made when all eligible projects ranked in a category A 

through G on the Project Priority List have been funded or by-passed. 

 

§63014. Local Match Projects. 

(a) Local match projects shall be considered to be the same as construction projects and shall 

be subject to the same conditions and limitations. 

 

(b) An applicant for a local match project shall be a community water system owned by a 

public agency. 

 

(c) Only projects that exceed $5,000,000 in eligible project costs shall be eligible for local 

matching. 

 

§63015.  SWP Loans. 

(a) SWP loan funds shall be used only for planning, preliminary engineering, detailed design, 

construction, education, land acquisition, conservation easements, equipment purchase, and 

implementing the elements of a source water protection program. 

 

(b) SWP loans shall be limited to a maximum amount of $2,000,000 per project per year. 

 

(c) A SWP loan applicant shall not be awarded more than an aggregate amount of $3,000,000 

in SWP loans in any fiscal year. 

 

(d) A planning project funded by a SWP loan shall be completed and a planning report 

submitted to the Department within 18 months from funding agreement execution. 
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Article 3. Disadvantaged Communities 
§63020. Grant Eligibility. 

(a) An applicant, determined eligible for funding under this chapter, may be eligible for grant 

funding only if: 

(1) It is a community water system or a nontransient noncommunity water system, as 

defined in Health and Safety Code section 116275 as it may be amended from time to time; 

(2) It is owned by a public agency or a not-for-profit water company; and 

(3) Its service area is a disadvantaged community or severely disadvantaged community.  

 

(b) In the case of a consolidation project, the grant eligibility requirement of subsection (a)(3) 

shall be based on evaluation of the service area ―median household income‖ of each participating 

applicant.   
 

§63021. Grant Limitations. 

(a) Except as provided in subsection (d), the maximum amount of grant funding to be 

awarded to a project shall be limited to the following percentages according to the classification 

of the project using the most recent Project Priority List adopted pursuant to Health and Safety 

Code section 116760.70: 

(1) 80% of the eligible project cost if the project is in Project Priority List categories A 

through G; 

(2) 65% of the eligible project cost if the project is in Project Priority List categories H 

through L; or 

(3) 50% of the eligible project cost if the project is in Project Priority List categories M 

through O. 

 

(b) The maximum amount of grant funding that one water system may receive for a project 

shall not exceed the limitations set forth in Health and Safety Code 116761.23. 

 

(c) The total amount of grant funding awarded to an eligible public water system whose 

service area is a disadvantaged community, for a project, shall be limited to the amount of 

funding needed so that the projected average residential water rate, which would result from a 

loan from the State Revolving Fund, will not exceed the target consumer rate.  This subsection 

(c) does not establish a limitation on the total amount of loan funding that can be awarded to a 

disadvantaged community. 

 

(d)  Notwithstanding the limitations of subsections (a) and (c), an eligible public water 

system, whose service area is a severely disadvantaged community, may be awarded a grant up 
to 100 percent of the eligible project cost.  A grant, regardless of dollar amount, awarded 

pursuant to this subsection is subject to the following: 

(1)  If the project is funded with planning funding, the public water system shall: 

(A)  no later than the date of completion of the planning project, complete a water 

rates study for the operation and maintenance of the public water system, including a proposed 

construction funding project, for a term of at least twenty (20) years; and 

(B)  increase its rates in accordance with the study in subparagraph (A). 
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(2)  If the project is funded with construction funding, the public water system shall: 

(A)  prior to execution of the grant funding agreement, complete a water rates study 

for the operation and maintenance of the public water system, including the project, for a term of 

at least twenty (20) years; and 

(B)  increase its rates in accordance with the study in subparagraph (A). 

 

(e) For consolidation projects, the grant limitations set forth in this section shall be applied to 

each participating applicant’s eligible share of the total project cost of the consolidation project, 

and the total grant amount awarded for the entire consolidation project shall be limited to the 

total grant eligibilities of the individual participating applicants. 

 

(f) For consolidation projects, the rate study and rate increase requirements of subsection (d) 

shall be completed for the project’s proposed restructured water system. 

 

Article 4. Application Process 
§63025. Funding Application. 

(a) All funding applications shall be submitted by public water systems only after a water 

system has received a written invitation from the Department to do so. 

 

(b) Upon receipt of a written invitation from the Department to submit a funding application, 

an applicant shall indicate their intention to submit the application within the deadline set forth in 

the letter by signing a statement of intent. The statement of intent shall be received by the 

Department prior to close of business on the day indicated in the invitation. 

 

(c) In order to be assured of receiving funding consideration from a specific federal funding 

allocation, a completed funding application shall be submitted to the Department by close of 

business on the date set forth in the letter of invitation. 

 

(d) A funding application shall not be accepted for processing unless the funding application 

form is completed and the additional information specified in sections 63026, 63027, and 63028 

is submitted. 

(1) For SWP loan applications, the information in Sections 63026(d), 63026(e), 63027, 

and 63028(a). 

(2) For all other funding applications, the information in Sections 63026, 63027, and 

63028. 

 

§63026. Technical Information. 

(a) Each funding application for construction funding or a refinancing loan shall contain the 
following information: 

(1) A map showing the current service area of the water system. 

(2) A map or drawing showing the location of all existing water sources, pumping 

facilities, treatment facilities, storage tanks or reservoirs, water transmission mains, and water 

main pressure zones. 

(3) A schedule for full compliance with CEQA and NEPA. 
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(b) Each applicant for construction funding shall prepare and submit with the funding 

application, an engineering report addressing all of the following elements: 

(1) An identification and evaluation of alternative solutions to the problem. The 

evaluation shall compare estimated project costs, relative effectiveness in solving the problem, 

and environmental impacts of each alternative. 

(2) An evaluation, including costs and feasibility, of possible physical consolidation with 

other water systems. 

(3) A description of the selected or proposed alternative. 

(4) A conceptual or preliminary engineering design, including the design capacity of 

project components, and a schematic layout of the proposed project. All assumptions, criteria, 

and calculations used for the preliminary design shall be shown. 

(5) An analysis and estimation of the anticipated useful life of components of the 

proposed project. 

(6) A preliminary analysis of projected growth anticipated to occur within the service 

area within the next ten years, the resultant projected water demand, and the amount of growth or 

water demand to be included in the project. 

(7) A proposed design and construction schedule. 

(8) A cost estimate breakdown of the proposed project. 

(9) In the case of a consolidation project, each funding application also shall include 

identification of the single public water system that would result from completion of the 

consolidation project. 

 

(c) Each funding application for a refinancing loan shall include all of the following: 

(1) A description and estimated costs of all alternative solutions to the problem that were 

considered prior to construction of the selected project. 

(2) A layout or schematic drawing showing the location and relationship of all project 

facilities including the newly constructed portions. 

(3) A description of the facilities that were constructed and for which refinancing is being 

requested including an estimate of their useful life. 

(4) The design capacities of project components and the design parameters and 

engineering calculations used in the sizing and design of the project components. 

(5) An analysis and estimation of the water demand within the service area at the time of 

start of construction of the project and a projection of anticipated growth and water demand for a 

ten-year period commencing from the time of start of construction. 

(6) A cost breakdown of the constructed project. 

(7) As-built plans for all of the construction facilities that are to be covered by the 

refinancing loan. 

(8) The final plans and specifications used to solicit and select the construction bid. 

(9) Information that demonstrates that the applicant has complied with all applicable 

federal cross-cutters. 

 

(d) Each SWP loan applicant shall submit the following: 

(1) A completed source water assessment for each drinking water source addressed by the 

proposed project.  

(2) A list of the types of contaminants that the proposed project is intended to address and 
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the associated PCAs. 

(3) A description of the dimensions and location of the area or zone in which the 

associated PCAs are located. 

(4) A map showing water system facilities, intake or well location, and source protection 

areas and/or zones. 

(5) A description of the local community taskforce addressing source water protection (if 

one exists).  The description shall include a list of the participants and their affiliations, and the 

methods used to establish the membership in the taskforce. 

(6) A schedule for full compliance with CEQA and NEPA. 

 

(e) Each SWP loan applicant shall prepare and submit an engineering report with the loan 

application that addresses all of the following: 

(1) Descriptions and estimated costs of all alternative solutions to the problem that were 

considered prior to selection of the proposed project. 

(2) A description of the proposed project. 

(3) A conceptual or preliminary engineering design and schematic layout of the proposed 

project, if applicable.  All assumptions, criteria, and calculations used shall be shown. 

(4) An analysis and estimation of the anticipated useful life of the components of the 

proposed project, if applicable. 

(5) A proposed schedule for carrying out the project. 

(6) A cost estimate breakdown of the proposed project. 

 

§63027. Managerial Information. 

Each funding application shall contain the following: 

(a) Copies of any leases, easements, or other documentation for land, water sources, 

treatment, pumping, storage, or distribution facilities used in the operation of the water system 

that are not owned by the water system. 

 

(b) A written statement certifying that the applicant, or in the case of a consolidation project, 

the restructured water system, is a legal entity and that it has the authority to enter into a long-

term indebtedness with the State of California. 

 

(c) A description of the water rights held by the water system and any available 

documentation to substantiate those rights. 

 

§63028. Financial Information. 

(a) Each funding application shall contain the following: 

(1) A projected revenue/expenditure analysis that compares all anticipated water system 

revenues and planned expenditures for the next five years. 

(2) An analysis and calculation of the average current water rate charged to residential 

users and the projected average water rate that will be charged to residential users following 

completion of the eligible project. This analysis is not required for non-community water 

systems. 

(3) Financial statements (balance and income) of the water system covering the past three 

years. 
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(4) A description of the accounting and budget control procedures used and any proposed 

changes to the procedures. 

 

(b) In addition to the requirements of subsection (a), applicants for a refinancing loan shall 

also include a certification that proceeds of the previous debt were used to pay for eligible 

project costs. If ineligible items were funded, a list of those items and their costs shall be 

included. 

 

(c) In addition to the requirements of subsection (a), applicants that propose to use local 

matching funds pursuant to section 63014 shall include a resolution adopted by the governing 

body. The resolution shall identify the source of the local matching funds and pledge those funds 

for deposit into the State Revolving Fund. 

 

§63029. Notice of Acceptance of Application.  

(a) Within 60 days of receipt of a Notice of Acceptance of Application from the Department, 

the applicant shall indicate its acceptance of the terms and conditions of the Notice of 

Application Acceptance by signing and returning it to the Department. 

 

(b) If the proposed project is a consolidation project for which the restructured water 

system(s) is/are not one of the applicants, within 60 days of receipt of a Notice of Acceptance of 

Application from the Department, the applicant(s) and the restructured water system(s) shall 

indicate their acceptance of the terms and conditions of the Notice of Application Acceptance by 

signing and returning it to the Department. 

 

§63030. Project By-Passing. 

(a) A project on the Project Priority List shall be by-passed for funding consideration for the 

current fiscal year if any of the following apply: 

(1) The water system indicated that it did not desire to receive funding for a particular 

project in the current fiscal year. 

(2) A water system fails to sign a statement of intent to submit an application and return it 

to the Department by the date identified in the letter as specified in Section 63025(b). 

(3) A water system, receiving an invitation from the Department to submit a funding 

application, informs the Department that it does not wish to submit an application at this time. 

(4) A funding application is rejected by the Department for failure on the part of the 

applicant to comply with the requirements of this chapter. 

(5) An applicant fails to sign and return the Notice of Acceptance of Application within 

60 days of receipt of the Notice of Acceptance of Application. 

(6) The Department withdraws a previously issued Notice of Acceptance of Application 

for failure on the part of the applicant to comply with the terms and conditions as stated in the 

Notice of Acceptance of Application. 

(7) A water system received an invitation (statement of intent) from the Department 

pursuant to Section 63025, and for two consecutive years failed to return the statement of intent 

by the deadline. 

(8) The applicant has reached the $3,000,000 loan maximum set forth in subsection 

63015(c) for a SWP loan, or the $30,000,000 funding maximum set forth in subsection 63012(b) 
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for a construction funding or refinancing loan. 

 

(b) Any project that is by-passed for any reason shall remain on the Project Priority List and 

be eligible for future funding consideration. 

 

Article 5. Information to Be Submitted Prior to Execution of the Funding Agreement 
§63040. Technical and Financial Information. 

(a) All applicants for construction funding, SWP loans, or refinancing loans shall comply 

with all applicable environmental review and procedural requirements of CEQA and NEPA prior 

to execution of the funding agreement. 

 

(b) Prior to execution of a funding agreement that includes a loan, each funding recipient 

shall submit the following: 

(1) A resolution or ordinance adopted by the governing body dedicating the source of 

repayment of the loan. 

(2) A completed fiscal services agreement for loan repayment funds. 

 

Article 6. Design and Construction 
§63050. Plans and Specifications. 

Applicants for construction funding or SWP loans involving construction shall submit final 

design plans and project specifications to the Department in accordance with the schedule set 

forth in the Notice of Acceptance of Application. 

 

§63051. Federal Cross-Cutting Requirements. 

(a) The criteria for projects subject to federal cross-cutting authorities shall be those 

established in the most recent Intended Use Plan adopted prior to the date the water system is 

invited to submit an application for funding the project.   

 

(b) Each SWP project shall comply with federal cross-cutting authorities. 

 

§63052. Construction. 

(a) Construction contracts awarded by the applicant for any project involving the use of grant 

funds from the State Revolving Fund shall be based on competitive construction bids. 

 

(b) An applicant's request for a change in the amount of funding specified in the funding 

agreement shall be limited to one occasion and shall be based solely on the final accepted 

construction bid(s) and the procurement of services conducted in accordance with subsection (c). 

 

(c) When contracting for architectural, landscape architectural, professional engineering, 

environmental, land surveying, and construction project management services for any part of a 

project for which grant funding is awarded, the applicant shall implement procedures that assure 

the services are engaged on the basis of demonstrated competence and qualifications for the 

types of services to be performed, and at reasonable prices.  At a minimum, for any individual or 

firm it proposes contracting with to provide construction project management services for a 

project, the applicant shall demonstrate to the Department that the individual or firm and its 
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personnel carrying out onsite responsibilities for the project have expertise and experience in 

construction project design review and evaluation, construction mobilization and supervision, bid 

evaluation, project scheduling, cost-benefit analysis, claims review and negotiation, and general 

management and administration of a construction project. 

 

Article 7. Claims and Loan Repayments 
§63055. Submission of Claims for Reimbursement. 

(a) No claims for reimbursement shall be submitted prior to execution of the funding 

agreement. Claims shall be submitted only for reimbursement of costs already incurred. 

 

(b) Claims shall be submitted no more frequently than monthly. 

 

(c) No claims shall be submitted for construction costs incurred after completion of the 

project as defined in Section 63000.16. 

 

(d) No claims for local match projects shall be reimbursed until the applicant's local share has 

been received and deposited into the State Revolving Fund account. 

 

§63056. Loan Repayments. 

(a) Loan repayments shall be made in accordance with the schedule set forth in the funding 

agreement. 

 

(b) A penalty of one-tenth of one percent per day (not compounded) on the payment amount 

due shall be assessed for late payments. 

 

§63057. Records. 

(a) All applicant records and documents relating to funding received from the State 

Revolving Fund shall be maintained until such time that any State Revolving Fund loan has been 

fully repaid. 

 

(b) All applicant records and documents pertaining to the funding agreement shall be 

available for inspection and audit by the Department or the USEPA during normal business 

hours. 

 

(c) In the case of a consolidation project, the requirements of this section shall also be met 

by the restructured water system. 

 

§63058. Limitations on Water Systems Involved in Consolidation Projects. 

Upon completion of a consolidation project, all water systems involved in the consolidation, 

other than the restructured system, shall cease to operate as public water systems. 
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CHAPTER 13. OPERATOR CERTIFICATION 
Article 1. Definitions 
§63750.10. Accredited Academic Institution. 

―Accredited academic institution‖ means an academic institution accredited by the Western 

Association of Schools and Colleges or an accrediting organization recognized by the Council of 

Post Secondary Education. 

 

§63750.15. Certificate.  

―Certificate‖ means a certificate of competency issued by the Department stating that the 

operator has met the requirements for a specific operator classification of the certification 

program. 

 

§63750.20. Certified Distribution Operator. 

"Certified distribution operator" means a distribution operator who possesses a valid certificate 

issued pursuant to this chapter. 

 

§63750.25. Chief Operator. 

―Chief operator‖ means the person who has overall responsibility for the day-to-day, hands-on, 

operation of a water treatment facility or the person who has overall responsibility for the day-to-

day, hands-on, operation of a distribution system. 

  

§63750.30. Comprehensive Operator Training Program. 

 ―Comprehensive Operator Training Program‖ means an on-the-job training program that allows 

an operator to gain proficiency in all systems and processes related to a water treatment facility. 

 

§63750.35. Contact Hour. 

―Contact hour‖ means not less than 50 minutes of specialized training or a continuing education 

course.  

 

§63750.40. Continuing Education Course. 

―Continuing education course‖ means a presentation that transmits information related to the 

operation of a treatment facility and/or distribution system. 

 

§63750.45. Distribution Operator. 

―Distribution operator‖ means any person who maintains or operates any portion of a distribution 

system. 

 

§63750.50. Distribution System. 

―Distribution system‖ means any combination of pipes, tanks, pumps, etc., which delivers 

drinking water from a source or treatment facility to the consumer and includes: 

(a) Disinfection facilities for which no Giardia or virus reduction is required pursuant to 

§64654 (a). 

 

(b) The composite of all distribution systems of a public water system. 
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§63750.55. GED. 

―GED‖ means a general equivalency diploma. 

 

§63750.60. Interim Distribution Operator Certificate. 

"Interim Distribution Operator Certificate" means a certificate issued by the Department pursuant 

to §63810. 

 

§63750.65. Operator Experience. 

―Operator experience‖ means the daily performance of activities consisting of the control or 

oversight of any process or operation at a water treatment facility or in a distribution system that 

may affect the quality or quantity of water. 

 

§63750.70. Shift Operator. 

―Shift operator‖ means a person in direct charge of the operation of a water treatment facility or 

distribution system for a specified period of the day.  

 

§63750.75. Specialized Training. 

―Specialized training‖ means college level courses providing at least 36 contact hours of training 

each in drinking water or waste water quality, drinking water or waste water treatment, drinking 

water distribution, or drinking water or waste water facility operation, offered by an accredited 

academic institution or an organization either accredited by the International Association of 

Continuing Education Training (IACET) or an authorized provider of IACET, or courses 

completed and deemed acceptable by the Department prior to January 1, 2001 for the purpose of 

operator certification.  

 

§63750.85. Water treatment facility. 

―Water treatment facility‖ means a group or assemblage of structures, equipment, and processes 

that treat or condition a water supply, affecting the physical, chemical, or bacteriological quality 

of water distributed or otherwise offered to the public for domestic use by a public water system 

as defined in Health and Safety Code §116275.  Facilities consisting of only disinfection for 

which no Giardia or virus reduction is required pursuant to §64654(a) and which are under the 

control of a certified distribution operator are not included as water treatment facilities. 
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Article 2. Operator Certification Grades 
§63765. Water Treatment Facility Staff Certification Requirements. 

(a) Except as provided in (c), chief and shift operators shall possess valid operator certificates 

pursuant to Table 63765-A. 

 

Table 63765-A 

Minimum Certification Requirements for Chief and Shift Operators 

 

Treatment Facility 

Classification 

Minimum Certification of 

Chief Operator 

Minimum Certification 

of Shift Operator 

T1 T1 T1 

T2 T2 T1 

T3 T3 T2 

T4 T4 T3 

T5 T5 T3 

 

(b) Treatment operators not designated by the water supplier as chief or shift operator 

pursuant to §64413.5 shall be certified but may hold certificates of any grade. 

 

(c) Until January 1, 2003, a shift and/or chief operator may continue to be employed in that 

capacity provided that the operator: 

(1) Is in compliance with the certification requirements that were in effect on December 

31, 2000, and 

(2) Has been in continuous employment since December 31, 2000 in a water treatment 

facility that has not modified its treatment process resulting in a change in classification. 

 

(d) Operators who possessed treatment operator certificates valid as of December 31, 2000 

shall be deemed to hold certificates pursuant to Table 63765-B. 

 

Table 63765-B 

Certificate Grade Equivalents 

 

Operator Certification Grades 

December 31, 2000 

Operator Certification 

Grades January 1, 2001 

I T1 

II T2 

III T3 

IV T4 

V T5 
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§63770. Distribution System Staff Certification Requirements. 

(a) Chief and shift operators shall possess valid operator certificates pursuant to Table 63770-

A. 

 

Table 63770-A 

Minimum Certification Requirements for Chief and Shift Operators 

 

Distribution System 

Classification 

Minimum Certification of 

Chief Operator 

Minimum Certification 

of Shift Operator 

D1 D1 D1 

D2 D2 D1 

D3 D3 D2 

D4 D4 D3 

D5 D5 D3 

 

(b) Water systems shall utilize only certified distribution operators to make decisions 

addressing the following operational activities: 

(1) Install, tap, re-line, disinfect, test and connect water mains and appurtenances. 

(2) Shutdown, repair, disinfect and test broken water mains. 

(3) Oversee the flushing, cleaning, and pigging of existing water mains. 

(4) Pull, reset, rehabilitate, disinfect and test domestic water wells. 

(5) Stand-by emergency response duties for after hours distribution system operational 

emergencies. 

(6) Drain, clean, disinfect, and maintain distribution reservoirs. 

 

(c) Water systems shall utilize either certified distribution operators or treatment operators 

that have been trained to make decisions addressing the following operational activities: 

(1) Operate pumps and related flow and pressure control and storage facilities manually 

or by using a system control and data acquisition (SCADA) system. 

(2) Maintain and/or adjust system flow and pressure requirements, control flows to meet 

consumer demands including fire flow demands and minimum pressure requirements. 

 

(d) Water systems shall utilize either certified distribution operators or treatment operators to 

make decisions addressing the following operational activities: 

(1) Determine and control proper chemical dosage rates for wellhead disinfection and 

distribution residual maintenance. 

(2) Investigate water quality problems in the distribution system. 

 

Article 3. Operator Examination Criteria and Applications 
§63775. Eligibility Criteria for Taking a Water Treatment Operator Examination. 

(a) An applicant who has had a certificate revoked, and not reinstated, for any reason other 

than failure to meet renewal requirements pursuant to §63840 shall not be eligible for water 

treatment operator examination at any grade level. 

 

(b) In order to be eligible for taking the T1 operator exam, an applicant shall have a high 
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school diploma or GED.  The following experience and/or training may be substituted for a high 

school diploma or GED: 

(1) Successful completion of the ―Basic Small Water System Operations‖ course 

provided by the Department, or 

(2) One year as an operator of a facility that required an understanding of chemical feeds, 

hydraulic systems, and pumps. 

 

(c) In order to be eligible for taking the T2 operator exam, an applicant shall have: 

(1) A high school diploma or GED.  The following experience and/or training may be 

substituted for a high school diploma or GED: 

(A) Successful completion of the ―Basic Small Water System Operations‖ course 

provided by the Department, or 

(B) One year as an operator of a facility that required an understanding of chemical 

feeds, hydraulic systems, and pumps. 

(2) Successfully completed at least one course of specialized training covering the 

fundamentals of drinking water treatment.  

 

(d) In order to be eligible for taking the T3 operator exam, an applicant shall have: 

(1) A high school diploma or GED. 

(2) Successfully completed a total of at least two courses of specialized training that 

includes at least one course covering the fundamentals of drinking water treatment. 

 

(e) In order to be eligible for taking the T4 operator exam, an applicant shall have: 

(1) A valid Grade T3 operator certificate. 

(2) Successfully completed at least three courses of specialized training that includes at 

least two courses in drinking water treatment. 

 

(f) In order to be eligible for taking the T5 operator exam, an applicant shall have: 

(1) A valid Grade T4 operator certificate. 

(2) Successfully completed at least four courses of specialized training that includes at 

least two courses in drinking water treatment. 

 

(g) Specialized training courses used to fulfill the requirements of this Section may also be 

used to fulfill the requirements of §63780. 

 

§63780. Eligibility Criteria for Taking a Distribution Operator Examination. 

(a) An applicant who has had a certificate revoked, and not reinstated, for any reason other 

than failure to meet renewal requirements pursuant to §63840 shall not be eligible for 

distribution operator examination at any grade level. 

 

(b) In order to be eligible for taking the D1 operator exam, an applicant shall have a high 

school diploma or GED. The following experience and/or training may be substituted for a high 

school diploma or GED: 

(1) Successful completion of the ―Basic Small Water System Operations‖ course 

provided by the Department, or 
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(2) One year as an operator of a facility that required an understanding of a piping system 

that included pumps, valves, and storage tanks. 

 

(c) In order to be eligible for taking the D2 operator exam, an applicant shall have: 

(1) A high school diploma or GED.  The following experience and/or training may be 

substituted for a high school diploma or GED: 

(A) Successful completion of the ―Basic Small Water System Operations‖ course 

provided by the Department, or 

(B) One year as an operator of a facility that required an understanding of a piping 

system that included pumps, valves, and storage tanks. 

(2) Successfully completed a total of at least one course of specialized training in water 

supply principles. 

 

(d) In order to be eligible for taking the D3 operator exam, an applicant shall have: 

(1) A valid Grade D2 or interim Grade D3 or higher operator certificate. 

(2) Successfully completed a total of at least two courses of specialized training that 

includes at least one course in water supply principles. 

 

(e) In order to be eligible for taking the D4 operator exam, an applicant shall have: 

(1) A valid Grade D3 or interim Grade D4 or higher operator certificate. 

(2) Successfully completed at least three courses of specialized training that includes at 

least two courses in water supply principles. 

 

(f) In order to be eligible for taking the D5 operator exam, an applicant shall have: 

(1) A valid Grade D4 or interim Grade D5 operator certificate. 

(2) Successfully completed at least four courses of specialized training that includes at 

least two courses in water supply principles. 

 

(g) Specialized training courses used to fulfill the requirements of this § may also be used to 

fulfill the requirements of §63775. 

 

§63785. Examination Application Content and Submittal.  

(a) A complete application for examination shall include the following information: 

(1) The applicant’s full name, social security number (pursuant to the authority found in 

§100275 and 106910 of the Health and Safety Code and as required by §17520 of the Family 

Code, providing the social security number is mandatory. The social security number will be 

used for purposes of identification), date of birth, certificate number of any operator certificates 

ever held, mailing address, work telephone number, and home telephone number. 

(2) The date of the examination for which the applicant is applying. 

(3) The examination fee, pursuant to §63850. 

(4) For T1, T2, D1, and D2 applicants one of the following: 

(A) A copy of the applicant’s high school diploma or the name and location of the 

high school and date of graduation; or 

(B) A copy of the applicant’s GED; or 

(C) A certificate of completion for the ―Basic Small Water System Operations‖ 
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course provided by the Department; or 

(D) The name, address, and phone number of each employer, the length of time 

employed, and the nature of the work performed that satisfies the requirements of §63775(b)(2) 

or (c)(1)(B) or 63780(b)(2) or (c)(1)(B).  

(5) For T3 and D3 applicants, a copy of the applicant’s high school diploma, or the name 

and location of the high school and date of graduation, or a copy of the applicant’s GED. 

(6) Copies of transcripts or certificates of completion of specialized training courses, as 

provided by the educational institution, claimed to meet the requirements of §63775 or 63780. 

 

§63790. Filing Deadline and Requirement for Identification at Examination. 

(a) For admission to an examination, a completed application shall be postmarked by the 

final filing date established by the Department. 

 

(b) An examinee shall present their driver’s license, photo identification (ID) card issued by 

the Department of Motor Vehicles, or passport upon entry to the exam. 

 

§63795. Examination Application Resubmittals and Reexaminations. 

(a) Applications for examination that the Department determines are incomplete pursuant to 

§63785 or do not meet the qualification requirements pursuant to §63775 or 63780 may be 

amended within 12 months of the original submittal date for reconsideration without payment of 

an additional examination fee. 

 

(b) Examinees may apply to retake the exam provided they submit an application that 

includes the following: 

(1) Applicant name, social security number (pursuant to the authority found in §100275 

and 106910 of the Health and Safety Code and as required by §17520 of the Family Code, 

providing the social security number is mandatory. The social security number will be used for 

purposes of identification), current mailing address, grade for which applying, certificate number 

if currently certified, date of original application, and date of most recent exam taken. 

(2) Payment of the reexamination fee pursuant to §63850.  

 

Article 4. Operator Certification Criteria and Applications 
§63800. Eligibility Criteria for Water Treatment Operator Certification. 

(a) In order to be eligible for certification as a T1 operator, an applicant shall have passed a 

Grade T1 operator examination within the three years prior to submitting the application for 

certification. 

 

(b) In order to be eligible for certification as a T2 operator, an applicant shall have passed a 
Grade T2 or T3 operator certificate examination within the three years prior to submitting the 

application for certification. 

 

(c) In order to be eligible for certification as a T3 operator, an applicant shall have passed a 

Grade T3 operator examination within the three years prior to submitting the application for 

certification, and shall have completed the following: 

(1) At least one year of operator experience working as a certified T2 operator for a T2 
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facility or higher, or a facility that, prior to January 1, 2001, would have met the criteria for 

classification as a T2 facility or higher pursuant to §64413.1. 

(2) At least one additional year of operator experience working as a certified treatment 

operator. 

 

(d) In order to be eligible for certification as a T4 operator, an applicant shall have passed a 

Grade T4 operator examination within the three years prior to submitting the application for 

certification, and shall have completed the following: 

(1) At least one year of operator experience working as a shift or chief operator, while 

holding a valid T3 operator certificate, at a T3 facility or higher, or a facility that, prior to 

January 1, 2001, would have met the criteria for classification as a T3 facility or higher pursuant 

to §64413.1, and 

(2) At least three additional years of operator experience working as a certified treatment 

operator. 

 

(e) In order to be eligible for certification as a T5 operator, an applicant shall have passed a 

Grade T5 operator examination within the three years prior to submitting the application for 

certification, and shall have completed the following: 

(1) At least two years of operator experience working as a shift or chief operator, while 

holding a valid T4 operator certificate, at a T4 facility or higher, or a facility that, prior to 

January 1, 2001, would have met the criteria for classification as a T4 facility or higher pursuant 

to §64413.1, and 

(2) At least three additional years of operator experience working as a certified treatment 

operator. 

 

(f) A degree earned at an accredited academic institution may be used to fulfill experience 

requirements in (c)(2), (d)(2), and (e)(2) as follows: 

(1) An Associate degree or certificate in water or wastewater technology that includes at 

least 15 units of physical, chemical, or biological science may be used to fulfill 1 year of 

operator experience. 

(2) A Bachelors degree in engineering or in physical, chemical, or biological sciences 

may be used to fulfill 1.5 years of operator experience. 

(3) A Masters degree in engineering or in physical, chemical, or biological sciences may 

be used to fulfill 2 years of operator experience. 

 

(g) A certified operator may substitute on a day-for-day basis the experience requirements in 

(c)(2) with experience gained while working with lead responsibility for water quality related 

projects or research.  

 

(h) If the applicant has a bachelor of science or a master of science degree, completion of a 

comprehensive operator training program may be used to fulfill the operator experience 

requirements in (c)(1) and (d)(1).  Completion of the training shall be verified in writing by the 

chief operator.  The comprehensive operator training program shall be at least 6 months in 

duration and shall cover the following elements: 

(1) California Safe Drinking Water Act and regulations promulgated pursuant thereto. 
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(2) Water treatment calculations. 

(3) SCADA operation. 

(4) Handling of laboratory chemicals used for drinking water analyses. 

(5) Laboratory analyses conducted by operators. 

(6) Safety training. 

(7) Distribution system operation. 

(8) Treatment chemical dosing and monitoring. 

(9) Disinfectant dosing and monitoring. 

(10) Treatment processes and controls. 

 

(i) Experience gained as a certified waste water treatment plant operator, pursuant to 

California Water Code §13625 through 13633, may be used to fulfill up to two years of the 

operator experience requirements in (c)(2), (d)(2), and (e)(2).  Each two months of experience as 

a waste water treatment plant operator shall be considered equivalent to one month of water 

treatment facility operator experience. 

 

§63805. Eligibility Criteria for Distribution Operator Certification. 

(a) In order to be eligible for certification as a D1 operator, an applicant shall have passed a 

Grade D1 operator examination within the three years prior to submitting the application for 

certification. 

 

(b) In order to be eligible for certification as a D2 operator, an applicant shall have passed a 

Grade D2 operator examination within the three years prior to submitting the application for 

certification. 

 

(c) In order to be eligible for certification as a D3 operator, an applicant shall have passed a 

Grade D3 operator examination within the three years prior to submitting the application for 

certification, and shall have completed the following: 

(1) At least one year of operator experience working as a certified D2 operator, interim 

D3 or higher operator, or temporary D3 operator for a D2 system or higher, or a system that, 

prior to January 1, 2001, would have met the criteria for classification as a D2 system or higher 

pursuant to §64413.3. 

(2) At least one additional year of operator experience working as a distribution operator. 

 

(d) In order to be eligible for certification as a D4 operator, an applicant shall have passed a 

Grade D4 operator examination within the three years prior to submitting the application for 

certification, and shall have completed the following: 

(1) At least one year of operator experience working as a certified D3, interim D4 or 

higher operator, or temporary D4 operator for a D3 system or higher, or a system that, prior to 

January 1, 2001, would have met the criteria for classification as a D3 facility or higher pursuant 

to §64413.3, and 

(2) At least three additional years of operator experience working as a distribution 

operator. 

 

(e) In order to be eligible for certification as a D5 operator, an applicant shall have passed a 
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Grade D5 operator examination within the three years prior to submitting the application for 

certification, and shall have completed the following: 

(1) At least two years of operator experience working as a certified D4, interim D5 

operator, or temporary D5 operator for a D4 or D5 system, or a system that, prior to January 1, 

2001, would have met the criteria for classification as a D4 or D5 system pursuant to §64413.3, 

and 

(2) At least three additional years of operator experience working as a distribution 

operator. 

 

(f) A degree earned at an accredited academic institution may be used to fulfill experience 

requirements in (c)(2), (d)(2), and (e)(2) as follows: 

(1) An Associate degree, or certificate, in water or wastewater technology or distribution 

that includes at least 15 units of physical, chemical, or biological science may be used to fulfill 1 

year of operator experience. 

(2) A Bachelors degree in engineering or in physical, chemical, or biological sciences 

may be used to fulfill 1.5 years of operator experience. 

(3) A Masters degree in engineering or in physical, chemical, or biological sciences may 

be used to fulfill 2 years of operator experience. 

 

(g) A certified operator may substitute on a day-for-day basis the experience requirements in 

(c)(2) with experience gained while working with lead responsibility for water quality or 

quantity related projects or research.  

 

§63810. Interim Certification of Distribution Operators. 

(a) A distribution operator in a position responsible for making decisions identified in 

§63770 (b), (c), or (d) on December 31, 2000, shall be eligible for interim certification provided 

that the employing water supplier, as defined in §64402.20, submits an application which shall 

include for each employee: 

(1) The employee’s full name, social security number (pursuant to the authority found in 

§100275 and 106910 of the Health and Safety Code and as required by §17520 of the Family 

Code, providing the social security number is mandatory. The social security number will be 

used for purposes of identification), date of birth, certificate number of any operator certificates 

ever held, mailing address, work telephone number, and home telephone number. 

(2) The grade at which the operator will be certified. 

(3) The certification fee specified in Table 63850-C. 

 

(b) Interim distribution operator certificates shall be effective as of January 1, 2001, and shall 

expire on January 1, 2004.  Such certificates may be renewed only once for an additional 3 years 

and only if the water system has not received any notice of violation, citation, or order from the 

Department or EPA since January 1, 2001, unless the public water system can demonstrate to the 

satisfaction of the Department that the violation was not the result of actions taken or not taken 

by the operator(s).  After January 1, 2007, all interim operator certificates shall be invalid. 

 

(c) In order to renew an interim certificate, a water supplier shall submit a renewal 

application between July 1, 2003 and September 1, 2003.  The renewal application shall include 
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the following: 

(1) The operator’s name, social security number (pursuant to the authority found in 

§100275 and 106910 of the Health and Safety Code and as required by §17520 of the Family 

Code, providing the social security number is mandatory. The social security number will be 

used for purposes of identification), current mailing address, certificate grade, and certificate 

number. 

(2) Payment of the renewal fee specified in §63850(e).  

(3) Documentation of continuing education contact hours as required by §63840. 

 

§63815. CNAWWA Distribution Operator Certification. 

(a) Distribution operators holding a valid California-Nevada section of the American Water 

Works Association (CNAWWA) distribution operator certificate on December 31, 2000, shall be 

deemed to have a distribution operator certification valid through December 31, 2001, pursuant 

to Table 63815-A.   

 

Table 63815-A.  

 CNAWWA - California State Operator Grade Equivalents 

 

CNAWWA Grade California State Grade 

1 D2 

2 D3 

3 D4 

4 D5 

 

(b) In order to renew a certification deemed valid pursuant to subsection(a), an operator shall 

submit a renewal application by September 1, 2001.  

 

(c) The renewal application shall include the following: 

(1) The applicant’s name, social security number (pursuant to the authority found in 

§100275 and 106910 of the Health and Safety Code and as required by §17520 of the Family 

Code, providing the social security number is mandatory. The social security number will be 

used for purposes of identification), date of birth, current mailing address, work telephone 

number, home telephone number, certificate number of any operator certificates ever held, 

CNAWWA grade, and a copy of the CNAWWA certificate. 

(2) Payment of the appropriate renewal fee specified in §63850(f).  

 

(d) The initial renewal of a certificate deemed valid pursuant to subsection(a) shall be valid 

for a two-year period. 

 

§63820. Temporary Distribution Operator Certification. 

(a) Distribution operators who have received notice of qualification for examination shall be 

deemed to have a temporary distribution operator certification at the grade for which they have 

been qualified for examination.  All temporary certifications will expire January 1, 2004 and 

shall not be renewable. 
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§63825. Restricted Operator Certification. 

(a) A T1, T2, D1, or D2 restricted operator certificate may be issued without a written 

examination if the following conditions are met: 

(1) The water supplier, as defined in §64402.20, serves a disadvantaged community 

as defined in §63000.25; and 

(2) The Department has issued a citation or order to the water supplier for 

noncompliance with §64413.5 or 64413.7, or Health and Safety Code §116555(a)(4), 

(5), or (b); and  

(3) The water supplier submits an application pursuant to §63830 and pays the 

application and examination fee specified in §63850; and 

(4) The operator meets the criteria for taking the T1, T2, D1, or D2 exam and passes a 

performance test administered by the Department that measures his or her knowledge and ability 

to operate the specific treatment facility and/or distribution system without jeopardizing public 

health or safety. 

 

(b) The restricted operator certificate shall be valid for three years.  The certificate may be 

renewed if the water supplier continues to serve a disadvantaged community and submits an 

application pursuant to §63840 and the operator has met the continuing education requirements 

as specified in sub§63840(c).   

 

(c) The restricted operator certificate is not transferable.  

 

§63830. Certification Application Content and Submittal.  

(a) A complete application for operator certification shall contain the following: 

(1) The applicant’s full name, social security number (pursuant to the authority found in 

§100275 and 106910 of the Health and Safety Code and as required by §17520 of the Family 

Code, providing the social security number is mandatory. The social security number will be 

used for purposes of identification), date of birth, certificate number of any operator certificates 

ever held, mailing address, work telephone number, and home telephone number. 

(2) Payment of certification fee pursuant to §63850. 

(3) For any experience being claimed to meet the experience requirements in §63800 or 

63805, the name, address, and phone number of each employer, the length of time employed, and 

the nature of the work performed.   

(4) Employer verification of the experience being claimed in paragraph (3) with the 

signature of the chief operator or supervisor of each employer.  

(5) Copies of college transcripts if claiming any of the credits pursuant to §63800(f), 

63800(h) and 63805(f). 

(6) Copies of transcripts or certificates of completion of specialized training courses 

claimed to meet minimum requirements. 

 

§63835. Certification Application Resubmittal. 

An applicant, whose application for certification failed to meet the requirements of this Article or 

Article 5, as determined by the Department, may reapply within 12 months of the original 

submittal date without payment of an additional certification or renewal fee. 
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Article 5. Certification Renewals, Delinquent Renewals and Fees  
§63840. Certification Renewals.  

(a) All certified operators shall notify the Department within 60 days of any change in 

address or name during the period of their certification. 

 

(b) Any person wishing to maintain a valid operator certificate shall submit an application for 

renewal at least 120 days, but no more than 180 days, prior to expiration of the certification.  The 

following items constitute a complete application for renewal: 

(1) The applicant’s name, social security number (pursuant to the authority found in 

§100275 and 106910 of the Health and Safety Code and as required by §17520 of the Family 

Code, providing the social security number is mandatory. The social security number will be 

used for purposes of identification), current mailing address, grade, and certificate number. 

(2) Payment of the renewal fee specified in §63850(c), (d), (e), or (f).  

(3) A list of successfully completed continuing education courses as required by 

subsection(c). The following information shall be provided for each course: 

(A) Title, 

(B) name of the instructor, 

(C) location, 

(D) date(s), and 

(E) number of contact hours.  

 

(c) To be eligible for certificate renewal, certified operators possessing certificates that expire 

after December 31, 2003, shall have completed continuing education contact hours since the 

previous renewal or issuance of the certificate pursuant to Table 63840-A.  No more than 25% of 

the contact hours shall be courses in operator safety. 

 

Table 63840-A. 

Required Continuing Education Contact Hours for Certificate Renewal 

 

Water Treatment Operators Contact Hours Required 

Grade T1 12 

Grade T2 16 

Grade T3 24 

Grade T4 36 

Grade T5 36 

Distribution Operators  

Grade D1 12 

Grade D2 16 

Grade D3 24 

Grade D4 36 

Grade D5 36 

 

(1) Operators possessing both distribution and treatment certificates may apply 

continuing education credits to both certificates. 
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(2) Specialized training that is used to satisfy the requirements of §63775 or 63780 may 

be used to satisfy the continuing education requirements of Table 63840-A if obtained since the 

previous renewal or issuance of the certificate. 

  

(d) Except as provided in §63815, each certificate renewed pursuant to (b) shall be valid for a 

period of three years.   

 

§63845. Reinstatement.  

(a) A certificate that has been revoked only for lack of payment may be reinstated within 1 

year if all fees and penalties specified in §63850 are paid and the renewal application is 

complete. 

 

(b) A certificate that has been revoked for failure to complete the continuing education 

contact hours required in Table 63840-A may be reinstated within six months if all requirements 

specified in Table 63840-A are met and penalties specified in §63850 are paid and the renewal 

application is complete. Contact hours obtained for reinstatement shall not be used to satisfy the 

requirements of the next renewal period. 

 

(c) A certificate that has been revoked for more than one year shall not be renewed. 

 

(d) The expiration date of a certificate that has been renewed pursuant to this section shall 

remain the same as if the previous certificate had been renewed prior to the expiration date. 

 

§63850. Fees.  

(a) Except as provided in subsection(e), payment of the fees specified in this § shall be made 

by a separate check or money order for each operator.  The operator’s name, and in the case of 

renewals, the operator’s certificate number, shall be written on the check or money order.  

 

(b) All fees submitted to the Department pursuant to this § are nonrefundable. 

 

(c) Operator fees shall be pursuant to Table 63850-A.  

 

Table 63850-A. 

Operator Fee Schedule 

 

Grade Examination 

Fee ($) 

Reexamination 

Fee ($) 

Certification 

Fee ($) 

Triennial Renewal 

Fee ($) 

D1 or T1 50 30 70 70 

D2 or T2 65 45 80 80 

D3 or T3 100 70 120 120 

D4 or T4 130 95 140 140 

D5 or T5 155 120 140 140 

 

(d) Operators who are certified or have been notified by the Department that they have met 

requirements for certification as both treatment and distribution operators shall pay the 
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certification and renewal fees specified in Table 63850-B for each certificate. 

 

Table 63850-B. 

Fee Schedule for Operators With Multiple Certificates 

 

Grade Certification Fee ($) 

per Certificate 

Triennial Renewal Fee ($) 

per Certificate 

D1 or T1 55 55 

D2 or T2 60 60 

D3 or T3 90 90 

D4 or T4 105 105 

D5 or T5 105 105 

 

(e) The fee schedule for interim distribution operator certification is in Table 63850-C.  The 

fees specified in this subsection may be paid by a single check or money order for all operators 

included in the application.   

 

Table 63850-C.  

Interim Operator Fee Schedule 

 

Grade Certification Fee ($) Triennial Renewal Fee ($) 

D1 70 70 

D2 80 80 

D3 120 120 

D4 140 140 

D5 140 140 

 

(f) The fee schedule for distribution operators holding valid CNAWWA certificates pursuant 

to 63850(b) is in Table 63850-D. 

 

Table 63850-D.   

CNAWWA Certification Fees 

 

CNAWWA Grade Biennial Renewal Fee 

Due in 2001 – valid 

for two years 

1 80 

2 100 

3 120 

4 120 

 

(g) A penalty fee of $50 shall be paid for renewals submitted or resubmitted after the renewal 

due date but at least 45 days prior to the expiration date.  A penalty fee of $100 shall be paid for 

renewals submitted or resubmitted less than 45 days prior to the expiration date but within 1 year 
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after the expiration date.  

 

(h) A certificate replacement fee of $25 shall be paid by any certificate holder requesting to 

have a lost, stolen, or destroyed certificate replaced. 

 

 

CHAPTER 14. WATER PERMITS  
 

Article 1. Applications  
§64001. Water Permit Application.  

A public water system shall submit an application for a permit or amended permit pursuant to 

section 116525 or section 116550, Health and Safety Code, respectively.  For proposed water 

system improvements, new water systems, or a ―project‖ as defined in section 15378, Title 14, 

California Code of Regulations where environmental documentation is required, a copy of such 

documentation shall be included in the application. 

 

§64002. Processing Time. (Repealed) 

 

§64197. Service Connection Fee. 

(a) Each public water system serving at least 200 service connections shall pay to the 

Department a one time fee of fifty cents ($0.50) for each service connection it serves. The fee 

shall be submitted to the Department no later than April 30, 1991. 

 

(b) The fee shall be based on the number of service connections previously reported to the 

Department for the calendar year 1989. 

 

Article 3. State Small Water Systems 
§64211. Permit Requirement. 

(a) No person shall operate a state small water system unless a permit to operate the system 

has been issued by the local health officer. 

 

(b) A state small water system shall submit a technical report to the local health officer as 

part of the permit application. The report shall describe the proposed or existing system as 

follows: service area, distribution system including storage and pumping facilities, the water 

source including source capacity, water quality, and any water treatment facilities. The report 

shall identify the owner of the system and the party responsible for day to day operation of the 

system. The report shall include a plan for notification of those served by the system under 

emergency conditions. The report shall describe the operating plan for the system and shall 

specify how the responsible party will respond to failure of major system components. 

 

(c) A change in ownership of a state small water system shall require the submission of a 

new application. 

 

(d) A state small water system shall provide the following notice to the consumers served by 

the state small water system: ―The domestic water supply for this area is provided by a state 
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small water system. State regulatory requirements for operation of a state small water system are 

less extensive than requirements for larger public water systems. If you have questions 

concerning your water supply, you should contact [insert (1) name of water system, (2) name of 

responsible person, and (3) telephone number] or your local health department.‖ This notice shall 

be by direct delivery on an annual basis or by continuous posting at a central location within the 

area served by the state small water system. 

 

§64212. Bacteriological Quality Monitoring. 

(a) A water supplier operating a state small water system shall collect a minimum of one 

routine sample from the distribution system at least once every three months.  The sample shall 

be analyzed for the presence of total coliform bacteria by a laboratory certified by the 

Department for bacteriological analyses pursuant to Article 3, commencing with section 100825, 

of Chapter 4 of Part 1 of Division 101, Health and Safety Code.  The results of the analyses shall 

be reported to the local health officer no later than the 10th day of the month following receipt of 

the results by the state small water system. 

 

(b) If any routine sample is total coliform-positive, the water supplier shall collect a repeat 

sample from the same location within 48 hours of being notified of the positive result. If the 

repeat sample is also total coliform-positive, the sample shall also be analyzed for the presence 

of fecal coliforms or Escherichia coli (E. coli). The water supplier shall notify the local health 

officer within 48 hours from the time the results are received and shall take corrective actions as 

directed by the local health officer to eliminate the cause of the positive samples. 

 

(c) A local health office may require a state small water system to sample the distribution 

system each month, in lieu of the requirements of subsection (a), if the system has 

bacteriological contamination problems indicated by more than one total-coliform positive 

sample during the most recent 24 months of operation.  The monthly sample shall be analyzed 

for the presence of total coliform bacteria by a laboratory certified by the Department for 

bacteriological analyses pursuant to Article 3, commencing with section 100825, of Chapter 4 of 

Part 1 of Division 101, Health and Safety Code.  The results of the analyses shall be reported to 

the local health officer no later than the 10th day of the month following receipt of the results by 

the state small water system. 

 

§64213. Chemical Quality Monitoring. 

(a) A water supplier operating a state small water system shall sample each source of supply 

prior to any treatment at least once.  The sample shall be analyzed by a laboratory, certified by 

the Department pursuant to Article 3, commencing with section 100825, of Chapter 4 of Part 1 of 

Division 101, Health and Safety Code, for fluoride, iron, manganese, chlorides, total dissolved 

solids, and the inorganic chemicals listed in Table 64431-A, section 64431(a). 

 

(b) A groundwater source that has been designated as vulnerable by the local health officer 

pursuant to criteria set forth in sections 64445(d)(1) and (2) shall be sampled by the water 

supplier operating the state small water system at least once prior to any treatment and analyzed 

for volatile organic compounds in accordance with approved methods specified in section 64415.  

The analysis shall be performed by a laboratory certified by the Department to perform analyses 
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for organic chemicals pursuant to Article 3, commencing with section 100825, of Chapter 4 of 

Part 1 of Division 101, Health and Safety Code. 

 

(c) The results of the laboratory analyses shall be submitted to the local health officer by the 

state small water system no later than the 10th day of the month following receipt of the results 

by the state small water system.  A copy of the results of the analyses and a comparison of the 

results with the maximum contaminant levels for those contaminants listed in Table 64431-A, 

section 64431(a) and Table 64444-A, section 64444 shall be distributed by the state small water 

system to each regular user of the water system within 90 days of receiving the results.  A copy 

of the distribution notice shall be provided to the local health officer. 

 

(d) A water supplier operating a state small water system shall comply with any corrective 

actions ordered by the local health officer for any chemical contaminant which exceeds the 

maximum contaminant level. 

 

§64214. Service Connection Limitation. 

No state small water system shall add additional service connections to the system such that the 

total number of service connections served by the system exceeds 14 before the water system has 

applied for and received a permit to operate as a public water system from the Department. 

 

§64215. Water Supply Requirements. 

Prior to receiving permit approval, a state small water system which was not in existence on 

November 12, 1991 shall demonstrate to the local health officer that sufficient water is available 

from the water system's sources and distribution storage facilities to supply a minimum of three 

gallons per minute for at least 24 hours for each service connection served by the system. 

 

§64216. Mutual Associations Prohibited. 

No state small water system which was not in existence on November 12, 1991 shall be issued a 

permit to operate if the water supplier is an unincorporated association organized under Title 3 

(commencing with Section 20000) of Division 3 of the Corporations Code. 

 

§64217. Surface Water Treatment Requirement. 

All state small water systems using surface water as a source of supply shall provide continuous 

disinfection treatment of the water prior to entry to the distribution system. 

 

Article 4. Local Primacy Delegation 
§64251. Definitions. 

(a) For the purpose of this Article the following definitions shall apply: 
(1) ―Small Water System‖ means a community water system except those serving 200 or 

more service connections, or any noncommunity or nontransient noncommunity water system. 

(2) ―Primacy Delegation Agreement‖ means the document, issued by the department and 

signed by the local health officer, delegating primacy to a local health officer. 

(3) ―Routine Inspection‖ means an on-site review of a small water system which 

includes, but is not limited to, inspections of system operations, operation and maintenance 

records, system facilities and equipment. 
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(4) ―Sanitary Survey‖ means an on-site review of a small water system which includes, in 

addition to the elements of a routine inspection, an evaluation of the watershed for surface water 

sources and vulnerability assessments for groundwater sources. 

 

§64252. Primacy Delegation Application. 

(a) The primacy delegation application submitted by a local health officer pursuant to section 

116330 of the Health and Safety Code shall describe how the primacy requirements of this 

article will be complied with and shall contain the following information relating to the small 

water system program to be delegated: 

(1) The number of staff persons, percentage of time and personnel classification of each 

staff person, and a description of the program responsibilities of each person involved in the 

small water system program; 

(2) A proposed program budget projecting both revenues and expenditures for the first 

year of the program.  The expenditures categories shall include personnel, general expense (i.e., 

rent, supplies and communications), travel, equipment, data management, any other specific 

services to be provided (e.g., laboratory), administrative overhead and other indirect charges.  

The anticipated revenues shall specify all planned sources of revenues to be used for support of 

the small water system program; 

(3) A description of engineering and legal resources to be used in conducting the 

program; 

(4) A description of the electronic data management system to be used to comply with the 

requirements of section 64256 (e) and the compatibility of the proposed system with the data 

management system used by the Department; 

(5) A description of the current status of compliance with Division 104, Part 1, Chapters 

4 and 5; Division 104, Part 12, Chapters 4 and 5 of the Health and Safety Code and California 

Code of Regulations, Title 22, Division 4, Chapters 15, 15.5, 17, and 17.5 of the small water 

systems within the county.  This description shall include the following: 

(A) All violations of drinking water monitoring or reporting requirements by any of 

the systems during the 12 months preceding the submission of the application for primacy; 

(B) All violations of standards of California Code of Regulations, Title 22, Division 

4, Chapters 15, 15.5, 17, and 17.5 during the 12 months preceding the submission of the 

application for primacy; and 

(C) All enforcement actions against small water systems taken by the county during 

the 12 months preceding the submission of the application for primacy. 

(6) A current inventory list of the small water systems within the county.  For each small 

water system the inventory list shall specify the system name, water system identification 

number, mailing address, type of system (community, nontransient noncommunity or 

noncommunity), name and address and phone number of the responsible party, type of 

ownership, type of water source, type of treatment if any, dates of operation for seasonally 

operated systems, and either: 

(A) For a community water system, the number of service connections; or 

(B) For a noncommunity or nontransient noncommunity water system, the average 

monthly population served. 

(7) Demonstration that the local primacy agency will be able to immediately undertake 

the activities specified as local primacy program requirements in section 64253 at the time of 
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delegation; and 

(8) An annual workplan, as required pursuant to section 64260, which, at the discretion of 

the Department, may be submitted separately following the Department’s review of the 

remainder of the application. 

 

(b) The application shall be signed by the local health officer or by a local official with the 

authority to submit the application on behalf of the county. 

 

§64253. Local Primacy Agency Minimum Program Requirements. 

Each local primacy agency shall conduct a regulatory program for small water systems within its 

jurisdiction that complies with all of the requirements set forth in sections 64254, 64255, 64256, 

64257, and 64258. 

 

§64254. Permits. 

(a) A local primacy agency shall issue and maintain a valid drinking water permit for all 

small water systems within its jurisdiction in accordance with sections 116525 through 116550 

of the Health and Safety Code.  The permit shall include terms and conditions, including 

compliance schedules, that are necessary to assure that water served will comply with Division 

104, Part 1, Chapters 4 and 5; Division 104, Part 12, Chapters 4 and 5 of the Health and Safety 

Code, and Title 22, Division 4, Chapters 15, 15.5, 16, 17, and 17.5, and Title 17, Division 1, 

Chapter 5, Group 4 of the California Code of Regulations. 

 

(b) All existing permits shall be reviewed and updated as necessary at least every ten years. 

 

(c) A copy of all permit applications for proposed new community water systems under the 

jurisdiction of the local primacy agency that are designed to serve 200 or more service 

connections shall be submitted to the Department.  The local primacy agency shall not issue a 

permit for these systems unless the Department concurs that the systems are capable of 

complying with Division 104, Part 1, Chapters 4 and 5; Division 104, Part 12, Chapters 4 and 5 

of the Health and Safety Code, and Title 22, Division 4, Chapters 15, 15.5, 16, 17, and 17.5, and 

Title 17, Division 1, Chapter 5, Group 4 of the California Code of Regulations. 

 

§64255. Surveillance. 

(a) A local primacy agency shall establish and maintain an inventory of all small water 

systems under its jurisdiction.  The inventory shall be updated at least annually and shall include 

the following information for each system: 

(1) All of the information specified in section 64252(a)(6); 

(2) The name and telephone number of the operator of any treatment facilities utilized by 

the system; and 

(3) A copy of the current emergency notification plan required pursuant to section 

116460 of the Health and Safety Code. 

 

(b) A local primacy agency shall conduct a routine inspection of each small water system 

within its jurisdiction as follows: 

(1) At least once every two years on each small water system utilizing a surface water 
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source as defined in section 64651.10; 

(2) At least once every two years on each small water system utilizing groundwater that 

is treated in order to meet drinking water standards; and 

(3) At least once every five years on each small water system utilizing groundwater 

without treatment. 

 

(c) A local primacy agency shall conduct a sanitary survey of each small water system within 

its jurisdiction at least once every five years.  A sanitary survey may be conducted in lieu of any 

routine inspection. 

 

(d) A local primacy agency shall identify any deficiencies found during the routine 

inspection or sanitary survey and shall submit a follow-up notice to the small water system 

describing such deficiencies and prescribing a time schedule for corrective action.  The notice 

shall be sent to the small water system within 60 days of the routine inspection or sanitary 

survey. 

 

(e) A local primacy agency shall complete a routine inspection or sanitary survey report for 

each routine inspection or sanitary survey conducted within 90 days of completion of the sanitary 

survey or routine inspection. 

 

(f) A local primacy agency shall determine which small water systems under its jurisdiction 

utilize surface water or groundwater under the direct influence of surface water and are subject to 

surface water treatment requirements as specified in section 64650. 

 

§64256. Sampling and Monitoring. 

(a) A local primacy agency shall notify each small water system under its jurisdiction in 

writing of the monitoring requirements for that system pursuant to Title 22, Division 4, Chapters 

15, 15.5, 17, and 17.5 of the California Code of Regulations.  The notice shall identify the 

specific contaminants to be monitored, the type of laboratory analyses required for each 

contaminant, the frequency of sampling, and any other sampling and reporting requirements 

applicable to that system. 

 

(b) A local primacy agency shall ensure that each small water system under its jurisdiction 

complies with the sample siting plan requirements of section 64422. 

 

(c) A local primacy agency shall establish a tracking system to assure that all required 

sampling and laboratory analyses are completed and reported by the small water systems 

pursuant to Title 22, Division 4, Chapters 15, 15.5, 17, and 17.5 of the California Code of 

Regulations.  The tracking system shall include the date the sample was collected, the type or 

purpose of the sample, and the laboratory result. 

 

(d) A local primacy agency shall maintain an ongoing record of the status of compliance with 

monitoring and reporting requirements of California Code of Regulations, Title 22, Division 4, 

Chapters 15, 15.5, 17, and 17.5 of each small water system. 
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(e) A local primacy agency shall establish a system to assure that the water quality 

monitoring data submitted by the small water systems is routinely reviewed for compliance with 

the requirements of Title 22, Division 4, Chapters 15, 15.5, 17, and 17.5 of the California Code 

of Regulations.  The monitoring reports shall be reviewed each month for each small water 

system and the data entered into the data management system at least monthly. 

 

§64257. Reporting. 

(a) The following reports shall be submitted monthly in an electronic data format to the 

Department no later than the last day of the month following the period being reported: 

(1) A report listing all small water systems that failed during the previous month to 

comply with drinking water monitoring and reporting regulations of Title 22, Division 4, 

Chapters 15, 15.5, 17, and 17.5 of the California Code of Regulations; and 

(2) A compliance report containing the following information for each small water 

system under the jurisdiction of the local primacy agency that is in violation of Title 22, Division 

4, Chapters 15, 15.5, 17, and 17.5 of the California Code of Regulations: 

(A) The name and water system identification number of the system; 

(B) A description of the type of violation and the standard violated; and 

(C) A description of any enforcement action taken by the local primacy agency with 

respect to the violation. 

 

(b) The following reports shall be submitted quarterly in an electronic data format to the 

Department no later than the last day of the quarter following the quarter being reported: 

(1) A list of domestic water supply permits for small water systems that have been issued, 

amended, or renewed during the reporting period.  The list shall include the name and the 

identification number of the water system; and 

(2) A list of the small water systems for which a routine inspection or sanitary survey was 

conducted during the reporting period.  The list shall indicate the name and identification number 

of the small water system and the type of routine inspection or sanitary survey performed.  

 

(c) An updated inventory of small water systems under the jurisdiction of the local primacy 

agency shall be submitted annually in an electronic format to the Department no later than 

August 15 of each year. 

 

§64258. Enforcement. 

(a) A local primacy agency shall take enforcement actions as necessary to assure that all 

small water systems under the jurisdiction of the local primacy agency are in compliance with 

Division 104, Part 1, Chapters 4 and 5; Division 104, Part 12, Chapters 4 and 5 of the Health and 

Safety Code, and California Code of Regulations, Title 17, Division 1, Chapter 5, Group 4 and 

Title 22, Division 4, Chapters 14, 15, 15.5, 16, 17, and 17.5. 

 

(b) A local primacy agency shall notify each small water system under their jurisdiction of 

any new state or federal drinking water requirements applicable to those systems. 
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§64259. Program Management. 

(a) A local primacy agency shall establish and maintain a time accounting system for 

determining the amount of reimbursement to be billed to each small water system pursuant to 

section 116595 of the Health and Safety Code.  The hourly cost rate of the local primacy agency 

shall be determined using the criteria set forth in section 116590(b) of the Health and Safety 

Code. 

 

(b) A local primacy agency shall establish and maintain an individual file for each small 

water system under its jurisdiction.  The following information shall be maintained in the file: 

(1) The current operating permit and all technical reports supporting it; 

(2) Permit applications, permit technical reports, permits, and amended permits for a 

minimum of 10 years; 

(3) The most recent plans, specifications, and other information submitted by the water 

system pertaining to sources of supply, treatment works, storage facilities, and distribution 

system, including water quality monitoring plans and total coliform siting plans; 

(4) Inspection and sanitary survey reports for a minimum of 10 years; 

(5) Copies of bacteriological water quality analyses for a minimum of 5 years; copies of 

all other water quality analyses for a minimum of 10 years; 

(6) Correspondence, memoranda, and other written records pertaining to the system 

issued or written within the past three years; and 

(7) Copies of all compliance orders, citations, court actions, and other enforcement 

documentation. 

 

§64260. Workplans. 

(a) Each local primacy agency shall develop and submit to the department a proposed annual 

program workplan for the upcoming fiscal year. The local primacy agency shall submit the 

proposed annual workplan to the department no later than May 1 of each year for the fiscal year 

commencing July 1 of that year; except for the initial proposed annual workplan submitted in 

accordance with section 64252. 

 

(b) The workplan developed pursuant to subsection (a) shall describe the activities proposed 

to be performed by the local primacy agency during the forthcoming fiscal year and shall 

include:   

(1) The anticipated number of new small water system permits to be issued and the 

proposed number of existing community or noncommunity permits (designated by category) to 

be updated or amended.   

(2) A description of how the small water system inventory specified in section 64255 (a) 

will be maintained.   

(3) A description of how the surveillance activities specified in section 64255 (b) through 

(f) will be conducted and the priorities to be used in determining the activities to be performed.   

(4) The number of planned routine inspections and sanitary surveys to be performed for 

each category of small water systems (community, noncommunity and nontransient 

noncommunity).   

(5) A listing of small water systems proposed for enforcement action and the priorities to 

be used in determining these systems. 
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CHAPTER 15. DOMESTIC WATER QUALITY AND MONITORING 

REGULATIONS  
 

Article 1. Definitions  
§64400. Acute Risk. 

"Acute risk" means the potential for a contaminant or disinfectant residual to cause acute health 

effects, i.e., death, damage or illness, as a result of a single period of exposure of a duration 

measured in seconds, minutes, hours, or days. 

 

§64400.05. Combined Distribution System. 

"Combined distribution system" means the interconnected distribution system consisting of the 

distribution systems of wholesale systems and of the consecutive systems that receive finished 

water. 

 

§64400.10. Community Water System. 

―Community water system‖ means a public water system which serves at least 15 service 

connections used by yearlong residents or regularly serves at least 25 yearlong residents. 

 

§64400.20. Compliance Cycle. 

―Compliance cycle‖ means the nine-year calendar year cycle during which public water systems 

shall monitor. Each compliance cycle consists of three three-year compliance periods. The first 

calendar year cycle began January 1, 1993 and ends December 31, 2001; the second begins 

January 1, 2002 and ends December 31, 2010; the third begins January 1, 2011 and ends 

December 31, 2019. 

 

§64400.25. Compliance Period.  

―Compliance period‖ means a three-year calendar year period within a compliance cycle.  Within 

the first compliance cycle, the first compliance period runs from January 1, 1993 to December 

31, 1995; the second from January 1, 1996 to December 31, 1998; the third from January 1, 1999 

to December 31, 2001. 

 

§64400.28. Confluent Growth.  

―Confluent growth‖ means a continuous bacterial growth covering the entire filtration area of a 

membrane filter, or a portion thereof, in which bacterial colonies are not discrete. 

 

§64400.29. Consecutive System.  

―Consecutive system‖ means a public water system that receives some or all of its finished water 

from one or more wholesale systems.  Delivery may be through a direct connection or through 

the distribution system of one or more consecutive systems. 

 

§64400.30. Customer.  

―Customer‖ means a service connection to which water is delivered by a community water 

system or a person that receives water from a nontransient-noncommunity water system for more 

than six months of the year. 
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§64400.32. Detected.  

―Detected‖ means at or above the detection limit for purposes of reporting (DLR). 

 

§64400.34. Detection Limit for Purposes of Reporting (DLR). 

―Detection limit for purposes of reporting (DLR)‖ means the designated minimum level at or 

above which any analytical finding of a contaminant in drinking water resulting from monitoring 

required under this chapter shall be reported to the Department. 

 

§64400.36. Dual Sample Set.  

―Dual sample set‖ means a set of two samples collected at the same time and same location, with 

one sample analyzed for TTHM and the other sample analyzed for HAA5. 

 

§64400.38. Enhanced Coagulation. 

―Enhanced coagulation‖ means the addition of sufficient coagulant for improved removal of 

disinfection byproduct precursors by conventional filtration treatment. 

 

§64400.40. Enhanced Softening. 

―Enhanced softening‖ means the improved removal of disinfection byproduct precursors by 

precipitative softening. 

 

§64400.41. Finished Water.  

―Finished water‖ means the water that is introduced into the distribution system of a public water 

system and is intended for distribution and consumption without further treatment, except as 

treatment necessary to maintain water quality in the distribution system (e.g., booster 

disinfection, addition of corrosion control chemicals). 

 

§64400.42. Fluoridation.  

―Fluoridation‖ means the addition of fluoride to drinking water to achieve an optimal level, 

pursuant to Section 64433.2, that protects and maintains dental health. 

 

§64400.45. GAC10. 

―GAC10‖ means granular activated carbon filter beds with an empty-bed contact time of 10 

minutes based on average daily flow and a carbon reactivation frequency of once every 180 days, 

except that the reactivation frequency for GAC10 used as a best available technology for 

compliance with the TTHM and HAA5 MCLs monitored pursuant to section 64534.2(d) shall be 

once every 120 days. 

 

§64400.46. GAC20. 

―GAC20‖ means granular activated carbon filter beds with an empty-bed contact time of 20 

minutes based on average daily flow and a carbon reactivation frequency of once every 240 days. 

 

 

§64400.47. Haloacetic Acids (Five) or HAA5.   

―Haloacetic acids (five)‖ or ―HAA5‖ means the sum of the concentrations in milligrams per liter 
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(mg/L) of the haloacetic acid compounds (monochloroacetic acid, dichloroacetic acid, 

trichloroacetic acid, monobromoacetic acid, and dibromoacetic acid), rounded to two significant 

figures after addition. 

 

§64400.50. Initial Compliance Period. 

―Initial compliance period‖ means the first full three-year compliance period which began 

January 1, 1993, for existing systems. For new systems, the ―initial compliance period‖ means 

the period in which the Department grants the permit. 

 

§64400.60. Initial Finding. 

―Initial finding‖ means the first laboratory result from a water source showing the presence of an 

organic chemical listed in §64444, Table 64444-A. 

 

§64400.65. IOC. 

―IOC‖ means inorganic chemical. 

 

§64400.66. Locational Running Annual Average or LRAA. 

―Locational running annual average‖ or ―LRAA‖ means the average of sample analytical results 

for samples taken at a particular monitoring location during the previous four calendar quarters. 

 

§64400.67. Maximum Residual Disinfectant Level or MRDL.   
―Maximum residual disinfectant level‖ or ―MRDL‖ means a level of a disinfectant added for 

water treatment that may not be exceeded at the consumer's tap. 

 

§64400.70. MCL. 

―MCL‖ means maximum contaminant level. 

 

§64400.80. Nontransient-noncommunity Water System. 

―Nontransient-noncommunity water system‖ means a public water system that is not a 

community water system and that regularly serves at least the same 25 persons over 6 months per 

year. 

 

§64400.90. Operational Evaluation Levels or OEL. 

―Operational evaluation level‖ or ―OEL‖ means the sum of the two previous quarters’ TTHM 

results plus twice the current quarter’s TTHM result, divided by 4 to determine an average; or 

the sum of the two previous quarters’ HAA5 results plus twice the current quarter’s HAA5 

result, divided by 4 to determine an average. 

 

§64401. Repeat Compliance Period. 

―Repeat compliance period‖ means any subsequent compliance period after the initial 

compliance period. 

 

 

§64401.10. Repeat Sample. 

―Repeat sample‖ means a required sample collected following a total coliform-positive sample. 
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§64401.20. Replacement Sample. 

―Replacement sample‖ means a sample collected to replace an invalidated sample. 

 

§64401.30. Routine Sample. 

―Routine sample‖ means a bacteriological sample the water supplier is required to collect on a 

regular basis, or one which the supplier is required to collect for a system not in compliance with 

Sections 64650 through 64666 when treated water turbidity exceeds 1 nephelometric turbidity 

unit (NTU), pursuant to §64423(b). 

 

§64401.40. Sanitary Survey.  

―Sanitary survey‖ means an on-site review of a public water system for the purpose of evaluating 

the adequacy of the water source, facilities, equipment, operation and maintenance for producing 

and distributing safe drinking water. 

 

§64401.50. Significant Rise in Bacterial Count. 

―Significant rise in bacterial count‖ means an increase in coliform bacteria, as determined in 

§64426, when associated with a suspected waterborne illness or disruption of physical works or 

operating procedures. 

 

§64401.55. SOC. 

―SOC‖ means synthetic organic chemical. 

 

§64401.60. Standby Source. 

―Standby source‖ means a source which is used only for emergency purposes pursuant to 

§64414. 

 

§64401.65. SUVA.  
―SUVA‖ means Specific Ultraviolet Absorption at 254 nanometers (nm), an indicator of the 

humic content of a water.  It is calculated by dividing a sample’s ultraviolet absorption at a 

wavelength of 254 nm (UV254) (in m
-1

) by its concentration of dissolved organic carbon (DOC) 

(in mg/L). 

 

§64401.70. System with a Single Service Connection. 

―System with a single service connection‖ means a system which supplies drinking water to 

consumers via a single service line. 

 

§64401.71. Tier 1 Public Notice. 

―Tier 1 public notice‖ means a public notice issued in response to the events listed in subsection 

64463.1(a) and in the manner specified in subsections 64463.1(b) and (c). 

 

§64401.72. Tier 2 Public Notice. 

―Tier 2 public notice‖ means a public notice issued in response to the events listed in section 

64463.4(a) and in the manner specified in subsections 64463.4(b) and (c). 
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§64401.73. Tier 3 Public Notice. 

―Tier 3 public notice‖ means a public notice issued in response to the events listed in section 

64463.7(a) and in the manner specified in subsections 64463.7(b), and (c) or (d). 

 

§64401.75. Too Numerous to Count. 

―Too numerous to count‖ means that the total number of bacterial colonies exceeds 200 on a 47-

mm diameter membrane filter used for coliform detection. 

 

§64401.80. Total Coliform-positive. 

―Total coliform-positive‖ means a sample result in which the presence of total coliforms has 

been demonstrated. 

 

§64401.82. Total Organic Carbon or TOC.  

―Total organic carbon‖ or ‖TOC‖ means total organic carbon reported in units of milligrams per 

liter (mg/L), as measured using heat, oxygen, ultraviolet irradiation, chemical oxidants, or 

combinations of these oxidants that convert organic carbon to carbon dioxide, rounded to two 

significant figures. 

 

§64401.85. Transient-noncommunity Water System. 

―Transient-noncommunity water system‖ means a public water system that is not a community 

water system or a  nontransient-noncommunity water system. 

 

§64401.90. Treatment. 

―Treatment‖ means physical, biological, or chemical processes, including blending, designed to 

affect water quality parameters to render the water acceptable for domestic use. 

 

§64401.92. Total Trihalomethanes or TTHM. 

―Total Trihalomethanes‖ or ―TTHM‖ means the sum of the concentrations in milligrams per liter 

(mg/L) of the trihalomethane compounds (bromodichloromethane, bromoform, chloroform, and 

dibromochloromethane), rounded to two significant figures after addition. 

 

§64401.95. VOC. 

―VOC‖ means volatile organic chemical. 

 

§64402. Vulnerable System. 

―Vulnerable system‖ means a water system which has any water source which in the judgement 

of the Department, has a risk of containing an organic contaminant, based on an assessment as 

set forth in §64445(d)(1). 

 

§64402.10. Water Source. 

―Water source‖ means an individual groundwater source or an individual surface water intake. 

Sources which have not been designated as standby sources shall be deemed to be water sources. 

 

§64402.20. Water Supplier. 

―Water supplier‖, ―person operating a public water system‖ or ―supplier of water‖ means any 



NOTE:  This publication is meant to be an aid to the staff of the CDPH Drinking Water Program and cannot be 

relied upon by the regulated community as the State of California‘s representation of the law.  The published codes 

are the only official representation of the law. Refer to the published codes—in this case, 17 CCR and 22 CCR—

whenever specific citations are required.  Statutes related to CDPH‘s drinking water-related activities are in the 

Health & Safety Code, the Water Code, and other codes. 

 

 

Last updated July 1, 2013—from Titles 17 and 22 California Code of Regulations 

California Regulations Related to Drinking Water 

72 

person who owns or operates a public water system. These terms will be used interchangeably in 

this chapter.   

(a) ―Wholesale water supplier,‖ or ―wholesaler‖ means any person who treats water on 

behalf of one or more public water systems for the purpose of rendering it safe for human 

consumption. 

 

(b) ―Retail water supplier,‖ or ―retailer‖ means   

(1) Any person who owns or operates any distribution facilities and any related 

collection, treatment, or storage facilities under the control of the operator of the public water 

system which are used primarily in connection with the public water system; or 

(2) Any person who owns or operates any collection or pretreatment storage facilities 

not under the control of the operator of the public water system which are used primarily in 

connection with the public water system. 

 

§64402.30. Wholesale System. 

―Wholesale system‖ means a public water system that treats source water as necessary to 

produce finished water and then delivers some or all of that finished water to another public 

water system.  Delivery may be through a direct connection or through the distribution system of 

one or more consecutive systems. 

 

Article 2. General Requirements 
§64412. Determination of Persons Served. 

(a) The number of persons served by a community water system shall be determined by the 

water system using one of the following methods:   

(1) Utilizing the most recent United States census data, or more recent special census data 

certified by the California Department of Finance, for the service area served by the water 

system;   

(2) Multiplying the number of service connections served by the water system by 3.3 to 

determine the total population served;   

(3) Determining the total number of dwelling units or efficiency dwelling units as defined 

in the Uniform Building Code (Title 24, California Code of Regulations), the number of mobile 

home park spaces and the number of individual business, commercial, industrial and institutional 

billing units served by the water system and multiplying this total by 2.8 to arrive at the total 

population served by the system.   

 

(b) Each community water system shall report to the Department annually the number of 

persons and the number of service connections served by the system using the procedures set 

forth in subsection (a). 
 

§64413.1. Classification of Water Treatment Facilities. 

(a) Each water treatment facility shall be classified pursuant to Table 64413.1-A based on the 

calculation of total points for the facility using the factors specified in subsection (b). 
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Table 64413.1-A.   

Water Treatment Facility Class Designations 

 

Total Points Class 

 

Less than 20 T1 

20 through 39 T2 

40 through 59 T3 

60 through 79 T4 

80 or more T5 

 

 

(b) The calculation of total points for each water treatment facility shall be the sum of the 

points derived in each of paragraphs (1) through (13).  If a treatment facility treats more than one 

source, the source with the highest average concentration of each contaminant shall be used to 

determine the point value in paragraphs (2) through (5). 

(1) For water source, the points are determined pursuant to Table 64413.1-B.  

 

Table 64413.1-B.   

Points for Source Water Used by the Facility 

 

Type of source water used by the facility Points 

Groundwater and/or purchased treated water meeting primary and secondary 

drinking water standards, as defined in § 116275 of the Health and Safety 

Code 

2 

Water that includes any surface water or groundwater under the direct 

influence of surface water 

5 

 

(2) For influent microbiological water quality, points shall be determined by using 

the median of all total coliform analyses completed in the previous 24 months pursuant to Table 

64413.1-C:  

 

Table 64413.1-C. 

Influent Water Microbiological Quality Points 

 

Median Coliform Density 

Most Probable Number Index (MPN) 

Points 

less than 1 per 100 mL 0 

1 through 100 per 100 mL 2 

greater than 100 through 1,000 per 100 mL 4 

greater than 1,000 through 10,000 per 100 mL 6 

greater than 10,000 per 100 mL 8 
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(3) For facilities treating surface water or groundwater under the direct influence of 

surface water, points for influent water turbidity shall be determined pursuant to Table 64413.1-

D on the basis of the previous 24 months of data, except that if turbidity data is missing for one 

or more of the months, the points given for turbidity shall be 5.  The maximum influent turbidity 

sustained for at least one hour according to an on-line turbidimeter shall be used unless such data 

is not available, in which case, the maximum influent turbidity identified by grab sample shall be 

used.  For facilities that have not been in operation for 24 months, the available data shall be 

used.  For facilities whose permit specifies measures to ensure that influent turbidity will not 

exceed a specified level, the points corresponding to that level shall be assigned. 

 

Table 64413.1-D.   

Influent Water Turbidity Points 

 

Maximum Influent Turbidity Level 

Nephelometric Turbidity Units (NTU) 

Points 

Less than 15 0 

15 through 100 2 

Greater than 100 5 

 

(4) The points for influent water perchlorate, nitrate, or nitrite levels shall be 

determined by an average of the three most recent sample results, pursuant to Table 64413.1-E.   

 

Table 64413.1-E.   

Influent Water Perchlorate, Nitrate, and Nitrite Points 

 

Perchlorate, Nitrate, and Nitrite Data Average Points 

Less than or equal to the maximum contaminant level (MCL), as 

specified in Table 64431-A 

0 

For each contaminant greater than its MCL 5 

 

(5)  The points for other influent water contaminants with primary MCLs shall be a 

sum of the points for each of the inorganic contaminants (Table 64431-A), organic contaminants 

(Table 64444-A) and radionuclides (Tables 64442 and 64443).  The points for each contaminant 

shall be based on an average of the three most recent sample results, pursuant to Table 64413.1-

F.  If monitoring for a contaminant has been waived pursuant to sections 64432(m) or (n), 

64432.2(c), or 64445(d), the points shall be zero for that contaminant. 
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Table 64413.1-F.   

Influent Water Chemical and Radiological Contaminant Points 

 

Contaminant Data Average Points 

Less than or equal to the MCL 0 

Greater than the MCL 2 

5 Times the MCL or greater 5 

 

(6) The total points for surface water filtration treatment shall be the sum of the 

points of those treatment processes utilized by the facility for compliance with section 64652, 

pursuant to Table 64413.1-G. 

 

Table 64413.1-G.   

Points for Surface Water Filtration Treatment 

 

Treatment Points 

Conventional, direct, or inline 15 

Diatomaceous earth 12 

Slow sand, membrane, cartridge, or bag filter 8 

Backwash recycled as part of process 5 

 

(7)  The points for each treatment process utilized by the facility and not included in 

paragraph (6) that is used to reduce the concentration of one or more contaminants for which a 

primary MCL exists, pursuant to Table 64431-A, Table 64444-A, and Tables 64442 and 64443, 

shall be 10.  Blending shall only be counted as a treatment process if one of the blended sources 

exceeds a primary MCL.  

(8) The points for each treatment process not included in paragraphs (6), or (7) that is 

used to reduce the concentration of one or more contaminants for which a secondary MCL exists, 

pursuant to Tables 64449-A and 64449-B, shall be 3.  Blending shall only be counted as a 

treatment process if one of the blended sources exceeds a secondary MCL. 

(9)   The points for each treatment process not included in paragraphs (6), (7), or (8) 

that is used for corrosion control or fluoridation shall be 3. 

(10) The total points for disinfection treatment shall be the sum of the points for those 

treatment processes utilized by the facility for compliance with section 64654(a), pursuant to 

Table 64413.1-H. 
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Table 64413.1-H.   

Points for Disinfection Treatment 

 

Treatment Process Points 

Ozone 10 

Chlorine and/or chloramine 10 

Chlorine dioxide 10 

Ultraviolet (UV) 7 

 

(11) The points for disinfection/oxidation treatment not included in paragraphs (6), 

(7), (8), or (10) shall be a sum of the points for all the treatment processes used at the facility 

pursuant to Table 64413.1-I.   

 

Table 64413.1-I. 

Points for Disinfection/Oxidation Treatment without Inactivation Credit 

 

Treatment Process Points 

Ozone 5 

Chlorine and/or chloramine 5 

Chlorine dioxide 5 

Ultraviolet (UV) 3 

Other oxidants 5 

 

(12) The points for any other treatment process that alters the physical or chemical 

characteristics of the drinking water and that was not included in paragraphs (6), (7), (8), (9), 

(10), or (11) shall be 3. 

(13) The points for facility flow shall be 2 per million gallons per day or fraction 

thereof of maximum permitted treatment facility capacity, up to a maximum of 50 points; except 

that for facilities utilizing only blending, the points shall be based on the flow from the 

contaminated source and the dilution flow required to meet the MCL(s) specified in Tables 

64431-A, 64444-A, 64449-A, 64449-B, and Tables 64442 and 64443. 

 

§64413.3. Classification of Distribution Systems. 

(a) The distribution system for each community and nontransient- noncommunity water 

system shall be classified pursuant to Table 64413.3-A unless modified pursuant to 

subsection(b).  For a wholesaler, the population served shall include the customers served by its 

retailers.  
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Table 64413.3-A.   

Distribution System Classifications 

 

Population Served Class 

1,000 or less D1 

1,001 through 10,000 D2 

10,001 through 50,000 D3 

50,001 through 5 million D4 

Greater than 5 million D5 

 

(b) The class determined pursuant to (a) shall be upgraded by one level if the population 

served is 5 million or less and the sum of all the points from paragraphs (1) through (6) exceeds 

20. 

(1) The points for pressure zones shall be zero for up to three zones, 4 for four to ten 

zones, or 6 for more than ten zones. 

(2) The points for disinfectants used shall be zero if no disinfectant is applied in the 

distribution system and no more than one type of disinfectant residual is entering the distribution 

system.  The points shall be 5 if a single disinfectant or ammonia is applied in the distribution 

system.  The points shall be 8 if there are multiple disinfectants in the system. 

(3) The points based on the largest single pump in the system for which the distribution 

operator is responsible shall be 4 for up to fifty horsepower, or 6 for fifty or more horsepower. 

(4) The points for distribution storage reservoirs in the system shall be 4 for one to five 

reservoirs, or 6 for greater than five. 

(5) The points for one or more existing uncovered distribution reservoirs shall be 10. 

(6) The points to be added if any of the distribution system customers are also served by a 

non-potable water distribution system shall be 6.  This does not apply to wholesalers if the only 

customers receiving non-potable water are served by its retailers.   

 

§64413.5. Treatment Facility Staff Certification Requirements. 

(a) Each water supplier shall designate at least one chief operator that meets the requirements 

specified in §63765 for each water treatment facility utilized by the water system. 

 

(b) Each water supplier shall designate at least one shift operator that meets the requirements 

specified in §63765 for each water treatment facility utilized by the water system for each 

operating shift. 

 

(c) Except as provided in (d), a chief operator or shift operator shall be on-site at all times 

that the facility is operating.  

 

(d) If the water supplier’s operations plan, submitted and approved pursuant to §64661, 

demonstrates an equal degree of operational oversight and reliability with either unmanned 

operation or operation under reduced operator certification requirements, the chief operator or 

shift operator is not required to be on-site, but shall be able to be contacted within one hour. 
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(e) If there is no change in the treatment facility and the employed shift and/or chief 

operators, the water supplier shall be in compliance until January 1, 2003 with the shift and 

operator certification requirements that were in effect on December 31, 2000. If the water system 

employs a new shift and/or chief operator, that operator shall meet the certification requirements 

pursuant to §63765(a). 

 

§64413.7. Distribution System Staff Certification Requirements. 

(a) Each water supplier shall designate at least one chief operator that meets the requirements 

specified in §63770 for each distribution system utilized by the water system. 

 

(b) Each water supplier shall designate at least one shift operator that meets the requirements 

specified in §63770 for each distribution system utilized by the water system for each operating 

shift. 

 

(c) The chief operator or shift operator shall be on-site or able to be contacted within one 

hour. 

 

§64414. Standby Sources. 

(a) A source which has been designated ―standby‖ shall be monitored a minimum of once 

every compliance cycle for all inorganic, organic, and radiological MCLs, unless a waiver has 

been granted by the Department pursuant to Section 64432(m) or (n) for inorganics, Section 

64432.2(c) for asbestos, or Section 64445(d) for organics.   

 

(b) A standby source which has previous monitoring results indicating nitrate or nitrite levels 

equal to or greater than 50 percent of the MCL shall collect and analyze a sample for nitrate and 

nitrite annually. In addition, upon activation of such a source, a sample shall be collected, 

analyzed for these chemicals and the analytical results reported to the Department within 24 

hours of activation.   

 

(c) A standby source shall be used only for short-term emergencies of five consecutive days 

or less, and for less than a total of fifteen calendar days a year.   

 

(d) Within 3 days after the short-term emergency use of a standby source, the water supplier 

shall notify the Department. The notification shall include information on the reason for and 

duration of the use.   

 

(e) The status of a designated standby source shall not be changed to that of a regular source 

of drinking water supply, unless the source meets all existing drinking water standards and 

approval is obtained from the Department in advance. 

 

(f) A standby source for which perchlorate has been previously detected shall have a sample 

collected and analyzed for perchlorate annually.  Additionally, upon activation of such a source, 

a sample shall be collected and analyzed for perchlorate, and the analytical result shall be 

reported to the Department within 48 hours of activation. 
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§64415. Laboratory and Personnel. 

(a) Except as provided in subsection (b), required analyses shall be performed by laboratories 

certified by the Department to perform such analyses pursuant to Article 3, commencing with 

section 100825, of Chapter 4 of Part 1 of Division 101, Health and Safety Code.  Unless directed 

otherwise by the Department, analyses shall be made in accordance with EPA approved methods 

as prescribed at 40 Code of Federal Regulations parts 141.21 through 141.42, 141.66, and 

141.89. 

 

(b) Sample collection, and field tests including color, odor, turbidity, pH, temperature, and 

disinfectant residual shall be performed by personnel trained to perform such sample collections 

and/or tests by: 

(1) The Department; 

(2) A laboratory certified pursuant to subsection (a); or 

(3) An operator, certified by the Department pursuant to section 106875(a) or (b) of the 

Health and Safety Code and trained by an entity in paragraph (1) or (2) to perform such sample 

collections and/or tests. 

 

§64416. Sampling Plan for all Monitoring Except Bacteriological. 

(a) Each public water system serving contiguous areas totaling more than 10,000 service 

connections shall submit a plan to the Department for monitoring the quality of water.  

(1) This plan shall be supported by analytical, hydrological and geological data, and may 

be developed in cooperation with other agencies or water suppliers.    

(2) Constituents to be addressed in the plan shall include inorganic chemicals, organic 

chemicals, trihalomethanes, radioactivity, general minerals and general physical parameters.   

(3) Sampling of certain wells on a rotating basis may be included in the plan if the water 

supplier is able to demonstrate with analytical, hydrological and geological data that those wells 

are producing similar quality water from the same aquifer.   

(4) The water supplier shall submit an updated plan to the Department at least once every 

ten years or at any time the plan no longer ensures representative monitoring of the system. 

 

Article 2.5. Point-of-Use Treatment 
§64417. Point-of-use treatment device or POU. 

―Point-of-use treatment device‖ or ―POU‖ is a treatment device applied to a single tap for the 

purpose of reducing contaminants in drinking water at that tap. 

 

§64418. General Provisions 

The regulations set forth in this Article shall remain in effect until the earlier of the date set forth 

pursuant to section 116380(b), Health and Safety Code, or the effective date of regulations 
adopted pursuant to Health and Safety Code, section 116380(a). 

(a) With Department approval, a public water system may be permitted to use point-of-use 

treatment devices (POUs) in lieu of centralized treatment for compliance with one or more 

maximum contaminant levels or treatment techniques in this Chapter, other than for microbial 

contaminants, volatile organic chemicals, or radon, if: 

(1) the water system serves fewer than 200 service connections, 

(2) the water system meets the requirements of this Article, 
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(3) the water system has demonstrated to the Department that centralized treatment, for 

the contaminants of concern, is not economically feasible within three years of the water 

system’s submittal of its application for a permit amendment to use POUs,  

(4) the water system has submitted to the Department a pre-application for funding to 

correct the violation(s) for which POUs are being proposed to address, 

(5) the water system has applied for a permit amendment to use POUs,  

(6) following a public hearing, the Department determines pursuant to section 64418.6 

that there is no substantial community opposition,  

(7) the water system has a Department-approved: 

(A) POU Treatment Strategy, 

(B) POU Operations and Maintenance Program, and 

(C) POU Monitoring Program, and 

(8) the water system demonstrates to the Department that point-of-entry treatment 

devices (POEs), meeting requirements of Article 2.7 of this Chapter, would not be economically 

feasible or that such POEs would not be as protective of public health as POUs installed pursuant 

to this article.   

 

(b) The permitted use of POUs pursuant to this Article is limited to no longer than three years 

or until funding for the total cost of constructing a project for centralized treatment or access to 

an alternative source of water is available, whichever occurs first.   

 

(c) As used in section 63011(a), Chapter 12, Article 2, ―equipment‖ does not include POUs 

installed for the purpose of evaluating the effectiveness or feasibility, including, but not limited 

to economic feasibility, or pilot testing of such POUs.  

 

(d) If the department determines, based on the recommendation of the project applicant’s 

engineer, that additional time is required to complete a planning project, funded in whole or in 

part by the Safe Drinking Water State Revolving Fund, for evaluation of the effectiveness or 

feasibility of POUs, the maximum time allowed, pursuant to section 63011(c), Chapter 12, 

Article 2, for completion of the planning project and submission of the report may be extended to 

not more than three years. 

 

§64418.1. Economic Feasibility of Centralized Treatment. 

(a) To meet the requirements of section 64418(a)(3), a community water system shall submit 

to the Department information demonstrating that the: 

(1) estimated cost of centralized treatment, per household, is more than one percent (1%) 

of the median household income (MHI) of the customers served by the water system, or 

(2) estimated cost of centralized treatment, per household, plus the median water bill 

from the most recent 12 months is: 

(A) if the community’s MHI is equal to or less than the statewide MHI, more than 1.5 

percent (1.5%) of the MHI of the customers served by the public water system, or 

(B) if the community’s MHI is greater than the statewide MHI, more than two percent 

(2%) of the MHI of the customers served by the public water system.  

 

(b) The estimated cost of centralized treatment may include, but is not limited to, the costs 
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associated with equipment, design and construction, residual disposal, monitoring, and operation 

and maintenance.   

 

(c) The water system shall submit to the Department the supporting documentation, 

assumptions, and calculations used to determine the anticipated increase in water bills to be 

presented pursuant to section 64418.6(c)(1) and (2).  

 

(d) To meet the requirements of section 64418(a)(3), noncommunity water systems shall 

submit to the Department records, including but not limited to financial statements and operating 

budgets for the most recent and prior two years of operation, demonstrating that the water system 

does not have sufficient financial resources to cover the cost of centralized treatment and further 

demonstrating that it will not acquire such resources within the three-year time period following 

the submittal of its permit amendment application required pursuant to section 64418(a)(5). 

 

§64418.2. POU Requirements. 

(a) A POU shall:  

(1) If the American National Standard Institute (ANSI) has issued product standard 

applicable to the specific type of proposed POU, be independently certified as meeting such a 

standard by an ANSI-accredited product certification body; 

(2) If ANSI has not issued a product standard applicable to the specific type of proposed 

POU, be approved by the Department; 

(3) Be owned, controlled, operated, and maintained by the water system and/or a person 

under contract with the water system, to ensure proper operation, maintenance, monitoring, and 

compliance with this Article and applicable drinking water standards; 

(4) Be equipped with a mechanical warning (e.g. alarm, light, etc.) that alerts users when 

a unit needs maintenance or is no longer operating in a manner that assures the unit is producing 

effluent meeting state and federal drinking water standards, unless the device is equipped with an 

automatic shut-off mechanism that prevents the flow of water under such circumstances; and 

(5) Be equipped with a totalizing flow meter.  

 

(b) Pilot testing shall be performed on each proposed type of POU to establish its use 

limitations and operations and maintenance criteria, as well as verification that it will produce 

effluent that meets drinking water standards under local expected influent water quality and flow 

conditions.   

(1) Prior to performing pilot testing, a pilot testing protocol shall be submitted to the 

Department for review and approval. 

(2) Pilot testing for a POU shall be conducted in the manner and for the time period 

specified by the pilot testing protocol for that POU, and shall, in all cases, be conducted for no 

less than two months. 

(3) After completion of the pilot testing, the water system shall submit a report to the 

Department describing the results and findings of the pilot testing. 

 

(c) With Department approval, a water system may be exempt from the pilot testing required 

pursuant to subsection (b) if the water system demonstrates to the Department that the POUs 

proposed for use have been tested under equivalent water quality and flow conditions, and the 
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limitations, criteria, and effluent verification in subsection (b) can be ascertained and are 

reported to the Department. 

 

§64418.3. POU Treatment Strategy. 

Prior to installing POUs, the water system shall submit a POU Treatment Strategy for 

Department review and approval.  At a minimum, the POU Treatment Strategy shall include 

each of the following: 

(a) A description of the compliance problem(s) and how the use of POUs will address the 

problem(s); 

 

(b) A description of how the water system will determine the type, number, and location of 

POUs to ensure a sufficient number of devices are installed for human consumption at all 

residential and non-residential premises within the water system’s service area;   

 

(c) The water system’s authority to require customers to accept POUs in lieu of centralized 

treatment and to take an action, such as discontinuing service, if a customer fails to accept POUs; 

 

(d) The basis for the POU selection(s); 

 

(e) The qualifications and identification of the person(s) responsible for POU installation, 

operation, maintenance, and water quality sampling and analyses;   

 

(f) A customer education program to be implemented prior to and following installation of 

POUs; 

 

(g) The authority, ordinances, and/or access agreements that allow the water system’s 

representatives access to customers’ premises for POU installation, maintenance, and water 

quality monitoring, as well as the surveys necessary to meet subsection (b);   

 

(h) Identification of applicable local regulatory requirements; 

 

(i) In the event an installed POU fails to produce water that meets drinking water standards;  

(1) a consumer notification protocol, along with example notices, consistent with Article 

18, Title 22, of the California Code of Regulations, and 

(2) a plan for provision of an alternative water supply, meeting drinking water standards, 

to customers served by such installed POU;  

 

(j) An on-going customer notification protocol that includes: 

(1) notices in the language(s) appropriate for communication with the customers, and 

(2) quarterly (or more frequent) notices informing the customer(s); 

(A) that only the taps for which POUs are installed provide water meeting drinking 

water standards, and 

(B) information pertaining to the mechanical warning or shut-off mechanism required 

pursuant to section 64418.2(a)(4), including the telephone number of water system personnel to 

notify in the event the mechanical warning or shut-off mechanism is activated; 
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(k) The anticipated schedules for; 

(1) the distribution of public hearing information, 

(2) the public hearing required pursuant to section 64418.6,  

(3) the distribution to customers of POU acceptance surveys,  

(4) POU installation, and  

(5) construction of centralized treatment; and  

 

(l) An estimate of the percent of voluntary participation to be achieved by consumers within 

the water system’s service area. 

 

§64418.4. POU Operations and Maintenance (O&M) Program. 

(a) Prior to installing POUs, a water system shall submit a POU Operations and Maintenance 

(O&M) Program for Department review and approval.  The POU O&M Program shall include, 

but not be limited to, the following: 

(1) An installation protocol that, at a minimum, describes locations and assurances that 

POUs will be accessible for operation and maintenance; 

(2) The type and frequency of maintenance, at intervals specified by the manufacturer 

and determined by pilot testing, whichever is shorter, that ensures POUs produce effluent that 

meets drinking water standards;   

(3) The number and type of auxiliary POUs and parts necessary to ensure continuous 

effective treatment;  

(4) Replacement schedules for critical components and POUs; 

(5) The qualifications and identification of the person(s) responsible for POU installation, 

operation, and maintenance; and 

(6) POU waste-handling and disposal procedures. 

 

(b) To ensure a POU is properly operating and has not been bypassed, POUs shall be 

inspected by the water system no less often than every twelve months and when a POU’s effluent 

is monitored pursuant to section 64418.5.   

 

(c) Based on the on-going operation and maintenance of installed POUs, a water system shall 

revise its POU O&M Program as necessary to ensure continuous effective treatment and POUs 

produce effluent that meets drinking water standards.  Revised POU O&M Programs shall be 

submitted to the Department for review prior to revision implementation.   

 

(d) A water system shall implement its most recent POU O&M Program prepared pursuant to 

this section. 

 

§64418.5. POU Monitoring Program. 

(a) A water system shall submit a POU Monitoring Program for Department review and 

approval.  At a minimum, the POU Monitoring Program shall include monitoring of the 

contaminant(s) for which the system has applied to use POUs, as follows: 

(1) Source water monitoring – quarterly, with samples collected during the same month 

(first, second, or third) of each quarter; 
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(2) POU effluent – initially, with samples collected on the same day a device is installed; 

and 

(3) POU effluent, on-going following the monitoring in paragraph (2) – annually, with 

one twelfth of all units sampled monthly on a rotating basis. 

 

(b) After two years of monitoring conducted pursuant to subsection (a), a water system may 

apply to the Department for reduced on-going monitoring if all the results of the on-going 

monitoring conducted pursuant to (a)(3) do not exceed 75 percent of a contaminant’s MCL.   

 

(c) The Department may require further monitoring for the contaminant of concern or other 

contaminants, including microbial contaminants, based on monitoring results, POU technology, 

or a water system’s compliance with this Article. 

 

(d) The water system shall revise its POU Monitoring Program as necessary based on the on-

going operation and maintenance of installed POUs or additional monitoring required pursuant to 

subsection (c).  Revised POU Monitoring Programs shall be submitted to the Department for 

review prior to revision implementation.  

 

(e) The water system shall implement its most recent POU Monitoring Program prepared 

pursuant to this section. 

 

(f) If an on-going POU effluent sample result exceeds an MCL, the water system shall: 

(1) implement the public notification and alternative water procedures identified in its 

Department-approved POU Treatment Strategy; 

(2) except as noted in paragraph (3), collect a confirmation sample within seven days of 

notification of the exceedance; 

(3) for an exceedance of a nitrate, nitrite, nitrate plus nitrite, or perchlorate MCL, collect 

a confirmation sample within 24 hours of notification of the exceedance; and 

(4) if the confirmation sample exceeds the MCL, notify the Department within 24 hours 

of the result and complete corrective actions as soon as possible, but within one month of receipt 

of the result. 

 

§64418.6. Public Hearing and Acceptance. 

To meet the requirements of section 64418(a)(6), a water system shall, pursuant to this section, 

conduct a customer survey and participate in, and provide information for, a public hearing held 

by the Department.  At least 30 days prior to initiating the activities required in this section, the 

water system shall submit a protocol, to the Department for review and approval, describing the 

water system’s plan to meet the requirements of this section.   

(a) Prior to conducting a customer survey, a water system shall participate in and provide 

information for a public hearing that, at a minimum, disseminates the following to those in its 

service area: 

(1) A description of the system’s POU Treatment Strategy;  

(2) The adverse health effects, as specified in the appendices in section 64465, associated 

with the contaminant(s) of concern; and 

(3) POU Operation and Maintenance Program and Monitoring Program information that 
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necessitates customer involvement.  

 

(b) At least 30 days prior to the public hearing, the water system shall place the information 

to be presented at the public hearing into a publicly accessible repository and notify the 

Department and those in its service area of the date, time, and location of the public hearing, as 

well as the location and hours of operation of the repository.  If the water system serves multi-

unit residential dwellings including, but not limited to, apartments and residential institutions, 

whether sub-metered or not, the water system shall provide notice to residents of such residential 

dwellings.   

 

(c) Following the public hearing, a water system shall survey its customers.  The survey shall 

be delivered in a manner designed to reach each customer and include the following language-

specific options: 

(1) ―I vote FOR the use of Point-of-Use treatment devices.  I ONLY want my kitchen tap 

and other designated drinking water taps used only for drinking, cooking, and oral hygiene, to be 

treated.  I understand that my [system to insert frequency] water bill will increase $[system to 

insert increase in cost] to implement this interim measure.‖, and 

(2) ―I vote AGAINST the use of Point-of-Use treatment devices.  I want ALL the water 

entering my premise to be treated at a centralized treatment plant.  I understand that my [system 

to insert frequency] water bill will increase $[system to insert increase in cost] to implement the 

centralized treatment.‖ 

 

(d) POU use shall be considered to have no substantial community opposition if; 

 

50.0
)()(




customersofnumbertotal
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§64418.7. Recordkeeping, Reporting, and Compliance. 

(a) A water system shall maintain the following records for at least ten years and provide the 

records to the Department when requested: 

(1) Results of all water quality monitoring conducted pursuant to this Article; 

(2) The location and type of each installed POU; 

(3) The date and type of maintenance and repairs performed; and 

(4) Verbal and written customer complaints received and the resulting corrective actions 

and/or responses. 

 

(b) A water system shall report to the Department, at the frequency noted, the following: 

(1) Monthly – treated water quality monitoring results; 

(2) Quarterly – source water monitoring results and any investigations and/or corrective 

action(s) taken to ensure POUs meet the requirements of this Article including, but not limited 

to, POU maintenance, customer complaints, inspection results, and manufacturer notices 

pertaining to proper operation of devices. 

 

(c) The reports required pursuant to subsection (b) shall be submitted to the Department 

within ten days following the applicable reporting period. 
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(d) A water system shall be in violation if: 

(1) for all POUs combined, during a 12-month interval more than five percent of the 

results of the effluent monitoring conducted pursuant to section 64418.5 exceed an MCL,  

(2) for a POU, the effluent fails to meet the applicable compliance determination 

requirements in this Chapter for an MCL, or 

(3) a residential unit, dwelling unit, commercial or other establishment or institution, 

served by the public water system, does not have a POU installed pursuant to this Article.  

 

Article 2.7. Point-of-Entry Treatment 
§64419. Point-of-entry treatment device or POE. 

―Point-of-entry treatment device‖ or ―POE‖ is a treatment device applied to the drinking water 

entering a house or building for the purpose of reducing contaminants in the drinking water 

distributed throughout the house or building. 

 

§64420. General Provisions 

The regulations set forth in this Article shall remain in effect until the earlier of the date set forth 

pursuant to section 116380(b), Health and Safety Code, or the effective date of regulations 

adopted pursuant to Health and Safety Code, section 116380(a). 

(a) With Department approval, a public water system may be permitted to use point-of-entry 

treatment devices (POEs) in lieu of centralized treatment for compliance with one or more 

maximum contaminant levels or treatment techniques in this Chapter if: 

(1) the water system serves fewer than 200 service connections, 

(2) the water system meets the requirements of this Article, 

(3) the water system has demonstrated to the Department that centralized treatment, for 

the contaminants of concern, is not economically feasible, 

(4) the water system has submitted to the Department a pre-application for funding to 

correct the violation(s) for which POEs are being proposed to address, 

(5) the water system has applied for a permit amendment to use POEs,  

(6) following a public hearing, the Department determines pursuant to section 64420.6 

that there is no substantial community opposition, and 

(7) the water system has a Department-approved: 

(A) POE Treatment Strategy, 

(B) POE Operations and Maintenance Program, and 

(C) POE Monitoring Program. 

 

(b) As used in section 63011(a), Chapter 12, Article 2, ―equipment‖ does not include POEs 

installed for the purpose of evaluating the effectiveness or feasibility, including, but not limited 
to economic feasibility, or pilot testing of such POEs.   

 

(c) If the Department determines, based on the recommendation of the project applicant’s 

engineer, that additional time is required to complete a planning project, funded in whole or in 

part by the Safe Drinking Water State Revolving Fund, for evaluation of the effectiveness or 

feasibility of POUs, the maximum time allowed, pursuant to section 63011(c), Chapter 12, 

Article 2, for completion of the planning project and submission of the report may be extended to 
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not more than three years. 

 

§64420.1. Economic Feasibility of Centralized Treatment. 

(a) To meet the requirements of section 64420(a)(3), a community water system shall submit 

to the Department information demonstrating that the: 

(1) estimated cost of centralized treatment, per household, is more than one percent (1%) 

of the median household income (MHI) of the customers served by the water system, or 

(2) estimated cost of centralized treatment, per household, plus the median water bill 

from the most recent 12 months is; 

(A) if the community’s MHI is equal to or less than the statewide MHI, more than 1.5 

percent (1.5%) of the MHI of the customers served by the public water system, or 

(B) if the community’s MHI is greater than the statewide MHI, more than two percent 

(2%) of the MHI of the customers served by the public water system.  

 

(b) The estimated cost of centralized treatment may include, but is not limited to, the costs 

associated with equipment, design and construction, residual disposal, monitoring, and operation 

and maintenance.   

 

(c) The water system shall submit to the Department the supporting documentation, 

assumptions, and calculations used to determine the anticipated increase in water bills to be 

presented pursuant to section 64420.6(c)(1) and (2).  

 

(d) To meet the requirements of section 64420(a)(3), noncommunity water systems shall 

submit records to the Department, including but not limited to financial statements and operating 

budgets for the most recent and prior two years of operation, demonstrating that the water system 

does not have the financial resources to cover the cost of centralized treatment. 

 

§64420.2. POE Requirements. 

(a) A POE shall:  

(1) If the American National Standard Institute (ANSI) has issued product standard 

applicable to the specific type of proposed POE, be independently certified as meeting such a 

standard by an ANSI-accredited product certification body and approved by the Department; 

(2) If ANSI has not issued a product standard applicable to the specific type of proposed 

POE, be certified and approved by the Department, which may or may not include certification 

by the Department pursuant to Division 104, Part 12, Chapter 5, Article 3 (Water Treatment 

Devices), of the Health and Safety Code;  

(3) Be owned, controlled, operated, and maintained by the water system and/or a 

person(s) under contract with the water system, to ensure proper operation, maintenance, 

monitoring, and compliance with this Article and applicable drinking water standards;   

(4) Be equipped with a mechanical warning (e.g. alarm, light, etc.) that alerts users when 

a unit needs maintenance or is no longer operating in a manner that assures the unit is producing 

effluent meeting state and federal drinking water standards, unless the device is equipped with an 

automatic shut-off mechanism that prevents the flow of water under such circumstances;  

(5) Be equipped with a totalizing flow meter; and 

(6) Provide health protection equivalent to that which would be provided by centralized 
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treatment.   

 

(b) Pilot testing shall be performed on each proposed type of POE to establish its use 

limitations and operations and maintenance criteria, as well as verification that it will produce 

effluent that meets drinking water standards under local expected influent water quality and flow 

conditions.   

(1) Prior to performing pilot testing, a pilot testing protocol shall be submitted to the 

Department for review and approval. 

(2) Pilot testing for a POE shall be conducted in the manner and for the time period 

specified by the pilot testing protocol for that POE, and shall, in all cases, be conducted for no 

less than two months. 

(3) After completion of the pilot testing, the water system shall submit a report to the 

Department describing the results and findings of the pilot testing. 

 

(c) With Department approval, a water system may be exempt from the pilot testing required 

pursuant to subsection (b) if the water system demonstrates to the Department that the POEs 

proposed for use have been tested under equivalent water quality and flow conditions, and the 

limitations, criteria, and effluent verification in subsection (b) can be ascertained and are 

reported to the Department. 

 

§64420.3. POE Treatment Strategy. 

Prior to installing POEs, the water system shall submit a POE Treatment Strategy for 

Department review and approval.  At a minimum, the POE Treatment Strategy shall include each 

of the following: 

(a) A description of the compliance problem(s) and how the use of POEs will address the 

problem(s); 

 

(b) A description of how the water system will determine the type, number, and location of 

POEs to ensure a POE(s) serves, in its entirety, each customer’s building, dwelling unit, 

establishment, or other location within the water system’s service area where drinking water is 

provided for human consumption;  

 

(c) The water system’s authority to require customers to accept POEs in lieu of centralized 

treatment and to take an action, such as discontinuing service, if a customer fails to accept POEs, 

or disconnects or modifies a POE installed pursuant to this Article;  

 

(d) The basis for the POE selection(s); 

 

(e) The qualifications and identification of the person(s) responsible for POE installation, 

operation, maintenance, and water quality sampling and analyses;   

 

(f) A customer education program to be implemented prior to and following installation of 

POEs; 

 

(g) The authority, ordinances, and/or access agreements that allow the water system’s 
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representatives access to customers’ premises for POE installation, maintenance, and water 

quality monitoring, as well as the surveys necessary to meet subsection (b);   

 

(h) Identification of applicable local regulatory requirements; 

 

(i) In the event an installed POE fails to produce water that meets drinking water standards;  

(1) a consumer notification protocol, along with example notices, consistent with Article 

18, Title 22, of the California Code of Regulations, and 

(2) a plan for provision of an alternative water supply, meeting drinking water standards, 

to customers served by such installed POE;  

 

(j) An on-going customer notification protocol that includes: 

(1) notices in the language(s) appropriate for communication with the customers, and 

(2) quarterly (or more frequent) notices informing the customer(s) of; 

(A) the extent to which POE(s) provide water meeting drinking water standards, 

including a description of water supplies that are not treated by the POE(s), and  

(B) information pertaining to the mechanical warning or shut-off mechanism required 

pursuant to section 64420.2(a)(4), including the telephone number of water system personnel to 

notify in the event the mechanical warning or shut-off mechanism is activated; 

 

(k) The anticipated schedules for; 

(1) the distribution of public hearing information, 

(2) the public hearing required pursuant to section 64420.6,  

(3) the distribution to customers of POE acceptance surveys,  

(4) POE installation, and  

(5) if applicable, construction of centralized treatment; 

 

(l) An estimate of the percent of voluntary participation to be achieved by consumers within 

the water system’s service area; and   

 

(m) The means for ensuring that the rights and responsibilities of the customer, with respect 

to an installed POE, convey with title upon the sale or transfer of property to which the POE is 

attached. 

 

§64420.4. POE Operations and Maintenance (O&M) Program. 

(a) Prior to installing POEs, a water system shall submit a POE Operations and Maintenance 

(O&M) Program for Department review and approval.  The POE O&M Program shall include, 

but not be limited to, the following: 

(1) An installation protocol that, at a minimum, describes locations and assurances that 

POEs will be accessible for operation and maintenance; 

(2) The type and frequency of maintenance, at intervals specified by the manufacturer 

and determined by pilot testing, whichever is shorter, that ensures POEs produce effluent that 

meets drinking water standards;   

(3) The number and type of auxiliary POEs and parts necessary to ensure continuous 

effective treatment;  
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(4) Replacement schedules for critical components and POEs; 

(5) The qualifications and identification of the person(s) responsible for POE installation, 

operation, and maintenance; and 

(6) POE waste-handling and disposal procedures. 

 

(b) To ensure a POE is properly operating and has not been bypassed, POEs shall be 

inspected by the water system no less often than every twelve months and when a POE’s effluent 

is monitored pursuant to section 64420.5.   

 

(c) Based on the on-going operation and maintenance of installed POEs, a water system shall 

revise its POE O&M Program as necessary to ensure continuous effective treatment and POEs 

produce effluent that meets drinking water standards.  Revised POE O&M Programs shall be 

submitted to the Department for review prior to revision implementation.   

 

(d) A water system shall implement its most recent POE O&M Program prepared pursuant to 

this section. 

 

§64420.5. POE Monitoring Program. 

(a) A water system shall submit a POE Monitoring Program for Department review and 

approval.  At a minimum, the POE Monitoring Program shall include monitoring of the 

contaminant(s) for which the system has applied to use POEs, as follows: 

(1) Source water monitoring – quarterly, with samples collected during the same month 

(first, second, or third) of each quarter; 

(2) POE effluent – initially, with samples collected on the same day a device is installed; 

and 

(3) POE effluent, on-going following the monitoring in paragraph (2) – annually, with 

one twelfth of all units sampled monthly on a rotating basis. 

 

(b) After two years of monitoring conducted pursuant to subsection (a), a water system may 

apply to the Department for reduced on-going monitoring if all the results of the on-going 

monitoring conducted pursuant to (a)(3) do not exceed 75 percent of a contaminant’s MCL.   

 

(c) The Department may require further monitoring for the contaminant of concern or other 

contaminants, including microbial contaminants, based on monitoring results, POE technology, 

or a water system’s record of compliance with this Article. 

 

(d) The water system shall revise its POE Monitoring Program as necessary based on the on-

going operation and maintenance of installed POEs or additional monitoring required pursuant to 

subsection (c).  Revised POE Monitoring Programs shall be submitted to the Department for 

review prior to revision implementation.  

 

(e) The water system shall implement its most recent POE Monitoring Program prepared 

pursuant to this section. 

 

(f) If an on-going POE effluent sample result exceeds an MCL, the water system shall: 
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(1) implement the public notification and alternative water procedures identified in its 

Department-approved POE Treatment Strategy; 

(2) except as noted in paragraph (3), collect a confirmation sample within seven days of 

notification of the exceedance; 

(3) for an exceedance of a nitrate, nitrite, nitrate plus nitrite, or perchlorate MCL, collect 

a confirmation sample within 24 hours of notification of the exceedance; and 

(4) if the confirmation sample exceeds the MCL, notify the Department within 24 hours 

of the result and complete corrective actions as soon as possible, but within one month of receipt 

of the result. 

 

§64420.6. Public Hearing and Acceptance. 

To meet the requirements of section 64420(a)(6), a water system shall, pursuant to this section, 

conduct a customer survey and participate in, and provide information for, a public hearing held 

by the Department.  At least 30 days prior to initiating the activities required in this section, the 

water system shall submit a protocol, to the Department for review and approval, describing the 

water system’s plan to meet the requirements of this section.   

(a) Prior to conducting a customer survey, a water system shall participate in and provide 

information for a public hearing that, at a minimum, disseminates the following to those in its 

service area: 

(1) A description of the system’s POE Treatment Strategy;  

(2) The adverse health effects, as specified in the appendices in section 64465, associated 

with the contaminant(s) of concern; and 

(3) POE Operation and Maintenance Program and Monitoring Program information that 

necessitates customer involvement.  

 

(b) At least 30 days prior to the public hearing, the water system shall place the information 

to be presented at the public hearing into a publicly accessible repository and notify the 

Department and those in its service area of the date, time, and location of the public hearing, as 

well as the location and hours of operation of the repository.  If the water system serves multi-

unit residential dwellings including, but not limited to, apartments and residential institutions, 

whether sub-metered or not, the water system shall provide notice to residents of such residential 

dwellings.   

 

(c) Following the public hearing, a water system shall survey its customers.  The survey shall 

be delivered in a manner designed to reach each customer and include the following language-

specific options:  

(1) ―I vote FOR the use of Point-of-Entry treatment devices.  I acknowledge that a Point-

of-Entry treatment device(s) will be installed on my premises for each building that may provide 

water for drinking, cooking, or oral hygiene.  I understand that my [system to insert frequency] 

water bill will increase $[system to insert increase in cost] to implement this measure.‖, and 

(2) ―I vote AGAINST the use of Point-of-Entry treatment devices.  I want [system name] 

to install a centralized treatment plant.  I understand that my [system to insert frequency] water 

bill will increase $[system to insert increase in cost] to implement centralized treatment.‖ 
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(d) POE use shall be considered to have no substantial community opposition if; 

 

50.0
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srespondentnonofnumberPOEsagainstvotingcustomersofnumber
 

 

 

§64420.7. Recordkeeping, Reporting, and Compliance. 

(a) A water system shall maintain the following records for at least ten years and provide the 

records to the Department when requested: 

(1) Results of all water quality monitoring conducted pursuant to this Article; 

(2) The location and type of each installed POE; 

(3) The date and type of maintenance and repairs performed; and 

(4) Verbal and written customer complaints received and the resulting corrective actions 

and/or responses. 

 

(b) A water system shall report to the Department, at the frequency noted, the following: 

(1) Monthly – treated water quality monitoring results; 

(2) Quarterly – source water monitoring results and any investigations and/or corrective 

action(s) taken to ensure POEs meet the requirements of this Article including, but not limited to, 

POE maintenance, customer complaints, inspection results, and manufacturer notices pertaining 

to proper operation of devices. 

 

(c) The reports required pursuant to subsection (b) shall be submitted to the Department 

within ten days following the applicable reporting period. 

 

(d) A water system shall be in violation if; 

(1) for all POEs combined, during a 12-month interval more than five percent of the 

results of the effluent monitoring conducted pursuant to section 64420.5 exceed an MCL,  

(2) for a POE, the effluent fails to meet the applicable compliance determination 

requirements in this Chapter for an MCL, or 

(3) a building, residential unit, dwelling unit, commercial or other establishment or 

institution, served by the public water system, does not have a POE installed pursuant to this 

Article. 

 

Article 3. Primary Standards--Bacteriological Quality 
§64421. General Requirements. 

(a) Each water supplier shall: 

(1) Develop a routine sample siting plan as required in §64422;   

(2) Collect routine, repeat and replacement samples as required in Sections 64423, 64424, 

and 64425;   

(3) Have all samples analyzed by laboratories approved to perform those analyses by the 

Department and report results as required in §64423.1;   

(4) Notify the Department when there is an increase in coliform bacteria in 

bacteriological samples as required in §64426; and   

(5) Comply with the Maximum Contaminant Level as required in §64426.1.   
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(b) Water suppliers shall perform additional bacteriological monitoring as follows: 

(1) After construction or repair of wells; 

(2) After main installation or repair;   

(3) After construction, repair, or maintenance of storage facilities; and  

(4) After any system pressure loss to less than five psi. Samples collected shall represent 

the water quality in the affected portions of the system. 

 

§64422. Routine Sample Siting Plan. 

(a) By September 1, 1992, each water supplier shall develop and submit to the Department a 

siting plan for the routine collection of samples for total coliform analysis, subject to the 

following:   

(1) The sample sites chosen shall be representative of water throughout the distribution 

system including all pressure zones, and areas supplied by each water source and distribution 

reservoir.   

(2) The water supplier may rotate sampling among the sample sites if the total number of 

sites needed to comply with (a)(1) above exceeds the number of samples required according to 

Table 64423-A. The rotation plan shall be described in the sample siting plan.   

 

(b) If personnel other than certified operators will be performing field tests and/or collecting 

samples, the sample siting plan shall include a declaration that such personnel have been trained, 

pursuant to §64415 (b).   

 

(c) The supplier shall submit an updated plan to the Department at least once every ten years 

and at any time the plan no longer ensures representative monitoring of the system. 

 

§64423. Routine Sampling. 

(a) Each water supplier shall collect routine bacteriological water samples as follows: 

(1) The minimum number of samples for community water systems shall be based on the 

known population served or the total number of service connections, whichever results in the 

greater number of samples, as shown in Table 64423-A. A community water system using 

groundwater which serves 25-1000 persons may request from the Department a reduction in 

monitoring frequency. The minimum reduced frequency shall not be less than one sample per 

quarter.   

(2) The minimum number of samples for nontransient-noncommunity water systems shall 

be based on the known population served as shown in Table 64423-A during those months when 

the system is operating. A nontransient-noncommunity water system using groundwater which 

serves 25-1000 persons may request from the Department a reduction in monitoring frequency if 

it has not violated the requirements in this article during the past twelve months. The minimum 

reduced frequency shall not be less than one sample per quarter.   

(3) The minimum number of samples for transient-noncommunity water systems using 

groundwater and serving 1000 or fewer persons a month shall be one in each calendar quarter 

during which the system provides water to the public.   

(4) The minimum number of samples for transient-noncommunity water systems using 

groundwater and serving more than 1000 persons during any month shall be based on the known 
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population served as shown in Table 64423-A, except that the water supplier may request from 

the Department a reduction in monitoring for any month the system serves 1000 persons or 

fewer. The minimum reduced frequency shall not be less than one sample in each calendar 

quarter during which the system provides water to the public.   

(5) The minimum number of samples for transient-noncommunity water systems using 

approved surface water shall be based on the population served as shown in Table 64423-A. A 

system using groundwater under the direct influence of surface water shall begin monitoring at 

this frequency by the end of the sixth month after the Department has designated the source to be 

approved surface water. 

(6) A public water system shall collect samples at regular time intervals throughout the 

month, except that a system using groundwater which serves 4,900 persons or fewer may collect 

all required samples on a single day if they are taken from different sites.   

 

(b) In addition to the minimum sampling requirements, all water suppliers using approved 

surface water which do not practice treatment in compliance with Sections 64650 through 64666, 

shall collect a minimum of one sample before or at the first service connection each day during 

which the turbidity level of the water delivered to the system exceeds 1 NTU. The sample shall 

be collected within 24 hours of the exceedance and shall be analyzed for total coliforms. If the 

water supplier is unable to collect and/or analyze the sample within the 24-hour time period 

because of extenuating circumstances beyond its control, the supplier shall notify the Department 

within the 24-hour time period and may request an extension. Sample results shall be included in 

determining compliance with the MCL for total coliforms in §64426.1. 

 

(c) If any routine, repeat, or replacement sample is total coliform-positive, then the water 

supplier shall collect repeat samples in accordance with §64424 and comply with the reporting 

requirements specified in Sections 64426 and 64426.1. 
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Table 64423-A 

Minimum Number of Routine Total Coliform Samples 

 

Monthly Population 

Served 

Service Connections Minimum Number of 

Samples 

25 to 1000 15 to 400 1 per month 

1,001 to 2,500 401 to 890 2 per month 

2,501 to 3,300 891 to 1,180 3 per month 

3,301 to 4,100 1,181 to 1,460 4 per month 

4,101 to 4,900 1,461 to 1,750 5 per month 

4,901 to 5,800 1,751 to 2,100 6 per month 

5,801 to 6,700 2,101 to 2,400 7 per month 

6,701 to 7,600 2,401 to 2,700 2 per week 

7,601 to 12,900 2,701 to 4,600 3 per week 

12,901 to 17,200 4,601 to 6,100 4 per week 

17,201 to 21,500 6,101 to 7,700 5 per week 

21,501 to 25,000 7,701 to 8,900 6 per week 

25,001 to 33,000 8,901 to 11,800 8 per week 

33,001 to 41,000 11,801 to 14,600 10 per week 

41,001 to 50,000 14,601 to 17,900 12 per week 

50,001 to 59,000 17,901 to 21,100 15 per week 

59,001 to 70,000 21,101 to 25,000 18 per week 

70,001 to 83,000 25,001 to 29,600 20 per week 

83,001 to 96,000 29,601 to 34,300 23 per week 

96,001 to 130,000 34,301 to 46,400 25 per week 

130,001 to 220,000 46,401 to 78,600 30 per week 

220,001 to 320,000 78,601 to 114,300 38 per week 

320,001 to 450,000 114,301 to 160,700 50 per week 

450,001 to 600,000 160,701 to 214,300 55 per week 

600,001 to 780,000 214,301 to 278,600 60 per week 

780,001 to 970,000 278,601 to 346,400 70 per week 

970,001 to 1,230,000 346,401 to 439,300 75 per week 

1,230,001 to 1,520,000 439,301 to 542,900 85 per week 

1,520,001 to 1,850,000 542,901 to 660,700 90 per week 

1,850,001 to 2,270,000 660,701 to 810,700 98 per week 

2,270,001 to 3,020,000 810,701 to 1,078,600 105 per week 

3,020,001 to 3,960,000 1,078,601 to 1,414,300 110 per week 

3,960,001 or more 1,414,301 or more 120 per week 

 

§64423.1. Sample Analysis and Reporting of Results. 

(a) The water supplier shall designate (label) each sample as routine, repeat, replacement, or 

―other‖ pursuant to §64421(b), and have each sample analyzed for total coliforms. The supplier 

also shall require the laboratory to analyze the same sample for fecal coliforms or Escherichia 
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coli (E. coli) whenever the presence of total coliforms is indicated. As a minimum, the analytical 

results shall be reported in terms of the presence or absence of total or fecal coliforms, or E. coli 

in the sample, whichever is appropriate. 

 

(b) The water supplier shall require the laboratory to notify the supplier within 24 hours, 

whenever the presence of total coliforms, fecal coliforms or E. coli is demonstrated in a sample 

or a sample is invalidated due to interference problems, pursuant to §64425(b), and shall ensure 

that a contact person is available to receive these analytical results 24-hours a day. The water 

supplier shall also require the laboratory to immediately notify the Department of any positive 

bacteriological results if the laboratory cannot make direct contact with the designated contact 

person within 24 hours. 

 

(c) Analytical results of all required samples collected for a system in a calendar month shall 

be reported to the Department not later than the tenth day of the following month, as follows:   

(1) The water supplier shall submit a monthly summary of the bacteriological monitoring 

results to the Department.   

(2) For systems serving fewer than 10,000 service connections or 33,000 persons, the 

water supplier shall require the laboratory to submit copies of all required bacteriological 

monitoring results directly to the Department.   

(3) For systems serving more than 10,000 service connections, or 33,000 persons, the 

water supplier shall require the laboratory to submit copies of bacteriological monitoring results 

for all positive routine samples and all repeat samples directly to the Department.   

 

(d) Laboratory reports shall be retained by the water supplier for a period of at least five 

years and shall be made available to the Department upon request. 

 

§64424. Repeat Sampling. 

(a) If a routine sample is total coliform-positive, the water supplier shall collect a repeat 

sample set as described in paragraph (a)(1) within 24 hours of being notified of the positive 

result. The repeat samples shall all be collected within the same 24 hour time period. A single 

service connection system may request that the Department allow the collection of the repeat 

sample set over a four-day period.  

(1) For a water supplier that normally collects more than one routine sample a month, a 

repeat sample set shall be at least three samples for each total coliform-positive sample. For a 

water supplier that normally collects one or fewer samples per month, a repeat sample set shall 

be at least four samples for each total coliform-positive sample.   

(2) If the water supplier is unable to collect the samples within the 24-hour time period 

specified in subsection (a) or deliver the samples to the laboratory within 24 hours after 

collection because of circumstances beyond its control, the water supplier shall notify the 

Department within 24 hours. The Department will then determine how much time the supplier 

will have to collect the repeat samples.   

 

(b) When collecting the repeat sample set, the water supplier shall collect at least one repeat 

sample from the sampling tap where the original total coliform-positive sample was taken. Other 

repeat samples shall be collected within five service connections upstream or downstream of the 
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original site. At least one sample shall be from upstream and one from downstream unless there 

is no upstream and/or downstream service connection.   

 

(c) If one or more samples in the repeat sample set is total coliform-positive, the water 

supplier shall collect and have analyzed an additional set of repeat samples as specified in 

subsections (a) and (b). The supplier shall repeat this process until either no coliforms are 

detected in one complete repeat sample set or the supplier determines that the MCL for total 

coliforms specified in §64426.1 has been exceeded and notifies the Department.   

 

(d) If a public water system for which fewer than five routine samples/month are collected 

has one or more total coliform-positive samples, the water supplier shall collect at least five 

routine samples the following month. If the supplier stops supplying water during the month 

after the total coliform-positive(s), at least five samples shall be collected during the first month 

the system resumes operation. A water supplier may request the Department waive the 

requirement to collect at least five routine samples the following month, but a waiver will not be 

granted solely on the basis that all repeat samples are total coliform-negative. To request a 

waiver, one of the following conditions shall be met:   

(1) The Department conducts a site visit before the end of the next month the system 

provides water to the public to determine whether additional monitoring and/or corrective action 

is necessary to protect public health. 

(2) The Department determines why the sample was total coliform-positive and 

establishes that the system has corrected the problem or will correct the problem before the end 

of the next month the system serves water to the public. If a waiver is granted, a system shall 

collect at least one routine sample before the end of the next month it serves water to the public 

and use it to determine compliance with §64426.1. 

 

§64425. Sample Invalidation. 

(a) A water supplier may request the Department to invalidate a sample for which a total 

coliform-positive result has been reported if the supplier demonstrates: 

(1) All repeat sample(s) collected at the same tap as the original total coliform-positive 

sample also are total coliform- positive and all repeat samples collected within five service 

connections of the original tap are not total coliform-positive; or   

(2) The laboratory did not follow the prescribed analytical methods pursuant to 

§64415(a), based on a review of laboratory documentation by the Department. The supplier shall 

submit to the Department a written request for invalidation along with the laboratory 

documentation, the supplier's sample collection records and any observations noted during 

sample collection and delivery. The water supplier shall require the laboratory to provide the 

supplier with documentation which shall include, but not be limited to:   

(A) A letter from the director of the laboratory having generated the data, confirming 

the invalidation request by reason of laboratory accident or error;  

(B) Complete sample identification, laboratory sample log number (if used), date and 

time of collection, date and time of receipt by the laboratory, date and time of analysis for the 

sample(s) in question;   

(C) Complete description of the accident or error alleged to have invalidated the 

result(s); 
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(D) Copies of all analytical, operating, and quality assurance records pertaining to the 

incident in question; and   

(E) Any observations noted by laboratory personnel when receiving and analyzing the 

sample(s) in question.   

 

(b) Whenever any total coliform sample result indicative of the absence of total coliforms has 

been declared invalid by the laboratory due to interference problems as specified at 40 Code 

Federal Regulations, Section 141.21(c)(2), the supplier shall collect a replacement sample from 

the same location as the original sample within 24 hours of being notified of the interference 

problem, and have it analyzed for the presence of total coliforms. The supplier shall continue to 

re-sample at the original site within 24 hours and have the samples analyzed until a valid result is 

obtained. 

 

§64426. Significant Rise in Bacterial Count. 

(a) Any of the following criteria shall indicate a possible significant rise in bacterial count: 

(1) A system collecting at least 40 samples per month has a total coliform-positive 

routine sample followed by two total coliform-positive repeat samples in the repeat sample set;   

(2) A system has a sample which is positive for fecal coliform or E. coli; or 

(3) A system fails the total coliform Maximum Contaminant Level (MCL) as defined in 

§64426.1.  

 

(b) When the coliform levels specified in subsection (a) are reached or exceeded, the water 

supplier shall:   

(1) Contact the Department by the end of the day on which the system is notified of the 

test result or the system determines that it has exceeded the MCL, unless the notification or 

determination occurs after the Department office is closed, in which case the supplier shall notify 

the Department within 24 hours; and   

(2) Submit to the Department information on the current status of physical works and 

operating procedures which may have caused the elevated bacteriological findings, or any 

information on community illness suspected of being waterborne. This shall include, but not be 

limited to:   

(A) Current operating procedures that are or could potentially be related to the 

increase in bacterial count;   

(B) Any interruptions in the treatment process;   

(C) System pressure loss to less than 5 psi; 

(D) Vandalism and/or unauthorized access to facilities;  

(E) Physical evidence indicating bacteriological contamination of facilities;  

(F) Analytical results of any additional samples collected, including source samples; 

(G) Community illness suspected of being waterborne; and 

(H) Records of the investigation and any action taken. 

 

(c) Upon receiving notification from the Department of a significant rise in bacterial count, 

the water supplier shall implement the emergency notification plan required by Section 116460, 

Health and Safety Code. 
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§64426.1. Total Coliform Maximum Contaminant Level (MCL). 

(a) Results of all samples collected in a calendar month pursuant to Sections 64423, 64424, 

and 64425 that are not invalidated by the Department or the laboratory shall be included in 

determining compliance with the total coliform MCL. Special purpose samples such as those 

listed in §64421(b) and samples collected by the water supplier during special investigations 

shall not be used to determine compliance with the total coliform MCL.  

  

(b) A public water system is in violation of the total coliform MCL when any of the 

following occurs:   

(1) For a public water system which collects at least 40 samples per month, more than 5.0 

percent of the samples collected during any month are total coliform-positive; or  

(2) For a public water system which collects fewer than 40 samples per month, more than 

one sample collected during any month is total coliform-positive; or   

(3) Any repeat sample is fecal coliform-positive or E. coli-positive; or  

(4) Any repeat sample following a fecal coliform-positive or E. coli-positive routine 

sample is total coliform-positive.   

 

(c) If a public water system is not in compliance with paragraphs (b)(1) through (4), during 

any month in which it supplies water to the public, the water supplier shall notify the Department 

by the end of the business day on which this is determined, unless the determination occurs after 

the Department office is closed, in which case the supplier shall notify the Department within 24 

hours of the determination. The water supplier shall also notify the consumers served by the 

water system. A Tier 2 Public Notice shall be given for violations of paragraphs (b)(1) or (2), 

pursuant to section 64463.4.   A Tier 1 Public Notice shall be given for violations of paragraphs 

(b)(3) or (4), pursuant to section 64463.1. 

 

§64426.5. Variance from Total Coliform Maximum Contaminant Level. 

A water system may apply to the Department for a variance from the total coliform MCL in 

§64426.1(b)(1) or (2). To be eligible for a variance, the water system shall demonstrate that it 

meets the following criteria:   

(a) During the thirty days prior to application for a variance, water entering the distribution 

system has: 

(1) Been free from fecal coliform or E. coli occurrence based on at least daily sampling; 

(2) Contained less than one total coliform per hundred milliliters of water in at least 

ninety-five per cent of all samples based on at least daily sampling; 

(3) Complied with the turbidity requirements of §64653, if approved surface water; and   

(4) Maintained a continuous disinfection residual of at least 0.2 mg/L at the entry point(s) 

to the distribution system;   

 

(b) The system has had no waterborne microbial disease outbreak, pursuant to §64651.91, 

while operated in its present configuration;  

 

(c) The system maintains contact at least twice a week with the Department and local health 

departments to assess illness possibly attributable to microbial occurrence in the public drinking 

water system; 
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(d) The system has analyzed, on a monthly basis, at least the number of samples required 

pursuant to the approved sample siting plan and has not had an E. coli-positive compliance 

sample within the last six months, unless the system demonstrates to the Department that the 

occurrence is not due to contamination entering the distribution system;   

 

(e) The system has undergone a sanitary survey conducted by the Department within the past 

twelve months;   

 

(f) The system maintains a cross-connection control program in accordance with sections 

7583 through 7605, title 17 of the California Code of Regulations;  

 

(g) The system agrees to submit a biofilm control plan to the Department within twelve 

months of the granting of the first request for a variance;   

 

(h) The system monitors general distribution system bacterial quality by conducting 

heterotrophic bacteria plate counts on at least a weekly basis at a minimum of ten percent of the 

number of total coliform sites specified in the approved sample siting plan (preferably using the 

methods in section 9215(a), 18th edition of Standard Methods for the Examination of Water and 

Wastewater, 1992, American Public Health Association, et. al); and 

 

(i) The system conducts daily monitoring at distribution system total coliform monitoring 

sites approved by the Department and maintains a detectable disinfectant residual at a minimum 

of ninety-five percent of those points and a heterotrophic plate count of less than 500 colonies 

per ml at sites without a disinfectant residual.   

 

(j) No water system shall be eligible for a variance or exemption from the MCL for total 

coliforms unless it demonstrates that the violation of the total coliform MCL is due to a 

persistent growth of total coliforms in the distribution system pursuant to §64426.5, rather than 

to fecal or pathogenic contamination, a treatment lapse or deficiency, or a problem in the 

operation or maintenance of the distribution system. 

 

§64427. Sanitary Survey. 

Systems which collect less than five routine samples per month shall be subject to an initial 

sanitary survey by the Department by June 29, 1994 for community water systems and June 29, 

1999 for nontransient-noncommunity and transient-noncommunity water systems. Sanitary 

surveys shall be repeated every five years. 

 

Article 3.5. Ground Water Rule 
§64430. Requirements. 

A public water system that uses ground water shall comply with the following provisions of 40 

Code of Federal Regulations as they appear in the Ground Water Rule published in 71 Federal 

Register 65574 (November 8, 2006) and amended in 71 Federal Register 67427 (November 21, 

2006) and 74 Federal Register 30953 (June 29, 2009), which are hereby incorporated by 

reference:  Sections 141.21(d)(3), 141.28(a), 141.153(h)(6), Appendix A to Subpart O 
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(Consumer Confidence Reports), 141.202(a)(8), 141.203(a)(4), Appendices A and B to Subpart 

Q (Public Notification), and 141.400 through 141.405, except that in: 

(a) sections 141.402(a)(1)(ii), (a)(2), (a)(2)(ii), (a)(4), (a)(4)(ii)(A), (a)(5)(i), and (a)(5)(ii),  

the phrase ―§141.21(a)‖ is replaced by ―22 California Code of Regulations sections 64422 and 

64423‖, 

 

(b) sections 141.402(a)(1)(ii) and 141.405(b)(4), the phrase ―§141.21(c)‖ is replaced by ―22 

California Code of Regulations section 64425‖, and 

 

(c) section 141.402(a)(2)(iii), the phrase ―§141.21(b)‖ is replaced by ―22 California Code of 

Regulations section 64424‖. 

 

[Note: The text reflecting this section is provided in Addendum A of this book.] 

 

Article 4. Primary Standards--Inorganic Chemicals 
§64431. Maximum Contaminant Levels--Inorganic Chemicals. 

(a) Public water systems shall comply with the primary MCLs in Table 64431-A as specified 

in this article. 

 

Table 64431-A 

Maximum Contaminant Levels 

Inorganic Chemicals 

 

Chemical Maximum Contaminant  Level, mg/L 

Aluminum 1. 

Antimony 0.006 

Arsenic 0.010 

Asbestos 7 MFL* 

Barium 1. 

Beryllium 0.004 

Cadmium 0.005 

Chromium 0.05 

Cyanide 0.15 

Fluoride 2.0 

Mercury 0.002 

Nickel 0.1 

Nitrate (as NO3) 45. 

Nitrate+Nitrite (sum as 

nitrogen) 

10. 

Nitrite (as nitrogen) 1. 

Perchlorate 0.006 

Selenium 0.05 

Thallium 0.002 
   * MFL=million fibers per liter; MCL for fibers exceeding 10 um in length. 
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§64432. Monitoring and Compliance--Inorganic Chemicals. 

(a) All public water systems shall monitor to determine compliance with the nitrate and 

nitrite MCLs in Table 64431-A, pursuant to subsections (d) through (f) and §64432.1.  All 

community and nontransient-noncommunity water systems shall monitor to determine 

compliance with the perchlorate MCL, pursuant to subsections (d), (e), (l), and Section 64432.3.  

All community and nontransient-noncommunity water systems shall also monitor to determine 

compliance with the other MCLs in Table 64431-A, pursuant to subsections (b) through (n) and, 

for asbestos, Section 64432.2. Monitoring shall be conducted in the year designated by the 

Department of each compliance period beginning with the compliance period starting January 1, 

1993. 

 

(b) Unless directed otherwise by the Department, each community and nontransient-

noncommunity water system shall initiate monitoring for an inorganic chemical within six 

months following the effective date of the regulation establishing the MCL for the chemical and 

the addition of the chemical to Table 64431-A. 

 

(c) Unless more frequent monitoring is required pursuant to this Chapter, the frequency of 

monitoring for the inorganic chemicals listed in Table 64431-A, except for asbestos, 

nitrate/nitrite, and perchlorate, shall be as follows:   

(1) Each compliance period, all community and nontransient-noncommunity systems 

using groundwater shall monitor once during the year designated by the Department. The 

Department will designate the year based on historical monitoring frequency and laboratory 

capacity. All community and nontransient-noncommunity systems using approved surface water 

shall monitor annually. All systems monitoring at distribution entry points which have combined 

surface and groundwater sources shall monitor annually.   

(2) Quarterly samples shall be collected and analyzed for any chemical if analyses of 

such samples indicate a continuous or persistent trend toward higher levels of that chemical, 

based on an evaluation of previous data.   

 

(d) For the purposes of Sections 64432, 64432.1, 64432.2, and 64432.3, detection shall be 

defined by the detection limits for purposes of reporting (DLRs) in Table 64432-A. 
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Table 64432-A 

 Detection Limits for Purposes of Reporting (DLRs) for Regulated Inorganic Chemicals   

  

Chemical Detection Limit for  Purposes of Reporting 

(DLR) (mg/L) 

Aluminum 0.05 

Antimony 0.006 

Arsenic 0.002 

Asbestos 0.2 MFL>10um* 

Barium 0.1 

Beryllium 0.001 

Cadmium 0.001 

Chromium 0.01 

Cyanide 0.1 

Fluoride 0.1 

Mercury 0.001 

Nickel 0.01 

Nitrate (as NO3) 2. 

Nitrite (as nitrogen) 0.4 

Perchlorate 0.004 

Selenium 0.005 

Thallium 0.001 

 

 * MFL=million fibers per liter; DLR for fibers exceeding 10 um in length. 

 

(e) Samples shall be collected from each water source or a supplier may collect a minimum 

of one sample at every entry point to the distribution system which is representative of each 

source after treatment. The system shall collect each sample at the same sampling site, unless a 

change is approved by the Department. 

 

(f) A water system may request approval from the Department to composite samples from up 

to five sampling sites, provided that the number of sites to be composited is less than the ratio of 

the MCL to the DLR. Approval will be based on a review of three years of historical data, well 

construction and aquifer information for groundwater, and intake location, similarity of sources, 

and watershed characteristics for surface water. Compositing shall be done in the laboratory. 

(1) Systems serving more than 3,300 persons shall composite only from sampling 

sites within a single system. Systems serving 3,300 persons or less may composite among 

different systems up to the 5-sample limit. 

(2) If any inorganic chemical is detected in the composite sample at a level equal to or 

greater than one fifth of the MCL, a follow-up sample shall be analyzed within 14 days from 

each sampling site included in the composite for the contaminants which exceeded the one-fifth-

MCL level. If available, duplicates of the original sample taken from each sampling site used in 

the composite may be used instead of resampling; the analytical results shall be reported within 

14 days. The water supplier may collect up to two additional samples each from one or more of 
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the sources to confirm the result(s).  

(3) Compliance for each site shall be determined on the basis of the individual follow-

up samples, or on the average of the follow-up and confirmation sample(s) if the supplier collects 

confirmation sample(s) for each detection. 

 

(g) If the level of any inorganic chemical, except for nitrate, nitrite, nitrate plus nitrite, or 

perchlorate, exceeds the MCL, the water supplier shall do one of the following: 

(1) Inform the Department within 48 hours and monitor quarterly beginning in the 

next quarter after the exceedance occurred; or  

(2) Inform the Department within seven days from the receipt of the analysis and, as 

confirmation, collect one additional sample within 14 days from receipt of the analysis.  If the 

average of the two samples collected exceeds the MCL, this information shall be reported to the 

Department within 48 hours and the water supplier shall monitor quarterly beginning in the next 

quarter after the exceedance occurred.  

 

(h) If the concentration of an inorganic chemical exceeds ten times the MCL, within 48 hours 

of receipt of the result the water supplier shall notify the Department and resample as 

confirmation.  The water supplier shall notify the Department of the result(s) of the confirmation 

sample(s) within 24 hours of receipt of the confirmation result(s). 

(1) If the average concentration of the original and confirmation sample(s) is less than 

or equal to ten times the MCL, the water supplier shall monitor quarterly beginning in the quarter 

following the quarter in which the exceedance occurred. 

(2) If the average concentration of the original and confirmation sample(s) exceeds 

ten times the MCL, the water supplier shall, if directed by the Department; 

(A) immediately discontinue use of the contaminated water source and 

(B) not return the source to service without written approval from the Department. 

 

(i) Compliance with the MCLs shall be determined by a running annual average; if any one 

sample would cause the annual average to exceed the MCL, the system is immediately in 

violation.  If a system takes more than one sample in a quarter, the average of all the results for 

that quarter shall be used when calculating the running annual average.  If a system fails to 

complete four consecutive quarters of monitoring, the running annual average shall be based on 

an average of the available data.  

 

(j) If a system using groundwater has collected a minimum of two quarterly samples or a 

system using approved surface water has collected a minimum of four quarterly samples and the 

sample results have been below the MCL, the system may apply to the Department for a 

reduction in monitoring frequency. 

 

(k) Water quality data collected prior to January 1, 1990, and/or data collected in a manner 

inconsistent with this section shall not be used in the determination of compliance with the 

monitoring requirements for inorganic chemicals.  

 

(l) Water quality data collected in compliance with the monitoring requirements of this 

section by a wholesaler providing water to a public water system shall be acceptable for use by 



NOTE:  This publication is meant to be an aid to the staff of the CDPH Drinking Water Program and cannot be 

relied upon by the regulated community as the State of California‘s representation of the law.  The published codes 

are the only official representation of the law. Refer to the published codes—in this case, 17 CCR and 22 CCR—

whenever specific citations are required.  Statutes related to CDPH‘s drinking water-related activities are in the 

Health & Safety Code, the Water Code, and other codes. 

 

 

Last updated July 1, 2013—from Titles 17 and 22 California Code of Regulations 

California Regulations Related to Drinking Water 

105 

that system for compliance with the monitoring requirements of this section.   

 

(m) A water system may apply to the Department for a waiver from the monitoring 

frequencies specified in paragraph (c)(1) of this section, if the system has conducted at least three 

rounds of monitoring (three periods for groundwater sources or three years for approved surface 

water sources) and all previous analytical results are less than the MCL. The water system shall 

specify the basis for its request. If granted a waiver, a system shall collect a minimum of one 

sample per source while the waiver is in effect and the term of the waiver shall not exceed one 

compliance cycle (i.e., nine years).  

 

(n) A water system may be eligible for a waiver from the monitoring frequencies for cyanide 

specified in paragraph (c)(1) of this section without any prior monitoring if it is able to document 

that it is not vulnerable to cyanide contamination pursuant to the requirements in §64445(d)(1) or 

(d)(2).   

 

(o) Transient-noncommunity water systems shall monitor for the inorganic chemicals in 

Table 64431-A as follows:   

(1) All sources shall be monitored at least once for fluoride;   

(2) Surface water sources for parks and other facilities with an average daily 

population use of more than 1000 people and/or which are determined to be subject to potential 

contamination based on a sanitary survey shall be monitored at the same frequency as 

community water systems. 

 

§64432.1. Monitoring and Compliance--Nitrate and Nitrite. 

(a) To determine compliance with the MCL for nitrate in Table 64431-A, all public water 

systems using groundwater and transient-noncommunity systems using approved surface water 

shall monitor annually, and all community and nontransient-noncommunity systems using 

approved surface water shall monitor quarterly.  

(1) The water supplier shall require the laboratory to notify the supplier within 24 hours 

whenever the level of nitrate in a single sample exceeds the MCL, and shall ensure that a contact 

person is available to receive such analytical results 24-hours a day. The water supplier shall also 

require the laboratory to immediately notify the Department of any acute nitrate MCL 

exceedance if the laboratory cannot make direct contact with the designated contact person 

within 24 hours. Within 24 hours of notification, the water supplier shall: 

(A) Collect another sample, and  

(B) Analyze the new sample; if the average of the two nitrate sample results exceeds 

the MCL, report the result to the Department within 24 hours. If the average does not exceed the 

MCL, inform the Department of the results within seven days from the receipt of the original 

analysis.   

(C) If a system is unable to resample within 24 hours, it shall notify the consumers by 

issuing a Tier 1 Public Notice pursuant to section 64463.1 and shall collect and analyze a 

confirmation sample within two weeks of notification of the results of the first sample. 

(2) For public water systems using groundwater, the repeat monitoring frequency shall be 

quarterly for at least one year following any one sample in which the concentration is greater 

than or equal to 50 percent of the MCL. After four consecutive quarterly samples are less than 
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the MCL, a system may request that the Department reduce monitoring frequency to annual 

sampling.   

(3) For public water systems using approved surface water, the repeat monitoring 

frequency shall be quarterly following any one sample in which the concentration is greater than 

or equal to 50 percent of the MCL. After four consecutive quarterly samples are less than 50 

percent of the MCL, a system may request that the Department reduce monitoring frequency to 

annual sampling. A system using approved surface water shall return to quarterly monitoring if 

any one sample is greater than or equal to 50 percent of the MCL.   

(4) After any round of quarterly sampling is completed, each community and 

nontransient-noncommunity system which initiates annual monitoring shall take subsequent 

samples during the quarter which previously resulted in the highest analytical results.   

 

(b) All public water systems shall monitor to determine compliance with the MCL for nitrite 

in Table 64431-A, by taking one sample at each sampling site during the compliance period 

beginning January 1, 1993.   

(1) If the level of nitrite in a single sample is greater than the MCL, the water supplier 

shall proceed as for nitrate in accordance with paragraph (a)(1) of this section. 

(2) The repeat monitoring frequency for systems with an analytical result for nitrite that is 

greater than or equal to 50 percent of the MCL shall be quarterly monitoring for at least one year. 

After four consecutive quarterly samples are less than the MCL, a system may request that the 

Department reduce monitoring frequency to annual sampling, collecting subsequent samples 

during the quarter which previously resulted in the highest analytical results.   

(3) The repeat monitoring frequency for systems with an analytical result for nitrite that is 

less than 50 percent of the MCL shall be one sample during each compliance period (every three 

years).   

 

(c) All public water systems shall determine compliance with the MCL for nitrate plus nitrite 

in Table 64431-A. If the level exceeds the MCL, the water supplier shall proceed as for nitrate in 

accordance with paragraphs (a)(1) through (a)(4) of this section. 

 

§64432.2. Monitoring and Compliance - Asbestos. 

(a) All community and nontransient-noncommunity water systems are required to monitor to 

determine compliance with the MCL for asbestos in Table 64431-A during the year designated 

by the Department of the first compliance period of each nine-year compliance cycle, beginning 

in the compliance period starting January 1, 1993. The Department will designate the year based 

on historical monitoring frequency and laboratory capacity.  

(1) If a groundwater system is vulnerable to asbestos contamination solely in its source 

water, it shall collect one sample at every entry point to the distribution system which is 

representative of each water source after treatment and proceed in accordance with Subsections 

64432(c)(2) through (e) and Subsections 64432(g) through (l).   

(2) All approved surface water systems shall be designated vulnerable to asbestos 

contamination in their source waters. If a surface water system is vulnerable solely in its source 

water, it shall proceed as in paragraph (1) above.  

(3) If a system is vulnerable to asbestos contamination due to leaching of asbestos-

cement pipe, with or without vulnerability to asbestos contamination in its source water, it shall 
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take one sample at a tap served by asbestos-cement pipe under conditions where asbestos 

contamination is most likely to occur. 

 

(b) If the level of asbestos exceeds the MCL in Table 64431-A, the supplier shall report to 

the Department within 48 hours and monitor quarterly beginning in the next quarter after the 

violation occurred. A system may request that the Department reduce monitoring frequency to 

one sample every compliance cycle, pursuant to §64432(j).   

 

(c) If a system is not vulnerable either to asbestos contamination in its source water or due to 

leaching of asbestos-cement pipe, it may apply to the Department for a waiver of the monitoring 

requirements in paragraphs (a)(1) through (3) of this section. The Department will determine the 

vulnerability of groundwater sources on the basis of historical monitoring data and possible 

influence of serpentine formations. Vulnerability due to leaching of asbestos-cement pipe will be 

determined by the Department on the basis of the presence of such pipe in the distribution system 

and evaluation of the corrosivity of the water. The period of the waiver shall be three years. 

 

§64432.3. Monitoring and Compliance - Perchlorate. 

(a) For initial monitoring for the perchlorate MCL, each community and nontransient-

noncommunity water system shall collect two samples at each source in a year, five to seven 

months apart.  At least one of the samples shall be collected during the period from May 1 

through September 30 (vulnerable time), unless the Department specifies a different vulnerable 

time for the water system due to seasonal conditions related to use, manufacture and/or weather.   

 

(b) Data collected since January 3, 2001, that is in conformance with subsection (a) may be 

used to comply with the initial monitoring requirement. 

 

(c) After meeting the initial monitoring requirements in subsection (a) and if no perchlorate 

is detected, during each compliance period each water system: 

(1) Using groundwater, shall monitor once during the year designated by the 

Department;  

(2) Using approved surface water, shall monitor annually; and 

(3) Monitoring at distribution entry points that have combined surface and groundwater 

sources, shall monitor annually; if perchlorate is detected in the water from the combined 

sources, the water system shall sample each source individually to determine which is 

contaminated. 

 

(d) The water supplier shall require the laboratory to notify the supplier within 48 hours of 

the result whenever the level of perchlorate in a single sample exceeds the MCL, and shall 

ensure that a contact person is available to receive such analytical results 24-hours a day.  The 

water supplier shall also require the laboratory to immediately notify the Department of any 

perchlorate MCL exceedance if the laboratory cannot make direct contact with the designated 

contact person within 48 hours.  Within 48 hours of notification of the result, the water supplier 

shall: 

(1) Collect and analyze a confirmation sample, and  

(2) If the average of the two perchlorate sample results exceeds the MCL, report the 
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result to the Department within 48 hours.  If the average does not exceed the MCL, inform the 

Department of the results within seven days from the receipt of the original analytical result. 

(3) If a system is unable to resample within 48 hours, it shall issue a Tier 1 notice to the 

consumers in accordance with sections 64463 and 64463.1 and shall collect and analyze a 

confirmation sample within two weeks of notification of the results of the first sample. 

 

(e) A water system shall monitor quarterly any source in which perchlorate has been 

detected.  After four consecutive quarterly samples indicate that perchlorate is not present at or 

above the DLR, a system may request that the Department reduce monitoring to the frequencies 

specified in paragraphs (c)(1) through (3).   

 

(f) A water system serving less than 10,000 persons may apply to the Department for a 

variance from the perchlorate MCL if it can demonstrate that the estimated annualized cost per 

household for treatment to comply with the MCL exceeds 1% of the median household income 

in the community within which the customers served by the water system reside. 

 

§64432.8. Sampling of Treated Water Sources. 

(a) Each water supplier utilizing treatment to comply with one or more MCL(s) in Table 

64431-A shall collect monthly samples of the treated water at a site prior to the distribution 

system and analyze for the chemical(s) for which treatment is being applied.  If the treated water 

exceeds an MCL, other than a nitrate, nitrite, nitrate plus nitrite, or perchlorate MCL, within 48 

hours of receipt of the result the water supplier shall resample the treated water to confirm the 

result and report the initial result to the Department.  The result of the analysis of the 

confirmation sample shall be reported to the Department within 24 hours of receipt of the 

confirmation result.  For nitrate, nitrite, nitrate plus nitrite, or perchlorate treated water 

monitoring, the water supplier shall comply with the requirements of 64432.1(a)(1) for nitrate, 

64432.1(b)(1) for nitrite, 64432.1(c) for nitrate plus nitrite, and 64432.3(d) for perchlorate. 

 

(b) The Department may require more frequent monitoring based on an evaluation of the 

treatment process used, the treatment effectiveness and efficiency, and the concentration of the 

inorganic chemical in the water source. 

 

Article 4.1. Fluoridation 
§64433. System Requirements and Exemptions. 

(a) Any public water system with 10,000 service connections or more that does not have a 

fluoridation system shall install such a system pursuant to the requirements in this article if the 

Department identifies a source of sufficient funds not excluded by Health and Safety Code 

section 116415 to cover capital and any associated costs necessary to install such a system. 
Installation shall be completed within two years of the date the funds are received by the water 

system; the water system may apply to the Department for an extension of the deadline. 

Following installation, if the Department identifies a source of sufficient funds not excluded by 

Health and Safety Code section 116415 to cover the noncapital operations and maintenance costs 

for the period of a year or more, the system shall fluoridate within three months of receiving the 

funds and shall continue fluoridating so long as such funds are received.  

 



NOTE:  This publication is meant to be an aid to the staff of the CDPH Drinking Water Program and cannot be 

relied upon by the regulated community as the State of California‘s representation of the law.  The published codes 

are the only official representation of the law. Refer to the published codes—in this case, 17 CCR and 22 CCR—

whenever specific citations are required.  Statutes related to CDPH‘s drinking water-related activities are in the 

Health & Safety Code, the Water Code, and other codes. 

 

 

Last updated July 1, 2013—from Titles 17 and 22 California Code of Regulations 

California Regulations Related to Drinking Water 

109 

(b) Any public water system with 10,000 service connections or more that has a fluoridation 

system but ceased fluoridating prior to December 31, 1995 shall fluoridate the drinking water if 

its fluoridation system is determined to be capable of fluoridating the drinking water in 

compliance with §64433.2, based on a Departmental review, and the Department identifies a 

source of sufficient funds not excluded by Health and Safety Code section 116415 to cover the 

noncapital operations and maintenance costs for the period of a year or more. Such a system 

shall fluoridate within one month of receiving the funds and shall continue fluoridating so long 

as such funds are received. 

 

(c) Any public water system required to install a fluoridation system pursuant to subsection 

(a) or required to fluoridate pursuant to subsection (b) shall annually submit an estimate of 

anticipated fluoridation operations and maintenance costs for the next fiscal year (July 1 through 

June 30) to the Department by the January 1 preceding that fiscal year.   

 

(d) Any public water system with 10,000 service connections or more that has naturally-

occurring fluoride and cannot demonstrate that it maintains an average annual fluoride level that 

is equal to or greater than the low level specified in the temperature-appropriate ―control range‖ 

in Table 64433.2-A shall be subject to subsections (a) and (b).   

 

(e) Any public water system which achieves 10,000 service connections or more subsequent 

to July 1, 1996, that does not have a fluoridation system, or that has naturally-occurring fluoride 

and meets the criteria in subsection (d) shall provide an estimate to the Department of capital and 

any associated costs necessary to install a fluoridation system within one year of achieving at 

least 10,000 service connections:   

 

(f) Any public water system with 10,000 service connections or more shall be exempted from 

fluoridation in either of the following cases:   

(1) The water system does not receive sufficient funds from a source identified by the 

Department and not excluded by Health and Safety Code section 116415 to cover the capital and 

associated costs needed to install a fluoridation system; or  

(2) The water system received sufficient capital funds from a source identified by the 

Department and not excluded by Health and Safety Code section 116415 and subsequently 

installed a fluoridation system or the water system meets the criteria in subsection (b), and the 

water system did not receive sufficient funds from a source identified by the Department and not 

excluded by Health and Safety Code section 116415 to cover the noncapital operation and 

maintenance costs to fluoridate. The water system shall be exempted for any fiscal year (July 1 

through June 30) for which it does not receive the funds for noncapital operation and 

maintenance costs. 

 

§64433.2. Optimal Fluoride Levels. 

Any public water system that is fluoridating shall comply with the temperature-appropriate 

fluoride levels in Table 64433.2-A. The system shall determine, and submit to the Department, 

its annual average of maximum daily air temperatures based on the five calendar years 

immediately preceding the current calendar year. 
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Table 64433.2-A 

Optimal Fluoride Levels 

  

Annual average of maximum daily 

air temperatures, degrees 

Optimal 

fluoride level, 

mg/L 

 

Control Range, mg/L 

Fahrenheit Celsius  Low High 

50.0 to 53.7 10.0 to 12.0 1.2 1.1 1.7 

53.8 to 58.3 12.1 to 14.6 1.1 1.0 1.6 

58.4 to 63.8 14.7 to 17.7 1.0 0.9 1.5 

63.9 to 70.6 17.8 to 21.4 0.9 0.8 1.4 

70.7 to 79.2 21.5 to 26.2 0.8 0.7 1.3 

79.3 to 90.5 26.3 to 32.5 0.7 0.6 1.2 

 

§64433.3. Monitoring and Compliance--Fluoride Levels. 

(a) If a water system has a single fluoridation system which treats all the water distributed to 

consumers, the supplier shall collect a daily sample for fluoride analysis, pursuant to §64415(b), 

either in the distribution system or at the entry point. If a water system does not fluoridate all its 

water and/or has more than one fluoridation system, the supplier shall collect one sample daily in 

the distribution system and rotate the sample sites in order to be representative of the water 

throughout the distribution system according to a monitoring plan the Department has 

determined to be representative. For water systems fluoridating as of January 1, 1997, the plan 

shall be submitted by July 1, 1998. For all others, the plan shall be submitted prior to initiating 

fluoridation treatment. A water system shall monitor only when it is operating its fluoridation 

system. 

 

(b) If more than 20 percent of the daily fluoride samples collected in a month by a water 

system pursuant to subsection (a) fall outside the control range of optimal levels as determined 

by temperature for that system pursuant to §64433.2, the system shall be out of compliance with 

§64433.2.   

 

(c) At least once a month, any water supplier with an operating fluoridation system shall 

divide one sample and have one portion analyzed for fluoride by water system personnel and the 

other portion analyzed pursuant to §64415(a).   

 

(d) Any water system with an operating fluoridation system shall sample the raw source 

waters annually and analyze for fluoride pursuant to §64415(a); samples collected pursuant to 

§64432(c)(1) may be used toward satisfying this requirement. All raw source water samples 

collected under this subsection are subject to compliance with the fluoride MCL in Table 64431-

A.   

 

(e) If any sample result obtained pursuant to subsection (a) does not fall within the 

temperature-appropriate fluoride level control range in Table 64433.2-A, the water supplier shall 

take action as detailed in the water system's approved fluoridation system operations contingency 

plan as specified in §64433.8. 
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§64433.5. Fluoridation System. 

Each fluoridation system installed or modified after January 1, 1997, shall meet the following 

criteria, as a minimum:   

(a) Operate only when a flow of water is detected. If the water system serves less than 200 

service connections, a secondary flow-based control device shall be provided as back-up 

protection;   

 

(b) Provide flow measuring and recording equipment for the fluoride addition;  

 

(c) Provide design and reliability features to maintain the level of fluoride within the 

temperature-appropriate control range 95 per cent of the time;  

 

(d) Provide for containment of spills; and   

 

(e) Provide alarm features for fluoride chemical feed and fluoride spills. 

 

§64433.7. Recordkeeping, Reporting, and Notification for Water Systems Fluoridating. 

(a) By the tenth day of each month following the month being reported, each water supplier 

fluoridating its water supply shall send operational reports to the Department which include the 

following: 

(1) The fluoride compounds used and the calculated fluoride dose in mg/L; 

(2) Information on any interruptions in the fluoridation treatment which may have 

occurred during the month including the duration of the interruptions, an explanation of causes, 

and what corrective actions were taken to insure that fluoridation treatment was resumed in a 

timely manner;   

(3) The results of the daily monitoring for fluoride in the water distribution system, 

reported in terms of daily results, and ranges and the number of samples collected; and  

(4) The results of monthly split sample(s) analyzed pursuant to §64433.3(c).  

 

(b) For water systems that fluoridated the previous fiscal year (July 1 through June 30), the 

water supplier shall report the operations and maintenance costs for that year to the Department 

by August 1.   

 

(c) Whenever a water system initiates fluoridation, suspends fluoridation for more than 

ninety days, or reinitiates fluoridation after a suspension of more than ninety days, the water 

supplier shall notify the consumers, local health departments, pharmacists, dentists, and 

physicians in the area served by the water system, regarding the status of the fluoridation 

treatment. If a water system with more than one fluoridation system suspends the use of one or 

more of its fluoridation systems, but the level of fluoride being served to the consumers is in 

conformance with Table 64433.2-A, no notification shall be required. 

 

(d) If a fluoride overfeed exceeding 10.0 mg/L occurs, the water system shall notify the 

Department by the end of the business day of the occurrence or within 24 hours if the 

Department office is closed.   
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(e) If the level of fluoride in the distribution system is found to be less than the control range 

in Table 64433.2-A in two or more samples in a month, the water system shall notify the 

Department within three business days of the second occurrence. If the level of fluoride in the 

distribution system is found to be 0.1 mg/L or more above the control range up to 10.0 mg/L, the 

water supplier shall notify the Department within three business days of the occurrence. 

 

§64433.8. Fluoridation System Operations Contingency Plan. 

(a) Water systems fluoridating as of July 1, 1996 shall submit a fluoridation system 

operations contingency plan by July 1, 1998. All other water systems shall submit the plan at 

least three months before initiating fluoridation treatment. All fluoridating water systems shall 

operate in accordance with a fluoridation system operations contingency plan determined by the 

Department to include the elements in subsection (b). 

 

(b) A fluoridation system operation contingency plan shall include, but not be limited to, the 

following elements:   

(1) Actions to be implemented by the water supplier in the event that the fluoride level in 

a distribution system sample is found to be less than the control range in Table 64433.2-A, 0.1 

mg/L above the control range up to a fluoride level of 2.0 mg/L, from 2.1 to a level of 4.0 mg/L, 

from 4.1 to a level of 10.0 mg/L, or above a level of 10.0 mg/L.  

(2) The procedure for shutting down the fluoridation equipment if there is a fluoride 

overfeed and the need to do so is identified by the Department and/or the water supplier;  

(3) The procedure for investigating the cause of an underfeed or overfeed;   

(4) A list of water system, county health department, and Department personnel with day 

and evening phone numbers to be notified by the end of the business day of the occurrence or 

within 24 hours if the Department office is closed in the event of an overfeed exceeding 10.0 

mg/L; and   

(5) The procedure for notifying the public if instructed to do so by the Department in the 

event of a fluoride underfeed extending for more than three months or a fluoride overfeed 

exceeding 10.0 mg/L. 

 

§64434. Water System Priority Funding Schedule. 

Public water systems with 10,000 service connections or more that are not fluoridating as of July 

1, 1996, shall install fluoridation systems and initiate fluoridation according to the order 

established in Table 64434-A, as the water systems receive funds from sources identified by the 

Department, pursuant to Health and Safety Code section 116415. 

 

Table 64434-A 

Water System Priority Funding Schedule 
 

 System No.    System Name   Priority   

 3710010    Helix Water District    1   

 5610017    Ventura, City of    2   

 4110013    Daly City, City of    3   

 3710006    Escondido, City of    4   
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 System No.    System Name   Priority   

 4210011    Santa Maria, City of    5   

 3410009    Fair Oaks Water District    6   

 1910083    Manhattan Beach, City of    7   

 3710025    Sweetwater Authority    8   

 4210010    Santa Barbara, City of    9   

 0910001    El Dorado Irrigation District    10   

 3410006    Citrus Heights Water District    11   

 4410010    Santa Cruz, City of    12   

 3610039    San Bernardino, City of    13   

 3310009    Eastern Municipal Water District    14   

 3710037    Padre Dam Municipal Water District    15   

 1910067    Los Angeles, City of    16   

 2810003    Napa, City of    17   

 3710020    San Diego, City of    18   

 3710034    Otay Water District    19   

 3310031    Riverside, City of    20   

 1910173    Whittier, City of    21   

 3410020    Sacramento, City of    22   

 1910139    California American Water Company - San Marino    23   

 3710021    San Dieguito Water District    24   

 3610024    Hesperia Water District    25   

 1910179    Burbank, City of    26   

 2710004    California American Water Company - Monterey    27   

 3310049    Western Municipal Water District    28   

 3010073    Moulton Niguel Water District    29   

 3010101    Santa Margarita Water District    30   

 1910239    Lakewood, City of    31   

 2110003    North Marin Water District    32   

 3010037    Yorba Linda Water District    33   

 3710015    Poway, City of    34   

 3110025    Placer County Water Agency    35   

 5010010    Modesto, City of    36   

 1910126    Pomona, City of    37   

 3410004    Carmichael Water District    38   

 1910043    Glendale, City of    39   

 3610018    Cucamonga Community Water District    40   

 3910011    Tracy, City of    41   

 1910234    Walnut Valley Water District    42   

 3910012    Stockton, City of    43   

 1910146    Santa Monica, City of    44   

 3710027    Vista Irrigation District    45   

 3010018    La Habra, City of    46   
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 System No.    System Name   Priority   

 1910009    Valley County Water District    47   

 3310012    Elsinore Valley Municipal Water District    48   

 1910051    Inglewood, City of    49   

 3710005    Carlsbad Municipal Water District    50   

 4210004    Goleta Water District    51   

 1910213    Torrance, City of   52   

 1910152    South Gate, City of    53   

 1910155    Southern California Water Company - Southwest    54   

 1510017    Indian Wells Valley Water District     55   

 1910039    San Gabriel Valley Water Company - El Monte    56   

 1610003    Hanford, City of    57   

 3310037    Corona, City of    58   

 3010062    Garden Grove, City of    59   

 3610003    Apple Valley Ranchos Water Community    60   

 3610036    Chino Hills, City of    61   

 3010064    Westminster, City of    62   

 4310011    San Jose Water Company    63   

 3610012    Chino, City of    64   

 3910004    Lodi, City of    65   

 5610007    Oxnard, City of    66   

 1910019    Cerritos, City of    67   

 1910205    Suburban Water Systems - San Jose Hills    68   

 1910059    Suburban Water Systems - La Mirada    69   

 1910092    Monterey Park, City of    70   

 1910174    Suburban Water Systems - Whittier    71   

 1910026    Compton, City of    72   

 1910124    Pasadena, City of    73   

 3310022    Lake Hemet Municipal Water District    74   

 1910142    Southern California Water Company - San Dimas    75   

 4510005    Redding, City of    76   

 3610037    Redlands, City of    77   

 3910005    Manteca, City of    78   

 3710014    Oceanside, City of    79   

 3610038    Rialto, City of    80   

 4310022    Great Oaks Water Company    81   

 4310014    Sunnyvale, City of    82   

 3310021    Jurupa Community Services District    83   

 3410001    Arcade- Town & County    84   

 3610052    Victor Valley Water District    85   

 3010023    Newport Beach, City of    86   

 3610064    East Valley Water District    87   

 1910225    Las Virgenes Municipal Water District    88   
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 System No.    System Name   Priority   

 3710001    California American Water Company - Coronado    89   

 3610034    Ontario, City of    90   

 3910001    California Water Service Company - Stockton    91   

 1910033    Dominguez Water Agency    92   

 5410015    Tulare, City of    93   

 5710006    Woodland, City of    94   

 3710029    Olivenhain Municipal Water District    95   

 1910003    Arcadia, City of    96   

 1910008    Azusa Valley Water Company    97   

 4410011    Watsonville, City of    98   

 3010003    Buena Park, City of    99   

 4310005    Milpitas, City of    100   

 1910017    Santa Clarita Water Company    101   

 1910240    Valencia Water Company    102   

 3610004    West San Bernardino Water District    103   

 0910002    South Tahoe Public Utilities District    104   

 5610059    Southern California Water Company - Simi Valley    105   

 3010027    Orange, City of    106   

 5410010    Porterville, City of    107   

 4410017    Soquel Creek Water District     108   

 4110023    San Bruno, City of    109   

 1910001    Alhambra, City of    110   

 3010022    Southern California Water Company-West Orange County    111   

 3010091    Los Alisos Water District    112   

 3610050    Upland, City of    113   

 3410024    Northridge Water District    114   

 1010003    Clovis, City of    115   

 3010004    Mesa Consolidated Water District    116   

 3610041    San Gabriel Valley Water Company -  Fontana    117   

 3410010    Citizens Utilities Company of California -  Suburban    118   

 3010038    Santa Ana, City of    119   

 3010092    Irvine Ranch Water District    120   

 1910211    Park Water Company - Bellflower    121   

 3010010    Fullerton, City of    122   

 4310007    Mountain View, City of    123   

 3010036    San Clemente, City of    124   

 3010079    El Toro Water District    125   

 5610020    Thousand Oaks, City of    126   

 3610029    Monte Vista Water District    127   

 1910004    Southern California Water Company - Artesia    128   

 4210016    Southern California Water Company - Orcutt    129   

 4110008    California Water Service Company - San Mateo    130   
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 System No.    System Name   Priority   

 1310038    Rancho California Water District    131   

 3410017    Citizens Utilities Company of California - Parkway    132   

 1910024    Southern California Water Company - Claremont    133   

 1910044    Glendora, City of    134   

 3010001    Anaheim, City of    135   

 5710001    Davis, City of    136   

 1910134    California Water Service Company-Hermosa/Redondo    137   

 1010007    Fresno, City of    138   

 1910102    Palmdale Water District    139   

 4310012    Santa Clara, City of    140   

 2710010    California Water Service Company - Salinas    141   

 4910006    Petaluma, City of    142   

 1910036    California Water Service Company - East Los Angeles    143   

 3410013    Citizens Utilities Company of California - Lincoln Oaks    144   

 3310001    Coachella Valley Water District    145   

 5010019    Turlock, City of    146   

 5410016    California Water Service Company - Visalia    147   

 5610023    Waterworks District 8-Simi Valley    148   

 0410002    California Water Service Company - Chico    149   

 1910104    California Water Service Company - Palos Verdes    150   

 3410015    Southern California Water Company - Corodva     151   

 4910009    Santa Rosa, City of    152   

 1910194    Rowland Water District    153   

 1510003    California Water Service Company - Bakersfield    154   

 5610040    California American Water Company -  Village District    155   

 3310005    Desert Water Agency    156   

 0110003    California Water Service Company - Livermore    157   

 3010046    Tustin, City of    158   

 4310001    California Water Service Company - Los Altos Suburban    159   

 4110007    California Water Service Company - San Carlos    160   

 1910070    Los Angeles, County Water Works District 4&34- Lancaster    161   

 1510031    Bakersfield, City of    162   

 4110009    California Water Service Company - South San Francisco    163   

 3010053    Huntington Beach, City of    164   

 4110006    California Water Service Company - Bear Gulch    165   

 1910034    Downey, City of    166   

 4110022    Redwood City    167   

 

Article 4.5. Trihalomethanes  (repealed) 
§64439. Requirements. 
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Article 5. Radioactivity 
§64442. MCLs and Monitoring - Gross Alpha Particle Activity, Radium-226, Radium-228, 

and Uranium 

(a) Each community and nontransient-noncommunity water system (system) shall comply 

with the primary MCLs in Table 64442 in the drinking water supplied to the public and use the 

DLRs for reporting monitoring results: 

 

Table 64442 

Radionuclide Maximum Contaminant Levels (MCLs)  

and Detection Levels for Purposes of Reporting (DLRs) 

 

Radionuclide MCL DLR 

Radium-226   

5 pCi/L (combined 

radium-226 & -228) 

1 pCi/L 

Radium–228 1 pCi/L 

Gross Alpha particle activity (excluding 

radon and uranium) 

15 pCi/L 3 pCi/L 

Uranium 20 pCi/L 1 pCi/L 

 

(b) Each system shall monitor to determine compliance with the MCLs in table 64442, as 

follows:  

(1) Monitor at each water source, or every entry point to the distribution system that is 

representative of all sources being used under normal operating conditions; conduct all 

monitoring at the same sample site(s) unless a change is approved by the Department, based on a 

review of the system and its historical water quality data; 

(2) For quarterly monitoring, monitor during the same month (first, second or third) of 

each quarter during each quarter monitored; 

(3) By December 31, 2007, complete initial monitoring that consists of four consecutive 

quarterly samples at each sampling site for each radionuclide in table 64442, except that 

nontransient-noncommunity water systems shall not be required to monitor radium-228 as a 

separate analyte, but shall monitor for compliance with the combined radium MCL using the 

analytical method described in Prescribed Procedures for Measurement of Radioactivity in 

Drinking Water, Section 6, Alpha-emitting Radium Isotopes in Drinking Water, Method 903.0 

(EPA/600/4-80-032, August 1980): 

(A) Data collected for a sampling site between January 1, 2001, and December 31, 

2004, may be used to satisfy the initial monitoring requirement, subject to the Department’s 

approval based on whether the analytical methods, DLRs, sampling sites, and the frequency of 

monitoring used were consistent with this article. 

(B) For gross alpha particle activity, uranium, radium-226 and radium-228, the 

Department may waive the final two quarters of initial monitoring at a sampling site if the results 

from the previous two quarters are below the DLR(s) and the sources are not known to be 

vulnerable to contamination.  

 

(c) Any new system or new source for an existing system shall begin monitoring pursuant to 

Subsection (b) within the first quarter after initiating water service to the public.   
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(d) After initial monitoring, each system shall monitor for each radionuclide at each sampling 

site at a frequency determined by the monitoring result(s) [single sample result or average of 

sample results if more than one sample collected] from the most recent compliance period as 

follows: 

(1) For nontransient-noncommunity water systems, the results for the total radium 

analyses shall be averaged. 

(2) For community water systems, the results of radium-226 and radium-228 analyses 

shall be added and the average calculated.     

(3) The values used for the radionuclide MCLs and DLRs shall be as specified in Table 

64442. 

(4) If the single sample result or average is: 

A. Below the DLR, the system shall collect and analyze at least one sample every 

nine years (3 compliance periods). 

B. At or above the DLR, but at or below ½ the MCL, the system shall collect and 

analyze at least one sample every six years. 

C. Above ½ the MCL, but not above the MCL, the system shall collect and analyze at 

least one sample every three years. 

 

(e) A system that monitors quarterly may composite up to four consecutive samples from a 

single sampling site if analysis is done within a year of the first sample’s collection.  If the result 

of the composited sample is greater than ½ the MCL, at least one additional quarterly sample 

shall be analyzed to evaluate the range and trend of results over time before allowing the system 

to reduce the monitoring frequency. 

 

(f) A gross alpha particle activity measurement may be substituted for other measurements 

by adding the 95% confidence interval (1.65σ, where σ is the standard deviation of the net 

counting rate of the sample) to it; and if, 

(1) For uranium and radium measurements (after initial radium-228 monitoring has been 

completed), the gross alpha measurement does not exceed 5 pCi/L; or 

(2) For radium measurements (after initial radium-228 monitoring has been completed), 

the result obtained from subtracting the uranium measurement from the gross alpha measurement 

does not exceed 5 pCi/L. 

 

(g) If any sample result is greater than an MCL: 

(1) For a system monitoring less than quarterly, quarterly samples shall be collected and 

analyzed to determine compliance, pursuant to subsection (h); 

(2) For a system that already has four consecutive quarterly results, compliance shall be 

determined pursuant to subsection (h). 

(3) The system shall monitor quarterly until the results of four consecutive quarterly 

sample results do not exceed the MCL. 

 

(h) A system with one or more sample results greater than an MCL shall determine 

compliance with the MCL as follows: 

(1) At each sampling site, based on the analytical results for that site.  Any confirmation 
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sample result shall be averaged with the initial result. 

(2) Using all monitoring results collected under this section during the previous 12 

months, even if more than the minimum required number of samples was collected. 

(3) By a running annual average of four consecutive quarters of sampling results.  

Averages shall be rounded to the same number of significant figures as the MCL for which 

compliance is being determined.   

(A) If any sample result will cause the annual average at any sample site to exceed the 

MCL, the system shall be out of compliance immediately upon receiving the result;  

(B) If a system has not analyzed the required number of samples, compliance shall be 

determined by the average of the samples collected at the site during the most recent 12 months; 

and 

(C) If a sample result is less than the DLR in table 64442, zero shall be used to 

calculate the annual average, unless a gross alpha particle activity is being used in lieu of 

radium-226, total radium, and/or uranium.  In that case, if the gross alpha particle activity result 

is less than the DLR, ½ the DLR shall be used to calculate the annual average.  

(4) If compositing is allowed at a sampling site, by the results of a composite of four 

consecutive quarterly samples. 

(5) If the system can provide documentation that a sample was subject to sampling or 

analytical errors, the Department may invalidate the result based on its review of the 

documentation, the sampling result, and the historical sampling data. 

(6) Each system shall ensure that the laboratory analyzing its samples collected for 

compliance with this article calculates and reports the sample-specific Minimum Detectable 

Activity at the 95% confidence level (MDA95) along with the sample results.   The MDA95 shall 

not exceed the DLR and shall be calculated as described in ANSI N42.23 Measurement and 

Associated Instrumentation Quality Assurance for Radiobioassay Laboratories, Appendix A.7.6 

(September 10, 1995). 

 

§64443. MCLs and Monitoring - Beta Particle and Photon Radioactivity 

(a) Each community and nontransient-noncommunity water system (system) shall comply 

with the primary MCLs in table 64443 and use the DLRs for reporting monitoring results: 

 

Table 64443 

Radionuclide Maximum Contaminant Levels (MCLs)  

and Detection Levels for Purposes of Reporting (DLRs) 

 

Radionuclide MCL DLR 

Beta/photon emitters 4 millirem/year annual dose equivalent 

to the total body or any internal organ 

Gross Beta particle 

activity:  4 pCi/L  

Strontium-90 8 pCi/L 

 (= 4 millirem/yr dose to bone marrow) 

2 pCi/L 

Tritium 20,000 pCi/L 

(= 4 millirem/yr dose to total body) 

1,000 pCi/L 

 

(b) Each system designated by the Department as vulnerable to contamination by nuclear 

facilities and/or a determination of vulnerability by a Source Water Assessment, as defined in 
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section 63000.84, shall monitor to determine compliance with the MCLs in table 64443, as 

follows: 

(1) Beginning within one quarter after being notified by the Department that the system is 

vulnerable, quarterly for beta/photon emitters and annually for tritium and strontium-90 at each 

water source, or every entry point to the distribution system that is representative of all sources 

being used under normal operating conditions, and shall conduct all monitoring at the same 

sample site(s) unless a change is approved by the Department, based on a review of the system 

and its historical water quality data; 

(2) For quarterly monitoring, during the same month (first, second or third) of each 

quarter during each quarter monitored; and 

(3) If the gross beta particle activity minus the naturally-occurring potassium-40 beta 

particle activity at a sampling site has a running annual average less than or equal to 50 pCi/L 

(screening level), reduce monitoring to a single sample for beta/photon emitters, tritium and 

strontium-90 once every three years (compliance monitoring period). 

 

(c) Each system designated by the Department as utilizing waters contaminated by effluents 

from nuclear facilities on the basis of analytical data and/or a Source Water Assessment, shall: 

(1) Beginning within one quarter after being notified by the Department of the above 

designation, monitor on an ongoing basis pursuant to paragraphs (A) through (C) at each 

sampling site: 

(A) For beta/photon emitters, quarterly by analyzing three monthly samples and 

averaging the results or by analyzing a composite of three monthly samples; 

(B) For iodine-131, quarterly by analyzing a composite of five consecutive daily 

samples, unless the Department has directed the system to do more frequent monitoring based on 

a detection of iodine-131 in the sampled water; and 

(C) For strontium-90 and tritium, annually by analyzing four quarterly samples and 

averaging the results or by analyzing a composite of four quarterly samples.     

(2) If the gross beta particle activity minus the naturally-occurring potassium-40 beta 

particle activity at a sampling site has a running annual average (computed quarterly) less than or 

equal to 15 pCi/L (screening level), reduce the frequency of monitoring to a single sample for 

beta/photon emitters, iodine-131, strontium-90 and tritium once every three years (compliance 

monitoring period).   

 

(d) If the gross beta particle activity minus the naturally-occurring potassium-40 beta particle 

activity exceeds a system’s screening level pursuant to Subsection (b)(3) or (c)(2):   

(1) The sample shall be analyzed to identify the primary radionuclides present and the 

doses shall be calculated and summed to determine compliance with the MCL for beta 

particle/photon radioactivity; and   

(2) Except for strontium-90 and tritium for which the MCLs provide the average annual 

concentrations assumed to produce a total body or organ dose equivalent to 4 millirem/year, the 

concentration of manmade radionuclides shall be calculated using the 168 hour data list in 

―Maximum Permissible Body Burdens and Maximum Permissible Concentrations of 

Radionuclides in Air and in Water for Occupational Exposure,‖ NBS (National Bureau of 

Standards) Handbook 69 as amended August 1963, U.S. Department of Commerce.  (See Title 

40, Code of Federal Regulations, section 141.66(d)(2).) 
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(e) If a system analyzes for naturally-occurring potassium-40 beta particle activity from the 

same or equivalent samples used for the gross beta particle activity analysis,   the potassium-40 

beta particle activity shall be calculated by multiplying elemental potassium concentrations (in 

mg/L) by a factor of 0.82 pCi/mg. 

 

(f) A system required to monitor under this section may use environmental surveillance data 

(collected by the nuclear facility to detect any radionuclide contamination) in lieu of monitoring, 

subject to the Department’s determination that the data is applicable to the system based on a 

review of the data and the hydrogeology of the area.  In the event that there is a release of 

radioactivity or radioactive contaminants from the nuclear facility, a system using environmental 

surveillance data shall begin the monitoring in paragraph (b)(1) or (c)(1)(A) through (C), 

whichever is most applicable. 

 

(g) If a sample result is greater than an MCL: 

(1) Compliance shall be determined as follows: 

(A) At each sampling site, based on the analytical results for that site.  Any 

confirmation sample result shall be averaged with the initial result. 

(B) Using all monitoring results collected under this article during the previous 12 

months, even if more than the minimum required number of samples was collected. 

(C) By a running annual average of four consecutive quarters of sampling results 

where quarterly monitoring is required, or by an annual sample when applicable for tritium and 

strontium-90.  Averages shall be rounded to the same number of significant figures as the MCL 

for which compliance is being determined.   

1. If any sample result will cause the annual average at any sample site to exceed 

the MCL, the system shall be out of compliance immediately after being notified of the result;  

2. If a system has not analyzed the required number of samples, compliance shall 

be determined by the average of the samples collected at the site during the most recent 12 

months; and 

3. If a sample result is less than the DLR in 64443, zero shall be used to calculate 

the annual average.  

(D) If the system can provide documentation that a sample was subject to sampling or 

analytical errors, the Department may invalidate the result based on its review of the 

documentation, the sampling result, and the historical sampling data. 

(E) Each system shall ensure that the laboratory analyzing its samples collected for 

compliance with this article calculates and reports the sample-specific Minimum Detectable 

Activity at the 95% confidence level (MDA95) along with the sample results.   The MDA95 shall 

not exceed the DLR and is calculated as described in ANSI N42.23 Measurement and Associated 

Instrumentation Quality Assurance for Radiobioassay Laboratories, Appendix A.7.6 (September 

10, 1995). (See Title 40, Code of Federal Regulations, section 141.66(d)(2).) 

(2) If a sample has a gross beta/photon radioactivity level greater than the MCL:  

(A) A system shall monitor monthly beginning the month after receiving a result 

greater than the MCL and continue monthly monitoring until an average of three consecutive 

monthly sample results does not exceed the MCL ; 

(B) The system shall then monitor quarterly until the average of four consecutive 
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quarterly sample results does not exceed the MCL; and 

(C) Subsequently, the system shall conduct the monitoring in paragraph (b)(1) or 

(c)(1)(A) through (C), whichever is most applicable. 

 

Article 5.5. Primary Standards -- Organic Chemicals 
§64444. Maximum Contaminant Levels – Organic Chemicals. 

The MCLs for the primary drinking water chemicals shown in Table 64444-A shall not be 

exceeded in the water supplied to the public. 

 

Table 64444-A 

Maximum Contaminant Levels 

Organic Chemicals 

 

Chemical 

Maximum 

Contaminant 

Level, mg/L 

(a) Volatile Organic Chemicals (VOCs)  

Benzene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.001 

Carbon Tetrachloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0005 

1,2-Dichlorobenzene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.6 

1,4-Dichlorobenzene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.005 

1,1-Dichloroethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.005 

1,2-Dichloroethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0005 

1,1-Dichloroethylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.006 

cis-1,2-Dichloroethylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.006 

trans-1,2-Dichloroethylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.01 

Dichloromethane. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.005 

1,2-Dichloropropane. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.005 

1,3-Dichloropropene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0005 

Ethylbenzene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.3 

Methyl-tert-butyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.013 

Monochlorobenzene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.07 

Styrene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.1 

1,1,2,2-Tetrachloroethane. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.001 

Tetrachloroethylene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.005 

Toluene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .   0.15 

1,2,4-Trichlorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.005 

1,1,1-Trichloroethane. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.200 
1,1,2-Trichloroethane. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.005 

Trichloroethylene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.005 

Trichlorofluoromethane. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   0.15 

1,1,2-Trichloro-1,2,2-Trifluoroethane. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.2 

Vinyl Chloride. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   0.0005 

Xylenes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.750* 
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Table 64444-A (continued) 

Maximum Contaminant Levels 

Organic Chemicals 

 

 Maximum 

 Contaminant 

Chemical Level, mg/L 

(b)  Non-Volatile Synthetic Organic Chemicals (SOCs)  

Alachlor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                   0.002 

Atrazine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.001 

Bentazon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   0.018 

Benzo(a)pyrene. . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0002 

Carbofuran. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.018 

Chlordane . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0001 

2,4-D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.07 

Dalapon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.2 

Dibromochloropropane. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0002 

Di(2-ethylhexyl)adipate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.4 

Di(2-ethylhexyl)phthalate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.004 

Dinoseb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.007 

Diquat  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  0.02 

Endothall . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.1 

Endrin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . 0.002 

Ethylene Dibromide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.00005 

Glyphosate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.7 

Heptachlor. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.00001 

Heptachlor Epoxide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                0.00001 

Hexachlorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.001 

Hexachlorocyclopentadiene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.05 

Lindane. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0002 

Methoxychlor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.03 

Molinate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.02 

Oxamyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.05 

Pentachlorophenol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   0.001 

Picloram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      0.5 

Polychlorinated Biphenyls. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0005 

Simazine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.004 

Thiobencarb. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.07 

Toxaphene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.003 

2,3,7,8-TCDD (Dioxin). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 x 10
-8

 

2,4,5-TP (Silvex). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.05 
*MCL is for either a single isomer or the sum of the isomers. 
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§64445. Initial sampling - organic chemicals. 

(a) Each community and nontransient-noncommunity water system shall collect four 

quarterly samples during the year designated by the Department of each compliance period 

beginning with the compliance period starting January 1, 1993, from each water source at a site 

prior to any treatment and test for all applicable organic chemicals listed in Table 64444-A. The 

Department will designate the year based on historical monitoring frequency and laboratory 

capacity.  For surface sources, the samples shall be taken at each water intake. For groundwater 

sources, the samples shall be taken at each well head. Where multiple intakes or wells draw from 

the same water supply, the Department will consider sampling of representative sources as a 

means of complying with this section. Selection of representative sources shall be based on 

evidence which includes a hydrogeological survey and sampling results. Wells shall be allowed 

to flow for a minimum of 15 minutes before sampling to insure that the samples reflect the water 

quality of the source. In place of water source samples, a supplier may collect samples at sites 

located at the entry points to the distribution system. The samples shall be representative of each 

source after treatment. The system shall collect each sample at the same sampling site, unless a 

change is approved by the Department. 

 

(b) For any organic chemical added to Table 64444-A, the water system shall initiate the 

quarterly monitoring for that chemical in January of the calendar year after the effective date of 

the MCL.  

 

(c) A water system may request approval from the Department to composite samples from up 

to five sampling sites, provided that the number of the sites to be composited is less than the ratio 

of the MCL to the DLR in §64445.1. Approval will be based on a review of three years of 

historical data, well construction and aquifer information for groundwater, and intake location, 

similarity of sources, and watershed characteristics for surface water. Compositing shall be done 

in the laboratory and analyses shall be conducted within 14 days of sample collection. 

(1) Systems serving more than 3,300 persons shall composite only from sampling sites 

within a single system. Systems serving 3,300 persons or less may composite among different 

systems up to the 5-sample limit. 

(2) If any organic chemical is detected in the composite sample, a follow-up sample shall 

be analyzed within 14 days from each sampling site included in the composite for the 

contaminants which were detected. The water supplier shall report the results to the Department 

within 14 days of the follow-up sample collection. If available, duplicates of the original sample 

taken from each sampling site used in the composite may be used instead of resampling. 

 

(d) A water system may apply to the Department for a monitoring waiver for one or more of 

the organic chemicals on Table 64444-A in accordance with the following: 

(1) A source may be eligible for a waiver if it can be documented that the chemical has 

not been previously used, manufactured, transported, stored, or disposed of within the watershed 

or zone of influence and therefore, that the source can be designated nonvulnerable. 

(2) If previous use of the chemical locally is unknown or the chemical is known to have 

been used previously and the source cannot be designated nonvulnerable pursuant to Paragraph 

(d)(1), it may still be eligible for a waiver based on a review related to susceptibility to 

contamination.  The application to the Department for a waiver based on susceptibility shall 
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include the following: 

(A) previous monitoring results; 

(B) user population characteristics; 

(C) proximity to sources of contamination; 

(D) surrounding land uses; 

(E) degree of protection of the water source; 

(F) environmental persistence and transport of the chemical in water, soil and air; 

(G) elevated nitrate levels at the water supply source; and 

(H) historical system operation and maintenance data including previous 

Departmental inspection results. 

(3) To apply for a monitoring waiver for VOCs, the water system shall have completed 

the initial four quarters of monitoring pursuant to subsection (a) or three consecutive years of 

monitoring with no VOCs detected. If granted a waiver for VOC monitoring, a system using 

groundwater shall collect a minimum of one sample from every sampling site every six years and 

a system using surface water shall not be required to monitor for the term of the waiver.  The 

term of a VOC waiver shall not exceed three years. 

(4) To obtain a monitoring waiver for one or more of the SOCs, the water system may 

apply before doing the initial round of monitoring or shall have completed three consecutive 

years of annual monitoring with no detection of the SOC(s) listed. If the system is granted a 

waiver for monitoring for one or more SOC(s), no monitoring for the waived SOC(s) shall be 

required for the term of the waiver, which shall not exceed three years. 

 

(e) For water sources designated by a water supplier as standby sources, the water supplier 

shall sample each source for any organic chemical added to Table 64444-A once within the 

three-year period beginning in January of the calendar year after the effective date of the MCL. 

 

(f) Water quality data collected prior to January 1, 1988, for VOCs, or January 1, 1990, for 

SOCs, and/or data collected in a manner inconsistent with this section shall not be used in the 

determination of compliance with the monitoring requirements for organic chemicals. 

 

(g) Data (i.e., a single sample) collected in a manner consistent with this section after January 

1, 1998 in which no MTBE is detected, along with a designation of nonvulnerability pursuant to 

subsection (d), may be used to satisfy the initial monitoring requirements in subsection (a).  If the 

requirements are satisfied in this way by a water system, the system shall begin annual 

monitoring pursuant to Section 64445.1(b)(1). 

 

(h) Water quality data collected in compliance with the monitoring requirements of this 

section by a wholesaler agency providing water to a public water system shall be acceptable for 

use by that system for compliance with the monitoring requirements of this section. 

 

§64445.1. Monitoring and Compliance – Organic Chemicals. 

(a) For the purposes of this article, detection shall be defined by the detection limits for 

purposes of reporting (DLRs) in Table 64445.1-A: 
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Table 64445.1-A 

Detection Limits for Purposes of Reporting (DLRs) 

for Regulated Organic Chemicals 

 

 Detection Limit for 

Purposes of Reporting 

Chemical (DLR)(mg/L) 

  

(a) All VOCs, except as listed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0005 

        Methyl-tert-butyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.003 

        Trichlorofluoromethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.005 

       1,1,2-Trichloro-1,2,2-Trifluoroethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.01     

(b) SOCs  

     Alachlor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.001 

     Atrazine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0005 

     Bentazon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.002 

     Benzo(a)pyrene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0001 

     Carbofuran. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.005 

     Chlordane. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0001 

     2,4-D. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.01 

     Dalapon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.01 

     Dibromochloropropane (DBCP). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.00001 

     Di(2-ethylhexyl)adipate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.005 

     Di(2-ethylhexyl)phthalate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.003  

     Dinoseb. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.002 

     Diquat. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.004 

     Endothall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.045 

     Endrin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0001 

     Ethylene dibromide (EDB). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.00002 

     Glyphosate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.025 

     Heptachlor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.00001 

     Heptachlor epoxide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.00001 

     Hexachlorobenzene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0005 

     Hexachlorocyclopentadiene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.001 

     Lindane. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0002 

     Methoxychlor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.01 

     Molinate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.002 

     Oxamyl. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.02 

     Pentachlorophenol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0002 

     Picloram. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . ……………………..  0.001 

     Polychlorinated biphenyls (PCBs)  

  (as decachlorobiphenyl). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0005 

     Simazine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.001 

     Thiobencarb. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.001 

     Toxaphene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.001 
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 Detection Limit for 

Purposes of Reporting 

Chemical (DLR)(mg/L) 

     2,3,7,8-TCDD (Dioxin). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 x 10
-9

 

     2,4,5-TP (Silvex). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.001 

 

(b) When organic chemicals are not detected pursuant to Table 64445.1-A. 

(1) A water system which has not detected any of the VOCs on Table 64444-A during the 

initial four quarters of monitoring, shall collect and analyze one sample annually. After a 

minimum of three years of annual sampling with no detection of a VOC in Table 64444-A, a 

system using groundwater may reduce the monitoring frequency to one sample during each 

compliance period.  A system using surface water shall continue monitoring annually. 

(2) A system serving more than 3,300 persons which has not detected an SOC on Table 

64444-A during the initial four quarters of monitoring shall collect a minimum of two quarterly 

samples for that SOC in one year during the year designated by the Department of each 

subsequent compliance period.  The year will be designated on the basis of historical monitoring 

frequency and laboratory capacity. 

(3) A system serving 3,300 persons or less which has not detected an SOC on Table 

64444-A during the initial four quarters of monitoring shall collect a minimum of one sample for 

that SOC during the year designated by the Department of each subsequent compliance period.  

The year will be designated on the basis of historical monitoring frequency and laboratory 

capacity. 

 

(c) When organic chemicals are detected pursuant to Table 64445.1-A. 

(1) Prior to proceeding with the requirements of paragraphs (c)(2) through (7), the water 

supplier may first confirm the analytical result, as follows: Within seven days from the 

notification of an initial finding from a laboratory reporting the presence of one or more organic 

chemicals in a water sample, the water supplier shall collect one or two additional sample(s) to 

confirm the initial finding. Confirmation of the initial finding shall be shown by the presence of 

the organic chemical in either the first or second additional sample, and the detected level of the 

contaminant for compliance purposes shall be the average of the initial and confirmation 

sample(s). The initial finding shall be disregarded if two additional samples do not show the 

presence of the organic chemical. 

(2) If one or both of the related organic chemicals heptachlor and heptachlor epoxide are 

detected, subsequent monitoring shall analyze for both chemicals until there has been no 

detection of either chemical for one compliance period. 

(3) A groundwater sampling site at which one or more of the following chemicals has 

been detected shall be monitored quarterly for vinyl chloride:  trichloroethylene, 

tetrachloroethylene,1,2-dichloroethane,1,1,1-trichloroethane, cis-1,2-dichloroethylene, trans-1,2-

dichloroethylene, or 1,1-dichloroethylene. If vinyl chloride is not detected in the first quarterly 

sample, the sampling site shall be monitored once for vinyl chloride during each compliance 

period. 

(4) If the detected level of organic chemicals for any sampling site does not exceed any 

shown in Table 64444-A, the water source shall be resampled every three months and the 

samples analyzed for the detected chemicals.  After one year of sampling an approved surface 
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water system or two quarters of sampling a groundwater system, the Department will consider 

allowing the water supplier to reduce the sampling to once per year upon request, based on a 

review of previous sampling data. Systems shall monitor during the quarter(s) which previously 

yielded the highest analytical results. 

(5) If the detected level of an organic chemical for any sampling site exceeds that listed in 

Table 64444-A, the water supplier shall report this information to the Department within 48 

hours of receipt of the result. Unless use of the contaminated source is discontinued, the water 

supplier shall resample the contaminated source and compliance shall be determined as follows: 

(A) Water systems serving more than 3,300 persons shall sample monthly for six 

months and shall submit the results to the Department as specified in §64469.  If the average 

concentration of the initial finding, confirmation sample(s), and six subsequent monthly samples 

does not exceed the MCL shown in Table 64444-A the water supplier may reduce the sampling 

frequency to once every three months.  If the running annual average or the average 

concentration of the initial finding, confirmation sample(s), and six subsequent monthly samples 

exceeds the MCL shown in Table 64444-A, the water system shall be deemed to be in violation 

of Section 64444.  

(B) Water systems serving 3,300 persons or less shall sample quarterly for a 

minimum of one year and shall submit the results to the Department as specified in §64469.  If 

the running annual average concentration does not exceed the MCL in Table 64444-A, the water 

supplier may reduce the sampling frequency to once every year during the quarter that previously 

yielded the highest analytical result.  Quarterly monitoring shall resume if any reduced frequency 

sample result exceeds the MCL.  If the running annual average concentration exceeds the MCL 

in Table 64444-A, the water system shall be deemed to be in violation of §64444.  

(C) If any sample would cause the running annual average to exceed the MCL, the 

water system is immediately in violation.  If a system takes more than one sample in a quarter, 

the average of all the results for that quarter shall be used when calculating the running annual 

average.  If a system fails to complete four consecutive quarters of monitoring, the running 

annual average shall be based on an average of the available data. 

(6) If any resample, other than those taken in accordance with (c)(5) of this section, of a 

water sampling site shows that the concentration of any organic chemical exceeds a MCL shown 

in Table 64444-A, the water supplier shall proceed in accordance with (c)(1) and (c)(4), or (c)(5). 

(7) If an organic chemical is detected and the concentration exceeds ten times the MCL, 

the water supplier shall notify the Department within 48 hours of the receipt of the results and 

the contaminated site shall be resampled within 48 hours to confirm the result. The water 

supplier shall notify the Department of the result of the confirmation sample(s) within 24 hours 

of the receipt of the confirmation result(s). 

(A) If the average concentration of the original and confirmation sample(s) is less 

than or equal to ten times the MCL, the water supplier shall proceed in accordance with 

subsection (c)(5). 

(B) If the average concentration of the original and confirmation samples exceeds ten 

times the MCL, use of the contaminated water source shall immediately be discontinued, if 

directed by the Department.  Such a water source shall not be returned to service without written 

approval from the Department. 
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§64445.2. Sampling of Treated Water Sources. 

(a) Each water supplier utilizing treatment to comply with any MCL for an organic chemical 

listed in Table 64444-A shall collect monthly samples of the treated water at a site prior to the 

distribution system. If the treated water exceeds the MCL, the water supplier shall resample the 

treated water to confirm the result and report the result to the Department within 48 hours of the 

confirmation. 

 

(b) The Department will consider requiring more frequent monitoring based on an evaluation 

of (1) the treatment process used, (2) the treatment effectiveness and efficiency, and (3) the 

concentration of the organic chemical in the water source. 

 

Article 12. Best available technologies (BAT) 
§64447. Best available technologies (BAT) – Microbiological Contaminants. 

The technologies identified by the Department as the best available technology, treatment 

techniques, or other means available for achieving compliance with the total coliform MCL are 

as follows: 

(a) Protection of wells from coliform contamination by appropriate placement and 

construction; 

 

(b) Maintenance of a disinfectant residual throughout the distribution system; 

 

(c) Proper maintenance of the distribution system; and 

 

(d) Filtration and/or disinfection of approved surface water, in compliance with Section 

64650, or disinfection of groundwater. 

 

§64447.2. Best available technologies (BAT) - inorganic chemicals. 

The technologies listed in Table 64447.2-A are the best available technology, treatment 

techniques, or other means available for achieving compliance with the MCLs in table 64431-A 

for inorganic chemicals. 
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Table 64447.2-A 

Best Available Technologies (BAT) 

Inorganic Chemicals 

 

Chemical 
Best Available 

Technologies (BATs) 

  

Aluminum 10 

Antimony 2, 7 

Arsenic 1, 2, 5, 6, 7, 9, 13 

Asbestos 2, 3, 8 

Barium 5, 6, 7, 9 

Beryllium 1, 2, 5, 6, 7 

Cadmium 2, 5, 6, 7 

Chromium 2, 5, 6
a
, 7 

Cyanide 5, 7, 11 

Fluoride 1 

Mercury 2
b
, 4, 6

b
, 7

b
 

Nickel 5, 6, 7 

Nitrate 5, 7, 9 

Nitrite 5, 7 

Perchlorate 5,12 

Selenium 1, 2
c
, 6, 7, 9 

Thallium 1, 5 
 

 

 a
BAT for Chromium III only. 

 b
BAT only if influent mercury concentrations <10 ug/L. 

 c
BAT for Selenium IV only. 

 

 Key to BATs in Table 64447.2: 

  1 = Activated Alumina 

  2 = Coagulation/Filtration (not BAT for systems < 500 service connections) 

  3 = Direct and Diatomite Filtration 

  4 = Granular Activated Carbon 

  5 = Ion Exchange 

  6 = Lime Softening (not BAT for systems < 500 service connections) 

  7 = Reverse Osmosis 

  8 = Corrosion Control 

  9 = Electrodialysis 

 10 = Optimizing treatment and reducing aluminum added 

 11 = Chlorine oxidation 

 12 = Biological fluidized bed reactor 

 13 = Oxidation/Filtration 
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§64447.3. Best Available Technologies (BAT) - Radionuclides. 

 

The technologies listed in tables 64447.3-A, B and C are the best available technology, 

treatment technologies, or other means available for achieving compliance with the MCLs for 

radionuclides in tables 64442 and 64443. 

 

Table 64447.3-A 

Best Available Technologies (BATs) 

Radionuclides 

 

Radionuclide Best Available Technology 

Combined radium-226 and radium-

228 

Ion exchange, reverse osmosis, lime softening 

Uranium Ion exchange, reverse osmosis, lime softening, 

coagulation/filtration 

Gross alpha particle activity  Reverse osmosis 

Beta particle and photon radioactivity Ion exchange, reverse osmosis 

 

Table 64447.3-B 

Best Available Technologies (BATs) and Limitations for Small Water Systems 

Radionuclides 

 

UnitTechnologies Limitations 
(see 

footnotes) 

Operator 

Skill Level 

Required 

Raw Water Quality Range and 

Considerations 

1. Ion exchange  (a) Intermediate All ground waters; competing anion 

concentrations may affect regeneration 

frequency 

2. Point of use, ion exchange (b) Basic All ground waters; competing anion 

concentrations may affect regeneration 

frequency 

3. Reverse osmosis  (c) Advanced Surface waters usually require pre-

filtration 

4. Point of use, reverse osmosis (b) Basic Surface waters usually require pre-

filtration 

5. Lime softening (d) Advanced All waters 

6. Green sand filtration (e) Basic All ground waters; competing anion 

concentrations may affect regeneration 

frequency 

7. Co-precipitation with barium 

sulfate 

(f) Intermediate 

to advanced 

Ground waters with suitable quality 
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8. Electrodialysis/electrodialysis 

reversal 

(g) Basic to 

intermediate 

All ground waters 

9. Pre-formed hydrous manganese 

oxide filtration 

(h) Intermediate All ground waters 

10. Activated alumina (a), (i) Advanced All ground waters; competing anion 

concentrations may affect regeneration 

frequency 

11. Enhanced 

coagulation/filtration 

(j) Advanced Can treat a wide range of water 

qualities 

Limitation Footnotes: 
a
 The regeneration solution contains high concentrations of the contaminant ions, which could result in disposal 

issues. 
b
 When point of use devices are used for compliance, programs for long-term operation, maintenance, and 

monitoring shall be provided by systems to ensure proper performance. 
c
 Reject water disposal may be an issue. 

d
 The combination of variable source water quality and the complexity of the water chemistry involved may make 

this technology too complex for small systems. 
e 
Removal efficiencies can vary depending on water quality. 

f
 Since the process requires static mixing, detention basins, and filtration, this technology is most applicable to 

systems with sufficiently high sulfate levels that already have a suitable filtration treatment train in place. 
g
 Applies to ionized radionuclides only. 

h
 This technology is most applicable to small systems with filtration already in place. 

i 
Chemical handling during regeneration and pH adjustment may be too difficult for small systems without an 

operator trained in these procedures. 
j 
This would involve modification to a coagulation/filtration process already in place. 

 

Table 64447.3-C 

Best Available Technologies (BATs) for Small Water Systems by System Size 

Radionuclides  

 

Compliance Technologies for System Size Categories 

 Based On Population Served  

 25-500                      501-3,300 3,301 - 10,000  

 

Contaminant  

Unit Technologies  

(Numbers Correspond to Table 64447.3-B)  

Combined radium-226 and 

radium-228  

1, 2 ,3, 4, 5, 6, 7, 8, 9  1, 2 ,3, 4, 5, 6, 7, 8, 9  1, 2 ,3, 4, 5, 6, 7, 8, 9  

Gross alpha particle 

activity  

3, 4  3, 4  3, 4  

Beta particle activity and 

photon radioactivity  

1, 2, 3, 4  1, 2, 3, 4  1, 2, 3, 4  

Uranium  1, 2, 4, 10, 11  1, 2, 3, 4, 5, 10, 11  1, 2, 3, 4, 5, 10, 11  
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§64447.4. Best Available Technologies (BATs) - Organic Chemicals. 

The technologies listed in Table 64447.4-A are the best available technology, treatment 

technologies, or other means available for achieving compliance with the MCLs in Table 

64444-A for organic chemicals. 

 

Table 64447.4-A 

Best Available Technologies (BATs) 

Organic Chemicals 

 

Chemical 
  

Best Available Technologies 

 Granular Packed  

 Activated Tower  

 Carbon Aeration Oxidation 

(a)  Volatile Organic Chemicals (VOCs)    

     Benzene X X  

     Carbon Tetrachloride X X  

     1,2-Dichlorobenzene X X  

     1,4-Dichlorobenzene X X  

     1,1-Dichloroethane X X  

     1,2-Dichloroethane X X  

     1,1-Dichloroethylene X X  

     cis-1,2-Dichloroethylene X X  

     trans-1,2-Dichloroethylene X X  

     Dichloromethane  X  

     1,2-Dichloropropane X X  

     1,3-Dichloropropene X X  

     Ethylbenzene X X  

     Methyl-tert-butyl ether  X  

     Monochlorobenzene X X  

     Styrene X X  

     1,1,2,2-Tetrachloroethane X X  

     Tetrachloroethylene X X  

     Toluene X X  

     1,2,4-Trichlorobenzene X X  

     1,1,1-Trichloroethane X X  

     1,1,2-Trichloroethane X X  

     Trichlorofluoromethane X X  

     Trichlorotrifluoroethane X X  

     Trichloroethylene X X  

     Vinyl Chloride  X  
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Chemical Best Available Technology 

 Granular Packed  

 Activated Tower  

 Carbon Aeration Oxidaton 

    

     Xylenes X X  

(b)  Synthetic Organic Chemicals (SOCs)    

     Alachlor X X  

     Atrazine X   

     Bentazon  X  

     Benzo(a)pyrene X   

     Carbofuran X   

     Chlordane X   

     2,4-D X   

     Dalapon X   

     Di(2-ethylhexyl)adipate X X  

     Dinoseb X   

     Diquat X   

     1,2-Dibromo-3-chloropropane X X  

     Di(2-ethylhexyl)phthalate X   

     Endothall X   

     Endrin X   

     Ethylene Dibromide  X X  

     Glyphosate   X 

     Heptachlor X   

     Heptachlor epoxide X   

     Hexachlorobenzene X   

     Hexachlorocyclopentadiene X X  

     Lindane X   

     Methoxychlor X   

     Molinate X   

     Oxamyl X   

     Picloram X   

     Pentachlorophenol X   

     Polychlorinated Biphenyls X   

     Simazine X   

     Thiobencarb X   

     Toxaphene X X  

     2,3,7,8-TCDD (Dioxin) X   

     2,4,5-TP (Silvex) X   
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Article 14. Treatment Techniques 
§64448. Treatment Technique Requirements. 

(a) A public water system which uses acrylamide and/or epichlorohydrin in drinking 

water treatment shall certify annually in writing to the Department that the combination 

of dose and monomer does not exceed the following levels: 

(1) Acrylamide: 0.05% monomer in polyacrylamide dosed at 1 mg/L, or 

equivalent. 

(2) Epichlorohydrin: 0.01% residual of epichlorohydrin dosed at 20 mg/L, or 

equivalent. 

 

Article 16. Secondary Drinking Water Standards 
§64449. Secondary Maximum Contaminant Levels and Compliance. 

(a) The secondary MCLs shown in Tables 64449-A and 64449-B shall not be 

exceeded in the water supplied to the public by community water systems.   

 

Table 64449-A 

Secondary Maximum Contaminant Levels 

―Consumer Acceptance Contaminant Levels‖ 
 

Constituents Maximum Contaminant Levels/Units   

  

Aluminum 0.2  mg/L  

Color 15   Units   

Copper 1.0   mg/L  

Foaming Agents (MBAS) 0.5   mg/L  

Iron 0.3   mg/L  

Manganese 0.05  mg/L  

Methyl-tert-butyl ether (MTBE) 0.005 mg/L 

Odor—Threshold 3      Units  

Silver  0.1   mg/L  

Thiobencarb 0.001 mg/L  

Turbidity 5     Units   

Zinc 5.0   mg/L  
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Table 64449-B 

Secondary Maximum Contaminant Levels 

―Consumer Acceptance Contaminant Level Ranges‖ 

 

 

                                                                           Maximum Contaminant Level Ranges  

 

Constituent, Units Recommended Upper Short Term 

    

Total Dissolved Solids, mg/L    500 1,000 1,500 

   or     

Specific Conductance, µS/cm 900 1,600 2,200 

Chloride, mg/L  250 500 600 

Sulfate, mg/L 250 500 600 

 

(b) Each community water system shall monitor its groundwater sources or 

distribution system entry points representative of the effluent of source treatment every 

three years and its approved surface water sources or distribution system entry points 

representative of the effluent of source treatment annually for the following: 

(1) Secondary MCLs listed in Tables 64449-A and 64449-B; and 

(2) Bicarbonate, carbonate, and hydroxide alkalinity, calcium, magnesium, 

sodium, pH, and total hardness. 

 

(c) If the level of any constituent in Table 64449-A exceeds an MCL, the community 

water system shall proceed as follows:  

(1) If monitoring quarterly, determine compliance by a running annual average of 

four quarterly samples; 

(2) If monitoring less than quarterly, initiate quarterly monitoring and determine 

compliance on the basis of an average of the initial sample and the next three consecutive 

quarterly samples collected; 

(3) If a violation has occurred (average of four consecutive quarterly samples 

exceeds an MCL), inform the Department when reporting pursuant to Section 64469; 

(4) After one year of quarterly monitoring during which all the results are below 

the MCL and the results do not indicate any trend toward exceeding the MCL, the system 

may request the Department to allow a reduced monitoring frequency. 

 

(d) For the constituents shown on Table 64449-B, no fixed consumer acceptance 

contaminant level has been established. 

(1) Constituent concentrations lower than the Recommended contaminant level 

are desirable for a higher degree of consumer acceptance. 

(2) Constituent concentrations ranging to the Upper contaminant level are 

acceptable if it is neither reasonable nor feasible to provide more suitable waters. 
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(3) Constituent concentrations ranging to the short term contaminant levelare 

acceptable only for existing community water systems on a temporary basis pending 

construction of treatment facilities or development of acceptable new water sources. 

 

(e) New services from community water systems serving water which carries 

constituent concentrations between the Upper and Short Term contaminant levels shall be 

approved only: 

(1) If adequate progress is being demonstrated toward providing water of 

improved mineral quality. 

(2) For other compelling reasons approved by the Department. 

 

(f) A community water system may apply to the Department for a waiver from the 

monitoring frequencies specified in subsection (b), if the system has conducted at least 

three rounds of monitoring (three periods for groundwater sources or three years for 

approved surface water sources) and these analytical results are less than the MCLs. The 

water system shall specify the basis for its request. A system with a waiver shall collect a 

minimum of one sample per source while the waiver is in effect and the term of the 

waiver shall not exceed one compliance cycle (i.e., nine years). 

 

(g) Nontransient-noncommunity and transient-noncommunity water systems shall 

monitor their sources or distribution system entry points   representative of the effluent of 

source treatment for bicarbonate, carbonate, and hydroxide alkalinity, calcium, iron, 

magnesium, manganese, pH, specific  conductance, sodium, and total hardness at least 

once.   In addition, nontransient-noncommunity water systems shall monitor for the 

constituents in Tables 64449-A and B at least once. 

 

§64449.2. Waivers for Secondary MCL Compliance.  

(a) If the average of four consecutive quarters of sample results for a constituent that 

does not have a primary MCL is not greater than three times the secondary MCL or 

greater than the State Notification Level, an existing community water system is eligible 

to apply for a nine-year waiver of a secondary MCL in Table 64449-A, for the following: 

(1) An existing source; or 

(2) A new source that is being added to the existing water system, as long as: 

(A) The source is not being added to expand system capacity for further 

development; and 

(B) The concentration of the constituent of concern in the new source would 

not cause the average value of the constituent’s concentration at any point in the water 

delivered by the system to increase by more than 20%. 

 

(b) To apply for a waiver of a secondary MCL, the community water system shall 

conduct and submit a study to the Department within one year of violating the MCL that 

includes the following: 
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(1)  The water system complaint log, maintained pursuant to section 64470(a), 

along with any other evidence of customer dissatisfaction, such as a log of calls to the 

county health Department; 

(2) An engineering report, prepared by an engineer registered in California with 

experience in drinking water treatment, that evaluates all reasonable alternatives and 

costs for bringing the water system into MCL compliance and includes a 

recommendation for the most cost-effective and feasible approach; 

(3) The results of a customer survey distributed to all the water system’s billed 

customers that has first been approved by the Department based on whether it includes: 

(A) Estimated costs to individual customers of the most cost-effective 

alternatives presented in the engineering report that are acceptable to the Department 

based on its review of their effectiveness and feasibility; 

(B) The query:  ―Are you willing to pay for (identify constituent) reduction 

treatment?‖;  

(C) The query:  ―Do you prefer to avoid the cost of treatment and live with the 

current water quality situation?‖ 

(D) The statement:  ―If you do not respond to this survey, (insert system 

name) will assume that you are in support of the reduction treatment recommended by the 

engineering report.‖ 

(4) A brief report (agenda, list of attendees, and transcript) of a public  

meeting held by the water system to which customers were invited, and at which both the 

tabulated results of the customer survey and the engineering report were presented with a 

request for input from the public. 

 

(c) A community water system may apply for a waiver for iron and/or manganese if, 

in addition to meeting the requirements in Subsection (b), an average of four consecutive 

quarter results for the source has not exceeded a State Notification Level for iron and/or 

manganese.  In addition, the system shall include sequestering, as follows: 

(1) As one of the alternatives evaluated in the Engineering Report; 

(2) In the customer survey as a query:  ―Are you willing to pay for iron and/or 

manganese sequestering treatment?‖ 

 

(d) Unless 50% or more of the billed customers respond to the survey, the community 

water system shall conduct another survey pursuant to Subsections (b) or (c) within three 

months from the date of the survey by sending the survey out to either all the customers 

again, or only the customers that did not respond to the survey.  The water system shall 

not be eligible for a waiver until it achieves at least a 50% response rate on the survey. 

 

(e) If the customer survey indicates that the percentage of billed customers that voted 

for constituent reduction treatment and the number of billed customers that did not 

respond to the survey at all exceeds 50% of the total number of billed customers, the 

community water system shall install treatment, except as provided in Subsection (f), 

within three years from the date the system completed the customer survey, pursuant to a 

schedule established by the Department. 



NOTE:  This publication is meant to be an aid to the staff of the CDPH Drinking Water Program and 

cannot be relied upon by the regulated community as the State of California‘s representation of the law.  

The published codes are the only official representation of the law. Refer to the published codes—in this 

case, 17 CCR and 22 CCR—whenever specific citations are required.  Statutes related to CDPH‘s drinking 

water-related activities are in the Health & Safety Code, the Water Code, and other codes. 

 

 

Last updated July 1, 2013—from Titles 17 and 22 California Code of Regulations 

California Regulations Related to Drinking Water 

139 

 

(f) For iron and/or manganese MCL waiver applications, if the percentage of survey 

respondents that voted for constituent reduction treatment plus the percentage of survey 

respondents that voted for sequestering exceeds the percentage that voted to avoid the 

cost and maintain the current water quality situation, the community water system shall 

implement either constituent reduction treatment or sequestering, on the basis of which 

was associated with the higher percentage result.  If the highest percentage result is for 

sequestering, the system shall submit a sequestering implementation and assessment plan 

to the Department that includes: 

(1) A description of the pilot testing or other type of evaluation performed to 

determine the most effective sequestering agent for use in the system’s water; 

(2) The sequestering agent feed rate and the equipment to be used to insure that 

the rate is maintained for each source; 

(3) An operations plan; and 

(4) The projected cost of sequestering including capital, operations and 

maintenance costs. 

 

(g) To apply for renewal of a waiver for a subsequent nine years, the system shall 

request approval from the Department at least six months prior to the end of the current 

waiver period.  The renewal request shall include all monitoring and treatment operations 

data for the constituent for which the waiver had been granted and any related customer 

complaints submitted to the water system.  Based on its review of the data and customer 

complaints, the Department may require the water system to conduct another customer 

survey pursuant to this section before making a determination on the waiver renewal. 

 

§64449.4. Use of Sources that Exceed a Secondary MCL and Do Not Have a Waiver.  

A source that exceeds one or more of the secondary MCLs in Table 64449-A and does 

not have a waiver may be used only if the source meets the requirements in Section 

64414, and the community water system: 

(a) Meters the source's monthly production and submits the results to the Department 

by the 10th day of the next month;    

 

(b) Counts any part of a day as a full day for purposes of determining compliance 

with Section 64414(c);    

 

(c) As a minimum, conducts public notification by including information on the 

source's use (dates, constituent levels, and reasons) in the Consumer Confidence Report 

(Sections 64480 through 64483);    

 

(d) Provides public notice prior to use of the source by electronic media, publication 

in a local newspaper, and/or information in the customer billing, if the situation is such 

that the water system can anticipate the use of the source (e.g., to perform water system 

maintenance); and    
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(e) Takes corrective measures such as flushing after the source is used to minimize 

any residual levels of the constituent in the water distribution system. 

 

§64449.5. Distribution System Physical Water Quality. 

(a) The water supplier shall determine the physical water quality in the distribution 

system. This determination shall be based on one or more of the following: 

(1) Main flushing operations and flushing records.  

(2) Consumer complaint records showing location, nature and duration of the 

physical water quality problem.   

(3) Other pertinent data relative to physical water quality in the distribution 

system.   

 

(b) If the Department determines that a water system does not have sufficient data on 

physical water quality in the distribution system to make the determination required in 

paragraph (a), the water supplier shall collect samples for the following general physical 

analyses: color, odor, and turbidity. Samples shall be collected from representative points 

in the distribution system: 

(1) For community water systems with 200 to 1,000 service connections: one 

sample per month.   

(2) For community water systems with greater than 1,000 service connections: 

one sample for every four bacteriological samples required per month.   

(3) For community water systems with less than 200 service connections: as 

established by the local health officer or the Department.  

 

(c) Odor samples required as a part of general physical analyses may be examined in 

the field as per Section 64415(b). 

 

(d) The distribution system water of public water systems shall be free from 

significant amounts of particulate matter. 

 

Article 18. Notification of Water Consumers and the Department 
§64463. General Public Notification Requirements. 

(a) Each public (community, nontransient-noncommunity and transient-

noncommunity) water system shall give public notice to persons served by the water 

system pursuant to this article.   

 

(b) Each water system required to give public notice shall submit the notice to the 

Department for approval prior to distribution or posting, unless otherwise directed by the 
Department. 

 

(c) Each wholesaler shall give public notice to the owner or operator of each of its 

retailer systems.  A retailer is responsible for providing public notice to the persons it 

serves.   If the retailer arranges for the wholesaler to provide the notification, the retailer 

shall notify the Department prior to the notice being given.  
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(d) Each water system that has a violation of any of the regulatory requirements 

specified in subsections 64463.1(a), 64463.4(a) or 64463.7(a) in a portion of the 

distribution system that is physically or hydraulically isolated from other parts of the 

distribution system may limit distribution of the notice to only persons served by that 

portion of the system that is out of compliance, if the Department has granted written 

approval on the basis of a review of the water system and the data leading to the violation 

or occurrence for which notice is being given. 

 

(e) Each water system shall give new customers public notice of any acute violation 

as specified in subsection 64463.1(a) that occurred within the previous thirty days, any 

continuing violation, the existence of a variance or exemption, and/or any other ongoing 

occurrence that the Department has determined poses a potential risk of adverse effects 

on human health [based on a review of estimated exposures and toxicological data 

associated with the contaminant(s)] and requires a public notice. Notice to new customers 

shall be given as follows: 

(1) Community water systems shall give a copy of the most recent public notice 

prior to or at the time service begins; and 

(2) Noncommunity water systems shall post the most recent public notice in 

conspicuous locations for as long as the violation, variance, exemption, or other 

occurrence continues. 

 

§64463.1. Tier 1 Public Notice.  

(a) A water system shall give public notice pursuant to this section and section 64465 

if any of the following occurs: 

(1) Violation of the total coliform MCL when: 

(A) Fecal coliform or E. coli are present in the distribution system; or  

(B) When any repeat sample tests positive for coliform and the water system 

fails to test for fecal coliforms or E. coli in the repeat sample; 

(2) Violation of the MCL for nitrate, nitrite, or total nitrate and nitrite, or when the 

water system fails to take a confirmation sample within 24 hours of the system’s receipt 

of the first sample showing an exceedance of the nitrate or nitrite MCL; 

(3) Violation of a Chapter 17 treatment technique requirement resulting from a 

single exceedance of a maximum allowable turbidity level if: 

(A) The Department determines after consultation with the water system and a 

review of the data that a Tier 1 public notice is required; or 

(B) The consultation between the Department and the water system does not 

take place within 24 hours after the water system learns of the violation; 

(4) Occurrence of a waterborne microbial disease outbreak, as defined in section 

64651.91, or other waterborne emergency, a failure or significant interruption in water 

treatment processes, a natural disaster that disrupts the water supply or distribution 

system, or a chemical spill or unexpected loading of possible pathogens into the source 

water that has the potential for adverse effects on human health as a result of short-term 

exposure; 
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(5) Other violation or occurrence that has the potential for adverse effects on 

human health as a result of short-term exposure, as determined by the Department based 

on a review of all available toxicological and analytical data;  

(6) Violation of the MCL for perchlorate or when a system is unable to resample 

within 48 hours of the system’s receipt of the first sample showing an exceedance of the 

perchlorate MCL as specified in section 64432.3(d)(3); 

(7) For chlorite: 

(A) Violation of the MCL for chlorite; 

(B) When a system fails to take the required sample(s) within the distribution 

system, on the day following an exceedance of the MCL at the entrance to the 

distribution system; or 

(C) When a system fails to take a confirmation sample pursuant to section 

64534.2(b)(4); or 

(8) Violation of the MRDL for chlorine dioxide; or when a system fails to take the 

required sample(s) within the distribution system, on the day following an exceedance of 

the MRDL at the entrance to the distribution system. 

 

(b) As soon as possible within 24 hours after learning of any of the violations in 

subsection (a) or being notified by the Department that it has determined there is a 

potential for adverse effects on human health [pursuant to paragraph (a)(4), (5), or (6)], 

the water system shall: 

(1) Give public notice pursuant to this section; 

(2) Initiate consultation with the Department within the same timeframe; and 

(3) Comply with any additional public notice requirements that are determined by 

the consultation to be necessary to protect public health. 

 

(c) A water system shall deliver the public notice in a manner designed to reach 

residential, transient, and nontransient users of the water system and shall use, as a 

minimum, one of the following forms: 

(1) Radio or television; 

(2) Posting in conspicuous locations throughout the area served by the water 

system; 

(3) Hand delivery to persons served by the water system; or 

(4) Other method approved by the Department, based on the method’s ability to 

inform water system users. 

 

§64463.4. Tier 2 Public Notice.  

(a) A water system shall give public notice pursuant to this section if any of the 

following occurs: 

(1) Any violation of the MCL, MRDL, and treatment technique requirements, 

except: 

(A) Where a Tier 1 public notice is required under section 64463.1; or 

(B) Where the Department determines that a Tier 1 public notice is required, 

based on potential health impacts and persistence of the violations; 
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(2) All violations of the monitoring and testing procedure requirements in sections 

64421 through 64426.1, article 3 (Primary Standards – Bacteriological Quality), for 

which the Department determines that a Tier 2 rather than a Tier 3 public notice is 

required, based on potential health impacts and persistence of the violations; 

(3) Other violations of the monitoring and testing procedure requirements in this 

chapter, and chapters 15.5, 17 and 17.5, for which the Department determines that a Tier 

2 rather than a Tier 3 public notice is required, based on potential health impacts and 

persistence of the violations; or 

(4) Failure to comply with the terms and conditions of any variance or exemption 

in place. 

 

(b) A water system shall give the notice as soon as possible within 30 days after it 

learns of a violation or occurrence specified in subsection (a), except that the water 

system may request an extension of up to 60 days for providing the notice.  This 

extension would be subject to the Department’s written approval based on the violation 

or occurrence having been resolved and the Department’s determination that public 

health and welfare would in no way be adversely affected.  In addition, the water system 

shall: 

(1) Maintain posted notices in place for as long as the violation or occurrence 

continues, but in no case less than seven days; 

(2) Repeat the notice every three months as long as the violation or occurrence 

continues.  Subject to the Department’s written approval based on its determination that 

public health would in no way be adversely affected, the water system may be allowed to 

notice less frequently but in no case less than once per year.  No allowance for reduced 

frequency of notice shall be given in the case of a total coliform MCL violation or 

violation of a Chapter 17 treatment technique requirement; and 

(3) For turbidity violations pursuant to sections 64652.5(c)(2) and 64653(c), (d) 

and (f), as applicable, a water system shall consult with the Department as soon as 

possible within 24 hours after the water system learns of the violation to determine 

whether a Tier 1 public notice is required.  If consultation does not take place within 24 

hours, the water system shall give Tier 1 public notice within 48 hours after learning of 

the violation. 

 

(c) A water system shall deliver the notice, in a manner designed to reach persons 

served, within the required time period as follows: 

(1) Unless otherwise directed by the Department in writing based on its 

assessment of the violation or occurrence and the potential for adverse effects on public 

health and welfare, community water systems shall give public notice by; 

(A) Mail or direct delivery to each customer receiving a bill including those 

that provide their drinking water to others (e.g., schools or school systems, apartment 

building owners, or large private employers), and other service connections to which 

water is delivered by the water system; and 
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(B) Use of one or more of the following methods to reach persons not likely to 

be reached by a mailing or direct delivery (renters, university students, nursing home 

patients, prison inmates, etc.): 

1. Publication in a local newspaper; 

2. Posting in conspicuous public places served by the water system, or on 

the Internet; or 

3. Delivery to community organizations. 

(2) Unless otherwise directed by the Department in writing based on its 

assessment of the violation or occurrence and the potential for adverse effects on public 

health and welfare, noncommunity water systems shall give the public notice by: 

(A) Posting in conspicuous locations throughout the area served by the water 

system; and 

(B) Using one or more of the following methods to reach persons not likely to 

be reached by a public posting: 

1. Publication in a local newspaper or newsletter distributed to customers; 

2. E-mail message to employees or students; 

3. Posting on the Internet or intranet; or 

4. Direct delivery to each customer. 

 

§64463.7. Tier 3 Public Notice.  

(a) Each water system shall give public notice pursuant to this section if any of the 

following occurs: 

(1) Monitoring violations;  

(2) Failure to comply with a testing procedure, except where a Tier 1 public 

notice is required pursuant to section 64463.1 or the Department determines that a Tier 2 

public notice is required pursuant to section 64463.4; or  

(3) Operation under a variance or exemption. 

 

(b) Each water system shall give the public notice within one year after it learns of the 

violation or begins operating under a variance or exemption.   

(1) The water system shall repeat the public notice annually for as long as the 

violation, variance, exemption, or other occurrence continues.  

(2) Posted public notices shall remain in place for as long as the violation, 

variance, exemption, or other occurrence continues, but in no case less than seven days. 

(3) Instead of individual Tier 3 public notices, a water system may use an annual 

report detailing all violations and occurrences for the previous twelve months, as long as 

the water system meets the frequency requirements specified in this subsection.   

 

(c) Each water system shall deliver the notice in a manner designed to reach persons 

served within the required time period, as follows:     

(1) Unless otherwise directed by the Department in writing based on its 

assessment of the violation or occurrence and the potential for adverse effects on public 

health and welfare, community water systems shall give public notice by 
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(A) Mail or direct delivery to each customer receiving a bill including those 

that provide their drinking water to others (e.g., schools or school systems, apartment 

building owners, or large private employers), and other service connections to which 

water is delivered by the water system; and  

(B) Use of one or more of the following methods to reach persons not likely to 

be reached by a mailing or direct delivery (renters, university students, nursing home 

patients, prison inmates, etc.): 

1. Publication in a local newspaper; 

2. Posting in conspicuous public places served by the water system, or on 

the Internet; or 

3. Delivery to community organizations. 

(2) Unless otherwise directed by the Department in writing based on its 

assessment of the violation or occurrence and the potential for adverse effects on public 

health and welfare, noncommunity water systems shall give the public notice by: 

(A) Posting in conspicuous locations throughout the area served by the water 

system; and 

(B) Using one or more of the following methods to reach persons not likely to 

be reached by a posting: 

1. Publication in a local newspaper or newsletter distributed to customers; 

2. E-mail message to employees or students;  

3. Posting on the Internet or intranet; or 

4. Direct delivery to each customer. 

 

(d) Community and nontransient-noncommunity water systems may use the 

Consumer Confidence Report pursuant to sections 64480 through 64483, to meet the 

initial and repeat Tier 3 public notice requirements in subsection 64463.7(b), as long as 

the Report meets the following: 

(1) Is given no later than one year after the water system learns of the violation or 

occurrence; 

(2) Includes the content specified in section 64465; and 

(3) Is distributed pursuant to paragraph (b)(1) and (2) or subsection (c). 

 

§64465. Public Notice Content and Format. 

(a) Each public notice given pursuant to this article, except Tier 3 public notices for 

variances and exemptions pursuant to subsection (b), shall contain the following: 

(1) A description of the violation or occurrence, including the contaminant(s) of 

concern, and (as applicable) the contaminant level(s); 

(2) The date(s) of the violation or occurrence; 

(3) Any potential adverse health effects from the violation or occurrence, 

including the appropriate standard health effects language from appendices 64465-A 

through G; 

(4) The population at risk, including subpopulations particularly vulnerable if 

exposed to the contaminant in drinking water; 

(5) Whether alternative water supplies should be used; 
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(6) What actions consumers should take, including when they should seek 

medical help, if known; 

(7) What the water system is doing to correct the violation or occurrence; 

(8) When the water system expects to return to compliance or resolve the 

occurrence; 

(9) The name, business address, and phone number of the water system owner, 

operator, or designee of the water system as a source of additional information 

concerning the public notice;  

(10) A statement to encourage the public notice recipient to distribute the public 

notice to other persons served, using the following standard language:  ―Please share this 

information with all the other people who drink this water, especially those who may not 

have received this public notice directly (for example, people in apartments, nursing 

homes, schools, and businesses).  You can do this by posting this public notice in a public 

place or distributing copies by hand or mail‖; and 

(11) For a water system with a monitoring and testing procedure violation, this 

language shall be included:  ―We are required to monitor your drinking water for specific 

contaminants on a regular basis.  Results of regular monitoring are an indicator of 

whether or not your drinking water meets health standards.  During [compliance period 

dates], we [‗did not monitor or test‘ or ‗did not complete all monitoring or testing‘] for 

[contaminant(s)], and therefore, cannot be sure of the quality of your drinking water 

during that time.‖ 

 

(b) A Tier 3 public notice for a water system operating under a variance or exemption 

shall include the elements in this subsection.  If a water system has violated its variance 

or exemption conditions, the public notice shall also include the elements in subsection 

(a). 

(1) An explanation of the reasons for the variance or exemption; 

(2) The date on which the variance or exemption was issued; 

(3) A brief status report on the steps the water system is taking to install 

treatment, find alternative sources of water, or otherwise comply with the terms and 

schedules of the variance or exemption; and 

(4) A notice of any opportunity for public input in the review of the variance or 

exemption. 

 

(c) Each public notice given pursuant to this article shall contain information in 

Spanish regarding the importance of the notice, or contain a telephone number or address 

where Spanish-speaking residents may contact the water system to obtain a translated 

copy of the public notice or assistance in Spanish.  For each non-English speaking group 

other than Spanish-speaking that exceeds 1,000 residents or 10% of the residents in the 

community served, whichever is less, the public notice shall: 

(1) Contain information in the appropriate language(s) regarding the importance 

of the notice, or  



NOTE:  This publication is meant to be an aid to the staff of the CDPH Drinking Water Program and 

cannot be relied upon by the regulated community as the State of California‘s representation of the law.  

The published codes are the only official representation of the law. Refer to the published codes—in this 

case, 17 CCR and 22 CCR—whenever specific citations are required.  Statutes related to CDPH‘s drinking 

water-related activities are in the Health & Safety Code, the Water Code, and other codes. 

 

 

Last updated July 1, 2013—from Titles 17 and 22 California Code of Regulations 

California Regulations Related to Drinking Water 

147 

(2) Contain a telephone number or address where such residents may contact the 

water system to obtain a translated copy of the notice or assistance in the appropriate 

language.  

 

(d) Each public notice given pursuant to this article shall: 

(1) Be displayed such that it catches people’s attention when printed or posted and 

be formatted in such a way that the message in the public notice can be understood at the 

eighth-grade level; 

(2) Not contain technical language beyond an eighth-grade level or print smaller 

than 12 point; and 

(3) Not contain language that minimizes or contradicts the information being 

given in the public notice. 

 

Appendix 64465-A. Health Effects Language  

Microbiological Contaminants. 

 

Contaminant Health Effects language 

Total Coliform Coliforms are bacteria that are naturally present in the environment 

and are used as an indicator that other, potentially-harmful, bacteria 

may be present. Coliforms were found in more samples than 

allowed and this was a warning of potential problems. 

Fecal coliform/E.Coli Fecal coliforms and E. coli are bacteria whose presence indicates 

that the water may be contaminated with human or animal wastes. 

Microbes in these wastes can cause short-term effects, such as 

diarrhea, cramps, nausea, headaches, or other symptoms. They may 

pose a special health risk for infants, young children, some of the 

elderly, and people with severely compromised immune systems. 

Turbidity Turbidity has no health effects. However, high levels of turbidity 

can interfere with disinfection and provide a medium for microbial 

growth. Turbidity may indicate the presence of disease-causing 

organisms. These organisms include bacteria, viruses, and parasites 

that can cause symptoms such as nausea, cramps, diarrhea, and 

associated headaches. 
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Appendix 64465-B.  Health Effects Language 

Surface Water Treatment  

 

Contaminant Health Effects language 

Giardia lamblia 

Viruses 

Heterotrophic plate   

count bacteria 

Legionella 

Cryptosporidium 

Inadequately treated water may contain disease-causing organisms.  

These organisms include bacteria, viruses, and parasites that can cause 

symptoms such as nausea, cramps, diarrhea, and associated headaches. 

 

 

Appendix 64465-C.  Health Effects Language 

Radioactive Contaminants. 

 

Contaminant Health Effects Language 

Gross Beta particle activity Certain minerals are radioactive and may emit forms of radiation 

known as photons and beta radiation. Some people who drink 

water containing beta and photon emitters in excess of the MCL 

over many years may have an increased risk of getting cancer. 

Strontium-90 Some people who drink water containing strontium-90 in excess 

of the MCL over many years may have an increased risk of 

getting cancer. 

Tritium Some people who drink water containing tritium in excess of the 

MCL over many years may have an increased risk of getting 

cancer. 

Gross Alpha particle activity Certain minerals are radioactive and may emit a form of radiation 

known as alpha radiation. Some people who drink water 

containing alpha emitters in excess of the MCL over many years 

may have an increased risk of getting cancer. 

Combined Radium 226/228 Some people who drink water containing radium 226 or 228 in 

excess of the MCL over many years may have an increased risk 

of getting cancer. 

Uranium Some people who drink water containing uranium in excess of the 

MCL over many years may have kidney problems or an increased 

risk of getting cancer. 
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Appendix 64465-D.  Health Effects Language 

Inorganic Contaminants. 

 

Contaminant Health Effects Language 

Aluminum Some people who drink water containing aluminum in excess of the MCL over 

many years may experience short-term gastrointestinal tract effects. 

Antimony Some people who drink water containing antimony in excess of the MCL over 

many years may experience increases in blood cholesterol and decreases in 

blood sugar. 

Arsenic Some people who drink water containing arsenic in excess of the MCL over 

many years may experience skin damage or circulatory system problems, and 

may have an increased risk of getting cancer. 

Asbestos Some people who drink water containing asbestos in excess of the MCL over 

many years may have an increased risk of developing benign intestinal polyps. 

Barium Some people who drink water containing barium in excess of the MCL over 

many years may experience an increase in blood pressure. 

Beryllium Some people who drink water containing beryllium in excess of the MCL over 

many years may develop intestinal lesions. 

Cadmium Some people who drink water containing cadmium in excess of the MCL over 

many years may experience kidney damage. 

Chromium Some people who use water containing chromium in excess of the MCL over 

many years may experience allergic dermatitis. 

Copper Copper is an essential nutrient, but some people who drink water containing 

copper in excess of the action level over a relatively short amount of time may 

experience gastrointestinal distress. Some people who drink water containing 

copper in excess of the action level over many years may suffer liver or kidney 

damage. People with Wilson’s Disease should consult their personal doctor. 

Cyanide Some people who drink water containing cyanide in excess of the MCL over 

many years may experience nerve damage or thyroid problems. 

Fluoride For the Consumer Confidence Report:  Some people who drink water 

containing fluoride in excess of the federal MCL of 4 mg/L over many years 

may get bone disease, including pain and tenderness of the bones. Children 

who drink water containing fluoride in excess of the state MCL of 2 mg/L may 

get mottled teeth. 

For a Public Notice:   This is an alert about your drinking water and a 

cosmetic dental problem that might affect children under nine years of age.  At 

low levels, fluoride can help prevent cavities, but children drinking water 

containing more than 2 milligrams per liter (mg/L) of fluoride may develop 

cosmetic discoloration of their permanent teeth (dental fluorosis).  The 

drinking water provided by your community water system [name] has a 

fluoride concentration of [insert value] mg/L. 

Dental fluorosis may result in a brown staining and/or pitting of the permanent 

teeth.  This problem occurs only in developing teeth, before they erupt from 

the gums.  Children under nine should be provided with alternative sources of 



NOTE:  This publication is meant to be an aid to the staff of the CDPH Drinking Water Program and 

cannot be relied upon by the regulated community as the State of California‘s representation of the law.  

The published codes are the only official representation of the law. Refer to the published codes—in this 

case, 17 CCR and 22 CCR—whenever specific citations are required.  Statutes related to CDPH‘s drinking 

water-related activities are in the Health & Safety Code, the Water Code, and other codes. 

 

 

Last updated July 1, 2013—from Titles 17 and 22 California Code of Regulations 

California Regulations Related to Drinking Water 

150 

drinking water or water that has been treated to remove the fluoride to avoid 

the possibility of staining and pitting of their permanent teeth.  You may also 

want to contact your dentist about proper use by young children of fluoride-

containing products.  Older children and adults may safely drink the water. 

Drinking water containing more than 4 mg/L of fluoride can increase your risk 

of developing bone disease. 

For more information, please call [water system contact name] of [water 

system name] at [phone number].  Some home water treatment units are also 

available to remove fluoride from drinking water.  To learn more about 

available home water treatment units, you may call the California Department 

of Public Health’s Water Treatment Device Unit at (916) 449-5600. 

Lead Infants and children who drink water containing lead in excess of the action 

level may experience delays in their physical or mental development. Children 

may show slight deficits in attention span and learning abilities. Adults who 

drink this water over many years may develop kidney problems or high blood 

pressure. 

Mercury Some people who drink water containing mercury in excess of the MCL over 

many years may experience mental disturbances, or impaired physical 

coordination, speech and hearing. 

Nickel Some people who drink water containing nickel in excess of the MCL over 

many years may experience liver and heart effects. 

Nitrate Infants below the age of six months who drink water containing nitrate in 

excess of the MCL may quickly become seriously ill and, if untreated, may die 

because high nitrate levels can interfere with the capacity of the infant’s blood 

to carry oxygen. Symptoms include shortness of breath and blueness of the 

skin.  High nitrate levels may also affect the oxygen-carrying ability of the 

blood of pregnant women. 

Nitrite Infants below the age of six months who drink water containing nitrite in 

excess of the MCL may become seriously ill and, if untreated, may die. 

Symptoms include shortness of breath and blueness of the skin. 

Perchlorate Perchlorate has been shown to interfere with uptake of iodide by the thyroid 

gland, and to thereby reduce the production of thyroid hormones, leading to 

adverse affects associated with inadequate hormone levels.  Thyroid hormones 

are needed for normal prenatal growth and development of the fetus, as well as 

for normal growth and development in the infant and child.  In adults, thyroid 

hormones are needed for normal metabolism and mental function. 

Selenium Selenium is an essential nutrient. However, some people who drink water 

containing selenium in excess of the MCL over many years may experience 

hair or fingernail losses, numbness in fingers or toes, or circulation system 

problems. 

Thallium Some people who drink water containing thallium in excess of the MCL over 

many years may experience hair loss, changes in their blood, or kidney, 

intestinal, or liver problems. 
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Appendix 64465-E.  Health Effects Language 

Volatile Organic Contaminants. 

 

Contaminant Health Effects Language 

Benzene Some people who use water containing benzene in excess of the MCL 

over many years may experience anemia or a decrease in blood 

platelets, and may have an increased risk of getting cancer. 

Carbon Tetrachloride Some people who use water containing carbon tetrachloride in excess 

of the MCL over many years may experience liver problems and may 

have an increased risk of getting cancer. 

1,2-Dichlorobenzene Some people who drink water containing 1,2-dichlorobenzene in excess 

of the MCL over many years may experience liver, kidney, or 

circulatory system problems. 

1,4-Dichlorobenzene Some people who use water containing 1,4-dichlorobenzene in excess 

of the MCL over many years may experience anemia, liver, kidney, or 

spleen damage, or changes in their blood. 

1,1-Dichloroethane Some people who use water containing 1,1-dichloroethane in excess of 

the MCL over many years may experience nervous system or 

respiratory problems. 

1,2-Dichloroethane Some people who use water containing 1,2- dichloroethane in excess of 

the MCL over many years may have an increased risk of getting cancer. 

1,1-Dichloroethylene Some people who use water containing 1,1-dichloroethylene in excess 

of the MCL over many years may experience liver problems. 

cis-1,2-

Dichloroethylene 

Some people who use water containing cis-1,2-dichloroethylene in 

excess of the MCL over many years may experience liver problems. 

trans-1,2-

Dichloroethylene 

Some people who drink water containing trans-1,2-dichloroethylene in 

excess of the MCL over many years may experience liver problems. 

Dichloromethane Some people who drink water containing dichloromethane in excess of 

the MCL over many years may experience liver problems and may 

have an increased risk of getting cancer. 

1,2-Dichloropropane Some people who use water containing 1,2-dichloropropane in excess 

of the MCL over many years may have an increased risk of getting 

cancer. 

1,3-Dichloropropene Some people who use water containing 1,3-dichloropropene in excess 

of the MCL over many years may have an increased risk of getting 

cancer. 

Ethylbenzene Some people who use water containing ethylbenzene in excess of the 

MCL over many years may experience liver or kidney problems. 

Methyl-tert-butyl ether  Some people who use water containing methyl-tert-butyl ether in 

excess of the MCL over many years may have an increased risk of 

getting cancer. 
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Monochlorobenzene Some people who use water containing monochlorobenzene in excess 

of the MCL over many years may experience liver or kidney problems. 

Styrene Some people who drink water containing styrene in excess of the MCL 

over many years may experience liver, kidney, or circulatory system 

problems. 

1,1,2,2-

Tetrachloroethane 

Some people who drinking water containing 1,1,2,2-tetrachloroethane 

in excess of the MCL over many years may experience liver or nervous 

system problems. 

Tetrachloroethylene Some people who use water containing tetrachloroethylene in excess of 

the MCL over many years may experience liver problems, and may 

have an increased risk of getting cancer. 

1,2,4-

Trichlorobenzene 

Some people who use water containing 1,2,4-trichlorobenzene in 

excess of the MCL over many years may experience adrenal gland 

changes. 

1,1,1,-Trichloroethane Some people who use water containing 1,1,1-trichloroethane in excess 

of the MCL over many years may experience liver, nervous system, or 

circulatory system problems. 

1,1,2-Trichloroethane Some people who use water containing 1,1,2- trichloroethane in excess 

of the MCL over many years may experience liver, kidney, or immune 

system problems. 

Trichloroethylene 

(TCE) 

Some people who use water containing trichloroethylene in excess of 

the MCL over many years may experience liver problems and may 

have an increased risk of getting cancer. 

Toluene Some people who use water containing toluene in excess of the MCL 

over many years may experience nervous system, kidney, or liver 

problems. 

Trichlorofluoro-

methane 

Some people who use water containing trichlorofluoromethane in 

excess of the MCL over many years may experience liver problems. 

1,1,2-Trichloro-1,2,2-

trifluoroethane 

Some people who use water containing 1,1,2-trichloro-1,2,2-

trichfluoroethane in excess of the MCL over many years may 

experience liver problems. 

Vinyl Chloride Some people who use water containing vinyl chloride in excess of the 

MCL over many years may have an increased risk of getting cancer. 

Xylenes Some people who use water containing xylenes in excess of the MCL 

over many years may experience nervous system damage. 
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Appendix 64465-F.  Health Effects Language  

Synthetic Organic Contaminants. 

 

Contaminant Health Effects Language 

2,4-D Some people who use water containing the weed killer 2,4-D in excess of 

the MCL over many years may experience kidney, liver, or adrenal gland 

problems. 

2,4,5-TP (Silvex) Some people who drink water containing Silvex in excess of the MCL 

over many years may experience liver problems. 

Alachlor Some people who use water containing alachlor in excess of the MCL 

over many years may experience eye, liver, kidney, or spleen problems, or 

experience anemia, and may have an increased risk of getting cancer. 

Atrazine Some people who use water containing atrazine in excess of the MCL 

over many years may experience cardiovascular system problems or 

reproductive difficulties. 

Bentazon Some people who drink water containing bentazon in excess of the MCL 

overy many year may experience prostate and gastrointestinal effects. 

Benzo(a)pyrene 

[PAH] 

Some people who use water containing benzo(a)pyrene in excess of the 

MCL over many years may experience reproductive difficulties and may 

have an increased risk of getting cancer. 

Carbofuran Some people who use water containing carbofuran in excess of the MCL 

over many years may experience problems with their blood, or nervous or 

reproductive system problems. 

Chlordane Some people who use water containing chlordane in excess of the MCL 

over many years may experience liver or nervous system problems, and 

may have an increased risk of getting cancer. 

Dalapon Some people who drink water containing dalapon in excess of the MCL 

over many years may experience minor kidney changes. 

Dibromochloro-

propane (DBCP) 

Some people who use water containing DBCP in excess of the MCL over 

many years may experience reproductive difficulties and may have an 

increased risk of getting cancer. 

Di (2-ethylhexyl) 

adipate 

Some people who drink water containing di(2-ethylhexyl) adipate in 

excess of the MCL over many years may experience weight loss, liver 

enlargement, or possible reproductive  difficulties. 

Di (2-ethylhexyl) 

phthalate 

Some people who use water containing di(2-ethylhexyl) phthalate well in 

excess of the MCL over many years may experience liver problems or 

reproductive difficulties, and may have an increased risk of getting cancer. 

Dinoseb Some people who drink water containing dinoseb in excess of the MCL 

over many years may experience reproductive difficulties. 

Dioxin (2,3,7,8-

TCDD): 

Some people who use water containing dioxin in excess of the MCL over 

many years may experience reproductive difficulties and may have an 

increased risk of getting cancer. 

Diquat Some people who drink water containing diquat in excess of the MCL 



NOTE:  This publication is meant to be an aid to the staff of the CDPH Drinking Water Program and 

cannot be relied upon by the regulated community as the State of California‘s representation of the law.  

The published codes are the only official representation of the law. Refer to the published codes—in this 

case, 17 CCR and 22 CCR—whenever specific citations are required.  Statutes related to CDPH‘s drinking 

water-related activities are in the Health & Safety Code, the Water Code, and other codes. 

 

 

Last updated July 1, 2013—from Titles 17 and 22 California Code of Regulations 

California Regulations Related to Drinking Water 

154 

over many years may get cataracts. 

Endothall Some people who drink water containing endothall in excess of the MCL 

over many years may experience stomach or intestinal problems. 

Endrin Some people who drink water containing endrin in excess of the MCL 

over many years may experience liver problems. 

Ethylene dibromide 

(EDB) 

Some people who use water containing ethylene dibromide in excess of 

the MCL over many years may experience liver, stomach, reproductive 

system, or kidney problems, and may have an increased risk of getting 

cancer. 

Glyphosate Some people who drink water containing glyphosate in excess of the MCL 

over many years may experience kidney problems or reproductive 

difficulties. 

Heptachlor Some people who use water containing heptachlor in excess of the MCL 

over many years may experience liver damage and may have an increased 

risk of getting cancer. 

Heptachlor epoxide Some people who use water containing heptachlor epoxide in excess of 

the MCL over many years may experience liver damage, and may have an 

increased risk of getting cancer. 

Hexachlorobenzene Some people who drink water containing hexachlorobenzene in excess of 

the MCL over many years may experience liver or kidney problems, or 

adverse reproductive effects, and may have an increased risk of getting 

cancer. 

Hexachlorocyclo-

pentadiene 

Some people who use water containing   hexachlorocyclopentadiene in 

excess of the MCL over many years may experience kidney or stomach 

problems. 

Lindane Some people who drink water containing lindane in excess of the MCL 

over many years may experience kidney or liver problems. 

Methoxychlor Some people who drink water containing methoxychlor in excess of the 

MCL over many years may experience reproductive difficulties. 

Molinate (Ordram) Some people who use water containing molinate in excess of the MCL 

over many years may experience reproductive effects. 

Oxamyl [Vydate]: Some people who drink water containing oxamyl in excess of the MCL 

over many years may experience slight nervous system effects. 

PCBs 

[Polychlorinated 

biphenyls]: 

Some people who drink water containing PCBs in excess of the MCL over 

many years may experience changes in their skin, thymus gland problems, 

immune deficiencies, or reproductive or nervous system difficulties, and 

may have an increased risk of getting cancer. 

Pentachlorophenol Some people who use water containing pentachlorophenol in excess of the 

MCL over many years may experience liver or kidney problems, and may 

have an increased risk of getting cancer. 

Picloram Some people who drink water containing picloram in excess of the MCL 

over many years may experience liver problems. 

Simazine Some people who use water containing simazine in excess of the MCL 
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over many years may experience blood problems. 

Thiobencarb Some people who use water containing thiobencarb in excess of the MCL 

over many years may experience body weight and blood effects. 

Toxaphene Some people who use water containing toxaphene in excess of the MCL 

over many years may experience kidney, liver, or thyroid problems, and 

may have an increased risk of getting cancer. 

 

 

Appendix 64465-G. Health Effects Language  

Disinfection Byproducts, Byproduct Precursors, and Disinfectant Residuals 

 

Contaminant Health Effects language 

TTHMs [Total 

Trihalomethanes]: 

Some people who drink water containing trihalomethanes in excess of 

the MCL over many years may experience liver, kidney, or central 

nervous system problems, and may have an increased risk of getting 

cancer. 

Haloacetic Acids Some people who drink water containing halocetic acids in excess of 

the MCL over many years may have an increased risk of getting 

cancer. 

Bromate Some people who drink water containing bromate in excess of the 

MCL over many years may have an increased risk of getting cancer. 

Chloramines Some people who use water containing chloramines well in excess of 

the MRDL could experience irritating effects to their eyes and nose.  

Some people who drink water containing chloramines well in excess 

of the MRDL could experience stomach discomfort or anemia. 

Chlorine Some people who use water containing chlorine well in excess of the 

MRDL could experience irritating effects to their eyes and nose.  

Some people who drink water containing chlorine well in excess of the 

MRDL could experience stomach discomfort. 

Chlorite Some infants and young children who drink water containing chlorite 

in excess of the MCL could experience nervous system effects.  

Similar effects may occur in fetuses of pregnant women who drink 

water containing chlorite in excess of the MCL.  Some people may 

experience anemia. 

Chlorine dioxide (2 

consecutive daily 

samples at the entry 

point to the distribution 

system that are greater 

than the MRDL) 

Some infants and young children who drink water containing chlorine 

dioxide in excess of the MRDL could experience nervous system 

effects.  Similar effects may occur in fetuses of pregnant women who 

drink water containing chlorine dioxide in excess of the MRDL.  

Some people may experience anemia. 

Add for public notification only:  The chlorine dioxide violations 

reported today are the result of exceedances at the treatment facility 

only, not within the distribution system that delivers water to 

consumers.  Continued compliance with chlorine dioxide levels within 

the distribution system minimizes the potential risk of these violations 
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to consumers. 

Chlorine dioxide (one 

or more distribution 

system samples are 

above the MRDL.) 

 

Some infants and young children who drink water containing chlorine 

dioxide in excess of the MRDL could experience nervous system 

effects.  Similar effects may occur in fetuses of pregnant women who 

drink water containing chlorine dioxide in excess of the MRDL.  

Some people may experience anemia. 

Add for public notification only:  The chlorine dioxide violations 

reported today include exceedances of the State standard within the 

distribution system that delivers water to consumers.  These violations 

may harm human health based on short-term exposures.  Certain 

groups, including fetuses, infants, and young children, may be 

especially susceptible to nervous system effects from excessive 

chlorine dioxide exposure. 

Control of DBP 

precursors (TOC) 

Total organic carbon (TOC) has no health effects.  However, total 

organic carbon provides a medium for the formation of disinfection 

byproducts.  These byproducts include trihalomethanes (THMs) and 

haloacetic acids (HAAs).  Drinking water containing these byproducts 

in excess of the MCL may lead to adverse health effects, liver or 

kidney problems, or nervous system effects, and may lead to an 

increased risk of getting cancer. 

 

 

Appendix 64465-H. Health Effects Language  

Other Treatment Techniques 

 

Contaminant Health Effects language 

Acrylamide Some people who drink water containing high levels of acrylamide 

over a long period of time may experience nervous system or blood 

problems, and may have an increased risk of getting cancer. 

Epichlorohydrin Some people who drink water containing high levels of 

epichlorohydrin over a long period of time may experience stomach 

problems, and may have an increased risk of getting cancer. 

 

§64466. Special Notice for Unregulated Contaminant Monitoring Results. 

Water systems required to monitor pursuant to section 64450 (Unregulated Chemicals – 

Monitoring) and/or Federal Register 64(180), p 50556-50620, September 17, 1999, shall 

notify persons served by the water system of the availability of the results, as follows: 

(a) No later than 12 months after the results are known; 

 

(b) Pursuant to sections 64463.7(c) and (d)(1) and (3); and 

 

(c) Include a contact and telephone number where information on the results may be 

obtained.   
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§64468.5. Health Effects Language – Disinfectants and Disinfection Byproducts.  
(repealed) 

 

 

Article 19. Records, Reporting and Recordkeeping 
§64469. Reporting Requirements. 

(a) Analytical results of all sample analyses completed in a calendar month shall be 

reported to the Department no later than the tenth day of the following month.   

 

(b) Analytical results of all sample analyses completed by water wholesalers in a 

calendar month shall be reported to retail customers and the Department no later than the 

tenth day of the following month.  

 

(c) Analytical results shall be reported to the Department electronically using the 

Electronic Deliverable Format as defined in The Electronic Deliverable Format [EDF] 

Version 1.2i Guidelines & Restrictions dated April 2001 and Data Dictionary dated April 

2001. 

 

(d) Within 10 days of giving initial or repeat public notice pursuant to Article 18 of 

this Chapter, except for notice given under 64463.7(d), each water system shall submit a 

certification to the Department that it has done so, along with a representative copy of 

each type of public notice given. 

 

§64470. Recordkeeping. 

(a) A water supplier shall maintain records on all water quality and system water 

outage complaints received, both verbal and written, and corrective action taken.  These 

records shall be retained for a period of five years for Department review. 

 

(b) A water supplier shall retain, on or at a convenient location near the water utility 

premises, records as indicated below: 

(1) Records of microbiological analyses and turbidity analyses from at least the 

most recent five years and chemical analyses from at least the most recent 10 years.  

Actual laboratory reports may be kept, or data may be transferred to tabular summaries, 

provided the following information is included: 

(A) The date, place, and time of sampling; and identification of the person 

who collected the sample; 

(B) Identification of the sample as a routine sample, check sample, raw or 

finished water or other special sample; 
(C) Date of report; 

(D) Name of the laboratory and either the person responsible for performing 

the analysis or the laboratory director; 

(E) The analytical technique or method used; and 

(F) The results of the analysis. 
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(2) Records and resultant corrective actions shall be kept not less than three years 

following the final action taken to correct a particular violation; 

(3) Copies of any written reports, summaries, or communications relating to 

sanitary surveys of the system conducted by the water supplier, a private consultant or 

any local, state or federal agency, for not less than 10 years following completion of the 

sanitary survey involved; 

(4) Variances or exemptions granted to the system, for not less than five years 

following the expiration of such variance or exemption; 

(5) Copies of any Tier 1, Tier 2, and Tier 3 public notices, for not less than three 

years; and 

(6)  Copies of monitoring plans developed pursuant to sections 64416, 64422, and 

64534.8 for the same period of time as the records of analyses taken under the plan are 

required to be kept pursuant to paragraph (1). 

 

Article 20. Consumer Confidence Report 
§64480. Applicability and Distribution. 

(a) Except as provided in subsection (b), each community and nontransient-

noncommunity (NTNC) water system shall prepare and deliver the first Consumer 

Confidence Report by July 1, 2001, and subsequent reports by July 1 annually thereafter. 

The first Consumer Confidence Report shall contain data collected during, or prior to, 

calendar year 2000, as prescribed by section 64481(d)(1). Each Consumer Confidence 

Report thereafter shall contain data collected during, or prior to, the previous calendar 

year.    

 

(b) A new community or NTNC water system shall deliver its first Consumer 

Confidence Report by July 1 of the year after its first full calendar year in operation and 

subsequent reports by July 1 annually thereafter.    

 

(c) A community or NTNC water system that sells water to another community or 

NTNC water system shall deliver the applicable information required in section 64481 to 

the purchasing system by no later than April 1 of each year or on a date mutually agreed 

upon by the seller and the purchaser, and specifically included in a contract between the 

parties.   

 

§64481. Content of the Consumer Confidence Report. 

(a) A Consumer Confidence Report shall contain information on the source of the 

water delivered, including: 

(1) The type of water delivered by the water system (e.g., surface water, ground 
water) and the commonly used name (if any) and location of the body (or bodies) of 

water; and 

(2) If a source water assessment has been completed, notification that the 

assessment is available, how to obtain it, the date it was completed or last updated, and a 

brief summary of the system's vulnerability to potential sources of contamination, using 

language provided by the Department if the Department conducted the assessment. 
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(b) For any of the following terms used in the Consumer Confidence Report, the 

water system shall provide the specified language below: 

(1) Regulatory Action Level: ―The concentration of a contaminant which, if 

exceeded, triggers treatment or other requirements that a water system must follow.‖ 

(2) Maximum Contaminant Level or MCL: ―The highest level of a contaminant 

that is allowed in drinking water.  Primary MCLs are set as close to the PHGs (or 

MCLGs) as is economically and technologically feasible.  Secondary MCLs are set to 

protect the odor, taste, and appearance of drinking water.‖ 

(3) Maximum Contaminant Level Goal or MCLG: ―The level of a contaminant in 

drinking water below which there is no known or expected risk to health.  MCLGs are set 

by the U.S. Environmental Protection Agency.‖ 

(4) Public Health Goal or PHG: ―The level of a contaminant in drinking water 

below which there is no known or expected risk to health.  PHGs are set by the California 

Environmental Protection Agency.‖  

(5) Primary Drinking Water Standard or PDWS: ―MCLs, MRDLs, and treatment 

techniques for contaminants that affect health, along with their monitoring and reporting 

requirements.‖  

(6) Treatment technique: ―A required process intended to reduce the level of a 

contaminant in drinking water.‖  

(7) Variances and exemptions: ―Department permission to exceed an MCL or not 

comply with a treatment technique under certain conditions.‖  

(8) Maximum residual disinfectant level or MRDL: ―The highest level of a 

disinfectant allowed in drinking water.  There is convincing evidence that addition of a 

disinfectant is necessary for control of microbial contaminants.‖ 

(9) Maximum residual disinfectant level goal or MRDLG: ―The level of a 

drinking water disinfectant below which there is no known or expected risk to health.  

MRDLGs do not reflect the benefits of the use of disinfectants to control microbial 

contaminants.‖ 

 

(c) If any of the following are detected, information for each pursuant to subsection 

(d) shall be included in the Consumer Confidence Report: 

(1) Contaminants subject to an MCL, regulatory action level, MRDL, or treatment 

technique (regulated contaminants), as specified in sections 64426.1, 64431, 64442, 

64443, 64444, 64448, 64449, 64533, 64533.5, 64536, 64536.2, 64653 and 64678; 

(2) Contaminants specified in 40 Code of Federal Regulations part 141.40 (7-1-

2007 edition) for which monitoring is required (unregulated contaminants); 

(3) Microbial contaminants detected as provided under subsection (e); and 

(4) Sodium and hardness. 

 

(d) For contaminants identified in subsection (c), the water system shall include in the 

Consumer Confidence Report one table or several adjacent tables that have been 

developed pursuant to this subsection.  Any additional monitoring results that a water 
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system chooses to include in its Consumer Confidence Report shall be displayed 

separately. 

(1) The data in the table(s) shall be derived from data collected to comply with 

U.S. Environmental Protection Agency (USEPA) and Department monitoring and 

analytical requirements during calendar year 2000 for the first Consumer Confidence 

Report and subsequent calendar years thereafter.  Where a system is allowed to monitor 

for regulated contaminants less often than once a year, the table(s) shall include the date 

and results of the most recent sampling and the Consumer Confidence Report shall 

include a brief statement indicating that the data presented in the table(s) are from the 

most recent testing done in accordance with the regulations.  No data older than 9 years 

need be included. 

(2) For detected regulated contaminants referenced in subsection (c)(1), the 

table(s) shall include: 

(A) The MCL expressed as a number equal to or greater than 1.0; 

(B) For a primary MCL, the public health goal (PHG) in the same units as the 

MCL; or if no PHG has been set for the contaminant, the table shall include the USEPA 

maximum contaminant level goal in the same units as the MCL; 

(C) For a detected contaminant that does not have an MCL, the table(s) shall 

indicate whether there is a treatment technique or specify the regulatory action level or 

MRDL (and MRDLG) applicable to that contaminant, and the Consumer Confidence 

Report shall include the appropriate language specified in subsection (b); 

(D) For detected contaminants subject to an MCL, except turbidity and total 

coliforms, the sample result(s) collected at compliance monitoring sampling points shall 

be reported in the same units as the MCL as follows: 

1. When compliance is determined by the results of a single sample, an 

initial sample averaged with one or two confirmation sample(s), or an average of four 

quarterly or six monthly samples, results shall be reported as follows: 

A. For a single sampling point, or multiple sampling points for which 

data is being individually listed on the Consumer Confidence Report:  the sample result 

and, if more than one sample was collected, the average and range of the sample results; 

B. For multiple sampling points, each of which has been sampled only 

once and for which data is being summarized together on the Consumer Confidence 

Report: the average and range of the sample results.  If the waters from the sampling 

points are entering the distribution system at the same point, a flow-weighted average 

may be reported; and 

C. For multiple sampling points, one or more of which has been 

sampled more than once and for which data is being summarized together on the 

Consumer Confidence Report: the average of the individual sampling point averages and 

range of all the sample results.  If the waters from the sampling points are entering the 

distribution system at the same point, a flow-weighted average may be reported. 

2. When compliance with the MCL is determined by calculating a running 

annual average of all samples taken at a monitoring location: 

A. The highest running annual average of the monitoring location and 

the range of sample results or, if monitoring locations are summarized together for the 
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Consumer Confidence Report, the highest running annual average of any of the 

monitoring locations and the range of sample results from all the monitoring locations; 

and 

B. For TTHM and HAA5 monitored pursuant to section 64534.2(d):  

the highest locational running annual average (LRAA) for TTHM and HAA5 and the 

range of individual sample results for all monitoring locations.  If more than one location 

exceeds the TTHM or HAA5 MCL, include the LRAA for all locations that exceed the 

MCL. 

3. When compliance with the MCL is determined on a system-wide basis 

by calculating a running annual average of all monitoring location averages: the highest 

running annual average and the range of sample results from all the sampling points.  The 

water system shall include individual sample results for the Individual Distribution 

System Evaluation (IDSE) conducted pursuant to chapter 15.5, section 64530(c), when 

determining the range of TTHM and HAA5 results to be reported for the calendar year 

that the IDSE samples were taken; 

4. When compliance with the MCL is determined on the basis of 

monitoring after treatment installed to remove a contaminant: the average level detected 

in the water entering the distribution system and the range of sample results; and 

5. If an MCL compliance determination was made in the year for which 

sample results are being reported and that determination was based on an average of 

results from both the previous and reporting years, then the compliance determination 

average shall be reported, but the range shall be based only on results from the year for 

which data is being reported. 

(E) For turbidity: 

1. When it is reported pursuant to the requirements of section 64652.5 

(filtration avoidance): the highest value; and 

2. When it is reported pursuant to section 64653 (filtration): the highest 

single measurement based on compliance reporting and the lowest monthly percentage of 

samples meeting the turbidity limits specified in section 64653 for the filtration 

technology being used; 

(F) For lead and copper:  the 90th percentile value of the most recent round of 

sampling, the number of sites sampled, and the number of sampling sites exceeding the 

action level; 

(G) For total coliform: 

1. The highest monthly number of positive samples for systems collecting 

fewer than 40 samples per month; or 

2. The highest monthly percentage of positive samples for systems 

collecting at least 40 samples per month. 

(H) For fecal coliform or E. coli: the total number of positive samples during 

the year; and 

(I) The likely source(s) of detected contaminants for any detected contaminant 

with an MCL.  If the water system lacks specific information on the likely source, the 

table(s) shall include one or more of the typical sources for that contaminant listed in 

appendix 64481-A or 64481-B that are most applicable to the system. 
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(3) The table(s) shall clearly identify any data indicating violations of MCLs, 

regulatory action levels, MRDLs, or treatment techniques and the Consumer Confidence 

Report shall give information on each violation including the length of the violation, 

potential adverse health effects (PDWS only), and actions taken by the system to address 

the violation.  To describe the potential health effects, the system shall use the relevant 

language pursuant to appendices 64465-A through H; and 

(4) For detected unregulated contaminants for which monitoring is required 

(except Cryptosporidium), the table(s) shall contain the average and range at which the 

contaminant was detected. 

 

(e) If the system has performed any monitoring for Cryptosporidium that indicates 

that Cryptosporidium may be present in the source water or the finished water, the 

Consumer Confidence Report shall include a summary of the monitoring results and an 

explanation of their significance. 

 

(f) If the system has performed any monitoring for radon that indicates that radon is 

present in the finished water, the Consumer Confidence Report shall include the 

monitoring results and an explanation of their significance. 

 

(g) For the year covered by the report, the Consumer Confidence Report shall note 

any violations of paragraphs (1) through (7) and give related information, including any 

potential adverse health effects, and the steps the system has taken to correct the 

violation. 

(1) Monitoring and reporting of compliance data. 

(2) Filtration, disinfection, and recycled provisions prescribed by sections 64652, 

64652.5, 64653, 64653.5(b), or 64654.  For systems that have failed to install adequate 

filtration or disinfection equipment or processes, or have had a failure of such equipment 

or processes that constitutes a violation, the Consumer Confidence Report shall include 

the following language as part of the explanation of potential adverse health effects: 

―Inadequately treated water may contain organisms that can cause illness when 

consumed.  These organisms include bacteria, viruses, and parasites that can cause 

symptoms such as nausea, cramps, diarrhea, and associated headaches.‖ 

(3) One or more actions prescribed by the lead and copper requirements in 

sections 64673, 64674, 64683 through 64686, and 64688.  To address potential adverse 

health effects, the Consumer Confidence Report shall include the applicable language 

pursuant to appendix 64465-D for lead, copper, or both. 

(4) Treatment technique requirements for Acrylamide and Epichlorohydrin in 

section 64448; to address potential adverse health effects, the Consumer Confidence 

Report shall include the relevant language from appendix 64465-H. 

(5) Recordkeeping of compliance data. 

(6) Special monitoring requirements prescribed by section 64449(b)(2) and (g). 

(7) Terms of a variance, an exemption, or an administrative or judicial order. 
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(h) If a system is operating under the terms of a variance or an exemption issued 

under section 116430 or 116425 of the Health and Safety Code, the Consumer 

Confidence Report shall contain: 

(1) An explanation of the reasons for the variance or exemption; 

(2) The date on which the variance or exemption was issued; 

(3) A brief status report on the steps the system is taking to install treatment, find 

alternative sources of water, or otherwise comply with the terms and schedules of the 

variance or exemption; and 

(4) A notice of any opportunity for public input in the review, or renewal, of the 

variance or exemption. 

 

(i) A Consumer Confidence Report shall contain the language in paragraphs (1) 

through (4). 

(1) ―The sources of drinking water (both tap water and bottled water) include 

rivers, lakes, streams, ponds, reservoirs, springs, and wells.  As water travels over the 

surface of the land or through the ground, it dissolves naturally-occurring minerals and, 

in some cases, radioactive material, and can pick up substances resulting from the 

presence of animals or from human activity.‖ 

(2) ―Contaminants that may be present in source water include: 

  Microbial contaminants, such as viruses and bacteria, that may come from sewage 

treatment plants, septic systems, agricultural livestock operations, and wildlife. 

  Inorganic contaminants, such as salts and metals, that can be naturally-occurring or 

result from urban stormwater runoff, industrial or domestic wastewater discharges, oil 

and gas production, mining, or farming. 

  Pesticides and herbicides, that may come from a variety of sources such as 

agriculture, urban stormwater runoff, and residential uses. 

  Organic chemical contaminants, including synthetic and volatile organic chemicals, 

that are by-products of industrial processes and petroleum production, and can also come 

from gas stations, urban stormwater runoff, agricultural application, and septic systems. 

  Radioactive contaminants, that can be naturally-occurring or be the result of oil and 

gas production and mining activities.‖ 

(3) ―In order to ensure that tap water is safe to drink, the U.S. Environmental 

Protection Agency (USEPA) and the California Department of Public Health 

(Department) prescribe regulations that limit the amount of certain contaminants in water 

provided by public water systems.  Department regulations also establish limits for 

contaminants in bottled water that provide the same protection for public health.‖ 

(4) ―Drinking water, including bottled water, may reasonably be expected to 

contain at least small amounts of some contaminants.  The presence of contaminants does 

not necessarily indicate that water poses a health risk.  More information about 

contaminants and potential health effects can be obtained by calling the USEPA's Safe 

Drinking Water Hotline (1-800-426-4791).‖ 

 

(j)  A Consumer Confidence Report shall prominently display the following 

language: ―Some people may be more vulnerable to contaminants in drinking water than 
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the general population.  Immuno-compromised persons such as persons with cancer 

undergoing chemotherapy, persons who have undergone organ transplants, people with 

HIV/AIDS or other immune system disorders, some elderly, and infants can be 

particularly at risk from infections.  These people should seek advice about drinking 

water from their health care providers.  USEPA/Centers for Disease Control (CDC) 

guidelines on appropriate means to lessen the risk of infection by Cryptosporidium and 

other microbial contaminants are available from the Safe Drinking Water Hotline (1-800-

426-4791).‖ 

 

(k)  A Consumer Confidence Report shall include the telephone number of the owner, 

operator, or designee of the water system as a source of additional information 

concerning the report. 

 

(l) A Consumer Confidence Report shall contain information in Spanish regarding the 

importance of the report or contain a telephone number or address where Spanish-

speaking residents may contact the system to obtain a translated copy of the report or 

assistance in Spanish.  For each non-English speaking group other than Spanish-speaking 

that exceeds 1,000 residents or 10% of the residents in a community, whichever is less, 

the Consumer Confidence Report shall contain information in the appropriate language(s) 

regarding the importance of the report or contain a telephone number or address where 

such residents may contact the system to obtain a translated copy of the report or 

assistance in the appropriate language. 

 

(m) A Consumer Confidence Report shall include information (e.g., time and place of 

regularly scheduled board meetings) about opportunities for public participation in 

decisions that may affect the quality of the water. 

 

Appendix 64481-A. 

Typical Origins of Contaminants with Primary MCLs, MRDLs 

Regulatory Action Levels, and Treatment Techniques 

  

Contaminant Major origins in drinking water 

Microbiological     

Total coliform bacteria    Naturally present in the environment    

Fecal coliform and E. coli    Human and animal fecal waste    

Turbidity    Soil runoff  

 

 

 

Surface water treatment  

Giardia lamblia Naturally present in the environment 

Viruses 

Heterotrophic plate counts bacteria 

Legionella 

Cryptosporidium 
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Radioactive      

Gross Beta particle activity    Decay of natural and man-made deposits    

Strontium-90    Decay of natural and man-made deposits    

Tritium    Decay of natural and man-made deposits    

Gross Alpha particle activity    Erosion of natural deposits    

Combined radium 226/228    Erosion of natural deposits    

Uranium    Erosion of natural deposits    

 

 

 

Inorganic     

Aluminum    Erosion of natural deposits; residue from some 

surface water treatment processes    

Antimony    Discharge from petroleum refineries; fire 

retardants; ceramics; electronics; solder    

Arsenic    Erosion of natural deposits; runoff from 

orchards;  glass and electronics production 

wastes    

Asbestos    Internal corrosion of asbestos cement water 

mains; erosion of natural deposits    

Barium    Discharges of oil drilling wastes and from metal  

refineries; erosion of natural deposits    

Beryllium    Discharge from metal refineries, coal-burning 

factories, and electrical, aerospace, and defense 

industries    

Cadmium    Internal corrosion of galvanized pipes; erosion 

of  natural deposits; discharge from 

electroplating and industrial chemical factories, 

and metal refineries; runoff from waste batteries 

and paints    

Chromium    Discharge from steel and pulp mills and chrome 

plating; erosion of natural deposits    

Copper    Internal corrosion of household plumbing 

systems; erosion of natural deposits; leaching 

from wood preservatives    

Cyanide    Discharge from steel/metal, plastic and fertilizer  

factories    

Fluoride    Erosion of natural deposits; water additive that 

promotes strong teeth; discharge from fertilizer 

and aluminum factories    

Lead    Internal corrosion of household water plumbing 

systems; discharges from industrial 
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manufacturers; erosion of natural deposits    

Mercury    Erosion of natural deposits; discharge from 

refineries and factories; runoff from landfills 

and cropland    

Nickel    Erosion of natural deposits; discharge from 

metal factories    

Nitrate    Runoff and leaching from fertilizer use; 

leaching from septic tanks and sewage; erosion 

of natural deposits    

Nitrite    Runoff and leaching from fertilizer use; 

leaching from septic tanks and sewage; erosion 

of natural deposits    

Perchlorate Perchlorate is an inorganic chemical used in 

solid rocket propellant, fireworks, explosives, 

flares, matches, and a variety of industries.  It 

usually gets into drinking water as a result of 

environmental contamination from historic 

aerospace or other industrial operations that 

used or use, store, or dispose of perchlorate and 

its salts. 

Selenium    Discharge from petroleum, glass, and metal 

refineries; erosion of natural deposits; discharge 

from mines and chemical manufacturers; runoff 

from livestock lots (feed additive)    

Thallium    Leaching from ore-processing sites; discharge 

from electronics, glass, and drug factories    

  

 

Synthetic organic       

 2,4-D     Runoff from herbicide used on row crops, range land, 

lawns, and aquatic weeds    

 2,4,5-TP (Silvex)     Residue of banned herbicide    

 Acrylamide     Added to water during sewage/wastewater  treatment    

 Alachlor     Runoff from herbicide used on row crops    

 Atrazine     Runoff from herbicide used on row crops and  along 

railroad and highway right-of-ways    

 Bentazon     Runoff/leaching from herbicide used on beans,  peppers, 

corn, peanuts, rice, and ornamental grasses    

 Benzo(a)pyrene [PAH]     Leaching from linings of water storage tanks and 

distribution mains    

 Carbofuran     Leaching of soil fumigant used on rice and alfalfa,  and 

grape vineyards    

 Chlordane     Residue of banned insecticide    
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 Dalapon     Runoff from herbicide used on right-of-ways, and crops 

and landscape maintenance    

 Dibromochloropropane 

(DBCP)    

 Banned nematocide that may still be present in soils due 

to runoff/leaching from former use on soybeans, cotton, 

vineyards, tomatoes, and tree fruit    

 Di(2-ethylhexyl) adipate     Discharge from chemical factories    

 Di(2-ethylhexyl) 

phthalate    

 Discharge from rubber and chemical factories; inert 

ingredient in pesticides    

 Dinoseb     Runoff from herbicide used on soybeans, vegetables, 

and fruits    

 Dioxin [2,3,7,8-TCDD]     Emissions from waste incineration and other 

combustion; discharge from chemical factories    

 Diquat     Runoff from herbicide use for terrestrial and aquatic 

weeds    

 Endothall     Runoff from herbicide use for terrestrial and aquatic 

weeds; defoliant    

 Endrin     Residue of banned insecticide and rodenticide    

 Epichlorohydrin     Discharge from industrial chemical factories; impurity 

of some water treatment chemicals    

 Ethylene dibromide 

(EDB)    

 Discharge from petroleum refineries; underground gas 

tank leaks; banned nematocide that may still be present 

in soils due to runoff and leaching from grain and fruit 

crops    

 Glyphosate     Runoff from herbicide use    

 Heptachlor     Residue of banned insecticide    

 Heptachlor epoxide     Breakdown of heptachlor    

 Hexachlorobenzene     Discharge from metal refineries and agricultural 

chemical factories; byproduct of chlorination reactions in 

wastewater    

 Hexachlorocyclo-

pentadiene    

 Discharge from chemical factories    

 Lindane     Runoff/leaching from insecticide used on cattle, lumber, 

and gardens    

 Methoxychlor     Runoff/leaching from insecticide used on fruits, 

vegetables, alfalfa, and livestock    

 Molinate [Ordram]     Runoff/leaching from herbicide used on rice    

 Oxamyl [Vydate]     Runoff/leaching from insecticide used on field crops, 

fruits and ornamentals, especially apples, potatoes, and 

tomatoes    

 Pentachlorophenol     Discharge from wood preserving factories, cotton and 

other insecticidal/herbicidal uses    

 Picloram     Herbicide runoff    

 Polychlorinated biphenyls  Runoff from landfills; discharge of waste chemicals    
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[PCBs]      

Simazine     Herbicide runoff    

 Thiobencarb     Runoff/leaching from herbicide used on rice    

 Toxaphene     Runoff/leaching from insecticide used on cotton and 

cattle    

 

 

Volatile organic     

 Benzene     Discharge from plastics, dyes and nylon factories; 

leaching from gas storage tanks and landfills    

 Carbon tetrachloride     Discharge from chemical plants and other industrial 

activities    

 1,2-Dichlorobenzene     Discharge from industrial chemical factories    

 1,4-Dichlorobenzene     Discharge from industrial chemical factories    

 1,1-Dichloroethane     Extraction and degreasing solvent; used in manufacture 

of pharmaceuticals, stone, clay and glass products; 

fumigant    

 1,2-Dichloroethane     Discharge from industrial chemical factories    

 1,1-Dichloroethylene     Discharge from industrial chemical factories  

 cis-1,2-Dichloroethylene     Discharge from industrial chemical factories;  major 

biodegradation byproduct of TCE and PCE groundwater 

contamination    

 trans-1,2-

Dichloroethylene    

 Discharge from industrial chemical factories; minor 

biodegradation byproduct of TCE and PCE groundwater 

contamination    

 Dichloromethane     Discharge from pharmaceutical and chemical factories; 

insecticide    

 1,2-Dichloropropane     Discharge from industrial chemical factories;  primary 

component of some fumigants    

1,3-Dichloropropene     Runoff/leaching from nematocide used on croplands    

 Ethylbenzene     Discharge from petroleum refineries; industrial chemical 

factories    

 Methyl-tert-butyl ether 

(MTBE) 

Leaking underground storage tanks; discharge from 

petroleum and chemical factories 

 Monochlorobenzene     Discharge from industrial and agricultural chemical 

factories and drycleaning facilities    

 Styrene     Discharge from rubber and plastic factories; leaching 

from landfills    

 1,1,2,2-Tetrachloroethane     Discharge from industrial and agricultural chemical 

factories; solvent used in production of TCE, pesticides, 

varnish and lacquers    

 Tetrachloroethylene 

(PCE)    

 Discharge from factories, dry cleaners, and auto shops 

(metal degreaser)    
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 1,2,4-Trichlorobenzene     Discharge from textile-finishing factories    

 1,1,1-Trichloroethane     Discharge from metal degreasing sites and other 

factories; manufacture of food wrappings    

 1,1,2-Trichloroethane     Discharge from industrial chemical factories    

 Trichloroethylene (TCE)     Discharge from metal degreasing sites and other 

factories    

 Toluene     Discharge from petroleum and chemical factories; 

underground gas tank leaks    

 Trichlorofluoromethane     Discharge from industrial factories; degreasing solvent; 

propellant and refrigerant    

 1,1,2-Trichloro-1,2,2- 

Trifluoroethane     

 Discharge from metal degreasing sites and other 

factories; drycleaning solvent; refrigerant    

 Vinyl chloride     Leaching from PVC piping; discharge from plastics 

factories; biodegradation byproduct of  TCE and PCE 

groundwater contamination    

 Xylenes     Discharge from petroleum and chemical factories; fuel 

solvent    

 

 

 

Disinfection Byproducts, Disinfection Byproduct Precursors, and Disinfectant 

Residuals 

 Total trihalomethanes 

(TTHM) 

 Byproduct of drinking water disinfection 

 Haloacetic acids (five) 

(HAA5) 

 Byproduct of drinking water disinfection 

 Bromate  Byproduct of drinking water disinfection 

 Chloramines  Drinking water disinfectant added for treatment 

 Chlorine  Drinking water disinfectant added for treatment 

 Chlorite  Byproduct of drinking water disinfection 

 Chlorine dioxide  Drinking water disinfectant added for treatment 

 Control of disinfection 

byproduct precursors 

(Total Organic Carbon) 

 Various natural and manmade sources 

 

 

Appendix 64481-B. 

Typical Origins of Contaminants with Secondary MCLs 

  

Contaminant Major origins in drinking water 

 Aluminum     Erosion of natural deposits; residual from some surface 

water treatment processes    

 Color     Naturally-occurring organic materials    

 Copper   Internal corrosion of household plumbing systems; 



NOTE:  This publication is meant to be an aid to the staff of the CDPH Drinking Water Program and 

cannot be relied upon by the regulated community as the State of California‘s representation of the law.  

The published codes are the only official representation of the law. Refer to the published codes—in this 

case, 17 CCR and 22 CCR—whenever specific citations are required.  Statutes related to CDPH‘s drinking 

water-related activities are in the Health & Safety Code, the Water Code, and other codes. 

 

 

Last updated July 1, 2013—from Titles 17 and 22 California Code of Regulations 

California Regulations Related to Drinking Water 

170 

erosion of natural deposits; leaching from wood 

preservatives  

 Foaming Agents (MBAS)     Municipal and industrial waste discharges    

 Iron     Leaching from natural deposits; industrial wastes    

 Manganese  Leaching from natural deposits 

 Methyl-tert-butyl ether 

(MTBE) 

 Leaking underground storage tanks; discharge from 

petroleum and chemical factories; 

 Odor---Threshold  Naturally-occurring organic materials 

 Silver  Industrial discharges 

 Thiobencarb  Runoff/leaching from rice herbicide 

 Turbidity  Soil runoff 

 Zinc  Runoff/leaching from natural deposits; industrial wastes 

 Total dissolved solids  Runoff/leaching from natural deposits 

 Specific Conductance  Substances that form ions when in water; seawater 

influence 

 Chloride  Runoff/leaching from natural deposits; seawater 

influence 

 Sulfate  Runoff/leaching from natural deposits; industrial wastes 

 

§64482. Required Additional Health Information. 

(a) A system that detects arsenic at levels above 0.005 mg/L, but below or equal to 

the MCL, shall include the following in its Consumer Confidence Report: "While your 

drinking water meets the federal and state standard for arsenic, it does contain low levels 

of arsenic.  The arsenic standard balances the current understanding of arsenic's possible 

health effects against the costs of removing arsenic from drinking water.  The U.S. 

Environmental Protection Agency continues to research the health effects of low levels of 

arsenic, which is a mineral known to cause cancer in humans at high concentrations and 

is linked to other health effects such as skin damage and circulatory problems.‖ 

 

(b) A system that detects nitrate at levels above 23 mg/L (as nitrate), but below the 

MCL, shall include the following in its Consumer Confidence Report: ―Nitrate in 

drinking water at levels above 45 mg/L is a health risk for infants of less than six months 

of age. Such nitrate levels in drinking water can interfere with the capacity of the infant's 

blood to carry oxygen, resulting in a serious illness; symptoms include shortness of 

breath and blueness of the skin. Nitrate levels above 45 mg/L may also affect the ability 

of the blood to carry oxygen in other individuals, such as pregnant women and those with 

certain specific enzyme deficiencies. If you are caring for an infant, or you are pregnant, 

you should ask advice from your health care provider. If a system cannot demonstrate to 

the Department with at least five years of the most current monitoring data that its nitrate 

levels are stable, it shall also add the following language to the preceding statement on 

nitrate: ―Nitrate levels may rise quickly for short periods of time because of rainfall or 

agricultural activity.‖ 
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(c) A system that detects lead above the action level in more than 5%, and up to and 

including 10%, of sites sampled, shall include the following in its Consumer Confidence 

Report: ―Infants and young children are typically more vulnerable to lead in drinking 

water than the general population. It is possible that lead levels at your home may be 

higher than at other homes in the community as a result of materials used in your home's 

plumbing. If you are concerned about elevated lead levels in your home's water, you may 

wish to have your water tested and/or flush your tap for 30 seconds to 2 minutes before 

using tap water. Additional information is available from the USEPA Safe Drinking 

Water Hotline (1-800-426-4791).‖ 

 

§64483. Consumer Confidence Report Delivery and Recordkeeping. 

(a) Each water system shall mail or directly deliver one copy of the Consumer 

Confidence Report to each customer. 

 

(b) The system shall make a good faith effort to reach consumers who are served by 

the water system but are not bill-paying customers, such as renters or workers, using a 

mix of methods appropriate to the particular system such as: Posting the Consumer 

Confidence Reports on the Internet; mailing to postal patrons in metropolitan areas; 

advertising the availability of the Consumer Confidence Report in the news media; 

publication in a local newspaper; posting in public places such as cafeterias or lunch 

rooms of public buildings; delivery of multiple copies for distribution by single-biller 

customers such as apartment buildings or large private employers; and delivery to 

community organizations. 

 

(c) No later than the date the water system is required to distribute the Consumer 

Confidence Report to its customers, each water system shall mail a copy of the report to 

the Department, followed within 3 months by a certification that the report has been 

distributed to customers, and that the information is correct and consistent with the 

compliance monitoring data previously submitted to the Department. 

 

(d) No later than the date the water system is required to distribute the Consumer 

Confidence Report to its customers, each privately-owned water system shall mail a copy 

of the report to the California Public Utilities Commission. 

 

(e) Each water system shall make its Consumer Confidence Report available to the 

public upon request. 

 

(f) Each water system serving 100,000 or more persons shall post its current year's 

Consumer Confidence Report on a publicly-accessible site on the Internet. 

 

(g) Each water system shall retain copies of its Consumer Confidence Reports for no 

less than 3 years. 
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CHAPTER 15.5 DISINFECTANT RESIDUALS, DISINFECTION 

BYPRODUCTS, AND DISINFECTION BYPRODUCT PRECURSORS 
 

Article 1. General Requirements and Definitions 
§64530. Applicability of this Chapter. 

(a) Community water systems and nontransient noncommunity water systems that 

treat their water with a chemical disinfectant in any part of the treatment process or which 

provide water that contains a chemical disinfectant shall comply with the requirements of 

this chapter beginning on the dates specified in paragraphs (1) or (2), except as provided 

for in subsections (c) and (d).  

(1) Systems using approved surface water and serving 10,000 or more persons 

shall comply beginning January 1, 2002. 

(2) Systems using approved surface water and serving fewer than 10,000 persons 

and systems using only ground water not under the direct influence of surface water shall 

comply beginning January 1, 2004. 

 

(b) Transient noncommunity water systems using chlorine dioxide shall comply with 

the requirements for chlorine dioxide in this chapter beginning on the dates specified in 

paragraphs (1) or (2). 

(1) Systems using approved surface water and serving 10,000 or more persons 

shall comply beginning January 1, 2002. 

(2) Systems using approved surface water and serving fewer than 10,000 persons 

and systems using only ground water not under the direct influence of surface water shall 

comply beginning January 1, 2004. 

 

(c) Community water systems, and nontransient noncommunity water systems 

serving at least 10,000 persons, using a primary or residual disinfectant other than 

ultraviolet light or delivering water that has been treated with a primary or residual 

disinfectant other than ultraviolet light shall comply with the Individual Distribution 

System Evaluation (IDSE) requirements of 40 Code of Federal Regulations, parts 

141.600 and either 141.601 and 141.605, 141.602 and 141.605, 141.603, or 141.604 (71 

Fed. Reg. 483 (January 4, 2006); as amended at 74 Fed. Reg. 30958 (June 29, 2009)), 

which are incorporated by reference. 

 

(d) Community water systems and nontransient noncommunity water systems using a 

primary or residual disinfectant other than ultraviolet light or delivering water that has 

been treated with a primary or residual disinfectant other than ultraviolet light shall: 

(1) Comply with the applicable TTHM and HAA5 compliance date in table 
64530-A; 
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Table 64530-A 

TTHM and HAA5 Compliance Dates 

 

Systems of this type…   

  Shall comply with TTHM and HAA5 

monitoring pursuant to section 64534.2(d) by…  

     

(a) Systems that are not 

part of a combined 

distribution system and 

systems that serve the 

largest population in the 

combined distribution 

system and serving a 

population of… 

 (1)  ≥100,000   April 1, 2012 

    

 (2)  50,000 – 99,999   October 1, 2012 

    

 (3)  10,000 – 49,999   October 1, 2013 

    

 

(4)  <10,000   October 1, 2013, if no Cryptosporidium 

monitoring is required pursuant to 40 Code of 

Federal Regulations part 141.701(a)(4) (71 

Fed. Reg. 770 (January 5, 2006)), which is 

incorporated by reference; or 

 

 October 1, 2014, if Cryptosporidium 

monitoring is required pursuant to 40 Code of 

Federal Regulations part 141.701(a)(4) or 

(a)(6) (71 Fed. Reg. 770 (January 5, 2006)), 

which are incorporated by reference. 

(b) Other consecutive or wholesale systems 

that are part of a combined distribution system 

  At the same time as the system with the 

earliest compliance date in the combined 

distribution system. 

     

 

(2) Systems required to conduct quarterly monitoring for TTHM and HAA5 

pursuant to section 64534.2(d) shall: 

(A) Begin monitoring in the first full calendar quarter that includes the 

compliance date in table 64530-A; and 

(B) Make compliance calculations at the end of the fourth calendar quarter 

that follows the compliance date in table 64530-A and at the end of each subsequent 

quarter (or earlier if the LRAA calculated based on fewer than four quarters of data 

would cause the MCL to be exceeded regardless of the monitoring results of subsequent 

quarters). 

(3) Systems required to conduct monitoring at a frequency that is less than 

quarterly shall: 

(A) No later than 12 months after the compliance date in table 64530-A, begin 

monitoring in the calendar month recommended in the IDSE report prepared pursuant to 

section 64530(c) or the calendar month identified in the monitoring plan developed 

pursuant to section 64534.8; and 
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(B) Make compliance calculations beginning with the first compliance sample 

taken after the compliance date in table 64530-A. 

 

§64531. Definitions Governing Terms Used in this Chapter.  
The definitions in sections 64400 through 64402.30 of chapter 15 and sections 64651.10 

through 64651.93 of chapter 17 shall govern the interpretation of terms used in this 

chapter.  

 

Article 2. Maximum Contaminant Levels for Disinfection Byproducts and 

Maximum Residual Disinfectant Levels 
§64533. Maximum Contaminant Levels for Disinfection Byproducts. 

(a)  Using the monitoring and calculation methods specified in sections 64534, 

64534.2, 64535, and 64535.2, the primary MCLs for the disinfection byproducts shown 

in table 64533-A shall not be exceeded in drinking water supplied to the public. 

 

Table 64533-A 

Maximum Contaminant Levels and Detection Limits for Purposes of Reporting 

Disinfection Byproducts 

 

Disinfection Byproduct Maximum 

Contaminant Level 

(mg/L) 

Detection Limit for 

Purposes of Reporting 

(mg/L) 

Total trihalomethanes (TTHM) 0.080  

     Bromodichloromethane 

 

  0.0010 

     Bromoform   0.0010 

     Chloroform   0.0010 

     Dibromochloromethane   0.0010 

Haloacetic acids (five) (HAA5) 0.060  

     Monochloroacetic Acid 

 

  0.0020 

     Dichloroacetic Acid   0.0010 

     Trichloroacetic Acid   0.0010 

     Monobromoacetic Acid   0.0010 

     Dibromoacetic Acid   0.0010 

Bromate 
0.010 

  0.0050 

   0.0010
1 

Chlorite 1.0 0.020 
1
  For analysis performed using EPA Method 317.0 Revision 2.0, 321.8, or 326.0 

 

(b) A system installing GAC, membranes, or other technology to limit disinfectant 

byproducts to comply with this section may apply to the Department for an extension up 

to December 31, 2003.  Applications for extensions shall include the results of 

disinfection byproduct monitoring, a description of the technology being installed and 

how it is expected to affect future disinfection byproduct levels, and a proposed schedule 
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for compliance.  If granted an extension, a system shall meet the schedule and interim 

treatment and monitoring requirements established by the Department.  

 

(c) The best technology, treatment techniques, or other means available for achieving 

compliance with the maximum contaminant levels for disinfection byproducts are 

identified in table 64533-B. 

Table 64533-B 

Best Available Technology 

Disinfection Byproducts 

 

Disinfection Byproduct Best Available Technology 

TTHM and HAA5 Enhanced coagulation or enhanced softening or 

GAC10, with chlorine as the primary and residual 

disinfectant
1
 

 

For all systems that disinfect their source water:   

  (1) Enhanced coagulation or enhanced softening, 

plus GAC10;  

  (2) Nanofiltration with a molecular weight cutoff 

1000 Daltons; or  

  (3) GAC20
2 

 

For consecutive systems and applies only to the 

disinfected water that consecutive systems buy or 

otherwise receive:
2
 

  (1)  Systems serving 10,000 persons:  improved 
distribution system and storage tank management 

to reduce residence time, plus the use of 

chloramines for disinfectant residual maintenance; 

and 

  (2)  Systems serving 10,000 persons:  improved 

distribution system and storage tank management 

to reduce residence time 

Bromate Control of ozone treatment process to reduce 

production of bromate  

Chlorite Control of treatment processes to reduce 

disinfectant demand and control of disinfection 

treatment processes to reduce disinfectant levels  
1
 When using the monitoring and calculation methods specified in sections 64534, 64534.2(a), 64535, 

and 64535.2(a) and (b). 
2
 When using the monitoring and calculation methods specified in sections 64534, 64534.2(d), 64535, 

and 64535.2(a) and (e). 
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§64533.5. Maximum Residual Disinfectant Levels. 

(a) Using the monitoring and calculation methods specified in sections 64534, 

64534.4, 64535, and 64535.4, the MRDLs for the disinfectants shown in table 64533.5-A 

shall not be exceeded in drinking water supplied to the public.  

 

Table 64533.5-A 

Maximum Residual Disinfectant Level 

 

Disinfectant Residual 

 

MRDL (mg/L) 

Chlorine 4.0 (as Cl2) 

Chloramines 4.0 (as Cl2) 

Chlorine dioxide 0.8 (as ClO2) 

 

(b) Notwithstanding subsection (a), systems may increase residual disinfectant levels 

of chlorine or chloramines (but not chlorine dioxide) in the distribution system in excess 

of the levels specified in table 64533.5-A in order to protect public health, to address 

specific microbiological contamination problems caused by circumstances such as, but 

not limited to, distribution line breaks, storm run-off events, source water contamination 

events, natural disasters, or cross-connection events.  In such circumstances, systems 

shall immediately notify the Department of the source and cause of contamination, the 

levels of residual disinfectant, other actions being taken to correct the problem, and the 

expected duration of the exceedance.   

 

(c) The best technologies, treatment techniques, or other means available for 

achieving compliance with the maximum residual disinfectant levels in this section are 

control of treatment processes to reduce disinfectant demand and control of disinfection 

treatment processes to reduce disinfectant levels. 

 

Article 3. Monitoring requirements 
§64534. General Monitoring Requirements. 

(a) Except as provided in subsection (b), analyses required pursuant to this chapter 

shall be performed by laboratories certified by the Department to perform such analyses 

pursuant to Article 3, commencing with section 100825, of Chapter 4 of Part 1 of 

Division 101, Health and Safety Code.  Unless otherwise directed by the Department, 

analyses shall be made in accordance with EPA approved methods as prescribed in 40 

Code of Federal Regulations, part 141.131 (63 Fed. Reg. 69466 (December 16, 1998), as 

amended at 66 Fed. Reg. 3776 (January 16, 2001), 71 Fed. Reg. 479 (January 4, 2006), 

71 Fed. Reg. 37168 (June 29, 2006), and 74 Fed. Reg. 30958 (June 29, 2009)), which are 

incorporated by reference.   
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(b) Sample collection, and field tests including pH, alkalinity, and chlorine, 

chloramines, and chlorine dioxide residual disinfectants, shall be performed by personnel 

trained to perform such sample collections and/or tests by: 

(1) The Department; 

(2) A laboratory certified pursuant to subsection (a); or 

(3) An operator, certified by the Department pursuant to section 106875(a) or (b) 

of the Health and Safety Code and trained by an entity in paragraph (1) or (2) to perform 

such sample collections and/or tests. 

 

(c) Systems shall take all samples during normal operating conditions, which exclude 

those circumstances covered under section 64533.5(b). 

 

(d) A system may apply to the Department for approval to consider multiple wells 

drawing water from a single aquifer as one treatment plant for determining the minimum 

number of TTHM and HAA5 samples required under section 64534.2(a).  In order to 

qualify for this reduction in monitoring requirements a system shall demonstrate to the 

Department that the multiple wells produce water from the same aquifer.  To make this 

demonstration, a system shall submit information to the Department regarding the 

location, depth, construction, and geologic features of each well, and water quality 

information for each well.  The Department will use this information to determine 

whether the wells produce water from a single aquifer. 

 

(e) Systems shall use only data collected under the provisions of this chapter to 

qualify for reduced monitoring pursuant to this article. 

 

(f) Systems that fail to monitor shall be in violation of the monitoring requirements 

for the entire monitoring period that a monitoring result would be used in calculating 

compliance with MCLs or MRDLs, and shall notify the public pursuant to sections 

64463, 64463.7, and 64465, in addition to reporting to the Department pursuant to 

sections 64537 through 64537.6. 

 

(g) Systems that fail to monitor in accordance with the monitoring plan required by 

section 64534.8 shall be in violation of the monitoring requirements, and shall notify the 

public pursuant to sections 64463, 64463.7, and 64465, in addition to reporting to the 

Department pursuant to sections 64537 through 64537.6.  
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§64534.2. Disinfection Byproducts Monitoring. 

(a) Community and nontransient noncommunity water systems shall monitor for 

TTHM and HAA5 at the frequencies and locations indicated in table 64534.2-A. 

 

Table 64534.2-A 

Routine and Increased Monitoring Frequency for TTHM and HAA5 

 

COLUMN A 

Type of System 

 COLUMN B 

Persons 

Served 

 COLUMN C 

Minimum 

monitoring 

frequency 

 COLUMN D 

Sample location in the distribution 

system & increased monitoring 

frequencies 

       

Systems using 

approved surface 

water  

 10,000  Four samples per 

quarter per 

treatment plant 

 At least 25 percent of all samples 

collected each quarter at locations 

representing maximum residence 

time.  Remaining samples taken at 

locations representative of at least 

average residence time in the 

distribution system and representing 

the entire distribution system, taking 

into account number of persons 

served, different sources of water, and 

different treatment methods
1
. 

       

  500 - 9,999  One sample per 

quarter per 

treatment plant 

 Locations representing maximum 

residence time
1
. 

       

  < 500  One sample per 

year per 

treatment plant 

during month of 

warmest water 

temperature 

 Locations representing maximum 

residence time
1
.  If the sample (or 

average of annual samples, if more 

than one sample is taken) exceeds 

MCL, system shall increase 

monitoring to one sample per 

treatment plant per quarter, taken at a 

point reflecting the maximum 

residence time in the distribution 

system, until system meets reduced 

monitoring criteria in paragraph (3) of 

this subsection. 

 

       

Systems using only 

ground water not 

 10,000  One sample  

per quarter  

 Locations representing maximum 

residence time
1
. 
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under direct 

influence of surface 

water and using 

chemical disinfectant  

per treatment 

plant 

       

  <10,000  One sample per 

year per 

treatment plant 

during month of 

warmest water 

temperature 

 Locations representing maximum 

residence time
1
.  If the sample (or 

average of annual samples, if more 

than one sample is taken) exceeds 

MCL, system shall increase 

monitoring to one sample per 

treatment plant per quarter, taken at a 

point reflecting the maximum 

residence time in the distribution 

system, until system meets reduced 

monitoring criteria in paragraph (3) of 

this subsection. 

       
1
 If a system elects to sample more frequently than the minimum required, at least 25 percent of all samples 

collected each quarter (including those taken in excess of the required frequency) shall be taken at locations 

that represent the maximum residence time of the water in the distribution system.  The remaining samples 

shall be taken at locations representative of at least average residence time in the distribution system. 
 

(1) Systems may apply to the Department to monitor at a reduced frequency in 

accordance with table 64534.2-B.  The application shall include the results of all TOC, 

TTHM, and HAA5 monitoring conducted in the previous 12 months and the proposed 

revised monitoring plan as required by section 64534.8.  The Department will evaluate 

data submitted with the application to determine whether or not the system is eligible for 

the reduced monitoring specified in table 64534.2-B;  

 

Table 64534.2-B 

Reduced Monitoring Frequency for TTHM and HAA5 

 

 

 

If the system is 

a(n) ... 

  

 

 

serving... 

 the system may reduce 

monitoring if it has 

monitored at least one 

year and... 

  

 

 

to this level 

       

Approved surface 

water system 

which has a 

source water 

TOC
1
 level, 

before any 

treatment, 4.0 

 10,000  TTHM
1
 0.040 mg/L and 

HAA5
1
 0.030 mg/L 

 One sample per treatment plant 

per quarter at distribution system 

location reflecting maximum 

residence time. 
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mg/L  

       

  500-9,999  TTHM
1
 0.040 mg/L and  

HAA5
1
 0.030 mg/L 

 One sample per treatment plant 

per year at distribution system 

location reflecting maximum 

residence time during month of 

warmest water temperature.  

       

System using only 

ground water not 

under direct 

influence of 

surface water and 

using chemical 

disinfectant  

 10,000  TTHM
1
 0.040 mg/L and  

HAA5
1
 0.030 mg/L  

 One sample per treatment plant 

per year at distribution system 

location reflecting maximum 

residence time during month of 

warmest water temperature. 

       

  <10,000  TTHM
1 
0.040 mg/L and 

HAA5
1
 0.030 mg/L for 

two consecutive years 

OR 

TTHM
1
 0.020 mg/L and 

HAA5
1
 0.015 mg/L for 

one year  

 One sample per treatment plant 

per three-year monitoring cycle at 

distribution system location 

reflecting maximum residence 

time during month of warmest 

water temperature, with the three-

year cycle beginning on January 1 

following the quarter in which 

system qualifies for reduced 

monitoring. 
1  

TOC, TTHM, and HAA5 values based on annual averages. 

 

(2) Systems on reduced monitoring shall resume monitoring at the frequency 

specified in column C of table 64534.2-A in the quarter immediately following the 

quarter in which the system exceeds 0.060 mg/L for the TTHM annual average or 0.045 

mg/L for the HAA5 annual average, or 4 mg/L for the source water TOC annual average.  

For systems using only ground water not under the direct influence of surface water and 

serving fewer than 10,000 persons or for systems using approved surface water and 

serving fewer than 500 persons, if either the TTHM annual average is >0.080 mg/L or the 

HAA5 annual average is >0.060 mg/L, the system shall go to increased monitoring 

identified in column D of table 64534.2-A in the quarter immediately following the 

quarter in which the system exceeds 0.080 mg/L or 0.060 mg/L for the TTHM and HAA5 

annual averages, respectively; and   

(3) Systems on increased monitoring pursuant to column D of table 64534.2-A 

may return to routine monitoring specified in column C of table 64534.2-A if, after at 

least one year of monitoring, TTHM annual average is 0.060 mg/L and HAA5 annual 

average is 0.045 mg/L. 
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(b) Community and nontransient noncommunity water systems using chlorine dioxide 

shall conduct monitoring for chlorite as follows: 

(1) Systems shall take daily samples at the entrance to the distribution system and 

analyze the samples the same day the samples are taken.  For any daily sample that 

exceeds the chlorite MCL, the system shall take three additional chlorite distribution 

system samples the following day (in addition to the daily sample required at the entrance 

to the distribution system) at these locations:  as close to the first customer as possible, at 

a location representative of average residence time, and at a location reflecting maximum 

residence time in the distribution system.  The system shall analyze the additional 

samples within 48 hours of being notified pursuant to section 64537(b) of the 

exceedance; 

(2) Systems shall take a three-sample set each month in the distribution system.  

The system shall take one sample at each of the following locations:  as close to the first 

customer as possible, at a location representative of average residence time, and at a 

location reflecting maximum residence time in the distribution system.  Any additional 

routine sampling shall be conducted in the same manner (as three-sample sets, at the 

specified locations).  The system may use the results of additional monitoring conducted 

under paragraph (1) to meet the monitoring requirement in this paragraph; 

(3) Systems may apply to the Department to reduce monthly chlorite monitoring 

in the distribution system pursuant to paragraph (2) to one three-sample set per quarter 

after one year of monitoring during which no individual chlorite sample taken in the 

distribution system has exceeded the chlorite MCL and the system has not been required 

to conduct additional monitoring under paragraph (1).  The application shall include the 

results of all chlorite monitoring conducted in the previous 12 months and the proposed 

revised monitoring plan as required by section 64534.8.  The Department will evaluate 

data submitted with the application and determine whether or not the system is eligible to 

reduce monitoring to one three-sample set per quarter.  The system may remain on the 

reduced monitoring schedule until either any of the three individual chlorite samples 

taken quarterly in the distribution system under paragraph (2) exceeds the chlorite MCL 

or the system is required to conduct additional monitoring under paragraph (1), at which 

time the system shall revert to routine monitoring; and 

(4) If a distribution system sample taken pursuant to paragraph (2) exceeds the 

chlorite MCL, the system shall take and analyze a confirmation sample within 48 hours 

of being notified pursuant to section 64537(c) of the exceedance.  If the system fails to 

take a confirmation sample pursuant to this paragraph, it shall take and analyze a 

confirmation sample within two weeks of notification of the results of the first sample. 

 

(c) Community and nontransient noncommunity systems using ozone shall monitor 

for bromate as follows: 

(1) Systems shall take one sample per month for each treatment plant in the 

system using ozone.  Samples shall be taken at the entrance to the distribution system 

while the ozonation system is operating under normal conditions; 

(2) Systems may reduce bromate monitoring from monthly to once per quarter, if 

the system’s running annual average bromate concentration is ≤0.0025 mg/L based on 
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monthly bromate measurements under paragraph (1) for the most recent four quarters, 

with samples analyzed using Method 317.0 Revision 2.0, 321.8, or 326.0.  The system 

shall notify the Department in writing within 30 days of the change in monitoring 

frequency.  The system shall continue monthly bromide monitoring of the source water to 

remain on reduced bromate monitoring; and 

(3) Systems shall resume routine bromate monitoring pursuant to paragraph (1) and 

notify the Department in writing within 30 days of the change in monitoring frequency if: 

(A) The running annual average bromate concentration, computed quarterly, is 

greater than 0.0025 mg/L; or 

(B) The running annual average source water bromide concentration, computed 

quarterly, is equal to or greater than 0.05 mg/L based upon representative monthly 

measurements. 

 

(d) By the applicable date specified in section 64530(d), and in lieu of TTHM and 

HAA5 monitoring in subsection (a): 

(1) Community and nontransient noncommunity water systems shall monitor for 

TTHM and HAA5 at the frequencies and location totals indicated in table 64534.2-C and 

in accordance with the monitoring plan developed pursuant to section 64534.8; 

 

Table 64534.2-C 

Routine Monitoring Frequency for TTHM and HAA5 

    Minimum monitoring frequency
1
 

       

Source water type  Persons served  Number of distribution 

system monitoring locations 

 Monitoring 

period
2
 

       

Systems using 

approved surface 

water 

 5,000,000  20 dual sample sets  per quarter 

      

 1,000,000 – 4,999,999  16 dual sample sets  per quarter 

       

  250,000 – 999,999  12 dual sample sets  per quarter 

       

  50,000 – 249,999  8 dual sample sets  per quarter 

       

  10,000 – 49,999  4 dual sample sets  per quarter 

       

  3,301 – 9,999  2 dual sample sets  per quarter 

       

  500 – 3,300  1 TTHM and 1 HAA5 

sample: one at the location 

with the highest TTHM 

measurement, one at the 

location with the highest 

 per quarter 
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HAA5 measurement 

       

  500  1 TTHM and 1 HAA5 

sample: one at the location 

with the highest TTHM  

measurement, one at the 

location with the highest 

HAA5 measurement
3
  

 per year 

       

Systems using 

ground water not 

under direct 

influence of surface 

water 

 500,000  8 dual sample sets  per quarter 

      

 100,000 – 499,999  6 dual sample sets  per quarter 

      

 10,000 – 99,999  4 dual sample sets  per quarter 

       

  500 – 9,999  2 dual sample sets  per year 

       

  500  1 TTHM and 1 HAA5 

sample: one at the location 

with the highest TTHM  

measurement, one at the 

location with the highest 

HAA5 measurement
3
  

 per year 

       
1
 All systems shall monitor during the month of highest disinfection byproduct concentrations. 

2
 Systems on quarterly monitoring shall take dual sample sets every 90 days at each monitoring 

location, except for systems using approved surface water and serving 500 – 3,300 persons. 
3
 Only one location with a dual sample set per monitoring period is needed if highest TTHM and 

HAA5 concentrations occur at the same location and month. 

(2) Undisinfected systems that begin using a disinfectant other than UV light after 

the applicable dates in 40 Code of Federal Regulations, part 141.600 (71 Fed. Reg. 483 

January 4, 2006), which is incorporated by reference, shall consult with the Department 

to identify compliance monitoring locations for this subsection.  Systems shall then 

develop a monitoring plan in accordance with section 64534.8 that includes those 

monitoring locations; 

(3) Systems may apply to the Department to monitor at a reduced frequency in 

accordance with table 64534.2-D, any time the LRAA is 0.040 mg/L for TTHM and 

0.030 mg/L for HAA5 at all monitoring locations.  In addition, the source water annual 

average TOC level, before any treatment shall be 4.0 mg/L at each treatment plant 
treating approved surface water, based on source water TOC monitoring conducted 

pursuant to section 64534.6.  The application shall include the results of all TOC, TTHM, 

and HAA5 monitoring conducted in the previous 12 months and the proposed revised 

monitoring plan as required by section 64534.8.  The Department will evaluate data 
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submitted with the application to determine whether or not the system is eligible for the 

reduced monitoring specified in table 64534.2-D; 

 

Table 64534.2-D 

Reduced Monitoring Frequency for TTHM and HAA5 

 

    Minimum monitoring frequency 

       

Source water type  Persons served  Number of distribution 

system monitoring locations 

 Monitoring 

period
1
 

       

Systems using 

approved surface 

water 

 5,000,000  10 dual sample sets: 

at the locations with the five 

highest TTHM and five 

highest HAA5 LRAAs  

 per quarter 

       

  1,000,000 – 4,999,999  8 dual sample sets: 

at the locations with the four 

highest TTHM and four 

highest HAA5 LRAAs 

 per quarter 

       

  250,000 – 999,999  6 dual sample sets: 

at the locations with the three 

highest TTHM and three 

highest HAA5 LRAAs 

 per quarter 

       

  50,000 – 249,999  4 dual sample sets: 

at the locations with the two 

highest TTHM and two 

highest HAA5 LRAAs 

 per quarter 

       

  10,000 – 49,999  2 dual sample sets: 

at the locations with the 

highest TTHM and highest 

HAA5 LRAAs 

 per quarter 

       

  3,301 – 9,999  2 dual sample sets: 

one at the location and during 

the quarter with the highest 

TTHM single measurement, 

one at the location and during 

the quarter with the highest 

HAA5 single measurement 

 per year 
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  500 – 3,300  1 TTHM and 1 HAA5 

sample:  one at the location 

and during the quarter with 

the highest TTHM single 

measurement, one at the 

location and during the 

quarter with the highest 

HAA5 single measurement; 1 

dual sample set per year if the 

highest TTHM and HAA5 

measurements occurred at the 

same location and quarter 

 per year 

       

Systems using only 

ground water not 

under direct 

influence of surface 

water 

 500,000  4 dual sample sets: 

at the locations with the two 

highest TTHM and two 

highest HAA5 LRAAs 

 per quarter 

      

 100,000 – 499,999  2 dual sample sets: 

at the locations with the 

highest TTHM and highest 

HAA5 LRAAs 

 per quarter 

      

 10,000 – 99,999  2 dual sample sets: 

one at the location and during 

the quarter with the highest 

TTHM single measurement, 

one at the location and during 

the quarter with the highest 

HAA5 single measurement 

 per year 

      

 500 – 9,999  1 TTHM and 1 HAA5 

sample:  one at the location 

and during the quarter with 

the highest TTHM single 

measurement, one at the 

location and during the 

quarter with the highest 

HAA5 single measurement; 1 

dual sample set per year if the 

highest TTHM and HAA5 

measurements occurred at the 

same location and quarter 

 per year 
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  500  1 TTHM and 1 HAA5 

sample:  one at the location 

and during the quarter with 

the highest TTHM single 

measurement, one at the 

location and during the 

quarter with the highest 

HAA5 single measurement; 1 

dual sample set every third 

year if the highest TTHM and 

HAA5 measurements 

occurred at the same location 

and quarter 

 every third 

year 

       
1
 Systems on quarterly monitoring shall take dual sample sets every 90 days. 

(4) Systems on reduced monitoring shall resume routine monitoring pursuant to 

table 64534.2-C or conduct increased monitoring pursuant to paragraph (5) (if 

applicable), if the TTHM LRAA is 0.040 mg/L or the HAA5 LRAA is 0.030 mg/L at 

any monitoring location (for systems with quarterly reduced monitoring); a TTHM 

sample is 0.060 mg/L or a HAA5 sample is 0.045 mg/L (for systems with annual or 
less frequent monitoring); or the source water annual average TOC level, before any 

treatment, is 4.0 mg/L at any treatment plant treating an approved surface water; 

(5) Systems that are required to monitor at a particular location annually or less 

frequently than annually pursuant to table 64534.2-C or 64534.2-D shall increase 

monitoring to dual sample sets once per quarter (taken every 90 days) at all locations if a 

TTHM sample is 0.080 mg/L or a HAA5 sample is 0.060 mg/L at any location.  
Systems on increased monitoring may return to routine monitoring specified in table 

64534.2-C if, after at least four consecutive quarters of monitoring, the LRAA for every 

monitoring location is 0.060 mg/L for TTHM and 0.045 mg/L for HAA5; 

(6) If the operational evaluation level (OEL) exceeds 0.080 mg/L for TTHM or 

0.060 mg/L for HAA5 at any monitoring location, systems shall conduct an operational 

evaluation.  The operational evaluation shall include the examination of system treatment 

and distribution operational practices, including storage tank operations, excess storage 

capacity, distribution system flushing, changes in sources or source water quality, and 

treatment changes or problems that may contribute to TTHM and HAA5 formation and 

what steps could be considered to minimize future exceedances.  Systems that are able to 

identify the cause of the OEL exceedance may submit a written request to the Department 

to limit the scope of the evaluation.  The request to limit the scope of the evaluation shall 

not extend the schedule in section 64537(c) for submitting the written report to the 

Department; 

(7) Systems on reduced monitoring pursuant to table 64534.2-B may remain on 

reduced monitoring after the applicable date in table 64530-A for compliance with this 

subsection provided the system meets IDSE requirements under section 64530(c) by 
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qualifying for a 40/30 certification (40 CFR part 141.603) or receiving a very small 

system waiver (40 CFR part 141.604), meets the reduced monitoring criteria in 

paragraphs (3) and (4), and does not change or add monitoring locations from those used 

for compliance monitoring under subsection (a); and  

(8) Systems on increased monitoring pursuant to table 64534.2-A shall remain on 

increased monitoring and conduct increased monitoring pursuant to paragraph (5) at the 

locations in the monitoring plan developed under section 64534.8 beginning at the 

applicable date in table 64530-A for compliance with this subsection.  Systems on 

increased monitoring may return to routine monitoring specified in table 64534.2-C 

pursuant to paragraph (5). 

 

§64534.4. Disinfectant Residuals Monitoring. 

(a) Community and nontransient noncommunity water systems that use chlorine or 

chloramines shall measure the residual disinfectant levels at the same points in the 

distribution system and at the same time as total coliforms are sampled, as specified in 

section 64421.  Systems using approved surface water may use the results of residual 

disinfectant concentration sampling conducted under section 64656, in lieu of taking 

separate samples. 

 

(b) Public water systems that use chlorine dioxide shall monitor for chlorine dioxide 

daily at the entrance to the distribution system.  For any daily sample that exceeds the 

MRDL, the system shall take three chlorine dioxide distribution system samples the 

following day, as follows: 

(1) If chlorine dioxide or chloramines are used to maintain a disinfectant residual 

in the distribution system, or if chlorine is used to maintain a disinfectant residual in the 

distribution system and there are no disinfection addition points after the entrance to the 

distribution system (i.e., no booster chlorination), the system shall take three samples as 

close to the first customer as possible, at intervals of at least six hours; and  

(2) If chlorine is used to maintain a disinfectant residual in the distribution system 

and there are one or more disinfection addition points after the entrance to the distribution 

system (i.e., booster chlorination), the system shall take one sample at each of the 

following locations: as close to the first customer as possible, in a location representative 

of average residence time, and as close to the furthest customer as possible (reflecting 

maximum residence time in the distribution system). 

 

§64534.6. Disinfection Byproduct Precursors Monitoring. 

(a) Systems that use approved surface water and conventional filtration treatment (as 

defined in section 64651.23) shall take one paired TOC sample (source water and treated 

water) and one source water alkalinity sample per month per treatment plant at a time 

representative of normal operating conditions and influent water quality.  TOC and 

alkalinity in the source water shall be monitored prior to any treatment and at the same 

time as TOC monitoring in the treated water.  TOC in the treated water shall be 

monitored no later than the point of combined filter effluent turbidity monitoring and 

shall be representative of the treated water.  
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(b) Systems using approved surface water with an annual average treated water TOC 

of less than 2.0 mg/L for two consecutive years, or less than 1.0 mg/L for one year, may 

reduce monitoring for both TOC and alkalinity to one paired sample and one source 

water alkalinity sample per plant per quarter.  The system shall revert to monitoring 

pursuant to subsection (a) in the first month following the quarter that the annual average 

treated water TOC is equal to or greater than 2.0 mg/L. 

 

(c) Systems using approved surface water and not monitoring pursuant to subsection 

(a) or (b): 

(1) To qualify for reduced TTHM and HAA5 monitoring pursuant to table 

64534.2-B or 64534.2-D, shall take monthly TOC samples every 30 days at a location 

prior to any treatment; and 

(2) Once qualified for reduced TTHM and HAA5 monitoring pursuant to table 

64534.2-B or 64534.2-D, may reduce source water TOC monitoring to quarterly TOC 

samples taken every 90 days at a location prior to any treatment.  The system shall revert 

to source water TOC monitoring pursuant to paragraph (1) in the first month following 

the quarter that the annual average source water TOC is greater than 4.0 mg/L. 

 

§64534.8. Monitoring Plans. 

(a) A system shall develop and submit to the Department a monitoring plan.  The 

system shall implement the plan after Department review and approval. The system shall 

maintain the plan and make it available for inspection by the general public no later than 

30 days following the applicable compliance date in sections 64530(a) or (b), and (d).   

 

(b) The Department will evaluate the plan based on the following required elements:  

(1) Specific locations and schedules for collecting samples for any parameters 

included in this chapter, including seasonal variations if applicable; 

(2) How the system will calculate compliance with MCLs, MRDLs, and treatment 

techniques; and 

(3) For compliance monitoring pursuant to section 64534.2(d), monitoring dates 

and the elements specified in subparagraphs (1) and (2). 

 

(c) Systems that submitted an IDSE report pursuant to section 64530(c) shall monitor 

for TTHM and HAA5 under section 64534.2(d) at the locations and months 

recommended in the IDSE report, unless the Department requires other locations or 

additional locations after its review of the IDSE report. 

 

(d) Systems not required to submit an IDSE report pursuant to section 64530(c) and 

that: 

(1) Do not have sufficient TTHM and HAA5 compliance monitoring locations 

under section 64534.2(a) to identify the required number of TTHM and HAA5 

compliance monitoring locations indicated in 40 Code of Federal Regulations part 

141.605(b) (71 Fed. Reg. 487 (January 4, 2006)), shall: 
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(A) Identify additional locations by alternating selection of locations 

representing high TTHM levels and high HAA5 levels until the required number of 

compliance monitoring locations have been identified; and 

(B) Provide the rationale in the plan for identifying the locations as having 

high levels of TTHM or HAA5. 

(2) Have more TTHM and HAA5 compliance monitoring locations under section 

64534.2(a) than required for TTHM and HAA5 compliance monitoring indicated in 40 

Code of Federal Regulations part 141.605(b) (71 Fed. Reg. 487 (January 4, 2006)), shall 

identify the locations to use by alternating selection of locations representing high TTHM 

levels and high HAA5 levels until the required number of compliance monitoring 

locations have been identified. 

 

(e) The plan developed for compliance monitoring pursuant to section 64534.2(d) 

may be revised to reflect changes in treatment, distribution system operations and layout 

(including new service areas), or other factors that may affect TTHM or HAA5 

formation, or for Department-approved reasons, after consultation with the Department 

regarding the need for changes and the appropriateness of changes.  Systems shall 

comply with the requirements of subsection (a) for the revised plan.  If monitoring 

locations are changed, systems shall replace existing compliance monitoring locations 

having the lowest LRAA with new locations that reflect the current distribution system 

locations having expected high TTHM or HAA5 levels. 

 

Article 4. Compliance requirements 
§64535. General Requirements for Determining Compliance. 

(a) All samples taken and analyzed in accordance with section 64534.8 shall be 

included in determining compliance, pursuant to sections 64535.2, 64535.4, and 64536.4. 

 

(b) For violations of the MCLs in section 64533 or MRDLs in section 64533.5 that 

may pose an acute risk to human health, notification shall be pursuant to sections 64463, 

64463.1, and 64465.  

 

§64535.2. Determining Disinfection Byproducts Compliance. 

(a) During the first year of monitoring for disinfection byproducts under sections 

64534.2(a), (b), and (c), the system shall comply with paragraphs (1) through (3).  During 

the first year of monitoring for TTHM and HAA5 under section 64534.2(d), the system 

shall comply with paragraphs (1) through (3) at each monitoring location: 

(1) The average of the first quarter’s results shall not exceed four times the MCLs 

specified in section 64533. 
(2) The average of the first and second quarter’s results shall not exceed two times 

the MCLs specified in section 64533. 

(3) The average of the first, second, and third quarter’s results shall not exceed 

1.33 times the MCLs specified in section 64533. 
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(b) TTHM and HAA5 MCL compliance, as monitored pursuant to section 

64534.2.(a), shall be determined as follows: 

(1) For systems monitoring quarterly, the running annual arithmetic average, 

computed quarterly, of quarterly arithmetic averages of all samples collected pursuant to 

section 64534.2(a) shall not exceed the MCLs specified in section 64533;   

(2) For systems monitoring less frequently than quarterly, the average of samples 

collected that calendar year pursuant to section 64534.2(a) shall not exceed the MCLs 

specified in section 64533. If the average of the samples collected under section 

64534.2(a) exceeds the MCL, the system shall increase monitoring to once per quarter 

per treatment plant.  Compliance with the MCL shall then be determined by the average 

of the sample that triggered the quarterly monitoring and the following three quarters of 

monitoring, unless the result of fewer than four quarters of monitoring will cause the 

running annual average to exceed the MCL, in which case the system is in violation 

immediately.  After monitoring quarterly for four consecutive quarters (including the 

quarter that triggered the quarterly monitoring), and until such time as monitoring returns 

to routine monitoring pursuant to section 64534.2(a)(3), compliance shall be determined 

pursuant to paragraph (1); 

(3) If the running annual arithmetic average of quarterly averages covering any 

consecutive four-quarter period exceeds the MCL, the system is in violation of the MCL 

and shall notify the public pursuant to sections 64463, 64463.4, and 64465, including 

language in appendix 64465-G, in addition to reporting to the Department pursuant to 

sections 64537 through 64537.6; and 

(4) If a public water system fails to complete four consecutive quarters of 

monitoring, compliance with the MCL for the last four-quarter compliance period shall 

be based on an average of the available data. 

 

(c) Compliance for bromate shall be based on a running annual arithmetic average, 

computed quarterly, of monthly samples (or, for months in which the system takes more 

than one sample, the average of all samples taken during the month) collected by the 

system as prescribed by section 64534.2(c).  If the average of samples covering any 

consecutive four-quarter period exceeds the MCL, the system is in violation of the MCL 

and shall notify the public pursuant to sections 64463, 64463.4, and 64465, including 

language in appendix 64465-G, in addition to reporting to the Department pursuant to 

sections 64537 through 64537.6.  If a public water system fails to complete 12 

consecutive months of monitoring, compliance with the MCL for the last four-quarter 

compliance period shall be based on an average of the available data.  

 

(d) Compliance for chlorite shall be based on the results of samples collected by the 

system pursuant to sections 64534.2(b). 

(1) If any daily sample taken at the entrance to the distribution system exceeds the 

chlorite MCL and one (or more) of the three samples taken in the distribution system 

pursuant to section 64534.2(b)(1) exceeds the chlorite MCL, the system is in violation of 

the MCL and shall take immediate corrective action to reduce the concentration of 

chlorite to a level below the MCL.  The system shall notify the Department within 48 
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hours of the determination and notify the public pursuant to the procedures for acute 

health risks in sections 64463, 64463.1, and 64465, including language in appendix 

64465-G, in addition to reporting to the Department pursuant to sections 64537 through 

64537.6.  Failure to take samples in the distribution system the day following an 

exceedance of the chlorite MCL at the entrance to the distribution system is also an MCL 

violation and the system shall notify and report as described in this paragraph; 

(2) If the average of an individual sample from the three-sample set taken 

pursuant to 64534.2(b)(2) and its confirmation sample taken pursuant to section 

64634.2(b)(4) exceeds the chlorite MCL, the system is in violation of the MCL and shall 

take the corrective action and notify and report as described in paragraph (1).  If the 

average of the individual sample and its confirmation does not exceed the MCL, the 

system shall inform the Department of the results within seven days from receipt of the 

original analysis.  Failure to take a confirmation sample pursuant to section 64534.2(b)(4) 

is also an MCL violation and the system shall notify and report as described in paragraph 

(1); and 

(3) If any two consecutive daily samples taken at the entrance to the distribution 

system exceed the chlorite MCL and all distribution system samples taken pursuant to 

64534.2(b)(1) are less than or equal to the chlorite MCL, the system is in violation of the 

MCL and shall take corrective action to reduce the concentration of chlorite to a level 

below the MCL at the point of sampling.  The system shall notify the public pursuant to 

the procedures for nonacute health risks in sections 64463, 64463.4, and 64465, including 

the language in appendix 64465-G, in addition to reporting to the Department pursuant to 

sections 64537 through 64537.6.  Failure to monitor at the entrance to the distribution 

system the day following an exceedance of the chlorite MCL at the entrance to the 

distribution system is also an MCL violation and the system shall notify and report as 

described in this paragraph. 

 

(e) TTHM and HAA5 MCL compliance, as monitored pursuant to section 64534.2(d), 

shall be determined as follows: 

(1) For systems monitoring quarterly, each locational running annual average 

(LRAA), computed quarterly, shall not exceed the MCLs specified in section 64533; 

(2) For systems monitoring annually or less frequently, each sample collected 

shall not exceed the MCLs specified in section 64533.  If no sample exceeds the MCL, 

the sample result for each monitoring location shall be considered the LRAA for the 

monitoring location.  If any sample exceeds the MCL, systems shall increase monitoring 

pursuant to section 64534.2(d)(5).  Compliance with the MCL shall then be determined 

by the average of the sample that triggered the quarterly monitoring and the following 

three quarters of monitoring, unless the result of fewer than four quarters of monitoring 

will cause the LRAA to exceed the MCL, in which case the system is in violation 

immediately.  After monitoring quarterly for four consecutive quarters (including the 

quarter that triggered the quarterly monitoring), and until such time as monitoring returns 

to routine monitoring pursuant to section 64534.2(d)(5), compliance shall be determined 

pursuant to paragraph (1); 
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(3) If a system fails to complete four consecutive quarters of monitoring, 

compliance with the MCL for the last four-quarter compliance period shall be based on 

an average of the available data.  If more than one sample per quarter is taken at a 

monitoring location, all the samples taken in the quarter at that monitoring location shall 

be averaged to determine a quarterly average to be used in the LRAA calculation; and 

(4) If the LRAA exceeds the MCL, calculated based on four consecutive quarters 

of monitoring (or the LRAA calculated based on fewer than four quarters of data if the 

MCL would be exceeded regardless of the monitoring results of subsequent quarters), the 

system is in violation of the MCL and shall notify the public pursuant to sections 64463, 

64463.4, and 64465, including the language in appendix 64465-G, in addition to 

reporting to the Department pursuant to sections 64537 through 64537.6. 

 

§64535.4. Determining Disinfectant Residuals Compliance. 

(a) During the first year of monitoring for disinfection residuals under section 

64534.4 the system shall comply with the following: 

(1) The average of the first quarter’s results shall not exceed four times the 

MRDLs specified in section 64533.5; 

(2) The average of the first and second quarter’s results shall not exceed two times 

the MRDLs specified in section 64533.5; and 

(3) The average of the first, second, and third quarter’s results shall not exceed 

1.33 times the MRDLs specified in section 64533.5. 

 

(b) Chlorine and chloramines MRDL compliance is determined as follows: 

(1) Compliance shall be based on a running annual arithmetic average, computed 

quarterly, of monthly averages of all samples collected by the system under section 

64534.4(a).  If the average covering any consecutive four-quarter period exceeds the 

MRDL, the system is in violation of the MRDL and shall notify the public pursuant to 

sections 64463, 64463.4, and 64465, including language in appendix 64465-G, in 

addition to reporting to the Department pursuant to sections 64537 through 64537.6; and   

(2) In cases where systems switch between the use of chlorine and chloramines 

for residual disinfection during the year, compliance shall be determined by including 

together all monitoring results of both chlorine and chloramines.  Reports submitted 

pursuant to sections 64537 through 64537.6 shall clearly indicate which residual 

disinfectant was analyzed for each sample. 

 

(c) Compliance for chlorine dioxide shall be based on consecutive daily samples 

collected by the system under section 64534.4(b).  

(1) If any daily sample taken at the entrance to the distribution system exceeds the 

MRDL, and one (or more) of the three samples taken in the distribution system exceed 

the MRDL, the system is in violation of the MRDL and shall take immediate corrective 

action to reduce the concentration of chlorine dioxide to a level below the MRDL.  The 

system shall notify the Department within 48 hours of the determination, notify the public 

pursuant to the procedures for acute health risks in sections 64463, 64463.1, and 64465, 

including language in appendix 64465-G, in addition to reporting to the Department 
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pursuant to sections 64537 through 64537.6.  Failure to take samples in the distribution 

system the day following an exceedance of the chlorine dioxide MRDL at the entrance to 

the distribution system is also an MRDL violation and the system shall notify and report 

as described in this paragraph; 

(2) If any two consecutive daily samples taken at the entrance to the distribution 

system exceed the MRDL and all distribution system samples taken are less than or equal 

to the MRDL, the system is in violation of the MRDL and shall take corrective action to 

reduce the concentration of chlorine dioxide to a level below the MRDL at the point of 

sampling.  The system shall notify the public pursuant to the procedures for nonacute 

health risks in sections 64463, 64463.4. and 64465, including language in appendix 

64465-G, in addition to reporting to the Department pursuant to sections 64537 through 

64537.6.  Failure to monitor at the entrance to the distribution system the day following 

an exceedance of the chlorine dioxide MRDL at this site is also an MRDL violation and 

the system shall notify and report as described in this paragraph. 

 

Article 5. Treatment technique for control of disinfection byproduct precursors 

(DBPP) 
§64536. Alternative Compliance Criteria to the Enhanced Coagulation and 

Enhanced Softening Performance Requirements.   

(a) Systems using approved surface water and conventional filtration treatment shall 

meet any one of the alternative compliance criteria in paragraphs (1) through (6) to 

comply with this article or comply with the requirements of section 64536.2.  Systems 

that meet one of the criteria in paragraphs (1) through (6) shall still comply with 

monitoring requirements in section 64534.6. 

(1) The system's source water TOC level is less than 2.0 mg/L, calculated 

quarterly as a running annual average. 

(2) The system's treated water TOC level is less than 2.0 mg/L, calculated 

quarterly as a running annual average. 

(3) The system's source water TOC level is less than 4.0 mg/L, calculated 

quarterly as a running annual average; the source water alkalinity is greater than 60 mg/L 

(as CaCO3), calculated quarterly as a running annual average; and either  

(A) The TTHM and HAA5 running annual averages are no greater than 0.040 

mg/L and 0.030 mg/L, respectively; or  

(B) Prior to the applicable compliance date in section 64530(a) or (b), the 

system has applied to the Department for the approval of, and committed funds to the 

installation of, technologies that will limit the levels of TTHM and HAA5 to no more 

than 0.040 mg/L and 0.030 mg/L, respectively.  The application to the Department shall 

include a description of the technology to be installed, evidence of a commitment to 

complete the installation, such as a signed contract, bid solicitation, or approved bond 

measure, and a schedule containing milestones and periodic progress reports for 

installation and operation of the technology.  These technologies shall be installed and 

operating not later than June 30, 2005.  
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(4) The TTHM and HAA5 running annual averages are no greater than 0.040 

mg/L and 0.030 mg/L, respectively, and the system uses only chlorine for primary 

disinfection and maintenance of a residual in the distribution system. 

(5) The system’s source water SUVA, prior to any treatment and measured 

monthly, is less than or equal to 2.0 L/mg-m, calculated quarterly as a running annual 

average. 

(6) The system’s finished water SUVA, measured monthly, is less than or equal to 

2.0 L/mg-m, calculated quarterly as a running annual average. 

 

(b) Systems using approved surface water and conventional filtration treatment and 

practicing softening that cannot achieve the TOC removal required by section 64536.2(a) 

shall meet any one of the criteria in paragraphs (1) through (2) below or any one of the 

criteria in section 64536(a), paragraphs (1) through (6) to comply with this article.  

Systems that meet one of the criteria in paragraphs (1) through (2) below or one of the 

criteria in section 64536(a), paragraphs (1) through (6) shall still comply with the 

monitoring requirements in section 64534.6. 

(1) Softening that results in lowering the treated water alkalinity to less than 60 

mg/L (as CaCO3), measured monthly and calculated quarterly as a running annual 

average; or 

(2) Softening that results in removing at least 10 mg/L of magnesium hardness (as 

CaCO3), measured monthly and calculated quarterly as an annual running average.  

 

§64536.2. Enhanced Coagulation and Enhanced Softening Performance 

Requirements.   

(a) Systems using approved surface water and conventional filtration treatment (as 

defined in section 64651.23) shall operate with enhanced coagulation or enhanced 

softening to achieve the TOC percent removal levels specified in this section, unless the 

system meets at least one of the alternative compliance criteria listed in section 64536(a) 

or (b). 

 

(b) Systems shall achieve the Step 1 percent reduction of TOC specified in table 

64536.2-A between the source water and the combined filter effluent, unless the 

Department approves a system's request for alternate minimum TOC removal (Step 2) 

requirements under subsection (c).  Systems practicing softening shall meet the Step 1 

TOC removals in the far-right column (Source water alkalinity >120 mg/L) of table 

64536.2-A for the specified source water TOC: 
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Table 64536.2-A 

Step 1 Required Removal of TOC by Enhanced Coagulation and Enhanced Softening 

Systems Using Conventional Treatment
1, 2

 

 

 Required Removal of TOC 

 

Source-Water 

TOC, mg/L  

 

Source-Water Alkalinity, mg/L as CaCO3 

0-60 >60-120 >120
 

 

>2.0-4.0 35.0% 25.0% 15.0% 

>4.0-8.0 45.0% 35.0% 25.0% 

>8.0 50.0% 40.0% 30.0% 

    
1
  Systems that meet one of the criteria in section 64536(a), paragraphs (1) 

through (6) do not have to operate with enhanced coagulation. 
2
  Softening systems that meet one of the criteria in section 64536(b), 

paragraphs (1) through (2) do not have to operate with enhanced softening. 

 

(c) Systems using approved surface water and conventional treatment that cannot 

achieve the Step 1 TOC removals required by subsection (b) due to water quality 

parameters or operational constraints shall apply to the Department, within three months 

of failure to achieve the TOC removals required by subsection (b), for approval of Step 2 

removal requirements.  If the Department approves the Step 2 removal requirements 

pursuant to subsection (d), and the system conducted monthly TOC monitoring beginning 

one year prior to the compliance date specified in section 64530, the Step 2 removal 

requirements will be retroactive to the compliance date for the purposes of determining 

compliance.  

 

(d) Applications made to the Department by systems using enhanced coagulation for 

approval of Step 2 removal requirements under subsection (c) shall include, as a 

minimum, results of bench-scale or pilot-scale testing conducted under paragraph (1) of 

this subsection that were used to determine the alternate enhanced coagulation level. 

(1) Alternate enhanced coagulation level is defined as coagulation at a coagulant 

dose and pH as determined by the method described in paragraphs (1) through (4) such 

that an incremental addition of 10 mg/L of alum (or equivalent addition of iron 

coagulant) results in a TOC removal of  0.3 mg/L.  The percent removal of TOC at this 
point on the "TOC removal versus coagulant dose" curve is then defined as the Step 2 

removal requirement for the system.  Once approved by the Department, this Step 2 

removal requirement supersedes the minimum TOC removal required by subsection 

64536.2(b).  This requirement shall be effective until such time as the Department 

approves a new value based on the results of a new bench-scale or pilot-scale test.  

(2) Bench-scale or pilot-scale testing of enhanced coagulation shall be conducted 

by using representative water samples and adding 10 mg/L increments of alum (or 
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equivalent addition of iron coagulant) until the pH is reduced to a level less than or equal 

to the enhanced coagulation Step 2 target pH shown in table 64536.2-B. 

 

Table 64536.2-B 

Enhanced Coagulation Step 2 Target pH 

 

Alkalinity 

mg/L as CaCO3 

 

Target PH 

 

0-60 

 

5.5 

>60-120 6.3 

>120-240 7.0 

>240 7.5 

 

(3) For waters with alkalinities of less than 60 mg/L for which the addition of 

small amounts of alum (or equivalent addition of iron coagulant) drives the pH below 5.5 

before significant TOC removal occurs, the system shall add necessary chemicals to 

maintain the pH between 5.3 and 5.7 in samples until the TOC removal of 0.3 mg/L per 

10 mg/L alum added (or equivalent addition of iron coagulant) is reached. 

(4) If the TOC removal is consistently less than 0.3 mg/L of TOC per 10 mg/L of 

incremental alum dose at all dosages of alum (or equivalent addition of iron coagulant), 

the system is eligible to apply for a waiver of enhanced coagulation requirements.  The 

application shall include, as a minimum, the results of bench-scale or pilot-scale testing 

conducted under paragraph (1) of this subsection.  

 

§64536.4. Disinfection Byproduct Precursor Compliance Calculations. 

(a) Systems not meeting any of the criteria identified in sections 64536(a) or (b) shall 

comply with requirements contained in sections 64536.2(a) or (b) and shall calculate 

compliance quarterly, beginning after the system has collected 12 months of data, by 

determining an annual average using the following method: 

(1) Determine actual monthly TOC percent removal, equal to: 

(1 - [treated water TOC/source water TOC]) x 100. 

(2) Determine the required monthly TOC percent removal (from either table 

64536.2-A or from section 64536.2(c)). 

(3) Divide the value in paragraph(a)(1) by the value in paragraph(a)(2). 

(4) Add together the results of paragraph(a)(3) for the last 12 months and divide 

by 12. 

(5) If the value calculated in paragraph(a)(4) is less than 1.00, the system is not in 

compliance with the TOC percent removal requirements. 

 

(b) In any month that one or more of the conditions of sections 64536.4(b)(1) through 

(b)(6) are met, the system may assign a monthly value of 1.0 (in lieu of the value 

calculated in section 64536.4(a)(3)) when calculating compliance under the provisions of 

subsection (a). 
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(1) The system's source water TOC level, prior to any treatment, is less than or 

equal to 2.0 mg/L. 

(2) The system's treated water TOC level is less than or equal to 2.0 mg/L.  

(3) The system’s source water SUVA, prior to any treatment, is less than or equal 

to 2.0 L/mg-m. 

(4) The system’s finished water SUVA is less than or equal to 2.0 L/mg-m. 

(5) A system practicing softening removes at least 10 mg/L of magnesium 

hardness (as CaCO3). 

(6) A system practicing enhanced softening lowers alkalinity below 60 mg/L (as 

CaCO3). 

 

§64536.6. Disinfection Byproduct Precursors Public Notification Requirements. 

For systems using conventional treatment, enhanced coagulation or enhanced softening 

are identified as treatment techniques to control the level of disinfection byproduct 

precursors in drinking water treatment and distribution systems.  If a system fails to 

comply with the enhanced coagulation or enhanced softening requirements established in 

this article, the system shall notify the public pursuant to sections 64463, 64463.4, and 

64465, including language in appendix 64465-G, in addition to reporting to the 

Department pursuant to sections 64537 through 64537.6.  

 

Article 6. Reporting and recordkeeping requirements 
§64537. General Reporting and Recordkeeping Requirements. 

(a) Systems required to sample quarterly or more frequently, pursuant to section 

64534.2, 64534.4, or 64534.6, shall report to the Department within 10 days after the end 

of each quarter in which samples were collected according to section 64469(c), 

notwithstanding the provisions of sections 64469(a) and (b).  Systems required to sample 

less frequently than quarterly shall report to the Department within 10 days after the end 

of each quarter in which samples were collected.  Systems shall report information to the 

Department in conformance with the requirements of sections 64537.2, 64537.4, and 

64537.6. 

 

(b) Systems shall require the laboratory to notify the system the same day samples are 

taken and analyzed whenever the level of chlorite in an entrance to the distribution 

system sample taken pursuant to section 64534.2(b)(1) exceeds the chlorite MCL or the 

level of chlorine dioxide in an entrance to the distribution system sample taken pursuant 

to section 64534.4(b) exceeds the chlorine dioxide MRDL, and shall ensure that a contact 

person is available to receive the analytical results 24-hours a day. 

 
(c) Systems shall require the laboratory to notify the supplier within 48 hours 

whenever the level of chlorite in a single distribution system sample taken pursuant to 

section 64534.2(b)(1) or (b)(2) exceeds the chlorite MCL or the level of chlorine dioxide 

in a single distribution system sample taken pursuant to section 64534.4(b) exceeds the 

chlorine dioxide MRDL, and shall ensure that a contact person is available to receive 

such analytical results 24-hours a day.  The system shall also require the laboratory to 
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immediately notify the Department of any chlorite MCL or chlorine dioxide MRDL 

exceedance if the laboratory cannot make direct contact with the designated contact 

person within 48 hours. 

 

(d) Systems required to conduct an operational evaluation pursuant to section 

64534.2(d)(6) shall submit a written report of the evaluation to the Department no later 

than 90 days after being notified of the analytical result that caused the OEL exceedance.  

Systems shall make the written report available to the public upon request.  If the 

Department approves the system’s written request to limit the scope of the evaluation 

under section 64534.2(d)(6), the system shall keep the written approval with the 

completed report. 

 

(e) Systems shall retain monitoring plans and records of chemical analyses in 

accordance with section 64470. 

 

§64537.2. Disinfection Byproducts Reporting.  

Systems shall report to the Department the information specified in tables 64537.2-A and 

64537.2-B. 

 

Table 64537.2-A 

Disinfection Byproducts Reporting 

 

If the system is monitoring under 

the requirements of section 

64534.2(a), (b), or (c) for... 

  

 

The system shall report... 

     

TTHM and 

HAA5  

 (a) on a quarterly or 

more frequent basis 

 (1) The number of samples taken during the last quarter; 

(2) The location, date, and result of each sample taken 

during the last quarter; 

(3) The arithmetic average of all samples taken in the last 

quarter; 

(4) The annual arithmetic average of the quarterly 

arithmetic averages of the samples for the last four 

quarters; and 

(5) Whether, based on section 64535.2(b), the MCL was 

violated. 

     

  (b) less frequently 

than quarterly (but 

at least annually) 

 (1) The number of samples taken during the last year; 

(2) The location, date, and result of each sample taken 

during the last monitoring period; 

(3) The arithmetic average of all samples taken over the 

last year; and 

(4) Whether, based on section 64535.2(b), the MCL was 

violated. 
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  (c) less frequently 

than annually 

 (1) The location, date, and result of the last sample taken; 

and 

(2) Whether, based on section 64535.2(b), the MCL was 

violated. 

     

Chlorite     (1) The number of entry point samples taken each month 

for the last 3 months;  

(2) The location, date, and result of each sample (both 

entry point and distribution system) taken during the last 

quarter;  

(3) If a confirmation sample is taken pursuant to section 

64634.2(b)(4), the average of an individual sample and its 

confirmation sample; and  

(4) Whether, based on section 64535.2(d), the MCL was 

violated, in which month it was violated, and how many 

times it was violated in each month. 

     

Bromate    (1) The number of samples taken during the last quarter; 

(2) The location, date, and result of each sample taken 

during the last quarter; 

(3) The arithmetic average of the monthly arithmetic 

averages of all samples taken in the last year; and 

(4) Whether, based on section 64535.2(c), the MCL was 

violated. 

     

 

Table 64537.2-B 

TTHM and HAA5 Reporting 

   

If the system is monitoring under 

the requirements of section 

64534.2(d) for... 

  

 

The system shall report… 

   

TTHM and HAA5   (a) For each monitoring location: 

  (1) The number of samples taken during the last quarter; 

  (2) The date and results of each sample taken during the 

last quarter; 

  (3) The arithmetic average of quarterly results for the last 

four quarters (LRAA); 

  (4) Whether the LRAA calculated based on fewer than 

four quarters of data would cause the MCL to be exceeded 
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regardless of the monitoring results of subsequent quarters; 

  (5) Whether, based on section 64535.2(e), the MCL was 

violated at any monitoring location; and 

  (6) Any operational evaluation levels that were exceeded 

during the quarter and, if so, the location and date, and the 

calculated TTHM and HAA5 levels. 

   

  (b) For a supplier using approved surface water and 

seeking to qualify for or remain on reduced TTHM/HAA5 

monitoring, source water TOC information for each 

treatment plant that treats approved surface water: 

  (1) The number of source water TOC samples taken each 

month during the last quarter; 

  (2) The date and result of each sample taken during the 

last quarter; 

  (3) The quarterly average of monthly samples taken 

during the last quarter or the result of the quarterly sample; 

and 

  (4) The running annual average (RAA) of quarterly 

averages from the past four quarters; and 

  (5) Whether the RAA exceeded 4.0 mg/L. 

   

 

§64537.4. Disinfectants Reporting. 

Systems shall report to the Department the information specified in table 64537.4-A  

 

Table 64537.4-A 

Disinfectants Reporting 

 

If the system is 

monitoring under the 

requirements of 

section 64534.4 for... 

  

 

 

The system shall report... 

   

Chlorine or 

chloramines  

 (1) The number of samples taken during each month of the last quarter. 

(2) The monthly arithmetic average of all samples taken in each month 

for the last 12 months. 

(3) The arithmetic average of all monthly averages for the last 12 

months. 

(4) Whether, based on section 64535.4(b), the MRDL was violated. 

   

Chlorine dioxide   (1) The dates, results, and locations of samples taken during the last 

quarter. 

(2) Whether, based on section 64535.4(c), the MRDL was violated. 
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(3) Whether the MRDL was exceeded in any two consecutive daily 

samples and whether the resulting violation was acute or nonacute. 

   

 

§64537.6. Disinfection Byproduct Precursors and Enhanced Coagulation or 

Enhanced Softening Reporting. 

(a) Systems required to meet the enhanced coagulation or enhanced softening 

requirements in section 64536.2(a) or (b) shall report the following: 

(1) The number of paired (source water and treated water) samples taken during 

the last quarter. 

(2) The location, date, and result of each paired sample and associated alkalinity 

taken during the last quarter. 

(3) For each month in the reporting period that paired samples were taken, the 

arithmetic average of the percent reduction of TOC for each paired sample and the 

required TOC percent removal. 

(4) Calculations for determining compliance with the TOC percent removal 

requirements, as provided in section 64536.4(a). 

(5) Whether the system is in compliance with the enhanced coagulation or 

enhanced softening percent removal requirements in section 64536.2 for the last four 

quarters. 

 

(b) Systems meeting one or more of the alternative compliance criteria in section 

64536(a) or (b), in lieu of meeting the requirements in section 64536.2(a) or (b), shall 

report the following: 

(1) The alternative compliance criterion that the system is using. 

(2) The number of paired samples taken during the last quarter. 

(3) The location, date, and result of each paired sample and associated alkalinity 

taken during the last quarter. 

(4) The running annual arithmetic average based on monthly averages (or 

quarterly samples) of source water TOC for systems meeting a criterion in sections 

64536(a)(1) or (3) or of treated water TOC for systems meeting the criterion in section 

64536(a)(2). 

(5) The running annual arithmetic average based on monthly averages (or 

quarterly samples) of source water SUVA for systems meeting the criterion in section 

64536(a)(5) or of treated water SUVA for systems meeting the criterion in section 

64536(a)(6). 

(6) The running annual average of source water alkalinity for systems meeting the 

criterion in section 64536(a)(3) and of treated water alkalinity for systems meeting the 

criterion in section 64536(b)(1). 

(7) The running annual average for both TTHM and HAA5 for systems meeting 

the criterion in section 64536(a)(3) or (4). 

(8) The running annual average of the amount of magnesium hardness removal 

(as CaCO3, in mg/L) for systems meeting the criterion in section 64536(b)(2). 
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(9) Whether the system is in compliance with the particular alternative 

compliance criterion in section 64536(a) or (b). 

 

 

CHAPTER 16. CALIFORNIA WATERWORKS STANDARDS 
 

Article 1. Definitions 
§64551.10. Distribution Reservoir. 

―Distribution reservoir‖ means any tank or other structure located within or connected to 

the distribution system and used to store treated/finished drinking water. 

 

§64551.20. Distribution System. 

―Distribution system‖ means all physical parts of the water system, including, but not 

limited to:  Pipes, valves, pumping stations, storage tanks or reservoirs, and user service 

lines, that are located between the water treatment plant, or the source if there is no 

treatment, and the consumer’s service connection. 

 

§64551.30. Maximum Day Demand (MDD). 

―Maximum day demand (MDD)‖ means the amount of water utilized by consumers 

during the highest day of use (midnight to midnight), excluding fire flow, as determined 

pursuant to Section 64554. 

 

§64551.35. Peak Hour Demand (PHD). 

―Peak hour demand (PHD)‖ means the amount of water utilized by consumers during the 

highest hour of use during the maximum day, excluding fire flow, as determined pursuant 

to Section 64554. 

 

§64551.40. Source Capacity. 

―Source capacity‖ means the total amount of water supply available, expressed as a flow, 

from all active sources permitted for use by the water system, including approved surface 

water, groundwater, and purchased water. 

 

§64551.60. User Service Line. 

―User service line‖ means the pipe, tubing, and fittings connecting a water main to an 

individual water meter or service connection. 

 

§64551.70. Water Main. 

―Water main‖ means any pipeline, except for user service lines, within the distribution 

system. 

 

Article 1.5. Waivers and Alternatives 
§64551.100. Waivers and Alternatives. 

(a) A water system that proposes to use an alternative to a requirement in this chapter 

shall: 
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(1) Demonstrate to the Department that the proposed alternative would provide at 

least the same level of protection to public health; and 

(2) Obtain written approval from the Department prior to implementation of the 

alternative. 

 

Article 2. Permit Requirements 
§64552. Initial Permit for Public Water System. 

(a) Each public water system applying for an initial domestic public water system 

permit shall submit an application that includes: 

(1) A map and description of the entire existing and proposed service area, 

showing: 

(A) The location of each water source, as well as wells that are abandoned, 

out-of-service, destroyed, standby, or inactive (not physically connected to the water 

system), together with: 

1. Any valid water rights owned by the system for surface water sources, 

including information on any limitations or restrictions of those rights; 

2. For a groundwater aquifer, the groundwater levels and drawdown 

patterns; 

3. Permits or approvals for groundwater extraction if pumping from an 

adjudicated groundwater basin; 

4. Existing and planned source pumping capability and distribution storage 

capacity for the system as a whole and for each pressure zone;  

5. The calculated sustained well yields of existing wells if groundwater 

sources are used;  

6. Permits for any waters proposed for use to offset potable water demand; 

and 

(B) Treatment facilities and pumping plants; 

(C) Distribution system piping, pressure zones, hydropneumatic tanks, and 

reservoirs; 

(D) Valves, sample taps, and other system appurtenances; 

(E) Recycled water and sewage systems;  

(F) Conveyance facilities;  

(G) Any flood plains in the projected service area; and 

(H) The 100 year flood or highest recorded flood level, whichever is higher. 

(2) The population, and number and type of residential, commercial, agricultural, 

and industrial service connections, in the system’s projected service area;   

(3) Design drawings of proposed facilities drawn to scale, showing location, size, 

and construction material; 
(4) As-built drawings of existing facilities, drawn to scale, showing location, size, 

construction materials, and year of installation of any water main or other facility that has 

already been constructed; 

(5) The estimated MDD and PHD with the methods, assumptions, and 

calculations used for the estimations;  
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(6) A source water assessment and description of each source of water proposed 

for use to meet the estimated MDD and information demonstrating that the sources are 

adequate to do so, such as, but not limited to, well pump tests, the capacities of all 

pumping facilities, and the hydraulic capacity of surface water treatment facilities, 

(A) If the system plans to use surface water, the system shall demonstrate that 

it holds a valid water right to that amount of water including any allowable reductions or 

limitations on its availability, as stated in the water rights contract; 

(B) If groundwater is to be used, the system shall demonstrate that the 

groundwater aquifer is sufficient, or in the case of adjudicated groundwater basins, that 

approval has been obtained to allow that amount of sustained withdrawal including any 

allowable reductions or limitations on its availability, as stated in the water rights 

contract; 

(C) If purchased water is to be used, the system shall provide contracted 

amount and the hydraulic capacity at each turnout and any allowable reductions or 

limitations on its availability, as stated in the purchased water contract; and 

(7) Information that demonstrates how the system proposes to reliably meet four 

hours of PHD using, but not limited to, available source capacity and distribution 

reservoirs. 

 

(b) The information in subsection (a) shall be prepared by a professional civil 

engineer registered in the State of California with experience in water supply 

engineering. 

 

§64554. New and Existing Source Capacity. 

(a) At all times, a public water system’s water source(s) shall have the capacity to 

meet the system’s maximum day demand (MDD).  MDD shall be determined pursuant to 

subsection (b). 

(1) For systems with 1,000 or more service connections, the system shall be able 

to meet four hours of peak hourly demand (PHD) with source capacity, storage capacity, 

and/or emergency source connections. 

(2) For systems with less than 1,000 service connections, the system shall have 

storage capacity equal to or greater than MDD, unless the system can demonstrate that it 

has an additional source of supply or has an emergency source connection that can meet 

the MDD requirement. 

(3) Both the MDD and PHD requirements shall be met in the system as a whole 

and in each individual pressure zone. 

 

(b) A system shall estimate MDD and PHD for the water system as a whole (total 

source capacity and number of service connections) and for each pressure zone within the 

system (total water supply available from the water sources and interzonal transfers 

directly supplying the zone and number of service connections within the zone), as 

follows: 
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(1) If daily water usage data are available, identify the day with the highest usage 

during the past ten years to obtain MDD; determine the average hourly flow during MDD 

and multiply by a peaking factor of at least 1.5 to obtain the PHD. 

(2) If no daily water usage data are available and monthly water usage data are 

available: 

(A) Identify the month with the highest water usage (maximum month) during 

at least the most recent ten years of operation or, if the system has been operating for less 

than ten years, during its period of operation; 

(B) To calculate average daily usage during maximum month, divide the total 

water usage during the maximum month by the number of days in that month; and 

(C) To calculate the MDD, multiply the average daily usage by a peaking 

factor that is a minimum of 1.5; and 

(D) To calculate the PHD, determine the average hourly flow during MDD 

and multiply by a peaking factor that is a minimum of 1.5. 

(3) If only annual water usage data are available: 

(A) Identify the year with the highest water usage during at least the most 

recent ten years of operation or, if the system has been operating for less than ten years, 

during its years of operation; 

(B) To calculate the average daily use, divide the total annual water usage for 

the year with the highest use by 365 days; and 

(C) To calculate the MDD, multiply the average daily usage by a peaking 

factor of 2.25. 

(D) To calculate the PHD, determine the average hourly flow during MDD 

and multiply by a peaking factor that is a minimum of 1.5. 

(4) If no water usage data are available, utilize records from a system that is 

similar in size, elevation, climate, demography, residential property size, and metering to 

determine the average water usage per service connection.  From the average water usage 

per service connection, calculate the average daily demand and follow the steps in 

paragraph (3) to calculate the MDD and PHD. 

 

(c) Community water systems using only groundwater shall have a minimum of two 

approved sources before being granted an initial permit.  The system shall be capable of 

meeting MDD with the highest-capacity source off line. 

 

(d) A public water system shall determine the total capacity of its groundwater 

sources by summing the capacity of its individual active sources.  If a source is 

influenced by concurrent operation of another source, the total capacity shall be reduced 

to account for such influence.  Where the capacity of a source varies seasonally, it shall 

be determined at the time of MDD. 

 

(e) The capacity of a well shall be determined from pumping data existing prior to 

March 9, 2008, or in accordance with subsection (f) or (g).  Prior to conducting a well 

capacity test pursuant to subsection (g), a system shall submit the information listed 

below to the Department for review and approval.  For well capacity tests conducted 
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pursuant to subsection (f), the information shall be submitted to the Department if 

requested by the Department. 

(1) The name and qualifications of the person who will be conducting the test; 

(2) The proposed test’s pump discharge rate, based on the design rate determined 

during well development and/or a step-drawdown test. 

(3) A copy of a United States Geological Survey 7 ½-minute topographic map of 

the site at a scale of 1:24,000 or larger (1 inch equals 2,000 feet or 1 inch equals less than 

2,000 feet) or, if necessary, a site sketch at a scale providing more detail, that clearly 

indicates; 

(A) The well discharge location(s) during the test, and 

(B) The location of surface waters, water staff gauges, and other production 

wells within a radius of 1000 feet; 

(4) A well construction drawing, geologic log, and electric log, if available; 

(5) Dates of well completion and well development, if known; 

(6) Specifications for the pump that will be used for the test and the depth at 

which it will draw water from the well; 

(7) A description of the methods and equipment that will be used to measure and 

maintain a constant pumping rate; 

(8) A description of the water level measurement method and measurement 

schedule; 

(9) For wells located in or having an influence on the aquifer from which the new 

well will draw water, a description of the wells’ operating schedules and the estimated 

amount of groundwater to be extracted, while the new well is tested and during normal 

operations prior to and after the new well is in operation; 

(10) A description of the surface waters, water staff gauges, and production wells 

shown in (3)(B); 

(11) A description of how the well discharge will be managed to ensure the 

discharge doesn’t interfere with the test; 

(12) A description of how the initial volume of water in the well’s casing, or bore 

hole if there is no casing at the time, will be addressed to ensure it has no impact on the 

test results; and 

(13) A written description of the aquifer’s annual recharge. 

 

(f) To determine the capacity of a well drilled in alluvial soils when there is no 

existing data to determine the capacity, a water system shall complete a constant 

discharge (pumping rate) well capacity test and determine the capacity as follows: 

(1) Take an initial water level measurement (static water level) and then pump the 

well continuously for a minimum of eight hours, maintaining the pump discharge rate 

proposed in subsection (e)(2); 

(2) While pumping the well, take measurements of the water level drawdown and 

pump discharge rates for a minimum of eight hours at a frequency no less than every 

hour; 
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(3) Plot the drawdown data versus the time data on semi-logarithmic graph paper, 

with the time intervals on the horizontal logarithm axis and the drawdown data on the 

vertical axis; 

(4) Steady-state is indicated if the last four hours of drawdown measurements and 

the elapsed time yield a straight line in the plot developed pursuant to subsection (3).  If 

steady-state is not achieved, the pump discharge rate shall be continued for a longer 

period of time or adjusted, with paragraphs (2) and (3) above repeated, until steady-state 

is achieved. 

(5) Discontinue pumping and take measurements of the water level drawdown no 

less frequently than every 15 minutes for the first two hours and every hour thereafter for 

at least six hours or until the test is complete; and 

(6) To complete the test, the well shall demonstrate that, within a length of time 

not exceeding the duration of the pumping time of the well capacity test, the water level 

has recovered to within two feet of the static water level measured at the beginning of the 

test or to a minimum of ninety-five percent of the total drawdown measured during the 

test, whichever is more stringent. 

(7) The capacity of the well shall be the pump discharge rate determined by a 

completed test. 

 

(g) The capacity of a well whose primary production is from a bedrock formation, 

such that the water produced is yielded by secondary permeability features (e.g. fractures 

or cracks), shall be determined pursuant to either paragraph (1) or (2) below. 

(1) The public water system shall submit a report, for Department review and 

approval, proposing a well capacity based on well tests and the evaluation and 

management of the aquifer from which the well draws water.  The report shall be 

prepared and signed by a California registered geologist with at least three years of 

experience with groundwater hydrology, a California licensed engineer with at least five 

years of experience with groundwater hydrology, or a California certified hydrogeologist.  

Acceptance of the proposed well capacity by the Department shall, at a minimum, be 

based on the Department’s review and approval of the following information presented in 

the report in support of the proposed well capacity: 

(A) The rationale for the selected well test method and the results; 

(B) The geological environment of the well; 

(C) The historical use of the aquifer; 

(D) Data from monitoring of other local wells; 

(E) A description of the health risks of contaminants identified in a Source 

Water Assessment, as defined in section 63000.84 of Title 22, and the likelihood of such 

contaminants being present in the well’s discharge; 

(F) Impacts on the quantity and quality of the groundwater; 

(G) How adjustments were made to the estimated capacity based on 

drawdown, length of the well test, results of the wells test, discharge options, and 

seasonal variations and expected use of the well; and 

(H) The well test(s) results and capacity analysis. 
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(2) During the months of August, September, or October, conduct either a 72-

hour well capacity test or a 10-day well capacity test, and determine the well capacity 

using the following procedures: 

(A) Procedures for a 72 hour well capacity test: 

1. For the purpose of obtaining an accurate static water level value, at least 

twelve hours before initiating step 2., pump the well at the pump discharge rate proposed 

in subsection (e)(2) for no more than two hours, then discontinue pumping; 

2. Measure and record the static water level and then pump the well 

continuously for a minimum of 72 hours starting at the pump discharge rate proposed in 

(e)(2); 

3. Measure and record water drawdown levels and pump discharge rate:  

a. Every thirty minutes during the first four hours of pumping, 

b. Every hour for the next four hours, and  

c. Every four hours thereafter until the water drawdown level is 

constant for at least the last four remaining measurements, and; 

4. Plot the drawdown and pump discharge rate data versus time data on 

semi-logarithmic graph paper, with the time intervals on the horizontal logarithmic axis 

and the drawdown and pump discharge rate data on the vertical axis. 

(B) Procedures for a 10 day well capacity test: 

1. For the purpose of obtaining an accurate static water level value, at least 

twelve hours before initiating step 2., pump the well at the pump discharge rate proposed 

in subsection (e)(2) for no more than two hours, then discontinue pumping; 

2. Measure and record the static water level and then pump the well 

continuously for a minimum of 10 days starting at the pump discharge rate proposed in 

(e)(2); 

3. Measure and record water drawdown levels and pumping rate: 

a. Every thirty minutes during the first four hours of pumping,  

b. Every hour for the next four hours,  

c. Every eight hours for the remainder of the first four days,  

d. Every 24 hours for the next five days, and  

e. Every four hours thereafter until the water drawdown level is 

constant for at least the last four remaining measurements, and; 

4. Plot the drawdown and pump discharge rate data versus time data on 

semi-logarithmic graph paper, with the time intervals on the horizontal logarithmic axis 

and the drawdown and pump discharge rate data on the vertical axis. 

(C) To complete either the 72-hour or 10-day well capacity test the well shall 

demonstrate that, within a length of time not exceeding the duration of the pumping time 

of the well capacity test, the water level has recovered to within two feet of the static 

water level measured at the beginning of the well capacity test or to a minimum of 

ninety-five percent of the total drawdown measured during the test, whichever is more 

stringent.  If the well recovery does not meet these criteria, the well capacity cannot be 

determined pursuant to subsection (g)(2) using the proposed pump rate.  To demonstrate 

meeting the recovery criteria, the following water level data in the well shall be 

measured, recorded, and compared with the criteria: 
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1. Every 30 minutes during the first four hours after pumping stops, 

2. Hourly for the next eight hours, and 

3. Every 12 hours until either the water level in the well recovers to within 

two feet of the static water level measured at the beginning of the well capacity test or to 

a at least ninety-five percent of the total drawdown measured during the test, which ever 

occurs first. 

(D) Following completion of a 72-hour or 10-day well capacity test, the well 

shall be assigned a capacity no more than: 

1. For a 72-hour test, 25 percent of the pumping rate at the end of a 

completed test’s pumping. 

2. For a 10-day test, 50 percent of the pumping rate at the end a completed 

test’s pumping. 

 

(h) The public water system shall submit a report to the Department that includes all 

data and observations associated with a well capacity test conducted pursuant to 

subsection (f) or (g), as well as the estimated capacity determination methods and 

calculations.  The data collected during pumping and recovery phases of the well capacity 

tests shall be submitted in an electronic spreadsheet format in both tabular and graphic 

files. 

 

(i) An assigned well capacity may be revised by the Department if pumping data 

collected during normal operations indicates that the assigned well capacity was not 

representative of the actual well capacity. 

 

(j) If directed by the Department to do so, based on adverse conditions that may lead 

or may have led to a regional aquifer’s inability to meet a water system’s demand on such 

an aquifer, the water system shall submit a report to the Department that includes 

regional aquifer recharge estimates and a water balance analysis.  The report shall be 

prepared and signed by a California registered geologist with at least three years of 

experience with groundwater hydrology, a California licensed engineer with at least five 

years of experience with groundwater hydrology, or a California certified hydrogeologist. 

 

(k) The source capacity of a surface water supply or a spring shall be the lowest 

anticipated daily yield based on adequately supported and documented data. 

 

(l) The source capacity of a purchased water connection between two public water 

systems shall be included in the total source capacity of the purchaser if the purchaser has 

sufficient storage or standby source capacity to meet user requirements during reasonable 

foreseeable shutdowns by the supplier. 

 

§64556. Permit Amendments. 

(a) An application for an amended domestic water supply permit shall be submitted to 

the Department prior to any of the following: 
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(1) Addition of a new distribution reservoir (100,000 gallon capacity or greater) to 

the distribution system; 

(2) Modification or extension of an existing distribution system using an 

alternative to the requirements in this chapter; 

(3) Modification of the water supply by: 

A. Adding a new source; 

B. Changing the status of an existing source (e.g., active to standby); or 

C. Changing or altering a source, such that the quantity or quality of supply 

could be affected; 

(4) Any addition or change in treatment, including: 

A. Design capacity; or 

B. Process;  

(5) Expansion of the existing service area (by 20% or more of the number of 

service connections specified in the most recent permit or permit amendment); 

(6) Consolidation with one or more other water systems; 

(7) Change in regulatory jurisdiction; 

(8) Change in type of public water system; 

(9) Obtaining a water quality standard exemption from the Department; 

(10) Obtaining a secondary standard waiver from the Department; 

(11) Proposal for modifications of existing recreational uses on a water supply 

reservoir; 

(12) Request for a hand washing exclusion by a transient noncommunity water 

system, pursuant to section 116282 of the Health and Safety Code; or 

(13) Proposal for offsetting domestic water needs with an unapproved water 

supply. 

 

(b) A water system shall submit an application to the Department if it has been 

notified by the Department that changes to the water system require an amended permit 

based on the Department’s review of system operations, source type and capacity, 

geographical location, system size, and distribution system complexity. 

 

(c) Except as set forth in subsections (a) and (b) any modifications or extensions to an 

existing distribution system may be made without applying for and receiving an amended 

domestic water supply permit provided the modifications comply with all of the 

requirements of this chapter. 

 

§64558. Source Capacity Planning Study. 

(a) If directed by the Department to do so based on its determination that there is an 

existing or potential problem with the system’s source capacity or a proposed expansion 

pursuant to section 64556(a)(5), a water system shall submit a Source Capacity Planning 

Study (Study) containing the following information: 

(1) The anticipated growth of the water system over a projected period of at least 

ten years in terms of the population and number and type of residential, commercial, and 

industrial service connections to be served by the water system. 
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(2) Estimates of the amount of water needed to meet the total annual demand and 

the MDD over the projected ten-year growth period (projected system demand).  

Methods, assumptions, and calculations used to estimate the projected system demand 

shall be included. 

(3) A map and description of the entire existing and proposed service area, 

showing: 

(A) The location of each water source, including wells that are abandoned, 

out-of-service, destroyed, standby, or inactive; 

1. Any valid water rights owned by the system for surface water sources, 

including information on any limitations or restrictions of those rights; 

2. For a groundwater aquifer, the groundwater levels and drawdown 

patterns; 

3. Permits or approvals for groundwater extraction if pumping from an 

adjudicated groundwater basin; 

4. Existing and planned source pumping capability and distribution storage 

capacity for the system as a whole and for each pressure zone;  

5. The calculated sustained well yields of existing wells if groundwater 

sources are used;  

6. Permits, if required, for any waters proposed for use to offset potable 

water demand; and 

7. A Source Water Assessment for each potable water source. 

(B) Distribution system piping, pressure zones, hydropneumatic tanks, and 

reservoirs; 

(C) Valves, sample taps, flow meters, unmetered service connections, and 

other system appurtenances; 

(D) Conveyance facilities;  

(E) Any flood plains in the projected service area; and 

(F) The 100 year flood or highest recorded flood level, whichever is higher. 

 

(b) If directed by the Department to do so based on its determination that a study is 

out of date, a water system shall update and submit the Study to the Department. 

 

(c) Water systems that have submitted an Urban Water Management Plan to the 

Department of Water Resources pursuant to Water Code Part 2.6 commencing with 

section 10610, may submit a copy of that report in lieu of some or all of the requirements 

of subsection (a) to the extent such information is included in the plan. 

 

Article3. Water Sources 
§64560. New Well Siting, Construction, and Permit Application. 

(a) To receive a new or amended domestic water supply permit for a proposed well, 

the water system shall provide the following information to the Department in the 

technical report as part of its permit application: 

(1) A source water assessment as defined in Section 63000.84 for the proposed 

site;  
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(2) Documentation demonstrating that a well site control zone with a 50-foot 

radius around the site can be established for protecting the source from vandalism, 

tampering, or other threats at the site by water system ownership, easement, zoning, 

lease, or an alternative approach approved by the Department based on its potential 

effectiveness in providing protection of the source from contamination; 

(3) Design plans and specifications for the well; and 

(4) Documentation required for compliance with the California Environmental 

Quality Act (CEQA). 

 

(b) After the Department has provided written or oral approval of the initial permit 

amendment application and the water system has constructed the well, the water system 

shall submit the following additional materials for its permit application: 

(1) A copy of the well construction permit if required by the county or local 

agency; 

(2) Department of Water Resources well completion report; 

(3) A copy of any pump tests required by the Department; 

(4) Results of all required water quality analyses; and  

(5) As-built plans. 

 

(c) Each new public water supply well shall: 

(1) As a minimum, be constructed in accordance with the community water 

system well requirements in California Department of Water Resources Bulletins 74-81 

and 74-90, which are hereby incorporated by reference; 

(2) Be constructed in accordance with American Water Works Association 

(AWWA) Standard A100-06 (Water Wells), which is hereby incorporated by reference; 

(3) Be installed such that: 

(A) All equipment is accessible for operation, maintenance, and removal; 

(B) Protection is provided against flooding; 

(C) The wellhead terminates a minimum of 18 inches above the finished 

grade; 

(D) Wellhead and electrical controls are not installed in vaults; 

(E) The well is equipped with: 

1. Fittings and electrical connections to enable chlorination facilities to be 

readily installed; 

2. A non-threaded down-turned sampling tap located on the discharge line 

between the wellhead and the check valve.  Sampling taps used for obtaining samples for 

bacteriological analysis shall not have a screen, aerator, or other such appurtenance; 

(F) Provisions are made to allow the well to be pumped to waste with a waste 

discharge line that is protected against backflow. 

 

§64560.5. Well Destruction. 

Destruction of a public drinking water supply well shall be in accordance with the 

California Department of Water Resources Bulletins 74-81 and 74-90. 
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§64561. Source Flow Meters. 

Each water system shall: 

(a) Except for inactive sources, install a flow meter at a location between each water 

source and the entry point to the distribution system; 

 

(b) Meter the quantity of water flow from each source, and record the total monthly 

production each month. 

 

Article 4. Materials and Installation of Water Mains and Appurtenances 
§64570. Materials and Installation. 

(a) All newly installed water mains shall comply with the materials and installation 

standards of the American Water Works Association pursuant to tables 64570-A and 

64570-B.  The standards are hereby incorporated by reference. 

 

Table 64570-A 

Materials Standards for Water Mains 

 

Type of Material   Diameter of Main  Applicable Standard 

 

PVC     4 in. through 12 in.  C900-97 

PVC    14 in. through 48 in.  C905-97 

Polyethylene (HDPE)  4 in. through 63 in.  C906-99 

Fiberglass    All sizes   C950-01 

Ductile Iron   All sizes   C150/A21.50-02 

Ductile Iron, Centrifugally cast All sizes   C151/A21.51-02 

Steel    6 inches and larger  C200-97 

Copper    All sizes   C800-05 

Concrete 

Reinforced steel-cylinder All sizes   C300-04 

Prestressed steel-cylinder All sizes   C301-99, C304-99 

Reinforced noncylinder All sizes   C302-04 

Bar wrapped/steel cylinder All sizes   C303-02 

PVC, Molecularly oriented polyvinyl chloride – All sizes C909-02 

 

Table 64570-B 

Installation Standards for Water Mains 

 

Type of Installation     Applicable Standard 
 

Steel Pipe-Design and Installation    M-11 (2004) 

Ductile-Iron Water Mains and Their Appurtenances  C600-05 

Underground Installation of PVC Pressure Pipe and 

    Fittings        C605-05 

Concrete Pressure Pipe     M9(1995) 
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(b) Water mains shall: 

(1) Be installed below the frost line or be otherwise protected to prevent freezing; 

and 

(2) Be protected against crushing under loads that could pass above the 

installation. 

 

§64572. Water Main Separation. 

(a) New water mains and new supply lines shall not be installed in the same trench as, 

and shall be at least 10 feet horizontally from and one foot vertically above, any parallel 

pipeline conveying: 

(1) Untreated sewage, 

(2) Primary or secondary treated sewage, 

(3) Disinfected secondary-2.2 recycled water (defined in section 60301.220), 

(4) Disinfected secondary-23 recycled water (defined in section 60301.225), and 

(5) Hazardous fluids such as fuels, industrial wastes, and wastewater sludge. 

 

(b) New water mains and new supply lines shall be installed at least 4 feet 

horizontally from, and one foot vertically above, any parallel pipeline conveying: 

(1) Disinfected tertiary recycled water (defined in section 60301.230), and 

(2) Storm drainage. 

 

(c) New supply lines conveying raw water to be treated for drinking purposes shall be 

installed at least 4 feet horizontally from, and one foot vertically below, any water main. 

 

(d) If crossing a pipeline conveying a fluid listed in subsection (a) or (b), a new water 

main shall be constructed no less than 45-degrees to and at least one foot above that 

pipeline.  No connection joints shall be made in the water main within eight horizontal 

feet of the fluid pipeline. 

 

(e) The vertical separation specified in subsections (a), (b), and (c) is required only 

when the horizontal distance between a water main and pipeline is less than ten feet. 

 

(f) New water mains shall not be installed within 100 horizontal feet of the nearest 

edge of any sanitary landfill, wastewater disposal pond, or hazardous waste disposal site, 

or within 25 horizontal feet of the nearest edge of any cesspool, septic tank, sewage leach 

field, seepage pit, underground hazardous material storage tank, or groundwater recharge 

project site. 

 

(g) The minimum separation distances set forth in this section shall be measured from 

the nearest outside edge of each pipe barrel. 

 

(h) With Department approval, newly installed water mains may be exempt from the 

separation distances in this section, except subsection (f), if the newly installed main is: 
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(1) less than 1320 linear feet, 

(2) replacing an existing main, installed in the same location, and has a diameter 

no greater than six inches more than the diameter of the main it is replacing, and 

(3) installed in a manner that minimizes the potential for contamination, 

including, but not limited to: 

(A) sleeving the newly installed main, or 

(B) utilizing upgraded piping material. 

 

§64573. Minimum Water Main Size for Community Water Systems. 

Newly installed water mains in a community water system shall have a nominal diameter 

of at least four inches. 

 

§64575. Flushing. 

(a) A flushing valve or blowoff shall be provided at the end of each newly installed 

dead-end water main.  Fire hydrants meeting the criteria of this section may be 

considered flushing valves. 

(b) Flushing valves and blowoffs shall not discharge to a sanitary sewer without an air 

gap separation between the sewer and the valve or blowoff. 

(c) The flushing velocity in the main shall not be less than 2.5 ft/s unless it is 

determined that conditions do not permit the required flow to be discharged to waste. 

(d) Newly installed flushing valves and blowoffs shall be designed to maintain the 

minimum continuous flushing flows as indicated below to produce a minimum velocity 

of 2.5ft/s in commonly used sizes of pipe. 

 

Table 64575-A. Minimum Flushing Flows for Different Size Water Mains. 

 

Nominal Main Size  Minimum Flushing Flow 

  Diameter (inches)  (gallons per minute) 

   2     25 

   3     50 

   4    100 

   6    225 

   8    400 

   10    600 

   12    900 

   14    1200 

    16    1600 

 

§64576. Air-Release, Air Vacuum, and Combination Valves. 

Each new air-release, air vacuum, or combination valve, and any such valve installed to 

replace an existing valve shall be: 

(a) Installed such that its vent opening is above grade, above the calculated 100-year 

flood water level, and, if recorded data are available, above the highest recorded water 

level; 
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(b) Readily accessible for inspection, maintenance and replacement; 

(c) Constructed and designed to prevent exposure to rainwater or runoff, vandalism, 

and birds, insects, rodents, or other animals; 

(d) Fitted with a downward-facing screened vent or a domed and screened cap; and 

(e) Installed pursuant to American Water Works Association Standard C512-04 and 

Manual M51 (2001), which are hereby incorporated by reference. 

 

§64577. Isolation Valves. 

As a minimum, isolation valves shall be installed on all new water mains within the 

distribution system as follows: 

(a) No farther than 1,320 linear feet apart on all mains having a diameter of 12 inches 

or less. 

(b) At each tee or crossing connection between mains that have a diameter of 12 

inches or less, within 100 feet of the tee or crossing connection with the primary main. 

(c) Between the water main and each fire hydrant served by the main. 

 

§64578. Water Main Valve Construction. 

Newly installed valves constructed on water mains shall comply with the following: 

(a) A valve box shall be installed over each buried valve stem to aid in locating and 

operating the valve. 

(b) For valves buried in trenches greater than five feet below the finished grade, either 

a valve stem riser to permit the use of a normal key or a notation on valve records 

indicating that a long key will be required shall be provided. 

 

Article 5. Disinfection Requirements 
§64580. Disinfection of New or Repaired Mains. 

Prior to use, newly installed water mains, or water mains that have been taken out of 

service for maintenance or repair, shall be disinfected and sampled for bacteriological 

quality in accordance with American Water Works Association Standard C651-05, which 

is hereby incorporated by reference.  Samples from new mains shall be negative for 

coliform bacteria prior to the new main(s) being placed into service. 

 

§64582. Disinfection of Reservoirs. 

A newly-installed distribution reservoir or distribution reservoir that has been taken out 

of service for repair or inspection shall be disinfected and sampled for bacteriological 

quality in accordance with the American Water Works Association Standard C652-02, 

which is hereby incorporated by reference.  If the results of the bacteriological sampling 

are positive for coliform bacteria, the reservoir shall be resampled for bacteriological 
quality and the test results shall be submitted to the Department for review and approval 

before the reservoir is placed into service. 

 

§64583. Disinfection of Wells. 

A new or repaired well, or a well that has not been in operation for more than three 

months shall be sampled for bacteriological quality prior to use.  If the results of the 
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bacteriological sampling are positive for coliform bacteria, the well shall be disinfected in 

accordance with the American Water Works Association C654-03, which is hereby 

incorporated by reference, and resampled for bacteriological quality and the test results 

shall be submitted to the Department for review and approval before the well is placed 

into service. 

 

Article 6. Distribution Reservoirs 
§64585. Design and Construction. 

(a) Each distribution reservoir shall meet the following: 

(1) Any reservoir coatings or linings shall be installed in accordance with 

manufacturer’s instructions; 

(2) Vents and other openings shall be constructed and designed to prevent the 

entry of rainwater or runoff, and birds, insects, rodents, or other animals; 

(3) At least one sampling tap shall be available to enable representative sampling 

of the water in the reservoir that will be entering the distribution system; the tap shall be 

protected against freezing, if necessary; and 

(4) A reservoir shall not be designed, constructed, or used for any activity that 

creates a contamination hazard. 

 

(b) The water supplier shall submit to the Department for review the design drawings 

and specifications for each proposed distribution reservoir prior to its construction.  Each 

new distribution reservoir shall be: 

(1) If it is a tank, constructed in accordance with American Water Works 

Association (AWWA) standards, which are hereby incorporated by reference, as follows:  

AWWA D100-05 (Welded Carbon Steel Tanks for Water Storage), D102-03 (Coating 

Steel Water-Storage Tanks), D103-97 (Factory-Coated Bolted Steel Tanks for Water 

Storage), D110-04 (Wire-and Strand-Wound, Circular, Prestressed Concrete Water 

Tanks), and D120-02 (Thermosetting Fiberglass-Reinforced Plastic Tanks); 

(2) Constructed of an impervious material that prevents the movement of water 

into or out of the reservoir; 

(3) Covered with 

(A) A rigid structural roof made of impervious material that prevents the 

movement of water or other liquids into or out of the reservoir; or 

(B) A floating cover designed, constructed, and maintained in conformance 

with the AWWA California-Nevada Section’s ―Reservoir Floating Cover Guidelines‖ 

(April 1999), AWWA Manual M25 (2000), and AWWA D130-02 (Flexible-Membrane 

Materials for Potable Water Applications), which are hereby incorporated by reference. 

(4) Equipped with at least one separate inlet and outlet (internal or external), and 
designed to minimize short-circuiting and stagnation of the water flow through the 

reservoir; 

(5) Equipped with drainage facilities that allow the tank to be drained and all 

residual sediment removed, and an overflow device.  The reservoir drainage facilities and 

overflow device shall not be connected directly to a sewer or storm drain and shall be free 

of cross-connections; 
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(6) Equipped with controls to maintain and monitor reservoir water levels; 

(7) Equipped to prevent access by unauthorized persons; 

(8) Designed to allow authorized access and adequate lighting of reservoir interior 

for inspections, cleaning or repair; 

(9) Equipped with isolation valves, and designed and operated to allow continued 

distribution of water when the reservoir is removed from service.  The isolation valves 

shall be located within 100 feet of the reservoir.  For a reservoir used to meet the 

disinfectant contact time requirements of chapter 17 (Surface Water Treatment), bypass 

lines shall be blind-flanged closed during normal operations; 

(10) Designed and constructed to prevent the entry of surface runoff, subsurface 

flow, or drainage into the reservoir;  

(11) Designed to prevent corrosion of the interior walls of the reservoir; 

(12) For a subsurface reservoir, 

(A) Protected against flooding (both reservoir and vents); 

(B) Equipped with underdrain facilities to divert any water in proximity to the 

reservoir away from the reservoir; 

(C) Sited a minimum of 50 feet horizontally from a sanitary sewer and 100 

feet horizontally from any other waste facilities and any force main; 

(D) Constructed so as to have the reservoir bottom located above the highest 

anticipated groundwater level, based on a site investigation that includes actual 

measurements of the groundwater level during peak rainfall periods; extraction wells 

shall not be used to influence the highest anticipated groundwater level; 

(E) Provided with a minimum of two groundwater level monitoring wells 

drilled to a depth at least 20 feet below the reservoir bottom and sited within 100 feet and 

on opposite sides (upgradient and downgradient) of the reservoir; and 

(F) If the roof is to be buried and have a function (e.g., recreation, landscape, 

parking) in addition to covering the reservoir: 

1. Designed and constructed pursuant to AWWA D110-04 (Wire- Strand-

Wound, Circular, Prestressed Concrete Water Tanks), which is hereby incorporated by 

reference; 

2. Equipped with an impervious connection, such as a pvc waterstop, 

between the wall and buried roof; and 

3. Watertight, sloped for drainage and coated with a damp proofing 

material. 

 

Article 7. Additives 
§64590. Direct Additives. 

No chemical or product shall be added to drinking water by a water supplier unless the 
chemical or product is certified as meeting the specifications of NSF 

International/American National Standard Institute (NSF/ANSI) 60-2005 (Drinking 

Water Treatment Chemicals—Health Effects), which is hereby incorporated by reference.  

Certification shall be from an ANSI accredited product certification organization whose 

certification system includes, as a minimum, the following criteria for ensuring the 

chemical or product meets NSF/ANSI Standard 60. 
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(a) Annual product testing, 

 

(b) Annual facility inspections, 

 

(c) Annual quality assurance and quality control review, 

 

(d) Annual manufacturing practice reviews, and  

 

(e) Annual chemical stock inspections. 

 

§64591. Indirect Additives. 

(a) Except as provided in Section 64593 or where a more stringent statutory 

requirement exists, after March 9, 2008, a water system shall not use any chemical, 

material, lubricant, or product in the production, treatment or distribution of drinking 

water that will result in its contact with the drinking water including process media 

(carbon, sand), protective materials (coatings, linings, liners), joining and sealing 

materials (solvent cements, welding materials, gaskets, lubricating oils), pipes and related 

products (pipes, tanks, fittings), and mechanical devices used in 

treatment/transmission/distribution systems (valves, chlorinators, separation membranes) 

that has not been tested and certified as meeting the specifications of NSF 

International/American National Standard Institute (NSF/ANSI) 61-2005 / Addendum 

1.0-2005 (Drinking Water System Components—Health Effects), which is hereby 

incorporated by reference.  This requirement shall be met under testing conducted by a 

product certification organization accredited for this purpose by the American National 

Standards Institute. 

 

(b) If a treatment chemical is generated on site,  

(1) No equipment used in the generation process shall be in contact with a 

drinking water, or a chemical to be applied to drinking water, after March 9, 2008, unless 

the equipment has been tested and certified as meeting the specifications of NSF 

International/American National Standard Institute (NSF/ANSI) Standard 61-

2005/Addendum 1.0-2005 (Drinking Water System Components—Health Effects).  This 

requirement shall be met under testing conducted by a product certification organization 

accredited for this purpose by the American National Standards Institute; and 

(2) No input chemical used in the generation process shall be in contact with a 

drinking water after March 9, 2008, unless the chemical meets the requirements of 

section 64590. 

 

(c) Any chemical used to clean on-line or off-line drinking water treatment facilities 

that may subsequently come into contact with drinking water to be distributed to the 

public shall meet the requirements of section 64590. 
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(d) Any contract for the purchase of chemicals, materials, or products that was signed 

by a public water system and effective prior to March 9, 2008, shall be exempt from the 

provisions of subsections (a) and (b) until March 9, 2009. 

 

§64593. Use of Uncertified Chemicals, Materials or Products. 
(a) A water supplier may use a chemical, material or product that has not been 

certified pursuant to sections 64590 or 64591 if the chemical, material or product is in the 

process of being tested and certified and there are no certified alternatives. 

 

(b) Prior to use of an uncertified chemical, material or product, the water supplier 

shall provide the Department with an explanation of the need for the chemical, material 

or product; the date that the chemical, material or product was submitted for testing; the 

name of the accredited product certification organization conducting the testing; and a 

statement that certified alternatives are not available. 

 

(c) Unless directed otherwise by the Department to ensure a pure and wholesome 

drinking water supply, a water supplier may use the following chemicals, materials, or 

products that have not been and are not in the process of being certified pursuant to 

section 64590 or 64591: 

(1) a material or product previously approved by the Department for use or 

installation on or before March 9, 2008. 

(2) a material or product constructed of components meeting the requirements of 

sections 64590 and 64591; 

(3) chemical by-products necessary for meeting drinking water standards, such as 

sodium hypochlorite for disinfection, generated by chemicals certified pursuant to section 

64590 or 64591; and 

(4) atmospheric air and small parts, such as probes, sensors, wires, nuts, bolts, and 

tubing for which there are no certified alternatives. 

 

Article 8. Distribution System Operation 
§64600. Water System Operations and Maintenance Plan. 

(a) If directed by the Department to do so based on an identified deficiency in the 

system’s operations, a water system shall develop and submit a Water System Operations 

and Maintenance Plan (Plan); the water system shall include those elements in the 

following list that are deemed by the Department to be relevant to the deficiency: 

(1) The operations and maintenance schedule for each unit process for each 

treatment plant that treats an approved surface water; 

(2) The operations and maintenance schedule for each groundwater source and 
unit process; 

(3) The schedule and procedure for flushing dead end mains, and the procedures 

for disposal of the flushed water including dechlorination; 

(4) The schedule for routine inspection of reservoirs, and the procedures for 

cleaning reservoirs; 
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(5) The schedule and procedures for inspecting, repairing, and replacing water 

mains; 

(6) The plan and procedures for responding to water supply emergencies; 

(7) The plan and procedures for responding to consumer complaints; 

(8) The schedule and procedures for testing backflow prevention assemblies; 

(9) The schedule and procedures for routine exercising of water main valves; 

(10) The schedule and program for maintenance and calibration of source flow 

meters and other online instruments used to determine the quality or quantity of water; 

(11) The qualifications and training of operating personnel; 

(12) The program for control of biological organisms on the interior walls of 

water mains; and 

(13) For an underground reservoir with a buried roof designed for a function in 

addition to covering the reservoir, a comprehensive routine inspection and monitoring 

plan to ensure that there is no contamination of the reservoir as a result of that additional 

function. 

 

(b) Each water system that has prepared a Plan pursuant to subsection (a) shall 

operate in accordance with its Department-approved Plan. 

 

(c) Each water system that has prepared a Plan pursuant to subsection (a) shall update 

the Plan at least once every five years and, in addition,  following any change in the 

method of treatment or any other modification to the system requiring a change in the 

systems operations and maintenance. 

 

§64602. Minimum Pressure. 

(a) Each distribution system shall be operated in a manner to assure that the minimum 

operating pressure in the water main at the user service line connection throughout the 

distribution system is not less than 20 pounds per square inch at all times. 

 

(b) Each new distribution system that expands the existing system service 

connections by more than 20 percent or that may otherwise adversely affect the 

distribution system pressure shall be designed to provide a minimum operating pressure 

throughout the new distribution system of not less than 40 pounds per square inch at all 

times excluding fire flow. 

 

§64604. Preparation and Maintenance of Records. 

(a) Each public water system subject to this chapter shall prepare: 

(1) ―As built‖ plans, maps, and drawings of all new water system facilities 

including updated information for all existing facilities in the same location or connected 

to the new facilities.  The plans, maps, and drawings shall be clear and legible and shall 

include the location, size, construction material, and year of installation of each new 

water main or other facility. 

(2) A schematic drawing or map showing the location of each water source, 

treatment facility, pumping plant, reservoir, water main and isolation valve. 
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(b) The plans, drawings, and maps prepared pursuant to subsection (a) shall be 

updated as changes occur, and maintained until replaced or superseded by updated plans 

or drawings.  The most current plans, drawings, and maps shall be available for 

Department review. 

 

(c) Results of laboratory analyses of samples taken pursuant to sections 64580, 

64582, and 64583, records of flushing of mains; and records of reservoir inspections and 

cleaning shall be maintained for at least three years. 

 

 

CHAPTER 17. SURFACE WATER TREATMENT 
 

Article 1. General Requirements and Definitions 
§64650. General Requirements. 

(a) For a supplier using an approved surface water, as defined in section 64651.10, 

this chapter establishes treatment techniques in lieu of maximum contaminant levels for 

turbidity and the following microbial contaminants: Giardia lamblia (cysts), viruses, 

heterotrophic plate count bacteria, Legionella, and Cryptosporidium. 

 

(b) A supplier using an approved surface water shall provide multibarrier treatment 

necessary to reliably protect users from the adverse health effects of microbiological 

contaminants and to comply with the requirements and performance standards prescribed 

in this chapter.   

 

(c) A supplier that meets the requirements of section 64652.5 and wishes to not be 

required to provide multibarrier treatment shall submit an application to the Department.  

That application shall consist of comprehensive documentation that either demonstrates 

current compliance with the requirements in section 64652.5 or demonstrates that the 

water system will be in compliance within fifteen months from application submittal.   

 

(d) If at any time the Department determines that a water supplier is not in 

compliance with the requirements of this chapter, the supplier shall submit for 

Department approval a plan and schedule to modify its system to meet the requirements 

of this chapter.  The supplier shall submit the plan and schedule within 90 days of receipt 

of the Department’s determination. 

 

(e) If the supplier disagrees with the Department's determination in subsection (d), the 

supplier shall submit reasons for its disagreement within 30 days of receipt of the 

determination.  If the Department's final determination is that the supplier does not meet 

the requirements of this chapter, the supplier shall comply with the provisions of 

subsection (d) within 90 days of receipt of the Department's final determination. 
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(f) A supplier shall comply with the following provisions of 40 Code of Federal 

Regulations as they appear in the: 

(1)  Long Term 2 Enhanced Surface Water Treatment Rule published in 71 

Federal Register 654 (January 5, 2006), which are incorporated by reference:   sections 

141.211, Appendix A to Subpart Q (Public Notification), 141.700, 141.701, 141.702, 

141.703, 141.704, 141.705, 141.706, 141.707, 141.708, 141.709, 141.710, 141.711, 

141.712, 141.713, 141.714, 141.715 (except subsection (b)(4)), 141.716, 141.717 (except 

subsection (b)), 141.718, 141.719, 141.720, 141.721 (except subsection (f)(4)), 141.722, 

and 141.723, except that in: 

(A)  sections 141.211(a) and (b), the phrase ―§ 141.203(b)‖ is replaced by 

―section 64463.4(b)(2)‖; 

(B)  section 141.211(c), the phrase ―§ 141.203(c)‖ is replaced by ―section 

64463.4(c)‖; 

(C)  section 141.211(c), the phrase ―§ 141.205(c)‖ is replaced by ―sections 

64465(c) and (d)‖; 

(D)  Appendix A to Subpart Q (Public Notification), Endnote 1, the phrase ―§ 

141.202(a) and § 141.203(a)‖ is replaced by ―sections 64463.1 and 64463.4‖; 

(E)  sections 141.700(a) and (b)(3) and 141.711(a), the phrase ―subparts H, P, 

and T of this part‖ is replaced by ―Title 22, Division 4, Chapter 17, California Code of 

Regulations‖; 

(F)  sections 141.700(b), 141.701(e), 141.701(f)(2), and 141.719(a), the 

phrase ―subpart H‖ is replaced by ―Title 22, Division 4, Chapter 17, California Code of 

Regulations‖; 

(G)  section 141.700(b)(1), the phrase ―§ 141.2‖ is replaced by ―section 

64402.30‖; 

(H)  section 141.700(b)(2), the phrase ―National Primary Drinking Water 

Regulations‖ is replaced by ―Title 22, Division 4, Chapter 17, California Code of 

Regulations‖; 

(I)  section 141.703(d)(1), the phrase ―§ 141.173(b) or § 141.522(a)‖ is 

replaced by ―sections 64653(e) and (f)‖; 

(J)  section 141.709(c)(2), the phrase ―§ 141.172 or §§ 141.530 through 

141.536‖ is replaced by ―section 64656.5(a)‖; 

(K)  section 141.712(d), the phrase ―§ 141.72(a)‖ is replaced by ―section 

64652.5(k)‖; 

(L)  section 141.718(b), the phrase ―§ 141.174 or § 141.560‖ is replaced by 

―sections 64655 and 64661‖; and 

(M)  section 141.719(b), the phrase ―§ 141.2‖ is replaced by ―section 

64651.54‖; 

(2)  Long Term 2 Enhanced Surface Water Treatment Rule, Correction published 

in 71 Federal Register 6136 (February 6, 2006), which is incorporated by reference:  

section 141.719; and 

(3)  Minor Correction to Stage 2 Disinfectants and Disinfection Byproducts Rule 

and Changes in References to Analytical Methods published in 74 Federal Register 
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30953 (June 29, 2009), which are incorporated by reference:  sections 141.74 and  

141.704. 

 

[Note: The text reflecting subsection (f) is provided in Addendum B of this book.] 
 

§64651.10. Approved Surface Water. 

"Approved surface water" means a surface water or groundwater under the direct 

influence of surface water that has received permit approval from the Department in 

accordance with sections 116525 through 116550 of the Health and Safety Code. 

 

§64651.12. Bag Filters. 

―Bag filters‖ mean pressure-driven separation devices that remove particulate matter 

larger than 1 micrometer using an engineered porous filtration media.  They are typically 

constructed of a non-rigid, fabric filtration media housed in a pressure vessel in which the 

direction of flow is from the inside of the bag to outside. 

 

§64651.13. Bank Filtration. 

―Bank filtration‖ means a water treatment process that uses a well to recover surface 

water that has naturally infiltrated into ground water through a river bed or bank(s).  

Infiltration is typically enhanced by the hydraulic gradient imposed by a nearby pumping 

water supply or other well(s). 

 

§64651.15. Cartridge Filters. 

―Cartridge filters‖ mean pressure-driven separation devices that remove particulate 

matter larger than 1 micrometer using an engineered porous filtration media.  They are 

typically constructed as rigid or semi-rigid, self-supporting filter elements housed in 

pressure vessels in which flow is from the outside of the cartridge to the inside. 

 

§64651.16. Coagulant Chemical. 

―Coagulant chemical‖ means a floc-forming agent that has been demonstrated to provide 

coagulation. 

 

§64651.20. Coagulation. 

―Coagulation‖ means a process using coagulant chemicals and rapid mixing, by which 

colloidal and suspended material are destabilized and agglomerated into settleable and/or 

filterable flocs. 

 

§64651.21. Comprehensive Performance Evaluation (CPE).  

―Comprehensive performance evaluation (CPE)‖ means a review and analysis of a 

treatment plant’s performance-based capabilities and associated administrative, 

operation, and maintenance practices. 
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§64651.23. Conventional Filtration Treatment. 

―Conventional filtration treatment‖ means a series of treatment processes which includes 

coagulation, flocculation, sedimentation, and filtration resulting in substantial particulate 

removal. 

 

§64651.26. Diatomaceous Earth Filtration. 

―Diatomaceous earth filtration‖ means a process resulting in particulate removal in which 

a precoat cake of graded diatomaceous earth filter media is deposited on a support 

membrane (septum) and, while the water is being filtered by passing through the cake on 

the septum, additional filter media known as body feed is continuously added to the feed 

water to maintain the permeability of the filter cake. 

 

§64651.30. Direct Filtration Treatment. 

―Direct filtration treatment‖ means a series of processes including coagulation, 

flocculation, and filtration but excluding sedimentation. 

 

§64651.32. Disinfectant Contact Time. 

―Disinfectant contact time‖ means the time in minutes that it takes for water to move 

from the point of disinfectant application or a previous point of disinfectant residual 

measurement to a point before or at the point where residual disinfectant concentration is 

measured. Disinfectant contact time in pipelines is calculated by dividing the internal 

volume of the pipe by the flow rate through the pipe. Disinfectant contact time within 

mixing basins and storage reservoirs is determined by tracer studies or an equivalent 

demonstration to the Department. 

 

§64651.33. Disinfection. 

―Disinfection‖ means a process which inactivates pathogenic organisms in water by 

chemical oxidants or equivalent agents. 

 

§64651.34. Disinfection Profile. 

―Disinfection profile‖ means a summary of Giardia lamblia or virus inactivation through 

the treatment plant. 

 

§64651.36. Engineering Report. 

―Engineering report‖ means a water treatment technical report prepared by a qualified 

engineer. 

 

§64651.38. Filter Profile. 

―Filter profile‖ means a graphical representation of individual filter performance, based 

on continuous turbidity measurements or total particle counts versus time for an entire 

filter run, from startup to backwash inclusively, that includes data collected while another 

filter is being backwashed. 
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§64651.40. Filter-To-Waste. 

―Filter-to-waste‖ means a provision in a filtration process to allow the first filtered water, 

after backwashing a filter, to be wasted or reclaimed. 

 

§64651.43. Filtration. 

―Filtration‖ means a process for removing particulate matter from water by passage 

through porous media. 

 

§64651.46. Flocculation. 

―Flocculation‖ means a process to enhance agglomeration or collection of smaller floc 

particles into larger, more easily settleable or filterable particles through gentle stirring by 

hydraulic or mechanical means. 

 

§64651.48. Flowing Stream. 

―Flowing stream‖ means a course of running water flowing in a definite channel. 

 

§64651.50. Groundwater Under the Direct Influence of Surface Water.  

"Groundwater under the direct influence of surface water" means any water beneath the 

surface of the ground with significant occurrence of insects or other macroorganisms, 

algae or large diameter pathogens such as Giardia lamblia or Cryptosporidium, or 

significant and relatively rapid shifts in water characteristics such as turbidity, 

temperature, conductivity or pH which closely correlate to climatological or surface 

water conditions. 

 

§64651.52. Lake/Reservoir. 

―Lake/reservoir‖ means a natural or man-made basin or hollow on the Earth’s surface in 

which water collects or is stored that may or may not have a current or single direction of 

flow. 

 

§64651.53. Legionella. 

"Legionella" means a genus of bacteria, some species of which have caused a type of 

pneumonia called Legionnaires disease. 

 

§64651.54. Membrane Filtration. 

―Membrane filtration‖ means a pressure or vacuum driven separation process in which 

particulate matter larger than 1 micrometer is rejected by an engineered barrier, primarily 

through a size-exclusion mechanism, and which has a measurable removal efficiency of a 

target organism that can be verified through the application of a direct integrity test.  This 

definition includes the common membrane technologies of microfiltration, ultrafiltration, 

nanofiltration, and reverse osmosis. 

 

§64651.56. Multibarrier Treatment. 

―Multibarrier treatment‖ means a series of water treatment processes that provide for both 

removal and inactivation of waterborne pathogens. 
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§64651.60. NTU (Nephelometric Turbidity Unit). 

"Nephelometric Turbidity Unit (NTU)" means a measurement of the turbidity of water as 

determined by the methods in 40 Code of Federal Regulations, part 141.74(a)(1) (67 Fed. 

Reg. 65888 (October 29, 2002)), which is incorporated by reference. 

 

§64651.61. Plant Intake. 

―Plant intake‖ means the works or structures at the head of a conduit through which water 

is diverted from a source (e.g., river or lake) into the treatment plant. 

 

§64651.62. Presedimentation. 

―Presedimentation‖ means a preliminary treatment process used to remove gravel, sand, 

and other particulate material from the source water through settling before the water 

enters the primary clarification and filtration processes in a treatment plant. 

 

§64651.63. Pressure Filter. 

―Pressure filter‖ means a pressurized vessel containing properly sized and graded 

granular media. 

 

§64651.66. Qualified Engineer. 

―Qualified engineer‖ means a Civil Engineer, registered in the State of California, with 3 

years experience in water treatment design, construction, operation, and watershed 

evaluations. 

 

§64651.70. Residual Disinfectant Concentration. 

―Residual disinfectant concentration‖ means the concentration of the disinfectant in 

milligrams per liter (mg/l) in a representative sample of water. 

 

§64651.73. Sedimentation. 

―Sedimentation‖ means a process for removal of settleable solids before filtration by 

gravity or separation. 

 

§64651.76. Slow Sand Filtration. 

―Slow sand filtration‖ means a process involving passage of raw water through a bed of 

sand at rates not to exceed 0.10 gallons per minute per square foot resulting in substantial 

particulate removal by physical and biological mechanisms. 

 

§64651.80. Supplier. 

―Supplier,‖ for the purpose of this chapter, means the owner or operator of a water 

system for the provision to the public of piped water for human consumption, provided 

such system has at least 15 service connections or regularly serves at least 25 individuals 

daily at least 60 days out of the year. 
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§64651.83. Surface Water. 

―Surface water‖ means all water open to the atmosphere and subject to surface runoff. 

For purposes of this chapter, water runoff originating from the lined walls and other man-

made appurtenant structures of treated water distribution reservoirs, is excluded from the 

definition of surface water. 

 

§64651.86. Turbidity Level. 

―Turbidity level‖ means the value in NTU obtained by measuring the turbidity of a 

representative grab sample of water at a specified regular interval of time. If continuous 

turbidity monitoring is utilized, the turbidity level is the discrete turbidity value at a given 

time. 

 

§64651.88. Uncovered Finished Water Storage Facility. 

―Uncovered finished water storage facility‖ means a tank, reservoir, or other facility used 

to store water that will undergo no further treatment to reduce microbial pathogens except 

residual disinfection and is directly open to the atmosphere. 

 

§64651.90. Virus. 

―Virus‖ means a virus of fecal origin which is infectious to humans by waterborne 

transmissions. 

 

§64651.91. Waterborne Microbial Disease Outbreak. 

―Waterborne microbial disease outbreak‖ means the significant occurrence of acute 

infectious illness, epidemiologically associated with the ingestion of water from a public 

water system which is deficient in treatment, as determined by a County Health Officer 

or the Department. 

 

§64651.93. Watershed. 

―Watershed‖ means the area contained in a drainage basin which is tributary to a water 

supply diversion point. 

 

Article 2. Treatment Technique Requirements, Watershed Protection 

Requirements, and Performance Standards 
§64652. Treatment Technique Requirements and Compliance Options. 

(a) A supplier using an approved surface water shall provide multibarrier treatment 

that meets the requirements of this chapter and reliably ensures at least, between a point 

where the raw water is not subject to recontamination by surface water runoff and a point 

downstream before or at the first customer: 

(1) A total of 99.9 percent reduction of Giardia lamblia cysts through filtration 

and disinfection;  

(2) A total of 99.99 percent reduction or viruses through filtration and 

disinfection; and 

(3) A total of 99 percent removal of Cryptosporidium through filtration. 
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(b) A supplier meeting the requirements of section 64654 in combination with either 

section 64652.5 or 64653 shall be deemed to be in compliance with the minimum 

reduction requirements specified in subsections (a)(1) and (a)(2).   

 

(c) A supplier meeting the requirements of section 64652.5 or 64653 shall be deemed 

to be in compliance with the minimum removal requirement specified in subsection 

(a)(3).   

 

(d) A supplier serving 10,000 or more persons shall not begin construction of an 

uncovered finished water storage facility.  If a supplier serving fewer than 10,000 persons 

began construction of a finished water reservoir on or after March 15, 2002, the reservoir 

shall be covered. 

 

(e) A supplier that uses conventional or direct filtration treatment and recycles spent 

filter backwash water, thickener supernatant, or liquids from dewatering processes shall 

comply with the recycle requirement of section 64653.5(b). 

 

(f) A supplier shall comply with the disinfection profiling and benchmarking 

requirements of section 64656.5. 

 

(g) A supplier shall comply with the treatment technique and microbial toolbox 

component requirements specified in sections 64650(f)(1) and (2). 

 

(h) No variances from the requirements in this section are permitted. 

 

§64652.5. Criteria for Avoiding Filtration. 

(a) A supplier that uses an approved surface water shall meet all of the requirements 

of this section to avoid the necessity of providing filtration.  Within 18 months of the 

failure of a supplier using an approved surface water to meet any one of the requirements 

of subsections (b) through (l), the supplier shall have installed filtration and meet the 

requirements for filtered systems specified in sections 64653, 64658, 64659, 64660, and 

64661. 

 

(b) The approved surface water quality shall be monitored downstream of all surface 

water and groundwater under the influence of surface water contributions and upstream 

of the first or only point of disinfectant application, as follows:   

(1) For fecal or total coliform density at the following minimum frequency each 

week: 
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System size (persons served) Samples/week 

<UN-> 500 1 

501-3,300 2* 

3,301-10,000 3* 

10,001-25,000 4* 

> 25,000 5* 
   *Shall be taken on separate days. 

 

(2) For fecal or total coliform density, once every day the turbidity of the source 

water exceeds 1 NTU unless the Department determines that the system, for logistical 

reasons outside the system's control, is unable to have the sample analyzed within 30 

hours of collection. If collected, these samples count toward the weekly coliform 

sampling requirement; and 

(3) For turbidity at a minimum frequency of once every four hours. A supplier 

may substitute continuous turbidity monitoring for grab sample monitoring if, at regular 

intervals, it validates the accuracy of the continuous measurement using a protocol 

approved by the Department.  

 

(c) The approved surface water quality monitored pursuant to subsection (b) shall 

meet the following criteria:   

(1) The fecal coliform concentration shall be equal to or less than 20/100 mL, or 

the total coliform concentration shall be equal to or less than 100/100 mL, in 

representative samples of the approved surface water in at least 90 percent of the 

measurements made for the six previous months that the system served unfiltered 

approved surface water to the public on an ongoing basis. If a system measures both fecal 

and total coliforms, the fecal coliform criterion, not the total coliform criterion, in this 

paragraph shall be met; and 

(2) The turbidity level shall not exceed 5 NTU in representative samples of the 

approved surface water unless:   

(A) The Department determines that any such event was caused by 

circumstances that were unusual and unpredictable; and   

(B) As a result of any such event, there have not been more than two events in 

the past 12 months the system served unfiltered approved surface water to the public, or 

more than five events in the past 120 months the system served unfiltered approved 

surface water to the public, in which the turbidity level exceeded 5 NTU. An ―event‖ is 

one day or a series of consecutive days during which at least one turbidity measurement 

each day exceeds 5 NTU. 

 

(d) Water quality information collected pursuant to subsection (a) shall be reported to 

the Department in conformance with the requirements of 40 CFR section 141.75(a)(1) 

(54 Fed. Reg. 27486, (June 29, 1989)), which is incorporated by reference.   
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(e) The supplier shall maintain a watershed control program which minimizes the 

potential for contamination by Giardia lamblia cysts, viruses, and Cryptosporidium 

oocysts in the source water.  The adequacy of the program to limit potential 

contamination by Giardia lamblia cysts, viruses, and Cryptosporidium oocysts shall be 

determined by: the comprehensiveness of the watershed review; the effectiveness of the 

supplier's program to monitor and control detrimental activities occurring in the 

watershed; and the extent to which the water system has maximized land ownership 

and/or controlled land use within the watershed.  At a minimum, the watershed control 

program shall:   

(1) Characterize the watershed hydrology and land ownership;  

(2) Identify watershed characteristics and activities which may have an adverse 

effect on source water quality;   

(3) Monitor the occurrence of activities which may have an adverse effect on 

source water quality. The supplier shall demonstrate through ownership and/or written 

agreements with landowners within the watershed that it can control all human activities 

which may have an adverse impact on the microbiological quality of the water. The 

supplier shall submit an annual report to the Department that identifies any special 

concerns about the watershed and how they are being handled; describes activities in the 

watershed that affect water quality; and projects what adverse activities are expected to 

occur in the future and how the public water system expects to address them; and  

(4) Monitor the presence of Giardia lamblia cysts in the approved surface water 

whenever agricultural grazing, water oriented recreation, or point source domestic 

wastewater discharges occur on the watershed. At a minimum the monitoring shall 

measure the Giardia lamblia cyst concentration monthly at a point immediately prior to 

the first or only point of disinfectant application. The monitoring results shall be included 

in an annual report to the Department. This monitoring requirement may be waived after 

one year for a supplier serving fewer than 500 persons when the monitoring results 

indicate a mean Giardia lamblia cyst concentration of 1 cyst per 100 liters or less.  

 

(f) The water system shall be subject to an annual on-site inspection to assess the 

watershed control program and disinfection treatment process. Either the Department or a 

party approved by the Department shall conduct the on-site inspection. The inspection 

shall be conducted by competent individuals who have a sound understanding of public 

health principles and waterborne diseases, such as sanitary engineers, civil engineers, 

environmental health specialists, or technicians who have experience and knowledge 

about the operation and maintenance of a public water system. A report of the on-site 

inspection summarizing all findings shall be prepared every calendar year and submitted 

to the Department, if not conducted by the Department, by December 31 of that year. The 

on-site inspection shall be comprehensive to enable the Department to determine whether 

the watershed control program and disinfection treatment process are adequately 

designed and maintained. The on-site inspection shall include:   

(1) A review of the effectiveness of the watershed control program;   

(2) A review of the physical condition of the source intake and how well it is 

protected; 
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(3) A review of the supplier's equipment maintenance program to ensure there is 

low probability for failure of the disinfection process;   

(4) An inspection of the disinfection equipment for physical deterioration;  

(5) A review of operating procedures;   

(6) A review of data records to ensure that all required tests are being conducted 

and recorded and disinfection is effectively practiced; and   

(7) Identification of any improvements which are needed in the equipment, 

system maintenance and operation, or data collection.   

 

(g) The water system shall not have been identified as a source of a waterborne 

microbial disease outbreak, or if it has been so identified, the system shall have been 

modified sufficiently to prevent another such occurrence, as determined by the 

Department. 

 

(h) The water system shall comply with the total coliform maximum contaminant 

level (MCL) specified in 22 CCR section 64426.1 at least 11 of the 12 previous months 

that the system served water to the public on an ongoing basis, unless the Department 

determines that failure to meet this requirement was not caused by the unfiltered 

approved surface water.   

 

(i) The water system shall comply with the requirements for total trihalomethanes, 

haloacetic acids (five), bromate, chlorite, chlorine, chloramines, and chlorine dioxide 

specified in 22 CCR, division 4, chapter 15.5, commencing with section 64530.  

 

(j) The supplier shall provide to the Department an annual report, by December 31st 

of each year, which summarizes its compliance with all the watershed control program 

requirements.   

 

(k) The water system shall meet the following special disinfection requirements: 

(1) The water system shall not fail to provide disinfection treatment sufficient to 

ensure at least a 99.9 percent inactivation of Giardia lamblia cysts and a 99.99 percent 

inactivation of viruses for more than one day in any month the water system served 

unfiltered approved surface water.  The means used to demonstrate the required percent 

inactivation with disinfection shall be in conformance with the requirements of 40 CFR 

sections 141.72(a)(1), and 141.74(b)(3) and (b)(4) (54 Fed. Reg. 27486 (June 29, 1989)), 

which are incorporated by reference.  Disinfection information collected pursuant to this 

subsection shall be reported to the Department in conformance with the requirements of 

40 CFR section 141.75(a)(2) (54 Fed. Reg. 27486 (June 29, 1989)), which is incorporated 

by reference.  The necessity to install filtration as a result of a failure to meet the 

requirements in subsection (c) will not apply if:    

(A) Either the supplier meets the requirements of subsection (c) at least 11 of 

the 12 previous months that the system served unfiltered approved surface water to the 

public on an ongoing basis; or   
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(B) The system fails to meet the requirements of subsection (c) during 2 of the 

12 previous months that the system served unfiltered approved surface water to the 

public; and   

(C) The Department determines that failure to meet the requirements in 

subsection (c) for at least one of these months was caused by circumstances that were 

unusual and unpredictable.   

(2) The disinfection system shall have either: 

(A) Redundant components, including an auxiliary power supply with 

automatic start-up and alarm to ensure that disinfectant application is maintained 

continuously while water is being delivered to the distribution system; or   

(B) Automatic shut-off of delivery of water to the distribution system 

whenever there is less than 0.2 mg/L of residual disinfectant concentration in the water. 

(3) The water system shall meet the requirements of section 64654(b)(1) at all 

times the system serves unfiltered approved surface water to the public unless the 

Department determines that any such failure was caused by circumstances that were 

unusual and unpredictable; and   

(4) The water system shall meet the requirements of section 64654(b)(2) on an 

ongoing basis unless the Department determines that failure to meet these requirements 

was not caused by a deficiency in treatment of the unfiltered approved surface water. 

  

(l) Whenever the monitoring of the quality of the approved surface water indicates the 

turbidity exceeds 5.0 NTU, or the fecal coliform level exceeds 20/100 mL or the total 

coliform concentration exceeds 100/100 mL in 10 percent or more of the samples 

collected in the previous six months during which the system served unfiltered approved 

surface water to the public on an ongoing basis, the source shall be removed from 

service.  The source may be returned to service when monitoring subsequent to removing 

the source from service demonstrates that the turbidity is less than or equal to 5.0 NTU 

and the fecal coliform level is less than or equal to 20/100 mL or the total coliform level 

is less than or equal to 100/100 mL for two consecutive days, and Giardia lamblia 

monitoring results indicate 1 cyst per 100 liters or less.  If a system measures both fecal 

and total coliforms, the fecal coliform criterion, not the total coliform criterion, in this 

subsection shall be met. 

 

§64653. Filtration. 

(a) All approved surface water utilized by a supplier shall be treated using one of the 

following filtration technologies unless an alternative process has been approved by the 

Department pursuant to subsections (e), (f), (g) and (h):   

(1) Conventional filtration treatment;   

(2) Direct filtration treatment; 

(3) Diatomaceous earth filtration; or 

(4) Slow sand filtration.   

 

(b) Conventional filtration treatment shall be deemed to be capable of achieving at 

least 99.7 percent removal of Giardia lamblia cysts, 99 percent removal of viruses, and 
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99 percent removal of Cryptosporidium when in compliance with operating criteria 

specified in section 64660 and performance standards specified in table 64653.  Direct 

filtration treatment, diatomaceous earth filtration, and slow sand filtration shall be 

deemed to be capable of achieving at least 99 percent removal of Giardia lamblia cysts, 

90 percent removal of viruses, and 99 percent removal of Cryptosporidium when in 

compliance with operating criteria specified in section 64660 and performance standards 

specified in table 64653.  

 

(c) A supplier shall comply with the combined filter effluent turbidity performance 

standards in table 64653 for each treatment plant while the plant is in operation: 

 

Table 64653 

Combined Filter Effluent Turbidity Performance Standards
(a) 

 

If a supplier uses…  The turbidity level of the combined filter effluent… 

   

(1)  Conventional or 

direct filtration treatment 

and serves 10,000 or 

more persons 

 (A)  Shall be less than or equal to 0.3 NTU in at least 

95 percent of the measurements taken each month; 

 (B)  Shall not exceed 1 NTU for more than one 

continuous hour; 

 (C)  Shall not exceed 1 NTU at four-hour intervals; 

and 

 (D)  Shall not exceed 1.0 NTU for more than eight 

consecutive hours. 

   

(2)  Conventional or 

direct filtration treatment 

and serves fewer than 

10,000 persons 

 (A)  Shall be less than or equal to 0.3 NTU in at least 

95 percent of the measurements taken each month; 

 (B)  For a supplier using a grab sample monitoring 

program: 

 1.  Shall not exceed 1 NTU; and 

 2.  Shall not exceed 1.0 NTU in more than two 

consecutive samples; and 

 (C)  For a supplier using a continuous monitoring 

program: 

 1.  If recording results at least once every 15 minutes, 

shall comply with paragraph (1)(B); and 

 2.  Shall comply with paragraphs (1)(C) and (1)(D). 

   

(3)  Diatomaceous 

earth filtration 

 (A)  Shall be less than or equal to 0.5 NTU in at least 

95 percent of the measurements taken each month; 

 (B)  Shall not exceed 5.0 NTU; 

 (C)  For a supplier using a grab sample monitoring 

program, shall comply with paragraph (2)(B)2; and 
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 (D)  For a supplier using a continuous monitoring 

program, shall comply with paragraph (1)(D). 

   

(4)  Slow sand 

filtration 

 (A)  Shall be less than or equal to 1.0 NTU in at least 

95 percent of the measurements taken each month. 

Filtered water from the treatment plant may exceed 1.0 

NTU, provided the filter effluent prior to disinfection 

meets the maximum contaminant level for total coliforms 

as specified in 22 CCR section 64426.1; and 

 (B)  Shall not exceed 5.0 NTU. 

   
(a)  If there is only one filter at the treatment plant, the combined filter effluent turbidity performance standards 

shall apply to the effluent produced by the filter. 

   

 

(d) To obtain approval for a higher removal efficiency than that specified in 

subsection (b), a water supplier shall demonstrate to the Department that the higher 

removal efficiency can be reliably obtained.  

 

(e) An alternative to the filtration technologies specified in subsection (a) may be 

used provided that the supplier demonstrates to the Department that the alternative 

technology: 

(1)  Provides a minimum of 99 percent Giardia lamblia cyst removal, 90 percent 

virus removal for the suppliers serving more than 500 persons, and 99 percent 

Cryptosporidium removal; and  

(2)  Meets the turbidity performance standards established by the Department, as 

determined from the alternative filtration technology demonstration conducted pursuant 

to subsection (f).  The turbidity performance standards shall not be less stringent than the 

turbidity performance standards established in subsection (c)(1). 

 

(f) The alternative filtration technology demonstration shall be based on the results 

from a prior equivalency demonstration or a testing of a full scale installation that is 

treating a water with similar characteristics and is exposed to similar hazards as the water 

proposed for treatment.  A pilot plant test of the water to be treated may also be used for 

this demonstration if conducted with the approval of the Department.  The demonstration 

shall be presented in an engineering report prepared by a qualified engineer.    

 

(g) A supplier proposing to use an alternative filtration technology may request from 

the Department a waiver to comply with the requirements of subsection (e) to 

demonstrate 90 percent virus removal.  The request shall be based on a watershed 

sanitary survey conducted in accordance with section 64665, within 12 months of the 

date of the request, that demonstrates a lack of virus hazard in the watershed.  

 

(h) The Department's approval of alternative filtration technologies, including 

establishment of performance standards and monitoring requirements, shall be done in 
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accordance with the permit process specified in sections 116525 through 116550 of the 

Health and Safety Code.   

 

(i) Within 60 days following the first full year of operation of a new alternative 

filtration treatment process approved by the Department, the supplier shall submit an 

engineering report prepared by a qualified engineer describing the effectiveness of the 

plant operation. The report shall include results of all water quality tests performed and 

shall evaluate compliance with established performance standards under actual operating 

conditions. It shall also include an assessment of problems experienced, corrective 

actions needed, and a schedule for providing needed improvements. 

 

§64653.5. Recycle Provisions. 

A supplier that uses conventional filtration or direct filtration and recycles spent filter 

backwash water, thickener supernatant, or liquids from dewatering processes shall: 

(a) Provide the Department with the following information in writing: 

(1) Plant schematic showing the origin of all recycle flows, the hydraulic 

conveyance used to transport each, and the point at which each is re-introduced into the 

treatment plant; and 

(2) Typical recycle flow in gallons per minute (gpm), the highest observed plant 

flow experienced in the previous year (gpm), design flow for the treatment plant (gpm), 

and the approved operating capacity for the plant if the Department has specified one. 

 

(b) Return all recycle flows to the headworks of the treatment plant or an alternative 

location approved by the Department. 

 

(c) Collect and retain the following information and provide it to the Department 

upon request: 

(1) A copy of the Department notification required pursuant to subsection (a); 

(2) A list of all recycle flows and the frequency with which they are returned; 

(3) Average and maximum backwash flow rates through the filters and the 

average and maximum durations of the filter backwash process in minutes; 

(4) Typical filter run length and a written summary of how filter run length is 

determined; 

(5) The type of treatment provided for the recycle flow; and 

(6) Data on the physical dimensions of the equalization and/or treatment units, 

typical and maximum hydraulic loading rates, type of treatment chemicals used and 

average dose and frequency of use, and frequency at which solids are removed, if 

applicable. 

 

§64654. Disinfection. 

(a) All approved surface water utilized by a supplier shall be provided with 

continuous disinfection treatment sufficient to insure that the total treatment process 

provides inactivation of Giardia lamblia cysts and viruses, in conjunction with the 
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removals obtained through filtration, to meet the reduction requirements specified in 

section 64652(a). 

 

(b) Disinfection treatment shall comply with the following performance standards:   

(1) Water delivered to the distribution system shall not contain a disinfectant 

residual of less than 0.2 mg/l for more than four hours in any 24 hour period.   

(2) The residual disinfectant concentrations of samples collected from the 

distribution system shall be detectable in at least 95 percent of the samples taken each 

month that the system serves water to the public, except as provided in subsection (c).  At 

any sample point in the distribution system, the presence of heterotrophic plate count 

(HPC) at concentrations less than or equal to 500 colony forming units per milliliter shall 

be considered equivalent to a detectable disinfectant residual.   

 

(c) Paragraph (b)(2) shall not apply to suppliers serving fewer than 500 persons 

provided: 

(1) The system is in compliance with 17 CCR sections 7583 through 7605, and 

with 22 CCR sections 64602 and 64570(b), 64572, and 64580; 

(2) The supplier has no means for having a sample transported and analyzed for 

HPC by a certified laboratory under the appropriate time and temperature conditions; and 

(3) The supplier is providing adequate disinfection in the distribution system. 

  

(d) No exemptions from the requirement in paragraph (b)(1) are permitted.  

 

Article 3. Monitoring Requirements 
§64654.8. Source, Raw, Settled, and Recycled Filter Backwash Monitoring. 

(a)  A supplier shall comply with the source monitoring requirements specified in 

section 64650(f). 

(b)  Pursuant to the operations plan required by section 64661, a supplier shall: 

(1)  Monitor the raw water supply for: 

(A)  Turbidity at least once a day; and 

(B)  Total coliform and either fecal coliform or E. coli bacteria using density 

analysis at least once a month; 

(2)  If using conventional filtration treatment, monitor the turbidity of the settled 

water at least once a day; and 

(3)  If recycling filter backwash water, monitor the turbidity and determine the 

flow of the recycled water at least once a day or once during each recycle event.  

Monitoring shall be representative of the recycled water. 

 

§64655. Filtration Monitoring. 

(a) To determine compliance with the performance standards specified in section 

64653 and the operating criteria in section 64660, a supplier shall conduct turbidity 

monitoring in accordance with table 64655.  Monitoring shall be conducted when the 

treatment plant is in operation and pursuant to the operations plan required by section 

64661. 
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Table 64655 

Filtered Water Turbidity Monitoring 

 

 

If a supplier uses… 

 Turbidity monitoring shall be 

conducted of… 

 And the turbidity 

level shall be recorded… 

     

(1)  Conventional or 

direct filtration treatment 

and serves 10,000 or 

more persons 

 (A)  Each individual filter, 

continuously; and 

 At least once every 

15 minutes 

    

 (B)  The combined filter 

effluent
(b)

, continuously 

 At least once every 

15 minutes 

     

(2)  Conventional or 

direct filtration treatment 

and serves fewer than 

10,000 persons
(a)

 

 (A)  Each individual filter, 

continuously
(c)

; and 

 At least once every 

15 minutes 

    

 (B)  The combined filter 

effluent
(b)

, by grab sample at least 

once every four hours
(d)

 

 At least once every 

four hours 

     

(3)  Diatomaceous 

earth or slow sand 

filtration
(a)

  

 The combined filter effluent
(b)

, 

by grab sample at least once every 

four hours
(d)

 

 At least once every 

four hours 

     
(a)  A supplier using slow sand filtration, or serving 500 or fewer persons, that is in compliance with the performance 

standards specified in section 64653 may reduce turbidity monitoring of the combined filter effluent to one grab sample per 
day.  The result shall be recorded daily. 

(b)  Representative sample prior to clearwell storage. 

(c)  If there are two or fewer filters, a supplier may conduct continuous monitoring of the combined filter effluent in lieu 

of continuous monitoring of each individual filter.  The results shall be recorded at least once every 15 minutes. 
(d)  Continuous turbidity measurements may be substituted for grab sample monitoring provided the supplier validates 

the accuracy of the measurements on a weekly basis. 

 

(b) A supplier shall calibrate turbidimeters used for continuous turbidity monitoring 

according to the procedure specified by the manufacturer. 

 

(c) If there is an interruption in continuous turbidity monitoring due to equipment 

failure or maintenance, a supplier that uses conventional or direct filtration treatment 

shall conduct grab sample monitoring once every four hours in lieu of continuous 

monitoring until the continuous turbidimeter is back on-line.  From the time of equipment 

failure or maintenance interruption, continuous monitoring shall be reinitiated: 

(1) For a supplier serving 10,000 or more persons, within 48 hours for the 

combined filter effluent and within five working days for the individual filter effluent; or 

(2) For a supplier serving fewer than 10,000 persons, within 14 working days for 

the individual filter effluent. 
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§64656. Disinfection Monitoring. 

(a) To determine compliance with disinfection inactivation requirements specified in 

section 64654(a), a supplier shall develop and conduct a monitoring program to measure 

those parameters that affect the performance of the disinfection process. This shall 

include but not be limited to the temperature of the disinfected water, the pH(s) of the 

disinfected water if chlorine is used as a disinfectant, the disinfectant contact time(s) and 

the residual disinfectant concentration(s) before or at the first customer. The monitoring 

program shall be described in the operations plan required by section 64661. 

   

(b) To determine compliance with the performance standard specified in section 

64654(b)(1), the disinfectant residual concentration of the water being delivered to the 

distribution system shall be measured and recorded continuously except as provided in 

subsection (f).   

 

(c) To determine compliance with section 64654(b)(2), the residual disinfectant 

concentration shall, at a minimum, be measured at the same points in the distribution 

system and at the same time as total coliforms are sampled in accordance with 22 CCR 

section 64421, and described in the operations plan required by section 64661, except as 

provided in subsection (d).   

 

(d) A supplier that uses both an approved surface water and a groundwater may take 

disinfectant residual samples at points other than those specified in subsection (c) 

provided the supplier demonstrates to the Department that such sampling points are 

representative of the disinfected approved surface water in the distribution system.   

 

(e) If there is a failure of continuous disinfectant residual monitoring equipment, grab 

sampling every four hours may be conducted in lieu of continuous monitoring, but for no 

more than five working days following the failure of the equipment.   

 

(f) A supplier serving 3,300 or fewer persons may collect and analyze grab samples 

of disinfectant residual each day as shown below in lieu of the continuous monitoring 

specified in subsection (b), provided that any time the residual disinfectant falls below 

0.2 mg/L, the supplier shall take a grab sample every four hours until the residual 

concentration is equal to or greater than 0.2 mg/L: 

 

System size by population Samples/day 

less than or equal to 500 1 

501 - 1,000 2 

1,001 - 2,500 3 

2,501 - 3,300 4 

 

(g) A supplier shall describe the location and frequency of sampling to comply with 

subsection (f) in the operations plan required by section 64661. 
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§64656.5. Disinfection Profiling and Benchmarking. 

(a) A supplier that has developed a disinfection profile pursuant to 40 Code of Federal 

Regulations sections 141.172(a) and (b) (63 Fed. Reg. 69478 (December 16, 1998); 

amended Jan. 16, 2001, 66 Fed. Reg. 3770), which are incorporated by reference and a 

community water system or nontransient-noncommunity water system serving fewer than 

10,000 persons that has developed a disinfection profile pursuant to 40 Code of Federal 

Regulations sections 141.530 through 141.535 (67 Fed. Reg. 1812 (January 14, 2002); 

amended June 29, 2004, 69 Fed. Reg. 38850), which are incorporated by reference, shall: 

(1) Retain disinfection profile data and make it available to the Department upon 

request; and 

(2) Submit the following information to the Department when applying for an 

amended permit to change the point of disinfection, disinfectant(s) used in the treatment 

plant, or disinfection process: 

(A) A description of the proposed change; 

(B) The disinfection profile developed pursuant to subsection (a); 

(C) The benchmark conducted pursuant to 40 Code of Federal Regulations 

section 141.172(c) (63 Fed. Reg. 69478 (December 16, 1998)) or sections 141.540 

through 141.544 (67 Fed. Reg. 1812 (January 14, 2002)), which are incorporated by 

reference; and 

(D) An analysis of how the proposed change will affect the current levels of 

disinfection. 

 

(b) A supplier that did not conduct optional TTHM and HAA5 monitoring under 40 

CFR section 141.172 because they served fewer than 10,000 persons when such 

monitoring was required, but served more than 10,000 persons prior to January 1, 2005, 

shall: 

(1) Consult with the Department to establish a disinfection benchmark; 

(2) Submit the following information to the Department when applying for an 

amended permit to change the point of disinfection, disinfectant(s) used in the treatment 

plant, or disinfection process: 

(A) The information described in subsections (a)(2)(A) and (a)(2)(C); and 

(B) The disinfection profile and benchmark conducted pursuant to 40 Code of 

Federal Regulations sections 141.172(b) and (c) (63 Fed. Reg. 69478 (December 16, 

1998); amended Jan. 16, 2001, 66 Fed. Reg. 3770), which are incorporated by reference; 

and 

(3) Retain the disinfection profile data developed pursuant to paragraph (2)(B). 

 

(c) A supplier shall comply with the disinfection profiling and benchmarking 

requirements specified in section 64650(f)(1). 

 

Article 3.5. Enhanced Filtration and Disinfection (Article contents repealed) 
§64657. General Requirements.  (repealed) 
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§64657.10. Criteria for Avoiding Filtration.  (repealed) 

 

§64657.20. Disinfection Profiling and Benchmarking.  (repealed) 

 

§64657.30. Filtration.  (repealed) 

 

§64657.40. Filtration Sampling.  (repealed) 

 

§64657.50. Supplemental Reporting and Recordkeeping.  (repealed) 

 

Article 4. Design Standards 
§64658. New Treatment Plants. 

(a) Suppliers that propose to construct new filtration and disinfection treatment 

facilities or to modify or make additions to existing treatment facilities which require 

permit approval from the Department pursuant to Health and Safety Code sections 

116525 through 116550 shall submit an engineering report to the Department describing 

how the proposed new treatment facilities will be designed to comply with the treatment, 

design, performance and reliability provisions required pursuant to this chapter. 

Modifications requiring permit approval include those that have a significant effect on 

plant performance, change the plant design rating or capacity, or change a major 

treatment process.   

 

(b) All new filtration and disinfection facilities shall be designed and constructed to 

comply with the following criteria:   

(1) Achieve an average daily effluent turbidity goal of 0.2 NTU when using 

conventional, direct, and diatomaceous earth filtration plants. 

(2) Be free of structural and sanitary hazards. 

(3) Protect against contamination by backflow.   

(4) Meet the capacity and pressure requirements prescribed in 22 CCR sections 

64554 and 64602. 

(5) Provide flow measuring and recording equipment.  

(6) Take into consideration the effects of events such as earthquakes, fires, floods, 

freezing, and sabotage that are reasonably foreseeable.  

(7) Provide reasonable access for inspection, maintenance, and monitoring of all 

unit processes.   

(8) Provide for filter-to-waste for each filter unit or addition of coagulant 

chemicals to the water used for backwashing.   

(9) Provide backwash rates and surface or subsurface wash facilities using air, 
water or a combination thereof to clean the filter after use to its original condition.   

(10) Provide solids removal treatment for filter backwash water if it is recycled 

into the treatment process. Recycled backwash water shall be returned to the headworks 

of the treatment plant.   

(11) Provide for the future addition of pretreatment facilities in the design of 

direct filtration, slow sand, or diatomaceous earth filtration plants.   
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(12) Provide disinfection equipment sized for the full range of flow conditions 

expected and capable of feeding accurately at all flow rates.  

(13) Provide for treatment plant operation without frequent shutdowns and 

startups or rapid changes in filtration rates.   

 

(c) Whenever a coagulation process is used, the process selection shall be based on 

pilot plant or laboratory scale (jar test) or equivalent results that demonstrate 

effectiveness of the coagulant chemicals over the full range of water quality conditions 

expected. 

 

§64659. Reliability. 

(a) The following reliability features shall be included in the design and construction 

of all new and existing surface water treatment plants: 

(1) Alarm devices to provide warning of coagulation, filtration, and disinfection 

failures. All devices shall warn a person designated by the supplier as responsible for 

taking corrective action, or have provisions to shut the plant down until corrective action 

can be taken.   

(2) Standby replacement equipment available to assure continuous operation and 

control of unit processes for coagulation, filtration and disinfection.   

(3) A continuous turbidity monitoring and recording unit on the combined filter 

effluent prior to clearwell storage.   

(4) Multiple filter units which provide redundant capacity when filters are out of 

service for backwash or maintenance.   

 

(b) Alternatives to the requirements specified in section 64659(a) shall be accepted 

provided the water supplier demonstrates to the satisfaction of the Department that the 

proposed alternative will assure an equal degree of reliability. 

 

Article 5. Operation 
§64660. Operating Criteria. 

(a) All treatment plants utilizing an approved surface water shall be operated by 

operators certified by the Department in accordance with Health and Safety Code section 

106885. 

  

(b) Filtration facilities shall be operated in accordance with the following 

requirements: 

(1) Conventional and direct filtration treatment plants shall be operated at 

filtration rates not to exceed 3.0 gallons per minute per square foot (gpm/sq. ft.) for single 
media filters and 6.0 gpm/sq. ft. for deep bed, dual or mixed media filters under gravity 

flow conditions.  For pressure filters, filtration rates shall not exceed 2.0 gpm/sq. ft. for 

single media filters and 3.0 gpm/sq. ft. for dual, mixed media, or deep bed filters;   

(2) Slow sand filters shall be operated at filtration rates not to exceed 0.10 gallon 

per minute per square foot. The filter bed shall not be dewatered except for cleaning and 

maintenance purposes;   
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(3) Diatomaceous earth filters shall be operated at filtration rates not to exceed 1.0 

gallon per minute per square foot;   

(4) To obtain approval for filtration rates higher than, but not more than twice, 

those specified in paragraphs (1), (2), and (3), a water supplier shall demonstrate to the 

Department that the filters can comply with the performance requirements of section 

64653;   

(5) To obtain approval for filtration rates greater than twice those specified in 

paragraphs (1), (2), and (3), a water supplier shall demonstrate to the Department that the 

filters do the following: 

(A) Provide a minimum of 99 percent Giardia lamblia cyst removal, 90 

percent virus removal, and 99 percent Cryptosporidium removal; and  

(B) Meet the turbidity performance standards established in section 64653(c); 

(6) Filtration rates shall be increased gradually when placing filters back into 

service following backwashing or any other interruption in the operation of the filter;  

(7) When any individual filter in a conventional or direct filtration treatment plant 

is placed back into service following backwashing or other interruption event, the filtered 

water turbidity of the effluent from that filter shall not exceed any of the individual filter 

turbidity performance triggers in table 64660, subparagraphs (A) through (D).  The 

filtered water turbidity of the effluent from any individual filter in a conventional or 

direct filtration treatment plant shall not exceed any of the individual filter turbidity 

performance triggers in table 64660, subparagraphs (E) through (G).  If an exceedance 

occurs, a supplier shall comply with the required follow-up action in table 64660: 

 

Table 64660 

Individual Filter Turbidity Performance Triggers 

and Required Follow-Up Actions for a Trigger Exceedance
(a) 

 

Performance Trigger at Any Time 

During the First Four Hours of 

Operation 

  

 

Required Follow-Up Actions 

   

(A)  2.0 NTU  1.  The supplier shall take the filter unit out of 

service and inspect it to determine the cause of 

its inadequate performance; and 

 2.  The supplier shall not return the filter unit to 

service until deficiencies have been corrected 

and operations tests demonstrate that the filter 

unit is meeting the performance triggers of 

subparagraphs (A), (B), and (C). 

   

(B)  1.0 NTU following at least 90 

percent of the interruption events during 

any period of 12 consecutive months 

 The supplier shall comply with the required 

follow-up actions of subparagraphs (A)1. and 

(A)2. 
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Performance Trigger at the Time that 

the Filter has been in Operation for 

Four Hours 

  

 

Required Follow-Up Action 

   

(C)  0.5 NTU  The supplier shall comply with the required 

follow-up actions of subparagraphs (A)1. and 

(A)2. 

   

Performance Trigger in Two 

Consecutive Measurements Taken No 

More than 15 Minutes Apart 

  

 

Required Follow-Up Action 

   

(D)  For a supplier serving 10,000 or 

more persons, 0.3 NTU after the filter 

has been in continuous operation for 60 

minutes or more 

 Within seven days of the exceedance, the 

supplier shall produce a filter profile if the 

supplier is unable to identify and report a reason 

for the abnormal filter performance. 

   

(E)  1.0 NTU  A supplier serving 10,000 or more persons shall 

comply with the required follow-up action of 

subparagraph (D). 

   

(F)  1.0 NTU for three consecutive 

months 

 1.  Within 14 days of the exceedance, the 

supplier shall conduct a self-assessment of the 

filter.  The self-assessment shall consist of the 

following components as a minimum: assessment 

of filter performance; development of a filter 

profile; identification and prioritization of factors 

limiting filter performance; assessment of the 

applicability of corrections; and preparation of a 

filter self-assessment report; 

 2.  A supplier serving fewer than 10,000 persons 

shall conduct a self-assessment unless a 

comprehensive performance evaluation (CPE) 

was conducted pursuant to an exceedance of 

subparagraph (G); and 

 3.  A supplier serving fewer than 10,000 persons 

and monitoring pursuant to footnote (c) of table 

64655 shall conduct a self-assessment of each 

individual filter. 
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(G)  2.0 NTU for two consecutive 

months 

 1.  The supplier shall arrange with the 

Department for the conduct of a CPE pursuant to 

―Optimizing Water Treatment Plant Performance 

Using the Composite Correction Program,‖ EPA 

Handbook, Chapter 4, pg. 21-65, Office of 

Research and Development, USEPA, 

EPA/625/6-91/027 (revised August 1998), which 

is incorporated by reference; 

 2.  If a supplier serves 10,000 or more persons, 

the CPE shall be conducted no later than 30 days 

following the exceedance; and 

 3.  If a supplier serves fewer than 10,000 

persons, the CPE shall be conducted no later than 

60 days following the exceedance.  If a CPE was 

completed within the prior 12 months or the 

supplier and Department are jointly participating 

in an ongoing comprehensive technical 

assistance project at the water system, a new 

CPE is not required. 

   
(a)  For a supplier monitoring pursuant to footnote (c) of table 64655, the individual filter turbidity performance triggers of 

table 64660 shall apply to the combined filter effluent. 

 

(8) Pressure filters shall be physically inspected and evaluated annually for such 

factors as media condition, mudball formation, and short circuiting. A written record of 

the inspection shall be maintained at the treatment plant; and 

(9) Coagulation and flocculation unit processes shall be in use at all times during 

which conventional and direct filtration treatment plants are in operation. The 

effectiveness of these processes shall be demonstrated by either at least an 80 percent 

reduction through the filters of the monthly average raw water turbidity or jar testing, 

pilot testing or other means to demonstrate that optimum coagulation is being achieved.   

 

(c) Disinfection facilities shall be operated in accordance with the following 

requirements:   

(1) A supply of chemicals necessary to provide continuous operation of 

disinfection facilities shall be maintained as a reserve or demonstrated to be available; 

and 

(2) An emergency plan shall be developed prior to initiating operation of the 

disinfection facilities. The plan shall be implemented in the event of disinfection failure 

to prevent delivery to the distribution system of any undisinfected or inadequately 

disinfected water. The plan shall be posted in the treatment plant or other place readily 

accessible to the plant operator. 
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§64661. Operations Plan. 

(a) A supplier shall operate each treatment plant in accordance with an operations 

plan that has been approved by the Department.  With a permit application for a new 

treatment plant or modification to an existing treatment plant, the supplier shall review 

the operations plan to determine if it includes those items required in subsection (b).  The 

operations plan shall be designed to produce the optimal water quality from the treatment 

process.  The supplier shall operate its treatment plant in accordance with the approved 

plan. 

 

(b) The operations plan shall consist of a description of the utility's treatment plant 

performance monitoring program, unit process equipment maintenance program, filter 

media inspection program, operating personnel, including numbers of staff, certification 

levels and responsibilities; how and when each unit process is operated; laboratory 

procedures; procedures used to determine chemical dose rates; records; response to plant 

and watershed emergencies; and reliability features. 

 

§64662. Records. 

(a) A supplier shall maintain accurate and complete operation records for each 

treatment plant that treats an approved surface water. The records shall include but not be 

limited to the following:  

(1) The results of all monitoring conducted in accordance with sections 64654.8, 

64655, 64656, 64656.5, and 64660;   

(2) Dates on which filter maintenance and inspections were performed and the 

results of any inspections including pressure filter evaluations required by section 

64660(b)(8); 

(3) Quantity of water produced, plant flow rates, filtration rates, hours of 

operation, and backwash rates; and   

(4) Dates and description of major equipment and process failures and corrective 

actions taken.   

 

(b) Treatment plant records shall be retained for not less than three years, except 

where the Department has determined that longer retention times are necessary to 

complete legal actions taken under the provisions of Health and Safety Code sections 

116625 through 116675 and sections 116725 through 116730. 

 

(c)  A supplier using conventional or direct filtration treatment and serving fewer than 

10,000 persons shall retain treatment plant records required pursuant to section 64656.5 

indefinitely. 

 

(d)  A supplier shall comply with the recordkeeping requirements specified in section 

64650(f)(1). 
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Article 6. Reporting 
§64663. Department Notification. 

A supplier shall notify the Department as soon as possible, but no later than by the end of 

the next business day, or within 24 hours, whichever is less, by telephone or other equally 

rapid means whenever:   

(a) A combined filter effluent turbidity exceedance occurs pursuant to table 64663: 

 

Table 64663 

Combined Filter Effluent Turbidity Exceedances 

Requiring Department Notification 

 

 

 

If a supplier uses… 

 And the turbidity of the 

combined filter effluent monitored and recorded 

pursuant to section 64655 … 

   

(1)  Any filtration technology 

pursuant to section 64653 

 Exceeds 5.0 NTU at any time. 

   

(2)  Conventional or direct 

filtration treatment and serves 

10,000 or more persons 

 (A)  Exceeds 1 NTU for more than one continuous 

hour; 

(B)  Exceeds 1 NTU at four-hour intervals; or 

(C)  Exceeds 1.0 NTU for more than eight 

consecutive hours. 

   

(3)  Conventional or direct 

filtration treatment and serves 

fewer than 10,000 persons 

 (A)  For a supplier using a grab sample monitoring 

program: 

 1.  Exceeds 1 NTU; or 

 2.  Exceeds 1.0 NTU in more than two consecutive 

samples taken every four hours; and 

 (B)  For a supplier using a continuous monitoring 

program: 

 1.  If recording results at least once every 15 

minutes, equals paragraph (2)(A); or 

 2.  Equals paragraph (2)(B) or (2)(C). 

   

(4)  Diatomaceous earth or 

slow sand filtration 

 Exceeds 1.0 NTU in more than two consecutive 

samples taken every four hours. 

   
(5)  An alternative filtration 

technology pursuant to section 

64653 

 Exceeds the maximum performance standard 

established pursuant to sections 64653(e), (f), (g), and 

(h). 
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(b) There is a failure to maintain a minimum disinfectant residual of 0.2 mg/L in the 

water being delivered to the distribution system. The supplier shall report whether or not 

the disinfectant residual was restored to at least 0.2 mg/L within four hours.  

 

(c) An event occurs which may affect the ability of the treatment plant to produce a 

safe, potable water including but not limited to spills of hazardous materials in the 

watershed and unit treatment process failures.   

 

(d) For a supplier avoiding filtration, the turbidity immediately prior to the first or 

only point of disinfectant application exceeds 5 NTU. 

 

(e) A supplier discovers the occurrence of an acute infectious illness that may be 

potentially attributable to the water system. 

 

§64664. Monthly Report. 

(a) For each calendar month, a supplier shall submit a report to the Department by the 

tenth day of the following month that includes the applicable information in this section 

for each treatment plant.  The report shall be signed by the chief water treatment plant 

operator, plant superintendent, or other person directly responsible for the operation of 

the water treatment plant. 

 

(b) The report shall include the following filtration monitoring results, obtained 

pursuant to section 64655, and related information:   

 

Table 64664-A 

Combined Filter Effluent Data for Monthly Report 

 

If a supplier uses… The supplier shall report… 

  

(1)  Conventional or 

direct filtration treatment 

and serves 10,000 or 

more persons
(a)

 

The total number of turbidity measurements and either: 

(A)  The turbidity achieved 50, 90, 95, 98, and 99 percent 

of the time that the plant was producing water; and the date, 

time, and value of any turbidity measurements that exceed 

1.0 NTU; or 

(B)  The results of turbidity measurements recorded at 

intervals no greater than every four hours; all results that 

exceed 0.3 NTU, recorded at intervals no greater than every 

15 minutes; and the number and percent of turbidity 

measurements that are less than or equal to 0.3 NTU, based 

on measurements recorded at intervals no greater than every 

15 minutes. 
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(2)  Conventional or 

direct filtration treatment 

and serves fewer than 

10,000 persons
(b)

, 

diatomaceous earth 

filtration, slow sand 

filtration
(c)

, or an 

alternative filtration 

technology 

(A)  The total number of turbidity measurements; 

(B)  The results of turbidity measurements; 

(C)  The number and percent of turbidity measurements 

taken that are less than or equal to the performance standard 

specified for each filtration technology in section 64653 or 

as required for an alternative treatment process; 

(D)  The date, time, and value of any turbidity 

measurements that exceed performance levels specified in 

section 64653 or as required for an alternative treatment 

process; and 

 (E)  The average daily turbidity level. 

  
(a)  A supplier shall review the data reported to ensure that it is not compromised by system or instrument 

maintenance, hardware or software problems, signal transmission problems, or for other technical reasons. 
(b)  A supplier monitoring pursuant to footnote (c) of table 64655 may report pursuant to paragraph (1)(A) in lieu of 

paragraphs (2)(B) through (2)(E). 

(c)  If the turbidity of the combined filter effluent is greater than 1.0 NTU in five percent or more of the 

measurements, a supplier shall also report the dates and results of total coliform sampling of the combined filter 
effluent prior to disinfection to demonstrate compliance with paragraph (4)(A) of table 64653. 

 

Table 64664-B 

Individual Filter Data for Monthly Report 

 

If a supplier uses… The supplier shall include… 

  

(1)  Conventional or 

direct filtration treatment 

and serves 10,000 or 

more persons 

(A)  Certification that individual filter turbidity monitoring 

was conducted pursuant to section 64655; 

(B)  For an exceedance of section 64660(b)(7)(A), 

(b)(7)(B), or (b)(7)(C), a written explanation of the cause of 

the exceedance; 

(C)  For an exceedance of section 64660(b)(7)(D) or 

(b)(7)(E), the filter number, turbidity measurements, and 

date(s) and time(s) of the exceedance(s); and either: 

1.  The obvious reason for the exceedance; or 

2.  If the supplier is not able to identify an obvious reason 

for the abnormal filter performance, the filter profile 

produced pursuant to table 64660; and 

(D)  For an exceedance of section 64660(b)(7)(F), 

certification that a self-assessment was conducted pursuant 

to table 64660. 

  

(2)  Conventional or 

direct filtration treatment 

and serves fewer than 

10,000 persons 

(A)  The information in paragraphs (1)(A) and (1)(B); 

(B)  For an exceedance of section 64660(b)(7)(D) or 

(b)(7)(E), the filter number, turbidity measurements,  

date(s) and time(s) of the exceedance(s); and, if known, the 

obvious reason for the exceedance.  
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(C)  For an exceedance of section 64660(b)(7)(F), the date 

the self-assessment was triggered and completed.  If the 

self-assessment was triggered during the last four days of 

the month, the supplier may report to the Department by the 

14
th

 of the following month the date the self-assessment 

was triggered and completed; and 

(D)  For an exceedance of section 64660(b)(7)(G), 

certification that the CPE is required and the date it was 

triggered.   

  

 

(c) The report shall include the following disinfection monitoring results obtained 

pursuant to section 64656:     

(1) The date and duration of each instance when the disinfectant residual in water 

supplied to the distribution system is less than 0.2 mg/L and when the Department was 

notified of the occurrence;  

(2) The following information on samples taken from the distribution system to 

comply with section 64654(b)(2):   

(A) The number of samples where the disinfectant residual is measured;   

(B) The number of samples where only the heterotrophic plate count (HPC) is 

measured; 

(C) The number of measurements with no detectable disinfectant residual and 

no HPC is measured;   

(D) The number of measurements with no detectable disinfectant residual and 

HPC is greater than 500 colony forming units per milliliter;   

(E) The number of measurements where only HPC is measured and is greater 

than 500 colony forming units per milliliter; and  

(F) The value of V in the following formula: 

 

 
1001 














BA

EDC
V  

Where: 

V = the percent of distribution system samples with a detectable residual: 

A = the value in paragraph (2)(A) of this subsection;   

B = the value in paragraph (2)(B) of this subsection;   

C = the value in paragraph (2)(C) of this subsection;   

D = the value in paragraph (2)(D) of this subsection; and  

E = the value in paragraph (2)(E) of this subsection; and  

  

(3) For each day the lowest measurement of residual disinfectant concentration in 

mg/L in the water entering the distribution system. 

 

(d) The report shall include the following raw, settled, and recycled filter backwash 

monitoring results obtained pursuant to section 64654.8: 
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(1) All raw water turbidity measurements taken during the month.  If more than 

one sample is taken each day, the highest value of all samples taken that day may be 

reported in lieu of reporting all that day’s values; 

(2) All raw water coliform measurements taken during the month; 

(3) Daily settled water turbidity for each day of the month.  If more than one 

sample is taken each day, the highest value of all samples taken that day may be reported 

in lieu of reporting all that day’s values; and 

(4) Daily recycled water turbidity and flow for each day of the month that 

backwash water was recycled back into the treatment process.  If more than one turbidity 

sample (or flow measurement) is taken each day, the highest value of all turbidity 

samples (or flow measurements) taken that day may be reported in lieu of reporting all 

that day’s values. 

 

(e) The report shall include a written explanation of the cause of any violation of 

performance standards specified in sections 64653 or 64654 and operating criteria 

specified in section 64660(b)(9). 

 

(f) The report shall include a summary of water quality complaints and reports of 

gastrointestinal illness received from consumers. 

 

(g) The report shall include the monthly reporting specified in section 64650(f)(1).   

 

§64664.2. Supplemental Reports. 

(a)  A supplier shall submit supplemental reports to the Department in accordance 

with table 64644.2: 

 

Table 64664.2 

Supplemental Reports 

 

If a supplier uses…  The supplier shall submit… 

   

(1)  Conventional or 

direct filtration treatment 

and serves 10,000 or 

more persons 

 (A)  Within 28 days of the exceedance of section 

64660(b)(7)(F), the filter self-assessment report prepared 

pursuant to table 64660; and 

  (B)  Within 90 days of the exceedance of section 

64660(b)(7)(G), the CPE prepared pursuant to table 

64660. 

   

(2)  Conventional or 

direct filtration treatment 

and serves fewer than 

10,000 persons 

 Within 120 days of the exceedance of section 

64660(b)(7)(G), the CPE prepared pursuant to table 

64660. 

   



NOTE:  This publication is meant to be an aid to the staff of the CDPH Drinking Water Program and 

cannot be relied upon by the regulated community as the State of California‘s representation of the law.  

The published codes are the only official representation of the law. Refer to the published codes—in this 

case, 17 CCR and 22 CCR—whenever specific citations are required.  Statutes related to CDPH‘s drinking 

water-related activities are in the Health & Safety Code, the Water Code, and other codes. 

 

 

Last updated July 1, 2013—from Titles 17 and 22 California Code of Regulations 

California Regulations Related to Drinking Water 

252 

 

(b)  A supplier shall comply with the supplemental reporting requirements specified 

in section 64650(f). 

 

Article 7. Sanitary Surveys 
§64665. Watershed Requirements. 

(a) All suppliers shall have a sanitary survey of their watershed(s) completed at least 

every five years. The first survey shall be completed by January 1, 1996. 

 

(b) A report of the survey shall be submitted to the Department not later than 60 days 

following completion of the survey.   

 

(c) The survey and report shall include physical and hydrogeological description of 

the watershed, a summary of source water quality monitoring data, a description of 

activities and sources of contamination, a description of any significant changes that have 

occurred since the last survey which could affect the quality of the source water, a 

description of watershed control and management practices, an evaluation of the system's 

ability to meet requirements of this chapter, and recommendations for corrective actions. 

 

§64665.5. Additional Requirements. 

A supplier shall comply with the sanitary survey requirements specified in section 

64650(f)(1). 

 

Article 8. Public Notification 
§64666. Consumer Notification. 

(a) For water systems that filter approved surface water, the supplier shall notify 

persons served by the system whenever there is a failure to comply with any of the 

treatment requirements specified in sections 64652, 64653, 64653.5(b), and 64654(a) or 

performance standards specified in sections 64653(c) and (h) and 64654(b). 

 

(b) For water systems that do not filter approved surface water, the supplier shall 

notify persons served by the system whenever:   

(1) There is a failure to comply with sections 64652.5(b) through (k), sections 

64652 and 64654(a), or section 64654(b);   

(2) The turbidity level in a representative sample of the approved surface water 

immediately prior to the first or only point of disinfectant application exceeds 5 NTU; or   

(3) The unfiltered approved surface water has been identified as a source of 

waterborne microbial disease outbreak.   

 

(c) The notification required by either subsections (a) or (b) shall be given in 

accordance with sections 64463.1(a)(4) or 64463.4(a)(1), as required. 

 

(d)  For water systems that filter approved surface water, the supplier shall notify 

persons served by the system whenever there is a failure to comply with the monitoring 
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requirements specified in sections 64655 or 64656.  The notification shall be given in 

accordance with section 64463.7. 

 

(e) For water systems that do not filter approved surface water, the supplier shall 

notify persons served by the system whenever there is a failure to comply with the 

monitoring requirements specified in sections 64652.5(b), (d), or (e), or 64656.  The 

notification shall be given in accordance with section 64463.7. 

 

(f) If a supplier is unable to remove a source from service pursuant to section 

64652.5(l), the supplier shall notify the Department immediately, and notify persons 

served by the system pursuant to section 64463.1 . 

 

(g) A supplier shall comply with the public notification and special notice 

requirements of section 64650(f)(1). 

 

 

CHAPTER 17.5. LEAD AND COPPER  
 

Article 1. General Requirements and Definitions 
§64670. General Requirements.   

(a) Unless otherwise indicated, the requirements in this chapter apply to community 

water systems and nontransient-noncommunity water systems (hereinafter referred to as 

"water systems" or "systems").   

 

(b) An action level exceedance shall not constitute a violation of this chapter.  

 

(c) Analyses for lead, copper, pH, conductivity, calcium, alkalinity, orthophosphate, 

silica, and temperature shall be conducted using the methods prescribed at 40 Code of 

Federal Regulations, Section 141.89 [Federal Register (FR) 56 (110), 26460-26564, June 

7, 1991; amended July 15, 1991 (56 FR 32113), June 29, 1992 (57 FR 28786), June 30, 

1994 (59 FR 33860), and January 12, 2000 (65 FR 1250)].  Field tests shall be performed 

by water treatment or distribution operators certified by the Department pursuant to 

Section 106875 of the Health and Safety Code or by personnel trained to perform these 

tests by the Department, a certified laboratory, or certified operator.   

 

(d) A new water system shall initiate compliance with this chapter within six months 

of distributing water to consumers.  An existing system that changes size pursuant to the 

definitions in sections 64671.30, 64671.40 and 64671.70, shall initiate compliance with 

the requirements of this chapter applicable to the new size within six months.   

 

§64671.05. Action Level. 

"Action level", for the purpose of this chapter only, means the concentration of lead or 

copper in water that is used to determine the requirements of this chapter that a system 

shall meet. 
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§64671.08. Action Level Exceedance. 

―Action level exceedance‖, for the purpose of this chapter only, means that the level of 

lead or copper is greater than the respective action level, as determined pursuant to 

section 64678(d) through (g). 

 

§64671.09. Corrosion Control Treatment or CCT.  

"Corrosion control treatment‖ or ―CCT" means the corrosion control treatment that 

minimizes the lead and copper concentrations at users' taps without causing the water 

system to violate any primary drinking water standards. 

 

§64671.10. Corrosion Inhibitor.  

"Corrosion inhibitor" means a substance capable of reducing the corrosivity of water 

toward metal plumbing materials, especially lead and copper, by forming a protective 

film on the interior surface of those materials. 

 

§64671.15. Detection Limit for Purposes of Reporting or DLR.  

―Detection limit for purposes of reporting‖ or ―DLR‖ means the designated minimum 

level at or above which any analytical finding of a contaminant in drinking water 

resulting from monitoring required under this chapter shall be reported to the 

Department. 

 

§64671.30. Large Water System. 

"Large water system", for the purpose of this chapter only, means a water system that 

serves more than 50,000 persons. 

 

§64671.35. Lead Service Line.  

"Lead service line" means a service line made of lead that connects the water main to the 

building inlet and any lead pigtail, gooseneck or other fitting which is connected to such 

lead line. 

 

§64671.40. Medium-size Water System. 

"Medium-size water system", for the purpose of this chapter only, means a water system 

that serves greater than 3,300 and less than or equal to 50,000 persons. 

 

§64671.55. Period. 

―Period‖, for the purpose of this chapter only, means a six-month monitoring timeframe. 

 

§64671.65. Single-family Structure.  

"Single-family structure" means a building constructed as a single-family residence that 

is currently used as either a residence or a place of business. 
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§64671.70. Small Water System. 

"Small water system", for the purpose of this chapter only, means a water system that 

serves 3,300 persons or fewer. 

 

§64671.75. Tap Sampling. 

―Tap sampling‖ means sampling conducted pursuant to sections 64675 (General 

Requirements for Tap Sampling for Lead and Copper), 64675.5 (Tap Sampling 

Frequency), and 64677 (Sampling Collection Methods for Taps) at sites selected pursuant 

to section 64676 (Sampling Site Selection). 

 

§64671.80. Water Quality Parameter or WQP. 

―Water quality parameter‖ or ―WQP‖, for the purposes of this chapter, means a 

characteristic or constitutent of water, or a water treatment chemical added to water to 

control corrosion. 

 

§64671.85. WQP Monitoring. 

―WQP monitoring‖ means sampling conducted pursuant to sections 64680 (General 

WQP Monitoring Requirements), 64681 (Initial WQP Monitoring), and 64682 (WQP 

Monitoring Requirements after CCT Installation). 

 

Article 2. Requirements According to System Size  
§64673. Small and Medium-size Water System Requirements. 

(a) The requirements in this section are applicable to all small and medium-size water 

systems. 

 

(b) Each small and medium-size system shall conduct standard tap sampling for lead 

and copper pursuant to section 64675 (General Requirements for Tap Sampling for Lead 

and Copper).  Tap sampling frequency may be reduced pursuant to section 64675.5 (Tap 

Sampling Frequency).   

 

(c) A small or medium-size system with an action level exceedance shall take the 

following steps: 

(1) Monitor WQPs beginning with the first period after the exceedance, pursuant 

to section 64681 (Initial WQP Monitoring). 

(2) Proceed with subparagraphs (A) through (E) if  a corrosion control study is 

required by the Department based on a review of the system’s water quality, distribution 

system, water treatment, and system features.  If such a study is required, the Department 

will notify the system in writing within 12 months of the action level exceedance.     
(A) Complete the study, pursuant to section 64683 (Corrosion Control Study 

Procedure), within eighteen months of being notified of the requirement; the system will 

be notified of the Department’s designation within six months of the study’s completion; 

(B) Begin installation of the CCT designated by the Department, pursuant to 

section 64684 (CCT Installation and Operation), within twelve months of being notified 

of the Department’s designation; 
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(C) Complete CCT installation and begin operation within 24 months of the 

designation; 

(D) Complete two periods of standard tap sampling pursuant to section 64675 

(General Requirements for Tap Sampling for Lead and Copper) and two periods of WQP 

monitoring pursuant to section 64682 (WQP Monitoring After CCT Installation) within 

36 months of the designation; and 

(E) Monitor WQPs and operate in compliance with the WQP levels specified 

by the Department pursuant to section 64684 (CCT Installation and Operation), 

beginning no later than within 42 months of the designation.   

(3) If the Department does not require a corrosion control study, the system shall 

submit to the Department, within six months of the action level exceedance, a written 

recommendation for CCT.  The Department may require the system to conduct additional 

WQP monitoring to assist in the review of the CCT recommendation. The Department 

will designate CCT and notify the system in writing within the following timeframes; the 

system shall then comply with paragraphs (2)(B) through (E): 

(A) For medium-size systems, within 12 months of the exceedance, and 

(B) For small-size systems, within 18 months of the exceedance; 

(4) Monitor source waters, pursuant to article 6 (Source Water Requirements for 

Action Level Exceedances) of this chapter; 

 

(d) A small or medium-size system with an action level exceedance for lead shall:  

(1) Complete a lead public education program, pursuant to article 7 (Public 

Education Program for Lead Action Level Exceedances) of this chapter; and 

(2) Replace lead service lines, pursuant to article 8 (Lead Service Line 

Requirements for Action Level Exceedances) of this chapter.  

 

(e) A small or medium-size system that is required to comply with subsections (c) or 

(d) may cease completing the steps whenever the system does not have an action level 

exceedance during each of two consecutive periods.  If any such system thereafter has an 

exceedance during any period, the system shall: 

(1) Resume completion of the applicable steps, beginning with the first step that 

was not previously completed.  The Department may require a system to repeat steps 

previously completed if the Department determines that this is necessary to implement 

the requirements of this section, based on a review of the system’s data and treatment 

status.   

(2) Resume standard tap sampling pursuant to 64675 (General Requirements for 

Tap Sampling for Lead and Copper). 

(3) Conduct WQP monitoring during the period in which the system exceeded the 

action level, pursuant to section 64682, (WQP Monitoring After CCT Installation) or 

64684 (CCT Installation and Operation).   

 

§64674. Large Water System Requirements. 

(a) The requirements in this section are applicable to all large water systems. 
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(b) Each large system shall conduct standard tap sampling pursuant to section 64675 

(General Requirements for Tap Sampling for Lead and Copper), and monitor for WQPs 

pursuant to section 64681 (Initial WQP Monitoring).  Tap sampling frequency may be 

reduced pursuant to section 64675.5 (Tap Sampling Frequency).   

  

(c) Each large system shall complete a corrosion control study, pursuant to section 

64683 (Corrosion Control Study Procedure), unless it can meet one of the following 

criteria:   

(1) The system submits the following documentation to the Department and the 

Department determines in writing that the system has optimized corrosion control based 

on its review of the submittal: 

(A) The results of all test samples collected for each of the WQPs in section 

64683(a)(3) (Corrosion Control Study Procedure);  

(B) A report explaining the test methods used by the water system to evaluate 

corrosion control treatment alternatives pursuant to section 64683  (Corrosion Control 

Study Procedure), the results of all tests conducted, and the basis for the system's 

selection of CCT;   

(C) A report explaining how CCT has been installed and is being operated 

pursuant to section 64684 (CCT Installation and Operation); and   

(D) The results of tap sampling for lead and copper for two consecutive 

periods after corrosion control has been installed; or   

 

(2) The system demonstrates for two consecutive periods that the difference 

between the 90th percentile tap sampling lead level and the highest source water 

monitoring result for each period is less than the reporting level for purposes of reporting 

(DLR), pursuant to subsections 64678 (a), (b) and (c) (Determination of Exceedances of 

Lead and Copper Action Levels), or that the source water lead levels are below the 

method detection level of 0.001 mg/L and the 90
th

 percentile lead level is equal to or less 

than the DLR for each period.   In either case, the system shall also not have a copper 

action level exceedance.  If such a system ceases to meet this criteria, it shall conduct a 

corrosion control study, pursuant to section 64683 (Corrosion Control Study Procedure) 

within eighteen months of not meeting the criteria, and proceed thereafter pursuant to 

subsection (e). 

 

(d) Each large system that conducts a corrosion control study will be notified of the 

Department’s designation for CCT within 6 months of the study’s completion and shall 

comply with the following timeframes: 

(1) Begin CCT installation within 12 months of being notified of the 

Department’s designation for CCT. 

(2) Complete CCT installation within 24 months of the Department’s designation.   

(3) Complete two periods of WQP monitoring and tap sampling for lead and 

copper within 36 months of the Department’s designation. 

(4) Operate in compliance with the WQP levels specified by the Department 

pursuant to section 64684 (CCT Installation and Operation), beginning no later than 
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within 42 months of the Department’s designation.  WQP tap monitoring may be reduced 

as follows: 

(A) Pursuant to section 64682(c) (WQP Monitoring After CCT Installation), if 

the system has no action level exceedance; or 

(B) To once every three years at the reduced number of sites pursuant to table 

64680-A, if the system has 90
th

 percentile levels that do not exceed 0.005 mg/L for lead 

and 0.65 mg/L for copper for two consecutive periods.   

(5) If source water treatment has been installed, conduct source sampling for lead 

and copper pursuant to section 64685 (Source Water Monitoring and Treatment 

Designation). 

 

(e) A large system with an action level exceedance for lead shall: 

(1) Monitor source waters, pursuant to article 6 (Source Water Requirements) of 

this chapter; 

(2) Complete a lead public education program, pursuant to article 7 (Public 

Education Program for Action Level Exceedances) of this chapter; and 

(3) Replace lead service lines, pursuant to article 8 (Lead Service Line 

Requirements) of this chapter. 

 

(f) A large system with an action level exceedance for copper shall monitor source 

waters pursuant to article 6 (Source Water Requirements) of this chapter. 

 

Article 3. Monitoring for Lead and Copper  
§64675. General Requirements for Tap Sampling for Lead and Copper. 

(a) During each period, each system shall conduct standard tap sampling by collecting 

one sample from the number of sites based on the number of people served specified in 

table 64675-A under Standard Tap Sampling.   

 

(b) During each period, each system conducting reduced tap sampling shall collect at 

least one sample from the number of sites based on the number of people served specified 

in table 64675-A under Reduced Tap Sampling, as follows: 

(1) The sites shall be representative of the sites required for standard tap 

sampling.  

(2) The samples shall be collected during the months of June, July, August, or 

September, unless the Department approves an alternate set of four months based on a 

review of the system’s operations and lead and copper data, in which case the system 

shall initiate sampling during the alternate set of four months when directed in writing to 

do so by the Department, as follows: 
(A) No later than 21 months after the previous period, if sampling annually, or  

(B) No later than 45 months after the previous period, if sampling triennially.  
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Table 64675-A 

Lead and Copper Tap Sampling Sites 
 

System Size  Standard Tap Sampling Reduced Tap Sampling 

    (Minimimum Number of Sites)   

>100,000    100     50   

    10,001 to 100,000     60     30 

      3,301 to 10,000    40     20 

         501 to 3,300    20    10 

         101 to 500    10      5 

       <101        5       5 

 

(c) Sample sites shall be selected pursuant to section 64676 (Sample Site Selection). 

 

§64675.5. Tap Sampling Frequency. 

(a) A system shall conduct standard tap sampling for two consecutive periods; 

thereafter, tap sampling frequency may be reduced pursuant to section 64675 (General 

Requirements for Tap Sampling for Lead and Copper) as follows: 

(1) If a system has 90
th

 percentile levels that do not exceed 0.005 mg/L for lead 

and 0.65 mg/L for copper for two consecutive periods, it may reduce the sampling to 

once every three years at the reduced number of sites;  

(2) For systems that do not meet the criteria in paragraph (1), after two 

consecutive periods with no action level exceedance, the frequency may be reduced to 

annually at the reduced number of sites, if the system receives written approval from the 

Department based on its review of the system’s data. After sampling for three years 

(including the initial sampling year) with no action level exceedance, the frequency may 

be reduced to once every three years at the reduced number of sites, if the system 

receives written approval from the Department. 

 

(b) If a system demonstrates for two consecutive periods that the difference between 

the 90th percentile tap sampling lead level and the highest source water monitoring result 

for each period is less than the reporting level for purposes of reporting (DLR), pursuant 

to subsections 64678(a), (b), and (c) or that the source water lead levels are below the 

method detection level of 0.001 mg/L and the 90
th

 percentile lead level is equal to or less 

than the DLR for each period, the system shall conduct tap sampling once every three 

years. 

 

§64676. Sample Site Selection.  

(a) Each system shall identify a pool of sampling sites that: 

(1) Is large enough to ensure that the water system can collect the number of lead 

and copper tap samples required in section 64675 (General Requirements for Tap 

Sampling for Lead and Copper); 

(2) Meets the criteria in subsections (c) or (d), as applicable; and 
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(3) Does not include faucets that have point-of-use or point-of-entry treatment 

devices designed to remove inorganic contaminants. 

 

(b) Prior to identifying sampling sites, each system shall conduct an evaluation of its 

distribution system to determine the construction materials (lead, copper, and galvanized 

steel) exposed to the water.  If necessary to ensure the sample site criteria is met, the 

system shall collect additional information during the course of its normal operations 

(e.g., checking service line materials when reading water meters, or performance 

maintenance activities) and from the following: 

(1) All plumbing codes, permits, and records in the files of the building 

department(s) that indicate the plumbing materials installed within publicly and privately 

owned structures connected to the distribution system; 

(2) All inspections and records of the distribution system that indicate the material 

composition of the service connections connecting a structure to the distribution system; 

and 

(3) All existing water quality information, which includes the results of prior 

analyses of the system or individual structures connected to the system, indicating 

locations that may be particularly susceptible to high lead or copper concentrations.  

 

(c) Each community water system shall:   

(1) Identify a sampling pool of ―tier 1‖ sampling sites consisting of single-family 

structures except that, when multiple-family residences comprise at least 20 percent of 

the structures served by a water system, the system may include these types of structures 

as ―tier 1‖ sites in its sampling pool.  The ―tier 1‖ sampling sites shall  

(A) Contain copper pipes with lead solder installed after 1982; or 

(B) Contain lead pipes; or 

(C) Be served by a lead service line.  

(2) If there is an insufficient number of ―tier 1‖ sites, complete its sampling pool 

with ―tier 2‖ sampling sites, consisting of buildings, including multiple-family residences 

that: 

(A) Contain copper pipes with lead solder installed after 1982; or 

(B) Contain lead pipes; or 

(C) Are served by a lead service line. 

(3) If there is an insufficient number of ―tier 1‖ and ―tier 2‖ sampling sites, 

complete its sampling pool with "tier 3‖ sampling sites, consisting of single-family 

structures that contain copper pipes with lead solder installed before 1983.  A system 

with an insufficient number of tier 1, 2 and 3 sites shall complete its sampling pool with 

representative sites (i.e., plumbing materials commonly found at other sites) throughout 

the distribution system.  

 

(d) Each nontransient-noncommunity water system shall: 

(1) Identify a pool of "tier 1‖ sampling sites consisting of buildings that: 

(A) Contain copper pipes with lead solder installed after 1982; or 

(B) Contain lead pipes; or 
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(C) Are served by a lead service line. 

(2) If there is an insufficient number of ―tier 1‖ sites that meet the criteria in 

paragraph (1), complete its sampling pool with sites that contain copper pipes with lead 

solder installed before 1983.  If additional sites are needed to complete the sampling pool, 

the system shall use representative sites (i.e., plumbing materials commonly found at 

other sites) throughout the distribution system.         

 

(e) Each system whose distribution system contains lead service lines shall draw 50 

percent of the samples it collects during each period from sites that contain lead pipes, or 

copper pipes with lead solder, and 50 percent of the samples from sites served by a lead 

service line.  A system that cannot identify a sufficient number of sites served by a lead 

service line shall collect first draw samples from all of the sites identified as being served 

by such lines.  

 

(f) A system that does not have enough taps that can provide first-draw samples shall 

submit written documentation to the Department identifying standing times and locations 

for enough non-first-draw samples to make up its sampling pool by the start of its next 

monitoring period. 

 

§64677. Sample Collection Methods for Taps. 

(a) All tap samples for lead and copper collected pursuant to this chapter, with the 

exception of lead service line samples collected under section 64689 (Lead Service Line 

Sampling) and samples collected under subsection (d), shall be first-draw samples, 

pursuant to subsection (b). 

 

(b) A first-draw sample shall be one liter in volume and have stood motionless in the 

plumbing system of each site for at least six hours, but not more than twelve.  Samples 

from residential housing shall be collected from the cold-water kitchen tap or bathroom 

sink tap.  Samples from a non-residential building shall be collected at an interior tap 

from which water is typically drawn for consumption.  Samples may be collected by the 

system or the system may allow residents to collect tap samples after instructing the 

residents of the sampling procedures specified in this section.  To avoid problems of 

residents handling nitric acid, acidification of samples may be done up to 14 days after 

collection.  After acidification to resolubilize the metals, the sample shall stand in the 

original container for the time specified by the method used pursuant to section 64670(c) 

before it can be analyzed.  If a system allows residents to perform sampling, the system 

may not challenge, based on alleged errors in sample collection, the accuracy of sampling 

results.  

 

(c) A system shall collect each tap sample from the same site from which it collected 

a sample during the previous period.  If the system cannot gain entry to a site in order to 

collect a tap sample, it may collect the tap sample from another site in its sampling pool 

as long as the new site meets the same criteria, and is as close as possible to the original 

site. 
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(d) A system that does not have enough taps to supply first-draw samples may apply 

to the Department in writing to substitute non-first-draw samples.  Such systems shall 

collect as many first-draw samples as possible and identify sampling times and locations 

that would likely result in the longest standing time for the remaining sites.   

 

§64677.5. Sample Invalidation. 

(a) A lead or copper sample may be invalidated by the Department if at least one of 

the following conditions is met and documented in writing:  

(1) The laboratory establishes that improper sample analysis caused erroneous 

results; 

(2) The Department determines that the sample was taken from a site that did not 

meet the site selection criteria in section 64676 (Sample Site Selection); 

(3) The sample container was damaged in transit;  

(4) The Department determines the sample does not meet the requirements in 

section 64677(Sample Collection Methods for Taps); or 

(5)  There is substantial reason to believe that the sample was subject to 

tampering.  

 

(b) To apply for invalidation of one or more samples, a system shall report the results 

of all samples for the period to the Department, including written documentation to 

support the system’s belief that one or more samples should be invalidated.  

 

(c) A sample invalidated pursuant to subsection (a) shall not count toward 

determining lead or copper 90th percentile levels or toward meeting any monitoring 

requirements in this chapter.  

 

(d) The system shall collect replacement samples for any invalidated samples if, after 

the invalidation of one or more samples, the system has too few samples to meet the 

monitoring requirements of this chapter.  Replacement samples taken after the end of the 

applicable period shall not be used to meet the monitoring requirements of a subsequent 

period.  Replacement samples shall be collected as follows: 

(1) As soon as possible, but no later than 20 days after the system receives 

notification from the Department that it has invalidated the sample, or by the end of the 

applicable period, whichever occurs later; and 

(2) At the same locations as the invalidated samples or, if that is not possible, at 

locations other than those already used for sampling during the monitoring period.  

 

§64678. Determination of Exceedances of Lead and Copper Action Levels.  

(a) The detection limits for purposes of reporting (DLRs) for lead and copper are as 

follows: 
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Table 64678-A.  DLRs for Lead and Copper 

 

Contaminant    DLR (mg/L) 

Lead . . . . . . . .... . . . . . . . . . . 0.005 

Copper . . . . . . . . . . . . . . . . . . 0.050 

 

(b) For purposes of determining the difference in concentration between the source 

water and the 90th percentile tap results, the following shall apply:                   

(1) Analytical results for lead greater than or equal to 0.001 mg/L and less than 

0.005 mg/L shall be as measured or 0.0025 mg/L, whichever is greater. 

(2) Analytical results for copper greater than or equal to 0.001 mg/L and less than 

0.050 mg/L shall be as measured or 0.025 mg/L, whichever is greater. 

(3) Analytical results below 0.001 mg/L for lead and copper shall be considered 

zero. 

 

(c) Analytical results below the DLRs for lead and copper specified shall be reported 

as zero. 

 

(d) The lead action level is exceeded if the concentration of lead in more than 10 

percent of the tap water samples collected during any period is greater than 0.015 mg/L 

(i.e., if the "90th percentile" lead level is greater than 0.015 mg/L).           

 

(e) The copper action level is exceeded if the concentration of copper in more than 10 

percent of the tap water samples collected during any period is greater than 1.3 mg/L 

(i.e., if the "90th percentile" copper level is greater than 1.3 mg/L). 

 

(f) The 90th percentile lead and copper levels shall be computed as follows:  

(1) The results of all lead or copper samples collected during a period shall be 

placed in ascending order from the sample with the lowest concentration to the sample 

with the highest concentration.  Each sampling result shall be assigned a number, 

ascending by single integers beginning with the number 1 for the sample with the lowest 

contaminant level.  The number assigned to the sample with the highest contaminant 

level shall be equal to the total number of samples taken. 

(2) The number of samples taken during the period shall be multiplied by 0.9. 

(3) The contaminant concentration in the numbered sample identified by the 

calculation in paragraph (f)(2) is the 90th percentile contaminant level. 

(4) For water systems serving less than or equal to 100 people that collect 5 

samples per period, the 90th percentile is computed by taking the average of the highest 

and second highest concentrations. 

 

(g) The results of any monitoring conducted in addition to the minimum requirements 

of this section shall be considered by the system and submitted to the department for 

making any determinations. 
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§64678.5. Monitoring Waivers for Small Systems. 

(a) A small water system may apply to the Department for a waiver to reduce the tap 

sampling frequency for lead and copper to once every nine years, and shall continue tap 

sampling as required by this chapter until it receives written notification from the 

Department that the waiver has been approved.   

 

(b) A system that meets the following materials and monitoring criteria for both lead 

and copper will be granted a full waiver, while a system that meets both sets of criteria 

for only one of the chemicals will be granted a partial waiver that covers only that 

chemical.    

(1) To meet the materials criteria, a system shall provide certification and 

documentation that its distribution system and service lines and all drinking water supply 

plumbing, including plumbing conveying drinking water within all residences and 

buildings connected to the system, satisfy the following: 

(A) For lead, the system shall be free of the following lead-containing 

materials: 

1. Plastic pipes that contain lead plasticizers, or plastic service lines that 

contain lead plasticizers; and 

2. Lead service lines, lead pipes, lead soldered pipe joints, and leaded 

brass or bronze alloy fittings and fixtures, unless the utility can demonstrate to the 

Department that such fittings and fixtures will not leach lead into the drinking water. 

(B) For copper, the system shall be free of copper pipes and copper service 

lines. 

(2) To meet the monitoring criteria, the system shall have completed at least one 

period of standard tap sampling and demonstrate that the 90
th

 percentile levels for all 

periods of tap sampling conducted since the system became free of all lead-containing 

and/or copper-containing materials, as appropriate, do not exceed the following:  

(A) For lead, 0.005 mg/L. 

(B) For copper, 0.65 mg/L. 

 

(c) If granted a waiver, the system shall  

(1) Comply with any requirements that the Department includes as conditions of 

the waiver, such as limited monitoring, periodic outreach to customers to remind them to 

avoid installation of materials that might void the waiver; 

(2) Conduct tap sampling at the reduced number of sites for one period every nine 

years for the chemical(s) for which the waiver has been granted;  

(3) Provide the materials certification specified in paragraph (b)(1) for the 

chemical(s) for which the waiver has been granted, along with the monitoring results; and 

(4) If the waiver was granted for only one chemical, continue to monitor pursuant 

to this chapter for the other chemical.   

 

(d) If the system continues to satisfy the requirements of subsections (b) and (c), the 

waiver will be renewed automatically, unless the Department notifies the system in 

writing that the waiver has been revoked and why.  A system whose waiver has been 
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revoked may re-apply for a waiver at such time as it again meets the appropriate 

materials and monitoring criteria in subsection (b) and (c). 

 

(e) If a system with a waiver adds a new source of water or changes any water 

treatment, the Department may require the system to add or modify waiver conditions 

(e.g., require recertification that the system is free of lead-containing and/or copper-

containing materials, require additional tap sampling periods), if it deems such 

modifications are necessary to address treatment or source water changes at the system.   

 

(f) If a system with a waiver becomes aware that it is no longer free of lead-

containing or copper-containing materials, it shall notify the Department in writing no 

later than 60 days after becoming aware of such a change.  

 

(g) If a system with a waiver that has been collecting samples during the months of 

June, July, August and September receives Department approval for an alternate set of 

months pursuant to section 64675(b)(2) (General Requirements for Tap Sampling for 

Lead and Copper), it shall conduct its next tap sampling before the waiver expires. 

 

§64679. Supplemental Monitoring.  

A water system with a lead action level exceedance shall offer to sample the tap water of 

any customer who requests it.  The system is not required to pay for collecting or 

analyzing the sample.   

 

Article 4. Water Quality Parameter (WQP) Monitoring  
§64680. General WQP Monitoring Requirements. 

(a) WQP tap monitoring shall be: 

(1) Representative of water quality throughout the distribution system, by 

considering the number of persons served, the different sources of water and treatment 

methods employed, and seasonal variability;   

(2) Not restricted to sites targeted for lead and copper sampling; and  

(3) Include two  samples for each applicable WQP during each period, from the 

standard number of sites, based on the number of persons served, specified in table 

64680-A.  

Table 64680-A 

WQP Tap Monitoring Sites 
 

System Size  Standard Tap Monitoring Reduced Tap Monitoring 

(Number People Served)      (Minimum Number of Sites) 
>100,000     25    10   

    10,001 to 100,000      10     7 

      3,301 to 10,000     3     3 

         501 to 3,300     2    2 

         101 to 500     1    1 

       <101         1     1   
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(b) Initial WQP monitoring at the entry point(s) to the distribution system shall be 

two samples for each applicable WQP at each entry point from locations representative of 

each source after treatment.  After the installation of CCT, only one sample is required at 

each entry point.  If a system draws water from more than one source and the sources are 

combined before distribution, the system shall sample at each entry point during normal 

operating conditions. 

 

§64681. Initial WQP Monitoring. 
For initial WQP monitoring, each system shall monitor for the following WQPs, pursuant 

to section 64680 (General WQP Monitoring Requirements): 

(a) pH;  

 

(b)Alkalinity; 

 

(c) Orthophosphate, when an inhibitor containing a phosphate compound is used; 

 

(d) Silica, when an inhibitor containing a silicate compound is used; 

 

(e) Calcium; 

 

(f) Conductivity; and 

 

(g) Water temperature. 

 

§64682. WQP Monitoring After CCT Installation.    

(a) Each system that installs CCT shall monitor the following WQPs, pursuant to 

section 64680 (General WQP Monitoring Requirements), as applicable: 

(1) At taps: 

(A) pH; 

(B) Alkalinity; 

(C) Orthophosphate, when an inhibitor containing a phosphate compound is 

used; 

(D) Silica, when an inhibitor containing a silicate compound is used; 

(E) Calcium, when calcium carbonate stabilization is used as part of corrosion 

control. 

(2) At each entry point to the distribution system every two weeks as a minimum: 

(A) pH; 

(B) When alkalinity is adjusted as part of CCT, a reading of the dosage rate of 

the chemical used to adjust alkalinity, and the alkalinity concentration; and 

(C) When a corrosion inhibitor is used as part of CCT, a reading of the dosage 

rate of the inhibitor used, and the concentration of the active ingredient(s). 
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(b) A ground water system may use entry points that are representative of water 

quality and treatment conditions throughout the system for the monitoring required in 

paragraph (a)(2) as follows: 

(1) If waters from untreated and treated groundwater sources mix, the system 

shall monitor entry points representative of each; 

(2) Prior to monitoring, the system shall submit written documentation to the 

Department identifying the sites and demonstrating that they are representative.   

 

(c) Subject to the Department’s written approval, a system that has no action level 

exceedance and meets the Department-specified WQP values or ranges may reduce tap 

monitoring as follows: 

(1) After two consecutive periods during which it has met the WQP values or 

ranges, the system shall monitor each period at the reduced number of sites, pursuant to 

table 64680-A; 

(2) After three consecutive years (including the initial sampling year) during 

which it has met the WQP values or ranges, the system shall monitor annually at the 

reduced number of sites at evenly-spaced intervals throughout the year; and 

(3) After three consecutive years of annual monitoring during which the system 

meets the WQP values or ranges, the system shall monitor once every three years at the 

reduced number of sites at evenly-spaced intervals throughout the monitoring year. 

 

Article 5. Corrosion Control 
§64683. Corrosion Control Study Procedure. 

(a) Each system conducting a corrosion control study shall:   

(1) Evaluate the effectiveness of each of the following treatments, and, if 

appropriate, combinations of the following treatments to identify the CCT for that 

system: 

(A) Alkalinity and pH adjustment; 

(B) Calcium hardness adjustment; and 

(C) The addition of a corrosion inhibitor at a concentration sufficient to 

maintain an effective residual concentration throughout the distribution system. 

(2) Evaluate each of the corrosion control treatments using either pipe rig/loop 

tests, metal coupon tests, partial-system tests, or analyses based on documentation of 

such treatments from systems of similar size, water chemistry and distribution system 

configuration. 

(3) Measure the following WQPs in any tests conducted under this subsection 

before and after evaluating the corrosion control treatments listed above: 

(A) Lead; 
(B) Copper; 

(C) pH; 

(D) Alkalinity; 

(E) Calcium; 

(F) Conductivity; 

(G) Corrosion control inhibitor active ingredient (when an inhibitor is used); 
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(H) Water temperature. 

(4) Identify all chemical or physical constraints that limit or prohibit the use of a 

particular corrosion control treatment and document such constraints with at least one of 

the following: 

(A) Data and documentation showing that a particular corrosion control 

treatment has adversely affected other water treatment processes when used by another 

water system with comparable water quality characteristics; and/or 

(B) Data and documentation demonstrating that the water system has 

previously attempted to evaluate a particular corrosion control treatment and has found 

that the treatment is ineffective or adversely affects other water quality treatment 

processes. 

(5) Evaluate the effect of the chemicals used for corrosion control treatment on 

other water treatment processes. 

(6) Recommend to the Department in writing the treatment option that the 

corrosion control studies indicate constitutes CCT for that system on the basis of an 

analysis of the data generated during each evaluation.  The water system shall provide a 

rationale for its recommendation along with all supporting documentation specified in 

paragraphs (a)(1) through (5) of this section. 

 

(b) Based on the study conducted pursuant to subsection (a), and a system's 

recommended treatment alternative, the Department will either approve the corrosion 

control treatment option recommended by the system, or designate alternative corrosion 

control treatment(s) from among those listed in paragraph (a)(1) of this section, notify the 

system of its decision on CCT in writing and explain the basis for its determination.  If 

the Department requests additional information to aid its review, the water system shall 

provide the information. 

 

§64684. CCT Installation and Operation.  

(a) Each system shall install and operate throughout its distribution system the CCT 

designated by the Department in subsection 64683(b) (Corrosion Control Studies) or 

paragraph 64673(c)(3) (Small and Medium-size Water System Requirements) and 

monitor WQPs pursuant to section 64682 (WQP Monitoring After CCT Installation).  

When the system completes its installation of CCT, it shall submit a letter to the 

Department certifying that it has done so. 

 

(b) After the system installs CCT, the Department will review the treatment and pre- 

and post-treatment tap sampling and WQP monitoring data and specify WQPs in writing 

within 42 months of its CCT designation as follows: 

(1) A minimum value or a range of values for pH measured at each entry point to 

the distribution system; 

(2) A minimum pH value of 7.0 or greater, measured in all tap samples, unless the 

Department determines that meeting a pH level of 7.0 is not technologically feasible or is 

not necessary for the system to optimize corrosion control; 
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(3) If a corrosion inhibitor is used, a minimum concentration or a range of 

concentrations for the inhibitor, measured at each entry point to the distribution system 

and in all tap samples, that the Department determines is necessary to maintain a 

passivating film on the interior walls of the pipes of the distribution system; 

(4) If alkalinity is adjusted as part of CCT, a minimum concentration or a range of 

concentrations for alkalinity, measured at each entry point to the distribution system and 

in all tap samples; 

(5) If calcium carbonate stabilization is used as part of corrosion control, a 

minimum concentration or a range of concentrations for calcium, measured in all tap 

samples; and  

(6) Values for additional WQPs determined by the Department to reflect CCT for 

the system. 

 

(c) After the Department specifies WQP values and ranges, each system shall monitor 

pursuant to section 64680 (General WQP Monitoring Requirements) and maintain WQPs 

as specified by the Department.   

 

(d) A system shall be out of compliance with the WQP values and ranges specified by 

the Department pursuant to subsection (b) for any period during which it has excursions 

for more than nine days.   

(1) An excursion occurs when a ―daily value‖ at one or more sample sites for one 

or more WQPs in a day is below the minimum value or outside the range of Department-

specified WQPs.   

(2) A ―daily value‖ for a WQP at a site is determined as follows: 

(A) If sampling is more than once a day by continuous monitoring, grab 

sampling or both, the daily value shall be the average of all the day’s results at the 

sampling site. 

(B) If sampling is once a day, the daily value shall be the day’s result. 

(C) If sampling is less than once a day, the daily value shall apply to the day 

that the water supplier receives the result from the laboratory or the 30
th

 day after the 

sample is collected, whichever comes first. 

(3) When an excursion occurs, within 48 hours of being notified of the results of 

the initial sample(s), the system shall investigate the cause and collect a followup sample 

at each affected site for each WQP that did not meet the Department-specified values.  

The criteria in paragraphs (d)(1) and (2) shall be applied to the followup sample results to 

determine if another excursion has occurred.  

 

(e) A system conducting reduced WQP tap monitoring that fails to meet the 

Department-specified WQPs shall resume standard WQP tap monitoring pursuant to 

section 64680 (General WQP Monitoring Requirements). 

 

(f) The results of any monitoring conducted in addition to the minimum requirements 

of this section shall be considered by the system and submitted to the Department for 

making any determinations (i.e., determining concentrations of WQPs). 
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(g) Upon its own initiative or in response to a request by a system, the Department 

may modify in writing its designation of CCT or its specified WQP values and ranges if it 

determines that modification is necessary to ensure that the system continues to maintain 

CCT.  Any request shall be in writing, explain the reason for the requested modification, 

and include supporting documentation.   

 

Article 6. Source Water Requirements for Action Level Exceedances  
64685. Source Water Monitoring and Treatment Designation. 

(a) Within six months of an action level exceedance, a system shall: 

(1) Collect one lead and copper source water sample from each entry point to the 

distribution system that is representative of the source or combined sources and is 

collected after any treatment, if treatment is applied before distribution;            

(2) In writing, either recommend to the Department the installation and operation 

of a source water treatment (ion exchange, reverse osmosis, lime softening, or 

coagulation/filtration) or demonstrate that source water treatment is not needed to 

minimize lead and copper levels at users’ taps; and 

(3) Submit any additional information requested by the Department to aid in its 

determination of whether source water treatment is necessary to minimize lead and 

copper levels in water delivered to users' taps.  

 

(b) The Department will make a determination regarding source water treatment 

within six months after submission of monitoring results under subsection (a).   

 

§64686. Requirements Subsequent to the Department’s Designation.  

(a) If the Department determines that source water treatment is required pursuant to 

subsection 64685(b), the system shall comply with the following within the specified 

timeframes that begin with the Department’s determination regarding source water 

treatment: 

(1) Install the treatment within 24 months and submit a letter to the Department 

certifying that installation has been completed; 

(2) Collect an additional source water sample from each entry point to the 

distribution system during two consecutive periods within 36 months; 

(3) Complete two consecutive periods of standard monitoring for lead and copper 

pursuant to section 64675 (General Requirements for Tap Sampling for Lead and 

Copper) within 36 months. 

 

(b) Within 6 months after the system installs source water treatment, based on its 

review of the data collected pursuant to subsection (a) and the contaminant removal 

capability of the installed treatment when properly operated, the Department will specify 

maximum permissible lead and copper levels for water entering the distribution system.  

The water system shall comply with these maximum permissible levels. 
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(c) After the Department specifies maximum permissible levels or determines that 

source water treatment is not needed, the system shall conduct standard monitoring 

related to source water pursuant to table 64686-A, according to source water type.  If 

approved by the Department based on a review of source water data, the system may 

reduce monitoring pursuant to table 64686-A. 

 

Table 64686-A.  Standard and Reduced Monitoring Related to Source Water 

 

Type of monitoring Ground water Surface water with or 

without groundwater 

Standard monitoring 1 sample at each entry 

point every 3 years, as a 

minimum 

1 sample at each entry 

point every year, as a 

minimum 

Reduced monitoring, after 3 

consecutive rounds of standard 

monitoring in compliance with 

maximum permissible levels. 

1 sample at each entry 

point every 9 years 

1 sample at each entry 

point every 9 years 

 

(d) If a system does not have an action level exceedance for lead and/or copper during 

three consecutive years for groundwater or one year for surface water with or without 

groundwater, the system is not required to conduct sampling related to source water for 

the specific chemical. 

 

(e) If the results of sampling indicate an exceedance of the maximum permissible 

levels specified pursuant to subsection (b), one additional sample may be collected at the 

same sampling point as soon as possible within 14 days of the initial sample to confirm 

the result.  If a confirmation sample is collected, then the average of the initial and 

confirmation sample results shall be used to determine compliance with the maximum 

permissible levels.   

 

(f) A water system that begins using a new water source shall reinitiate standard 

monitoring pursuant to subsection (c) and conduct three rounds of monitoring with the 

new source online before reducing the monitoring frequency.  

 

(g) Upon its own initiative or in response to a request by a system, the Department 

may modify its determination of the source water treatment, or maximum permissible 

lead and copper concentrations for treated source water.  Any request shall be in writing, 

explain the reason for the requested modification, and include supporting documentation.    

 

Article 7. Public Education Program for Lead Action Level Exceedances 
§64687. Lead Public Education Program Content and Delivery. 

(a) Each system with a lead action level exceedance shall conduct a lead public 

education program that includes delivery of the following public education materials 

pursuant to subsection (d).  Within 10 days after the period during which the program 
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was required, the system shall submit a letter to the Department demonstrating that it has 

delivered the public education materials as required and include a list of all the 

newspapers, radio stations, television stations, facilities and organizations to which the 

system delivered the materials during the previous year.    

(1) Except as provided in subsection (b), a community water system shall include 

the following text in all of the printed materials it distributes through its lead public 

education program:   

(A) INTRODUCTION.  The California Department of Health Services 

(DHS), the U.S. Environmental Protection Agency, and [insert name of water supplier] 

are concerned about lead in your drinking water.  Although most homes have very low 

levels of lead in their drinking water, some homes in the community have lead levels 

above the state and federal action level of 15 parts per billion (ppb), or 0.015 milligrams 

of lead per liter of water (mg/L).  Under state and federal law we are required to have a 

program in place to minimize lead in your drinking water by [insert date when corrosion 

control will be completed for your system].  This program includes corrosion control 

treatment, source water treatment, and public education. We are also required to replace 

the portion of each lead service line that we own if the line contributes lead 

concentrations of 15 ppb or more after we have completed the comprehensive treatment 

program. If you have any questions about how we are carrying out the requirements of 

the lead regulation please give us a call at [insert water system's phone number].  This 

brochure explains the simple steps you can take to protect you and your family by 

reducing your exposure to lead in drinking water. 

(B) HEALTH EFFECTS OF LEAD.  Lead is a common metal found 

throughout the environment in lead-based paint, air, soil, household dust, food, certain 

types of pottery porcelain and pewter, and water.  Lead can pose a significant risk to your 

health if too much of it enters your body. Lead builds up in the body over many years and 

can cause damage to the brain, red blood cells and kidneys.  The greatest risk is to young 

children and pregnant women.  Amounts of lead that won't hurt adults can slow down 

normal mental and physical development of growing bodies.  In addition, a child at play 

often comes into contact with sources of lead contamination -- like dirt and dust -- that 

rarely affect an adult.  It is important to wash children's hands and toys often, and to try 

to make sure they only put food in their mouths. 

(C) LEAD IN DRINKING WATER 

1. Lead in drinking water, although rarely the sole cause of lead poisoning, 

can significantly increase a person's total lead exposure, particularly the exposure of 

infants who drink baby formulas and concentrated juices that are mixed with water.  The 

U.S. Environmental Protection Agency estimates that drinking water can make up 20 

percent or more of a person's total exposure to lead. 

2. Lead is unusual among drinking water contaminants in that it seldom 

occurs naturally in water supplies like rivers and lakes. Lead enters drinking water 

primarily as a result of the corrosion, or wearing away, of materials containing lead in the 

water distribution system and household plumbing.  These materials include lead-based 

solder used to join copper pipe, brass and chrome plated brass faucets, and in some cases, 

pipes made of lead that connect your house to the water main (service lines).  In 1986, 
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Congress banned the use of lead solder containing greater than 0.2% lead, and restricted 

the lead content of faucets, pipes and other plumbing materials to 8.0%.  In California, a 

similar law prohibiting the use of both lead solder and lead pipe was enacted in 1985. 

3. When water stands in lead pipes or plumbing systems containing lead 

for several hours or more, the lead may dissolve into your drinking water. This means the 

first water drawn from the tap in the morning, or later in the afternoon after returning 

from work or school, can contain fairly high levels of lead. 

(D) STEPS  YOU CAN TAKE IN THE HOME TO REDUCE EXPOSURE 

TO LEAD IN DRINKING WATER 

1. Despite our best efforts mentioned earlier to control water corrosivity 

and remove lead from the water supply, lead levels in some homes or buildings can be 

high.  To find out whether you need to take action in your own home, have your drinking 

water tested to determine if it contains excessive concentrations of lead.  Testing the 

water is essential because you cannot see, taste, or smell lead in drinking water.  Some 

local laboratories that can provide this service are listed at the end of this booklet.  For 

more information on having your water tested, please call [insert phone number of water 

system]. 

2. If a water test indicates that the drinking water drawn from a tap in your 

home contains lead above 15 ppb, then you should take the following precautions:  

A. Let the water run from the tap before using it for drinking or 

cooking any time the water in a faucet has gone unused for more than six hours.  The 

longer water resides in your home's plumbing the more lead it may contain.  Flushing the 

tap means running the cold water faucet until the water gets noticeably colder, usually 

about 15 to 30 seconds.  If your house has a lead service line to the water main, you may 

have to flush the water for a longer time, perhaps one minute, before drinking.  Although 

toilet flushing or showering flushes water through a portion of your home's plumbing 

system, you still need to flush the water in each faucet before using it for drinking or 

cooking.  Flushing tap water is a simple and inexpensive measure you can take to protect 

your family's health.  It usually uses less than one or two gallons of water and costs less 

than [insert a cost estimate based on flushing two times a day for 30 days] per month.  To 

conserve water, fill a couple of bottles for drinking water after flushing the tap, and 

whenever possible use the first flush water to wash the dishes or water the plants.  If you 

live in a high-rise building, letting the water flow before using it may not work to lessen 

your risk from lead. The plumbing systems have more, and sometimes larger pipes than 

smaller buildings.  Ask your landlord for help in locating the source of the lead and for 

advice on reducing the lead level. 

B. Try not to cook with, or drink water from the hot water tap. Hot 

water can dissolve more lead more quickly than cold water.  If you need hot water, draw 

water from the cold tap and heat it on the stove. 

C. Remove loose lead solder and debris from the plumbing materials 

installed in newly constructed homes, or homes in which the plumbing has recently been 

replaced, by removing the faucet strainers from all taps and running the water from 3 to 5 

minutes. Thereafter, periodically remove the strainers and flush out any debris that has 

accumulated over time. 
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D. If your copper pipes are joined with lead solder that has been 

installed illegally since it was banned in 1986, notify the plumber who did the work and 

request that he or she replace the lead solder with lead-free solder.  Lead solder looks dull 

gray, and when scratched with a key looks shiny.  In addition, notify the California 

Department of Health Services and your local environmental health  department about the 

violation. 

E. Determine whether or not the service line that connects your home 

or apartment to the water main is made of lead.  The best way to determine if your 

service line is made of lead is by either hiring a licensed plumber to inspect the line or by 

contacting the plumbing contractor who installed the line.  You can identify the plumbing 

contractor by checking the record of building permits which should be maintained in the 

files of the [insert name of department that issues building permits].  A licensed plumber 

can at the same time check to see if your home's plumbing contains lead solder, lead 

pipes, or pipe fittings that contain lead.  The public water system that delivers water to 

your home should also maintain records of the materials located in the distribution 

system.  If the service line that connects your dwelling to the water main contributes 

more than 15 ppb to drinking water, after our comprehensive treatment program is in 

place, we are required to replace the portion of the line we own.  If the line is only 

partially owned by the [insert name of the city, county, or water system that owns the 

line], we are required to provide the owner of the privately-owned portion of the service 

line with information on how to replace the privately-owned portion of the service line, 

and offer to replace that portion of the line at the owner’s expense. If we replace only the 

portion of the line that we own, we also are required to notify you in advance and provide 

you with information on the steps you can take to minimize exposure to any temporary 

increase in lead levels that may result from the partial replacement, to take a follow-up 

sample at our expense from the line within 72 hours after the partial replacement, and to 

mail or otherwise provide you with the results of that sample within three business days 

of receiving the results.  Acceptable replacement alternatives include copper, stainless 

steel, and plastic pipes.  Partial replacement should avoid the creation of mixed piping 

systems and include the installation of approved dielectric couplings at all dissimilar 

metal interfaces. 

F. Have an electrician check your wiring.  If grounding wires from the 

electrical system are attached to your pipes, corrosion may be greater.  Check with a 

licensed electrician or your local electrical code to determine if your wiring can be 

grounded elsewhere.  DO NOT attempt to change the wiring yourself because improper 

grounding can cause electrical shock and fire hazards. 

3. The steps described above will reduce the lead concentrations in your 

drinking water.  However, if a water test indicates that the drinking water coming from 

your tap contains lead concentrations in excess of 15 ppb after flushing, or after we have 

completed our actions to minimize lead levels, then you may want to take the following 

additional measures: 

A. Purchase or lease a home treatment device.  Home treatment 

devices are limited in that each unit treats only the water that flows from the faucet to 

which it is connected, and all of the devices require periodic maintenance and 
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replacement.  Devices such as reverse osmosis systems or distillers can effectively 

remove lead from your drinking water.  Since these treatments remove dissolved 

minerals, water treated by these devices will have a greater tendency to leach lead from 

brass faucets or fittings which the water contacts after treatment.  Some activated carbon 

filters may reduce lead levels at the tap, however all lead reduction claims should be 

investigated.  Be sure to check the actual performance of a specific home treatment 

device before and after installing the unit.  The California Department of Health Services 

certifies the effectiveness of home treatment devices.  Only devices certified by the 

California Department of Health Services to remove lead should be used for this purpose. 

B. Purchase bottled water for drinking and cooking. 

4. You can consult a variety of sources for additional information.  Your 

family doctor or pediatrician can perform a blood test for lead and provide you with 

information about the health effects of lead.  State and local government agencies that 

can be contacted include: 

A. [insert the name of city or county department of public utilities] at 

[insert phone number] can provide you with information about your community's water 

supply, and a list of local laboratories that have been certified by the California 

Department of Health Services for testing water quality; 

B. [insert the name of city or county department that issues building 

permits] at [insert phone number] can provide you with information about building 

permit records that should contain the names of plumbing contractors that plumbed your 

home; and 

C. California Department of Health Services, Childhood Lead 

Poisoning Prevention Branch at [insert the phone number] or the [insert the name of the 

city or county health department] at [insert phone number] can provide you with 

information about the health effects of lead and how you can have your child's blood 

tested. 

5. The following is a list of some state approved laboratories in your area 

that you can call to have your water tested for lead. [Insert names and phone numbers of 

at least two laboratories]. 

(2) Except as provided in subsection (b), a nontransient-noncommunity water 

system shall include either the text in paragraph (a)(1) or the following text, in all of the 

printed materials it distributes through its lead public education program.   

(A) INTRODUCTION.  The California Department of Health Services, the 

United States Environmental Protection Agency (EPA) and [insert name of water 

supplier] are concerned about lead in your drinking water.  Some drinking water samples 

taken from this facility have lead levels above the EPA action level of 15 parts per billion 

(ppb), or 0.015 milligrams of lead per liter of water (mg/L).  Under Federal law we are 

required to have a program in place to minimize lead in your drinking water by [insert 

date when corrosion control will be completed for your system].  This program includes 

corrosion control treatment, source water treatment, and public education.  We are also 

required to replace the portion of each lead service line that we own if the line contributes 

lead concentrations of more than 15 ppb after we have completed the comprehensive 

treatment program.  If you have any questions about how we are carrying out the 
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requirements of the lead regulation please give us a call at [insert water system's phone 

number].  This brochure explains the simple steps you can take to protect yourself by 

reducing your exposure to lead in drinking water.  

(B) HEALTH EFFECTS OF LEAD.  Lead is found throughout the 

environment in lead-based paint, air, soil, household dust, food, certain types of pottery 

porcelain and pewter, and water.  Lead can pose a significant risk to your health if too 

much of it enters your body.  Lead builds up in the body over many years and can cause 

damage to the brain, red blood cells and kidneys.  The greatest risk is to young children 

and pregnant women.  Amounts of lead that won't hurt adults can slow down normal 

mental and physical development of growing bodies.  In addition, a child at play often 

comes into contact with sources of lead contamination - like dirt and dust - that rarely 

affect an adult.  It is important to wash children's hands and toys often, and to try to make 

sure they only put food in their mouths. 

1. Lead in drinking water, although rarely the sole cause of lead poisoning, 

can significantly increase a person's total lead exposure, particularly the exposure of 

infants who drink baby formulas and concentrated juices that are mixed with water.  The 

EPA estimates that drinking water can make up 20 percent or more of a person's total 

exposure to lead. 

2. Lead is unusual among drinking water contaminants in that it seldom 

occurs naturally in water supplies like rivers and lakes.  Lead enters drinking water 

primarily as a result of the corrosion, or wearing away, of materials containing lead in the 

water distribution system and household plumbing.  These materials include lead-based 

solder used to join copper pipe, brass and chrome-plated brass faucets, and in some cases, 

pipes made of lead that connect houses and buildings to water mains (service lines).  In 

1986, Congress banned the use of lead solder containing greater than 0.2% lead, and 

restricted the lead content of faucets, pipes and other plumbing materials to 8.0%. 

3. When water stands in lead pipes or plumbing systems containing lead 

for several hours or more, the lead may dissolve into your drinking water.  This means 

the first water drawn from the tap in the morning, or later in the afternoon if the water has 

not been used all day, can contain fairly high levels of lead. 

(D) STEPS YOU CAN TAKE.  Steps you can take to reduce exposure to lead 

in drinking water include:   

1. Let the water run from the tap before using it for drinking or cooking 

any time the water in a faucet has gone unused for more than six hours.  The longer water 

resides in plumbing the more lead it may contain.  Flushing the tap means running the 

cold water faucet for about 15-30 seconds.  Although toilet flushing or showering flushes 

water through a portion of the plumbing system, you still need to flush the water in each 

faucet before using it for drinking or cooking.  Flushing tap water is a simple and 

inexpensive measure you can take to protect your health.  It usually uses less than one 

gallon of water.  

2. Do not cook with, or drink water from the hot water tap.  Hot water can 

dissolve more lead more quickly than cold water.  If you need hot water, draw water from 

the cold tap and then heat it. 
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3. The steps described above will reduce the lead concentrations in your 

drinking water.  However, if you are still concerned, you may wish to use bottled water 

for drinking and cooking. 

4. You can consult a variety of sources for additional information.  Your 

family doctor or pediatrician can perform a blood test for lead and provide you with 

information about the health effects of lead.  State and local government agencies that 

can be contacted include: 

A. [insert the name or title of facility official if appropriate] at [insert 

phone number] can provide you with information about your facility's water supply; and 

B. [insert the name or title of the State Department of Health Services] 

at [insert phone number] or the [insert the name of the city or county health department] 

at [insert phone number] can provide you with information about the health effects of 

lead. 

 

(b) Any additional information presented shall be consistent with the information in 

subsection (a) and be in plain language that can be understood by laypersons.  A system 

may delete information pertaining to lead service lines, on approval by the Department, if 

the water system does not have any such lines.  Building permit record availability and 

consumer access to these records may be modified, if approved by the Department.  

 

(c) The system shall include the following information in all public service 

announcements submitted under its lead public education program to television and radio 

stations for broadcasting: 

(1) Why should everyone want to know the facts about lead and drinking water?  

Because unhealthy amounts of lead can enter drinking water through the plumbing in 

your home.  That's why I urge you to do what I did.  I had my water tested for [insert free 

or cost  per sample].  You can contact the [insert the name of the city or water system] for 

information on testing and on simple ways to reduce your exposure to lead in drinking 

water. 

(2) To have your water tested for lead, or to get more information about this 

public health concern, please call [insert the phone number of the city or water system]. 

 

(d) The system shall conduct the lead public education program as follows: 

(1) In communities where a significant proportion of the population speaks a 

language other than English, public education materials shall be communicated in the 

appropriate language(s). 

(2) Within 60 days after it has a lead action level exceedance, unless it is already 

conducting a lead public education program, a community water system shall:  

(A) Insert notices in each customer's water utility bill containing the 

information in paragraph (a)(1), along with the following alert on the water bill itself in 

large print:  SOME HOMES IN THIS COMMUNITY HAVE ELEVATED LEAD 

LEVELS IN THEIR DRINKING WATER.  LEAD CAN POSE A SIGNIFICANT RISK 

TO YOUR HEALTH. PLEASE READ THE ENCLOSED NOTICE FOR FURTHER 

INFORMATION.   A community water system with a billing cycle that does not include 
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a billing within 60 days of the exceedance, or that cannot insert information in the bill 

without making major changes to its billing system, may use a separate mailing as long as 

it is conducted within 60 days of the exceedance.   

(B) Submit the information in paragraph (a)(1) to the editorial departments of 

the major daily and weekly newspapers circulated throughout the community. 

(C) Deliver pamphlets and/or brochures that contain the public education 

materials in subparagraphs (a)(1)(B) and (D) to facilities and organizations, including the 

following: 

1. Public schools and/or local school boards; 

2. City or county health department; 

3. Women, Infants, and Children and/or Head Start Program(s) whenever 

available; 

4. Public and private hospitals and/or clinics; 

5. Pediatricians; 

6. Family planning clinics; and 

7. Local welfare agencies. 

(D) Submit the public service announcement in subsection (c) to at least five 

of the radio and television stations with the largest audiences that broadcast to the 

community served by the system. 

(3) A community system shall repeat the tasks in subparagraphs (d)(2)(A),(B) and 

(C) every 12 months, and the tasks in subparagraph (d)(2)(D) every 6 months for as long 

as the system has a lead action level exceedance. 

(4) Within 60 days after it has a lead action level exceedance, unless it is already 

conducting a lead public education program, a nontransient-noncommunity system shall 

deliver the public education materials in paragraphs (a)(1) or (a)(2) as follows: 

(A) Post informational posters on lead in drinking water in a public place or 

common area in each of the buildings served by the system; and 

(B) Distribute informational pamphlets and/or brochures on lead in drinking 

water to each person served by the system.  The Department may allow the system to 

utilize electronic transmission in lieu of or combined with printed materials as long as it 

achieves at least the same coverage. 

(5) A nontransient-noncommunity system shall repeat the tasks in paragraph (4) at 

least once during each calendar year in which the system has a lead action level 

exceedance. 

(6) A system may discontinue the lead public education program if it does not 

have a lead action level exceedance during the most recent period.  The system shall 

recommence the program pursuant to this section if it subsequently has a lead action level 

exceedance. 

(7) A community water system may apply to the Department, in writing, to use 

the text in paragraph (a)(2) in lieu of the text in paragraph (a)(1) and to perform the tasks 

listed in paragraphs (d)(4) and (c)(5) of this section in lieu of the tasks in paragraphs 

(d)(2) and (d)(3) of this section if:   
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(A) The system is a facility, such as a prison or a hospital, where the 

population served is not capable of or is prevented from making improvements to 

plumbing or installing point of use treatment devices; and 

(B) The system provides water as part of the cost of services provided and 

does not separately charge for water consumption. 

(8) A community water system serving 3,300 or fewer people may omit the task 

contained in subparagraph (d)(2)(D).  As long as it distributes notices containing the 

information contained in paragraph (a)(1) of this section to every household served by the 

system, such systems may further limit their public education programs as follows: 

(A) Systems serving 500 or fewer people may forego the task contained in 

subparagraph (d)(2)(B).  Such a system may limit the distribution of the public education 

materials required under subparagraph (d)(2)(C) to facilities and organizations served by 

the system that are most likely to be visited regularly by pregnant women and children, 

unless notified by the Department in writing that it shall make a broader distribution. 

(B) If approved by the Department in writing, a system serving 501 to 3,300 

people may omit the task in subparagraph (d)(2)(B) and/or limit the distribution of the 

public education materials required under subparagraph (d)(2)(C) to facilities and 

organizations served by the system that are most likely to be visited regularly by pregnant 

women and children. 

(9) A community water system serving 3,300 or fewer people that delivers the 

lead public education in accordance with paragraph (d)(8)(A) of this section shall repeat 

these requirements at least once during each calendar year in which the system exceeds 

the lead action level. 

 

Article 8. Lead Service Line Requirements for Action Level Exceedances 
§64688. Lead Service Line Replacement.  

(a) A system shall replace lead service lines if: 

(1) It has a lead action level exceedance in tap samples after installing corrosion 

control and/or source water treatment (whichever sampling occurs later) and/or 

(2) It is in violation for failure to install source water treatment or CCT. 

 

(b) Within 6 months after it has a lead action level exceedance, the system shall 

demonstrate in writing that it has conducted a materials evaluation including that in 

section 64676 (Sample Site Selection) to identify the initial number of lead service lines 

in its distribution system, and shall submit both the demonstration and a schedule for 

complying with subsection (c) to the Department. 

 

(c) Except as provided in subsection (e), a system that is required to conduct lead 
service line replacement shall annually replace at least 7 percent of the initial number of 

lead service lines in its distribution system, pursuant to the following. 

(1) At the time the lead service line replacement begins, the system shall identify 

the initial number of lead service lines in its distribution system based on the evaluation 

in section 64676 (Sample Site Selection).  
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(2) The first year of lead service line replacement shall begin on the date the 

system first had a lead action level exceedance subsequent to its installation of CCT and, 

if required pursuant to section 64686, source water treatment. 

(3) The system is not required to replace an individual lead service line if the lead 

concentration in each and every service line sample from that line, taken pursuant to the 

section 64687 (Lead Service Line Sampling), is less than or equal to 0.015 mg/L. 

(4) The system shall replace that portion of the lead service line that it owns and 

keep ownership documentation in its files and offer to replace the building owner's 

portion of the line with the cost being borne by the building owner.  If the building owner 

does not accept the offer, the system shall:   

(A) At least 45 days prior to commencing the partial replacement, notify the 

resident(s) of all buildings served by the line that they may experience a temporary 

increase of lead levels in their drinking water, along with guidance on measures they may 

take to minimize their exposure.  If the replacement is in conjunction with emergency 

repairs, the Department will allow a shorter notice, depending on the nature of the 

emergency and the timing involved.  The notice shall be mailed unless an alternate 

method is approved by the Department, based on the feasibility of insuring that all 

consumers receive the notice; and 

(B) Inform the resident(s) that the system will collect a first flush tap water 

sample within 72 hours after the partial replacement of the service line has been 

completed if the resident(s) so desire.  If the resident(s) accept the offer, the system shall 

collect the sample and report the results to the resident(s) and the owner within three 

business days of receiving the results and to the Department. 

 

(d) Within 12 months after the lead action level exceedance, and every 12 months 

thereafter, the system shall submit in writing to the Department the number of lead 

service lines scheduled to be replaced during the previous year of the system's 

replacement schedule, along with the following information to the Department: 

(1) The number and location of each lead service line replaced during the 

previous year of the system's replacement schedule to demonstrate that it has replaced at 

least 7 percent of the initial lead service lines within the previous 12 months, or a greater 

number of lines if required by the Department; or 

(2) Lead service line sampling results that demonstrate that the lead level from an 

individual line(s) is less than or equal to 0.015 mg/L, pursuant to section 64689 (Lead 

Service Line Sampling).  The system shall submit the results of the lead service line 

sampling including the lead levels, location of each lead service line sampled, the 

sampling method, and the date of sampling.  It shall also include the number and location 

of each lead service line replaced during the previous year.  In such cases, the total 

number of lines replaced and/or that meet the criteria shall equal at least 7 percent of the 

initial number of lead lines identified or the percentage required by the Department.   

 

(e) A system shall replace lead service lines at a faster rate than that required by 

subsection (b), taking into account the number of lead service lines in the system, if the 

Department determines either that this is necessary based on elevated blood lead levels in 
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the population served, or that it is feasible to complete the lead service line replacement 

program in a shorter time without increasing the water rates to the customers.    

 

(f) A system may cease replacing lead service lines when it has two consecutive 

periods without a lead action level exceedance.  If the system has a lead action level 

exceedance during any subsequent period, it shall recommence replacing lead service 

lines. 

 

§64689. Lead Service Line Sampling. 

(a) Each lead service line sample shall be one liter in volume and have stood 

motionless in the lead service line for at least six hours, but not more than twelve.   

 

(b) Lead service line samples shall be collected in one of the following three ways: 

(1) At the tap after flushing the volume of water between the tap and the lead 

service line.  The volume of water to be flushed shall be calculated based on the interior 

diameter and length of the pipe between the tap and the lead service line;  

(2) Tapping directly into the lead service line; or 

(3) If the sampling site is a building constructed as a single-family residence, 

allowing the water to run until there is a change in temperature that would be indicative 

of water that has been standing in the lead service line. 

 

Article 9. Reporting and Recordkeeping 
§64690.10. Data Reporting. 

Each system shall report the following within the first 10 days after the end of each 

period during which such sampling or monitoring was conducted: 

(a) For lead and copper tap sampling: 

(1) The results of all tap samples including the location of each site and the 

associated tier criteria from section 64676 (Sample Site Selection);  

(2) The 90th percentile lead and copper concentrations calculated pursuant to 

section 64678 (Determination of Exceedances of Lead and Copper Action Levels); and 

(3) With the exception of the first period of tap sampling, an identification of any 

site that was not sampled during previous periods, along with an explanation of why the 

sampling site was changed; 

 

(b) For WQP monitoring, the results of all samples collected and analyzed pursuant to 

article 4 (WQP Monitoring) of this chapter;  

 

(c) For source water monitoring: 
(1) The results for all samples related to source water collected and analyzed 

under article 6 (Source Water Requirements for Action Level Exceedances) of this 

chapter; and 

(2) With the exception of the first round of sampling related to source water, an 

identification of any site that was not sampled during previous periods along with an 

explanation of why the sampling point was changed; and 
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(d) The results for any samples collected and analyzed for lead and copper or WQPs 

in addition to those required by this chapter. 

 

§64690.80. Recordkeeping. 
Any system subject to the requirements of this chapter shall retain on its premises 

original records of all sampling data and analyses, reports, surveys, letters, evaluations, 

schedules, Department determinations, and any other information required by this 

chapter.  Each water system shall retain the records required by this section for no fewer 

than 12 years or two compliance cycles (as defined in Section 64400.20), whichever is 

longer.  



NOTE:  This publication is meant to be an aid to the staff of the CDPH Drinking Water Program and 

cannot be relied upon by the regulated community as the State of California‘s representation of the law.  

The published codes are the only official representation of the law. Refer to the published codes—in this 

case, 17 CCR and 22 CCR—whenever specific citations are required.  Statutes related to CDPH‘s drinking 

water-related activities are in the Health & Safety Code, the Water Code, and other codes. 

 

 

Last updated July 1, 2013—from Titles 17 and 22 California Code of Regulations 

California Regulations Related to Drinking Water 

283 

Addendum A:  CA Ground Water Rule – A reference to text adopted pursuant to 

Section 64430. 
 

§141.21. Coliform sampling. 

(d)(3) Sanitary surveys conducted by the State under the provisions of §142.16(o)(2) of this 

chapter may be used to meet the sanitary survey requirements of this section. 

 

§141.28. Certified laboratories. 

(a) For the purpose of determining compliance with §141.21 through 141.27, 141.30, 141.40, 

141.74, 141.89 and 141.402, samples may be considered only if they have been analyzed by a 

laboratory certified by the State except that measurements of alkalinity, calcium, conductivity, 

disinfectant residual, orthophosphate, pH, silica, temperature and turbidity may be performed by 

any person acceptable to the State. 
 

§141.153. Content of the reports. 

(h)(6) Systems required to comply with subpart S.  

(i) Any ground water system that receives notice from the State of a significant 

deficiency or notice from a laboratory of a fecal indicator-positive ground water source sample 

that is not invalidated by the State under §141.402(d) must inform its customers of any significant 

deficiency that is uncorrected at the time of the next report or of any fecal indicator-positive 

ground water source sample in the next report. The system must continue to inform the public 

annually until the State determines that particular significant deficiency is corrected or the fecal 

contamination in the ground water source is addressed under §141.403(a). Each report must 

include the following elements. 

(A) The nature of the particular significant deficiency or the source of the fecal 

contamination (if the source is known) and the date the significant deficiency was identified by 

the State or the dates of the fecal indicator-positive ground water source samples; 

(B) If the fecal contamination in the ground water source has been addressed under 

§141.403(a) and the date of such action; 

(C) For each significant deficiency or fecal contamination in the ground water source 

that has not been addressed under §141.403(a), the State-approved plan and schedule for 

correction, including interim measures, progress to date, and any interim measures completed; 

and 

(D) If the system receives notice of a fecal indicator-positive ground water source 

sample that is not invalidated by the State under §141.402(d), the potential health effects using 

the health effects language of Appendix A of subpart O. 

(ii) If directed by the State, a system with significant deficiencies that have been corrected 

before the next report is issued must inform its customers of the significant deficiency, how the 

deficiency was corrected, and the date of correction under paragraph (h)(6)(i) of this section. 
 



NOTE:  This publication is meant to be an aid to the staff of the CDPH Drinking Water Program and 

cannot be relied upon by the regulated community as the State of California‘s representation of the law.  

The published codes are the only official representation of the law. Refer to the published codes—in this 

case, 17 CCR and 22 CCR—whenever specific citations are required.  Statutes related to CDPH‘s drinking 

water-related activities are in the Health & Safety Code, the Water Code, and other codes. 

 

 

Last updated July 1, 2013—from Titles 17 and 22 California Code of Regulations 

California Regulations Related to Drinking Water 

284 

Appendix A to Subpart O of Part 141 – Regulated Contaminants. 
 

Contaminant Traditional 

MCL in 

mg/L 

To convert 

for CCR, 

multiply by 

MCL in 

CCR 

units 

MCLG Major 

sources in 

drinking 

water 

Health effects language 

Microbiological 

Contaminants 

      

Fecal Indicators 

(enterococci or 

coliphage) 

TT  TT N/A Human and 

animal fecal 

waste 

Fecal indicators are microbes 

whose presence indicates that 

the water may be 

contaminated with human or 

animal wastes. Microbes in 

these wastes can cause short-

term health effects, such as 

diarrhea, cramps, nausea, 

headaches, or other 

symptoms. They may pose a 

special health risk for infants, 

young children, some of the 

elderly, and people with 

severely compromised 

immune systems. 
TT = Treatment Technique 

 

§141.202. Tier 1 Public Notice – Form, manner, and frequency of notice. 

(a)… 

Table 1 to §141.202—Violation Categories and Other Situations Requiring a Tier 1 Public 

Notice 

 
(8) Detection of E. coli , enterococci, or coliphage in source water samples as specified in §141.402(a) and 

§141.402(b) 

 

 

§141.202. Tier 2 Public Notice – Form, manner, and frequency of notice. 

(a)… 

Table 1 to §141.203—Violation Categories and Other Situations Requiring a Tier 2 Public Notice 

 
(4) Failure to take corrective action or failure to maintain at least 4-log treatment of viruses (using 

inactivation, removal, or a State-approved combination of 4-log virus inactivation and removal) before or at 

the first customer under §141.403(a). 
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Appendix A to Subpart Q of Part 141 – NPDWR Violations and Other Situations Requiring 

Public Notice.
1 

 
Contaminant MCL/MRDL/TT violations

2
 Monitoring and testing procedure violations 

 Tier of public 

notice required 

Citation Tier of public 

notice required 

Citation 

I. Violations of National Primary Drinking Water Regulations (NPDWR):
3 

A. Microbiological Contaminants 

11. Ground Water Rule 

violations 

2 141.404 3 141.402(h) 

141.403(d) 
1. Violations and other situations not listed in this table (e.g., failure to prepare Consumer Confidence Reports), do not require 

notice, unless otherwise determined by the primary agency. Primacy agencies may, at their option, also require a more stringent 

public notice tier (e.g., Tier 1 instead of Tier 2 or Tier 2 instead of Tier 3) for specific violations and situations listed in this 

Appendix, as authorized under §141.202(a) and §141.203(a). 

2. MCL—Maximum contaminant level, MRDL—Maximum residual disinfectant level, TT—Treatment technique 

3. The term Violations of National Primary Drinking Water Regulations (NPDWR) is used here to include violations of MCL, 

MRDL, treatment technique, monitoring, and testing procedure requirements. 
 

Appendix B to Subpart Q of Part 141 – Standard Health Effects Language for Public 

Notification.
1 

 
Contaminant MCL/MRDL/TT violations

2
 Monitoring and testing procedure violations 

 Tier of public 

notice required 

Citation Tier of public 

notice required 

Citation 

IV. Other Situations Requiring Public Notification 

F. Source Water Sample 

Positive for GWR Fecal 

Indicators: E. coli, 

enterococci, or coliphage 

1 141.402(g) N/A N/A 

1. Violations and other situations not listed in this table (e.g., failure to prepare Consumer Confidence Reports), do not require 

notice, unless otherwise determined by the primary agency. Primacy agencies may, at their option, also require a more stringent 

public notice tier (e.g., Tier 1 instead of Tier 2 or Tier 2 instead of Tier 3) for specific violations and situations listed in this 

Appendix, as authorized under §141.202(a) and §141.203(a). 

2. MCL—Maximum contaminant level, MRDL—Maximum residual disinfectant level, TT—Treatment technique 

3. The term Violations of National Primary Drinking Water Regulations (NPDWR) is used here to include violations of MCL, 

MRDL, treatment technique, monitoring, and testing procedure requirements. 
 



NOTE:  This publication is meant to be an aid to the staff of the CDPH Drinking Water Program and 

cannot be relied upon by the regulated community as the State of California‘s representation of the law.  

The published codes are the only official representation of the law. Refer to the published codes—in this 

case, 17 CCR and 22 CCR—whenever specific citations are required.  Statutes related to CDPH‘s drinking 

water-related activities are in the Health & Safety Code, the Water Code, and other codes. 

 

 

Last updated July 1, 2013—from Titles 17 and 22 California Code of Regulations 

California Regulations Related to Drinking Water 

286 

Ground Water Rule 

§141.400. General requirements and applicability. 

(a) Scope of this subpart. The requirements of this subpart S constitute National Primary 

Drinking Water Regulations. 

 

(b) Applicability. This subpart applies to all public water systems that use ground water 

except that it does not apply to public water systems that combine all of their ground water with 

surface water or with ground water under the direct influence of surface water prior to treatment 

under subpart H. For the purposes of this subpart, ―ground water system‖ is defined as any public 

water system meeting this applicability statement, including consecutive systems receiving 

finished ground water. 

 

(c) General requirements. Systems subject to this subpart must comply with the following 

requirements: 

(1) Sanitary survey information requirements for all ground water systems as described in 

§141.401. 

(2) Microbial source water monitoring requirements for ground water systems that do not 

treat all of their ground water to at least 99.99 percent (4-log) treatment of viruses (using 

inactivation, removal, or a State-approved combination of 4-log virus inactivation and removal) 

before or at the first customer as described in §141.402. 

(3) Treatment technique requirements, described in §141.403, that apply to ground water 

systems that have fecally contaminated source waters, as determined by source water monitoring 

conducted under §141.402, or that have significant deficiencies that are identified by the State or 

that are identified by EPA under SDWA section 1445. A ground water system with fecally 

contaminated source water or with significant deficiencies subject to the treatment technique 

requirements of this subpart must implement one or more of the following corrective action 

options: correct all significant deficiencies; provide an alternate source of water; eliminate the 

source of contamination; or provide treatment that reliably achieves at least 4-log treatment of 

viruses (using inactivation, removal, or a State-approved combination of 4-log virus inactivation 

and removal) before or at the first customer. 

(4) Ground water systems that provide at least 4-log treatment of viruses (using 

inactivation, removal, or a State-approved combination of 4-log virus inactivation and removal) 

before or at the first customer are required to conduct compliance monitoring to demonstrate 

treatment effectiveness, as described in §141.403(b). 

(5) If requested by the State, ground water systems must provide the State with any 

existing information that will enable the State to perform a hydrogeologic sensitivity assessment. 

For the purposes of this subpart, ―hydrogeologic sensitivity assessment‖ is a determination of 

whether ground water systems obtain water from hydrogeologically sensitive settings. 

 

(d) Compliance date. Ground water systems must comply, unless otherwise noted, with the 

requirements of this subpart beginning December 1, 2009. 
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§141.401. Sanitary surveys for ground water systems. 

(a) Ground water systems must provide the State, at the State's request, any existing 

information that will enable the State to conduct a sanitary survey. 

 

(b) For the purposes of this subpart, a ―sanitary survey,‖ as conducted by the State, includes 

but is not limited to, an onsite review of the water source(s) (identifying sources of contamination 

by using results of source water assessments or other relevant information where available), 

facilities, equipment, operation, maintenance, and monitoring compliance of a public water 

system to evaluate the adequacy of the system, its sources and operations and the distribution of 

safe drinking water. 

 

(c) The sanitary survey must include an evaluation of the applicable components listed in 

paragraphs (c)(1) through (8) of this section: 

(1) Source, 

(2) Treatment, 

(3) Distribution system, 

(4) Finished water storage, 

(5) Pumps, pump facilities, and controls, 

(6) Monitoring, reporting, and data verification, 

(7) System management and operation, and 

(8) Operator compliance with State requirements. 

 

§141.402. Ground water source microbial monitoring and analytical methods. 

(a) Triggered source water monitoring — 

(1) General requirements. A ground water system must conduct triggered source water 

monitoring if the conditions identified in paragraphs (a)(1)(i) and (a)(1)(ii) of this section exist. 

(i) The system does not provide at least 4-log treatment of viruses (using inactivation, 

removal, or a State-approved combination of 4-log virus inactivation and removal) before or at 

the first customer for each ground water source; and 

(ii) The system is notified that a sample collected under 22 California Code of 

Regulations sections 64422 and 64423 is total coliform-positive and the sample is not invalidated 

under 22 California Code of Regulations section 64425. 

(2) Sampling requirements. A ground water system must collect, within 24 hours of 

notification of the total coliform-positive sample, at least one ground water source sample from 

each ground water source in use at the time the total coliform-positive sample was collected 

under 22 California Code of Regulations sections 64422 and 64423, except as provided in 

paragraph (a)(2)(ii) of this section. 

(i) The State may extend the 24-hour time limit on a case-by-case basis if the system 

cannot collect the ground water source water sample within 24 hours due to circumstances 

beyond its control. In the case of an extension, the State must specify how much time the system 

has to collect the sample. 

(ii) If approved by the State, systems with more than one ground water source may 

meet the requirements of this paragraph (a)(2) by sampling a representative ground water source 

or sources. If directed by the State, systems must submit for State approval a triggered source 

water monitoring plan that identifies one or more ground water sources that are representative of 

each monitoring site in the system's sample siting plan under 22 California Code of Regulations 
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sections 64422 and 64423 and that the system intends to use for representative sampling under 

this paragraph. 

(iii) A ground water system serving 1,000 people or fewer may use a repeat sample 

collected from a ground water source to meet both the requirements of 22 California Code of 

Regulations section 64424 and to satisfy the monitoring requirements of paragraph (a)(2) of this 

section for that ground water source only if the State approves the use of E. coli as a fecal 

indicator for source water monitoring under this paragraph (a). If the repeat sample collected 

from the ground water source is E.coli positive, the system must comply with paragraph (a)(3) of 

this section. 

(3) Additional requirements. If the State does not require corrective action under 

§141.403(a)(2) for a fecal indicator-positive source water sample collected under paragraph (a)(2) 

of this section that is not invalidated under paragraph (d) of this section, the system must collect 

five additional source water samples from the same source within 24 hours of being notified of 

the fecal indicator-positive sample. 

(4) Consecutive and wholesale systems — 

(i) In addition to the other requirements of this paragraph (a), a consecutive ground 

water system that has a total coliform-positive sample collected under 22 California Code of 

Regulations sections 64422 and 64423 must notify the wholesale system(s) within 24 hours of 

being notified of the total coliform-positive sample. 

(ii) In addition to the other requirements of this paragraph (a), a wholesale ground 

water system must comply with paragraphs (a)(4)(ii)(A) and (a)(4)(ii)(B) of this section. 

(A) A wholesale ground water system that receives notice from a consecutive 

system it serves that a sample collected under 22 California Code of Regulations sections 64422 

and 64423 is total coliform-positive must, within 24 hours of being notified, collect a sample 

from its ground water source(s) under paragraph (a)(2) of this section and analyze it for a fecal 

indicator under paragraph (c) of this section. 

(B) If the sample collected under paragraph (a)(4)(ii)(A) of this section is fecal 

indicator-positive, the wholesale ground water system must notify all consecutive systems served 

by that ground water source of the fecal indicator source water positive within 24 hours of being 

notified of the ground water source sample monitoring result and must meet the requirements of 

paragraph (a)(3) of this section. 

(5) Exceptions to the triggered source water monitoring requirements. A ground water 

system is not required to comply with the source water monitoring requirements of paragraph (a) 

of this section if either of the following conditions exists: 

(i) The State determines, and documents in writing, that the total coliform-positive 

sample collected under 22 California Code of Regulations sections 64422 and 64423 is caused by 

a distribution system deficiency; or 

(ii) The total coliform-positive sample collected under 22 California Code of 

Regulations sections 64422 and 64423 is collected at a location that meets State criteria for 

distribution system conditions that will cause total coliform-positive samples. 
 

(b) Assessment source water monitoring. If directed by the State, ground water systems must 

conduct assessment source water monitoring that meets State-determined requirements for such 

monitoring. A ground water system conducting assessment source water monitoring may use a 

triggered source water sample collected under paragraph (a)(2) of this section to meet the 

requirements of paragraph (b) of this section. State-determined assessment source water 

monitoring requirements may include: 
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(1) Collection of a total of 12 ground water source samples that represent each month the 

system provides ground water to the public, 

(2) Collection of samples from each well unless the system obtains written State approval 

to conduct monitoring at one or more wells within the ground water system that are representative 

of multiple wells used by that system and that draw water from the same hydrogeologic setting, 

(3) Collection of a standard sample volume of at least 100 mL for fecal indicator analysis 

regardless of the fecal indicator or analytical method used, 

(4) Analysis of all ground water source samples using one of the analytical methods listed 

in the in paragraph (c)(2) of this section for the presence of E. coli , enterococci, or coliphage, 

(5) Collection of ground water source samples at a location prior to any treatment of the 

ground water source unless the State approves a sampling location after treatment, and 

(6) Collection of ground water source samples at the well itself unless the system's 

configuration does not allow for sampling at the well itself and the State approves an alternate 

sampling location that is representative of the water quality of that well. 

 

(c) Analytical methods.  

(1) A ground water system subject to the source water monitoring requirements of 

paragraph (a) of this section must collect a standard sample volume of at least 100 mL for fecal 

indicator analysis regardless of the fecal indicator or analytical method used. 

(2) A ground water system must analyze all ground water source samples collected under 

paragraph (a) of this section using one of the analytical methods listed in the following table in 

paragraph (c)(2) of this section or one of the alternative methods listed in appendix A to subpart 

C of this part for the presence of E. coli , enterococci, or coliphage: 
 

Analytical Methods for Source Water Monitoring 

Fecal indicator
1
 Methodology Method citation 

E. coli  Colilert
3
 9223 B.

2
 

   Colisure
3
 9223 B.

2
 

   Membrane Filter Method with MI Agar EPA Method 1604.
4
 

   m-ColiBlue24 Test
5
  

   E*Colite Test
6
  

   EC–MUG
7
 9221 F.

2
 

   NA–MUG
7
 9222 G.

2
 

Enterococci Multiple-Tube Technique 9230B.
2
 

   Membrane Filter Technique 9230C.
2
 

   Membrane Filter Technique EPA Method 1600.
8
 

   Enterolert
9
  

Coliphage Two-Step Enrichment Presence-Absence Procedure EPA Method 1601.
10

 

   Single Agar Layer Procedure EPA Method 1602.
11

 
Analyses must be conducted in accordance with the documents listed below. The Director of the Federal Register approves the 

incorporation by reference of the documents listed in footnotes 2–11 in accordance with 5 U.S.C. 552(a) and 1 CFR part 51. Copies of 

the documents may be obtained from the sources listed below. Copies may be inspected at EPA's Drinking Water Docket, EPA West, 
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1301 Constitution Avenue, NW., EPA West, Room B102, Washington DC 20460 (Telephone: 202–566–2426); or at the National 

Archives and Records Administration (NARA). For information on the availability of this material at NARA, call 202–741–6030, or 

go to: http://www.archives.gov/federal_register/code_of_federal_regulations/ibr_locations.html.  
1The time from sample collection to initiation of analysis may not exceed 30 hours. The ground water system is encouraged but is 

not required to hold samples below 10 °C during transit. 
2Methods are described in Standard Methods for the Examination of Water and Wastewater 20th edition (1998) and copies may be 

obtained from the American Public Health Association, 1015 Fifteenth Street, NW., Washington, DC 20005–2605. 
3Medium is available through IDEXX Laboratories, Inc., One IDEXX Drive, Westbrook, Maine 04092. 
4EPA Method 1604: Total Coliforms and Escherichia coli in Water by Membrane Filtration Using a Simultaneous Detection 

Technique (MI Medium); September 2002, EPA 821–R–02–024. Method is available at 

http://www.epa.gov/nerlcwww/1604sp02.pdf or from EPA's Water Resource Center (RC–4100T), 1200 Pennsylvania Avenue, NW., 

Washington, DC 20460. 
5A description of the m-ColiBlue24 Test, ―Total Coliforms and E. coli Membrane Filtration Method with m-ColiBlue24®Broth,‖ 

Method No. 10029 Revision 2, August 17, 1999, is available from Hach Company, 100 Dayton Ave., Ames, IA 50010 or from 

EPA's Water Resource Center (RC–4100T), 1200 Pennsylvania Avenue, NW., Washington, DC 20460. 
6A description of the E*Colite Test, ―Charm E*Colite Presence/Absence Test for Detection and Identification of Coliform Bacteria 

and Escherichia coli in Drinking Water, January 9, 1998, is available from Charm Sciences, Inc., 659 Andover St., Lawrence, MA 

01843–1032 or from EPA's Water Resource Center (RC–4100T), 1200 Pennsylvania Avenue, NW., Washington, DC 20460. 
7EC–MUG (Method 9221F) or NA–MUG (Method 9222G) can be used for E. coli testing step as described in §141.21(f)(6)(i) or 

(ii) after use of Standard Methods 9221 B, 9221 D, 9222 B, or 9222 C. 
8EPA Method 1600: Enterococci in Water by Membrane Filtration Using membrane-Enterococcus Indoxyl–β–D–Glucoside Agar 

(mEI) EPA 821–R–02–022 (September 2002) is an approved variation of Standard Method 9230C. The method is available at 

http://www.epa.gov/nerlcwww/1600sp02.pdf or from EPA's Water Resource Center (RC–4100T), 1200 Pennsylvania Avenue, NW., 

Washington, DC 20460. The holding time and temperature for ground water samples are specified in footnote 1 above, rather than as 

specified in Section 8 of EPA Method 1600. 
9Medium is available through IDEXX Laboratories, Inc., One IDEXX Drive, Westbrook, Maine 04092. Preparation and use of the 

medium is set forth in the article ―Evaluation of Enterolert for Enumeration of Enterococci in Recreational Waters,‖ by Budnick, 

G.E., Howard, R.T., and Mayo, D.R., 1996, Applied and Environmental Microbiology, 62:3881–3884. 
10EPA Method 1601: Male-specific (F+) and Somatic Coliphage in Water by Two-step Enrichment Procedure; April 2001, EPA 

821–R–01–030. Method is available at http://www.epa.gov/nerlcwww/1601ap01.pdf or from EPA's Water Resource Center (RC–

4100T), 1200 Pennsylvania Avenue, NW., Washington, DC 20460. 
11EPA Method 1602: Male-specific (F+) and Somatic Coliphage in Water by Single Agar Layer (SAL) Procedure; April 2001, 

EPA 821–R–01–029. Method is available at http://www.epa.gov/nerlcwww/1602ap01.pdf or from EPA's Water Resource Center 

(RC–4100T), 1200 Pennsylvania Avenue, NW., Washington, DC 20460. 

 

(d) Invalidation of a fecal indicator-positive ground water source sample .  

(1) A ground water system may obtain State invalidation of a fecal indicator-positive 

ground water source sample collected under paragraph (a) of this section only under the 

conditions specified in paragraphs (d)(1)(i) and (ii) of this section. 

(i) The system provides the State with written notice from the laboratory that 

improper sample analysis occurred; or 

(ii) The State determines and documents in writing that there is substantial evidence 

that a fecal indicator-positive ground water source sample is not related to source water quality. 

(2) If the State invalidates a fecal indicator-positive ground water source sample, the 

ground water system must collect another source water sample under paragraph (a) of this section 

within 24 hours of being notified by the State of its invalidation decision and have it analyzed for 

the same fecal indicator using the analytical methods in paragraph (c) of this section. The State 

may extend the 24-hour time limit on a case-by-case basis if the system cannot collect the source 

water sample within 24 hours due to circumstances beyond its control. In the case of an 

extension, the State must specify how much time the system has to collect the sample. 

 

(e) Sampling location.  

(1) Any ground water source sample required under paragraph (a) of this section must be 

collected at a location prior to any treatment of the ground water source unless the State approves 

a sampling location after treatment. 
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(2) If the system's configuration does not allow for sampling at the well itself, the system 

may collect a sample at a State-approved location to meet the requirements of paragraph (a) of 

this section if the sample is representative of the water quality of that well. 

 

(f) New sources. If directed by the State, a ground water system that places a new ground 

water source into service after November 30, 2009, must conduct assessment source water 

monitoring under paragraph (b) of this section. If directed by the State, the system must begin 

monitoring before the ground water source is used to provide water to the public. 

 

(g) Public notification. A ground water system with a ground water source sample collected 

under paragraph (a) or (b) of this section that is fecal indicator-positive and that is not invalidated 

under paragraph (d) of this section, including consecutive systems served by the ground water 

source, must conduct public notification under §141.202. 

 

(h) Monitoring violations. Failure to meet the requirements of paragraphs (a)–(f) of this 

section is a monitoring violation and requires the ground water system to provide public 

notification under §141.204. 

 

§141.403. Treatment technique requirements for ground water systems. 

(a) Ground water systems with significant deficiencies or source water fecal contamination.  

(1) The treatment technique requirements of this section must be met by ground water 

systems when a significant deficiency is identified or when a ground water source sample 

collected under §141.402(a)(3) is fecal indicator-positive. 

(2) If directed by the State, a ground water system with a ground water source sample 

collected under §141.402(a)(2), §141.402(a)(4), or §141.402(b) that is fecal indicator-positive 

must comply with the treatment technique requirements of this section. 

(3) When a significant deficiency is identified at a Subpart H public water system that 

uses both ground water and surface water or ground water under the direct influence of surface 

water, the system must comply with provisions of this paragraph except in cases where the State 

determines that the significant deficiency is in a portion of the distribution system that is served 

solely by surface water or ground water under the direct influence of surface water. 

(4) Unless the State directs the ground water system to implement a specific corrective 

action, the ground water system must consult with the State regarding the appropriate corrective 

action within 30 days of receiving written notice from the State of a significant deficiency, 

written notice from a laboratory that a ground water source sample collected under 

§141.402(a)(3) was found to be fecal indicator-positive, or direction from the State that a fecal 

indicator positive collected under §141.402(a)(2), §141.402(a)(4), or §141.402(b) requires 

corrective action. For the purposes of this subpart, significant deficiencies include, but are not 

limited to, defects in design, operation, or maintenance, or a failure or malfunction of the sources, 

treatment, storage, or distribution system that the State determines to be causing, or have potential 

for causing, the introduction of contamination into the water delivered to consumers. 

(5) Within 120 days (or earlier if directed by the State) of receiving written notification 

from the State of a significant deficiency, written notice from a laboratory that a ground water 

source sample collected under §141.402(a)(3) was found to be fecal indicator-positive, or 

direction from the State that a fecal indicator-positive sample collected under §141.402(a)(2), 

§141.402(a)(4), or §141.402(b) requires corrective action, the ground water system must either: 
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(i) Have completed corrective action in accordance with applicable State plan review 

processes or other State guidance or direction, if any, including State-specified interim measures; 

or 

(ii) Be in compliance with a State-approved corrective action plan and schedule 

subject to the conditions specified in paragraphs (a)(5)(ii)(A) and (a)(5)(ii)(B) of this section. 

(A) Any subsequent modifications to a State-approved corrective action plan and 

schedule must also be approved by the State. 

(B) If the State specifies interim measures for protection of the public health 

pending State approval of the corrective action plan and schedule or pending completion of the 

corrective action plan, the system must comply with these interim measures as well as with any 

schedule specified by the State. 

(6) Corrective action alternatives. Ground water systems that meet the conditions of 

paragraph (a)(1) or (a)(2) of this section must implement one or more of the following corrective 

action alternatives: 

(i) Correct all significant deficiencies; 

(ii) Provide an alternate source of water; 

(iii) Eliminate the source of contamination; or 

(iv) Provide treatment that reliably achieves at least 4-log treatment of viruses (using 

inactivation, removal, or a State-approved combination of 4-log virus inactivation and removal) 

before or at the first customer for the ground water source. 

(7) Special notice to the public of significant deficiencies or source water fecal 

contamination.  

(i) In addition to the applicable public notification requirements of §141.202, a 

community ground water system that receives notice from the State of a significant deficiency or 

notification of a fecal indicator-positive ground water source sample that is not invalidated by the 

State under §141.402(d) must inform the public served by the water system under §141.153(h)(6) 

of the fecal indicator-positive source sample or of any significant deficiency that has not been 

corrected. The system must continue to inform the public annually until the significant deficiency 

is corrected or the fecal contamination in the ground water source is determined by the State to be 

corrected under paragraph (a)(5) of this section. 

(ii) In addition to the applicable public notification requirements of §141.202, a non-

community ground water system that receives notice from the State of a significant deficiency 

must inform the public served by the water system in a manner approved by the State of any 

significant deficiency that has not been corrected within 12 months of being notified by the State, 

or earlier if directed by the State. The system must continue to inform the public annually until 

the significant deficiency is corrected. The information must include: 

(A) The nature of the significant deficiency and the date the significant 

deficiency was identified by the State; 

(B) The State-approved plan and schedule for correction of the significant 

deficiency, including interim measures, progress to date, and any interim measures completed; 

and 

(C) For systems with a large proportion of non-English speaking consumers, as 

determined by the State, information in the appropriate language(s) regarding the importance of 

the notice or a telephone number or address where consumers may contact the system to obtain a 

translated copy of the notice or assistance in the appropriate language. 

(iii) If directed by the State, a non-community water system with significant 

deficiencies that have been corrected must inform its customers of the significant deficiencies, 
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how the deficiencies were corrected, and the dates of correction under paragraph (a)(7)(ii) of this 

section. 

 

(b) Compliance monitoring — 

(1) Existing ground water sources. A ground water system that is not required to meet the 

source water monitoring requirements of this subpart for any ground water source because it 

provides at least 4-log treatment of viruses (using inactivation, removal, or a State-approved 

combination of 4-log virus inactivation and removal) before or at the first customer for any 

ground water source before December 1, 2009, must notify the State in writing that it provides at 

least 4-log treatment of viruses (using inactivation, removal, or a State-approved combination of 

4-log virus inactivation and removal) before or at the first customer for the specified ground 

water source and begin compliance monitoring in accordance with paragraph (b)(3) of this 

section by December 1, 2009. Notification to the State must include engineering, operational, or 

other information that the State requests to evaluate the submission. If the system subsequently 

discontinues 4-log treatment of viruses (using inactivation, removal, or a State-approved 

combination of 4-log virus inactivation and removal) before or at the first customer for a ground 

water source, the system must conduct ground water source monitoring as required under 

§141.402. 

(2) New ground water sources. A ground water system that places a ground water source 

in service after November 30, 2009, that is not required to meet the source water monitoring 

requirements of this subpart because the system provides at least 4-log treatment of viruses (using 

inactivation, removal, or a State-approved combination of 4-log virus inactivation and removal) 

before or at the first customer for the ground water source must comply with the requirements of 

paragraphs (b)(2)(i), (b)(2)(ii) and (b)(2)(iii) of this section. 

(i) The system must notify the State in writing that it provides at least 4-log treatment 

of viruses (using inactivation, removal, or a State-approved combination of 4-log virus 

inactivation and removal) before or at the first customer for the ground water source. Notification 

to the State must include engineering, operational, or other information that the State requests to 

evaluate the submission. 

(ii) The system must conduct compliance monitoring as required under 

§141.403(b)(3) of this subpart within 30 days of placing the source in service. 

(iii) The system must conduct ground water source monitoring under §141.402 if the 

system subsequently discontinues 4-log treatment of viruses (using inactivation, removal, or a 

State-approved combination of 4-log virus inactivation and removal) before or at the first 

customer for the ground water source. 

(3) Monitoring requirements. A ground water system subject to the requirements of 

paragraphs (a), (b)(1) or (b)(2) of this section must monitor the effectiveness and reliability of 

treatment for that ground water source before or at the first customer as follows: 

(i) Chemical disinfection — 

(A) Ground water systems serving greater than 3,300 people. A ground water 

system that serves greater than 3,300 people must continuously monitor the residual disinfectant 

concentration using analytical methods specified in §141.74(a)(2) at a location approved by the 

State and must record the lowest residual disinfectant concentration each day that water from the 

ground water source is served to the public. The ground water system must maintain the State-

determined residual disinfectant concentration every day the ground water system serves water 

from the ground water source to the public. If there is a failure in the continuous monitoring 

equipment, the ground water system must conduct grab sampling every four hours until the 
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continuous monitoring equipment is returned to service. The system must resume continuous 

residual disinfectant monitoring within 14 days. 

(B) Ground water systems serving 3,300 or fewer people. A ground water system 

that serves 3,300 or fewer people must monitor the residual disinfectant concentration using 

analytical methods specified in §141.74(a)(2) at a location approved by the State and record the 

residual disinfection concentration each day that water from the ground water source is served to 

the public. The ground water system must maintain the State-determined residual disinfectant 

concentration every day the ground water system serves water from the ground water source to 

the public. The ground water system must take a daily grab sample during the hour of peak flow 

or at another time specified by the State. If any daily grab sample measurement falls below the 

State-determined residual disinfectant concentration, the ground water system must take follow-

up samples every four hours until the residual disinfectant concentration is restored to the State-

determined level. Alternatively, a ground water system that serves 3,300 or fewer people may 

monitor continuously and meet the requirements of paragraph (b)(3)(i)(A) of this section. 

(ii) Membrane filtration. A ground water system that uses membrane filtration to 

meet the requirements of this subpart must monitor the membrane filtration process in accordance 

with all State-specified monitoring requirements and must operate the membrane filtration in 

accordance with all State-specified compliance requirements. A ground water system that uses 

membrane filtration is in compliance with the requirement to achieve at least 4-log removal of 

viruses when: 

(A) The membrane has an absolute molecular weight cut-off (MWCO), or an 

alternate parameter that describes the exclusion characteristics of the membrane, that can reliably 

achieve at least 4-log removal of viruses; 

(B) The membrane process is operated in accordance with State-specified 

compliance requirements; and 

(C) The integrity of the membrane is intact. 

(iii) Alternative treatment. A ground water system that uses a State-approved 

alternative treatment to meet the requirements of this subpart by providing at least 4-log treatment 

of viruses (using inactivation, removal, or a State-approved combination of 4-log virus 

inactivation and removal) before or at the first customer must: 

(A) Monitor the alternative treatment in accordance with all State-specified 

monitoring requirements; and 

(B) Operate the alternative treatment in accordance with all compliance 

requirements that the State determines to be necessary to achieve at least 4-log treatment of 

viruses. 

 

(c) Discontinuing treatment. A ground water system may discontinue 4-log treatment of 

viruses (using inactivation, removal, or a State-approved combination of 4-log virus inactivation 

and removal) before or at the first customer for a ground water source if the State determines and 

documents in writing that 4-log treatment of viruses is no longer necessary for that ground water 

source. A system that discontinues 4-log treatment of viruses is subject to the source water 

monitoring and analytical methods requirements of §141.402 of this subpart. 

 

(d) Failure to meet the monitoring requirements of paragraph (b) of this section is a 

monitoring violation and requires the ground water system to provide public notification under 

§141.204. 
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§141.404. Treatment technique violations for ground water systems. 

(a) A ground water system with a significant deficiency is in violation of the treatment 

technique requirement if, within 120 days (or earlier if directed by the State) of receiving written 

notice from the State of the significant deficiency, the system: 

(1) Does not complete corrective action in accordance with any applicable State plan 

review processes or other State guidance and direction, including State specified interim actions 

and measures, or 

(2) Is not in compliance with a State-approved corrective action plan and schedule. 

 

(b) Unless the State invalidates a fecal indicator-positive ground water source sample under 

§141.402(d), a ground water system is in violation of the treatment technique requirement if, 

within 120 days (or earlier if directed by the State) of meeting the conditions of §141.403(a)(1) or 

§141.403(a)(2), the system: 

(1) Does not complete corrective action in accordance with any applicable State plan 

review processes or other State guidance and direction, including State-specified interim 

measures, or 

(2) Is not in compliance with a State-approved corrective action plan and schedule. 

 

(c) A ground water system subject to the requirements of §141.403(b)(3) that fails to maintain 

at least 4-log treatment of viruses (using inactivation, removal, or a State-approved combination 

of 4-log virus inactivation and removal) before or at the first customer for a ground water source 

is in violation of the treatment technique requirement if the failure is not corrected within four 

hours of determining the system is not maintaining at least 4-log treatment of viruses before or at 

the first customer. 

 

(d) Ground water system must give public notification under §141.203 for the treatment 

technique violations specified in paragraphs (a), (b) and (c) of this section. 

 

§141.405. Reporting and recordkeeping for ground water systems. 

(a) Reporting. In addition to the requirements of §141.31, a ground water system regulated 

under this subpart must provide the following information to the State: 

(1) A ground water system conducting compliance monitoring under §141.403(b) must 

notify the State any time the system fails to meet any State-specified requirements including, but 

not limited to, minimum residual disinfectant concentration, membrane operating criteria or 

membrane integrity, and alternative treatment operating criteria, if operation in accordance with 

the criteria or requirements is not restored within four hours. The ground water system must 

notify the State as soon as possible, but in no case later than the end of the next business day. 

(2) After completing any corrective action under §141.403(a), a ground water system 

must notify the State within 30 days of completion of the corrective action. 

(3) If a ground water system subject to the requirements of §141.402(a) does not conduct 

source water monitoring under §141.402(a)(5)(ii), the system must provide documentation to the 

State within 30 days of the total coliform positive sample that it met the State criteria. 

 

(b) Recordkeeping. In addition to the requirements of §141.33, a ground water system 

regulated under this subpart must maintain the following information in its records: 

(1) Documentation of corrective actions. Documentation shall be kept for a period of not 

less than ten years. 
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(2) Documentation of notice to the public as required under §141.403(a)(7). 

Documentation shall be kept for a period of not less than three years. 

(3) Records of decisions under §141.402(a)(5)(ii) and records of invalidation of fecal 

indicator-positive ground water source samples under §141.402(d). Documentation shall be kept 

for a period of not less than five years. 

(4) For consecutive systems, documentation of notification to the wholesale system(s) of 

total-coliform positive samples that are not invalidated under 22 California Code of Regulations 

section 64425.  Documentation shall be kept for a period of not less than five years. 

(5) For systems, including wholesale systems, that are required to perform compliance 

monitoring under §141.403(b): 

(i) Records of the State-specified minimum disinfectant residual. Documentation 

shall be kept for a period of not less than ten years. 

(ii) Records of the lowest daily residual disinfectant concentration and records of the 

date and duration of any failure to maintain the State-prescribed minimum residual disinfectant 

concentration for a period of more than four hours. Documentation shall be kept for a period of 

not less than five years. 

(iii) Records of State-specified compliance requirements for membrane filtration and 

of parameters specified by the State for State-approved alternative treatment and records of the 

date and duration of any failure to meet the membrane operating, membrane integrity, or 

alternative treatment operating requirements for more than four hours. Documentation shall be 

kept for a period of not less than five years. 
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Addendum B:  CA Long Term 2 Enhanced Surface Water Treatment Rule – A 

reference to text adopted pursuant to Section 64650(f).  [CFR § 141.74 not shown.] 

 

§ 141.211. Special notice for repeated failure to conduct monitoring of the source 

water for Cryptosporidium and for failure to determine bin classification or mean 

Cryptosporidium level. 
(a) When is the special notice for repeated failure to monitor to be given? The owner or 

operator of a community or non-community water system that is required to monitor source water 

under § 141.701 must notify persons served by the water system that monitoring has not been 

completed as specified no later than 30 days after the system has failed to collect any 3 months of 

monitoring as specified in § 141.701(c). The notice must be repeated as specified in section 

64463.4(b)(2). 

 

(b) When is the special notice for failure to determine bin classification or mean 

Cryptosporidium level to be given? The owner or operator of a community or non-community 

water system that is required to determine a bin classification under § 141.710, or to determine 

mean Cryptosporidium level under § 141.712, must notify persons served by the water system 

that the determination has not been made as required no later than 30 days after the system has 

failed report the determination as specified in § 141.710(e) or § 141.712(a), respectively. The 

notice must be repeated as specified in section 64463.4(b)(2). The notice is not required if the 

system is complying with a State-approved schedule to address the violation. 

 

(c) What is the form and manner of the special notice? The form and manner of the public 

notice must follow the requirements for a Tier 2 public notice prescribed in section 64463.4(c). 

The public notice must be presented as required in section 64463.4(c). 

 

(d) What mandatory language must be contained in the special notice? The notice must 

contain the following language, including the language necessary to fill in the blanks. 

(1) The special notice for repeated failure to conduct monitoring must contain the 

following language: 

We are required to monitor the source of your drinking water for Cryptosporidium. Results of the 

monitoring are to be used to determine whether water treatment at the (treatment plant name) is 

sufficient to adequately remove Cryptosporidium from your drinking water. We are required to 

complete this monitoring and make this determination by (required bin determination date). We 

―did not monitor or test‖ or ―did not complete all monitoring or testing‖ on schedule and, 

therefore, we may not be able to determine by the required date what treatment modifications, if 

any, must be made to ensure adequate Cryptosporidium removal. Missing this deadline may, in 

turn, jeopardize our ability to have the required treatment modifications, if any, completed by the 

deadline required, (date). 

For more information, please call (name of water system contact) of (name of water system) at 

(phone number). 

(2) The special notice for failure to determine bin classification or mean Cryptosporidium 

level must contain the following language: 

We are required to monitor the source of your drinking water for Cryptosporidium in order to 

determine by (date) whether water treatment at the (treatment plant name) is sufficient to 

adequately remove Cryptosporidium from your drinking water. We have not made this 

determination by the required date. Our failure to do this may jeopardize our ability to have the 

required treatment modifications, if any, completed by the required deadline of (date). For more 
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information, please call (name of water system contact) of (name of water system) at (phone 

number). 

(3) Each special notice must also include a description of what the system is doing to 

correct the violation and when the system expects to return to compliance or resolve the situation. 

 

Appendix A to Subpart Q of Part 141—NPDWR Violations and Other Situations 

Requiring Public Notice 
1
  

Contaminant 

MCL/MRDL/TT violations 
2
 

Monitoring & testing 
procedure violations 

Tier of 
public 
notice 

required Citation 

Tier of 
public 
notice 

required Citation 

I. Violations of National Primary Drinking 
Water Regulations (NPDWR): 

3
 

    

A. Microbiological Contaminants     

1.a Total coliform bacteria † 2 141.63(a) 3 141.21(a)-(e) 

1.b Total coliform (Monitoring or 
TT violations resulting from 
failure to perform assessments 
or corrective actions) ‡ 

2 141.860(b) 3 141.860(c) 

1.c Seasonal system failure to 
follow State-approved start-up 
plan prior to serving water to 
the public. ‡ 

2 141.860(b)(2)   

2.a Fecal coliform/E. coli† 1 141.63(b) 
4
 1,3 141.21(e) 

2.bE. coli‡ 1 141.860 (a) 3 141.860(c) 
141.860(d)(2) 

2.cE.coli(TT violations resulting 
from failure to perform level 2 
Assessments or corrective 
action) ‡ 

2 141.860(b)   

3. Turbidity MCL 2 141.13(a) 3 141.22 

4. Turbidity MCL (average of 2 
days' samples >5 NTU) 

5
 2, 1 141.13(b) 3 141.22 

5. Turbidity (for TT violations 
resulting from a single 
exceedance of maximum 
allowable turbidity level) 

6
 2, 1 141.71(a)(2), 

141.71(c)(2)(i), 
141.73(a)(2), 

141.73 (b)(2), 
141.73 (c)(2), 

141.73(d), 
141.173(a)(2), 

141.173(b), 
141.551(b) 

3 141.74(a)(1), 
141.74(b)(2), 
141.74(c)(1), 

141.174, 
141.560(a)-(c), 

141.561. 
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6. Surface Water Treatment 
Rule violations, other than 
violations resulting from single 
exceedance of max. allowable 
turbidity level (TT) 

2 141.70-141.73 3 141.74 

7. Interim Enhanced Surface 
Water Treatment Rule 
violations, other than violations 
resulting from single 
exceedance of max. turbidity 
level (TT) 

7
 2 141.170-141.173, 

141.500-141.553 
3 141.172, 

141.174, 
141.530-
141.544, 
141.560-
141.564. 

8. Filter Backwash Recycling 
Rule violations 

2 141.76(c) 3 141.76(b), (d) 

9. Long Term 1 Enhanced 
Surface Water Treatment Rule 
violations 

2 141.500-141.553 3 141.530-
141.544, 
141.560-
141.564. 

10. LT2ESWTR violations 2 141.710-141.720 
22

 2, 3 141.701-
141.705 and 

141.708-
141.709. 

11. Ground Water Rule 
violations 

2 141.404 3 141.402(h), 
141.403(d). 

B. Inorganic Chemicals (IOCs)     

1. Antimony 2 141.62(b) 3 141.23(a), (c) 

2. Arsenic 2 
8
 141.62(b) 3 

11
 141.23(a), 

(c) 

3. Asbestos (fibers >10 µm) 2 141.62(b) 3 141.23(a)-(b) 

4. Barium 2 141.62(b) 3 141.23(a), (c) 

5. Beryllium 2 141.62(b) 3 141.23(a), (c) 

6. Cadmium 2 141.62(b) 3 141.23(a), (c) 

7. Chromium (total) 2 141.62(b) 3 141.23(a), (c) 

8. Cyanide 2 141.62(b) 3 141.23(a), (c) 

9. Fluoride 2 141.62(b) 3 141.23(a), (c) 

10. Mercury (inorganic) 2 141.62(b) 3 141.23(a), (c) 

11. Nitrate 1 141.62(b) 
12

 1, 3 141.23(a), (d), 
141.23(f)(2) 

12. Nitrite 1 141.62(b) 
12

 1, 3 141.23(a), (e), 
141.23(f)(2) 

13. Total Nitrate and Nitrite 1 141.62(b) 3 141.23(a) 
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14. Selenium 2 141.62(b) 3 141.23(a), (c) 

15. Thallium 2 141.62(b) 3 141.23(a), (c) 

C. Lead and Copper Rule (Action Level for 
lead is 0.015 mg/L, for copper is 1.3 mg/L) 

    

1. Lead and Copper Rule (TT) 2 141.80-141.85 3 141.86-141.89 

D. Synthetic Organic Chemicals (SOCs)     

1. 2,4-D 2 141.61(c) 3 141.24(h) 

2. 2,4,5-TP (Silvex) 2 141.61(c) 3 141.24(h) 

3. Alachlor 2 141.61(c) 3 141.24(h) 

4. Atrazine 2 141.61(c) 3 141.24(h) 

5. Benzo(a)pyrene (PAHs) 2 141.61(c) 3 141.24(h) 

6. Carbofuran 2 141.61(c) 3 141.24(h) 

7. Chlordane 2 141.61(c) 3 141.24(h) 

8. Dalapon 2 141.61(c) 3 141.24(h) 

9. Di (2-ethylhexyl) adipate 2 141.61(c) 3 141.24(h) 

10. Di (2-ethylhexyl) phthalate 2 141.61(c) 3 141.24(h) 

11. Dibromochloropropane 2 141.61(c) 3 141.24(h) 

12. Dinoseb 2 141.61(c) 3 141.24(h) 

13. Dioxin (2,3,7,8-TCDD) 2 141.61(c) 3 141.24(h) 

14. Diquat 2 141.61(c) 3 141.24(h) 

15. Endothall 2 141.61(c) 3 141.24(h) 

16. Endrin 2 141.61(c) 3 141.24(h) 

17. Ethylene dibromide 2 141.61(c) 3 141.24(h) 

18. Glyphosate 2 141.61(c) 3 141.24(h) 

19. Heptachlor 2 141.61(c) 3 141.24(h) 

20. Heptachlor epoxide 2 141.61(c) 3 141.24(h) 

21. Hexachlorobenzene 2 141.61(c) 3 141.24(h) 

22. Hexachlorocyclo-
pentadiene 

2 141.61(c) 3 141.24(h) 

23. Lindane 2 141.61(c) 3 141.24(h) 

24. Methoxychlor 2 141.61(c) 3 141.24(h) 

25. Oxamyl (Vydate) 2 141.61(c) 3 141.24(h) 

26. Pentachlorophenol 2 141.61(c) 3 141.24(h) 
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27. Picloram 2 141.61(c) 3 141.24(h) 

28. Polychlorinated biphenyls 
(PCBs) 

2 141.61(c) 3 141.24(h) 

29. Simazine 2 141.61(c) 3 141.24(h) 

30. Toxaphene 2 141.61(c) 3 141.24(h) 

E. Volatile Organic Chemicals (VOCs)     

1. Benzene 2 141.61(a) 3 141.24(f) 

2. Carbon tetrachloride 2 141.61(a) 3 141.24(f) 

3. Chlorobenzene 
(monochlorobenzene) 

2 141.61(a) 3 141.24(f) 

4. o-Dichlorobenzene 2 141.61(a) 3 141.24(f) 

5. p-Dichlorobenzene 2 141.61(a) 3 141.24(f) 

6. 1,2-Dichloroethane 2 141.61(a) 3 141.24(f) 

7. 1,1-Dichloroethylene 2 141.61(a) 3 141.24(f) 

8. cis-1,2-Dichloroethylene 2 141.61(a) 3 141.24(f) 

9. trans-1,2-Dichloroethylene 2 141.61(a) 3 141.24(f) 

10. Dichloromethane 2 141.61(a) 3 141.24(f) 

11. 1,2-Dichloropropane 2 141.61(a) 3 141.24(f) 

12. Ethylbenzene 2 141.61(a) 3 141.24(f) 

13. Styrene 2 141.61(a) 3 141.24(f) 

14. Tetrachloroethylene 2 141.61(a) 3 141.24(f) 

15. Toluene 2 141.61(a) 3 141.24(f) 

16. 1,2,4-Trichlorobenzene 2 141.61(a) 3 141.24(f) 

17. 1,1,1-Trichloroethane 2 141.61(a) 3 141.24(f) 

18. 1,1,2-Trichloroethane 2 141.61(a) 3 141.24(f) 

19. Trichloroethylene 2 141.61(a) 3 141.24(f) 

20. Vinyl chloride 2 141.61(a) 3 141.24(f) 

21. Xylenes (total) 2 141.61(a) 3 141.24(f) 

F. Radioactive Contaminants     

1. Beta/photon emitters 2 141.66(d) 3 141.25(a) 
141.26(b) 

2. Alpha emitters 2 141.66(c) 3 141.25(a) 
141.26(a) 
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3. Combined radium (226 and 
228) 

2 141.66(b) 3 141.25(a) 
141.26(a) 

4. Uranium 
9
 2 141.66(e) 

10
 3 141.25(a) 

141.26(a) 

G. Disinfection Byproducts (DBPs), 
Byproduct Precursors, Disinfectant 
Residuals. Where disinfection is used in 
the treatment of drinking water, 
disinfectants combine with organic and 
inorganic matter present in water to form 
chemicals called disinfection byproducts 
(DBPs). EPA sets standards for controlling 
the levels of disinfectants and DBPs in 
drinking water, including trihalomethanes 
(THMs) and haloacetic acids (HAAs). 

13
 

    

1. Total trihalomethanes 
(TTHMs) 

2 
14

 141.64(b) 3 141.132(a)-(b), 
141.600-
141.605, 
141.620-
141.629 

2. Haloacetic Acids (HAA5) 2 141.64(b) 3 141.132(a)-(b), 
141.600-
141.605, 
141.620-
141.629 

3. Bromate 2 141.64(a) 3 141.132(a)-(b) 

4. Chlorite 2 141.64(a) 3 141.132(a)-(b) 

5. Chlorine (MRDL) 2 141.65(a) 3 141.132(a), (c) 

6. Chloramine (MRDL) 2 141.65(a) 3 141.132(a), (c) 

7. Chlorine dioxide (MRDL), 
where any 2 consecutive daily 
samples at entrance to 
distribution system only are 
above MRDL 

2 141.65(a), 
141.133(c)(3) 

2 
15

, 3 141.132(a), 
(c), 

141.133(c)(2) 

8. Chlorine dioxide (MRDL), 
where sample(s) in distribution 
system the next day are also 
above MRDL 

16
 1 141.65(a), 

141.133(c)(3) 
1 141.132(a), 

(c), 
141.133(c)(2) 

9. Control of DBP precursors—
TOC (TT) 

2 141.135(a)-(b) 3 141.132(a), (d) 

10. Bench marking and 
disinfection profiling 

N/A N/A 3 141.172 
141.530-
141.544. 

11. Development of monitoring N/A N/A 3 141.132(f) 
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plan 

H. Other Treatment Techniques     

1. Acrylamide (TT) 2 141.111 N/A N/A 

2. Epichlorohydrin (TT) 2 141.111 N/A N/A 

II. Unregulated Contaminant Monitoring: 
17

     

A. Unregulated contaminants N/A N/A 3 141.40 

B. Nickel N/A N/A 3 141.23(c), (k) 

III. Public Notification for Variances and 
Exemptions: 

    

A. Operation under a variance or 
exemption 

3 
18

 1415, 1416, N/A N/A 

B. Violation of conditions of a variance or 
exemption 

2 1415, 
1416,

19
 142.307 

N/A N/A 

IV. Other Situations Requiring Public 
Notification: 

    

A. Fluoride secondary maximum 
contaminant level (SMCL) exceedance 

3 143.3 N/A N/A 

B. Exceedance of nitrate MCL for non-
community systems, as allowed by 
primacy agency 

1 141.11(d) N/A N/A 

C. Availability of unregulated contaminant 
monitoring data 

3 141.40 N/A N/A 

D. Waterborne disease outbreak 1 141.2, 
141.71(c)(2)(ii) 

N/A N/A 

E. Other waterborne emergency 
20

 1 N/A N/A N/A 

F. Source Water Sample Positive for 
GWR Fecal indicators: E. coli, 
enterococci, or coliphage 

1 141.402(g) N/A N/A 

G. Other situations as determined by 
primacy agency 

21
 1, 2, 3 N/A N/A N/A 

APPENDIX A—ENDNOTES 
† Until March 31, 2016. 
‡ Beginning April 1, 2016. 
1. Violations and other situations not listed in this table (e.g., failure to prepare Consumer Confidence Reports), do 

not require notice, unless otherwise determined by the primacy agency. Primacy agencies may, at their option, also 
require a more stringent public notice tier (e.g., Tier 1 instead of Tier 2 or Tier 2 instead of Tier 3) for specific violations 
and situations listed in this Appendix, as authorized under sections 64463.1 and 64463.4. 

2. MCL—Maximum contaminant level, MRDL—Maximum residual disinfectant level, TT—Treatment technique 
3. The term Violations of National Primary Drinking Water Regulations (NPDWR) is used here to include violations 

of MCL, MRDL, treatment technique, monitoring, and testing procedure requirements. 
4. Failure to test for fecal coliform or E. coli is a Tier 1 violation if testing is not done after any repeat sample tests 

positive for coliform. All other total coliform monitoring and testing procedure violations are Tier 3. 
5. Systems that violate the turbidity MCL of 5 NTU based on an average of measurements over two consecutive 

days must consult with the primacy agency within 24 hours after learning of the violation. Based on this consultation, the 
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primacy agency may subsequently decide to elevate the violation to Tier 1. If a system is unable to make contact with the 
primacy agency in the 24-hour period, the violation is automatically elevated to Tier 1. 

6. Systems with treatment technique violations involving a single exceedance of a maximum turbidity limit under 
the Surface Water Treatment Rule (SWTR), the Interim Enhanced Surface Water Treatment Rule (IESWTR), or the Long 
Term 1 Enhanced Surface Water Treatment Rule (LT1ESWTR) are required to consult with the primacy agency within 24 
hours after learning of the violation. Based on this consultation, the primacy agency may subsequently decide to elevate 
the violation to Tier 1. If a system is unable to make contact with the primacy agency in the 24-hour period, the violation is 
automatically elevated to Tier 1. 

7. Most of the requirements of the Interim Enhanced Surface Water Treatment Rule (63 FR 69477) (§§ 141.170-
141.171, 141.173-141.174) become effective January 1, 2002 for Subpart H systems (surface water systems and ground 
water systems under the direct influence of surface water) serving at least 10,000 persons. However, § 141.172 has some 
requirements that become effective as early as April 16, 1999. The Surface Water Treatment Rule remains in effect for 
systems serving at least 10,000 persons even after 2002; the Interim Enhanced Surface Water Treatment Rule adds 
additional requirements and does not in many cases supercede the SWTR. 

8. The arsenic MCL citations are effective January 23, 2006. Until then, the citations are § 141.11(b) and 
§ 141.23(n). 

9. The uranium MCL Tier 2 violation citations are effective December 8, 2003 for all community water systems. 
10. The uranium Tier 3 violation citations are effective December 8, 2000 for all community water systems. 
11. The arsenic Tier 3 violation MCL citations are effective January 23, 2006. Until then, the citations are 

§ 141.23(a), (l). 
12. Failure to take a confirmation sample within 24 hours for nitrate or nitrite after an initial sample exceeds the 

MCL is a Tier 1 violation. Other monitoring violations for nitrate are Tier 3. 
13. Subpart H community and non-transient non-community systems serving ≥10,000 must comply with new DBP 

MCLs, disinfectant MRDLs, and related monitoring requirements beginning January 1, 2002. All other community and 
non-transient non-community systems must meet the MCLs and MRDLs beginning January 1, 2004. Subpart H transient 
non-community systems serving 10,000 or more persons and using chlorine dioxide as a disinfectant or oxidant must 
comply with the chlorine dioxide MRDL beginning January 1, 2002. Subpart H transient non-community systems serving 
fewer than 10,000 persons and using only ground water not under the direct influence of surface water and using chlorine 
dioxide as a disinfectant or oxidant must comply with the chlorine dioxide MRDL beginning January 1, 2004. 

14. §§ 141.64(b)(1) 141.132(a)-(b) apply until §§ 141.620-141.630 take effect under the schedule in § 141.620(c). 
15. Failure to monitor for chlorine dioxide at the entrance to the distribution system the day after exceeding the 

MRDL at the entrance to the distribution system is a Tier 2 violation. 
16. If any daily sample taken at the entrance to the distribution system exceeds the MRDL for chlorine dioxide and 

one or more samples taken in the distribution system the next day exceed the MRDL, Tier 1 notification is required. 
Failure to take the required samples in the distribution system after the MRDL is exceeded at the entry point also triggers 
Tier 1 notification. 

17. Some water systems must monitor for certain unregulated contaminants listed in § 141.40. 
18. This citation refers to §§ 1415 and 1416 of the Safe Drinking Water Act. §§ 1415 and 1416 require that “a 

schedule prescribed. . . for a public water system granted a variance [or exemption] shall require compliance by the 
system. . .” 

19. In addition to §§ 1415 and 1416 of the Safe Drinking Water Act, 40 CFR 142.307 specifies the items and 
schedule milestones that must be included in a variance for small systems. 

20. Other waterborne emergencies require a Tier 1 public notice under § 141.202(a) for situations that do not meet 
the definition of a waterborne disease outbreak given in 40 CFR 141.2 but that still have the potential to have serious 
adverse effects on health as a result of short-term exposure. These could include outbreaks not related to treatment 
deficiencies, as well as situations that have the potential to cause outbreaks, such as failures or significant interruption in 
water treatment processes, natural disasters that disrupt the water supply or distribution system, chemical spills, or 
unexpected loading of possible pathogens into the source water. 

21. Primacy agencies may place other situations in any tier they believe appropriate, based on threat to public 
health. 

22. Failure to collect three or more samples for Cryptosporidium analysis is a Tier 2 violation requiring special 
notice as specified in § 141.211. All other monitoring and testing procedure violations are Tier 3. 
[65 FR 26035, May 4, 2000, as amended at 65 FR 76750, Dec. 7, 2000; 66 FR 7065, Jan. 22, 2001; 66 FR 31104, June 
8, 2001; 67 FR 1836, Jan. 14, 2002; 69 FR 38856, June 29, 2004; 71 FR 483, Jan. 4, 2006; 71 FR 768, Jan. 5, 2006; 71 
FR 65652, Nov. 8, 2006; 78 FR 10350, Feb. 13, 2013] 

 

§ 141.700. General requirements. 
(a) The requirements of this subpart W are national primary drinking water regulations. The 

regulations in this subpart establish or extend treatment technique requirements in lieu of 

maximum contaminant levels for Cryptosporidium. These requirements are in addition to 

requirements for filtration and disinfection in Title 22, Division 4, Chapter 17, California Code of 

Regulations. 
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(b) Applicability. The requirements of this subpart apply to all Title 22, Division 4, Chapter 

17, California Code of Regulations systems, which are public water systems supplied by a surface 

water source and public water systems supplied by a ground water source under the direct 

influence of surface water. 

(1) Wholesale systems, as defined in section 64402.30, must comply with the 

requirements of this subpart based on the population of the largest system in the combined 

distribution system. 

(2) The requirements of this subpart for filtered systems apply to systems required by 

Title 22, Division 4, Chapter 17, California Code of Regulations to provide filtration treatment, 

whether or not the system is currently operating a filtration system. 

(3) The requirements of this subpart for unfiltered systems apply only to unfiltered 

systems that timely met and continue to meet the filtration avoidance criteria in Title 22, Division 

4, Chapter 17, California Code of Regulations, as applicable. 

 

(c) Requirements. Systems subject to this subpart must comply with the following 

requirements: 

(1) Systems must conduct an initial and a second round of source water monitoring for 

each plant that treats a surface water or GWUDI source. This monitoring may include sampling 

for Cryptosporidium, E. coli, and turbidity as described in §§ 141.701 through 141.706, to 

determine what level, if any, of additional Cryptosporidium treatment they must provide. 

(2) Systems that plan to make a significant change to their disinfection practice must 

develop disinfection profiles and calculate disinfection benchmarks, as described in §§ 141.708 

through 141.709. 

(3) Filtered systems must determine their Cryptosporidium treatment bin classification as 

described in § 141.710 and provide additional treatment for Cryptosporidium, if required, as 

described in § 141.711. All unfiltered systems must provide treatment for Cryptosporidium as 

described in § 141.712. Filtered and unfiltered systems must implement Cryptosporidium 

treatment according to the schedule in § 141.713. 

(4) Systems with uncovered finished water storage facilities must comply with the 

requirements to cover the facility or treat the discharge from the facility as described in § 

141.714. 

(5) Systems required to provide additional treatment for Cryptosporidium must 

implement microbial toolbox options that are designed and operated as described in §§ 141.715 

through 141.720. 

(6) Systems must comply with the applicable recordkeeping and reporting requirements 

described in §§ 141.721 through 141.722. 

(7) Systems must address significant deficiencies identified in sanitary surveys performed 

by EPA as described in § 141.723. 

 

§ 141.701. Source water monitoring. 
(a) Initial round of source water monitoring. Systems must conduct the following monitoring 

on the schedule in paragraph (c) of this section unless they meet the monitoring exemption 

criteria in paragraph (d) of this section. 

(1) Filtered systems serving at least 10,000 people must sample their source water for 

Cryptosporidium, E. coli, and turbidity at least monthly for 24 months. 

(2) Unfiltered systems serving at least 10,000 people must sample their source water for 

Cryptosporidium at least monthly for 24 months. 

(3) 
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(i) Filtered systems serving fewer than 10,000 people must sample their source water 

for E. coli at least once every two weeks for 12 months. 

(ii) A filtered system serving fewer than 10,000 people may avoid E. coli monitoring 

if the system notifies the State that it will monitor for Cryptosporidium as described in paragraph 

(a)(4) of this section. The system must notify the State no later than 3 months prior to the date the 

system is otherwise required to start E. coli monitoring under § 141.701(c). 

(4) Filtered systems serving fewer than 10,000 people must sample their source water for 

Cryptosporidium at least twice per month for 12 months or at least monthly for 24 months if they 

meet one of the following, based on monitoring conducted under paragraph (a)(3) of this section: 

(i) For systems using lake/reservoir sources, the annual mean E. coli concentration is 

greater than 10 E. coli /100 mL. 

(ii) For systems using flowing stream sources, the annual mean E. coli concentration 

is greater than 50 E. coli /100 mL. 

(iii) The system does not conduct E. coli monitoring as described in paragraph (a)(3) 

of this section. 

(iv) Systems using ground water under the direct influence of surface water 

(GWUDI) must comply with the requirements of paragraph (a)(4) of this section based on the E. 

coli level that applies to the nearest surface water body. If no surface water body is nearby, the 

system must comply based on the requirements that apply to systems using lake/reservoir sources. 

(5) For filtered systems serving fewer than 10,000 people, the State may approve 

monitoring for an indicator other than E. coli under paragraph (a)(3) of this section. The State 

also may approve an alternative to the E. coli concentration in paragraph (a)(4)(i), (ii) or (iv) of 

this section to trigger Cryptosporidium monitoring. This approval by the State must be provided 

to the system in writing and must include the basis for the State's determination that the 

alternative indicator and/or trigger level will provide a more accurate identification of whether a 

system will exceed the Bin 1 Cryptosporidium level in § 141.710. 

(6) Unfiltered systems serving fewer than 10,000 people must sample their source water 

for Cryptosporidium at least twice per month for 12 months or at least monthly for 24 months. 

(7) Systems may sample more frequently than required under this section if the sampling 

frequency is evenly spaced throughout the monitoring period. 

 

(b) Second round of source water monitoring. Systems must conduct a second round of 

source water monitoring that meets the requirements for monitoring parameters, frequency, and 

duration described in paragraph (a) of this section, unless they meet the monitoring exemption 

criteria in paragraph (d) of this section. Systems must conduct this monitoring on the schedule in 

paragraph (c) of this section. 

 

(c) Monitoring schedule. Systems must begin the monitoring required in paragraphs (a) and 

(b) of this section no later than the month beginning with the date listed in this table: 
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SOURCE WATER MONITORING STARTING DATES TABLE 

Systems that serve .  .  . 

Must begin the first round 
of source water monitoring 

no later than the month 
beginning .  .  . 

And must begin the second round 
of source water monitoring no 
later than the month beginning 

.  .  . 

(1) At least 100,000 people (i) October 1, 2006 (ii) April 1, 2015. 

(2) From 50,000 to 99,999 
people 

(i) April 1, 2007 (ii) October 1, 2015. 

(3) From 10,000 to 49,999 
people 

(i) April 1, 2008 (ii) October 1, 2016. 

(4) Fewer than 10,000 and 
monitor forE. coli 

a
 

(i) October 1, 2008 (ii) October 1, 2017. 

(5) Fewer than 10,000 and 
monitor forCryptosporidium 

b
 

(i) April 1, 2010 (ii) April 1, 2019. 

a
 Applies only to filtered systems. 

b
 Applies to filtered systems that meet the conditions of paragraph (a)(4) of this section and unfiltered systems. 

 

(d) Monitoring avoidance.  

(1) Filtered systems are not required to conduct source water monitoring under this 

subpart if the system will provide a total of at least 5.5-log of treatment for Cryptosporidium, 

equivalent to meeting the treatment requirements of Bin 4 in § 141.711. 

(2) Unfiltered systems are not required to conduct source water monitoring under this 

subpart if the system will provide a total of at least 3-log Cryptosporidium inactivation, 

equivalent to meeting the treatment requirements for unfiltered systems with a mean 

Cryptosporidium concentration of greater than 0.01 oocysts/L in § 141.712. 

(3) If a system chooses to provide the level of treatment in paragraph (d)(1) or (2) of this 

section, as applicable, rather than start source water monitoring, the system must notify the State 

in writing no later than the date the system is otherwise required to submit a sampling schedule 

for monitoring under § 141.702. Alternatively, a system may choose to stop sampling at any point 

after it has initiated monitoring if it notifies the State in writing that it will provide this level of 

treatment. Systems must install and operate technologies to provide this level of treatment by the 

applicable treatment compliance date in § 141.713. 

 

(e) Plants operating only part of the year. Systems with Title 22, Division 4, Chapter 17, 

California Code of Regulations plants that operate for only part of the year must conduct source 

water monitoring in accordance with this subpart, but with the following modifications: 

(1) Systems must sample their source water only during the months that the plant 

operates unless the State specifies another monitoring period based on plant operating practices. 

(2) Systems with plants that operate less than six months per year and that monitor for 

Cryptosporidium must collect at least six Cryptosporidium samples per year during each of two 

years of monitoring. Samples must be evenly spaced throughout the period the plant operates. 
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(f) 

(1) New sources. A system that begins using a new source of surface water or GWUDI 

after the system is required to begin monitoring under paragraph (c) of this section must monitor 

the new source on a schedule the State approves. Source water monitoring must meet the 

requirements of this subpart. The system must also meet the bin classification and 

Cryptosporidium treatment requirements of §§ 141.710 and 141.711 or § 141.712, as applicable, 

for the new source on a schedule the State approves. 

(2) The requirements of § 141.701(f) apply to Title 22, Division 4, Chapter 17, California 

Code of Regulations systems that begin operation after the monitoring start date applicable to the 

system's size under paragraph (c) of this section. 

(3) The system must begin a second round of source water monitoring no later than 6 

years following initial bin classification under § 141.710 or determination of the mean 

Cryptosporidium level under § 141.712, as applicable. 

 

(g) Failure to collect any source water sample required under this section in accordance with 

the sampling schedule, sampling location, analytical method, approved laboratory, and reporting 

requirements of §§ 141.702 through 141.706 is a monitoring violation. 

 

(h) Grandfathering monitoring data. Systems may use (grandfather) monitoring data 

collected prior to the applicable monitoring start date in paragraph (c) of this section to meet the 

initial source water monitoring requirements in paragraph (a) of this section. Grandfathered data 

may substitute for an equivalent number of months at the end of the monitoring period. All data 

submitted under this paragraph must meet the requirements in § 141.707. 

 

§ 141.702. Sampling schedules. 
(a) Systems required to conduct source water monitoring under § 141.701 must submit a 

sampling schedule that specifies the calendar dates when the system will collect each required 

sample. 

(1) Systems must submit sampling schedules no later than 3 months prior to the 

applicable date listed in § 141.701(c) for each round of required monitoring. 

(2) 

(i) Systems serving at least 10,000 people must submit their sampling schedule for 

the initial round of source water monitoring under § 141.701(a) to EPA electronically at 

https://intranet.epa.gov/lt2/ .  

(ii) If a system is unable to submit the sampling schedule electronically, the system 

may use an alternative approach for submitting the sampling schedule that EPA approves. 

(3) Systems serving fewer than 10,000 people must submit their sampling schedules for 

the initial round of source water monitoring § 141.701(a) to the State. 

(4) Systems must submit sampling schedules for the second round of source water 

monitoring § 141.701(b) to the State. 

(5) If EPA or the State does not respond to a system regarding its sampling schedule, the 

system must sample at the reported schedule. 

 

(b) Systems must collect samples within two days before or two days after the dates indicated 

in their sampling schedule ( i.e. , within a five-day period around the schedule date) unless one of 

the conditions of paragraph (b)(1) or (2) of this section applies. 

(1) If an extreme condition or situation exists that may pose danger to the sample 

collector, or that cannot be avoided and causes the system to be unable to sample in the scheduled 

https://intranet.epa.gov/lt2/
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five-day period, the system must sample as close to the scheduled date as is feasible unless the 

State approves an alternative sampling date. The system must submit an explanation for the 

delayed sampling date to the State concurrent with the shipment of the sample to the laboratory. 

(2) 

(i) If a system is unable to report a valid analytical result for a scheduled sampling 

date due to equipment failure, loss of or damage to the sample, failure to comply with the 

analytical method requirements, including the quality control requirements in § 141.704, or the 

failure of an approved laboratory to analyze the sample, then the system must collect a 

replacement sample. 

(ii) The system must collect the replacement sample not later than 21 days after 

receiving information that an analytical result cannot be reported for the scheduled date unless the 

system demonstrates that collecting a replacement sample within this time frame is not feasible or 

the State approves an alternative resampling date. The system must submit an explanation for the 

delayed sampling date to the State concurrent with the shipment of the sample to the laboratory. 

 

(c) Systems that fail to meet the criteria of paragraph (b) of this section for any source water 

sample required under § 141.701 must revise their sampling schedules to add dates for collecting 

all missed samples. Systems must submit the revised schedule to the State for approval prior to 

when the system begins collecting the missed samples. 

 

§ 141.703. Sampling locations. 
(a) Systems required to conduct source water monitoring under § 141.701 must collect 

samples for each plant that treats a surface water or GWUDI source. Where multiple plants draw 

water from the same influent, such as the same pipe or intake, the State may approve one set of 

monitoring results to be used to satisfy the requirements of § 141.701 for all plants. 

 

(b) 

(1) Systems must collect source water samples prior to chemical treatment, such as 

coagulants, oxidants and disinfectants, unless the system meets the condition of paragraph (b)(2) 

of this section. 

(2) The State may approve a system to collect a source water sample after chemical 

treatment. To grant this approval, the State must determine that collecting a sample prior to 

chemical treatment is not feasible for the system and that the chemical treatment is unlikely to 

have a significant adverse effect on the analysis of the sample. 

 

(c) Systems that recycle filter backwash water must collect source water samples prior to the 

point of filter backwash water addition. 

 

(d) Bank filtration.  

(1) Systems that receive Cryptosporidium treatment credit for bank filtration under 

sections 64653(e) and (f), as applicable, must collect source water samples in the surface water 

prior to bank filtration. 

(2) Systems that use bank filtration as pretreatment to a filtration plant must collect 

source water samples from the well ( i.e. , after bank filtration). Use of bank filtration during 

monitoring must be consistent with routine operational practice. Systems collecting samples after 

a bank filtration process may not receive treatment credit for the bank filtration under § 

141.717(c). 
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(e) Multiple sources. Systems with plants that use multiple water sources, including multiple 

surface water sources and blended surface water and ground water sources, must collect samples 

as specified in paragraph (e)(1) or (2) of this section. The use of multiple sources during 

monitoring must be consistent with routine operational practice. 

(1) If a sampling tap is available where the sources are combined prior to treatment, 

systems must collect samples from the tap. 

(2) If a sampling tap where the sources are combined prior to treatment is not available, 

systems must collect samples at each source near the intake on the same day and must follow 

either paragraph (e)(2)(i) or (ii) of this section for sample analysis. 

(i) Systems may composite samples from each source into one sample prior to 

analysis. The volume of sample from each source must be weighted according to the proportion 

of the source in the total plant flow at the time the sample is collected. 

(ii) Systems may analyze samples from each source separately and calculate a 

weighted average of the analysis results for each sampling date. The weighted average must be 

calculated by multiplying the analysis result for each source by the fraction the source contributed 

to total plant flow at the time the sample was collected and then summing these values. 

 

(f) Additional Requirements. Systems must submit a description of their sampling location(s) 

to the State at the same time as the sampling schedule required under § 141.702. This description 

must address the position of the sampling location in relation to the system's water source(s) and 

treatment processes, including pretreatment, points of chemical treatment, and filter backwash 

recycle. If the State does not respond to a system regarding sampling location(s), the system must 

sample at the reported location(s). 

 

§ 141.704. Analytical methods. 
(a) Cryptosporidium. Systems must analyze for Cryptosporidium using Method 1623: 

Cryptosporidium and Giardia in Water by Filtration/IMS/FA, 2005, United States Environmental 

Protection Agency, EPA-815-R-05-002 or Method 1622: Cryptosporidium in Water by 

Filtration/IMS/FA, 2005, United States Environmental Protection Agency, EPA-815-R-05-001, 

which are incorporated by reference, or alternative methods listed in appendix A to subpart C of 

this part. The Director of the Federal Register approves this incorporation by reference in 

accordance with 5 U.S.C. 552(a) and 1 CFR part 51. You may obtain a copy of these methods 

online from http://www.epa.gov/safewater/disinfection/lt2 or from the United States 

Environmental Protection Agency, Office of Ground Water and Drinking Water, 1201 

Constitution Ave., NW., Washington, DC 20460 ( Telephone: 800-426-4791). You may inspect a 

copy at the Water Docket in the EPA Docket Center, 1301 Constitution Ave., NW., Washington, 

DC ( Telephone: 202-566-2426) or at the National Archives and Records Administration 

(NARA). For information on the availability of this material at NARA, call 202-741-6030, or go 

to: http://www.archives.gov/federal_register/code_of_federal_regulations/ibr_locations.html . 

(1) Systems must analyze at least a 10 L sample or a packed pellet volume of at least 2 

mL as generated by the methods listed in paragraph (a) of this section. Systems unable to process 

a 10 L sample must analyze as much sample volume as can be filtered by two filters approved by 

EPA for the methods listed in paragraph (a) of this section, up to a packed pellet volume of at 

least 2 mL. 

(2) 

(i) Matrix spike (MS) samples, as required by the methods in paragraph (a) of this 

section, must be spiked and filtered by a laboratory approved for Cryptosporidium analysis under 

§ 141.705. 

http://www.epa.gov/safewater/disinfection/lt2
http://www.archives.gov/federal_register/code_of_federal_regulations/ibr_locations.html
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(ii) If the volume of the MS sample is greater than 10 L, the system may filter all but 

10 L of the MS sample in the field, and ship the filtered sample and the remaining 10 L of source 

water to the laboratory. In this case, the laboratory must spike the remaining 10 L of water and 

filter it through the filter used to collect the balance of the sample in the field. 

(3) Flow cytometer-counted spiking suspensions must be used for MS samples and 

ongoing precision and recovery (OPR) samples. 

 

(b) E. coli. System must use methods for enumeration of E. coli in source water approved in § 

136.3(a) of this chapter or alternative methods listed in appendix A to subpart C of this part. 

(1) The time from sample collection to initiation of analysis may not exceed 30 hours 

unless the system meets the condition of paragraph (b)(2) of this section. 

(2) The State may approve on a case-by-case basis the holding of an E. coli sample for up 

to 48 hours between sample collection and initiation of analysis if the State determines that 

analyzing an E. coli sample within 30 hours is not feasible. E. coli samples held between 30 to 48 

hours must be analyzed by the Colilert reagent version of Standard Method 9223B as listed in § 

136.3(a) of this title. 

(3) Systems must maintain samples between 0 °C and 10 °C during storage and transit to 

the laboratory. 

 

(c) Turbidity. Systems must use methods for turbidity measurement approved in § 

141.74(a)(1). 

 

§ 141.705. Approved laboratories. 
(a) Cryptosporidium. Systems must have Cryptosporidium samples analyzed by a laboratory 

that is approved under EPA's Laboratory Quality Assurance Evaluation Program for Analysis of 

Cryptosporidium in Water or a laboratory that has been certified for Cryptosporidium analysis by 

an equivalent State laboratory certification program. 

 

(b) E. coli. Any laboratory certified by the EPA, the National Environmental Laboratory 

Accreditation Conference or the State for total coliform or fecal coliform analysis under § 141.74 

is approved for E. coli analysis under this subpart when the laboratory uses the same technique 

for E. coli that the laboratory uses for § 141.74. 

 

(c) Turbidity. Measurements of turbidity must be made by a party approved by the State. 

 

§ 141.706. Reporting source water monitoring results. 
(a) Systems must report results from the source water monitoring required under § 141.701 

no later than 10 days after the end of the first month following the month when the sample is 

collected. 

 

(b) 

(1) All systems serving at least 10,000 people must report the results from the initial 

source water monitoring required under § 141.701(a) to EPA electronically at 

https://intranet.epa.gov/lt2/ .  

(2) If a system is unable to report monitoring results electronically, the system may use 

an alternative approach for reporting monitoring results that EPA approves. 

 

https://intranet.epa.gov/lt2/
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(c) Systems serving fewer than 10,000 people must report results from the initial source water 

monitoring required under § 141.701(a) to the State. 

 

(d) All systems must report results from the second round of source water monitoring 

required under § 141.701(b) to the State. 

 

(e) Systems must report the applicable information in paragraphs (e)(1) and (2) of this section 

for the source water monitoring required under § 141.701. 

(1) Systems must report the following data elements for each Cryptosporidium analysis: 

 

Data element. 

1. PWS ID. 

2. Facility ID. 

3. Sample collection date. 

4. Sample type (field or matrix spike). 

5. Sample volume filtered (L), to nearest 1/4 L. 

6. Was 100% of filtered volume examined. 

7. Number of oocysts counted. 

 

(i) For matrix spike samples, systems must also report the sample volume spiked and 

estimated number of oocysts spiked. These data are not required for field samples. 

(ii) For samples in which less than 10 L is filtered or less than 100% of the sample 

volume is examined, systems must also report the number of filters used and the packed pellet 

volume. 

(iii) For samples in which less than 100% of sample volume is examined, systems 

must also report the volume of resuspended concentrate and volume of this resuspension 

processed through immunomagnetic separation. 

(2) Systems must report the following data elements for each E. coli analysis: 

 

Data element. 

1. PWS ID. 

2. Facility ID. 

3. Sample collection date. 

4. Analytical method number. 

5. Method type. 

6. Source type (flowing stream, lake/reservoir, GWUDI). 

7.E. coli/100 mL. 

8. Turbidity. 
1
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1
 Systems serving fewer than 10,000 people that are not required to monitor for turbidity under 

§ 141.701 are not required to report turbidity with their E. coli results. 

§ 141.707. Grandfathering previously collected data. 
(a) 

(1) Systems may comply with the initial source water monitoring requirements of § 

141.701(a) by grandfathering sample results collected before the system is required to begin 

monitoring ( i.e. , previously collected data). To be grandfathered, the sample results and analysis 

must meet the criteria in this section and the State must approve. 

(2) A filtered system may grandfather Cryptosporidium samples to meet the requirements 

of § 141.701(a) when the system does not have corresponding E. coli and turbidity samples. A 

system that grandfathers Cryptosporidium samples without E. coli and turbidity samples is not 

required to collect E. coli and turbidity samples when the system completes the requirements for 

Cryptosporidium monitoring under § 141.701(a). 

 

(b) E. coli sample analysis. The analysis of E. coli samples must meet the analytical method 

and approved laboratory requirements of §§ 141.704 through 141.705. 

 

(c) Cryptosporidium sample analysis. The analysis of Cryptosporidium samples must meet 

the criteria in this paragraph. 

(1) Laboratories analyzed Cryptosporidium samples using one of the analytical methods 

in paragraphs (c)(1)(i) through (vi) of this section, which are incorporated by reference. The 

Director of the Federal Register approves this incorporation by reference in accordance with 5 

U.S.C. 552(a) and 1 CFR part 51. You may obtain a copy of these methods on-line from the 

United States Environmental Protection Agency, Office of Ground Water and Drinking Water, 

1201 Constitution Ave, NW, Washington, DC 20460 (Telephone: 800-426-4791). You may 

inspect a copy at the Water Docket in the EPA Docket Center, 1301 Constitution Ave., NW, 

Washington, DC, (Telephone: 202-566-2426) or at the National Archives and Records 

Administration (NARA). For information on the availability of this material at NARA, call 202-

741-6030, or go to: 

http://www.archives.gov/federal_register/code_of_federal_regulations/ibr_locations.html.   

(i) Method 1623: Cryptosporidium and Giardia in Water by Filtration/IMS/FA, 2005, 

United States Environmental Protection Agency, EPA-815-R-05-002. 

(ii) Method 1622: Cryptosporidium in Water by Filtration/IMS/FA, 2005, United 

States Environmental Protection Agency, EPA-815-R-05-001. 

(iii) Method 1623: Cryptosporidium and Giardia in Water by Filtration/IMS/FA, 

2001, United States Environmental Protection Agency, EPA-821-R-01-025. 

(iv) Method 1622: Cryptosporidium in Water by Filtration/IMS/FA, 2001, United 

States Environmental Protection Agency, EPA-821--R-01-026. 

(v) Method 1623: Cryptosporidium and Giardia in Water by Filtration/IMS/FA, 

1999, United States Environmental Protection Agency, EPA-821-R-99-006. 

(vi) Method 1622: Cryptosporidium in Water by Filtration/IMS/FA, 1999, United 

States Environmental Protection Agency, EPA-821-R-99-001. 

(2) For each Cryptosporidium sample, the laboratory analyzed at least 10 L of sample or 

at least 2 mL of packed pellet or as much volume as could be filtered by 2 filters that EPA 

approved for the methods listed in paragraph (c)(1) of this section. 

 

(d) Sampling location. The sampling location must meet the conditions in § 141.703. 

http://www.archives.gov/federal_register/code_of_federal_regulations/ibr_locations.html
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(e) Sampling frequency. Cryptosporidium samples were collected no less frequently than each 

calendar month on a regular schedule, beginning no earlier than January 1999. Sample collection 

intervals may vary for the conditions specified in § 141.702(b)(1) and (2) if the system provides 

documentation of the condition when reporting monitoring results. 

(1) The State may approve grandfathering of previously collected data where there are 

time gaps in the sampling frequency if the system conducts additional monitoring the State 

specifies to ensure that the data used to comply with the initial source water monitoring 

requirements of § 141.701(a) are seasonally representative and unbiased. 

(2) Systems may grandfather previously collected data where the sampling frequency 

within each month varied. If the Cryptosporidium sampling frequency varied, systems must 

follow the monthly averaging procedure in § 141.710(b)(5) or § 141.712(a)(3), as applicable, 

when calculating the bin classification for filtered systems or the mean Cryptosporidium 

concentration for unfiltered systems. 

 

(f) Reporting monitoring results for grandfathering. Systems that request to grandfather 

previously collected monitoring results must report the following information by the applicable 

dates listed in this paragraph. Systems serving at least 10,000 people must report this information 

to EPA unless the State approves reporting to the State rather than EPA. Systems serving fewer 

than 10,000 people must report this information to the State. 

(1) Systems must report that they intend to submit previously collected monitoring results 

for grandfathering. This report must specify the number of previously collected results the system 

will submit, the dates of the first and last sample, and whether a system will conduct additional 

source water monitoring to meet the requirements of § 141.701(a). Systems must report this 

information no later than the date the sampling schedule under § 141.702 is required. 

(2) Systems must report previously collected monitoring results for grandfathering, along 

with the associated documentation listed in paragraphs (f)(2)(i) through (iv) of this section, no 

later than two months after the applicable date listed in § 141.701(c). 

(i) For each sample result, systems must report the applicable data elements in § 

141.706. 

(ii) Systems must certify that the reported monitoring results include all results the 

system generated during the time period beginning with the first reported result and ending with 

the final reported result. This applies to samples that were collected from the sampling location 

specified for source water monitoring under this subpart, not spiked, and analyzed using the 

laboratory's routine process for the analytical methods listed in this section. 

(iii) Systems must certify that the samples were representative of a plant's source 

water(s) and the source water(s) have not changed. Systems must report a description of the 

sampling location(s), which must address the position of the sampling location in relation to the 

system's water source(s) and treatment processes, including points of chemical addition and filter 

backwash recycle. 

(iv) For Cryptosporidium samples, the laboratory or laboratories that analyzed the 

samples must provide a letter certifying that the quality control criteria specified in the methods 

listed in paragraph (c)(1) of this section were met for each sample batch associated with the 

reported results. Alternatively, the laboratory may provide bench sheets and sample examination 

report forms for each field, matrix spike, IPR, OPR, and method blank sample associated with the 

reported results. 
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(g) If the State determines that a previously collected data set submitted for grandfathering 

was generated during source water conditions that were not normal for the system, such as a 

drought, the State may disapprove the data. Alternatively, the State may approve the previously 

collected data if the system reports additional source water monitoring data, as determined by the 

State, to ensure that the data set used under § 141.710 or § 141.712 represents average source 

water conditions for the system. 

 

(h) If a system submits previously collected data that fully meet the number of samples 

required for initial source water monitoring under § 141.701(a) and some of the data are rejected 

due to not meeting the requirements of this section, systems must conduct additional monitoring 

to replace rejected data on a schedule the State approves. Systems are not required to begin this 

additional monitoring until two months after notification that data have been rejected and 

additional monitoring is necessary. 

 

§ 141.708. Requirements when making a significant change in disinfection practice. 
(a) Following the completion of initial source water monitoring under § 141.701(a), a system 

that plans to make a significant change to its disinfection practice, as defined in paragraph (b) of 

this section, must develop disinfection profiles and calculate disinfection benchmarks for Giardia 

lamblia and viruses as described in § 141.709. Prior to changing the disinfection practice, the 

system must notify the State and must include in this notice the information in paragraphs (a)(1) 

through (3) of this section. 

(1) A completed disinfection profile and disinfection benchmark for Giardia lamblia and 

viruses as described in § 141.709. 

(2) A description of the proposed change in disinfection practice. 

(3) An analysis of how the proposed change will affect the current level of disinfection. 

 

(b) Significant changes to disinfection practice are defined as follows: 

(1) Changes to the point of disinfection; 

(2) Changes to the disinfectant(s) used in the treatment plant; 

(3) Changes to the disinfection process; or 

(4) Any other modification identified by the State as a significant change to disinfection 

practice. 

 

§ 141.709. Developing the disinfection profile and benchmark. 
(a) Systems required to develop disinfection profiles under § 141.708 must follow the 

requirements of this section. Systems must monitor at least weekly for a period of 12 consecutive 

months to determine the total log inactivation for Giardia lamblia and viruses. If systems monitor 

more frequently, the monitoring frequency must be evenly spaced. Systems that operate for fewer 

than 12 months per year must monitor weekly during the period of operation. Systems must 

determine log inactivation for Giardia lamblia through the entire plant, based on CT99.9 values 

in Tables 1.1 through 1.6, 2.1 and 3.1 of § 141.74(b) as applicable. Systems must determine log 

inactivation for viruses through the entire treatment plant based on a protocol approved by the 

State. 

 

(b) Systems with a single point of disinfectant application prior to the entrance to the 

distribution system must conduct the monitoring in paragraphs (b)(1) through (4) of this section. 

Systems with more than one point of disinfectant application must conduct the monitoring in 

paragraphs (b)(1) through (4) of this section for each disinfection segment. Systems must monitor 
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the parameters necessary to determine the total inactivation ratio, using analytical methods in § 

141.74(a). 

(1) For systems using a disinfectant other than UV, the temperature of the disinfected 

water must be measured at each residual disinfectant concentration sampling point during peak 

hourly flow or at an alternative location approved by the State. 

(2) For systems using chlorine, the pH of the disinfected water must be measured at each 

chlorine residual disinfectant concentration sampling point during peak hourly flow or at an 

alternative location approved by the State. 

(3) The disinfectant contact time(s) (t) must be determined during peak hourly flow. 

(4) The residual disinfectant concentration(s) (C) of the water before or at the first 

customer and prior to each additional point of disinfectant application must be measured during 

peak hourly flow. 

 

(c) In lieu of conducting new monitoring under paragraph (b) of this section, systems may 

elect to meet the requirements of paragraphs (c)(1) or (2) of this section. 

(1) Systems that have at least one year of existing data that are substantially equivalent to 

data collected under the provisions of paragraph (b) of this section may use these data to develop 

disinfection profiles as specified in this section if the system has neither made a significant 

change to its treatment practice nor changed sources since the data were collected. Systems may 

develop disinfection profiles using up to three years of existing data. 

(2) Systems may use disinfection profile(s) developed under section 64656.5(a) in lieu of 

developing a new profile if the system has neither made a significant change to its treatment 

practice nor changed sources since the profile was developed. Systems that have not developed a 

virus profile under section 64656.5(a) must develop a virus profile using the same monitoring 

data on which the Giardia lamblia profile is based. 

 

(d) Systems must calculate the total inactivation ratio for Giardia lamblia as specified in 

paragraphs (d)(1) through (3) of this section. 

(1) Systems using only one point of disinfectant application may determine the total 

inactivation ratio for the disinfection segment based on either of the methods in paragraph 

(d)(1)(i) or (ii) of this section. 

(i) Determine one inactivation ratio (CTcalc/CT99.9 ) before or at the first customer 

during peak hourly flow. 

(ii) Determine successive CTcalc/CT99.9 values, representing sequential inactivation 

ratios, between the point of disinfectant application and a point before or at the first customer 

during peak hourly flow. The system must calculate the total inactivation ratio by determining 

(CTcalc/CT99.9 ) for each sequence and then adding the (CTcalc/CT99.9 ) values together to 

determine (Σ (CTcalc/CT99.9 )). 

(2) Systems using more than one point of disinfectant application before the first 

customer must determine the CT value of each disinfection segment immediately prior to the next 

point of disinfectant application, or for the final segment, before or at the first customer, during 

peak hourly flow. The (CTcalc/CT99.9 ) value of each segment and (Σ (CTcalc/CT99.9 )) must 

be calculated using the method in paragraph (d)(1)(ii) of this section. 

(3) The system must determine the total logs of inactivation by multiplying the value 

calculated in paragraph (d)(1) or (d)(2) of this section by 3.0. 

(4) Systems must calculate the log of inactivation for viruses using a protocol approved 

by the State. 
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(e) Systems must use the procedures specified in paragraphs (e)(1) and (2) of this section to 

calculate a disinfection benchmark. 

(1) For each year of profiling data collected and calculated under paragraphs (a) through 

(d) of this section, systems must determine the lowest mean monthly level of both Giardia 

lamblia and virus inactivation. Systems must determine the mean Giardia lamblia and virus 

inactivation for each calendar month for each year of profiling data by dividing the sum of daily 

or weekly Giardia lamblia and virus log inactivation by the number of values calculated for that 

month. 

(2) The disinfection benchmark is the lowest monthly mean value (for systems with one 

year of profiling data) or the mean of the lowest monthly mean values (for systems with more 

than one year of profiling data) of Giardia lamblia and virus log inactivation in each year of 

profiling data. 

 

§ 141.710. Bin classification for filtered systems. 
(a) Following completion of the initial round of source water monitoring required under § 

141.701(a), filtered systems must calculate an initial Cryptosporidium bin concentration for each 

plant for which monitoring was required. Calculation of the bin concentration must use the 

Cryptosporidium results reported under § 141.701(a) and must follow the procedures in 

paragraphs (b)(1) through (5) of this section. 

 

(b) 

(1) For systems that collect a total of at least 48 samples, the bin concentration is equal to 

the arithmetic mean of all sample concentrations. 

(2) For systems that collect a total of at least 24 samples, but not more than 47 samples, 

the bin concentration is equal to the highest arithmetic mean of all sample concentrations in any 

12 consecutive months during which Cryptosporidium samples were collected. 

(3) For systems that serve fewer than 10,000 people and monitor for Cryptosporidium for 

only one year ( i.e. , collect 24 samples in 12 months), the bin concentration is equal to the 

arithmetic mean of all sample concentrations. 

(4) For systems with plants operating only part of the year that monitor fewer than 12 

months per year under § 141.701(e), the bin concentration is equal to the highest arithmetic mean 

of all sample concentrations during any year of Cryptosporidium monitoring. 

(5) If the monthly Cryptosporidium sampling frequency varies, systems must first 

calculate a monthly average for each month of monitoring. Systems must then use these monthly 

average concentrations, rather than individual sample concentrations, in the applicable calculation 

for bin classification in paragraphs (b)(1) through (4) of this section. 

 

(c) Filtered systems must determine their initial bin classification from the following table 

and using the Cryptosporidium bin concentration calculated under paragraphs (a)-(b) of this 

section: 
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BIN CLASSIFICATION TABLE FOR FILTERED SYSTEMS 

For systems that are: 
With aCryptosporidiumbin 

concentration of .  .  . 
1
 

The bin 
classification is 

.  .  . 

.  .  . required to monitor 
forCryptosporidiumunder § 141.701 

Cryptosporidium<0.075 oocyst/L Bin 1. 

       0.075 
oocysts/L≤Cryptosporidium<1.0 
oocysts/L 

Bin 2. 

       1.0 
oocysts/L≤Cryptosporidium<3.0 
oocysts/L 

Bin 3. 

       Cryptosporidium≥3.0 oocysts/L Bin 4. 

.  .  . serving fewer than 10,000 people and 
NOT required to monitor 
forCryptosporidiumunder § 141.701(a)(4) 

NA Bin 1. 

1
 Based on calculations in paragraph (a) or (d) of this section, as applicable. 

 

(d) Following completion of the second round of source water monitoring required under § 

141.701(b), filtered systems must recalculate their Cryptosporidium bin concentration using the 

Cryptosporidium results reported under § 141.701(b) and following the procedures in paragraphs 

(b)(1) through (4) of this section. Systems must then redetermine their bin classification using this 

bin concentration and the table in paragraph (c) of this section. 

 

(e) 

(1) Filtered systems must report their initial bin classification under paragraph (c) of this 

section to the State for approval no later than 6 months after the system is required to complete 

initial source water monitoring based on the schedule in § 141.701(c). 

(2) Systems must report their bin classification under paragraph (d) of this section to the 

State for approval no later than 6 months after the system is required to complete the second 

round of source water monitoring based on the schedule in § 141.701(c). 

(3) The bin classification report to the State must include a summary of source water 

monitoring data and the calculation procedure used to determine bin classification. 

 

(f) Failure to comply with the conditions of paragraph (e) of this section is a violation of the 

treatment technique requirement. 

 

§ 141.711. Filtered system additional Cryptosporidium treatment requirements. 
(a) Filtered systems must provide the level of additional treatment for Cryptosporidium 

specified in this paragraph based on their bin classification as determined under § 141.710 and 

according to the schedule in § 141.713. 



NOTE:  This publication is meant to be an aid to the staff of the CDPH Drinking Water Program and 

cannot be relied upon by the regulated community as the State of California‘s representation of the law.  

The published codes are the only official representation of the law. Refer to the published codes—in this 

case, 17 CCR and 22 CCR—whenever specific citations are required.  Statutes related to CDPH‘s drinking 

water-related activities are in the Health & Safety Code, the Water Code, and other codes. 

 

 

Last updated July 1, 2013—from Titles 17 and 22 California Code of Regulations 

California Regulations Related to Drinking Water 

319 

 

 

If the system bin 
classification is 

.  .  . 

And the system uses the following filtration treatment in full compliance 
with Title 22, Division 4, Chapter 17, California Code of Regulations (as 

applicable), then the additional Cryptosporidium treatment requirements 
are .  .  . 

Conventional 
filtration treatment 

(including 
softening) 

Direct 
filtration 

Slow sand or 
diatomaceous earth 

filtration 

Alternative 
filtration 

technologies 

Bin 1 No additional 
treatment 

No additional 
treatment 

No additional treatment No additional 
treatment. 

Bin 2 1-log treatment 1.5-log 
treatment 

1-log treatment (
1
) 

Bin 3 2-log treatment 2.5-log 
treatment 

2-log treatment (
2
) 

Bin 4 2.5-log treatment 3-log 
treatment 

2.5-log treatment (
3
) 

1
As determined by the State such that the totalCryptosporidiumremoval and inactivation is at least 4.0-

log. 
2
As determined by the State such that the totalCryptosporidiumremoval and inactivation is at least 5.0-

log. 
3
As determined by the State such that the totalCryptosporidiumremoval and inactivation is at least 5.5-

log. 

 

(b) 

(1) Filtered systems must use one or more of the treatment and management options 

listed in § 141.715, termed the microbial toolbox, to comply with the additional Cryptosporidium 

treatment required in paragraph (a) of this section. 

(2) Systems classified in Bin 3 and Bin 4 must achieve at least 1-log of the additional 

Cryptosporidium treatment required under paragraph (a) of this section using either one or a 

combination of the following: bag filters, bank filtration, cartridge filters, chlorine dioxide, 

membranes, ozone, or UV, as described in §§ 141.716 through 141.720. 

 

(c) Failure by a system in any month to achieve treatment credit by meeting criteria in §§ 

141.716 through 141.720 for microbial toolbox options that is at least equal to the level of 

treatment required in paragraph (a) of this section is a violation of the treatment technique 

requirement. 

 

(d) If the State determines during a sanitary survey or an equivalent source water assessment 

that after a system completed the monitoring conducted under § 141.701(a) or § 141.701(b), 

significant changes occurred in the system's watershed that could lead to increased contamination 

of the source water by Cryptosporidium, the system must take actions specified by the State to 

address the contamination. These actions may include additional source water monitoring and/or 

implementing microbial toolbox options listed in § 141.715. 
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§ 141.712. Unfiltered system Cryptosporidium treatment requirements. 
(a) Determination of mean Cryptosporidium level.  

(1) Following completion of the initial source water monitoring required under § 

141.701(a), unfiltered systems must calculate the arithmetic mean of all Cryptosporidium sample 

concentrations reported under § 141.701(a). Systems must report this value to the State for 

approval no later than 6 months after the month the system is required to complete initial source 

water monitoring based on the schedule in § 141.701(c). 

(2) Following completion of the second round of source water monitoring required under 

§ 141.701(b), unfiltered systems must calculate the arithmetic mean of all Cryptosporidium 

sample concentrations reported under § 141.701(b). Systems must report this value to the State 

for approval no later than 6 months after the month the system is required to complete the second 

round of source water monitoring based on the schedule in § 141.701(c). 

(3) If the monthly Cryptosporidium sampling frequency varies, systems must first 

calculate a monthly average for each month of monitoring. Systems must then use these monthly 

average concentrations, rather than individual sample concentrations, in the calculation of the 

mean Cryptosporidium level in paragraphs (a)(1) or (2) of this section. 

(4) The report to the State of the mean Cryptosporidium levels calculated under 

paragraphs (a)(1) and (2) of this section must include a summary of the source water monitoring 

data used for the calculation. 

(5) Failure to comply with the conditions of paragraph (a) of this section is a violation of 

the treatment technique requirement. 

 

(b) Cryptosporidium inactivation requirements. Unfiltered systems must provide the level of 

inactivation for Cryptosporidium specified in this paragraph, based on their mean 

Cryptosporidium levels as determined under paragraph (a) of this section and according to the 

schedule in § 141.713. 

(1) Unfiltered systems with a mean Cryptosporidium level of 0.01 oocysts/L or less must 

provide at least 2-log Cryptosporidium inactivation. 

(2) Unfiltered systems with a mean Cryptosporidium level of greater than 0.01 oocysts/L 

must provide at least 3-log Cryptosporidium inactivation. 

 

(c) Inactivation treatment technology requirements. Unfiltered systems must use chlorine 

dioxide, ozone, or UV as described in § 141.720 to meet the Cryptosporidium inactivation 

requirements of this section. 

(1) Systems that use chlorine dioxide or ozone and fail to achieve the Cryptosporidium 

inactivation required in paragraph (b) of this section on more than one day in the calendar month 

are in violation of the treatment technique requirement. 

(2) Systems that use UV light and fail to achieve the Cryptosporidium inactivation 

required in paragraph (b) of this section by meeting the criteria in § 141.720(d)(3)(ii) are in 

violation of the treatment technique requirement. 

 

(d) Use of two disinfectants. Unfiltered systems must meet the combined Cryptosporidium 

inactivation requirements of this section and Giardia lamblia and virus inactivation requirements 

of section 64652.5(k) using a minimum of two disinfectants, and each of two disinfectants must 

separately achieve the total inactivation required for either Cryptosporidium, Giardia lamblia, or 

viruses. 
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§ 141.713. Schedule for compliance with Cryptosporidium treatment requirements. 
(a) Following initial bin classification under § 141.710(c), filtered systems must provide the 

level of treatment for Cryptosporidium required under § 141.711 according to the schedule in 

paragraph (c) of this section. 

 

(b) Following initial determination of the mean Cryptosporidium level under § 141.712(a)(1), 

unfiltered systems must provide the level of treatment for Cryptosporidium required under § 

141.712 according to the schedule in paragraph (c) of this section. 

 

(c) Cryptosporidium treatment compliance dates.  

CRYPTOSPORIDIUM TREATMENT COMPLIANCE DATES TABLE 

Systems that serve .  .  . 
Must comply with Cryptosporidium treatment requirements no 

later than .  .  . 
a
 

(1) At least 100,000 people (i) April 1, 2012. 

(2) From 50,000 to 99,999 
people 

(i) October 1, 2012. 

(3) From 10,000 to 49,999 
people 

(i) October 1, 2013. 

(4) Fewer than 10,000 
people 

(i) October 1, 2014. 

a
 States may allow up to an additional two years for complying with the treatment 

requirement for systems making capital improvements. 

 

(d) If the bin classification for a filtered system changes following the second round of source 

water monitoring, as determined under § 141.710(d), the system must provide the level of 

treatment for Cryptosporidium required under § 141.711 on a schedule the State approves. 

 

(e) If the mean Cryptosporidium level for an unfiltered system changes following the second 

round of monitoring, as determined under § 141.712(a)(2), and if the system must provide a 

different level of Cryptosporidium treatment under § 141.712 due to this change, the system must 

meet this treatment requirement on a schedule the State approves. 

 

§ 141.714. Requirements for uncovered finished water storage facilities. 
(a) Systems using uncovered finished water storage facilities must comply with the 

conditions of this section. 

 

(b) Systems must notify the State of the use of each uncovered finished water storage facility 

no later than April 1, 2008. 

 

(c) Systems must meet the conditions of paragraph (c)(1) or (2) of this section for each 

uncovered finished water storage facility or be in compliance with a State-approved schedule to 

meet these conditions no later than April 1, 2009. 

(1) Systems must cover any uncovered finished water storage facility. 
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(2) Systems must treat the discharge from the uncovered finished water storage facility to 

the distribution system to achieve inactivation and/or removal of at least 4-log virus, 3-log 

Giardia lamblia, and 2-log Cryptosporidium using a protocol approved by the State. 

 

(d) Failure to comply with the requirements of this section is a violation of the treatment 

technique requirement. 

 

§ 141.715. Microbial toolbox options for meeting Cryptosporidium treatment 

requirements. 
(a) 

(1) Systems receive the treatment credits listed in the table in paragraph (b) of this section 

by meeting the conditions for microbial toolbox options described in §§ 141.716 through 

141.720. Systems apply these treatment credits to meet the treatment requirements in § 141.711 

or § 141.712, as applicable. 

(2) Unfiltered systems are eligible for treatment credits for the microbial toolbox options 

described in § 141.720 only. 

 

(b) The following table summarizes options in the microbial toolbox: 

MICROBIAL TOOLBOX SUMMARY TABLE: OPTIONS, TREATMENT CREDITS AND CRITERIA 

Toolbox Option 
Cryptosporidium treatment credit with design and implementation 

criteria 

Source Protection and Management Toolbox Options 

(1) Watershed control 
program 

0.5-log credit for State-approved program comprising required elements, 
annual program status report to State, and regular watershed survey. 
Unfiltered systems are not eligible for credit. Specific criteria are in 
§ 141.716(a). 

(2) Alternative 
source/intake 
management 

No prescribed credit. Systems may conduct simultaneous monitoring for 
treatment bin classification at alternative intake locations or under 
alternative intake management strategies. Specific criteria are in 
§ 141.716(b). 

Pre Filtration Toolbox Options 

(3) Presedimentation 
basin with 
coagulation 

0.5-log credit during any month that presedimentation basins achieve a 
monthly mean reduction of 0.5-log or greater in turbidity or alternative State-
approved performance criteria. To be eligible, basins must be operated 
continuously with coagulant addition and all plant flow must pass through 
basins. Specific criteria are in § 141.717(a). 

(4) Two-stage lime 
softening 

0.5-log credit for two-stage softening where chemical addition and hardness 
precipitation occur in both stages. All plant flow must pass through both 
stages. Single-stage softening is credited as equivalent to conventional 
treatment. Specific criteria are in § 141.717(b). 

(5) Bank filtration 0.5-log credit for 25-foot setback; 1.0-log credit for 50-foot setback; aquifer 
must be unconsolidated sand containing at least 10 percent fines; average 
turbidity in wells must be less than 1 NTU. Systems using wells followed by 
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filtration when conducting source water monitoring must sample the well to 
determine bin classification and are not eligible for additional credit. Specific 
criteria are in § 141.717(c). 

Treatment Performance Toolbox Options 

(6) Combined filter 
performance 

0.5-log credit for combined filter effluent turbidity less than or equal to 0.15 
NTU in at least 95 percent of measurements each month. Specific criteria 
are in § 141.718(a). 

(7) Individual filter 
performance 

0.5-log credit (in addition to 0.5-log combined filter performance credit) if 
individual filter effluent turbidity is less than or equal to 0.15 NTU in at least 
95 percent of samples each month in each filter and is never greater than 
0.3 NTU in two consecutive measurements in any filter. Specific criteria are 
in § 141.718(b). 

(8) Demonstration of 
performance 

Credit awarded to unit process or treatment train based on a demonstration 
to the State with a State- approved protocol. Specific criteria are in 
§ 141.718(c). 

Additional Filtration Toolbox Options 

(9) Bag or cartridge 
filters (individual 
filters) 

Up to 2-log credit based on the removal efficiency demonstrated during 
challenge testing with a 1.0-log factor of safety. Specific criteria are in 
§ 141.719(a). 

(10) Bag or cartridge 
filters (in series) 

Up to 2.5-log credit based on the removal efficiency demonstrated during 
challenge testing with a 0.5-log factor of safety. Specific criteria are in 
§ 141.719(a). 

(11) Membrane 
filtration 

Log credit equivalent to removal efficiency demonstrated in challenge test 
for device if supported by direct integrity testing. Specific criteria are in 
§ 141.719(b). 

(12) Second stage 
filtration 

0.5-log credit for second separate granular media filtration stage if 
treatment train includes coagulation prior to first filter. Specific criteria are in 
§ 141.719(c) 

(13) Slow sand filters 2.5-log credit as a secondary filtration step; 3.0-log credit as a primary 
filtration process. No prior chlorination for either option. Specific criteria are 
in § 141.719(d). 

Inactivation Toolbox Options 

(14) Chlorine dioxide Log credit based on measured CT in relation to CT table. Specific criteria in 
§ 141.720(b) 

(15) Ozone Log credit based on measured CT in relation to CT table. Specific criteria in 
§ 141.720(b). 

(16) UV Log credit based on validated UV dose in relation to UV dose table; reactor 
validation testing required to establish UV dose and associated operating 
conditions. Specific criteria in § 141.720(d). 
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§ 141.716. Source toolbox components. 
(a) Watershed control program. Systems receive 0.5-log Cryptosporidium treatment credit 

for implementing a watershed control program that meets the requirements of this section. 

(1) Systems that intend to apply for the watershed control program credit must notify the 

State of this intent no later than two years prior to the treatment compliance date applicable to the 

system in § 141.713. 

(2) Systems must submit to the State a proposed watershed control plan no later than one 

year before the applicable treatment compliance date in § 141.713. The State must approve the 

watershed control plan for the system to receive watershed control program treatment credit. The 

watershed control plan must include the elements in paragraphs (a)(2)(i) through (iv) of this 

section. 

(i) Identification of an ―area of influence‖ outside of which the likelihood of 

Cryptosporidium or fecal contamination affecting the treatment plant intake is not significant. 

This is the area to be evaluated in future watershed surveys under paragraph (a)(5)(ii) of this 

section. 

(ii) Identification of both potential and actual sources of Cryptosporidium 

contamination and an assessment of the relative impact of these sources on the system's source 

water quality. 

(iii) An analysis of the effectiveness and feasibility of control measures that could 

reduce Cryptosporidium loading from sources of contamination to the system's source water. 

(iv) A statement of goals and specific actions the system will undertake to reduce 

source water Cryptosporidium levels. The plan must explain how the actions are expected to 

contribute to specific goals, identify watershed partners and their roles, identify resource 

requirements and commitments, and include a schedule for plan implementation with deadlines 

for completing specific actions identified in the plan. 

(3) Systems with existing watershed control programs ( i.e., programs in place on January 

5, 2006) are eligible to seek this credit. Their watershed control plans must meet the criteria in 

paragraph (a)(2) of this section and must specify ongoing and future actions that will reduce 

source water Cryptosporidium levels. 

(4) If the State does not respond to a system regarding approval of a watershed control 

plan submitted under this section and the system meets the other requirements of this section, the 

watershed control program will be considered approved and 0.5 log Cryptosporidium treatment 

credit will be awarded unless and until the State subsequently withdraws such approval. 

(5) Systems must complete the actions in paragraphs (a)(5)(i) through (iii) of this section 

to maintain the 0.5-log credit. 

(i) Submit an annual watershed control program status report to the State. The annual 

watershed control program status report must describe the system's implementation of the 

approved plan and assess the adequacy of the plan to meet its goals. It must explain how the 

system is addressing any shortcomings in plan implementation, including those previously 

identified by the State or as the result of the watershed survey conducted under paragraph 

(a)(5)(ii) of this section. It must also describe any significant changes that have occurred in the 

watershed since the last watershed sanitary survey. If a system determines during implementation 

that making a significant change to its approved watershed control program is necessary, the 

system must notify the State prior to making any such changes. If any change is likely to reduce 

the level of source water protection, the system must also list in its notification the actions the 

system will take to mitigate this effect. 
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(ii) Undergo a watershed sanitary survey every three years for community water 

systems and every five years for noncommunity water systems and submit the survey report to 

the State. The survey must be conducted according to State guidelines and by persons the State 

approves. 

(A) The watershed sanitary survey must meet the following criteria: encompass 

the region identified in the State-approved watershed control plan as the area of influence; assess 

the implementation of actions to reduce source water Cryptosporidium levels; and identify any 

significant new sources of Cryptosporidium.  

(B) If the State determines that significant changes may have occurred in the 

watershed since the previous watershed sanitary survey, systems must undergo another watershed 

sanitary survey by a date the State requires, which may be earlier than the regular date in 

paragraph (a)(5)(ii) of this section. 

(iii) The system must make the watershed control plan, annual status reports, and 

watershed sanitary survey reports available to the public upon request. These documents must be 

in a plain language style and include criteria by which to evaluate the success of the program in 

achieving plan goals. The State may approve systems to withhold from the public portions of the 

annual status report, watershed control plan, and watershed sanitary survey based on water supply 

security considerations. 

(6) If the State determines that a system is not carrying out the approved watershed 

control plan, the State may withdraw the watershed control program treatment credit. 

 

(b) Alternative source.  

(1) A system may conduct source water monitoring that reflects a different intake 

location (either in the same source or for an alternate source) or a different procedure for the 

timing or level of withdrawal from the source (alternative source monitoring). If the State 

approves, a system may determine its bin classification under § 141.710 based on the alternative 

source monitoring results. 

(2) If systems conduct alternative source monitoring under paragraph (b)(1) of this 

section, systems must also monitor their current plant intake concurrently as described in § 

141.701. 

(3) Alternative source monitoring under paragraph (b)(1) of this section must meet the 

requirements for source monitoring to determine bin classification, as described in §§ 141.701 

through 141.706. Systems must report the alternative source monitoring results to the State, along 

with supporting information documenting the operating conditions under which the samples were 

collected. 

(4) If a system determines its bin classification under § 141.710 using alternative source 

monitoring results that reflect a different intake location or a different procedure for managing the 

timing or level of withdrawal from the source, the system must relocate the intake or permanently 

adopt the withdrawal procedure, as applicable, no later than the applicable treatment compliance 

date in § 141.713. 

 

§ 141.717. Pre-filtration treatment toolbox components. 
(a) Presedimentation. Systems receive 0.5-log Cryptosporidium treatment credit for a 

presedimentation basin during any month the process meets the criteria in this paragraph. 

(1) The presedimentation basin must be in continuous operation and must treat the entire 

plant flow taken from a surface water or GWUDI source. 

(2) The system must continuously add a coagulant to the presedimentation basin. 
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(3) The presedimentation basin must achieve the performance criteria in paragraph (3)(i) 

or (ii) of this section. 

(i) Demonstrates at least 0.5-log mean reduction of influent turbidity. This reduction 

must be determined using daily turbidity measurements in the presedimentation process influent 

and effluent and must be calculated as follows: log10 (monthly mean of daily influent 

turbidity)−log10 (monthly mean of daily effluent turbidity). 

(ii) Complies with State-approved performance criteria that demonstrate at least 0.5-

log mean removal of micron-sized particulate material through the presedimentation process. 

 

(b) Two-stage lime softening. Systems receive an additional 0.5-log Cryptosporidium 

treatment credit for a two-stage lime softening plant if chemical addition and hardness 

precipitation occur in two separate and sequential softening stages prior to filtration. Both 

softening stages must treat the entire plant flow taken from a surface water or GWUDI source. 

 

(c) Bank filtration. Systems receive Cryptosporidium treatment credit for bank filtration that 

serves as pretreatment to a filtration plant by meeting the criteria in this paragraph. Systems using 

bank filtration when they begin source water monitoring under § 141.701(a) must collect samples 

as described in § 141.703(d) and are not eligible for this credit. 

(1) Wells with a ground water flow path of at least 25 feet receive 0.5-log treatment 

credit; wells with a ground water flow path of at least 50 feet receive 1.0-log treatment credit. The 

ground water flow path must be determined as specified in paragraph (c)(4) of this section. 

(2) Only wells in granular aquifers are eligible for treatment credit. Granular aquifers are 

those comprised of sand, clay, silt, rock fragments, pebbles or larger particles, and minor cement. 

A system must characterize the aquifer at the well site to determine aquifer properties. Systems 

must extract a core from the aquifer and demonstrate that in at least 90 percent of the core length, 

grains less than 1.0 mm in diameter constitute at least 10 percent of the core material. 

(3) Only horizontal and vertical wells are eligible for treatment credit. 

(4) For vertical wells, the ground water flow path is the measured distance from the edge 

of the surface water body under high flow conditions (determined by the 100 year floodplain 

elevation boundary or by the floodway, as defined in Federal Emergency Management Agency 

flood hazard maps) to the well screen. For horizontal wells, the ground water flow path is the 

measured distance from the bed of the river under normal flow conditions to the closest 

horizontal well lateral screen. 

(5) Systems must monitor each wellhead for turbidity at least once every four hours while 

the bank filtration process is in operation. If monthly average turbidity levels, based on daily 

maximum values in the well, exceed 1 NTU, the system must report this result to the State and 

conduct an assessment within 30 days to determine the cause of the high turbidity levels in the 

well. If the State determines that microbial removal has been compromised, the State may revoke 

treatment credit until the system implements corrective actions approved by the State to 

remediate the problem. 

(6) Springs and infiltration galleries are not eligible for treatment credit under this 

section, but are eligible for credit under § 141.718(c). 

(7) Bank filtration demonstration of performance. The State may approve 

Cryptosporidium treatment credit for bank filtration based on a demonstration of performance 

study that meets the criteria in this paragraph. This treatment credit may be greater than 1.0-log 

and may be awarded to bank filtration that does not meet the criteria in paragraphs (c)(1)-(5) of 

this section. 
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(i) The study must follow a State-approved protocol and must involve the collection 

of data on the removal of Cryptosporidium or a surrogate for Cryptosporidium and related 

hydrogeologic and water quality parameters during the full range of operating conditions. 

(ii) The study must include sampling both from the production well(s) and from 

monitoring wells that are screened and located along the shortest flow path between the surface 

water source and the production well(s). 

 

§ 141.718. Treatment performance toolbox components. 
(a) Combined filter performance. Systems using conventional filtration treatment or direct 

filtration treatment receive an additional 0.5-log Cryptosporidium treatment credit during any 

month the system meets the criteria in this paragraph. Combined filter effluent (CFE) turbidity 

must be less than or equal to 0.15 NTU in at least 95 percent of the measurements. Turbidity must 

be measured as described in § 141.74(a) and (c). 

 

(b) Individual filter performance. Systems using conventional filtration treatment or direct 

filtration treatment receive 0.5-log Cryptosporidium treatment credit, which can be in addition to 

the 0.5-log credit under paragraph (a) of this section, during any month the system meets the 

criteria in this paragraph. Compliance with these criteria must be based on individual filter 

turbidity monitoring as described in sections 64655 and 64661, as applicable. 

(1) The filtered water turbidity for each individual filter must be less than or equal to 0.15 

NTU in at least 95 percent of the measurements recorded each month. 

(2) No individual filter may have a measured turbidity greater than 0.3 NTU in two 

consecutive measurements taken 15 minutes apart. 

(3) Any system that has received treatment credit for individual filter performance and 

fails to meet the requirements of paragraph (b)(1) or (2) of this section during any month does not 

receive a treatment technique violation under § 141.711(c) if the State determines the following: 

(i) The failure was due to unusual and short-term circumstances that could not 

reasonably be prevented through optimizing treatment plant design, operation, and maintenance. 

(ii) The system has experienced no more than two such failures in any calendar year. 

 

(c) Demonstration of performance. The State may approve Cryptosporidium treatment credit 

for drinking water treatment processes based on a demonstration of performance study that meets 

the criteria in this paragraph. This treatment credit may be greater than or less than the prescribed 

treatment credits in § 141.711 or §§ 141.717 through 141.720 and may be awarded to treatment 

processes that do not meet the criteria for the prescribed credits. 

(1) Systems cannot receive the prescribed treatment credit for any toolbox box option in 

§§ 141.717 through 141.720 if that toolbox option is included in a demonstration of performance 

study for which treatment credit is awarded under this paragraph. 

(2) The demonstration of performance study must follow a State-approved protocol and 

must demonstrate the level of Cryptosporidium reduction the treatment process will achieve 

under the full range of expected operating conditions for the system. 

(3) Approval by the State must be in writing and may include monitoring and treatment 

performance criteria that the system must demonstrate and report on an ongoing basis to remain 

eligible for the treatment credit. The State may designate such criteria where necessary to verify 

that the conditions under which the demonstration of performance credit was approved are 

maintained during routine operation. 
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§ 141.719. Additional filtration toolbox components. 
(a) Bag and cartridge filters. Systems receive Cryptosporidium treatment credit of up to 2.0-

log for individual bag or cartridge filters and up to 2.5-log for bag or cartridge filters operated in 

series by meeting the criteria in paragraphs (a)(1) through (10) of this section. To be eligible for 

this credit, systems must report the results of challenge testing that meets the requirements of 

paragraphs (a)(2) through (9) of this section to the State. The filters must treat the entire plant 

flow taken from a Title 22, Division 4, Chapter 17, California Code of Regulations source. 

(1) The Cryptosporidium treatment credit awarded to bag or cartridge filters must be 

based on the removal efficiency demonstrated during challenge testing that is conducted 

according to the criteria in paragraphs (a)(2) through (a)(9) of this section. A factor of safety 

equal to 1-log for individual bag or cartridge filters and 0.5-log for bag or cartridge filters in 

series must be applied to challenge testing results to determine removal credit. Systems may use 

results from challenge testing conducted prior to January 5, 2006 if the prior testing was 

consistent with the criteria specified in paragraphs (a)(2) through (9) of this section. 

(2) Challenge testing must be performed on full-scale bag or cartridge filters, and the 

associated filter housing or pressure vessel, that are identical in material and construction to the 

filters and housings the system will use for removal of Cryptosporidium. Bag or cartridge filters 

must be challenge tested in the same configuration that the system will use, either as individual 

filters or as a series configuration of filters. 

(3) Challenge testing must be conducted using Cryptosporidium or a surrogate that is 

removed no more efficiently than Cryptosporidium. The microorganism or surrogate used during 

challenge testing is referred to as the challenge particulate. The concentration of the challenge 

particulate must be determined using a method capable of discreetly quantifying the specific 

microorganism or surrogate used in the test; gross measurements such as turbidity may not be 

used. 

(4) The maximum feed water concentration that can be used during a challenge test must 

be based on the detection limit of the challenge particulate in the filtrate ( i.e. , filtrate detection 

limit) and must be calculated using the following equation: 

 
Maximum Feed Concentration = 1 × 10 4 × (Filtrate Detection Limit) 

 

(5) Challenge testing must be conducted at the maximum design flow rate for the filter as 

specified by the manufacturer. 

(6) Each filter evaluated must be tested for a duration sufficient to reach 100 percent of 

the terminal pressure drop, which establishes the maximum pressure drop under which the filter 

may be used to comply with the requirements of this subpart. 

(7) Removal efficiency of a filter must be determined from the results of the challenge 

test and expressed in terms of log removal values using the following equation: 

 
LRV = LOG10 (Cf )−LOG10 (Cp ) 

Where: 

 
LRV = log removal value demonstrated during challenge testing; Cf = the feed concentration measured during the 

challenge test; and Cp = the filtrate concentration measured during the challenge test. In applying this equation, 

the same units must be used for the feed and filtrate concentrations. If the challenge particulate is not detected in 

the filtrate, then the term Cp must be set equal to the detection limit. 

 

(8) Each filter tested must be challenged with the challenge particulate during three 

periods over the filtration cycle: within two hours of start-up of a new filter; when the pressure 
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drop is between 45 and 55 percent of the terminal pressure drop; and at the end of the cycle after 

the pressure drop has reached 100 percent of the terminal pressure drop. An LRV must be 

calculated for each of these challenge periods for each filter tested. The LRV for the filter 

(LRVfilter ) must be assigned the value of the minimum LRV observed during the three 

challenge periods for that filter. 

(9) If fewer than 20 filters are tested, the overall removal efficiency for the filter product 

line must be set equal to the lowest LRVfilter among the filters tested. If 20 or more filters are 

tested, the overall removal efficiency for the filter product line must be set equal to the 10th 

percentile of the set of LRVfilter values for the various filters tested. The percentile is defined by 

(i/(n+1)) where i is the rank of n individual data points ordered lowest to highest. If necessary, the 

10th percentile may be calculated using linear interpolation. 

(10) If a previously tested filter is modified in a manner that could change the removal 

efficiency of the filter product line, challenge testing to demonstrate the removal efficiency of the 

modified filter must be conducted and submitted to the State. 

 

(b) Membrane filtration.  

(1) Systems receive Cryptosporidium treatment credit for membrane filtration that meets 

the criteria of this paragraph. Membrane cartridge filters that meet the definition of membrane 

filtration in section 64651.54 are eligible for this credit. The level of treatment credit a system 

receives is equal to the lower of the values determined under paragraph (b)(1)(i) and (ii) of this 

section. 

(i) The removal efficiency demonstrated during challenge testing conducted under 

the conditions in paragraph (b)(2) of this section. 

(ii) The maximum removal efficiency that can be verified through direct integrity 

testing used with the membrane filtration process under the conditions in paragraph (b)(3) of this 

section. 

(2) Challenge testing. The membrane used by the system must undergo challenge testing 

to evaluate removal efficiency, and the system must report the results of challenge testing to the 

State. Challenge testing must be conducted according to the criteria in paragraphs (b)(2)(i) 

through (vii) of this section. Systems may use data from challenge testing conducted prior to 

January 5, 2006 if the prior testing was consistent with the criteria in paragraphs (b)(2)(i) through 

(vii) of this section. 

(i) Challenge testing must be conducted on either a full-scale membrane module, 

identical in material and construction to the membrane modules used in the system's treatment 

facility, or a smaller-scale membrane module, identical in material and similar in construction to 

the full-scale module. A module is defined as the smallest component of a membrane unit in 

which a specific membrane surface area is housed in a device with a filtrate outlet structure. 

(ii) Challenge testing must be conducted using Cryptosporidium oocysts or a 

surrogate that is removed no more efficiently than Cryptosporidium oocysts. The organism or 

surrogate used during challenge testing is referred to as the challenge particulate. The 

concentration of the challenge particulate, in both the feed and filtrate water, must be determined 

using a method capable of discretely quantifying the specific challenge particulate used in the 

test; gross measurements such as turbidity may not be used. 

(iii) The maximum feed water concentration that can be used during a challenge test 

is based on the detection limit of the challenge particulate in the filtrate and must be determined 

according to the following equation: 

 
Maximum Feed Concentration = 3.16 × 106 × (Filtrate Detection Limit) 
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(iv) Challenge testing must be conducted under representative hydraulic conditions at 

the maximum design flux and maximum design process recovery specified by the manufacturer 

for the membrane module. Flux is defined as the throughput of a pressure driven membrane 

process expressed as flow per unit of membrane area. Recovery is defined as the volumetric 

percent of feed water that is converted to filtrate over the course of an operating cycle 

uninterrupted by events such as chemical cleaning or a solids removal process ( i.e. , 

backwashing). 

(v) Removal efficiency of a membrane module must be calculated from the challenge 

test results and expressed as a log removal value according to the following equation: 

 
LRV = LOG10 (Cf ) − LOG10 (Cp ) 

 
Where: 

 

LRV = log removal value demonstrated during the challenge test; Cf = the feed concentration measured during the 

challenge test; and Cp = the filtrate concentration measured during the challenge test. Equivalent units must be 
used for the feed and filtrate concentrations. If the challenge particulate is not detected in the filtrate, the term Cp 

is set equal to the detection limit for the purpose of calculating the LRV. An LRV must be calculated for each 

membrane module evaluated during the challenge test. 

 

(vi) The removal efficiency of a membrane filtration process demonstrated during 

challenge testing must be expressed as a log removal value (LRVC-Test ). If fewer than 20 

modules are tested, then LRVC-Test is equal to the lowest of the representative LRVs among the 

modules tested. If 20 or more modules are tested, then LRVC-Test is equal to the 10th percentile 

of the representative LRVs among the modules tested. The percentile is defined by (i/(n+1)) 

where i is the rank of n individual data points ordered lowest to highest. If necessary, the 10th 

percentile may be calculated using linear interpolation. 

(vii) The challenge test must establish a quality control release value (QCRV) for a 

non-destructive performance test that demonstrates the Cryptosporidium removal capability of the 

membrane filtration module. This performance test must be applied to each production membrane 

module used by the system that was not directly challenge tested in order to verify 

Cryptosporidium removal capability. Production modules that do not meet the established QCRV 

are not eligible for the treatment credit demonstrated during the challenge test. 

(viii) If a previously tested membrane is modified in a manner that could change the 

removal efficiency of the membrane or the applicability of the non-destructive performance test 

and associated QCRV, additional challenge testing to demonstrate the removal efficiency of, and 

determine a new QCRV for, the modified membrane must be conducted and submitted to the 

State. 

(3) Direct integrity testing. Systems must conduct direct integrity testing in a manner that 

demonstrates a removal efficiency equal to or greater than the removal credit awarded to the 

membrane filtration process and meets the requirements described in paragraphs (b)(3)(i) through 

(vi) of this section. A direct integrity test is defined as a physical test applied to a membrane unit 

in order to identify and isolate integrity breaches ( i.e. , one or more leaks that could result in 

contamination of the filtrate). 

(i) The direct integrity test must be independently applied to each membrane unit in 

service. A membrane unit is defined as a group of membrane modules that share common valving 

that allows the unit to be isolated from the rest of the system for the purpose of integrity testing or 

other maintenance. 



NOTE:  This publication is meant to be an aid to the staff of the CDPH Drinking Water Program and 

cannot be relied upon by the regulated community as the State of California‘s representation of the law.  

The published codes are the only official representation of the law. Refer to the published codes—in this 

case, 17 CCR and 22 CCR—whenever specific citations are required.  Statutes related to CDPH‘s drinking 

water-related activities are in the Health & Safety Code, the Water Code, and other codes. 

 

 

Last updated July 1, 2013—from Titles 17 and 22 California Code of Regulations 

California Regulations Related to Drinking Water 

331 

(ii) The direct integrity method must have a resolution of 3 micrometers or less, 

where resolution is defined as the size of the smallest integrity breach that contributes to a 

response from the direct integrity test. 

(iii) The direct integrity test must have a sensitivity sufficient to verify the log 

treatment credit awarded to the membrane filtration process by the State, where sensitivity is 

defined as the maximum log removal value that can be reliably verified by a direct integrity test. 

Sensitivity must be determined using the approach in either paragraph (b)(3)(iii)(A) or (B) of this 

section as applicable to the type of direct integrity test the system uses. 

(A) For direct integrity tests that use an applied pressure or vacuum, the direct 

integrity test sensitivity must be calculated according to the following equation: 

 
LRVDIT = LOG10 (Qp /(VCF × Qbreach )) 

 
Where: 

 

LRVDIT = the sensitivity of the direct integrity test; Qp = total design filtrate flow from the membrane unit; 

Qbreach = flow of water from an integrity breach associated with the smallest integrity test response that can be 
reliably measured, and VCF = volumetric concentration factor. The volumetric concentration factor is the ratio of 

the suspended solids concentration on the high pressure side of the membrane relative to that in the feed water. 

 

(B) For direct integrity tests that use a particulate or molecular marker, the direct 

integrity test sensitivity must be calculated according to the following equation: 

 
LRVDIT = LOG10 (Cf )−LOG10 (Cp ) 

 
Where: 
 

LRVDIT = the sensitivity of the direct integrity test; Cf = the typical feed concentration of the marker used in the 

test; and Cp = the filtrate concentration of the marker from an integral membrane unit. 

 

(iv) Systems must establish a control limit within the sensitivity limits of the direct 

integrity test that is indicative of an integral membrane unit capable of meeting the removal credit 

awarded by the State. 

(v) If the result of a direct integrity test exceeds the control limit established under 

paragraph (b)(3)(iv) of this section, the system must remove the membrane unit from service. 

Systems must conduct a direct integrity test to verify any repairs, and may return the membrane 

unit to service only if the direct integrity test is within the established control limit. 

(vi) Systems must conduct direct integrity testing on each membrane unit at a 

frequency of not less than once each day that the membrane unit is in operation. The State may 

approve less frequent testing, based on demonstrated process reliability, the use of multiple 

barriers effective for Cryptosporidium , or reliable process safeguards. 

(4) Indirect integrity monitoring. Systems must conduct continuous indirect integrity 

monitoring on each membrane unit according to the criteria in paragraphs (b)(4)(i) through (v) of 

this section. Indirect integrity monitoring is defined as monitoring some aspect of filtrate water 

quality that is indicative of the removal of particulate matter. A system that implements 

continuous direct integrity testing of membrane units in accordance with the criteria in paragraphs 

(b)(3)(i) through (v) of this section is not subject to the requirements for continuous indirect 

integrity monitoring. Systems must submit a monthly report to the State summarizing all 

continuous indirect integrity monitoring results triggering direct integrity testing and the 

corrective action that was taken in each case. 
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(i) Unless the State approves an alternative parameter, continuous indirect integrity 

monitoring must include continuous filtrate turbidity monitoring. 

(ii) Continuous monitoring must be conducted at a frequency of no less than once 

every 15 minutes. 

(iii) Continuous monitoring must be separately conducted on each membrane unit. 

(iv) If indirect integrity monitoring includes turbidity and if the filtrate turbidity 

readings are above 0.15 NTU for a period greater than 15 minutes ( i.e. , two consecutive 15-

minute readings above 0.15 NTU), direct integrity testing must immediately be performed on the 

associated membrane unit as specified in paragraphs (b)(3)(i) through (v) of this section. 

(v) If indirect integrity monitoring includes a State-approved alternative parameter 

and if the alternative parameter exceeds a State-approved control limit for a period greater than 

15 minutes, direct integrity testing must immediately be performed on the associated membrane 

units as specified in paragraphs (b)(3)(i) through (v) of this section. 

 

(c) Second stage filtration. Systems receive 0.5-log Cryptosporidium treatment credit for a 

separate second stage of filtration that consists of sand, dual media, GAC, or other fine grain 

media following granular media filtration if the State approves. To be eligible for this credit, the 

first stage of filtration must be preceded by a coagulation step and both filtration stages must treat 

the entire plant flow taken from a surface water or GWUDI source. A cap, such as GAC, on a 

single stage of filtration is not eligible for this credit. The State must approve the treatment credit 

based on an assessment of the design characteristics of the filtration process. 

 

(d) Slow sand filtration (as secondary filter). Systems are eligible to receive 2.5-log 

Cryptosporidium treatment credit for a slow sand filtration process that follows a separate stage 

of filtration if both filtration stages treat entire plant flow taken from a surface water or GWUDI 

source and no disinfectant residual is present in the influent water to the slow sand filtration 

process. The State must approve the treatment credit based on an assessment of the design 

characteristics of the filtration process. This paragraph does not apply to treatment credit awarded 

to slow sand filtration used as a primary filtration process. 

 

§ 141.720. Inactivation toolbox components. 
(a) Calculation of CT values.  

(1) CT is the product of the disinfectant contact time (T, in minutes) and disinfectant 

concentration (C, in milligrams per liter). Systems with treatment credit for chlorine dioxide or 

ozone under paragraph (b) or (c) of this section must calculate CT at least once each day, with 

both C and T measured during peak hourly flow as specified in §§ 141.74(a) through (b). 

(2) Systems with several disinfection segments in sequence may calculate CT for each 

segment, where a disinfection segment is defined as a treatment unit process with a measurable 

disinfectant residual level and a liquid volume. Under this approach, systems must add the 

Cryptosporidium CT values in each segment to determine the total CT for the treatment plant. 

 

(b) CT values for chlorine dioxide and ozone.  

(1) Systems receive the Cryptosporidium treatment credit listed in this table by meeting 

the corresponding chlorine dioxide CT value for the applicable water temperature, as described in 

paragraph (a) of this section. 
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CT VALUES (MG·MIN/L) FOR CRYPTOSPORIDIUM INACTIVATION BY CHLORINE DIOXIDE 
1
 

Log credit 

Water Temperature, °C 

<=0.5 1 2 3 5 7 10 15 20 25 30 

(i) 0.25 159 153 140 128 107 90 69 45 29 19 12 

(ii) 0.5 319 305 279 256 214 180 138 89 58 38 24 

(iii) 1.0 637 610 558 511 429 360 277 179 116 75 49 

(iv) 1.5 956 915 838 767 643 539 415 268 174 113 73 

(v) 2.0 1275 1220 1117 1023 858 719 553 357 232 150 98 

(vi) 2.5 1594 1525 1396 1278 1072 899 691 447 289 188 122 

(vii) 3.0 1912 1830 1675 1534 1286 1079 830 536 347 226 147 
1
 Systems may use this equation to determine log credit between the indicated values: Log credit = 

(0.001506 × (1.09116)
Temp

) × CT. 

 

(2) Systems receive the Cryptosporidium treatment credit listed in this table by meeting 

the corresponding ozone CT values for the applicable water temperature, as described in 

paragraph (a) of this section. 

CT VALUES (MG·MIN/L) FOR CRYPTOSPORIDIUM INACTIVATION BY OZONE 
1
 

Log credit 

Water Temperature, °C 

<=0.5 1 2 3 5 7 10 15 20 25 30 

(i) 0.25 6.0 5.8 5.2 4.8 4.0 3.3 2.5 1.6 1.0 0.6 0.39 

(ii) 0.5 12 12 10 9.5 7.9 6.5 4.9 3.1 2.0 1.2 0.78 

(iii) 1.0 24 23 21 19 16 13 9.9 6.2 3.9 2.5 1.6 

(iv) 1.5 36 35 31 29 24 20 15 9.3 5.9 3.7 2.4 

(v) 2.0 48 46 42 38 32 26 20 12 7.8 4.9 3.1 

(vi) 2.5 60 58 52 48 40 33 25 16 9.8 6.2 3.9 

(vii) 3.0 72 69 63 57 47 39 30 19 12 7.4 4.7 
1
 Systems may use this equation to determine log credit between the indicated values: Log credit = 

(0.0397 × (1.09757)
Temp

) × CT. 

 

(c) Site-specific study. The State may approve alternative chlorine dioxide or ozone CT 

values to those listed in paragraph (b) of this section on a site-specific basis. The State must base 

this approval on a site-specific study a system conducts that follows a State-approved protocol. 
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(d) Ultraviolet light. Systems receive Cryptosporidium, Giardia lamblia, and virus treatment 

credits for ultraviolet (UV) light reactors by achieving the corresponding UV dose values shown 

in paragraph (d)(1) of this section. Systems must validate and monitor UV reactors as described 

in paragraphs (d)(2) and (3) of this section to demonstrate that they are achieving a particular UV 

dose value for treatment credit. 

(1) UV dose table. The treatment credits listed in this table are for UV light at a 

wavelength of 254 nm as produced by a low pressure mercury vapor lamp. To receive treatment 

credit for other lamp types, systems must demonstrate an equivalent germicidal dose through 

reactor validation testing, as described in paragraph (d)(2) of this section. The UV dose values in 

this table are applicable only to post-filter applications of UV in filtered systems and to unfiltered 

systems. 

UV DOSE TABLE FOR CRYPTOSPORIDIUM, GIARDIA LAMBLIA, AND VIRUS INACTIVATION CREDIT 

Log credit 
Cryptosporidium 
UV dose (mJ/cm

2
) 

Giardia lamblia 
UV dose (mJ/cm

2
) 

Virus 
UV dose (mJ/cm

2
) 

(i) 0.5 1.6 1.5 39 

(ii) 1.0 2.5 2.1 58 

(iii) 1.5 3.9 3.0 79 

(iv) 2.0 5.8 5.2 100 

(v) 2.5 8.5 7.7 121 

(vi) 3.0 12 11 143 

(vii) 3.5 15 15 163 

(viii) 4.0 22 22 186 

 

(2) Reactor validation testing. Systems must use UV reactors that have undergone 

validation testing to determine the operating conditions under which the reactor delivers the UV 

dose required in paragraph (d)(1) of this section ( i.e. , validated operating conditions). These 

operating conditions must include flow rate, UV intensity as measured by a UV sensor, and UV 

lamp status. 

(i) When determining validated operating conditions, systems must account for the 

following factors: UV absorbance of the water; lamp fouling and aging; measurement uncertainty 

of on-line sensors; UV dose distributions arising from the velocity profiles through the reactor; 

failure of UV lamps or other critical system components; and inlet and outlet piping or channel 

configurations of the UV reactor. 

(ii) Validation testing must include the following: Full scale testing of a reactor that 

conforms uniformly to the UV reactors used by the system and inactivation of a test 

microorganism whose dose response characteristics have been quantified with a low pressure 

mercury vapor lamp. 

(iii) The State may approve an alternative approach to validation testing. 

(3) Reactor monitoring.  

(i) Systems must monitor their UV reactors to determine if the reactors are operating 

within validated conditions, as determined under paragraph (d)(2) of this section. This monitoring 

must include UV intensity as measured by a UV sensor, flow rate, lamp status, and other 
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parameters the State designates based on UV reactor operation. Systems must verify the 

calibration of UV sensors and must recalibrate sensors in accordance with a protocol the State 

approves. 

(ii) To receive treatment credit for UV light, systems must treat at least 95 percent of 

the water delivered to the public during each month by UV reactors operating within validated 

conditions for the required UV dose, as described in paragraphs (d)(1) and (2) of this section. 

Systems must demonstrate compliance with this condition by the monitoring required under 

paragraph (d)(3)(i) of this section. 

 

§ 141.721. Reporting requirements. 
(a) Systems must report sampling schedules under § 141.702 and source water monitoring 

results under § 141.706 unless they notify the State that they will not conduct source water 

monitoring due to meeting the criteria of § 141.701(d). 

 

(b) Systems must report the use of uncovered finished water storage facilities to the State as 

described in § 141.714. 

 

(c) Filtered systems must report their Cryptosporidium bin classification as described in § 

141.710. 

 

(d) Unfiltered systems must report their mean source water Cryptosporidium level as 

described in § 141.712. 

 

(e) Systems must report disinfection profiles and benchmarks to the State as described in §§ 

141.708 through 141.709 prior to making a significant change in disinfection practice. 

 

(f) Systems must report to the State in accordance with the following table for any microbial 

toolbox options used to comply with treatment requirements under § 141.711 or § 141.712. 

Alternatively, the State may approve a system to certify operation within required parameters for 

treatment credit rather than reporting monthly operational data for toolbox options. 

MICROBIAL TOOLBOX REPORTING REQUIREMENTS 

Toolbox option 
Systems must submit the following 

information On the following schedule 

(1) Watershed 
control program 
(WCP) 

(i) Notice of intention to develop a new 
or continue an existing watershed 
control program 

No later than two years before the 
applicable treatment compliance 
date in § 141.713 

    (ii) Watershed control plan No later than one year before the 
applicable treatment compliance 
date in § 141.713. 

    (iii) Annual watershed control program 
status report 

Every 12 months, beginning one 
year after the applicable treatment 
compliance date in § 141.713. 

    (iv) Watershed sanitary survey report For community water systems, every 
three years beginning three years 
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after the applicable treatment 
compliance date in § 141.713. For 
noncommunity water systems, every 
five years beginning five years after 
the applicable treatment compliance 
date in § 141.713. 

(2) Alternative 
source/intake 
management 

Verification that system has relocated 
the intake or adopted the intake 
withdrawal procedure reflected in 
monitoring results 

No later than the applicable 
treatment compliance date in 
§ 141.713. 

(3) 
Presedimentation 

Monthly verification of the following: (i) 
Continuous basin operation (ii) 
Treatment of 100% of the flow (iii) 
Continuous addition of a coagulant (iv) 
At least 0.5-log mean reduction of 
influent turbidity or compliance with 
alternative State-approved performance 
criteria 

Monthly reporting within 10 days 
following the month in which the 
monitoring was conducted, 
beginning on the applicable 
treatment compliance date in 
§ 141.713. 

(4) Two-stage lime 
softening 

Monthly verification of the following: (i) 
Chemical addition and hardness 
precipitation occurred in two separate 
and sequential softening stages prior to 
filtration (ii) Both stages treated 100% 
of the plant flow 

Monthly reporting within 10 days 
following the month in which the 
monitoring was conducted, 
beginning on the applicable 
treatment compliance date in 
§ 141.713. 

(5) Bank filtration (i) Initial demonstration of the following: 
(A) Unconsolidated, predominantly 
sandy aquifer (B) Setback distance of 
at least 25 ft. (0.5-log credit) or 50 ft. 
(1.0-log credit) 

No later than the applicable 
treatment compliance date in 
§ 141.713. 

    (ii) If monthly average of daily max 
turbidity is greater than 1 NTU then 
system must report result and submit 
an assessment of the cause. 

Report within 30 days following the 
month in which the monitoring was 
conducted, beginning on the 
applicable treatment compliance 
date in § 141.713. 

(6) Combined filter 
performance 

Monthly verification of combined filter 
effluent (CFE) turbidity levels less than 
or equal to 0.15 NTU in at least 95 
percent of the 4 hour CFE 
measurements taken each month 

Monthly reporting within 10 days 
following the month in which the 
monitoring was conducted, 
beginning on the applicable 
treatment compliance date in 
§ 141.713. 

(7) Individual filter 
performance 

Monthly verification of the following: (i) 
Individual filter effluent (IFE) turbidity 
levels less than or equal to 0.15 NTU in 
at least 95 percent of samples each 
month in each filter (ii) No individual 
filter greater than 0.3 NTU in two 
consecutive readings 15 minutes apart 

Monthly reporting within 10 days 
following the month in which the 
monitoring was conducted, 
beginning on the applicable 
treatment compliance date in 
§ 141.713.] 
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(8) Demonstration 
of performance 

(i) Results from testing following a State 
approved protocol 
(ii) As required by the State, monthly 
verification of operation within 
conditions of State approval for 
demonstration of performance credit 

No later than the applicable 
treatment compliance date in 
§ 141.713. 
Within 10 days following the month 
in which monitoring was conducted, 
beginning on the applicable 
treatment compliance date in 
§ 141.713. 

(9) Bag filters and 
cartridge filters 

(i) Demonstration that the following 
criteria are met: (A) Process meets the 
definition of bag or cartridge filtration; 
(B) Removal efficiency established 
through challenge testing that meets 
criteria in this subpart 

No later than the applicable 
treatment compliance date in 
§ 141.713. 

    (ii) Monthly verification that 100% of 
plant flow was filtered 

Within 10 days following the month 
in which monitoring was conducted, 
beginning on the applicable 
treatment compliance date in 
§ 141.713. 

(10) Membrane 
filtration 

(i) Results of verification testing 
demonstrating the following: (A) 
Removal efficiency established through 
challenge testing that meets criteria in 
this subpart; (B) Integrity test method 
and parameters, including resolution, 
sensitivity, test frequency, control limits, 
and associated baseline 

No later than the applicable 
treatment compliance date in 
§ 141.713. 

    (ii) Monthly report summarizing the 
following: (A) All direct integrity tests 
above the control limit; (B) If applicable, 
any turbidity or alternative state-
approved indirect integrity monitoring 
results triggering direct integrity testing 
and the corrective action that was taken 

Within 10 days following the month 
in which monitoring was conducted, 
beginning on the applicable 
treatment compliance date in 
§ 141.713. 

(11) Second stage 
filtration 

Monthly verification that 100% of flow 
was filtered through both stages and 
that first stage was preceded by 
coagulation step 

Within 10 days following the month 
in which monitoring was conducted, 
beginning on the applicable 
treatment compliance date in 
§ 141.713. 

(12) Slow sand 
filtration (as 
secondary filter) 

Monthly verification that both a slow 
sand filter and a preceding separate 
stage of filtration treated 100% of flow 
from subpart H sources. 

Within 10 days following the month 
in which monitoring was conducted, 
beginning on the applicable 
treatment compliance date in 
§ 141.713. 

(13) Chlorine 
dioxide 

Summary of CT values for each day as 
described in § 141.720. 

Within 10 days following the month 
in which monitoring was conducted, 
beginning on the applicable 
treatment compliance date in 
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§ 141.713. 

(14) Ozone Summary of CT values for each day as 
described in § 141.720. 

Within 10 days following the month 
in which monitoring was conducted, 
beginning on the applicable 
treatment compliance date in 
§ 141.713. 

(15) UV (i) Validation test results demonstrating 
operating conditions that achieve 
required UV dose 
(ii) Monthly report summarizing the 
percentage of water entering the 
distribution system that was not treated 
by UV reactors operating within 
validated conditions for the required 
dose as specified in 141.720(d). 

No later than the applicable 
treatment compliance date in 
§ 141.713. 
Within 10 days following the month 
in which monitoring was conducted, 
beginning on the applicable 
treatment compliance date in 
§ 141.713. 

 

§ 141.722. Recordkeeping requirements. 
(a) Systems must keep results from the initial round of source water monitoring under § 

141.701(a) and the second round of source water monitoring under § 141.701(b) until 3 years 

after bin classification under § 141.710 for filtered systems or determination of the mean 

Cryptosporidium level under § 141.710 for unfiltered systems for the particular round of 

monitoring. 

 

(b) Systems must keep any notification to the State that they will not conduct source water 

monitoring due to meeting the criteria of § 141.701(d) for 3 years. 

 

(c) Systems must keep the results of treatment monitoring associated with microbial toolbox 

options under §§ 141.716 through 141.720 and with uncovered finished water reservoirs under § 

141.714, as applicable, for 3 years. 

 

§ 141.723. Requirements to respond to significant deficiencies identified in sanitary 

surveys performed by EPA. 
(a) A sanitary survey is an onsite review of the water source (identifying sources of 

contamination by using results of source water assessments where available), facilities, 

equipment, operation, maintenance, and monitoring compliance of a PWS to evaluate the 

adequacy of the PWS, its sources and operations, and the distribution of safe drinking water. 

 

(b) For the purposes of this section, a significant deficiency includes a defect in design, 

operation, or maintenance, or a failure or malfunction of the sources, treatment, storage, or 

distribution system that EPA determines to be causing, or has the potential for causing the 

introduction of contamination into the water delivered to consumers. 

 

(c) For sanitary surveys performed by EPA, systems must respond in writing to significant 

deficiencies identified in sanitary survey reports no later than 45 days after receipt of the report, 

indicating how and on what schedule the system will address significant deficiencies noted in the 

survey. 
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(d) Systems must correct significant deficiencies identified in sanitary survey reports 

according to the schedule approved by EPA, or if there is no approved schedule, according to the 

schedule reported under paragraph (c) of this section if such deficiencies are within the control of 

the system. 
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HEALTH AND SAFETY CODE 
SECTION 116270-116293 

116270.  The Legislature finds and declares all of the following:
   (a) Every citizen of California has the right to pure and safe
drinking water.
   (b) Feasible and affordable technologies are available and shall
be used to remove toxic contaminants from public water supplies.
   (c) According to the State Department of Health Services, over 95
percent of all large public water systems in California are in
compliance with health-based action levels established by the
department for various contaminants.
   (d) It is the policy of the state to reduce to the lowest level
feasible all concentrations of toxic chemicals that when present in
drinking water may cause cancer, birth defects, and other chronic
diseases.
   (e) This chapter is intended to ensure that the water delivered by
public water systems of this state shall at all times be pure,
wholesome, and potable. This chapter provides the means to accomplish
this objective.
   (f) It is the intent of the Legislature to improve laws governing
drinking water quality, to improve upon the minimum requirements of
the federal Safe Drinking Water Act Amendments of 1996, to establish
primary drinking water standards that are at least as stringent as
those established under the federal Safe Drinking Water Act, and to
establish a program under this chapter that is more protective of
public health than the minimum federal requirements.
   (g) It is the further intent of the Legislature to establish a
drinking water regulatory program within the State Department of
Health Services in order to provide for the orderly and efficient
delivery of safe drinking water within the state and to give the
establishment of drinking water standards and public health goals
greater emphasis and visibility within the state department.

116275.  As used in this chapter:
   (a) "Contaminant" means any physical, chemical, biological, or
radiological substance or matter in water.
   (b) "Department" means the State Department of Public Health.
   (c) "Primary drinking water standards" means:
   (1) Maximum levels of contaminants that, in the judgment of the
department, may have an adverse effect on the health of persons.
   (2) Specific treatment techniques adopted by the department in
lieu of maximum contaminant levels pursuant to subdivision (j) of
Section 116365.
   (3) The monitoring and reporting requirements as specified in
regulations adopted by the department that pertain to maximum
contaminant levels.
   (d) "Secondary drinking water standards" means standards that
specify maximum contaminant levels that, in the judgment of the
department, are necessary to protect the public welfare. Secondary
drinking water standards may apply to any contaminant in drinking
water that may adversely affect the odor or appearance of the water
and may cause a substantial number of persons served by the public
water system to discontinue its use, or that may otherwise adversely
affect the public welfare. Regulations establishing secondary
drinking water standards may vary according to geographic and other
circumstances and may apply to any contaminant in drinking water that
adversely affects the taste, odor, or appearance of the water when
the standards are necessary to ensure a supply of pure, wholesome,
and potable water.
   (e) "Human consumption" means the use of water for drinking,
bathing or showering, hand washing, oral hygiene, or cooking,
including, but not limited to, preparing food and washing dishes.
   (f) "Maximum contaminant level" means the maximum permissible
level of a contaminant in water.
   (g) "Person" means an individual, corporation, company,
association, partnership, limited liability company, municipality,
public utility, or other public body or institution.
   (h) "Public water system" means a system for the provision of
water for human consumption through pipes or other constructed
conveyances that has 15 or more service connections or regularly
serves at least 25 individuals daily at least 60 days out of the
year. A public water system includes the following:
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   (1) Any collection, treatment, storage, and distribution
facilities under control of the operator of the system that are used
primarily in connection with the system.
   (2) Any collection or pretreatment storage facilities not under
the control of the operator that are used primarily in connection
with the system.
   (3) Any water system that treats water on behalf of one or more
public water systems for the purpose of rendering it safe for human
consumption.
   (i) "Community water system" means a public water system that
serves at least 15 service connections used by yearlong residents or
regularly serves at least 25 yearlong residents of the area served by
the system.
   (j) "Noncommunity water system" means a public water system that
is not a community water system.
   (k) "Nontransient noncommunity water system" means a public water
system that is not a community water system and that regularly serves
at least 25 of the same persons over six months per year.
   (l) "Local health officer" means a local health officer appointed
pursuant to Section 101000 or a local comprehensive health agency
designated by the board of supervisors pursuant to Section 101275 to
carry out the drinking water program.
   (m) "Significant rise in the bacterial count of water" means a
rise in the bacterial count of water that the department determines,
by regulation, represents an immediate danger to the health of water
users.
   (n) "State small water system" means a system for the provision of
piped water to the public for human consumption that serves at least
five, but not more than 14, service connections and does not
regularly serve drinking water to more than an average of 25
individuals daily for more than 60 days out of the year.
   (o) "Transient noncommunity water system" means a noncommunity
water system that does not regularly serve at least 25 of the same
persons over six months per year.
   (p) "User" means a person using water for domestic purposes. User
does not include a person processing, selling, or serving water or
operating a public water system.
   (q) "Waterworks standards" means regulations adopted by the
department that take cognizance of the latest available "Standards of
Minimum Requirements for Safe Practice in the Production and
Delivery of Water for Domestic Use" adopted by the California section
of the American Water Works Association.
   (r) "Local primacy agency" means a local health officer that has
applied for and received primacy delegation from the department
pursuant to Section 116330.
   (s) "Service connection" means the point of connection between the
customer's piping or constructed conveyance, and the water system's
meter, service pipe, or constructed conveyance. A connection to a
system that delivers water by a constructed conveyance other than a
pipe shall not be considered a connection in determining if the
system is a public water system if any of the following apply:
   (1) The water is used exclusively for purposes other than
residential uses, consisting of drinking, bathing, and cooking or
other similar uses.
   (2) The department determines that alternative water to achieve
the equivalent level of public health protection provided by the
applicable primary drinking water regulation is provided for
residential or similar uses for drinking and cooking.
   (3) The department determines that the water provided for
residential or similar uses for drinking, cooking, and bathing is
centrally treated or treated at the point of entry by the provider, a
passthrough entity, or the user to achieve the equivalent level of
protection provided by the applicable primary drinking water
regulations.
   (t) "Resident" means a person who physically occupies, whether by
ownership, rental, lease, or other means, the same dwelling for at
least 60 days of the year.
   (u) "Water treatment operator" means a person who has met the
requirements for a specific water treatment operator grade pursuant
to Section 106875.
   (v) "Water treatment operator-in-training" means a person who has
applied for and passed the written examination given by the
department but does not yet meet the experience requirements for a
specific water treatment operator grade pursuant to Section 106875.
   (w) "Water distribution operator" means a person who has met the
requirements for a specific water distribution operator grade
pursuant to Section 106875.
   (x) "Water treatment plant" means a group or assemblage of
structures, equipment, and processes that treats, blends, or
conditions the water supply of a public water system for the purpose
of meeting primary drinking water standards.
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   (y) "Water distribution system" means any combination of pipes,
tanks, pumps, and other physical features that deliver water from the
source or water treatment plant to the consumer.
   (z) "Public health goal" means a goal established by the Office of
Environmental Health Hazard Assessment pursuant to subdivision (c)
of Section 116365.
   (aa) "Small community water system" means a community water system
that serves no more than 3,300 service connections or a yearlong
population of no more than 10,000 persons.
   (ab) "Disadvantaged community" means the entire service area of a
community water system, or a community therein, in which the median
household income is less than 80 percent of the statewide average.

116280.  This chapter does not apply to a public water system that
meets all of the following conditions:
   (a) Consists only of distribution and storage facilities and does
not have any collection and treatment facilities.
   (b) Obtains all of its water from, but is not owned or operated
by, a public water system to which this chapter applies.
   (c) Does not sell water to any person or user. For purposes of
this subdivision, sale of water shall not include the sale of water,
obtained from a public water system that is subject to this chapter,
through a submetered distribution system if each user of the system
is charged no more than the rate the user would be charged by the
public water system.
   By enacting this subdivision, it is not the intent of the
Legislature to change existing law as to responsibility or liability
for distribution systems beyond the mastermeter.

116283.  This chapter shall apply to a food facility that is
regulated pursuant to the California Retail Food Code only if the
human consumption includes drinking of water.

116283.  This chapter shall apply to a food facility that is
regulated pursuant to the California Retail Food Code only if the
human consumption includes drinking of water.

116285.  Before August 6, 1998, this chapter shall not apply to an
irrigation canal system if the owner or operator of the system
certifies to the department, and notifies each user, in writing, that
the water is untreated and is being furnished or supplied solely for
agricultural purposes to either of the following:
   (a) A user where the user receives the water, by pipe or
otherwise, directly from the irrigation canal system.
   (b) A person who owns or operates an integrated pipe system where
the person receives the water, by pipe or otherwise, directly from
the irrigation canal system.
   "Irrigation canal system," as used in this section, means a system
of water conveyance facilities, including pipes, tunnels, canals,
conduits, pumping plants and related facilities operated to furnish
or supply water for agricultural purposes where a substantial portion
of the facilities is open to the atmosphere.

116286.  (a) A water district, as defined in subdivision (b), in
existence prior to May 18, 1994, that provides primarily agricultural
services through a piped water system with only incidental
residential or similar uses shall not be considered to be a public
water system if the department determines that either of the
following applies:
   (1) The system certifies that it is providing alternative water
for residential or similar uses for drinking water and cooking to
achieve the equivalent level of public health protection provided by
the applicable primary drinking water regulations.
   (2) The water provided for residential or similar uses for
drinking, cooking, and bathing is centrally treated or treated at the
point of entry by the provider, a passthrough entity, or the user to
achieve the equivalent level of protection provided by the
applicable primary drinking water regulations.
   (b) For purposes of this section, "water district" means any
district or other political subdivision, other than a city or county,
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a primary function of which is irrigation, reclamation, or drainage
of land.

116287.  (a) The department, in implementing subdivision (s) of
Section 116275 and Section 116286, shall place requirements on
affected public water systems and water districts that are consistent
with this chapter and the guidelines established by the United
States Environmental Protection Agency for implementing comparable
provisions of the federal Safe Drinking Water Act of 1996.
   (b) The department, in making the determinations specified in
paragraphs (2) and (3) of subdivision (s) of Section 116275 and
subdivisions (a) and (b) of Section 116286, shall utilize criteria
that are consistent with this chapter and those used by the United
States Environmental Protection Agency in administering the
comparable provisions of the federal Safe Drinking Water Act.
   (c) The department shall periodically monitor and review the
conditions under which a public water system, or a water district as
defined in subdivision (b) of Section 116286, has met the
requirements of this chapter pursuant to subdivision (s) of Section
116275 or Section 116286, or pursuant to the federal act, to ensure
that the conditions continue to be met.
   (d) The department may prescribe reasonable, feasible, and
cost-effective actions to be taken by a public water system, water
district, as defined in subdivision (b) of Section 116286, or users
subject to subdivision (s) of Section 116275 or Section 116286 to
ensure that alternative water or treated water provided by the water
systems, water districts, or users pursuant to Section 116275 or
116286 will not be injurious to health.
   (e) A notice prominently titled "Notice of Noncompliance with Safe
Drinking Water Requirements" at the top of the document that states
the requirements and actions prescribed by the department under
subdivisions (a) and (d), describes the real property by assessors
parcel number or legal description to which these requirements and
actions apply, and names the record owners of that real property, may
be recorded by the affected public water system or water district in
the county where the real property is located. Recordation and
proper indexing, as prescribed by law, shall provide constructive
notice of these requirements and actions and shall not constitute a
title defect, lien, or encumbrance. The public water system or water
district shall provide notice of this recordation to the record
owners of the real property by first-class mail, postage prepaid, to
the address as shown on the latest county assessment roll. If the
public water system or water district later determines that the
record owners of the real property have complied with the
requirements and actions prescribed by the department, the public
water system or water district, within 10 days of that determination,
shall record a subsequent notice titled "Notice of Compliance with
Safe Drinking Water Requirements" that states that the "Notice of
Noncompliance with Safe Drinking Water Requirements" has no further
force or effect.
   (f) A water district subject to this section shall annually
publish a notice in a newspaper of general circulation describing any
requirements and actions prescribed by the department to be taken by
the water district and any record of compliance by the water
district with these requirements and actions.
   (g) This section shall not relieve a water district from complying
with any other provisions of law.

116290.  Before August 6, 1998, in areas where the water service
rendered by a person is primarily agricultural, and domestic service
is only incidental thereto, this chapter shall not apply except in
specific areas in which the department has found its application to
be necessary for the protection of the public health and has given
written notice thereof to the person furnishing or supplying water in
the area.
   The department may prescribe reasonable and feasible action to be
taken by those persons or the users to insure that their domestic
water will not be injurious to health.

116293.  (a) On January 1, 2003, the Office of Environmental Health
Hazard Assessment shall perform a risk assessment and, based upon
that risk assessment, shall adopt a public health goal based
exclusively on public health consideration for perchlorate using the
criteria set forth in subdivision (c) of Section 116365.
   (b) On or before January 1, 2004, the department shall adopt a
primary drinking water standard for perchlorate found in public water
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systems in California in a manner that is consistent with this
chapter.
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§ 13228.14. Hearing panels 
 (a) Any hearing or investigation by a regional board 
relating to investigating the quality of waters of the state, 
prescribing waste discharge requirements, issuing cease 
and desist orders, requiring the cleanup or abatement of 
waste, or imposing administrative civil liabilities or 
penalties may be conducted by a panel of three or more 
members of the regional board, but any final action in the 
matter shall be taken by the regional board.  Due notice of 
any hearing shall be given to all affected persons.  After a 
hearing, the panel shall report its proposed decision and 
order to the regional board and shall supply a copy to all 
parties who appeared at the hearing and requested a copy. 

 (b) No party who appears before the panel is precluded 
from appearing before the regional board at any 
subsequent hearing relating to the matter.  Members of the 
panel are not disqualified from sitting as members of the 
regional board in deciding the matter. 

 (c) The regional board, after making an independent 
review of the record and taking additional evidence as 
may be necessary, may adopt, with or without revision, or 
reject, the proposed decision and order of the panel. 

§ 13228.15. Prehearing conferences 
 The members of a regional board, or their designees, with 
respect to matters within the regional board’s jurisdiction, 
may carry out prehearing conferences to address any of 
the matters described in subdivision (b) of Section 
11511.5 of the Government Code.  No party who appears 
at a prehearing conference is precluded from appearing 
before the regional board at any subsequent hearing 
relating to the matter. 

ARTICLE 3. REGIONAL WATER QUALITY 
CONTROL PLANS 
§ 13240. Regional water quality control plans 
Each regional board shall formulate and adopt water 
quality control plans for all areas within the region.  Such 
plans shall conform to the policies set forth in Chapter 1 
(commencing with Section 13000) of this division and 
any state policy for water quality control.  During the 
process of formulating such plans the regional boards 
shall consult with and consider the recommendations of 
affected state and local agencies.  Such plans shall be 
periodically reviewed and may be revised. 

§ 13241. Water quality objectives 
 Each regional board shall establish such water quality 
objectives in water quality control plans as in its judgment 
will ensure the reasonable protection of beneficial uses 
and the prevention of nuisance;  however, it is recognized 
that it may be possible for the quality of water to be 
changed to some degree without unreasonably affecting 
beneficial uses.  Factors to be considered by a regional 
board in establishing water quality objectives shall 

include, but not necessarily be limited to, all of the 
following: 

 (a) Past, present, and probable future beneficial uses of 
water. 

 (b) Environmental characteristics of the hydrographic 
unit under consideration, including the quality of water 
available thereto. 

 (c) Water quality conditions that could reasonably be 
achieved through the coordinated control of all factors 
which affect water quality in the area. 

 (d) Economic considerations. 

 (e) The need for developing housing within the region. 

 (f) The need to develop and use recycled water. 

§ 13242. Implementation 
 The program of implementation for achieving water 
quality objectives shall include, but not be limited to: 

 (a) A description of the nature of actions which are 
necessary to achieve the objectives, including 
recommendations for appropriate action by any entity, 
public or private. 

 (b) A time schedule for the actions to be taken. 

 (c) A description of surveillance to be undertaken to 
determine compliance with objectives. 

§ 13243. Discharge of waste 
 A regional board, in a water quality control plan or in 
waste discharge requirements, may specify certain 
conditions or areas where the discharge of waste, or 
certain types of waste, will not be permitted. 

§ 13244. Hearing requirements 
 The regional boards shall not adopt any water quality 
control plan unless a public hearing is first held, after the 
giving of notice of such hearing by publication in the 
affected county or counties pursuant to Section 6061 of 
the Government Code.  When the plan proposes to 
prohibit discharges of waste pursuant to Section 13243, 
similar notice shall be given by publication pursuant to 
Section 6061.3 of the Government Code. 

§ 13245. Approval by the state board 
 A water quality control plan, or a revision thereof 
adopted by a regional board, shall not become effective 
unless and until it is approved by the state board.  The 
state board may approve such plan, or return it to the 
regional board for further consideration and resubmission 
to the state board.  Upon resubmission the state board 
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CONTACT RECREATION

July 31, 2001

I. SUMMARY

Staff proposes an amendment to the Water Quality Control Plan for the Los Angeles Region
(hereafter Basin Plan) to update the water quality objectives for bacteria that are applied to
waters designated for contact recreation (REC-1). The proposed amendment would update the
current objectives outlined in the Basin Plan. Our goal in updating the region’s bacteria
objectives is to better protect human health by reducing the risk of illnesses associated with
exposure to water containing fecal bacteria. The proposed revisions are based on more recent
epidemiological studies and research on the most appropriate bacterial indicators conducted
locally and nationally.

Specifically, staff proposes that combinations of four bacterial indicators be used to assess the
quality of waters used for contact recreation (REC-1).1 Staff recommends that the fecal coliform
objectives for non-contact recreation (REC-2) remain unchanged at the current time, since no
epidemiological studies or research have been conducted focusing on accidental/incidental
contact.2

Water quality objectives are based on the beneficial use of a water body, and may also differ
depending on whether a water body is fresh or saline. These differences are due to differences
in the risk of human exposure (e.g., immersion vs. incidental contact), epidemiological research,
and indicator characteristics (e.g., enterococci bacteria survive longer than E. coli in marine
water). Bacteria objectives therefore differ for water bodies designated for contact recreation,
non-contact recreation and shellfish harvesting. If a water body is designated for all three uses,
the most stringent water quality objectives apply. Staff is not proposing to update the water
quality objectives for shellfish harvesting at this time.

Staff recommends that the bacteria objectives for waters used for contact recreation (REC-1) be
updated to reflect those specified by California Code of Regulations, title 17, section 7958
“Bacteriological Standards” (Assembly Bill 411, Statutes of 1997) and “Ambient Water Quality

                                                     
1
 REC-1 (water contact recreation) is a beneficial use, defined in the Basin Plan, and designated as either

“Existing,” “Potential,” or “Intermittent” for all water bodies in the Region. REC-1 is defined in the Basin
Plan as “[U]ses of water for recreational activities involving body contact with water, where ingestion of
water is reasonably possible. These uses include, but are not limited to, swimming, wading, water-skiing,
skin and scuba diving, surfing, white water activities, fishing, or use of natural hot springs” (p. 2-2).
2
 REC-2 (non-contact water recreation) is defined in the Basin Plan as “[U]ses of water for recreational

activities involving proximity to water, but not normally involving body contact with water, where ingestion
of water is reasonably possible. These uses include, but are not limited to, picnicking, sunbathing, hiking,
beachcombing, camping, boating, tidepool and marine life study, hunting, sightseeing, or aesthetic
enjoyment in conjunction with the above activities” (p. 2-2).
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Criteria for Bacteria – 1986” (U.S. EPA, 1986). The updated objectives for marine waters would
be based on four bacterial indicators: total coliform, fecal coliform, the fecal coliform-to-total
coliform ratio, and enterococcus; for fresh water, the objectives would be based on two
indicators, fecal coliform and E. coli.

The proposed water quality objectives for bacteria for water bodies designated as REC-1 are
shown in Table 1.

In the sections below, we first present the existing objectives, the historical basis for these
objectives, and criticisms leveled against these objectives. Second, we describe the proposed
objectives and how they differ from existing objectives. We also discuss the technical basis for
the proposed objectives as well as the policy justifications for revising the objectives. After our
discussion of the proposed objectives, we present several alternatives for the Regional Board to
consider from taking no action to adopting the proposed objectives.

II. RATIONALE FOR BASIN PLAN AMENDMENT

There are several reasons to update our bacteria objectives. First and foremost, the water
quality standards outlined in the Basin Plan are the cornerstone of all of the other activities of
the Regional Board and should be based on the best science available to protect beneficial
uses.3 The bacteria objectives that staff is proposing are based on substantial research
conducted locally and nationally, which has provided new information on the best “indicators” of
the presence of disease-causing organisms and the relationship between these indicators and
illness rates.4

Second, we use water quality standards to determine which water bodies are impaired and,
thus, to identify water bodies for which we must develop total maximum daily loads (TMDLs).
These standards translate into the numeric targets in a TMDL. The numeric targets then form
the basis for determining the allowable pollutant load to a water body and allocating this load
among the various point and nonpoint source dischargers. These allocations are then
incorporated, as appropriate, into discharge permits issued by the Regional Board. We have
many bacteria TMDLs planned or underway. If we use outdated bacteria objectives as the basis
of these TMDLs, we are likely to have to spend significant resources to redo these TMDLs once
the new objectives are adopted.5

                                                     
3
 Water quality standards are defined as the beneficial uses of a water body, the water quality objectives

associated with that beneficial use, and the State’s antidegradation policy. This Basin Plan amendment
only proposes changes to the water quality objectives for bacterial indicators, not to the beneficial uses
of water bodies.
4
 Indicator organisms often do not cause illness directly. However, they are associated with fecal

contamination and have characteristics that make them good predictors of pathogens in water bodies.
Pathogens are disease-causing microorganisms that include viruses, protozoa and bacteria. Many of
these pathogens can not be measured directly. In addition, water bodies may contain many different
pathogens, making measurement impractical even if techniques were available to detect all pathogens of
concern. Therefore, indicator organisms are used to predict the health risks from pathogens residing in
water bodies.
5
 We know, for example, that many of the beaches in Santa Monica Bay exceed the proposed single

sample objective for enterococcus. It will be most efficient for us to address this impairment as part of a
comprehensive pathogen TMDL for Santa Monica Bay beaches, since many of the sources are likely to
be the same.
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Third, if the Regional Board does not take action soon to update the bacteria objectives for the
region, it is likely that the State Water Resources Control Board (State Board) and U.S. EPA will
act on behalf of the region. Specifically, the State Board has plans to revise the bacteria
objectives for contact recreation in the California Ocean Plan in 2002. In addition, in March
1999, U.S. EPA made a commitment in the Action Plan for Beaches and Recreational Waters
that “where a State does not amend its water quality standards to include the 1986 criteria, U.S.
EPA will act under Section 303(c) of the Clean Water Act to promulgate the criteria with the goal
of assuring that the 1986 criteria apply in all states not later than 2003.”6

III. PROPOSED CHANGES FOR WATERS DESIGNATED FOR CONTACT RECREATION
(REC-1)

A. Current Objectives

The current objectives are based on total coliform and fecal coliform.

For fresh water, the current objectives are:

In waters designated for water contact recreation (REC-1), the fecal coliform concentration shall
not exceed a log mean of 200/100 ml (based on a minimum of not less than four samples for
any 30-day period), nor shall more than 10 percent of total samples during any 30-day period
exceed 400/100 ml.

(RWQCB-LA Basin Plan, 1994, p 3-3)

For marine water, the current objectives are:

Samples of water from each sampling station shall have a density of total coliform organisms
less than 1,000 per 100 ml; provided that not more than 20 percent of the samples at any
sampling station, in any 30-day period, may exceed 1,000 per 100 ml, and provided further that
no single sample when verified by a repeat sample taken within 48 hours shall exceed 10,000
per 100 ml.

The fecal coliform density based on a minimum of not less than five samples for any 30-day
period, shall not exceed a geometric mean of 200 per 100 ml nor shall more than 10 percent of
the total samples during any 60-day period exceed 400 per 100 ml.

(California Ocean Plan, 1997, p. 2)

History of Current Objectives. In brief, the current fecal coliform objectives for waters
designated REC-1 are based on the results of a series of epidemiological studies conducted in
the late 1940s and early 1950s, which are summarized by Stevenson (1953). These studies
showed that there was a significantly greater illness rate in individuals who swam in water with
an average total coliform density of 2,300 organisms per 100 ml compared to those who swam
in water with an average total coliform density of 43 organisms per 100 ml. This total coliform
index was translated into a fecal coliform index by using the ratio of fecal coliforms to total

                                                     
6
 The 1986 guidance issued by U.S. EPA only addresses bacteria objectives for waters designated for

contact recreation, and only recommends use of enterococcus (marine water) and E. coli (freshwater).
However, based on local research, the California Code of Regulations, title 17, section 7958 requires the
use of total coliforms, fecal coliforms, the fecal coliform-to-total coliform ratio and enterococcus for marine
water.
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coliforms at one of the original study sites. This change from total coliform to fecal coliform was
made because fecal coliform is more fecal specific. Based on this ratio, it was assumed that for
fecal coliform, one would observe statistically significant swimming-associated gastrointestinal
illness at 400 organisms/100 ml. The National Technical Advisory Committee (NTAC) of the
Department of the Interior, which oversaw these initial epidemiological studies, suggested that a
detectable risk was unacceptable, and so proposed a density of 200 fecal coliform per 100 ml
as the criterion. The NTAC further proposed that not more than 10 percent of samples should
exceed 400 fecal coliform per 100 ml. This criterion was recommended again by U.S. EPA in
1976.

B. Proposed Objectives

The revised objectives would still include objectives for total coliform (for marine water) and
fecal coliform (for both marine and fresh water), but would add objectives for the fecal-to-total
coliform ratio and enterococcus (for marine water), and E. coli (for fresh water).

Specifically, staff recommends the following:

In Marine Waters Designated for Water Contact Recreation

1. Geometric Mean Limits
a. Total coliform density shall not exceed 1,000/100 ml.
b. Fecal coliform density shall not exceed 200/100 ml.
c. Enterococcus density shall not exceed 35/100 ml.

2. Single Sample Limits
a. Total coliform density shall not exceed 10,000/100 ml.
b. Fecal coliform density shall not exceed 400/100 ml.
c. Enterococcus density shall not exceed 104/100 ml.
d. Total coliform density shall not exceed 1,000/100 ml, if the ratio of fecal-to-total

coliform exceeds 0.1.

In Fresh Waters Designated for Water Contact Recreation

1. Geometric Mean Limits
a. E. coli density shall not exceed 126/100 ml.
b. Fecal coliform density shall not exceed 200/100 ml.

2. Single Sample Limits
a. E. coli density shall not exceed 235/100 ml.
b. Fecal coliform density shall not exceed 400/100 ml.

Implementation Provisions for Water Contact Recreation Bacteria
Objectives

The geometric mean values should be calculated based on a statistically
sufficient number of samples (generally not less than 5 samples equally spaced
over a 30-day period).
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If any of the single sample limits are exceeded, the Regional Board may require
repeat sampling on a daily basis until the sample falls below the single sample
limit or for 5 days, whichever is less, in order to determine the persistence of the
exceedance.

When repeat sampling is required because of an exceedance of any one single
sample limit, values from all samples collected during that 30-day period will be
used to calculate the geometric mean.

Justification for Revised Objectives. The revised objectives are based on new, better
information on the relationship between illness rates and bacterial indicator densities. The new
information was collected through more recent epidemiological studies conducted nationwide,
including one study sponsored by the Santa Monica Bay Restoration Project of swimmers at
Santa Monica Bay beaches (Cabelli, 1983; Dufour, 1984; Haile et al., 1999). There is also better
information on the bacterial indicators themselves, allowing us to select the best indicators given
local conditions (e.g., enterococcus survives longer than E. coli in marine water, better
mimicking viruses (Fattal, et al., 1983)). This new information is briefly summarized below.

In response to criticisms leveled at the fecal coliform objective, in 1972, U.S. EPA initiated
another series of epidemiological studies in both fresh water and marine water. The purpose of
these studies was to: (1) confirm that swimming in sewage-contaminated water carries a health
risk for bathers and (2) determine which indicator(s) is best correlated with swimming-
associated health effects. These studies found that swimming in sewage-contaminated water
does carry a health risk. Enterococcus and E. coli were the indicators most strongly correlated
with gastroenteritis. These studies found that total coliform and fecal coliform densities were
only weakly correlated with gastroenteritis. The enterococcus and E. coli criteria now
recommended by U.S. EPA were calculated based on historical “acceptable” illness rates of 8
illness per 1,000 swimmers at fresh water beaches, and 19 illness per 1,000 swimmers at
marine beaches, which are the illness rates associated with the fecal coliform criterion.

In a study conducted at Santa Monica Bay beaches, researchers also found an increased risk of
illness associated with swimming in areas with high densities of bacterial indicators (Haile et al.,
1999). (In this study, researchers examined the correlation between indicator densities and
gastrointestinal illness as well as respiratory illness, skin irritation, and earaches.) Researchers
used “cutoff points” to determine whether there were differences in the incidence of illness for
those who swam in waters with bacterial densities “greater than” versus “less than” certain
cutoff points. Symptoms were found to be associated with swimming in areas where bacterial
indicator counts were greater than the cutoff points that are used in state standards and federal
guidelines. And while total coliform and fecal coliform were not found to be strongly associated
with increased risk for gastrointestinal illness (as in the national studies), these indicators were
associated with increased risk of skin rashes. In addition, the fecal coliform-to-total coliform ratio
was found to be one of the better indicators for predicting health risks. Specifically, significant
associations were observed with the incidence of illness generally increasing as the ratio of
densities of total coliforms to fecal coliforms decreased towards a 1:1 ratio. The strongest
effects were observed when analyses were restricted to times when total coliforms exceeded
1,000 cfu/100 ml. Table 2 shows the various outcomes that were found to be associated with
these high densities of indicator bacteria.

As a result of the national epidemiological studies, the U.S. EPA published revised criteria
guidelines for bacteria, recommending that states use enterococcus in marine water and E. coli
or enterococcus in fresh water (U.S. EPA, 1986). As a result of the epidemiological study
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conducted at Santa Monica Bay beaches, the California State Legislature passed Assembly Bill
411 (1997) requiring weekly monitoring of enterococcus, fecal coliform, total coliform and other
microbiological indicators that the California Department of Health Services (Department)
determines are appropriate during the period from April 1 to October 31. Assembly Bill 411 also
required the Department to established bacteriological standards to be used for public
notification. The Department adopted regulations in 1999 that add fecal-to-total coliform ratio as
an additional microbiological indicator.  Further, the Department’s regulations establish
standards that include both single sample standards and geometric mean standards, and are
the same as those proposed in this Basin Plan amendment.

IV. ALTERNATIVES

1. No action.

If the Regional Board does not adopt revised standards consistent with U.S. EPA’s
recommendations and California law, U.S. EPA and the State Board will act in place of the
Regional Board to promulgate revised bacteria objectives for waters designated for water
contact recreation (REC-1). Specifically, the State Board plans to adopt revised bacteria
objectives for ocean waters in 2002; these objectives will likely be the same as those in the
California Code of Regulations, title 17, section 7958 “Bacteriological Standards,” which
includes objectives for total coliform, fecal coliform, the fecal-to-total coliform ratio, and
enterococcus. In addition, U.S. EPA will act by 2003 to change bacteria objectives for waters
designated as REC-1 by adding an objective for enterococcus in marine waters and E. coli in
freshwaters as necessary.

In the meantime, due to deadlines for certain TMDLs established in a consent decree between
Heal the Bay, Inc. et al.  and the U.S. EPA, the Regional Board may adopt TMDLs based on the
old objectives, but have to redo these TMDLs when the new objectives are adopted by the State
Board and U.S. EPA. Finally, the Regional Board may overlook beneficial use impairments, as
indicated by exceedances of enterococcus or the total-to-fecal coliform ratio, which have been
shown to be strongly correlated with an increased risk of illness, when conducting its biennial
water quality assessment.

2. Adopt proposed revisions for freshwater only

Because the State Board plans to revise the bacteria objectives for contact recreation in marine
water in the near future, the Regional Board could choose to only adopt the proposed E. coli
objective for freshwater. However, pathogen TMDLs for coastal beaches will need to be brought
to the Regional Board before the State Board is likely to adopt the revised objectives. It should
be emphasized that staff has been working closely with State Board while preparing this Basin
Plan amendment, and staff’s proposal is consistent with the State Board’s draft proposal.

3. Adopt proposed revisions to bacteria objectives

By adopting the proposed revisions to bacteria objectives for waters designated for water
contact recreation, the Regional Board will make the region’s bacteria objectives consistent with
State law and U.S. EPA guidance, which are based on the latest research on the best indicators
of bacterial contamination and public health risks. Finally, by acting proactively, we will be able
to more efficiently carry out our other activities such as developing the region’s 303(d) List,
developing TMDLs, and specifying effluent limits in discharge permits.
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V. RECOMMENDED ALTERNATIVE (#3)

Revise Chapter 3, “Water Quality Objectives” by replacing the second paragraph under
Bacteria, Coliform with the following:

In Marine Waters Designated for Water Contact Recreation

1. Geometric Mean Limits
a. Total coliform density shall not exceed 1,000/100 ml.
b. Fecal coliform density shall not exceed 200/100 ml.
c. Enterococcus density shall not exceed 35/100 ml.

2. Single Sample Limits
a. Total coliform density shall not exceed 10,000/100 ml.
b. Fecal coliform density shall not exceed 400/100 ml.
c. Enterococcus density shall not exceed 104/100 ml.
d. Total coliform density shall not exceed 1,000/100 ml, if the ratio of fecal-to-total coliform

exceeds 0.1.

In Fresh Waters Designated for Water Contact Recreation

1. Geometric Mean Limits
a. E. coli density shall not exceed 126/100 ml.
b. Fecal coliform density shall not exceed 200/100 ml.

2. Single Sample Limits
a. E. coli density shall not exceed 235/100 ml.
b. Fecal coliform density shall not exceed 400/100 ml.

Implementation Provisions for Water Contact Recreation Bacteria Objectives

The geometric mean values should be calculated based on a statistically sufficient number of
samples (generally not less than 5 samples equally spaced over a 30-day period).

If any of the single sample limits are exceeded, the Regional Board may require repeat
sampling on a daily basis until the sample falls below the single sample limit or for 5 days,
whichever is less, in order to determine the persistence of the exceedance.

When repeat sampling is required because of an exceedance of any one single sample limit,
values from all samples collected during that 30-day period will be used to calculate the
geometric mean.

VI. OTHER CONSIDERATIONS

1. CEQA and Economic Considerations

The Basin Planning process has been certified by the Secretary of Resources as functionally
equivalent to the preparation of an initial study, a negative declaration, or environmental impact
report (EIR) pursuant to CEQA. In lieu of these documents, however, the Regional Board is
required to prepare the following: the Basin Plan amendment; an Environmental Checklist that
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identifies potentially significant adverse environmental impacts of the Basin Plan amendment;
and a staff report that describes the proposed amendment, reasonable alternatives, and
mitigation measures to minimize any significant adverse environmental impacts identified in the
Checklist.  The Basin Plan amendment, Environmental Checklist, and staff report together are
functionally equivalent to an initial study, negative declaration, or EIR.

Based on the Environmental Checklist (attached to this report), staff concludes that there would
be no potentially significant adverse impacts on the environment caused by adoption of this
Basin Plan amendment.

As for economic considerations, the bacteria objectives proposed in this Basin Plan amendment
are considered “indicators” of the presence of disease-causing pathogens. The Basin Plan
amendment retains total and fecal coliform objectives, but adds to these objectives for
enterococcus, E. coli and the ratio of fecal-to-total coliforms. Epidemiological studies have
shown these to be even better indicators of the presence of disease-causing pathogens.
Therefore, while the proposed objectives are not currently being attained, the methods and
associated costs to achieve compliance with the objectives are not expected to be different from
those necessary to achieve the existing objectives for total and fecal coliform.

The addition of these objectives may increase the costs of monitoring slightly. The increased
analytical cost per sample is approximately $25.00 for either enterococcus or E. coli. However,
the benefits of improved public health warnings and reduced illness are expected to far
outweigh the additional analytical costs. Furthermore, many dischargers are already monitoring
for the proposed bacterial indicators during much of the time as a result of state law (California
Code of Regulations, title 17, section 7958), which went into effect in 1999.

VII. RECOMMENDATION

Staff recommends that the Regional Board approve the proposed Basin Plan amendment.
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TABLE 1.
Summary of Proposed Bacteriological Standards for Marine and Fresh Waters

Designated for Water Contact Recreation in the Los Angeles Region

Beneficial Use Total Coliform
Objective

Fecal Coliform
Objective

Fecal-to-Total Ratio
Objective

Enterococcus
Objective

E. coli
Objective

Marine Water7

REC-1 (single sample) ≤10,000/100 ml ≤400/100 ml Total coliform ≤
1,000/100 ml, if Fecal-

to-Total ratio > 0.1

≤104/100 ml N/A

REC-1 (geometric
mean)

≤1,000/100 ml ≤200/100 ml N/A ≤35/100 ml N/A

Fresh Water8

REC-1 (single sample) N/A ≤400/100 ml N/A N/A ≤235/100 ml

REC-1 (geometric
mean)

N/A ≤200/100 ml N/A N/A ≤126/100 ml

                                                     
7
 REC-1 bacteria objectives for marine waters are based on California Code of Regulations, title 17, section 7958 and U.S. EPA (1986).

8
 REC-1 bacteria objectives for freshwater are based on U.S. EPA (1986).
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Table 2. Health outcomes associated with swimming in areas with high bacterial
indicator counts from Santa Monica Bay Restoration Project study
(Haile et al., 1999; Haile and Witte, no date)

Indicator (cutoff) Health outcomes Increased risk
Excess cases per
10,000 persons

Total coliform
(>10,000 cfu*/100 ml)

Skin rash 200% 165

Fecal coliform
(>400 cfu/100 ml)

Skin rash 88% 74

Enterococcus
(>104 cfu/100 ml)

Diarrhea with blood
HCGI-1**

323%
44%

27
130

E. coli
(>320 cfu/100 ml)

Earache
Nasal congestion

46%
24%

149
211

Total-to-fecal coliform

ratio (≤10 when total
coliform >1,000
cfu/100 ml)

Chills
Nausea
Diarrhea
HCGI-2***

Not available
Not available
Not available
Not available

117
230
281
98

*Colony forming units
**Highly credible gastrointestinal illness with vomiting, diarrhea and fever or stomach
pain and fever
***Highly credible gastrointestinal illness with vomiting and fever only
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I. INTRODUCTION 

 

The Regional Board is proposing to amend its Basin Plan to acknowledge the inherent 

danger of recreating in engineered flood control channels during unsafe conditions 

characterized by high velocities and deep water. Specifically, the Regional Board 

proposes to suspend the recreational beneficial use(s) in engineered flood control 

channels where access can be restricted during and immediately following significant 

storm events to address the physically unsafe conditions in these channels. At present, the 

recreational beneficial uses (Water Contact Recreation or REC-1 and Non-contact Water 

Recreation or REC-2) assigned to these channels apply at all times, regardless of weather 

conditions or any other condition that could make recreational activities unsafe or 

infeasible.  The proposed amendment would revise the recreational beneficial use 

designations (REC uses) for these engineered channels to reflect recreational use(s) that 

are temporarily suspended during and immediately following defined storm events.  

 

Engineered flood control channels are constructed to reduce the incidence of flooding in 

urbanized areas by conveying stormwater runoff to the ocean or other discharge point as 

efficiently as possible. To accomplish this, the channels are usually lined, on the sides 

and/or bottom, with rip-rap or concrete. This modification creates “swiftwater” 

conditions during and immediately following storm events (see Exhibit 1, Photo 1). The 

vertical walls or steep-sided slopes of these channels in conjunction with restrictive 

fencing limit direct access to channelized creeks and streams for the purpose of 

recreational use (see Exhibit 1, Photos 2, 3, and 4).  

 

The inherent danger of recreating in these channels during and immediately following 

storm events is widely recognized and is already addressed by Los Angeles and Ventura 

Counties through county policies. In Los Angeles County, protocols for locking access 

gates to flood control channels and preparing for possible swift-water rescues in these 

channels during defined storm events have been set by the Los Angeles County, 

California Multi-Agency Swift Water Rescue Committee. In Ventura County, access 

gates to these channels are kept locked at all times. 

 

Since the suspension of the REC use(s) during defined storm events reduces the level of 

protection for the water body, the USEPA requires the Regional Board to conduct a use 

attainability analysis (UAA) for each water body to which the suspension would apply 

(USEPA, 2002, 1998, 1994).  To meet these requirements, the Regional Board has 

developed this categorical UAA for all engineered flood control channels during defined 

storm events.  
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II. BACKGROUND 

 

A. Designation of Beneficial Uses 

 

According to 40 C.F.R. § 131.3(f), designated uses are those uses specified in water 

quality standards for each water body or segment whether or not they are being attained. 

Section 101(a)(2) of the federal Clean Water Act (CWA) says, “it is the national goal that 

wherever attainable, an interim goal of water quality which provides for the protection 

and propagation of fish, shellfish, and wildlife and provides for recreation in and on the 

water be achieved by July 1, 1983.”  

 

40 C.F.R. §131.10 directs States on the designation of uses: 

(a) Each State must specify appropriate water uses to be achieved and protected.  

The classification of the waters of the State must take into consideration the use 

and value of water for public water supplies, protection and propagation of fish, 

shellfish and wildlife, recreation in and on the water, agricultural, industrial and 

other purposes including navigation.  In no case shall a State adopt waste 

transport or waste assimilation as a designated use for any waters of the United 

States. 

 

(b) In designating uses of a water body and the appropriate criteria for those uses, 

the State shall take into consideration the water quality standards of downstream 

waters and shall provide for the attainment and maintenance of the water quality 

standards of downstream waters.   

 

(c) States may adopt sub-categories of a use and set the appropriate criteria to 

reflect varying needs of such sub-categories of uses, for instance, to differentiate 

between cold water and warm water fisheries.   

 

(d) At a minimum, uses are deemed attainable if they can be achieved by the 

imposition of effluent limits required under sections 301(b) and 306 of the Act 

and cost-effective and reasonable best management practices for nonpoint source 

pollution. 

 

B. Recreational Use Designations in the Los Angeles Region 

 

Existing and potential uses of inland surface waters in the region are listed in Table 2-1 of 

the Basin Plan (CRWQCB, 1994). The Basin Plan defines recreational uses as follows: 

 

Water Contact Recreation (REC-1): “Uses of water for recreational activities 

involving body contact with water, where ingestion of water is reasonably 

possible. These uses include, but are not limited to, swimming, wading, water-

skiing, skin and scuba diving, surfing, white water activities, fishing, or use of 

natural hot springs.” (CRWQCB, 1994, p. 2-2) 
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Non-contact Water Recreation (REC-2): “Uses of water for recreational activities 

involving proximity to water, but not normally involving body contact with water, 

where ingestion of water is reasonably possible. These uses include, but are not 

limited to, picnicking, sunbathing, hiking, beachcombing, camping, boating, 

tidepool and marine life study, hunting, sightseeing, or aesthetic enjoyment in 

conjunction with the above activities.” (CRWQCB, 1994, p. 2-2) 

 

Per 40 C.F.R. 131.3(f), existing beneficial uses refer to those beneficial uses that have 

been attained for a water body on, or after, November 28, 1975. Potential use 

designations are based on a number of factors, including: 

a) plans to put the water to such future use, 

b) potential to put the water to such future use, 

c) designation of a use by the Regional Board as a regional water quality goal, or 

d) public desire to put the water to such future use (CRWQCB, 1994). 

 

C. Historical Basis for Recreational Use Designations in the Los Angeles Region 

 

As stated earlier, section 101(a)(2) of the federal Clean Water Act (CWA) states that, “it 

is the national goal that wherever attainable, an interim goal of water quality which 

provides for the protection and propagation of fish, shellfish, and wildlife and provides 

for recreation in and on the water will be achieved by July 1, 1983.” This formed a broad 

basis for the beneficial use designations for surface waters of the State.  

 

In addition to this consideration, a comprehensive review of existing data and solicited 

input from stakeholders was conducted in the early 1970s to determine the existing and 

potential beneficial uses for the waters of the Los Angeles Region. These were the bases 

for the beneficial uses as designated in the 1975 Water Quality Control Plans for the Los 

Angeles River Basin and Santa Clara River Basin (Basin Plans). Data and reports for this 

assessment were obtained from the California Departments of Health, Fish and Game, 

Conservation, and Water Resources, as well as the Southern California Association of 

Governments, County of Los Angeles, Los Angeles County Flood Control District, and 

various regional and local water agencies. Comments received from public agencies, 

public utilities, industrial organizations, water companies and private citizens were also 

considered (CRWQCB, 1975). Beneficial uses identified included existing or potential 

water contact recreation (REC-1) for virtually all waters in the region, and non-contact 

water recreation (REC-2) for most waters in the region.  

 

Prior to the 1994 update of the Basin Plans, researchers at California State University, 

Fullerton conducted a comprehensive review of the Region’s beneficial uses under a 

contract with the Regional Board (Saint, Prem K., et al., 1993). The review included an 

evaluation of existing data, detailed field investigations and surveys of agencies and 

interest groups. Over 350 sites were surveyed as part of the field investigations and 50 

agencies and interest groups were contacted and asked to provide input to the study. 

Based on the study results, the researchers recommended the addition of 126 rivers, 44 

lakes and reservoirs, 45 groundwater basins, 9 coastal features and 108 wetlands and 
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accompanying beneficial uses to the revised Basin Plan. On the basis of field surveys and 

interviews, “existing”, “intermittent” or “potential” REC-1 and REC-2 uses were 

proposed for many of these newly included water bodies.  

 

D. Regional and National Developments Regarding Recreational Use 

Designations 

 

The 1994 Basin Plan preserved these recreational beneficial uses. Recently, however, the 

validity and appropriateness of the REC use(s) assigned to engineered flood control 

channels where access is restricted or prohibited due to public safety concerns has been 

questioned by public agencies such as the Los Angeles County Department of Public 

Works (LACDPW) (County of Los Angeles DPW, 2001, 2002a, 2002b, 2002c). In light 

of these concerns and similar concerns expressed by the State Water Resources Control 

Board (State Board), the Regional Board submitted a letter to the State Board outlining 

possible alternatives for re-evaluating the REC beneficial use(s) assigned to these 

engineered channels (LARWQCB, 2002).
1
 One of these alternatives was to conduct a 

categorical UAA for the REC use(s) of all engineered flood control channels with 

restricted or prohibited access during defined storm events corresponding to physically 

unsafe conditions.  

 

The USEPA has also recently recognized potential circumstances where REC use(s) may 

be inappropriate due to high wet weather flows that result in dangerous conditions 

physically precluding recreation (USEPA, 2002). Specifically, USEPA states in its 

Implementation Guidance for Ambient Water Quality Criteria for Bacteria, May 2002 

Draft, that “an intermittent REC-1 use may be appropriate when the water quality criteria 

[referred to in State terminology as "objectives"] associated with REC-1 are not 

attainable for all wet weather events” (p. 32). One example used by USEPA is high wet 

weather flows that result in dangerous conditions physically precluding recreation such as 

arroyo washes in the arid west. In light of this type of situation, USEPA suggests that 

meeting the REC-1 bacteriological objectives may be suspended during defined periods 

of time, usually after a specified hydrologic or climatic event, or for a specified number 

of events or days per year.  

 

                                                             
1
 Most recently, during a public hearing to consider approval of a Basin Plan amendment updating the 

Region’s bacteria objectives set to protect the REC-1 use, State Board expressed concerns about the 

appropriateness of assigning recreational beneficial uses to engineered flood control channels where access 

is restricted or prohibited (see State Board Resolution No. 2002-0142). 
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III.  PROPOSED ACTION 

The Regional Board proposes to suspend the REC use(s) assigned to engineered flood 

control channels during and immediately after defined storm events where access to the 

channel can be restricted during the defined conditions. The rationale for this suspension 

is, first, that these storm events result in high flows/velocities that create physically 

unsafe conditions that cannot be remedied. Second, during these storm events, it is the 

policy of Los Angeles County to lock the access gates to these channels due to the 

inherent danger of recreating in these channels during wet weather, thus preventing 

individuals from engaging in recreational activities in the channel. The policy of Ventura 

County is to keep access gates to these flood control channels locked at all times. 

 

A. Water Bodies Covered by Amendment 
 

Staff evaluated whether to conduct water body-by-water body UAAs or a categorical 

UAA covering all water bodies meeting certain criteria. For this limited circumstance, 

staff proposes a regional approach, since all water bodies subject to the suspension of 

REC use(s) have similar features that justify it. Specifically, water bodies to which the 

suspension of the REC use(s) would apply during the defined conditions include those 

meeting all of the following criteria: 

a) inland water bodies 

b) flowing water bodies  

c) engineered channels  

d) water bodies where access can be restricted or prohibited (through fencing/signs)  

 

See Appendix 1 for a list and map of the 61 inland, flowing water body segments in Los 

Angeles and Ventura Counties to which the suspension would apply.
2
  

 

A categorical suspension of REC use(s) during and immediately following defined storm 

events for inland, flowing engineered channels where access is restricted or prohibited is 

a practical approach and does not reduce public health protection in these channels, since 

the recreational use(s) do not exist under the proposed conditions for the suspension.
3
 

Furthermore, as discussed in section VI.A, downstream REC uses must continue to be 

protected. As described earlier, engineered channels are designed to convey water rapidly 

out to a discharge point, making conditions unusually unsafe for recreational activities 

during high flows/velocities associated with storm events.  While not sufficient alone to 

                                                             
2
 These water bodies were selected using a two-step approach. First, staff identified all inland, flowing 

water bodies listed in Table 2-1 of the Basin Plan where the REC use(s) were qualified due to restricted or 

prohibited access. Second, staff circulated this list internally among staff knowledgeable about the 

proposed water bodies to confirm that each of the water bodies met the criteria for inclusion in the 

proposed amendment. Staff will follow-up with field surveys of the candidate water bodies where 

necessary to confirm physical characteristics and access restrictions.  
3
 The recreational uses do not exist because (1) during the defined wet weather conditions, the velocity and 

depth of the water in these channels renders them unsafe for recreation and (2) under the defined wet 

weather conditions, Los Angeles County routinely locks all access gates to these flood control channels and 

Ventura County keeps access gates to flood control channels locked at all times. 

Comment [JR1]: Need to document start and end 

points, and construction dates.  Okay. 
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trigger a suspension of the REC uses, restricted or prohibited access to these channels is 

also proposed as a complementary prerequisite for the suspension to ensure that people 

cannot access a water body during the defined wet weather periods.
4
     

 

Staff evaluated, but does not recommend applying the suspension of REC use(s) to all 

inland water bodies for the following reasons.
5
 Inland water bodies include those that 

would not be subject to the high flows/velocities that occur in engineered channels.  For 

example, lakes obviously are not characterized by high flows/velocities during storm 

events that would result in unsafe conditions.  As for other inland, flowing water bodies, 

they may have neither (1) conditions of an engineered channel that would make 

recreation unsafe during storm events nor (2) restricted or prohibited access.  

 

B. Condition Triggering Suspension of REC Use(s) 

 

Staff evaluated several possible triggers for the suspension of REC use(s) in engineered 

channels with restricted or prohibited access. These included: 

a) flow and velocity (e.g., "swiftwater" conditions),  

b) depth (e.g., outside of low flow channel), and 

c) rainfall (e.g., total daily rainfall).  

 

A summary of staff’s evaluation regarding the feasibility and appropriateness of using 

each of these triggers is provided in Appendix 2. 

 

Based on this evaluation, staff concludes that rainfall is the most appropriate trigger. The 

reason for this is three-fold. First, the Los Angeles County, California Multi-Agency 

Swift Water Rescue Committee uses rainfall prediction as the basis for routinely locking 

access gates to County flood control channels and putting swiftwater rescue personnel on 

alert. Written guidance for County personnel and other involved agencies is provided by 

the Committee in the “Operational Standards and Guidelines Document” (dated 

December 10, 1999).  This document outlines the protocols used by the City of Los 

Angeles Fire Department, County of Los Angeles Fire Department, Sheriff’s Department, 

Lifeguards and Department of Public Works to prepare for and provide swift-water 

rescues.  Under the “Water Rescue Pre-Deployment Section” (Sec. 6.00, p. 13), three 

storm levels are defined (Levels 1-3) based on storm warnings with an 80% prediction of 

specified levels (e.g., ½ inch, 1 inch, 1½ inches) of rain over 24 hours.
6
 The following are 

the three alert levels: 

 

                                                             
4
 USEPA states, “For states and authorized tribes using this [high-flow cutoff] approach, EPA encourages 

the development of an plan to communicate to the public the conditions under which recreation should not 

occur” (USEPA, 2002, p. 34). 
5
 Furthermore, staff evaluated, but does not recommend applying the suspension to coastal water bodies, 

since there is use during and immediately following storm events (e.g. surfing) and access is not restricted. 
6
 According to LA County Flood Control, these protocols are implemented in the following way. There are 

12 superintendents who are responsible for closing gates to flood control channels in LA County when they 

deem appropriate. Each superintendent looks at Doppler information generally and estimates for their 

geographic region whether they should close the gates.   
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Level 1 1 inch of rain (if unsaturated ground) or ½ inch (if saturated ground)  

Level 2 1 ½ inch of rain (if unsaturated ground) or 1 inch (if saturated ground)  

Level 3 Rainfall/saturation levels exceeding those listed for Level 2   

Generalized flash floods, urban flooding and/or mud and debris flows 

Urban flooding with possible life hazards.  

 

Other factors that the agencies consider when determining deployment levels include: 

1) The effect of major wildland and interface burn areas.  Large burn areas result in 

increased runoff and high potential for mud and debris flows and flash floods. 

2) Flood watches and flood warnings. 

3) Real time effects of the storm, which may differ from weather forecasts, resulting in 

severe conditions in particular geographic areas. 

4) Releases in the flood control channels.  

 

At the Level 1 Alert threshold, County personnel routinely lock all access gates to flood 

control channels. Access gates are kept locked for at least 24 hours after the storm event 

(Burke, J., 2003, personal communication). 

 

The second reason that rainfall is selected as the most appropriate trigger is because there 

are numerous rain gages throughout Los Angeles and Ventura Counties making 

precipitation data readily available whereas flow, velocity and depth data are not 

available for all candidate channels (see Appendix 2 for more details). Third, rainfall is 

an adequate proxy for high flows/velocities resulting in unsafe conditions, given the 

reliance on rainfall prediction by the Multi-Agency Swift Water Rescue Committee. To 

confirm this, staff used five years of data (water years 1998-2002) to match days above 

the Level 1 Alert rainfall thresholds of ½ inch or 1 inch with corresponding flow, velocity 

and depth data in several local channels and compared this data to swift-water rescue data 

from these same channels as well as other agencies’ protocols for evaluating when 

conditions in these channels are unsafe. Specifically, staff relied upon a protocol used by 

the USGS and the County of Orange in which in-stream conditions are evaluated using 

the following calculation to determine whether it is safe for monitoring personnel to be in 

a stream or channel. The calculation is the peak depth (in feet) multiplied by the peak 

velocity (in feet/second). If the result is greater than or equal to 10, then it is considered 

unsafe (Caldwell, A., 2003, personal communication; County of Orange, 2001).  

 

The results of this analysis demonstrate that a significant percentage (63% on average 

and as much as 83%) of unsafe days (as determined using the USGS protocol described 

above) occur on days where the preceding day’s rainfall was greater than ½ inch, 

regardless of whether ground conditions were saturated or unsaturated.
7
 See Appendix 3, 

Table 1. (The counterpoint to this is that on average 37% of unsafe days occur on days 

                                                             
7
 In the data analysis, staff compared the preceding day’s rainfall to conditions on the target day. Staff 

chose this approach due to the lag time associated with storm flows. See Appendix 3, Figures 1 to 3, for an 

example of this lag time. Had staff compared both the preceding day’s rainfall as well as rainfall on the 

target day to conditions on the target day, the percentages above may have been slightly higher.  
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outside of the defined wet weather conditions.) Additionally, 36 percent of documented 

swift-water rescues from 2001 to 2002 occurred on days with rainfall greater than or 

equal to ½ inch, while 71% occurred on days considered “unsafe”.
8
 See Appendix 3, 

Table 2. Finally, our analysis shows that, on average, 82% of days and as high as 100% 

of days where the preceding day’s rainfall was greater than ½ inch were considered 

unsafe per the USGS protocol, regardless of whether the ground was saturated. See 

Appendix 3, Table 1.  (Again, the counterpoint to this is that on average 18% of days 

where the preceding day’s rainfall was greater than ½ inch were not considered unsafe.) 

The results of this analysis show that using days with greater than ½ inch of rainfall and 

the following day will provide protection by suspending the use during 63% of unsafe 

days. Additionally, this trigger appears appropriate and justifiable based on this analysis, 

since on average 82% of days where the preceding day’s rainfall was greater than ½ inch 

were considered unsafe. See Appendix 3 for a more detailed discussion and presentation 

of this analysis.  

 

On the basis of the detailed data analysis described above and in Appendix 3, staff 

proposes to use the Level 1 Alert (with saturated conditions) threshold [rainfall greater 

than or equal to ½ inch as measured at the closest rain gage] as the trigger for suspension 

of the REC use(s) assigned to a particular engineered channel.
9
 Staff proposes to use the 

Level 1 Alert (with saturated conditions) threshold because rainfall in Southern 

California tends to be concentrated over a short “wet season” during November to March 

and, in particular, from January to March, leading to a greater likelihood of saturated 

conditions as compared to unsaturated conditions. Furthermore, staff’s analysis indicates 

that days deemed “unsafe” based on other agencies’ protocols are more likely to occur on 

days where the preceding day’s rainfall is between ½ to 1 inch than on days where the 

preceding day’s rainfall is greater than 1 inch, regardless of ground conditions (i.e. 

saturated vs. unsaturated).
10

 See Appendix 3, Table 1. Therefore, it is more protective of 

public safety to use the ½ inch rain threshold than the 1 inch rain threshold (i.e., the 

recreational use(s) will be suspended on a greater number of unsafe days if the ½ inch 

threshold is used as compared to the 1 inch threshold). In addition, due to the lag time 

associated with storm flows, staff proposes to apply the suspension for 24 hours after the 

specified rain event. (See Appendix 3, Figures 1 to 3.) This comports with the policy of 

Los Angeles County to keep all access gates locked for a minimum of 24 hours following 

the specified rain event (Burke, J., 2003, personal communication). 

                                                             
8
 Eighty-two percent of swift-water rescues from 2001 to 2002 occurred on days with rainfall greater than 

0.1 inch or days following rainfall of greater than 0.1 inch. 
9
 Staff evaluated several methods for identifying the precipitation corresponding to a particular engineered 

channel. These included using one centralized rain gage per county, one gage per watershed, or the closest 

gage to the engineered channel. Due to the variability in rainfall in the region, as confirmed by our analysis 

of these different methods, staff concluded that the closest rain gage to the engineered channel should be 

used. Consideration should be given to the completeness and quality of the data from that gage. If the data 

are incomplete or of poor quality, the next closest gage should be used. 
10

 This can be explained by the fact that there tend to be more days with rainfall between ½ to 1 inch than 

days with rainfall greater than 1 inch. However, it is also insightful that the percentage of unsafe days 

where the preceding day’s rainfall was between ½ inch and 1 inch (32%) is similar to the percentage of 

unsafe days where the preceding day’s rainfall was greater than 1 inch (26%). 
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IV. LEGAL JUSTIFICATION FOR SUSPENSION OF REC USE(S) 

 

A. Legal Requirements for Removal of Designated Uses 

 

Per 40 C.F.R. § 131.10(g), States may remove a designated use that is not an existing use, 

as defined in 40 C.F.R. § 131.3, or establish subcategories of use if the State can 

demonstrate that attaining the designated use is not feasible for one or more of the 

following reasons: 

1. Naturally occurring pollutant concentrations prevent the attainment of the use,  

2. Natural, ephemeral, intermittent or low flow conditions or water levels 

prevent the attainment of the use, unless these conditions may be compensated 

for by the discharge of sufficient volume of effluent discharges without 

violating State water conservation requirements to enable uses to be met; 

3. Human caused conditions or sources of pollution prevent the attainment of the 

use and cannot be remedied or would cause more environmental damage to 

correct than to leave in place;  

4. Dams, diversions or other types of hydrologic modifications preclude the 

attainment of the use, and it is not feasible to restore the water body to its 

original condition or to operate such modification in a way that would result 

in the attainment of the use;   

5. Physical conditions related to the natural features of the water body, such as 

the lack of a proper substrate, cover, flow, depth, pools, riffles, and the like, 

unrelated to water quality, preclude attainment of aquatic life protection uses; 

or  

6. Controls more stringent than those required by sections 301(b) [Effluent 

Limitations] and 306 [National Standards of Performance] of the Act would 

result in substantial and widespread economic and social impact. 

 

1. Restrictions on Removal of Use: 40 C.F.R. § 131.10  

 

Federal regulations restrict States from removing designated beneficial uses. Specifically 

40 C.F.R. § 131.10 (h) prohibits States from removing designated uses if: 

1. They are existing uses, as defined in 40 C.F.R. § 131.3, unless a use requiring 

more stringent criteria is added; or  

2. Such uses will be attained by implementing effluent limits required under 

sections 301(b) and 306 of the Act and by implementing cost-effective and 

reasonable best management practices.   
 

Furthermore, 40 C.F.R. § 131.10(i) states that where existing water quality standards 

specify designated uses less than those which are presently being attained, the State shall 

revise its standards to reflect the uses actually being attained. 
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2. Use Attainability Analyses: 40 C.F.R. § 131.3(g)   
 

40 C.F.R. § 131.3(g) defines a use attainability analysis (UAA) as a structured scientific 

assessment of the factors affecting the attainment of the use which may include physical, 

chemical, biological, and economic factors as described in § 131.10(g). 

 

Under section 40 C.F.R. § 131.10(j) of the Water Quality Standards Regulation, States 

are required to conduct a UAA whenever a State wishes to remove a designated use that 

is specified in section 101(a)(2) of the Act or adopt subcategories of uses specified in 

section 101(a)(2) that require less stringent criteria. 
 

 

USEPA (2002) provides guidance on conducting UAAs for recreational uses and 

provides the following factors that may be addressed: 

a) physical analyses considering the actual use (as of November 28, 1975), 

public access to the water body, facilities promoting the use of recreation, 

proximity to residential areas, safety considerations, and substrate, depth, 

width, etc. of a water body; 

b) chemical analyses of existing water quality ; 

c) potential for water quality improvements including an assessment of nutrients 

and bacteriological contaminants; and 

d) economic/affordability analyses. 

 

This reaffirms previous USEPA guidance in which USEPA suggested that, when 

evaluating recreational uses, States look at a suite of factors such as whether the water 

body is actually being used for primary contact recreation, existing water quality, water 

quality potential, access, recreational facilities, location, proximity to residential areas, 

safety considerations, and physical conditions of the water body in making any use 

attainability decision (USEPA, 1994).  

 

On the subject of physical analyses, USEPA has previously stated that, “physical factors, 

which are important in determining attainability of aquatic life uses, may not be used as 

the basis for removing or not designating a recreational use consistent with the CWA 

section 101(a)(2) goal” (US EPA, 1994). This precludes States from relying upon either 

factor 2 (low flows) or factor 5 (physical factors in general) as the sole basis for 

determining attainability of recreational uses. The reason for this preclusion is that States 

and USEPA have an obligation to do as much as possible to protect the health of the 

public.  In certain instances, people will use whatever water bodies are available for 

recreation, regardless of the physical conditions (USEPA, 1994).   

 

USEPA is in the process of considering whether the regulation or Agency guidance 

should be amended to allow consideration of physical factors, alone, as the basis for 

removing, or not designating primary contact recreational uses (USEPA, 1998). As part 

of this process, USEPA has convened a national workgroup to discuss recreational use 

designations. A key topic being vetted by the workgroup is Use Attainability Analyses 

for recreational uses.  
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B. Legal Justification for Suspension of REC Use(s) during Defined Rain 

Events 

 

Suspension of REC use(s) in engineered channels with restricted or prohibited access 

during rainfall of greater than or equal to ½ inch and the 24 hours following the rain 

event is legally justified for three reasons. These are: 

(1) During the defined wet weather events, recreation is not an existing use in 

engineered channels,  

(2) Under the defined wet weather conditions during which the suspension 

would apply, recreational uses in these channels are not attainable through 

effluent limitations under CWA section 301(b)(1)(A) and (B) and section 

306 or through cost effective and reasonable best management practices, 

and  

(3) These water bodies meet two of the six conditions listed in 40 C.F.R. 

131.10(g) during the defined wet weather conditions. 

 

The logic underlying each of these reasons is discussed in detail below. 

 

1. During the defined wet weather events, recreation is not an 

existing use in engineered channels. 

 

During the defined wet weather conditions, recreation is not an existing use in engineered 

flood control channels with restricted access, for two related reasons.
11

 First, during the 

defined wet weather conditions, the rate of flow, velocity and depth of the water in 

engineered channels renders them unsafe for individuals to engage in recreational 

activities. This is particularly true for REC-1 activities because REC-1 involves body 

contact recreation.  As presented earlier, the definition of REC-1 is:  

 

“Uses of water for recreational activities involving body contact with 

water, where ingestion of water is reasonably possible.  These uses 

include, but are not limited to, swimming, wading, water-skiing, skin and 

scuba diving, surfing, white water activities, fishing or use of natural hot 

springs.” (CRWQCB, 1994, p. 2-2)  

 

While REC-2 does not normally involve body contact with water, it does involve 

recreational activities in close proximity to water. As a result, REC-2 activities may result 

in accidental contact with water. Due to the extreme danger associated with recreation in 

or near these channels during the defined wet weather conditions, REC-2 activities, 

which may involve accidental contact with the water, are also unsafe. This is because if 

someone recreating near the water body fell into the water, they could be quickly swept 

downstream due to the high velocities, flow rates, and depths characterizing the defined 

                                                             
11

 Note that while some of the water bodies proposed for inclusion in this amendment have “existing” REC 

uses assigned to them, these uses have never been “existing” during the defined wet weather conditions for 

the reasons discussed below. 
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wet weather conditions. Furthermore, the geometry of these flood control channels (i.e. 

vertical or steeply sloped sides) makes it extremely difficult to get out of the channel 

during these conditions. See section III.B and Appendix 3 for a detailed analysis of 

unsafe conditions. (See Exhibit 1, Photos 4 and 5.) 

 

Second, under the defined wet weather conditions including the 24 hours after the rain 

event, Los Angeles County routinely locks all access gates to these flood control channels 

per the protocols outlined in the “Operational Standards and Guidelines Document” 

(December 10, 1999) prepared by the Multi-Agency Swift Water Rescue Committee. 

Access gates to engineered flood control channels in Ventura County are always locked. 

Therefore, recreational activities are prohibited in these channels under the defined wet 

weather conditions. (See Exhibit 1, Photos 6 and 7.) 

 

2. Under the defined wet weather conditions during which the 

suspension would apply, recreational uses are not attainable through 

effluent limitations under CWA section 301(B)(1)(A) and (B) and 

section 306 or through cost effective and reasonable best 

management practices. 

 

Due to the design of the engineered flood control channels, recreational uses are not 

attainable during the defined wet weather conditions that would trigger the suspension 

even if water quality was adequate to support the uses. In other words, it is not water 

quality that ultimately precludes attainment of the REC uses, but rather the physical 

conditions during the defined wet weather conditions in hydrologically modified 

(engineered) channels. This is because, as described earlier, engineered flood control 

channels are constructed to reduce the incidence of flooding in urbanized areas by 

conveying stormwater runoff to the ocean or other discharge point as efficiently as 

possible. To accomplish this, the channels are usually lined, on the bottom and sides, with 

rip-rap or concrete. Furthermore, the channel sides are usually vertical or steeply sloped. 

These modifications, necessary for flood control, create “swiftwater” conditions during 

and immediately following storm events. Due to the need for flood control during storm 

events, these channels cannot be modified to eliminate the physical danger associated 

with recreation in or near these channels during wet weather conditions.    

 

3. These water bodies meet two of the six conditions listed in 40 

C.F.R. 131.10(g). 

 

As described earlier, there are six factors that may be used to justify removal of a 

designated use that is not an existing use or the establishment of sub-categories of a use. 

Federal regulation (40 C.F.R. 131.10(g)) requires that at least one of these six factors be 

met. These six factors are as follows: 

1. Naturally occurring pollutant concentrations prevent the attainment of the use; 

or 

2. Natural, ephemeral, intermittent or low flow conditions or water levels 

prevent the attainment of the use, unless these conditions may be compensated 
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for by the discharge of sufficient volume of effluent discharges without 

violating State water conservation requirements to enable uses to be met; or 

3. Human caused conditions or sources of pollution prevent the attainment of the 

use and cannot be remedied or would cause more environmental damage to 

correct than to leave in place; or 

4. Dams, diversions or other types of hydrologic modifications preclude the 

attainment of the use, and it is not feasible to restore the water body to its 

original condition or to operate such modification in a way that would result 

in the attainment of the use; or  

5. Physical conditions related to the natural features of the water body, such as 

the lack of a proper substrate, cover, flow, depth, pools, riffles, and the like, 

unrelated to water quality, preclude attainment of aquatic life protection uses; 

or  

6. Controls more stringent than those required by sections 301(b) and 306 of the 

Act would result in substantial and widespread economic and social impact. 

 

The suspension of the REC use(s) in engineered flood control channels with restricted 

access is justified by factors 2 and 4 above. Regarding factor 2, southern California 

streams are naturally flashy systems due to the predominantly dry climate and short, 

concentrated wet season. These natural flashy conditions result in intermittent dangerous 

flow volumes and velocities after rain events that prevent the attainment of the use during 

and for the 24 hours after a ½-inch rain event.
12

 

 

In addition, the natural conditions in the factor 2 analysis are further exacerbated in 

engineered flood control channels, which are designed to contain and convey water 

rapidly to a discharge point.  This results in the use being unattainable under factor 4 as 

well.  These hydrologic modifications, made for the purpose of flood control, in 

combination with natural conditions (i.e., characteristically flashy systems during wet 

weather) physically preclude the attainment of the recreational use during and 

immediately following a ½-inch or greater storm event.  Further, it is not feasible to 

restore the water body to its original condition or operate the modifications in such a way 

as to attain the use during the defined wet-weather events.  

  

 

 

                                                             
12

 Furthermore, regarding factor 2, because the natural conditions of concern are high flow/velocity 

conditions, these conditions cannot be compensated for by the discharge of sufficient volume of effluent 

discharges to enable uses to be met. 
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V.  DISCUSSION OF ALTERNATIVES 

 

Below staff presents four sets of alternatives, including (1) which recreational uses to 

suspend, (2) which trigger to use to identify periods subject to the suspension, (3) which 

associated water quality objectives to suspend, and (4) a “no action” alternative. 

Alternatives within each set are mutually exclusive, but alternatives between sets 1, 2 and 

3 are intended to be considered in combination. 

  

A. To Which Recreational Uses Should the Suspension Apply? 
 

1. REC-1 Use Only  

 

Due to the inherent danger of recreating in the water during high flow, velocity and depth 

conditions associated with storm events and the fact that the access gates are locked 

during these conditions, there is little likelihood that REC-1 uses could occur in these 

circumstances.  Under this recommendation, the REC-2 use and the associated objectives 

set to protect the REC-2 use would still apply during periods when the REC-1 use was 

suspended.  

 

2. REC-1 and REC-2 Uses 
 

Suspending both REC-1 and REC-2 uses is reasonable and can be justified by the 

inability of the channels to support REC-2 activities under the defined conditions. To 

examine whether REC-2 uses are supported under these conditions, it is useful to 

examine again the definition of REC-2. 
 

Uses of water for recreational activities involving proximity to water, but not 

normally involving body contact with water, where ingestion of water is 

reasonably possible.  These uses include, but are not limited to picnicking, 

sunbathing, hiking, beachcombing, camping, boating, tidepool and marine life 

study, hunting, sightseeing, or aesthetic enjoyment in conjunction with the above 

activities. (CRWQCB, 1994, p. 2-2) 

  

The REC-2 use involves activities in proximity to water bodies and, therefore, may 

involve accidental contact with water, which under the defined wet weather conditions is 

unsafe. As discussed earlier, this is because if someone recreating near the water body 

fell into the water, they could be quickly swept downstream due to the high velocities, 

flow rates, and depths characterizing the defined wet weather conditions. Furthermore, 

the geometry of these flood control channels (i.e. vertical or steeply sloped sides) makes 

it extremely difficult to get out of the channel during these conditions. See section III.B 

and Appendix 3 for a detailed analysis of unsafe conditions. Furthermore, it is unlikely 

that any of the REC-2 activities are possible where access to the water is barred by 

fencing and locked access gates during the defined wet weather conditions. On the other 

hand, where access is prohibited, individuals could come in proximity to a channel (i.e., 

as close as the fencing would allow).  This proximity may result in the incidental 
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ingestion of water (e.g., from splashing).  It is the incidental/accidental ingestion of water 

that is being protected against with the REC-2 use.   

 

B. Which Trigger Should Be Used to Initiate the Suspension? 
 

1. Days of Rainfall greater than or equal to ½ inch plus the 24 Hours 

Following the Rain Event (Level 1 Alert threshold). 
 

Analysis showing that a trigger of greater than or equal to ½ inch of rainfall, including 

the 24 hours following the rain event, will capture 63% of “unsafe days” supports this 

alternative. From another standpoint, analysis showing that 82% of days with rainfall 

greater than ½ inch were followed by “unsafe” days also supports this alternative. Due to 

the lag time associated with storm flows, continuing to apply the suspension for 24 hours 

after the specified rain event is reasonable and justified. This also comports with the 

Level 1 Alert threshold used by Los Angeles County and its policy to keep all access 

gates locked for a minimum of 24 hours following the specified rain event. 

 

Under this alternative, the suspension would typically apply 16 to 22 days per year (or 4 

to 6% of the year) based on an evaluation of historical rainfall data from LAX and three 

representative rain gages in Ventura County.
13

 See Appendix 3, Table 4. 

 

2. Days of Rainfall greater than 1 inch plus the 24 Hours Following the 

Rain Event (Level 1 Alert threshold with antecedent unsaturated 

conditions).  

 

This approach is less conservative from the public safety standpoint than Alternative B.1 

in that the recreational use(s) would still apply on a number of days with rainfall of ½ 

inch to 1 inch when conditions would be deemed “unsafe.” (It is, however, more 

conservative from a water body protection standpoint.) As discussed earlier, the average 

percentage of unsafe days occurring on days where rainfall of ½ to 1 inch fell on the 

preceding day (32%) was nearly the same as the average percentage of unsafe days where 

rainfall of greater than 1 inch fell on the preceding day (26%). Using the more 

conservative ½ inch trigger captures 63% of unsafe days, on average, while using the less 

conservative 1 inch trigger only captures 29% of unsafe days, on average. Furthermore, 

looking at the data from another standpoint, the majority (69%) of days where rainfall of 

½ to 1 inch fell the preceding day were deemed unsafe.  

 

Under this alternative, the suspension would typically apply 6 to 12 days per year (or 2 to 

3% of the year) based on an evaluation of historical rainfall data from LAX and three 

representative rain gages in Ventura County.
14

 See Appendix 3, Table 5. 

                                                             
13

 This may be an overestimate because staff has assumed that no day with rainfall greater than or equal to 

½ inch was followed by a second consecutive day of rainfall greater than or equal to ½ inch. If one or more 

days of rainfall greater than or equal to ½ inch were followed consecutively by a day(s) of rainfall greater 

than or equal to ½ inch, these numbers would be smaller. 
14

 This may be an overestimate because staff has assumed that no day with rainfall greater than or equal to 

1 inch was followed by a second consecutive day of rainfall greater than or equal to 1 inch. If one or more 
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C. To Which Water Quality Objectives [Set to Protect Recreational Uses] 

Should the Suspension Apply? 

 

Under either Alternative A.1 or A.2, the associated objectives set to protect the REC 

use(s) that should be concurrently suspended should only include those that satisfy the 

following conditions: 

1) The constituents should degrade over a relatively short period of time; conversely, 

those that are stable or bioaccumulate should not be exempted due to the potential for 

extended and cumulative downstream impacts beyond the period of the suspension. 

2) High levels of these constituents should be of concern to those partaking in only those 

recreational activities where ingestion of water is possible, for these are the uses that 

are precluded by the defined wet weather events.  Conversely, constituents that could 

have an effect on other beneficial uses that still occur during wet weather events, 

should not be suspended, e.g. fish consumption. 

3) High levels of these constituents should not in any way affect the non-proximal 

aesthetic enjoyment of the water body. 

Therefore, the bacteria objectives set to protect the REC use(s) are the only objectives 

that should be concurrently suspended along with the REC use(s). This comports with 

USEPA guidance, which only envisioned applying a “high flow/velocity” exemption to 

recreational uses and the associated bacteriological criteria (USEPA, 2002). 

  

D. No Action 

 

Another alternative would be to do nothing and, as such, continue to apply the REC 

use(s) to all water bodies at all times. Recreational uses would be fully protected; 

however, the beneficial use designations will not reflect the actual or potential use of 

these channels under the defined wet weather conditions. Some stakeholders may view 

this alternative as unreasonably protective.   

 

                                                                                                                                                                                     

days of rainfall greater than or equal to 1 inch were followed consecutively by a day(s) of rainfall greater 

than or equal to 1 inch, these numbers would be smaller. 
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VI.   OTHER CONSIDERATIONS 

 

A. Protection of Downstream Recreational Uses 

  

40 C.F.R. Part 131.10(b) states that “in designating uses of a water body and the 

appropriate criteria for those uses, the State shall take into consideration the water quality 

standards of downstream waters and shall provide for the attainment and maintenance of 

the water quality standards of downstream waters.” Many of the candidate channels in 

this proposed amendment flow directly, or indirectly as tributaries to other water bodies, 

to coastal water bodies and beaches. Many of these coastal water bodies (e.g. beaches) 

are currently listed as impaired due to bacteria. The Regional Board must ensure that the 

downstream coastal recreational uses are protected during wet weather events (subject to 

any other pertinent implementation procedures for the bacteria objectives) and that the 

recreational uses of the candidate channels are protected when normal/safe conditions 

return.  

 

On the coast, in Santa Monica Bay, a reference system approach
15

 is employed as the 

regulatory mechanism to protect the REC-1 use of the Bay’s beaches. Tables 4 and 5 in 

Appendix 3 provide estimates of the number of days on which a suspension of the REC 

use(s) would apply. Because the number of allowable exceedance days under the 

reference system approach will be re-evaluated in four years based on data from the wave 

wash (the point of compliance for the TMDL), staff cannot draw definitive conclusions as 

to whether the recommendations here conflict with the reference system approach. It 

appears that Alternative A.1 to suspend the REC-1 use only would not be in conflict with 

the reference system approach under most conditions. It is not clear whether Alternative 

A.2 to suspend both the REC-1 and REC-2 uses would be in conflict with the 

downstream reference system approach or not. To assess this, staff would need better 

information on bacterial degradation rates and transport times from each of the 

engineered channels to which the suspension would apply. 

 

B. Antidegradation Requirements 

 

Per the State Anti-degradation Policy (State Board Resolution 68-16), there may be no 

lowering of water quality from that currently attained. The policy states, “Whenever the 

existing quality of water is better than the quality established in policies as of the date on 

which such policies become effective, such existing high quality shall be maintained until 

it has been demonstrated to the State that any change will be consistent with maximum 

benefit to the people of the State, will not unreasonably affect present and anticipated 

beneficial use of such water and will not result in water quality less than that prescribed 

                                                             
15

 Under this approach, a reference system is selected on the coast, which is influenced less than any other 

area in the watershed by human activities.  The number of exceedances for that coastal area is considered to 

be a result of natural or background conditions.  That number is then set as the allowable exceedance days 

for the rest of the coast unless a particular location has fewer exceedance days than the reference site, in 

which case antidegradation provisions apply. 
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in the policies” (SWRCB, 1968). In other words, existing water quality must be 

maintained even after the effective date of the proposed amendment. 

 

C. Anti-backsliding Requirements 

 

When the Regional Board reissues NPDES permits, the effluent limitations generally 

must be as stringent as the prior permit.  This concept is known as anti-backsliding and it 

is codified in federal Clean Water Act section 402(o) and separately in 40 C.F.R. 

§ 122.44(l).  There are several exceptions to the anti-backsliding provisions of Federal 

law.  In general, the relaxation water quality objectives, as permitted by the proposed 

Basin Plan amendment, does not exempt a discharger from the anti-backsliding 

provisions of the federal Clean Water Act.  The Regional Board must evaluate NPDES 

permits on a case-by-case basis when the permits are reissued to determine whether an 

applicable anti-backsliding exception applies. 

 

D. Future Uses 

 

Suspending the recreational use(s) of the candidate engineered channels does not 

preclude a lifting of this suspension should conditions within these channels change in 

the future. While such changes seem unlikely in most cases due to the necessary use of 

these channels for flood control, none of the alternatives would preclude a return to fully 

protecting all recreational uses at all times, if warranted. 
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VII. RECOMMENDED ALTERNATIVE 

 

The Regional Board recommends suspending the water contact recreational activities 

associated with the swimmable goal as expressed in the federal Clean Water Act section 

101(a)(2) and regulated under the REC-1 use, non-contact water recreation involving 

incidental water contact regulated under the REC-2 use, and the associated 

bacteriological objectives set to protect those activities, using as a trigger days of rainfall 

greater than or equal to ½ inch and the 24 hours following the rain event, which comports 

with the Los Angeles County Level 1 Alert threshold with antecedent saturated 

conditions. This alternative is justified by the unsafe conditions in engineered flood 

control channels during storm events of greater than or equal to ½ inch, regardless of 

ground conditions (i.e. saturated or unsaturated).  Furthermore, the candidate channels are 

routinely locked by Los Angeles County under these conditions, while Ventura County 

keeps its access gates locked at all times, preventing individuals from engaging in 

recreational activities in these channels during these conditions.
16

 The suspension would 

apply to inland, flowing, engineered channels where it is possible to restrict access during 

the defined conditions. Water quality objectives set to protect (1) other recreational uses 

associated with the fishable goal as expressed in the federal Clean Water Act section 

101(a)(2) and regulated under the REC-1 use and (2) other REC-2 uses (e.g., uses 

involving the aesthetic aspects of water) shall still remain in effect.  

 

In making this recommendation, staff has considered all factors set forth in §13241 of the 

Porter Cologne Water Quality Control Act: 

a) Past, present and probable future beneficial uses of the candidate engineered 

channels have been, are and will be limited by the hydrologic modifications 

and other physical factors (i.e. natural conditions). 

b) Bacteriological water quality objectives set to protect recreational uses are not 

being met in 62 percent of the assessed candidate water bodies, however, 

TMDLs will rectify this in the future, taking into account any suspension of 

the recreational uses per this amendment. 

c) Stormwater is the primary source of bacterial contamination in these channels, 

particularly during the wet weather conditions under which the suspension 

would apply. Historically, stormwater has been difficult to control, 

particularly during wet weather conditions. Furthermore, given the role these 

channels serve for flood control, it will be particularly difficult to control 

flows during and immediately following large storm events. 

d) With regard to economic considerations, the recommended alternative is not 

expected to impose any additional cost and will likely reduce future costs by 

                                                             
16

 Regional Board staff recognizes a potential gap between current Los Angeles County policies and the 

proposed amendment on days with between ½ inch and 1 inch of rainfall where there are unsaturated 

ground conditions. On these days, current Los Angeles County policies would not require locking access 

gates, though our analysis shows conditions to be unsafe on the majority of these days. Ways of addressing 

this gap are discussed in section VIII “Implementation Provisions”. 
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suspending the recreational uses and associated bacteria objectives during 

some wet weather events. 

e) The recommended alternative will have no impact on the need for developing 

housing within the region. 

f) The need to develop and use recycled water will not be affected by the 

proposed modifications and, in fact, the ability to reuse stormwater may be 

facilitated by this amendment by providing flexibility as to where stormwater 

controls must be implemented. 
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VIII. IMPLEMENTATION PROVISIONS 
 

The Regional Board is proposing to suspend REC-1 and REC-2 uses in engineered 

channels on days of greater than or equal to ½ inch of rain and the 24 hours following in 

acknowledgement of the inherent danger of recreating in these channels during these 

periods. Staff’s recommendation is based on analysis presented in section III.B and 

Appendix 3, which shows that in general rainfall greater than ½ inch results in unsafe 

conditions (based on velocity and depth considerations) regardless of whether there are 

saturated or unsaturated conditions.  

 

The current protocols used in Los Angeles County for locking access gates to engineered 

channels during storm events provide an effective mechanism for preventing access to 

these channels when conditions are unsafe. However, staff recognizes a potential gap 

between current County policies and the proposed amendment on days with between ½ 

inch and 1 inch of rainfall where there are unsaturated ground conditions. On these days, 

current County policies would not require locking access gates, though our analysis 

shows conditions to be unsafe on the majority of these days.  

 

To address this gap, the Regional Board proposes to work in coordination with Los 

Angeles County Flood Control as well as the Multi-Agency Swift-Water Rescue 

Committee to identify a mechanism for letting the public know that conditions in these 

channels are unsafe on days of greater than or equal to ½ inch of rain and the 24 hours 

following and, therefore, recreational use of these channels is being suspended in the 

interest of public safety. Potential mechanisms may include permanent signage, press 

releases, and public outreach in coordination with other public education programs (e.g., 

the municipal storm water permit public outreach program).  
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APPENDIX 1. Candidate Water Bodies for the Suspension of Recreational Beneficial 

Uses during Defined Wet Weather Conditions

Water Body Hydro. Unit No. REC1 Qualifier REC2

Alhambra Wash 405.41 P m I

Aliso Canyon Wash and Creek 405.21 I m I

Arcadia Wash (lower) 405.41 P m I

Arcadia Wash (upper) 405.33 P m I

Arroyo Calabasas 405.21 P m I

Arroyo Seco 405.32 E m E

Ballona Creek 405.13 P s E

Ballona Creek to Estuary 405.13 P s E

Bell Creek 405.21 I m I

Big Dalton Wash 405.41 P m I

Bouquet Canyon 403.51 E m E

Bouquet Canyon 403.52 E m E

Browns Canyon Wash and Creek 405.21 I m I

Burbank Western Channel 405.21 P m I

Caballero Creek 405.21 I m I

Compton Creek 405.15 E s E

Coyote Creek to Estuary 405.15 P m I

Dominguez Channel to Estuary 405.12 P s E

Dry Canyon Creek 405.21 I m I

Eaton Wash (below dam) 405.31 I m I

Emerald Creek & Wash 405.53 I m I

Haines Canyon Creek 405.23 I m I

Halls Canyon Channel 405.24 I m I

Kagel Canyon Creek 405.23 I m I

La Tuna Canyon Creek 405.21 I m I

Limeklin Canyon Wash 405.21 I m I

Little Dalton Wash 405.41 P m I

Lopez Canyon Creek 405.21 I m I

Los Angeles River 405.15 E s E

Los Angeles River to Estuary 405.12 E s E

Marshall Creek & Wash 405.41 I m I

Marshall Creek & Wash 405.53 I m I

Medea Creek 404.24 E m E

Mint Canyon Creek 403.51 I m I

Mint Canyon Creek 403.53 I m I

Pacoima Wash 405.21 P m E

Pickens Canyon 405.24 I m I

Rio Hondo 405.41 I m E

Rio Hondo below Spreading Grounds 405.15 P m E

Rio Hondo to Spreading Grounds 405.15 I m E

Rubio Wash 405.41 I m I

San Dimas Wash (Lower) 405.41 I m I

San Dimas Wash (upper) 405.44 I m I

San Gabriel River 405.41 I m I

San Gabriel River Whittier N-Firestone 405.15 E m E

San Gabriel River-Firestone Blvd-Estuary 405.15 E m E

San Jose Creek 405.41 P m I

San Jose Creek 405.51 P m I

Santa Anita Wash (lower) 405.41 P m E

Santa Anita Wash (upper) 405.33 E m E

Sawpit Wash 405.41 I m I

Shields Canyon 405.24 I m I

Snover Canyon 405.32 I m I

Stetson Canyon Creek 405.22 P m E

Thompson Wash 405.52 I m I



APPENDIX 1. Candidate Water Bodies for the Suspension of Recreational Beneficial 

Uses during Defined Wet Weather Conditions

Water Body Hydro. Unit No. REC1 Qualifier REC2

Triunfo Creek 404.24 I m I

Triunfo Creek 404.25 I m I

Tujunga Wash 405.21 P m I

Verdugo Wash 405.24 P m I

Walnut Creek Wash 405.41 I m I

Wilson Canyon Creek 405.22 E m E

E: Existing beneficial use

P: Potential beneficial use

I: Intermittent beneficial use

Qualifiers

m: Access prohibited by LAC-DPW in concrete channelized areas

s: Access prohibited by Los Angeles County DPW
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The Regional Board proposes to suspend the REC-1 beneficial uses for those water 
bodies where high velocities and deep water create unsafe conditions that preclude 
individuals from partaking in REC-1 activities.  Various implementation options were 
evaluated with respect to this action. 
 
 
Water Bodies to be Covered 
 
Water bodies to be covered by a high-flow suspension could include any of the following 
criteria: 

a) inland water bodies 
b) flowing water bodies (not lakes) 
c) engineered channels  
d) water bodies where access is restricted or prohibited (through fencing/signs)  
 

Criteria (a) and (b) must be met for water bodies to be covered by this suspension, but 
alone they are not enough.  Inland water bodies include those that may not be subject to 
the unsafe conditions that occur in engineered channels.  For example, clearly lakes are 
not subject to high velocities that would cause unsafe conditions.  Additionally, access to 
many lakes cannot be restricted during storm events.  Flowing water bodies also could 
include those that flow more slowly (e.g. due to natural meanders and vegetation).  Slow 
flowing water bodies do not necessarily have the conditions of an engineered channel 
that make recreation inherently dangerous during storm events.  
 
Therefore, in addition to criteria (a) and (b), criteria (c) and (d) must also be met.  
Engineered channels are designed to convey water rapidly out to a discharge point, 
making conditions unusually unsafe for recreation.  Therefore, engineered channels 
(criterion c) should be categorically exempt.  Restricted or prohibited access to the 
engineered channels (criterion d) should also be a complementary prerequisite for 
employing the suspension because only then is there an assurance that people cannot 
access a water body in order to engage in recreational activities.  See Appendix 1 for a 
list of engineered water bodies in the region to which access is restricted or prohibited.  
 
The Los Angeles Regional Water Quality Control Board’s "Basin Plan" contains a list of 
inland surface water bodies where access is restricted or prohibited in Los Angeles and 
Ventura Counties.  Staff conducted a search for readily available flow data for each of 
the inland flowing water bodies where access is restricted or prohibited. 
 
The Los Angeles County Department of Public Works maintains comprehensive 
information on facilities by channel type.  This enabled Regional Board staff to confirm 
our list of candidate water bodies with the County's to isolate those water bodies to 
which this amendment would apply.  
 
The Ventura County Flood Control District (VCFCD) does not have a comprehensive list 
of facilities by channel type.  The County currently has a GIS coverage showing channel 
location and length with basic information (drawing number, project name, year of 
construction, etc.) of all VCFCD facilities.   The County is currently developing a 
database that would break the list of channels down by channel type and dimensions, 
but it was not available for use in developing the proposed amendment.  There is no 
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record provided by the VCFCD as to which channels are engineered or have restricted 
access.  Therefore, Regional Board staff cannot confirm our list with the County's to 
isolate those water bodies to which this amendment would apply.    
 
 
Conditions Triggering Suspension  
 
The possible triggers for a suspension include: 

1) Velocity-basis (requires flow and area data) (e.g., "swift water" conditions).  

Velocity can be calculated by dividing the flow by the area (V=Q/A). 
Area can be calculated by multiplying the depth by the cross-sectional area 
(A=D*(Cross-Sectional Area)). 

2) Depth Basis 

3) Rainfall-basis (e.g., total daily rainfall).  
 
The following section analyzes the feasibility of each of these three options for Ventura 
County and Los Angeles County, given readily available data. 
 
Ventura County 
 
1).  Velocity Data (flow and area) 
 
a). Flow Data 
The Ventura County Flood Control District (VCFCD) provides peak flow data over the 
most current 24-hour period at http://www.ventura.org/vcpwa/fc/fws/ for a limited number 
of water bodies.  Real-time data is recorded at the county offices.  Ventura County is in 
the process of developing Internet access to historical rainfall and hydrologic data.  Also 
the USGS web-site (http://water.usgs.gov) is helpful for gages in Ventura County as it 
has real-time as well as historical flow data.   
 
Of the list of 61 water bodies to be covered by this amendment, none are in Ventura 
County.  There may be other water bodies that should be on the list.  However, Ventura 
County's effort to break the list of channels down by channel type and dimensions was 
not available at the time of writing.  There is no record provided by the VCFCD as to 
which channels are engineered or have restricted access.  Therefore, Regional Board 
staff cannot confirm our list of candidate water bodies with Ventura County's inventory.  
 
b). Area Data (Depth and Cross-Sectional Area) 
The VCFCD web-site (listed above) provides peak depth data for the most current 24-
hour period.  The USGS web-site (listed above) provides annual maximum 
instantaneous peak stream flow and gage heights. Ventura County is in the process of 
developing Internet access to historical rainfall and hydrologic data.  Cross-sectional 
area data can be found on as-built plans via request from VCFCD. 
 
2).  Depth Data 
Depth data is described above. 
 

http://water.usgs.gov/
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3).  Rainfall Data 
The VCFCD web-site (listed above) provides rainfall totals over various time intervals, 
i.e. last hour, last 3 hours, last 6 hours, last 12 hours, last day and last 2 days. Ventura 
County is in the process of developing Internet access to historical rainfall and 
hydrologic data.  Historical data was obtained for three representative gages in the 
county. 

 
Los Angeles County 
 
1).  Velocity Data (flow and area) 
 
a). Flow Data 
Regional Board Staff has a list of facilities by channel type for Los Angeles County.  Staff 
conducted a search for available flow data for each of the inland flowing water bodies 
where access is restricted or prohibited.  Flow data is available from the Los Angeles 
County Department of Public Works (LACDPW) web site at: 
http://www.ladpw.com/wrd/report/9899/runoff/discharge.cfm.  In looking at this web-site, 
staff concluded that less than ½ of the 61 candidate water bodies in Los Angeles County 
where access is restricted or prohibited have corresponding flow data. Therefore, it is 
not feasible to rely upon this data as a trigger to determine when to begin the 
suspension.  
 
b). Area Data (Depth and Cross-Sectional Area) 
In most cases depth data is used to determine the flow rate.  Therefore, in most 
channels where a county has flow data, depth data also exists. Cross-sectional area 
data can be found from looking at particular as-built plans via request from LACDPW. 
 
2).  Depth Data 
Depth data is described above. 
 
3).  Rainfall Data 
Los Angeles County displays real-time data for 62 rain gages located throughout the 
county for 1, 3, 6, 12, 24, 36, and 48-hour increments and for the last 30 days on their 
web-site.  The web-site is updated every 10 minutes.  This rain data can be viewed at: 
http://ladpw.org/wrd/precip/. 
 
 
Existing Protocol for Restricting Access 
 
In Ventura County, there are no water rescue pre-deployment criteria that result in the 
closing of flood control access gates.  All access gates to flood control channels and 
access roads are always locked.  There are a few exceptions, where Ventura County 
Flood Control District (VCFCD) has a specific written agreement with a city for joint use 
of a VCFCD right-of-way.  For these few areas where the public has access (most often, 
bike paths), the access road is not in an area that is at risk for flooding.  
 
In Los Angeles County, the Los Angeles County, California Multi-Agency Swift Water 
Rescue Committee has published an “Operational Standards and Guidelines Document” 
(dated December 10, 1999).  This guidance provides a framework for the City of Los 

http://www.ladpw.com/wrd/report/9899/runoff/discharge.cfm
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Angeles Fire Department, County of Los Angeles Fire Department, Sheriff’s Department, 
Lifeguards and Department of Public Works to provide water rescue.  Under the “Water 
Rescue Pre-Deployment Section” (Sec. 6.00 on page 13), three storm levels are defined 
(Levels 1-3) based on storm warnings with an 80% prediction of certain quantities of rain 
over 24-hours.  The following are the three alert levels: 
 
Level 1  1 inch of rain (unsaturated ground) or ½ inch (saturated ground)  

Level 2  1 ½ inch of rain (unsaturated ground) or 1 inch (saturated ground)  

Level 3 Rainfall/saturation levels exceeding those listed for Level 2   
Generalized flash floods, urban flooding and/or mud and debris flows 
Urban flooding with possible life hazards.  

 
Other factors LA County considers when determining deployment levels include: 
1) The effect of major wildland and interface burn areas.  Large burn areas result in 

increased runoff and high potential for mud and debris flows and flash floods. 
2) Flood Watches and Flood Warnings. 
3) Real time effects of the storm (may differ from weather forecasts, resulting in severe 

conditions in particular geographic areas). 
4) Releases in the Flood Control Channels.  
 
 
Rainfall as Most Practical Trigger for Suspension  
 
Velocity is probably the best direct measure, followed by depth, of unsafe conditions. 
However, from a practical standpoint, rainfall is the easiest to implement in a region-wide 
manner and is an adequate proxy for flow as indicated by the reliance on rainfall 
prediction by the Swift Water Rescue Committee.  Rainfall is the factor that determines 
when Los Angeles County closes its access gates to many engineered channels.  
Ventura County has its access gates closed at all times, precluding access to channels. 
Rainfall data is readily available to county personnel and is measured by the county 
agencies among others.  Los Angeles County has staff allocated and funded to close the 
gates that are county property using rainfall prediction as the basis for closure. In 
addition, as discussed earlier, flow meters or depth gages are not available for all 
engineered channels with restricted or prohibited access.  Finally, based on our analysis, 
rainfall appears to correlate well with unsafe conditions as further described in Appendix 
3.   
 
Appendix 3 provides a description of the analysis staff conducted to determine that rain 
was an adequate proxy for unsafe conditions.  In sum, unsafe conditions were estimated 
using a "rule of thumb" employed by USGS and also adopted by Orange County 
personnel, where if peak velocity * peak depth >= 10, then it is "unsafe."  Unsafe days 
were compared to the preceding day’s rainfall (i.e. rain >0.5 or >1.0 inch) to determine 
whether rainfall was an appropriate implementation trigger.   
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Rainfall Estimation Methods 
 
There are multiple methods for determining the amount of rainfall at any particular 
location.  All are based on using rain gage data.  Three methods are as follows: 
1) Use of one centrally located gage per county. 
2) Use of one centrally located gage per watershed (one gage per watershed with 

location within watershed to be determined based on availability of automatically 
recording rain gages and other factors). 

3) Use of the nearest rain gage. 
 
Staff analysis indicated that rainfall is highly variable and that the nearest rain gage 
should be used to estimate rainfall for particular water body segments. 
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Correlation between Unsafe Conditions and Rainfall at Select Locations in Three Watersheds  
 
Staff conducted an analysis of the correlation between "unsafe conditions" (using velocity and depth) and 
daily rainfall amounts to determine whether rainfall is an adequate proxy for unsafe conditions.  
Specifically, staff used five years of data (water years 1998-2002) to match days above the Level 1 Alert 
rainfall thresholds of ½ inch or 1 inch (depending on local antecedent moisture condition) with 
corresponding physical conditions in several local channels.  The physical conditions examined were 
those that could result in "unsafe" conditions, i.e. velocity and depth.  
 
The results of this analysis demonstrate that a significant percentage (63% on average and as much as 
83%) of unsafe days (as determined using the USGS protocol 1) occur on days where rainfall the prior 
day was greater than ½ inch. 2  (The counterpoint to this is that on average 37% of unsafe days occur on 
days outside of the defined wet weather conditions.)  Finally, the analysis shows that on average 82% of 
days and as high as 100% of days with rainfall greater than ½ inch were followed by “unsafe” days.  
(Again, the counterpoint to this is that on average 18% of days with rainfall greater than ½ inch were not 
followed by unsafe days.)  See Table 1 below.   
 
This analysis supports the use of rainfall events of greater than 1/2 inch, regardless of ground conditions 
(saturated vs. unsaturated) as a reasonable proxy for "unsafe" conditions in engineered channels the day 
following the rain event.    
 
To compare the benefit of using a 1/2-inch rain event versus the 1-inch event, it is important to compare 
the respective statistics using both rain events.  Both statistics are important: 

 % “Unsafe” Days Preceded by Rain Days  > X inch  

 % Days with Rain > X inch that were Followed by “Unsafe” Days  

Regarding the first bullet, the results of this analysis show that 63% of days that were considered unsafe 
occurred when greater than ½ inch of rain fell the preceding day. This statistic drops to 29% when 
rainfall was greater than 1 inch on the preceding day.  Regarding the second bullet, on average 82% of 
days with rain greater than ½ inch were followed by “unsafe” days.  This statistic rises to 94% for days 
with rainfall greater than 1 inch.  Since both statistics listed are important, it is clear that using a 1/2 inch 
of rain as a trigger for the suspension results in higher percentages when considered cumulatively than 
the cumulative statistics for 1 inch.  Therefore, it is more appropriate to use 1/2 inch of rain as a proxy 
for unsafe conditions; that is, a significant number of unsafe days would not be captured using 1 inch of 
rainfall as a proxy for unsafe conditions.  While it is necessary to use a prediction of rain to allow time to 
prepare for unsafe conditions, the implementation of the suspension would be based on actual rainfall 
data from the closest rain gage with adequate data.   
  
 

                                                             
1
 The USGS uses the following calculation as a "rule of thumb" for determining whether it is safe for monitoring personnel to 

be in a channel (Al Caldwell, USGS, San Diego office, personal communication, 2003).  The calculation is the peak depth (ft) * 

peak velocity (ft/sec).  If the result is greater than or equal to 10 then it is considered unsafe.  The County of Orange, 

Environmental Resources Division, has adopted this "rule of thumb" into their practices (County of Orange, 2001). 

 
2
 In the data analysis, staff compared the preceding day’s rainfall to conditions on the target day. Staff chose this approach due 

to the lag time associated with storm flows. See Figures 1 through 3 for examples of this lag time. Had staff compared both the 

preceding day’s rainfall as well as rainfall on the target day to conditions on the target day, the percentages above may have 

been slightly higher.  
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Table 1: High Flow Conditions at Select Stations in Three Watersheds In Region 4 (Water Years 1998-2002) 
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F34 LAR 19 25 11 13 68% 52% 10 53% 91% 

F342 LAR 45 32 11 29 64% 91% 11 24% 100% 

F285 LAR 35 30 13 29 83% 97% 13 37% 100% 

F37 LAR 39 21 7 20 51% 95% 7 18% 100% 

AVG LAR 35 27 11 23 67% 84% 10 33% 98% 

F274 SGR 30 23 9 17 57% 74% 8 27% 89% 

F304 SGR 25 23 8 20 80% 87% 8 32% 100% 

F312 SGR 21 20 7 12 57% 60% 5 24% 71% 

AVG SGR 25 22 8 16 65% 74% 7 27.7% 86.7% 

F38 B 56 23 8 23 41% 100% 8 14% 100% 

AVG  ALL  34 25 9 20 63% 82% 9 29% 94% 

 
Notes: *See Table 1A for a description of each station. 
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Table 1A. Description of Stream Gaging Stations used in Data Analysis 
 

Station Watershed Name Channel Dimensions* Assumptions 

F34D-R LAR LOS ANGELES RIVER below 
Firestone Blvd 

 

Concrete, with rip-rap side slopes, 
trapezoidal in section, with 
trapezoidal low flow channel. Top 
width is 265 feet.  Height is 17 
feet.  Side slopes not given nor 
bottom width. 

 

Low flow channel is 28 feet wide, 
no height given.  Assumption that 
flows will not go out of low flow 
channel except during extreme 
events, none of which occurred 
during this five-year period. So 
treated cross section as a 
rectangle with width of 28 feet. 

F342-R LAR BRANFORD STREET CHANNEL 
below Sharp Avenue 

 

Trapezoidal, 10 feet wide at 
bottom and 7.5 feet deep with 1.5 
to 1 side slopes. 

 

No assumptions needed. 

F285-R LAR BURBANK WESTERN STORM 
DRAIN at Riverside Dr. 

 

Concrete rectangular section with 
60 feet width and 12 feet in 
height. 

 

No assumptions needed. 

F37B-R LAR COMPTON CREEK near 
Greenleaf Drive  

 

Concrete rectangular section, 60 
feet wide by 13 feet deep. 

 

No assumptions needed. 

F274B-R SGR DALTON WASH at Merced 
Avenue 

 

Concrete rectangular section, 60 
feet wide, 14.5 feet tall. 

 

No assumptions needed. 

F304-R SGR WALNUT CREEK above Puente 
Avenue 

 

Concrete rectangular section, 50 
feet wide, 13.5 feet tall.  

 

No assumptions needed. 
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Station Watershed Name Channel Dimensions* Assumptions 

F312B-R SGR SAN JOSE CHANNEL below 
Seventh Avenue 

 

Grouted rip-rap side slopes with 
natural bottom, trapezoidal 
section. 

 

225 feet wide as the upper width, 
16 and 17 feet as the maximum 
height on two sides.  No 
dimensions for channel base or 
side slopes given.  Assumed that 
side slope was 1.5:1 with base of 
175 feet. 

F38C-R Ballona BALLONA CREEK above 
Sawtelle Blvd. 

 

Concrete ruble, trapezoidal in 
section 

 

95 feet wide as the upper width, 
23 feet tall in middle of channel.  
No base width given nor side 
slopes given.  Assumed that side 
slope was 1.5:1 with base of 26 
feet. 

*Channel dimensions obtained from the Los Angeles Department of Public Works web site at http://www.ladpw.org/wrd/runoff/.
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Illustration of Lag Time between Rainfall and Runoff 

 
Figure 1: Ballona Creek above Sawtelle Blvd. 

 
Figure 2: San Jose Channel below Seventh Ave. 
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Figure 3: Burbank Western Channel at Riverside Dr. 
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Rescue Dates, Locations and Conditions for 2001 and 2002 
 
In Los Angeles County, protocols for locking access gates to flood control channels and preparing for 
possible swift-water rescues in these channels during defined storm events have been set by the Los 
Angeles County, California Multi-Agency Swift Water Rescue Committee.   This committee is made up of 
the County and City Fire Departments, the Sheriff's Department, Lifeguards and the Department of Public 
Works.  The Los Angeles County Fire Department is the chair of the committee and retains records of the 
locations, dates and times of historic swift-water rescues.   
 
Staff analyzed two years of rescue data (water years 2001-2002) to match days on which there were 
swift-water rescues with corresponding flow, depth, velocity and rainfall data in several local channels.  
Staff concluded that 71 percent of the rescues occurred on days that were considered "unsafe".3  Thirty-
six percent of swift-water rescues from 2001 to 2002 occurred on days when the rainfall on that day or 
the preceding day was greater than ½ inch, while 27 percent occurred on days when the rainfall on that 
day or the preceding day was greater than 1 inch.4  See Table 2 below.  Table 3 provides minimum, 
maximum and mean statistics for the flow, velocity and depth values associated with the rescue data.

                                                             
3
 Staff could not evaluate all rescue dates with respect to the USGS rule-of-thumb, since in some cases the necessary flow data 

was not recorded. 
4
 Eighty-two percent of swift-water rescues from 2001 to 2002 occurred on days when rainfall on that day or the preceding day 

was greater than 0.1 inch. 
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Table 2: Rescue Dates, Locations5 and Conditions for 2001 and 2002 

 

Rescue 
Date 

Nearest 
Stream-
gage 

Water Body 
Water-
shed 

Total 
Daily 
Rain 

Rain 
Day 
B/F 

"Unsafe" 
V*D>10 

Peak Flow 
Peak 
Depth 

Peak 
Velocity 

01/11/01 F354 Coyote 
Creek 

SGR 1.02 1.30 not recorded 

01/12/01 F354 Coyote 
Creek 

SGR 0.32 1.02 not recorded 

03/05/01 F34D-R LA River LAR 0.39 0.039 81.82 2290.98 3.13 26.14 

03/06/01 F34D-R LA River LAR 0.31 0.39 543.45 15216.62 5.14 105.73 

04/07/01 F34D-R LA River LAR 0.71 0 8.42 235.70 2.13 3.95 

04/27/01 F274B-R San Dimas 
Wash 

SGR 0 0 3.77 226.47 0.84 4.49 

04/30/01 F262-R San Gabriel 
R. 

SGR 0 0 not recorded 

12/21/01 F64R Rio Hondo LAR 0.27 0.08 Gage taken off-line in 1996. 

11/30/01 F274B-R San Dimas 
Wash 

SGR .078 0.24 63.33 3800 3.83 16.54 

11/30/01 F274B-R San Dimas 
Wash 

SGR .078 0.24 63.33 3800 3.83 16.54 

12/16/02 F354 Coyote 
Creek 

SGR 1.41 0 11.05 16200 7.81 34.57 

SGR = San Gabriel River 
LAR = Los Angeles River 

                                                           
5
 Exact locations were provided by the LACFD but are not included on this table. 
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Flow, Velocity and Depth Conditions during "Unsafe" Conditions, Rescues and Specified Rain 
Events 
 
Staff analyzed some basic hydrologic parameters associated with select channels of concern during 
various weather and safety conditions.  These hydrologic conditions included flow, velocity and depth.  
The minimum, maximum and mean peaks of these three parameters were recorded.    
 
It is interesting to note that the averages for peak flow, peak velocity and peak depth were similar in 
magnitude for the "unsafe" days and for the days following a rain event greater than 1/2 inch, regardless 
of ground conditions (i.e. saturated vs. unsaturated).  This seems to support the idea that rain events 
greater than 1/2 inch are a good proxy for "unsafe conditions." 
 
The correlation between these parameters for days with rescues and days following rain events greater 
than 1/2 inch is not so strong.  While the ranges are comparable, the averages for peak flow, peak 
velocity and peak depth are approximately 1.5 - 2 times larger during rescue conditions as compared to 
events where rain the day prior is greater than 1/2 inch.  In other words, most rescue days seem to have 
conditions that are far more dangerous than those associated with the average 1/2-inch rain event.   
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Table 3: Flow, Velocity and Depth Conditions during "Unsafe" Events, Days with Rescues and Specified Rain Events (Los 

Angeles River, San Gabriel River and Ballona Creek Sites) 
 

Condition Peak flow (range & average) Peak velocity (range & 
average) 

Peak depth (range & average) 

Days “unsafe” (117.31 - 12,483.72 ) 

 2,143.29 

(4.06 - 121.31) 

13.15 

(0.19 - 9.33) 

2.59 

Days w/ 
rescues 

(226.47 - 16,200.00) 

5,967.11 

(3.95 - 105.73) 

28.90 

(0.26 - 7.81) 

3.37 

Days following 
rain>0.5 

(27.02 - 12,483.72) 

2,150.59 

(0.42 - 58.83) 

12.44 

(0.37 - 9.33) 

2.57 

Days following 
rain >1.0 

(27.02 - 12,483.72) 

3059.68 

(0.42 - 58.83) 

15.34 

(0.37 - 9.33) 

3.10 
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Summary of Days of Rainfall 1/2 inch and 1 inch plus the 24-hours following based on 
Historical Records 
 
 
At each of four rain gage stations in Los Angeles and Ventura Counties, rainfall greater than or equal to 
1/2 inch occurred an average of 18 days per year over the periods of record.  This number drops to 7.75 
days, where the rainfall criterion is greater than or equal to 1 inch.  In percentages, 4.75% of the 365 
days per year were days over the rain criterion of 1/2 inch.  The percentage drops to 2.25% when using 
the criterion of 1.0 inch of rainfall.   
 
The ranges and medians are broken down by station in the two tables below.  Table 4 applies to the 1/2- 
inch threshold.  Table 5 applies to the 1-inch threshold.   
 
The significance of these tables is that they indicate the number of days per year that the high flow 
suspension of the REC-1 and REC-2 beneficial uses would apply.   
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Table 4: Summary of Days of Rainfall  ½ Inch plus the 24 Hours Following  
Based on Historical Records6 

 

Rain Gage Max No. of 
Days / year (% 
of Year) 

No. of Days in 
1993 (% of 
Year) 

Min No. of Days 
/ year (% of 
Year) 

Median No. of 
Days / year (% 
of Year) 

LAX7 48 (13%) 26 (7%) 2 (0.5%) 16 (4%) 

Ojai – Stewart 64 (18%) Not calculated 0 (0%) 22 (6%) 

Simi 56 (15%) Not calculated 2 (0.5%) 18 (5%) 

VD 34 (9%) Not calculated 0 (0%) 16 (4%) 

 
Notes: The Max, Min, and Median numbers may be overestimates because staff has assumed that no 
day with rainfall greater than or equal to ½ inch was followed by a second consecutive day of rainfall 
greater than or equal to ½ inch. If one or more days of rainfall greater than or equal to ½ inch were 
followed consecutively by a day(s) of rainfall greater than or equal to ½ inch, these numbers would be 
smaller. The number of days in 1993 is an exact calculation. 
 
 

Table 5: Summary of Days of Rainfall  1 Inch plus 24 Hours Following Based on Historical 
Records8 

 

Rain Gage Max No. of 
Days / year (% 
of Year) 

No. of Days in 
1993 (% of 
Year) 

Min No. of Days 
/ year (% of 
Year) 

Median No. of Days 
/ year (% of Year) 

LAX9 24 (7%) 15 (4%) 0 (0%) 6 (2%) 

Ojai – Stewart 38 (10%) Not calculated 0 (0%) 12 (3%) 

Simi 30 (8%) Not calculated 0 (0%) 8 (2%) 

VD 18 (5%) Not calculated 0 (0%) 7 (2%) 

 
Notes: The Max, Min, and Median numbers may be overestimates because staff has assumed that no 
day with rainfall greater than or equal to 1 inch was followed by a second consecutive day of rainfall 
greater than or equal to 1 inch. If one or more days of rainfall greater than or equal to 1 inch were 
followed consecutively by a day(s) of rainfall greater than or equal to 1 inch, these numbers would be 
smaller. The number of days in 1993 is an exact calculation. 
 
 
 
 
 
 

                                                             
6
 Note that the period of record for the LAX analysis was from 1948 to 2000.  For the Ventura Downtown (VD) and Ojai-

Stewart gages the period of record was 1956 to 2001.  For the Simi gage the period of record was 1956 to 1971. 
7
 Note that the water year used for the LAX analysis was from November 1 through October 31

st
.  The rest of the rain gage 

analyses were based on a water year that runs from October 1 through September 30
th

. 
8
 See Footnote 6 above. 

9
 See Footnote 7 above. 



Attachment

Proposed Amendment to the Water Quality Control Plan – Los Angeles Region to Suspend
the Recreational Beneficial Uses in Engineered Channels during Unsafe Wet Weather

Conditions

Proposed for adoption by the California Regional Water Quality Control Board, Los Angeles
Region on July 10, 2003.

Amendments:

In Chapter 2 “Beneficial Uses” of the Basin Plan, add the following paragraph after the definition
of “Non-contact Water Recreation (REC-2)” on page 2-2:

High Flow Suspension: The High Flow Suspension shall apply to water contact recreational
activities associated with the swimmable goal as expressed in the federal Clean Water Act section
101(a)(2) and regulated under the REC-1 use, non-contact water recreation involving incidental
water contact regulated under the REC-2 use, and the associated bacteriological objectives set to
protect those activities. Water quality objectives set to protect (1) other recreational uses
associated with the fishable goal as expressed in the federal Clean Water Act section 101(a)(2)
and regulated under the REC-1 use and (2) other REC-2 uses (e.g., uses involving the aesthetic
aspects of water) shall remain in effect at all times for waters where the (ad) footnote appears in
Table 2-1a. The High Flow Suspension shall apply on days with rainfall greater than or equal to
½ inch and the 24 hours following the end of the ½-inch or greater rain event, as measured at the
nearest local rain gauge, using local Doppler radar, or using widely accepted rainfall estimation
methods. The High Flow Suspension only applies to engineered channels, defined as inland,
flowing surface water bodies with a box, V-shaped or trapezoidal configuration that have been
lined on the sides and/or bottom with concrete. The water bodies to which the High Flow
Suspension applies are identified in Table 2-1a in the column labeled “High Flow Suspension”.

In Chapter 2, create a new table, Table 2-1a “Recreational Beneficial Uses of Inland Surface
Waters” following Table 2-1 “Beneficial Uses of Inland Surface Waters”. (See attached for new
Table 2-1a.)

− Move the columns for “REC1” and “REC2” to Table 2-1a.

− Add an additional column for “High Flow Suspension”.

− Add a “Y” and reference to footnote (ad) in the High Flow Suspension column for those
water bodies covered under the High Flow Suspension.

− Add footnote (ad) to Table 2-1a, stating “The High Flow Suspension only applies to water
contact recreational activities associated with the swimmable goal as expressed in the federal
Clean Water Act section 101(a)(2) and regulated under the REC-1 use, non-contact water
recreation involving incidental water contact regulated under the REC-2 use, and the
associated bacteriological objectives set to protect those activities. Water quality objectives
set to protect (1) other recreational uses associated with the fishable goal as expressed in the
federal Clean Water Act section 101(a)(2) and regulated under the REC-1 use and (2) other



REC-2 uses (e.g., uses involving the aesthetic aspects of water) shall remain in effect at all
times for waters where the (ad) footnote appears.”



State of California
California Regional Water Quality Control Board, Los Angeles Region

RESOLUTION NO. 2003-010
July 10, 2003

Amendment to the Water Quality Control Plan for the Los Angeles Region to Suspend the
Recreational Beneficial Uses in Engineered Channels during Unsafe Wet Weather

Conditions

WHEREAS, the California Regional Water Quality Control Board, Los Angeles Region,
finds that:

1. Section 101(a)(2) of the federal Clean Water Act (CWA) sets a national goal, wherever
attainable, of water quality which provides for the protection and propagation of fish,
shellfish, and wildlife and provides for recreation in and on the water be achieved by July 1,
1983.

2. 40 CFR §131.10(a) directs States to specify appropriate designated uses to be achieved and
protected.  The classification of the waters of the State must take into consideration the use
and value of water for public water supplies, protection and propagation of fish, shellfish and
wildlife, recreation in and on the water, agricultural, industrial and other purposes including
navigation.

3. The Water Quality Control Plan for the Coastal Watersheds of Los Angeles and Ventura
Counties (Basin Plan) designates beneficial uses of the Region’s water bodies, and in addition
establishes water quality objectives for the protection of these beneficial uses and outlines a
plan of implementation for maintaining and enhancing water quality.

4. The national “fishable/swimmable” goal outlined in section 101(a)(2) of the CWA has
formed the broad basis for the beneficial use designations of surface waters throughout
California. In addition to this consideration, comprehensive reviews of existing data and
solicited input from stakeholders were conducted in the early 1970s and again in the early
1990s to determine the existing and potential beneficial uses of surface waters in the Los
Angeles Region. These were the bases for the beneficial use designations assigned to surface
waters in the Basin Plan. As a result, all inland water bodies listed in Table 2-1 of the Basin
Plan are assigned an existing, potential or intermittent Water Contact Recreation (REC-1) use
that applies year round, while the majority of water bodies are also assigned the Non-contact
Water Recreation (REC-2) use year round.

5. During the process of updating the Region’s bacteriological water quality objectives set to
protect the REC-1 use, the State Water Resources Control Board (State Board) directed the
Regional Board to “review its REC-1 beneficial use designations, focusing on swimming
during wet weather in fresh waters, specifically those to which public entry is prohibited for
health and safety reasons through no trespassing postings and fencing” (State Board
Resolution No. 2002-0142).
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6. States may remove a designated use which is not an existing use, as defined in 40 CFR
§131.3, or establish sub-categories of a use if the State can demonstrate that attaining the
designated use is not feasible due to factors set out in 40 CFR §131.10(g).

7. Under 40 CFR § 131.10 (j)(2) of the Water Quality Standards Regulation, States are required
to conduct a Use Attainability Analysis (UAA) whenever a State wishes to remove a
designated use that is specified in CWA section 101(a)(2) or adopt subcategories of uses
specified in section 101(a)(2) that require less stringent criteria.

8. The Regional Board has in the attached amendment identified 39 water body segments listed
in Table 2-1 of the Basin Plan that for their entire length meet the definition of an engineered
flood control channel. Engineered channels are defined as inland, flowing surface water
bodies with a box, V-shaped or trapezoidal configuration that have been lined on the sides
and/or bottom with concrete. These engineered flood control channels are constructed to
reduce the incidence of flooding in urbanized areas by conveying stormwater runoff to the
ocean or other discharge point as efficiently as possible. These modifications create life-
threatening “swiftwater” conditions during and immediately following significant storm
events. As a result, the REC-1 and REC-2 uses are not fully attainable during and
immediately following these storm events. The inherent danger of recreating in these
channels is widely recognized and is already addressed by Los Angeles County through the
Los Angeles County, California Multi-Agency Swift Water Rescue Committee and by
Ventura County through a policy of keeping access gates to such channels locked at all times.

9. As indicated in Chapter 2 of the Basin Plan, 16 of these water bodies are assigned a
“Potential” REC-1 use, 17 an “Intermittent” REC-1 use, and 6 an “Existing” REC-1 use. In
addition, 25 are assigned an “Intermittent” REC-2 use and 14 are assigned an “Existing”
REC-2 use. Though not a criterion for suspending the recreational uses in these channels,
access to all of the candidate water bodies is restricted or prohibited by the County of Los
Angeles Department of Public Works.

10. The proposed amendment is based on the results of a UAA of the recreational uses of
engineered channels during defined wet weather conditions, performed by Regional Board
staff. The UAA is necessary to conform with 40 CFR §131.10(j) because the action involves
the recreation use specified in section 101(a)(2) of the Clean Water Act.

11. The UAA and resulting proposed amendment only apply to water contact recreational
activities associated with the swimmable goal as expressed in the federal Clean Water Act
section 101(a)(2) and regulated under the REC-1 use, non-contact water recreation involving
incidental water contact regulated under the REC-2 use, and the associated bacteriological
objectives set to protect those activities. Water quality objectives set to protect (1) other
recreational uses associated with the fishable goal as expressed in the federal Clean Water
Act section 101(a)(2) and regulated under the REC-1 use and (2) other REC-2 uses (e.g., uses
involving the aesthetic aspects of water) shall still remain in effect at all times.

12. On December 12, 2002, the Regional Board adopted Resolution No. 2002-022 establishing
wet weather total maximum daily loads (TMDLs) for bacteria at Santa Monica Bay beaches.
As part of the wet weather bacteria TMDL, the Regional Board allowed for and encouraged
dischargers to pursue an integrated water resources approach that would foster the beneficial
reuse of storm water.  Nothing in this resolution, or the accompanying Basin Plan amendment
alters or interferes with the dischargers’ responsibilities and commitments under the Santa
Monica Bay Beaches bacteria TMDLs.  The suspension of portions of the REC-1 and REC-2
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uses during swift-water conditions reflects the current conditions in certain engineered
channels, and does not relieve or diminish obligations to reduce bacteria loading at the
beaches.

13. The Regional Board’s bases for action is limited to the specific rationale of suspending the
water contact recreation (REC-1) and REC-2 use designations and the bacteriological
objectives to protect those uses because of the unique safety issues attendant to high-flow,
swift-water conditions in engineered channels. In all other respects, the REC-1 and REC-2
use designations as well as all other beneficial use designations remain in effect and shall be
fully protected.

14. The temporary suspension of portions of the recreational uses (REC-1 and REC-2) in certain
engineered channels during swift-water conditions reflects the Regional Board’s
determination that the REC-1 and REC-2 uses are presently, and for the foreseeable future,
not fully attainable during these conditions.  However, the Regional Board remains
committed to (1) re-evaluating the attainability of the REC-1 and REC-2 uses in the future;
(2) supporting efforts to reclaim engineered channels as natural watercourses; and (3)
supporting the beneficial re-use of storm water.

15. The Regional Boards’ objective in adopting the above amendment is to acknowledge the
current conditions in engineered flood control channels during storm events and assign
beneficial uses that accurately reflect the existing and potential uses of the region’s
engineered channels during these wet weather conditions.

16. While the Regional Board recognizes the inherent danger of recreating in these channels
during and immediately following significant storm events at the present time, the Regional
Board’s vision for the beaches and ocean is to protect water quality to the highest degree
required using an integrated water resources approach that focuses on beneficially re-using
storm water. The Regional Board recognizes that to do this, it will be necessary to protect,
and restore where possible, inland water bodies that ultimately flow to the Region’s beaches
and ocean.

17. The Regional Board expects that implementation of TMDLs using an integrated water
resources approach to storm-water management will lead to changes in the flow regimes of
engineered channels. Furthermore, the Regional Board is aware of nascent efforts to reclaim
engineered channels as natural watercourses. As these efforts mature, full REC-1 and REC-2
uses may become feasible and potentially attainable for certain water bodies covered by this
resolution and accompanying Basin Plan amendment. Therefore, the Regional Board shall
reconsider at a Board meeting, within three years of the effective date of the amendment, the
continued appropriateness of the suspension of recreational uses in engineered channels
during and immediately following the defined storm events.

18. The Regional Board understands that TMDL implementation plans for many of the water
bodies covered by this amendment will not be developed within the three-year timeframe for
reconsidering the suspension of recreational uses in engineered channels during and
immediately following the defined storm events. As a result, for those engineered channels
covered by this amendment, the Regional Board expects to reconsider the suspension once
TMDL implementation plans for these water bodies are in effect.

19. For purposes of clarity, as part of this amendment, the Regional Board is also reformatting
Table 2-1 of the Basin Plan, which identifies beneficial uses of inland surface waters in the
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Los Angeles Region. Table 2-1 is reformatted such that the recreational beneficial uses
(“REC uses”), including REC-1 and REC-2, are moved to a newly created table, Table 2-1a,
which only addresses the recreational beneficial use designations of inland surface waters.
This change is made to clearly express the amendments herein as well as in anticipation of
the increasing complexity of the recreational beneficial use designations of inland surface
waters in the Los Angeles Region.

20. The Regional Board’s action is legally justified for three reasons. First, during the defined
wet weather conditions, recreation is not an existing use in the candidate water bodies
because the rate of flow, velocity and depth of the water renders them unsafe for individuals
to engage in recreational activities. Second, due to the design of the engineered flood control
channels, recreational uses in these channels are not currently fully attainable, under the
defined wet weather conditions during which the suspension would apply, regardless of
effluent limitations under CWA section 301(b)(1)(A) and (B) and section 306 or cost
effective and reasonable best management practices. Third, the engineered channels meet
factors 2 and 4 listed in 40 CFR 131.10(g), demonstrating that attaining the use is infeasible.
Regarding factor 2, Southern California streams are naturally flashy systems due to the
predominantly dry climate and short, concentrated wet season. These natural flashy
conditions result in intermittent dangerous flow volumes and velocities after rain events that
prevent the attainment of the use during and for 24 hours following a ½-inch rain event.
These natural flashy conditions are further exacerbated in engineered flood control channels,
which are designed to contain and convey water rapidly to a discharge point. This results in
the use being unattainable under factor 4 as well. These hydrologic modifications, made for
the purpose of flood control, in combination with natural conditions physically preclude the
full attainment of the use during and immediately following a ½-inch or greater storm event.
Further, it is not feasible to restore the water body to its original condition or operate the
modifications in such a way as to attain the use during the defined wet-weather events.

21. These modifications are consistent with the State’s anti-degradation policy (State Board
Resolution 68-16) and federal anti-degradation requirements as they will not lower the water
quality of the candidate water bodies, relative to existing conditions.

22. Interested persons and the public have had reasonable opportunity to participate in review of
the amendment to the Basin Plan. Efforts to solicit public review and comment include a
public workshop/CEQA scoping meeting held on May 6, 2003 and release of a draft staff
report, tentative resolution, and basin plan amendment on May 15, 2003.

23. A Notice of Hearing and Notice of Filing were published and circulated 45 days preceding
Board action. Regional Board staff responded to oral and written comments received from the
public prior to the comment deadline; and the Regional Board held a public hearing on July
10, 2003 to consider suspension of the recreational beneficial uses in engineered channels
during defined wet weather conditions.

24. The basin planning process has been certified as functionally equivalent to the California
Environmental Quality Act requirements for preparing environmental documents (Public
Resources Code, Section 21000 et seq.) and as such, the required environmental
documentation and CEQA environmental checklist have been prepared.

25. The proposed amendment results in no potential for adverse effect (de minimis finding),
either individually or cumulatively, on wildlife.
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26. The regulatory action meets the “Necessity” standard of the Administrative Procedures Act,
Government Code, section 11353, subdivision (b).

27. The Basin Plan amendment to suspend the recreational beneficial uses of engineered channels
during defined wet weather conditions must be submitted for review and approval by the
State Water Resources Control Board (State Board), the State Office of Administrative Law
(OAL), and the United States Environmental Protection Agency (USEPA). The Basin Plan
amendment will become effective upon approval by OAL and USEPA. A Notice of Decision
will be filed.

THEREFORE, be it resolved that

1. Pursuant to sections 13240 and 13241 of the California Water Code, the Regional Board,
after considering the entire record, including oral testimony at the hearing, hereby adopts the
amendment to the Water Quality Control Plan for the Los Angeles Region as set forth in the
attachment.

2. The Regional Board shall reconsider at a Board meeting, within three years of the effective
date of the amendment, the continued appropriateness of the suspension of recreational uses
in engineered channels during and immediately following the defined storm events.

3. The Executive Officer is directed to ensure that ongoing data collection and monitoring
efforts to implement paragraph 2 and the Clean Water Act triennial review process address
the feasibility of restoring engineered channels to their natural state.

4. The Executive Officer is directed to forward copies of the Basin Plan amendment to the
SWRCB in accordance with the requirements of section 13245 of the California Water Code.

5. The Regional Board requests that the SWRCB approve the Basin Plan amendment in
accordance with the requirements of sections 13245 and 13246 of the California Water Code
and forward it to OAL and the USEPA.

6. If during its approval process the SWRCB or OAL determines that minor, non-substantive
corrections to the language of the amendment are needed for clarity or consistency, the
Executive Officer may make such changes, and shall inform the Board of any such changes.

7. The Executive Officer is authorized to sign a Certificate of Fee Exemption.

I, Dennis A. Dickerson, Executive Officer, do hereby certify that the foregoing is a full, true, and
correct copy of a resolution adopted by the California Regional Water Quality Control Board, Los
Angeles Region, on July 10, 2003.

__________________
Dennis A. Dickerson
Executive Officer



DRAFT USE ATTAINABILITY ANALYSIS 

FOR REC-1 BENEFICIAL USES OF 

BALLONA CREEK AND WATER 
QUALITY OBJECTIVE CHANGE 

APRIL 4, 2003 

CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 



Draft Use Attainability Analysis for REC-1 Beneficial Uses of Ballona Creek 

LOS ANGELES REGION 

TABLE OF CONTENTS 

LIST OF TABLES ............................................................................................................ 3 

LIST OF FIGURES .......................................................................................................... 3 

1. INTRODUCTION ......................................................................................................... 4 

2. BACKGROUND ........................................................................................................... 6 

2.1 PHYSICAL DESCRIPTION OF BALLONA CREEK ............................................................ 6 

2.2 DESIGNATED BENEFICIAL USES IN BASIN PLAN ......................................................... 6 

3. POLICY REVIEW ..................................................................................................... 10 

3.1 DESIGNATION OF BENEFICIAL USES .......................................................................... 10 

3.2 REMOVAL OF DESIGNATED USES: 40 CFR § 131.10 (G) ........................................... 11 

3.3 USE ATTAINABILITY ANALYSES ............................................................................... 12 

4. BENEFICIAL USE ASSESSMENT ......................................................................... 14 

4.1 METHODS ................................................................................................................. 14 

4.2 RESULTS ................................................................................................................... 15 

4.2.1 Physical Conditions within the Creek. ............................................................. 15 
4.2.2 Existing Recreational Uses of the Creek ......................................................... 26 
4.2.3 Current Recreational Uses of the Estuary ....................................................... 26 

4.3 WATER QUALITY POTENTIAL FOR BALLONA CREEK ................................................ 29 

4.4 SUMMARY ................................................................................................................. 29 

5. ANALYSIS OF ALTERNATIVES ........................................................................... 32 

5.1 ALTERNATIVES FOR MODIFYING RECREATIONAL USE DESIGNATION ....................... 32 

5.2 ADDRESSING POTENTIAL CONCERNS ........................................................................ 35 

5.3 RECOMMENDED ALTERNATIVE ................................................................................. 37 

5.4 FuTURE CONSIDERATIONS ........................................................................................ 39 

REFERENCES ................................................................................................................ 40 

2 



Draft Use Attainability Analysis for REC-1 Beneficial Uses of Ballona Creek 

LIST OF TABLES 
Table 1: Beneficial Uses ofBallona Creek and Estuary .................................................... 8 
Table 2: Current and Proposed Water Quality Objectives for Ballona Creek ................... 34 

LIST OF FIGURES 
Figure 1: Ballona Creek and Watershed ........................................................................... 7 
Figure 2: Water Levels Along Ballona Creek. ................................................................ 16 
Figure 3: Average Daily Water Levels (1996/97- 2000/01) in Ballona Creek at 

Sawtelle Boulevard ......................................................................................... 17 
Figure 4: Average Daily Ballona Creek Flow for 1996/97 to 2000/01.. ....................... 20 
Figure 5a: Vertical channel walls upstream in Ballona Creek at Cochran A venue 

in the City of Los Angeles ............................................................................ 21 
Figure 5b: Ballona Creek at Fairfax Avenue in the City of Los Angeles ........................ 21 
Figure 6a: "Ballona Creek to Estuary" at Duquesne A venue in Culver City 

- a gate provides access to the path ................................................................. 22 
Figure 6b: "Ballona Creek to Estuary" at Duquesne A venue in Culver City 

Fence is meant to keep people out of the creek ............................................. 22 
Figure7a: "Ballona Creek to Estuary" at Overland Avenue- break in fencing makes 

direct access to Ballona Creek possible .......................................................... 23 
Figure 7b: People access the creek despite the fencing ................................................... 23 
Figure 8a: At National Boulevard in Culver City, the bike path can be accessed 

directly from Syd Kronethal Park. .................................................................. 24 
Figure 8b: The bike path and the creek can be accessed from the rear of the 

Julian Dixon Library in Culver City ............................................................. 24 
Figure 9: Water levels in Ballona Creek at Sawtelle Boulevard- before, during 

and after rain events totaling 0.5-, 2-, and 3-inches ....................................... 25 
Figure lOa: Rowing Practice in the Ballona Creek Estuary ............................................. 28 
Figure lOb: Fishing in the Ballona Creek Estuary - upstream of Pacific Bridge ............. 28 
Figure 11 a: 1998 assessment of fecal coliform in Ballona Creek .................................... 30 
Figure 11 b: 1998 assessment of fecal coliform in Ballona Creek Estuary ....................... 30 

3 



Draft Use Attainability Analysis for REC-1 Beneficial Uses of Ballona Creek 

1. INTRODUCTION 

Section 101(a)(2)'of the Clean Water Act (CW A) states that "it is the national goal that 

wherever attainable, an interim goal of water quality which provides for the protection 

and propagation of fish, shellfish, and wildlife and provides for recreation in and on the 

water be achieved by July 1, 1983". This formed a broad basis for the beneficial use 

designations for surface waters of the State. In addition to this consideration, a 

comprehensive review of existing data and solicited input from stakeholders was 

conducted in the early 1970s to determine the existing and potential beneficial uses for 

the waters of Los Angeles River Basin. These were the bases for the beneficial uses as 

designated as in the 1975 Water Quality Control Plan- Los Angeles Region (Basin 

Plan). Data and reports for this assessment were obtained from California Departments of 

Health, Fish and Game, Conservation, and Water Resources, as well as the Southern 

California Association of Governments, County of Los Angeles, Los Angeles County 

Flood Control District, and various regional and local water agencies. Comments 

received from public agencies, public utilities, industrial organizations, water companies 

and private citizens, were also considered (CRWQCB, 1975). Beneficial uses identified 

included existing and potential water contact recreation (REC-1) for all waters in the 

region. 

The 1994 Basin Plan preserved these beneficial uses. Recently, however, the validity of 

assigning REC-1 uses to engineered storm channels where access is prohibited or 

restricted for public safety reasons has been questioned by public agencies such as the 

Los Angeles County Department of Public Works (LACDPW). LACDPW has also 

expressed concerns regarding the potential for such beneficial use designations to 

encourage and protect recreational activities in areas that are unsafe. 

Engineered storm channels are constructed to reduce the incidence of flooding in 

urbanized areas by conveying stormwater runoff to the ocean as efficiently as possible. 
i 

To accomplish this goal, the waterways are usually lined, at the bottom and on the sides, 

with rip-rap or concrete. This modification creates "swiftwater" conditions during and 
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immediately following rain events. The vertical walls and/or steep-sided slopes of these 

channels, in conjunction with restrictive fencing, usually limit, or at least minimize, direct 

access to channelized creeks and streams for the purpose of recreational use. Ballona 

Creek, which is situated in the Santa Monica Bay Watershed in Los Angeles County, is 

one of such engineered channels. The U.S. Army Corps of Engineers converted it from a 

natural creek to a concrete-lined flood protection channel in the 1930s. Since then public 

access has been restricted and recreational use limited. Despite this, in 1975 the creek, 

upstream of the estuary, was designated for secondary contact (REC-2) and potential 

primary contact (REC-1) uses. The Regional Board is assessing whether this potential 

REC-1 use can be attained in this portion of Ballona Creek; and will consider removing 

or amending this designation based on the results of this use attainability analysis (UAA). 

This analysis is designed to address the Clean Water Act swimmable goal included in the 

REC-1 designation. Such a determination is timely, since a bacteria Total Maximum 

Daily Load (TMDL) is currently in development for Ballona Creek. 
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2. BACKGROUND 

2.1 Physical Description of Ballona Creek 

Ballona Creek flows as an open channel for just under 10 miles from Los Angeles (South 

of Hancock Park) through Culver City, reaching the Pacific Ocean at Playa del Rey. 

Except for the estuarine section of the creek, which is composed of grouted rip-rap side 

slopes and an earth bottom, Ballona Creek is entirely lined in concrete and extends into a 

complex underground network of storm drains which reaches north to Beverly Hills and 

West Hollywood. Tributaries of the creek include Centinela Creek, Sepulveda Canyon 

Channel, Benedict Canyon Channel, and numerous other storm drains (Figure 1). All of 

these tributaries are concrete lined channels that lead to covered culverts upstream. 

The Water Quality Control Plan for the Coastal Watersheds of Los Angeles and Ventura 

Counties (Basin Plan) defines three sections of the creek based on hydrologic units. The 

section referred to as "Ballona Creek" (Reach 1) is a 2-mile stretch from Cochran Avenue 

to National Boulevard. "Ballona Creek to Estuary" (Reach 2) is the longest segment of 

the creek (approximately 4 miles) continuing on from National Boulevard and ending at 

Centinela A venue where the estuary begins. "Ballona Creek Estuary" continues to the 

Pacific Ocean for 3.5 miles and its lower portion runs parallel to the main channel of 

Marina del Rey (Figure 1). 

2.2 Designated Beneficial Uses in Basin Plan 

The existing and potential uses of Ballona Creek and Estuary are listed in Table 1. The 

Basin Plan defines recreational beneficial uses as follows: 

REC-1 Water Contact Recreation: "Uses of water for recreational activities 

involving body contact with water, where ingestion of water is reasonably 

possible. These uses include, but are not limited to swimming, wading, water 

skiing, skin and scuba diving, surfing, white water activities, fishing, or use of 

natural hot springs." 
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Figure 1: Ballona Creek and Watershed 
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Table 1. Beneficial Uses of Ballona Creek and Estuary 

BALLONA CREEK HYDRO MUN NAV REC1 REC2 COMM WARM EST MAR WILD RARE 
WATERSHED UNIT# 

Ballona Creek Estuary 405.13 E E E E E E E 

Ballona Creek to Estuary 405.13 p• Ps E p p 

Ballona Creek 405.15 p• Ps E p E 

Beneficial use designations apply to all tributaries to the indicated waterbody, if not listed separately. 

E: Existing beneficial use 
P: Potential beneficial use 
s: Access prohibited by Los Angeles County DPW 

Ee 

e: One or more rare species utilize all oceans, bays, estuaries, and wetlands for foraging and/or nesting. 

MIGR SPWN SHELL 

Ef Ef E 

f: Aquatic organisms utilize all bays, estuaries, lagoons, and coastal wetlands, to a certain extent, for spawning and early 
development. This may include migration into areas that are heavily influenced by freshwater inputs. 

* Asterixed MUN designations were designated under SB 88-63 and RB 89-03. However, conditional designations are not recognized 
under federal law and are not subject to water quality objectives set to protect the MUN use until further study is undertaken. (See 
Letter from Alexis Strauss [USEPA] to Celeste Cantu [State Board], Feb. 15, 2002.) 
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This is an existing beneficial use of the estuary and a potential use for the "Creek" 

and "Creek to Estuary". The potential REC-1 use upstream of the estuary is the 

focus of this analysis. 

REC-2 Non-contact Water Recreation: "Uses of water for recreational activities 

involving proximity to water, but not normally involving body contact with water, 

where ingestion of water is reasonably possible. These uses include, but are not 

limited to p~g, sun-bathing, hikin&_beach-com.bing, c~g, b~ating, 

tidepool and marine life study, hunting._ sightseeing, or aesthetic enjoyment in 
...----- - ' - ---

conjunction with the above activities". This is an existing beneficial use for all 

three sections of the creek. 

Existing beneficial uses refer to those "those beneficial uses that have been attained for a 

waterbody on, or after, November 28, 1975 (CRWQCB, 1994). 

Potential use designations are based on a number of factors including 

i. plans to put the water to such future use, 

ii. potential to put the water to such future use, 

iii. designation of a use by the Regional Board as a regional water quality goal, or 

iv. public desire to put the water to such future use (CRWQCB, 1994). 

This staff report is made up of three main sections: 

(1) a review of relevant regulations and policies governing UAAs and requirements for 

REC-1 de-designation, 

(2) an assessment of the existing and potential recreational uses of the creek, and 

(3) a presentation of alternative beneficial-use designations and their implications. 
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3. POLICY REVIEW 

3.1 Designation of Beneficial Uses 

According to 40 CFR§ 131.3 (f), designated uses are those uses specified in water quality 

standards for each water body or segment whether or not they are being attained. As 

previously mentioned, Section 101 (a)(2) of the Clean Water Act (CWA) says, "it is the 

national goal that wherever attainable, an interim goal of water quality which provides for 

the protection and propagation of fish, shellfish, and wildlife and provides for recreation 

in and on the water be achieved by July 1, 1983". 

40 CFR § 131.10 directs States on the designation of uses: 

(a) Each State must specify appropriate water uses to be achieved and protected. The 

classification of the waters of the State must take into consideration the use and value of 

water for public water supplies, protection and propagation of fish, shellfish and wildlife, 

recreation in and on the water, agricultural, industrial and other purposes including 

navigation. In no case shall a State adopt waste transport or waste assimilation as a 

designated use for any waters of the United States. 

(b) In designating uses of a water body and the appropriate criteria for those uses, the 

State shall take into consideration the water quality standards of downstream waters and 

shall provide for the attainment and maintenance of the water quality standards of 

downstream waters. 

(c) States may adopt sub-categories of a use and set the appropriate criteria to reflect 

varying needs of such sub-categories of uses, for instance, to differentiate between cold 

water and warm water fisheries. 

(d) At a minimum, uses are deemed attainable if they can be achieved by the imposition 

of effluent limits required under sections 301(b) and 306 of the Act and cost-effective and 

reasonable best management practices for nonpoint source pollution. 
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3.2 Removal of Designated Uses: 40 CFR § 131.10 (g) 

States may remove a designated use which is not an existing use, as defined in § 131.3, or 

establish sub-categories of a use if the State can demonstrate that attaining the designated 

use is not feasible because: 

1. Naturally occurring pollutant concentrations prevent the attainment of the use; or 

2. Natural, ephemeral, intermittent or low flow conditions or water levels prevent the 

attainment of the use, unless these conditions may be compensated for by the 

discharge of sufficient volume of effluent discharges without violating State water 

conservation requirements to enable uses to be met: or 

3. Human caused conditions or sources of pollution prevent the attainment of the use 

and cannot be remedied or would cause more environmental damage to correct than 

to leave in place; or 

4. Dams, diversions or other types of hydrologic modifications preclude the attainment 

of the use, and it is not feasible to restore the water body to its original condition or to 

operate such modification in a way that would result in the attainment of the use; or 

5. Physical conditions related to the natural features of the water body, such as the lack 

of a proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated to water 

quality, preclude attainment of aquatic life protection uses or 

6. Controls more stringent than those required by sections 301(b) [Effluent Limitations] 

and 306 [National Standards of Performance] of the Act would result in substantial 

and widespread economic and social impact. 

Restrictions on Removal of Use: 40 CFR § 131.10 

Federal regulations restrict States from removing designated beneficial uses. Specifically 

40 CFR § 131.10 (h) prohibits States from removing designated uses if: 

1. They are existing uses, as defined in 40 CFR § 131.3, unless a use requiring more 

stringent criteria is added; or 

2. Such uses will be attained by implementing effluent limits required under sections 

301 (b) and 306 of the Act and by implementing cost-effective and reasonable best 

management practices. 
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Furthermore, 40 CFR § 131.10 (i) states that where existing water quality standards 

specify designated uses less than those which are presently being attained, the State shall 

revise its standards to reflect the uses actually being attained. 

3.3 Use Attainability Analyses 

40 CFR § 131.3 (g) defines aU se Attainability Analysis (UAA) as a structured scientific 

assessment of the factors affecting the attainment of the use which may include physical, 

chemical, biological, and economic factors as described in § 131.10(g). 

Under section 40 CFR § 131.10 (j) of the Water Quality Standards Regulation, States are 

required to conduct a UAA whenever the State wishes to remove a designated use that is 

specified in section 101(a)(2) of the Act or adopt subcategories of uses specified in 

section 101(a)(2) that require less stringent criteria. 

USEPA (2002) provides guidance on conducting UAAs for Recreational Use and 

provides the following factors that may be addressed: 

(i) Physical analyses considering the actual use (as of November 28, 1975), public 

access to the waterbody, facilities promoting the use of recreation, proximity to 

residential areas, safety considerations, and substrate, depth, width, etc. of a 

waterbody; 

(ii) Chemical analyses of existing water quality; 

(iii) Potential for water quality improvements including an assessment of nutrients and 

bacteriological contaminants; and 

(iv) Economic affordability analyses. 

On the subject of physical analyses, EPA has previously stated that, "Physical factors, 

which are important in determining attainability of aquatic life uses, may not be used as 

the basis for removing or not designating a recreational use consistent with the CW A 

section 101(a)(2) goal. This precludes States from using factor 2 (low flows) or factor 5 

(physical factors in general) as the sole basis for determining attainability of recreational 
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uses. The reason for this preclusion is that States and USEPA have an obligation to do as 

much as possible to protect the health of the public. In certain instances, people will use 

whatever water bodies are available for recreation, regardless of the physical conditions 

(USEPA, 1994). 

More recently, USEPA considered whether the regulation or Agency guidance should be 

amended to allow consideration of physical factors, alone, as the basis for removing, or 

not designating primary contact recreational uses (USEPA, 1998). 

USEPA's suggested approach to the recreational use issue is for States to look at a suite 

of factors such as whether the water body is actually being used for primary contact 

recreation, existing water quality, water quality potential, access, recreational facilities, 

location, proximity to residential areas, safety considerations, and physical conditions of 

the waterbody in making any use attainability decision (USEPA, 1994). 

In October 2002, the California State Water Resources Control Board (SWRCB) 

reviewed its decision concerning the City of Vacavilles' (Vacaville) dispute of the 

Central Valley Regional Boards' (CVRB) application of REC-1 and other water quality 

objectives in crafting the 2001 permit for the Easterly Wastewater Treatment Plant 

discharge to Old Alamo Creek. The CVRB had applied REC-1 and other uses to the 

creek via the "Tributary Rule." Vacaville contended the CVRBs' approach to designating 

beneficial uses as well as the existence of specific uses (including REC-1) in Old Alamo 

Creek. Vacaville had conducted a receiving water survey in the Fall of 1997 and 

concluded that REC-1 was not an existing use of the creek. In contrast, CVRB 

determined that the public has access to the creek, which runs by homes and provides 

riparian habitat that could attract users. CVRB staff also found evidence of fishing in the 

creek, and received accounts of wading from nearby residents who were interviewed. 

Based on these findings, the SWRCB determined that REC-1 was an existing use of the 

waterbody (SWRCB, 2002). 
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4. BENEFICIAL USE ASSESSMENT 

Regional Board staff conducted a beneficial use assessment of Ballona Creek during the 

period of March to August 2002. Reconnaissance field visits were made in March, May, 

and July and a more rigorous survey was conducted throughout the month of August 

2002. The assessment consisted of field visits, including visual observations, photo 

documentation, water level measurements, a recreational use survey of people 

encountered along the creek, analysis of flow and water-level data, and an e-mail survey 

of watershed stakeholders. 

4.1 Methods 

Data Collection and Analysis: Water level data were obtained from the Los Angeles 

County Department of Public Works (LACDPW). These data spanned a period of five 

storm years from 1996/97 to 2000/01 and were recorded in 15-rninute intervals. Average 

daily values were derived from this data set. Flow data were obtained directly from the 

LACDPW website. Both water level and flow data were collected at the County's gage 

station (F 38C-R) in Ballona Creek at Sawtelle Boulevard, which is about one mile 

upstream from the estuary. In addition, on two occasions in August 2002, water level 

measurements were taken by Regional Board staff at seven different sites along the creek 

from its starting point to the beginning of the estuary. This was accomplished by taking 

in-stream measurements with a yardstick approximately every five feet along the channel 

width at each site. 

Fieldwork: Regional Board staff went to the creek on seven occasions between March 

and August 2002. During this period photo documentation of the conditions within, and 

the activities in and around the creek was conducted. A recreational use survey 

questionnaire was developed to identify other uses that staff did not observe during the 

field visits. This questionnaire was distributed among users of the bike path adjacent to 

the creek during four site visits on August 2, 16, 23, and 29, 2002. A total of thirty-three 

questionnaires were returned to Board staff. Copies of the returned surveys are provided 

in Appendix A hereto. In addition, Regional Board staff interviewed staff from the 
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UCLA Marine Aquatic Center located between Ballona Creek and the main channel of 

Marina del Rey. 

E-mail Survey: This survey involved sending e-mails to participants in the Ballona Creek 

Watershed Task Force (BCWTF) seeking information on known water-contact 

recreational activities in the creek upstream of the estuary. The Task Force is comprised 

of public agencies such as LACDPW and cities within the watershed, environmental 

groups such as Heal the Bay and the Santa Monica Bay Keeper, local residents, and staff 

of the Regional Board, and the Santa Monica Bay Restoration Commission. 

4.2 Results 

Results of the data collection and analysis, surveys, and field measurements are presented 

in the following section. 

4.2.1 Physical Conditions within the Creek 

Water levels: Figure 2 shows the profile of water levels in the creek as it makes its way 

downstream to the estuary. Ballona Creek at Cochran A venue is the location where the 

creek emerges from the network of underground storm channels. The sites were chosen 

based on accessibility and are located approximately 1, 2, 3, 4 and 4.5 miles downstream. 

These values represent dry-weather conditions. Water levels along the creek are very low 

during this period -less than 4 inches throughout, until the estuary. 
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Figure 3 is a series of plots of average daily water levels the 1996/97 to 2000/01 storm 

year- presented by season. For most of the year it is below six inches (0.5ft). The peaks 

in water level occur during and soon after storm events. 

Flow Volume: The low water levels in the creek are not indicative of the flow in the 

channel, which is significant even during dry weather. Dry weather flows are estimated at 

14 cubic feet per second (cfs) (Ackerman and Schiff, 2001) and can be up to 36000 cfs

for a 100-year storm event (SMBRP, 1997). Figure 4 shows average daily flows in 

Ballona Creek for the period of 1996/97 to 2000/01. The peaks represent storm events 

when flows are magnified. 

Accessibility: 

"Ballona Creek" (Reach-1): Vertical concrete walls line the creek from the point where 

it emerges from the underground network of drains at Cochran A venue, in the City of Los 

Angeles, to National Boulevard in Culver City (Figure 5a-b). This is the segment referred 

to as "Ballona Creek" in the Basin Plan. These walls, along with the chainlink fencing 

that runs the length of them (Figure Sa) limit direct public access to this segment of the 
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creek. Locked gates along the fencing restrict entry to these areas to the LACDPW and 

other authorized agencies. 

"Ballona Creek to Estuary" (Reach 2): At National Boulevard the vertical walls 

transition to sloping walls that end in a box culvert at the base of the channel. From this 

point, a bike path runs adjacent to the creek and then the estuary until it meets the Pacific 

Ocean in Marina del Rey. Gates in the fencing (Figure 6a) provide access to the bike path 

and the path is separated from the creek itself by another fence (Figure 6b ). At two 

locations along the bike path -Overland Avenue (Figure 7a), and Sepulveda Boulevard

the separating fence is discontinued and direct access to the creek is possible. People can 

also come into contact with the water by climbing through or over the separating fence 

(Figure 7b). 

Proximity to Other Structures and Facilities: The creek flows in close proximity to 

residences, office buildings, parks and other facilities. The bike path can be accessed 

directly from Syd Kronenthal Park (Figure 8a), and the Culver Slauson Park - both 

located in Culver City. In addition, Lindberg Park, Culver City Park, and the Mar Vista 

Gardens are in close proximity to the creek. The Julian Dixon Library (Figure 8b) and the 

Culver City Middle school, at Overland Boulevard (located in Reach 2), provide access 

to the bike path through gates in the rear of their facilities. Direct access to the creek is 

possible from these two facilities since there is a break in the fencing which separates it 

from the bike path. 

Safety Issues: The creek was channeled in order to quickly convey stormwater to the 

ocean. Therefore during storm events of one (1.0) inch or greater (for unsaturated 

ground), and one-half (0.5) inch or more (for saturated ground), high-flow high-velocity 

conditions make it unsafe to be in the immediate vicinity of the creek. This limit is based 

on the Los Angeles County Multi-Agency Swift Water Rescue Committees' 

determination of the potential for flooding, mud and debris flow, and water rescue 

incidents in the area (LACMSWRC, 1999). Prior to or at the start of storms totaling one 
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Figure Sa: Vertical channel walls upstream in Ballona Creek at 
Cochran A venue in the City of Los Angeles. This is where the 
creek first daylights from the underground network of stormdrains. 
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Figure 5b: Ballona Creek at Fairfax A venue in the City of Los 
Angeles (1-mile downstream of Ballona Creek at Cochran 
Avenue) . Vertical channel walls and fencing limit access. 
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Figure 6a: "Ballona Creek to Estuary" at Duquesne A venue in 
Culver City- a gate provides access to the bike path. There are 
other access gates at bridge crossings along the path. 

22 

Figure 6b: "Ballona Creek to Estuary" at Duquesne Ave. Fence 
is meant to keep people out of the creek. Note that the channel 
walls have become sloped at the top and vertical at the bottom. 
This change occurs at the beginning of the bike path at National 
Blvd. 
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Figure 7a: "Ballona Creek to Estuary" at Overland Ave.- break 
in fencing makes direct access to Ballona Creek possible. 
Another break occurs at Sepulveda Blvd. 
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Figure 7b: People access the creek despite the fencing. At 
"Ballona Creek to Estuary" at Duquesne Ave., a woman 
walks a dog in the creek. 
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Figure 8a: "Ballona Creek to Estuary"- At National Boulevard 
in Culver City, the bike path can be accessed directly from Syd 
Kronenthal Park. 
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Figure 8b: "Ballona Creek to Estuary" - The bike path and the 
creek can be accessed from rear of the Julian Dixon Library in 
Culver City. Here the fencing is discontinued and water contact 
is possible. Culver City Middle School is adjacent to the library. 
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Figure 9: Water Levels in Ballona Creek at Sawtelle Boulevard
Before, During & After Rain Events Totaling 0.5-, 2-, and 3-inches. 

(Plots derived using data obtained from LADPW (water levels) and SCCWRP (total rainfall)). 
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4.2.2 Existing Recreational Uses of the Creek 

The bike path along the creek provides opportunities for recreation in the area. This path 

extends almost seven miles from Ballona Creek at National Boulevard in Culver City to 

the end of Ballona Creek Estuary in Marina del Rey. The bike path is connected to 

another path along Dockweiler Beach by the Pacific Bridge, which links Marina del Rey 

to Playa del Rey. Staff observed people biking, walking, jogging, roller-blading, riding 

scooters, and walking dogs. Also a number of teenagers, frequently observed along the 

path, informed staff that they used it as a short-cut to and from school. Responses to the 

questionnaire handed out to users of the bike path listed bird watching, and children 

playing on the sloped banks as observed activities; in addition to those observed by staff. 

This facility is mainly used by residents of the area for recreational purposes or as a route 

to school and is accessed primarily from gates provided by bridge crossings. A summary 

of the results of this survey is provided in the Appendix A hereto. 

The only instance of water contact observed by staff was a woman walking a dog in the 

creek at Ballona Creek and Duquesne Avenue. However, water contact recreation by 

children east of Inglewood Boulevard, just upstream of the estuary, was an additional 

activity reported by thee-survey. Others were dog walking in the creek and at the waters 

edge, sailing model powerboats, water quality education and monitoring, and creek clean

ups. 

4.2.3 Current Recreational Uses of the Estuary 

The existing REC-1 use designation of Ballona Creek Estuary is well supported. The bike 

path that runs adjacent to the estuary supports the same recreational activities that occur 

along the creek. In addition to these activities, the estuary itself is used for rowing and 

kayaking. The University of California Los Angeles (UCLA) Marina Aquatic Center 

(MAC) conducts some of its activities within the estuary. The UCLA rowing program 

uses the creek approximately 60 to 70 days per year for practice (Figure lOa). Every 

April, the women's crew team hosts an inter-collegiate crew regatta, the "Miller Cup" on 

Ballona Creek. This event attracts collegiate teams from the entire West Coast. In June, 
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Figure 1 Ob: Fishing in the Ballona Creek Estuary -upstream of Pacific Bridge. 
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4.3 Water Quality Potential for Ballona Creek 

Ballona Creek (Reaches 1 and 2) and Estuary are listed as impaired on the 1998 303(d) 

list due to exceedances of bacteria water quality objectives designed to protect the REC-1 

beneficial use. Plots of the data that lead to this listing in both waterbodies are shown in 

Figure 11a-b. These figures show neither REC-1 nor REC-2 conditions being met in the 

creek or estuary. More recent data indicate that the creek and estuary are still not meeting 

REC-1 water quality standards with respect to coliform bacteria. Potential sources of 

these contaminants include illegal sewer connections, leaking sanitary sewer lines, and 

urban run-off containing waste from pets. Other pollutants of concern for which the creek 

and estuary are listed are trash, metals and organics. A trash TMDL has been adopted for 

the watershed and is in its implementation stage. The TMDLs for coliform bacteria and 

metals are slated for completion in 2003 and 2004 respectively. 

None of the recreational users of the bike path along the creek, interviewed by staff, 

considered water contact in the creek as an option mainly because of the presence of 

storm drains (perceived poor water quality) and low water levels. 

4.4Summary 

Results of the assessment suggest that physical conditions within "Ballona Creek' and 

"Ballona Creek to Estuary", are not capable of supporting REC-1 use for the following 

reasons: 

(i) Water levels for most of the year- particularly in the dry-weather when recreational 

use is at its greatest, is insufficient to support activities that could reasonably be expected 

to result in anything other than incidental ingestion of water. 

(ii) When sufficiently high levels do occur -during periods of storm events, the high 

flow velocity presents a life-threatening hazard for anyone entering the water. 

(iii) Fencing and the configuration of the channel walls in certain sections, especially in 

"Ballona Creek" (Reach 1), restrict direct contact with the water in the creek. 

These conditions can be classified under § 131.10 (g) (2) low water levels, and ( 4) 

hydrologic modifications - both of which restrict attainment of REC-1 use. 
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Figure 11a: 1996 Assessment of Fecal Coliform in Ballona Creek 
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Access to the creek is more restricted in "Ballona Creek" than in "Ballona Creek to 

Estuary" due to the vertical walls and uninterrupted fencing, which is locked year round. 

Public access is restricted but not prohibited in "Ballona Creek to Estuary". The bike 

path, sloped channel walls, and breaks in the fencing provide limited access to this 

waterway. The public is therefore able to come into contact with the water in the 

"Ballona Creek to Estuary" (Reach 2). The potential for incidental water contact does not 

support a full REC-1 use, particularly since it does not involve swimming and/or a 

reasonable risk of ingestion. Arguably, such contact is provided for under the REC-2 

bacteriological water quality objectives which were developed with the presumption that 

some accidental contact with water may occur. Based on staff's visual observations of 

activities taking place in the vicinity of the Creek and the results of thee-survey, the 

creek does support REC-2 activities, and limited REC-1 use. In the event that limited 

water contact recreation occurs in a waterbody that lacks suitable water quality and 

physical characteristics to support a recreational swimming use now or in the future, 

US EPA suggests that primary contact recreation may not be an existing use. (USEP A, 

1998). In the case of Ballona Creek, the Board may consider modifying the REC-1 use 

designation to reflect the actual and potential use. 
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5. ANALYSIS OF ALTERNATIVES 

It is clear that Ballona Creek, in its present configuration, has limited potential to support 

REC-1 use now or in the foreseeable future. This section presents alternative actions that 

could be taken to modify the recreational beneficial use designation of the creek. In 

consideration that REC-2 standards would still apply to all reaches, the following 

alternatives considered are protective of human health in Ballona Creek. Downstream 

REC-1 uses shall be protected using existing bacteria objectives for water contact 

recreation. Furthermore, because downstream REC-1 uses are currently listed as impaired 

for bacteria, a TMDL will establish allocations to protect downstream REC-1 beneficial 

uses. In addition, pros and cons of each alternative are addressed. 

5.1 Alternatives for Modifying Recreational Use Designation 

Alternative A: De-designation of potential REC-1 in "Ballona Creek" and maintain 

potential REC-1 in "Ballona Creek to Estuary". 

The uppermost section of the creek is the two-mile segment referred to as "Ballona 

Creek" in the Basin Plan. As previously mentioned, access is restricted in this portion of 

the creek by the vertical channel walls and locked fencing. Physical conditions limit the 

use of this segment for body contact recreational activity. Downstream of this segment is 

"Ballona Creek to Estuary" where limited access is provided by a bike path and breaks in 

fencing between this path and the creek water. This alternative will remove the potential 

REC-1 designation from the uppermost two-mile segment, while maintaining it in the rest 

of the creek. It is protective of human health since the upper reach is largely inaccessible 

to the public. This option may lend some relief to responsible parties implementing 

TMDLs since REC-1 water quality standards will not apply directly to this segment of 

the creek. However, REC-2 standards will continue to apply, and more stringent effluent 

limits, in the municipal storm water permit (MS4), may be applied to the extent necessary 

to protect the beneficial uses of downstream reaches. 
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Alternative B: 

De-designation of entire creek upstream of the estuary for potential REC-1 use. 

This alternative entails the complete removal of the potential REC-1 use designation for 

"Ballona Creek" and "Ballona Creek to Estuary". This approach may be justified by the 

limited opportunities for ingestion due to shallow water depth (see Figure 3)- even when 

direct contact is made with the water. REC-2 bacteriological standards would still apply 

(see Table 2). Such an alternative will address the designation of this beneficial use in 

both reaches upstream of the estuary, while still being protective of human health -since 

any ingestion of water would be incidental and is expected to occur infrequently- if at 

all. REC-1 bacteriological standards will not apply in this waterbody until it reaches the 

estuary. The relaxation of applicable bacteria water quality objectives in these reaches 

may provide some relief to responsible parties for achieving and maintaining water 

quality standards in the creek and estuary. 

Alternative C: 

De-designation of"Ballona Creek" for potential REC-1 use, and subdividing REC-1 in 

"Ballona Creek to Estuary. " 

This alternative would remove the potential REC-1 designation of the "Ballona Creek" 

segment and modify the potential REC-1 designation in "Ballona Creek to Estuary" to 

account for incidental water contact in the creek. Specifically, the segment "Ballona 

Creek to Estuary" would be designated as supporting an existing limited REC-1 use. This 

sub-category of REC-1 will be termed Limited REC-1 (LREC-1) and defined as "uses of 

water for recreational activities involving body contact with water where full REC-1 use 

is limited by physical conditions such as very shallow water depth and restricted access; 

and as a result, ingestion of water is incidental and infrequent." This LREC-1 will 

provide a lower level of protection than the current REC-1 designation based on 

frequency of use. This approach is consistent with USEP A guidance which suggests 

allowing higher bacteria limits with decreasing frequency of use in a waterbody (USEPA, 

1986). In this guidance document, REC-1 use is sub-divided according to the following 

qualitative use intensities (i) designated beach area (high frequency), (ii) moderate use, 
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(iii) lightly used, and (iv) infrequently used; less intensively used areas are allowed less 

restrictive single sample limits for indicator bacteria densities. 

The incidental contact occurring in Reach 2 of Ballona Creek would be classified as 

"infrequently used" and the applicable bacteriological standards are shown in Table 2. 

Table 2: Current and Proposed Water Quality Objectives for Ballona Creek. 

Limits REC-1 

Geometric Mean 
E. coli 
Fecal coliform 

Single Sample 
E. coli 
Fecal coliform 
* Proposed sub-category of REC-1 
n.a. Not applicable 

126 
200 

235 
400 

Limited REC-1 * 

126 
200 

576 
n.a* 

n.a* EPA did not recommend limited use criteria for fecal coliform. 

REC-2 

n.a 
2000 

n.a 
4000 

LREC-1 geometric mean limits for E. coli and fecal coliform are the same as the REC-1 

water quality objectives. However, the LREC-1 single sample limit for E. coli is higher 

than the REC-1 limit. This is based on EPA's determination of the most appropriate 

single sample maximum density for waterbodies infrequently used for full-body contact 

recreation (see Table 4 in USEPA' s "Ambient Water Quality Criteria for Bacteria-

1986". Report No. EPA 330/5-84-002, January 1986). A copy of this table is provided in 

Appendix B hereto. 

While these standards are less stringent than the current REC-1 standards, they are more 

protective than the REC-2 standards. This alternative is justifiable since water levels in 

these segments are insufficient to support activities with a reasonable probability of water 

ingestion. It will most accurately protect actual and reasonably foreseeable uses in the 

creek. Relief to responsible parties for achieving water quality standards will be more 

limited than that provided in Alternative B. 
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Alternative D: 

No Action- maintain potential REC-1 designation. 

For this alternative the potential REC-1 designation will remain in place for the entire 

creek. Human health concerns will be fully addressed, however the designation will not 

reflect the actual level of use in the reaches upstream of the estuary, and may be 

considered to be overly protective. 

5.2 Addressing Potential Concerns 

It is likely that there may be concern by interested parties on the potential impacts of de

designation of REC-1 for Ballona Creek. The following section presents and discusses 

possible concerns that may arise. 

Downstream uses may be impacted 

40 CFR, Part 131.10 (b) states that "in designating uses of a water body and the 

appropriate criteria for those uses, the State shall take into consideration the water quality 

standards of downstream waters and shall provide for the attainment and maintenance of 

the water quality standards of downstream waters. The Basin Plan is also clear that 

upstream water quality must be protective of downstream uses. Ballona Creek flows into 

Ballona Creek Estuary, which in tum flows into the Santa Monica Bay (SMB). The 

creek, estuary, and 44 Santa Monica Bay Beaches are all currently impaired for bacteria. 

Dockweiler Beach is the SMB Beach that is influenced by Ballona Creek Estuary. 

There may be concern that lowering water quality standards in Ballona Creek may impact 

Ballona Creek Estuary and Dockweiler Beach. 

At present, a bacteria TMDL has been adopted for SMB Beaches and the TMDL for 

Ballona Creek and Estuary is expected to be completed in 2005. The SMB Beaches 

Bacteria TMDL sets limits on the number of exceedance days for the beach to which 

Ballona Creek drains. The Ballona Creek Bacteria TMDL will support this limit. In 

addition, the TMDL will require REC-1 water quality standards to be attained throughout 

the estuary. This will ensure that water quality in the estuary and at Dockweiler Beach are 

not compromised by changes in upstream designations. 
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The SMB beaches bacteria TMDL offered three potential implementation approaches for 

meeting the TMDL: 1) an integrated water resources strategy; 2) a targeted upstream 

structural and non-structural control strategy; and 3) an interim diversion strategy 

(CRWQCB-LA, 2002). Modification of uses in the upstream use in Ballona Creek will 

not affect implementation of these strategies. 

Higher allowable levels of bacteria may further impair the creek. 

There may be concern that de-designating REC-1 could result in higher allowable 

concentrations of bacteria into Ballona Creek. The current bacteria levels in Ballona 

Creek and Estuary regularly exceed single standard objectives for REC-1 and LREC-1 

uses. The bacteria TMDL will establish substantial reductions in allowable bacteria 

loading, regardless of this action. REC-2 and LREC-1 water quality objectives, for 

"Ballona Creek" and "Ballona Creek to Estuary" respectively, are deemed protective 

when considering the frequency of use and the potential for ingestion of water in these 

reaches of Ballona Creek. 

This may set a precedent for de-designation of other low-water level, concrete-lined 

channels. 

It is important to acknowledge that de-designating Ballona Creek for REC-1 is likely to 

result in a precedent for de-designating other similar concrete-lined channels. There is 

already a request for de-designation of REC-1 in Coyote Creek and the San Gabriel 

River. The purpose of conducting this UAA is to ensure that the designated REC-1 

beneficial use of Ballona Creek reflects the existing and potential use. Similar 

opportunity should be afforded other engineered channels in the region, where 

appropriate. It is important to determine if these designated beneficial uses have existed 

on or after November 28, 1975, currently exist, or could exist in future. It is a reasonable 

expectation that water quality standards for a waterbody reflect the potential uses that it 

can support. 
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5.3 Recommended Alternative 

Staff recommends Alternative C. It serves to fully address concerns that the assigned 

beneficial uses reflect existing and potential beneficial uses, and it protects public health 

in the event of incidental contact. This alternative recognizes that the creek is slightly 

more accessible in Reach 2 than Reach 1. However, based on surveys and site visits, staff 

concludes that water contact in Reach 2 is very infrequent and the potential for incidental 

water ingestion is minimal due to shallow water depths. The level of protection provided 

for Reach 2, under this alternative, is recommended by EPA for infrequent use. The 

proposed amendment to the beneficial use and associated water quality objectives, only 

addresses the Clean Water Act swimmable goal included in the REC-1 designation. 

In making this recommendation, staff has considered all factors set out in § 13241 of the 

Porter-Cologne Water Quality Control Act: 

(a) Past, present, and probable future beneficial uses of water. 

Public desire exists to improve recreational opportunities and aesthetics along the 

bike path that runs adjacent to "Ballona Creek to Estuary." Currently, a "Ballona 

Creek & Trail Focused Special Study," being conducted by Culver City, is 

investigating measures to enhance the bike path and provide recreational, 

landscaping, environmental, and other improvements along the creek. The 

modifications are geared towards increasing public access to the bike path and 

creek, while ensuring that its flood control function is not compromised. This 

project and future ones will be limited by the necessity to preserve the current 

hydrologic function of the channel in order to prevent flood damage to the 

surrounding highly urbanized areas. Also, limited public access - particularly 

during storm weather- will always need to be maintained for public safety. The 

Regional Board recognizes that in all probability, current and future uses of the 

creek will always be constrained by these factors. 

(b) Environmental characteristics of the hydrographic unit under consideration, 

including the quality of water available thereto. 

Water quality standards are currently not being met, however the Ballona Creek 

and Estuary TMDL under development will address this. 
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STATE WATER RESOURCES CONTROL BOARD 
RESOLUTION NO. 88-63 

(as revised by Resolution No. 2006-0008) 
 

ADOPTION OF POLICY ENTITLED 
"SOURCES OF DRINKING WATER" 

WHEREAS 

1 California Water Code section 13140 provides that the State Board shall formulate 
and adopt State Policy for Water Quality Control; and, 

2. California Water Code section 13240 provides that Water Quality Plans "shall 
conform" to any State Policy for Water Quality Control; and, 

3. The Regional Boards can conform the Water Quality Control Plans to this policy by 
amending the plans to incorporate the policy; and, 

4. The State Board must approve any conforming amendments pursuant to Water 
Code section 13245; and, 

5. "Sources of drinking water" shall be defined in the Water Quality Control Plans as 
those water bodies with beneficial uses designated as suitable, or potentially 
suitable, for municipal or domestic water supply (MUN); and, 

6. The Water Quality Control Plans do not provide sufficient detail in the description 
of water bodies designated MUN to judge clearly what is, or is not, a source of 
drinking water for various purposes. 

7. On February 1, 2006, the State Board adopted Resolution No. 2006-0008, which 
amended this policy to establish a site-specific exception for Old Alamo Creek. 

THEREFORE BE IT RESOLVED: 
 
All surface and ground waters of the State are considered to be suitable, or potentially 
suitable, for municipal or domestic water supply and should be so designated by the 
Regional Boards1 with the exception2 of: 

                                                 
1  This policy does not affect any determination of what is a potential source of drinking water for the 
limited purposes of maintaining a surface impoundment after June 30, 1988, pursuant to Section 25208.4 of 
the Health and Safety Code. 
2  This policy contains general categories for exceptions from the policy.  On February 1, 2006, the State 
Board adopted Resolution No. 2006-0008, which established a site-specific exception from the policy for 
Old Alamo Creek.  The rationale for the site-specific exception is contained in the resolution and in State 
Board Order WQO 2002-0015, II.A.2.d. 



1. Surface and ground waters where: 
 
 a. The total dissolved solids (TDS) exceed 3,000 mg/L (5,000 uS/cm, electrical 

conductivity) and it is not reasonably expected by Regional Boards to supply a 
public water system, or 

 
 b. There is contamination, either by natural processes or by human activity 

(unrelated to the specific pollution incident), that cannot reasonably be treated for 
domestic use using either Best Management Practices or best economically 
achievable treatment practices, or 

 
 c. The water source does not provide sufficient water to supply a single well capable 

of producing an average, sustained yield of 200 gallons per day. 
 
2 Surface Waters Where: 
 
 a. The water is in systems designed or modified to collect or treat municipal or 

industrial wastewaters, process waters, mining wastewaters, or storm water 
runoff, provided that the discharge from such systems is monitored to assure 
compliance with all relevant water quality objectives as required by the Regional 
Boards; or, 

 
 b. The water is in systems designed or modified for the primary purpose of 

conveying or holding agricultural drainage waters, provided that the discharge 
from such systems is monitored to assure compliance with all relevant water 
quality objectives as required by the Regional Boards. 

 
3. Ground water where: 
 
The aquifer is regulated as a geothermal energy producing source or has been exempted 
administratively pursuant to 40 Code of Federal Regulations, section 146.4 for the 
purpose of underground injection of fluids associated with the production of hydrocarbon 
or geothermal energy, provided that these fluids do not constitute a hazardous waste 
under 40 CFR, section 261.3. 
 
4. Regional Board Authority to Amend Use Designations: 
 
Any body of water which has a current specific designation previously assigned to it by a 
Regional Board in Water Quality Control Plans may retain that designation at the 
Regional Board's discretion. Where a body of water is not currently designated as MUN 
but, in the opinion of a Regional Board, is presently or potentially suitable for MUN, the 
Regional Board shall include MUN in the beneficial use designation. 
 
The Regional Boards shall also assure that the beneficial uses of municipal and domestic 
supply are designated for protection wherever those uses are presently being attained, and 
assure that any changes in beneficial use designations for waters of the State are 

2. 



consistent with all applicable regulations adopted by the Environmental Protection 
Agency. 
 
The Regional Boards shall review and revise the Water Quality Control Plans to 
incorporate this policy. 

CERTIFICATION 

The undersigned, Acting Clerk to the Board, does hereby certify that the foregoing is a 
full, true, and correct copy of a policy duly and regularly adopted at a meeting of the 
State Water Resources Control Board held on May 19, 1988, and amended on 
February 1, 2006. 

 

  
   
  
                                                                               Selica Potter 

 Acting Clerk to the Board 
 
 

3. 



Attachment A 

STATE WATER RESOURCES CONTROL BOARD 
RESOLUTION NO. 2005-0015 

AMENDMENT TO WATER QUALITY CONTROL PLAN 
FOR THE LOS ANGELES REGION 

TO REMOVE THE POTENTIAL REC-1 BENEFICIAL USE 
ASSOCIATED WITH THE SWIMMABLE GOAL - 

AS EXPRESSED IN THE FEDERAL CLEAN WATER ACT SECTION 10 1 (a)(2) 
FOR BALLONA CREEK," REPLACE THE POTENTIAL REC-1 BENEFICIAL USE 

FOR "BALLONA CREEK TO ESTUARY" WITH AN EXISTING LIMITED REC-1 USE, 
AND ADD BACTERIA OBJECTIVES TO PROTECT THE NEW LIMITED REC-1 USE 

WHEREAS, the State Water Resources Control Board (State Board) finds that: I 
I 

1. Clean Water Act section 101(a)(2) sets a national interim goal - wherever attainable - of 
water quality which provides for the protection and propagation of fish, shellfish, and 
wildlife and provides for recreation in and on the water be achieved by July 1, 1983. ~ 

2. Implementing federal regulations at 40 Code of Federal Regulations, section 13 l.lO(a) 
direct states to specify appropriate water uses to be achieved and protected. The 
classification of state waters must take into consideration their use and value for public I I 

water supplies, protection and propagation of fish, shellfish and wildlife, recreation in and 
i 

on the water, agricultural, industrial, and other purposes including navigation. i I 

3. States may remove a designated use which is not an existing use, as defined in 40 Code of I 
I 

Federal Regulations, section 13 1.3, or establish sub-categories of a use if the state can I 

I 
demonstrate that attaining the designated use is not feasible due to factors set out in 
40 Code of Federal Regulations, section 13 l.lO(g). 

4. Under 40 Code of Federal Regulations, section 13 1.10 (j)(2), states are required to conduct 
a Use Attainability Analysis (UAA) whenever they wish to remove a designated use that is 
specified in Clean Water Act section 101(a)(2) or adopt subcategories of uses specified in 
section 101(a)(2) that require less stringent criteria. 

5. Ballona Creek is located in Los Angeles County, California, and flows slightly over 10 
miles from the City of Los Angeles, through Culver City, reaching the Pacific Ocean at 
Playa del Rey. Except for the estuarine section of the creek, which is composed of grouted 
rip-rap side slopes and an earthen bottom, Ballona Creek is entirely lined in concrete and 
extends into a complex underground network of storm drains, which reaches north to 
Beverly Hills and West Hollywood. Tributaries of the creek include Centinela Creek, 
Sepulveda Canyon Channel, Benedict Canyon Channel, and numerous other storm drains. 
All of these tributaries are concrete lined channels which lead to covered culverts. 

6. The Water Quality Control Plan for the Coastal Watersheds of Los Angeles and Ventura 
Counties (Basin Plan) designates beneficial uses of the Region's waterbodies, establishes 
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water quality objectives for the protection of these beneficial uses, and outlines a plan of 
implementation for maintaining and enhancing water quality. 

7. The Basin Plan defines three sections of the creek based on hydrologic units. The section 
referred to as "Ballona Creek" (Reach 1) is a 2-mile stretch from Cochran Avenue to 
National Boulevard. "Ballona Creek to Estuary" (Reach 2) flows approximately 4 miles 
from National Boulevard to Centinela Avenue, where the estuary begins. "Ballona Creek 
Estuary" continues to the Pacific Ocean for 3.5 miles and its lower portion runs parallel to 
the main channel of Marina del Rey. 

8. The Basin Plan designates existing non-contact water recreation (REC-2) and potential 
water contact recreation (REC-1) for both Reaches 1 and 2 of Ballona Creek. Ballona 
Creek Estuary has an existing REC-1 use. 

9. The State Water Resources Control Board (State Board) has determined that the potential 
REC-1 use as it pertains to swimming-related activities for both Reaches 1 and 2 should be 
removed. In addition, the potential REC-1 use of Reach 2 should be replaced with a 
limited REC-1 use based on the nature and frequency of use. 

10. The limited REC-1 designation will provide a lower level of protection than the current 
REC-1 designation based on frequency of use. This approach is consistent with United 
States Environmental Agency (U.S. EPA) guidance, which suggests higher allowable levels 
for bacteria limits with decreasing frequency of use in a waterbody. 

11. These modifications are consistent with the Antidegradation Policy as they will not lower 
the water quality of the creek, relative to existing conditions. In assigning water quality 
objectives to the limited uses that exist, the Basin Plan Amendment fulfils the requirement 
of protecting the level of water quality necessary to protect existing and anticipated 
beneficial uses. 

The proposed amendment is based on the results of a UAA of the recreational uses of 
Reach 1 and 2, performed by Los Angeles Regional Water Quality Control Board 
(Regional Board) staff. This analysis was conducted between March and August of 2002 
to determine actual and potential recreational uses of the creek. The UAA is necessary to 
conform with 40 Code of Federal Regulations, section 13 1.10(j) because the action 
involves the recreation use specified in Clean Water Act section 101(a)(2). The proposed 
amendment and the UAA only address the swimmable goal included in the REC-1 
designation, and do not address the fishable goal ("protection and propagation of fish, 
shellfish, and wildlife") contained in section 101(a)(2) of the Clean Water Act. The 
fishable goal of the Clean Water Act is also protected under other beneficial uses 
designated in the Basin Plan for the affected waterbodies (including WARM). 

13. The State ~ o a r d ' s ~ o a l  in making the above amendments is to assign bacterial water 
quality objectives that accurately reflect the existing and potential uses of Reaches 1 and 2 
of Ballona Creek 
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14. Interested persons and the public have had reasonable opportunity to participate in review 
of the amendment to the Basin Plan. Efforts to solicit public review and comment included 
by the Regional Board release of a draft staff report, tentative resolution, and Basin Plan 
Amendment on April 4,2003 and a public workshop on May 6,2003. 

15. The Regional Board published and circulated a Notice of Hearing and Notice of Filing 45 
days preceding a Regional Board hearing on June 5,2003. Regional Board staff responded 
to oral and written comments received from the public. The Regional Board held a public 
hearing on June 5; 2003 to consider modification of the REC-1 beneficial use in Ballona 
Creek (Reach 1 and 2). 

16. At the conclusion of the June 15,2003 hearing, the Regional Board voted to reject the 
proposed amendment. The State Board decided to review the Regional Board's action on 
the State Board's own motion, at the request of Los Angeles County and the Los Angeles 
County Flood Control District. 

17. Under Water Code section 13320, when the State Board finds that a Regional Board's 
failure to act was inappropriate or improper, the State Board may take the appropriate 
action itself. 

18. On January 20, 2005, the State Board found that the Regional Board's failure to adopt the 
proposed basin plan amendment was inappropriate and improper. For the reasons 
explained in State Board Order WQO 2005-0004, the State Board, adopts the proposed 
amendments with one minor clarification. 

19. The basin planning process has been certified as functionally equivalent to the California 
Environmental Quality Act requirements for preparing environmental documents (Public 
Resources Code, section 21000 et seq.) and as such, the required environmental 
documentation and CEQA environmental checklist have been prepared. 

20. The proposed amendment results in no potential for adverse effect (de minimis finding), 
either individually or cumulatively, on wildlife. 

21. The regulatory action meets the "Necessity" standard of the Administrative Procedures 
Act, Government Code section 11353, subdivision (b). 

22. The Basin Plan amendment to modify the recreational beneficial use for Ballona Creek 
(Reaches 1 and 2) must be submitted for review and approval by the State Office of 
Administrative Law (OAL), and the U.S. EPA. The Basin Plan amendment will become 
effective upon approval by OAL and U.S. EPA. A Notice of Decision will be filed. 

THEREFORE, BE IT RESOLVED THAT: 

1. Pursuant to sections 13240 and 13241 of the California Water Code, the State Board, after 
considering the entire record hereby adopts the amendment to the Water Quality Control 
Plan for the Los Angeles Region as set forth in Attachment 1 to this Resolution. 
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2. The State Board Executive Director is authorized to forward it to OAL and the U.S. EPA. 

3. If, during its approval process OAL determines that minor, non-substantive corrections to 
the language of the amendment are needed for clarity or consistency, the Executive 
Director may make such changes, and shall inform the State Board of any such changes. 

4. The Executive Director is authorized to sign a Certificate of Fee Exemption. 

CERTIFICATION 

The undersigned, Clerk to the Board, does hereby certify that the foregoing is a full, true, and 
correct copy of a resolution duly and regularly adopted at a meeting of the State Water Resources 
Control Board held on January 20,2005. 

Kk&& Debbie Lrvin I..," 
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Proposed Amendment to the Water Quality Control Plan - Los Angeles Region to Remove the 

[a Potential REC-1 Beneficial Use Associated With the Swimmable Goal - as Expressed in the 
Federal Clean Water Act Section 101(a)(2) for "Ballona Creek," - Replace the Potential REC-1 
Beneficial Use for "Ballona Creek to Estuary" With an Existing Limited REC-1 Use, and Add 

Bacteria Objectives to Protect the New Limited REC-1 Use. 

Amendments: 

In Chapter 2 "Beneficial Uses" of the Basin Plan; add the following paragraph under "Water 
Contact Recreation REC-1" on p. 2-2: 

' Limited Water Contact Recreation (LmC-1): Uses of water for recreational activities 
involving body contact with water, where full REC-1 use is limited by physical conditions such 
as very shallow water depth and restricted access and, as a result, ingestion of water is incidental 
and infrequent. 

In Chapter 2,  Table 2.1 "Beneficial Uses of Inland Surface Waters" 

Include column for LREC- 1 to the right of the REC- 1 column throughout Table 2- 1. 
i 

Add an existing limited REC-1 use for "Ballona Creek to Estuary" by adding " E  in the REC-1 
column. 

Amend the potential REC-1 use for "Ballona Creek" and Ballona Creek to Estuary" by adding 
"ac" beside the "Ps" in the REC-1 column. Add the following footnote to Table 2.1 on p. 2-10: 
ac: The REC-1 use designation does not apply to recreational activities associated with the 
swimmable goal as expressed in the Federal Clean Water Act section 101(a)(2) and regulated 
under the REC-1 use in the Basin Plan, or, the associated bacteriological objectives set to protect 
those activities. However, water quality objectives set to protect other REC-1 uses associated 
with the fishable goal as expressed in the Federal Clean Water Act section 101(a)(2) shall remain 
in effect for waters where the (ac) footnote appears. 

Add the following footnote to the hydrologic unit number for "Ballona Creek" and "Ballona 
Creek to Estuary":"": "The dividing line between "Ballona Creek" and "Ballona Creek to 
Estuary" is the point at which the vertical channel walls transition to sloping walls." 

See attached sample Table 2.1. 

In Chapter 3 "Water Quality Objectives" of the Basin Plan, include the following to the second 
paragraph under "Bacteria, Coliform" (as amended in the attachment to the Regional Board 
Resolution No. 200 1-0 18 "Amendment to the Water Quality Control Plan for the Los Angeles 
Region to Update the Bacteria Objectives for Water Bodies Designated for Water Contact 
Recreation7') on page 3-3: 
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In Fresh Waters Designated for Limited Contact Recreation (LREC-1) 

1. Geometric Mean Limits 

a. E. coli density shall not exceed 126/100 ml. 

b. Fecal coliform density shall not exceed 2001100 ml. 

2. ~iligle Sample . . Limits 

a. E. coli density shall not exceed 5761100 ml. 

b. Fecal coliform density shall not apply. 

The single sample limit for E. coli is based on EPA's determination of the most appropriate 
single sample maximum density for water bodies infi-equently used for full-body contact 
recreation.' 

' U.S. EPA. 1986. Ambient Water Quality Criteria for Bacteria- 1986. Report No. EPA.33015-84-002. 

J January 1986. 



DTES ar'e consistent on all beneficia1,iise tables. 
rbodies are listed multiple times if they cross hydrologic area or subarea boundaries. Beneficial use designattons apply to all mbutaries to the indicated waterbody, if not listed separately. 
bodies designated as WET may have wetlands habitat assaclaled wlth only a portion of the waterbody. Any regulatory sectton would require a detailed analysts of the area. 
11 waterbod~es which are also listed tn Coastal Features Table (2-3) or in Wetlands Table (2-4). 
r more rare species utilize all ocean, bays, estuaries, and coastal wetlands for foraging andlor nesting. 
c organisms utiltze all bays, estuaries, lagoons and coastal wetlands, to a certain extent, for spawntng and early development. Thls may include migratton Into areas which are heavily influeneed by freshwater inputs. 
: access to reservoir and its surrounding watershed is prohtbtted by Los Angeles County Department of Public Works. 
;s prohibited by Los Angeles County Department in the concrete-channelzed area. 
; prohibited by Los Angeles County DPW. 
water supply reservoir. Owner proh~bits public entry. 
areas are engineered channels. All references to Tidal Prisms m Regional Board documents are functtonally equivalent to estuarien. 
ECI use designation does not apply to recreational activities associated with the swimmable goal as expressed tn the federal Clean Water Act section lOl(a)(2) and regulated under the REC-I use in the Basin Plan, or the associated bactertological objectives set to 
lose activirtes. However, water quahty objectives set to protect other RECI uses associated with the fishable goal as expressed In the federal Clean Water Act section IOl(a)(2) shall remain in effect for waters where the (ac) footnote appears. 

z. 
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CATEGORY 5 
Final 2010 Integrated Report (CWA Section 303(d) List / 305(b) Report) 
USEPA Final Approval: October 11, 2011 
 

2010 SANTA ANA REGION 303(d) LIST OF WATER QUALITY LIMITED SEGMENTS* 
  

Category 5 criteria: 1) A water segment where standards are not met and a TMDL is required, but not yet completed, for at least one of the pollutants being listed for this segment. 
*     USGS HUC = US Geological Survey Hydrologic Unit Code. Calwater = State Water Resources Control Board hydrological subunit area or even smaller planning watershed. 
**   TMDL requirement status definitions for listed pollutants are: A= TMDL still required, B= being addressed by USEPA approved TMDL, C= being addressed by action other than a TMDL 
***  Dates relate to the TMDL requirement status, so a date for A= TMDL scheduled completion date, B= Date USEPA approved TMDL, and C= Completion date for action other than a TMDL 

 

REGION WATER BODY NAME 
WATER 
TYPE 

WATERSHED 
CALWATER/ 
USGS HUC 

• POLLUTANT 
• POTENTIAL SOURCES 

ESTIMATED 
AREA 

ASSESSED 

FIRST YEAR 
LISTED 

TMDL 
REQUIREMENT 

STATUS 
DATE 

8  
 
Anaheim Bay  

 
Bay & 
Harbor  

 
80111000  /   

18070201  

• Dieldrin (tissue)  
 Source Unknown  

402 Acres  
 

2006  
 

5A  
 

2019  

 
This listing was made by USEPA.  

 

• Nickel  
 Source Unknown  

402 Acres  
 

2002  
 

5A  
 

2019  

 This listing was made by USEPA.  

 

• PCBs (Polychlorinated biphenyls) 
(tissue)  

 Source Unknown 
 

402 Acres  
 

2002  
 

5A  
 

2019  

 This listing was made by USEPA.  

 

• Sediment Toxicity  
 Source Unknown  

402 Acres  
 

2006  
 

5A  
 

2019  

 

 
8  

 
Balboa Beach  

 
Coastal & 

Bay 
Shoreline  

 
80114000  /   

18070201  

• DDT 
(Dichlorodiphenyltrichloroethane)  

 Source Unknown 
 

1.8 Miles  
 

2006  
 

5A  
 

2019  

http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAB8011100019990308101956
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00031.shtml#6828
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00031.shtml#7212
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00031.shtml#4315
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00031.shtml#4315
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00031.shtml#5417
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAX8011400020021003083908
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01778.shtml#5322
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01778.shtml#5322
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REGION WATER BODY NAME 
WATER 
TYPE 

WATERSHED 
CALWATER/ 
USGS HUC 

• POLLUTANT 
• POTENTIAL SOURCES 

ESTIMATED 
AREA 

ASSESSED 

FIRST YEAR 
LISTED 

TMDL 
REQUIREMENT 

STATUS 
DATE 

 

• Dieldrin  
 Source Unknown  

1.8 Miles  
 

2006  
 

5A  
 

2019  

 

• PCBs (Polychlorinated biphenyls)  
 Source Unknown  

1.8 Miles  
 

2006  
 

5A  
 

2019  

 

 
8  

 
Big Bear Lake  

 
Lake & 

Reservoir  

 
80171000  /   

18070203  

• Mercury  
 Resource Extraction  

2865 Acres  
 

1994  
 

5A  
 

2007  

 

• Noxious aquatic plants  
 Construction/Land 

Development 
 Unknown Nonpoint Source 

 
2865 Acres  

 
1994  

 
5B  

 
2007  

 

• Nutrients  
 Construction/Land 

Development 
 Snow skiing activities 

 
2865 Acres  

 
1994  

 
5B  

 
2007  

 

• PCBs (Polychlorinated biphenyls)  
 Source Unknown  

2865 Acres  
 

2006  
 

5A  
 

2019  

 

 
8  

 
Bolsa Chica Channel  

 
River & 
Stream  

 
80111000  /   

18070201  

• Ammonia (Unionized)  
 Other Urban Runoff 
 Storm sewers 
 Surface Runoff 
 Unknown Nonpoint Source 

 
5.1 Miles  

 
2010  

 
5A  

 
2021  

 

• Indicator Bacteria  
 Source Unknown  

5.1 Miles  
 

2010  
 

5A  
 

2021  

 

• pH  
 Source Unknown  

5.1 Miles  
 

2010  
 

5A  
 

2021  

 

 
8  

 
Bolsa Chica State Beach  

 
Coastal & 

Bay 
Shoreline  

 
80111000  /  
 18070201  

• Copper  
 Source Unknown  

2.6 Miles  
 

2002  
 

5A  
 

2019  

http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01778.shtml#5514
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01778.shtml#5337
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAL8017100019990208151909
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00485.shtml#4378
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00485.shtml#7215
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00485.shtml#6681
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00485.shtml#5320
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8011100020080921212001
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/02253.shtml#12579
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/02253.shtml#12574
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/02253.shtml#12603
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAX8011100019991012170142
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01771.shtml#7217
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REGION WATER BODY NAME 
WATER 
TYPE 

WATERSHED 
CALWATER/ 
USGS HUC 

• POLLUTANT 
• POTENTIAL SOURCES 

ESTIMATED 
AREA 

ASSESSED 

FIRST YEAR 
LISTED 

TMDL 
REQUIREMENT 

STATUS 
DATE 

 
This listing was made by USEPA.  

 

• Nickel  
 Source Unknown  

2.6 Miles  
 

2002  
 

5A  
 

2019  

 This listing was made by USEPA.  

 

 
8  

 
Borrego Creek (from Irvine 
Blvd to San Diego Creek 
Reach 2)  

 
River & 
Stream  

 
80111000  /  
 18070203  

• Ammonia (Unionized)  
 Other Urban Runoff 
 Storm sewers 
 Surface Runoff 
 Unknown Nonpoint Source 

 
3.2 Miles  

 
2010  

 
5A  

 
2021  

 

• Indicator Bacteria  
 Source Unknown  

3.2 Miles  
 

2010  
 

5A  
 

2021  

 

 
8  

 
Buck Gully Creek  

 
River & 
Stream  

 
80111000  /   

18070201  

• Fecal Coliform  
 Source Unknown  

0.3 Miles  
 

2002  
 

5A  
 

2019  

 Listing is downstream of Pacific Coast Highway.  

 

• Total Coliform  
 Source Unknown  

0.3 Miles  
 

2002  
 

5A  
 

2019  

 
Listing is downstream of Pacific Coast Highway.  

 

 
8  

 
Canyon Lake (Railroad 
Canyon Reservoir)  

 
Lake & 

Reservoir  

 
80211000  /  
 18070202  

• Nutrients  
 Nonpoint Source  

453 Acres  
 

1998  
 

5B  
 

2005  

 

• Pathogens  
 Nonpoint Source  

453 Acres  
 

1998  
 

5A  
 

2006  

 

http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01771.shtml#7218
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8011100020080924030547
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8011100020080924030547
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8011100020080924030547
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/02265.shtml#12611
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/02265.shtml#12615
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8011100020011005142440
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01532.shtml#7219
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01532.shtml#7221
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAL8021100019990208151525
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAL8021100019990208151525
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00486.shtml#6890
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00486.shtml#7222
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REGION WATER BODY NAME 
WATER 
TYPE 

WATERSHED 
CALWATER/ 
USGS HUC 

• POLLUTANT 
• POTENTIAL SOURCES 

ESTIMATED 
AREA 

ASSESSED 

FIRST YEAR 
LISTED 

TMDL 
REQUIREMENT 

STATUS 
DATE 

 
8  

 
Chino Creek Reach 1A 
(Santa Ana River R5 confl 
to just downstream of confl 
with Mill Creek)  

 
River & 
Stream  

 
80121000  /   

18070203  

• Nutrients  
 Agriculture 
 Dairies 

 
0.79 Miles  

 
2010  

 
5A  

 
2019  

 

• Pathogens  
 Agriculture 
 Dairies 
 Urban Runoff/Storm Sewers 

 
0.79 Miles  

 
2010  

 
5B  

 
2007  

 

 
8  

 
Chino Creek Reach 1B (Mill 
Creek confl to start of 
concrete lined channel)  

 
River & 
Stream  

 
80121000  /   

18070203  

• Chemical oxygen demand (COD)  
 Source Unknown  

7 Miles  
 

2010  
 

5A  
 

2021  

 

• Nutrients  
 Agriculture  

7 Miles  
 

2010  
 

5A  
 

2019  

 

• Pathogens  
 Agriculture 
 Dairies 
 Urban Runoff/Storm Sewers 

 
7 Miles  

 
2010  

 
5B  

 
2007  

 

 
8  

 
Chino Creek Reach 2 
(Beginning of concrete 
channel to confl w San 
Antonio Creek)  

 
River & 
Stream  

 
80121000  /   

18070203  

• Coliform Bacteria  
 Unknown Nonpoint Source  

2.5 Miles  
 

1998  
 

5B  
 

2007  

 

• pH  
 Source Unknown  

2.5 Miles  
 

2010  
 

5A  
 

2021  

 

 
8  

 
Cucamonga Creek Reach 1 
(Valley Reach)  

 
River & 
Stream  

 
80121000  /   

18070203  

• Cadmium  
 Source Unknown  

9.6 Miles  
 

2010  
 

5A  
 

2021  

 

• Coliform Bacteria  
 Unknown Nonpoint Source  

9.6 Miles  
 

1998  
 

5B  
 

2007  

http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012100020080715125447
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012100020080715125447
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012100020080715125447
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012100020080715125447
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01867.shtml#17878
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01867.shtml#17879
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012100020080715104015
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012100020080715104015
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012100020080715104015
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01868.shtml#12710
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01868.shtml#17881
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01868.shtml#17882
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012100019990211094451
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012100019990211094451
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012100019990211094451
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012100019990211094451
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01547.shtml#6655
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01547.shtml#12733
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012100019990211101136
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012100019990211101136
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01549.shtml#12976
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01549.shtml#6656
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REGION WATER BODY NAME 
WATER 
TYPE 

WATERSHED 
CALWATER/ 
USGS HUC 

• POLLUTANT 
• POTENTIAL SOURCES 

ESTIMATED 
AREA 

ASSESSED 

FIRST YEAR 
LISTED 

TMDL 
REQUIREMENT 

STATUS 
DATE 

 

• Copper  
 Source Unknown  

9.6 Miles  
 

2010  
 

5A  
 

2021  

 

• Lead  
 Source Unknown  

9.6 Miles  
 

2010  
 

5A  
 

2021  

 

• Zinc  
 Source Unknown  

9.6 Miles  
 

2010  
 

5A  
 

2021  

 

 
8  

 
Cucamonga Creek Reach 2 
(Mountain Reach)  

 
River & 
Stream  

 
80124020  /  
 18070203  

• pH  
 Source Unknown  

13 Miles  
 

2010  
 

5A  
 

2021  

 

 
8  

 
East Garden Grove 
Wintersburg Channel  

 
River & 
Stream  

 
80111000  / 
  18070201  

• Ammonia (Unionized)  
 Source Unknown  

2.9 Miles  
 

2010  
 

5A  
 

2021  

 

 
8  

 
Elsinore, Lake  

 
Lake & 

Reservoir  

 
80231000  / 
 18070202  

• Nutrients  
 Unknown Nonpoint Source  

2431 Acres  
 

1994  
 

5B  
 

2005  

 

• Organic Enrichment/Low Dissolved 
Oxygen  

 Unknown Nonpoint Source 
 

2431 Acres  
 

1994  
 

5B  
 

2005  

 

• PCBs (Polychlorinated biphenyls)  
 Source Unknown  

2431 Acres  
 

2006  
 

5A  
 

2019  

 

• Sediment Toxicity  
 Source Unknown  

2431 Acres  
 

2010  
 

5A  
 

2021  

 

• Unknown Toxicity  
 Source Unknown  

2431 Acres  
 

1994  
 

5A  
 

2007  

 

 
8  

 
Fulmor, Lake  

 
Lake & 

Reservoir  

 
80221000  /   

18070202  

• Pathogens  
 Unknown Nonpoint Source  

4.2 Acres  
 

1998  
 

5A  
 

2019  

 

http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01549.shtml#12979
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01549.shtml#17970
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01549.shtml#12982
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012402019991013163906
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012402019991013163906
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01555.shtml#13051
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8011100020080924142217
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8011100020080924142217
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/02270.shtml#16433
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAL8023100019990208151100
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00489.shtml#6844
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00489.shtml#6845
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00489.shtml#6845
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00489.shtml#5365
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00489.shtml#15607
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00489.shtml#7224
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAL8022100019990211085555
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00487.shtml#7225
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REGION WATER BODY NAME 
WATER 
TYPE 

WATERSHED 
CALWATER/ 
USGS HUC 

• POLLUTANT 
• POTENTIAL SOURCES 

ESTIMATED 
AREA 

ASSESSED 

FIRST YEAR 
LISTED 

TMDL 
REQUIREMENT 

STATUS 
DATE 

 
8  

 
Goldenstar Creek  

 
River & 
Stream  

 
80126000  /   

18070203  

• Indicator Bacteria  
 Source Unknown  

2.4 Miles  
 

2010  
 

5A  
 

2021  

 

 
8  

 
Grout Creek  

 
River & 
Stream  

 
80171000  /   

18070203  

• Nutrients  
 Unknown Nonpoint Source  

3.5 Miles  
 

1994  
 

5A  
 

2008  

 

 
8  

 
Huntington Beach State 
Park  

 
Coastal & 

Bay 
Shoreline  

 
80111000  /   

18070201  

• PCBs (Polychlorinated biphenyls)  
 Source Unknown  

5.8 Miles  
 

2006  
 

5A  
 

2019  

 

 
8  

 
Huntington Harbour  

 
Bay & 
Harbor  

 
80111000  /   

18070201  

• Chlordane  
 Source Unknown  

221 Acres  
 

2006  
 

5A  
 

2019  

 

• Copper  
 Source Unknown  

221 Acres  
 

2002  
 

5A  
 

2019  

 This listing was made by USEPA.  

 

• Lead  
 Source Unknown  

221 Acres  
 

2006  
 

5A  
 

2019  

 

• Nickel  
 Source Unknown  

221 Acres  
 

2002  
 

5A  
 

2019  

 
This listing was made by USEPA.  

 

• PCBs (Polychlorinated biphenyls) 
(tissue)  

 Source Unknown 
 

221 Acres  
 

2002  
 

5A  
 

2019  

 This listing was made by USEPA.  

http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012600020080924025347
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/02262.shtml#13087
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8017100019990208145402
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01567.shtml#7227
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAX8011100019991013153527
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAX8011100019991013153527
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01773.shtml#5332
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAB8011100019990323095254
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00032.shtml#4343
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00032.shtml#7228
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00032.shtml#4499
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00032.shtml#7229
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00032.shtml#7230
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00032.shtml#7230
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REGION WATER BODY NAME 
WATER 
TYPE 

WATERSHED 
CALWATER/ 
USGS HUC 

• POLLUTANT 
• POTENTIAL SOURCES 

ESTIMATED 
AREA 

ASSESSED 

FIRST YEAR 
LISTED 

TMDL 
REQUIREMENT 

STATUS 
DATE 

 

• Pathogens  
 Urban Runoff/Storm Sewers  

221 Acres  
 

1992  
 

5A  
 

2019  

 

The data shows that the impairment is focused at the 11th Street, Anderson Street Marina, 
Clubhouse Marina and Sunset Aquatic Park locations. These locations exceed mainly the 
enterococcus standard.  

 

• Sediment Toxicity  
 Source Unknown  

221 Acres  
 

2006  
 

5A  
 

2019  

 

 
8  

 
Knickerbocker Creek  

 
River & 
Stream  

 
80171000  /   

18070203  

• Pathogens  
 Unknown Nonpoint Source  

2 Miles  
 

2006  
 

5A  
 

2005  

 
For 2006, pathogens was moved by USEPA from the being addressed list back to the 303(d) list 
pending completion and USEPA approval of a TMDL.  

 

 
8  

 
Los Trancos Creek (Crystal 
Cove Creek)  

 
River & 
Stream  

 
80111000  /  
 18070201  

• Fecal Coliform  
 Source Unknown  

0.19 Miles  
 

2006  
 

5A  
 

2019  

 Listing is downstream of Pacific Coast Highway.  

 

• Total Coliform  
 Source Unknown  

0.19 Miles  
 

2006  
 

5A  
 

2019  

 
Listing is downstream of Pacific Coast Highway.  

 

 
8  

 
Lytle Creek  

 
River & 
Stream  

 
80141000  /   

18070203  

• Pathogens  
 Unknown Nonpoint Source  

41 Miles  
 

2006  
 

5A  
 

2019  

 

 
8  

 
Mill Creek (Prado Area)  

 
River & 
Stream  

 
80121000  /   

18070203  

• Nutrients  
 Agriculture 
 Dairies 

 
1.6 Miles  

 
1996  

 
5A  

 
2019  

http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00032.shtml#7255
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00032.shtml#4486
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8017100019990211102535
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01568.shtml#6860
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8011100020021009083737
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8011100020021009083737
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01540.shtml#7258
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01540.shtml#7259
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8014100019990211103501
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01560.shtml#7260
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012100019990211144540
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01551.shtml#7261
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REGION WATER BODY NAME 
WATER 
TYPE 

WATERSHED 
CALWATER/ 
USGS HUC 

• POLLUTANT 
• POTENTIAL SOURCES 

ESTIMATED 
AREA 

ASSESSED 

FIRST YEAR 
LISTED 

TMDL 
REQUIREMENT 

STATUS 
DATE 

 

• Pathogens  
 Dairies  

1.6 Miles  
 

1996  
 

5B  
 

2007  

 

• Total Suspended Solids (TSS)  
 Dairies  

1.6 Miles  
 

1996  
 

5A  
 

2019  

 

 
8  

 
Mill Creek Reach 1  

 
River & 
Stream  

 
80156000  /  180

70203  

• Pathogens  
 Unknown Nonpoint Source  

12 Miles  
 

1998  
 

5A  
 

2019  

 

 
8  

 
Mill Creek Reach 2  

 
River & 
Stream  

 
80158000  /   

18070203  

• Pathogens  
 Unknown Nonpoint Source  

12 Miles  
 

1998  
 

5A  
 

2019  

 

 
8  

 
Morning Canyon Creek  

 
River & 
Stream  

 
80111000  /   

18070201  

• Indicator Bacteria  
 Source Unknown  

1.1 Miles  
 

2010  
 

5A  
 

2021  

 

 
8  

 
Mountain Home Creek  

 
River & 
Stream  

 
80158000  /   

18070203  

• Pathogens  
 Unknown Nonpoint Source  

3.7 Miles  
 

1998  
 

5A  
 

2019  

 

 
8  

 
Mountain Home Creek, East 
Fork  

 
River & 
Stream  

 
80158000  /   

18070203  

• Pathogens  
 Unknown Nonpoint Source  

5.1 Miles  
 

1998  
 

5A  
 

2019  

 

 
8  

 
Newport Bay, Lower (entire 
lower bay, including Rhine 
Channel, Turning Basin 
and South Lido Channel to 
east end of H-J Moorings)  

 
Bay & 
Harbor  

 
80114000  /   

18070201  

• Chlordane  
 Source Unknown  

767 Acres  
 

2006  
 

5A  
 

2019  

 

• Copper  
 Source Unknown  

767 Acres  
 

2006  
 

5A  
 

2007  

 

• DDT 
(Dichlorodiphenyltrichloroethane)  

 Source Unknown 
 

767 Acres  
 

1990  
 

5A  
 

2019  

http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01551.shtml#6881
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01551.shtml#7262
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8015600019990211105628
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01563.shtml#7263
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8015800019990211110827
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01564.shtml#7264
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8011100020011119091625
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01538.shtml#13103
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8015800019990211111513
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01565.shtml#7265
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8015800019990211111904
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8015800019990211111904
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01566.shtml#7266
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAB8011400019990322141859
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAB8011400019990322141859
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAB8011400019990322141859
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAB8011400019990322141859
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAB8011400019990322141859
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00033.shtml#4317
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00033.shtml#5752
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00033.shtml#5771
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00033.shtml#5771
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REGION WATER BODY NAME 
WATER 
TYPE 

WATERSHED 
CALWATER/ 
USGS HUC 

• POLLUTANT 
• POTENTIAL SOURCES 

ESTIMATED 
AREA 

ASSESSED 

FIRST YEAR 
LISTED 

TMDL 
REQUIREMENT 

STATUS 
DATE 

 

• Indicator Bacteria  
 Source Unknown  

767 Acres   
 

5B  
 

2000  

 

• Nutrients  
 Source Unknown  

767 Acres  
 

1992  
 

5B  
 

1999  

 

• PCBs (Polychlorinated biphenyls)  
 Source Unknown  

767 Acres  
 

1990  
 

5A  
 

2019  

 

• Pesticides  
 Agriculture 
 Contaminated Sediments 

 
767 Acres  

 
1990  

 
5B  

 
2004  

 

• Sediment Toxicity  
 Source Unknown  

767 Acres  
 

2006  
 

5A  
 

2019  

 

 
8  

 
Newport Bay, Upper 
(Ecological Reserve)  

 
Estuary  

 
80111000  /   

18070201  

• Chlordane  
 Source Unknown  

653 Acres  
 

2006  
 

5A  
 

2019  

 

• Copper  
 Source Unknown  

653 Acres  
 

2006  
 

5A  
 

2007  

 

• DDT 
(Dichlorodiphenyltrichloroethane)  

 Source Unknown 
 

653 Acres  
 

2006  
 

5A  
 

2019  

 

• Indicator Bacteria  
 Source Unknown  

653 Acres   
 

5B  
 

2000  

 

• Metals  
 Urban Runoff/Storm Sewers  

653 Acres  
 

1992  
 

5A  
 

2019  

 

• Nutrients  
 Source Unknown  

653 Acres  
 

2006  
 

5B  
 

1999  

 

• PCBs (Polychlorinated biphenyls)  
 Source Unknown  

653 Acres  
 

2006  
 

5A  
 

2019  

http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00033.shtml#4087
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00033.shtml#4088
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00033.shtml#5569
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00033.shtml#6029
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00033.shtml#6685
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAE8011400019990323090803
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAE8011400019990323090803
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00147.shtml#5855
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00147.shtml#4972
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00147.shtml#5754
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00147.shtml#5754
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00147.shtml#4089
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00147.shtml#7267
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00147.shtml#4090
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00147.shtml#4954
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REGION WATER BODY NAME 
WATER 
TYPE 

WATERSHED 
CALWATER/ 
USGS HUC 

• POLLUTANT 
• POTENTIAL SOURCES 

ESTIMATED 
AREA 

ASSESSED 

FIRST YEAR 
LISTED 

TMDL 
REQUIREMENT 

STATUS 
DATE 

 

• Pesticides  
 Agriculture 
 Unknown Nonpoint Source 

 
653 Acres  

 
1992  

 
5B  

 
2004  

 

• Sediment Toxicity  
 Source Unknown  

653 Acres  
 

2006  
 

5A  
 

2019  

 

• Sedimentation/Siltation  
 Agriculture 
 Channel Erosion 
 Construction/Land 

Development 
 Erosion/Siltation 

 
653 Acres  

 
2006  

 
5B  

 
1999  

 

 
8  

 
Newport Slough  

 
River & 
Stream  

 
80111000  /   

18070201  

• Enterococcus  
 Source Unknown  

1.3 Miles  
 

2010  
 

5A  
 

2021  

 

• Fecal Coliform  
 Source Unknown  

1.3 Miles  
 

2010  
 

5A  
 

2021  

 

• Total Coliform  
 Source Unknown  

1.3 Miles  
 

2010  
 

5A  
 

2021  

 

 
8  

 
Peters Canyon Channel  

 
River & 
Stream  

 
80111000  /   

18070201  

• DDT 
(Dichlorodiphenyltrichloroethane)  

 Source Unknown 
 

3 Miles  
 

2006  
 

5A  
 

2019  

 

• Indicator Bacteria  
 Source Unknown  

3 Miles  
 

2010  
 

5A  
 

2021  

 

• Toxaphene  
 Source Unknown  

3 Miles  
 

2006  
 

5A  
 

2019  

 

• pH  
 Unknown Nonpoint Source 
 Urban Runoff/Storm Sewers 

 
3 Miles  

 
2010  

 
5A  

 
2021  

 

http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00147.shtml#4175
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00147.shtml#6699
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00147.shtml#4138
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8011100020011107123409
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01536.shtml#16553
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01536.shtml#17842
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01536.shtml#17843
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8011100020050602204221
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01541.shtml#5338
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01541.shtml#5338
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01541.shtml#13113
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01541.shtml#5339
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01541.shtml#13116
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REGION WATER BODY NAME 
WATER 
TYPE 

WATERSHED 
CALWATER/ 
USGS HUC 

• POLLUTANT 
• POTENTIAL SOURCES 

ESTIMATED 
AREA 

ASSESSED 

FIRST YEAR 
LISTED 

TMDL 
REQUIREMENT 

STATUS 
DATE 

 
8  

 
Prado Park Lake  

 
Lake & 

Reservoir  

 
80121000  /   

18070203  

• Nutrients  
 Nonpoint Source  

90 Acres  
 

1998  
 

5A  
 

2019  

 

• Pathogens  
 Nonpoint Source  

90 Acres  
 

1998  
 

5B  
 

2007  

 

 
8  

 
Rathbone (Rathbun) Creek  

 
River & 
Stream  

 
80171000  /   

18070203  

• Cadmium  
 Source Unknown  

4.7 Miles  
 

2010  
 

5A  
 

2021  

 

• Copper  
 Source Unknown  

4.7 Miles  
 

2010  
 

5A  
 

2021  

 

• Nutrients  
 Snow skiing activities 
 Unknown Nonpoint Source 

 
4.7 Miles  

 
1994  

 
5A  

 
2008  

 

• Sedimentation/Siltation  
 Snow skiing activities 
 Unknown Nonpoint Source 

 
4.7 Miles  

 
1994  

 
5A  

 
2006  

 

 
8  

 
Rhine Channel  

 
Bay & 
Harbor  

 
80114000  /  
 18070201  

• Copper  
 Source Unknown  

20 Acres  
 

2006  
 

5A  
 

2019  

 

• Lead  
 Source Unknown  

20 Acres  
 

2006  
 

5A  
 

2019  

 

• Mercury  
 Source Unknown  

20 Acres  
 

2006  
 

5A  
 

2019  

 

• PCBs (Polychlorinated biphenyls)  
 Source Unknown  

20 Acres  
 

2006  
 

5A  
 

2019  

 

• Sediment Toxicity  
 Source Unknown  

20 Acres  
 

2006  
 

5A  
 

2019  

http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAL8012100019991013112737
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00483.shtml#7268
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00483.shtml#6654
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8017100019990211112232
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01569.shtml#15922
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01569.shtml#15924
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01569.shtml#7269
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01569.shtml#7270
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAB8011400020050201172510
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00034.shtml#5530
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00034.shtml#5547
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00034.shtml#5531
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00034.shtml#5333
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00034.shtml#7002
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REGION WATER BODY NAME 
WATER 
TYPE 

WATERSHED 
CALWATER/ 
USGS HUC 

• POLLUTANT 
• POTENTIAL SOURCES 

ESTIMATED 
AREA 

ASSESSED 

FIRST YEAR 
LISTED 

TMDL 
REQUIREMENT 

STATUS 
DATE 

 

• Zinc  
 Source Unknown  

20 Acres  
 

2006  
 

5A  
 

2019  

 

 
8  

 
San Antonio Creek  

 
River & 
Stream  

 
80121000  /  
 18070203  

• pH  
 Source Unknown  

23 Miles  
 

2010  
 

5A  
 

2021  

 

 
8  

 
San Diego Creek Reach 1  

 
River & 
Stream  

 
80111000  /  180

70201  

• Fecal Coliform  
 Other Urban Runoff 
 Urban Runoff/Storm Sewers 

 
7.8 Miles  

 
2002  

 
5A  

 
2019  

 

• Nutrients  
 Source Unknown  

7.8 Miles  
 

1996  
 

5B  
 

1999  

 

• Pesticides  
 Unknown Nonpoint Source  

7.8 Miles  
 

1990  
 

5B  
 

2004  

 

• Sedimentation/Siltation  
 Source Unknown  

7.8 Miles  
 

1996  
 

5B  
 

1999  

 

• Selenium  
 Source Unknown  

7.8 Miles  
 

2006  
 

5A  
 

2007  

 

• Toxaphene  
 Source Unknown  

7.8 Miles  
 

2006  
 

5A  
 

2019  

 

 
8  

 
San Diego Creek Reach 2  

 
River & 
Stream  

 
80111000  /   

18070201  

• Indicator Bacteria  
 Source Unknown  

6.3 Miles  
 

2010  
 

5A  
 

2021  

 

• Nutrients  
 Agriculture 
 Groundwater Loadings 
 Urban Runoff/Storm Sewers 

 
6.3 Miles  

 
1996  

 
5B  

 
1999  

http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/00034.shtml#7004
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012100019991013144655
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01552.shtml#13170
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8011100019990211131732
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01529.shtml#7271
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01529.shtml#4139
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01529.shtml#4190
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01529.shtml#4140
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01529.shtml#4430
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01529.shtml#6814
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8011100019990211130358
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01528.shtml#13184
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01528.shtml#4141
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REGION WATER BODY NAME 
WATER 
TYPE 

WATERSHED 
CALWATER/ 
USGS HUC 

• POLLUTANT 
• POTENTIAL SOURCES 

ESTIMATED 
AREA 

ASSESSED 

FIRST YEAR 
LISTED 

TMDL 
REQUIREMENT 

STATUS 
DATE 

 

• Sedimentation/Siltation  
 Agriculture 
 Channel Erosion 
 Construction/Land 

Development 
 Erosion/Siltation 

 
6.3 Miles  

 
1996  

 
5B  

 
1999  

 

• Unknown Toxicity  
 Unknown Nonpoint Source  

6.3 Miles  
 

1996  
 

5B  
 

2004  

 

 
8  

 
Santa Ana Delhi Channel  

 
River & 
Stream  

 
80111000  /  
 18070201  

• Indicator Bacteria  
 Source Unknown  

6.8 Miles  
 

2010  
 

5A  
 

2021  

 

 
8  

 
Santa Ana River Reach 6  

 
River & 
Stream  

 
80157000  /   

18070203  

• Cadmium  
 Source Unknown  

27 Miles  
 

2010  
 

5A  
 

2021  

 

• Copper  
 Source Unknown  

27 Miles  
 

2010  
 

5A  
 

2021  

 

• Lead  
 Source Unknown  

27 Miles  
 

2010  
 

5A  
 

2021  

 

 
8  

 
Santa Ana River, Reach 2  

 
River & 
Stream  

 
80113000  /   

18070201  

• Indicator Bacteria  
 Source Unknown  

20 Miles  
 

2010  
 

5A  
 

2021  

 

 
8  

 
Santa Ana River, Reach 3  

 
River & 
Stream  

 
80121000  /   

18070203  

• Copper  
 Source Unknown  

26 Miles  
 

2010  
 

5A  
 

2021  

 
The impairment is during the wet season only.  

 

• Lead  
 Source Unknown  

26 Miles  
 

2010  
 

5A  
 

2021  

http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01528.shtml#4142
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01528.shtml#4189
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8011100020011107125249
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01537.shtml#13072
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8015700020080921214849
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/02255.shtml#16546
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/02255.shtml#17974
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/02255.shtml#17975
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8011300019991014130438
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01546.shtml#16572
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012100019990211140353
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01550.shtml#13308
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01550.shtml#16449
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REGION WATER BODY NAME 
WATER 
TYPE 

WATERSHED 
CALWATER/ 
USGS HUC 

• POLLUTANT 
• POTENTIAL SOURCES 

ESTIMATED 
AREA 

ASSESSED 

FIRST YEAR 
LISTED 

TMDL 
REQUIREMENT 

STATUS 
DATE 

 

• Pathogens  
 Dairies  

26 Miles  
 

1994  
 

5B  
 

2007  

 

 
8  

 
Santa Ana River, Reach 4  

 
River & 
Stream  

 
80127000  /   

18070203  

• Pathogens  
 Nonpoint Source  

14 Miles  
 

1994  
 

5A  
 

2019  

 

 
8  

 
Santiago Creek, Reach 4  

 
River & 
Stream  

 
80112000  /   

18070203  

• Salinity/TDS/Chlorides  
 Source Unknown  

9.8 Miles  
 

1996  
 

5A  
 

2019  

 

 
8  

 
Seal Beach  

 
Coastal & 

Bay 
Shoreline  

 
80111000  /   

18070201  

• Enterococcus  
 Urban Runoff/Storm Sewers  

0.53 Miles  
 

2002  
 

5A  
 

2019  

 Impaired 50 yards around drain at 1st Street.  

 

• PCBs (Polychlorinated biphenyls)  
 Source Unknown  

0.53 Miles  
 

2006  
 

5A  
 

2019  

 

 
8  

 
Serrano Creek  

 
River & 
Stream  

 
80111000  /   

18070201  

• Ammonia (Unionized)  
 Source Unknown  

7.2 Miles  
 

2010  
 

5A  
 

2021  

 

• Indicator Bacteria  
 Source Unknown  

7.2 Miles  
 

2010  
 

5A  
 

2021  

 

• pH  
 Source Unknown  

7.2 Miles  
 

2010  
 

5A  
 

2021  

 

 
8  

 
Silverado Creek  

 
River & 
Stream  

 
80112000  /  
 18070203  

• Pathogens  
 Unknown Nonpoint Source  

11 Miles  
 

1998  
 

5A  
 

2019  

 

• Salinity/TDS/Chlorides  
 Unknown Nonpoint Source  

11 Miles  
 

1996  
 

5A  
 

2019  

 

http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01550.shtml#6807
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012700019990211142130
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01558.shtml#7273
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8011200019990211143745
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01543.shtml#7274
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAX8011100019991013160405
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01775.shtml#7275
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01775.shtml#5534
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8011100020080921203908
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/02256.shtml#13353
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/02256.shtml#13351
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/02256.shtml#13354
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8011200019990211132556
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01542.shtml#7277
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01542.shtml#7276
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REGION WATER BODY NAME 
WATER 
TYPE 

WATERSHED 
CALWATER/ 
USGS HUC 

• POLLUTANT 
• POTENTIAL SOURCES 

ESTIMATED 
AREA 

ASSESSED 

FIRST YEAR 
LISTED 

TMDL 
REQUIREMENT 

STATUS 
DATE 

 
8  

 
Summit Creek  

 
River & 
Stream  

 
80171000  /   

18070203  

• Nutrients  
 Construction/Land 

Development 
 

1.5 Miles  
 

1998  
 

5A  
 

2008  

 

 
8  

 
Temescal Creek, Reach 1  

 
River & 
Stream  

 
80125000  /   

18070203  

• pH  
 Source Unknown  

2.3 Miles  
 

2010  
 

5A  
 

2021  

 

 
8  

 
Temescal Creek, Reach 6 
(Elsinore Groundwater sub 
basin boundary to Lake 
Elsinore Outlet)  

 
River & 
Stream  

 
80135000  /   

18070202  

• Indicator Bacteria  
 Source Unknown  

5.4 Miles  
 

2010  
 

5A  
 

2021  

 

http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8017100020000410115433
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01571.shtml#7302
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8012500019991014110146
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/01556.shtml#13361
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8013500020081204163614
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8013500020081204163614
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8013500020081204163614
http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml?wbid=CAR8013500020081204163614
http://www.waterboards.ca.gov/water_issues/programs/tmdl/2010state_ir_reports/02304.shtml#16573


STATE WATER RESOURCES CONTROL BOARD 

RESOLUTION NO o 68-16 

STATEMENT OF POLICY WITH RESPECT TO
 
MAINTAINING HIGH QUALITY OF WATERS IN CALIFORNIA
 

WHEREAS the California Legislature has declared that it is the 
policy of the State that the granting of permits and licenses 
for unappropriated water and the disposal of wastes into the 
waters of the State shall be so regulated as to achieve highest 
water quality consistent with maximum benefit to the people of 
the State and shall be controlled so as to promote the peace~ 
health, safety and welfare of the people of the State; and 

WHEREAS water quality control policies have been and are being 
adopted for waters of the State; and 

WHEREAS the quality of some waters of the State is higher than 
that established by the adopted policies and it is the intent 
and purpose of this Board that such higher quality shall be 
maintained to the maximum extent possible consistent with the 
declaration of the Legislature; 

NOW, THEREFORE, BE IT RESOLVED: 

10	 Whenever the existing quality of water is better than the 
quality established in policies as of the date on which 
such policies become effective, such existing high quality 
will be maintained until it has been demonstrated to the 
State that any change will be consistent with maximum bene
fit to the people of the State, will not unreasonably affect 
present and ariticipated beneficial use of such water and 
will not result in water quality less than that prescribed 
in the policies. 

2.	 Any activity which produces or may produce a waste or in
creased volume or concentration of waste and which dis
charges or proposes to discharge to existing high quality 
waters will be required to meet waste discharge requirements 
which will result in the best practicable treatment or con
trol of the discharge necessary to assure that (a) a pollu
tion or nuisance will not occur and (b) the highest water 
quality consistent with maximum benefit to the people of 
the State will be maintained. 

3.	 In implementing this policy, the Secretary of the Interior 
will be kept advised and will be provided with such infor
mation as he will need to discharge his responsibilities 
under the Federal Water Pollution Control Act. 



BE IT FURTHER RESOLVED that a copy of this resolution be for
warded to the Secretary of the Interior as part of California's 
water quality control policy submissiono 

CERTIFICATION 

The undersigned, Executive Officer of the State water Resources' 
Control Board, does hereby certify that the foregoing is a full, 
true, and correct copy of a resolution duly and regularly adopted 
at a meeting of the State Water Resources Control Board held on 

::::::r :::o~::8~8, 1968	 ~ 6u ~~~Ov----
K~. M~111gan~ 
Executive Officer 
State Water Resources 
Control Board 

-2































































 

 
STATE WATER RESOURCES CONTROL BOARD 

RESOLUTION NO. 2006 - 0008 
 

REVISION TO SOURCES OF DRINKING WATER POLICY TO 
ESTABLISH A SITE-SPECIFIC EXCEPTION FOR OLD ALAMO CREEK 

 
 
WHEREAS: 
 

1. The State Water Resources Control Board (State Water Board) adopted the Sources of   
Drinking Water Policy (Policy) in 1988 in Resolution No. 88-63. 

 
2. In 2002, the State Water Board reviewed waste discharge requirements for the 

City of Vacaville’s Easterly Wastewater Treatment Plant on the State Water Board’s own 
motion and adopted Water Quality Order 2002-0015 (Vacaville Order).  Vacaville 
discharges treated effluent from the Easterly plant to Old Alamo Creek.  In the 
Vacaville Order, the State Water Board concluded that drinking water supply (MUN) is 
not an existing beneficial use for Old Alamo Creek and that it probably cannot be 
feasibly attained in the future.  The State Water Board committed to consider a site-
specific exception from State Water Board Resolution No. 88-63 (Source of Drinking 
Water Policy) for the creek if the Central Valley Regional Water Quality Control Board 
(Central Valley Water Board) amended its Water Quality Control Plan (Basin Plan) to 
dedesignate MUN as a beneficial use for the creek. 

 
3. On April 28, 2005, the Central Valley Water Board adopted Resolution  

No. R5-2005-0053, which amended its Basin Plan to dedesignate the MUN use for  
Old Alamo Creek. 

 
4. The Central Valley Water Board’s Final Staff Report (April 2005) for the amendment 

indicates that ephemeral, intermittent, or low flows together with hydrologic 
modifications prevent MUN from being attained in Old Alamo Creek.  Further, releasing 
additional treated sewage effluent from Vacaville’s treatment plant will not allow MUN 
to be attained.  The State Department of Health Services classifies Old Alamo Creek as 
an extremely impaired source for drinking water supply.  Both quality concerns and the 
public’s general unwillingness to accept the use of effluent for direct potable supply 
make it unlikely that the creek will support MUN in the future. 

 
5. The Policy states that all State waters are considered suitable or potentially suitable for 

MUN with certain exceptions.  The State Water Board concluded in the Vacaville Order 
that none of the Policy’s exceptions specifically applied to Old Alamo Creek.   

 
6. Nevertheless, a site-specific exception to the Policy is appropriate because MUN is not 

an existing use for the creek nor can this use be feasibly attained in the future.  Although 
the Policy’s exceptions do not specifically apply, the circumstances for Old Alamo Creek 

http://www.waterboards.ca.gov/resdec/resltn/other/rs88-63.html
http://www.waterboards.ca.gov/resdec/wqorders/2002/wqo/wqo2002-0015.doc
http://www.waterboards.ca.gov/agendas/2006/february/0201_5_attach.pdf


 

are similar to the bases for several exceptions in the Policy (e.g., the exceptions for 
modified channels and for sources with low yield). 

 
7. On January 18, 2006, the State Water Board held a public hearing on the proposed 

revision to the Policy. 
 

8. The State Water Board found that the action under consideration is not a “project” within 
the meaning of Public Resources Code section 21065, in that it has no potential to result 
in either a direct or reasonably foreseeable indirect change to the physical environment, 
and, therefore, this action is exempt from the requirements of the California 
Environmental Quality Act. 

 
THEREFORE BE IT RESOLVED THAT: 
 
The State Water Board revises the Policy as indicated in the attached copy of the Policy. 
 

CERTIFICATION 
 
The undersigned, Acting Clerk to the Board, does hereby certify that the foregoing is a full, true, 
and correct copy of a resolution duly and regularly adopted at a meeting of the State Water 
Board held on February 1, 2006. 
 
AYE:   Tam M. Doduc 
   Richard Katz 
   Gerald D. Secundy 
    
OPPOSED:  None 
 
ABSENT:  Arthur G. Baggett, Jr. 
 
ABSTAIN:  None 
 
 
 
 
      _____________________________________ 
      Selica Potter 
      Acting Clerk to the Board 



STATE OF CALIFORNIA 

STATE WATER RESOURCES CONTROL BOARD 

ORDER WQO 2005-0004 

  

In the Matter of Own Motion Review of 
Failure to Modify Recreational Use Standards for 

BALLONA CREEK 
by the 

California Regional Water Quality Control Board, 
Los Angeles Region 

SWRCB/OCC FILE A-1622 
  

BY THE BOARD: 

In this order the State Water Resources Control Board (State Board or Board) 

reviews on its own motion the Los Angeles Regional Water Quality Control Board’s (Regional 

Board’s) decision in June 2003 to reject its staff proposal to revise recreational use standards for 

Ballona Creek’s two upper reaches.  For the reasons explained below, the Board concludes that 

the Regional Board erred.  The Board, therefore, amends the standards in a separate resolution, 

Attachment A to this Order, which the Board adopts concurrently with this Order. 

I.  BACKGROUND 

Ballona Creek is the largest drainage tributary to Santa Monica Bay in 

Los Angeles County.  The watershed covers an area of about 130 square miles.  About 85 percent 

of the area has been urbanized, and more than 1.6 million people live within its boundaries.  The 

watershed includes most of the City of Los Angeles west of downtown, the cities of Beverly 

Hills, Culver City, West Hollywood, parts of the cities of Santa Monica and Inglewood, and 

portions of the Hollywood Hills and Santa Monica Mountains. 

Before urbanization, Ballona Creek was a meandering perennial stream fed by 

numerous tributary streams.  Between 1935 and 1939, following an earlier flood, the United 

States Army Corps of Engineers channelized the creek’s upper reaches in concrete and lined the 

lower portions with large rocks.  Except for the creek’s estuarine portion, which has grouted rip-



2. 

rap side slopes and an earthen bottom, the creek is now entirely lined in concrete.  Starting in the 

1950s, the major tributaries to the creek were also channelized.  Today, most of the creek’s 

tributary streams flow in underground culverts or open concrete channels. 

Ballona Creek emerges from an underground storm drainage network at Cochran 

Avenue and flows for almost 10 miles to the Pacific Ocean at Playa del Rey.  The creek is 

divided into three reaches.  Reach 1 is a two-mile stretch, which begins at Cochran Avenue in the 

City of Los Angeles and ends at National Boulevard in Culver City.  Reach 2 is about four miles 

long.  It begins at National Boulevard and ends at Centinela Avenue where the Ballona Creek 

Estuary begins.  Reach 3 extends from the estuary to the Pacific Ocean for 3.5 miles, ending at 

Playa del Rey. 

Reach 1 is a concrete box channel with vertical, 20-foot high walls and no banks.  

The channel is entirely fenced, and the access gates are permanently locked.  Only personnel 

from the Los Angeles County Department of Public Works (LACDPW) and other authorized 

agencies are allowed access to the channel.  There are no adjacent, available recreational 

facilities. 

At National Boulevard the vertical channel walls transition to sloping walls that 

end in a box culvert at the base of the channel.  A bike path runs adjacent to the creek, beginning 

at National Boulevard and extending to the estuary.  The bike path is separated from the creek by 

a fence.  At two locations, however, the fencing is discontinuous, and direct access to the creek is 

possible.  Two parks in Culver City provide direct access to the bike path, and three other parks 

are in close proximity to the creek.  People can also come in contact with creek water by 

climbing over or through the fence.  The creek flows in proximity to residences, parks, office 

buildings, and other facilities. 

Although flows in both Reaches 1 and 2 are significant even during dry weather, 

water levels are quite low, except during storm events.  For most of the year, average daily water 

levels are below six inches.  Flows consist primarily of urban runoff and groundwater dewatering 

discharges.  For storm events of 1.0 inch or greater rainfall, LACDPW personnel lock all access 

gates to the bike path due to high-flow, high-velocity conditions in the channel. 



 

 3. 

The water quality control plan for the Los Angeles region1 (Basin Plan) currently 

designates both Reaches 1 and 2 for REC-2 and potential REC-1 uses.2  REC-2, or non-contact 

water recreation, means water uses for recreational activities that involve proximity to water but 

not normally body-contact with water, where water ingestion is reasonably possible.3  REC-2 uses 

include hiking, tidepool and marine life study, sightseeing, picnicking and other uses.  REC-1 

uses involve body contact with water, where water ingestion is reasonably possible.4  These uses 

include, for example, swimming, wading, surfing, fishing, and other uses.  Reach 3 is designated 

for both REC-1 and REC-2 uses as existing uses.5 

In the summer of 2002, Regional Board staff began a focused review of the 

recreational use designations for Reaches 1 and 2 of the creek, as they pertain to the 

“swimmable” goal reflected in the federal Clean Water Act6 section 101(a)(2).7  In this 

subsection Congress declared a national goal “that wherever attainable, an interim goal of water 

quality which provides for the protection and propagation of fish, shellfish, and wildlife and 

provides for recreation in and on the water be achieved by July 1, 1983.”  These water uses are 

typically referred to as “fishable/swimmable” uses. 

Staff had several reasons for undertaking the review.  In the 2001 Basin Plan 

triennial review8 the Regional Board identified as a high priority the need to review and, if 

appropriate, modify selected beneficial uses and water quality objectives.  The following year, 

this Board requested the Regional Board to review the propriety of REC-1 use designations for 

concrete-lined inland channels.  This concern arose during the Board’s review of updated 

bacterial objectives adopted by the Regional Board.  In addition, the Regional Board was 

                                                 
1  Water Quality Control Plan, Los Angeles Region, Basin Plan for the Coastal Watersheds of Los Angeles and 
Ventura Counties (1995), as amended. 
2  Basin Plan, Table 2-1 at 2-10. 
3  Id. at 2-2. 
4  Ibid. 
5  Id., Table 2-1 at 2-10. 
6  33 U.S.C. § 1251 et seq. 
7  Id. § 1251(a)(2). 
8  See 33 U.S.C. § 1313(c)(1).   
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scheduled to develop a TMDL (total maximum daily load)9 for bacteriologic contamination in the 

creek; and staff wanted to ensure that the Basin Plan accurately reflected the water body’s 

existing and potential recreational uses.  Ballona Creek was selected as a test case for review 

because it is an engineered flood control channel with low water levels and restricted access. 

To assess the extent of recreational use in Reaches 1 and 2, Regional Board staff 

conducted field surveys, handed out recreational use questionnaires, and sent out an e-mail 

survey to members of the Ballona Creek Watershed Task Force (Task Force), a watershed group.  

The surveys did not indicate any REC-1 use, pertaining to the swimmable goal, in Reach 1 and 

very limited recreational activities in Reach 2.  Reach 2 activities included biking, walking, 

roller-blading, bird-watching, and model boating.  Also, staff observed a woman and her dog 

crossing the channel in Reach 2, and an e-mail respondent had observed children playing in the 

channel in this reach. 

Based on the physical conditions in Reaches 1 and 2 and the survey results, staff 

recommended deleting the potential REC-1 use, as it pertains to swimming-related activities, 

from both reaches.  For Reach 2, staff concluded that a fully-realized REC-1 use, pertaining to 

the swimmable goal, was constrained by the low water levels and hydrologic modifications.  

However, because there is creek access, albeit limited, in this reach and adjacent recreational 

facilities, staff recommended changing potential REC-1 to an existing Limited REC-1 (LREC-1).  

This use was defined as “uses of water for recreational activities involving body contact with 

water where full REC-1 use is limited by physical conditions such as very shallow water depth 

and restricted access; and as a result, ingestion of water is incidental and infrequent.” 

In addition, staff proposed to amend the Basin Plan to add bacteria objectives to 

protect the new Limited REC-1 use.  The proposed objectives differ from the REC-1 objectives 

only with respect to the single sample values for the pathogen indicator, E. coli.10  The geometric 

mean values for E-coli and fecal coliform are the same for both REC-1 and Limited REC-1.11 

 

                                                 
9  See 33 U.S.C. § 1313(d)(1)(C).  A TMDL is the sum of waste load allocations for point sources, load allocations 
for nonpoint sources, and natural background sources of an impairing pollutant.  40 C.F.R. § 130.2(i). 
10  The single sample value for E-coli for REC-1 is 235/100 milliliters (ml); for Limited REC-1 it is 576/100 ml.  
11  The geometric mean for E-coli is 126/100 ml and for fecal coliform is 200/100 ml. 
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The Regional Board conducted a public hearing in June 2003 to consider staff’s 

proposal.  In general, the discharger community supported the proposal and environmental 

groups did not.  A United States Environmental Protection Agency (U.S. EPA) representative 

unequivocally supported the proposed amendments.  He testified that Regional Board staff had 

fully addressed regulatory requirements for dedesignation and that the case was “very 

compelling.”12 

The Regional Board ultimately voted against the proposal based on several 

concerns.  Perhaps the most significant was the concern that the proposal was contrary to the 

Ballona Creek watershed effort, spearheaded by the Task Force.  The Task Force was slated to 

develop a watershed management plan with restoration alternatives in about a year.  Given this, 

some board members felt that dedesignating uses was premature and perhaps a step backward.13  

In addition, they noted that the proposed changes would have little practical effect on waste 

dischargers.14  Permit requirements were unlikely to change significantly because the dischargers 

would still have to meet downstream bacterial standards for the estuary. 

Los Angeles County (County) and the Los Angeles County Flood Control District 

(District) later petitioned the Board to review on its own motion the Regional Board’s failure to 

adopt its staff proposal.  The County and the District also requested the State Board to go beyond 

the staff proposal by further downgrading the recreational use designations for the two Ballona 

Creek reaches.  In February 2004 the County, District, and other interested persons were notified 

that the State Board would review the matter on its own motion and that review would be limited 

to the Regional Board’s failure to adopt its staff’s recommendations. 

II.  CONTENTIONS AND FINDINGS 

The County and District contend that the Regional Board’s decision was 

arbitrary, capricious, and contrary to law because the decision lacked evidentiary support.  They 

stress that accurate use designations are critical given that a TMDL for bacterial contamination 

must be developed shortly for Ballona Creek.  The Regional Board, on the other hand, maintains  

                                                 
12  Reporter’s Transcript for Regional Board Hearing on June 5, 2003, at page 184 (RT:184). 
13  RT:213-231. 
14  RT:221. 
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that the Regional Board did not actually reject its staff proposal.  Rather, the Regional Board 

properly exercised its discretion in deferring a decision on use attainability until the Task Force’s 

management plan was available.  Finally, Heal the Bay and Santa Monica Baykeeper (Baykeeper) 

argue that the Regional Board could not legally dedesignate recreational uses associated with the 

Clean Water Act’s swimmable goal because the requirements for dedesignation were not 

satisfied. 

In the following discussion, the Board will first address the legal requirements for 

recreational use dedesignation.  The Board will then analyze Heal the Bay’s and Baykeeper’s 

contentions that the Regional Board could not legally remove or modify the potential REC-1 use 

for Reaches 1 and 2.  The Board will next address the Regional Board’s characterization of its 

action.  Finally, the Board will explain why the Board has concluded that the Regional Board’s 

decision must be reversed. 

A. Legal Requirements for Dedesignation 

Under the Clean Water Act, the states are primarily responsible for adopting 

water quality standards to protect surface waters.15  Water quality standards include the 

designated uses for a water body, as well as criteria (referred to as water quality objectives in 

California) to protect those uses and an antidegradation policy.16 

Designated uses include both existing and potential uses.17  At a bare minimum, 

the states must designate all existing uses, that is, uses that have actually occurred in the water 

body since November 28, 1975.18  In addition, the Clean Water Act and implementing U.S. EPA 

regulations provide special protection for “fishable/swimmable” uses, including recreation.19  The 

statute and regulations create a rebuttable presumption that all waters support these uses.20  To 

overcome this presumption, the states must conduct a use attainability analysis (UAA) and  

                                                 
15  33 U.S.C. § 1313. 
16  Id. § 1313(c); see 40 C.F.R. § 131.6. 
17  See 40 C.F.R. § 131.3(f).  Designated uses “are those uses specified in water quality standards for each water 
body or segment whether or not they are being attained.” 
18  See id. §§ 131.3(e), 131.10. 
19  See 33 U.S.C. § 1251(a)(2); 40 C.F.R. § 131.10(j). 
20  Idaho Mining Assoc., Inc. v. Browner (D. Idaho 2000) 90 F.Supp.2d 1078, 1087-1092; see 40 C.F.R.  
§ 131.10(j)(1). 
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demonstrate that attaining the uses is not feasible based on at least one of six use removal 

factors.21  A UAA is a rigorous scientific assessment regarding the use’s attainability, which can 

include physical, chemical, biological, and economic factors.22  The states must also make this 

demonstration when they designate a subcategory of a fishable/swimmable use that requires less 

stringent criteria or objectives.  Uses cannot be removed if they are existing or can be attained 

through application of required effluent limits for point sources or best management practices for 

nonpoint sources.23   

Two use removal factors are relevant in this case.  They are: 

Factor 2:  “Natural, ephemeral, intermittent or low flow conditions or 
water levels prevent the attainment of the use, unless these conditions may be 
compensated for by the discharge of sufficient volume of effluent discharges 
without violating State water conservation requirements to enable uses to be 
met.”24 

 
Factor 4:  “Dams, diversions or other types of hydrologic modifications 

preclude the attainment of the use, and it is not feasible to restore the water body 
to its original condition or to operate such modification in a way that would result 
in the attainment of the use.”25 

 
Although the regulations do not expressly preclude using Factor 2 to dedesignate 

recreational uses, U.S. EPA has stated in guidance that this factor cannot be used for this 

purpose.26  The agency’s rationale is that, for public health reasons, the states must consider a 

water’s incidental use for swimming even though the water is not ideally suited for this activity 

due to the water’s flow, depth, or velocity.27  U.S. EPA’s current view is that physical factors, 

alone, should not be used to dedesignate primary contact recreational uses consistent with the 

Clean Water Act “swimmable/fishable” goal.28  Rather, the states should consider other important 

                                                 
21  See 40 C.F.R. § 131.10(g). 
22  Id. § 131.10(j). 
23  Id. § 131.10(h). 
24  Id. § 131.10(g)(2). 
25  Id. § 131.10(g)(4). 
26  U.S. EPA Water Quality Standards Handbook (2d ed.), EPA 823-B-93-002 (September 1993) (Handbook) at 2-3. 
27  Ibid. 
28  63 Fed. Reg. 36741-36806 (July 7, 1998) at 36756. 
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factors, in conjunction with physical factors, in determining whether the use is attainable.29  

These include the water’s actual use, access, recreational facilities, location, safety 

considerations, the water body’s physical conditions and quality, and other relevant factors.30 

B. Legality of Regional Board Staff’s Proposal 

As required by the U.S. EPA regulations, Regional Board staff prepared a UAA 

to support removal of the potential REC-1 use from Ballona Creek’s two upper reaches and to 

establish Limited REC-1 for Reach 2, a use subcategory.  Staff justified these recommendations 

under use removal factors 2 and 4. 

For Factor 2, Regional Board staff followed U.S. EPA’s recommended approach 

and considered both the low flows as well as other factors that preclude attainment of REC-1 

pertaining to swimmable uses for Reaches 1 and 2.  For Reach 1 these factors included, in 

addition to the low water levels, the hydrologic modifications, fencing, prohibitions on public 

access, lack of available recreational facilities, and lack of evidence of any water contact.  For 

Reach 2, they included the low water levels, hydrologic modifications and access restrictions.  In 

addition, staff testified at the Regional Board hearing that there is no additional effluent source to 

add to the existing creek flows that would change the low-flow regime. 

Likewise for Factor 4, Regional Board staff considered the hydrologic 

modifications, low-flow regime, and other factors in assessing whether REC-1 was attainable for 

Reaches 1 and 2.  Regional Board staff concluded that, absent significant changes in land use in 

the watershed, it was not feasible to restore the creek to its original condition.  Since the creek 

was channelized in the 1930’s, the area surrounding the creek has been built-up and become 

highly urbanized.  Absent an alternative flood control strategy, the Ballona Creek watershed is 

dependent on the creek’s flood control function to prevent flood damage to the surrounding 

developed areas.   

As stated above, a U.S. EPA representative stated at the Regional Board’s 

hearing that the staff proposal “fully addresse[d] all of EPA’s requirements for these kinds of 

analyses” and that “EPA supports this [UAA].”31  The representative informed the Regional 

                                                 
29  Ibid. 
30  Ibid. 
31  RT:184. 
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Board that the proposal was consistent with EPA’s draft bacteria guidance and all previous 

guidance, and that it “fully protects the uses and doesn’t foreclose future options should 

conditions change.”32 

 1. REACH 1 

Heal the Bay, nevertheless, contends that neither Factor 2 nor Factor 4 applies to 

Reach 1.  Heal the Bay argues that Factor 2 does not apply because the UAA states that the creek 

has about 4 inches of water, on average, in the dry season.  Heal the Bay states that this is 

sufficient to allow wading, and that the County has failed to demonstrate that wading does not 

occur in this reach.  Uncontroverted evidence in the record, however, indicates that wading does 

not occur in Reach 1.  The Regional Board staff investigation did not find any instances of water 

contact recreation in Reach 1 by the public.  This finding was consistent with evidence of factors 

that preclude public access in Reach 1, including the 20-foot high, vertical concrete creek walls, 

lack of banks, fencing, permanently locked access gates, and lack of available recreational 

facilities. 

Heal the Bay also contends that dedesignation of potential REC-1 for Reach 1 

was not authorized under Factor 4 because the hydrologic modifications to Reach 1 do not 

prevent wading.  The record, however, indicates that Regional Board staff did not rely solely on 

the modifications but rather considered the modifications together with other important factors, 

especially the low flow regime, that justify dedesignation.  In any event, the Board notes that the 

Regional Board is required to justify dedesignation based on only one of the six use removal 

factors mentioned above.  The State Board concludes that Regional Board staff demonstrated that 

the proposed dedesignation was fully justified under Factor 2. 

Both Heal the Bay and Baykeeper allege that the County inaccurately described 

conditions in Reach 1.  They contend that the entire reach is not fenced.  Rather, at Reach 1’s 

terminus, there is a bike path entrance gate that is accessed via National Boulevard.  In addition, 

Baykeeper alleges that 300 yards of Syd Kronenthal Park borders Reach 1 and the bike path.  

Neither the Regional Board record nor the Basin Plan clearly indicate where the actual dividing 

                                                 
32  Ibid. 
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line between Reach 1 and Reach 2 is located.33  Regional Board staff assumed that it is at 

National Boulevard where the vertical concrete wall transitions to a sloping wall.  There is some 

question whether the dividing line is located slightly downstream of National Boulevard, 

however.  The Board concludes that the appropriate dividing line is that assumed by Regional 

Board staff because that is the point at which hydraulic conditions change.  The Board will 

clarify the Regional Board staff proposal accordingly. 

 2. REACH 2 

Heal the Bay likewise contends that Reach 2 cannot be dedesignated for potential 

REC-1 because wading, a REC-1 activity, occurs in this reach.  Heal the Bay misses the import 

of Regional Board staff’s proposal, however.  A fully-realized REC-1 use includes activities 

involving body contact with water, such as swimming, surfing, wading, and other uses.  It is 

undisputed that swimming and surfing do not occur in Reach 2.  Regional Board staff proposed 

to remove the potential full REC-1 use, which does not exist, and replace it with an existing use, 

Limited REC-1.  This use includes wading and other body contact uses where water ingestion is 

incidental and infrequent due to very shallow water depths and restricted access. 

Baykeeper maintains that the Regional Board could not properly dedesignate the 

potential REC-1 use from either reach based on Factor 4.  Baykeeper argues that the County has 

not shown that the hydrologic modifications to Ballona Creek preclude the use.  As stated 

previously, however, the Regional Board did not rely solely on the modifications.  Baykeeper 

also contends that the County has failed to demonstrate that the creek cannot feasibly be restored 

to its original condition or be operated in a manner to achieve REC-1.  As discussed above, 

Regional Board staff testified at the hearing that it was infeasible to restore the creek to its 

condition prior to the 1930’s when the creek was channelized.  Staff also indicated that the 

creek’s low flow regime is the principal factor restricting full REC-1 use in Ballona Creek.  It is 

not apparent that the channel can be operated in any manner that will address the lack of flows 

for full body contact recreation.  There are also obvious public safety issues involved in operating 

a flood control channel to attain full body contact recreation.  In any event, only one factor is 

necessary to justify dedesignation, and dedesignation was fully justified under Factor 2. 

                                                 
33  The Basin Plan indicates only that Reach 1 is in Hydrologic Unit No. 405.15 and Reach 2 in Unit No. 405.13.  
Table 2-1 at 2-10. 
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Finally, Heal the Bay contends that the County and District have failed to address 

how dedesignation will affect downstream bacterial water quality.  This issue was, in fact, fully 

addressed at the Regional Board hearing.  Staff explained that dischargers would get very little, if 

any, relief from the proposed standards change because the Ballona Creek Estuary’s existing 

REC-1 use must be fully protected.34  Rather, staff recommended the change to ensure that the 

Basin Plan accurately identifies uses for each reach and to set the stage for the upcoming 

bacteriological TMDL for Ballona Creek.  

C. Regional Board Action 

The Regional Board contends that the Regional Board properly exercised its 

discretion by, in essence, deferring a decision in this matter.  The Regional Board asserts that 

deferral was reasonable because important additional information directly bearing on the 

feasibility of attaining primary contact recreation in Ballona Creek in the future would be 

available in only a few months.  This information, the Ballona Creek watershed management 

plan, would enable the Regional Board to make an informed policy decision on recreational use 

attainability based on a complete record.  In this regard, the Regional Board requested that the 

State Board supplement the existing record with a copy of the most recent draft management 

plan.  The management plan was, in fact, finalized in September 2004, and the Board has 

included it in the record for this action. 

The State Board would agree with the Regional Board that deferring a final 

decision pending receipt of the management plan was a reasonable decision had the Regional 

Board actually done so.  As U.S. EPA has stated, it is in designating uses that the states 

“establish the environmental goals for their water resources . . . .”35  Often, the states must weigh 

environmental, social and economic factors in deciding whether specific uses are attainable.36  

Further, “reaching a conclusion on the uses that appropriately reflect the potential for a water 

body, determining the attainability of those goals, and appropriately evaluating the consequences 

of a final action can be a difficult and controversial task.”37  The Ballona Creek watershed 

                                                 
34  See, e.g., RT:221-222, 223. 
35  63 Fed. Reg. at 36748. 
36  Id. at 36748-36749. 
37  Id. at 36749. 
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management plan was intended to reflect the community’s goals for the watershed and, hence, 

was relevant to a decision on whether it is feasible to attain primary contact recreational use in 

the future. 

The State Board is unable to accept the Regional Board’s characterization of its 

action, however.  The record reflects that the Regional Board was clearly concerned about the 

timing of the proposed dedesignation, given the watershed effort.  The Regional Board, 

nevertheless, voted to reject the staff proposal rather than table it until the watershed 

management plan was available.  The Regional Board also made it clear that, although staff 

could bring the matter back to the Regional Board, the Regional Board did not want the plan’s 

completion to automatically trigger reconsideration.38  

D. Propriety of Regional Board Decision 

Given that the Regional Board rejected the staff proposal, rather than deferred a 

final decision on the matter, the Board will consider whether the Regional Board’s decision was 

appropriate.  The Board concludes that it was not. 

As stated by U.S. EPA, reaching a decision on a water body’s uses that 

appropriately reflects the water’s potential can be a difficult and controversial task.  Whatever the 

outcome, the decisions must be based on evidence.  In this case, uncontroverted evidence in the 

record indicates that a fully-realized REC-1 use associated with swimming does not exist in 

Ballona Creek’s two upper reaches.  While the State Board whole-heartedly supports urban creek 

restoration and, in fact, provides significant funding to further this cause, there is no evidence in 

the record that it is feasible to restore either reach to attain full REC-1 use pertaining to 

swimming-related activities at least within the next several decades.  The record indicates that 

the creek was converted to a concrete-lined flood control channel many years ago.  Since then, 

the surrounding area has become highly urbanized.  Restoring full REC-1 uses associated with 

swimming in the Ballona Creek watershed would require addressing both the creek’s existing 

low-flow regime as well as reconciling the creek’s function as a flood control channel with 

public access for fully body contact recreation.  As Regional Board staff observed, restoring the 

creek’s use for full REC-1 uses associated with swimming would require substantial changes in 

                                                 
38  RT:234-235. 
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existing land use patterns.  These types of changes require extensive time, planning, funding, and 

construction.  They are likely to occur over very long time periods. 

The final Ballona Creek Watershed Management Plan (September 2004) 

(Management Plan) does not change this conclusion.  The Management Plan sets forth an 

exciting vision for the future of a watershed severely impacted by urbanization.  It envisions 

activities to transform the watershed into a valuable community asset by improving and 

expanding open space, optimizing water resources, preserving and restoring habitat, and creating 

an integrated network of trails and bike paths.  The Management Plan implements the Task 

Force’s overarching goal to set forth pollution control and habitat restoration actions to achieve 

ecological health in the Ballona Creek watershed.  At the same time, the Management Plan 

recognizes that it may take decades to realize this goal. 

The Management Plan includes more detailed goals and objectives, adopted by 

the Task Force, under the general themes of water, land, and planning.39  For water, the Task 

Force identified maintaining flood protection as one of five specific goals.40  The goals and 

objectives address perceived environmental, recreational, and economic problems in the 

watershed; the overarching goal to restore ecological health; and issues of interest identified by 

the Task Force.  The latter include, in descending order of priority, flood protection (3d) and 

contact recreation (15th).41 

In addition to the goals and objectives, the Management Plan identifies actions 

for each objective that will improve the watershed’s ecological health.  The actions include 

restoring riparian habitat along a tributary stream and along Ballona Creek, where feasible.42  

While no urban stream restoration projects are pending at the present time, several are 

proposed.43  The Management Plan also describes several conceptual demonstration projects to 

restore parts of tributary streams.44  Accompanying the descriptions is a caution that any urban 

                                                 
39  Management Plan, pp. 4-6. 
40  Id. at 4. 
41  Id. at 55. 
42  Id. at 76. 
43  Id. at 127. 
44  See, e.g., id. at 141.  The proposed demonstration project would convert a tributary storm drain running through 
Ladera County Park to a “daylighted” creek. 



 

 14. 

stream restoration proposals must be undertaken only when consistent with the adopted goal to 

maintain flood protection.45 

No projects are proposed or contemplated that address primary contact recreation 

in Ballona Creek.  Nothing in the Management Plan indicates that this use will be feasible in the 

near future.  Again, as stated before, recreational uses associated with swimming are constrained 

primarily by low creek flows in addition to the creek’s existing flood control function.  If, in 

future years, modifications are proposed in the watershed that will allow body contact recreation 

in Ballona Creek’s upper reaches, the Regional Board can, and legally must, reconsider the 

creek’s recreational uses. 

The Regional Board staff proposal did not conflict with the Ballona Creek 

watershed effort.  It was very narrowly crafted.  The proposal recognized existing limited body-

contact recreation activities in Reach 2 and recommended bacterial objectives that only 

minimally differ from the REC-1 bacterial objectives.  The staff proposal will result in 

insignificant, if any, water quality changes in the creek, yet the proposal accurately reflects the 

existing recreational uses in the two creek reaches and the potential for full body contact 

recreation in the next several decades.  Adoption of the staff proposal will not prevent any of the 

activities identified in the Management Plan to improve the Ballona Creek watershed’s 

ecological health from going forward. 

Further, in developing the proposal, Regional Board staff heeded this Board’s 

directive to the Regional Boards that they initiate basin plan amendment procedures whenever 

they conclude that designated uses do not exist and are not likely to exist in the future.  

Defensible use designations are critical for many reasons.  Designated uses and water quality 

criteria or objectives, together with an antidegradation policy, form the foundation for regulation 

of waste discharges and for TMDL development, for example.  Further, accurate and defensible 

use designations are important to ensure that the Basin Plan is a useful and credible document.  

The Board concludes that watershed restoration and maintaining updated and accurate basin 

plans are harmonious goals that can co-exist. 

 

                                                 
45  Id. at 117. 
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III.  CONCLUSION 

For the reasons explained above, the Board concludes that: 

1. Dedesignation of potential REC-1 associated with swimming activities from 

Ballona Creek Reaches 1 and 2 is consistent with the U.S. EPA water quality standards 

regulations. 

2. The Regional Board erred in failing to adopt its staff proposal to dedesignate 

potential REC-1 pertaining to swimming-related activities from the two reaches, to adopt 

Limited Rec-1 for Reach 2 and to adopt revised bacteriological objectives for Limited Rec-1. 

3. The boundary between Reach 1 and Reach 2 should be clarified as the point 

at which concrete vertical channel walls transition to sloping walls. 

IV.  ORDER 

IT IS HEREBY ORDERED that Resolution No. 2005-0015 is adopted. 

CERTIFICATION 

The undersigned, Clerk to the Board, does hereby certify that the foregoing is a full, true, and 
correct copy of an order duly and regularly adopted at a meeting of the State Water Resources 
Control Board held on January 20, 2005. 

AYE: Arthur G. Baggett, Jr. 
 Peter S. Silva 
 Richard Katz 
 Gary M. Carlton 
 Nancy H. Sutley 
 
NO: None. 
 
ABSENT: None. 
 
ABSTAIN: None. 
 

  
 
 



At Press for Publication in Stormwater Magazine May/June 2008 

Page 1 

Can Stormwater BMPs Remove Bacteria? 

New Findings from the International Stormwater BMP Database 

By Jane Clary
1
, Jonathan Jones

2
, P.E., D.WRE, Ben Urbonas

3
, P.E., D.WRE,  

Marcus Quigley
4
, P.E., Eric Strecker

5
, P.E., and Todd Wagner

6
, P.E.  

Introduction 

Many communities throughout the United States are faced with Total Maximum Daily 

Loads (TMDLs) for bacteria, typically for either E. coli or fecal coliform.  For local 

governments responsible for National Pollutant Discharge Elimination System (NPDES) 

Municipal Separate Stormwater (MS4) permits, this issue can be particularly challenging 

and many questions arise with regard to whether stormwater best management practices 

(BMPs) can reduce bacteria in stormwater runoff.   

For over a decade, the International Stormwater BMP Database project has been steadily 

collecting performance data for a broad array of BMPs, with over 340 BMPs now 

included in the database.  Although not all BMP studies in the Database are monitored for 

bacteria, a data set now exists with approximately 600 pairs of influent and effluent 

bacteria data.  This paper provides a brief background regarding bacteria in urban runoff, 

summarizes the bacteria data available in the BMP Database, provides analysis results 

and suggests how these findings may affect the selection and design of BMPs to assist in 

meeting TMDL goals.  The underlying data set used in this analysis can be downloaded 

from the BMP Database website at www.bmpdatabase.org.  

Background 

Elevated bacteria in stormwater runoff and during wet weather flow conditions in urban 

streams is well documented by many researchers (Pitt 2004; Schueler and Holland 2000; 

Bossong et al. 2005, as a few examples).  Recent findings from monitoring programs 

around the United States show that bacteria concentrations in stormwater runoff are 

typically elevated well above primary contact recreation standards, regardless of the type 

of land use in the watershed (e.g., open space, residential, commercial, industrial, 

highway). 
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Many communities, researchers, industries and others have made efforts to identify the 

sources of bacteria in urban runoff and many others are beginning in this process.  In 

some cases, human-induced problems exist due to illicit connections of sanitary sewers to 

storm sewers, sanitary sewer overflows, improper disposal of pet waste, and leaking 

sanitary sewers, as a few examples.  Correction of these problems is of unquestionable 

benefit to the environment and human health.  In other cases, non-anthropogenic sources 

of bacteria are suspected.  Regardless of the sources, municipal MS4 permit holders can 

find themselves with a wasteload allocation for indicator bacteria and be required to 

make measurable progress in reducing it under TMDLs.   

Obvious first steps in controlling bacteria discharges from storm sewers include dry 

weather screening of stormwater outfalls to remove blatant sources of bacteria associated 

with illicit connections and leaking sanitary sewers, but what next?  If an MS4 permit 

holder is subject to TMDL requirements, use of BMPs may be the next step.  Intuitively, 

nonstructural BMPs that include educating citizens about proper disposal of pet waste 

and increasing containers for disposal of this waste may serve as one of the source 

control BMPs.  The question remains whether traditional structural and Low Impact 

Development oriented stormwater BMPs such as detention basins, retention ponds, sand 

filters, porous landscape detention (bioretention cells), grass swales and other practices 

can also help and to what degree.  This is where the International Stormwater BMP 

Database provides some initial answers. 

Data Summary and Analysis 

The International Stormwater BMP Database contains over 100 paired E. coli monitoring 

events at 12 sites (Table 1), and nearly 500 paired fecal coliform monitoring events at 61 

sites (Table 2).  The majority of the E. coli data sets are in Portland, Oregon and are from 

sites with Low Impact Development BMPs such as bioswales and green roofs.  The fecal 

coliform data set is more geographically diverse with studies in California, Florida, 

Virginia, Ontario, New York, Texas, Georgia, North Carolina and Oregon.  Also 

available, but not discussed in this paper, are fecal strep data for 33 events at two 

locations.  A few caveats prior to analyzing the data set are appropriate, including: 

 Although a few event mean concentration (EMC) data sets for bacteria exist in the 

Database, the majority of samples are grab samples, typically because a six hour 

maximum holding time is specified for bacterial analysis, making it inconvenient 

and difficult to collect samples for a representative hydrograph using automated 

samplers and to deliver the samples to the laboratory within this timeframe.  Thus, 

the limitations of grab samples, which are well documented in the technical 

literature, apply.  Additionally, some monitored storm events in the database are 

based on a single pair of grab samples of the influent and effluent, whereas others 

are based on arithmetic averages of several grab samples, and some are flow-

weighted averages.   

 The number of events sampled for studies presented in Tables 1 and 2 varies.  For 

the E. coli data set, an average of ten storms per BMP was monitored.  For fecal 

coliform, an average of eight storms per BMP was monitored; however, six of the 
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studies (10 percent of the studies) had fewer than three sampling events, resulting 

in their exclusion from subsequent analysis. 

 Prior to 2008, the water quality data entered into the Database were based on 

“Legacy STORET” nomenclature, which many people found confusing.  (The 

new Water Quality Exchange (WQX) format developed by the U.S. 

Environmental Protection Agency (USEPA) is more intuitive and has been 

adopted in 2007 updates to the Database).  The authors have assumed that the 

reported data with various STORET codes fall into these three categories:  fecal 

coliform, E. coli and fecal strep. 

 A complicating issue when evaluating E. coli data from multiple sources is that 

unlike most conventional chemical and physical parameters, bacteria has an upper 

quantitation limit that can vary by orders of magnitude between studies, or 

sometimes even within studies.  The upper quantitation limit is influenced by the 

dilution of the sample during analysis.  As a result, statistical analysis of lumped 

data sets can be problematic and it may be necessary to examine the performance 

of each BMP individually.   

Table 1.  Summary of E. coli Data for 114 Monitoring Events 

 in the International Stormwater BMP Database 2007 

BMP Name City State 
# of 

Events 

Geometric 
Mean Inflow 
(#/100 mL) 

Geometric 
Mean Outflow 

(#/100 mL) 

Bioswale  

Bureau of Environmental Services 
(BES) Bioswale Native

1
 East 

Portland OR 
6 

1,079  3,035  

BES Bioswale Non-Native West Portland OR 6 1,079  2,529  

Russell Pond Bioswale Portland OR 7    780     575  

WPCL Bioswale East Portland OR 10 2,121  3,789  

WPCL Bioswale West Portland OR 10 2,121  3,286  

Bioretention       

Hal Marshall Bioretention Cell Charlotte NC 13    275      17  

BES Water Garden Portland OR 6 5,024     184  

Green Roof  

Hamilton Ecoroof East Roof 2001 & 
2002 

Portland OR 
8 

 NA      27  

Hamilton Ecoroof West Roof 2001 & 
2002 

Portland OR 
8 

 NA      25  

Ponds and Sand Filters  

Heritage Estates Stormwater Manag. 
Pond 

Richmond 
Hill 

ON 
25 

1,271     109  

Lexington Hills - Detention Pond Portland OR 10    399     272  

Parkrose Sand Filter Portland OR 5 2,099      79  
1
 Refers to vegetation types planted in bioswales. 
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Table 2.  Summary of Fecal Coliform Data for 485 Monitoring Events 

 in the International Stormwater BMP Database 2007
1
 

BMP City State 
# of 

Events 

Geometric 
Mean 
Inflow 

(#/100 mL) 

Geometric 
Mean 

Outflow 
(#/100 mL) 

Bioswales  

Altadena (strip) Altadena CA 3 386  459  

Carlsbad Biofiltration Strip
2
 Carlsbad CA 2 84,853  47  

I-605/SR-91 Strip
2
 Cerritos CA 2 490   1,122  

US 183 at MoPac Grass 
Filter Strip 

Austin TX 
10 

59,606    37,321  

Cerritos MS
2
 Cerritos CA 2 20,199   2,915  

I-605/SR-91 Swale
2
 Cerritos CA 1 5,000  900  

I-5/I-605 Swale
2
 Downey CA 2 65  105  

I-605 / Del Amo Lakewood CA 4 9,460   9,168  

SR-78 / Melrose Dr Vista CA 3 1,366  239  

Key Colony Swale Key Colony Beach FL 6 355  380  

BES Bioswales - East Swale Portland OR 6 1,116   3,176  

BES Bioswales - West Swale Portland OR 6 1,116   2,852  

Russell Pond Bioswale Portland OR 4 677  795  

WPCL Bioswale East Portland OR 10 2,924   4,724  

WPCL Bioswale West Portland OR 10 2,924   4,134  

Alta Vista PUD w/ swales Austin TX 19 36,193    25,428  

Monticello High School 
Bioretention Area 

Charlottesville VA 
3 

 5    1  

Dayton Biofilter - Grass 
Swale 

Seattle WA 
5 

2,628   7,336  

Detention Basins  

I-605 / SR-91 EDB Cerritos CA 7 654  813  

I-5/Manchester (east) Encinitas CA 4 978   6,708  

I-15/SR-78 EDB Escondido CA 9 438  766  

I-5 / SR-56 San Diego CA 9  NA   1,103  

The Reserve at DeBary DeBary FL 48 682  45  

Key Colony Detention Pond Key Colony Beach FL 10 95  68  

Mountain Park Lilburn GA 9 168   1,839  

BMP 13, West Lake Drive Valhalla NY 13 14,184  5,454  

Lexington Hills - Detention 
Pond 

Portland OR 
7 

529  289  

I-5 / I-605 EDB Downey CA 5 2,237  325  

Green Roof  

Hamilton Ecoroof East Roof 
2001 

Portland OR 
4 

 NA  34  

Hamilton Ecoroof East Roof 
2002 

Portland OR 
3 

 NA  11  

Hamilton Ecoroof West Roof 
2001 

Portland OR 
4 

 NA  13  

Hamilton Ecoroof West Roof 
2002 

Portland OR 
3 

 NA  28  
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BMP City State 
# of 

Events 

Geometric 
Mean 
Inflow 

(#/100 mL) 

Geometric 
Mean 

Outflow 
(#/100 mL) 

Media Filter  

BMP 57, Nannyhagen Road Mt. Pleasant NY 6  NA  765  

Kearny Mesa MS San Diego CA 7 200  170  

Clear Lake Packed Bed 
Filter 

Orlando FL 
11 

2,653   1,012  

Lake Olive VVRS Orlando FL 5 4,710  859  

Hal Marshall Bioretention 
Cell 

Charlotte NC 
14 

1,278  172  

Lakewood P&R Downey CA 6 122  175  

Via Verde P&R San Dimas CA 6 393  232  

La Costa P&R Carlsbad CA 7 538  33  

Escondido MS Escondido CA 8 377  182  

Foothill MS (Sand Filter) Monrovia CA 4 8,284  1,531  

I-5/SR-78 P&R Vista CA 7 510  1,254  

Eastern Regional MS SF Whittier CA 6 627  200  

Parkrose Sand Filter Portland OR 4 1,602  83  

Manufactured Device 

I-210 / Filmore Street Lake View Terrace CA 18 1,972   2,676  

I-210 / Orcas Ave Lake View Terrace CA 13 2,681   4,187  

Retention Pond 

I-5 / La Costa (east) Encinitas CA 6 4,619  42  

DUST Marsh Debris Basin Fremont CA 9 1,929  515  

Indialantic Project H Pond
2
 Indialantic FL 2 387  77  

Largo Regional STF Largo FL 24 58  5  

FL Blvd Detention Pond Merrit Island FL 5 8,746  530  

Jungle Lake (1993) St. Petersburg FL 4 2,320  241  

Jungle Lake (1995+) St. Petersburg FL 7 2,247  411  

Shawnee Ridge Retention 
Pond 

Suwanee GA 
5 

946  35  

BMP 12, Malcolm Brook Valhalla NY 16 4,231   2,475  

Heritage Estates Stormwater 
Manag. Pond 

Richmond Hill ON 
22 

1,446  133  

Wetland  

BES Water Garden Portland OR 5 7,087  108  

DUST Marsh System A Fremont CA 8 455  223  

DUST Marsh System B Fremont CA 8 566  291  

DUST Marsh System C Fremont CA 9 280  405  
1
Two porous pavement studies and one vegetated buffer strip were excluded from the analysis due to data 

limitations.   
2
BMPs with less than three studies have been excluded from subsequent analysis due to small sample size, 

but have been retained in this table for general information.  The geometric mean is not a meaningful 
statistic for these studies.

 

NA = not available. 
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In addition to review of the tabulated data, graphical presentation of the data is useful in 

identifying potential trends.  The International Stormwater BMP Database analysis protocols 

(Geosyntec and WWE 2007) used for conventional water chemistry analysis focus on the 

effluent concentrations achieved by various BMPs (e.g., is the BMP helping to protect receiving 

water quality?) and whether there is a statistically significant reduction between influent and 

effluent concentrations (e.g., is the reduction in reported means real?), along with several other 

factors, including changes in runoff volumes.  In keeping with this approach, Figure 1 provides 

notched box and whisker plots of the fecal coliform data according to BMP type for several 

categories of BMPs.  Figure 1 indicates that swales (GS) and detention basins (DB) do not 

appear to effectively reduce bacteria in effluent concentrations and may possibly increase 

bacteria concentrations.  Although the effluent values are still above primary contact recreation 

standards, media filters and retention ponds show potential promise in reducing bacteria counts, 

based on statistically significant differences between the influent and effluent medians (i.e., the 

95
th

 percentile confidence limits for the medians of the influent and effluent data sets do not 

overlap).  Data sets for wetlands and manufactured devices are not of adequate size to draw 

meaningful conclusions.   

Figure 1.  Notched Box and Whisker Plots Summarizing Paired Fecal Coliform 

BMP Monitoring Results (Source:  International Stormwater BMP Database 2007) 

 

It is also worthwhile to evaluate the performance of individual BMPs.  Bar charts 

presenting the geometric mean concentrations for the influent and effluent for each study 

are presented in Figures 2 through 6.  The geometric mean was used because attainment 

of stream standards is based on the geometric mean of the bacteria data.  The USEPA 

promulgated instream standard for primary contact recreation is currently 126/100 mL for 

E. coli and was 200/100 mL for fecal coliform prior to USEPA’s adoption of E. coli as a 

pathogen indicator.   

Figure 2 provides the geometric mean influent and effluent concentrations for E. coli 

studies in the database.  The best performing BMPs are the Hal Marshall Bioretention 

cell in North Carolina (data provided by Dr. William Hunt, North Carolina State 

University), the Portland Bureau of Environmental Services (BES) Water Garden and the 

Key: 
 
Inflow (Red) 
Outflow (Blue) 
 
DB= Detention Basin 
GS= Grass Swales 
HD=Manufactured Devices 
MF= Media Filters 
RP= Retention Ponds 
WC=Wetland Channels 
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Parkrose Sand Filter (both data sets provided by Tom Liptan, Portland BES), and the 

Heritage Estates Stormwater Management Pond (data provided by Ontario Ministry of 

Environment and Energy).  Green roofs had effluent concentrations below stream 

standards.  There could be several explanations for green roof performance, including the 

filtering action of the roof media, residence time within the media, the fact that the 

rainwater falling on the roofs does not have significant bacterial concentrations, or that 

bird droppings (if any) on the roof were insignificant.  Several bioswales showed higher 

bacteria in effluent concentrations.  These findings related to E. coli are consistent with 

the fecal coliform data presented in Figure 1. 

Figure 2.  Comparison of Geometric Mean E. coli Data for Stormwater BMPs in 

International Stormwater BMP Database 

Key observations based on plots of geometric mean data for fecal coliform include: 

 Figure 3 summarizes the results for eight retention ponds, where seven studies 

had geometric mean inflow concentrations above instream standards.  All eight 

studies showed reductions in fecal coliform concentrations, with some being 

significant; however, only two of the studies with elevated influent concentrations 

reduced effluent concentrations below stream standards.  

 Figure 4 summarizes the results for ten detention basins, where seven studies had 

geometric mean influent concentrations above instream standards (one study 

didn’t report influent data).  Only two of the studies, both located in Florida, 

showed effluent concentrations below the stream standard, whereas four studies 

showed increases in effluent concentrations.  It is also noteworthy that about half 

of the data set is associated with highway runoff in California. 

Figure 2.  Comparison of Geometric Mean E. coli Data for Stormwater BMPs in 

International Stormwater BMP Database
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 Figure 5 summarizes the results for 13 vegetated swales, with 12 of the studies 

showing influent concentrations above stream standards.  Nine of the studies had 

effluent values greater than or comparable to the influent values, with only four 

showing some reduction in fecal coliform.  None of the studies with elevated 

influent concentrations were able to reduce effluent values below stream 

standards. 

 Figure 6 summarizes the media filter studies reporting fecal coliform data for 

thirteen studies, with eleven showing influent concentrations above stream 

standards.  The majority of the studies are located along highways in California.  

Of the ten studies with elevated influent concentrations, five reduced effluent 

concentrations below stream standards and two studies had both influent and 

effluent concentrations below stream standards.   

Figure 3.  Retention Pond Fecal Coliform Data 

(8 Studies) 

Figure 4.  Detention Basin Fecal Coliform Data 

(10 Studies) 

Figure 3.  Retention Pond Fecal Coliform Data

(8 studies)
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Figure 5.  Bioswale (Grass Strips/Swales) Fecal Coliform Data 

(13 Studies) 

Figure 6.  Media Filter Fecal Coliform Data 

(13 Studies) 

Figure 5. Bioswale (Grass Strips/Swales) Fecal Coliform Data

(13 studies)
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Figure 6.  Media Filter Fecal Coliform Data

(13 studies)
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Findings and Implications 

Findings and implications for stormwater managers based on a review of the bacteria data 

in the International Stormwater BMP Database include: 

 Bacteria concentrations in untreated runoff were consistently high for the majority 

of the BMP study sites, with the influent concentrations varying substantially.  

The variation may be due to both site-specific conditions as well as the upper 

quantitation limit reported in the study.   

 The ability of structural BMPs to reduce bacteria counts varies widely within 

BMP categories.  No single BMP type appears to be able to consistently reduce 

bacteria in surface effluent to levels below instream primary contact recreation 

standards.  As a result, stormwater managers, permit writers and TMDL 

participants should not assume that structural BMPs can meet numeric effluent 

limits for bacteria for all storms and under all conditions.  This is consistent with 

2006 findings from a Storm Water Panel Recommendations to the California 

State Water Resources Control Board regarding the feasibility of numeric effluent 

limits for stormwater in general (CSWRCB 2006).  

 Computer modeling of bacteria in stormwater should incorporate significant 

variability in both untreated runoff (influent) and BMP effluent and should be 

undertaken with caution.  Feedback from some environmental engineers and 

consultants who apply common models to pathogen and fecal indicator transport 

suggests that the models provide highly uncertain predictions for pathogen and 

indicator concentrations and fluxes (USEPA 2007, based on input from Ali 

Boehm, Stanford University).  Models should be kept simple, with results not 

reported in unrealistically precise terms.  TMDLs should acknowledge this 

variability and incorporate terms of compliance based on real-world monitoring 

data.   

 BMP categories that appear to have potential for bacteria reduction in effluent 

include retention ponds and media filters (inclusive of bioretention cells).  

Considerations related to these two BMP categories include: 

 Retention ponds may be well suited for development with significant land 

area and adequate water rights (typically a challenge in semi-arid and arid 

states such as Colorado) or abundant rainfall. In ultra-urban areas, infill 

development, and arid/semi-arid climates, retention ponds are often 

impractical.  Another potential disadvantage with retention ponds is that 

they can attract waterfowl and wildlife, which can increase bacterial 

levels. 

 Media filters and bioretention cells show promise in removing bacteria at 

the site-level.  For new developments based on Low Impact Development 

techniques, the use of bioretention cells or rain gardens is becoming more 

common in some part of United States.  The key unit treatment process 
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(filtration) associated with media filters is well proven in the drinking 

water arena, so it is not surprising that these BMPs would reduce bacteria, 

provided that the facilities are properly maintained.  For existing 

developments, some targeted retrofitting in bacteria “hot spot” areas could 

be possible, but costs of watershed-wide retrofits with many media filters 

will likely be cost prohibitive.  One of the important aspects of long-term 

functioning of distributed controls such as bioretention cells is ensuring 

that these facilities are maintained and continue to function as designed in 

perpetuity.  In many cases, local governments are already stretched to 

ensure maintenance of regional stormwater facilities, so although these 

practices may hold promise, “ensuring” their continued function may be 

administratively challenging. 

 Swale and detention pond BMPs appear to have low effectiveness in reducing 

bacteria and in some cases have the potential for exporting bacteria.  The authors 

hypothesize that potential causes could include that fact that these types of BMPs 

tend to attract ducks, geese, wildlife and domestic pets, which may contribute to 

bacteria loading.  Regardless, these BMPs can still be effective at reducing 

pollutant concentrations such as total suspended solids (TSS), total metals, and 

other constituents, as demonstrated in the 2007 analysis of the International 

Stormwater BMP Database (Geosyntec and Wright Water Engineers 2007), and 

are valuable components of stormwater management programs. 

 Several BMP categories have data sets too small to warrant interpretation; these 

include the wetland, porous pavement and manufactured device categories.  

However, one could anticipate how some of these BMPs may perform by 

evaluating BMPs with similar unit processes.  For example, properly designed 

porous pavements, such as those with a sand layer above the sub-surface 

underdrains, as recommended by some local criteria (UDFCD 1999), should 

perform similarly to media filters.  

 In addition to the ability of a BMP to reduce concentrations of bacteria, it is also 

important to consider whether the BMP reduces the volume of stormwater runoff 

and the frequency of discharges.  BMPs such as bioretention, vegetated biofilters, 

and, in some cases, dry-extended detention basins have shown the ability to 

reduce runoff volumes via infiltration and/or evapotranspiration losses.  These 

factors should also be considered in BMP selection.   

As part of the data analysis, the authors also compared the conclusions based on 

International Stormwater BMP Database to previous findings reported by others such as 

Pitt (2004) and Schueler and Holland (2000).  A few representative excerpts from 

previous findings include:  

 A natural outcome of discussions after examining microorganism levels in urban 

waters focuses on their potential control. Unfortunately, there does not appear to 

be an easy (inexpensive) solution to reduce the often-times very high indicator 

bacteria levels found in stormwater…The most basic control program would 
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incorporate the required inappropriate discharge detection and elimination 

program…included in the NPDES stormwater permit program, and dog feces 

controls. These can be highly effective and of low to moderate (or higher) cost… 

Dog feces control programs are a basic public health and aesthetic benefit and 

should also be implemented (including enforcement)…the remaining indicator 

bacteria, although possibly still quite high in comparison to the current criteria, 

would indicate minimal risks, as they should mostly originate from urban 

wildlife…In order to reduce the bacteria levels to criteria levels, much more 

costly control programs will be needed. These should only be implemented after a 

local risk-assessment is conducted and actual human health impairments are 

identified (Pitt 2004). 

 Typical concentrations of bacteria (whether measured as E. coli or fecal 

coliform) in urban stormwater are often two orders of magnitude greater than 

instream primary contact recreational standards.  Even when urban stormwater 

concentrations are significantly reduced through treatment by BMPs, the 

concentrations in effluent typically remain an order of magnitude greater than the 

instream standard during wet weather conditions (Schueler and Holland 2000).   

 Concentrations of bacteria in urban stormwater are notoriously variable on a 

site-specific basis, even for similar land use types and even at the same sampling 

location.  Due to the wide variability of bacterial data, it is difficult to make 

accurate estimates of expected pollutant loading and pollutant removal that are 

transferable from site-to-site with any degree of confidence.  Even with the 

significant variability, all of the databases and literature sources agree that 

bacteria concentrations in untreated urban stormwater are very high (estimates 

range from 15,000/100 mL to over 50,000/100 mL for fecal coliform) and difficult 

to reduce to instream standards (Schueler and Holland 2000).   

Conclusions and Recommendations for Future Work 

The International Stormwater BMP Database provides a relatively large and growing 

bacterial data set that is useful in evaluating the effectiveness of various structural BMPs 

with regard to bacteria removal.  Media filters and retention ponds were most effective 

based on the current data set; however, effluent concentrations for these BMPs remained 

above primary contact recreation standards in many cases.  Although several BMP types 

such as extended detention basins and grass swales did not appear to be effective at 

reducing bacteria concentrations, these BMPs can be effective at removing other 

pollutants such as TSS and total metals and may help to reduce runoff volumes and 

frequencies (thereby reducing bacteria loading).  The bacteria-related findings reinforce 

earlier research by investigators such as Pitt (2004) and Schueler and Holland (2000). 

Recommendations for additional research include: 

 Analysis of site specific conditions at BMP studies may help to identify factors 

such as exposure to sunlight, meteorological conditions, natural (non-human) 

contributions of bacteria associated with the BMP, and other factors that help to 
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explain why some BMPs perform better than others.  A more refined level of 

statistical analysis may also be valuable (e.g., hypothesis testing to determine 

statistically significant differences between influent and effluent concentrations, 

along with other techniques).   

 Continued submittal of bacteria monitoring data for BMPs to the International 

Stormwater BMP Database is needed to continue to refine these findings and 

enable more statistically robust conclusions.  Even though the overall number of 

paired storm events is fairly large, the number of studies per BMP category 

remains relatively small, as does the number of storm events monitored for some 

BMP studies.   

 Continued national data-based dialogue regarding bacteria levels in stormwater 

runoff relative to instream recreational water quality criteria is needed, in keeping 

with USEPA’s Pellston-style workshop on revising recreational water quality 

criteria (USEPA 2007) that acknowledges that many unanswered questions exist 

regarding recreational standards for bacteria.  Near-term “critical path” research 

identified as part of the USEPA (2007) workshop includes addressing issues such 

as the significance of natural versus human-induced sources of bacteria, 

determination of acceptable risk levels, and other factors. 

 Development of cost-benefit data for stormwater BMPs relative to bacteria 

reduction for municipal stormwater managers is important.  Most local 

governments need this type of information for decision-making when 

determining how to best allocate limited resources.  
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Abstract

Problem/Condition: Since 1971, CDC and the U.S. Environmental Protection Agency (EPA) have maintained a collaborative surveillance system for collecting and 

periodically reporting data relating to occurrences and causes of waterborne-disease outbreaks (WBDOs).

Reporting Period Covered: This summary includes data from January 1997 through December 1998 and a previously unreported outbreak in 1996.

Description of the System: The surveillance system includes data regarding outbreaks associated with drinking water and recreational water. State, territorial, and local 

public health departments are primarily responsible for detecting and investigating WBDOs and voluntarily reporting them to CDC on a standard form.

Results: During 1997--1998, a total of 13 states reported 17 outbreaks associated with drinking water. These outbreaks caused an estimated 2,038 persons to become ill. 

No deaths were reported. The microbe or chemical that caused the outbreak was identified for 12 (70.6%) of the 17 outbreaks; 15 (88.2%) were linked to groundwater 

sources. Thirty-two outbreaks from 18 states were attributed to recreational water exposure and affected an estimated 2,128 persons. Eighteen (56.3%) of the 32 were 

outbreaks of gastroenteritis, and 4 (12.5%) were single cases of primary amebic meningoencephalitis caused by Naegleria fowleri, all of which were fatal. The etiologic 

agent was identified for 29 (90.6%) of the 32 outbreaks, with one death associated with an Escherichia coli O157:H7 outbreak. Ten (55.6%) of the 18 gastroenteritis 

outbreaks were associated with treated pools or ornamental fountains. Of the eight outbreaks of dermatitis, seven (87.5%) were associated with hot tubs, pools, or 

springs.

Interpretation: Drinking water outbreaks associated with surface water decreased from 31.8% during 1995--1996 to 11.8% during 1997--1998. This reduction could be 

caused by efforts by the drinking water industry (e.g., Partnership for Safe Water), efforts by public health officials to improve drinking water quality, and improved 

water treatment after the implementation of EPA's Surface Water Treatment Rule. In contrast, the proportion of outbreaks associated with systems supplied by a 

groundwater source increased from 59.1% (i.e., 13) during 1995--1996 to 88.2% (i.e., 15) during 1997--1998. Outbreaks caused by parasites increased for both drinking 

and recreational water. All outbreaks of gastroenteritis attributed to parasites in recreational water were caused byCryptosporidium, 90% occurred in treated water venues 

(e.g., swimming pools and decorative fountains), and fecal accidents were usually suspected. The data in this surveillance summary probably underestimate the true 

incidence of WBDOs because not all WBDOs are recognized, investigated, and reported to CDC or EPA.

Actions Taken: To estimate the national prevalence of waterborne disease associated with drinking water, CDC and EPA are conducting a series of epidemiologic 

studies to better quantify the level of waterborne disease associated with drinking water in nonoutbreak conditions. The Information Collection Rule implemented by 

EPA in collaboration with the drinking water industry helped quantify the level of pathogens in surface water. Efforts by CDC to address recreational water outbreaks 

have included meetings with the recreational water industry, focus groups to educate parents on prevention of waterborne disease transmission in recreational water 

settings, and publications with guidelines for parents and pool operators.

INTRODUCTION

Since 1920, national statistics on outbreaks associated with drinking water have been available (1). Since 1971, CDC, the U.S. Environmental Protection Agency (EPA), 

and the Council of State and Territorial Epidemiologists have maintained a collaborative surveillance system of the occurrences and causes of waterborne-disease 

outbreaks (WBDOs) (2--5). This surveillance system includes data regarding outbreaks associated with drinking water and recreational water. This summary includes 

data for 1997 and 1998 and for one previously unreported outbreak in 1996.

The goals of the waterborne-disease surveillance efforts of CDC and EPA are to a) characterize the epidemiology of WBDOs; b) identify the etiologic agents that caused 

WBDOs and determine why the outbreaks occurred; c) train public health personnel to detect and investigate WBDOs; and d) collaborate with local, state, federal, and 

international agencies on initiatives to prevent waterborne diseases. The data gathered through this surveillance system are useful for identifying major deficiencies in 

providing safe drinking water and recreational water. Surveillance information also influences research priorities and can lead to improved water-quality regulations.

BACKGROUND

EPA Regulations 

Drinking Water

Public water systems are regulated under the Safe Drinking Water Act (SDWA) of 1974, which was amended in 1986 and 1996 (6--8). The 1996 amendments required 

EPA to publish every 5 years a list of contaminants known or anticipated to occur in public water systems and possibly needing regulation. The first list, called the 
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drinking water Contaminant Candidate List, was published March 2, 1998, and included 10 microbial contaminants (9). Microbial contamination is regulated under the 

Surface Water Treatment Rule (SWTR) of 1989 and the Total Coliform Rule (TCR) of 1989 (10--12). Additional regulations are being developed.

Under TCR, all public water systems are required to routinely monitor their tap water for total coliforms. The presence of total coliforms in drinking water indicates that 

the system is either fecally contaminated or vulnerable to fecal contamination. A system that collects >40 samples per month (generally, systems that serve> 33,000 

persons) violates the Maximum Contaminant Level (MCL) if >5.0% of the samples (routine and repeat samples) collected during each month are total coliform-positive. 

A system that collects <40 samples per month violates MCL if two samples (routine and repeat samples) during the month are total coliform-positive. If a system has a 

total coliform-positive sample, then a) that sample must be tested for the presence of fecal coliforms or Escherichia coli, and b) three repeat samples must be collected 

(four, if the system collects<1 routine sample per month) within 24 hours and analyzed for total coliforms (then, if positive, analyzed for fecal coliforms orE. coli). In 

addition, approximately five routine samples must be collected during the next month of sampling regardless of system size. For any size system, if two consecutive total 

coliform-positive samples occur at one site during 1 month, and one of these samples is also fecal coliform-positive or E. coli-positive, the system has an acute violation 

of MCL and must report to the public immediately. TCR also requires a periodic sanitary survey to evaluate and document the capabilities of the water system's sources, 

treatment, storage, distribution network, operation and maintenance, and overall management to ensure safe drinking water.

SWTR covers all water systems that use surface water or groundwater under the direct influence of surface water. SWTR is intended to protect against exposure to 

Giardia intestinalis, viruses, and Legionella, as well as many other pathogens. This rule requires that all such systems reduce the level ofGiardia by 99.9% (three log 

reduction) and viruses by 99.99% (four log reduction). All surface water systems must disinfect their water. Most water systems also must filter their water unless they 

meet EPA-specified filter avoidance criteria that define high-quality source water. Specifically, SWTR requires a) a 0.2 mg/L disinfectant residual entering the 
distribution system; b) maintenance of a detectable disinfectant residual in all parts of the distribution system; c) a combined filter effluent performance standard for 

turbidity (i.e., for rapid granular filters, 0.5 nephelometric turbidity unit [NTU] maximum for 95% of measurements [taken every 4 hours] during a month); no single 

NTU reading> 5.0; and d) watershed protection, redundant disinfection capability, and other requirements for unfiltered systems.

On December 16, 1998, EPA promulgated the Interim Enhanced Surface Water Treatment Rule (IESWTR) (13), which will provide additional protection against 

Cryptosporidium parvum and other waterborne pathogens. IESWTR covers all public systems that use surface water or groundwater under the direct influence of surface 

water and serve >10,000 persons. Key provisions include:

• A two log C. parvum removal requirement for filtered systems.

• Strengthened combined filter effluent turbidity performance standards for systems using conventional filtration treatment or direct filtration (0.3 NTU maximum 

for 95% of measurements during a month; no single NTU reading >1.0).

• Individual filter turbidity monitoring provisions.

• Disinfection benchmark provisions to ensure continued levels of microbial protection while facilities take the necessary steps to comply with new disinfection 

byproduct standards.

• Revision of the definition of groundwater under the influence of surface water and the watershed control requirements for unfiltered public water systems to 

include detection of C. parvum.

• Requirements for covers on new, finished water reservoirs.

• Sanitary surveys for all surface water systems regardless of size.

• A MCL goal of zero oocysts for C. parvum.

EPA also plans to propose a companion microbial regulation for surface water systems serving <10,000 persons, called the Long Term 1 Enhanced SWTR. This rule will 

be proposed in Spring 2000.

The Ground Water Rule, which is being developed, will likely stress a multibarrier approach to ensure public health protection for public groundwater systems. EPA has 

identified five potential areas of importance --- groundwater source protection, well and distribution system integrity, distribution system protection, disinfection, and 

monitoring. The Ground Water Rule is expected to be proposed in Spring 2000. Recent revisions to the Underground Injection Control Regulations published December 

7, 1999, could provide additional protection of groundwater from both chemical and microbial contamination from shallow wells, including cesspools (14).

To fill gaps in existing data regarding occurrence of microbial pathogens and other indicators of microbial contamination, occurrence of disinfection byproducts, and 

characterization of treatment processes, EPA promulgated the Information Collection Rule (15), which required large water systems serving approximately 100,000 

persons to monitor for the presence ofCryptosporidium and Giardia, total culturable viruses, and total and fecal coliforms or E. coli at least once a month for 18 months. 

The required monitoring ended in December 1998, and data are undergoing analysis. The results could provide information to facilitate development of the Long Term 2 

Enhanced SWTR, which is intended to protect against microbial risks and balance the health risks associated with disinfection byproducts.

Recreational Water

State and local governments have jurisdiction over recreational water. The operation, disinfection, and filtration of public swimming and wading pools are regulated by 

state and local health departments and often vary from place to place. For fresh recreational waters (e.g., lakes, ponds), EPA has established a guideline for microbial 

water quality that indicates that the monthly geometric mean must be<33/100 ml for enterococci or<126/100 ml for E. coli. However, states can have either more or less 
stringent guidelines or regulations and can post warning signs to alert potential bathers until water quality improves. When lakes become contaminated, several weeks or 

months can be required for water quality conditions to improve or return to normal. Prompt identification of potential sources of contamination and remedial action is 

necessary to return bathing water to an appropriate quality for recreational use (16).

METHODS

Sources of Data

State, territorial, and local public health agencies have the primary responsibility for detecting and investigating WBDOs and voluntarily reporting them to CDC on a 

standard form (CDC form 52.12). CDC annually requests reports from state and territorial epidemiologists or from persons designated as WBDO surveillance 

coordinators. When needed, additional information regarding water quality and treatment is obtained from the state's drinking water agency.

Definition of Terms*

The unit of analysis for the WBDO surveillance system is an outbreak, not an individual case of a particular disease. Two criteria must be met for an event to be defined 

as a WBDO. First, at least two persons must have experienced a similar illness after either ingestion of drinking water or exposure to water used for recreational 

purposes. The stipulation that at least two persons be ill is waived for single cases of laboratory-confirmed primary amebic meningoencephalitis and for single cases of 

chemical poisoning if water-quality data indicate contamination by the chemical. Second, epidemiologic evidence must implicate water as the probable source of the 

illness. For drinking water, outbreaks caused by contamination of water or ice at the point of use (e.g., a contaminated water faucet or serving container) are not classified 

as WBDOs.

If primary cases (among persons exposed to contaminated water) and secondary cases (among persons who became ill after contact with primary case-patients) are 

distinguished on the outbreak report form, only primary cases are included in the total number of cases. If both actual and estimated case counts are included on the 

outbreak report form, the estimated case count is used if the study population was sampled randomly or the estimated count was calculated by using the attack rate.
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Public water systems --- classified as either community or noncommunity water systems --- regularly provide piped water for human consumption to>15 service 

connections or an average of >25 persons for >60 days/year. Public water systems are regulated under SDWA. A community water system serves year-round residents of 

a community, subdivision, or mobile home park that has >15 service connections or an average of>25 residents. There are two categories of noncommunity water 

systems --- nontransient and transient. Nontransient noncommunity water systems are public water systems that serve >25 of the same persons for >6 months of the year 

(e.g., a factory or school). Transient noncommunity water systems do not regularly serve>25 of the same persons for >6 months of the year. Typical transient 

noncommunity water systems are highway rest stations, restaurants, and parks with their own public water systems. The distinction between these two types of systems is 

important when considering the potential health effects associated with chronic low levels of exposure to certain chemicals (e.g., benzene). However, acute high-level 

exposure to chemicals or acute exposure to infectious agents are of concern in both types of systems. Of the approximately 170,000 public water systems in the United 

States, 115,000 (67.6%) are noncommunity systems, serving transients (95,000 systems) and nontransients (20,000); 55,000 (32.4%) are community systems (EPA Safe 

Drinking Water Information System database, unpublished data, 1998). Community water systems serve approximately 243 million persons in the United States (91.0% 

of the U.S. population); approximately 24 million persons (9.0%) rely on private or individual water systems, which are small systems that are not owned or operated by 

a water utility and that serve <15 connections or <25 persons. In addition, millions of persons use noncommunity systems while traveling or working.

Each drinking water system associated with a WBDO is classified as having one of the deficiencies listed below. If more than one deficiency is noted on the outbreak 

report form, the deficiency that most likely caused the outbreak is noted. The deficiency classifications are as follows:

1=Untreated surface water. 

2=Untreated groundwater. 

3=Treatment deficiency (e.g., temporary interruption of disinfection, chronically inadequate disinfection, and inadequate or no filtration). 

4=Distribution system deficiency (e.g., cross-connection, contamination of water mains during construction or repair, and contamination of a storage 

facility). 

5=Unknown or miscellaneous deficiency (e.g., contaminated bottled water).

Recreational waters include swimming pools, whirlpools, hot tubs, spas, water parks, and fresh and marine surface waters. Although the WBDO surveillance system 

includes whirlpool- and hot tub-associated outbreaks of dermatitis caused by Pseudomonas aeruginosa, wound infections resulting from waterborne organisms are not 

included.

Classification of Outbreaks

This surveillance system classifies WBDOs according to the strength of the evidence implicating water (Table 1). The classification numbers (i.e., Classes I--IV) are 

based on the epidemiologic and water-quality data provided on the outbreak report form. Epidemiologic data are weighted more heavily than water-quality data. Thus, 

although some outbreaks without water-quality data were included in this summary, reports without supporting epidemiologic data were excluded. Outbreaks of 

Pseudomonas dermatitis and single cases of primary amebic meningoencephalitis or single cases of illness resulting from chemical poisoning are not classified according 

to this scheme.

A classification of I means that adequate epidemiologic and water-quality data were reported but does not necessarily imply that the investigation was optimal. 

Classifications II--IV do not necessarily imply that the investigations were flawed; the circumstances of each outbreak differ, and not all outbreaks can or should be 

rigorously investigated.

RESULTS

Outbreaks Associated with Drinking Water

During 1997--1998, a total of 13 states reported 17 outbreaks associated with drinking water. Seven were reported for 1997 and 10 for 1998. Florida reported the most 

outbreaks (i.e., four). These outbreaks caused an estimated 2,038 persons to become ill. The median outbreak size was 10 persons (range: 2--1,400). No deaths were 

attributed to these outbreaks. Outbreaks were most common during the summer and fall months (Figure 1). Fifteen (88.2%) of the 17 outbreaks occurred during May--

October.

Seven (41.2%) of the 17 outbreaks were assigned to Class I based on epidemiologic and water-quality data; none were Class II or Class IV, and 10 (58.8%) were Class 

III. Outbreaks are listed by state (Tables 2 and 3) and are tabulated by the etiologic agent and type of water system (Table 4) and by the type of deficiency and type of 

water system (Table 5).

Etiologic Agents

Ten (58.8%) of the 17 outbreaks were of known infectious etiology, 5 (29.4%) were of unknown etiology, and 2 (11.8%) were attributed to chemical poisoning. Of the 

10 outbreaks with known infectious etiology, 6 (60.0%) were caused by parasites and 4 (40.0%) by bacteria (Figure 2).

Parasites. During 1997, two outbreaks were caused byGiardia, one in New York and the other in Oregon. The outbreak of giardiasis in New York occurred during June, 

affected 50 persons, and was associated with a surface water supply that was chlorinated but unfiltered. A beaver was found in a valve box near the reservoir, but no data 

were provided on the presence ofGiardia in the beaver. The outbreak at a campground in Oregon also occurred during June, affected 100 persons, and was associated 

with drinking water from a noncommunity system that combined groundwater from an untreated well and a chlorinated spring. Although rodents were suspected to have 

contaminated a storage reservoir at a campground, no data were provided regarding Giardia in the rodents. Two outbreaks of giardiasis occurred in Florida during 1998. 

In May, seven persons from two households became ill after drinking water from an untreated groundwater source. In December, two persons became ill in a household 

with an untreated groundwater system. Recent rainfall and possible flooding were suspected to have contaminated the well.

Two outbreaks were associated with Cryptosporidium. The first outbreak occurred at a children's group home in New Mexico where staff, residents, and visitors became 
ill with cryptosporidiosis after drinking from spigots supplied by chlorinated well water. The home was served by a community water system but also had an irrigation 

well with several spigots on the grounds. Although the well water was not intended for drinking, the spigots were not marked as nonpotable, and the well did not have a 

sanitary seal to protect it from surface water drainage. In addition, several persons swam in a pool filled with this well water, which could have contributed to the 

outbreak. In the second outbreak of cryptosporidiosis, approximately 1,400 persons became ill and 23 were hospitalized in Texas after >160,000 gallons of raw sewage 

spilled, flowed through underground fissures in a creek bed and into an aquifer located near five municipal utility district wells, and contaminated four of the five wells. 

The spill was caused by a lightning storm that shorted the controls of a sewage treatment plant. Although no deficiencies were observed in the treatment process of the 

well water, the treatment provided (chlorine disinfection) would not be expected to kill Cryptosporidium.

Bacteria. Four outbreaks were caused by bacteria; three were attributed toE. coli O157:H7 and one to Shigella sonnei. The first outbreak of E. coli O157:H7 occurred in 

Wyoming, affected 157 persons, and was associated with a community water system supplied by a spring and two wells. The water in this system was not treated, and 

the outbreak could have resulted from fecal contamination by wildlife near the spring. A second outbreak of E. coli O157:H7 in Illinois involved three persons who drank 

from an untreated well located near a cattle pasture. E. coli O157:H7 was isolated from the well water. The third outbreak ofE. coli O157:H7 occurred in Washington at a 
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trailer park and was associated with a chlorinated groundwater supply. Approximately four persons became ill, and one was hospitalized. The method of contamination 

could not be determined, but the water system was not in compliance with state and county regulations.

A cross-connection was blamed for an outbreak ofS. sonnei that occurred in Minnesota at a local fair supplied by a community water system. The outbreak affected 83 

persons, four of whom were hospitalized. Pulse-field gel electrophoresis (PFGE) subtyping was used to identify the outbreak strain. Two foodborne outbreaks ofS. sonnei

occurred earlier in 1998 in Minnesota at two restaurants, and the waterborne outbreak strain from the fair matched the strain associated with the restaurant outbreaks. One 

person exposed to S. sonnei at one of the restaurant outbreaks reported attending the fair while ill.

Chemicals. Two outbreaks of copper poisoning were reported in Florida. In the first outbreak, two persons became ill after consuming fruit drink made with tap water. 

Improper wiring and plumbing procedures caused leaching of copper from restaurant piping. After the outbreak, the owners of the restaurant replaced the copper tubing 

with polyvinyl chloride (PVC) and replaced the check valve. In the second outbreak, elevated levels of copper in tap water were associated with gastrointestinal illness 

among 35 persons in one community. A defective check valve and a power outage led to a malfunction at a water treatment facility, releasing high levels of sulfuric acid, 

which corroded the pipes and allowed leaching of copper into the system.

Unidentified Etiologic Agent

The etiologic agent was not identified for five (29.4%) of the 17 WBDOs associated with drinking water. The illnesses associated with at least four of the outbreaks had 

incubation periods, durations, and symptom complexes consistent with viral syndromes. Three outbreaks occurred during 1997 --- one in Colorado, one in New Mexico, 

and one in South Dakota. In Colorado, nine persons became ill after an extended family leased recreational cabins for the summer. The cabins' water system was supplied 
by a spring, but the system's chlorinator was not functioning at the time of the outbreak. No stool specimens were available for laboratory diagnosis. In New Mexico, 123 

persons became ill with gastroenteritis after visiting a country club. The country club was supplied by a groundwater source that was not chlorinated routinely. Before the 

outbreak, the club had a history of problems, including sewage leaks and high coliform levels in the tap water. Stool specimens were submitted for diagnostics, and 11 

specimens were positive forE. coli O86:H11. However, because E. coli O86:H11 is not a recognized pathogen and lacks virulence markers, its role in the illness was not 

established. Although one specimen was positive for Giardia, the median incubation period (20 hours) and duration of illness (2 days) were not consistent with 

giardiasis. In South Dakota, 16 persons at a camp became ill with gastroenteritis associated with drinking tap water. In 1998, one outbreak of unknown etiology was 

reported in Montana when five persons became ill after drinking tap water from an individual household supplied by well water treated with chlorine. One person was 

hospitalized. In Ohio, 10 persons became ill after a temporary cross-connection in the water treatment plant and its offices occurred. Stool specimens were submitted for 

diagnostics, and 1 of 15 was positive for Blastocystis hominis and Endolimax nana, suggesting exposure to feces.

Water-Quality Data

Information regarding the presence of coliform bacteria, pathogens, or chemical contaminants was available for 16 (94.1%) of the 17 reported outbreaks. Water samples 

were tested for coliform bacteria during the investigation of 12 (70.6%) of the 17 outbreaks and were positive for total or fecal coliforms for 10 (83.3%) of the 12 

outbreaks. No information regarding the presence of coliforms was available for one outbreak of undetermined etiology and two of four outbreaks caused by Giardia. 

However, in two outbreaks of giardiasis, water samples were tested forGiardia cysts. One of the giardiasis outbreaks was associated with chlorinated, unfiltered surface 

water; 200 cysts/100 L were found in a tap water sample. The second outbreak was associated with a chlorinated groundwater source, and 1.1 cysts/100 L were found in 

a sample of water collected at a campsite. In two other outbreaks of giardiasis in Florida, water was not tested for Giardia cysts, but coliforms were detected in one of the 

outbreaks. Both of these outbreaks were associated with untreated well water.

In one outbreak of cryptosporidiosis associated with chlorinated well water, tap water samples were negative for coliforms, but fecal coliforms, total coliforms, and 

oocysts were detected in the well water. In a second outbreak, samples from a chlorinated well were positive for total and fecal coliforms, but oocysts were not detected.

Total coliforms were detected in tap water samples for all four of the bacterial outbreaks and four (80.0%) of the five outbreaks of unknown etiology. In the outbreak of 

unknown etiology in New Mexico, which was caused by contamination within the water distribution system, EPA used tissue culture techniques to detect the presence of 

an enteric virus in a 150-gallon water sample from the well. Fecal coliforms were also detected in two of the bacterial outbreaks and one of the outbreaks of unknown 

etiology. In the outbreak of E. coli O157:H7 in Illinois, the organism was cultured from a water sample from the untreated well.

Tap water was tested for copper levels in both copper poisoning outbreaks. In the restaurant outbreak, 3.6 mg/L of copper was found in the tap water after leaching from 

copper plumbing. In the second outbreak, copper levels of 33 mg/L and 138 mg/L and a pH <6 were found in two water samples collected on the day that excess sulfuric 

acid was inadvertantly added to the water system.

Water System and Water Source

Eight (47.1%) of the 17 WBDOs were associated with community systems, 5 (29.4%) with noncommunity systems, and 4 (23.5%) with individual water systems (Tables 

4 and 5). Only two (11.8%) of the outbreaks were associated with surface water systems.

Three (37.5%) of the eight outbreaks associated with community water systems were caused by problems at water treatment plants, three (37.5%) were the result of 

problems in the water distribution systems and plumbing of individual facilities (e.g., offices, schools, and restaurants), and two (25.0%) were associated with 

contaminated, untreated groundwater.

All five of the outbreaks in noncommunity systems were associated with groundwater systems. Two (40.0%) of the five outbreaks were caused by contamination in the 

distribution system. Interruption of chlorination was responsible for two outbreaks of unknown etiology. Inadequate chlorination of a well water source (i.e., coliforms 

were present in tap water) caused an outbreak ofE. coli O157:H7.

All four outbreaks in individual water systems were associated with groundwater systems. Outbreaks caused byGiardia, Cryptosporidium, and E. coli O157:H7 were 

reported in untreated well water systems; an outbreak of unknown etiology was associated with inadequate chlorination of well water (i.e., coliforms were present in tap 

water).

Of the six protozoan outbreaks, five (83.3%) occurred in groundwater systems (four used well water sources and one used both well and spring water sources). All four 

of the outbreaks of bacterial etiology occurred in groundwater systems (three used well water and one used both well and spring water). Four (75.0%) of the five 

outbreaks of unknown etiology occurred in groundwater systems (three used well water and one spring water).

Outbreaks Associated with Recreational Water

During 1997--1998, a total of 18 states reported 32 outbreaks associated with recreational water (Tables 6--9). Seven outbreaks were reported for 1997 and 25 for 1998. 

The states that reported the most outbreaks were Wisconsin (seven outbreaks) and Minnesota (four outbreaks). These 32 outbreaks caused illness in an estimated 2,128 

persons. The median outbreak size was 11 persons (range: 1--650).

All but 1 of the 18 outbreaks of gastroenteritis occurred during the summer (Figure 3). The four cases of primary amebic meningoencephalitis also occurred during 

summer months. Six (75%) of the eight outbreaks of dermatitis (i.e., rash) occurred during January or February.

Etiologic Agents
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Twenty-nine (90.6%) of the 32 recreational water outbreaks were of known infectious etiology (Tables 6--9). Nine (50.0%) of the 18 outbreaks of gastroenteritis were 

caused by parasites, 4 (22.2%) by bacteria, 2 (11.1%) by viruses, and 3 (16.7%) were of unknown etiology (Tables 6--9). There was one outbreak of Pontiac fever and 

one of leptospirosis. Of the 32 recreational water outbreaks, 15 (46.9%) were associated with fresh water and 17 (53.1%) with treated water (Figure 4).

Parasites. All of the outbreaks of gastroenteritis caused by parasites were caused by Cryptosporidium. One was associated with fresh water and eight with treated 

recreational water, either in pools or fountains (Figure 4).

One outbreak occurred in Pennsylvania, where eight persons became ill with cryptosporidiosis after swimming in a lake at a state park; two persons were hospitalized. 

The other eight outbreaks of cryptosporidiosis were associated with treated recreational water. In Minnesota, 369 persons became ill after playing in a sprinkler fountain 

at a local zoo (17). The fountain was originally designed as a decorative fountain. The water was not intended for drinking but had become a popular interactive play area 

for children. Water was sprayed through the air, drained through grates, collected, passed through a sand filter, and chlorinated and recirculated. The original source of 

contamination was unknown, but the fountain was a popular place for children to soak themselves during the heat of the summer. Two other outbreaks of 

cryptosporidiosis occurred in Minnesota during 1998, one at a swim club and the other at a community pool. The source of the outbreak at the community pool was 

unknown, but the suspected source at the swim club was a child with cryptosporidiosis who swam in the pool 710 days before the outbreak. An outbreak occurred in 

Florida in a day care pool when seven persons became ill with cryptosporidiosis. Although the source of the outbreak was unknown, there were reports of babies in 

diapers swimming in the pool. In Oregon, 69 persons became ill with cryptosporidiosis after swimming in a community pool. The source of the outbreak was unknown 

although fecal contamination was suspected. Three outbreaks of Cryptosporidium occurred in Wisconsin, all associated with public pools, and in all, the suspected source 

was fecal accidents. One outbreak in Wisconsin involved three separate swimming pools with a total of 12 persons acquiring cryptosporidiosis. The source of the 
outbreak was suspected to be a child, later diagnosed with Cryptosporidium, who had a fecal accident in three community swimming pools on three successive days. 

Pool operators were unaware of the accidents until the mother of the child reported them 2 weeks later.

In 1998, four cases of primary amebic meningoencephalitis were attributed to Naegleria. All four of the infected children, who ranged in age from 3--14 years, died. 

Infection was acquired when the children swam in a lake (two children), river (one child), or canal (one child). Two of the cases were associated with exposure in Texas, 

one in Florida, and one in Oklahoma.

Bacteria. Four (22.2%) of the 18 outbreaks of gastroenteritis were attributed to bacteria. Three of these outbreaks were caused byE. coli O157:H7, two in fresh water and 

one in treated water (Figure 4). Eight persons attending a family reunion became ill in Missouri after swimming at a lake resort. In an outbreak at a water park in 

Georgia, 26 persons became infected with E. coli O157:H7 (18). Seven of these case-patients developed hemolytic uremic syndrome and one died. A fecal accident in a

children's pool in the water park was suspected to be the source of the outbreak. Low chlorine levels documented during that period could have been inadequate to 

inactivate the bacteria. In Minnesota, five persons developed gastroenteritis caused byE. coli O157:H7 after swimming in a lake. One person was hospitalized. Nine 

persons became ill from S. sonnei in Massachusetts. This outbreak was associated with a wading pool that included a sprinkler fountain. The system recirculated chlorine

-treated water, and many diaper-aged children were observed sitting in the wading pool.

An outbreak of leptospirosis occurred among competitors in a triathlon in Illinois during 1998 (19). Three hundred seventy-five persons became ill after swimming in a 

lake, 28 of whom were hospitalized, making this the largest outbreak of leptospirosis ever reported in the United States. Wisconsin reported one outbreak of Pontiac 

fever among 45 guests at a hotel. The source of exposure was linked to use of the hotel whirlpool. The whirlpool log indicated adequate amounts of disinfectant in the 

whirlpool during the time of exposure.

Other. After swimming at a public lake beach, 30 persons in Ohio and an estimated 18 persons in Wisconsin became ill with Norwalk-like virus (NLV). In both 

outbreaks, lake water tested positive for fecal coliforms, but the source of the virus was not identified. In the Ohio outbreak, latrines were located close to a stream that 

fed into the lake and were considered a potential source of contamination. No agent could be identified for three (16.7%) of the 18 outbreaks of gastroenteritis; all three 

were associated with lakes.

An estimated 127 persons were affected in eight outbreaks of dermatitis associated with pools, hot tubs, springs, or lakes. All eight outbreaks had known or suspected 

infectious etiologies (Table 9). P. aeruginosa was confirmed as the etiologic agent for three (42.9%) of the seven Pseudomonas outbreaks and was suspected in the other 

five, based on the clinical syndromes. ASchistosoma species was the presumptive etiologic agent of the one outbreak of swimmer's itch because the clinical signs were 

consistent with cercarial dermatitis.

Previously Unreported Outbreak

A previously unpublished NLV outbreak during 1996 was reported (Table 10). This outbreak was associated with drinking tap water at an elementary school in Florida. 

An estimated 594 persons, including students and staff, became ill with gastrointestinal symptoms; no one was hospitalized. Investigation of the water supply system 

failed to identify evidence of contamination or any event that could have resulted in contamination.

Outbreaks Not Classified as Waterborne-Disease Outbreaks

Outbreaks attributed to drinking water contaminated at the point of use, rather than at the source or in the distribution system, are not classified as WBDOs. Although 

several point-of-use outbreaks were reported to the WBDO surveillance system during 1997--1998, these outbreaks are not included in this surveillance summary.

In 1997, a total of 11 residents and employees of a group home in Missouri became ill with fever and upper respiratory symptoms associated with vaporizer and 

whirlpool use; five persons were hospitalized. The following agents were isolated from patients: P. aeruginosa, Serratia marcesens, Klebsiella pneumoniae,Citrobacter

species, Enterobacter aerogenes, E. cloacae, and P. alcaligenes. Evidence of P. aeruginosaand E. cloacae also were found in the vaporizers and whirlpools. During 

1998, an outbreak in Missouri possibly was associated with contaminated ice. Four persons who consumed ice from a restaurant storage bin became ill with 

gastroenteritis attributed to S. aureus.

In 1997, an outbreak of Campylobacter jejuni was reported among 106 guardsmen of the Minnesota Army National Guard following a training exercise in Greece. The 
source of the outbreak was bottled water consumed during international field exercises. The water was bottled in Greece. Five additional outbreaks that occurred during 

1997--1998 were not included in this surveillance summary because of insufficient epidemiologic data to classify them as WBDOs (i.e., the outbreaks did not meet the 

criteria for Classes I--IV).

DISCUSSION

General Considerations Regarding Surveillance Data

Waterborne-disease surveillance data are useful for evaluating the adequacy of approaches for providing safe drinking and recreational water. However, the data in this 

surveillance summary probably underestimate the true incidence of WBDOs or the relative incidence of outbreaks caused by various etiologic agents. Not all WBDOs 

are recognized, investigated, and reported to CDC or EPA, and the extent to which WBDOs are unrecognized and underreported is unknown. A national quick-response 

notification system through which public health officials and health-care providers could share provisional data on WBDOs would be useful.

The likelihood that individual cases of illness will be detected, epidemiologically linked, and associated with water varies considerably among locales and is dependent 

on many factors. These factors include a) public awareness, b) the likelihood that persons who are ill will consult the same rather than different health-care providers, c) 

availability and extent of laboratory testing, d) local requirements for reporting cases of particular diseases, and e) the surveillance and investigative activities of state and 
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local health and environmental agencies. Therefore, the states that report the most outbreaks might not be those where the most outbreaks occur. Recognition of WBDOs 

also is dependent on certain outbreak characteristics; outbreaks involving serious illness are most likely to receive the attention of health authorities. Outbreaks of acute 

diseases, particularly those characterized by a short incubation period, are more readily identified than those associated with disease from chronic, low-level exposure to 

an agent (e.g., some chemicals). Recreational water outbreaks that result from persons congregating in one venue, then dispersing into a wide area could be difficult to 

document. Outbreaks associated with community water systems are more likely to be recognized than those associated with noncommunity systems because the latter 

serve mostly nonresidential areas and transient populations. Outbreaks associated with individual systems are the most likely to be underreported because they generally 

involve few persons.

The identification of the etiologic agent of a WBDO depends on the timely recognition of the outbreak so that appropriate clinical and environmental samples can be 

obtained. The practices of investigators' laboratories can also influence whether the etiologic agent is identified. For example, diarrheal stool specimens generally are 

examined for bacterial pathogens, but not for viruses. In many laboratories, testing for the parasite Cryptosporidium is conducted only if requested and is not included in 

routine stool examinations for ova and parasites (20). The water-quality data collected vary widely among outbreak investigations, depending on such factors as available 

fiscal, investigative, and laboratory resources. Furthermore, a few large outbreaks can substantially alter the relative proportion of cases of waterborne disease attributed 

to a particular agent. Finally, the number of reported cases is generally an approximate figure, and the method and accuracy of the approximation vary among outbreaks.

Outbreaks Associated with Drinking Water

The number of outbreaks reported during 1997 (i.e., 7) and 1998 (i.e., 10) is comparable with those reported during 1996 (i.e., 6). However, the number of outbreaks 

reported for these 3 years is lower than those reported for any 2-year period since 1971. WBDO reports peaked during 1979--1983 (Figures 5--6). The increase and 

subsequent decrease in the number of reports might reflect, at least in part, changes in surveillance activities or be a reporting artifact (21). The recent decrease in the 

number of outbreaks reported since 1996 could also be caused by improved implementation of water treatment regulations (e.g., SWTR), increased efforts by many water 

utilities to produce drinking water substantially better than EPA standards require, and efforts by public health officials to improve drinking water quality.

Drinking water outbreaks associated with surface water decreased from 31.8% (i.e., 7) during 1995--1996 to 11.8% during 1997--1998, when only two outbreaks were 

attributed to surface water supplies. One was an outbreak of giardiasis and the other was of unknown etiology. The outbreak of giardiasis that occurred in New York 

during 1997 was associated with a surface water supply that was chlorinated but not filtered. Outbreaks associated with surface water demonstrate the importance of 

requiring water systems to provide an adequate chlorine concentration and contact time (as specified by SWTR) to inactivateGiardia and other organisms that are

relatively chlorine-resistant, especially if the surface water is unfiltered (22). Giardia can be inactivated by disinfection without filtration, but only if stringent conditions 

are consistently maintained. Providing both filtration and chlorination is an example of using multiple barriers to protect water supplies.

The number of outbreaks associated with systems supplied by a groundwater source (i.e., 15) increased from the 1995--1996 reporting period (i.e., 13), representing the 

largest proportion (88.2%) of such outbreaks since 1978, when outbreak source water was first recorded (i.e., surface water versus groundwater). Of the 15 outbreaks 

associated with groundwater during 1997--1998, a total of 10 (66.7%) were associated with a system that had a treatment problem or distribution deficiency; 4 (26.7%) 

were associated with systems that had untreated water; and 1 (6.67%) had an unknown problem. Groundwater is often not routinely disinfected and almost never filtered 

at the treatment plant. Therefore, wells and springs must be protected from sources of contamination (e.g., surface runoff, septic tank drainage, and sewage discharges). 

EPA is developing a groundwater rule. Adequate and continuous disinfection of groundwater used for drinking water should be considered to reduce the occurrence of 

WBDOs caused by chlorine-sensitive organisms, particularly for systems in which intermittent contamination of wells and springs is difficult to detect or prevent.

Three of the four outbreaks of Giardia were attributed to groundwater. Two involved water from groundwater systems that were untreated except for ion exchange 

softening, whereas the third outbreak involved water disinfected with chlorine. Three of the four outbreaks of unknown etiology associated with drinking water occurred 

in systems using groundwater that experienced treatment deficiencies.

The outbreak in Texas during 1998 that was attributed to Cryptosporidium was associated with chlorinated wells located in limestone.Cryptosporidium is a smaller (4--6 

µm) protozoan parasite thanGiardia and is >50-fold more resistant to chlorine. Because Cryptosporidium is highly resistant to the chemicals typically used to treat 

drinking water, the parasite must be physically removed by filtration. However, karst (limestone) and fractured bedrock do not provide adequate natural filtration (23). 

Groundwater in these types of geologic formations can be under the direct influence of surface water and is more likely to be contaminated. Groundwater sources under 

the direct influence of surface water are included in SWTR, and the water might need to be filtered as well as disinfected.

All four drinking water outbreaks attributed to bacteria during this reporting period were associated with groundwater. This has been the case for all reported bacterial 

outbreaks since 1989. Three of the four outbreaks reported during this period were associated with untreated or inadequately chlorinated well water. In two of the three 

outbreaks, groundwater contamination was attributed to migration of fecal bacteria carried by surface water through the soil.

Although major advances have been made in detecting viruses in stool and environmental samples, and many outbreaks of acute gastrointestinal illness of unknown 

etiology (AGI) have epidemiologic and clinical characteristics consistent with viral etiology, only two outbreaks caused by a viral agent have been reported to CDC since 

1991. Investigators are encouraged to submit clinical specimens for viral testing, either to CDC or state laboratories that conduct these tests.

Two outbreaks of chemical poisoning were reported to CDC during 1997--1998, a decrease from the number of outbreaks during 19951996 (i.e., 7). Both outbreaks were 

caused by copper poisoning, but the outbreak in 1998 underscores that corrosive water can cause leaching of metals from the plumbing and water distribution system. 

EPA requires monitoring for copper (and lead) at the tap rather than at the treatment plant, and EPA's action level for copper is 1.3 mg/mL (24). The results of this 

monitoring are used to determine whether treatment to control corrosion is needed or is being applied properly.

Waterborne chemical poisonings are probably underreported to CDC. Several reasons could explain the low reporting rate, including the following:

• Most poisonings of this nature (e.g., those associated with the leaching of copper from plumbing systems) probably occur in private residences, affect relatively 

few persons, and might not come to the attention of public health officials.

• Exposure to chemicals via drinking water can a) cause illness that is difficult to attribute to chemical intoxication or b) cause nonspecific symptoms that are 

difficult to link to a specific chemical.

• The mechanisms for detecting waterborne chemical poisonings and reporting them to the WBDO surveillance system are not as well-established as those for 

WBDOs caused by infectious agents.

• Physicians might have difficulties recognizing and diagnosing chemical poisonings.

Future efforts should be tailored to improving the sensitivity of surveillance activities, the detection of associations between environmental releases or exposure incidents 

and individual health events, and the assessment of the public health burden associated with water-related chemical exposures. Physicians should also be educated to 

recognize and diagnose poisonings caused by waterborne chemicals.

The relative proportion of outbreaks associated with various types of water systems has remained fairly constant (Figure 6). However, the proportion of reported 

outbreaks associated with community water systems that were attributed to problems at water treatment plants, and thus affected entire communities, declined during

1989--1996 and remained below the proportions for the 1989--1994 reporting periods (i.e., 72.7% for 1989--1990, 62.5% for 1991--1992, 57.1% for 1993--1994, 30.0% 

for 1995--1996, and 37.5% for 1997--1998). This decrease could reflect improvements in water-treatment practices and plant operations. During 1997--1998, three 

(37.5%) of the eight outbreaks in community water systems were caused by improper plumbing or cross-connections in the distribution system at individual facilities 

(e.g., a restaurant). This is a decrease from the previous reporting period (i.e., 70.0%). These types of problems could be remedied by effective cross-connection control 
regulations that require inspection and testing. However, monitoring, regulating, and standardizing the practices of the multitudinous individual facilities (e.g., offices, 

schools, and restaurants) in this country is a daunting task.
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Outbreaks Associated with Recreational Water

The most frequently reported WBDOs caused by exposure to recreational water were outbreaks of gastroenteritis. Although fewer outbreaks of gastroenteritis were 

reported during 1997--1998 (i.e., 18) than during 1995--1996 (i.e., 22), this number was higher than previous years (Figure 7). There has been a gradual increase in the 

number of gastroenteritis outbreaks reported since 1989. This increase is not statistically significant (p value >0.18), and there is not enough evidence to determine if the 

increase represents the beginning of a trend or a reporting artifact. The 15 recreational water outbreaks reported in 1998 represent the largest number of outbreaks since 

1989. Recreational water outbreaks of gastroenteritis reported during 1997--1998 accounted for illness in >1,570 persons, compared with 2,038 persons affected by 

drinking water outbreaks reported during this same period.

Because swimming is essentially communal bathing, rinsing of soiled bodies and overt fecal accidents cause fecal contamination of the water. Unintentional ingestion of 

recreational water contaminated with pathogens can then lead to gastrointestinal illness, even in nonoutbreak settings (25,26). Fresh and marine waters are also subject to 

other modes of contamination from point sources (i.e., sewage releases), watersheds (runoff from agricultural and residential areas), and floods.

The number of outbreaks of gastroenteritis caused by parasites in recreational water has been consistently<10 since 1989--1990 (i.e., zero for 1989--1990, 6 for 1991--

1992, 10 for 1993--1994, 7 for 1995--1996, and 10 for 1997--1998). No outbreaks of gastroenteritis caused by parasites were reported during 1989--1990, but that could 

be because little routine diagnostic testing forCryptosporidium occurred at that time. Of the gastrointestinal outbreaks attributed to parasites during 19971998, all were 

caused by Cryptosporidium; 90% were associated with recreational use of treated water in venues such as swimming pools and fountains, and human fecal accidents 

were suspected in most of these outbreaks (Figure 4).

Because infection with Cryptosporidium can occur after swallowing as few as 10--100 oocysts (27,28), swallowing a single mouthful of contaminated water could cause 

illness. Cryptosporidium, and to a lesser extent Giardia, are resistant to disinfection by chlorine at levels generally used in swimming pools. Although some pools might 

have filters and disinfection practices capable of removing or killing parasites, several hours could be required to completely recirculate and cleanse the pool water. In the 

meantime, pool water can become recontaminated. Either way, swimmers remain at risk until all of the water is recirculated through an effective water treatment process. 

The risk for transmission of cryptosporidiosis can increase because of the protracted periods of time necessary for moving all water through filtration equipment (i.e., 

turnover rates), problems in the design of pools that result in areas with poor water circulation (dead spots) (29), mixing of water from different pools during filtration, 

and the depletion of disinfectants by organic matter, which leaves insufficient residual disinfectant (30). BecauseCryptosporidium oocysts measure only 4--6 µm in 

diameter, pool filtration systems that use sand or other large granular materials (without the special chemical pretreatment coagulants commonly used by the drinking 

water industry) might not be effective in removing oocysts.

The number of reported outbreaks of gastroenteritis in recreational water caused by bacteria decreased from 10 during 1995--1996 to 4 during 1997--1998. One outbreak 

was in a large water park where residual disinfectant would be expected to prevent these types of outbreaks. Chlorine levels during the period of the outbreak were low 

when measured by county public health officials. This underscores the difficulty of maintaining adequate chlorination levels in large shallow pools used by many young 

children. Because fecal contaminants and other organic material can rapidly consume the available chlorine, pool operators need to maintain their disinfectant at 

regulated levels and test those levels on a regular and frequent basis.

In contrast with the outbreaks caused by parasites, most of which were associated with chlorinated water, 50% (i.e., 2) of the outbreaks attributed to bacteria were 

associated with unchlorinated water (i.e., lakes) (Figure 4). Freshwater venues, which lack filtration and disinfection safeguards, present more of a challenge for 

prevention. Contamination of these venues can require protracted periods of closure or other ways to limit use, to ensure appropriate water quality. EPA has published 

criteria for evaluating the quality of both marine and fresh water used for recreation (16,31). Microbial monitoring has been recommended for recreational areas 

potentially contaminated by sewage or human use. However, epidemiologic studies have not clearly defined what health risks might be associated with specific levels of 

total or fecal coliforms detected in bathing waters.

Prevention efforts have focused on providing adequate bathroom facilities (e.g., including diaper-changing areas at recreational areas) and on limiting the number of 

swimmers per unit area. Other prevention measures can include patron and operator education, as well as efforts to a) improve filtration methods, disinfection methods, 

and pool design and b) change recreational water industry practices (e.g., provide specific pools with dedicated filtration systems for children so the water is not mixed 

with adults pools, limit access of young children to adult pools and operate filtration systems at higher turnover rates [in keeping with existing state and local regulatory 

requirements for suction injuries]). However, such changes can be costly, and the degree to which they reduce risk is unknown. Development and enforcement of clear 

and effective policies regarding fecal accidents in recreational water facilities is needed. However, questions that still need to be addressed include:

• What is the prevalence of pathogens in formed fecal accidents that are usually observed by pool operators?

• How long should a pool be vacated after a fecal accident?

• Is it beneficial to drain a pool after a fecal accident?

• Is hyperchlorination a strategy that should be used, especially for Cryptosporidium?

• What role do swim diapers/pants have in reducing fecal accidents?

Strategies to change behaviors of recreational water guests might also be important. Public education should stress that swimming is communal bathing and therefore 

requires good hygiene practices, and that chlorine does not kill all pathogens. Outbreaks of gastroenteritis associated with recreational water use could be reduced if a) 

those experiencing diarrhea refrain from swimming and continue to do so for 2 weeks after the resolution of their diarrhea and b) swimmers avoid swallowing 

recreational water.

During 1997--1998, most of the reported outbreaks of dermatitis were associated with hot tubs and pools. The outbreak of Pontiac fever in Wisconsin was also associated 

with whirlpool use. Outbreaks ofPseudomonas dermatitis and Pontiac fever associated with hot tubs are preventable if water is maintained at a pH of 7.2--7.8 with free, 

residual chlorine levels in the range of 2.0--5.0 mg/L (32). A person's susceptibility and immersion time, along with the number of bathers per unit area, also could 

influence the risk for infection (33). Close operator attention to pool and hot tub bather load, as well as frequent disinfectant level checks and additions could help 

prevent these outbreaks.

During 1997--1998, four deaths were caused by primary amebic meningoencephalitis, which is fewer than the six deaths reported during 1995--1996. Naegleria

infections are generally acquired during the summer months when the temperature of fresh water is favorable for multiplication of the organism (34,35). The ameba 

could enter a person's body through the nasal passages when water is forced up the nose during swimming. Limiting the amount of fresh water forced into the nasal 

passages during jumping or diving (e.g., holding the nose or wearing nose plugs) could reduce the risk for these infections.

CONCLUSION

Information from the nationwide surveillance for WBDOs is used to characterize the epidemiology of waterborne diseases in the United States. Data regarding the types 

of water systems and deficiencies associated with outbreaks are used to evaluate the adequacy of current regulations for water treatment and monitoring of water quality. 

The identification of the etiologic agents of outbreaks is critical because agents newly associated with WBDOs could require new methods of control. Trends in the 

incidence of WBDOs caused by various etiologic agents can lead to changes in policies or resource allotment.

For agents that are recognized as important waterborne pathogens, surveillance at the local and state levels facilitates rapid recognition and control of WBDOs. Close 

communication among state and local health departments and water utilities is crucial. For example, if epidemiologic evidence suggests the possibility of waterborne 

transmission, water utilities should be contacted promptly and asked about such factors as recent treatment events and changes in source water quality. Similarly, local 

policies should be developed that specify the thresholds for reporting various water-quality data to health departments. Timely water testing and environmental 
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investigations can help identify an outbreak's etiologic agent and the correctable source(s) of water contamination, as well as establish whether control measures (e.g., 

boil-water advisories) are indicated.

Ways to improve the WBDO surveillance system should be explored. Reviewing information gathered through other mechanisms (e.g., issuances of boil-water 

advisories and computerized data regarding water quality) could help detect WBDOs. Special epidemiologic studies are needed to supplement the findings of the existing 

surveillance system by addressing such issues as the public health importance of newly identified agents of waterborne disease, the effectiveness of prevention strategies 

in nonoutbreak settings, and the timeliness with which state and local health departments act in response to these pathogens.

State health departments can request epidemiologic assistance and laboratory testing from CDC to investigate WBDOs. CDC and EPA can be consulted regarding the 

engineering and environmental aspects of water treatment and regarding collection of large-volume water samples to identify pathogenic viruses and parasites, which 

require special methods for recovery. Requests for testing for viruses should be made to CDC' s Viral Gastroenteritis Section, Respiratory and Enterovirus Branch, 

Division of Viral and Rickettsial Diseases, National Center for Infectious Diseases (NCID) at (404) 639-3577. Requests for testing for parasites should be made to CDC's 

Division of Parasitic Diseases, NCID, at (770) 488-7760.

Additional information is available from the following sources:

• EPA's Safe Drinking Water Hotline, (800) 426-4791 (telephone) or <sdwa@epamail.epa.gov> (E-mail).

• CDC's Cryptosporidiosis Information Line of the Parasitic Diseases Information Line, (888) 232-3228 (voice telephone system) or (888) 232-3299 (fax).

• CDC's NCID Internet site at <http://www.cdc.gov/ncidod/index.htm>.

Information regarding cryptosporidiosis is available at the Internet site of CDC's Division of Parasitic Diseases, NCID, which is located at the following 

address:<http://www.cdc.gov/ncidod/dpd/parasites/cryptosporidiosis/default.htm>. WBDOs should be reported to this division by telephone at (770) 488-7760 or by fax 

at (770) 488-7761.
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Glossary

Action level: A specified concentration of a contaminant in water. If this concentration is reached or exceeded, certain actions (e.g., further treatment and monitoring) 

must be taken to comply with a drinking water regulation.

Boil-water advisory: A statement to the public advising persons to boil tap water before drinking it.

Class:WBDOs are classified according to the strength of the epidemiologic and water-quality data implicating water as the source of the outbreak (Table 1).

Coagulation: The process of adding chemicals to water to destabilize charges on naturally occurring particles to facilitate their subsequent aggregation and removal by 

flocculation or filtration.

Coliforms: All aerobic and facultative anaerobic, gram-negative, nonsporeforming, rod-shaped bacteria that ferment lactose with gas formation within 48 hours at 95 F 

(35 C).

Community water system: A public water system that serves year-round residents of a community, subdivision, or mobile home park that has>15 service connections 

or an average of>25 residents for >60 days/year.

Contact time: The length of time water is exposed to a disinfectant (e.g., chlorine contact time).

Cross-connection: Any actual or potential connection between a drinking water supply and a possible source of contamination or pollution (e.g., a wastewater line).

Cyst: The infectious stage of Giardia intestinalis and some other protozoan parasites that have protective walls, which facilitate their survival in water and other 

environments.

Disinfection by-products: Chemicals formed in water through reactions between organic matter and disinfectants.

Distribution system: Water pipes, storage reservoirs, tanks, and other means used to deliver drinking water to consumers or store it before delivery.

Excystation: The release of the internal (i.e., encysted) contents (e.g., trophozoites or sporozoites) from cysts or oocysts.

Fecal coliforms: Coliforms that grow and produce gas at 112.1 F (44.5 C) in 24 hours.

Filter backwash:Water containing the material obtained by reversing the flow of water through a filter to dislodge the particles that have been retained on it.

Filtration: The process of removing suspended particles from water by passing it through one or more permeable membranes or media of small diameter (e.g., sand, 

anthracite, or diatomaceous earth).

Finished water: The water (i.e., drinking water) delivered to the distribution system after treatment, if any.

Flocculation: The water-treatment process after coagulation that uses gentle stirring to cause suspended particles to form larger, aggregated masses (floc). The 

aggregates are removed from the water by a separation process (e.g., sedimentation, flotation, or filtration).

Free, residual chlorine level: The concentration of chlorine in water that is not combined with other constituents, thus serving as an effective disinfectant.

Groundwater system: A system that uses water extracted from the ground (i.e., a well or spring).

Heterotrophic microflora:Microorganisms that utilize organic material for energy and growth.

Individual water system: A small water system not owned or operated by a water utility that serves <15 residences or farms that do not have access to a public water 

system.

Maximum-contaminant level: The maximum permissible concentration (level) of a contaminant in water supplied to any user of a public water system.

Nephelometric turbidity units: The units in which the turbidity of a sample of water is measured when the degree to which light is scattered is assessed with a 

nephelometric turbidimeter.

Noncommunity water system: A public water system that a) serves an institution, industry, camp, park, hotel, or business that is used by the public for>60 days per 

year, b) has >15 service connections or serves an average of >25 persons, and c) is not a community water system.

Oocyst: The infectious stage of Cryptosporidium parvum and some other coccidian parasites with a protective wall, which facilitates survival in water and other 

environments.

Public water system: A system, classified as either a community water system or a noncommunity water system, that provides piped water to the public for human 

consumption and is regulated under the Safe Drinking Water Act.

Raw water: Surface water or groundwater that has not been treated in any way.

Reverse osmosis: A filtration process that removes dissolved salts and metallic ions from water by forcing it through a semipermeable membrane. This process is also 

highly effective in removing microbes from water.

Siphonage: A reversal of the normal flow of water or other liquid caused by a negative-pressure gradient (e.g., within a water system).

Source water: Untreated water (i.e., raw water) used to produce drinking water.
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Surface water: The water in lakes, rivers, reservoirs, and oceans.

Total coliforms: Nonfecal and fecal coliforms that are detected with a standard test.

Turbidity: The quality (e.g., of water) of having suspended matter (e.g., clay, silt, or plankton), which results in loss of clarity or transparency.

Untreated water: Surface water or groundwater that has not been treated in any way (also called raw water).

Water quality indicator: A microbial, chemical, or physical parameter that indicates the potential risk for infectious diseases associated with use of the water for 

drinking, bathing, or recreational purposes. The best indicator is one whose density or concentration correlates best with health hazards associated with a given type of 

hazard or pollution.

Water utility: A water provider that distributes drinking water to a community through a network of pipes.

Watershed: An area from which water drains to a single point; in a natural basin, the area contributing flow (i.e., water) to a given place or a given point on a stream.

Watershed-control program: A program to protect a watershed from sources of contamination or pollution.

Table 1
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Translation of 1986 Criteria Risk to Equivalent Risk Levels for Use with New Health Data 
Developed Using Rapid Methods for Measuring Water Quality 

Larry Wymer1
, Tim Wade2 and AI Dufour1 

1. National Exposure Research Laboratory, 2. National Health and Environmental Effects 
Research Laboratory 

In 1986, the Environmental Protection Agency (EPA) published criteria for recreational waters 
(U.S. EPA, 1986), based on epidemiological studies which related microbial water quality, as 
measured by culture methods, to health effects in swimmers (Cabelli, 1983; Dufour, 1984). The 
case definition for gastrointestinal (GI) illness was defined by symptoms or groups of symptoms. 
Highly credible gastrointestinal illness (HCGI) was defined by the following symptoms or 
symptom groups observed in the 8-10 days after the beach visit: (1) vomiting; (2) diarrhea with a 
fever or disabling enough for the individual to remain home, remain in bed or seek medical 
advice; or (3) stomachache or nausea accompanied by a fever. These combinations of symptoms 
were developed to strengthen the validity of using symptoms to describe GI illness in swimmers, 
where the health status information was obtained by telephone interview. 

In 2002, EPA initiated the National Epidemiological and Environmental Assessment of 
Recreational (NEEAR) study program, a series of epidemiological studies to determine the 
relationship between health effects in swimmers and water quality that has been measured using 
a new method that produces quantitative results in 2 to 3 hours (Wade et al., 2008). By 2007, 
seven epidemiological studies had been completed, four at freshwater beaches and three at 
marine beaches. These studies used a more contemporary health case definition, "NEEAR GI" 
(NGI), which differed from the HCGI symptoms used in the early EPA studies. Fever was no 
longer required to co-occur with diarrhea, stomachache or nausea to meet a case definition of 
gastroenteritis, NGI still used multiple symptoms to describe gastrointestinal illness. NGI was 
defined as any of the following in the 10-12 days after the beach visit: (1) diarrhea (three or more 
loose stools in a 24 hour period); (2) vomiting; (3) nausea and stomachache; (4) nausea or 
stomachache, and interference with regular activities (missed time from work or school, or 
missed other regular activities as a result of the illness). 

One ofthe major differences between the early and recent studies is the broadening of the 
definition of an adverse health episode to include illnesses with gastrointestinal symptoms 
without fever as a pre-requisite (with the exception of vomiting, which with or without fever is 
sufficient for an illness episode in both HCGI and NGI). This was done to capture episodes of 
gastroenteritis caused by viral infections (e.g., norovirus) which can often present with mild or 
no fever. Furthermore, this is consistent with definitions used in several recent longitudinal 
studies of gastroenteritis (Payment et al., 1991; Colford et al., 2002). International experts have 
also suggested that a uniform international definition which does not require a fever and should 
include vomiting or diarrhea constituting greater than or equal to 3 soft stools in a 24 hour period 
(Majowicz et al., 2008). An additional difference was the extension of the risk period for NGI by 
an average of approximately 2 days to 10-12 days. This was done to capture the longer 
incubation period for illnesses caused by some infectious organisms such as Cryptosporidium. 
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The significant differences between the HCGI and NGI case definitions or health endpoints 
create a dilemma with regard to the risk level used to develop previous criteria for managing 
beach water quality. In the early EPA epidemiological studies (1986) the issue of risk level was 
resolved by using a simple algebraic equation that contained three known factors (1) the average 
density of the then current bacterial indicator, fecal coliforms; (2) the average density of the 
proposed indicator (enterococci or E. coli); and (3) the standard density of fecal coli forms 
required for the beach water quality standard of 200 cfu per 100 mL. Knowing these factors 
made it easy to calculate what the equivalent standard would be for the proposed indicator. This 
approach was used to develop the 1986 U.S. EPA criteria (Dufour and Schaub, 2007). Based on 
these new standards and the health relationships that were derived for the proposed indicator, the 
implied attributable risk was 8 illnesses per 1,000 primary contact recreators in freshwater and 
19 illnesses per 1,000 primary contact recreators in marine water. 

The question now is, how can one select a risk level using the new case definition for 
gastroenteritis that will be "as protective as" the currently used risk level under the old case 
definition? A logical approach to translating the currently used risk levels based on the HCGI 
case definition (8 illnesses per 1,000 primary contact recreators for freshwater and 19 illnesses 
per 1,000 primary contact recreators for marine waters) to the NGI definition used in the NEEAR 
studies would be to equate a translation factor to the ratio of the non-swimmer illness rates from 
the NEEAR study relative to the non-swimmer illness rates from the 1986 data, thus retaining a 
constant relative risk. The non-swimming illness rates of the two populations will give the best 
estimate of any inherent changes in the background illness rates that may have occurred in the 
time between the 1986 and the 2009 studies, and provide an estimate of the effect of changing 
the case definition for gastroenteritis. Relative risk is the ratio of risk among an exposed 
population to that in an unexposed population (the baseline risk). The non-swimmer illness rates 
represent the baseline. For relative risk to remain constant in the translation from HCGI to NGI, 
the respective swimmer illness rates must follow in proportion to the respective baseline illness 
rates. Non-swimmer HCGI rates from the 1970- 1980 EPA epidemiological studies (Cabelli, 
1983; Dufour, 1984) can be compared with the non-swimmer NGI rates obtained from the 
NEEAR study data (Wade eta!., 2008; Wade eta!., 2010). The non-swimmer HCGI rate from all 
ofthe early EPA studies (Cabelli, 1983; Dufour, 1984) is 14 gastrointestinal illnesses per 1000 
participants. The non-swimmer NGI rate from the NEEAR study data is 63 gastrointestinal 
illnesses per 1000 non-swimmer participants (Wade eta!., 2009; Wade eta!., 2010). For a new 
criterion value to be "as protective as" the 1986 criteria, the relative risk of the two respective 
criterion values must be equal. 

The acceptable risk limit of8 HCGI per 1,000 primary contact recreators in freshwater refers to 
attributable risk, calculated by subtracting the illness rate in non-swimmers from that in 
swimmers. The non-swimmer value must be added to the attributable risk value to obtain the 
total number of illnesses in swimmers. The relative risk can be calculated by: 

RR = (attributable illness rate in swimmers+ illness rate in non-swimmers) I 
illness rate in non-swimmers 

Relative risk implied by the 1986 criteria for HCGI is: 
RR = (8 + 14)/ 14 = 1.57 for freshwater 
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In order to answer the question, what would an equivalent acceptable risk be for the same 
relative risk based on NGI in the NEEAR study, rearrange the above equation to obtain an 
Equivalent Risk Value (ERV) using a non-swimmer NGI (NS NGI) rate of 63 per 1,000 in place 
of the NS HCGI rate of 14 per 1,000. Using the freshwater relative risk as an example, this gives: 

ERV = 1.57 (NS NGI rate)- NS NGI rate 
= 1.57 (63) - 63 
= 36 

Thus, an attributable risk of 36 NGI per I ,000 primary contact recreators represents an 
acceptable risk equivalent to 8 HCGI illnesses per I ,000 primary contact recreators. 

The ERV for 19 GI illnesses per 1,000 primary contact recreators or any other suggested 
criterion value can be calculated the same way. First, calculate a relative risk value for the 
acceptable risk and then use the relative risk value to calculate an ERV using the NGI value for 
non-swimmers. A second, simpler way to calculate the ERV is to use the multiplication factor 
equal to the ratio ofthe NS NGI illness rate to the NS HCGI illness rate. That value is 63/I4= 
4.5. This is the translation factor for calculating the new risk level. Simply multiply the old 
criterion value by the translation factor to obtain an ERV that is "as protective as" the current 
criteria. For example, to determine the ERV for 8 GI illnesses per 1,000 primary contact 
recreators, simply multiply 8 by 4.5 to obtain 36. 

The translation factor of 4.5 represents the risk ofNGI relative to HCGI and is key to this 
suggested approach to translating NGI risk in terms ofHCGI. An approximate 95% confidence 
interval for this factor can be calculated to be 3.3 to 6.2. This assumes that non-swimmer illness 
rates observed at the study areas (beaches) are representative of the variation in background 
illness among all coastal areas, and that this variation is described by a beta distribution (a 
common assumption when dealing in the variability of incidences which must fall in the range 0 
to 100%). 

Another question that must be addressed is, which risk level is to be translated, the freshwater 
level or the marine water risk level? A direct comparison of the risk estimates for fresh and 
marine beach waters was carried out as described by Altman and Bland (2003) indicated that 
there were significant differences in the estimated risk levels only for limited range of 
Enterococcus CCE (approximately in the range of 100-126 CCE per IOO mL). Furthermore, a 
direct test of the slope parameters also shows that there is no difference in the slopes (p= 0.44), 
or the rate of increase in risk per unit increase in enterococci CCE, between marine and 
freshwater beaches. A comparison based on the likelihood ratio test (as described by Wade et al., 
2008), resulted in the same conclusion. For the likelihood ratio test the combined model was 
estimated with terms that allowed beach specific effects for the indicator term and the swimming 
term. However, this model was no better than a model with only a single term for each of these 
parameters (p = O.I9). 

A likelihood ratio test was conducted the combined model was estimated with terms that allowed 
beach specific effects for the indicator term and the swimming term. However, this model was 
no better than a model with only a single term for each of these parameters (p = 0.19). 
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In effect, there was little evidence for differences in risk estimates obtained from separate models 
from marine and freshwater beaches and the beach-specific separate models showed no statistical 
improvement over a single combined model. On the basis of these, we present risk levels based 
on the combined model (Figure 1 ). Results from the marine and freshwater studies indicate that 
exposure-response relationships are sufficiently similar to allow combining the newly-developed 
freshwater and marine water data to give a single relationship between health effects and water 
quality measured with a new rapid method. The relationship between swimming-associated NGI 
per 1000 swimmers and water quality developed from the combined marine and freshwater data 
is defined by the equation: 

Swimming associated NGI = -27.31 + 23.73(mean Log10 qPCR CCE/lOOmL) 

which, for the purpose of calculating the qPCR CEE (quantitative polymerase chain reaction 
calibrator cell equivalents) concentration for a new water quality criterion, is re-arranged to: 

mean Log10 qPCR CCE per 100mL= (NGI + 27.31) I 23.73. 

If the 8 illnesses per 1,000 primary contact recreators is translated into a NEEAR case definition 
level, the ERV is given by 36 illnesses per 1000 primary contact recreators. Substituting the 
ERV of36 for SAl in the equation above gives: 

mean Log10 qPCR CCE per 100 mL = (36 + 27.31 ) I 23.73 = 2.67 

Antilog (2.68) = 465 =geometric mean (qPCR CCE per 100 mL) 

Thus, the risk level equivalent to 8 HCGI per 1,000 primary contact recreators is 36 NGI per 
1,000 primary contact recreators and this relates to a geometric mean (GM) qPCR CCE per 100 
mL value of 471 per 100 mL in terms ofthe NEEAR case definition. 

An approach for translating the currently accepted risk levels for fresh and marine waters to 
equivalent risk levels appropriate for use with the new rapid qPCR method has been proposed in 
this document. The approach is appealing because: 

The approach is based on relative risk, which can be used with any case definition. 
The approach can be applied to any risk translation if a health, water quality relationship 
is available. 
The approach is not dependent on what indicator or method is used to measure water 
quality. 
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Figure 1. Swimming-Associated GI illness and Daily Average Enterococcus 
qPCR CCE. All subjects, marine and freshwater beaches combined (Intercept= -0.02730777, Slope= 0.02372795) 
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FOREWORD 

The many benefits of our modern. developing. industrial society are accompanied 
by certain hazards. Careful assessment of the relative risk of existing and new 
man-made environmental hazards IS necessary for the establishment of sound 
regulatory policy. These regulations serve to enhance the quality of our environment 
in order to promote the public health and welfare and the productive capacity of our 
Nation’s population. 

The complexities of environmental problems originate in the deep interdependent 
relationships between the various physical and biological segments of man's natural 
and social world. Solutions to these environmental problems require an integrated 
program of research and development using input from a number of disciplines. The 
Health Effects Research Laboratory. Research Triangle Park, NC and Cincinnati, 
OH conducts a coordinated environmental health research program in toxicology. 
epidemiology and clinical studies using human volunteer subjects. Wide ranges of 
pollutants known or suspected to cause health problems are studied. The research 
focuses on air pollutants. water pollutants, toxic substances. hazardous wastes. 
pesticides and nonionizing radiation. The laboratory participates in the development 
and revision of air and water quality criteria and health assessment documents on 
pollutants for which regulatory actions are being considered. Direct support to the 
regulatory function of the Agency IS provided in the form of expert testimony and 
preparation of affidavits as well as expert advice to the Administrator to assure the 
adequacy of environmental regulatory decisions involving the protection of the 
health and welfare of all U.S. inhabitants. 

This report provides an assessment of the relationship between microbiological 
indicators of water quality and illness that may have resulted from swimming. The 
data due resulted from a series of in-house and extramural epidemiological- 
microbiological research projects designed to develop the criterion for fresh waters. 
The development and periodic reevaluation of such criteria is mandated by Section 
304(a)1 of Public Law 92-500: Federal Water Pollution Control Act Amendments of 
1972; Clean Water Act of 1977. 

F. Gordon Hueter, Ph.D. 
Director 
Health Effects Research Laboratory 
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ABSTRACT 

A criterion for the quality of the bathing water. based upon swimming-associated 
gastrointestinal illness. was developed from data obtained during a multi-year 
freshwater epidemiological-microbiological research program conducted at bathing 
beaches near Erie. Pennsylvania and Tulsa, Oklahoma. Three bacterial indicators of 
fecal pollution were used to measure the water quality, E. coli. enterococci and fecal 
coliforms. A good correlation was observed between swimming-associated gastro- 
intestinal symptoms and either & E. coli or enterococci densities in the water. Fecal 
coliform densities showed little or no correlation to gastrointestinal illness rates in 
swimmers. In general high gastrointestinal illness rates were associated with high 
densities of fecal indicator bacteria. A comparison of the freshwater results with the 
results obtained from studies at marine bathing beaches indicated that a separate 
criterion should be used with each type of bathing water. 
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SECTION 1 

INTRODUCTION 

The current EPA recommended criteria for bathing waters is that given in Quality 
Criteria for Water (1) which states: 

"Based on a minimum of five samples taken over a 30-day period, the fecal 
coliform bacterial level should not exceed a log mean of 200 per 100 ml. nor 
should more than 10 percent of the total samples taken during any 30-day 
period exceed 400 per 100 ml.” 

This criterion. which is used by 95% of the states and territories of the United 
States (2), was first proposed by the National Technical Advisory Committee 
(NTAC) to the Federal Water Pollution Control Administration in 1968 (3). The 
NTAC used epidemiological data collected by the United States Public Health 
Service (USPHS) from 1948-1950 (4) to develop the criteria for recreational bathing 
waters. The criterion was closely examined in 1972 by a committee of the National 
Academy of Sciences-National Academy of Engineers (NAS-NAE) and they 
concluded that the epidemiological data base used to develop the NTAC criterion 
was too limited to scientifically defendable (5). The NAS-NAE committee decided 
not to recommend a criterion for recreational bathing waters based on the paucity of 
epidemiological information available. 

In 1972, the Environmental Protection Agency (EPA) initiated a long-term 
recreational water quality research program that was to examine the relationship 
between water quality and swimming-associated acute infectious disease. The first 
phase of the program, from 1972 to 1978, was conducted at multiple marine bathing 
beaches in New York, Louisiana and Massachusetts. The result of these studies was a 
marine recreational water criterion which described a direct linear relationship 
between swimming-associated gastroenteritis and water quality which was indexed 
by the density of enterococci in the water (6). 

From 1978 to 1982, the EPA recreational water quality research program was 
directed at freshwater bathing areas. This report will describe and summarize the 
results of freshwater beach studies conducted in Pennsylvania and Oklahoma, and 
will present two fresh recreational water criteria, which relate swimming-associated 
gastroenteritis to water quality, characterized with either one of two bacterial 
indictors, enterococci or E. coli. It will be shown that the model developed for the 
marine criterion. i.e., a direct linear relationship, has been validated by the freshwater 
studies and, lastly, the results of the marine studies will be compared to those of the 
freshwater results to show that a single criterion cannot be used for marine and fresh 
bathing waters. 

The material presented in this report is a natural extension of the information 
given in "Health Effects water Quality Criteria for Marine Recreational Waters” (6). 
Many references will be made to that report, since the rationale for the marine studies 
and the study design have been used in the freshwater studies. Whenever possible the 
data presentations in this report will be in such a manner that the results can be 
compared directly to those of the marine studies. Although most of the information 
pertinent to developing a water quality criterion are included in the organization of 
this report, there are certain elements that have been omitted, which can be found in 
the marine water quality report, such as the two sections which relate to water quality 
indicators and the limitations associated with the use of criteria developed with 
bacterial water quality indicators of enteric origin. 
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SECTION 2 

CONCLUSIONS 

The results of the freshwater bathing beach studies conducted at two sites over a 
three-year period led to the following conclusions. 

1. 

2. 

3. 

Swimming-associated gastrointestinal illness is related to the quality of the 
bathing water. A direct linear relationship was observed between highly 
credible gastrointestinal illness and bacterial densities of two indicators of 
fecal contamination, enterococci and E. coli. 
The relationship between the rate of swimming-associated illness and bacterial 
indicator density was almost identical for two of the indicators examined. E. 
coli and enterococci. Thus, either indicator can be used to measure the 
potential for swimming-associated illness in bathing waters. Fecal coliforms 
showed no relationship to the rate of swimming-associated gastrointestinal 
illness. 
The criterion developed for marine bathing waters is not applicable to fresh 
bathing water. At equivalent indicator densities. the swimming-associated 
illness rate was approximately three times greater in seawater swimmers 
relative to that in freshwater swimmers. 
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SECTION 3 

BACKGROUND 

Swimming-Associated Outbreaks of Disease 

The history of disease outbreaks and illness associated with poor quality bathing 
water has been described in many reviews on this subject (7,8,9). A listing of the most 
frequently referenced literature on swimming-associated illness is given in Table 1. 
This table is instructive in the sense that it shows that some factors assumed to be 
important in past considerations of the hazards related to swimming in polluted 
water may have little relevance today. For instance, it is obvious that reports of 
disease in swimmers caused by Salmonella species began to decline in the 1940’s and 
none were reported after the Australian outbreak which occurred in 1958. Two 
factors probably contributed to the decrease in Salmonella related illness in 
swimmers. First, there was the steady increase in the number of sewage treatment 
plants practicing disinfection, especially in large population centers, and second, 
there was a widespread use of newly discovered antibiotics which greatly aided in 
limiting the spread of disease and, thereby, the number of ill individuals in the 
discharging population. Another obvious point is the lack of swimming-associated 
outbreaks caused by poliovirus. Although strong evidence relating this virus to 
disease contracted by swimming has never been presented, many of the early studies 

Table 1. Outbreaks of Disease Associated with Swimming in Natural Waters 

Etiologic Water No. Cases Refer- 
Year Location Agent Quality No. at Risk ence 
1909 U* 34/NG 7 

1921 
1932 
1942 
1947 

1958 

1973 
1974 

Walmer, 
England 
Connecticut 
New York 
California 

Beccles, 
England 
Perth, 
Australia 

Vermont 
Niort, France 

1974 S. Carolina Hepatitis-A 
1976 Iowa Shigella 

Salmonella 

Salmonella 
Salmonella 

Salmonella 
Salmonella 

Salmonella 

Coxsackie B 
Coxsackie A16 

U* 
U* 

U* 
U* 

U* 

U 
E. coli 

50-1000/ 
100 ml 

U* 
U 

6/NG 17 
51/NG 16 

NG/NG 30 
9/NG 58 

15/NG 

21/33 11 
5/NG 18 

14/30 

31/45 

10 

15 
12 

1982 Michigan Norwalk Agent 

U - Water quality not measured. 
* - Suspected to be grossly polluted. 
NG - Not given. 

U 126/NG 14 
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on the effect of polluted water on swimmers were probably stimulated by the anxiety 
created by the then incurable disease caused by poliovirus. 

After the 1958 outbreak of salmonellosis in Australia (10) there was a long period 
when no outbeaks of swimming-associated illness were reported in the literature. 
This lull was broken in 1973 when Hawley et al., (11) reported an outbreak of illness. 
apparently swimming related, caused by Coxsackie B virus. Most of the reports from 
1973 to the present have dealt mainly with viral mediated swimming-related disease. 
The exception to the viral etiology of swimming-associated illness was the outbreak 
attributed to Shigella sonnei which occurred downstream from Dubuque, Iowa on 
the Mississippi River in 1976 (12). This pathogen differs from most of the bacterial 
species associated with illness in swimmers in that it has a low infective dose. As few 
as ten ingested Shigella have caused illness in a significant percentage of volunteers 
(13). 

A notable characteristic of the early outbreaks and those which have occurred 
more recently is the lack of good data describing the quality of the water. It is almost 
characteristic of outbreaks that they do not occur coincidental to measuring the 
quality of the water. This was true in the Michigan (14) Dubuque, Iowa (12). South 
Carolina (15) and Perth, Australia (10) outbreaks. In all of these incidents the water 
quality was usually examined before or subsequent to, but not during the outbreaks. 

The Michigan outbreak; for instance, occurred one week after the water had been 
analyzed and one week before the next planned sampling of the water (14). In the 
Dubuque outbreak the water quality was not examined until one week after the 
illnesses were first observed (12). Bryan noted that coliforms were present in the 
South Carolina lake water where the Hepatitis A outbreak occurred, but densities 
were not reported (15). The Australian outbreak was similar to other outbreaks in 
that it was only after the onset of cases of illness that the water quality was examined 
and high concentrations of fecal coliforms were observed. 

Investigators in both the Vermont and Beccles, England outbreaks did not 
examine the water for water quality indicators. They did, however, isolate the 
etiologic agent from water sample obtained from swimming waters where patients 
had been bathing. 

Three outbreaks apparently were associated with swimming in grossly polluted 
water. The Walmer, England outbreak report clearly implicated sewage from a 
nearby outfall as the source of the typhoid fever among army recruits (7). The often 
cited somewhat obscure reports linking typhoid fever with bathing in polluted harbor 
water in New York (16) and New Haven (17), on the other hand, did not clearly 
establish the association between swimming activity and disease. The New York 
report indicated an unusual increase in the number of reported uses of typhoid in the 
summer of 1932. The cases were sporadic and did not constitute an outbreak. Neither 
water nor milk was implicated as a common source of the etiologic agent. The report 
stated that, "From all the data at hand it is very probable that most of the increase (in 
typhoid fever) may be charged to bathing in polluted harbor waters condemned by 
the Department of Health.” The report also states that. "It should be noted that in 
Brooklyn, up to the age of twenty, the infections among males are nearly double the 
number among females, a fact which lends support for the belief that bathing in 
polluted waters has played an important part in the increased prevalence of typhoid 
fever. “The 1921 report by Ciampolini (17) on the incidence of typhoid in New Haven 
was more detailed, but similar to the New York report in that an excess of cases was 
noted in an area of the city near the harbor. A total of 32 cases was reported from 
January to December and none of these could be attributed to drinking water or 
food. Many of the cases were due to person-to-person contact. Only nine of the cases 
were thought to be due to bathing. The nine uses lived in close proximity to the 
harbor, and all had a common history of bathing at some time or other in the harbor 
which had been shown some years before to be grossly polluted with sewage. Thus, in 
both the New York and New Haven typhoid outbreaks, swimming activity was 
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perceived as being marginally associated with an excess olcuo but not the sole cause 
of the outbreak attributable IO a single source. such as polluted harbor waler. 

Incontrast to theoutbreaks dlscusscdabove. the Coxsackie Alaoutbreak reported 
by Denis PI a/. ( 18) was quite thorough with respect to its description of the qU8hty of 
the water II the time 01 the incident. Not only wu theetiotogialapnt isol8tcd from 
I he lake water but E. roll. group D streptococci and Psfudomonus orru~fnoso Ais0 

were detected and enumerated. 
The nature of disease outbreaks IS such th8t tk relationship between an illness and 

a common source 01 an ctiologitrl8gent is clearly defined because 01 some cokrcnt 
ch8rrcterirtic of the affected group such 8s a common rifiliation or activity. Thus. 
disease ouibreaks are instructive in thesense tb1 tky establish relrtionships such u 
tkt between swimming-usociited illness 8nd WAM quality which probably would 
not hrvc been discovered kd the mcmkn of the group not hrd some type of 
common chrrrcteristic. Most of the AbOVC outkaks fit this description in that the 
affected individuals klonpd to a group, such u rrmy recruits or boy scouts. or they 
were taking pan in 8 common activity such uc8mpingor picnickin& Tkoccurrcnce 
of disease in Ihac groups wu instrumcnlal in showing thal recrutioMl activity In 
poor quality waler was 8 re8sonrble means by which p8thOgens could k 
disseminated from point sources of pollution 10 susceptible individuals. However. 
discue outbrakr arc noi very useful for establishing tk relrtionship between the 
inadence of disease and some measure of water qurlity beause the water qualily is 
seldom meuured 8t the time of the outbreak. Thus. the study of outbrerks serves a 
vrlurbie purpose, but in order to establish waler quality critab or guidelines for 
rccrc8tion8l wlters. 8 more purposeful. directed me8ns of obtaining health effects 
information musi k used. EpIdemiological studies provide a rational means for 
obtrming tk desired infornution. 

Retrospectivr Epidemiologkal Stmdia 

Only three studies hrve been published which attempted to usess tk health risks 
of swimming by identifying cues of a specific illness And then determining if tkt 
illness wu somehow related to swimming at&icy. Tk first such study wu reported 
by the Public Health Laboratory Service (19) in I9J9. They described an intensive 
effort over a live-yeu period IO identify patients with cntaic fever whose illness 
might be 8ssoci8tcd with a history of swimming. Altempts were m8dC to see if the 
lrquency of entcric illness in co8stal areas differed signifiintly from those in tk 
national populrtion. The usessmcnt of whether or not 1 ase of PratyphoId or 
typhoid fever wu related to swimming wu Nde on tk buis of (I) the orunism 
uusing tk dise8se king tk ume type u tbu found in tk bething wrta. (2) otkr 
common sources of infection king excluded, (3) tk xccidencal sw~llowin) of a good 
de81 of water. (4) Ihe kthing walers king highly polluted UM (5) 8 brihtnl episode 
prior to tk onset of the illness tkt wu consisccnt with tk time interval of tht 
incubation period. Using these criteria. no evidence could be found that seuide 
residents had a higher rate of enlcric diseue thrtt tk luliOn 8s 8 whole. In 811 

between I954 and l9S9. only IO cues of enteric fever were found whose histories 
suwled 8 swimming-rssoci8ted infection mnd of tbae ten cues only four 
srtisfJctorily fit tkeriteri8. Thest four cues wercuaoci~tcd with buches known to 
k grossly contrminr&d with untre8ted sewage. It is interesting to note tkt tk 
mininul findinp of this study frequently kvc ken interpreted to mean tkt 
swimming in contaminrted water does not pose8 k&h risk until Ihe quality of the 
water ir jud#cd to k unutisfraory bxsed on rcuhctic grout& 

Tk second retrospective study on tk risks usociaced with swimming also wu 
reported by Moon(20). In thisstudy. tkcrrc-co ntrol method VU used to determine 
if theswimming experiences of children with dbgnosed poliomyelitis differed from 
those of children the ume yx and age who did not brve the direuc. This wu 
rccomplished by arefully recording tk swimming exper&ces for tk three weeks 
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prior to the onact of illness for each pxticnt rnd for ach control individual •~ tk time 
they were sekcted. One hundred 8nd fifty mrtchcd p8irs were selected durtng 8 
two-yc8r period. The results of the study indiutcd th8t the frequency of swrmminl 
during tk three weeks prccedin# the onset of symptoms. in tk index use. wu no 
gruta in p8tients thrn it ~8s in controls. Tk conclusion ruched wu that 8 history 
of swimming is not related to contrxcting poliomyelitis. This study rnd tk previous 
one aerieusly chxllen~cd the premise th8t swimming in cont8mitmted waters posed 8 
significant health probkm. 

A third study of this type wu conducted by D’Alasio N al. in tk Madison. 
Wisconsin xrca in 1977 (21). Tky examined tk $wimmin# hirtoria of 679 well 
children and 2 16 ill children. Entrroviruscs were isolated from I I9 of tk ill children. 
Statistical l naJysis of these dru indiated tbu tk risk of cntcroviral disease was 3.4 
times greater in children wbo sw8m exclusively 8t bexchu tha in nonswimmers. The 
rick was 10.6 limes grater in children wbo swam exclusively at beaches if they were 
krr than four yeus old. Tbac poxitivc Andirgs should be accepted with BOO# 
skepticism bumace, as the rutbon point out. swimming vu cot ri@ly deftned and, 
tkrcforr. person-to-per8on contact cannot be entirely rukd out as 8 munn of 
tnnsmixsion. 

In pncrxl wkn little is known rbouc ctiolo*c fraon. mroxpectivt studia 8rc 
useful for discovering undalyinl factors 8uoci8ted with spcci~u disease. This 
usefulness does sot extend much kyond idcntifylrq usoci8tionr between specific 
etiologic 8pnts 8nd cxporure f8cton. which is similar to wh8t ia 8ccompb&cd by 
exrmining outbreaks of disease. Furtkrmorc. this type of study rives no information 
rbout the incidence r8lcs in exposed 8nd nOn+&porcd individwlr. both of which 8fc 

critic81 ekmcnts for determining tk import8ace of cert8m cxpoaure factors. 
Retrospective studies have ken used in spite of these recognized limitrtions, mxinty 
because they 8rc much kss expensive thm studies where rn exposed poup is 
idcnlifiul rlong with 8 demogrxphically rimilxr control group xnd botharc folkwed 
for 8 period of time to xmess tk proponions of 8 response in e8ch qoup, i.e., 
prapeuivc studia. 

?‘mqmthc EpldeaWoglal Studir 

Tk first attempts to show a retxtionship between swimming-associated kahb 
effects 8d wxtcr quxCty using 8 pro8pcctiw cpidemiok#ic8l 8tudy doim were 
carried out in the lxte 1940’s xnd urly 1950’s by the USPHS (4). Tk audia wtrc 
conduacd 81 two fre8hwrttr sites. one on Lxke Micbipn at C-o. Illinois xnd 
l otkr on tk Ohio River at Dxytoa Kentucky. and at two maribc sites on Loq 
lsl8nd Sound at New Rockk and Mamarane& New York. EuatMy the utnc 
expcrimentxl d&n wu uxed in cacb of tk rbrec rudia. At tub loatioa an 
8tltmpt was made to a&et two bcacb silt& one with 8 hi#h coliform density red one 
with 8 low cdiform density. At tk New York and Cbiap Locrtioar beaches were 
rv8ilrbk l&t had ftiriy homogeneous popu&olts axuby and wbicb fit tk wrlcr 

qlulity requimncals of tbc nudy Sob. Al tbc Ohio River location two kubm 

were na rv8il8k l d, tkdofc, tk populuion wbkb frcquclucd tk public 

swimming pool w88 used as tk study poup 8wimmiu C water with low coliform 
densities. Swimming activity and the - of prtroituestiti respiratory 01 
‘other’ rymptonrr were recorded 00 8 ‘akndar #ivcn to ad!& partkiprnt al the 

b@nnin# of tk study. Tk “c&n&n” were colkued when the study c&cd. 
Statistically ri@iaat illness ntcs were determined by comparitq tk o&wed nta 
in swimmers to 8n 8gc-adjustcd expected rrte akulatcd usin); lk rites obund in 

tk total study population. Tk c&form densities xt tk study rites wtrc monitored 
dxily. Swimminpwocixtcd prtrocntcritis wxs not obacrved 8t the marine situ or at 
tk Lake Michipa site. HOW. tk Ohio River study &bowed tbat gastroimtstinal 
illness wxs obxcrvcd more frequeally than expected io river r*immcfx. based on tk 
illacu cxpnicbcc of rll members of tbestudy popul8tioa wbcn the median coliform 
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density was about 2300 per 100 ml. This study estabhrhcd the firs1 cxperimcnlr~ link 
between g8strointeslinal illocss in sw~mmtrs and bathang w8ler cont8mlnrted with 
fee81 material. The design of Ihe USPHS studtes hrs ken crillcired on a number of 
issues (22.23). The most frequent crlticlsms address the poor definition of swimming 
activity rnd the frcl th8t swimming drys were nor rclrted directly 10 WIlCr qurlily 
me8surements. The use of the”C8lcndrr” sysccm ~8s 8ho f8ultcd beawe it 8llOWCd 
for possible memory lrpsa between the swimming episode8nd tk colkction of d8lx. 

In 1972 the United S18tn Environmenlrl Protection Agency(EPA) beg8n rseria 
of epidemioiogicil-microbiolo#iul studies 81 mrrine b8thing k8Cha th8t lwte 
designed to climinrtc some of the deficiencies of the c8rlicr USPHS studies. The 
objectives of the EPA study were lo determine if there wu 8 hulth risk 8ccociucd 
with swimming in polhttcd mrrine WIten rnd wh8t mc8surc of wrter quality best 
rel8les to swimming-uroci8tcd illness. 8nd to develop 8 criterion for swimming- 
~cociatcd halth effects rnd some masure of water qrulity if such 8 r&tionship 
existed. The EPA epidcmiologiul-microbiologic81 studies were conducted in New 
York City, New York. Lake Pontchrrtrrin, Louistiru 8nd Boston, M88srchusctts 
(6). The ruults of the nurinc water studier indiutcd an excess of #astrointutinrl 
illness occurred in swimmers rcl8tivc 10 8 nonswimming control Broup in water 
conumin8tcd with feal m8leri8l rnd thrl the swimming-urocirted #8stroentcrith 
~8s line8rly rcl8ted to the water qu8licy. 88 meuurcd with 8 brcterirl indiutor. 
Sevcrrl indic8ton of fcc8l pollution were exrmincd to determine which one bat 
described the relrtionship between the qu8lily of the W8tu rnd tk swimmlng- 
usocirted hulth effect. Entcrococci were shown’10 h8vc t he strongest rcLtionship to 
swimmin~8uoci8ted g8strocntcritis. Fe4 colifornts. the currently recommended 
bactcrirl indicator of wxter qurlity. showed no corrclrtion to the incidence of 
swimming-usoci8ted g8strocnteritis. The fin81 repon of tk nurine rccrc8tion8l 
w8tcr quality study concluded th81 water qurlity strndrrds or guidelines for m8rim 
bPthin# bacha be bxscd on 8 criterion which describes 8 direct linnr rcl8lionship 
between b8thina w8tcr quality, mururcd with enterococci. 8nd tk incidence of 
swimmin~uroci8tcd #xstrocntaitis. The utility of tk criterion vu tht it cou# k 
used 81 my level of pvemmmt to set St8IMhdC or guideliner. Tk loal regul8lory 
body could determine 8n rcccptrblr level of rirk. b88ed on community perceptions. 
duires rnd need& rnd trrnslrte that risk kvel to 8 wrtcrquality st8nd8rd or guideline 
indexed by the enterococcus group. The nurine studies hrd, in fat. atrblishcd 8 
vrlid epidtmiologiierrl criterion or model which h8d been unrv8il8ble to groups of 
strnd8rd setters in the previous sixty yern. 

Water Quality StanduQ for Bathing Bncbem 192+19u 

Theevolution of nationxl guideline8 8nd st8nd8rds for bathing places in the United 
St8tu kpn with the formrtion of tk Amcrian Public Hulth As8oci8tion 
Committee on B8thing Pl8ccs(24). One of tkcommittcc’s first rctions vu to survey 
physicirns rnd public huhh of?%Ms across the United Strtu todetermine if brthin# 
places might be considered u importrnt for the trrnsmission of infections. A 
m8joriCy of the replica exprcucd tk opinion tkt disuse 8nd even epidemics could k 
8trributcd to b8thinc bc8ch raivity. The committee report for 1924. tml8tiwty 
8doptcd 8 bctrtium co/i strndud for rwimming pools. but did not extend tk 
st8nd8rd to rutunl bathing waters (25). In 1933. the committee considered natut8~ 
b8thin# w8ten in we81 dct8il but did not rdopt 8 brnerirl strttdrrd becaw thy did 
not wrnt to propose rrbitr8ry strnd8rds or mcuurcs th8t might promote public 
hysteri8 rbout the dan#en of outdoor &thing plrca (26). The reluctrncc to propose 
brctcrirt strndrrds for outdoor bathing plrca wu 8yin evident in tk 1936 rnd I940 
reports of the committee wherein clurifiation sckmcs were discussed but retions 
were not taken dupite pressures to do so from vrrious quarters (27.28). The b8sis for 
this #enerA relucWtcc of tk committee lo propae strndrrds for outdoor b8thin# 
plum wu the paucity of cpidcmiologiul evidence linkint illness to brthing in 
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polluted water. The 1936 report noted -Ihe committee is unconvinced thrt b8thtng 
places 8rc J m8Jor public hcrlth problem.” 8nd the I940 report rcncrrtcd thls 
poslllon b? uaImg. “Epldcmlologlcrl cvldencc does no1 appear IO w8rr8nt the 
conclusions th8t kthmg plam consIIIuIe 8 maJor publtc health problem.” 

The commlliee dtd consldcr I he means of classifying natural PathIng uaicrs. The 
1933 report of the commIttee noted thrt C8lifornir hrd proposed 8 st8nd8rd of 10 8. 
roir per C.C. rnd thrt New York City h8d J slrnd8rd of 30 B. rolt per C.C. (26). The 
SIJW of Connecticut JISO had proposed J system of cIauifiulion ktcd on 8. colr 
denrltles per 100 ml. waterr were clurificd A. 8. C rnd D. CI8rs A. 50 8. roli per 100 
ml or less. WJS considered very good rnd Clrss D. more thrn 1000 B. co/r per 100 ml. 
~8s very poor. Tk I936 report st8ted it ~8s ruroruble IO conclude tkt w8ttr h8ving 
8 B. rol~dtnsity kss thrn 1000 per 100 ml is probrblyrmpt8bIc(27). As I8tcu 1951 
this obrerv8tion of the APHA Committee on B8thing Places appeared to k still 
reason&k (28). Strccter (29) summarized tk kthing l nd recrutiolul st8ndrrds of 
I I 8t8tcs 8ad regions. In 9 of tk I I strndards. tk limiting coliform density ~8s loo0 
per 100 ml. either 8s rn 8vcrrgc or 8 nuximum. Discher (8) listed tk current 
ttrnd8rds for 811 of the s18tts in I%3 8nd 7m of them considered w81tn contrining 
las than loo0 coliforms per 100 ml rcccptrbk. 

The 1000 coliform per 100 ml nandrrd first used by mrny of the Slam was no1 
derived from 8 stnglc line of cvtdcncc. Rc;ulrtory groups rnd some s181cs 
IndependentI) cstrblirhed their strnd8rds brrcd on rv8il8blc strtc-of-the-8rt 
informaIIon. The C8lilornu strndrrd. for mst8ncc. ~8s 8rbttrrrily set by rk 
C8liformr Burc8u of S8ntt8ry Enginccrmg over forty yerrs rgo (30). The strnd8rd 
~8s not ksed on epldcmlologic8l rvidcncc. but rrther on the pcrccplaon tkt il 
relrted well with the drmking water strndrrd of that tlmc. thrt there ~‘8s no 
epldcm~olog~c8l evidence ol health effects withtn the strndrrd. tkt the IO cohformr 
per ml level could asily k rttrrmed rnd. l8stll. tki rn) ksr strmgent st8nd8rd mrght 
roull an w8tcrs lh8t would k 8csthetiull) urucccpl8bk. Conncnwut. on the otkr 
knd. did not w8nt to set up 8 clrssifiution scheme thal would k too rrbitr8ry rnd. 
thus. they used 8 relative sckmt (31). They used coliform kctnir IO Index four 
cl8sses of water. CI8ss A. B. C and D ranged from O-50.5I-500. Ml-loo0 8ad over 
1000. rcspcctivrly. An extens~vc survey of the Conmcticut shorcimc indicated th8t 
92.K of the umpks cont8incd less tkn 1000 coliforms per I00 ml (32.33..34). Thor 
ctusif~crtion rgrecd well with J s8nlt8ry survey cksriftution whachshowcd I~I only 
6.9t of the shoreline ww deslgn8ccd 8s poor. The high corrcI8ttion led to the 
rcceplrncc of walers having less tkn 1000 coliformr per I00 ml. Thus. the st8nd8rd 
in this c8sc WJI kscd more on crsy l tt8inment In over 9oci of tk shorrlmc r8thcr 
than epidcmlologiul d8tr. Strectcr (29) rdoptcd 8 more rnrlytlul rppro8ch in 
8rriving at the loo0 colilorm per IO0 ml cri~cria He used tk coliform-Solmonrllo 
r8lio dcvcloped by Kchr rnd Butterfield (35). the numkr of kthtrs exposed. tk 
8pproxinutc volume of water ingested d8iIy per ktkr rnd tk rvcr8p coliform 
density per ml of kthing w8ttr to develop J kther risk f8ctor. Strcctcr spccuIacd 
lkt in water conlrining loo0 coliforms per 100 ml there would k no grtrt huard lor 
individurl ktkn. 81 kasc from Salmon& II@KUU. It is mtcmting to note tkt in 
spite of the use of different NJIU for obtrining 8 st8nd8rd masure lor water quality. 
titkr rrbrtrrrily. prrctiully. or 8rulytiully. tk final results wcrcrpproxtr~~cl~ tk 
umc. 

The coliform index w8s tk katriologic st8ndrrd of choice until l96Il wkn tk 
NTAC to tk Fedcr8l W8tcr Pollution Control Administr8tion recommended II-UC 
Ccc81 coliforms. 8 subgroup of the coliform group (now designated tot81 colilorms). 
k used 8s the kctrri8I indic8tor of w8tcr quality (3). The rccommcnd8tions of the 
NTAC commItIce were ksrd on prorpecIIve cpidrmiolopc8l studies conducted by 
the USPHS in 1948. 1949 8nd 1950 (4). These studla kd indbuted that 
gutrointatin8l illness in swimmers was bignifkantly higkr t@a in J control 
population when coliform densities l vcr8pd 24tM per 100 ml (mrdi8n) on tk Ohio 
River rnd tkt multipk rymptom8tic illness trcspir8tory. gutrointatin8l l ttd 
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-other”) WJs significantly htghcr in swimmers thln in nonswimmers when the 
geometric mean collform densuy UPS 300 per 100 ml a~ a Chicago beach. The YTAC 
comm~llce used fecal coliform and 10t3i coIlform dcnrq dala collected on the Ohlo 
Rirer in Ihe mid-1960’s lo dctcrmlnc that the fecal cohform subgroup was 
approxlmJlcly 18% of the 1o18l coliform group. The comm~llce reasoned that if a 
delectable health efkct wu observed AI a coliform density of 2300-2400 100 ml then 
the recommended waler quality standard should Include a factor of s8kly. Eighletn 
percent of one-half of the coliform densily al which 8 detectable effect occurred ~8s 
arbllrarlly chosen 8s the appropriate level and. therefore. 200 fecal colaforms per 100 
ml became the recommended standard. 

The recommended fecal coliform sl8;fdJrd hu been adopted by many 8181n and 
municipalities in spite of the facl that the 1972 NAS-NAE report on Water Quality 
Criteria did not recommend guidelines for recrcJlionJl waler kc~u~cof 8 paucity of 
valid epidemiological data (5). The NAS-NAE committee ~8s not l loru in 
questioning the validity of the USPHS studies which hod been rummGzcd by 
Stevenson in I953 (4). Henderson (9) and Moorcf 23) have discurscd the inadquacy 
of the cpidemioiogicri studies used IO suppon the STAC rccommcndJlion. 

In 197?. the EPA recommended a rccrc8lion8l waler quallly SlJndJld similar lo 
that proposed by the NTAC (I). Although the Stevenson report (4) is rcferenccd in 
the rrtlonrle for the cnterion. the relatlonrhlp bctwccn the USPHS studies and the 
200 fecal coliform per 100 ml standard was not described. Ratkr. the relationship 
between the frequency of occurrence of Su/monr/la and denrlty of fecal coliforms wu 
emphuized. The rationale indiuted rhrl the frequency of occurrence of Salmon&a 
falls between 60 and 100% when the fecal coliform density was greater than 200 per 
100 ml. This recommended criterion is the one most widely used in the Unlted States 
IOdJy. 



SECTION 4 

FRESHWATER STUDIES 

The establishment of a sound relationship between swimming-associated illness 
and marine water quality still left unanswered the question of whether or not this 
criterion could k used in fresh water environments. The USPHS studies on the Ohio 
River indicated that there was an excess of gastrointestinal illnesses among swimmers 
when compared to control populations, which could properly be characterized as 
barely detectable (4). Furthermore, the USPHS studies could not find a swimming 
associated gastrointestinal illness effect at Chicago beaches or at marine beaches on 
Long Island Sound. Since the EPA studies did show an effect at marine bathing 
beaches, the expectation was that, not only would a swimming-associated effect be 
found, but that the freshwater swimming-associated illness rate might be signifi- 
cantly higher than the marine rates. 

This report examines the data collected during studies carried out by the 
University of Oklahoma, Oklahoma City, Oklahoma and Gannon University, Erie, 
Pennsylvania under the auspices of the EPA. The objectives of this report were to: (1) 
determine if the swimming-associated health effect/water quality criterion model 
established in the marine studies could be confirmed at freshwater bathing beaches. 
(2) determine which indicator of water quality shows the strongest relationship to 
swimming-associated health effects, if such a relationship exists and (3) determine if 
the marine water quality criterion is applicable to freshwater bathing areas. 

Experimental Design 

The design of the freshwater studies followed, whenever possible, the plan used in 
all of the marine studies (6). The highlights will k reviewed here for the convenience 
of the reader. The beach surveys or trials were conducted only on weekends to take 
advantage of the large populations using the bathing beaches and to permit more 
intensive monitoring of water quality during the time of swimming activity. 

Swimming activity was rigidly defined as having all upper body orifices exposed to 
the water. Interviewers were instructed to observe the individuals they were 
interviewing for signs of complete body immersions, such as wet hair. This was not 
always possible and reliance was then placed in the responses to questions about 
swimming activity. The nonswimming control group was selected from beachgoers 
who did not meet the definition of a swimmer. 

The beach interviews were conducted in two phases. In the first phase, trained 
interviewers approached beachgoers who were about to leave the beach area and 
solicited their cooperation in the study. Whenever possible, family units were sought 
because information on multiple individuals could be obtained from one person, 
usually an adult member of a family. During this initial contact, the following 
information was obtained on each participant: sex, age, race and ethnicity, if the 
person swam and got their head and face wet, length of time and time of day in the 
water. the illness symptoms they may have had in the previous week, and for those 
who did not swim, the reason for not going into the water. An address and telephone 
number was requested so that follow-up information could be obtained. If an 
individual had gone swimming in the previous five days, they were not asked to 
participate in the study. Telephone interviews were conducted 8 to 10 days after the 
swimming experience. The eligibility of each participant was confirmed. i.e., they had 
not swam in the week following the initial contact, before they were queried about the 
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onset of any symptoms of illness that might have occurred during the time interval 
between the swimming experience and the follow-up telephone call. 

The sites for the freshwater bathing beach studies were located at Keystone Lake, 
which is about 15 miles from Tulsa, Oklahoma. and on Lake Erie at Erie, 
Pennsylvania. Two sites were used on Keystone Lake, one set of beaches was less 
than three miles from the point of discharge of a sewage treatment facility (Beach W). 

and the other was located about five miles from the outfall (Beach E). In 1979 the 
sewage treatment system was two “full retention” lagoons, which discharged an 
average of 120,000 gallons per day of unchlorinated sewage. The following year the 
practice of releasing non-disinfected sewage into the lake was discontinued. After 
April of 1980, approximately 60,000 gallons per day of sewage was passed through 
one of the lagoons. then through an aeration basin after which it was adequately 
treated with chlorine before being discharged. Two sites also were used in the Lake 
Erie studies. Both sites were located at a State Park which is situated on a peninsula 
just north of the City of Erie. One beach is approximately three-quarters of a mile 
northwest of the outfall which discharges the treated sewage of a large urban 
population (Beach B). An Activated sludge process is used to treat an average of 45 
million gallons per day of sewage. The secondary treatment effluent was chlorinated 
before king discharged into the lake. The second beach is located on the opposite 
side of the peninsula from the effluent outfall (Beach A). This site does not receive 
pollutants from a point source and the quality of the water is usually good. 

The key bacterial indicators of water quality which showed the strongest 
relationship to swimming-associated illness in the marine bathing beach studies were 
E. coli and enterococci. These two indicators were monitored in all phases of the 
freshwater studies. Fecal coliforms, the currently accepted bacterial indicator of 
water quality, were monitored in both years of the Keystone Lake Study and in two 
years of the Lake Erie Study. The enterococci, an indicator group which includes two 
species. Streptococcus faecalis and Streptococcus faecium, were enumerated with the 
method of Levin et al. (36). E. coli was enumerated by the method of Dufour et al. 
(37) and fecal coliforms were quantified according to the procedures outlined in 
Standard Methods for the Examination of Water and Wastewater (38). 

The data from the freshwater bathing beach studies were analyzed with respect to 
the objectives of the recreational water quality research program. One of the goals of 
the program was to determine whether swimming in freshwater contaminated with 
sewage effluents results in a higher rate of gastrointestinal illness in swimmers relative 
to the rate observed in a beach-going, nonswimming reference group. This latter 
group had a tendency to be quite small at one of the study sites. The small number of 
nonswimmers is a phenomenon of freshwater beaches. Unlike marine beaches, where 
wading and sunning are more popular than swimming, the beach goers at freshwater 
beaches have a tendency to go into the water for extended periods and to immerse 
their bodies totally in the water. This greater water activity results in a much smaller 
nonswimming population from which a control group can be chosen. In order to 
overcome this limitation of the freshwater studies, it was necessary to pool the 
nonswimming control groups from each beach within a single swimming season to 
form a single control population. The homogeneity of the nonswimming control 
groups at the beaches of each study location with regard to age, sex, race, and 
socioeconomic status lent itself to this adjustment. The pooling of nonswimming 
control groups for each year increased the probability of detecting a difference in the 
incidence of illness between swimmers and nonswimmers if it does exist. The 
variables used to examine this relationship were the differences in symptomatic 
illness rates between swimmers and nonswimmers. and the density of bacterial 
indicators in the water at the time of swimming activity. Age was shown to be a 
confounding risk factor in the marine bathing beach studies (6) and, therefore, this 
factor was controlled in the analysis of the data. The Mantel-Haensel Chi Square test 
was used to determine if something other than random processes might account for 
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the observed dlfftrenccs in illness rates between swimmers and nonswrmmers. 1 c.. 
exposure to COnt8min8ted brthrng water (39) 

A second gO8) WAs to dctcrmme if t here IS a direct rc)rtionship ktwrcn su~mmmg- 
8ssoci8led gastrorntesrin8) i))ncss and water qurht) 8s observed in the marine 
bathing kach studies. Regressron analysis ~8s used IO dctcrmmc If a dlrect 
re)rtionship exists between thnc vrriab)a (40). 

Another goal of the study was to determine which kctcri8l indic8tor of water 
quality showed thertrongat rc)8lronshiplotwimming-urocirled ithtcrr. Corrclrt)on 
tztalysis 1~8s used IO measure the degree of urocirtion between g8rtrocntcritis rnd 
the various indicators examined. Three statistics. the correlation coefficient. the 
regression coefficient and the standard error of the estimate. were used to 
ckrraerizc the strength of the l ssoci8tion. 

Firully. the rtl8tionship between hc8lth effects and water quality observed At 
freshwater kthing bc8cha ~8s compared to the rcsuhr obt8imd at nurine kthing 
bc8chcs. This l8tter comparison was used to determine if the criterion developed for 
marine kthing be8chcS ir rppliuble to frtrhW8tCr environments. 

Lake Eric study 

The Lake Erie studies were conducted in 1979. I980 and 1982 81 kachcs in 8 SIAtC 
Park near Erie, Pennsylvrnn. In 1979 and 1980 two be8ches were used. one with 
good water quality and the other of excellent water qurlity. while in 1982 only the 
good qU8hIy k8ch was used. Both bc8chcs met louI And state StAnbrdl for 
recrutiorut w8tcIL. 

The demographic ckracterrstta of the study p8rticiprnts h8vc been given 
elsewhere (41). In general. the sex ralio rmon# rwimmen was l boul I: I and among 
nonswimmers there was appfoxtmalcly twice as many females 8S mAte1. These r8tlOl 

were rather const8nt over the three-year study period. the l gc dutributton 81 the 
buchcs 8Iro vu rather const8nt during the course of the studies. Among swimmers. 
the age group between I and I9 yun old made up between 43 Attd 5% of the 
popuWon, wkrur in the nonswimmers thet l gc group comprised rpproxtm8tety 
23% of the population. The r8cirl dutribution of swimmers and nonswimmers. 8nd 
the socioeconomic status of these two groups. 8s tncuured by 8 crowding index, ~8s 
remArkAbly Simihr. 

The high ruccc~r rate for follow-up contacts vu the muh of repealed telephone 
calls until the participant WAS reached (Table 2). the AVCrA&C overat) succcS8 rate Was 
92% during the three-year couflc of the study. 
TabI. 2. Follow-up Succua MtotorBoachConWct8 at lakm Erb. 

Pmn~n&, 1878,1@60, Wtd lBU2 

1978 1HO 1962 
BouhA DeuhB kochA BouhB buhb 

foul co6lua 2877’ 2166 3126 2617 6493 

Follow-up inter- 2650 1658 3087 2493 6211 
-cornok- 

No rosponso 227 338 39 24 262 

Succau rat0 (%I 92 65 89 a9 97 

foul numbor oi 3020 2056 2907 2427 4374 
nwimmerr 

Toul numkr of 1310 1039 1436 1558 1650 
nonuwtmmora 

%diutos numbor of group toclm. 
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Ncpltm I.&r 

I’k Kcyrtonc I.ahc stud& wcrc conJur~rJ m thr \umntc’I\ 01 1979 and IWO I k 
kacks wcrc s&ctcd in P lP7lt plot dudy which rhowd rhvi the wrtcr qu;tl~iy 01 
thr\c Iwo *itcs was Jiffcrcnt harcd tm hiaarrwl mdir;ll61t tlb~~it1~3. 

I k dcmographlc charactcrastlcs 01 I hc Judy partrq.IIII* ;lrc ~IVVII rhrwhcre 
(42.411. I k ratlo of lcmaln IO main WJI ahlul syual m I hc \wmImcr C.II~WI~. hut 
among nonswcmrncrr rhout thrcr-lilthr d thr parilcrpauts wcrc Irm.~lr~ .\mdtr 
ralicn were okcrvcd in both 1979 ad IWW I hc WCI~KXWI~~~IC’ l ;IIUN III \wImrItcr\ 
and nonrwrmmcrs in each year 01 lk\tudy ;tl~ WA\ *cry \Imrl;lr. I\\ III t IIC I ale I r#c’ 
l udy pqdation. the ap distrihttlon 01 \wlmmcrr ;rotl non~wlmmcr\ wa\ nc.r~lv 
cortstrnt Irom OI)C year ICI the ncrt. Indtvdud\ trndrr ~hc irp III 20 ycro\ 111tl 
crmtprircd 45 to 5WI.ofthe~w1mmrr ~O~U~~IICIII. whcrsa I hlr age group m.dc up IX 
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1979 1900 1902 

Svwtom 
C8lqoQ 

Gestrointestinel 

Respiretory 

Other 

OGI’ 

bachA Beach 6 Beach A Beach 0 6euh 0 
S NS s NS S NS S NS S NS 

-- 
n=3020 n=2349 n=20%! n=2349 n72907 nT2g44 n=2427 n=29U n=4374 n=l050 

54.6’ 44.7 56 4 44.7 55’ 45 4 75 4’ 45.4 50 3 46 7 

50 426 554 42.6 36 8 53 4t 600 634 679 50 3 

30.1 255 404’ 25.5 32 36 1 52.7 36.1 49.6 59 4 

12.3 10.2 185 10.2 89 83 169’ 8.3 19.7 115 

HCGI’ 172 14 9 

I Illness incidence rete per loo0 
tOGI - Oisebting gestrointcstinal symptoms 

195 14 9 165 11 7 26 4’ 11.7 24 9’ 13 9 

SHCGI . Haghlv credible gestrotntntinrl symptoms 
‘Swlrnmtr illness rats slgnttlcsntly dillsrent from nonswimmer illness rate at P < 0 05 level 
tNonswimmer illness rate rtgnlflcenttv different from swtmmer rllncss rate et P c: 0 05 level 
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Tsbla 4. Bsctsrisl Indicstor Donsitier st Lsko Erk. Pannsylvsnis Bathing 
Boschos. 1979. 1990, snd 1982 [from Raforonco 41 I 

Year 
1979 

Bwtwlrl Indlc~tor 
Entclrococci E. coli Fecal Coliforms --- 

Buch Mern Rmge Mean Range Man R8nva 
A 5’ 1-29 23 7-268 
0 13 2-49 47 16-413 

1900 A 25 3-101 137 66-536 37 l-191 
0 71 11.192 236 110-950 104 8-279 

1902 B 20 4-87 146 23.524 60 27-107 

‘Geometric mean density per 100 mL. 

IO ZOr; of the nanrwlmmcr population. In the nonrwlmmcrs. Ihe Iargrrt age group 
was rhc 20 to f9 year old portion which ranged from 60 to 70?& The raaol 
chrractcris~ics al the study populattons In 1979 and I980 were similar lo each other 
and to that ohscrvcd In the 1Atc Eric FIU~ICS About 96ri of alt swwlmmcrs and 
nonswrmmcrs over the Iwo years of the study were Caucrsmn. 

The \ucccss rate for follow-up contacts are shown In Table 5. The overall success 
rate was about MSci with a range of 83 to Ml pi Ta blc 5 also shows 1 he distnbution ol 
swlmmcrs and nonswlmmcrs In the total parclclprctngstudy populatron for theyerrs 
1979 and IPHO. The percentage of nonswlmmcrs In the total study population for 
crchofrhe~wobcachcswas lYEand 135althc W bcrchand Ij$and 1 Isat theE 
beach for the rcspcccivc 1979 and I980 swvlmmmg seasons. The pooling of 
nonswimming control groups wllhln years increased the averrp percentage of 
nonswimmers in the total study population from an avcrap of 13.7% (0 24.2%. 

The detailed health effects data for the Keystone Lake study InaIr are presented 
clscwhcrc~42,41~.Thcsymptomratcsgroupcd bycatcgoryoreshownmTablcb.Thc 
symptoms which make upcach category arcthcsameu thosedefined previously for 
the Lake Eric studies. The trend toward higher sympcomatlc Illness rates In 

Tablo 5. Follow-up Succou Rntr for Bach Contwu l t Kww bb, 
Okkhorru. 1979 and 1980 

1979 1900 
&uh W Beach E 0uchW 0auhE 

Total comacts 4242’ 3457 6616 4673 

Follow-up mtervmws 3610 2059 5849 398 1 
completed 

No response or uncooporrtwe 632 598 767 591 

Success rate (%I 85 83 88 85 

lotrl numkr of rwimmors 

Toul numkr of 
rwwwimmars 

l Emh contact one individurl. 

3059 2440 5121 3562 

551 419 774 437 
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frblo 6. Symptom Rator b Catogoq for Swimmers and Nonrwtmmorr rt Koyrtono l&o bachor. 1878 and 1880 
(from Roformncor 42, 43) 

1979 19Kl 
Bosch W 0ouh E lruh W Bosch E 

Symplom s NS S NS S NS S NS 
Category n = 3059 n=970 n=2440 n=970 n=5121 n=l211 n=3562 n=1211 

G~tromtestmrl 61 62 57 s2 36 7’ 19 37.9’ 19 

Rcsptratorv 94 84 70 84 47’ 32 2 51 1 32 2 

Other 71 53 55 53 29 3’ 21 5 32’ 21 5 

OGI; 206 175 156 175 117 91 10 1 91 

HCGI’ 206 155 20 15 5 135 8.3 112 83 

’ Svmptometic tllness rate per 1000 p@rtictpants 
‘OGI - O~sablrng grstrotntestmaf symptoms 
WCGI - Hlghlv credible gostrointestinrl symptoms 
‘Smmmers Illness rate sigmfcantly different from nonswimmor illness rate at P < 0 05 level. 
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rutmmrrs. relatl\c 1,) non\utmmcr\. ohrcrrcd In the LJLC Eric stud&c\ .IIW u.13 
c\~dcnr in the Irc\~~~nc L~hz ~IUJIC\ 1 bc w-I~\ c\ccptlan IL, the trend occurred at 
Reach E In 19’9 u here the rcbpIrJt,)r\ ,\ rnptcrrn rJtc In non,ulmmcrs .tpparcnlh ~4s 
greater than rhat lor \ulmmcrs Jltht)ugh Ihc dlilcrcncc ua, no1 l l;ll~st~.t~i! 
stgntflcant. In I919 there uas only one \!mprom category where the dlffcrrncr in 
illness rates between tulmmcrs and nonSulmmcrs uar shown to be ~IJ~ISIICJ!:~ 

dlficrent. and that occurred In thr “other”c~tcpor~ con\crsely. in IWO ~tatisticnll! 
stgnlflcanr dlficrences tn lllncrs rates between sulmmers and nonswlmmcrs %ere 
observed In three categories: Gl. recplrator\ and”other”at Beach U. Jnd In the GI 
and “other” catcgortes at Beach E. The failure to find swtmmcr-nonswtmmcr 
differences In the highly credible GI ca~egor!. In rptc of Ihe fact that statlstlcally 
stgniftcant differences were found In the GI and *other” catcgortcs. was not 
unexpected stncc thts was observed on a number of occasions tn the marine studtn 
(6). 

The bacterial indicator denstttcs observed during the 1979 swimming season were 
consistent between indtcators (Table 7). Indicator dcnstttes at the beach nearest the 
sourceof the pollutton werealways higher than those at the morcdtrtrnt beach. The 
I980 data. however. do not rcllccr such constancy. The enterococct and fecal 
coliform densities are not different between beaches aa would be expected and the E. 
rolidcnsittcs appear to be higher at the beach more dtstant from the pollutton source. 
These tnconsrstcnt results may have been caused bv heavy rams which occurred In the 
four days before the start of the beach study trtals. In fhat short four-day period. 8. IS 
inches of ram was mcuurcd. Thts. tn turn. caused the lake elevrtton to rtsc 
rpproxtmrrely tune feel above IIS normal level. The lake elevation dtd not return IO 
its normal level unt~l.iuly 18. about a month after the heavy rams. The turbidity ofthc 
water also was increased durtng thts time period. The effect these unusual events 
mtght have had on the swimmer tllncss rates IS unknown. 

Taboo 7. Indicator Donaitior at Kwstona I.&o 9athing Boachoa, 
1979-1980 (from Rofonncn 42.43) 

Enterococci E. coli Fecal Colrform 

Year Borch Meant Range Mean Rsngs Mean Range- 

1979 W 36.8’ 17.180 138 30-300 436 200-920 
E 6.8 2-98 19 1-44 51 NG’ 

1980 W 23 
E 20 

‘Geometric mean. 
‘Oonsity par 100 ml. 
JNot gwen. 

6-64 52 14-200 230 58- 1300 
2-76 71 12-21s 234 47-1600 



SECTION 5 

DEVELOPMENT OF A CRITERION 

The development of a criterion which relates swimming-associated health effects 
to some measure of water quality requires that certain basic information must be 
available before a valid model can be established. One of the critical elements in such 
a model is to show that there is a significant excess of illness in bathers who swim in 
surface waters Contaminated with domestic wastewater. The USPHS studies on the 
Ohio River and at other locations were an attempt to reach this objective (4). 

Those studies did show that there was a barely detectable health effect when the 
bathing water contained about 2,300 coliforms per 100 ml, an indication that the 
water was contaminated with fecal material from humans or warm-blooded animals. 
The effect was shown only for symptomatic gastrointestinal illness and not for the 
respiratory or "other” categories of symptoms. 

The more recent EPA marine bathing beach studies also showed, in unquestionable 
terms, that one of the main health effects related to swimming in sewage-polluted 
water was gastrointestinal illness (6). Although increased rates of respiratory and 
“other” symptomatic illness were related to swimming activity alone, only the rate of 
gastrointestinal illness increased significantly as the quality of the bathing water 
decreased. The EPA marine studies also accomplished what the early USPHS studies 
could not accomplish, that is, show that there is a risk of enteric illness due to 
swimming in polluted marine waters. 

The studies described in this report clearly confirm that the risk of contracting 
gastrointestinal illness greatly increases if a person swims in water contaminated with 
human domestic wastes. The Lake Erie bathing beach trials showed that almost all of 
the statistically significant differences in swimming-associated illness rates occurred 
only in those symptom categories related to gastroenteric illness and that there was a 
greater preponderance of significant difference at those beaches having the highest 
degree of fecal contamination. The results of the Keystone Lake study were not as 
clear-cut as those at the Lake Erie beaches, but the observed statistically significant 
Swimming-associated illness rates were related mainly to gastrointestinal symptoma- 
tology and “other” symptoms such as fever greater than 100°F. Two single 
exceptions to these findings were the swimmer-nonswimmer rate differences in the 
respiratory category which occurred at Lake Erie and Keystone Lake beaches in 
1980. 

The second objective of this report was to determine which indicator of fecal 
contamination, enterococci, E. coli or fecal coliforms showed the strongest 
relationship to swimming-associated illness. Enterococci and E. coli were considered 
because they showed the “best” relationship to swimming-associated illness in the 
marine recreational water quality studies. Enterococci were judged to be superior to 
E. coli for use in marine waters (44). Fecal coliforms also were examined in the 
freshwater studies because they are the currently recommended indicator group for 
monitoring recreational water quality. 

Three statistics related to regression and correlation analysis were used to 
determine which bacterial indicator had the strongest relationship to swimming- 
associated illness in freshwater environments. They are the slope of the regression 
equation, the standard error of the estimate and the correlation coefficient. In the 
marine bathing beach studies, only the correlation coefficient was used to compare 
the “strength of association” of various indicator bacteria to swimming-associated 
illness. Since the number of paired data points available in the freshwater studies is 
small, it seemed appropriate to use ancillary descriptive information to arrive at a 
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judgment as to which indicator should be used to establish the relationship between 
water quality and swimming-associated health effects. The slope was chosen because 
it indicates how large a change in a health effect will be associated with a change in 
water quality. It also has the advantage of being amenable to statistical testing to 
determine if it is different from zero or some other slope. The standard error of the 
estimate is useful because it is an average measure of the vertical distances of the 
observed points from the regression line. It is defined as the square root of the sum of 
the squared vertical distance from the regression line divided by the number of 
points. Thus. the smaller this value, the closer the points are to the regression line. 
The correlation coefficient is included so that the results of the freshwater data can be 
directly compared to the marine data. Since the correlation coefficient can be 
affected by the magnitude of the slope and the standard error of the estimate, but 
gives no indication of the relative influence of these two components, less weight will 
be attached to this statistic relative to the other two. 

Table 9 is a summary of the statistics used to describe the relationship of 
gastrointestinal illness to enterococci, E. coli and fecal coliforms. The statistics were 
generated using the summary data given in Table R. The first conclusion that can be 
drawn from the data in this table is that fecal coliform densities in freshwater are 
unrelated to swimming-associated gastroenteritis. The slope of the regression lines of 
highly credible and total G1 symptomatic illness on fecal coliform densities were not 
significantly different from zero. This finding was very similar to that reported for the 
relationship of HCG1 and total G1 symptoms to fecal coliform densities in studies at 
marine bathing beaches (6). In those studies, correlation coefficients for HCG1 and 
total G1 symptoms on fecal coliform densities for data analyzed by summer and by 
beach were respectively - 0.01 and 0.01. The implication of these results is quite clear. 
Bacteria from sources other than the gastrointestinal tract of man and other warm- 
blooded animals, which fit the definition of fecal coliform given in Standard 
Methods for the Examination of Water and Wastewater (38), are present at densities 
high enough to sufficiently eliminate the usefulness of fecal coliforms as an indicator 

Table 8. Summary of Microbiological and Epidemiological Results from 
Lake Erie and Keystone Lake Bathing Beach Studies 

Location 
Erie 

Indicator 
Geometric Mean Density 1 Symptom Rate 

Entero- Fecal 
Year Beach cocci E. Coli Coliforms Total G1 HCG1 
1979 A 5.22 23 ND. 9.93 2.3 

B 13 47 N.D. 11.7 4.6 

Erie 1980 A 25 137 4.8 
B 71 236 

37 9.6* 
104 30.0* 14.7* 

Erie 1982 B 20 146 60 11.6 11* 

Keystone 1979 E 38.8 138 436 9.0 5.1 
W 6.8 19 51 5.0 0.5 

Keystone 1980 E 23 52 230 17.7* 5.2 
W 20 71 234 18.9* 3.0 

1 Obtained from trials grouped by beach and year. 
2 Indicator density per 100 mL. 
3 Swimmer, nonswimmer illness rate difference per 1000 individuals. 
* Swimmers illness rate significantly different from nonswimmer illness rate 
at P < 0.05 level. 
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of fecal contammation of surface waters. This hypothcsls IS supported b! the 
numerous reports that a( least one genus wtthtn the fecal colllorm group can readll> 
grow IO high densities m the presence of mdurtrlal uas1tuatcrs A’k,+~/lu 
pnrumonro and other ~/r~.trrllo +cc~es grow 10 crtrcmcl~ hlghdrnsltlc\ In pulp mill 
wastes (45.46). ~extilc procorlng plant uastes (47) and cotton mill wa~tcs 148) 
lndustrlal wastes arc no1 the onl) source of thcrmotokrant Mr)l.~llo. The 
proportIon of Nrhtirlla in fecal coliform popul8tions observed in secondary effluent 
s8mplcs from seven sewage treatment plrnts h8s ken found IO r8ngc from I3 to42ri 
(unpublished dva). Furthermore. thts genus was shown b) Kinney. Drummond 8nd 
Hanes (491 IO k much more resistant to chlorine th8n other genera of the fcc8l 
coltform group. This latter observation might xcounl for the findtng thrl more rhrn 
one- half of 24 water s8mpks collected over 8 1S-d8y period from Beach B on trke 
Eric hrd fecal coliform popul8tions thrl were more th8n 30% rhcrmolokrant 
Klrhrrrlla. The pcrccrnagc of Kkhsrrllu rrngcd from I7 lo 7% of the fecrl coliforms. 
This ubiquitous organism. mrny str8ins of which fi1 the fCC8l cohform definition. 
m8y very well k 8 partirl re8son why fecal coliform densities do no1 show 8 direct 
rctatlonship to swimming-associated GI illness. 

E.whrrrdw Ar densttles on the other hand show an cxccllcnl rc~rlionshtp 10 
swimming-rssocinlrd GI Illness. 5)ncc E &I IS h! dtfimtlan a fecal coliform. thrs 
strong assoclatmn to Gl illness can onl) k l ttrlbutrd 10 tht USC of 8 hlghly 
relcct~vc dlf(crcnli8l cnumcra1ion method Y hlch effectiveI? cltmlnutfi potcntlrl 
ln1crfcrlng orgamsms The slope\ of rcgrnslon hncs calcul8tcd using itinns rates 
from the HCCil and 1o1a1 GI catcporac\ apalns1 E. W/I denslttc\ both showed 8 
sta~~s~~cull~ rlgniflcant change In tillnat rate\ ult h Chanpc\ m mdlcator drnll1tcs. The 
standard error of the cst~rnatc rr\oclatcd with HCGI symptom rates was thr sm8lles1 
of all Ihe cst~matcs. indv81mp that thrs mdic8lor had the closest ftt of pomts IO 1hc 
regression cqu81ion. The corrclatton coefficient for the 8srociation between HCGI 
symptoms rnd E. ruli dtnsittcs wasO.MM. the l8rgcst of all the corrclrtion cocffictcnls 
rnd indtc8ting thal E. W/J shows the’ksl” rclatlonrhtp 10 swtmmtnp-rssocutcd Cl 
illness. Thor rationale. which was used in (k marine rccrcrtional water quality 
studIn 10 choose the ‘krt” tndlc8tor. mr\ not k 8ppl1ci1hlc to fhc frcshuatcr 
studlcs This 1% ruggcwd kcausc of the cquall! c&ccllcnt rrlatwn\h~p between GI 
tllncs\ ratn and cntcrococcI dcnrtttn. 1 he slop (or the two symptom catcgor,cs 
gcncrawd using enttrococcl ys thr tndcpcndrnt \arlahlc arc vcr\ \trnll8r 10 those 
ob1atncd using E. mh. 

If 8 rt81tsocal significance 1es1 IS performed IO I~I the hypolhotr that (he slope of 
the regression line of HCGI illness rates on enterococct dcnsura rqualr the slope of 
the regresston tine of HCGl ittncss rata on E. role dcnsrttcs. it can k shown thrt the 

T&o 9. Summary of Rmgromion Suairticr Roktod lo Swimming-Associ- 
rtod Hlnors l nd Water Quality Indkaton 

Ind~tof 
Enterococcl 

Defmtue 
SYmoCOm Y Std Error Corro~tm lrom 
blqofy slop8 Inlercepl of Eltrm818 coetfcW!t Lme8r1ty 

Total Gl 14.30’ -4.50 5.21 ,673 NS’ 
HCGI 9 40 -6.28 2.97 ,744 NS 

E. cob Total GI 10.39’ -5 56 5.97 ,528 NS 
HCGI 9.40’ -11 .;I4 2.49 .a04 NS 

Fecal Coliform Total Gl 5.21 3.81 7.53 .249 NS 
HCGI -0.98 8.35 4.49 -.OBl NS 

INS - No rignificont &pBnuro from IinaBfity. 
*SW of rogrosrion Iin@ is signiflunt~ different from zero. 
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slopes arc not vpnllxanth dtffcrcnt (p X.051 Furthcrmorc. II cannot he \houn that 
the !-mtcrccpt\ or the corrclatlon cocffrlcnts arsoclatrd ulth thoc IWO mdlcJtl)rs 
are slgnlficsntl~ drffcrcnt cp X.05). Since the IWO Indlcatorr shou cquAly slrong 
assoctattons IO rwlmmlng-assocaatcd gastromtcstmal Illness. II seems that an 
appropriate Pppro8Ch would k IO present IWO crtterta and recommend one of the 
IWO based on factors unrelated IO the rtattstlcs of rcgrcsslon and corrclatlon analysts. 

Criteria for Freshwater Bathing Areas 

Caklli (6) hoc defined 8 w8Icr quality crttcrion developed for use wtth Indicator 
systems 8s “8 quantifiable relrtionshtp between the density of the tndtc8lor in the 
w8Icr rnd the potenIt8l humrn herlth rtsks tnvolvcd in the waler’s urc.“The hcrlth 
effects-wrier quality criterion IhrI will k developed in Ihts section fiIs the 8bove 
drfinilion. rnd iIs purpose will k IO provtdc 8 qu8nlili8blc rclrlionship which can k 
used to ccl water qu8liIy guidelines or sI8ndards for fresh b8lhmg WOW% The 
regresston lines whtch characterire the rclattonshtp between highly crcdtblc and toI 
gastrotntaI~nal symptom roles. and boctcrtal Indtcator denstoes were developed 
fromtheregrcsstoncocC~ctenIsgtvcninTablc9. II wasassumcdIh8l thclog8rtlhmof 
the bsclcrial densrty would graph lmcarly against the mctdcnce ofd~scasc slncc thrs 
model hrd prcvtously ken shown IO k apphcablc IO stmtlar drto tn the marme 
brlhtng k8ch studies(b). The valldtly of the ltnerr relalronship was cxamtnrd usmg 
the run lal (501. a crude but stmplc method for delcrmining deprrlurcs from 
linerrrty. None of the estim8lcd Iincsshowed sIa!~st~cally signtficrnt departures from 
Itnc8rity(p X.05). The regresston lines for highly crcdtblc rnd Iota1 gasIrotn!csonol 
symptom r8lcs on mdicrtor densittcs are shown for E. W/L enterococci and fecal 
coliforms in Figures I. 2 rnd 3. E8ch poinl rcpracnls a p8tr of varirbla. the 
geometric mean indicllor density obl8ined from w8ler samples collected 81 a kach 
over 8 smglc b8lhingscuon8nd the corrcspondingswimmtng-associrtcd illness r8lc. 
The gastrointcslinrl illness r8Ie 8nd fecal coliform density d818 dirplrycd in Figure 3 
serve lo cmphrritc the lrck of rsrocirtion between these Iwo V8rl8blCS. This lrck of 
associrlion ~8s indicated in Table 9 by the low value of the correhilton cocfficicnr 
8nd the flrlness of the slope. The regressIon lines for E. c~li and entcrococci, on the 
other hrnd. show sign&cant changes in the symptomatic tllncss rates wtth chrngcs in 
indvator drnsttta. Funhcrmorc. all of the observed data potnIs arc in ciosc 
proaimily to the estimated regressIon lines. cspeci8lly those for the hrghly crcdtblc 
sympIoms. The regression lines for E. c~lr and enterococct are remarkably stmrlar 
wtth respect lo slope. sl8nd8rd error of the estimrtc 8nd correlation coeflictcnt. The 
only differences of rny signlfic8ncc 8rc the higher densities of E. ~o/r relative to 
enterococci 8s m8nifcsccd by the grerttr y-intercepts auoctatrd with the E. w/i 
regression lines, especially in the case of the HCGl symptoms. The average highly 
crcdtble GI symptom rrtcs were about 43q of lie rvcragc rrla observed fof tolrl (31 
symploms. The overall mc8n enterococct dcnstty for the ntnc trtrls ~85 lg.9 per 100 
ml. while that for E. c~lr was 71.9 per 100 ml. These results were not uncxpcacd. SUICC 
enterococct 8rc typically found 81 dcnsuta lower thrn E. CU/~. both tn human feces 
(5 I) 8nd in scw8gc effluents (52). 

The strcnyh of the mUonship ktwecn health effcrcs and the various water 
quAlily indic8Ion cx8mined in the m8rtnc rccrcrttonrl wvrter quahty sIudy showed 
clerr-cul diffe~enca and. thereforr. the choice of the %cst” rndicrlor ~85 obvious. 
The selection of Ihe”bcst” indicrlor with respect IO the strength of the rclrlionship 
ktwecn w8tcr qurlily indic8lor rnd swimming-assoctaIcd illness IS not obvious in 
Ihc results of the freshwrlcr studies. The slmilrrity of Ihc data dcscrtbing the 
rclrtionship of swimming-associ8tcd illness lo E. co/i rnd enlerococci dcnsirta is so 
grc8l th81 a criterion will k presented for trch bactcrt8l mdicrlor. The health 
effcclcwrtcr quality critcri8 for E. co/i rnd cnlerococci rre shown in Figures 4 and 5. 
bch figure shows the cslimrled lines of best lit rnd the 959 confidence limrts of the 
lines. 
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Rogretrmn owotaon 
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/ 

-- 
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Mun emerotoccua tlomctv per 100 mL 

F:lgunS. Crttuma for l JttfnJttng rmmmtng-Juocutd gmrant~tirul iWteJJ rJtJ 
from ~motrw mean 6onmy ol entJracocci #r 100 mL in frohwJtJr 
-w. 

Although drtJ for both highly credibkrnd totJl Gl symptomatic illness hrvc been 
shown. only lhc former will bc used to develop criteria for fresh rectcuionrl bathing 
walers The rerron for no1 conrldcrmp J crneraon using totJl GI rymptomrlology is 
lwo-fold. First. the rcptcsrlon Jnd corrrirlion JnJlyscS mdtc~tc that the strength of 

the reirtionrhip between the indtcrtorr Jnd highl) credible symptom rates is much 
grcllcr IhJn thJ1 wllh lalri GI rymplom t8tC). Jnd second, JI pointed out by CJbclli 
(6). highly credible symptoms should be uud%cc~uu of the grerlcr credibility of tts 
drlr b~%c Jnd bc~~usc il is more conducive to economic JrtJlysir.’ 

The two figures shown Jrc useful for Jpproxtmrtcly determining tlu number of 
swimming-JrrociJtcd gJstrotntalitu~ illnesses thrl might be expected Jl J bathing 
bath where the dcnuly of E. roir or enterococci frllr withm lhc rJnp of the criterion. 
However. J rclrtionrhip of this type mott likely will be used to determine. not whrt 
the risk is but wh~l the wJter qurlicy should bcJfltr Jn Jcccptrb~c nsk kvtl hrs been 
Jgrnd upon by J loc~J or stJte Jutbority. Since the two chrrmcratics (Indiaor 
density Jnd illness r~tc) used to develop the criterion both show vJrubihty rnd only 
the vJrirbilir) of the depcndcnl chJrJctetatic ts Jccounled for in the regression 
cquJtion Jnd its 9% confidence hmrtr. it is nccnrJry IO show J second rclJtionshlp 
where the indicator dcnrilia plry the rok ol the dependent chJrJcterlsl#. The 
regrcslsion line for E. co11 on swtmmmp-JsrociJicd illness. the equJlion of lhc line ana 
lhr 9% confldrncc bmils of lht irnr Jrt shown m Flgurt 6. A slrnM tquolron. hnc 
Jnd Itmltr for enterococci Jrc shown in Flgurr 7. Elthcr one of the rtlrllonrhlpS 
shown tn Flgurcr 6 Jnd 7 cm be used to alrblrsh guldclma or slrndrrds bued on 
Jcccplrbk nrli. 
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SECTION 6 

MARINE VERSUS FRESHWATER CRITERIA 

The recreational water quality studies carried out by the USPHS in the early 1950's 
(4) could not detect a swimming-associated illness effect at two marine bathing 
beaches on Long Island. New York. Since swimming-associated gastrointestinal 
health effects were observed at a freshwater bathing site in the same study series, if 
was assumed that the results of the EPA fresh recreational water quality studies 
would reveal higher swimming-associated gastrointestinal illness rates than were 
found in the EPA marine bathing beach studies. This assumption posed a further 
question as to whether or not a single criterion could be used For both fresh and 
marine bathing beach waters. When the results of the freshwater studies were 
compared to those of the marine studies (Figure 8), it was clear that the illness rates in 
bathers swimming at marine bathing beaches were significantly higher (p < 0.05) than 
those in freshwater swimmers when the data were analyzed using the Wilcoxon rank 
sum test (53). The mean of the marine highly credible G.I. illness rate data (15.2 per 
1000), grouped by beach and year, was 2.67 times greater than the mean for the highly 
credible G.I. illness rates in freshwater swimmers (5.7 per 1000). The Wilcoxon rank 
sum test (53) also was used to show that the means for the E. coli and enterococci 
indicator densities in marine waters were not significantly different from the means of 
thou two indication in fresh waters (Figure 8). The similarity in indicator densities in 
freshwater and seawater can be explained on the basis of the limitations placed on the 
selection of study rites and the difference in gastrointestinal illness rates between 
marine and freshwater swimmers can possibly be accounted for by the die-off rates of 
indicator bacteria and pathogens in marine and freshwaters. 

The constraints of the site selection process stipulated that the water quality at each 
location had to meet local standards. All of the sites where studies were conducted 
used the 200 fecal coliform per 100 ml standard and since the bathing waters were 
usually in compliance with the standard, it is not surprising that there is some 
uniformity of indicator densities in the marine and fresh beach waters. 

The survival of coliforms in seawater and freshwater was examined by Chamberlin 
and Mitchell (54). They analyzed 87 seawater studies and 28 freshwater studies on 
indicator bacteria die-off. The results of their analysis indicated that the median T90 
value, i.e., the time it takes for 90% of the indicator bacteria to die-off, from the 
seawater studies was 2.2 hours, whereas the mean T90 value from the freshwater 
studies was 57.6 hours. Hanes and Fragala (55) have shown that under laboratory 
conditions enterococci and E. coli behave much like coliforms do under field 
conditions. E. coli had a T90 of 18 hours in seawater and 110 hours in freshwater. 
while enterococci had a T90 of 47 hours in seawater and 71 hours in freshwater. The 
differential die-off of indicators by itself, however, is not sufficient to explain the 
difference in gastrointestinal illness rates between marine and freshwater swimmers. 
The linear relationships between gastroenterilis and E. coli or enterococci in marine 
and fresh recreational waters shown in Figures 9 and 10 provide additional 
information which might be useful for answering the question. The coefficients used 
to generate the regression lines in Figure 9 and 10 are given in Table 10. It is 
noteworthy, that with the exception of the regression line showing the relationship 
between swimming-associated illness in marine waters and E. coli densities, all of the 
estimated lines in Figures 9 and 10 intersect the indicator density axis at mean 
indicator densities greater than 1 per 100 ml. This suggests that the infectious dose 
level of the etiologic year disappears before the mean indicator densities become 
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Figure 8. Date summary of highly credible gastrointestinal symptom rates and 
indicator densities from marine and freshwater studies. (Marine data 
obtained from Tables 7 and 8, Reference 6.) 

unmeasurable in both marine and freshwater environments. The implication of this 
observation is that the etiologic agent, which is assumed to be a virus (56), probably 
dies off at the same rate, whether in seawater or freshwater, since the swimming- 
associated effect of the pathogen infectious dose approaches zero as the indicator 
density approaches a value of 1 per 100 ml. This would not be an unreasonable 
assumption, since Cioglio and Loddo (57) have shown that strains of Polio, ECHO6 

and Coxsackie virus had similar die-off rates in river and seawater held at 25° C. 
Although it is unlikely that these viruses are the cause of swimming-associated 
gastroenteritis, it is possible that the unidentified etiologic agent behaves in a similar 
fashion. The assumed similar die-off rate of the pathogen in freshwater and seawater, 
coupled with the greater die-off of indicator bacteria in seawater than in freshwater, 
could account for the difference in gastroenteritis rates between marine and 
freshwater swimmers, especially when both types of recreational waters are required 
to meet the same microbial standard. Thus, an indicator would decay rapidly in 
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T8bk 10. Summary of Stmtiaticr Related to Marino and Freshwater 
Clitoris to? Highb Credible Swimming-As8ociatmd Illnou 
and Watn Duality Indicatorr, f. coM and Entorococci 

Me8n Geomaalc 
SWWllIling- Morn Scandad Corroktmn 
Assacirmd Denutv SODS Error Est. CooHtcmnl 
illness Rat. EC’ ENP EC PNT EC ENT EC EN1 

15.2 56 25 7.3 11.6 8.6 6.7 512 .712 

Fresh 6.7 72 20 9.4 9.4 2.5 2.6 ,804 .7U 

‘EC - E. coli. 
*ENT - l ntorococci 
Vllnoss rates and bacterial indicator density data obtrvwd from Reference 6. 
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seawater while the pathogen does not. luvin# an excess of pathogen once the 
standard is rackd. In freshwater. the indicator decays at the same rate or slower 
than the pathogen. which results in a low density of pathogen by the l~tnc the 
sundrrd is attained. At equivalent indialor dcnsttics. Ikrc will k an CINCU of 
pathopn in marine waters rclatlve to what would k found tn freshwaters. and 
thcrtfotc a higkr ilincss rate will k observed in marune waters. Thus. the dlfftrcncc 
In marme and freshwater swlmmcr illnar rate ir not only stat~s~cally rlpnificanr. but 
rho 6 apparently compatible wath many of the known charrctcrataa of IndIraton 
and pathopns associated with the obrcrvcd phenomenon. The rignifacancc of these 
findtnp is that a singk water qualtty craterton for seawater and freshwater has been 
effccttvcly eliminated from considcrrtlon. and therefore a separate crtterlon should 
k used for each type of bathin water. 



REFERENCES 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

n. 

9. 

IO. 

I I. 

12. 

13. 

14. 

IS. 

16. 

17. 

18. 

19. 

20. 

U.S. Environmental Protection Agency. Quality Critcrar for Water. 
U.S.E.P.A.. Warhrngton. DC. 1976. 
Cabclli. V. J.. A. P. Dufour. L. J. McCabe. and M. A. Lcvln. 1983. A Marine 
RecreatIonal Waler Quah~y Crrtcrion Consistent wlrh Indicator Concepts and 
Risk Anrlys~r. J. Water Poll. Control Fed. 55:I306. 
Xationat Technical Advlrory Committee. l%U. Water Quality Criteria. 
Federal Water Poll. Control Adm.. Dept. of the Interior. Washington. DC. 
Stevenson. A. H. 1953. Studies of Bathing Waler Quality rnd Hmlth. Am. J. 
Public Hlth. Assoc. 43529. 
Committee on Water Quality Criteria. National Academy of Sciences- 
Sarlonrl Academy of Engmcerrnp. Water Quahty Criteria. U.S. Envtron- 
mental Protection Agency. EPA-R3-73-033. Warhmgton. DC. 1972. 
C~bclli. V. J. 1981. Health Effccts Crarerra for Marmc Recrertlonal Waters. 
U.S. Environmental ProtectIon Ascncy. EPA-400! l-8&031. Cincinnati, 
Ohlo. 
Moore. B. 1954. Sewage Contrmmation of Coastal Bathing Waters. Bull. 
Hyg. 29:689. 
Discher. D. M. 1963. The Sctentlfic Basis for Coliform Organisms as rn I ndcx 
of Bathing Water Safety. In: Coliform Standards for Recreational Waters, 
Appendix I. Progress Report. Public Health Activities Committee. J. San. 
Eng. Div.. ASCE. p. 89. 
Hcndmon. 1. M. 1968. En&tic Disease Criteria for Recreational Wafers. J. 
San. Eng. Div. pJ:I253. 
Anonymous. 1961. Typhoid Traced lo Bathing at a Polluted Beach. Public 
Works. 92: 182. 
Hawley. H. B.. D. P. Morin. M. E. Gcraghty, J. Tomkow. and C. A. Phillips. 
1973. Coxsackicvirus B EpIdemicat a Boys’Summcr Camp. Isolation of Virus 
from Swimming Water. JAMA. 226:33. 
Rosenberg. M. A.. K. K. Ha&r. J. Schaefer. J. G. Wells. and R. C. Pruncdr. 
1976. Shigellosis from Swlmmmg. JAM A. 236: ln49. 
DuPont. H. L.. and R. 8. Hornrck. 1973. Clmtcal Approach IO lnfcctrous 
Diarrku. Medicine. 52~265. 
Kooptnan. J. S.. E. A. Eckerc. H. B. Grccnbcrg, 8. C. Strohm. R. E. Isaacson. 
and A. S. Monto. 1982. Norwalk Virus Enteric Illness Acquired by Swlmmmg 
Exporurr. Am. J. Epidcmiol. I Ik 173. 
Bryan. J. A.. J. D. Lthmrnn. I. F. Sctiady. and M. H. Hatch. 1974. An 
Outbreak of Hepatitis-A Associated with Recreational Lake Water. Am. J. 
Epidcmiol. 99: 145. 
Typhoid Fever from Bathmg in Polluted Walers. 1932. City of New York 
Department of Health Wcthely Bulktin. 21:257. 
Cirtnpolini. E. 1921. A Study of the Typhoid Fever Incidence in the Health 
Center District of New Haven. Report to City of New Haven. 
Denis. F. A.. E. Blanchovin. A. DeLtgnicra. and P. Flrmen. 1974. Coxuckic 
Atrlnfcction from Lake Water. JAMA. 228:1370. 
Committeeon Bathing Bcrch Contamination ofthc Public Health Laboratory 
Service. 1959. Scwre Contamination of Coastal Bathing Waters in England 
rnd WJICS. J. Hygiene. 57:435. 
Moore. 8. 1959. the Risk of Infection Through Bathing in Sewage-Polluted 
Water. In: Proceedings of the First International Conference on Waste 



21 

22. 

23. 

::: 
26. 
27. 
28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

II. 

42. 

43. 

U. 

45. 

Disposrl in the Marlnr Envlronmcnt. Ed. E. A. Pcrrson. Pcrwmon Press. 
New York. 
D’AIess~o. D. J.. T E Minor. C. I. Allen. A. A. Tsiatis. rnd D. 6. Nelson. 
1981. A Study of the Proportions of Swimmers Among Well Controls 8nd 
Children with Entcrovlrus-Like Illness SheddIng or Not Shedding rn 
Entcrovlrur. Am. J. Epldcmiol. ll3:533. 
C8belli. V. J.. M. A. Levrn. A. P. Dufour. and L. J. McC8bc. 1975. The 
Development of Criteria for Rccrution8l W8tcrs. In: Intcrn8tionrl Sym- 
posium on Disch8rgc of Sewrp from Sea Outf8llr. Ed. A. L. H. G8mnon. 
Perpmon Press. London. p. 63. 
Moore. B. 1975. The C8sc Apinst Microbirl St8ndrrds for B8thlng Be8cha. 
In: Internrtion8l Symposium on D&Up of Scwrp from Se8 Outfrlls. Ed. 
A. L. H. C8tncson. Pcrpmon Press. London. p. 103. 
Repoti ofthcCommittcc on B8thing Pl8~a. 1922. Am. J. Public Hlth. 12: 121. 
Report of the Committee on B8thinl P~~ccs. 1924. Am. J. Public Hlth. 14:597. 
Swimming Pools 8nd B8thut) P~CCS. 1933. Am. J. Public Hhh. 23:40. 
B8thing Pl8cu. 1936. Am. J. 01 Public Hhh. 26:209. 
Looking Forw8rd in the B8thing Place S8nit8tion Field. 1940. Am. J. of 
Public Hhh. 3050. 
Strceter. H. W. 1951. B8cterirbQurlity Objectives for the Ohio River. Ohio 
Rtvcr V8llcy W8tcr S8nlt8tion Commusion. Cinctnnrti. Ohio. 
Report on 8 Pollution Survey of S8ntr Monicr B8y Bc8chrs in 1942. 1943. 
Buruu of S8nitrry Engtnccrin& St8tc of C8lifolnia. 
Shcrmrn. Leslie K. 1960. Connecticut Studies Its Shore B8thinl Wrtcn. 
Connecticut H It h. Bull. 75: 129. 
Scott. W. J, 1932. Survey of Connecticut’sShore B8thmp W8tcrr. Publtc Hlth. 
Engr. 191316. 
Scott. W. J. 1951. S8mt8ry Study of Shore B8thing W8tcn. Connecticut Hlth. 
Bull. 65:74. 
Scott. W. J. 1953. RmnI S8nitrry Study of Shore bhing W8tm. 
Connecticut Hlth. Bull. 67: 139. 
Kehr. R. W.. rnd C. T. Butterfield. 1943. Notes on the Rclrtion Between 
Coliforms rnd Entcric P8thopns. Public Hulth Reports. 5U:5B9. 
Lcvm. M. A.. J. R. Fischer. rnd V. J. C8klli. 1975. Mcmbrrnc Filter 
Technique for Enumcrrtiofi of Enterococci in Mrrinc Waters. Appl. 
Mtcroblol. 3&66. 
Dufour. A. P.. E. R. Strickland. rnd V. J. C8klli. 1981. Mtmbrrnc Filter 
Method for Enumcrrting Lrhrrirh~ roll. Appl. Environ. Microbial. 4 t : I 152. 
Amcriun Public Hulth Associ8tion. Sun&d Methods for the Ex8mitution 
of W8tcf l d Wutewrter. 14th Ed. Wuhiqon. DC. 1975. 
Kltinb8um. D. G.. L. L. Kuppc?. rnd H. Mor#cnstcm. 1982. Epidemiologic 
Rcscrrch. Lifetime Laming Publiutions. &lmonl, C8lifotni8. 
Englrnd. J. M. 1975. Medrcrl Rcsc8rch-A Sutistiul rnd Epidemiolo&8l 
Appro8ch. C. Livingstone. New York. 
Dufour. A.. S. tigonki. R. G8mmon. 8nd G. K18us. SwimminpAssoci8tcd 
G8strocntcrttis in Frahw8tn Swimmers. In prqI818lion. 
McKee. G. L. 1980. Development of Hrrlth Efftcu Critcrir for FreshwrIer 
Brthing Berchcs b) Use of Mtcrobirl Indiutors. Ph.D. Thesis. University of 
Okl8hom8. Norman, Okl8hom8. 
Sh8did. D. L. 1981. Microbirl Indices of Rccrcrtionrl WltCl quality. Ph.D. 
Thesis. University of Oklahoma. Norman. Oklrhom8. 
C8bcll1. V. J.. A. P. Dufour. L. J. McC8bc. rnd M. A. Levi& 1982. Swimming 
Associ8tcd G8stroentcrttis rnd Water Qwhty. Am. J. Epidcmlol. I15:606. 
Bordncr. R. H.. 8nd B. J. C8rroll. 1972. Proceedings of the SemiMr on the 
Signifiuncc of Fecal Coliform in Industri8l W8ster. U.S. EnvilMmcnl8l 
Protection Apncy. Denver, COlOl8do. 

32 



47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

Caplcnas. 5. R.. %I. S. Kanarek.and A. P. Dufour. 1981. Sourceand Extent of 
K/rhrrr//u pnrutwonror In the Paper Industry. Appl. Enwon Mlcroblol. 
42: 779. 
Dufour. A. P.. and V. J. CAcll~. 1976. Ch8r8CtCrlSllCS of k’/rhcrr//o from 

Tcxt~lc Frntshm9 Plant Effluents, J. Water Poll. Control Fed. 415.872. 
Campbell. L. 151.. G. Mlchaels. R. D. Klein. 8nd I. L. Roth. 1976. Isolation of 
A’khswllo pnrumonror from Lake Water. Can.. J. Microblol. 22: 1762. 
Kinney. E. C.. D. W. Drummond. and N. B. Hana. 1978. Elfects of 
Chlorin8tion on Differcntustcd Cohlorm Groups. J. Water Poll. Control Fed. 
50:2307. 
Crow. E. L.. F. A. DJVIS. 8nd M. W. Maxfield. 1960. ~181l51KS Manu8l. Dover 
Publications. Inc.. New York. 
Slrnctz. L. W.. and C. H. Bartlcy. 1957. Numbers of Entcrococci in W8tcr. 
Sewrp. 8nd Feces Determined by the Membrane Filter Technique with an 
Improved Medium. J. Ban. 74:591. 
Micscicr. J. J.. rnd V. J. Caklli. 1982. Entcrococti and Other Microbirl 
tndicrton in Municiprl W8stewrtcr Effluents. J. Water Poll. Control Fed. 
54: 1599. 
Wilcoxon. F.. and R. A. Wilcox. 1960. Some Rapid Apploxim8lc ~l8tistwal 
Procedures. Lcderle Loborrtortcs. Pearl River. New York. 
Ch8mbcrlin. C. E.. and R. Mitchell. 1978. A Decry Model for Entertc Baaens 
in H8turrl W8tcn. In: Water Pollutron Microbtolopy. Ed. Ralph Mrtchell. 
John Wiley & Sons. New York. Vol. 2. p. 325. 
ti8na. N. 8.. and R. F18gJlJ. 1067. Effect of Serw8ler Concenll8tlon on the 
Survivrl of lndicrtor Bacter~r. J. Water Poll. Control Fed. 39:97. 
Cnbelli. V. J. IOUt. Eptdcmiology of Entcric Viral Infecttons. In: Viruso8nd 
W8stcwvrtc1 Tlc8lmcnt. Eds. M. Goddard and M. Butler. Perg8mon Press. 
New York. p. 291. 
Cio&. L.. rnd B. Loddo. 1962. The Process of Self-purifiation in the M8rinc 
Environment. 111. Rcsist8na of Some Enterovtruscs. Nuovi Anruh Di Igwnc 
E. Miaobiologi8. 13: I I. 
M8nin. P. H. 1947. Field Invatig8tion of Plrrlyphoid Fever with Typing of 
So/m. purotrphi by Mutts of Vi B8ctcrioph8p. Bull. HyK. 22:754. 

33 



From: "Kimball Garrett" <kgarrett@nhm.org> 
To: DWoelfel@waterboards.ca.gov 
Date: 12/12/2008 2:07 PM 
Subject: RE: habitat value of urban drainage channels 
Dear David, 
Your query of 9 December deserves a much longer and more thoughtful 
response than what I have written below, so consider this the beginning 
of a conversation. 
We know that urban flood control channels can support large numbers of 
birds and reasonably high species diversity in some situations. These 
habitats (though far from "natural") mimic certain types of wetland and 
riparian habitats that have largely been eliminated in the region, so 
flood control channels and (even more importantly) flood control basins 
serve as very important (though certainly not sufficient) "de facto" 
mitigation for the loss of riparian/wetland habitats. The key problem, 
of course, is that these channels and basins are not maintained 
primarily for wildlife, so there are periodic perturbations which 
greatly reduce habitat quality; these include high storm water flows, 
vegetation clearance, other channel maintenance, trash accumulation, and 
complete drying. 
The best bird habitat in our system of flood control channels arises 
when there is a soft bottom (as in the ~13 km stretch of the Los Angeles 
River between Griffith Park and the Arroyo Seco confluence), or when the 
channel is broad enough and the flow regime is such that there is a very 
shallow sheet flow of water (as in much of the lower Los Angeles River 
south of downtown Los Angeles, and especially from Paramount/Compton 
south to about Willow Street in Long Beach). In the first case, there 
can be the rudimentary (or even significant) establishment of willows, 
cattails, bulrushes, and other riparian elements (but nearly always 
highly invaded by non-native species); in the latter case, algal growth 
and associated invertebrate fauna form ideal foraging habitat for 
shorebirds. For documentation of the importance of the Lower Los 
Angeles River channel for shorebirds, see: Cooper, D. S. 2006. Shorebird 
use of the lower Los Angeles River: a novel wetland habitat. Western 
Birds 37:1-7. A PDF of this paper is available at: 
http://www.cooperecological.com/LAR_shorebirds.pdf 
There is much information about the biota of the Los Angeles River 
channel in the Biota of the Los Angeles River report (K. L. Garrett, 
editor) submitted to the California Department of Fish and Game in 1993. 
Unfortunately that report is now not available, but eventually I plan to 
have my copy scanned and available electronically. 
It goes without saying that the wildlife values of flood control 
channels are greater when there is also open upland habitat preserved 
adjacent to the channels. This rarely seems to be the case in urban 
southern California. Also, consideration should be given to flood 
control channels (and adjacent upland borders) as movement corridors for 
various kinds of wildlife, even if habitat within the channels is not 
especially valuable or productive. 
Let me know what other information I can try to provide. 
Kimball 
Kimball L. Garrett 
Ornithology Collections Manager 
Natural History Museum of Los Angeles County 
900 Exposition Blvd. 
Los Angeles CA 90007 
(213) 763-3368 
(213) 746-2999 FAX 
kgarrett@nhm.org 
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We present estimates of annual public health impacts,
both illnesses and cost of illness, attributable to excess
gastrointestinal illnesses caused by swimming in contaminated
coastal waters at beaches in southern California. Beach-
specific enterococci densities are used as inputs to
two epidemiological dose-response models to predict
the risk of gastrointestinal illness at 28 beaches spanning
160 km of coastline in Los Angeles and Orange Counties.
We use attendance data along with the health cost of
gastrointestinal illness to estimate the number of illnesses
among swimmers and their likely economic impact. We
estimate that between 627,800 and 1,479,200 excess
gastrointestinal illnesses occur at beaches in Los Angeles
and Orange Counties each year. Using a conservative
health cost of gastroenteritis, this corresponds to an annual
economic loss of $21 or $51 million depending upon the
underlying epidemiological model used (in year 2000 dollars).
Results demonstrate that improving coastal water quality
could result in a reduction of gastrointestinal illnesses locally
and a concurrent savings in expenditures on related
health care costs.

Introduction
Each year between 150 million and nearly 400 million visits
are made to California (CA) beaches generating billions of
dollars in expenditures, by tourists and local swimmers, and
nonmarket values enjoyed mostly by local area residents (1,
2). Nonmarket benefits represent the value society places on
resources, such as beaches, beyond what people have to pay
to enjoy these resources (see Pendleton and Kildow (1) for
a review of the nonmarket value of CA beaches). In an effort
to protect the health of beach swimmers, the CA State
Legislature passed Assembly Bill 411 (AB411) in 1997 with
formal guidance and regulations for beach water quality
which are formally codified as a state statute (3). AB411
requires monitoring of bathing waters for fecal indicator

bacteria (FIB, including total coliform (TC), fecal coliform
(FC), and enterococcci (ENT)) on at least a weekly basis during
the dry season (1 April through 31 October) if the beach is
visited by over 50,000 people annually or is located adjacent
to a flowing storm drain. Beaches can be posted with health
warnings if single-sample or geometric mean standards for
TC, FC, and ENT exceed prescribed levels (see Supporting
Information (SI) for standards).

Based on AB411 water quality criteria and their profes-
sional judgment, CA county health officials posted or closed
beaches 3,985 days during 2004 (4). Sixty percent (2,408
beach-days) of these occurred at Los Angeles and Orange
County (LAOC) beaches (4), and nearly all (93%) of the LAOC
advisories and closures were caused by unknown sources of
FIB. The number of beach closures and advisories in CA
(and the country as a whole) rises each year as counties
monitor more beaches (4). Needless to say, public awareness
of coastal contamination issues is growing, and in some cases
strongly influencing the development of programs to improve
coastal water quality. For example, public pressure on the
Orange County Sanitation District (OCSD) prevented them
from reapplying for a waiver from the USEPA to release
partially treated sewage to the coastal ocean. Instead, OCSD
plans to implement a costly upgrade to their sewage treatment
plant. New stormwater permits issued by CA Regional Water
Boards require counties and municipalities to implement
prevention and control programs to meet coastal water
quality criteria. The cost of such mitigation measures is
difficult to determine, yet cost has been used as an argument
in court challenges to the permits (4). In 2004 elections, voters
in the city of Los Angeles approved a measure to spend $500
million on stormwater mitigation (5).

To understand the potential public health benefits of
cleaning up coastal waters, we need a better idea of the
magnitude of health costs associated with illnesses that are
due to coastal water contamination. Several previous studies
address the potential economic impacts of swimming-related
illnesses. Rabinovici et al. (6) and Hou et al. (7) focused on
the economic and policy implications of varying beach
closure and advisory policies at Lake Michigan and Hun-
tington Beach, CA, respectively. Dwight et al. (8) estimated
the per case medical costs associated with illnesses at two
beaches in southern California and used this to make
estimates of public health costs at two Orange County
beaches. Our study is novel in that it provides the first regional
estimates of the public health costs of coastal water quality
impairment.

While many different illnesses are associated with swim-
ming in contaminated marine waters, we focus our analysis
on gastrointestinal illness (GI) because this is the most
frequent adverse health outcome associated with exposure
to FIB in coastal waters (9, 10). We estimate daily excess GI
based on attendance data, beach-specific water quality
monitoring data, and two separate epidemiological models
developed by Kay et al. (11) and Cabelli et al. (12) that model
GI based on exposure to fecal streptococci and ENT,
respectively. Finally, we provide estimates of the potential
annual economic impact of GI associated with swimming at
study beaches.

We conduct our analysis using data from 28 LAOC beaches
during the year 2000. Together, these beaches span 160 km
of coastline (Figure 1, Table S1). We limit our analysis to
these beaches and the year 2000 in particular because we
were able to obtain relatively complete daily and weekly
attendance and water quality data for these beaches during

* Corresponding author e-mail: linwoodp@ucla.edu; phone: (310)
825-8569; fax: (310) 206-3358.

† University of California, Los Angeles.
‡ Stanford University.
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this year. The 28 beaches represent a large, but incomplete,
subset of the total beach shoreline in LAOC. Large stretches
of relatively inaccessible beaches (e.g., portions of Laguna
Beach, much of Malibu, and Broad Beach) were omitted from
the analysis as were several large public beaches (e.g., Seal
Beach and Long Beach) because of paucity of attendance
and/or water quality data. The 1999-2000 and 2000-2001
winter rainy seasons were typical for southern CA (13), so
2000 was not particularly unique with respect to rainfall. A
comparison of inter-annual water quality at a subset of
beaches suggests that pollution levels in 2000 were moderate
(data not shown). Thus, the estimates we provide can be
viewed as typical for the region.

Methods
Number of Swimmers. Morton and Pendleton (2) compiled
daily attendance data from lifeguards’ records and beach
management agencies. When data were missing, attendance
was estimated using corresponding monthly median weekday
or weekend values from previous years. (Table S1 shows the
number of days in 2000 when data are availablesfor most
beaches, this number approaches 366.) Because these data
are based on actual counts, we do not need to factor in effects
due to the issuance of advisories at a particular beach. Only
a fraction of beach visitors enter the water. This fraction
varies by month in southern CA from 9.56 to 43.62% (Table
S2) (14). We applied the appropriate fraction to the attendance
data to determine the number of individual swimmers
exposed to coastal waters. Although research suggests the
presence of FIB in sand in the study area (15, 16), we do not
consider the potential health risk that may arise from sand
exposure because it has not been evaluated.

Water Quality Data. ENT data were obtained from the
local monitoring agencies and are publicly available. Local
monitoring agencies sample coastal waters at ankle depth in
the early morning in sterile containers. Samples are returned
to the lab and analyzed for ENT using USEPA methods. When
ENT values are reported as being below or above the detection

limit of the ENT assay, we assume that ENT densities were
equal to the detection limit.

During 2000, monitoring rarely occurred on a daily basis;
ENT densities were measured 14-100% of the 366 days in
2000, depending on monitoring site (Table S1). For example,
Zuma beach was monitored once per week during the study
period, while Cabrillo beach was monitored daily. To estimate
ENT densities on unsampled days, we used a Monte Carlo
technique. Normalized cumulative frequency distributions
of observed ENT densities at each monitoring site were
constructed for the 1999-2000 wet season (Nov 1, 1999
through Mar 31, 2000), 2000 dry season (April 1, 2000 through
Oct 31, 2000), and the 2000-2001 wet season (Nov 1, 2000
through Mar 31, 2001). ENT densities on unsampled days
during 2000 were estimated by randomly sampling from the
appropriate seasonal distribution. Because day-to-day ENT
concentrations at marine beaches are weakly correlated and
variable (17), we chose not to follow the estimation method
of Turbow et al. (18) who assumed a linear relationship
between day-to-day ENT densities at two CA beaches.
Comparisons between the Monte Carlo method and a method
that simply used the monthly arithmetic average ENT density
indicated the two provided similar results (data not shown).

The beaches in our study area (Figure 1) are of variable
sizes; each beach may include 1-7 monitoring sites (Table
S1). If more than one monitoring site exists within the
boundaries of a beach, the arithmetic mean of ENT at the
sites was used as a single estimate for ENT concentrations
within the beach (19). There is considerable evidence that
ENT densities at a beach vary rapidly over as little as 10
minutes (17, 20). Therefore, even though we used up to 7
measurements or estimates to determine ENT at a beach on
a given day, there is still uncertainty associated with our
estimate because sampling is conducted at a single time each
day.

Dose-Response. Of all the illnesses considered in the
literature, GI is most commonly associated with exposure to
polluted water (10-12, 21-26). To estimate the risk of GI

FIGURE 1. The 28 beaches considered in this study. HSB ) Huntington State Beach, HCB) Huntington City Beach, SCC ) San Clemente
City Beach, and SCS ) San Clemente State Beach.
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from swimming in contaminated marine waters in southern
CA, we utilized two dose-response models (11, 12) (Table
1) developed in epidemiology studies conducted elsewhere
(in marine waters of the East U.S. coast and United Kingdom)
(18, 27). A local dose-response model for GI would be
preferable, but does not exist. Haile et al. (28) conducted an
epidemiology study at Los Angeles beaches and found that
skin rash, eye and ear infections, significant respiratory
disease, and GI were associated with swimming in waters
with elevated FIB or near storm drains; however, they did
not report dose-response models for illness and bacterial
densities.

The two dose-response models (hereafter referred to as
models C (12) and K (11)) are fundamentally different in that
model C was derived from a prospective cohort study while
model K was developed using a randomized trial study. Model
C has been scrutinized in the literature (20, 26, 29-31). Among
the criticisms are lack of ENT measurement precision and
inappropriate pooling of data from marine and brackish
waters. World Health Organization (WHO) experts (10)
suggest that epidemiology studies that apply a randomized
trial design, such as model K, offer a more precise dose-
response relationship because they allow for better control
over confounding variables and exposure (26). Thus, the WHO
has embraced model K over cohort studies such as model
C for assessing risk. We report GI estimates obtained from
both models C and K in our study because they have both
been applied in the literature (8, 18), and form the basis for
water quality criteria worldwide.

Models C and K were developed in waters suspected to
be polluted with wastewater. The source of pollution at our

study site during the dry season is largely unknown (4),
although human viruses have been identified in LAOC coastal
creeks and rivers (32-36) and an ENT source tracking study
at one beach suggests sewage is a source (37). During the wet
season, stormwater is a major source of FIB to coastal waters
and Ahn et al. (38) detected human viruses in LAOC
stormwater. Because we cannot confirm that all the ENT at
our study site was from wastewater, there may be errors
associated with the application of models C and K. In addition,
there is evidence that dose-response relationships may be
site specific (30). The results presented in our study should
be interpreted in light of these limitations.

We converted incidence and odds, the dependent vari-
ables reported for model C and K, respectively, into risk of
GI (P) (Table 1). P represents total risk of GI to the swimmer,
and includes risk due to water exposure plus the background
GI rate (P0). Excess risk was calculated by subtracting the
background risk from risk (P - P0). While ENT is the
independent variable for model C, model K requires fecal
streptococci (FS), the larger bacterial group of which ENT
are a subset, as the independent variable. We assumed that
FS and ENT represent the same bacteria, following guidance
from the WHO (9).

Models C and K provide different functional relationships
between ENT and excess GI risk (Figure 2). Model C predicts
relatively low, constant risks across moderate to high ENT
densities relative to model K. At ENT less than 32 CFU/100
mL, model K predicts no excess risk; model C, however, does
predict nonzero risks even at these low levels of contamina-
tion. The data range upon which each model was built varies
considerably. Model C is based on measurements ranging

TABLE 1. Dose-Response Models for Predicting GIa

name original model model converted to excess risk

model C (12) 1000(P - Po) ) 24.2 log10(ENT) - 5.1 (P - P0) ) (24.2 log10(ENT) - 5.1)/1000
model K (11) X ) Ln(P/(1 - P)) ) 0.201 (FS - 32)1/2 - 2.36 (P - P0) ) (eX/(1 + eX)) - P0

a ENT ) enterococci, FS ) fecal streptococci. Both ENT and FS are in units of CFU or MPN per 100 mL water. P is the risk of GI for swimmers,
P0 is the background risk of GI.

FIGURE 2. Dose-response relationships for the two epidemiological models. Excess risk of GI is shown as a function of ENT density.
The inset more clearly shows the differences between the relationship for the randomized trial study (model K (11)) and the cohort study
(model C (12)).
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from 1.2-711 CFU/100 mL and model K is based on
measurements from 0-35 to 158 CFU/100 mL. We extrapo-
lated models C and K when ENT densities were outside the
epidemiology study data ranges. Given the lack of epide-
miological data on illlness outside the ranges, extrapolation
of the models represents a reasonable method of estimating
excess GI.

Excess Illness Due To Swimming. The excess incidence
of GI on day i at beach j (GIi,j) is given by the following
expression:

Pi,j - Po is the excess risk of GI on day i at beach j as estimated
from models C or K (Table 1), Ai,j is the number of beach
visitors, and fi is the fraction of swimmers on day i (14). We
assume P0 is 0.06sthe background risk for stomach pain as
reported by Haile et al. (28) for beaches within Santa Monica
Bay, CA. Daily values were summed across the year or season
to estimate the number of excess GI per beach. Seasonal
comparisons are useful in this region because of distinct
differences between attendance and water quality between
seasons. The wet season is defined as November through
March and the dry season is defined as April through October.
Note that the dry season corresponds to the season when
state law mandates beach monitoring (3).

Public Health Costs of Coastal Water Pollution. GI can
result in loss of time at work, a visit to the doctor, expenditures
on medicine, and even significant nonmarket impacts that
represent the “willingness-to-pay” of swimmers to avoid
getting sick (sometimes referred to as psychic costs). Because
there is a lack of information on the costs of waterborne GI,
Rabinovici et al. (6) used the cost of a case of food-borne GI,
$280 (year 2000 dollars) per illness from Mauskopf and French
(39), as a proxy for the cost of water-borne GI for swimmers
in the Great Lakes. The $280 per illness represents the
willingness-to-pay to avoid GI and includes both market and
nonmarket costs (6). Dwight et al. (8) conducted a cost of
illness study for water-borne GI for two beaches in southern
California (Huntington State Beach and Newport Beach) and
determined the cost as $36.58 per illness in 2004 dollars based
on lost work and medical costs. Discounting for inflation,
this amount is equivalent to $33.35 in the year 2000 dollars.
This value does not include lost recreational values or the
willingness-to-pay to avoid getting sick from swimming. We
use the more conservative estimate of Dwight et al. (8) to
calculate the health costs of excess GI at LAOC beaches.
However, we also provide more inclusive estimates of the
cost of illness using Mauskopf and French’s $280 willingness-
to-pay value (39). Unless otherwise stated, all costs are
reported in year 2000 dollars.

Results
Attendance and Swimmers. Beach attendance was higher
during the dry season (from May through October) than in
the wet season (November through April) (Figure 3). We
estimate that the annual visitation to Los Angeles and Orange
County (LAOC) beaches for the year 2000 approached 80
million visits.

Water Quality. Water quality (measured in terms of ENT
concentration) varies widely across the beaches in the study.
(Figure S1 shows the log-mean of ENT observations at each
beach during the dry and wet seasons.) In general ENT
densities are higher during the wet season compared to the
dry. Water quality problems at a beach may exist chronically
over the course of the year or may be confined to particularly
wet days when precipitation washes bacteria into storm
drains and into the sea. The most serious, acute water quality
impairments can result in the issuance of a beach advisory
or beach closure. According to CA state law, water quality

exceeds safe levels for swimming if a single beach water
sample has a concentration of ENT greater than 104 CFU/
100 mL. Figure 4 illustrates the percentage of the days for
which daily estimated ENT concentrations were in excess of
the state single sample standard. Exceedances during the
wet months generally outnumber exceedances during the
dry months. The exceptions are Corral, Bolsa Chica, and
Crystal Cove, which are all relatively clean beaches, even in
the wet season. Doheny, Malibu, Marina Del Rey, Cabrillo,
and Las Tunas had the worst water quality with over 33% of
the daily estimates in 2000 greater than 104 CFU/100 mL,
while Newport, Hermosa, Abalone Cove, Manhattan, Tor-
rance, and Bolsa Chica had the best water quality with less
than 5% of daily estimates under the standard.

Estimates of Excess GI and Associated Public Health
Costs due to Swimming. Figure 5 illustrates estimated annual
excess GI at beaches based on models C and K; results are
given for dry and wet months. Models C and K both indicate
that Santa Monica, the beach with the highest attendance
(Figure 3), has the highest excess GI of all beaches during
wet and dry seasons. Both models predict that the three
beaches with the lowest excess GI were San Clemente State,
Nicholas Canyon, and Las Tunas, a direct result of these
beaches being among the smallest and least visited in our
study area (Figure 3).

GIi,j ) Ai,jfi(Pi,j - Po) (1)

FIGURE 3. Beach attendance during wet and dry seasons 2000.
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There are marked seasonal differences between excess
GI predictions. Although water quality is typically worse
during the wet season compared to the dry (Figures 4 and
S1), more excess GI are predicted for the dry season for most
beaches. This result is driven by seasonal variation in
attendance (Figure 3). The exceptions are model K predictions
for Zuma that indicate 0 and 6647 excess GI during the dry
and wet seasons, respectively. Zuma had no ENT densities
greater than 32 CFU/100 mL during the dry season, hence
the prediction of 0 excess GI.

Numerical predictions of excess GI for the entire year
from model C and model K vary markedly between beaches.
At 24 beaches, model K predicts between 18% and 700%
greater excess GI than model C. The greatest difference in
the estimated GI is at Doheny beach where models C and
K predict 18,000 and 153,000 excess GI, respectively. At 4
beaches (Zuma, Hermosa, Torrance, and Newport), model
K predicts between 1 and 90% lower incidence of GI than
model C. These beaches are generally clean with ENT
densities below the model K threshold of 32 CFU/100 mL for
excess risk.

The public health burden of coastal contamination
depends on both attendance and water quality. Figure 6

illustrates how excess GI, based on predictions from models
C and K, varies as a function of water quality (percent of
daily ENT estimates in exceedance of standard) and at-
tendance. Red, yellow, and green symbols indicate beaches
with increasing numbers of GI. If reduction of public health
burden is a goal of local health care agencies, then beaches
with a red symbol are candidates for immediate action. Nearly
all beaches are categorized as high priority during the dry
season based on model K (panels A and B). Model C indicates
that dry weather mitigation measures at Venice, Zuma, Santa
Monica, and Newport, some of the most visited beaches,
would significantly reduce the public health burden (panel
C), more so than wet weather mitigation measures (panel
D).

Another way of prioritizing beach remediation is to
examine the risk of GI relative to the USEPA guideline of 19
illnesses per 1000 swimmers (Figure S2). Model K indicates
that at 19 and 15 of the 28 LAOC beaches during the wet and
dry seasons, respectively, risk is greater than twice the EPA
acceptable risk. Model C, on the other hand, indicates that
only two beaches (Marina del Rey and Doheny) during the

FIGURE 4. Percentage of days on which daily ENT estimates were
greater than the CA Department of Health single-sample ENT
standard of 104 CFU/100 mL.

FIGURE 5. Excess GI by beach and season for models C and K.
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dry season, and six (Marina del Rey, Doheny, Santa Monica,
Las Tunas, Will Rogers, and Malibu) in the wet season fall
into this “high” risk category.

Public Health Costs of Coastal Water Pollution. Table
2 summarizes the number of excess GI and associated public
health costs during wet and dry periods by county and season.
Based on the conservative cost of illness given by Dwight et
al. (8), the estimated health costs of GI based on models C
and K is over $21 million and $50 million, respectively. If we
follow Rabinovici et al.(6) and use $280 per GI, the estimated
public health impacts are $176 million based on model C
and $414 million based on model K. For both LA and OC
beaches, county-wide costs obtained using model K yield
higher results than those obtained from model C, a direct

result of the difference in GI estimates (Figures 5 and 6).
Health costs are greater in the dry season compared to the
wet suggesting that money may be well spent on dry-weather
diversions.

Discussion
A significant public health burden, in terms of both numbers
of GI and the costs of GI, is likely to result from beach water
quality contamination in southern CA. The corollary to this
finding is that water quality improvements in the region
would result in public health benefits. Specifically, we make
three key findings: (1) removing fecal contamination from
coastal water in LAOC beaches could result in the prevention
of between 627,800 and 1,479,200 GI and a public health cost
of between $21 and $51 million (depending upon the
epidemiological model used) each year in the region using
the most conservative cost estimates and as much as $176
million or $414 million if we use the larger estimate of health
costs (6, 39); (2) even beaches within the same region differ
significantly in the degree to which swimming poses a public
health impact; and (3) public health risks differ between
seasons. Findings (2) and (3) are not surprising given spatio-
temporal variation in water quality (17, 40) and attendance
within the study site.

A previous study by Turbow et al. (18) estimated 36,778
excess HCGI (highly credible GI) per year from swimming at
Newport and Huntington State beaches (8). Our estimates
for the same stretch of shoreline are higher (68,011 and 87,
513 excess GI based on models C and K, respectively). Not
only did we use a different measure of illness (GI vs. HCGI)
we also used a Monte Carlo scheme to estimate ENT on
unsampled days whereas Turbow et al. (18) used linear
interpolation, and we used higher, empirically determined

FIGURE 6. Excess GI at each beach as a function of % ENT in exceedance of the single sample standard and attendance. Results for
the dry (panels A and C) and wet (panels B and D) seasons are shown for Models K (panels A and B) and C (panels C and D). Beaches
are labeled; SCC is San Clemente City Beach, SCS is San Clemente State, HSB is Huntington State Beach, and HCB is Huntington City
Beach. In panels A and C, numbers on symbols correspond to beaches, as indicated in the upper right corner of panel C. The color scale
in panel A applies to all panels.

TABLE 2. Countywide Public Health Impacts and Costs for Wet
and Dry Months (2000)

GI cases health costscounty/
region season model C model K model C model K

Los
Angeles

dry 394,000 804,000 $13,100,000 $28,800,000
wet 33,800 189,000 $1,130,000 $6,310,000
total 427,800 993,000 $14,230,000 $35,110,000

Orange
dry 185,000 420,000 $6,180,000 $14,000,000
wet 15,000 66,200 $500,000 $2,210,000
total 200,000 486,200 $6,680,000 $16,210,000

region
total

dry 579,000 1,224,000 $19,280,000 $40,800,000
wet 48,800 255,200 $1,630,000 $8,520,000
total 627,800 1,479,200 $20,910,000 $51,320,000
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(14) measures of the percent of beach goers that swim. Dwight
et al. (8) used Turbow et al.’s (18) estimate to determine that
the health costs of excess GI at the same beaches were $1.2
million. Our health cost estimates are higher ($2.3 and $2.9
million for models C and K, respectively), due to the higher
incidence of ilness predicted by our models.

Beaches with chronic water quality problems are obvious
candidates for immediate contamination mitigation. Many
beaches in LAOC, however, are relatively clean and meet
water quality standards on most days. Clean beaches with
moderate to low levels of attendance do not represent a
significant public health burden (Figure 6). Nevertheless,
public health impacts are still substantial at heavily visited
beaches (for instance those with over 6,000,000 visitors per
year) even when water quality is good (e.g., Manhattan Beach)
(Figure 6). Generally speaking, it will be more difficult to
reduce contaminant levels at cleaner beaches. At beaches
with high attendance and generally good water quality (like
Newport Beach and Zuma), policy managers should continue
dry weather source reduction efforts (e.g., education cam-
paigns and watershed management), but should also rec-
ognize that the cost of eliminating all beach contamination
may outweigh the marginal public health benefits of doing
so.

Our estimates of the potential health benefits that might
result from removing bacterial contamination from coastal
water in LAOC beaches have limitations. First, we focus on
a lower bound estimate of the health cost of GI that does not
consider the amount a beach goer is willing to pay to avoid
getting sick (estimates using higher, but less scientifically
conservative estimates also are provided). Second, while we
focus on the public health impacts from GI. Exposure to
microbial pollution at beaches also increases the chance of
suffering from various symptoms and illnesses (28, 41). For
instance, Haile et al. (28) and Fleisher et al. (41) document
associations between water quality and respiratory illnesses,
acute febrile illness, fever, diarrhea with blood, nausea, and
vomiting, and earaches. Third, if the public believes swim-
ming is associated with an increased risk of illness, they may
be discouraged from going to the beach, resulting in a loss
of beach-related expenditures to local businesses and
recreational benefits to swimmers in addition to the loss in
health benefits described here. Fourth, we consider GI
occurring at a subset of LAOC beaches for which water quality
and attendance data were available (Figure 1). Fifth, implicit
in our analysis is the assumption that models C and K can
be applied to LAOC beaches. Despite these limitations, the
results reported here represent the best estimates possible
in light of imperfect information. Future studies that establish
dose-response relationships for the LAOC region or confirm
incidence of swimming GI medically would improve esti-
mates of public health burden and costs.
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In this paper we present a quantitative sanitary survey of
the Middle Santa Ana River, in southern California, utilizing a
variety of source tracking tools, including traditional culture-
dependent fecal markers (Enterococcus and Escherichia coli
by IDEXX), speciation of enterococci isolates, culture-
independent fecal markers (human-specific HF183 Bacteroides
and Enterococcus by quantitative polymerase chain reaction,
qPCR), and chemical markers of sewage and wastewater
(nutrients, enantiomeric fraction (EF) of propranolol and
ethylenediaminetetraacetic acid). To facilitate comparison of
these different methods, data are interpreted in a loading (i.e.,
mass per time) framework that enables a quantitative
apportionment of fecal markers and nutrients to specific
source waters in the Middle Santa Ana River. Multiple lines
of evidence support the hypothesis that Enterococcus in the
Middle Santa Ana River originates primarily from in situ
growth in streambed sediments, not from significant and
persistent sources of untreated human waste. The EF of
propranolol of tertiary treated wastewater effluent is in the range
(0.42 to 0.71) previously reported for raw sewage, making EF
of propranolol an unsuitable marker for fecal pollution, at least
at this site. The human fecal marker HF183 Bacteroides
was detected at a few sites, although not in a source of
disinfected and tertiary treated wastewater effluent. Based on
the results presented here and prior experience at other
sites in southern California, HF183 Bacteroides would appear
to be a candidate marker of fecal contamination for inland

waters, although more qPCR measurements in disinfected
wastewater effluent are needed to account for variations due
to treatment plant performance and other factors. More
generally, our results support the notion that regrowth of fecal
indicator bacteria (FIB) in river sediments may lead to a
decoupling between FIB and pathogen concentrations in the
water column and thus limit the utility of FIB as an indicator of
recreational waterborne illness in inland waters.

Introduction
Fecal indicator bacteria (FIB) are the number one cause of
river and stream impairments in the United States (1), and
developing mitigation strategies to address these impair-
ments has been described as the “challenge of the 21st

century” (2). The use of FIB to assess surface water quality
is motivated by epidemiological studies, carried out primarily
at recreational beaches impacted by point sources of partially
or untreated sewage, that correlate recreational waterborne
illness to Escherichia coli (EC) and enterococci bacteria (ENT)
concentrations in freshwaters and ENT concentrations in
marine waters (3). Mounting evidence suggests, however,
that FIB can naturalize and grow in sediment and aquatic
environments, casting doubt on their universal utility as a
marker for fecal pollution, in general, and as a sentinel for
recreational waterborne illness, in particular (4, 5). FIB growth
has been documented in water and/or sediment collected
from freshwater streams (6), freshwater ponds (7), freshwater
beaches (8), estuaries and tidal creeks (9-11), and marine
beaches (12, 13). The growth of naturalized FIB appears to
be regulated by ambient concentrations of phosphorus and/
or organic carbon (14, 15), including assimilable carbohy-
drates in sediments (16). Nutrient-limited growth of natu-
ralized FIB may explain frequently observed correlations
between FIB and nutrient concentrations in freshwater
(17, 18), marine water (19), and groundwater (20) systems.
An additional challenge is translating the substantial health
risk research data available for coastal sites to inland waters,
such as flowing streams (21). In light of these concerns, the
United States Environmental Protection Agency (EPA) is
currently evaluating a number of alternative indicators that
might better signal fecal pollution, and recreational water-
borne illness risk, in different regions of the country, and in
different recreational settings (5).

In this study we set out to address some of the critical and
unresolved issues surrounding monitoring for fecal pollution
and recreational waterborne illness risk in rivers where flow
is dominated by disinfected wastewater effluent. In particular,
this study had the following objectives: (1) Compare several
different methods (traditional, molecular, and chemical) for
measuring fecal pollution in a wastewater effluent dominated
river; (2) Interpret the data in a loading context that allows
for the quantitative apportionment of markers between
different source waters in the river; (3) Evaluate the impor-
tance of river sediments as a contributor of FIB, and ENT in
particular, in the water column of a nutrient rich river; and
(4) Compare culture based and qPCR measurements of
enterococci bacteria.

Materials and Methods
Site Description. The Santa Ana River drains a 4406 km2

watershed that is home to approximately 6 million residents
(as of 2000) in San Bernardino, Riverside, and Orange
Counties (22) (upper map, Figure 1). The Santa Ana River is
divided geographically into Upper and Lower basins by a
large flood control structure, Prado Dam, used to limit flow
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in the river during storms and provide base flow for
groundwater recharge in the lower reaches of the river during
dry weather periods (23). During dry weather, approximately
85% of flow in the Santa Ana River is disinfected tertiary
treated wastewater effluent (24) discharged from 12 waste-
water treatment plants (WWTPs), each of which contribute
a minimum of 3700 m3 day-1 (25). A previous study suggested
that the Middle Santa Ana River, located upstream of Prado
Dam, may be impacted by untreated human sewage, based
on the enantiomeric fraction (EF) of the pharmaceutical
compound propranolol measured there (26).

The field site is located where the Riverside WWTP
discharges to the Middle Santa Ana River (lower map in Figure
1). At this WWTP, approximately 120,000 m3 day-1 of domestic
and industrial wastewater undergoes secondary biological
and tertiary wastewater treatment, including activated sludge,
alum and/or polymer injection, filtration through 16 dual
media filters, chlorination through three chlorine contact
basins, and dechlorination by sulfur dioxide. Effluent from
the WWTP is discharged to an earthen bottom channel,
referred to here as the “WWTP stream” that receives no other
source of surface water during dry weather. Effluent flows
down the WWTP stream for 550 m, where it merges with an
earthen bottom flood control channel called Anza Channel.
The Anza Channel receives only runoff from the surrounding

urban landscape. These two streams mix and, during this
study, flow downstream another 400 m before merging with
the Middle Santa Ana River in the City of Riverside.

Water Sampling. Water samples (N) 104) were collected
from within the WWTP downstream of the chlorination and
dechlorination contact basins (sites P1 and P2, respectively),
at the WWTP discharge pipe (site A), along the WWTP stream
(sites B1 through B6), on the Anza Channel (site C),
downstream of the confluence between the WWTP stream
and the Anza Channel (site D), and in the Middle Santa Ana
River upstream (site E) and downstream (site F) of the
confluence. Eight sampling campaigns occurred during July
and August 2007, twice (12:30 and 18:30) on 7/31/07, twice
(4:45 and 7:40) on 8/1/07, once (19:00) on 8/29/07, and three
times (07:00, 09:50, and 13:05) on 8/30/07. All water samples
intended for FIB analysis were immediately amended with
sodium thiosulfate after collection, and held on ice in the
dark until processed, within a holding time of six hours. Water
temperature was recorded (Infrared gun, Fluke, Everett, WA)
in the field, and all water samples were analyzed in the field
laboratory (located at the Riverside WWTP) for pH (Model
720A+ Thermo Orion, Waltham, MA) and culturable FIB,
including total coliform (cTC), Escherichia coli (cEC), and
enterococci bacteria (cENT) using chromogenic substrate
tests known commercially as Colilert-18 and Enterolert

FIGURE 1. Regional (top panel) and local (bottom panel) maps of the field site located in the City of Riverside, County of Riverside,
southern California. Note that the map in the bottom panel has been rotated 180° around the north-south axis, so that the order of
sampling sites corresponds to the horizontal axes of Figures 2 and 4.
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implemented in a 97 well quantitray format (IDEXX, West-
brook, ME). Separate water samples collected from a subset
of sites (A, B3, B5 or B6, C, D, E, and F) were analyzed for
dissolved organic carbon (DOC), ammonium, nitrate, total
Kjeldahl nitrogen (TKN), soluble inorganic phosphorus
(orthophosphate), enantiomeric fraction (EF) of the phar-
maceutical compound propranolol, ethylenediaminetet-
raacetic acid (EDTA), total DNA, and the human-specific
marker HF183 Bacteroides and enterococci bacteria (qENT)
both measured by quantitative PCR (qPCR). Detailed methods
are presented in the Supporting Information (SI). The
reference above to sites “B5 or B6” reflects the fact that, for
the latter suite of analytes, water samples were collected from
site B6 during the first four sampling campaigns (12:30 and
18:30 on 7/31/07; 4:45 and 7:40 on 8/1/07) and from site B5
during the last four sampling campaigns (19:00 on 8/29/07;
07:00, 9:50, and 13:05 on 8/30/07). In the results presented
later, summary statistics (averages and standard deviations)
were computed for samples collected at sites B5 and B6
separately and for samples collected from both sites B5 and
B6 (denoted “B5+B6”).

Sediment Sampling. On the third and fourth sampling
dates (8/29/07 and 8/30/07), sediment samples were collected
coincident with water sampling (19:00 on 8/29/07 and 07:00,
09:50, and 13:05 on 8/30/07) at sites B1, B2, B3, B4, B5, B6,
C, D, E, and F. Sediment samples (N ) 52) were collected
into two sterile 50 mL plastic centrifuge tubes (Fisherbrand,
Pittsburgh, PA) from the upper 3 cm of the streambed at the
stream’s thalweg. The centrifuge tubes were emptied of excess
water, capped, amended with sodium thiosulfate, capped,
and then stored on ice in the dark until processed. Sediment
samples were analyzed for organic carbon content based on
loss on ignition and FIB (cTC, cEC, and cENT) using an
extraction protocol modified from Craig et al. (27); sediment
extract was analyzed for FIB using the IDEXX Colilert-18 and
Enterolert tests described above. Four sediment samples from
each site were pooled, thoroughly mixed, and analyzed for
bulk density, grain size distribution (silt, clay, and sand
fractions), and porosity. Detailed sediment analysis methods
are presented in the SI.

Enterococcus Speciation. Subsequent to the field sam-
pling described above, on 9/14/09 presumptive ENT isolates
were cultured from water and sediment samples collected
at sites B5, B6, C, D, E, F and G using EPA Method 1600 and
speciated using automated substrate utilization tests (Vitek
2 Compact, bioMérieux, Inc., Durham, NC). Detailed pro-
cedures are presented in the SI.

Statistical Analysis. Spearman’s rank correlation (F) for
nonparametric data was used to characterize the covariation
between measured variables, and the nonparametric Kruskal-
Wallis test was used to evaluate if median concentrations
were significantly different by site (SPSS Statistics v. 17,
Chicago, IL). At some sites, a subset of analyte measurements
were above or below the detection limits of the analytical
method (i.e., there were censored values), and in these cases
mean and standard deviations were estimated using Regres-
sion on Order Statistics (28) implemented as a macro in the
computer program Excel (personal communication, M.
Kayhanian). In several cases the Regression on Order Statistics
method did not yield a maximum likelihood estimate because
there were too many censored values or, more rarely, a few
censored values together with a large number of samples
with the same value. In these cases we reported either the
limit of detection (all censored values) or the mode (too many
of the same value).

Results
Tables S1 and S2 report summary statistics for measurements
on water and sediment samples collected during the eight
sampling campaigns in July and August 2007, respectively;

the raw data from each sampling campaign are reported in
Tables S3-S14 (see SI). These data are described below.

Culture-Based and Culture-Independent Measurements
of FIB and HF183 Bacteroides. Water Column Measurements.
Measurements of FIB in the water column are plotted against
sample location in the middle panel of Figure 2. Culture-
dependent FIB concentrations (reported here in units of most
probable number (MPN) of bacteria per 100 mL of water
sample, or MPN/100 mL) are near or below the lower-limit
of detection (<10) at sites within the WWTP (sites P1 and P2)
and at the effluent discharge pipe (site A), increase sub-
stantially with distance downstream in the WWTP stream
(sites B1-B6) and are elevated at all other sites downstream
(sites C, D, E, and F). In general, the concentration of qENT
in the river is ∼10 times higher and exhibits significantly
more variability than the concentration of cENT, consistent
with other studies comparing these two assays (29). Within
the WWTP stream the concentration of cENT increases
significantly (p ) 0.013) from site A (<10 MPN/100 mL) to
B6 (∼300 MPN/100 mL). The concentration of qENT also
increases significantly (p ) 0.02) from site A (∼102 copies/
100 mL) to B5+B6 (∼103 copies/100 mL), excluding sampling
events for which qENT was below the detection limit at both
sites (sampling events 07:00 and 09:50 on 8/30/07, see Tables
S8 and S9). The human fecal marker HF183 Bacteroides was
not detected at sites A, B3, B5, B6, C, and D (0% detection
in top panel Figure 2), which indicates concentrations <900
targets/L (equivalent to 56 copies/PCR reaction). Approxi-

FIGURE 2. Averages and standard deviations of the fecal
pollution markers measured during the field study. Top panel:
Water column measurements of HF183 Bacteroides and EF of
propranolol. Middle panel: Water column measurements of cTC,
cEC, cENT, and qENT. Bottom panel: Sediment measurements of
cTC, cEC, and cENT.
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mately 60% and 25% of samples collected in the Middle Santa
Ana River at sites E and F, respectively, were positive for
HF183 Bacteroides (top panel, Figure 2).

Sediment Measurements. FIB concentrations in sediments
were relatively constant over the WWTP stream (sites B1
through B6) and Anza Channel (site C) and lower in sediment
collected from the Middle Santa Ana River (sites E and F)
and downstream of the confluence of Anza Channel and the
WWTP stream (site D) (bottom panel, Figure 2). Organic
carbon measured by loss on ignition is significantly correlated
with sediment concentrations of cTC (p ) 0.001, F ) 0.50),
cEC (p ) 0.002, F ) 0.47), and cENT (p ) 0, F ) 0.62).
Sediments exhibit relatively little variability in bulk density
(1.3 to 1.8 g/mL), although sites in the WWTP stream (sites
B1-B6) have higher silt and clay fractions, compared to the
Middle Santa Ana River (sites E and F).

Enterococcus Speciation. A total of 133 presumptive ENT
were isolated from water (N ) 90) and sediment (N ) 43)
samples from the WWTP stream (sites B5 and B6), Anza
Channel (site C), and Middle Santa Ana River (sites E, F, and
G) during a single sampling event on 9/14/09 between 10:00
and 12:00. Of these 133 isolates, 130 were confirmed
Enterococcus species, two were identified as Aerococcus
viridans (one from a water sample collected at site E and
another from a sediment sample collected at site B5), and
one was identified as Lactococcus garvieae (from a sediment
sample collected at site B6) (Figure 3). Of the 130 confirmed
Enterococcus isolates, E. casseliflavus was the dominant
species isolated in water and sediment samples collected

from the WWTP stream (85 and 77%), Anza Channel (50 and
63%), and Santa Ana River (66 and 86%) (Figure 3). Fewer E.
faecium and E. faecalis were cultured from the WWTP stream
(0 to 8%), Anza Channel (10 to 25%), and Santa Ana River (0
to 18%). Other species identified include E. gallinarum (20%
of isolates from Anza Channel), E. hirae (<1% of all samples),
and several species isolated only from sediment samples
collected from the WWTP stream (E. cecorum, E. saccharo-
lyticus, and E. columbae).

Chemical Markers of Fecal Pollution. EDTA concentra-
tions at sites A (0.71 ( 0.23 µM) and B5+B6 (0.85 ( 0.23 µM)
are within the range reported for other wastewater effluents
(30) (Table S1). The pharmaceutical compound propranolol
was detected in the WWTP stream at sites A and B5+B6 (∼10
ng/L, ranging from 1 to 41 ng/L) but not in the Anza Channel
at site C (<0.5 ng/L) (Table S1). The EF of propranolol, which
has been proposed as an indicator of untreated sewage (26),
was lower (0.32) in the Santa Ana River at site E and relatively
higher (0.55) at sites A and B5+B6 (top panel, Figure 2). EF
ratios measured at sites A and B5+B6 are in the range
previously reported for raw sewage (26).

Mass Loading of Fecal Pollution Markers and Nutrients.
Mass loading rates were calculated from the concentration
data in Table S1 and flow rates in the SI. Averaging over all
analytes, the mass recovery across the confluence—i.e., the
percent of mass flowing into the confluence (at sites B5+B6,
C, and E) that exits the confluence (at site F)—is 96 ( 30%,
ranging from a low of 69% (for orthophosphate) to a high of
163% (for cEC) (Table S15). The dominant source of pollutant
loading at site F varies by analyte (Figure 4): (1) FIB (cTC,
cEC, cENT, qENT) and nitrate originate primarily from site
E; (2) EDTA originates primarily from the WWTP stream (site
B5+B6); and (3) propranolol, TKN, orthophosphate, and DOC
are roughly split between the WWTP stream (site B5+B6)
and site E. Anza Channel (site C) is a minor contributor to
pollutant loading at site F, with the exception of cEC for
which site C contributes approximately 30% of the loading
at site F. Loading rates of cTC, cENT, and qENT exhibit a
significant increase (>10-fold) along the length of the WWTP
stream, from the discharge pipe at site A to the end of the
channel at site B5+B6. Mass loading rates for the remaining
analytes exhibit no measurable change (DOC, nitrate, TKN,
orthophosphate, cEC, EDTA) or a modest decrease (pro-
pranolol) from site A to B5+B6.

Discussion
U.S. EPA recommends the use of EC or ENT to assess
recreational water quality at freshwater beaches and rivers
(3). Most sites sampled during our dry weather study of the
Middle Santa Ana River exceeded the EPA recommended
geometric mean criteria for ENT of 33 MPN/100 mL; note
that a geometric mean of 33 MPN/100 mL is equivalent to
a log-mean value of 1.5 (see log-mean values for cENT
illustrated in Figure 2 and listed in Table S1). A loading
analysis of cENT and qENT in the Santa Ana River and two
of its tributaries-Anza Channel and the WWTP stream-
indicates that 70 to 80% of ENT measured downstream of
the confluence (site F) are from the Santa Ana River upstream
of the confluence (site E), while the remaining is from the
WWTP stream (site B5+B6) and Anza Channel (site C) (Figure
4). The fact that the WWTP stream contributes any FIB to the
Santa Ana River is surprising, given that water in this stream
is tertiary treated and disinfected wastewater effluent. Along
the length of the WWTP stream, the geometric means and
estimated loading rates of cENT and qENT increase >10-fold
from the point where disinfected effluent is discharged (site
A) to the downstream end of the WWTP stream (site B5+B6),
a distance of 550 m. The downstream increase of cENT in
the WWTP stream was observed during all eight sampling
campaigns, including day and night sampling carried out

FIGURE 3. Species distribution of Enterococcus isolates
cultured from water (blue bars) and sediment (brown bars) on
September 14 (2009) from the WWTP effluent stream (top panel),
urban runoff channel (middle panel), and Santa Ana River
(bottom panel).
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over two consecutive months in the summer of 2007 (Figure
2 and Tables S3-S10).

What is the cause of the rapid and persistent downstream
increase of ENT in the WWTP stream? It does not appear to
be, at least predominantly, growth of ENT in the water
column. Based on dye tracer studies (data not shown), the
average flow velocity in the WWTP stream is 0.6 m/s, and
therefore water parcels take, on average, 15 min to travel
from sites A to B6. Assuming first-order growth kinetics, a
>10-fold increase in cENT concentration from sites A to B6
implies an unrealistically short cell doubling time of <15 min.
By comparison, the doubling time of ENT growing under
optimal conditions in the laboratory is approximately 40 min
(31), and microcosm studies conducted at the same site
indicate that cENT die, rather than grow, when they are
suspended in WWTP effluent (data not shown). Resuscitation
of chlorine injured ENT cells also appears unlikely, because
the geometric means of both cENT and qENT increase
significantly, and by approximately the same multiplicative
factor (ca. 30-fold, see Figure 2 and Table S1), as effluent
flows from sites A to B6. Thus, it appears that new ENT cells
are being added to the effluent as it flows downstream, or,
put another way, the downstream increase of cENT does not
reflect the conversion of ENT cells from a nonculturable to
a culturable state. In theory disaggregation of ENT flocs,
possibly discharged from the WWTP plant, might lead to an
increase in the cENT concentration with distance down-
stream in the effluent channel, although this hypothesis is
inconsistent with the observation that qENT also increased
with distance downstream (i.e., the cell equivalent concen-
tration obtained by qENT should not be affected by the
aggregation state of cells in a given sample). While homeless

populations and bather shedding might contribute ENT cells
to the stream, the intermittent nature of these sources implies
that they are unlikely to yield the highly reproducible and
persistent downstream increase in cENT and qENT signals
measured in the water column and the relatively stable cENT
signal measured in the sediment. Taken as a whole, the data
are most consistent with the hypothesis that environmental
growth of ENT in riverbed sediment is a primary source of
ENT in the water column of the WWTP stream: (1) cENT
concentration is elevated in river bed sediments; (2) the water
column concentration of both cENT and qENT increase with
distance downstream; and (3) during the one day that cENT
isolates were cultured from the stream and subsequently
speciated, a single species of cENT, E. casseliflavus, pre-
dominated in both water and sediment samples. E. faecalis
and E. faecium are the dominant Enterococcus species in
human and animal intestinal flora, human fecal matter, and
urban wastewater and sludge (32), while E. casseliflavus is
more often associated with decaying vegetation and has been
described as an epiphyte (11). Previous studies in southern
California report that E. casseliflavus is frequently isolated
from dry-weather urban runoff (11) although to our knowl-
edge this is the first study to report that E. casseliflavus also
dominates the enterococci population in water and sediment
from a wastewater effluent stream. To the extent that the
primary source of E. casseliflavus in the SAR is environmental
growth, ENT concentrations in the water column are likely
to be decoupled from both the concentration of human
pathogens and recreational waterborne illness risk (21). On
the other hand, E. faecium and E. faecalis were isolated at
low frequencies from all three source waters (WWTP stream,
Anza Channel, and Santa Ana River), and strains of both

FIGURE 4. Mass loading rates of pollutants measured in source waters (sites B, C, and E) and blended water downstream of the
confluence (site F). Numbers indicate mean loading rate (units MPN/s, g/s, or copies/s) for source and blended waters; also shown
are the standard deviations of loading estimates (in parentheses). Because of uncertainties in flow and concentration estimates,
loading rates are reported here to only two significant digits.
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species are opportunistic pathogens (33), as are E. casselifla-
vus (34). These uncertainties underscore the need for
epidemiological studies of the potential health risk associated
with recreating in wastewater effluent dominated streams,
like the Middle Santa Ana River (21).

Given that naturalized strains of enterococci bacteria
appear to grow in the streambed sediments of the Middle
Santa Ana River and its tributaries, it is reasonable to ask if
any of the alternative analytical methods tested here-EF of
propranolol, qENT, and HF183 Bacteroides-might be more
suitable markers for fecal pollution. EF of propranolol ratios
measured on both WWTP effluent and on water samples
collected from the WWTP stream are in the range (0.42 to
0.71) reported previously for raw sewage (26), which is
inconsistent with effluent samples collected from seven other
WWTPs. The inability of EF to differentiate between raw
sewage and disinfected and tertiary treated wastewater
effluent, at least at this site, would presumably make it
unsuitable as a fecal marker. Quantitative PCR measurements
of ENT have been suggested as an alternative to culture-
based measurements, in part because of the relatively rapid
turn around time of the former compared to the latter (35).
At our field site, measurements of cENT and qENT were
significantly (p ) 0.036) and highly (F)0.79) correlated, and
their comparison provided useful information, such as our
conclusion that resuscitation of chlorine injured ENT was
unlikely to be a dominant cause of the increasing cENT signal
in the WWTP stream. Further, PCR primers could be chosen
to target only specific ENT species such as E. faecalis or E.
hirae, that may be better indicators of human waste (36).
HF183 Bacteroides was successfully used in the Middle Santa
Ana River to identify a source of human sewage (37), and it
has been used to track sources of human waste in dry weather
runoff at other locales in southern California (38). In our
study, only water collected from the Santa Ana River tested
positive for HF183 Bacteroides (63% and 25% of samples tested
positive at sites E and F, respectively); none of the disinfected
effluent samples were positive, in contrast with previous
studies that detected 105-106 copies/L (39, 40). Differences
in HF183 Bacteroides concentrations in the disinfected
effluents of this versus other studies are likely related to (1)
plant performance (FIB concentrations in this study were
orders of magnitude lower compared to those in ref 40) and/
or (2) filtration (this study, but not ref 39) which would
preclude sampling “free” DNA. One potential complication
associated with the adoption of HF183 Bacteroides as an
alternative fecal marker is that, at the present time, an
association between HF183 Bacteroides and recreational
waterborne illness has not been demonstrated.

From the results presented in this paper, three policy
alternatives can be envisioned: (1) perform a use-attainability
analysis of the field site; (2) control environmental factors
(e.g., organic carbon loading) that favor the environmental
growth of ENT; and/or (3) implement site-specific criteria
that supersede the U.S. EPA 1986 recreational water quality
criteria. It is estimated that approximately 1000 person-days
of recreational activity occur in the Santa Ana River every
year (T. Moore, personal communication), and thus option
1 is probably not appropriate for this site. Based on the
observed correlation between cENT and organic carbon in
the sediment, it is possible, although unproven, that reduc-
tions in DOC loading (e.g., by increasing treatment require-
ments for WWTPs on the river) might lead to reductions in
ENT in the river and sediment (option 2). To the extent that
ENT grow naturally in the Middle Santa Ana River and its
tributaries, adoption of site-specific criteria (option 3) may
be warranted, particularly if the new criteria utilize a fecal
marker (or markers) known to detect human fecal waste.
Based on data presented in this study and previous microbial
source tracking experience in the Middle Santa Ana River

watershed (37), HF183 Bacteroides might meet these criteria
(subject to the caveats noted above), while the EF of
propranolol would not. Although not tested here, human
specific viruses might also be suitable, particularly given that
they are relatively resistant to disinfection (41).
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[ 1] Sediments are a pervasive source of fecal indicator bacteria (FIB) in rivers, lakes, 
estuaries, and oceans and may constitute a long-term reservoir of human disease. Previous 
attempts to quantify the flux of FIB across the sediment-water interface (SWI) are limited to 
extreme flow events, for which the primary mechanism of bacterial release is disruption and/ 
or erosion of the sediment substrate. Here we report measurements of FIB flux across the 
SWI in a turbulent stream that is not undergoing significant erosion. The stream is formed by 
the steady discharge of bacteria-free disinfected and highly treated wastewater effluent to an 
earthen channel harboring high concentrations of FIB in the sediment from in situ growth. 
The flux}" of FIB across the SWI, estimated from mass balance on FIB measurements in the 
water column, scales linearly with the concentration of bacteria in sediment pore fluids Cpore 

over a 3 decade change in both variables: j" = k~bscpore· The magnitude ofthe observed 
mass transfer velocity (k~bs = 5 x w-s m s- 1

) is significantly larger than values predicted 
for either the diffusion of bacteria across a concentration boundary layer (k~'ff = 8 x w-6 

m s- 1
) or sweep and eject fluid motions at the SWI (k~weep = w-6 m s- 1

) but is similar to 
the flux of water between the stream and its hyporheic zone estimated from dye injection 
experiments. These results support the hypothesis that hyporheic exchange controls the 
trafficking of bacteria, and perhaps other types of particulate organic matter, across the SWI 
in turbulent streams. 

Citation: Grant, S. B., R. M. Litton-Mueller, and J. H. Ahn (2011), Measuring and modeling the flux of fecal bacteria across the 
sediment-water interface in a turbulent stream, Water Resour. Res., 47, W05517, doi:J0.1029/20JOWR009460. 

1. Introduction 
[2] Pathogens and fecal indicator bacteria (Fill) are 

among the most frequently cited cause of surface water 
impairment in the United States [U.S. Environmental Pro
tection Agency Office of Water, 2009]. Sources of these 
organisms in waterways include untreated or poorly treated 
sewage [Mallin eta!., 2007], storm and dry weather runoff 
[Arnone and Walling, 2007], human and animal feces [Elmir 
et a!., 2007; Gerba, 2000; Jiang et a!., 2007; Wright et a!., 
2009], growth on macroalgae [Byappanahalli eta/., 2003b], 
and growth within organic rich sediments [Byappanahalli 
eta!., 2003a; Toothman eta/., 2009], particularly in tropical 
and subtropical environments [Byappanahalli and Fujioka, 
1998; Solo-Gabriele et a!., 2000]. Water quality managers 
tasked with complying with Fill water quality criteria, and 
with developing and implementing Fill total maximum 
daily loads, often must do so in the face of considerable 
uncertainty as to the root causes of impairment and its 
human health significance. A key confounder in this process 
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is the fact that Fill are often present in both the water and 
sediment phases of an aquatic environment, and the distribu
tion of Fill between these two phases has implications for 
their long-term survival and dispersal, and human health sig
nificance [Gerba and McLeod, 1976; Sinigalliano eta!., 
2007; Whitman eta!., 2006; Yamahara eta!., 2007]. Inter
pretation and mitigation of Fill and pathogen impairments, 
for example, for the purposes of establishing total maximum 
daily loads in impaired waters, would therefore benefit from 
a mechanistic understanding of how bacteria are exchanged 
across the sediment-water interface (SWI). 

[3] As a concrete illustration of the above, consider the 
environmental dispersal of the human pathogen E. coli 
0157 :H7. This particular strain of E. coli, which can cause 
several acute life-threatening syndromes in humans, has its 
origin in animal fecal waste [Berg et a!., 2004]. The vectoring 
of E. coli 0157:H7 from its source (e.g., cow fecal waste) to 
a receptor (e.g., human exposure by drinking or recreating in 
contaminated water) involves behavioral and biophysical 
processes that occur over a range of spatial and temporal 
scales, from farm management practices and catchment hy
drology to interfacial processes at the SWI (Figure 1). Once 
E. coli cells find their way into streambed sediments, they 
can be released back into the water column by several differ
ent mechanisms (Figure I, right): (1) Mechanical disruption 
involves the release of bacteria trapped in streambed pore 
spaces by movement or disruption of the sediment substrate 
by biotic (e.g., invertebrate feeding) or abiotic (e.g., turbulent 
bursts) processes; (2) hyporheic exchange involves the 
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Figure 1. Illustration of the role that the sediment-water interface (SWI) can play in the sequestration 
and remobilization a human pathogen from animal waste, such as E. coli 0157 :H7. (left) Farm man
agement practices interact with catchment-scale biophysical processes to vector the pathogen from its 
source (e.g., cow fecal waste) to the stream, (right) where it can partition into sediments and remobi
lize across the SWI by one or more of the four processes shown (watershed picture courtesy of A. 
Western). 

release of bacteria trapped in streambed pore spaces by the 
advective flux of water across the SWI; (3) erosive exchange 
involves shear-induced erosion followed by gravitational sed
imentation (with or without in-stream flocculation) of parti
cle-attached bacteria located at the SWI; and (4) boundary 
layer exchange involves the slow transfer of bacteria trapped 
in streambed pore spaces across a concentration boundary 
layer by diffusion and/or quasiperiodic sweep and eject 
motions associated with coherent turbulence. 

[4] Mechanical disruption of streambeds, for example, by 
raking, has been demonstrated to release sediment-bound 
bacteria into the overlying water column [Stephenson and 
Rychert, 1982]. In a series of studies involving the controlled 
release of impounded water in the United Kingdom, D. Kay 
and colleagues demonstrated that flood waves mobilize bac
teria out of streambed sediments [McDonald et al., 1982; 
Wilkinson eta!., 1995], although it is unclear if the underly
ing mechanism is mechanical disruption of the sediment 
bed, shear-induced erosion of bacteria-associated particles, 
or both. Hyporheic exchange is driven primarily by 
streambed topography (e.g., pools and riffles), variation in 
streambed permeability, and geomorphic features of a 
stream (e.g., meanders) that induce flow of water through 
streambed sediments [Hester and Goosejf, 2010). This 
mechanism is known to facilitate SWI transfer of dissolved 
and colloid-bound pollutants, as well as particulate organic 
matter (POM) including parasites such as Cryptosporidium 
oocysts [Ren and Packman, 2004). Hyporheic exchange 
may also mediate bacterial transport across the SWI, with 
transport into the streambed occurring in downwelling 
zones (e.g., pools) and transport out of the streambed occur
ring in upwelling zones (e.g., riffles) [Halda-Alija et al., 
2001). The transport of molecular species (e.g., oxygen) 

across a concentration boundary layer can be rate-limited 
by either molecular diffusion [Hondzo, 1998; Steinberger 
and Hondzo, 1999) or sweep and burst events at the SWI 
[O'Connor and Hondzo, 2008]. The goal of this study was 
to test a new approach for measuring the flux of FIB across 
the SWI in a turbulent stream and then to evaluate the meas
ured flux relative to the different microscale transport mech
anisms described above and illustrated in Figure 1. 

2. Measuring Bacterial Flux Across the SWI 
[s] Measuring the flux of bacteria across the SWI is chal

lenging because any experimental method that isolates the 
SWI from overlying flow, such as a seepage meter [Rosen
berry and LaBaugh, 2008], will necessarily exclude a num
ber of the flow-driven processes illustrated in Figure 1. The 
approach adopted here overcomes such limitations by esti
mating bacterial flux across the SWI from a steady state 
bacterial budget carried out over a small reach of a stream. 
For the purposes of the analysis to follow, we assume that 
the stream reach has a fixed cross-sectional area Ac and 
fixed wetted perimeter P, although these two features can 
vary from reach to reach. The bacterial budget is illustrated 
conceptually in Figure 2. As water flows downstream, bac
teria in the sediment at concentration Csed or Cpore 

(expressed in either units bacteria per dry weight of sedi
ment or per sediment pore volume, respectively) flux across 
the SWI at rate j" (units bacteria per SWI area per time), 
are swept downstream by the flow (Q, units water volume 
per time), mix by longitudinal dispersion (DL, units length
squared per time), and die off or grow with time (k or J-L, 
units per time). Under steady state conditions, and for any 
particular reach of the stream bordered by sampling sites I 
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Figure 2. Conceptual diagram of a fecal indicator bacte
ria (FIB) budget over a short reach of stream between sites 
1 and 2. 

and 2, the flux of bacteria across the SWI can be estimated 
from equation (1) given values for the bacterial concentra
tions (C~o C2) and concentration gradients ((dC/dx)~o (dC/ 
dx)z), the concentration of bacteria in the interval between 
the two points (C12), the geometry of the channel (fu, P, 
Ac), the volumetric flow rate (Q) and the longitudinal dis
persion coefficient (DL): 

" _ _l?_(Cz -112- P!::ll 
CJ) + C12Ac (k _ /1} + AcDL ldCI _ dCI J 

p P!::ll dx 1 dx 2 

Van Buren 
Blvd. 

(!) 

[6] In this paper we utilize equation (I) to estimate the 
flux of FIB across the SWI in a turbulent stream in southern 
California and then compare the measured flux with the 
predictions of several process-based models of mass 
exchange across the SWI. 

3. Field Site Description 
[7] The mass budget analysis procedure described above 

was used to estimate the flux of FIB across the SWI in a 
turbulent stream formed by the discharge of bacteria-free 
disinfected and highly treated wastewater effluent from 
then compare Riverside Wastewater Treatment Plant 
(WWTP) into an earthen channel that, in tum, is a tributary 
to the Santa Ana River in Riverside County in southern 
California (Figure 3). In the discussion below we refer to 
this effluent channel as the "WWTP stream." The WWTP 
stream is uniquely suited to investigate the flux of bacteria 
across the SWI because (1) during dry weather, water in 
the stream consists only of WWTP effluent (i.e., there are 
no other known sources of the surface water or ground
water that contribute flow to the stream) which is dis
charged to the head of the stream at site A (see Figure 3); 
(2) effluent in the stream is disinfected prior to discharge, 
and therefore the concentration of FIB at the head of the 
stream is very low; (3) FIB concentrations in the WWTP 
stream sediment are elevated and more or Jess constant 
over the length of the stream, most likely because of in situ 
growth of naturalized FIB strains [Litton et a/., 201 0]; ( 4) 
the concentration of FIB in the water column of the WWTP 
stream increases rapidly with distance downstream, which 
appears to be caused by the flux of FIB out of the sediment 
into the overlying water column [Litton eta/., 2010]; (5) 
based on a comparison of culture-dependent and culture
independent measurements, the downstream increase in 

• Pl· 
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Figure 3. Contour map of the field site showing the location of sampling sites in the Riverside Waste
water Treatment Plant (PI and P2), at the point where treated and disinfected effluent flows into the 
WWTP stream (A), and along the earthen channel that conveys WWTP effluent to the Santa Ana River 
(Bl through B6). The WWTP stream merges with the Santa Ana River approximately 0.5 km down
stream of the Van Buren Boulevard crossing. 
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enterococci bacteria concentration cannot be attributed to 
growth in the water column, resuscitation/recovery of chlo
rine-injured cells in the effluent, or the disaggregation of 
flocculated bacteria discharged by the WWTP [Litton eta/., 
2010]; (6) discharge of effluent from the WWTP is rela
tively constant with time ("-'1.6 m3 s- 1

) and creates a 
steady and fully turbulent flow in the WWTP stream; and 
(7) the concentration of FIB at any particular location in 
the WWTP stream is relatively steady with time (data pre
sented below), consistent with the steady state assumption 
inherent in equation (I). Collectively, these features of the 
WWTP stream make it an ideal "field laboratory" in which 
to measure and model the flux of FIB across the SWI. 

4. Field and Laboratory Methods 
[s] Field investigations were carried out on the WWTP 

stream during several dry weather periods in 2007 and 
2008 (Table 1). In this section we describe the experimen
tal procedures used to estimate parameter values in equa
tion (I) and to evaluate the microscale mechanisms 
illustrated in Figure I. 

4.1. WWTP Stream Characteristics 
4.1.1. Dye Study 

[9] At 1300 on 7 February 2008, 300 mL of the fluores
cent dye Rhodamine WT (20 wt %) was poured rapidly out 
of a 500 mL bottle across the channel cross section at site 
A where the WWTP effluent first discharges to the WWTP 
stream (Figure 3). Following the release of the dye, person
nel located at three downstream sites (B3, B4, and B5) col
lected water samples in 50 mL conical tubes (B.D. 
Biosciences, Franklin Lakes, New Jersey) from midchannel 
every minute for approximately 40 min. Samples were 
immediately capped and placed on ice in the dark until ana
lyzed. Within a holding time of 6 h, and after equilibrating 

the samples to room temperature, dye concentration was 
measured in each sample with a bench-top fluorometer 
(Turner Quantech Fluorometer, Barnstead/hermolyne, 
Dubuque, Iowa) using excitation and emission wavelengths 
of 530 and 555 nm. Control experiments were conducted in 
the field to ensure that photobleaching was insignificant 
over the course of the 40 min study. 
4.1.2. Streamflow Parameters 

[10] Dye breakthrough curves were numerically fit to the 
one-dimensional transport with inflow and storage model, 
OTIS-P [Bencala and Walters, 1983], to characterize 
streamflow along two reaches, between sites B3 and B4 
(reach I) and between sites B4 and B5 (reach 2). OTIS-P 
was fit to the breakthrough curves at both reaches simulta
neously, using the breakthrough curve at B3 as the 
upstream boundary condition. This process yields, for each 
reach, parameter values for the cross-sectional area of the 
stream (Ac), longitudinal dispersion coefficient (DL), a first
order rate constant for the exchange of water between the 
stream and a storage zone (a), and the cross-sectional area 
of the storage zone (As). The storage zone terms in OTIS-P 
model the long breakthrough tails typically observed for 
solute transport in streams and could represent several 
different physical processes, including exchange of water 
volume between the stream and stagnant pools off the main 
channel (pool exchange) and/or the exchange of water vol
ume between the stream and streambed sediments (hypo
rheic exchange) [Kazezyilmaz-Alhan and Medina, 2006]. 
From the OTIS-P derived values of Ac and the known dis
charge ofWWTP effluent to the stream (Q = 1.61 m3 s- 1

), 

estimates for the stream velocity were calculated for both 
reaches, U = QIAc. The stream's hydraulic radius was 
estimated from rearrangement of the Manning equation: 

R = [Qnj(VSAc)]
312 

assuming a Manning coefficient of 
n = 0.07 s m - 113 based on streambed characteristics 

Table 1. Summary of Experiments Carried Out at the WWTP Stream in the City of Riverside, California• 

Event Time and Date Q (m3/s) T (Water) (0 C) Analytes Measuredb Sites Sampled 

July study, round I 1233 to 1415 on 7/31/07 1.4 30.9 FIB (water) PI, P2, A, Bl-B6 (water only) 
July study, round 2 1830 to 1930 on 7/31/07 1.6 27.9 FIB (water) PI, P2, A, Bl-86 (water only) 
July study, round 3 0445 to 0625 on 8/1/07 1.4 26.9 FIB (water), PSD (water) PI, P2, A, Bl-B6 (water only) 
July study, round 4 0737 to 0907 on 8/1/07 1.6 30.9 FIB (water), PSD (water) PI, P2, A, BI-B6 (water only) 
Microcosm, round I Initiated 1500 on 8/20/07 N/A N/A FIB (water) Field and lab microcosms 

at 85 and UCI 
August study, round I 1859 to 2040 on 8/29/07 1.1 30.9 FIB (water and sediment), PI, P2, A (water), 81-86 

PSD (water) (water and sediment) 
August study, round 2 0700 to 0815 on 8/30/07 1.5 28.9 FIB (water and sediment), PI, P2, A (water), 8I-B6 

PSD (water) (water and sediment) 
August study, round 3 0950 to !Ill on 8/30/07 1.6 31.9 FIB (water and sediment), PI, P2, A (water), Bl-86 

PSD (water) (water and sediment) 
August study, round 4 1330 on 8/30/07 1.6 33.9 FIB (water and sediment), PI, P2, A (water), BI-B6 

PSD (water) (water and sediment) 
Microcosm, round 2 Initiated 1500 on 9/24/07 N/A N/A FIB (water) Field and lab microcosms at 

B5 and UCI 
Diurnal study 1504 on 9/24/07 to N/A 26±2 FIB (water), PSD (water) 85 (water only) 

I 400 on 9/25/07 
Dye study I 400 to I 600 on 217/08 1.6 N/A Rhodamine WT (water) Bl, B3, B5 
Particle settling 0900 on 7/16/08 N/A N/A Settling velocity of 85 (water only) 

velocity study suspended particles 
in WWTP effluent 

Follow-up 1300 on 3/16110 N/A N/A FIB (water) Water collected at 86; 
microcosm study microcosms at UCI 

"Date format is month/day/year. N/ A, not available. 
bFIB, fecal indicator bacteria; PSD, particle size distribution. 
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[French, 1985] and a stream slope estimated from topo
graphic maps of the site (S = 0.003 ). The wetted perimeter 
of the stream was calculated from the ratio of cross
sectional area and hydraulic radius, P = AcfR. The stream's 
shear velocity and Reynold's number were calculated from 
u. = ..jgl[S and Re = URI v, where g and v are gravita
tional acceleration and kinematic viscosity, respectively, of 
water at the measured stream temperature. The hydrody
namic entrance length and roughness Reynold's number 
were calculated from L = 0.693R x Re 114 and 
Rek, = u,k, I v [Hondzo, 1998] where we adopted for the 
roughness element an estimate for the diameter of 
streambed sediment, k, ~ 10-4 m. 

4.2. Fecal Indicator Bacteria (FIB) 

4.2.1. FIB in the Water Column 
[11] Water samples were collected from the following 

sampling sites (Figure 3): (I) downstream of the chlorina
tion and dechlorination contact chambers in the WWTP 
(sites PI and P2), (2) where disinfected WWTP effluent is 
discharged to the stream (site A), and (3) six sites along the 
WWTP stream (sites B 1 through B6). Sampling at these 
sites was carried out during dry weather a total of 8 times 
on two field excursions (31 July/1 August and 29/30 Au
gust) in the summer of 2007, as detailed in Table I. A sepa
rate "diurnal study" was also carried out to evaluate the 
steady state assumption inherent in the budget analysis 
(equation (1)), in which water samples were collected 
hourly for 24 h from site B5. All water samples were ana
lyzed for FIB, including total coliform (TC), Escherichia 
coli (EC), and enterococci bacteria (ENT) using the defined 
substrate tests known commercially as Colilert-18 (TC and 
EC) and Enterolert (ENT), implemented in a 97-well quan
titray format (IDEXX, Westbrook, Maine). With the excep
tion of the diurnal study and the microcosm studies 
described below, these FIB data have been published previ
ously [Litton eta/., 2010]. 
4.2.2. FIB in the Sediment 

[12] Sediment samples were collected from within
stream sites (B 1 through B6) during the four rounds of 
sampling on 29-30 August 2007 (Table 1). FIB measure
ments on sediment involved an extraction step modified 
from [Craig eta/., 2002], followed by measurement of FIB 
in the sediment extract with Colilert-18 and Enterolert as 
described in section 4.2.1. These FIB data, and the detailed 
protocols involved in sampling and analysis, have been 
published previously [Litton et a/., 201 0]. 
4.2.3. FIB Die-Off or Growth 

[13] To determine if FIB are growing or dying in the 
WWTP stream, laboratory and field microcosms were car
ried out as follows. 
4.2.3.1. Laboratory Microcosms 

[14] Ten laboratory microcosms were prepared by mix
ing, in separate 4 L autoclaved Erlenmeyer flasks, water 
from the WWTP stream (with or without filter sterilization) 
and the following wet weights of sediment: 0, 200, 400, 800, 
and 1000 g. The water volume was 1.8 L for all micro
cosms except the one containing 1000 g of sediment, for 
which the water volume was 1.08 L. Microcosms were 
incubated in a walk-in constant temperature room held at 
29°C, and aseptically sampled every 3 h for the first 12 h, 

again at 24 h, and then every 24 h for an additional 3 days. 
All water samples were analyzed for FIB using Colilert-18 
and Enterolert as described in section 4.2.1. Water for the 
microcosms was collected from the surface of the WWTP 
stream at site B5 into autoclaved 2 L polypropylene bottles. 
A split of the sample was then filter-sterilized at University 
of California Irvine (UCI) by passage through a tangential 
flow filter (Pall Filtron Centramate, Pall Corporation, East 
Hills, New York) using a 0.2 11m pore size cartridge. Sedi
ment was collected into sterile 500 mL polypropylene bot
tles from the upper 3 em of the streambed at the center of 
the WWTP stream at site B5. Water and sediment were 
transported on ice in the dark to UCI, where microcosms 
were prepared within 6 h of sample collection. Microcosms 
were stirred in the morning, during sampling, and in the eve
ning of each day. First-order die-off (k) or growth rates (J.L) 
were determined by regressing the log-transformed FIB 
measurements against time. 
4.2.3.2. Field Microcosms 

[1s] Eight field microcosms were prepared by combin
ing, in separate 4 L dialysis membrane bags (MWCO 
12,000-14,000 amu, Spectra/Por Dialysis Membrane 5, 
Rancho Dominguez, California), water from the WWTP 
stream (with or without filter sterilization) and the follow
ing wet weights of sediment: 0, 200, 400, and 800 g. The 
dialysis bags, which are made from regenerated cellulose, 
allow the exchange of water and low molecular weight con
stituents between the stream and dialysis bag contents but 
do not permit the exchange of bacteria across the bag sur
face. The initial water volume was 3 L for all microcosms. 
After filling the dialysis bags with water and sediment from 
site B5, they were sealed with clips, affixed to a crate, and 
immersed just below the surface of the water column in the 
WWTP stream at site B5. Following deployment, water 
samples (10 mL) were aseptically collected from the dialy
sis bag every 3-4 h for the first 24 h; a final water sample 
was collected 48 h after the start of the experiment. All 
water samples were analyzed for FIB using Colilert-18 
and Enterolert using the procedure described above. Water 
and sediment from the WWTP stream were collected and 
processed as described above for laboratory microcosms. 
First-order die-off (k) or growth rates (p,) were determined 
by regressing the log-transformed FIB measurements 
against time. 
4.2.3.3. Follow-Up Laboratory Microcosms 

[16] To evaluate the possibility that regenerated cellulose 
in the dialysis membranes altered the survival patterns of 
FIB in the field microcosms, a follow-up laboratory study 
was conducted on 16 March 2010 in which 1.8 L of water 
from the WWTP stream was collected at site B5 and trans
ported on ice in under 2 h to UCI where three microcosm 
treatments were prepared: (1) control experiment consist
ing only of deionized water; (2) unfiltered WWTP stream 
water; and (3) unfiltered WWTP stream water to which 
was added a dialysis membrane like the ones used in the 
field microcosm experiments described above. To mimic 
the procedure described above (section 4.2.3.2) for the field 
microcosms, the dialysis membrane was filled with unfil
tered WWTP stream water, clipped, and suspended in the 
beaker containing unfiltered WWTP water. Water samples 
were periodically collected from within the dialysis mem
brane and from the other two microcosm treatments and 
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assayed for TC, EC, and ENT using Colilert-18 and Entero
lert, as described in section 4.2.1. 

4.3. Suspended Particles in the WWTP Stream 
[ 17] Measurements of suspended particles and their set

tling rates in the WWTP stream were carried out to clarify 
the extent to which exchange across the SWI is affected by 
erosion and sedimentation of particle-attached bacteria. 
4.3.1. Suspended Particle Size Distributions 

[1s] Particle size distributions (PSDs) in water samples 
collected from the WWTP stream were measured using a 
LISST -100 analyzer (Sequoia Scientific, Inc., Bellevue, 
Washington) operated in batch mode. The LISST-100 is a 
low angle light scattering instrument that yields estimates 
of suspended particle volume resident in 32 logarithmically 
spaced particle-sized bins, spanning a particle diameter 
range from 2.5 to 500 f.!m [Agrawal and Pottsmith, 1994, 
2000]. The volume concentration of particles present in 
each size bin is reported in units of f.lL of particles per L of 
sample volume or, equivalently, parts per million (ppm). 
Within 3 h of sample collection, water samples were 
retrieved from the ice chest, mixed (by gently inverting the 
sample twice), and approximately 140 mL of the sample 
were poured into a 150 mL plexiglass chamber mounted to 
the optics of the LISST -100 instrument. The volume distri
bution of particles in the sample was measured 30 separate 
times over the course of approximately 1 min; in the results 
presented later, the median particle volume in each size bin 
is reported, as recommended by Mikkelsen [2002]. 
4.3.2. Particle Settling Velocities 

[19] The settling velocities of suspended particles in the 
WWTP stream were measured over a range of particle 
sizes using a LISST-ST (Sequoia Scientific, Inc., Bellevue, 
Washington) operated in batch mode. Like the LISST-100 
described above (section 4.3.1 ), this instrument uses low
angle light scattering to estimate suspended particle size 
distributions, but the laser of the LISST -ST passes the bot
tom of a water-filled vertically oriented tube (5 em in di
ameter and 30 em in height) in which particles are settling 
under the influence of gravity. Following the manufac
turer's recommendation for bench-top use, a custom set
tling tube without door holes was fitted to the instrument, 
and a custom acrylic immersion tank was used to submerge 
the entire LISST-ST in water kept at 25°C by a tempera
ture-controlled recirculating water bath. The immersion 
tank minimizes temperature gradients between the inside 
and outside of the tube and prevents leakage by equalizing 
the pressure across tube seals. A I L water sample 
retrieved from site B5 was stirred (by gently inverting the 
sample twice), and approximately 300 mL of the stirred 
sample were poured into the settling tube mounted on top 
of the optics of the LISST -ST instrument. The water sam
ple in the tube was allowed to thermally equilibrate with the 
water bath for approximately I h; thereafter the water sam
ple was stirred (with a manufacturer provided stirrer inside 
the settling tube) for 5 s, and settling velocity and particle 
size distribution measurements were commenced. Light 
scattering measurements were collected in logarithmically 
spaced time intervals (83 scans total) over a total run time 
of 22 h, downloaded from the instrument, converted into 
volume concentration histories for each of the 32 log
spaced particle size classes, and transferred to eight size 

classes to reduce noise in the scattered light signal. The me
dian settling velocity in the eight size classes were esti
mated by fitting Stokes' law to the concentration time 
histories, assuming particles within a given size class have 
a single mass density [Pedocchi and Garcia, 2006]. 
4.3.3. Micrographs of Suspended Particles 

[20] To visualize the size and morphology of suspended 
particles in the WWTP effluent, optical micrographs were 
prepared from water samples collected at sites PI, P2, A, 
Bl, B2, and B5. From each sample, a 10 f.!L aliquot of water 
was collected and deposited on a microscope slide, covered 
with a cover slip, and imaged at IOOX magnification using 
an Olympus BX40F4 microscope (Olympus America, Inc., 
Melvile, New York) interfaced with an image analysis sys
tem (Olympus MicroSuite ™, Soft Imaging System Corp., 
Lakewood, Colorado). This approach permits visualization 
of particles down to a resolution of approximately I f.!m at 
IOOX magnification (using the lOX objective). 

5. Field and Laboratory Results 
5.1. Environmental Conditions 

[21] Riparian vegetation grows along both banks of the 
WWTP stream, but the streambed, which consists of well
sorted quartz-rich sand, was mostly unvegetated. The dis
charge of WWTP effluent to the stream was relatively 
constant over the four sampling campaigns, ranging from 
1.4 to 1.6 m3 s -I (Table I). Water temperature in the stream 
ranged from 28°C to 34°C during the first two studies in 
late July and August 2007 and was colder ( ..._,26°C) during 
the diurnal study in September 2007. Maximum air temper
atures ranged from 34°C to 42°C during the July and August 
studies, respectively, and 33°C during the diurnal study. 

5.2. Streamflow Parameters 

[22] Stream transport parameters obtained from fitting 
OTIS-P to dye breakthrough curves along reaches I and 2 
are summarized in Table 2; predicted and measured dye 
breakthrough curves are shown in Figure 4. Within experi
mental error, no dye mass was lost over the two reaches; 
that is, the areas under all three dye breakthrough curves 
were within 5%. Streamflow parameters, estimated by fitting 
OTIS-P to the dye breakthrough curves, are very similar for 
reaches I and 2 (Table 2). On the basis of the values listed 
we conclude that (I) flow in the WWTP stream is fully tur
bulent (Re > > 4000); (2) sampling sites B I through B6 are 
located far downstream of the hydrodynamic entrance 
length (L = 10 m) and thus the velocity profiles are fully 
developed at these sites; (3) the flow is transitional between 
turbulent smooth flow (Rek < 5) and turbulent rough flow 
(Rek > 70) [French, 1985]; and (4) a Fickian model of 
dispersion (in equation (I) and in the OTIS-P solution) is 
reasonable given that the distance required to achieve a 
one-dimensional dispersion of the dye cloud should be 100-
200 m [Fischer, 1979], which is approximately the distance 
between where the dye was released (site A) and the first 
sampling location (site B3) (see Figure 3). 

5.3. FIB Die-Off or Growth 

5.3.1. Laboratory Microcosms 
[23] Results of the laboratory microcosms are summar

ized in Table 3. As expected, TC, EC, and ENT concentra
tions were below the detection limit (<I 0 most probable 
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number (MPN) of bacteria per 100 mL) in the microcosm 
containing only filter-sterilized water from the WWTP 
stream. In the microcosm containing only unfiltered 
water, the initial concentrations of EC and ENT were 
<10 and 250 MPN per 100 mL, respectively, while the 
initial concentration of TC was generally above the upper 
limit of detection (>24,192 MPN per 100 mL). Initial 
concentrations of EC and ENT were generally higher in 
microcosms containing more sediment. The initial con
centration of EC increased from < 10 MPN per 100 mL 
(filtered or unfiltered water with no added sediment) to 
240 or 210 MPN per I 00 mL (filtered or unfiltered water 
with 1000 g of sediment). Likewise, the initial concentra
tion of ENT increased from < 10 or 250 MPN per 100 mL 
(filtered or unfiltered water with no added sediment) to 
230 or 660 MPN per 100 mL (filtered or unfiltered water 
with 1000 g added sediment). EC and ENT concentra
tions declined with time in all laboratory microcosms that 
had measureable initial concentrations of bacteria. The 
rate of decline, while different for EC and ENT, was con
sistent across all microcosm treatments. Estimated die-off 
rates for EC and ENT were k = 0.03 h-I and 0.05 h-I, 
respectively, corresponding to 90% die-off times of T90 = 
80 h and 50 h (Table 3). TC exhibited a similar rate of 
decline (k = 0.01 h- 1

) in the one laboratory microcosm 
for which a decay rate could be measured (Table 3). 
5.3.2. Field Microcosms 

[24] Several trends documented above for the labora
tory microcosms were also observed in the field micro
cosms (Table 3). EC and ENT concentrations were below 
the detection limit in all field microcosms containing only 
filter-sterilized water from the WWTP stream, and initial 
EC and ENT concentrations were generally higher in 
microcosms containing more sediment. In microcosms 
with initial concentrations above the detection limit, ENT 
concentrations declined with time at a rate very close to 
that observed in laboratory microcosms, k = 0.05 h- 1 and 
T90 = 50 h (Table 3). The most notable difference 
between the laboratory and field microcosm results was 
the survival pattern of EC; while the concentration of EC 
declined with time in the laboratory microcosms, it 
increased with time in the field microcosms (Table 3). EC 
growth was observed in all field microcosms containing 
unfiltered water and/or sediment, and the rate of growth 
(/-l = 0.3 h-I and Tdbl = 2.8 h) was consistent across mi
crocosm treatments. In the one microcosm for which the 
initial concentration of TC was below the upper limit of 
detection, TC exhibited a similar rate of growth in the 
field microcosm (/-l = 0.3 h- 1

). 

5.3.3. Follow-Up Laboratory Microcosms 
[ 2s] To determine if the presence of the dialysis mem

brane itself might affect observed survival patterns of Fill 
in the field microcosm experiments (e.g., by serving as a 
carbon source), a follow-up laboratory experiment was 
conducted in which Fill concentrations were followed 
over time in two microcosms, one containing only unfil
tered water from the WWTP stream and another contain
ing unfiltered water from the WWTP stream and the same 
type of dialysis membrane used in the field experiments. 
TC and EC concentrations increased with time in the mi
crocosm that contained a dialysis membrane but declined 
with time in the microcosm that did not contain the 
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Figure 4. Dye breakthrough curves measured at sites B3 
(triangles), B4 (circles), and B5 (squares) on the WWTP 
stream. OTIS-P simulations were fit to the dye measurements 
at B4 (solid line) and B5 (dashed line) using the break
through curve at B3 as an upstream boundary condition. 

dialysis membrane (fifth row of Table 3). The growth of 
TC and EC in the microcosm containing a dialysis mem
brane suggests that EC growth observed in the field micro
cosms is likely an artifact of the dialysis membrane used in 
those experiments. The presence of the dialysis membrane 
did not induce growth ofENT. 

6. FIB Flux Across the SWI 
[26] In this section we report, for the first time, quantita

tive estimates of, and a rate law for, the flux of FIB across 
the SWI in a turbulent stream. 

6.1. Diurnal Study at BS 
[ 21] As a first test of the budget analysis (equation ( l )), 

we evaluated whether FIB concentrations measured at B5 
can be reasonably assumed to be steady state over a single 
24 h period. Water temperature in the WWTP stream at B5 
exhibits a diurnal signal, ranging from a high of 28.5°C in 
the midafternoon to a low of 23°C in the early morning 
(data not shown). Apart from water temperature, no diurnal 
trends are evident in FIB concentrations (TC, EC, or ENT) 
or the concentration of suspended particles [Litton et a/., 
2010]. Thus, the steady state assumption inherent in equa
tion ( l) appears reasonable. 

6.2. FIB Flux Estimates 

[2s] FIB concentrations were measured at seven sites 
along the WWTP stream (A and B l through B6) a total of 
eight times during two different sampling campaigns, one in 
July and another in August 2007. From these data, log 
means of the FIB concentrations were computed for each 
site, converted to geometric means, and substituted into 
equation (l) to obtain estimates for the flux of FIB from 
sediments j". A regression on order statistics (ROS) routine 
[Shumway eta/., 2002] was used to obtain the log mean FIB 
concentration at sites where one or more samples had meas
urements below or above the detection limit (<I 0 or 
>24,192 MPN/100 mL, respectively). Parameter values on 
the right-hand side of equation (l) were either provided by 
the WWTP plant operators (Q = 1.6 m3 s- 1

), estimated 
from the dye experiment (Ac =3m2

, DL = 0.3 m2 s- 1
, P = 

6 m), or determined from the microcosm experiments (die
off rate for ENT of kENT = 0.05 h- 1

). While TC and EC 
concentrations exhibited growth in the field microcosm 
experiments, as noted in section 5.3.3 this result appears to 
be an artifact of the regenerated cellulose dialysis mem
branes used in those experiments. Therefore, for the flux cal
culations we adopted the die-off rate for TC and EC 

Table 3. Survival Patterns of FIB in Field or Laboratory Microcosms, Including First-Order Rate Constants for Growth (Jl.) or 
Die-Off(k) 

Result (Growth or Decay): Mean (SO) for Rate 
Constants p. or /(' (h- 1) 

Start Date and Experiment 
Microcosm Setup Time• (local time) Duration TC EC ENT 

WWTP effluent plus sediment (lab study, 29°C) 8/20/07 1500 96 h decay decay decay 
k= 0.01 k = 0.03 (0.01) k = 0.05 (0.005) 
(N= I) (N = 2) (N=5) 

WWTP effluent plus sediment (field study) 9/24/07 1700 48 h OlD growth decay 
11- = 0.3 (0.04) k = 0.05 (0.01) 

(N=4) (N=4) 
Filter-sterilized WWTP effluent plus sediment 8/20/07 1500 96 h OlD decay decay 

(lab study, 29°C) 
k = 0.03 (0.001) k = 0.05 (0.01) 

(N = 2) (N=4) 
Filter-sterilized WWTP effluent plus sediment 9/24/07 1700 48 h growth growth decay 

(field study) 
/l = 0.3 11- = 0.3 (0.02) k = 0.03 
(N =I) (N = 3) (N =I) 

Follow-up Microcosm experiment: WWTP 3/16/10 1300 48 h growth growth N/0 
effluent plus dialysis bag (lab study) 

11- = 0.2 11- = 0.04 
(N =I) (N= I) 

"Date format is month/day/year. 
"Numbers in parentheses indicate SO. The number of microcosms N from which rate constants were estimated is also shown. 0/D, all samples over the 

detection limit of 24,192 MPN/100 mL. N/0, all samples below the lower detection limit of 10 MPN/100 mL. 
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observed in the laboratory experiments, kTc, EC = 0.03 h - 1
. 

Substitution of these values into equation (I) reveals that 
Fill die-off and longitudinal dispersion contribute little 
(<I%) to the right-hand side of equation (I), and thus to a 
very good approximation the flux of bacteria across the SWI 
of the WWTP stream can be calculated from the advective 
term alone: 

/'- Q - Pt,)Cz - CI);::;;; fl_dC 
Pdx 

(2) 

Equation (2) predicts that the flux of Fill from sediment is 
proportional to the slope of the Fill concentration-distance 
curve (dC/dx). Figure 5 is a plot of the geometric mean 
concentrations of TC, EC, and ENT measured along the 
length of the WWTP stream during the July and August 
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Figure 5. Plots showing geometric means of fecal indica
tor bacteria concentrations in the WWTP stream measured 
during the eight July and August (2007) studies. Shown are 
the downstream trends (and corresponding slopes) of (top) 
total coliform, (middle) Escherichia coli, and (bottom) 
enterococci bacteria. 

dry weather studies. TC and ENT concentrations appear to 
increase linearly with downstream distance implying that, 
within measurement error, the slope dC/dx is constant over 
the full length of the WWTP stream. Substituting the slope 
valu~s noted in Figure 5 into equation (2), we obtain the 
following estimates for the flux of TC and ENT out of 
sediments in the WWTP stream: J~c = I x 105 and 
}~NT = 2 x I 03 bacteria m -z s - 1

. Application of the 
same analysis to EC is complicated by the fact that meas
urements were above the lower limit of detection at only 
two sites (B4 and B6). However, a crude estimate for the 
EC flux from sediments in the WWTP stream can be 
obtained by drawing a line between these two measure
ments, which yields i~c ~ I 02 bacteria m - 2 s - 1

• 

6.3. Rate Law for FIB Flux Across the SWI 

[29] During the August study, samples of the streambed 
sediment were collected from all six sites (B I through B6) 
and analyzed for TC, EC, and ENT. To facilitate a direct 
comparison between the flux values reported above and 
FIB concentrations in streambed sediment, the latter were 
rescaled to yield an upper bound for FIB concentrations in 
the sediment pore fluid under the assumption that all FIB in 
the sediment partition into the pore fluid: 

Cpore = IOO,OOOC,ed~ 
¢ 

(3) 

The variables in equation (3) represent the upper limit esti
mate for FIB concentrations in the pore fluid ( Cpore• units of 
bacteria m - 3

), the measured concentration of FIB in the 
sediment (Csed, units of bacteria per 10 g dry weight sedi
ment), and the sediment's measured porosity (¢) and bulk 
density (pb, units of g cm-3 ). Averaged across all six sites 
[see Litton et a/., 20IO], we obtain ¢ = 0.37, Pb = 1.5 g 
em - 3

, and Csed = I x I 04 {TC), 4 {EC), and 70 (ENT) bac
teria per I 0 g dry sediment. After substituting these values 
into equation (3) we obtain the following upper limit esti
mates for the pore fluid concentrations of TC

3 
EC, and 

ENT: 4 x 109,2 x I06
, and 3 x 107 bacteria m- . Remark

ably, when these pore fluid concentrations are divided into 
the FIB fluxes reported in section 6.2, the resulting ratio j" I 
Cpo'5 is within a factor of 3 for all three FIB groups: 3 x 
10- (TC), 5 x 10-5 (EC), 7 x 10-5 (ENT) m s- 1

• This last 
result is consistent with the following rate mechanism for 
the flux of FIB across the SWI: 

/' = k;bs Cpore (4) 

The value of the observed mass transfer velocity 
k~bs = 5 x 10-5 m s- 1 is roughly the same for all three 
FIB groups (TC, EC, and ENT) and is constant across a 
three decade change in both j" and Cpore· The fact that the 
same mass transfer velocity applies to all three FIB groups, 
despite their very different biological properties (e.g., EC is 
a subgroup ofTC, TC and EC are Gram negative, ENT bac
teria are Gram positive), implies that a physical, rather than 
biological, process is likely responsible for mobilizing these 
bacteria across the SWI. It should also be kept in mind that, 
in the likely event that not all FIB in the sediment partition 
into the pore fluid, the true mass transfer coefficient will be 
larger than our estimated value, k~rue > k~bs. 
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[3o] The inferred rate mechanism for FIB transfer across 
the SWI (equation (4)) is similar to the film transfer model 
for interfacial mass diffusion where Cbulk is the mass con
centration far away from the interface [Cuss fer, 1988]: 

10-6m s- 1
. Thus, neither diffusion-mediated nor sweep 

and eject-mediated transport across a concentration bound
ary layer can account for the observed flux of bacteria 
across the SWI. 

/' = km(Cpore - Cbulk) 
(S) 7.3. Hyporheic Exchange of FIB 

Equations (4) and (5) become identical in the event that 
Cpore > > Cbulk· Unfortunately, because our estimates of 
Cpore are upper limit values (i.e., they are calculated assum
ing that all FIB in the sediment partition into pore fluids), it 
is not possible to determine the extent to which the inequal
ity Cpore > > Cbulk applies at our field site. Because equa
tion (5) accounts for the reduction of interfacial flux that 
occurs when pore and bulk concentrations are similar, 
equation (5) should be viewed as the more general rate 
expression for which equation (4) is a special case. 

7. Process-Based Models of FIB Flux Across the 
SWI 

[31] In this section we compare the mass transfer veloc
ity reported in section 6.3 to the mass transfer velocity pre
dicted by several different process-based models for FIB 
flux across the SWI (see Figure 1). 

7.1. Diffusion Across a Concentration Boundary 
Layer 

[32] In classical treatments of interfacial diffusion, the 
mass transfer velocity is approximated as the ratio of the 
mass diffusion coefficient Dm and thickness of the concen
tration boundary layer, 8: k!ff = Dm I 8. In a turbulent 
stream, the thickness of the concentration boundary layer, 
which is enclosed within the viscous sublayer, can be esti
mated from 8 = 9(vlu.)sc- 112 [Larke and Peeters, 2006~ 
where the Schmidt number Sc = vI Dm and v ~ 1 o-6 m 
s -I is the kinematic viscosity of water for the range of tem
peratures measured in the WWTP stream (28-34°C; see Ta
ble 1 ). The small diffusion coefficient for FIB ( ~5 x 10- 13 

m2 s- 1
) [van der Mei eta!., 199~ gives rise to a very large 

Schmidt number (Sc ~ 2 x 10 ), an unrealistically small 
concentration boundary layer thickness (8 ~ 60 nm), and 
an estimate for the mass transfer velocity, k~iff ~ 8 x 10-6 

m s -I, that is 6 times smaller than our lower limit estimate 
for the mass transfer coefficient (k~bs ~ 5 x 10-5 m s- 1

); 

recall that, because not all FIB in sediment partition into the 
pore phase, the actual mass transfer coefficient is likely 
larger, k~rue > k~bs. Thus, the flux of FIB across the SWI in 
the WWTP stream does not appear to be rate limited by dif
fusion across a concentration boundary layer. 

7.2. Sweep-Eject Across a Concentration Boundary 
Layer 

[33] An alternative model is premised on the idea that 
coherent turbulence in the bulk fluid spawn sweep and eject 
motions at the SWI, and these sweep and eject motions 
control the rate at which material crosses the concentration 
boundary layer [ Marusic et a!., 2010; Trevethan and Chan
son, 2010]. While more physically plausible than diffusion 
of bacteria across a concentration boundary layer, the mass 
transfer velocity predicted for sweep and eject motions at 
the SWI yields an even smaller mass transfer velocity 
[O'Connor and Hondzo, 2008]: k~weep = 0.2u.sc-213 ~ 

[34] Hyporheic exchange refers to the advectively driven 
bidirectional·exchange of water between the stream and the 
streambed [Buss et a!., 2009]. To evaluate hyporheic 
exchange as a potential mechanism for the flux of FIB across 
the SWI, we examined the rate constant that characterizes 
the exchange of water between the stream and its storage 
zone, obtained by fitting OTIS-P to dye breakthrough curves 
at sites B4 and B5 (Table 2). The volumetric flux of water 
between the stream and its storage zone can be estimated 
from the product of the first-order exchange rate (a= 4x 
10-3 s- 1

) and a measure of the stream's water depth (R = 
0.6 m) [Bencala and Walters, 1983]. This calculation yields, 
for the WWTP stream, a volumetric flux of k~YP = 2 x 10-3 

m s - 1
, which is 40 times larger than our observed mass 

transfer rate of k~bs ~ 5 x 10-5 m s- 1
• As noted in section 

7.1, because not all bacteria in sediment will partition to the 
pore fluids, the true mass transfer coefficient will be greater 
than our observed value. Thus, hyporheic exchange cannot 
be ruled out as the mechanism by which FIB are transferred 
across the SWI in the WWTP stream. 

[35] It is important to note that OTIS-P does not distin
guish between the exchange of water with the hyporheic 
zone and other forms of off-stream storage, such as side 
pools. While side pools were certainly observed during our 
field study on the WWTP stream, they were most prevalent 
near site A where WWTP effluent first enters the stream. 
Importantly, this area is well upstream of the most upstream 
boundary condition used to model the dye breakthrough 
curves, and hence any pool-stream exchange that occurred 
upstream of site B3 would not be reflected in the exchange 
rates estimated by OTIS-P and reported in Table 2. 

7 .4. Erosion and Sedimentation of Sediment
Associated FIB 

[36] Erosion of sediment-associated FIB is unlikely to be 
the primary source for FIB in the water column of the 
WWTP stream, for the simple reason that the suspended 
solid concentration in the stream did not exhibit an obvious 
downstream trend (Figure 6, top). Furthermore, the two pri
mary particle size modes present in the stream (one at 14 
and another at 281 J.lm) are present at the two sampling 
sites within the WWTP plant (sites PI and P2), indicating 
that particles associated with these two peaks were added 
to the stream from the WWTP plant, not from resuspension 
off of the sediment bed (Figure 6, bottom). By way of com
parison, the hydrodynamic radius of both EC and ENT bac
teria is 0.6 J.lm, well below the smallest bin size of the 
LISST (2.5 J.lm). The fact that these two particle size modes 
become less distinct with distance downstream (Figure 6, 
bottom) suggests that particles associated with these two 
modes are rapidly processed by the stream, i.e., within the 
~20 min it takes the WWTP effluent to flow from site A to 
site B6. Settling velocities of WWTP effluent particles 
range from <4 x 10-4 to 2.5 x 10-2 em s- 1 [Litton eta!., 
20 I 0]. If these particles are particulate organic matter 
(POM), as appears likely based on optical micrographs 
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Figure 6. Measurements of suspended particles in water 
samples collected from the WWTP (PI and P2) and from 
within the WWTP stream (B I through B6) during the July 
and August (2007) studies. (top) Average(± standard devi
ation) values of the suspended particle total volume con
centration (TVC) measured at each site. (bottom) Average 
particle size distributions (PSD) measured at each site. The 
PSD shown here are normalized relative to TVC, and thus 
the vertical bar labeled "0.1" shows the excursion that 
corresponds to 10% of the total TVC measured across all 
particle sizes. 

prepared from water samples collected from the site (data 
not shown), exchange of POM across the SWI could result 
in the accumulation of organic material in streambed sedi
ments, perhaps stimulating the growth of resident FIB and 
other heterotrophic organisms [Toothman et a/., 2009] . 
Interestingly, particles in the 100-200 J.lm size range, 
which were the most abundant on a particle volume basis, 
had settling velocities below the detection limit of the 
instrument (4 x I0-4 em s- 1

}, suggesting that particles in 
this size class, most likely zooplankton from the WWTP, 
are neutrally buoyant. The rate of hyporheic exchange esti
mated from the dye breakthrough curves ( k~YP = 2 x lO-3 

m s- 1
) is larger in magnitude than the largest settling ve

locity measured on suspended particles in the WWTP 
stream (2.5 x I0-4 m s- 1

). Thus, it is possible that hypo
rheic exchange, rather than gravitational sedimentation, 
controls the trafficking of POM of all types across the SWI, 
including the transfer of large and neutrally buoyant zoo
plankton into the sediment bed, and the transfer of natural
ized FIB growing in the sediment into the overlying water 
column, as described in section 8. 

8. Case for FIB and POM Spiraling 
[37] The data presented in this paper support the concep

tual model presented in Figure 7, where the hyporheic 
exchange between the stream and streambed is assumed to 
occur via a sequence of downwelling and upwelling zones, 
for example, associated with a sequence of pools and riffles 
[Buss et a/., 2009]. In the downwelling zones organic car
bon (in the form of both DOC and POM), oxygen, and 
nutrients (nitrogen and phosphorous) are transferred from 
the stream into the sediment, stimulating the growth of het
erotrophic microbial populations in the sediment bed [Atkin
son et a/., 2008; Findlay et a/., 1993 ; Leichtfried, 2007] 
including FIB [Byappanahalli and Fujioka, 1998; Halda
Alija eta/., 2001; Toothman eta/., 2009]. These bacteria 
may exist as free living (planktonic) cells, attached to sedi
ment-water or air-water interfaces, and/or in association 
with sediment biofilms [Leichtfried, 2007]. Growth of heter
otrophic bacterial populations in the sediment drives a mi
crobial loop in the streambed in which organic carbon is 
cycled between protistan grazers and DOC and POM pools, 
while some of the carbon is transferred via grazers to higher 
trophic levels [Craft eta/., 2002]. The net result is a rela
tively constant supply of heterotrophic bacteria and FIB in 
streambed sediments that can readily mobilize back into the 
stream in upwelling zones [Halda-Alija eta/., 2001]. Col
lectively, the processes illustrated in Figure 7 give rise to a 
downstream spiraling of organic carbon, nutrients, hetero
trophic bacteria, and FIB between the stream and streambed. 
While many details of this conceptual model are not new 
(e.g., nutrient spiraling is a well-studied phenomenon [Buss 
et a/., 2009]), our results suggest that hyporheic exchange 
may control the rate at which material, including carbon, 
nutrients and fecal bacteria, move across the SWI. This con
ceptual model is interesting in light of the recent focus on 
enhancing hyporheic exchange as a key element of river res
toration efforts, a policy that is premised, in part, on the 
idea that increased hyporheic exchange will drive faster 
within-river processing of nutrients [Buss eta/., 2009]. Our 
results suggest that rapid hyporheic exchange in streams 
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Figure 7. Conceptual diagram showing how hyporheic exchange might promote the proliferation of 
fecal indicator bacteria by transferring growth-limiting substrates into the sediment in downwelling 
zones, and transferring bacteria into the overlying water column in upwelling zones. Stable populations 
of heterotrophic bacteria, including fecal indicator bacteria, are maintained in the sediment through the 
microbial loop, as shown. 

enriched in organic carbon and nutrients, such as the WWTP 
stream studied here, may also lead to the proliferation of 
Fill in streambed sediments and consequent contamination 
of the overlying water column with fecal bacteria. 
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Summary of Findings 

As an estuary in southern California. Newport Bay provides many important ecosystem services 
and beneficial uses, including marine bathing and recreation. shoreline protection, water quality 
improvement, fisheries resources, and habitat and food for migratory animals. The health of 
Newport Bay is threatened by point and non-point sources of pollution, including fecal indicator 
bacteria (FIB), organics, metals, nutrients and sediments. Reflecting the spectrum of 
environmental challenges facing Newport Bay, the Santa Ana Regional Water Quality Control 
Board (SARWQCB) adopted for Newport Bay separate Total Maximum Daily Loads 
(TMDLs) for fecal coliform, nutrients, and sediment. US Environmental Protection Agency 
(EPA) also promulgated a technical Toxics TMDL for Newport Bay, and the SARWQCB is in 
the process of adopting TMDLs for separate toxic pollutants such as metals and organics. 

The Fecal Coliform TMDL was adopted in 1999 with the goals of reducing FIB concentrations 
in the Bay, reducing public health risks, and improving water contact recreational activities. 
This project, which was funded by a State of California Proposition 13 Coastal Nonpoint Source 
Pollution Control Grant, is intended to support the Fecal Coliform TMDL by identifying and 
quantifying urban and natural sources of FIB in Newport Bay. 

The distinction between urban and natural sources of FIB is required by the Fecal Coliform 
TMDL and motivated by several considerations: 

• Health risk Considerations. Current water quality standards are based on epidemiology studies 
at beaches contaminated by point sources, such as storm drains and sewage. FIB 
concentrations in recreational coastal waters may not predict for adverse human health 
outcomes when FIB are from non-point (and likely non-human) sources, as possibly is the 
case in Mission Bay, San Diego, California. 

• Management Considerations. Best management practices (BMPs) can be conceived to control 
urban sources of FIB such as sewage or storm drain inputs, whereas the same may not be true 
for natural sources such as bird droppings or regrowth of environmentally adapted FIB strains. 

To assess the relative contribution of urban and natural sources of FIB in Newport Bay, this 
study reports on four complementary studies that were carried out over approximately 13 
months, beginning January I 2006: 

• 

• 

• 

• 

Field sampling studies to characterize the loading of FIB from urban and natural sources 
in and around the perimeter of the Upper Bay. 
Field sampling and reconnaissance studies to assess potential urban sources of FIB to 
Lower Bay from subsurface sewage leaks, pump-out stations, docks and wharves, wash
down activities, and storm drains. 
Microcosm and field studies to characterize the rate and magnitude of natural sources and 
within-Bay processes that affect the concentration of FIB in the Bay water column. 
Advanced microbial source tracking methods to assess the likely origin of FIB in 
Newport Bay. 
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The key results from these four studies are summarized below. in order of their appearance. 

Chapter 1. Introduction and overview of water quality impairment of Newport Bay 

Newport Bay is divided into two distinct geographic regions called Upper Bay and Lower Bay. 
Upper Bay is located at the head of the estuary, and is a state ecological reserve and refuge for 
threatened and endangered species. Lower Bay is located near the mouth of the estuary, and is a 
regionally important recreational area and one of the largest pleasure craft harbors in the United 
States. The Bay is approximately 10 km in length and has a median water volume of 16 million 
cubic meters, which is distributed unevenly between Upper Bay (3 million cubic meters) and 
Lower Bay ( 13 million cubic meters). The Bay's tidal prism (volume of seawater exchanged 
between high-high and low-low tides) is approximately 6 million cubic meters. Previous estimates 
for the residence time of water in Newport Bay range from approximately 2 to 30 days, depending 
on the methodology employed for estimating mixing times, and the location of interest within the 
Bay (in general, mixing time scales are longer in dead-end regions of the Bay where tidal mixing is 
muted). 

Newport Bay can be classified geomorphically as a "Bar Built Estuary", in that it is a drowned 
river valley with high sedimentation rates and shallow depths. However, intensive urbanization 
of the land surrounding Newport Bay-most especially the islands and spits in Lower Bay
together with extensive modification of the Newport Bay shoreline for flood and sand control, 
imply that this estuary is far from a natural geomorphic state. 

Based on the application of three different hydrodynamic classification schemes. it appears that 
circulation in Newport Bay depends on the magnitude of runoff flowing into the Bay from its 
tributaries, most particularly San Diego Creek. During dry weather, the volume of freshwater 
contributed by base flow from San Diego Creek is a small percentage (<I%) of Newport Bay's 
tidal prism. Under these conditions the water column is vertically well-mixed to partially 
stratified (Type 2a) in most regions of the Bay and circulation is dominated by tides and winds 
(barotropic circulation). During very large and sustained storms, on the other hand, the volume 
of freshwater contributed by San Diego Creek can nearly equal the Bay's tidal prism. When this 
occurs, Newport Bay experiences extreme salinity stratification, approaching that observed in 
salt wedge estuaries, and the Bay's circulation is likely dominated by density gradients 
(baroclinic circulation). 

Both point and non-point sources of pollution could potentially contribute to elevated 
concentrations of FIB in Newport Bay. Possible non-point sources of FIB include sewage spills 
and overflows, illicit sewage discharges (e.g., from boats moored in the marina), bather 
shedding, bird and animal droppings, growth of environmentally adapted FIB strains in beach 
sediments or in association with decaying vegetation, and sewage-contaminated shallow 
groundwater. Possible point sources of FIB include tributary outlets, dry and wet weather surface 
runoff discharged through storm sewer drains, and treated sewage outfalls. No sewage outfalls 
discharge directly to Newport Bay, and the closest sewage outfall (operated by the Orange 
County Sanitation District, OCSD) discharges partially treated and disinfected wastewater 
effluent approximately 7 km offshore of Newport Bay's ocean outlet. After disinfection, the 
concentration of FIB in OCSD's outfall is too low, and the discharge diffuser too far offshore, to 
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realistically impact water quality in Newport Bay. On the other hand, storm drains in Lower Bay 
and tributary outlets, such as San Diego Creek, in Upper Bay appear to be important point 
sources of FIB in Newport Bay: 

Non-conservative processes that might affect FIB concentrations in Newport Bay include 
physicochemical removal from the water column (adsorption, sedimentation, filtration), 
mobilization into the water column from substrates (sediment resuspension, tidal washing off of 
mudflats), die-off (including by exposure to sunlight, reactive oxygen species, and zooplankton 
predators), and selection and growth and recovery of injured cells. 

Chapter 2. Bay-to-Ocean transect measurements of water and sediment quality in 
Newport Bay 

To characterize the spatial and temporal variability of FIB concentration in the water and 
sediments of Newport Bay, twelve sites were sampled aong a Bay-to-Ocean (BTO) transect 
approximately 53 times over the course of 13 months, beginning January I 2006. The twelve 
sampling sites were distributed as follows: 

• 

• 

Three sites (BTO I through 3) were located in three tributaries to Upper Bay-San Diego 
Creek (BTO 1), Santa Ana Delhi Channel (BTO 2). and Big Canyon Wash (BTO 3); 
Eight sites (BTO 4 through II) were located in the main tidal channel of Upper Bay 
(BTO 4 through 7) and Lower Bay (BTO 8 through II); 

• One ''offshore control" site (BTO 12) was located offshore of Newport Bay . 

Altogether, 2,441 water samples and 878 sediment samples were collected from these twelve 
BTO sites. All water samples were analyzed for FIB (E. coli and enterococci bacteria, 
abbreviated below as "EC" and "ENT"), pH, salinity, and particle size distributions. A subset of 
water samples was analyzed for nutrients (ammonia, nitrate, total phosphorous, total organic 
carbon) and suspended particle settling velocity. All sediment samples were analyzed for FIB 
(EC and ENT). A subset of sediment samples was analyzed for percent organic carbon, percent 
water content, and grain size. In addition, 237 conductivity-temperature-depth (CTD) casts were 
carried out at 8 within-Bay sites (BTO 4-11 ). Each CTD cast generated vertical profiles of water 
temperature, salinity, density, and bt}Oyancy frequency (a measure of vertical density 
stratification). A downward-looking Acoustic Doppler Current Profiler (ADCP) was deployed at 
seven sites for 24-48 hours each, to obtain high-frequency information on the nature of within
Bay circulation. 

These data document both seasonal variability and down-Bay gradients in FIB concentrations, 
salinity, nutrients, pH, suspended particle concentration, suspended particle diameter, suspended 
particle settling velocity, temperature, wind speed, and bird populations. 

The water column in the upper reaches of Upper Bay, near the outlet of San Diego Creek, is 
salinity stratified. Salinity measured at most other sites is well-mixed over the vertical, consistent 
with the classification of Newport Bay as a Type 2a, or well-mixed, estuary (see Chapter I 
summary above). During storms, however, salinity stratification can extend into Lower Bay. 
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There is relatively little salinity variation evident in the transverse direction (i.e., from left-to
right bank). 

The log-mean concentration of EC and ENT, and percent of samples exceeding marine bathing 
water standards, decline with distance down the Bay. Tributary sites had the highest 
concentrations and single-sample exceedence rates (between 16 and 86% of samples, depending 
on the tributary and FIB group), followed by sites in the upper reaches of Upper Bay (BTO 4 and 
5, exceedence rates between 18 and 38% ), followed by sites in the lower reaches of Upper Bay 
(BTO 6 and 7, exceedence rates between 7 and 17%), followed by sites in Lower Bay (BTO 9-
11, exceedence rates between 0 and 8%), followed by the offshore control site (BTO 12, 
exceedence rate of 0%). At the off shore control site all but one sample had FIB concentrations 
below the lower limit of detection of 10 MPN/100 mL. 

Among Lower Bay sites, samples collected from BTO 8 had relatively high concentrations and 
exceedence rates for both EC and ENT (7 and 12%, respectively). This particular site is located 
in West Newport Bay, in a region with relatively poor tidal mixing and significant sources of dry 
and wet weather urban runoff (e.g., from Arches Drain). 

A subset of water samples collected during the BTO studies were analyzed for nutrients, 
including nitrate. ammonia, total phosphorous, and total organic carbon. Generally speaking, 
nutrient concentrations were highest in samples collected from one or more tributaries, followed 
by samples collected from within the main tidal channel of Upper Bay, followed by samples 
collected from Lower Bay, followed by samples collected from the offshore control site. The 
exception is ammonia, for which the concentrations measured in the upper reaches of Upper Bay 
are generally higher than the concentrations measured in the tributary sites. 

Among the tributary sites, San Diego Creek has the highest average nitrate concentration (26 
mg/L or 420 ~tM), Santa Ana Delhi Channel has the highest average ammonia concentration 
(0.13 mg/L or 7.6 ~M), and Big Canyon Wash has the highest average total phosphorous (1.1 
mg/L or 36 ~M) and TOC (9.4 mg/L) concentrations. Among within-Bay sites, without 
exception the upper reaches of Upper Bay had the highest nutrient concentrations. Average 
nutrient concentrations reported here for Upper Bay sites are similar to values published 
previously for this wetland. The average nitrate (3.1 mg/L or 50 ~M) and total phosphorous 
(0 .36 mg/L or II ~M) concentrations are at the high end of measurements reported for estuaries 
on both the east and west coasts of the United States. 

FIB concentrations in Newport Bay are positively and significantly correlated with the 
concentration of several nutrients. In Upper Bay, FIB are significantly and positively correlated 
with ammonia (EC, ENT), total organic nitrogen (EC), nitrate (EC), Total P (EC), and TOC 
(ENT). In Lower Bay, the only significant correlations are negative: both EC and ENT are 
negatively correlated with Total P. Because FIB are significantly and positively correlated with 
nutrients only in Upper Bay, which is impacted by runoff from the San Diego Creek and Santa 
Ana Delhi Channel, it is likely that these correlations are associative not causal; i.e., both FIB 
and nutrients are sourced by the tributaries to Upper Bay, particularly during storms. 

7 



During wet weather, EC concentrations are highest in sediment collected from one or more 
tributaries (BTO I through 3), followed by sediment collected from Upper Bay (BTO 4 through 
7), followed by sediment collected from Lower Bay (BTO 8 through II). During dry weather, 
EC concentrations are higher in sediments collected from the tributaries, and very low in most 
sediment samples collected from within-Bay sediments. 

ENT concentrations are highest in sediments collected from Lower Bay (BTO 8 through 10), 
followed by sediments collected from Upper Bay and the three tributaries (BTO I through 7), 
followed by the site nearest the ocean outlet (BTO 11). Apart from the tributaries, which have 
relatively low sample ("N") values (typically N<lO), the spatial pattern just described applies to 
both dry weather and wet weather periods. Spearman rank correlations were carried out to 
determine if FIB in the sub-tidal sediments of Newport Bay are correlated with other sediment 
parameters, including organic carbon content, water content, and average grain size. FIB in the 
sediment tends to be positively correlated with organic-rich, fine-grained sediments with 
elevated water content. The positive correlations with organic carbon and water content are 
particularly strong in the case of EC (Spearman Rank Correlations of Sp= 0.5 and 0.6, 
respectively). 

Additional Spearman rank correlations were run to determine if FIB concentrations in the 
sediment were correlated with FIB concentration in the overlying water column. At Santa Ana 
Delhi channel site (BTO 2), ENT measured in the sediment is significantly (p=O.OO) and 
positively (Sp = 0.6) correlated with ENT measured in the overlying water column. For a 
significance of p<O.O I, FIB concentrations in the sediment are not significantly correlated with 
FIB in the overlying water column at any within-Bay sampling sites. 

To determine if FIB in the water column are attached to suspended particles, a subset of the 
water samples collected in Newport Bay were assayed for FIB before and after filtration through 
a 5 or 10 micron filter. In the majority of cases, filtration of water samples through a 5-micron 
filter did not significantly alter the concentration of EC and ENT. Hence, within the resolution 
of the measurement method used, most of the FIB in Newport Bay are present as free-living 
single cells, or are associated with particles smaller than 5 microns in diameter (note that the 
volume-averaged diameter of EC and ENT is 1.2 microns). This conclusion is consistent with a 
number of studies that indicate marine and estuarine waters are dominated by free-living 
(planktonic) cells. There are several noteworthy exceptions to this rule. Passage through a 5-
micron pore sized filter did significantly lower the EC concentration in water samples collected 
from Upper Bay water during the dry season, suggesting that EC cells may be particle-associated 
in this specific case. Also, passage of Santa Ana Delhi samples through the 5 micron pore-sized 
filter appeared to increase the concentration of FIB, perhaps due to the removal of an (unknown) 
substance that interferes with the EC assay, and/or because the filtration process disrupts EC
Iaden floes. 

Chapter 3. Speciation and molecular fin2erprintin2 of Newport Bay Enterococcus Isolates 

In this and the next chapter, advanced microbial source tracking (MST) methods were utilized to 
obtain additional information on urban and natural sources of FIB in Newport Bay. The focus of 
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Chapter 3 is on using MST methods to assess sources of enterococci bacteria (ENT). The focus 
of Chapter 4 is on using MST methods to assess sources of Escherichia coli (EC). 

Two MST methods were used to obtain information on potential sources of ENTin Newport 
Bay: (I) speciation of ENT isolates cultured from Newport Bay sediment and water samples; 
and (2) pulsed field gel electrophoresis (PFGE) typing of speciated isolates. Some species of 
ENT (such as Enterococcus faeciwn and E.faecalis) are commonly associated with fecal waste, 
while other species (such as E. casseliflavus and E. mundtii) are not. Thus, the species 
distribution of ENT isolates could potentially provide insight into the relative sources of these 
organisms. PFGE typing goes a step further by helping to discern the degree to which ENT 
isolates belonging to a single species are clonal (i.e., genetically identical at the level of 
discrimination afforded by the PFGE method). Presumably, if ENT were growing in the 
sediments and water column of Newport Bay, a large percentage of the isolates would not only 
belong to the same species, but also would be clonal. 

A total of I 03 samples were included in the speciation study, including 69 water samples and 34 
sediment samples. These 103 samples were collected from Newport Bay as part of the BTO 
study described in Chapter 2 and the Diurnal Intertidal Sediment (DITS) study described in 
Chapter 6. A total of 349 isolates were cultured from the I 03 samples, including 249 and 100 
isolates from water and sediment samples. respectively. Because ENT concentrations were 
generally higher at the tributary and Upper Bay sites, most ENT isolates were cultured from 
these regions. However, a more even distribution of isolates across the Bay was achieved by 
binning the isolates as follows: (I) San Diego Creek (BTO I), N=53 isolates; (2) Santa Ana 
Delhi Channel (BTO 2), N=54 isolates; (3) Big Canyon Wash (BTO 3), N=35 isolates; (4) BTO 
4, N=78 isolates; (5) BTO 5 through 7, N=87 isolates; (6) BTO 8 through 12, N=42 isolates. An 
analysis of the species breakdown in each of these site groupings can be summarized as follows: 

• 

• 

In both tributary and Upper Bay sites, ENT is dominated by E. casseliflavus and E . 
mundtii, and to a lesser extent by the E.faecalis, E.faecium, and E.lzirae. 
With distance down-Bay, the species distribution appears to shift toward a more even 
distribution of (E.Jaecalis, E.faecium, and E. hirae) and (E. casseliflavus and E. 
mundtii) species. 

It is important to keep in mind that the concentration of Enterococcus also declines with distance 
down-Bay (see discussion of Chapter 2 results above), so the down-Bay change in species 
composition could reflect differential die-off of certain strains in the Bay, and/or predominance 
of different sources of enterococci bacteria in Upper and Lower Bay. In summary, a very large 
percentage (between 45 and 65%, depending on location) of the enterococci bacteria in Newport 
Bay and its tributaries are species (e.g., E. casseliflavus and E. mundtii) that are potentially from 
non-fecal sources, such as growth on decaying plant material. 

Four Enterococcus species were selected for molecular typing by PFGE. E.faecalis was chosen 
because it was frequently isolated from water and sediment samples from Newport Bay, and it 
has been typed in previous environmental studies in Orange County and thus a large database of 
types exist. E. casseliflavus, E. mundtii and E.Jaecium were also frequently isolated from water 
and sediment samples from Newport Bay, but these species have not been previously typed in 
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Orange County environmental studies by PFGE fingerprinting. Altogether, 232 isolates from 77 
samples were typed, including 85 E. casseliflavus. 63 E. mundtii, 40 E.faecalis and 44 E. 
faecium. 

Most PFGE types (or fingerprint patterns) were detected only once, consistent with the idea that 
there are many different strains of each Enterococcus species present in the water and sediment 
of Newport Bay. Not only are there many different types, these types are relatively 
heterogeneous, in that the dendrograms of the PFGE patterns reveal no meaningful grouping or 
sub-grouping at any level of relatedness by sampling site, sample type or date taken. Overall the 
number of pattern matches, indicating either inter-sample or intra-sample clonality. was low for 
the number of isolates analyzed. Of the samples where ENT clones were detected, there were 
relatively numerous PFGE type matches between isolates cultured from San Diego Creek and 
isolates cultured from either Upper Bay or Lower Bay. One interpretation of these results is that 
San Diego Creek is the source of these clonal types. However, it is also possible that clonal 
types found at different sites in the Bay were not transported there from San Diego Creek, but 
rather originated from a widely distributed source that releases ENT throughout the Bay (e.g., 
birds. animals, plants or soil). 

None of the E.faecalis types detected in this study matched E.jaecalis types isolated from Dana 
Point Harbor, Lower Santa Ana River and Huntington Beach from 2003 to 2006. Thus, within 
the geographic resolution of the existing database, E.faecalis strains measured in Newport Bay 
may be unique. 

The overall effect of regrowth of Enterococcus in sediments on the levels of bacterial pollution in 
Newport Bay could not be determined with the limited data from this study. However, a moderate 
percentage of sediment and water samples contained clonal isolates representing several species 
suggest that regrowth may occur, consistent with the observations of high ENT concentrations in 
the sub-tidal sediments of Newport Bay (see discussion of Chapter 2 above). 

Chapter 4. Phenotyping and Gene Array Analysis of Newport Bay E. coli isolates 

In this chapter, presumptive E. coli (EC) isolates cultured from water and sediment in Newport 
Bay were assayed using an identification system called API 20E, a commercially available 
biochemical substrate test kit designed to identify enteric bacteria. Results from the API 20E 
tests serve to confirm that presumptive EC isolates are in fact EC. Further, different strains of 
EC may be distinguished by their API biotypes (a unique numerical code that is assigned the 
isolate based on the scoring of biochemical reactions). The API 20E biotypes have considerably 
less discriminatory power than the PFGE method used to evaluate Enterococcus clonality in 
Chapter 3. The limited discriminatory power of API 20E means that its use to evaluate the 
diversity of EC strains in Newport Bay should be viewed as exploratory. Indeed, the dominant 
EC biotype present in Newport Bay can have many different sources, based on a literature 
review and API 20E analysis of EC isolated from fecal samples from different animals. Finally, 
an experimental method was employed-called a gene expression assay -to assess if EC strains 
isolated from Newport Bay are uniquely adapted to grow in the estuarine environment of 
Newport Bay. 
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The main findings of these studies are: 

• 

• 
• 

• 

• 

177 and 24 EC isolates were cultured from Newport Bay water and sediment samples . 
respectively. 
EC in Newport Bay is dominated by a single biotype, API code 5144572 . 
The low biotype diversity of EC isolates in Newport Bay is surprising, but its 
significance cannot be evaluated without further analysis of the isolates belonging to this 
biotype, perhaps using more discriminatory molecular methods such as PFGE and/or rep
PCR. 
The predominance of a single EC biotype at both Bay and tributary sites suggest that the 
tributaries are the primary source of these organisms in the Bay. However, the finding is 
inconclusive without the application of a more discriminatory typing method, as noted 
above. Indeed, EC belonging to the single dominant biotype reported here (API code 
5144572) can be cultured from a variety of fecal sources, based on experiments reported 
in this chapter and a survey of the literature. 
This study did not detect differences in the global gene expression patterns of EC isolates 
from Newport Bay and from human sewage, bird and cattle feces, but that may be the 
result of the experimental design. 

It is interesting to note that, based on the BTO data presented in Chapter 2 and the loading 
analysis presented in Chapter 8, EC in Newport Bay may have two primary sources that 
dominate at different times of the year. The loading studies in Chapter 8 suggest that, during wet 
weather, San Diego Creek and, to a lesser extent Santa Ana Delhi Channel, are the primary 
sources of EC in Upper Bay. Further, based on the particle association studies in Chapter 2, 
during wet weather EC in the water column do not appear to be associated with particles greater 
than 5 microns in diameter, and their concentrations are well-mixed over the water column at 
each site. During dry weather, on the other hand, loading of EC from San Diego Creek and 
Santa Ana Delhi channel is not sufficient to account for EC concentrations observed in Upper 
Bay, based on modeling results presented in Chapter 8. Further, during dry weather, EC 
concentrations are higher at the bottom of the water column in Upper Bay, appear to be 
associated with particles greater than 5 microns in diameter, but are not present at high 
concentrations in sub-tidal sediments (Chapter 2). In future analysis of these data, an attempt 
will be made to integrate the biotyping results presented in this chapter, and the temporal and 
spatial patterns and loading studies presented in Chapters 2 and 8, respectively. 

Chapter 5. Microcosm studies to characterize the rate and maa:nitude of natural sources 
and within-Bay processes that affect the concentration of FIB in Newport Bay 

This chapter describes the results from 64 separate laboratory and field microcosm experiments. 
These microcosm experiments were carried out to characterize the input of FIB to Newport Bay 
from a variety of natural (bird droppings, debris mats, sediment) and urban (runoff) sources, and 
to elucidate the influence of environmental variables (sunlight, synergistic interactions between 
various substrates) on FIB persistence in Newport Bay. Microcosm studies were conducted in 
the laboratory to isolate the influence of specific variables, and in the field to more realistically 
simulate conditions in Newport Bay. Supplemental field investigations were also carried out, 
including a synoptic study of FIB concentrations in the Upper Bay "Unit 1 Basin" during a 
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macroalgal bloom, and field observations of debris mat formation in Upper and Lower Bay 
during and following storm events. 

The main conclusions from these studies can be summarized as follows: 

• 

• 

• 

• 

• 

• 

• 

FIB from San Diego Creek are present at higher concentrations, longer-lived, and more 
resilient to changes in salinity, than FIB from Upper Bay. 
Consistent with the literature, bird feces harbor very high concentration of FIB, but after 
entering the Bay bird-derived FIB die-off at a rate that depends on solar irradiation levels 
(faster die-off in the presence of sunlight, slower die-off in the dark). However, even in 
the presence of sunlight, FIB from bird feces can take several days to achieve 90% die
off. 
In laboratory microcosms, the addition of macroalgae significantly increases the survival 
of FIB from bird feces. However, the protective effects of macroalgae on FIB survival 
and/or regrowth were not replicated in field experiments, perhaps due to different redox 
conditions (oxic in the case of field microcosms, and hypoxic in the case of laboratory 
microcosms). 
A synoptic study of FIB in Upper Bay during a macroalgae bloom found significant 
positive correlations between EC and other nutrients (TKN, ammonia, TOC, and nitrate), 
perhaps signaling the presence of contaminated runoff from San Diego Creek. By 
contrast, ENT was not correlated (either positively or negatively) with salinity, which 
could be interpreted in several ways: (I) San Diego Creek is not the only source of ENT 
in the Unit I Basin; or (2) San Diego Creek is a significant source of ENTin the Unit I 
Basin, but these organisms die-off rapidly once they enter the Bay. The second 
hypothesis is not supported by the results of the Bay/Creek Microcosms studies (see first 
bullet above), which indicate that Creek ENT are relatively stable when diluted into Bay 
waters. A strong positive correlation was noted between ENT concentration and total 
phosphorous, which might indicate that bird droppings contribute to ENT concentrations 
along the shore in the Unit I Basin. 
There is some evidence that debris mat material may aid in survival of FIB in creek and 
Bay water. In principle, both debris mat material and macroalgae could provide nutrients 
and organic carbon to the water column as they decay, which FIB can potentially use as a 
substrate for maintenance or regrowth. Macroalgae and debris mat material can also 
provide shading from the germicidal action of UV radiation. 
Bay sediments contribute ENT to the water phase of the microcosms, and the presence of 
sediments in the microcosms appears to reduce the die-off rate of these organisms. This 
result was observed in both laboratory and field experiments. Translation of these 
microcosm results into the field had mixed result. In the case of intertidal sediments 
along the shoreline, it appears that ENT are mobilized from sediments into the water 
column during rising ~ides (Chapter 6). However, sub-tidal sediments do not appear to be 
a significant source ofENT in the water column of the main tidal channel in either Upper 
or Lower Bay (Chapter 2). From a monitoring perspective, the intertidal results may be 
more significant, because water samples for routine monitoring are typically collected 
from the water's edge, where resuspension of intertidal sediments is likely to occur. 
Bay sediments appear to contribute relatively little EC to the water phase, but may aid in 
their survival. As noted in Chapter 2, during dry weather EC concentrations are low in 
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sub-tidal sediments, but particle-associated EC appear to accumulate near the sediment 
bed in Upper Bay water column (Chapter 2). 
It is also possible that turbidity contributed by sediments provide UY shading, thus 
reducing sunlight-induced die-off of FIB. Sediments can also contribute nutrients and 
organic carbon to the water-column, particularly if the sediment is fine grained, which, in 
turn, can be used by FIB to sustain their populations. 
FIB in dry weather runoff behave relatively conservatively when diluted into high salinity 
water from Lower Bay; i.e., runoff-derived FIB do not precipitously die-off when mixed 
into high salinity Newport Bay waters. 
The Single-Hit-Model for UV mediated die-off of FIB generally underestimates the 
survival of runoff-derived FIB in the high salinity waters of Newport Bay. 

Chapter 6. Diurnal Intertidal Sediment <DITSl Studies 

A number of recent studies have implicated beaches-either the beach itself, or shallow 
groundwater discharge through the beach face-as the source of FIB impairment in ankle depth 
waters along the shore. Based on the microcosm results presented in the last chapter, FIB might 
originate from the surface of the beach in at least two ways: ( 1) deposition of bird feces on the 
surface of the beach, which mobilize into the water column during rising tides; (2) growth of 
environmentally adapted strains of FIB in the beach sand and/or in decaying vegetation (e.g .. 
macroalgae or wrack lines) concentrated along the shore. 

As a first step toward evaluating the beach as a potential source of FIB, we carried out a field 
sampling effort in which water and sediment samples were collected along two cross-shore 
transects in Upper Bay, near sites BTO 4 and 5. In the results presented below, the cross-shore 
transect located near BTO 4 is called "DITS 1 ",while the cross-shore transect located near BTO 
5 is called "DITS 2"'. Sampling campaigns were carried out a total of four times (twice during 
wet weather, and twice during dry weather). During each sampling campaign, water and 
sediment samples were collected from a set of sites at DITS I and 2 every 3 hours for 12 or 24 
hours (depending on the study). Sediment samples were analyzed for FIB, organic carbon, water 
content, and grain size distribution. Water samples were analyzed for FIB, and a subset of water 
samples were analyzed for nutrients. 

Not surprisingly, FIB concentrations and exceedence rates were much higher during the wet 
weather sampling, compared to the dry weather sampling. However, in both cases the mudflats 
appear to be a source of FIB in the very shallow waters along the shoreline in Upper Bay. While 
the study design adopted here cannot definitively determine the source of FIB on the mudflats, 
several observations point to the deposition of bird feces: 

1. Birds are present at high numbers along the mudflats during both wet and dry weather 
studies. The physical location of the birds (near the water's edge) coincides with the 
location where FIB concentrations in both water and sediment are highest. 

2. Along the banks of the tidal channel, in many cases FIB concentrations are higher in 
sediment collected above the waterline, and lower in sediment collected below the 
waterline, even during periods of time when the tide is falling. This suggests that there is 
fast replenishment of FIB on the exposed mudflat as the tide recedes, consistent with our 
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photographic observations that birds congregate, and presumably defecate, right at the 
water's edge. If regrowth in the sediment was the dominant source of FIB on the 
mudflat, it would presumably take some time to regenerate FIB in the sediments after 
they were washed by the tide, as was observed during a recently published study of ENT 
regrowth in intertidal sediments at Lover's Point in northern California. 

3. Water samples collected during the dry weather studies had lower FIB exceedence rates 
compared to water samples collected during the wet weather studies. Suspended particle 
concentrations were generally higher wet weather (ca 100 ppm) compared to dry 
weather (ca., 50 ppm). As noted in a recent article, suspended particles can reduce the 
deleterious effects of sunlight on FIB survival in estuarine environments, which would be 
at least superficially consistent with FIB exceedence rates measured during the dry and 
wet weather DITS studies. 

Bird Census. Estimates of the number of birds present on the mudflats during the DITS I and 2 
studies suggest that bird populations in Upper Bay are highly variable in space and time. Despite 
this variability, it can be said that large numbers of birds congregate on the mudflats in Upper 
Bay (frequently >300 birds could be counted in the images), and more birds tend to loaf on the 
right bank, compared to the left bank, of the main tidal channel at DITS I and 2. Some diurnal 
variability was also noted; e.g., in several cases, birds seemed to prefer to congregate on the 
mudflats during falling tides in the early morning or late evening. 

Nutrient Concentrations in the Water Column. Water samples from the thalweg of the tidal 
channel were analyzed for a suite of nutrients. These data generally confirm the results 
presented in Chapter 2. Namely, San Diego Creek appears to be a significant source of nitrate 
and total phosphorous. San Diego Creek may also be an important source of ammonia, TKN, and 
TOC. However, within-Bay processes appear to be a source of both ammonia and TOC, perhaps 
from the microbially mediated conversion of nitrate to ammonia under anaerobic conditions, and 
the fixation of organic carbon by macro- and micro-algae present in the Bay. 

Chapter 7. Urban sources of FIB in Lower Newport Bay 

This chapter summarizes efforts to characterize the input of FIB into Newport Bay from urban 
sources located in Lower Bay, including storm drains, sewer lines, and shallow groundwater. 

Sewage Contamination o[Shal/ow Groundwater. A series of exploratory investigations were 
carried out to identify regions of the Lower Bay where bathing water quality might be impacted 
by the efflux of sewage-contaminated shallow groundwater. The main findings are: 

I. Sewer collections lines in Lower Bay vary in age and composition. Older sewer lines, 
some of which were laid in the early 1920s, are composed primarily of vitrified clay pipe 
(VCP) with cement joints. Newer sewer lines are composed primarily of polyvinyl 
chloride (PVC) with rubber-gasket wedge-lock joints. The City of Newport Beach is 
implementing programs to replace the older sewer lines as new development and/or 
significant remodeling occurs. 

2. Five sites in Lower Bay were selected for shallow groundwater testing, based on their 
proximity to sewer lines of various age and material composition, proximity to 
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recreational beaches, and accessibility. Samples of shallow groundwater from these sites 
had oceanic salinities. 

3. EC concentrations in the shallow groundwater were below the California single-sample 
standard for marine bathing waters at all five shallow groundwater testing sites. ENT 
concentrations, on the other hand, were above the California single-sample standard for 
marine bathing waters at two of the shallow groundwater testing sites. One site (at 9'" 
street on the Balboa Peninsula, ENT = 292 MPN/100 mL) is near a sewer main 
constructed of VCP and installed in 1931. The other site (at Alvarado Place on the 
Balboa Peninsula, ENT= I 118 MPN/1 00 mL) is located near a sewer main constructed of 
PVC and installed in 1985. 

Given that ENT concentrations were somewhat elevated at one site (9'" Street) and significantly 
elevated at another site (Alvarado Place), and given that 2 of 5 shallow groundwater sites had 
elevated FIB concentrations, further testing of the shallow groundwater in Lower Bay may be 
warranted. 

Synoptic Study o[Lower Newport Bay. The goal of the synoptic survey was to measure water 
quality at 80 to 90 locations along the shoreline in Lower Bay during a dry weather period in the 
summer, and to determine how water quality there is modulated by: ( l) tide conditions (high 
tide vs. low tide), and (2) cross-shore location (water's edge, 100 feet bay-ward). The main 
findings are: 

I. For a fixed tide condition (i.e.,Jow or high tide), water samples collected closer to shore 
have lower salinity, lower pH, and higher EC and ENT concentrations. 

2. For a fixed cross-shore location (i.e., water's edge or 100 feet bay-ward), samples 
collected at low tide have lower salinity, lower pH, and higher EC and ENT 
concentrations. 

3. During low tide, more samples exceed the single-sample marine bathing water standards 
for EC and ENT. Regions prone to water quality exceedences include: (I) Turning Basin 
in West Newport (near the Arches Drain); (2) north-east shore of Lido Isle; (3) north-east 
shore of Balboa·Peninsula; (4) east shore of Balboa Island (near the El Paseo Drain); and 
(5) Rhine Channel. 

4. During low tide, the same four regions of Lower Bay have relatively low salinity. 
5. During high tide, few samples exceeded single-sample standards for EC and ENT. 
6. FIB contamination along the shoreline in Lower Bay may be affected by the episodic 

discharge of runoff to the Bay by tidal flow in storm drains. 

These results demonstrate that water quality along the shoreline in Lower Bay is strongly 
modulated by the tides-with higher FIB concentrations (and more frequent FIB standard 
exceedences) occurring during low tides, and lower FIB concentrations (and Jess frequent FIB 
standard exceedences) occurring during high tides. This tidal signature, together with the 
association between elevated FIB concentrations and depressed salinity, suggest that runoff 
flowing into storm drains in Lower Bay may adversely impact water quality along the shoreline 
in Lower Bay. 
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OCHCA 'sENT Monitoring Data {or Newport Bav. The Orange County Health Care Agency 
(OCHCA) collects water samples weekly from 35 sites in Newport Bay and analyzes the samples 
for TC, FC, and ENT concentrations. These data were acquired from OCHCA and analyzed 
with two goals in mind: (I) to identify regions of the Bay where water quality is consistently 
poor during dry and/or wet weather, and (2) to determine if water quality is modulated by the 
tides at storm drain impacted sites. The main findings are: 

I. During dry weather, log-mean ENT concentrations are highest at the following sampling 
sites: Western Newport Bay (BNB09, BNB 11, BNB35), Big Canyon Creek (CNBBC), 
Vaughn's Launch (BNB25). Santa Ana Delhi Channel (CNBSA), San Diego Creek 
(CNBCD), a drain in the Dunes Recreation area (CNBND), and Harbor Patrol Beach 
(BNB33). 

2. During storm advisories, the log-mean ENT concentration shifts upward at most sites by 
approximately 0.5 log units, although some sites experience more of an increase than 
others. Sites with the greatest storm-related increase in ENT concentration include: 
BNB23 (Rocky Point Beach), BNB 10 (38'h Street Beach), BNB30 (De Anza, near the 
PCH bridge), BNB24M (Middle Station at Newport Dunes), and the San Diego Creek 
(CNBCD). 

3. During dry weather, ENT concentrations are significantly and modestly negatively 
correlated with tide levels at 6 sites in Newport Bay, including three sites in Western 
Newport Bay and Rhine Channel (BNB35, BNB II, and BNB 12), a beach site and drain 
in the Dunes Recreation area (BNB24W and CNBND), and a site near the Harbor 
Entrance (BNB 22). Negative correlations between tide level and ENT concentrations are 
also observed at BNB 22 and CNBND. The Dunes Recreation area (BNB24W), on the 
other hand, exhibits a positive correlation between ENT and tide level. 

4. During rain advisories, none of the sampling stations exhibit a significant correlation 
between ENT and either tide level or change in tide level. This lack of significant 
correlation may be due to the relatively small sample size for the FIB measurements. 

ENT concentrations are higher during low tides at several OCHCA monitoring sites in Newport 
Bay. These sites tend to be located in "dead-end" regions of the Bay-such as Western Newport 
Bay, Rhine Channel, and the Dunes Recreation area-with limited tidal mixing, long water 
residence times, and significant sources of runoff. Change in tide level (i.e., whether the tide is 
rising or falling at the time a sample is collected), on the other hand, does not appear to be a 
predictor of water quality at most sites. 

Irrigation Runofjand Storm Drains. From the results of the synoptic study and the historical 
analysis of OCHCA data described above, it appears that dry and wet weather runoff can be a 
significant source of FIB in the nearshore waters of Lower Bay. To better quantify the 
magnitude of this FIB source, 21 storm drains in Lower Bay were singled out for detailed study. 
Two samples were collected at each storm drain site: (I) a mixture of runoff and Bay water 
collected from near, or at, the outlet of the drainpipe (called near-drain sites); and (2) irrigation 
runoff collected from the curb of the nearby street. The entire study was conducted twice, once 
during a dry weather period and once during a wet weather period. The main findings are: 
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I. A relatively large percentage of samples of both irrigation water and near-drain water had 
EC and/or ENT concentrations above the California single-sample marine bathing water 
standards (and US EPA's marine bathing water criteria). 

2. The percentage of samples with ENT concentrations above water quality standards 
decreased in the following order: wet weather irrigation runoff (76%) >wet weather 
near-drain samples (71%) >dry weather irrigation runoff (67%) >dry weather near-drain 
samples (57%). 

3. The percentage of samples with EC concentrations above water quality standards 
decreased in precisely the same order: wet weather irrigation runoff (62%) >wet weather 
near-drain runoff (38%) >dry weather irrigation runoff (29%) >dry weather near-drain 
runoff (24%). 

4. Nearly all storm drain samples with relatively low salinity ( <25) also exceeded both the 
EC and ENT standards, implying that low salinity is a good predictor of poor bathing 
water quality near storm drain outlets in Lower Bay. 

5. The main result described here- that low salinity is a risk factor for poor water quality 
around the outlet of storm drains in Lower Bay--is consistent with a conceptual model 
developed in this study for how runoff from storm drains impacts near shore water 
quality in Lower Bay. 

6. The water quality exceedences occurred across all of Lower Bay (i.e., there was no single 
" hot spot" in the Bay which accounted for the majority of water quality exceedences). 

From these data, it appears that dry and wet weather runoff is a significant source of FIB in the 
near shore waters of Lower Bay, as evidenced by (I) the high concentrations of FIB measured in 
samples of irrigation runoff; (2) the high concentrations of FIB measured in samples of Bay 
water collected from near the outlet of storm drain during both dry and wet weather; and (3) the 
fact that, in samples of Bay water, elevated FIB concentrations are frequently associated with 
low salinity. In addition to implicating dry weather runoff from storm drains in Lower Bay as a 
source of FIB pollution in near shore waters, these results also suggest that salinity may be a 
good (i.e., reliable, fast, and cheap) proxy for FIB contamination. 

The following runoff drains that outlet to Newport Bay currently have low-flow diversions in 
place: 

I. Back Bay Drive Diversion (operated by the City of Newport Beach). 
2. Four small plug type diversions for the storm drains in the Newport Dunes parking lot 

(operated by the Newport Dunes maintenance staff). 

Chapter 8. FIB Loadin~: from urban and natural sources and impact on Newport Bay 
water quality 

This chapter provides first-order estimates of the impact that urban and natural sources of FIB 
have on shoreline water quality in Newport Bay. These estimates are intended to guide the 
assignment of Waste Load Allocations (WLAs) as part of the Fecal Coliform TMDL 
management plan. One difficulty encountered when developing WLAs for FIB is the fact that 
water quality exceedences-a critical condition of interest-occur in the very shallow (ca., ankle 
depth) waters along the shoreline. As described earlier in Chapter I, water quality along the 
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shoreline is affected by both Bay-wide events (e.g., the impact of storm flow from the San Diego 
Creek on water quality over the entire Bay, see Chapter 2), and highly localized and transient 
shore-based non-point sources of FIB from storm drains, bird droppings and environmental 
growth on wrack lines and in beach sediments (see microcosm results and DITS study, Chapters 
5 and 6). 

To address the complexity just noted, in this chapter we evaluate the water quality impact of FIB 
loads from urban and natural sources at three distinct scales: 

I. Bay Scale: Bay-wide water quality impact of FIB loading from San Diego Creek and 
Santa Ana Delhi Channel. 

2. Beach Scale: Local water quality impact (in ankle depth waters) of FIB loading from 
distributed non-point sources along the shore. 

3. Drain Scale: Local water quality impact (in ankle depth waters) of FIB loading from 
individual storm drains. 

For each of these three scales, water quality impacts are evaluated using a two-step process. 
First, FIB loading rates are estimated for the specific FIB source of interest. In some cases this is 
a straightforward calculation, involving the multiplication of measured concentrations by 
measured flow rates (e.g., FIB loading from San Diego Creek). In other cases, FIB loading rates 
are estimated based on a model of how FIB are mobilized into the water column from a 
particular source (e.g., FIB loading from resuspension of contaminated sediment along the 
shoreline). Second, once the FIB loading rate associated with a specific source has been 
estimated, simple mass balance models are used to predict the consequent water quality impacts 
at an appropriate spatial scale. While more sophisticated models could be employed to translate 
FIB loads into shoreline FIB concentrations, the approach adopted here (of focusing on three 
distinct scales separately, and employing simple analytical models to convert loading estimates 
to FIB concentrations) conforms to EPA's Principle of Parsimony; namely, that the optimal 
WLA model is the simplest approach that captures "all the important estuarine phenomena 
affecting water quality". 

The measurements and modeling studies documented in this chapter support the following 
conclusions. 

Bav Scale. A simple mathematical model of tidal transport and dilution in Newport Bay was 
developed and used to investigate the impact of San Diego Creek and Santa Ana Delhi channel 
on water quality in Upper and Lower Bay. During wet weather, the model accurately predicts 
FIB concentrations measured in the Bay during the BTO studies (Chapter 2), provided that we 
use as model input the FIB loading from both San Diego Creek and Santa Ana Delhi channel. 
Thus, during wet weather, it appears that FIB concentrations in the main tidal channel of 
Newport Bay are controlled by the magnitude of FIB loading from these two tributaries. 

During dry weather, the model accurately predicts measured ENT concentrations in the Bay, but 
only when we use as model input the FIB loading from San Diego Creek. When dry weather 
ENT loading from Santa Ana Delhi channel is used as input to the model, predicted ENT 
concentrations are significantly (1 0 to I 00 times) greater than measured FIB concentrations in 
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the Bay. Taking these model results at face value, they suggest that dry weather concentrations 
of ENTin the main tidal channel of Newport Bay are lower than would be expected, given the 
very high loading of ENT measured at our sampling site on the Santa Ana Delhi channel. This 
observation could have several possible explanations: 

I. One or more assumptions in the simple I D model used here may render the model 
predictions inaccurate during dry weather. 

2. The load of ENT from the Santa Ana Delhi channel may be attenuated between where 
the loading rate was measured on the Santa Ana Delhi channel (i.e., site BTO 2) and the 
main tidal channel of Newport Bay (where model predictions were compared to ENT 
measurements at BTO 4 through II). 

The first explanation will be evaluated as the model is vetted through peer review, and possibly 
followed up with more sophisticated (multi-dimensional) modeling efforts. To evaluate the 
second explanation, and obtain more information about how bacteria from the Santa Ana Delhi 
channel make their way into Newport Bay, several T AC members, led initially by Dr. Jack 
Skinner, conducted a field reconnaissance of the site. From this field reconnaissance, the 
following can be stated: 

(I) Before runoff from the Santa Ana Delhi channel flows into Newport Bay's main tidal 
channel, it must first travel along a I km incised tidal mudflat channel referred to here as 
the "Santa Ana Delhi Tidal Channel". 

(2) Tidewaters intrude a significant distance up the Santa Ana Delhi Tidal Channel, 
including upstream of our Santa Ana Delhi sampling site (BTO 2), consistent with the 
brackish salinities that were measured in water samples collected from BTO 2 during the 
summer of 2006. 

(3) Water in the Santa Ana Delhi Tidal Channel does not appear to overflow its banks and 
spill into the surrounding mudflat. During a high tide on 5/29/09, for example, water in 
the Santa Ana Delhi Tidal Channel was Well below the height of the channel levee 
(personal observation, Ray Hiemstra). A photograph of the lower reaches of the Santa 
Ana Delhi Channel during a high tide indicates that water in the channel is confined 
between the banks. 

( 4) In the upper reaches of the Santa Ana Delhi channel, just downstream of our Santa Ana 
Delhi channel sampling site (BTO 2), the channel bottom forms a set of basins separated 
by shallow sills. While the depth of the basins and sills varies throughout the tidal cycle, 
when observed during a low tide, one basin documented in the report was >2m deep. 

Taken together, these field observations suggest that the dry weather residence time of water in 
the tidally influenced portion of the Santa Ana Delhi channel is likely to be long (i.e., multiple 
tidal cycles) because: (I) the basins and sill topography of the channel bottom will act to retard 
drainage of the channel during ebb tides, and (2) flow in the channel will probably be dominated 
by tidal action during dry weather, when the volume of freshwater from the Santa Ana Delhi 
channel is low. The long residence time of water in the Santa Ana Delhi Tidal Channel may act 
to attenuate the summertime loading of ENT from BTO 2, as our modeling suggests, by 
increasing the dilution of runoff with (relatively clean) Bay water, and increasing the time over 
which bacteria in the runoff die-off in the brackish waters of the tidal channel. 
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It is important to note that, even if the above scenario is correct, changes in the topography of the 
tidal channel (e.g., elimination of the basin and sills by scouring of the channel bottom during 
storms), could alter the residence time of water in the channel, and thus alter the loading of FIB 
to the main tidal channel of Newport Bay. Indeed, it appears that dry weather water quality in 
Newport Bay has improved over the last several years, which might be attributable to changing 
bottom topography in the Santa Ana Delhi channel and possibly the recent construction of 
detention basins in the lower reaches ofthe San Diego Creek (efforts are ongoing to detennine 
the timing of alterations to the lower reach of San Diego Creek). 

Model predictions also indicate that dry weather loading of EC from San Diego Creek and Santa 
Ana Delhi channel is not sufficient to explain measured EC concentrations in the Bay, 
suggesting that another source- perhaps growth in a near-bed layer as suggested in previous 
chapters (see Chapter 2) -dominates during dry weather periods. 

Model predictions were also carried out to obtain a region of impact (ROI)-defined as the 
region of the Bay where FIB concentrations are predicted to exceed marine bathing water 
standards-attributable to loading from San Diego Creek and Santa Ana Delhi channel. These 
ROI calculations indicate that, for all but the largest 90'h percentile of storms, water quality 
violations attributable to FIB loading from the two tributaries are confined to Upper Bay. 

Beach Scale. The water quality impact of shore-based non-point sources of FIB- including 
bather shedding, bird droppings, and tidal washing of contaminated sediments-was also 
investigated using measured data and a simple (integrated) form of Fick's Law of Diffusion. The 
results indicate that bather shedding is unlikely to cause water quality exceedences along the 
shoreline in Newport Bay. Tidal washing of contaminated sediments and bird droppings, on the 
other hand, are very likely to cause at least transient exceedences of marine bathing water 
standards in ankle depth waters. 

Drain Scale. An inventory of storm drains in Newport Bay was conducted, and the following 
attributes were determined: drainage area, drain diameter, outfall location, and estimated dry 
weather flow rates. From these data, probability distributions were generated of dry weather FIB 
loadings from the many small and large drains in Newport Bay. The results suggest that the 
cumulative dry weather loading of FIB to the Newport Bay shoreline from all storm drains is (I) 
dominated by five major storm drains, and (2) comparable in magnitude to the median dry 
weather loading rates measured in San Diego Creek and Santa Ana Delhi channel. However, the 
FIB loading from drains is distributed around the perimeter of Newport Bay, and thus should 
have only localized impact on shoreline water quality; i.e., with a few exceptions (such as Arches 
Drain), discharge of dry weather runoff from storm drains is unlikely to contaminate large 
regions of Newport Bay. Conversion of these loading rates into FIB concentrations along the 
shoreline is complicated by a number of issues, related to the timing of the discharges, the 
geometry of the site, and the nature of mixing and transport that occurs after discharge. 
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Abstract 
Field studies were conducted to assess the coastal water quality impact of storm water runoff 
from the Santa Ana River, which drains a large urban watershed located in southern California. 
Storm water runoff from the river leads to very poor surf zone water quality, with fecal indicator 
bacteria concentrations exceeding California ocean bathing water standards by up to 500 %. 
However, cross-shore currents (e.g., rip cells) dilute contaminated surf zone water with cleaner 
water from offshore, such that surf zone contamination is generally confined to < 5 km around 
the river outlet. Offshore of the surf zone, storm water runoff ejected from the mouth of the river 
spreads out over a very large area, in some cases exceeding 100 km2 based on satellite 
observations. Fecal indicator bacteria concentrations in these large storm water plumes generally 
do not exceed California ocean bathing water standards, even in cases where offshore samples 
test positive for human pathogenic viruses (human adenoviruses and enteroviruses) and fecal 
indicator viruses (F+ coliphage). Multiple lines of evidence indicate that bacteria and viruses in 
the offshore storm water plumes are either associated with relatively small particles (< 53 μm) or 
not particle-associated. Collectively, these results demonstrate that storm water runoff from the 
Santa Ana River negatively impacts coastal water quality, both in the surf zone and offshore. 
However, the extent of this impact, and its human health significance, is influenced by numerous 
factors, including prevailing ocean currents, within-plume processing of particles and pathogens, 
and the timing, magnitude and nature of runoff discharged from river outlets over the course of a 
storm. 
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Introduction 
Oceans adjacent to large urban areas, or "urban oceans", are the final repositories of pollutants 

from a myriad of point and non-point sources of human waste (1). Pollutants are transported to 
the urban ocean by surface water runoff (1-4), discharge of treated sewage through submarine 
outfalls (5), wet and dry deposition of airborne pollutants (6), and submarine discharge of 
contaminated groundwater (7). Until recently, effluent from sewage treatment plants was often 
the primary source of urban coastal pollution -- including nutrients, pathogens, pesticides, and 
heavy metals (8). However, pollutant loading from many sewage treatment plants has declined 
over the past several decades due to improvements in civil infrastructure (e.g., separation of the 
storm and sanitary sewer systems to prevent combined sewer overflows), pollutant source 
control, and disposal/treatment technology (9). As a result, surface water runoff, in many cases, 
has supplanted sewage treatment plants as the primary source of pollutant loading to the urban 
ocean (3, 10). 

 
The focus of this study is the coastal water quality impact of surface water runoff during 

storms -- or “storm water runoff” -- from an urban watershed in southern California. The study 
was motivated by several considerations. First, beneficial use designations for the coastal ocean 
in southern California apply year-round and, consequently, watershed managers are legally 
required to develop storm water management plans for reducing wet-weather impairments of the 
coastal ocean (11). The impact of storm water runoff on coastal water quality is of particular 
concern in arid regions like southern California because, on an annual basis, a large percentage 
(> 99.9% according to Reeves et al. (2) and  > 95% according to Schiff et al. (10)) of the surface 
water runoff and associated pollution flows into the ocean during a few storms in the winter. 
Second, while recreational use of the coastal ocean in southern California is lighter in the winter, 
compared to the summer, winter ocean recreation is still very common, particularly among 
surfers who surf the large waves that often accompany storm events (R. Wilson, personal 
communication). Third, to the extent that particles in storm water runoff are associated with 
pathogens and other contaminants, their discharge to the ocean during storms may serve as a 
source of near shore pollution that persists long after the storm season is over (10, 12). Finally, in 
many urban watersheds in southern California and elsewhere, the flow of storm water runoff in 
urban watersheds is highly regulated by civil infrastructure (e.g., dams) designed to minimize 
flood potential and maximize water reclamation. As will be demonstrated later in this paper, the 
regulated nature of storm water runoff implies that the ocean discharge of storm water runoff 
from urban watersheds can occur days after the cessation of rain, when the potential for human 
exposure to pathogens by marine recreational contact is significant. 

 
This paper describes how storm water runoff from several major rivers in southern California -

- with particular focus on the Santa Ana River in Orange County -- impacts coastal water quality, 
as measured by turbidity, particle size spectra, total organic carbon, fecal indicator bacteria, fecal 
indicator viruses, and human pathogenic viruses. The present study is unique in the combination 
of data resources utilized, including data and information from routine surf zone water quality 
and wave field monitoring programs, an automated in-situ ocean observing sensor, shipboard 
sampling cruises, and satellite sensors. Further, this is the first wet weather study to examine the 
linkage between water quality in the surf zone -- where routine monitoring samples are collected 
and most human exposure occurs -- and water quality offshore of the surf zone. The work 
described in this study was carried out in parallel with a watershed-focused study that examined 
the spatial variability of fecal indicators, and the relationship between suspended particle size 
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and fecal indicators, in storm runoff from the Santa Ana River watershed (13). Background 
information is available elsewhere on coastal water quality impairment at our Orange County 
field site (2, 14-18) and the transport and mixing dynamics of sediment plumes as they flow into 
the coastal ocean from river outlets in southern California (4, 19, 20). 
 
 
Materials and Methods 

 

Rainfall and river discharge. Weather information and Next Generation Radar (NEXRAD) 
images for planning the field studies and interpreting rainfall patterns, were obtained online from 
the National Weather Service (http://www.nwsla.noaa.gov/). Precipitation and stream discharge 
data were obtained at two sites, one located where the Santa Ana River crosses 5th Street in the 
City of Santa Ana, and another located where the San Gabriel River crosses Spring Street in the 
City of Long Beach (black squares in inset, Figure 1). These data were obtained, respectively, 
from the U.S. Army Corps of Engineers and the Los Angeles County Department of Public 
Works. Both of these gauge sites are located relatively close (within 11 km) to the rivers' 
respective ocean outlets, and hence stream flow measured at these sites will likely make its way 
to the ocean. 

 
Surf zone measurements: NEOCO data. Time series of water temperature, conductivity, 

chlorophyll, and water depth were obtained from an instrument package deployed at the end of 
the Newport Pier, where the local water depth is between 6.5 and 9 m (blue star in Figure 1). 
This instrument package is part of a recently deployed network of coastal sensors in southern 
California called the Network for Environmental Observations of the Coastal Ocean (NEOCO). 
The NEOCO sensor package contains a SBE-16plus CTD (Sea-Bird Electronics, Inc., Bellevue, 
WA) and a Seapoint Chlorophyll Fluorometer (Seapoint Sensors, Inc.). These instruments are 
mounted on a pier piling at a depth of approximately 1m (below mean lower low water) and 
programmed to acquire data at a sampling frequency of 0.25 min-1.  

 
Surf zone measurements: fecal indicator bacteria and breaking waves. The concentration of 

fecal indicator bacteria in the surf zone was measured at 17 stations (black circles along 
shoreline in Figure 1) by personnel at the Orange County Sanitation District (OCSD). The 
stations are designated by OCSD according to their distance (in thousands of feet) north or south 
of the Santa Ana River outlet (e.g., station 15N is located approximately 15,000 ft, 
approximately 5 km, north of the Santa Ana River outlet). Water samples were collected five 
days per week (not on Friday and Sunday) from 5:30 to 10:00 local time at ankle-depth on an 
incoming wave, placed on ice in the dark, and returned to the OCSD (Fountain Valley, CA) 
where they were analyzed within 6 h of collection for total coliform (TC), fecal coliform (FC), 
and enterococci bacteria (ENT) using standard methods 9221B and 9221E, and EPA method 
1600, respectively. Results are reported in units of colony forming units per 100 mL of sample 
(CFU/100mL). Wave conditions, including both the direction and height of breaking waves, 
were recorded by lifeguards at the Newport Beach pier (near surf zone station 15S, Figure 1) 
twice per day, once at 7:00 and again at 14:00 local time. 

 
Offshore measurements: satellite ocean color imagery. The satellite images used in this study 

were collected by NASA’s Moderate-Resolution Imaging Spectroradiometer (MODIS) 
instruments. These instruments operate onboard two near-polar sun-synchronous satellite 
platforms orbiting at 705 km altitude: Terra (since 24 February 2000) and Aqua (since 24 June 
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2002). Terra passes across the equator from north to south at ~ 10:30 local time, while Aqua 
passes the equator south to north at ~ 13:30 local time. As such, all the images were acquired 
within two hours before or after local noon, or between 18:00 and 22:00 UTC. The MODIS 
sensors collect data in 36 spectral bands, from 400 to 14,000 nm. We utilized bands 1 (250 m 
spatial resolution, 620 - 670 nm), 3, and 4 (500 m resolution, 459 - 479 and 545 - 565 nm, 
respectively) to produce “true color” (i.e., RGB) images, with band 1 used for the Red channel, 
band 4 for the Green channel, and band 3 for the Blue channel. Using a MATLAB program, the 
500 m Green (band 4) and Blue (band 3) monochrome channels were “sharpened” to 250 m 
resolution using fine details from the higher resolution Red channel (band 1). Then, the contrast 
of each of these monochrome channels was increased to emphasize maximum details in the 
coastal ocean region of interest. Finally, all three monochrome channels (i.e. Red, Green, and 
Blue) were combined to form a single true color image. In all, sixteen satellite images from 
February 23 to March 5 were acquired and processed for this study; four of them were selected 
as most illustrative, based on their quality and observed features. The timing of these satellite 
acquisitions relative to the storms and sampling periods is indicated at the top of Figure 2. 

 
Offshore measurements: sampling cruises. The offshore monitoring grid (red triangles in 

Figure 1) was sampled during three separate cruises on 23 February, 28 February, and 1 March 
2004, coinciding with a sequence of storm events in late February 2004. Table 1 provides a 
summary of activities performed during each cruise. A short description of the offshore sampling 
and analysis protocols is presented here; details can be found in the Supporting Information for 
this paper.  All offshore water samples were analyzed for salinity and fecal indicator bacteria -- 
specifically, total coliform (TC), Escherichia coli (EC, a subset of FC), and enterococci bacteria 
(ENT) -- using the defined substrate tests known commercially as Colilert and Enterolert 
implemented in a 97-well quantitray format; results are reported in units of most probable 
number of bacteria per 100 mL of sample (MPN/100 mL). A subset of the offshore water 
samples was analyzed for total organic carbon (TOC) by USEPA Method 415.1, fecal indicator 
viruses (F+ coliphage) by a two-step enrichment method (USEPA Method 1601), and human 
pathogenic viruses (human adenovirus and human enterovirus) by real-time quantitative 
polymerase chain reaction (Q-PCR), nested PCR, and reverse-transcriptase  (RT)-PCR using 
published protocols (21-25). Details on the PCR protocols used here can be found in the 
Supporting Information for this paper. 

 
Coincident with the collection of the offshore water samples, temperature, particle size spectra, 

and light transmissivity were measured using a LISST-100 (Laser In-Situ Scattering and 
Transmissometry) analyzer (Sequoia Scientific, In., Bellevue, WA). The LISST-100 estimates 
the particle volume per unit fluid volume (ΔV ) resident in 32 logarithmically-spaced particle 
diameter bins ranging in size from dp = 2.5 to 500 μm. At least ten replicates of the particle size 
spectra were collected at each offshore station. Following the recommendation of Mikkelsen 
(26), ΔV  was taken as the median of all replicate measurements. The LISST-100 data are 
presented in this paper in one of three ways: (1) particle size spectra represented by plots of 
ΔV Δ log dp  against logdp , (2) the number of particles per unit fluid volume or total number 
concentration (TNC), and (3) the number-averaged particle size, d . The last two parameters 
were computed from the particle size spectra as follows (26, 27): 



 

 I - 5

   TNC =
6ΔVi

πdp,i
3

i=1

32

∑                   

(1a) 

   d =
6
π

ΔVii=1

32∑
TNC

3                   

(1b) 



 

 I - 6

33.70

33.68

33.66

33.64

33.62

33.60

33.58

33.56

33.54

-118.05 -118.00 -117.95 -117.90 -117.85

*

2302

2201

2202

2203

2204

2205

39N

33N

27N

21N

15N

9N
6N

3N 3S
6S

9S
15S

21S 27S 29S

30S

2101

2102

2103

2104

2021

2022

2023

2024

2001
2002

2003

2004

1981

1982

1983

1984

Talbert
Marsh

Santa Ana
River

Newport
Bay

    Surf Zone Sampling Sites
 
   *     NEOCO Sensor

  Offshore Sampling Grid
 
    Rain and Stream Gauges
  
            Outfalls

0         2.5        5 km

N

0

Huntington
Beach

Power Plant 
Cooling Water

Intake & Outfall

OCSD Sewage
Outfall

Newport
Beach

 
Figure 1. Map showing location of field site and sampling sites in the surf zone and offshore. Also 
shown are the locations of the NEOCO sensor on the end of the Newport Pier, and rain and 
stream gauges located on the Santa Ana River and San Gabriel River. Abbreviations are Los 
Angeles River (LAR), San Gabriel River (SGR), Santa Ana River (SAR), Orange County Sanitary 
District (OCSD), and University of California, Irvine (UCI). 
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Table 1. Summary of analyses performed during the sampling cruises. 
 

  Number of Offshore Sites Sampled 

Sampling Parameters Methods February 23 2004 February 28 2004 March 1     2004 

Conductivity1 
Thermo Orion162A    
or CTD (SBE-32) 20 21 21 

Temperature2 
Thermocouple   w/ 
LISST-100      or 
CTD (SBE-32) 

20 21 21 

Total coliform,    
Escherichia coli, 
Enterococcus3 

Colilert and          
Enterolert (IDEXX) 

20 (+ 2 sets of 
fractionated 

samples) 

21 (+ 6 sets of 
fractionated 

samples) 
21 

Total Organic Carbon4 EPA  415.1 
17 (+ 2 sets of 

fractionated 
samples) 

- - 

Human Adenoviruses & 
Enteroviruses5 

Nested PCR    RT-
PCR 2 6 - 

Fecal Indicator Viruses 
(F+coliphage)5 

Two-step    
Enrichment 2 6 - 

Particle Size Spectra 
LISST-100    (Light 

Diffraction) 20 16 21 

Transmissivity LISST-100 20 16 21 

1 Measured using a Thermo Orion 162A conductivity meter on 23 February; a CTD instrument (SBE-32) on 28 February and 1 
March.  

2 Measured using a thermocouple bundled with a LISST-100 on 23 February; a CTD instrument (SBE-32) on 28 February and 1 
March.  
3 Samples collected by UCI and analyzed by OCSD on 23 February; collected and analyzed by OCSD on 28 February and 1 
March.  Fractionated samples collected and analyzed by UCI on 23 and 28 February. 
4 Collected by UCI and analyzed by Del Mar Analytical. 
   5 Carried out on the fractionated samples, and measured using a real time PCR for enterovirus and a nested PCR for 
adenovirus, respectively. 
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Results and Discussion 
Rainfall and river discharge. Over the period of study (18 February through 3 March 2004), 

four rain events were recorded by the rain gauge on the Santa Ana River in the City of Santa Ana 
(black curve, top panel, top axis, Figure 2). The first event accumulated 16.0 mm of rain in the 
afternoon of 21 February (RE1 in Figure 2), the second event accumulated 23.4 mm of rain in the 
afternoon of 22 February (RE2), the third event accumulated 51.3 mm of rain in the evening of 
25 February (RE3), and the fourth event accumulated 6.8 mm of rain in the evening of 1 March 
(RE4). The rain gauge located on the San Gabriel River in the City of Long Beach did not record 
RE2, and recorded a fifth rain event on 18 February (red curve, top panel, top axis, Figure 2). 
The difference in rainfall recorded at the Santa Ana River and San Gabriel River sites is a 
consequence of the spatial variability of rainfall near the coast (see Figures S1-S2, Supporting 
Information, for NEXRAD maps acquired during RE1 and RE2). Records of stream discharge (in 
units of m3/s) at the Santa Ana River and San Gabriel River sites are also quite different (black 
and red curves, top panel, bottom axis, Figure 2). While rainfall and stream discharge are 
coupled at the San Gabriel River site (i.e., stream discharge increases shortly after locally 
recorded rain events, compare set of red curves in top panel, Figure 2), rainfall and stream 
discharge are frequently uncoupled at the Santa Ana River site. For example, the Santa Ana 
River discharge events DE3 and DE4 do not obviously correlate with records of local rainfall. 
Instead, these two discharge events can be traced to storm water runoff generated from inland 
regions of the Santa Ana River watershed that was released from inland dams after the cessation 
of rain (13). For comparison we have also included in the plot hourly volume discharge records 
(unit of m3/s, blue curve, top panel, Figure 2) of treated sewage discharged from the Orange 
County Sanitation District (OCSD) sewage outfall (courtesy of OCSD). 

 
Surf zone measurements: NEOCO data. Water level, salinity, temperature, and chlorophyll 

measurements at the NEOCO sensor -- located on the end of the Newport Pier at the offshore 
edge of the surf zone -- are presented in Figure 2 (second and third panels). The largest rain 
event (RE3) and the largest discharge of storm water runoff from the Santa Ana River (DE4) 
occurred during a neap tide when the daily tide range was small (see quarter moon and tide level 
measurements in the second panel, Figure 2). The other rainfall and stream discharge events 
occurred during periods of time when the daily tide range was larger, either during the transition 
from spring to neap tide (RE1, RE2, DE1, DE2, DE3), or during the transition from neap to spring 
tide (RE4, DE5). 

 
Salinity recorded at the NEOCO sensor is characterized by a series of low salinity events, 

relative to ambient ocean water salinity of 32.5 to 33.0 ppt (salinity events SE1 through SE6, 
Figure 2). These low salinity events may be caused, at least in part, by storm water discharged 
from the Santa Ana River (e.g., SE6 appears to be related to DE4). However, correlating 
discharge and the low salinity events is complicated by the fact that once river water is 
discharged to the ocean, its offshore transport is controlled by a complex set of near shore 
currents (28). These near shore currents, and their impact on the spatial distribution of storm 
water runoff plumes, are explored in the next several sections. Temperature and chlorophyll 
records at the NEOCO sensor appear to be relatively unaffected by rainfall and/or discharge 
from the Santa Ana River. Surf zone temperature exhibits a diurnal pattern consistent with solar 
heating (i.e., temperatures are higher during the day and lower at night). Chlorophyll 
measurements indicate a bloom event occurred early in the study period (Bloom Event 1, BE1), 
but this bloom event mostly dissipated prior to the rain and discharge events that occurred later. 
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While the chlorophyll fluorometer was being maintained during this period, we cannot rule out 
the possibility that the downward trend in the chlorophyll signal is related to instrument fouling. 

 
 

 
 

 
 

Figure 2. Timing of the satellite images (blue lettering) is shown at the top and black squares indicate 
offshore sampling cruises. Time series measurements of rainfall, stream discharge at the Santa Ana 
River and San Gabriel River, and discharge of treated sewage from the OCSD outfall (top panel); water 
level, salinity, temperature, and chlorophyll measured at the NEOCO sensor (second and third panels); 
the direction and height of breaking waves at the Newport Beach Pier (fourth panel); and the 
concentration of fecal indicator bacteria in the surf zone (color contour plots, fifth through  
seventh panels).   

B
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Surf zone measurements: wave data and along-shore currents. Wave conditions, including 

the direction and height of breaking waves, were recorded twice per day by lifeguards stationed 
at the Newport Pier (surf zone station 15S, Figure 1). These wave data, which are plotted in the 
fourth panel of Figure 2, can be divided into five events, depending on whether waves approach 
the beach from the west (WE1, WE3, and WE5) or from the south to southwest (WE2 and WE4). 
Because this particular stretch of shoreline strikes northwest-southeast (see Figure 1), waves 
approaching the beach from the west are likely to yield a down-coast surf zone current (i.e., 
directed to the southeast). Likewise, waves approaching the beach from the south are likely to 
yield an up-coast surf zone current (i.e., directed to the northwest) (28, 29). 

 
This expectation is consistent with the salinity signal measured at the NEOCO sensor, which is 

located approximately 5 km down-coast of the Santa Ana River ocean outlet. The onset of low 
salinity event SE6 at the NEOCO sensor coincides very closely in time with the change in wave 
conditions from WE2 to WE3, and a likely change in the direction of the surf zone current from 
up-coast to down-coast (Figure 2). Discharge from the Santa Ana River was particularly high 
during this period (note that discharge event DE4 overlaps wave events WE2 and WE3). Hence 
the onset of SE6 was probably triggered by a change in the direction of wave-driven surf zone 
currents from up-coast during WE2 to down-coast during WE3 and a consequent down-coast 
transport of storm water runoff entrained in the surf zone from the Santa Ana River during DE4. 

 
Employing the same logic, low salinity events SE3 through SE5, which occurred during a 

period when waves were out of the south to southwest, may have originated from storm water 
discharged by river outlets and/or embayment located down-coast of the NEOCO sensor (e.g., 
the Newport Bay outlet). Low salinity events SE1 and SE2, which occurred during a period when 
waves were out of the west, may have originated from storm water discharged by outlets located 
up-coast of the NEOCO sensor, although no significant discharge from the Santa Ana River was 
recorded during this period of time. 

 
It should be noted that some of these low salinity events may have originated from the cross-

shore transport of lower salinity water from offshore -- perhaps from surface runoff plumes, or 
submarine waste water fields associated with local sewage outfalls (16) -- and/or from the 
submarine discharge of low salinity ground water (7). While the power-plant cooling water 
intake and outfall appear to affect local circulation patterns offshore of Huntington Beach (30), 
the power-plant effluent consists of pure ocean water and therefore is very unlikely to be a 
source of the low salinity events documented in Figure 2. It is theoretically possible that the 
OCSD sewage outfall is a source of SE1 and SE2, although there is nothing unusual about the 
sewage discharge rates observed during these two periods of time (compare SE1 and SE2 with the 
blue curve, top panel, Figure 2). 

 
Surf zone measurements: fecal indicator bacteria. The concentrations of the three fecal 

indicator bacteria groups (TC, FC, and ENT) in the surf zone are presented as a set of color 
contour plots in Figure 2 (bottom three panels). Fecal indicator bacteria concentrations were log-
transformed in order to visualize the temporal and spatial variability associated with these 
measurements. For comparison, the California single-sample standards for the three fecal 
indicator bacteria (104 for TC, 102.602 for FC, and 102.017 for ENT, all CFU or MPN/100 mL) are 
indicated by a set of arrows on the scale bar in the figure. The concentration of fecal indicator 
bacteria was frequently elevated around the ocean outlet of the Santa Ana River (near surf zone 
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station 0), particularly during and after rain events when storm water was discharging from the 
river. For example, during storm water discharge events (DE3 and DE4), water quality around the 
Santa Ana River outlet was very poor (see water quality events TC2, FC2, and ENT2 in Figure 2). 
During this period of time, fecal indicator bacteria concentrations around the Santa Ana River 
outlet frequently exceeded one or more State standards, in some cases by as much as 300 to 500 
% (depending on the fecal indicator group). 

 
The spatial distribution of fecal indicator bacteria in the surf zone around the Santa Ana River 

outlet appears to be controlled by local wave conditions, in a manner consistent with the earlier 
discussion of wave-driven surf zone currents. When waves approach the beach from the west and 
down-coast currents are likely to prevail, the concentration of fecal indicator bacteria in the surf 
zone is higher on the down-coast side of the ocean outlet (compare WE1 with TC1, FC1, ENT1 
and WE3 with TC3, FC3, ENT3). Likewise, when waves approach the beach from the south and 
up-coast currents are likely to prevail, the concentration of fecal indicator bacteria in the surf 
zone is higher on the up-coast side of the ocean outlet (compare WE2 with TC2, FC2, ENT2). The 
exception is a short period of time when relatively small waves (wave height < 0.5 m) approach 
the beach from the southwest and the concentration of fecal indicator bacteria is higher on the 
down-coast side of the river (compare WE4 with TC4, FC4, ENT4). This exception can be 
rationalized by noting that waves out of the southwest break with their crests parallel to the 
beach, and hence the direction of long-shore transport in the surf zone is likely to be 
unpredictable under these conditions. The apparent time delay between change in wave direction 
(e.g., from WE1 to WE2) and change in the spatial distribution of fecal indicator bacteria around 
the Santa Ana River outlet (e.g., from TC1 to TC2) is, at least in part, a sampling artifact. Wave 
height and direction were recorded twice per day while fecal indicator bacteria concentrations in 
the surf zone were sampled at most once per day (the gray dots in the color contour plots indicate 
the timing of surf samples at each station). 

 
Storm water runoff discharged from the Santa Ana River appears to severely impact water 

quality in the surf zone over a fairly limited stretch of the beach (< 5 km either side of the river 
between surf zone stations 15N and 15S). This spatial confinement of storm water plumes in the 
surf zone, which is particularly evident for FC and ENT, could be the result of physical transport 
processes (e.g., dilution by rip cell mediated exchange of water between the surf zone and 
offshore) and/or non-conservative processes (e.g., the removal of fecal indicator bacteria from 
the surf zone by die-off and/or sedimentation) (28, 29). An analysis of historical fecal indicator 
bacteria measurements at Huntington Beach concluded that the length of surf zone impacted by 
point sources of fecal indicator bacteria, such as the Santa Ana River, is influenced more by rip 
cell dilution, and less by non-conservative processes such as die-off (31). The decay length scale 
reported here of 5 km is very close to the length scale predicted by rip cell dilution alone (2 - 4 
km, assuming a rip cell spacing of 0.5 km) (31). Hence, die-off probably plays a secondary role, 
compared to dilution, in limiting the distance over which water quality is impaired in the surf 
zone by storm water runoff from the Santa Ana River. 

 
Fecal indicator bacteria events also occur in the surf zone at the northern (events TC6, TC7, 

ENT6, ENT7) and southern (events TC5, FC5, and ENT5) edges of our study area. Possible 
sources of these fecal indicator bacteria events include storm water discharged from the 
Huntington Harbor and Newport Bay Harbor located at the extreme northern (5 km up-coast of 
station 39N) and southern (stations 27S and 29S) ends of the study site and, possibly, from river 
outlets located outside of the study area (e.g., the Los Angeles River and San Gabriel River, see 
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inset in Figure 1). Boehm and co-workers (32, 33) suggested that the OCSD sewage outfall 
might be a source of fecal indicator bacteria in the surf zone at Huntington Beach, particularly 
during dry weather summer periods. However, compared to the Santa Ana River, the sewage 
outfall probably had a negligible impact on surf zone water quality at Huntington Beach and 
Newport Beach during the storm events sampled in this study. This conclusion is based on the 
following evidence. First, during our study period, sewage effluent discharged by OCSD was 
chlorinated and the fecal indicator bacteria concentrations in the final effluent (mean of 6000, 
400, and 100 MPN/100 mL for TC, EC, and ENT, n=17, C. McGee, personal communication) 
were significantly below the concentration of fecal indicator bacteria measured in storm water 
runoff from the Santa Ana River (mean 17000, 5000, and 8000 MPN/100 mL for TC, EC, and 
ENT, n=30, Surbeck et al. (13)). Second, the peak discharge rate from the OCSD outfall (ca., 13 
m3/s) is much smaller than the peak discharge rate of storm water runoff from the Santa Ana 
River (ca., 300 m3/s) (compare blue and black curves, second panel, Figure 2). Third, the sewage 
effluent is discharged 6 km offshore of the surf zone through a 1 km long diffuser located at the 
end of OCSD’s submarine outfall at a water depth of approximately 60 m (hatched region of the 
outfall pipe in Figure 1). By contrast, storm water runoff from the Santa Ana River is discharged 
into the ocean directly at the surf line. 

 
Offshore measurements: satellite ocean color imagery. The spatio-temporal distributions of 

offshore storm water runoff plumes sampled during this study are revealed by MODIS true color 
satellite imagery of a 100 km stretch of the coastline centered around our field site (Figure 3). 
The monitoring grid sampled during the offshore cruises is depicted on the satellite images by 
yellow dots. The timing of the satellite passes -- relative to rain events, discharge events, wave 
events, surf zone water quality events, and offshore sampling cruises -- is indicated at the top of 
Figure 2. 

 
Generally speaking, in this collection of true color imagery the storm water runoff plumes 

appear to be characterized by a band of turbid water turquoise to brown in appearance that is 
observed along the entire imaged region, although both cross-shelf and along-shore gradients in 
the color signature are evident. Following the rain events on 21 - 22 February (total of 39.4 mm, 
see RE1 and RE2 in Figure 2), a MODIS Aqua imagery from 23 February demonstrates the cross-
shelf extent of the runoff plume to be variable, ranging from under 1 km in some places to more 
than 10 km offshore of the Los Angeles River and San Gabriel River (Figure 3A). At our study 
site, which is centrally located within this broad region, a distinct and apparently heavily 
particulate-laden runoff plume was observed in the vicinity of the Santa Ana River outlet and 
nearby station 2201 (see Figure 1 for numerical designation of offshore sampling sites). The 
Santa Ana River plume extended offshore past station 2203, with an apparent turn down-coast 
(i.e., southeast), continuing past stations 2104 and 2024. During this time breaking waves were 
out of the south and the transport direction of fecal indicator bacteria in the surf zone was 
directed up-coast -- opposite the apparent transport direction of storm water plumes offshore of 
the surf zone (compare timing of satellite image 1 with WE2 and fecal indicator bacteria events 
TC2, FC2, and ENT2, Figure 2). It also appears that a portion of the Los Angeles River and San 
Gabriel River storm water plumes may have advected south and co-mingled with the Santa Ana 
River storm water plume. Further south, offshore particulate loadings off the Newport Bay outlet 
(station 2001) do not appear to be as large as those off the Santa Ana River outlet. 
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Figure 2. Time series measurements of rainfall, stream discharge at the Santa Ana River and San 
Gabriel River, and discharge of treated sewage from the OCSD outfall (top panel); water level, 
salinity, temperature, and chlorophyll measured at the NEOCO sensor (second and third panels); 
the direction and height of breaking waves at the Newport Beach Pier (fourth panel); and the 
concentration of fecal indicator bacteria in the surf zone (color contour plots, fifth through 
seventh panels). Shown at the top of the figure is the timing of the satellite images (blue lettering) 
and the offshore sampling cruises (black squares). 
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A MODIS image on 27 February revealed two distinct plumes of considerable size and 
offshore extent (Figure 3B). This satellite acquisition preceded by one day the sampling cruise 
on 28 February (described in the next section), followed the large precipitation event on 25 - 26 
February (total of 51.3 mm, see RE3 in Figure 2), and followed the large discharge event from 
the Santa Ana River (DE4, in Figure 2). The plume to the northwest in this image appears to be 
associated with the Los Angeles River and/or San Gabriel River outlets, with an approximate 
areal extent of 450 km2. The plume to the southeast appears to be distinct from the former plume 
and likely originated from the Santa Ana River outlet, with an approximate areal extent of 100 
km2 (the presumptive Los Angeles River, San Gabriel River, and Santa Ana River plumes are 
delineated by red lines in Figure 3B). The 27 February Santa Ana River storm water plume is 
considerably larger in size than the one observed on 23 February (compare Figures 3A and 3B), 
consistent with the very large volume of water discharged from the Santa Ana River just prior to 
this satellite acquisition (approximately 4 x 107 m3, see DE4 in Figure 2). Further, the Los 
Angeles River, San Gabriel River, and Santa Ana River runoff plumes on 27 February differed 
from those on 23 February in that they penetrated farther offshore (30 km compared to 7 km), 
and thus potentially transported more sediments into the deep waters of the San Pedro Channel. 

The jet like appearance of the presumptive Los Angeles River, San Gabriel River, and Santa 
Ana River storm water runoff plumes in Figure 3B has been observed elsewhere in the Southern 
California Bight -- e.g., off the Santa Clara River discharge (4, 29) -- and is potentially the result 
of inertia-driven flow. At the time of this second satellite acquisition breaking waves were out of 
the west, and along-shore transport in the surf zone, and offshore of the surf zone, appear to be 
directed down-coast (compare timing of satellite image 2 with WE3 and fecal indicator events 
TC3, FC3, and ENT3). 

 
Subsequent MODIS true color imagery on 28 February (Figure 3C) and 29 February (Figure 

3D) indicates that both the Los Angeles River/San Gabriel River and Santa Ana River runoff 
plumes had significantly decreased in size, consistent with reduced flow out of the respective 
rivers (compare stream discharge curves with timing of satellite images 2 and 3, Figure 2). 
However, particulate matter appeared to remain high in the general vicinity of the Santa Ana 
River outlet. Whereas this zone of elevated particulate matter extended south to at least station 
2021 on 27 - 28 February, by 29 February it had receded somewhat and was fairly localized 
around station 2201. Unfortunately no satellite imagery was available the following day (1 
March) to complement the third sampling cruise, given persistent regional cloud cover that day. 
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Figure 3. MODIS Terra and Aqua true color satellite imagery of storm water runoff plumes along 
the San Pedro Shelf, California with nominal spatial resolution of 250 m. Yellow dots indicate 
location of field sampling stations offshore of Huntington and Newport Beach; black arrows 
denote the Los Angeles River (LAR) outlet, San Gabriel River (SGR) outlet, Santa Ana 
River/Talbert Marsh (SAR/TM) outlet, and Newport Bay outlet. (A) MODIS-Aqua, 23 February 2004 
at 21:00 UTC (13:00), (B) MODIS-Aqua, 27 February 2004 at 20:35 UTC (12:35 local time), (C) 
MODIS-Aqua, 28 February 2004 at 21:20 UTC (13:20 local time), (D) MODIS-Terra, 29 February 2004 
at 18:50 UTC (10:50 local time). 

 
Offshore measurements: in situ turbidity and number-averaged particle size. In situ turbidity 

measurements collected during the three offshore cruises are presented as a series of color 
contour plots in Figure 4. During the 23 February cruise, a region of high turbidity -- as 
evidenced by low transmissivity and high TNC -- is evident offshore of, and to the south of, the 
Santa Ana River outlet (left-hand column of panels, Figure 4). The number-averaged particle 
size is depressed in this same region, as well as in the region offshore of the Newport Bay outlet. 
During subsequent cruises, the ocean became progressively less turbid closer to shore (although 
not necessarily offshore) -- as evidenced by increasing transmissivity and decreasing TNC -- and 
the number-averaged particle size progressively increased (second and third columns, Figure 4). 
These results suggest that, offshore of the surf zone, particle size was steadily increasing and 
particle concentrations were steadily decreasing following the rain and stream discharge events 
that ended on, or before, the evening of 27 February. The above turbidity patterns are generally 
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consistent with the plume signatures and gradients observed in the true color satellite imagery 
(Figure 3), although some differences exist which could result from the offset timing (up to 
several hours) between the acquisition of the satellite images and the field measurements. As a 
technical aside, the number-averaged particle size ( d , see eq 1b) and median particle size ( d50 ) 
follow similar trends (i.e., they both rise and fall together), although the magnitude of d50  was 
approximately 16 fold larger (Figure S3, Supporting Information). For the results presented here, 
d  was chosen because it emphasizes changes in the small end of particle size spectra. 
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Figure 4. Particle measurements collected during the three sampling cruises. The bottom row of 
panels indicates the sampling track. TNC is an abbreviation for total particle number 
concentration. TNC and number-averaged particle size were calculated from measured particle 
size spectra using eq 1a, b. 

 
Offshore measurements: fecal indicator bacteria. Water quality test results from the three 

offshore cruises are presented as a set of color contour plots in Figure 5. During the 23 February 
cruise, the concentration of fecal indicator bacteria exceeded the California single-sample 
standards for TC, ENT, and EC in several samples collected just offshore, and to the south, of 
the Santa Ana River and Newport Bay outlets (left-hand column of panels in Figure 5). 
Nevertheless, the highest concentrations measured offshore of the surf zone are generally lower, 
in many cases by several orders of magnitude, compared to the highest concentrations measured 
in the surf zone (compare concentration scales for EC, FC and ENT in Figures 2 and 5). The 
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difference in offshore and surf zone fecal indicator bacteria concentrations is even more 
pronounced during the later cruise dates. For example, none of the samples collected during the 
28 February and 1 March cruises exceeded State standards for fecal indicator bacteria, yet 
several of the samples collected from the surf zone during the same time period exceeded single-
sample standards for one or more fecal indicator bacteria groups (compare concentrations 
measured during the second cruise date with TC3, FC3, and ENT3, and concentrations measured 
during the third cruise date with TC4, FC4, and ENT4, Figures 2 and 5).  

Offshore measurements: F+ coliphage and human viruses. Offshore samples tested positive 
for F+ coliphage ( n = 8, see Table 1), with the exception of a single sample collected on the 28 
February cruise from offshore of the Newport Pier (blue, green, and red plus symbols, bottom 
panels, Figure 5). Human adenoviruses and enteroviruses were detected by real time Q-PCR, 
nested PCR, and RT-PCR in a sample collected from station 2201 located directly offshore of 
the Santa Ana River outlet during the 28 February cruise (red plus, middle bottom panel, Figure 
5). The concentration of human adenoviruses in this sample is estimated to be 9.5 x 103 genomes 
per liter of water, which is approximately equivalent to 10 plaque forming units per liter of 
water, according to a laboratory study comparing Q-PCR results with plaque assay (35). Human 
enteroviruses were also detected in a sample collected directly offshore of the Santa Ana River 
outlet (station 2201) on the 23 February cruise (green plus, bottom left panel, Figure 5). While 
relatively few samples were tested for human viruses ( n = 8), these results demonstrate that 
human viruses are present in surface water offshore of the Santa Ana River outlet following 
storm events, even when the fecal indicator bacteria concentrations are below State standards 
(e.g., station 2201 during the 28 February cruise, Figure 5). These results are consistent with 
previous observations that human pathogenic viruses and fecal indicator viruses persist longer 
than fecal indicator bacteria in ocean water (36). It should also be noted that direct PCR 
measurement of pathogenic viruses in highly turbid water is challenging due to PCR inhibition 
(35). 
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Figure 5. Fecal indicator bacteria concentrations measured during the three sampling cruises. The 
bottom row of panels indicates the sampling track (blue arrows), and the detection of F+ coliphage 
and human viruses. SAR/TM is an abbreviation for the outlet of the Santa Ana River and Talbert 
Marsh. 

 
Offshore measurements: Relationship between fecal indicator bacteria, turbidity, and 

number-averaged particle size. Turbidity has been suggested as a possible proxy for water 
quality (37,38). However, based on our offshore data, turbidity per se appears to be an 
inconsistent proxy for the concentration of fecal indicator bacteria. For example, during the 23 
February cruise there is good coherence between turbidity and TC, EC and ENT concentrations 
off the Santa Ana River outlet and Newport Pier (compare transmissivity and TNC with fecal 
indicator bacteria results, left-hand column of panels, Figures 4 and 5). However, turbidity is low 
off of the Newport Bay outlet where the bacteria concentrations are particularly high. In 
addition, there are no consistently robust relationships between shipboard measurements of fecal 
indicator bacteria and shipboard measurements of TOC, temperature, or salinity (see Figure S4, 
Supporting Information). The number-averaged particle size, on the other hand, comes close to 
matching the along-shore spatial pattern of fecal indicator bacteria measured during the 23 
February cruise. Specifically, elevated fecal indicator bacteria concentration appears to correlate 
with depressed number-averaged particle size (compare fecal indicator bacteria and number-
averaged particle size results for the 23 February cruise, left-hand column of panels, Figures 4 
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and 5). When all of the fecal indicator bacteria data collected during the three cruises are 
aggregated and plotted against number-averaged particle size, an inverse relationship between 
these two parameters emerges; specifically, samples with elevated fecal indicator bacteria 
concentrations also exhibit small number-averaged particle size (Figure 6A). Moreover, the 
concentration of fecal indicator bacteria in water samples collected during the first two cruises is 
the same, within error, before and after filtration through a 53 μm sieve (Figure 6B), implying 
that fecal indicator bacteria are either adsorbed to particles smaller than 53 μm, or are not 
particle-associated. TOC also appears to pass through the 53 μm sieve (Figure 6B) as do human 
viruses and fecal indicator viruses (data not shown). The co-occurrence of small particles and 
indicators of fecal pollution (fecal indicator bacteria, fecal indicator viruses, and human 
pathogenic viruses) does not necessarily imply that the latter are adsorbed to the former. The 
inverse relationship evident in Figure 6A, for example, may reflect a temporal evolution of storm 
water plumes as they age, from a predominance of small particles and high concentrations of 
fecal indicators initially, to larger particles and lower concentrations of fecal indicators later. 
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Figure 6. (A) Cross plots of log-transformed fecal indicator bacteria concentrations measured in 
samples collected during the three offshore cruises, against the corresponding number-averaged 
particle size. (B) Cross plots of log-transformed fecal indicator bacteria concentrations and TOC 
concentrations measured in samples collected during the three offshore cruises, before and after 
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filtration through a 53 μm sieve. The one-to-one line corresponds to the case where the 
concentrations are the same before and after filtration. 

 
Offshore measurements: particle size spectra. Particle size spectra acquired during the three 

cruises are presented in Figure 7. Each plot displays the normalized particle volume (vertical 
axis) detected in 32 logarithmically spaced particle diameter bins ranging in size from 2.5 to 500 
μm (horizontal axis). The particle size spectrum measured at a particular offshore location and 
time appear to be related to the specific storm water plume the particles are associated with and, 
possibly the elapsed time storm water has spent in the ocean. Storm water flowing out of the 
Santa Ana River during the 23 February cruise, for example, is characterized by two modes at 
the small end of the size spectrum, one in the < 5 μm bin and another in the 10 to 50 μm bins (set 
of red curves, Figure 7). These modes are present in storm water runoff sampled at several 
locations in the Santa Ana River watershed (13), in samples collected at the ocean outlet of the 
Santa Ana River (panel labeled “SAR Outlet” at top of Figure 7), and in samples collected just 
offshore (red curve at station 2201, Figure 7) and down-coast (red curve at station 2101, Figure 
7) of the Santa Ana River outlet. Particles discharged from the Santa Ana River appear to dilute 
and merge into a background turbidity characterized by a single broad mode in the 50 to 300 μm 
size range (evident in the red curves at most stations, Figure 7). 

Referring to Figure 3A and the earlier discussion of this satellite image, the 50 to 300 μm 
mode observed on 23 February may be characteristic of a large runoff plume originating from 
one or more up-coast sources of storm water runoff, most likely the Los Angeles River and/or 
the San Gabriel River. It should be noted that a number of factors can lead to artifacts in the 
particle size spectra estimated from the light scattering instrument deployed in this study (39). 
However, in our case this caveat is mitigated somewhat by the observation that particle volume 
fractions calculated from the particle size spectra are strongly correlated (Spearman’s rank 
correlation Sp = 0.90, p = 0.02) with independent measurements of total suspended solids (data 
not shown). 

During the second and third cruises, the particle size spectra progressively coarsen with the 
result that, by 1 March, virtually all of the particle volume is associated with the largest size bin 
(> 500 μm, green curves in Figure 7). The observed temporal evolution in particle size spectra -- 
from high turbidity and multiple modes at the lower end of the particle size spectrum to low 
turbidity and a single mode at the large end of the particle size spectrum -- may reflect 
decreasing particle supply (i.e., reduced storm water discharge from major river outlets) coupled 
with within-plume coagulation of particles into larger size classes and, ultimately, removal of the 
largest particles by gravitational sedimentation. Coagulation time scales estimated from these 
particle size spectra measurements are short (minutes to hours or longer) compared to time scales 
associated with the generation and offshore transport of storm water plumes (hours to days), and 
hence coagulation cannot be ruled out as an important mechanism at our field site (see 
Supporting Information for details on the time scale calculations). Whether coagulation, in fact, 
plays a role in the fate and transport of particles and particle-associated contaminants in storm 
water plumes will likely depend on the coagulation efficiency (i.e., the fraction of particle-
particle collisions that result in sticking events) and shear rates present at a given location and 
time (40, 41). Alternatively, the observed temporal coarsening of particles in the offshore may 
reflect changes in the particle size spectra of the storm water runoff before it enters the ocean, 
from a predominance of smaller particles during the peak of the hydrograph, to a predominance 
of coarser particles during the falling limb of the hydrograph. Further studies are needed to 
determine whether observed coarsening of the offshore particle size spectra is caused by within-
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plume coagulation, and/or temporal evolution of the particle size spectra in storm water runoff 
before it enters the ocean. 
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Figure 7. Particle size spectra measured during the three offshore cruises; numbers at the top of 
each panel denote the station number where the particle size spectra were measured (see Figure 
1). The vertical axis in each plot represents the particle volume resident in logarithmically spaced 
particle diameter bins; the horizontal axis represents the diameter of the particles (in μm). These 
plots are arranged so that the stations progress from onshore to offshore (top to bottom) and up-
coast to down-coast (left to right). The single plot labeled “SAR Outlet” corresponds to a particle 
size spectrum measured in storm water runoff flowing out of the Santa Ana River outlet, just 
upstream of where it flows over the beach and into the ocean. 

 
Data Synthesis 

Results presented in this paper are represented schematically in Figure 8, including potential 
offshore transport mechanisms (panel A) and the resulting distribution of particles, bacteria, and 
viruses (panel B). As storm water is discharged from the river outlet and flows over the beach, a 
fraction is entrained in the surf zone and the rest is ejected offshore in a momentum jet. 
Measurements of fecal indicator bacteria in the surf zone suggest that, once entrained, 
contaminants are transported parallel to shore by wave-driven currents, in a direction (i.e., up or 
down-coast) controlled by the approaching wave field. When waves strike the beach so that a 
component of wave momentum is directed up-coast (the scenario pictured in Figure 8), fecal 
indicator bacteria in the surf zone are carried up-coast of the river outlet. Conversely, when 
waves strike the beach so that a component of wave momentum is directed down-coast, fecal 
indicator bacteria in the surf zone are carried down-coast of the river outlet. The build-up of 
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water in the surf zone from breaking waves drives a cross-shore circulation cell, which can 
transport material between the surf zone and offshore of the surf zone. At our field site, this 
cross-shore circulation appears to limit the length of beach severely polluted with fecal indicator 
bacteria to < 5 km around the river outlet, by diluting contaminated surf zone water with cleaner 
water from offshore. While the transport processes described here are based on measurements of 
fecal indicator bacteria in the surf zone, it is likely that other contaminants in storm water runoff 
-- in particular, human viruses, and toxic contaminants associated with suspended particles (13, 
42) -- will behave similarly. 

 
Further offshore, storm water runoff plumes are common and readily detected through a 

variety of geophysical parameters (e.g., salinity, transmissivity, surface color). A clear linkage 
between these parameters and fecal indicator bacteria could not be established here. However, 
fecal indicator bacteria did appear to be associated with the smallest particle sizes, based on both 
fractionation studies (Figure 6B) and the inverse relationship observed between fecal indicator 
bacteria concentrations and number-averaged particle size (Figure 6A). Particle size spectra in 
the offshore plumes coarsen with time post-release, and fecal indicator bacteria concentrations 
steadily drop (see the schematic representation of particle size in the various offshore plumes, 
Figure 8B). These results have several implications. First, they suggest that high concentrations 
of fecal indicator bacteria in the surf zone at our field site are probably not brought into the study 
area by coastal currents from distal sources (e.g., the Los Angeles river and/or San Gabriel 
river). Second, cross-shore transport of water between the surf zone and offshore of the surf zone 
-- for example, by rip cell currents -- is likely to improve surf zone water quality by diluting dirty 
river effluent entrained in the surf zone with relatively clean ocean water from offshore. 

While the concentrations of fecal indicator bacteria in the offshore plumes are generally below 
surf zone water quality standards, particularly during the latter two cruises, fecal indicator 
viruses (F+ coliphage) were detected in nearly all offshore samples tested, and human 
adenoviruses and enteroviruses were detected in several offshore samples, including two 
collected offshore of the Santa Ana River outlet (station 2201 on 23 and 28 February, see Figure 
5). It is likely that the virus results presented here represent a conservative estimate of viral 
prevalence, because a limited numbers of samples were tested ( n = 8). In addition, the presence 
of PCR inhibitors in storm water reduces the efficiency of PCR detection of human pathogenic 
viruses, as mentioned earlier. At present, there are no water quality standards for fecal indicator 
viruses and human pathogenic viruses, largely because epidemiological data are not available to 
link adverse human health outcomes (e.g., gastrointestinal disease) to recreational ocean 
exposure to these organisms. However, the offshore detection of human pathogenic viruses begs 
several questions: First, do these viruses constitute a human health risk, either by contaminating 
the surf zone direction (see arrow with question mark, indicting the possible transfer of 
contaminants from offshore into the surf zone, Figure 8(B)), or by sequestering in offshore 
sediments? Second, given the fact that the Santa Ana River has separate storm and sanitary 
sewer systems, what is the source of human fecal pathogens in the wet weather water runoff? 
Many studies have shown that human fecal pathogens are associated with storm runoff from 
urban areas located throughout the U.S. (25,43-45) -- so the association between storm water 
runoff and human fecal pathogens observed here is certainly not unique. Possible sources of 
human pathogens in storm water runoff from urban areas include leaking sewer pipes, illicit 
sewage connections to the storm water sewer system, homeless populations, etc. 

Taken together, the results presented in this paper demonstrate that storm water runoff from 
the Santa Ana River is a significant source of near shore pollution, including turbidity, fecal 
indicator bacteria, fecal indicator viruses, and human pathogenic viruses. However, relationships 
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between variables (e.g., between turbidity and fecal indicator bacteria, and between fecal 
indicator bacteria and human viruses) vary from site to site (at the same time), and from time to 
time (at the same site) suggesting that the sources, fate, and transport processes are contaminant 
specific. The apparent exception is the inverse relationship observed between fecal indicator 
bacteria and number-averaged particle size, although further studies are needed to determine if 
this result is generalizable to other storm seasons and coastal sites and, if so, to determine the 
underlying mechanism at work. The relationship between water quality parameters (e.g., fecal 
indicator bacteria), turbidity and other field proxies -- such as number-averaged particle size, 
salinity, colored dissolved organic matter -- are the focus of ongoing and future regional studies, 
including as part of a coastal water quality observing program within the Bight ’03 Project 
(http://www.sccwrp.org/regional/03bight/bight03_fact_sheet.html), as well as other 
investigations being carried out as part of the Southern California Coastal Ocean Observing 
System (SCCOOS). 
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Figure 8. (A) Transport mechanisms that can affect the offshore distribution of contaminants 
discharged from river outlets. (B) Schematic representation of the spatial distribution of particles 
(black circles of varying size), fecal indicator bacteria (red symbols), and F+ coliphage and 
human pathogenic viruses (green symbols). Abbreviations are SAR (Santa Ana River), SGR 
(San Gabriel River) and LAR (Los Angeles River). 

A) 
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Synopsis 
The coastal water quality impact of storm water runoff from an urban watershed in southern 
California depends on prevailing ocean currents, within-plume processing of particles and 
pathogens, and the timing, magnitude and nature of runoff discharged from river outlets over the 
course of a storm. 
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Fecal indicator bacteria (FIB) have long been used as a
marker of fecal pollution in surface waters subject to point
source and non-point source discharges of treated or untreated
human waste. In this paper, we set out to determine the
source(s) of elevated FIB concentrations in Cucamonga Creek,
a concrete-lined urban stream in southern California. Flow in
the creek consists primarily of treated and disinfected wastewater
effluent, mixed with relatively smaller but variable flow of
runoff from the surrounding urban landscape. Dry and wet
weather runoff contributes nearly 100% of FIB loading to
Cucamonga Creek, while treated wastewater contributes
significant loading of nutrients, including dissolved organic
carbon (DOC), phosphorus, nitrate, and ammonium. FIB
concentrations are strongly positively correlated with DOC
concentration in runoff (Spearman’s F g 0.66, P e 0.037), and
microcosm studies reveal that the survival of Escherichia
coli and enterococci bacteria in runoff is strongly dependent
ontheconcentrationofbothDOCandphosphorus.Belowthreshold
concentrations of 7 and 0.07 mg/L, respectively, FIB die off
exponentially (die-off rate 0.09 h-1). Above these thresholds, FIB
either grow exponentially (growth rate 0.3 h-1) or exhibit a
periodic steady-state in which bacterial concentrations fluctuate
around some mean value. The periodic steady-state pattern
is consistent with a Lotka-Volterra predator-prey oscillation
model, and the clearance rate (20 µL predator-1 h-1) obtained
by fitting the model to our data is consistent with the hypothesis
that predacious protozoa regulate FIB concentrations in
runoff at high DOC concentrations. Collectively, these results
indicate that FIB impairment of Cucamonga Creek is best viewed
as an ecological phenomenon characterized by both bottom-
up and top-down control.

Introduction
Pathogens and fecal indicator bacteria (FIB) are the most
frequent causes of surface water impairment in the U.S. after
metals (1). Reflecting the global dimension of this problem
(2), an array of new tools have recently been developed to
help assess and manage FIB impairments, including mi-
crobial source tracking methods (3), predictive models (4–7),

and in situ treatment technologies (8, 9). Even with these
tools, water-quality managers are often faced with the difficult
task of developing and implementing total maximum daily
loads (TMDLs) for FIB-impaired water bodies in the face of
uncertainty about the root causes of FIB impairment and
associated human health risks. Documented sources of
uncertainty include (a) the many point and nonpoint sources
of fecal pollution that potentially contribute FIB in a particular
water body (10); (b) the spatially and temporally variable
nature of FIB sources and the fate and transport processes
that disperse them (11); (c) growth of FIB in some aquatic
environments (12–15); (d) the existence of FIB in both
culturable and nonculturable states (16); and (e) the opera-
tionally defined nature of FIB assays, by which different EPA-
approved assays can yield different estimates for FIB
concentration in the same sample (17). Against this complex
backdrop, there are currently over 10 000 FIB (or “pathogen”)
impairments in the U.S., and in southern California, the cost
of implementing control measures in even relatively small
(340 km2) catchments could exceed $100 million (18). In this
study, we describe coordinated field, laboratory, and model-
ing studies aimed at identifying the nonpoint sources of FIB
impairment in a prototypical concrete-lined urban stream
in southern California.

Description of Field Site. Cucamonga Creek is a concrete-
lined flood control channel located in a highly urbanized
region of San Bernardino County, southern California (Figure
1). The creek is a tributary to the Santa Ana River, which
drains three of the 12 most populous counties in the United
States. Flow in the Santa Ana River is a mixture of effluent
from wastewater treatment plants, urban runoff, and ground-
water and surface water runoff from the undeveloped San
Gabriel Mountains (19). The Santa Ana River is used both for
recreation and to recharge a groundwater aquifer that serves
as a primary source of potable water for Orange County
residents. Both Cucamonga Creek and the Santa Ana River
are on the U.S. EPA’s 303(d) list as impaired for coliform
bacteria and pathogens. The reach of Cucamonga Creek
selected for this study has a drainage area of approximately
200 km2, is bounded by a major freeway (I-60) to the north
and the Prado Wetlands to the south, and receives a discharge
of ∼0.7 m3/s of highly treated and disinfected wastewater
effluent from the Inland Empire Utilities Agency Regional
Plants 1 and 4 (number 3 on the map in Figure 1).
Downstream of the discharge, during dry weather, flow in
the creek consists of approximately 1 part surface runoff to
10 parts treated wastewater. During wet weather, storm runoff
contributes substantial flow in the creek, upward of 2 m3/s.

Methods and Materials
Creek Sampling. Referring to the map in Figure 1, sampling
sites on Cucamonga Creek were selected to provide infor-
mation on the quality of source waters (runoff in the channel
at site A, runoff from the storm drain at site E, and tertiary
treated wastewater at site B), and downstream mixtures of
sources waters (sites C, D, F, G, and H). Field sampling
occurred during seven events between July 2005 and October
2006, capturing a range of air temperatures (daily mean values
from 9 to 22 °C) and antecedent dry periods (from 0 to 60
days) (Figure 1). Depending on flow conditions in the channel,
safety concerns did not allow all sites to be sampled during
every event (Table S1, Supporting Information). Creek
sampling included in situ measurements of dissolved oxygen,
salinity, conductivity, pH, and temperature (Horiba U-10
hand-held meter, Horiba, Ltd., Kyoto, Japan) and collection
of grab samples analyzed for the FIB Escherichia coli (EC)
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and enterococci bacteria (ENT) using chromogenic substrate
assays known commercially as Colilert-18 and Enterolert,
implemented in a 97-well Quanti-tray format (20). Grab
samples were also collected for measurement of dissolved
organic carbon (DOC), soluble phosphorus, nitrate and
ammonium. The volumetric discharge of treated wastewater
to Cucamonga Creek (at site C) and the stream discharge in
Cucamonga Creek downstream of the confluence with treated
wastewater (at site 6) were recorded during the sampling
events, as were measurements of air temperature and
precipitation. Information on sampling protocols, analysis
procedures, and flow and meteorological data acquisition
are reported in the Supporting Information.

Microcosm Experiments. Coincident with six of the seven
sampling events described above (all except 7/6/05), large
volume (ca., 4 L) samples of runoff (from sites A and/or E)
and treated wastewater (site B) were collected. Splits of the
water samples were filter sterilized by passage through a 0.2
µm filter (Fisher Scientific, Waltham, MA), and mixtures of
unfiltered and filter-sterilized waters were prepared in 500
mL Erlenmeyer flasks (see Table S2 of the Supporting
Information for the set of mixtures prepared on each sampling
date). Microcosms were incubated in the dark for at least
12 h in a constant temperature incubator (model 2325,
Sheldon Manufacturing, Cornelius, OR) held at 30 °C, typical
of summertime conditions. Aliquots collected from the
microcosms during the incubation period were analyzed for
EC and ENT using Colilert-18 and Enterolert. Two additional
microcosms were prepared on 5/06/06 to determine if
chlorine-injured ENT cells in the treated wastewater could
be resuscitated after exposure to either filter-sterilized runoff
or excess nutrients in the form of nutrient broth (5.5% tryptic

soy broth, 0.3% yeast extract, and 1.0% lactose in sterile water)
(21). On this single occasion, aliquots from the microcosm
were analyzed for ENT using both culture-dependent (En-
terolert) and culture-independent (Q-PCR analysis for 23SrD-
NA specific to ENT) assays. The protocol for the culture-
independentassayispresentedintheSupportingInformation.

Statistical Analyses. Spearman’s rank correlation (F) for
nonparametric data was used to quantify the covariation
between measured variables (SPSS v. 15, Chicago, IL). FIB
rate constants were calculated by linear regression of the
natural logarithm of the FIB concentrations against time and
equating the slope of the line to-k or µ (for die-off or growth,
respectively).

Results
Nutrient and FIB Measurements in Cucamonga Creek.
Spatial and Temporal Patterns. FIB concentrations were near
or below the detection limit (10 or 100 MPN/100 mL) in all
water samples collected from treated wastewater and were
significantly higher (ranging from 100 to over 40 000 MPN/
100 mL) in water samples collected from surface runoff
(Figure 2, left panel). The log of FIB concentrations in runoff
collected from sites A and E rise and fall synchronously
(Spearman’s F ) 0.64, P ) 0.086 and F ) 0.88, P ) 0.0094,
for EC and ENT, respectively), even though these two
locations drain different subdrainages within the Cucamonga
watershed. During the first two sampling events (July and
October 2005), FIB concentrations measured in the down-
stream reach of Cucamonga Creek were similar to, or higher
than, FIB concentrations measured in runoff (compare black
and blue curves, Figure 2). After January 2006, FIB concen-
trations at downstream sites were intermediate between

FIGURE 1. Map of Cucamonga Creek sampling sites (left panel) and weather conditions during the seven sampling events (indicated
by vertical dashed lines) including precipitation and daily minimum, mean, and maximum air temperature (right panel).
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treated wastewater and runoff (EC) or more similar to
wastewater (ENT).

Nutrients and other water-quality parameters exhibit
analyte-specific temporal and spatial variability (left panel,
Figure 2). Phosphorus and nitrate concentrations in the
downstream reach of Cucamonga Creek are similar to
concentrations measured in treated wastewater. For the other
analytes, parameter concentrations measured at downstream
sites are higher than both surface runoff and treated
wastewater (oxygen) or exhibit a mixed pattern (ammonium,
conductivity). Time series measurements of oxygen, con-
ductivity, temperature, and pH are plotted in Figure S1
(Supporting Information).

Loading Analysis. Given the data presented above, together
with flow data from the wastewater treatment plant at site
B and streamflow at site 6, it should be straightforward to
estimate nutrient and FIB loading to Cucamonga Creek from
treated wastewater and runoff. However, the flow data did
not comport with field observationssin particular, during
dry weather the observed ratio of runoff to wastewater in the
stream was approximately 1:10, while the flow data yielded
a ratio closer to 1:1ssuggesting that one or both flow
measurements were inaccurate. Instead, we estimated the
contribution of runoff and wastewater to pollutant loading
directly from measurements of pollutant concentration in
the creek and source waters. This was accomplished by
performing a steady-state mass and volume balance over
the flow circuit illustrated in Figure 2 (top right panel). The
analysis yields the following equation for the fraction of
pollutant loading in the downstream reach of Cucamonga

Creek attributable to sources of surface runoff, fL,SR (derivation
in Supporting Information).

The fraction of pollutant loading attributable to waste-
water is the complement of eq 1, fL,TWW ) 1 - fL,SR. In eq 1,
C represents pollutant concentration, and the subscripts
denote different sampling locations within the flow circuit,
including surface runoff (“SR”, consisting of runoff, “RO”,
from site A and storm drain flow, “SD”, from site E), treated
wastewater (“TWW”, site B), and downstream of the con-
fluence of runoff and treated wastewater (“DS”, sites G and
H). Equation 1 was applied after separating pollutant
measurements into dry weather (7/6/05, 12/14/05, 10/12/
06) and wet weather (10/17/05, 2/17/06, 3/1/06, 5/24/06)
periods. The assignment of a sampling date as “dry” and
“wet” was based on antecedent dry period (>5 and <5 days)
and accumulated precipitation in the previous two days (0
and >0 cm).

Fractional runoff loading estimated from eq 1 is plotted
for FIB and nutrients in Figure 2 (lower right panel). The
calculation indicates that ∼100% of wet and dry weather FIB
loading is attributable to runoff, while treated wastewater
accounts for a larger portion of creek loading for nitrate (100%
and 71%), DOC (80 and 72%), and phosphorus (65 and 53%).
The contribution of runoff to pollutant loading in Cucamonga
Creek is consistently higher during wet weather, although
the large error bars imply considerable variability within wet

FIGURE 2. (Left panel) Time series plots of FIB and nutrient concentrations in samples of runoff (sites A and E, blue curves), treated
wastewater effluent (site B, red curves), and downstream of the confluence with runoff and treated wastewater (sites G and H,
black curves). (Top right panel) Flow circuit used to solve for the pollutant loading in Cucamonga Creek attributable to runoff from
sites A and E. Symbols are defined in the text. (Bottom right panel) Estimated fractional runoff loading for selected parameters.

fL,SR )
CSR(CDS - CTWW)

CDS(CSR - CTWW)
(1)

VOL. 44, NO. 2, 2010 / ENVIRONMENTAL SCIENCE & TECHNOLOGY 9 633



and dry categories. Oxygen and ammonium were excluded
from the loading analysis because their concentrations at
downstream sites (CDS) were frequently not bracketed by
source water concentrations (CSR and CTWW)(Figures 2 and
S1). Assumptions and limitations associated with eq 1 are
discussed in the Supporting Information.

Covariation of FIB and Nutrients in Runoff. Pairwise
correlations between FIB and nutrient concentrations in
surface water runoff from the Cucamonga Creek watershed
were computed to identify nutrients that may promote the
growth of FIB. The only Spearman’s rank correlation that
reached a significance level of P < 0.05 was between log-
transformed FIB and DOC (F ) 0.66, P ) 0.020 and F ) 0.61,
P ) 0.037 for EC and ENT, respectively).

Microcosm Studies. A total of 57 microcosms were
prepared from samples of treated wastewater at site B
(designated “TWW”), surface water runoff from Cucamonga
Creek at site A (designated “RO”), and surface water runoff
from the storm drain at site E (designated “SD”). In the results
presented below, source waters that have been filter-sterilized
are indicated by the subscript “fs”.

Negative Controls. Twelve of the microcosms were
negative controls, carried out to demonstrate that FIB were
removed from source waters after passage through a 0.2 µm
filter (Table S2, Supporting Information). As expected, FIB
concentrations were below the detection limit (10 or 100
MPN/100 mL) in all microcosms containing only ROfs, SDfs,
or TWWfs.

Microcosms Prepared from Treated Wastewater. Fifteen
microcosms were prepared with unfiltered TWW, of which
four had only TWW, eight were mixtures of TWW and filter-
sterilized surface water runoff (either ROfs or SDfs), and one
was an equal mixture of TWW and nutrient broth (Table S2,
Supporting Information). All microcosms containing unfil-
tered TWW had initial FIB concentrations below the detection
limit (10 or 100 MPN/100 mL). With one exception, FIB
concentrations remained below the detection limit through-
out the incubation period (12-34 h). In the microcosm
containing nutrient broth, EC remained below the detection
limit throughout the incubation period, but ENT increased
with time as measured by both culture-dependent (Entero-

lert) and culture-independent (qPCR) methods (Figures S10
and S12, Supporting Information). As expected, ENT con-
centrations measured with the culture-independent method
were 100-1000 times higher than concentrations measured
with the culture-dependent method.

Microcosms Prepared from Runoff. Eighteen micro-
cosms were prepared with unfiltered runoff (either RO or
SD), of which six consisted of unfiltered runoff alone (either
RO or SD), nine were binary mixtures of unfiltered runoff
(either RO or SD) and filtered treated wastewater (TWWfs),
one was a binary mixture of RO and TWW, and two were
ternary mixtures of unfiltered water from one runoff source
(RO or SD), filtered water from the other runoff source (either
SDfs or ROfs), and filtered treated wastewater (TWWfs) (Tables
1 and S2, Supporting Information).

Microcosms prepared from unfiltered runoff exhibited
one of three FIB survival patterns illustrated in Figure 3: (1)
exponential growth of FIB characterized by a growth rate µ
(Figure 3A); (2) exponential decline of FIB characterized by
die-off rate k (Figure 3B); and (3) a pattern we referred to as
“periodic steady state” in which FIB concentrations fluctuated
around a relatively constant value (Figure 3C). The survival
pattern (growth, die-off, or periodic steady state) observed
for each microcosm treatment is summarized in Table 1,
along with estimated values for µ or k. EC grew in microcosms
containing RO or SD on 10/17/05 and 10/12/06. EC and ENT
died off in microcosms containing RO on 3/1/06. ENT
exhibited a periodic steady state in RO collected on 10/17/
05, 12/14/05, 2/17/06, and 10/12/06. EC exhibited a periodic
steady state in RO collected on 12/14/05 and 2/17/06.

Nutrient Concentrations and FIB Survival Patterns. The
three FIB survival patterns noted above appear to be
associated with specific concentration ranges of DOC and
phosphorus. EC and ENT die off in microcosms containing
low initial concentrations of both DOC and phosphorus (<7
mg/L and <0.07, respectively) (black filled circles, Figure 4A).
ENT exhibits periodic steady state in all microcosms with
initial DOC concentrations >7 mg/L (gray filled and open
circles, Figure 4A), while EC exhibits periodic steady state
over a more narrow range of initial DOC concentrations,
between 7 and 8 mg/L (gray filled circles, Figure 4A). The

TABLE 1. Microcosms Prepared from Surface Water Runoffa

Escherichia coli Enterococcus spp.

date mixture
DOC
(mg/L)

P
(mg/L)

ln(Co,
MPN/100 mL)

µ or k
(h-1) remarks

ln(Co,
MPN/100 mL)

µ or k
(h-1) remarks

10/17/05 RO (100%) 14 0.32 9.4 (0.1) 0.2 (0.03) strong growth 9.9 (0.2) ND periodic ss
SD (100%) 11 0.26 9.3 (0.1) 0.3 (0.03) strong growth 9.4 (0.2) ND periodic ss
RO (50%) + TWWfs (50%) 11 0.25 8.6 (0.2) 0.2 (0.04) strong growth 9.3 (0.3) ND periodic ss
RO (33%) + TWWfs (33%) +

SDfs (33%) 12 0.25 7.9 (0.3) 0.3 (0.06) strong growth 9.0 (0.2) ND periodic ss
SD (33%) + TWWfs (33%) +

ROfs (33%) 12 0.25 8.3 (0.2) 0.3 (0.03) strong growth 8.1 (0.3) ND periodic ss
12/14/05 RO (100%) 7.1 0.54 8.3 (0.05) ND periodic ss 5.3 (0.2) ND periodic ss

RO (10%) + TWWfs (90%) 7.4 0.70 6.0 (0.28) ND periodic ss <4.6 - below detect
2/17/06 RO (100%) 7.9 0.060 7.1 (0.2) ND periodic ss 6.6 (0.3) ND periodic ss

RO (75%) + TWWfs (25%) 7.5 0.051 6.6 (0.2) ND periodic ss 6.5 (0.2) ND periodic ss
RO (50%) + TWWfs (50%) 6.8 0.043 6.7 (0.2) ND periodic ss 5.4 (0.3) ND periodic ss
RO (25%) + TWWfs (75%) 7.2 0.034 5.9 (0.3) ND periodic ss 4.9 (0.2) ND periodic ss

3/1/06 RO (100%) 4.5 0.025 7.7 (0.1) 0.09 (0.01) decay 7.0 (0.2) 0.1 (0.02) decay
RO (75%) + TWWfs (25%) 6.8 0.036 7.3 (0.2) 0.1 (0.02) decay 6.7 (0.4) 0.3 (0.1) decay
RO (50%) + TWWfs (50%) 6.7 0.048 6.9 (0.2) 0.09 (0.03) decay 5.6 (0.7) 0.08 (0.2) decay
RO (25%) + TWWfs (75%) 6.0 0.059 6.3 (0.2) 0.08 (0.02) decay 5.3 (0.3) 0.1 (0.09) decay

5/24/06 TWW (50%)+ NB (50%) 9500 N/A <2.3 N.D. no change 0.7 (0.5) 0.4 (0.03) growth
10/12/06 RO (100%) 7.8 0.23 10 (0.2) 0.15 (0.03) strong growth 8.3 (0.2) ND periodic ss

RO (50%) + TWWfs (50%) 6.5 0.23 10 (0.2) 0.2 (0.04) strong growth 7.4 (0.2) ND periodic ss
RO (50%) + TWW (50%) 6.5 0.23 9.8 (0.2) 0.3 (0.05) strong growth 7.5 (0.2) ND periodic ss

a RO ) runoff from Cucamonga Creek, site A; SD ) runoff from storm drain, site E; TWW ) treated wastewater, site B; fs
) filter-sterilized; DOC ) dissolved organic carbon; P ) phosphorus; ln(Co) ) natural log of initial concentration; µ ) kinetic
growth constant; k ) kinetic die-off constant; ss ) steady state; N.D. ) not determined. Standard deviations are indicated
in parentheses.
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growth rate of EC appears to be affected by both initial DOC
and phosphorus concentrations, as documented in the
contour plot in Figure 4B. EC transitions from die-off to
growth with increasing initial phosphorus concentration at
fixed initial DOC concentration (arrow A, Figure 4B). The
growth rate of EC approximately doubles (from 0.15 to 0.3
h-1) with increasing initial DOC concentration at fixed initial
phosphorus concentration (arrow B, Figure 4B). The abrupt
transition between die-off and growth at an initial DOC
concentration of ∼7 mg/L is illustrated for EC in Figure 4C.
For DOC < 7 mg/L, EC die off with time at a rate of
approximately 0.09 h-1. For DOC > 7 mg/L EC grow with
time at a rate of approximately 0.3 h-1. This latter growth
rate is approximately one-half the maximum growth rate

(µmax)0.75(0.24 h-1) obtained by averaging 17 independent
estimates of µmax for EC growth on glucose in the laboratory
(22).

Discussion
There is no question that FIB are a useful sentinel for fecal
pollution in surface waters impacted by point sources, such
as outfalls of untreated or partially treated sewage (23). Their
utility as a marker for fecal pollution is more uncertain in
settings that lack an obvious point source of sewage. On the
one hand, a recent study conducted in Melbourne, Australia
found that EC concentration in tributaries of the Yarra River

FIGURE 3. Three different FIB survival patterns observed in
microcosms containing unfiltered runoff: (A) exponential growth
of EC in the microcosm containing runoff from site E on 10/17/
05, (B) exponential die-off of EC in the microcosm containing
runoff from site A on 3/1/06, and (C) periodic steady state of
ENT in the microcosm containing an equal mixture of runoff
from site A and filter-sterilized treated wastewater from site B
on 10/17/05. All logarithms are base e.

FIGURE 4. Influence of nutrients on FIB survival patterns
observed in microcosms prepared from unfiltered runoff. (A)
Relationship between initial DOC and phosphorus concentration
and the type of FIB survival pattern observed. (B) Contour plot
of EC die-off (negative contours ) -k) and EC growth (positive
contours ) µ) relative to the initial concentration of
phosphorus and DOC in the microcosm. (C) Abrupt transition
from die-off to growth that occurs as DOC concentrations are
increased beyond 7 mg/L. Note that, to emphasize the change
from die-off to growth along arrow A, the two highest initial
phosphorus concentrations are not included in panel B.
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was a marker for nonpoint sources of sewage from septic
tank leach fields located near the river bank (24). On the
other hand, numerous studies document the environmental
growth of FIB in fresh and marine waters and sediments
(12–14, 25–30). To the extent that FIB grow in the environ-
ment, they will likely have little value as a sentinel for fecal
pollution or as a predictor of recreational waterborne illness
(31). In part to address these concerns, the U.S. Environ-
mental Protection Agency is currently conducting epide-
miologic studies to assess the human health effects of
recreating in surface waters contaminated by nonpoint source
pollution (32). These new epidemiologic data are expected
to inform the development of new ambient water quality
criteria which should be released in 2011.

The field and laboratory data presented in this study were
focused around identifying sources of FIB contamination in
Cucamonga Creek, a concrete-lined, effluent-dominated
stream in southern California. Because the wastewater
effluent discharged to this stream is disinfected, FIB in the
stream are likely from nonpoint sources, such as bird and
dog feces, homeless persons, illegal dumping, illicit con-
nections to the storm sewer system, and/or environmental
growth. Mass and volume balance calculations indicate that
treated wastewater is not a significant source of FIB to
Cucamonga Creek. Further, FIB were detected in only one
microcosm constructed from treated wastewater and only
then after the wastewater was mixed with nutrient brothsa
state of nutrient abundance unlikely to be replicated in the
field. In the microcosm containing treated wastewater and
nutrient broth, both culture-dependent and culture-inde-
pendent methods demonstrated substantial increases in the
concentration of ENT with time, implying that new ENT cells
were being created. Thus, the increase in culturable ENT
measured in this microcosm cannot be attributed solely to
resuscitation of chlorine-injured ENT released with the
wastewater effluent.

Runoff from the urban landscape appears to be the
primary source of FIB loading to Cucamonga Creek during
both dry weather and wet weather periods. FIB survival in
microcosms containing unfiltered runoff appears to be
modulated by nutrient concentrations, in particular DOC
and phosphorus. Below threshold concentrations of 7 and
0.07 mg/L, respectively, FIB decay with time. Above these
thresholds, EC and ENT exhibit either exponential growth or
a periodic-steady state pattern in which bacterial concentra-
tions fluctuate around some mean value. These nutrient
thresholds are not an artifact of weather conditions at the
time of sampling, because EC grew in microcosms prepared
from runoff collected during both wet weather (10/17/05)
and dry weather (10/12/06) (Table 1). Intriguingly, these
microcosm results mirror, at least for DOC, what we observed
during the field sampling campaign at Cucamonga Creek: of
all the nutrients measured, only DOC was significantly and
strongly correlated with FIB concentrations in runoff from
sites A and E.

The lowest phosphorus concentration measured in our
runoff samples (ca., 25 µg/L) is about 5 times growth-limiting
values reported for heterotrophic bacteria growing in the
laboratory (160 nM or 5 µg/L) (33). Because FIB in the
environment must compete with other, perhaps better
adapted, heterotrophic bacteria for scarce resources (33), it
is possible that FIB die-off observed for phosphorus con-
centrations <0.07 mg/L is caused by phosphorus starvation.
It should be noted that the analytical method used to measure
soluble phosphorus detects primarily orthophosphate, and
consequently, total phosphorus in the runoffswhich includes
organic phosphorus and polyphosphatesscould be higher
than reported here.

The periodic steady-state pattern observed in our mi-
crocosm experiments closely resembles the predictions of a

population model that assumes bacterial growth is balanced
by consumption of bacteria by a predator. The Lotka-Volterra
predator-prey oscillation model (34) was fit to ENT con-
centrations measured in the microcosm consisting of a 1:1
mixture of unfiltered runoff from site A and filter-sterilized
treated wastewater from site B (see the Supporting Informa-
tion). Plots of the model-predicted prey (solid red line) and
predator (dashed red line) concentrations are superimposed
on measurements of ENT in Figure 3C. The prey predictions
correctly capture the period and magnitude of ENT cycles
(compare data points with red solid line). The model derived
clearance ratesdefined as the volume of water from which
bacterial cells are completely removed by a predator per
unit of timesof ∼20 µL grazer-1 h-1 is similar to clearance
rates (∼10 µL grazer-1 h-1) reported for rotifers and other
protists that graze on heterotrophic bacteria in aquatic
environments (35) but 2 orders of magnitude greater than
values reported for host-specific viral predation (∼0.1 µL
virus-1 h-1) (36). Protistan grazing has been suggested as the
primary mechanism by which allochthonous bacteria, such
as EC and ENT, are removed from stream ecosystems (37, 38)
and coastal waters (39), and it is generally regarded as the
primary mechanism that regulates prokaryotic biomass in
the aquatic environment (40).

The results presented in this paper suggest that the
environmental growth of FIB in urban streams, such as
Cucamonga Creek, requires ambient DOC concentrations
in excess of 7 mg/L. Once DOC concentrations exceed this
threshold, the final FIB concentration will likely be deter-
mined by resource competition among the heterotrophic
bacteria present in the stream (“bottom-up control”) and/or
predation by viruses (presumably lytic bacteriophage) and
protistan grazers (“top-down control”). Recent studies of
natural microbial populations suggest that bottom-up control
may prevail in nutrient rich (eutrophic) environments, while
top-down control may prevail in nutrient poor (oligotrophic)
environments (40). This observation implies that DOC and
FIB concentrations in runoff should covary, which is indeed
the case both at Cucamonga Creek and in many agricultural
and urban streams along the California coast (41). These
results are not consistent with the hypothesis that FIB are
static contaminants (like sediments or nutrients) with well-
defined and land-use-specific export coefficients, as has been
suggested for catchments in the United Kingdom (42). Rather,
our data suggest that nonpoint source FIB impairments in
southern California are best viewed as an ecological phe-
nomenon, in which a dynamic balance between FIB sources,
nutrient availability, competition with other heterotrophic
bacteria, and predator prevalence determines the magnitude
and extent of FIB pollution and its human health implications.
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Executive Summary:

This report describes a series of field studies aimed at identifying the sources and

environmental forcing of fecal indicator bacteria in dry and wet weather runoff from the

Talbert watershed, a highly urbanized coastal watershed in southern California. Runoff

from this watershed drains through tidal channels to a popular public beach, Huntington

State Beach, which has experienced chronic surf zone water quality problems over the

past several years. During dry weather, concentrations of fecal indicator bacteria are

highest in inland urban runoff, intermediate in tidal channels harboring variable mixtures

of urban runoff and ocean water, and lowest in ocean water at the base of the watershed,

consistent with the idea that urban runoff from this watershed is a source of coastal

pollution. On a year round basis, the vast majority (> 99%) of fecal indicator bacteria

loading occurs during storm events when runoff diversions, the management approach of

choice, are not operating. During storms, the load of fecal indicator bacteria in runoff

follows a power law of the form £ ~ Q", where Q is the volumetric flow rate and the

exponent n ranges from 1 to 1.5. This power-law, and observed range of exponent

values, are consistent with a mathematical model that assumes fecal indicator bacteria in

storm runoff originate from the erosion of contaminated sediments. The theoretical

analysis, which is based on a conventional model for the shear-induced erosion of

particles from land and channel-bed surfaces, predicts that the magnitude of the exponent

n reflects the geometry of the storm water conveyance system from which the pollution

derives. This raises the possibility that the scaling properties of pollutants in storm water

runoff (i.e., the value of n) may harbor information about the origin of non-point source

pollution.

IV



INTRODUCTION

A growing number of the nation's rivers, estuaries, and coastlines are impaired

for fecal indicator bacteria1"3. This problem is particularly acute in southern

California, where the shedding of fecal indicator bacteria and pathogens from

urbanized watersheds routinely triggers swimming advisories at coastal saltwater

and inland freshwater beaches, and the closure of shellfish harvesting areas in

estuarine and coastal systems. Management strategies to reduce the downstream

impacts of fecal indicator bacteria shedding are needed, but there is a paucity of

knowledge regarding the exact sources of these organisms, how these sources

react to environmental forcing (e.g., storms), and how fecal indicator bacteria

loads scale with runoff volumes.

To address this problem we carried out field studies in a coastal urban

watershed, the Talbert watershed, that is thought to play a role in the beach

postings and closures at Huntington State Beach, a popular swimming resort in

southern California4'5. This watershed, like many in southern California, has

separate storm and sanitary sewer systems. Prior to 1999 both dry and wet

weather runoff from the Talbert watershed drained to the ocean through a series

of gutters, forebays, and channels6. After 1999, local agencies began diverting dry

weather runoff to the sanitary sewer system for treatment, in an attempt to reduce

the downstream impacts of fecal indicator bacteria on coastal water quality at

Hun ting tow Stale Beach7. In this paper, we describe three years of data collection

in and around the Talbert watershed that collectively answer the following

questions: (1) What are the sources of fecal indicator bacteria in surface water



from an urban watershed, and do different sources dominate during dry and wet

weather conditions? (2) How do fecal indicator bacteria loads shed from an

urban landscape vary in space and time? (3) How are fecal indicator bacteria

concentrations forced by storms and other environmental factors? (4) How

effective is the Talbert watershed diversion program in mitigating fecal indicator

bacteria pollution?



FIELD SITE DESCRIPTION

The Talbert and Lower Santa Ana watersheds encompass 80 km2 of urban

landscape in the cities of Huntington Beach, Fountain Valley, Costa Mesa, Santa

Ana, and Newport Beach, in central Orange County, California (Appendix I

Fig.l). The coastal edge of the watershed is divided into 13 sub-drainages, each of

which drains 0.8-8 km2 (Appendix II Table 1). To prevent flooding in the low

elevation sub-drainages, dry and wet weather flow is routed to underground tanks,

called forebays, where runoff accumulates until it exceeds some predetermined

level. From there, the runoff is pumped into a channel network where it flows to

the ocean under tidal control6. The channels discharge at the shoreline, and hence

pollutants in the runoff can have a large and negative impact on the surfzone

water quality8. To reduce the downstream impact of runoff from the Talbert

watershed, beginning in 1999 the City of Huntington Beach and the County of

Orange began diverting dry weather runoff to the sanitary sewer system for

treatment and offshore disposal. The diversions took two forms: (1) transfer to

the sanitary sewer system of runoff accumulating in the forebays (forebay

diversions), and (2) transfer to the sanitary sewer system of runoff accumulating

upstream of temporary dams in the Talbert and Greeenville-Banning Channels

(channel diversions). To prevent failure of the sewage treatment plant, all

diversions are terminated during storm periods, which for this region typically

occur in the November to March time frame9.



METHODS AND MATERIALS

A series of field studies were carried out to define the dry weather sources of

fecal indicator bacteria in the watershed (Source Study), and characterize spatial

and temporal variability of fecal indicator bacteria shedding during dry and wet

weather (Spatial Studies and Temporal Study, respectively). The timing of these

different investigations is in Appendix I Fig. 2, where the source investigation is

denoted as Study S, the spatial investigations are denoted as Studies A, B, D and E

and the temporal investigation is denoted as Study C.

Of the 3629 samples collected for this set of studies, over 88% (3220) were

analyzed for fecal indicator bacteria using defined substrate tests known

commercially as Colilert and Enterolert (IDEXX, Westbrook Maine), all

implemented in a 97 well quantitray format (Method 1). 2.5% (90) of the samples

were analyzed by membrane filtration and multiple tube fermentation (EPA

method 9230 C and 9221 B, E respectively) (Method 2). 8% (283) of the samples

were analyzed by membrane filtration and multiple tube fermentation (EPA

method 9222 B, D and 9230 B respectively) (Method 3). Sediment samples were

analyzed using EPA method 9221 A.3 (Method 4). These different methods

yielded the concentration of total coliform (TC), Escherichia coli (EC), fecal

coliform (FC) and Enterococci bacteria (ENT) in units of most probable number

of bacteria (MPN) per 100 mL of sample (Colilert and Enterolert procedure from

Method 1, EPA method 9221 B, and E from Method 2, EPA method 9230 B from

Method J), colony forming units (CPU) of bacteria per 100 mL of sample (EPA

method 9230 C from Method 2, and EPA method 9222 B, and D from Method 5),

4



and MPN per 100 g of wet sediment (EPA method 9221 A.3 from Method 4).

Samples were also analyzed for turbidity (Study B: HACK 21000N, Loveland,

Colorado; Study D: HF Scientific DRT-15CE, Fort Meyers, Florida), conductivity

(Studies A and B: Thermo Orion 160 Conductivity Meter, Beverly, MA), and

salinity (Study D: Thermo Orion 162A Conductivity Meter, Beverly, MA). All

conductivity measurements were temperature corrected to 25°C and converted to

salinity using equations derived from the 1978 practical salinity scale10.

Although bacterial concentration obtained by these different methods are

comparable11, care was taken to draw conclusions based only on comparisons

between sub-groups of data collected using the same analysis methodology; e.g.,

samples analyzed using Method 1 were not compared against samples analyzed

using Method 2. Comparisons were evaluated using non-parametric statistical

tests. The Kruskal-Wallis12 test was used to assess whether differences between

population medians were significant. Correlation between variables was assessed

using Spearman's rank correlations'2. All statistical tests were implemented with

Statistical Packages for the Social Sciences (Chicago, Illinois).

Source Study (Study S)

The goal of this study was to measure the concentration of fecal indicator

bacteria in specific potential sources of dry-weather runoff. Over the period 12-

28 April 2000, samples of dry weather runoff were collected from 283 sites in the

Talbcrt watershed and surrounding area. Over the same period of time 36

sediment samples were collected from areas that served as known sources of dry

weather runoff. Specific locations where these samples were collected are



indicated as light blues dots on the map in Appendix I Fig. 1. The type of land-

use associated with each sample site was noted at the time of collection. Specific

categories of land-use included: Residential, Industrial, Commercial, Agricultural,

Parks, Channels and Storm Drains, and Other. Water samples from each site were

collected in sterile 100 mL plastic bottles. The samples were labeled and placed in

a cooler on ice and transported (within the 6-hour holding time limit) to Sierra

Analytical Laboratory (Laguna Hills, CA) where they were analyzed using

Method 2 (for surface water) and Method 4 (for sediment). Altogether 319

samples were collected, including 283 and 36 water and sediment samples

respectively.

Spatial Study (Studies A, B, D, and E)

The goal of Studies A, B, and D was to characterize how the concentration of

fecal indicator bacteria in dry weather runoff varied across sub-drainages within

the Talbert watershed, and along a salinity gradient from inland to coastal sites.

These spatial measurements were repeated three times over the course of three

years (from 1999 to 2001), as progressively more dry weather runoff was being

diverted (compare the number of active diversions with the timing of Studies A, B,

and D on the timeline in Appendix I Fig. 2). During Studies A, B, and D, water

samples were collected (1) daily from forebays in the Talbert watershed,

including seven forebays in 1999 (designated B, AT, N, I,Y, A, and F in the map

in Appendix I Fig. 1), eight forebays in 2000 (same as in 1999 with the addition

of HB), and ten forebays in 2001 (same as 2000 with the addition of M and H);

(2) daily from two to three sites in the channels that convey runoff to the coastal



outlet, including two sites in 2000 (the Talbert and Fountain Valley Channel sites

in the map in Appendix I Fig. 1) and three sites in 2001 (same as 2000 with the

addition of the Huntington Beach Channel); (3) hourly from the coastal outlet of

the Talbert watershed (designated CO in Appendix I Fig. 1). Sampling at the

coastal outlet was conducted hourly (instead of daily as was done at the inland

sites), to capture the rapid variation in bacterial concentrations caused by the

tidally driven flow reversals, as described elsewhere 6' i3. The first two spatial

studies (Studies A and B~) were two weeks in duration; the third study (Study D)

was three weeks in duration (See Appendix I Fig. 2).

Water samples from the forebay and channel sites were collected and processed

as follows. Approximately 500 mL of sample was collected in a sterile Nalgene

bottle (Rochester, New York), capped, placed on ice, and transported to a

laboratory within a 6 h holding time for processing (Study A: Truesdail

Laboratories, Inc; Tustin, CA; Study B: Orange County Sanitation District

Laboratory, Fountain Valley, CA.; Study D: UCI Environmental Engineering

Laboratory). Either 10 or 1 mL of each sample (depending on expected

concentration) was analyzed using Method 1. Samples processed by Orange

County Sanitation District and UC Irvine were also analyzed for salinity and

turbidity as described earlier.

Water from the coastal outlet (CO in Appendix I Fig. 1) was collected and

analyzed as follows. Samples were collected using programmable sampling units

(3700 and 6700 programmable samplers, ISCO, Lincoln, Nebraska) installed on

an overhead bridge. The sampler was connected to 6.5 mm vinyl tubing that



terminated in a strainer located at a fixed position in the water column. The

number and locations of the strainers employed varied by study. Study A: Four

different positions in the water column, two at fixed distances relative to the water

surface (8 cm and 40 cm below the water surface), and two at fixed distances

above the bed (50 cm and 90 cm). Study B: Two different positions in the water

column, 8 cm below the water surface and 50 cm above the bed, little variation

between the different positions was observed (for Spearman's correlation

coefficients of measured water quality parameters between the various positions

in the water column for Study A and B see Appendix II Table 2.a and b

respectively), hence the reduction in the number of sampling positions. Study D:

One position in the water column, 50 cm above the bed. Each sample (total

volume 1L) was a composite of four 250 mL sub-samples collected every 15

minutes. Altogether, 2785 samples were collected and analyzed for the spatial

studies, including 50 (Study A), 125 (Study B), and 440 (Study D) from the

forebays; 0 (Study A), 30 (Study B) and 130 (Study D) from the channel sites; and

805 (Study A), 695 (Study B), and 510 (Study D) from the coastal outlet.

The goal of Study E was to monitor the effectiveness of in-channel diversion

structures, which consisted of temporary dams and conveyance infrastructure

designed to capture and divert runoff flowing down the channel. Two in-channel

diversion structures were installed in May 2002, one in the Talbert Channel

(replacing a previous temporary diversion structure, in operation since June 2000)

and another in the Greenville-Banning Channel. Because these diversion

structures were located within the tidal prism, it was possible to sample water



both inland and coastward of the dams (See Appendix I Figs. 1 and 2 for channel

diversion locations and study timing, respectively). Water samples were collected

3 times per month approximately 65 meters inland and coastward of the Talbert

and Greenville Banning dams for five (Talbert) to nine (Greenville-Banning)

months. The samples were analyzed for fecal indicator bacteria using Method 3.

Altogether 90 samples were collected during Study E, including 34 in the Talbert

Channel and 56 in the Greenville-Banning Channel.

Temporal Study (Study C)

The goal of Study C was to assess the long-term (6-month) variability of fecal

indicator bacteria concentrations in wet and dry weather runoff shed from three

sub-drainages within the Talbert watershed. Water samples were collected

approximately five days per week for six months (from 1 January 2001 to 12 June

2001, see timeline in Appendix I Fig. 2) from the Yorktown and Flounder

forebays (designated F and Y in Appendix 1 Fig. 1), and one channel site in the

Fountain Valley Channel (designated FV in Appendix I Fig. 1). Water was

collected from the forebay by lowering sample bags (Isco ProPak) into the

forebays, and collecting 1 L from the surface of the water column.

Approximately 1L of water was collected from the Fountain Valley Channel site

by placing the sample bag directly into the channel (which was rarely >15 cm

deep). Once the samples were collected, they were immediately capped, placed

on ice, and transported back to the laboratory at UC1 where they were analyzed

for fecal indicator bacteria using Method 1, and salinity and turbidity as described

earlier.



In addition to the daily sampling just described, depth profiles were also

conducted once per week for 3 months (from 3/6/01 to 6/12/01) at the Yorktown

forebay. Water samples were collected at fixed depth intervals throughout the

water column using a profiling apparatus that consisted of ten Norprene 3mm

(outside diameter) tubes strapped to the outside of a 5 cm (outside diameter) Poly-

vinyl Chloride (PVC) pipe. The Norprene tubes were arranged so that they

terminated at different positions on the PVC pipe. At the time of sample

collection, the PVC pipe was lowered into the forebay in a vertical orientation,

and the Norprene tubes were connected to a multi-head Cole Farmer L/S pump

(Vernon Hills, Illinois). To minimize mixing of the forebay water during sample

collection, the pump was set to slowly (~ lOmL/min) draw water up from various

depths in the forebay. Water (1 L total volume) from each depth.was deposited in

sterile bottles (or sample bags) on the deck of the forebay. After collection,

samples were immediately placed on ice and returned within a holding time of 6

hrs to the UCI Environmental Engineering laboratory for fecal indicator bacteria

analysis using Method 1, and turbidity and salinity as described above. In

addition to the weekly sampling at discrete depths, depth profiles of salinity, pH,

temperature, and dissolved oxygen were measured on a daily basis for the entire

six month study using a YSI 600XL Multi-Parameter Sonde (Yellowsprings,

Ohio) connected to an Isco 4250 data logger (Lincoln, Nebraska). Altogether,

435 samples were collected and analyzed for the temporal study, including 110

from the Flounder forebay, 215 from the Yorktown forebay, and 110 from the

Fountain Valley Channel.
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The instantaneous load (in units of most probable number per time) of fecal

indicator bacteria passing through the Fountain Valley Channel site and the

Yorktown and Flounder forebays was calculated as follows:

Ji(f) ~ (QB(f) + Q$(t))C(t) where C(t) represents the daily measured

concentration of fecal indicator bacteria (either TC, EC, or ENT), and QB(t) and

Qs(t) represent the instantaneous volumetric flow rate (units volume per time) of

dry weather and storm runoff, respectively. The Yorktown and Flounder forebays

and Fountain Valley Channel receive dry-weather and storm runoff from defined

sub-drainage areas (see the sub-drainage boundaries drawn around the symbols Y,

F, and FV in the map, Appendix I Fig. 1). Dry weather flows from the two

forebays and one channel site were diverted to the sanitary sewer system, and

hence the daily dry weather flow rate QB(t) could be estimated directly from City

and County diversion records. When diversions were not operating (e.g. during

storms), water from the forebays was discharged directly to the channels in the

Talbert watershed (Fountain Valley, Talbert and Huntington Beach Channels, see

Appendix I Fig. 1). The rational method was used to estimate the magnitude of

volumetric flow rate during storms14: Qs(t) = KR(t}As whereK is the

dimensionless runoff coefficient (assumed to be K = 0.75, which is typical for

highly urbanized drainage areas14), R(t) is measured rainfall intensity (units of

mm/h), and A^ is the total sub-drainage area (See Appendix II Table 1). The

rational method can be used to calculate storm runoff because, at our study site,

the sub-drainages are relatively small (see Table 1 for drainage areas). Rainfall

intensity time series measured at the nearby NOAA station (located at the John

11



Wayne Airport) was substituted for R(t). The rainfall data are available from

NOAA's National Climatic Data Center (Asheville, NC)15.
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RESULTS

Source Study (Study S)

The results of Study S arc summarized in Appendix II Table 3. The

concentration of fecal indicator bacteria in dry-weather urban runoff are very high

(geometric means of 15,000, 1,000, and 1,800 CFU/100 mL for TC, FC, and

ENT7 respectively). By way of comparison, the 30-day geometric mean standards

for coastal beaches in California are 1,000, 200, and 35 CFU/100 mL. When

sorted by land-use, the median concentration of all three fecal indicator bacterial

groups is highest in runoff from residential sites ( p < 0.05, Kruskal-Wallis). The

median concentrations of one or more groups of fecal indicator bacteria are

significantly lower in runoff from parks, channels and storm drains, and the other

category (p< 0.05, Kruskal-Wallis). The fecal indicator bacteria concentrations

in the sediment samples are also very high (geometric means of 63,000, 3,000,

and 3,000, MPN/100 g for TC, FC, and ENT respectively). However, no single

category of land-use stands out as having significantly higher or lower sediment

concentrations of fecal indicator bacteria (p> 0.05, Kruskal-Wallis).

Spatial Study (Studies A, B, D, and E)

Forebays in the Talbert watershed receive dry weather runoff from a well-

defined area, as indicated by the sub-drainage boundaries drawn on the map in

Appendix I Fig. 1. Residential areas dominate the land-use in all of the sub-

drainages of the Talbert watershed (Appendix II Table 1). Water samples

collected from the forebays during dry weather periods harbor very high

concentrations of fecal indicator bacteria, although no single forebay (or set of

13



forebays) is consistently higher than the rest (Appendix II Table 4). For example,

the median concentration of TC was highest in the Atlanta forebay during Study A

(in 1999), in the Adams forebay during Study B (in 2000), and in the Meridith

forebay during Study D (in 2001). Moreover, the different fecal indicator bacteria

in groups are highest in different forebays. During Study A, for example, TC and

EC were highest in the Atlanta forebay, while ENT was highest in the Banning

forebay. These two observations —that the concentrations of fecal indicator

bacteria in dry weather runoff are high in all forebays and there is no single

forebay where the concentrations are always highest—are consistent with the

relative predominance of residential land-use in the Talbert watershed sub-

drainages (Appendix II Table 1), and the high concentration of fecal indicator

bacteria detected in residential runoff during the Study S (Appendix II Table 3).

During dry weather, the concentrations of fecal indicator bacteria in surface

water vary systematically across an inland-to-coastal salinity gradient. The

concentrations are highest in forebays and channel sites that harbor low-salinity

urban runoff, intermediate at forebay and channel sites that harbor a variable

mixture of runoff and ocean water, and lowest at the coastal outlet (Appendix I

Fig, 3). The inland-to-coastal fecal indicator bacteria gradient increased from

1999 to 2001 as progressively more dry weather runoff from the Talbert

watershed was diverted to the sanitary sewer system (see Appendix II Table 5),

Referring to Table 5, over the three year study period the concentrations of fecal

indicator bacteria in the forebays increased nearly an order of magnitude, while

concentrations of fecal indicator bacteria at the outlet remained constant or
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declined slightly. When all forebay, channel, and outlet data collected during

Studies A, B, and D are included, the Spearman's correlation coefficients

calculated between salinity and fecal indicator bacteria are -0.65 (TC), -0.50

(EC), and -0.49 (ENT) (all significant at p < 0.01). For the entire data set, there

is also a weak to moderate positive correlation between turbidity and fecal

indicator bacteria: 0.58 (TC), 0.45 (EC), and 0.38 (ENT) (all significant at

p < 0.01). The correlation between fecal indicator bacteria and turbidity is much

weaker if only measurements on forebay samples are considered: -0.08 (TC), 0.2

(EC), and 0.32 (ENT) (EC and ENT significant at p < 0.01) (See Appendix II

Table 6). The relatively weak correlation between fecal indicator bacteria and

turbidity in the dry weather runoff is apparent in Appendix I Fig. 3, where the

turbidity of each sample is denoted by color ranging from blue (low turbidity) to

red (high turbidity)

To assess the efficacy of the two in-channel diversions, in Study E water

samples were collected upstream and downstream of the temporary diversion

dams. At both channel sites, the concentrations of fecal indicator bacteria were

generally higher in the upstream sample, and lower in the downstream sample,

with the exception of ENT at the Greenville-Banning site (Appendix I Fig. 4).

However the upstream/downstream difference was only significant with respect to

TC and FC at the Talbert Channel, and only TC at the Greenville-Banning

Channel (significant at p < 0.05, Kruskal-Wallis, see Appendix II Table 7).

Temporal Study (Study C)



Based on the depth profiling studies, runoff in the forebays is generally well-

mixed (especially notable in the later part of the study) over the vertical relative to

fecal indicator bacteria, salinity, dissolved oxygen, pH, and temperature. Physical

parameters ranged from 0 to 6 ppt (salinity), 0 to 8 mg/L (dissolved oxygen), 6.8

to 8.4 (pH), and 16 to 22 °C (temperature). Over the course of the depth profiling

study (6 March through 12 June, 2001), temperature increased, dissolved oxygen

decreased, and salinity and pH showed no clear trend (Appendix I, Fig. 5).

Appendix I Fig. 6 illustrates the effect of rainfall on turbidity, salinity, and

the concentration of fecal indicator bacteria during the six-month study at two

forebays (Flounder and Yorktown) and in the Fountain Valley Channel. Data in

this plot are arranged into three categories based on rain gauge records: (1) base

flow when no rainfall was reported, (2) trace rain when rainfall was detected at

intensities too small to quantify (i.e., >0 but <0.25 mm/day), and (3) rain when

measurable amounts of rainfall were recorded. Samples collected during base

flow conditions were highly variable with respect to turbidity (1-100 NTU), TC

(103 to 106 MPN/100 rnL), EC (10! to 105 MPN/100 mL), and ENT (101 to 105

MPN/100 mL) (Appendix I Fig. 6). Samples collected during trace rainfall

appear to be less variable, perhaps because fewer samples are represented. The

median values of turbidity, salinity, TC, EC, and ENT were not significantly

different ( p > 0.05, Kruskal-Wallis, see Appendix II Table 8) in samples collected

during base flow conditions, on the one hand, and in samples collected during

trace rainfall conditions, on the other hand. Samples collected during rainfall have

significantly higher median fecal indicator bacteria concentrations, turbidity, and
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lower salinity, compared to samples collected during trace rainfall and dry-

weather periods ( p < 0.01, Kruskal-Wallis, see Appendix II Table 8). Including

all samples collected during periods of measurable rainfall, rainfall intensity is

negatively correlated with salinity (-0.62), and positively correlated with turbidity

(0.63), TC (0.42), EC (0.67), and ENT (0.66); all of these correlation coefficients

are significant (p< 0.01 Kruskal-Wallis, see Appendix II Table 9).

Appendix I Fig. 7 presents time series plots of the fecal indicator bacteria load

entering the Yorktown forebay (first column of panels), Flounder forebay (second

column), and the Fountain Valley Channel (third column); the light shading in

these plots corresponds to the portion of load diverted to the sanitary sewer

system. Also shown are measured and trace rainfall events (bars and asterisks,

respectively, top panel in each column). The loading rate at these sites are highly

variable, ranging over five (TC) and six (EC and ENT) orders of magnitude.

Most of the loading spikes coincide with rain events that occurred during the

rainy season (January to March). The loading rates do not appear to respond to

trace rainfall events, despite the fact that the concentrations of fecal indicator

bacteria frequently increase during trace rainfall (data not shown). The rate at

which fecal indicator bacteria load was diverted to the sanitary sewer system from

the Yorktown and Flounder forebays (light shading in the load plots) exhibits

considerable day-to-day variability, but no month-to-month trends are evident.

The dry weather fecal indicator bacteria load flowing past the Fountain Valley

Channel site, which was only diverted for a few weeks near the end of Study C,

17



increased steadily over the last three months of the study (e.g., see the TC loading-

rates in the third column of Appendix I Fig. 7).

The cumulative load of fecal indicator bacteria diverted to the sanitary sewer

system from the Yorktown and Flounder forebays is a small fraction of the total

load shed from these two sub-drainages over the course of a year. This result is

illustrated in Appendix I Fig. 8, where the fecal indicator bacteria load diverted

from the Yorktown and Flounder forebays is plotted as a percentage of the total

load shed over the course of the six-month study. The diverted load ranges from

approximately 0.1% for ENT to near 1% for EC. Over the course of this six

month study, >99% of the fecal indicator bacteria load shed from the Yorktown

and Flounder sub-drainages made its way to the ocean.

Previous studies16 have noted that pollutant loading A in storm runoff

sometimes scales as a power-law of the volumetric flow rate Q\

A.
(1)

In eq. 1, the load and volumetric flow rates have been normalized by the area A

of the sub-drainage. The magnitude of the exponent n indicates how the

concentration of fecal indicator bacteria changes with increasing flow;

specifically, n = 1 if the concentration is constant, n < 1 if the concentration

decreases with increasing flow, and n>l if the concentration increases with

increasing flow. The pre-factor a depends on the base flow rate ( Qg) and the

concentration of fecal indicator bacteria (CB) in base flow: a = CB l(QB /At) .

Eq. 1 predicts that a log-log plot of £IA,. versus Q/AS will yield a straight line
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with slopes and intercept a. As illustrated in Appendix I Fig. 9, fecal indicator

bacteria loading from the Fountain Valley, Yorktown, and Flounder sub-drainages

conform reasonably well to eq. 1. Spearman's correlation coefficients computed

between Log(MIAf) and Log(QlAs) are 0.93 (TC), 0.66 (EC), and 0.72 (ENT) (all

significant at p < 0.01). The slopes of the lines in Appendix I Fig. 9 range

between 1 and 1.5 (seen values listed in figure). The magnitude of these

empirical exponents ( n a 1) are consistent with our earlier observation that the

concentration of fecal indicator bacteria appears to increase with increasing

rainfall intensity (see Appendix I Fig. 6).
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DISCUSSION

Diversion Efficacy. Urban runoff is increasingly recognized as a significant

cause of coastal water quality impairment13'17"20. One approach for addressing this

problem is to capture and treat urban runoff before it reaches the ocean. This

strategy was adopted in the Talbert watershed after the summer of 1999 when a

significant stretch, at one point encompassing 5 km of Huntington State Beach,

was closed to the public due to elevated concentrations of fecal indicator bacteria

in the surf zone. Based on the data presented above, the efficacy of this diversion

program is mixed. On the one hand, the diversions are effective at reducing the

flow of fecal indicator bacteria, and presumably other contaminants associated

with urban runoff, into the ocean during dry weather periods. The evidence

includes: (1) The concentration of fecal indicator bacteria is extraordinarily high

in sources of urban runoff, particularly residential runoff, and at collection points

for urban runoff (i.e., forebays) (Studies A, S, B, C, and D). (2) Fecal indicator

bacteria concentrations increased in runoff from 1999 to 2001 as progressively

more dry-weather runoff in the Talbert watershed was diverted, while fecal

indicator bacteria concentrations at the coastal outlet did not change significantly

(Studies A, B, and -D). (3) The concentration of TC, and to a lesser extent EC and

ENT, was generally higher upstream, and lower downstream, of diversion darns in

the Talbert and Greenville Banning channels (Study E). On the other hand, when

the entire six-month study is considered, the vast majority (>99%) of fecal

indicator bacteria from the Flounder and Yorktown sub-drainages was shed

during rainstorms when diversions were not operating (Study C). Hence, while
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diversions appear to reduce the flow of fecal indicator bacteria to the ocean during

dry weather periods when the vast majority of the people are at the beach, they

capture a remarkably small percentage (<1%) of the fecal indicator bacteria shed

on a year round basis.

The human health implication of this result is difficult to ascertain without

further investigation. Beach usage is generally light during storms, when the

loading of fecal indicator bacteria is highest. Hence, one might conclude that the

intense loading of fecal indicator bacteria during storms poses little health threat.

On the other hand, the delivery of contaminated sediments and particles to the

nearshore during storms could lead to chronic contamination of beach areas

located near runoff outlets21"25. Indeed it is interesting to note that elevated

concentrations of fecal indicator bacteria in the surfzone at Huntington State

Beach began in the summer of 19985, following an unusually wet El Nino winter

in southern California. The delivery of contaminated sediment to the coastal zone

during storms may also disrupt fragile nearshore ecosystems by contributing

excess toxicity18'26.

The increase in the inland-to-coastal fecal indicator bacteria gradient during

Studies A, B, and D merits discussion. Over the course of these three studies, the

concentration of fecal indicator bacteria in the forebays steadily increased, while

the concentrations in the channels and outlets remained constant, or decreased

slightly (sec Appendix II Table 5 for significance values). Environmental

conditions that may have triggered the increasing concentration of fecal indicator

bacteria in the forebays include ambient air temperature and/or the total rainfall
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that preceded the dry weather studies. In particular, air temperature increased in

the order: Study A (14 °C), Study B (18 l)C) and Study D ( 22 °C). The total rain

that fell in the 6 months prior to each study increased in the order: Study A (23

mm), Study B (154 mm), and Study D (277 mm) (see Appendix I Fig. 2 for air

temperature and rainfall time series plots). Both of these factors could have

affected the re-growth of fecal indicator bacteria by, for example, redistributing

nutrients throughout the watershed and providing environmental conditions more

favorable for bacterial replication27'28. Regardless of what caused the dry weather

concentration of fecal indicator bacteria in the forebays to increase over the three-

year study period, it is noteworthy that a similar increase was not observed

downstream at the coastal outlet. One interpretation is that the dry weather

diversions prevented a worsening of water quality at the outlet, by capturing and

treating the runoff before it could make its way to the coast. Alternatively, during

dry weather, water quality at the watershed outlet may be dominated by other

(non-runoff) sources of fecal indicator bacteria, such as regrowth in sediments

and/or bird droppings deposited in the channel network and Talbert marsh13'28.

Origins of Storm Loading. Why does so much of the fecal indicator bacteria

loading occur during storm events? Loading increases nonlinearly with rainfall

intensity because both the volumetric flow rate and concentration of fecal

indicator bacteria increase during storms. Storms can increase the flow of runoff

form the Yorktown and Flounder sub-drainages nearly 10,000 fold, from

approximately 50 m31 day I km2 during dry weather (see Appendix II Table 1) to

peak values of nearly 500,000m31 day I km2. As mentioned earlier, the
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concentration of fecal indicator bacteria in runoff from the Yorktown and

Flounder sub-drainages remains constant, or increases, with increasing rainfall

intensity (Appendix I Fig. 6). The fact that the concentration of fecal indicator

bacteria increases, or holds steady, during heavy storms is at odds with the

traditional build-up/wash-off paradigm which predicts that pollutant concentration

in runoff should scale with the time between storms29, not rainfall intensity.

Indeed, a large fecal indicator bacteria loading event occurred late in the storm

season, and was proceeded by a short (5 day) antecedent dry period (March 6,

2001, Appendix I Fig. 7).

Because the build-up/wash-off paradigm is widely employed in surface water

quality models30'31, it is important to explore what other process may be at work in

our system. One promising paradigm envisions that most of the pollution shed

during storms originates from the erosion of contaminant-laden particles (from

pavement erosion, automobile grease and dirt, atmospheric particle deposition,

yard and soil erosion etc.) previously deposited on the urban landscape and in the

storm sewer system. The accumulation of contaminated particulates in sewer

collection systems has been implicated as a source of downstream pollution

during storm events. For example, a significant fraction of suspended solids.

volatile suspended solids, and BOD5 in storm runoff from catchments in Paris,

France, appear to originate from the erosion of in-sewcr sediments32'33. Further,

fecal indicator bacteria accumulate, die-off and perhaps grow, in storm sewer

sediments34. Relative to our study, evidence that fecal indicator bacteria in storm

runoff originate from the erosion of contaminated sediment includes the positive
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correlations between turbidity, fecal indicator bacteria, and rainfall observed

during the six month study (Study C), and the relatively high concentrations of

fecal indicator bacteria measured in sediments collected from drainage channels

in the Talbert watershed (Study 5, Appendix II Table 3). In addition, the scaling

of fecal indicator bacteria loading with volumetric flow rate (eq. 1) is consistent

with an erosion source for these pollutants, as described in the next section.

Relative to measurements conducted in forebay samples during Studies A, B, C

and D, it is interesting to note that while there is a strong correlation between

fecal indicator bacteria concentration and turbidity during storms (Spearman's

correlation coefficients of 0.63 to 0.67), the correlation is much weaker during dry

weather periods (Spearman's correlation coefficients of -0.08 to 0.32). This

observation, together with the fact that the concentrations of fecal indicator

bacteria in dry weather runoff are frequently very high when there should be little

or no erosion of sediments (see Appendix I Fig. 3), suggest that different

processes may drive fecal indicator bacteria concentrations during dry and wet

weather. If erosion of sediments is driving the loading of fecal indicator bacteria

from urban watersheds, then regular removal of contaminated sediments

accumulating in the storm sewer system might be an appropriate management

strategy. The creation of distributed wetland treatment systems, in which

contaminants in urban runoff are removed near their source, might also prove

useful for reducing downstream impacts.

Model of Pollutant Loading from Sediment Erosion. Modified versions of eq. 1

have been employed to characterize the relationship between pollutant loading

24



(usually conservative pollutants, e.g. heavy metals) and volumetric flow rate in

previous studies16. However, to our knowledge, no published studies have

justified the power-law scaling of pollutant load with volumetric flow rate on

theoretical grounds. Here we show that this scaling law can be justified

theoretically for the case where pollutant load originates from the erosion of

contaminated sediments. For this analysis we assume that the contaminated

sediments are never entirely eroded, and we adopt a rearranged version of the

classic equation by Graff35 to express the instantaneous loading of sediments (and

hence pollutants) in terms of the wetted perimeter P and hydraulic radius Rk of the

water conveyance system (i.e., street, pipe, channel, etc):

(2)

A! = 10.39
P p

(2a)

The parameters in eq. 2a represent the density of sediment (pt) and water (p),

gravitational acceleration (g) , diameter of the particles (d) , and channel bed

slope (S1). For the purposes of this analysis it is assumed that A, is constant. The

wetted perimeter and hydraulic radius can be expressed as a function of the

volumetric flow rate Q using a rearranged form of the classic Chezy equation for

flow in an open channel, where C represents the Chezy Coeffiecient '4:

(3)

Because P and Rh have different exponents in eqs. 2 and 3, these two equations

cannot be combined to yield a unique relationship between pollutant loading and

volumetric flow rate. To fully specify the relationship between ^ and Q,
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additional information on the cross-sectional geometry of the conveyance system

is needed. However, to keep this analysis as general as possible, we assume no

specific conveyance geometry, and only require that £, P, and Rk can be

represented as power-laws of Q:

Ji = A2Q" (4a)

P = A3Q!> (4b)

Rh = A4Qr (4c)

where A3, A3, and A4 are fixed multiplicative constants. Substituting 4a,b ,c into

eqs. 2 and 3 yields the following constraints on the exponents n, p, and r:

n = p + 2.52r (5 a)

p + l.5r = l (5b)

Excluding the possibility that wetted perimeter and hydraulic radius decrease with

increasing flow rate (i.e., / j > 0 a n d r>0) , eqs. 5a and b yield the following

bounds on the power-law exponent n:

1<«<1.68 (6)

The two bounds correspond to limiting cases for the geometry of the conveyance

system. Specifically, the lower bound (n = 1) applies to the case where the

hydraulic radius is relatively insensitive to changes in flow rate (i.e., r = 0); the

upper bound (n = 1.68) applies to the case where the wetted perimeter is

relatively insensitive to changes in flow rate (i.e.,/? ^0). If the conveyance

system is an open channel, these two limits correspond to an extremely narrow

channel (n = 1) and an extremely wide channel ( n = \, respectively (for a

complete derivation sec Appendix 111).
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Based on the analysis above, a power-law relationship between pollutant

loading and flow rate is expected in the case where pollutants associated with bed

sediments are mobilized during storms by bed shear. Further, the magnitude of

the exponent n may contain information about the origin of the pollutant within

the watershed or sub-drainage. In the case where the pollutants originate from the

erosion of sediments in piping and channels associated with the storm sewer

system, the hydraulic radius may be relatively insensitive to flow rate, and hence

the power-law exponent might be closer to the lower bound (n = 1). In the case

where the pollutants originate as overland sheet flow (e.g., street and pavement

runoff), one might expect that the wetted perimeter will be invariant, or nearly so,

with flow rate, and hence the power-law exponent should be closer to the upper

bound (n = 1.68).

In the case of fecal indicator bacteria released from sub-drainages in the Talbert

watershed, the observed range of values for the power-law exponent (n = l to 1.5)

are within the range predicted by our simple erosion model (;t = l to 1.68).

Intriguingly, the exponents for TC and EC (n = l to 1.2) are closer to the lower

bound, while the exponent for ENT (n = 1.5) is closer to the upper bound. One

interpretation is that the coliform group of organisms (TC and EC) originate from

the erosion of sediments in the piping and channels of the storm, sewer system,

while ENT originates from the erosion of sediments on the surface of urban

landscapes (e.g., streets, residential yards, etc). Further research is needed to

clarify the relationship between the watershed-scale response of fecal indicator

bacteria to storms, as manifest by the power-law relationship between pollutant
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loading and flow, and the local-scale processes responsible for mobilizing

contaminants during periods of intense rain.
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Table 1. Sub-drainages in the Talbert watershed study area.

Sub-drainage
Banning
Atlanta
Newland

Indianapolis
Yorktown
IMerideth
Adams

Huntington Beach
Flounder
Hamilton

Huntington Drainage
Talbert

Fountain Valley

Dominant
Land Use

Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential
Residential

% of
Total

83
72
48
84
75
67
75
48
79
77
68

81
51

Sub-Drainage

Area (km2)
1.8
2.4
2.9
1.5
1.1
1.4
2.1
0.8
1.6
2

5.1

5.8
8.2

Baseflow

CmVday)
610
1490
700
210
40
100
180
320
60

640
ND*
300
500

*No Data Available

»
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Table 2.A. Spearman's correlation coefficients and significance values
for the listed water quality parmeters between different

positions in the water column (Study A ).

TC

EC

ENT

Salinity

Turbidity

1999 Surface
Surface
Below Surface
Above Bottom
Bottom
Surface
Below Surface
Above Bottom
Bottom
Surface
Below Surface
Above Bottom
Bottom
Surface
Below Surface
Above Bottom
Bottom
Surface
Below Surface
Above Bottom

Bottom

1

0.75a

0.55a

0.75a

1

0.39a

0.39a

0.43a

1

0.54a

0.53

0.56a

1

0.92a

0.78a

0.93a

1

0.79a

0.69a

0.73a

Below Surface

1

0.52a

0.77a

1

0.41a

0.52a

1

0.57a

0.62a

1

0.86a

0.91a

1

0.43a

0.74a

Above Bottom

1

0.63a

1

0.46a

1

0.66a

1

0.85a

1

0.55a

Table 2.B. (Study B ).

TC

EC

ENT

Salinity

Turbidity

2000
Bottom

Bottom
Bottom
Bottom
Bottom

Surface
0.83a

0.69a

0.70a

0.87a

0.82a

correlation significant (p<0.01)
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Table 4. Concentrations of fecal indicator bacteria measured in dry
weather runoff collected from forebays in the Talbert watershed.

Forebays
Study A^ ('99)

Banning

Atlanta

Newland
Indianapolis

Yorktown

Merideth

Adams

Huntington Beach

Flounder
Hamilton

Banning

Atlanta

Newland
Indianapolis

Yorktown
Merideth

Adams

Huntington Beach

Flounder

Hamilton

Banning

Atlanta

Newland

Indianapolis

Yorktown
Merideth
Adams

Huntington Beach

Flounder

Hamilton

10 (23,124)

173 (114,143)b

46 (42,81)

20 (20,13)

112 (65,118)

24 (28,90)

3 (4,l)c

0.32 (0.32,0.41)

1.1 (0.98,0.73)b

0.1 (0,11,0.06)
0.63 (0.93,11)

0.3 (0.13,0.41)

0.52 (0.36,0.51)

0.01 (0,01,0)°

TC (MPN/100 ml_)a

Study B ('00)

18 (16,12)°

37 (41,67)

98 (60,155)
61 (46,61)

65 (63,112)

130 (106,130)b

52 (53,37)

52 (92,214)

EC (MPN/100 mL)a

0.34 (0.32,0.41)°

0.41 (0.33,0.39)°

1.5 (0.85,2.5)
0.58 (0.38,0.89)

0.93 (0.78,1.2)

2.6 (3.0,2.7)b

1.5 (1.9,2.4)"

8.0 (6.1,96)b

Study D ('01)

11 (13,ll)c

45 (52,61)c

3 (4,5)°

179 (118,188)

317 (431,574)b

532 (494,1859)b

202 (205,294)b

242 (187,182)b

84 (106,195)
73 (70,213)

0.1 (0.15,0.2)°

0.92 (0.82,1.2)°

6.7 (6.6,9.3)b

1 (2.2,4.0)

4.3 (5.6,7.4)b

1.1 (1.3,1.6)

2.5 (3.6,17.4)b

3.1 (3.0,5.8)b

1.8 (2.4,9.0)

0.45 (0.78,3.0)°

ENT(MPN/100 mL)a

0.63 (0.37,0.33)b

0.48 (0.48,1. 0)b

0.11 (0.12,0.13)

0.12 (0.09,0.06)

0.17 (0.15,0.12)

0.21 (0.26,0.2)

0.03 (0.03,0.02)c

0.66 (0.74,0.57)

1.8 (1.8,1.3)

1 (1,2.2)

0.1 (0.07,0.25)°

2.5 (2.6,23)

2.1 (1.9,2.4)

4.1 (3.8,5.6)b

5.9 (1.9,24)

0.34(0.44,0.28)°

0.92 (1.1,1.1)

6.7 (6.6,9.3)b

1.9 (2.5,3.3)b

4.5 (3.7,7.8)b

1.1 (1.3,1.4)
1.7 (1.5,3.1)

1.8 (2.2,4.3)b

0.64 (0.83,1.9)°

0.09 (0.11,0.27)°
a Median (Geometric Mean, Inner Quartile Region) all values xlOOO
b Significantly greater than all other forebays in a given year (p<0.05 Kruskal-Wailis)
c Significantly less than all other forebays in a given year (p<0.05 Kruskal-Wallls)
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Table 5. Concentration of fecal indicator bacteria measured on an
inland-to-coastal salinity gradient

Study A ('99)
TC (MPN/100 ml)

Study B ('00) Study D ('01}

Forebays

Tidal Channels

Coastal Outlet

24.2 (28.2,146)° 51.7 (52.7,107.2)° 104.6 (85.7,213.4)

*ND 36.5 (47,109) 38.6 (19.5,240.5)

0.1 (Q.1,Q.1)C 0.2 (0.2,0.3)c 0.3 (Q.2,0.5)

Forebays

Tidal Channels

Coastal Outlet

EC (MPN/100 mL)

0.3 (0.2,0.6)° 1 (l,2.7)c

*ND 0.6 (0.8,3)b

0.02 (0.02,0.03)° 0.05 (0.05,0.1)b

1.5 (1.7,5.3)

0.3 (0.3,1.9)

0.03 (0.03,0.05)

Forebays

Tidal Channels

Coastal Outlet

0.2 (0.2,0.3)

*ND

ENT (MPN/100 mL)

1.2 (1.3,4.8)

1.6 (1.2,2.5)b

0.03 (0.03,0.04)° 0.04 (0.04,0.08)b

1.3 (1.3,3.7)

0.2 (0.2,1.2)

0.01 (0.02,0.02)
a Median (Geometric Mean, Inner Quartile Region) all values xlOOO
b Significantly greater than the subsequent year (p<0.05 Kruskal-Wallis)
c Significantly less than the subsequent year (p<0.05 Kruskal-Wallis)
*No Data
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Table 7. Median fecal indicator bacteria concentrations in samples
collected upstream and downstream of the channel diversion
structures (Study E ).

TC (MPN/ 100 mL)
FC (MPN/ 100 mL)
ENT (CFU/100 mL)

Talbert Channel3
Upstream Downstream

1300b 80
170b 23
160 30

Greenville-Banning Channel3
Upstream Downstream

1200C

130
95

400

45
75

•

*•

= Median Concentration ^uskal-Wallis Significance Value

b-Significantly Different from Downstream (p<0.01)
c=Significantly Different from Downstream (p<0.05)

•
*
•
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Table 8. Concentration of fecal indicator bacteria measured in runoff
during periods of trace rain and rain events (Study C ).

Yorktown
Base Flow Trace Rain

TC (MPN/100 ml)

EC (MPN/100 mL)

ENT (MPN/100 mL)

Salinity (ppt)
Turbidity (NTU)

48840

740

855

2.3
22.4

46180

310

512

2.3
22.8

Base Flow +
Trace Rain

48840

735

803.5

2.3
22.4

Rain

125148b

7890b

8164b

0.7b

23.2

Flounder3

TC (MPN/100 mL)

EC (MPN/100 mL)

ENT (MPN/100 mL)

Salinity (ppt)

Turbidity (NTU)

27550

305

211

1.7

7.4

32820

336

471

1.7

7.2

28320

310

290

1.7

7.4

81640b

3980b

4352b

0.4b

18.4b

Fountain Valley Channel9
TC (MPN/100 mL)

EC (MPN/100 mL)

ENT (MPN/100 mL)

Salinity (ppt)

Turbidity (NTU)

43520

310

228

1

4.4

37215

410

249

1

6

43520

310

233

1

4.5

70685

3100°

1935C

o.ib
45b

ALL Stations3

TC (MPN/100 mL)

EC (MPN/100 mL)

ENT (MPN/100 mL)

Salinity (ppt)
Turbidity (NTU)

41060

406.5

300

1.7

7.9

38730

336

336

1.9

9

40400

403

305

1.7

8.2

92080b

3230b

3873b

0.6b

21. lb
Kruskal-Wallis Significance Value

a=Mediari
b=Significant (p<0.01)
c-Significant (p<0.05)
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Table 9. Spearman's correlation coefficients between rainfall and
the water quality parameters listed (Study C ).

TC

EC

ENT

Salinity

Turbidity

Yorktown
Rainfall

0.46
0.72a

0.64a

-0.713

0.53b

Flounder
Rainfall

0.39

0.73a

0.78a

-0.66a

0.67a

Fountain V. C.
Rainfall

0.54

0.54b

0.69a

-0.63a

0.78a

All
Rainfall

0.42b

0.67b

0.66b

-0.62b

0.63b

= p<0.05
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APPENDIX III

Derivations
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It has been noted that pollutant loading can scale as a power law demonstrated in
Equation 1 below:

A. A,

JL = Pollutant Loading

Q = Volumetric flowrate

As = Drainage Surface Area

a = Empirical Scaling Constant

The following is a theoretical justification for this relationship based on the idea
that pollutant loading originates from the re-suspension of deposited sediment
during higher flow storm conditions.

Graf et al. (1968) approach: Developed for the prediction of bed material load in
open-channels as well as closed conduits.

p _
CURh

P

IJJA = Shear Intensity

(j)A = Transport Parameter

ps = Sediment Density

p = Fluid Density

g = Acceleration due to Gravity

S = Channel Losses

P = Perimeter

Ac = Cross Sectional Area

(A.
Rh = Hydraulic Radius —-

C = Volumetric Concentration of Transported Particles

U = Horizontal Velocity

d - Diameter of a Particle

The relationship between these two parameters was developed from experimental
and laboratory data.
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Note that:

Ji = Sediment Load
(c
—

\Q

Therefore Equation 2 is derived:

4=10.39

P

P

From open channel-flow text books the well know Chezy Equation can be
derived:

C = Chezy Coefficient

Note:

Therefore Equation 3 is derived:

Q1.5

It is desirable to obtain a relationship between Q and £, however P and Rh have
different exponents in Equation 2a and 3 therefore additional information is
needed, which is obtained by requiring that ^, P, and Rh can be represented as
power-laws of Q:
^ = A2(2" (4a)

(4b)
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&h=^Qr (4c)

Substitute 4a, b, and c into Equation 2 to get Equation 5a:

aside:

ax" - bx" -» (n - p)log(^) = log —
\a)

n = p because x can vary so b = a

= p + 2.52r

Substitute 4a, b, and c into Equation 3 to get Equation 5b:

pRf-Q

r QIP+15

Excluding the possibility that P and Rh decrease with increasing flowrate (i.e.,
p ^ 0 and r > 0) one can see the possibility of two limiting cases:

Case 1:

n = p + 2.52r (5a)

l = p + l.5r (5b)

if r = 0 then :

n- p and/? = l /. n = 1
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£ Case 2:

^ n = p + 2.52r (5a)

~ l = /7 + L5r (5b)

^ if/? =0 then:

n - 2.52r and 1.5r = 1 /. « = 1.68

|0 So it has been shown that according to Grafs re-suspension theory pollutant
|k loading should follow a power law model and the exponent (n) should range

between 1 and 1.68.
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Giardia and Cryptosporidium levels were determined by using a combined immunofluorescence test for source
waters of 66 surface water treatment plants in 14 states and 1 Canadian province. The results showed that cysts
and oocysts were widely dispersed in the aquatic environment. Giardia spp. were detected in 81% of the raw
water samples. Cryptosporidium spp. were found in 87% of the raw water locations. Overall, Giardia or
Cryptosporidium spp. were detected in 97% of the raw water samples. Higher cyst and oocyst densities were
associated with source waters receiving industrial or sewage effluents. Significant correlations were found
between Giardia and Cryptosporidium densities and raw water quality parameters such as turbidity and total
and fecal coliform levels. Statistical modeling suggests that cyst and oocyst densities could be predicted on the
basis of watershed and water quality characteristics. The occurrence of high levels of Giardia cysts in raw water
samples may require water utilities to apply treatment beyond that outlined in the Surface Water Treatment
Rule of the U.S. Environmental Protection Agency.

To address the increasing problem of waterborne out-
breaks of disease, the U.S. Environmental Protection
Agency (EPA) finalized the Surface Water Treatment Rule
on 29 June 1989 (24). The rule requires filtration and disin-
fection of all surface water supplies (criteria are also speci-
fied to determine if a system could avoid filtration technol-
ogy), primarily as a means of controlling Giardia spp. and
enteric viruses.
For systems that filter and disinfect, the rule stipulates

that utilities would be required to meet design and operating
criteria specified by the state (or other primacy agency) to
ensure overall removal and/or inactivation of at least 99.9%
of Giardia cysts and 99.99% of enteric viruses.
The intent of the Surface Water Treatment Rule was to

reduce the risk of acquiring a waterborne infection of Giar-
dia spp. to below an annual rate of 10-4 per person (24). The
EPA has determined that one case of microbiologically
caused illness per year per 10,000 people is a reasonable goal
(24). To achieve a 10-4 annual risk of Giardia infection, it
has been calculated that potable water should not contain
more than 7 x 10-4 Giardia cysts per 100 liters on the basis
of the geometric mean for 1 year (12). Therefore, the
requirement for 99.9% removal by treatment plants assumes
that Giardia levels in raw water are not greater than 7 cysts
per 100 liters. Although the rule specifies that greater treat-
ment may be required for water with poor water quality, no
data are given regarding the distribution of Giardia spp. in
various water supplies.

In recent years, Cryptosporidium parvum has been recog-
nized as an agent of waterborne disease (3-6, 11, 19). The
EPA has proposed to include Cryptosporidium spp. in the
next series of regulations (25). Information on the occur-
rence and distribution of Cryptosporidium oocysts in raw
water supplies will be necessary to evaluate the impact of
any such regulation.
The purpose of this project was to examine 66 surface

water filter plants for the occurrence and distribution of
Giardia and Cryptosporidium organisms in the raw water

* Corresponding author.

supplies. The occurrence of these organisms was related to a
variety of source water characteristics. Finally, the levels of
cysts and oocysts in raw water supplies were evaluated
within the context of the Surface Water Treatment Rule.

MATERIALS AND METHODS

Sample collection. The methods for simultaneous detection
of Giardia and Cryptosporidium spp. have been previously
presented (7, 8). Samples were collected from 66 surface
water treatment plants in 14 states and 1 Canadian province
(Fig. 1). Raw water samples were collected by using a
gasoline-driven water pump (Arkos SA18 pump, Brescello,
Italy) or a pressurized tap and filtered through 10-in. (25.4-
cm) wound polypropylene cartridge filters having a nominal
porosity of 1 ,um (Filterite Corp., Timonium, Md.; catalog
no. UlAlOU). Flow rates were adjusted to 1 to 3 gal/min (1
gal = 3.785 liters) (measured by use of a Kent model C700
flowmeter placed downstream of the filter), and approximate
volumes of 100 gal (378 liters) were collected. Between
samples, the units were flushed with 30 gal (113 liters) of tap
water to dislodge any attached organisms.

After collection, the filter along with the filter housing
water was placed in a Whirl-Pac bag (Nasco, Fort Atkinson,
Wis.) containing 10 ml of 37% formalin. The filters were
double-bagged and shipped to the laboratory via overnight
delivery. After delivery, the samples were stored at 2 to 5°C
and processed within 24 to 72 h.
Sample clarification. To prepare samples for analysis,

filters were cut in half lengthwise to the plastic core by using
a sterile surgical scalpel to produce fibers approximately
2-in. (5.1-cm) long. Fibers were teased apart and placed in a
3,500-ml-capacity sterile stomacher bag (Tekmar Co., Cin-
cinnati, Ohio) with 1.75 liters of phosphate-buffered saline
(PBS; pH 7.4) containing 0.1% sodium dodecyl sulfate (SDS)
and 0.1% Tween 80 (both from Sigma Chemical Co., St.
Louis, Mo.). The filter material was homogenized (stoma-
cher lab blender model 3500; Tekmar) for three 3-min
intervals over a 15-min period. Between each homogeniza-
tion period, the filter material was hand kneaded to redis-
tribute the fibers in the bag. After homogenization, small
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FIG. 1. Location of sampling sites within the United States. In
addition, one utility from Alberta, Canada, was examined (not
shown). Because of the close proximity of some utilities, a single
point may indicate more than one sample site.

portions of the filter material were hand wrung to remove the
eluant water. Filter material was visually inspected before
being discarded to ensure that no debris remained in the
filter. Fibers containing debris were rewashed.
The homogenized samples were combined with the hous-

ing water and concentrated into a single pellet by centrifu-
gation (1,050 x g, 10 min, 4°C) by using a 275-ml-capacity
swinging-bucket rotor (model HS-4) and a Sorvall RC-5B
refrigerated superspeed centrifuge (DuPont Co., Wilming-
ton, Del.).
A 1-ml sample of the pellet was resuspended in 19 ml of

eluant water and sonicated for 10 min. The sample was
carefully underlayered with 30 ml of Percoll-sucrose (spe-
cific gravity, 1.10; Sigma) flotation medium and centrifuged
at 1,050 x g for 10 min. The Percoll-sucrose gradient was
prepared by following the instructions of the manufacturer
(18) and stored at 2 to 5°C. The solution consisted of 52.6 ml
of Percoll (specific gravity, 1.13), 10 ml of 2.5 M sucrose
solution, and 37.4 ml of water. The specific gravity of the
solution was checked by use of a hydrometer at 2 to 5°C. The
Percoll-sucrose solution was maintained at 2 to 5°C through-
out the experiment.
The top water layer (containing cysts) and 5 ml of the

Percoll interface were drawn off, diluted to 50 ml by using
elution water in a conical centrifuge tube, and recentrifuged
at 1,050 x g for 10 min. The supematant was siphoned off to
a volume of 5 ml (plus pellet) and vortexed.

Labeling procedure. Sample concentrates along with pos-
itive controls (supplied by Meridian Diagnostics Inc., Cin-
cinnati, Ohio) and sterility controls (i.e., elution water,
Percoll-sucrose, etc.) were pipetted directly onto prewetted
25-mm cellulose acetate filters (0.2-,um pore size; Sartorius
Inc., Hayward, Calif.) in the stainless-steel wells of a Hoefer
manifold (Hoefer Scientific, San Francisco, Calif.). To en-
sure even distribution of sample, a 25-mm Durapore HVLP
filter (0.45-,um pore size; Millipore Corp., Bedford, Mass.)
was used under the cellulose acetate filter. Sample volumes,
typically 0.1 to 0.5 ml, were used to provide a monolayer of
material on the filter surface. The sides of the filter units
were rinsed with SDS-Tween-PBS to ensure that all organ-
isms were deposited on the filters. Vacuum was maintained
at 3.0 to 5.0 in. Hg (ca. 76 to 127 mm Hg; 100 mm Hg =

133.322 Pa) by using a bleeder valve on the vacuum system.
Monoclonal antisera specific for Giardia and Cryptospo-

ridium spp., developed by C. R. Sterling (20, 21) and

distributed by Meridian Diagnostics (Hydrofluor-Combo
kit), were diluted 1:10 with PBS. The combined antisera (0.5
ml) were pipetted and allowed to contact the entire filter for
25 min. Labeling reagent (0.5 ml of fluorescein-labeled
anti-murine immunoglobulin), also part of the Hydrofluor-
Combo kit, was added to the filters and allowed to react for
25 min. During the contact time, individual wells were
covered with a no. 6 stopper to prevent dehydration and
crystallization of the fluorescein isothiocyanate dye. Be-
tween and after the reagent additions, the filters were rinsed
with PBS.

Microscopic examination. Filters were dehydrated with an
alcohol series (10, 20, 40, and 80%o ethanol-5% glycerol) and
rinsed twice with a 95% ethanol-5% glycerol solution (16).
Filters were placed on prewarmed microscope slides and
cleared by using a 2% 1,4-diazabicyclo[2.2.2]octane (Aldrich
Chemical Co., Milwaukee, Wis.)-in-glycerol solution. The
coverslip was sealed by using clear nail polish and examined
at 300x magnification by epifluorescent microscopy with an
Olympus BH-2 research-grade microscope equipped with a
100-W high-pressure mercury lamp, a B-G dichroic mirror,
an EY-455 exciter filter, and a PM-lOADS automatic photo-
micrographic system. The microscope was equipped with a
modified BH2-NIC attachment (with phase annuli for 40x
and 10Ox objectives) for phase-contrast and Nomarski dif-
ferential interference contrast (DIC) microscopy.

Giardia spp. were identified by the cyst size (6 to 16 ,um)
fluorescence, and characteristic shape. Cysts were deter-
mined to have viable type morphologies (hyaline appearance
and a peritrophic space) by use of the criteria of Schupp and
Erlandsen (17) by DIC microscopy. It was found that fixing
the cysts with 1 to 2% formalin preserved the morphological
structures during sample processing.
Cryptosporidium spp. were determined by fluorescence,

size (3 to 7 ,um), shape, and surface texture (indicative of a
sphere). The presence of sporozoites or a densely packed
cytoplasm within the oocysts was observed by either phase-
contrast or DIC microscopy. In some oocysts, densely
packed cytoplasm made it difficult to distinguish the sporo-
zoites. Because it was not possible to be certain that these
organisms did not contain sporozoites, they were considered
to be potentially viable.

Densities of parasites were reported in numbers of organ-
isms per liter for surface water and backwash samples and
numbers of organisms per 100 liters for tap water samples.
When parasites were not detected, the parasite level was
reported as less than the detection limit. Unless stated
differently, values are not adjusted to reflect recovery effi-
ciencies. Previous evaluations showed that the immunoflu-
orescence procedure used had average recovery efficiencies
of48% for Giardia spp. and 42% for Cryptosporidium spp. in
raw water samples containing 150 nephelometric turbidity
units (8).
Water quality data. Additional water quality data (e.g.,

coliform counts, turbidity levels, disinfectant residuals, etc.)
were provided by the participating utilities. All analyses
were performed by state-certified laboratories and con-
ducted according to accepted procedures.

Statistics. Statistical analyses were performed on logarith-
mically transformed data by use of the Statpack statistical
package (Northwest Analytical, Portland, Oreg.).

RESULTS AND DISCUSSION

Distribution of cysts and oocysts in water. The results of
this study found that Giardia and Cryptosporidium spp. were

VOL. 57, 1991
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TABLE 1. Summary of Giardia and Cryptosporidium results

No. of organisms
per liter

Date Site State or Treatment
(day-mo-yr) code province Giardia Crypto- goala

sporidiumcss oocysts

14 Dec 88 102 N.J. 0.22 3.96 3.91
4 Jan 89 605 Ill. 5.87 74.85 5.34
18 Jan 89 604 Ill. 24.38 243.83 5.96
24Jan 89 410 Pa. 13.73 135.36 5.71
31 Jan 89 410b Pa. 1.32 8.98 4.69
7 Feb 89 504 Tenn. 16.51 19.81 5.79

14 Feb 89 703 Calif. <0.51 3.05
22 Feb 89 306 Pa. 0.04 0.07 3.20
27 Feb 89 506 Va. 17.37 10.86 5.81
7 Mar 89 314 Pa. <0.79 2.36
15 Mar 89 307 Pa. 30.12 <1.59 6.05
22 Mar 89 109a Conn. 0.84 0.84 4.50
11 Apr 89 312a Pa. 1.00 0.92 4.57
17 Apr 89 312b Pa. 8.72 12.36 5.51
17 Apr 89 312c Pa. 8.72 12.36 5.51
25 Apr 89 616 Ohio 0.96 14.42 4.55
1 May 89 512 W.Va. 1.90 4.76 4.85
9 May 89 101 N.J. <1.80 3.61

23 May 89 305 Pa. 7.03 2.55 5.42
31 May 89 609 Ohio <1.76 3.52
6 Jun 89 513 W.Va. 14.33 <3.58 5.73

13 Jun 89 310 Pa. 1.48 0.59 4.74
27 Jun 89 608 Ill. <3.67 14.67
27 Jun 89 615 Mo. <241.98 484.27
11 Jul 89 605 Ill. 6.07 59.19 5.35
18 Jul 89 514 W.Va. 0.37 0.55 4.14
25 Jul 89 311 Pa. 1.85 2.90 4.84
1 Aug 89 502 Ky. <0.39 1.55
14 Aug 89 401 Pa. <0.53 1.06
22 Aug 89 504 Tenn. 1.06 2.11 4.59
29 Aug 89 508 W.Va. 0.32 1.16 4.07
5 Sep 89 402 Pa. 0.22 1.54 3.91

11 Sep 89 503 Md. 3.24 1.08 5.08
19 Sep 89 618 Ohio 1.06 2.83 4.60
25 Sep 89 307 Pa. 1.70 0.85 4.80
10 Oct 89 511 W.Va. 0.88 <0.11 4.51
17 Oct 89 605 Ill. 8.34 41.70 5.49
24 Oct 89 405 Pa. 0.12 <0.12 3.66
31 Oct 89 610 Ind. 4.80 <1.20 5.25
21 Nov 89 516 W.Va. 4.01 1.18 5.17
27 Nov 89 611 Ind. <0.28 0.85
12 Dec 89 307 Pa. 10.58 1.92 5.59
13 Dec 89 603 Ill. 0.88 7.93 4.52
18 Dec 89 411 Pa. 1.78 0.20 4.82
19 Dec 89 619 Ohio 0.59 1.19 4.34
2 Jan 90 614 Mo. 2.91 1.19 5.03
3 Jan 90 501 W.Va. 66.04 66.04 6.39
9 Jan 90 302 Pa. 0.16 0.04 3.77

13 Jan 90 202 Ab.b 4.94 0.34 5.26
16Jan 90 502 Ky. <3.58 21.46
16 Jan 90 502 Ky. <1.54 1.54
16Jan 90 612 Ind. 7.82 1.42 5.46
23 Jan 90 315 Pa. <0.22 <0.22
23 Jan 90 414 Pa. 2.64 1.98 4.99
30 Jan 90 504 Tenn. 5.81 0.53 5.33
5 Feb 90 605 Ill. <2.64 13.22
5 Feb 90 605 Ill. 5.29 5.29 5.29
5 Feb 90 606 Ill. 5.29 5.29 5.29

19 Feb 90 605 Ill. 12.71 12.71 5.67
19 Feb 90 605 Ill. 2.71 10.83 5.00
19 Feb 90 606 Ill. 2.71 10.83 5.00
27 Feb 90 201 N.J. 17.16 1.52 5.80
27 Feb 90 307 Pa. 20.91 1.65 5.89
28 Feb 90 703 Calif. <0.19 0.38

TABLE 1-Continued

No. of organisms
per liter

Date Site State or Treatment
(day-mo-yr) code province Giardia Crypto- goala

cysts sporidiumoocysts

20 Mar 90 109 Conn. <0.48 <0.48
20 Mar90 509 W.Va. 1.06 0.53 4.59
27 Mar 90 404 Pa. 1.19 0.40 4.65
9 Apr 90 307 Pa. 17.17 0.66 5.80
9 Apr 90 307 Pa. 17.17 0.66 5.80
10 Apr 90 613 Ind. 12.38 6.19 5.66
23 Apr 90 307 Pa. 16.64 1.59 5.79
23 Apr 90 307 Pa. 16.64 1.59 5.79
1 May 90 519 W.Va. 5.28 <0.13 5.29
8 May 90 409 Pa. 30.21 <0.92 6.05
8 May 90 504 Tenn. 0.53 0.79 4.29

15 May 90 310 Pa. 0.60 0.36 4.35
15 May 90 602 Iowa 3.30 9.91 5.09
22 May 90 518 W.Va. 1.59 0.79 4.77
30 May 90 605 Ill. 14.80 14.80 5.74
5 Jun 90 406 Pa. 0.05 0.05 3.25
5 Jun 90 512 W.Va. 5.02 1.32 5.27

12 Jun 90 109 Conn. <0.73 <0.73
12 Jun 90 517 W.Va. 1.22 <0.15 4.66

a Treatment goal was calculated by adjusting the number of Giardia cysts
per liter for the recovery efficiency and the average percent viability and
determining the logarithmic difference between number of Giardia cysts per
liter and 0.007 cyst per 100 liters. Calculations were not performed where no
Giardia organisms were detected.

b Ab., Alberta, Canada.

widely distributed in the environment. Giardia spp. were
detected in 69 of 85 (81.2%) raw water samples (Table 1).
The geometric mean of (detectable) Giardia spp. was 2.77
cysts per liter, with levels ranging from 0.04 to 66 cysts per
liter. These data are comparable to results from a number of
investigators who found Giardia levels ranging from 0.006 to
6 cysts per liter (1, 9, 14, 15, 22). Reasons for the higher
range of Giardia counts include differences in sample sites
(most of the previous studies were conducted in relatively
pristine waters) and recovery efficiencies due to different
methodologies. Boutros (2) detected presumptive cysts in
38% of 50 surface water supplies in Pennsylvania which had
previously been shown to be Giardia positive.

Cryptosporidium spp. were found in 74 of 85 raw water
locations (87%), with levels ranging from 0.07 to 484 oocysts
per liter (Table 1). The geometric mean of (detectable)
Cryptosporidium levels was 2.70 oocysts per liter. The
Cryptosporidium levels found in this study were comparable
to the results of other investigators. Rose (11, 14) reported
that 77% of 107 samples from the western United States
contained Cryptosporidium oocysts. Geometric means of
Cryptosporidium levels ranged between 0.91 and 28 oocysts
per liter (14). Ongerth and Stibbs (10) estimated that Cryp-
tosporidium levels in several western Washington and Cali-
fornia rivers ranged between 2 and 112 oocysts per liter.
Oocysts were detected in all of the river water samples
examined. Boutros (2) detected presumptive Cryptosporid-
ium spp. in 70% of the 50 surface water supplies in Pennsyl-
vania. Cryptosporidium densities ranged from 0.002 to 4.49
oocysts per liter.

Overall, Giardia or Cryptosporidium spp. or both were
detected in 97% of the surface water supplies. Cryptosporid-
ium spp. averaged 1.5 times more numerous than Giardia

?d spp. (Fig. 2). There was a significant correlation (r = 0.59, P

APPL. ENVIRON. MICROBIOL.
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FIG. 2. Relationship between densities of Cryptosporidium

oocysts and Giardia cysts in surface water. Regression line: y =

0.667(x) + 0.104; r = 0.585, P < 0.01.

< 0.01) between cyst occurrence and oocyst occurrence.
These results are consistent with the findings of other
researchers who reported that Cryptosporidium spp. are
generally found in higher densities than Giardia spp. (13, 15).
Rose et al. (13) found a significant correlation (r = 0.778, P
< 0.01, n = 39) between Cryptosporidium and Giardia
occurrences within a single watershed.

Estimate of viability. Because Giardia and Cryptosporid-
ium spp. were frequently detected in surface water samples,
it was important to determine whether the organisms were
viable. Unfortunately, there are no reliable methods to
determine the viability of individual cysts or oocysts ob-
served in environmental samples. Viable type cysts -(cysts
with a hyaline appearance and a peritrophic space) were
determined by using DIC microscopy by the procedures of
Schupp and Erlandsen (17). Cryptosporidium spp. with
sporozoites observed by either phase-contrast or DIC mi-
croscopy were considered potentially viable. The determi-
nation of viable type morphologies by using microscopic
methods is broad and likely overestimates cyst and oocyst
viability. However, the method is best thought of in terms of
determining cell mortality. A viable type morphology does
not imply that the organism can excyst or infect animals;
rather, a cyst that does not have a viable type morphology,
i.e., one that has a distorted or shrunken cytoplasm, is
probably dead. Because water treatment practices are de-
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FIG. 3. Relationship between Giardia cyst densities and source
water protection. Key: 1, protected watersheds; 2, watersheds with
limited access; 3, recreational use; 4, agricultural use; 5, sewage
discharge; 6, industrial-urban discharges.
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FIG. 4. Relationship between Cryptosporidium oocyst densities
and source water protection. The key is the same as shown in the
legend to Fig. 3.

signed to kill pathogenic organisms, cysts and oocysts found
in potable water supplies should clearly be nonviable. Con-
trol experiments showed cysts lost viable type morphologies
when exposed to a free chlorine residual (data not shown).

Observation of 618 Giardia spp. in raw samples showed
that viable type morphologies were seen in 12.8% of the
samples. Approximately 32% of the 242 Cryptosporidium
spp. observed in raw water samples contained sporozoites
within the oocyst. These results suggest that the majority of
cysts and oocysts observed in the samples were not viable.

Relationship between parasites and source type. Plant op-
erators were asked to evaluate the degree of watershed
protection for the source waters. Higher cyst and oocyst
densities were associated with source waters receiving in-
dustrial or sewage effluents. Data shown in Fig. 3 indicate a

progressive increase in Giardia levels in waters with de-
creasing watershed protection. On average, water receiving
industrial (urban) pollution contained 10 times more Giardia
organisms than protected watersheds. For purposes of tab-
ulation, if a watershed received pollution from multiple
sources, it was given the highest rating (i.e., water receiving
agricultural, sewage, and industrial effluents was tabulated
as industrial).
A less-clear relationship between source water protection

and oocyst levels existed for Cryptosporidium spp. Figure 4
shows no significant difference in oocyst levels between
protected watersheds and those receiving sewage treatment
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FIG. 5. Relationship between fecal coliform count and Giardia

cyst densities. Regression line: y = 0.711(x) - 0.997; r = 0.702, P <
0.01.
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FIG. 6. Relationship between fecal coliform count and Crypto-

sporidium oocyst densities. Regression line: y = 0.292(x) - 1.03; r =

0.383, P < 0.05.

plant effluents. Oocyst levels associat-d with sites receiving
industrial (urban) sources of pollution were approximately
10 times higher than in protected sites. Rose (13) reported
Cryptosporidium levels 10 to 50 times higher in waters
receiving sewage or agricultural pollution than in pristine
waters.
There is a growing consensus among researchers that

elevated Giardia levels are due to introduction of sewage
effluents, while elevated Cryptosporidium levels may be due
to input from nonpoint sources (23). The current research is
consistent with this hypothesis. The implication of these
results is important for the water industry as it raises
concerns about the adequacy of disinfection practices at
sewage treatment plants. Of particular concern is the prac-
tice of seasonal disinfection, where inactivation of organisms
in sewage effluents is discontinued during winter months
when cold water conditions favor cyst survival in treatment
processes. While watershed control of point source pollution
may aid in reducing Giardia levels, it is unknown whether
these practices will be reliable for controlling Cryptosporid-
ium levels. Additional research is necessary to evaluate the
impact of watershed management programs on Cryptospo-
ridium occurrence.

Consistent with the findings shown in Fig. 3 and 4 was the
observation that the highest Giardia levels were detected in
rivers and creeks. In many cases, these rivers and creeks

Total Coliform /100 mL
FIG. 8. Relationship between total coliform count and Crypto-

sporidium oocyst densities. Regression line: y = 0.428(x) + 0.675; r
= 0.541, P < 0.01.

also received sewage and industrial effluents. The highest
parasite densities for both Giardia and Cryptosporidium spp.
were found in midwestern rivers (i.e., Mississippi, Ohio,
Missouri). Cryptosporidium levels in these major rivers
ranged from 10 to 484 oocysts per liter.

Relationship between parasites and water quality. Data
presented in Fig. 5 to 10 show positive relationships between
Giardia and Cryptosporidium densities and raw water qual-
ity parameters such as turbidity, total coliform levels, and
fecal coliform densities. A significant relationship was ob-
served between Giardia densities and levels of fecal coli-
forms (r = 0.70; Fig. 5) and total coliforms (r = 0.66; Fig. 7).
For both relationships, Giardia densities increased approx-
imately 1 log10 for every 1.6 log1o increase in coliform levels.
Cryptosporidium densities showed a significant correlation (r
= 0.75) to raw water turbidity (Fig. 10).
These results are somewhat different from those found by

Akin and Jakubowski (1) and Rose et al. (13). These inves-
tigators found no correlation between densities of Giardia or
Cryptosporidium spp. and total or fecal coliform counts or
turbidity. One reason for this discrepancy may be due to
differences in the type of water samples analyzed. Most of
the previous studies have examined relatively pristine wa-
ters, while the current study examined a wide variety of
source waters. For example, Rose et al. (13), in their study,
reported maximum total and fecal coliform counts of 286 and
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FIG. 7. Relationship between total coliform count and Giardia

cyst densities. Regression line: y = 0.483(x) - 879; r = 0.656, P <
0.01.
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ties. Regression line: y = 0.497(x) - 0.045; r = 0.443, P < 0.01.
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FIG. 10. Relationship between turbidity and Cryptosporidium

oocyst densities. Regression line: y = 0.847(x) - 392; r = 0.748, P
< 0.01.

57 bacteria per 100 ml, respectively. In this study, maximum
total and fecal coliform counts were 1 x 105 and 3 x 104
bacteria per 100 ml, respectively (Fig. 6 and 8). By examin-
ing all of the studies, it can be concluded that increasing
levels of pollution (signaled by high counts of total and fecal
coliform bacteria and high turbidities) represent an increased
probability that Giardia and Cryptosporidium organisms will
be present at elevated densities.

Statistical models. It was of interest to combine all of the
raw water paranieters into a model which could be used to
predict Giardia and Cryptosporidium levels in water sup-

plies. If such a model could be developed, it wouid be useful
for predicting the level of treatment required for a particular
water supply. Results shown in Table 2 indicate that 49.1%
of the variation in raw water Giardia levels could be pre-
dicted by the level of watershed protection, raw water total
coliform count, and turbidity. Figure 11 demonstrates the fit
of the actual data to the predictive model. In certain cases
the model exactly predicted peak Giardia levels. A similar
model was developed for Cryptosporidium spp. (Table 3;
Fig. 12). It shows that 51.9% of the variation in Cryptospo-
ridium levels could be accounted for by the level of water-
shed protection, the type of water supply (e.g., river, lake,
reservoir, etc.), raw water total coliform count, water tem-
perature, pH, and average monthly turbidity. Both models
were statistically significant (P < 0.01) and showed that
parasite densities can be correlated to water quality param-
eters.
One of the most important parameters in each model was

the level of watershed protection. This variable was assigned
a numerical value according to a description provided by the

TABLE 2. Multiple linear regression model for Giardia spp.'

tParameterb Coefficient SE statistic coefficient r

Log Giardia spp. =

Intercept -0.6934 0.2239 -3.097
Protect 0.1682 0.0450 3.735 0.371 0.127
Coli 5.14e-5 1.50e-5 3.427 0.337 0.107
NTU 0.0044 0.0014 3.214 0.316 0.094

aThe corrected r2 for 0.491 was 0.464; the F test was 18.038.
b Protect, code for the level of watershed protection; Coli, total coliform;

NTU, turbidity (nephelometric turbity units). Total degrees of freedom (n) is
59.
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FIG. 11. Comparison of actual Giardia cyst data and the multiple

linear regression model.

water utility. In some cases, the judgment was purely
subjective. For example, several utilities along the same
river gave differing assessments of the level of watershed
protection (these assessments were reviewed and correct-
ed). However, future experiments should measure more
objective assessments of sewage contamination (fecal coli-
form, ammonia, nitrate, phosphate, chlorophyll a, etc.). In
this study, fecal coliform data were collected (Fig. 7 and 8),
but data were available from only one-fourth of the water
utilities.

Evaluation of treatment goals. Rose (12) estimated that a
1/10,000 annual risk of Giardia infection would result from
an exposure to an annual geometric mean of 0.0007 cysts per
100 liters. Depending on the level of contamination in the
raw water supply, utilities will have to apply treatment to
achieve a geometric mean of <0.0007 cyst per 100 liters in
finished water. Insufficient data prevehts the development of
a similar risk model for Cryptosporidium spp.
To calculate the amount of treatment required to reach the

Giardia risk assessment goal, raw Water values were ad-
justed for the method recovery efficiency (48%) and for cyst
viability (13%). Overall, it is estimated that the average
utility will have to apply 5.0 log1o removal and/or inactiva-
tion to achieve an annual risk of Giardia infection of <1/
10,000 (Table 1). In only the most pristine situations, where
raw water counts were <0.07 cyst per liter, would a utility
require only a 3 log1o removal of Giardia spp.
Moreover, utilities should treat for the peak Giardia

occurrence in the watershed. A spike of Giardia cysts after

TABLE 3. Multiple linear regression model for
Cryptosporidium spp.a

Parameterb Coefficient SE t Standard Contr.statistic coefficient r2

Log Cryptosporidium
spp. =

Intercept -1.6704 1.2253 -1.363
Type -0.2164 0.1022 -2.117 -0.216 0.038
Protect 0.1275 0.0570 2.237 0.266 0.042
Coli 1.87e-5 5.79e-6 3.226 0.309 0.088
Temp -0.0131 0.0092 -1.422 -0.140 0.017
pH 0.2742 0.1673 1.638 0.182 0.023
MNTU 0.0032 0.0016 1.949 0.199 0.032

The corrected r2 for 0.519 was 0.468; the F test was 10.237.
b Type, code for water type (i.e., river, lake, etc.); Protect, code for the

level of watershed protection; Coli, total coliforms; Temp, water temperature;
MNTU, average monthly turbidity (nephelometric turbity units). Total degree
of freedom (n) is 63.
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ERRATUM

Occurrence of Giardia and Cryptosporidium spp.
in Surface Water Supplies

MARK W. LECHEVALLIER, WILLIAM D. NORTON, AND RAMON G. LEE

American Water Works Service Company, Inc., 1115 S. Illinois St., Belleville, Illinois 62220

Volume 57, no. 9, p. 2610, column 1, line 24: "7 cysts" should read "0.7 cyst."
Page 2612, Table 1, footnote a, line 4: "0.007 cyst" should read "0.0007 cyst."
Page 2615, column 2, line 26: "<0.07 cyst" should read "<0.007 cyst."
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LOS CERRITOS WETLANDS 
CONCEPTUAL RESTORATION PLAN 

Los Cerritos Wetlands Authority 
100 North Old San Gabriel Canyon Road 

Azusa, CA 91702 

For questions, please contact: Bob Thiel, Coastal Conservancy 
bthiel@scc.ca.gov 



1.0 INTRODUCTION 

1.1 Background 

The Los Cerritos Wetlands Complex on the border of Los Angeles and Orange Counties affords the 
opportunity ~o restore some 500 acres of salt marsh, seasonal wetlands, and other freshwater wetlands. 
The Southern California Wetland Recovery Project (WRP), a partnership of 17 state and federal agencies, 
has identified the acquisition and restoration of the Los Cerritos wetlands as a high regional priority. 

The Los Cerritos Wetlands Complex adjoins the lower reach of the San Gabriel River where, prior to 
channelization, the mouth of the San Gabriel River migrated back and forth across the coastal plain. 
Historically, the complex covered approximately 2,400 acres and stretched approximately two miles 
inland, varying from freshwater and brackish wetlands in its inland areas to salt marsh closer to the ocean. 
Over the past century, the wetlands have been used for farming, oil production, landfills bum dumps, and 
urban development. Channelization of the San Gabriel River began in the 1930s and cut off tidal action to 
much of the wetland area. Other channels which service upstream power plants also bifurcate sections of 
the complex. · 

Today, remnants of the historic wetlands occur in degraded patches over an area of about 200 acres. In 
addition to channelization of the San Gabriel River, the size of the historic wetlands has been reduced by 
placement of fill and excavation of channels and basins for oil fields and development for commercial, 
residential, and marine-related recreation purposes. There is ongoing oil production throughout the area 
and much of the remnant salt marsh is within a grid of levees. 

The Los Cerritos Wetlands Complex, is located within the midst of the urban centers of Los Angeles and 
Orange counties, and it offers the potential to create a wetlands education and interpretive program of 
enormous benefit to the community and to create a constituency for habitat conservation and restoration 
efforts in Southern California. The LCW A is interested in what opportunities exist for Los Cerritos 
Wetlands restoration, public access and interpretation that will meet the needs of the agency, community 
and stakeholders. This will include identifying opportunities for wetland restoration, passive recreation, a 
feasibility study for the connection of San Gabriel River Bike Path. This request is also for the preparation 
of schematic design documents upon completion of site concept development. A general conceptual plan 
for the development of portions of the Los Cerritos Wetlands was completed in January 2005 which 
focused on the entire 500 acres of Los Cerritos Wetlands; a copy of that plan can be requested from the 
LCWA. 

1.2 Geographic scope of the plan 

The CRP will provide a roadmap for habitat enhancement and improved public access. The plan will 
focus on approximately 200 acres of publicly owned property south of Westminster/Second Street and 
north ofPacific Coast Highway (see Exhibit 1). Those lands include the 67-acre LCWA Phase 1 and 100-
acre LCW A Phase 2 that are both owned by the LCW A and a 35-acre site owned by the City of Long 
Beach. In addition, the complex includes a five acre site owned by the State Lands Commission and the 
38-acre Los Alamitos retention basin owned by the Orange County Flood Control District. But (subject to 
landowner cooperation with the planning effort, which may vary from parcel to parcel) the plan will also 
address the potential restoration of some 200 or so additional acres that remain in private ownership but 
which someday could be acquired by the LCW A or other agency for conservation and restoration. The 
LCW A will ask the owners of each of the non-LCW A owned property at Los Cerritos to consent to 
include their property in the planning effort. The scope of work with the consultant will specify the 
geographic scope of the study and the extent to which each of these privately-owned parcels will be 
subject to environmental analysis as part of this project. 
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Proposals submitted in response to this RFP should provide two cost quotations: (1) an estimate to 
complete the full scope of the proposed planning project for only the 200 acres of publicly owned 
property (i.e., the property owned by the LCW A and by the City of Long Beach); and (2) an estimate to 
complete the full scope of the proposed planning project for the entire 450 acres of the Los Cerritos 
Wetlands complex. The final scope of work in the resulting contract with the consultant, however, may 
vary from either of these two scenarios, depending upon the extent of landowner willingness to participate 
in the planning process. 

1.3 Purpose 

The purpose of the CRP is to evaluate the engineering, environmental, and economic feasibility of 
restoration alternatives within the Los Cerritos Wetlands ecosystem, and then develop a conceptual 
restoration and public access framework for coordinated restoration within the entire wetland ecosystem. 
The LCW A seeks to understand what opportunities may exist for restoration and public access that will 
meet the needs of the agency, community and stakeholders. This analysis will include identifying 
opportunities for wetland restoration, passive recreation (including potential connections to the San 
Gabriel River Bike Path), and public access and interpretation. This request is also for the preparation of 
schematic design documents upon completion of site concept development. 

1.4 Goals and Objectives 

The preparation of the CRP will be overseen by a Steering Committee composed of representatives from 
the member agencies of the LCW A and a Technical Advisory Committee composed of representatives 
from resource and other agencies. The goals and objectives of the CRP will be developed in consultation 
with the Steering Committee and Technical Advisory Committee. However, the preliminary goals for the 
project are as follows: 

• Restore wetland processes and functions; 
• Maximize contiguous wetland areas and minimize the edge between wetlands and sources of 

disturbance; 
• Restore the complex as habitat for resident bird species and migratory birds 

along the Pacific Flyway; 
• Insure the long-term viability and sustainability of the project in the face of such threats as 

urbanization, sea level rise and other impacts of climate change; 
• Create a public access and interpretive program that is practical and economically feasible and 

will insure a memorable visitor experience. 

In support of those goals, the preliminary objectives for the planning project are: 

• Characterize existing conditions within the study area. 
• Identify potential restoration alternatives based on opportunities and constraints within the 

ecosystem. 
• Evaluate beneficial and adverse impacts of potential alternatives, as well as engineering and 

economic feasibility. 
• Identify preferred alternatives for further planning. 
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2.0 SUMMARY OF ISSUES 

The CRP will address the following issues as they relate to the project's purpose and goals and other 
issues as they may arise. 

2.1 Existing Sensitive Habitats and Endangered Species 
Sensitive habitats within the project area include coastal salt marsh, freshwater marsh, and seasonal 
wetland ponds. Belding's savannah sparrow and the California least tern have been observed nesting in 
the project area. Several other listed species are known to use the area. Habitat development goals of the 
project must be established and potential direct and indirect impacts to existing habitats and the protected 
species that they support must be evaluated. 

2.2 Wildlife Corridors 
The Los Cerritos Wetlands lie in close proximity to two other habitat areas -the Seal Beach National 
Wildlife Refuge and Bolsa Chica and Huntington Beach Wetlands. The restoration plan shall evaluate 
opportunities to create wildlife corridors to these habitat areas through existing channels or open space. 

2.3 Hydrology and Hydraulics 
Restoration and enhancement of hydrologic conditions within the Los Cerritos Wetlands is a priority for 
wetland restoration in the area. Restoration of hydrologic functioning will be complicated by many 
factors including: channelization of the San Gabriel River (SGR), water intake from two area power 
plants and impacts on tidal circulation and entrainment of larval biota, thermal plumes in the SGR from 
power plant discharges, flood management concerns, and existing roads and infrastructure. 
Considerations of engineering and economic feasibility for various hydrologic regimes will be a major 
factor in identifying potential restoration alternatives. 

2.4 Sediment Characterization 
For certain sections of the property, sediment analysis and disposal will be key components of the 
planning process and may be critical to containing planning costs. For those areas, a testing plan must be 
carefully designed so as to inform the selection of alternatives and assessment of beneficial use and 
disposal options, including beach nourishment, while reserving a more thorough level of substrate 
characterization for the preferred alternative. 

2.5 Sea level rise 
The effects of sea level rise and other projected impacts from climate change must be assessed and 
included in criteria for the feasibility and design study. 

2.6 Archaeology 
The presence of prehistoric people in the project vicinity has been documented. The planning process 
shall incorporate an approach for assessing potentially-significant archeological sites at key stages of 
project development. 

2. 7 Legal, political, and social factors 
The CRP shall evaluate legislation, regulatory mandates, permitting requirements, site-specific land use 
restrictions or other special factors that may constrain or enhance restoration opportunities. 

2.8 Public access and interpretation. 
The study shall identify opportunities for public access that will serve visitor needs and be compatible 
with the ecological goals of the project. Public education and interpretation of the site's natural, cultural, 
economic and social history should be presented in a conceptual form that will be imaginative and 
engaging for a diverse population. 
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Adenoviruses are associated with numerous disease outbreaks, particularly those involving d
cares, schools, children's camps, hospitals and other health care centers, and military settings. In 

addition, adenoviruses have been responsible for many recreational water outbreaks, including a 
great number of swimming pool outbreaks than any other waterborne virus (Gerba and Enriquez 

1997). Two drinking water outbreaks have been documented for adenovirus (Divizia et al. 2004; 
Kukkula et al. 1997) but none for food. Of the 51 known adenovirus serotypes, one third are 

associated with human disease, while other infections are asymptomatic. Human disease 
associated with adenovirus infections include gastroenteritis, respiratory infections, eye infections, 

acute hemorrhagic cystitis, and meningoencephalitis (Table 2). Children and the 
immunocompromised are more severely impacted by adenovirus infections. Subsequently, 

adenovirus is included in the EPA's Drinking Water Contaminant Candidate List (CCL), which is a 
list of unregulated contaminants found in public water systems that may pose a risk to public 

health (National Research Council 1999). Adenoviruses have been detected in various waters 
worldwide including wastewater, river water, oceans, and swimming pools (Hurst et al. 1988; 

Irving and Smith 1981; Pina et al. 1998). Adenoviruses typically outnumber the enteroviruses, 
when both are detected in surface waters. Chapron et al. (2000) found that 38% of 29 surface 

water samples were positive for infectious Ad40 and Ad41. Data are lacking regarding the 
occurrence of adenovirus in water in the US, particularly for groundwater and drinking water. 

Studies have shown, however, that adenoviruses survive longer in water than enteroviruses and 
hepatitis A virus (Enriquez et al. 1995), which may be due to their double-stranded DNA. Risk 

assessments have been conducted on waterborne adenovirus (Crabtree et al. 1997; van Heerden 
et al. 2005c). Using dose-response data for inhalation from Couch et al. (1966), human health 

risks of infection, illness and death have been determined for various adenovirus exposures. 
Crabtree et al. (1997) conclude that, even at an adenovirus concentration of 1 per 1 ,000 L of 

drinking water, annual risks of infection exceed the suggested risk recommendation of 1 x 10(-4) 
per yr (Regli et al. 1991) (Table 8). Using the same exposure and dose-response assumptions, 

van Heerden et al. (2005c) determined annual risks of infection to be 1-1.7 x 1 0(-1) for two 
drinking water samples from South Africa containing 1.40 and 2.45 adenoviruses per 10,000 L, 

respectively. This present study estimated annual risks of infection associated with varying levels 
of adenoviruses per 100 L (Table 9). By assuming a 2 Lid exposure and utilizing the exponential 

http://www.ncbi.nlm.nih.gov/pubmed/19253 03 7 2/24/2014 
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model at r = 0.4172 (Haas et al. 1993), yearly risks exceed the risk recommendation of 1 x 10(-4) 
at every exposure level. There are limited data regarding the removal of adenoviruses by 

conventional water treatment or other physical-chemical treatment processes, but studies do 
suggest that adenoviruses are of equal or greater sensitivity to oxidizing disinfectants, when 

compared to waterborne viruses (the most resistant to ultraviolet light). Data suggest that the 
chlorine doses applied to control other waterborne viruses are more effective against adenovirus, 

resulting in a greater than 4-log10 removal of adenoviruses by conventional treatment and 
chlorination. If treatment can achieve a 4-log1 0 removal of adenoviruses, then, based on the risk 

levels presented in Table 9, surface water concentrations should not exceed 0.5 adenoviruses 
per 100 L (Fig. 2). More data are needed regarding effectiveness of water treatment against 

adenovirus and the human-virus dose-response relationship to fully understand the role of 
adenovirus as a waterborne public health threat. 
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A PICTURE IS WORTH A THOUSAND WORDS:  USING WIRELESS VIDEO 
CAMERAS TO SUBCATEGORIZE RECREATIONAL USE DESIGNATIONS 

 
Timothy F. Moore1,  Richard D. Meyerhoff2,  Daniel G. Bounds3, & Donald J. Schroeder4 

 
 
Abstract:  Wireless video cameras were installed in nine storm water channels to evaluate the 
potential for water contact recreation to occur in these locations.  Cameras were programmed to 
collect one image every 15 minutes during daylight hours for twelve months.  The resulting 
pictures were used as part of a Use Attainability Analysis to demonstrate that either no or only 
incidental, infrequent and partial body contact was occurring with no significant risk of 
immersion or ingestion.  As a result, the associated stream segments are being recommended for 
reclassification which will result in the application of less stringent bacteria water quality 
criteria. 
 
Keywords:  bacteria, pathogens, Use Attainability Analysis, stormwater, TMDL 
 
 
INTRODUCTION 
 
By law, all surface waters of the U.S. are assumed to support full-body contract recreation unless 
the state performs a formal Use-Attainability Analysis (UAA) to prove otherwise.  Waters 
designated for human recreation must comply with EPA's recommended water quality criteria 
for bacteria.  Unfortunately, many streams, particularly in urban areas, do not meet these 
standards and have been added to the 303(d) list of impaired waterbodies.  States are required to 
develop, and in a number of cases have already completed a TMDL and an implementation 
strategy to assure water quality standards are attained. 
 
Because bacteria are ubiquitous in the natural environment, the cost and complexity of reducing 
such contaminants can be overwhelming.  Moreover, controversy often develops when the 
"urban stream" turns out to be a fenced and concrete-lined stormwater channel.  Flood control 
agencies argue that it is inappropriate to designate such conveyances for recreation and are now 
asking state and federal regulatory authorities to reconsider the recreational use classifications on 
stormwater channels. 
 
Those in favor of deleting or downgrading a designated recreational use often point to fencing, 
steep-sided slopes, concrete-lining, and local ordinances prohibiting access to suggest that 
recreational activities are nearly impossible.  Those who oppose changing the recreational use 
designation rebut such claims by citing the ingenuity and determination of people (especially 
children) drawn to the water, holes in the access barriers, the absence of patrols, and the lack of 
any serious enforcement effort to prevent trespassing.

                                                 
1 Risk Sciences, 1417 Plymouth Dr., Brentwood, TN  37027;  (615) 370-1655;  tmoore@risk-sciences.com 
2 CDM, 1331 17th St., Suite 1200,  Denver, CO  80202;  (303) 298-1311;  MeyerhoffRD@cdm.com 
3 CDM, 125 S. Wacker Drive, Suite 600; Chicago, IL 60606  (312) 346-5000;  BoundsDJ@cdm.com 
4 CDM,  9220 Cleveland Ave., Suite 100, Rancho Cucamonga, CA 91730;  (909) 579-3500;  

SchroederDJ@cdm.com 



  

In order to resolve just such a dispute, stakeholders in the Santa Ana River watershed5 elected to 
forego the hypothetical debate and rely, instead, on empirical evidence provided by video 
surveillance cameras.  Pictures provided by these cameras were used to justify a proposal to 
subcategorize recreational uses in some cases and eliminate recreational uses altogether in other 
cases. 
 
APPROACH 
 
Because all waters of the U.S. are presumed to be capable of supporting contact recreation, the 
burden-of-proof is always on those who believe otherwise with regard to any individual case.  
The most common complaint by those who initiate a UAA is that the process seems unfair 
because they are required to "prove the negative."  How, they ask, does one ever demonstrate 
conclusively that full-contact recreational activity is NOT occurring? 
 
Historically, proponents of reclassification have relied heavily on detailed descriptions of 
channel characteristics (e.g. slope, lining, fencing, low flow, etc.) to prove that recreational uses 
are unlikely to occur.  Occasionally, these reports are supplemented with field surveys to 
determine whether there is any evidence of water contact recreation occurring (e.g. picnic trash, 
beach toys, etc.).  However, such surveys are often criticized as little more than momentary 
"snapshots" of the stream in question. 
 
The ability to state, confidently, that recreational activities are not occurring in a particular 
stream depends on how often one looks but finds nothing.  Infrequent field surveys simply lack 
adequate sensitivity to detect relatively infrequent phenomena such as illicit water contact 
recreation.  Therefore, methods of observation that offer greater statistical power are needed. 
 
The same technology now in widespread use to provide traffic information was easily adapted to 
provide regular photographic surveillance of various waterbodies where the exact nature of 
recreational uses was in dispute.  Several dozen prospective study sites were identified and nine 
locations, representing a wide spectrum of stream conditions, were selected for the initial 
investigation.   
 
Some of the locations were concrete-lined flood control channels with 20-foot high vertical 
walls, others were more natural riparian areas with gentle side slopes.  Some locations were 
fenced and posted, others were not.  Some locations were in industrial or commercial areas, 
others were located in residential areas near schools or parks.  Summertime flows usually varied 
from just a trickle to less than a foot in depth.  However, peak winter flows could change these 
docile waters into raging torrents in very short order. 
 
Wireless video cameras were installed in each location.  The automated cameras were 
programmed to collect one image every 15 minutes (during daylight hours) for one year.  
Pictures were transmitted to a central server over a cellular internet connection.  Technicians 
made weekly visits to service and maintain the equipment.  Some of the problems encountered 
included:  powering the cameras, assuring adequate cellular signal strength, and protecting 
                                                 
5 The Santa Ana River flows through three counties (San Bernardino, Riverside and Orange County) in southern 

California.  It is located 40 miles southeast of the City of Los Angeles. 



  

against vandalism.  There were also some initial concerns with privacy rights.  However, the 
images are insufficiently detailed to determine individual identities and the cameras were 
intentionally located in public areas where there is no expectation for privacy. 
 
Pictures were evaluated, one at a time, by at least two trained personnel operating independently 
of one another.  Each reviewer was required to identify the number of people in the channel, the 
number of people in the water, and the degree to which bodies were being exposed to water 
contact (e.g. ankle-deep, below the knee, wading to the waist, etc.).  All of the pictures and 
related reviews were stored in a secure electronic database and copies were made available for 
public review on DVD. 
 
Evaluating each of the individual pictures is a difficult and time-consuming task.  Generally, the 
trained observer must flick back and forth between pictures looking for small changes to jump 
out of the frame.  And, while it would be tempting to collect many more photos (real-time video 
can collect 30 frames per second), it be physically and financially impossible to analyze such a 
large mass of data. 
 
The pictures are used to answer two questions:  1) are there any people seeking access to the 
waterbody, and 2) if so, what is the nature of their activities?  Are they merely walking along the 
shoreline?  Are they only making incidental water contact (e.g. walking thru water that is less 
than ankle-deep)?  Or, are they making full-body contact where the risk of immersion and 
ingestion is quite high? 
 
If definitive answers to these questions can be provided, then EPA guidance allows state 
regulators to adjust water quality standards based on site-specific differences in true risk 
exposure.  This, in turn, can reduce the total cost of compliance by millions of dollars and allow 
finite public resources to focus on those stream locations where the potential threats to human 
health are greatest.   
 
The remainder of this paper will focus on three of the locations where cameras were used, all 
located on different segments of the same stream (Santa Ana Delhi Channel), at one-two mile 
intervals. 
 
 
RESULTS 
 
The Santa Ana Delhi channel flows through a highly urbanized section of Costa Mesa in Orange 
County, California to Newport Bay and the Pacific Ocean.  The channel characteristics vary 
widely along the route.  Some reaches are concrete-lined vertically-walled flood control 
channels, other segments are significantly less modified.  Fig. 1 illustrates these survey locations 
and depicts the physical characteristics of each unique segment of the Santa Ana Delhi channel.  
There are two red shaded segments on the map that indicate closed culvert sections, as the 
channel crosses under two major highways.  



  

Fig. 1: Physical Characteristics for the Santa Ana Delhi Channel 
 

 
 
 
The first camera was located in a drainage channel in a residential neighborhood next to a 
schoolyard.  Although the channel is fenced, it is relatively easy to circumvent this restriction.  
The rip-rapped side slopes are relatively mild and would not prevent a person from gaining 
access to the stream.  Average stream flow is less than 1 cfs during dry weather conditions. 
 
The second camera was located in a large concrete-lined flood control channel approximately 
one mile downstream from the first camera.  The channel is characterized by 20-foot high 
vertical walls and is difficult to access without first scaling well-maintained chain link fences.  
The channel is adjacent to a golf course and park.  Average stream flow during the warm weather 
months is less than two inches deep with significant amounts of algae present. 
 
The third camera is located on a semi-natural earthen channel less than a mile downstream from 
the second camera where the Santa Ana Delhi channel empties into upper Newport Bay.  The 
location adjoins a nature preserve where horse trails and walking paths allow people to be near 
the water but contact recreation is forbidden. 
 
Table 1 describes the video surveillance period and the number of images collected at each of the 
three selected locations in the Santa Ana Delhi channel.  A total of 63,332 pictures were taken 
during the one year UAA study period for this particular waterbody. 
 



  

Table 1:  Photographic Evidence Gathered at Santa Ana Delhi Channel 
 

Site Survey Location  Start Date End Date # of Images  
#1 Sunflower Avenue 7/7/05  7/9/06  21,521  
#2 Mesa Avenue  6/20/05  7/13/06  21,606  
#3 Newport Bay  6/20/05  6/7/06  20,205  

 
All contact recreational events (individuals) observed for each of the three survey locations along 
the Delhi channel including the date, maximum estimated duration and description of body 
contact are presented in Table 2.  Infrequent observations of city or county workers carrying out 
channel maintenance activities were not considered contact "recreational" events).  
 

Table 2:  Recreational Water Contact Events in Santa Ana Delhi Channel 
 

Location Description Date Time Est. Duration Contact 
Site #1 Sunflower Ave. 2/11/2006 14:45 <30 minutes Below Ankle
Site #2 Mesa Ave. No Water Contact Events Observed at Site #2 
Site #3 Newport Bay 7/24/2005 14:30 <30 minutes Below Ankle
Site #3 Newport Bay 5/19/2006 12:30 <30 minutes Below Ankle

 
Figure 2 shows a picture of the only recreational water contact event observed at Site #1 (near 
the schoolyard).  Despite the fact that the child is actually standing on a stone in the middle of 
the creek, it is difficult to infer that full body contact recreation is likely to occur or that there is a 
serious risk of immersion or significant ingestion. 
 

Fig. 2:  Water Contact Recreation at Santa Ana Delhi Site #1 
 

 



  

 
Table 3 summarizes non-contact types of recreational use for each of the survey locations. The 
total number of individuals recreating and estimated maximum duration of recreation is 
provided. 
 
 

Table 3:  Summary of Non-Contact Recreational Events in Santa Ana Delhi Channel 
 

Location # of Persons Est. Duration Activities 
Site #1 6 180 minutes Walking 
Site #2 4 120 minutes Walking 
Site #3 36 1,110 minutes Sitting, Boating, Walking 

 
 
Figures 3 and 4 provide illustrations of typical non-contact recreational activities (e.g. walking) 
that occurs in shallow stormwater channels like the Santa Ana Delhi. 

 
 
 

Fig. 3:  Non-Contact Recreational Activity at Site #1 
 

 
 
 



  

Fig. 4:  Non-Contact Recreational Activity at Site #3 
 

 
 
Figure 5 shows a picture of the concrete-lined flood control channel at Site #2.  The person 
shown in the picture is a member of the study team and helps provide a sense of scale. 
 

Fig. 5:  Santa Ana Delhi Channel at Mesa Road in Orange County, California 
 

 
 
All of the pictures in Figures 2 thru 5 are actual images collected and transmitted by the wireless 
video cameras installed for the UAA study.  Figure 6 shows the camera installed at Site #1. 



  

Fig. 6:  Wireless Video Camera Mounted Under Bridge at Site #1  (Sunflower Ave.) 
 

 
 
DISCUSSION 
 
Of the more than 63,000 photographs taken, representing nearly 16,000 hours of potential 
recreational opportunities, only three pictures (<0.005%) show anyone actually being in a 
position to ingest water, even accidentally.  In one instance, a boy is standing on stones as he 
crosses over the creek (see Fig. 2 above).  In another, the person is crouching on the stream bank 
washing their hands after lunch (see Fig. 7) or illegally boating in the nature preserve (see Fig. 
8). 

Fig. 7:  Water Contact Activities at Santa Ana Delhi Site #3 
 

 



  

 
Fig. 8:  Canoeing Activities at Santa Ana Delhi Site #3 

 

 
 
 

In the studies EPA relied on to develop the 1986 recommended water quality criteria for bacteria, 
researches differentiated between those at risk of contacting a waterborne pathogen from those 
who were not by the length of exposure (>10 minutes) and the nature of contact ("wet hair").  
Pictures like those shown above aptly illustrate that the prerequisite conditions for immersion 
and ingestion are unlikely to occur at the stream locations studied. 
 
Moreover, even if each of the four people shown in Figures 2, 7 and 8 actually did fall in and 
ingest some water, the odds of contracting a gastrointestinal illness would still be quite remote.  
EPA's recommended water quality criteria for bacteria is based on the premise that 
approximately 1% of all persons exposed to the maximum allowable E. coli concentration are 
likely to become ill.  If the actual E. coli concentration were ten times higher than the 
recommended criteria, then the expected illness rate would still be less than 2% of the exposed 
individuals (see Fig. 9).  In a location such as the ocean beaches in Orange County, where people 
enjoy 30 million beach days annually, a 1% increase would result in tens of thousands of 
additional illnesses.  However, in the stormwater channels where only a few people a year even 
come close to the water, it is unlikely that any illnesses are actually occurring. 
 



  

 
Fig. 9:  EPA Estimated Probability of GI Illness From Full Body Contact Recreation 
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EPA guidance makes clear that infrequent and incidental partial body contact, sometimes called 
Secondary Contact recreation, need not meet the same bacterial standards as Primary Contact 
recreation because the risk of immersion and ingestion is substantially lower.  Pictures such as 
those developed with the wireless video cameras provide regulators and policymakers with 
substantial evidence to develop and apply risk-based water quality criteria without fear of 
endangering public health.  Even representatives from environmental groups, who assisted with 
the development of the study design, site selection and picture evaluations, found the 
photographic evidence both surprising and reassuring. 
 
 
IMPLEMENTATION 
 
The first set of nine cameras produced well over 100,000 images.  As with the pictures from the 
Santa Ana Delhi, photographs from the other locations showed very little water contact of any 
kind in the stormwater channels.  Based on this evidence, it is likely that some or all of the nine 
locations will be reclassified. 



  

 
For example, it is expected that in locations where people are present in the channel, but not 
actually immersing themselves in the water, the stream segments will be designated to protect 
Secondary Contact Recreation (infrequent, incidental, partial body contact).  In locations, such as 
the fenced, high-walled, concrete-lined flood control channels, neither Primary Contact nor 
Secondary Contact are proposed to be designated uses. 
 
Despite the consistency of the available photographic record, there is still insufficient evidence to 
generalize to all other similar flood control channel locations throughout the watershed.  The 
plan is to observe and evaluate 10-20 additional sites over the next two years to develop very 
high levels of confidence in the dataset and in the conclusions derived from that data. 
 
Thereafter, the cameras will continue to be used in locations and circumstances where the 
redesignation decision is particularly complex or controversial.  In addition, as with any UAA 
reclassification, state regulators are required to review the subcategorization recommendation 
every three years to determine whether conditions have changed.  Where the essential channel 
characteristics are unaltered, such a review can be relatively simple and straight-forward.  
However, where relevant factors (e.g. land use, stream flow) are changing with urbanized 
development, cameras may once again be needed to reconfirm some of the initial findings.  As 
technology advances and broadband internet access becomes more readily available, the ease 
with which such cameras can be installed rapidly improves. 
 
 
CONCLUSION 
 
The greatest single benefit to using video cameras to evaluate the potential for recreational uses 
to occur in certain waterbodies is that it shifts the public policy debate away from hypothetical 
examples of how water contact might occur, to actually determining whether such contact is 
occurring.  The persuasive power of 63,000+ photos showing nothing more serious than soggy 
sneakers simply cannot be overstated. 
 
Ultimately, the purpose of this new tool is not to shirk responsibility for protecting public health.  
On the contrary, photographic evidence provides an invaluable tool for helping us decide exactly 
where we should focus our limited resources to gain the maximum benefit in risk reduction.  If 
there are no people, or the people in the channels are not ingesting the water, then building 
infrastructure to reduce bacterial concentrations at those locations will not reduce the actual 
incidence of illness from waterborne pathogens.  On the other hand, if the cameras show there 
are numerous people present, and that they are immersing themselves, then federal and state law 
requires water quality to be adequately protected even if the use itself is technically illegal. 
 
The power of pictures to move the debate to a higher and more substantive level is enormous.  
While it is often said that "a picture is worth a thousand words,"  it is unlikely that any number of 
words could provide the level of regulatory certainty needed to justify reclassifying recreational 
uses.  Only a picture, or several thousand pictures, can be so compelling. 
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The Total Maximum Daily Load (TMDL) program, initiated in the 1972 Clean Water 

Act, recently emerged as a foundation for the nation’s efforts to meet state water quality 
standards.  A “TMDL” refers to the “total maximum daily load” of a pollutant that achieves 
compliance with a water quality standard; the “TMDL process” refers to the plan to develop and 
implement the TMDL.  Failure to meet water quality standards is a major concern nationwide; it 
is estimated that about 21,000 river segments, lakes, and estuaries have been identified by states 
as being in violation of one or more standards.  To address this problem, the U. S. Environmental 
Protection Agency (EPA) proposed an ambitious timetable for states to develop TMDL plans 
that will result in attainment of water quality standards.  Given the reduction in pollutant loading 
from point sources such as sewage treatment plants over the last 30 years, the successful 
implementation of most TMDLs will require controlling nonpoint source pollution. 

These two features, the ambitious timetable and nonpoint source controls, are probably 
the two most controversial of many issues that have been raised by those who have questioned 
the TMDL program.  Behind and intertwined with these basic policy issues are important 
questions concerning the adequacy of the science in support of TMDLs.  

In the last year, the TMDL program has become one of the most discussed and debated 
environmental programs in the nation, primarily because of the drafting of final rules for the 
program.  These rules follow several years of intense activity, including the formation of a 
Federal Advisory Committee devoted to this topic.  In October 2000, Congress suspended EPA’s 
implementation of these rules until further information could be gathered on several aspects of 
the program.  In particular, Congress requested that the National Research Council (NRC) 
examine the scientific basis of the TMDL program.  In recognition of the urgent need to address 
water quality standard violations, Congress established an aggressive schedule for completion of 
the study that allowed only four months from start to finish—unprecedented for most NRC 
studies.  The eight-member committee, constituted in January 2001, immediately conducted its 
first meeting.  This three-day meeting included two days devoted to public comments and a third 
day focused on internal committee discussions.  The ensuing three months was a period of 
intense activity filled with correspondence, writing, and two additional committee meetings. 

The difficult challenges facing EPA and the states in the implementation of the TMDL 
program were immediately apparent to the committee.  Because the committee faced a 
congressionally mandated deadline, a number of issues important to some stakeholders were not 
addressed comprehensively.  These include bed sediment issues, atmospheric deposition, 



viii  Preface 
 

 

translating narrative standards into numeric criteria, and a full review of existing water quality 
models.  Nonetheless, the committee found that substantial improvements can be made in a 
number of areas to strengthen the scientific basis of the TMDL program.  Also of importance, the 
committee identified several policy issues that are restricting the use of the best science in the 
TMDL program.  We urge Congress, EPA, and the states to give thoughtful attention to the 
recommendations made throughout this report so that resources can be more efficiently used to 
improve water quality. 

We greatly appreciate the assistance of Don Brady and Françoise Brasier of the EPA 
Office of Water for their assistance in initiating the study and organizing the first committee 
meeting.  We are also grateful to those who spoke with and educated our committee, including 
congressional staff, EPA scientists, state representatives, and the many individuals and 
organizations that submitted comments to the committee. 

The committee recognizes the vital role of Water Science and Technology Board 
(WSTB) director Stephen Parker in making this study possible.  The extremely short time period 
for this study created an enormous challenge for NRC study director Laura Ehlers, who was able 
to juggle her many responsibilities to keep us focused and provide invaluable assistance in 
crafting the text.  Finally, it is fair to say that this study owes most thanks to Leonard Shabman 
(Virginia Polytechnic Institute and State University) who was working in the WSTB office as a 
visiting scholar during the study.  Dr. Shabman’s insight was invaluable; he added immensely to 
committee discussion and correspondence, and he played a key role in drafting the text and 
developing the recommendations. 

More formally, the report has been reviewed by individuals chosen for their diverse 
perspectives and technical expertise, in accordance with procedures approved by the NRC’s 
Report Review Committee.  The purpose of this independent review is to provide candid and 
critical comments that will assist the authors and the NRC in making the published report as 
sound as possible and to ensure that the report meets institutional standards for objectivity, 
evidence, and responsiveness to the study charge.  The reviews and draft manuscripts remain 
confidential to protect the integrity of the deliberative process.  We thank the following 
individuals for their participation in the review of this report: Richard A. Conway, consultant; 
Paul L. Freedman, Limno-Tech, Inc.; Donald R. F. Harleman, Massachusetts Institute of 
Technology (retired); Robert M. Hirsch, U.S. Geological Survey; Judith L. Meyer, University of 
Georgia; Larry A. Roesner, Colorado State University; Robert V. Thomann, Manhattan 
University (retired); and Robert C. Ward, Colorado State University. 

Although the reviewers listed above have provided many constructive comments and 
suggestions, they were not asked to endorse the conclusions or recommendations, nor did they 
see the final draft of the report before its release.  The review of this report was overseen by 
Frank H. Stillinger, Princeton University, and D. Peter Loucks, Cornell University.  Appointed 
by the NRC, they were responsible for making certain that an independent examination of this 
report was carried out in accordance with institutional procedures and that all review comments 
were carefully considered.  Responsibility for the final content of this report rests entirely with 
the authoring committee and the NRC. 
 

 
Kenneth H. Reckhow, 

Chair
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Executive Summary 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Over the last 30 years, water quality management in the United States has been driven by 
the control of point sources of pollution and the use of effluent-based water quality standards.  
Under this paradigm, the quality of the nation’s lakes, rivers, reservoirs, groundwater, and 
coastal waters has generally improved as wastewater treatment plants and industrial dischargers 
(point sources) have responded to regulations promulgated under authority of the 1972 Clean 
Water Act.  These regulations have required dischargers to comply with effluent-based standards 
for criteria pollutants, as specified in National Pollutant Discharge Elimination System (NPDES) 
permits issued by the states and approved by the U.S. Environmental Protection Agency (EPA). 
Although successful, the NPDES program has not achieved the nation’s water quality goals of 
“fishable and swimmable” waters largely because discharges from other unregulated nonpoint 
sources of pollution have not been as successfully controlled.  Today, pollutants such as nutrients 
and sediment, which are often associated with nonpoint sources and were not considered criteria 
pollutants in the Clean Water Act, are jeopardizing water quality, as are habitat destruction, 
changes in flow regimes, and introduction of exotic species.  This array of challenges has shifted 
the focus of water quality management from effluent-based to ambient-based water quality 
standards. 
 This is the context in which EPA is obligated to implement the Total Maximum Daily 
Load (TMDL) program, the objective of which is attainment of ambient water quality standards 
through the control of both point and nonpoint sources of pollution.  Although the TMDL 
program originated from Section 303d of the Clean Water Act, it was largely overlooked during 
the 1970s and 1980s as states focused on bringing point sources of pollution into compliance 
with NPDES permits.  Citizen lawsuits during the 1980s forced EPA to develop guidance for the 
TMDL program, which is now considered to be pivotal in securing the nation’s water quality 
goals.  Under TMDL regulations promulgated in 1992, EPA requires states to list waters that are 
not meeting water quality criteria set for specific designated uses.  For each impaired water, the 
state must identify the amount by which point and nonpoint sources of pollution must be reduced 
in order for the waterbody to meet its stated water quality standards.  Meeting these 
requirements, many of which have been imposed by court order or consent decree, has become 
the most pressing and significant regulatory water quality challenge for the states since passage 
of the Clean Water Act. 



2  Assessing the TMDL Approach to Water Quality Management  

Given the most recent lists of impaired waters submitted to EPA, there are about 21,000 
polluted river segments, lakes, and estuaries making up over 300,000 river and shore miles and 5 
million lake acres.  The number of TMDLs required for these impaired waters is greater than 
40,000.  Under the 1992 EPA guidance or the terms of lawsuit settlements, most states are 
required to meet an 8- to 13-year deadline for completion of TMDLs.  Budget requirements for 
the program are staggering as well, with most states claiming that they do not have the personnel 
and financial resources necessary to assess the condition of their waters, to list waters on 303d, 
and to develop TMDLs.  A March 2000 report of the General Accounting Office (GAO) 
highlighted the pervasive lack of data at the state level available to set water quality standards, to 
determine what waters are impaired, and to develop TMDLs.   
 Subsequent to the GAO report and following issuance by EPA of updated TMDL 
regulations, Congress requested that the National Research Council (NRC) assess the scientific 
basis of the TMDL program, including:   
 

• the information required to identify sources of pollutant loadings and their respective 
contributions to water quality impairment, 

• the information required to allocate reductions in pollutant loadings among sources, 
• whether such information is available for use by the states and whether such 

information, if available, is reliable, and 
• if such information is not available or is not reliable, what methodologies should be 

used to obtain such information. 
 
Of concern to the nation’s lawmakers was the paucity of data and information available to the 
states to comply with program requirements and meet water quality standards.  Indeed, as the 
TMDL program proceeds, the best available science, especially with regard to nonpoint sources 
of pollution, will be needed for regulatory and nonregulatory actions to be equitable and 
effective.  Report recommendations are targeted (1) at those issues where science can and should 
make a significant contribution and (2) at barriers (regulatory and otherwise) to the use of 
science in the TMDL program.  Chapters 2, 3, and 4 discuss the information required to set water 
quality standards, to list waters as impaired, and to develop TMDLs (including the identification 
of pollution sources), while Chapter 5 discusses the role of science in allocating pollutant loading 
among sources.  Chapters 3 and 4 go into considerable detail about the monitoring, modeling, 
and statistical analysis methods needed to collect data and convert it to information, and to assess 
and reduce uncertainty. 

This report represents the consensus opinion of the eight-member NRC committee 
assembled to complete this task.  The committee met three times during a three-month period 
and heard the testimony of over 40 interested organizations and stakeholder groups.  The NRC 
committee feels that the data and science have progressed sufficiently over the past 35 years to 
support the nation’s return to ambient-based water quality management.  Given reasonable 
expectations for data availability and the inevitable limits on our conceptual understanding of 
complex systems, statements about the science behind water quality management must be made 
with acknowledgment of uncertainties.  The committee has concluded that there are creative 
ways to accommodate this uncertainty while moving forward in addressing the nation’s water 
quality challenges.  These broad conclusions are elaborated upon below. 
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TMDL PROGRAM GOALS 
 

The TMDL program should focus first and foremost on improving the condition of 
waterbodies as measured by attainment of designated uses.  Work on meeting the strict time 
demands within the budget constraints cited by most states has focused on administrative 
outcomes as measures of success for the TMDL program.  However, the success of the nation’s 
premier water quality program should not be measured by the number of TMDL plans completed 
and approved, nor by the number of NPDES permits issued or cost share dollars spent.  Success 
is achieved when the condition of a waterbody supports its designated use.  Adequate monitoring 
and assessment must be used to improve the listing of impaired waterbodies and to characterize 
the effectiveness of the actions taken to meet the designated use. 
 The program should encompass all stressors, both pollutants and pollution, that 
determine the condition of the waterbody1.  Proposed regulations may limit the applicability 
of the program to only those water quality problems caused by chemical and physical pollutants.  
Given their demonstrated effectiveness, activities that can overcome the effects of “pollution” 
and bring about waterbody restoration—such as habitat restoration and channel modification—
should not be excluded from consideration during TMDL plan implementation. 

Scientific uncertainty is a reality within all water quality programs, including the 
TMDL program, that cannot be entirely eliminated.  The states and EPA should move 
forward with decision-making and implementation of the TMDL program in the face of this 
uncertainty while making substantial efforts to reduce uncertainty.  Securing designated uses is 
limited not only by a focus on administrative rather than water quality outcomes in the TMDL 
process, but also by unreasonable expectations for predictive certainty among regulators, 
affected sources, and stakeholders. 
 
 

CHANGES TO THE TMDL PROCESS 
 

This report focuses on how scientific data and information should be used within the 
TMDL program.  Science plays a crucial role in the standards-setting process, in the decision to 
add waters to the 303d list, in the development of the TMDL plan, and in the allocation of 
pollutant loads among various sources (although its importance relative to the role of policy 
decisions varies).  The committee finds that although the state of the science is sufficient to 
develop TMDLs to meet ambient water quality goals in many situations, programmatic issues 
substantially hinder the use of the best available science.  Thus, the following changes in the 
TMDL process are recommended, with an understanding that without such changes, the TMDL 
program will be unable to incorporate and improve upon the best available scientific information. 

States should develop appropriate use designations for waterbodies in advance of 
assessment and refine these use designations prior to TMDL development.  Clean Water Act 
goals of fishable and swimmable waters are too broad to be operational as statements of 
designated uses.  Thus, there should be greater stratification of designated uses at the state level 
(such as primary and secondary contact recreation).  The appropriate designated use may not be 
the use that would be realized in the water’s predisturbance condition.  Sufficient science and 
examples exist for all states to inject this level of detail into their water quality standards.  To 

                                                 
1 This refers to the legal definitions of “pollutant” and “pollution,” which are given in Box 1-1 of Chapter 1. 
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ensure that designated uses are appropriate, use attainability analysis should be considered for all 
waterbodies before a TMDL is developed. 

EPA should approve the use of both a preliminary list and an action list instead of 
one 303d list.  Many waters now on state 303d lists were placed there without the benefit of 
adequate water quality standards, data, or waterbody assessment.  These potentially erroneous 
listings contribute to a very large backlog of TMDL segments and foster the perception of a 
problem that is larger than it may actually be.  States should be allowed to move those waters for 
which there is a lack of adequate water quality standards or data and analysis from the 303d list 
back to a preliminary list, as shown in Figure ES-1.  This would provide the assurance that listed 
waters are indeed legitimate and merit the resources required to complete a TMDL.  If no legal 
mechanism exists to bring this about, one should be created by Congress.  The data requirements 
and other criteria that should be used to differentiate the preliminary list from the action list are 
discussed in the report.  No waterbody should remain on the preliminary list for more than one 
rotating basin cycle. 

TMDL plans should employ adaptive implementation.  As shown in Figure ES-2, 
adaptive implementation is a cyclical process in which TMDL plans are periodically assessed for 
their achievement of water quality standards including designated uses.  If the implementation of 
the TMDL plan is not achieving attainment of the designated use, scientific data and information 
should be used to revise the plan.  Adaptive implementation is needed to ensure that the TMDL 
program is not halted because of a lack of data and information, but rather progresses while 
better data are collected and analyzed with the intent of improving upon initial TMDL plans.  
Congress and EPA need to address the policy barriers that inhibit adoption of an adaptive 
implementation approach to the TMDL program, including the issues of future growth, the 
equitable distribution of cost and responsibility among sources of pollution, and EPA oversight. 

 
 

USE OF SCIENCE IN THE TMDL PROGRAM 
 

This report suggests changes in the data used and analytical methods employed that will 
support the revisions to the TMDL process recommended above.  The following sections 
highlight the use of science in the TMDL program steps as illustrated in Figure ES-1.  Additional 
recommendations about the scientific basis of the program not included in this executive 
summary are found throughout the report. 
 
 

Water Quality Standards 
 

The TMDL process is primarily a measurement process and as such is significantly 
impacted by the setting of water quality standards. Water quality standards consist of two parts: a 
specific desired use appropriate to the waterbody, termed a designated use, and a criterion that 
can be measured to establish whether the designated use is being achieved. 
 The criterion used to measure whether the condition of a waterbody supports its 
designated use can be positioned at different points along the causal chain connecting 
stressors (such as land use activities) to biological responses in a waterbody.  Positioning the 
criterion involves a trade-off between forecast error for the stressor–criterion relationship and the 
adequacy of the criterion as a measure (surrogate) for the designated use.  Model results that 
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FIGURE ES-1  Framework for water quality management. 
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FIGURE ES-2  Adaptive implementation flowchart. 
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of a number of allowed excursions in a specified period.  Establishing these three dimensions of 
the criterion is crucial for successfully developing water quality standards and subsequently 
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 Water quality standards must be measurable by reasonably obtainable monitoring 
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Waterbody Assessment and Listing 
 
 Ambient monitoring and assessment programs should form the basis for determining 
whether waters are placed on the preliminary list or the action list. 
 EPA needs to develop a uniform, consistent approach to ambient monitoring and 
data collection across the states.  The rotating basin approach used by several states is an 
excellent example of a framework than can be used to conduct waterbody assessments of varying 
levels of complexity, for example to support 305b reports, to place impaired waters on a 
preliminary list or action list, and to develop TMDLs.  In that regard, EPA should set the 
TMDL calendar in concert with each state’s rotating basin program. 

Evidence suggests that limited budgets are preventing the states from monitoring 
for a full suite of indicators to assess the condition of their waters and from embracing a 
rotating basin approach to water quality management.  Currently, EPA is assessing the 
sufficiency of state resources to develop and implement TMDLs.  Depending on the results of 
that assessment, Congress might consider aiding the states, for example through matching grants 
to improve data collection and analysis. 
 Evaluated data and evidence of violation of narrative standards should not be 
exclusively used for placement of a waterbody on the action list, but is useful for placement 
on the preliminary list.  EPA should develop guidance to help states translate narrative 
standards to numeric criteria for the purposes of 303d listing and TMDL calculation and 
implementation. 
 EPA should endorse statistical approaches to defining all waters, proper monitoring 
design, data analysis, and impairment assessment.  For chemical parameters, these statistical 
approaches might include the binomial hypothesis test or other methods that can be more 
effective than the raw score approach in making use of the data collected to determine water 
quality impairment.  For biological parameters, they might focus on improvement of sampling 
designs, more careful identification of the components of biology used as indicators, and 
analytical procedures that explore biological data as well as integrate biological information with 
other relevant data. 
 

 
TMDL Development 

 
 The scientific basis of the latter half of the TMDL process revolves around a wide variety 
of models of varying complexity that are used to relate waterbody conditions to different land 
uses and other factors.  Models are a required element of developing TMDLs because water 
quality standards are probabilistic in nature.  However, although models can aid in the decision-
making process, they do not eliminate the need for informed decision-making. 
 Uncertainty must be explicitly acknowledged both in the models selected to develop 
TMDLs and in the results generated by those models.  Prediction uncertainty must be 
estimated in a rigorous way, models must be selected and rejected on the basis of a prediction 
error criterion, and guidance/software needs to be developed to support uncertainty analysis. 

The TMDL program currently accounts for the uncertainty embedded in the 
modeling exercise by applying a margin of safety (MOS); EPA should end the practice of 
arbitrary selection of the MOS and instead require uncertainty analysis as the basis for 
MOS determination.  Because reduction of the MOS can potentially lead to a significant 
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reduction in TMDL implementation cost, EPA should place a high priority on selecting and 
developing TMDL models with minimal forecast error. 

EPA should selectively target some postimplementation TMDL compliance 
monitoring for verification data collection so that model prediction error can be assessed.  
TMDL model choice is currently hampered by the fact that relatively few models have 
undergone thorough uncertainty analysis.  Postimplementation monitoring at selected sites can 
yield valuable data sets to assess the ability of models to reliably forecast response. 

EPA should promote the development of models that can more effectively link 
environmental stressors (and control actions) to biological responses.  A first step will be the 
development of conceptual models that account for known system dynamics.  Eventually, these 
should be strengthened with both mechanistic and empirical models, although empirical models 
are more likely to fill short-term needs.  Such models are needed to promote the wider use of 
biocriteria. 

Monitoring and data collection programs need to be coordinated with anticipated 
water quality and TMDL modeling requirements.  For many parameters, there are insufficient 
data to have confidence in the results generated by some of the complex models used in practice 
today.  Thus, EPA should not advocate detailed mechanistic models for TMDL development in 
data-poor situations.  Either simpler, possibly judgmental, models should be used or, preferably, 
data needs should be anticipated so that these situations are avoided. 
 In order to carry out adaptive implementation, EPA needs to foster the use of 
strategies that combine monitoring and modeling and expedite TMDL development.  This 
should involve the use of Bayesian techniques that can combine different types of information.  
Although the modeling framework proposed in this report calls for improvements in models, 
there are existing models that can be applied rapidly and effectively within an adaptive 
implementation framework. 
 
 

FINAL THOUGHTS 
 

Through the adoption and use of the preliminary list/action list approach, adequate 
monitoring and assessment approaches, sound selection of appropriate models, and adaptive 
implementation described in this report, the TMDL program will be capable of utilizing the best 
available scientific information.  It is worth noting that the success of these approaches is directly 
related to the provision of adequate personnel and financial resources for data collection, 
management, and interpretation and for the development of sufficiently detailed and stratified 
water quality standards. 
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THE RETURN TO AMBIENT-BASED WATER QUALITY MANAGEMENT 
 

The Federal Water Pollution Control Act Amendments of 1972 (PL 92-500), as 
supplemented by the Clean Water Act (CWA) of 1977 and the Water Quality Act of 1987, are 
the foundation for protecting the nation’s water resources.  Precursors to the Water Quality Act 
go back to the Rivers and Harbors Appropriations Act of 1899, often referred to as the Refuse 
Act, and the Water Pollution Control Acts of 1948 and 1965 (Rodgers, 1994).  An important 
impetus for earlier water quality legislation was protection of public health.  Over time, this 
purpose was supplemented by aesthetic and recreational purposes (fishable and swimmable) and 
then by the goal of restoring and maintaining the “chemical, physical, and biological integrity of 
the Nation’s waters” (Section 101a of PL 92-500). 

In practice, each of these general purposes must be restated in operational and measurable 
terms as ambient water quality standards, which are established by the states and are subject to 
federal approval.  Section 303d of the CWA makes it a responsibility of the states to assess 
whether ambient standards are being achieved for individual waterbodies.  If ambient standards 
are not being met, a water quality management program to achieve those standards is anticipated. 

The data and analytical requirements for determining both the causes of a failure to meet 
ambient standards and the solutions to such problems have challenged water quality analysts for 
over half a century.  Prior to the 1972 Water Pollution Control Act Amendments, states were 
expected to identify pollutant sources that were resulting in violations of ambient water quality 
standards.  Once the sources of the problem were carefully identified, controls on polluting 
activities would be put in place.  However, in even modestly complex watersheds, multiple 
sources of pollutants made it difficult to unambiguously determine which sources were 
responsible for the standard violation.  One source might insist that the cause of the problem was 
the discharge from others, or at least that its own contribution to the problem was not as 
significant as the contributions of others.  Neither the available monitoring data nor the analytical 
methods available at the time allowed the states to defensibly mandate differential load reduction 
requirements (Houck, 1999). 

The 1972 Amendments recognized this analytical dilemma and shifted the focus of water 
quality management away from ambient standards.  Instead, all dischargers of certain pollutants 
were expected to limit their discharges by meeting nationally established effluent standards.  
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Effluent standards are specified in National Pollution Discharge Elimination System (NPDES) 
permits, issued by the states to certain pollutant sources and approved by the U.S. Environmental 
Protection Agency (EPA).  Effluent standards were set at a national level based on available 
technologies for wastewater treatment appropriate to different industry groups (although in 
certain waterbodies effluent standards more stringent than the technology-based requirement 
have been required to meet local water quality goals).  The shift to effluent standards eliminated 
the need to link required reductions at particular sources with the ambient condition of a 
waterbody.  Instead, each regulated source was simply required to meet the effluent standard in 
its wastewater.  In the intervening period since passage of PL 92-500, pollutants discharged by 
industry and municipal treatment plants have declined, and the ambient quality of many of the 
nation’s lakes, rivers, reservoirs, groundwater, and coastal waters has improved. 

There were consequences that followed the embracing of effluent-based standards instead 
of ambient-based standards.  First, efforts to measure and communicate water quality 
accomplishments were often described in terms of compliance with wastewater permit 
conditions rather than the condition of the waters.  Second, effluent standards could only apply to 
so-called point sources rather than to all sources of a pollutant or other forms of pollution (Box 
1-1).  Pollutants from nonpoint sources (derived from diffuse and hard-to-monitor origins such as 
land-disturbing agricultural, silvicultural, and construction activities) largely escaped oversight.  
Third, attention to chemical pollutants measured in discharge water came to dominate water 
quality policy, and the physical and biological determinants of the ambient condition of a 
waterbody were less frequently considered.  A pollutant is defined as a substance added by 
humans or human activities.  In many cases, the condition of a waterbody depends on more than 
the loads of particular pollutants from sources required to meet effluent standards.  For example, 
changes in the hydrologic regime associated with development activities can destabilize 
streambanks, increase loads of sediment and nutrients, or eliminate key species or otherwise 
change the aquatic ecosystem.  As shown in Box 1-1, biological, hydrologic, and physical 
changes to a waterbody that do not fit the definition of pollutant were encompassed in the 1987 
act’s definition of pollution. 
 
 

Box 1-1  Pollution vs. Pollutant 
 
Clean Water Act Section 502(6).  The term “pollutant” means dredged spoil, solid waste, 
incinerator residue, biological materials, radioactive materials, heat, wrecked or discarded 
equipment, rock, salt, cellar dirt, and industrial, municipal, and agricultural waste discharged into 
water.  This term does not mean (A) “sewage from vessels” within the meaning of section 312 of 
this Act; or (B) water, gas, or the materials which are injected into a well to facilitate production 
of oil or gas, or water derived in association with oil or gas production and disposed of in a well, 
if the well used either to facilitate production or for disposal purposes is approved by authority of 
the State in which the well is located, and if such State determines that such injection or 
disposal will not result in the degradation of ground or surface water resources. 
 
Clean Water Act Section 502(19).  The term “pollution” means the manmade or man-induced 
alteration of chemical, physical, biological, and radiological integrity of water. 
 
In the Clean Water Act, pollution includes pollutants (as described above) as well as other 
stressors such as habitat destruction, hydrologic modification, etc. 
 



Introduction  11 

 

 Present-day implementation of Section 303d of the Clean Water Act returns to the pre-
1972 focus on ambient water quality standards, even though there are still requirements for 
meeting effluent standards.  Section 303d requires states to identify waters not meeting ambient 
water quality standards, define the pollutants and the sources responsible for the degradation of 
each listed water, establish Total Maximum Daily Loads (TMDLs) necessary to secure those 
standards, and allocate responsibility to sources for reducing their pollutant releases.  Therefore, 
for each impaired waterbody, the state must identify the amount by which both point and 
nonpoint source pollutants would need to be reduced in order for the waterbody to meet ambient 
water quality standards.  Other alterations that do not fit the pollutant definition such as changes 
of habitat, flow alterations, channelization, and modification or loss of riparian habitat may need 
to be considered as a reason for not meeting standards.  If TMDL language is strictly interpreted, 
however, these causes may fall outside the TMDL program. 
 Although Section 303d has been in place since the early 1970s, activity to comply with it 
was limited until the last decade.  States were slow to submit inventories of impaired waters, and 
measures of water quality program success were often simply documentation of point source 
permit issuance and compliance.  Few TMDLs were prepared, and they often did not incorporate 
both point and nonpoint source discharge controls (Houck, 1999).  Action to meet Section 303d 
requirements accelerated in the 1990s primarily because of a series of citizen lawsuits against 
EPA.  By 1992, EPA revised the TMDL regulations to require submission of states’ lists of 
impaired water bodies every two years. 
 EPA estimates that from 3,800 to 4,000 TMDLs will need to be completed per year to 
meet the 8- to 13-year deadlines currently imposed on the process.  From 1,000 to 1,800 would 
have to be completed per year to meet consent decree deadlines, while another 1,800 to 2,200 per 
year need to be resolved through settlement agreements.  States have identified about 21,000 
impaired river segments, lakes, and estuaries encompassing more than 300,000 river and shore 
miles and 5 million lake acres (Brady, 2001).  Excess sediments, nutrients, and pathogens are 
leading reasons for listing according to state reports submitted to EPA.  Federal, state, and local 
governments, regulated and potentially regulated communities, and concerned citizens 
throughout the nation claim that they face unrealistic deadlines and must use analytical and 
decision-making procedures that are largely untested.  Proposed revisions to the TMDL 
regulations were submitted in 1999, with a final rule issued July 13, 2000.  However, faced with 
expressions of concern about the practicality of the program, a congressional rider prohibited 
EPA from implementing the new rule until October 2001.  As a result, the TMDL program 
continues under 1992 regulations and, in some cases, consent decrees. 

The 303d focus on ambient water quality standards has returned the nation to a water 
quality program that was not considered implementable 35 years ago when there was a paucity 
of data and analytical tools for determining causes of impairment and assigning responsibility to 
various sources.  Determining the pollutant load from a regulated point source is a relatively 
straightforward task, although isolating its effect in a complex waterbody remains a technical 
challenge.  Such technical uncertainties in relating stresses on the waterbody to impairment are 
compounded when nonpoint sources of pollutants and other forms of pollution are considered.  
Having returned the focus to ambient water quality conditions, are we better positioned today 
than we were years ago?  Do we have more and better data and analytical methods?  Do we have 
a better understanding of watershed events and processes responsible for water quality 
violations?  These are the science questions facing the nation as we implement Section 303d of 
the Clean Water Act.  
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NATIONAL RESEARCH COUNCIL STUDY 
 

Despite recent progress, the demands of the TMDL program weigh heavily on the limited 
resources of EPA and the states.  The TMDL process requires high-quality data and sophisticated 
tools to analyze those data.  States have reported having insufficient funds, inadequate 
monitoring programs, and limited staff to collect and analyze such data (GAO, 2000).  
According to the General Accounting Office (GAO), only six states have enough data to fully 
assess the condition of their waterbodies, while only 18 have enough data to place their 
waterbodies on the list of impaired waters (303d list).  Forty states had sufficient high-quality 
data to determine TMDLs for waterbodies impaired primarily by point sources such as municipal 
sewage treatment plants, and 29 had sufficient high-quality data to implement these TMDLs.  
When states were asked about waterbodies impaired primarily by nonpoint sources, however, 
only three claimed to have sufficient data. 
 The GAO report outlined several critical issues for consideration by the states and EPA.  
Beyond questions of additional funding for data collection and staff, the states need assistance 
using watershed models; many reported being unclear where to go for such assistance.  There 
appears to be no formalized process to capitalize on lessons learned, to transfer technology, and 
to share knowledge.  Aside from the reported lack of data to comply with the TMDL regulations, 
when data are available, they are often not the type needed for source identification and TMDL 
analyses..  

Subsequent to the GAO report, Congress requested that the National Research Council 
(NRC) analyze on a broad scale the scientific basis of the TMDL program.  The NRC was asked 
to evaluate: 
 

• the information required to identify sources of pollutant loadings and their respective 
contributions to water quality impairment, 

• the information required to allocate reductions in pollutant loadings among sources, 
• whether such information is available for use by the states and whether such 

information, if available, is reliable, and 
• if such information is not available or is not reliable, what methodologies should be 

used to obtain such information.  
 
 While the GAO report was about data, the NRC was charged to focus on reliable 
information for making decisions.  In presentations made to the NRC committee, the terms 
“data” and “information” often were used as synonyms, but data are not the same as information.  
Unanalyzed data do not constitute information.  Data must be interpreted for their meaning 
through the filter of analytical techniques, and the result of such data analysis is information that 
can support decision-making.  Knowing what data are needed and turning those data into 
information constitutes, in large part, the science behind a water quality management program.  
The techniques for transforming data into information include statistical inference methods, 
simulation modeling of complex systems, and, at times, simply the application of the best 
professional judgment of the analyst.  In all these processes there will always be some 
uncertainty (and thus some “unreliability”) about whether the resulting information accurately 
characterizes the water quality problem and the effectiveness of the solutions.  Because 
uncertainty cannot be eliminated, determining whether the information generated from data 
analysis is reliable is a value judgment.  Individuals and groups will have different opinions 
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about whether and how to proceed with water quality management given a certain level of 
uncertainty. 
 To organize its deliberations, the committee considered the role of science at each step of 
the TMDL process, from the initial defining of all waters to the implementation of actions to 
control pollution; the report is structured around this organization.  Report recommendations are 
targeted (1) at those issues where science can and should make a significant contribution and (2) 
at barriers (regulatory and otherwise) to the use of science in the TMDL program.  Because of 
this broad scope, the content of the report extends beyond the confines of the charge in the 
bulleted items above.  Chapters 2, 3, and 4 discuss the information (as defined above) required to 
set water quality standards, to list waters as impaired, and to develop TMDLs (including the 
identification of pollution sources); Chapter 5 comments on the role of science in allocating 
pollutant loading among sources.  Because GAO (2000) already documents a widespread lack of 
data and information at the state level and because availability of information varies significantly 
from state to state, the committee did not devote substantial time to determining availability.  As 
mentioned above, whether the information is reliable depends on the degree of uncertainty 
decision-makers are willing to accept when making regulatory or spending choices—a decidedly 
nonscientific matter.  Chapters 3 and 4 describe in detail the monitoring, modeling, and statistical 
analysis methods needed to collect data and convert it to information, and to assess and reduce 
uncertainty.  Chapter 5 describes an approach for making decisions in the face of uncertainty. 

This report represents the culmination of three meetings over three months, including a 
two-day public session in which 30 presentations from a wide variety of stakeholders were made 
(see Appendix B).  Given the information gathered during the study period and the collective 
experience of its members, the committee feels that the data and science have progressed 
sufficiently over the past 35 years to support the nation’s return to ambient-based water quality 
management.  In addition, the need for this approach is made apparent by the inability of a large 
percentage of the nation’s water to meet water quality standards using point source controls 
alone.  Given reasonable expectations for data availability and inevitable limits on our 
conceptual understanding of complex systems, statements about the science behind water quality 
management must be made with acknowledgment of uncertainties.  Finally, the committee has 
concluded that there are creative ways to accommodate this uncertainty while moving forward in 
addressing the nation’s water quality challenges.  These broad conclusions are elaborated upon 
throughout this report. 
 
 

CURRENT TMDL PROCESS AND REPORT ORGANIZATION 
 
 Section 303d requires that states identify waters that are not attaining ambient water 
quality standards (i.e., are impaired).  (Although new rules are pending, at the request of 
Congress, this report focuses on the 1992 regulations that govern the current program.)  States 
must then establish a priority ranking for such waters, taking into account the severity of the 
impairment and the uses to be made of such waters.  For impaired waters, the states must 
establish TMDLs for pollutants necessary to secure applicable water quality standards.  The 
CWA further requires that once water quality standards are attained they must be maintained. 
 Figure 1-1 depicts the basic steps in the TMDL process.  These steps are described briefly 
below and are considered in greater detail throughout the report.  At the beginning of the process 
are all waterbodies for the state and the development of water quality standards for each 
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waterbody.  Water quality standards are established outside the TMDL process and include 
designated uses for a waterbody and measurable water quality criteria designed to assure that 
each designated use is being achieved.  Because water quality standards are the foundation on 
which the entire TMDL program rests, more detailed discussion of standard setting is provided 
in Chapters 2 and 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 1-1  Conceptualized steps of the TMDL process. 
 
 
 The next step in the process is the listing of impaired waterbodies if evaluation of 
available data suggests that certain waterbodies are not meeting standards.  According to Section 
303d, all impaired waterbodies must be listed by the states or responsible agencies and submitted 
to EPA every two years.  In addition, the states should provide priority ranking for the 
waterbodies on the 303d list.  Following its submission, EPA must either approve or disapprove 
the list.  Listing of a waterbody initiates a costly planning process and may lead to added costs to 
implement pollutant controls by point and nonpoint sources.  The NRC committee heard 
testimony that many waterbodies have been listed based on limited or completely absent data and 
poorly conceived analytical techniques for data evaluation.  Chapter 3 reviews the listing process 
and makes recommendations that will improve the reliability of the listing decision. 
 Once an impaired waterbody is listed, a planning step ensues.  Section 303d specifies that 
those waters impaired by pollutants should undergo calculation of a TMDL.  The term TMDL 
has essentially two meanings (EPA, 1991): 

All Waters 

Listing 

Implementation 

Planning 

Determine 
Designated Use/ 

Standard 
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• The TMDL process is used for implementing state water quality standards—that is, it 
is a planning process that will lead to the goal of meeting the water quality standards. 

• The TMDL is a numerical quantity determining the present and near future maximum 
load of pollutants from point and nonpoint sources as well as from background sources, to 
receiving waterbodies that will not violate the state water quality standards with an adequate 
margin of safety.  The permissible load is then allocated by the state agency among point and 
nonpoint sources. 
 
 The calculation described above requires data collection and various forms of modeling 
in order to identify sources of pollution and background conditions, calculate the maximum load 
that will meet water quality standards with a margin of safety, and make allocations of 
responsibility for load reduction to point and nonpoint sources.  Chapter 4 reviews modeling 
capability, data needs for model implementation, and the appropriate role of modeling in the 
TMDL planning process. 
 The last step in the process is implementation of the TMDL and the delisting of the 
waterbody.  Implementation is the process of putting the actions envisioned in the TMDL plan in 
place.  Such actions could include limitations on point sources beyond technology-based effluent 
standards.  Also, using best management practices for nonpoint sources, as well as addressing 
pollution problems, might be part of implementation, although these actions are not required by 
Section 303d1.  The results of implementation actions need to be assessed before a waterbody 
can be removed from the list.  Monitoring in this phase is necessary to measure the success (or 
failure) of the plan.  Chapter 5 discusses postimplementation monitoring and a strategy for 
assuring that the best available science is used in the TMDL implementation phase.  When the 
monitoring proves that the implementation is successful (i.e., the water quality standards are 
met), the waterbody can be delisted. 
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1 Whether nonpoint source controls are required as part of the TMDL program is the source of much of the debate, 
especially with regard to the 2000 regulations that are now on hold.  Under the current (1992) regulations, 303d is a 
planning exercise only.  Implementation must be by some other provisions of the CWA or other programs.  Also, 
states differ in their ability to enforce use of certain best management practices. 
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Conceptual Foundations for Water Quality Management 
 
 
 
 
 
 
 
 
 
 
 
 This chapter describes the analytical and related policy challenges of implementing an 
ambient-focused water quality management program, of which the Total Maximum Daily Load 
(TMDL) program is an example1.  The goal of an ambient water quality management program is 
to measure the condition of a waterbody and then determine whether that waterbody is meeting 
water quality standards.  By definition, this process is dependent on the setting of appropriate 
water quality standards.  Although realistic standard setting must account for watershed 
(hydrologic, ecological, and land use) conditions, the corresponding need to make policy 
decisions in setting standards must also be recognized.  In addition, ambient-based water quality 
management requires decision-making under uncertainty because the possibility for making 
assessment errors is always present.  Properly executed statistical procedures can identify the 
magnitude and direction of the possible errors so that knowledge can be incorporated into the 
decisions made.  In addition to uncertainties inherent in measuring the attainment of water 
quality standards, there are uncertainties in results from models used to determine sources of 
pollution, to allocate pollutant loads, and to predict the effectiveness of implementation actions 
on attainment of a standard.  As part of the information needed in the TMDL program, this 
uncertainty must be understood and addressed as implementation decisions are made. 
 
 

AMBIENT WATER QUALITY STANDARDS 
 

Unlike an effluent standard, an ambient water quality standard applies to a specific spatial 
area—a defined waterbody—and is expected to be met over all areas of that waterbody.  Thus, 
identifying the waterbody of interest, whether a lake, a stream segment, or areas of an estuary, is 
a first step in setting water quality standards.  Waterbodies vary greatly in size—for example, 
from a small area such as a mixing zone below a point source discharge on a river to an estuary 
formed by a major river discharge. 

Water quality standards themselves consist of two parts: a specific desired use 
appropriate to the waterbody, termed a designated use, and a criterion that can be measured to 
establish whether the designated use is being achieved.  Barriers to achieving the designated use 

                                                 
1 Although this discussion refers to the TMDL program, it is not meant to be a description of that program. 
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are the presence of pollutants and hydrologic and geomorphic alterations to the waterbody or 
watershed. 
 
 

Appropriate Designated Uses 
 

A designated use describes the goal of the water quality standard.  For example, a 
designated use of human contact recreation should protect humans from exposure to microbial 
pathogens while swimming, wading, or boating.  Other uses include those designed to protect 
humans and wildlife from consuming harmful substances in water, fish, and shellfish.  Aquatic 
life uses are intended to promote the protection and propagation of fish, shellfish, and wildlife 
resources. 

A designated use is stated in a written, qualitative form, but the description should be as 
specific as possible.  Thus, more detail than “recreational support” or “aquatic life support” is 
needed.  The general “fishable” and “swimmable” goals of the Clean Water Act constitute the 
beginning, rather than the end, of appropriate use designation.  For example, a sufficiently 
detailed designated use might distinguish between beach use, primary water contact recreation, 
and secondary water contact recreation2.  Similarly, rather than stating that the waterbody needs 
to be “fishable,” the designated use would ideally describe whether the waterbody is expected to 
support a desired fish population (e.g., salmon, trout, or bass) and the relative invertebrate or 
other biological communities necessary to support that population.  Although small headwater 
streams may have aesthetic values, they may not have the ability to support extensive 
recreational uses themselves (i. e., be “fishable” or “swimmable”).  However, their condition 
may have an influence on the ability of a downstream area to achieve a particular designated use.  
In this case, the designated use for the smaller waterbody may be defined in terms of the 
achievement of the designated use of the larger downstream waterbody (as illustrated in the 
discussion of criteria below). 

In many areas of the United States, human activities have radically altered the landscape 
and aquatic ecosystems, such that an appropriate designated use may not necessarily be the 
aquatic life condition that was present in a watershed’s predisturbance condition, which may be 
unattainable.  For example, a reproducing trout fishery in downtown Washington, D.C., may be 
desired, but may not be attainable because of the development history of the area or the altered 
hydrologic regime of the waterbody.  Similarly, designating an area near the outfall of a sewage 
treatment plant for shellfish harvesting may be desired, but health considerations would 
designate it as a restricted shellfish harvest water.  Furthermore, there may be a conscious 
decision to establish a designated use that would not have existed in the predisturbance 
condition.  For example, construction of a lake for a warm water fishery is a use possible only as 
a result of human intervention. 

Appropriate use designation for a state’s waterbodies is a policy decision that can be 
informed by technical analysis.  However, a final selection will reflect a social consensus made 
in consideration of the current condition of the watershed, its predisturbance condition, the 

                                                 
2 These uses are defined differently from state to state.  In Ohio, primary contact recreation includes full body 
immersion activities such as swimming, canoeing, and boating.  Such streams or rivers must have a depth of at least 
1 meter.  Secondary contact recreation includes activities such as wading, but where full body immersion is not 
practical because of depth limitations.  The fecal bacteria criteria are less stringent for secondary contact recreation 
than for primary contact recreation. 
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advantages derived from a certain designated use, and the costs of achieving the designated use.  
Ideally, a statewide water quality management program should establish a detailed gradient of 
use designations for waterbodies.  Box 2-1 describes the multiple tiers of designated uses 
developed for waters in Ohio. 
 
 

 
Box 2-1  Appropriate Designated Uses: The Ohio Example 

 
An approach to setting appropriately stratified or tiered designated uses for a state’s 

waterbodies has been developed in Ohio.  The state recognized early on that a stratified set of 
use designations for aquatic life, recreation, and water supply was needed to accurately reflect 
the potential quality of various waterbodies and to guide cost-effective expenditures for pollution 
controls and other restoration activities.  In lieu of general use, more detailed designated uses 
were developed that reflect the “potential” of the aquatic ecosystem and account for the 
historical influence of broad-scale socioeconomic activities.  Individual waterbodies are 
assigned the appropriate designated use based on a use attainability analysis (UAA) process 
that relies heavily on site-specific information about the waterbody.  The information used in this 
process results from the systematic monitoring of waters via a rotating basin approach in which 
biological, chemical, and physical data are collected and analyzed.  Aquatic life uses are based 
primarily on the biological criteria and physical habitat assessments that are calibrated with 
regard to the important regional and watershed-specific variables that determine the potentially 
sustainable aquatic assemblage.  Recreational uses are designated based on the size of the 
waterbody, reflecting the ability of humans to use the water for swimming, boating, fishing, or 
wading. 

The system of tiered aquatic life and recreational uses in the Ohio water quality 
standards was established in 1978, well before biological criteria were adopted for use (May 
1990).  Two newly proposed uses are now under study: one for urban streams, which would 
require a site-specific UAA, and one for primary headwater streams (<1 sq. mi. drainage area), 
which are outside of the practical resolution of the present biological criteria.  (A readily 
accessible and detailed example of such designated uses for Ohio can be found at 
http://www.epa.state.oh.us/dsw/rules/3745-1.html. 
 
 
 
 

Defining a Criterion 
 

A water quality standard includes a criterion representing the condition of the waterbody 
that supports the designated use.  Thus, the designated use is a description of a desired endpoint 
for the waterbody, and the criterion is a measurable indicator that is a surrogate for use 
attainment.  The criterion may be positioned at any point in the causal chain of squares shown in 
Figure 2-1.  Criteria in squares 2 and 3 are possible measures of ambient water quality condition.  
Square 2 includes measures of a water quality parameter such as dissolved oxygen (DO), pH, 
nitrogen concentration, suspended sediment, or temperature.  Criteria closer to the designated use 
(e.g., square 3) include measures such as the condition of the algal community (chlorophyll a), a 
comprehensive index measure of the biological community as a whole, or a measure of 
contaminant concentration in fish tissue.  In square 1, where the criterion is farther from the 

http://www.epa.state.oh.us/dsw/rules/3745-1.html
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FIGURE 2-1  Types of water quality criteria and their position relative to designated uses. 
 
 
designated use, are measures of the pollutant discharge from a treatment plant (e.g., biological 
oxygen demand, NH3, pathogens, suspended sediments) or the amount of a pollutant entering the 
edge of a stream from runoff.  A criterion at this position is referred to as an effluent standard.  
Finally, square 4 represents criteria that are associated with sources of pollution other than 
pollutants.  These criteria might include measures such as flow timing and pattern (a hydrologic 
criterion), abundance of nonindigenous taxa, some quantification of channel modification (e.g., 
decrease in sinuosity), etc. 

Because the designated use is stated in written and qualitative terms, the challenge is to 
logically relate the criterion to the designated use.  Establishing this relationship is easier as the 
criterion moves closer to the designated use (Figure 2-1).  In addition, the more precise the 
statement of the designated use, the more accurate the criterion will be as an indicator of that use.  
For example, the criterion of fecal coliform count may be used for determining if the use of 
water contact recreation is achieved, and the fecal count criterion may differ among waterbodies 
that have primary versus secondary water contact as their designated use. 

Surrogate variables often are selected for use as criteria because they are easy to measure.  
Although the surrogate may have this appealing attribute, its usefulness can be limited if it 
cannot be logically related to a designated use.  For example, chlorophyll a has been chosen as a 
biocriterion in some states because it is a surrogate for aesthetic conditions or the status of the 
larger aquatic ecosystem.  In North Carolina, the ambient water quality standard of 40 µg/l for 
chlorophyll a was proposed for lakes, reservoirs, sounds, estuaries, and other slow-moving 

1.  Pollutant load from each source 

2.  Ambient pollutant concentration 
in waterbody 

3.  Human health and biological  
condition 

Appropriate designated use for the  
waterbody 

4.  Land use, characteristics of the channel 
and riparian zone, flow regime, species 
harvest condition (pollution) 
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waters not designated as trout waters.  However, a discussion of the appropriate designated uses 
for the waters of the state and how this criterion is logically related to those uses did not 
accompany the adoption of this criterion. 

As with setting designated uses, the relationship among waterbodies and segments must 
be considered when determining criteria.  For example, where a segment of a waterbody is 
designated as a mixing zone for a discharge, the criterion adopted should assure that the mixing 
zone use will not affect the attainment of the uses designated for the surrounding waterbody.  In 
a similar vein, the desired condition of a small headwater stream may need to be chosen as it 
relates to other waterbodies in the watershed.  Thus, an ambient nutrient criterion may be set in a 
small headwater stream to secure a designated use in a downstream estuary, even if there are no 
localized effects of the nutrients in the small headwater stream.  Conversely, a higher fecal 
coliform criterion that supports only secondary contact recreation may be warranted for a 
waterbody with little likelihood of being a recreational resource—if the fecal load dissipates 
before the flow reaches an area designated for primary contact recreation. 
 
 

DECISION UNCERTAINTY 
 

Ambient-focused water quality management requires one to ask whether the designated 
use is being attained and, if not, the reasons for nonattainment and how the situation can be 
remedied.  Neither of these questions, which make reference to the chosen criteria, can be 
answered with complete certainty.  Determining use attainment requires making criterion 
measurements at different locations in the waterbody and at different times and comparing the 
measurements to the standard. Individual measurements of a single criterion constitute a sample, 
and statistical inference procedures use the sample data to test hypotheses about whether the 
actual condition in the water meets the criterion.  Errors of inference are always possible in 
statistically valid hypothesis testing.  It is possible to falsely conclude that a criterion is not being 
met when it is.  It is also possible to conclude that a criterion is being met when in fact it is being 
violated.  Chapter 3 includes recommendations for controlling and managing such uncertainty. 

Water quality management also requires models to relate the criterion to activities that 
might control pollution.  For example, a criterion requiring a certain DO level may be chosen to 
help meet the designated use of a trout fishery.  Models will be required to relate a management 
practice, such as fertilizer control, to the DO criterion.  These types of models can be broadly 
labeled as models that relate stressors (sources of pollutants and pollution) to responses—similar 
to models used in hazardous waste risk assessment and many other fields.  Stressors include 
human activities likely to cause impairment, such as the presence of impervious surfaces in a 
watershed, cultivation of fields too close to the stream, over-irrigation of crops with resulting 
polluted return flows, the discharge of domestic and industrial effluent into waterbodies, dams 
and other channelization, introduction of nonindigenous taxa, and overharvesting of fishes.  
Indirect effects of humans include the clearing of natural vegetation in uplands that alters the 
rates of delivery of water and sediment to stream channels.   

A careful review of direct and indirect effects of human activities suggests five major 
classes of environmental stressors: alterations in physical habitat, modifications in the seasonal 
flow of water, changes in the food base of the system, changes in interactions within the stream 
biota, and release of contaminants (conventional pollutants) (Karr, 1990; NRC, 1992).  The 
presence of one of more of these in a landscape may be responsible for changes in a waterbody 
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that result in failure to attain a designated use.  Ideally, models designed to protect or restore 
water quality to ensure attainment of designated uses should include all five classes of pollution.  
The broad-based approach implicit in these five features is more likely to solve water resource 
problems because it requires a more integrative diagnosis of the cause of degradation (NRC, 
1992). 

Models that relate stressors to responses can be of varying levels of complexity (Chapter 
4).  Sometimes, models are simple conceptual depictions of the relationships among important 
variables and indicators of those variables, such as the statement “human activities in a 
watershed affect water quality including the condition of the river biota.”  More complicated 
models can be used to make predictions about the assimilative capacity of a waterbody, the 
movement of a pollutant from various point and nonpoint sources through a watershed, or the 
effectiveness of certain best management practices. 

There are two significant sources of uncertainty in any water quality management 
program: epistemic and aleatory uncertainty (Stewart, 2000).  Epistemic uncertainty—
incomplete knowledge or lack of sufficient data to estimate probabilities—is a by-product of our 
reliance on models that relate sources of pollution to human health and biological responses.  We 
are limited by incomplete conceptual understanding of the systems under study, by models that 
are necessarily simplified representations of the complexity of the natural and socioeconomic 
systems, as well as by limited data for testing hypotheses and/or simulating the systems.  Limited 
conceptual understanding leads to parameter uncertainty.  For example, at present there is 
scientific uncertainty about the parameters that can represent the fate and transfer of pollutants 
through watersheds and waterbodies.  It is plausible to argue that more complete data and more 
work on model development can reduce epistemic uncertainty.  Thus, a goal of water quality 
management should be to increase the availability of data, improve its reliability, and advance 
our modeling capabilities.  Indeed, Chapter 4 describes ways in which improved data and 
modeling can narrow the band of uncertainty and ways to characterize the remaining uncertainty. 

However, complete certainty in support of water quality management decisions cannot be 
achieved because of aleatory uncertainty—the inherent variability of natural processes.  Aleatory 
uncertainty arises in systems characterized by randomness.  For example, if a pair of dice is 
thrown, the outcome can be predicted to be between 2 and 12, although the exact outcome cannot 
be predicted.  The example of the dice toss represents the best-case scenario of a system 
characterized by randomness, because it is a closed system in which we have complete 
confidence that the result will be between 2 and 12.  Not only are waterbodies, watersheds, and 
their inhabitants characterized by randomness, but they are also open systems in which we 
cannot know in advance what the boundaries of possible biological outcomes will be. 

Thus, uncertainty is a reality that water quality management must recognize and strive to 
assess and reduce when possible.  It derives from the need to use models that relate actions taken 
to alter the stressors so that the desired criterion and designated use of a waterbody will be 
secured.  Although the purpose of water quality modeling will change depending on how close to 
the designated use the criterion is positioned, the importance of modeling and the inevitable 
uncertainties of model results remain. 
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CONCLUSIONS AND RECOMMENDATIONS 
 
 The two major themes of this chapter represent areas in water quality management where 
science and public policy intersect.  First, with respect to the setting of water quality standards, 
in order for designated uses to reflect the range of scientific information and social desires for 
water quality, there must be substantial stratification and refinement of designated uses.  
Information from science can and must be part of this process; however, there are unavoidable 
social and economic decisions to be made about the desired state for each waterbody.  Second, 
although science should be one cornerstone of the program, an unwarranted search for scientific 
certainty is detrimental to the water quality management needs of the nation.  Recognition of 
uncertainty and creative ways to make decisions under such uncertainty should be built into 
water quality management policy, as discussed in the remaining chapters. 
 

1.  Assigning tiered designated uses is an essential step in setting water quality 
standards.  Clean Water Act goals (e.g., “fishable,” “swimmable”) are too broad to be 
operational as statements of designated use.  However, designated uses will still remain narrative 
statements. 
 

2.  Once designated uses are defined, the criterion chosen to measure use attainment 
should be logically linked to the designated use.  The criterion can be positioned anywhere 
along the causal chain connecting stressors (sources of pollution) to biological response.  As the 
designated uses are expressed with more detail and are appropriately tiered, the criterion can be 
more readily related to the use.  However, criteria should not be adopted based solely on the ease 
of measurement in making this link. 
 
 3.  Expectations for the contribution of “science” to water quality management need 
to be tempered by an understanding that uncertainty cannot be eliminated.  In both the 
assessment and planning processes, even the best available tools cannot banish uncertainty 
stemming from the variability of natural systems. 
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3 
Waterbody Assessment: Listing and Delisting 

 
 
 

 
 
 
 
 
 
 
 
 
 
On July 27, 2000, the Assistant Administrator for Water at the U. S. Environmental 

Protection Agency (EPA) testified before a U.S. House committee that over 20,000 waterbodies 
across the United States were not meeting water quality standards according to Section 303d 
lists.  Because of legal, time, and resource pressures placed upon the states and EPA, there is 
considerable uncertainty about whether many of the waters on the 1998 303d lists are truly 
impaired.  In many instances, waters previously presented in a state’s 305b report1 or evaluated 
under the 319 Program2 were carried over to the state’s 303d list without any supporting water 
quality data [e.g., see Iowa Senate File 2371, Sections 7–12 (Credible Data Legislation)].  
Meanwhile, some waters that may be impaired have yet to be identified and listed. 

The creation of an accurate and workable list of impaired waters is dependent on the first 
three steps of the Total Maximum Daily Load (TMDL) process, as depicted in Figure 1-1.  States 
need to decide what waters should be assessed in the first place, how to create water quality 
standards for those waters, and then how to determine exceedance of those standards.  Ideally, all 
these activities are encompassed and coordinated under the umbrella of a holistic ambient water 
quality monitoring program, described in the next section.  However, given resource constraints, 
the approaches currently used in most states to list impaired waters fall short of this ideal.  In 
recognition of these constraints, the committee recommends changes to the TMDL program that 
would make the lists more accurate over the short and long terms.  In addition, this chapter 
includes discussion on identifying waters to be assessed, defining measurable criteria for water 
quality standards, and interpreting monitoring results for making the listing (and delisting) 
decision. 
 
 

                                                 
1 The Clean Water Act Section 305b report—the National Water Quality Inventory Report—is the primary vehicle 
for informing Congress and the public about general water quality conditions in the United States.  This document 
characterizes water quality, identifies widespread water quality problems of national significance, and describes 
various programs implemented to restore and protect our waters (http://www.epa.gov/305b/). 
2 Under the Clean Water Act Section 319 Nonpoint Source Management Program, States, Territories, and Indian 
Tribes receive grant money to support a wide variety of activities, including technical assistance, financial 
assistance, education, training, technology transfer, demonstration projects, and monitoring to assess the success of 
specific nonpoint source implementation projects (http://www.epa.gov/owow/nps/cwact.html). 
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ADEQUATE AMBIENT MONITORING AND ASSESSMENT 
 

The demands of an ambient-focused water quality management program, such as the 
TMDL program, require changing current approaches toward monitoring and assessment and 
subsequent decision-making.  In many states, administrative performance measures (e.g., number 
of TMDLs developed, number of permits issued, and timeliness of actions) have been the 
principal measure of program effectiveness (Box 3-1).  Such administrative measures are 
important, but reliance on such measures diverts attention and resources away from 
environmental indicators of waterbody condition—the principal measures of effectiveness and 
success.  Rather, information for decision-making should be based on carefully collected and 
interpreted monitoring data (Karr and Dudley, 1981; Yoder, 1997; Yoder and Rankin, 1998).  
The committee recognizes that state ambient monitoring programs have multiple objectives 
beyond the TMDL program (e.g., 305b reports, trends and loads assessments, and other legal 
requirements), which are not addressed in this report.  It is suggested that to make efficient use of 
resources, states evaluate the extent to which their present ambient monitoring programs are 
coordinated and collectively satisfy their objectives. 

Ambient monitoring and assessment begins with the assignment of appropriate 
designated uses for waterbodies and measurable water quality criteria that can be used to 
determine use attainment (EPA, 1995a).  The criteria, which may include biological, chemical, 
and physical measures, define the types of data to be collected and assessed.  In response to the 
Government Performance and Results Act, the EPA Office of Water has developed national 
indicators for surface waters (EPA, 1995a) and a conceptual framework for using environmental 
information in decision-making (EPA, 1995b).  EPA’s Office of Research and Development 
recently published technical guidelines for the evaluation of ecological indicators (Jackson et al., 
2000).  One set of measurable parameters, termed indicators in Table 3-1, is offered for 
illustration.  The core indicators include baseline biological, chemical, and physical parameters 
that comprise the basic attributes of aquatic ecosystems supplemented by specific chemical, 
physical, and bacteriological parameters from water, sediment, and tissue media, depending on 
the applicable designated use(s) and watershed-specific issues.  Additional indicators not listed 
(e.g., biochemical markers and whole toxicity testing) may be appropriate as the situation 
dictates. 

More than one criterion may be necessary to determine attainment of a designated use, 
and each criterion will have strengths and limitations.  In many instances of impairment—for 
example when riparian and aquatic habitats have been modified or flow regimes altered—
biological parameters are better than chemical parameters at reflecting the condition of the 
aquatic ecosystem (Box 3-2).  This is because biological assemblages respond to and integrate all 
relevant chemical, physical, and biological factors in the environment whether of natural or 
anthropogenic origin.  On the other hand, relying only on biological assessments would not allow 
precise enough determination of associated causes and sources of impairments to satisfy water 
quality management needs including TMDL development.  Over the long term, a full 
complement of measured parameters must be the goal for water quality monitoring, assessing 
chemistry and biology in a complementary manner and in their most appropriate indicator role 
(Karr, 1991; ITFM 1992, 1993, 1995; Yoder, 1997; Yoder and Rankin, 1998). 
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Box 3-1  Ohio’s Experience with TMDLs 
 

In 1998, Ohio EPA’s Division of Surface Water (DSW) made recommendations for a 
process to develop TMDLs (Ohio EPA, 1999).  The impetus for developing a comprehensive 
TMDL strategy was (1) the national attention brought about by lawsuits filed by environmental 
organizations and (2) the potential for the TMDL process to address all relevant sources of 
pollution to a waterbody.  Prior to realizing the importance of this issue, state water quality 
management efforts were focusing on point sources and National Pollution Discharge 
Elimination System (NPDES) permitting, although since 1996, the leading cause of waterbody 
impairment has been shown to be nonpoint pollution and habitat degradation (Ohio EPA, 2000; 
Section 305b report). 
 An agreement was reached between Ohio EPA and U.S. EPA Region V on a 15-year 
schedule for TMDL development.  Ohio’s 1998 303d list shows 881 of 5,000 waterbody 
segments as being impaired or threatened in 276 of the 326 watershed areas.  Thus, 
completing TMDLs for all the currently listed segments by 2013 (in keeping with the 15-year 
schedule) will require an average of 18 watershed TMDLs per year assuming that no new 
watersheds are added to future revisions of the 303d lists.  It is understood that this latter 
assumption is unrealistic because a good portion of the state’s 5,000 waterbody segments has 
yet to be assessed, and it is a near certainty that additional waterbodies and watersheds will be 
listed.  Ohio recognizes that the technical and management processes required to implement 
TMDLs will need to go beyond the purview of the past emphasis on NPDES permits and point 
sources. 

At present, Ohio estimates it has sufficient resources available to develop only half of the 
TMDLs needed each year to produce the quality of product needed to meet various program 
expectations and expectations of stakeholders.  Using 1998 as a baseline, approximately 16 
percent of the DSW’s resources were dedicated to efforts that directly support TMDL 
development (see pie chart below).  Without increases in funding, the resources will need to be 
diverted from other programs, or the pace of TMDL development will slow to the point where the 
15-year schedule will need to be significantly extended.  Diverting resources from other 
programs is highly unlikely in that each program faces unique challenges, including reduction 
and elimination of NPDES permit backlogs and the growing need for new source permits, both 
of which place new burdens on the largest share of DSW resources.  Devoting additional 
resources to TMDL development and implementation would require significant changes in water 
quality management emphasis on the national level, which seems unlikely given historical 
inertia and the emphasis placed on permitting programs by EPA and the states.  Better 
coordination between competing programs as well as additional resources are needed to 
resolve the present TMDL resource shortfall dilemma.  Focusing water quality management 
more on environmental results (as opposed to administrative accomplishments alone) should 
provide a framework to better unify the emphasis and direction of competing programs. 
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TABLE 3-1.  Core and Supplemental Indicators and Parameters that Comprise the Elements of 
an Adequate State Monitoring and Assessment Framework (after ITFM, 1992, and Yoder, 1997). 
Core Indicators 
Fish Macroinvertebrates Periphyton Physical habitat Chemical quality 

• Use at least two assemblages • Channel morphology 
• Flow regime 
• Substrate quality 
• Riparian condition 

• pH 
• Temperature 
• Conductivity 
• DO 

For Specific Designated Uses, add the following: 
  

Aquatic Life 
 

Recreation 
 

Water Supply 
Human/Wildlife 

Consumption 
Base list • Ionic 

strength 
• Nutrients, 

sediment 

• Fecal 
bacteria 

• Ionic 
strength 

• Fecal bacteria 
• Ionic strength 
• Nutrients, 

sediment 

• Metals (in 
tissues) 

• Organics  
(in tissues) 

Supplemental 
list 

• Metals 
• Organics 
• Toxics 

• Other 
pathogens 

• Organics 

• Metals 
• Organics 
• Other pathogens 
 

 

 
 
 
 

Box 3-2  The Information Value of Monitoring Multiple Criteria 
 

The tendency for misdiagnosis of impairment by relying on only one type of criterion was 
illustrated in a study of more than 2,500 paired stream and river sampling sites in Ohio (Ohio 
EPA, 1990; Rankin and Yoder, 1990).  In 51.6 percent of the samples, the results from 
biomonitoring and chemical monitoring agreed—that is, they both detected either impairment or 
attainment of the water quality standard.  This was particularly true for certain classes of 
chemicals (e.g., toxicants), where an exceedance as measured by the chemical parameter was 
always associated with a biocriteria impairment.  However, in 41.1 percent of the samples, 
impairment was revealed by exceedance of the biocriteria but not by exceedance of the 
chemical criteria.  These results suggest that impairment may go unreported in areas where 
only chemical measurements are made.  Interestingly, in 6.7 percent of the samples, chemical 
assessment revealed impairment that was not detected by bioassessment (especially for 
parameters such as ammonia-N, dissolved oxygen (DO), and occasionally copper).  This latter 
occurrence is likely related to the fact that biocriteria have been stratified to reflect regional or 
ecotype peculiarities, and the more generically derived chemical criteria have not.  Both the 
under- and overprotective tendencies of a chemical-criteria-only approach to water quality 
management can be ameliorated by joint use of chemical criteria and biocriteria, each used 
within their most appropriate indicator roles and within an adequate monitoring and assessment 
framework. 
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At present, monitoring resources available to some states often do not allow for collecting 
and interpreting data for such a comprehensive suite of parameters.  Indeed, ITFM (1995) 
reported that of the funding allocated by state and federal agencies to water quality management 
activities, only 0.2 percent was devoted to ambient monitoring.  GAO (2000) has also noted the 
lack of adequate state budgets for the collection of meaningful data and for data interpretation.  
In response to these resource shortfalls, the tendency has been to use only a single indicator of 
ambient conditions and often just a limited number of observations.  Although some parameters 
can be monitored at lower costs than others, all monitoring can be costly (Yoder and Rankin, 
1995). 

After standards development, a second requirement is adoption of a strategic and 
consistent approach to sampling and assessment given limited data collection resources.  
Currently, the states use vastly different frameworks for monitoring and assessment, the net 
result of which is widely divergent estimates of the extent of impaired waters and of the 
proportion of waters that are fully assessed.  This casts a great deal of uncertainty not only about 
what water quality problems are the most important, but also about the accuracy and 
completeness of their delineation.  Errors in these estimates often become evident in the poor 
credibility of 303d listings. 

A monitoring strategy that has promise in this limited-resource environment is the 
rotating basin approach, commonly referred to as a five-year basin approach (ITFM, 1995).  As 
discussed in Box 3-3 for Florida, this approach is already followed by a number of states, at least 
in how ambient monitoring is accomplished3.  As part of a rotating basin approach, individual 
waters are assessed at differing levels of complexity each year, allowing for localized problems 
to be identified and solutions to be developed.  For example, whether an individual assessment 
consists of an initial screening to identify gross impairment or a full assessment with more 
serious consequences will depend on how the information is to be used (for 305b reports, 303d 
listing, or other water quality programs).  Over time, different waterbodies are intensively 
studied as part of the rotation.  Data collected can be used to support a number of different 
reporting and planning requirements, including a finding of attainment of water quality 
standards, a determination of impairment, or possible delisting if the waterbody is found not to 
be impaired.  Initial assessments that identify a waterbody as potentially impaired could be 
followed up by more thorough assessment.  The rotating basin approach is an iterative process 
where the end result is both continual improvement of water quality management tools and 
policies and the ability to respond to emerging issues. 
 

 
Conclusions and Recommendations 

 
1.  To achieve the goal of ambient-based water quality management, monitoring and 

reporting must mature to focus on the condition of the environment as the principal 
measure of success rather than on administrative measures. 

 
2.  Biological parameters should be used in conjunction with physical and chemical 

parameters to assess the condition of waterbodies.  The use of both biological and chemical 

                                                 
3 In some states, the rotating basin approach is considered to be part of the ambient monitoring program, while in 
others, it is a separate program.  This report assumes the former throughout. 
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parameters is needed because they provide different and complementary types of information 
about the source and extent of impairment. 

 
3.  Evidence suggests that limited budgets are preventing the states from monitoring 

for a full suite of indicators to assess the condition of their waters and from embracing a 
rotating basin approach to water quality management.  Currently, EPA is assessing the 
sufficiency of state resources to develop and implement TMDLs.  Depending on the results of 
that assessment, Congress might consider aiding the states, for example through matching grants 
to improve data collection and analysis.  EPA would be instructed to develop guidelines for such 
a program, if needed, making eligibility contingent on an approved statewide monitoring and 
assessment strategy. 

 
 

Box 3-3  The Rotating Basin Program in Florida 
 

Settlement of a lawsuit brought by Earthjustice against EPA for its failure to enforce 
timely actions to accomplish TMDL-related activities in Florida occurred in June 1999.  Under the 
consent decree’s (CD) “Terms of the Agreement,” nearly 2,000 TMDLs in 711 waterbody 
segments are to be completed by the year 2011.  Florida Department of Environmental 
Protection (FDEP) has been named the lead agency to produce and adopt TMDLs, but its efforts 
must be coordinated with numerous other state and local agencies.  In addition, the state has 
created opportunities for public participation throughout the TMDL generation and adoption 
process.   

To address the challenge of conducting the TMDL program and to better allocate its 
available resources, on July 1, 2000, Florida moved to the rotating basin approach for watershed 
management.  Florida’s rotating basin approach has five phases (see below), with each phase 
taking about one year to complete.  Further, FDEP has divided the state into 30 areas based on 
8-digit hydrologic unit codes (HUCs), such that six areas representing approximately one-fifth of 
Florida will be in the TMDL adoption phase in any one year.  To meet the timelines ordered in the 
CD for Florida, FDEP must limit the time, effort, and resources it can commit in any one phase or 
waterbody. 

Because EPA has largely focused on addressing point source discharges through the 
NPDES permitting program, state and local governments have in many cases taken the lead in 
dealing with nonpoint source issues, usually outside of the TMDL program.  These programs 
often provide a flexible option to the time and budget constraints mentioned above.  Florida 
believes that if local stakeholders are willing to initiate substantive programs that can fully, or 
even partially, accomplish the goals of the TMDL program at an expedited pace, then state and 
federal agencies should be able to support these actions, rather than delay or resist them.  For 
example, in southwest Florida, a group of concerned stakeholders combined to form a “Nitrogen 
Consortium” (NC) to reduce inputs of nitrogen from all sources to the waters of Tampa Bay.  
Working together with the Tampa Bay Estuary Program and the FDEP, the NC developed a plan 
designed to “hold the line” against future increases of nitrogen (Tampa Bay National Estuary 
Program, 1996).  Specific load-reduction efforts have been identified within the basin that allow 
for anticipated growth to occur without resulting in a net increase in nitrogen loads to Tampa Bay.  
As would be anticipated under the conditions of a more formal TMDL, periodic reviews are made 
of the underlying assumptions and models used to further refine the nitrogen loads and 
associated goals.  Although FDEP has not formally adopted a TMDL for Tampa Bay, EPA has 
approved these “hold the line” limits as a TMDL for Tampa Bay. 
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4.  To allow states to better target limited monitoring budgets, EPA should set the 

TMDL calendar in concert with each state’s rotating basin program.  The rotating basin 
approach used by several states is an excellent example of a rigorous approach to ambient 
monitoring and data collection that can be used to conduct waterbody assessments of varying 
levels of complexity.  For example, this approach can be used to create 305b reports, to list 
impaired waters, and to develop TMDLs.  Once TMDLs are developed, the rotating basin 
approach could allow state and local governments to issue permits and implement management 
programs based on the TMDLs in a coordinated manner. 
 

 
 

Box 3-3 Continued 
 

Build basin management team
Prepare Status Report
-  Document physical setting
-  Conduct water quality & TMDL
   assessments
-  Inventory existing & proposed
   management activities
-  Identify & prioritize management
   goals & objectives, & issues of concern
-  Develop Plan of Study

What happens in this phase? When does it occur?
Years 1-2

Phase I
Preliminary

Basin
Assessment

Phase II
Strategic

Monitoring

Phase III
Data Analysis

& TMDL
Development

Phase IV
Management

Action
Plan

Phase V
Implementation 

Florida’s Basin Management Cycle: 5 phases

Carry out strategic monitoring to collect
   additional data

Years 1-3

Compile & evaluate new data
Finalize list of waters requiring TMDL
Develop TMDL
Identify additional data collection needs
Report new findings

Years 2-4

Finalize management goals & objectives
Develop draft Management Action Plan
Identify monitoring & management
   partnerships, needed rule changes,
   legislative actions, and funding opportunities
Obtain participants’ commitment to
   implement plan
Develop Monitoring & Evaluation Plan

Years 4-5

Implement Management Action Plan
Secure project funding
Carry out rule development/legislative action
Transfer information to public & other agencies
Conduct environmental education
Monitor & evaluate implementation of plan

Year 5+
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DEFINING ALL WATERS 
 

As shown in Figure 1-1, the TMDL process begins with identification of all waters for 
which achievement of water quality standards is to be assessed.  The proposed regulations for the 
TMDL program (EPA, 1999a) define a waterbody as “a geographically defined portion of 
navigable waters, waters of the contiguous zone, and ocean waters under the jurisdiction of the 
United States, including segments of rivers, streams, lakes, wetlands, coastal waters and ocean 
waters.”  The proposed regulations also require that states identify the geographic location of 
listed waterbodies using a “nationally recognized georeferencing system as agreed to by [the 
state] and the EPA.”  States identify listed waterbodies using a variety of georeferencing 
systems, including stream segments in the EPA’s reach file system and watersheds in the U. S. 
Geological Survey (USGS) system of hydrologic drainage basins.  The use of such systems for 
documenting the location of listed waters is convenient and provides a degree of national 
standardization to the TMDL process.  However, the selection of a georeferencing system and a 
spatial scale for defining the totality of state waters is a more complicated issue (aside from the 
policy issue of national standardization). 

The EPA’s definition of waterbody implies that all state waters should be considered in 
the search for impaired waters and provides no guidance on a practical upstream limit or spatial 
scale to observe in that search.  In theory, the hierarchy of tributaries in a watershed extends 
upstream indefinitely.  In practice, however, the choice of a lower limit on spatial scale or stream 
size has a very large influence on the total number of stream miles and small lakes that are 
included in the definition of state waters and thus require some form of assessment.  For 
example, RF1, the original version of the EPA’s national reach file system (DeWald et al., 1985) 
contained approximately 65,000 stream reaches totaling approximately 1 million km of stream 
channels.  Now considered by EPA to be inadequate for describing the nation’s river and stream 
system, RF1 has been replaced by the National Hydrography Dataset (NHD) containing more 
than 3 million reaches totaling nearly 10 million km of channels.  Moreover, a number of states 
have petitioned the EPA to add still lower-order reaches (i.e., smaller streams) to the NHD in 
order to document the location of waters assessed by local interest groups.  Because of local 
pressure and the lack of a regulatory lower limit on the size of streams and lakes to be 
considered, and because Geographic Information Systems (GIS) can document the existence and 
location of very small streams and lakes, the task of accurately and comprehensively assessing 
state waters has become formidable.  At the current NHD scale, states contain an average of 
about 70,000 stream reaches (>100,000 km), and given recent trends, that average is rising. 

This raises the question of how large the region of validity (the spatial area over which 
the data apply) is for data gathered at a single monitoring station.  The question is conceptually 
troubling to begin with because the variability of water quality is large and continuous in both 
space and time.  In practice, moreover, the de facto valid region for monitoring stations is 
extremely large.  Given the spatially detailed treatment of rivers and streams in the NHD, 
however, most states would need to gather data from more than a thousand stations per year to 
maintain an average “monitoring ratio” of 100 km per station (assuming the NHD approximately 
describes state waters).  This distance is clearly greater than the valid region for monitoring 
stations on most surface waters, especially because most of the channel length in state waters is 
contributed by relatively small streams (e.g., drainage areas less than 100 km2) where water 
quality conditions may vary greatly over short distances.  Thus, a substantial portion of state 
waters would appear to be located outside of the valid monitoring region for a state monitoring 
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program of 1,000 stations.  These waters are either left out of the decision process and are 
deemed not impaired by default, or they are included in the decision process with higher error 
rates. 

One solution to this problem is to avoid the concept of a valid region for individual 
monitoring stations entirely and replace it with an approach in which monitoring data are used to 
develop statistical models of water quality in state waters. Water quality conditions at monitoring 
sites can be statistically related to known factors that cause impairment in watersheds (the size 
and location of stressors, for example), thus enabling estimates of water quality conditions at 
other unmonitored locations.  As discussed later, this approach may also benefit the listing 
process. 
 
 

Conclusions and Recommendations 
 

1.  Each state should develop a catalogue of waterbodies based on the National 
Hydrography Dataset for the purposes of defining state waters and designing sampling and 
assessment programs. 
 

2.  States should attempt to move away from the concept of a region of validity of 
individual monitoring stations and instead consider a statistical modeling approach to 
assessing the condition of waters.  This approach would combine monitoring data with 
estimates of water quality based on statistical models. 
 
 

DESIRABLE CRITERIA 
 

This section considers the desired features of chemical and biological criteria as 
surrogates for designated use.  For listing and delisting purposes, numeric and measurable 
criteria should be logically derived from the designated use statement.  Ideally, appropriate 
designated uses and associated criteria are assigned to each waterbody prior to an assessment. 
Realistically, the cost and effort involved in categorizing every waterbody in advance of an 
assessment may be prohibitive, and many states’ programs for setting appropriate use 
designation are continuing efforts.  As is noted in Chapter 5, it is advisable to conduct a site-
specific review to refine the standard once a waterbody is listed and before a TMDL is initiated. 

One desired feature of a criterion is that it must be measurable with available monitoring 
methods.  Unfortunately, federal guidelines for water quality assessment (EPA, 1994) do not 
assure this feature.  In many cases there may be a discrepancy between the formulation of water 
quality criteria and the frequency with which water quality data are gathered. 

A criterion may not be a single number, but instead may be represented as a frequency, 
duration, and magnitude.  In the context of a pollutant, the magnitude refers to how much of the 
pollutant can be allowed in the water while still achieving the designated use.  The magnitude 
can be chosen to protect against either acute or chronic effects of a pollutant.  Duration refers to 
the period of time over which measurements of the pollutant are considered.  Pollutant levels 
may be averaged over some number of hours or days to determine that amount of the pollutant 
that can be present without a loss of the designated use.  The allowable frequency at which the 
criterion can be violated (called an excursion) without a loss of the designated use also must be 
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considered.  Thus, in the case of a trout fishery, the criterion might specify a minimum DO (or 
maximum chlorophyll a) that can be realized for a period of time and the number of times this 
number can be violated before there is demonstrable harm to the designated use.  It should be 
noted that these numbers are pollutant-specific, and they might vary with season depending on, 
for example, fish life-stage. 

Establishing these three dimensions of the criterion is crucial for successfully developing 
water quality standards4.  Currently, there are many cases where there are insufficient data 
collected in one or more of these three dimensions to evaluate attainment of water quality 
criteria.  In addition, some standards are virtually impossible to comply with, especially when the 
frequency of allowable excursions is zero (called “no-exceedance” standards).  Box 3-4 provides 
three examples of criteria that are either unmeasurable given current monitoring protocols or are 
exceedingly difficult to meet and thus constitute an intractable problem for the TMDL program.  
Careful consideration of the three dimensions of the criterion is also critical to the development 
of appropriate TMDLs.  In the law, the letter “d” in TMDL refers to a daily load, which has been 
interpreted literally in some legal cases.  However, for many pollutants, the load determined over 
a longer time period (e.g., a season or year) is more relevant to securing the designated use.  
Examples of this are nutrient and sediment criteria, where the duration component of the 
criterion is generally not stated as “daily.” 

A second desirable feature is that the measured criterion must be logically derived from 
the qualitative statement of the designated use.  The closer the criterion is in the causal chain 
(Figure 2-1), the easier it is to make that connection.  This has led to increased interest in 
biocriteria, particularly numeric measures of fish, benthic invertebrate, algal, and diatom 
assemblages.  Recommendations to adopt biocriteria are often made because biocriteria integrate 
the effects of multiple stressors over time and space, thus minimizing the need for a large number 
of samples (Karr, 2000).   A second advantage of using biocriteria is that, unlike chemical criteria, 
they are designed to be specific to certain regions and conditions.  For example, a swamp forest 
will typically violate DO criteria, and waterbodies in mountain areas with heavy metal-bearing 
rocks may violate heavy metal criteria.  Biocriteria that are regionally relevant would not show 
those conditions as violations. 

Fecal coliform counts and algal community parameters such as chlorophyll a are a type 
of biocriteria, but they are not comprehensive measures of waterbody condition.  To make 
bioassessment more comprehensive, index systems have been developed that focus on 
characteristics of the biota expected in the particular region where the waterbody is located, 
including desired fish species and other associated organisms (Box 3-5). 

The scientific community measures integrity by describing the biological condition of 
waterbodies that, as much as possible, have not been altered by human activity.  When “pristine” 
or “minimally disturbed” sites are used to define integrity, any site that has been altered by 
human actions must, by definition, lack integrity because its biota have changed in response to 
the actions of humans.  For obvious reasons, reservoirs, farm ponds, and other waterbodies 
“created” by human actions cannot be assessed using this standard. 
 
 

                                                 
4 Specifying the magnitude, frequency, and duration is critical for chemical criteria, but may not be necessary for 
certain biological criteria.  For example, the fecal coliform standard is best defined with all three components.  On 
the other hand, many biocriteria such as IBI are well defined by a single number because they integrate biological, 
chemical, and physical effects over time. 
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Box 3-4  Problems Associated with Standards 
 
Unmeasurable Standards 
 By definition, the TMDL program requires that waterbodies meet water quality criteria 
daily, interpreted by some as meaning that the sampling frequency must be daily.  This requires 
that a complete time series of grab or composite samples be taken daily without an interruption 
over a period of a minimum of three years.  As one might expect, such time series of water 
quality data are almost never available for waterbody assessment (with the exception of the 
continuous monitoring for a few parameters such as DO or temperature).  Samples are 
generally taken monthly for common parameters and annually or less often for some toxic 
chemicals that require expensive laboratory analytical methodology.  Sediment sampling is 
done infrequently, perhaps once in a period of several years. 

Similarly, the frequency/duration components of water quality criteria for contact 
recreation are generally infeasible to measure.  Many states use fecal coliform count as an 
indicator for the contact recreation.  The standards are usually compared to the geometric mean 
of at least five samples taken over 30 days.  This standard is not defined in terms of allowable 
excursions; thus, there is no frequency component.  With the exception of waterbodies used for 
water supply, monitoring data are rarely collected often enough to comply with such a standard. 
 
No-Exceedance Standard 

Many states require that a numeric standard be maintained at all times, which implies 
that all monitored values of a parameter should be below the criterion.  Such a limitation is a 
statistical impossibility because there is always a chance—albeit remote—that a water 
parameter may reach a high but statistically possible value exceeding an established standard.  
In addition, this requirement would seem to provide an incentive to sample as little as possible 
in order to reduce the chance of collecting a sample that is in exceedance.  For example, it is 
possible that if nine samples are taken over a period of three years, none of the samples would, 
by chance, result in an excursion.  If 100 samples are taken in the same period, a few (e.g., five 
or less) may exceed the standard.  The former sampling scheme would indicate that the 
waterbody is in compliance while the other would not.  Stream concentrations represent 
statistical time series for which only infinitesimally large values of a standard would have a 100 
percent statistical probability of not ever being exceeded. 
 
Flow Restriction Standards 

To make “no-exceedance” standards easier to comply with, EPA (1992) and many 
states incorporated a flow restriction into the standards.  Thus, the standards must be main-
tained at all times except at flows that are less than some specified low flow value (one example 
is given below).  Unfortunately, except for the “harmonic mean flow” (Singh and Ramamurthy, 
1991), none of the critical low flows specified by EPA allow consideration of wet weather 
discharges (Novotny, 1999).  Thus, under wet weather flows, the “no-exceedance” criterion is in 
effect.  This ignores the fact that measured water quality parameters are naturally variable. 

One type of flow restriction standard is based on hydrologically based design flows.  To 
protect against acute effects, such water quality criteria must be met at all times except during 
the lowest daily flow occurring once every 10 years (referred to as 1Q10).  To protect against 
chronic effects, water quality criteria must be met at all times except during the lowest flow 
occurring once every 10 years averaged over a 7-consecutive-day period (7Q10).  This 
approach assumes that concentrations of pollutants of concern are decreasing as flows 
increase—likely to be true for the case of a continuous year-round discharge from a point 
source, but not for nonpoint sources.  It should be noted that these design flows have “interim” 
status and were not recommended for general application with water quality standards.  In 
addition, hydrologically based design flows vary from state to state. 
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However, it does not follow that a waterbody lacking integrity is impaired or that 
restoring biological integrity is either possible or desirable.  A waterbody that is described as 
lacking “biological integrity” should not be assumed to be in a less-than-desirable state.  Rather, 
when a bioassessment finds that a waterbody diverges from integrity, there must be a social 
decision about whether that divergence is acceptable.  In short,  
 

“The biota of minimally disturbed sites—those with integrity—provides a benchmark, a 
standard by which others are measured.  The protection of that standard, or something 
very close to it, is likely to be the goalthe end toward which effort is directedin 
relatively few places (e.g., national parks).  The modern reality is that we are not able to 
preserve all areas in this benchmark condition.  For example, restoring salmon to every 
Pacific Northwest stream is not realistic, yet a restoration goal that includes viable 
populations of cutthroat trout may be reasonable even in many urban or suburban 
streams.  (Karr, 2000) 

 
Measures of biological condition (e.g., IBI) inform society of the status of a water resource.  But 
society must decide the desired designated use and then determine what level on the index 
numeric scale is, with reasonable certainty, likely to protect that designated use. 

Recently, the EPA Office of Water has convened a working group of states and other 
supporting institutions to better define the gradient of biological condition from pristine to highly 
degraded and link this with operational measures such as numeric biocriteria in a manner that 
will ensure consistency across state programs.  This is referred to as tiered aquatic life uses and is 
expressed as a biocondition axis.  Examples of this framework already exist in Maine, Ohio, and 
Vermont.  The expectation is that as states develop a more detailed system of tiered designated 
uses, they will also develop measurable biocriteria logically tied to those uses. 
 
 

Conclusions and Recommendations 
 

1.  All chemical criteria and some biological criteria should be defined in terms of 
magnitude, frequency, and duration.  Each of these three components is pollutant-specific and 
may vary with season.  The frequency component should be expressed in terms of a number of 
allowed excursions in a specified period (return period) and not in terms of the low flow or an 
absolute “never to be exceeded” limit.  The requirement of “no exceedances” for many water 
quality criteria is not achievable given natural variability alone, much less with the variability 
associated with discharges from point and nonpoint sources. 
 

2.  Water quality standards must be measurable by reasonably obtainable 
monitoring data.  In many states, there is a fundamental discrepancy between the criteria that 
have been chosen to determine whether a waterbody is achieving its designated use and the 
frequency with which water quality data are collected. 
 

3.  Biological criteria should be used in conjunction with physical and chemical 
criteria to determine whether a waterbody is meeting its designated use.  Biocriteria are 
more closely related to designated uses, they can be defined and measured, and they integrate the 
effects of multiple stressors over time and space. 
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Box 3-5  Index Systems for Bioassessment 
 

During the past two decades, biological assessmentevaluating human-caused biotic 
changes apart from those occurring naturallyhas become a part of water managers’ tool kits.  
Two major approaches to ambient biological monitoring are used—the river invertebrate 
prediction and classification system (RIVPACS) and the multimetric index of biological integrity 
(IBI).  Although their conceptual and analytical details differ, both RIVPACS and IBI (1) focus on 
biological endpoints to define waterbody condition, (2) use a concept of a regionally relevant 
reference condition as a benchmark, (3) organize sites into classes with similar environmental 
characteristics, (4) assess change and degradation caused by human effects, (5) require 
standardized sampling, laboratory, and analytical methods, (6) score sites numerically to reflect 
site condition, (7) define “bands,” or condition classes, representing waterbody condition, and 
(8) furnish needed information for diverse management decisions (Karr and Chu, 2000).   

RIVPACS was developed in England (Wright et al., 1989, 1997) with clones available for 
use in Australia (Norris et al., 1995) and Maine (Davies and Tsomides, 1997).  IBI was 
developed in the United States (Karr, 1981; Karr et al., 1986; Karr and Chu, 1999) with clones 
applied by state and federal agencies (Ohio EPA, 1988; Davis et al., 1996; Barbour et al., 1999) 
and abroad (Hughes and Oberdorff, 1999).  Although applications of RIVPACS are historically 
limited to invertebrates in rivers, IBI applications have been developed for diverse taxonomic 
groups and waterbody types.  For example, a multimetric index (RFAI, reservoir fish 
assessment index) has been developed as a component of Tennessee Valley Authority’s (TVA) 
“vital signs” monitoring program to assess fishery management success in reservoirs (Jennings 
et al., 1995; McDonough and Hickman, 1999).   

As a general example, consider a minimally disturbed Pacific Northwest stream 
supporting self-sustaining populations of salmon and associated assemblages of invertebrates.  
With urban development, salmon decline and cutthroat trout become relatively more abundant, 
and certain invertebrate taxa (e.g., stoneflies) are reduced or eliminated.  Tiered beneficial uses 
could in this case differentiate between streams supporting salmon vs. cutthroat trout, using an 
index based on the invertebrate assemblage as the biocriterion.  Recent work in these streams 
suggests that a benthic index of biological integrity (B-IBI) of about 35 is a minimum required to 
maintain a healthy salmon population (Karr, 1998).  If the IBI drops below 20 because of 
continued development, even the cutthroat trout will eventually disappear. 
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LISTING AND DELISTING IN A DATA-LIMITED ENVIRONMENT 
 

As discussed at the beginning of this chapter, states are confronted with lengthy lists of 
impaired waters requiring TMDLs, many of which were judged against inadequate standards or 
were not fully assessed as part of a comprehensive ambient monitoring program.  This section 
proposes a mechanism for managing the large number of waters requiring attention by dividing 
the listing process into multiple smaller steps, as shown in Figure 3-1. 

Figure 3-1 illustrates a framework for water quality management that is more detailed 
than the conceptualized steps of the TMDL process shown in Figure 1-1.  Figure 3-1 begins with 
the identification of all waters to be assessed and the determination of appropriate water quality 
standards as in the current TMDL program.  Following this, however, waters to be assessed 
would next go through an initial screening assessment.  This involves comparing available, and 
often limited, data on water quality conditions with the existing applicable water quality 
criterion.  If based on this initial screening assessment the waterbody is considered a candidate 
for impairment, it is advanced to the “preliminary” list for further consideration.  It should be 
relatively easy to get on the preliminary list, the consequences of which include additional and 
immediate investigation to determine the nature and reality of a suspected problem.  The term 
“preliminary” indicates that waterbodies on this list may later be placed on an action list, but 
they may also be declared unimpaired.  Such a preliminary list has been suggested or employed 
in some states (e.g., Florida). 

Those waterbodies placed on the preliminary list are the object of a more complete 
assessment that would involve additional monitoring and appropriate analysis of new data to 
reduce the uncertainty about their condition.  If the decision from the full assessment is that the 
waterbody is impaired, then it moves to an “action list.”  One might think of the action list as the 
state’s impaired waters (303d) list.  The word “impaired” is a term of art.  Impaired waters under 
Section 303d are analogous to “water quality limited segment(s),” as defined in the federal 
regulations (40 CFR Section 130.2(j)).  The consequence of advancing to the action list is that 
additional resources are needed to either review and update the existing standard or complete a 
TMDL.  (For those cases in which the existing criteria are not appropriate to a waterbody, Figure 
3-1 allows for review of the water quality standard for that waterbody.  The process for 
completing that review—use attainability analysis—is discussed in Chapter 5.) 

The organizing concept in this idealized process is continuous and concurrent progress 
toward improved monitoring and listing decisions.  The process moves forward from a position 
of limited information to more information; from uncertainty to more certainty; and from 
inaction to progressively larger and possibly more costly actions.  Were EPA to endorse the 
idealized process represented in Figure 3-1, the listing process would be improved.  For example, 
at the current time, there are thousands of waters on state 303d lists that were not placed there 
using adequate data or information.  Waters in this category should be moved back to the 
preliminary list, represented by the dashed return arrow in Figure 3-1, to allow a more complete 
evaluation to be made. 
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FIGURE 3-1  Framework for water quality management. 
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Creating the Preliminary List 
 

Determining whether there should be some minimum threshold of data available when 
evaluating waterbodies for attainment of water quality standards is an issue of great concern to 
states.  On the one hand, many call for using only the “best science” in making listing decisions, 
while others fear many impaired waters will not be identified in the wait for additional data.  The 
existence of a preliminary list addresses these concerns by focusing attention on waters 
suspected to be impaired without imposing on stakeholders and the agencies the consequences of 
TMDL development, until additional information is developed and evaluated. 

In many cases, biological and limited water quality surveys along with an inventory of 
existing sources of pollution may provide adequate information for a screening assessment of the 
waterbody.  Evaluated data are also an important source of information for determining if a 
waterbody should be placed on the preliminary list.  Evaluated data may take many forms (e.g., 
data older than a certain age, beach closures based on fixed rainfall thresholds, visual 
observations, and statistical inferences from small data sets) and have been described differently 
from state to state5.  In contrast, monitored data are viewed as being more comprehensive, 
typically using data less than five years old, and may include a wide array of direct 
measurements of water quality, including physical, chemical, or biological measures.  Use of 
evaluated data has been controversial in water quality assessments under the Clean Water Act.  
The controversy would be lessened if the use of evaluated data were limited to placing waters on 
the preliminary list. 

The quality of the data used to list waterbodies as impaired is frequently a concern.  
Beyond the normal data entry, sampling, and laboratory errors, states must determine the 
reliability of the data coming from a wide range of sources (especially for evaluated data).  Some 
states have responded to this uncertainty by strictly limiting the data used in making assessments 
to those collected by the state’s lead environmental agency or some other select group of data 
providers (such as USGS).  To overcome this uncertainty, and thereby expand the universe of 
reliable data, some states have required that associated meta data6 be provided and entered into a 
central data repository (such as STORET). 

Narrative criteria might also play a significant role in determining whether a waterbody 
should be placed on the preliminary list.  Many water quality standards are characterized only by 
narrative criteria that express the desired target but do not allow comparison to a numeric value.  
For example, a typical narrative criterion for nutrients (nitrogen and phosphorus) in inland waters 
is “concentrations should be limited to the extent necessary to prevent nuisance growths of algae, 
weeds, and slimes” (as in New York State).  Currently, violations based on interpretation of a 
narrative criterion may be a basis for placing a waterbody on the 303d list, even though such an 
evaluation is done without a numeric value of the criterion.  EPA and the states have worked 
together over the last ten years to develop translators that will convert narrative standards to 
numeric criteria or guidance values (EPA, 1999b,c; NRC, 2000).  While further progress is made 

                                                 
5 Evaluated data and/or information provides an indirect appraisal of water quality through such sources as 
information on historical adjacent land uses, aquatic and riparian health and habitat, location of sources, results from 
predictive modeling using input variables, and some surveys of fish and wildlife.  Monitored data refers to direct 
measurements of water quality, including sediment measurements, bioassessments, and some fish tissue analyses. 
(EPA, 1998, 2000). 
6 Meta data is information about data and its usage, such as (1) what it is about, (2) where it is to be found, (3) how 
much it costs, (4) who can access it, (5) in what format it is available, (6) what the quality of the data is for a 
specified purpose, and (7) what spatial location and time period it covers. 
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in developing such translators, violations of narrative standards should be used to place 
waterbodies on the preliminary list.   

The approaches to creating a preliminary list will vary from state to state.  For example, 
in Florida, data and information used to place waters on the preliminary list have to meet certain 
basic QA/QC requirements as well as limited data sufficiency tests.  Minimum sample sizes and 
confidence levels have been established, and both chemical and biological data are considered.  
States will have to decide upon and develop criteria for defining data sufficiency and analytical 
procedures for placing waterbodies on the preliminary list and the action list.  EPA might be 
expected to assist in this process. 
 
 

Moving Off the Preliminary List 
 

Waters on the preliminary list should receive special monitoring attention.  Movement 
from the preliminary list will be either back to the list of all waters or onto the action (303d) list.  
Movement off the preliminary list will demand a more analytically structured evaluation than 
was required for getting on the list.  Each state should develop statistical procedures appropriate 
for testing attainment of each criterion.  Sampling design, sample size, and QA/QC assurances 
for monitoring data would be defined, as would the appropriate tools for data analysis.  If the 
data evaluated by the appropriate procedure indicate that there is no impairment, then delisting 
would follow.  Delisting depends on analyses of sampling data and not on the implementation of 
a TMDL plan, although such a plan may be required to meet the criterion.  

The process represented in Figure 3-1 is designed to improve the accuracy of the listing 
process.  Placement of a waterbody on the preliminary list can serve as an indication to 
stakeholders that action should be taken soon to achieve water quality standards in order to avoid 
the costs associated with TMDL development.  Because of the consequences of movement to the 
action list, there may be an incentive to keep waters on the preliminary list indefinitely.  This 
incentive can be eliminated by requiring that a waterbody be automatically placed on the action 
(303d) list at the end of the next rotating basin cycle if additional analyses have not been 
undertaken.  Such a requirement also may provide an incentive for point and nonpoint pollutant 
sources to contribute to the monitoring program in order to (potentially) avoid the consequences 
of a 303d listing. 
 
 

Conclusions and Recommendations 
 

1.  EPA should approve the use of both a preliminary list and an action list instead 
of one 303d list.  The two-list process would reduce the uncertainty that often accompanies a 
listing decision and would provide flexibility to the TMDL program. 
 

2.  If some waters on the current 303d list would be more appropriately catalogued 
on the preliminary list, EPA should allow states to move those waterbodies from the 
current 303d list to the preliminary list.  If no legal mechanism exists to bring this about, 
Congress should create one.  Many waters now on state 303d lists were placed there without 
the benefit of adequate data or waterbody assessment.  These potentially erroneous listings 
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contribute to a very large backlog of TMDL segments and foster the perception of a problem that 
is larger than it may actually be. 
 

3.  States should be allowed the flexibility to delist a waterbody without having to 
complete a TMDL if additional data or new information providing evidence of attainment 
of the water quality standard becomes available. 
 

4.  No waterbody should remain on the preliminary list for more than one rotating 
basin cycle.  If the waterbody has not been removed from the preliminary list at the end of a 
rotating basin cycle, it should automatically be placed on the 303d list, unless EPA approves an 
exemption from such a requirement on a waterbody-by-waterbody basis.  Criteria for granting 
exemptions could be developed by EPA. 
 

5.  To increase the reliability of the data used in listing waterbodies, EPA should 
require some limited amount of meta data for data submitted to STORET. 
 
 

DATA EVALUATION FOR THE LISTING AND DELISTING PROCESS 
 

Given finite monitoring resources, it is obvious that the number of sampling stations 
included in the state program will ultimately limit the number of water quality measurements that 
can be made at each station.  Thus, in addition to the problem of defining state waters and 
designing the monitoring network to assess those waters, fundamental statistical issues arise 
concerning how to interpret limited data from individual sampling stations.  Statistical inference 
procedures must be used on the sample data to test hypotheses about whether the actual 
condition in the waterbody meets the criterion.  Thus, water quality assessment is a hypothesis-
testing procedure. 

A statistical analysis of sample data for determining whether a waterbody is meeting a 
criterion requires the definition of a null hypothesis; for listing a waterbody, the null hypothesis 
would be that the water is not impaired7.  The analysis is prone to the possibility of both Type I 
error (a false conclusion that an unimpaired water is impaired) and Type II error (a false 
conclusion that an impaired water is not impaired).  Different statistical analyses are needed 
depending on whether chemical or biological criteria are being assessed. 
 
 

Statistical Approaches for Chemical Parameters 
 

If chemical criteria—carefully designed to account for magnitude, frequency, and 
duration—are expected to be met, instantaneous measurements would be needed to determine 
compliance.  Under current practice, however, even when states conduct frequent monitoring, 
sample sizes are limited, and so the possibility for false positive errors (Type I) and false 
negative errors (Type II) remains.  As sample sizes increase, error rates can be better managed.  
For placement on the preliminary list, a small sample size may be acceptable.  However, 
placement on the action list would require an increase in the number of sample points used in 
order to reduce the uncertainty in the listing and delisting decisions. 
                                                 
7 For delisting, the null hypothesis might be that the water is impaired. 
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The committee does not recommend any particular statistical method for analyzing 
monitoring data and for listing waters.  However, one possibility is that the binomial hypothesis 
test could be required as a minimum and practical first step (Smith et al., 2001).  The binomial 
method is not a significant departure from the current approach—called the raw score 
approach—in which the listing process treats all sample observations as binary values that either 
exceed the criterion or do not, and the binomial method has some important advantages.  For 
example, one limitation of the raw score approach is that it does not account for the total number 
of measurements made.  Clearly, 1 out of 6 measurements above the criterion is a weaker case 
for impairment than is 6 out of 36.  The binomial hypothesis test allows one to take sample size 
into account.  By using a statistical procedure, sample sizes can be selected and one can explicitly 
control and make trade-offs between error rates (see Smith et al., 2001, and Gibbons, in press, 
for guidance on managing the risk of false positive and false negative errors)8.  Several states, 
including Florida and Virginia, are considering or are already using the binomial hypothesis test 
to list impaired waters.  Detailed examples of how to apply this test are beyond the scope of this 
document, but can be found in Smith et al. (2001) and the proposed Chapter 62-303 of the 
Florida Administrative Code9. 
 Whether the binomial or the raw score approach is used, there must be a decision on an 
acceptable frequency of violation for the numeric criterion, which can range from 0 percent of 
the time to some positive number.  Under the current EPA approach, 10 percent of the sample 
measurements of a given pollutant made at a station may exceed the applicable criterion without 
having to list the surrounding waterbody.  The choice of 10 percent is meant to allow for 
uncertainty in the decision process.  Unfortunately, simply setting an upper bound on the 
percentage of measurements at a station that may violate a standard provides insufficient 
information to properly deal with the uncertainty concerning impairment. 

The choice of acceptable frequency of violation is also supposed to be related to whether 
the designated use will be compromised, which is clearly dependent on the pollutant and on 
waterbody characteristics such as flow rate.  A determination of 10 percent cannot be expected to 
apply to all water quality situations.  In fact, it is inconsistent with federal water quality criteria 
for toxics that specify allowable violation frequencies of either one day in three years, four 
consecutive days in three years, or 30 consecutive days in three years (which are all less than 10 
percent).  Embedded in the EPA raw score approach is an implication that 10 percent is an 
acceptable violation rate, which it may not be in certain circumstances. 
  Both the raw score and binomial approaches require the analyst to “throw away” some of 
the information found in collected data.  For example, if the criterion is 1.0, measurements of 1.1 
and 10 are given equal importance, and both are treated simply as exceeding the standard.  Thus, 
a potentially large amount of information about the likelihood of impairment is simply discarded.  
(The standard deviation can be used to set priorities for TMDL development or other restoration 

                                                 
8 The choice of a Type I error rate is based on the assessors willingness to falsely categorize a waterbody.  It also is 
the case that, for any sample size, the Type II error rate decreases as the acceptable Type I error rate increases.  The 
willingness to make either kind of mistake will depend on the consequences of the resulting actions (more 
monitoring, costs to do a TMDL plan, costs to implement controls, possible health risk) and who bears the cost 
(public budget, private parties, etc.).  The magnitude and burden of a Type I versus Type II error depend on the 
statement of the null hypothesis and on the sample size.  When choosing a Type I error rate, the assessor may want 
to explicitly consider these determinants of error rates. 
9 This proposed rule chapter was approved for adoption by the Florida Department of Environmental Protection’s 
Environmental Regulation Commission on April 26, 2001, but has not been officially filed for adoption by the 
Department because of a pending rule challenge before the Division of Administrative Hearings. 
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activities.)  There are other approaches that are more effective at extracting information from a 
single monitoring sample, thereby reducing the number of samples needed to make a decision 
with the same level of statistical confidence.  For example, Gibbons (in press) suggests testing 
the data for normality or log normality and then examining the confidence intervals surrounding 
the estimated 90th percentile of the chosen distribution.  When the data are neither normal nor 
lognormal, or when more than 50 percent of the observations are censored (below the detection 
limit), Gibbons suggests constructing a nonparametric confidence limit based on the binomial 
distribution of ranked data.  Another approach that uses all the data to make a decision is 
“acceptance sampling by variables” (Duncan, 1974).  In general, alternative statistical 
approaches transform questions about the proportion of samples that exceed a standard into 
questions about the center (or another parameter) of a continuous distribution.  It should be noted 
that new approaches will bring new analytical requirements that must be taken into 
consideration.  For example, if there is a requirement to specify a distribution, sufficient data 
must be available.  In some cases, data from other similar sites may be needed to give an overall 
assessment of distribution type.  Finally, as more powerful statistical procedures are used, water 
quality assessors will need to understand how to run the tests and also how to state hypotheses 
that clearly relate to the water quality criterion. 
 
 

Statistical Approaches for Biological Parameters 
 
 Error bands exist with any sampled data, including bioassessment results.  Thus, 
bioassessment procedures must also be designed to be statistically sound.  The utility of any 
measure of stream condition depends on how accurately the original sample represents the 
condition in the stream—that is, how successful it is in avoiding statistical “bias.”  Protocols to 
for making such measurements are established in the technical literature (Karr and Chu, 1999) as 
well as in guidance manuals produced by EPA (Barbour et al., 1996, 1999; EPA, 1998a; Gibson 
et al., 2000). 

There are three principal ways variability is dealt with in the process of deriving and 
using biocriteria (Yoder and Rankin, 1995).  First, variability is compressed through the use of 
multimetric evaluation mechanisms such as IBI.  Reference data for each metric are compressed 
into discrete scoring ranges (i.e., 5, 3, and 1).  Second, variability is stratified via tiered uses, 
ecoregions, stream size categories (headwaters, wadable, boatable), and method of calibrating 
each metric (i.e., vectoring expectations by stream size).  Third, variability is controlled through 
standardized operating procedures, data quality objectives (i.e., level of taxonomy), index 
sampling periods (to control for seasonal effects), replication of sampling, and training (Yoder 
and Rankin, 1995).  One can, for example, avoid seasonal variation by carefully defining index 
sampling periods or variation among microhabitats by sampling the most representative 
microhabitat (Karr and Chu, 1999).  Box 3-6 presents results of several studies in which the error 
around biological parameters was assessed. 
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Box 3-6  Understanding Sources of Variability in Bioassessment 
 

Sources of error evaluated in one study of biological monitoring data from New England 
lakes (Karr and Chu, 1999) included three types of variance: interlake variability (differences 
among lakes); intralake variability (variability associated with sampling different sites within a 
lake as decided by the field crew), and lab error (error related to subsample work in the lab).  
The interlake variability was the effect of interest, and the goal was to determine if that source of 
variability was dominant.  Distribution of variance varied as a function of biological metric 
selected.  Those measures with reduced variance except for the context of interest (e.g., 
interlake variability) were selected for inclusion in IBI to increase the probability of detecting and 
understanding the pattern of interest. 

Two other studies involved an examination not of the individual metrics, but of the overall 
IBI (i.e., after individual metrics were tested and integrated into an IBI).  For Puget Sound 
streams, 9 percent of variation came from differences within streams and 91 percent was 
variability across streams (reported in Karr and Chu, 1999, Fig. 35).  For a study in Grand Teton 
National Park, streams were grouped in classes reflecting different amounts of human activity in 
their watersheds.  In this case, 89 percent of the variance came from differences among the 
groups, and 11 percent came from differences among members of the same group (reported in 
Karr and Chu, 1999). 

In all these cases, the goal was to find ways of measuring that emphasize differences 
among watersheds with differing human influences, while keeping other sources of variation 
small.  Success in these examples was based on the development of an earlier understanding 
of sources of variation and then establishing sampling protocols that avoid other irrelevant 
sources of variation (such as variation stemming from the differing abilities of personnel to 
select and use methods).  If these sources of variation are controlled for, then the study can 
emphasize the kind of variation that is of primary interest (e.g., human influence gradients). 
 
 
 

Conclusions and Recommendations 
 

1.  EPA should endorse statistical approaches to proper monitoring design, data 
analysis, and impairment assessment.  For chemical parameters, these might include the 
binomial hypothesis test or other statistical approaches that can more effectively make use of the 
data collected to determine water quality impairment than does the raw score approach.  For 
biological parameters, these might focus on improvement of sampling designs, more careful 
identification of the components of biology used as indicators, and analytical procedures that 
explore biological data as well as integrate biological information with other relevant data. 
 

2.  States should be required to report the statistical properties of the sample data 
analyses used to make listing determinations.  Error rates, confidence limits, or other means of 
conveying uncertainty should be presented along with the rationale for a decision to list or delist 
a waterbody. 
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USE OF MODELS IN THE LISTING PROCESS 
 

As stated in EPA guidance documents as well as the Federal Advisory Committee Act 
(FACA) report (EPA, 1998b), monitoring data are the preferred form of information for 
identifying impaired waters.  Model predictions might be used in addition to or instead of 
monitoring data for two reasons: (1) modeling could be feasible in some situations where 
monitoring is not, and (2) integrated monitoring and modeling systems could provide better 
information than monitoring alone for the same total cost.  EPA guidance and the FACA report 
explicitly recognize the obvious practicality of the first reason, but largely ignore the potential 
importance of the second.  This section considers some of the ways in which modeling might be 
used as a complement to monitoring and points out some limitations of modeling in informing 
the listing process. 

Often, in attempting to estimate the frequency of violation of a standard, the number of 
pollutant concentration measurements made in a waterbody is so small that it is difficult to avoid 
false negative error with the desired level of confidence.  One way in which a simple statistical 
model may assist in interpreting monitoring data in such cases is by introducing a variable to the 
analysis that is correlated with pollutant concentration.  One common correlate of many water 
quality time series is stream flow, which is measured continuously at many monitoring stations, 
including nearly all USGS stations.  The statistical methods for taking advantage of correlated 
stream flow data are called record extension techniques, several of which have been described 
and compared by Hirsch (1982).  By modeling pollutant concentration as a function of 
streamflow and using the resulting model to estimate a denser concentration time series, a better 
estimate of the frequency distribution of pollutant concentration may be obtained.  The predicted 
concentration time series then may be tested for violation frequency using either the binomial 
approach (see above) or the quantile approach.  The value of this modeling approach over using 
pollutant data alone is directly dependent on the level of correlation that exists between the 
pollutant concentration and stream flow.  Further discussion of the specific extension technique 
called MOVE (Maintenance of Variance – Extension) appears in Helsel and Hirsch (1991). 
 The EPA guidance on 303d listing suggests that a simple, but useful, modeling approach 
that may be used in the absence of monitoring data is “dilution calculations,” in which the rate of 
pollutant loading from point sources in a waterbody (recorded as kg per day in NPDES permits, 
for example) is divided by the stream flow distribution to give a set of estimated pollutant 
concentrations that may be compared to the state standard.  Simple dilution calculations assume 
conservative movement of pollutants through a watershed and ignore the fact that for most 
pollutants some loss of mass occurs during transport due to a variety of processes including 
evaporation, settling, or biochemical transformation (see, for example, Novotny and Olem, 
1994).  Thus, the use of dilution calculations will tend to bias the decision process toward false 
positive conclusions.  Lacking a clear rationale for such a bias, a better approach would be to 
include a best estimate of the effects of loss processes in the dilution model. 

Section 303d and related guidance from EPA emphasize the importance of searching for 
information on waterbodies that are suspected of violating water quality standards, which is 
understandable given the desire to limit the number of sites sampled and hence the cost of 
monitoring.  Targeted monitoring will often increase the efficiency of the assessment process 
(i.e., reduce the total number of decision errors), but may have somewhat hidden effects on the 
balance of false positive and false negative errors.  Targeted monitoring represents the informal 
use of a prior probability distribution on impairment to guide monitoring toward sites located in 
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a particular region of the distribution.  One of the most potentially valuable uses of modeling in 
relation to 303d listing would be to formalize the use of prior information on impairment 
probability in order to better organize the decision process.  That is, modeling techniques such as 
SPARROW (Smith et al., 1997) could be used to estimate preliminary impairment distributions 
for all waterbodies in the state.  These distributions would then be used to guide monitoring and 
control the rates of false positive and false negative error either through Bayesian or other 
methods of interpreting monitoring data.  Limited monitoring resources generally could be 
focused on the sites where impairment was most uncertain (i.e., where the estimated probability 
of impairment was neither very high nor very low), potentially improving the efficiency of 
monitoring.  Sites at the extremes of the impairment distributions (i.e., extremely likely or 
unlikely to be impaired) would be less frequently monitored.  Decisions for placing waters on a 
preliminary list might be made primarily on the basis of such modeling.  (Formal placement of a 
waterbody on the 303d list would require additional monitoring.)   
 
 

Conclusions and Recommendations 
 

1.  Models that can fill gaps in data have the potential to generate information that 
will increase the efficiency of monitoring and thus increase the accuracy of the preliminary 
listing process.  For example, regression analyses that correlate pollutant concentration with 
some more easily measurable factor could be used to extend monitoring data for preliminary 
listing purposes.  Models can also be used in a Bayesian framework to determine preliminary 
probability distributions of impairment that can help direct monitoring efforts and reduce the 
quantity of monitoring data needed for making listing decisions at a given level of reliability. 
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Modeling to Support the TMDL Process 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

This chapter addresses the planning step (Figure 1-1) that occurs once a waterbody is 
formally listed as impaired.  The main activity required during the planning step is an assessment 
of the relative contribution of different stressors (sources of pollution) to the impairment.  For 
example, during this step Total Maximum Daily Loads (TMDLs) are calculated for the chemical 
pollutant (if there is one) causing the impairment, and the maximum pollutant loads consistent 
with achieving the water quality standard are estimated.  Pollutant load limits alone may not 
secure the designated use, however, if other sources of pollution are present.  Changes in the 
hydrologic regime (such as in the pattern and timing of flow) or changes in the biological 
community (such as in the control of alien taxa or riparian zone condition) may be needed to 
attain the designated use, as discussed in Chapter 2.  As hydrologic, biological, chemical, or 
physical conditions change, the estimation of the TMDL can change. 

Because they represent our scientific understanding of how stressors relate to appropriate 
designated uses, models play a central role in the TMDL program.  Models are the means of 
making predictions—not only about the TMDL required to achieve water quality standards, but 
also about the effectiveness of different actions to limit pollutant sources and modify other 
stressors to reach attainment of a designated use.  This chapter discusses the necessity for, and 
limitations of, models and other predictive approaches in the TMDL process.  Thus, it directly 
addresses the committee’s charge of evaluating the TMDL program’s information needs and the 
methods used to obtain information. 
 
 

MODEL SELECTION CRITERIA 
 

Mathematical models can be characterized as empirical (also known as statistical) or 
mechanistic (process-oriented), but most useful models have elements of both types.  An 
empirical model is based on a statistical fit to data as a way to statistically identify relationships 
between stressor and response variables.  A mechanistic model is a mathematical 
characterization of the scientific understanding of the critical biogeochemical processes in the 
natural system; the only data input is in the selection of model parameters and initial and 
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boundary conditions.  Box 4-1 presents a simple explanation of the difference between the two 
types of models. 

Water quality models for TMDL development are typically classified as either watershed 
(pollutant load) models or as waterbody (pollutant response) models.  A watershed model is used 
to predict the pollutant load to a waterbody as a function of land use and pollutant discharge; a 
waterbody model is used to predict pollutant concentrations and other responses in the 
waterbody as a function of the pollutant load.  Thus, the waterbody model is necessary for 
determining the TMDL that meets the water quality standard, and a watershed model is 
necessary for allocating the TMDL among sources.  Some comprehensive modeling frameworks 
[e.g., BASINS (EPA, 2001) and Eutromod (Reckhow et al., 1992)] include both, but most water 
quality models are of one or the other type.  Except where noted, the comments in this chapter 
reflect both watershed and waterbody models; examples presented may address one or the other 
model type as needed to illustrate concepts. 
 Although prediction typically is made with a mathematical model, there are certainly 
situations in which expert judgment can and should be employed.  Furthermore, although in 
many cases a complex mathematical model can be developed, the model best suited for the 
situation may be relatively simple, as noted in examples described later in the chapter.  Indeed, 
reliance on professional judgment and simpler modeling will be acceptable in many cases, and is 
compatible with the adaptive approach to TMDLs described in Chapter 5.  

Highly detailed models are expensive to develop and apply and may be time consuming 
to execute.  Much of the concern over costs of TMDLs appears to be based on the assumption 
that detailed modeling techniques will be required for most TMDLs.  In the quest to efficiently 
allocate TMDL resources, states should recognize that simpler analyses can often support 
informed decision-making and that complex modeling studies should be pursued only if 
warranted by the complexity of the analytical problem.  More complex modeling will not 
necessarily assure that uncertainty is reduced, and in fact can compound problems of uncertain 
predictions.  As discussed below, accounting for uncertainty and representing watershed 
processes are two of the possible criteria that need to be considered when selecting an analytical 
model for TMDL development. 

TMDLs, which are typically evaluated through predictive modeling, lead to decisions 
concerning controls on pollutant sources or other stressors.  Thus, models used in TMDL 
analysis provide “decision support.”  Box 4-2 lists desirable model selection/evaluation criteria 
in consideration of the decision support role of models in the TMDL process.  The list is 
intended to characterize an ideal model.  Given the limitations of existing models, it should not 
be viewed as a required checklist for attributes that all present-day TMDL models must have. 

EPA has supported water quality model development for many years and, along with the 
U.S. Geological Survey (USGS), the U.S. Army Corps of Engineers, and the U.S. Department of 
Agriculture, is responsible for most models currently being applied for TMDL development.  
Agency-wide, EPA has funded model development and technology transfer activities for a wide 
range of models.  The greatest concentration of this effort has been at the Center for Exposure 
Assessment Modeling (CEAM).  In contrast to the broad perspective found within EPA as a 
whole, CEAM has demonstrated a clear preference for mechanistic models, as evidenced by their 
adoption of the BASINS modeling system (EPA, 2001) as the primary TMDL modeling 
framework. 

Models developed at the CEAM and incorporated into BASINS place high priority on 
correctly describing key processes, which is related to but different from model selection  
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Box 4-1 Mechanistic vs. Statistical Models 

 
Suppose a teacher is conducting a lesson on measurements and sets out to measure 

and record the height and weight of ea`ch student.  Unfortunately, the scale breaks after the first 
several children have been weighed.  In order to proceed with the lesson (though on a 
somewhat different tack), a mechanistically inclined teacher might decide to use textbook data 
on the density of the human body, together with a variety of length measurements of each child 
(e.g., waist, leg, and arm dimensions), to estimate body volumes as the sum of the volumes of 
body parts.  The teacher may then obtain the weights of the students as the product of density 
and volume.  A statistically inclined teacher, on the other hand, might simply use the data 
obtained for the first several children in a regression model of weight on height that could then 
be used to predict the weights of the other students based on their height. 

The accuracy and utility of each of these two approaches depend on both the details of 
the input data and the calculation procedures.  If the mechanistic teacher has good information 
on tissue densities, for example, and has the time to make many length measurements, the 
results may be quite good.  Conversely, the statistical approach may yield quite acceptable 
results at a fraction of the mechanistic effort if enough children had been weighed before the 
scale broke, and if those children were approximately representative of the whole class in terms 
of body build.  Moreover, the regression model comes with error statistics for its predictions and 
parameters.  Although the same statistical approach would work with other groups of students, 
additional weight measurements would be required for model calibration.  Thus, the benefits of 
the statistical approach are that it is less costly and its reliability is known, but its use is 
dependent on data collected for the variable of interest (weight, in this case) under the 
circumstances of interest.  The mechanistic approach has wider application and a clear 
rationality (the total equals the sum of the parts), but it requires more time and effort, and, 
unless some data are collected for the variable of interest under similar circumstances, its error 
characteristics are unknown.  

Of course, in practice, mechanistic and statistical modelers often make considerable use 
of each other’s techniques.  In the classroom analogy, for example, it would make sense for the 
statistically inclined teacher to make more detailed measurements of the weighed students’ 
dimensions and develop a multivariate regression model of weight as a function of torso 
volume, leg volume, etc., rather than height alone.  The more complex model could be applied 
to a wider range of body builds.  Moreover, the regression coefficients would represent the 
estimated densities of different parts of the body.  These could be compared with the textbook 
values of body density as a test of the rationality of the model.  Conversely, the mechanistic 
teacher might use body density data from the textbook to adjust the height–weight regression 
equations for use with different age and ethnic groups.  This would eliminate the need for 
collecting additional weight data for these groups.  

It is also worth distinguishing a third type of model termed stochastic that is widely used 
in engineering applications and that may have a useful role in TMDL modeling.  The objective of 
stochastic modeling is to simulate the statistical behavior of a system by imposing random 
variability on one or more terms in the model.  Such models are usually fundamentally 
mechanistic, but avoid mechanistic description of complex processes by using simpler 
randomized terms.  Stochastic models generally require a large number of measurements of 
certain variables (e.g., inputs, state variables) in order to correctly characterize their random 
behavior.  As an example, consider a mechanistic model of river water quality that includes 
randomly generated streamflow and pollutant loads.  If the randomly generated inputs are 
realistic (both individually and in relation to each other), then the output may provide a very 
useful description of the variability to expect in the water quality of the river. 
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Box 4-2  Model Selection Criteria 

 
A predictive model should be broadly defined to include both mathematical expressions 

and expert scientific judgment.  A predictive model useful for TMDL decision support ideally 
should have the following characteristics: 
 
1. The model focuses on the water quality standard.  The model is designed to quantitatively 

link management options to meaningful response variables.  This means that it is desirable 
to define the TMDL endpoints (e.g., pollutant sources and standard violation parameter) and 
incorporate the entire “chain” from stressors to response into the modeling analysis.  This 
also means that the spatial/temporal scales of the problem and the model should be 
compatible. 

 
2. The model is consistent with scientific theory.  The model does not err in process 

characterization.  Note that this is different from the often-stated goal that the model 
correctly represents processes, which, for terrestrial and aquatic ecosystems, cannot be 
achieved. 

 
3. Model prediction uncertainty is reported.  Given the reality of prediction errors, it makes 

sense to explicitly acknowledge the prediction uncertainty for various management options.  
This provides decision-makers with an understanding of the risks of options, and allows 
them to factor this understanding into their decisions.  To do this, prediction error estimates 
are required. 

 
4. The model is appropriate to the complexity of the situation.  Simple water quality problems 

can be addressed with simple models.  Complex water quality problems may or may not 
require the use of complex models (as discussed later in this chapter and in Chapter 5). 

 
5. The model is consistent with the amount of data available.  Models requiring large amounts 

of monitoring data should not be used in situations where such data are unavailable. 
 
6. The model results are credible to stakeholders.  Given the increasing role of stakeholders in 

the TMDL process, it may be necessary for modelers to provide more than a cursory 
explanation of the predictive model. 

 
7. Cost for annual model support is an acceptable long-term expense.  Given growth and 

change, water quality management will not end with the initial TMDL determination.  The 
cost of maintaining and updating the model must be tolerable over the long term. 

 
8. The model is flexible enough to allow updates and improvements.  Research can be 

expected to improve scientific understanding, leading to refinements in models. 
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criterion #2 (see Box 4-2).  It is important to recognize that placing priority on ultimate process 
description often will come at the expense of the other model selection criteria.  For one thing, an 
emphasis on process description tends to favor complex mechanistic models over simpler 
mechanistic or empirical models and may result in analyses that are more costly than is 
necessary for effective decision-making.  In addition, physical, chemical, and biological 
processes in terrestrial and aquatic environments are far too complex to be conceptually 
understood or fully represented in even the most complicated models.  For the purposes of the 
TMDL program, the primary purpose of modeling should be to support decision-making.  Our 
inability to completely describe all relevant processes can be accounted for by quantifying the 
uncertainty in the model predictions. 
 
 

UNCERTAINTY ANALYSIS IN WATER QUALITY MODELS 
 

The TMDL program currently accounts for the uncertainty embedded in the modeling 
exercise by applying a margin of safety (MOS).  As discussed in Chapter 1, the TMDL can be 
represented by the following equation: 
 

  TMDL = ΣWLA + ΣLA + MOS 
 
This states that the TMDL is the sum of the present and near future load of pollutants from point 
sources and nonpoint and background sources to receiving waterbodies plus an adequate margin 
of safety (MOS) needed to attain water quality standards. 

One possible metric for the point source waste load allocation (ΣWLA) and the nonpoint 
source load allocation (ΣLA) is mass per unit time, where time is expressed in days.  However, 
other units of time may actually be more appropriate.  For example, it may be better to use a 
season as the time unit when the TMDL is calculated for lakes and reservoirs, or a year when 
contaminated sediments are the main stressor. 

EPA (1999) gives additional ways in which a TMDL can be expressed: 
 
• the required reduction in percentage of the current pollution load to attain and 

maintain water quality standards, 
• the required reduction of pollutant load to attain and maintain riparian, biological, 

channel, or morphological measures so that water quality standards are attained and maintained, 
or 

• the pollutant load or reduction of pollutant load that results from modifying a 
characteristic of a waterbody (e.g., riparian, biological, channel, geomorphologic, or chemical 
characteristics) so that water quality standards are attained and maintained. 
 

The MOS is sometimes a controversial component of the TMDL equation because it is 
meant to protect against potential water quality standard violations, but does so at the expense of 
possibly unnecessary pollution controls.  Because of the natural variability in water quality 
parameters and the limits of predictability, a small MOS may result in nonattainment of the water 
quality goal; however, a large MOS may be inefficient and costly.  The MOS should account for 
uncertainties in the data that were used for water quality assessment and for the variability of 
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background (natural) water quality contributions.  It should also reflect the reliability of the 
models used for estimating load capacity.  

Under current practice, the MOS is typically an arbitrarily selected numeric safety factor.  
In other cases, a numeric value is not stated, and rather conservative choices are made about the 
models used and the effectiveness of best management practices. Consistent with our concerns, 
NRC (2000) notes that since parameters involved in the TMDL determination are probabilistic 
and the MOS is a measure of uncertainty, the MOS should be determined through a formal 
uncertainty and error propagation analysis.  There is also a compelling practical reason for 
explicit and thorough quantification of uncertainty in the TMDL via the MOS—reduction of the 
MOS can potentially lead to a significant reduction in TMDL implementation cost.  On this basis 
alone, EPA should place a high priority on estimating TMDL forecast uncertainty and on 
selecting and developing TMDL models with minimal forecast error. 

Model prediction error can be assessed in two ways.  First, Monte Carlo simulation can 
be used to estimate the effect of model parameter error, model equation error, and 
initial/boundary condition error on prediction error.  This process is data-intensive and may be 
computationally unwieldy for large models.  A second and simpler alternative is to compare 
predictions with observations, although the correct interpretation of this analysis is not as 
straightforward as it may seem.  If a model is “overfitted” to calibration data and the test or 
“verification” data are not substantially different from the calibration data, the prediction–
observation comparison will underestimate the prediction error.  The best way to avoid this is to 
obtain independent verification data substantiated with a statistical comparison between 
calibration data and verification data. 

To date, we are aware of no thorough error propagation studies with the mechanistic 
models favored by EPA (by thorough, we mean that all errors and error covariance terms are 
estimated and are plausible for the application).  Further, the track record associated with even 
limited uncertainty analyses is not encouraging for water quality models in general.  Among 
empirical models, only the relatively simple steady-state nutrient input–output models have 
undergone reasonably thorough error analyses.  For example, Reckhow and Chapra (1979) and 
Reckhow et al. (1992) report prediction error of approximately 30 percent to 40 percent for 
cross-system models that predict average growing season total phosphorus or total nitrogen 
concentration based on measured annual loading.  Prediction errors are likely to be higher for 
applications based on estimated or predicted loading.  Prediction error will be higher still when 
these simple models are linked to statistical models to predict chlorophyll a, Secchi disk 
transparency, or an integrative measure of biological endpoints. 

Most error analyses conducted on mechanistic water quality models have also focused on 
eutrophication, so relatively little is known of prediction error for toxic pollutants, 
microorganisms, or other important stressors.  In one of the few relatively thorough error 
propagation studies, Di Toro and van Straten (1979) and van Straten (1983) used maximum 
likelihood to determine point estimates and covariances for parameters in a seasonal 
phytoplankton model for Lake Ontario.  Of particular note, they found that prediction error 
decreased substantially when parameter covariances were included in error propagation, 
underscoring the importance of including covariance terms in error analyses.  This result 
occurred because, while individual parameters might be highly uncertain, specific pairs of 
parameters (e.g., the half saturation constant and the maximum growth rate in the Michaelis–
Menten model) may vary in a predictable way (expressed through covariance) and thus may be 
collectively less uncertain.  Di Toro and van Straten found the prediction coefficient of variation 
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to range from 8 percent (for nitrate-N) to 390 percent (for ammonia-N), with half of the values 
falling between 44 percent and 91 percent.  Zooplankton prediction errors tended to be much 
higher.  Beck (1987) found that the error levels cited in these studies are typical of those reported 
elsewhere.  There is evidence to suggest that the current models of water quality, in particular, 
the larger models, are capable of generating predictions to which little confidence can be 
attached (Beck, 1987). 

The need for understanding the prediction uncertainty of chosen models is not new.  
Indeed, recent TMDL modeling and assessment guidance from EPA often mentions the 
importance of formal uncertainty analysis in determining the MOS (EPA, 1999).  However, EPA 
has consistently failed to either recommend predictive models that are amenable to thorough 
uncertainty analysis or provide adequate technical guidance for reliable estimation of prediction 
error.  
 
 

Conclusions and Recommendations 
 

1.  EPA needs to provide guidance on model application so that thorough 
uncertainty analyses will become a standard component of TMDL studies.  Prediction 
uncertainty should be estimated in a rigorous way, and models should be evaluated and selected 
considering the prediction error need.  The limited error analysis conducted within the QUAL2E-
UNCAS model (Brown and Barnwell, 1987) was a start, but there has been little progress at EPA 
in the intervening 14 years. 
 

2.  The TMDL program currently accounts for the uncertainty embedded in the 
modeling exercise by applying a margin of safety (MOS); EPA should end the practice of 
arbitrary selection of the MOS and instead require uncertainty analysis as the basis for 
MOS determination.  Because reduction of the MOS can potentially lead to a significant 
reduction in TMDL implementation cost, EPA should place a high priority on selecting and 
developing TMDL models with minimal forecast error. 
 

3.  Given the computational difficulties with error propagation for large models, 
EPA should selectively target some postimplementation TMDL compliance monitoring for 
verification data collection to assess model prediction error.  TMDL model choice is 
currently hampered by the fact that relatively few models have undergone thorough uncertainty 
analysis.  Postimplementation monitoring at selected sites can yield valuable data sets to assess 
the ability of models to reliably forecast response.  Large or complex models that pose an 
overwhelming computational burden for Monte Carlo simulation are particularly good 
candidates for this assessment. 
 
 

MODELS FOR BIOTIC RESPONSE: A CRITICAL GAP 
 

The development of models that link stressors (such as chemical pollutants, changes in 
land use, or hydrologic alterations) to biological responses is a significant challenge to the use of 
biocriteria and for the TMDL program.  There are currently no protocols for identifying stressor 
reductions necessary to achieve certain biocriteria.  A December 2000 EPA document (EPA, 
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2000) on relating stressors to biological condition suggests how to use professional judgment to 
determine these relationships, but it offers no other approaches.  As discussed below, informed 
judgment can be effectively used in simple TMDL circumstances, but in more complex systems, 
empirical or mechanistic models may be required. 

There have been some developments in modeling biological responses as a function of 
chemical water quality.  One approach attempts to describe the aquatic ecosystem as a 
mechanistic model that includes the full sequence of processes linking biological conditions to 
pollutant sources; this typically results in a relatively complex model and depends heavily on 
scientific knowledge of the processes.  The alternative is to build a simpler empirical model of a 
single biological criterion as a function of biological, chemical, and physical stressors.  Both 
approaches have been pursued in research dating back at least 30 years, and there has been some 
progress on both fronts.  One promising recent approach is to combine elements of each of these 
methods.  For example, Box 4-3 describes a probability network model that has both mechanistic 
and empirical elements with meaningful biological endpoints. 

Advances in mechanistic modeling of aquatic ecosystems have occurred primarily in the 
form of greater process (especially trophic) detail and complexity, as well as in dynamic 
simulation of the system (Chapra, 1996).  Still, mechanistic ecosystem models have not 
advanced to the point of being able to predict community structure or biotic integrity.  Moreover, 
the high level of complexity that has been achieved with this approach has made it difficult to 
use statistically rigorous calibration methods and to conduct comprehensive error analyses (Di 
Toro and van Straten, 1983; Beck, 1987). 

The empirical approach depends on a statistical equation in which the biocriterion is 
estimated as a function of a stressor variable.  Success with this empirical approach has been 
primarily limited to models of relatively simple biological metrics such as chlorophyll a (Peters, 
1991; Reckhow et al., 1992).  For reasons that are not entirely clear, empirical models of higher-
level biological variables, such as indices of biotic integrity, have not been widely used.  
Regressions of biotic condition on chemical water quality measures are potentially of great value 
in TMDL development because of their simplicity and transparent error characteristics.  Two 
accuracy issues, however, need to be considered.  First is the obvious question of whether the 
level of statistical correlation between biotic metrics and pollutant concentrations is strong 
enough that prediction errors will be acceptable to regulators and stakeholders.  A second and 
more difficult issue is that of gaining assurance of a cause–effect relationship between chemical 
predictors and biotic metrics.  The construction of empirical models of biotic condition would 
benefit greatly from (1) observational data that show the effects of changes in chemical 
concentrations over a time period when other factors have remained relatively constant and (2) 
inclusion of as many factors that are relevant to biotic condition as possible.  The latter, of 
course, increases the requirement for observational data.  Despite these limitations, in the near 
term, empirical models may more easily fill the need for biological response models than would 
mechanistic models. 

Conclusions and Recommendations 
 

1.  EPA should promote the development of models that can more effectively link 
environmental stressors (and control actions) to biological responses.  Both mechanistic and 
empirical models should be explored, although empirical models are more likely to fill short-
term needs.  Such models are needed to promote the wider use of biocriteria at the state level, 
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which is desirable because biocriteria are a better indicator of designated uses than are chemical 
criteria. 
 

 
 

Box 4-3  Neuse Estuary TMDL Modeling 
 
The Neuse Estuary is listed for chlorophyll a violations (exceedances of 40 �g/l), and 

nitrogen is the pollutant for which a TMDL is developed. Two distinct estuarine models have 
been developed to guide the TMDL process; one is a two-dimensional process model (CE-Qual-
W2), and the other is a probability (Bayes) network model (Borsuk, 2001) depicted in Figure 4-1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This probability network model has several appealing features that are compatible with 

the modeling framework proposed here: 
• The probabilities in the model are an expression of uncertainty. 
• The conditional probabilities characterizing the relationships described in Figure 4-1 

reflect a combination of simple mechanisms, statistical (regression) fitting, and expert judgment. 
• Some of the model endpoints—estimated using judgmental probability elicitation, 

which is a rigorous, established process for quantifying scientific knowledge (Morgan and 
Henrion, 1990)—such as “shellfish survival” and “number of fishkills,” characterize biological 
responses that are more directly meaningful to stakeholders and can easily be related to 
designated use. 
 

The Neuse Bayes network is a waterbody model; it is being linked to the USGS 
SPARROW watershed model for allocation of the TMDL. 
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ADDITIONAL MODEL SELECTION ISSUES 
 
 

Data Required 
 

The use of complex mechanistic models in the TMDL program is warranted if it helps 
promote the understanding of complex systems, as long as uncertainties in the results are 
reported and incorporated into decision-making.  However, there may be a tendency to use 
complex mechanistic models to conduct water quality assessments in situations with little useful 
water quality data and/or involving major remediation expenditures or legal actions.  In these 
situations, there is usually a common belief that the expected realism in the model can 
compensate for a lack of data, and the complexity of the model gives the impression of 
credibility.  However, given that uncertainty in models is likely to be exacerbated by a lack of 
data, the recommended strategy is to begin with a simple modeling study and iteratively expand 
the analysis as needs and new information dictate. 

For example, a simple analysis using models like those described by EPA (Mills et al., 
1985) as screening procedures could be run quickly at low cost to begin to understand the issues.  
This understanding might suggest (perhaps through sensitivity analysis) that data should be 
collected on current land use, or that a limited monitoring program is warranted.  Following 
acquisition of that information/data, a revised (perhaps more detailed) model could be developed.  
This might result in the TMDL (to be further evaluated using adaptive implementation as 
described in Chapter 5), or it might lead to further data collection and refinement of the model.  
This strategy for data-poor situations makes efficient use of resources and targets the effort 
toward information and models that will reduce the uncertainty as the analysis proceeds. 

The data required for TMDL model development will be a function of the water quality 
criterion and its location and the analytical procedures used to relate the stressors to the criterion.  
Data needs may include hydrology (streamflow, precipitation), ambient water quality measures, 
and land use and elevation in a watershed (see Box 4-4 for more information).  TMDL 
development will also likely require data on point/nonpoint sources and pollutant loads, 
atmospheric deposition, the effectiveness of current best management practices, and 
legacy/upstream pollutant sources.  Because the amount of available data varies with site, there is 
no absolute minimum data requirement that can be universally set for TMDL development.  Data 
availability is one source of uncertainty in the development of models for decision support.  
Although there are other sources of uncertainty as well, models should be selected (simple vs. 
complex) in part based on the data available to support their use. 

 
 

Simple vs. Complex Models 
 

The model selection criteria concerning cost, flexibility, adaptability, and ease of 
understanding (Box 4-2) all tend to favor simple models, although they may fail to adequately 
satisfy the first criterion.  There are many situations, however, when an exceedingly simple 
model is all that is needed for TMDL development, particularly when combined with adaptive 
implementation (to be discussed in Chapter 5).  For example, it is not uncommon in many states 
for farm fields to straddle small streams, with cows being allowed to freely graze in and around 
the stream.  If a downstream water quality standard is violated, a simple mental model linking  
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Box 4-4  Data Requirements for TMDL Modeling of Pollutants 
 

The data and information required for TMDL modeling must reflect the parameters that 
affect attainability of water quality standards.  Many of the models used today have extremely 
large data requirements, a fact that must be addressed prior to TMDL development so that 
adequate data collection can occur. 
 

Flow Data.  Critical to the process of calibrating and verifying models are flow data, from 
sources and various locations in the receiving water.  Flow data are generally high in quality if 
gathered as part of unidirectional stream surveys, but become less reliable in areas subject to 
tidal effects.  The USGS is generally considered to be the most reliable source for long-term, 
high-quality data sets.  Tidal records are available, historically and for predictive purposes, for 
many coastal waters in the United States from the National Oceanic and Atmospheric 
Administration.  Some states have maintained long-term gages in coastal waters, but these are 
usually few in number. 
 

Ambient Water Quality Data.  A number of federal agencies, state agencies, regional 
organizations, and research groups collect surface water quality data.  Many of these data are 
retrievable over the Internet, particularly data from the USGS and EPA.  Although there is no 
universal repository for all surface water quality data, the STORET database is the most 
comprehensive.  Because methods of collection and analysis may vary, there is a need for 
QA/QC of these data. 
 

Land Use Data.  All states should have access to a series of land use records and 
projections.  For ease of use, the land use data sets should be made available as Geographic 
Information System (GIS) coverages.  EPA has provided default coverages as a component of 
its BASINS model.  For TMDL purposes, land use data are required for the time period over 
which water quality data are available in order to calibrate and validate models.  Projected land 
use data are needed for predicting future scenarios. The overall quality of these land use data 
will vary, often as a function of the level of ground-truthing that was done or the accuracy of the 
predictions for future land use changes. 
 

Point Source Data.  Model inputs may include measured values of pollutant loading 
from point sources (e.g., based on information reported on NPDES Discharge Monitoring 
Reports submitted by permitted facilities).  Other possible data sources include results from 
periodic compliance inspections and wasteload allocation studies, or data collected as part of 
field surveys done in support of the TMDL.  Such data are generally available and reliable. 
 

Nonpoint Source Data.  Data on pollutant loadings from nonpoint sources are much 
less available and reliable than data from point sources.  This is partly because during high-flow, 
high-rainfall events, monitoring is only infrequently conducted.  For nonpoint sources, Event 
Mean Concentrations (EMCs) are needed to estimate the loadings that are delivered from each 
significant land use in a basin.  EMCs are useful tools in providing estimated nonpoint source 
loads.  Given the wide range of actual loads that may be associated with nonpoint sources, 
these estimates frequently represent the best science available. 
 

Atmospheric Deposition.  Data on pollutant loadings from atmospheric deposition have 
been compiled by the National Atmospheric Deposition Program/National Trends Network 
(NADP/NTN) using a nationwide network of precipitation-monitoring sites to generate reliable  
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Box 4-4 Continued 

 
estimates of loads for many parameters.  However, unlike watersheds, airsheds vary in size, 
depending upon the pollutant of concern and its specific forms and chemistry.  Assessing the 
atmospheric contribution to any one basin is complicated by variations attributable to factors 
such as seasonal shifts in prevailing winds and distance from contributing sources.  Thus, it is 
currently difficult to differentiate impacts from local sources vs. remote sources.  For example, 
although significant work has been done in the northeastern United States to link sources of 
nitrous oxides with the areas subject to impact, similar studies elsewhere are not routinely 
available.  Data for parameters other than those covered by NADP sites, as well as data on 
basin-specific wet and dry atmospheric deposition rates, are also scant. 
 

Legacy/Upstream Sources.  For many impaired waters, states will need to identify and 
estimate loads attributed to legacy sources (e.g., PCBs, DDT, or the phosphorus-laden lake 
sediments) and upstream sources (those entering a waterbody segment upstream of the 
watershed currently being studied).  The availability and reliability of such data vary widely 
across the nation. 
 

Best Management Practices.  TMDL development will in many cases require estimates 
of the treatment efficiency for a best management practice (BMP).  Such data are generally not 
available, except for a small number of well-studied stormwater BMPs and a limited number of 
pollutants (see NRC, 2000).  To account for these deficiencies, states might use best 
professional judgment to estimate the percent reduction, taking into account treatment provided 
by similar BMPs and stakeholder input.  EPA has recently provided funding for a national 
database designed to help states track the effectiveness of BMPs as they are developed and 
evaluated.  Databases of BMP effectiveness are currently available at ASCE (1999) and Winer 
(2000). 
 
 
 
the cows to the violation, and subsequent actions in which the first step might be to limit cow 
access to the riparian corridor, may ultimately be sufficient for addressing the impairment.  This 
example is certainly not intended to suggest that all TMDLs will be simple, but it does suggest 
the value of simple analyses and iterative implementation.  Box 4-5 presents a relatively simple 
modeling exercise (based on a statistical rather than mechanistic model) that was used 
successfully to develop a TMDL for clean sediment. 

With regard to mechanistic models, there is no intrinsic reason to choose the particular 
scales that have become the basis for representing processes in the majority of mechanistic water 
quality models.  As an alternative, Borsuk et al. (2001) have shown that it is possible to specify 
relatively simple mechanistic descriptions of key processes in aquatic ecosystems, which limits 
the dimension of the parameter space so that parameters may be estimated using least squares or 
Bayesian methods on the available data.  The SPARROW model (Smith et al., 1997) is another 
more statistically based alternative that includes terms and functions that reflect processes.  
These efforts suggest that a fruitful research direction for the TMDL program is the development 
of models that are based on process understanding yet are fitted using statistical methods on the 
observational data. 
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Box 4-5  Use of a Simple Empirical Model:  

Suspended Sediment Rating Curve for Deep Creek, MT 
 

One relatively simple form of model that has been used successfully in many TMDL 
applications is a statistical regression of a water quality indicator on one or more predictor 
variables.  The indicator may be either the pollutant named in the TMDL or a related metric used 
to determine impairment but not directly involved in the TMDL analysis.  Such a model was 
used to develop a TMDL for suspended sediment in Deep Creek, MT (see Endicott, 1996).  The 
designated use of that waterbody was to support a cold water fishery and its associated biota, 
especially to provide high-quality spawning areas to rainbow and brown trout from a nearby 
reservoir.  The reservoir and the river provide a blue-ribbon trout fishery.  Analyzing the effects 
of suspended sediment on salmonids is complicated by the fact that sediment concentrations in 
western trout streams increase dramatically with streamflow in healthy as well as sediment-
impaired streams, but are lower at any given flow in the healthy streams than in the impaired 
streams.  Suspended sediment concentrations at all stages of the hydrograph are important 
biologically. 

To develop a sediment TMDL at this site, modelers compared the relationship of 
sediment concentration to streamflow (known as the “sediment rating curve”) at the impaired 
site to the corresponding sediment rating curve for an unimpaired reference site.  Rating curves 
were developed by regressing sediment concentration on streamflow.  In the case of Deep 
Creek, the sediment–flow relationship is approximately linear with a slope of 0.51 mg l-1 per 
ft3sec-1.  Based on rating curves for reference streams of similar size in the area (Endicott, 
1996), an appropriate slope would be 0.26 mg l-1 per ft3sec-1.  Thus, the goal of TMDL 
implementation is to lower the Deep Creek ratio by about half.  According to the approved 
TMDL management plan, certain channel modifications and a combination of riparian and 
grazing BMPs are expected to reduce the slope of the sediment rating curve and restore the 
health of the trout fishery.  Determination of whether the control measures have reduced the 
rating curve slope to the target level can be accomplished in the future by a hypothesis test on 
the slope parameter of the revised regression of concentration on flow.  The Type 1 and Type 2 
error rates for this decision-making method will relate directly to the statistical confidence limits 
on the estimated slope parameter, and are controllable through the quantity of monitoring data 
collected after the control measures are in place. 

There are several aspects of this modeling approach that make it well suited to the 
TMDL problem.  The analysis was simple to carry out and relatively easy for stakeholders to 
understand.  Despite its simplicity, the model focuses on a critical aspect of the Deep Creek 
ecosystem—suspended sediment concentrations over the entire hydrograph.  Future decision-
making on the success of the management plan can be based on an objective test with known 
error rates that are controllable through monitoring. 
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Pilot Watersheds 
 

Another approach to consolidate modeling efforts and develop TMDLs more efficiently 
is the pilot watershed concept1.  Many TMDLs involve small- to medium-sized watersheds that 
have a dominating nonpoint source pollution problem (e.g., the Corn Belt region, watersheds 
draining forested areas, or suburban watersheds).  Watersheds located in the same ecoregion may 
have similar water quality problems and solutions.  Thus, a detailed modeling study of one or 
two benchmark watersheds can provide problem identification and solutions.  These findings 
could potentially be extrapolated to less investigated but similar watersheds. 
 
 

Conclusions and Recommendations 
 

If accompanied by uncertainty analysis, many existing models can be used to develop 
TMDLs in an adaptive implementation framework.  Adaptive implementation, discussed in 
detail in Chapter 5, will allow for both model development over time and the use of currently 
available data and methods.  It provides a level of assurance that the TMDL will ultimately be 
successful even with high initial forecast uncertainty. 
 

1.  EPA should not advocate detailed mechanistic models for TMDL development in 
data-poor situations.  Either simpler, possibly judgmental, models should be used or, 
preferably, data needs should be anticipated so that these situations are avoided.  The strategy of 
accounting for data-limited TMDLs with increasingly detailed models needs rigorous 
verification before it should be endorsed and implemented.  Starting with simple analyses and 
iteratively expanding data collection and modeling as the need arises is the best approach. 
 

2.  EPA needs to provide guidance for determining the level of detail required in 
TMDL modeling that is appropriate to the needs of the wide range of TMDLs to be 
performed.  The focus on detailed mechanistic models has resulted in complex, costly, time-
consuming modeling exercises for single TMDLs, potentially taking away resources from 
hundreds of other required TMDLs.  Given the variety of existing watershed and water quality 
models available, and the range of relevant model selection criteria, EPA should expand its focus 
beyond mechanistic process models to include simpler models.  This will support the use of 
adaptive implementation. 
 
 3.  EPA should support research in the development of simpler mechanistic models 
that can be fully parameterized from the available data.  This would lead to models that meet 
several model selection criteria present in Box 4-2, such as consistency with theory, assessing 
uncertainty, and consistency with available data. 
 

                                                 
1 In various forms, “pilot watersheds” have for years been the basis for understanding land use impacts on water 
quality.  The concept is implicit in the acceptance and use of export coefficients for pollutant load assessment.  A 
prominent example is the series of PLUARG (Pollution from Land Use Activities-Reference Group) studies to 
determine the total loads of pollutants to the Great Lakes.  The group used several pilot watersheds on each side of 
the border and extrapolated the detailed monitoring and modeling results into the entire Great Lakes basin. 
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4.  To more efficiently use scarce resources, EPA should approve the use of pilot 
watersheds for TMDL modeling.  Rather than detailed models being prepared for every 
impaired waterbody, pilot TMDLs could be prepared in detail for a benchmark watershed (e.g., a 
typical suburban or agricultural watershed), and the results could be extrapolated to similar 
watersheds located in the same ecoregion.  The notion of extending modeling results to similar 
areas, which underlies the present-day use of export coefficients, is reasonable if applied in the 
framework of adaptive implementation.  Such a framework, coupled with the rapid application of 
specific controls/approaches in a number of watersheds, can reveal where techniques do or do 
not work and can allow for appropriate modifications. 
 

 
REFERENCES 

 
ASCE.  1999.  National Stormwater Best Management Practices (BMP) Database. Version 1.0. Prepared 

by Urban Water Resources Research Council of ASCE, and Wright Water Engineers, Inc., Urban 
Drainage and Flood Control District, and URS Greiner Woodward Clyde, in cooperation with 
EPA Office of Water, Washington, D.C. User’s Guide and CD. 

Beck, M. B.  1987.  Water quality modeling: a review of the analysis of uncertainty.  Water Resources 
Res. 23:1393–1442. 

Beven, K. J.  1996.  A discussion of distributed hydrological modeling.  Distributed hydrological 
modeling.  M. B. Abbott and J. C. Refsgaard, Ed.  Dordrecht, Netherlands: Kluwer Academic 
Publishers.  pp. 255–278. 

Borsuk, M. E.  2001.  A Probability (Bayes) Network Model for the Neuse Estuary.  Unpublished Ph.D. 
dissertation.  Duke University. 

Borsuk, M. E., C. A. Stow, D. Higdon, and K. H. Reckhow.  2001.  A Bayesian hierarchical model to 
predict benthic oxygen demand from organic matter loading in estuaries and coastal zones. 
Ecological Modeling (In press). 

Brown, L. C., and T. O. Barnwell, Jr.  1987.  The enhanced stream water quality models QUAL2E and 
QUAL2E-UNCAS: documentation and user manual. EPA-600/3-87/007.  Athens, GA: EPA 
Environmental Research Laboratory. 

Chapra, S. C.  1996.  Surface Water Quality Modeling.  New York: McGraw-Hill.  844 p. 
Di Toro, D. M., and G. van Straten.  1979.  Uncertainty in the Parameters and Predictions of 

Phytoplankton Models. Working Paper WP-79-27, International Institute for Applied Systems 
Analysis, Laxenburg, Austria. 

Endicott, C. L. and T. E. McMahon.  1996.  Development of a TMDL to reduce nonpoint source sediment 
pollution to Deep Creek, Montana.  Report to Montana Department of Environmental Quality, 
Helena, Montana. Montana State University, Bozeman, Montana. 

Environmental Protection Agency (EPA).  1994.  Water Quality Standards Handbook: Second Edition. 
EPA 823-B-94-005a. Washington, DC: EPA Office of Water. 

EPA.  1999.  Draft Guidance for water Quality-based Decisions: The TMDL Process (Second Edition), 
Washington, DC: EPA Office of Water. 

EPA.  2000.  Stressor Identification Guidance Document.  EPA-822-B-00-025.  Washington, DC: EPA 
EPA Office of Water and Office of Research and Development. 

EPA.  2001. BASINS Version 3.0 User's Manual.  EPA-823-B-01-001.  Washington, DC: EPA Office of 
Water and Office of Science and Technology.  337p. 

Mills, W. B., D. B. Porcella, M. J. Ungs, S. A. Gherini, K. V. Summers, L. Mok, G. L. Rupp, G. L. 
Bowie, and D. A. Haith.  1985.  Water Quality Assessment: A Screening Procedure for Toxic and 
Conventional Pollutants in Surface and Ground Water, Parts I and II. 
EPA/600/6-85/002a,b. 

Morgan, M. G., and M. Henrion.  1990.  Uncertainty.  New York: Cambridge University Press. 332 p. 



64  Assessing the TMDL Approach to Water Quality Management 
 

 

National Research Council (NRC).  2000.  Watershed Management for Potable Water Supply-Assessing 
the New York City Strategy.  Washington, DC: National Academy Press. 

Peters, R. H.  1991.  A critique for ecology.  Cambridge: Cambridge University Press.  366 p. 
Reckhow, K. H., and Chapra, S. C.  1979.  Error analysis for a phosphorus retention model. Water 

Resources Research 15:1643–1646. 
Reckhow, K. H., Coffey, S. C., Henning, M. H., Smith, K. and Banting, R.  1992.  Eutromod: Technical 

Guidance and Spreadsheet Models for Nutrient Loading and Lake Eutrophication. Duke 
University School of the Environment, Durham, NC. 

Smith, R. A., G. E. Schwarz, and R. B. Alexander.  1997.  Regional interpretation of water-quality 
monitoring data.  Water Resources Research 33(12):2781–2798. 

Spear, R., and G. M. Hornberger.  1980.  Eutrophication in Peel Inlet – II. Identification of critical 
uncertainties via generalized sensitivity analysis.  Water Research 14:43–49. 

Ulanowicz, R. E.  1997.  Ecology, the ascendant perspective.  New York: Columbia University Press.  
201p. 

van Straten, G.  1983.  Maximum likelihood estimation of parameters and uncertainty in phytoplankton 
models. In: M. B. Beck and G. van Straten (Editors), Uncertainty and Forecasting of Water 
Quality.  Berlin: Springer Verlag. 

Winer, R.  2000.  National Pollutant Removal Performance Database for Stormwater Treatment Practices, 
Second Edition. Center for Watershed Protection, Ellicott City, MD.  Prepared for EPA, Office of 
Science and Technology, in association with Tetra Tech, Fairfax VA. 



65 

5 
Adaptive Implementation for Impaired Waters 

 
 
 
 

 
 
 
 
 
 
 
 
 
Water quality assessment is a continuous process.  The finding of an impaired waterbody 

during assessment triggers a sequence of events that may include listing of the water, 
development of a Total Maximum Daily Load (TMDL), planning of state and federal actions, 
and implementation events designed to comply with water quality standards—all of which are 
characterized by uncertainty.  This chapter describes the process of adaptive implementation of a 
water quality plan.  Adaptive implementation simultaneously makes progress toward achieving 
water quality standards while relying on monitoring and experimentation to reduce uncertainty. 
 
 

SCIENCE AND THE TMDL PROCESS 
 

The planning sequence of moving from data to analysis to information and knowledge is 
supposed to provide confidence that the sometimes costly actions to address a water quality 
problem are justified.  A desire for this confidence is often behind the call for “sound science” in 
the TMDL program.  However, the ultimate way to improve the scientific foundation of the 
TMDL program is to incorporate the scientific method, not simply the results from analysis of 
particular data sets or models, into TMDL planning.  The scientific method starts with limited 
data and information from which a tentatively held hypothesis about cause and effect is formed.  
The hypothesis is tested, and new understanding and new hypotheses can be stated and tested.  
By definition, science is this process of continuing inquiry.  Thus, calls to make policy decisions 
based on the “the science,” or calls to wait until “the science is complete,” reflect a 
misunderstanding of science.  Decisions to pursue some actions must be made, based on a 
preponderance of evidence, but there may be a need to continue to apply science as a process 
(data collection and tools of analysis) in order to minimize the likelihood of future errors. 

Many debates in the TMDL community have centered on the use of “phased” and 
“iterative” TMDLs.  Because these terms have particular meanings, this report uses a more 
general term—adaptive implementation.  Adaptive implementation is, in fact, the application of 
the scientific method to decision-making.  It is a process of taking actions of limited scope 
commensurate with available data and information to continuously improve our understanding of 
a problem and its solutions, while at the same time making progress toward attaining a water 



66  Assessing the TMDL Approach to Water Quality Management 
 

quality standard.  Plans for future regulatory rules and public spending should be tentative 
commitments subject to revision as we learn how the system responds to actions taken early on. 

Like other chapters, this chapter discusses a framework for water quality management 
(shown in Figure 5-1, which is the same as Figure 3-1).  Before turning to adaptive 
implementation, it discusses an important prior step—review of water quality standards.  Before 
a waterbody is placed on the action (303d) list, it is suggested that states conduct a review of the 
appropriateness of the water quality standard.  The standards review may result in the water not 
being listed as impaired if the standard used for the assessment was found to be inappropriate.  
On the other hand, the same process may result in a “stricter” standard than was used in the 
assessment process, in which case the waterbody would have a TMDL plan developed to achieve 
that revised standard.  A review of the water quality standard will assure that extensive planning 
and implementation actions are directed toward clearly conceived designated uses and associated 
criteria to measure use attainment.  

 
 

REVIEW OF WATER QUALITY STANDARDS 
 

Water quality standards are the benchmark for establishing whether a waterbody is 
impaired; if the standards are flawed (as many are), all subsequent steps in the TMDL process 
will be affected.  Although there is a need to make designated use and criteria decisions on a 
waterbody and watershed-specific basis, most states have adopted highly general use 
designations commensurate with the federal statutory definitions.  However, an appropriate 
water quality standard must be defined before a TMDL is developed.  Within the framework of 
the Clean Water Act (CWA), there is an opportunity for such analysis, termed use attainability 
analysis (UAA). 
 A UAA determines if impairment is caused by natural contaminants, nonremovable 
physical conditions, legacy pollutants, or natural conditions (see Box 5-1).  More importantly, a 
UAA can refine the water quality standard.  UAA should result in more stratified and detailed 
narrative statements of the desired use and measurable criterion.  For example, a UAA might 
refine the designated use and criterion from a statement that the water needs to be fishable to a 
statement calling for a reproducing trout population.  Then one or more criteria for measuring 
attainment of this designated use are described; these might include minimum dissolved oxygen 
or maximum suspended sediment requirements.  Alternatively, an index to measure biological 
condition appropriate to the trout fishery designated use, such as an index of biological integrity 
(IBI), may be defined. 

In the 1990s, TMDLs were undertaken for some waterbodies where the designated use 
was not attainable for reasons that could have been disposed of by a UAA.  For example, 
TMDLs conducted in Louisiana resulted in the conclusion that even implementing zero 
discharge of a pollutant would not bring attainment of water quality standards (Houck, 1999).  A 
properly conducted UAA would have revealed the true problem—naturally low dissolved 
oxygen concentrations—before the time and money were spent to develop the TMDL.  
Unfortunately, UAA has not been widely employed.  Novotny et al. (1997) found that 19 states 
reported no experience with UAA.  The majority of states reported a few to less than 100 UAAs, 
while five states (Indiana, Nebraska, New York, Oklahoma, and Pennsylvania) performed more 
than 100. 
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FIGURE 5-1  Framework for water quality management. 
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Box 5-1  Six Reasons for Changing the Water Quality Standard 
 
The following six situations, which can be revealed by UAA, constitute reasons for changing a 
designated use or a water quality standard (EPA, 1994).  Conducting a UAA does not 
necessarily preclude the development of a TMDL. 
 
1.  Naturally occurring pollutant concentrations prevent attainment of the use. 
 
2.  Natural, ephemeral, intermittent, or low flow water levels prevent the attainment of the use 
unless these conditions may be compensated for by a sufficient volume of effluent discharge 
without violating state conservation requirements to enable uses to be met. 
 
3.  Human-caused conditions or sources of pollution prevent the attainment of the use and 
cannot be remedied or would cause more environmental damage to correct than to leave in 
place (e.g., as with some legacy pollutants). 
 
4.  Dams, diversions, or other types of hydrologic modifications preclude the attainment of the 
use, and it is not feasible to restore the waterbody to its original condition or to operate such 
modification in a way that would result in the attainment of the use. 
 
5.  Physical conditions related to the natural features of the waterbody, such as the lack of 
proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated to water quality, 
preclude attainment of aquatic life protection uses. 
 
6.  Controls more stringent that those required by the CWA mandatory controls (Sections 301b 
and 306) would result in substantial and widespread adverse social and economic impact.  This 
requires developing a TMDL and conducting a socioeconomic impact analysis of the resulting 
TMDL (Novotny et al., 1997). 
 
 

 
 
One possible explanation for the failure to widely employ UAA analysis is the absence of 

useful EPA guidelines.  The last technical support manuals were issued in the early 1980s (EPA, 
1983) and are limited to physical, chemical and biological analyses.  It is presently not clear what 
technical information constitutes an adequate UAA for making a change to the use designation 
for a waterbody that will be approved by the EPA. 

In addition to being a technical challenge, standards review also has important 
socioeconomic consequences (see point 6 in Box 5-1).  EPA has provided little information on 
how to conduct socioeconomic analyses or how to incorporate such analyses in the UAA 
decision.  The socioeconomic analysis suggested by EPA is limited to narrowly conceived 
financial affordability and economy-wide economic impact assessments (e.g., employment 
effects) (Novotny et al., 1997).  However, when setting water quality standards, states may be 
asked to make decisions in consideration of a broader socioeconomic benefit–cost framework 
than what is currently expected in a UAA.  Finally, EPA has offered no guidance on what 
constitutes an acceptable UAA in waterbodies of different complexity and on what decision 
criteria will be accepted as a basis for changing a use designation.  This is significant because 
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EPA retains the authority to approve state water quality standards.  These uncertainties 
discourage state use of UAA because there is no assurance that EPA will accept the result of the 
UAA effort as an alternative to a TMDL, especially if the EPA expectation for a UAA will result 
in significant analytical costs. 
 
 

Conclusions and Recommendations 
 

1.  EPA should issue new guidance on UAA.  This should incorporate the following: (1) 
levels of detail required for UAAs for waterbodies of different size and complexity, (2) 
broadened socioeconomic evaluation and decision analysis guidelines for states to use during 
UAA, and (3) the relative responsibilities and authorities of the states and EPA in making use 
designations for specific waterbodies following a UAA analysis. 
 

2.  UAA should be considered for all waterbodies before a TMDL plan is developed.  
The UAA will assure that before extensive planning and implementation actions are taken, there 
is clarity about the uses to be secured and the associated criteria to measure use attainment.  
UAA is especially warranted if the water quality standards used for the assessment were not well 
stratified.  However, the decision to do a UAA for any waterbody should rest with each state. 
 
 

ADAPTIVE IMPLEMENTATION DESCRIBED 
 

Once a waterbody is on the 303d list, a plan to secure the designated use is developed and 
a sequence of actions is implemented.  The adaptive implementation process begins with initial 
actions that have a high degree of certainty associated with their water quality outcome.  Future 
actions must be based on (1) continued monitoring of the waterbody to determine how it 
responds to the actions taken and (2) carefully designed experiments in the watershed.  This 
concurrent process of action and learning is depicted in Figure 5-2. 

The plan includes the following related elements: immediate actions, an array of possible 
long-term actions, success monitoring, and experimentation for model refinement.  In choosing 
immediate actions, watershed stakeholders and the state should expect such actions to be 
undertaken within a fixed time period specified in the plan.  If the impairment problem is 
attributable to a single cause or if the impairment is not severe, then the immediate actions might 
be proposed as the final solution to the nonattainment problem.  However, in more challenging 
situations, the immediate actions alone should not be expected to completely eliminate the 
impairment. 

Regardless of what immediate actions are taken, there may not be an immediate response 
in waterbody or biological condition.  For example, there may be significant time lags between 
when actions are taken to reduce nutrient loads and resulting changes in nutrient concentrations.  
This is especially likely if nutrients from past activities are tightly bound to sediments or if 
nutrient-contaminated groundwater has a long residence time before its release to surface water.  
For many reasons, lags between actions taken and responses must be expected.  As discussed 
below, the waterbody should be monitored intensively to establish whether the “trajectory” of the 
measured water quality criterion points toward attainment of the designated use. 
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FIGURE 5-2  Adaptive implementation flowchart. 
 
 

Longer-term actions are those that show promise, but need further evaluation and 
development.  They should be formulated in recognition of emerging and innovative strategies 
for waterbody restoration.  The commitment in the plan is to further evaluate such actions based 
on the collection of additional data, data analysis, and modeling.  An adaptive implementation 
plan would specify analyses of specific long-term alternatives, a schedule for such analyses to be 
conducted, and a mechanism for supporting such analyses. 

Success monitoring follows after implementation actions.  If success monitoring shows 
that the waterbody is meeting water quality standards including designated uses, then no further 
implementation actions would be taken.  Waterbodies should be returned to the “all waters” list  
(see Figure 5-1) where they will be monitored as a part of the rotating basin process.  A primary 
purpose of success monitoring is to establish compliance with water quality standards and 
ultimately make the delisting decision.  Because state ambient monitoring programs typically 
have limited resources, it may be necessary to design and implement success monitoring for the 
TMDL program outside the rotating basin process.  Those stakeholders affected by 303d listing 
and TMDL development may have an incentive to make a significant contribution to the 
monitoring effort to assure that the water is truly impaired and that the best possible models are 
being used for plan development.  Stakeholder monitoring would be conducted with input on its 
design by the state. 

One of the most important applications of success monitoring data is to revise and 
improve the initial TMDL forecast over time.  This revision of the TMDL model can be formally 
accomplished using techniques such as Bayesian analysis, data assimilation, or Kalman filtering.  
For example, a TMDL for total phosphorus, based on a model forecast that included uncertainty 
analysis, might be implemented to address a chlorophyll a standard violation.  As part of the 
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implementation program, monitoring would be undertaken to assess success and compliance.  At 
the end of the five-year rotating basin cycle, the original chlorophyll a forecast could be 
combined with the monitoring-based chlorophyll a time trajectory to yield a revised forecast of 
ultimate chlorophyll a response.  This revised forecast could provide the basis for changes to be 
implemented during the next five-year cycle in order to meet the water quality standard. 

Techniques to accomplish model refinement have existed for some time in a Bayesian 
context (Reckhow, 1985), and under various labels and modifications, they are being applied in 
other areas.  For example, “data assimilation” (Robinson and Lermusiaux, 2000), a derivative of 
Bayesian inference, is being widely used in the earth sciences to augment uncertain model 
forecasts with observations.  The Bayesian approach holds particular appeal for adaptive TMDLs 
because it involves “knowledge updating” that is based on pooling precision-weighted 
information. 

The need for experimentation to be part of the plan depends on the complexity of the 
problem and the need to learn more about the system for subsequent model refinement and 
decision-making.  Experiments can, for example, be developed to test the site-specific 
effectiveness and response time of best management practices (BMPs) (like riparian buffers), to 
determine the fate and transport of pollutants in runoff, or to answer other questions critical to 
model refinement.  Experiments must be carefully designed and adequately supported (with both 
funding and staff) to study the effectiveness of actions in the watershed context and to study and 
learn about watershed processes that are not well understood.  TMDL plans for waterbodies with 
relatively simple problems that can be addressed with high certainty about cause and effect might 
not include experimentation. 

All the actions described above can be used to refine the original TMDL plan so that it 
better reflects the current state of knowledge about the system and innovative modeling 
approaches.  When revising the TMDL plan, water managers should consider whether the 
longer-term actions discussed above, or other new alternatives, should be implemented in 
addition to the immediate actions called for in the original plan.  TMDL plans for complicated 
systems (e.g., a reservoir impacted by multiple nonpoint sources of pollution) can be expected to 
undergo more revisions before water quality standards (including designated uses) are met than 
will TMDL plans developed for simple systems. 
 

 
TMDL IMPLEMENTATION CHALLENGES 

 
Allocation Issues 

 
 Plan implementation involves actions taken to reduce all the stressors responsible for the 
impairment.  The allocation of financial and legal responsibility for taking those actions will fall 
on stakeholders in the watershed, who may not receive public subsidies for taking such actions.  
Because of these cost consequences, stakeholders want to be sure that water quality standards are 
appropriate and that total load limits and the limits proposed on other stressors (e.g., flow 
modifications) are necessary to secure the designated use. 

The committee’s charge included a request to evaluate the reliability of “the information 
required to allocate reductions in pollutant loadings among sources.”  Allocation is first and 
foremost a policy decision on how to distribute costs among different stakeholders in order to 
achieve a water quality goal.  Consider a hypothetical example where three different actions are 



72  Assessing the TMDL Approach to Water Quality Management 
 

possible: reduction of pollutant loads from a treatment plant, reductions in pollutant load in 
runoff from urban areas and farm fields, and increases in stream flow from reduced consumptive 
irrigation water use.  Also suppose that different combinations of all of these actions can achieve 
the designated use.  Allocation becomes a difficult decision because the different combinations 
will have a different total cost and different levels of perceived fairness.  One suggestion might 
be to choose the combination of actions that minimizes total cost.  However, this may result in a 
cost distribution that places most of the burden on the customers of the treatment plant (for 
example).  An alternative may be to reduce loads from the plants and from runoff by the same 
proportion; however, this leaves unanswered whether any cost responsibility should fall on the 
irrigators.  Other combinations of actions would have other cost distribution effects. 

Although the allocation process is primarily a policy decision, there is one important role 
that science can play—determining when actions are “equivalent.”  Water quality management 
actions are defined to be “equivalent” when their implementation achieves the designated use, 
taking uncertainty into consideration.  Note that there are two aspects of this definition of 
equivalency.  First, equivalency is established with respect to ambient outcomes for the 
watershed and not in terms of pollutant loading comparisons, which is the way the allocations are 
described in the standard TMDL equation.  Second, the definition recognizes that equivalency 
must account for the relative uncertainty of different actions with respect to meeting the 
applicable water quality standard. 

One common scenario might be the need to establish equivalency between nitrogen load 
reductions from a proposed agricultural BMP vs. a proposed wastewater treatment plant 
improvement.  Estimates of the effectiveness of the BMP and wastewater treatment technology 
can be made in a controlled setting, perhaps with field studies of the BMP and with experiments 
at the treatment plant.  To achieve equivalency, these load reductions must have the same effect 
on meeting the water quality standard, which would normally be determined using a modeling 
approach as described in Chapter 4.  It is quite possible that the nitrogen load reductions at the 
sources (the agricultural BMP and the wastewater treatment plant) are different, but they are 
equivalent in that they are predicted to have an identical effect on the standard.  Further, as noted 
above, equivalency is a function of both the forecasted mean and forecast uncertainty.  Thus, if 
the BMP and wastewater treatment improvement are both forecast to have the same mean effect 
on the water quality standard, but the wastewater treatment improvement response has less 
uncertainty, then the actions are not equivalent. 

Determining equivalency across sources requires predicting or measuring the results of 
control actions, rather than simply noting the presence or absence of a particular control 
technology (the results of which may vary depending on how it is operated and on many other 
factors).  Careful thought must be given to determining meaningful results, especially in those 
watersheds where actions like flow augmentation or planting of oysters in an estuary are being 
used as substitutes for, or necessary complements to, load reduction to meet the designated use. 
 Finally, because it should be focused on water quality outcomes, allocation is dependent 
on modeling the effects of different actions on waterbody response.  Thus, the issues of model 
selection and uncertainty that were described in Chapter 4 for TMDL development also apply to 
TMDL allocation.  If there is uncertainty about the effect of certain control actions, those who 
bear the costs may resist taking such actions without further evidence of their worth.  Adaptive 
implementation would support a cautious approach of taking low-cost actions with a high degree 
of certainty about the outcome, while taking parallel longer-term actions to improve model 
capabilities and revise control strategies. 
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Progressing Toward Adaptive Implementation 
 
 The TMDL program is limited by an incomplete conceptual understanding of 
waterbodies and watersheds, by models that are necessarily abstractions from the reality of 
natural systems, and by limited data for testing hypotheses and/or simulating systems.  As a 
result, it is possible for a waterbody to be identified as impaired when it is not; in such cases, the 
costs to plan and implement control actions are wasted.  On the other hand, it is also possible that 
an impaired waterbody will not be identified, resulting in other adverse consequences.  Many of 
the stakeholders who addressed the committee expressed concern about the ramifications of 
uncertainty in the TMDL process.  Some cautioned against listing errors, noting that the listing 
decision can trigger a linear and inflexible process of potentially expensive controls on land use 
and pollutant discharges that may ultimately prove unwarranted.  Others who are concerned that 
impaired waterbodies will go unidentified advocated more aggressive and comprehensive actions 
to address problems quickly.  These differences in viewpoint can be traced to the policy context 
that now governs the TMDL program.  The committee views adaptive implementation as 
accommodating this spectrum of opinions. 
 If adaptive implementation is to be adopted, three policy issues that stand in the way of 
acceptance of the approach must be addressed.  These issues are described without specific 
recommendations on their solution, except to note that their resolution is needed in order for the 
TMDL program to fully embrace the scientific method.  Criticism of the TMDL program is too 
often, and sometimes inappropriately, directed at the quality of the data and information, rather 
than at these underlying policy issues. 
 

1. The listing of a waterbody and the initiation of the TMDL process appear to call for a 
constraint on total pollutant loading associated with population growth and land use shifts until 
the designated use is obtained.  Given the often weak water quality standards that underlie a 
listing, the long lag times between actions taken and measured responses, and the uncertainty in 
our ability to predict what actions will secure a designated use, it is unrealistic to expect that 
there will be no changes in economic activity and in land uses in a watershed until the designated 
use has been achieved.  A basis for accommodating growth and change in watersheds needs to be 
established as adaptive implementation proceeds. 

2. Many waterbody stressors currently lie outside the CWA regulatory framework, 
where the only federal enforcement tool available is point source discharge limits.  Recognition 
of this fact was a motivation for EPA’s endorsement of the watershed approach in 1991 (EPA, 
1993).  Nonetheless, in some cases point source permitting is used to impose conditions on point 
sources that essentially require them to finance control practices for unregulated nonpoint 
sources (NAPA, 2000).  Perceptions of the inequity and the ineffectiveness of such a requirement 
may be manifested as technical critiques of the TMDL analysis itself.  Distributing the cost and 
regulatory burdens for designated use attainment in a way that is deemed equitable by all 
stakeholders is critical to future TMDL program success. 

3. Watersheds can range in size from a few acres to an area that covers several states, 
and their diversity can be as far reaching as the diverse climate, soils, topography, and 
physiography of the entire United States.  Consequently, the approaches and solutions to water 
quality problems must be responsive to the unique characteristics of the surrounding watershed.  
EPA can set broad guidelines for each state’s water quality program and can provide technical 
assistance in helping states meet the guidelines.  There may be a leadership role for EPA on 
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waterbodies that cross state boundaries, like the Chesapeake Bay.  However, EPA cannot write 
and review all the designated uses that will apply to each of the nation’s waterbodies, it cannot 
conduct all the monitoring and make all the listing decisions, and it cannot conduct the model 
analyses for all waterbodies.  The scientific foundation for adaptive implementation must rely on 
state initiative and leadership.  Today, EPA retains an extensive oversight role for the TMDL 
program.  This raises the possibility that in an effort to ease the administrative burdens of 
reviewing and approving every TMDL, EPA will establish requirements for uniformity.  This 
may result in standard setting, listing/delisting, and modeling approaches that are nationally 
consistent but are scientifically inappropriate for the planning and decision-making needs of the 
diversity of waterbodies.  In the National Pollution Discharge Elimination System (NPDES) 
permitting program, EPA has helped states assume responsibility for point source permitting 
such that EPA does not review every permit that is issued.  Using similar logic, EPA need not 
review every TMDL.  The concern that the states cannot be relied upon to take action (Houck, 
1999) needs to be tempered by the reality that continued extensive EPA oversight may not be 
feasible, it may place a premium on developing plans instead of taking actions, and it may inhibit 
the nation’s progress toward improved water quality.  The adaptive implementation approach 
may require increased state assumption of responsibility for individual TMDLs, with EPA 
oversight focused at the program level instead of on each individual water segment. 
 
 

Conclusions and Recommendations 
 

The call for adaptive implementation may not satisfy those who seek more definitive 
direction from the scientific community.  Stakeholders and responsible agencies seek assurance 
that the actions they take will prove correct; they desire predictions of the costs and 
consequences of those actions in as precise terms as possible.  However, waterbodies exist inside 
watersheds that are subject to constant change.  For this reason and others, even the best 
predictive capabilities of science cannot assure that an action leading to attainment of designated 
uses will be initially identified.  Adaptive implementation will allow the TMDL program to 
move forward in the face of these uncertainties. 

 
1.  EPA should act (via an administrative rule) to incorporate the elements of 

adaptive implementation into TMDL guidelines and regulations.  To increase the scientific 
foundation of the TMDL program, the scientific method, which is embodied by the adaptive 
implementation approach, must be applied to water quality planning. 

 
2.  If Congress and EPA want to improve the scientific basis of the TMDL program, 

then the policy barriers that currently inhibit adoption of an adaptive implementation 
approach to the TMDL program should be addressed.  This includes the issues of future 
growth, the equitable distribution of cost and responsibility among sources of pollution, and EPA 
oversight. 
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Guest Presentations at the First Meeting of the NRC Committee1 
January 24–26, 2001 

 
 
Introduction to the TMDL Program: Current Status and Future Plans 
Don Brady, EPA Office of Water 
 
Congressional Request for the study—Senate 
John Pemberton and Peter Washburn, Senate Committee on Environment and Public Works  
 
Congressional Request for the study—House 
Susan Bodine, House Subcommittee on Water Resources and Environment 
 
March 2000 GAO Report on Status of Water Quality Data 
Patricia McClure, General Accounting Office 
 
Environmental perspective on the TMDL program and this study 
Nina Bell, Northwest Environmental Advocates  
 
State perspectives on the TMDL program and this study 
Robbi Savage, Association of State and Interstate Water Pollution Control Administrators 
Shawn McGrath, Western Governors’ Association  
 
EPA’s Pressing Science Issues for the TMDL Program 
Lee Mulkey and Tom Barnwell, EPA Office of Research and Development  
 
TMDL Case Studies 
Bruce Zander, EPA Region VIII 
Gail Mitchell, Bob Ambrose, and Tim Wool, EPA Region IV 
  
Water Environment Research Foundation Support of TMDL Research 
Dean Carpenter, Water Environment Research Foundation 
Paul Freedman, Limno-Tech, Inc. 
Kent Thornton, FTN & Associates 
 
Stakeholder Presentations 
Fred Andes, Federal Water Quality Coalition 
Doug Barton, National Council of the Paper Industry for Air and Stream Improvement 
Richard Bozek, Edison Electric Institute 
Faith Burns, National Cattleman’s Association 
John Cowan, National Milk Producers Federation 

                                                           
1 The NRC committee does not necessarily agree with all the comments or testimony given but all were taken into 
account. 
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Cynthia Goldberg, Gulf Restoration Network 
Jay Jensen, National Association of State Foresters 
Norman LeBlanc, Association of Metropolitan Sewerage Agencies 
Mike Murray, National Wildlife Federation 
Rick Parrish, Southern Environmental Law Center 
Rob Reash, American Electric Power and the Utility Water Act Group 
Dave Salmonsen, American Farm Bureau Federation 
 
Other Attendance: 
Judy Blauchard, Chevron Corp. 
Françoise Brasier, EPA Office of Water 
Susie Bruninja, BNA 
Bruce Cleland, Association of State and Interstate Water Pollution Control Administrators 
Steve Elstein, General Accounting Office 
Clay Freeberg, Chevron Corp. 
Abby Friedman, National Association of Counties 
Lee Garrigan, Association of Metropolitan Sewerage Agencies 
Susan Gilson, Interstate Council on Water Policy 
Ben Grumbles, House Subcommittee on Water Resources and Environment 
Keith Hansen, Minnesota Power 
Joe Hezir, EOP Group 
Mark Hoeke, Association of Metropolitan Sewerage Agencies 
Meg Hunt, Edison Electric Institute 
Carissa Itle, National Milk Producers Federation 
Russ Kinerson, EPA Office of Water 
Steven Koorse, Utility Water Act Group 
Kenneth Kopocis, House Subcommittee on Water Resources and Environment 
Jeff Lynn, International Paper 
David Malakoff, Science Magazine 
Tracey Maloney, Rohm and Haas 
Charles Noss, Water Environment Research Foundation 
Walton Poole, America’s Clean Water Foundation 
Don Pryor, National Oceanic and Atmospheric Administration 
Bart Ruiter, DuPont 
Jerry Schnoor, University of Iowa 
Winnie Schubert, Exxon Mobil Chemical Company 
Jerry Schwartz, American Forest and Paper Association 
Dick Schwer, DuPont 
Kari Simonelic, Federal Water Quality Coalition 
Margaret Stewart, Water Environment Research Foundation 
Kate Sullivan, American Association for the Advancement of Science 
Sharon Thomas, Water Environment Federation 
David Travers, EPA Office of Water 
Tony Wagner, American Chemistry Council 
Harry Zhang, Parsons Engineering 
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Biographies of the Committee Members and NRC Staff 
 
 
 
 
 
 
 
 
 
 
 
 
 Kenneth H. Reckhow (chair) is a professor at Duke University with faculty 
appointments in the School of the Environment and the Department of Civil and Environmental 
Engineering.  In addition, he is director of The University of North Carolina Water Resources 
Research Institute and an adjunct professor in the Department of Civil Engineering at North 
Carolina State University.  He currently serves as president of the National Institutes for Water 
Resources and is chair of the North Carolina Sedimentation Control Commission.  He has 
published two books and over 80 papers, principally on water quality modeling, monitoring, and 
pollutant loading analysis.  In addition, Dr. Reckhow has taught several short courses on water 
quality modeling and monitoring design, and he has written eight technical guidance manuals on 
water quality modeling.  He is currently serving, or has previously served, on the editorial boards 
of Water Resources Research, Water Resources Bulletin, Lake and Reservoir Management, 
Journal of Environmental Statistics, Urban Ecosystems, and Risk Analysis.  He received a B.S. 
in engineering physics from Cornell University in 1971 and a Ph.D. from Harvard University in 
environmental systems analysis in 1977.  Dr. Reckhow is currently a member of the NRC’s 
Committee to Improve the USGS National Water Quality Assessment Program. 
 
 Anthony S. Donigian, Jr., is president and principal engineer for AQUA TERRA 
Consultants.  His expertise is in watershed modeling; nonpoint pollution and water quality 
modeling; chemical fate, transport, and exposure assessment; and model validation and testing.  
Mr. Donigian has 30 years of a broad range of experience in the development, testing, and 
application of modern analytical techniques for the assessment of environmental contamination 
and water resources planning problems.  He is an internationally recognized authority on 
modeling nonpoint pollution and chemical migration in the environment, primarily for water, 
soil, and groundwater systems.  His recent research and applications studies have concentrated 
on regional and watershed-scale modeling of nutrients and impacts of management practices, 
movement of contaminants through the vadose zone, groundwater contamination by pesticides 
and hazardous wastes, model validation issues and procedures, and the evaluation of control 
alternatives such as best management practices, conservation tillage, and remedial actions at 
waste sites.  Mr. Donigian received an A.B. in engineering sciences and a B.S. in engineering 
from Dartmouth College and an M.S. in civil engineering from Stanford University. 
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 James R. Karr is a professor of aquatic sciences and zoology and an adjunct professor of 
environmental engineering, environmental health, and public affairs at the University of 
Washington, Seattle.  He was on the faculties of Purdue University, University of Illinois, and 
Virginia Polytechnic Institute and State University; he was also deputy director and acting 
director at the Smithsonian Tropical Research Institute in Panama.  He has taught and done 
research in tropical forest ecology, ornithology, stream ecology, watershed management, 
landscape ecology, conservation biology, ecological health, and science and environmental 
policy.  He is a fellow in the American Association for the Advancement of Science and the 
American Ornithologists' Union.  Dr. Karr has served on the editorial boards of BioScience, 
Conservation Biology, Ecological Applications, Ecological Monographs, Ecology, Ecosystem 
Health, Freshwater Biology, Ecological Indicators, and Tropical Ecology. He developed the 
index of biotic integrity (IBI) to directly evaluate the effects of human actions on the health of 
living systems.  Dr. Karr holds a B.S. in fish and wildlife biology from Iowa State University and 
an M.S. and Ph.D. in zoology from the University of Illinois, Urbana-Champaign. 
 
 Jan Mandrup-Poulsen is an environmental administrator with the Watershed 
Assessment Section of the Florida Department of Environmental Protection.  He is responsible 
for evaluating surface water quality, surface water/groundwater interactions, and mixing zones, 
and for determining the Total Maximum Daily Loads (TMDLs) allowable to support designated 
uses.  He has coauthored materials on nonpoint source regulation in Florida and permitting 
guidance documents for point source discharges in Florida with consideration of the TMDL 
program.  He is a frequent speaker on the topics related to the Florida Department of 
Environmental Protection watershed management approach, TMDLs, and the Impaired Waters 
Rule.  Mr. Mandrup-Poulsen received his B.S. in atmospheric and oceanic science from the 
University of Michigan and his M.S. in biological oceanography and M.B.A. from Florida State 
University. 
 

H. Stephen McDonald is a principal with Carollo Engineers.  He has 22 years of 
experience in the areas of wastewater planning, watershed management, wastewater disinfection, 
biosolids treatment/reuse/disposal, and chemical and biological wastewater treatment/reuse.  He 
is currently project manager for the development of TMDLs for several watersheds, including 
the Truckee River from Lake Tahoe to Pyramid Lake and the Calleguas Watershed in California.  
For the Truckee River, he is developing the Coordinated Monitoring Program and an adaptive 
management watershed/water quality modeling and stakeholder process to establish TMDLs for 
nutrients (nitrogen and phosphorus) and total dissolved solids (TDS).  Mr. McDonald has 
developed master plans for water and wastewater treatment facilities in many western regions, 
including Sacramento County, the city of Fresno, CA; and the cities of Reno, Sparks, and 
Washoe County, NV.  He holds a B.S. in biology from Portland State University and a B.S. in 
chemical engineering from Oregon State University.  He has an MBA from California State 
University in Hayward and is a registered professional engineer in California. 
 
 Vladimir Novotny is a professor of environmental and water resources engineering at 
Marquette University and director of the Institute for Urban Environmental Risk Management.  
He is also president of the consulting firm Aqua Nova International, Ltd.  His research has 
included risk-based urban watershed management integrating water quality and flood-control 



Appendix B  81 

 

objectives, development of an adaptive methodology for online computerized modeling and real-
time control of wastewater treatment facilities, and development of algorithms for control of 
urban sewer systems.  He developed nationwide manuals on attainment of water quality goals 
(use attainability analysis) and abatement of winter diffuse pollution by road deicing operations.  
He is a past chair of an international group of specialists dealing with diffuse pollution and 
watershed management with the International Water Association.  Dr. Novotny received a 
diploma engineer degree in sanitary engineering and a candidate of science degree in sanitary 
and water resources from the Technical University of Brno, Czechoslovakia and a Ph.D. in 
environmental engineering from Vanderbilt University. 
 
 Richard A. Smith joined the Water Resources Division of the U. S. Geological Survey 
(USGS) in 1975 and began working with a small research team on statistical methods in water 
quality and their applications to the extensive and diverse water quality monitoring records 
maintained by the USGS.  Throughout the 1980s, his research dealt with patterns of change in 
the nation’s water quality and with statistical analysis of data collected from the more than 400 
stream and river monitoring stations in the Survey's NASQAN program.  In the early 1990s he 
began to investigate the possibility of using the rapidly advancing technology of GIS to enable 
the use of monitoring data in making statistically based predictions of water quality in 
unmonitored waters.  For more than a decade he has also been very interested in the question of 
the adequacy of the nation's monitoring programs.  He recently served on a panel of scientists 
charged with making recommendations for a comprehensive monitoring plan for the drinking-
water supply watersheds serving New York City.  Dr. Smith received his B.S. and M.S. in 
biology from the University of Richmond and his Ph.D. in environmental engineering from 
Johns Hopkins University. 
 
 Chris O. Yoder is manager of the Ecological Assessment Section of the State of Ohio 
Environmental Protection Agency.  His current responsibilities include ecological evaluation of 
Ohio’s surface water resources including streams, rivers, lakes, and wetlands; development of 
ambient biological, physical, and chemical assessment methods, indicators, and criteria for 
rivers, streams, inland lakes, wetlands, Lake Erie, and the Ohio River; reporting on the condition 
of Ohio surface water resources on a local, regional, and statewide scale; and development of 
environmental indicators for the surface water program.  Previously he was a principal 
investigator of a cooperative agreement with the U.S. EPA Office of Water for developing 
approaches to implementing bioassessments and biological criteria within state and federal water 
quality management programs.  Mr. Yoder received a B.S. in agriculture from Ohio State 
University and his M.A. in zoology from DePauw University. 
 
 
NRC Staff 
 

Leonard Shabman is a professor in the Department of Agricultural and Applied 
Economics at the Virginia Polytechnic Institute and State University and director of the Virginia 
Water Resources Research Center.  He earned his Ph.D. in resource and environmental 
economics from Cornell University.  His research interests include water supply, water quality, 
and flood hazard management; fishery management; and the role of economists in public policy 
formulation.  Dr. Shabman was a member of the NRC’s Committee on Watershed Management, 
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Committee on USGS Water Resources Research, Committee on Flood Control Alternatives in 
the American River Basin, and the Committee on Restoration of Aquatic Ecosystems: Science, 
Technology, and Public Policy. 
 

Laura J. Ehlers is a senior staff officer for the Water Science and Technology Board of 
the National Research Council.  Since joining the NRC in 1997, she has served as study director 
for seven committees, including the Committee to Review the New York City Watershed 
Management Strategy, the Committee on Riparian Zone Functioning and Strategies for 
Management, and the Committee on Bioavailability of Contaminants in Soils and Sediment.  She 
received her B.S. from the California Institute of Technology, majoring in biology and 
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Woelfel, David@Waterboards 

From: 
Sent: 
To: 
Cc: 
Subject: 
Attachments: 

David, 

Scott Murphy <smurphy@ci.ontario.ca.us> 
Wednesday, August 21, 2013 8:11 AM 
Woelfel, David@Waterboards 
tmoore@risk-sciences.com 

• RE: Mill Creek Wetlands 
Aerial-6 basins.pdf; 2 Overall Project.pdf; 2 Lands~ape Exh.pdf 

Please see my comments/response below. I have also attached a couple of exhibits- hopefully one of them fits the bill. 
If not, please let me know and I will see what I can dig up. 

Let me know if you need any additional information. 

Thanks, 

Scott Murphy, AICP 

Assistant Planning Director 
Phone: (909) 395-2419 

From: Woelfel, David@Waterboards [mailto: David. Woelfel@waterboards.ca.gov] 
Sent: Thursday, August 08, 2013 11:24 AM 
To: Scott Murphy 
Cc: tmoore@risk-sciences.com 
Subject: Mill Creek Wetlands 

Hi Scott, 

Regional Board staff are revising a UAA report for Cucamonga Creek and we would like to include a description ofthe 
Mill Creek Wetland in our Report. It is important for us to describe the efforts to treat bacteria indicators and pathogens 
in a water in which the REC beneficial uses are being de-designated as is in Cucamonga Creek. To USEPA, who must 
approve our UAAs, it is very important to them that all reasonable efforts are made to treat waters to meet beneficial 
uses objectives. So would you please give me an update on the status of the wetland? Bill Rice is on vacation so that is 
why I am contacting you. I have these questions: 

• Are the wetlands in operation or still in construction? The grading operation has been completed and the basins 
are being filled for the first time to test the functionality. Landscape improvements are anticipated during the 
fall and spring. We anticipate final completion in the Spring 2014. 

• How much low flow will be diverted into the wetland, and what percentage will that be of the total low flow in 
Cucamonga Creek? During dry weather flows, 35-60 cfs runs down Cucamonga Creek (depending on the 
discharge from IEUA's Regional Sewer Treatment Plant #1). Of that, roughly 15 cfs will be diverted from 
Cucamonga Creek. 

• What percentage of indicator bacteria concentrations will be removed by the wetlands? 

The treatment functions of the Mill Creek Wetlands vary depending on operational regime. During dry weather, 
a portion of base-flow will be diverted through the wetlands and will be treated in the permanent wetland pool 
in the base ofthe system. During wet weather, greater flowrates will be diverted and the wetland basins will fill, 
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providing treatment associated with detention of surcharge volume above the permanent wetland 
pools. Influent water quality also varies from dry weather to wet weather. As such, this discussion is divided 
between dry and wet weather operations. Further discussion of potential treatment performance and data 
sources/methodology used to derive estimates is provided in Appendix D.1 of the Mill Creek Wetlands Water 
Quality Design Report. 

Dry Weather 

Based on 8 dry weather samples collected in 2008 as part of the Project's baseline monitoring program, fecal 
coliform (FC) concentrations ranged from 10 to 4,000 MPN/100ml. 

Based on analysis ofthe International BMP Database, the median characteristic treatment efficiency ratio (i.e., 
removal efficiency) of studies in the Wet Pond and Dry Detention categories in the was estimated to be 47 
percent, with confidence intervals (Cis) between 11 percent and 98 percent (see appendix D.1 for details). Data 
were not available for FC performance for studies in the Wetlands category at the time of analysis, however 
Kadlec and Wallace (2009) report that FC removal generally exceeds 90 percent in constructed wetlands. During 
dry weather, the system will function primarily as a wetland, therefore, median dry weather performance may 
be higher than indicated based on analysis ofthe available data in the BMP Database. 

Wet Weather 

Available monitoring data from San Bernardino County as well as the Project's baseline monitoring program 
indicate a characteristic range of FC influent concentrations between 8,000 and 20,000 MPN/100ml during wet 
weather. 

Based on analysis of the International BMP Database, the median characteristic treatment efficiency ratio (i.e., 
removal ratio) of studies in the Wet Pond and Dry Detention categories in the was estimated to be 47 percent, 
with confidence intervals between 11 percent and 98 percent (see appendix D.1 for details). 

Limitations 

Bacteria data in the BMP Database are extremely limited, and studies may not be representative of this specific 
system. Additionally, data available for wetland systems were not adequate to support analysis at the time of 
report preparation, therefore wet pond and detention pond data were utilized. Based on WERF 2010, wet ponds 
are considered to be one of the most promising BMPs for bacteria removal. However, considerably greater 
uncertainty exists for bacteria data than other parameters, and this factor should be considered in interpreting 
results. Also, wet pond systems are known to attract birds and other wildlife. Therefore, while anthropogenic 
sources of fecal coliform may be significantly reduced, the basin may still occasionally discharge high bacteria 
concentrations due to wildlife sources. See additional limitations of water quality performance assessments in 
Appendix D.1 of the Water Quality Design Report. 

References 

Kadlec, R.H. and S. Wallace. 2009. Treatment Wetlands, Second Edition. CRC Press, Inc., Boca Raton, FL. 

WERF, 2010. Pollutant Category Summary: Pathogens. Prepared by Wright Water Engineers, Inc. and Geosyntec 
Consultants, Inc. Under Support From Water Environment Research Foundation, Federal Highway 
Administration, Environment and Water Resources Institute of 
the. American Society of Civil Engineers. December 2010. 

See other references in Appendix D.1 of the Water Quality Design Report 
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Also do you have an electronic copy of the plan or aerial photograph of the wetlands that you could send me? 
I grabbed the grant file so I have much information on the wetlands. Any responses please cc Tim Moore, who is helping 
us in writing this UAA. 
Thanks 
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Foreword 

 

Worldwide, the popularity of recreational activities which involve contact with 
water has grown. Moreover, ease of travel has altered the public use of water for 
recreational purposes.  

Recreational exposures to pathogens in the water environment may result in 
disease. Susceptible populations including people with reduced immune 
function e.g., resulting from disease (cancer, human immunodeficiency virus 
(HIV), genetic susceptibility, (age etc.) or lack of acquired immunity to locally 
endemic diseases (e.g., tourists) may be at higher risk of contracting severe 
illnesses. Due to the development of protective clothing for use in colder 
climates, prolonged periods of contact and immersion are becoming more 
frequent and water-based activities occur throughout the year, not just during 
restricted seasons. Many infections occur on a seasonal basis and therefore users 
will be exposed to different and unfamiliar pathogens in the water in different 
locations and at different times.  

The World Health Organization (WHO) has been actively involved in the 
protection of human health from the use of recreational waters since the 1970s. 
In 2003 and 2005, WHO published volumes 1 and 2 respectively of the 
Guidelines for Safe Recreational Water Environments. The Guidelines provide 
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an assessment of the health risks associated with recreational use of water and 
outline linkages to monitoring and management practices. In terms of the 
hazards associated with recreational water activities, the Guidelines review the 
evidence accrued from epidemiological studies proving a link between 
gastroenteritis, acute febrile respiratory illness (AFRI), ear infections and other 
generally minor self-limiting illnesses and faecally-contaminated water. 

In most cases the clinical conditions (or primary disease symptoms) 
associated with waterborne disease, including those associated with the use of 
water for recreational purposes, are acute, such as diarrhoea, vomiting and acute 
respiratory infections. Although less frequently reported and authenticated, 
more serious and potentially fatal disease is a risk to recreational users of water 
especially in certain susceptible populations. In addition to diseases which have 
severe primary outcomes (e.g., primary amoebic meningoencephalitis, typhoid, 
leptospirosis), a number of infections may lead to sequelae which are more 
severe than diseases commonly caused by the pathogen including renal disease 
(from E. coli O157:H7 for example), cardiac and nutritional disorders.  

This publication sets out to describe the more severe waterborne diseases 
(and their sequelae) which may be acquired while undertaking water-based 
recreation in marine, freshwater, hot tubs, spas and swimming pools. The 
document provides the following information: 

• An in-depth review of factors that lead to disease severity; 
• Evidence for the frequency and severity of different types of 

sequelae potentially associated with diseases that can be transmitted 
through recreational water use; 

• An extensive review of information concerning susceptible 
subpopulations that are particularly prone to severe diseases 
outcomes for specific pathogens; 

• A modified classification system for establishing the credibility of 
disease transmission through recreational water exposures; 

• An objective disease severity rating system that will facilitate the 
prioritization of health protection measures by public health 
professionals; and 

• A pathogen by pathogen review that summarizes the available 
information on infectivity; susceptible population subgroups; 
environmental occurrence; evidence for disease transmission 
through recreational exposures; and rates the plausibility of 
recreational water disease transmission routes for each pathogen. 

 
Chapters 1–3 provide the evidence for the diseases of interest, and discuss 

the special factors that lead to more severe disease and/or sequelae as an 
evaluation of disease severity. Chapters 4-6 review the evidence for severe 
outcomes from bacteria, protozoa/trematodes and viruses that may be 
encountered in recreational waters. 
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For the purposes of this review, the illnesses that have been considered are 
those where there may be a significant risk of mortality if untreated, those for 
which the severity of the symptoms usually requires medical intervention, and 
those where not all patients may recover fully but may suffer from residual 
symptoms which may last the rest of the patient’s life. This review does not 
cover illnesses caused by oil, chemicals, biological toxins such as toxic 
cyanobacteria, or heavy metals. 

This review will be useful to those concerned with recreational water quality, 
including environmental and public health officers, special interest groups, 
regulators, researchers and professionals in the fields of water supply and 
management of recreational water.  
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Executive Summary 

 

The use of water for recreational purposes poses a number of health risks which 
depend on factors such as the nature of the hazard, the characteristic of the water 
body and the immune status of the user. Although evidence from outbreak 
reports and other epidemiological evidence have proven a link between adverse 
health effects and immersion in poor quality recreational water, the difficulties 
associated with attributing an infection to recreational water use are numerous 
and the majority of research in this field has focussed on infections associated 
with the use of recreational waters resulting in minor, self-limiting symptoms.  

There are many unanswered questions regarding the severity and frequency 
of illness associated with recreational water use. It is plausible that more serious 
illnesses could result from the recreational use of water and this association has 
not yet been investigated to any great extent. It is also increasingly apparent that 
a number of micro-organisms or their products are directly or indirectly 
associated with secondary health outcomes or sequelae and a number of these 
sequelae may result from waterborne infections. The acute diseases attributable 
to waterborne pathogens and their epidemiology have been well described, but 
the sequelae that can result from these diseases have not. Assessing potential 
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sequelae of waterborne infections is a critical part of microbial risk assessment 
and the formulation of public policy. 

Even where illness is severe, it may still be difficult to attribute it to 
recreational water exposure due to the large number of other transmission routes 
of the pathogens in question. Nevertheless, evidence does exist to show that 
although much less frequent, more serious and potentially fatal disease is a risk 
to recreational users of water. This book describes the more severe waterborne 
diseases (and their sequelae) which may be acquired while undertaking water-
based recreation in marine, freshwater, hot tubs, spas and swimming pools. A 
'weight of evidence' approach has been developed to establish the credibility of 
association of an illness with recreational water exposure. The approach takes 
into account epidemiology, microbiology and water quality information. 
Outbreaks are therefore categorised as being ‘strongly’, ‘probably’ or ‘possibly’ 
associated with water. 

Consideration of whether an illness is severe or not is based on three 
factors: 

• acute symptoms of the disease which are debilitating; 
• the ability and probability that the illness will lead to sequelae; and 
• the effect of the disease on certain susceptible subpopulations.  

Each factor can be considered in its own right or in combination with one or 
both of the other factors. A simplified index of severity has been created and 
applied wherever possible to the illnesses considered, taking into account 
possible sequelae. The outcome measures used to ascertain the relative severity 
are case-fatality rate, average duration of illness, median percentage of cases 
requiring hospitalisation, the frequency of development of sequelae and the 
severity of sequelae. The index is limited by the availability of data and does not 
take into account the probability of infection following exposure. The index is 
designed to help public health professionals prioritize recreational water 
management decisions to reduce the potential for severe disease outcomes. 

The following pathogens have been considered:  
Campylobacter jejuni — one of the most common causes of bacterial 

gastroenteritis and chronic sequelae. The pathogen has been isolated from 
recreational waters on many occasions. However, few cases of illness have been 
reported through this route. Campylobacter jejuni is more likely to be found in  
recreational waters contaminated by animal and human waste.  

E. coli O157 — although most outbreaks of E. coli O157 have been 
associated with food, a number of outbreaks have been reported from 
recreational use of waters, particularly in pools that were not adequately 
chlorinated. Haemolytic uraemic syndrome with possible long-term sequelae is 
evident although no follow-up studies appear to have been conducted in people 
who contracted the infection from recreational water use. The acute disease 
tends to be moderately severe and of moderate duration.  



xviii Water Recreation and Disease 

Helicobacter pylori — water has been implicated as one mode of 
transmission of H. pylori although the detection of the pathogen has proved 
difficult. Therefore, it is possible that H. pylori infection is waterbome, but these 
assumptions need to be substantiated. Current evidence for its association with 
recreational waters is slight. 

Legionella spp. — there are a number of reports of Legionnaires’ disease 
associated with the use of, and proximity to, hot tubs in particular. The illness is 
considered to be severe with a high risk of death and severe acute symptoms. 
There are a number of documented cases of persons suffering sequelae as a 
consequence of infection with Legionella spp. 

Mycobacterium avium complex — there is clear evidence for the 
association of Mycobacterium avium complex with recreational waters. The 
species of Mycobacterium that are associated with water are associated with a 
variety of diseases. Some, such as M. ulverans are pathogenic in previously 
healthy individuals, others, such as M. avium, usually cause disease in 
compromised individuals. The majority of cases associated with recreational 
waters appear to be attributed to swimming pools and hot tubs resulting in skin 
and soft tissue infections in immunocompetent patients. However, 
hypersensitivity pneumonitis is also seen in immunocompetent persons with 
aerosol exposure to mycobacteria.  

Shigella spp. — epidemiological evidence exists for the association of 
recreational use of water and self-limiting infection with shigella bacteria. The 
species responsible for the more severe illness, S. dysenteriae, is more common 
in tropical regions but no cases associated with recreational waters were found 
in the literature. However, it is biologically plausible that S. dysenteriae could 
be encountered in freshwaters used for recreation.  

Vibrio vulnificus — this bacteria commonly occurs in marine and 
estuarine environments. Evidence exists for the association of recreational use 
of water and infection with V. vulnificus where the user has a pre-existing open 
wound. Surveillance of V. vulnificus infections is poor and the number of cases 
reported is likely to be underestimated. 

Cryptosporidium — faecal accidents are implicated in most of the cases as 
the cause of the outbreaks of cryptosporidiosis, which have primarily occurred 
in swimming pools, although some cases have been documented from water 
slides, fountains and water parks. Cryptosporidium oocysts show resistance to 
chlorination. The risk of death and probability of developing long-term sequelae 
from this infection is low, however the acute illness can be prolonged and 
moderately severe especially in immunocompromised persons. 

Giardia — recreational use of water is a proven risk factor for giardiasis. 
The majority of symptomatic patients of Giardia will clear their infection after 
one to several weeks although immunocompromised patients may not recover 
from giardiasis. The risk of death and the probability of developing sequelae 
from this infection is low, however the acute illness can be prolonged and 
moderately severe. 
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Microsporidia — although microsporidia are currently not common 
causes of recreational waterborne disease, their role as emerging pathogens is 
being increasingly recognised. Their small size makes them difficult to remove 
by conventional water filtration techniques and it is thought that, like 
Cryptosporidium they may show increased resistance to chlorine disinfection. 
Illness is generally reported in immunocompromised individuals although some 
infections in immunocompetent individuals have been reported.  

Naegeria fowleri has been shown to colonise warm freshwater habitats, 
such as swimming pools and natural hot springs and there is a high risk of death 
in infected persons. The acute illness is severe with symptoms lasting more than 
seven days and death always occurs. Although the infection is rare, new cases 
are reported every year. 

Schistosoma spp. — in some cases serious pathology associated with 
infection by Schistosoma spp. occurs and can lead to long-term health issues. 
Schistosoma is only a potential hazard in certain geographic areas (e.g., sub-
Saharan Africa). Surveillance for schistosomiasis is currently poor, inferring 
that many more cases associated with recreational waters occur but are not 
published. Evidence shows that exposure to schistosomes is difficult to avoid 
but it has been shown that towel-drying after exposure to infested water can 
markedly reduce the risk of infection. 

Adenovirus — the diseases resulting from infection with adenovirus 
include conjunctivitis, pharyngitis, pneumonia, acute and chronic appendicitis, 
bronchiolitis, acute respiratory disease, and gastroenteritis. Adenovirus 
infections are generally mild; however, there are a number of fatal cases of 
infection reported in the literature. Transmission of adenovirus in recreational 
waters, primarily inadequately chlorinated swimming pools, has been 
documented via faecally-contaminated water and through droplets, although no 
fatal cases attributable to recreational waters have been documented in the 
literature. 

Coxsackievirus — although there have been very few outbreaks of 
coxsackievirus linked to recreational water recorded, and epidemiological 
evidence remains scarce the virus has been frequently isolated from marine and 
freshwaters. As with other viruses (hepatitis A virus (HAV), adenovirus and 
echovirus) transmission of the virus is possible and biologically plausible in 
susceptible persons. Coxsackievirus is responsible for a broad range of illness 
from mild febrile illness to myocarditis and other more serious diseases.  

Echovirus — as with the other enteroviruses discussed in this review, 
there are few published cases of infection by echovirus in recreational water, 
those that are recorded are primarily from swimming pool water. The most 
likely source of the virus is through faecal contamination, although secretions 
from the eyes or throat are possible. There are likely to be many unreported 
cases of infection with echovirus. 

Hepatitis A virus — has been isolated from surface waters which may be 
used for recreational purposes and a number of cases of HAV have been 
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documented associated with recreational water users. Fulminant hepatitis is rare 
and has not been reported in any cases linked with the use of recreational 
waters. No cases of sequelae of HAV contracted through the use of recreational 
waters were found in the literature and the probability of developing long-term 
sequelae is low. The acute disease is usually moderately severe and of moderate 
duration but risk of death is low. 

Hepatitis E virus (HEV) — has been isolated from surface waters which 
may be used for recreational purposes. Fulminant hepatitis is rare. No cases of 
sequelae of HEV contracted through the use of recreational waters were found 
in the literature and the probability of developing long-term sequelae is low. The 
acute disease is usually moderately severe and of moderate duration but risk of 
death is low except where cases occur during pregnancy. 
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1 
Introduction  

 

1.1 BACKGROUND 
Recreational use of inland and marine waters is increasing in many countries. It is 
estimated that foreign and local tourists together spend around two billion days 
annually at coastal recreational resorts (Shuval 2003). The World Tourism 
Organization predicts that by 2026, 346 million tourists will visit Mediterranean 
destinations annually, representing about 22% of all arrivals worldwide (WTO 
2001). It has been estimated that 129 million people visited the beach or waterside 
in the United States of America between 2000 and 2001, an increase of 6% from 
1995 (NOAA 2004). In the United Kingdom it is estimated that over 20 million 
people use the British coast each year, in addition to inland waters and their 
surrounding areas, for a variety of reasons. The National Centre for Social 
Research (1998) reported there were 241 million day visits to the sea/coast in 
Great Britain in 1998, with people prepared to travel an average of 43 miles to 
reach the coast. However, perceived risks involving recreational water use may 
have important economic repercussions in areas that depend to a large extent on 
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recreational tourism as a source of income. An example is the decline in tourists 
visiting Lake Malawi in South Africa because of news reports about 
schistosomiasis cases (WHO 2003a). 

Indoor water recreation is also hugely popular. Pools may be private 
(domestic), semi-public (hotels, schools, health clubs, cruise ships) or public 
(municipal or governmental). Pools may be supplied with fresh, marine or thermal 
water. Specialist pools, such as hot tubs are used for both pleasure and medicinal 
purposes and are generally filled with water at temperatures over 32ºC (WHO 
2005). ‘Natural spa’ is the term used to refer to facilities containing thermal and/or 
mineral water, some of which may be perceived to have therapeutic value and, 
because of certain water characteristics, may receive minimal water treatment 
(WHO 2005).  

Water-based recreation and tourism can expose individuals to a variety of 
health hazards, including pathogenic micro-organisms. Sports which involve 
intimate contact with the water such as surfing, windsurfing and scuba diving are 
growing in popularity, and technology is changing the behaviour of recreational 
water users – the use of wet suits for example, now encouraging prolonged 
immersion in water even in temperate or cool areas. The type, design and use of 
pools may predispose the user to certain hazards. Indoor pools, for example, may 
be subject to higher bather-loads relative to the volume of water. Where there are 
high water temperatures and rapid agitation of water, it may become difficult to 
maintain microbiological quality, adequate disinfectant residual and a satisfactory 
pH (WHO 2005).  

The vast majority of research to date in the field of recreational water quality and 
health has focused on microbial hazards, in particular gastroenteric outcomes arising 
from contamination of water by sewage and excreta. Mild gastroenteric symptoms 
are widespread and common amongst recreational water users. A cause-effect 
relationship between bather-derived pollution or faecal pollution and acute febrile 
respiratory illness (AFRI) is biologically plausible, and a significant exposure-
response relationship (between AFRI and faecal streptococci) has been reported by 
Fleisher et al. (1996). AFRI is a more severe health outcome than self-limiting 
gastrointestinal symptoms, but probabilities of contracting AFRI are generally lower 
and the threshold at which the illness is observed is higher (WHO 2003a). 

Despite the acknowledged constraints of current bathing water quality 
monitoring practices, considerable information has become available to 
recreational water users in recent years concerning the microbial quality of the 
water they are using for recreation. The relatively minor illnesses associated with 
poor microbial quality of water and non-microbial hazards have been identified in 
the WHO Guidelines for Safe Recreational Water Environments (WHO 2003a; 
WHO 2005). Less information is available on the more severe potential health 
outcomes encountered by recreational water users resulting in symptoms which 
are not self-limiting and require medical attention.  
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Waterborne microbial pathogens are capable of causing illness depending on 
the dose and the physical condition of the individuals exposed. It should be 
stressed that exposure to waterborne pathogens does not always result in 
infection1, nor does infection always lead to clinical illness.  

The total global health impact of human infectious diseases associated with 
pathogenic micro-organisms from land-based wastewater pollution of coastal 
areas has been estimated at about three million disability-adjusted life years 
(DALYs) per year, with an estimated economic loss of around 12 billion dollars 
per year (Shuval 2003).  

Researchers in the United States have estimated that the health burden of 
swimming-related illnesses at two popular beaches in California, USA exceeds 
US $3.3 million per year. The annual costs for each type of swimming-related 
illness at the two beaches were estimated to be: gastrointestinal illnesses, US 
$1,345,339; acute respiratory disease, US $951,378; ear complaints, US 
$767,221; eye complaints, US $304,335 (Dwight et al. 2005). 

Although most illnesses contracted through recreational water contact are 
mild (e.g., self-limiting diarrhoea) diseases with a range of severities may also 
occur. A number of viruses, bacteria and protozoa associated with more severe 
health outcomes may plausibly be transmitted through use of contaminated 
recreational water. Bacteria and protozoa may induce illnesses with a wide 
range of severity. Bacteria may cause life-threatening diseases such as typhoid, 
cholera and leptospirosis. Viruses can cause serious diseases such as aseptic 
meningitis, encephalitis, poliomyelitis, hepatitis, myocarditis and diabetes. 
Protozoa may cause primary amoebic meningoencephalitis (PAM) and 
schistosomiasis is caused by a flatworm (trematode). In addition, 
gastrointestinal disorders are amongst a number of illnesses that may be 
attributed to unidentified or unspecified micro-organisms.  

These hazards to human health should be weighed against the benefits of 
using water as a medium for relaxation and aerobic, non-weight bearing 
exercise. Physical exercise has been shown to positively affect certain 
cardiovascular risk factors such as insulin resistance, glucose metabolism, blood 
pressure and body fat composition, which are closely associated with diabetes 
and heart disease. With increasingly sedentary life styles in many societies, 
routine daily exercise of moderate intensity is highly recommended to reduce 
cardiovascular risk (Li et al. 2003). Swimming is often recommended by the 
medical profession because of its potentially beneficial effect on the joints and 
indeed on people’s general sense of well-being. For example, non-swimming 
dynamic exercises in heated water have been shown to have a positive impact 
on individuals with late effects of polio, with a decreased heart rate at exercise, 
less pain, and a subjective positive experience (Willen et al. 2001). Although it 
                                                           
1 Infection - The initial entry of a pathogen into a host; the condition in which a pathogen has 
become established in or on the cells or tissues of a host. Such a condition does not necessarily 
constitute or lead to a disease (Singleton and Sainsbury 2001). 
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is difficult to quantify the psychological benefits of exercise, Van de Vliet et al. 
(2004) have shown that fitness training embedded in a cognitive-behavioural 
treatment programme is associated with positive changes in clinically depressed 
patients. This includes enhanced coping strategies, sustained efforts to continue 
activities, and improved awareness of physical well-being.  

1.2 EVIDENCE FOR ADVERSE HEALTH OUTCOMES 
ASSOCIATED WITH RECREATIONAL WATER USE 

The first reviews of the incidence of disease associated with the use of recreational 
waters were undertaken by the American Public Health Association in the early 
1920s. Simons et al. (1922) attempted to determine the prevalence of infectious 
diseases which may be transmitted by recreational water contact.  

Major epidemiological studies were conducted between 1948 and 1950 by the 
United States Public Health Service (Stevenson 1953) to investigate the link 
between bathing and illness. The findings concluded that there was an appreciably 
higher overall illness incidence rate in people who swam in Lake Michigan, 
Chicago, the United States, in 1948 and on the Ohio River at Dayton, Kentucky, 
the United States, in 1949 compared with non-swimmers, regardless of the levels 
of coliform bacteria found in the water quality tests. It was concluded by 
Stevenson (1953) that, based upon the results of this study, the stricter bacterial 
quality requirements could be relaxed without a detrimental effect on the health of 
bathers.  

Moore (1959) undertook a similar study in the United Kingdom. His study was 
based on five years of investigation of 43 beaches in the United Kingdom and 
concluded that there was only a 'negligible risk to health' of bathing in sewage 
polluted sea water even when beaches were 'aesthetically very unsatisfactory' and 
that a serious risk would only exist if the water was so fouled as to be revolting to 
the senses. Moore insisted that pathogenic bacteria which were isolated from 
sewage contaminated sea water were more important as indicators of the disease 
in the population than as evidence of a health risk in the waters.  

The subject became one of controversy for many years. It was acknowledged 
in 1972 by the United States Environmental Protection Agency (US EPA) that 
there was a lack of valid epidemiological data with which to set guideline 
standards for recreational waters. There followed a number of epidemiological 
studies throughout the world (Table 1.1). In many of the studies identified in 
Table 1.1, the occurrence of certain symptoms or symptom groups was found to 
be significantly related to the count of faecal indicator bacteria or bacterial 
pathogens. Credible associations were found between gastrointestinal symptoms 
(including ‘highly credible’ or ‘objective’ symptoms) and indicators such as 
enterococci, faecal streptococci, thermotolerant coliforms and E. coli.  
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The WHO Guidelines for Safe Recreational Water Environments reviewed 
the scientific evidence concerning the health issues associated with using waters 
for recreational purposes and concluded that enteric illness, such as self-limiting 
gastroenteritis, and AFRI are the most frequently investigated and reported 
adverse health outcomes in the published literature. The Guidelines also 
concluded that there is an association between gastrointestinal symptoms, AFRI 
and indicator-bacteria concentrations in recreational waters (WHO 2003a; WHO 
2005). The Guidelines represent a consensus view and assessment among 
experts of the health hazards encountered during recreational water use. It 
includes the derivation of guideline values and explains the basis for the 
decision to derive or not to derive them.  

There are relatively few studies which report associations between indicators 
and other symptoms although there is limited evidence of an association 
between ear (Fleisher et al. 1996), eye (Fleisher et al. 1996) and skin ailments 
with swimming. Evidence suggests that bathing, regardless of water quality, 
compromises the eye’s immune defences leading to increased reporting of 
symptoms after bathing in marine waters. Infection could also be due to person-
to-person transmission (Hunter 1998). In addition, the statistical probability of 
contracting an ear infection has been found to be generally lower than for 
gastrointestinal illnesses which are associated with higher thermotolerant 
coliform concentrations (WHO 2003a). Several studies have found that 
symptom rates were more frequent in lower age groups (Cabelli 1983; Fattal et 
al. 1987; UNEP/WHO 1991; Pike 1994).  

As illustrated in Table 1.1, the main focus of effort concerning the health 
implications of the recreational use of water focuses on the effects of faecal 
contamination of bathing waters and the incidence of gastrointestinal diseases 
and other transmissible diseases to participants in water recreation. The data 
concerning some of the other hazards is weaker. There are very few 
epidemiological studies which have considered special interest activities (Table 
1.2). Evans et al. (1983) found no evidence of any particular health risk from 
short-term immersion in Bristol City Docks, UK. However, Philipp et al. (1985) 
studied the health of snorkel swimmers in the same body of water who were 
immersed for 40 minutes and revealed that statistically significantly more 
swimmers reported gastrointestinal symptoms compared with the control group, 
even though the water complied with the European Union (EU) bathing water 
standards.  

Medema et al. (1995) investigating the risk of gastroenteritis in triathlete 
swimmers estimated that the exposure of triathletes during a competition was 
between 15 and 40 minutes and exposure was relatively intense; 75% of all 
triathletes in his study were comapred with biathletes and it was reported that 
although the health risks for triathletes were not significantly higher than for 
run-bike-runners (biathletes) symptoms were higher in the week after the event 
in those athletes that had been exposed to water. 
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Table 1.1 Major epidemiological studies investigating the health effects from exposure 
to recreational water conducted between 1953 and 1996 (Adapted from Prüss 1998). 

First author Year Country Type of water 
Fleisher* 1996 United Kingdom Marine 
Haile* 1996 United States  Marine 
Van Dijk 1996 United Kingdom Marine 
Van Asperen  1995 The Netherlands Fresh 
Bandaranayake* 1995 New Zealand Marine 
Kueh* 1995 China Marine 
Medical Research Council* 1995 South Africa Marine 
Kay* 1994 United Kingdom Marine 
Pike* 1994 United Kingdom Marine 
Fewtrell 1994 United Kingdom Fresh 
Von Schirnding  1993 South Africa Marine 
McBride 1993 New Zealand Marine 
Corbett 1993 Australia Marine 
Harrington  1993 Australia Marine 
Von Schirnding 1992 South Africa Marine 
Fewtrell* 1992 United Kingdom Fresh 
Alexander 1991 United Kingdom Marine 
Jones  1991 United Kingdom Marine 
Balarajan  1991 United Kingdom Marine 
UNEP/WHO* 1991 Israel Marine 
UNEP/WHO* 1991 Spain Marine 
Cheung* 1990 China Marine 
Ferley* 1989 France Fresh 
Lightfoot 1989 Canada Fresh 
New Jersey Department of Health 1989 United States Marine 
Brown  1987 United Kingdom Marine 
Fattal, UNEP/WHO* 1987 Israel Marine 
Philipp  1985 United Kingdom Fresh 
Seyfried* 1985 Canada Fresh 
Dufour* 1984 United States Fresh 
Foulon 1983 France Marine 
Cabelli* 1983 Egypt Marine 
El Sharkawi 1982 Egypt Marine 
Calderon 1982 United States  Marine 
Cabelli* 1982 United States  Fresh and Marine 
Mujeriego* 1982 Spain Marine 
Public Health Laboratory Service 1959 United Kingdom Marine 
Stevenson* 1953 United States  Fresh and Marine 

*indicates the rate of certain symptoms or symptom group was found to be significantly 
related to the count of faecal indicator bacteria or bacterial pathogen. 

The results of the study of van Asperen (1998) were consistent with that of 
Medema et al. (1997). The study showed that of those who reported swallowing 
water during the swimming period reported gastroenteritis more frequently 
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(6.8%) than those that did not (3.8%). The percentage of triathletes swallowing 
water was 72%.  

Dwight et al. (2004) compared rates of reported health symptoms among 
surfers during two winters. Their findings showed that for every 2.5 hours of 
weekly water exposure, surfers experienced a 10% increase in probability of 
illness (a variety of different symptoms were tracked including highly credible 
gastrointestinal illness, stomach pain, vomiting, diarrhoea, and others). 

These activities are important to consider since the difference in risk between 
the various uses of recreational waters lies primarily with the duration of exposure 
and the quantity of water ingested.  

Different behaviours of different populations of swimmers are an important 
risk factor for infection. For example, swimming in unchlorinated open waters is 
much more common in warmer climates and this may increase the risk of illness 
to swimmers.  

For several reasons, children are at particular risk of contracting recreational 
waterborne illness. Children have greater opportunities for exposure; they tend to 
be more frequent users of recreational waters for longer periods of time compared 
to older age groups, and their activities, which may involve play, often increase 
exposure to contaminated water through accidental ingestion. 

Table 1.2 Epidemiological studies considering water activities other than bathing 
(Environment Agency, England and Wales 2002; Dwight et al. 2004) 

First 
author 

Date Activity Country Type of water 

Dwight 2004 Surfers USA Marine 
Van 
Asperen 

1998 Triathlon The Netherlands Freshwater 

Gammie 1997 Surfers/windsurfers United Kingdom Marine and 
freshwater 

Lee 1997 White-water canoeing United Kingdom Freshwater 
Medema 1995 Triathlon The Netherlands Freshwater 
Fewtrell 1994 Rowing and marathon 

canoeing  
United Kingdom Freshwater canals 

and estuaries 
Fewtrell 1992 White-water canoeing United Kingdom Freshwater 
Philipp 1985 Snorkelling United Kingdom Freshwater docks 
Evans 1983 Variety of water sports United Kingdom Freshwater docks 

 
Figure 1.1 shows the outbreaks of disease associated with recreational water 

contact reported to the United States CDC between 1978 and 2002. The data 
indicate that reported gastroenteritis outbreaks related to recreational water use 
are increasing in the USA. Although not directly comparable, Galbraith et al. 
(1987) reported relatively few outbreaks associated with recreational water use 
in the United Kingdom between 1937 and 1986.  
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Figure 1.1 Number of waterborne-disease outbreaks (n=445) associated with recreational 
water by year and illness – the United States, 1978–2002 (Yoder et al., 2004) 

 
The documented health risks posed by poor quality bathing waters usually 

relate to acute infections acquired whilst bathing. Most of the epidemiological 
studies conducted to establish a link between bathing and illness do not address 
the more severe health outcomes or possible sequelae. This is probably due to 
the low occurrence of severe health outcomes in recent decades in the temperate 
regions where the majority of studies have been conducted, and because 
investigations of rarer outcomes usually require larger study groups.  

1.3 SEVERE OUTCOMES 
For the purposes of this review, consideration of whether an illness is severe or 
not is based on three factors: 

• acute symptoms of the disease which are debilitating; 
• the ability and probability that the illness will lead to sequelae; and 
• the effect of the disease on certain susceptible subpopulations.  

Each factor can be considered in its own right or in combination with one or 
both of the other factors. 

WHO microbial guideline values for safe recreational water environments 
are in fact based on evidence of the transmission of relatively mild 
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gastrointestinal illness and AFRI. However, the guidelines make provision for 
adjustment where there is more severe disease plausibly associated with 
recreational water use circulating in the population. The use of DALYs is 
suggested as a useful approach to do this. Management approaches developed in 
the WHO Guidelines when implemented as suggested will help to mitigate both 
mild and severe infectious illnesses transmitted through recreational water.  

1.3.1 Infections with potentially severe acute symptoms 
Although the majority of illnesses transmitted through recreational water use are 
relatively mild and often self-limiting, there are a number of waterborne 
pathogens that can cause illnesses with severe outcomes even in average 
populations.  

These include: Campylobacter spp., E. coli O157, Salmonella typhi, Shigella 
spp., Leptospira icterohaemorrhagiae, HAV, Cryptosporidium parvum and a 
number of others described throughout this review. Some of these have been 
known for many years; others, such as Helicobacter pylori, are emerging as new 
pathogens or re-emerging after many years (WHO 2003b). Although not always 
severe, infection by these pathogens can result in hospitalisation, surgery and 
death. For example, leptospirosis has been found to have a case-fatality rate as 
high as 22% if left untreated (Ciceroni et al. 2000) and a hospitalisation rate of 
30–50% (Smythe et al. 2000; Sasaki et al. 1993). The primary disease 
symptoms caused by infections with these pathogens are shown in Table 1.3.  

1.3.2 Evidence for sequelae of waterborne diseases 
Sequelae are increasingly important to food and drinking-water risk assessment. It 
has been estimated that around 5% of waterborne diseases result in sequelae 
(Reynolds 2003). There has been little agreement over a scientific definition for 
sequelae. The Oxford English Dictionary defines a sequela as ‘a morbid affection 
occurring as a result of previous disease’ (Weiner and Simpson 1989). Parkin et 
al. (2000) reviewed scientific publications for definitions of chronic sequelae and 
developed a definition as follows:  

‘the secondary health outcome that (1) occurs as a result of a previous infection 
by a microbial pathogen; (2) is clearly distinguishable from the health events that 
initially result from the causative infection and (3) lasts three months or more after 
recognition’. 
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Table 1.3 Pathogens that may cause severe acute disease outcomes 

Pathogen Primary disease symptoms 
Campylobacter spp.  Diarrhoea, occasionally bloody and severe. 

Cramping abdominal pain, fever, malaise.  
Salmonella typhi Typhoid – fever, malaise, aches, abdominal 

pain, diarrhoea or constipation, delirium.  
Shigella dysenteriae Severe abdominal pain, watery diarrhoea or 

stools containing blood. 
Leptospira spp. High fever, severe headache, chills, muscle 

aches, and vomiting, and may include 
jaundice (yellow skin and eyes), red eyes, 
abdominal pain, diarrhoea, or a rash.  

Giardia spp. Acute onset of diarrhoea, abdominal cramps, 
bloating and flatulence, malaise, weight loss. 

E. coli O157:H7 Severe bloody diarrhoea and abdominal 
cramps; sometimes the infection causes non-
bloody diarrhoea or no symptoms. 

Cryptosporidium spp. Diarrhoea, mild abdominal pain, mild fever. 
Viral hepatitis - hepatitis A and E Malaise, lassitude, myalgia, arthralgia, fever 

and sometimes jaundice. 
Helicobacter pylori Nausea, abdominal pain, gastritis, 

hypochlorhydria. 
Schistosomes Itchy papular rash, other symptoms depend 

on the organ that the organism resides in.  
Naegleria fowleri Severe headache, fever, vomiting, neck 

stiffness. 
Legionella spp. Fever, cough, prostration, diarrhoea, pleuritic 

pain. 
 
The sequelae symptoms may be completely different from the symptoms of 

the acute illness and may occur even if the immune system successfully 
manages to eliminate the primary infection. The action of the immune system 
may initiate the condition as a result of an autoimmune response (Archer and 
Young 1988; Bunning 1994; Bunning et al. 1997). However, it is also possible 
that the initial infection may not have passed when the secondary symptoms 
appear. For the purposes of this review, sequelae which may last less than three 
months are also included and, therefore, according to Parkin’s definition (Parkin 
2000) are not chronic. 

The evidence that micro-organisms or their products are directly or 
indirectly associated with sequelae ranges from convincing to circumstantial, 
due to the fact that it is unlikely that such complications are identified or 
epidemiologically linked to the initial illness because the data are not 
systematically collected. In addition, host symptoms caused by a specific 
pathogen or product of a pathogen are often wide-ranging and difficult to link 
with a specific incident, particularly as the time of onset of sequelae may vary.  
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Table 1.4 Sequelae associated with micro-organisms found in recreational waters 
Organism Sequelae Reference 
Salmonella spp. Septic arthritis, Reiter’s syndrome 

Pyogenic lesions 
Intracranial abscess 
Osteomyelitis 

Hill et al. 2003 
Yu and Thompson 1994 
Hanel et al. 2000 
Declercq et al. 1994 

Campylobacter 
spp.  

Guillain-Barré syndrome 
Acute motor neuropathy 
Opthalmoplegia 
Reiter’s syndrome 
Infection of various organs and the blood 
stream 

Nachamkin 2002  
Wirguin et al. 1997 
Kuroki et al. 2001 
McDonald and Gruslin 2001 
Ang et al. 2001 

Shigella 
dysenteriae 
S. flexneri 

Aseptic or reactive arthritis,  
Fulminating encephalopathy 
Reiter’s syndrome 

Hill et al. 2003 
Dieu-Osika et al. 1996 
Van Bohemen et al. 1986 

Giardia 
duodenalis 

Inflammatory arthritis 
 
Disaccharide intolerance 
Malabsorption 

Gaston Hill and Lillicrap 
2003 
Lane and Lloyd 2002 
Hunter 1998 

Mycobacterium 
avium complex 

Tentative Crohn’s disease and ulcerative 
colitis 
Sarcoidosis 
Osteomyelitis 

Chiodini 1989 
 
Li et al. 1999 
Chan et al. 2001 

E. coli O157:H7 Haemolytic uraemic syndrome 
Thrombotic thromocytopenic purpura 

Mead and Griffin 1998 
Kuntz and Kuntz 1999 

Schistosoma spp. Bladder cancer 
Kidney disease 
Hepatic coma  

WHO 1994 
Rocha et al. 1976 

Naegleria fowleri Cardiac abnormalities, convulsions, 
lethargy 

Martinez 1993 

Hepatitis A Idiopathic autoimmune chronic active 
hepatitis 

Rahyaman et al. 1994 
 

Helicobacter 
pylori 

Acute gastritis leading to gastric mucosal 
atrophy, intestinal metaplasia and gastric 
cancer 

Kuipers et al. 1995; 2003  
 

Leptospira spp. Headache, ophthalmic sequelae 
Acalculous cholecystitis, pancreatitis, 
hypermylasemia 
Antiphospholipid syndrome 

Torre et al. 1994 
 
Casella and Scatena 2000 
Tattevin et al. 2003 

Cryptosporidium 
spp.  

Loss of fluids, anorexia, malabsorption of 
nutrients 
Shortfalls in linear growth and weight gain  

Jokipii et al. 1983 
 
Kosek et al. 2001 

Legionella spp. Pericarditis, respiratory failure, arthritis, 
seizures 
Pancreatitis and liver abscesses 
Thrombocytopenia 
Cerebral abscess 

Puelo Fadi et al. 1995 
 
Nguyen et al. 1991 
Larsson et al. 1999 
Michel et al. 1996 
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Typically, for example, if symptoms of Reiter’s syndrome (reactive arthritis) 
appear then it will be one to three weeks after initial infection with Salmonella 
spp. Symptoms of haemolytic uraemic syndrome (HUS), if they are to appear, are 
usually seen within 15 days of infection with E. coli O157:H7. However, sequelae 
such as hypertension and renal failure may not manifest themselves until 15 years 
later (Loirat 2001). Leptospires, the bacteria causing leptospirosis, may persist in 
the brain — in one report, 4 out of 11 patients had persistent headaches for 
between 6 and 34 years post-infection; ophthalmic involvement with blurred 
vision has been reported to persist for decades following acute infection 
(Shpilberg et al. 1990). Where there is a long time-period between the initial 
symptoms and the sequelae, it becomes more difficult to prove an association 
between the initial disease and the delayed sequelae.  

Table 1.4 provides a summary of sequelae associated with some micro-
organisms which may be found in recreational waters. These will be discussed in 
more detail throughout this review. It is stressed that the development of a sequela 
is incidental to exposure to recreational water, i.e. the sequelae described in this 
section result from infection with certain pathogens. 

Lindsay (1997) raises a further issue which is not widely discussed in the 
literature: the effect of chronic disease on human personality factors as a result 
of symptoms such as continual pain from arthritis, irritable bowel or other 
conditions such as chronic diarrhoea. However, these will not be discussed in 
this review. 

1.3.3 Severe outcomes in special populations 
Diseases that are normally mild and self-limiting in the general population can 
have severe manifestations in susceptible sub-populations with certain 
attributes. A variety of host factors impact susceptibility to severe disease 
outcomes. Human immune status can be affected by diseases (HIV, cancer), 
age, medications taken (e.g., chemotherapy treatment of cancer weakens the 
immune system), pregnancy, nutritional status, genetics and other factors (Carr 
and Bartram 2004). Host factors can influence both the severity of the acute 
symptoms and the propensity to develop sequelae (Reynolds 2003).  

The population of immunocompromised individuals is growing (Soldatou 
and Davies 2003). This population is more susceptible to waterborne infections 
and tend to experience more severe outcomes (e.g., debilitating illness, death) 
following infection (Reynolds 2003). A number of studies have shown that 
enteric diseases are the most common and serious problems that affect persons 
with acquired immunodeficiency syndrome (AIDS). Between 50% and 90% of 
people with HIV/AIDS suffer from chronic diarrhoeal illness, and the effects 
can be fatal (Janoff and Smith 1988). People with reduced immune function due 
to cancer treatment have been shown to have a case-fatality rate for adenovirus 
infection of 53% (Hierholzer 1992). Likewise, in the 1993 Cryptosporidium 
outbreak in Milwaukee, Wisconsin, USA, 85% of the deaths occurred in people 
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with HIV/AIDS (Hoxie et al. 1997). People with liver diseases are at 
particularly high risk of fatal septicaemia after ingestion of, or percutaneous 
exposure to, Vibrio vulnificus (Levine and Griffin 1993). 

Table 1.5 shows the case-fatality observed for enteric pathogens in nursing 
home patients in the USA who are more susceptible to infection compared with 
the general population. 

Table 1.5 Case-fatality observed for enteric pathogens in nursing homes compared to the 
general population (Adapted from Gerba et al. 1996) 

Organism Case-fatality (%) 
in general population 

Case-fatality (%) in nursing 
home patients 

Campylobacter jejuni 0.1 1.1 
E. coli O157:H7 0.2 11.8 
Salmonella spp. 0.1 3.8 

1.4 MANAGEMENT OF SEVERE ILLNESSES 
The possible adverse health outcomes associated with recreational water result 
in the need for guidelines that can be converted into locally appropriate 
standards and associated management of sites to ensure a safe, healthy and 
aesthetically pleasing environment (WHO 2003a). The management 
interventions that may be required to ensure a safe recreational water 
environment are outside the scope of this publication but include compliance 
and enforcement measures, water quality monitoring, sanitary surveys, animal 
waste control measures, wastewater treatment, risk communication and 
information dissemination to increase public awareness. The reader is referred 
to the WHO Guidelines for Safe Recreational Water Environments, Volumes 1 
and 2 (WHO 2003a; 2005) which illustrates how this can be best achieved 
through an integrated framework for assessment and management of risk for 
water-related infectious diseases (Kay et al. 2004). 

1.5 SUMMARY 
There are many unanswered questions regarding the severity and frequency of 
illness associated with recreational water use. The difficulties associated with 
attributing an infection to recreational water use are numerous and the majority 
of research in this field has focussed on infections associated with the use of 
recreational waters resulting in minor, self-limiting symptoms. However, it is 
plausible that more serious illnesses could result from the recreational use of 
water and this association has not yet been investigated to any great extent. It is 
also increasingly apparent that a number of micro-organisms or their products 
are directly or indirectly associated with secondary health outcomes or sequelae 
and a number of these sequelae may result from waterborne infections. The 
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acute diseases attributable to waterborne pathogens and their epidemiology have 
been well described, but the sequelae that can result from these diseases have 
not. Assessing potential sequelae of waterborne infections is a critical part of 
microbial risk assessment and the formulation of public policy. 

1.6 DOCUMENT OVERVIEW 
This review identifies those micro-organisms which may be present in 
recreational waters and may result in more severe effects resulting from 
infection. Chapter 2 looks at hazard identification and quantification in 
recreational waters. Chapter 3 develops a framework for associating disease 
outcomes with recreational water exposures and presents a systematic method 
for ranking severity. Chapters 4–6 describe information on specific bacterial, 
protozoan, trematode and viral pathogens and uses the criteria outlined in 
Chapter 3 to establish the credibility of association for transmission of each 
pathogen through recreational water use. 
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2 
Hazard Identification and Factors 
Related to Infection and Disease 

 

Assessment of the health impacts of recreational water quality is a useful tool in 
developing appropriate policies. Risk assessment approaches are increasingly 
being used as a scientific rationale for risk management. This chapter describes 
the various methods used for identification and quantification of hazards in 
recreational water risk assessment. It also looks at how different factors 
influence infection and disease. 

2.1 HAZARD IDENTIFICATION  
A hazard is a set of circumstances that could lead to harm. The existence of a 
wide range of hazards in the recreational water environment, such as physical 
hazards, water quality, contamination of beach sand, algae and their toxic 
products, chemical and physical agents and dangerous aquatic organisms, 
indicates a need for an understanding of their relative importance to health and 
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the implications for control. Risk assessment models can assist in this process. 
The risk of harm occurring is defined as the probability that it will occur as a 
result of exposure to a defined quantum of hazard (Lacey and Pike 1989). The 
assessment of risk informs the development of policies for controlling and 
managing the risks to health and well-being in water recreation (WHO 2003).  

2.1.1 Epidemiology 
Identification of waterborne disease - both outbreaks and endemic disease - 
often relies on epidemiological investigations. Epidemiological studies are 
central to the assessment of risk by providing estimates of risk and data for risk 
assessment models. The aim of descriptive epidemiological investigations is to 
identify who was ill, the timing of the illness and the location. It is then possible 
to identify whether the same cases have been exposed to the same source. 
Confounding factors such as food consumption, age or gender should then be 
investigated and eliminated since they may bias the interpretation of the results 
of the study. These investigations will not confirm the route of transmission but 
may help to build a hypothesis about the cause of the illness which can then be 
further tested by an observational study.  

The main types of epidemiological studies used to evaluate the health effects 
from bathing water pollution are cohort studies and randomised controlled trials. 
Cohort studies consider a group of people (the cohort), initially free of disease, 
who are classified into subgroups according to exposure to a potential cause of 
disease or outcome. Variables of interest are specified and measured and the 
whole cohort is followed up to see how the disease or outcome of interest differs 
between the groups with and without exposure. The data is collected at different 
points in time – prospective cohort studies are capable of estimating the 
associations of interest, but there may be variation in the composition of 
different exposure groups, there may be significant loss of follow-up subjects, 
and in some cases, the studies measure perception rather than the actual clinical 
incidence. In retrospective cohort studies the estimation of exposure can be 
significantly inaccurate because water quality can vary to a large degree both 
temporally and spatially (Kay and Dufour 2000). 

In randomised controlled trials, subjects in a population are randomly 
allocated to groups – the control group and the treatment group, and the results 
of exposure are assessed by comparing the outcome in the two groups (see Box 
2.1). Randomised controlled trials allow the accurate estimation of exposure to 
water, as well as water-quality assessments (Kay and Dufour 2000). However, 
these studies are costly and there are ethical problems relating to the need to ask 
volunteers to swim in contaminated waters.  

A summary of major epidemiological studies undertaken in relation to illness 
associated with the use of recreational water and their findings are given in 
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section 1.2. A description of randomized epidemiological studies is presented in 
Box 2.1. 

 

Box 2.1 UK prospective randomised trial studies – assessing exposure 

Randomised trials were conducted involving recruitment of healthy adult 
volunteers at seaside towns with adjacent beaches that had historically passed 
EU Imperative Standards (Jones et al. 1991; Kay et al. 1994). After initial 
interviews and medical checks, volunteers reported to the specified bathing 
location on the trial day where they were randomised into bather and non-bather 
groups. 

Bathers entered the water at specified locations where intensive water quality 
monitoring was taking place. All bathers immersed their heads on three 
occasions. On exiting the water bathers were asked if they had swallowed water. 
The locations and times of exposure were known for each bather and, thus, a 
precise estimate of "exposure" (i.e. indicator bacterial concentration) could be 
assigned to each bather (Fleisher et al. 1993; Kay et al. 1994). A control group 
of non-bathers came to the beach and had a picnic of identical type to that 
provided for all volunteers. One week after exposure all volunteers returned for 
further interviews and medical examinations and later they completed a final 
postal questionnaire, three weeks after exposure.  

Detailed water quality measurements were completed at defined "swim 
zones". Samples were collected synchronously at locations 20 m apart every 30 
minutes and at three depths (i.e. surf zone, 1 m depth and at chest depth, 1.3–1.4 
m). Five bacterial indicators were enumerated. 

The analysis of the data centred on the links between water quality and 
gastroenteritis (see Fleisher et al. 1993; Kay et al. 1994). The data were 
analysed for relationships between water quality, as indexed by any of the five 
bacterial indicators measured at any of the three depths and gastroenteritis. Only 
faecal streptococci, measured at chest depth, provided a statistically significant 
relationship between water quality and the risk of gastroenteritis.  

The limitations of UK randomised trial protocol include the fact that the 
studies were conducted in north European marine waters with a high tidal range 
where all waters commonly passed EU Imperative coliform criteria and the US 
EPA enterococci criteria (i.e., waters with relatively low faecal inputs). In 
addition, the results apply only to healthy adult volunteers, and may not be 
applicable directly to infants or chronically sick people or specialist user groups 
such as surfers.  
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2.1.2 Quantitative Microbial Risk Assessment 
Quantitative Microbial Risk Assessment (QMRA) is used to estimate the 
probability of becoming infected by a specific pathogen after an exposure. 
QMRA uses densities of particular pathogens, assumed rates of ingestion, and 
appropriate dose-response models for the exposed population to estimate the 
level of risk (Haas et al. 1999). QMRA can be useful in determining the risk of 
infection from the use of recreational water. QMRA is theoretical but more 
predictive and sensitive and looks at the hazards, whereas epidemiological 
studies look at the disease using real data/observations. QMRA and 
epidemiological studies provide complimentary information and should be used 
together to provide better overall estimates of risk. 

The process of QMRA produces a statistical estimate of adverse effects 
associated with exposure to particular hazards. The process consists of the 
following steps: 

• Hazard identification (pathogen identification) – a qualitative 
determination of which pathogens threaten human health. 

• Exposure assessment – a measurement or prediction of duration and 
intensity of exposure. Exposure is the likelihood of a human coming into 
contact with the hazard, which may be by ingestion, inhalation, contact etc. 

• Dose-response assessment – an analysis of the probability of infection 
and/or disease which results from differing ‘doses’ of the pathogens 
(exposure duration and intensity). 

• Risk characterisation – a combination of the above (Haas et al. 1999). 
 
Two risk assessment studies investigating illness associated with recreational 

water have been carried out. Ashbolt et al. (1997) reported that the risks to 
bathers in Mamala Bay, Honolulu (Hawaii, USA), from enteric viruses were 10 
to 100-fold greater than the risks from protozoa. However, bathers in Sydney, 
Australia had only slightly higher viral risks, assuming similar inactivation 
rates. Risks from bacterial pathogens and Cryptosporidium were significantly 
less in both studies. In both cases, the risks from entero- or adeno-virus 
infections were estimated to be between 10 and 50 people per 10,000 people 
exposed over seven days.  

One of the main problems with risk assessment is that a number of 
assumptions need to be made with respect to exposures. Assumptions need to be 
validated through research under similar conditions to those being modelled. 
Slight changes in for example, pathogen concentration or die-off may lead to 
widely varying results. 

 In relation to using QMRA for recreational waters, data are currently lacking 
on behavioural patterns of recreational water users including the actual exposure 
level associated with inhalation, ingestion and skin contact with contaminated 
water and the corresponding level of illness that users experience. Although the 
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frequency of illness or infections can be assessed through epidemiological 
studies in some cases, the factors that contribute to these adverse effects have 
not been well-quantified. However, this data is important since the degree of 
water contact directly influences the level of exposure to pathogens, toxic agents 
and other potential hazards and, therefore, the likelihood of contracting illness. 

In 1951, Streeter attempted to develop a ‘bather risk factor’ (Streeter 1951). 
In order to do this he used the coliform-Salmonella ratio developed by Kehr and 
Butterfield (1943), the number of bathers exposed, the approximate volume of 
water ingested per day per bather and the average coliform density per ml of 
bathing water. More recent research has developed this approach further (see 
Box 2.1), and the relationship between the level of indicator species and the 
rates of illness has been used to derive the WHO Guideline values for microbial 
quality of recreational waters (WHO 2003). In marine environments, there is a 
direct correlation between concentrations of intestinal enterococci and both 
gastrointestinal illness and AFRI (WHO 2003). 

2.2 FACTORS INFLUENCING HAZARD ENCOUNTER  

2.2.1 Water contact 
Water contact time is a prime factor influencing the amount of exposure to 
pathogens in water. The longer a person is in the water the more they can be 
exposed to pathogens in the water through ingestion, inhalation or penetration of 
the skin (e.g., schistosomiasis). The US EPA estimates that 100 ml of water 
enters the mouth and nasopharynx during a typical swimming episode (US EPA 
1999). Review of the literature did not reveal any published estimates of the 
quantities of water ingested during recreational water activities other than 
swimming or provide estimates of average immersion times.  

Some activities are likely to pose greater risk of water ingestion than others. 
The British Sub Aqua Club for example estimates that in winter the average 
length of a scuba dive is between 20 minutes and 30 minutes but in summer it 
can be more than one hour (Alistair Reynolds, British Sub Aqua Club Technical 
Manager, personal communication, 2001). The average volume of water 
consumed during a typical dive is not known. A study of scuba divers from New 
York City's police and fire departments indicated an association between scuba 
diving and gastrointestinal illness (Anonymous 1983). The divers reported 
ingesting small quantities of water while swimming at the surface and while 
using mouthpieces that had dangled in the water before use. Stool samples 
revealed 12 cases of gastrointestinal parasites – five of Entamoeba histolytica 
and seven of Giardia lamblia. One bacterial culture was positive for 
Campylobacter. Twenty-three non-diving fire-fighters had stools examined for 
parasites; none had G. lamblia or E. histolytica. 
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In recent years the popularity of activities which involve contact with water 
has grown and the increasing availability of the wet suit has altered the public 
use of recreational water especially in temperate regions with colder water. 
Prolonged periods of immersion are now becoming normal and activity occurs 
throughout the year and not just during the bathing seasons. Many 
gastrointestinal infections occur on a seasonal basis and therefore users will be 
exposed to different types of pathogens in the water. The density of users 
(bather-loads) at smaller recreational water bodies, especially where there is 
limited water turnover, may be a significant factor in the user-to-user 
transmission of disease. The personal hygiene of recreational water users while 
in the water (which may also significantly alter the quality of the water) is also a 
concern. A number of Cryptosporidium outbreaks in pools are thought to have 
been caused by swimmers who have had 'faecal accidents' (Lee et al. 2002; 
WHO, 2005). In addition, certain activities that increase the likelihood of 
ingestion of water, e.g. surfing, may lead to higher levels of risk (WHO, 2003). 

Skin abrasions or cuts may contribute to recreational water-associated 
infections. Many environmental bacteria such as species of Pseudomonas, 
Aeromonas, and halophilic vibrios are opportunistic pathogens that may cause 
wound infections. In some cases, these infections can be life-threatening, e.g. 
Vibrio vulnificus (Chang et al. 1997).  

2.2.2 Recreational water types 
In discussing the health implications of using recreational waters, marine, 
freshwaters and enclosed pools, including hot tubs and spas, should be 
considered, as the different characteristics of the water bodies influence the 
hazards that may be encountered. Freshwater bathing sites may be enclosed 
bodies of water and fairly static, such as lakes, or running waters such as rivers. 
Both have features that require special consideration to protect water users. The 
concentration of pathogens is largely determined by faecal pollution from both 
point and non-point sources, although in some tropical/subtropical waters some 
species (e.g., Vibrio spp.) may be able to grow and support self sufficient 
populations (WHO 2004). Major point sources of pollution include sewage 
effluents, combined sewer overflows, industrial effluents and concentrated 
animal feeding operations. Non-point sources of pollution relate to agricultural 
activity and poorly functioning sanitation systems within the watershed, and are 
influenced by the type and density of livestock and other animals that might be 
present. Pathogen inputs may also exhibit seasonal variations, for example 
Cryptosporidium concentrations may be highest during the periods of calving or 
lambing (Reilly and Browning 2004). Urban surfaces also contribute 
significantly to the pollution load by discharging surface contaminants including 
animal faeces into sewers and storm drains.  

Faecal material is transported from the watershed surface into rivers, lakes 
and streams, as well as directly via sewage discharge, and subsequently to the 
coastal environment. The transport of microbial and other contamination is 
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controlled by the flow of water, and changes in flow are determined by rainfall 
and by the hydrogeological characteristics of the basin which have a significant 
impact on the concentration of microbes transported. In riverbed sediments the 
survival times of some pathogens are significantly increased (WHO 2003) and 
they may be resuspended when the river flow increases (Ferley et al. 1989; 
Environment Agency of England and Wales 2000). The survival of pathogenic 
microorganisms in water is impacted by temperature, light intensity, salinity and 
water quality (Johnson et al. 1997). In general, most excreta-related pathogens 
survive for longer periods of time in colder waters (Feachem et al. 1983). 

Swimming pools and spas present special conditions that may result in 
different exposures or favour the growth/survival of specific pathogens. Leisure 
pools and hot tubs may be subject to higher bather loads than naturally 
occurring recreational waters, increasing the likelihood of water pollution from 
the bathers themselves and subsequent person-to-person transmission of disease. 
Chlorination of pool water will generally significantly reduce the concentrations 
of faecally-related bacteria (e.g., E. coli) but will have little or no impact on 
some protozoan parasites such as Cryptosporidium. Thus, waterborne outbreaks 
associated with exposure to chlorinated waters are much more likely to be 
caused by Cryptosporidium than the faecally-derived bacteria (Yoder et al. 
2002).  

Non-faecal shedding in the water is a source of potential non-enteric 
pathogenic organisms. Infected users can directly contaminate the pool, hot tub 
or spa water and the surfaces surrounding the pool with pathogens such as 
viruses and fungi, which can lead to skin infections such as verrucas.  

Higher water temperatures favour the growth of some organisms such as 
Legionella. Pools without water treatment may be associated with higher risk of 
transmission among users.  

Certain free-living bacteria and amoebas can grow in pool, hot tub and spa 
waters and in the heating, ventilation and air conditioning, causing a variety of 
respiratory, dermal or central nervous system infections or diseases (WHO 
2003). Growth of certain free-living bacteria, such as Vibrio vulnificus, is 
favoured in warm marine water temperatures. Seasonal growth may occur – V. 
vulnificus has been shown to enter a viable but non-culturable state, a survival 
response to low-temperature stress (Wolf and Oliver 1992). 

In both coastal and freshwaters the point sources of pollution that cause most 
health concern are those due to domestic sewage discharges, riverine discharges 
and contamination from bathers. The relative risks to human health from these 
sources depend on a number of factors. For example, sewage being discharged 
into an estuary with small tidal interchanges may have a different effect to that 
of the same quantity of sewage being discharged into an estuary with large tidal 
interchanges. Areas with direct discharge of crude, untreated or inadequately 
treated sewage are likely to present a higher risk to public health. The content of 
raw or inadequately treated sewage reflects the health status of the population it 
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is derived from. Higher concentrations of pathogens will be present in areas 
where there is more disease or during disease outbreaks. This presents a special 
risk for people coming from low-pathogen circulation environments to high-
pathogen circulation environments. Visitors may be at a greater risk than local 
populations. Information on local circumstances should be taken into account 
when setting guidelines to protect public health and these may vary locally or 
regionally. Further information on guideline setting can be found in the WHO 
Guidelines for Safe Recreational Water Environments (WHO 2003; WHO 
2005). 

2.3 FACTORS RELATED TO INFECTION AND DISEASE 

2.3.1 Status of host 
Of particular importance to the discussion of health risks associated with 
recreational use of water is the status of the immune system of a water user 
which will determine their susceptibility to infection and the severity of 
resulting illness. Tzipori (1988) speculated that the lower prevalence of 
cryptosporidiosis in older children and adults is due to immunity acquired from 
prior exposure. The immune status of the host seems to be the major 
determinant of whether the infection is self-limiting or persistent. Dysfunction 
of the T-lymphocytes and hypogammoglobulinaemia can both lead to persistent 
cryptosporidiosis (Tzipori 1988).  

Research has shown that persistent over-training by athletes as well as a 
single bout of heavy exercise can increase susceptibility to upper respiratory and 
other viral infections, although resistance to bacterial infections appears to be 
unaltered. Heavy exercise, which in the context of this review may refer to 
competitive swimming training for example, appears to have a depressant effect 
on the T cell/interleukin/NK cell system which may remain for a week or more. 
In contrast, moderate training seems to enhance the immune status (Radak et al. 
1999). It may be possible to infer from this research that competitive swimmers 
could be more at risk from contracting upper respiratory and viral infections 
than non-competitive recreational water users. 

On the other hand, certain segments of the population are especially 
vulnerable to acute illness (morbidity) and can exhibit high death rates. These 
segments include those whose immune systems are compromised by illnesses 
such as cancer, AIDS or the drugs used to treat these and other conditions, the 
elderly, young children and pregnant women. Table 2.1 shows the estimated 
percentage of the population in the United States that are at risk of reduced 
immune function due to certain characteristics or disease. Categories are not 
mutually exclusive. 
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Table 2.1 Selected subpopulations in the United States at risk of reduced immune 
function 
 
Subpopulation Estimated 

percentage of 
population 

Pregnant women (Ventura et al. 1999) 2.4 
Infants and children (<10 years)  
(US Census Bureau 2000) 

14.1 

Elderly (65+ years) (US Census Bureau 2000) 12.6 
Health status  
Diabetes (diagnosed and estimated 
undiagnosed cases) (CDC 2003) 

6.3 

Liver impairments (US EPA 1998) 0.2 
Cardiovascular disease  
(http://www.nhlbi.nih.gov/) 

21.7 

AIDS (CDC 1999) 0.2 
 

Table 2.2 Prevalence of ‘at risk’ persons in the domestic setting in selected European 
countries (Adapted from Exner and Kistemann 2003). 
 
 The United 

Kingdom 
Germany The 

Netherlands 
Total population 60 million 82 million 16 million 
Elderly (65+ years) 9 million 13 million 2 million 
Under one year old 600,000 800,000 100,000 
Living with cancer 1 million Data not 

available 
160,000 

Discharged from hospital 
within previous two weeks 

200,000 Data not 
available 

100,000 

Hospital outpatients at 
home 

Data not 
available 

1,270,000 Data not 
available 

AIDS cases 15,000 Data not 
available 

91 

Total ‘at risk’ persons >1 in 6 >1 in 5.6 >1 in 6.3 
 

Infectious diseases are a major problem in the elderly because the immune 
system declines with age, antibiotic treatment is less effective because a 
decrease in physiological function and malnutrition is more common (Meyers 
1989). Nursing home studies have shown dramatic increases in diarrhoeal 
deaths in individuals over age 55, with mortality rates as high as 1 in 100, or 10 
to 100 times greater than in the general population (Gerba et al. 1996). Skirrow 
(1994) and Allos and Blaser (1995) report that 0.6% of adults over the age of 65 
develop bacteraemia following infection with Campylobacter jejuni, compared 
with between 0.15% and 0.4% in the general population. Other subpopulations 
at increased risk from infection are women during pregnancy, neonates and 
young children. Gust and Purcell (1987) and Craske (1992) report case-fatality 

http://www.nhlbi.nih.gov/
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ratios ranging from 1% to 2% in tourists from within the United States 
contracting HEV compared with case-fatality ratios of between 10% and 20% 
and even as high as 40% in pregnant women.  

Infection during pregnancy may also result in the transmission of infection 
from the mother to the child in utero, during birth, or immediately afterwards 
(Gerba et al. 1996). Coxsackie- and echo-viruses appear to be transmitted in this 
way. An average case-fatality of 3.4% was observed in 16 documented 
outbreaks of echovirus in newborn nurseries (Modlin and Kinney 1987). In two 
outbreaks of coxsackie B virus in nurseries, the infant mortality rate from 
myocarditis ranged from 50% to 60% (Modlin and Kinney 1987). 

The impact of AIDS has been shown to increase the number of diarrhoeal 
deaths in the age group 25 to 54 years (Lew et al. 1991). Enteric bacterial 
infections are more severe in people infected with AIDS/HIV. Although people 
with AIDS/HIV may not have more severe illness with Giardia, they have been 
shown to exhibit impaired immune response to the parasite (Mandell et al. 
1990). AIDS increases the incidence of Campylobacter-associated enteritis to 
519 per 100,000, at least 39 times higher than that of the general population 
(Alketruse et al. 1999). Baine et al. (1982) and Gorbach et al. (1992) have 
demonstrated that people with AIDS/HIV with infections from Salmonella spp., 
Shigella spp., and Campylobacter spp. often develop bacteraemia.  

Cryptosporidiosis has been a serious problem for people with AIDS/HIV 
(Fahey 2003). It has since been on the rise as a cause of chronic diarrhoea in the 
immunosuppressed population (Guerrant 1997). Symptoms may persist for 
many months with severe and protracted diarrhoea, resulting in weight loss and 
mortality. Mortality rates of 50% have been reported for this organism (Clifford 
et al. 1990).  

People with cancer may undergo intensive treatment which often supresses 
the immune system. Hierholzer (1992) has shown that in immunosuppressed 
patients due to cancer treatment, the fatality rate for patients infected with 
certain adenovirus strains can be as high as 53%. 

In contrast to many of the other enteric viruses, neither Norovirus nor HAV 
appear to be associated with a greater severity or chronic illness in the 
immunocompromised (Rubin and Young 1988).  

2.3.2 Process of infection 
The hazards that are encountered in recreational water environments vary from 
site-to-site and by the type of activity. Most available information relates to 
health outcomes arising from exposure through swimming and ingestion of 
contaminated water. Recreational waters generally contain a mixture of 
pathogenic and non-pathogenic microbes. These microbes may be derived from 
sewage effluents, the population using the water, livestock or other animals, 
industrial processes, farming activities (e.g., use of animal manures as 
fertilisers), as well as indigenous pathogenic micro-organisms. Bathers may 
succumb to infection when an organism colonises a suitable growth site in the 
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body. These sites are typically the alimentary canal, eyes, ears, nasal cavity and 
upper respiratory tract and may also include opportunistic colonisation of 
wound infections. Depending on their route of transmission, waterborne 
pathogens can be classified into those that are transmitted via ingestion and 
those that are transmitted via inhalation or contact. Transmission pathways for 
some pathogens are given in Table 2.3. 

 
Table 2.3 Transmission pathways for a selection of waterborne pathogens (Exner and 
Kistemann 2002; Chang et al. 1997). 
 
Ingestion Inhalation Contact Wound Infections 
V. cholera Legionella spp. P. aeruginosa Aeromonas spp. 
Salmonella spp. Mycobacteria spp. Aeromonas spp. Pseudomonas spp. 
E. coli  Mycobacteria spp. Vibrio vulnificus 
Shigella spp.  Acanthamoeba spp. Vibrio parahaemolyticus 
Campylobacter spp.  Naegleria spp.  
Helicobacter spp.  Schistosoma.  
Enteroviruses    
Noroviruses    
Hepatoviruses    
Rotaviruses    

 
The infectivity of a pathogen depends upon the form it is in when 

encountered, the conditions of exposure and the host’s susceptibility and 
immune status. The dose required to initiate an infection may be very few viable 
units, especially where viral and parasitic protozoan pathogens are concerned 
(Fewtrell et al. 1993; Okhuysen and Chappell 2002), e.g. HAV or 
Cryptosporidium. In reality, recreational water users rarely encounter a single 
pathogen, and the effects of multiple and simultaneous exposures to pathogens 
are poorly understood (Esrey et al. 1985). 

Pathogens have various properties for increasing their ability to cause disease 
(including their ability to survive and proliferate in the environment), of 
particular relevance are those that facilitate attachment, invasion and replication 
in the host (Archer and Young 1988; Bunning 1994; Bunning et al. 1997). In 
addition, a pathogen's ability to evade the host’s immune system plays a major 
role in determining the ability of the pathogen to cause disease. With enteric 
viruses, age plays an important role in the probability of developing clinical 
illness. For example, for HAV the percentage of individuals with clinically 
observed illness is low for children but increases greatly with age. In contrast, 
the frequency of clinical symptoms for group A rotavirus infections is greatest 
in childhood and lowest in adulthood (Bosch 1998).  

The range of host response to infection depends upon the agent and the host 
and varies from subclinical infection (i.e. infection in which symptoms are not 
apparent) to primary disease response and, in some individuals, sequelae (refer 
to section 1.3 for further discussion).  
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3 
Credibility of Association and 
Severity Criteria Index  

 

This chapter presents a modified framework for assessing the credibility of 
association of illness with recreational water exposures and presents information 
on waterborne disease surveillance systems. Evidence for severity is outlined 
and an index of severity is described to help public health professionals better 
prioritize and manage diseases with potentially severe outcomes related to 
recreational water exposures. 

3.1 SOURCES OF AVAILABLE EVIDENCE 
Evidence for this review is taken from two main sources: published scientific 
literature (case reports and epidemiological studies) accessed through databases 
such as MEDLINE; and available data reported to national surveillance centres. 
The majority of cases of illnesses associated with recreational waters are 
reported from the United States and the United Kingdom (the latter since 1992) 
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due to the nature of surveillance systems in place in those countries. Where 
possible, peer-reviewed cases or government-reported data from other countries 
have been included.  

Data for this review has also been obtained from a database of illnesses 
reported by the general public developed and maintained by Surfers Against 
Sewage (a United Kingdom-based pressure group). There are currently over 800 
cases reported on the database, which exhibit a broad range of symptoms from 
mild to severe. It should be stressed that this is not an official surveillance 
system, but a self-reporting system.  

3.1.1 Limitations of the evidence 
As Table 1.1 illustrates a number of targeted epidemiological studies on 
infectious diseases associated with recreational water contact have been 
conducted. These studies demonstrate an association between recreational water 
contact and infectious disease transmission. However, infections and illnesses 
due to recreational water contact are generally mild and so difficult to detect 
through routine surveillance systems. Even where illness is more severe, it may 
still be difficult to attribute to recreational water exposure. Many of the 
pathogens that can be transmitted through recreational water contact can also be 
transmitted through other waterborne routes, through food and by person-to-
person contact. As discussed in section 2.1.1. epidemiological studies are often 
difficult and expensive to perform (Teunis and Havelaar 2002). Waterborne 
outbreaks are often associated with contamination events, but these occur at 
unpredictable intervals and early warning seldom occurs, so that reliable 
exposure data immediately before and during outbreaks are infrequently 
available.  

3.2 SURVEILLANCE 
The likelihood of an outbreak coming to the attention of health authorities varies 
considerably depending on the department’s interest in waterborne diseases and 
its budgetary, investigative and laboratory resources. Additionally, a few 
outbreaks involving very large numbers of people may alter the relative 
proportion of cases attributed to specific etiologic agents.  

Waterborne disease surveillance requires the detection of increased illness in 
a population and evidence to show that water was the route of transmission. 
Tillett et al. (1998) describes a number of problems with identifying waterborne 
disease. One of these relates to detecting clinical cases; unless patients seek 
medical advice, cases will go undetected. Where medical assistance is sought 
and faecal specimens are taken, an increase in the number of referrals may be 
noted by the diagnostic laboratories. Where samples give a positive 
microbiological result there is the opportunity to detect increases in cases of that 
diagnosis by the laboratory or the public health department where laboratory 
data are collated.  
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Monitoring disease patterns by laboratory reports is useful but is susceptible 
to biases such as under-reporting, under-detection and changes in laboratory 
methods. These biases will particularly affect geographical comparisons. Many 
waterborne pathogens are also spread by routes of transmission other than water 
and therefore observed increases may not be waterborne. Where no causative 
organism is found, the disease will not be detected through the laboratory 
reporting method. 

In some cases increased surveillance of illness results from the reporting of a 
water contamination incident. However, the quality of the water is usually 
investigated only after a cluster of clinical cases are discovered and water is 
suspected of being a possible route of transmission. By the time disease is 
detected and investigated the water quality may have changed, the flow of 
natural water or the changeover in artificial pools may leave no evidence as to 
the water quality at the relevant time. In addition, routine monitoring of 
recreational sites measures indicator organisms and not pathogens - and is not 
conducted in real time. Furthermore, the microbiological quality of water will 
change during storage, making retrospective analysis of contaminated samples 
very unreliable. 

In some parts of the United States, a comprehensive programme of 
surveillance has been established (see box 3.1). In Milwaukee, Wisconsin for 
example, as a result of the Cryptosporidium outbreak in 1993, a community 
action and response plan was developed in the event of a waterborne disease 
emergency. Specific ‘trigger’ events have been identified (such as breach of the 
total coliform rule, exceedence of surface water standards, breakdown of water 
filtration equipment, unusual number of customer complaints about water 
quality, pathogens found in the treated water, increased reports of diarrhoeal 
illness or laboratory-confirmed cases reported to local health departments); 
levels of response to the trigger events (such as levels of health risk suspected 
and recommended action); and advice about who should be notified in the event 
of an emergency.  

Proctor et al. (1998) compared the advantages and disadvantages of the 
surveillance data available during the outbreak of Cryptosporidium in 
Milwaukee, Wisconsin, the United States. The authors highlighted the 
weaknesses in all proposed waterborne surveillance systems. For example, 
treated water can meet all US water quality standards and yet still contain 
sufficient pathogens to cause a community-wide disease outbreak. Increased 
prevalence of diarrhoeal disease (and other diseases) in some populations need 
to be interpreted with caution because a variety of (gastrointestinal) problems 
can exist in some vulnerable sections of the population such as the elderly or 
immunocompromised. The epidemiological use of drug prescriptions as markers 
of disease have been used in some countries (see for example Maggini et al. 
1991 and Miller et al. 1997).  

 



38 Water Recreation and Disease 

Box 3.1 CDC Waterborne Disease Surveillance System 
 
In the United States, the CDC maintains a database of waterborne disease 
outbreaks. The database is compiled based upon responses to a voluntary and 
confidential survey form that is completed by some state and local public health 
officials. CDC request reports from state and territorial epidemiologists or from 
people designated as the Waterborne Disease Outbreak (WBDO) surveillance 
co-ordinators. CDC and US EPA believe that many disease outbreaks are not 
reported to the CDC and, therefore, are under-represented by the survey. Craun 
et al. (1996) reports that outbreaks are not recognised unless approximately 1% 
or more of the exposed population becomes ill.  

The WBDO surveillance system records outbreaks rather than individual 
cases of a particular disease. An outbreak is constituted as two or more persons 
having experienced a similar illness after exposure to water used for recreational 
purposes (Levy et al. 1998). This stipulation is waived for single cases of 
laboratory confirmed primary amebic meningoencephalitis (PAM). Secondly, 
epidemiological evidence must implicate water as the probable source of the 
illness.  

If primary and secondary cases are distinguished on the outbreak form, only 
primary case counts are included in the total number of cases. If both actual and 
estimated case counts are included on the report form, the estimated count is 
used if the study population was sampled randomly or was calculated using the 
attack rate. 

The surveillance system classifies WBDOs according to the strength of the 
evidence implicating water as the source of the outbreak. The classification 
numbers are based on the epidemiological and water quality data provided on 
the outbreak form. Epidemiological data is weighted more heavily than water 
quality data. The cases with water quality data but no epidemiological data are 
not included in the CDC reports. Recreational waters include swimming pools, 
hot tubs, spas, water parks, and naturally occurring fresh and marine surface 
waters according to CDC. It does not encompass wound infections resulting 
from waterborne organisms such as Aeromonas spp. 

 
No single set of recommended surveillances will be applicable to all 

communities, a combination of surveillance options should be developed 
locally. Proctor et al. (1998) conclude that the most effective waterborne illness 
surveillance systems are those which can easily be linked to laboratory data, are 
flexible in adding new variables, and which show low baseline data variability. 
In addition to the importance of having baseline data for the recognition of 
unusual occurrences, a community-wide plan for critically and systematically 
evaluating the data is as important.  

Illnesses reported by surveillance systems probably represent significant 
underestimates of illness associated with waterborne disease agents (WHO 
2001). The reasons may vary but will include under-reporting of sporadic cases. 
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Outbreaks or sporadic illness occurring due to opportunistic pathogens that may 
be widespread in recreational waters may not be detectable by surveillance 
systems but may cause illness with insidious onset and long incubation periods 
in persons who are immunocompromised. Their limitations notwithstanding, 
surveillance data do yield information on the types of water systems and their 
deficiencies, their water quality, and the disease agents associated with 
outbreaks. These data may be used to evaluate the relative degrees of risk 
associated with different types of water, problems in current technologies and 
operating conditions, and the adequacy of current regulations (Craun et al. 
2002). 

3.3 CREDIBILITY OF ASSOCIATION WITH 
RECREATIONAL WATER 

In this review a 'weight of evidence' approach has been developed to establish 
the credibility of association of an illness with recreational water exposure. The 
approach is based on a framework developed by the Communicable Disease 
Surveillance Centre (CDSC) in the United Kingdom used to assess whether a 
disease was associated with a water-related exposure route (Anonymous 1996). 
The approach takes into account epidemiology, microbiology and water quality 
information. Outbreaks are therefore categorised as being associated with water 
‘strongly’, ‘probably’ or ‘possibly’, identified as below. Anecdotal information 
is not accepted by the CDSC.  

 
Credibility of association with recreational water: 
 
Strongly associated 

• Evidence exists from at least one well-described outbreak where a case 
controlled/cohort study found a significant association with 
recreational water contact.  
Or  

• Descriptive epidemiology suggests a link to recreational water and 
evidence exists to show that the pathogen was isolated from 
recreational waters. 
Or 

• A well-designed prospective epidemiological study of sporadic illness 
found a significant association with recreational water contact.  

Probably associated: 
• Evidence from the literature suggests a biologically plausible 

association between recreational use of water and the disease 
symptoms but no pathogen was isolated from the water at the time of 
investigation. 
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Possibly associated: 

• The pathogen has been isolated from a recreational water body but 
there is no supporting evidence. 
Or 

• Where other evidence suggests that a water route is plausible. 

3.4 EVIDENCE FOR SEVERITY 
Fleisher et al. (1998) undertook the first epidemiological study to assess and 
report the severity of illnesses associated with bathing in recreational waters 
contaminated with domestic sewage. This was based on the results of 
randomized intervention trials at four bathing locations in the United Kingdom 
of acceptable quality according to EU and US EPA criteria. Severity was based 
on three outcome measures – duration of illness, whether or not the individual 
sought medical attention (Table 3.1), and the number of days of normal activity 
lost due to the particular ailment (Table 3.2). The authors concluded that 
gastroenteritis, AFRI, eye and ear ailments cannot be considered as ‘minor’ 
illnesses. 

Table 3.1 Duration of illness and percentage of bathers seeking medical attention 
(Adapted from Fleisher et al. 1998). 

Ailment Mean duration of illness 
(days) 

Percentage of bathers seeking 
medical attention  

Gastroenteritis 4  12.0 
AFRI 6  22.2 
Ear ailments 8  20.9 
Eye ailments 4  4.2 

Table 3.2 Mean number of days of normal activity lost due to bathing-related illness 
(Adapted from Fleisher et al. 1998). 

Ailment Percentage of 
bathers losing at 
least one day 

Percentage of bathers 
losing two days 

Percentage of bathers 
losing three days 

Gastroenteritis 14.7 4 1.4 
AFRI 7.4 14.8 3.7 
Ear ailments 2.3 2.3 2.3 
Eye ailments 4.2 8.3 0 

3.4.1 Severity Index 
For the purposes of this review a simplified index of severity has been created 
and applied wherever possible to the illnesses considered, taking into account 
possible sequelae. The index is limited by the availability of data and does not 
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take into account the probability of infection following exposure. The index is 
designed to help public health professionals prioritize recreational water 
management decisions to reduce the potential for severe disease outcomes. 

The outcome measures used to ascertain the relative severity are case-
fatality rate, average duration of illness, median percentage of cases requiring 
hospitalisation, the frequency of development of sequelae and the severity of 
sequelae. For each component of the severity index a score is given as shown 
in Table 3.3. Data has been used from published reports (as indicated in 
Tables 3.4–3.6) to produce the final scores in Tables 3.7–3.9. In some cases 
data is not available and this has been indicated. Case-fatality from H. pylori 
is unknown for example – median figure given as estimate. 

It should be emphasised that these data are only valid for certain regions of 
the world since not all pathogens are found worldwide, and some data are 
estimates. This gives an indication of the severity and does not take into 
account prevalence. For example, for most people infected by N. fowleri the 
infection is extremely severe. However, the prevalence is low. Ameobic 
encephalitis may result in very severe outcomes, even death, but the 
prevalence of the illness may be very low. The determination of the severity 
of the illness, together with the prevalence of the illness in a given location 
caused by the pathogens described can be useful to allow water quality 
managers to prioritise their management needs. In this context managers must 
apply a risk-benefit approach to management (see Table 3.10 for examples of 
different management actions that might be possible for different types of 
pathogens).  

It should be borne in mind that the spectrum and severity of disease in 
immunocompromised individuals is greater than in immunocompetent people. 
For example, immunocompromised individuals with cryptosporidiosis illustrate 
this since the most severe disease is seen in individuals with defects in the T-cell 
response. People with AIDS suffer from more severe and prolonged 
gastrointestinal disease that can be fatal; in addition, internal organs other than 
the gastrointestinal tract may be affected (Hunter and Nichols 2002). 

The severity of an illness depends on a variety of factors, as discussed in 
section 1.3. When an individual is exposed to a pathogen, a range of health 
outcomes is possible. The person may be infected without noticing any 
symptoms or may become ill with mild symptoms or severe symptoms. This 
effect is true for both healthy and susceptible individuals. The precise health 
outcome for a particular person exposed and a particular pathogen is often not 
predictable. Some pathogens have very specific survival conditions, others are 
very robust. As Tables 3.7–3.9 show the severity of the illness can be 
increased dramatically in immunocompromised persons.  

 



 

 

Table 3.3 Computation of severity score. 
Case-fatality Acute illness Sequelae 

Rate (%) Score Median % 
requiring 

hospitalisation 

Score Duration Score Frequency of   
development 
(% of cases) 

Score Severity  Score 

<1% 1 <1% 1 <48 hours 1 <1 1 No disability 
or interference 
with daily life 

0 

1–3.9% 2 1–5% 2 2–4 days 2 1–5 2 Interferes with 
daily life 

1 

4-5.9% 3 5–10% 3 4–8 days 3 5–10 3 Prolonged 
hospitalisation 

2 

6-7.9% 4 10–20% 4 8–16 days 4 10–20 4 May result in 
death 

3 

8-9.9% 5 >20% 5 >16 days 5 >20 5 
>10% 6  

 

 
 
 



 

 

Table 3.4 Summary of data used to compile severity scores (bacteria). 

Pathogenic 
agent 

Case-fatality rate (%) in 
immunocompetent 
patients 

Case-fatality rate (%) in 
immunocompromised / 
sensitive groups 

Severity of acute illness 
(Median % requiring 
hospitalisation) 

Duration of 
acute illness 

Frequency of 
sequelae (% of cases 
developing sequelae) 

Severity of 
sequelae 

Availability of 
treatment/ 
vaccine 

Campylobacter 
spp.  

0.4% (4 deaths per 1000 
infections) (WHO 2000) 

AIDS patients particularly 
susceptible  

13% (New Zealand Food 
Safety Authority 2001)  

1 day to 3 
weeks (Allos 
and Blaser 
1995) 

0.1% (1 in 1000) 
develop Guillain-Barré 
syndrome (United 
States; Buzby et al. 
1997)  

Interferes with 
daily life 

Antibiotic 
treatment 
available. 

Shiga toxin-
producing E. coli 

0.8% (New Zealand Food 
Safety Authority 2001) 
 

No data available but 
children, the elderly and 
immunocompromised are 
most at risk from developing 
severe complications. 

29.5% (New Zealand 
Food Safety Authority 
2001) 

5 days or less 2–8% will develop 
HUS (Lansbury and 
Ludlam 1997) 

Prolonged 
hospitalisation, 
death 

Antibiotic 
treatment 
available. 

Helicobacter 
pylori 

High if progresses to gastric 
cancer; high (6–10%) if 
haemmorhage from peptic 
ulcer occurs otherwise 
unknown, likely to be low. 

No data found 0.04% (United States; 
CDC 2003a) 

Gastritis lasts 
several days 
to weeks 

15% (WHO 2003) Can result in 
cancer – may 
result in death, 
ulcers also 
debilitating 

Antibiotic 
treatment 
available. 

Legionella spp. 
causing 
Legionnaires 
disease 

15% (Barbaro 2002) 
15–20% (Mandell et al. 
1990) 

80% in immunosuppressed 
patients (Mandell et al. 
1990). 

2–15% (Muder et al. 
1989) 

6–7 days 2–16% (Bohte et al. 
1995) 

Prolonged 
hospitalisation 

Antibiotic 
treatment 
available. 



 

Pathogenic 
agent 

Case-fatality rate (%) in 
immunocompetent 
patients 

Case-fatality rate (%) in 
immunocompromised / 
sensitive groups 

Severity of acute illness 
(Median % requiring 
hospitalisation) 

Duration of 
acute illness 

Frequency of 
sequelae (% of cases 
developing sequelae) 

Severity of 
sequelae 

Availability of 
treatment/ 
vaccine 

Leptospira spp. 1% (WHO 2003) 
14% (Costa et al. 2001) 
22% in Italy (Ciceroni et al. 
2000) 

Elderly at higher risk than 
young. 11–47% in special 
groups (Lopez et al. 2001). 

10 per 10,000 cases 
(WHO 2003) 30–50% 
(Smythe et al. 2000; 
Sasaki et al. 1993) 

10–20 days 5–24% develop aseptic 
meningitis (Arean 
1962; De Brito et al. 
1979) 

May result in 
death 

Antibiotic 
treatment 
available. 

Mycobacterium 
avium 

Low AIDS patients very 
susceptible. Afessa (2001) 
6% case-fatality rate for 
MAC in AIDS patients. 

No data found, estimate 
<1% 

No data 
found 
estimate,   
8–16 days 

No data found Interferes with 
daily life 

Combination of 
treatments often 
required due to 
ability of MAC 
to become drug 
resistant. 

S. typhi 3.5% (WHO 2003)  
<1% with appropriate 
treatment (WHO 2003) 

No data found but case-
fatality rates are higher in 
children less than one year 
old and the elderly (Agarwal 
et al. 2004) 

75% (New Zealand Food 
Safety Authority 2001) 

3–4 weeks 2% develop arthritis 
(CDC 2004a)  
0.5–5% develop 
perforation of the 
bowel (van Basten and 
Stockenbrugger 1994) 
10-15% of those who 
have been ill for more 
than two weeks 
develop complications 
(Parry et al. 2002) 

Interferes with 
daily life 

Vaccination 
Treatment 
including 
chemotherapy, 
antibiotics. 



 

Pathogenic 
agent 

Case-fatality rate (%) in 
immunocompetent 
patients 

Case-fatality rate (%) in 
immunocompromised / 
sensitive groups 

Severity of acute illness 
(Median % requiring 
hospitalisation) 

Duration of 
acute illness 

Frequency of 
sequelae (% of cases 
developing sequelae) 

Severity of 
sequelae 

Availability of 
treatment/ 
vaccine 

Shigella spp. 0.2% (Gerba et al. 1996) 
0.16% (New Zealand Food 
Safety Authority 2001) 
 

No data found. However, 
most deaths due to Shigella 
occur in the very young 
(60% in under fives) or the 
elderly (Clemens et al. 
1999); 
11% in malnourished 
children (Bennish and 
Wojtyniak 1991) 

13.9% (New Zealand 
Food Safety Authority 
2001)  

Average 4–7 
days 

5–10% develop HUS 
(foodborne 
illness.com) 
Reactive arthritis 0.2–
2.4% (Lindsay 1997) 

May result in 
death  

Antibiotic 
treatment 
available. 

Vibrio vulnificus  50% (Tacket et al. 1984) 
7–25% wound infections 
(Levine et al. 1993) 

50% (Lerstloompleephunt 
et al. 2000) 
 

91% (New Zealand Food 
Safety Authority 2001) 
 

3–7 days 50% develop 
bloodstream infections 

Can result in 
death 

Antibiotic 
treatment. 
Surgical 
removal of 
infected limb 
may be 
required. 



 

 

Table 3.5 Summary of data used to compile severity scores (protozoa and trematodes). 

Pathogenic agent Case-fatality rate (%) 
in immunocompetent 
patients 

Case-fatality rate (%) in 
immunocompromised / 
sensitive groups 

Severity of acute illness 
(Median % requiring 
hospitalisation) 

Duration of 
acute illness 

Frequency of 
sequelae (% of 
cases developing 
sequelae) 

Severity of sequelae Availability of 
treatment/ 
vaccine 

C. parvum 0.001% (in the 
Milwaukee outbreak – 
Havelaar and Melse 
2003) 
Low (WHO 2002) 

19% (Connolly et al. 
1988); 46% in AIDS 
patients (Fayer and Ungar 
1986); 61% (CDC 1986) 

15% - based on Milwaukee 
outbreak (New Zealand 
Food Safety Authority 
2001) 
13% (Craun et al. 1998) 

2–3 weeks Very small Interferes with daily life Limited 
treatment 
available. 

Giardia duodenalis 0.1% (Hunter and 
Fewtrell 2001) 

No data found 13% (Lopez et al. 1980) 3 days – 
several weeks 

50–67% (Gerba 
et al. 1996) 

Interferes with daily life Chemotherapy 
available 

Naegleria fowleri High, recovery rare No data found but very 
high 

No data found, likely to be 
close to 100%  

1 week – 10 
days 

No data found, 
estimate 10–20% 

PAM results in almost 100% 
case-fatality rate 
(Anonymous 2002) 

Antibiotic 
treatment 
available, but 
ineffective. 

Schistosomiasis 0.0075% (15,000 deaths 
out of 200 million 
infected persons 
worldwide; WHO 2003) 
 

No data found  No data found, estimate 5–
10% 

Weeks to 
months 

10% (WHO 
2003) 

Progression of liver, kidney, 
or other dysfunction may 
occur for many years after 
transmission has been 
interrupted  

Chemotherapy 
available. 



 

 

Table 3.6 Summary of data used to compile severity scores (viruses). 

Pathogenic 
agent 

Case-fatality 
rate (%) in 
immuno-
competent 
patients 

Case-fatality rate (%) in 
immunocompromised / sensitive 
groups 

Severity of 
acute illness 
(Median % 
requiring 
hospitalisation) 

Duration of 
acute illness 

Frequency of 
sequelae (% of 
cases developing 
sequelae) 

Severity of 
sequelae 

Availability of 
treatment/ 
vaccine 

Adenovirus  No data found, 
estimate 0.001–
0.002%  

48% (Hierholzer 1992) Infection with 
type 4 and type 
5 result in 25% 
hospitalisations 

Pharyngoco-
njunctival fever 
1–4 weeks 

No data found, 
estimate <1% 

May result 
in death 

No specific 
treatment. 

Coxsackievirus No data found, 
estimate 
<0.001% 

No data found but the elderly, the 
very young and the 
immunocompromised are at greater 
risk of becoming seriously ill and 
dying. (Crabtree 1996)  

No data found, 
estimate 5–10% 

No data found, 
estimate three 
weeks 

No data found, 
estimate <1% 

May result 
in death 

No specific 
treatment. 

Echovirus 
(aseptic 
meningitis) 

No data found, 
estimate 
<0.001% 

Death occurred in 33-50% of 
patients with primary antibody 
deficiency exposed to enteroviral 
infection, primarily echovirus 11 
(Halliday et al. 2003) 
 
 

Asceptic 
meningitis, 87% 
(Gosbell et al. 
2000) 

No data found, 
estimate three 
weeks 

No data found, 
estimate <1% 

May result 
in death 

No specific 
treatment. 



 

Pathogenic 
agent 

Case-fatality 
rate (%) in 
immuno-
competent 
patients 

Case-fatality rate (%) in 
immunocompromised / sensitive 
groups 

Severity of 
acute illness 
(Median % 
requiring 
hospitalisation) 

Duration of 
acute illness 

Frequency of 
sequelae (% of 
cases developing 
sequelae) 

Severity of 
sequelae 

Availability of 
treatment/ 
vaccine 

Viral hepatitis 
caused by HAV  

2% (Khauroo 
2003) 
0.6% (adults) 
(Gerba et al. 
1996) 

1.8% among adults >50 years of 
age; persons who have chronic liver 
disease have a high risk of death 
from fulminant HAV (Akriviadis 
and Redeke 1989; Lemon and 
Shapiro 1994) 
1.5 per 1000 in children <5 years of 
age (HepNet 2000) 

13% (New 
Zealand Food 
Safety 
Authority 2001) 

Several weeks – 
months 

Very small No 
disability or 
interference 
with daily 
life 

Vaccination. 
Lifetime immunity 
after early life 
exposure. 

 



 

 

Table 3.7 Severity index applied to selected bacterial pathogens which may be transmitted through recreational waters. 
Pathogen CFR* 

Score 
Acute 
severity 
score 

Acute 
duration 
Score 

Severity 
of 
sequelae 
score 

Frequency 
of sequelae 
score 

Final 
score for 
immuno-
competent 

Final score 
for immuno-
compromised 
(where data 
is available) 

Indication of prevalence or incidence 

Camplylobacter 
spp.  

1 1 2 2 2 8 13 15 cases per 100,000 per year in the United 
States (CDC 2003b)  

Shiga toxin-
producing E. 
coli 

1 5 2 3 2 13 Insufficient 
data 

73,000 cases of E. coli O157 annually in 
the United States (CDC 2004a)  

Helicobacter 
pylori 

3 1 3 3 4 14 Insufficient 
data 

High (50–60% worldwide), responsible for 
80% of stomach ulcers (Duck et al. 2004)  

Legionella spp. 
(causing 
Legionnaires 
disease) 

6 3 3 3 3 18 18 Between 8000 and 18,000 cases of 
Legionnaires’ disease in the United States 
annually (CDC 2004c) 

Leptospira spp. 6 3 4 3 3 19 19 Low, but under reported (Bharti et al. 2003) 
100–200 cases per year in the United States 
(Farr 1995) 
 



 

 

Pathogen CFR* 
Score 

Acute 
severity 
score 

Acute 
duration 
Score 

Severity 
of 
sequelae 
score 

Frequency 
of sequelae 
score 

Final 
score for 
immuno-
competent 

Final score 
for immuno-
compromised 
(where data 
is available) 

Indication of prevalence or incidence 

Mycobacterium 
avium  

1 1 4 1 1 8 11 Incidence between 1 and 2.5 per 100,000 
(Marras and Daley 2002) 

Salmonella 
typhi 

2 5 5 1 2 15 Insufficient 
data 

In the United States about 400 cases occur 
each year, and 70% of these are acquired 
while travelling internationally. Typhoid 
fever affects about 12.5 million persons 
each year in the developing world (CDC 
2004b). 

Shigella spp.  1 2 2 3 2 11 15 18,000 cases reported annually in the 
United States. Actual figure likely to be 
considerably higher (CDC 2003c)  

Vibrio 
vulnificus 
(septic wound 
infections) 

6 5 2 3 5 21 21 Low, but under-reported 

* CFR; case-fatality rate



 

 

Table 3.8 Severity index applied to selected protozoans and trematodes which may be transmitted through recreational waters. 
Pathogen CFR* 

Score 
Acute 
severity 
score 

Acute 
duration 
Score 

Severity 
of 
sequelae 
score 

Frequency 
of sequelae 
score 

Final 
score for 
immuno-
competent 

Final score 
for immuno-
compromised 
(where data 
is available) 

Indication of prevalence or incidence 

Cryptosporidium 
parvum 

1 4 5 1 1 12 17 1.17 in 100,000 people infected in the 
United States although much higher based 
on serological studies (Groseclose et al. 
2002) 

Giardia 
duodenalis 

1 4 3 1 5 14 Insufficient 
data 

Prevalence varies between 3% in developed 
countries (Farthing 1994) and 20% in 
developing countries (Islam 1990) 

Naegleria 
fowleri 

6 5 4 3 4 22 Insufficient 
data 

Low, 1–3 cases per year in the United 
States (Levy et al. 1998) 

Schistosomiasis 1 3 5 3 2 14 Insufficient 
data 

200 million people infected worldwide, but 
in specific regions only (WHO 2003) 

* CFR; case-fatality rate



 

 

Table 3.9 Severity index applied to selected viruses which may be transmitted through recreational waters. 
Pathogen CFR* 

Score 
Acute 
severity 
score 

Acute 
duration 
Score 

Severity 
of 
sequelae 
score 

Frequency 
of sequelae 
score 

Final 
score for 
immuno-
competent 

Final score 
for immuno-
compromised 
(where data is 
available) 

Indication of prevalence or incidence 

Hepatitis A 2 4 5 1 1 13 Insufficient 
data 

1.5 million cases worldwide annually, 
serological evidence suggests 15–100% 
previous exposure, of particular concern for 
travellers from high sanitation to low sanitation 
environments (WHO 2003). 

Echovirus 1 3 5 3 1 13 18 High – around 30 million cases in the United 
States (WHO 2004) 

Coxsackievirus 1 3 5 3 1 13 Insufficient 
data 

High 

Adenovirus 1 5 5 3 1 15 20 High 
         
* CFR; case-fatality rate
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Table 3.10 Management strategies for controlling risks of severe disease outcomes 
associated with recreational water exposure. 

Source of 
Pathogen 

Examples of Pathogen  Management Strategies 

Human 
Excreta* 

Salmonella typhi 
Shigella spp. 
Hepatitis A Virus 
Hepatitis E Virus 
Helicobacter pylori 
Schistosoma spp. 

Close recreational areas subject to 
combined sewer overflow discharges 
after heavy storm events 
Treat sewage to reduce pathogens prior to 
environmental discharge 
Vaccination 
Treatment of infected individuals 
Provide access to adequate sanitation 
facilities and safe drinking water 

Animal 
Excreta* 

Cryptosporidium parvum 
Campylobacter spp. 
E. coli O157 
Leptospira spp. 

Prevent livestock access to waterbodies 
Create vegetative buffer zones between 
farms and waterbodies 
Treat animal manures prior to land-
application 
Use farming methods that reduce soil 
erosion and surface runoff 
Vaccinate domestic animals and livestock 

Naturally 
Occurring 

Naegleria 
Mycobacterium avium 
complex 
Vibrio vulnificus 

Education of recreational water users and 
public health professionals 
Beach warnings 
Create disease surveillance mechanisms 

Naturally 
Occurring 
Situation 
Specific 

Legionella spp. 
Naegleria 

Manage pools, spas, and water 
distribution networks appropriately 
Public education, post warning signs 
where conditions favour growth of 
amoeba 

*Some pathogens may have both human and/or animal sources 
 
The pathogens described in this review are not necessarily found in all 

locations and therefore the risk to recreational users will vary depending on 
location due to the probability of encountering the particular pathogen. 
Schistosomiasis for example, although found worldwide is most prevalent in 
sub-Saharan Africa, southern China, the Philippines, and Brazil.  

For some of the pathogens included in this review the only reasonable option 
available to managers is to introduce risk communication in the recreational 
water area where the pathogen is known to reside. The severity index could be 
used to indicate the need to develop educational materials for susceptible sub-
populations. For example, signs could be posted at recreational areas to warn 
immunocompromised individuals about possible hazards, especially if the water 
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is prone to contamination from human or animal wastes during storm events. 
Or, doctors could be warned to look for specific diseases in vulnerable groups. 

For others, wastewater treatment interventions would reduce the risk to 
recreational users. However, the costs may be prohibitive or may divert 
resources away from other priorities. Management recommendations to prevent 
the transmission of infectious diseases through water use are described in the 
WHO Guidelines for Safe Recreational Water Environments, volumes 1 and 2 
(WHO 2003; WHO 2005). 

3.5 SUMMARY 
The use of water for recreational purposes poses a number of health risks which 
depend on factors such as the nature of the hazard, the characteristic of the water 
body and the immune status of the user. Although evidence from outbreak 
reports and other epidemiological evidence have proven a link between adverse 
health effects and immersion in poor quality recreational water, most illness is 
mild and self-limiting and not reported. Illnesses reported by surveillance 
systems are probably underestimates of illness associated with waterborne 
disease agents.  

Even where illness is severe, it may still be difficult to attribute it to 
recreational water exposure due to the large number of other transmission routes 
of the pathogens in question. Nevertheless, evidence does exist to show that 
although much less frequent, more serious and potentially fatal disease is also a 
risk to recreational users of water.  
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4 
Bacteria 

 

This chapter summarises the evidence for bacterial illnesses acquired through 
ingestion or inhalation of water or contact with water during water-based 
recreation. The organisms that will be described are: Campylobacter spp., E. 
coli O157, Helicobacter pylori, Legionella spp., Leptospira spp. Mycobacterium 
avium complex, Salmonella spp, Shigella spp, and Vibrio vulnificus. The 
following information for each organism is presented: general description, 
health aspects, evidence for association with recreational waters and a 
conclusion summarising the weight of evidence.  
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CAMPYLOBACTER 
Credibility of association with recreational water: Probably associated 

I Organism 
Pathogen 
Campylobacter spp.  

Taxonomy 
Gram-negative, non-spore forming, curved, S-shaped or spiral rods belonging to 
the family Campylobacteraceae. There are 15 species associated with the genus 
Campylobacter. The organisms are slender, spirally-curved Gram-ngative rods.  

Reservoir 
Most species of Campylobacter are adapted to the intestinal tract of warm-
blooded animals. It is thought that a large number of gulls carry Campylobacter 
spp. (Levesque et al. 2000). The large reservoir in animals, particularly poultry 
is probably the ultimate source for most infections in humans (Park 2002).  

Distribution 
Worldwide. 

Characteristics 
Campylobacter appear in a variety of environments. Campylobacter has been 
shown to be able to enter a viable but dormant state to overcome adverse 
conditions (Talibart et al. 2000). The organisms grow optimally in the 
laboratory in atmospheres containing 5% oxygen. They have a restricted 
temperature growth range, growing optimally at 42oC and do not grow at 
temperatures below 30oC, unless associated with amoeba (Axelsson-Olsson et 
al., 2005). They do not survive in dry conditions and are sensitive to osmotic 
stress (Park 2002). 

II Health aspects 
Primary disease symptoms and sequelae 
C. jejuni and C. coli are a major cause of acute enterocolitis in humans. C. 
enteritis is the most common form of infective diarrhoea in most developed 
countries of the world (Skirrow 1991). C. jejuni has been reported to produce a 
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cholera-like enterotoxin (Calva et al. 1989). Most symptomatic infections occur 
in infancy and early childhood. Clinical symptoms of C. jejuni infection are 
characterised by cramps, abdominal pain, diarrhoea (with or without blood or 
faecal leukocytes), chills and fever, which are self-limited and resolve in three to 
seven days. Relapses may occur in 5% to 10% of untreated patients.  

Most infections do not require treatment. However, treatment with antibiotics 
does reduce the length of time that infected individuals shed the bacteria in their 
faeces.  

Evidence shows an association of campylobacter infection with acute 
inflammatory demyelinating polyneuropathy – known as Guillain-Barré 
syndrome (Kaldor and Speed 1984; Winer et al. 1988). Approximately 1 in 
1000 diagnosed infections leads to Guillain-Barré syndrome, a paralysis that 
lasts weeks to months and usually requires intensive care. Approximately 5% of 
patients with Guillain-Barré syndrome will die (Alketruse et al. 1999). Although 
rare, a number of cases are described in the literature (see for example, Colle et 
al. 2002; Kuwabara et al. 2002). It begins several weeks after the diarrhoeal 
illness in a small minority of campylobacter victims. Guillain-Barré syndrome 
occurs when a person's immune system makes antibodies to campylobacter and 
these antibodies attack components of the body's nerve cells because they are 
chemically similar to bacterial components. Guillain-Barré syndrome begins in 
the feet and spreads up the body. Prickling sensations lead to weakness that may 
lead to paralysis. It lasts for weeks to months and often requires intensive care. 
Full recovery is common, however victims may be left with severe neurological 
damage and many patients are left with residual signs such as loss of strength 
and fatigue and in some cases loss of libido. Approximately 15% of people with 
Guillain-Barré syndrome remain bedridden or wheelchair-bound at the end of 
one year (Bernsen et al. 2002). 

Studies have also shown an association between infection with 
campylobacter and acute motor neuropathy, particularly in northern China, 
although it may occur in other parts of the world (Wirguin et al. 1997).  

Miller Fisher syndrome is another, related, neurological syndrome that can 
follow campylobacteriosis and is also caused by immunologic mimicry. In 
Miller Fisher syndrome, the nerves of the head are affected more than the nerves 
of the body. Kuroki et al. (2001) have reviewed three cases of ophthalmoplegia 
associated with C. jejuni. 

A fourth chronic condition that may be associated with campylobacter 
infection is an arthritis called Reiter's syndrome. This is a reactive arthritis that 
most commonly affects large, weight-bearing joints such as the knees and the 
lower back. It is a complication that is strongly associated with a particular 
genetic make-up; persons who have the human lymphocyte antigen B27 (HLA-
B27) are most susceptible. Reactive arthritis following infection has been 
reported in numerous case reports or series and was recently reviewed by 
Nachamkin (2002) and Skirrow and Blaser (2000).  
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Campylobacter may also cause appendicitis or infect the abdominal cavity 
(peritonitis); the heart (carditis); the central nervous system (meningitis); the 
gallbladder (cholecystitis); the urinary tract and the blood stream (Ang et al. 
2001). It can cause life-threatening sepsis in persons with compromised immune 
systems. Other clinical manifestations of C. jejuni infections in humans include 
septic arthritis, meningitis and protocolitis secondary to C. jejuni. 

Fatality from C. jejuni generally only occurs in infants, elderly individuals, 
and patients with significant co-morbidities (Alketruse et al. 1999). However 
there has been at least one reported maternal fatality, secondary to shock and 
respiratory failure, occurring 11 days after the death of the foetus and 17 days 
after the onset of symptoms (McDonald and Gruslin 2001). 

Exposure/mechanism of infection 
Infection occurs through the consumption of infected meat or through water 
contaminated with the excreta of infected animals. Faecal–oral or person-to-
person transmission of C. jejuni has been reported. The initial site of 
colonisation is the upper small intestine. C. jejuni multiplies in human bile. The 
bacteria colonises the jejunum, ileum, and colon (Mandell et al. 1990). 

Disease incidence 
Even though surveillance is very limited, it is thought that campylobacter is the 
leading cause of acute infectious diarrhoea in most industrialised countries 
(McDonald and Gruslin 2001). The incidence of C. enteritis differs from 
country to country and even among different regions of the same country, and 
has seasonal peaks in spring and summer (Skirrow 1990). Virtually all cases 
occur as isolated, sporadic events, not as a part of large outbreaks. Over 10,000 
cases are reported to the United States CDC each year, equalling approximately 
six reported cases for each 100,000 persons in the United States population. 
Many more cases go undiagnosed or unreported. In the United States, disease 
caused by C. jejuni or C. coli has been estimated to affect seven million people 
annually, causing between 110 and 511 deaths and costing between $1.2 and $6 
billion (Buzby and Roberts 1997).  

The campylobacter sentinel surveillance scheme of England and Wales 
reported 7360 laboratory confirmed cases of campylobacteriosis in the year that 
it was established (CDSC 2000a). Of these 3% had consumed river, stream or 
spring water although it does not specify whether this was during the course of 
recreational activities. In this first year of surveillance reported cases were ill for 
a total of 79,090 days (mean 11 days) and 732 patients (10% of the total) 
required admission to hospital for at least 3048 days (mean five days). There 
were 5107 cases off work or unable to undertake their normal activities for a 
total of 38,769 days (mean eight days) (CDSC 2000a). 
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Incubation period 
The incubation period for the diarrhoeal disease is usually two to four days 
(Hunter 1998). 

Infectivity  
Human volunteer studies have shown that the infective dose is between 500 
organisms (Robinson 1981; Park 2002) and 1000 (WHO 2004a), although most 
natural infections probably require at least 104 organisms (Hunter 1998).  

Sensitive groups 
Campylobacter cases with AIDS have been shown to have higher rates of 
bacteremia and hospitalisation than Campylobacter cases without AIDS 
(Sorvillo et al. 1991). Human immunodeficiency virus also predisposes to 
recurrent infection. Fatality from C. jejuni generally only occurs in infants, 
elderly individuals, and patients with significant co-morbidities (Alketruse et al. 
1999).  

III Evidence for association of campylobacter with 
recreational waters 

C. jejuni is one of the most common causes of bacterial gastroenteritis and 
chronic sequelae (Nachamkin 2002) and has been increasingly found in sewage 
and isolated from surface waters on many occasions (Lambert et al. 1998; 
Pianetti et al. 1998; Eyles et al. 2003) including from EU bathing waters 
(Brennhovd et al. 1992; Arvanitidou et al. 1995). This is not surprising since 
many domestic animals and waterfowl have been shown to shed this pathogen 
in their faeces contributing to the microbiological degradation of recreational 
waters (Levesque et al. 2000; WHO 2004a). In addition, any water that has been 
contaminated with human wastes has the potential to contain C. jejuni 
(Arvanitidou et al. 1995).  

C. lari is also reported to be a causal agent of gastroenteritis (Mishu et al. 
1992) and waterborne outbreaks have been attributed to it (Broczyk et al. 1987). 
Obiri-Danso and Jones (2000) isolated thermophilic camplyobacter (C. lari and 
urease positive thermophilic campylobacters) in intertidal sediments on three 
EU bathing beaches in the United Kingdom. Counts were higher in winter 
months. A similar seasonal pattern was found by Jones et al. (1990) who 
investigated campylobacter counts in seawater in Morecambe Bay – an EU 
designated bathing beach in the United Kingdom. Campylobacter spp. was 
thought not to survive for more than a few hours in the winter and for only a few 
minutes in the summer (Obiri-Danso and Jones 1999). However, there is 
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evidence to suggest that Campylobacter spp. can survive in a viable but non-
culturable form under adverse environmental conditions (Rollins and Colwell 
1986). Beach sediment may therefore act as a reservoir for campylobacters in 
winter months.  

No cases of illness from campylobacter associated with recreational waters 
were recorded by the CDC surveillance system between 1986 and 2002. In 
March 1999, an outbreak of C. jejuni was associated with a private pool in 
Florida, United States that did not have continuous chlorine disinfection and 
reportedly had ducks swimming in the pool (Lee et al. 2000a). Lund (1996) 
showed that C. jejuni is more sensitive to chlorine than most other waterborne 
pathogens and E. coli, indicating that it may easily be controlled in swimming 
pools by present disinfection practices. 

IV Conclusions 
Campylobacter spp. have been isolated from recreational waters on many 
occasions. However, few cases of illness have been reported through this route. 
Recreational waters exposed to animal and human waste are most likely to be 
contaminated with campylobacter.  
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E. COLI O157 
Credibility of association with recreational water: Strongly associated 

I Organism 
Pathogen 
E. coli O157.  

Taxonomy 
E. coli belongs to Family Enterobacteriaceae. The family consists of 15 genera, 
each are classified by serotyping its H and O antigens. Most of the E. coli that 
are found in the human intestine are harmless but five pathogenic groups of E. 
coli cause disease in humans (Table 4.1).  
 
Table 4.1 Pathogenic groups of E. coli causing disease in humans (Adapted from Kuntz 
and Kuntz 1999) 
 
Classification of infection Abbreviation Main symptoms of infection 
Enteroaggregative E. coli EaggEC Diarrhoea 
Enterohaemorrhagic E. coli EHEC Diarrhoea, bloody diarrhoea, HUS, 

Thrombotic thrombocytopenic purpura 
(TTP) 

Enteroinvasive E. coli EIEC Bloody diarrhoea 
Enteropathogenic E. coli EPEC Diarrhoea 
Enterotoxigenic E. coli ETEC Diarrhoea, Ileitis 

 
Verocytotoxin-producing E. coli (or EHEC) produce potent toxins 

(verocytotoxin or Shiga-like toxin) and can cause severe disease in man (Clarke 
2001). EHEC are responsible for a range of illnesses which may be severe and 
sometimes fatal, particularly in infants, young children and the elderly. 
Although EHEC strains are in a wide range of O serogroups, the most important 
one associated with human disease is O157. The significance of EHEC 
belonging to many of the other serogroups requires further evaluation (Kuntz 
and Kuntz 1999). 

Verocytotoxin has been identified in stool samples from children with HUS, 
thus linking infection with EHEC to this life-threatening condition (Kuntz and 
Kuntz 1999).  
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Reservoir 
The main reservoir for EHEC is the intestine of healthy cattle although there 
have been several reports of these organisms in sheep and other animals (WHO 
2004b). E. coli is an enteric organism. Most ECEH outbreaks in north America 
and the United Kingdom have been found to be associated with the consumption 
of hamburgers and other beef products (Bell et al. 1994). Infections have also 
been traced to the consumption of raw goat’s milk (Czech Republic; 
Bielaszewska et al. 1997), raw cow’s milk (Germany; Bockemuhl et al. 1990), 
cheese (France; Deschenes et al. 1996), drinking water or swimming in open 
lakes (The Netherlands, Finland; Cransberg et al. 1996).  

Distribution 
E. coli O157 is a pathogen which is of concern worldwide (Jones 1999). EHEC 
was first identified as a human pathogen after two outbreaks occurred in the 
United States (Konowalchuk et al. 1977). Since then outbreaks have been 
reported from various parts of the world including north America, western 
Europe, Australia and Asia (Clark 2001; Cowden 2001; Elliot et al. 2001; 
Yamamoto et al. 2001). 

There appears to be a seasonal variation in occurrence of disease outbreaks 
with peaks in numbers occurring in summer and autumn (Armstrong et al. 1996; 
Lansbury and Ludlam 1997). In a study of ten hospitals from all regions of the 
United States, E. coli O157:H7 was the second or third most commonly isolated 
bacterial enteric pathogen in four hospitals, and its overall isolation rate was 
more than one third of that for Shigella spp. (Slutsker et al. 1997). In the United 
States a geographical distribution has also been recorded with more cases in the 
north than in the south (Slutsker et al. 1997). 

Characteristics 
Characteristics specific to E. coli O157:H7 lend to its ease of transmission. The 
organism is acid tolerant, surviving in conditions with a pH as low as 2. It is 
also extremely cold tolerant, surviving in temperatures lower than 5°C. Three 
distinct virulence factors are important in its pathogenesis: the production of 
Shiga-like toxins which are toxic to human colon and ileum cells; the 
production of a haemolysin which increases the secretion of interleukin-1-beta 
which in turn enhances the toxicity of the shiga toxin towards human vascular 
epithelial cells; and finally E. coli O157:H7 is able to attach to and colonise 
intestinal surfaces (Kuntz and Kuntz 1999).  
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II Health aspects 
Primary disease symptoms and sequelae 
Infection with E. coli O157:H7 is characterised by abdominal cramping and 
bloody diarrhoea. Abdominal tenderness, lack of fever and elevated peripheral 
blood leukocyte counts are also typical of this infection. The most serious 
consequence associated with E. coli O157:H7 is HUS. This is characterised by 
microangiopathic haemolytic anaemia, thrombocytopenia and renal failure. 
Vomiting is also common. Reviews have shown that between 2% and 8% of 
those infected with E. coli O157:H7 will develop HUS (Lansbury and Ludlam 
1997; Rowe et al. 1998). Children are most commonly affected and many cases 
have been described (Lansbury and Ludlam 1997; Rowe et al. 1991).  

Thrombotic thrombocytopenic purpura has also been reported in association 
with EHEC and is more commonly found in adults (Lansbury and Ladlam 
1997). 

Persons who only have diarrhoea usually recover completely. About one-
third of people with HUS have abnormal kidney function many years later, and 
between 10% and 30% require long-term dialysis (Tarr and Hickman 1987; 
Siegler et al. 1994). Another 8% of persons with HUS have other lifelong 
complications, such as high blood pressure, seizures, blindness, paralysis and 
the effects of having part of their bowel removed. Death occurs in between 3% 
and 5% of cases (Martin et al. 1990; Rowe et al. 1991). In one study (Siegler et 
al. 1994) undertaken over a 20-year-period it was found that end-stage renal 
disease or stroke occurred in 11% of HUS sufferers and 5% died. Chronic renal 
sequelae, usually mild, were found on follow-up (median 6.5 years) in 51% of 
survivors. 

Exposure/mechanism of infection 
Main routes of infection are through the consumption of contaminated foods, 
particularly inadequately cooked minced beef (often in the form of hamburgers) 
and milk (unpasteurised and contaminated post pasteurisation). However 
outbreaks also have been associated with other foods including unpasteurised 
apple juice and with water. Other important transmission routes of infection 
with E. coli O157 are direct contact with animals and person-to-person spread, 
both in families and institutional settings. Waterborne transmission of E. coli 
O157:H7 from sources such as recreational waters (Keene et al. 1994), well 
water (Nataro and Kaper 1998) and municipal water systems (Swerdlow et al. 
1992; De Nileon 1998) have been associated with outbreaks. 

Although secondary attack rates are often lower than 10% in large outbreaks, 
they may be as high as 22% in day care and long-term care facilities (Armstrong 
et al. 1996). Secondary cases develop within one to two weeks of the primary 
case (Armstrong et al. 1996). Children shed bacteria in their faeces for 
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prolonged periods, averaging 13 to 17 days compared with between six and 
eight days in adults (Armstrong et al. 1996). Children, therefore, pose a greater 
threat for transmission of organisms.  

Disease incidence 
Varies with age group, with the highest incidence of reporting occurring in 
children aged under 15 years (0.7 cases per 100,000 in the United States) (WHO 
2005a) In the United States, E. coli O157 causes an estimated 250 deaths 
annually (Mahon et al. 1997).  

Incubation period 
The incubation period varies from one to eight days, average three to four days. 

Infectivity 
The infectious dose of E. coli O157:H7 is thought to be very low. Infection is 
linked to the consumption of less than 50 organisms and possibly as low as five 
(Armstrong et al. 1996).  

Sensitive groups 
Affects all ages, higher death rates occur in the elderly, immunocompromised 
and young (Health Canada 2001). 

III Evidence for association of E. coli O157 with recreational 
waters  

Studies have shown that E. coli O157:H7 is able to survive in a viable but non-
culturable state in water (Wang and Doyle 1998). Several outbreaks of E. coli 
O157:H7 have been associated with recreational waters, particularly with 
swimming in freshwater ponds or wading pools (Levy et al. 1998; Wang and 
Doyle 1998). Those reported have identified patients with the development of 
HUS, highlighting the seriousness of this infection to users of recreational 
waters.  

In the summer of 1991, 21 cases of E. coli O157:H7 were reported from 
people who had swum in a lake in Oregon, United States. Of these, seven were 
admitted to hospital and three developed HUS. Illness amongst swimmers was 
associated with swallowing the lake water. No specific source of infection was 
found and it was assumed that the source was other bathers (Keene et al. 1994). 

In May 1992, six cases of infection with E. coli O157 phage type 49 were 
identified in a semi-rural area of Scotland, United Kingdom. One child 
developed HUS. Although the source of infection was not identified, available 
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evidence indicated that a children’s paddling pool was the centre of transmission 
of infection causing the outbreak (Brewster et al. 1994). 

Between 1992 and 1999, 1333 cases of E. coli O157:H7 infection were 
reported to the Wisconsin Division of Public Health, United States. Of these 
8.1% were related to recreational water (Proctor and Davis 2000).  

Between 1995 and 1996, six outbreaks of gastroenteritis were found to be 
caused by E. coli O157 in the United States. In this same time-period WBDO 
were reported more frequently than in previous years and were associated 
primarily with recreational lake water (Levy et al. 1998).  

In July 1995, 12 cases of E. coli O157 infection were identified in children 
who had visited an Illinois, United States, state park with a lake swimming 
beach. Seven cultures were confirmed E. coli O157:H7, three with positive 
serology, one with HUS and culture-confirmed E. coli O157, and one with 
culture-negative bloody diarrhoea. Two families each had two children with E. 
coli O157:H7. Bloody diarrhoea was experienced by nine cases; three cases 
developed HUS and were hospitalised for at least a month each. Case-control 
studies indicated that swimming at the park, taking lake water into the mouth 
and swallowing lake water were risk factors for illness (Anonymous 1996a). 

Four children aged between 1.5 and 3.5 years were admitted to hospital in 
Rotterdam, The Netherlands, with HUS. All four had bathed in the same 
shallow lake within a period of five days along with several hundred other 
people who visited the lake each day. Patients suffered with diarrhoea for 
between 3 and 11 days after swimming and the first clinical signs of HUS 
developed six to seven days after the onset of diarrhoea. Although no O157:H7 
DNA could be detected in lake water samples, the samples were taken 16 days 
after the latest possible date of contamination of the patients and it is thought 
that the micro-organism would no longer be viable (Cransberg et al. 1996). 

Hildebrand et al. (1996) report that six children were infected with E. coli 
O157:H7 in an area of southwest London, United Kingdom, in summer 1993. 
Three children developed HUS and one died. Four of the six cases had visited 
an outdoor paddling pool which had no detectable chlorine levels in half of the 
water samples taken.  

Friedman et al. (1999) report a cluster of gastrointestinal illnesses, including 
one case of HUS and one culture confirmed E. coli O157 infection, after a pool 
party in a park in Atlanta, Georgia, United States. Following interview of a 
cohort of people attending the party and park residents, 18 developed a 
gastrointestinal illness, including ten who met the definition of primary case (the 
first gastrointestinal illness within a household between defined dates in which 
the titre of IgG antibodies to E. coli O157 was elevated). After pool exposure 
was controlled for, no other exposure was significantly associated with primary 
illness. It was revealed that the pool had not been adequately chlorinated. 

Seven children and one adult were infected by E. coli O157 after swimming 
in a public pool in the North-West of England in September 2004. The outbreak 
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happened when the pool’s chlorine levels dropped due to a blocked pump 
(Henry and Chamber 2004). 

IV Conclusions 
Although most outbreaks have been associated with food, a number of 
outbreaks have been reported from recreational use of waters, particularly in 
pools that were not adequately chlorinated. HUS with possible long-term 
sequelae is evident in between 2% and 8% of cases although no follow-up 
studies appear to have been conducted in people who contracted the infection 
from recreational water use. The acute disease tends to be moderately severe 
and of moderate duration.  
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HELICOBACTER PYLORI 
Credibility of association with recreational water: Possibly associated 

I Organism 
Pathogen 
Helicobacter pylori.  

Taxonomy 
H. pylori are small microaerophilic, Gram negative, curved, microaerphilic 
bacteria. H. pylori is the type species of the genus Helicobacter. This genus 
originally contained two species – H. pylori, the human gastric pathogen, and H. 
mustelae, found in the stomach of ferrets. There are now at least 14 species in 
the genus. Two have been associated with gastric disease in humans – H. pylori 
and H. heilmanii.  

Reservoir 
Humans are the natural hosts of H. pylori. It was first isolated in 1982 from 
specimens of human gastric mucosa by Warren and Marshall (1984). 

Distribution  
The bacteria H. pylori is found worldwide.  

Characteristics 
H. pylori is found in the interface between the gastric epithelial cell surface and 
the overlying mucus layer (Carroll et al. 2004). Genotyping studies have shown 
that almost every H. pylori-positive person has an individually distinguishable 
strain (Kuipers et al. 2003). 

II Health aspects 
Primary disease symptoms and sequelae 
Most H. pylori infections are chronic and result in an asymptomatic superficial 
gastritis. Once established the organism persists in most individuals for many 
years. Infection with H. pylori has been linked to chronic gastrointestinal 
disease such as duodenal ulceration. Infection with H. pylori increases the risk 
of gastric or duodenal ulceration by about 50 times (Hunter 1998).  
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In developing countries H. pylori is acquired early in childhood, with 
infection rates of between 50% and 60% by the age of ten and up to 90% in 
adults (Megraud et al. 1989). By contrast in developed countries few infections 
occur in childhood and a gradual increase in prevalence is seen with age – with 
a rate of about 0.5–1% per year, leading to infection rates of between 20% and 
30% by the age of 20 and of about 50% at 50 to 60 years. It is thought that a 
different degree of virulence, or the involvement of co-factors from the host or 
other bacteria in the host, are the reasons that most infected individuals are 
carriers of H. pylori and do not show any clinical symptoms (Dubois 1995). 

Helicobacter spp. has been demonstrated in the liver of most patients with 
cirrhosis and hepatocellular carcinoma. H. pylori and related bacteria such as H. 
hepaticus produce toxins that kill the hepatocytes by a granulating effect on 
liver cell lines (Fagoonee et al. 2001). 

Infection with H. pylori is associated with the development of gastric 
malignancies. Over 95% of patients with duodenal ulcers have H. pylori 
infection. The association between H. pylori and gastric ulcer is slightly less 
strong (Mou 1998). About 80% of patients with non-steroidal, anti-
inflammatory drug-induced gastric ulcers have been infected. Several clinical 
reports have shown that H. pylori peptic gastric infection is a cause of refractory 
iron deficiency anaemia which does not respond to iron therapy and is not 
attributable to the usual causes (Barbarino 2002).  

Epidemiological data suggests that H. pylori may be associated with non-
Hodgkin's lymphoma and with mucosa-associated lymphoid tissue lymphoma 
(Parsonnet et al. 1996). In addition H. pylori may be associated with 
adenocarcinoma (Giesecke et al. 1993; Nguyen et al. 1999). Based on the 
evidence from a number of epidemiological studies which have shown a 
relationship between H. pylori and gastric cancer, the International Agency for 
Research on Cancer working group has classified H. pylori infection as a 
carcinogen (Laurila et al. 1999). Up to 15% (WHO 2003) of infected individuals 
develop the severe sequelae of gastric carcinoma or gastric lymphoma (Jones et 
al. 1999). Elimination of the bacterium may lead to an improvement in the 
histological appearance of the tumour (Hunter 1998).  

The distribution of H. pylori infection and of its related diseases in various 
Asian countries is controversial. Although there is a strong link between H. 
pylori infection and gastric cancer in many countries, such as Japan, there is a 
large intercountry variation in incidence of gastric cancer and H. pylori 
seroprevalence among many Asian countries. For example, the prevalence of H. 
pylori infection is high in India and Bangladesh, but low gastric cancer rates 
have been reported. Factors that may influence the etiology of gastric cancer 
include the genetic diversity of the infecting H. pylori strains and differences in 
the host genetic background in various ethnic groups, including gastric acid 
secretion and genetic polymorphisms in proinflammatory cytokines. These 
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factors, in addition to environmental factors, such as personal hygiene and 
dietary habits, reflect the multifactorial etiology of gastric cancer (Miwa et al. 
2002). 

There have been a number of reports of an association between H. pylori 
infection and non-gastrointestinal diseases. These include diabetes mellitus 
(Oldenburg et al. 1996); chronic headache (Gasbarrini et al. 1997; 1998; Realdi 
et al. 1999); skin disease (Wilson 1995; Murakami et al. 1996); autoimmune 
disorders (De Luis et al. 1998); and immunological disorders (Gasbarrini et al. 
1998).  

Realdi et al. (1999) and Strachan (1998) report an association between H. 
pylori and ischemic heart disease. Since the first report in 1994 until 1997, at 
least 20 epidemiological studies of about 2000 cases in total reported on the 
association of H. pylori antibody titres and human coronary heart disease or 
stroke. However, certain confounding factors such as socioeconomic status 
makes it difficult to say definitively from epidemiological studies whether a 
causal association exists (Danesh et al. 1997).  

A few small studies report that individuals seropositive for H. pylori had high 
plasma concentrations or counts of some markers of inflammation that may also 
be associated with increased risks of vascular disease. However, apart from 
weak correlations with triglycerides and, inversely, with high-density 
lipoprotein cholesterol, no associations have been found between H. pylori and 
other vascular risk factors (Danesh et al. 1997). 

A number of researchers have investigated the possible association between 
H. pylori infection and Sudden Infant Death Syndrome (Pattison et al. 1997; 
Rowland and Drumm 2001). However, Elitsur et al. (2000) and Ho et al. (2001) 
dispute this. This may not be surprising as Sudden Infant Death Syndrome is a 
disease of infants less than one-year-old whereas in developed countries 
infection with H. pylori is rarely seen in this age group. In developing countries 
where infection is seen in lower age groups the incidence of Sudden Infant 
Death Syndrome is low (Thomas et al. 1999). 

Exposure/mechanism of infection 
The exact mode of transmission is unclear but faecal–oral and oral–oral routes 
have been suggested (Velázquez and Feirtag 1999; Engstrand 2001). There have 
been a growing number of reports suggesting that water may be a route for 
spreading H. pylori, particularly in developing countries where management of 
water supplies is poor (Klein et al. 1991; Moreno et al. 2003), but in developed 
countries evidence supports the oral–oral transmission route (Hulten et al. 
1996).  
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Disease incidence 
Prevalence is assumed to be 50% worldwide (Carroll et al. 2004), with higher 
prevalence in developing than developed countries (Dunn et al. 1997). 
Rothenbacher and Brenner (2003) report prevalence in developing countries to 
be very high, with almost all children being infected by a certain age (possibly 
due to lower standards of personal hygiene; Parsonnet 1995), whereas the 
prevalence in developed countries seems considerably lower. Prevalence in 
adults ranges from 10% to 50% in the developed world and up to between 80% 
and 90% in the developing world. It is now thought that prevalence is declining.  

In adults of industrialized countries, an estimated 0.5% of the susceptible 
population becomes infected each year. This incidence has been decreasing over 
time. Thus, adults who currently harbour the organism are more likely to have 
been infected in childhood than adulthood. The incidence of H. pylori infection 
is between 3% and 10% per year in developing countries. 

Incubation period 
Unknown. 

Infectivity 
Based on infection in Rhesus Monkeys, it is estimated that 104 bacteria are 
needed to infect specific-pathogen (H. pylori)-free monkeys (Solnick et al. 
2001). 

Sensitive groups 
A number of determinants of more severe outcomes of the infection have been 
identified. Age of acquisition of H. pylori infection is thought to be one of these. 
Blaser et al. (1995) showed that men who acquired the infection early had an 
increased rate of gastric cancer and gastric ulcer but not duodenal ulcer. This 
implicates that gender is potentially a host factor predisposing to acquisition of 
the infection.  

III Evidence for association of Helicobacter pylori with 
recreational waters 

A number of studies have demonstrated that H. pylori survives in water and in 
biofilms (Mazari-Hiriart et al. 2001) although isolation of H. pylori from water 
systems has been shown to be difficult and there has been only one in vivo 
isolation of H. pylori from an environmental water source (Lu et al. 2002). 
When H. pylori is exposed to variable environmental conditions, changes in 
morphology, metabolism and growth patterns are observed resulting in a viable 
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but non culturable (VNC) coccoid state (Graham et al. 1991; Bode et al. 1993). 
Shahamat et al. (1993) has shown that the VNC form in water is especially 
viable at temperatures between 4 oC and 15 oC. Virulence of this VNC state has 
also been proved (Aleljung et al. 1996; Wang et al. 1997). 

The survival capacity of these organisms in surface water has been found to 
be between 20 and 30 days (Hegarty et al. 1999). H. pylori is readily inactivated 
by chlorine – however, substandard municipal water supplies may be a source of 
H. pylori infection.  

H. pylori has been detected in well water, municipal water and treated water 
in Sweden (Hulten et al. 1998). Mazari-Hiriart et al. (2001) isolated H. pylori 
from canal water and surface water which children use for swimming in 
Xochimilco, Mexico. Goodman et al. (1996) report a study from children in an 
Andean community which found infection with H. pylori was more common in 
those who had swum in rivers, streams or in a swimming pool.  

Apart from these cases no other published cases of infection with H. pylori 
attributed to recreational waters were found in the literature, although Mazari-
Hiriart et al. (2001) and Frenck and Clemens (2003) support the theory that 
water could be one source of H. pylori infection, especially where water is not 
adequately treated. More and more numerous reports show that H. pylori DNA 
can be amplified from faeces samples of infected patients, which strongly 
suggests faecal–to–oral transmission. Therefore, it is possible that H. pylori 
infection is waterbome, but these assumptions need to be substantiated (Leclerc 
et al. 2002). 

IV Conclusions 
Water has been implicated as one mode of transmission of H. pylori although 
the detection of the pathogen has proved difficult. Therefore, it is possible that 
H. pylori infection is waterborne, but these assumptions need to be 
substantiated. Current evidence for its association with recreational waters is 
slight. 

 
Epidemiological 
evidence linking 
recreational water 
use with illness 

Evidence from 
outbreak data 
of illness 
associated with 
recreational 
water 

Documented 
cases of illness 
associated with 
recreational 
water 

Documented 
cases of 
sequelae (in 
any situation) 

Helicobacter 
pylori 

None None √ √ 
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LEGIONELLA 
Credibility of association with recreational water: Strongly associated 

I Organism 
Pathogen 
Legionellae.  

Taxonomy  
The legionellae consist of a single taxonomic group of related organisms 
comprising the family Legionellaceae, containing the genus Legionella. Two 
other genera have been proposed – Fluoribacter, containing L. bozemanii or L. 
dumoffii, and Tatlockiea, containing L. micdadei. At least 42 species of 
Legionella have been described (WHO 2004a). 

L. pneumophila serogroup 1 is the type species and most frequently 
associated with Legionnaires’ disease (Molmeret et al. 2001). Twenty species of 
legionella have been associated with human disease (Table 4.2). 

Reservoir 
Legionella spp. are naturally occurring aquatic organisms which have been 
isolated from natural freshwaters, including rivers, streams and lakes ranging in 
temperature up to 60 oC. They have also been isolated from waters in human 
environments polluted by man such as sewage-contaminated waters (Fewtrell et 
al. 1994).  

Distribution  
Distribution is worldwide but variations of the species/serogroups have been 
noted in a number of countries at different times (Bhopal 1993).  

In 1988, L. micdadei accounted for the majority of cases of legionellosis 
reported in Victoria, Australia. In the United States, New Zealand and New 
South Wales, L. micdadei has been the most common non-pneumophila species 
implicated. In South Australia in 1988, of a total of 26 cases of legionellosis, L. 
longbeachae was identified in 20 and L. pneumophila in 6. In Victoria, 
Australia, of the 53 cases of legionellosis reported in the years 1983 to 1988, L. 
pneumophila was implicated in 40 cases and L. micdadei in 10 (Bhopal 1993). 
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Table 4.2 Species of legionella associated with disease in humans (adapted from Hunter 
1998; Surman et al. 2005) 

 
Species Serogroup 
L. anisa  
L. birminhamensis  
L. bozemanii 2 
L. cincinnatiensis  
L. dumoffii  
L. erythra  
L. feeleii  
L. gormanii  
L. hackeliae 2 
L. jordanis  
L. lansingensis  
L. longbeachae 2 
L. macaechernii  
L. micdadei  
L. oakridgensis  
L. parisiensis  
L. pneumophila 16 
L. sainthelensi 2 
L. tusconensis  
L. wadsworthii 1 

Characteristics  
The legionellae can be distinguished from other bacteria by phenotypic and 
genetic properties – Gram-negative staining, non-fermentative metabolism, a 
requirement for growth in-vitro of L-cysteine and iron salts and the possession 
of branched chain cellular fatty acids. Legionellae are rod-shaped bacteria, 0.3–
0.9 µ in width, and approximately 1.3 µ in length when grown in vivo, growing 
filaments up to 20 µ in length when grown in vitro. Significant multiplication of 
these bacteria occurs in the temperature range 25–50 oC (WHO 2004a).  

Legionella bacteria have been shown to be very resistant to environmental 
factors. Long term persistence (up to ten years) of the same L. pneumophila 
serogroup 6 strain in a hospital water distribution system in France, and its 
association with sporadic cases of infection, has been reported (Lawrence et al. 
1999). 

Legionella bacteria will not grow in sterilised samples of the water from 
which they have been isolated. This suggests that they are part of a microbial 
ecosystem where they are nourished and protected. They are detected in higher 
numbers after other micro-organisms have developed and formed microbial 
communities in sediments, soils and biofilms. Fields (1993) has shown that in 
their natural habitat, freshwater and soil, growth of Legionella bacteria do 
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require the presence of other bacteria or protozoa, which are considered to be 
natural hosts of legionellae. Uptake by ameoba such as Naegleria fowleri and 
survival of L. pneumophila is influenced by environmental conditions such as 
temperature (Newsome et al. 1985). The growth kinetics of L. pneumophila 
within ameoba such as Acanthameoba spp. and Hartmannella spp. vary 
according to the bacterial strain and factors such as the number of subcultures of 
the strain. Tison (1980) showed that L. pneumophila is significantly more stable 
when suspended in the fluid in which cyanobacteria had grown.  

II Health aspects 
Primary disease symptoms and sequelae  
Legionnaires’ disease (pneumonic legionellosis) is defined by the UK Health 
Protection Agency (http://www.hpa.org.uk) as a clinical diagnosis of pneumonia 
with microbiological evidence of infection with L. pneumophila serogroup 1, or 
a clinical diagnosis of pneumonia with microbiological evidence of infection 
with other L. pneumophila serogroups or other legionella species. 

The term legionellosis includes Legionnaires’ disease, which is a pneumonic 
illness, and non-pneumonic Pontiac fever. These are cases with microbiological 
evidence of legionella infection (confirmed or presumptive) and symptomatic 
respiratory illness but without evidence of pneumonia.  

The first known infection with Legionnaires’ disease was in 1957 in 
Minnesota, United States (Evenson 1998), but Legionnaires’ disease first 
became publicly acknowledged in 1976 after an outbreak in Philadelphia, 
United States at an American Legion Convention in the Bellevue Stratford 
Hotel. A total of 221 cases of pneumonia and 34 deaths occurred. The outbreak 
was traced back to a cooling tower (Sanford 1979). Retrospective studies have 
shown that a number of outbreaks of pneumonia are now known to have been 
caused by legionella bacteria. 

Typical symptoms of Legionnaires’ disease are fatigue, fever, severe 
headache, muscle pain, chills, redness in the eyes, abdominal pain, jaundice, 
haemorrhages in the skin and mucous membranes, pneumonia, vomiting, severe 
prostration and mental confusion. The patient usually has a high temperature 
(102–105 oC). Diarrhoea is found in around 50% of patients and nearly 25% of 
patients show changes in mental status. Recovery is slow. Respiratory failure is 
a major cause of fatality in patients with Legionnaires’ disease (Roig et al. 
1993). 

Sequelae include pericarditis (Ghannem et al. 2000), pleurisy (Taviot et al. 
1987), myocarditis (Armengol et al. 1992), pyelonephritis, pancreatitis, and 
liver abscesses (Edelstein and Meyer 1984; Nguyen et al. 1991), empyema, 
pulmonary complications (Mamane et al. 1983), hypotension, shock, 
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disseminated intravascular coagulation (Finegold 1988), thrombocytopenia 
(Larsson et al. 1999) and renal failure (Smeal et al. 1985). Andersen and 
Sogaard (1987) report evidence of cerebral abscess in a patient with 
serologically proven acute infection with legionella bacteria. Loveridge (1981) 
reports an association with arthritis, and seizures in patients with Legionnaires’ 
disease have been reported by Peliowski and Finer (1986).  

Exposure/mechanism of infection 
Approximately 25% of cases of Legionnaires’ disease are nosocomial in origin, 
the rest are community-acquired (Evenson 1998). 

Legionella bacteria are thought to enter the lung via direct inhalation of 
aerosols. It is also thought that infection by aspiration following ingestion of 
contaminated water is common, particularly in people with damaged respiratory 
tracts, i.e. those with pre-existing lung disease or smokers. Once the bacterium 
enters the lung it replicates within alveolar macrophages until the cell ruptures 
and the bacteria are released into the lung where the cycle of multiplication 
continues.  

There has been no proven person-to-person transmission of legionella 
bacteria although there was one suspected case in Glasgow, United Kingdom, in 
1974. A general practitioner was treated for pneumonia. The clinical features 
suggested infection with Mycoplasma pneumoniae, Chlamydia B or Coxiella 
burnetii, but the serology was negative. The doctor himself was sure that he had 
contracted the infection from a patient whom he had seen two weeks before and 
had sent to hospital with severe pneumonia which had developed during a 
holiday abroad. Sera taken from the patient during his illness have proved, in 
retrospect, that he had Legionnaires’ disease. No acute-phase serum was 
available from the general practitioner, but a sample taken more than three years 
later had an antibody of 1:512. This is strong circumstantial evidence of a case-
to-case transmission (Love et al. 1978). 

Disease incidence 
Legionnaires’ disease is thought to be the second most frequent cause of 
community-acquired pneumonia (Thi Minh Chau and Muller 1983). Helms et 
al. (1980) conducted an investigation in a rural community and found that serum 
antibodies against L. pneumophila serogroup 1 were found in 13.2% of the 
persons investigated. This suggests that infections with L. pneumophila are 
more frequent than estimated from outbreak reports. This could be due to 
misdiagnosis of flu-like symptoms and/or sub-clinical infection.  

Outbreaks of Legionnaires’ disease often receive significant media attention. 
However, this disease usually occurs as a single, isolated case not associated 
with any recognised outbreak. When outbreaks do occur, they are usually 
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recognised in the summer and early autumn, but cases may occur year-round. 
Mortality is approximately 40% in patients with nosocomial infections and may 
be higher in immunosuppressed patients. Mortality from community-acquired 
infection ranges from 5% to 20% (Evenson 1998). In outbreaks of Pontiac fever 
attack rates up to 95% have been reported (Gotz et al. 2001). 

An estimated 8000 to 18,000 people get Legionnaires’ disease in the United 
States each year. Surveillance data from the CDC show that less than 10% of 
estimated cases are reported to local and state health officials (Anonymous 
2004). 

Surveillance data from Sweden record between 40 and 80 cases of 
Legionnaires’ disease annually, half of them infected abroad (Gotz et al. 2001).  

In Germany it is estimated that there are between 6000 and 7000 cases of 
pneumonia caused by legionella bacteria annually, with a death rate of between 
15% and 20% (Thi Minh Chau and Muller 1983).  

Between 1980 and 2000, 3,844 cases of Legionnaires’ Disease were reported 
to the CDSC from residents in England and Wales; an average of 183 cases a 
year. Of these 43% of the cases were associated with travel abroad, 46% were 
community-acquired infections, 4% were associated with travel in the United 
Kingdom and 7% were linked to hospital-acquired infection (CDR 1991; Lee 
and Joseph 2002).  

Incubation period 
The incubation time for Legionnaires’ disease is between three and six days 
(WHO, 2004a), although it may extend to ten days (Surman et al. 2005) but 
only one to two days for Pontiac fever. With Legionnaires’ disease there is a 
sudden onset of symptoms.  

Infectivity 
The infective dose for humans is thought to be small – only a few or a single 
micro-organism. This is concluded from the fact that affected people are 
frequently found to have been exposed to contaminated aerosols generated at a 
considerable distance from them. In addition to the presence of a virulent micro-
organism and a susceptible host, other unknown factors may be necessary for 
infection. 

Sensitive groups 
Legionnaires’ disease usually affects individuals who are susceptible to the 
disease, i.e. the immunocompromised, typically smokers or those with lung or 
heart disease, and the elderly, males and alcoholics (Finegold, 1988; Nguyen et 
al. 1991). A person's risk of acquiring legionellosis following exposure to 
contaminated aerosols depends on a number of factors, including the nature and 
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intensity of exposure and the exposed person's health status (Le Saux et al. 
1989). Persons with chronic underlying illnesses, such as haematologic 
malignancy or end-stage renal disease, are at markedly increased risk for 
legionellosis (Bock et al. 1978; Kirby et al. 1980; Hoge and Breiman 1991). 
Persons in the later stages of AIDS are also probably at increased risk of 
legionellosis, but data are limited because of infrequent testing of patients. 
Nosocomial Legionnaires’ disease has also been reported among patients at 
children's hospitals (Brady 1989).  

Underlying disease and advanced age are not only risk factors for acquiring 
Legionnaires’ disease but also for dying from the illness. In a multivariate 
analysis of 3524 cases reported to CDC between 1980 and 1989, 
immunosuppression, advanced age, end-stage renal disease, cancer, and 
nosocomial acquisition of disease were each independently associated with a 
fatal outcome (Marston et al. 1994). The mortality rate among 803 persons with 
nosocomially-acquired cases was 40% compared with 20% among 2721 persons 
with community-acquired cases (402), probably reflecting increased severity of 
underlying disease in hospitalised patients.  

III Evidence for association of Legionnaires’ disease with 
recreational waters 

Most of the reported cases of Legionnaires’ disease contracted from the 
recreational use of water are associated with the use of hot tubs (see below), 
although there are also a number of reported cases from the use of swimming 
pools and open waters.  

Marine water is not a favourable environment for the growth of Legionella spp. 
It is suggested that sodium chloride is inhibitory to the growth of L. 
pneumophila. L. pneumophila are far more likely to be found in freshwaters 
especially where the temperature is higher. Legionellae tolerate chlorine much 
better than E. coli (Kuchta et al. 1983) and the resistance is further enhanced by 
inclusion in ameobae or by growth in biofilms, therefore disinfection of 
recreational waters with chlorine is not an effective method of protection. The 
resistance of Legionellae to ozone is comparable with that of E. coli or 
Pseudomonas aeruginosa (Domingue et al. 1988). Table 4.3 shows published 
reports of the occurrence of Legionella spp. in recreational waters. 
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Table 4.3 Reported occurrence of Legionella spp. in recreational waters. 
 
Country Reference Notes 
Bulgaria Tomov et al. 1981 

 
Isolation of legionella bacteria from a 
small mineral lake 

Canada Dutka and Evans 1986  Isolation of legionella bacteria from 
Canadian hot springs 

United States Cherry et al. 1982  Legionella jordanis: isolated from river 
water and sewage 

United States Palmer et al. 1993 Detection of Legionella spp. in sewage 
and ocean water 

Puerto Rico Ortiz-Roque and Hazen 
1987 

Abundance and distribution of 
Legionella spp. in Puerto Rican waters 

Japan Yabuuchi et al. 1994 Legionella spp. in hot spring bath water 
Germany Althaus 2000 Legionella spp. in drinking, bathing and 

warm water 
Germany Seidel 1987 Presence of Legionella spp. in water 

from warm spring pools 
Italy Leoni et al. 2001  Swimming pool water and showers 

showed signs of Legionella spp. 
Italy Martinelli et al. 2001 Water samples collected at three thermal 

spas 
Italy Sommese et al. 1996  Presence of Legionella spp. in thermal 

springs in Campania 
Denmark Jeppesen et al. 2000 Legionella pneumophila in pool water 
England Groothuis et al. 1985  Legionella spp. in hot tubs 
Japan Kuroki et al. 1998 Isolation of Legionella spp. at hot spring 

spas in Kanagawa, Japan 
Japan Kuroki et al. 1998 Occurrence of Legionella spp. in hot 

tubs 
 
In Puerto Rico several species, including L. bozemanii, L. dumoffii, L. 

gormanii, L. longbeachae, L. micdadei and L. pneumophila, were found to be 
widely distributed in open waters, with the highest densities reported in sewage-
contaminated waters (Ortiz-Roque and Hazen 1987). 

Surveillance data 
The European Surveillance Centres for Legionnaires’ disease provided the 
following data concerning known cases of legionellosis associated with 
recreational waters.  

 
Denmark 
One case was reported by the Statensserum Institut, Department of 
Epidemiology. This was reported in January 1995, and a hot tub was the 
probable source of infection. 
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England and Wales 
Laboratory surveillance data from England and Wales is available from 1980. A 
total of 29 cases of Legionnaires’ disease and two cases of Pontiac fever were 
associated with recreational waters – all hot tubs – between 1980 and 2001 
(Table 4.4).  
 
Table 4.4 Outbreaks of Legionnaires’ disease in England and Wales associated with 
recreational water activities 1980–2001 (Source: CDSC, England and Wales, personal 
communication). 
 
Month/ year Source No. of cases No. of deaths 
May 1984 Hot tub 23 Legionnaires’ disease 0 
June 1992 Hot tub One Legionnaires’ disease and one 

Pontiac fever 
0 

August 1998 Hot tub Five Legionnaires’ disease and one 
Pontiac fever 

1 

 
Spain 
Data was provided from 1993 to 2001. Table 3.5 provides details of cases of 
Legionnaires’ disease associated with recreational waters reported to the Centro 
Nacional de Epidemiología, during this time period, together with the source of 
infection. 
 
Table 4.5 Cases of Legionnaires’ disease associated with recreational waters in Spain 
1993–2001 (Source: Rosa Cano Portero, Sección de Información Microbiológica, Centro 
Nacional de Epidemiología, Spain, personal communication). 
 
Micro-organism Year Cases Deaths Date of 

first case 
Date of last 
case 

Source of 
infection 

L. pneumophila 1 
Pontiac 
Philadelphia 

1993 9 1 22/05/1993 02/06/1993 Hot spring/spa 

L. pneumophila 
2–14 

1998 2 0 20/05/1998  Hot spring/spa 

L. pneumophila 1 1999 11 0 20/05/1999  Spa 
L. pneumophila 
Pontiac 
Knoxville 

1999 11 0 1/04/1999 2/12/1999 Swimming pool 

L. pneumophila 1 2000 3 0 4/08/2000 18/08/2000 Swimming pool/ 
spa 

L. pneumophila 1 2000 5 0 15/09/2000 13/10/2000 Swimming pool 
L. pneumophila 1 2001 2 0 13/05/2001 26/05/2001 Swimming pool 
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Published cases of Legionnaires’ disease associated with 
recreational waters 
Published cases of Legionnaires’ disease or Pontiac fever that are associated 
with recreational waters are shown in Table 4.6. Some specific cases are given 
in the following sections. 

 
Table 4.6 Reported outbreaks of Legionnaires’ disease or Pontiac fever associated with 
recreational waters. 
  
Country Reference Notes 
 WHO 1986  Legionnaires’ disease associated with hot tub 
 Vogt et al. 1987 Legionnaires’ disease and hot tub 
 Jernigan et al. 1996 Outbreak of Legionnaires’ disease on cruise 

from spa use 
 Den Boer et al. 1998  Legionnaires’ disease and saunas 
Australia Anonymous 2000 Outbreak of Legionnaires’ disease 

associated with aquarium 
Denmark Luttichau et al. 1998  Outbreak of Pontiac fever in children after 

hot tub use 
Denmark Luttichau et al. 1999  Pontiac fever following use of hot tub 
France Molmeret et al. 2001 Two cases of Legionnaires disease over 

three years associated with a thermal spa. 
Japan Tominaga et al. 2001  One case of Legionnaires’ disease acquired 

from drinking hot spring water 
Japan IASR 2000 March 2000, 23 cases and 2 deaths from 

Legionnaires’ disease 
June 2000, 43 cases and 3 deaths from 
Legionnaires’ disease associated with 
bathing houses 

Japan Tokuda et al. 1997 Legionnaires’ disease diagnosed in a man 
who drowned in public bath 

Japan Nakadate et al. 1999 An outbreak of Legionnaires disease 
associated with a spa 

Japan Kamimura et al. 1998 Legionella pneumonia caused by aspiration 
of hot spring water 

Netherlands Den Boer et al. 2002 133 confirmed and 55 probable cases of 
Legionnaires’ disease acquired from display 
hot tub 

United 
Kingdom 
(Scotland) 

Goldberg et al. 1989  
Fallon and Rowbotham 
1990 

Hot tub outbreak  

Sweden Gotz et al. 2001  Outbreak of Pontiac fever associated with a 
hotel hot tub 

United 
Kingdom 

McEvoy et al. 2000  Legionnaires’ disease associated with 
exposure to a display hot tub 
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Country Reference Notes 
United States Mangione et al. 1985 Pontiac fever related to hot tub use 
United States Spitalny et al. 1984 Pontiac fever associated with hot tub use 
United States Spitalny et al. 1984 National survey on Legionnaires disease 

outbreaks associated with spas 
United States Benkel et al. 2000  23 laboratory-confirmed cases of 

Legionniares’ disease associated with 
exposure to a display hot tub 

United States Fields et al. 2001 Pontiac fever from a hotel swimming pool 
and hot tub 

United States Tolentino et al. 1996  Hot tub legionellosis 
United States Jernigan et al. 1996  Legionnaires’ disease on cruise ship – hot 

tub  
United States Mangione et al. 1985 Outbreak of Pontiac fever related to hot tub 

use, 14 people affected. 
United States Spitalny et al. 1984  Pontiac fever associated with hot tub. 
 
 

 
Open waters 
A review of the literature did not reveal any cases of Legionnaires’ disease 
associated with marine water exposure. However, freshwater natural aquatic 
habitats are a possible source or reservoir of pathogenic Legionella spp.  
 
Cases of Legionnaires’ disease associated with hot springs/ 
hydrothermal areas 
Hydrothermal areas are particularly suitable for the colonisation of 
Legionella spp. due to the warm water temperatures. Treatment is generally 
not allowed in thermal spas in order to preserve the characteristics of the 
mineral water.  

Several studies have isolated Legionella spp. from spa waters (Bornstein et 
al. 1989; Shaffler-Dullnig et al. 1992; Mashiba et al. 1993; Martinelli et al. 
2001). The large number of samples positive for legionella bacteria indicates a 
potential risk to users of thermal waters, especially those people that are 
undergoing inhalation treatment with thermal water, or those using hot tubs or 
taking a shower.  

Nineteen aquatic sites from three hydrothermal areas on continental Portugal 
and one on the island of Sao Miguel, Azores, were tested for the presence of 
Legionella spp. Water temperatures varied between 22 oC and 67.5 oC, and the 
pH between 5.5 and 9.2. A total of 288 legionella isolates from 14 sites were 
identified. The majority of the isolates belonged to the species L. pneumophila 
(Verissimo et al. 1991).  
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Water samples from 66 thermal springs in the Campania region of southern 
Italy were cultured for Legionella spp. The temperature of the springs ranged 
from 21 oC to 59.5 oC. L. pneumophila, serogroups 7–10, was isolated from 2 
out of 60 sources on the Island of Ischia and L. dumoffii from one mainland 
source. The temperatures of the sources were 35.2 oC, 48.2 oC and 52 oC, 
respectively (Sommese et al. 1996).  

Shaffler-Dullnig et al. (1992) took water samples from hot water springs in 
an Austrian spa, as well as the water distribution system, and from various 
places of consumption of the thermal waters. Over 56% of the samples 
contained L. pneumophila; serogroups 1, 3, and 5 were most frequently 
identified. In this case no legionella bacteria was isolated from the inhalators in 
use.  

A number of studies and cases of Legionnaires’ disease have been reported 
from Japan. A province-wide survey of hot spring bath waters for the presence 
of Legionella spp. and free-living ameobae contamination was carried out by 
Kuroki et al. (1998). In a survey of 30 samples of hot spring baths from 12 sites 
in Kanagawa, Japan, L. pneumophila was detected in 21 water samples from 11 
sites ranging from 101 to 103 cfu/100ml. Naegleria (46.7%), Platyameoba 
(33.3%), Acanthameoba (10.0%) and two other genera of free living ameobae 
were detected.  

In 1993 a case of Legionnaires’ disease was reported in Japan in a patient 
that had visited a hot (42 oC) spring. Water was collected from the bath as well 
as the shower and L. pneumophila serogroup 4 was isolated from the hot spring 
water, but not from the shower water. It was concluded that the patient’s disease 
was contracted through aspiration of contaminated spring water (Mashiba et al. 
1993).  

Another case in Japan is reported of a man who was exposed to the sarin gas 
attack in the Tokyo subway in 1995, and visited a hot spring on the same day 
despite having symptoms such as tightness in the chest, headache, eye 
discomfort and muscle weakness. He developed difficulty breathing and was 
admitted to hospital where he died 71 days later. The post mortem revealed 
redness, edema and fragility of all visible areas of the airway, which was 
thought to be due to bronchitis caused by legionellosis (Kamimura et al. 1998).  

A third case of Legionnaires’ disease is reported from Japan by Yamauchi et 
al. (1998). This case was in a 54-year-old previously healthy woman who 
visited a hot spring spa. Ten days after visiting the hot spring she complained of 
lumbago, high fever and dry cough. She was admitted to hospital and was 
diagnosed with septic shock, disseminated intravascular coagulation and acute 
myocardial infarcation. Serum titre of L. pneumophila (serogroup 1) rose to 
218-fold two weeks after the onset and legionella infection was highly 
suspected. 

Two cases of Legionnaires’ disease have been reported in people who visited 
the same thermal spa in France. The first was in 1994. A 40-year-old man with 
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Still's disease attended a 21-day thermal cure in a thermal spa in the Alpine 
region of France. Five days after returning home he developed severe acute 
pneumonia affecting both lungs. Clinical isolates of L. pneumophila were 
obtained by bronchoalveolar lavage. The man died four days after being 
admitted to hospital. The second case was a 69-year-old man with chronic 
obstructive bronchopneumonia who visited the spa in August 1997. He 
developed fever, cough and dyspnoea 15 days after arriving at the spa. X-ray 
revealed that he had pneumonia. He recovered after 20 days of antibiotics. To 
identify the source of the infection, 11 water samples were collected throughout 
the spa's distribution system. The thermal spa receives water from three natural 
springs and two bore holes. Water from the sources are then mixed and 
distributed throughout the spa’s buildings at various temperatures which are 
optimal for the various uses/treatments. The 11 samples yielded 107 strains of 
legionella. Environmental samples were taken over a two-year-period. 81 strains 
were identified as L. pneumophila and 26 as L. dumoffii.  

Two confirmed cases and six suspected cases of Legionnaires’ disease were 
identified among people who were staying at a natural spa resort in Guipuzcoa, 
Spain between May 1 and May 22, 1999. L. pneumophila serogroup 1 was 
recovered from water samples taken at the spa resort which was closed 
following the discovery of the cases (Cano 1999).  
 
Occurrence or likely occurrence of legionella in swimming pools 
Legionella spp. have been isolated from swimming pool water on a number of 
occasions. Jeppesen et al. (2000) sampled water from 87 pools in Denmark of 
two temperatures (less than 28 oC and greater than 32 oC) and at various parts of 
the pools – from the bottom of the pool, the main body of the pool water and the 
water leaving from the activated carbon filters. Legionella bacteria was not 
detected in any of the samples from the colder pools but 10% of the warm water 
pool samples and 80% of the water from the filters contained legionella bacteria.  

A similar study was carried out by Leoni et al. (2001) who sampled water 
from 12 indoor swimming pools in Bologna, Italy, four times in a year at a 
depth of 50 cm and at four different points one metre from the pool edge, giving 
a total of 48 samples. In addition, 48 samples of hot water were taken from the 
showers associated with the pools. Only two of the swimming pool samples 
were found to be positive for legionella bacteria whereas 27 of the samples from 
the showers were positive for legionella. Several species of legionella were 
isolated, indicating a widespread diffusion of these micro-organisms in the 
environment. Contamination by L. pneumophila found in some of the showers 
reached concentrations as high as 104 cfu/litre, which are levels similar to those 
found in other water systems during outbreaks of legionellosis (Patterson et al. 
1994).  
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Cases of Legionnaires’ disease associated with swimming pools 
There are no reported cases of persons infected with legionella acquired from 
swimming pool water. The only possible case was in Japan where a 57-year-old 
male was admitted to hospital with a high fever, productive cough and dyspnea. 
Six days before admission he had had an episode of near drowning in a public 
bath. Chest X-ray showed wide-spread pneumonia and acute renal failure. He 
died of septic shock. Culture of material obtained from a lung abscess revealed 
L. pneumophila serogroup 6. In addition, rhabdomyolysis was pathologically 
confirmed after autopsy (Tokuda et al. 1997). 

It has been suggested that the more likely potential risk of being infected with 
legionella in swimming pool environments lies with using the showers rather 
than the pool itself, particularly where the showers are poorly maintained. To 
reduce the risk shower water should be stored at 60 oC to reduce the growth of 
Legionella spp. (WHO 2005b). In Germany L. pneumophila has been proposed 
as a parameter for judging the quality of swimming pool water (Hasselbarth 
1992). One issue that should be considered is that swimming pools are used by a 
variety of people of all ages and health including those who may be 
immunocompromised and thus more susceptible to infection from opportunist 
bacteria. Control measures are discussed in detail by Surman et al. (2005). 

 
Occurrence or likely occurrence of legionella in hot tubs and 
saunas 
Hot tubs (shallow pools containing warm water with air injection through holes 
in the bottom or the wall used for relaxation) and saunas, like hot springs, 
provide suitable environments for colonisation by Legionella spp. due to the 
warm temperatures of the environment. The majority of cases of Legionnaires’ 
disease and Pontiac fever associated with recreational waters appear to be 
associated with hot tubs (Table 4.6). A number of studies from around the world 
have demonstrated the frequent presence of Legionella spp. in hot tubs even if 
there was no reported case of Legionnaires’ disease. Groothuis et al. (1985) for 
example, took water samples from hot tubs in The Netherlands with water 
temperatures between 35 oC and 40 oC and free available chlorine less than 0.3 
mg/l, and from 50 swimming pools. L. pneumophila was found in 11 out of 28 
hot tubs tested and from two of the swimming pools investigated. The 
swimming pools had a lower temperature (between 8 oC and 38 oC) than the hot 
tubs, which was given as the explanation for the lower incidence of legionella.  

Kuroki et al. (1998) surveyed hot tubs in 11 private houses, 8 public baths 
and 13 spas in Japan. Free living ameobae that are known to be the hosts of 
legionella bacteria were isolated from 75% of the water samples. Single 
Legionella spp, L. pneumophila with different serogroups were isolated in 
concentrations ranging from 101 to 104 cfu/100 ml. 
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Some investigations have isolated legionellae from sand filters within hot tub 
systems (Goldberg et al. 1989; Miller et al. 1993). This occurs where the 
concentrations of biocides for decontamination of the hot tub water are too low 
within filter systems where organic material is trapped. Once legionellae are 
introduced into the hot tub circulation, the warm temperature of the water and 
the organically rich environment within the filter provide an ideal environment 
for multiplication and survival of the bacteria. The filter then acts as a reservoir 
for infection through the release of bacteria into the hot tub with the production 
of contaminated aerosols.  

During January 1998, a number of people were taken ill in a hotel in 
Wisconsin, United States. They had all been exposed to the hotel's hot tub and 
swimming pool. Serological evidence was found of acute infection with L. 
micdadei and the patients were diagnosed with Pontiac fever. High 
concentrations of heterotrophic bacteria were isolated from the hot tub. L. 
micdadei was recovered from the swimming pool filter and water from the hot 
tub after heat enrichment but not from pools and hot tub in nearby hotels. 
Endotoxin was also isolated in the highest concentrations in the water from the 
implicated hotel. From this study it is possible to conclude that endotoxin from 
legionellae or other bacteria may play a part in the pathogenesis of Pontiac fever 
(Fields et al. 2001).  

Between June 24 and July 5, 1996, three patients were admitted to the same 
hospital in Japan with atypical pneumonia and elevated antibody titres for L. 
pneumophila serogroup 1. They had all visited the same hot tub prior to onset of 
the symptoms. L. pneumophila serogroup 1 was isolated from the hot tub’s hot 
water tanks and outlets (Nakadate et al. 1999). 

A 37-year-old woman in the United States was admitted to hospital with 
symptoms of a sore throat, fever, headache, myalgia and shortness of breath. It 
was noticed that she became ill after using a hot tub, which her two children had 
also used and who had also developed a self-limited illness. Water from the hot 
tub was tested positive for L. pneumophila. The patient eventually recovered 
after treatment (Tolentino et al. 1996).  

In Sweden in April 1999, 20 cases of febrile disorder with headache, myalgia 
and chest pain consistent with Pontiac fever were reported to the Swedish 
Institute for Infectious Disease Control (SMI). All the patients had stayed in the 
same hotel which contained an area with a sauna, two hot tubs and shower 
facilities. As the guests from the hotel had come from all over the country the 
SMI informed all infectious disease clinics and Country Medical Offices 
throughout Sweden. A retrospective cohort study was undertaken to identify 
activities responsible for transmission of the disease. Water samples from the 
hot tubs and showers were collected and the water temperature measured. 
Environmental swabs of biofilm from showers were collected in guest rooms 
and relaxation areas. No Legionella spp. were detected from the environmental 
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samples. In total 72 people had symptoms of illness during or within two days 
of staying at the hotel. There were no fatalities. Cases of Pontiac fever were 
restricted to people who visited the hot tub area during a three-day-period. The 
attack rate during this period was 71%. L. micdadei was confirmed serologically 
in 20 out of 30 tested patients. This was considered sufficient to conclude that L. 
micdadei was the causative agent of the outbreak (Gotz et al. 2001).  
 
Cases of Legionnaires’ disease associated with display hot tubs 
The largest outbreaks of Legionnaires’ disease have been linked to display hot 
tubs.  

An outbreak of Legionnaires’ disease was reported from a trade fair in 
Belgium in November 1999. Clinical symptoms appeared in 80 people and 
Legionnaires’ disease was confirmed in 13 of these. Four people died. The 
outbreak was traced to hot tubs which were exhibited at the show (De Schrijver 
2003).  

In June 1999 it was confirmed that 188 people who visited a large flower 
show near Amsterdam, The Netherlands, had contracted Legionnaires’ disease 
and 28 people had died. Legionnaires’ disease was considered probable in a 
further 55 cases. Of the affected, 17 people with confirmed and four with 
probable Legionnaires’ disease died. The public health laboratory found 
legionellae in a hot tub that was on display at the show. The strain of legionellae 
found in the hot tub was identical to that found in some of the patients (van 
Steenbergen et al. 1999).  

In southwest Virginia, United States, in October 1996, Legionnaires’ disease 
was confirmed in five people in neighbouring towns and a case-control study 
was undertaken to identify exposures associated with the illness. It was 
discovered that 93% of cases in the case-control study had visited a home-
improvement store and 77% of these remembered walking past a display hot 
tub. An environmental investigation later confirmed the spa as the source of the 
infection. Sputum isolates from two cases were an exact match to the hot tub 
filter isolate from the store (Benkel et al. 2000).  

In June 2000 a 32-year-old Australian woman was reported as being critically 
ill after contracting Legionnaires’ disease. The disease was also confirmed in 
two men. All of the affected people were at the same football club and the 
source of infection was traced to the club’s hot tub (source: 
http://www.hcinfo.com/outbreaks-news.htm). 

A man died in the United Kingdom in Febraury 2001 after being exposed to a 
display hot tub at a garden centre in Bagshot, Surrey, United Kingdom. The man 
fell ill two days after visiting the garden centre and later died (Anonymous 
2001a). 
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Travel-related Legionnaires’ disease 
Travel-related Legionnaires’ disease presents particular issues since source 
identification is difficult. There is a significant gap between population-based 
estimates of the frequency of Legionnaires’ disease and national surveillance 
data. This is worse for outbreaks of travel-related cases of the disease since 
travellers may become ill, often far from the source of infection, up to 14 days 
after exposure to legionellae, making clusters of cases difficult to detect 
(Jernigan et al. 1996). Travellers exposed to the infection towards the end of 
their travel would probably not develop symptoms until returning home, where 
an association with recent travel may be missed. Outbreaks of Legionnaires’ 
disease are often detected by identifying community clusters of infections. 
Because people staying in a hotel or on a cruise ship are from various different 
countries or towns, the association with the hotel or ship may not be recognised. 
In addition, physicians often do not suspect or confirm the diagnosis of 
Legionnaires’ disease in patients with community-acquired pneumonia.  

Jernigan et al. (1996) report that in an unpublished review undertaken by the 
CDC between 1985 and 1993 about 23% of cases of Legionnaires’ disease in 
the United States were associated with travel in the ten days before the onset of 
the disease. The figure is higher for Europe. CDSC report that at least 45% of 
cases in England and Wales are travel related (Joseph et al. 1993). Although 
these are not all linked to use of recreational waters, risk factors do include the 
use of hot springs and hot tubs (Grist et al. 1979; Joseph et al. 1994). There is 
likely to have been increased detection of Legionnaires’ disease in Europe since 
the establishment of a computerised surveillance system based in England in 
1986, linking 31 countries Europe-wide. The European Working Group for 
Legionella Infections supports a surveillance scheme for travel associated 
Legionnaires’ disease, the standardisation of water sampling methods, legionella 
typing methods and the validation of diagnostic methods.  

On July 14, 1994, it was reported that three persons had been admitted to 
hospital in New York, United States, with atypical pneumonia. All three had 
been passengers on the same cruise ship three weeks earlier. Another three cases 
were identified and it was confirmed that urine specimens from the first three 
cases were positive for L. pneumophila serogroup 1. A confirmed case of 
Legionnaires’ disease was defined as physician-diagnosed pneumonia with 
laboratory evidence of legionella infection in a passenger or crew member who 
had travelled on the cruise ship between March 1 and July 20, 1994, with onset 
of illness occurring after the second day of the cruise and within 14 days after 
the end of the cruise. To determine the outbreak, cases of confirmed or probable 
Legionnaires’ disease identified before July 31, 1994, were enrolled into a 
matched case-control study. Water and environmental swabs were collected 
from 28 sites on board the ship, sites visited by passengers in Bermuda and from 
the ship’s source of water in New York, United States. The case-control study 
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showed that case-passengers were significantly more likely than control-
passengers to have been in the hot tub water. Among the passengers who did not 
enter the hot tub water, case passengers were significantly more likely to have 
spent time around the hot tub (Anonymous 1994).  

The hot tubs seem to have been a persistent source of infection for at least 
nine separate week-long cruises during the spring and summer of 1994. No 
further cases of Legionnaires’ disease were identified after the hot tubs were 
closed on July 16, 1994 (Jernigan et al. 1996). 

IV Conclusions 
The major concern regarding Legionnaires’ disease and recreational use of 
water is associated with the use of, and proximity to, hot tubs, although there are 
a number of reported isolations of Legionella spp. from swimming pool showers 
and open waters.  

The illness is considered to be severe with a high risk of death, severe acute 
symptoms generally lasting more than seven days. There are a number of 
documented cases of persons suffering sequelae as a consequence of infection. 

 
Epidemiological 
evidence linking 
recreational 
water use with 
illness 

Evidence from 
outbreak data of 
illness 
associated with 
recreational 
water 

Documented 
cases of illness 
associated with 
recreational 
water 

Documented 
cases of 
sequelae (in any 
situation) 

Legionellosis 

√ √ √ √ 
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LEPTOSPIRA 
Credibility of association with recreational water: Strongly associated 

I Organism 
Pathogen  
The aetiological agents of leptospirosis are the pathogenic bacteria, leptospires.  

Taxonomy  
The family Leptospiraceae are of the order Spirochaetales and are divided into 
three genera: Leptospira, Leptonema and Turneria. Taxonomy classifies 
Leptospira into 12 species: L. alexanderi, L. biflexa, L. borgpetersenii, L. fainei, 
L. inadai, L. interrogans, L. kirschneri, L. noguchii, L. santarosai, L. weilii, L. 
meyeri, and L. wolbachii. All recognised species have been classified as 
pathogens, intermediate or saprophytes (Plank and Dean 2000). The severe 
forms of disease are caused by serovars of L. interrogans: australis, autumnalis, 
bataviae, copenhageni, icterohaemorrhagiae (carried primarily by rats and often 
associated with water sports and immersion), javanica and lari. Although most 
leptospires are associated with mild illness, these serovars are frequently fatal if 
untreated. 

Reservoir 
The primary source of leptospires is the surface of the renal tubes in the kidney 
of an excreting carrier animal. Carrier animals pass urine containing leptospires 
into the surrounding environment.  

Distribution  
Worldwide. The highest prevalence rates are in tropical, developing countries 
although epidemiological studies show infection in temperate zones is more 
frequent than previously thought (Plank and Dean 2000). 

Charactersitics 
Pathogenic leptospires are aerobic, motile, helicoidal, flexible spirochaetes, 
usually between 6 µm and 20 µm long and 0.1 µm in diameter, with hooked 
ends.  
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II Health aspects 
Primary disease symptoms and sequelae  
Mild forms of leptospirosis (also known as Weil’s disease or haemorrhagic 
jaundice) range from a febrile incapacitating illness lasting between 10 and 20 
days, consisting of severe muscle pains, meningism and mild renal incapacity, 
to a barely detectable subclinical infection. Severe forms are frequently fatal if 
untreated; symptoms include jaundice, haemorrhage, potentially fatal kidney 
and liver failure. Aseptic meningitis is estimated to complicate between 5% and 
24% of cases (Arean 1962; De Brito et al. 1979).  

Sequelae include psychiatric illness such as depression and psychoses, 
prolonged listlessness and joint pains lasting from weeks to months. Shpilberg 
et al. (1990) evaluated 11 patients who had had acute leptospirosis for possible 
sequelae. Results showed that liver and renal disease had resolved but headache 
and ophthalmic sequelae persisted. Delirium, hallucinations, encephalitis, grand 
mal seizures and coma have been reported (Torre et al. 1994). 

An association between antiphospholipid syndrome and leptospirosis has 
been proposed by Tattevin et al. (2003). The authors describe a case in a 63-
year-old man who was admitted to hospital with fever, acute renal failure, 
lymphocytic meningitis, hepatitis, and alveolar meningitis. Leptospirosis was 
suspected and confirmed. However, the patient was also showing pulmonary 
hypertension which has not been reported in leptospirosis but is associated with 
antiphospholipid syndrome (Karmochkine et al. 1996; Levine et al. 2002). Once 
the patient was treated with amoxicillin the pulmonary hypertension resolved 
and kaolin clotting time, which was slower than normal in the patient, also 
returned to normal. Levels of antibodies to antiphospholipid returned to normal 
suggesting that antiphospholipid syndrome and leptospirosis were associated.  

In a retrospective study of 16 patients with documented leptospirosis, IgG 
anticardiolipin antibody concentrations were increased in all patients with 
severe leptospirosis but in none of the patients with uncomplicated leptospirosis 
(Rugman et al. 1991). Tattevin et al. (2003) conclude that although 
antiphospholipid antibodies are found in patients with leptospirosis, they may be 
associated with more severe infection and with particular symptoms of 
antiphospholipid syndrome. 

Erythroid hypoplasia has been found to be associated with leptospirosis but is 
rarely reported. Two literature reports are described (Nicodema et al. 1989; 
Somers et al. 2003). Thrombocytopenia in a patient with serological findings 
indicative of acute leptospira infection is reported by Wenz et al. (2001).  

Disease manifestations are not necessarily due to direct tissue damage by the 
organism, but due to the host’s immune response. Leptospira may persist in the 
brain – in one report 4 out of 11 patients had persistent headaches for between 6 
and 34 years post-infection. Ophthalmic involvement with blurred vision has 
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been reported to persist for decades following acute infection (Shpilberg et al. 
1990).  

Cardiac involvement is common in severe disease and can manifest as 
myocarditis, congestive heart failure, non-specific electrocardiogram 
abnormalities and sudden death. Uncommon sequelae are acalculous 
cholecystitis, pancreatitis, and hypermylasemia (Plank and Dean 2000). Acute 
respiratory failure necessitating mechanical ventilation may occur rarely. This 
may be caused by adult respiratory distress syndrome or profuse pulmonary 
bleeding. Two cases are described by de Koning et al. (1995) from The 
Netherlands. One person died and the other recovered completely. 

Exposure/mechanism of infection 
Leptospires enter the host from contaminated urine, water, soil or mud, by 
penetrating abrasions in the skin or body surfaces and possibly by inhalation of 
aerosols containing leptospires. It is thought that they do not penetrate the skin 
unless it is wet.  

Disease incidence  
The incidence of human infection is higher in the tropics than in temperate 
regions but transmission occurs in both industrialised and developing countries. 
Incidence rates are underestimated due to lack of awareness of the disease and 
relatively inaccessible and insufficiently rapid diagnostics (Bharti et al. 2003). 
Farr (1995) estimated that an average of between 100 and 200 cases are 
identified annually in the United States with about 50% of cases occurring in 
Hawaii.  

Surveillance information is collected by the International Leptospirosis 
Society and reported in collaboration with the WHO. Data collected in 1999 
concerning number of deaths and mortality rates are provided in Table 4.7. 

Incubation period 
Incubation varies from 5 to 14 days. Patients suffer a very sudden onset of 
severe headache, fever, muscle pain and sometimes red eyes and photophobia. 

Infectivity 
A very small number (one to ten) of leptospires can cause a fatal infection in a 
susceptible host. Leptospires enter a host from urine, water, soil or mud, by 
penetrating small abrasions in the skin or body surfaces, possibly by inhalation 
of aerosols containing leptospires, and possibly through the conjunctival sac. 
Drinking or inhalation of contaminated water following immersion has also 
caused leptospirosis. Once in the body the leptospires spread very quickly and 
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can be found in the blood minutes after entering the body of the host. Between 
two and four weeks later leptospires appear in the kidney. They can enter the 
brain and the anterior chamber of the eye. Around 90% of recognised cases of 
leptospirosis are mild and self-limited (Plank and Dean 2000).  
 

Table 4.7 Annual average number of deaths associated with leptospirosis globally (WHO 
1999) 

Country Number of deaths 
in ten years 

Annual number of 
deaths (average) 

Mortality rate 
per  
100,000 
population 

Australia 4 0.4 0.2 
Barbados 73 7.3 23.6 
Brazil 2502 250 0.8 
Bulgaria 12.7 1.3 3 
China: 
 Beijing 
 Chengdu 
 Fuzhou 
 Wuhan 

 
 
1570 
68 
848 

 
579 
157 
6.8 
84.8 

 
7.9 
6.8 
1 
2.1 

Costa Rica 17 1.7 5.3 
Guadaloupe 16 1.6 13.7 
Hungary 11 1.1 3.5 
India: 
 Chennai 
 Kerala 
 Madras 
 Mumbai 

 
32 
52 
32 
30 

 
3.2 
5.2 
3.2 
3.0 

 
13.9 
3.7 
13.9 
17.6 

Italy 161 16.1 12.6 
Japan  5 15.2 
The Netherlands 17 1.7 4.9 
New Caladonia 40 4 2.6 
Romania 114 11.4 0.38 
Russian 
Federation 

57.5 3.8  

Seychelles 60–80 7 9.3 
Slovakia 1 0.1 0.2 
Switzerland 3 0.3 5.3 
Thailand 10 1 5 
The United 
Kingdom 

19 1.9 4.5 

The United States 8 0.8 1.50 
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Sensitive groups 
Leptospirosis used to be considered as an occupational disease, associated with 
activities such as mining, sewer maintenance, livestock farming, butchering, 
veterinary medicine, and military manoeuvres, particularly to tropical areas. The 
relative importance of such occupational risks has decreased since protective 
measures have been implemented. Many cases occur in association with 
conditions of slum living or with recreational activities involving immersion in 
water (Anonymous 1998; Haake et al. 2002). In tropical environments, 
occupational exposure such as rice farming and other agricultural activities is 
still significant, as well as exposure of the general population during activities of 
daily living, and especially is associated with high seasonal rainfall. 
Leptospirosis is the only epidemic-prone infection which can be transmitted 
directly from contaminated water. The occurrence of flooding after heavy 
rainfall facilitates the spread of the organism due to the proliferation of rodents 
which shed large amounts of leptosires in their urine (WHO 2005c). Of 
significance is the potential for large, multinational, point-source outbreaks after 
recreational events (Bharti et al. 2003).  

III Evidence for association of leptospirosis with recreational 
waters 

Leptospires can survive in water apparently indefinitely, depending on acidity. 
Farmers, sewer workers, miners, fishermen and meat workers have historically 
been at highest risk of infection. Recently, however, a number of outbreaks have 
been associated with recreational water contact – the majority associated with 
fresh open water accessible to animals; recreational exposure to natural water 
sources is reported as a common route of transmission (Jackson et al. 1993). In 
the United States, for example, prior to 1970 it was suggested that 66% of cases 
were from occupational exposure (Heath et al. 1965). In 1971, however, 60% of 
reported cases were in children, students, and housewives while only 17% 
occurred among occupational workers, suggesting the epidemiology had moved 
to home and recreational settings (Thiermann 1977). 

Infection has occurred through activities such as wading (Trevejo et al. 
1995), swimming and rafting, especially among travellers undertaking 
‘adventure tourism’ in endemic countries (Levett 1999; Haake et al. 2002). Of 
237 confirmed cases in The Netherlands between 1987 and 1991, 14% were 
diagnosed in travellers, all except one who had had surface water exposure 
overseas (Van Crevel et al. 1994).  

In June and August 1964, in the State of Washington, United States, 61 cases 
of leptospirosis occurred in teenagers who reported swimming in a local 
irrigation canal. When the canal was inspected it was found that a herd of cattle 
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had access to the water upstream of the swimming area. A number of these 
cattle were found to be carrying antibodies against L. pamona.  

Anderson et al. (1978) report seven cases of leptospirosis in children aged 
between 11 and 16 years old in Tennessee, United States, during August 1975. 
Antibodies to L. grippotyphosa were found in all of them. All had a history of 
swimming in a local creek. Although no leptospires were found in water 
samples taken from the suspected area in which a herd of cows were present 
with access to the water, possibly indicating the source of infection. 

In September 1987, 22 United States military personnel were infected with 
leptospires on the island of Okinawa, Japan. The source was considered to be 
the Aha Falls where the affected individuals had swum. Epidemiological 
investigation showed a significant association between those who had 
swallowed water and infection but just immersion in the water was not 
significantly associated with infection (Corwin et al. 1990).  

Also in 1987, eight individuals were identified with symptoms of 
leptospirosis on the island of Kauai, Hawaii (Katz et al. 1991). All eight had 
been swimming in a local river. Six were shown to have infection by L. 
australis, one an infection of L. bataviae and one a L. fort bragg infection. A 
tenuous link was made to a herd of cattle in an adjacent field, eight of which 
were found with antibodies to L. hardjo and L. bataviae. 

Jackson et al. (1993) report five cases of leptospirosis in boys from a town in 
Illinois, United States, who had been swimming in a particular area. 
Epidemiological investigations revealed that the boys had swallowed water 
whilst swimming, but this was the only risk factor identified. Cattle in the area 
were serologically positive for L. grippotyphosa and water samples showed 
positive for L. grippotyphosa. 

In October 1996, it was reported that five patients from Illinois, United 
States, were suffering from an unknown febrile illness. They had returned from 
a white-water rafting trip in Costa Rica. Investigators interviewed all 26 
participants on the trip to assess symptoms and potential environmental and 
behavioural risk factors. Risk for the illness was associated with having ingested 
river water and being submerged under water after falling into the river whilst 
rafting (Anonymous 1997). 

In July 1998, CDC began investigating an outbreak of acute febrile illness 
among athletes from 44 states and seven countries who participated in triathlons 
in Illinois, United States, on June 21, 1998, and in Wisconsin, United States on 
July 5, 1998. A suspected case of leptospirosis was defined as onset of fever 
during June 21 and August 13, 1998 in a triathlon participant that was 
associated with at least two of the following symptoms: chills, headache, 
myalgia, diarrhoea, eye pain or red eyes. Of the 1194 athletes that participated in 
one or both events, 110 described an illness meeting the case definition 
(Anonymous 1998). 
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In September 2000, CDC was notified of at least 20 cases of acute febrile 
illness in three counties who had participated in a multisport expedition race in 
Borneo, Malaysia, during August and September. Of the 304 athletes who 
participated in the event 158 were contacted for details of symptoms. Of these, 
83 reported chills, 80 headache, and 58 diarrhoea. Arthralgias was reported by 
47 athletes, dark urine by 44, and calf/leg pain by 45. In total, 68 patients met 
the case definition. Epidemiological, serological and immunohistochemical 
staining evidence for leptospirosis was obtained from 32 athletes suggesting that 
leptospira was the etiologic agent causing disease. Significant exposure risks 
included kayaking, swimming in, and swallowing water from, the Segama River 
(Anonymous 2001b).  

Two outbreaks have been associated with non-chlorinated swimming pools 
(Cockburne et al. 1954; de Lima et al. 1990).  

Lee et al. (2002) report 21 cases of leptospirosis between 1999 and 2000 in 
Guam State, United States. The disease was contracted from a lake during an 
adventure race. Leptospira was confirmed by serology, and an epidemiologic 
investigation demonstrated that swimming in the reservoir, head submersion in 
the water and swallowing water while swimming were risk factors for illness. 
Water samples were not tested and an environmental assessment of the reservoir 
was not conducted.  

Somers et al. (2003) report a case of erythroid hypoplasia in a 30-year-old 
man admitted to hospital in Dublin, Ireland, with Weil’s disease. He had a 
recent history of canoeing in the river Liffey in Dublin. The man was 
experiencing erythroid hypoplasia (anaemia, reticulocytopenia and bone marrow 
erythropcytopenia) in association with leptospiral infection. 
 
Surveillance data 
The data in Table 4.8 are derived from the history of cases and bathing in small 
ponds and rivers in Slovakia. Most of the cases were attributed to L. 
grippotyhosa and L. icterohaemorrh. 

Between 1990 and 1996, 55 cases out of 252 (22%) of leptospirosis in 
England and Wales were documented as being related to recreational activities 
such as windsurfing, swimming, scuba diving and fishing (Hartigan 1982). 
Other recreational activities include water-skiing and golfing (Grennan 1996).  

Between 1994 and 1996 there were 222 reports of leptospirosis made to the 
Italian Ministry of Health. In comparison with the preceding eight-year-period, 
the risk of contracting leptospirosis from recreational activities was found to 
have increased from 34.7% to 38.2% (Cacciapuoti et al. 1994). All cases except 
two were thought to have been contracted in Italy. Of the 103 cases for whom 
information on risk factors was available, 95.1% were patients at risk for one or 
more of the following factors: place of residence, contact with animals, 
occupational and recreational activities. Of the 55 cases for which the mode of 
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transmission was known, 38% were ascribed to recreational activities – this 
includes fishing (six cases), bathing (three cases) and canoeing (three cases). In 
Italy, as well as in many other countries, the disease is thought to be under-
reported, in particular, the febrile forms of the disease (Ciceroni et al. 2000).  

 
Table 4.8 Cases of leptospirosis 1987–1998 in Slovakia (Source: M. Spalekova, personal 
communication). 
 
Year Total number of cases Incidence per  

100 000 
Cases exposed to water 

1987 36 0.7 15 
1988 67 1.3 43 
1989 72 1.4 40 
1990 30 0.6 5 
1991 33 0.6 0 
1992 34 0.6 4 
1993 29 0.5 3 
1994 37 0.7 4 
1995 33 0.6 24 
1996 25 0.5 0 
1997 39 0.7 5 
1998 26 0.5 1 

IV Conclusions 
There is clear epidemiological evidence and outbreak data linking cases of 
leptospirosis to persons using water for recreational purposes. However, 
Leptospira spp. are usually associated with animals that urinate into surface 
waters, and swimming-associated outbreaks attributed to Leptospira are rare. 
Human leptospirosis is primarily a problem in tropical countries but has also 
appeared as a sporadic health issue in Europe, Japan, Australia and the United 
States. The acute illness is considered moderately severe but is often prolonged. 
There is a moderate probability of developing long-term sequelae. 

 
Epidemiological 
evidence linking 
recreational 
water use with 
illness 

Evidence from 
outbreak data of 
illness 
associated with 
recreational 
water 

Documented 
cases of illness 
associated with 
recreational 
water 

Documented 
cases of 
sequelae (in any 
situation) 

Leptospirosis 

√ √ √ √ 
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MYCOBACTERIUM  
Credibility of association with recreational water: Strongly associated 

I Organism 
Pathogen  
Mycobacterium. 

Taxonomy  
Mycobacterium is the only genus in the family Mycobacteriaceae, order 
Actinomycetales. Over 70 species have been defined, of which at least 30 cause 
disease in humans and animals. There are about 16 species that have been 
associated with water. The most significant of the environmental mycobacteria 
in terms of public health is the Mycobacterium avium complex (MAC), which 
includes M. avium, and M. intracellulare (WHO 2004c). Table 4.9 shows the 
non-tuberculous mycobacteria with pathogenic potential frequently found in 
environmental habitats. 

 
Table 4.9 Non tuberculous mycobacterium that cause infection in immunocompromised 
and immunocompetent hosts (Adapted from Collier et al. 1998) 
 
Non-tuberculous 
mycobacterium that 
cause infection in 
immunocompetent hosts 

Non-tuberculous 
mycobacterium that 
cause infection in AIDS 
patients 

Non-tuberculous 
mycobacterium that cause 
infection in 
immunocompromised hosts  
(not AIDS patients) 

MAC * MAC* MAC* 
M. kansaii * M. kansaii* M. fortuitum complex* 
M. marinum * M. genavense M. kansaii* 
M. fortuitum complex* M. haemophilum M. xenopi* 
M. xenopi* M. malmoense* M. haemophilum 
M. simiae* M. xenopi* M. marinum* 
M. szulgai M. szulgai M. scrofulaceum 
M. malmoense* M. simiae*  
M. ulcerans * M. celatum  
M. smegmatis* M. marinum*  
M. haemophilum   
M. scrofulaceum   
M. shirmoidei   
M. asiaticum   
*associated with water  
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The majority of non-tuberculous mycobacterium respiratory isolates are 
MAC but only about half of these are pathogenic (O’Brien et al. 1987).  

Reservoir 
Mycobacterium has been recovered in almost every environment that is in 
contact with susceptible species including humans, animals, birds and fish, 
including surface waters.  

Distribution  
Worldwide, including north America, Europe, Asia, Africa and Australia (von 
Reyn et al. 1993). Since it is not a micro-organism that is analysed for routinely 
in water samples its presence may be underestimated.  

Characteristics 
M. avium is a member of the “slow-growing mycobacteria”. This is a 
consequence of the presence of a single rRNA gene cluster (Bercovier et al. 
1986), long chain fatty acids, and the impermeable cell wall (Brennan and 
Nikaido 1995). M. avium can grow at 45oC and at reduced oxygen levels (Mijs 
et al. 2002). Highest growth range occurs within the pH range 5–6 (George and 
Falkinham 1986). These characteristics result in the resistance of M. avium to 
antibiotics (Rastogi et al. 1981), heavy metals (Miyamoto et al. 2000) and 
disinfectants (Taylor et al. 2000). 

II Health aspects 
Primary disease symptoms and sequelae 
Infection by MAC produces symptoms including cough, sputum production, 
fatigue, weight loss, sweats, haemoptysis, pleuritic and non-pleuritic chest pain. 
Failure to diagnose and treat the disease may result in lung damage. In those 
patients who have no previous lung damage, symptoms include fever, fatigue, 
sweats, weight loss, dyspnea, haemoptysis and chest pain. Malabsorption is a 
common but not universal result of intestinal MAC infection (Gray and 
Rabeneck 1989).  

The severity of mycobacterial diseases varies. High morbidity and mortality 
is associated with disseminated infections of M. avium in AIDS patients 
(Horsburgh et al. 1994; 2001). In non-HIV/AIDS patients the severity ranges 
from relatively mild cases of hypersensitivity pneumonitis to life threatening 
respiratory infections in people with underlying lung pathology or 
immunological defects and occasionally in those with no known predisposing 
conditions. M. avium sub species M. paratuberculosis is suspected to be 
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associated with Crohn’s disease (Herman-Taylor et al. 1998; Fouad et al. 2001; 
Herman-Taylor 2001).  

Pickles et al. (2001) report a case of a 48-year-old man who was suffering 
general malaise, a productive cough, weight loss and non-specific aches over a 
period of two months. Following a caecal biopsy it was suspected that he was 
infected with mycobacteria enterocolities or systematic M. avium intracellulare. 
He started antimycobacterial therapy which was continued for one year. The 
man was found to have occasional granulomas which was confirmed as Crohn’s 
disease. The relationship between M. avium intracellulare and Crohn’s disease 
is not fully understood, although there is a growing body of evidence to support 
M. avium intracellulare as a causative factor in the development of Crohn’s 
disease. For now Crohn’s disease should be regarded as a disorder resulting 
from a combination of genetic and environmental factors (Pickles et al. 2001). 

Hypersensitivity pneumonitis is seen in immunocompetent persons with 
aerosol exposure to mycobacteria and is typically linked to hot tubs and indoor 
swimming pools. Lifeguards and other persons working in such environments 
are particularly thought to be at risk (Embil et al. 1997; Mangione et al. 2001; 
Mery and Horan 2002). The organisms are found in higher densities in the air 
above indoor pools than in the pool water itself. Due to their hydrophobic nature 
they can be found adhering to surfaces. Following inhalation symptoms include 
cough, dyspnea, fatigue, impaired exercise tolerance and sputum production. 
Discontinuation of exposure leads to an improvement of the symptoms 
(Rickman et al. 2002).  

Treatment includes a course of antibiotics for many months. Patients with 
pre-existing lung disease may require surgery although there is a risk of 
complications such as bronchopleural fistulas (Iseman et al. 1985; Shiraishi et 
al. 2002). Surgery is generally only necessary where patients have failed 
medical treatment or for severe symptomatic disease. When present, localised 
disease is treated with surgical intervention. Surgery is associated with relatively 
high morbidity and there are a number of cases described in the literature 
(Shiraishi et al. 2002). 

MAC is a rare cause of osteomyelitis (Chan et al. 2001). Whitehead et al. 
(2003) report a case of a 61-year-old man who developed septic arthritis of an 
interphalangeal joint and osteomyelitis of the phalanx due to M. malmoense. 
The man was immunocompromised, already suffering from rheumatoid arthritis 
and had a history of poor healing of skin lesions, suggesting a reduced immune 
response. The environment, e.g. water, has been suggested as the principal 
source of infection for M. malmoense. In Sweden, 221 cases have been 
described over a 22-year-period and was second to M. avium as a cause of 
atypical mycobacterial infection. In the United Kingdom it is the second most 
common cause of non-tuberculous lymphadenitis (Pozniak and Bull 1999).  
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Atypical mycobacterial infections of the head and neck are an uncommon, 
self-limiting cause of lymphadeitis in children. Brutus et al. (2001) investigated 
eight cases, of which four were contracted from aquariums. Kozin and Bishop 
(1994) identified aquatic exposure in 12 cases of M. marinum infections in the 
upper extremity. The diagnosis is difficult to verify without surgery. The 
outcome of the surgery is related to the duration of symptoms and progression 
of the disease (Kvaerner et al. 2001).  

Mycobacterium has been associated with infections of the middle ear. However 
this is extremely rare and only eight cases have been reported in the literature, five 
of which involve M. avium intracellulare (Trupiano and Prayson 2001). 

Exposure/mechanism of infection 
MAC infection results from diverse and likely undetectable environmental and 
nosocomial exposures (Laing 1999). It has become evident that M. 
paratuberculosis for example can be transmitted from infected animals to 
humans by ingestion or aspiration of contaminated water, or ingestion of meat 
or dairy products (Hermon-Taylor et al. 2000). There is very little evidence that 
suggests person-to-person transmission of disease.  

Disease incidence  
Most review papers suggest that the incidence of disease caused by pathogenic 
environmental mycobacteria has increased in all regions (Kuth et al. 1995). 
MAC is estimated to have a range of infection of between 1 and 2.5/100,000 
population (Marras and Daley 2002). M. kanasaii has an annual infection rate of 
between 0.5 and 1/100,000 persons. It occurs in geographic clusters and 
primarily affects white men but can occur in any age group or race. 

Incubation period 
The incubation period for humans exposed to MAC and the development of the 
disease is uncertain, but it is probably weeks to months. 

Infectivity 
The infectivity is uncertain, but has been estimated to be between 104 and 107 

organisms (Rusin et al. 1997).  

Sensitive groups 
Environmental mycobacteria are primarily opportunistic pathogens and are a 
public health concern for all groups.  

The incidence and prevalence of Crohn’s disease appears to be increasing in 
north America (Loftus et al. 1998), Brazil (Gaburri et al. 1998), China (Yao et 
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al. 2000), continental Europe (Loftus et al. 1998), Iran (Merat et al. 2002), India 
(Pai and Khandige 2000) and Japan (Yao et al. 2000). The change in prevalence 
of Crohn’s disease, and the fact that it has become more common in ethnic 
groups in which it was once rare, is consistent with the presence of an 
environmental factor being involved in its pathogenesis (El-Zaatari et al. 2001).  

III Evidence of association of mycobacterium with recreational 
waters 

Resident M. avium populations have been found in a variety of natural waters 
throughout the world including lakes, rivers, ponds and streams (Falkinham et 
al. 1980; du Moulin and Stottmeier 1986; Kirschener et al. 1992; von Reyn et 
al. 1993; Covert et al. 1999). Although brackish water (1% NaCl) supports 
appreciable numbers of M. avium, few have been found in seawater (>3% NaCl; 
Falkinham et al. 1980). George et al. (1980) confirms that M. avium can grow in 
natural waters but not in waters of high salinity. Higher numbers are found in 
waters with low oxygen and high organic content (Brooks et al. 1984). 

There is considerable evidence that environmental mycobacteria present a 
health hazard through exposure of abraded skin to swimming pools, spas, hot 
tubs and footbaths. These exposures generally lead to skin and soft tissue 
infections (Collins et al. 1984), although infection can affect joints and tendons. 
Synovitis and arthritis are rare but can occur. Inhalation of contaminated 
aerosols may lead to more serious illness ranging from hypersensitivity 
pneumonitis to pneumonia (Embil et al. 1997; Shelton et al. 1999).  

Spas and hot tubs have been shown to yield M. avium that have been 
associated with infections in persons using the facilities (Embil et al. 1997; 
Kahana et al. 1997; Khoor et al. 2001).  

Swimming pools also yield M. avium (Havelaar et al. 1985; Emde et al. 
1992) and long-term exposure to aerosols has been shown to result in 
granulomatous pneumonitis in lifeguards (Rose et al. 1998). Many of the 
outbreaks of mycobacterial infections can be related to overcrowding in the 
bathing area, insufficient disinfection, poor maintenance of filters and piping.  

Table 4.10 shows cases of mycobacterial diseases associated with 
recreational waters globally found in the literature. 

There is at least one case published where recreational exposure to waters 
whose catchments included heavily grazed pastures is associated with a cluster 
of Crohn’s disease. The outbreak occurred in Mankato, Minnesota, United 
States, and involved seven cases of Crohn’s disease amongst 285 graduates of a 
school in the town. All seven had been swimming in local ponds and lakes. The 
school was close to the Minnesota River just downstream of the Blue Earth 
River whose catchment included agricultural land (van Kruiningen and Freda 
2001). It is likely that these waters were at times contaminated with MAC. 
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Table 4.10 Cases of disease caused by mycobacteria in recreational waters 
 
Species Disease Source/ setting Affected Reference 
MAC Pulmonary 

disease 
Hot tub Family of 

five 
Mangione et al. 
2001 

MAC Pulmonary 
disease 

Hot tub Family of 
five 

Embil et al. 1997 

MAC Cutaneous 
infection 

Circulating bath 
water 

Three people  Sugita et al. 2000 

MAC Hypersensitivit
y pneumonitis 

Hot tub Two case 
studies 

Rickman et al. 2002 

M. fortuitum Furunculosis Footbaths at a nail 
salon 

110 people Winthrop et al. 2002 

M. absessus Sporotrichoid 
dermatosis 

Public bath Two case 
studies 

Lee et al. 2000b 

M. kansaii Cellulitis Swimming at a 
beach 

One 
immuno-
compromised 
patient 

Hsu et al. 2002 

IV Conclusions 
There is clear evidence for the association of MAC with recreational waters. 
The species of Mycobacterium that are associated with water are associated with 
a variety of diseases. Some, such as M. ulverans are pathogenic in previously 
healthy individuals, others, such as M. avium, usually cause disease in 
compromised individuals. The majority of cases associated with recreational 
waters appear to be attributed to swimming pools and hot tubs resulting in skin 
and soft tissue infections in immunocompetent patients. However, 
hypersensitivity pneumonitis is also seen in immunocompetent persons with 
aerosol exposure to mycobacteria. Lifeguards and other persons working in such 
environments are particularly thought to be at risk. 

 
Epidemiological 
evidence linking 
recreational 
water use with 
illness 

Evidence from 
outbreak data 
of illness 
associated with 
recreational 
water 

Documented 
cases of illness 
associated with 
recreational 
water 

Documented 
cases of 
sequelae (in 
any situation) 

Mycobacterium  

√ √ √ √ 
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SALMONELLA  
Credibility of association with recreational water: Strongly associated 

I Organism  
Pathogen  
Bacteria from the genus Salmonella.  

Taxonomy  
The genus Salmonella is a member of the family Enterobacteriaceae. Members 
of the genus Salmonella are grouped according to their somatic (O) and flagellar 
(H) antigens. The genus has been divided into more than 2000 species on the 
basis of the differences in their cell wall (Popoff et al. 2000). With regards to 
enteric illness, Salmonella spp. can be divided into two groups: the typhoidal 
species (S. typhi and S. paratyphi) and the non-typhoidal species. 

Reservoir 
Salmonella bacteria live in the intestinal tracts of humans and other animals, 
including birds and reptiles. All salmonellae except for S. typhi and S. paratyphi 
are found in animals as well as humans. Excretion by humans and animals of 
potential pathogenic micro-organisms in their faeces may result in 
contamination of receiving waters (Ashbolt 1996). 

Distribution  
Distribution is worldwide. In many less developed regions of the world, where 
most typhoid fever cases occur, surveillance and outbreak investigation are 
limited by a lack of laboratory facilities; consequently there are no accurate data 
on the frequency or extent of typhoid fever worldwide.  

Over the past three decades, practically all countries in Europe have reported 
a sharp rise in salmonellosis incidence (including foodborne outbreaks). The 
same pattern could be observed in a number of countries in the Eastern 
Mediterranean Region and south-east Asia Region (WHO 1997). Conflicting 
reports come from the Republic of Korea where a decrease in incidence has 
been reported since the 1970s (Yoo et al. 2002).  

There was a ten-fold increase in the number of human cases of multi-drug 
resistant S. typhimurium DT 104 in the six-year-period between 1990 and 1996 
rising from 300 to 3500 cases per year in the United Kingdom (England and 
Wales). This specific strain was second only to S. enteriditis as the most common 
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salmonella in humans in the United Kingdom (England and Wales) in 1995 and 
more than 55% of cases of S. typhimurium in humans were caused by the multi-
drug resistant DT 104. Infection with multi-drug resistant S. typhimurium DT 104 
has been associated with hospitalisation rates which are twice that of other 
zoonotic foodborne salmonella infections and with ten times higher case-fatality 
rates. 

An increase in overall number and percentage of multi-drug resistant S. 
typhimurium DT 104 is also reported from other European countries. In Germany, 
it accounted for up to 10% in more than 10,000 salmonella samples from human 
sources examined in 1995, and 18% of those examined in 1996. Almost all DT 
104 isolates were multi-drug resistant with the same resistance pattern as in the 
United Kingdom (England and Wales). S. typhimurium DT 104 was detected in 
the United States in the late 1990s and may have spread widely in the United 
States.  

Characteristics  
Salmonella bacteria are rod shaped with widths of between 0.7 µm and 1.5 µm 
and length between 2.0 µm and 5.0 µm. Salmonella bacteria can survive in 
moist environments and in the frozen state for several months. The bacteria can 
be distinguished by phenotypic and genetic properties – they are Gram-negative, 
and facultatively anaerobic and motile. Salmonella bacteria do not ferment 
lactose, but most form H2S or gas from carbohydrate fermentation (Holt et al. 
1994). 

II Health aspects 
Primary disease symptoms and sequelae 
Salmonella bacteria cause a range of illnesses which range from asymptomatic 
to symptomatic infections. Most infections are brief, self-limited and mild. Of 
particular interest to this review is the more serious illnesses of typhoid and 
paratyphoid (enteric) fever. Typhoid fever is caused by infection due to S. typhi; 
paratyphoid fever is due to infection with S. paratyphi.  

S. typhi and S. paratyphi A, unlike most other Salmonella species, are 
harboured by humans and not animals, although livestock can occasionally be a 
source of S. paratyphi (WHO 2004a). Most other salmonellae primarily infect 
animals. Transmission is via faecally contaminated food and water. Non-
typhoidal salmonellae infrequently cause waterborne outbreaks. 

Four clinical types of salmonella infection may be distinguished: 
Gastroenteritis (ranging from mild to fulminant diarrhoea, nausea and 
vomiting); bacteraemia or septicaemia (high spiking fever with positive blood 
cultures); enteric fever (severe fever and diarrhoea) and lastly, a carrier state in 
persons with previous infections.  
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Acute systemic disease caused by S. paratyphi A and B, and S. typhi can 
invade tissues and cause septicaemia. Patients suffer from high temperatures 
rather than diarrhoea (WHO 1996). The illness caused by S. typhi is known as 
typhoid fever, common symptoms being headache, central nervous signs, 
malaise, anorexia, splenomegaly, and rose spots on the trunk (Hunter 1998).  

Persons with diarrhoea usually recover completely, although it may be 
several months before their bowel habits are entirely normal. A small number of 
persons who are infected with salmonella, will go on to develop pains in their 
joints, irritation of the eyes, and painful urination. This is called Reiter's 
syndrome. It can last for months or years, and can lead to chronic arthritis which 
is difficult to treat and may cause long-term disabilities (Delcambre et al. 1983; 
Johnsen et al. 1983; Barth and Segal 1999). Antibiotic treatment does not make 
a difference to whether or not the person later develops arthritis. There are an 
estimated 500-plus fatal cases of salmonella each year in the United States; 2% 
of cases are complicated by chronic arthritis (http://www.cdc.gov.uk). 

Complications of enteric fever include perforation of the bowel which occurs 
in between 0.5% and 5% of cases of typhoid (van Basten and Stockenbrugger 
1994). Haemorrhage from bowel ulceration may occur early in the disease but 
as the disease progresses larger vessels may be involved. Continual faecal 
excretion of S. typhi is common for up to three months after infection but this 
may continue for up to a year. Evidence suggests that long-term carriers have an 
increased risk of hepatobiliary cancer which may be due to the production of N-
nitroso compounds by the bacteria (Caygill et al. 1995).  

S. typhi is often shed in the urine in the early stages of the disease and 
transient renal impairment is common (Khosla and Lochan 1991). The 
salmonellas of enteric fever may reside in many sites and may occur later as 
pyogenic lesions. Declercq et al. (1994) report abscesses in cancerous bone, 
brain and breast tissue. A case of pericardial abscess caused by S. paratyphi B in 
a patient in Malaysia has been described by Ahmed et al. (2001).  

Most persons infected with non-typhoidal salmonella bacteria develop 
diarrhoea, fever, and abdominal cramps three to five days after infection. The 
illness is usually self-limiting lasting four to seven days after ingestion of 
contaminated food or water. However, salmonella infections are included in this 
review because in some persons the diarrhoea may be so severe that the patient 
needs to be hospitalised. In these patients the infection may spread from the 
intestines to the blood stream to cause septicaemia, consequently many organs 
become seeded with salmonella bacteria, sometimes leading to osteomyelitis, 
pneumonia or meningitis (Volk et al. 1991).  

Exposure/mechanism of infection 
Infection is primarily through the faecal–oral route, either from animal-to-
animal or animal-to-human. Human-to-human transmission can occur where 
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close contact is common, for example in special care units or residential homes 
(WHO 1997).  

Diarrhoea is produced as a result of invasion by the salmonellae bacteria of 
the epithelial cells in the terminal portion of the small intestine. The bacteria 
then migrate to the lamina propria layer of the ileocaecal region, where their 
multiplication stimulates an inflammatory response which both confines the 
infection to the gastro intestinal tract and mediates the release of prostaglandins. 
These in turn activate cyclic adenosine monophosphate and fluid secretion, 
resulting in diarrhoea. Salmonella bacteria do not appear to produce 
enterotoxins. The severity of disease depends on the serotype of the organism, 
the number of bacteria ingested and the host susceptibility.  

Disease incidence 
Reported incidence and mortality associated with typhoid varies between 
geographical regions. Although there are indications of an overall downward 
trend in the global incidence of typhoid (e.g. in Thailand, Chile and Peru), 
certain regions continue to have high disease burdens (e.g. Indonesia and Viet 
Nam) (Hoffman et al. 1984) and large outbreaks have occurred (e.g. Tajikistan 
between 1996 and 1997 some 50,000 to 60,000 cases were reported annually; 
Pang et al. 1998). 

At present it is not known whether these geographical differences are due to 
genetic variation in the local S. typhi strains, differences in the genetic 
susceptibility of host populations, or other factors such as the availability and 
use of vaccines. In 2003 WHO estimated the annual occurrence of typhoid fever 
at 16 million cases, with approximately 600,000 deaths worldwide (WHO 
2003). Other figures estimate 21 million cases of typhoid fever and 200,000 
deaths occur worldwide annually (Anonymous 2003). 

An estimated 1.4 million cases of salmonellosis occur annually in the United 
States; of these, approximately 40,000 are culture-confirmed cases reported to 
CDC. There are approximately 1000 fatalities annually in the United States 
(http://www.cdc.gov). Approximately 30,000 cases are reported each year in the 
United Kingdom (Anonymous 1999). The majority of cases found in the 
literature were associated with food. Because many milder cases are not 
diagnosed or reported, the actual number of infections may be 20 or more times 
greater. Salmonellosis is more common in the summer than winter. 

There are around 400 cases of typhoid fever per year in the United States, 
mostly among travellers (Anonymous 2003).  

Incubation period 
Varies from 1 to 14 days, average 3 to 5 days for typhoid fever (WHO 2004a). 
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Infectivity 
Evidence shows that the infective dose for non-typhoidal salmonellosis is low. 
Hunter (1998) quotes below 1000 and possibly below ten organisms. Infective 
dose for S. typhi has been quoted by the Public Health Agency of Canada as 
10,000 organisms (Health Canada 2001). 

Sensitive groups 
Children below the age of five years, the elderly and those with compromised 
immune systems are more likely to develop serious complications (Anonymous 
2003) but typhoid fever affects all age groups. Species of Salmonella that 
normally cause diarrhoea (S. enteritidis, S. cholera suis) may become invasive 
in patients with particular predispositions such as cancer/sickle cell anaemia. 

III Evidence for association of salmonellosis with recreational 
waters 

The majority of cases of salmonellosis reported in the literature are associated 
with food. However, a number of studies from throughout the world have 
investigated the incidence and survival of salmonella in rivers, lakes, coastal 
water and beach sediments (Medema et al. 1995; Johnson et al. 1997; Polo et al. 
1998). In these environments some, but not all, strains of salmonella are 
pathogenic, for reasons that are not clear (Kingsley et al. 2000). S. typhi does 
not survive well in polluted or warm waters but survival is extended in 
sediments (Holden 1970).  

Storm water is often the major cause of water quality deterioration in 
receiving waters, especially at bathing areas. Storm water run-off may wash out 
fertilisers and food stuffs which, if prepared from animal products may be 
highly contaminated with salmonella bacteria (WHO 1996). In addition, 
seagulls have been shown to contribute salmonella in their faecal droppings to 
overnight roosting sites on lakes, open reservoirs and coastal waters (Fenlon 
1981; Levesque et al. 1993; Geldreich 1996). Salmonella bacteria have 
frequently been isolated from receiving waters following wet weather events 
(Galès and Baluex 1992; Ferguson et al. 1996; Polo et al. 1998) presenting a 
risk to users.  

Since 1995 only one outbreak of salmonellosis has been recorded by CDC 
from recreational waters in the United States. This was in March 1995, in Idaho. 
Three cases were recorded, the source being a swimming pool. The etiologic 
agent was identified as S. java (Levy et al. 1998). 

According to Dufour (1984) the decrease in recorded outbreaks of enteric 
fever is partly due to the increase in sewage treatment plants using disinfection, 
especially in large population centres. Most outbreaks of enteric fever following 
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swimming in fresh or marine water have usually involved grossly contaminated 
water (Parker 1990). The improvement of sanitation systems in developing 
countries will probably help to reduce the incidence of recreational waterborne 
outbreaks.  

A number of cases of typhoid fever associated with drinking water were 
found in the published literature but only one described an association with 
recreational waters (PHLS 1959). Communication with the Statens Serum 
Institut, Copenhagen, Denmark, revealed five cases of salmonellosis associated 
with swimming pools between 1991 and 1994. Of these, three cases were 
imported from persons travelling to either Spain or Greece and two were in 
persons using paddling pools in Denmark. Three cases were attributed to S. 
enteritidis, one to S. typhimurium and one to S. saint-paul (Gunhild Hoy Kock-
Hansen, personal communication). 

IV Conclusions 
Most persons infected with non-typhoidal salmonella bacteria develop 
diarrhoea, fever, and abdominal cramps which are usually self-limiting. 
However, typhoid fever is considered a severe disease, with hospitalisation and 
death occurring in many affected individuals. The probability of developing 
sequelae following infection with S. typhi and S. paratyphi is also high. The 
number of cases associated with recreational waters is low.  

 
Epidemiological 
evidence 
linking 
recreational 
water use with 
illness 

Evidence from 
outbreak data 
of illness 
associated with 
recreational 
water 

Documented 
cases of illness 
associated with 
recreational 
water 

Documented 
cases of 
sequelae (in 
any situation) 

Typhoid fever  

√ √ √ √ 
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SHIGELLA 
Credibility of association with recreational waters: Strongly associated 

I Organism 
Pathogen 
Bacteria from the genus Shigella.  

Taxonomy 
Shigella belong to the Family Enterobacteriaceae. The genus consists of four 
species: S. dysenteriae (type 1 produces the Shiga toxin), S. flexneri, S. boydii, 
and S. sonnei (mildest form).  

Reservoir 
Man and gorillas appear to be the only natural hosts for the shigellae (Nizeyi et 
al. 2001), where they remain localised in the intestinal epithelial cells. 

Distribution  
The bacteria are distributed worldwide.  

Characteristics 
Shigella is a gram-negative bacterium. The pathogenesis of the bacterium is 
based on it’s ability to invade and replicate within the colonic epithelium, which 
results in severe inflammation and epithelial destruction (Jennison and Verma 
2004). Shigella can be distinguished from other bacteria by phenotypic and 
genetic differences. They are facultatively anaerobic, non-spore-forming, non-
motile bacilli which are serologically related to E. coli. Shigella are serotyped 
according to their somatic O antigens. Both group and type antigens are 
distinguished, group antigenic determinants being common to a number of 
related types.  

II Health aspects 
Primary disease symptoms and sequelae 
Shigella bacteria cause bacillary dysentery (shigellosis). Shigellosis is primarily 
a paediatric disease. Symptoms can be mild or severe, depending on the species 
causing infection. Watery or bloody diarrhoea, abdominal pain, fever, and 
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malaise are caused by S. dysenteriae type 1. Abdominal cramps, fever and 
watery diarrhoea occur early in the disease. Dysentery occurs during the 
ulceration process, with high concentrations of neutrofils in the stools.  

The disease is generally self-limiting but has been included in this review 
because mortality is a possibility, particularly in malnourished children and in 
the elderly. The clinical illness is more likely to require hospitalisation than 
most other forms of infectious diarrhoea. If left untreated the clinical illness 
generally lasts between one day and one month with an average of seven days.  

When associated with severe malnutrition it may precipitate complications. 
Reiter's syndrome is a late complication of S. flexneri infection, especially in 
persons with the genetic marker HLA-B27 (van Bohemen et al. 1986). HUS can 
occur after S. dysenteriae type 1 infection (Goldwater and Bettelheim 1995). 
Convulsions may occur in children; the mechanism may be related to a rapid 
rate of temperature elevation or metabolic alterations.  

In some rare cases, S. flexneri infection may be associated with fulminating 
encephalopathy. Dieu-Osika et al. (1996) report the case of a six-year-old girl 
who was admitted to hospital with fever, diarrhoea and consciousness 
abnormalities in France. Brain CT scan was normal. S. flexneri type 2 was 
isolated from the stools. Despite antibiotic therapy, the encephalopathy was 
lethal. Two siblings were also infected, the first with only diarrhoea, the second 
with headache and mild consciousness abnormalities; both children recovered. 
The authors conclude that S. flexneri encephalopathy is associated with high 
mortality rate in developed countries. 

Exposure/mechanism of infection 
Shigella bacteria are transferred from person-to-person by contaminated water 
and food. With few exceptions the shigellae are harboured by humans and 
transferred easily by the faecal–oral route. Epidemics of shigellosis occur in 
crowded communities where human carriers exist. 

Shigella spp. attach to, and invade the mucosal epithelium of the distal ileum 
and colon, causing inflammation and ulceration. However they rarely invade 
through the gut wall to the bloodstream. Enterotoxin is produced but its role in 
pathogenesis is uncertain since toxin negative mutants still produce disease.  

In tropical countries direct person-to-person contact is probably the 
predominant route of transmission although food and waterborne spread are 
common. In developing countries, shigellosis is a common infection because of 
inadequate sewage disposal and lack of effectively treated water supplies. It is a 
cause of severe, potentially fatal, infection in children. Infection with shigella 
bacteria is of major importance in refugee camps or following natural disasters, 
when once again disposal of human faeces and the provision of clean water may 
be extremely difficult. It has been suggested that in some circumstances flies 
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may spread the infection from person-to-person, as the disease is commonest at 
the time of year when the fly population is highest.  

Disease incidence 
Approximately 14,000 laboratory-confirmed cases of shigellosis and an 
estimated 448,240 total cases (mostly due to S. sonnei) occur in the United 
States each year. Because many milder cases are not diagnosed or reported, the 
actual number of infections may be 20 times greater (Anonymous 2003c). 

In the developing world, S. flexneri predominates. Epidemics of S. 
dysenteriae type 1 have occurred in Africa and Central America with case-
fatality rates of between 5% and 15% (WHO 2005d).  

Shigella dysentries are responsible for about 60% of all cases of acute 
diarrhoea in children in Indonesia and India for example (Edmundson and 
Edmundson 1989). Dysentery has historically been regarded as a winter disease 
in Britain but the seasonal variation is now less well-marked (Newman 1993).  

S. sonnei is the most common species of shigella in the United Kingdom and 
accounts for 90% of the isolates reported to the CDSC, United Kingdom. There 
were 695 laboratory reports of S. sonnei infection with all phage types in the 
United Kingdom (England and Wales) in 2000, compared with 907 in 1999 and 
878 in 1998. In 1998 and 1999 the incidence was significantly higher in females 
than males and the age specific rate was highest in children aged one to four 
years and adults aged 25 to 29 years (CDSC 2000b). 

Shigellosis causes 1.1 million deaths (WHO 2005d) and over 164 million 
cases each year, with the majority of cases occurring in the children of 
developing nations (Jennison and Verma 2004). 

Incubation period 
The incubation period for shigellosis varies from one to three days, with an 
average of 24 hours (Newman et al. 1993).  

Infectivity 
A small inoculum of S. sonneri or S. flexneri (up to 100 organisms) is sufficient 
to cause infection (Jennison and Verma 2004). As few as 10 S. dysenteriae 
bacilli can cause clinical disease. 

Sensitive groups  
In industrialised countries groups at increased risk of shigellosis include 
children in child-care centers, contacts of children in child-care settings, and 
persons in custodial institutions, where personal hygiene is difficult to maintain. 
In the United States Native Americans, orthodox Jews, international travellers, 
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homosexual men and those in homes with inadequate water supplies for hand 
washing have been identified as vulnerable groups (Anonymous 2003c).  

III Evidence for association of shigellosis with recreational 
waters 

Though infection with shigella bacteria is not often spread by waterborne 
transmission, major outbreaks resulting from such transmission have been 
described.  

A limited number of cases of shigellosis associated with recreational waters 
were found in the literature. Nevertheless some do exist with epidemiological 
evidence of association. In 1974 an outbreak of shigellosis associated with 
recreational water contact occurred among people using the Mississippi River 
(Rosenberg et al. 1976). A case-control study found a significant association 
with swimming. Among swimmers a significant association was found between 
the illness and getting water in the mouth. S. sonnei was isolated from the water. 

Makintubee et al. (1987) report an outbreak of gastroenteritis due to S. sonnei 
in Oklahoma, United States during June 1982, which was traced to a single lake. 
A case-control study found that 14 of the 17 cases had visited the lake compared 
with three of the 17 controls. In a cohort study of 85 people who had visited the 
lake the risk of disease increased with exposure to lake water. Of those who 
were ill, 17% had waded in the lake, 20% had put their heads under water but 
had no water in their mouths and 62% had water in their mouths. 

An artificial lake in Los Angeles, United States was suggested as the source 
of an outbreak of diarrhoea in 68 people in 1985. S. sonnei was isolated from 29 
cases and S. boydii from four. Swallowing water, but not immersing the head 
without swallowing, and age under 15 years, were both found to be significantly 
associated with the disease (Sorvillo et al. 1988). 

In 1989, an outbreak of shigellosis occurred among visitors to a recreational 
park in Michigan, United States. It was estimated that 65 cases of shigellosis 
were linked to swimming in a pond in the park. Shigella bacteria was not 
recovered from the pond. It was assumed that the swimmers themselves were 
the source (Blostein 1991). 

In 1991 a group of people who had swum in Lake Oregon, United States 
suffered an outbreak of bloody diarrhoea. S. sonnei was identified as the cause 
in 38 cases. In a case-control study the most significant fact was swimming in 
the lake (P<0.001). Among swimmers, illness was associated with swallowing 
lake water (P<0.002) (Keene et al. 1994). 
 
Surveillance data 
Table 4.11 shows the number of cases of shigellosis associated with recreational 
waters in the United States between the years 1991 and 2000. 
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Table 4.11 Number of cases of shigellosis associated with recreational waters in the 
United States, 1991–2000 (Minnesota Department of Health 1974; Anonymous 1993; 
1995; 1996b; Levy et al. 1998; Barwick et al. 2000; Lee 2002).  
 
State Date Etiologic 

agent 
Illness No. 

cases 
Source and 
setting 

Rhode Island July 
1991 

S. sonnei GI 23 Lake,  
Swimming area 

Mass. June 
1991 

S. sonnei GI 203 Lake, park 

Virginia July 
1992 

S. sonnei GI 9 Lake, camp 

New Jersey June 
1992 

S. sonnei GI 54 Lake,  
campground 

Ohio July 
1993 

S. sonnei GI 150 Lake, park 

New Jersey June 
1994 

S. sonnei GI 242 Lake, park 

Minnesota May 
1994 

S. flexneri GI 35 Lake, park 

Colorado July 
1995 

S. sonnei GI 81 Lake,  
recreational area 

Colorado July 
1995 

S. sonnei GI 39 Lake,  
recreational area 

Penn. Aug. 
1995 

S. sonnei GI 70 Lake, beach 

Mass. July 
1997 

S. sonnei GI 9 Pool/ fountain,  
public park 

Florida 1999 S. sonnei GI 38 Interactive 
fountain,  
beach park 

Missouri Sept. 
2000 

S. flexneri GI 6 Wading pool, 
municipal pool 

Minnesota July 
2000 

S. sonnei GI 15 Lake/pond, beach 

Minnesota Aug. 
2000 

S. sonnei GI 25 Lake, 
public beach 

GI, gastroenteritis; Mass., Massachusetts; Penn., Pennsylvania 

IV Conclusions 
Epidemiological evidence exists for the association of recreational use of water 
and infection with shigella bacteria. All the cases reported were due to S. sonnei 
or S. flexneri which generally cause self-limiting illness. The species responsible 
for the more severe illness, S. dysenteriae, is more common in tropical regions 
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but no cases associated with recreational waters were found in the literature. 
However, it is biologically plausible that S. dysenteriae could be encountered in 
freshwaters used for recreation.  

 
Epidemiological 
evidence linking 
recreational 
water use with 
illness 

Evidence from 
outbreak data 
of illness 
associated 
with 
recreational 
water 

Documented 
cases of illness 
associated 
with 
recreational 
water 

Documented 
cases of 
sequelae (in 
any situation) 

Shigellosis 

√ √ √  √ 
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VIBRIO VULNIFICUS 
Credibility of association with recreational water: Strongly associated 

I Organism 

Pathogen 
Vibrio vulnificus. 

Taxonomy  
V. vulnificus belongs to the Family Vibrionaceae, genus Vibrio.  

Reservoir 
V. vulnificus is a naturally occurring, free-living bacterium found in estuarine 
and marine environments.  

Distribution  
The organism is disributed worldwide. The bacteria are free-living inhabitants 
of estuarine and marine environments. They prefer tropical and subtropical 
climates where water temperatures are more than 18 oC. V. vulnificus prefers 
waters with low to moderate salinities (Motes et al. 1998; Strom and Paranjpye 
2000). 

Characteristics 
V. vulnificus is a motile, Gram-negative, curved rod-shaped bacterium with a 
single polar flagellum. It is distinguished from other Vibrio spp. by its ability to 
ferment lactose. There are two biotypes of V. vulnificus. Biotype 1 has an 
association with human disease (Strom and Paranjpye 2000).  

II Health aspects 

Primary disease symptoms and sequelae  
V. vulnificus is capable of causing necrotising wound infections, gastroenteritis, 
and primary septicaemia. The symptoms and severity of disease depend on the 
type of infection. Patients with primary septicaemia usually show symptoms of 
fever and chills, often with vomiting, diarrhoea and abdominal pain as well as 
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pain in the extremities. Within the first 24 hours of infection secondary 
cutaneous lesions appear on the extremities of many patients, including 
cellulitis, bullae and ecchymosis. Up to 60% of patients experience septicaemic 
shock with systolic blood pressure below 90 mm Hg. Within seven days about 
half also experience mental changes. Often the lesions become necrotic and 
require surgery or amputation. Those who suffer hypotension within 12 hours of 
admission are at least twice as likely to die compared with those with normal 
blood pressure (Klontz et al. 1988).  

Symptoms shown by patients with V. vulnificus wound infections are similar 
to those with primary septicaemia, but differ in severity and timing. Most 
patients report having an acute or pre-existing wound in the week before the 
onset of illness. The wound becomes inflamed and V. vulnificus can be cultured 
directly. Wound infections can progress to cellulitis and become necrotic. These 
patients also often become septicaemic and suffer chills, mental changes, and 
hypotension. Fatality from wound infections is lower than primary septicaemia, 
ranging from between 20% and 30% (Strom and Paranjpye 2000).  

Most cases of gastroenteritis caused by V. vulnificus are self-limiting and do 
not require hospitalisation. 

Exposure/mechanism of infection 
V. vulnificus are opportunistic pathogens causing infection to humans through 
exposure to seafood and seawater. It is taken up by filter-feeding molluscs and 
becomes concentrated in the gut and other tissues. Infection occurs through 
ingestion of contaminated seafood or contact of an open wound with 
contaminated seawater (Strom and Paranjpye 2000). 

Disease incidence  
The number of people infected worldwide with V. vulnificus is low compared 
with other Vibrio spp. (Strom and Paranjpye 2000). The fatality rate ranges from 
30% to 75% (Oliver 1989; Anonymous 1996c; Klontz et al. 1998) depending on 
the mode of infection and the health of the host. Only about 20 deaths per year 
are reported in the United States from this bacterium (Linkous and Oliver 1999).  

Incubation period 
Incubation takes up to six days (Patel et al. 2002). 

Infectivity 
Infectivity is unknown. 
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Sensitive groups 
People with pre-existing liver disease, haematochromatosis, or compromised 
immune systems are at particularly high risk of fatal septicaemia after ingestion 
of, or percutaneous exposure to, Vibrio spp. (Klontz et al. 1988; Levine and 
Griffin 1993).  

III Evidence for association of Vibrio vulnificus with 
recreational waters 

Vibrio spp. are natural inhabitants of brackish water and salt water worldwide 
(Rivera et al. 1989; Oliver et al. 1995; Montanari et al. 1999). V. vulnificus is a 
rare cause of disease, but it is also underreported. The majority of human 
infections reported in the literature are through consumption of contaminated 
raw or undercooked seafood. However, infection is also through the 
contamination of wounds by seawater or marine animals (Hlady and Klontz 
1996). One such case of V. vulnificus septicaemia, cellulitis and leg ulceration in 
a patient who had symptoms develop after exposure to brackish water (19 days 
before admission) or after ingestion of raw oysters (ten days before admission) 
is described by Patel et al. (2002). Recreational water users with open wounds 
should therefore be aware of the possibility of infection particularly in summer 
months in temperate areas when the water temperatures are higher.  

Between 1997 and 1998, CDC received reports of over 389 cases of culture 
confirmed Vibrio illnesses from the Gulf Coast states, where the majority of 
cases in the United States have been reported. Among those about whom this 
information was available, 37% were hospitalised and 7% died. V. vulnificus 
accounted for 89% of the reported deaths. Of the total illnesses reported 16% 
were classified as wound infections, in which the patient incurred a wound 
before or during exposure to seawater or seafood drippings, and Vibrio spp. was 
subsequently cultured from the blood, wound or normally sterile site.  

There is no national surveillance system in the United States for V. vulnificus, 
but CDC collaborates with the states of Alabama, Florida, Louisiana, Texas and 
Mississippi to monitor the number of cases of V. vulnificus infection in the Gulf 
Coast region (Evans et al. 1999).  

Eleven clinical cases of V. vulnificus infection occurred in Denmark in the 
summer of 1994, which was unusually warm (Dalsgaard et al. 1996). The route 
of infection in 10 of the 11 cases was a pre-existing skin lesion. All patients had 
a history of exposure to seawater or handling of fish prior to infection and none 
had consumed seafood (Dalsgaard et al. 1996). Environmental investigations 
demonstrated that V. vulnificus was prevalent throughout Danish marine 
environments including coastal water, sediment, wild fish, shellfish and in 
diseased cultured eels (Høi and Dalsgaard 2000). Four of the patients developed 
bacteraemia, one of whom died, and nine developed skin lesions. 
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In a survey of cases of V. vulnificus infections in Florida, United States from 
1981 to 1987, Klontz et al. (1988) reported that 38 cases of primary septicaemia 
(ingestion), 17 wound infections, and seven cases of gastroenteritis were 
associated with the organism. Mortality from infection varied from 55% for 
primary septicaemia cases, to 24% with wound infections, to no deaths 
associated with gastroenteritis. 

IV Conclusions 
V. vulnificus commonly occurs in marine and estuarine environments. Evidence 
exists for the association of recreational use of water and infection with V. 
vulnificus where the user has a pre-existing open wound. Surveillance of V. 
vulnificus infections is poor and the number of cases reported is likely to be 
underestimated. 

 
Epidemiological 
evidence 
linking 
recreational 
water use with 
illness 

Evidence from 
outbreak data 
of illness 
associated with 
recreational 
water 

Documented 
cases of illness 
associated with 
recreational 
water 

Documented 
cases of 
sequelae (in 
any situation) 

V. vulnificus 
infection 

√ √  √ √ 
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5  
Protozoa and Trematodes 

 

This chapter summarises the evidence for protozoan illnesses acquired through 
ingestion or inhalation of water or contact with water during water-based 
recreation. Information on schistosomiasis a disease caused by a parasitic flat 
worm (trematode) is also presented. The organisms that will be described are: 
Cryptosporidium parvum; Giardia duodenalis; Microsporidia; Naegleria 
fowleri and Schistosoma spp. The following information for each organism is 
presented: general description, health aspects, evidence for association with 
recreational waters and a conclusion summarising the weight of evidence. 
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CRYPTOSPORIDIUM PARVUM 
Credibility of association with recreational water: Strongly associated 

I Organism 
Pathogen  
Cryptosporidium parvum  

Taxonomy  
Cryptosporidium parvum belongs to the phylum Apicomplexa (Sporozoa), class 
Coccidea and family Cryptosporidiidae. Within the genus Cryptosporidium 
there are ten recognised species (O’Donoghue 1995). The species of concern to 
humans is C. parvum, which has been detected in 152 species of mammals. 

Reservoir 
C. parvum is an obligate enteric coccidian parasite that infects the 
gastrointestinal tract of humans and livestock. Oocysts of Cryptosporidium are 
widespread in the environment including lakes and streams. Cryptosporidium 
becomes a problem in surface waters in most areas during spring rains which 
increase run-off, and many neonate animals are present in the environment to 
amplify oocyst numbers. Many adult animals continue to produce low levels of 
oocysts on a regular basis, which enhances the environmental load and serves as 
a source of infection for neonates (Castro-Hermida 2002). Breakdowns or 
overloading of public water utilities have resulted in community outbreaks of 
cryptosporidiosis. It is nearly impossible to determine the origin of many 
individual cases of cryptosporidiosis. There are many anecdotal reports of the 
parasite being acquired from public water supplies. Many cases may represent 
cases of cryptosporidiosis transmitted to humans by companion animals such as 
kittens and puppies, or by contact with other humans (Tzipori and Ward 2002).  

Distribution  
Worldwide. Infection and illness caused by Cryptosporidium spp. has been 
reported in more than 40 countries on six continents. Infection is common in 
developed regions and nearly universal in impoverished areas (Kosek et al. 2001). 

Characteristics 
Oocysts are able to survive for several months in water kept at 4 oC, but at 
higher temperatures viability decreases more rapidly (Smith and Rose 1990). 
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Increased rainfall is associated with increased concentrations of oocysts in 
receiving waters (Atherholt et al. 1998). Other factors affecting the presence of 
oocysts in the water environment are the incidence of infection in the animal or 
human population, the type of animal waste handling and sewage treatment, and 
the type of disposal of sewage.  

II Health aspects 
Primary disease symptoms and sequelae  
Cryptosporidiosis is generally a mild self-limiting disease in immunocompetent 
persons but more serious in the immunocompromised. Infection with C. parvum 
results in severe watery diarrhoea which lasts between several days and two to 
three weeks in previously healthy persons. Patients may also experience mild 
abdominal pain and fever. In children from developing countries it has been 
shown that infection with C. parvum predisposes to substantially increased 
diarrhoeal illnesses (Guerrant et al. 2002) and shortfalls in linear growth and 
weight gain (Checkley et al. 1997; Kosek et al. 2001). Chan et al. (1994) 
emphasise the lasting consequences where children are infected at an early age. 
Studies have shown a reduced physical fitness four to six years later associated 
with early childhood diarrhoea and, specifically with cryptosporidial infections 
in the first two years of life (Guerrant et al. 1999). The fitness deficits alone are 
comparable with that associated with a 17% reduction in work productivity 
(Ndamba et al. 1993). Work in Brazil has shown that early childhood diarrhoea 
is associated with long-term cognitive deficits (Guerrant et al. 1999) and, more 
recently, educational performance (Lorntz et al. 2000).  

Severe diarrhoea is associated with weight loss. Malaise and fever are also 
common with cryptosporidial infections. Non-gastrointestinal illness, such as 
cholecystitis, hepatitis and respiratory disease may also occur.  

Disease-parasite development and replication is relatively confined to the 
terminal jejunum and ileum in immunocompetent patients but in 
immunocompromised patients the entire gastrointestinal tract as well as biliary 
and pancreatic ducts may become infected (Current and Garcia 1991). Such 
patients could experience self-limited infection or an acute dehydrating 
diarrhoeal syndrome (Kosek et al. 2001).  

While reactive arthritis has been frequently described in association with 
bacterial pathogens, arthritis linked to parasitic infection has rarely been 
documented (Sing et al. 2003). Reactive arthritis complicating cryptosporidial 
infection is even rarer; Sing et al. (2003) reviews three cases reported by Hay et 
al. (1987); Shepherd et al. (1989); Cron and Sherry (1995) and Winchester et al. 
(1987).  
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In immunocompetent patients, symptoms and oocyst shedding usually 
resolve themselves in less than 14 days and need only symptomatic treatment. In 
the cases reported in the literature treatment resulted in either spontaneous 
recovery or disappearance of gastrointestinal symptoms with prolonged 
presentation of arthritis. In contrast to other forms of reactive arthritis, mainly 
small joints seem to be affected with cryptosporidia-associated reactive arthritis. 
Although cryptosporidia was typically excreted for a long period of time (over a 
year), patients did not suffer any gastrointestinal complaints except for a two-
day history of mild diarrhoea starting two weeks before the onset of arthritis. 
Normally, gastrointestinal cryptosporidiosis is self-limiting within two weeks in 
immunocompetent individuals.  

Exposure/mechanisms of infection 
The main route of infection is person-to-person contact (WHO 2004a). The 
transmission of Cryptosporidium spp. through water consumption has been well 
documented (see Fayer et al. 2000 for a review). Initially, the oocyst is ingested 
and passes through the stomach where four motile sporozoites are released and 
attach to the epithelial cell wall where they are taken into superficial 
parasitophorous vacuoles. The sporozoite here matures into a trophozoite and 
then divides and releases merozoites. Merozoites infect other epithelial cells, 
perpetuating the infection. Eventually some merozoites form microgametes and 
macrogametes which fertilise and become zygotes. These zygotes mature into 
an oocyst which is the infective stage and is passed in the faeces.  

Disease incidence 
During the past two decades, Cryptosporidium has become recognised as one of 
the most common causes of waterborne disease (drinking and recreational) in 
humans in the United States. In 2000, the annual incidence was estimated as 
1.17 in 100,000 people (Groseclose et al. 2002). In many other countries, 
particularly developing nations, records tend to be sporadic or based on 
particular studies. In the South-East Asia Region and Western Pacific Region 
the annual incidence of infection has been reported to range from 2% to 20% 
and in India from 4% to 13% (Nath et al. 1999).  

Incubation surveys of stools carried out in developed countries have shown 
the prevalence of infection to be between <1% and 4.5%, and many infections 
are subclinical (Benenson 1995). In the United States roughly 20% of young 
adults have measurable serum IgG antibody to cryptosporidium. In rural China 
75% of 11–13-year-old children are seropositive and in a Brazilian shantytown 
over 90% of children become seropositive by the age of 1 year (Zu et al. 1994).  
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Incubation period 
The incubation period is normally between seven and ten days (range 4 to 28 
days) (Hunter 1998). 

Infectivity 
The infective dose of oocysts for humans is unknown but probably small – less 
than 10 oocysts (Dillingham et al. 2002). Cryptosporidium oocysts discharged 
by ill individuals are usually observed at densities of between 106 and 107 per 
gram of faeces (Hunter 1998).  

Sensitive groups 
Individuals infected with Cryptosporidium spp. usually develop self-limiting 
diarrheal illness with enteric symptoms. However, Cryptosporidium also has 
been associated with more persistent symptoms and serious illness in 
immunocompromised persons, especially those with HIV, primary 
immunodeficiency, X-linked hyper-IgM syndrome, severe combined 
immunodeficiency, and selective IgA deficiency; those undergoing solid-organ 
transplantation; and children who are undernourished (Huang et al. 2004). 
Illness can last for several months or until death. Cryptosporidiosis is considered 
incurable in immunocompromised patients (Ferreira and Borges 2002) although 
for persons with AIDS, anti-retroviral therapy that improves immune status will 
decrease or eliminate symptoms of cryptosporidiosis. However, even if 
symptoms disappear, they may return if the immune status worsens 
(Anonymous 2004; Morales Gomez 2004). Biliary cryptosporidiosis in AIDS 
patients results in significant morbidity and mortality (Vakil et al. 1996). In the 
two years following the 1993 Milwaukee outbreak 54 deaths attributed to 
cryptosporidiosis were recorded, of whom 85% had acquired immunodeficiency 
syndrome as the underlying cause of death (Hoxie et al. 1997). 

III Evidence for association of cryptosporidiosis with 
recreational waters 

Cryptosporidium oocysts are very resistant to chlorine (Dillingham et al. 2002) 
and concentrations of 30 mg chlorine/litre for 240 minutes are required for a 
99% reduction to be achieved (WHO 2005). The small size of the oocysts means 
they may not be removed efficiently by conventional pool filters. This coupled 
with the fact that Cryptosporidium has a high infectivity makes it a health 
concern in swimming pools.  

Cryptosporidiosis associated with recreational water exposure has been 
recognised more frequently since 1988 when an outbreak of 60 cases of 
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cryptosporidiosis was reported amongst swimmers at a swimming pool in Los 
Angeles, United States (Anonymous 1990). The attack rate of this first outbreak 
was about 73% and swimmers had been exposed to a single faecal incident. The 
United States alone had over 170 outbreaks associated with recreational waters 
in the period 1989–1999 (Anonymous 2000a). 

Table 5.1 summarises some recreational water outbreaks documented 
between 1986 and 2001. These and other published cases linked to recreational 
waters are described below. Craun et al. (1998) have reviewed some of the 
outbreaks in the United Kingdom and north America. Where information was 
available they reported attack rates of between 1% and 60% (average 22%), and 
hospitalisation rates from 1% to 44% (average 13%). There was no correlation 
between these two figures suggesting that virulence of the organism is not 
associated with the level of contamination and the distribution. 

 
Table 5.1 Some published cases of cryptosporidiosis outbreaks in recreational waters 
1986–2001 (Fayer et al. 2000; Rose et al. 2002; CDR Weekly website: hpa.org.uk) 
 
Year Location Facility Disinfectant No. of cases  

estimated 
(confirmed) 

1986 New Mexico, United 
States 

Lake None 56 

1988 Doncaster, England Pool Chlorine (79) 
1988 Los Angeles county, 

United States 
Pool Chlorine 44 (5) 

1990 British Columbia, Canada Pool Chlorine 66 (23) 
1992 Gloucestershire, England Pool Chlorine (13) 
1992 Idaho, United States Water Slide Ozone/ 

Chlorine 
500 

1992 Oregon, United States Pool (wave) Chlorine (52) 
1993 Wisconsin, United States Pool (motel) Chlorine 51 (22) 
1993 Wisconsin, United States Pool (motel) Chlorine 64 
1993 Wisconsin, United States Pool Chlorine 5 
1993 Wisconsin, United States Pool Chlorine 54 
1994 Missouri, United States Pool (motel) Chlorine 101 (26) 
1994 New Jersey, United States Lake None 2070 (46) 
1994 South west England Pool Chlorine 14 (8) 
1994 Sutherland, Australia Pool Chlorine (70) 
1995 Kansas, United States Pool * 101 (2) 
1995 Georgia, United States Water Park Chlorine 2470 (6) 
1995 Nebraska, United States Water Park * (14) 
1996 Florida, United States Pool * 22 (16) 
1996 California, United States Water Park Chlorine 3000 (29) 
1996 Andover, England Pool Chlorine 8 
1996 Indiana, United States Lake None 3 
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Year Location Facility Disinfectant No. of cases  
estimated 
(confirmed) 

1997 England and Wales River None 27 (7) 
1997 England and Wales Pool Ozone/ 

Chlorine 
(9) 

1997 Minnesota, United States Fountain (Sand Filter) 369 (73) 
1997 Queensland, Australia Pools * 129 
1998 Canberra, Australia 3 Pools * (210) 
1998 Oregon, United States Pool * 51 (8) 
1998 New South Wales, 

Australia 
Pools * 370 

1998 Hutt Valley, New Zealand Pools * (171) 
1998 Minnesota, United States Pool * (26) 
1999 Florida, United States Interactive 

water fountain 
Chlorine 38 (2) 

2000 Ohio, United States Pool * 700 (186) 
2000 Nebraska, United States Pool * 225 (65) 
2000 Trent region, England Pool Chlorine 41 (41) 
2000 London, England Pool Chlorine 3 (3) 
2001 South west England Pool Chlorine 14 (8) 
2001 South west England Stream onto 

Beach 
None 14 (6) 

* = data not available 

Swimming pools 
The source of cryptosporidiosis in swimming pools is generally either sewage or 
the bathers themselves.  

Between August and October 1988, a total of 67 cases of cryptosporidiosis 
were reported to the Doncaster Royal Infirmary Laboratory in the United 
Kingdom. An investigation implicated a swimming pool at the local sports 
centre where oocysts were identified in the pool water. It was shown that 
effluent was entering from the main sewage into the circulating pool water. An 
epidemiological investigation confirmed a link between head immersion and 
illness (Joce et al. 1991).  

In 1990 an outbreak of cryptosporidiosis was reported from British 
Columbia, Canada. A case-control study indicated that transmission occurred in 
a public children’s pool at the local recreation centre and analysis using 
laboratory-confirmed cases showed that the illnesses were associated with 
swimming in the children’s pool within two weeks prior to the start of the 
illness. Attack rates ranged from 8% to 78% for various groups of children’s 
pool users (Bell et al. 1993). 
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In 1992 public health officials in Oregon, United States, identified 55 patients 
with cryptosporidiosis. A case-control study involving the first 18 case patients 
showed no association between illness and attendance at a day care centre, 
drinking municipal water or drinking untreated surface water. However, 9 of the 
18 case patients reported swimming at the local wave pool, whereas none of the 
controls indicated this activity. Of the 18 case patients, 17 were eventually 
identified as swimming in the same wave pool and it was concluded that the 
outbreak of cryptosporidiosis was likely to have been caused by exposure to 
faecally-contaminated wave pool water (McAnulty et al. 1994). 

In August 1993, a young girl from Wisconsin, United States, was reported to 
be ill with a laboratory-confirmed Cryptosporidium infection and members of 
her swimming team were also reported to be suffering from severe diarrhoea 
(Anonymous 1994). Out of 31 people attending the pool who were interviewed 
55% reported having watery diarrhoea for two or more days. Of the 17 cases 
47% had had watery diarrhoea for more than five days. A second cluster of nine 
cases was identified later in the month. Seven of the nine reported swimming in 
a large outdoor pool which was implicated in the outbreak. 

An outbreak of gastrointestinal illness was experienced by 61 resort hotel 
guests during April 1993 in Oshkosh, Wisconsin, United States. Of the guests 
reporting symptoms, 51 individuals met the case definition for cryptosporidiosis. 
A case-control study was undertaken among groups who reported illness and 
among those who stayed at the hotel during the risk period. Swimming in the hotel 
pool was significantly associated with case status and found to be the only risk 
factor significantly associated with illness (MacKenzie et al. 1995).  

From December 1997 to April 1998, 1060 laboratory-confirmed cases of 
cryptosporidiosis were reported in New South Wales, Australia. In a case-
control study it was found that compared with controls, those infected were 
more likely to be younger (average age 4.2 years) and more likely to report 
swimming at a public pool or in a dam, river or lake. As only 59% of the cases 
reported swimming during their exposure periods it was concluded that the 
remaining cases are likely to have been infected through person-to-person 
transmission or through other unidentified routes (Puech et al. 2001). 

Cryptosporidiosis and surface waters 
There are a number of reports of people being infected with Cryptosporidium 
spp. after drinking water taken from surface waters but very few published cases 
of people contracting cryptosporidiosis after swimming in surface waters.  

The first reported outbreak in the United States of cryptosporidiosis 
associated with a recreational lake was reported by Kramer et al. (1998). This 
occurred in the summer of 1994 at a state park in New Jersey. A cohort study 
was organised with 185 people, 38 of whom had laboratory-confirmed 
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cryptosporidiosis or gastrointestinal illness meeting clinical definitions. 
Swimming in or exposure to the lake water was strongly associated with illness. 
The outbreak lasted four weeks and affected an estimated 2070 people. The 
most likely sources of the outbreak were contaminated rainwater run-off and 
infected bathers. This investigation highlights the fact that even a large and 
ongoing epidemic may not be detected for several weeks. 

Gallaher et al. (1989) report a case-control study of laboratory-confirmed 
cases of cryptosporidiosis in New Mexico, United States. The study investigated 
24 positive stool cases and 46 matched controls. Significant risk factors 
included swimming in surface water, although this was not the only risk factor. 
In total, 8 of the 24 cases were exposed to surface water.  

Fountains 
Between August 7 and 27 1999, 38 people experienced gastrointestinal illnesses 
following visits to a beachside park in Florida, United States (Anonymous 
2000b). The most common symptoms included diarrhoea (97%), abdominal 
cramps (90%), fever (82%), vomiting (66%) and bloody diarrhoea (13%). C. 
parvum oocysts were identified in two persons’ stool samples. All 38 people had 
entered an interactive water fountain at the beach and all but two had ingested 
water from it. This fountain used water that recirculated from wet deck/play area 
flooring into an underground reservoir. This water did not pass through a 
filtration system but was passed through a hypochlorite tablet chlorination 
system. However, chlorine levels were not monitored and hypochlorite tablets 
had not been replaced. The fountain was used by many children of nappy-
wearing age. The local health department closed the fountain for over three 
months while several control measures were employed. A cartridge filtration 
system was installed and a chlorine monitor put in place to automatically stop 
the fountain when levels fell beneath 3 ppm. A sign was posted advising visitors 
to shower before entering the fountain and to avoid drinking the water. Children 
in nappies/diapers were forbidden from entering the fountain. No further cases 
were reported.  

Several cases of gastroenteritis were identified in visitors to the Minnesota 
Zoo, United States, in July 1997 (Anonymous 1998). Cryptosporidium oocysts 
were identified in nine out of ten stool specimens submitted by patients. A 
decorative fountain was implicated as the source. This sprayed jets of water 
vertically up to approximately 1.8 m. The drained water collected in trenches, 
passed through a sand filter, was chlorinated and then re-circulated. Water was 
replaced three times every week but the filter was not flushed. Children were 
often seen near the fountain on hot days and food was often consumed in its 
vicinity. In all, 369 cases were identified with 73 laboratory confirmations of 
Cryptosporidium. 95% of all cases were in people under ten years of age. The 
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most common symptoms included diarrhoea (86%), abdominal cramps (78%), 
vomiting (63%) and bloody diarrhoea (3%). The median incubation after 
fountain exposure was six days. In addition to fountain exposure, nine cases of 
cryptosporidiosis were identified among household contacts of case-patients 
with direct exposure. The source of the outbreak was not identified but 
contamination by a child wearing a nappy/diaper was suspected. Animals in a 
petting area approximately 45 m from the fountain tested negative for 
Cryptosporidium spp.  

IV Conclusions 
Most of the cases of cryptosporidiosis associated with recreational waters have 
been documented in the United Kingdom or the United States. Faecal accidents 
are implicated in most of the cases as the cause of the outbreaks, which have 
primarily occurred in swimming pools, although some cases have been 
documented from water slides, fountains and water parks. The risk of death and 
probability of developing long-term sequelae from this infection is low, 
however the acute illness can be prolonged and moderately severe especially in 
immunocompromised persons. 
 

Epidemiological 
evidence linking 
recreational 
water use with 
illness 

Evidence from 
outbreak data 
of illness 
associated with 
recreational 
water 

Documented 
cases of illness 
associated with 
recreational 
water 

Documented 
cases of 
sequelae (in 
any 
situation) 

Cryptosporidiosis 

√ √ √ √ 
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GIARDIA DUODENALIS 
Credibility of association with recreational water: Strongly associated 

I Organism 
Pathogen  
Giardiasis is a diarrhoeal illness caused by Giardia duodenalis (previously 
known as G. lamblia), a one-celled, microscopic parasite that lives in the 
intestine of humans and other large mammals.  

Taxonomy 
The genus Giardia belongs to the order Diplomonadida and the family 
Hexamitidae. There are three known species of Giardia – G. duodenalis being 
the only species to infect humans.  

Reservoir  
Although there are extensive animal reservoirs of G. duodenalis it is unclear 
whether these are significant sources of human disease. Most outbreaks have 
been linked to consumption of water contaminated by human faeces (Thompson 
et al. 2000).  

Distribution  
Distribution is worldwide. 

Characteristics 
G. duodenalis is a binucleated, flagellated protozoan parasite that inhabits the 
upper small intestine of its vertebrate hosts. 

II Health aspects 
Primary disease symptoms and sequelae 
During the past two decades, Giardia has become recognised in many countries 
as one of the most common causes of waterborne disease (drinking and 
recreational) in humans. 

Infection with G. duodenalis begins with asymptomatic cyst passage, acute 
usually self-limited diarrhoea and a chronic syndrome of diarrhoea, 
malabsorption, and weight loss. Several strains of G. duodenalis have been 
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isolated and described through analysis of their proteins and DNA; type of 
strain, however, is not consistently associated with disease severity. Different 
individuals show various degrees of symptoms when infected with the same 
strain, and the symptoms of an individual may vary during the course of the 
disease.  

Some individuals (less than 4%) remain symptomatic more than two weeks. 
Symptoms include acute onset of diarrhoea, loose or watery stool, stomach 
cramps, bloating and upset stomach. These symptoms may lead to weight loss 
and dehydration. Infections in adults may be asymptomatic. In otherwise healthy 
persons, symptoms may last between two and six weeks. Occasionally, 
symptoms may last months to years. In chronic giardiasis the symptoms are 
recurrent and malabsorption and debilitation may occur. Malabsorption 
develops in about 10% of chronic cases (Hunter 1998). 

About 40% of those who are diagnosed with giardiasis demonstrate 
disaccharide intolerance during detectable infection and up to six months after 
the infection can no longer be detected. Lactose intolerance is most frequently 
observed. Chronic cases of giardiasis in immunodeficient and normal 
individuals are frequently refractile to drug treatment. In some immune deficient 
individuals, giardiasis may contribute to a shortening of the life span (Farthing 
1994; Lane and Lloyd 2002). 

Hill et al. (2003) report the development of inflammatory arthritis following 
enteric infections with Giardia spp. 

Exposure/mechanisms of infection  
The cyst form of the parasite is protected by an outer shell that allows it to 
survive outside the body in the environment for long periods of time. Giardia 
cysts can survive in the aquatic environments and, if viable, can infect 
susceptible individuals after oral ingestion of faecally-contaminated food or 
water. Drinking water, recreational water, food and person-to-person contact 
have been reported to play a role in the transmission of this parasite (Stuart et al. 
2003). Giardia lives in the intestine of infected humans or animals. Millions of 
cysts can be released in a bowel movement from an infected human or animal. 

The disease mechanism is unknown, with some investigators reporting that 
the organism produces a toxin while others are unable to confirm its existence. 
The organism has been demonstrated inside host cells in the duodenum, but 
most investigators think this is such an infrequent occurrence that it is not 
responsible for disease symptoms. Mechanical obstruction of the absorptive 
surface of the intestine has been proposed as a possible pathogenic mechanism, 
as has a synergistic relationship with some of the intestinal flora. 



 Protozoa and Trematodes 159 

 

Disease incidence 
G. duodenalis is the most frequent protozoan agent of intestinal disease world-
wide causing an estimated 2.8 x 108 cases per annum (Lane and Lloyd 2002). 

In developed countries, prevalence peaks between the ages of one and four 
years (Flannagan 1992) and again in the age group 20 to 40 years, due to 
transmission from children and from travel. In developing countries, the 
prevalence of giardiasis in patients with diarrhoea is about 20% (Islam 1990). In 
developed countries the figure varies from 3% (Farthing 1994) to 7% (Quinn 
1971).  

Incubation period 
Incubation is normally between 5 and 25 days. Acute giardiasis develops after 
an incubation period of between five and six days and usually lasts from one to 
three weeks (Hunter 1998). 

Infectivity 
One or more cysts may cause disease. It is estimated that of 100 people 
ingesting Giardia cysts between 5% and 15% will become asymptomatic cyst 
passers, between 25% and 50% will become symptomatic with an acute 
diarrhoeal syndrome, and the remaining 35% to 70% will have no trace of the 
infection (Mandell et al. 1995). 

Sensitive groups 
Giardiasis occurs throughout the population, although the prevalence is higher 
in children than adults. Chronic symptomatic giardiasis is more common in 
adults than children (Lane and Lloyd 2002).  

Predisposition to giardiasis has been documented in patients with common 
variable immunodeficiency and in children with x-linked agammaglobulinemia. 
These patients have symptomatic disease with prolonged diarrhoea, 
malabsorption and marked changes in bowel biopsy (Lane and Lloyd 2002).  

Persons at increased risk of giardiasis include child care workers, children 
who attend day care centres, international travellers, hikers, campers, swimmers, 
and others who drink or accidentally swallow water from contaminated sources 
that is untreated (no heat inactivation, filtration, or chemical disinfection). This 
disease afflicts many homosexual men, both HIV-positive and HIV-negative 
individuals.  



160 Water Recreation and Disease 

 

III Evidence for association of Giardia with recreational waters 
Giardia has been shown to be transmitted during swimming (Johnson et al. 
1995) and Giardia cysts have been isolated readily from surface water samples 
(Le Chevallier et al. 1991), from water samples taken from coastal beaches (Ho 
and Tam 1998; Lipp et al. 2001), rivers used for recreational activities (Bing-
Mu et al. 1999) and swimming pools (Fournier et al. 2002). Because Giardia is 
known to have a high infectivity and is relatively resistant to disinfection 
processes the protozoan in recreational waters poses a health risk to users.  

Stuart et al. (2003) undertook a case-control study in a population in south-
west England with a history of diarrhoea and Giardia cysts in their stool 
specimens. None of the participants had travelled outside the United Kingdom 
in the three-week-period before the onset of diarrhoea. Among other risk factors 
the study showed an association between giardiasis and swallowing water while 
swimming. A higher risk of exposure to recreational freshwater was found to be 
in accordance with other similar studies (Gray and Rouse 1992; Neal and Slack 
1997).  

In 1984, a case of giardiasis was reported in a child who had participated in 
an infant swimming class in Washington State, United States (Harter et al. 
1984). Stool survey of the 70 participants in the class showed 61% prevalence 
of Giardia infection. None of the children present at the pool but not swimming 
was positive.  

In the autumn of 1985, an outbreak of giardiasis occurred among several 
swimming groups at an indoor pool in north-east New Jersey, United States 
(Porter et al. 1988). Nine clinical cases were identified, eight of these had 
Giardia-positive stool specimens. All were female, seven were over 18 years of 
age, and two were children. An attack rate of 39% was observed for the group of 
women who had exposure on one day. These cases had no direct contact with 
children or other risk factors for acquiring Giardia. It was concluded that 
infection most likely occurred following ingestion of swimming pool water 
contaminated with Giardia cysts. The source was traced to a child who had a 
faecal accident in the pool on the same day as the women’s swimming group. 
Nine of the 20 members of the child’s group were found to have stool samples 
positive for Giardia. 

In 1988, an outbreak of giardiasis was associated with a hotel’s new water 
slide pool in Manitoba, Canada (Greensmith et al. 1988). Among 107 hotel 
guests and their visitors surveyed, 29 probable and 30 laboratory-confirmed 
cases of Giardia infection were found. Cases ranged from 3 to 58 years of age. 
Significant associations were found for staying at the hotel, using the pool’s 
water slide and swallowing pool water. A possible contributing factor was a 
toddler’s wading pool, a potential source of faecal material, to the water slide.  
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Surveillance data 
The greatest number of reports of giardiasis are received during the late summer 
and early autumn. Because case reports can take one to two months to reach the 
surveillance centres after onset of illness, this peak reflects increased 
transmission during the summer months and might reflect the increased use by 
young children of communal swimming venues – a finding consistent with 
Giardia’s low infectious dose, the high prevalence of children of the age still 
using nappies/diapers in swimming venues, and Giardia’s role as one of the 
most common causes of recreational water-associated disease outbreaks. Case 
descriptions of outbreaks of giardiasis associated with recreational waters 
between 1991 and 1994 in the United States are given in Table 5.2.  
 
Table 5.2 Outbreaks of giardiasis associated with recreational waters 1991–
1994 in the United States (Adapted from Furness et al. 2000) 

 
Year Month Number of cases Source Setting  
1991 June 14 Swimming pool Park 
1991 July 4 Lake Campground 
1991 July 9 Wading pool Day care centre 
1991 July 7 Wading pool Day care centre 
1993 July 12 Lake Park 
1993 Sept. 43 Lake Swimming club 
1993 Aug. 6 River River 
1994 June 80 Pool Not specified 
1996 June 77 Pool Community 

 
In 1994, a case-control study was undertaken by Gray et al. to determine the 

risk factors for giardiasis. Giardiasis cases were identified from reports by 
consultants of the CDC, United States, over a one-year-period and found 74 
cases and 108 matched controls. It was concluded that swimming appeared to be 
an independent risk factor for giardiasis. Travel and type of travel were 
significant risk factors. Other recreational exposures and ingestion of potentially 
contaminated water were found not to be significantly related to giardiasis. 

In November 1999, epidemiological and microbiological evidence linked the 
use of a swimming pool to an outbreak of Giardia in the west Midlands, United 
Kingdom. Giardia cysts were identified in the water following the report of 16 
cases. Between August and November 1999, in East Anglia and Norfolk, United 
Kingdom, Cryptosporidium and Giardia-like cysts were identified in filter 
samples of a swimming pool and 54 cases were identified. A case-control study 
showed that illness was significantly associated with the implicated swimming 
pool (Anonymous 2000a). 
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In Wales, United Kingdom between March and June 2001, 17 cases of 
Giardia were reported from a children's nursery. Pupils, staff, and household 
contacts of symptomatic individuals were screened. A statistical association for 
children with water play was found and water play was suspended. Treatment of 
the microbiologically confirmed source was undertaken. A strong association 
with water was concluded (Anonymous 2001). 

IV Conclusions 
Recreational use of water is a proven risk factor for giardiasis. The majority of 
symptomatic patients of giardiasis will clear their infection after one to several 
weeks although immunocompromised patients may not recover from giardiasis. 
The risk of death and the probability of developing sequelae from this infection 
is low, however the acute illness can be prolonged and moderately severe. 

 
Epidemiological 
evidence linking 
recreational 
water use with 
illness 

Evidence from 
outbreak data 
of illness 
associated 
with 
recreational 
water 

Documented 
cases of illness 
associated 
with 
recreational 
water 

Documented 
cases of 
sequelae (in 
any situation) 

Giardiasis 

√ √ √ √ 
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MICROSPORIDIA 
Credibility of association with recreational water: Strongly associated 

I Organism 

Pathogen 
Microsporidiosis is caused by microsporidia, a non-taxonomic term to describe 
a group of protozoa. 

Taxonomy 
The microsporidia are obligate intercellular spore-forming protozoa belonging 
to the phylum Microspora (WHO 2004a). This is a large phylum of organisms 
that include over 700 species which infect all studied insects and animals (James 
1997). Microsporidia were once included in the phylum Sporozoa but 
subsequent research has shown that the microsporidia are a well-defined group 
with no known relationships with other protists (Dowd 2002). At least six 
genera of microsporidia are recognised as etiologic agents of disease in humans 
(Dowd 2002): 

(1) Enterocytozoon bieneusi 
(2) Encephalitozoon spp. (Encephalitozoon intestinalis), Encephalitozoon 

hellem, and Enterocytozoon cuniculi 
(3) Pleistophora 
(4) Vittaforma cornea 
(5) Nosema spp. (Nosema connori and Nosema ocularum) 
(6) Trachipleistophora hominis 

 
Human enteropathogenic microsporidia are an important cause of parasitic 

infections that have emerged in the context of the HIV/AIDS epidemic (James 
1997). 

Two species are implicated in diarrhoea and other gastrointestinal disease in 
HIV-infected patients: Enterocytozoon bieneusi and Encephalitozoon 
intestinalis (Ferreira et al. 2001). 

The microsporidia identified in AIDS and other patients are given in Table 5.3. 
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Table 5.3 Microsporidia identified as human pathogens. The site of infection is denoted 
by the superscript number (Franzen and Muller 1999; Weiss 2001) 
 

AIDS 
Patients 

Encephalitozoon1, Encephalitozoon intestinalis1, Enterocytozoon 
cuniculi1, Enterocytozoon bieneusi2, Pleistophora spp.3, Nosema 
ocularum4, Brachiola, Nosema connori1, Nosema algerae4, 
Vittaforma cornea4, Microsporidium1, Microsporidium africanus, 
Microsporidium ceylonesis 

Other 
patients 

Encephalitozoon1, Encephalitozoon hellem1, Enterocytozoon 
cuniculi1, Encephalitozoon intestinalis1, Enterocytozoon bieneusi2, 
Trachipleistophora hominis3,5, Trachipleistophora anthropopthera1, 
Pleistophora spp.3, Brachiola, Brachiola vesicularum, Nosema 
algerae4  

1 = Disseminated; 2 = Small intestine, gall bladder, liver; 3 = Skeletal muscle;  
4 = Corneal Stoma; 5 = Nasal sinuses 

Reservoir 
The environmental sources of microsporidia are poorly characterised. 
Encephalitozoonidae are widely distributed parasites in birds and mammals and 
the onset of microsporidiosis has been associated with exposure to livestock, 
fowl and pets (Weiss 2001). Thus encephalitozoonidae infections may be 
zoonotic, though no direct evidence of this exists.  

E. bieneusi have been implicated in water and food transmission routes with 
spores in water and on undercooked or uncooked food. Final hosts are humans 
and rhesus monkeys. E. cuniculi have similar transmission routes and final hosts 
include man, pets and animals around the dwelling place (e.g. rabbits, mice, 
pigs, cows and goats). 

Distribution 
Distribution is worldwide. Many infections with different species of 
microsporidia have been reported from all over the world (Franzen and Muller 
2001).  

Characteristics 
Microsporidia form characteristic unicellular spores that are environmentally 
resistant. E. cuniculi spores remain viable for six days in water and four weeks 
when dry at 22 °C while N. bombycis may remain viable for ten years in 
distilled water (Weiss 2001). Koudela et al. (1999) demonstrated that spores 
remained infective after freezing (down to –70 °C) but lost infectivity in water 
that reached a temperature of 60 °C at five minutes. Once released into the 
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aquatic environment therefore, these spores may stay viable for some time and 
so pose a threat of infection for a significant period. 

A defining characteristic of all microsporidia is an extrusion apparatus 
consisting of a polar tube that is attached to the inside of the anterior end of the 
spore by an anchoring disk and then forms a number of coils around the 
sporoplasm. A more detailed description of the microbiology and molecular 
biology of microsporidia are given by Weiss (2001). 

Human enteropathogenic microsporidia are closer in size to bacteria 
(approximately 1 µm to 2 µm in diameter) than to other protozoan parasites 
such as Giardia duodenalis and Cryptosporidium parvum (Dowd 2002).  

II Health aspects 
Primary disease symptoms and sequelae  
While infection of the digestive tract is the most common clinical manifestation, 
infections of the reproductive, respiratory, muscle, excretory and nervous tissue 
also occur (Weiss 2001). Table 5.4 shows clinical manifestations of human 
microsporidial infections. 

Exposure/mechanisms of infection 
The epidemiology of microsporidiosis is largely unknown (Cotte et al. 1999). 
Hutin et al. (1998) found in a study of HIV-infected patients that the only 
factors that were significantly associated with intestinal microsporidiosis were 
male homosexual preference, swimming in a pool in the previous 12 months and 
≤100/mm3 CD4 lymphocytes. These results, as well as the intestinal localisation 
of the parasite, suggest a faecal–oral route of transmission (Cotte et al. 1999; 
WHO 2004a).  

Co-infection with different microsporidia or other enteric pathogens can 
occur and microsporidiosis may be linked to travel or residence in the 
tropics/developing countries (Weiss 2001).  

Disease incidence  
Prevalence of microsporidia in studies of patients with chronic diarrhoea range 
from 7% to 50% with the differences in range attributable to factors such as risk 
factors, diagnostic capability and geographic variation (Slifko et al. 2000). 

Incubation period 
Unknown. 
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Table 5.4 Clinical manifestations of human microsporidial infections (Adapted from 
Franzen and Muller 2001) 
 
Species Clinical manifestation and references to described 

cases 
E. bieneusi Enteritis, diarrhoea, cholangitis, cholecystitis, 

pneumonitis, bronchitis, sinusitis, rhinitis 
E. intestinalis Enteritis, diarrhoea, small bowel perforation, cholangitis, 

cholecystitis, nephritis, urinary tract infection, sinusitis, 
rhinitis, bronchitis, keratoconjunctivitis, disseminated 
infection 

E. hellem Keratoconjunctivitis, sinusitis, rhinitis, pneumonitis, 
nephritis, ureteritis, prostatitis, urethritis, cystitis, 
disseminated infection 

E. cuniculi Hepatitis, peritonitis, encephalitis, intestinal infection, 
urinary tract infection, keratoconjunctivitis, sinusitis, 
rhinitis, disseminated infection 
(Terada et al. 1987; Zender et al. 1989) 

Encephalitozoon spp. Cutaneous infection, hepatic failure, bone infection 
(Matsubayashi et al. 1959; Bergquist et al. 1984; Yachnis 
et al. 1996) 

Trachipleistophtera Myositis, keratoconjunctivitis, sinusitis, rhinitis 
T. anthropophthera Encephalitis, myositis, disseminated infection 

(Yachnis et al. 1996) 
Pleistophora spp. Myositis (Ledford et al. 1985; Chupp et al. 1993; Field et 

al. 1996) 
Vittaforma corneae Keratitis, urinary tract infection 
Nosema ocularum Keratoconjunctivits 
N. connori Disseminated infection 
Brachiola vesicularum Mysositis 
B. algerae Keratoconjunctivits 
Microsporidium africanum Corneal ulcer 
M. ceylonensis Corneal ulcer 

Infectivity 
Very low infective doses are suspected to be necessary for infection (Dowd 
2002; WHO 2004a). Microsporidial spores are stable in the environment and 
remain infective for days to weeks outside their hosts. 

Sensitive groups 
Human enteropathogenic microsporidia cause chronic diarrhoea and wasting in 
HIV-infected individuals. Immunocompromised patients are most at risk.  
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III Evidence for association of microsporidiosis with 
recreational waters 

The presence of microsporidia in recreational water has not been investigated in 
detail to date although it has been proposed that recreational water contact may 
be an independent risk factor for intestinal microsporidiosis (Fournier et al. 
2002). The biological features of microsporidia that favour waterborne 
transmission are outlined in Table 5.5. 

Hutin et al. (1998) showed a strong link between occurrence of intestinal 
microsporidiosis and swimming in a pool within the previous 12 months (43% 
of case-patients reported this behaviour). This highlights the risk posed by 
microsporidia in recreational waters. Another preliminary report suggested 
swimming in a freshwater body was associated with intestinal microsporidiosis 
in HIV patients (Watson et al. 1996). Risk factors identified included swimming 
in rivers, ponds and lakes and drinking unfiltered tap water.  

In 1997 Hutin et al. (1998) conducted a case-control study with HIV-infected 
patients which showed that the only two factors associated with the intestinal 
microsporidiosis were swimming in a pool and homosexuality. This suggests 
that transmission is via the faecal–oral route and possibly through contaminated 
water. 

Several studies have identified this pathogen in surface waters. Arcay (2000) 
has identified microsporidia in an array of river and lakewaters in Venezuela. 
Fournier et al. (2000) identified the presence of E. bieneusi from the River Seine 
in France from 25 samples taken over a one-year-period. Dowd et al. (1998) 
identified microsporidia from a range of water types in the United States. The 
presence of E. intestinalis was confirmed in surface water and groundwater and 
E. bieneusi was identified in surface water.  
 
Table 5.5 The biological features of microsporidia that favour waterborne transmission 
(Adapted from Franzen and Muller 1999) 
 

Biological feature Characteristic of microsporidia 
Large number of infected host The number of spores released during infection is not 

known exactly but is probably large 
Lack of host specificity Reported in a variety of hosts 
Robust nature of spores At 4 °C organisms can survive in water for more than 

one year 
Small size The size of human microsporidia spores are  

1.0 –3.0 µm x 1.5 – 4.0 µm 
Low infectious dose 100 spores cause infection in athymic mice 
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Microsporidia are of concern in recreational water as the spores of some 
varieties (e.g. E. cuniculi) can contaminate the environment via urine as well as 
faeces (Slifko et al. 2000). 

Fournier et al. (2002) conducted a one-year-study of microsporidia 
occurrence in six different swimming pools in Paris, France – two were pools 
used by babies, two used by children, one used by adults and one hot tub used 
by homosexual men in a private club. Of the 48 samples analysed, one proved 
positive for microsporidia (from one of the children’s pool), one for 
Cryptosporidia and none for Giardia. The positive detection of microsporidia 
was thought to be that of E. shubergi, a microsporidia usually found in 
invertebrates suggesting insect contamination of the pool. The good quality of 
the pool water reflects on the following procedures: 

• The sourcing of pool water from public supply which is already 
disinfected 

• The pools’ utilisation of a combination of filtration and disinfection 
system using either chlorine, bromide or ozone. 

The study concluded that swimming pools are rarely contaminated with 
microsporidia and the risk of contamination through swimming pools is limited. 

A presumed waterborne outbreak of microsporidiosis was reported by Cotte 
et al. (1999). In the summer of 1995, 200 people (82% of which were 
immunocompromised) suffered a waterborne outbreak of microsporidiosis with 
no evidence of faecal contamination. These patients lived preferentially in an 
area corresponding to one of the three water distribution systems of Lyon, 
France suggesting contaminated water. Unfortunately this was a retrospective 
study and it was therefore not possible to sample the water distribution system 
for the presence of microsporidia. Factors that may have contributed to 
contamination include pumping of surface water directly from a recreational 
area that is mainly frequented by swimmers in summer. Treatment of this water 
was by flocculation, ozoflotation and filtration instead of by chlorination as at 
the other two treatment facilities.  

Diatomeaceous earth filters used in swimming pools will not filter out 
microsporidia spores so treatments such as chlorination or ozone are the only 
possible prevention methods (Hutin et al. 1998). Limited work has suggested 
microsporidia are susceptible to achievable chlorine concentration versus time 
values (Mota et al. 2000). Dowd et al. (1998) have confirmed the presence of E. 
intestinalis and Vittaforma cornea in tertiary sewage effluent surface water 
suggesting that microsporidia can survive the wastewater process, including 
mixed medium filtration and chlorination.  

Huffman et al. (2002) have shown that UV light at low and medium-pressure 
can lead to inactivation of >3.6 log10 of E. intestinalis at a dose of 6 mJ/cm2. 
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Hence UV light at dosages utilised for drinking water treatment is capable of 
achieving high levels of inactivation of at least certain microsporidia.  

IV Conclusions 
Although microsporidia are currently not common causes of recreational 
waterborne disease, their role as emerging pathogens is being increasingly 
recognised. Their small size makes them difficult to remove by conventional 
water filtration techniques and it is thought that, like Cryptosporidium they may 
show increased resistance to chlorine disinfection. Illness is generally reported 
in immunocompromised individuals although some infections in 
immunocompetent individuals have been reported.  

 
Epidemiological 
evidence linking 
recreational 
water use with 
illness 

Evidence from 
outbreak data 
of illness 
associated with 
recreational 
water 

Documented 
cases of 
illness 
associated 
with 
recreational 
water 

Documented 
cases of 
sequelae (in 
any situation) 

Microspoidiosis 

√ √ √ √ 
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NAEGLERIA FOWLERI 
Credibility of association with recreational water: Strongly associated 

I Organism 
Pathogen  
Naegleria fowleri.  

Taxonomy 
The genus Naegleria belongs to the Order Schizopyrenida, Family 
Vahlkamphidae. There are six species in the genus. N. fowleri is the primary 
human pathogen, the disease is known as primary amoebic meningoencephalitis 
(PAM) and is almost always fatal but uncommon. 

Reservoir 
N. fowleri is a free-living, thermophilic amoeba that grows well in tropical and 
subtropical climates, where water temperatures exceed 25–30 oC (WHO 2004a). 
In colder climates N. fowleri encysts at the bottom of lakes, rivers and 
swimming pools where it may persist in the sediments.  

N. fowleri has been isolated from the thermal discharges of power plants, hot 
springs, sewage and even from the nasal passages of healthy persons (Martinez 
and Visvesvara 1991).  

Distribution  
N. fowleri is found worldwide in freshwater and soil. Most of the reports of 
PAM have been from developed rather than developing nations. This is 
probably because of greater awareness of the infection rather than greater 
incidence. Cases have been reported from Belgium, United Kingdom, India, 
Ireland, New Zealand, Nigeria, Panama, Puerto Rico, Uganda and Venezuela 
(De Jonckheere 1987; Anonymous 1992; Kilvington and Beeching 1995). 

Characteristics 
These are free-living amoeba which normally live as phagotrophs in aquatic 
habitats where they feed on bacteria, but they are opportunistic pathogens. The 
life cycle consists of a feeding trophozoite or amoeba, a resting cyst and a 
transient flagellate. 
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II Health aspects 
Primary disease symptoms and sequelae 
Onset of PAM is abrupt, with rapidly progressive headaches, fever, nausea, 
vomiting, pharyngitis and nasal obstruction or discharge (Martinez 1993). 
Convulsions may occur together with lethargy, confusion and a stiff neck. 
Eventually the patient falls into a coma and death usually occurs within 1 to 14 
days. Other symptoms include abnormalities of taste and smell; seizures; 
cerebellar ataxia; nuchal rigidity; photophobia; palsies of the third, fourth and 
sixth cranial nerves; and increased intracranial pressure. Cardiac abnormalities 
may also occur. Healthy people may experience subclinical infections where the 
protozoa colonise the nose and throat. 

Exposure/mechanisms of infection 
The invasive stage of N. fowleri is the amoeba. Infection occurs by intranasal 
absorption of amoebae in freshwater when water is forcefully inhaled or 
splashed onto the olfactory epithelium, for example from diving, swimming 
underwater or jumping. Amoebae enter the nasal mucosa, cribriform plate and 
olfactory bulbs of the brain. The amoebae then spread to other regions of the 
brain where they cause inflammation and destruction of the brain tissue and 
penetrate the central nervous system. Water is the only known source of 
infection (WHO 2004a). 

No figures on the incidence of subclinical infections were found in the 
literature. One study by Sadaka et al. (1994) took samples from different water 
sources in Alexandria, Egypt and from nasal passages of 500 healthy children 
inhabiting areas nearby. These sources were examined for the presence of 
amoebae. The samples were cultured and amoebae were isolated and identified. 
Nine species, N. gruberi, N. fowleri, Acanthamoeba rhysodes, A. glebae, A. 
culbertsoni, A. astronyxis, A. palestinensis, Vahlkampfia avara and V. inornata 
were isolated from the water of canals and drains. N. gruberi and A. rhysodes 
were found in the nasal passages of six healthy children living near the 
contaminated canals. No amoebae were encountered in the drinking water, 
swimming pools, sea and lake water included in this study (Martinez and 
Janitschke 1985). 

Disease incidence 
PAM is rare in occurrence. According to the CDC, there is an average of one to 
three infections in the United States each year (Levy et al. 1998). Australia, 
Czechoslovakia and the United States account for 75% of all reported cases of 
the disease (John 1982). Martinez and Visvesvara (1997) estimated that 179 
cases had been reported up to 1997 and of these 81 were in the United States. 
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Incubation period 
There is typically a two-to-seven day incubation period before symptoms of PAM 
appear (Health Canada 2001). 

Infectivity 
Not known. 

Sensitive groups 
No predisposing factors are necessary for human infections to occur (Martinez and 
Visvesvara 1991) and infection typically occurs in healthy children or young 
adults with a recent history of swimming or practising water sports in freshwater, 
heated swimming pools or artificial lakes. Cases have also been reported in 
persons having no contact with water but contact with mud (Lawande et al. 1979).  

III Evidence for association of Naegleria fowleri with 
recreational water use 

Several hundred cases of disease have been reported and N. fowleri has been isolated 
from recreational waters on many occasions throughout the world. Pernin and Riany 
(1978) report a study which found that 90% of 44 water samples taken in nine 
swimming pools in Lyon, France, contained amoebae. The majority of the isolates 
belonged to genus Acanthamoeba and Hartmannella. However, Naegleria was 
isolated directly from one of the pools on one occasion. 

Wellings et al. (1977) found over 60% of Florida lakes were positive for N. 
fowleri. 

N. fowleri was isolated from water during a routine inspection of a swimming 
pool in Prague, Czech Republic in December 1977. This swimming pool was 
identified as a source of the infectious agent between the years 1962 and 1965, when 
a large outbreak of PAM occurred involving 19 cases (Kadlec et al. 1978). Two 
strains of N. fowleri, pathogenic for white mice after intracerebral and intranasal 
inoculation, were isolated from water in outlet troughs. Additional strains were then 
isolated from various places, particularly from a cavity in the damaged wall of the 
pool. Epidemiological investigations did not reveal any new case of PAM in relation 
to the occurrence of pathogenic N. fowleri in the swimming pool (Kadlec et al. 
1978). 

De Jonckheere (1971) examined one outdoor and 15 indoor swimming pools in 
Belgium for the presence of amoebae. Of the isolates made from 13 pools, 43.6% 
belonged to the genus Acanthamoeba. The genus Naegleria accounted for 7.3% of 
the isolates, but N. fowleri was not recovered from any of the samples. 
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Gogate and Deodhar (1985) report a study of 12 swimming pools, six small 
ponds and three lakes in Bombay, India. N. fowleri was isolated from one swimming 
pool sample.  

Rivera et al. (1990) took seven water samples from three thermal water bathing 
resorts in Tecozautla, Hidalgo, Mexico and analysed them during December 1984. 
The group isolated 33 strains of free-living amoebae belonging to the genera 
Naegleria, Acanthamoeba, and Willaerti. Of these, 20 of the strains belonged to the 
Naegleria genus, and of these 16 were classified as Naegleria spp., and two were 
classified as N. lovaniensis. Two pathogenic strains of the species N. australiensis 
and N. lovaniensis were found which may be considered good indicator organisms 
for the presence of N. fowleri.  

Rivera et al. (1983; 1993) reports a survey of pathogenic and free-living amoebae 
in swimming pool waters in Mexico City. Among the organisms isolated, those 
which have public health importance were N. fowleri and A. castellanii. Amoebae of 
the genera Acanthamoeba, Naegleria, and Vahlkampfia were recovered in their 
cystic stage. Amoebae were concentrated through filtration procedures and 
subsequently cultured. Most commonly found were amoebae of the species N. 
gruberi (59.02%), N. fowleri (16.77%), and A. castellanii (7.64%). All isolated 
strains of N. fowleri and A. castellanii were thermophilic at 45 oC and 40 oC 
respectively, and also pathogenic when inoculated into white mice. Indoor 
swimming pools with an inner side garden were more likely to be contaminated. It 
was also shown that the residual chlorine values of between 0.50 mg/litre and 1.5 
mg/litre, are not adequate for elimination of amoebae. 

The majority of published cases of infections with N. fowleri are in individuals 
who have had a recent history of swimming in freshwater during hot weather.  

The first four human cases of fatal PAM caused by free-living amoebas were 
reported by Fowler and Carter (1965). Several studies since have identified the 
Naegleria amoeba as a cause of illness following the use of recreational waters. In 
Usti, Czech Republic, 16 cases were associated with a public swimming pool (Cerva 
and Novak 1968).  

Duma et al. (1971) report 16 cases of PAM associated with individuals 
swimming in a lake in Virginia, United States. 

The first documented case of PAM caused by N. fowleri in recreational water in 
Mexico was in 1978 and reported by Valenzuela et al. (1984). A 16-year-old male 
from Mexicali in the state of Baja California was admitted to hospital in August 
1978, seven days after sustaining moderate head trauma while swimming in a 
shallow, stagnant irrigation ditch on a hot summer day. He developed an acute 
illness with severe headache, fever and convulsions rapidly progressing into a 
comatose state. Actively moving trophozoites were observed in his spinal fluid on 
admission to hospital. The patient died on the third day of symptoms. Post-mortem 
examination revealed a meningoencephalitis with extensive destruction, 
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haemorrhage and numerous parasites involving structures of the posterior fossa. 
Immunoperoxidase strains of trophozoites in meningeal and cerebellar tissue were 
positive for N. fowleri.  

Rodriguez et al. (1998) report the case of a previously healthy 16-year-old male 
in Argentina who, following immersion in a water tank, was admitted to hospital 
because of meningeal irritation that progressed to coma and death within days; 
autopsy revealed PAM by N. fowleri.  

Lares-Villa et al. (1993) describe an outbreak of PAM affecting five individuals 
in Mexico who had been swimming in the same artificial canal during August and 
September 1990. All five died.  

Three cases of PAM were reported in Britain by Cain et al. (1981). In one case a 
young girl died from PAM after swimming in a thermal spa pool in Bath, United 
Kingdom in 1978. 

DeNapoli et al. (1996) report a case of a 13-year-old boy who had been 
swimming in the Rio Grande, United States, became infected by N. fowleri and 
subsequently developed PAM. Death occurred 36 hours after admission to hospital. 
It was reported that the Rio Grande is highly polluted with faecal waste and 
industrial chemicals. The 13-year-old patient swam regularly in the Rio Grande as 
well as in an adjacent holding pond.  

In Thailand, PAM was first reported in 1982. Between 1982 and 1989, five cases 
were reported (Table 5.6). The first reported case was in a five-year old boy with a 
history of swimming in a pond along a rice field. He died three days after admission 
to hospital (Jariya et al. 1983).  

Another case was a four-and-a-half-year-old girl who had swum in a water 
supply canal in Bang Kam with her father almost every day for two weeks prior to 
her illness. None of the other children who had been swimming contracted the 
disease although the organism was detected in the water source. The girl died on the 
fifth day of her illness (Sirinavin et al. 1989).  
 
Table 5.6 Cases of primary ameobic meningoencephalitis in Thailand, 1982–1989 (Adapted 
from Sirinavin et al. 1989) 
Date of disease Age of patient (years) Sex 
September 1982 5 Male 
March 1986 8 and 12 Male 
April 1986 17 Male 
April 1986 14 Male 
May 1987 4 Female 
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Surveillance data 
Outbreaks of disease caused by N. fowleri in recreational waters are recorded in the 
United States by CDC. Table 5.7 shows the cases of PAM from N. fowleri in 
recreational waters recorded in the United States between 1991 and 2000. Eight cases 
were reported in the United States in 2002 (Yoder et al. 2004). 
 

Table 5.7 Cases of primary amoebic meningoencephalitis caused by N. fowleri in 
recreational waters recorded in the United States, 1991–2000 (Anonymous 1992; 
Kramer et al. 1996; Levy et al. 1998; Barwick et al. 2000; Lee et al. 2002) 
Year Month Source Number of cases and 

outcome  
1991 October Hot spring in a recreational area 1 – fatal 
1991 August Falling into a puddle face down 

after a fight in a rural area 
1 – fatal 

1991 September Stream in a rural area 1 – fatal 
1991 September Freshwater pond in a swimming area 1 – fatal 
1991 September Lake in a swimming area 1 – fatal 
1991 July Lake in a swimming area 1 – fatal 
1994 July Pond/river in rural area 1 – fatal 
1995 Not specified Shallow lake, river pond and canal  6 – all fatal 
1998 August Lake 1 – fatal 
1998 August Stream – drainage canal 1 – fatal 
1998 August River 1 – fatal 
1998 July Lake 1 – fatal 
1999 October Pond 1 – fatal 
2000 April Mudhole 1 – fatal 
2000 Not reported Not reported – person fell from 

jet ski into water and was infected 
1 – fatal 

2000 July Lake 1 – fatal 

IV Conclusions 
Credibility of association of N. fowleri with recreational waters is strong. N. 
fowleri has been shown to colonise warm freshwater habitats, such as swimming 
pools and natural hot springs and there is a high risk of death in infected 
persons. The acute illness is severe with symptoms lasting more than seven days 
and death always occuring.  
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Documented 
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PAM from N. 
fowleri 

√ √ √ √ 
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TREMATODE WORM 
Credibility of association with recreational water: Strongly associated 

I Organism 
Pathogen 
Schistosomes.  

Taxonomy 
The human schistosomes belong to the Family Schistosomatoidea, suborder 
Strigeata. There are five species which are responsible for the majority of 
disease. These are: Schistosoma haematobium, S. mansoni, S. japonicum, S. 
intercalatum and S. mekongi. They differ from other trematodes in that the 
adults are diecious, parasitise blood vessels, lack a muscular pharynx, produce 
non-operculate eggs and the circaria invades the host percutaneously. 

Reservoir 
Schistosomiasis is caused by digenetic blood trematodes. The reservoir for S. 
japonicum is animals, such as water buffalo, pigs and cattle (McGarvey et al. 
1999).  

Distribution  
The disease is found worldwide particularly in:  
• Africa: southern Africa, sub-Saharan Africa, Lake Malawi, the Nile River 

valley in Egypt  
• South America: including Brazil, Suriname, Venezuela  
• Caribbean: Antigua, Dominican Republic, Guadeloupe, Martinique, 

Montserrat, Saint Lucia (risk is low)  
• The Middle East: Iran, Iraq, Saudi Arabia, Syrian Arab Republic, Yemen  
• Southern China  
• Southeast Asia: Philippines, Laos, Cambodia, Japan, central Indonesia, 

Mekong delta.  
Cases have also been reported from Europe and the United States. 

Characteristics 
The snail hosts require freshwater. Alkaline rather than acidic freshwater is 
preferable since the snails require calcium for their shells. Water temperatures 
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above 20 oC but less than 39 oC are optimum as are areas where plants that the 
snails feed on are well exposed to sunlight. The snails survive well in slow 
moving and muddy waters (Hunter 1998). 

II Health aspects 
Primary disease symptoms and sequelae 
Awareness of the disease dates back to the 19th century when the physician 
Daijiro Fujii described the disease in peasants in the Katayama District of Japan 
(Savioli et al. 1997). There are two forms of acute disease: schistosome 
dermatitis and Katamaya fever. Schistosome dermatitis is due to the penetration 
of free-swimming cercariae through the skin (McKerrow and Salter 2002). 
Symptoms depend upon the infecting species and the worm load. Acute effects 
are not usually seen in persons living in endemic areas unless they are exposed 
to a massive infection which may occur, for example, after flooding. 

Symptoms usually begin with dermatitis with slight exanthema and itch when 
the worm penetrates the skin (known as swimmers itch). Dermatitis usually 
disappears within a week and a cough develops if the worm enters the lungs. 
This is accompanied by a mild fever and dullness. About one fifth of patients 
develop anaemia (Hunter 1998).  

After a period of approximately one month, the acute phase of the disease 
may begin with a high fever and rigors (Katayama fever). There is considerable 
inflammation of the liver and other organs resulting in daily fever, abdominal 
pain and enlarged and tender spleen and liver. Discharge of eggs into the 
intestinal canal is accompanied by dysentry or diarrhoea. These symptoms 
characterise intestinal schistosomiasis (Hunter 1998).  

Katamaya fever typically occurs four to six weeks after infection and is 
usually due to S. japonicum, S. mansoni and rarely S. haematobium. Katamaya 
fever can result in death but is not common. Central nervous system 
schistosomiasis is a rare complication of S. japonicum infection (Hunter 1998). 

Most persons with schistosomiasis have a moderate to low worm load, and 
may not show any specific symptoms. However, in patients with a heavy worm 
load delayed effects arise. These depend upon the organ affected.  

Bladder and kidney disease may result from infection with S. haematobium 
which stays in the veins of the genitourinary system. Intestinal and hepatic 
disease is caused by the other species which enter the mesenteric veins (Hunter 
1998).  

Hepatosplenic schistosomiasis is characterised by hardness in the liver and 
liver cirrhosis in severe cases. The spleen becomes enlarged and the abdominal 
collateral veins dilated. Osesphagogastric varices are seen in advanced cases, 
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and sudden death may occur if these bleed, although they are associated with 
low mortality. The final stage of hepatosplenic schistosomiasis is the 
development of decompensated liver disease (Mandell et al. 1995). In S. 
japonica embolism of eggs may cause headaches, seizures, paraesthesia and 
poor vision (Bissessur and Minderhoud 1985). Hepatic coma may occur as a 
complication.  

Fatigue, palpitations, exertional dyspnoea and cough are symptoms of S. 
mansoni infections. 

In urinary schistsomiasis ulcers of the bladder mucosa occur causing pain. In 
extreme cases hydronephrosis may result from obstruction of the urinary tract, 
causing renal parenchymal dysfunction. Complications resulting in kidney 
failure may occur if bacteria such as E. coli, Salmonella spp, Pseudomonas spp 
or Klebsiella spp are also present.  

There is overwhelming evidence for the association of bladder cancer and S. 
haematobium infections (IARC Working Group on the Evaluation of 
Carcinogenic Risks to Humans 1994). 

Gynaecological organs may also be affected by S. haematobium infections. 
Female genital schistosomiasis may be an important risk factor for transmission 
of HIV (Feldmeier et al. 1995) and there is some published evidence for an 
association between genital ulcers due to S. haematobium infection and HIV 
infection in women (Poggensee and Feldmeier 2001). 

Exposure/mechanism of infection 
The main host of all species (except S. mekongi) causing schistosomiasis is man. 
Eggs are passed in the urine or faeces. When the eggs come into contact with 
freshwater they hatch, releasing the first larval stage (a miracidium) which then 
penetrates the body of an intermediate host - a freshwater snail. Within the snail 
the miracidium multiply to form sporocysts. After four to six weeks these are 
released from the snail as free-swimming cercariae which must penetrate the 
skin of a host within 72 hours if they are to survive. In order to be infected 
therefore an individual (the host) must be in contact with water. Whilst 
penetrating the host they lose their tails and become schistosomula, which then 
travel to the lungs or liver where they mature and mate. Once they are mature 
they migrate through the venous system to another site in the body where they 
remain for five to ten years. The site depends on the species - S. haematobium 
remains in the veins of the bladder; other species remain in the mesenteric vein 
(Hunter 1998).  
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Disease incidence 
Data (van der Werf et al. 2003) indicate that, in terms of morbidity and 
mortality, schistosomiasis, represents an even greater disease burden than 
previously appreciated.  

WHO estimate that over 200 million people in 74 countries and territories of 
the world are affected by schistosomiasis and between 500 and 600 million are 
at risk (WHO 2004b).  

Most cases, and all of the most severely affected, are now concentrated in 
Africa. A number of endemic countries such as Brazil, China, the Philippines 
and Egypt have been able to sustain national control programmes for a 
prolonged period, while others, such as Venezuela, Saudi Arabia, Tunisia and 
Morocco, are nearing eradication or have already achieved this goal (WHO 
2004b).  

Globally, about 120 million of the 200 million infected people are estimated 
to be symptomatic, and 20 million are thought to suffer severe consequences of 
the infection. Yearly, 20,000 deaths are estimated to be associated with 
schistosomiasis. This mortality is mostly due to bladder cancer or renal failure 
associated with urinary schistosomiasis and to liver fibrosis and portal 
hypertension associated with intestinal schistosomiasis (WHO 2004b).  

Incubation period 
Schistosome dermatitis begins 24 hours after penetration of the cercariae. The 
next clinical phase (Katayama fever) begins between four and eight weeks later 
(Mandell et al. 1995). 

Infectivity 
Prevalence and degree of morbidity have been shown to correlate well with the 
worm burden as estimated by faecal or urinary egg counts (Mandell et al. 1995). 
 
Sensitive groups 
None. Schistosomiasis can affect all groups. 

III Evidence for association with recreational waters 
There are many published cases of schistosomiasis contracted through 
swimming or recreational use of water from throughout the world. Human 
infections depend on the presence of intermediate snail hosts in bodies of water 
which may be contaminated with human faeces and excreta. Transmission is 
influenced by human water contact activities, patterns and duration. Upatham 
(1976) reported that S. mansoni cercariae (in St. Lucia) were carried 
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downstream as far as 195 m in running water habitats. Radke et al. (1961) 
showed that mice could be infected 600 m downstream from the point of S. 
mansoni cercarial released under field conditions. These data showed that 
geographic characteristics such as water flow along rivers and streams might be 
important in allowing infection at a contact site away from infected snail 
colonies.  

Ndyomugyenyi and Minjas (2001) looked at prevalence of urinary 
schistosomiasis in school children in Kinondoni district of Dar-es-Salaam city, 
Tanzania. Recreational activities such as bathing, swimming and playing in the 
water were the most frequent activities attracting children to water bodies and 
carried the highest risks of infection with S. haematobium. Boys were more 
likely to be carrying the infection than girls and the age group 10–14 years had 
higher prevalence and intensities of infection than those in the younger or older 
age-group studied.  

Ofoezie et al. (1998) found similar patterns in children in Nigeria. Those in 
the 10–14 year age group were more likely to be infected with the 
schistosomiasis. Most water contacts were of either a recreational (swimming, 
bathing) or economic (fishing) nature. 

Useh and Ejezie (1999) looked at water-contact patterns of 2136 residents of 
Admin community in Nigeria at four streams between February 1993 and 
January 1994. Urine samples collected from those observed were used to 
estimate the prevalence and intensity of S. haematobium infection. Infection was 
detected in 50.4% of the subjects, with peak prevalence among those aged 10–
14 years. It was found that intensity of infection was more closely correlated 
with the number of water contacts than with the total duration of the exposure.  

Canoeing in certain South African waters is considered to be a high-risk 
activity with regard to schistosomiasis, gastroenteritis and possibly hepatitis. In 
a cross-sectional study, a serosurvey was conducted amongst canoeists to 
ascertain whether or not they had a higher seroprevalence to HAV, Norovirus 
and Schistosoma spp. than non-canoeists. In comparing the two groups, a 
significant association could not be demonstrated between canoeing and 
antibody response to HAV and norovirus (P-values for age-adjusted chi2 were 
0.083 and 0.219 respectively), but a significant association was demonstrated 
between canoeing and the antibody response to Schistosoma spp. (P < 0.001; 
age-adjusted) (Taylor et al. 1995). 

A study was carried out by Jeans and Schwellnus (1994) to determine the risk 
of schistosomiasis in triathletes in Zimbabwe. The prevalence of schistosomiasis 
in 30 triathletes (24 males, six females) was compared with that in 24 non-
triathlete controls after the 1989/1990 triathlon season. All the subjects found to 
be infected were then treated with praziquantel (40 mg/kg). The seasonal 
incidence of schistosomiasis in triathletes was then determined in a prospective 
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study during the 1990/1991 season. There was a significantly (P < 0.05) higher 
prevalence of schistosomiasis among the triathletes (80%) than among the 
controls (38%). The seasonal incidence of schistosomiasis was 64%. The study 
concluded that exposure of triathletes to fresh-water dam swimming in 
Zimbabwe poses a significant risk for the development of schistosomiasis.  

In 1992 two United States Peace Corps volunteers developed central nervous 
system schistosomiasis due to infection with S. haematobium following 
recreational water exposure at Cape Maclear on Lake Malawi. Schistosome-
infected Bulinus globosus, the snail vector of S. haematobium in Malawi, were 
found at Cape Maclear and other locations along the lakeshore (Cetron et al. 
1996). 

Kloos et al. (1983) studied three cohorts of male students from an Egyptian 
village aged 5–16 during a two-year period. Twelve types of water contact 
activities were studied and it was concluded that swimming and playing resulted 
in more frequent and intensive contact with potentially infected water and in 
more pollution of snail habitats with schistosome eggs than any other type of 
activity. 

Many cases of schistosomiasis in Europe are imported. Corachán et al. 
(1997) report clinical and epidemiological data from 80 Spanish travellers to 
Mali. A quarter of them showed symptoms related to the genital tract. In some 
groups, 45% of travellers that had swum, contracted the infection. The most 
prevalent species diagnosed was S. haematobium and ten travellers had mixed 
infections.  

In October 1982 a man from Colorado, United States who had returned from 
a rafting trip in Ethiopia suffered a low grade fever and myalgia which he did 
not seek medical help for despite the symptoms persisting. However, in 
February 1983 he was notified of a case of schistosomiasis that had been 
diagnosed in a fellow rafter. Stool examination revealed eggs of S. mansoni, and 
his serum was tested positive by the indirect immunofluorescent test for 
schistosomiasis. It was subsequently revealed that three tour guides had S. 
mansoni diagnosed and 39% of the participants were also infected. No specific 
site of exposure could be identified. Most participants took few or no 
precautions other than towelling-off, despite being aware of the risk of acquiring 
schistosomiasis. However, those who towel-dried most of the time after water 
exposure had a significantly reduced likelihood of infection; eight of 11 of the 
non-infected and one of seven of the ill towel-dried after water exposure during 
the last third of either trip (P = 0.02) (Anonymous 1983).  

Surveillance data from the US CDC did not reveal large numbers of cases – in 
1996 Schistosoma spp were identified as the etiologic agent of two outbreaks 
(affecting 71 and 50 people respectively) of swimmers itch in 1997 in Oregon, 
United States. Both outbreaks were from a lake at a beach area (Levy et al. 1998). 
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An estimated 127 persons were affected in eight outbreaks of dermatitis 
associated with pools, hot tubs, springs or lakes in Oregon, United States. S. 
spindale was the presumed etiologic agent of one of the outbreaks of swimmers 
itch because the clinical signs were consistent with cercarial dermatitis (Barwick 
et al. 2000).  

IV Conclusions 
Published cases and epidemiological studies show a clear association of 
schistosomiasis with recreational use of freshwater around the world. In some 
cases serious pathology associated with infection by Schistosoma spp. occurs 
and can lead to long-term health issues. Surveillance for schistosomiasis is 
currently poor, inferring that many more cases associated with recreational 
waters occur but are not published. Evidence shows that exposure to 
schistosomes is difficult to avoid but it has been shown that towel-drying after 
exposure to infested water can markedly reduce the risk of infection. 
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6  
Viruses 

 

This chapter summarises the evidence for viral illnesses acquired through 
ingestion or inhalation of water or contact with water during water-based 
recreation. The organisms that will be described are: adenovirus; 
coxsackievirus; echovirus; hepatitis A virus; and hepatitis E virus. The 
following information for each organism is presented: general description, 
health aspects, evidence for association with recreational waters and a 
conclusion summarising the weight of evidence. 
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HUMAN ADENOVIRUS 
Credibility of association with recreational water: Strongly associated 

I Organism 
Pathogen 
Human adenovirus 

Taxonomy 
Adenoviruses belong to the family Adenoviridae. There are four genera: 
Mastadenovirus, Aviadenovirus, Atadenovirus and Siadenovirus. At present 51 
antigenic types of human adenoviruses have been described. Human 
adenoviruses have been classified into six groups (A–F) on the basis of their 
physical, chemical and biological properties (WHO 2004).  

Reservoir 
Humans. Adenoviruses are ubiquitous in the environment where contamination 
by human faeces or sewage has occurred. 

Distribution 
Adenoviruses have worldwide distribution. 

Characteristics 
An important feature of the adenovirus is that it has a DNA rather than an RNA 
genome. Portions of this viral DNA persist in host cells after viral replication 
has stopped as either a circular extra chromosome or by integration into the host 
DNA (Hogg 2000). This persistence may be important in the pathogenesis of the 
known sequelae of adenoviral infection that include Swyer-James syndrome, 
permanent airways obstruction, bronchiectasis, bronchiolitis obliterans, and 
steroid-resistant asthma (Becroft 1971; Tan et al. 2003). They are unusually 
resistant to chemical or physical agents and adverse pH conditions, allowing for 
prolonged survival outside of the body. Adenovirus has been shown to be 
resistant to both tertiary treatment and UV radiation of urban wastewater 
(Thompson et al. 2003; Thurston-Enriquez et al. 2003). 
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II Health aspects 
Primary disease symptoms and sequelae 
Adenoviruses are frequent causes of fevers, upper respiratory tract symptoms 
and conjunctivitis and produce infections that are usually mild and self 
limiting.  

Adenoviral lower respiratory tract infections are infrequent, sporadic and 
most commonly associated with adenovirus types 3, 5 and 7 (Mandell 2000; 
Murtagh et al. 1993). Epidemic keratoconjunctivitis is associated with 
adenovirus serotypes 8, 19, and 37. Acute respiratory disease is most often 
associated with adenovirus types 4 and 7. Enteric adenoviruses 40 and 41 
cause gastroenteritis, usually in children (Wilhelmi et al. 2003). Of the human 
adenoviruses belonging to the B subgenera, it is known that adenovirus types 
3, 7, and 11 cause conjunctivitis (Kitamura 2001). Adenovirus type 3 and 7, 
which belong to the B1 group, cause inflammation of the upper respiratory 
tract and pneumonia in addition to conjunctivitis (Murtagh and Kajon 1997), 
while adenovirus type 11, which belongs to Group B2, causes diseases such as 
cystitis and nephritis (Kitamura 2001). It has been suggested that there is a 
possible connection between adenovirus type 36 and obesity (Powledge et al. 
2004). 

For some adenovirus serotypes, the clinical spectrum of disease associated 
with infection varies depending on the site of infection; for example, infection 
with adenovirus 7 acquired by inhalation is associated with severe lower 
respiratory tract disease, whereas oral transmission of the virus typically 
causes no or mild disease.  

Many of the adenovirus serotypes can multiply in the small intestine, but 
only types 40 and 41 have been strongly associated with gastroenteritis 
(Grimwood et al. 1995). Adenovirus is considered to be second only to 
rotavirus in terms of its significance as a cause of childhood gastroenteritis 
(Crabtree et al. 1997). Studies covering the analysis of about 5000 faecal 
specimens during the period 1981–1996 indicate that adenoviruses contributed 
3% to 9% of the gastroenteritis cases admitted to Australian hospitals. The 
majority of the cases were associated with young children and involved 
serotype 41 (40% to 80%) and to a lesser extent, serotype 40 (less than 20%). 
Seasonal patterns of the virus genotypes were evident, with type 41 being 
prevalent in late autumn and type 40 remaining prevalent year-round 
(Grimwood et al. 1995; Palambo and Bishop 1996).  

Infection with adenovirus is usually acquired during childhood. Acute 
lower respiratory tract infections in children is a major worldwide health 
problem (Murray and Lopez 1996). In Argentina, viral infections have been 
shown to contribute to between 20% and 30% of all cases of acute lower 
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respiratory tract infections in children and in a community setting, 
approximately 14% of cases have been shown to be attributable to adenovirus 
(Avila et al. 1989; Videla et al. 1998). This is higher than that reported in 
other countries. In Sweden for example, adenoviruses are reported to be 
responsible for 5% of acute lower respiratory infections in children under 4 
years of age who require hospitalisation (Sharp and Wadell 1995).  

Although most adenovirus infections are mild, adenovirus is included in this 
review because rarely, these infections may be fatal and there are a number of 
sequelae associated with the viral infection. Acute necrotizing bronchitis and 
bronchiolitis may develop in children and in debilitated and 
immunocompromised patients (Edwards et al. 1985; Ruuskanen et al. 1985; 
Zahradnik et al. 1980). These infections may result in complications including 
recurrent wheezing, bronchiectasis and obliterative bronchiolitis (Simila et al. 
1981; Sly et al. 1984; Hardy et al. 1988; Macek et al. 1994; Arce et al. 2000). 

Furthermore, adenoviral infections in lung transplant recipients may produce a 
rapidly progressive course leading to premature death (Ohori et al. 1995; Simsir 
et al. 1998). Unlike other viral pneumonitides (e.g. herpes simplex virus, 
cytomegalovirus), no specific treatment for adenovirus pneumonitis exists.  

Viquesnel et al. (1997) report a case of severe adenovirus type 7 
pleuropneumonia in an immunocompetent adult. The treatment required a 
mechanical ventilation with tracheostomy. The sequela was a restrictive 
respiratory insufficiency. Zarraga et al. (1992) report a case of adenovirus 
type 3 infection in a previously healthy adult woman that resulted in severe 
pulmonary complications.  

There are many cases of adenovirus-related illness in military recruits 
documented in the literature, some of these resulted in deaths. Two fatal cases 
of adenovirus-related illness in previously health military recruits in the state 
of Illinois, United States in 2000 were reported (Anonymous 2001). Both 
recruits died. The first case developed viral encephalitis, bronchiolitis 
obliterans and organizing pneumonia. The second case developed acute 
respiratory distress syndrome. Although the serotype responsible was not 
identified, serotype 7 has been most commonly associated with meningitis and 
encephalitis (Yamadera et al. 1998). It is thought that adenovirus may have 
been a co-morbidity factor in these cases.  

Exposure/mechanism of infection 
Exposure and infection are likely to be via several routes. The most common 
method of transmission is via the faecal–oral route, with food and water as 
possible vectors (Mickan and Kok 1994). In addition the virus may be spread 
through contaminated surfaces, such as sharing of towels at swimming pools, or 
sharing of goggles. Airborne spread through coughing and sneezing is also 
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common. Outbreaks of adenovirus-associated respiratory disease have been 
more common in the late winter, spring, and early summer; however, adenovirus 
infections can occur throughout the year.  

Disease incidence 
The exact prevalence and incidence of adenoviral infections are unknown, 
because most cases are seen by general practitioners and optometrists. 
Adenovirus is a very common infection, estimated to be responsible for between 
2% and 5% of all respiratory infections. In winter, infection with type 4 or 7 
causes recognisable illness in military recruits, with about 25% requiring 
hospitalisation for fever and lower respiratory tract disease (Berkow et al. 
2004).  

Crabtree et al. (1997) calculated annual risks of infection from adenovirus in 
recreational water to be as high as 1/1000 for a single exposure. 

Incubation period 
Incubation periods are generally less than ten days (Foy 1997; Gaydos 1999) but 
may be up to 24 days (Hunter 1998). 

Infectivity  
An infective dose of less that 150 plaque forming units has been reported when 
given intra-nasally (Health Canada 2002). 

Sensitive groups 
All ages are susceptible to adenovirus infections. Infections in the newborn may 
be serious, from meningitis and myocarditis to generalised systemic infection 
including hepatic dysfunction, even death (Cherry 1990; Abzug and Levin 
1991). There are a few case reports of serious pneumonia caused by adenovirus 
in the newborn (Bhat et al. 1984; Sun and Duara 1985). 

Young children are particularly sensitive to adenovirus types 1,2,3, and 5 
which are the most common cause of tonsillopharyngitis. Adenovirus infections 
have a greater severity of illness in the immunocompromised (e.g. AIDS 
patients and transplant recipients; Crabtree et al. 1997; Madhi et al. 2000). 
Hierholzer (1992) report a case-fatality rate of 53% for adenovirus infection in 
people with reduced immune function due to cancer treatment.  



196 Water Recreation and Disease 

 

III Evidence for association of adenovirus with recreational 
waters 

In seawater, the enteric adenoviruses have been shown to be substantially 
more stable than either polio 1 or HAV. They are reported to be more resistant 
to inactivation by UV than enteroviruses and sometimes are detected at higher 
levels in polluted waters (Crabtree et al. 1997). This suggests that the enteric 
adenoviruses may survive for prolonged periods in water, representing a 
potential route of transmission (Enriquez and Gerba 1995).  

Epidemics of pharyngoconjunctival fever are associated with waterborne 
transmission of some adenovirus types. These are generally recorded from 
inadequately chlorinated swimming pools (Heinz et al. 1977) and small lakes. 
Most surveillance studies of adenovirus infections have been conducted in 
developed countries. 

Foy et al. (1968) reported an outbreak of pharyngoconjunctival fever in two 
childrens’ swimming teams after exposure to unchlorinated water. The attack 
rates in the two teams were 65% and 67% respectively. Although the virus 
could not be isolated from the pool water, the author speculated that faecal 
contamination of the unchlorinated water could have been the source of the 
contamination. 

In 1974, Caldwell et al. reported an outbreak of conjunctivitis associated 
with adenovirus type 7 in seven members of a community swimming team in 
Kansas, United States. Viral culture of conjunctival and throat swabs of eight 
cases were positive for adenovirus type 7. In this case the pools’ chlorinator 
and filter had failed. 

Adenovirus type 4 was the causative agent of an outbreak of 
pharyngoconjunctivitis in users of a private swimming pool in Georgia, 
United States in the summer of 1977. Among members the attack rate was 
significantly higher in those who had used the pool (P<0.001). The virus was 
detected in samples of pool water and isolated from 20 of 26 swab specimens. 
It was found that there were inadequate levels of chlorine in the pool water 
(D’Angelo et al. 1979). 

Martone et al. (1980) report a second outbreak in the same year and 
locality linked to adenovirus type 3 and swimming pool use. At least 54 cases 
were identified with symptoms such as sore throat, fever, headache and 
anorexia. Conjunctivitis affected 35% of the individuals. The outbreak 
coincided with a temporary defect in the pool filter system and inadequate 
maintenance of the chlorine levels. 

Turner et al. (1987) report an outbreak of adenovirus type 7a infection 
associated with a swimming pool in which it was subsequently discovered the 
chlorinator had temporarily malfunctioned. Symptoms of pharyngitis were 
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reported in 77 individuals. A telephone survey indicated that persons who 
swum at the community swimming pool were more likely to be ill than those 
that did not. Those who swallowed water were more likely to be ill than those 
that did not (relative risk 2.1; P<0.01).  

An outbreak of pharyngoconjunctival fever at a summer camp in North 
Carolina, United States was reported in July 1991 (Anonymous 1992). An 
epidemiological investigation identified the cause as pharyngoconjunctival 
fever associated with infection with adenovirus type 3. Approximately 700 
persons swam every day in a one-acre man-made pond into which well water 
was continuously pumped. The attack rate for campers who swam daily (48%) 
did not differ significantly from that for campers who swam less than once per 
week (65%; relative risk 0.8). The attack rate for staff who swam was higher 
than that for staff who did not swim (77% versus 54%; relative risk 1.4). Of 
the 221 campers and staff members interviewed, 75 reported they had shared a 
towel with another person. Towel sharing increased the risk for illness (11 of 
12 who shared versus 31 of 63 who did not; relative risk 1.9%). Of viral 
cultures obtained from 25 ill persons, 19 grew adenovirus serotype 3. A 
concentrated sample of pond water drawn approximately six feet below the 
surface yielded adenovirus serotype 3. 

An outbreak of pharyngoconjunctivitis amongst competitive swimmers in 
southern Greece caused by adenovirus is reported by Papapetropoulou and 
Vantarakis (1998). At least 80 persons showed symptoms of fever, sore throat, 
conjunctivitis, headache and abdominal pain. It was shown the outbreak was 
due to adenovirus in a poorly chlorinated pool. 

Harley et al. (2001) report an outbreak of pharyngoconjunctival fever in a 
primary school in North Queensland, Australia. There was a strong correlation 
between the development of symptoms and having been swimming on a recent 
school camp. At the peak of the outbreak 40% of students were absent from 
the school. Although adenovirus could not be isolated from the swimming 
pool water from the camp, it was found that the swimming pool was not 
adequately chlorinated or maintained and it was concluded that it was 
probable that adenovirus infection was transmitted via the swimming pool 
water. 

IV Conclusions 
There are 51 types of adenovirus and the diseases resulting from infections 
include conjunctivitis, pharyngitis, pneumonia, acute and chronic appendicitis, 
bronchiolitis, acute respiratory disease, and gastroenteritis. Adenovirus 
infections are generally mild; however, there are a number of fatal cases of 
infection reported in the literature. Transmission of adenovirus in recreational 
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waters, primarily inadequately chlorinated swimming pools, has been 
documented via faecally-contaminated water and through droplets, although 
no fatal cases attributable to recreational waters have been documented in the 
literature. 
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COXSACKIEVIRUS 
Credibility of association with recreational water: Probably associated 

I Organism 
Pathogen 
Coxsackievirus A and B 

Taxonomy 
The coxsackieviruses belong to the Picornaviradae family. They are divided into 
two groups, A and B. There are 23 serotypes of coxsackie A viruses and at least 
six serotypes of coxsackie B virus (King et al. 2000). Those from the group B 
are associated with more severe illness.  

Reservoir 
Human, spread by direct contact with nasal and throat secretions from an 
infected person, faecal–oral route, inhalation of infected aerosols. 

Distribution 
Coxsackievirus has worldwide distribution, with increased frequency occurring 
in warm months in temperate climates. 

Characteristics 
The picornaviruses are small RNA-containing viruses, 25–30 nm in diameter. 
They can remain viable for many years at extremely low temperatures (between 
minus 20 oC and 70 oC, and for weeks at 4 oC, but lose infectivity as the 
temperature rises.  

II Health aspects 
Primary disease symptoms and sequelae 
The clinical manifestations of coxsackievirus infections range from inapparent 
infection in most persons (76%; Minor 1998) to uncommon and fatal disease. 
Coxsackieviruses are the most common cause of non-polio enterovirus 
infections (Mena et al. 2003). 

Mild illnesses include common cold and rashes, hand, foot and mouth disease 
and herpangina. Children between one and seven years of age have the highest 



200 Water Recreation and Disease 

 

incidence of herpangina. Most cases occur in the summer months, either 
sporadically or in outbreaks. The illness is characterised by an abrupt fever 
together with a sore throat, dysphagia, excessive salivation, anorexia, and 
malaise. About 25% of patients suffer from vomiting and abdominal pain. 
Vesicles appear on the anterior tonsillar pillars. Headache and myalgia are 
common in some outbreaks. The fever lasts between one and four days, local 
and systemic symptoms begin to improve in four to five days, and total recovery 
is usually within a week. In rare cases aseptic meningitis, and parotitis may 
develop (Hlavová 1989). 

Coxsackievirus A10 has been associated with lymphonodular pharyngitis 
(Hunter 1998). This is generally seen in children but may also affect young 
adults. Symptoms include fever, mild headache, myalgia, and anorexia due to a 
sore throat. The symptoms generally last between 4 and 14 days. Complications 
are not common.  

Hand, foot and mouth disease is associated predominately with 
coxsackieviruses A16 and A5 and occurs most frequently in children (Tsao et 
al. 2002). The disease is associated with low-grade fever at the onset. Sore 
throat or sore mouth are the usual presenting symptoms. Skin lesions typically 
occur, although they are not always present. The entire illness lasts between four 
and eight days. Although hand, foot and mouth disease is generally mild, 
associated features include aseptic meningitis, paralytic disease, and fatal 
myocarditis. 

Coxsackievirus A24 has been identified as the causal agent for acute 
haemorrhagic conjunctivitis (Yin-Murphy and Lim 1972).  

Since the 1960s, it has been suggested that group B coxsackieviruses are the 
most frequent viral etiological agent associated with heart diseases including 
myocarditis, pericarditis and endocarditis (Burch and Giles 1972; Koontz and 
Ray 1971; Pongpanich et al. 1983; Ward 2001; Gauntt and Huber 2003), 
causing more than 50% of all cases of viral myocarditis (Ali and Abdel-Dayem 
2003). The presence of heart-specific autoantibodies in the sera of some patients 
with coxsackievirus B3-induced myocarditis has suggested that autoimmunity is 
a sequela of viral myocarditis (Wolfgram et al. 1985). Potentially, autoimmunity 
can develop in genetically predisposed individuals whenever damage is done to 
the cardiac tissue.  

Sporadic cases of paralysis have been associated with coxsackievirus 
infections. The serotypes that are most often implicated are coxsackieviruses 
B2-6 (Kono et al. 1977). The disease is milder than poliomyelitis and paralysis 
is usually not permanent.  

Coxsackievirus has been implicated in cases of arthritis and arthralgias 
(Franklin 1978; Lucht et al. 1984). Gullain-Barré syndrome has been reported in 
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a small number of patients associated with coxsackievirus serotypes A2, A5 and 
A9 (Dery et al. 1974).  

Coxsackieviruses can, albeit rarely, cause encephalitis (McAbee and Kadakia 
2001). Around 70% of all meningitis cases are attributed to enteroviruses, in 
particular coxsackievirus types A7, A9 and B2-5 (Mena et al.1999).  

Many epidemiologic investigations have supported the involvement of 
coxsackievirus B in the etiology of pancreatitis and insulin dependent diabetes 
mellitus (IDDM) (Ramsingh et al. 1997; Jaekel et al. 2002; Horwitz et al. 
2004). It has been suggested the virus can precipitate the symptoms of IDDM in 
individuals who already have advanced beta-cell damage (Hyöty et al. 2003). 
Molecular analyses revealed positive associations between the presence of 
enteroviral mRNA and the development of beta cell autoimmunity (Andréoletti 
et al. 1998), and type 1 diabetes (Clements et al. 1995; Hou et al. 1994).  

The majority of IDDM cases manifest before the age of 30 years and the 
incidence is highest in childhood and puberty (Leslie and Elliot 1994). Around 
50% of children with IDDM have antibodies to coxsackievirus and it has been 
documented that enteroviruses and especially coxsackie B, have been implicated 
in between 20 and 34% of all human pancreatitis cases (Mena et al. 2000).  

In utero infection of the placenta with coxsackievirus is associated with the 
development of severe respiratory failure and central nervous system sequelae in 
the newborn (Euscher 2001). 

There are a few reports suggesting an association of coxsackievirus with 
rheumatic fever (Suresh et al. 1989; Zaher et al. 1993; Górska et al. 1998). 

Aronson and Phillips (1975) suggest that an association exists between 
coxsackievirus B5 infections and acute oliguric renal failure.  

Exposure/mechanisms of infection 
Coxsackievirus infections can be spread directly from person-to-person via the 
faecal–oral route or contact with pharyngeal secretions (Hunter 1998). In 
addition the virus may be spread by aerosols or through water. The virus infects 
the mucosal tissues of the pharynx, gut or both and enters the bloodstream 
where it gains access to target organs such as the meninges, myocardium and 
skin. 

Disease incidence 
The exact incidence and prevalence of coxsackievirus infections are not known 
but they are extremely common. Data on the seroprevalence of coxsackie B2, 
B3, B4 and B5 virus in the Montreal area of Canada were obtained during an 
epidemiological study on water-related illnesses (Payment 1991). These are 
shown in Table 6.1. 
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Table 6.1 Seroprevalence (expressed as a percentage) to coxsackieviruses in a French-
Canadian population (Adapted from Payment 1991) 

Serogroup Age groups (years) 
 9–19 20–39 40–49 50–59 60+ 
B2 51 60 67 66 60 
B3 51 64 63 55 60 
B4 44 80 77 74 80 
B5 58 74 61 62 20 

 
Other than paralytic polio, diseases associated with enterovirus infections, are 
not normally notifiable. In the United States the National Enterovirus 
Surveillance System collects information on enterovirus serotypes and monitors 
temporal and geographic trends. Each year in the United States, an estimated 30 
million nonpoliomyelitis enterovirus infections cause aseptic meningitis, hand, 
foot and mouth disease; and non specific upper respiratory disease. During 2000 
and 2001, coxsackievirus B5 accounted for 11.9% of reports with an identified 
serotype, and coxsackievirus B5 accounted for 6.3% (Anonymous 2002). The 
findings were consistent with previous observations – coxsackievirus A9, B2 
and B4 have appeared consistently among the 15 most common serotypes each 
year between 1993 and 1999 (Anonymous 1997; 2000).  

Incubation period 
The incubation periods vary. For coxsackievirus type A9, between 2 and 12 
days; for types A21 and B5, between three and five days (Hoeprich 1977). 

Infectivity  
The infectious dose is likely to be low – less than 18 infectious units by 
inhalation (Coxsackie A21; Health Canada 2001). 

Sensitive groups 
Children and the immunocompromised are most sensitive to coxsackievirus 
infections (Mandell 2000).  

III Evidence for association of coxsackievirus with recreational 
waters 

There have been two documented recreational water outbreaks associated with 
coxsackievirus. Transmission of coxsackieviruses from lake waters has been 
documented for coxsackievirus B5 (Hawley et al. 1973) and coxsackie A16 
(Denis et al. 1974).  
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Hawley et al. (1973) described an outbreak of coxsackievirus B5 infection at 
a summer camp in northern Vermont, United States in 1972. The virus was 
isolated from 13 individuals, one boy was admitted to hospital with 
conjunctivitis, sinusitis and meningitis. There is no epidemiological evidence to 
prove that swimming was associated with the transmission of the illness. 
Coxsackievirus was isolated from the lake.  

Epidemiological studies linking a suspected viral outbreak with water are 
difficult because limited waterborne viral outbreaks usually occur at distance 
from the original source of contamination (WHO 1979). However, D’Alessio et 
al. (1981) studied 296 children with symptoms typical of an enteroviral 
infection, and 679 controls with no symptoms. Viruses were isolated from 287 
cases, group A coxsackieviruses were isolated from 45 of these and group B 
coxsackievirus from 29. A history of swimming was obtained from all cases and 
controls. It was concluded that children from whom an enterovirus was isolated 
were more likely to have swum at a beach than controls. Those who only swum 
in a swimming pool were not at increased risk. Case children from whom no 
virus was isolated did not differ from healthy controls.  

In May 1992, a 20-year old man developed nausea following a surfing outing 
in Malibu. His symptoms grew progressively worse and coxsackie B virus was 
isolated from him. He subsequently died from damage to his heart, caused by 
the virus. Although it was not proved that the virus was contracted whilst 
surfing, it was thought that this was the case (Dorfman 2004). 

IV Conclusions 
Although there have been very few outbreaks of coxsackievirus linked to 
recreational water recorded, and epidemiological evidence remains scarce the 
virus has been frequently isolated from marine and freshwaters. As with other 
viruses (HAV, adenovirus and echovirus) transmission of the virus is possible 
and biologically plausible in susceptible persons.  
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ECHOVIRUS 
Credibility of association with recreational water: Probably associated 

I Organism 
Pathogen  
The enterovirus – Echovirus. 

Taxonomy  
The echoviruses belong to the family Picornaviridae, genus Human Enterovirus 
B. Recently the classification of the Picornaviridae has been updated and there 
are now a total of 28 distinct echovirus sero-types known to infect humans 
(King et al. 2000). 

Reservoir  
Humans. Echoviruses are excreted in the faeces of infected individuals. Among 
the types of viruses detectable by conventional cell culture isolation, 
enteroviruses, including echoviruses are generally the most numerous in 
sewage, water resources and treated drinking-water supplies (WHO 2004). 

Distribution  
Echovirus is distributed worldwide. 

Characteristics 
The echoviruses are small, linear, positive sense RNA-containing viruses. The 
viruses have an icosahedral structure with a diameter of 27 nm. 

II Health aspects 
Primary disease symptoms and sequelae  
Non-polio enteroviruses, which include all coxsackieviruses and echoviruses, 
are predominantly organisms of the gastrointestinal tract with transmission by 
the faecal–oral route. In addition, transmission can take place via the respiratory 
route.  

Initially it was believed that echoviruses primarily caused acute aseptic 
meningitis syndromes, pleurodynia, exanthems, pericarditis, non-specific febrile 
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illness and occasional fulminant encephalomyocarditis of the newborn. It is now 
apparent that their spectrum of disease is much broader; there may be long-term 
sequelae and some infections may trigger chronic active disease processes. 
Diaz-Horta et al. (2001); Hyöty and Taylor (2002) and Cabrera-Rode (2003) 
amongst others have shown that echovirus infection might be capable of 
inducing a process of autoimmune beta-cell damage supporting the hypothesis 
that enterovirus infections are important risk factors for the development of 
Type 1 diabetes. Enteroviral infections during pregnancy have been implicated 
as a risk factor for the later development of IDDM (Otonkoski et al. 2000). 

Several studies have shown that echovirus 7 may cause sporadic cases or 
small outbreaks of severe or fatal encephalitis in otherwise healthy children. 
Echovirus 7 was reported by Madhaven and Sharma (1969) as the predominant 
virus isolated from 26 clinically diagnosed cases of encephalitis in Pondicherry, 
India. Several of these cases died within a few hours of admission but no further 
clinical details were available. Fatal echovirus 7 infection has been reported in 
infants during outbreaks in special care nurseries (Kazi et al. 1988; Wreghitt et 
al. 1989; See Lum et al. 2002).  

Echovirus 9 and echovirus 30 have been frequently associated with outbreaks 
of aseptic meningitis (Andersson et al. 1975; Anonymous 1995; Uysal et al. 
2000), with the milder central nervous system disease being attributed to 
echovirus 7. Echovirus 7-associated brain stem encephalomyelitis has been well 
documented in Bulgaria (Chumakov et al. 1979), Malaysia, Taiwan and 
Western Australia (See Lum et al. 2002).  

Ho-Yen et al. (1989) describe a maculopapular rash in a nine-month-old boy 
who succumbed to hepatic failure due to echovirus infection. 

Published reports and international data from WHO support the suggestion 
that echovirus types 6 and 19 share the potentiality of type-B coxsackieviruses 
for causing acute carditis and pleurodynia (Bell and Grist 1974).  

An association between echovirus type 33 infection and acute flaccid 
paralysis has recently been reported by Grimwood et al. (2003). 

Exposure/mechanism of infection  
Some viral replication occurs in the nasopharynx after ingestion, with spread to 
regional lymph nodes. However, most innoculum is swallowed and reaches the 
lower gastrointestinal tract, where the virus binds to specific receptors on 
enterocytes. The virus crosses the intestinal epithelium, and reaches the Peyer 
patches in the lamina propria mucosae where the virus undergoes substantial 
multiplication. Many secondary infection sites, including the central nervous 
system, liver, spleen, bone marrow, heart, and lungs occur. Additional 
replication at these sites causes a major viremia that coincides with onset of 
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clinical disease, usually four to six days after exposure. The delayed appearance 
of central nervous system disease symptoms suggests viral spread can occur 
during both the minor and the major viremia.  

Infections involving a single serotype may vary widely in their presentation; 
multiple serotypes can produce the same clinical syndrome.  

Disease incidence 
Echovirus and other enteroviruses account for 30 million infections in the 
United States each year (WHO 2004). It has been suggested that the high 
prevalence of echovirus 13 (responsible for aseptic meningitis), considered 
previously a rare serotype, indicates it is an emerging epidemic type (Inge et al. 
2003). Many echovirus infections are asymptomatic (approximately 43%; Minor 
1998), therefore it is difficult to determine the true incidence of infection. 
Echovirus is a common cause of summer respiratory infections in children, they 
occur with a higher prevalence in summer and autumn months (Mandell 2000). 

Incubation period 
The incubation period for echovirus is difficult to establish because both 
symptomatic and healthy individuals spread the virus. Incubation is believed to 
range between two days and two weeks (Mandell 2000). 

Infectivity  
The infectious dose is estimated to be in the region of 105 to 106 infectious 
particles (Hunter 1998). 

Sensitive groups 
Disease depends on the age, gender and immune status of the host, as well as the 
subgroup and serotype of the infecting strain. 

Although echovirus infections can occur in all age groups, incidence 
inversely relates to age; specific antibodies directly increase with time. Several 
studies performed during epidemics and for surveillance show that infants 
become infected at significantly higher rates than older children and adults. The 
incidence of some syndromes, such as myo- or pericarditis, is greatest in 
neonates (Minor 1998). Some forms of echovirus disease such as meningitis and 
neonatal sepsis have been reported to be far more common among male patients 
(Froeschle et al. 1966). 
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III Evidence for association of echovirus with recreational 
waters 

A number of studies have isolated echovirus from freshwater recreational 
waters, swimming pools and waste waters (Marzouk et al. 1980; Keswick et al. 
1981; Rose et al. 1987). Application of polymerase chain reaction technology 
has indicated the presence of echovirus in seawater samples (Muscillo et al. 
1995). 

In 1992, an outbreak of gastroenteritis in a village in Northern Ireland was 
reported (Kee et al. 1994). Forty-six people reported symptoms of vomiting, 
diarrhoea and headache soon after swimming in an outdoor swimming pool. It 
was discovered that 34 swimmers had become ill and one swimmer had vomited 
in the pool. Other cases were reported after the swimming incident. Individuals 
who had swallowed water were more likely to become ill than those who had 
not. Echovirus 30 was isolated from the case that had vomited and from six 
other cases. Although chlorine levels had been maintained at the correct levels, 
they were inadequate to control the risk of infection from the pool. 

IV Conclusions 
As with the other enteroviruses (coxsackievirus and adenovirus) discussed in 
this review, there are few published cases of infection by echovirus in 
recreational water, those that are recorded are primarily from swimming pool 
water. The most likely source of the virus is through faecal contamination, 
although secretions from the eyes or throat are possible.  

There are likely to be many unreported cases of infection with echovirus 
since outbreaks of acute gastrointestinal infections with unknown etiology are 
common, with the symptomatology of the illness frequently being suggestive of 
viral, including echoviral, infections. 
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Echovirus 

√ √ √ √ 
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HEPATITIS A 
Credibility of association with recreational waters: Probably associated 

I Organism 
Pathogen 
Hepatitis A virus  

Taxonomy 
HAV is a small, single-stranded RNA virus belonging to the family 
Picornaviridae. It is the only member of the Hepatovirus genus.  

Reservoir 
Humans are the only known reservoir. The occurrence of the virus in raw water 
sources reflects epidemiological features such as the outbreak in a particular 
community. 

Distribution  
Worldwide. HAV is most common in tropical and subtropical countries. Table 
6.2 shows the levels of endemicity in different regions of the world. 
 
Table 6.2 Worldwide endemicity of HAV infection (WHO 2003) 
HAV 
endemicity 

Regions by epidemiological 
pattern 

Average 
age of 
patients 
(years) 

Most likely mode of 
transmission 

Very high Africa, parts of south 
America, the Eastern 
Mediterranean and South-
East Asia regions 

under 5 Person-to-person 
Contaminated food and 
water 

High Amazon Basin (Brazil), 
China and Latin America  

5–14 Person-to-person 
Outbreaks/contaminated 
food or water 

Intermediate Southern and eastern Europe, 
some regions of the Eastern 
Mediterranean region 

5–24 Person-to-person 
Outbreaks/contaminated 
food or water 

Low Australia, United States, 
western Europe  

5–40 Common source 
outbreaks 

Very low Northern Europe and Japan over 20 Exposure during travel 
to endemic areas, 
uncommon source 
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Characteristics 
The virus particle is spherical, 27–28 nm in diameter and lacks an envelope. The 
virus is stable at pH 3, resistant to intestinal enzymes and a temperature of 60 oC for 
10 hours (Percival et al. 2004). The virus remains stable for months after storage at 
room temperature and in water, sewage and shellfish (Sobsey et al. 1998).  

II Health aspects 
Primary disease symptoms and sequelae  
HAV infection causes a prodromal illness of fever, nausea, loss of appetite, 
abdominal pain and mild gastrointestinal upset, followed by jaundice. In young 
children the disease is often asymptomatic (Cuthbert 2001) and the severity of 
disease increases with age. Hollinger and Ticehurst (1996) predict the mortality 
rate for patients of 40 years to be 2.1% whereas for patients of 14 years it is 0.1%. 
Only around 25% of patients become jaundiced and this develops between two 
and seven days after the development of the prodromal illness. The first signs of 
jaundice are a darkening of the urine and a lightening of stools. The patient may 
also show signs of a yellowing of the eyes and an enlarging of the liver. The 
patient probably remains infectious for seven days after the start of the jaundice 
(Hunter 1998). The majority of adults who become infected are symptomatic, with 
acute cholestatic jaundice (Ledner et al. 1985). Relapsing hepatitis is also seen in 
between 6% and 10% of cases (Schiff 1992; Ciocca 2000).  

Fulminant hepatitis is the most severe form of infection. The case-fatality rate 
is 80% (Hoofnagle et al. 1995), but fulminant hepatitis is rare (less than 1% of 
cases overall), although rates are higher with increasing age and where patients 
have liver disease. Although children appear to be at a lower risk of symptomatic 
infection and of severe liver disease than adults, they occasionally develop liver 
failure leading to the requirement for a liver transplant. Children are also at risk 
from death. The average age at the onset of fulminant hepatic failure in children is 
reported to be six and a half years (Debray et al. 1997). Immunity after infection 
protects against re-infection and appears to be retained for life. 

Hepatic insufficiency is the most severe complication of HAV. It is more 
commonly observed in adult patients. In most cases, the outcome of hepatic 
insufficiency is rapidly favourable. In rare cases, hepatic insufficiency 
progresses and encephalopathy subsequently occurs. At this stage, emergency 
liver transplantation may be necessary. Apart from hepatic insufficiency, 
complications include cholestasis (impairment of bile flow resulting in 
accumulation in the blood of substances normally secreted in bile such as 
bilirubin, bile salts and cholesterol), which may last for several months, and 
relapsing disease. Cholestatic HAV is characterised by persistent jaundice 
associated with pruritus, anorexia and weight loss. Recovery usually occurs after 
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several weeks or months without treatment. Relapsing HAV is characterised by 
rising levels of serum enzyme, persistence of IgM anti-HAV, and possibly 
recurrent faecal virus shedding.  

Extrahepatic manifestations of HAV include temporary skin rash and 
arthralgias. Documented cases of arthritis and cutaneous vasculitis associated 
with cryoglobinaemia are rare and HAV has never been documented to evolve 
into chronic hepatitis (Schiff 1992). One case of adult Still’s disease triggered 
by vaccination to HAV and Hepatitis B is reported in the literature by Grasland 
et al. (1998).  

Exposure/mechanism of infection 
HAV is very infectious and spread in a variety of ways – through the person-to- 
person or environmental routes. Direct person-to-person transmission through 
the faecal–oral route is probably the most common route of transmission; 
however outbreaks associated with raw or undercooked shellfish, harvested 
from polluted waters, sexual-contact and blood transfusions have also been 
described (Hunter 1998).  

Since humans are considered to be the only natural host for HAV (Hunter 1998), 
waterborne transmission of viral hepatitis must be preceded by human faecal 
contamination. The virus passes through the stomach, where it replicates in the 
lower intestine, and then passes to the liver where replication is more rapid. The 
virus is excreted from the liver in the bile and contaminates the faeces.  

Due to the nature of the ecology of HAV any surface water that is subject to 
faecal or sewage contamination will be at risk of contamination by HAV, 
depending on the prevalence of the disease in the population polluting the water 
body. HAV is excreted in large numbers in faeces of infected persons 
(symptomatic and asymptomatic), (at least 108 particles or 106 infectious 
virons/g), and the virus remains infectious for a long time since it is highly 
resistant to environmental conditions (Debord and Buisson 1998).  

HAV seems to follow minor cyclic patterns, with peaks occurring during the 
autumn and winter, possibly as a result of exposure during the summer in 
endemic areas. In the United States, for example, nationwide outbreaks occur 
approximately every ten years (WHO 2000). 

Disease incidence 
Worldwide, there are at least 1.5 million cases of HAV annually (WHO 2002), 
although this is likely to be an underestimate. HAV imposes a large economic 
burden throughout the world – on average, adults suffering from HAV miss 30 
days of work. It has been estimated that medical treatment and work loss account 
for an estimated $500 million annually in the United States (Berge et al. 2000) 
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between $1.5 and $3 billion annually worldwide (André 1995; Hollinger and 
Ticehurst 1996). 

In developed countries where HAV infection is no longer primarily in childhood 
and sanitation and hygienic conditions are good, infection rates of HAV are low, 
although disease may occur among specific risk groups such as travellers. In 1990, 
7545 cases were reported to the PHLS from England and Wales with 260 deaths 
between 1989 and 1999 recorded attributable to HAV (Crowcroft et al. 2001). 

Incubation period 
The mean incubation period for HAV is 28 days (range 15–50 days; Crowcroft et al. 
2001). Peak infectivity occurs two weeks before the onset of jaundice and falls 
quickly after that. Children and infants may excrete HAV for longer than adults.  

Infectivity  
HAV is not readily detectable by routine cell culture procedures and therefore the 
epidemiology of the virus as well as its incidence and behaviour in the environment 
are not well known. It is known that it is highly infectious – one outbreak caused by 
the consumption of infected clams resulted in 300,000 cases in 1988 in Shanghai, 
China – and it is thought that the minimal infectious dose is extremely low, possibly 
as low as a single infectious particle (Zhi-Yi et al. 1992). 

Sensitive groups 
Risks for acquiring HAV are widespread in developing countries and it is a 
significant cause of death and socio-economic loss in many parts of the world, 
especially where there are poor levels of sanitation. Reported disease rates in these 
areas are low and outbreaks are rare since infection is usually acquired in childhood 
as an asymptomatic or mild infection (WHO 2000). 

III Evidence for association of hepatitis A with recreational 
waters  

The potential risk of transmission of HAV by the waterborne route has been known 
for over 20 years. A number of studies have isolated HAV from surface waters 
which could be used for recreational purposes (Cecuk et al. 1993; Bryan et al. 1974; 
Chapman 1976; Rosenberg et al. 1980; Ramia 1985; Panà et al. 1987; Shuval 1988; 
Taylor et al. 2001) and therefore may pose a potential health risk. Several studies 
have reported HAV in the effluent of treatment plants implying a potential risk 
posed by the discharge of viruses. Hugues et al. (1988) found HAV in three samples 
of effluent in southern France; Panà et al. (1987) isolated HAV from polluted river 
water in Italy; Schvoerer et al. (2000) report three strains of HAV isolated from 
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sewage treatment plants and neighbouring rivers in south-western France although 
none were isolated from the designated bathing areas nearby.  

Surveillance data 
HAV is a notifiable disease in many countries. The total number of cases of HAV is 
thus readily available from a number of countries. However, it is not easy to 
associate cases with recreational use of water and no data from the surveillance 
centres contacted for the purposes of this research confirmed a link.  

Published cases of hepatitis A associated with recreational waters 
There are a few published cases of HAV associated with water used for recreational 
purposes (Table 6.3). 
 
Table 6.3 Published cases of hepatitis A associated with water used for recreational purposes.  
 
Date of 
outbreak/case 

Country Reference Notes 

1969 United States Bryan et al. 
1974  

14 cases of HAV in boy scouts camping 
in a lake recreation area. 

1976 United States  Chapman 1976 26 individuals affected after playing in a 
polluted stream running through a 
housing development. 

1992  United States  Mahoney et al. 
1992  

20 people aged between 4 and 36 years 
contracted HAV after using a swimming 
pool. 

1994 France Garin et al. 
1994  

Exposure to enteroviruses and HAV 
among divers in environmental waters in 
France. 

1995 South Africa Taylor et al. 
1995  

Implicates faecally polluted water as a 
possible source of HAV in South 
African canoeists. 

1997  Australia Tallis and 
Gregory 1997 

An outbreak of HAV associated with a 
hot tub. 

 
Bryan et al. (1974) report 14 cases of HAV in a group of boy scouts who 

attended a camp in South Carolina, United States in August 1969. The camp was 
based on an island in a recreational lake. An epidemiological investigation was 
carried out and it was concluded that the common-source outbreak of HAV was 
limited to individuals who had attended the camp and that exposure to the source of 
infection occurred on the island. Samples of lake water obtained at both the 
recreation area and at the campsite showed gross contamination with coliform 
organisms. Water from a protected well was transported to the camp and stored for 
drinking but water was also taken from the lake to douse the fire and many scouts 
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admitted to being unaware of the difference in the water and may have drunk the 
water from the lake. Scouts also recalled swallowing quantities of lake water while 
swimming. Seven of the eight individuals who drank or accidentally swallowed 
large quantities of lake water became ill, whereas only two of the ten people not 
drinking the water contracted HAV. It was not possible to demonstrate the presence 
of HAV in the lake water nor was it possible to find the source(s) which could have 
contaminated the lake.  

Chapman (1976) reports a series of epidemics of HAV in a community in 
Salishan, Washington, United States, between 1958 and 1974. The patients were 
primarily young children or young adults. The source of the infection was traced to a 
creek into which sewage effluent which could not be absorbed by the soil during 
extended rainfall was released. Children from the area were known to play in the 
ravine and the creek thereby exposing themselves to sewage effluent and HAV.  

In 1989 it was reported that three children from two families in Louisiana, United 
States, had HAV. They had no common exposures except to a commercial 
campground which included two heated pools, a non-heated tub, and a wading pool, 
as well as a pool which was only open to members. Mahoney et al. (1992) carried 
out an epidemiological study to identify the cause of the outbreak. Among 822 
campers during one weekend, 20 developed HAV. A strong association was found 
between illness and exposure to two of the public pools. At the time of the outbreak 
the weather was hot and many people were swimming which may have depleted the 
free chlorine in the pools, although this was not proven. It is suggested that 
contamination could have occurred via a mixture of raw sewage with pool water 
during routine pool maintenance. The management at the pools reported that faecal 
contamination of the pools by swimmers was not uncommon. 

Garin et al. (1994) conducted an epidemiological study of HAV and 
enteroviruses in a military diving training school between September 1991, and 
August 1992, at the Rhone and Saône rivers (20 km north of Lyon, France), Lake 
Bourget (100 km east of Lyon) and swimming pools of the diving school. Water 
samples were taken from each of the sites during training sessions and analysed for 
enterovirus, HAV and faecal bacteria. Blood samples were taken from the divers on 
the day of arrival in the school, at the end of the training course and one month after 
departure. Although enteroviruses were isolated no HAV or seroconversion to HAV 
was observed.  

Research by Gammie and Wyn-Jones (1997) revealed a statistical correlation 
between surfing and exposure to HAV. The study investigated both surfers and 
windsurfers and compared their immune status to HAV. A higher rate of immunity 
was found in surfers and the study showed that the risk of surfers acquiring HAV 
was three times greater than windsurfers. HAV immunity was correlated with the 
total number of exposures in the surfing population. The authors recommended that 
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surfers be offered vaccination to ensure they are protected from the risk of 
contracting HAV. 

Anecdotal cases/other sources 
Surfers Against Sewage, a pressure group based in the United Kingdom, have 
compiled a database of cases of illnesses reportedly acquired whilst using United 
Kingdom waters for recreational purposes. In all cases the patient saw a doctor. 
Ninety per cent of the reported cases resulted in a hospital visit. Ten cases of HAV 
were reported to Surfers Against Sewage between 1989 and 1996 (Table 6.4). 
 
Table 6.4 Cases of self-reported hepatitis A acquired in waters used for recreational 
purposes, United Kingdom, and reported to Surfers Against Sewage, 1995–1996. 
 
Location Year Activity being reported as resulting in 

contraction of HAV 
Bude, Devon 1989 Swimming 
Holywell Bay, Cornwall 1994 Surfing 
Littlehampton, West Sussex 1995 Swimming 
Eastbourne, East Sussex 1995 Windsurfing 
Gwithian, Cornwall 1995 Surf-skiing 
Broadhaven, Wales 1995 Not specified 
Broadhaven, Wales 1996 Not specified 
Pendennis, Cornwall 1996 Not specified 
Gwenver, Cornwall 1996 Not specified 
Hurley Wier, River Thames 1996 Kayaking 

IV Conclusions 
HAV has been isolated from surface waters which may be used for recreational 
purposes and a number of cases of HAV have been documented associated with 
recreational water users.  

Fulminant hepatitis is rare and has not been reported in any cases linked with 
the use of recreational waters. No cases of sequelae of HAV contracted through 
the use of recreational waters were found in the literature and the probability of 
developing long-term sequelae is low. The acute disease is usually moderately 
severe and of moderate duration but risk of death is low. 

 
Epidemiological 
evidence linking 
recreational 
water use with 
illness 

Evidence from 
outbreak data of 
illness 
associated with 
recreational 
water 

Documented 
cases of illness 
associated with 
recreational 
water 

Documented 
cases of 
sequelae (in any 
situation) 

Hepatitis A 

√ √ √ √ 
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HEPATITIS E 
Credibility of association with recreational waters: Probably associated 

I Organism 
Pathogen 
Hepatitis E virus  

Taxonomy 
Although it is related to the alpha-virus superfamily, the HEV is classified as a 
separate hepatitis-E-like viruses genus (Worm et al. 2002). 

Reservoir 
HEV is acquired directly from infected persons by the faecal–oral route or by 
close contact, or by consumption of contaminated food or drinking-water. 
Zoonotic transmission has been suggested (Tei et al. 2003). 

Distribution  
HEV is most common where sanitary conditions are poor and the safety of 
drinking-water is not well controlled. HEV was first identified in India in 1955, 
and has since been recognised in the Eastern Mediterranean Region, South 
Asian countries, in northern and western Africa, the Russian Federation, and in 
China. Outbreaks have been reported from Algeria, Bangladesh, Borneo, China, 
Côte d'Ivoire, Egypt, Ethiopia, Greece, India, Indonesia, the Islamic Republic of 
Iran, Jordan, Kazakstan, Libya, Mexico, Myanmar, Nepal, Nigeria, Pakistan, 
Somalia, eastern Sudan, Tajikistan, The Gambia, Thailand, Turkmenistan, 
Uzbekistan, and Vietnam (Bradley 1992; Harrison 1999). Epidemics are more 
common where the climate is hot and are rare in temperate climates.  

Characteristics 
HEV is a non-enveloped, polydenylated, single-stranded, positive-sense RNA 
virus (Hunter 1998). 

II Health aspects 
Primary disease symptoms and sequelae  
HEV is an acute viral hepatitis with abrupt onset of fever, malaise, nausea and 
abdominal discomfort, followed by the development of jaundice a few days 
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later. Infection in very young children is usually mild or asymptomatic; older 
children are at risk of symptomatic disease. The disease is more severe in young 
to middle aged adults (Harrison 1999), with illness lasting several weeks and 
recovery taking several months. Occasionally, a fulminant form of hepatitis 
develops; case-fatality is greater than 2% for those over 40 years of age and 4% 
for those over 60. The disease is usually mild in nature and is self-limiting, 
without any long-term sequelae except where fulminant hepatitis cases occur in 
pregnancy (Khuroo et al. 1981; Mirghani et al. 1992). In these cases mortality 
may reach 20% in the third trimester. High infant mortalities of up to 33% due 
to premature deliveries are recorded (Bradley 1992; Lemon 1995; Purcell 1995) 
although opinions differ over the maternal and foetal outcome of pregnancies 
associated with viral hepatitis (Jaiswal et al. 2001). Gerba et al. (1996) estimate 
that pregnant mothers suffer from a case-fatality ratio from HEV infections ten 
times greater than the general population during waterborne disease outbreaks. 

Although sequelae are not common, acute pancreatitis has been reported as 
associated with HEV. Six cases were reported by Mishra et al. (1999). Common 
cholestatic jaundice can persist for several weeks. 

Exposure/mechanisms of infection 
HEV is predominantly transmitted via the enteric route (Metcalf et al. 1995). 
Studies have documented the presence of HEV in swine (Meng et al. 1997; 
Chandler 1999) and chicken (Haqshenas et al. 2001), and therefore 
contamination of sewage with animal-derived faeces may represent another 
important source of transmission of such viruses to humans and animals 
consuming contaminated water. This may have implications for recreational 
water management. Outbreaks associated with contaminated water or food 
supplies have also been described. There are no documented cases of person-to-
person transmission (Karetnyi et al. 1999).  

Most cases of acute HEV in the United States, central and western Europe 
have been reported amongst travellers returning from high HEV-endemic areas, 
although this is not always the case (Zuckerman 2003). 

It is suspected that in some countries the cases of HEV infection could be 
causatively related to the consumption of shellfish cultivated in sewage-polluted 
waters (Balayan 1993). 

Disease incidence 
Little information was found regarding the disease incidence or prevalence. 
During the last two decades, the following number of cases were reported by 
WHO: 119,000 cases in China between 1986 and 1988, 11,000 cases in 
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Somalia, and about 4,000 cases in Mexico between 1988 and 1989, 79,000 cases 
in Kanpur, India, in 1991 (WHO 2002). 

Incubation period 
The incubation period for HEV ranges from three to eight weeks, with a mean 
of 40 days (Lemon 1995; Purcell 1995).  

Infectivity  
The infectious dose of HEV is unknown. 

Sensitive groups 
Young children and pregnant women are more susceptible to symptomatic HEV 
infections. 

III Evidence for association of hepatitis E with recreational 
waters 

Contaminated water is recognised as an important vehicle for the transmission 
of several viral and other diseases and the sewage is the largest biological sink. 
Viruses, such as HEV excreted in faeces and urine constitute significant 
proportion of pathogens present in the sewage (Kopecka et al. 1993). 
Contamination of recreational water with sewage therefore could lead to 
infections among those consuming such water in sufficient quantities. However, 
no reports of HEV linked to recreational water use were found in the published 
literature although there are many reports of HEV in persons who have drunk 
sewage-contaminated or inadequately treated water taken from rivers. Two 
cases of HEV described below are reported in persons who swam in the River 
Ganges but also drank unboiled and unfiltered water whilst in India. It is unclear 
which was the source of HEV. 

During June 1991, a high school student, who had been born in India and had 
lived in the United States since the age of one year, travelled to Varanasi, India. 
Before his trip he received prophylactic immunoglobulin for HAV. 
Approximately four weeks after his arrival in India, he developed diarrhoea, 
sore throat, fever, and general malaise and subsequently had weight loss of 20 
pounds. On return to the United States, one week after onset of his symptoms, 
physical examination revealed scleral icterus and a mildly tender and enlarged 
liver. Although serologic markers for hepatitis A, B, and C were negative, anti-
HEV was detected (Anonymous 1993). The patient denied a history of alcohol 
abuse, intravenous drug use, blood transfusions, or known contact with anyone 
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diagnosed with hepatitis virus. The patient reported that during his stay in 
Varanasi, most of the drinking water he consumed was boiled or commercially 
filtered. However, he reported he occasionally drank unboiled or unfiltered 
water, and he swam in the Ganges River. The patient recovered fully 
(Anonymous 1993). 

From mid-June through the end of July 1989, a male college student travelled 
to Pakistan, Nepal, and India. Before his trip, he received prophylactic HAV 
immunoglobulin. After his return to the United States, he developed nausea, 
fever, epigastric discomfort, and marked fatigue. Physical examination revealed 
scleral icterus and a mildly tender and enlarged liver. Although tests for 
serologic markers for hepatitis A, B, and C were negative, anti-HEV was 
detected.  

The patient denied a history of alcohol abuse, intravenous drug use, blood 
transfusions, or known contact with anyone diagnosed with hepatitis. The 
patient reported that during his trip abroad he did not boil his drinking water (he 
treated the water with iodine), and he swam in the Ganges River. The patient 
recovered fully (Anonymous 1993). 

The only other case found relates to a case of HEV in a man in California, 
United States. Approximately one month before the onset of his illness, he had 
gone camping with his children in the Sierra Nevada mountains for one week. 
At the campsite they drank unboiled water from a well that was located 
approximately 60 feet from a toilet. The patient, but not his children, also drank 
water from a lake where he was fishing. His children did not develop any illness 
after the trip. The source cannot be established but was clearly within California. 
Although the patient had been exposed to well and lake water during the 
incubation period, other modes of transmission (e.g. contaminated food) were 
also possible (Reichier et al. 2000). 

IV Conclusions 
The hepatitis E virus has been isolated from surface waters which may be used 
for recreational purposes.  

Fulminant hepatitis is rare. No cases of sequelae of HEV contracted through 
the use of recreational waters were found in the literature and the probability of 
developing long-term sequelae is low. The acute disease is usually moderately 
severe and of moderate duration but risk of death is low except where cases 
occur during pregnancy. 
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Epidemiological 
evidence linking 
recreational 
water use with 
illness 

Evidence from 
outbreak data 
of illness 
associated 
with 
recreational 
water 

Documented 
cases of illness 
associated 
with 
recreational 
water 

Documented 
cases of 
sequelae (in 
any situation) 

Hepatitis E 

  Not definitive √ 
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Review of epidemiological studies on health
effects from exposure to recreational water
Annette Priiss

Background In order to facilitate the setting of guidelines, this review article evaluates the
health risks caused by poor microbiological quality of recreational natural water.

Methods Studies on uncontrolled waters, such as sea, lakes and rivers were considered in
this review through MEDLINE and WHO resources. Out of the 37 studies identified,
22 were reviewed because they addressed associations of interest and fulfilled the
validity criteria.

Results Most studies reported a dose-related increase of health risk in swimmers with an
increase in the indicator-bacteria count in recreational waters. Relative risk (RR)
values for swimming in polluted water versus clean water were often significant
(usually 1.0 < RR < 3.0). The indicator microorganisms that correlate best with
health outcomes were enterococci/faecal streptococci for both marine and fresh-
water, and Escherichia colt for freshwater. In both marine and freshwater,
increased risk of gastro-intestinal symptoms was reported for water quality
values ranging from only a few indicator counts/100 ml to about 30 indicator
counts/100 ml. These values are low compared with the water qualities frequently
encountered in coastal recreational waters. Studies which showed a higher
threshold for increased risk and case-rate values in some countries may suggest
immunity due to endemicity or a lower pathogen-to-indicator ratio in the
natural waters.

Conclusions The review strongly suggests a causal dose-related relationship between gastro-
intestinal symptoms and recreational water quality measured by bacterial indicator
counts.

Keywords Bathing water, water quality, WHO Guidelines, swimming, swimming-associated
illness, indicator organisms

Accepted 23 June 1997

Numerous epidemics and cases related to swimming in re-
creational waters have long been reported. The World Health
Organization (WHO), as the international public health author-
ity, has been requested repeatedly to issue authoritative guide-
lines on the quality of recreational waters for national health
authorities as well as the general public, which would affect
tourism and the management of beach resorts worldwide. This
review has, therefore, been carried out in the framework of the
WHO project for setting guidelines for the quality of recreational
water and bathing beaches. It is designed to provide a scientific
basis for the derivation of guideline values for the microbio-
logical quality of uncontrolled waters (natural water bodies
such as lakes, rivers or the sea).

World Health Organization, Urban Environmental Health, Division of
Operational Support in Environmental Health, 1211 Geneva, Switzerland.

Selection of studies
Since the 1950s, epidemiological studies have investigated the
relationship between health risk and swimming. These epi-
demiological studies have investigated mainly gastro-intestinal
symptoms, eye infections, skin complaints, ear, nose and throat
infections and respiratory illness. They concluded that the rates
of several symptoms were increased in swimmers compared with
non-swimmers. Outbreak reports confirm causative relations
between certain outcomes and swimming. Relevant studies from
the existing literature were selected with a view to evaluating
the following relationships: (1) the dose-response relationship
between health outcomes and bathing water quality; (2) the
existence of threshold values of indicator-bacteria counts for
health outcomes; and (3) a possible variation in the severity of
outcomes as a function of microbiological water quality.

Recent studies have suggested that certain symptoms may
result from exposure to water itself rather than from microbio-
logical water quality,1 for example, by irritation or disturbance
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of the body's defences. AJso, bather and non-bather groups may
differ (e.g. in their health status), which may be the cause of the
choice of different activities (i.e. bathing or not bathing). Fur-
thermore, non-swimmers may also be exposed to poor water
quality, since viruses may be transferred from the water to the
air.2 Thus, swimming-associated illness estimation using non-
swimmers on the beach as the unexposed groups may under-
estimate the true effect.

To estimate each risk factor independently, the following
associations were studied in this review: (1) the incidence rates
for swimming in relatively unpolluted water compared with the
incidence rates of non-swimmers, to assess the risk of contact
with water itself; and (2) the incidence rates for swimming in
polluted water compared with the incidence rates of swimmers
in relatively unpolluted water, to assess risk due to microbio-
logical water quality.

To address the associations of interest, studies that met the
following criteria were excluded: (1) The health outcomes are
not clearly related to water quality. (2) The study only compares
attack rates of swimmers in polluted water to attack rates of
non-swimmers, and the associations of interest could not be cal-
culated from the reported data. (3) The exposure or outcome
assessment differs significantly among the exposure or outcome
groups. (4) The study is not sufficiently documented for deter-
mining the associations of interest. (5) The study population

is far too small (three or less diseased per exposure groups).
(6) The response rate is low (less than 50%). (7) The water of
exposure is artificially chlorinated.

In this review, 223~24 of 363~38 studies were selected (Table 1).
Of the 22 studies, 18 are prospective cohort studies, two are

retrospective cohort studies16 '23 and only two3 '9 are random-
ized controlled trials. Prospective cohort studies are suitable for
studying the associations of interest; they may however have
two major limitations: variation of the composition in different
exposure groups, and loss of follow-up in populations such as
tourists. In retrospective cohort studies, estimation of exposure
to water quality may be inaccurate. Randomized controlled trials
permit more accurate assignment of exposure to water and its
quality assessment, and optimize the chance of similarity be-
tween the groups of exposure. However, they present ethical
problems (e.g. exposing subjects to water of low quality or in-
clusion of children) and practical problems (e.g. cost, recruit-
ment of sufficient number of participants).

All studies assessed water quality by measuring indicator
microorganisms, usually bacteria of faecal origin. The studies
used different indicators, the most commonly used being entero-
cocci, Escherichia coli and faecal coliforms. Only a few studies
also measured pathogenic microorganisms.

In 11 of the selected studies,3 '4 '6 '7 '9 '12 '13 '17-19 '24 water qual-
ity data were measured daily (or even at time of exposure3'9)

Table 1 List of selected studies

First author Year Country Study design Water Comments
FleisherJ

Haile4

van Dijk5

Bandaranayake6

Kueh7

Medical Research Council8

Kay9

Pike10

Corbett"

Fewtrell12 *

UNEP/WHO n o 4 6 1 3

UNEP/WHO no 531 4

Cheung15

Ferley16

Lightfoot17

Fattal, UNEP/WHO no 20 l 8

Seyfried19

Dufour20

Cabelli21

Cabelli22

Mujeriego23

Stevenson, 3-day study24

1996
1996

1996

1995

1995

1995

1994

1994

1993

1992

1991

1991

1989

1989

1989

1987

1985

1984

1983

1982

1982

1953

UK

US

UK

New Zealand

Hong Kong

South Africa

UK

UK

Australia

UK

Israel

Spain

Hong Kong

France

Canada

Israel

Canada

US

Egypt
US

Spain

US

randomized controlled trial
prospective cohort

prospective cohort

prospective cohort

prospective cohort

prospective cohort

randomized controlled trial

prospective cohort/**

prospective cohort

prospective cohort

prospective cohort

prospective cohort

prospective cohort

retrospective cohort

prospective cohort

prospective cohort

prospective cohort

prospective cohort

prospective cohort

prospective cohort

retrospective cohort**

prospective cohort

marine
marine

marine

marine

marine

marine

marine

marine

marine

fresh

marine

marine

marine

fresh

fresh

marine
fresh

fresh

marine

fresh fr marine

marine

fresh

d

c

d

b

a, c

d

a, b, c

a, d

d

b. d

a, b, d

a, b

a, b, c

b, d

a, b

a, b, c

a, b

b. a

b, c, d

a: Only use of seasonal mean for analysis of association with outcome reported.
b: Control for less than three counfounders reported, or no reporting at all
c: Exposure not defined as head Immersion/head splashing/water ingestion
d: <1700 bathers and 1700 non-bathers participating In the study.
• Exposure Is white-water canoeing; similar to swimming, water intake is likely, while turn-over or through mfjesiion or Inhalation of droplets.
** Cross-sectional study.
Remark: Two studies analyse the same data sets510 but come to different conclusions.
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HEALTH EFFECTS OF EXPOSURE TO RECREATIONAL WATER 3

and analysed according to the individual exposure day. In most
of the other studies, only the seasonal water quality means of
beaches were analysed for association with outcomes.

Twelve studies reported controlling for less than three non-
water-related risk factors,7 '10 '13"16-18 '20"24 four studies for three
to four of such potential confounding f a c t o r s 6 ' 1 1 ' and six
studies reported controlling for seven or more of them. /8 '9 '
Confounding factors included food and drink intake, age, sex,
history of certain diseases, drug use, personal contact, additional
bathing, sun, sorioeconomic factors etc.

Study results
In 19 of the 22 selected studies, the rate of certain symptoms or
symptom groups is significantly related to the count of faecal
indicator bacteria or bacterial pathogen.3 '4 '6-1 0 '1 2-1 6 1 8"2 4 In
one study23 mycosis and eye and ear infections are inversely
related to the count of faecal indicator bacteria. The author of
this study states that this paradoxical finding could be due to the
poor method of the water quality assessment, based exclusively
on faecal coliforms, to evaluate the microbiological quality of
coastal waters under certain conditions. In three studies,5 '11-17

no significant relationships were found with faecal indicators.

Several studies reported that symptom rates were more
frequent in the lower age groups.10 '13 '

Most associations were found between gastro-intestinal
symptoms (including 'highly credible' or 'objective' gastro-
intestinal symptoms) and indicators such as enterococci, faecal
streptococci, thermotolerant coliforms and E. coli. Relatively few
studies reported associations for other symptoms.

For evaluating the risk of contact with water itself, relative
risks (RR) of exposure to relatively dean water were compared
to non-swimmers. For gastro-intestinal symptoms, these RR
all lie between 1.0 and 2.5 , 9 ' 1 0 ' 1 2 ' 1 6 ' 2 0 ' 2 2 with only one value

being significantly different from l.O.22 For other symptoms,
few data are available.

Relative risks of swimming in relatively polluted water versus
swimming in dean water are compiled in Figures 1 and 2 and
Tables 2 and 3 for numerical values. All RR range between 0.4
and 3.

The regression relationships that were available in the form of
odds of illness or case rate versus bacterial count are compiled
in Figure 3 for freshwater and in Figure 4 for marine water.
These figures show that many studies suggest continuously
increasing risk models with thresholds for various indicator
organisms and health outcomes. Most of the suggested thresh-
olds are low compared to water qualities often encountered in
coastal waters of recreational u se .9-16 '19 '20-22 '23 They range from
only a few indicator counts/100 ml to about 30 counts/100 ml,
and were higher for Egypt and Hong Kong (around 100-200
indicator counts/100 ml). These two studies also describe lower
case rates for similar bacterial counts.

The indicator organisms which correlate best with health
outcome were enterococd/faecal streptococd for both marine
and freshwater, and E. coli for freshwater. Other indicators
showing correlation are faecal coliforms and staphylococd. The
latter are assumed to be correlated to bather density15 '18 and
are significantly assodated with certain symptoms, i.e. those af-
fecting ear and skin and respiratory and enteric diseases.15'18'1

The variation in staphylococd density could not be explained
by sources of contamination other than cross-infection among
bathers,39 although further investigations would be necessary
to confirm this hypothesis. Only one study finds significant
correlations between gastro-intestinal symptoms and specific
pathogenic bacteria.7

Figure 4 shows that Kay9 reports a stronger relationship be-
tween exposure and gastroenteric symptoms than other studies.
As this is the only randomized controlled trial on gastroenteric
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Figure 2 Relative risk for swimmers in relatively polluted marine water against swimmers in
unpolluted marine water

Table 2 Freshwater—Relative Risk (RR), swimming versus swimming in differing water quality

Author
(year)

Health
outcome" Indicator

Mean indicator
count (per 100 ml)

RR
(95%CI)

Incidence rate
IR (*1000) Exposure

Dufour

(1984)

GI enterococa 13 vs. 5

20 vs. 5

25 vs. 5

71 vs. 5

20 vs. 7

23 vs. 7

39 vs. 7

1.03 (0.82-1.30)

1.51 (1.25-1.83)**

1.01 (0.82-1.24)

1.38 (1.13-1.69)**

0.67 (0.53-0.84)**

1.64 (0.52-1.80)**

1.07 (0.87-1.33)

56 vs. 55

58 vs. 55

55 vs. 55

75 vs. 55

38 vs. 57

37 vs. 57

61 vs. 57

head

immersion

Fewtrell
(1992)

Ferley

(1989)

Flu
R

Ear/Eye

GI

S

All

objective

AGID

faecal
coliforms

faecal

streptococci

285 vs. 22 1.76 (1.31-2.37)**

1.51 (1.06-2.14)*

3.53 (1.13-11.03)*

2.97 (2.01-4.37)**

2.02 (1.05-3.86)*

1.59 (1.31-1.93)**

445 vs. 252

322 vs. 214

68 vs. 19

418 vs. 141

137 vs. 68

671 vs. 422

white

water

canoeing

50 vs. 20

100 vs. 20

500 vs. 20

1000 vs. 20

2000 vs. 20

1.24 (?)

1-42 (?)

1.84 (?)

2.02 (?)

2.20 (?)

12 vs. 10

14 vs. 10

18 vs. 10

20 vs. 10

22 vs. 10

bathing

Stevenson

(3-day study)

(1953)

all total

coliforms

2300 vs. 37

730 vs. 37

1.42 (1.09-1.86)*

1.14 (0.82-1.59)

122 vs. 86

99 vs. 86

swimming

" Ear/Eye = ear or eye infections;
*P< 0.05; •* P< 0.01.
Not all non-significant results are
(?): CI not stated.

S = skin complaints; GI « gastrointestinal symptoms; R = respiratory Illness, AGED = acute gastro-intestinal disease.

listed.
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Table 3 Sea water—Relative Risk (RR), swimming versus swimming in water of differing quality

Author
(year)

Health Mean indicator count
outcome* Indicator (per 100 ml)

RR
(95%O)

Incidence rate
IR (*1000) Exposure

Bandarana-yake
(1995)

Cabelli

(1982)

Cabelli
E?YP t . .. .
(1983)

Cheung

(1989)

Fattal (1983)

and UNEP/WHO

MAP No. 20

(1987)
+ swallow

R

HCGI

GI

vomiting.

diarrhoea

HCGI

GI

age 0-4

all ages

HCGI

age 0-4

all ages

other symptoms

enterococci

enterococd

enterococci

E. coli

enterococd

(1.5-4) vs. (0-1.5)
(4-13) vs. (0-1.5)

(13-232) vs. (0-1.5)
(13-232) vs. (0-1.5)

154 vs. 3.5
91 vs. 3.5
31 vs. 3.5
22 vs. 3.5
20 vs. 3.5
14 vs. 3.5
7 vs. 3.5

5.7 vs. 3.5
residents

5760 vs. 103
286 vs. 103
6780 vs. 73

211 vs. 73
9160 vs. 214

954 vs. 214
visitors

6780 vs. 73
211 vs. 73

9160 vs. 214
954 vs. 214

119 vs. 69
142 vs. 69
254 vs. 69
266 vs. 69
269 vs. 69

414 vs. 69

49 (25-410) vs. 7 (0-14)
49 (25-410) vs. 7 (0-14)

49 (25-410) vs. 7 (0-14)
49 (25-410) vs. 7 (0-14)

1.55 (0.66-3.63)
1.76 (0.76-4.07)

3.02 (1.31-6.93)**
0.84 (0.27-2.63)

2.21 (1.41-3.47)**
2.63 (1.67-4.12)**

1.59 (1.01-2.48)*
2.95 (1.91-4.56)**
2.16 (1.51-3.10)**

1.52 (0.93-2.49)
1.39 (0.89-2.17)

2.31 (1.63-3.29)**

1.95 (0.91-4.16)
0.97 (0.38-2.51)

2.44 (1.18-5.05)*

1.33 (0.57-3.11)
1.87 (0.94-3.71)

2.05 (1.05-4.04)*

2.39 (1.47-3.87)**
1.21 (0.67-2.16)

2.57 (1.15-5.70)*
2.76 (1.17-6.51)*
1.42 (0.42-5.27)
0.62 (0.11-3.39)
0.47 (0.09-2.55)
0.49 (0.11-2.18)
1.75 (0.54-5.69)
2.47(0.76-8.01)

1.88 (1.01-3.50)*
1.50 (1.01-2.23)*

2.07 (1.17-3.65)**
1.36 (0.95-1.94)

NS

37 vs. 24
42 vs. 24
71 vs. 24
22 vs. 26
60 vs. 27
72 vs. 27
43 vs. 27
81 vs. 27
59 vs. 27
42 vs. 27
38 vs. 27
63 vs. 27

31 vs. 16
16 vs. 16
30 vs. 12
16 vs. 12
19 vs. 10
21 vs. 10

51 vs. 22
26 vs. 22
45 vs. 18
48 vs. 18

3.1 vs. 2.1
1.3 vs. 2.1
1.0 vs. 2.1
1.1 vs. 2.1
6.5 vs. 2.1
7.4 vs. 2.1

209 vs. 111
104 vs. 69

221 vs. 107
104 vs. 76

head
immersion

head

Immersion

head

Immersion

head

immersion

head

Immersion

+ splashing

Haile

(1996)
S faecal

collforms

642 vs. 5
130 vs. 5
51 vs. 5

2.02 (1.07-3.81)*
0.83 (0.39-1.76)

1.94 (1.04-3.63)*

14 vs. 6
6 vs. 6

14 vs. 6

face

immersion

Kay
(1994)

GI faecal

streptococci

80+ vs. 0-19

70(60-79) vs. 0-19

50(40-59) vs. 0-19

30(20-39) vs. 0-19

2.80 (1.33-5.89)**

2.58 (1.44-4.64)**

1.68 (0.91-3.12)

0.97 (0.53-1.73)

304 vs. 109

281 vs. 109

183 vs. 109

106 vs. 109

head

immersion

Medical Research

Coundl & CSIR

(1995)

UNEP/WHO

MAP No. 46

(1991)

UNEP/WHO

MAP No. 53

(1991)

GI

GI

R

enteric

dermatitis

faecal

streptococci

faecal

coliforms

enterococci

faecal

streptococci

10.4(0-163) vs. 0.8(0-28)

21.9(0-436) vs. 3.8(0-324)

40(31-51) vs. 9(2-30)
40(31-51) vs. 9(2-30)

2835 (130-11500) vs.
407 (4O-1800)

1.68* (1.09-2.60)

1.95 (1.08-3.52)*
2.55 (1.27-5.05)**

1.51 (0.65-3.54)
2.02 (1.25^3.27)*

61 vs. 36

131 vs. 65
124 vs. 47

21 VS. 14
78 vs. 38

entering

water up

to or beyond

waist

head immersion

+ splashing

+ swallow

head immersion

+ splashing

+ swallow

* S =• skin complaints; GI •= gastro-lntestinal symptoms; HCGI = highly credible gastro-enteritls; R = respiratory illness.

* P<0.05; ** P< 0.01.

Not all non-significant results are listed.

NS: not significant
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3
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O.I
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0 001

Legend:
FC: faecal coJiforms GI: gastrointestinal symptoms
TC: total coliformj HCGI. highly credible gastroenteritis
Ec E. coli OOI: objective gastroenteritis
TS' total staphylococei skin- skin problems
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symptoms available, better assessment of individual exposure
(water quality and degree of water contact assessment) may
have reduced misclassification error. The same also applies to
Fleisher's randomized controlled trial3 investigating non-enteric
illnesses. Comparison with other studies was not possible since
this is the first study to investigate non-enteric illnesses accord-
ing to the International Classification of Diseases (ICD-10), and
due to the lack of other reported relationships.

The studies do not yield any findings on the relationship of
severity of symptoms to differences in water quality.

Discussion
Some factors which may affect the validity of these studies are
listed below. Table 4 recapitulates the main types of bias.

The use of indicator microorganisms for assessing water quality of
exposure is one of the major sources of bias in such studies.
Temporal and spatial indicator variation is substantial, and
difficult to relate to individual bathers,40 unless the study design
is experimental.3'9 Use of seasonal means for water quality rather
than daily measurements further increases the inaccuracy. Also,
the limited precision of methods for counting indicator organ-
isms added substantial measurement error.41 Furthermore, the
indicator organisms used do not relate well to viruses, which
may represent an important part of the aetiological agents.
These factors lead to non-differential misclassification bias, and
underestimation of the health effect of water quality.

Certain studies do not take into account the potential infec-
tion pathway for defining exposure, e.g. mainly head immersion
or the ingestion of w a t e r 5 8 1 0 1 6 ' 2 l : 2 4 for gastro-intestinal
symptoms. This, together with difficulties in exposure recall and
reporting in observational studies, would also lead to non-
differential misclassification.

The following factors will probably introduce minor bias:
Most observational studies relied on self-reporting of symptoms.

Validation of symptoms by medical examination3'9 would have
reduced potential bias.

The response rate was more than 70% in all, and more than
80% in most studies. Differential reporting, e.g. higher response
among participants experiencing symptoms, would probably
not have major consequences.

The recruitment method, which consists of approaching people
on the beach in almost all studies.

According to power calculations42 the study population size
should reach a minimum of 1700 swimmers and 1700 non-
swimmers under the hypothesis of a 5% background illness rate
and an excess rate of 50% for a significant result (90% power).
Not all studies reached this number of participants,3'6'9'11"14'18'24

however, excess rates were sometimes reported to be higher
and so some studies could still yield significant results.

Since several of these causes may occur in one and the same
study, the errors introduced are multiplied and can be very
important, but would probably lead to underestimation of the
health effect of water quality. Non-differential misclassification
bias is the most important type of bias in the reviewed studies
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Ta.ble 4 Main causes and consequences of bias in epidemioiogical studies of recreauonai water

Causes Consequences

Probable underestimation of effeaa

Underestimation of effea if study population (e.g. adults)
is more immune than population of interest

Usually underestimation of effea

Under- or overestimation of effea

Under- or overestimation of effea

Use of indicators for assessing water quality

Selection of unrepresentative study population

Exposure assessment

Illness reporting

Non-control for confounders
a May be overestimation of the effen in case of sewage dilorination (e.g. CabeUi22), because the die-off of indicator organisms may be greater than that of

certain pathogens.

and it should be smaller in the randomized controLled studies39

than in the observational studies. This fact probably explains
the higher risk estimates for gastroenteric symptoms and the
stronger relationship with indicator counts, compared to the
findings of the other studies.

Special attention should be given to the low threshold values
reported. Misclassification of exposure may produce artificially
low thresholds for increased risk. The one randomized controlled
trial reviewed here analysing gastro-intestinal symptoms,6

which should yield the most accurate relationship, suggests a
threshold of 33 faecal streptococci/100 ml for increased risk of
gastroenteritis, which is higher than in other studies. In addition
to misclassification bias in observational studies, the difference
in thresholds could be due to a study population limited to
adults in the randomized controlled trial; their immunity status

for diarrhoeal diseases being probably higher than for the aver-
age population.43 Furthermore, study populations from Hong
Kong15 and Egypt,21 show higher thresholds (and case rates).
Also, within the Egyptian study, the visiting population (from
another inland town) shows higher attack rates for gastro-
enteric symptoms than the local population. These results could
not be explained by bias only and suggest the influence of
immunity status on susceptibility to water quality, or a lower
pathogen-to-indicator ratio in the natural waters. The thresholds
may also be influenced by the sample size, i.e. they may decrease
when the sample size increases. However, the Hong Kong and
Egypt studies are among those with the largest sample size among
the reviewed studies, whereas the sample size of the randomized
controlled trial studying gastroenteric symptoms is relatively
small.

 at C
al/E

PA
 (A

ir R
esources B

oard) L
ibrary on February 24, 2014

http://ije.oxfordjournals.org/
D

ow
nloaded from

 

http://ije.oxfordjournals.org/
http://ije.oxfordjournals.org/


8 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

Table 3 Criteria for causation in environmental studies (according to Bradford Hill). Application to bathing water quality and gastro-intestinal
symptoms

Criterion Fulfilment

1. Strength of association

2. Consistency

3. Specificity of association

4. Temporality

5. Biological gradient

6. Plausibility

7. Coherence

8. Experiment

9. Analogy

Yes, significant associations have been found; the relative risks ratios are usually between 1 and 3

Yes, the association has been observed in several countries and by various authors

No, particular type of exposure is not linked with a particular infection or disease

Yes, most studies permit to show that exposure precedes the disease rather than following it

Yes, most of the selected studies show significant dose-response relationships

Yes: the results are in line with findings on ingestions of infective doses of pathogens

Yes, the cause-and-effect interpretation of the data do not conflict with other knowledge on the disease

No: preventive actions have not yet been described in the studies

Yes: similar to Ingestion of recreational water, gastro-intestinal symptoms are known to be caused by
faecally polluted drinking-water

These studies have reported gastro-intestinal symptoms as the
most common health problem related to the count of indicator
bacteria in recreational waters. Respiratory, eye, ear/nose/throat
and skin and mucosal symptoms in swimmers have also been in-
vestigated, and in a few studies, similar relationships were found.
Relatively little epidemiological data on more serious health out-
comes (e.g. hepatitis, leptospirosis, typhoid fever) are available.

The criteria for evidence in environmental disease causation,
proposed by Bradford Hill,44 and their fulfilment for the associ-
ations studied here, are described in Table 5.

In our review of 22 studies, seven of Hill's criteria are fulfilled.
The criterion on the specificity of the association is not applic-
able because aetiologic agents are suspected to be numerous
and relatively outcome unspedfic. Results of experiments on
the impact of preventive actions on health outcome frequency
have not yet been reported.

Conclusions
The review of 22 selected studies suggests that there is a causal
relationship between the gastro-intestinal symptoms and recre-
ational water quality, measured by indicator-bacteria concentra-
tion, because they report a strong and consistent association
with temporality and dose-response relationships, as well as
biological plausibility and analogy to clinical cases in drinking
water pollution.

In 19 out of 22 studies selected in this review, the rate of certain
symptoms or symptom groups is significantly related to the count
of faecal indicator bacteria in recreational water. Gastro-intestinal
symptoms are the most frequent health outcome for which
significant dose-related associations were reported. Symptom
rates were usually higher in the lower age groups.

Several indicators were used for describing water quality in
the reviewed studies. Most probably, the indicators showing
correlation with health outcome varied according to faecal con-
tamination of the water or contamination by other bathers.
Consequently, despite different indicators, the trend in reported
associations is similar.

For marine and freshwater, this review suggests low thresh-
old values for increased risk compared to the water qualities
frequently encountered in coastal recreational waters and sug-
gests the existence of dose-response relationships between the
bacterial count and symptoms. The results of the randomized
controlled trials3' are probably the most accurate, as exposure,
water quality and illness are much more accurately assessed

than in observational studies. These results are however pri-
marily indicative for adult populations in temperate climates.
Studies which report higher thresholds and case rate values
(for adult populations or populations of countries with higher
endemicities) may suggest increased immunity, which is a
plausible hypothesis but requires further studies to confirm.

The WHO expert group for recreational waters agreed that
the degree of convergence among principal study outcomes and
findings provided a sufficiently solid basis from which to derive
guideline values.45
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Section 1 
Background and Purpose 

The Santa Ana Regional Water Quality Control Board adopted a Municipal Separate Storm 

Sewer System (MS4) permit for Riverside County on January 29, 2010 that requires the 

development of a Comprehensive Bacteria Reduction Plan (CBRP). The CBRP is a long term 

plan designed to achieve compliance with dry weather condition (April 1 – October 31) 

wasteload allocations for bacterial indicators established by the Middle Santa Ana River 

(MSAR) Bacterial Indicator Total Maximum Daily Load (TMDL) (“MSAR Bacterial Indicator 

TMDL”). This document fulfills this MS4 permit requirement. The following sections provide 

the regulatory background, purpose, and framework of the CBRP.  

1.1  Regulatory Background 
The 1972 Federal Water Pollution Control Act and its amendments comprise what is commonly 

known as the Clean Water Act (CWA). The CWA provides the basis for the protection of all 

inland surface waters, estuaries, and coastal waters. The federal Environmental Protection 

Agency (EPA) is responsible for ensuring the implementation of the CWA and its governing 

regulations (primarily Title 40 of the Code of Federal Regulations) at the state level. 

California‘s Porter‐Cologne Water Quality Control Act of 1970 and its implementing 

regulations establish the Santa Ana Regional Water Quality Control Board (RWQCB) as the 

agency responsible for implementing CWA requirements in the Santa Ana River Watershed. 

These requirements include adoption of a Water Quality Control Plan (“Basin Plan”) to protect 

inland freshwaters and estuaries. The Basin Plan identifies the beneficial uses for waterbodies 

in the Santa Ana River watershed, establishes the water quality objectives required to protect 

those uses, and provides an implementation plan to protect water quality in the region 

(RWQCB 1995, as amended).  

The CWA requires the RWQCB to routinely monitor and assess water quality in the Santa Ana 

River watershed. If this assessment indicates that beneficial uses are not met in a particular 

waterbody, then the waterbody is found to be impaired and placed on the state’s impaired 

waters list (or 303(d) list1). This list is subject to EPA approval; the most recent EPA‐approved 

303(d) list for California is the 2006 list2.  

Waterbodies on the 303(d) list require development of a TMDL. A TMDL establishes the 

maximum amount of a pollutant that a waterbody can receive (from both point and nonpoint 

sources) and still meet water quality objectives. 

                                                           
1 303(d) is a reference to the CWA section that requires the development of an impaired waters 
list. 
2 The State Water Resources Control Board recently completed its 2010 303(d) List. This list is 
currently under review by the EPA. 
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1.2  Santa Ana River Watershed Basin Plan 
The Basin Plan designates beneficial uses (including recreational uses) for surface waters in the Santa Ana 

River watershed (RWQCB 1995, as amended) (see Table 3‐1 of the Basin Plan). The following sections 

describe existing and potential future Basin Plan requirements that are relevant to this CBRP. 

1.2.1  Existing Basin Plan Requirements 
The recreational uses applicable to waterbodies in the MSAR watershed include Water Contact 

Recreation (REC‐1) and Non‐Contact Recreation (REC‐2). These are currently defined in the Basin Plan as 

follows: 

 REC‐1 ‐ Waters that are used for recreational activities involving body contact with water where 

ingestion of water is reasonably possible. These uses may include, but are not limited to, 

swimming, wading, water‐skiing, skin and scuba diving, surfing, whitewater activities, fishing, 

and use of natural hot springs. 

 REC‐2 ‐ Waters that are used for recreational activities involving proximity to water, but not 

normally involving body contact with water where ingestion of water would be reasonably 

possible. These uses may include, but are not limited to, picnicking, sunbathing, hiking, 

beachcombing, camping, boating, tidepool and marine life study, hunting, sightseeing, and 

aesthetic enjoyment in conjunction with the above activities. 

To evaluate whether these recreational uses are protected in a given waterbody, the Basin Plan  

(Chapter 4) currently relies on fecal coliform3 as a bacterial indicator for the potential presence of 

pathogens. Fecal coliform present at concentrations above certain thresholds are believed to be an 

indicator of the potential presence of fecal pollution and harmful pathogens, thus increasing the risk of 

gastroenteritis in recreational bathers exposed to the elevated levels. Section 4 of the Basin Plan specifies 

the following water quality objectives for protection of recreational uses:  

 REC‐1 ‐ Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 

samples/30‐day period, and not more than 10 percent of the samples exceed 400 organisms/ 100 

mL for any 30‐day period. 

 REC‐2 ‐ Fecal coliform: average less than 2000 organisms/100 mL and not more than 10 percent of 

samples exceed 4000 organisms/100 mL for any 30‐day period 

1.2.2  Proposed Amendments to the Basin Plan 
The RWQCB is currently considering replacing the REC‐1 bacterial indicator water quality objectives for 

fecal coliform with E. coli objectives. EPA published revised bacterial indicator guidance in 1986 (EPA 

1986) that recommended the adoption of E. coli as the freshwater bacterial indicator for pathogens. This 

guidance was based on epidemiological studies that found that the positive correlation between E. coli 

concentrations and the frequency of gastroenteritis was better than the correlation between fecal 

coliform concentrations and gastroenteritis.  

The RWQCB is considering this Basin Plan revision through the work of the Stormwater Quality 

Standards Task Force (SWQSTF). Since 2003, RWQCB staff and members of the SWQSTF (which 

                                                           
3 Fecal coliform and E.coli are a group of bacteria considered by the Regional Board as bacterial indicators for pathogens. Within this CBRP, references to fecal 

coliform and E.coli should be considered equivalent to the term bacterial indicators. 
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includes representatives from the Santa Ana Watershed Protection Authority [SAWPA]; the counties and 

cities of Orange, Riverside, and San Bernardino; Orange County Coastkeeper; Inland Empire 

Waterkeeper; among others) have been engaged in the implementation of a workplan that is evaluating 

both recreational uses and associated water quality objectives. The key proposed amendments, relevant 

to this MSAR Bacterial Indicator TMDL that are expected to be adopted by the RWQCB in fall 2011 

include: 

 Clarification of the definition of REC‐1 waters; 

 Deletion of the current fecal coliform objectives for REC‐1 and REC‐2 beneficial uses; 

 Adoption of geometric mean E. coli objectives for REC‐1 waters based on EPA (1986) guidance; 

 Sub‐categorization of REC‐1 waters into classes and establishment of a class‐specific method for 

assessing E. coli data in the absence of sufficient data to calculate a geometric mean;  

 For waters designated only REC‐2 (only after approval of a Use Attainability Analysis [UAA] that 

removes the presumptive REC‐1 use), establishment of an antidegradation‐based bacterial 

indicator water quality objective; and 

 Temporary suspension of recreational uses during high flow conditions in freshwater streams. 

The Basin Plan amendment includes several UAAs to modify presumptive REC‐1 uses in the MSAR 

watershed. These UAAs and proposed recreational use changes include: 

 Cucamonga Creek – Reach 1, Hellman Avenue (33°56’57.156”N, 117°36’37.476”W) to approximately 

750 feet downstream of the confluence of Cucamonga Creek and Lower Deer Creek 

(34°0’8.7474”N, 117°35’57.372”W); remove both REC‐1 and REC‐2 uses. 

 Temescal Creek – Reach 1, from approximately 100 feet downstream of Cota Street 

(33°53’29.904”N, 117°34’12.432”) to the Arlington Drain confluence; remove REC‐1 use. 

 Temescal Creek – Reach 2, from the confluence with Arlington Drain (33° 52' 51.204"N, 117° 33' 

15.732"W) to approximately 1,400 feet upstream of Magnolia Avenue (33° 52' 1.992"N, 117° 31' 

30.108"W); remove REC‐1 and REC‐2 uses. 

1.3  Middle Santa Ana River Bacterial Indicator TMDL 
Water quality data collected in 1994 and 1998 from waterbodies in the MSAR watershed showed 

exceedances of fecal coliform bacterial indicator water quality objectives. Based on these data and 

potential impacts to recreational uses, the RWQCB recommended that the following waterbodies be 

placed on the 303(d) list: 

 Santa Ana River, Reach 3 – Prado Dam to Mission Boulevard (excludes Prado Basin Management 

Zone) 

 Chino Creek, Reach 1 – Santa Ana River confluence to beginning of hard lined channel south of 

Los Serranos Road 

 Chino Creek, Reach 2 – Beginning of hard lined channel south of Los Serranos Road to 

confluence with San Antonio Creek  
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 Mill Creek (Prado Area) – Natural stream from Cucamonga Creek Reach 1 to Prado Basin 

 Cucamonga Creek, Reach 1 – Confluence with Mill Creek to 23rd Street in City of Upland 

 Prado Park Lake 

As noted above, waterbodies on the 303(d) list are subject to the development of a TMDL. Accordingly, 

on August 26, 2005 the RWQCB adopted Resolution No. R8‐2005‐0001, amending the Basin Plan to 

incorporate bacterial indicator TMDLs for the above‐listed waterbodies in the watershed (i.e., MSAR 

Bacterial Indicator TMDL) (RWQCB 2005). The TMDLs adopted by the RWQCB were subsequently 

approved by the State Water Resources Control Board on May 15, 2006, by the California Office of 

Administrative Law on September 1, 2006, and by EPA Region 9 on May 16, 2007. The EPA approval date 

is the TMDL effective date. 

The MSAR Bacterial Indicator TMDL established wasteload allocations for urban MS4 and confined 

animal feeding operation discharges and load allocations for agricultural and natural sources. The 

wasteload and load allocations were established for both fecal coliform and E. coli: 

 Fecal coliform: 5‐sample/30‐day logarithmic mean (or geometric mean) less than 180 organisms/ 

100 mL and not more than 10 percent of the samples exceed 360 organisms/100 mL for any 30‐day 

period. 

 E. coli: 5‐sample/30‐day logarithmic mean (or geometric mean) less than 113 organisms/100 mL 

and not more than 10 percent of the samples exceed 212 organisms/100 mL for any 30‐day period. 

The urban discharger requirements are listed as tasks in the TMDL, with Tasks 1.2, 3, 4.1, 4.3, 4.5, and 6 

having relevance to this CBRP for Riverside County (Table 1‐1). Other tasks included in the TMDL either 

address urban discharges associated with San Bernardino County or other agricultural discharge 

requirements.  

1.4   Riverside County MS4 Permit 
In large metropolitan areas with interconnected MS4s, MS4 permits are often issued to multiple 

permittees that work cooperatively to implement the requirements. This is the case for the Riverside 

County area where the MS4 facilities within the MSAR watershed are permitted under a single area‐wide 

MS4 permit. The Riverside County Flood Control and Water Conservation District (RCFC&WCD) is the 

Principal Permittee and the County of Riverside and the Cities of Beaumont, Calimesa, Canyon Lake, 

Corona, Hemet, Lake Elsinore, Menifee, Moreno Valley, Murrieta, Norco, Perris, Riverside, San Jacinto, 

and Wildomar are the Co‐Permittees.  

The first MS4 permit was issued by the RWQCB to the Riverside County Permittees in 1990. The 1990 

MS4 permit was followed by MS4 permits issued in 1996 and 2002. With the issuance of each of these 

permits the number of requirements and the cost of program implementation has increased It was during 

the 2002 MS4 permit that the RWQCB began the adoption of TMDLs that included wasteload allocations 

applicable to urban stormwater discharges. Although the 2002 MS4 permit did not include specific TMDL 

implementation programs, the MS4 Permittees actively participated in the development and 

implementation of these TMDLs, including voluntarily funding the creation of a joint MSAR TMDL Task 

Force and subsequently funding special studies and coordinating compliance activities necessary to 

address urban contributions to the impairment ahead of permit mandates. As a result of these activities, 

the Permittees were able to identify and prioritize major MS4 outfalls for follow‐up actions and were also 
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able to identify and eliminate some specific sources of contamination including homeless encampments 

and a sewer cross connection. 

The 2010 MS4 permit was adopted by the RWQCB on January 29, 2010 (Order No. 2010‐0033, National 

Pollutant Discharge Elimination System (NPDES) No. CAS618033). This permit contains many new 

mandates, some of which may ultimately assist with managing controllable urban sources of bacterial 

indicators, including retrofit studies, illicit discharge detection and elimination programs, new 

development programs and septic system requirements. These programs are required to be implemented 

by the Permittees at various points in time over the course of the MS4 permit term based on the time 

RWQCB staff expected the Permittees to need to implement the programs, train staff  and other factors 

such as the need to stage development of multiple permit mandates.  In addition, for the first time the 

MS4 permit explicitly includes TMDL implementation requirements applicable to waterbodies in 

Riverside County for which TMDLs are effective, specifically Lake Elsinore/Canyon Lake (nutrients) and 

waterbodies, such as the Middle Santa Ana River (bacterial indicators). The development of this CBRP is a 

MS4 permit requirement associated with implementation of the MSAR Bacterial Indicator TMDL. The 

CBRP is designed to provide a comprehensive plan for attaining the MS4 permit’s water quality based 

effluent limits for the MSAR TMDL by integrating existing control programs and efforts with new permit 

mandates and other additional activities necessary to address controllable urban sources of bacterial 

indicators.    

1.5  Comprehensive Bacterial Indicator Reduction Plan 
This section provides information on the requirements for CBRP development and the applicability of the 

plan to urban discharges in the Riverside County area. In addition, information is provided on the general 

framework of this plan and the process associated with its development.  

1.5.1   Purpose and Requirements 
The need for the development of the CBRP is described in the findings section of the Riverside County 

MS4 permit, e.g.:  

 Section II.F.7 – “The MSAR TMDL Implementation Plan assigns responsibilities to specific MS4 

dischargers to identify sources of impairment, to propose BMPs to address those sources, and to 

monitor, evaluate, and revise BMPs as needed, based on the effectiveness of the BMP 

implementation program. These are generally considered as the short‐term solutions. The MSAR 

Permittees are required to develop and implement a long‐term solution (a Comprehensive 

Bacterial Indicator Reduction Plan) designed to achieve compliance with the WLAs [wasteload 

allocations] by the dates specified in the TMDLs…” 

 Section II.F.14 – “The Permittees are required to develop a CBRP to achieve compliance with the 

WLAs by the compliance dates. Periodic evaluation and update of the CBRP may be necessary 

based on a BMP effectiveness analysis to ensure compliance with the WLAs by the compliance 

dates.” 

 Section II.F.16 – “In the absence of an approved CBRP, the WLAs become the final numeric 

WQBEL that must be achieved by the compliance dates.” 
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Table 1‐1. MSAR Bacterial Indicator TMDL requirements applicable to portions of Riverside County.

Task  Subtask  Required Activity  Schedule/Status 

Task 1 – Review/ Revise 
Existing Waste Discharge 
Requirements 

Task 1.2 – WDR 
requirements for 
Riverside County 
MS4 

Review and revise the Waste Discharge Requirements for the Riverside 
County MS4 permit as necessary to include the appropriate wasteload 
allocations, compliance schedules and or monitoring requirements 

New MS4 permit was adopted on January 29, 2010. 
Relevant TMDL requirements, including the 
preparation of the CBRP for dry weather, were 
included in the permit 

Task 3 ‐ Watershed‐Wide 
Bacterial Indicator Water 
Quality Monitoring Program 

NA 

All named responsible parties in the TMDL shall, as a group, submit to 
the RWQCB for approval a proposed watershed‐wide monitoring 
program that will provide data necessary to review and update the 
TMDL. 

All parties (except U.S. Forest Service) are 
implementing a RWQCB‐approved monitoring program 
collaboratively through the MSAR Task Force (see 
Attachment A)

Task 4 – Urban Discharges 

Task 4.1 ‐ Develop 
and Implement 
Bacterial Indicator 
Urban Source 
Evaluation Plan 
(USEP) 

Responsible parties in Riverside County (as named in the TMDL) shall 
develop a Bacterial Indicator Urban Source Evaluation Plan. This plan 
shall include steps needed to identify specific activities, operations, 
and processes in urban areas that contribute bacterial indicators to 
MSAR watershed waterbodies. The plan shall also include a proposed 
schedule for completion of each of the steps identified. The proposed 
schedules can include contingency provisions that reflect uncertainty 
concerning the schedule for completion of the SWQSTF work and/or 
other investigations that may affect the steps that are proposed. The 
USEP shall be implemented upon RWQCB approval.

The RWQCB‐approved USEP has been implemented by 
the responsible parties since 2008 (see Attachment A). 
In addition, this CBRP incorporates the 
principles/activities of the USEP and replaces its 
implementation requirements (see Attachment C). 

Task 4.3– Revise 
the Riverside 
County Drainage 
Area Management 
Plan (DAMP) 

The Executive Office shall notify the MS4 Permittees of the need to 
revise the DAMP to incorporate measures to address the results of the 
USEP and/or other studies. The revised DAMP will be implemented 
upon approval by the RWQCB.  

The Permittees amended the DAMP in April 2007 as 
part of their Report of Waste Discharge to include 
descriptions of specific MSAR TMDL compliance 
activities. In addition, The January 29, 2010 MS4 permit 
includes requirements for additional DAMP revisions 
that are being coordinated with TMDL implementation

Task 4.5 – Revise 
the Riverside 
County Water 
Quality 
Management Plan 
(WQMP)  

The Executive Office shall notify the MS4 Permittees of the need to 
revise the WQMP to incorporate measures to address 
recommendations of the SWQSTF or other investigations. The revised 
WQMP will be implemented upon approval by the RWQCB.  

As part of the April 2007 DAMP revisions submitted as 
part of the 2010 MS4 Permit Report of Waste 
Discharge, the Permittees amended impairment maps 
used by developers to determine mitigation needs and 
reviewed and updated bacterial indicator effectiveness 
data for post‐construction BMPs deployed as 
mitigation for new development. Training programs 
were also amended to address TMDL requirements.  In 
addition, The January 29, 2010 MS4 permit includes 
requirements for WQMP revisions that are being 
coordinated with TMDL implementation and this CBRP

Task 6 – Review or Revision 
of the MSAR Bacterial 
Indicator TMDL 

NA 

RWQCB will review all data and information generated pursuant to the 
TMDL requirements on an ongoing basis (at least every three years). 
Based on results from the monitoring programs, special studies, 
modeling analysis, SWQSTF and/or special studies, changes to the 
TMDL, including revisions to the numeric targets, may be warranted.  

The first Triennial Report was submitted on February 
15, 2010; additional Triennial Reports will be prepared 
in 2013 and 2016 as part of this CBRP (see Attachment 
F) 
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Based on these findings, the RWQCB established specific requirements for the CBRP’s content. These 

requirements, found in Section VI.D.1.c.i in the Riverside County MS4 permit, include: 

Section VI.D.1.c.i ‐ The MSAR Permittees shall prepare for approval by the RWQCB a CBRP describing, in 

detail, the specific actions that have been taken or will be taken to achieve compliance with the urban 

wasteload allocation during the dry season (April 1st through October 31st) by December 31, 2015. The 

CBRP must include: 

 The specific ordinance(s) adopted to reduce the concentration of indicator bacteria in urban 

sources. 

 The specific BMPs implemented to reduce the concentration of indicator bacteria from urban 

sources and the water quality improvements expected to result from these BMPs. 

 The specific inspection criteria used to identify and manage the urban sources most likely 

causing exceedances of water quality objectives for indicator bacteria. 

 The specific regional treatment facilities and the locations where such facilities will be built to 

reduce the concentration of indicator bacteria discharged from urban sources and the expected 

water quality improvements to result when the facilities are complete. 

 The scientific and technical documentation used to conclude that the CBRP, once fully 

implemented, is expected to achieve compliance with the urban wasteload allocation for 

indicator bacteria by December 31, 2015. 

 A detailed schedule for implementing the CBRP. The schedule must identify discrete milestones 

to assess satisfactory progress toward meeting the urban wasteload allocations for dry weather by 

December 31, 2015. The schedule must also indicate which agency or agencies are responsible for 

meeting each milestone. 

 The specific metric(s) that will be established to demonstrate the effectiveness of the CBRP and 

acceptable progress toward meeting the urban wasteload allocations for indicator bacteria by 

December 31, 2015. 

 The DAMP, WQMP and Local Implementation Plans shall be revised consistent with the CBRP 

no more than 180 days after the CBRP is approved by the RWQCB. 

 Detailed descriptions of any additional BMPs planned, and the time required to implement those 

BMPs, in the event that data from the watershed‐wide water quality monitoring program indicate 

that water quality objectives for indicator bacteria are still being exceeded after the CBRP is fully 

implemented. 

 A schedule for developing a CBRP needed to comply with the urban wasteload allocation for 

indicator bacteria during the wet season (November 1st thru March 31st) to achieve compliance 

by December 31, 2025. 



Section 2     CBRP Implementation Program 
 

1‐8     

1.5.2   Applicability 
The applicability of this CBRP is limited to the following:  

 Bacterial Indicator Sources – The CBRP is designed to mitigate controllable urban sources of 

bacterial indicators that cause non‐attainment of bacterial indicator water quality objectives at 

the watershed‐wide compliance sites. 

 Jurisdiction – This CBRP only applies to the following MS4 Permittees named in the TMDL: 

County of Riverside; the Cities of Corona, Eastvale (formerly County of Riverside), Jurupa Valley 

(formerly County of Riverside), Norco, and Riverside (inclusively the MSAR Permittees). 

 Hydrologic Condition – This CBRP applies only to urban discharges from the MS4 during dry 

weather conditions that have the potential to impact the downstream watershed‐wide TMDL 

compliance monitoring site. 

 Seasonal Condition ‐ This CBRP applies only to urban discharges from the MS4 during the period 

April 1st through October 31st.  

1.5.3  Compliance with Urban Wasteload Allocation 
The Riverside County MS4 Permittees have developed a CBRP that is designed to achieve compliance 

with the dry season urban wasteload allocation by the compliance date of December 31, 2015. Compliance 

with the wasteload allocations can be measured in several ways: 

 Water quality objectives are attained at the watershed‐wide compliance sites established as part 

of the implementation of the TMDL. If not attained, then it must be demonstrated that bacterial 

indicators from controllable urban sources are not the cause of non‐attainment. 

 Compliance with controllable urban source wasteload allocations demonstrated from specific 

MS4 facilities, e.g., sampling demonstrates that controllable urban sources discharged from MS4 

outfalls or drains are in compliance with the wasteload allocation during dry weather conditions. 

 MS4 facilities, e.g., outfalls, are dry, or that flows from these MS4 outfalls are infiltrating prior to 

connection with impaired waterbodies, and thus not contributing to dry weather flow (DWF) to 

downstream waters. 

1.5.4   CBRP Conceptual Framework 
CBRP implementation relies on a step‐wise approach that implements key actions to identify controllable 

urban sources of bacterial indicators, evaluate and select a mitigation alternative, and, where necessary, 

construct structural BMPs mitigate controllable sources. This pragmatic approach is a direct extension of 

the already RWQCB‐approved watershed‐wide compliance monitoring program, Urban Source 

Evaluation Plan (USEP), and framework being established by the SWQSTF. Coupled with this pragmatic 

approach is the incorporation of existing and relevant MS4 permit requirements. These requirements are 

supplemented, where needed, to target controllable urban sources of bacterial indicators.  

The demonstration of compliance with the MSAR Bacterial Indicator TMDL (see Section 3) assumes 

RWQCB adoption of proposed Basin Plan amendments developed by the SWQSTF. These amendments 

establish the following framework: 
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First, the bacteria objectives and related wasteload allocations should only be applied to waterbodies 

designated REC‐1 and the RWQCB is working closely to identify the various storm water channels that 

should be reclassified as REC‐2 or REC‐X. This assumption governs the range of compliance alternatives 

that could be proposed in the CBRP. In particular, the MSAR Permittee's plan to install regional 

treatment facilities where needed to ensure urban discharges comply with bacteria objectives in 303(d) 

listed streams depends first on amending the Basin Plan to make clear that the same objectives are not 

intended to apply in the concrete‐lined flood control channels that are tributary to natural streams. 

Without such clarifications, it is uncertain whether regional treatment facilities would be permitted 

under federal law. The MSAR Permittees have not identified any actions that would be taken to meet 

bacteria standards if the Basin Plan amendments are not approved because we know of no feasible means 

to assure compliance with the wasteload allocation at each urban stormwater outfall to every flood 

control channel.   

Second, the CBRP is designed to mitigate controllable urban sources of bacteria to the maximum extent 

practicable because the MSAR Permittees lack sole authority to determine what mitigation measures will 

be permitted under law. Several different federal, state and local agencies must approve the various 

projects designed to achieve compliance with the urban wasteload allocation. And, there is no assurance 

that such approvals can be obtained given the need to simultaneously protect other designated beneficial 

uses (e.g. aquatic habitat, groundwater recharge) in the watershed. To the extent that the MSAR 

Permittees may be restricted from implementing the most effective methods for reducing urban 

discharges of bacteria, the only legal alternative is to select a different strategy that achieves compliance 

to the maximum extent practicable. This merely represents a practical regulatory reality and is not 

intended to serve as an excuse for making anything other than the best effort possible to meet water 

quality standards. 

Third, the MSAR Permittees believe strongly that eliminating controllable discharges is, by far, the best 

way to assure compliance with the urban wasteload allocation. In general, there should be little or no 

urban stormwater discharges during dry weather conditions. Mass balance analysis indicates that the 

greatest water quality improvement would come from focusing on the relatively small nuisance flows 

associated with excess landscape irrigation and other common activities (car washing, driveway cleaning) 

common to residential areas. Reducing such flows not only offers the best method for reducing bacterial 

loads from controllable urban sources, it will help the MSAR Permittees comply with the conservation 

requirements specified in SB x7‐7 (aka "20 percent by 2020"). The fact that similar efforts are already 

required in the MS4 permit only increases our commitment to implement the strategy with great 

diligence and a stronger sense of urgency. 

Fourth, the CBRP presumes that compliance with the wasteload allocation must be demonstrated by 

actual water quality monitoring data. Such data will be regularly collected at monitoring sites designated 

by the RWQCB. Such locations are commonly referred to as "watershed‐wide compliance sites." The 

MSAR Permittees recognize that the Basin Plan and the permit require discharges to meet water quality 

standards throughout the watershed regardless of which specific locations are selected for routine 

sampling. The text of the CBRP uses the phrase "watershed‐wide compliance sites" to distinguish these 

locations from other sites, such as those that are part of the USEP, that are sampled far less frequently. 

The MSAR Permittees  fully expect that all water quality monitoring requirements associated with the 

CBRP will be reviewed and updated on a regular basis and that the RWQCB may request new or different 

sampling locations before reauthorizing the monitoring plan. 
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Without adoption of Basin Plan amendments, the estimated cost of compliance with the MSAR Bacterial 

Indicator TMDL is in excess of $2 billion, which has the potential to cause significant societal economic 

hardship (CDM 2010). 

1.5.5  CBRP Development Process 
The CBRP was developed collaboratively by the MSAR Permittees participating in the MSAR TMDL. 

Development was coordinated with the MSAR Permittees and MSAR TMDL Task Force (see Attachment 

A), as needed. Activities completed include: 

 July 27, 2010 – Presentation was made to the MSAR TMDL Task Force to provide a status update 

on CBRP development. Presentation was posted by SAWPA on their website. 

 August 18, 2010 – Presentation was made to the MSAR TMDL Task Force on the proposed CBRP 

program. Presentation was posted by SAWPA on their website. 

 October 21, 2010 – Presentation was made to the Riverside County City Managers.  

 Following submittal of a draft CBRP to the RWQCB in December 2010, Riverside County MS4 

program conducted a parallel public review process through the Santa Ana Watershed Project 

Authority. A draft CBRP was released for public review and opportunity for public comment was 

provided at a MSAR TMDL Task Force meeting on March 22, 2011. Written comments were 

received until March 31, 2011. 

 RWQCB comments on the draft CBRP (dated March 30, 2011) were discussed with the RWQCB 

and stakeholders as part of the April 21, 2011 publicly noticed SWQSTF meeting.   

1.5.6  CBRP Roadmap 
The CBRP is presented in two parts: (1) primary sections that provide an executive level summary of the 

components, schedule, strategy, and technical basis for the CBRP; and (2) supporting attachments that 

provide additional information to support the primary sections. Following is a summary of the purpose 

and content of each part of the CBRP: 

 Section 2 – Provides an executive level summary of the following components of the CBRP: 

Implementation Steps, Program Elements, Implementation Schedule, and Compliance and 

Iterative/Adaptive Management Strategies. 

 Section 3 – Provides the technical basis for the conclusion that full implementation of the CBRP 

will achieve compliance with the urban wasteload allocation under dry weather conditions. 

 Section 4 ‐ Provides the schedule for development of the CBRP for achieving compliance with 

urban wasteload allocations under wet weather conditions. 

The above sections are supported by the following attachments: 

 Attachment A, TMDL Implementation – Documents the outcome of the numerous TMDL 

monitoring and source evaluation activities completed to date.  

 Attachment B, Watershed Characterization – Provides background information regarding the 

general characteristics of the MSAR watershed, including major subwatersheds, key jurisdictions 

and dominant land use. 
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 Attachment C, CBRP Program Elements – Provides additional information relevant to each of 

the Program Elements summarized in Section 2.2. 

 Attachment D, Existing Urban Source Control Program ‐ Documents existing MS4 permit 

activities that have been implemented by the Riverside County MS4 permit program. 

 Attachment E, Implementation Schedule – Provides additional information regarding the 

implementation schedule summarized in Section 2.3. 

 Attachment F, Glossary 

 Attachment G, References
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Section 2 
CBRP Implementation Program 

The MSAR Permittees  intend to achieve compliance with the wasteload allocation using a 

variety of implementation strategies, including: Evaluating the need for new water 

conservation ordinances to reduce urban runoff from landscape irrigation, more rigorous 

enforcement of existing ordinances to control pet waste, homeless encampments and other 

illicit discharges, enhanced septic system management, improved street sweeping programs, 

and other structural Best Management Practices (BMPs) designed to intercept, retain, divert or 

treat controllable urban runoff during dry weather conditions. A multi‐step procedure will be 

used to select and implement the most appropriate control strategy for each MS4 outfall in 

Riverside County that is tributary to an impaired waterbody  

It is important to note that the MSAR Permittee’s CBRP Implementation Steps programs and 

activities identified below are not uniform at this time. For example, cities with water utilities 

(Riverside and Corona) tend to have strong irrigation management programs, whereas MSAR 

Permittees without utilities may need to consider enhancing ordinances or building stronger 

partnerships with local water purveyors to better manage irrigation runoff. Similarly, some 

MSAR Permittees have stronger pet waste control ordinances such as Norco’s ordinances 

regulating horse manure disposal due to large equine populations and that community’s rural 

nature. Specific combinations of actions necessary to address CBRP Implementation Steps are 

therefore dependent on each MSAR Permittee’s current programs, available resources and 

opportunities, and local sub‐watershed needs. Therefore, specific actions taken by a MSAR 

Permittee to address CBRP Implementation Steps will be described in more detail in the MSAR 

Permittee’s Local Implementation Plans. The CBRP includes descriptions of the common 

Implementation Steps that all MSAR Permittees will take to address the MSAR Bacterial 

Indicator TMDL; however, the level of individual action required of a Permittee will be 

dependent on multiple factors that will be 

and are more appropriately described and 

addressed in the MSAR Permittee’s Local 

Implementation Plans. . 

2.1  CBRP 
Implementation Steps 
The Riverside County MS4 Permittees will 

implement the CBRP using a stepwise project 

approach. This approach incorporates three 

distinct steps encompassing six specific 

actions (Figure 2.1).

Figure 2.1  Key Implementation 

Actions
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Step 1 – Identify, Prioritize, and Evaluate MS4 Dry Weather Flow Sources 
Step 1 project activities include implementation of non‐structural BMPs (see CBRP Program Elements, 

below) and inspection activities (No. 1 – Figure 2.1). These inspections (or urban source evaluation 

investigations) occur systematically in each area draining to a watershed‐wide compliance site. For each 

key drainage area source evaluation activities are implemented to (a) identify controllable MS4 Dry 

Weather Flow (DWF) sources and their contribution to elevated bacterial indicator concentrations; (b) 

prioritize controllable DWF sources for follow‐up mitigation activity (No. 2 – Figure 2.1); and (c) identify 

alternatives to mitigate prioritized controllable urban sources (No. 3 – Figure 2.1). Completion of Step 1 

achieves four outcomes:  

(1) Prioritized list drainage areas where mitigation of DWF/bacterial indicators is deemed necessary 

to comply with urban wasteload allocations applicable to the MS4;  

(2) For each prioritized drainage area requiring action, implementation of activities to identify non‐

structural or structural BMP alternatives to mitigate controllable urban bacterial indicator 

sources (No. 4 – Figure 2.1). 

(3) If non‐structural BMPs can mitigate the source(s), initiation of new, enhanced or more targeted 

non‐structural BMPs (see CBRP Program Elements, below); and  

If structural BMPs are needed, completion of the Project Identification phase of the MSAR 

Permittee’s Capital Improvement Project (CIP) Process (Figure 2.2) and determination of the 

need for a Use Attainability Analysis (UAA) to facilitate a structural BMP solution.  

CBRP Step 1 is iterative and will occur over an extended period so that MS4 outfalls in each drainage area 

can be properly prioritized, investigated and evaluated for mitigation. The expected outcomes from Step 1 

activities will be complete in all drainage areas by the first quarter of 2015 (see CBRP Schedule, below). 

Step 2 – Evaluate and Select Structural BMP Projects 
The Riverside County MS4 Program anticipates that structural BMPs (outfall‐specific or regional) will be 

required to mitigate some controllable sources of DWF or bacterial indicators. A prioritized list with 

locations for these structural BMPs is a Step 1 outcome. Under Step 2, the identified structural BMP 

projects move forward in the CIP Process (No. 5 – Figure 2.1). Step 2 outcomes include: 

(1) Completion of UAAs deemed necessary to support implementation of a structural BMP project. 

(2) Completion of the Budget/Planning phase (see Figure 2.2) for each structural BMP project to 

incorporate the planned structural BMPs into the MSAR Permittee’s CIP. 

(3) Completion of the Design phase (see Figure 2.2) for each structural BMP project after the 

planned structural BMP is incorporated into the MSAR Permittee’s CIP. 

Completion of the Permitting phase (see Figure 2.2) for each structural BMP project, which includes 

receipt of all required authorizations to construct the project.
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Figure 2‐2.  Typical MSAR Permittee’s Capital Improvement Project (CIP) Process  

Project Identification– Identification of a CIP project occurs through one of two mechanisms:  

 Public agency assessment of a particular site’s current conditions to evaluate the need for structural improvements. 

These needs may be identified from observations of agency staff, routine maintenance / replacement schedules, or 

other sources internal to the agency.  

 Receipt of public complaints (presented directly to agency staff or a governing body) regarding an infrastructure 

concern (e.g., potholes, street flooding), which may result in a site investigation. Based on the outcome of the 

investigation, an agency may decide that a project needs to be constructed.  

Budgeting / Planning  ‐ After a project need has been established, staff implement a process to have the proposed 

project included in the CIP. Agency staff begins preliminary planning steps to verify the viability of the project and 

prepares a cost estimate, which along with other new or ongoing infrastructure needs, is used to prioritize the project 

based on public need, necessity and available funds. This phase typically involves both project planning and preparation 

of a preliminary design to support development of the cost estimate. With a project budget prepared, staff seeks approval 

to incorporate the project in the CIP. In some cases preliminary planning efforts may determine that a proposed project is 

not viable due to environmental constraints, community opposition, engineering limitations or other factors. In such 

cases a project is typically abandoned and alternative solutions are considered. 

Design ‐ Once a project is in the CIP, design work to prepare construction drawings and project specifications can begin. 

Based on project complexity, the time required to complete the design varies from less than a year to several years. 

During the design phase, and sometimes beginning in the budgeting / planning phase, staff initiates the CEQA process. 

Depending on the nature of the project or the need for special permits, obtaining CEQA approval can significantly affect 

the timeline to construct a project. Projects may also be abandoned in the design phase as the project is further refined. 

Factors such as changes to the project’s preliminary design parameters, soils, groundwater and utility investigations, and 

regulatory issues can impact the viability of a project during its refinement in the design stage. 

Permitting– During this phase, all required permits and approvals for construction are obtained. The process for 

obtaining permits and approvals typically begins during the design phase and sometimes begins as early as the budgeting 

/ planning phase. Depending on the nature of the project or the need for special permits, obtaining all required permits 

and approvals can significantly affect the timeline to construct a project and in some cases result in cancellation of the 

project. If this occurs, then alternative solutions are considered. 

Construction– Construction can begin upon design completion, receipt of all required permits and approvals, 

completion of all administrative requirements and availability of funds. Depending on the complexity and size of the 

project, right of way acquisition timelines, CEQA documentation and approvals, and involvement of other agencies, e.g., 

utilities, the construction phase can take anywhere from a few months to several years. 

Similar to the Step 1 schedule, Step 2 will occur over an extended period to move each planned structural 

BMP project forward to the point where the final CIP phase can be initiated – Construction. Because Step 

2 includes initiation of the CEQA process, the timeline for moving all planned structural BMPs to the 

point where construction can be initiated may be lengthy. Also, as noted above, situations may occur 

where through the planning and design phases a proposed project is determined to be infeasible. If that 

occurs, a different alternative to mitigate the controllable urban bacterial indicator source will be sought. 

Step 3 – Construct Structural BMP Projects 
Step 3 focuses on construction of structural BMP projects. For the most part, it is expected that projects 

will be constructed in the same order as originally prioritized during Step 1. However, it is possible that 

delays caused by the California Environmental Quality Act (CEQA) process or funding limitations could 

impact the project construction schedule prioritization. The schedule for construction cannot be 

established at this time given MSAR Permittee’s requirements that each project move through the MSAR 
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Permittee’s CIP process. As construction dates become know, these will be reported to the RWQCB as 

part of the CBRP reporting process.  

2.2  CBRP Program Elements 
The MS4 Permit established four required CBRP program elements (Section VI.D.1.c.1, MS4 Permit). 

These elements, which are tools for implementing the CBRP, encompass a range of potential non‐

structural and structural BMP activities: 

 Element 1 ‐ Ordinances  

 Element 2 ‐ Specific BMPs  

 Element 3 ‐ Inspection Criteria (for the purposes of the CBRP, this element includes urban source 

evaluation activities) 

 Element 4 ‐ Regional Treatment (for the purposes of the CBRP, this element includes both outfall‐

specific and regional structural BMP projects) 

Table 2.1 summarizes the relationship among these required CBRP program elements and the three 

implementation steps and associated implementation actions described above (see Figure 2‐1). The 

following sections summarize the key components of each CBRP program element (see Attachment C for 

a detailed presentation of these elements). 

Table 2.1. Relationship between Implementation Steps and Actions and 
Required CBRP Elements 

CBRP Steps 
Implementation Actions 

(Figure 2‐1) 
Relevant Required CBRP 

Elements 

1  Nos. 1, 2, 3, and 4  Elements 1, 2, 3 

2  No. 5  Element 4 

3  No. 6  Element 4 

Element 1 – Ordinances 
The CBRP requires the identification of specific ordinances that will be adopted during implementation 

to reduce bacterial indicators in controllable urban DWF sources. Two types of ordinances have been 

included in the CBRP: Water Conservation and Pathogen Control. Following is a brief statement 

regarding the purpose and potential water quality benefits that may be incurred.  

Water Conservation Ordinance 

Purpose – Evaluate the existing water conservation ordinances to determine if adequate authority 

available to manage water use to reduce DWF to the MS4. 

Implementation Approach – Permittees will evaluate existing ordinances and authority (including 

enforcement authority) available to manage dry weather runoff from water use practices in their 

respective jurisdictions. Modifications to these ordinances will be made, where appropriate. This effort 

will be implemented in coordination with water purveyors and implementation of BMPs related to 

irrigation or water conservation practices (see below). 
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Expected Benefits – Improved water management reduces dry weather discharge to the MS4, which 

reduces opportunity for the discharge to or mobilization of bacteria in the MS4. A corollary benefit is 

enhanced water conservation consistent with other state policies and regulatory requirements. 

Pathogen Control Ordinance 

Purpose – Evaluate existing ordinances to improve management of animal wastes to control known 

pathogen or bacterial indicator sources.  

Implementation Approach – Permittees will evaluate existing ordinances and consider adoption of new 

ordinances to implement this BMP. Based on this evaluation the Permittees will revise existing 

ordinances or adopt new ordinances, as needed, to fulfill this CBRP requirement and comply with the 

MS4 permit requirement to “promulgate and implement ordinances that would control known pathogen 

or bacterial indicator sources such as animal wastes, if necessary”.  

Expected Benefits – Establishing requirements to manage animal wastes in a manner that reduces 

opportunity for bacteria contained in these wastes to be entrained in DWF reduces the potential for 

bacteria to be mobilized and discharged to receiving waters through the MS4 

Element 2 – Specific BMPs 
The CBRP requires the identification of specific BMPs that will be implemented to reduce controllable 

urban sources of bacterial indicator. Selected BMPs range from programmatic activities that set the stage 

for other CBRP elements (e.g., DWF source evaluation activities) to specific activities that can reduce 

DWF or mitigate controllable urban sources of bacterial indicators. Some of the included BMPs are also 

MS4 permit requirements. In addition, some of the selected BMPs may be coordinated between Riverside 

and San Bernardino County to streamline the level of effort required to implement the BMP. 

Transient Camps 

Purpose – Evaluate potential for transient camps to contribute bacterial indicators to MS4 DWF, and if 

determined necessary, develop and implement transient camp closure activities. 

Implementation Approach – The RCFC&WCD currently implements a program to identify and remove 

transient encampments from within the MS4. The program is implemented to protect the health and 

safety of the homeless as well as to eliminate pollution to the MS4 caused by the encampments. MSAR 

Permittees will as part of their source assessment programs, identify locations of suspected transient 

encampments that may be located outside of the MS4, but still impact water quality; implement 

investigations to determine potential for encampment to contribute controllable bacterial indicators to 

DWF, and, as determined appropriate, implement transient camp closures in coordination with 

appropriate local agencies.   

Expected Benefits – Closure of transient camps in locations where it is determined that the encampment 

is contributing bacterial indicators to DWF eliminates a bacterial indicator source. 

Illicit Discharge, Detection and Elimination Program 

Purpose – The MS4 permit requires the development of an Illegal Discharge Detection and Elimination 

(IDDE) program to supplement ongoing permit implementation efforts. Completion of this requirement 

will enhance existing tools to reduce or eliminate DWF to the MS4.  
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Implementation Approach – The MSAR Permittees will complete development of this program as required 

by the MS4 Permit by July 29, 2011. The program will be used to support MS4 inspection activities to 

reduce or eliminate DWF to the MS4 (see below). 

Expected Benefits – Completion of this program provides additional tools to guide efforts to reduce or 

eliminate DWF to the MS4. 

Street Sweeping 

Purpose – Evaluate existing street sweeping programs to determine if the ongoing program can be 

enhanced to further reduce presence of controllable bacterial indicators on street surfaces. 

Implementation Approach – Each MSAR Permittees will evaluate the existing street sweeping program 

(e.g., method, frequency, and equipment) to determine potential to modify the program to further reduce 

bacteria on street surfaces. Where opportunities exist, changes will be made to the program. If it is 

determined that a change in equipment can provide water quality benefits, the MSAR Permittees will 

work with their respective governing bodies to obtain funding to upgrade/replace equipment. 

Expected Benefits – Reductions in bacterial indicators in MS4 outfalls (as a result of mobilization by DWF 

to the MS4) may occur where it is determined that enhancements to the existing street sweeping 

program will further reduce bacteria present on street surfaces.  

Irrigation or Water Conservation Practices 

Purpose – Implementation of BMP practices that reduce potential for over‐irrigation and discharge of 

irrigation water to the MS4. 

Implementation Approach – Each MSAR Permittee will evaluate options and minimum requirements for 

implementation of irrigation and outdoor water conservation BMPs. Implementation will be closely 

coordinated with the Water Conservation Ordinance activity described above and with local water 

purveyor conservation programs. Based on the findings of the evaluation and in coordination with other 

agencies tasked with implementation water conservation activities, the MSAR Permittees and water 

purveyors will coordinate implementation of outdoor water conservation BMPs.  

Expected Benefits – Improved local water management will reduce dry weather water use discharges to 

the MS4, which will reduce opportunity for discharge or mobilization of bacteria as a result of MS4 

discharge. A corollary benefit is enhanced water conservation consistent with other state policies and 

regulatory requirements. 

Water Quality Management Plan Revision 

Purpose – The MS4 Permit requires updates to the MS4 Permittee’s WQMP Guidance to incorporate low 

impact development (LID) practices to reduce runoff from new development and significant 

redevelopment activities. This requirement is included as a BMP since implementation of LID practices 

can reduce DWF to the MS4, especially where they are applied to significant redevelopment activities. 

Implementation Approach – The MSAR Permittees will submit a revised WQMP Guidance to the RWQCB 

for approval by July 29, 2011. Once implemented, LID practices will be applied to development projects 

subject to the LID‐based requirements. 

Expected Benefits – For new development the benefits are expected to be mostly limited to wet weather 

runoff. However, for significant redevelopment projects, the potential for reduced DWF to the MS4 will 
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be realized through the reconfiguration of the site to accommodate LID practices (e.g., runoff from 

irrigation can be managed to stay onsite rather than runoff to the MS4). 

Septic System Management 

Purpose – Evaluate potential for septic systems in the County to contribute controllable bacterial 

indicators to the MS4 during dry weather conditions. 

Implementation Approach – The MSAR Permittees will develop an inventory of existing septic systems, 

map the location of these facilities relative to the MS4 to evaluate potential impacts to water quality in 

the MS4, conduct public education to ensure proper operation and maintenance of septic systems, and 

conduct inspection and enforcement activities, where appropriate to reduce potential for septic systems 

to impact water quality. 

Expected Benefits – Implementation of this BMP reduces the potential for septic systems to contribute 

bacterial indicators to the MS4 during dry weather conditions. 

Pet Waste Management 

Purpose – Implementation of BMPs that target areas where there is a high volume and concentration of 

pet waste, e.g., dog parks and kennels. 

Implementation Approach – Each MSAR Permittee will evaluate existing authority and programs to 

manage pet waste to identify opportunities to further target BMPs to manage pet waste. Where 

appropriate, MSAR Permittees will implement these BMPs. This effort will be coordinated with activities 

associated with the development of a bacterial indicator control ordinance (see Element 1). 

Expected Benefits –BMPs targeted specifically to pet waste management (in association with a pathogen 

control ordinance) can support compliance at a local scale, where pet activities are concentrated.  

Element 3 – Inspection Criteria (Urban Source Evaluation) 
Purpose – Implementation of urban source evaluation activities provides the data required to determine 

the potential for an MS4 outfall or drainage area to discharge controllable sources of bacterial indicators. 

The results of this evaluation dictate next steps in the CBRP implementation process. 

Implementation Approach – The MSAR Permittees will implement urban source evaluation activities 

using a comprehensive, methodical approach that provides data to make informed decisions regarding 

the potential for an MS4 outfall or group of outfalls to discharge controllable sources of bacterial 

indicators. This approach relies on the following activities: 

 Tier 1 Reconnaissance – Tier 1 sites are defined as locations where urban sources of DWF may 

directly discharge to a downstream watershed‐wide compliance site. Some of the Tier 1 sites are 

at the same locations sampled as part of implementation of the USEP in 2007‐2008. Additional 

Tier 1 sites have been included, where needed, to supplement existing information. Many of these 

Tier 1 locations may be dry, have minimal DWF, or not be hydrologically connected to 

downstream waters. However, until a reconnaissance is completed, their potential to contribute 

controllable sources of bacterial indicators is unknown. 

 Prioritization – Based on the findings from Tier 1 data collection activities, MS4 drainage areas 

with potentially controllable urban sources of bacterial indicators will be prioritized based on 

factors such as the magnitude of bacterial indicator concentrations and results from source 
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tracking analyses. Areas with human sources (as compared to anthropogenic sources such as 

domestic pets) will receive the highest priority for action.  

 Evaluate Mitigation Alternatives – In order of priority, prioritized drainage areas will be further 

evaluated to identify non‐structural or structural alternatives (or some combination of both) for 

mitigating controllable urban sources of bacterial indicators. As needed, this controllability 

assessment will include reconnaissance of Tier 2 sites and the use of IDDE methods to identify 

and evaluate alternatives. Tier 2 sites are tributary to Tier 1 outfalls. Tier 2 sites are 

predominantly locations where underground storm drains discharge to open channels. If a Tier 2 

site is determined to be a potential contributor to non‐compliance, additional inspection 

activities may occur to identify the nature and source of the DWF and bacterial indicators and 

evaluate controllability. 

 Select Mitigation Alternatives – The MSAR Permittees will select a mitigation alternative to 

mitigate controllable urban bacterial indicator sources in each prioritized drainage area. If the 

selected alternative involves a structural BMP, the Project Identification phase of the CIP process 

is implemented to establish the project need.  

Expected Benefits – This element is key to CBRP implementation as it provides the data required to make 

informed decisions regarding (1) selection of BMPs to mitigate controllable urban sources of bacterial 

indicators; (2) establishment of a priority, process, and schedule to implement the selected mitigation 

alternative. 

Element 4 – Regional Treatment (Structural Controls) 
Purpose – Plan, design and construct structural BMPs to mitigate controllable urban sources of DWF and 

bacterial indicators. BMP projects may be regional (address controllable sources from multiple outfalls) 

or outfall‐specific. 

Implementation Approach – The outcomes from CBRP Step 1 implementation will result in the 

identification of at least some structural BMPs to manage controllable urban bacterial indicator sources. 

The potential locations for a number of structural BMPs have been identified already by the Riverside 

County 2005 BMP Siting Study (to be updated as part of the development of the MS4 Permittee’s 

Watershed Action Plan). Under CBRP Step 1 the Permittees will use this work to support evaluation of 

alternatives for implementing structural BMPs to mitigate a controllable urban source.  

Once a structural BMP project is identified and successfully incorporated into the CIP, budget/planning, 

design, permitting, and construction phases of the project commence. In addition, if a UAA is needed to 

ensure the success of the project, UAA development will commence as well (see additional information, 

above). Completion of structural BMP projects is subject to governing body approval, CEQA approval and 

funding availability. Accordingly, the length of time from project identification to construction 

completion will be highly variable. Also, as noted above, situations may occur where through the 

planning and design phases a proposed project is determined to be infeasible. If that occurs, a different 

alternative to mitigate the controllable urban bacterial indicator source will be sought. 

Expected Benefits – Completion of structural BMPs, where determined necessary, will mitigate 

controllable urban sources of bacterial indicators.  
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2.3  Implementation Schedule 
Figure 2‐3 summarizes the CBRP implementation schedule for the various required CBRP elements. A 

more detailed schedule, which includes information regarding milestones, metrics and responsibilities, is 

provided in Attachment E. Color differences in the timeline for a particular activity illustrate shifts from 

BMP development to BMP implementation. For example, until a structural BMP has been successfully 

incorporated into the CIP, the structural BMP is considered in development. However, once in the CIP, 

the BMP can now be implemented, unless the project is determined to be infeasible during the final 

planning, design and/or permitting phases.  

Elements 1, 2, and 3 will be completed and fully implemented by December 31, 2015. It is expected that 

Elements 1, 2 and 3 should independently attain the MS4 permit’s water quality based effluent limits for 

the MSAR Bacterial Indicator TMDL (See Section 3). However, Capital Projects may be more cost 

effective or necessary in some cases to attain the water quality based effluent limits. Element 4 will 

identify structural BMPs by December 31, 2015 believed necessary to attain the MS4 permit water quality‐

based effluent limits for the MSAR Bacterial Indicator TMDL. Completion of subsequent CIP process 

phases will likely occur beyond the end of 2015. 

Attachment E identifies responsibilities for implementation of CBRP activities. In general:  

 Elements 1 and 2 – Individual MSAR Permittees will be responsible for most of these tasks, unless 

the area‐wide MS4 program is identified as the lead for programmatic aspects; however, once 

specific actions are required at the local level, e.g., ordinance development, responsibility shifts 

to the individual MSAR Permittee.  

 Element 3 – The MSAR Permittees will jointly, through partnerships with the RCFC&WCD 

and/or the MSAR TMDL Task Force, implement Tier 1 and Tier 2 data collection and 

identification of mitigation alternatives. Specific activities within prioritized areas will be lead by 

the MSAR Permittee with jurisdiction over the targeted drainage area. 

 Element 4 – All BMP activities associated with this element will be led by the MSAR Permittee 

with jurisdiction over the area targeted for a BMP. 

2.4  Compliance and Iterative/Adaptive Management 
Strategies 

The CBRP establishes a program to reduce controllable urban sources of bacterial indicators based on 

currently available information. Significant uncertainties remain considering the state of science 

regarding bacterial indicator management in urban environments (e.g., CREST 2007). Additionally, 

bacterial indicator sources are not static; e.g. homeless encampments are transitory in nature and the 

significance and magnitude of their impacts on water quality may be the function of various factors 

including the economy, available social service programs and other factors beyond the MSAR Permittees 

control. Similar issues impact irrigation runoff control programs, septic system management programs 

and other control programs for potential urban sources of bacterial indicators. Further, the RWQCB has 

indicated that it is not their goal to require the elimination of all dry weather runoff to impaired receiving 

waters as this may negatively impact other beneficial uses of those receiving waters. The RWQCB prefers 

a solution set that does not target the capture and elimination of other flows through the MS4 such as 

rising groundwater and water transfers. If the Permittees are to maintain these baseflows through their 

MS4 systems, the uncertainty of managing upstream bacterial indicator sources must be addressed.  
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Therefore, the CBRP includes a compliance strategy to guide decision‐making during the implementation 

process, and an iterative and adaptive management strategy for making course corrections to the CBRP as 

new data are collected and evaluated.  

Compliance Strategy 
Figure 2‐4 illustrates the overall CBRP compliance strategy, consistent with the three CBRP Steps and the 

Implementation Actions described above (e.g., Figure 2‐1). The CBRP is designed to mitigate controllable4 

urban sources of bacterial indicators that cause non‐attainment of water quality objectives at the 

watershed‐wide compliance sites. The CBRP is not intended to address bacterial indicator impairments 

attributable to non‐MS4 sources (e.g., agricultural or water transfers), or sources that cannot be 

accounted for, e.g., wildlife sources or sources that arise from within the impaired waterbody (per 

Findings, Sections I.D, and II.E.1 of the MS4 Permit). 

Figure 2‐4 highlights three key decision points that occur during implementation of the compliance 

strategy: 

 Decision Point #1 – Distinguish between controllable urban bacterial indicator sources 

associated with the MS4 and other potential non‐urban sources of bacterial indicator 

impairment. 

 Decision Point #2 – Prioritize MS4 drainage areas for establishment of mitigation alternatives 

where MS4 outfalls are determined to be contributing to impairment at watershed‐wide 

compliance sites. 

 Decision Point #3 – Select mitigation alternative – non‐structural or structural BMPs. 

Fundamental to the compliance strategy is the development and implementation of ordinances and 

specific BMPs targeted to reduce controllable urban sources of dry weather runoff and bacterial 

indicators from the MS4 (Figure 2‐4, Box 1). To determine whether controllable urban sources are 

present, CBRP Step 1 includes comprehensive urban source evaluation activities to identify sources of 

DWF to the MS4, especially those that contain bacterial indicator concentrations and sources that may 

cause or contribute to impairment at watershed‐wide compliance sites (see Boxes 2 and 3).  

The results from urban source evaluation activities lead to the first decision point in the compliance 

strategy. The MSAR Permittees will evaluate the potential for MS4 to be contributing controllable sources 

of bacterial indicators. Where controllable MS4 sources are identified, those areas of the MS4 remain 

under the CBRP (Decision Point #1, Boxes 4 and 5). Where controllable sources are not present and the 

MS4 is not the cause of impairment, those areas would be addressed outside of the CBRP (Boxes 14 

through 16). Where necessary, the Permittees will work with the RWQCB to identify solutions; however, 

in some cases, the RWQCB may need to work with other entities to mitigate bacterial indicator sources. 

                                                           
4 Controllable sources will be defined by the Basin Plan Amendment applicable to recreational uses and 
objectives (see Section 1.5.4). 
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Figure 2‐3. CBRP Implementation Schedule
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Figure 2‐4. CBRP Implementation Strategy 
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For MS4 drainage areas that potentially contribute impairment at a watershed‐wide compliance site, the 

Permittees will evaluate data from source evaluation activities to prioritize drainages areas or outfalls for 

continued work. Prioritization of drainage areas/outfalls is Decision Point #2 (Box 6) and critical to 

CBRP implementation in an environment with limited resources. Prioritization will consider relative 

contribution and source of bacterial indicator loads. Highest priority areas are those where controllable 

human sources of bacterial indicators are present and persistent.  

Starting with the highest priority drainage area, the Permittees will conduct inspections and source 

evaluation activities as needed to identify and evaluate non‐structural or structural BMP alternatives to 

mitigate sources (Box 7). This effort leads to Decision Point #3 (Box 8) – selection of an alternative to 

mitigate the source. If a non‐structural solution is available, the Permittees will implement new, 

enhanced, or more targeted BMPs. Where a structural solution is deemed necessary – the Permittees 

complete the Project Identification phase of the CIP process and determine the need for a UAA to 

support implementation of the structural BMP solution. Completion of the Project Identification phase 

establishes the project need and initiates the process for working with the appropriate governing bodies 

to include the project in the CIP. The identified project moves into CBRP Step 2 (Boxes 9 through 12).  

Implementation of a structural solution under CBRP Step 2 will require completion of the CEQA/NEPA 

process, and input from multiple stakeholders (e.g., regulatory agencies, city councils, environmental 

advocacy groups, and water supply utilities). Accordingly, from the time a project need is identified 

through completion of construction, consideration must be given to range of regional and local issues, 

including, but not limited to:  

 Technical feasibility to mitigate the bacterial indicator source; 

 Regional water supply management plans and objectives; 

 Environmental considerations (e.g., CEQA requirements to assess project impacts on issues ranging 

from in‐stream flow and habitat to energy and greenhouse gas emissions); 

 Consideration of alternatives, including use of offset and trading strategies (e.g., a regional project in 

one area could provide offsets for overall bacterial indicator reductions needed within another area); 

and 

 Economic feasibility, which will consider the capital cost and the long term operation and 

maintenance cost (which can in some instances exceed the original construction cost over the long‐

term). 

Where a UAA is identified as a required element to support implementation of a structural BMP project 

(Box 9), the UAA will be completed in parallel with efforts to implement the BMP. Once the UAA is 

deemed complete by the RWQCB, it is expected that the RWQCB will move the UAA forward through 

the basin planning process to obtain approval of the UAA.  

Following completion of CBRP Step 2 activities, the project will either move forward to construction, as 

funding is available; or be determined to be infeasible. Projects ready for construction are CBRP Step 3 

Projects (Box 13). Projects determined to be infeasible will result in the MSAR Permittees returning to 

evaluation of other potential mitigation alternatives for the bacterial indicator source (Box 7). 

Throughout all CBRP Steps, the Watershed‐wide Compliance Monitoring Program will continue at the 

five watershed‐wide compliance sites. Sample results from these sites along with collected urban source 
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evaluation data provide the basis for evaluating progress towards compliance with TMDL requirements 

under dry weather conditions. Periodic reporting activities will provide the mechanism for evaluating 

progress and effectiveness of compliance strategy implementation. Where effectiveness evaluations 

identify the need to modify the CBRP, this need will be addressed as part of the iterative and adaptive 

management strategy, as described below.  

Iterative and Adaptive Management Strategy 
This CBRP is based on the current level of knowledge of controllable urban sources of bacterial 

indicators. As the CBRP is implemented and new data are generated (especially through source 

evaluation activities), it expected that this basic level of knowledge will change. Given this expectation, an 

iterative and adaptive management strategy has been built into the CBRP to provide opportunities to 

revise the CBRP implementation approach, where appropriate. These opportunities include the following 

elements: 

 Triennial Reports – The TMDL requires these reports as part of TMDL implementation. These 

reports will include an evaluation of CBRP implementation including progress towards meeting 

the urban wasteload allocation for dry weather conditions in the dry season. This evaluation may 

include recommendations for CBRP revisions to the RWQCB regarding how new data or 

programmatic requirements will be incorporated into the CBRP. Two Triennial Reports are 

associated with the timeline for CBRP implementation: 

- 2013 Report – This report will report on activities completed through 2012. The 2013 Report 

will include recommendations for new or revised BMPs. 

- 2016 Report – This report (due on February 15, 2016) will evaluate the overall effectiveness of 

CBRP implementation and the status of all structural BMP projects in CBRP Steps 2 and 3. 

The report will evaluate the extent to which compliance with urban wasteload allocations for 

dry weather conditions has been achieved. The 2016 Report will also provide detailed 

descriptions of any additional BMPs planned and the schedule for implementation in the 

event that water quality data (urban source evaluation activities; watershed‐wide water 

quality monitoring program) indicate that a reasonable potential still exists that completed 

BMPs, as well as BMPs in process (e.g., structural BMPs still moving through the CIP 

Process), may not result in compliance with TMDL requirements applicable to the MS4.  

 MS4 Permit Annual Reports –The MS4 permit Annual Report will include a summary of CBRP 

implementation activities. This summary will replace the semi‐annual USEP reports as a USEP 

and MS4 permit reporting requirement. The MS4 Annual Reports will also include 

recommendations to the RWQCB for modifications to the CBRP if alternative approaches or 

actions are identified that will contribute to the goal to achieve compliance with urban wasteload 

allocation during dry weather conditions. 

Successful CBRP implementation requires timely input and decisions by the RWQCB so that new 

information or outcomes (anything from completion of a UAA to interpretation of DWF/bacterial 

indicator data) can be quickly integrated into the decision‐making process. This is especially true for 

efficient implementation of the compliance strategy. Accordingly, the Principal Permittee will provide as 

much advanced notice as possible regarding the need for RWQCB approval of decisions associated with 

CBRP implementation and any recommendations for CBRP modification. 
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3.1  Introduction 
The MS4 permit requires that the CBRP provide the scientific and technical documentation 

used to conclude that the CBRP, once fully implemented, is expected to achieve compliance 

with the urban wasteload allocation for indicator bacteria by December 31, 2015 (MS4 permit 

Section VI.D.1.c.i.(5)). Compliance targets or wasteload allocations were developed for both 

fecal coliform and E. coli bacterial indicators: 

 Fecal coliform: 5‐sample/30‐day Logarithmic Mean less than 180 organisms/ 100 mL 

and not more than 10 percent of the samples exceed 360 organisms/100 mL for any 30‐

day period. 

 E. coli: 5‐sample/30‐day Logarithmic Mean less than 113 organisms/100 mL and not 

more than 10 percent of the samples exceed 212 organisms/100 mL for any 30‐day 

period. 

The compliance analysis presented in this section used the 5‐sample/30‐day logarithmic mean 

for E. coli of 113 cfu/100 mL to demonstrate that this plan, once implemented, is expected to 

achieve compliance with the urban wasteload allocation. This concentration‐based wasteload 

allocation for MS4 Permittees is a target for all urban sources of flow; however, it would be 

nearly impossible to monitor bacteria at all MS4 outfalls. Consequently, compliance with the 

MSAR Bacterial Indicator TMDL is assessed at five watershed‐wide compliance monitoring 

locations. No analysis was done for the Prado Park Lake compliance location as there currently 

are no known MS4 facilities discharging DWF to the lake. This presumption will be verified 

during CBRP implementation. 

3.1.1   Overview of Compliance Analysis 

This compliance analysis for the MSAR Permittees demonstrates that the proposed CBRP will 

attain the Water Quality Based Effluent Limits set in the 2010 SAR MS4 Permit.  Key findings of 

this analysis include: 

Source Assessment 

 Urban dry weather runoff volumes are a small proportion (<10%) of the total volume of 

runoff contained within the Santa Ana River; 

Based on outfall monitoring results for flow and bacterial indicator concentrations; bacterial 

loading (cfu/day) from the runoff volume attributable to the MS4 represents approximately 1/3 

of the total loading to the River.
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Source Control 

 Water conservation activities are planned by the MS4 Permittees and water agencies in the MS4 

Permit area and will be an effective method to reduce urban runoff contributions to the 

beneficial use impairments; 

 The analysis indicates that any number of BMPs that have been proposed in this plan could 

individually, or in conjunction with other BMPs attain the Water Quality Based Effluent Limits 

contained in the 2010 MS4 Permit.  This provides the Permittees an opportunity to select 

combinations of control measures that are appropriate to their individual resources, budgets and 

watershed needs. 

 Based on the strategies proposed in the CBRP, urban bacterial indicator sources should be 

reduced in DWF from MS4 drainages areas upstream of the Santa Ana River at MWD Crossing 

and Pedley Avenue compliance monitoring sites, from 467 billion cfu/day to 394 billion cfu/day. 

This reduction will result in attainment of the Water Quality Based Effluent Limits specified in 

the MS4 Permit. 

 The MSAR Permittees plan to supplement planned water conservation activities with aggressive 

source identification programs to identify and eliminate potential controllable urban bacterial 

indicator hot‐spots.  These supplemental programs may result in additional source control or 

regional treatment programs that will further reduce controllable urban sources.  This program 

provides a factor of safety over the baseline programs. 

The MSAR Permittees believe that the CBRP provides a balance between managing controllable urban 

sources and maintaining beneficial runoff to impaired receiving waters.  This plan will focus on 

controlling runoff from wasteful irrigation and water usage practices, while continuing to allow beneficial 

runoff including rising groundwaters, tertiary treated POTW effluent and water transfers to be conveyed 

through the MS4. 

3.1.2  Compliance Analysis Approach  
The following sections provide detailed description of the methodology employed to demonstrate 

compliance with the MSAR Bacterial Indicator TMDL WLA. The analysis involved several key questions, 

including: 

 What is the relative contribution of urban DWF from MS4 outfalls to receiving waterbodies? This 

contribution determines the volume of DWF that is potentially controllable by the MS4 program. 

See Section 3.2.1. 

 What are typical levels of E. coli in urban runoff during DWF conditions?  

Applying a concentration to urban DWF volumes facilitates the computation of the total daily 

amount of bacterial indicators (cfu/day) that is potentially controllable by the MS4 program. See 

Section 3.2.2. 

 How is compliance with the wasteload allocation for MS4 Permittees best demonstrated? See 

Section 3 

 To what level must E. coli (cfu/day) from urban sources of DWF from MS4 Permittees be reduced 

to demonstrate compliance? This question assesses current bacterial indicator levels at the 

compliance monitoring locations in relation to the wasteload allocation in the TMDL. Only the 
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portion of the baseline bacteria in excess of the TMDL wasteload allocation that are controllable 

by implementing BMPs within MS4 systems is targeted for bacteria indicator reduction by MS4 

Permittees. Section 3.4 computes this daily bacterial indicator level targeted for removal through 

CBRP implementation. Other sources of bacteria to downstream compliance monitoring sites, 

such as agricultural land uses, illegal discharges, transient encampments, wildlife, or 

environmental growth, are not well understood. The Inspection Program is designed to provide 

information to assist the Permittees in developing an approach to manage these sources, 

determined to be uncontrollable within MS4 systems.  

 What level of implementation of proposed CBRP elements would be sufficient to achieve the 

targeted daily E. coli (cfu/day) removal? Section 3.5 discusses the water quality benefits 

(quantifiable and non‐quantifiable) expected from CBRP implementation. 

 Section 3.6 summarizes the findings of this compliance analysis and discusses key assumptions 

and uncertainties associated with computation. 

3.2  Baseline Dry Weather Flow and Bacterial Indicator 
Data 

3.2.1  DWF Sources to MS4 
Regular DWF exist in many MSAR waterbodies. Sources of DWF include: 

 Effluent from publicly owned treatment works (POTWs) 

 Turnouts of imported water by MWD 

 Well blow‐offs 

 Water transfers 

 Groundwater inputs 

 Other authorized discharges (as defined by permit)  

 Urban water waste from excess irrigation and other outdoor water uses  

 Non‐permitted discharges  

Each of these sources of runoff has a different pathway and potential to transport bacteria to receiving 

waterbodies. Thus, it is important to understand the relative role of each of these categories of DWF. 

Attachment B provided an overview of dry weather hydrology in the MSAR watershed. This information 

provides a basis for the compliance analysis described in this section of the CBRP. Additionally, some 

sources of bacteria are not directly related to DWF inputs such as birds and other wildlife within 

waterbodies, re‐suspension of bacteria in channel bottom sediment, air deposition, and transient 

encampments. 

Flow and bacterial indicator level data are available from several sources for all of the compliance 

monitoring locations and most of the major tributaries to the impaired receiving waterbodies. Table 3‐1 

provides a summary of the sources of data used to characterize flow and bacterial indicator water quality 

in the MSAR Bacterial Indicator TMDL waterbodies and their tributaries. 
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Within the MSAR watershed there are many MS4 drainage areas that do not typically cause or contribute 

to flow at the compliance monitoring locations. DWF at these MS4 outfalls is hydrologically disconnected 

from the TMDL receiving waterbodies, by either purposefully recharging groundwater in constructed 

regional retention facilities or through losses in earthen channel bottoms, where the recharge capacity of 

underlying soils exceeds dry weather runoff generated in upstream drainage areas.  

Flow data from these sources characterize the role of DWF from major tributaries and Publicly‐owned 

Treatment Works (POTW) effluent to baseline flow at the compliance monitoring locations. For each of 

the compliance monitoring locations, column 2 in Table 3‐2 shows the median of DWF measurements 

from upstream USEP sites (major tributaries) and POTW effluent locations in the dry season. These 

Table 3‐1. Available Data for Characterization Of DWF and Bacterial Indicators in Areas Draining 

to Watershed‐Wide Compliance Sites 

Site  Flow  Bacterial Indicator Concentration 

Downstream: Chino Creek at 
Central Ave (WW‐C7) 

Watershed‐wide field measurements 2007‐2009 
(n=82) 

Watershed‐wide compliance monitoring 
2007‐2009 (n=82) 

POTW Influent  Daily effluent at IEUA Carbon Canyon WRRF (2007 ‐ 
2008) 

Assumed effluent of 2.2 MPN/100 mL 

Carbon Canyon Creek  
Channel 

SBCFCD Little Chino Creek gauge 2843 (2007‐2008)  USEP samples (n=19) 

Chino Creek above Schaeffer  U.S. Geological Survey (USGS) Gauge 11073360 
(2005‐2009) 

USEP samples at San Antonio Channel (n=19) 

Downstream: Mill Creek at 
Chino Corona Rd (WW‐M5) 

USGS Gauge at Merrill Ave 11073495 (2005‐2009)  Watershed‐wide compliance monitoring at 
Chino‐Corona Road 2007‐2009 (n=80) 

POTW Influent  Daily effluent at outfall 001 of IEUA RP1 WRRF 
(2007 ‐ 2008) 

Assumed effluent of 2.2 MPN/100 mL 

Lower Deer Creek (CHRIS)  USEP field measurements samples at CHRIS (n=17)  USEP samples at CHRIS (n=17) 

County Line Channel (CLCH)  USEP field measurements samples at CLCH (n=16)  USEP samples at CLCH (n=7) 

Cucamonga Creek (CUC) 
above IEUA RP1 WRRF 

USEP field measurements at CUC (n=16)  USEP samples at CUC (n=16) 

Downstream: Santa Ana 
River at MWD Crossing (WW‐

USGS Gauge at MWD Crossing 11066460 (2005‐
2009) 

Watershed‐wide compliance monitoring at 
MWD Crossing 2007‐2009 (n=82) 

POTW Influent  Daily effluent from RIX Facility and Rialto WWTP 
(2007 ‐ 2008) 

Assumed effluent of 2.2 MPN/100 mL 

Sunnyslope Channel (SNCH)  USEP field measurements at SNCH (n=26) USEP samples at SNCH (n=17) 

Box Spring Channel (BXSP)  USEP field measurements at BXSP (n=26) USEP samples at BXSP (n=17) 

Downstream: Santa Ana 
River at Pedley Ave (WW‐S4) 

Sum of POTW effluent and estimated dry weather 
runoff from ANZA, DAY, and SSCH 

Watershed‐wide compliance monitoring at 
Pedley Ave 2007‐2009 (n=82) 

POTW Influent  Daily effluent from RIX Facility, Rialto WWTP, and 
Riverside WQCP (2007 ‐ 2008) 

Assumed effluent of 2.2 MPN/100 mL 

Anza Drain (ANZA)  USEP field measurements at ANZA (n=19)  USEP samples at ANZA (n=18) 

Day Creek (DAY)  USEP field measurements at DAY (n=13) USEP samples at ANZA (n=13) 

San Sevaine Channel (SSCH)  USEP field measurements at SSCH (n=13)  USEP samples at ANZA (n=13) 
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values are determined by summing inputs from USEP subwatersheds and effluent from upstream 

POTWs. This approach ensures a balance of runoff between inflows and outflows. The downstream flow 

estimates fell within expected ranges based on long‐term daily data collected at USGS gauging stations in 

the MSAR watershed. As expected, DWF at each of the compliance monitoring locations consists 

primarily of POTW effluent (Figure 3‐1). 

Figure 3‐1. Estimated Relative DWF Contributions to Watershed‐Wide Compliance Sites 

Flow data was not available downstream of some portions of MS4 drainage areas; therefore it was 

necessary to approximate DWF from these areas to complete a water balance for each compliance 

monitoring location. However, such estimates are confounded by infiltration and rising groundwater 

conditions in the MSAR watershed. Within the Chino Basin portion of the MSAR watershed, Inland 

Empire Utilities Agency (IEUA) measures flow at a number of locations to quantify groundwater recharge 

for water supply benefit. For Riverside County MS4 drainage areas, this monitoring data is the 

geographically closest characterization of its type. Flow measurements, on days when DWF is 

predominantly from urban sources, suggest that DWF from urban sources occur at a rate of 100 

gal/acre/day in the MSAR watershed, ranging from 20 to 280 gal/acre/day (see Attachment B for 

summary of field measured flows). This is consistent with DWF generation rates developed to support the 

City of Los Angeles Integrated Resources Plan (2004), which estimated DWF rates from urban watersheds 

ranging from zero to 300 gallons/acre/day. Thus, it was reasonable to use a rate of 100 gal/acre/day to 

approximate urban sources of DWF from “other MS4 areas” that may be hydrologically connected to a 

TMDL waterbody.  
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The USEP flow measurements indicated that some tributaries have significantly greater DWF rates per 

acre of urbanized drainage area (column 3 of Table 3‐2) than would be expected solely from urban 

sources. In these cases, the presence of a non‐urban source was determined to be responsible for the 

elevated DWF rates. Figure 6‐1 shows the relative split between urban and non‐urban sources (assuming 

flow up to 100 gal/acre/day is from urban sources and in excess of 100 gal/acre/day is from non‐urban 

sources) of DWF within each of the compliance monitoring watersheds.  

Overall, the contribution of runoff during dry weather from urban sources relative to total downstream 

flow is very small in all of the waterbodies with TMDLs. This finding suggests that E. coli in the runoff 

from urban sources could be very high, assuming non‐urban flows (potable water transfers, groundwater, 

etc.) and POTW effluent are largely free of fecal indicator bacteria. Alternatively, wildlife, environmental 

growth, recreational uses of receiving waters, or other sources are significant contributors to impairments 

at waterbodies with TMDLs. 

3.2.2  Bacteria Concentrations  
Section 3.4 summarized the bacterial indicator concentrations observed at watershed‐wide compliance 

sites since 2007 and the concentrations observed during the USEP monitoring program implemented in 

2007‐2008. These data were used to provide baseline data for this compliance analysis.  

The geometric mean of all dry weather E. coli concentrations measured at the watershed‐wide 

compliance locations is shown in column 4 of Table 3‐3. Geometric means of dry weather E. coli 

concentrations at each USEP site provide an estimate of baseline bacterial indicator levels from the major 

subwatersheds draining to each watershed‐wide compliance site (column 4 of Table 3‐2). These values 

show a wide range of observed E. coli concentrations, which suggests that targeted inspection and BMP 

implementation, would be an effective approach for mitigating controllable urban bacterial indicator 

sources.   

Bacterial indicator data was not available downstream of some portions of MS4 drainage areas; therefore 

it was necessary to approximate E. coli concentrations from these areas to develop a compliance analysis 

for the entire MSAR watershed. For purposes of this compliance analysis, the geometric mean of all dry 

weather E. coli monitoring data from the USEP study of ~600 cfu/100 mL provides an initial estimate of 

bacterial indicator levels from drainage areas that have no available data. Monitoring of DWF rate and 

bacterial indicators downstream of these areas is a key component of the CBRP, and results should be 

used to update this compliance analysis once available. 
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3.2.3  Relative Source Contribution 
Relative source contribution analyses were prepared for each of the watershed‐wide compliance 

locations. This analysis provided a comparison of monitored inputs of flow (Qinflow) and bacterial 

indicator concentrations (Cinflow) from MS4 facilities and POTWs with downstream flow (Qcomp) and 

bacterial indicator concentrations (Ccomp), as follows: 

Table 3‐2. Baseline DWF and Bacterial Indicator Concentrations in Areas that Drain to Watershed‐Wide 
Compliance Monitoring Sites 

Site 

1 
Hydrologically 
Connected 

Acres 

2 
Dry Weather 
Flow (cfs) 

3 
Total Dry 

Weather Flow 
Generation 

(gal/acre/day) 

4 
Dry Weather 
Geometric 

Mean of E. coli 
(cfu/100 mL) 

5 
Dry Weather E. 
coli (cfu/day) 

SAR at MWD Crossing  10,727  73.2    149  267 

   POTW Influent  n/a  68.7  n/a  2  4 

   Sunnyslope Channel  2,104  2.0  623  183  9 

   Box Springs Channel  4,193  1.8  279  1,686  75 

   Other MS4 Areas  4,430  0.9  100  600 3  10 

           Unaccounted‐for Sources  170 

SAR at Pedley Avenue  17,921  54.8    149  200 

   POTW Influent  n/a  49.4  n/a  2  3 

   Anza Drain  6,335  2.6  263  492  31 

   Day Creek  2,759  0.5  122  577  7 

   San Sevaine Channel  2,489  1.3  338  320  10 

   Other MS4 Areas  6,338  1.0  100  600 3  14 

           Unaccounted‐for Sources  135 

Chino Creek at Central Ave  17,678  17.8    394  171 

   POTW Influent  n/a  8.8  n/a  2  0 

   Carbon Canyon Creek Ch.  1,766  6.5  2,396  139  22 

   San Antonio Channel  5,031  0.7  91  412  7 

   Other MS4 Areas  10,882  1.7  100  600 3  24 

        Unaccounted‐for Sources  117 
Mill‐Cucamonga Creek at 
Chino‐Corona Rd 

5,510  30.9    877  662 

   POTW Influent  n/a  27.1  n/a  2  1 

   Chris Basin (Lower Deer 
Ck )

3,091  0.8  165  868  17 

   County Line Channel  373  0.1  95  4,053  5 

   Cucamonga Creek  1,216  2.8  1,472  863  58 

   Other MS4 Areas  830  0.1  100  600 3  2 

        Unaccounted‐for Sources  578 

1) DWF generation up to 100 gal/acre/day is assumed to come from urban sources 
2) n/a means value is not applicable 
3) Geometric mean of all dry weather E. coli monitoring data from the USEP study 
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This type of analysis characterizes the relative role of different flow sources in the watershed on 

downstream bacterial indicator concentrations. An important outcome of this analysis is the 

identification of the level of bacterial indicators (e) at the compliance locations that cannot be 

explained by known flow sources within the watershed (referred to as “unaccounted‐for sources”). The 

presence of an unbalanced set of inputs and outputs in relation to downstream bacterial indicator levels 

is not surprising, given the potential for increases in bacteria indicator levels from illegal and illicit 

discharges, direct input from wildlife, air deposition, transient encampments, environmental growth, or 

resuspension, or decreases in bacterial indicator levels due to environmental decay or settling. 

The relative source contribution showed high amounts of unaccounted‐for bacterial indicators at all 

four compliance points during DWF in the dry season. Figure 3‐2 summarizes the relative contribution 

of bacterial indicators from various sources based on existing data. Figure 3‐2 shows that the 

contribution of bacterial indicators from POTW effluent, assuming a concentration of 2.2 cfu/100 ml is 

negligible. 

 Figure 3‐2. Estimated Relative Sources of Bacterial Indicators at Watershed‐Wide 

Compliance Locations 

3.3  Criteria for Demonstrating Compliance 
Alternative approaches were considered for demonstrating how implementation of the CBRP would 

achieve compliance with urban source wasteload allocations: 

 Alternative 1 ‐ Demonstrate that implementation of the CBRP would result in achieving the 

wasteload allocation at every outflow to a receiving waterbody. This approach can be achieved 

by either: 
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o Reducing E. coli concentrations at flowing MS4 outfalls to 113 MPN/100 mL or; 

o Eliminating DWF from the majority of urban area draining to each outfall.  

While this approach may be feasible in small subwatersheds, it may be infeasible to implement 

watershed‐wide. 

 Alternative 2 – If data demonstrate that receiving water impairment is potentially caused by the 

MS4, then demonstrate sufficient reduction in controllable human sources of bacterial 

indicator loads in DWF from MS4 facilities to not cause an exceedance of the E. coli water 

quality object at downstream watershed‐wide compliance monitoring sites. Required bacterial 

indicator reductions are determined by comparing baseline E. coli loads at the watershed‐wide 

compliance sites with the TMDL numeric target (product of DWF at compliance monitoring 

site and E. coli concentration equal to the water quality objective of 126 cfu/100 mL). Figure 3‐2 

shows that there are large amounts of unaccounted‐for bacterial indicators in some watersheds.  

The MSAR Permittees plan to use the second alternative approach to evaluate the potential of this plan 

to achieve compliance. This approach allows for a watershed‐wide assessment of bacterial water quality 

in downstream receiving waterbodies and consideration of the relative role of MS4 sources in 

downstream receiving waterbody bacterial indicator water quality.  

3.4  Bacterial Indicator Reduction from the MS4  
3.4.1  Controllability 
The relative source contribution analysis showed that substantial unaccounted‐for sources of bacterial 

indicators exist in impaired waterbodies. Unaccounted‐for sources make up the majority of bacterial 

indicators during dry weather at the Chino Creek and Mill‐Cucamonga Creek TMDL compliance 

monitoring sites (see Figure 3‐2). For the Santa Ana River compliance monitoring locations, 

approximately two thirds of E. coli is comprised of unaccounted‐for sources. For this compliance 

analysis, contributions of unaccounted‐for sources of bacterial indicators to the TMDL compliance 

monitoring sites are not the responsibility of the MS4 Permittees. The USEP data used to develop the 

source contribution analysis were based on samples collected at the outlet from MS4 systems to 

receiving waters; therefore, unaccounted sources of bacteria are not attributable to MS4 inputs from 

areas upstream of USEP sites. However, the inspection program will assess additional MS4 outfalls not 

previously monitored in the USEP, which could provide more insight into these unaccounted‐for 

sources and allow further refinement of MS4 contributions. 

3.4.2  Gap Analysis for Bacterial Indicators 
Bacterial indicator data collected from each of the watershed‐wide compliance monitoring sites provide 

an estimate of existing E. coli concentrations in receiving waters. The magnitude of exceedances of the 

TMDL numeric target provides a basis for estimating the E. coli load removal needed from all sources to 

reduce current bacterial indicator concentrations to the water quality objective of 126 MPN/100 mL. 

Table 3‐3 shows the daily amount of E. coli load at each compliance monitoring site based on average of 

DWF and bacterial indicator concentration (column 1). The basis for the values in Table 3‐3 is geometric 

means of dry weather E. coli concentrations and field measurement of flow from the 2007‐2008 dry 

season USEP monitoring, with a sample size of ~20 for most monitored drainages. Follow up 

monitoring performed in the 2011 dry season was used to update DWF rates from the 2007‐2008 dry 
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seasons USEP study. Further data collection planned in the CBRP inspection element will continue to 

provide information to update the assessment of dry weather compliance in the dry season. 

Concentration based TMDL numeric targets equal to the water quality objective of 126/cfu/100 mL were 

converted to an E. coli load (column 2). The difference between current E. coli loads at the compliance 

monitoring sites (column 1) and the TMDL numeric target load (column 2) is the total bacterial 

indicator reduction needed to achieve compliance (column 3). The portion of the current bacterial 

indicator load at the compliance monitoring sites attributable to measured MS4 sources is shown as a 

percentage in column 4 (see Table 3‐2 for details). This relative source contribution is applied to the 

total reduction needed in column 3 to approximate a target E. coli reduction for MS4 sources  

(column 5). 

Two conditions are apparent from comparing the bacterial indicators coming from the MS4 with the 

bacterial indicator reduction needed to achieve compliance: 

 E. coli load measured from all upstream MS4 discharges (Table 3‐2, column 5) is less than the 

load reduction that would reduce bacteria to the numeric targets (Table 3‐3, column 3). This 

makes it impossible to attain the water quality objective even if MS4 discharges were 

eliminated. Available data show this condition exists in both the Mill‐Cucamonga and Chino 

Creek watersheds. The recommended course of action is then to determine whether the 

unaccounted source of bacteria is from a controllable non‐urban source (e.g. agriculture, dairy 

etc.) or other non‐MSAR Permittee urban sources (Caltrans, state, federal and tribal lands) or if 

the source is naturally occurring and uncontrollable. 

 Conversely, E. coli load measured from all upstream MS4 discharges is greater than the load 

reduction needed to reduce bacteria to the numeric targets, then it may be physically possible 

to attain the water quality objective by reducing bacteria loads from MS4 outfalls. Available 

Table 3‐3. Relative Contribution to Bacterial Indicator Water Quality Objective 

Exceedances from MS4 DWFs 

Compliance Monitoring 
Location 

1 
Baseline Dry 
Weather E. 
coli (billion 
cfu/day) 

2 
Numeric 
Target1 
(billion 
cfu/day) 

3 
Total Bacteria 
Reduction 

Needed (billion 
cfu/day) 

4 
Contribution of MS4 
DWF to Bacteria at 

Compliance 
Monitoring Site 

5 
Bacteria 

Reduction Target 
from MS4 (billion 

cfu/day) 

Santa Ana River at 
MWD Crossing2 

267  226  41  35%  15 

Santa Ana River at 
Pedley Ave 2,3 

200  169  31  31%  10 

Chino Creek at Central 
Ave4 

171  55  116  31%  37 

Mill‐Cucamonga Creek 
at Chino Corona Rd 

662  95  567  12%  71 

1) Water quality objective is a rolling five sample geometric mean of E. coli of 126 MPN/100 mL. TMDL numeric target is 
expressed as daily bacteria load. 
2)  Bacteria generated in both Riverside and San Bernardino Counties, with most coming from Riverside County  
Values do not include the drainage area to the Santa Ana River at MWD Crossing 
4) Bacteria generated in San Bernardino County only 
5) Bacteria generated in both Riverside and San Bernardino Counties, with most coming from San Bernardino County 
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data show this condition exists for the two subwatersheds draining to the Santa Ana River 

compliance sites. Under this condition, the MS4 Permittees will implement BMPs within the 

MS4 drainage system and continue to collect water quality data to assess effectiveness. Options 

for implementation also could include a trading or offset approach for achieving compliance by 

mitigating unaccounted for sources of bacteria in lieu of directly controlling bacteria at MS4 

outfalls. The following section describes E. coli load reductions that would be achieved from 

planned water conservation BMPs upstream of the Santa Ana River watershed‐wide compliance 

monitoring locations. 

3.5  Water Quality Benefit Estimates 
Water quality benefits associated with implementation of the dry weather CBRP almost entirely rely on 

reduction or elimination of DWF from MS4 systems, through ordinance enforcement, water 

conservation, or structural controls. The most significant source of DWF flow from urban land uses in 

the MSAR watershed is irrigation excess. Therefore, one approach to demonstrate compliance would be 

to convert target reduction in E. coli (see column 5 of Table 3‐3) to an equivalent area of irrigated land 

for reduction or elimination of DWF. Section 3.5.1 performs this conversion from E. coli load reduction 

to irrigated area target for individual CBRP activities. Section 3.5.2 demonstrates how specific CBRP 

activities planned in MS4 areas upstream of the Santa Ana River watershed‐wide compliance sites have 

the potential to achieve adequate levels of implementation to provide for the implementation target, 

express as managed irrigated area.  

3.5.1  CBRP Activity Implementation Targets 
The DWF rate reduction that could provide the targeted E. coli reduction was approximated by 

assuming a concentration of E. coli in reduced or eliminated DWF. Water quality data is not available to 

characterize bacteria concentration in DWF from individual urban source areas prior to reaching MS4 

conveyance systems. However, it is generally accepted that DWF from urban source areas contains 

elevated levels of bacteria. For purposes of this compliance analysis, an E. coli concentration of 1,260 

cfu/100mL is assumed (10 times the geometric mean water quality objective for E. coli) for DWF that is 

reduced or eliminated from entering the MS4. Table 3‐4 shows the DWF reduction needed to provide 

the targeted E coli reduction for portions of the MS4 draining to the Santa Ana River compliance 

monitoring locations. CBRP activities in the small portion of Riverside County MS4 drainage area that is 

tributary to Mill‐Cucamonga Creek are not shown in this compliance analysis. DWF control in these 

MS4 areas will be implemented based on findings of the inspection program.   

The types of CBRP activities, described in Section 2 and Attachment C, that will be employed to reduce 

or eliminate DWF from entering the MS4 have different effectiveness, therefore levels of 

implementation needed to provide the full target DWF reduction are variable. Table 3‐4 shows the level 

of implementation that would be needed for each CBRP activity if it were to be used for the full DWF 

reduction target. Except for enhanced use of vacuum assisted street sweeping, levels of implementation 

shown in Table 3‐4 do not vary substantially. This analysis indicates that E. coli reduction targets may 

be achieved by water waste ordinance enforcement, water conservation BMPs, or structural BMPs 

managing roughly 1,000 acres of irrigated area. It is important to note that compliance will be continue 

to be measured by water quality monitoring data collected at the watershed‐wide compliance 

monitoring sites.  
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The basis used to quantify DWF generation and potential runoff reduction effectiveness of water 

conservation BMPs is from a recent study conducted by Metropolitan Water District of Orange County 

and Irvine Ranch Water District. The study evaluated the effectiveness of  Weather‐based Irrigation 

Controllers (WBICs) and landscape irrigation system audits for residential runoff reduction during dry 

weather (Jakubowski, 2008). Several key findings of this study provide estimates of DWF reduction that 

were used to quantify benefits of increased use of water conservation BMPs in the MSAR watershed, 

including:  

 DWF measurements downstream of a residential neighborhood showed approximately 500 

gal/irrigated acre/day . This rate is used to approximate the runoff reduction benefit of 

replacing grass lawns with artificial turf or native plants (i.e. no expected runoff following BMP 

implementation).  

 Education and outreach reduced DWF by ~190 gal/irrigated acre/day. This rate is used to 

approximate the runoff reduction from education and outreach BMPs, including an on‐site 

irrigation audit, and water waste enforcements. 

Table 3‐4. Approximate Level of CBRP Activity Implementation Needed to Achieve Target E. 

coli Reduction  

Compliance Monitoring Location 
Santa Ana River at 
MWD Crossing 

Santa Ana River at 
Pedley Ave 

Total 

Hydrologically Connected Drainage (total acres)  10,700  17,900  28,600 

Bacteria Reduction Target from MS4 (billion cfu/day)  15  10  24 

Approximate Target DWF Reduction (gal/day)1  305,000  206,000  512,000 

BMP Implementation necessary to provide target DWF Reduction (irrigated acres managed)2   

Enforce water conservation ordinances 3,6  690  470  1,160 

Replace grass with artificial turf 4  610  410  1,020 

Replace grass with native plants 4  610  410  1,020 

Installation of a WBIC 5  730  490  1,220 

Landscape irrigation audit 3,6  690  470  1,160 

Enhanced Sweeping 4,7,8  8,540  5,740  14,280 

WQMP with redevelopment 4  610  410  1,020 

Regional structural controls 4  610  410  1,020 

1) Assumes E. coli concentration in reduced of eliminated DWF of 1,260 cfu/100mL (10 times the geometric mean water quality 
objective for E. coli) 
2) Values presented show the level of implementation that would be needed if CBRP implementation employed a singular activity. 
Implementation of CBRP will involve a combination of these activities as well as ongoing source inspection. 
3)  DWF generation rate of 750 gal/irrigated acre/day for properties with targeted water waste ordinance enforcement or landscape 
irrigation survey outreach  
4) Average DWF generation rate of 500 gal/irrigated acre/day. Assume complete elimination for this amount of DWF for grass 
replacement BMPs, significant redevelopment projects, and regional structural controls. For vacuum assisted street sweeping, assume 
this DWF generation rate from tributary area   
5) DWF reduction of 170 gal/irrigated acre/day  from installing WBICs 
6) DWF reduction of 190 gal/irrigated acre/day  from conducting landscape audits 
7) Biweekly frequency of vacuum assisted street sweeping (day‐1) 
8) E. coli concentration of 1,260 cfu/100mL (10 times the geometric mean water quality objective  for E. coli) that would be 
attributable to release of bacteria from biofilms in street gutters. Assume vacuum assisted street sweeping eliminates biofilm for a 
period of one day 
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 Installation of a weather based irrigation controller on a large portion of the urban landscape 

provided DWF reduction of 170 gal/irrigated acre/day. 

Lastly, the effectiveness of street sweeping was quantified by estimating the E. coli load that would not 

be picked up as DWF that contacts street gutters if biofilm and other bacteria habitats were effectively 

removed. Assuming that the release of E. coli from biofilms and other habitats in street gutters is 

responsible for adding 1,260 cfu/100 mL of E. coli to DWF as it flows to the MS4, then the target flow for 

treatment (not reduction) would be equivalent to other CBRP activities that target DWF from 

individual properties. However, the frequency of street sweeping is an important consideration. 

Following a sweeping, biofilms and other habitats for bacteria will begin to buildup within the street 

gutter. Accordingly, it was assumed that street sweeping is effective at removing sources of bacteria 

from gutters for a period of 24 hours. Taking this assumption, a bi‐weekly street sweeping program 

would need to provide treatment for 14 times the irrigated area as the other proposed CBRP activities, as 

shown in Table 3‐4.  

3.5.2  Riverside MS4 Permittee Compliance 
It would be impossible to use just one CBRP activity to address the full E. coli load reduction target that 

would address the portion of controllable bacteria from MS4s needed to demonstrate compliance with 

the TMDL. Implementation of several of the CBRP activities shown in Table 3‐4 has already been 

initiated, such as water conservation BMPs by water purveyors, jurisdictions adaptation to LID in new 

development and significant redevelopment with modified  Water Quality Management Plan (WQMP) 

and landscaping (AB 1881) requirements, and incorporation of structural BMPs into CIP plans by the 

stormwater Permittees. Information regarding current and near term (prior to 2015) plans for 

implementation of activities that will reduce DWF in the Santa Ana River watershed is summarized in 

Table 3‐5. 

Table 3‐5. Estimate of Irrigated Area Addressed by RPU Outdoor Water Conservation BMPs 

Planned for Implementation prior to 2015 

Outdoor Conservation Measures 
Projected 2015 
Savings (AFY)1 

Targeted Outdoor 
Water Demand (AFY) 

Approximate Irrigated 
Area (acres)7,8 

Residential Assistance Surveys Top 5% of Users2,4  305  2,607  417 

CII Landscape Surveys and WBICs Direct Install Top 5% 
of Users3,5,6 

706  1,553  249 

Dedicated Irrigation Meter Surveys3,5  551  2,755  441 

Total  1,562  6,915  1,106 

1) Source: Riverside Public Utilities, Water Use Efficiency Master Plan, prepared by Kennedy/Jenks Consultants, July 2010 
2) Outdoor water use accounts for 53 percent of RPU’s residential demand 
3) Outdoor water use accounts for 44 percent of RPU’s commercial, industrial, institutional (CII) demand   
4) Water conservation savings of 6.2 percent is assumed for effectiveness of surveys/audits for residential customers   
5) Water conservation savings of 20 percent is assumed for effectiveness of surveys/audits for CII customers  
6) Water conservation savings of 20 percent is assumed for effectiveness of WBIC installations 
7) Irrigation demand of 55 in/yr based on CIMIS Station 44 at UC Riverside 
8) Excess irrigation water use factor of 1.5 for top 5% of users  
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Information gathered from surveys disseminated to the Riverside County stormwater Permittees 

following receipt of RWQCB comments on the December 31, 2010 draft CBRP helped to improve the 

characterization of planned water conservation BMPs, as well as other non‐structural or structural 

BMPs currently underway or planned for implementation prior to 2015 (see Attachment D). In addition, 

the City of Riverside Public Utilities provided its Water Use Efficiency Master Plan, which provided 

detailed information on water conservation BMPs planned for implementation prior to 2015. Table 3‐5 

shows how these BMPs alone could provide sufficient reduction in DWF to achieve the target 

implementation levels estimated in the previous section. The effectiveness of these measures would be 

determined by monitoring DWF at Tier 1 and 2 sites, with specific attention to Anza Drain and Box 

Springs Channel. Jurupa Community Services District (JCSD), the water purveyor for the Cities of 

Eastvale and Jurupa Valley, also has a water conservation program. These newly incorporated cities plan 

collaborate with JCSD to support implementation of outdoor water conservation BMPs in areas where 

DWF is found to be problematic.   

Redevelopment in the MSAR watershed prior to the December 31, 2015 compliance date may occur in 

0.5 percent of the hydrologically connected MS4 drainage area. (28,600 urban acres * 0.005 = 143 acres 

of redevelopment). Assuming 30 percent of land cover on properties that will be redeveloped had been 

irrigated, then the CBRP benefit of implementing updated development planning requirements is 43 

acres of irrigated area. This estimate is low relative to historical development rates, but redevelopment 

in the 2010‐2015 time‐period is expected to be reduced due to economic factors. 

The CBRP also includes other recommended specific BMPs that have the potential to reduce 

controllable urban bacterial indicator levels from urban DWF (see Attachment C). While these BMPs 

have been included to address potential urban bacterial indicator sources, the ability to quantify water 

quality benefits is greatly limited. For example, transient camps may be an important bacterial indicator 

source in certain areas, but the benefits of mitigation are unknown since studies have not been done to 

evaluate the water quality impacts of such camps under dry weather conditions. Given such limitation, 

the water quality benefits were not quantified. However, the potential reductions in bacterial indicator 

levels that will be achieved from implementing these BMPs provide an additional margin of safety 

toward achieving urban wasteload allocation by the compliance date.  

Lastly, the CBRP implementation strategy (see Figure 2‐4) provides a clear path for assessing DWF and 

bacteria from numerous small subwatersheds (upstream of 32 Tier 2 sites) for prioritizing 

implementation of DWF controls. In addition the CBRP includes a schedule (see Figure 2‐3) by which 

Permittees will make decisions to implement a structural BMP before December 2014, if non‐structural 

measures are determined to be ineffective, and then a stepwise process to budget/plan, design, permit, 

and construct projects. The Cities of Corona and Riverside, in partnership with RCFC&WCD are 

currently using this approach to implement two structural BMP projects in the MSAR watershed that 

will capture and infiltrate stormwater flows from urban areas tributary to the Middle Santa Ana River. 

These BMPs are not expected to provide any DWF reduction benefits toward meeting the E. coli 

reduction targets for this CBRP, but they will reduce small‐storm wet weather impacts and are exemplar 

of the types of structural BMPs and implementation process that could be used to address key MS4 

drainage areas of concern for dry weather bacteria.  

3.5.3  Role of Inspection Program in Achieving Compliance 
The inspection program involves rigorous monitoring of flow, bacterial indicators, and human sources 

of fecal bacteria indicators (using human Bacteroides markers) at key locations in the MS4. The purpose 
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of conducting such monitoring activities is to identify smaller portions of MS4 drainage areas that may 

be responsible for a disproportionate amount of bacterial indicators (referred to as a “hot spot”). The 

temporal variability of available bacteria indicator levels from downstream monitoring sites (from both 

the USEP study and watershed‐wide compliance monitoring) suggests that in some drainage areas, 

urban sources may be contributing to increases in downstream bacterial indicator levels. However, 

because of the high percentage of unaccounted‐for sources of bacterial indicators apparent in the 

system, to what degree the MS4 is a contributor to elevated bacterial indicator levels needs to be 

evaluated.  

The inspection program provides a means to identify urban sources and target mitigation activities. For 

instance, an MS4 outfall may be determined to be consistently dry or to contain a lower E. coli level 

than expected. If so, there would be no need to implement upstream BMPs for the purposes of reducing 

bacterial indicators. At the same time, the inspection program could identify drainage areas that 

generate DWF and have bacterial indicators at levels greater than was assumed in this quantification 

effort. Targeted BMPs within the watershed upstream would be prioritized and would likely provide 

more benefit than is estimated in this compliance analysis. Accordingly, the inspection program 

provides the information necessary to use an iterative adaptive watershed management approach, 

which allows for the best use of resources to mitigate controllable urban bacterial indicator sources. 

Moreover, data collected under the inspection program will provide the means to improve the basis for 

the relative source contribution analysis for bacterial indicators in receiving waterbodies.  

For example, RCFC&WCD initiated inspection activities in 2008 following the finding of the presence of 

a consistent human source of bacteria in Box Springs Channel (see Attachment C) and geometric means 

of bacterial indicators three times greater than for all USEP monitoring sites. The City of Riverside 

discovered that a single restroom toilet located in the Sam Evans Sports Complex on the RCC Riverside 

Campus was inadvertently connected to a storm drain pipe rather than a sewer line. Data collected after 

the elimination of this source of bacteria in Box Springs Channel indicated the elimination of human 

PCR markers in runoff from Box Springs Channel. Additional data from this site is being collected in the 

2011 dry season to verify the continued elimination of the human PCR makers.
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Section 4 
Wet Weather Condition Program 

The requirements for development of a dry weather condition CBRP include establishing a 

schedule for developing a wet weather condition CBRP (November 1st through March 31st) to 

comply with urban wasteload allocations for indicator bacteria by December 31, 2025. 

The RWQCB will issue the next MS4 permit on or after January 29, 2015 when the existing 

MS4 permit expires. Similar to the requirements contained in the existing MS4 permit, it is 

recommended that the next MS4 permit include a requirement to develop a CBRP for wet 

weather conditions. Given the expected challenges associated with compliance with 

wasteload allocations under wet weather conditions, the wet weather CBRP will require more 

time to develop. Accordingly, the earliest a draft wet weather condition CBRP will be 

submitted to the RWQCB for review will be 24 months following adoption of the next MS4 

permit. 

It should be noted however, that the Cities of Corona and Riverside, in partnership with 

RCFC&WCD are currently developing two structural BMP projects in the MSAR watershed 

that will capture and infiltrate stormwater flows from urban areas tributary to the Middle 

Santa Ana River. One project is located on Oak Street Channel and another is located in 

Mockingbird Canyon Reservoir. These projects are currently going through preliminary 

planning. 
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A.1 Introduction 
The MSAR MS4 permittees have been actively engaged in implementation of the 
MSAR Bacterial Indicator TMDL since its 2005 adoption by the RWQCB (almost two 
years before the TMDL became effective upon EPA approval in 2007). All TMDL 
requirements with specific completion dates from establishment of a watershed-wide 
monitoring program to adoption and implementation of the USEP have been met. The 
outcomes of the various TMDLs completed to date provide the foundation for this 
CBRP. Each of these activities is described in more detail below.  



Attachment A 
TMDL Implementation 

A  A-2 

A.2 MSAR TMDL Task Force 
With formal adoption of the MSAR Bacterial Indicator TMDL on August 26, 2005, all 
responsible parties named in the TMDL began the process to create a formal cost-
sharing body, or Task Force, to collaboratively implement a number of requirements 
defined in the TMDL. Task Force participants include: 

 RCFC&WCD 

 County of Riverside 

 Cities of Corona, Norco, and, Riverside 

 San Bernardino County Flood Control District (SBCFCD) (representing the Cities 
of Chino, Chino Hills, Fontana, Montclair, Ontario, Rancho Cucamonga, and 
Rialto) 

 Cities of Pomona and Claremont (Los Angeles County, pending formal 
agreement) 

 Agricultural Pool and Milk Producers 

 U.S. Department of Agriculture, U.S. Forest Service 

 RWQCB 

 SAWPA 

SAWPA serves as administrator of the Task Force. In this role, SAWPA provides all 
Task Force meeting organization/facilitation, secretarial, clerical and administrative 
services, management of Task Force funds, annual reports of task force assets and 
expenditures and hiring of Task Force authorized consultants. All documents and 
presentation (including CBRP presentations to the Task Force) are posted on 
SAWPA’s project website at: www.sawpa.org/roundtable-MSARTF.html. 
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A.3 Proposition 40 State Grant 
In anticipation of EPA approval of the MSAR Bacterial Indicator TMDL, SAWPA, in 
cooperation with the urban dischargers (SBCFCD and RCFC&WCD) and on behalf of 
the Task Force submitted a California Proposition 40 grant proposal (“Grant Project”) 
to the State Board to support implementation of the TMDL. The State Board approved 
the Grant Project in fall 2006 and the project was initiated in early 2007. 

The overarching purpose of the Grant Project was to accelerate the TMDL 
implementation process by supporting efforts by urban dischargers to implement 
TMDL requirements, including the watershed-wide monitoring program and USEP 
(which are described in more detail below). Within this framework, the Grant Project 
focused on identifying sources of bacterial indicator contamination in the MSAR 
watershed and pilot testing BMP technologies designed to reduce bacterial indicators 
in storm drains (SAWPA 2010b). The results of these activities were used to support 
the development of this CBRP to achieve compliance with urban wasteload 
allocations during dry weather conditions.  
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A.4 Watershed-wide Compliance Monitoring  
Task 3 of the TMDL implementation plan required the responsible jurisdictions 
named in the TMDL to submit to the RWQCB for approval a proposed watershed-
wide compliance monitoring program. The purpose of this program is to provide the 
data necessary to review and update the TMDL as needed and evaluate compliance 
with the TMDL wasteload and load allocations. Using the Grant Project as a funding 
vehicle to initiate this TMDL task, the MSAR Task Force worked with the RWQCB to 
select compliance sites consistent with the purpose of this monitoring program. 
Compliance sites were selected based on two key criteria: 

 The sites should be located on waterbodies that are impaired and subject to 
Bacterial Indicator TMDL compliance requirements; and 

 The sites should be located in reaches of the impaired waterbodies where REC-1 
activity is likely to occur, i.e., there is an increased risk from exposure to pathogens. 

Based on these criteria, six watershed-wide compliance monitoring sites were selected 
originally as compliance sites (Table A-1). One of these sites, Icehouse Canyon Creek 
was later removed with RWQCB approval1. A Monitoring Plan and Quality 
Assurance Project Plan (QAPP) were prepared to support the monitoring program 
(www.sawpa.org/roundtable-MSARTF.html). Appendix B of the Monitoring Plan 
provides information regarding each of the monitoring sites listed in Table A-1. 

The RWQCB approved the Monitoring Plan and QAPP, and the Task Force initiated 
sampling in summer 2007. Weekly sampling occurs over a 20-week period during the 
dry season (April 1 – October 31) and an 11-week period during the wet season 
(November 1 – March 31). Four samples are collected during and after one wet 
weather event each year. This sampling program is implemented annually since 2007.  

                                                           
1 Bacterial indicator concentrations in Icehouse Canyon Creek were consistently non-detect. The MSAR 
Bacterial Indicator TMDL Taskforce and the RWQCB determined that this site is representative of water 
quality from natural background in higher elevation areas, and not representative of natural background 
in lowland areas, and therefore the site was removed from the list of compliance monitoring sites. 

Table A-1. Watershed-wide Monitoring Program Sample Sites 

MSAR Waterbody Sample Sites Site Code1 

Icehouse Canyon Creek 2 Icehouse Canyon Creek WW-C1 

Prado Park Lake Prado Park Lake at Lake Outlet WW-C3 

Chino Creek Chino Creek at Central Avenue WW-C7 

Mill-Cucamonga Creek Mill Creek at Chino-Corona Rd WW-M5 

Santa Ana River, Reach 3 
Santa Ana River Reach 3 @ MWD Crossing WW-S1 

Santa Ana River Reach 3 @ Pedley Ave WW-S4 
1 – Location of sites shown on Figures 3-8 through 3-11. 
2 – Icehouse Canyon Creek was removed from the list of watershed-wide compliance monitoring sites with 
RWQCB approval. 
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A.5 Urban Source Evaluation Plan  
The MSAR Bacterial Indicator TMDL required permitted MS4 discharges to develop 
the USEP within six months after TMDL adoption or November 30, 2007. Per Section 
4.1 of the TMDL (RWQCB 2005), the purpose of the USEP is to identify specific 
activities, operations, and processes in urban areas that contribute bacterial indicators 
to MSAR waterbodies. The plan should also include a proposed schedule for the 
activities identified and include contingency provisions as needed to reflect any 
uncertainty in the proposed activities or schedule.  

The urban dischargers developed a USEP as part of Grant Project implementation 
activities. The RWQCB approved the USEP as compliant with TMDL requirements on 
April 18, 2008 (RWQCB Resolution R8-2008-00442). The approved plan included a 
four step process for fulfilling the purpose of the USEP (as stated by the TMDL): 

 Step 1: Urban Source Evaluation Monitoring Program – The first step in the plan is to 
conduct a monitoring program at key sites to gather bacterial indicator source 
data associated with urban land uses.  

 Step 2: Risk Characterization – Step 2 couples the data obtained from Step 1 with 
other applicable watershed data to characterize the risk of exposure to bacterial 
indicators and prioritize urban sites for additional investigation. 

 Step 3: Site Investigations – This step describes the types of actions that may be 
implemented to further investigate urban bacterial indicator sources. Per the 
outcome of Step 2, site investigation activities would be focused on high priority 
sites first.  

 Step 4: Adaptive Implementation - As new data become available or if changes in 
recreational uses occur on waterbodies as a result of SWQSTF efforts, then site 
prioritization or the schedule for USEP implementation may change.  

A summary of the elements contained within each of these steps follows. The 
complete USEP is available at www.sawpa.org/roundtable-MSARTF.html. 

Urban Source Evaluation Plan Monitoring Program  
The MSAR Task Force implemented the urban source monitoring program during 
both dry and wet seasons in 2007 and 2008. Monitoring activities occurred at 13 
locations in the MSAR watershed, including all major subwatersheds that drain to 
waters listed as impaired for bacterial indicators in the MSAR watershed. Table A-2 
provides information on the location of each monitoring site. Additional information 
about each sample location is available in Appendix C of the Monitoring Plan 
available at www.sawpa.org/roundtable-MSARTF.html. 
 
 
                                                           
2 Available from the Regional Board’s website at:  
   www.waterboards.ca.gov/santaana/water_issues/programs/tmdl/msar_tmdl.shtml  
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To characterize bacterial indicator concentrations at each site (along with flow and 
other field parameters), samples were collected over four five-week periods in both 
the dry and wet seasons. Samples were collected from each site to identify sites where 
human, bovine or domestic canine sources of bacterial indicator were prevalent. 
Attachment B provides a summary of the results of this monitoring program (see also 
SAWPA 2009). While human and domestic canine sources have a high potential to be 
found in most portions of the MS4 system, bovine sources are likely to be restricted to 
areas potentially influenced by dairy farming activities. In the MSAR watershed, the 
number of dairy farms has declined significantly in recent years and will continue to 
be replaced with new urban development (SAWPA 2010c). 

Risk Characterization 
The USEP established a framework for prioritizing sites for follow-up investigation of 
urban sources of bacterial indicators based on a characterization of risk of exposure to 
pathogens. Three key factors drive the characterization process: 

 Exceedance Factor – The first factor to be evaluated in the framework is the 
frequency and magnitude by which the bacterial indicator exceeds the water 
quality objective. The greater the frequency and magnitude of recorded 
exceedances, the higher the likelihood that the contamination can be tracked back 
to its source. Intermittent, low intensity events are more difficult to detect and, 
therefore, more difficult to trace. 

Table A-2. Urban Source Evaluation Plan Monitoring Program Sample Locations 
MSAR 

Waterbody 
Waterbody 

Reach1 Sample Location Site Code2 

Santa Ana 
River Reach 3 

Santa Ana River (SAR) at La Cadena Drive US-SAR 

Box Springs Channel at Tequesquite Avenue US-BXSP 

Sunnyslope Channel near confluence with SAR US-SNCH 
Anza Drain near confluence with Riverside 
effluent channel US-ANZA 

San Sevaine Channel in Riverside near 
confluence with SAR US-SSCH 

Day Creek at Lucretia Avenue US-DAY 

Temescal Wash at Lincoln Avenue US-TEM 

Chino Creek 

Reach 1 Cypress Channel at Kimball Avenue US-CYP 

Reach 2 
San Antonio Channel at Walnut Ave US-SACH 
Carbon Canyon Creek Channel at Pipeline 
Avenue US-CCCH 

Mill-
Cucamonga 

Creek 

Prado Area 
Chris Basin Outflow (Lower Deer Creek) US-CHRIS 
County Line Channel near confluence with 
Cucamonga Creek US-CLCH 

Reach 1 Cucamonga Creek at Highway 60 (Above RP1) US-CUC 
1 -  Reaches are defined in the Basin Plan. 
2 – Location of sites shown in Attachment B 
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 Contagion Factor – Human beings, particularly children are believed to be at 
greater risk of infection from water-borne pathogens generated by other people 
(EPA 2007). Accordingly, the risk of illness resulting from recreational use is 
believed to be highest where microbial source tracking methods (e.g. Bacteroides) 
indicate the probable presence of human pathogens. After human sources, 
exposure to fecal contamination from agricultural animals is the next most 
important concern (EPA 2007).  

 Exposure Factor - A higher investigation/implementation priority should be 
assigned to locations and conditions where recreational activities are most likely 
to occur. Exceedances that occur in natural channels, during warmer months with 
relatively moderate flows, merit a higher priority than those that may occur in a 
concrete flood control channel during a winter rainstorm. This different priority is 
based on the assumption that the number of persons likely to be exposed is much 
higher in the first case than in the second. 

The factors described above drive the prioritization of urban source investigation 
activities established in the USEP. Figure A-1 provides a framework for priority 
ranking from high (1) to low (8). Generally speaking, the highest priority sites are 
those where: 

 Magnitude and frequency of bacterial indicator exceedance are high; 

 Bacteroides marker analysis indicates the persistent presence of human sources of 
bacterial indicators;  

 The site is in an area, or is close to an area, where recreational activities are likely 
to occur; and 

 Observed exceedances and the presence of human sources of bacterial indicators 
occur during periods when people are most likely to be present, e.g., during warm 
months and dry periods. 

Figure A-1. Risk Characterization Framework  
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In contrast, the lowest priority sites for urban dischargers would be those where the 
bacterial indicator exceedance frequency and magnitude is low, human or other 
urban sources, e.g., domestic dogs, are not present, and the site is not used for water 
contact recreation, e.g., a concrete, vertical walled flood control channel. Sites with 
bacterial indicators from agricultural sources are referred to the RWQCB for follow-
up action with agricultural dischargers.  

The exceedance, contagion and exposure factors provide the basic foundation for 
prioritizing sites or areas for further investigative activities. As appropriate, 
additional factors may be considered to more clearly define the priority between 
several sites with similar priorities based on the three base factors, as described above. 
For example, other relevant considerations may include regulatory factors, e.g., the 
waterbody may be reclassified as a result of Basin Plan changes or the source is 
determined to be uncontrollable. 

 The results of the 2007-2008 USEP monitoring program provided the first 
opportunity to rank sites based on the factors described above. This prioritization is 
still valid with regards to the preparation of this CBRP. However, as additional data 
are developed during CBRP implementation, priorities may be revised (as envisioned 
in Step 4 of the USEP). Attachment B summarizes the results of the 2007-2008 USEP 
program and how this information was used to prioritize TMDL implementation 
activities. 

Site Investigations 
The USEP describes the types of actions that may be implemented to further 
investigate urban sources of bacterial indicators. Investigative strategies would be 
developed at six month intervals to address the highest priority needs. In principle, 
resources would be directed to the high priority areas first; implementation activities 
in lower priority sites would occur only after high priority sites have been addressed. 
However, when necessary, the priority for any site can be elevated, particularly if new 
data become available that changes the priority for action.  

The USEP identifies three general types of investigative activities: Channel surveys; 
enhanced tracking methods; and controllability assessments. These activities would 
typically be implemented sequentially at a given site, e.g., complete channel survey 
work before implementing an enhanced tracking method, but a step could be skipped 
if the source of the elevated levels of bacterial indicators is generally known. 
Following is a summary of the investigative tools envisioned for implementation 
under each investigative activity type in the USEP:  

 Channel Surveys – Surveys may be conducted to better define sources of bacterial 
indicators. Example survey tools could include: 

- UAA development (consistent with SWQSTF methods) to refine application of 
the recreational uses in the Basin Plan. 
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- Source tracking studies in tributaries or outfalls to better define the urban 
sources of bacterial indicators. 

- Flow loading from tributaries and other outfalls to evaluate potential for these 
sources to contribute significant numbers of bacterial indicators. 

- Preliminary source reconnaissance to identify potential sources of bacterial 
indicators including (a) direct human sources (e.g., leaking sewers or septic 
systems, transient camps, illicit discharges); (b) domesticated animals 
associated with urban land use, especially areas where domesticated animals 
are concentrated; and (c) wildlife concentration areas (e.g., birds, rodents, 
squirrels, rabbits, feral cats and dogs)  

 Enhanced Tracking Methods – These methods provide a means to narrow down 
urban sources of bacterial indicators, including where to prioritize 
implementation efforts. Examples of tools that may be used to support enhanced 
source tracking include: 

- Evaluation of relative contribution of bacterial indicators by flow sources to 
determine which tributaries or drains contribute the most numbers of bacterial 
indicators to the waterbody. 

- Use of constituent-specific sampling (analgesics, hormones, caffeine, 
antibiotics, nutrients, surfactants, etc.) to identify potential flow sources.  

- Use of patterns and trends analyses to identify conditions under which 
elevated levels of bacterial indicators occur. 

 Controllability Assessments – Where a bacterial indicator source requiring 
mitigation is identified, the final step in the investigative process is to determine 
the controllability of the source. Controllability is largely dependent on the nature 
of the source. For example, elevated levels of bacterial indicators attributable to 
wildlife or impacts associated with use of the waterbody as a conduit for water 
transfers may limit the controllability of the source. In these instances, it may not 
be feasible to control the source. Controllability assessments will consider three 
alternatives:  

- Prevention (or source control) activities, including for example repair of all 
sewer leaks, better control of domestic animals, moving transient camps, 
stronger enforcement of illicit discharges, etc. 

- Construction of low flow diversions to intercept DWFs and send the water to a 
facility for recharge or to a regional wastewater treatment facility. 

- Use of on-site or regional BMPs, e.g., detention ponds, wetlands and bioswales 
for regional treatment. The practicability of using these facilities would be 
considered on a site-specific basis.  
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Adaptive Implementation 
Adaptive implementation is an iterative process commonly incorporated into TMDL 
implementation plans to provide a means to reassess compliance strategies based on 
new data or analyses. Given the large uncertainty associated with control of 
pollutants such as bacterial indicators, an adaptive implementation component was 
included in the USEP framework to provide opportunity, where appropriate, to 
reconsider priorities. This adaptive component has been carried forward into this 
CBRP. 

USEP Implementation  
The USEP contains an implementation schedule that centers around periodic 
implementation of source evaluation activities to identify sources of bacterial 
indicators for potential mitigation. Along with these activities, the USEP requires 
submittal of a semi-annual report to document ongoing and planned activities related 
to the management of urban sources of bacterial indicators. These reports have been 
submitted since July 2009. 

 In spring 2009 the Task Force established the first priority areas for further 
investigation based on the findings of the 2007-2008 USEP monitoring program and 
ongoing watershed-wide monitoring at the compliance sites (see Attachment B for a 
discussion of this prioritization process). In fall 2009 the Task Force authorized two 
USEP-based studies: 

 Source Evaluation Activities in Carbon Canyon Creek and Cypress Channels in 
San Bernardino County – The data analysis report prepared after completion of 
2007-2008 monitoring activities (SAWPA 2009a) prioritized the next steps for 
USEP implementation based on the risk characterization approach described 
above. USEP sample locations with a combination of the largest number of 
exceedances of bacterial indicator water quality objectives, highest levels of 
bacterial indicators, and most frequent indications of contamination by human 
sources were given the highest priority for additional source evaluation activities. 
Accordingly, the Cypress Channel subwatershed was ranked high for follow-up 
investigations. In contrast, the Carbon Canyon Creek subwatershed was ranked 
very low as both the frequency of exceedances of water quality objectives and the 
levels of bacterial indicators was relatively low.  

Both the Cypress Channel and Carbon Canyon Creek drainage areas were 
recommended for source evaluation studies. Evaluation of the Carbon Canyon 
Creek subwatershed was included to determine if any site-specific characteristics 
could be identified that provide insight into how to reduce bacterial indicator 
levels elsewhere. Source evaluation activities involved a desktop level 
characterization as well as field reconnaissance to identify subwatershed or in-
stream characteristics which may contribute to high or low levels of bacterial 
indicators at either site. A technical memorandum summarizing the findings of 
this effort was prepared (SAWPA 2010d).  
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 Dry Weather Runoff Controllability Assessment for Lower Deer Creek Subwatershed 
(Chris Basin) in San Bernardino County – SAWPA (2009a) identified Chris Basin as a 
high priority site for bacteria source evaluation activities. Given its location at the 
confluence of Cucamonga Creek and Lower Deer Creek, Chris Basin has the 
potential to be retrofitted for use as a regional treatment BMP for dry weather 
runoff. The USEP study evaluated opportunities to retrofit the site to capture 
DWFs and eliminate the existing dry weather discharge to Cucamonga Creek. A 
technical memorandum summarizing the findings of this study was prepared 
(SAWPA 2010e).  

Both of the above USEP studies recommended a number of follow-up actions 
applicable to both urban dischargers and the RWQCB. These actions will be 
incorporated as appropriate into future source evaluation activities conducted in 
these areas as the CBRP is implemented.  

Urban dischargers are currently implementing the following source evaluation 
activities: 

 During the 2007-2008 USEP monitoring program, human source bacteria were 
regularly detected and high bacterial indicator concentrations were present in Box 
Springs Channel. Following a local investigation in 2008, a sanitary/storm sewer 
cross connection was identified and corrected. Sampling is occurring in spring 
2011 to evaluate current bacterial indicator levels and verify that human source 
bacteria are no longer present. 

 When the USEP program was implemented in 2007-2008 no samples were 
collected from sites representing the Cities of Pomona and Claremont (portion of 
MSAR watershed in Los Angeles County). Sample collection is occurring under 
dry weather conditions in spring 2011 to provide a preliminary characterization of 
bacteria loading from this portion of the MSAR watershed.  

 A source evaluation study is currently being implemented to obtain additional 
information regarding the variability of dry weather flows in stormwater 
channels/outfalls in the MSAR watershed. The information gained from this effort 
is being combined with other available dry weather hydrology data to draw 
conclusions regarding characteristics of typical dry weather flows, especially the 
nature of their variability. These data have been incorporated into the flow 
analyses included in the CBRP’s compliance analysis.  

Findings from the above source evaluation activities carried out a part of USEP 
implementation will be reported through the MSAR Task Force. In the future, source 
evaluation activities described in this CBRP will supersede the USEP and become the 
focus of bacterial indicator source evaluation activities planned for the MSAR 
watershed. 
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A.6 Triennial Review Summary  
Task 6 in the implementation section of the MSAR Bacterial Indicator TMDL requires 
preparation of a water quality assessment every three years that summarizes the data 
collected for the preceding three year period and evaluates progress towards 
compliance with wasteload and load allocations. Referred to as a Triennial Report, the 
requirement for this assessment is also in the MS4 permit (Appendix 3, III.3.D.1.b). 
The first of these Triennial Reports was submitted to the RWQCB as required by 
February 15, 2010 (SAWPA 2010a).  

The Triennial Report findings, relevant to the MS4 wasteload allocation, are provided 
in Attachment B of this CBRP (the full report is available at 
www.sawpa.org/roundtable-MSARTF.html). These findings provide the baseline for 
the CBRP analysis that demonstrates that implementation of this CBRP is expected to 
achieve compliance with the wasteload allocation by December 15, 2015. Additional 
Triennial Reports will be prepared in 2013 and 2016 as part of CBRP implementation. 
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B.1 Middle Santa Ana River Watershed 
The following sections provide background information regarding the general 
characteristics of the MSAR watershed, including major subwatersheds, key 
jurisdictions and dominant land use.  

General Description 
The Santa Ana River watershed, located in southern California, encompasses an area 
of approximately 2,800 square miles. Surface water flows begin in the San Bernardino 
and San Gabriel Mountains and flow in a generally northeast to southwest direction 
to the Pacific Ocean. Flows are interrupted by a number a number of features ranging 
from groundwater recharge basins to Prado Basin Dam. The MSAR watershed 
encompasses an area of approximately 488 square miles and is located generally in 
the north central portion of the Santa Ana River watershed (Figure B-1).  

The MSAR watershed includes the southwestern part of San Bernardino County, the 
northwestern part of Riverside County, and a small portion of Los Angeles County 
(Figure B-1). Riverside County jurisdictions participating in this CBRP include the 
County of Riverside and the Cities of Corona, Norco, and Riverside (Figure B-2). The 
City of Eastvale recently incorporated in 2010 and will be required to be a participant 
in the CBRP.  Jurupa Valley is also in the process of incorporating and  currently 
incorporation is anticipated for July 2011. 

Lying within an arid region, limited natural perennial surface water is present in the 
watershed. Flows derived from mountain areas (snowmelt or storm runoff) are 
mostly captured by dams or percolated in recharge basins. In the transition zone from 
mountains to lower lying valley areas, the sources of surface water flows vary, e.g., 
dry weather urban runoff, such as occurs from irrigation, stormwater runoff during 
rain events, treated municipal wastewater discharges, water transfers, dewatering 
discharges and other permitted discharges, and  rising groundwater.  

The largest order waterbody in the MSAR watershed is Reach 3 of the Santa Ana 
River which flows from Mission Boulevard to Prado Basin Dam, where Prado Dam 
controls flows from the middle to the lower part of the Santa Ana River watershed. 
Downstream of Mission Boulevard, there is less channelization of the Santa Ana 
River, allowing for larger meanders and riparian habitat extent within a wider 
floodplain. A number of major tributaries to the MSAR exist, many of which have 
been modified for flood control purposes.  



Figure B-1. Santa Ana River Watershed 
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Based on 2000 census data, the population of the MSAR watershed is approximately 
1.4 million people. Much of the lowland areas are highly developed; however, a 
portion of the watershed remains largely agricultural - the area formerly known as the 
Chino Dairy Preserve. This area is located in the south central part of the Chino Creek 
Basin subwatershed. At the time of TMDL development the area contained 
approximately 300,000 cows (RWQCB 2005). As of January 2009, this number was 
down to about 138,500 (email communication, Ed Kashak, RWQCB, to Pat Boldt, 
representative of agricultural interests and MSAR Task Force member, December 8, 
2009). In recent years, the cities of Ontario, Chino, and Chino Hills annexed the 
unincorporated portions of this area in San Bernardino County. The remaining 
portion of the former preserve, which is in Riverside County, was recently 
incorporated in the City of Eastvale 
(http://www.rcip.org/pdf_files/maps_09_24_03/lowres/Fig3_4Eastvale.pdf). 

Major Subwatersheds 
The MSAR watershed is divided into several major subwatersheds to provide a basis 
for evaluating compliance with TMDL urban wasteload allocations. These 
subwatersheds drain to the following watershed-wide compliance points as 
established in the watershed-wide monitoring program (see Section 2.4) (Figure B-3; 
see Table A-1):  

 Chino Creek at Central Avenue (WW-C7) – No portion of this subwatershed is in 
Riverside County. 

 Mill-Cucamonga Creek at Chino-Corona Road (WW-M5) – With the exception of a 
small area in Riverside County, drainage area is mostly in San Bernardino County. 

 Santa Ana River at MWD Crossing (WW-S1) – Areas of both Riverside and San 
Bernardino Counties drain to this site. 

 Santa Ana River at Pedley Avenue (WW-S4) - Areas of both Riverside and San 
Bernardino Counties drain to this site. 

 Prado Park Lake (WW-C3) – Entire drainage area to this location is in San 
Bernardino County. 

Another important subwatershed in the MSAR watershed is Temescal Creek. 
Temescal Creek is tributary to the Prado Basin Management Zone, which is not listed 
as impaired. The RWQCB has not listed Temescal Creek as impaired by bacterial 
indicators and, therefore, no watershed-wide compliance monitoring location has 
been established on this waterbody. The confluence of Temescal Creek within the 
Prado Basin Management Zone is also well downstream of the watershed-wide 
bacterial indicator TMDL compliance monitoring site at Santa Ana River at Pedley 
Avenue.  

The Temescal subwatershed is very large and significant portions of the upper part of 
the drainage area are hydrologically disconnected from downstream areas (see also 
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Attachment B.2), including the portion upstream of Lake Elsinore, where the Lake 
Elsinore Spillway retains DWFs, and the Lake Mathews watershed. Lake Matthews, 
which is a water supply reservoir owned by Metropolitan Water District (MWD), has 
no allowable recreational use and there are no discharges of dry or wet weather flow 
from this reservoir. 

Jurisdictions 
Table B-1 summarizes the jurisdictional area of each MS4-permitted city and 
unincorporated county area that drains to each of the MSAR watershed-wide 
compliance monitoring locations. Although this CBRP only applies to areas within 
Riverside County, the jurisdictional areas outside of Riverside County are included in 
Table B-1 to illustrate the relative importance of Riverside and San Bernardino County 
MS4 programs to the watershed-wide compliance locations. 

Land Use 
Land use distribution has the potential to affect flow volume and bacterial indicator 
concentrations under dry weather conditions. Table B-1 provides the land use 
distribution for each jurisdiction in each of the areas draining to the watershed-wide 
compliance monitoring locations.  

Land use in the MSAR watershed includes a variety of categories as defined by the 
Southern California Association of Governments (SCAG 2005). Related categories 
were lumped together to reflect major types of land uses, e.g., agricultural or 
industrial related land uses. Figure B-4 illustrates the resulting spatial land use 
pattern, at least as most recently available in the 2005 SCAG dataset. Residential land 
uses make up the greatest fraction of urbanized drainage area in the MSAR watershed 
(~50 percent). In some areas there is more agricultural land use than urban. 
Accordingly, compliance activities targeted at agricultural lands might provide the 
most significant water quality benefits. These compliance activities are not the 
responsibility of the MS4 program; they are the responsibility of the agricultural 
dischargers named in the TMDL. 
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Table B-1. Jurisdictional area and percent land use in each of the major MSAR subwatersheds (areas outside of Riverside County 
included to show land use percentages of all areas draining to watershed-wide compliance sites). 

Jurisdictions within MSAR Subwatersheds 
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Chino Creek at Central Avenue (WW-C7) 54,607  

Chino 7,659 10% 15% 25% 5% 1% 4% 2% 38% 0% 
Chino Hills 6,125 6% 7% 0% 3% 0% 42% 2% 40% 0% 
Montclair 3,537 1% 24% 12% 5% 1% 4% 2% 51% 0% 
Ontario 2,721 3% 16% 6% 0% 1% 3% 4% 67% 0% 
Upland 5,161 0% 13% 17% 7% 0% 11% 1% 51% 0% 
Unincorporated San Bernardino 13,714 2% 1% 1% 1% 0% 81% 1% 13% 0% 
Claremont 3,011 0% 21% 2% 6% 0% 30% 8% 32% 1% 
Pomona 6,707 0% 15% 10% 6% 0% 9% 3% 57% 0% 
Unincorporated Los Angeles 5,972 0% 0% 0% 0% 0% 99% 0% 1% 0% 

Mill-Cucamonga Creek at Chino-Corona Road 
(WW-M5) 

55,456  

Chino 618 65% 0% 0% 2% 2% 26% 0% 5% 0% 
Ontario 18,006 20% 7% 19% 16% 1% 13% 2% 22% 0% 
Rancho Cucamonga 5,256 1% 10% 8% 6% 1% 11% 3% 60% 0% 
Upland 4,871 2% 10% 5% 7% 5% 4% 4% 62% 1% 
Unincorporated San Bernardino 13,860 0% 0% 0% 4% 0% 91% 0% 5% 0% 
Eastvale 2,815 32% 1% 10% 3% 5% 28% 1% 20% 0% 
Unincorporated Riverside 30 1% 0% 20% 59% 0% 19% 0% 1% 0% 

Prado Park Lake (WW-C3) 6,878  

Chino 2,255 45% 4% 1% 14% 10% 18% 5% 1% 2% 
Ontario 4,623 66% 2% 0% 3% 0% 6% 2% 21% 0% 

Santa Ana River at MWD Crossing (WW-S1) 65,017  
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Table B-1. Jurisdictional area and percent land use in each of the major MSAR subwatersheds (areas outside of Riverside County 
included to show land use percentages of all areas draining to watershed-wide compliance sites). 

Jurisdictions within MSAR Subwatersheds 
Drainage 
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Fontana 4,486 1% 9% 1% 2% 0% 33% 1% 53% 0% 
Rialto 11,490 0% 7% 13% 13% 4% 21% 1% 41% 0% 
Riverside 26,442 3% 11% 7% 5% 2% 25% 4% 43% 0% 
Unincorporated San Bernardino 5,867 4% 6% 12% 9% 1% 18% 3% 47% 0% 
Jurupa Valley 8,772 7% 5% 10% 5% 0% 34% 11% 28% 0% 
Unincorporated Riverside 7,155 7% 12% 1% 5% 3% 40% 22% 10% 0% 
San Bernardino 804 1% 11% 2% 7% 1% 10% 2% 66% 0% 

Santa Ana River at Pedley Avenue (WW-S4) 89,253  
Fontana 21,620 3% 9% 11% 8% 3% 25% 4% 37% 0% 
Norco 141 4% 0% 0% 1% 0% 35% 7% 53% 0% 
Ontario 3,819 0% 11% 59% 18% 0% 12% 0% 0% 0% 
Rancho Cucamonga 10,457 1% 8% 13% 17% 6% 23% 1% 31% 0% 
Riverside 12,990 14% 12% 4% 3% 1% 23% 2% 41% 0% 
Unincorporated San Bernardino 19,047 0% 4% 12% 7% 1% 67% 0% 9% 0% 
Eastvale 317 43% 1% 18% 29% 5% 3% 0% 1% 0% 
Jurupa Valley 17,952 5% 5% 11% 4% 1% 25% 10% 39% 0% 
Unincorporated Riverside 2,909 6% 2% 6% 10% 1% 23% 0% 52% 0% 

Temescal Creek 118,583 

Corona 18,879 5% 9% 8% 7% 4% 22% 3% 42% 0% 
Norco 2,372 4% 9% 4% 1% 1% 37% 4% 40% 0% 
Riverside 11,998 15% 11% 2% 2% 2% 23% 1% 44% 0% 
Unincorporated Riverside 85,333 4% 1% 2% 0% 2% 78% 1% 12% 0% 

Lake Mathews 24,671 

Riverside 6 0% 49% 0% 0% 0% 0% 0% 51% 0% 
Unincorporated Riverside 24,664 6% 3% 0% 0% 2% 54% 2% 22% 11% 

Other Drainages to Prado Basin 39,842  
Chino 8,440 47% 3% 4% 5% 1% 19% 6% 14% 1% 
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Table B-1. Jurisdictional area and percent land use in each of the major MSAR subwatersheds (areas outside of Riverside County 
included to show land use percentages of all areas draining to watershed-wide compliance sites). 

Jurisdictions within MSAR Subwatersheds 
Drainage 
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Chino Hills 7,626 0% 2% 1% 4% 3% 56% 5% 29% 0% 
Corona 3,483 0% 7% 23% 8% 0% 30% 4% 28% 0% 

Norco 6,328 4% 13% 1% 3% 2% 21% 1% 54% 1% 

Ontario 2,778 20% 12% 2% 5% 0% 3% 1% 57% 0% 
Rialto 4 0% 0% 0% 11% 0% 63% 0% 26% 0% 
Riverside 139 0% 0% 0% 1% 0% 98% 0% 1% 0% 
Unincorporated San Bernardino 127 11% 0% 0% 2% 0% 59% 23% 0% 5% 
Unincorporated Los Angeles 0 0% 0% 0% 0% 0% 100% 0% 0% 0% 
Eastvale 6,279 26% 1% 0% 4% 16% 19% 9% 25% 0% 
Jurupa Valley 382 13% 0% 0% 0% 0% 26% 11% 50% 0% 
Unincorporated Riverside 4,256 1% 1% 2% 13% 0% 46% 27% 6% 4% 
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B.2 Dry Weather Hydrology 
Regular flows exist in many MSAR waterbodies during dry weather conditions. 
Sources of flow during dry weather include: 

 Tertiary treated effluent from POTWs 

 Turnouts of imported water by the MWD purchased for groundwater recharge by 
water agencies in the Santa Ana River watershed 

 Groundwater inputs from areas of rising groundwater 

 Temporary de minimums discharges, such as well blow-offs 

 Water transfers between water agencies for conjunctive use programs 

 Authorized non-stormwater discharges (as defined by WDRs issued by the 
RWQCB)  

 Non-permitted discharges including Phase II MS4 discharges. 

Each of these sources of DWF has a different pathway and potential to transport 
bacterial indicators to receiving waterbodies. Thus, it is important to understand the 
relative role of each of these categories of DWF.  

Within the MSAR watershed, many MS4 drainage areas do not typically cause or 
contribute to flow at the compliance monitoring sites. DWF from these drainage areas 
is hydrologically disconnected from the TMDL receiving waterbodies, by either 
purposefully recharging groundwater in constructed regional retention facilities or 
through losses in earthen channel bottoms, where the recharge capacity of underlying 
soils exceeds dry weather runoff generated in upstream drainage areas (Figure B-5). 

Flow data was not available downstream of some portions of MS4 drainage areas; 
therefore it was necessary to approximate DWF from these areas to complete a water 
balance for each TMDL compliance monitoring site. Within the Chino Basin portion of 
the MSAR watershed, the Inland Empire Utilities Agency (IEUA) measures flow at a 
number of locations to quantify groundwater recharge for water supply benefit. For 
Riverside County MS4 drainage areas, this monitoring data is the geographically 
closest characterization of its type. Flow measurements, on days when DWF is 
predominantly from urban sources, suggest that DWF from urban sources occur at a 
rate of 100 gal/acre/day in the MSAR watershed, ranging from 20 to 280 
gal/acre/day (Table B-2). This is consistent with DWF generation rates developed to 
support the City of Los Angeles Integrated Resources Plan (2004), which estimated 
DWF rates from urban watersheds ranging from zero to 300 gallons/acre/day. Thus, 
it was reasonable to use a rate of 100 gal/acre/day to approximate urban sources of 
DWF from unmonitored MS4 outfalls that may be hydrologically connected to a 
TMDL waterbody. 
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Table B-2. Urban dry weather flow in MSAR watershed upstream of IEUA flow 
measurement locations 

Location 
Average Dry 

Weather Flow (cfs) 
Urban Runoff Rate 

(gal/ac/day) 

Grove Basin 0.04 111 

West State Street Storm Drain 0.05 19 

8th St. Storm Drain into 8th St. 0.17 82 

West Cucamonga Inlet @ 8th St. B 0.41 92 

Turner 1 Inlet from Cucamonga Cr 0.49 36 

Deer Creek Drop Inlet @ Turner 4 1.58 110 

Deer Creek @ 4th St. Overpass 1.06 105 

Turner 4 - Guasti Creek 0.19 219 

Lower Day Basin Forebay Storm Dr 0.02 63 

San Sevaine Basin 5 Storm Drain 0.19 81 

Victoria Basin Inlet 0.05 49 

RP3 Basin Distribution Channel Inlet 0.32 53 

Declez Channel at Live Oak 0.27 282 

Declez Channel by School 0.16 98 

Average of all Sites 100 
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The USEP flow measurements indicated that some tributaries have significantly 
greater DWF rates per acre of urbanized drainage area than would be expected solely 
from urban sources. In these cases, the presence of a non-urban source was 
determined to be responsible for the elevated DWF rates. At a few locations, field 
measured runoff equated to less than 100 gal/acre/day; therefore it was assumed that 
non-urban sources in these subwatersheds are negligible 

Mill-Cucamonga Creek   
DWF in Mill-Cucamonga Creek consists of primarily effluent from the IEUA RP1 
WRRF. Effluent from IEUA RP1 WRRF to Cucamonga Creek contributes ~27 cfs, 
ranging from 16 to 42 cfs (Table B-3). A berm in the center of Cucamonga Creek keeps 
effluent separated from DWFs from MS4 outfalls, from the discharge location for 
about 1 mile to Chino Avenue.  

MS4 drainage areas to Mill-Cucamonga Creek are predominantly within San 
Bernardino County, outside of the geographic planning area of this CBRP for 
Riverside County. A small portion of MS4 drainage area in currently unincorporated 
area of Eastvale may generate urban DWF that has the potential to reach Mill- 
Cucamonga Creek.  

Table B-3. Average Daily POTW Tertiary Treated Effluent  in the MSAR Watershed 

Treatment Facility Receiving Waterbody 
Dry Season 

(cfs) 

Riverside Water Quality Control Plant Santa Ana River Reach 3 49 

Colton/San Bernardino RIX Santa Ana River Reach 4 59 

Rialto WWTP Santa Ana River Reach 4 10 

IEUA RP1 WRRF Outfall 1  Cucamonga Creek 27 

IEUA RP1 WRRF Outfall 2  Prado Park Lake 8 

IEUA Carbon Canyon WRRF (CCWRF) Chino Creek 9 

Yucaipa Valley Water District Santa Ana River Reach 4 6 

Lee Lake WWTP Temescal Creek 0.9 

Corona WWTP No.1 and No.3 Temescal Creek 3.4 
Western Municipal Water District (WMWD) West 
Riverside WWTP Santa Ana River Reach 3 7 

Totals 180 

 

Santa Ana River at MWD Crossing 
Continuous DWF occurs in the Santa Ana River at the MWD Crossing. The primary 
source of this DWF is a combination of treated effluent from the Rialto WWTP and 
San Bernardino/Colton RIX facility. Combined, these sources of effluent discharge 
approximately 70 cfs to Reach 4 of the Santa Ana River, upstream of Riverside 
Avenue (B-3). There is typically no DWF in the Santa Ana River upstream of these 
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plants. Additional sources of DWF, listed below, occur between these effluent 
discharges and the MWD Crossing compliance location.  

In addition to the POTWs, DWF has been observed in outfalls from MS4 facilities 
along both sides of the Santa Ana River (USEP 2007-2008): 

 The Highgrove Channel and Agua Mansa Channel outfall to the Santa Ana River 
upstream of University Wash. In a 2002 field survey, the Highgrove Channel was 
dry and the Agua Mansa Channel contained a small amount of DWF that could not 
be measured (Clark and Clem 2002). Assessments of DWF in the upcoming years 
would be needed to ensure these conditions still exist and are typical of dry 
weather conditions in the MSAR. 

 The University Wash Storm Drain captures runoff from MS4 drainage areas in 
downtown Riverside. DWFs are retained either in Lake Evans in Fairmont Park or 
in the large open space downstream of the lake. These areas prevent DWFs from 
reaching the outfall to the Santa Ana River, as shown in Figure B-5 (personal 
communication with Steve Clark, May 10, 2010).  

 Box Springs Channel drains an urbanized subwatershed in the City of Riverside. 
DWF measured in this channel is approximately 3 cfs (average of USEP field 
measurements in 2007-2008) and may consist of either or both, nuisance flow from 
urban drainages in the City of Riverside and de minimus water from Riverside 
Public Utilities (RPU).  

 Sunnyslope Channel drains a low-density residential subwatershed in an 
unincorporated area of Riverside County. The headwaters of this channel are 
natural canyons within the Jurupa Hills. Measurements of 2-5 cfs from the ~5,000 
acre subwatershed suggest that DWF is influenced by rising groundwater. This 
conclusion is supported by the observation of flow from weep holes along the 
concrete channel wall. This DWF rate is comparable to a measurement of 3.1 cfs in a 
field survey by RCFC&WCD in 2002 (Clark and Clem 2002). 

Santa Ana River at Pedley Avenue 
The TMDL compliance monitoring site at Pedley Avenue (WW-S4) is approximately 5 
miles downstream of the MWD Crossing TMDL compliance monitoring site. Between 
these TMDL compliance monitoring sites, the Riverside Water Quality Control Plant 
(RWQCP) discharges ~50 cfs of treated effluent to the Santa Ana River (Table B-3). 
MS4 outfalls in this reach may be sources of DWF to the Santa Ana River. The most 
notable drainages with consistent DWF include: 

 Anza Drain contributes nuisance runoff from urban drainages in the south side of 
the City of Riverside. Flow measurements conducted in the 2007 dry season for the 
USEP showed median DWFs of 6 cfs; however, measurements taken in the 2011 dry 
season, following a wet hydrologic year, showed a median DWF of 2.6 cfs. The field 
data collected in 2011 involved a better cross section for flow gauging and more 
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readings for more precise measurement. The 2011 DWF measurements are more 
comparable to measurements taken during a single day field survey in 2002 by 
RCFC&WCD, which suggest that DWF flow is less than 1.5 cfs (Clark and Clem 
2002). DWF in Anza Drain is influenced by rising groundwater that is caused by 
current operation of the Arlington desalter. RCFC&WCD is currently working with 
WMWD to develop an approach that would improve groundwater yield and 
eliminate losses to surface water. 

 San Sevaine Channel DWF at the confluence with the Santa Ana River was highly 
variable during USEP sampling. In addition to nuisance flows (~1 cfs), there was a 
de minimus discharge of treated groundwater of approximately 7cfs from a pilot 
test by the Jurupa Community Services District during the 2007 dry season. In 
addition to urban DWF, there are intermittent turnouts from MWD’s transmission 
system to San Sevaine Channel at CB-13 and CB-18 for recharge in the San Sevaine 
and Jurupa Basins, respectively. These flows remain within San Bernardino County 
and do not reach the Santa Ana River. 

 Urban DWF from the Magnolia Center storm drain does not typically reach the 
Santa Ana River (Clark and Clem 2002; personal communication with Steve Clark, 
May 10, 2010).  

 Urban DWF from San Bernardino County jurisdictions in the Day Creek watershed 
are retained within the Riverside Basin. Therefore, all urban DWF reaching the 
Santa Ana River from the Day Creek subwatershed comes from Riverside County 
jurisdictions. USEP monitoring program flow measurements in Day Creek at 
Lucretia Avenue, just upstream of the River Trails Park golf course ranged widely 
from 0.05 cfs to 7 cfs. A field survey in 2002 by RCFC&WCD estimated DWF at this 
location to be ~0.2 cfs (Clark and Clem 2002). Additional flow monitoring is 
warranted at this site to adequately characterize this variability. In addition to 
urban DWF, there are intermittent turnouts from MWD’s transmission system to 
Day Creek at CB-15 for recharge in the Riverside Basin. These flows remain within 
San Bernardino County and do not reach the Santa Ana River. 
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B.3 MS4 Facilities 
This section describes the MS4 facilities within the major subwatershed areas draining 
to each of the watershed-wide compliance locations. Based on available MS4 facility 
data, Figure B-6 illustrates the MS4 facilities including major outfalls to waterbodies 
for permittees in Riverside County. This figure illustrates the significant number of 
major outfalls that drain to each of the watershed-wide compliance monitoring 
locations.  

Figure B-7 provides an Index Map for subsequent detailed figures that depict key 
characteristics associated with the MS4 facilities located within each of the major 
MSAR subwatersheds. These figures include: 

 Temescal Creek subwatershed (Figure B-8) 

 Mill-Cucamonga Creek at Chino Corona Road (Figure B-9) 

 Santa Ana River at MWD Crossing (Figure B-10) 

 Santa Ana River at Pedley Avenue (Figure B-11) 

The following sections provide more detailed descriptions of the primary MS4 
characteristics and subwatershed features in each drainage area. The information on 
the physical characteristics of key waterbodies is provided as background to support 
the discussion regarding UAA opportunities in Attachment C.5
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A  B-24 

Temescal Creek Subwatershed 
Temescal Creek extends from the Lake Elsinore outlet channel to Prado Basin. The 
subwatershed drains approximately 207 sq. mi. Although Lake Elsinore does drain to 
Temescal Creek, discharges would only be expected to occur during extreme 
hydrologic cycles. Downstream of Lake Elsinore, Temescal Creek can be subdivided 
into three segments based on channel characteristics. Table B-4 describes the key 
waterbodies in the Temescal Creek subwatershed and describes the channel 
characteristics (Figure B-8).  

Under normal hydrologic conditions Temescal Creek contains intermittent flows from 
water transfers and POTW tertiary treated effluent during the dry season. Typically, 
only reaches 1 and 2 of Temescal Creek are hydrologically connected to Prado Basin, 
with flow initiating from the small reservoir just south of Magnolia Avenue. 

Table B-4. Channel characteristics of Temescal Creek and key tributaries 

Reach Segments Description 

Temescal Creek 

Lake Elsinore Spillway to point 
upstream of Magnolia Ave. 

~19 mi reach with natural 
characteristics; 14 outfalls identified as 
potential DWF sources 

Magnolia Ave. to downstream of 
Cota Street 

~3 mi reach with trapezoidal and 
vertical concrete-lined banks 

Downstream of Cota Street 2.9 mi reach with natural 
characteristics 

Arlington Channel 

Headwaters to culvert section 
Trapezoidal concrete-lined reach 
(~0.75 mi) transitions to culvert (~0.25 
mi) reach 

Rectangular-lined segment west of 
La Sierra Ave to Temescal Creek 
confluence 

~4.7 mi rectangular lined reach 

La Sierra Channel Headwaters to Arlington Channel 
confluence 

Begins as culvert transitions to 
rectangular concrete-lined for 0.5 mi 
then to trapezoidal section; reverts to 
culvert then rectangular concrete-lined 
1.5 mi 

Main Street Channel Headwaters to Temescal Creek 
confluence 

~3.5 mi concrete-lined rectangular 
channel 

Oak Street Channel Headwaters to Temescal Creek 
confluence 

~ 4 mi concrete-lined rectangular 
channel 

Norco Channel Headwaters to Temescal creek 
confluence 

~ 3 mi rectangular concrete-lined and 
natural channel 
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Mill-Cucamonga Creek at Chino-Corona Road Subwatershed 
The area encompassed by the Mill-Cucamonga Creek watershed-wide compliance site 
is 70 mi2. Only a small portion of the lower part of the subwatershed receives runoff 
from Riverside County – the lower portion of Cucamonga Creek. In addition to the 
mainstem Cucamonga Creek, key tributaries include (Table B-5, Figure B-9): 

 Demens Creek in San Bernardino County - This channel drains a 5.7 mi2 
subwatershed. It may be divided into two segments – one above and the other 
below the detention basins that capture flows from undeveloped canyon areas in 
the headwaters.  

 Upper Deer Creek in San Bernardino County - This channel drains an 18 mi2 
subwatershed. It may be divided into two segments – one above and the other 
below the detention basins that capture flows from undeveloped canyon areas in 
the headwaters. 

  Lower Deer Creek in San Bernardino County –– This waterbody drains a small 
subwatershed (~10 mi2) entirely within the City of Ontario MS4 system. The 
SBCFCD owns and operates Chris Basin at the downstream end of Lower Deer 
Creek just upstream of the confluence of Lower Deer Creek with Cucamonga 
Creek. As a result of poor infiltration rates in the Chris Basin (due to soil 
characteristics), DWFs drain through the basin to Cucamonga Creek.  

 County Line Channel in Riverside and San Bernardino Counties – This waterbody 
consists of a concrete-lined channel in the lower part of the subwatershed drains a 
small subwatershed (~6 mi2). This channel drains subwatershed with mixed land 
use both north and south of the county line. 

 West Cucamonga Channel in San Bernardino County – This channel is ~8.2 miles of a 
combination of concrete-lined rectangular and trapezoidal reaches; upper reach of 
this segment drains to 8th Street Basins. 

 In addition to the tributaries described above, the Cucamonga Storm Drain in San 
Bernardino County also discharges to Cucamonga Creek. Other potentially 
important storm drain facilities that discharge to tributaries to Cucamonga Creek 
include the Alta Loma Storm Drain and the East State Storm Drain.
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Santa Ana River at MWD Crossing Subwatershed 
The area upstream of this monitoring location encompasses the upper portion of the 
MSAR watershed (Figure B-10). In addition to drainage within the MSAR watershed, 
this portion of the MSAR receives flows from Santa Ana River Reach 4, but typically 
only during wet weather. Within the MSAR watershed, water flowing to this location 
drains 101 mi2, much of it in Riverside County. Within San Bernardino County, the 
only key tributary or source of water to Santa Ana River Reach 3 upstream of the 
MWD Crossing is the Rialto Channel (Figure B-10). In Riverside County, key 

Table B-5. Characteristics of channels draining to the Mill-Cucamonga Creek 
watershed-wide compliance monitoring location 

Reach Segments Description 

Cucamonga Creek  

Headwaters to Cucamonga 
Canyon Dam (not included on 
Figure B-9) 

Discharge from undeveloped canyon 
headwater area captured by Cucamonga 
Canyon Dam 

Below Cucamonga Canyon 
Dam to Hellman Avenue 

14 mi concrete-lined reach; includes 
discharge from RP1 WRRF 

Hellman Ave. to Chino-
Corona Rd 0.25 mi concrete-lined trapezoidal reach 

Chino-Corona Rd to Prado 
Basin 3.4 mi earthen bottom trapezoidal reach 

Demens Creek 

Headwaters to Detention 
Basin 

Discharge from undeveloped canyon 
headwater area captured by detention 
basin 

Below Detention Basin to 
Cucamonga Cr. confluence 2.2 mi concrete-lined reach 

Upper Deer Creek 

Headwaters to Detention 
Basin 

Discharge from undeveloped canyon 
headwater area captured by detention 
basin 

Below Detention Basin to 
Cucamonga Cr. confluence 3.6 mi concrete-lined reach 

Lower Deer Creek (Chris 
Basin) 

Headwaters to Chris Basin at 
Cucamonga Cr. confluence 2.1 mi concrete-lined reach 

County Line Channel Headwaters to Cucamonga 
Cr. confluence 2.6 mi concrete-lined reach 

West Cucamonga Creek Headwaters to Cucamonga 
Cr. confluence 

8.2 mi combination of culvert and 
concrete-lined rectangular and 
trapezoidal reaches; upper reach of 
segment drains to 8th Street Basins 

Cucamonga Storm Drain Headwaters to Cucamonga 
Creek confluence 

1.6 mi reach of concrete lined 
rectangular and culvert  
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tributaries or sources of flow to Santa Ana River Reach 3 upstream of MWD Crossing 
include (Table B-6, Figure B-10): 

 High Grove Storm Drain in Riverside and San Bernardino Counties – This drain has a 
trapezoidal concrete-lined segment at the headwaters that transitions to a natural 
segment. Approximately, 1.25 miles upstream of its confluence with the Santa Ana 
River, the channel is a trapezoidal lined segment. 

 University Wash in Riverside County – This channel is a combination of culvert and 
trapezoidal concrete-lined segments (4.2 mi). 

 Box Springs in Riverside County – Draining ~ 31 mi2 area, this channel may be 
divided into two segments – an upstream engineered segment and a short natural 
segment at its confluence with the MSAR.  

 Sunnyslope Channel in Riverside County - This channel drains an approximately 6 
mi2 area in unincorporated areas of Riverside County. It may be divided into two 
segments – an upstream engineered segment and a short natural segment at its 
confluence with the MSAR.  

 MS4 Outfalls Along Santa Ana River – Several MS4 outfalls are located along the 
Santa Ana River in this area. 

 

Table B-6. Characteristics of channels in Riverside County draining to the Santa Ana 
River MWD Crossing watershed-wide TMDL compliance monitoring site 

Reach Segments Description 

High Grove Storm Drain Headwaters to Santa Ana 
River confluence 

2.8 mi concrete-lined trapezoidal reach 
except for 1 mi natural segment  

University Wash 
Headwaters to east of Santa 
Ana River; open channels are 
1 mi east of Santa Ana River 

Combination of 4.2 mi concrete-lined 
trapezoidal reach and 2 mi of culvert 
reaches 

Box Springs Headwaters to confluence 
with Santa Ana River 

0.2 mi vertical, concrete-lined channel for 
entire length except last 0.5 mi prior to 
confluence with MSAR 

Sunnyslope Channel 

Headwaters to point where 
segment transitions from 
concrete-lined to natural 
channel (Rancho Jurupa 
Park) 

3.0 mi reach with trapezoidal concrete-
lined banks 

Upstream end of natural 
section (Rancho Jurupa Park) 
to Santa Ana River 
confluence 

0.4 mi reach with natural banks and 
bottom; in 2007, section not hydrologically 
connected to MSAR during dry weather 
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Santa Ana River at Pedley Avenue Subwatershed 
This subwatershed (126 mi2, not including the portion of the Santa Ana River Reach 3 
watershed upstream of the MSAR Reach 3 MWD Crossing watershed-wide TMDL 
compliance monitoring site) generally encompasses the portion of the MSAR 
watershed upstream of Prado Basin Dam and below the MSAR Reach 3 MWD 
Crossing TMDL compliance monitoring site. This drainage area receives flow from 
the portion of the MSAR above the MWD Crossing TMDL compliance monitoring 
site. In addition, flow is received from three key tributaries. The upper reaches of two 
of these tributaries are located in San Bernardino County (Table B-7, Figure B-11):  

 Anza Drain in Riverside County - This subwatershed encompasses a ~ 21 mi2 area. 
The Anza Drain may be divided into two segments – an upstream engineered 
segment and a short natural segment just above its confluence with the MSAR. 
The natural segment at the confluence receives effluent from the RWQCP prior to 
discharging to the MSAR. Surveys conducted by the RWQCP facility (reported by 
the Stormwater Quality Standards Task Force) have noted that recreational 
activity is relatively common in the area (as compared to other areas in the MSAR 
watershed).  

 San Sevaine Channel - This channel drains approximately 51 mi2 and may be 
divided into two segments – a headwaters area that discharges to the San Sevaine 
Basins upstream of the MS4 (in San Bernardino County) and a lengthy engineered 
segment, the lower part of which is in Riverside County. Two important 
tributaries to San Sevaine Channel include the Highland Channel and Declez 
Channel. The Highland Channel enters San Sevaine in the upper part of its 
watershed in San Bernardino County. Declez Channel enters San Sevaine Channel 
in the lower part of the watershed in Riverside County, but the upper part of this 
channel is in San Bernardino County. Declez Channel is ~4.7 miles in length with 
a rectangular lined segment from the headwaters that transitions to a trapezoidal 
segment (except for a short culvert section) upstream of its confluence with San 
Sevaine Channel. 

 Day Creek/Etiwanda Channel – The Day Creek drainage area encompasses an 
approximately 51 mi2 area. It has one major tributary - Etiwanda Channel. The 
mainstem of Day Creek may be divided into four segments with varying 
characteristics and the Etiwanda tributary may be divided into two segments, a 
portion that is upstream of the MS4 (and in San Bernardino County) and an 
engineered downstream segment. 
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Table B-7. Characteristics of channels draining to the Pedley Avenue MSAR watershed-
wide TMDL compliance monitoring site (Note: the upper portions of San Sevaine 
Channel and Day Creek are located in San Bernardino County) 

Reach Segments Description 

Anza Drain 
Headwaters to Arlington Avenue Vertical-walled, concrete-lined channel 

Arlington Avenue to confluence with 
MSAR Channel with natural characteristics 

San Sevaine 
Channel & 
Tributaries 

Headwaters to San Sevaine Basins Discharge from headwater area captured by 
San Sevaine Basins 

San Sevaine Basins to confluence with 
MSAR 

11 mi concrete-lined reach from San 
Sevaine Basins to confluence with MSAR 

Highland Channel - Headwaters to 
confluence with San Sevaine Channel 2.5 mi concrete-lined trapezoidal reach 

Declez Channel - Headwaters to 
confluence with San Sevaine Channel  

~2.5 mi concrete-lined rectangular segment 
and 2.2 mi concrete lined trapezoidal reach; 
lower portion including confluence with San 
Sevaine Channel is in Riverside County. 

Day Creek & 
Tributaries 

Headwaters to Day Creek Basins Discharge from undeveloped areas captured 
by Day Creek Basins 

Day Creek Basins to south of 63rd St 11 mi concrete-lined reach  - lower end of 
this reach is in Riverside County 

Limonite Avenue to Lucretia Avenue 0.6 mi earthen bottom trapezoidal channel – 
within Riverside County 

Lucretia Avenue to confluence with 
MSAR 

Natural characteristics – within Riverside 
County 

Etiwanda Channel - Headwaters to 
concrete-lined segment 

Discharge from undeveloped areas captured 
in detention basins 

Etiwanda Channel - Beginning of 
concrete-lined segment to confluence 
with Day Creek  

8.5 mi concrete-lined for entire length except 
for short segment between Foothill 
Boulevard and the Etiwanda Conservation 
Basins on either side of I-10 Fwy 
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B.4 Baseline Water Quality 
Water quality monitoring in the MSAR watershed to support TMDL implementation 
has been ongoing since 2007 at all five watershed-wide compliance monitoring 
locations. To date, this effort has included (see also Attachment A): 

 Collection of 20 bacterial indicator samples during each dry season (April 1 – 
October 31), under dry weather conditions in 2007, 2008, 2009 and 2010. 

 Collection of 11 bacterial indicator samples during each wet season (November 1 – 
March 31), under dry weather conditions in 2007-08, 2008-09, 2009-10, and 2010-
11.  

 Collection of 4 bacterial indicator samples during and after a wet weather event in 
each of the wet seasons of 2007-08, 2008-09, 2009-10, and 2010-11. 

 Collection of approximately 20 bacterial indicator samples during dry weather 
conditions in both dry and wet seasons from 13 USEP monitoring program 
locations in 2007-2008. 

In addition to TMDL-related monitoring, sampling has been conducted by the 
RCFC&WCD to fulfill Riverside County MS4 permit monitoring requirements. The 
following sections summarize baseline water quality for bacterial indicators in the 
MSAR watershed. Detailed information is available in data reports prepared to 
support TMDL implementation: SAWPA (2009a) summarizes the findings from the 
2007 dry season and 2007-08 wet season monitoring; SAWPA (2009b) and SAWPA 
(2009c) summarize the findings from the 2008 dry and 2008-2009 wet seasons, 
respectively; SAWPA (2009d) and SAWPA (2010c) summarize the results from the 
2009 dry and 2009-2010 wet seasons; and SAWPA (2010f) summarizes the results from 
the 2010 dry season; and SAWPA (2011) summarizes results from the 2010-2011 wet 
season, respectively.  

Watershed-wide Compliance Monitoring 
Table B-8 and Figure B-12 present the geometric mean, median, and coefficient of 
variation of the E. coli concentrations from samples collected during dry weather in 
the dry and wet weather seasons at each of the compliance monitoring locations3,4. 
Although Prado Park Lake is not located within Riverside County, information on 
this waterbody is provided for informational purposes. 

Generally, E. coli concentrations within the Santa Ana River are lower than in Chino 
Creek and Mill-Cucamonga Creek. E. coli concentrations in Prado Park Lake are also 
                                                           
3  Similar data are available for fecal coliform, but are not presented in this document (they may be 

viewed in the SAWPA references provided above). It is expected that the Regional Board will adopt a 
Basin Plan amendment in 2011 replacing fecal coliform water quality objectives with E. coli 
objectives. Accordingly, all bacterial indicator summaries and analyses in this CBRP are based on E. 
coli. 

4  The wet season data collected under dry conditions is provided in this CBRP for informational 
purposes only. This CBRP only applies to dry weather conditions from April 1 – October 31. 
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comparatively low. These summary statistics are presented to provide an overall view 
of water quality; actual measures of attainment of proposed E. coli water quality 
objectives are based on geometric mean calculations from samples collected over a 
period of no more than 30 days. Exceedances of E. coli water quality objectives 
expected to be adopted in the ongoing Basin Plan amendment process (see Section 
1.2.2) occur regularly at all sites. In addition, exceedances of the TMDL urban 
wasteload allocations regularly occur.  

Figures B-13 through B-17 illustrate the pattern in single sample and geometric mean 
results for E. coli over the 2007-2010 period for all five compliance monitoring sites. In 
general, the observed overall dry weather season geometric mean E. coli 
concentrations at each watershed-wide TMDL compliance monitoring site declined 
over the period from 2007-2009, but then increased in 2010 (dry season). Bacterial 
indicator concentrations remain well above the urban wasteload allocations at the 
Mill-Cucamonga Creek and Chino Creek compliance monitoring sites.  
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Table B-8. Summary statistics for E. coli levels (cfu/100 mL) and data variability by sample location during dry weather conditions in 
the dry and wet seasons (2007-2010) 

Site 

Dry Season Wet Season 

N 
Geometric 

Mean 
Median 

Coefficient 
of Variation1 N 

Geometric 
Mean 

Median 
Coefficient 

of Variation1 

Prado Park Lake (WW-C3) 57 80 80 0.25 48 178 145 0.20 

Chino Creek at Central Ave 
(WW-C7) 55 394 370 0.13 46 256 215 0.19 

Mill-Cucamonga Creek at 
Chino-Corona Rd (WW-M5) 56 877 770 0.11 44 284 260 0.21 

Santa Ana River at MWD 
Crossing (WW-S1) 58 149 140 0.12 41 132 130 0.21 

Santa Ana River at Pedley 
Ave (WW-S4) 55 149 140 0.14 43 116 120 0.20 
1 - Coefficient of variation was calculated using natural log-transformed data 
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Figure B-12. Box-Whisker Plots of E. coli levels in samples collected under dry weather conditions during the dry 
season (red) and wet season (blue) at MSAR watershed-wide TMDL compliance monitoring sites 

Prado Park
Lake (WW-C3)

Chino Creek
(WW-C7)

Mill-Cucamonga
Creek (WW-M5)

SAR at MWD
Crossing
(WW-S1)

SAR at Pedley
Avenue
(WW-S4)

1

10

100

1,000

10,000

100,000

E.
 c

ol
i c

on
ce

nt
ra

tio
n 

(c
fu

/1
00

m
l)

 



Attachment B 
Watershed Characterization 

A  B-34 

 

 

Figure B-13. Time series plot of E. coli single sample results and geometric means for samples collected from Prado Park Lake 
(WW-C3, 2007-2011). Geometric mean was calculated only if five samples were collected during the previous five weeks. 
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Figure B-14. Time series plot of E. coli single sample results and geometric means for samples collected from Chino Creek (WW-
C7, 2007-2011). Geometric mean was calculated only if five samples were collected during the previous five weeks. 
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Figure B-15. Time series plot of E. coli single sample results and geometric means for samples collected from Mill-Cucamonga 
Creek (WW-M5, 2007-2011). Geometric mean was calculated only if five samples were collected during the previous five weeks. 
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Figure B-16. Time series plot of E. coli single sample and geometric mean results for samples collected from Santa Ana River @ Pedley 
Avenue (WW-S4, 2007-2011). Geometric mean was calculated only if five samples were collected during the previous five weeks. 
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Figure B-17. Time series plot of E. coli single sample and geometric mean results for samples collected from Santa Ana River @ MWD 
Crossing (WW-S1, 2007-2011). Geometric mean was calculated only if five samples were collected during the previous five weeks. 
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Table B-9 summarizes the frequency of compliance with single sample and geometric 
mean Basin Plan REC-1 water quality objectives proposed for E. coli (235 cfu/mL for 
single sample and 126 cfu/mL for geometric mean) during dry weather conditions in 
the dry season 2007-2010. At some locations there has been an improvement in 
compliance frequency since data collection began in 2007, e.g., as observed at the 
Santa Ana River watershed-wide compliance monitoring locations. 

Table B-9. Compliance frequency for E. coli under dry weather conditions during the 
2007 -2010 dry seasons (as compared to proposed Basin Plan objectives for E. coli) 

Site 

Single Sample Criterion Exceedance 
Frequency (%) 

Geometric Mean Criterion Exceedance 
Frequency (%) 

2007 2008 2009 2010 2007 2008 2009 2010 

Prado Park 
Lake 20% 30% 5% 5% 64% 50% 0% 6% 

Chino Creek 100% 85% 35% 55% 100% 100% 88% 100% 

Mill-Cucamonga 
Creek 100% 95% 100% 95% 100% 100% 100% 100% 

SAR @ MWD 
Crossing 40% 15% 5% 30% 91% 58% 44% 63% 

SAR @ Pedley 
Ave. 27% 25% 5% 5% 82% 75% 44% 19% 

Urban Source Evaluation Plan Monitoring 
The USEP monitoring program (2007-2008) analyzed bacterial indicator levels and 
sources (using microbial source tracking [MST] tools) to characterize key urban MS4 
facilities in Riverside and San Bernardino Counties. The MSAR Task Force used the 
2007-2008 USEP data results to prioritize steps for mitigating controllable urban 
sources of bacterial indicators within the MSAR watershed. High priority sites 
included those where: 

 Magnitude and frequency of bacterial indicator exceedances was high; 

 Microbial source tracking analysis indicated presence of human sources of 
bacterial indicators relatively frequently;  

 Site is in an area, or is close to an area, where water contact recreational activities 
are likely to occur; and 

 Observed bacterial indicator exceedances and presence of human bacterial 
indicator sources occur during periods when people are most likely to be present, 
e.g., during warm months and dry weather periods. 

In contrast, the lowest priority sites for urban dischargers would be those where the 
bacterial indicator exceedance frequency and magnitude is low, human or other 
urban sources, e.g., dogs, are not present, and the site is not used for water contact 
recreation, e.g., the site is a concrete-lined, vertical-walled flood control channel. 
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A complete summary of USEP monitoring results may be found in SAWPA (2009a). 
Compliance with Basin Plan objectives was evaluated using geometric mean and 
single sample results (Table B-10). Geometric means of bacterial indicator levels were 
calculated only when at least five sample results were available from the previous five 
week period. Bacterial indicator levels frequently exceeded water quality objectives at 
most of the sampling locations. Despite this commonality, the range of bacterial 
indicator levels varied significantly among sites (Figure B-18).  

MST analyses detected bacterial indicators originating from human sources at some 
sites. The detection frequency of bacterial indicators originating from human sources 
indicated that some tributaries to impaired waterbodies could pose a greater risk of 
contributing harmful pathogens to downstream waters than others (Table B-11). Sites 
were ranked based on three factors: 

 Frequency of exceedances of water quality objectives (RF) 

 Magnitude of bacterial indicator concentration (RC) 

 Number of detections of human source bacteria (RD) 

From these ranks, a single normalized index referred to as a Bacterial Prioritization 
Score (BPS) was calculated using the following equation:  

 

 

Table B-12 shows the relative ranks and computed BPS for each of the subwatersheds 
represented by USEP monitoring locations. These BPS values are being used as the 
basis for prioritizing TMDL implementation activities within each of the areas 
draining to watershed-wide compliance monitoring locations. This analysis shows 
that highest priority drainage areas within larger subwatersheds are Box Springs and 
Lower Deer Creek (Chris Basin). In contrast, drainage areas that appear to be of low 
priority include Sunnyslope Channel and Carbon Canyon Creek.   

The source of human bacteria in the Box Springs channel was determined to come 
from an illicit connection from a Riverside Community College restroom. This illicit 
connection was corrected in May 2008, as described in Attachment B.4.4 below.  
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Table B-10. Compliance frequency based on proposed E. coli water quality objectives at USEP monitoring program sites 
during dry weather 

USEP Site 

Single Sample Criterion 
Exceedance Frequency (%) 

Geometric Mean (cfu/100 mL) Geomean 
Criterion 

Exceedance 
Frequency 

(%) 
Dry Season Wet Season 

Dry Season 
2007 

(7/14 – 8/11) 

Dry Season 
2007 

(9/1 – 9/29) 

Wet Season 
2008 

(1/19 – 2/16) 

Wet Season 
2008 

(1/26 – 2/23) 

Anza Drain 80% 25% 380 638 177 341 100% 
Box Springs Channel 89% 75% 1,149 4,793 655 939 100% 
Carbon Canyon Cr.1 20% 25% 44 84 200 177 50% 
Chris Basin1 80% 100% 1,758 429 1,530 1,447 100% 
County Line Channel2 80% 50% 1,194 n/a n/a n/a 100% 
Cucamonga Creek1 50% 38% 74 262 176 356 50% 
Cypress Channel1 100% 100% 4,745 1,981 n/a n/a 100% 
Day Creek2 71% 60% n/a n/a n/a n/a n/a 
San Antonio Channel1 78% 56% n/a 718 2,085 1,394 100% 
SAR @ La Cadena2 100% 50% n/a n/a n/a n/a n/a 
Sunnyslope Channel 20% 33% 165 204 72 207 75% 
San Sevaine Channel2 75% 83% n/a n/a n/a n/a n/a 
Temescal Cr. 89% 43% 491 3,127 162 143 100% 
1 – Site in San Bernardino County 
2 – Site receives DWF from both counties 
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Figure B-18. E. coli levels at USEP monitoring program sites during dry weather 
conditions  
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Table B-11. Summary of human source bacteria detections at USEP monitoring 
program sites 

USEP Site N 

Number of 
Detections of 

Human Sources 
(Maximum N = 20) 

Frequency of 
Detection 

Anza Drain 20 1 5% 

Box Springs Channel 20 18 90% 

Carbon Canyon Creek1 20 0 0% 

Lower Deer Creek (Chris Basin) 1 20 5 25% 

County Line Channel2 7 0 0% 

Cucamonga Creek1 20 1 5% 

Cypress Channel1 14 1 7% 

Day Creek2 15 1 7% 

San Antonio Channel1 19 3 16% 

San Sevaine Channel2 7 3 43% 

Santa Ana River at La Cadena2 20 3 15% 

Sunnyslope Channel 16 2 13% 

Temescal Creek 20 1 5% 
1 – Site in San Bernardino County 
2 – Site receives DWF from both counties 

Table B-12. Bacteria Prioritization Score for USEP monitoring program sites 

Site 

Relative Rank of Bacterial Indicator Water Quality 

Normalized 
BPS 

Frequency of 
Single Sample 
Exceedance 

(RF) 

Magnitude of 
Exceedance 

(RC) 

Proportion of 
Human Detect 

(RD)) 

Box Springs Channel 11 13 13 100 
Chris Basin Outflow1 12 11 11 78 
Cypress Channel1 13 12 7 59 
San Antonio Channel1 6 9 10 29 
Santa Ana River @ La Cadena2 5 8 12 26 
San Sevaine Channel2 10 4 8 17 
Day Creek2 8 6 6 15 
County Line Channel2 9 10 1 5 
Cucamonga Creek1 3 7 3 3 
Anza Drain 4 5 3 3 
Temescal Creek 7 2 3 2 
Sunnyslope Channel 1 3 9 1 
Carbon Canyon Creek1 1 1 1 0 
1 – Site in San Bernardino County 
2 – Site receives DWF from both counties 
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MS4 Monitoring Activities 
Monitoring activities conducted by the Riverside County stormwater program in the 
MSAR watershed predominantly focus on sampling wet weather conditions. 
However, DWF samples have been collected from three locations in Riverside 
County: 

 Magnolia Center storm drain in the City of Riverside; 

 North Norco Channel at 2nd Street in the City of Norco; and  

 Line K storm drain in the City of Corona. 

Table B-13 shows E. coli concentrations from dry weather sampling events for the 
period of 2005 through 2010. Generally, dry weather E. coli concentrations are higher 
than in receiving waterbodies. However, it is important to note that DWFs from the 
Magnolia Center storm drain (where sample collection was most frequent) are 
typically recharged within the floodplain of the Santa Ana River and, therefore, not 
hydrologically connected to the Santa Ana River. Data from the other Riverside 
County monitoring sites shows that DWFs do not occur very often at these sites 
(blanks mean no sample was collected because the site was dry.   

Table B-13. Results of MS4 program monitoring for E. coli during dry weather in Riverside 
County from 2005 to 2009 (MPN/100 mL) 

Date 
Magnolia Center 

Storm Drain 
N. Norco Channel 

at 2nd Street 
Corona NPDES Site 

(Line K near Harrison) 
University Wash 

Channel 

3/30/2005 130 40 -- -- 

6/13/2005 1100 -- -- -- 

2/9/2006 500 -- -- -- 

5/30/2006 600 -- -- -- 

8/23/2006 2400 -- 5000 -- 

12/7/2006 7 -- -- -- 

5/15/2007 500 -- 3000 -- 

9/26/2007 130 -- -- -- 

3/20/2008 700 -- -- -- 

6/24/2008 200 -- 8000 -- 

11/19/2008 200 -- -- -- 

4/1/2009 200 -- 200 -- 

6/16/2009 5000 -- -- -- 

9/29/2009 800 -- -- -- 

3/29/2010 200 -- -- 400 

6/28/2010 200 -- -- 200 
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Special Water Quality Studies 
Data collected by the USEP monitoring program showed that DWFs in Box Springs 
Channel contained a persistent source of human Bacteroides, a molecular marker used 
to determine if human source bacteria are present in samples. RCFC&WCD initiated 
an IC/ID investigation in January 2008 to attempt to track down this persistent 
source. Coincidentally, during the same time, the City of Riverside was also 
reviewing plans to replace a sewer line running near Box Springs Channel. While 
performing dye tests on lateral sewer lines, the City discovered that a single restroom 
toilet located in the Sam Evans Sports Complex on the Riverside Community College 
Riverside Campus was inadvertently connected to a storm drain pipe rather than a 
sewer line. It is likely that the error occurred when the restroom was originally 
constructed. To correct the problem, the cross-connected toilet was removed in May 
of 2008 and the sewer lateral was later capped to prevent any accidental recurrence. 

Subsequent sampling in February 2009 indicted that bacterial concentrations were 
lower than recorded the previous summer. In addition, two separate samples 
analyzed by the Orange County Water District were both negative for the presence of 
Bacteroides. In September of 2009, another sample collected from Box Springs Channel 
did indicate the probable presence of low levels of human bacteria.  

Between April 19 and May 19, 2011, RCFC&WCD conducted sampling activities at 
Box Springs Channel for dry weather flow and bacterial water quality. Samples were 
analyzed for Bacteroides to determine the presence of human source bacteria. Results 
for each sample date are listed below: 

 April 19, 2011:  Negative for human source bacteria 

 April 27, 2011:  Negative for human source bacteria 

 May 3, 2011: Negative for human source bacteria 

 May 11, 2011: Negative for human source bacteria 

 May 19, 2011: Negative for human source bacteria 

Analyses for human sources bacteria were negative for all weekly samples and 
support the presumption that the cross connection at the single restroom toilet was 
the source of the human bacteria in 2007-08 USEP monitoring. 
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C.1 Introduction 
This section describes the CBRP program planned for implementation by the 
Riverside County Permittees to achieve compliance with urban wasteload allocations 
under dry weather conditions. The CBRP program relies on a combination of 
ordinance adoption or revision, implementation of specific BMPs, a comprehensive 
inspection program (i.e., source evaluation program), development of UAAs, and 
where determined necessary, regional treatment (with options ranging from 
ultraviolet disinfection, natural treatment systems to diversions to POTWs). The 
recommended approach focuses both on the elimination of DWFs from MS4 facilities 
and reductions of urban bacterial indicator sources.  

As discussed in CBRP Section 1.5.1, Section VI.D.1.c.i of the Riverside County MS4 
permit lists the requirements for preparation of the CBRP. These requirements call for 
the inclusion of four key program elements. These elements and their corresponding 
reference in the CBRP are as follows: 

 Ordinances – Element 1 

 Specific BMPs - Element 2 

 Inspection Criteria – Element 3 

 Regional Treatment – Element 4 

The following sections describe the CBRP program activities planned for 
implementation under each of these elements. 



Attachment C 
Comprehensive Bacterial Indicator Reduction Program 

A   C-2 

C.2 Element 1 - Ordinances  
The CBRP requires the identification of specific ordinances that will be adopted 
during implementation that reduce the levels of indicator bacteria in urban sources. 
Two options for ordinance adoption are described in the sections below: Water 
Conservation and Pathogen Control.  

Water Conservation Ordinance 
A number of water conservation ordinances have been established by Riverside 
County jurisdictions to address outdoor water use efficiency (see Table 5-1). The 
Cities of Corona, Norco, and Riverside and WMWD are required to comply with the 
Urban Water Management Plan Act (UWMP) and prepare an UWMP every five years.  
As part of the UWMP requirements, these agencies are required to address water 
waste prohibitions during normal water conditions and during various stages of 
water shortages (catastrophic interruptions and during droughts).  To varying 
degrees, the jurisdictions have adopted water conservation ordinances incorporating 
these requirements.  

Under normal water conditions, water conservation ordinances prohibit specific 
outdoor water use activities that have the potential to create DWF in the MS4.Normal 
water conditions are when there are no expected shortages in water supplies. 
Specifically, prohibited activities during normal water conditions may include 
allowing runoff to leave a property from over-irrigation, washing of impervious 
surfaces, and failure to repair leaks. Actual prohibitions vary by the adopted 
ordinances of the water purveyors as illustrated in Table C-1. During water shortages 
the ordinances for the City of Corona and WMWD correspondingly further limit 
water use, including outdoor water use and subsequently the potential to create 
further DWFs, in relation to the degree of the shortage such as limiting outdoor water 
use to specific days, hours, and durations.  

Water Efficient Landscape Ordinance 
The Water Conservation in Landscaping Act of 2006, Assembly Bill 1881 (AB 1881),  
requires adoption of the Model Water Efficient Landscape Ordinance designed to 
improve public and private landscaping and irrigation practices for new development 
projects or rehabilitation of significant landscape areas. The ordinance reduces 
outdoor water waste through improvements in irrigation efficiency and selection of 
plants requiring less water. The ordinance requires development of water budgets for 
landscaping, use of recycled water if available, routine irrigation audits and 
scheduling of irrigation based on localized climate. For existing landscapes greater 
than one-acre in size, the water purveyors are required to implement programs, such 
as irrigation water use analyses, irrigation surveys, and irrigation audits to reduce 
landscape water use to a level not exceeding the Maximum Applied Water Allowance 
(MAWA) as specified in the ordinance. Landscape audits are required to be 
conducted by a certified landscape auditor. Local purveyors are also required to 
prevent outdoor water waste resulting from inefficient landscape irrigation and 
establish penalties for violating these prohibitions. Specifically, local purveyors are to 
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prohibit runoff from leaving the targeted landscape areas. Riverside County 
jurisdictions have already adopted landscaping and irrigation ordinances that are at 
least as stringent as the statewide guidelines developed to support implementation of 
AB 1881. 

CBRP Implementation: Generally speaking, the Permittees’ ability to enforce water 
conservation and water efficient landscape ordinances on their own is somewhat 
limited. Local water districts measure water use, set rates, and set water use policies, 
including fines for water waste. Local stormwater ordinances can complement these 
measures, but water district participation and implementation of the conservation 
requirements is critical to a successful water conservation program that also provides 
water quality benefits. Accordingly, CBRP activity in the area of water conservation 
ordinance enforcement will be coordinated with water local water purveyors, as 
follows: 

 City of Corona – City of Corona Department of Water 

 City of Norco – City of Norco Department of Water 

 City of Riverside – Riverside Public Utilities and Western Municipal Water District 

 Cities of Eastvale and Jurupa Valley – Jurupa Community Services District 

Table C-1. Existing Water Conservation Ordinances within the Riverside County Portion 
of the MSAR Watershed  

Jurisdiction 
Ordinance 

Name 
Applicability Key Prohibitions 

City of Corona Water 
Conservation City of Corona 

• Any irrigation water leaving the property 
• Failure to repair a water leak 
• Use of water to wash any impervious 

surfaces 

City of Norco Water 
Conservation City of Norco • Failure to repair a water leak 

City of Riverside Water 
Conservation Most of City of Riverside • Any irrigation water leaving the property 

Jurupa Community 
Services District 

Water 
Conservation Jurupa and Eastvale 

• Any irrigation water leaving the property 
• Failure to repair a water leak 
• Use of water to wash any impervious 

surfaces 
• Scheduling of spray irrigation between 

the hours of 8:00 am and 8:00 pm

Western Municipal 
Water District 

Water 
Conservation 

Part of City of Riverside 
and portions of 
unincorporated Riverside 
County 

• Any irrigation water leaving the property 
• Failure to repair a water leak 
• Use of water to wash any impervious 

surfaces 

County of Riverside Water Efficient 
Landscaping 

Countywide – properties 
with greater than 1 acre 
of landscaping 

• Any irrigation water leaving the property 
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 Southeast part of City of Riverside and unincorporated Riverside County – Western 
Municipal Water District  

For all of the MS4 Permittees, water conservation ordinances have recently been 
updated and there are no plans to modify ordinance language. 

For the City of Norco, DWFs will be addressed through specific BMPs (see Element 2) 
rather than modify existing water conservation authority. For the cities of Corona and 
Riverside, Eastvale and Jurupa Valley, and County of Riverside, adequate authority 
exists, but enforcement levels need to be increased. All of these evaluations will be 
coordinated with water purveyors. 

Bacterial Indicator Control Ordinance 
Bacterial indicator control through ordinance development is a component of the 
Riverside County MS4 permit:   

Riverside County MS4 Permit Section VIII.C – “Within three (3) years of 
adoption of this Order, the Co-Permittees shall promulgate and implement 
ordinances that would control known pathogen or Bacterial Indicator 
sources such as animal wastes, if necessary.” 

With a permit adoption date of January 29, 2010, this MS4 permit requirement must 
be addressed by January 29, 2013. The permit language specifically mentions animal 
wastes but could address other bacterial indicator sources as well.  

The City of Norco already has an established ordinance to address management and 
disposal of manure from animal keeping properties. This ordinance requires residents 
to maintain their animal keeping properties and provides the City of Norco authority 
to impose penalties and fines if properties are not properly maintained. 

Many other municipalities have existing ordinances regarding pet waste but typically 
address this issue under general nuisance provisions and as a prohibited discharge 
(e.g., discharges not composed entirely of stormwater and which contains any 
pollutant, from public or private property). Typical ordinances make unlawful the 
failure to exercise due care or control over an animal such that solid waste is to 
allowed to be deposited on any public sidewalks, parks or other public property, or 
private property other than that of the owner. 

CBRP Implementation: Existing ordinances do not establish specific requirements to 
properly dispose of pet waste with accompanying penalties for failure to comply. As 
part of CBRP implementation, the Permittees will re-visit existing ordinances that 
address any type of animal waste and look at ways to enhance waste management 
requirements, compliance and enforcement. For example, a bacterial indicator control 
ordinance could specifically require owners/keepers of pets to properly dispose of 
pet waste that is deposited on any property, whether public or private. Proper 
disposal would be defined as placement of pet waste in waste receptacles or 
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containers that are regularly emptied or to a sanitary sewage system for proper 
treatment. Penalties or fines could be also included. 

In addition to the above recommendations, it is possible that during implementation 
of the inspection program (see Element 3), additional ordinance needs may be 
identified that could be addressed through a bacterial indicator control ordinance. 
This potential will be evaluated continually during CBRP implementation. 
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C.3 Element 2 - Specific BMPs 
The CBRP requires the identification of specific BMPs that will be implemented to 
reduce bacterial indicator levels in receiving waters. The following sections describe 
in no particular order the specific BMPs that have been incorporated into the CBRP. 
These BMPs range from programmatic activities that set the stage for other CBRP 
elements (e.g., DWF inspections) to specific activities that can reduce DWFs or control 
bacterial indicators at the source. Some of the recommended BMPs are also MS4 
permit requirements, which will be noted as appropriate. In addition, some of these 
BMP activities may be coordinated between Riverside and San Bernardino County to 
streamline the level of effort required to implement the activity. 

Transient Camps 
Transient encampments near receiving waters or within MS4 facilities are often cited 
as a potential source for bacterial indicators and a reason for closure of these 
encampments. As this source of bacterial indicators is directly associated with human 
waste / human pathogens, this is a high priority source for control.  It is not certain to 
what degree water quality is impacted by these encampments, especially under dry 
weather conditions. However, facilities for proper management of human and food 
wastes are typically not present at transient encampments. A difficulty in addressing 
transient encampments as a source of bacterial indicators is that they are transitory, 
existing for periods that may range from days to weeks. In some instances, sites may 
be used intermittently by transients. Two essential questions need to be evaluated 
prior to fully engaging in a process that involves eliminating transient camps that 
have the potential to impact water quality: 

 Where are transient encampments in relation to the MS4?  Transient encampments are 
commonly located under bridges, in channels, or near or adjacent to waterbodies 
within the flood control facility right-of-way or within a natural channel. 
RCFC&WCD owns and operates the vast majority of MS4 that can support 
transient encampments.  Through annual inspections of its MS4, the RCFC&WCD 
identifies encampments within its MS4 that are a threat to public health and safety 
or downstream receiving waters.  These encampments are relocated and cleaned 
through a coordinated program with local municipalities, social service providers 
and law enforcement.   

Encampments outside of MS4 rights-of-way may also provide a threat to water 
quality in some cases. To assist in source evaluations for specific MS4 facilities, the 
Riverside County Permittees can conduct reconnaissance to identify locations for 
transient encampments that may have the highest potential to impact water quality 
as part of their source assessment program. As transient encampments are mobile, 
it is appropriate to conduct reconnaissance after source assessments indicates a 
potential human contamination to a specific MS4. 

 What is the water quality impact of transient encampments?  Once a transient 
encampment has been identified as part of an MS4 inspection or source assessment 
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follow-up, an investigation can be conducted to examine to what degree transient 
activities, including illicit discharges, are impacting DWFs. It may be possible that 
such encampments are more of a wet weather concern. Such an investigation may 
include field observations of camp activities and water quality sampling upstream 
and downstream of selected camps located adjacent to waterbodies. 

Based on the findings from the above activities, an evaluation of the potential benefits 
of enhancing existing transient encampment management strategies to focus on 
eliminating camps near waterbodies will be made. Specifically, this evaluation will 
look at the social, financial impacts of program enhancement relative to the water 
quality benefits achieved as compared to other bacterial indicator reduction strategies. 
This evaluation is needed prior to implementation since camp closure requires 
participation by multiple agencies, which will tax already limited resources, e.g., law 
enforcement, public works, environmental health, and social services. 

If the decision is made to expand efforts to regularly eliminate transient encampments 
outside of the MS4 to support CBRP implementation an area-wide model program 
will be developed to guide jurisdictional agencies. For example, The Center for 
Problem-Oriented Policing and the U.S. Department of Justice Office of Community 
Oriented Policing Services developed Homeless Encampments (2009 guidance 
document), which presents recommended steps for closing down transient camps. 
These steps are summarized as follows: 

 Visit encampment to identify the number of occupants and any hazardous 
conditions - This initial step is critical as it provides information regarding what 
additional local resources (law enforcement, public works, and social services) 
would be required to close the camp.  

 Determine jurisdiction for multi-agency coordination – The exact location of the 
encampment determines which municipal entities and department should be 
involved.  

 Arrange alternative shelter prior to removal of individuals from encampments to 
prevent legal challenges. 

 Engage transient advocacy groups to explain what process will be followed and 
what alternative shelter arrangements are available; this will ease tensions and 
controversy prior to implementing camp closure activities.  

 Understand jurisdictional laws regarding removal of transient/ property to 
prevent latter claims of violations of such laws. 

 Provide and post written advance notice to camp occupants that they are 
trespassing, provide a deadline to vacate and remove all property, and identify 
location(s) of alternative shelter. 
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 Issue citations after passage of the first deadline and notify occupants that they are 
subject to arrest and property seizure if the camp is not vacated after a second 
deadline.  

 Conduct arrests if occupants have not vacated and removed property by second 
deadline. 

 Clean-up site after camp has been vacated, and remove and cut back 
foliage/natural cover as this action tends to remove incentive for the camps to be 
rebuilt in the same location; it also provides unobstructed views of the area.  

 Inspect the site periodically to ensure camp is not reestablished. 

 Post signage prohibiting establishment of encampments in the area. 

Within the area under the jurisdiction of the Bacterial Indicator TMDL, the City of 
Corona and RCFC&WCD have implemented similar strategies to the one described 
above. The City of Corona previously participated in a transient task force that 
consisted of the Public Works Department, Code Enforcement, and Corona Police 
Department FLEX Team (a unit specifically formed to address community-specific 
needs). The purpose of this joint effort was to seek out transient encampments where 
there was indication of occupants engaged in activities other than loitering in areas of 
the City, including Prado Basin (e.g., activities such as sleeping and eating). Corona’s 
strategy involved two basic scenarios:   

 If an encampment was located and found to be occupied, the subjects were 
advised that they were trespassing and should leave the area removing all 
possessions in the process.  

 If an encampment was observed to be unoccupied, notice was left advising of 
trespass and a timeframe was posted that provided opportunity for residents to 
remove their property. If the property had not been removed by the noticed date, 
local authorities would remove and dispose of the property.  

The City of Corona Code Enforcement staff observed that it was very common to find 
in the vicinity of the encampments a “bathroom area” with evidence of human feces 
left on the ground. Unknown is to what degree these areas impact water quality 
during the dry season.  

CBRP Implementation: The following activities will be implemented as part of this 
BMP:  

 RCFC&WCD conducts comprehensive inspections for transient encampments 
within itsMS4 facilities tributary to 303(d) listed waterbodies through the 
RCFC&WCD’s ongoing MS4 inspections.  Non-MS4 encampments are not an 
initial priority. 
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 Transients in District’s MS4 removed via cooperative program with police, social 
services, environmental health and RCFC&WCD staff. 

 If transient camps outside of MS4 are identified as a significant potential bacterial 
indicator source in DWFs during subsequent MS4 source evaluation studies, the 
Permittees will determine the need to develop a model program for mitigating 
water quality impacts from transient encampments. Illicit Discharge, Detection 
and Elimination Program (IDDE) 

The MS4 permit for Riverside County requires the development of an IDDE program 
(MS4 permit Section IX.D). This effort is to supplement ongoing MS4 permit 
implementation activities to eliminate illegal connections and illicit discharges to the 
MS4. The purpose of this program is to reduce or eliminate DWFs from entering the 
MS4 system by identifying and eliminating such flows through aggressive inspection 
and enforcement activities. Elimination or reduction of DWFs to the MS4 is one of the 
key CBRP strategies for reducing bacterial indicators in the MS4.  

RCFC&WCD recently revised its illicit connection/illicit discharge (IC/ID) portion of 
its consolidated monitoring program to incorporate new Permit requirements for an 
illicit discharge detection and elimination (IDDE) program. Specifically, the MS4 
Permit requires the following items to be addressed through the IDDE program: 

 Inventory and map of Permittees’ MS4 facilities and Major Outfalls to Receiving 
Waters; 

 Schedule to conduct and implement systematic investigations of MS4 open 
channels and Major Outfalls; 

 Use of field indicators to identify potential Illegal Discharges; 

 Method to track Illegal Discharges to their sources, where feasible; and 

 Public education about Illegal Discharges and Pollution Prevention where 
problems are found or reported. 

The revised IC/ID incorporates a desktop assessment to identify and prioritize MS4 
segments within each jurisdiction for inspection activities. Using the information from 
the desktop assessment (in progress, completion expected in December 2011), each 
Permittee’s LIP will identify a schedule for performing field reconnaissance of MS4 
facilities within Permittee jurisdictions so that all Major Outfalls within its jurisdiction 
are visited within the term of the MS4 Permit (i.e., by January 29, 2015). Field 
reconnaissance activities will include, at a minimum, visual observation of DWF or 
staining indicating recent presence of DWF, and if flow is present, field measurements 
for flow, pH, temperature, and specific conductance. Field measured parameters will 
be evaluated to determine if source of DWF may be from an illicit discharge according 
to the following criteria: 

 Specific Conductance >25 percent higher than the water quality objective 
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 pH below 6.0 or above 9.5 

 Temperature that is unusual compared to ambient air temperature (i.e., extremely 
hot or cold flow that is not influenced by current weather at site) 

 Unusual staining in/near Major Outfall, unusual color or cloudiness (i.e., sediment) 
evident in discharge, or unusual odor(s) 

For discharges exceeding any one of the above criteria or if a specific complaint 
warrants investigation, a source investigation will be conducted by the Permittee. The 
investigation involves tracing the discharge as far upstream as possible to determine 
source. The following guides actions based on results of source investigations: 
 

 If the source cannot be identified: 

 Collect field measurements and document where there is no other evidence of 
the IC/ID source. Provide appropriate public education material in area of 
IC/ID or complaint 

 If there is no active discharge but evidence of IC/ID is present at time of 
investigation, then mark location for future follow-up. Follow-up visit(s) will 
confirm if the IC/ID has recurred and will attempt to locate source. If IC/ID 
has not recurred or has been eliminated, note on IC/ID form (or similar) and 
close complaint/investigation. Provide appropriate public education material 
in area of IC/ID or complaint. 

 If the source is identified: 

 Determine if the discharge is permitted or allowable (MS4 Permit Section 
VI.A). Discussions with property owners and others near the source of the 
discharge will be necessary. 

 If a permitted, allowed, or exempted discharge is exposed to a source of 
pollutants (e.g., recently applied fertilizers or pesticides), it will be treated as 
an Illegal Discharge. Refer incident to RWQCB. 

 If discharge is permitted, request copy of regulatory permit, District 
Encroachment permit, or any other document authorizing the discharge. No 
further action is required where the source is determined to be a permitted, 
allowed, or exempted discharge. Permitted discharges that are perceived to be 
a threat to human health or the environment will be reported to the 
RWQCB/CalEMA. 

 If discharge is not clearly permitted or allowable, implement Permittee 
Enforcement and Compliance Strategy (E/CS) procedures as described in the 
Permittee’s LIP. 

 If the incident is part of a HazMat incident, report to the Incident Commander 
(IC) upon arrival. Coordinate with the HazMat team and only collect samples 
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with approval of the IC as samples may be done in conjunction with future 
legal action. Under no circumstances should a site be entered or field measurements 
collected if conditions are unsafe. 

CBRP Implementation: Riverside County Permittees will implement the new IDDE 
Program described above. Information on DWF gathered from this program can be 
used to assist with the bacteria source evaluation included in the inspection program 
under CBRP Element 3.  

Street Sweeping 
Trash and other materials accumulated in streets and within MS4 facilities may 
provide a habitat and food source for bacterial indicators. DWF in street gutters, 
drains, and catch basins keeps these facilities damp, which supports bacterial 
indicator survivability. Biofilms may develop under these types of conditions within 
catch basins, along street gutters, or within flood control channels (e.g., see Skinner et 
al., 2010; Fergusson 2006). Biofilms are dynamic microbial communities that go 
through an attachment phase and then ultimately a detachment, erosion or 
“sloughing” phase from the surface to which they are attached.  

Managing or eliminating biofilm development has the potential to substantially 
reduce bacterial indicator levels. A recent study by the City of San Diego shows that 
enhanced cleaning of catch basins provided minimal benefits in terms of reducing 
bacterial indicator levels. However, there is evidence that enhanced street sweeping 
will provide benefits. This can be accomplished by using vacuum street sweepers to 
reduce biofilms and their habitat and food sources from street gutters. Skinner et al. 
(2010) found very high bacterial indicator counts in initially bacteria free hose water 
running along street gutters. Implementing improved street sweeping practices 
resulted in an order of magnitude reduction in fecal coliform concentration (14,000 
MPN/100 mL to 870 MPN/100 mL) in a 300 feet section of gutter before and after 
street sweeping. This finding suggests that the use of newer vacuum street sweepers 
targeting the street gutter could provide increased control of this source of bacterial 
indicators. 

CBRP Implementation: Riverside County MS4 Permittees currently sweep all streets 
with curb and gutter within hydrologically connected drainage areas within the 
MSAR watershed (Table C-2).  Some of the Permittees own and operate vacuum 
assisted street sweepers or plan to purchase a vacuum assisted street sweeper prior to 
2015 to enhance the effectiveness of their existing programs. Increased use of vacuum 
assisted street sweepers within the MSAR watershed will provide reduction in 
bacterial indicators in DWF prior to 2015.  Street sweeping within the cities of Corona, 
Norco, and Riverside, is currently at or planned for bi-weekly frequency. Studies have 
shown that biweekly sweeping is the most effective for removal of roadway sediment 
and associated pollutants (Rosselot, 2007).  Each MSAR Permittee will identify in their 
LIP the specific additional actions they intend to take to enhance their street sweeping 
programs as necessary to attain the 2010 SAR MS4 Permit WQBEL. 
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Irrigation or Water Conservation BMPs 
Many water conservation BMPs reduce outdoor water waste, which in turn may 
reduce or eliminate DWFs containing bacterial indicators from entering MS4 facilities 
and receiving waters. The development and implementation of these practices will be 
carried out collaboratively with water purveyors to assist them with meeting their 
water conservation requirements. Specific practices that would be effective at 
reducing DWFs include: 

 Replacement of grass with artificial turf – The use of artificial turf provides a low 
maintenance, no irrigation alternative to grass lawns. Costs of materials and 
installation to replace a grass lawn with artificial turf can range from $6-14 per 
square foot. In the past, through partnerships with MWD and WMWD, RPU and 
the City of Corona have offered a $1 per square foot rebate for property owners 
that replace existing grass lawns with artificial turf.  

 Replacement of grass with drought tolerant native plant species – California drought 
tolerant native plants/gardens require minimal watering and are not typically 
irrigated with spray irrigation therefore reducing the likelihood of off-site DWF 
(see the California Native Plant Society webpage for more information at 
www.cnps.org). All water purveyors in the MS4 Permit area offer a residential 
turf removal rebate program ranging from $1.00/square foot (sq. ft) to $0.40/sq. 
ft. dependent on the water purveyor.  Corona is also conducting a pilot 
commercial turf removal program. Under all programs to be eligible for a rebate 
property owners must replace existing grass lawns with California native or water 
friendly plants.  

 Installation of Weather Based Irrigation Controllers (WBICs) – WBICs use climate 
measurements to determine the amount of water needed to meet evapotranspiration 
requirements of grass lawns and other landscaped areas on a given day. Limiting 
irrigation to the needs of the plants can reduce the amount of water that leaves a 

Table C-2. Summary of Planned Street Sweeping Activities by Riverside County MS4 
Permittees in the MSAR Watershed 

Permittee 
Approximate 

Length of Curb 
Miles Swept 

Frequency of 
Sweeping 

Total 
Number of 
Sweepers 

Number of 
Vacuum Assisted 

Sweepers 

City of Riverside 70,000 Bi-weekly 12 1 

City of Corona 20,000 Bi-weekly residential; 
weekly industrial 2 2 

City of Norco 685 Bi-weekly 3 1 

Cities of Eastvale and 
Jurupa Valley1 n/a As-needed n/a 1 

1) Street sweeping has been performed on an as need basis in the previously unincorporated area via franchise 
agreements with the local waste haulers. Jurupa Valley and Eastvale are planning to renegotiate contracts with the 
waste haulers to perform street sweeping. One Vacuum assisted street sweeper is in use by the waste hauler every 
other week. 
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property as DWF. WBICs can be distributed to potential users via several types of 
programs, including partial rebates/vouchers, equipment exchanges, or direct 
installation. Typical costs for WBICs range from $300 - $800 for a small residential 
application to $2,000 -$3,000 for a property with large landscaped areas. The cost 
effectiveness of installing WBICs to a property owner or water agency is 
dependent upon the existing water use (potential to reduce demand), avoided cost 
of water, water rates, and expected lifespan of the device (Mayer et al. 2009). 
Given these variables, it would be the least cost effective to distribute WBICs to 
individual homeowners who do not typically over-irrigate. Conversely, the most 
cost effective applications of WBICs would be on large landscape properties 
where excess water is used and the potential to generate off-site runoff is high. 
Accordingly, RPU is planning to install WBICs for CII customers at the top 5 
percent of water usage prior to 2015 and the top 5-10 percent of water usage prior 
to 2020 (Kennedy/Jenks Consultants, 2010). 

 Installation of Rotating Sprinkler Nozzles– Installation of rotating sprinkler nozzles 
and high efficiency nozzle retrofits on large rotary sprinklers reduce offsite runoff 
by applying water at a slower rate with less misting and greater distribution 
uniformity.  Slower application of water reduces ponding thus reducing offsite 
runoff, especially in sloped areas. These nozzles also mist less than traditional 
sprinklers reducing the chance of wind blowing water away from the targeted 
landscape area.  Typically, existing sprinkler heads can be replaced with the 
nozzles without replacing the entire sprinkler body. Overall the nozzles use 
approximately 20 percent less water than conventional sprinkler heads. Rotating 
sprinkler nozzles typically cost approximately $4.00 per nozzle. Rebates are 
provided at $3 per nozzle to water purveyors in the Permittee area through their 
participation in the SoCal Water$mart Program through the Metropolitan Water 
District. Commercial and residential water customers in the Cities of Corona, 
Riverside, and WMWD retail customers can obtain rotating sprinkler nozzles for 
free. Actual reductions in DWF will vary dependent upon local site conditions, 
such as turf adjacent to impervious surfaces and irrigation on slopes.  

 Landscape irrigation audits – Most water purveyors in southern California provide 
free landscape irrigation audits to customers, if requested. An audit involves 
checking the irrigation system for leaks, ensuring spray heads are properly 
directed and operational, capping unused spray heads, and providing a watering 
schedule based on precipitation rate, local climate, irrigation system performance, 
and landscape conditions. A potential implementation approach would be to 
target landscape audits in areas that are hydrologically connected to downstream 
receiving waterbodies/compliance sites. The cost of conducting a landscape 
irrigation audit is low relative to other irrigation practice BMPs; however, the 
effectiveness decays over time. RPU is planning to provide water audits, 
addressing all types of outdoor water uses, to single-family and CII customers at 
the top 5 percent of water usage and to all dedicated irrigation customers prior to 
2015. After 2015, RPU plans to continue to conduct water use efficiency audits for 
customers at the top 5-10 percent of water usage and then to implement annual 
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audits sufficient to maintain the savings achieved by 2020 (Kennedy/Jenks 
Consultants, 2010). 

 Public education and outreach - Public education and outreach activities to 
encourage water conservation are already ongoing (both by the MS4 program and 
water purveyors). The CBRP does not recommend any new or modified public 
education and outreach activities unless it is determined that potential additional 
benefits could be achieved from additional collaboration between the MS4 
Permittees and water purveyors in this area.  

The benefits expected from each of the above BMPs vary. For grass replacement 
BMPs, DWF is mostly eliminated while WBICs can reduce DWF by approximately 50 
percent (Jakubowski 2008). Runoff reduction from landscape irrigation audits and 
ongoing public education and outreach activities are more difficult to quantify, as 
they are largely dependent on changing human behavior. These types of BMPs may 
reduce runoff from an individual property by only a small amount; however, because 
implementation may be more widespread the overall benefit may be relatively high. 
Factors associated with each of the above BMPs impact will affect decisions on how 
such BMP practices can be developed and implemented at the local level as part of the 
CBRP. These factors include cost, public perception, reliability, ease of 
implementation, and expected runoff reduction. Table C-3 provides an evaluation of 
each of these factors by ranking them as low, medium or high with regards to 
expected benefits from their implementation. 

CBRP Implementation: Development and implementation of these BMPs will be 
closely coordinated with water purveyors within the MS4 drainage area. Water 
demand management measures (DMM), also known as BMPs, are required to be 
evaluated in urban water management plans (UWMPs). The UWMP Act 
(http://www.water.ca.gov/urbanwatermanagement/docs/water_code-10610-

Table C-3. Evaluation Matrix for Irrigation Practices/ Water Conservation BMPs (High 
Benefit ; Medium Benefit ; Low Benefit ) 

Water Conservation BMP 
Dry Weather 

Runoff Reduction 
Cost 

Ease of 
Implementation 

Water 
Conservation 

Replacement of grass with 
artificial turf 

    

Replacement of grass with 
drought tolerant plant 
species 

    

Installation of WBICs     

Rotating sprinkler head 
nozzles 

    

Landscape irrigation audits     

Public education and 
outreach 
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10656.pdf) lists 14 DMMs for evaluation of which 7 take partly into consideration 
outdoor water use and could potentially reduce DWF. Water purveyors are required 
to describe and provide a schedule for implementation of each DMM. For DMMs not 
implemented or not scheduled for implementation in the next five years, water 
purveyors are required to evaluate each DMM, by considering DMMs that offer lower 
incremental costs than obtaining additional water supplies. This evaluation must take 
into account a cost-benefit analysis, economic factors, non-economic factors identify 
funding for any water supply projects providing water at higher unit cost than the 
DMM, and describe the legal authority of the and ability of the purveyor to work with 
other agencies in implementing the DMM. All water purveyors applying for state-
funded grants or loans must comply with AB 1420. AB 1420 states a water purveyor 
must be deemed compliant with the DMMs before funding can be provided by the 
State.  

The Permittees will evaluate existing DMMs implemented within their jurisdictional 
area and determine the need to supplement these efforts directly (for Permittees that 
are water purveyors) or through supplemental programs and/or cooperative efforts 
with local water purveyors as necessary to attain the 2010 MS4 Permit WQBEL for the 
MSAR TMDL. 

DMMs with the potential to impact DWF are described below: 

 DMM A – Water Survey Programs for Single-Family Residential and Multi-
Family Residential Customers.  This DMM requires water survey programs for 
both indoor and landscape water use. As determined, by the CUWCC the 
landscape water use portion of this measure involves offering landscape water 
conservation surveys to not less than 20 percent of single- and multi-family 
residential customers every two years, and completing surveys for not less than 15 
percent of single- and multi-family residential customers within 10 years of 
program initiation. After the ten-year period, water purveyors will maintain the 
program at the same level as high water bill complaints or no less than 0.75 
percent per year of single-family accounts. Landscape water surveys include, but 
are not limited to checking irrigation system and timers for maintenance and 
repairs, estimating landscape measured areas, developing customer irrigation 
schedules, reviewing the schedule with customers, provide information handouts 
to customers, and providing the customer with evaluation results and 
recommendations to save water.  

 DMM E – Large Landscape Conservation Programs. As determined by the 
CUWCC, this measure consists of three parts focusing on commercial, industrial, 
and institutional customers with large landscape irrigation needs. CUWCC 
assumes the DMM will result in a 15 to 20 percent demand reduction for 
landscape irrigation for customers participating. The first part requires developing 
evapotranspiration (ET)-based water budgets for accounts with dedicated 
irrigation meters. Water budgets cannot equal more than an average of 70% of the 
annual average local reference ET per square foot of landscape area. Budgets must 
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be developed at an average rate of 9 percent per year over ten years, so budgets 
are developed for 90 percent of dedicated irrigation meter accounts within ten 
years of implementation. Upon completion, notices are required to be provided 
with each billing cycle showing the water consumed versus the budget. Within 6 
years of implementation, the water provider must annually provide site-specific 
technical assistance to all customers exceeding their budgets by 20 percent or 
more. The second part involves providing large landscape surveys to not less than 
15 percent of commercial, industrial, and institutional (CII) accounts with mixed-
use meters within 10 years of program initiation. The third part requires offering 
financial incentives to support parts 1 and 2. Rebates for water conservation are 
provided by the Cities of Norco, Riverside, and Corona and WMWD for CII 
customers. Rebates offered by these water purveyors with the potential to reduce 
DWF are weather based irrigation controllers, central computer irrigation 
controllers, rotating spray nozzles retrofits, and high efficiency nozzle retrofits for 
large rotary sprinklers. Additionally, the City of Corona is conducting a pilot 
commercial turf removal program providing rebates based on the square feet of 
turf removed and replaced with California friendly landscaping. 

 DMM G – Public Information Programs. This DMM requires implementation of 
public information programs with the goal informing customers about why water 
conservation is important, methods customers can use to conserve water, and to 
encourage water users to conserve water.  The CUWCC has established minimum 
program requirements. Minimum requirements are: 

1. Contacts with the public at a minimum on a quarterly basis 

2. Contacts with the media at a minimum on a quarterly basis 

3. Maintenance of a website on a quarterly basis 

4. Describe the materials used to meet items 1 and 2. 

5. Annual budget for public  information program 

6. Describe all other outreach programs.  

 DMM H – School Education Programs. This DMM is designed to educate 
students regarding the importance of conserving water and to develop good 
water conservation habits at an early age. CUWCC requires purveyors to 
implement a school education program promoting water conservation and to 
work with both private and public schools in providing education materials, 
instructional assistance, and presentations about the local watershed. At a 
minimum the program should include the following: 

1. Curriculum materials provided by the water purveyor including 
confirmation from the materials meet State education framework 
requirements and are age appropriate. 
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2. Materials are distributed to grades K-6 students and if possible grades 7 -
12.  

3. Descriptions of the materials used to meet the minimum requirements. 

4. Provide an annual budget for the program 

5. Describe all other water purveyor educational programs. 

 DMM I – Conservation Programs for Commercial, Industrial, and Institutional 
Accounts. The CUWCC defines this measure as requiring water purveyors to 
implement water conservation measures for CII customers to achieve a 10 percent 
water savings for the CII sector as a whole using 2008 as a baseline over a 10 year 
period. Purveyors can either implement measures on CUWCC’s list with 
documented savings or implement purveyor developed measures, but the 
purveyor must document how it is determining the savings.  Measures may target 
indoor and/or outdoor water use. 

 DMM K – Conservation Pricing. CUWCC defines conservation pricing as 
providing economic incentives to customers to use water in an efficient manner. 
Acceptable types of rate plans include uniform, seasonal, tiered, and allocated 
based rates as long as purveyors can illustrate their rates meet CUWCC 
established formulas for determining if rates reflect conservation pricing. 
Conservation pricing has the potential to reduce outdoor water waste and 
subsequently DWF. 

 DMM M – Water Waste Prohibition. This measure requires water purveyors to 
prevent water waste for new developments and existing users and to develop 
water shortage response measures (see Water Conservation Ordinance in Element 
1). For outdoor water use, this measure addresses irrigation inefficiencies and 
other outdoor water uses. Purveyors can meet these requirements by adopting 
water waste ordinances or developing terms of service prohibiting water waste. 
Prohibiting water waste and enforcing ordinances and terms of service 
agreements has the potential to reduce DWF. 

Water Quality Management Plan Revision 
The Riverside County MS4 program is required to update its WQMP Guidance and 
Templates to incorporate low impact development (LID) practices to reduce runoff 
from new development and significant redevelopment activities. BMP emphasis will 
be on infiltration, capture and use, evapotranspiration, and treatment through use of 
biotreatment type BMPs. Revised WQMP documents are required for submittal to the 
RWQCB for review by July 29, 2011. 

The revised WQMP program will provide water quality benefits, but these benefits 
will be somewhat limited for DWFs. For example, for new development projects the 
water quality benefit will be restricted to wet weather runoff since the pre-project 
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condition would not have produced any DWF. However, for significant 
redevelopment projects, the WQMP approval process will result in the introduction of 
LID practices to existing developed areas where DWF may be occurring. The 
presumption is that for these existing developments, stormwater management 
controls were not designed to today’s standards and therefore some degree of runoff 
(e.g., from irrigation runoff) likely currently occurs under dry weather conditions. 
With significant redevelopment of the project site, an approved WQMP would require 
implementation of site design, source control, and/or structural control BMPs to 
address pollutants of concern by reducing runoff or treating runoff. 

While water quality benefits are expected to be achieved for significant 
redevelopment projects, the pace at which such projects are expected to be completed 
in the MSAR watershed is likely to be slow given economic factors. Moreover, even if 
the rate of development activity increases in the near term, given the December 31, 
2015 compliance date for meeting urban wasteload allocations for dry weather 
conditions in the dry season, the numbers of acres of redevelopment relative to the 
total numbers of acres where DWF likely occurs will be relatively small. However, 
over a much longer time horizon, e.g., 50-100 years, the cumulative benefits will be 
much greater. 

CBRP Implementation: Revision of the WQMP Guidance is a MS4 permit 
requirement that will be completed by July 29, 2011. Implementation will occur after 
review by the RWQCB and submittal of a final WQMP Guidance, likely by 2012. 

Septic System Management 
The Riverside County MS4 permit requires Permittees to develop an inventory of 
septic systems within their jurisdictions to be added to a database managed by 
County Environmental Health. Poorly operating septic systems can potentially lead to 
the discharge of pollutants to surface waters; however, the extent to which septic 
systems are currently a source of bacterial indicators in DWFs from the MS4 is 
unknown. Water quality impacts may be limited to groundwater impacts or surface 
water impacts that occur only during wet weather runoff events. 

CBRP Implementation: CBRP implementation will include the following activities to 
evaluate the potential for septic systems to contribute bacterial indicators to the MS4 
under dry weather conditions. Activities will include:  

 Develop a septic system inventory – Permittees will complete necessary studies to 
develop a landscape level inventory of areas with concentrations of existing septic 
systems within their jurisdictions and provide information to County 
Environmental Health.   

 Evaluate potential water quality impacts – Using the inventory, mapping the location 
of septic systems relative to MS4 facilities will be reviewed to evaluate the 
potential impact of septic systems to water quality under dry weather conditions 
as part of source assessment activities.  
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 Conduct public education – Public outreach programs to educate owners regarding 
how to properly maintain their on-site septic systems and distribute materials 
explaining recommended operation and maintenance schedules. The 
RCFC&WCD developed a septic system management brochure in 2009 that is 
currently being distributed through District and Permittee activities. 

 Conduct inspections and initiate enforcement, where appropriate – As part of source 
assessment activities, where the potential for water quality impacts from septic 
systems is identified, conduct inspections of suspected leaking septic systems to 
determine the need for mitigation. Where appropriate, conduct enforcement 
actions to mitigate water quality concerns associated with septic systems.  

Pet Waste Management 
The Permittees will evaluate the potential to implement BMPs that target areas where 
there is a high volume and concentration of pet waste, e.g., dog parks and kennels. 
BMPs targeted specifically to pet waste management (in association with a pathogen 
control ordinance) can support compliance at a local scale, where pet activities are 
concentrated. 

CBRP Implementation: Each MSAR Permittee will evaluate existing authority and 
programs to manage pet waste to identify opportunities to further target BMPs to 
manage pet waste. Where appropriate, MSAR Permittees will implement these BMPs. 
This effort will be coordinated with activities associated with the development of a 
bacterial indicator control ordinance (see Element 1). Activities will include:  
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C.4 Element 3 - Inspection Criteria 
Element 3 addresses the CBRP requirement for inclusion of specific inspection criteria 
to identify and manage the urban sources most likely causing exceedances of water 
quality objectives for indicator bacteria. Implementation of urban source evaluation 
activities provides the data required to determine the potential for an MS4 outfall or 
drainage area to discharge controllable sources of bacterial indicators. The results of 
this evaluation dictate next steps in the CBRP implementation process. This required 
element is incorporated into what is being termed the inspection program. The 
inspection program envisioned for the CBRP is a systematic campaign to conduct 
DWF and bacterial indicator source evaluation activities within each subwatershed 
draining to a watershed-wide compliance site. The foundation for this approach is 
defined by the USEP, prepared by the MSAR TMDL Task Force to satisfy a TMDL 
requirement (see Attachment A). USEP activities are currently being implemented by 
the MSAR TMDL Task Force; however, under the CBRP the pace and extent of these 
activities will be significantly increased to eliminate or reduce controllable urban 
sources of DWF.  

As noted above, several of the specific BMPs included in Element 2 directly support 
the implementation of Element 3, e.g., development of the IDDE program and 
implementation of water conservation BMPs. Completion of these elements will help 
guide implementation of the inspection program. Conversely, implementation of the 
inspection program may impact how or where specific BMPs are implemented or 
how decisions are made regarding the need for additional ordinance authority. For 
example, over time the inspection program may identify a particular bacterial 
indicator or DWF source that can be managed better by the adoption of an ordinance. 

The MSAR Permittees will implement urban source evaluation activities using a 
comprehensive, methodical approach that provides data to make informed decisions 
regarding the potential for an MS4 outfall or group of outfalls to discharge 
controllable sources of bacterial indicators. This approach relies on implementation 
activities associated with the inspection program element, which are described in the 
following sections. 

Tier 1 Reconnaissance  
Tier 1 sites are defined as locations where urban sources of dry weather flow may 
directly discharge to a downstream watershed-wide compliance site. Some of the Tier 
1 sites are at the same locations sampled as part of implementation of the USEP in 
2007-2008. Additional Tier 1 sites have been included, where needed, to supplement 
existing information. Many of these Tier 1 locations may be dry, have minimal dry 
weather flow, or not be hydrologically connected to downstream waters. However, 
until a reconnaissance is completed, their potential to contribute controllable sources 
of bacterial indicators is unknown. It should be noted that:  

 No Tier 1 sites have been included in the Temescal Creek subwatershed within the 
Cities of Corona and Norco because Temescal Creek is not listed as an impaired 
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waterbody for bacterial indicators and the flows from this subwatershed do not 
drain to any watershed-wide compliance monitoring location.  

 None of the recommended Tier 1 sites are located in areas that have been 
determined to be hydrologically disconnected from impaired waterbodies during 
dry weather conditions (see hatched areas in Figures C-1 through C-3). 

Prioritization  

Based on the findings from Tier 1 data collection activities, MS4 drainage areas with 
potentially controllable urban sources of bacterial indicators will be prioritized based 
on factors such as the magnitude of bacterial indicator concentrations and results 
from source tracking analyses. Areas with human sources (as compared to 
anthropogenic sources such as domestic pets) will receive the highest priority for 
action, consistent with guidance originally developed in the USEP. Results of IDDE 
inspections at Major Outfalls will be used to supplement Tier 1 reconnaissance data 
during the prioritization step. 

Evaluate Mitigation Alternatives  

In order of priority, prioritized drainage areas will be further evaluated to identify 
non-structural or structural alternatives (or some combination of both) for mitigating 
controllable urban sources of bacterial indicators. As needed, this controllability 
assessment will include reconnaissance of Tier 2 sites and the use of IDDE methods to 
identify and evaluate alternatives. Tier 2 sites are tributary to Tier 1 outfalls. Tier 2 
sites are predominantly locations where underground storm drains discharge to open 
channels. If a Tier 2 site is determined to be a potential contributor to non-compliance, 
additional inspection activities may occur to identify the nature and source of the dry 
weather flow and bacterial indicators and evaluate controllability. 

Figures C-1 provides a map of recommended Tier 1 and Tier 2 source evaluation sites 
in each Riverside County jurisdiction. Table C-4 summarizes the number of Tier 1 and 
Tier 2 sites that are recommended for inspection for each Riverside County 
jurisdiction.  

Table C-4. Summary of Recommended Tier 1 and Tier 2 Sites in each Riverside 
County Jurisdiction 

Jurisdiction Receiving Waters 
 

Tier 1 
Tier 2 

Riverside 
MSAR, Anza Park Drain, Box Springs Channel, 
Arlington Storm Channel, La Sierra Channel, 
Monroe Channel 

8 17 

Eastvale MSAR Reach 3, Cucamonga Creek 4 1 

Jurupa Valley MSAR Reach 3, San Sevaine Channel, Sunnyslope 
Channel, Day Creek 5 5 

Total  17 23 
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In the evaluation of mitigation alternatives, it may be demonstrated that a MS4 
Permittee would not require selection of a mitigation alternative for some drainage 
areas if it can be shown to be absent of DWF (i.e. hydrologically disconnected from 
the receiving waterbody), or if the source of bacterial indicators is found to come from 
non-urban sources. The following criteria establish guidelines for making these 
determinations from data collected in the inspection program: 

 Absence of DWF – Determining the presence or absence of DWF at a given MS4 
outfall is a critical step. Routine field observation and measurement (if possible) 
will be conducted during dry weather at varying times of day and on different 
days of the week for up to one year to develop sufficient data to characterize 
frequency/volume of DWFs at Tier 1 sites. Ideally, at least 10 field visits will be 
made over a one-year monitoring period. If the site is dry on at least 80 percent of 
the visits, the area upstream of the site can be assumed to have little to no impact 
on downstream water quality. While up to a year is recommended to collect flow 
data to look at seasonal variability, if a site is found to have persistent or 
substantial flow after only as few as three visits that occur over a short period of 
time, it can be presumed that the area draining to the site is a candidate for 
additional inspection activity to determine the source of the DWF. If a site is found 
to be typically dry after ten visits, then only occasional inspections would be 
required in the future to provide certainty that this conclusion remains correct. If a 
Tier 1 site indicates the need for additional inspection, then a similar level of effort 
may be necessary for Tier 2 sites tributary to the Tier 1 node. The IDDE program 
involves a similar approach, but instead focuses initial field observation and 
measurement at Major Outfalls screened for investigation via a desktop 
assessment. Major Outfalls are more likely to overlap with Tier 2 sites for the 
inspection program. Wherever possible, data gathered from the programs will be 
coordinated. For example, data from the IDDE program for Major Outfalls 
upstream of a prioritized Tier 1 site may overlap or supplement Tier 2 sites.  
Additional Tier 2 data for overlapping sites may not be required depending on 
temporal factors.  Further, relevant IDDE data will be used to supplement 
assessments of bacterial water quality in Tier 1 watershed assessments. 

 Non-Urban DWF Sources - If there are any non-urban sources of DWF to a MS4 site 
(such as from a well blow off, water transfer, or rising groundwater), it is 
important to identify the frequency and relative contribution of these flows. 
Generally, it is assumed that these non-urban DWF sources will have very low 
concentrations of bacterial indicators. However, it is possible that the physical 
nature of the discharge generates sufficient shear stress to mobilize bacterial 
indicators associated with sediment or biofilms present in the receiving water (as 
compared to the low shear stress generated from MS4 urban DWF due to their 
relatively low flow rates). Elimination of the non-urban source could also result in 
conditions that enhance decay of bacterial indicators in channel bottom sediments 
or biofilms, resulting in fewer bacterial indicators available for mobilization 
during wet weather events. If the non-urban flow source is suspected as the cause 
of downstream exceedances, a site-specific study would need to be implemented 
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to verify the assumption. The nature of such a study would be dictated by local 
circumstances, but could require a fairly complex sampling plan. If it is 
determined that the non-urban source is contributing to the exceedance of 
bacterial indicator water quality objectives, resolution of the issue may occur 
independent of the MS4 permit through supplemental RWQCB actions. 

Select Mitigation Alternatives  
The ultimate goal of the inspection program is to select a mitigation alternative for 
DWFs or controllable urban bacterial indicator sources. As described above, 
systematically conducting source evaluation activities in the MS4 should identify 
which outfalls or channels are primary contributors of DWF and elevated bacterial 
indicators. The controllability of DWF is largely dependent on the source (specific vs. 
diffuse) and the controllability of bacterial indicators is largely dependent on the 
nature of the source, with urban sources likely to be more controllable than non-urban 
sources, e.g., wildlife. In many cases, it is likely that the elimination or significant 
reduction of the DWF will also mitigate elevated levels of bacterial indicators.  

The MSAR Permittees will select a mitigation alternative to mitigate controllable 
urban bacterial indicator sources in each prioritized drainage area. The MS4 
Permittees will consider alternatives such as: 

 Prevention (or source control) – As noted above, if the source of the water or bacterial 
indicators can be specifically identified, then implementation of local control 
measures is the best approach for mitigating the problem. The controllability 
assessment consists of evaluating which BMPs or programmatic tools can be 
applied to the situation to reduce or eliminate the source. Such controls may 
include specific-source (e.g. illegal discharge) or general source control programs to 
manage septic systems, irrigation runoff, pet waste, homeless encampments or 
other potential sources. If a targeted solution is not available, then the 
controllability assessment may need to consider more costly solutions, as described 
below. 

 Retention Structures or Low Flow Diversions – The implementation of relatively local 
structural controls to prevent the DWFs from impacting downstream waters may 
be an outcome of the controllability assessment. Options may range from the 
modification of existing retention structures to capture all DWFs to the construction 
of new retention facilities or construction of diversions to intercept the DWFs and 
conveying them to a treatment facility.  

 On-Site or Regional Treatment – The use of on-site treatment facilities, e.g., 
bioretention (drainage area < 20 acres) and subsurface flow wetlands (drainage 
area < 1,000 acres), is largely dependent on drainage area, facility sizing criteria and 
land availability. The practicability of these systems will have to be considered on a 
site-specific and subwatershed specific basis. In many cases, implementation of a 
regional treatment solution such as conveying DWF to a regional storage basin 
requires successful completion of a UAA for upstream waters, which also provides 
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greater flexibility where the regional treatment may be sited. The MS4 permit for 
Riverside County requires the completion of a system-wide evaluation to identify 
retrofit opportunities of existing stormwater conveyances. Development of this 
information coupled with the establishment of the County’s Watershed Action Plan 
(WAP) will support the identification and evaluation of structural solutions (see 
Attachment C-5). 

Inspection Criteria Summary 
CBRP Element 3 – Inspection Criteria implements the USEP to its fullest extent, 
building on source evaluation work already completed in the watershed. Execution of 
this element is the key to the success of CBRP implementation. Understanding the 
localized nature of DWFs and associated bacterial indicators provides the basis for 
determining where BMPs need to be targeted (Element 2 – Specific BMPs, Attachment 
C-3), whether there is a need for additional ordinance authority (Element 1 – 
Ordinances, Attachment C-2), and where regional or outfall-specific structural 
controls may be necessary (Element 4 – Regional Treatment, Attachment C-5).  
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 C.5 Element 4 - Regional Treatment (Structural 
Controls) 

CBRP Element 4 focuses on the planning, design and construction of structural BMPs 
to mitigate controllable sources of dry weather flow and bacterial indicators. 
Structural BMP projects may be regional (address controllable sources from multiple 
outfalls) or outfall-specific. Where appropriate to support implementation of a 
structural solution, Use Attainability Analyses (UAA) will be completed. In addition, 
the implementation of structural BMP projects will occur in a manner that is 
consistent with watershed planning-related activities required by the MS4 permit, 
specifically development of a Watershed Action Plan (WAP) which includes revision 
to Riverside County’s 2005 BMP Siting Study. 

Structural Controls 
Large portions of the MSAR watershed are already hydrologically disconnected 
during a typical dry season day from the waters impaired by bacterial indicators 
subject to TMDL compliance (see hatched areas in Figures C-1 through C-3). 
Therefore, for the most part the emphasis of CBRP Element 4 will be focused on the 
portions of the MSAR watershed closest to the Santa Ana River in Riverside County.  

It is too soon to propose specific locations for new structural BMP facilities given the 
lack of knowledge regarding the best locations to site such facilities (e.g., regional vs. 
outfall specific). Also, too little is known regarding urban sources of DWF and the 
relative bacterial indicator concentrations associated with these sources. 
Implementation of the Element 3 components of CBRP Step 1 has been designed to 
address this knowledge void. The key outcome from this effort will be the evaluation 
and selection of solutions to mitigate controllable urban sources of bacterial 
indicators. Where a structural solution is identified, then responsible jurisdictions 
(those Permittees responsible for drainage to the targeted outfall or outfalls) will 
implement CBRP Steps 2 and 3 for the project site. 

It is expected that the outcomes from implementation of CBRP Step 1 will result in the 
identification of at least some structural BMPs to manage controllable urban bacterial 
indicator sources. The potential locations for a number of structural BMPs have been 
identified already by the Riverside County 2005 BMP Siting Study (to be updated as 
part of the development of the County’s WAP, see below). Under CBRP Step 1 the 
Permittees will use this work to support evaluation of alternatives for implementing 
structural BMPs to mitigate a controllable urban source.  

Structural controls identified under CBRP Step 1 are developed in accordance with 
the CIP Process (see Section 2.1, Figure 2-2.). Completion of the CIP Process is 
intended to result in fully-constructed structural BMPs (Steps 2 and 3 of the CBRP 
implementation process). However, it is possible that during the design and 
permitting phases under CBRP Step 2 a determination will be made that the planned 
structural BMP project is infeasible. If such a finding is made, the Permittees will go 
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back to CBRP Step 1 and re-evaluate mitigation alternatives for the affected drainage 
area to identify a new approach for achieving compliance.  

If a UAA is needed to ensure the success of a structural BMP project, UAA 
development will commence in parallel to the design and permitting process (see 
additional information, below). Completion of structural BMP projects is subject to 
governing and regulatory approvals as well as funding. Accordingly, the length of 
time from project identification to construction completion will be highly variable. 
Annual reporting will document the status of each identified structural BMP project. 

Watershed Planning 
The Riverside County MS4 permit requires the development of a WAP within three 
years of the permit adoption (by January 29, 2013). The WAP is to include the 
following (MS4 permit Section XI.B.3): 

“…develop recommendations for specific retrofit studies of MS4, parks 
and recreational areas that incorporate opportunities for addressing 
TMDL Implementation Plans, hydromodification from urban runoff 
and LID implementation.”  

RCFC&WCD completed a BMP Siting Study for the Santa Ana MS4 permit area in 
2005. This study identified candidate properties that could be retrofitted to include 
structural BMPs to capture DWF and wet weather runoff (Figure C-2). This study 
screened the candidate sites to prioritize implementation of potential projects. 
Structural BMP retrofit opportunities identified in the BMP Siting Study could be 
used to provide structural BMP solutions where the activities completed under CBRP 
Step 1 show that a structural solution is the best alternative to reduce or eliminate 
controllable urban bacterial indicator sources from the MS4.  

The BMP Siting Study will be reviewed as part of implementation of the WAP and as 
part of the following MS4 permit requirement applicable to permittee-owned facilities 
(MS4 permit Section XIV.F): 

“Each Permittee shall examine opportunities to retrofit existing MS4 
facilities with water quality protection measures, where feasible.” 

This review is timely given that by 2013 substantial information from the source 
evaluation activities (Element 3) will have been developed and the need for 
structural BMP solutions will be better known. 
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Use Attainability Analyses 
The development of a UAA may become an integral part of the implementation of a 
structural BMP solution. If so, the Permittees will approach the RWQCB regarding the 
need to conduct specific UAAs. The following sections provide information regarding 
the development of UAAs in the MSAR watershed.   

All waterbodies in the MSAR watershed are presumptively classified as REC-1 
protected waterbodies. This means that all waterbodies in the watershed must meet 
the REC-1 water quality objectives regardless of their characteristics and ability to 
support REC-1 type activity. The REC-1 presumption may be inappropriate for a 
number of reasons including channel physical attributes and flow volume. To 
establish more appropriate recreational uses that recognize these factors, a UAA is 
required. As defined by the Basin Plan, the purpose of a UAA is “to evaluate the 
physical, biological, chemical, and hydrological conditions of a river to determine 
what specific beneficial uses the waterbody can support.” For a UAA to be 
implemented it must receive regulatory approval, from the RWQCB, State Board and 
EPA Region 9.  

The outcome of a UAA could be removal of either the REC-1 use or removal of both 
REC-1 and REC-2 uses. Either outcome would substantially change the basis for 
determining compliance with water quality objectives and compliance with bacterial 
indicator TMDL urban wasteload allocations. For example, if the waterbody is not 
designated REC-1, then the applicable bacterial indicator water quality objectives are 
much less stringent than would be the case if the REC-1 use was applicable. These 
changes could greatly reduce the number of locations where implementation of water 
quality control activities is necessary to achieve compliance. Modification of 
recreational uses would also provide additional flexibility for deciding where 
implementation of a water quality control measure is needed. For example, if a 
structural BMP is needed to meet compliance at a downstream site, the number of 
potential locations where that facility can be sited is increased. 

Section 1.2.2 described ongoing work by the RWQCB to adopt a Basin Plan 
amendment to modify recreational uses and associated water quality objectives. The 
RWQCB is developing this Basin Plan revision in collaboration with the SWQSTF. 
Adoption of the Basin Plan amendment, planned for fall 2011, will include the 
establishment of a UAA for the following Riverside County waterbodies: 

 Temescal Creek – Reach 1, from approximately 100 feet downstream of Cota Street 
(33°53’29.904”N, 117°34’12.432”) to the Arlington Drain confluence; remove REC-1 
use. 

 Temescal Creek – Reach 2, 91 from the confluence with Arlington Drain (33° 52' 
51.204"N, 117° 33' 15.732"W) to approximately 1,400 feet upstream of Magnolia 
Avenue (33° 52' 1.992"N, 117° 31' 30.108"W); remove REC-1 and REC-2 uses. 
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UAA Template 
The Temescal Creek UAA will be used as the template for all future UAAs developed 
in Riverside County. These UAAs will include the following key sections: 

 Waterbody Description, including candidate reach coordinates and channel 
characterization; 

 Eligibility Analysis, including existing and probable future recreational use based 
on water quality data and known recreational use activity; and 

 UAA Factor Evaluation, which provides the justification for modifying recreational 
uses based on federal and state regulatory requirements. 

The recreational use survey database developed by the SWQSTF will be used to 
support development of UAAs. This database was developed using remote camera 
technology coupled with occasional site visits to document area recreational activity 
at 17 locations in the Santa Ana River watershed (Table C-4). Eight of these sites are 
located in the MSAR watershed; several are in Riverside County. 

With the exception of recreational use activity data, which is part of the eligibility 
analysis, most of the information required for each of the UAA sections is relatively 
simple to compile. It is expected that the existing large recreational use survey image 
dataset will provide a basis for predicting the level of recreational use activity in 
unserveyed waterbodies based on similarities in waterbody characteristics. As a 
result, for some future UAAs it may not be necessary to collect additional recreational 
use survey data. However, if unusual site-specific conditions exist, e.g., in areas where 
a waterbody is within a residential area or near a school and access to the channel is 
not restricted, there may be some concern with relying solely on the recreational use 
survey image database to document the existing or potential for recreational use 
activities in the waterbody. In these situations, it is understood that the RWQCB may 
require the collection of site-specific use survey data. 

The RWQCB’s decision to approve a UAA and modify recreational uses is largely 
based on an evaluation of the potential risk of human exposure to bacterial indicators 
in a particular waterbody. The potential risk is related to the characteristics of the 
waterbody and the likelihood of water contact recreational activities occurring given 
those characteristics. For example, where water contact recreation is likely to occur, 
such as a natural waterbody with sufficient flow, the risk of exposure is higher than 
where such recreation is unlikely, e.g. in a vertical-walled concrete-lined engineered 
channel. 

Results from SWQSTF surveys, which are now stored in the recreational use survey 
image database (currently available at SAWPA), show that channel characteristics are 
a strong indicator of existing and potential recreational use activity in the Santa Ana 
River watershed (however, ultimately it is up to the RWQCB to determine applicable 
uses).
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Table C-5. Summary of Recreational Use Surveys Completed by SWQSTF in the Santa Ana 
River Watershed 

Representative Photo of Site Summary of Recreational Use Survey 

Greenville Banning Channel at Adams Avenue Bridge 
  ■  Concrete lined, vertical walled channel 
  ■  Land use: Residential and open space 
  ■  Period of Survey: 11/17/05 – 1/3/06 
  ■  Images collected: 2552 
  ■  Water contact recreational use events: 0 

 
Greenville Banning Channel at Pedestrian Bridge 
  ■  Concrete lined, vertical walled channel 
  ■  Land use: Residential and vacant natural land 
  ■  Period of Survey: 7/7/2005 – 7/27/2005 
  ■  Images Collected: 45 
  ■  Water contact recreational use events: 0 

Santa Ana Delhi Channel at Mesa Ave 
  ■  Concrete lined, vertical walled channel 
  ■  Land use: Residential / open space and recreation 

  ■  Period of Survey 6/20/2005 – 7/13/2006 

  ■  Images Collected: 21,284 
  ■  Water contact recreational use events: 0 

Cucamonga Creek at RP1 
  ■  Concrete lined, vertical walled channel 
  ■  Land use: Industrial/commercial and open space/recreation 
  ■  Period of Survey 10/2/2007 – 10/10/2008 

  ■  Images Collected: 27,122 
  ■  Water contact recreational use events: 0 

Anza Channel at John Bryant Park 
  ■  Concrete lined, vertical walled channel 
  ■  Land use: Residential and open space/ public park 
  ■  Period of Survey 6/6/2008 – 9/29/2009 

  ■  Images Collected: 20,386 
  ■  Water contact recreational use events: 2 

 

Demens Channel 
  ■  Concrete lined, vertical walled channel 
  ■  Land use: Residential and open space 
  ■  Period of Survey 2/1/2008 – 2/9/2009 

  ■  Images Collected: 21,382 
  ■  Water contact recreational use events: 0 
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Table C-5. Summary of Recreational Use Surveys Completed by SWQSTF in the Santa Ana 
River Watershed 

Representative Photo of Site Summary of Recreational Use Survey 

Cucamonga Creek at Hellman Ave (Upstream) 
  ■  Trapezoidal channel, concreted lined wall and bottom 
  ■  Land use: Agriculture 
  ■  Period of Survey 11/1/2005 – 11/1/2006 

  ■  Images Collected: 2,546 
  ■  Water contact recreational use events: 0 

 

Temescal at Main Street 
  ■  Trapezoidal channel, concreted lined wall and bottom 
  ■  Land use: Industrial / Commercial 
  ■  Period of Survey 7/26/2005 – 8/4/2005 

  ■  Images Collected: 513 
  ■  Water contact recreational use events: 1 

Temescal at City of Corona WWTP No. 2 
  ■  Trapezoidal channel, concreted lined wall and bottom 
  ■  Land use: Industrial / Commercial 
  ■  Period of Survey 11/1/2005 – 11/1/2006 

  ■  Images Collected: 10,653 
  ■  Water contact recreational use events: 1 

 

Santa Ana Delhi Channel at Sunflower Ave 
  ■  Trapezoidal channel, rip rap side slopes, natural bottom 
  ■  Land use: Commercial/ residential/ school 
  ■  Period of Survey 7/7/2005 – 7/9/2006 

  ■  Images Collected: 20,978 
  ■  Water contact recreational use events: 1 

Cucamonga Creek at Hellman Ave (Downstream) 
  ■  Trapezoidal channel, rip rap side slopes, natural bottom 
  ■  Land use: Agriculture 
  ■  Period of Survey 7/26/2005 – 11/1/2006 
  ■  Images Collected: 16,678 
  ■  Water contact recreational use events: 8 

Perris Valley Channel at Moreno Valley WRF 
  ■  Trapezoidal channel / concrete lined side slope and 
 concrete/natural bottom 
  ■  Land use: Industrial/ Residential/school and open space/public park 
  ■  Period of Survey 10/3/2007 – 10/10/2008 
  ■  Images Collected: 21,962 
  ■  Water contact recreational use events: 0 
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Table C-5. Summary of Recreational Use Surveys Completed by SWQSTF in the Santa Ana 
River Watershed 

Representative Photo of Site Summary of Recreational Use Survey 

SAR at Anaheim 
  ■  Trapezoidal channel, rip rap side slopes, natural bottom 
  ■  Land use: Industrial/ commercial and open space/public park 
  ■  Period of Survey 10/2/2007 – 10/5/2008 
  ■  Images Collected: 25,904 
  ■  Water contact recreational use events: 0 

Chino Creek at Central Ave 
  ■  Trapezoidal channel / rip rap slope and bottom 
  ■  Land use: Industrial / commercial 
  ■  Period of Survey 12/19/2007 – 5/23/2009 
  ■  Images Collected: 23,913 
  ■  Water contact recreational use events: 10 

San Diego Creek at Irvine 
  ■  Trapezoidal channel / natural side slopes and bottom 
  ■  Land use: Residential/commercial/school and open space 
  ■  Period of Survey 6/10/2008 – 9/30/2009 
  ■  Images Collected: 24,801 
  ■  Water contact recreational use events: 4 

Santa Ana Delhi Channel at Newport Bay 
  ■  Natural Channel 
  ■  Land use: Open space / commercial 
  ■  Period of Survey 6/20/2005 – 6/6/2006 
  ■  Images Collected: 20,203 
  ■  Water contact recreational use events: 2 

SAR at Yorba Linda 
  ■  Natural Channel 
  ■  Land use: Residential / open space 
  ■  Period of Survey 4/11/2006 – 4/6/2007 
  ■  Images Collected: 12,645 
  ■  Water contact recreational use events: 0 

 

 Vertical-walled, Concrete-lined Channels - Based on over 93,000 images collected 
from all seasons and different areas of the Santa Ana River watershed, no water 
contact recreation has been observed in vertical-walled channels. Accordingly, no 
exposure risk has been identified and a UAA could result in the removal of both 
REC-1 and REC-2 uses. 

 Trapezoidal-walled, Concrete-lined bottom Channels - Based on over 35,000 images 
collected from all seasons and different areas of the watershed, only one contact 
with water was observed – a person kneeling at the edge of a low flow channel 
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contacted the water on two occasions for a period of less than 30 minutes. In these 
situations, a UAA could result in the removal of the REC-1 use. 

 Trapezoidal-walled, Natural bottom Channels – Based on over 113,000 images, only a 
few images (23) showed some type of contact with the water, but limited to 
shallow wading, e.g., Chino Creek at Central Avenue where 10 observations 
occurred. The outcome of the UAA in these situations is unclear and site-specific 
recreational use survey may need to be collected. 

 Natural Stream Channels – Three natural or somewhat natural stream channels 
have been surveyed (Santa Ana Delhi Channel at Newport Bay and Reach 2 of the 
Santa Ana River at Yorba Linda and Anaheim). Based on over 32,000 images, only 
two observations of contact with the water were observed and these occurrences 
were limited to hand/water contact at the Santa Ana Delhi Channel at Newport 
Bay site.  

UAA Candidate Segments 
Figure C-3 provides an overview of where UAAs have been completed in the MSAR 
watershed or where they could potentially be developed in the future to support a 
structural BMP project. Table C-5 summarizes the potential UAAs within each 
drainage area and jurisdiction in Riverside County. The identification of these 
potential UAAs is based on the channel characteristics and UAA findings already 
completed by the SWQSTF. 

 

 

 

 

 

 

 

 

 

 

 

 



Figure C-3. UAA Candidate Waterbodies
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UAA Development Process 
RWQCB staff will be consulted prior to initiating development of any UAA. It is 
anticipated that development of a UAA would rely on the following process: 

 Conduct meeting with RWQCB to obtain agreement on the following:  

- UAA to be developed, e.g., upper and lower boundaries; 

Table C-6. UAA Candidate Waterbodies in Riverside County 

Primary Jurisdiction of 
Waterbody 

UAA Candidate Waterbody Waterbody Length (miles) 

Corona 

Border Channel 1.05 
Corp Yard Channel 0.54 
Lincoln Ave Channel 1.93 
Mabey Canyon Channel 0.69 
Main Street Channel 3.63 
Mangular Channel 0.71 
Norco Channel 1.04 
Oak Street Channel 3.75 

Norco 
North Norco Channel 4.29 
South Norco Channel 2.75 

Riverside 

Anza Park Drain 5.47 
Arizona Channel 0.92 
Arlington Storm Channel 6.89 
Box Springs Creek 0.33 
La Sierra Channel 3.02 
University Wash Channel 5.41 

Eastvale Chandler Street Channel 1.04 

Jurupa Valley 

Day Creek1 5.02 
Highgrove Storm Drain 0.17 
San Sevaine Channel1 4.69 
Declez Channel1 1.11 
Sunnyslope Channel 3.04 

Unincorporated 

Bedford Wash 2.14 
Brown Canyon Channel 2.00 
Day Creek1 1.10 
El Cerrito Channel 1.2 
Highgrove Storm Drain 0.97 
Home Gardens 1.61 
Joseph Canyon Wash 0.78 

1 -  Upper portions located in San Bernardino County 
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- Minimum water quality data requirements; 

- Requirements for additional recreational survey data collection (if any); and  

- UAA structure and content, i.e., is the existing UAA template adequate or are 
there any site-specific issues that need to be addressed. 

 Collect any necessary data (time period could range from a few weeks or months 
to a year if substantial recreational use survey data is required). 

 Submit draft UAA to the RWQCB for review and comment. Draft UAA will be in 
the same format as the existing Temescal Creek UAA. 

 Prepare revised UAA to the RWQCB for adoption as a Basin Plan amendment. 
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D.1 Introduction 
This section documents existing MS4 permit activities that have been implemented by 
the Riverside County MS4 permittees. Emphasis was on non-structural and structural 
BMP actions implemented or completed since January 1, 2005 (year of MSAR Bacterial 
Indicator TMDL adoption) that are providing water quality benefits to the MSAR 
watershed. 
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D.2 Non-Structural BMPs 
This section describes all completed non-structural BMP program activities 
implemented by Riverside County MS4 permittees since adoption of the MSAR 
Bacterial Indicator TMDL by the RWQCB in 2005. Program areas evaluated for the 
potential to reduce bacterial indicators under dry weather conditions include: 

 Water Quality Management Plan Implementation 

 Public Education and Outreach Targeting Bacterial Indicators 

 Ordinance Adoption 

 Inspection and Enforcement activities 

 Illicit Discharge/Spill Response 

 Street Sweeping  

 MS4 Facility Inspection and Cleaning Programs 

 Water Conservation Programs 

Water Quality Management Plan Implementation  
WQMPs are prepared for new development or significant redevelopment projects 
classified as category or priority projects. This section examines WQMPs completed 
for projects which have resulted in the implementation of BMPs expected to reduce 
contributions of bacterial indicator loads above and beyond what would have been 
expected from the area if the project had not been implemented.  

Using WQMP records provided by the Riverside County MS4 area-wide program, 
projects were screened for those approved after 2005 and designated as “significant 
redevelopment” projects. The presumption is that for existing developments, 
stormwater management controls were not designed to today’s standards and 
therefore some degree of runoff (e.g., from over-irrigation) likely occurred under dry 
weather conditions prior to redevelopment. With significant redevelopment of the 
project site, an approved WQMP would require implementation of site design, source 
control, and/or structural control BMPs to address pollutants of concern by reducing 
runoff or treating runoff. New development projects completed since 2005 were not 
included in this analysis because these projects replace previously undeveloped land 
that likely did not generate any runoff under dry weather conditions. Table D-1 
describes the number of approved WQMPs for significant redevelopment projects 
and the total project development area in each Riverside County jurisdiction. A brief 
description of the type of BMPs implemented for each project is provided. 
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Public Education and Outreach 
The MS4 permittees collectively participate in public education and outreach efforts 
that promote stormwater pollution prevention. Although outreach events may not 
specifically focus on reducing bacterial indicator levels, events which highlight the 
elimination or reduction of debris or pollutants from entering the MS4 or runoff 
under dry weather conditions have the potential to reduce bacterial indicator levels.  

The permittees implement the following specific public education BMPs and activities 
to reduce pathogen sources:  

 What's the Scoop and After the Storm brochures address the need to pick up animal 
waste and to dispose of it properly; 

 Through a partnership between Riverside and San Bernardino Counties, the 
RCFC&WCD sponsored a 1-hour episode of a PBS show for kids called Curiosity 
Quest. The episode focused on many of the impacts that residential activities can 
have on stormwater including improper pet waste disposal; 

 A school activity book and Fancy Fin presentation discuss the proper disposal of 
pet waste; 

 The Keep Our Water Clean DVD addresses the topic of the proper disposal of pet 
waste and the negative impacts to County waterways; 

 The Only Rain Down the Storm Drain adult stormwater presentation discusses 
proper disposal of pet waste and includes a DVD showing how significant this 
problem can be. The film illustrates how waterways are impacted if pet waste is 
not recovered. In the DVD film, a small yellow duck represents bacteria in an 
unrecovered pet waste pile. The film continues to follow the duck, and other 
ducks, as it moves to the storm drain and finally to a receiving water; 

Table D-1. Summary of WQMPs approved for significant redevelopment projects, Riverside 
County, 2005-2009 

Jurisdiction 
No. of 

Projects 
Total 
Acres 

Description 

Corona 1 1.2 Infiltration trench BMPs incorporated into this 
project 

Norco 2 2.4 
Two significant redevelopment projects included 
two BMPs: media filter drain inserts and vegetative 
swales 

City of Riverside NA NA NA: Provided data lacked sufficient information to 
determine project type and acreage 

Riverside County 4 8.5 Projects included infiltration and bioswale BMPs 

Total 7 12.1  
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 Construction, municipal, industrial/commercial and new development training 
focuses on the need to address pathogen sources within the watershed; 

 RCFC&WCD contracts with S. Groner and Associates to distribute pet waste 
information in pet stores, veterinarian clinics, kennels and pet grooming facilities; 

 Coordination with Riverside County Animal Control Department and private “no 
kill” pet shelters occurs to distribute What’s the Scoop and After the Storm brochures 
to families adopting pets at these shelters; 

 Distributed the Landscape and Gardening brochure; 

 Distributed the newly completed Tips for Maintaining a Septic Tank System 
brochure (information is also included in the County’s Septic Tank Guide Booklet); 

 Participation in the Santa Ana River watershed clean-up event; 

 Pollution Prevention Week is recognized in an information flyer and is released 
every September. Along with other useful BMP guidelines, the flyer has an article 
that specifically addresses pet waste titled What's the Scoop…Tips for a Healthy Pet 
and A Healthier Environment; 

 The Earth Day flyer, released every April, offers user-friendly suggestions for 
reducing the use of chemicals, considering integrated pest management in 
gardening, and understanding problems with unrecovered pet droppings; 

 The Environmental Calendar reminds residents to always pick-up animal waste due 
to the harmful effects that bacteria cause in local waters; and 

 RCFC&WCD does not allow the disposal of pet waste or other trash within its 
facilities. Signage has been installed at access gates to discourage illegal dumping 
and encourage the reporting thereof. At the start of the program, RCFC&WCD 
purchased "Dogipots" (containers that hold pet waste bags) and installed them in 
County Parks. Upkeep and additional purchases of Dogipots are the responsibility 
of County Park staff. RCFC&WCD also purchased pet leash tags with the 
stormwater 800 Toll Free number and the Only Rain Down the Storm Drain 
message imprinted. 

Information for public education and outreach events such as those mentioned above 
are collected on a County-wide basis. RCFC&WCD collects this information for 
reporting in its Annual Report. Most of the recorded events educate the public on 
general stormwater pollution prevention by providing information at public events 
(Table D-2). The number of “impressions” is an estimated number of persons 
contacted through personal communication, audience attendance, or brochure 
distribution.  
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Table D-2. Public education and outreach activities for Riverside County MS4 Program, 2005-2009  (IMP = Impressions)

Jurisdiction 

2005 2006 2007 2008 2009 

Comments No. of 
Events 

No. of 
IMPs 

No. of 
Events 

No. of 
IMPs 

No. of 
Events 

No. of 
IMPs 

No. of 
Events 

No. of 
IMPs 

No. of 
Events 

No. of 
IMPs 

Corona 1 1,500 3 1,160 7 1,310 1 400 2 500 
Outreach events included health and safety fairs, 
Corona Public Works Day, and water 
conservation events. 

Norco 0 0 1 360 0 0 0 0 1 100 Outreach events included a community festival 
and equestrian event. 

Riverside 6 2,800 2 1,460 5 530 3 800 7 750 

Outreaches included events such as cleanup 
days, Humane Society events, community park 
revitalization efforts, Special Olympics, 5K 
run/walk event, and safety fairs. 

County of 
Riverside 1 2,276 7 8,366 8 2,812 13 10,153 14 13,046 Outreach events included youth related events, 

July 4th celebrations, and senior events, 

RCFC&WCD 16 NR 12 8,220 20 3,163 20 4,880 13 3,860 

Outreach events included water festivals, 
recycling programs, school presentations, 
community festivals, health fairs, and home & 
garden expos. 

Total 24 6,576 25 19,566 40 7,815 37 16,233 37 18,256  

NR = Not recorded 
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Ordinance Adoption 
MS4 permittees have adopted ordinances which provide legal authority to control 
non-permitted discharges from entering MS4 facilities. In addition, some permittees 
have adopted ordinances which directly reduce the volume of runoff under dry 
weather conditions, e.g., water conservation ordinances (Table D-3). These ordinances 
will provide potential reductions in DWFs that may convey bacterial indicators to 
MS4 facilities and receiving waters. 

The Cities of Corona, Norco, and Riverside have also adopted stormwater ordinances 
which provide the legal authority to prevent the following types of discharges to MS4 
facilities: 

 Sewage to MS4 facilities 

 Wash water resulting from hosing or cleaning of gas stations and other types of 
automobile stations 

 Discharges resulting from the cleaning, repair, or maintenance of equipment, 
machinery or facilities, including motor vehicles, concrete mixing equipment, and 
portable toilet servicing 

Table D-3. Existing water conservation ordinances within the Riverside County MSAR 
watershed 

Jurisdiction 
Ordinance 

Name 
Applicability Key Prohibitions 

City of Corona Water Conservation City of Corona 

• Any irrigation water leaving the property 
• Failure to repair a water leak 
• Use of water to wash any impervious 
surfaces 

City of Norco Water Conservation City of Norco • Failure to repair a water leak 

City of Riverside Water Conservation Most of City of Riverside • Any irrigation water leaving the property 

Jurupa 
Community 
Services District 

Water Conservation Jurupa and Eastvale 

• Any irrigation water leaving the property 
• Failure to repair a water leak 
• Use of water to wash any impervious 
surfaces 
• Scheduling of spray irrigation between 
the hours of 8:00 am and 8:00 pm 

Western Municipal 
Water District Water Conservation 

Part of City of Riverside 
and portions of 
unincorporated Riverside 
County 

• Any irrigation water leaving the property 
• Adjust irrigation timers in accordance 
with weather conditions and landscape 
requirements 
• Open hoses shall be equipped with 
automatic, positive shut-off nozzles 
• Failure to repair a water leak 
• Use of water to wash any impervious 
surfaces 

County of 
Riverside 

Water Efficient 
Landscaping 

Countywide – properties 
with greater than 1 acre 
of landscaping 

• Any irrigation water leaving the property 
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 Wash water from mobile auto detailing and washing, steam and pressure 
cleaning, and carpet cleaning 

 Water from cleaning of municipal, industrial, and commercial areas including 
parking lots, streets, sidewalks, driveways, patios, plazas, work yards and 
outdoor eating or drinking areas, containing chemicals or detergents and without 
prior sweeping 

 Runoff from material storage areas or uncovered receptacles that contain 
chemicals, fuels, grease, oil or other hazardous materials 

 Discharges of runoff from the washing of toxic materials from paved or unpaved 
areas 

 Discharges from pool or fountain water containing chlorine, biocides, or other 
chemicals; pool filter backwash containing debris and chlorine 

 Pet waste, yard waste, debris, and sediment 

 Restaurant or food processing facility wastes such as grease, floor mat and trash 
bin wash water, and food waste 

The County of Riverside has adopted a similar stormwater ordinance but it does not 
address sewage issues since the County does not operate a POTW or associated 
sewage collection system. The RCFC&WCD does not have an adopted stormwater 
ordinance since it relies on the combined authority of the city and county permittees. 

Inspection and Enforcement Activities 
MS4 permittees conduct inspections of commercial and industrial facilities as part of 
municipal NPDES programs to assess compliance of facilities with local stormwater 
ordinances and, where applicable, potential noncompliance with California’s General 
Permit for Storm Water Discharges Associated with Industrial Activities. In 
evaluation of these programs for water quality benefits, restaurant inspections are of 
particular interest since restaurant activities are potential sources of indicator bacteria. 

Riverside County MS4 permittees implement a Commercial/Industrial Compliance 
Assistance Program (CAP) to conduct focused outreach to restaurants, automotive 
repair shops and certain other commercial and industrial establishments to encourage 
implementation of stormwater BMPs and facilitate consistent and coordinated 
enforcement of local stormwater quality ordinances. Site visits include use of survey 
checklists to document stormwater management practices for each facility. CAP has a 
specific compliance survey for food facilities verifying that: 

 Oil and grease wastes are not discharged onto a parking lot, street or adjacent 
catch basin 
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 Trash bin areas are clean; bin lids are closed, not filled with liquid, and bins have 
not been washed out into the MS4 

 Floor mats, filters and garbage containers are not washed in adjacent parking lots, 
alleys, sidewalks, or streets and that no wash water is discharged to MS4s 

 Parking lot areas are cleaned by sweeping, not by hosing down, and that facility 
operators use dry methods for spill cleanup 

Implementation of the water conservation ordinance also results in inspectors going 
out into the community to address complaints regarding potential violations of 
ordinance provisions. Since October 2009, in the City of Corona, the following 
complaints or inquiries have been received: 

 145 calls about watering during restricted hours 

 26 broken sprinkler calls 

 23 reports of washing down sidewalks 

 6 reports of water spraying on sidewalks 

 81 general inquiries about water conservation 

 56 calls regarding overwatering 

 46 wasting water reports 

 59 water leak/leaking sprinkler issues 

 64 reports of watering on wrong days  

To respond to these complaints, the City of Corona has completed 386 free landscape 
audits at residences throughout the city. Audits include the following activities: 

 Irrigation timers are set per the City watering guidelines (3 days per week, 20 
minutes maximum per station) 

 Valves are checked to ensure operability 

 Sprinkler heads are checked and adjusted to ensure efficiency 

 Water meter is checked for leaks 

 Additional recommendations for water savings are made 
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Illicit Discharge/Spill Response 
Riverside County permittees implement programs to reduce illicit discharges and 
prevent spills from reaching MS4 facilities. Events which involve the discharge of 
sewage have the potential to result in significant bacterial indicator inputs to the MS4. 
Permittees collaborated with the sewering agencies to develop a Unified Sanitary 
Sewer Spill Response Procedure in 2005 (updated in 2008) for containing and cleaning 
effluent to address sanitary sewer overflows. The procedure was developed in 
response to a MS4 permit requirement for sewering agencies and permittees to 
develop and strengthen interagency response procedures and enhance 
communication among permittees, sewering agencies, and the RWQCB.  

Riverside County permittees annually record notifications or complaints regarding 
illicit discharges and maintain a database of these incidents and specific response 
actions taken. Initial calls of complaints often are received by the County and then 
forwarded to individual jurisdictions for follow-up action. The discharge database 
includes the following information:   

 Discharge type 

 Discharge description and estimated quantity of material discharged 

 Response action 

A review of database records for the period 2005-2009 shows that discharge or spill 
events were mostly related to sewage overflows. Table D-4 summarizes the total 
number of reported incidents and estimated quantity of discharge cleaned. The total 
volume handled during spill response activities represents discharges prevented from 
potentially entering MS4 facilities. 
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Table D-4. Illicit Discharge Spill Response, Riverside County MS4 Program, 2005-2009 

Jurisdiction 

2005 2006 2007 2008 2009 

Incidents 
Quantity 

(gal) 
Incidents 

Quantity 
(gal) 

Incidents 
Quantity 

(gal) 
Incidents 

Quantity 
(gal) 

Incidents 
Quantity 

(gal) 

Corona 2 7,600 1 4,700 4 95,800 3 3,900 6 2,900 

Norco 0 0 0 0 0 0 1 1,000 0 0 

Riverside 27 2,084,000 5 4,100 3 1,300 9 4,800 7 6,500 
County of 
Riverside 0 0 0 0 0 0 0 0 2 5,500 
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Street Sweeping 
Street sweeping removes debris, which has been shown to contain bacterial 
indicators. Bacterial indicators become entrained in urban runoff, which is then 
discharged to the MS4. While the benefits of street sweeping are assumed to be most 
closely associated with wet weather runoff which has the greatest capacity to flush 
unswept debris into the storm drain, there is recent evidence that DWFs along curbs 
have the potential to mobilize significant numbers of bacterial indicators (Skinner et 
al. 2010; Ferguson 2006). It should be noted that street sweeping activities are only 
performed on streets with curb and gutter. In uncurbed streets, a portion of 
accumulated sediment is conveyed to shoulders by wind or runoff and is therefore 
not commonly found within the path of any DWF. 

Table D-5 summarizes the quantity of debris collected by street sweeping programs 
for each jurisdiction. The following sections provide a qualitative description of street 
sweeping program activities within permittee jurisdictions, as reported in the Annual 
Progress Reports. 

 The City of Corona prioritizes street sweeping based on a number of factors 
including land use or complaint history. Generally, streets in residential areas with 
curb and gutter are swept two times per month while street medians and intersections 
are swept one time per month. Areas are ranked as low, medium, or high based on 
the following: 

 Low - Low density residential areas; areas with no prior history of illegal 
dumping, problems and/or complaints  

 Medium - Medium density residential areas; areas with modest amount of 
landscaping, collector streets; storm drain facilities with few complaints, problems 
or history of an isolated incident that occurred in the past with no visible 
reoccurring pattern  

 High - High density residential, commercial and industrial areas; areas with 
significant amount of landscaping; major arterial, primary and secondary streets; 
facilities that discharge directly to receiving waters and are classified under the 
“Medium” category 

Table D-5. Debris collected (tons) from street sweeping, Riverside County, 2005-2009 

Jurisdiction 2005 2006 2007 2008 2009 Comments 

Corona - 2,772 2,845 2,796 2,904  
Norco - - 294 361 345  

Riverside - - 4,990 NR 2,885 NR: not reported 

County of 
Riverside - - 1,753 NR 1,672 NR: not reported 

(-): In 2005 and 2006, not all jurisdictions reported this measurement 
Source:  Riverside County Annual Progress Reports, 2005 to 2009 
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The City of Riverside implements a bi-weekly street sweeping program for streets 
with curb and gutter to reduce the discharge of pollutants and trash that would enter 
MS4 facilities from public areas such as parks and streets. The street sweeping 
program is coordinated with Parking Services to better enforce “No Parking for Street 
Sweeping” requirements. Fine enforcement has resulted in fewer vehicles remaining 
parked along the street during scheduled and posted street sweeping time; allowing 
for more effective sweeping coverage and greater removal of debris along streets and 
gutters. In 2007-2008, two new vacuum assisted sweepers were purchased.  

Unincorporated Riverside County streets with curb and gutter within established 
neighborhoods (i.e. includes Landscape Lighting and Maintenance District), street 
sweeping is performed twice a month. Other service areas within the County are 
swept on an as needed basis. 

MS4 Facility Inspection and Cleaning Programs 
The MS4 permittees implement MS4 facility inspection and cleaning programs to 
satisfy minimum facility maintenance requirements contained in their MS4 permits. 
The debris that builds up in MS4 facilities has the potential to become a significant 
bacterial indicator reservoir that can be mobilized when water moves through. While 
wet weather flows would be most likely to mobilize this debris and associated 
bacterial indicators, steady DWFs through the facility also have the potential convey 
bacterial indicators into receiving waters. 

The Riverside County permittees annually document the length and percent of 
pipeline and channel facilities inspected in the Annual Report (see Tables D-6 and D-
7). Table D-8 summarizes the amount of debris removed annually from MS4 facilities 
from 2005 to 2009. In addition, the Riverside County permittees also have conducted 
site-specific MS4 cleanup efforts in the MSAR watershed. These efforts are 
summarized below. 

City of Corona 
The City of Corona conducts annual cleanup events and has implemented efforts to 
address transient encampments in the Prado Basin: 

 Temescal Creek Cleanup Event: - Since 2005, the City of Corona has conducted annual 
volunteer trash and debris removal events in Temescal Creek. These events are 
held in coordination with various agencies and in conjunction with the Inner-
Coastal Watershed Cleanup Day. Dates and volunteer efforts resulting in debris 
removed from the Temescal Creek are summarized below:  

 May 21, 2005 - 80 volunteers; quantity unknown; October 28, 2006 - 30 
volunteers; 2 tons of debris; October 18, 2008 - 300 volunteers; 50 tons of 
debris;  October 17, 2009 - 100 volunteers; 23 tons of debris
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Table D-6. Linear feet of pipe and percent of pipe inspected, Riverside County MS4, 2005 - 2009 

Jurisdiction 
Linear Feet (LF) or Miles (mi) of Pipe Inspected Percent Pipe Inspected 

2005 2006 2007 2008 2009 2005 2006 2007 2008 2009 

Corona 43,310 LF 45,490 LF 47,550 LF 39,204 LF 47,360 LF 6 6 6 5 6 

Norco 16,100 LF 16,900 LF 17,000 LF 17,000 LF 17,000 LF 80 80 62 62 80 

City of Riverside 0 ND ND ND ND 0 ND 10 10 10 
County of 
Riverside ND ND ND All 2 6,150 LF ND 80 80 100 82 

RCFC&WCD ND ND All 2 All 2 All 2 100 100 100 100 100 
1 ND: No data shown 
2 All components that can be visually inspected 
Source:  Riverside County Annual Progress Reports, 2005 to 2009 

Table D-7. Linear feet of channel and percent of channel inspected, Riverside County MS4, 2005 - 2009 

Jurisdiction 
Linear Feet (LF) or Miles (mi) of Channel Inspected Percent Channel Inspected 

2005 2006 2007 2008 2009 2005 2006 2007 2008 2009 

Corona 21,536 LF 21,536 LF 22,855 LF 22,861 LF 23,258 LF 100 100 100 100 100 

Norco 4,400 LF 4,400 LF 4,000 LF 4,400 LF 4,400 LF 100 100 80 100 100 
City of 

Riverside 199,000 LF 199,000 LF ND ND ND 100 100 100 100 100 

County of 
Riverside ND ND ND ND 57,855 LF ND 92 92 100 95 

RCFC&WCD 133 mi 59 mi 160 mi 103 mi 95 mi 100 100 100 100 100 
1 ND: No data shown 
Source:  Riverside County Annual Progress Reports, 2005 to 2009 
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 Prado Basin Transient Encampment Abatement - Since a portion of the Prado Basin is 
located within the City of Corona jurisdiction, in 2003 the City initiated 
meetings to strategize removal of transient encampments within the Prado 
Basin. Since 2006, this program has resulted in removal of debris from 
Prado Basin: 197 tons, 4 tons, and 8 tons of debris removed in 2006, 2007 
and 2008, respectively. 

City of Norco  
In addition to the inspecting MS4 facilities, the City of Norco implements BMPs to 
reduce the likelihood of erosion-based pollutants by allowing alternative trail 
materials to be installed across driveway approaches within the horse trail. The City 
also has replaced many of the drop inlets located within horse trails with curb 
opening catch basins. Use of these alternative materials and drainage features reduces 
the potential for horse manure mobilization from roadside horse trails to MS4 
systems. 

City of Riverside 
Annually, prior to the rainy season, the City’s Public Works Department clears 
drainage areas near dirt roads to remove illegal dumping, debris, and weeds that may 
block drainage paths. This cleaning activity reduces the potential for in-stream source 
of bacteria indicators by removing materials that may provide habitat for bacteria 
colonies to survive and grow. 

County of Riverside 
The County utilizes various departments including the Transportation Department, 
Code Enforcement Department, County Environmental Health, RCFC&WCD, 
Building and Safety Department and Waste Management Department to inspect MS4 
facilities and respond to complaints of illegal dumping. In addition, Riverside County 
implements community cleanup events throughout the region. These activities reduce 
the potential for in-stream source of bacteria indicators by removing materials that 
may provide habitat for bacteria colonies to survive and grow. 

Table D-8. Debris (tons) collected from MS4 facilities, Riverside County permittees, 
2005-2009 

Jurisdiction 2005 2006 2007 2008 2009 Comments 

Corona - - 64 117 119  
Norco - - 16 16 14  
City of 

Riverside - - 3,381 cy 7,000 cy 2,200 cy Debris cubic yards (cy) 

County of 
Riverside - - 15 NR 24 NR, not recorded 

RCFC&WCD 
- 673 600  1,200 1,100 Debris collected (tons) 

- 45,146 50,000 57,000 24,000 Sediment collected 
(cubic yards) 

(-): In 2005 and 2006, not all jurisdictions reported this measurement 
Source:  Riverside County Annual Progress Reports, 2005 to 2009 
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4.2.8 Water Conservation Programs 
Development and implementation of water conservation BMPs will be closely 
coordinated with water purveyors within the MS4 drainage area. Water demand 
management measures (DMM), also known as BMPs, are required to be evaluated in 
urban water management plans (UWMPs). Attachment C provides details on each of 
these BMPs and describes plans to enhance water conservation BMP implementation 
prior to 2015. Water purveyors within the MS4 Permit area have also implemented 
other water conservation BMPs to reduce outdoor water use that are not required by 
the UWMP Act. The following sections summarize current implementation of DMMs 
and additional conservation BMPs by the City of Corona Water Department and 
Riverside Public Utilities. 

City of Corona 
 Completion of landscape design guidelines for commercial and industrial 

developments. The purpose of the guidelines is to: 

 Ensure a high level of resource conservation including water conservation, 
groundwater recharge, and green waste reduction; 

 Promote improved water use management and water conservation through 
the use of water-efficient landscaping, limited use of turf grass, and aggressive 
use of water conserving irrigation technology and management; 

 Eliminate water waste from irrigation overspray; and 

 Reduce the water demands from landscapes without a decline in the 
landscape quality or quantity. 

 Landscape Audit – Provide free irrigation system check and develop customer 
irrigation schedule based on precipitation rate, local climate, irrigation system 
performance, and landscape conditions. Since 2005, approximately 1,300 
landscape audits have been provided. 

 Landscape Partners – Establish partnership with local landscape suppliers for 
customers to purchase water saving devices at discounted prices 

 Rebate Program - Implementation has included past programs such as: 

 Turf Removal (Pilot Program) – $1 per square foot to remove turf lawn and 
install water-friendly landscaping; 

 Weather Based Irrigation Controllers – $200 per controller for irrigable area 
less than one acre; 

 Rotating Nozzles – $4 per nozzle with pressure regulating head to guarantee 
performance; and 
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 Synthetic Turf – $0.90 per square foot to replace irrigated lawn area. 

 Weather-based Irrigation Controller Direct Installation Programs 

 Completed pilot program for the installation of 37 weather-based irrigation 
controllers in 2009 on residential lots of 10,000 square feet or larger. 
Controllers reduce urban runoff by reducing the amount of water applied to 
yards. In the first six months since the controllers have been installed, the pilot 
program has resulted in savings of 15.7 acre-feet of water. 

 Weather-based Irrigation Controller (WBIC) direct installation (expanded 
program for future implementation) – Collaborating with the Bureau of 
Reclamation (50 percent grant funded) to install 290 controllers for customers 
with landscape areas over 1,500 sq. ft. In 2010, 335 WBICs were installed under 
this program. 

 Residential Parkway Landscape Conversion Program – This program began in 2009 to 
support new City of Corona guidelines established for converting high water 
demand turf into water efficient landscaping, e.g., converting the parkway area 
between the curb and the sidewalk. Increased participation is expected in future 
years as water utility rates increase.   

City of Corona has converted approximately one acre of Landscape Maintenance 
District high water demand landscaped areas, such as turf, to drought tolerant 
landscaping and decomposed granite, and has installed more efficient irrigation 
systems over the past year. 

These design guidelines and water conservation BMPs will provide potential 
reduction in DWF that may have otherwise conveyed bacterial indicators to MS4 
facilities and receiving waters. 

City of Riverside 
 Rebate Program - Implementation has included past programs such as: 

 Artificial Turf - Level of incentive is $1 per square foot, up to $1,000. Since 
2009, 3 acres of grass has been replaced with artificial turf by participants in 
this program, 

 Rotating Sprinkler Nozzles - Level of incentive is $4 per qualified nozzle, up to 
$100, not to exceed the purchase price of the new nozzles. 

 WBIC - Level of incentive on qualified units is $200 per unit, or $25 per station 
on landscapes larger than one acre. 

 Waterwise Landscaping Program - Customers can receive incentives of $0.40 per 
square foot of turf area that is replaced with waterwise landscaping. Customers 
can replace between 1,000 to 6,000 square feet of existing turf for a maximum 
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rebate of $2,400. Rebate cannot exceed 50 percent of total documented materials 
cost. Since 2009, over 5 acres of grass has been replaced with waterwise 
landscaping by participants in this program.  

 RPU is currently partnered with WMWD in a large landscape residential 
WBIC/rotator direct install program. RPU targets the top residential water users 
in the city and, if they meet the proper criteria, to install water saving irrigation 
equipment in their homes at no cost. 

 RPU will begin an annual high efficiency sprinkler nozzle distribution program 
for residents via the website FreeSpinklerNozzles.com on July 1, 2010. Under this 
program, RPU has provided 85,000 nozzles to customers in 2010-2011. 

RPU currently administers, through MWD, rebates for all commercial entities using 
pressurized water saving devices such as a pressurized waterbroom to clean 
sidewalks and work areas. 

These water conservation BMPs will provide potential reduction in DWF that may 
have otherwise conveyed bacterial indicators to MS4 facilities and receiving waters. 
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D.3 Structural BMPs  
This section describes relatively large-scale projects that include structural BMPs that 
reduce urban runoff under dry weather conditions that have been completed since 
January 1, 2005 or are already planned for completion by December 31, 2015. 
Structural BMPs will provide potential reduction in DWF that may have otherwise 
conveyed bacterial indicators to MS4 facilities and receiving waters. 

Few large scale structural BMPs have been implemented since 2005 in Riverside 
County. An example of one such project is the County Line Channel project which 
was completed in 2007 primarily as a flood control facility in the Chino-Corona 
Agricultural Preserve area. The channel provides 100-year flood protection to existing 
public roads, utilities, new development, and agricultural operations by collecting 
overland sheet flows from the City of Ontario and County of San Bernardino portions 
of the watershed and discharges the flows into the Cucamonga Creek Channel. It was 
co-sponsored by RCFC&WCD, SBCFCD, and the City of Ontario. Grant funding was 
also provided by SAWPA. 

The construction of the County Line Channel facility accommodated major storm 
drain laterals that convey stormwater and avoided the co-mingling of urban runoff 
with agricultural drainage that previously resulted in the inundation and overflowing 
of the dairy drainage systems within the project vicinity. While this project did not 
directly reduce bacterial indicators from urban areas, it did reduce the potential for 
conveying bacterial indicators from agricultural sources from impacting receiving 
waters in the Cucamonga Creek drainage area. 

Riverside County permittees completed the BMP Siting Study for the Santa Ana 
Region Permit Area in 2005. This study identified candidate properties that could be 
retrofitted to include regional structural BMPs to capture dry and wet weather runoff. 
This study screened the candidate sites to prioritize implementation of potential 
projects. Further investigation of these potential sites will be necessary to determine 
their technical feasibility. Structural BMP retrofit opportunities identified in this study 
could be used to provide regional treatment solutions if it is determined there is a 
need to control DWF/bacterial indicators, and a regional structural BMP approach is 
determined to be the necessary approach.  
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E.1  Introduction 
The MS4 permit establishes the minimum required schedule-related elements for 
inclusion in the CBRP. These elements include: 

 A detailed schedule with discrete milestones to assess satisfactory progress 
toward meeting urban wasteload allocations for dry weather; 

 Designation of responsibility for meeting each milestone; and 

 Specific metrics to demonstrate the effectiveness of the CBRP and acceptable 
progress for meeting the urban wasteload allocations for dry weather. 

Section 2.3 provides an overview of the schedule for the CBRP implementation 
program. The following sections present the additional information required by the 
MS4 permit.  
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E.2  CBRP Program Elements 
This section provides the implementation plan for each of the four required CBRP 
elements. Each plan includes the following information: 

 CBRP Activity – Programmatic area to be implemented.  

 Milestones – Discrete actions associated with the completion of each CBRP activity. 

 Metrics – Specific outcomes to demonstrate completion of each milestone; in 
addition, metrics for some activities are related to mitigation of identified 
controllable urban sources of bacterial indicators and provide a means to measure 
effectiveness of activity. 

 Lead Agency – Assignment of the activity to either the area-wide MS4 program or 
to MS4 Permittees with jurisdiction over a targeted area. 

 Completion Date – Completion dates are provided where possible. CBRP Step 2 and 
3 activities are expected to extend beyond the December 31, 2015 compliance date 
given the length of time involved with the design, permitting and construction of 
a structural BMP.  

Element 1 – Ordinances 
Two activities comprise Element 1 - water conservation and pathogen control 
ordinances. Table E-1 provides the implementation activities planned for each of these 
CBRP activities. Evaluations of legal authority and the development of minimum 
ordinance requirements are expected to be implemented by individual MS4 
Permittees, where necessary. Activities associated with the development of a 
pathogen control ordinance are an MS4 permit requirement and the completion date 
is consistent with the permit. Progress towards implementing Element 1 activities will 
be summarized and reported in the Annual Report prepared under the MS4 permit. 

Element 2 – Specific BMPs 
Seven specific BMPs are included in Element 2. Table E-2 provides the 
implementation plan associated with each of these activities. Implementation 
responsibility for specific activities varies between the area-wide MS4 program and 
Permittees. Some activities are closely linked to other CBRP elements, e.g., 
implementation of irrigation practices is closely linked with the water conservation 
ordinance activities described under Element 1. Several activities are also MS4 permit 
requirements, e.g., IDDE program development, WQMP revisions, and septic system 
management. The completion dates for these activities are consistent with the MS4 
permit requirements. Progress implementing Element 2 activities will be summarized 
and reported in the Annual Report prepared under the MS4 permit. 

Element 3 – Inspection Criteria 
This element includes the activities dedicated to identifying controllable dry weather 
flow and bacterial indicator sources, prioritizing mitigation evaluations, completing 
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mitigation alternative evaluations, and initiating the implementation of selected 
mitigation alternatives (Table E-3). Element 3 activities require data collection, the 
results of which support decisions regarding next steps to mitigate controllable 
sources. Deliverables range from selection and initiation of a structural BMP projects 
to implementation of more targeted non-structural BMPs. Structural BMPs selected 
under Element 3 are designed and constructed as part of Element 4. Where the results 
of source evaluation activities indicate that sources are uncontrollable or are not the 
responsibility of the MS4, the RWQCB will be notified and the source will be 
addressed outside of the CBRP. 

Currently, the USEP (approved by the RWQCB in 2008) and the 2010 MS4 permit 
require the completion of semi-annual USEP reports to describe progress and plans 
associated with the implementation of urban source evaluation activities. Element 3 
activities will replace the need to periodically identify source evaluation activities for 
implementation. Reports regarding the findings of mitigation evaluations and 
selection of mitigation alternatives will be summarized in the MS4 permit Annual 
Reports. 
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Table E-1. Implementation Plan for CBRP Element 1 – Ordinances 

CBRP Activity Milestones Metrics Lead Complete by 

1.A - Water 
Conservation 
Ordinance 

1.A.i – Evaluate existing legal authority to 
manage and enforce DWF 

Establish minimum DWF management and 
enforcement requirements for the area  Permittees June 30, 2012 1.A.ii - Evaluate opportunities to collaborate 

with water purveyors on implementation of 
SB7 to maximize use of outdoor water use 
efficiency BMPs and reduce DWF 
1.A.iii – Evaluate need to revise local 
ordinances to incorporate more stringent DWF 
management requirements 

Prepare draft revised ordinances in the 
local jurisdiction, as needed Permittees December 31, 

2012 

1.A.iv - Adopt revised water conservation 
ordinances (as appropriate) 

As appropriate to the local jurisdiction, 
revised ordinances adopted Permittees December 31, 

2013 

1.B – Pathogen Control 
Ordinance 

1.B.i – Evaluate existing legal authority to 
manage animal wastes 

Establish minimum requirements for the 
control of bacterial indicator sources  Permittees June 30, 2012 1.B.ii – Identify other controllable  bacterial 

indicator sources (other than pet waste) that 
may contribute to bacterial indicator 
exceedances in the MS4 
1.B.iii – Evaluate need to establish/revise local 
ordinances to incorporate minimum bacterial 
indicator control requirements 

Prepare draft revised ordinances in the 
local jurisdiction, as needed Permittees December 31, 

2012 

1.B.iv – Adopt/revise pathogen control 
ordinances 

As appropriate to the local jurisdiction, 
revised ordinances adopted Permittees January 29, 

20131 

1.C - Reporting 

1.C.i – Provide annual summary of ordinance 
development activities and recommendations 
for CBRP modification as identified by Element 
1 implementation 

Incorporate summary into MS4 permit 
Annual Report 

Area-wide MS4 
Program 

Annually by 
November 15 

1 -  Consistent with MS4 permit requirement 
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Table E-2. Implementation Plan for CBRP Element 2 – Specific BMPs 

Activity Milestones Metrics Lead Complete by 

2.A – Transient 
Camps 

2.A.i - Identify locations of transient 
encampments that may be contributing to 
elevated bacterial indicators in dry weather 
flows in MS4 facilities, evaluate potential 
impacts from identified camps, and develop 
plan to mitigate camps determine to be a water 
quality concern 

Report findings Permittees 

Reported in Annual 
Report starting with 
FY2013/2014 
Annual Report 

2.A.ii - Develop model program for mitigating 
water quality impacts from transient 
encampments 

Determine need to establish model 
program for use by local jurisdictions 

Area-wide MS4 
Program 

Reported in 
FY2012/13 Annual 
Report 

2.A.iii - Develop targeted transient camp 
mitigation plan 

Based on the outcome of 2.A.i and 2.A.ii, 
prepare mitigation plan (with schedule) for 
implementation by local jurisdiction 

Permittees June 30, 2013, if 
required 

2.A.iv - Implement transient camp mitigation 
plan 

Complete targeted activities based on 
mitigation plan Permittees 

Ongoing starting 
July 1, 2013, if 
required 

2.B – IDDE 

2.B.i - Develop draft IDDE Program that is 
consistent with permit requirements and 
supports CBRP Element 3 (Inspection Program) 

Develop program guidance based on MS4 
permit requirements and needs of 
inspection program 

Area-wide MS4 
Program 

Submitted March 31, 
2011 

2.B.ii – Develop final IDDE Program for 
submittal to the RWQCB Submit final guidance to RWQCB Area-wide MS4 

Program July 29, 20111 

2.B.iii – Implement IDDE Program Implementation of Inspection Program as 
required by 3.C 

Area-wide MS4 
Program & 
Permittees 

As required by 
Element 3 

2.C - Street 
Sweeping 

2.C.i – Evaluate need to revise street sweeping 
programs 

Develop recommendations for modified 
street sweeping program targeted at 
bacterial indicators 

Permittees June 30, 2012 

2.C.ii - Develop plan/schedule for 
implementation of modified program (as 
appropriate) 

Establish plan/schedule for implementation 
of modified street sweeping program, as 
appropriate to local jurisdictions 

Permittees 
Submitted with 
FY2011/2012 
Annual Report. 

2.C.iii – Implement modified street sweeping 
program Compliance with established plan/schedule Permittees As required by 2.C.ii 
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Table E-2. Implementation Plan for CBRP Element 2 – Specific BMPs 

Activity Milestones Metrics Lead Complete by 

2.D – Irrigation or 
Water 
Conservation 
Practices 

2.D.i - Develop irrigation and water 
conservation BMP programs in coordination 
CBRP activity 1.A 

Identify recommended irrigation and water 
conservation BMP practices for 
implementation 

Permittees December 31, 2012 

2.D.ii - Develop plan/schedule for 
implementation of BMP practices 

Establish plan/schedule for implementation 
of BMP practices, as appropriate within 
local jurisdictions 

Permittees March 31, 2013 

2.D.iii – Implement BMP practices Compliance with established plan/schedule Permittees As required by 2.D.ii 

2.E – Water 
Quality 
Management Plan 
Revision 

2.E.i - Submit draft WQMP revision to RWQCB Submit draft WQMP Guidance and 
Template revisions as required by permit 

Area-wide MS4 
Program July 29, 20112 

2.E.ii - Submit final WQMP to RWQCB Submit final WQMP Guidance and 
Template as required by permit 

Area-wide MS4 
Program 

Based on RWQCB 
Response to Draft2 

2.E.iii - Incorporate WQMP revisions into 
training programs 

Establish revised training modules to 
incorporate new WQMP provisions 

Area-wide MS4 
Program July 29, 20122 

2.E.iv – Implement revised WQMP WQMP approved by RWQCB Permittees Within 90 days of 
Board approval2 

2.F –Septic 
System 
Management 

2.F.i – Analyze relationship between location of 
septic systems and MS4 facilities to evaluate 
potential for impacts from septic systems on 
water quality under dry weather conditions 

Enhance existing septic system inventory, 
identify areas where septic systems have 
the potential to impact the MS4 to inform 
future source assessment activities;  

Area-wide MS4 
Program  January 29, 20122 

2.F.ii – Distribute educational materials and 
conduct public education activities to inform 
septic system owners on proper maintenance of 
septic systems 

Complete targeted educational activities  
Area-wide MS4 
Program & 
Permittees 

Ongoing 

2.F.iii – Conduct inspection and enforcement 
activities as needed, to ensure potential water 
quality impacts to MS4 are mitigated 

Complete targeted inspections and 
implement enforcement actions as needed Permittees Ongoing 

2.G – Pet Waste 
Management 

2.G.i – Evaluate pet waste management BMPs 
within local jurisdictions to identify any 
opportunities to enhance BMPs to better target 
bacterial indicator sources; coordinate 
evaluation with CBRP Activity 1.B 

Identification of new or enhanced BMPs for 
implementation Permittees September 30, 2012 

2.G.i – Develop and implement BMPs identified 
in 2.G.i. Implementation of BMPs identified in 2.G.i Permittees January 29, 20131 
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Table E-2. Implementation Plan for CBRP Element 2 – Specific BMPs 

Activity Milestones Metrics Lead Complete by 

2.H - Reporting 

2.H.i – Provide annual summary of BMP 
activities and recommendations for CBRP 
modification as identified by Element 2 
implementation 

Incorporate summary into MS4 permit 
Annual Report 

Area-wide MS4 
Program & 
Permittees 

Annually by 
November 15 

1 -  Program guidance is an MS4 permit requirement with no due date; the CBRP establishes a due date 18 months after permit adoption 
2  - Consistent with MS4 permit requirement 
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Table E-3. Implementation Plan for CBRP Element 3 – Inspection Criteria1 

Activity Milestones Metrics Lead Complete by 

3.A –Tier 1 Source 
Evaluation 

3.A.i - Revise Watershed-wide Monitoring 
Program Monitoring Plan and QAPP, as needed 

Revised Monitoring Plan and QAPP approved 
by RWQCB 

Area-wide MS4 
Program March 31, 2012 

3.A.ii - Collect data from Tier 1 sites 
Completed sampling; laboratory data 
received and included in MSAR database 
maintained by SAWPA 

Area-wide MS4 
Program December 31, 2012 

3.B – Prioritization 
of Drainage Areas 

3.B.i – Prepare Data Analysis Report with 
prioritized drainage areas based on data 
collected under 3.A 

Data Analysis Report summarizing Tier 1 
results to support Decision Points #1 and #2 
in the Compliance Strategy (Figure 2-4) 

Area-wide MS4 
Program March 31, 2013 

3.C – Identify 
Alternatives for 
Reducing or 
Eliminating 
Controllable Flow 
or Bacterial 
Indicator Sources  

3.C.i - Based on the findings of Elements 3.B.i, 
collect data from Tier 2 sites, as needed, and 
develop alternatives to mitigate controllable dry 
weather flow or bacterial indicator sources for 
each prioritized drainage area starting with the 
highest priority area (subsequent drainage 
areas evaluated in order of priority) 

Prepare documentation regarding the 
alternatives identified for each evaluated 
drainage area (documentation prepared for 
each drainage area in order of priority and 
included in Annual Report) 

Permittees  December 31, 2014 

3.D – Identify and 
Select Mitigation 
Alternatives 

3.D.i – Select mitigation alternative based on 
findings established under 3.C.i  

Prepare documentation regarding the 
selected alternative for mitigating controllable 
sources in each drainage area 
(documentation prepared for each drainage 
area in order of priority and included in 
Annual Report) 

Permittees March 31, 2015 

3.D.ii – Implement targeted non-structural 
BMPs if part of mitigation alternative 

Document implementation of non-structural 
BMPs through Annual Report Permittees December 31, 2015 

3.D.iii – Complete Project Identification phase of 
CIP process where structural BMPs selected 

Establish Project Need and move structural 
BMP project into CBRP Step 2 (see Table E-
4.) 

Permittees March 31, 2015 

3.E - Reporting 3.E.i – Provide annual summary of Element 3 
implementation activities Incorporate into Annual Report Area-wide MS4 

Program 
Annually by 
November 15 

1 – Element 3 activities will not occur in the Temescal Creek Subwatershed 
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Element 4 – Regional Treatment (Structural Controls) 
This element includes all CBRP Step 2 and 3 activities and programmatic activities 
including the WAP (Table E-4). Preparation of the WAP and the update to the 2005 
BMP Retrofit Study are MS4 permit requirements. The milestones, metrics and 
schedule associated with these activities are consistent with the MS4 permit.  

The outcomes of CBRP Step 1 (selection of BMP alternatives for each prioritized 
drainage area) determine the schedule for implementation of structural BMP projects 
and the specific Permittees responsible for BMP implementation (e.g., responsibility 
for implementation of the BMP rests with the Permittees located within the drainage 
area that drains to the structural BMP). Wherever structural BMP solutions are 
selected for implementation, a project-specific schedule will be developed. This 
schedule will take into account the usual factors that affect implementation of capital 
improvement projects, e.g., available funding or permitting requirements. If under 
CBRP Step 2 a selected alternative is determined to be infeasible, a process will be 
initiated to identify another alternative for the targeted drainage area. 

The CBRP schedule shows CBRP Steps 2 and 3 likely extending beyond the December 
31, 2015 to allow for the CIP process to be implemented within each responsible 
jurisdiction. The status of CBRP BMP projects will be annually summarized and 
reported in the Annual Report prepared for the MS4 permit program. 
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E.3  Monitoring & Reporting 
A watershed-wide compliance monitoring program was established in 2007; it will 
continue as designed under the CBRP. A report summarizing sample results from dry 
weather conditions from April 1 to October 31 is submitted to the RWQCB by 
December 31st of each year. Similarly, a report summarizing sample results from 
November 1 through March 31 is submitted to the RWQCB by May 31st of each year. 
In addition to these biannual reports, a 3-year summary (or Triennial Report) is due to 
the RWQCB by February 15th every three years since TMDL adoption. The first of 
these reports was submitted on February 15, 2010. Subsequent reports are due in 2013 
and 2016. 

Table E-5 summarizes the monitoring and reporting activities associated with the 
CBRP. Under the CBRP, the watershed-wide compliance monitoring program will 
continue to be the primary means of evaluating progress toward meeting the 2010  
MS4 Permit WQBEL for dry weather. The existing Monitoring Plan and QAPP will be 
revised as needed to facilitate source evaluation activities implemented as part of 
Element 3 – in particular allowing the use of alternative EPA-approved bacterial 
indicator laboratory analysis methods.  

The CBRP schedule includes the regular reporting of seasonal sampling results that is 
ongoing. In addition, during CBRP implementation two Triennial Reports will be 
prepared that will provide opportunity to evaluate newly collected data and the 
effectiveness of CBRP implementation over the long term: 
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Table E-4. Implementation Plan for CBRP Element 4 – Regional Treatment (Structural BMPs) 

Activity Milestones Metrics Lead Complete by 

4.A – Complete 
UAAs, as needed 

4.A.i - Meet with RWQCB to establish UAA 
development schedule and waterbody-specific 
data requirements 

UAA schedule and waterbody 
specific approach established Permittees Schedule specific 

Structural BMP Projects 

4.A.ii- Collect required data and complete UAA Submit completed UAA to RWQCB Permittees Schedule linked to 
Structural BMP Projects 

4.B – Budget / 
Planning CIP 
Phase 

4.B.i – Prepare preliminary design and cost 
estimate for identified structural BMP project Completed project cost estimate Permittees Schedule linked to 

Structural BMP Projects 

4.B.ii – Incorporate into CIP Incorporation of structural BMP 
project into CIP Permittees Schedule linked to 

Structural BMP Projects 

4.C – Design CIP 
Phase  

4.C.i – Develop design for structural BMPs 
included in the CIP, as funding allows Completed structural BMP design Permittees Schedule linked to 

Structural BMP Projects 

4.C.ii – Initiate CEQA process for projects in 
design CEQA process initiated Permittees Schedule linked to 

Structural BMP Projects 

4.D – Permitting 
CIP Phase 

4.D.i – Complete CEQA process  CEQA approval obtained Permittees Schedule linked to 
Structural BMP Projects 

4.D.ii – Obtain all required permits and 
approvals 

All permits and approvals for 
construction obtained Permittees Schedule linked to 

Structural BMP Projects 

4.E – Construction 
CIP Phase 

4.E.i – Construct BMP, as available funding 
allows BMP constructed Permittees Schedule linked to 

Structural BMP Projects 

4.F – Watershed 
Action Plan 

4.A.i – Prepare WAP, including evaluation of 
retrofit opportunities (update of 2005 BMP 
Retrofit Study) 

WAP submitted to RWQCB Area-wide MS4 Program January 29, 2013 

4.A.ii - Implement WAP Compliance with established WAP 
and associated schedule 

To be determined as part 
of WAP development WAP dependent 

4.G - Reporting 4.F.i – Provide summary of status of each 
structural BMP project 

Incorporate summary into Annual 
Report Area-wide MS4 Program Annually by November 

15 
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CBRP For Riverside County Final_Attachment E.Doc 

Table E-5. Implementation of activities to assess compliance with urban wasteload allocations 

CBRP Activity Milestones Metrics Lead Complete by 

Watershed-wide 
Compliance Monitoring 

Revise Monitoring Plan and QAPP as needed 
to facilitate Element 3 activities, including 
modifying the approved E. coli laboratory 
analysis method to another EPA-approved 
method to allow use of local laboratories1 

Revised Monitoring Plan and QAPP 
approved by RWQCB 

Area-wide MS4 
Program through 
MSAR Task Force  

December 31, 
2011 

Collect 20-weekly samples during dry season 
(April 1 – October 31) Submittal of Dry Season Report to RWQCB 

Area-wide MS4 
Program through 
MSAR Task Force  

Ongoing annual 
activity 

Collect 11 weekly samples during wet season 
(November 1 – March 31) Submittal of Wet Season Report to the 

RWQCB 

Area-wide MS4 
Program through 
MSAR Task Force  

Ongoing annual 
activity Collect 4 samples during and after one wet 

weather event 

2013 Triennial Report 

Review and revise compliance analysis 
contained in CBRP Section 3 based on most 
recent data (e.g., flow, bacterial indicators, 
special studies) including additional analysis 
on relative contribution of bacterial indicators 
from controllable urban sources 

Revised compliance analysis for 
incorporation into the 2013 Triennial Report 

Area-wide MS4 
Program through 
MSAR Task Force  

December 31, 
2012 

As part of 2013 report, evaluate progress 
towards meeting urban wasteload allocations, 
in particular during dry weather conditions 
(April 1 – October 31) 

Submit Triennial Report to the RWQCB by 
February 15, 2013; incorporate 
recommendations for modifications to 
CBRP 

Area-wide MS4 
Program through 
MSAR Task Force  

February 15, 
2013 

2016 Triennial Report 

Review and revise compliance analysis 
contained in CBRP Section 3 based on most 
recent data (e.g., flow, bacterial indicators, 
special studies) including additional analysis 
on relative contribution of bacterial indicators 
from controllable urban sources 

Revised compliance analysis for 
incorporation into the 2016 Triennial Report 

Area-wide MS4 
Program through 
MSAR Task Force  

December 31, 
2015 

As part of 2016 report, evaluate progress 
towards meeting urban wasteload allocations, 
in particular during dry weather conditions 
(April 1 – October 31) 

Submit Triennial Report to the RWQCB by 
February 15, 2016; incorporate 
recommendations for modifications to 
CBRP including additional BMPs planned if 
compliance monitoring indicates additional 
measures are required 

Area-wide MS4 
Program through 
MSAR Task Force  

February 15, 
2016 
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Table E-5. Implementation of activities to assess compliance with urban wasteload allocations 

CBRP Activity Milestones Metrics Lead Complete by 

Water Quality 
Objective Review 

Based on the findings/outcomes of CBRP 
implementation activities, evaluate whether to 
revise geometric mean E. coli water quality 
objective applicable to Chino Creek, Mill-
Cucamonga Creek, Santa Ana River Reach 3 
and Prado Park Lake from 126 to 206 cfu/100 
mL  

RWQCB decision on whether to implement 
Basin Plan amendment process 

RWQCB with MSAR 
Task Force Spring 2016 

1 The Basin Plan amendment under development by the SWQSTF allows for the use any EPA-approved E. coli method for evaluating compliance. Implementation 
of the CBRP will require use of local laboratories to facilitate inspection program activities; the existing Monitoring Plan will be revised to accommodate this 
requirement. 
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 2013 Triennial Report – This report will provide an interim evaluation of progress 
towards meeting the urban wasteload allocation by the December 21, 2015 
compliance date. As part of the preparation of this report, the compliance analysis 
contained in CBRP Section 3 will be reviewed, and where appropriate, revised to 
take into account newly available bacterial indicator, flow, and special study data 
which provide additional information regarding controllable urban sources and 
the relative contribution of bacteria from the MS4 to impaired waters.  

 2016 Triennial Report – This report, due to the RWQCB by February 15, 2016, will 
provide an analysis of the most recent dry weather condition results obtained 
through October 2015. As part of the preparation of this report, the compliance 
analysis contained in CBRP Section 3 (and potentially revised in 2013) will be 
reviewed, and where appropriate, further revised to take into account newly 
available bacterial indicator, flow, and special study data which provide 
additional information regarding controllable urban sources and the relative 
contribution of bacteria from the MS4 to impaired waters. 
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The following glossary terms were adapted from Appendix 4, Glossary, Riverside 
County MS4 Permit, Order No. R8-2010-0033. 

303(d) List - Provides information on impaired waters, likely pollutant sources, and 
priority for TMDL development. 

Bacterial Indicator - Indicator for the potential presence of pathogens. 

Basin Plan – Water Quality Control Plan developed by the Regional Board for the 
Santa Ana River watershed. 

Bacterial Prioritization Score [BPS] – Scoring given to a Middle Santa Ana River 
subwatershed on the basis of frequency and magnitude of water quality objective 
exceedences and number of human detections over the course of the 2007-2008 USEP 
monitoring period. 

Beneficial Use – Uses of water necessary for the survival or well being of man, plants, 
and wildlife. These uses of water serve to promote the tangible and intangible 
economic, social, and environmental goals. “Beneficial Uses” that may be protected 
include, but are not limited to: domestic, municipal, agricultural and industrial 
supply; power generation; recreation; aesthetic enjoyment; navigation; and 
preservation and enhancement of fish, wildlife, and other aquatic resources or 
preserves. Existing Beneficial Uses are those that were attained in the surface or 
ground water on or after November 28, 1975; and potential Beneficial Uses are those 
that would probably develop in future years through the implementation of various 
control measures. “Beneficial Uses” are equivalent to “Designated Uses” under 
federal law. [California Water Code Section 13050(f)] Beneficial Uses for the Receiving 
Waters are identified in the Basin Plan. 

BMP [Best Management Practices] – Defined in 40 CFR 122.2 as schedules of 
activities, prohibitions of practices, maintenance procedures, and other management 
practices to prevent or reduce the Pollution of Waters of the U.S. BMPs also include 
treatment requirements, operating procedures and practices to control plant site 
runoff, spillage or leaks, sludge or waste disposal, or drainage from raw material 
storage. In the case of MS4 permits, BMPs are typically used in place of Numeric 
Effluent Limits. 

Comprehensive Bacteria Reduction Plan [CBRP] – A plan presenting a long-term 
solution designed to achieve compliance with the WLAs by the dates specified in the 
MSAR Bacteria Indicator TMDL. This plan includes a description of the proposed 
BMPs and the documentation demonstrating that the BMPs are expected to attain the 
WLAs by the compliance dates when implemented. 
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Controllable Urban Bacteria Sources – Non-agricultural/non-Open Space 
Anthropogenic sources of Pollutants in Urban Runoff that may be controlled by the 
Permittees to the MEP.  “Controllable Urban Sources” do not include discharges from 
state and federal facilities, public schools and hospitals, utilities, railroads, special 
districts, Native American tribal lands, wastewater management agencies and other 
point and non-point source discharges otherwise permitted by or under the 
jurisdiction of the Regional Board, which have been identified by the Regional Board 
in the MS4 permit as being beyond the Permittees’ legal jurisdiction. Additionally, 
“Controllable Urban Sources” do not include certain activities that generate Pollutants 
in Urban Runoff which have been identified by the Regional Board in the MS4 permit 
as being beyond the ability of the Permittees to eliminate and include, but are not 
limited to:  emissions from internal combustion engines, brake pad wear and tear, 
atmospheric deposition, bacteria from wildlife (including feral cats and dogs) or from 
bacterial resuscitation or reactivation from treated waters or growth of bacteria in the 
environment (such as sediments, surface water, or other substrate) and leaching of 
naturally occurring nutrients and minerals from local soils. Specific anthropogenic 
controllable indictor bacteria sources within the Santa Ana Watershed may include: 
• Improper use of fertilizers on residential and commercial properties and 

agricultural lands 
• Improper handling of pet waste 
• Cross-connections between the sanitary and storm sewer systems 
• Leaky sanitary sewer conveyances 
• Discharges from POTWs owned and operated by the Permittees 
• Improper handling and disposal of food waste 
• Runoff from yards containing fertilizers, pet waste, and lawn trimmings 
• Transient encampments 
 
DAMP [Drainage Area Management Plan] – The DAMP is a programmatic 
document developed by the Permittees and approved by the Executive Officer that 
outlines the major programs and policies that the Permittees individually and/or 
collectively implement to manage Urban Runoff in the Permit Area. 

De Minimus Permit – General De Minimus Permit for Discharges to Surface Waters, 
Order NO. R8-2009-0003, NPDES No. CAG 998001. 

Dry Season – For the CBRP, the dry season is defined by the period from April 1 
through October 31 of each year. 

Dry Weather Flow [DWF] – Flow in MS4 drains or receiving waterbodies during dry 
weather in either wet or dry seasons. 

Dry Weather – a condition where daily rainfall does not exceed 0.1 inches. 
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Illegal Discharge –Defined at 40 CFR 122.26(b)(2) as any discharge to the MS4 that is 
not composed entirely of storm water, except discharges pursuant to an NPDES 
permit, discharges that are identified in Section VI.A. of this Order, and discharges 
authorized by the Executive Officer. 

Illicit Connection – Any connection to the MS4 that is prohibited under local, state, or 
federal statutes, ordinances, codes, or regulations. The term Illicit Connection includes 
all non storm-water discharges and connections except discharges pursuant to an 
NPDES permit, discharges that are identified in Section V, Effluent Limitations and 
Discharge Specifications, of this Order, and discharges authorized by the Executive 
Officer. 

Impaired Waterbody / Impaired Waters – Section 303(b) of the CWA requires each of 
California’s Regional Water Quality Control Boards to routinely monitor and assess 
the quality of waters of their respective regions. If this assessment indicates that 
Beneficial Uses are not met, then that waterbody must be listed under Section 303(d) 
of the CWA as an Impaired Waterbody. The 2006 water quality assessment found a 
number of water bodies as Impaired pursuant to Section 303(d). The Santa Ana River, 
Reach 3 is listed as an impaired waterbody for pathogens. 

Impressions – The most common measure is "gross impressions" that includes 
repetitions. This means if the same person sees an advertisement or hears a radio or 
sees a TV advertisement a thousand times, that will be counted as 1000 Impressions. 

LA [Load Allocations] – Distribution or assignment of TMDL Pollutant loads to 
entities or sources for existing and future Non-Point Sources, including background 
loads.  

Local Implementation Plan [LIP] – Document describing an individual Permittee’s 
procedures, ordinances, databases, plans, and reporting materials for compliance with 
the MS4 Permit. 

Low Impact Development [LID] – Comprises a set of technologically feasible and 
cost-effective approaches to storm water management and land development that 
combines a hydrologically functional site design with Pollution Prevention measures 
to compensate for land development impacts on hydrology and water quality. LID 
techniques mimic the site’s predevelopment hydrology by using site design 
techniques that store, infiltrate, evapotranspire, bio-treat, bio-filter, bio-retain or 
detain runoff close to its source. 

Major Outfall – Outfalls from MS4 systems expected to contribute a measurable 
amount of dry weather flow based on desktop GIS analysis of upstream drainage 
area. It is expected that this desktop GIS analysis is moderately comparable with the 
NPDES Permit definition of a major outfall as an outfall “with a pipe diameter of 36 
inches or greater or drainage areas draining 50 acres or more". 
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Maximum Extent Practicable [MEP] – Standard for implementation of stormwater 
management programs. Section 402(p)(3)(B)(iii) of the Clean Water Act requires that 
municipal storm water permits "shall require controls to reduce the discharge of 
pollutants to the maximum extent practicable, including management practices, 
control techniques, and system design and engineering methods, and such other 
provisions as the Administrator or the State determines appropriate for the control of 
such pollutants."  

In practice, compliance with the MEP standard is evaluated by how well the 
Permittees implement the "minimum measures" identified by EPA, including: (1) 
Public education and outreach on storm water impacts; (2) Public 
involvement/participation; (3) Illicit discharge detection and elimination; (4) 
Construction site storm water runoff control; (5) Post-construction storm water 
management in new development and redevelopment; and (6) Pollution 
prevention/good housekeeping for municipal operations. Collectively, these 
minimum measures are often referred to as "Best Management Practices" or BMPs. 
The MEP standard does not require Permittees to reduce pollutant concentrations 
below natural background levels, nor does it require further reductions where 
pollutant concentrations in the receiving water already meet water quality objectives. 
In implementing the MEP standard, it is appropriate for Permittees to prioritize their 
resource allocation to address the storm water pollution problems that pose the 
greatest and most immediate threat to human health or the environment.  

MEP is a technology-based standard established by Congress in CWA section 
402(p)(3)(B)(iii) that operators of MS4s must meet. Technology-based standards 
establish the level of pollutant reductions that dischargers must achieve, typically by 
treatment or by a combination of source control and treatment control BMPs. MEP 
generally emphasizes pollution prevention and source control BMPs primarily (as the 
first line of defense) in combination with treatment methods serving as a backup 
(additional line of defense). MEP considers economics and is generally, but not 
necessarily, less stringent than BAT. A definition for MEP is not provided either in the 
statute or in the regulations. Instead the definition of MEP is dynamic and will be 
defined by the following process over time: municipalities propose their definition of 
MEP by way of their urban runoff management programs. Their total collective and 
individual activities conducted pursuant to the urban runoff management programs 
becomes their proposal for MEP as it applies both to their overall effort, as well as to 
specific activities (e.g., MEP for street sweeping, or MEP for MS4 maintenance). In the 
absence of a proposal acceptable to the Regional Board, the Regional Board defines 
MEP.  

In a memo dated February 11, 1993, entitled "Definition of Maximum Extent 
Practicable," Elizabeth Jennings, Senior Staff Counsel, SWRCB addressed the 
achievement of the MEP standard as follows: 

“To achieve the MEP standard, municipalities must employ whatever Best 
management Practices (BMPs) are technically feasible (i.e., are likely to be effective) 
and are not cost prohibitive. The major emphasis is on technical feasibility. Reducing 
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pollutants to the MEP means choosing effective BMPs, and rejecting applicable BMPS 
only where other effective BMPS will serve the same purpose or the BMPS would not 
be technically feasible, or the cost would be prohibitive. In selecting BMPS to achieve 
the MEP standard, the following factors may be useful to consider: 

a. Effectiveness: Will the BMPS address a pollutant (or pollutant source) of 
concern? 

b. Regulatory Compliance: Is the BMP in compliance with storm water 
regulations as well as other environmental regulations? 

c. Public Acceptance: Does the BMP have public support? 

d. Cost: Will the cost of implementing the BMP have a reasonable relationship 
to the pollution control benefits to be achieved? 

e. Technical Feasibility: Is the BMP technically feasible considering soils, 
geography, water resources, etc? 

The final determination regarding whether a municipality has reduced pollutants to 
the maximum extent practicable can only be made by the Regional or State Water 
Boards, and not by the municipal discharger. If a municipality reviews a lengthy 
menu of BMPs and chooses to select only a few of the least expensive, it is likely that 
MEP has not been met. On the other hand, if a municipal discharger employs all 
applicable BMPs except those where it can show that they are not technically feasible 
in the locality, or whose cost would exceed any benefit derived, it would have met the 
standard. Where a choice may be made between two BMPS that should provide 
generally comparable effectiveness, the discharger may choose the least expensive 
alternative and exclude the more expensive BMP. However, it would not be 
acceptable either to reject all BMPs that would address a pollutant source, or to pick a 
BMP base solely on cost, which would be clearly less effective. In selecting BMPs the 
municipality must make a serious attempt to comply and practical solutions may not 
be lightly rejected. In any case, the burden would be on the municipal discharger to 
show compliance with its permit. After selecting a menu of BMPs, it is the 
responsibility of the discharger to ensure that all BMPs are implemented.” 

MS4 [Municipal Separate Storm Sewer System] – A conveyance or system of 
conveyances (including roads with drainage systems, municipal streets, catch basins, 
curbs, gutters, ditches, natural drainage features or channels, modified natural 
channels, man-made channels, or storm drains): (i) Owned or operated by a State, city 
town, borough, county, parish, district, association, or other public body (created by 
or pursuant to State law) having jurisdiction over disposal of sewage, industrial 
wastes, storm water, or other wastes, including special districts under State law such 
as a sewer district, flood control district or drainage district, or similar entity, or an 
Indian tribe or an authorized Indian tribal organization, or designated and approved 
management agency under section 208 of the CWA that discharges to Waters of the 
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U.S.; (ii) Designated or used for collecting of conveying storm water; (iii) Which is not 
a combined sewer; (iv) Which is not part of the POTW as defined at 40 CFR 122.2. 

New Development – The categories of development identified in Section XI.D of this 
Order. New Development does not include routine maintenance to maintain original 
line and grade, hydraulic capacity, or original purpose of a facility, nor does it include 
emergency New Development required to protect public health and safety. 
Dischargers should confirm with Regional Board staff whether or not a particular 
routine maintenance activity is subject to this Order. 

Non-Point Source – Refers to diffuse, widespread sources of Pollution. These sources 
may be large or small, but are generally numerous throughout a watershed. Non-
Point Sources, include but are not limited to urban, agricultural or industrial area, 
roads, highways, construction sites, communities served by septic systems, 
recreational boating activities, timber harvesting, mining, livestock grazing, as well as 
physical changes to stream channels, and habitat degradation. Non-Point Source 
Pollution can occur year round any time rainfall, snowmelt, irrigation, or any other 
source of water runs over land or through the ground, picks up Pollutants from these 
numerous, diffuse sources and deposits them into rivers, lakes and coastal waters or 
introduces them into groundwater. 

National Pollutant Discharge Elimination System [NPDES] – Permits issued under 
Section 402(p) of the CWA for regulating discharge of Pollutants to Waters of the U.S. 

Point Source – Any discernible, confined, and discrete conveyance, including, but not 
limited to, any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, 
rolling stock, concentrated animal feeding operations, landfill leachate collection 
systems, vessel, or other floating craft from which pollutants are or may be 
discharged. 

POTW [Publicly Owned Treatment Works] – Wastewater treatment facilities owned 
by a public agency. 

Report of Waste Discharge [ROWD] – Application for issuance or re-issuance of 
WDRs. 

Non-structural BMPs – In general, activities or programs to educate the public or 
provide low cost non-physical solutions, as well as facility design or practices aimed 
to limit the contact between Pollutant sources and storm water or authorized Non-
Storm Water. Examples include: activity schedules, prohibitions of practices, street 
sweeping, facility maintenance, detection and elimination of IC/IDs, and other non-
structural measures. Facility design (structural) examples include providing attached 
lids to trash containers, canopies for fueling islands, secondary containment, or roof 
or awning over material and trash storage areas to prevent direct contact between 
water and Pollutants. 



Attachment F 
Glossary 

A  F-7 

Structural BMPs – Physical facilities or controls that may include secondary 
containment, treatment measures, (e.g. low flow diversion, detention/retention 
basins, and oil/grease separators), run-off controls (e.g., grass swales, infiltration 
trenches/basins, etc.), and engineering and design modification of existing structures.  

Total Maximum Daily Load [TMDL] - The TMDL is the maximum amount of a 
pollutant that can be discharged into a water body from all sources (point and non-
point) and still maintain water quality standards. Under Clean Water Act Section 
303(d), TMDLs must be developed for all water bodies that do not meet water quality 
standards after application of technology based controls.  

Uncontrollable Bacteria Sources ‐ Contributions of bacteria within the watershed 
from nonpoint sources that are not readily managed through technological or natural 
mechanisms and that may result in exceedances of water quality objectives for 
indicator bacteria. Uncontrollable sources can occur from both natural and 
anthropogenic sources, and include runoff from the roadways, residential, industrial 
and agricultural land use, and wildlife activity. Specific uncontrollable indicator 
bacteria sources within the Santa Ana Watershed may include: 
• Wildlife activity and waste 
• Bacterial regrowth within sediment 
• Resuspension from disturbed sediment 
• Marine vegetation (wrack) along high tide line 
• Concentration (flocks) of semi-wild water fowl 
• Shedding during swimming 

Waste Load Allocations [WLAs] – Maximum quantity of Pollutants a discharger of 
waste is allowed to release into a particular waterway, as set by a regulatory 
authority. Discharge limits usually are required for each specific water quality 
criterion being, or expected to be, violated. Distribution or assignment of TMDL 
Pollutant loads to entities or sources for existing and future Point Sources. 

Water Quality Objectives – Means the numeric or narrative limits or levels of water 
quality constituents or characteristics which are established for the reasonable 
protection of Beneficial Uses of water or the prevention of Nuisance within a specific 
area. [California Water Code Section 13050(h)]. 

Water Quality Standards –The water quality goals of a waterbody (or a portion of the 
waterbody) designating Beneficial Uses to be made of the water and the Water 
Quality Objectives or criteria necessary to protect those uses. These standards also 
include California’s anti-degradation policy. 

Watershed Action Plan [WAP] – Integrated plans for managing a watershed that 
include consideration of water quality, hydromodification, water supply and habitat 
protection. The Watershed Action Plan integrates existing watershed based planning 
efforts and incorporates watershed tools to manage cumulative impacts of 
development on vulnerable streams, preserve structure and function of streams, and 
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protect source, surface and groundwater quality and water supply in the Permit Area. 
The Watershed Action Plan should integrate Hydromodification and water quality 
management strategies with land use planning policies, ordinances, and plans within 
each jurisdiction. 

Wet Season - For the CBRP, the wet season is defined by the period from November 1 
to March 31, of each year. 
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Section 1 
Background and Purpose 

The Santa Ana Regional Water Quality Control Board (RWQCB) adopted a Municipal Separate 
Storm Sewer System (MS4) permit for San Bernardino County on January 29, 2010 that requires 
the development of a Comprehensive Bacteria Reduction Plan (CBRP). The CBRP is a long term 
plan designed to achieve compliance with dry weather condition (April 1 – October 31) 
wasteload allocations for bacterial indicators established by the Middle Santa Ana River 
(MSAR) Bacterial Indicator Total Maximum Daily Load (TMDL) (“MSAR Bacterial Indicator 
TMDL”). This document fulfills this MS4 permit requirement. The following sections provide 
the regulatory background, purpose, and framework of the CBRP.  

1.1 Regulatory Background 
The 1972 Federal Water Pollution Control Act and its amendments comprise what is commonly 
known as the Clean Water Act (CWA). The CWA provides the basis for the protection of all 
inland surface waters, estuaries, and coastal waters. The federal Environmental Protection 
Agency (EPA) is responsible for ensuring the implementation of the CWA and its governing 
regulations (primarily Title 40 of the Code of Federal Regulations) at the state level. 

California‘s Porter-Cologne Water Quality Control Act of 1970 and its implementing 
regulations establish the Santa Ana Regional Water Quality Control Board (RWQCB) as the 
agency responsible for implementing CWA requirements in the Santa Ana River Watershed. 
These requirements include adoption of a Water Quality Control Plan (“Basin Plan”) to protect 
inland freshwaters and estuaries. The Basin Plan identifies the beneficial uses for waterbodies 
in the Santa Ana River watershed, establishes the water quality objectives required to protect 
those uses, and provides an implementation plan to protect water quality in the region 
(RWQCB 1995, as amended).  

The CWA requires the RWQCB to routinely monitor and assess water quality in the Santa Ana 
River watershed. If this assessment indicates that beneficial uses are not met in a particular 
waterbody, then the waterbody is found to be impaired and placed on the state’s impaired 
waters list (or 303(d) list1). This list is subject to EPA approval; the most recent EPA-approved 
303(d) list for California is the 2006 list2.  

Waterbodies on the 303(d) list require development of a TMDL. A TMDL establishes the 
maximum amount of a pollutant that a waterbody can receive (from both point and nonpoint 
sources) and still meet water quality objectives. 

                                                           
1 303(d) is a reference to the CWA section that requires the development of an impaired waters 
list. 
2 The State Water Resources Control Board recently completed its 2010 303(d) List. This list is 
currently under review by the EPA. 
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1.2 Santa Ana River Watershed Basin Plan 
The Basin Plan designates beneficial uses (including recreational uses) for surface waters in the Santa Ana 
River watershed (RWQCB 1995, as amended) (see Table 3-1 of the Basin Plan). The following sections 
describe existing and potential future Basin Plan requirements that are relevant to this CBRP. 

1.2.1 Existing Basin Plan Requirements 
The recreational uses applicable to waterbodies in the MSAR watershed include Water Contact 
Recreation (REC-1) and Non-Contact Recreation (REC-2). These are currently defined in the Basin Plan as 
follows: 

 REC-1 - Waters that are used for recreational activities involving body contact with water where 
ingestion of water is reasonably possible. These uses may include, but are not limited to, 
swimming, wading, water-skiing, skin and scuba diving, surfing, whitewater activities, fishing, 
and use of natural hot springs. 

 REC-2 - Waters that are used for recreational activities involving proximity to water, but not 
normally involving body contact with water where ingestion of water would be reasonably 
possible. These uses may include, but are not limited to, picnicking, sunbathing, hiking, 
beachcombing, camping, boating, tidepool and marine life study, hunting, sightseeing, and 
aesthetic enjoyment in conjunction with the above activities. 

To evaluate whether these recreational uses are protected in a given waterbody, the Basin Plan  
(Chapter 4) currently relies on fecal coliform3 as a bacterial indicator for the potential presence of 
pathogens. Fecal coliform present at concentrations above certain thresholds are believed to be an 
indicator of the potential presence of fecal pollution and harmful pathogens, thus increasing the risk of 
gastroenteritis in recreational bathers exposed to the elevated levels. Section 4 of the Basin Plan specifies 
the following water quality objectives for protection of recreational uses:  

 REC-1 - Fecal coliform: log mean less than 200 organisms/100 mL based on five or more 
samples/30-day period, and not more than 10 percent of the samples exceed 400 organisms/ 100 
mL for any 30-day period. 

 REC-2 - Fecal coliform: average less than 2000 organisms/100 mL and not more than 10 percent of 
samples exceed 4000 organisms/100 mL for any 30-day period 

1.2.2 Proposed Amendments to the Basin Plan 
The RWQCB is currently considering replacing the REC-1 bacterial indicator water quality objectives for 
fecal coliform with E. coli objectives. EPA published revised bacterial indicator guidance in 1986 (EPA 
1986) that recommended the adoption of E. coli as the freshwater bacterial indicator for pathogens. This 
guidance was based on epidemiological studies that found that the positive correlation between E. coli 
concentrations and the frequency of gastroenteritis was better than the correlation between fecal 
coliform concentrations and gastroenteritis.  

The RWQCB is considering this Basin Plan revision through the work of the Stormwater Quality 
Standards Task Force (SWQSTF). Since 2003, RWQCB staff and members of the SWQSTF (which 

                                                           
3 Fecal coliform and E. Coli are a group of bacteria considered by the Regional Board as bacterial indicators for pathogens. Within this CBRP, references to fecal 

coliform and E. Coli should be considered equivalent to the term bacterial indicators. 
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includes representatives from the Santa Ana Watershed Protection Authority [SAWPA]; the counties and 
cities of Orange, Riverside, and San Bernardino; Orange County Coastkeeper; Inland Empire 
Waterkeeper; among others) have been engaged in the implementation of a workplan that is evaluating 
both recreational uses and associated water quality objectives. The key proposed amendments, relevant 
to this MSAR Bacterial Indicator TMDL that are expected to be adopted by the RWQCB in fall 2011 
include: 

 Clarification of the definition of REC-1 waters; 

 Deletion of the current fecal coliform objectives for REC-1 and REC-2 beneficial uses; 

 Adoption of geometric mean E. coli objectives for REC-1 waters based on EPA (1986) guidance; 

 Sub-categorization of REC-1 waters into classes and establishment of a class-specific method for 
assessing E. coli data in the absence of sufficient data to calculate a geometric mean;  

 For waters designated only REC-2 (only after approval of a Use Attainability Analysis [UAA] that 
removes the presumptive REC-1 use), establishment of an antidegradation-based bacterial 
indicator water quality objective; and 

 Temporary suspension of recreational uses during high flow conditions in freshwater streams. 

The Basin Plan amendment includes several UAAs to modify presumptive REC-1 uses in the MSAR 
watershed. These UAAs and proposed recreational use changes include: 

 Cucamonga Creek – Reach 1, confluence with Mill Creek (at Hellman Street) upstream to 23rd 
Street in Upland, California; remove both REC-1 and REC-2 uses. 

 Temescal Creek – Reach 1, from approximately 100 feet downstream of Cota Street 
(33°53’29.904”N, 117°34’12.432”) to the Arlington Drain confluence; remove REC-1 use. 

 Temescal Creek – Reach 2, from the confluence with Arlington Drain (33° 52' 51.204"N, 117° 33' 
15.732"W) to approximately 1,400 feet upstream of Magnolia Avenue (33° 52' 1.992"N, 117° 31' 
30.108"W); remove REC-1 and REC-2 uses. 

1.3 Middle Santa Ana River Bacterial Indicator TMDL 
Water quality data collected in 1994 and 1998 from waterbodies in the MSAR watershed showed 
exceedances of fecal coliform bacterial indicator water quality objectives. Based on these data and 
potential impacts to recreational uses, the RWQCB recommended that the following waterbodies be 
placed on the 303(d) list: 

 Santa Ana River, Reach 3 – Prado Dam to Mission Boulevard  

 Chino Creek, Reach 1 – Santa Ana River confluence to beginning of hard lined channel south of 
Los Serranos Road 

 Chino Creek, Reach 2 – Beginning of hard lined channel south of Los Serranos Road to 
confluence with San Antonio Creek  

 Mill Creek (Prado Area) – Natural stream from Cucamonga Creek Reach 1 to Prado Basin 

 Cucamonga Creek, Reach 1 – Confluence with Mill Creek to 23rd Street in City of Upland 
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 Prado Park Lake 

As noted above, waterbodies on the 303(d) list are subject to the development of a TMDL. Accordingly, 
on August 26, 2005 the RWQCB adopted Resolution No. R8-2005-0001, amending the Basin Plan to 
incorporate bacterial indicator TMDLs for the above-listed waterbodies in the watershed (i.e., MSAR 
Bacterial Indicator TMDL) (RWQCB 2005). The TMDLs adopted by the RWQCB were subsequently 
approved by the State Water Resources Control Board on May 15, 2006, by the California Office of 
Administrative Law on September 1, 2006, and by EPA Region 9 on May 16, 2007. The EPA approval date 
is the TMDL effective date. 

The MSAR Bacterial Indicator TMDL established wasteload allocations for urban MS4 and confined 
animal feeding operation discharges and load allocations for agricultural and natural sources. The 
wasteload and load allocations were established for both fecal coliform and E. coli: 

 Fecal coliform: 5-sample/30-day logarithmic mean (or geometric mean) less than 180 organisms/ 
100 mL and not more than 10 percent of the samples exceed 360 organisms/100 mL for any 30-day 
period. 

 E. coli: 5-sample/30-day logarithmic mean (or geometric mean) less than 113 organisms/100 mL 
and not more than 10 percent of the samples exceed 212 organisms/100 mL for any 30-day period. 

The urban discharger requirements are listed as tasks in the TMDL, with Tasks 1.2, 3, 4.1, 4.3, 4.5, and 6 
having relevance to this CBRP for Riverside County (Table 1-1). Other tasks included in the TMDL either 
address urban discharges associated with San Bernardino County or other agricultural discharge 
requirements.  

1.4 San Bernardino County MS4 Permit 
The San Bernardino County MS4 program operates under a National Pollutant Discharge Elimination 
System (NPDES) MS4 permit issued by the Regional Board (Order No. 2010-0036, NPDES No. 
CAS618036). This permit regulates discharges to and from MS4 facilities within the Santa Ana River 
watershed in San Bernardino County. The permittees covered by this permit include the San Bernardino 
County Flood Control District (SBCFCD), San Bernardino County and the following Cities: Big Bear Lake, 
Chino, Chino Hills, Colton, Fontana, Grand Terrace, Highland, Loma Linda, Montclair, Ontario, Rancho 
Cucamonga, Redlands, Rialto, San Bernardino, Upland, and Yucaipa. The SBCFCD is the Principal 
Permittee; the remaining jurisdictions are the Co-Permittees. 

The Regional Board issued its first MS4 permit to San Bernardino County MS4 in 1990. This permit 
focused primarily on program development, which included establishment of the Drainage Area 
Management Plan (replaced in 2002 by the MSWMP) and implementation of public education and staff 
training on stormwater quality concerns.  

Since the issuance of that permit, the MS4 program has gradually evolved from a very basic stormwater 
management program into a complex program with many requirements that go beyond the program as 
originally established. The second-term permit, which began in 1996, focused on continued program 
development, implementation, and reporting. Under this permit, program reporting requirements 
increased significantly, which required increased staff and financial resources. To address the increased 
reporting requirements, permittees developed an electronic data collection and management system for 
the MS4 Area-wide Program. The system provided for more consistent reporting among the permittees 
and provided a standardized approach for preparation of the required MS4 Annual Report. 
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The third-term permit, issued in 2002, increased the focus of the permit on program implementation and 
required more prescriptive data reporting to document program accomplishments. These requirements 
led to the development of the MS4 Solution Database, which documents well the extent to which 
program requirements are implemented throughout the County. It was during this period that the 
Regional Board began the adoption of TMDLs that included wasteload allocations applicable to urban 
stormwater discharges. Although the 2002 MS4 permit did not include specific TMDL implementation 
programs, the MS4 permittees actively participated in the development and implementation of these 
TMDLs.  

The Regional Board adopted the fourth term MS4 permit on January 29, 2010. This permit contains many 
new requirements that will further increase the complexity and costs associated with the management of 
urban discharges in the permitted area. In addition, for the first time the MS4 permit explicitly includes 
TMDL implementation requirements applicable to waterbodies in San Bernardino County for which 
TMDLs are effective, specifically Big Bear Lake (nutrients) and the MSAR Bacterial Indicator TMDL. The 
development of this CBRP is a MS4 permit requirement associated with implementation of the MSAR 
Bacterial Indicator TMDL. The CBRP is designed to provide a comprehensive plan for attaining the MS4 
permit’s water quality based effluent limits for the MSAR TMDL by integrating existing control programs 
and efforts with new permit mandates and other additional activities necessary to address controllable 
urban sources of bacterial indicators.    

1.5 Comprehensive Bacterial Indicator Reduction Plan 
This section provides information on the requirements for CBRP development and the applicability of the 
plan to urban discharges in the San Bernardino County area. In addition, information is provided on the 
general framework of this plan and the process associated with its development.  

1.5.1  Purpose and Requirements 
The findings section of the San Bernardino County MS4 permit describes the purpose of the 
CBRP: 

 Section II.F.13.c.vi - Based on the results of pre-compliance evaluation monitoring (Pre-
compliance evaluation monitoring is monitoring conducted prior to the TMDL compliance date 
to assess the effectiveness of BMPs [Best Management Practices] implemented in reducing 
pollutant(s) of concern by the compliance date) it has been determined that the short-term 
solutions discussed above are not expected to achieve the WLAs [wasteload allocations] by the 
compliance dates. This Order requires the MSAR permittees to develop a long-term plan (a 
comprehensive bacteria reduction plan, CBRP) designed to achieve compliance with the WLAs 
by the compliance dates. 

 Section II.F.13.c.vii - If necessary, the CBRP will be updated based on an evaluation of the 
effectiveness of the BMPs implemented. In the absence of an approved CBRP the WLAs become 
the final numeric water quality-based effluent limit that must be achieved by the compliance 
dates. 
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Table 1-1. MSAR Bacterial Indicator TMDL requirements applicable to portions of San Bernardino County. 

Task Subtask Required Activity Schedule/Status 

Task 1 – Review/ Revise 
Existing Waste Discharge 
Requirements 

Task 1.1 – WDR 
requirements for San 
Bernardino County 
MS4 

Review and revise the Waste Discharge Requirements for the San 
Bernardino County MS4 permit as necessary to include the appropriate 
wasteload allocations, compliance schedules and or monitoring 
requirements 

New MS4 permit was adopted on January 29, 
2010. Relevant TMDL requirements, including 
the preparation of the CBRP for dry weather 
were included in the permit 

Task 3 - Watershed-Wide 
Water Quality Monitoring 
Program 

NA 
All named responsible parties in the TMDL shall, as a group, submit to the 
Regional Board for approval a proposed watershed-wide monitoring 
program that will provide data necessary to review and update the TMDL.  

All parties (except U.S. Forest Service) are 
implementing a Regional Board approved 
monitoring program collaboratively through 
the MSAR Task Force (see Attachment A) 

Task 4 – Urban Discharges 

Task 4.1 - Develop and 
Implement Bacterial 
Indicator Urban 
Source Evaluation Plan 
(USEP) 

Responsible parties in San Bernardino County (as named in the TMDL) shall 
develop a Bacterial Indicator Urban Source Evaluation Plan. This plan shall 
include steps needed to identify specific activities, operations, and 
processes in urban areas that contribute bacterial indicators to MSAR 
watershed waterbodies. The plan shall also include a proposed schedule for 
completion of each of the steps identified. The proposed schedules can 
include contingency provisions that reflect uncertainty concerning the 
schedule for completion of the SWQSTF work and/or other investigations 
that may affect the steps that are proposed. The USEP shall be 
implemented upon Regional Board approval. 

The Regional Board-approved USEP has been 
implemented by the responsible parties since 
2008 (see Attachment A). In addition, this 
CBRP incorporates the principles/activities of 
the USEP and replaces its implementation 
requirements (See Attachment C). 

Task 4.2 – Revise the 
San Bernardino 
County Municipal 
Stormwater 
Management Program 
(MSWMP) 

The Executive Office shall notify the MS4 permittees of the need to revise 
the MSWMP to incorporate measures to address the results of the USEP 
and/or other studies. The revised MSWMP will be implemented upon 
approval by the Regional Board.  

The January 29, 2010 MS4 permit includes 
requirements for MSWMP revisions that are 
being coordinated with TMDL implementation 

Task 4.3 – Revise the 
San Bernardino 
County Water Quality 
Management Plan 
(WQMP)  

The Executive Office shall notify the MS4 permittees of the need to revise 
the WQMP to incorporate measures to address recommendations of the 
SWQSTF or other investigations. The revised WQMP will be implemented 
upon approval by the Regional Board.  

The January 29, 2010 MS4 permit includes 
requirements for WQMP revisions that are 
being coordinated with TMDL implementation 
and this CBRP 

Task 6 – Review or Revision 
of the MSAR Bacterial 
Indicator TMDL 

NA 

Regional Board will review all data and information generated pursuant to 
the TMDL requirements on an ongoing basis (at least every three years). 
Based on results from the monitoring programs, special studies, modeling 
analysis, SWQSTF and/or special studies, changes to the TMDL, including 
revisions to the numeric targets, may be warranted.  

The first Triennial Report was submitted on 
February 15, 2010; additional Triennial 
Reports will be prepared in 2013 and 2016 as 
part of this CBRP (see Attachment E) 
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Based on these findings, the Regional Board established specific requirements for the CBRP’s content. 
These requirements, found in Section V.D.2.b.i in the San Bernardino County permit, include: 

Section V.D.2.b.i - The MSAR permittees shall prepare for approval by the Regional Board a CBRP 
describing, in detail, the specific actions that have been taken or will be taken to achieve compliance with 
the urban wasteload allocation under dry weather conditions (April 1st through October 31st ) by December 
31, 2015. The CBRP must include: 

a) The specific ordinance(s) adopted to reduce the concentration of indicator bacteria in urban 
sources. 

b) The specific BMPs implemented to reduce the concentration of indicator bacteria from urban 
sources and the water quality improvements expected to result from these BMPs. 

c) The specific inspection criteria used to identify and manage the urban sources most likely causing 
exceedances of water quality objectives for indicator bacteria. 

d) The specific regional treatment facilities and the locations where such facilities will be built to 
reduce the concentration of indicator bacteria discharged from urban sources and the expected 
water quality improvements to result when the facilities are complete. 

e) The scientific and technical documentation used to conclude that the CBRP, once fully 
implemented, is expected to achieve compliance with the urban wasteload allocation for indicator 
bacteria by December 31, 2015. 

f) A detailed schedule for implementing the CBRP. The schedule must identify discrete milestones to 
assess satisfactory progress toward meeting the urban wasteload allocations for dry weather by 
December 31, 2015. The schedule must also indicate which agency or agencies are responsible for 
meeting each milestone. 

g) The specific metric(s) that will be established to demonstrate the effectiveness of the CBRP and 
acceptable progress toward meeting the urban wasteload allocations for indicator bacteria by 
December 31, 2015. 

h) MSWMP, WQMP, and Local Implementation Plans shall be revised consistent with the CBRP no 
more than 180 days after the CBRP is approved by the Regional Board. 

i) Detailed descriptions of any additional BMPs planned, and the time required implementing those 
BMPs, in the event that data from the watershed-wide water quality monitoring program indicate 
that water quality objectives for indicator bacteria are still being exceeded after the CBRP is fully 
implemented. 

j) A schedule for developing a CBRP needed to comply with the urban wasteload allocation for 
indicator bacteria during wet weather conditions (November 1st thru March 31st) to achieve 
compliance by December 31, 2025. 
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1.5.2  Applicability 
The applicability of this CBRP is limited to the following:  

 Bacterial Indicator Sources – The CBRP is designed to mitigate controllable urban sources of 
bacterial indicators that cause non-attainment of bacterial indicator water quality objectives at the 
watershed-wide compliance sites. 

 Jurisdiction – Though additional responsible parties are named in the TMDL, this CBRP document 
only applies to the San Bernardino County MS4 permittees named in the TMDL: SBCFCD; San 
Bernardino County; the Cities of Ontario, Chino, Chino Hills, Montclair, Rancho Cucamonga, 
Upland, Rialto, and Fontana. 

 Hydrologic Condition – This CBRP applies only to urban discharges from the MS4 during dry 
weather conditions that have the potential to impact the downstream watershed-wide TMDL 
compliance monitoring site. 

 Seasonal Condition - This CBRP applies only to urban discharges from the MS4 during the period 
April 1st through October 31st.  

1.5.3 Compliance with Urban Wasteload Allocation 
The San Bernardino County MS4 permittees have developed a CBRP that is designed to achieve compliance 
with the dry season urban wasteload allocation by the compliance date of December 31, 2015. Compliance 
with the wasteload allocations can be measured in several ways: 

 Water quality objectives are attained at the watershed-wide compliance sites established as part of 
the implementation of the TMDL (see Attachment C). If not attained, then it must be 
demonstrated that bacterial indicators from controllable urban sources are not the cause of non-
attainment. 

 Compliance with controllable urban source wasteload allocations demonstrated from specific MS4 
facilities, e.g., sampling demonstrates that controllable urban sources discharged from MS4 outfalls 
or drains are in compliance with the wasteload allocation during dry weather conditions. 

 MS4 facilities, e.g., outfalls, are dry, or that flows from these MS4 outfalls are infiltrating prior to 
connection with impaired waterbodies, and thus not contributing to dry weather flow (DWF) to 
downstream waters. 

1.5.4  CBRP Conceptual Framework 
CBRP implementation relies on a step-wise approach that implements key actions to identify controllable 
urban sources of bacterial indicators, evaluate and select a mitigation alternative, and, where necessary, 
construct structural BMPs to mitigate controllable sources. This pragmatic approach is a direct extension of 
the already RWQCB-approved watershed-wide compliance monitoring program, Urban Source Evaluation 
Plan (USEP), and framework being established by the SWQSTF. Coupled with this pragmatic approach is 
the incorporation of existing and relevant MS4 permit requirements. These requirements are 
supplemented, where needed, to target controllable urban sources of bacterial indicators.  
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The demonstration of compliance with the MSAR Bacteria TMDL (see Section 3) assumes RWQCB 
adoption of proposed Basin Plan amendments developed by the SWQSTF. These amendments establish the 
following framework: 

First, the bacteria objectives and related wasteload allocations should only be applied to waterbodies 
designated REC-1 and the Regional Board is working closely to identify the various storm water channels 
that should be reclassified as REC-2 or REC-X.  This assumption governs the range of compliance 
alternatives that could be proposed in the CBRP. In particular, the MSAR Permittees plan to install regional 
treatment facilities where needed to ensure urban discharges comply with bacteria objectives in 303(d) 
listed streams depends first on amending the Basin Plan to make clear that the same objectives are not 
intended to apply in the concrete-lined flood control channels that are tributary to natural streams.  
Without such clarifications, it is uncertain whether regional treatment facilities would be permitted under 
federal law. The MSAR Permittees have not identified any actions that would be taken to meet bacteria 
standards if the Basin Plan amendments are not approved because we know of no feasible means to assure 
compliance with the wasteload allocation at each urban stormwater outfall to every flood control channel.   

Second, the CBRP is designed to mitigate controllable urban sources of bacteria to the maximum extent 
practicable because the MSAR Permittees lack sole authority to determine what mitigation measures will be 
permitted under law. Several different federal, state and local agencies must approve the various projects 
designed to achieve compliance with the urban wasteload allocation. And, there is no assurance that such 
approvals can be obtained given the need to simultaneously protect other designated beneficial uses (e.g. 
aquatic habitat, groundwater recharge) in the watershed. To the extent that the MSAR Permittees may be 
restricted from implementing the most effective methods for reducing urban discharges of bacteria, the 
only legal alternative is to select a different strategy that achieves compliance to the maximum extent 
practicable.  This merely represents a practical regulatory reality and is not intended to serve as an excuse 
for making anything other than the best effort possible to meet water quality standards. 

Third, the MSAR Permittees believe strongly that eliminating controllable discharges is, by far, the best way 
to assure compliance with the urban wasteload allocation. In general, there should be little or no urban 
stormwater discharges during dry weather conditions. Mass balance analysis indicates that the greatest 
water quality improvement would come from focusing on the relatively small nuisance flows associated 
with excess landscape irrigation and other common activities (car washing, driveway cleaning) common to 
residential areas. Reducing such flows not only offers the best method for reducing bacterial loads from 
controllable urban sources, it will help the MSAR Permittees comply with the conservation requirements 
specified in SB x7-7 (aka "20 percent by 2020"). The fact that similar efforts are already required in the MS4 
permit only increases our commitment to implement the strategy with great diligence and a stronger sense 
of urgency. 

Fourth, the CBRP presumes that compliance with the wasteload allocation must be demonstrated by actual 
water quality monitoring data. Such data will be regularly collected at monitoring sites designated by the 
Regional Board. Such locations are commonly referred to as "watershed-wide compliance sites." The MSAR 
Permittees recognize that the Basin Plan and the permit require discharges to meet water quality standards 
throughout the watershed regardless of which specific locations are selected for routine sampling. The text 
of the CBRP uses the phrase "watershed-wide compliance sites" to distinguish these locations from other 
sites, such as those that are part of the USEP, that are sampled far less frequently.  The MSAR Permittees  
fully expect that all water quality monitoring requirements associated with the CBRP will be reviewed and 
updated on a regular basis and that the Regional Board may request new or different sampling locations 
before reauthorizing the monitoring plan. 
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Without adoption of Basin Plan amendments, the estimated cost of compliance with the MSAR Bacteria 
TMDL is in excess of $2 billion, which has the potential to cause significant societal economic hardship 
(CDM, 2010). 

1.5.5 CBRP Development Process 
The CBRP was developed collaboratively by the MSAR Permittees participating in the MSAR TMDL. 
Development was coordinated with the MSAR Permittees and MSAR TMDL Task Force (see Attachment A), 
as needed. Activities completed include: 

 July 27, 2010 – Presentation was made to the MSAR TMDL Task Force to provide a status update on 
CBRP development. Presentation was posted by SAWPA on their website. 

 August 18, 2010 – Presentation was made to the MSAR TMDL Task Force on the proposed CBRP 
program. Presentation was posted by SAWPA on their website. 

 Following submittal of a draft CBRP to the RWQCB in December 2010, San Bernardino County MS4 
program conducted a parallel public review process through the Santa Ana Watershed Project 
Authority. A draft CBRP was released for public review and opportunity for public comment was 
provided at a MSAR TMDL Task Force meeting on March 22, 2011. Written comments were 
received until March 31, 2011. 

 RWQCB comments on the draft CBRP (dated March 30, 2011) were discussed with the RWQCB and 
stakeholders as part of the April 21, 2011 publicly noticed SWQSTF meeting.   

1.5.6 CBRP Roadmap 
The CBRP is presented in two parts: (1) primary sections that provide an executive level summary of the 
components, schedule, strategy, and technical basis for the CBRP; and (2) supporting attachments that 
provide additional information to support the primary sections. Following is a summary of the purpose and 
content of each part of the CBRP: 

 Section 2 – Provides an executive level summary of the following components of the CBRP: 
Implementation Steps, Program Elements, Implementation Schedule, and Compliance and 
Iterative/Adaptive Management Strategies. 

 Section 3 – Provides the technical basis for the conclusion that full implementation of the CBRP 
will achieve compliance with the urban wasteload allocation under dry weather conditions. 

 Section 4 - Provides the schedule for development of the CBRP for achieving compliance with 
urban wasteload allocations under wet weather conditions. 

The above sections are supported by the following attachments: 

 Attachment A, TMDL Implementation – Documents the outcome of the numerous TMDL 
monitoring and source evaluation activities completed to date.  

 Attachment B, Watershed Characterization – Provides background information regarding the 
general characteristics of the MSAR watershed, including major subwatersheds, key jurisdictions 
and dominant land use. 
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 Attachment C, CBRP Program Elements – Provides additional information relevant to each of 
the Program Elements summarized in Section 2.2. 

 Attachment D, Existing Urban Source Control Program - Documents existing MS4 permit 
activities that have been implemented by the San Bernardino County MS4 permit program. 

 Attachment E, Implementation Schedule – Provides additional information regarding the 
implementation schedule summarized in Section 2.3. 

 Attachment F, Glossary 

 Attachment G, References 



Section 1  •  Background and Purpose 
 

1-12 

 

This page intentionally left blank. 

 



 

2-1 

Section 2 
CBRP Implementation Program 

 

The MSAR Permittees intend to achieve compliance with the wasteload allocation using a 
variety of implementation strategies, including: Evaluating the need for new water 
conservation ordinances to reduce urban runoff from landscape irrigation, more rigorous 
enforcement of existing ordinances to reduce water waste and control pet waste, management 
of homeless encampments and other illicit discharges, enhanced septic system management, 
improved street sweeping programs, and other structural BMPs designed to intercept, retain, 
divert or treat controllable urban DWF during dry weather conditions. A multi-step procedure 
will be used to select and implement the most appropriate control strategy for each MS4 outfall 
in San Bernardino County that is tributary to an impaired waterbody.  

It is important to note that the MSAR Permittee’s programs with regard to the CBRP 
Implementation Steps and activities identified below are not uniform at this time. For example, 
cities with water utilities (Ontario and Chino) tend to have strong irrigation management 
programs, whereas MSAR Permittees without utilities may need to consider enhancing 
ordinances or building stronger partnerships with local water purveyors to better manage 
irrigation runoff. Specific combinations of actions necessary to address CBRP Implementation 
Steps are therefore dependent on each MSAR Permittee’s current programs, available resources 
and opportunities, and local sub-watershed needs. Therefore, specific actions taken by a MSAR 
Permittee to address CBRP Implementation Steps will be described in more detail in the MSAR 
Permittee’s Local Implementation Plans. The CBRP includes descriptions of the common 
Implementation Steps that all MSAR Permittees will take to address the MSAR TMDL; 
however, the level of individual action required of a Permittee will be dependent on multiple 
factors that will be and are more appropriately described and addressed in the MSAR Permittee 
Local Implementation Plans. 

2.1 CBRP 
Implementation 
Steps 
The San Bernardino County MS4 
Permittees will implement the CBRP 
using a stepwise project approach. 
This approach incorporates three 
distinct steps encompassing six 
specific actions (Figure 2.1). 

Step 1 – Identify, Prioritize, and 
Evaluate MS4 Dry Weather 
Flow Sources 
Step 1 project activities include 
implementation of non-structural 

Figure 2.1  Key Implementation 
Actions
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BMPs (see CBRP Program Elements, below) and inspection activities (No. 1 – Figure 2.1). These 
inspections (or urban source evaluation investigations) occur systematically in each area 
draining to a watershed-wide compliance site. For each key drainage area source evaluation 
activities are implemented to (a) identify controllable MS4 dry weather flow sources and their 
contribution to elevated bacterial indicator concentrations; (b) prioritize controllable dry 
weather flow sources for follow-up mitigation activity (No. 2 – Figure 2.1); and (c) identify 
alternatives to mitigate prioritized controllable urban sources (No. 3 – Figure 2.1). Completion 
of Step 1 achieves four outcomes:  

(1) Prioritized list drainage areas where mitigation of dry weather flow/bacterial indicators is 
deemed necessary to comply with urban wasteload allocations applicable to the MS4;  

(2) For each prioritized drainage area requiring action, implementation of activities to identify 
non-structural or structural BMP alternatives to mitigate controllable urban bacterial 
indicator sources (No. 4 – Figure 2.1).  

(3) If non-structural BMPs can mitigate the source(s), initiation of new, enhanced or more 
targeted non-structural BMPs (see CBRP Program Elements, below); and  

(4) If structural BMPs are needed, completion of the Project Identification phase of the local 
Capital Improvement Project (CIP) process, if the project involves an individual Permittee, 
or identification of the need to implement a multi-jurisdictional process for projects 
involving multiple Permittees. of the MSAR Permittee’s Capital Improvement Project (CIP) 
Process for projects involving individual Permittees (Figure 2.2). In addition, determination 
of the need for a Use Attainability Analysis (UAA) to facilitate a structural BMP solution.  

CBRP Step 1 is iterative and will occur over an extended period so that MS4 outfalls in each 
drainage area can be properly prioritized, investigated and evaluated for mitigation. The 
expected outcomes from Step 1 activities will be complete in all drainage areas by the first 
quarter of 2015 (see CBRP Schedule, below).
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Step 2 – Evaluate and Select Structural BMP Projects 
The San Bernardino County MS4 Program anticipates that structural BMPs (outfall-specific or regional) 
will be required to mitigate some controllable urban sources of dry weather flow or bacterial indicators. A 
prioritized list with locations for these structural BMPs is a Step 1 outcome. Under Step 2, the identified 
structural BMP projects move forward in the CIP Process (No. 5 – Figure 2.1). Potential Step 2 outcomes 
include: 

(1) Completion of UAAs deemed necessary to support implementation of a structural BMP project. 

Figure 2-2. Typical Capital Improvement Project (CIP) Process for Local Permittee 
Projects  

Project Identification– Identification of a CIP project occurs through one of two mechanisms:  

 Public agency assessment of a particular site’s current conditions to evaluate the need for structural 
improvements. These needs may be identified from observations of agency staff, routine maintenance / 
replacement schedules, or other sources internal to the agency.  

 Receipt of public complaints (presented directly to agency staff or a governing body) regarding an 
infrastructure concern (e.g., potholes, street flooding), which may result in a site investigation. Based 
on the outcome of the investigation, an agency may decide that a project needs to be constructed.  

Budgeting / Planning  - After a project need has been established, staff implement a process to have the 
proposed project included in the CIP. Agency staff begins preliminary planning steps to verify the viability 
of the project and prepares a cost estimate, which along with other new or ongoing infrastructure needs, is 
used to prioritize the project based on public need, necessity and available funds. This phase typically 
involves both project planning and preparation of a preliminary design to support development of the cost 
estimate. With a project budget prepared, staff seeks approval to incorporate the project in the CIP. In 
some cases preliminary planning efforts may determine that a proposed project is not viable due to 
environmental constraints, community opposition, engineering limitations or other factors. In such cases a 
project is typically abandoned and alternative solutions are considered. 

Design - Once a project is in the CIP, design work to prepare construction drawings and project 
specifications can begin. Based on project complexity, the time required to complete the design varies from 
less than a year to several years. During the design phase, and sometimes beginning in the budgeting / 
planning phase, staff initiates the CEQA process. Depending on the nature of the project or the need for 
special permits, obtaining CEQA approval can significantly affect the timeline to construct a project. 
Projects may also be abandoned in the design phase as the project is further refined. Factors such as 
changes to the project’s preliminary design parameters, soils, groundwater and utility investigations, and 
regulatory issues can impact the viability of a project during its refinement in the design stage. 

Permitting– During this phase, all required permits and approvals for construction are obtained. The 
process for obtaining permits and approvals typically begins during the design phase and sometimes begins 
as early as the budgeting / planning phase. Depending on the nature of the project or the need for special 
permits, obtaining all required permits and approvals can significantly affect the timeline to construct a 
project and in some cases result in cancellation of the project. If this occurs, then alternative solutions are 
considered. 

Construction– Construction can begin upon design completion, receipt of all required permits and 
approvals, and completion of all administrative requirements. Depending on the complexity and size of the 
project, right of way acquisition timelines, CEQA documentation and approvals, and involvement of other 
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(2) Completion of the Budget/Planning, Design and Permitting CIP phases (see Figure 2.2) for each 
structural BMP project involving an individual Permittee or implementation of the multi-
jurisdictional process to plan, design, and permit a small regional or sub-watershed treatment facility 
(Table 2-1).  

Similar to the Step 1 schedule, Step 2 will occur over an extended period to move each planned structural 
BMP project forward to the point where the final phase can be initiated – Construction. Because Step 2 
includes initiation of the CEQA process and may include establishment of multi-jurisdictional 
agreements, the timeline for moving all planned structural BMPs to the point where construction can be 
initiated may be lengthy. Also, as noted above, situations may occur where through the planning and 
design phases a proposed project is determined to be infeasible. If that occurs, a different alternative to 
mitigate the controllable urban bacterial indicator source will be sought. 

Step 3 – Construct Structural BMP Projects 
Step 3 focuses on construction of structural BMP projects. The schedule for construction cannot be 
established at this time given MSAR Permittee’s requirements that each project move through the 

Table 2-1. Estimated Timeline to Develop Small Regional or Sub-Watershed Treatment Facilities 

Project Phase - 
Average Time to 

Complete 
Project Step Activity 

1 - 18 months 

Local Jurisdiction Preliminary 
Engineering Review 

Identify project operational parameters within context of potential 
joint use arrangement 

Project Financial Feasibility and 
Funding Source Scoping Identify project costs, land acquisition and funding mechanisms 

Project Placement Review Identify placement parameters within context of potential joint use 
arrangement 

2 - 18 months 

Pre-Application Project 
Environmental Review Identify environmental requirements and project constraints 

Joint Use Jurisdictional 
Agreement Formation 
Committee 

Establish Joint Use Jurisdiction Agreement to guide project 
development 

Joint Use Project Development 
Committee Review Final Project Concept within context of stakeholder interests 

3 - 18 months 

Underlying Landholder Project 
Coordination 

Establish final structure for landholder agreements/acquisitions and 
long-term operational requirements to be included in landholder 
agreements/disclosures 

Joint Use Final Project Approval 

Finalize construction funding mechanisms, joint use responsibilities, 
operational funding mechanisms, underlying property owners rights 
and responsibilities, and long-term environmental roles and 
responsibilities 

Joint Use Facility Project 
Development Committee: 
Procurement 

Retain firms with appropriate engineering, environmental expertise 
to design project 

4 - 18 months 

Joint Use Facility Project 
Development Committee: 
Design & Permitting 

Oversee design process, review plans and environmental submittals 
for compliance with project objectives 

Project Bidding and Contractor 
Qualification Phase 

Solicit construction bids; contracts awarded only when all 
environmental clearances, permits and approvals obtained and full 
package submittals are signed and approved by authorizing 
jurisdiction 
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appropriate planning, design and permitting processes. However, as construction dates become known, 
these will be reported to the RWQCB as part of the CBRP reporting process.  

2.2 CBRP Program Elements 
The MS4 Permit established four required CBRP program elements (Section VI.D.1.c.1, MS4 Permit). 
These elements, which are tools for implementing the CBRP, encompass a range of potential non-
structural and structural BMP activities: 

 Element 1 - Ordinances  

 Element 2 - Specific BMPs  

 Element 3 - Inspection Criteria (for the purposes of the CBRP, this element includes urban source 
evaluation activities) 

 Element 4 - Regional Treatment (for the purposes of the CBRP, this element includes both outfall-
specific and regional structural BMP projects) 

Table 2.2 summarizes the relationship among these required CBRP program elements and the three 
implementation steps and associated implementation actions described above (see Figure 2-1). The 
following sections summarize the key components of each CBRP program element (see Attachment C for 
a detailed presentation of these elements). 

Table 2.2. Relationship between Implementation Steps and Actions and 
 Required CBRP Elements 

CBRP Steps 
Implementation Actions 

(Figure 2-1) 
Relevant Required CBRP 

Elements 

1 Nos. 1, 2, 3, and 4 Elements 1, 2, 3 

2 No. 5 Element 4 

3 No. 6 Element 4 

Element 1 – Ordinances 
The CBRP requires the identification of specific ordinances that will be adopted during implementation 
to reduce bacterial indicators in urban dry weather flow sources. Two types of ordinances have been 
included in the CBRP: Water Conservation and Pathogen Control. Following is a brief statement 
regarding the purpose and potential water quality benefits that may be incurred.  

Water Conservation Ordinance 
Purpose – Evaluate the existing water conservation ordinances to determine if adequate authority 
available to manage water use to reduce dry weather flows to the MS4. 

Implementation Approach – Permittees will evaluate existing ordinances and authority (including 
enforcement authority) available to manage dry weather runoff from water use practices in their 
respective jurisdictions. Modifications to these ordinances will be made, where appropriate. This effort 
will be implemented in coordination with water purveyors and implementation of BMPs related to 
irrigation or water conservation practices (see below). 
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Expected Benefits – Improved water management reduces dry weather discharge to the MS4, which 
reduces opportunity for the discharge to or mobilization of bacteria in the MS4. A corollary benefit is 
enhanced water conservation consistent with other state policies and regulatory requirements. 

Pathogen Control Ordinance 
Purpose – Evaluate existing ordinances to improve management of animal wastes to control known 
pathogen or bacterial indicator sources.  

Implementation Approach – Permittees will evaluate existing ordinances and consider adoption of new 
ordinances to implement this BMP. Based on this evaluation the Permittees will revise existing 
ordinances or adopt new ordinances, as needed, to fulfill this CBRP requirement and comply with the 
MS4 permit requirement to “promulgate and implement ordinances that would control known pathogen 
or bacterial indicator sources such as animal wastes, if necessary”.  

Expected Benefits – Establishing requirements to manage animal wastes in a manner that reduces 
opportunity for bacteria contained in these wastes to be entrained in dry weather flows reduces the 
potential for bacteria to be mobilized and discharged to receiving waters through the MS4 

Element 2 – Specific BMPs 
The CBRP requires the identification of specific BMPs that will be implemented to reduce controllable 
urban sources of bacterial indicator. Selected BMPs range from programmatic activities that set the stage 
for other CBRP elements (e.g., dry weather flow source evaluation activities) to specific activities that can 
reduce dry weather flows or mitigate controllable urban sources of bacterial indicators. Some of the 
included BMPs are also MS4 permit requirements. In addition, some of the selected BMPs may be 
coordinated between San Bernardino and Riverside County to streamline the level of effort required to 
implement the BMP. 

Transient Camps 
Purpose – Evaluate potential for transient camps to contribute bacterial indicators to MS4 dry weather 
flow, and if determined necessary, develop and implement transient camp closure activities. 

Implementation Approach – The MSAR Permittees will identify locations of suspected transient 
encampments in receiving waters or MS4 facilities. Once identified, an investigation at one or more 
locations will evaluate potential DWF water quality impacts from transient camps. If transient camps are 
identified as a potential urban bacterial indicator source in DWF, MS4 Permittees will develop a model 
program to address transient encampments targeted for closing because of expected water quality 
impacts. As determined necessary, implement transient camp closures and follow-up activities to prevent 
re-establishment of closed camps in the same locations.   

Expected Benefits – Closure of transient camps in locations where it is determined that the encampment 
is contributing bacterial indicators to dry weather flows eliminates a bacterial indicator source. 

Illicit Discharge, Detection and Elimination Program 
Purpose – The MS4 permit requires the development of an Illegal Discharge Detection and Elimination 
(IDDE) program to supplement ongoing permit implementation efforts. Completion of this requirement 
will enhance existing tools to reduce or eliminate dry weather flows to the MS4.  
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Implementation Approach – The MSAR Permittees will complete development of this program as required 
by the MS4 Permit. The program will be used to support MS4 inspection activities to reduce or eliminate 
dry weather flows to the MS4 (see below). 

Expected Benefits – Completion of this program provides additional tools to guide efforts to reduce or 
eliminate dry weather flows to the MS4. 

Street Sweeping 
Purpose – Evaluate existing street sweeping programs to determine if the ongoing program can be 
enhanced to further reduce presence of bacterial indicators on street surfaces. 

Implementation Approach – Each MSAR Permittees will evaluate the existing street sweeping program 
(e.g., method, frequency, and equipment) to determine potential to modify the program to further reduce 
bacteria on street surfaces. Where opportunities exist, changes will be made to the program. If it is 
determined that a change in equipment can provide water quality benefits, the MSAR Permittees will 
work with their respective governing bodies to obtain funding to upgrade/replace equipment. 

Expected Benefits – Reductions in bacterial indicators in MS4 outfalls (as a result of mobilization by dry 
weather flows to the MS4) may occur where it is determined that enhancements to the existing street 
sweeping program will further reduce bacteria present on street surfaces.  

Irrigation or Water Conservation Practices 
Purpose – Implementation of BMP practices that reduce potential for over-irrigation and discharge of 
irrigation water to the MS4. 

Implementation Approach – Each MSAR Permittee will evaluate options and minimum requirements for 
implementation of irrigation and outdoor water conservation BMPs. Implementation will be closely 
coordinated with the Water Conservation Ordinance activity described above and with local water 
purveyor conservation programs. Based on the findings of the evaluation and in coordination with other 
agencies tasked with implementation water conservation activities, the MSAR Permittees and water 
purveyors will coordinate implementation of outdoor water conservation BMPs.  

Expected Benefits – Improved local water management will reduce dry weather water use discharges to 
the MS4, which will reduce opportunity for discharge or mobilization of bacteria as a result of MS4 
discharge. A corollary benefit is enhanced water conservation consistent with other state policies and 
regulatory requirements. 

Water Quality Management Plan Revision 
Purpose – The MS4 Permit requires updates to the MS4 Permittee’s WQMP Guidance to incorporate low 
impact development (LID) practices to reduce runoff from new development and significant 
redevelopment activities. This requirement is included as a BMP since implementation of LID practices 
can reduce dry weather flows to the MS4, especially where they are applied to significant redevelopment 
activities. 

Implementation Approach – The MSAR Permittees will submit a revised WQMP Guidance to the Regional 
Board for approval by July 29, 2011. Once implemented, LID practices will be applied to development 
projects subject to the LID-based requirements. 

Expected Benefits – For new development the benefits are expected to be mostly limited to wet weather 
runoff. However, for significant redevelopment projects, the potential for reduced dry weather flows to 
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the MS4 will be realized through the reconfiguration of the site to accommodate LID practices (e.g., 
runoff from irrigation can be managed to stay onsite rather than runoff to the MS4). 

Septic System Management 
Purpose – Evaluate potential for septic systems in the County to contribute bacterial indicators to the 
MS4 during dry weather conditions. 

Implementation Approach – The MSAR Permittees will develop an inventory of existing septic systems, 
map the location of these facilities relative to the MS4 to evaluate potential impacts to water quality in 
the MS4, conduct public education to ensure proper operation and maintenance of septic systems, and 
conduct inspection and enforcement activities, where appropriate to reduce potential for septic systems 
to impact water quality. 

Expected Benefits – Implementation of this BMP reduces the potential for septic systems to contribute 
bacterial indicators to the MS4 during dry weather conditions. 

Pet Waste Management 
Purpose – Implementation of BMPs that target areas where there is a high volume and concentration of 
pet waste, e.g., dog parks and kennels. 

Implementation Approach – Each MSAR Permittee will evaluate existing authority and programs to 
manage pet waste to identify opportunities to further target BMPs to manage pet waste. Where 
appropriate, MSAR Permittees will implement these BMPs. This effort will be coordinated with activities 
associated with the development of a bacterial indicator control ordinance (see Element 1). 

Expected Benefits –BMPs targeted specifically to pet waste management (in association with a pathogen 
control ordinance) can support compliance at a local scale, where pet activities are concentrated.  

Element 3 – Inspection Criteria (Urban Source Evaluation) 
Purpose – Implementation of urban source evaluation activities provides the data required to determine 
the potential for an MS4 outfall or drainage area to discharge controllable sources of bacterial indicators. 
The results of this evaluation dictate next steps in the CBRP implementation process. 

Implementation Approach – The MSAR Permittees will implement urban source evaluation activities 
using a comprehensive, methodical approach that provides data to make informed decisions regarding 
the potential for an MS4 outfall or group of outfalls to discharge controllable sources of bacterial 
indicators. This approach relies on the following activities: 

 Tier 1 Reconnaissance – Tier 1 sites are defined as locations where urban sources of dry weather 
flow may directly discharge to a downstream watershed-wide compliance site. Some of the Tier 1 
sites are at the same locations sampled as part of implementation of the USEP in 2007-2008. 
Additional Tier 1 sites have been included, where needed, to supplement existing information. 
Many of these Tier 1 locations may be dry, have minimal dry weather flow, or not be 
hydrologically connected to downstream waters. However, until a reconnaissance is completed, 
their potential to contribute controllable sources of bacterial indicators is unknown. 

 Prioritization – Based on the findings from Tier 1 data collection activities, MS4 drainage areas 
with potentially controllable urban sources of bacterial indicators will be prioritized based on 
factors such as the magnitude of bacterial indicator concentrations and results from source 
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tracking analyses. Areas with human sources (as compared to anthropogenic sources such as 
domestic pets) will receive the highest priority for action.  

 Evaluate Mitigation Alternatives – In order of priority, prioritized drainage areas will be further 
evaluated to identify non-structural or structural alternatives (or some combination of both) for 
mitigating controllable sources of bacterial indicators. As needed, this controllability assessment 
will include reconnaissance of Tier 2 sites and the use of IDDE methods to identify and evaluate 
alternatives. Tier 2 sites are tributary to Tier 1 outfalls. Tier 2 sites are predominantly locations 
where underground storm drains discharge to open channels. If a Tier 2 site is determined to be a 
potential contributor to non-compliance, additional inspection activities may occur to identify 
the nature and source of the dry weather flow and bacterial indicators and evaluate 
controllability. 

 Select Mitigation Alternatives – The MSAR Permittees will select a mitigation alternative to 
mitigate controllable urban bacterial indicator sources in each prioritized drainage area. If the 
selected alternative involves a structural BMP, the Project Identification phase of the CIP process 
is implemented to establish the project need.  

Expected Benefits – This element is key to CBRP implementation as it provides the data required to make 
informed decisions regarding (1) selection of BMPs to mitigate controllable urban sources of bacterial 
indicators; (2) establishment of a priority, process, and schedule to implement the selected mitigation 
alternative. 

Element 4 – Regional Treatment (Structural Controls) 
Purpose – Plan, design and construct structural BMPs to mitigate controllable urban sources of dry 
weather flow and bacterial indicators. BMP projects may be regional (address controllable sources from 
multiple outfalls) or outfall-specific. 

Implementation Approach – It is expected that the outcomes from CBRP Step 1 implementation will result 
in the identification of at least some structural BMPs to manage controllable urban bacterial indicator 
sources. The potential locations for a number of structural BMPs were identified by the San Bernardino 
County MS4 program as part of Phase 1 of the development of the Watershed Action Plan.. Under CBRP 
Step 1 the Permittees will use this work to support evaluation of alternatives for implementing structural 
BMPs to mitigate a controllable urban source.  

Once a structural BMP project is identified the appropriate process for planning, design and permitting 
will commence. For localized projects the CIP phases described in Figure 2-2 will guide the process. 
However, if a small regional or sub-watershed treatment facility is planned, then the process described in 
Table 2-1 guides the process. In addition, if a UAA is needed to ensure the success of the project, UAA 
development will commence as well (see additional information, above). Completion of structural BMP 
projects is subject to governing body approval, CEQA approval and funding availability. Accordingly, the 
length of time from project identification to construction completion will be highly variable. Also, as 
noted above, situations may occur where through the planning and design phases of a proposed project is 
determined to be infeasible. If that occurs, a different alternative to mitigate the controllable urban 
bacterial indicator source will be sought. 

Expected Benefits – Completion of structural BMPs, where determined necessary, will mitigate 
controllable urban sources of bacterial indicators.  
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2.3 Implementation Schedule 
Figure 2-3 summarizes the CBRP implementation schedule for the various required CBRP elements. A 
more detailed schedule, which includes information regarding milestones, metrics and responsibilities, is 
provided in Attachment E. Color differences in the timeline for a particular activity illustrate shifts from 
BMP development to BMP implementation. For example, until a structural BMP has been successfully 
incorporated into the CIP or is being implemented as part of a multi-jurisdictional effort, the structural 
BMP is considered in development. However, once the planning, design and permitting phases are 
moving forward, the BMP is considered in the implementation phase, unless the project is determined to 
be infeasible during the final planning, design and/or permitting phases.  

Elements 1, 2, and 3 will be completed and fully implemented by December 31, 2015. It is expected that 
Elements 1, 2 and 3 should independently attain the MS4 permit’s water quality based effluent limits for 
the MSAR TMDL (See Section 3). However, Capital Projects may be more cost effective or necessary in 
some cases to attain the water quality based effluent limits. Element 4 will identify structural BMPs by 
December 31, 2015 believed necessary to attain the MS4 permit water quality-based effluent limits for the 
MSAR TMDL. Completion of subsequent project development phases will likely occur beyond the end of 
2015 (gray shaded area of Figure 2-4). 

Attachment E identifies responsibilities for implementation of CBRP activities. In general:  

 Elements 1 and 2 – Individual MSAR Permittees will be responsible for most of these tasks, unless 
the area-wide MS4 program is identified as the  lead for programmatic aspects; however, once 
specific actions are required at the local level, e.g., ordinance development, responsibility shifts 
to the individual MSAR Permittee.  

 Element 3 – The MSAR Permittees will jointly, through partnerships with the RCFC&WCD 
and/or the MSAR TMDL Task Force, implement Tier 1 and Tier 2 data collection and 
identification of mitigation alternatives. Specific activities within prioritized areas will be lead by 
the MSAR Permittee with jurisdiction over the targeted drainage area. 

 Element 4 – All BMP activities associated with this element will be led by the MSAR Permittee or 
Permittees with jurisdiction over the area targeted for a BMP. 

2.4 Compliance and Iterative/Adaptive Management 
Strategies 

The CBRP establishes a program to reduce controllable urban sources of bacterial indicators based on 
currently available information. Significant uncertainties remain considering the state of science 
regarding bacterial indicator management in urban environments (e.g., CREST 2007). Additionally, 
bacterial indicator sources are not static; e.g. homeless encampments are transitory in nature and the 
significance and magnitude of their impacts on water quality may be the function of various factors 
including the economy, available social service programs and other factors beyond the MSAR Permittees 
control. Similar issues impact irrigation runoff control programs, septic system management programs 
and other control programs for potential urban sources of bacterial indicators. Further, the RWQCB has 
indicated that it is not their goal to require the elimination of all dry weather runoff to impaired receiving 
waters as this may negatively impact other beneficial uses of those receiving waters. The RWQCB prefers 
a solution set that does not target the capture and elimination of other flows through the MS4 such as 
rising groundwater and water transfers. If the Permittees are to maintain these baseflows through their 
MS4 systems, the uncertainty of managing upstream bacterial indicator sources must be addressed.  
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Therefore, the CBRP includes a compliance strategy to guide decision-making during the implementation 
process, and an iterative and adaptive management strategy for making course corrections to the CBRP as 
new data are collected and evaluated.  

Compliance Strategy 
Figure 2-4 illustrates the overall CBRP compliance strategy, consistent with the three CBRP Steps and the 
Implementation Actions described above (e.g., Figure 2-1). The CBRP is designed to mitigate controllable4 
urban sources of bacterial indicators that cause non-attainment of water quality objectives at the 
watershed-wide compliance sites. The CBRP is not intended to address bacterial indicator impairments 
attributable to non-MS4 sources (e.g., agricultural or water transfers), or sources that cannot be 
accounted for, e.g., wildlife sources or sources that arise from within the impaired waterbody (per 
Findings, Sections I.D, and II.E.1 of the MS4 Permit). 

Figure 2-4 highlights three key decision points that occur during implementation of the compliance 
strategy: 

 Decision Point #1 – Distinguish between controllable urban bacterial indicator sources associated 
with the MS4 and other potential non-urban sources of bacterial indicator impairment. 

 Decision Point #2 – Prioritize MS4 drainage areas for establishment of mitigation alternatives where 
MS4 outfalls are determined to be contributing to impairment at watershed-wide compliance sites. 

 Decision Point #3 – Select mitigation alternative – non-structural or structural BMPs. 

Fundamental to the compliance strategy is the development and implementation of ordinances and 
specific BMPs targeted to reduce controllable urban sources of dry weather runoff and bacterial 
indicators from the MS4 (Figure 2-4, Box 1). To determine whether controllable urban sources are 
present, CBRP Step 1 includes comprehensive urban source evaluation activities to identify sources of dry 
weather flows to the MS4, especially those that contain bacterial indicator concentrations and sources 
that may cause or contribute to impairment at watershed-wide compliance sites (see Boxes 2 and 3).  

The results from urban source evaluation activities lead to the first decision point in the compliance 
strategy. The MSAR Permittees will evaluate the potential for MS4 to be contributing controllable sources 
of bacterial indicators. Where controllable MS4 sources are identified, those areas of the MS4 remain 
under the CBRP (Decision Point #1, Boxes 4 and 5). Where controllable sources are not present and the 
MS4 is not the cause of impairment, those areas would be addressed outside of the CBRP (Boxes 12 
through 14). Where necessary, the Permittees will work with the RWQCB to identify solutions; however, 
in some cases, the RWQCB may need to work with other entities to mitigate bacterial indicator sources. 

                                                           
4 Controllable sources will be defined by the Basin Plan Amendment applicable to recreational uses and 
objectives (see Section 1.5.4). 
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Figure 2-3. CBRP Implementation Schedule 
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Figure 2-4. CBRP Implementation Strategy  

10 – Complete Budget/Planning, Design 
and Permitting phases of  CIP Process for  
structural BMPs within local Permittee 
jurisdiction or for small regional / sub-
watershed treatment facilities, complete 
process described in Table 2-1. 

11 – Construct BMP (final phase of CIP 
Process) 

Watershed-wide Compliance Monitoring Program; targeted USEP Monitoring to evaluate progress  

CBRP Step 2 

 

CBRP Step 3 

9 – Complete UAA, if needed; otherwise 
move to Box 10  

5 - Impairment at Watershed-wide 
Compliance Sites potentially caused by 
controllable urban sources of bacterial 
indicators in an MS4 discharge 

7 – Initiate next step in highest priority 
drainage area - Identify non-structural 
and/or structural BMP alternatives to 
mitigate identified sources 

8b – Structural Solution (Element 4) – 
Complete Project Identification CIP phase; 
determine need for a UAA to facilitate 
implementation of a structural solution 

6 - DECISION POINT #2 – Prioritize 
drainage areas/outfalls for further 
evaluation of dry weather flow, bacterial 
indicator sources  

8a – Non-Structural Solution – Continue 
BMP implementation (e.g., Box 1) or 
enhance/target additional non-structural 
BMP implementation  

1 - General implementation activities:  
• Element 1 - Ordinances  
• Element 2 - Specific BMPs  

2 – Element 3 - Inspection Criteria (Urban 
Source Evaluation Activities) - Complete 
Tier 1 Evaluations 

4 - DECISION POINT #1 – Establish 
potential for presence of controllable 
urban sources of bacterial indicators in 
MS4 discharge 

3 – Evaluate Tier 1 data to identify 
potential for MS4 outfalls to cause 
receiving water impairment 

CBRP Step 1 

Complete for 
each drainage 
area in order of 
priority 

8 – DECISION POINT #3 - Select alternative 
for management of bacterial indicators in 
priority drainage area 

Structural BMP solution 
determined to be infeasible; 
identify another alternative 

12 - Impairment at Watershed-wide 
Compliance Sites not caused by 
controllable urban sources of 
bacteria from MS4; one of two 
potential paths identified 

13 – Non-MS4 sources cause 
impairment:  

• Agricultural sources 
• Water transfer activities 
• Other  

14 – Receiving water bacterial load:  
• Cannot be accounted for (e.g., 

wildlife), or 
• Arises in situ from within the 

receiving waters 

13a – Regional Board responsibility 
to determine and implement 
compliance approach  

14a - Bacterial indicators have been 
reduced from MS4 to the MEP  

14b – Periodic re-evaluation of 
bacterial indicators (Tier 1 level 
evaluation) as part of 
iterative/adaptive management 
strategy  

Addressed Outside CBRP 
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For MS4 drainage areas that potentially contribute impairment at a watershed-wide compliance site, the 
Permittees will evaluate data from source evaluation activities to prioritize drainages areas or outfalls for 
continued work. Prioritization of drainage areas/outfalls is Decision Point #2 (Box 6) and critical to 
CBRP implementation in an environment with limited resources. Prioritization will consider relative 
contribution and source of bacterial indicator loads. Highest priority areas are those where human 
sources of bacterial indicators are present and persistent.  

Starting with the highest priority drainage area, the Permittees will conduct inspections and source 
evaluation activities as needed to identify and evaluate non-structural or structural BMP alternatives to 
mitigate sources (Box 7). This effort leads to Decision Point #3 (Box 8) – selection of an alternative to 
mitigate the source. If a non-structural solution is available, the Permittees will implement new, 
enhanced, or more targeted BMPs. Where a structural solution is deemed necessary – the Permittees 
complete the Project Identification phase and determine the need for a UAA to support implementation 
of the structural BMP solution. Completion of the Project Identification phase establishes the project 
need and directs the project towards the appropriate process for working with local governing bodies or 
multi-jurisdictional stakeholders to move the project forward into planning, design and permitting (CBRP 
Step 2, Boxes 9  10).  

Regardless of the size of the BMP project, implementation of a structural solution under CBRP Step 2 will 
require completion of the CEQA/NEPA process, and input from multiple stakeholders (e.g., regulatory 
agencies, city councils, environmental advocacy groups, and water supply utilities). Accordingly, from the 
time a project need is identified through completion of construction, consideration must be given to 
range of regional and local issues, including, but not limited to:  

 Technical feasibility to mitigate the bacterial indicator source; 

 Regional water supply management plans and objectives; 

 Environmental considerations (e.g., CEQA requirements to assess project impacts on issues ranging 
from in-stream flow and habitat to energy and greenhouse gas emissions); 

 Consideration of alternatives, including use of offset and trading strategies (e.g., a regional project in 
one area could provide offsets for overall bacterial indicator reductions needed within another area); 
and 

 Economic feasibility, which will consider the capital cost and the long term operation and 
maintenance cost (which can in some instances exceed the original construction cost over the long-
term). 

Where a UAA is identified as a required element to support implementation of a structural BMP project 
(Box 9), the UAA will be completed in parallel with efforts to implement the BMP. Once the UAA is 
deemed complete by the RWQCB, it is expected that the RWQCB will move the UAA forward through 
the basin planning process to obtain approval of the UAA.  

Following completion of CBRP Step 2 activities, the project will either move forward to construction, as 
funding is available; or be determined to be infeasible. Projects ready for construction are CBRP Step 3 
Projects (Box 11). Projects determined to be infeasible will result in the MSAR Permittees returning to 
evaluation of other potential mitigation alternatives for the bacterial indicator source (Box 7). 
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Throughout all CBRP Steps, the Watershed-wide Compliance Monitoring Program will continue at the 
five watershed-wide compliance sites. Sample results from these sites along with collected urban source 
evaluation data provide the basis for evaluating progress towards compliance with TMDL requirements 
under dry weather conditions. Periodic reporting activities will provide the mechanism for evaluating 
progress and effectiveness of compliance strategy implementation. Where effectiveness evaluations 
identify the need to modify the CBRP, this need will be addressed as part of the iterative and adaptive 
management strategy, as described below.  

Iterative and Adaptive Management Strategy 
This CBRP is based on the current level of knowledge of controllable urban sources of bacterial 
indicators. As the CBRP is implemented and new data are generated (especially through source 
evaluation activities), it expected that this basic level of knowledge will change. Given this expectation, an 
iterative and adaptive management strategy has been built into the CBRP to provide opportunities to 
revise the CBRP implementation approach, where appropriate. These opportunities include the following 
elements: 

 Triennial Reports – The TMDL requires these reports as part of TMDL implementation. These 
reports will include an evaluation of CBRP implementation including progress towards meeting 
the urban wasteload allocation for dry weather conditions in the dry season. This evaluation may 
include recommendations for CBRP revisions to the RWQCB regarding how new data or 
programmatic requirements will be incorporated into the CBRP. Two Triennial Reports are 
associated with the timeline for CBRP implementation: 

- 2013 Report – This report will report on activities completed through 2012. The 2013 Report 
will include recommendations for new or revised BMPs. 

- 2016 Report – This report (due on February 15, 2016) will evaluate the overall effectiveness of 
CBRP implementation and the status of all structural BMP projects in CBRP Steps 2 and 3. 
The report will provide the means to determine the extent to which compliance with urban 
wasteload allocations for dry weather conditions has been achieved. The 2016 Report will also 
provide detailed descriptions of any additional BMPs planned and the schedule for 
implementation in the event that water quality data (urban source evaluation activities; 
watershed-wide water quality monitoring program) indicate that a reasonable potential still 
exists that completed BMPs, as well as BMPs in process (e.g., structural BMPs still moving 
through the CIP Process), may not result in compliance with TMDL requirements applicable 
to the MS4.  

 MS4 Permit Annual Reports –The MS4 permit Annual Report will include a summary of CBRP 
implementation activities. This summary will replace the semi-annual USEP reports as a USEP 
and MS4 permit reporting requirement. The MS4 Annual Reports will also include 
recommendations to the RWQCB for modifications to the CBRP if alternative approaches or 
actions are identified that will contribute to the goal to achieve compliance with urban wasteload 
allocation during dry weather conditions. 

Successful CBRP implementation requires timely input and decisions by the RWQCB so that new 
information or outcomes (anything from completion of a UAA to interpretation of dry weather 
flow/bacterial indicator data) can be quickly integrated into the decision-making process. This is 
especially true for efficient implementation of the compliance strategy. Accordingly, the Principal 
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Permittee will provide as much advanced notice as possible regarding the need for RWQCB approval of 
decisions associated with CBRP implementation and any recommendations for CBRP modification. 
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Section 3 
Compliance Analysis 

3.1 Introduction 
The MS4 permit requires that the CBRP provide the scientific and technical documentation used 
to conclude that the CBRP, once fully implemented, is expected to achieve compliance with the 
urban wasteload allocation for indicator bacteria by December 31, 2015 (MS4 permit Section 
VI.D.2.a). Compliance targets or wasteload allocations were developed for both fecal coliform 
and E. coli bacterial indicators: 

 Fecal coliform: 5-sample/30-day Logarithmic Mean less than 180 organisms/ 100 mL and 
not more than 10 percent of the samples exceed 360 organisms/100 mL for any 30-day 
period. 

 E. coli: 5-sample/30-day Logarithmic Mean less than 113 organisms/100 mL and not more 
than 10 percent of the samples exceed 212 organisms/100 mL for any 30-day period. 

The compliance analysis presented in this section used the 5-sample/30-day logarithmic mean 
for E. coli of 113 cfu/100 mL to demonstrate that this plan, once implemented, is expected to 
achieve compliance with the urban wasteload allocation. This concentration-based wasteload 
allocation for MS4 permittees is a target for all urban sources of flow; however, it would be nearly 
impossible to monitor bacteria at all MS4 outfalls. Consequently, compliance with the bacterial 
indicator TMDL is assessed at five watershed-wide compliance monitoring locations. No analysis 
was done for the Prado Park Lake compliance location as there currently are no known MS4 
facilities discharging DWF to the lake. This presumption will be verified during CBRP 
implementation. 

3.1.1  Overview of Compliance Analysis 
The compliance analysis for San Bernardino County MS4 permittees showed that E. coli 
concentrations at the compliance monitoring locations are higher than expected based on 
measured MS4 and POTW inputs alone. Target reductions in average daily E. coli load (billion 
cfu/day) to guide CBRP implementation were determined as a function of two key variables: 

 The gap between current average dry season E. coli loads at the compliance monitoring 
sites and the load associated with the WQO concentration for E. coli of 126 cfu/100Ml, 
and  

 The portion of E. coli load that is attributable to measured MS4 inputs . 

The data suggest that exceedences of WQOs would continue even after achieving the target load 
reduction for discharges from MS4s to Chino Creek or Cucamonga Creek. For this reason, 
compliance with the TMDL is demonstrated by showing how the target load reduction could be 
achieved with potential implementation of a mix of ordinance enforcement, outdoor water 
conservation BMPs, and regional structural BMPs; or by implementing a rigorous inspection 
program to isolate sources in small drainages, which could be evaluated for controllability. The 
latter is most appropriate for the Chino Creek at Central Avenue and Mill-Cucamonga Creek at 
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Chino-Corona Road compliance monitoring sites, where the source contribution analysis described 
below shows a substantially greater load that cannot be accounted-for relative to 2007 dry season 
USEP measurements at all major MS4 discharges.  

3.1.2 Compliance Analysis Approach  
The following sections provide detailed description of the methodology employed to demonstrate 
compliance with the MSAR Bacterial Indicator TMDL WLA. The analysis involved several key 
questions, including: 

 What is the relative contribution of urban DWF from MS4 outfalls to receiving waterbodies? 
This contribution determines the volume of DWF that is potentially controllable by the MS4 
program. See Section 3.2.1. 

 What are typical levels of E. coli in urban runoff during dry weather conditions?  
Applying a concentration to urban DWF volumes facilitates the computation of the total daily 
amount of bacterial indicators (cfu/day) that is potentially controllable by the MS4 program. 
See Section 3.2.2. 

 How is compliance with the wasteload allocation for MS4 permittees best demonstrated?  
See Section 3.3  

 To what level must E. coli (cfu/day) from urban sources of DWF from MS4 permittees be 
reduced to demonstrate compliance? 
This question assesses current bacterial indicator levels at the compliance monitoring 
locations in relation to the wasteload allocation in the TMDL. Only the portion of the baseline 
bacteria in excess of the TMDL wasteload allocation that are controllable by implementing 
BMPs within MS4 systems is targeted for bacteria indicator reduction by MS4 permittees. 
Section 3.4 computes this daily bacterial indicator level targeted for removal through CBRP 
implementation. Other sources of bacteria to downstream compliance monitoring sites, such 
as agricultural land uses, illegal discharges, transient encampments, wildlife, or environmental 
growth, are not well understood. The Inspection Program is designed to provide information 
to assist the permittees in developing an approach to manage these sources, determined to be 
uncontrollable within MS4 systems.  

 What level of implementation of proposed CBRP elements would be sufficient to achieve the 
targeted daily E. coli (cfu/day) removal?  
Section 3.5 discusses the water quality benefits (quantifiable and non-quantifiable) expected 
from CBRP implementation. 
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3.2 Baseline Dry Weather Flow and Bacterial 
Indicator Data 
3.2.1  DWF Sources to MS4 
Regular DWF exist in many MSAR waterbodies. Sources of DWF include: 

 Effluent from publicly owned treatment works (POTWs) 

 Turnouts of imported water by MWD 

 Well blow-offs 

 Water transfers 

 Groundwater inputs 

 Other authorized discharges (as defined by permit)  

 Urban water waste from excess irrigation and other outdoor water uses  

 Non-permitted discharges  

Each of these sources of runoff has a different pathway and potential to transport bacteria to receiving 
waterbodies. Thus, it is important to understand the relative role of each of these categories of DWF. 
Attachment B provided an overview of dry weather hydrology in the MSAR watershed. This information 
provides a basis for the compliance analysis described in this section of the CBRP. Additionally, some 
sources of bacteria are not directly related to DWF inputs such as birds and other wildlife within 
waterbodies, resuspension of bacteria in channel bottom sediment, air deposition, and transient 
encampments. 

Flow and bacterial indicator level data are available from several sources for all of the compliance monitoring 
locations and most of the major tributaries to the impaired receiving waterbodies. Table 3-1 provides a 
summary of the sources of data used to characterize flow and bacterial indicator water quality in the MSAR 
Bacterial Indicator TMDL waterbodies and their tributaries.  

Within the MSAR watershed there are many MS4 drainage areas that do not typically cause or contribute to 
flow at the compliance monitoring locations. DWF at these MS4 outfalls is hydrologically disconnected from 
the TMDL receiving waterbodies, by either purposefully recharging groundwater in constructed regional 
retention facilities or through losses in earthen channel bottoms, where the recharge capacity of underlying 
soils exceeds dry weather runoff generated in upstream drainage areas. 

Flow data from these sources characterize the role of DWF from major tributaries and POTW effluent to 
baseline flow at the compliance monitoring locations. For each of the compliance monitoring locations, 
column 2 in Table 3-2 shows the median of DWF measurements from upstream USEP sites (major 
tributaries) and POTW effluent locations in the dry season. These values are determined by summing inputs 
from USEP subwatersheds and effluent from upstream POTWs. This approach ensures a balance of runoff 
between inflows and outflows. The downstream flow estimates fell within expected ranges based on long-
term daily data collected at USGS gauging stations in the MSAR watershed. As expected, DWF at each of the 
compliance monitoring locations consists primarily of POTW effluent (Figure 3-1) 
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Table 3-1. Available Data for Characterization Of DWF and Bacterial Indicators in Areas 
Draining to Watershed-Wide Compliance Sites 

Site Flow Bacterial Indicator Concentration 

Downstream: Chino Creek at 
Central Ave (WW-C7) 

Watershed-wide field measurements 2007-
2009 (n=82) 

Watershed-wide compliance monitoring 2007-
2009 (n=82) 

POTW Influent 
Daily effluent at IEUA Carbon Canyon WRRF 
(2007 - 2008) 

Assumed effluent of 2.2 MPN/100 mL 

Carbon Canyon Creek  
Channel 

SBCFCD Little Chino Creek gauge 2843 
(2007-2008) 

USEP samples (n=19) 

Chino Creek above Schaeffer 
U.S. Geological Survey (USGS) Gauge 
11073360 (2005-2009) 

USEP samples at San Antonio Channel (n=19) 

Downstream: Mill Creek at 
Chino Corona Rd (WW-M5) 

USGS Gauge at Merrill Ave 11073495 (2005-
2009) 

Watershed-wide compliance monitoring at 
Chino-Corona Road 2007-2009 (n=80) 

POTW Influent 
Daily effluent at outfall 001 of IEUA RP1 
WRRF (2007 - 2008) 

Assumed effluent of 2.2 MPN/100 mL 

Lower Deer Creek (CHRIS) 
USEP field measurements samples at CHRIS 
(n=17) 

USEP samples at CHRIS (n=17) 

County Line Channel (CLCH) 
USEP field measurements samples at CLCH 
(n=16) 

USEP samples at CLCH (n=7) 

Cucamonga Creek (CUC) 
above IEUA RP1 WRRF 

USEP field measurements at CUC (n=16) USEP samples at CUC (n=16) 

Downstream: Santa Ana 
River at MWD Crossing (WW-
S1) 

USGS Gauge at MWD Crossing 11066460 
(2005-2009) 

Watershed-wide compliance monitoring at 
MWD Crossing 2007-2009 (n=82) 

POTW Influent 
Daily effluent from RIX Facility and Rialto 
WWTP (2007 - 2008) 

Assumed effluent of 2.2 MPN/100 mL 

Sunnyslope Channel (SNCH) USEP field measurements at SNCH (n=26) USEP samples at SNCH (n=17) 

Box Spring Channel (BXSP) USEP field measurements at BXSP (n=26) USEP samples at BXSP (n=17) 

Downstream: Santa Ana 
River at Pedley Ave (WW-S4) 

Sum of POTW effluent and estimated dry 
weather runoff from ANZA, DAY, and SSCH 

Watershed-wide compliance monitoring at 
Pedley Ave 2007-2009 (n=82) 

POTW Influent 
Daily effluent from RIX Facility, Rialto 
WWTP, and Riverside WQCP (2007 - 2008) 

Assumed effluent of 2.2 MPN/100 mL 

Anza Drain (ANZA) USEP field measurements at ANZA (n=19) USEP samples at ANZA (n=18) 

Day Creek (DAY) USEP field measurements at DAY (n=13) USEP samples at ANZA (n=13) 

San Sevaine Channel (SSCH) USEP field measurements at SSCH (n=13) USEP samples at ANZA (n=13) 
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Figure 3-1. Estimated Relative DWF Contributions to Watershed-Wide Compliance Sites 

Flow data was not available downstream of some portions of MS4 drainage areas; therefore it was necessary 
to approximate DWF from these areas to complete a water balance for each compliance monitoring location. 
However, such estimates are confounded by infiltration and rising groundwater conditions in the MSAR 
watershed. Within the Chino Basin portion of the MSAR watershed, IEUA measures flow at a number of 
locations to quantify groundwater recharge for water supply benefit. Flow measurements, on days when 
DWF is predominantly from urban sources, suggest that DWF from urban sources occur at a rate of 100 
gal/acre/day in the MSAR watershed, ranging from 20 to 280 gal/acre/day (see Attachment B for summary of 
field measured flows). This is consistent with DWF generation rates developed to support the City of Los 
Angeles Integrated Resources Plan (2004), which estimated DWF rates from urban watersheds ranging from 
zero to 300 gal/acre/day. Thus, it was reasonable to use a rate of 100 gal/acre/day to approximate urban 
sources of DWF from “other MS4 areas” that may be contribute some DWF to a TMDL waterbody. The USEP 
flow measurements indicated that some tributaries have significantly greater DWF rates per acre of 
urbanized drainage area (column 3 of Table 3-2) than would be expected solely from urban sources. In these 
cases, the presence of a non-urban source was determined to be responsible for the elevated DWF rates.  

Overall, the contribution of runoff during dry weather from urban sources relative to total downstream flow 
is very small in all of the TMDL waterbodies. This finding suggests that E. coli in the runoff from urban 
sources could be very high, assuming non-urban flows (potable water transfers, groundwater, etc.) and 
POTW effluent are largely free of fecal indicator bacteria.  Alternatively, wildlife, environmental growth, 
recreational uses of receiving waters, or other sources could be significant contributors to impairments at 
TMDL waterbodies. 
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 3.2.2  Bacteria Concentrations  
Attachment B summarizes the bacterial indicator concentrations observed at watershed-wide compliance 
sites since 2007 and the concentrations observed during the USEP monitoring program implemented in 
2007-2008. These data were used to provide baseline data for this compliance analysis.  

Table 3-2. Baseline DWF and Bacterial Indicator Concentrations in Areas that Drain to 
     Watershed-Wide TMDL Compliance Monitoring Sites 

Site 

1 
Hydrologically 

Connected 
Acres 

2 
Dry Weather 

Flow (cfs) 

3 
Total Dry 

Weather Flow 
Generation 

(gal/acre/day) 

4 
Dry Weather 

Geometric 
Mean of E. coli 
(cfu/100 mL) 

5 
Dry Weather E. 
coli (cfu/day) 

SAR at MWD Crossing 10,727 73.2  149 267 

   POTW Influent n/a 68.7 n/a 2 4 

   Sunnyslope Channel 2,104 2.0 623 183 9 

   Box Springs Channel 4,193 1.8 279 1,686 75 

   Other MS4 Areas 4,430 0.9 100 600 3 10 

       Unaccounted-for Sources 170 

SAR at Pedley Avenue 17,921 54.8  149 200 

   POTW Influent n/a 49.4 n/a 2 3 

   Anza Drain 6,335 2.6 263 492 31 

   Day Creek 2,759 0.5 122 577 7 

   San Sevaine Channel 2,489 1.3 338 320 10 

   Other MS4 Areas 6,338 1.0 100 600 3 14 

       Unaccounted-for Sources 135 

Chino Creek at Central Ave 17,678 17.8  394 171 

   POTW Influent n/a 8.8 n/a 2 0 

   Carbon Canyon Creek Ch. 1,766 6.5 2,396 139 22 

   San Antonio Channel 5,031 0.7 91 412 7 

   Other MS4 Areas 10,882 1.7 100 600 3 24 

    Unaccounted-for Sources 117 
Mill-Cucamonga Creek at 
Chino-Corona Rd 

5,510 30.9  877 662 

   POTW Influent n/a 27.1 n/a 2 1 

   Chris Basin (Lower Deer 
Ck ) 

3,091 0.8 165 868 17 

   County Line Channel 373 0.1 95 4,053 5 

   Cucamonga Creek 1,216 2.8 1,472 863 58 

   Other MS4 Areas 830 0.1 100 600 3 2 

    Unaccounted-for Sources 578 

1) DWF generation up to 100 gal/acre/day is assumed to come from urban sources 
2) n/a means value is not applicable 
3) Geometric mean of all dry weather E. coli monitoring data from the USEP study 
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The geometric mean of all dry weather E. coli concentrations measured at the watershed-wide compliance 
locations is shown in column 4 of Table 3-3. Geometric means of dry weather E. coli concentrations at each 
USEP site provide an estimate of baseline average daily dry season bacterial indicator levels from the major 
subwatersheds draining to each watershed-wide compliance site (column 4 of Table 3-2). These values show 
a wide range of observed E. coli concentrations, which suggests that targeted inspection and BMP 
implementation, would be an effective approach for mitigating controllable bacterial indicator sources.   

Bacterial indicator data was not available downstream of some portions of MS4 drainage areas; therefore it 
was necessary to approximate E. coli concentrations from these areas to develop a compliance analysis for 
the entire MSAR watershed. For purposes of this compliance analysis, the geometric mean of all dry weather 
E. coli monitoring data from the USEP study of ~600 cfu/100 mL provides an initial estimate of bacterial 
indicator levels from drainage areas that have no available data. Monitoring of DWF rate and bacterial 
indicators downstream of these areas is a key component of the CBRP, and results will update this 
compliance analysis once available. 

3.2.3 Relative Source Contribution 
Relative source contribution analyses were prepared for each of the watershed-wide compliance locations. 
This analysis provided a comparison of monitored inputs of flow (Qinflow) and bacterial indicator 
concentrations (Cinflow) from MS4 facilities and POTWs with downstream flow (Qcomp) and bacterial indicator 
concentrations (Ccomp), as follows: 

 

 

This type of analysis characterizes the relative role of different flow sources in the watershed on downstream 
bacterial indicator concentrations. An important outcome of this analysis is the identification of the level of 
bacterial indicators (e) at the compliance locations that cannot be explained by known flow sources within 
the watershed (referred to as “unaccounted-for sources”). The presence of an unbalanced set of inputs and 
outputs in relation to downstream bacterial indicator levels is not surprising, given the potential for 
increases in bacteria indicator levels from illegal and illicit discharges, direct input from wildlife, air 
deposition, transient encampments, environmental growth, or resuspension, or decreases in bacterial 
indicator levels due to environmental decay or settling.  

The relative source contribution showed high amounts of unaccounted-for bacterial indicators at all four 
compliance points during DWF in the dry season. The inspection program will evaluate enhance the 
characterization of unaccounted-for sources and evaluate whether some portion come from a previously 
unmonitored controllable urban source. Figure 3-2 summarizes the relative contribution of bacterial 
indicators from various sources based on existing data. Figure 3-2 also shows that the contribution of 
bacterial indicators from POTW effluent, assuming a concentration of 2.2 cfu/100 ml is negligible. 
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 Figure 3-2. Estimated Relative Sources of Bacterial Indicators at Watershed-Wide 
Compliance Locations 

3.3 Criteria for Demonstrating Compliance 
Two alternative approaches were considered for demonstrating how implementation of the CBRP 
would achieve compliance with urban source wasteload allocations: 

 Alternative 1 - Demonstrate that implementation of the CBRP would result in achieving the 
wasteload allocation at every outflow to a receiving waterbody. This approach can be achieved 
by either: 

o Reducing E. coli concentrations at flowing MS4 outfalls to 113 MPN/100 mL or; 

o Eliminating DWF from the majority of urban area draining to each outfall.  

While this approach may be feasible in small subwatersheds, it may be infeasible to implement 
watershed-wide.  

 Alternative 2 – If data demonstrate that receiving water impairment is potentially caused by the 
MS4, then demonstrate sufficient reduction in controllable urban sources of bacterial indicator 
loads in DWF from MS4 facilities to not cause an exceedance of the E. coli WQOs at 
downstream watershed-wide compliance monitoring sites. Required bacterial indicator 
reductions are determined by comparing baseline E. coli loads at the watershed-wide 
compliance sites with the TMDL numeric target (product of DWF at compliance monitoring 
site and E. coli concentration equal to the WQO of 126 cfu/100 mL). Figure 3-2 shows that there 
are large amounts of unaccounted-for bacterial indicators in some watersheds.  

The MSAR Permittees plan to use the second approach to evaluate compliance. This approach allows 
for a watershed-wide assessment of bacterial water quality in downstream receiving waterbodies and 
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consideration of the relative role of MS4 sources in downstream receiving waterbody bacterial indicator 
water quality.  

3.4 Bacterial Indicator Reduction from the MS4  
3.4.1  Controllability 
The relative source contribution analysis showed that substantial unaccounted-for sources of bacterial 
indicators exist in impaired waterbodies. Unaccounted-for sources make up the majority of bacterial 
indicators during dry weather at the Chino Creek and Mill-Cucamonga Creek TMDL compliance 
monitoring sites (see Figure 3-2). For the Santa Ana River compliance monitoring locations, 
approximately two thirds of E. coli is comprised of unaccounted-for sources. For this compliance 
analysis, contributions of unaccounted-for sources of bacterial indicators to the TMDL compliance 
monitoring sites are not the responsibility of the MS4 permittees. The USEP data used to develop the 
source contribution analysis were based on samples collected at the outlet from MS4 systems to 
receiving waters; therefore, unaccounted sources of bacteria are not attributable to MS4 inputs from 
areas upstream of USEP sites. However, for Tier 1 sites, the inspection program will gather updated data 
and assess additional MS4 outfalls not previously monitored in the USEP, which could provide more 
insight into these unaccounted-for sources and allow further refinement of MS4 contributions. 

3.4.2  Gap Analysis for Bacterial Indicators 
Bacterial indicator data collected from each of the watershed-wide TMDL compliance monitoring sites 
provide an estimate of existing E. coli concentrations in receiving waters. The magnitude of exceedances 
of the TMDL numeric target provides a basis for estimating the E. coli load removal needed from all 
sources to reduce current bacterial indicator concentrations to the WQO of 126 MPN/100 mL. Table 3-3 
shows the daily amount of E. coli load at each compliance monitoring site based on average of DWF and 
bacterial indicator concentration (column 1). The basis for the values in Table 3-3 is geometric means of 
dry weather E. coli concentrations and field measurement of flow from the 2007-2008 dry season USEP 
monitoring, with a sample size of ~20 for most monitored drainages.  

Concentration based TMDL numeric targets equal to the WQO of 126/cfu/100mL were converted to an 
E. coli load (column 2). The difference between current E. coli loads at the compliance monitoring sites 
(column 1) and the TMDL numeric target load (column 2) is the total bacterial indicator reduction 
needed to achieve compliance (column 3). The portion of the current bacterial indicator load at the 
compliance monitoring sites attributable to measured MS4 sources is shown as a percentage in column 
4 (see Table 3-2 for details). This relative source contribution is applied to the total reduction needed in 
column 3 to approximate a target E. coli reduction for MS4 sources (column 5). 

Two conditions are apparent from comparing the bacterial indicators coming from the MS4 with the 
bacterial indicator reduction needed to achieve compliance: 

 E. coli load measured from all upstream MS4 discharges (Table 3-2, column 5) is less than the 
load reduction that would reduce bacteria to the numeric targets (Table 3-3, column 3). This 
makes it impossible to attain the water quality objective even if MS4 discharges were 
eliminated. Available data show this condition exists in both the Mill-Cucamonga and Chino 
Creek watersheds. The recommended course of action is then to determine whether the 
unaccounted source of bacteria is from a controllable non-urban source (e.g. agriculture, dairy 
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etc.) or other non-MSAR Permittee urban sources (Cal-Trans, state, federal and tribal lands), or 
if the source is naturally occurring and uncontrollable. 

 Conversely, E. coli load measured from all upstream MS4 discharges is greater than the load 
reduction needed to reduce bacteria to the numeric targets, then it may be physically possible 
to attain the water quality objective by reducing bacteria loads from MS4 outfalls. Available 
data show this condition exists for the two subwatersheds draining to the Santa Ana River 
compliance sites. Under this condition, the MS4 permittees will implement BMPs within the 
MS4 drainage system and continue to collect water quality data to assess effectiveness. Options 
for implementation also could include a trading or offset approach for achieving compliance by 
mitigating unaccounted for sources of bacteria in lieu of directly controlling bacteria at MS4 
outfalls. The following section describes E. coli load reductions that would be achieved from 
planned water conservation BMPs upstream of the Santa Ana River watershed-wide compliance 
monitoring locations. 

3.5 Water Quality Benefit Estimates 
Water quality benefits associated with implementation of the dry weather CBRP almost entirely rely on 
reduction or elimination of DWF from MS4 systems, through ordinance enforcement, water 
conservation, or structural controls. The most significant source of DWF flow from urban land uses in 
the MSAR watershed is irrigation excess. Therefore, one approach to demonstrate compliance would be 
to convert target reduction in E. coli loads (see column 5 of Table 3-3) to an equivalent area of irrigated 
land for reduction or elimination of DWF. Section 3.5.1 performs this conversion from E. coli load 
reduction to irrigated area target for individual CBRP activities. Section 3.5.2 demonstrates how specific 
CBRP activities planned in MS4 areas upstream of the Chino Creek and Mill-Cucamonga Creek 
watershed-wide compliance sites have the potential to achieve adequate levels of implementation to 
provide for the implementation target, express as managed irrigated area.  

Table 3-3. Relative Contribution to Bacterial Indicator Water Quality Objective 
Exceedances from MS4 DWFs 

Compliance Monitoring 
Location 

1 
Baseline Dry 
Weather E. 
coli (billion 

cfu/day) 

2 
Numeric 
Target1 
(billion 

cfu/day) 

3 
Total Bacteria 

Reduction 
Needed (billion 

cfu/day) 

4 
Contribution of MS4 
DWF to Bacteria at 

Compliance 
Monitoring Site 

5 
Bacteria 

Reduction Target 
from MS4 (billion 

cfu/day) 
Santa Ana River at 
MWD Crossing2 

267 226 41 35% 15 

Santa Ana River at 
Pedley Ave 2,3 

200 169 31 31% 10 

Chino Creek at Central 
Ave4 

171 55 116 31% 37 

Mill-Cucamonga Creek 
at Chino Corona Rd 

662 95 567 12% 71 

1) Water quality objective is a rolling five sample geometric mean of E. coli of 126 MPN/100 mL. TMDL numeric target is 
expressed as daily bacteria load. 
2)  Bacteria generated in both Riverside and San Bernardino Counties, with most coming from Riverside County  
Values do not include the drainage area to the Santa Ana River at MWD Crossing 
4) Bacteria generated in San Bernardino County only 
5) Bacteria generated in both Riverside and San Bernardino Counties, with most coming from San Bernardino County 



Section 3  •  Compliance Analysis 

 

3-9 

3.5.1  CBRP Activity Implementation Targets 
The DWF rate reduction that could provide the targeted E. coli reduction was approximated by 
assuming a concentration of E. coli in reduced or eliminated DWF. Water quality data is not available to 
characterize bacteria concentration in DWF from individual urban source areas prior to reaching MS4 
conveyance systems. However, it is generally accepted that DWF from urban source areas contains 
elevated levels of bacteria. For purposes of this compliance analysis, an E. coli concentration of 1,260 
cfu/100mL is assumed (10 times the geometric mean WQO for E. coli) for DWF that is reduced or 
eliminated from entering the MS4. Table 3-4 shows the DWF reduction needed to provide the targeted 
E coli reduction for portions of the MS4 draining to the Chino Creek and Mill-Cucamonga Creek 
compliance monitoring locations. CBRP activities in the portion of San Bernardino County MS4 
drainage area that is tributary to compliance monitoring sites in Reach 3 of the Santa Ana River are not 
shown in this compliance analysis. DWF control in these MS4 areas will be implemented based on 
findings of the inspection program.   

 

Table 3-4. Approximate Level of CBRP Activity Implementation Needed to Achieve Target E. 
coli Reduction  

Compliance Monitoring Location 
Chino Creek at 

Central Ave 
Mill-Cucamonga Creek at 

Chino-Corona Rd 
Total 

Hydrologically Connected Drainage (total acres) 17,678 5,510 23,188 

Bacteria Reduction Target from MS4 (billion cfu/day) 37 71 107 

Approximate Target DWF Reduction (gal/day)1 767,082 1,481,465 2,248,548 

BMP Implementation necessary to provide target DWF Reduction (irrigated acres managed)2  

Enforce water conservation ordinances 3,6 1,743 3,367 5,110 

Replace grass with artificial turf 4 1,534 2,963 4,497 

Replace grass with native plants 4 1,534 2,963 4,497 

Installation of a WBIC 5 1,826 3,527 5,354 

Landscape irrigation audit 3,6 1,743 3,367 5,110 

Enhanced Sweeping 4,7,8 21,420 41,440 62,860 

WQMP with redevelopment 4 1,534 2,963 4,497 

Regional structural controls 4 1,534 2,963 4,497 
1) Assumes E. coli concentration in reduced of eliminated DWF of 1,260 cfu/100mL (10 times the geometric mean WQO for E. coli) 
2) Values presented show the level of implementation that would be needed if CBRP implementation employed a singular activity. 
Implementation of CBRP will involve a combination of these activities as well as ongoing source inspection. 
3)  DWF generation rate of 750 gal/irrigated acre/day for properties with targeted water waste ordinance enforcement or landscape 
irrigation survey outreach  
4) Average DWF generation rate of 500 gal/irrigated acre/day. Assume complete elimination for this amount of DWF for grass 
replacement BMPs, significant redevelopment projects, and regional structural controls. For vacuum assisted street sweeping, assume 
this DWF generation rate from tributary area   
5) DWF reduction of 170 gal/irrigated acre/day  from installing WBICs 
6) DWF reduction of 190 gal/irrigated acre/day  from conducting landscape audits 
7) Biweekly frequency of vacuum assisted street sweeping (day-1) 
8) E. coli concentration of 1,260 cfu/100mL (10 times the geometric mean WQO for E. coli) that would be attributable to release of 
bacteria from biofilms in street gutters. Assume vacuum assisted street sweeping eliminates biofilm for a period of one day 
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 The types of CBRP activities, described in Section 2 and Attachment C, that will be employed to reduce 
or eliminate DWF from entering the MS4 have different effectiveness, therefore levels of 
implementation needed to provide the full target DWF reduction are variable. Table 3-4 shows the level 
of implementation that would be needed for each CBRP activity if it were to be used for the full DWF 
reduction target. Except for enhanced use of vacuum assisted street sweeping, levels of implementation 
shown in Table 3-4 do not vary substantially. This analysis indicates that E. coli reduction targets may 
be achieved by water waste ordinance enforcement, water conservation BMPs, or structural BMPs 
managing roughly 5,000 acres of irrigated area. It is important to note that compliance will be continue 
to be measured by water quality monitoring data collected at the watershed-wide compliance 
monitoring sites.  

The basis used to quantify DWF generation and potential runoff reduction effectiveness of water 
conservation BMPs is from a recent study conducted by Metropolitan Water District of Orange County 
and Irvine Ranch Water District. The study evaluated the effectiveness of WBICs and landscape 
irrigation system audits for residential runoff reduction during dry weather (Jakubowski, 2008). Several 
key findings of this study provide estimates of DWF reduction that were used to quantify benefits of 
increased use of water conservation BMPs in the MSAR watershed, including:  

 Dry weather flow measurements downstream of a residential neighborhood showed 
approximately 500 gal/irrigated acre/day . This rate is used to approximate the runoff reduction 
benefit of replacing grass lawns with artificial turf or native plants (i.e. no expected runoff 
following BMP implementation).  

 Education and outreach reduced DWF by ~190 gal/irrigated acre/day. This rate is used to 
approximate the runoff reduction from education and outreach BMPs, including an on-site 
irrigation audit, and water waste enforcements. 

 Installation of a weather based irrigation controller on a large portion of the urban landscape 
provided DWF reduction of 170 gal/irrigated acre/day. 

Lastly, the effectiveness of street sweeping was quantified by estimating the E. coli load that would not 
be picked up as DWF contacts street gutters if biofilm and other bacteria habitats were effectively 
removed. Assuming that the release of E. coli from biofilms and other habitats in street gutters is 
responsible for adding 1,260 cfu/100 mL of E. coli to DWF as it flows to the MS4, then the target flow for 
treatment (not reduction) would be equivalent to other CBRP activities that target DWF from 
individual properties. However, the frequency of street sweeping is an important consideration. 
Following a sweeping, biofilms and other habitats for bacteria will begin to buildup within the street 
gutter. Accordingly, it was assumed that street sweeping is effective at removing sources of bacteria 
from gutters for a period of 24 hours. Taking this assumption, a bi-weekly street sweeping program 
would need to provide treatment for 14 times the irrigated area as the other proposed CBRP activities, as 
shown in Table 3-4.  

3.5.2 San Bernardino County MS4 Permittee Compliance 
It would be impossible to use just one CBRP activity to address the full E. coli load reduction target that 
would address the portion of controllable bacteria from MS4s needed to demonstrate compliance with 
the TMDL. The following sections describe several actions that will reduce E. coli loads during the dry 
season in Chino and Cucamonga Creeks. 
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Outdoor Water Conservation BMPs 
Urban water management plans (UWMPs) for water purveyors serving areas within the MS4 drainages 
responsible for most urban DWF in Chino and Cucamonga Creeks incorporate outdoor water use 
conservation BMPs that will also provide DWF reduction benefits (drafts of 2010 UWMPs for Cities of 
Chino and Ontario, and Monte Vista Water District). The Water Conservation Bill of 2009 sets new 
performance requirements for gross per capita water demand (GPCD), with the primary goal of 
reducing statewide water use by 20 percent by 2020. Water agencies throughout the State of California 
are planning to implement a combination of recycled water use and water conservation BMPs to meet 
their respective urban water use targets for GPCD. By the year 2015, water agencies must show 50 
percent progress toward achieving the final 2020 urban water use target GPCD. Estimates of the 
targeted irrigated area for outdoor water conservation BMPs by each water agency within the MS4 
drainages responsible for most urban DWF in Chino and Cucamonga Creeks are summarized in Table 
3-5. These estimates show that potential outdoor water conservation BMPs could provide most of the 
target E. coli load reduction by 2020 and about half of the target by 2015. This analysis is subject to 
change as the water agencies develop their respective programs aimed to reduce urban per capita water 
demand. MS4 permittees will collaborate with the water agencies to support use of outdoor water use 
conservation approaches to meeting the new 20 percent by 2020 requirements. 

Mill Creek Wetland Project 
One regional facility is planned for implementation within San Bernardino County at the downstream 
end of the concrete lined section of Cucamonga Creek. This project would capture a portion of DWF 
from the entire watershed to the Mill-Cucamonga Creek at Chino-Corona Road (WW-M5) compliance 
monitoring site, and therefore has the potential to provide reduction in bacterial indicators. The project 
would divert DWF from the concrete lined channel to a debris basin northwest of the Chino-Corona 
Bridge over Mill-Cucamonga Creek and then under Chino Corona Road into a series of basins 
(Stephenson and Susilo 2009). The basins would be operated as free surface wetlands during dry 
weather to provide a hydraulic residence time of seven days. The treated DWF would then be 
discharged back to Mill-Cucamonga Creek, about 0.5 miles downstream of Chino-Corona Road. During 

Table 3-5. Estimate of Irrigated Area Addressed by Potential Water Agency Implementation 
of  Outdoor Water Conservation BMPs Planned for Compliance with 20x2020 Requirement 

Agency 
2020 

Population1 
Current 
(GPCD)1 

2020 Urban Water 
Use Target 

(GPCD)1 

Projected Outdoor 
Water Use Savings 

(AFY)2 

Targeted 
Outdoor Water 
Demand (AFY)3 

Approximate 
Irrigated Area 

(acres)4,5 

City of Ontario 246,304 240 198 1,400 13,500 2,000 

Monte Vista 
Water District 

56,555 229 190 400 3,900 600 

City of Chino 84,806 237 189 1,300 13,300 1,900 

Total 3,100 30,800 4,500 

1) Source: Draft 2010 Urban Water Management Plans (UWMPs) for listed water agencies. 
2) Assumes 70 percent of per capita demand reduction not achieved by new recycled water use comes from conservation BMPs that 
target outdoor water waste.  
3) Water conservation savings of 20 percent is assumed for outdoor water conservation BMPs 
4) Irrigation demand of 55 in/yr based on CIMIS Station 44 at UC Riverside 
5) Excess irrigation water use factor of 1.5 for implementation actions targeting top users  



Section 3   •  Compliance Analysis 

3-12  

wet weather, water level rise within the basins would result in the basins functioning as extended 
detention or wet ponds. The DWF that would be diverted is not yet determined, and will be influenced 
by the need to maintain existing habitat areas within Mill-Cucamonga Creek, between Hellman Avenue 
and ~0.5 miles downstream of Chino-Corona Road.  

Preliminary estimates of E. coli load reduction potential for the Mill Creek Wetland project were 
developed based on an assumed removal effectiveness of 50 percent. This removal efficiency is 
conservative relative to literature values, which suggest removal in excess of 85 percent in several well-
designed systems (SAWPA, 2009). If designed to treat approximately 7 cfs of DWF, this project could 
provide downstream E. coli load reduction of the MS4 target of 71 billion cfu/day. 

The City of Ontario will fund a portion of this project through fees for the ~3,000 acre, New Model 
Colony development, located within the upstream drainage area. The project team is currently 
preparing grant proposals for the remaining funds needed to implement the proposed project concept. 
In addition to identifying funding, implementation of this project is subject to CEQA as well as other 
potential regulatory constraints.  

Redevelopment 
Redevelopment in the MSAR watershed prior to the December 31, 2015 compliance date may occur in 
0.5 percent of the hydrologically connected MS4 drainage area. (23,200 urban acres * 0.005 = 116 acres of 
redevelopment). Assuming 30 percent of land cover on properties that will be redeveloped had been 
irrigated, then the CBRP benefit of implementing updated development planning requirements is 35 
acres of irrigated area. This estimate is low relative to historical development rates, but redevelopment 
in the 2010-2015 time-period is expected to be reduced due to economic factors. 

Other Activities 
The CBRP also includes other recommended specific BMPs that have the potential to reduce bacterial 
indicator levels from urban DWF (see Attachment C). While these BMPs have been included to address 
potential urban bacterial indicator sources, the ability to quantify water quality benefits is greatly 
limited. For example, transient camps may be an important bacterial indicator source in certain areas, 
but the benefits of mitigation are unknown since studies have not been done to evaluate the water 
quality impacts of such camps under dry weather conditions. Given such limitation, the water quality 
benefits were not quantified. However, the potential reductions in bacterial indicator levels that will be 
achieved from implementing these BMPs provide an additional margin of safety toward achieving urban 
wasteload allocation by the compliance date.  

3.5.3  Role of Inspection Program in Achieving Compliance 
The inspection program involves rigorous monitoring of flow, bacterial indicators, and human sources 
of fecal bacteria indicators (using human Bacteroides markers) at key locations in the MS4. The purpose 
of conducting such monitoring activities is to identify smaller portions of MS4 drainage areas that may 
be responsible for a disproportionate amount of bacterial indicators (referred to as a “hot spot”). The 
temporal variability of available bacteria indicator levels from downstream monitoring sites (from both 
the USEP study and watershed-wide compliance monitoring) suggests that in some drainage areas, 
urban sources may be contributing to increases in downstream bacterial indicator levels. However, 
because of the high percentage of unaccounted-for sources of bacterial indicators apparent in the 
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system, to what degree the MS4 is a contributor to elevated bacterial indicator levels needs to be 
evaluated.  

The inspection program provides a means to identify urban sources and target mitigation activities. For 
instance, an MS4 outfall may be determined to be consistently dry or to contain a lower E. coli level 
than expected. If so, there would be no need to implement upstream BMPs for the purposes of reducing 
bacterial indicators. At the same time, the inspection program could identify drainage areas that 
generate DWF and have bacterial indicators at levels greater than was assumed in this quantification 
effort. Targeted BMPs within the watershed upstream would be prioritized and would likely provide 
more benefit than is estimated in this compliance analysis. Accordingly, the inspection program 
provides the information necessary to use an iterative adaptive watershed management approach, 
which allows for the best use of resources to mitigate urban bacterial indicator sources. Moreover, data 
collected under the inspection program will provide the means to improve the basis for the relative 
source contribution analysis for bacterial indicators in receiving waterbodies..
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Section 4 
Wet Weather Condition Program 

The requirements for development of a dry weather condition CBRP include establishing a 
schedule for developing a wet weather condition CBRP (November 1st through March 31st) to 
comply with urban wasteload allocations for indicator bacteria by December 31, 2025. 

The Regional Board will issue the next MS4 permit on or after January 29, 2015 when the 
existing MS4 permit expires. Similar to the requirements contained in the existing MS4 
permit, it is recommended that the next MS4 permit include a requirement to develop a 
CBRP for wet weather conditions. Given the expected challenges associated with compliance 
with wasteload allocations under wet weather conditions, the wet weather CBRP will require 
more time to develop. Accordingly, the earliest a draft wet weather condition CBRP will be 
submitted to the Regional Board for review will be 24 months following adoption of the next 
MS4 permit. 
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San Diego Integrated Regional Water Management  
Implementation Grant Proposal 
Water Quality and Other Expected Benefits 

Attachment 8 consists of the following items: 

 Water Quality and Other Expected Benefits. The body of this attachment provides an overview of 
the water quality and other expected benefits of this proposed funding package, as well as the 
benefits associated with each individual project. 

 Appendix 8-1. Appendix 8-1 of this attachment contains information regarding the qualitative and 
quantitative non-water supply benefits of each individual project contained within this proposal.  

 

 
 

This attachment provides information regarding benefits that may be derived from projects within this San 
Diego IRWM Implementation Grant Proposal, which extend beyond the water supply benefits described in 
Attachment 7. Table 8-1 contains a summary of the costs and benefits for all projects.  

Section 1 provides a summary of the regional water quality background of the San Diego region. 

Section 2 contains a narrative description of the expected water quality and other benefits of each project. 
Where possible, each benefit was quantified and presented in physical or economic terms. In cases 
where quantitative analyses were not feasible, this attachment provides complimentary qualitative 
analyses. In addition, this attachment provides a description of economic factors that may affect or qualify 
the amount of economic benefits to be realized. This attachment also includes a discussion regarding 
uncertainties about the future that might affect the level of benefit received. Appendix 8-1 contains 
detailed information regarding the benefits anticipated to occur as a result of this proposal. 

1. Regional Water Quality Background  

The San Diego IRWM region lies entirely within the jurisdiction of the San Diego Regional Water Quality 
Control Board (RWQCB), which regulates water quality and discharges to surface waters. Municipal 
stormwater runoff within the region is regulated through a single National Pollutant Elimination System 
(NPDES) Municipal Separate Storm Sewer System Permit (MS4 Permit), which is issued by the San 
Diego RWQCB to 21 Copermitees (Order No. R9-2007-0001, NPDES CAS0108758) with the County of 
San Diego. The County of San Diego is designated as the Principal Copermitee.  

The San Diego RWQCB has identified over 40 inland surface water bodies, located in ten of the region’s 
eleven hydrologic units as not attaining applicable water quality objectives. Primary water quality 
constituents of concern for the region’s surface waters include coliform bacteria, sediment, nutrients, 
salinity, metals, and toxic organic compounds. The RWQCB has completed Total Daily Maximum Loads 
(TMDLs) for several of these non-complying waters, and has initiated TMDLs for a number of additional 
impaired waters. 
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Table 8-1:  Water Quality and Other Costs and Benefits Summary 

# Project Project Sponsor 
Total Present 
Value Project 

Costs 

Total Present 
Value Water 
Quality and 

Other Benefits 

1 Sustainable Landscapes Program 
San Diego County Water 
Authority 

$1,157,709 $2,398,775 

2 
North San Diego County Regional 
Recycled Water Project 

Olivenhain Municipal Water 
District 

$17,199,249 $0 

3 
North San Diego County Cooperative 
Demineralization Project 

San Elijo Joint Powers 
Authority 

$27,802,301 $0 

4 
Rural Disadvantaged Community 
(DAC) Partnership Project 

Rural Community Assistance 
Corporation 

$707,463 $0 

5 
Lake Hodges Water Quality and 
Quagga Mitigation Measures 

San Diego County Water 
Authority 

$1,517,868 $12,113,701 

6 
Implementing Nutrient Management 
in the Santa Margarita River 
Watershed 

County of San Diego $1,534,082 $0 

7 
Bannock Avenue Neighborhood 
Streetscape Enhancements for 
Tecolote Creek Watershed Protection 

City of San Diego - Storm 
Water 

$4,168,512 $1,072,816 

8 
Pilot Concrete Channel Infiltration 
Project 

City of Santee $281,294 $1,809,240 

9 
San Diego Regional Water Quality 
Assessment and Outreach Project 

San Diego Coastkeeper $924,578 $698,146 

10 Chollas Creek Integration Project 
Jacobs Center for 
Neighborhood Innovation 

$1,018,096 $0 

11 Regional Water Data Management County of San Diego $540,043 $0 

 TOTAL  $56,851,195 $18,092,678 

 

2. Water Quality and Other Benefits of Proposed Projects 

The following sections provide information about the water quality and other benefits associated with 
each proposed project within this San Diego IRWM Implementation Grant Proposal. The summary of total 
project costs is based on Table 16 in DWR’s Implementation Grant Proposal Solicitation Package (DWR 
2010). Appendix 8-1 contains the complete Table 16 exports for each proposed project. 

The projects within this proposal are anticipated to result in significant water quality and other benefits to 
the region. Five projects specifically focus on water quality benefits: Lake Hodges Water Quality and 
Quagga Mitigation Measures, Implementing Nutrient Management in the Santa Margarita River 
Watershed, Bannock Avenue Neighborhood Streetscape Enhancements for Tecolote Creek Watershed 
Protection, Pilot Concrete Channel Infiltration Project, and San Diego Regional Water Quality 
Assessment and Outreach Project. While these projects are anticipated to directly result in significant 
water quality benefits, the remaining project would also have indirect or complementary benefits to the 
region’s water quality.     
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Project 1: Sustainable Landscapes Program 
The water quality and other benefits that are anticipated to result from implementation of the Sustainable 
Landscapes Program are summarized below in Table 8-2, and the cost-benefit overview is summarized in 
Table 8-3. This project would generate monetized and qualitative water quality and other benefits. 
Detailed cost and benefit information associated with the project, including present value calculations, is 
provided in Appendix 8-1. 

Table 8-2:  Benefits Summary 
Sustainable Landscapes Program 

Type of Benefit Assessment Level Beneficiaries 

Water Quality and Other Benefits 

Avoided Wastewater Treatment  Monetized Local and regional 

Reduced Ocean Pollution Discharge Qualitative Local and regional 

Power Cost Savings Monetized Local, regional, and statewide 

Reduction in Runoff Physical Quantification Local and regional 

Green Waste Reduction Physical Quantification Local, regional, and statewide 

CO2 Emissions Reduction Physical Quantification Local, regional, and statewide 

 

Table 8-3:  Benefit-Cost Analysis Overview 
Sustainable Landscapes Program 

 Present Value ($2009) 

Costs – Total Capital and O&M $1,157,709 

Monetizable Benefits  

Avoided Wastewater Treatment  

Power Cost Savings  

$2,019,207 

$379,568 

Qualitative Benefits Qualitative Indicator* 

Reduced Ocean Pollution Discharge 

Green Waste Reduction  

Reduction in Runoff 

CO2 Emissions Reduction 

+ 

+ 

+ 

+ 

* Magnitude of effect on net benefits: 

+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 

 

The “Without Project” Baseline 

If this project were not implemented, current water use efficiency, water demand, and stormwater runoff 
would remain at current levels. Additionally, there would be no benefit received from reduced water 
demand, increased water supply reliability, improved water quality, or other conservation-related benefits.  

Water Quality and Other Benefits  

This project would provide several water quality and other expected benefits. These benefits are 

described in detail below and are summarized in Table 8-2.  

Avoided Wastewater Treatment 

Within the next year, total maximum daily loads (TMDLs) may be established for the majority of receiving 
waters in the San Diego region. TMDLs require receiving waters (ocean, creeks, bays, etc.) to be in 
attainment of water quality standards within a specified timeframe (usually 10 to 20 years). While 
treatment of runoff from residential areas is not explicitly required by existing water quality regulations, to 
meet the TMDLs and other water quality standards, treatment may be required to reduce solids, nitrate, 
chloride, dissolved copper, and dissolved cadmium. Source reduction programs that would be provided 
by this project, such as landscape conversions, are anticipated to reduce the overall amount of runoff that 
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enters receiving waters, thereby reducing the amount of treatment that would be required to achieve 
compliance with TMDLs and other water quality standards.  

The water quality benefits that would occur as a result of the Sustainable Landscapes Program are 
expected to be equivalent to water quality benefits that would occur from implementing other water 
treatment mechanisms. Treatment costs were estimated from cost per square mile of developed area 
estimations, and were based on the total project area of 6.25 acres. Published reports estimate treatment 
costs to be between $18.5 million and $72.8 million per developed square miles of watershed.

1

Avoided water treatment costs from the project would increase over time with respect to the amount of 
land area covered by the project. Therefore, the avoided water treatment costs associated with the 
project are estimated to be $32,474 in 2012, $64,948 in 2013, $145,484 from 2014 to 2015, and 
$439,453 from 2016 to 2022. In total, the discounted avoided water treatment cost would be $2,019,207 
over the lifetime of the project. Note that these monetized benefits are an estimate, and would potentially 
change if water quality benefits associated with the project do not occur within the same watershed.  

 In terms 
of costs per acre, these costs would translate to an average of $70,312 per acre. Once the project is fully 
implemented it would cover 6.25 acres, and accrue approximately $438,453 per year.  

Table 8-4: Avoided Wastewater Treatment Costs 
Sustainable Landscapes Program 

 
Unit Cost 

($/acre) 

Project Area Years Total Cost 

Avoided Wastewater Treatment Costs (2012) $70,312 .5 1 $32,474 

Avoided Wastewater Treatment Costs (2013) $70,312 1 1 $64,948 

Avoided Wastewater Treatment Costs (2014-
2015) 

$70,312 2 2 $290,968 

Avoided Wastewater Treatment Costs (2015-
2022) 

$70,312 6.25 7 $3,076,171 

Total Avoided Wastewater Treatment Costs $3,464,561 

Total Avoided Wastewater Treatment Costs after Discounting $2,019,207 

Notes: For further information regarding how these numbers were calculated, please refer to Appendix 8-1, Table 16 
Annual Water Quality and Other Expected Benefits. 

 

Reduced Ocean Pollution Discharge 

The Sustainable Landscapes Program would include low impact development (LID) features, would 
promote on-site water retention measures such as rain harvesting, and would include source reduction 
programs, all of which would reduce urban runoff from entering watersheds within the Project area. Many 
of the San Diego region’s watersheds drain into the Pacific Ocean, so it is possible that reducing 
stormwater runoff into regional watersheds would ultimately reduce the amount of stormwater that enters 
the ocean. Stormwater runoff associated with landscaping activities that would be addressed by the 
Project may include pollutants such as solids, nitrate, chloride, dissolved copper, and dissolved cadmium. 
By implementing the project and reducing stormwater runoff, the Sustainable Landscapes Program would 
potentially provide water quality benefits associated with reducing these stormwater-related pollutants 
from entering the ocean. This water quality benefit has not been quantified or monetized.  

Power Cost Savings 

The Sustainable Landscapes Program would reduce power consumption associated with landscape 
maintenance by 136,768 kWh (in 2012), 273,518 kWh (in 2013), and 612,720 kWh per year (from 2014 to 
2022). These power cost savings were monetized using approximate unit values for power of $0.10/kWh. 
Based on these approximate unit values of power, the project would result in annual power savings of 
$14,292 in 2012, $28,583 in 2013, and $64,029 from 2014 to 2022, which would result in a total 
discounted power benefit of $379,568 over the lifetime of the Project.  

                                                      
1
 Los Angeles County Department of Public Works. 2004. Sun Valley Watershed Management Plan 

Environmental Impact Report. Available at:  http://www.sunvalleywatershed.org/ceqa_docs/plan.asp 
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Table 8-5: Power Cost Savings 
Sustainable Landscapes Program 

 
Units 

(kWh) 

Unit Cost 

($/kWh) 
Years Total Cost 

Power Cost Savings (2012) 136,768 $0.10 1 $14,292 

Power Cost Savings (2013) 273,518 $0.10 1 $28,583 

Power Cost Savings (2014-2022) 612,720 $0.10 9 $576,263 

Total Power Cost Savings $619,138 

Total Power Cost Savings after Discounting $379,568 

Notes: For further information regarding how these numbers were calculated, please refer to Appendix 8-1, Table 16 
Annual Water Quality and Other Expected Benefits 

 

Green Waste Reduction 

This project has the potential to reduce green waste by 53%, which would correspond to approximately 
33,000 pounds per year. These green waste reductions were based on the City of Santa Monica’s 
Garden\Garden Case Study

2

Reduction in Runoff 

. This benefit has not been monetized.  

Based on information obtained from the Center for Watershed Protection and the Chesapeake 
Stormwater Network

3

CO2 Emissions Reduction 

, higher runoff coefficients are anticipated in areas that have been graded. This 
project is expected to reduce runoff conditions by restoring landscapes to more natural conditions, which 
would improve soil retention. The project is anticipated to reduce runoff coefficients within project site 
locations by a factor of 0.10 to 0.20. This benefit has not been monetized.  

The Sustainable Landscapes Program has the potential to reduce labor hours associated with 
maintaining landscapes, because native landscapes that would be implemented as part of the project 
require less labor to maintain. Reducing labor hours associated with mowing, blowing, driving, and other 
activities would potentially reduce CO2 emissions provided that these labor activities require energy to 
complete. Information regarding this potential benefit was derived from the City of Santa Monica’s 
Garden\Garden Case Study.

4

Distribution of Project Benefits and Identification of Beneficiaries 

 This benefit has not been monetized.  

Table 8-6 summarizes the anticipated beneficiaries of water quality benefits that would be provided by 
this Project. The water quality and other improvements would benefit local, regional, and statewide 
stakeholders.  

Local water purveyors would benefit from reduced wastewater treatment costs, and could potentially pass 
those cost savings on to local water ratepayers. Other water quality benefits such as benefits associated 
with reducing CO2 would accrue to society as a whole, including local residents, residents throughout the 
San Diego region, and residents throughout California.  

Table 8-6:  Project Beneficiaries Summary 
Sustainable Landscapes Program 

Local Regional Statewide 

Local water purveyors and local 
residents 

Regional residents Statewide residents 

                                                      
2
 Sustainable Site Initiative, A Comparison in Santa Monica http://www.sustainablesites.org/cases/show.php?id=1, 

accessed December 28, 2010. 
3
 Technical Memorandum: The Runoff Reduction Method , Center for Watershed Protection, April 18, 2008. 

http://www.vwrrc.vt.edu/swc/documents/pdf/TechnicalMemo.pdf, accessed December 28, 2010. 
4
 Sustainable Site Initiative, A Comparison in Santa Monica http://www.sustainablesites.org/cases/show.php?id=1, 

accessed December 28, 2010. 

http://www.sustainablesites.org/cases/show.php?id=1�
http://www.vwrrc.vt.edu/swc/documents/pdf/TechnicalMemo.pdf�
http://www.sustainablesites.org/cases/show.php?id=1�
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Project Benefits Timeline Description 

Water quality benefits from this project associated with avoided wastewater treatment costs, avoided 
stormwater discharge to the ocean, power cost savings, green waste reductions, reductions in runoff, and 
reduced CO2 emissions would accrue from 2012 to 2022.  

Potential Adverse Effects from the Project 

No short-term or long-term adverse effects are expected as a result of this project.  

Uncertainty of Benefits 

Uncertainties relating to the water quality benefits of the Sustainable Landscapes Program are 
summarized below in Table 8-7. Uncertainties relating to water quality benefits that could not be 
monetized, water quality benefits associated with avoided stormwater discharge, green waste reduction, 
pollution reduction, and CO2 emissions reduction, would have very little impact on the net water quality 
benefits associated with this project. These uncertainties would be minimal, because these values were 
not quantified and/or monetized. Uncertainties regarding monetized water quality benefits could 
potentially have a significant negative impact on the net benefits associated with this Project. The 
probability of constructing a treatment facility to address pollution within the Project area is unknown, 
therefore the certainty of achieving these monetized benefits is also unknown.   

Table 8-7:  Omissions, Biases, and Uncertainties and their Effect on the Project 
Sustainable Landscapes Program 

Benefit or Cost Category Likely Impact on Net 
Benefits* 

Comment 

Avoided Wastewater 
Treatment 

-- The probability of treatment costs being required without 
the project is unknown. 

Avoided Ocean Pollution 
Discharge  

+ Not monetized. The success of landscape conservation 
efforts in reducing pollutants is dependent on property 
owner maintenance practices. 

Power Cost Savings +/- Potential changes in power costs over time could affect 
the amount of cost savings accrued. 

Green Waste Reduction + Not monetized. The success of landscape conservation 
efforts in reducing green waste is dependent on property 
owner maintenance practices. 

Reduction in Runoff + Not monetized. The success of landscape conservation 
efforts in reducing runoff and erosion is dependent on 
property owner maintenance practices. 

CO2 Emissions Reduction + Not monetized. Labor hours associated with landscape 
maintenance are dependent on property owners. 

* Magnitude of effect on net benefits 
+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative);    -- (significant negative) 
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Project 2: North San Diego County Regional Recycled Water Project 
The benefits that are anticipated to result from implementation of the North San Diego County Regional 
Recycled Water Project are summarized below in Table 8-8, and the cost-benefit overview is summarized 
in Table 8-9. This project would generate quantifiable and monetized other benefits. Detailed cost and 
benefit information associated with the project, including present value calculations, is provided in 
Appendix 8-1. 

Table 8-8:  Benefits Summary 
North San Diego County Regional Recycled Water Project 

Type of Benefit Assessment Level Beneficiaries 

Water Quality and Other Benefits 

Reduction in Wastewater Discharges  Physical Quantification Regional 

Habitat Protection Qualitative Regional / Statewide 

 

Table 8-9:  Benefit-Cost Analysis Overview 
North San Diego County Regional Recycled Water Project 

 Present Value ($2009) 

Costs – Total Capital and O&M $17,199,249 

Monetizable Benefits  

N/A N/A 

Qualitative Benefits Qualitative Indicator* 

Reduction in Wastewater Discharges 

Regional Habitat Protection 

Bay–Delta Habitat Protection 

+/- 

+/- 

+ 

* Magnitude of effect on net benefits 

+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 

 

The “Without Project” Baseline 

If the North San Diego County Regional Recycled Water Project were not implemented, there would be 
continued use of potable water for municipal and industrial (M&I) purposes that could use recycled water.  
Additionally, there would be no benefit received from increased water supply reliability or the additional 
sales revenue associated with recycled water purchases.    

Expected Benefits of Project 

This project would provide several water quality and other expected benefits. These benefits are 
described in detail below and are summarized in Table 8-8.  

Reduction in Wastewater Discharges 

The North San Diego County Regional Recycled Water Project would increase recycled water production 
capacity by 5,000 AFY. In turn, the proposed project reduces the discharge of wastewater from the 
existing secondary treatment facility into the Pacific Ocean by 5,000 AFY. The annual quantity of 
wastewater discharge reduced by the project is a physical quantification of benefits resulting from the 
proposed project and was not monetized.   

Habitat Protection 

Regional  
Habitat protection benefits that would occur from implementing the project would protect and enhance 
water quality at beaches downstream of the project area. These benefits would be a result of water 
quality benefits described above, relating to the project’s anticipated benefit of reducing the amount of 
pollutants discharged to the ocean. These benefits are qualitative and were therefore not monetized.  
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Bay-Delta  
Assuming existing supply and demand assumptions, the project would indirectly reduce the demand for 
SWP water supplies by reducing demand for SDCWA potable water supplies. The Bay-Delta ecosystem 
is sensitive to water levels and pumping activities associated with water exports for the SWP and Central 
Valley Project (CVP). Reduced water exports from the Bay-Delta may increase habitat quality and 
associated services provided by the ecosystem (e.g., floodplain management, water quality 
improvement). The ecosystem benefits that would be provided by the project have not been monetized.  

Distribution of Project Benefits and Identification of Beneficiaries 

Table 8-10 summarizes the anticipated beneficiaries of water quality benefits that will be provided by this 
project. Due to San Diego County’s role as a vacation destination, residents and visitors from throughout 
the State would benefit from water quality and ecosystem improvements. 

Table 8-10:  Project Beneficiaries Summary 
North San Diego County Regional Recycled Water Project 

Local Regional Statewide 

Residents and visitors to North San 
Diego County beaches 

Visitors to North San Diego County 
beaches and Bay-Delta wetland 

habitat 

Visitors to North San Diego County 
beaches and Bay-Delta wetland 

habitat 

 

Project Benefits Timeline Description 

This project would provide water quality and other expected benefits beginning in 2016 and continuing in 
excess of the 50-year project lifetime. 

Potential Adverse Effects from the Project 

Any potential short-term impacts associated with project construction will be mitigated through the CEQA 
compliance process. No long-term adverse effects are expected as a result of the proposed project.   

Uncertainty of Benefits 

Projected savings through the expanded use of recycled water represent best estimates based on the 
latest available data. Actual water savings will vary.  

Table 8-11:  Omissions, Biases, and Uncertainties and their Effect on the Project 
North San Diego County Regional Recycled Water Project 

Benefit or Cost Category Likely Impact on Net 
Benefits 

Comment 

Reduction in Wastewater 
Discharges 

+/- Improper irrigation techniques may result in recycled 
water runoff into storm drain and ultimately to the ocean. 
However, such overflow would have small impact on 
overall benefit of reduced wastewater discharges. 

Habitat Protection - SDCWA sources water from MWD, IID and local sources, 
among others. MWD sources water from the SWP, the 
Colorado River, and local sources.  Some or all of the 
5,000 AFY reduction in demand for SDCWA water may be 
sourced with non-SWP supplies and in turn, the benefit to 
Bay-Delta habitat would be reduced. 

* Magnitude of effect on net benefits 
+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 
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Project 3: North San Diego County Cooperative Demineralization Project 
The benefits that are anticipated to result from implementation of the North San Diego County 
Cooperative Demineralization Project are summarized below in Table 8-12, and the cost-benefit overview 
is summarized in Table 8-13. This project would result in water quality benefits associated with reduction 
in wastewater discharges to the Pacific Ocean, and other benefits associated with increased operating 
efficiency and habitat protection. Detailed cost and benefit information associated with the Project, 
including present value calculations, is provided in Appendix 8-1. 

Table 8-12:  Benefits Summary 
North San Diego County Cooperative Demineralization Project 

Type of Benefit Assessment Level Beneficiaries 

Water Quality and Other Benefits 

Avoided Costs of Treatment Facility Quantitative Local / Regional 

Reduction in Pollutants to San Elijo 
Lagoon 

Qualitative Local / Regional / Statewide 

Reduction in Wastewater Discharges  Physical Quantification Regional 

Increased Operational Efficiency 
(SEWRF) 

Qualitative Regional 

Habitat Protection (Regional and 
Bay-Delta) 

Qualitative Regional / Statewide 

Increase in Recreational 
Opportunities 

Qualitative Local / Regional / Statewide 

 

Table 8-13:  Benefit-Cost Analysis Overview 
North San Diego County Cooperative Demineralization Project 

 Present Value ($2009) 

Costs – Total Capital and O&M $27,802,301 

Monetizable Benefits   

N/A N/A 

Qualitative Benefits  Qualitative Indicator* 

Avoided Costs of Treatment Facility  

Reduction in Pollutants to San Elijo Lagoon 

Reduction in Wastewater Discharges  

Regional Habitat Protection 

Bay–Delta Habitat Protection 

Increased Operational Efficiency (SEWRF) 

Increase in Recreational Opportunities 

+/- 

+ 

+/- 

+/- 

+ 

+/- 

+/- 

*Magnitude of effect on net benefits: 

+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 

 

The “Without Project” Baseline 

If the North San Diego County Cooperative Demineralization Project were not implemented, there would 
be potential shut down of the SEWRF due to regulatory non-compliance with the facility’s Master 
Recycled Water Permit, which prohibits the distribution of effluent that does not comply with certain 
numeric values, including TDS. If the facility were shut down, approximately 1,200 AFY of reclaimed 
water currently produced at the SEWRF would no longer be available to the water purveyors: SFID, 
SDWD, and the City of Del Mar. These purveyors currently use or sell reclaimed water to customers 
including golf courses, school districts, homeowners associations, and others.  
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Water Quality and Other Benefits 

The North San Diego County Cooperative Demineralization Project would result in water quality benefits 
associated with reduction in wastewater discharges to the Pacific Ocean, and other benefits associated 
with increased operating efficiency and habitat protection. None of these costs were monetized. Detailed 
cost and benefit information associated with the project, including present value calculations, is provided 
in Appendix 8-1. 

Reduction in Pollutants to San Elijo Lagoon 

The North San Diego County Cooperative Demineralization Project is anticipated to result in reductions in 
the amount of indicator bacteria, TDS, TSS, and nutrients being discharged in urban runoff and first flush 
storm water to San Elijo Lagoon. These improvements would divert urban runoff and first flush storm 
water at the Seascape storm drain (Solana Beach), which has a chronic history exceeding REC-1 water 
quality bacterial standards. Further, a second storm water diversion structure to San Elijo Lagoon would 
be constructed. These structures would divert two identified sources of polluted runoff to the SEWRF for 
treatment in the near-term and additional locations in the future. 

Stormwater is known to contain bacteria, nitrates, TDS, and other constituents of concern; during large 
storm events, stormwater flows containing wastewater within the project area can flow downstream into 
the San Elijo Lagoon, which flows to the Pacific Ocean. Stormwater diversion that would be provided by 
the project would potentially reduce the amount of wastewater contained within local stormwater, thereby 
potentially reducing the number of days that stormwater with bacteria levels that violate receiving water 
bacteria thresholds for the San Elijo Lagoon or Pacific Ocean. These water quality benefits were not 
monetized. 

Avoided Costs of Treatment Facility 

Implementation of the North San Diego County Cooperative Demineralization Project is anticipated to 
improve water quality by reducing indicator bacteria, TDS, TSS, and nutrients being discharged in urban 
runoff and first flush storm water to San Elijo Lagoon. The SEJPA estimates that currently high-bacteria 
stormwater reaches the Pacific Ocean every day (365 days a year). Bacteria in stormwater can potentially 
cause water quality issues, rendering ocean water unsafe to swim in due to high bacteria levels. With the 
project, SEJPA anticipates that high-bacteria stormwater would reach the Pacific Ocean only 65 days a 
year, thereby substantially reducing the amount of days that polluted stormwater reaches the ocean. The 
water quality improvements that would occur as a result of this project are expected to be equivalent to 
water quality benefits that would occur from constructing a conceptual treatment facility. These water 
quality benefits were not monetized.    

Reduction in Wastewater Discharges 

The project is also anticipated to reduce TDS levels at the SEWRF to ensure compliance with permitted 
TDS levels set forth by SEJPA’s Master Water Recycled Water Permit.

5

Increased Operational Efficiency (SEWRF) 

  As a result, it is estimated that 
through the beneficial creation of recycled water, the project would avoid 3,340 AFY of secondary effluent 
discharges to the Pacific Ocean. These figures are a physical quantification of benefits that would result 
from implementation of the project, but were not monetized.  

The North San Diego County Cooperative Demineralization Project may reduce the operational costs of 
the existing SEWRF. The 560 AFY increase in recycled water production capacity anticipated as a result 
of this project would reduce TDS concentration for all units of water produced, thereby reducing operating 
cost. These reduced operating costs may be internalized, or distributed to SEJPA customers through 
reduced recycled water rates. 

This benefit has not been monetized because the 300 mg/L reduction in TDS concentration at the 
SEWRF has not been translated into per unit operating costs.  This information is required in conjunction 
with capacity utilization to monetize the benefit. 

                                                      
5
 San Elijo Joint Powers Authority Website, “Water Reclamation”, Available at: 

http://www.sejpa.org/index.php?parent_id=26&page_id=29  [Accessed December 2010]. 

http://www.sejpa.org/index.php?parent_id=26&page_id=29�
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Habitat Protection 

Regional  
Habitat protection benefits that would occur from implementing the North San Diego County Cooperative 
Demineralization Project would specifically protect and enhance water quality at beaches downstream of 
the project area, near the City of Solana Beach and the wetlands at San Elijo Lagoon. These benefits 
would be a result of water quality benefits described above, relating to the project’s anticipated benefit of 
reducing TDS and other constituents of concern by decreasing wastewater within local stormwater runoff. 
These benefits are qualitative and were therefore not monetized.  

Bay-Delta  
Assuming existing supply and demand assumptions, the project would indirectly reduce the demand for 
SWP water supplies by reducing demand for SDCWA water supplies. The Bay-Delta ecosystem is 
sensitive to water levels and pumping activities associated with water exports for the SWP and Central 
Valley Project. Reduced water exports from the Bay-Delta may increase habitat quality and associated 
services provided by the ecosystem (e.g., floodplain management, water quality improvement). These 
habitat protection benefits that would be provided by the project have not been monetized.  

Increase in Recreational Opportunities 

Reducing indicator bacteria, TDS, TSS, and nutrients within San Elijo Lagoon will also reduce these 
constituents from entering the Pacific Ocean. The pollutant load reduction of this project directly impacts 
local beaches. Reducing the pollutant loading to local beaches will allow for continuous use of the 
beaches for swimming, surfing, and other recreation; whereas those beaches are often posted as closed 
immediately following large storm events due to bacterial contamination. Increases in recreational 
opportunities specific to this project could not be calculated, and were therefore not monetized.   

Distribution of Project Benefits and Identification of Beneficiaries 

Table 8-14 summarizes the anticipated beneficiaries of water quality and other benefits that would be 
provided by the North San Diego County Cooperative Demineralization Project. The water quality 
improvements would benefit local, regional, and statewide beneficiaries.  

Regional habitat protection benefits would be provided to local beneficiaries, including local residents who 
utilize Solana Beach and proximate beaches, as well as local residents who visit the San Elijo Lagoon. 
Increased operation efficiency of the SEWRF would potentially benefit local SEJPA customers if reduced 
operating costs are distributed to those customers through reduced recycled water rates.  

Regional habitat protection benefits would be provided to regional beneficiaries, including regional users 
of Solana Beach and proximate beaches, as well as regional residents who visit the San Elijo Lagoon 
Ecological Reserve. Increased operation efficiency of the SEWRF would potentially benefit regional 
customers of the SEJPA if reduced operating costs are distributed to those customers through reduced 
recycled water rates.  

Regional habitat protection benefits would be provided to statewide beneficiaries, including residents of 
California who use Solana beach and San Elijo Lagoon Ecological Reserve, as well as statewide 
residents who utilize the Bay-Delta wetland habitat.  

Table 8-14:  Project Beneficiaries Summary 
North San Diego County Cooperative Demineralization Project 

Local Regional Statewide 

Visitors to project area beaches and 
San Elijo Lagoon Ecological 

Reserve,  
Customers of the SEJPA 

Visitors to project area beaches and 
San Elijo Lagoon Ecological 

Reserve,  
Customers of the SEJPA 

Visitors to project area beaches and 
San Elijo Lagoon Ecological 

Reserve, Users of the Bay-Delta 
wetland habitat 

 

Project Benefits Timeline Description 

All water quality and other benefits expected as a result of implementation of this project would occur 
from 2012 to 2060.  
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Potential Adverse Effects from the Project 

Any potential short-term impacts associated with this project will be mitigated during the CEQA 
compliance process. No long-term adverse effects are expected as a result of this project.  

Uncertainty of Benefits 

Uncertainties relating to the water quality and other benefits of the North San Diego County Cooperative 
Demineralization Project are summarized below in Table 8-15. As described in detail below, uncertainties 
regarding other benefits include uncertainties regarding regional and Bay-Delta habitat protection and 
uncertainties regarding the increased operating efficiency of the SEWRF.       

Table 8-15:  Omissions, Biases, and Uncertainties and their Effect on the Project 
North San Diego County Cooperative Demineralization Project 

Benefit or Cost Category Likely Impact on Net 
Benefits 

Comment 

Reduction in Pollutants to San 
Elijo Lagoon 

+ Reduction in pollutants to San Elijo Lagoon will have 
positive effect on water quality; however, these impacts 
have not been monetized. 

Avoided Costs of Treatment 
Facility 

+/- Reduction in bacterial loading to San Elijo Lagoon may be 
addressed through a number of structural or nonstructural 
BMPs, so the probability of treatment facility construction 
is unknown. 

Reduction in Wastewater 
Discharges 

+/- Improper irrigation techniques may result in recycled 
water runoff into storm drain and ultimately to the ocean. 
However, such overflow would have small impact on 
overall benefit of reduced wastewater discharges. 

Habitat Protection 

• Wetland habitat functions 

 

- 

Wetlands at the San Elijo Lagoon Ecological Reserve may 
effectively clean secondary effluent discharges of 3,340 
AFY.  In this case, there is no change in recreational 
opportunities at the San Elijo Ecological Reserve.    

• Source of SDCWA 
Imported Water 

- SDCWA sources water from MWD, IID and local sources, 
among others. MWD primarily sources water from the 
SWP, CRA, and local sources. Some or all of the 3,340 
AFY reduction in demand for SDCWA water may be 
sourced with non-SWP supplies and in turn, the benefit to 
Bay-Delta habitat would be reduced. 

Increased Operating Efficiency 
of the SEWRF 

- Without necessary distributional capacity or demand for 
reclaimed water in place, the SEWRF may not actually 
increase recycled water production to the full capacity 
created by the proposed project. Operating costs of the 
SEWRF may not be reduced. 

Increase in Recreational 
Opportunities 

+/- These benefits were not monetized, so their exact 
benefits are uncertain.  

* Magnitude of effect on net benefits: 
+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 
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Project 4: Rural Disadvantaged Community (DAC) Partnership Project 
The benefits that are anticipated to result from implementation of the Rural DAC Partnership Project are 
summarized below in Table 8-16, and the cost-benefit overview is summarized in Table 8-17. This project 
would result in qualitative and quantitative water quality and other benefits. Detailed cost and benefit 
information associated with the project, including present value calculations, is provided in Appendix 8-1. 

Table 8-16:  Benefits Summary 
Rural DAC Partnership Project 

Type of Benefit Assessment Level Beneficiaries 

Water Quality and Other Benefits 

Improvements to Drinking Water 
Beneficial Use 

Qualitative Local 

Improvements to Wastewater 
Beneficial Use 

Physical Quantification Local and regional 

Avoided Public Health Impacts 
Related to Drinking Water 

Physical Quantification Local 

Avoided Public Health Impacts 
Related to Wastewater 

Physical Quantification Local 

Avoided Loss of Economy and 
Community 

Qualitative Local 

 

Table 8-17:  Benefit-Cost Analysis Overview 
Rural DAC Partnership Project 

 Present Value ($2009) 

Costs – Total Capital and O&M $707,463 

Monetizable Benefits   

N/A N/A 

Qualitative Benefits  Qualitative Indicator* 

Improvements to Drinking Water Beneficial Use 

Improvements to Wastewater Beneficial Use 

Avoided Public Health Impacts 

Avoided Loss of Economy and Community  

+ 

+ 

++ 

+ 

* Magnitude of effect on net benefits 

+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 

 

The “Without Project” Baseline 

If this project were not implemented, the RCAC would not have funding for rural DAC projects that 
address critical water supply and wastewater needs of rural DACs. Therefore, without this project, the 
identified benefits to water supply, water quality, and other water-related factors would not be realized.  

Water Quality and Other Benefits 

The proposed project would provide several water quality and other expected benefits. These benefits are 
described in detail below and are summarized in Table 8-16.  

Improvements Related to Beneficial Uses 

The Rural DAC Partnership Project would potentially involve multiple small projects that address critical 
infrastructure improvement projects for rural DACs. For purposes of this analysis, two potential critical 
water resources projects were selected as proxies by which to estimate the potential benefits that would 
be a result of implementation of this project (Sample Project 1:  MGB Well Rehab and Treatment Plant 
Renovation and Sample Project 2: SCWWD Robbins Wastewater Rehabilitation are discussed below).  
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Sample Project 1:  MGB Well Rehab and Treatment Plant Renovation would modify a sole source well for 
increased production and improved treatment of potable drinking water. In total, this project would 
produce approximately 24 gallons per minute of potable drinking water from 2011 to 2030. Increasing 
water production and improving treatment of well water would protect the beneficial use of drinking water.  
These water quality benefits were not monetized.  

Sample Project 2: SCWWD Robbins Wastewater Rehabilitation would replace an existing wastewater 
treatment system with package recirculation bed filters, which would allow for treatment of an additional 
30,000 gallons per day of wastewater to standards designated by the facility’s discharge permit 
requirements. The current wastewater treatment system has failing filters that exceed discharge nitrate 
levels, and flows that possibly capacity limitations that cause overflows in the sewer system. 
Rehabilitating this facility would reduce nitrate discharges and could potentially prevent sewer system 
overflows. These benefits would protect the beneficial use of wastewater, and would occur from 2011 to 
2060. These water quality benefits were not monetized.  

Avoided Public Health Impacts 

The Rural DAC Partnership Project would potentially involve multiple small projects that address critical 
infrastructure improvement projects for rural DACs. For purposes of this analysis, two potential critical 
water resources projects were selected as proxies by which to estimate the potential benefits that would 
be a result of implementation of this project (Sample Project 1:  MGB Well Rehab and Treatment Plant 
Renovation and Sample Project 2: SCWWD Robbins Wastewater Rehabilitation are discussed below).  

Sample Project 1:  MGB Well Rehab and Treatment Plant Renovation would occur in a rural DAC where 
drinking water chlorine residuals have not been maintained, and bacteria contamination of the drinking 
water is a potential issue. The drinking water also contains high iron and manganese levels, which cause 
operational issues including low pressure conditions within the well. If low pressure of the well occurs 
during peak use, this could allow water contaminated with iron and bacteria to enter the distribution 
systems. Iron and bacteria within the well may cause further issues with maintaining disinfection residual 
within the well, which is a barrier that protects public health under ideal conditions.  

This project would improve treatment within the well in order to reduce levels of constituents of concern 
and therefore prevent public health issues. This project would potentially improve treatment of 
approximately 18,250 gallons of water per year. This is based on the estimate that the project would 
serve 50 residents served by the well facility who consume 365 gallons of water per year. These benefits 
would potentially occur from 2011 to 2030, but have not been monetized.  

Sample Project 2: SCWWD Robbins Wastewater Rehabilitation would occur in an area where public 
health is currently impacted by health and safety issues associated with inadequate wastewater treatment 
and discharge from the aforementioned wastewater facility. The rehabilitation project would replace the 
existing wastewater treatment system with package recirculation bed filters, and treat wastewater to 
conditions allowable by the facility’s permit requirements before the water is discharged to the ground. 
This project would be expected to benefit 350 residents within the project area served by the wastewater 
facility from 2011 to 2060; however, these benefits were not monetized.  

Avoided Loss of Economy and Community 

The Rural DAC Partnership Project would potentially involve multiple small projects that will address 
critical infrastructure improvement projects for rural DACs. For purposes of this analysis, two potential 
critical water resources projects were selected as proxies by which to estimate the potential benefits that 
would be a result of implementation of this project (Sample Project 1:  MGB Well Rehab and Treatment 
Plant Renovation and Sample Project 2: SCWWD Robbins Wastewater Rehabilitation are discussed 
below).  

In the project area of Sample Project 1:  MGB Well Rehab and Treatment Plant Renovation, the local 
community has inadequate drinking water supplies both due to low capacity and poor water quality. Poor 
drinking water conditions could potentially result in a loss of community members as residents are more 
likely to move out of a community with inadequate drinking water supplies, and future residents are less 
likely to move into such a community. The project would benefit the community by providing increased 
capacity and treating drinking water to acceptable water quality standards. These benefits would occur 
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from 2011 to 2030, but because growth data for the community was not available, these benefits were not 
monetized.  

In the project area of Sample Project 2: SCWWD Robbins Wastewater Rehabilitation, the local economy 
is stagnant due to a building moratorium resulting from a lack of wastewater treatment plant capacity. The 
project would potentially benefit the local economy by increasing the wastewater treatment plant capacity, 
and lifting the building moratorium. These benefits would occur from 2011 to 2060, but because the 
economic growth rate for this community was not available, these benefits were not monetized.  

Distribution of Project Benefits and Identification of Beneficiaries 

This project would improve the local water quality and other benefits within rural San Diego County, 
thereby benefitting local residents. 

Table 8-18:  Project Beneficiaries Summary 
Rural DAC Partnership Project 

Local Regional Statewide 

Local residents Not Applicable Not Applicable 
 

Project Benefits Timeline Description 

The water quality and other benefits associated with Sample Project 1:  MGB Well Rehab and Treatment 
Plant Renovation would occur from 2011 to 2030, and the water quality and other benefits associated 
with Sample Project 2: SCWWD Robbins Wastewater Rehabilitation would occur from 2011 to 2060.  

Potential Adverse Effects from the Project 

Any potential short-term impacts associated with project construction will be mitigated through the CEQA 
compliance process. No long-term adverse effects are expected as a result of the proposed project.   

Uncertainty of Benefits 

Uncertainties relating to the water quality and other benefits of this project are summarized below in Table 
8-19. Uncertainties exist for all water quality and other benefits, because these benefits were not 
quantified or monetized. Actual water quality and other benefits will vary.   

Table 8-19:  Omissions, Biases, and Uncertainties and their Effect on the Project 
Rural DAC Partnership Project 

Benefit or Cost Category Likely Impact on Net 
Benefits 

Comment 

Improvements Related to 
Beneficial Uses 

+/- Not monetized. Long-term improvements to beneficial use 
are dependent on facility owner maintenance. 

Avoided Public Health Impacts ++ Not monetized. Long-term improvements to beneficial use 
are dependent on facility owner maintenance. 

Avoided Loss of Economy and 
Community 

+/- The impact drinking water and wastewater constraints 
have on the local economy and community are difficult to 
quantify. 

* Magnitude of effect on net benefits 

+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 
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Project 5: Lake Hodges Water Quality and Quagga Mitigation Measures 

The benefits that are anticipated to result from implementation of the Lake Hodges Water Quality and 
Quagga Mitigation Measures project are summarized below in Table 8-20, and the cost-benefit overview 
is summarized in Table 8-21. This project would not result in water quality benefits, and would generate 
quantifiable and monetized other benefits. Detailed cost and benefit information associated with the 
Project, including present value calculations, is provided in Appendix 8-1. 

Table 8-20:  Benefits Summary 
Lake Hodges Water Quality and Quagga Mitigation Measures 

Type of Benefit Assessment Level Beneficiaries 

Water Quality and Other Benefits 

Avoided O&M Costs Due to Quagga Infestation Monetized Local and Regional 

Fish and Wildlife Enhancements Qualitative Local and Regional 

Avoided Losses in Power Production Monetized Local, Regional, and Statewide 

 

Table 8-21:  Benefit-Cost Analysis Overview 
Lake Hodges Water Quality and Quagga Mitigation Measures 

 Present Value ($2009) 

Costs – Total Capital and O&M $1,517,868 

Monetizable Benefits  

Avoided Repair Costs Due to Quagga Infestation 

Avoided Losses in Power Production 

$3,284,626 
$8,829,075 

Qualitative Benefits  Qualitative Indicator* 

Fish and Wildlife Enhancements + 

*Magnitude of effect on net benefits 

+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 

 

The “Without Project” Baseline 

If this project were not implemented, the Quagga infestation would not be controlled and the benefits of 
avoided repairs due to Quagga infestation would not be realized.  Additionally, the enhancements for fish 
and wildlife would not occur and additional power would not be generated. 

Water Quality and Other Benefits  

The proposed project would provide several water quality and other expected benefits. These benefits are 
described in detail below and are summarized in Table 8-20.  

Avoided Repairs due to Quagga Infestations 

The Lake Hodges Water Quality and Quagga Mitigation Measures project would result in avoided repairs 
and shutdown costs typically associated with Quagga infestations. As shown in Table 8-22, these costs 
are estimated to be $250,000 annually.  These benefits would extend from 2013 through the life of the 
project in 2060.  The total present value of avoided repair costs over life of project would be $3,284,626 
(in 2009 dollars).   

Table 8-22: Avoided Repair Costs Due to Quagga Infestation 
Lake Hodges Water Quality and Quagga Mitigation Measures 

 Annual Repair Cost Years Total Cost 

Avoided Repair Costs Due to Quagga Infestation $250,000 48 $12,000,000 

Total Avoided Costs after Discounting   $3,284,626 

Notes: For more information regarding how these avoided costs were calculated please refer to Appendix 8-1, Table 
16 Water Quality and Other Expected Benefits 



Implementation Grant Proposal 
  San Diego IRWM Region 
 

 Attachment 8: Water Quality and Other Expected Benefits  8-17   

Fish and Wildlife Enhancements 

The Lake Hodges Water Quality and Quagga Mitigation Measures project would elevate dissolved 
oxygen levels, which has the potential to decrease fish mortality rates associated with hypolimnion, the 
dense, bottom layer of water in a thermally-stratified lake. The days with elevated dissolved oxygen levels 
(above 0 mg/l) in hypolimnion would increase from 270 to 335 under the proposed project, an increase of 
65 days per year. These watershed improvements would also be expected to increase bird and frog 
populations through improved habitat conditions. These fish and wildlife benefits anticipated from the 
project have not been monetized. 

Power Production 

SDCWA is paid by SDG&E for the availability and capability to generate power at the Lake Hodges 
Pumped Storage Facility.  This power is then sold to SDCWA at a contracted rate of $70/MWh.  Without 
the Lake Hodges Water Quality and Quagga Mitigation Measures project, it is estimated that ten days 
would be lost per year to system repairs, which equates to 240 hours annually.  As a result, the avoided 
losses in power production are estimated at $672,000 annually for a total present value power production 
benefit of $8,829,075 (in 2009 dollars). 

Table 8-23: Avoided Losses in Power Production 
Lake Hodges Water Quality and Quagga Mitigation Measures 

 Lost 
Units 

(hours) 

Unit 
Cost 

Total 
Annual 

Cost 

Years Total  

Cost 

Avoided Losses in Power Production 240 $70/MWh $672,000 48 $32,256,000 

Total Avoided Costs after Discounting     $8,829,075 

Source: SDCWA Contract Rate with SDG&E.   

For more information regarding how these avoided costs were calculated please refer to Appendix 8-1, Table 16 
Water Quality and Other Expected Benefits 

 

Distribution of Project Benefits and Identification of Beneficiaries 

Table 8-24 summarizes the anticipated beneficiaries of water quality and other benefits that will be 
provided by the project. The water quality and other improvements would benefit both SDCWA and local 
residents. Local residents that depend on local water supplies would benefit from the avoided costs of 
repairs and the fish and wildlife enhancements. Regional and statewide electrical ratepayers and 
residents would benefit from the power production benefits associated with this project.   

Table 8-24:  Project Beneficiaries Summary 
Lake Hodges Water Quality and Quagga Mitigation Measures 

Local Regional Statewide 

SDCWA and local residents Electrical ratepayers; regional 
residents 

Electrical ratepayers; statewide 
residents 

 

Project Benefits Timeline Description 

This project would provide water quality and other expected benefits beginning in 2013 and continuing in 
excess of the 50-year project lifetime. 

Potential Adverse Effects from the Project 

Any potential short-term impacts associated with project construction will be mitigated through the CEQA 
compliance process. No long-term adverse effects are expected as a result of the proposed project.   

Uncertainty of Benefits 

Projected savings through the reduction of Quagga infestation represent best estimates based on the 
latest available data. Actual water savings will vary.  
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Table 8-25:  Omissions, Biases, and Uncertainties and their Effect on the Project 
Lake Hodges Water Quality and Quagga Mitigation Measures 

Benefit or Cost Category Likely Impact on Net 
Benefits 

Comment 

Avoided Repair Costs Due to 
Quagga Infestation 

+ Repair costs could be greater than the estimate based on 
Quagga growth rate. 

Fish and Wildlife 
Enhancements 

+ Water quality improvements are expected to have positive 
impacts on fish and wildlife. 

Power Production +/- Facility down time could be greater or less than the 
estimated 240 hours annually. 

* Magnitude of effect on net benefits 

+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 

 

 

Project 6: Implementing Nutrient Management in the Santa Margarita River Watershed 
The benefits that are anticipated to result from implementation of the Implementing Nutrient Management 
in the Santa Margarita River Watershed project are summarized below in Table 8-26, and the cost-benefit 
overview is summarized in Table 8-27. This project would result in qualitative water quality benefits and 
qualitative other benefits.  Detailed cost and benefit information associated with the project, including 
present value calculations, is provided in Appendix 8-1. 

Table 8-26:  Benefits Summary 
Implementing Nutrient Management in the Santa Margarita River Watershed 

Type of Benefit Assessment Level Beneficiaries 

Water Quality and Other Benefits 

Avoided Costs of Regulatory 
Compliance 

Physical Quantification  Local and Regional 

Protection of Beneficial Uses Qualitative Local and Regional 

Improve Impaired Water Bodies and 
Sensitive Habitats 

Qualitative Local and Regional 

Increase In-Stream Flows Qualitative Local and Regional 

Fish and Wildlife Enhancements Qualitative Local, Regional, and Statewide 

 

Table 8-27:  Benefit-Cost Analysis Overview 
Implementing Nutrient Management in the Santa Margarita River Watershed 

 Present Value ($2009) 

Costs – Total Capital and O&M $1,534,082 

Monetizable Benefits  

N/A N/A 

Qualitative Benefits  Qualitative Indicator* 

Avoided Costs of Regulatory Compliance 

Protection of Beneficial Uses 

Improve Impaired Water Bodies and Sensitive Habitats 

Increase In-Stream Flows 

Fish and Wildlife Enhancements 

++ 

+ 

+ 

+ 

+ 

* Magnitude of effect on net benefits 

+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 
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The “Without Project” Baseline 

If this project were not implemented, the Rancho California Water District (RCWD) would continue to 
deliver an average of 4,000 acre feet per year (AFY) of imported water from the Metropolitan Water 
District of Southern California (MWD) to the Santa Margarita River watershed in order to augment flows in 
accordance with an agreement between RCWD and the Santa Margarita Watermaster.  

If this project were not implemented, the Santa Margarita River estuary would continue to be impaired by 
eutrophication and portions of the Santa Margarita River and its tributaries would remain on the 303(d) list 
of impaired water bodies due to elevated levels of nutrients within the watershed.  In addition, without this 
project, there would continue to be a lack of data in the Nutrient Numeric Endpoint (NNE) framework, 
which prevents the San Diego RWQCB from establishing total maximum daily loads (TMDLs) for the 
Santa Margarita River and the watershed.  

Water Quality and Other Benefits  

This project would provide water quality and other expected benefits. These benefits are described in 
detail below and are summarized in Table 8-26.  

Avoided Costs of Regulatory Compliance 

The Implementing Nutrient Management in the Santa Margarita River Watershed project will involve the 
establishment of water quality objectives (WQOs), which will be based on the level of nutrients in the 
Santa Margarita River and will determine what additional nutrients the watershed can sustainably 
assimilate. The establishment of new WQOs based on sound science will allow a broader array of water 
management strategies to be employed within the watershed. For example, the WQOs may be updated 
to reflect current watershed conditions and therefore allow delivery of recycled water to the Santa 
Margarita River to augment streamflow.  

To estimate the cost of achieving WQOs in the San Diego region, the Water Quality Working Group 
(WQWG) was organized by the County of San Diego under the Quality of Life Initiative.6

In the San Luis Rey Class, the normalized cost for the pilot watershed can be extrapolated to the Santa 
Margarita River watershed based on the developed area (i.e., multiplying $16.3 million by 31.3 miles

2
 

equals $508 million). The total 40-year cost of water quality programs for the Santa Margarita River 
watershed would be $477.5 million (in 2009 dollars) to achieve compliance with the current WQOs. 
However, this value was not used in the economic analysis because it would override all other proposal 
benefits due to its sheer size. 

 The WQWG 
developed a cost estimation for a pilot watershed, the San Diego River watershed. Assuming that only 
urban and agricultural land uses contribute to pollution in storm water and urban runoff, each local 
watershed was classified by similar land uses, water quality issues, and BMP needs. A normalized cost 
value was determined for each watershed class (i.e., millions of dollars per developed square mile).  

Protection of Beneficial Uses 

The Implementing Nutrient Management in the Santa Margarita River Watershed project will involve the 
establishment of water quality objectives (WQOs), which will be based on the level of nutrients in the 
Santa Margarita River and will determine what additional nutrients the watershed can sustainably 
assimilate. The project will include data collection that will support modeling in the estuary and watershed 
in order to develop and implement nutrient reduction and water conservation best management practices 
(BMPs) that will be required to achieve the TMDL for nutrients that will be issued by the San Diego 
RWQCB. Implementation of the proposed project is anticipated to impart economic water quality benefits, 
because it will take place in a manner that improves water quality in the Santa Margarita River watershed 
and that is protective of the beneficial uses provided by these water bodies. The water quality benefits 
that protect beneficial uses were not quantified and/or monetized.  

                                                      
6
 County of San Diego. 2010. Quality of Life Funding Strategy, San Diego Region. Needs Assessment and Cost 

Estimate for the Water Quality Enhancement Element. Draft.  



Implementation Grant Proposal 
  San Diego IRWM Region 
 

 Attachment 8: Water Quality and Other Expected Benefits  8-20   

Improve Impaired Water Bodies and Sensitive Habitats 

The Implementing Nutrient Management in the Santa Margarita River Watershed project will involve data 
collection, monitoring, and analysis that will address data gaps inherent in the NNE framework and refine 
nutrient WQOs for the Santa Margarita River watershed. The results of these studies would allow the San 
Diego RWQCB to issue a TMDL to begin implementation of BMPs, which would reduce nutrient levels, 
and potentially resolve nutrient-related water quality issues. Reduction of nutrient levels would potentially 
improve impaired water bodies and sensitive habitats, including water bodies currently listed on the 
303(d) list, in the Santa Margarita River estuary. These water quality benefits were not quantified and/or 
monetized.  

Increase In-stream Flow 

The establishment of WQOs could potentially find that a broader range of water sources, such as 
recycled water, could be naturally sustained by the Santa Margarita River watershed. If this project finds 
that recycled water can be delivered to the Santa Margarita River, then other water purveyors in addition 
to RCWD may choose to augment river flows in this manner. Currently, some water purveyors within the 
project area divert their recycled water flows to the Santa Ana River watershed, because they are not 
permitted to deliver recycled water to Santa Margarita River watershed. If this was to change, it would 
substantially increase in-stream flows within the Santa Margarita River watershed. These econsystem 
benefits were not quantified and/or monetized.   

Fish and Wildlife Enhancements 

Increases in in-stream flows to Santa Margarita River watershed, as described previously, could 
potentially be a result of the Implementing Nutrient Management in the Santa Margarita River Watershed 
project. Increased river flows within the project area would enhance the habitat for fish and wildlife within 
the region, including the southern steelhead trout, which is a listed species pursuant to the Endangered 
Species Act. These ecosystem benefits were not quantified and/or monetized.  

Distribution of Project Benefits and Identification of Beneficiaries 

Table 8-28 summarizes the anticipated beneficiaries of water quality and ecosystem benefits that would 
be provided by this project. Anticipated benefits from this project would benefit stakeholders at the local, 
regional, and statewide levels. Local and regional residents that live and/or work adjacent to the Santa 
Margarita River watershed will benefit from improved surface water quality through avoided health and 
safety impacts. Further, all local residents would benefit from less agency spending on regulatory 
compliance when not founded in scientific analysis. Local water users, regional residents, and statewide 
residents will also benefit due to general ecosystem improvements, which benefit society as a whole.   

Table 8-28:  Project Beneficiaries Summary 
Implementing Nutrient Management in the Santa Margarita River Watershed 

Local Regional Statewide 

Local residents Regional residents Statewide residents 

 

Project Benefits Timeline Description 

The project would provide water quality and other expected benefits, but because these benefits are 
qualitative, they would not be accrued during a specific timeframe.  

Potential Adverse Effects from the Project 

Any potential short-term impacts associated with project construction will be mitigated through the CEQA 
compliance process. No long-term adverse effects are expected as a result of the proposed project.   

Uncertainty of Benefits 

Uncertainties relating to the water quality and other benefits of this project are summarized below in Table 
8-29. Uncertainties exist regarding the potential water quality benefits of protecting beneficial uses and 
improving impaired water bodies and sensitive habitat, and uncertainties exist relating to the potential 
other benefits of increasing in-stream flows and creating fish and wildlife enhancements. All of the 
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uncertainties regarding the potential water quality and other benefits of this Project are either negligible or 
unknown. These uncertainties are all based on the fact that benefits were estimated under the premise 
that Phase II of the Project gets completed and results in the establishment of TDMLs, and that the 
TDMLs allow water purveyors to deliver recycled water to the Santa Margarita River.  

Table 8-29:  Omissions, Biases, and Uncertainties and their Effect on the Project 
Implementing Nutrient Management in the Santa Margarita River Watershed 

Benefit or Cost Category Likely Impact on Net 
Benefits 

Comment 

Avoided Costs of Regulatory 
Compliance 

++ Benefits based on the Quality of Life Initiative’s Needs 
Assessment resulted in extremely high cost ($477.5 
million ($2009)) to achieve compliance with the current 
WQOs.  

Protection of Beneficial Uses 

 

 

+/- Benefits were estimated with the assumption that Phase II 
gets completed and results in the establishment of 
TDMLs, and that the TDMLs allow water purveyors to 
deliver recycled water to the Santa Margarita River.  

Improve Impaired Water 
Bodies and Sensitive Habitats 

 

+/- Benefits were estimated with the assumption that Phase II 
gets completed and results in the establishment of 
TDMLs, and that the TDMLs allow water purveyors to 
deliver recycled water to the Santa Margarita River. 

Increase In-Stream Flow +/- Benefits were estimated with the assumption that Phase II 
gets completed and results in the establishment of 
TDMLs, and that the TDMLs allow water purveyors to 
deliver recycled water to the Santa Margarita River. 

Fish and Wildlife 
Enhancements 

+/- Benefits were estimated with the assumption that Phase II 
gets completed and results in the establishment of 
TDMLs, and that the TDMLs allow water purveyors to 
deliver recycled water to the Santa Margarita River. 

* Magnitude of effect on net benefits 

+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 

 

 

Project 7: Bannock Avenue Neighborhood Streetscape Enhancements for Tecolote Creek 
Watershed Protection 
The benefits that are anticipated to result from implementation of the Bannock Ave Neighborhood 
Streetscape Enhancements for Tecolote Creek Watershed Protection project are summarized below in 
Table 8-30, and the cost-benefit overview is summarized in Table 8-31. This project would result in water 
quality benefits associated with avoiding construction of a water treatment facility, reducing pollutant 
discharges, and associated increases in recreational use. Detailed cost and benefit information 
associated with the project, including present value calculations, is provided in Appendix 8-1. 

Table 8-30:  Benefits Summary 
Bannock Ave Neighborhood Streetscape Enhancements for Tecolote Creek Watershed Protection 

Type of Benefit Assessment Level Beneficiaries 

Water Quality and Other Benefits 

Avoided Costs of Treatment Facility Monetized Local and Regional 

Reduction in TSS and TDS Physical Quantification Local and Regional 

Increase in Recreational 
Opportunities  

Qualitative Local and Regional 
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Table 8-31:  Benefit-Cost Analysis Overview 
Bannock Ave Neighborhood Streetscape Enhancements for Tecolote Creek Watershed Protection 

 Present Value ($2009) 

Costs – Total Capital and O&M $4,168,512 

Monetizable Benefits  

Avoided Costs of Treatment Facility $1,072,816 

Qualitative Benefits  Qualitative Indicator* 

Reduction in TSS and TDS 

Increase in Recreational Opportunities 

+ 

+ 

* Magnitude of effect on net benefits 

+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 

 

The “Without Project” Baseline 

The without Project baseline for the Bannock Ave Neighborhood Streetscape Enhancements for Tecolote 
Creek Watershed Protection project would consist of existing conditions associated with water quality 
violations in the project area. Information from the City of San Diego demonstrates that on average, total 
suspended solids (TSS) within the project area measure at 105 kg/year and total dissolved solids (TDS) 
measure at 2 kg/year. Without implementation of the project, the TSS and TDS levels would remain at 
current levels and these constituents of concern would continue to flow into Tecolote Creek and into west 
Mission Bay, which is a primary recreational asset within the City.  

Water Quality and Other Benefits 

Water quality and other benefits associated with the Bannock Ave Neighborhood Streetscape 
Enhancements for Tecolote Creek Watershed Protection project were calculated based on the 
assumption that the project will reduce TSS and TDS from entering Tecolote Creek and west Mission 
Bay. These water quality improvements will result in benefits associated with the avoidance of building a 
water treatment facility, direct benefits associated with improving TDS and TSS, and recreational benefits 
in Mission Bay associated with improving water quality.  

Avoided Costs of Treatment Facility 

Implementation of the Bannock Ave Neighborhood Streetscape Enhancements for Tecolote Creek 
Watershed Protection project is anticipated to improve water quality by reducing TSS and TDS in 
Tecolote Creek and in west Mission Bay. The water quality improvements that would occur as a result of 
this project are expected to be equivalent to water quality benefits that would occur from constructing a 
conceptual treatment facility.  

The Chollas Creek Dissolved Metals Total Maximum Daily Load (TMDL) Implementation Plan 
(Implementation Plan)

7

Costs associated with the conceptual treatment facility include construction and financing costs, startup 
and material costs, facility improvement/upgrade costs, and ongoing operations and maintenance (O&M) 
costs. The estimated cost to construct the watershed level facility would be $21,137,500, which would 
include financing, bonding, design, and construction. The total avoided treatment costs associated with 
the project were estimated to be approximately 2.5% of the total $21,137,500 treatment facility cost based 

 was prepared for the entire Chollas Creek Watershed, which estimated the type of 
water treatment facility that would be required to obtain total maximum daily load (TMDL) compliance for 
various constituents of concern throughout the watershed. Quantified water quality benefits for this 
Bannock Ave Neighborhood Streetscape Enhancements for Tecolote Creek Watershed Protection project 
were based on the Implementation Plan and scaled down to fit the water quality benefits anticipated to 
occur from implementation of this project alone. It is anticipated that a 3 acre-foot per day treatment 
facility would need to be constructed at the mouth of Tecolote Creek to obtain TMDL compliance for 
indicator bacteria, TSS, nitrates, and metals within the project area by 2020.  

                                                      
7
 Chollas Creek Dissolved Metals Total Maximum Daily Load (TMDL) Implementation Plan, City of San Diego, 

October 2009. 
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on the urbanized drainage area of the project site, which is approximately 2.5% of the Tecolote Creek 
watershed. This represents a net present value of $1,072,816 (in 2009 dollars).  

Table 8-32: Avoided Treatment Facility Costs 
Bannock Ave Neighborhood Streetscape Enhancements for Tecolote Creek Watershed Protection 

 Watershed-
Scale Capital 

Cost 

Scaled by 
2.5% for 
Project 

Benefits 

Total Capital 
and O&M 

Costs 

Avoided Treatment Facility Construction and Operation $21,137,500 $1,120,610 $2,139,346 

Total Avoided Treatment Facility Costs after Discounting  $1,072,816 

For more information regarding how these avoided costs were calculated please refer to Appendix 8-1, Table 16 
Water Quality and Other Expected Benefits 

 

Reduction in TSS and TDS 

The Bannock Ave Neighborhood Streetscape Enhancements for Tecolote Creek Watershed Protection 
project is anticipated to provide watershed improvements that would result in reductions in the amount of 
TSS and TDS discharged into Tecolote Creek, and therefore into west Mission Bay. These benefits would 
occur, because the project would implement the following BMPs:  

• Divert stormwater from Bannock Avenue to bioretention and treatment planters,  

• Increase infiltration of storm flows through pervious pavement, and  

• Divert stormwater flows through a trash segregation unit and a series of bacterial treatment 
systems.   

In sum, these actions are estimated by the City of San Diego to reduce solids loading by approximately 
85%. TSS will be reduced from 105 kilograms (kg)/year to approximately 15 kg/year. TDS will be reduced 
from 2 kg/year to 0.25 kg/year. These water quality benefits were not monetized.  

Increase in Recreational Opportunities 

Reducing TSS and TDS within Tecolote Creek will also reduce these constituents from entering water 
bodies downstream of Tecolote Creek, including west Mission Bay. The pollutant load reduction of this 
project directly impacts Mission Bay, which is the most widely used aquatic resource in the region. 
Reducing the pollutant loading to these surface water bodies will allow for wider and more continuous use 
of the Tecolote Creek Natural Park and west Mission Bay. Based on internal calculations from the City of 
San Diego, it is anticipated that improving water quality in west Mission Bay may increase recreation from 
10,000 to 15,000 visitor days per year. Improved water quality in west Mission Bay would allow for 
additional aquatic activities in this water body, including fishing and swimming.  Increases in recreational 
opportunities specific to this project could not be calculated, and were therefore not monetized.   

Distribution of Project Benefits and Identification of Beneficiaries 

Table 8-33 summarizes the anticipated beneficiaries of water quality benefits that would be provided by 
the Bannock Ave Neighborhood Streetscape Enhancements for Tecolote Creek Watershed Protection 
project. The water quality improvements would benefit both local water users and regional residents. 
Local water users that work and/or live in Tecolote Creek watershed will benefit from improved water 
quality through avoided health impacts and increased recreational quality. Residents in the region will 
benefit from improved water quality through avoided health impacts and increased recreational quality in 
Mission Bay.  
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Table 8-33:  Project Beneficiaries Summary 
Bannock Ave Neighborhood Streetscape Enhancements for Tecolote Creek Watershed Protection 

Local Regional Statewide 

Local residents in Tecolote Creek 
watershed 

Regional residents that utilize 
Tecolote Creek and/or west Mission 

Bay for recreational purposes 

Not applicable 

 

Project Benefits Timeline Description 

Water quality benefits from this project associated with avoiding the cost of constructing a treatment 
facility would occur from 2011 to 2046. Water quality benefits from this project associated with reducing 
TSS and TDS from entering Tecolote Creek would occur during facility operation from 2014 to 2046. 
Water quality benefits associated with increasing recreational opportunities do not have a timeline, 
because these benefits cannot be quantified or monetized.   

Potential Adverse Effects from the Project 

Any potential short-term impacts associated with this project will be mitigated through the CEQA 
compliance process, if necessary. No long-term adverse effects are expected as a result of this project.  

Uncertainty of Benefits 

Uncertainties relating to the water quality benefits of the Bannock Ave Neighborhood Streetscape 
Enhancements for Tecolote Creek Watershed Protection project are summarized below in Table 8-34. 
Uncertainties relating to water quality benefits that could not be monetized, water quality benefits 
associated with reducing TSS and TDS and increased recreational use would have very little impact on 
the net water quality benefits associated with this project. These uncertainties would be minimal, 
however, because the project would reduce TSS and TDS discharges and improve water quality in 
Tecolote Creek and West Mission Bay. In addition, the project’s direct influence on recreational use is 
unknown, and the value associated with recreation of west Mission Bay is unknown because these values 
were not quantified and/or monetized.  

Table 8-34:  Omissions, Biases, and Uncertainties and their Effect on the Project 
Bannock Ave Neighborhood Streetscape Enhancements for Tecolote Creek Watershed Protection 

Benefit or Cost Category Likely Impact on 
Net Benefits 

Comment 

Avoided Costs of Treatment 
Facility 

- The probability of a treatment facility being constructed 
without the project is unknown. 

Reduction in TSS and TDS +/- Discharge reduction values not monetized. 

Increase in Recreational 
Opportunities 

+/- The project’s influence on recreational use is unknown. 
Recreation values not monetized. 

*Magnitude of effect on net benefits 

+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative) -- (significant negative) 
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Project 8: Pilot Concrete Channel Infiltration Project 
The benefits that are anticipated to result from implementation of the Pilot Concrete Channel Infiltration 
Project are summarized below in Table 8-35, and the cost-benefit overview is summarized in Table 8-36. 
This project would result in water quality benefits associated with avoiding construction of a water 
treatment facility and reducing pollutant discharges. Detailed cost and benefit information associated with 
the project, including present value calculations, is provided in Appendix 8-1. 

Table 8-35:  Benefits Summary 
Pilot Concrete Channel Infiltration Project 

Type of Benefit Assessment Level Beneficiaries 

Water Quality and Other Benefits 

Avoided Costs of UV Treatment 
Facility 

Monetized Local and Regional 

Reduction in Nitrate Discharge Physical Quantification Local and Regional 

Reduction in Bacteria Discharge Physical Quantification Local and Regional 

 

Table 8-36:  Benefit-Cost Analysis Overview 
Pilot Concrete Channel Infiltration Project 

 Present Value ($2009) 

Costs – Total Capital and O&M $281,294 

Monetizable Benefits  

Avoided Costs of UV Treatment Facility $1,809,240 

Qualitative Benefits Qualitative Indicator* 

Groundwater Recharge 

Reduction in Nitrate Discharge 

Reduction in Bacteria Discharge 

+/- 

+ 

+ 

*Magnitude of effect on net benefits 

+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 

 

The “Without Project” Baseline 

The without project baseline for this project would consist of 2009 conditions associated with dry weather 
discharges into Woodglen Vista Creek. Information from the City of Santee demonstrates that the project 
would divert and infiltrate approximately 2,160 gallons of water per day. This amount of water, along with 
associated pollutants (0.67 kg of nitrate, 440 million fecal coliform cells, and 13.6 billion enterococci cells 
per day), would continue to flow into Woodglen Vista Creek without implementation of the project.  

Water Quality and Other Benefits 

Water quality benefits associated with this project are derived from the estimate that this project would 
eliminate dry weather discharges at a rate of 2,160 gallons per day if 100 percent of flows are diverted 
and infiltrated in the constructed channel. As described below, this reduction of dry weather flows would 
reduce discharges of nitrogen and bacteria (fecal coliform and enterococci) into nearby surface waters, 
and will therefore eliminate the need to construct an ultra violet (UV) treatment facility to address surface 
water quality issues in the vicinity of the project area.   

Avoided Costs of UV Treatment Facility 
The reduction of nitrates and bacteria which would result from implementation of the Pilot Concrete 
Channel Infiltration Project is expected to provide water quality benefits comparable to construction and 
operation of a UV treatment facility. UV treatment facilities provide state-of-the-art water quality treatment 
for addressing bacteria-related water quality issues in surface waters. The project would provide 
comparable water quality benefits to a UV treatment facility, and would therefore eliminate the need to 
build such a facility to address water quality concerns within the project area.   
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The capital costs for building a UV treatment facility are an estimated $3,000,000. This estimate was 
obtained using scaled-down values for construction of a similar facility (the Loma Alta Creek UV 
Treatment Facility) in the City of Oceanside, which also lies within San Diego County. Although the water 
flow through the Loma Alta Creek UV Treatment Facility is greater than the estimated flow for this project, 
maintenance costs to run UV treatment facilities are similar for facilities of varying sizes. As such, annual 
operations and maintenance (O&M) costs that would be avoided by construction of a UV facility were 
estimated at $16,000 (the actual Loma Alta Creek UV Treatment Facility O&M cost). This is considered to 
be a fair comparison, because the Loma Alta Creek UV Treatment Facility has been in operation for 
several years, therefore it is assumed that most available efficiencies have been identified and 
incorporated into the operator’s procedures.  

These costs have been monetized, and the total water quality benefits based on avoided treatment costs 
is $1,809,240.  

Table 8-37: Avoided UV Treatment Facility Costs 
Pilot Concrete Channel Infiltration Project 

 Cost Years Total Cost 

Avoided UV Treatment Facility Construction $3,000,000 N/A $3,000,000 

Avoided Annual O&M Costs $16,000 41 $656,000 

Total Avoided Costs (Sum) $3,656,000 

Total Avoided UV Treatment Facility Costs after Discounting $1,809,240 

*For further information regarding how these costs were calculated please refer to Appendix 8-1 Table 13 Annual 
Costs of Avoided Projects 

 

Reduction of Nitrate Discharges 
The Pilot Concrete Channel Infiltration Project would eliminate dry weather discharges at a rate of 2,160 
gallons per day if 100 percent of flows are diverted and infiltrated in the channel constructed as part of the 
project. Using this flow data and information regarding the nitrogen loading in Woodglen Vista Creek from 
2009, it can be estimated that approximately 0.67 kg per day of nitrate (nitrogen) would be prevented 
from entering surface water bodies within the project area. This water quality benefit was not monetized, 
because information regarding the reduction of nitrates was based on limited data.  

Reduction of Bacteria Discharges  
The Pilot Concrete Channel Infiltration Project would eliminate dry weather discharges at a rate of 2,160 
gallons per day if 100 percent of flows are diverted and infiltrated in the channel constructed as part of the 
project. Using this flow data and calculating a discharge load from 2009 dry weather monitoring data, it 
can be estimated that up to 440 million fecal coliform cells per day and 13.6 billion enterococci cells per 
day could be eliminated from being discharged into nearby surface water bodies. This water quality 
benefit was not monetized, because information regarding the reduction of bacteria was based on limited 
data.  

Distribution of Project Benefits and Identification of Beneficiaries 

Table 8-38 summarizes the anticipated beneficiaries of water quality benefits that will be provided by this 
project. The water quality improvements would benefit both local and regional residents. Local residents 
that live and/or work adjacent to Woodglen Vista Creek would benefit from improved surface water 
quality, including avoided health and safety impacts.  

Table 8-38:  Project Beneficiaries Summary 
Pilot Concrete Channel Infiltration Project 

Local Regional Statewide 

Local residents Regional residents Not Applicable 
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Project Benefits Timeline Description 

Water quality benefits from this project associated with reducing nitrate and bacteria discharges would 
begin occurring after completion of project construction in 2012. Water quality benefits associated with 
avoiding the cost of constructing a UV treatment facility would begin occurring in 2019.  

Potential Adverse Effects from the Project 

Any potential short-term impacts associated with this project would be mitigated during the CEQA 
compliance process. No long-term adverse effects are expected as a result of this project.  

Uncertainty of Benefits 

Uncertainties relating to the water quality benefits of this project are summarized below in Table 8-39. 
Uncertainties relating to water quality benefits that could not be monetized (reduction in discharges of 
nitrates and bacteria) would have very little impact (either negligible or unknown) on the net water quality 
benefits associated with this project. These uncertainties are because the discharge reduction estimates 
were based on a limited data set of one year. These uncertainties would be minimal, because while it is 
uncertain what the amount of reduced discharge would be, it is certain that the project would reduce 
nitrate and bacteria discharges.   

Uncertainties regarding monetized water quality benefits could potentially have a significant negative 
impact on the net benefits associated with this project, because the probability of constructing a UV 
treatment facility is unknown in comparison to implementation of alternate structural BMPs.  

Table 8-39:  Omissions, Biases, and Uncertainties and their Effect on the Project 
Pilot Concrete Channel Infiltration Project 

Benefit or Cost Category Likely Impact on Net 
Benefits 

Comment 

Reduction in Nitrate Discharge +/- Reduction estimates are based on limited data. 

Reduction in Bacteria 
Discharge 

+/- Reduction estimates are based on limited data. 

Avoided Costs of UV Facility -- The probability of a treatment facility being constructed 
without the project is unknown in comparison to 
implementation of alternate structural BMPs. 

* Magnitude of effect on net benefits 

+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 

 

 

Project 9: San Diego Regional Water Quality Assessment and Outreach Project 
The benefits that are anticipated to result from implementation of the San Diego Regional Water Quality 
Assessment and Outreach Project are summarized below in Table 8-40, and the cost-benefit overview is 
summarized in Table 8-41. This project would result in physically quantified water quality benefits 
associated with beneficial uses, improving impaired water bodies/sensitive habitats, and ecosystem 
improvements. The project would also result in monetized other benefits associated with avoiding 
regulatory monitoring. Detailed cost and benefit information associated with the project, including present 
value calculations, is provided in Appendix 8-1. 
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Table 8-40:  Benefits Summary 
San Diego Regional Water Quality Assessment and Outreach Project 

Type of Benefit Assessment Level Beneficiaries 

Water Quality and Other Benefits 

Protect, Restore, or Enhance 
Beneficial Uses 

Physical Quantification Local and Regional 

Improve Impaired Water Bodies and 
Sensitive Habitats 

Physical Quantification Local and Regional 

Ecosystem Improvements and 
Preservation Through Trash 
Collection 

Monetized Local and Regional 

Avoided Regulatory Monitoring Monetized Local and Regional 

 

Table 8-41:  Benefit-Cost Analysis Overview 
San Diego Regional Water Quality Assessment and Outreach Project 

 Present Value ($2009) 

Costs – Total Capital and O&M $924,578 

Monetizable Benefits  

Avoided Regulatory Monitoring 

Avoided Trash Collection 

$667,315 

$30,831 

Qualitative Benefits  Qualitative Indicator* 

Protect, Restore, or Enhance Beneficial Uses 

Improve Impaired Water Bodies and Sensitive Habitats 

+ 

+ 

*Magnitude of effect on net benefits 

+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 

 

The “Without Project” Baseline 

If this project were not implemented, the watershed monitoring, clean-up, and data collection efforts 
proposed in the Work Plan (see Attachment 3) would not occur. In instances where these efforts are 
mandated within the San Diego IRWM region, it is assumed that a government agency would have to 
incur the resources and costs to complete mandated efforts that would otherwise be provided as part of 
the project.  

Expected Water Quality & Other Benefits of Project 

Detailed cost and benefit information associated with the San Diego Regional Water Quality Assessment 
and Outreach Project, including present value calculations, is provided in Appendix 8-1. 

Protecting, Restoring, or Enhancing Beneficial Uses 

The San Diego Regional Water Quality Assessment and Outreach Project will include monthly monitoring 
by San Diego Coastkeeper, which will provide increased temporal resolution of water quality data. These 
samples will be collected and analyzed in accordance with standard operating procedures and a DWR-
approved Project Assessment and Evaluation Plan (PAEP). In total, monitoring efforts expected as part of 
the project are estimated to increase water quality samples in receiving water bodies from one sample 
per year to ten samples per year, which corresponds to a 1,000 percent increase. This increased 
sampling effort will increase information regarding the status of water bodies within the San Diego region, 
and will assist regulatory and responsible agencies in protecting, restoring, and/or enhancing beneficial 
uses throughout the region. These water quality benefits were not monetized.  

Improving Impaired Water Bodies and Sensitive Habitats 

As described above, actions expected to take place as part of the San Diego Regional Water Quality 
Assessment and Outreach Project are estimated to increase water quality samples in receiving water 
bodies from one sample per year to ten samples per year, which corresponds to a 1,000 percent 
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increase. This increased sampling effort will increase information regarding the status of impaired water 
bodies within the San Diego region, which will improve regulatory and responsible agency knowledge 
regarding the sensitive habitats within the region. These water quality benefits were not monetized. 

Avoided Costs of Trash Collection  

As part of this project, Coastkeeper would continue to coordinate inland trash removal events, sponsor 
corporate clean up events, and coordinate and plan the annual Coastal Clean-Up Day events. Continued 
and expanded actions regarding the aforementioned efforts are expected to increase the total pounds of 
trash removed from 495,264 lbs per year to 680,401 lbs per year, which corresponds to a 34.4 percent 
increase. These efforts will generate an avoided trash removal cost to cities, the County, and other 
municipalities.  

The value of avoided trash collection was calculated based in-house monitoring costs incurred by the City 
of San Diego Stormwater Department for similar efforts. Avoided operational costs for community cleanup 
events totaled $164,765 in 2010. Approximately 1,150 tons of trash was collected during 104 clean-up 
events, for an average cost of $143.27 per ton, or $0.07 per pound. The project is anticipated to reduce 
185,137 pounds of trash per year (680,401 - 495,256)over a three-year period (2012-2014). The total 
present value of these benefits is estimated to total $30,831 (in 2009 dollars).  

Table 8-42: Avoided Trash Collection 
San Diego Regional Water Quality Assessment and Outreach Project 

 Pounds 
Reduced 

Cost per 
Pound 

Years Total Cost 

Avoided Trash Collection 185,137 $0.07 3 $38,879 

Total Avoided Trash Collection Costs after Discounting $30,831 

Source: In-house Monitoring Costs from San Diego Coastkeeper.  

For more information regarding how these costs were calculated, please refer to Appendix 8-1, Table 16 Water 
Quality and Other Expected Benefits.  

 

Avoided Regulatory Monitoring 

The San Diego Regional Water Quality Assessment and Outreach Project would include water quality 
monitoring efforts, which would otherwise be taken on by state, county, city, or other government 
agencies. Avoided costs of monitoring efforts would save these government entities money associated 
with higher overhead and paid employees to conduct equivalent monitoring efforts. In addition, data 
provided by this project may increase agency access to data, which would potentially reduce staff time to 
uncover and analyze data from disparate sources or eliminate data collection expenses.  

The value of avoided regulatory monitoring was calculated based in-house monitoring costs incurred by 
Coastkeeper for similar efforts. Avoided capital costs range from $90,843 to $181,680 annually, while 
avoided O&M costs range from $119,600 to $239,200 annually. These benefits are expected to last over 
a three-year period (2012-2014), and are estimated to total $667,315.  

Table 8-43: Avoided Regulatory Monitoring 
San Diego Regional Water Quality Assessment and Outreach Project 

 Capital Cost 

(Average) 

Annual O&M 
Cost 

(Average) 

Years Total Cost 

Avoided Regulatory Monitoring (2012 & 2014) $90,843 $119,600 2 $420,886 

Avoided Regulatory Monitoring ( 2013) $181,680 $239,200 1 $420,886 

Total Avoided Regulatory Monitoring Costs $841,772 

Total Avoided Regulatory Monitoring Costs after Discounting $667,315 

Source: In-house Monitoring Costs from San Diego Coastkeeper.  

For more information regarding how these costs were calculated, please refer to Appendix 8-1, Table 16 Water 
Quality and Other Expected Benefits.  
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Distribution of Project Benefits and Identification of Beneficiaries 

Table 8-44 summarizes the anticipated beneficiaries of water quality and other benefits that would be 
provided by this project. The water quality improvements would benefit local, regional, and statewide 
stakeholders and residents by improving and expanding the volume of water quality data that helps 
regulatory agencies to manage surface water supplies. These ultimate improvements in surface water will 
improve health and safety conditions for residents and wildlife living adjacent to the water bodies.  

Table 8-44:  Project Beneficiaries Summary 
San Diego Regional Water Quality Assessment and Outreach Project 

Local Regional Statewide 

Local stakeholders and residents Regional stakeholders and residents Statewide stakeholders and 
residents 

 

Project Benefits Timeline Description 

The timeline for water quality benefits is dependent upon actions taken as a result of data review.  As a 
result, a timeline for water quality benefits was not established for this project. The other benefits 
associated with avoided regulatory monitoring would accrue from 2012 to 2014.  

Potential Adverse Effects from the Project 

Potential short-term impacts associated with this project will be identified and mitigated, if necessary. No 
long-term adverse effects are expected as a result of this project.  

Uncertainty of Benefits 

Uncertainties relating to the water quality and other benefits of this San Diego Regional Water Quality 
Assessment and Outreach Project are summarized below in Table 8-45. As described in detail below, 
there are uncertainties regarding all of the potential water quality benefits because full implementation is 
dependent on actions taken as a result of data review.  

Table 8-45:  Omissions, Biases, and Uncertainties and their Effect on the Project 
San Diego Regional Water Quality Assessment and Outreach Project 

Benefit or Cost Category Likely Impact on Net 
Benefits 

Comment 

Protect, Restore, or Enhance 
Beneficial Uses 

+ Benefits are dependent upon the analysis of data 
generated by the Project and therefore are not monetized. 

Improve Impaired Water 
Bodies and Sensitive Habitats 

+ Benefits are dependent upon the analysis of data 
generated by the Project and therefore are not monetized. 

*Magnitude of effect on net benefits 

+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 

 

 

Project 10: Chollas Creek Integration Project 
The water quality and other benefits that are anticipated to result from implementation of the Chollas 
Creek Integration Project are summarized below in Table 8-46, and the cost-benefit overview is 
summarized in Table 8-47. This project would result in water quality benefits associated with reduction in 
pollutants, and other benefits associated with increased recreation opportunities, improvements to 
habitat, habitat restoration, ecosystem improvements, and fish and wildlife species enhancements. 
Detailed cost and benefit information associated with the project, including present value calculations, is 
provided in Appendix 8-1. 
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Table 8-46:  Benefits Summary 
Chollas Creek Integration Project 

Type of Benefit Assessment Level Beneficiaries 

Water Quality and Other Benefits  

Reduction in Pollutants Physical Quantification Local and Regional 

Increase in Recreation Opportunities Qualitative Local 

Habitat Restoration Physical Quantification Local 

Ecosystem Improvements Qualitative Local and Regional 

Fish and Wildlife Species 
Enhancements 

Physical Quantification Local, Regional, and Statewide 

 

Table 8-47:  Benefit-Cost Analysis Overview 
Chollas Creek Integration Project 

 Present Value ($2009) 

Costs – Total Capital and O&M $1,018,096 

Monetizable Benefits  

N/A N/A 

Qualitative Benefits  Qualitative Indicator* 

Reduction in Pollutants  

Increase in Recreation Opportunities 

Habitat Restoration 

Ecosystem Improvements 

Fish and Wildlife Species Enhancements 

+ 

+ 

+ 

+ 

+ 

*Magnitude of effect on net benefits 

+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 

 

The “Without Project” Baseline 

If the Chollas Creek Integration Project were not implemented, there would be no restoration of native 
floodplain habitat or associated flood hazard reductions within Chollas Creek. Additionally, without this 
project, an Opportunities Assessment would not be developed for Chollas Creek and associated benefits 
related to improving water quality, reducing flooding, and identifying land use opportunities for preserving 
open space and habitat would not be realized. Specifically, without the project, Chollas Creek Section 2A 
within the project area would continue to support disturbed riparian scrub habitat with many invasive plant 
species and be subject to dumping of trash and debris.  

Water Quality and Other Benefits 

The Chollas Creek Integration Project would result in several water quality and ecosystem benefits. 
Detailed cost and benefit information associated with the project, including present value calculations, is 
provided in Appendix 8-1. 

Reduction in Pollutants 

Current water quality conditions for Chollas Creek necessitate TMDLs for Diazinon, and the creek is also 
considered impaired due to the presence and concentration of bacteria and metals (zinc and copper). 
Project creek restoration activities would widen Chollas Creek by removing an existing asphalt pad on the 
east side of the creek that is currently being used to store metal products. The project proposes to reduce 
the size of the asphalt pad from 1.7 acres to 1.4 acres, which would potentially improve water quality by 
reducing the source of pollutants and encouraging development with a lower potential for pollutants.  

Further, once established, the restoration of native riparian vegetation within the channel will contribute to 
the uptake and removal of pollutants. Because riparian vegetation intercepts surface runoff, it has been 
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shown to be effective in controlling nonpoint source pollution by removing nutrients, especially nitrogen, 
and sediment.

8

Increase in Recreation Opportunities 

 This water quality benefit has not been monetized.  

The Opportunities Assessment that would be conducted as part of the Chollas Creek Integration Project 
would develop a watershed recreational trail element for the project area. The Opportunities Assessment 
will include an Existing Conditions Report, through which approximately 20,000 linear feet of existing and 
proposed trail segments would be analyzed to create baseline documentation. Further, this project would 
identify a multi-modal creek trail system that would connect with two previously restored/enhanced areas 
through a pedestrian connector and recreational pathway. This trail system would facilitate access for 
students and residents to Market Creek Plaza and nearby schools, and would provide health and 
environmental benefits to the community.  

The ratio of parkland and open space available for the residents of this community (the Euclid and Market 
hubs) has been inadequate for decades.  Whereas 20 park acres of parkland typically should be available 
per 1,000 residents, in the half-mile radius surrounding the project, there are only 3.91 park acres per 
1,000 residents. The Chollas Creek Integration Project would provide additional open space with multiple 
benefits for DACs in the project area. Additional recreation benefits that would be provided by the project 
are associated with non-contact water recreation activities such as picnicking, sunbathing, hiking, 
sightseeing, or aesthetic enjoyment. These benefits have not been quantified and/or monetized. 

Habitat Restoration 

Habitat and water quality improvements that would result from the Chollas Creek Integration Project 
would support both water and terrestrial ecosystems. Specifically, the project would promote beneficial 
uses of water for warm water ecosystems, such as preservation or enhancement of aquatic habitats, 
vegetation, and fish or wildlife (including invertebrates). The project would also promote beneficial uses of 
water for terrestrial ecosystems such as preservation and enhancement of terrestrial habitats, vegetation, 
wildlife, and wildlife water and food sources.  

This Chollas Creek Integration Project is anticipated to involve a restoration and enhancement plan for 1 
acre of native riparian scrub habitat, at a ratio of 2:1 with native riparian species. The native riparian scrub 
habitat would be restored through container plantings and hydroseeding, and would be maintained and 
monitored. In addition, the project would work to remove 100% of non-native species within the habitat 
restoration area, including species such as arundo donax that contribute to flooding and prevent the 
establishment of riparian species. These restoration activities would meet the intent of the 2002 Chollas 
Creek Enhancement Program, and would be measured for success based on the survivorship of 
container plants and the percentage of vegetative cover.  

In addition, it is the aim of the Chollas Creek Integration Project that restored native habitat would support 
additional wildlife species, and that eliminating invasive plant species would curtail the spread of these 
species to already restored areas downstream. The project also aims to increase ecological functions and 
values through the Chollas Creek riparian corridor. These benefits have not been monetized.  

Ecosystem Improvements 

The restoration of native habitat within Chollas Creek as proposed by the Chollas Creek Integration 
Project meets the intent of the 2002 Chollas Creek Enhancement Program. As described within the 
Program, native habitat, such as that proposed by the project, supports a healthier and higher-functioning 
ecosystem. The native habitat that would be created by the Chollas Creek Integration Project would be 
preserved in perpetuity as open space. These benefits have not been quantified and/or monetized. 

Fish and Wildlife Species Enhancements 

The Opportunities Assessment that would be conducted as part of the Chollas Creek Integration Project 
would involve development of an Existing Conditions Report, through which all watershed biological 

                                                      
8
 U.S. Department of Agriculture. Riparian Forest Buffer Handbook for the Chesapeake Bay Watershed. United 

States Department of Agriculture, Environmental Protection Agency, Forest Service and Northeastern Area State & 
Private Forestry, NA-TT-02-97. Washington, DC. 
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survey data would be compiled and analyzed. The project would also involve additional surveys to fill any 
data gaps, with particular attention to recommendations for the sustainability of at least three species 
designated within the Multiple Species Conservation Plan. Specifically, the project would aim at protecting 
the Coastal California Gnatcatcher, Coastal Barrel Cactus, and California Cactus Wren. These benefits 
have not been quantified and/or monetized.  

Distribution of Project Benefits and Identification of Beneficiaries 

Table 8-48 summarizes the anticipated beneficiaries of water quality and other benefits that would be 
provided by this Project. The water quality improvements would benefit local, regional, and statewide 
beneficiaries. Local residents would benefit from water quality improvements in Chollas Creek and the 
overall watershed (the Pueblo Hydrologic Unit). Local and regional residents would benefit from increased 
recreational opportunities throughout the project area. Local, regional, and statewide residents would 
benefit from ecosystem improvements, which benefit society as a whole.  

Table 8-48:  Project Beneficiaries Summary 
Chollas Creek Integration Project 

Local Regional Statewide 

Local residents Regional residents Statewide residents 

 

Project Benefits Timeline Description 

All water quality and other benefits expected as a result of implementation of the Chollas Creek 
Integration Project were not monetized, and therefore do not have specific timelines over which they 
would occur.  

Potential Adverse Effects from the Project 

Any potential short-term impacts associated with this project will be addressed and mitigated during the 
CEQA compliance process. No long-term adverse effects are expected as a result of this project.  

Uncertainty of Benefits 

Uncertainties relating to the water quality and other benefits of this project are summarized below in Table 
8-49. As shown in the table below, uncertainties regarding water quality and other benefits would occur 
because none of these benefits were monetized.  

Table 8-49:  Omissions, Biases, and Uncertainties and their Effect on the Project 
Chollas Creek Integration Project 

Benefit or Cost Category Likely Impact on 
Net Benefits 

Comment 

Reduction in Pollutants + Not monetized. Reduction in pollutant depends on 
materials storage continued on concrete pad. 

Increase in Recreation 
Opportunities 

+ Not monetized. Recreational benefits depend on 
implementation of trail system per Opportunities 
Assessment. 

Habitat Restoration ++ Not monetized. Purpose of project is to restore native 
riparian habitats in Section 2A. 

Ecosystem Improvements + Not monetized. Success of ecosystem depends on 
restoration of additional creek lineage.  

Fish and Wildlife Species 
Enhancement 

+ Not monetized. Fish and wildlife enhancement depend on 
implementation of additional habitat improvements per 
Opportunities Assessment. 

* Magnitude of effect on net benefits 

+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 
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Project 11: Regional Water Data Management Program 
The benefits that are anticipated to result from implementation of the Regional Water Data Management 
Program are summarized below in Table 8-50, and the cost-benefit overview is summarized in Table 8-
51. This project would result in qualitative other benefits associated with avoiding regulatory monitoring 
and increasing efficiencies. Detailed cost and benefit information associated with the project, including 
present value calculations, is provided in Appendix 8-1. 

Table 8-50:  Benefits Summary 
Regional Water Data Management Program 

Type of Benefit Assessment Level Beneficiaries 

Water Quality and Other Benefits 

Avoided Regulatory Monitoring Qualitative Local, Regional, and Statewide 

Increased Water Management 
Efficiencies  

Qualitative  Local, Regional, and Statewide 

  

Table 8-51:  Benefit-Cost Analysis Overview 
Regional Water Data Management Program 

 Present Value ($2009) 

Costs – Total Capital and O&M $540,043 

Monetizable Benefits  

N/A N/A 

Qualitative Benefits  Qualitative Indicator* 

Avoided Regulatory Monitoring 

Increased Water Management Efficiencies  

+ 

+ 

* Magnitude of effect on net benefits 

+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 

 

The “Without Project” Baseline 

If the Regional Water Data Management Program were not implemented, there would be a continued 
duplication of water resources-related data collection efforts, and/or a failure to identify and address 
significant gaps in data collection and analysis within the San Diego IRWM region. As such, without 
implementation of the project, there would be continued efficiencies related to duplicative efforts, and a 
lack of information regarding the availability of and need for regional water resources data. 

Water Supply and Other Benefits  

Detailed cost and benefit information associated with the project, including present value calculations, is 
provided in Appendix 8-1. 

Avoided Regulatory Monitoring 

The Regional Water Data Management Program would include an analysis of regional data collection 
efforts, and will produce an online database that collects and stores regional water-related data. The 
result of these efforts would be to compile data from various regional monitoring and sampling programs, 
in an attempt to reduce duplication efforts and potentially avoid future monitoring efforts when found that 
such efforts could be fulfilled by existing data. As such, this project would potentially avoid future 
regulatory monitoring efforts, which would otherwise be taken on by state, county, city, or other 
government agencies. Avoided costs of monitoring efforts would save these government entities money 
associated with higher overhead and paid employees to conduct equivalent monitoring efforts. In addition, 
data compiled and made available by this project may increase agency access to data, which would 
potentially reduce staff time to uncover and analyze data from disparate sources or eliminate data 
collection expenses. The value of avoided regulatory monitoring was not monetized.   
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Increased Water Management Efficiencies 

The Regional Water Data Management Program would create a stakeholder group and a web-based 
regional data management system, which together would provide a platform for regional water managers 
and the general public to access and use data for management and planning purposes. This platform 
would assist in eliminating duplicative efforts, reveal any gaps in data collection and analysis, and assist 
in the assessment of water management issues throughout the region in the most efficient manner 
possible.  

As such, the project would potentially increase the efficiency of information dissemination and analysis by 
any entity interested in San Diego water management data. This increase in efficiency would potentially 
reduce overhead, research, or regulatory costs by local, regional, and even statewide stakeholders. This 
benefit was not monetized.  

Distribution of Project Benefits and Identification of Beneficiaries 

Table 8-52 summarizes the anticipated beneficiaries of water quality and other benefits that would be 
provided by this project. The regulatory and water management efficiency benefits would accrue to local, 
regional, and statewide beneficiaries since the data management system would be available to all 
interested parties through an online web-based platform.  

Table 8-52:  Project Beneficiaries Summary 
Regional Water Data Management Program 

Local Regional Statewide 

Local stakeholders interested in or 
required to report water data 

Regional stakeholders interested in 
or required to report water data 

Statewide stakeholders interested in 
or required to report water data 

 

Project Benefits Timeline Description 

The timeline for other benefits was not established for this project, because these benefits were not 
monetized, and therefore did not necessitate timeline assumptions.  

Potential Adverse Effects from the Project 

No short-term or long-term adverse effects are expected as a result of this project.  

Uncertainty of Benefits 

Uncertainties relating to other benefits of this project are summarized below in Table 8-53. As described 
in detail below, there are uncertainties regarding all of the potential other benefits, because they were not 
monetized.  

Table 8-53:  Omissions, Biases, and Uncertainties and their Effect on the Project 
Regional Water Data Management Program 

Benefit or Cost Category Likely Impact on Net 
Benefits 

Comment 

Avoided Regulatory Monitoring + Not monetized. Agencies subject to monitoring 
requirements may opt to fund their own monitoring due to 
concerns about sampling quality. 

Increased Water Management 
Efficiencies 

+ Not monetized. Agencies may be reluctant to share some 
types of water management data, therefore decreasing 
the value of the data management system and its 
possibilities for efficiencies. 

* Magnitude of effect on net benefits 

+/- (negligible or unknown); + (moderate positive); ++ (significant positive); - (moderate negative); -- (significant negative) 
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Appendix 8-1: Economic Analysis Tables 

 Project 1: Sustainable Landscapes Program 

Table 16 – Water Quality and Other Expected Benefits .......................................... Attached 

 Project 2: North San Diego County Regional Recycled Water Project 

Table 16 – Water Quality and Other Expected Benefits ................................ Not Applicable 

 Project 3: North San Diego County Cooperative Demineralization Project 

Table 16 – Water Quality and Other Expected Benefits ................................ Not Applicable 

 Project 4: Rural Disadvantaged Community (DAC) Partnership Project 

Table 16 – Water Quality and Other Expected Benefits ................................ Not Applicable 

 Project 5: Lake Hodges Water Quality and Quagga Mitigation Measures 

Table 16 – Water Quality and Other Expected Benefits .......................................... Attached 

 Project 6: Implementing Nutrient Management in the Santa Margarita River Watershed 

Table 16 – Water Quality and Other Expected Benefits ................................ Not Applicable 

 Project 7: Bannock Avenue Neighborhood Streetscape Enhancements for Tecolote Creek 
Watershed Protection 

Table 16 – Water Quality and Other Expected Benefits .......................................... Attached 

 Project 8: Pilot Concrete Channel Infiltration Project 

Table 16 – Water Quality and Other Expected Benefits .......................................... Attached 

 Project 9: San Diego Regional Water Quality Assessment and Outreach Project 

Table 16 – Water Quality and Other Expected Benefits .......................................... Attached 

 Project 10: Chollas Creek Integration Project 

Table 16 – Water Quality and Other Expected Benefits ................................ Not Applicable 

 Project 11: Regional Water Data Management Program 

Table 16 – Water Quality and Other Expected Benefits ................................ Not Applicable 
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(j) Discounted 
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2009 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 1.000 $0
2010 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.943 $0
2011 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.890 $0
2012 ‐1 0 1 $32,474 $32,474 ‐136,768 0 136,768 $0.10 $14,292 ‐33,000 0 33,000 $0 $0 ‐0.15 0 0.15 $0 $0 ‐205 0 205 $0 ‐11,000 0 11,000 $0 $46,766 0.840 $39,284
2013 ‐1 0 1 $64,948 $64,948 ‐273,518 0 273,518 $0.10 $28,583 ‐33,000 0 33,000 $0 $0 ‐0.15 0 0.15 $0 $0 ‐205 0 205 $0 ‐11,000 0 11,000 $0 $93,531 0.792 $74,076
2014 ‐1 0 1 $145,484 $145,484 ‐612,720 0 612,720 $0.10 $64,029 ‐33,000 0 33,000 $0 $0 ‐0.15 0 0.15 $0 $0 ‐205 0 205 $0 ‐11,000 0 11,000 $0 $209,513 0.747 $156,506
2015 ‐1 0 1 $145,484 $145,484 ‐612,720 0 612,720 $0.10 $64,029 ‐33,000 0 33,000 $0 $0 ‐0.15 0 0.15 $0 $0 ‐205 0 205 $0 ‐11,000 0 11,000 $0 $209,513 0.705 $147,707
2016 ‐1 0 1 $439,453 $439,453 ‐612,720 0 612,720 $0.10 $64,029 ‐33,000 0 33,000 $0 $0 ‐0.15 0 0.15 $0 $0 ‐205 0 205 $0 ‐11,000 0 11,000 $0 $503,482 0.665 $334,816
2017 ‐1 0 1 $439,453 $439,453 ‐612,720 0 612,720 $0.10 $64,029 ‐33,000 0 33,000 $0 $0 ‐0.15 0 0.15 $0 $0 ‐205 0 205 $0 ‐11,000 0 11,000 $0 $503,482 0.627 $315,683
2018 ‐1 0 1 $439,453 $439,453 ‐612,720 0 612,720 $0.10 $64,029 ‐33,000 0 33,000 $0 $0 ‐0.15 0 0.15 $0 $0 ‐205 0 205 $0 ‐11,000 0 11,000 $0 $503,482 0.592 $298,061
2019 ‐1 0 1 $439,453 $439,453 ‐612,720 0 612,720 $0.10 $64,029 ‐33,000 0 33,000 $0 $0 ‐0.15 0 0.15 $0 $0 ‐205 0 205 $0 ‐11,000 0 11,000 $0 $503,482 0.558 $280,943
2020 ‐1 0 1 $439,453 $439,453 ‐612,720 0 612,720 $0.10 $64,029 ‐33,000 0 33,000 $0 $0 ‐0.15 0 0.15 $0 $0 ‐205 0 205 $0 ‐11,000 0 11,000 $0 $503,482 0.527 $265,335
2021 ‐1 0 1 $439,453 $439,453 ‐612,720 0 612,720 $0.10 $64,029 ‐33,000 0 33,000 $0 $0 ‐0.15 0 0.15 $0 $0 ‐205 0 205 $0 ‐11,000 0 11,000 $0 $503,482 0.497 $250,231
2022 ‐1 0 1 $439,453 $439,453 ‐612,720 0 612,720 $0.10 $64,029 ‐33,000 0 33,000 $0 $0 ‐0.15 0 0.15 $0 $0 ‐205 0 205 $0 ‐11,000 0 11,000 $0 $503,482 0.469 $236,133
2023 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.442 $0
2024 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.417 $0
2025 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.390 $0
2026 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.371 $0
2027 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.350 $0
2028 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.331 $0
2029 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.312 $0
2030 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.294 $0
2031 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.278 $0
2032 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.262 $0
2033 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.247 $0
2034 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.233 $0
2035 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.220 $0
2036 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.207 $0
2037 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.196 $0
2038 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.185 $0
2039 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.174 $0
2040 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.164 $0
2041 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.155 $0
2042 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.146 $0
2043 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.138 $0
2044 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.130 $0
2045 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.123 $0
2046 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.116 $0
2047 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.109 $0
2048 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.103 $0
2049 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.097 $0
2050 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.092 $0
2051 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.087 $0
2052 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.082 $0
2053 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.077 $0
2054 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.073 $0
2055 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.069 $0
2056 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.065 $0
2057 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.061 $0
2058 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.058 $0
2059 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.054 $0
2060 0 $0 0 $0 0 $0 0 $0 0 $0 0 $0 $0 0.051 $0
TOTAL (11)               ‐              11                   3,464,561   3,464,561    (5,924,766)     ‐              5,924,766     1               619,138  (363,000)  ‐           363,000      ‐        ‐                         (2)             ‐           2                  ‐        ‐             (2,255)       ‐           2,255           ‐        ‐          (121,000)  ‐           121,000      ‐        ‐          4,083,699    14                 2,398,776        

$2,398,776

100.0%

$2,398,776

(C) Measure of Benefit [Unit]:   KWH per year

Comments: Source for Greenwaste and Labor Reduction: City of Santa Monica GardenGarden Program.  http://www.smgov.net/departments/ose/categories/content.aspx?id=4082    Source for CO2 Emissions Reduction:  California Center for Sustainable Energy. Andrea Cook.   Sourde for Runoff Reduction:  Technical Memorandum: The Runoff Reduction Method. Center for Watershed Protection & Chesapeake Stormwater Network. April 18, 2008.  Source for Avoided Cost of Waste 
Water Treatment and Waste Water Discharge: 1.)     LADPW (County of Los Angeles, Department of Public Works). 2004.  Sun Valley Watershed Management Plan. May 2004. 2.)     Leadership Committee. 2006. Greater Los Angeles County Integrated Regional Water Management Plan. December 2006.      Source for Power Cost Savings and Production: California Center for Sustainable Energy. Andrea Cook.     Source for Type of Pollutants: 
http://scitation.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=JHYEFF000015000002000123000001&idtype=cvips&gifs=yes&ref=no

Narrative description of benefits:   Although dry and wet weather run‐
off is not typically treated prior to reaching the ocean in the cases 
where it is, the benefit is measurable. Treated water must meet 
acceptable ranges of TMDLs. Reduction of run‐off results in a reduction 
in waterwaste treatment.  Treatment for reduced solids, nitrate, 
chloride, dissolved copper, and dissolved cadmium 

Narrative description of benefits:   This project is anticipated to 
reduce kWh used by 612,720 by 2014. Calculations are based on 
SDG&E's emission factor of 739.05 lbs CO2/kWh).

Narrative description of benefits:   Based on the City of Santa Monica's 
GardenGarden Case Study results, this project has the potential to reduce 
greenwaste by 53% or 33,000 pounds per year. The benefits extend beyond 
just GREENWASTE PRODUCTION; the project results in reduced CO2 
emissions due to reduced waste. Although economic benefits are realized 
as result of this project, our team is unable to quantify the economic value 
of the reduction.

Narrative description of benefits:   Based on information 
obtained from the Center for Watershed Protection & Chesapeake 
Stormwater Network a higher runoff coefficient is anticipated in 
areas that have been graded. Restoration to more natural 
conditions may improve the soil retention on sites by factor of .10 
to .20.

Narrative description of benefits:  The reduction in water demand 
associated with this project is anticipated to reduce production of 
CO2 by 205 metric tons. This calculation assumes 3,404 kWh/AF)

Narrative description of benefits:   Based on the City of Santa 
Monica's GardenGarden Case Study results, this project has the 
potential to reduce labor hours associated with maintenance of 
lanscapes. Reduced labor hours associated with reduced mowing, 
blowing, driving etc. results in a reduction of CO2 emissions. 

(C) Measure of Benefit [Unit]:   Labor Hours [not monetized]

Total Present Value of Discounted Benefits over Project Life (Monetized Benefits): 

Total Present Value of Discounted Benefits (Monetized Benefits): 

Project Allocation: 

Table 16 ‐ Water Quality and Other Expected Benefits (2009 dollars)
Project:  Sustainable Landscapes Program

(a) Year

(b) Type of Benefit:  Avoided wastewater treatment costs (b) Type of Benefit:   Power Cost Savings (b) Type of Benefit:  Reduced Emissions from Greenwaste Reduction (b) Type of Benefit:   Reduction in runoff

(C) Measure of Benefit [Unit]: Annual cost (S)
(C) Measure of Benefit [Unit]:   Reduction in runoff coefficient 
[not monetized](C) Measure of Benefit [Unit]:   Pounds of Greenwaste [not monetized] Discounting Calculations for Economic Benefits

(b) Type of Benefit:  CO2 Emissions Reduction (due to reduction in 
water demand)

(C) Measure of Benefit [Unit]:  Metric tons of CO2 [not 
monetized]

(b) Type of Benefit:  CO2 Emissions Reduction (due to labor 
reduction)

Table 16 
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(d) Without 
Project

(e) With 
Project

(f) Change 
Resulting from 
Project [e ‐ d]

(g) Unit $ 
Value

(h) Annual $ 
Value         
[f x g]

(d) Without 
Project

(e) With 
Project

(f) Change 
Resulting from 
Project [e ‐ d]

(g) Unit $ 
Value

(h) Annual $ 
Value       
[f x g]

(d) Without 
Project

(e) With 
Project

(f) Change 
Resulting from 
Project [e ‐ d]

(g) Unit $ 
Value

(h) Annual $ 
Value         
[f x g]

(h) Total 
Annual 

Benefits ($)
(i) Discount 

Value

(j) Discounted 
Benefits         
[h x i]

2009 $0 1.000 $0
2010 $0 0.943 $0
2011 $0 0.890 $0
2012 $0 0.840 $0
2013 ‐1 0 1 $250,000 $250,000 ‐1 0 1 $672,000 $672,000 $922,000 0.792 $730,224
2014 ‐1 0 1 $250,000 $250,000 ‐1 0 1 $672,000 $672,000 $922,000 0.747 $688,734
2015 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.705 $650,010
2016 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.665 $613,130
2017 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.627 $578,094
2018 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.592 $545,824
2019 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.558 $514,476

2020 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.527 $485,894

2021 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.497 $458,234

2022 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.469 $432,418

2023 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.442 $407,524

2024 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.417 $384,474

2025 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.390 $359,580

2026 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.371 $342,062

2027 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.350 $322,700

2028 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.331 $305,182

2029 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.312 $287,664

2030 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.294 $271,068

2031 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.278 $256,316

2032 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.262 $241,564

2033 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.247 $227,734

2034 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.233 $214,826

2035 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.220 $202,840

2036 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.207 $190,854

2037 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.196 $180,712

2038 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.185 $170,570

2039 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.174 $160,428

2040 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.164 $151,208

2041 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.155 $142,910

2042 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.146 $134,612

2043 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.138 $127,236

2044 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.130 $119,860

2045 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.123 $113,406

2046 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.116 $106,952

2047 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.109 $100,498

2048 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.103 $94,966

2049 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.097 $89,434

2050 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.092 $84,824

2051 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.087 $80,214

2052 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.082 $75,604

2053 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.077 $70,994

2054 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.073 $67,306

2055 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.069 $63,618

2056 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.065 $59,930

2057 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.061 $56,242

2058 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.058 $53,476

2059 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.054 $50,054

2060 ‐1 0 1 $250,000 $250,000 270 335 65 $0 ‐1 0 1 $672,000 $672,000 $922,000 0.051 $47,221

TOTAL (48)                  ‐                48                      12,000,000      12,000,000     12,420          15,410         2,990                ‐             ‐                (48)                 ‐                48                      32,256,000   32,256,000     44,256,000       13                       12,113,701         

$12,113,701

100.0%

$12,113,701

Total Present Value of Discounted Benefits over Project Life (Monetized Benefits): 

Total Present Value of Discounted Benefits (Monetized Benefits): 

Project Allocation: 

Comments:  There may be additional avoided project costs that become evident after the feasibility study and prioritization process are concluded.  Subsequent phases of this project will increase the avoided project costs as we begin to better understand what is possible to achieve 
following full scale implementation of water quality and quagga control measures.  Costs for chemical application have not been included in the numbers provided and need to be evaluated further. 

Narrative description of benefits: Shutdown costs to repair system 
components as a result of quagga infestation or other damage.

Narrative description of benefits: Annual mortality rate for fish 
may decrease as a result of elevated dissolved oxygen within the 
hypolimnion in Lake Hodges.  Watershed improvements may 
increase bird and frog population.

Narrative description of benefits:  Proponet estimated 10 days of 
downtime without the project.  10 days * 24 hours = 240 hours per 
yearThese values indicate operation power produced in generation mode 
when operating 8 hours per day throughout the year.  Actual may be 
higher or lower depending on regional needs.  Contract allows 504 hours 
outage time.  Increased outage time will incur penalties in addition to 
lowering revenue from power generation.  Unit value is $70/MWh

Table 16 ‐ Water Quality and Other Expected Benefits (2009 dollars)
Project: Lake Hodges Water Quality and Quagga Mitigation Measures

(a) Year

(b) Type of Benefit:  Avoided costs of facility shutdown and repair due to 
quagga mussel infestation

(C) Measure of Benefit [Unit]: Days with dissolved oxygen levels in 
hypolimnion above 0 mg/l [not monetized]

(b) Type of Benefit: Avoided loss in power generaqtion

(C) Measure of Benefit [Unit]: Annual power value ($) Discounting Calculations for Economic Benefits

(b) Type of Benefit:  Water quality benefits on fish and wildlife

(C) Measure of Benefit [Unit]: Annual O&M cost ($)

Table 16 
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 (d) Avoided 
Capital Costs 

 (e) Avoided 
Replacement 

Costs 
 (f) Avoided 
O&M Costs 

 (e) Total Avoided 
Costs                  

[d + e + f] 
 (d) Without 

Project 
 (e) With 
Project 

 (f) Change 
Resulting from 
Project [e ‐ d] 

(g) Unit $ 
Value

(h) Annual $ 
Value           
[f x g]

(d) Without 
Project

(e) With 
Project

(f) Change 
Resulting from 
Project [e ‐ d]

(g) Unit $ 
Value

(h) Annual $ 
Value            
[f x g]

(d) Without 
Project

(e) With 
Project

(f) Change 
Resulting from 
Project [e ‐ d]

(g) Unit $ 
Value

(h) Annual $ 
Value            
[f x g]

(h) Total 
Annual 

Benefits ($)
(i) Discount 

Value

(j) Discounted 
Benefits         
[h x i]

2009 $0 $0 $0 $0 0 $0 0 $0 0.00 $0 $0 1.000 $0
2010 $0 $0 $0 $0 0 $0 0 $0 0.00 $0 $0 0.943 $0
2011 $85,619 $0 $0 $85,619 0 $0 0 $0 0.00 $0 $85,619 0.890 $76,201
2012 $90,400 $0 $0 $90,400 0 $0 0 $0 0.00 $0 $90,400 0.840 $75,936
2013 $88,536 $0 $0 $88,536 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $88,536 0.792 $70,121
2014 $102,500 $0 $0 $102,500 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $102,500 0.747 $76,568
2015 $62,500 $0 $0 $62,500 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $62,500 0.705 $44,063
2016 $88,875 $0 $0 $88,875 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $88,875 0.665 $59,102
2017 $12,500 $17,967 $62,500 $92,967 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $92,967 0.627 $58,290
2018 $530,930 $17,356 $25,000 $573,286 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $573,286 0.592 $339,385
2019 $0 $16,766 $16,250 $33,016 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $33,016 0.558 $18,423

2020 $0 $16,196 $16,250 $32,446 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $32,446 0.527 $17,099

2021 $0 $15,645 $16,250 $31,895 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $31,895 0.497 $15,852

2022 $6,250 $15,113 $31,250 $52,613 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $52,613 0.469 $24,676

2023 $0 $14,599 $16,250 $30,849 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $30,849 0.442 $13,635

2024 $0 $14,103 $16,250 $30,353 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $30,353 0.417 $12,657

2025 $0 $13,623 $16,250 $29,873 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $29,873 0.390 $11,651

2026 $0 $13,160 $16,250 $29,410 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $29,410 0.371 $10,911

2027 $8,750 $12,713 $31,250 $52,713 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $52,713 0.350 $18,449

2028 $0 $12,281 $16,250 $28,531 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $28,531 0.331 $9,444

2029 $0 $11,863 $16,250 $28,113 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $28,113 0.312 $8,771

2030 $0 $11,460 $16,250 $27,710 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $27,710 0.294 $8,147

2031 $0 $11,070 $16,250 $27,320 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $27,320 0.278 $7,595

2032 $12,500 $10,694 $31,250 $54,444 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $54,444 0.262 $14,264

2033 $0 $10,330 $21,250 $31,580 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $31,580 0.247 $7,800

2034 $0 $9,979 $21,250 $31,229 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $31,229 0.233 $7,276

2035 $0 $9,640 $21,250 $30,890 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $30,890 0.220 $6,796

2036 $0 $9,312 $21,250 $30,562 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $30,562 0.207 $6,326

2037 $18,750 $8,995 $31,250 $58,995 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $58,995 0.196 $11,563

2038 $0 $8,689 $21,250 $29,939 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $29,939 0.185 $5,539

2039 $0 $8,394 $21,250 $29,644 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $29,644 0.174 $5,158

2040 $0 $8,109 $21,250 $29,359 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $29,359 0.164 $4,815

2041 $0 $7,833 $21,250 $29,083 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $29,083 0.155 $4,508

2042 $12,500 $7,567 $31,250 $51,317 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $51,317 0.146 $7,492

2043 $0 $7,309 $21,250 $28,559 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $28,559 0.138 $3,941

2044 $0 $7,061 $21,250 $28,311 0 $0 ‐105 ‐15 90 $0 ‐2.00 ‐0.25 1.75 $0 $28,311 0.130 $3,680

2045 $0 $6,821 $21,250 $28,071 0 $0 0 $0 0.00 $0 $28,071 0.123 $3,453

2046 $0 $6,589 $21,250 $27,839 0 $0 0 $0 0.00 $0 $27,839 0.116 $3,229

2047 $0 0 $0 0 $0 0.00 $0 $0 0.109 $0

2048 $0 0 $0 0 $0 0.00 $0 $0 0.103 $0

2049 $0 0 $0 0 $0 0.00 $0 $0 0.097 $0

2050 $0 0 $0 0 $0 0.00 $0 $0 0.092 $0

2051 $0 0 $0 0 $0 0.00 $0 $0 0.087 $0

2052 $0 0 $0 0 $0 0.00 $0 $0 0.082 $0

2053 $0 0 $0 0 $0 0.00 $0 $0 0.077 $0

2054 $0 0 $0 0 $0 0.00 $0 $0 0.073 $0

2055 $0 0 $0 0 $0 0.00 $0 $0 0.069 $0

2056 $0 0 $0 0 $0 0.00 $0 $0 0.065 $0

2057 $0 0 $0 0 $0 0.00 $0 $0 0.061 $0

2058 $0 0 $0 0 $0 0.00 $0 $0 0.058 $0

2059 $0 0 $0 0 $0 0.00 $0 $0 0.054 $0

2060 $0 0 $0 0 $0 0.00 $0 $0 0.051 $0

TOTAL 1,120,610              341,236                 677,500            2,139,346                        ‐                 ‐                ‐                     ‐             ‐                        (3,360)           (480)              2,880                ‐             ‐                         (64)                 (8)                  56                      ‐             ‐                         2,139,346         17                      1,072,816            

$1,072,816

100.0%

$1,072,816Total Present Value of Discounted Benefits (Monetized Benefits): 
 Narrative description of benefits:   Large 3Acre feet /Day Treatment Facility 
Financing.  Construction and Fincancing Costs. Startup & Material 
Cost/Operations & Maint Cost. Operations & Maint Cost. Facility 
Improvement/Upgrades, Major Maint & Operations Cost.  Estimated cost to 
construct a large 3 Acre foot/day max capacity basin wide treatment facility to 
treat the 85th percentile strom 5year sotm ecen ($21.1375 M including 
financing bonding, to start design and construction in 2016 and be completed 
in 2020) system at the mouth of theTecolote Creek to obtain TMDL comliance 
for Indicator Bacteria, TSS, Nitrate and Metals by 2020.  Attributable portion of 
these cost is 2.5 % of the the urbanized water shed drainds into the project 
LIB/BMP improvements (Bannnock Street Project).
Capital costs are for large 3 acrefeet/day treatment facility construction and 
financing cost through 2017 and then facility improvements/upgrades at 5‐
year intervals through 2046. Replacement costs are for standard O&M costs 
with major O&M costs at 5‐year intervals from 2017 through 2046.

Narrative description of benefits:   Calculated increase in vistorship 
ffrom watershed side improvements to the water quaility of Tecolote 
Creek and West Mission Bay  

(b) Type of Benefit:  Reduction in Pollutants (TDS)

Comments:  

Narrative description of benefits:  Watershed side improvements to the 
water quaility of Tecolote Creek and West Mission Bay  

Narrative description of benefits:  Watershed side improvements to the 
water quaility of Tecolote Creek and West Mission Bay  

Project Allocation: 

Total Present Value of Discounted Benefits over Project Life (Monetized Benefits): 

Table 16 ‐ Water Quality and Other Expected Benefits (2009 dollars)
Project: Bannock Ave. Neighborhood Streetscape Enhancements for Tecolote Creek Watershed Protection

(a) Year

(b) Type of Benefit:   Avoided cost of treatment plant (Water Quality) (b) Type of Benefit:  Recreation (due to WQ Improvements) (b) Type of Benefit:  Reduction in Pollutants (TSS)

(C) Measure of Benefit [Unit]:  Capital and O&M Costs ($) (C) Measure of Benefit [Unit]:  [qualitative] (C) Measure of Benefit [Unit]:  KG per year [not monetized](C) Measure of Benefit [Unit]:  KG per year [not monetized] Discounting Calculations for Economic Benefits

Table 16
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(d) Avoided 
Capital Costs

(e) Avoided 
Replacement 

Costs
(f) Avoided 
O&M Costs

(g) Total Avoided Costs    
[d + e + f]

(d) Without 
Project

(e) With 
Project

(f) Change 
Resulting from 
Project [e ‐ d]

(g) Unit $ 
Value

(h) Annual $ 
Value           
[f x g] (d) Without Project

(e) With 
Project

(f) Change 
Resulting from 
Project [e ‐ d]

(g) Unit $ 
Value

(h) Annual $ Value    
[f x g] (d) Without Project

(e) With 
Project

(f) Change Resulting 
from Project [e ‐ d]

(g) Unit $ 
Value

(h) Annual $ Value    
[f x g]

(h) Total 
Annual 

Benefits ($)
(i) Discount 

Value

(j) Discounted 
Benefits         
[h x i]

2009 $0 $0 $0 $0 0 $0 0 $0 0 $0 $0 1.000 $0
2010 $0 $0 $0 $0 0 $0 0 $0 0 $0 $0 0.943 $0
2011 $0 $0 $0 $0 0 $0 0 $0 0 $0 $0 0.890 $0
2012 $0 $0 $0 $0 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $0 0.840 $0
2013 $0 $0 $0 $0 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $0 0.792 $0
2014 $0 $0 $0 $0 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $0 0.747 $0
2015 $0 $0 $0 $0 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $0 0.705 $0
2016 $0 $0 $0 $0 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $0 0.665 $0
2017 $0 $0 $0 $0 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $0 0.627 $0
2018 $0 $0 $0 $0 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $0 0.592 $0
2019 $3,000,000 $0 $0 $3,000,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $3,000,000 0.558 $1,674,000
2020 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.527 $8,432
2021 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.497 $7,952
2022 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.469 $7,504
2023 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.442 $7,072
2024 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.417 $6,672
2025 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.390 $6,240
2026 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.371 $5,936
2027 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.350 $5,600
2028 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.331 $5,296
2029 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.312 $4,992
2030 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.294 $4,704
2031 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.278 $4,448
2032 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.262 $4,192
2033 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.247 $3,952
2034 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.233 $3,728
2035 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.220 $3,520
2036 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.207 $3,312
2037 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.196 $3,136
2038 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.185 $2,960
2039 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.174 $2,784
2040 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.164 $2,624
2041 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.155 $2,480
2042 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.146 $2,336
2043 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.138 $2,208
2044 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.130 $2,080
2045 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.123 $1,968
2046 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.116 $1,856
2047 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.109 $1,744
2048 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.103 $1,648
2049 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.097 $1,552
2050 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.092 $1,472
2051 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.087 $1,392
2052 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.082 $1,312
2053 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.077 $1,232
2054 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.073 $1,168
2055 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.069 $1,104
2056 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.065 $1,040
2057 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.061 $976
2058 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.058 $928
2059 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.054 $869
2060 $0 $0 $16,000 $16,000 ‐0.67 0 0.67 $0 ‐440,000,000 0 440,000,000 $0 ‐13,600,000,000 0 13,600,000,000 $0 $16,000 0.051 $819
TOTAL 3,000,000     ‐                     656,000            3,656,000                            (33)                 ‐                33                      ‐             ‐                       (21,560,000,000)     ‐                21,560,000,000     ‐             ‐                                (666,400,000,000)     ‐                666,400,000,000      ‐             ‐                                3,656,000        17                      1,809,240            

$1,809,240

100.0%

$1,809,240Total Present Value of Discounted Benefits (Monetized Benefits): 

(C) Measure of Benefit [Unit]:  KG per day [not monetized] (C) Measure of Benefit [Unit]:  Number of cells [not monetized]

Total Present Value of Discounted Benefits over Project Life (Monetized Benefits): 

Project Allocation: 

Comments: 

Narrative description of benefit:  UV facility at one location. Similar 
facility to those used by the Cities of Encinitas and Oceanside. 

Narrative description of benefit:  Elimination of dry weather flows to 
avoid pollutant discharges

Narrative description of benefit:  Elimination of dry weather flows to avoid pollutant 
discharges

Narrative description of benefit:  Elimination of dry weather flows to avoid pollutant 
discharges

(b) Type of Benefit:  Reduction in enterococci disharge (water quality)
(C) Measure of Benefit [Unit]:  Number of cells [not monetized]

Table 16 ‐ Water Quality and Other Expected Benefits (2009 dollars)
Project: Pilot Concrete Channel Infiltration Project

(a) Year

(b) Type of Benefit:  Avoided Cost of UV Facility (Water Quality) (b) Type of Benefit:  Reduction in NO3 discharge (Water Quality) (b) Type of Benefit:  Reduction in fecal coliform disharge (water quality)
Discounting Calculations for Economic Benefits(C) Measure of Benefit [Unit]:  Cost of Project ($)

Table 16 
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(d) Without 
Project

(e) With 
Project

(f) Change 
Resulting 

from Project 
[e ‐ d]

(g) Unit $ 
Value

(h) Annual 
$ Value     
[f x g]

(d) Without 
Project

(e) With 
Project

(f) Change 
Resulting 

from Project 
[e ‐ d]

(g) Unit $ 
Value

(h) Annual 
$ Value     
[f x g]

(d) Without 
Project

(e) With 
Project

(f) Change 
Resulting 

from Project 
[e ‐ d]

(g) Unit $ 
Value

(h) Annual 
$ Value     
[f x g]

(d) Without 
Project

(e) With 
Project

(f) Change 
Resulting 

from Project 
[e ‐ d]

(g) Unit $ 
Value

(h) Annual 
$ Value     
[f x g]

(h) Total 
Annual 

Benefits ($)
(i) Discount 

Value

(j) Discounted 
Benefits         
[h x i]

2009 $0 1.000 $0
2010 $0 0.943 $0
2011 $0 0.890 $0
2012 ‐1 0 1 $210,443 $210,443 1 10 9 $0 1 10 9 $0 495,264 680,401 185,137 $0.07 $12,960 $223,403 0.840 $187,658
2013 ‐1 0 1 $420,886 $420,886 1 10 9 $0 1 10 9 $0 495,264 680,401 185,137 $0.07 $12,960 $433,846 0.792 $343,606
2014 ‐1 0 1 $210,443 $210,443 1 10 9 $0 1 10 9 $0 495,264 680,401 185,137 $0.07 $12,960 $223,403 0.747 $166,882
2015 $0 0.705 $0
2016 $0 0.665 $0
2017 $0 0.627 $0
2018 $0 0.592 $0
2019 $0 0.558 $0
2020 $0 0.527 $0
2021 $0 0.497 $0
2022 $0 0.469 $0
2023 $0 0.442 $0
2024 $0 0.417 $0
2025 $0 0.390 $0
2026 $0 0.371 $0
2027 $0 0.350 $0
2028 $0 0.331 $0
2029 $0 0.312 $0
2030 $0 0.294 $0
2031 $0 0.278 $0
2032 $0 0.262 $0
2033 $0 0.247 $0
2034 $0 0.233 $0
2035 $0 0.220 $0
2036 $0 0.207 $0
2037 $0 0.196 $0
2038 $0 0.185 $0
2039 $0 0.174 $0
2040 $0 0.164 $0
2041 $0 0.155 $0
2042 $0 0.146 $0
2043 $0 0.138 $0
2044 $0 0.130 $0
2045 $0 0.123 $0
2046 $0 0.116 $0
2047 $0 0.109 $0
2048 $0 0.103 $0
2049 $0 0.097 $0
2050 $0 0.092 $0
2051 $0 0.087 $0
2052 $0 0.082 $0
2053 $0 0.077 $0
2054 $0 0.073 $0
2055 $0 0.069 $0
2056 $0 0.065 $0
2057 $0 0.061 $0
2058 $0 0.058 $0
2059 $0 0.054 $0
2060 $0 0.051 $0
TOTAL ‐3 0 3 841,772 841,772 3 30 27 0 0 3 30 27 0 0 1,485,792 2,041,203 555,411 0 38,879 880,651 14 698,146

$698,146

100.0%

$698,146

Comments: 

Narrative description of benefits: Each year of the project, 6 to 
12 times increase in receiving water sampling frequency, analyses 
and associated presentation of data, and outreach to watershed 
groups, and trash removal

Narrative description of benefits:   Monthly monitoring by 
Coastkeeper provides increased temporal resolution of water 
quality data.   Samples are collected and analyzed in accordance 
with standard operating procedures and a state approved  
Quality Assurance Project Plan (QAPP) 

Narrative description of benefits: Monlthly monitoring by 
Coastkeeper provides increased temporal resolution of water 
quality data.   Samples are collected and analyzed in accordance 
with standard operating procedures and a state approved  
Quality Assurance Project Plan (QAPP) 

(b) Type of Benefit:    Ecosystem improvements and 
preservation (including quality of habitat)

(C) Measure of Benefit [Unit]:  Pounds of trash removed per 
year [not monetized]

Narrative description of benefits: In this project Coastkeeper will 
continue to coordinate inland trash removal events, sponsor 
corporate clean up events, and coordinate and plan the annual 
Coastal Clean Up Day events.  
http://www.sdwatersheds.org/wiki/Cleanups   

Total Present Value of Discounted Benefits over Project Life (Monetized Benefits): 

Project Allocation: 

Total Present Value of Discounted Benefits (Monetized Benefits): 

Table 16 ‐ Water Quality and Other Expected Benefits (2009 dollars)
Project: San Diego Regional Water Quality Assessment and Outreach Project

(a) Year

(b) Type of Benefit:  Avoided regulatory monitoring
(b) Type of Benefit: WQ improvements related to protecting, 
restoring or enhancing beneficial uses

(b) Type of Benefit:   WQ improvements for impaired water 
bodies and sensitive habitats

Discounting Calculations for Economic Benefits(C) Measure of Benefit [Unit]:  Annual cost ($)
(C) Measure of Benefit [Unit]:  Annual number of water quality 
samples per receiving water body [not monetized]

(C) Measure of Benefit [Unit]:  Annual number of water quality 
samples per receiving water body [not monetized]

Table 16
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ABSTRACT 
 
High levels of fecal indicator bacteria (FIB) in surface waters is a common problem in 

urban areas that often leads to impairment of beneficial uses such as swimming or other contact 
recreation.  Once impaired, common management and regulatory solutions include development 
of Total Maximum Daily Loads (TMDLs) and other water quality management plans.  A critical 
element of these plans is establishment of a “reference” level of exceedances against which to 
assess management goals and TMDL compliance.  Unfortunately, existing “background” or 
reference data on contributions of FIB from undeveloped catchments during dry weather is 
limited to a small number of locations measured at few time points.  The goal of this study was 
to provide information on indicator bacteria contributions from natural streams in undeveloped 
catchments throughout southern California during dry weather, non-storm conditions.  Specific 
questions addressed were: a) What are the “background” ranges of concentrations of FIB 
associated with dry weather flow from reference areas? b) What is the frequency with which 
reference FIB levels exceed relevant water quality standards? c) How does seasonality influence 
stream FIB levels associated with reference areas? and d) How do the ranges of FIB 
concentrations associated with reference areas compare with those associated with urban 
(developed) areas?  To help establish a regional reference data set, bacteria levels (i.e. 
Escherichia coli (E. coli), enterococci and total coliforms)) were measured from 15 unimpaired 
streams in 11 southern California watersheds weekly for one full year.  A total of 590 water 
samples were collected from spring 2006 through spring 2007.  Results were compared with data 
from the developed Ballona Creek watershed and to established State of California bacteria 
standards.  Concentrations measured from reference areas were typically between one to two 
orders of magnitude lower than levels found in developed watersheds.  The absence of B. 
thetaiotaomicron indicated that the FIB in reference streams were likely of non-human origin.   
Nearly 82% of the time, samples did not exceed daily and monthly bacterial indicator thresholds, 
demonstrating good bacteriological water quality in natural streams throughout southern 
California.  E. coli had the lowest daily percent exceedance (1.5%).  A total of 13.7% of 
enterococci exceeded daily thresholds.  The average measured enterococci levels of these 
exceedances was 292 MPN/100 ml, with a maximum of 2098 MPN/100 ml and a minimum of 
160 MPN/100 ml.   Indicator bacteria levels fluctuated seasonally with an average of 79% of 
both enterococci and total coliforms exceedances occurring during summer months (June-
August).  Temperature, at all sites, explained about one-half the variation in total coliforms 
density suggesting that stream temperatures regulated bacterial populations.  Studies of human 
health risk associated with natural bacteria levels have not been conducted, but the levels 
observed in this study are below those reported to cause risk in freshwater systems with known 
human sources of FIB.  Accounting for natural background levels will allow for management 
targets that are more reflective of the contributions from natural sources.  Additional monitoring 
during wet weather is warranted to further characterize background bacterial contamination in 
southern California reference waterbodies. 

  

Keywords:  Dry Weather Water Quality, Indicator Bacteria, Reference Condition, 
Background Water Quality, TMDL 
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INTRODUCTION 
 
The presence of fecal indicator bacteria (FIB) in surface waters is a prevalent concern for 

many municipalities, health departments, and regulatory agencies.  Persistent or excessive 
bacteria levels often result in reduced opportunities for beneficial uses such as swimming, and 
may lead to waterbodies being listed as impaired under Section 303(d) of the Clean Water Act.  
Approximately 280 waterbodies are listed as impaired  in the Los Angeles, Santa Ana, and San 
Diego regions (http://www.swrcb.ca.gov/tmdl/303d_lists.html).  Management of impaired water 
bodies may involve development of Total Maximum Daily Loads (TMDLs), issuance of 
National Pollutant Discharge Elimination System (NPDES) permits, or development of water 
quality plans that are intended to reduce bacteria levels to a point where water quality standards 
are met and beneficial uses are protected. An important step in the development of TMDLs and 
other water quality management plans is to identify all sources of the constituent(s) of concern in 
order to accurately quantify loads and set appropriate management or regulatory targets.  One of 
the challenges in developing appropriate targets is accounting for biogenic inputs, or the natural 
contribution from undeveloped catchments.  

 
Most watersheds consist of both developed and undeveloped areas, both of which can 

contribute bacteria to streams via surface runoff.  Bacteria associated with runoff from urban 
surfaces are well documented (Gore & Storrie Ltd. and Proctor & Redfern Ltd. 1981, USEPA 
1993).  For example, (Stein et al. 2007) observed that recreational (horse) and agricultural land 
uses in Los Angeles, CA contributed substantially higher storm fluxes for Escherichia coli (E. 
coli).  Additional investigations by Bay and Schiff (1998), Noble et al. (2000) and Stein and 
Tiefenthaler (2005)  found freshwater outlets such as storm drains to be especially high 
contributors of dry-weather FIB contamination. 

 
Natural areas can also be a source of bacteria originating from wildlife, including birds 

and mammals, pets, and livestock (Griffith et al. 2006).  Grant et al. (2001) found that 
enterococci bacteria generated in a restored wetland had greater effect on coastal water quality 
than dry season urban runoff.  The presumed sources of these bacteria were birds that used the 
tidal salt marsh as habitat. (Ahn et al. 2005) also recognized that natural sources could be 
significant contributors to total bacteria levels in urban storm water in southern California.  
However, most previous studies have focused on either short measurements during or 
immediately following storm water runoff or on bacteria in coastal waters (beaches).  Few 
studies have attempted to quantify naturally occurring background levels of bacteria in streams 
during baseflow (i.e. non-storm) conditions over an extended period of time.  This data gap is 
critical because the non-storm period is when streams and the coastal waters they drain to receive 
the most human use and thus the potential risk is highest.   

 
The goal of this study is to establish a “reference” level of bacteria that can be used to set 

appropriate water quality management targets.    More specifically, we address the following 
questions: a) What are the “background” ranges of concentrations of FIB associated with dry-
weather runoff from natural areas? b) What is the frequency with which reference FIB levels 
exceed relevant water quality standards?  c) How does seasonality influence stream FIB levels 
associated with reference areas? and d) How do the ranges of FIB concentrations associated with 
reference areas compare with those associated with urban (developed) areas?  
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METHODS 
 
The overall approach to the study was to characterize dry weather bacteria levels at a set 

of sites that is representative of existing natural conditions in southern California.  The specific 
study design consisted of an intensive sampling regime with collection of weekly dry weather 
bacteria data for an entire year.   

 
Sampling Sites 

Fifteen sites were selected for inclusion in the study based on criteria developed by Stein 
and Yoon (2007, Stein and Yoon In press).  Criteria were designed to ensure that sampling 
would capture natural conditions without influence from any land-based anthropogenic input. 
The criteria included: 1) contributing drainage area should be at least 95% undeveloped. 2) sites 
should be in a relatively homogenous setting in terms of underlying geology and landcover, 3) 
sites should have either year-round or prolonged dry-weather flow to allow sampling during at 
least a portion of the dry season, and 4) sites should not be within watersheds that have burned 
during the previous three years. Although fire can be a natural occurrence, inclusion of sites in 
burned catchments would have added a confounding factor and, therefore, were excluded.  
Catchment land use was determined by plotting watershed boundaries over (year 2003) land 
cover maps from the (National Oceanographic Administration (NOAA) 2003) Coastal Change 
Analysis Program (CCAP) - http://www.csc.noaa.gov/crs/lca/ccap.html. The 15 selected sites are 
located across five counties (Los Angeles, Orange, Riverside, San Bernardino and San Diego) 
and ten different watersheds: Los Angeles River, Los Alisos Canyon, Malibu Creek, Soltice 
Canyon, San Juan Creek, Santa Ana River, San Jacinto, Cucamonga, Santa Margarita, and San 
Dieguito (Figure 1, Table 1, and Appendix A).    

 
Sampling  

Weekly dry-season sampling was conducted at all 15 sites from May 15, 2006 through 
May 31, 2007.  A site was eligible for sampling if it had not received measurable rainfall for at 
least 24 h and flow was no more than 20% above baseflow.  Weekly sampling continued as long 
as there was measurable stream flow.  For intermittent streams, sampling was suspended once 
the stream was too low to sample. Based on these criteria, the duration of sampling ranged from 
9 to 55 weeks (Table 1).  Water samples were collected as composite grab samples, with 
equivalent volumes collected from three different points across the stream (approximately 10, 50, 
and 90% distance across).  These samples were taken from the flowing portion of the streams at 
a depth sufficient to exclude surface scum without introducing bottom sediment. A replicate 
water sample was collected in the same way after completion of the initial water sample for 
approximately 25% of the samples.  A field blank sample was also collected at each site once a 
month.  All water samples were collected in presterilized 125 ml high-density polyethylene 
(HDPE) sample bottles. Collected water samples were immediately placed on ice and transported 
to the laboratories within 6 h of sample collection for subsequent analyses.     

 
At each sampling location and during each round of sample collection, water quality 

readings (i.e. temperature (°C), dissolved oxygen (DO) mg/L, pH, turbidity, and conductivity 
(µS/cm)) were measured using hand held field probes (i.e. Orion 125, YSI 63 and Horiba U-10).  
Measurements were taken in triplicate at each transect.  In addition, physical and biological 
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parameters of the site and general climatic conditions were recorded and documented (using both 
data forms and photo documentation).  Stream discharge was measured as the product of the 
channel cross-sectional area and flow velocity.  Channel cross sectional area was measured in the 
field.  At each sampling event, velocity was measured using a Marsh-McBirney Model 2000 
flow meter (Frederick, MD).  The velocity, width, and depth were measured at three points along 
each transect. Flow for each transect subsection was computed and summed for a total flow for 
the transect. Values from three transects were averaged to estimate overall flow at each site 
(Rantz 1982). 

 
Laboratory Analysis  

Water quality samples were analyzed for four bacteria indicators; E. coli, enterococci, 
total coliforms and Bacteroides thetaiotaomicron.   Enterococci, total coliforms and E. coli were 
measured by the chromogenic substrate method using Enterolert®  for enterococci and  
Colilert® for E. Coli and total coliforms (Idexx 24 h, Inc.).  This commercially available product 
uses a Multiple Tube Fermentation (MTF) type format with defined substrate technology to 
detect the presence or absence of bacteria indicator density in a water sample.  In this medium, 
the detection of coliform densities is based upon a color change caused by the reaction of a 
fluorogen with a bacterial  enzyme.  This assay is read within 24 hours and coliform densities are 
reported as most probable number (MPN)/100 milliters (ml).  Given the large geography covered 
by the study and the short holding time required for bacterial analysis, eight laboratories 
cooperated on sample analysis.  Laboratory intercalibration studies were completed to ensure 
consistent methodology, data quality, and repeatability between laboratories.  All laboratories 
had had good repeatability for all three bacterial indicators and all results fell within the median 
log comparability criteria.  The low variability between labs indicated that interlab differences 
should not be a confounding factor in interpreting the results of the study.  Details of the 
laboratory intercalibration study are provided in Appendix C.      

   
Bacteroides thetaiotaomicron are anaerobic bacteria that comprise the majority of 

microorganisms that inhabit the human digestive tract.  As such, they may be a more reliable 
measure of human fecal matter or pathogens than E. coli (Bernhard and Field 2000a,b).  Samples 
were analyzed for either presence or absence of B. thetaiotaomicron as a negative control for 
human bacteria sources.  This analysis was initiated at a sampling site when the State of CA 
single-sample water quality thresholds for both E. coli and enterococci were exceeded for two 
consecutive weeks.  The presence of B. thetaiotaomicron would suggest that bacteria observed in 
the surface waters were predominantly of human origin.  B. thetaiotaomicron was measured by 
DNA extraction followed by polymerase chain reaction (PCR) as described by (Brinkman et al. 
2003).   

 
Data Analysis 

Three analyses were used to characterize FIB levels from natural streams.  First the 30-d 
geomeans, variances, and ranges of concentrations, and fluxes were calculated to provide an 
estimate of expected baseline bacterial levels.  Flux estimates facilitated region wide 
comparisons among watersheds of varying sizes.  Flux was calculated as the ratio of the 30-d 
geomean or mean yearly bacterial concentration (MPN/100 ml) and contributing watershed area 
(km2) at a specific site.  Second, dry weather FIB concentrations were compared with the state of 
CA standards for single-sample and 30-d geomean maximum allowable densities (Table 2).  
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Cumulative density frequency plots (CDFs) were produced to compare observed bacterial 
concentrations to the CA quantitative standards and to calculate accumulated relative exceedance 
percentages.  Third, water quality statistics from natural sites were compared with previous data 
collected from watercourses draining developed areas of the greater Los Angeles basin to 
determine if significant differences existed between natural and developed areas (Stein et al. 
2007, Stein and Yoon 2007).    

 
Bacteria data were analyzed for differences between perennial vs. intermittent streams, 

between developed and undeveloped watersheds, and to assess temporal patterns.  Differences in 
concentration or flux were tested using a one-way analysis of variance (ANOVA), with a 
significance level p <0.05 (Sokal and Rohlf 1995).  Differences based on flow regime were 
assessed using a Tukey-Kramer post-hoc test for multiple comparisons; differences between 
developed and undeveloped sites were investigated by comparing median values using a 
Kruskal-Wallis one-way ANOVA on ranks.   

 
Spatial and temporal patterns were also investigated using Pearson’s r correlation 

coefficient to determine if there were strong associations between FIB concentrations and 
continuous variables (i.e. temperature and flow; Helsel and Hirsch 2002); the null hypothesis, in 
this case, is that the correlation coefficient is zero.  
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RESULTS 
 

Background Bacteria Concentrations and Fluxes 
Annual median bacteria fluxes from the natural sites were 2 ± 1.4 MPN/100 ml/km2,  

3 ± 1.7 MPN/100 ml/km2, and 106 ± 61.4 MPN/100 ml/km2 for E. coli, enterococci, and total 
coliforms, respectively.  E. coli and enterococci, median density values at the natural sites (based 
on single-sample measurements) were 10 MPN/100 ml and 20 MPN/100 ml respectively, while 
median density values in Ballona Creek are typically in the 103 range.  Densities and fluxes were 
significantly lower for all indicator bacteria at the natural sites relative to data from developed 
areas (p <0.001, Figure 2).     

 
Only two sites exceeded State water quality standards for both E. coli and enterococci for 

two or more weeks during the yearlong study.  During the period of exceedance, E. coli levels 
ranged from 327 to 9804 MPN/100 ml while enterococci ranged from 388 to 7270 MPN/100 ml.   
Repeat exceedances were seen most commonly for enterococci.   In both cases, the B. 
thetaiotaomicron samples were negative, suggesting that the bacterial populations represented by 
the FIB were probably derived from non-human sources. 

 
Frequency of Exceedance of Bacteria Standards at Natural Sites 

A total of 18.2% of the indicator bacteria samples (for all three indicators) from the 
natural sites exceeded daily (single sample) water quality standards.  Approximately 14% of 
enterococci exceeded the daily threshold of 104 MPN/100 ml (Figure 3).  The average 
enterococci level of these exceedances was 292 MPN/100 ml, with a maximum of 
2098 MPN/100 ml (Orange County) and a minimum of 160 MPN/100 ml (San Bernardino 
County).  For E. coli, 1.5%  of the measurements exceeded the single sample standard of 
235 MPN/100 ml with a maximum and a minimum of 5500 MPN/100 ml and 241 MPN/100 ml, 
respectively (Orange County).  For total coliforms, 3% exceeded the single sample standard of 
10,000 MPN/100 ml.   

 
A total of 39% of enterococci samples from the natural sites exceeded the 30-d geomean 

water quality standard of 33 MPN/100 ml.  The average enterococci level of these exceedances 
was 47 MPN/100 ml, with a maximum of 744 MPN/100 ml and a minimum of 3 MPN/100 ml.  
For E. coli, approximately 1% exceeded the 30-d geomean threshold of 126 MPN/100 ml with a 
maximum and a minimum of 146 MPN/100 ml and 1 MPN/100 ml, respectively (Orange 
County).  For total coliforms, 45% exceeded the 30-d geomean of 1000 MPN/100 ml with a 
maximum and a minimum of 5040 MPN/100 ml and 23 MPN/100 ml, respectively.  

 
Seventy-five percent of enterococci and 83% of total coliforms exceedances occurred 

during the summer months (June-August, Table 4).  In August all indicator thresholds were 
exceeded with 12.5%, 62.5% and 75% of E. coli, enterococci and total coliforms samples 
exceeding monthly thresholds, respectively (Table 4).   
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Temporal and Spatial Patterns in FIB Levels 
Bacteria levels for all three indicators were significantly higher during the summer than 

during all other seasons (Table 4, p <0.01).  For example, 30-d geomeans for total coliforms 
were near the water quality standard in May 2006 with levels approximately 878 MPN/100 ml  
± 3.2 SD, increased substantially during the summer, exceeding the criterion, peaking in July at 
2586 MPN/100 ml ± 3.1 SD (Figure 4b). Total coliform geomeans decreased gradually 
throughout the winter nearing zero in February, 2007 (289 MPN/100 ml ± 4.2 SD), as stream 
temperatures fell below 10°C, before gradually returning to baseline geomeans throughout 
spring, 2007 (Figure 4a and b).  Similar seasonal patterns were observed for E. coli and 
enterococci (Figure 5a and b).   

 
Orange County had the highest daily and monthly water quality exceedances for both  

E. coli and total coliforms (12.9%; 25% and 3.2%; 100%, respectively, Table 3).  For 
enterococci, approximately 47% of the San Diego County samples exceeded the daily threshold 
and 100% exceeded the monthly standard (Table 3).  However, the Orange County and San 
Diego County streams had no flow in winter due to an unusually low 2006-2007 rainfall season, 
so the results are from only the spring and early summer months and do not represent annual 
averages that may occur in perennially flowing streams.   

 
Perennial vs. Non-perennial Streams 

Background bacteria levels differed based on the duration of stream flow (Table 1, 
Appendix A).  E. coli and enterococci densities were significantly different in perennial vs. 
intermittent streams (p <0.05, Figure 6).  Mean log10 concentrations for E. coli and enterococci at 
perennial streams were 1.0 ± 0.4 and 1.3 ± 0.5, respectively.  Intermittent streams had higher 
mean log10 concentrations for E. coli and enterococci (1.6 ± 0.5 and 1.8 ± 0.6, respectively). There 
were no statistical differences between stream types for total coliform densities (mean 2.7 ± 0.6 vs. 
3.3 ± 0.4).    

 
Relationship of Bacteria Levels to Environmental Variables 

Of the five environmental variables measured (temperature, conductivity, dissolved 
oxygen, pH, turbidity), only stream temperature exhibited a significant correlation with seasonal 
FIB levels.  Water temperature varied by about 5-10°C at each of the sites, reaching a maximum 
of 28°C on warm sunny afternoons.  Streams located in the foothills (Mill Creek, San Bernardino 
Co.) or where the creek was significantly shaded had the lowest average temperatures (Table 1, 
Appendix B).  For example streams in San Bernardino County ranged from 650 m to 1200 m in 
elevation and averaged 12.7°C.  The highest monthly average water temperatures (20.4 °C) were 
recorded in Orange County where streams were approximately 200 m in altitude.  Stream 
temperature and total coliforms were significantly positively correlated (Table 5, p <0.001, r2 = 
0.48).  A weaker, but still significant, positive correlation existed between stream temperature 
and E. coli or enteroccoci (p <0.04, r2 = 0.20 and p <0.04, r2 = 0.26, respectively).  The Pearson’s 
r for these two correlations was between 0.2 and 0.3 suggesting that similar processes may  
have controlled the relationship between stream temperature and FIB.  A strong negative 
correlation existed between dissolved oxygen and both conductivity or stream temperature 
(Table 5, p <0.05, r2 = -0.5; p <0.001, r2 = -0.84, respectively).  However, few statistically 
significant relationships existed among the other physical variables.   
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Total coliform densities increased exponentially at temperatures above 10°C (Figure 7,  

r2 = 0.48).  Dissolved oxygen concentrations varied inversely with stream temperatures 
throughout the study (Figure 4a).  Monthly mean DO concentrations decreased sharply to 
approximately 8 mg/L at stream temperatures above 15°C, and concentrations increased to 
approximately 11 mg/L at stream temperatures below 10°C.   
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DISCUSSION 
 
Enterococci, E. coli and total coliforms (FIB) are commonly used indicators of the 

possible presence of pathogenic (disease-causing) microorganisms in streams and the ocean.  As 
shown in this study, these FIB can be found in natural streams, with populations increasing 
during warm summer months and persisting through winter.  However, the densities observed in 
natural streams were usually below State water quality objectives, which are set below levels 
typically thought to impair beneficial uses (Geldreich 1978, Toranzos 2007).   Furthermore, the 
absence of B. thetaiotaomicron indicated that the FIB in reference streams were likely of non-
human origin (Carson et al. 2005).  There are three possible sources of FIB observed in natural 
streams:  External inputs from sources such as waterfowl, animals, or soil erosion; internal 
sources of bacterial growth and colonization within the stream associated with decomposition of 
organic matter; or a combination of the two (Byappanahalli et al. 2003, Toranzos 2007). 

 
Higher bacteria levels observed during the summer suggest that factors existed which 

promote bacteria growth and regrowth in streams.  The positive relationship between 
temperature and bacteria levels suggests that heat induced growth may be a contributing factor to 
seasonally high bacteria levels.  In addition, warmer temperatures influence the dissolved oxygen 
content of the water.  Decreased oxygen solubility associated with higher temperature may 
combine with lower dissolved oxygen levels producing algal blooms, which have been shown in 
previous studies to support growth of E. coli and enterococci in freshwater (Byappanahalli et al. 
2003, Byappanahalli et al. 2007).   These conditions may in turn accelerate death and 
decomposition of organic matter in the stream, further enhancing in situ bacterial growth.  
Increases in organic decomposition have been shown to increase survival and regrowth of enteric 
bacteria and viruses (Novotny and Olem 1994).  This hypothesis is further supported by the 
negative correlation observed between conductivity and dissolved oxygen.  Conductivity is 
closely correlated with total dissolved solids, which are typically comprised of inorganic and 
organic substances, a potential source of biological oxygen demand (BOD). 

 
Higher FIB densities and incidence of water quality standard exceedences during the 

summer is consistent with the observations of others such as Noble et al. (2000) and Sieracki 
(1980).  Nuzzi and Burhans (1998) compared the responses among indicator bacteria at 143 New 
York beach sites and found that survival was longer in the summer, but that the duration could be 
mediated by exposure to UV radiation from sunlight. More recently, growth or regrowth of fecal 
indicator bacteria in tropical and temperate soils during the summer months has also been 
reported (USEPA 2000, Ishii et al. 2006). Whitman et al. (1999) attributed a gradual increase of 
E. coli bacteria in water and sand at beaches during summer to higher survival and growth at 
warmer temperatures.  

 
Another explanation for higher FIB levels during the summer could be higher external 

sources due to different patterns of use by wildlife and birds.  A number of studies have shown 
that wildlife and other animals can be sources of bacteria in run-off (Baxter-Potter and Gilliland 
1988, Bagshaw 2002, Stein et al. 2007).  Previous studies have quantified that wildlife and bird 
feces contain high levels of FIB.  Cox et al. (2005) measured fecal coliform levels of 103 - 105 
CFU/g from native wildlife in Australian watersheds.   Ricca and Cooney (1998) reported that 
droppings from feral populations of pigeons, geese and herring gulls from the environment 
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around Boston Harbor, MA, USA contained up to 108 CFU/100 ml of enterococci.   Bacteria 
from wildlife and birds can be associated with FIB levels in streams used by these animals.  
Noblet et al. (2004) found that birds were a likely source of intermittently high levels of FIB 
observed in the lower Santa Ana River watershed and the nearby surf zone in southern 
California.  Similarly, Harwood et al. (2000) reported that animals were the dominant sources of 
indicator bacteria at Florida sample sites with relatively low anthropogenic impact.  Bacterial 
source tracking studies conducted in Michigan suggested that feces from pets and raccoons were 
important contributors to FIB levels in streams and storm sewers (Ram et al. 2007).  Moreover, 
levels increased in the late summer and fall coincident with increased raccoon den mobility 
following breeding.    

 
Decreased stream flow may have also contributed to higher bacteria levels during the 

summer months.  Although there was no statistically significant relationship between flow and 
bacterial densities, in all cases densities increased exponentially when stream flow decreased 
below approximately 0.5 m3/s (2 cubic feet/sec).  In addition, median annual bacterial densities 
were higher in intermittent streams than in perennial, with the differences being mainly due to 
high levels in the period immediately prior to streams drying up.  Despite the differences 
between perennial and intermittent streams, the annual ranges of observed bacteria levels 
overlapped substantially.  Therefore, the combined range of bacteria levels for perennial and 
intermittent streams observed in this study should reflect expected levels in natural streams 
throughout southern CA.   

 
Relatively minor perturbations in the contributing watershed can cause sites to quickly 

deviate from background conditions.  Four sites originally considered, but later rejected from the 
study had bacteria levels 2-3 log units greater than the natural sites retained, but significantly 
lower than levels observed in the developed Ballona Creek watershed (Figure 8).  The 
watersheds of these four sites were almost entirely natural open space, but had small portions 
subject to agricultural or transportation related runoff.  In one instance, a portion of the 
contributing watershed was affected by a recent fire.  These small perturbations in the watershed 
led to dramatic changes in bacteria levels that moved sites away from reference conditions.  
Although these sites were not included in the analysis of background conditions, they provide 
valuable insight into the sensitivity of natural watersheds to small increases in anthropogenic 
sources.  

 
Although this study focused on background FIB levels during dry weather (non-storm) 

conditions, comparison of these results to background levels in storm water is important because 
FIB are major constituents of concern in storm water runoff that can result in impairment of 
receiving waters (Noble et al. 2003, Schiff et al. 2003, Stein and Tiefenthaler 2005).  Stein and 
Yoon (2007) reported geometric mean FIB levels from natural streams during storms of 125, 
140, and 4,460 MPN/100 ml for E. coli, enterococci and total coliforms, respectively.   These 
levels are generally 1.5 - 2 log units higher than geomean levels observed in this study during dry 
weather conditions (Figure 9).   As is the case in urban areas, bacteria levels in natural systems 
are significantly lower during dry weather conditions than during storms, although the higher 
levels observed during storms are much more transient in nature.  Griffith et al. (2006) reported 
that one-fifth of all samples collected within three days of rainfall from beaches at the bottom of 
natural catchments exceeded water quality thresholds for at least one bacterial indicator.   
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Analogous measurements collected three days following recorded rainfall in natural streams is 
warranted to further characterize “background” bacterial contamination in southern California 
reference waters following storms.   

 
The results of this study indicated that streams in undeveloped watersheds contain low 

levels of FIB of non-human origin.  An important management question is whether the levels 
observed pose a potential health risk.   Wade et al. (2003) reviewed 27 studies and concluded 
that E. coli levels between 45 and 170 CFU/100 ml in freshwater pose a relative human health 
risk level of 1.22 (i.e. low level risk).   We observed 30-day geomean E. coli levels ranging from 
2 – 138 MPN/100 ml, with an overall 30-day geometric mean of 41 ±20 MPN/100 ml.  Because 
the mean levels observed in this study were below the “low risk” range reported by Wade et al. 
(2003), it could be concluded that background levels in natural streams have a low likelihood of 
posing a human health risk.  However, this conclusion should be made with caution because 
previous exposure and risk studies were conducted in areas known to receive wastewater or 
storm water discharges containing human fecal sources.  In contrast, the FIB levels observed in 
this study were of non-human origin, so the actual risk is unknown. 

 
Conclusion and Future Research 

This study yielded the following conclusions about FIB levels in natural streams during 
dry weather conditions: 

 
1. Fecal indicator bacteria typically occur in natural streams during dry weather 

conditions at levels below State water quality standards.  Annual mean concentrations 
(both single sample and 30-day geometric mean) were below established water quality 
criteria for all three indicators.  A total of 18.2% of the indicator bacteria samples (for all 
three indicators) from the natural sites exceeded daily (single sample) water quality 
standards.  Approximately 1.5%, 14%, and 3% of E. coli, enterococci, and total 
coliforms, respectively, exceeded single sample water quality criteria.   
 

2. Fecal indicator bacteria in natural streams are most likely of non-human origin.  All 
samples tested for the presence of B. thetaiotaomicron were negative, indicating non-
human sources in natural streams.  FIB levels in natural streams likely result from a 
combination of natural inputs, such as wildlife, birds, and soil erosion and instream 
bacterial growth facilitated by high summer temperatures and presence of decaying 
organic matter. 
 

3. Dry weather fecal indicator bacteria in natural streams are typically two orders of 
magnitude lower than those observed in streams draining developed watersheds.  Data 
from the developed Ballona Creek watershed were typically in the 103 MPN/100 ml 
range for E. coli and enterococci.  Even slight watershed modifications appear to result in 
a relatively rapid departure from background FIB levels.   

 
4. Fecal indicator bacteria levels exhibit seasonal patterns.  Mean bacteria levels and 

frequency of exceedance of water quality standards were higher during the warmer 
summer months for all three bacteria indicators.  This suggests that summer is a critical 
period for assessing background bacteria levels.  Past studies indicate that fecal indicator 
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bacteria levels in natural streams during storms are one to two orders of magnitude higher 
than those observed during dry weather conditions; however, the duration of these 
elevated levels is unknown.   Studies of water quality at beaches at the bottom of natural 
watersheds indicate that high bacteria levels may persist for up to three days following 
storms.   Analogous measurements collected three days following recorded rainfall in 
natural streams is warranted to further characterize the persistence of “background” 
bacterial contamination in southern California reference waters following storms.   
 

5. Bacteria levels in natural streams were generally higher during lower flow conditions.   
For all three indicators, densities increased exponentially when stream flow decreased 
below approximately 0.5 m3/s (2 cubic feet/sec).  In addition, median annual bacterial 
densities were higher in intermittent streams than in perennial, with the differences being 
mainly due to high levels in the period immediately prior to streams drying up.  Despite 
the differences between perennial and intermittent streams, the annual ranges of observed 
bacteria levels overlapped substantially. 
 

6. Dry weather fecal indicator bacteria levels were one to two orders of magnitude lower 
than those observed in natural streams during storm conditions.  Past studies of water 
quality at beaches at the bottom of natural watersheds indicate that high bacteria levels 
may persist for up to three days following storms.   Analogous measurements collected 
three days following recorded rainfall in natural streams is warranted to further 
characterize the persistence of “background” bacterial contamination in southern 
California reference waters following storms.   
 

7. Fecal indicator bacteria in natural streams occurred at levels below those reported to 
pose health risks due to freshwater contact recreation.  However, past risk assessments 
have all occurred in waters that are known to receive bacteria inputs of human origin.  No 
epidemiology studies have been conducted on FIB of non-human origin, so the precise 
risk is unknown. 
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Table 1.  List of natural stream sampling sites, characteristics and their median monthly fecal indicator bacteria densities (MPN/100 ml). 
 

   Catchment Number Mean Geomean (30-d) 

   Size Sampling Flow E. coli  Enterococci  Total coliforms  

Site Name Watershed County (km2) Weeks/Yr (m3/sec) (MPN/100 ml) SD (MPN/100 ml) SD (MPN/100 ml) SD 

Arroyo Seco LA River 41.50 47 0.04 15.24 2.22 20.48 2.45 1291.90 2.85
Cold Creek Malibu Creek 1.43 49 0.00 13.59 1.89 15.33 2.42 443.30 4.33
Lachusa Canyon Los Alisos Canyon 3.86 49 0.01 16.08 2.24 20.55 2.26 1486.50 2.14
Solstice Canyon Solstice Canyon 8.74 49 0.01 16.97 2.28 20.64 2.43 1109.21 2.68

Chesebro Creek Malibu Creek 

Los Angeles

7.55 49 0.00 90.30 5.49 68.25 4.24 2940.41 2.88

Bell Creek San Juan 17.97 12a 0.02 80.45 4.30 164.60 5.48 2008.67 3.16
San Juan Creek San Juan 99.94 9 a 0.03 74.66 2.46 25.25 3.29 2848.15 1.66

Santiago Creek Santa Ana 

Orange 

17.02 10 a 0.02 22.99 2.84 34.75 3.06 1869.15 1.98

Hurkey Creek San Jacinto Riverside 29.73 29 0.01 18.89 4.38 36.92 4.75 688.57 3.33

Mill Creek Santa Ana 15.21 55 0.08 2.06 2.68 12.74 3.32 75.00 2.98
Cucamonga Creek Cucamonga 24.10 52 0.14 11.14 1.66 26.35 3.33 399.64 2.39
Day Creek Santa Ana 11.70 55 0.32 11.02 1.58 25.18 2.87 545.71 2.41

Cajon Creek Santa Ana 

San 
Bernardino

82.82 52 0.08 54.98 3.18 159.21 2.49 4794.47 2.04

Stone Creek Santa Margarita 7.00 50 0.00 138.18 3.86 52.72 3.58 1728.44 3.21

Boden Creek San Dieguito 
San Diego 

19.81 18 a 0.01 45.33 6.14 98.26 2.86 1658.46 2.54

  Mean 25.89 39 0.05 40.79 3.15 52.08 3.26 1592.51 2.70
   SD 14.54 9  0.04 19.84 0.71 25.32 0.47 622.94 0.34
aIntermittent stream 
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Table 2.  State of California marine water quality standards for fecal indicator bacteria as 
established in Assembly Bill 411.  Currently a freshwater quality standard for total coliforms does 
not exist. 

 
      
 CA Maximum Allowable Density (MPN/100 ml) 
Fecal Indictor Bacteria single-sample 30-day geometric mean 
   
Enterococci 104 33 
E. coli 235 126 
Total coliforms 10,000 1000 
      
   
Additional Indicator   
Bacteroides thetaiotaomicron Presence / absence of a human source 
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Table 3.  Assessment of percent exceedances between counties in southern California during the 
present study.  A 1 represents those counties in which samples were collected only during spring 
and/or summer due to intermittent streams with less stable flow regimes. 

 
        
 Exceedance (%) 
 E. coli Enterococci Total Coliforms 
Daily    

Los Angeles County 0.0 6.3 0.0 
Orange County1 12.9 38.7 3.2 
San Bernardino 0.0 13.1 0.0 
San Diego1 5.3 47.4 0.0 

    
Monthly    

Los Angeles County 0.0 7.7 46.2 
Orange County1 25.0 75.0 100.0 
San Bernardino 0.0 23.1 0.0 
San Diego1 0.0 100.0 80.0 
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Table 4.  Percent single-sample exceedance of fecal indicator bacteria (FIB) levels in natural 
streams during dry weather from May 2006-May 2007.  Numbers in bold are significantly different 
(p <0.01). 
 
 Exceedance (%) 
 E. coli Enterococci Total coliforms 
Season    

Spring 06 0.0 41.7 75.0 
Summer 12.5 75.0 83.3 
Fall 0.0 0.0 28.6 
Winter 0.0 0.0 11.1 
Spring 07 0.0 22.2 44.4 

       
Month    

May 2006 0.0 27.3 45.5 
June 2006 0.0 66.7 75.0 
July 2006 0.0 72.7 90.9 
August 2006 12.5 62.5 75.0 
September 2006 0.0 42.9 57.1 
October 2006 0.0 0.0 14.3 
November 2006 0.0 0.0 28.6 
December 2006 0.0 0.0 14.3 
January 2007 0.0 0.0 0.0 
Febuary 2007 0.0 12.5 25.0 
March 2007 0.0 22.2 11.1 
April 2007 0.0 11.1 44.4 
May 2007 0.0 25.0 62.5 

    
Annual  1.0 26.4 41.8 
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Table 5.  Correlation table (r2 values) between water quality variables and fecal indicator bacteria 
(FIB) during dry weather in natural streams in southern California between May 2006-May 2007. 
Significant correlations (p<0.04) are shown in bold, while significant correlations (p<0.001) are 
both bolded and in italics.  
 

  Pearson r2-values 

 DO Flow E. coli Enterococci Total Coliform 

Parameter (mg/L) (m3/s) (MPN/100 ml) 

      

Conductivity -0.50 0.48 0.22 0.01 0.19 

Dissolved Oxygen - 0.12 0.18 0.21 0.16 

pH 0.32 0.09 0.11 0.02 0.04 

Flow 0.12 - -0.06 -0.02 -0.08 

Temperature (°C) -0.84 0.02 0.20 0.26 0.48 

Turbidity 0.19 0.00 0.02 1.44 0.07 

      

Bolded values = p<0.05    

Bolded italic values = p<0.001    
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Figure 1.  Map of natural stream sampling sites and their respective catchments within  
southern California. 
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Figure 2.  Comparison of dry weather log10 fecal indicator bacteria (FIB) densities (± standard 
deviations) between natural streams in undeveloped watersheds and developed Ballona creek 
watershed from May 2006-May 2007 in southern California, USA.   

 
 
 
 
 
 
 
 
 
 
 
 
 

E. coli Enterococci Total Coliforms

lo
g 

B
ac

te
ria

 M
PN

/1
00

 m
L

Natural Streams 
Ballona Creek 

10,000

1,000

100

10

100,000

0
E. coli Enterococci Total coliforms



 23

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Dry season fecal indicator bacteria cumulative density frequency plots (CDFs) of  
natural streams relative to freshwater quality standards from May 2006 to May 2007 in southern 
California, USA.   
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Figure 4.  Mean monthly temperature (°C) and dissolved oxygen (mg/L) comparison (a) and 
geomean total coliform densities in natural streams in southern California (b) between May 2006 
and May 2007.  Summer months (June-August) were substantially higher than all other seasons 
(p <0.01).  E. coli and enterococci exhibited similar results.  The dotted line indicates the 30-d 
geomean for total coliforms equal to 1,000 MPN/100 ml.  All points above the line represent 
bacteria water quality exceedances.   
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Figure 5.  E.coli a) and enterococci b) geomean densities in natural streams in southern California 
between May 2006 and May 2007.  Summer months (June-August) were substantially higher than 
all other seasons.  The dashed line indicates the monthly water quality standard equal to  
235 MPN/100 ml and 104 MPN/100 ml for E. coli and enterococci respectively.  All points above the 
line represent bacteria water quality exceedances.   
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Figure 6.   Perennial and non-perennial stream comparison of log10 fecal indicator bacteria 
densities (MPN/100 ml) in southern California during the present study.  The dotted line indicates 
the State single-sample bacterial water quality criterion.  Significant differences in indicator 
densities existed between streams but ranges generally overlapped (p <0.05).   Boxplots show 
mean, median, 25th and 75th percentiles. 
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Figure 7.  Natural stream temperatures in southern California versus total coliform densities 
(MPN/100 ml) during dry weather for an entire year.  Solid line indicates the exponential trend line 
(r2 = 0.48). 
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Figure 8.  Distribution of log E. coli a); enterococci b); and total coliforms c) concentrations in 
natural streams, streams with minor perturbations, and in developed Ballona Creek watershed in 
southern California, USA.  Natural streams were significantly lower then all other streams  
(p <0.001).  Minor perturbation streams were significantly lower than developed Ballona Creek  
(p <0.001). 
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Figure 9.  Distribution of log E. coli a); enterococci b); and total coliforms c) concentrations in 
natural streams during dry weather (present study) compared to wet weather (Natural Loadings; 
2003-2005 and Los Angeles River watershed; 2001-2005) studies  in southern California,  
USA. Dry weather bacteria concentrations were significantly lower then wet weather 
concentrations (p <0.001). 
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APPENDIX A - SUMMARY BACTERIA DATA FOR ALL NATURAL 

STREAM SITES 
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Table A1.  List of natural stream sampling sites, characteristics and their daily fecal indicator bacteria densities (MPN/100 ml). 
 

           
      
    Concentration (MPN/100 ml) 
   E. coli Enterococci Total coliforms 
Sampling site Watershed Min Mean Max Min Mean Max Min Mean Max 
             
Arroyo Seco LA River 10 15.2 148 10 20.5 250 10 1291.9 6867 
Cold Creek Malibu Creek 10 13.6 108 10 15.3 480 10 443.3 6131 
Lachusa Canyon Los Alisos Canyon 10 16.1 161 10 20.6 197 146 1486.5 8164 
Solstice Canyon Solstice Canyon 10 17.0 200 10 20.6 262 10 1109.2 5475 
Chesebro Creek Malibu Creek 10 90.3 9804 10 68.2 7270 96 2940.4 24192 
Bell Creek San Juan 10 80.5 820 10 164.6 2098 292 2008.7 24196 
San Juan Creek San Juan 20 74.7 259 10 25.2 299 1664 2848.2 6294 
Santiago Creek Santa Ana 10 23.0 134 10 34.7 228 469 1869.1 3873 
Hurkey Creek San Jacinto 10 18.9 5500 10 36.9 780 210 688.6 7700 
Mill Creek Santa Ana 1 2.1 20.9 1 12.7 190 1 75.0 435 
Cucamonga Creek Cucamonga 6 11.1 180 10 26.3 580 10 399.6 2000 
Day Creek Santa Ana 4 11.0 160 10 25.2 240 31 545.7 9800 
Cajon Creek Santa Ana 10 55.0 520 20 159.2 960 730 4794.5 13000 
Stone Creek Santa Margarita 10 138.2 5830 10 52.7 1408 40 1728.4 15530 
Boden Creek San Dieguito 10 45.3 18600 10 98.3 563 388 1658.5 20140 
             
Mean  9.40 40.79 2829.66 10.07 52.08 1053.67 273.80 1592.51 10253.13 
StDev   2.04 19.84 2662.11 1.82 25.32 911.35 222.68 622.94 3837.71 
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Table A2.  Monthly E. coli geomeans (MPN/100 ml) in natural streams during May 2006-May 2007 in southern California, USA.  
 

              
  E. coli Geomeans 
Sampling site May-06 Jun-06 Jul-06 Aug-06 Sep-06 Oct-06 Nov-06 Dec-06 Jan-07 Feb-07 Mar-07 Apr-07 May-07
               
Arroyo Seco 10.0 37.5 56.1 11.5 26.0 12.5 10.0 10.0 10.0 10.0 10.0 16.5 10.0

Lachusa Canyon 82.8 30.7 20.0 12.5 28.5 10.0 10.0 14.1 10.0 10.0 16.0 10.0 25.1
Cold Creek 14.4 42.1 10.0 27.6 10.0 14.2 10.0 10.0 10.0 10.0 10.0 10.0 20.0
Solstice Canyon 32.2 59.6 11.9 15.2 29.9 10.0 10.0 40.0 12.6 10.0 15.2 10.0 20.0
Chesebro Creek 150.3 276.0 444.2 233.5 1336.8 111.3 27.1 58.7 11.9 25.3 65.8 28.9 10.0
Bell Creek 25.9 125.6 104.0 146.0  
San Juan Creek 36.0 121.6 84.2  
Santiago Creek 10.0 22.8 53.6  
Hurkey Creek 5500.0 18.9 14.1  22.6 10.0 10.0 10.0
Cucamonga Creek 10.0 10.0 10.0 12.4 10.0 10.0 10.0 20.6 10.0 13.2 10.0 10.0 10.0
Mill Creek 10.0 10.0 5.0 2.6 2.8 1.4 1.0 1.0 1.1 2.0 1.0 1.0 1.0
Day Creek 10.0 20.0 10.0 11.0 10.0 13.2 10.0 10.0 10.0 11.9 10.0 10.0 10.0
Cajon Creek 38.3 180.1 146.9 104.1 225.3 96.6 76.1 42.4 35.3 12.6 12.6 10.0 10.0
Stone Creek 65.7 129.2 269.5 134.6 156.1 441.1 57.8 240.1 82.8 20.2 99.4 112.1
Boden Creek 1082.5 26.1  21.5 63.5 30.7
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Table A3.  Monthly enterococci geomeans (MPN/100 ml) in natural streams during May 2006-May 2007 in southern California, USA.  
 

              
  Enterococci Geomeans 
Sampling site May-06 Jun-06 Jul-06 Aug-06 Sep-06 Oct-06 Nov-06 Dec-06 Jan-07 Feb-07 Mar-07 Apr-07 May-07 
                
Arroyo Seco 41.0 63.0 105.7 23.9 54.6 18.1 11.9 10.0 10.0 10.0 10.0 10.0 14.1 
Lachusa Canyon 20.2 13.2 15.1 17.4 21.6 20.1 11.5 14.1 14.6 34.0 82.3 24.7 17.6 
Cold Creek 12.6 18.8 115.6 16.6 16.5 10.0 10.0 10.0 10.0 10.0 11.5 17.6 10.0 
Solstice Canyon 25.1 23.8 39.8 61.0 47.5 16.9 13.2 10.0 12.6 10.0 12.5 10.0 35.1 
Chesebro Creek 59.0 200.3 563.1 146.5 252.2 31.1 41.1 24.9 11.9 29.0 51.5 26.8 62.0 
Bell Creek 12.6 402.1 467.8 158.0           
San Juan Creek 20.2 47.5 10.0            
Santiago Creek 14.6 59.0 40.8            
Hurkey Creek 380.0 121.6 744.2      18.9 10.0 10.0 19.5   
Cucamonga Creek 33.9 90.2 241.1 85.8 31.2 14.3 10.0 14.1 10.0 11.9 12.6 18.4 10.0 
Mill Creek 10.0 10.0 20.2 35.8 16.5 23.2 14.8 4.0 16.1 3.2 22.6 25.8 3.9 
Day Creek 21.5 43.3 125.8 92.1 42.4 18.8 24.6 11.9 11.5 21.4 10.0 11.9 14.1 
Cajon Creek 87.1 307.1 486.6 367.7 253.0 157.0 217.8 56.6 66.9 100.3 74.1 95.2 200.0 
Stone Creek 53.6 163.0 192.3 133.8 79.0 31.8 53.4 12.6 46.1 18.5 11.9 45.9 74.2 
Boden Creek 143.4 208.4                 69.4 44.9 98.4 
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Table A4.  Monthly total coliforms geomeans (MPN/100 ml) in natural streams during May 2006-May 2007 in southern California, USA. 
 
 

              
  Total coliforms Geomeans 
Sampling site May-06 Jun-06 Jul-06 Aug-06 Sep-06 Oct-06 Nov-06 Dec-06 Jan-07 Feb-07 Mar-07 Apr-07 May-07 
                
Arroyo Seco 708.0 1854.8 4200.8 1859.1 2506.6 1480.0 1155.9 534.0 134.9 588.4 1547.1 1843.3 2926.5 
Lachusa Canyon 1611.2 1825.6 2724.7 3350.6 2074.7 998.6 1139.4 1206.9 725.0 1655.0 807.2 1009.0 2176.8 
Cold Creek 997.6 1743.3 3567.4 1312.3 1347.5 488.0 250.7 109.2 70.7 78.3 123.9 218.3 277.4 
Solstice Canyon 1064.2 1404.8 2278.4 2998.4 1048.4 499.8 550.8 654.2 761.3 1218.5 529.5 1783.9 2549.3 
Chesebro Creek 2546.1 4655.0 9044.6 8141.9 8332.1 4770.4 2142.9 1017.2 789.6 1085.4 1515.9 1722.6 2540.4 
Bell Creek 518.6 4780.6 2513.8 1483.0           
San Juan Creek 1748.1 3406.8 4139.9            
Santiago Creek 1189.6 1846.4 2985.1            
Hurkey Creek 6500.0 2102.0 5040.8      348.1 224.5 326.7 347.1   
Cucamonga Creek 419.1 688.2 1334.1 650.0 740.5 362.5 364.9 122.4 155.4 253.2 318.7 434.9 720.0 
Mill Creek 170.6 224.0 126.4 139.1 35.3 91.9 151.7 27.5 30.8 24.0 48.3 52.0 115.7 
Day Creek 311.1 746.5 1146.1 1320.5 668.1 267.3 417.4 374.0 232.4 569.0 450.4 498.0 2674.7 
Cajon Creek 5915.7 8730.8 7512.4 3300.6 7335.3 9693.4 2667.5 3993.7 2747.3 2242.1 2946.6 5461.8 8200.0 
Stone Creek 347.3 3493.6 4887.8 5727.9 7310.9 2482.6 1959.5 321.2 734.3 617.5 673.7 1610.4 1151.6 
Boden Creek 7229.3 3207.2                 603.5 1295.2 1302.1 
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Table A5.  Dry season E. coli geomeans (MPN/100 ml) in natural streams during May 2006-May 
2007 in southern California, USA. 

 
 

       
    E. coli Dry Season Geomeans 

Sampling site Watershed Spring 06 Summer 06 Fall 06 Winter 06-07 Spring 07
           
Arroyo Seco LA River 25.0 22.4 13.7 10.0 13.3 
Lachusa Canyon Los Alisos Canyon 45.9 15.9 13.4 12.0 13.7 
Cold Creek Malibu Creek 24.8 16.5 11.2 10.0 11.9 
Solstice Canyon Solstice Canyon 49.7 19.7 12.6 12.6 13.0 
Chesebro Creek Malibu Creek 213.3 531.7 56.0 21.5 32.8 
Bell Creek San Juan 48.3 115.8     
San Juan Creek San Juan 74.2 75.2     
Santiago Creek Santa Ana 16.8 31.4     
Hurkey Creek San Jacinto 119.5 16.9  15.3 10.0 
Cucamonga Creek Cucamonga 10.0 10.8 12.7 11.1 10.0 
Mill Creek Santa Ana 10.0 4.2 1.2 1.3 1.0 
Day Creek Santa Ana 17.4 10.3 10.9 10.6 10.0 
Cajon Creek Santa Ana 84.7 126.2 102.7 20.1 11.2 
Stone Creek Santa Margarita 95.1 181.5 292.4 80.7 82.9 
Boden Creek San Dieguito 148.1 14.1   10.0 43.1 
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Table A6.  Dry season enterococci geomeans (MPN/100 ml) in natural streams during May 2006-
May 2007 in southern California, USA. 

 
 

       
    Enterococci Dry Season Geomeans 

Sampling site Watershed Spring 06 Summer 06 Fall 06 Winter 06-07 Spring 07 
           
Arroyo Seco LA River 54.6 49.4 15.6 10.0 11.0 
Lachusa Canyon Los Alisos Canyon 15.9 17.1 14.2 30.6 35.0 
Cold Creek Malibu Creek 15.2 35.0 10.0 10.0 14.5 
Solstice Canyon Solstice Canyon 22.1 52.9 14.7 12.2 13.7 
Chesebro Creek Malibu Creek 118.8 365.1 33.7 21.1 46.1 
Bell Creek San Juan 60.1 338.0     
San Juan Creek San Juan 26.8 23.4     
Santiago Creek Santa Ana 24.2 49.9     
Hurkey Creek San Jacinto 127.2 386.5  14.2 14.9 
Cucamonga Creek Cucamonga 47.0 138.9 14.1 11.3 16.5 
Mill Creek Santa Ana 10.0 20.6 11.4 12.4 8.0 
Day Creek Santa Ana 28.7 77.4 20.5 13.7 11.9 
Cajon Creek Santa Ana 140.7 383.2 145.4 89.6 96.7 
Stone Creek Santa Margarita 83.1 151.8 40.0 22.0 51.2 
Boden Creek San Dieguito 154.0 305.7   28.6 81.6 
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Table A7.  Dry season total coliforms geomeans (MPN/100 ml) in natural streams during May 2006-May 2007 in southern  
California, USA. 

 
 

       
    Total coliforms Dry Season Geomeans 

Sampling site Watershed Spring 06 Summer 06 Fall 06 Winter 06-07 Spring 07 
          
Arroyo Seco LA River 1066.8 2610.9 1230.6 422.2 2163.9 
Lachusa Canyon Los Alisos Canyon 1663.9 2899.9 1092.8 1034.7 1099.7 
Cold Creek Malibu Creek 1069.4 2133.9 295.8 97.2 180.3 
Solstice Canyon Solstice Canyon 1278.2 2165.1 543.3 616.5 1900.3 
Chesebro Creek Malibu Creek 3776.6 8814.0 2535.0 889.0 2281.4 
Bell Creek San Juan 1169.5 2955.9     
San Juan Creek San Juan 2001.5 4426.6     
Santiago Creek Santa Ana 1417.1 2465.3     
Hurkey Creek San Jacinto 2952.6 3345.5  326.8 310.5 
Cucamonga Creek Cucamonga 508.0 958.8 254.1 216.2 500.4 
Mill Creek Santa Ana 185.3 104.5 82.8 31.6 79.5 
Day Creek Santa Ana 425.2 1001.3 374.8 348.5 795.6 
Cajon Creek Santa Ana 6926.3 5634.3 5220.2 2595.1 5267.6 
Stone Creek Santa Margarita 1343.4 5682.0 2193.0 516.7 1361.0 
Boden Creek San Dieguito 5146.1 2216.8   514.8 1163.2 
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Table A8.  Annual dry season fecal indicator bacteria geomeans (MPN/100 ml) in natural streams 
during May 2006-May 2007 in southern California, USA. 

 
      
    Annual Dry Season Geomeans 
Sampling site Watershed E. coli Enterococci Total Coliforms 
         
Arroyo Seco LA River 15.2 20.5 1291.9 
Lachusa Canyon Los Alisos Canyon 16.1 20.6 1486.5 
Cold Creek Malibu Creek 13.6 15.3 443.3 
Solstice Canyon Solstice Canyon 17.0 20.6 1109.2 
Chesebro Creek Malibu Creek 90.3 68.2 2940.4 
Bell Creek San Juan 80.5 164.6 2008.7 
San Juan Creek San Juan 74.7 25.2 2848.2 
Santiago Creek Santa Ana 23.0 34.7 1869.1 
Hurkey Creek San Jacinto 18.9 36.9 688.6 
Cucamonga Creek Cucamonga 11.1 26.3 399.6 
Mill Creek Santa Ana 2.1 12.7 75.0 
Day Creek Santa Ana 11.0 25.2 545.7 
Cajon Creek Santa Ana 55.0 159.2 4794.5 
Stone Creek Santa Margarita 138.2 52.7 1728.4 
Boden Creek San Dieguito 45.3 98.3 1658.5 
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Table B1.  Annual dry season averages of measured physical parameters in natural streams 
during May 2006-May 2007 in southern California, USA. 

 
 

       
  Physical Parameter Averages 
Sampling site Conductivity DO Flow Rate pH Temperature Turbidity 
  �s mg/L m3/s  °C  
        
Arroyo Seco 411.9 na 0.038 na 13.8 na 
Lachusa Canyon 1431.1 na 0.006 na 16.2 na 
Cold Creek 604.0 na 0.005 na 13.8 na 
Solstice Canyon 1051.6 na 0.011 na 15.4 na 
Chesebro Creek 3089.0 na 0.005 na 11.9 na 
Bell Creek 738.8 8.7 0.018 8.0 18.7 1.1 
San Juan Creek 518.8 10.4 0.028 8.2 21.1 0.7 
Santiago Creek 636.9 9.6 0.017 8.1 22.2 0.5 
Hurkey Creek 129.9 na 0.006 7.8 11.6 na 
Cucamonga Creek 9.8 9.8 0.138 8.0 12.3 na 
Mill Creek 0.7 9.4 0.080 8.0 10.6 12.3 
Day Creek 13.7 9.9 0.317 8.0 12.6 1.8 
Cajon Creek 37.7 8.7 0.082 7.9 15.7 8.0 
Stone Creek 1171.6 7.2 0.002 7.5 16.4 16.1 
Boden Creek 1012.0 7.5 0.005 7.8 15.3 6.1 
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RESULTS 
 
SCCWRP is currently coordinating an investigation of bacteria levels in reference 

drainages throughout southern California.  This is a cooperative study involving multiple 
jurisdictions that are each contributing to the project through combinations of in-kind services 
and direct funding.   Because numerous analytical labs will be participating in analysis of fecal 
indicator bacteria, it was necessary to conduct a laboratory intercalibration study to ensure that 
comparable results could be achieved from all participating laboratories.   This memo 
summarizes the results of this intercalibration study. 

 
Eight laboratories from five counties participated in the calibration exercise, a 

performance-based approach used to evaluate analytical accuracy, reproducibility of results and 
to ensure that data from participating laboratories were comparable (Table C1).  The  calibration 
exercise occurred on March 22th, 2006 and consisted of each lab receiving six common samples  
for analysis (Table C2).  Necessary dilutions or aliquot volumes were processed to insure that 
reportable values could be determined.  Bacterial results were reported for total coliform, 
Escherichia coli (E. coli), and enterococcus as organism type per 100 ml of sample. Precision 
was examined by assessing repeatability variance (based on intralaboratory data) and 
reproducibility variance (based on interlaboratory data). All participating labs were required to 
fall within a +/- 0.5 median log count comparability goal (Noble et al. 2000). 
 

All laboratories had low repeatability variability for all three constituents and all results 
fell within the median log comparability criteria.  Based on all results there were not large 
variations between the laboratories (i.e. neither of the laboratories were consistently higher or 
lower for any parameters) in a given sample or for all samples.  However, one lab (CSD) 
reported higher values than the rest, but this can be explained by their inadvertent double diluting 
of the sample.   Also, both Truesdail and Weck laboratories tended to report lower values than 
the rest.    These laboratories should be extra cautious and invest extra efforts in data 
interpretation in order to not bias the results of bacterial concentrations on the low side. 

 
Figures C1-3 are an example of how the laboratories compared with the different 

analyses and how well the laboratories were able to reproduce results.  These plots are 
representative of all the data and illustrated good comparability between the analytical labs.   As 
a result of this study we conclude that there should be no bias introduced into the dataset due to 
sample analysis by different laboratories.  All the data and plots are available from SCCWRP 
upon request.  
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Table C1.  List of participating laboratories and counties involved in the reference 
bacteria/watershed  interlaboratory calibration. 

 
    
Laboratory Name County 
  
E. S. Babcock, & Sons, Inc. Riverside 
  
City of San Diego San Diego 
  
CRG Marine Laboratories, Inc. Los Angeles 
  
HCA Public Health Laboratory Orange 
  
Truesdale Laboratories, Inc. Orange 
  
Weck Laboratories Los Angeles 
  
Aquatic Bioassay & Consulting Laboratory (ABC) Ventura 
  
Weston Solutions, Inc. San Diego 
    
  

 
Table C2.  List of the six common samples and their representative sewage dilutions in (ml) which 
each laboratory received for the interlaboratory calibration. 

 
      
Media   Dilution (ml) 
   
DI Water  - 
Santiago Creek  - 
Sewage Dilution 1  3 
Sewage Dilution 2  1.5 
Sewage Dilution 3  1 
Sewage Dilution 4  0.5 
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Figure C1.  Laboratory comparison results for log transformed total coliform data at Santiago 
Creek, Orange County.   The dotted red line represents the median log criteria, while the solid blue 
lines are +/- 0.5 median log count. 
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Figure C2.  Laboratory comparison results for E. coli using a 3 ml sewage dilution.  The dotted red 
line represents the median log criteria, while the solid blue lines are +/- 0.5 median log count. 
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Figure C3.  Laboratory comparison results for Enterococcus using a 1 ml sewage dilution.  The 
dotted red line represents the median log criteria, while the solid blue lines are +/- 0.5 median log 
count. 
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1.0 Project Summary  

The purpose of this Project Assessment and Evaluation Plan (PAEP) is to provide a framework 

for assessing and evaluating the Mill Creek Wetlands project. The PAEP identifies measures 

that can be used to monitor progress toward achieving the project goals and objectives.  

1.1 FUNDING PROGRAM 

The project is supported by the State of California Water Quality Control Board Consolidated 

Grants Program (Proposition 40 Integrated Watershed Management Program) and local 

matching funds.  

1.2 PROJECT DESCRIPTION 

The City of Ontario, in conjunction with the City of Chino, Inland Empire Utilities Agency, and 

San Bernardino County Parks District are developing an approximately 200-acre wetland 

treatment system. The primary objective of the Mill Creek Wetland Regional Treatment System 

(Mill Creek Wetlands Project), is to provide a regional treatment system to improve water quality 

protection from first flush stormwater and urban runoff from the Cucamonga Channel and Mill 

Creek watersheds. Additional objectives include promoting habitat restoration and ecological 

protection for plants and animals, reducing floodwaters, conserving natural open space for 

recreational and educational uses, and protecting the downstream sources of groundwater 

recharge along the Santa Ana River.  

Given the scale and magnitude of the project, implementation will be organized into multiple 

phases: Phase 1 will consist of construction of a flow diversion structure within the concrete 

lined portion of Cucamonga Creek upstream of Chino Corona Road, the forebay area, outlet 

regulating weirs, and the first approximately 40 acres of wetland treatment cells. The intent in 

Phase 1 is to develop a manageable scope of work that can be operational as early as October 

2008, and therefore accelerate the ability of the project to provide water quality improvements to 

the region and to demonstrate the desirability of the regional approach to water quality 

protection. This PAEP is being prepared for Phase 1 only.  

Subsequent phases will begin as soon as Phase 1 is operational. The additional phases will 

complete the project design and layout the ultimate project encompassing the full 200 acres of 

constructed wetlands development for maximum water quality improvements. Construction of 

additional phases will be conducted in approximately 40 acre increments. The actual 

construction schedule will be based upon the final design layout and will be coordinated with 

proposed development of projects associated with project development of the New Model 

Colony lands. The final design will reflect the topography of the property determined by a final 

survey of the area and the geotechnical investigation to assure the best use of the land with 

minimal impact. 
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1.3 PROBLEM STATEMENT 

The project will utilize proven and commonly accepted methodologies for constructed 

stormwater wetlands treatment. Based on development proposals in the upstream watershed 

area, a 200-acre wetlands drainage area was determined to be appropriate for reducing 

pollutant loading to Cucamonga Creek and Mill Creek. Both of these streams are identified on 

the 303(d) list as impaired water bodies. The project will be specifically designed to provide 

treatment and control of bacteria, nitrogen, and suspended solids. Stormwater discharges 

entering the Prado Basin would be controlled by improving water quality and mitigating non-

point pollution. In addition, beneficial uses from the Cucamonga and Mill Creek, include passive 

recreational activities, municipal water supply, fish and wildlife preservation, water quality and 

ground water recharge.  

The need for a project such as the Mill Creek Wetlands is a result of planning for continued 

urban development within portions of the upstream watersheds and the ability to provide a more 

regional water quality benefit to improve discharge entering the Prado Basin. Waters entering 

the Prado Basin serve as the primary source for groundwater recharge in the lower reaches of 

the Santa Ana River that provides drinking water supplies to the residents of Orange County, 

California. 

1.4 PROJECT ACTIVITIES OR TASKS 

The project activities fall into four different categories: compliance requirements, preliminary 

engineering, design, and construction. The activities for each phase are described below.  

1.4.1 Compliance Requirements 

• Develop GPS information for Project site and monitoring locations. 

• Prepare Monitoring Plan, including schedule for submitting monitoring reports. 

• Prepare Quality Assurance Project Plan for the Monitoring Plan. 

• Prepare and process California Environmental Quality Act and National Environmental 

Policy Act Documentation. 

• Prepare Landowner Agreements. 

• Prepare and submit applicable permits. 
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1.4.2 Preliminary Engineering 

• Conduct aerial surveys of project area. 

• Conduct field surveys to determine potential existence and location of any adverse 

conditions within the project site, including, but not limited to, construction debris, trash, 

greenwaste, hazardous waste, etc. 

• Conduct geotechnical evaluations of project area to adequately define the project’s buildout 

boundaries and further identify geotechnical sensitivities and concerns for proper mitigation 

or alternative consideration during design. 

• Conduct preliminary engineering studies to further define the limits of the project as well as 

identify additional mitigation measures. 

• Conduct as-needed sampling and testing, and demonstration testing for validation of 

wetlands design performance, including, but not limited to, characterization of influent water 

quality, and influent and treatment flow rates, etc,  

• Determine appropriate sizes, configurations, and elements of wetland treatment systems 

components including, but not limited to, plant community, number and size of wetland cells, 

wetland cell alignments, diversion and outlet structures, etc. for achieving treatment 

objectives. 

• Prepare and submit to Grant Manager a Preliminary Engineering Report containing a 

description and summary of the results and findings. 

1.4.3 Design 

• Prepare the engineering plans and specifications necessary to competitively bid and 

construct the project. These plans and specifications will include a plan to appropriately 

address any adverse conditions identified in Task 1.4.2 and will include passive recreational 

opportunities for activities such as hiking, biking, bird watching, etc. 

• Prepare project designs organized into pre-design, 50%, 90%, and final design. 

• Prepare and complete landowner agreements and acquire land/easement to construct the 

project. Submit documentation of these agreements and acquisitions to Grant Manager. 

• Prepare and submit plans and specifications per final design and submit to the Grant 

Manager for approval. 

• Develop, prepare, and submit to the Grant Manager an Operation and Maintenance Plan for 

the regional wetland natural treatment system. 
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• Prepare a “Notice to Proceed” for the Grant manager approval. 

1.4.4 Construction 

• Conduct pre-, during-, and post-construction photo monitoring. 

• Construct the Mill Creek Wetlands per final design and plans and specifications. 

• Submit “As Built” drawings to the Grant Manager. 

1.5 CATEGORY OF PROJECT ACTIVITIES OR TASKS 

The PAEP groups projects into five major categories. The Mill Creek Wetlands project 

implements multiple activities in four of the five categories (Planning, Research, Monitoring, and 

Assessment; Habitat Restoration; Load Reduction; Beneficial Use Improvement and Protection) 

as shown in the table in Section 3.0.



MILL CREEK WETLANDS  

PROJECT ASSESSMENT AND  

EVALUATION PLAN (PAEP)   

dj c:\documents and settings\djanus\local settings\temporary internet files\olk144\rpt_paep_012607.doc 2.1  

2.0 Project Goals and Desired Outcomes 

2.1 PROJECT GOALS 

As in Integrated Watershed Management Program project, the Mill Creek Wetlands project 

includes surface and groundwater quality, ecological, flooding, and public education goals as 

listed below.  

• Provide regional treatment system to improve water quality protection from first flush 
stormwater and urban runoff from the Cucamonga Channel and Mill Creek watersheds.  

• Develop a plan to promote habitat restoration and ecological protection for plants and 
animals in future phases of the Mill Creek Wetlands project. 

• Reduce floodwaters. 

• Develop a plan to conserve natural open space for recreational and educational uses in 
future phases of the Mill Creek Wetlands project. 

• Promote wetland restoration.  

• Protect downstream sources of groundwater recharge along the Santa Ana River (below 
Prado Dam). 

 

2.2 DESIRED OUTCOMES (DELIVERABLES) 

The desired outcomes of this project include: 

• Aerial survey of project area. 

• GPS information for project site, including monitoring locations. 

• Preliminary engineering report. 

• Monitoring Plan that is in conformance with the Surface Water Ambient Monitoring. 

• Quality Assurance Project Plan (QAPP). 

• Landowner agreements. 

• Operations and Maintenance Plan. 

• Project plans, specifications, and estimate. 

• Construction of Phase 1 of Mill Creek Wetlands project. 
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• Photo monitoring for pre-, during-, and post-construction. 

• Record drawings.
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3.0 Project Performance Measures 

Table 1. Project Performance Measures 

Project Goals 

Desired 

Outcomes Output Indicators 

Outcome 

Indicators 

Measurement 

Tools and 

Methods Targets 

Planning, Research, Monitoring, or Assessment Activities 

Reduce floodwaters Attenuate peak flow 

rates 

1. Volume of storage 

provided in wetlands 

2. Design outflow 

hydrographs 

Operation and 

Maintenance Manual 

Hydrologic monitoring 

portion of Monitoring 

Plan 

No adverse affects 

due to development 

of New Model Colony 

Develop a plan to 

conserve natural 

open space for 

recreational and 

educational uses 

Plan for the 

education of the 

local public about 

watershed 

processes and 

water quality 

Plan describing 

educational 

components of future 

phases of the Mill 

Creek Wetlands 

project, including 

interpretive signs, 

walking trail, parking 

spaces, and kiosk with 

maps 

Conceptual 

schematic with 

written description 

Schematic drawing Plan that can be built 

upon in future phases 

of the project 

Develop a plan for 

habitat restoration 

and ecological 

protection for plants 

and animals 

Evaluate the 

capability of 

restoring different 

types of habitat for 

future phases 

Plan for the 

incorporation of 

riparian buffer zones 

Conceptual 

restoration 

description 

 

Description of 

different types of 

habitat that can be 

restored 

 

Plan that can be built 

upon in future phases 

of the project 
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Table 1. Project Performance Measures 

Project Goals 

Desired 

Outcomes Output Indicators 

Outcome 

Indicators 

Measurement 

Tools and 

Methods Targets 

Habitat Restoration Activities 

Promote wetland 

restoration 

Construct 40 acres 

of wetlands 

Increase acreage of 

wetlands 

Construction of the 

wetlands 

1. Operation and 

Maintenance 

Manual 

2. Photo monitoring 

Increase acreage of 

wetlands 

Load Reduction Activities 

Provide a regional 

treatment system to 

improve water quality 

protection from first 

flush stormwater and 

urban runoff 

Improve surface 

water quality 
1. Decrease 

concentrations of 

bacteria 

2. Decrease 

concentrations of 

nutrients 

3. Decrease 

concentrations of 

suspended solids 

4. Decrease 

concentrations of 

metals (Cd, Cu, Pb) 

1. Compliance with 

Monitoring Plan 

2. Compliance with 

Quality Assurance 

Project Plan 

Surface water quality 

analysis results for E. 

coli, nutrients, TSS, 

and metals from 

Monitoring Plan 

Decrease 

concentrations of 

pollutants of concern 

(bacteria, nutrients, 

suspended solids, 

metals) 
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Table 1. Project Performance Measures 

Project Goals 

Desired 

Outcomes Output Indicators 

Outcome 

Indicators 

Measurement 

Tools and 

Methods Targets 

Beneficial Use Improvement and Protection Activities 

Protect downstream 

sources of 

groundwater 

recharge along the 

Santa Ana River 

(below Prado Dam) 

Improve water 

quality that will be 

used as drinking 

water downstream 

in the Santa Ana 

watershed 

Improve the effluent 

water quality of the 

wetland for bacteria 

and nutrients 

 

1. Compliance with 

Monitoring Plan 

2. Compliance with 

Quality Assurance 

Project Plan 

Surface water quality 

analysis results for E. 

coli and nutrients 

from Monitoring Plan 

Decrease 

concentrations of 

pollutants of concern 

(bacteria and 

nutrients) 
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FOREWORD


Section 304(a)(1) of the Clean water Act of 1977 (P.L. 95-217)

requires the Administrator of the Environmental Protection Agency to

publish criteria for water quality accurately reflecting the latest

scientific knowledge on the kind and extent of all identifiable

effects on health and welfare which may be expected from the

presence of pollutants in any body of water, including ground water.

This document is a revision of proposed criteria based upon a

consideration of comments received from other Federal agencies,

State agencies, special interest groups, and individual scientists.

The criteria contained in this document supplements previously

published EPA bacteriological criteria in Quality Criteria for Water

(1976).


The term "water quality criteria" is used in two sections of the

Clean Water Act, section 304(a)(1) and Section 303(c)(2). The term

has a different program impact in each section. In section 304, the

term represents a non-regulatory, scientific assessment of

ecological and public health effects. The criteria presented in this

publication are such scientific assessments. Water quality criteria

associated with specific ambient water uses when adopted as State

water quality standards under section 303 become enforceable maximum

acceptable levels of a pollutant in ambient waters. The water

quality criteria adopted in the State water quality standards could

have the same numerical limits as the criteria developed under

section 304. However, in many situations States may want to adjust

water quality criteria developed under section 304 to reflect local

environmental conditions and human exposure patterns before

incorporation into water quality standards. It is not until their

adoption as part of the State water quality standards that the

criteria become regulatory.


The bacteriological water quality criteria recommended in this

document are based on an estimate of bacterial indicator counts and

gastrointestinal illness rates that are currently being accepted,

albeit unknowingly in many instances, by the States. Wherever

bacteriological indicator counts can consistently be calculated to

give illness rates lower than the general estimate, or when the

State desires a lower illness rate, indicator bacteria levels

commensurate with the lower rate should be maintained in State water

quality standards.


Guidelines to assist the States in modification of criteria

presented in this document, in the development of water quality

standards, and in other water-related programs of this Agency, have

been developed by EPA.


Director

Criteria and Standards Division
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BACTERIOLOGICAL AMBIENT WATER QUALITY CRITERIA FOR

MARINE AND FRESH RECREATIONAL WATERS


Introduction


Federal water quality criteria recommendations were first proposed in

1968 by the National Technical Advisory Committee (NTAC) of the

Department of the Interior (1). The microbiological criterion suggested

by the NTAC for bathing waters was based an a series of studies conducted

during the late 1940's and early 1950's, by the United States Public

Health Service, the results of which were summarized by Stevenson in 1953

(2). The studies were conducted at bathing beaches located on Lake

Michigan at Chicago, Illinois; on the Ohio River at Dayton, Kentucky; and

on Long Island Sound at Mamaroneck and New Rochelle, New York. All of the

studies followed a similar design. Two beaches with different water

quality were selected at each location except at the Dayton location

where a beach with high quality water could not be found. A large public

swimming pool was used as a substitute. Each location was chosen because,

in addition to beaches having suitable water quality, there was a large

residential population nearby that used the beaches. Cooperating families

used a calendar system which allowed then to record their swimming

activity and illnesses on a daily basis for the entire summer.

Gastrointestinal, respiratory, and other symptom such as skin irritations

were recorded. The water quality was measured on a routine basis using

total coliform bacteria as the indicator organism.


The results of the Lake Michigan beach study indicated that there was

no excess illnesses of any type in swimmers at beaches that had median

coliform densities of 91 and 180 per 100 ml over a swimming season when

compared to the number of illnesses in the total study population. The

water quality similarity at the two Chicago beaches was unexpected since

previous experience had indicated that there was a difference in water

quality at the beaches. A second method of analysis compared the illness

observed in the week following three days of high coliform density with

that observed following swimming on three days of low coliform density.

The analyses showed that there was a significantly greater illness rate

in individuals who swam on the three days when the geometric mean

coliform density was 2300/100 ml when compared to the illness in swimmers

who swan on the three days when the geometric mean coliform density was

43 per 100 ml. A difference was not observed when the geometric mean

coliform density per 100 ml on high and low days was 732 and 32

respectively. Data from the Ohio River study indicated that swimmers who

swam in water with a median coliform density of 2300 coliform per 100 ml

had an excess of gastrointestinal illness when compared to an expected

rate calculated from the total study population. No other associations

between swimming and illness were observed. The results of two marine

bathing beach studies showed no association between illness and swimming

in water containing 398 and 815 coliforms per 100 ml.


The coliform water quality index used during the USPHS epidemiological

studies was translated into a fecal coliform index in the mid-‘60’s by

using the ratio of fecal coliforms to coliforms, at the location on the

Ohio River where the original study had been conducted in 1949. The NTAC

committee suggested that the change was necessary because fecal coliforms
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were more fecal specific and less subject to variation than total

coliforms which were greatly influenced by storm water runoff. About

18% of the coliforms were found to be fecal coliforms and this

proportion was used to determine that the equivalent of 2300

coliforms per 100 ml, the density at which a statistically

significant swimming-associated gastrointestinal illness was

observed, was about 400 fecal coliforms per 100 ml. The NTAC

suggested that a detectable risk was undesirable and, therefore,

one-half of the density at which a health risk occurred, 200 fecal

coliform per 100 ml, was proposed. The NTAC also suggested that the

use of the water should not cause a detectable health effect more

than 10% of the time. Thus, the recommended criterion for

recreational waters was as follows:


"Fecal coliforms should be used as the indicator

organism for evaluating the microbiological suitability of

recreation waters. As determined by multiple-tube

fermentation or membrane filter procedures and based on a

minimum of not less than five samples taken over not more

than a 30-day period, the fecal coliform content of primary

contact recreation waters shall not exceed a log mean of

200/100 ml, nor shall more than 10 percent of total samples

during any 30-day period exceed 400/100 ml.”


This criterion was recommended again in 1976 by the USEPA (3),

even though it had been criticized on a number of issues. Henderson

(4) published one of the earliest critiques of the recommended

criterion. He noted the paucity of epidemiological data in support

of any numerical ceilings based on fecal indicators and criticized

the one proposed as to the poor quality of the data base, the

derivation of the specific limits and the indicator system used.


Moore (5) objected to the selection of only part of the data

from the Lake Michigan study to develop the 200 fecal coliforms per

100 ml recreational water criterion. He observed that opposite

findings in the Lake Michigan studies were ignored. He pointed out

that the inclusion of all illnesses reported during the week after a

bathing episode made the association of these ailments with the

bathing episode tenuous, and that there was no way of knowing

whether the incidence of skin irritations in bathers who swam on

clean days was compared to the frequency of diarrhea in those who

swam an other days, because all the illnesses reported were lumped

together.


Cabelli et al. (6) suggested other weaknesses in the USPHS study

design which would have precluded the identification of swimming-

associated, associated, pollution-related illnesses if, in fact,

they occurred. They pointed out that "swimming" was "poorly defined

and that it was unknown whether or not study participants who said

they had been swimming actually immersed their bodies, much less

their heads, in the water. This short coming and the use of the

calendar method for recording "swimming" episodes and illnesses

also was criticized as precluding the inclusion of beachgoing but

nonswimming control groups in the studies. Moreover, the use of

the calendar approach with nearby residents and the day-to-day
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variability in the pollution levels at the beaches increased the

probability of a given individual's exposure to different levels

of pollution during the incubation period of the illness.


The deficiencies in the study design and in the data used to

establish the 200 fecal coliforms per 100 ml criterion were noted

by the National Academy of Science - National Academy of Engineers

Committee in their 1972 report which stated that they could not

recommend a recreational water quality criterion because of the

paucity of epidemiological information available (7).


The fecal coliform indicator used to measure water quality

under the current system has also been faulted because of the non-

fecal sources of at least one member of the fecal coliform group.

For example, thermotolerant Klebsiella species have many sources.

They have been observed in pulp and paper mill effluents (8,9),

textile processing plant effluents (10), cotton mill wastewaters

(11), and sugar beet wastes (12), in the absence of fecal

contamination.


The Environmental Protection Agency, in 1972, initiated a

series of studies at marine and fresh water bathing beaches which

were designed to correct the perceived deficiencies of the Public

Health Service studies. One goal of the EPA studies was to

determine if swimming in sewage-contaminated water carries a

health risk for bathers; and, if so, to what type of illness. If a

quantitative relationship between water quality and health risk

was obtained, two additional goals were to determine which

bacterial indicator is best correlated to swimming-associated

health effects and if the relationship is strong enough to provide

a criterion.


Study Design


The marine studies were conducted at bathing beaches in New

York City, New York, Boston, Massachusetts, and at Lake

Pontchartrain, near New Orleans, Louisiana. Two beaches were

selected at each site, one that received very little or no

contamination and the other whose water quality was barely

acceptable with respect to local recreational water quality

standards. In the Now York City and Boston Harbor studies, the

“barely acceptable” beaches were contaminated with pollution from

multiple pointsources, usually treated effluents that had been

disinfected.


The freshwater studies were conducted on Lake Erie at Erie,

Pennsylvania and on Keystone Lake outside of Tulsa, Oklahoma. The

“barely acceptable” beaches at both sites were contaminated by

effluents discharged from single point-sources.


The epidemiological surveys were carried out on weekend days

and individuals who swan in the midweeks before and after a

survey were eliminated from the study. This maximized the study

populations; allowed the water quality measurements for a

single day to be specifically associated with the corresponding

illness rates, and permitted the grouping of days with similar

water quality levels and their corresponding study populations.

The design of the epidemiological survey portion of the
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study has been described elsewhere (13,14). Specific steps taken to

correct the deficiencies of earlier studies were noted earlier.


In the initial phases of the overall study, multiple indicators of

water quality were used to monitor the water. This was done because it

was not known which indicator of water quality might show a

quantitative relationship with swimming-associated health effects.

This unique approach resulted in the selection of the best indicator

based on the strength of the statistical relationship between the

water quality indicator and a swimming-associated health effect.


Each participant was querried at length about any illness symptoms,

their date of onset and the duration of the symptoms. The symptoms

were grouped into four general categories, gastrointestinal,

respiratory, eye, ear and nose, and "other". Gastrointestinal symptoms

included vomiting, diarrhea, stomachache and nausea. Sore throat, bad

cough and chest colds comprised the respiratory symptom, and runny or

stuffy nose, earache or runny ears and red, itchy or watery eyes were

considered symptomatic of eye, ear or nose problems. Other symptoms

included fever greater than 100º F, headache for more than a few hours

or backache.


All of the symptoms were self-diagnosed and therefore subject to

variable interpretation. The potential for misinterpretation was

minimized by creating a new symptom category called highly credible

gastrointestinal symptoms. This symptom category was defined as

including any one of the following unmistakable or combinations of

symptoms: (1) vomiting, (2) diarrhea with fever or a disabling

condition (remained home, remained in bed or sought medical advice

because of the symptoms) and (3) stomachache or nausea accompanied by

a fever. Individuals in this symptom category were considered to have

acute gastroenteritis.


Data Base for Marine and Fresh Water Criteria


The results of the marine Bathing Beach Studies have been reported

by Cabelli (15) and those of the freshwater studies have been described

by Dufour (16). In general, those symptom categories unrelated to

gastroenteritis usually did not show a significant excess of illnesses

at either of the paired beaches at each study location. Moreover, the

significant swimming-associated rates for gastroenteritis were always

observed at the more polluted of the paired beaches at each study

location. Table 1 shows the number of occasions when significant

swimming-associated gastroenteritis was observed at barely acceptable

and relatively unpolluted marine and fresh water beaches.

Statistically significant swimming-associated gastroenteritis rates

were not observed at any of the relatively unpolluted beaches. The

occurrence of a statistically significant excess of swimming-

associated gastroenteritis in swimmers who bathed at beaches that

were, by selection, more polluted is indicative that there is an

increased risk of illness from swimming in water contaminated with

treated sewage, i.e., both swimming-associated and pollution related.

This finding, which was observed at both marine and fresh water

locations was important because it placed in proper perspective the

relationship between water contaminated with treated sewage and health

risks for swimmers. This association was not very well defined in the
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earlier USPHS studies. The only evidence that sewage-contaminated water

carried a risk for gastroenteritis in those studies was observed at the

Ohio River beach where swimmers had an excess of gastrointestinal illness

when the median coliform density in the water was 2300 per 100 ml. This

was counter to the results found at freshwater beaches in Chicago and at

marine beaches on Long Island Sound where swimmers had no more

gastrointestinal Unless than nonswimmers even when days of "high" and

"low" coliform densities were selected. Therefore, other than the

occasional association of an outbreak of disease with swimming (17), the

data from Cabelli (15) and Dufour (16) are the only available evidence

linking sewage contaminated water with a health risk for bathers.


Although the association of illness in swimmers using bathing water

contaminated by treated sewage is an important aspect of the process for

developing recreational water quality criteria, it is the establishment

of a quantitative relationship between the two variables that provides a

useful relationship for regulating water quality. A part of this process

is the development of suitable methods for measuring the quality of the

water.


A comprehensive discussion of microbial water quality indicators is

beyond the scope of this document, even as the basis for the selection of

those examined in the epidemiological studies. The reader is referred for

this to the reports of the studies (15,16) and to reviews on the subject

(18,19). The examination of a number of potential indicators, including

the ones most commonly used in the United States (total coliforms and

fecal coliforms), was included in the studies. Furthermore, the selection

of the best indicator was based on the strength of the relationship

between the rate of gastroenteritis and the indicator density, as

measured with the Pearson Correlation Coefficient. This coefficient

varies between minus one and plus one. A value of one indicates a perfect

relationship, that is, all of the paired points lie directly on the line

which defines the relationship. A value of zero means that there is no

linear relationship. A positive value indicates that the relationship is

direct, one variable increases as the other increases. A negative value

indicates the relationship is inverse, one variable decreases as the

other increases. The correlation coefficients for gastroenteritis rates

as related to the various indicators of water quality from both marine

and fresh bathing water are shown in Table 2.


The data from the three years of the New York City study were

analyzed in two ways. The first was by grouping trial days with similar

indicator densities from a given swimming season and the second was by

looking at each entire summer. The results from both analyses are shown

in Table 2. For either type of analysis, enterococci showed the strongest

relationship to gastroenteritis. E. coli was a very poor second and all

of the other indicators, including total coliforms and fecal coliforms

showed very weak correlations to gastroenteritis. Enterococci and E. coli

were used in subsequent studies including the freshwater trials. Fecal

coliforms also were included in subsequent studies because of their

status as an accepted basis for a criterion.
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The freshwater studies were analyzed only by summer. The

correlation coefficient for E. coli was slightly greater than that for

enterococci, however, statistical analysis indicated that the two values

were not significantly different. Fecal coliforms, on the other hand,,

had a correlation coefficient that was very similar to that observed for

fecal coliforms from the marine data analyzed by summer. The freshwater

studies confirmed the findings of the marine studies with respect to

enterococci and fecal coliforms in that the densities of the former in

bathing water showed strong correlation with swimming associated

gastroenteritis rates and densities of the latter showed no correlation

at all. The similarities in the relationships of E. coli and enterococci

to swimming associated gastroenteritis in freshwater indicate that these

two indicators are equally efficient for monitoring water quality in

freshwater,, whereas in marine water environments only enterococci

provided a good correlation. The etiological agent for the acute

gastroenteritis is probably viral (20). The ultimate source of the agent

is human fecal wastes. E. coli is the most fecal specific of the

coliform indicators (21); and enterococci, another fecal indicator,

better emulates the virus than do the coliforms with respect to survival

in marine waters (22).


Basis of Criteria for Marine and Fresh Recreational Waters


Cabelli (15) defined a recreational water quality criterion as a

“quantifiable relationship between the density of an indicator in the

water and the potential human health risks involved in the water's

recreational use." From such a definition, a criterion now can be

adopted by a regulatory agency, which establishes upper limits for

densities of indicator bacteria in waters that are associated with

acceptable health risks for swimmers.


The quantitative relationships between the rates of swimming

associated health effects and bacterial indicator densities were

determined using regression analysis. Linear relationships were estimated

from data grouped on the basis of summers or trials with similar

indicator densities. The data for each summer were analyzed by pairing

the geometric mean indicator density for a summer bathing season at each

beach with the corresponding swimming-associated gastrointestinal illness

rate for the same summer. The swimming-associated illness rate was

determined by subtracting the gastrointestinal illness rate in

nonswimmers from that for swimmers. These two variables from multiple

beach sites were used to calculate a regression coefficient, y-intercept

and 95% confidence intervals for the paired data. in the marine studies

the total number of points for use in regression analysis was increased

by collecting trial days with similar indicator densities from each study

location and placing them into groups. The swimming-associated illness

rate was determined as before, by subtracting the nonswimmer illness rate

of all the individuals included in the grouped trial days from the

swimmer illness rate during these same grouped trial days. The grouping

by trial days with similar indicator densities approach was not possible

with the freshwater data because the variation of bacterial indicator

densities in freshwater samples was not large enough to allow such an

adjustment to be made.




- 7 –


For the saltwater studies the results of the regression analyses of

illness rates against indicator density data was very similar using

the "by summer" or "by grouped trial days" approaches. The data

grouped by trial days will be used here because of the broader range

of indicator densities available for analysis. Table 3 shows the

results of the marine and fresh water bathing beach studies conducted

from 1973 through 1982. These data were used to define the

relationships between swimming-associated gastroenteritis and

bacterial indicator densities presented below.


The methods used to enumerate the bacterial indicator densities

which showed the best relationship to swimming-associated

gastroenteritis rates were specifically developed for the recreational

water quality studies. The membrane filter procedure for enumerating

enterococci was developed by Levin et al. (23). Evaluation of the

method using fresh and marine water samples indicated that it detects

mainly Streptococcus faecalis and Streptococcus faecium. Although

these two species were thought to be more human specific than other

Streptococci, they have been found in the intestinal tract of other

warm-blooded animals such as cats, dogs, cows, horses and sheep.


E. coli were enumerated using the membrane filter procedure

developed by Dufour et al. (24). Evaluation of this method with marine

and fresh water samples has shown that 92 to 95% of the colonies

isolated were confirmed as E. coli.


These membrane filter methods have successfully undergone

precision and bias testing by the EPA Environmental Monitoring and

Support Laboratory. The test methods are available in the EPA Research

and Development report, EPA-600/4-85/076 Test Methods for Escherichia

coli and Enterococci in Water by the Membrane Filter Procedure.


Recommendations on Bacterial Criteria monitoring


Several monitoring situations to assess bacterial quality are

encountered by regulatory agencies. The situation needing the most

rigorous monitoring is the designated swimming beach. Such areas are

frequently lifeguard protected, provide parking and other public

access and are heavily used by the public. Public beaches of this type

were used by EPA in developing the relationship described in this

document.


Other recreational activities may involve bodies of water which

are regulated by individual State water quality standards. These

recreational resources may be natural wading ponds used by children or

waters where incidental full body contact occurs because of water

skiing or other similar activities.


It is EPA's judgement that the monitoring requirements for these

various recreational activities are different. For the public beaches,

more frequent sampling is required to verify the continued safety of the

waters for swimming, and to identify water quality changes which might

impair the health of the public. Increasing the number of samples

improves the accuracy of bacterial water quality estimates, and also
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improves the likelihood of correct decisions on whether to close or

leave open a beach.


Waters with more casual and intermittent swimming use need

fewer samples because of the reduced population at risk. Such

sampling may also be used in establishing trends in the bacterial

water quality so that the necessary improvements in the sanitary

quality can be identified before disease risks become acute.


The following compliance protocol is one recommended EPA for

monitoring recreational bathing waters. It is based on-the

assumption that the currently accepted risk level based on the QCW

recommendation has been determined to be appropriate and that the

monitoring methods, i.e., bacterial enumeration techniques are

imprecise, and environmental conditions, such as rainfall, wind and

temperature will vary temporally and spatially. The variable nature

of the environment, which affects the die-off and transport of

bacterial indicators, and the inherent imprecision of bacterial

enumeration methods, suggests an approach that takes these elements

into account. Noncompliance with the criterion is signaled when the

maximum acceptable geometric mean is exceeded or when any individual

sample exceeds a confidence limit, chosen accordingly or to a level

of swimming use. The mean log standard deviation for E. coli

densities at the nine freshwater beach sites that were studied was

about 0.4. The mean log standard deviation for enterococci in

freshwater samples was also about 0.4 and in seawater samples it was

about 0.7. These two values, 0.4 and 0.7 will be used in

calculations associated with the proposed monitoring protocol and

upper percentile values.


It is recommended that sampling frequency be related to the

intensity of use of the water body. In areas where weekend use is

substantial, weekly samples collected during the peak use periods

are reasonable. In less heavily used areas perhaps bi-weekly or

monthly samples may be adequate to decide bacterial water quality.

In general, samples should be collected during dry weather periods

to establish so-called "steady state" conditions. Special studies

may be necessary to evaluate the effects of wet weather conditions

on waters of interest especially if sanitary surveys indicate the

area may be subject to storm water effects.


The water samples are collected in sterile sampling containers

as described in Standard Methods for the Examination of Water and

Wastewater (25).


Development of Recommended Criteria Based on E. coli/Enterococci


Currently EPA is not recommending a change in the stringency of

its bacterial criteria for recreational waters. Such a change does

not appear warranted until more information based on greater

experience with the new indicators can be accrued. EPA and the State

Agencies can then evaluate the impacts of change in terms of beach

closures and other restricted uses. EPA recognizes that it will take

a period of at least one triennial review and revision period for

States to incorporate the new indicators into State Waster Quality

Standards and start to accrue experience with the new indicators at

individual water use areas.
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EPA's evaluation of the bacteriological data indicated that

using the fecal coliform indicator group at the maximum geometric

mean of 200 per 100 ml, recommended in Quality Criteria for Water

would cause an estimated 8 illness per 1,000 swimmers at fresh water

beaches and 19 illness per 1,000 swimmers at marine beaches. These

relationships are only approximate and are based on applying ratios

of the geometric means of the various indicators from the EPA

studies to the 200 per 100 ml fecal coliform criterion. However,

these are EPA's best estimates of the accepted illness rates for

areas which apply the EPA fecal coliform criterion.


The E. coli and enterococci criteria presented in Table 4 were

developed using these currently accepted illness rates. The

equations developed by Dufour (16) and Cabelli (15) were used to

calculate the geometric mean indicator densities corresponding to

the accepted gastrointestinal illness rates. These densities are for

steady state dry weather conditions. The beach is in noncompliance

with the criteria if the geometric mean of several bacterial density

samples exceeds the value listed in Table 4.


Noncompliance is also signalled by an unacceptably high value

for any single bacterial sample. The maximum acceptable bacterial

density for a single sample is set higher than that for the

geometric mean, in order to avoid unnecessary beach closings based

on single samples. in deciding whether a beach should be left open,

it is the long term geometric mean bacterial density that is of

interest. Because of day-to-day fluctuations around this mean, a

decision based on a single sample (or even several samples) may be

erroneous, i.e., the sample may exceed the recommended mean criteria

even though the long-term geometric mean is protective, or may fall

below the maximum even if this mean is in the nonprotective range.


To set the single sample maximum, it is necessary to specify

the desired chance that the beach will be left open when the

protection is adequate. This chance, or confidence level, was based

on Agency judgment. For the simple decision rule considered here, a

smaller confidence level corresponds to a more stringent (i.e.

lower) single sample maximum. Conversely, a greater confidence level

corresponds to less stringent (i.e. higher) maximum values. This

technique reduces the chances of single samples inappropriately

indicating violations of the recommended criteria.


By using a control chart analogy (26) and the actual log

standard deviations from the EPA studies, single sample maximum

densities for various confidence levels were calculated. EPA then

assigned qualitative use intensities to those confidence levels. A

low confidence level (75%) was assigned to designated beach areas

because a high degree of caution should be used to evaluate water

quality for heavily used areas. Less intensively used areas would

allow less restrictive single sample limits. Thus, 95% confidence

might be appropriate for swimmable water in remote areas. Table 4

summarizes the results of these calculations. These single sample

maximum levels should be recalculated for individual areas if

significant differences in log standard deviations occur.
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The levels displayed in Table 4 depend not only on the assumed

standard deviation of log densities, but also on the chosen level of

acceptable risk. while this level was based on the historically accepted

risk, it is still arbitrary insofar as the historical risk was itself

arbitrary. A detailed protocol is available* which shows how to determine

the confidence level associated with any illness risk of interest, once a

maximum has been established for single samples. The protocol also

indicates how the confidence level approach can be applied to multiple

sample geometric means. In Table 4, the limit for the measured geometric

mean is determined directly from the regression equation relating

illnesses to bacteriological density, without any "confidence level"

allowance for random variations in the geometric mean of several samples.


Limitations and Extrapolations of Criteria


The limitations of Water Quality Criteria based on swimming-

associated health effects and bacterial indicator densities have been

addressed by Cabelli (18). Briefly, the major limitations of the criteria

are that the observed relationship may not be valid if the size of the

population contributing the fecal wastes becomes too small or if epidemic

conditions are present in a community. In both cases the pathogen to

indicator ratio, which is approximately constant in a large population

becomes unpredictable and therefore, the criteria may not be reliable

under these circumstances. These two considerations point out the

importance of sanitary surveys and epidemiological surveillance as part

of the monitoring program.


The presence of these indicators, in rural areas, shows the presence

of warm blooded animal fecal pollution. Therefore, EPA recommends the

application of these criteria unless sanitary and epidemiological studies

show the sources of the indicator bacteria to be non-human and that the

indicator densities are not indicative of a health risk to those swimming

in such waters. EPA is sponsoring research to study the health risk of

nonpoint source pollution from rural areas on the safety of water for

swimming. Definitive evidence from this study was not available at the

time of preparation of this criterion, but will be incorporated into

subsequent revisions.


Relationship with the Criterion contained in Quality Criteria for

Water (QCW)


The 1976 QCW criterion contained recommendations for both swimming

and shellfish harvesting waters. This criteria recommendation is intended

as a modification to the earlier criterion. Nothing in this criterion is

intended to supersede the QCW recommendations concerning the bacterial

quality of shellfish waters. EPA is currently co-sponsoring, with the

National oceanic and Atmospheric Administration, research into the


*Procedures for Developing Compliance Rules for Water Quality

Protection

Criteria and Standards Division

office of Water Regulations and Standard

Environmental Protection Agency

401 M St., S.W.

Washington, DC 20640
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application of the enterococci and E. coli indicators for assessing

the quality of shellfish harvesting waters. The Food and Drug

Administration is also reviewing the results of these studies. A

change to the new indicators may be forthcoming if the studies show a

correlation between gastrointestinal disease and the consumption of

raw shellfish from waters with defined densities of the new

indicators. However, these studies have not sufficiently progressed

to justify any change at this time. Thus, the recommendations in QCW

for shellfish waters must remain unchanged.


The QCW recommendations for swimming waters were based on

fecal coliform. Data submitted to EPA during the public comment

period showed that within sane beaches, a correlation could be

shown between E. coli densities and fecal coliform densities. such

a site-specific correlation is not surprising because E. coli is

part of the fecal coliform group. However, the EPA tests show that

no general correlation exists across different beaches. Therefore,

EPA believes that the newly recommended indicators are superior to

the fecal coliform group. Therefore, EPA strongly recommends that

states begin the transition process to the new indicators. While

either E. coli or enterococci may be used for fresh waters, only

enterococci is recommended for marine waters.




Table 1. Relationship Between Significant Swimming-Associated

Gastroenteritis and the Degree of Pollution at Marine

and Fresh Water Bathing Beaches.


Beach Water Quality


Barely Acceptable Relatively Unpolluted


No. Trials


No. Trials with

Excess Illness in

swimmers1


% Trials with

Excess Swimmer

Illness


17 8


7 0


41 0


1
Difference between swimmer and nonswimmer illness rates during a

trial period statistically significant at p <0.05 level
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TABLE 2. Correlation Coefficients for Swimming-Associated

Gastroenteritis Rates Against Mean Indicator

Densities at marine and Fresh Water Bathing Beaches


Type of Indicator Correlation Coefficients

Water


Data by  Data by

Summers Grouped Trials1


Marine2


enterococci .75 .96

E. coli .52 .56

Klebsiella .32 .61

Einterobacter/Citrobacter .26 .64

Total Coliform

C. perfringens

P. aeruginosa

Fecal Coliforms

A. hydrophila

V. parahemolyticus

Staphylococci


Fresh3


enterococci

E. coli

Fecal Coliforms


.19 .65


.19 .01


.19 .59

-.01 .51

-.09 .60

-.20 .42

-.23 .60


.74


.80

-.08


lGroups of trials (days) with similar mean indicator densities

during a given summer


2Data from trials conducted at New York City beaches 1973-1975

(Reference 18)


3Data from Reference 19
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TABLE 3. Summary of Mean Indicator Density--Swimming--Association Gastroenteritis Rates From Trials of All

U.S. Studies


Type of Location Beachl Year E. coli Enterococcus Number Number Number Number Gastroenteritis


Water Density Density Swimmers illnesses Nonswimmers Illnesses Rate nor- 1000


Marine N.Y.C. RW 1973 21.8 484 30.4 197 15.2 15.2

CI 91.2 474 46.4 167 18 28.4


1974 3.6 1391 7.6 711 4.2 3.4

7.0 951 10.5 1009 6.9 3.6


13.5 625 16.0 419 2.4 13.6

31.5 831 18.1 440 - 18.1*


1975 5.7 2232 8.8 935 19.3 -0.5

20.3 1896 14.8 678 7.4  7.4

154 579 34.5 191 - 34.5*


Lake

Pontchartrain L 1977 44 874 32 451 11.1 20.9*


224 720 31.9 456 8.8 23.1*

495 895 35.8 464 6.6 27.2*


L 1978 11.1 1230 36.6 415 14.5 22.1*

F 14.4 248 44.3 303 23.1 21.2

L 142 801 42.4 322 15.5 26.9*


Boston Harbor RE 1978 43 697 23 529 11 12

N 7.3 1130 33 1099 28 5


RE 12.0 222 41 376 13 28*


Fresh

Lake Erie A 1979 23 5.2 3020 17.2 2349 14.9 2.3


B 47 13 2056 19.5 2349 14.9 4.6

Keystone take E 138 38.8 3059 20.6 970 15.5 5.1


w 19 6.8 2440 20 970 15.5 0.5

take Erie A 1980 137 25 2907 16.5 2944 11.7 4.8


B 236 71 2427 26.4 2944 11.7  14.7*

Keystone take E 52 23 5121 13.5 1211 8.1 5.2


w 71 20 3562 11.2 1211 8.1 3.0

Lake Erie B 1982 146 20 4374 24.9 1650 13.9 11.0*


1
RW = Rockaways, CI = Coney Island, L = Levee Beach, F = Fontainbleu Beach, R = Revere Beach, N - Nahant Beach,

A = Beach 7, B = Beach 11, E = Washington Irving Cove Beach, W = Salt Creek Cove--Keystone Ramp Beaches

*Indicates swimmer-nonswimmer illness rate difference significant at p = 0.05 level




TABLE 4. CRITERIA FOR INDICATOR FOR BACTERIOLOGICAL DENSITIES

Single Sample Maximum Allowable Density

Acceptable Swimming Steady State Designated Moderate Full Lightly Used
Associated Gastro- Geometric Mean Beach Area Body Contact Full Body

enteritis Rate per Indicator (upper 75% C.L.) Recreation Contact
1000 swimmers Density upper 82% C.L.) Recreation

upper 90% C.L.)

Freshwater

enterococci 8 33(
l
) 61 78 107

E. coli 8 126( 
2 
) 235 298 409

Marine Water

enterococci 19 35(
3 
) 104 158 276

Notes:
(1) Calculated to nearest whole number using equation:

(mean enterococci density) = antilog
10

illness rate/1000 people +6.28
9.40

(2) Calculated to nearest whole number using equation:
(mean E. coli density) = antilog

10

9.40
illness rate/1000 people + 11.74

(3) Calculated to nearest whole number using equation:

10

12.17
(mean enterococci density) = antilog illness rate/1000 people -0.20

Infrequently Used
Full Body Contact
Recreation

(upper 95% C.L.)

151

575

501

(4) Single sample limit = antilog
10-

log
10

indicator + Factor determined from x (log
10

standard
geometric mean areas under the Normal deviation)
density/100 ml probability curve for

the assumed level of
probability

The appropriate factors for the indicated one sided confidence
levels are:

75% C.L. - .675
82% C.L. - .935
90% C.L. - 1.28
95% C.L. - 1.65

(5) Based on the observed log standard deviations. During the EPA studies: 0.4 for freshwater E. coli

and enterococci; and 0.7 for marine water enterococci. Each jurisdiction should establish its own

standard deviation for its conditions which would then vary the single sample limit.



EPA Criteria for Bathing(Full

Body Contact) Recreational Waters


Freshwater


Based on a statistically sufficient number of samples (generally

not less than 5 samples equally spaced over a 30-day period), the

geometric mean of the indicated bacterial densities should not exceed

one or the other of the following:(1)


E. coli 126 per 100 ml; or

enterococci 33 per 100 ml;


no sample should exceed a one sided confidence limit (C.L.) calculated

using the following as guidance:


designated bathing beach 75% C.L.

moderate use for bathing 82% C.L

light use for bathing 90% C.L.

infrequent use for bathing 95% C.L.


based on a site-specific log standard deviation, or if site data are

insufficient to establish a log standard deviation, then using 0.4 as

the log standard deviation for both indicators.


Marine Water


Based on a statistically sufficient number of samples (generally

not less than 5 samples equally spaced over a 30-day period), the

geometric mean of the enterococci densities should not exceed 35 per

100 ml;


no sample should exceed a one sided confidence limit using the

following as guidance:


designated bathing beach 75% C.L.

moderate use for bathing 82% C.L.

light use for bathing 90% C. L.

infrequent use for bathing 95% C. L.


based on a site-specific log standard deviation, or if site data are

insufficient to establish a log standard deviation, then using 0.7 as

the log standard deviation.


Note (1) - Only one indicator should be used. The Regulatory agency

should select the appropriate indicator for its conditions.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

MEMORANDUM 

SUBJECT: Determination of "Existing Uses" for Purposes of 
Water Quality Standards Implementation 

FROM: Patrick Tobin, Director 
Criteria and Standards Division (WH-585) 

TO: Water Management Division Directors, Regions I-X 
WQS Coordinators, Regions I-X 

The antidegradation policy calls for the protection of 
existing uses and the level of water quality to protect those 
uses. Questions continue to be asked on defining existing uses, 
particularly in the recreational area, and who defines them. 
This memorandum provides guidance on these questions.1/ 

Recreational uses have traditionally been divided into 
primary contact and secondary contact recreation (i.e., swimming 
vs. boating; that is recreation "in" and “on” the water.) However, 
these two broad uses can logically be subdivided into an almost 
infinite number of subcategories (e.g., wading, sailing, power- 
boating, rafting, etc.). The water quality standards regulation 
does not establish a level of specificity which each State must 
apply in determining what "uses” exist. However, the regulation 
directly or indirectly establishes the following principles 
applicable to that process. 

The State selects the level of specificity it desires for 
identifying existing uses (that is, whether to treat secondary 
contact recreation as a single use or to define subcategories 
of secondary recreation 1. There are two limitations to the State 
decision: (1) the State must be at least as specific as the uses 
listed in sections 101(a) and 303(c) of the Clean Water Act, and 
(2) the State must be at least as specific as the written descrip- 
tion of the use classifications adopted by the State. 

If the State use classification system is very specific in 
describing subcategories of a use, then such specifically defined 
uses, if they exist, must be protected fully under our regulation 

1 With regard to aquatic protection uses, questions 7, 10, 11, 
and 16 of Questions and Answers on Antidegradation provide guidance 
for determining whether such uses exist, as does the Waterbody 
Survey and Assessment Guidance in Chapter 3 of the Water Quality 
Standards Handbook.) 
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and policies. A State with a broadly written use classification 
system may, as a matter of policy, interpret its classifications 
more specifically for determining existing uses - as long as 
it does so consistently. A State may also redefine its use 
classification system, subject to the downgrading constraints in 
40 CFR 131.10. 

If the use classification system in a State is defined in 
broader terms such as primary contact recreation, secondary 
contact recreation, or boating, then it is a State determination 
whether to allow changes in the type of primary or secondary 
contact recreation or boating activity which would occur on a 
specific water body as long as the basic use classification is 
met. For example, if a State defines a use simply as "boating", 
it is the State’s decision whether to allow something to occur 
which would change the type of boating from canoeing to power- 
boating as long as the resulting water quality allows the “boat- 
ing” use to be met. (The public record used originally to 
establish the use may provide a clearer indication of the use 
intended to be attained and protected by the State.) 

Our rationale is that the required water quality will allow 
a boating use to continue and that use meets the goal of the Act. 
For EPA to determine for a State what kind of boating, fishing, 
or recreation that should occur, where the question has not been 
addressed through the State's use classification system, appears 
to us to be extending a Federal presence beyond the scope intended 
by the Clean Water Act. Water quality is the key, This interpre- 
tation may allow a State to change activities within a specific 
use category but it does not create a mechanism to downwardly 
change use classifications - this latter action is governed 
solely by the downgrading provisions of the standards regulation 
(§131.10(g)). 

One situation where EPA might conceivably be called upon to 
decide what constitutes an existing use is where EPA is writing 
an NPDES permit. EPA has the responsibility under §301(b) (l)(C) 
to determine what is needed to protect existing uses under the 
State’s antidegradation policy, 
"existing uses" 

and accordingly may define 
for the purpose of writing that permit if the 

State has not done so. 

Ordinarily, it is the State which selects the level of 
specificity for identifying existing uses within its waters; EPA 
has the right of review and approval/disapproval just as we have 
on any aspect of water quality standards. (The general process, 
including emphasis on the State role, is described in the Water 
Quality Standards Handbook (pages 1-4 to 1-6)). 

cc: James M. Conlon 
Ed Johnson 
Ned Notzon 
Rebecca Hanmer 
Martha Prothro 
Bill Whittington 
Cathy Winer 
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Disclaimer 
 

 

The intent of this guide document is to provide the reader with insight into various tools and 
approaches used to track sources of fecal contamination impacting water quality in streams, rivers, 
lakes, and marine beaches. Descriptions of research and several case studies gathered through 
workshops, literature searches, and phone interviews are also provided. An effort was made to 
showcase programs, activities, and analyses that incorporated diverse Microbial Source Tracking 
(MST) approaches and tools. EPA does not support or condone any of the uses of the MST data 
presented here; nor does it endorse any of the organizations discussed in the case studies. An 
extensive interpretive review of the scientific literature is included for those interested in learning 
more about the field. This document does not impose legally binding requirements on states, 
authorized tribes, or the regulated community and does not substitute for Clean Water Act (CWA) or 
Safe Drinking Water Act (SDWA) requirements, EPA’s regulations, or the obligations imposed by 
consent decrees or enforcement orders. 
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FOREWORD 
 
 
Water is vital to all biological systems, thus safeguarding our Nation’s waters is a top priority to the 
U.S. EPA and the many federal and state agencies that are concerned with human health and 
environmental sustainability. While the majority of surface and ground waters in the U.S. meet 
regulatory standards, a significant portion of monitored surface waters contains fecal bacterial 
densities that exceed the levels established by state surface water quality standards. Reducing fecal 
pollution levels in natural water systems is particularly challenging as in most cases non-point 
sources of pollution are the primary contributors to high fecal bacterial levels.  As the demand for 
agricultural activities increases, and urban expansion decreases wildlife’s natural habitats, 
identifying the primary sources of fecal pollution will become even more important in the years to 
come. Currently, the identification of fecal pollution sources is determined using a variety of 
Microbial Source Tracking (MST) methods.  While some existing reviews address the pros and cons 
of MST, researchers from the EPA Office of Research and Development (ORD) and EPA regional 
offices, USGS, NOAA, USDA, and Environment Canada recognized the need of a document that 
describes in greater detail many issues regarding source identification.  Between the spring and fall 
of 2004, the National Risk Management Research Laboratory organized expert workshops to 
produce a guide document for stakeholders and environmental professionals interested in MST.  
This document is a product of these meetings and follow-up communications between federal, 
regional, state, and academic experts in the field of source identification and environmental 
monitoring.  This document includes a comprehensive review of the literature and in some cases 
provides a critical view of the state of the science and current research gaps in MST.  As advances in 
the fields of molecular biology and genomics continue to push the frontiers of science forward, it is 
very possible that new tools and approaches in MST will emerge. It is our intent to follow such these 
developments and update this guide document as advances are made.    
 
 
 
 
Sally Gutierrez, 
Acting Director 
National Risk Management Research Laboratory 
Cincinnati, OH 
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Executive Summary 
 
   
Approximately 13% of surface waters in the United States do not meet designated use criteria as 
determined by high densities of fecal indicator bacteria.  Although some of the contamination is 
attributed to point sources such as confined animal feeding operation (CAFO) and wastewater 
treatment plant effluents, nonpoint sources are believed to contribute substantially to water pollution. 
Microbial source tracking (MST) methods have recently been used to help identify nonpoint sources 
responsible for the fecal pollution of water systems. Moreover, MST tools are now being applied in 
the development of Total Maximum Daily Loads (TMDL) as part of Clean Water Act requirements 
and in the evaluation of the effectiveness of best management practices.  It is evident that MST is 
transitioning from the realm of research to that of application.   

 

This is not a regulatory document; rather, this document was designed to be used as a reference 
guide by those considering MST tools for water quality evaluations and TMDL-related activities.  
However, in a broader sense, water quality managers addressing public health issues, beach/shellfish 
closures, microbial risk management, and ecosystem restoration should also benefit from the 
extensive materials contained in this document.  Since some of the tools discussed are used in other 
areas of microbial water quality, environmental scientists and engineers in general would benefit 
from several of the Chapters of this document.  

 

The guide is divided into seven Chapters.  None of the Chapters is intended to stand alone; thus, the 
reader is encouraged to consult as many Chapters as possible to put into context the comments and 
suggestions made in various sections. A brief introduction to MST and the goals of this guide 
document are provided in Chapter 1.  Many of the criteria used to decide which method to use in 
source identification are discussed in Chapter 2. Details relevant to each of the most current 
approaches used in MST and ways data are collected and analyzed are explained in the next two 
Chapters.  Performance standards for MST studies are discussed in Chapter 5, followed by a critical 
evaluation of the general assumptions behind and limitations to application inherent in the various 
approaches.  Examples of MST application are presented in Chapter 7. 
 
Most MST studies have relied on matching “fingerprints” from bacterial strains isolated from a 
water system to those isolated from various hosts (e.g., humans, cows, pigs, raccoons, deer, geese, 
chickens, etc.) or known environmental sources (e.g., municipal wastewater).  In essence, 
fingerprints are based on phenotypic traits (e.g., antibiotic resistance analysis) or genotypic profiles 
(e.g., rep-PCR, ribotyping) of individual microbial strains.  Typically, hundreds of fingerprints of 
pure culture bacteria isolated from different sources (or known-source library) are generated in MST 
studies (Chapter 3).  Although results from several studies support the use of the library-dependent 
approaches for MST, accuracy of these approaches in field application has been questioned because 
of various problems associated with the target organisms.  Some of these problems relate to the level 
of complexity introduced by spatial and temporal vectors, the stability of the markers used, and 
issues of sampling design (Chapter 6). More recently, library-independent approaches have been 
proposed based on the amplification of host-specific markers.  Reports are beginning to surface 
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summarizing results of studies that evaluated library-independent methods against real-world 
samples (Chapter 7).  Much less is known about the library-independent approaches than the library-
dependent approaches; therefore, it is not possible at this time to recommend one approach over the 
other except in specific circumstances (outlined in Chapter 2). It should be noted that in some cases, 
more than one approach could be utilized for the purpose of identifying fecal pollution sources. 
Furthermore, in some circumstances it might be necessary to use more than one approach to validate 
preliminary results obtained with a particular approach.  
 
The complexity of environmental samples and the different variables affecting microbial survival 
and host specificity have an indirect impact of the efficacy of all MST tools.  Moreover, selection of 
MST tools and approaches are dependent in large part on the goals of an individual effort.  In all 
cases, accomplishing project goals will be impacted by the availability of technical and financial 
support.  As a consequence, various MST methods might be deemed appropriate at sites with similar 
characteristics (Chapter 2).  Regardless of project-specific criteria, the ultimate MST goal can 
generally be summarized as identification of the major sources of fecal contamination impacting the 
water system in question.  In some cases, this goal has been achieved, while in others, the lack of 
strong experimental design and poor understanding of the limitations of MST have resulted in 
insufficient data analysis and poor decision making. Hence, environmental managers must consult 
the scientific literature and, whenever possible, consult experienced practitioners prior to embarking 
on source identification studies. 

 

This document builds upon a history of cooperative work among federal, state, and academic 
partners. To aid our understanding of the reliability that can be expected from various MST tools and 
approaches, the EPA Office of Research and Development organized several multiagency meetings 
with the purpose of receiving input from scientists in specialized areas such as population genetics, 
population biology, host-microbe interactions, microbial physiology, and microbial ecology.  MST 
researchers from academia, USEPA regions, states, federal government (USDA, USGS, NOAA, and 
USEPA), and Environment Canada participated in these meetings.  Most of contributing authors of 
this guide document participated in the aforementioned meetings and in similar meetings in the U. 
S., Canada, and Europe; in many ways, this document captures the most relevant elements and 
suggestions that were discussed in prior meetings. 
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Chapter 1.  Introduction to Fecal Source Identification  
 

 
The Clean Water Act establishes that the states must adopt water quality standards that are 
compatible with pollution control programs to reduce pollutant discharges into waterways. In many 
cases the standards have been met by the significant reduction of loads from point sources under the 
National Pollutant Discharge Elimination System (NPDES).  Point sources are defined as “any 
discernable, confined and discrete conveyance, including but not limited to any pipe, ditch or 
concentrated animal feeding operation from which pollutants are or may be discharged”.  However, 
more than 30 years after the Clean Water Act was implemented, a significant fraction of the U.S. 
rivers, lakes, and estuaries continue to be classified as failing to meet their designated uses due to the 
high levels of fecal bacteria (USEPA 2000b). As a consequence, protection from fecal microbial 
contamination is one of the most important and difficult challenges facing environmental scientists 
trying to safeguard waters used for recreation (primary and secondary contact), public water 
supplies, and propagation of fish and shellfish.   
 
Microbiological impairment of water is assessed by monitoring concentrations of fecal-indicator 
bacteria such as fecal coliforms and enterococci (USEPA 2000a). These microorganisms are 
associated with fecal material from humans and other warm-blooded animals and their presence in 
water is used to indicate potential presence of enteric pathogens that could cause illness in exposed 
persons (Dufour, 1984). Fecally contaminated waters not only harbor pathogens and pose potential 
high risks to human health, but they also result in significant economic loss due to closure of 
shellfish harvesting areas and recreational beaches (Rabinovici et al., 2004).  For effective 
management of fecal contamination to water systems, the sources must be identified prior to 
implementing remediation practices.  Millions of dollars are spent each year on monitoring fecal-
indicator bacteria in water and attempting to develop reliable methods for fecal source tracking.  
Reliable and accurate fecal source identification methods are imperative for developing best 
management practices (BMPs) to control fecal contamination from relevant animal sources, to 
protect recreational-water users from water-borne pathogens, and to preserve the integrity of 
drinking source water supplies.   

 
The immediate demand for methods in MST has been stimulated by the current total maximum daily 
load (TMDL) requirements that states, territories, and tribes must comply with in the next five to ten 
years. A TMDL specifies the theoretical amount of a pollutant that a waterbody can receive and still 
meet water quality standards.  Strict waste load allocations from point sources like sewage treatment 
plants or industrial discharge pipe have already been established with the purpose of meeting 
regulatory standards. For this reason it is believed that nonpoint-pollutant sources are mostly 
responsible for many water system impairments, especially after storm events. Most nonpoint 
sources are associated with agricultural operations, although urban associated pollution is also an 
important contributor due to the increase in residential, commercial, and industrial development, use 
of manure as fertilizers, persistence of combined sewer overflows, and malfunctioning septic 
systems. Wildlife is often assumed to be a relevant source of pollution in cases where no obvious 
contribution could be assigned to human activity and livestock farming. Due to the variety of 
potential fecal sources impacting watersheds, fecal source identification is a challenging task that 
often requires multidisciplinary teams to effectively implement. 
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Various approaches have been used to identify fecal sources in water samples (Sinton 1996, Jagals 
1995, Simpson et al., 2002). For example, chemical analyses have been used to detect human-
associated markers like caffeine, fragrances, and detergents (search Ed Furlong). Fecal constituents 
(e.g., fecal sterols, fecal stanols, and secretory immunoglobulins) have also been considered as 
source identifiers, since different congeners are preferentially present in different animal species. 
Some of the chemical-based approaches for fecal source identification are gaining acceptance within 
the environmental community; however, issues that relate to specificity, sensitivity, microbial 
biodegradation, and adsorption must be further investigated in order to validate their use as reliable 
source identification tools. While this document will focus on source tracking tools and approaches 
that use microorganisms as the source identifiers, it should be noted that chemical approaches could 
also be used in fecal source identification studies.  
 
Early attempts to classify fecal sources based on microbial source identifiers focused on 
discriminating contamination sources in a broad fashion (i.e., human vs. nonhuman categories) 
based on the fecal coliforms to fecal streptococci (FC-FS) ratio.  It is now widely accepted that this 
approach cannot accurately differentiate between human and animal sources because differences in 
die-off rates between fecal coliforms to fecal streptococci could affect FC-FS ratios in aged the 
ratios used to classify the sources are not consistently valid for different animals (Reference standard 
methods).  Variability in bacterial survival rates between fecal coliforms and fecal streptococci 
affects this ratio, particularly when a temporal component is added to the equation. While the FC-FS 
ratio is seldom used in contemporary source identification studies, it should be recognized that the 
work of Geldreich and colleagues (Geldreich and Kenner, 1969;  Geldreich et al., 1968; Geldreich 
and Clarke, 1966; Geldreich et al., 1964) is in large part responsible for encouraging other scientists 
to develop and evaluate new tools to discriminate between the different sources of fecal pollution.  
 
More recently, a number of microbial source tracking (MST) approaches have been developed to 
associate various animals with fecal pollution of natural waters.  MST is based on the assumption 
that, given the appropriate method and source identifier, the source of pollution can be detected.  In 
general terms, MST methods could be grouped as library dependent methods (LDMs) and library 
independent methods (LIMs).  LDMs require the development databases of genotypic or phenotypic 
fingerprints for bacterial strains isolated from suspected fecal sources.  Fingerprints of isolates from 
contaminated water are compared with these libraries for classification. Bacterial indicators of fecal 
contamination (e.g., E. coli and enterococci) are commonly used for LDM development.  LIMs do 
not depend on the isolation of targeted source identifier as detection is performed via the 
amplification of a genetic marker by a Polymerase Chain Reaction (PCR) step, although some 
methods often require a pre-enrichment to increase the sensitivity of the approach. Some LIMs target 
the16S rDNA (which is vital for protein synthesis and therefore present in all bacteria), while others 
target function-specific genes (which are present in a particular bacterial group) for PCR primer 
development. The advantages, limitations, and applications of a majority of these methods will be 
discussed in the following Chapters. 
 
Several MST tools are now being applied in the development of TMDL plans and in the evaluation 
of best management practices.  However, due the relatively recent development of MST, most 
environmental managers and scientists have little training and experience in the application of MST 
methods to TMDL plans. To date there is no single method that could be applied to all types of 
fecally contaminated water systems.  This is due, in part, to the fact that several factors can control 
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the level of complexity of a particular water system, which has a direct impact in choosing the best 
method for the identification of primary sources of pollution.  Moreover, there is a lack of 
consistency among the various laboratories performing some of the MST techniques that keeps them 
from sharing data. The Office of Research and Development recognizes the importance of effective 
pollution management measures and the need to develop, evaluate, validate, and standardize 
methods that could help stakeholders address current fecal pollution issues.  
 
The purpose of this guide is to provide scientists, engineers, and environmental managers with a 
comprehensive, interpretive analysis of the current and relevant information (based on both lab and 
field data) related to MST. Descriptions of the various MST approaches, data collection tools, data 
analysis procedures, method application, performance standards, and assumptions and limitations 
associated with the field of MST will be provided in different Chapters.  The Chapters were written 
by a diverse group of professionals from academia and government agencies.  Regional and state 
environmental professionals were also consulted during different stages of this particular effort.  
Many of the contributing authors are recognized leaders in MST and applied environmental 
microbiology.  While the information herein presented is contemporary, it should be noted that MST 
is a very intense and dynamic field, and therefore, the reader is encouraged to consult the scientific 
literature frequently.  
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Chapter 2.  Decision Criteria    

 
2.1  Introduction 
 
A number of methods, both genomic and phenotypic, have been developed for use in microbial 
source tracking (MST).  Some of these methods are library-dependent (i.e., rely on fingerprint 
databases of culturing microorganisms) and some are library-independent (i.e., normally performed 
by nucleic acid amplification techniques that do not require cultivation of microorganisms).  
Comparison studies have shown that no single method is clearly superior to the others (Griffith et 
al., 2003; Stewart et al., 2003; Stoeckel et al., 2004).  Therefore, no single method has emerged as 
the method of choice for determining sources of fecal contamination in all fecally impaired wate 
bodies.  The decision on which method to use depends on the unique set of circumstances associated 
with the specific study area in question, the results of sanitary surveys, as well as budgetary and time 
constraints.  In some situations, a rather coarse method will suffice, particularly if it is only 
necessary to distinguish between human and animal fecal sources or between domestic animal and 
wildlife sources.  In other situations, it may be necessary to identify the species of domesticated 
animal or even the specific herd or flock that is the major contributor of fecal pollution, both of 
which require more precise methods.  
 
2.2  Choice of method 
 
The microbial source tracking decision tree that appears in this Chapter (Figure 1) was created to 
assist state and local authorities in deciding whether or not MST methods are necessary to determine 
the sources of fecal pollution in their particular watershed or bathing beach and, if so, which group 
of methods might be most appropriate for their needs.  Identification of an appropriate group of MST 
methods is the outcome of a series of decision points.  A menu of methods appears at each decision 
point, allowing the potential users to make informed decisions.  The reader is directed to Chapter 3 
to evaluate the advantages and disadvantages of specific MST methods. 
 
The following steps outline the process as shown in the decision tree.  These steps are meant to serve 
as a guide to the reader as to the decision points in the tree. 
 
2.2.1  Step 1: Is the problem adequately defined? 
 
MST can be used in a number of circumstances.  First, the problem to be addressed must be 
adequately defined and the desired outcomes considered.  For example, if the problem is bacterial 
exceedences that result in beach advisories/closures, there are many variables to be determined.  
These include: the conditions under which exceedences are likely to occur, the bacterial indicator 
species of concern, and the desired outcome (removal of future advisories, determination if human 
pollution is a source, etc.) 
 
Problem definition can vary for the same situation.  In the case of TMDLs, the problem and desired 
outcome may initially be defined to determine if human feces are contributing to the exceedences so 
that a prioritization scheme can be fulfilled, i.e., if human feces are present, the area becomes a high-
priority target for management action due to the known risks associated with this type of 
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contamination.  Once a TMDL is scheduled, the definition may change to a desire to know every 
source that may be contributing and, if possible, to what degree. 
 
Failure to adequately define the problem and desired outcomes prior to initiating the decision tree 
make it unlikely that MST will serve a useful function and achieve results that can be acted upon. 
Given this, readers are strongly cautioned about proceeding without this information. 
 
2.2.2  Step 2: Has an adequate sanitary survey been conducted? 
 
A sanitary survey can be used to evaluate and document sources of contaminants that might 
adversely affect public health.  Although sanitary surveys are frequently associated with drinking 
water supply systems, they can be used to identify sources of pollution and to provide information 
on source controls and identification, persistent problems such as exceedance of water quality 
standards, magnitude of pollution from sources, and management actions and links to controls.  A 
Registered Sanitarian or professional with experience in these areas should perform the survey.  A 
sanitary survey can be an effective tool for protecting human health and can provide information that 
helps in designing monitoring programs and selecting sampling locations, times, and frequencies. 
 
In this instance, the sanitary survey should be of sufficient rigor to identify all of the potential 
sources within the study area, as well as the conditions under which unacceptable contamination 
should occur.  The spatial and temporal extent of the contamination is typically based on local 
conditions including tidal cycle, nearshore currents, dam releases, and rainfall.  Lack of a sufficient 
survey will hinder the overall approach to identifying the source of pollution in the study area. 
 
For information on how to conduct sanitary surveys, the reader is referred to EPA’s National Beach 
Guidance and Required Performance Criteria for Grants – June 2002 (EPA 823-B-02-004), 
Appendix G. This dcument is publically available at the following electronic site; 
http://www.epa.gov/waterscience/beaches/grants/guidance/factsheet.pdf 
 
2.2.3  Step 3: How many sources were identified in the sanitary survey? 
 
Single source: It is quite possible that the sanitary survey will identify a single, dominant source of 
contamination within the watershed.  In this case, MST is likely unnecessary and remediation of the 
source is warranted.  However, some resource managers may desire a confirmatory test to back up 
the result of the sanitary survey.  In this case, one option would be to use a library independent 
method, assuming there is an available technique that targets the source identified by the sanitary 
survey.  Use of a library independent method in this scenario is advantageous because these methods 
can confirm the findings of the sanitary survey without investing the time and money necessary to 
build a library.  However, it may also be cost effective to employ a library dependent method if an 
appropriate local database already exists.  If MST results confirm the findings of the survey, then 
remediation is again warranted.  If the confirmatory test fails to substantiate the findings of the 
survey or remediation fails to fix the problem, this would indicate a failure in the sanitary survey.  In 
such a case the sanitary survey should be repeated. In some cases a new survey strategy should be 
considered.   
 
Multiple sources: Proceed to the next step. 
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2.2.4  Step 4: Is the watershed/study area of manageable size? 
 
This is a rather subjective step, but experience in the field has shown that the smaller the 
watershed/study area under examination, the greater the chance of success in determining the cause 
of the exceedence and the likelihood of success at correcting the problem.  In general terms, 
watersheds or study areas with drainage areas greater than 14 digit USGS hydrologic unit code in 
size are not amenable to using MST.  An exception to this general statement is that non-library based 
methods may prove useful in larger area evaluations if the desired outcome is to know whether 
human fecal contamination is present.  If previous steps have been performed on areas greater than 
the 14-digit zone, it is strongly recommended that the size of the affected watershed or drainage area 
be whittled down by use of extensive targeted sampling as previously documented by Kuntz et al. 
(2003).  In addition, a new sanitary survey may be necessary as the original one applies specifically 
to the larger area. 
 
2.2.5  Step 5: What is the desired level of discrimination? 
 
As previously noted in Step 1, positive identification of a human source may be sufficient for some 
purposes.  However, more detailed information about all fecal sources may be necessary to address a 
different set of objectives.  Step 5 is meant to lead the reader to the set of methods which will 
provide the level of resolution necessary to fulfill the objectives of the study.  Possible 
discriminations are: 1) humans vs. all other sources, 2) species specific results (humans vs. cows vs. 
horses vs. deer etc.), 3) group comparisons (humans vs. livestock vs. wildlife), and 4) specific 
individual hosts (cows from a certain farm vs. other farms vs. other livestock on farms vs. human 
etc). 
 
 
2.3  Explanation of Resolution/Outcome Endpoints 
 
#1 Humans vs. All Other Sources and #2 Species Specific Results 
 
Both library independent and library dependent methods are amenable to the resolution of single 
species.  Library independent methods may be appropriate if techniques have been developed that 
target the desired species.  For example, methods that have been proposed to identify human fecal 
contamination include PCR for host-specific Bacteroides species, E. coli toxin genes, or human-
associated viruses (see Chapter 3).  Other species can likewise be targeted, although a limited 
number of methods currently exist for all species that may be desired (Dick et al., 2005a; Dick et al., 
2005b).  As a result of sequencing efforts of fecal bacteria as well as fecal microbial communities 
(Xu et al., 2003; Bäckhead et al., 2005; Eckburg et al., 2005), the number of host specific assays is 
likely to increase significantly in the near future.  If there is not a library-independent method 
available to target the desired species, a new method may need to be developed or library-dependent 
methods should be considered.  Likewise, if presence/absence results will not suffice to meet the 
study objectives, and the available library independent methods are not capable of providing 
quantitative results, then library-dependent methods should again be considered. 
 
An adequate library must be available or developed in order to effectively utilize library dependent 
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methods.  At present, it is not possible to provide generic guidance for what would constitute an 
adequate library for any MST study.  Readers should examine Chapter 5 to determine the 
requirements for library based methods.  Assuming that a library is available or developed, the level 
of discrimination should be determined to lead to the appropriate suite of methods. 
 
As a caution, the use of ‘weighed estimates’ or ‘quantitation’ in these flow charts does not imply that 
an exact, quantitative assessment is provided by these methods.  With changing conditions in a 
watershed, robustness of the base library, and other methodological considerations, the best that 
current technology can do is to give a general idea as to the level of contribution from sources at the 
time the assessment is done.  Results from these types of analyses should be regarded as an estimate 
of contribution, rather than a well-defined fraction associated with each source.  With continuing 
evolution of the technology and methods for source tracking, it is possible that precise quantitative 
results will be possible in the future. 
 
 
#3 Host Group Comparison (Humans vs. Livestock vs. Wildlife) 
 
This track is very similar to #1 and #2; however, non-library based methods are not considered here 
because the resolution of these methods is insufficient to discriminate to the level required.  Library-
based methods only are applicable and come with the same caveat concerning a sufficient library as 
expressed in #1 and #2. 
 
While there are non-library based methods that show promise for presence/absence analyses (e.g., 
the method that employs ruminant specific primers for Bacteroides), they do not currently offer the 
resolution necessary to make a group comparison.  In the case of the ruminant primers, the method 
will detect cows equally as well as deer.  More sensitive non-library-based methods continue to be 
developed and may become an option for this type of group comparison in the future. 
 
 
#4 Individual Hosts 
 
The only methods now available that produce this type of result are library based genotypic 
methods. Again, these methods come with the caveat that a sufficient library must be available in 
order to get substantive results.  Ideally, the library should be developed at the time of the study to 
counteract temporal variations that have been observed in genomic libraries (Jenkins et al., 2003).  
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Chapter 3.  Microbial Source Tracking Approaches 
 

3.1 Introduction 
 
Numerous approaches have been used to determine potential sources of fecal contamination in the 
environment. These methods are at various stages of development and validation.  Accordingly, this 
Chapter serves only as a resource for users to make an informed decision on the approach that best 
suits their needs and financial resources. Currently one method cannot answer all questions and it is 
likely that this will not change in the near future.  This Chapter focuses on methods based on 
phenotypic and genotypic analysis of microorganisms that have been used for source tracking. A 
number of the methods described in this Chapter can be, or have already been, adapted for different 
target organisms. Chapter 6 reviews the target organisms and factors that must be considered when 
appropriate methods are being chosen.  The Chapter on case studies provides more detail on the 
successful application of some methods.  Methods for MST are dynamic with a number of new 
approaches are being developed, such as gene chips with toxin genes and/or fecal indicator 
sequences, and biosensors for the detection of target organisms. 

 
Methods currently used for microbial source tracking fall into a few broad categories, genotypic 
versus phenotypic analysis of either cultivated target organisms, or cultivation-independent 
approaches by direct analysis of samples from the environment (Figure 1).  Genotypic analyses are 
based on some aspect of an organism DNA sequence, whereas phenotypic analysis measures a trait 
that is expressed. Genotypic methods differ by targeting specific genes or by measuring genetic 
polymorphism (differences) in the genome. Genotypic methods that have been used for microbial 
source tracking are: strain specific PCR (e.g., 16S rRNA gene, host-specific toxin genes, or phage 
specific sequences), ribotyping, whole genome restriction fragment length polymorphism (RFLP) 
analysis using pulse field gel electrophoresis (PFGE), repetitive element sequence PCR (rep-PCR) 
fingerprint profiles, random amplification of polymorphic DNA (RAPD), and amplified fragment 
length polymorphism (AFLP). All these methods require selective cultivation of indicator bacteria 
from water samples as well as from fecal sources that are used to construct a host reference library, 
with the exception of methods that detect bacterial host-specific genes (e.g., Bacteroides sp. 16S 
rDNA sequences) using PCR. The two most often used phenotypic methods for MST, antibiotic 
resistance and carbon source utilization, also require cultivation of the indicator bacteria.  Each of 
these methods will be described in detail in the following sections.   

 
 

3.2  Cultivation versus cultivation-independent microbial targets  
 
Many of the methods first tested for microbial source tracking used a cultivation approach for E. 
coli, fecal streptococci/enterococci, and coliphage, as these organisms are used as indicator of fecal 
pollution in waters.  Standard methods for the cultivation of E. coli and fecal enterococci (USEPA, 
2000) and coliphage (USEPA, 2001a, b) have been previously described.  Although EPA has 
standard cultivation methods, caution must be taken when comparing studies in the literature.  Often 
different methods have been used to cultivate and confirm the target organism (Harwood et al., 
2003; Myoda et al., 2003).  For example, E. coli may be isolated on mTEC, MI, mFc, a combination 
of mENDO and NA-MUG, or by using commercial systems such as ColilertTM and ColitagTM. Some 
E. coli confirmatory tests used either singly or in combination are: IMViC – indole production, 
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methyl red reaction, Voges-Proskauer test, failure to grow on citrate-minimal media, MUG (4-
methylumbelliferyl-ß-D-glucuronide) hydrolysis (test for ß-glucuronidase), indole production, gas 
formation on lactose, failure to express urease, failure to express oxidase, and Analytical Profile 
Index (API) biotyping system.  There is still a need for researchers to standardize detection and 
confirmation methods for all indicators to ensure the same organism is isolated and study results are 
comparable. The discriminatory power of each method may vary when different target organisms are 
used and therefore each target organism must be tested independently to assess the value of a 
method. 
 
An alternative approach for studying microbial ecology has been prompted by research that 
estimated that only a small fraction (0.1 to 10%) of bacterial species have been cultivated from most 
environments (Ranjard et al., 2000; Staley and Konopka, 1985; Torsvik et al., 2002).  Most relevant 
to microbial source tracking is the analysis of gastrointestinal microbes, which indicates that some 
400 different species of bacteria may be found in animal intestines and populations are in the order 
of 1011 g-1 of contents (reviewed by Zoetendal 2004).  Intestinal microflora have been well 
characterized in a number of animal hosts including humans (Suau et al., 1999), swine (Leser et al., 
2002; Pryde et al., 1999) and cattle (Ramšak et al., 2000).  Collectively, and when compared to 
cultivation-dependent methods, cultivation-independent methods suggest that the numerically 
dominant bacteria in animal colons are anaerobic and belong to the low G+C Gram-positive and 
Cytophaga-Flavobacter-Bacteroides bacterial phyla.  Common genera in animal intestines are 
Bacteroides, Eubacterium, Clostridium, Ruminococcus, Peptococcus, Peptostreptococcus, 
Bifidobacterium and Fusobacterium (Matsuki et al., 2002).  However, these bacteria are not readily 
cultivated in the laboratory, which has limited their use as fecal indicators in the past. In contrast, the 
more easily cultivated fecal indicator bacteria, E. coli and Enterococcus, are present in lower 
concentrations. A number of molecular genetic methods and kits have been developed to isolate 
nucleic acids from organisms or environmental samples without need for cultivation, making it 
possible to use alternative targets. After extraction, a number of methods can be used to examine 
DNA directly or indirectly after amplification by polymerase chain reaction (PCR).  The polymerase 
chain reaction (PCR) technique is an extremely useful, sensitive and rapid method that can be 
applied to both laboratory-cultivated organisms and nucleic acids directly obtained from 
environmental samples.  Nucleic acid replication via PCR is automated in the laboratory resulting in 
an approximately 106-fold amplification of a target nucleotide sequence. This approach provides a 
means to examine targets that are not readily cultivated and may not be in high numbers in the 
environment, but nevertheless serve as better indicators of fecal sources. 
 

 
Want more details on PCR? 
 
Polymerase Chain Reaction (PCR) is a method in which a target DNA sequence is preferentially 
replicated from a mixture of non-target sequences. All methods that involve PCR have some 
common requirements: (i) target primer(s); (ii) each of the four nucleotides (adenine, cytosine, 
guanine, thymine); (iii) thermal tolerant polymerase (e.g., Taq polymerase); (iv) nucleic acid 
template (e.g., DNA from cultures or environmental sample); and (v) appropriate buffers and co-
factors to maintain the proper pH and optimize the enzymatic reaction. Primers are short lengths 
of nucleotides (oligonucleotides) that usually range from 8 to 24 basepairs in length depending 
on the desired specificity, which increases with primer length.  DNA synthesis is initiated from 
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the primers, and therefore PCR amplifies the sequence between the primers. The specificity of 
the primers is dependent on the sequence information available at the time of their development. 
The polymerase enzyme catalyzes the synthesis of new DNA. Once all ingredients are combined, 
the solution temperature is cycled 25-35 times between three temperatures to control the 
amplification process. First it is raised (usually 94-95°C) to denature the two strands of DNA, 
then lowered to allow primers to anneal to the template DNA (typical range is 50°C to 65°C), 
and then raised to optimize activity of the thermal tolerant polymerase (e.g., 72-75°C) to 
synthesize new strands of DNA. After PCR is performed, the DNA products can be visualized 
after gel electrophoresis and staining.  In addition to the basic molecular biology supplies this 
method requires access to a thermal cycler.  The reagents (mainly the polymerase and 
nucleotides) and PCR disposables (e.g., micropipette tips, PCR tubes, etc.) are the major costs 
incurred by this method. 
 
 
3.3  Cultivation-dependent/library-dependent methods 
 
Many methods that rely on the cultivation and isolation of the target microorganisms also require the 
creation of a reference library.  Reference libraries are built using isolates taken from known hosts or 
environmental sources.  In most cases isolates are taken from fecal samples, if possible, collected 
directly from the animal or directly after excretion to ensure there is limited contamination from 
other sources. However, some investigators believe sewage lagoons and animal waste holding ponds 
provide isolates more representative of survivors that would most likely be found in the 
environment. Most libraries have been built using isolates taken from potential sources in the region 
being studied. Currently, there are conflicting opinions on the geographic and temporal stability of 
source libraries, likely arising from a number of factors including: differences in library sizes, 
sampling method, and data analysis method.  Isolates with identical patterns from the same fecal 
sample, are presumed to be clones and should be discarded from the library otherwise an inaccurate 
statistical bias will occur. A number of approaches that have been used to determine the accuracy of 
libraries are discussed in the method performance Chapter. However, the most important unsolved 
factor is the size of library necessary to successfully identify host sources. 
 
 
3.3.1  Phenotypic methods 
 
Antibiotic resistance 
 
Antibiotic resistance was developed as a method for source tracking based on the demonstrated 
phenomenon that bacteria from hosts exposed to antibiotics will develop resistance to those 
antibiotics, and on the hypothesis that this selective pressure would be a mechanism for 
discriminating among fecal bacteria from various hosts. Antibiotics are used to prevent and treat 
infections in humans and domestic animals and to increase growth rates in animal production. 
Bacteria resistant to antibiotics used in animal feed (Bryan et al., 2004) have been found in poultry 
litter (Kelley et al., 1998), cattle feces (Dargatz et al., 2003), and in swine manure (Smalla et al., 
2000). Throughout the literature, different permutations of antibiotics and concentrations (range in 
µg/ml) have been used for antibiotic resistance tests including: amoxicillin (4-128), ampicillin (10), 
bacitracin (10-100), cephalothin (sodium salt) (10-50), chloramphenicol hydrochloride (4), 
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chlortetracycline hydrochloride (20-80), chlortetracycline (20-80), doxycycline hydrochloride (4), 
erythromycin (5-50), gentamicin (1-20), kanamycin monosulfate (3-50), monensin, (5-250), 
moxalactam-sodium salt (0.2-1), nalidixic acid-sodium salt (3-25), neomycin sulfate (3-50), 
norfloxacin (0.1), oxytetracycline hydrochloride (20-100), penicillin G-potassium salt (20-200), 
polymixin B (1-10), rifampicin (2-16), streptomycin sulfate (20-800), sulfathiazole (500), 
tetracycline hydrochloride (4-64), trimethoprim:sulfamethoxazole (1:19 ratio) (0.2- 5), and 
vancomycin (2.5-30).  There is currently no standard suite of antibiotics and concentrations used for 
antibiotic resistance testing. Antibiotics are best chosen after determining potential animal fecal 
sources and antibiotics used in their treatment. Furthermore, the antibiotics chosen must be 
appropriate to the source identifier utilized, i.e., E. coli and other fecal coliforms are intrinsically 
resistant to vancomycin; therefore, its use with this class of source identifier is not informative. 
 
This method has been used extensively because it is rapid, relatively simple, and relatively 
inexpensive. Furthermore, it requires less technical expertise than molecular methods and no 
specialized equipment. There are three approaches that have been used in MST studies antibiotic 
resistance analysis (ARA), multiple antibiotic resistance (MAR) and Kirby-Bauer antibiotic 
susceptibility.  In MAR studies, bacteria are tested for resistance to different antibiotics (Parveen et 
al., 1997).  ARA differs slightly by including different concentrations of each antibiotic being tested 
(Wiggins, 1996; Wiggins et al., 1999). The Kirby-Bauer antibiotic susceptibility test has been a 
standard method for use in clinical studies and uses small filter disks that have been impregnated 
with antibiotics. The zone of growth inhibition around the disks is used to quantify resistance.  Some 
MST researchers believe that ARA provides the most information of the three antibiotic-based 
approaches.  A potential problem when using antibiotic resistance as a phenotypic source tracking 
method is the transfer of resistance genes between bacteria.  Genes conferring antibiotic resistance 
have been found on a variety of mobile genetic elements including plasmids, transposons, and 
conjugative transposons that provide a means for lateral transfer of the genes (Bass et al., 1999; 
Kruse et al., 1994; Ohlsen et al., 2003; Salyers et al., 1995; Smalla et al., 2000). Although 
indigenous bacteria have the potential to transfer antibiotic resistance genes to fecal bacteria after 
bacteria from fecal sources enter the environment, this would have to occur at very high frequency to 
affect the overall proportion of resistant cells in the fecal host population. Even if gene transfer 
frequencies were as high as 1%, which is much higher than has been reported (Smalla et al., 2000), 
their detection will be unlikely with current antibiotic resistance protocols unless there is extensive 
regrowth of the recipients in the environment. 

 
 

Application of antibiotic resistance to MST 
 
Among the different antibiotic resistance approaches available, ARA is the most common method in 
MST studies (Booth et al., 2003; Choi et al., 2003; Graves et al., 2002; Hagedorn et al., 1999; 
Harwood et al., 2000; Harwood et al., 2003; Whitlock et al., 2002; Wiggins, 1996; Wiggins et al., 
1999, Wiggins et al., 2003), and has been utilized in many TMDL studies. Regardless of the specific 
method, they all first require cultivation of the target organism, and E. coli, fecal enterococci, and 
fecal streptococci have been tested with this method (Harwood et al., 2003; Parveen et al., 1997; 
Wiggins, 1996). 
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Basic antibiotic resistance methodology 
 
For ARA and MAR antibiotic resistance analysis is carried out by first developing a database of 
antibiotic resistance patterns (ARPs) of indicator bacteria isolated from the feces or sewage of 
known animal sources.  Colonies are isolated by membrane filtration or by streaking onto the 
appropriate selective-differential media. These isolates are transferred to a 96-well microplate filled 
with growth medium, incubated, and then replica-plated on a battery of antibiotic-containing media. 
Multiple concentrations of each antibiotic are used for ARA, while a single antibiotic concentration 
is used for MAR.  The isolates are then scored positive or negative for growth on each plate.  Plates 
with no antibiotic addition are used as positive controls.  Typically, the ARP of each isolate consists 
of approximately 30 data points. The procedure for determining the ARPs of isolates requires four to 
five days. 
 
ARPs of bacteria from known sources are then analyzed using discriminant analysis, a form of 
multiple analysis of variance.  Discriminant analysis uses the ARPs from known sources to generate 
the predictive equations (the “classification rule”) that will be used to classify unknown isolates by 
source. The accuracy of the database is assessed by using ARPs of the isolates from known sources 
as test data. This procedure generates a source-by-source matrix that provides the rate of correct 
classification for each source.  Overall performance is measured by averaging the rates of correct 
classification (ARCC) for each source.  Fecal bacteria isolated from polluted water are then 
processed in the same manner as the known isolates, and identified using discriminant analysis. 
More rigorous tests can be utilized to validate the predictive accuracy of the database, i.e., ARPs of 
isolates from samples that are not included in the library can be used to challenge the database’s 
predictive capability. 
 
The Kirby-Bauer disk diffusion antibiotic susceptibility test is performed following the NCCLS 
protocol (National Committee for Clinical Laboratory Standards 1999). In this method filter paper 
disks with known concentrations of antibiotics are placed into a Petri plate that has been heavily 
inoculated with the bacterium of interest.  The antibiotics diffuse from the disks into the agar making 
a gradient of antibiotic concentrations. The plate is incubated usually for about 24 h, then the zone of 
inhibition surrounding the disk is measured, which indicates the antibiotic sensitivity of that isolate. 
This diameter is called the minimum inhibitory concentration (MIC) for that antibiotic. The size of 
the growth inhibition zones can vary due to: (1) the culture medium used; (2) incubation conditions; 
(3) the rate of antibiotic diffusion; and (4) the concentrations of the antibiotics used.  All these 
factors must be kept constant to make between experiment comparisons. An antibiotic sensitive 
control must be used for comparisons (e.g., E. coli ATCC 25923).  Tests of each isolate must be 
replicated to ensure reproducibility. Isolates are scored as sensitive, intermediate, or resistant 
compared to the control for each antibiotic used.  For all three approaches isolates are classified 
based on a combination of the antibiotics (and concentrations if known) to which they are sensitive 
and resistant.  
 
 
Carbon utilization 

 
This method compares differences in the utilization of several carbon and nitrogen substrates by 
different bacterial isolates. Substrate utilization can be rapidly scored by the formation of a purple 
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color due to the reduction of a tetrazolium dye included with the substrates and automatically 
detected using a microplate reader.  Isolates are typically classified using only a subset of indicative 
substrate, for example, Hagedorn et al. (2003) used only 30 of the 95 wells for their analysis. 

 
This method was first investigated for potential use in MST because it is rapid, simple and requires 
little technical expertise.  It has been most successfully used for identification of isolated clinical 
Gram-negative bacteria (Holmes et al., 1994). Its use in analysis of environmental samples has been 
questioned due to variability and poor reproducibility (Konopka et al., 1998; Tenover et al., 1995). It 
is possible to test substrate utilization of each isolate using an array of substrates in the laboratory 
but the method has been simplified by the availability of commercial microwell plates containing 
substrates. Most commonly used are Biolog microplates (Hayward, CA), and more recently 
PhenePlate (PhP plates; Stockholm, Sweden). 

 
 

Application of carbon utilization to MST 
 
This method has been tested for use in MST only at a small scale (Hagedorn et al., 2003; Harwood et 
al., 2003; Wallis and Taylor, 2003). In one study, 30 Enterococcus strains were isolated from stream 
sites where an obvious source of pollution was apparent and analyzed using the Biolog system.  
Using a 365 isolate source library, classification of sample isolates correctly matching the 
presumptive sources ranged from 86.6-93.3%.  However, in another study using the PhenePlate 
system, a larger number of Enterococcus isolates (1,766) from six sources were compared, diversity 
was very high in wastewater samples (Simpson's Diversity Index= 0.95) and seabird feces (DI = 
0.72) but much lower in animal feces such as cows (DI=0.32) (Wallis and Taylor, 2003). High 
diversity increases the size of library needed to differentiate hosts.  In a controlled study, results of 
carbon utilization were compared to antibiotic resistance and found to be comparable (Harwood et 
al., 2003).  Although positive identification was high (93%), there were also a number of false 
positives (51.5%). The authors speculated that the library was too small, resulting in the false 
positives. 
 
 
Carbon utilization methodology 
 
Very little preparation by the user is necessary since microwell plates with 95 different substrates 
may be purchased from Biolog, (Hayward, CA) or those with 24 substrates from PhenePlate 
(Stockholm, Sweden).  Since the PhenePlate has only 24 substrates, one plate can be used for 
replication or different isolates.  Different microwell plates are used for the analysis of Gram-
positive bacteria (e.g., GP2 MicroPlate™, Biolog) and Gram-negative bacteria (e.g., GN2 
MicroPlates™, Biolog). Isolates are first grown and a liquid suspension of cells at a standardized 
turbidity is used to inoculate the microplates. After incubation at 37ºC for 24 h, presence or absence 
of growth is indicated by purple dye formation and is assessed manually or automatically using a 
plate reader (MicroLog™ System, Biolog).  Discriminant analysis of the binary data from known 
sources is then typically used to determine the substrate combination that best distinguishes the host. 
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3.3.2 Genotypic methods 
 
Molecular (DNA) typing or fingerprinting tools are used to differentiate specific microorganisms. 
Bacteria and in particular E. coli strains have been analyzed by a variety of genotyping methods that 
vary in their sensitivity and technical complexity. Genotypic methods requiring a reference library 
fall into two categories, direct analysis of the genome or indirect analysis after PCR. The sensitive 
and rapid nature of the PCR method and its ability to amplify target sequences approximately 106-
fold has made it an attractive method, and is commonly used in many of the newer source tracking 
approaches.  This section discusses the cultivation-dependent library methods, but PCR is used both 
in cultivation dependent and independent approaches.  The latter are discussed toward the end of this 
Chapter. In general, methods that employ PCR are usually more rapid than those that directly 
examine the genome. The advantages of using PCR based method are: only a small amount of 
starting DNA material is needed, often bacterial cells can be used without performing DNA 
extraction, some analyses can be automated reducing labor costs, and most produce highly 
reproducible and accurate fingerprint profiles. All the methods listed in this section require a 
laboratory and personnel with at least basic equipment and expertise in molecular genetics. 
 
rep-PCR DNA fingerprinting  
The repetitive element sequence-based PCR (rep-PCR) DNA fingerprinting technique (de Bruijn, 
1992; Versalovic et al., 1991; Versalovic et al., 1994) uses the polymerase chain reaction and 
primers to amplify specific portions of the microbial genome, which are subsequently visualized 
following electrophoresis. The primers used for rep-PCR DNA fingerprinting are complementary to 
naturally occurring, multi-copied, conserved, repetitive, DNA sequences present in the genomes of 
most Gram-negative and Gram-positive bacteria (Lupski and Weinstock 1992).  The repetitive 
elements are usually comprised of duplicated genes, interspersed repetitive extragenic palindromes 
(REP) and other palindromic unit sequences, intergenic repeat units (IRU), enterobacterial repetitive 
intergenic consensus (ERIC) sequences, bacterial interspersed mosaic elements (BIME), short 
tandemly repeated repetitive (STRR) sequences, and Box elements (Sadowsky and Hur, 1998).  
Three major families of repetitive sequences have been generally used for rep-PCR DNA 
fingerprinting: repetitive extragenic palindromic (REP) sequences (35-40 bp), enterobacterial 
repetitive intergenic consensus (ERIC) sequence (124-127 bp) and the 154 bp Box element 
(Versalovic et al., 1994). The use of these primer(s) coupled with PCR leads to amplification of the 
specific genomic regions located between adjacent REP, ERIC or Box elements. While the methods 
done using these sequences should be referred to as REP-PCR, ERIC-PCR and Box-PCR genomic 
fingerprinting, respectively, collectively the technique is referred to as rep-PCR genomic 
fingerprinting (Versalovic et al., 1991; Versalovic et al., 1994).  The resulting mixture of amplified 
DNA fragments is resolved in agarose gels, producing a banding profile referred to as a rep-PCR 
genomic DNA fingerprint (Versalovic et al., 1994). Thus, the banding pattern serves as a 
"fingerprint" for strain identification or analysis of microbial populations. Bacteria having identical 
fingerprints are regarded as being the same strain, and those having nearly identical or similar 
banding patterns are regarded as being genetically related.  
 
This method has been used extensively because it is rapid and relatively simple. Among the 
molecular genotyping methods, it is the least expensive and requires less technical expertise. Only 
the basic equipment present in most laboratories performing molecular genetic analyses is necessary 
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unless higher throughput and greater accuracy is desired and one chooses to use an automatic 
sequencer or fluorescence scanner (see HEFERP below). 

 
 

Application of rep-PCR to MST 
 
The rep-PCR DNA fingerprinting technique is relatively quick, easy, and inexpensive to perform, 
and lends itself to high throughput applications, making it an ideal method for microbial source-
tracking studies (Carson et al., 2003; Dombek et al., 2000; Johnson et al., 2004; Lipman et al., 1995; 
McLellan et al., 2003).  In studies where rep-PCR have been compared to other methods, it has been 
shown to give better predictions than ribotyping (Carson et al., 2003), and rRNA intergenic spacer 
region (ISR)-PCR (Seurinck et al., 2003). 

 
 

Overview of rep-PCR methodology.  
 
The rep-PCR DNA fingerprinting technique is amenable for use with DNA templates produced 
using a variety of methods. These include liquid cultures, colonies, and purified DNA.  Using 
colonies directly instead of performing DNA extraction reduces the time and cost of using this 
method, particularly in comparison to other genetic fingerprinting methods.  Among the primers 
used for rep-PCR, the Box primer A1R has proven to be the most useful in distinguishing 
environmental isolates of E. coli (Dombek et al., 2000).  There are two general methods to perform 
rep-PCR DNA fingerprinting, differing in the way in which the DNA fragments are visualized. In 
the first more conventional method, the resulting DNA fragments in agarose gels are visualized 
following staining in ethidium bromide (de Bruijn, 1992). Despite careful attention to detail, it is 
often difficult to get rep-PCR gels to run consistently straight and avoid lane distortions, which 
makes alignment and comparisons within and between gels difficult. To overcome these major 
limitations, a second method has been developed, a horizontal, fluorophore-enhanced, rep-PCR 
(HFERP) technique (Johnson et al., 2004). The technique is similar to that previously described for 
use with a DNA sequencer (Rademaker and deBruijn, 1997; Versalovic et al., 1995). In HEFERP, 
however, a standard horizontal agarose gel electrophoresis system and a dual-wavelength scanner 
are used.  HFERP is ideal for high throughput analyses of bacteria and the protocol can be geared for 
96 well microplates using colonies (details at: http://www.ecolirep.umn.edu/a_hferpoverview.shtml). 
 
 
Randomly Amplified Polymorphic DNA (RAPD) analysis 
 
The Random Amplified Polymorphic DNA Analysis (RAPD), and Arbitrary Primed Polymerase 
Chain Reaction (AP-PCR) techniques (Welsch and McClelland, 1990; Williams et al. 1990) 
represent two independently developed, but conceptually-related methods that have found extensive 
use in studies of microbial epidemiology, diversity, population genetics, taxonomy, evolution, and 
ecology (Mathieu-Daudé et al., 1998).  Both methods rely on the fact that PCR conditions done 
using arbitrary primers at low stringency (AP-PCR) or with non-selective primers at high stringency 
(RAPD) produce a series of strain specific PCR products that depend on both the primer and 
template used. When separated on agarose gels and stained with ethidium bromide, these PCR 
products produce a series of species- or strain-specific bands that act as a fingerprint of the bacterial 
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genome. A subsequently developed method, DNA Amplification Fingerprinting (DAF) (Caetano-
Anollés et al., 1992) differs from AP-PCR and RAPD in that a polyacrylamide gel and silver 
staining is frequently used to visualize the PCR products.  
 
RAPD analyses are relatively inexpensive when compared to other molecular methods like 
ribotyping and pulse field gel electrophoresis (PFGE), require no previous knowledge of the genome 
examined, are amenable to using colonies, boiled preps, or purified DNA, and can be scaled-up for 
high throughput analyses. However, it has been shown that RAPD analyses are susceptible to the 
buffers used, cycle number, primer choice, and method of DNA preparation (Hopkins and Hilton, 
2000; Mathieu-Daudé et al., 1998, Wang et al., 1993). Consequently, it has been reported that RAPD 
analyses may not be reproducible and suffer from lab-to-lab variation (Hilton et al., 1997; Hopkins 
and Hilton 2000; Penner et al., 1993). Nevertheless, Wang and co-workers (1993) reported that 
RAPD analyses were more sensitive than multilocus enzyme electrophoresis in differentiating 
among E. coli strains. It has been suggested that some variation may be eliminated by the use of 
standardized reagents and kits (Hopkins and Hilton, 2000). 
 
 
Application of RAPD to MST 
 
RAPD analyses have been used to examine genetic diversity of E. coli obtained from animals 
(Aslam et al., 2003), feedlots (Galland et al., 2001), humans (Pacheco et al., 1997; Vogel et al. 
2000), and in culture collections (Wang et al., 1993). There has been considerable interest in using 
RAPD analyses to detect and analyze E. coli O157:H7 (Galland et al., 2001; Hopkins and Hilton 
2000; Radu et al., 2001) and enterotoxigenic E. coli (Pacheco et al., 1996; Pacheco et al., 1997). 
However, RAPD analyses have only been preliminarily tested for use in microbial source tracking 
(Ting et al., 2003). These authors reported that RAPD fingerprints might be useful for differentiating 
among human and non-human sources of E. coli contamination. 
 
Overview of RAPD methodology.  
 
While RAPD and AP-PCR DNA fingerprinting have sometimes been used synonymously, in AP-
PCR a single or sometimes two arbitrary primers are used in PCR under low stringency conditions 
and priming is done with sequences having the best match, with some mismatches. In contrast, 
RAPD DNA fingerprinting is often done at high stringency conditions using primers with low 
selectivity that anneal at the Tm of the primer. This is thought to result in priming of genomic DNA 
with less mismatches than is seen with AP-PCR (Mathieu-Daudé et al., 1998).  RAPD DNA 
fingerprinting is typically carried-out using 10-mer random primers. These primer sets are 
commercially available (e.g. Genosys Biotechnologies or Amersham Biosciences Ready-to-Go 
RAPD Analysis) and can be initially screened for discrimination ability using the organism of 
interest. For example, three and six primers have been found to be useful to differentiate among E. 
coli strains (Madico et al., 1995; Pacheco et al., 1997; Wang et al., 1993).  
 
 
Amplified Fragment Length Polymorphism (AFLP) analysis 
 
Amplified fragment length polymorphism (AFLP) is a powerful and sensitive DNA fingerprinting 
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technique, which was originally developed to map plant genomes (Blears et al., 1998; Lin and Kuo, 
1995).  It uses a combination of genomic DNA digestion with restriction enzymes and PCR. In this 
method short adaptors are ligated (attached) to the digested fragment ends to provide sufficient 
length of known sequence for primers to be used for PCR. To amplify all of the digested fragments 
by PCR would result in a multitude of products that would be too difficult to resolve.  To overcome 
this problem, additional PCR primers are used for a second round of PCR.  These primers differ 
from the initial primers by the addition of 1-3 nucleotide bases resulting in the amplification of just a 
subset of the initial fragments. The addition of more nucleotides to the end of the primers increases 
the specificity and decreases the number of resultant PCR products. Separate reactions using 
different primers sets are often used and the data combined providing a substantial number of data 
points to be used to discriminate isolates.  If sufficient number of primers are used the entire genome 
can be accurately sampled using this approach (Arnold et al., 1999).  However, in most cases only 
about three primer sets are needed to obtain sufficient resolution between isolates. Currently, there is 
no standard set of primers designated for MST or for any bacterial species.   
 
The need to conduct genomic DNA digestion and PCR makes this method more time consuming and 
more expensive than other methods that use only PCR.  Of all the PCR based methods this one can 
produce the most bands, which provides a better chance for distinguishing isolates but also increases 
the need to precisely discriminate bands.  Using an automatic sequencer improves band 
discrimination, decreases time and labor but adds to the costs both in purchasing the equipment and 
supplies. 
 
 
Application of AFLP to MST 
 
The AFLP method has been used to fingerprint different bacterial species and is reported to be more 
sensitive in the detection of DNA polymorphism in them (Clerc et al., 1998; Lin and Kuo, 1995; 
Restrepo et al., 1999; Valsangiacomo et al., 1995).  The majority of studies have been focused 
towards epidemiology and not MST. The number of MST studies to date is limited but suggests that 
its resolution is as good or better than most other genetic fingerprinting MST methods (Guan et al., 
2002; Hahm et al., 2003a, b; Leung et al., 2004). AFLP was compared to MAR and 16S rRNA gene 
sequences in E. coli collected from livestock, wildlife, or human feces (Guan et al., 2002).  
Discriminant analysis indicated AFLP was better than MAR and rRNA gene sequence analysis at 
assigning isolates correctly to each source. Another study comparing E. coli isolates obtained from 
cattle, humans and pigs using AFLP and ERIC-PCR revealed similar results (Leung et al., 2004).  
There was greater than 90.6-97.7% correct classification using AFLP and 0-75% for ERIC-PCR.  A 
third study compared a number of different methods but mainly examined E. coli serotype O157:H7 
isolates and only a small number of environmental isolates (Hahm et al., 2003a). However, that 
study and some follow-up work (Hahm et al., 2003b) suggested that AFLP resolved strain 
differences in E. coli at the same level as PFGE.  More fundamental research is still needed to 
determine the best primer sets to use for different levels of discrimination between isolates.  At the 
same time, when considering this approach the expertise, time and cost factor should be compared to 
other genotyping methods for the accuracy achieved.  
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Overview of AFLP methodology  
 
Isolates are analyzed using an AFLP fingerprinting kit following the instruction of the manufacturer 
(Gibco BRL). Briefly, DNA is extracted from cultures using any standard total genomic DNA 
isolation method. Purified DNA is then digested with a frequently cutting and a less frequently 
cutting restriction enzyme MseI and EcoRI, respectively, and the fragments are ligated to EcoRI and 
MseI adapters to generate template DNA for PCR amplification. This restriction-ligation mixture is 
diluted and amplified with EcoRI and MseI core sequence primers for pre-selective amplification.  
Selective amplification is then performed using primer sets with additions of 1-3 arbitrary nucleotide 
sequences on the 3’ end of each. Eight primers of each EcoRI and MseI adapters are provided with 
the AFLP kit. A total of 64 combinations of primer pairs can be used for PCR amplification. Three 
commonly used selective primer sets are:  EcoRI-A (FAMTM) plus MseI-C, EcoRI-0 (FAMTM) plus 
MseI-CG and EcoRI-C (NEDTM) plus MseI-C. The primers used for PCR amplification are 
fluorescently labeled (e.g., FAMTM and NEDTM) for automatic detection of the different size 
products using an automatic sequencer.  This also allows high throughput analysis of AFLP patterns. 
Labeled size markers (DNA size markers) are included in each lane to ensure accuracy of band 
detection and differentiation. The typical size range of amplification products is between 50 and 
4000 bp.  The number of isolates that can be analyzed in a single run depends on the automated 
sequencer that is being used. All information collected from the sequencer is then transferred to a 
fingerprint analysis program (e.g., Bionumerics, Applied Maths).  The data is binary, based on the 
presence and absence of bands in each profile (see data analysis Chapter). 
 
 
Pulse Field Gel Electrophoresis (PFGE) 
 
The most common genotyping method used in epidemiological investigations is pulse field gel 
electrophoresis (PFGE) of total genomic DNA after restriction enzyme digestion using an 
infrequently cutting enzyme (Tenover et al., 1995). It involves direct analysis of the microbial 
genome and PCR is not performed.  Digestion of total genomic DNA by an infrequently cutting 
restriction enzyme, results in the production of 10 to 30 large fragments. These fragments are too 
large to be separated in a standard agarose get electrophoresis unit because the gel pore size limits 
their migration. To overcome this limitation PFGE was developed in which the orientation of the 
electric field is changed at different intervals allowing the large DNA molecules to re-orient 
themselves at regular intervals and “snake” through the pores. The most commonly used instruments 
apply a contour-clamped homogeneous electric field (CHEF) (Chu et al., 1986). To optimize 
separation it is often necessary to vary the angle, pulse time and voltage.  The top of the line CHEF 
electrophoresis unit is computerized; the desired fragment size range is entered and optimal 
separation conditions are automatically obtained. Fragment sizes are determined by comparison to 
molecules of known size. This also provides a means to perform between gel fingerprint 
comparisons.  
 
The PFGE technique is time consuming and very tedious, thus may not be suitable for rapid 
identification of large number of strains (Willshaw et al., 1997) often necessary for MST.  While 
PFGE requires a specialized gel rig with multiple electrodes configured in a hexagonal design, a 
chiller and pump, and programmable power supply, the operator does not require special molecular 
skills.  However, the PFGE aparatus is more expensive that conventional gel electrophoresis.  Since 
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only a limited number samples can be processed per gel, the number of available apparatuses is the 
limiting factor for high throughput analysis using this method.  Sample preparation does require 
some training but with experience many samples can be prepared daily. 

 
Application of PFGE to MST 

 
This method is described as “superior to most other methods for biochemical and molecular typing” 
(Olive and Bean 1999).  The Centers for Disease Control and Prevention has adopted this method for 
their “National Molecular Subtyping Network for Foodborne Disease Surveillance” mainly to 
discriminate E. coli O157:H7 and other foodborne pathogens. They have developed a network for 
health agencies to quickly compare molecular PFGE genotype data at a centralized website called 
PulseNet (http://www.cdc.gov/pulsenet/). It has been used successfully to rapidly compare PFGE 
profiles of suspect culture with those in the national database at CDC. In the future, this could serve 
as a model if EPA adopts any of the genotypic fingerprinting approaches for MST.  However, 
publication of MST studies are much more limited. In a beach study, PFGE of E. coli was better for 
discriminating host sources compared to the other fecal coliforms, Klebsiella, Citrobacter, and 
Enterobacter spp (McLellan et al., 2001).  As mentioned in the previous section, Hahm et al. 
(2003a) found levels of discrimination using PFGE similar to AFLP.  The same study and another by 
McLellan et al. (2001) found that methods such as rep-PCR were less discriminatory than PFGE. 
However, high resolution between fingerprint patterns is not always ideal when genetic diversity is 
high between isolates taken from the same host animal.  Greater genetic diversity translates into an 
increase in reference library size needed to differentiate isolates from different hosts. Also, care must 
be taken in the restriction enzymes chosen for this analysis because no relationship between 
fragment pattern and source was seen when the restriction enzyme SfiI was used (Parveen et al., 
2001).   

 
Overview of PFGE methodology.  

 
There are no standardized methods for PFGE for MST, but protocols set for CDC studies can be 
used for E. coli isolates.  This method can be used on any bacteria, but conditions for optimal DNA 
extraction must first be determined. Isolates are first grown using standard conditions then DNA is 
extracted using an agarose plug total genomic DNA isolation method, which minimizes undesired 
breakage of the DNA. The cells are pelleted by centrifugation then suspended in unmolten low melt 
agarose or equivalent agarose specialized for PFGE.  Sufficient microbial biomass must be used to 
have at least 1 µg of DNA in the plugs used for digestion.  While still liquid, the agarose/cell 
solution is transferred to plug mold where it is left to solidify.  Once solid, the plugs are removed 
from the mold and put through a series of steps to lyse the cells, remove proteins and degrade RNA.  
Depending on the protocol used, this process can take from a few hours to two days.  Purified DNA 
still embedded in the agarose plugs is then digested with a rare cutting restriction enzyme.  The most 
commonly used restriction enzyme is XbaI but others have also been tested and show variable 
results.  Electrophoresis performed at 14°C with 6 V/cm, angle 120°, linear ramping factor and 30 hr 
running time will separate digested DNA fragments ranging between 100 kb and 500 kb in size. Gels 
are stained with ethidium bromide after fragments have been separated. It is often necessary to 
destain for several hours to optimize band contrast. Gel images can be digitized and then entered into 
a fingerprint analysis program (e.g., Bionumerics, Applied Maths).  The data is binary, based on the 
presence and absence of bands in each profile (see data analysis Chapter).  



 34

 
 
Ribotyping 
 
Ribotyping is a version of restriction fragment polymorphism (RFLP)-Southern hybridization 
analysis (Demezas, 1998; Sadowsky, 1994) that has found wide application in the subtyping of a 
variety of Gram-negative and Gram-positive bacteria (Olive and Bean 1999). It is another method 
that does not include PCR, except in the making of the labeled rDNA probe.  The technique has been 
broadly used in molecular epidemiology (Bingen et al., 1992, Bingen et al., 1996, Picard et al., 
1991), and taxonomic identification (Brisse et al., 2000) studies, including those with E. coli 
(LiPuma et al., 1989, Stull, et al. 1988, Tarkka et al., 1994). RFLP patterns of bacterial genomic 
DNA made with moderate cutting enzymes contain too many fragments for easy analysis, but 
ribotyping takes advantage of selective hybridization of a limited number of fragments for strain 
differentiation. Ribotyping is based on the detection of genetic differences in the genomic sequences 
within or flanking the 16S and 23S ribosomal RNA genes. Since rRNAgenes exists in several copies 
(2-11) in the bacterial genome and is highly conserved among bacteria, (Grimont and Grimont, 
1986), hybridization of restriction enzyme-digested genomic DNA with labeled rDNA probes 
produces a ladder of labeled fragments that resemble a bar code. In addition, it has been recognized 
that since ribotyping produces relatively few bands for each strain (~5-15 for E. coli, depending 
upon the enzyme used and the strain), the technique is amenable to computerized analyses (Lefresne 
et al., 2004, Machado et al., 1998). If greater discrimination between strains is desired, more than 
one restriction enzyme can be used to digest DNA, and the banding patterns produced by each 
enzyme are combined to form a composite pattern (Harwood et al. 2003; Jenkins et al., 2003). 
 
Ribotyping is a relatively demanding procedure requiring multiple steps and some specialized 
equipment. The need for specialized training, high supply costs and the time required to complete 
the procedure are disadvantages of using this method. However, the recent development of an 
automated ribotyping instrument, the Riboprinter (DuPont-Qualicon, Wilmington, Delaware) has 
promoted renewed interest in using ribotyping as a molecular tool for epidemiological, microbial 
source tracking, and clinical studies (Ito et al., 2003). However, the instrument has limited 
throughput, analyses are relatively expensive, and there have been reports that automated 
riboprinting may not be as reliable as manual methods (Grif et al., 1998). Despite these 
shortcomings, several microbial source tracking studies have used automated riboprinters to examine 
genetic diversity and groupings of fecal bacteria from known animal sources and the environment. 
 
 
Application of ribotyping to MST 
 
Ribotyping has been widely used in microbial source tracking studies (Farag et al., 2001; Carson et 
al. 2001; Carson et al. 2003; Hartel et al. 1999; Hartel et al. 2002; Harwood et al., 2003; Jenkins et 
al., 2003; Parveen et al., 1999; Scott et al., 2003). While the authors of these studies used the same 
basic technique, different laboratories have used different restriction enzymes in their analyses, and 
some have used a two-enzyme scheme, making comparisons difficult. As with any genotypic 
method, lab-to-lab variation, issues of repeatability, within and between gel variability and methods 
of analysis often make comparison of results done in different laboratories difficult (Lefrense et al., 
2004). Moreover, several different studies done using slightly different procedures have reported 
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variable results with respect to the ability of ribotyping to differentiate among bacteria isolated from 
different animal hosts (Carson et al., 2003; Hartel et al., 2002; Parveen et al., 1999; Scott et al., 
2003). Furthermore, database size, geographic distribution of the isolated bacteria, and the presence 
of replicate isolates in the bacterial source library impact the ability of ribotyping to differentiate 
among bacteria at the host species level (Scott et al., 2002; Scott et al., 2003).  

 
Overview of ribotyping methodology 
 
The ribotyping method is carried out in multiple steps. The technique involves restriction enzyme 
digestion of genomic DNA, separation of fragments by gel electrophoresis, immobilization of DNA 
fragments to a solid matrix (e.g., nylon membrane) by Southern transfer and subsequent 
hybridization using a labeled probe of the E. coli rRNA genes or the entire operon (Grimont and 
Grimont, 1986). Several different procedures can be used to isolate bacterial DNA (see Sadowsky 
1994) for ribotyping and several different restriction enzymes may need to be tried to show 
differences at the strain level (Lefresne et al., 2004; Martin et al., 1996; Parveen et al., 1999, Scott et 
al., 2002). However, while EcoRI, PvuII and HindIII have frequently been used for source tracking 
studies (Carson et al., 2001; Hartel et al., 2003; Scott et al., 2003; Vogel et al., 2000) it has been 
suggested that two enzyme systems should be routinely used to increase the technique’s 
discrimination ability (Scott et al., 2003). The probes used for subsequent hybridization analysis can 
vary in the different regions of the E. coli rRNA operon used, but most investigators use the entire E. 
coli rrnB rRNA operon (Atwegg et al., 1989), only the 16S and 23S rRNA genes from E. coli, or 
mixtures of oligonucleotides complementary to specific regions in the operon (Gustaferro and 
Persing, 1992, Lafresne et al., 2004). The probe is usually generated by PCR, but can also be 
generated by nick translation or random primer labeling (Ausubel et al., 2004) and labeled with 32P-, 
DIG-, or chemiluminescent-labels (Gustaferro and Persing, 1992; Regnault et al., 1997). Next 
hybridized fragments that constitute the ribotype banding patterns are detected using 
autoradiography or color formation. When the Riboprinter (DuPont-Qualicon, Wilmington, 
Delaware) is used, the sample (typically one bacterial colony) is added into the first tube and the 
instrument automatically carries out subsequent steps. 
 
 
3.4  Cultivation-dependent/library-independent methods 
  
When the target for MST is typically found in low numbers, it is first necessary to enrich the sample 
or obtain isolates.  Enrichments are typically performed under conditions that favor the target 
organism.  These methods are based on presence or absence of the target organism or gene therefore 
a source library is unnecessary. 
 
 
F+RNA coliphage typing 

 
F+RNA coliphages can help distinguish human and animal waste contamination by typing isolates 
into one of four subgroups (Alderisio et al., 1996; Brion et al., 2002; Cole et al., 2003; Griffin et al., 
2000).  Ecology studies have demonstrated that groups I and IV are generally associated with animal 
feces, whereas groups II and III are more sewage-specific (Furuse, 1987).  Schaper et al. (2002a) 
found these associations to be statistically significant but also noted that exceptions occur. 
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Serotyping or genotyping can be used for typing of F+RNA coliphages.  In serotyping, group-
specific antisera are used whereas in genotyping, hybridization with group specific oligonucleotides 
is used (Beekwilder et al., 1996; Hsu et al., 1995). 
 
Coliphage cultivation techniques are simple with low supply costs (only plates and media), but 
require an overnight incubation step.  Molecular methods have also been developed that allow for 
more rapid characterization of coliphages.  For example, Vinjé et al. (2004) have developed an RT-
PCR and reverse line blot hybridization technique capable of rapid detection and genotyping of 
coliphages.  Additionally, phage characterization studies are underway which may allow for 
identification of more refined and host-specific subgroups.  These advances could lead to an 
improved and more specific phage genotyping system. 
 
Application of F+RNA coliphage typing to MST  
 
The use of coliphage typing for microbial source tracking is library independent, but can only 
currently be used to broadly distinguish human and animal fecal contamination. Coliphages have 
been detected in domestic, hospital, and slaughterhouse wastewaters (Funderburg and Sorber, 1985) 
and from treated wastewaters (Gantzer et al., 1998) but there appears to be some limitation when 
individual samples are used (Noble et al., 2003).  Quantitative source tracking using F+RNA 
coliphage typing may be problematic owing to differential survival characteristics of the subgroups 
(Brion et al., 2002; Schaper et al., 2002b). 
 
Overview of coliphage typing methodology  
 
Methods for isolation of coliphages include two standard USEPA procedures.  One is Method 1601, 
a two-step enrichment procedure (USEPA, 2001a).  The second is Method 1602, the single agar 
layer procedure (USEPA, 2001b).  Method 1601 is more sensitive than 1602, but may not be the best 
choice for isolation of F+RNA coliphages meant to be subsequently typed for microbial source 
tracking.  The enrichment step likely excludes or masks other strains that may have been present in 
the original sample, typically resulting in only one strain of phage isolated from any given sample.  
The single agar layer procedure, on the other hand, is a pour plate technique from which viruses can 
be easily isolated for subsequent typing. 
 
Isolated viruses are grown in the presence of RNase A to distinguish F+RNA coliphages from 
F+DNA coliphages. F+RNA coliphages cannot form plaques when RNase A is present. Then either a 
serotyping or genotyping method is used to identify the F+RNA coliphages. For serotyping, virus 
infectivity is tested in the presence of group-specific antisera.  Inhibition of infectivity in the 
presence of a particular antiserum identifies the group to which an isolate belongs. Coliphages are 
genotyped by using hybridization of group specific labeled probes.  Nucleic acid isolation is not 
necessary and plaques can be used directly for hybridizations.  Group I, II, III, or IV specific probe 
sequences are used for hybridization (Hsu et al., 1995; Beekwilder et al., 1996).  Identification of 
human source contamination is indicated by the hybridization of group II or III and animal sources 
by group I or IV. 
 
 
Gene specific PCR  
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Gene specific PCR methods have been developed for E. coli carried by humans (Oshiro et al., 1997), 
cattle and swine (Khatib et al., 2002; Khatib et al., 2003,); and it is anticipated that methods will 
soon be available for E. coli carried by several other species of mammals and by birds.  These 
methods are based on the discovery that certain enterotoxin genes are carried almost exclusively by 
E. coli that infect individual species of warm-blooded mammals; the STIb gene, the LTIIa gene and 
the STII gene are carried only by E. coli of human, bovine and swine origin, respectively.  Similarly, 
enterococci virulence genes have been used as targets for host specific markers (Scott et al., 2005).  
 
This two-step approach is relatively simple and can be performed within two working days.  The 
biggest advantages of these gene specific methods are that they are highly specific and they are 
library independent.  The biggest disadvantage is that the toxin genes are carried only by a small 
number of isolates, which makes it necessary to perform a cultural enrichment step prior to testing 
by PCR.   
 

 
Application of gene specific PCR to MST  
 
This method is still in the developmental stages and there are no publications with its application for 
MST. However, there is some indication that the prevalence of these genes in animal waste systems 
is greater than previously expected (Chern et al., 2004) suggesting that it has potential in the future. 
 

Overview of gene specific PCR methodology  
 

Samples (1 L) are collected in sterile containers and shipped on ice to the laboratory and are 
processed within 24 hours.  Samples are processed using membrane filtration, with filters being 
placed on mTEC agar and mTEC agar plus Congo Red.  The mTEC plates are incubated for 1.5 
hours at 35°C then at 44°C overnight.  The 100 and 10-1 dilutions are harvested after 24 hours and the 
DNA is recovered.  When samples contain sufficient particulate matter to clog the filters, six filters 
of the 10-1 dilution are used.  DNA extracts are pooled and stored at – 80°C until nested PCR 
amplification.  Two sets of primers are used for each toxin trait, an outer primer set and a second set. 
 All PCR amplicons are visualized through gel electrophoresis.  Confirmation may be done by 
restriction fragment analysis or Southern blot hybridization using probes previously designed 
specifically for each toxin.    
 
Recently, magnetic beads were used to increase the sensitivity of the LTIIa biomarker for cattle.  In 
this method, total DNA was extracted either from the mTEC medium colonies or directly from the 
environmental samples.  Next, the LTIIa gene was removed from the DNA mixture by hybridization 
with magnetic beads containing the LTIIa probe.  Finally PCR was used to amplify the LTIIa gene 
for detection by gel electrophoresis and staining. The combination of magnetic beads followed by 
PCR resulted in an increase in sensitivity over the nested PCR technique by as much as 10,000 fold, 
even in the presence of PCR inhibitors such as humic acids (Tsai et al., 2003). 
 
3.5  Cultivation-independent/library-independent methods 
 
Cultivation-independent methods for MST are primarily based on nucleic acid techniques arising 
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from the field of molecular microbial ecology.  Molecular microbial ecology began in the 1980’s 
with the development of a phylogenetic framework for the placement of any organism into one of 
three domains (Bacteria, Archaea, or Eukarya) based solely its ribosomal RNA (rRNA) gene 
sequences (Head, et al. 1998; Olsen et al., 1986).  As rRNA gene sequences accumulated into 
publicly assessable databases (Ribosomal Database Project (RDP) rdp.cme.msu.edu, GenBank at the 
National Center for Biotechnological Information (NCBI) www.ncbi.nlm.nih.gov), the level of 
classification based on rRNA gene sequences increased.  Today, most organisms can be classified 
from Kingdom to the genus-species level based on their rRNA gene sequences. Phylogenetic 
analysis of microbial communities based on rRNA gene sequences has been applied to many 
environments including soil, water, extreme environments and animal gastrointestinal tracts 
(Zoetendal, 2004).  In molecular microbial ecology, methods can be broadly grouped into three 
categories:  1) those designed to characterize or identify the members of a bacterial community; 2) 
those designed to measure large changes in community structure; and 3) those designed to identify 
or quantify specific members of a community (for reviews see Head et al., 1998; Zoetendal, 2004).   
 
 
Total community analysis 
 
Identification using 16S rRNA gene clone libraries 
 
Microbial communities from environmental samples are frequently analyzed by the construction of 
16S rRNA gene clone libraries.  Clone libraries can also be made from other genes but currently the 
gene with the most available information is the 16S rRNA gene.  Clone library construction and 
analysis is one of the more expensive and time-consuming cultivation-independent methods.  The 
generation of clone libraries requires the combination of several molecular biological techniques 
including, nucleic acid extractions, PCR, DNA ligation, bacterial transformation, and plasmid 
isolation, which may take up to a week to perform.  In recent years, these methods have been 
simplified by the use of commercial kits. Therefore, laboratory technicians with minimal training 
can successfully generate clone libraries.  DNA sequencing involves the use of costly equipment and 
many laboratories send their DNA to specialized facilities for sequencing at a cost ranging from 
around $4.00 to $20.00 a sequence.  Thus a large portion of the total cost is based on the number of 
clones sequenced.   DNA sequence analysis of clone libraries generates a large amount of 
electronically archival data, which may be time consuming to process.  The analysis of this type of 
data requires, at a minimum, an understanding of the publicly available sequence matching databases 
and programs.  Realistically, the time and cost to perform this method, one-month and $5-10K for 
100 clones, does not make it an appropriate choice for MST.  Its value lies in research and 
development of new approaches for MST. 
 
Application of 16S rRNA gene clone libraries to MST 
 
Construction of clone libraries from water samples for MST is not widely used because hundreds of 
sequences are needed to accurately profile an entire community. However, with regards to MST, the 
cloning and sequencing of microbial communities from contaminated sites is useful for research 
purposes.  At least two studies (Cho and Kim, 2000; Simpson et al., 2004) demonstrated that the 
native microbial communities in water are changed by the addition of fecal contamination.  In both 
these studies fecal bacteria indicative of the host source either bovine (Cho and Kim, 2000) or 
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equine (Simpson et al., 2004) were detected.  Also, the construction and analysis of smaller clone 
libraries (< 50 sequences) from environmental samples can be used to verify the specificity of 
specific primers (such as Bacteroides specific primers) used in PCR assays or verify the presence of 
host-specific bacteria in the environmental sample.   
 
Overview of16S rRNA gene clone library methodology  
 
In this method, nucleic acids are extracted and then amplified using primers designed to match the 
16S rRNA genes from as many bacterial species as possible (for a review of available general 
primers see Baker et al., 2003).  The 16S rRNA genes from the microbial community are cloned into 
plasmids and transformed into E. coli to construct a library containing many individual E. coli 
colonies, each containing a different 16S rRNA gene.  Individual E. coli colonies are propagated, 
and the 16S rRNA genes carried in the plasmid are isolated and sequenced.  The 16S rRNA 
sequences representing the microbes from the environmental sample are analyzed by comparison 
with other sequences in available databases using the BLAST program at NCBI 
(www.ncbi.nlm.nih.gov/BLAST) or the Similarity program at RDP (rdp.cme.msu.edu/html).  
Additionally, taxonomic or similarity relationships can be determined using cluster analysis and tree 
construction programs based on the number of matching base pairs between the sequences (Olsen, et 
al., 1986).  When phylogenetic trees are constructed, the relationships between microbial sequences 
are generally presented as OTUs (operational taxonomic units), clusters, or clades, because 
phenotypic information is needed to describe or confirm bacterial species. 
 
Community structure by fingerprinting 
 
Fingerprinting methods are often used to monitor changes in a community or to compare 
communities because the expense and labor involved in the construction and analysis of clone 
libraries limits the number of samples that can be analyzed (Table 1).  Essentially, all of the 
cultivation-independent fingerprinting methods examine DNA size or conformation profiles 
generated from a microbial community after PCR amplification of rRNA genes, or randomly 
amplified DNA fragments.  The amplicons may be separated based on sequence-specific melting 
behavior of amplicons by denaturing gradient gel electrophoresis (DGGE) or temperature gradient 
gel electrophoresis (TGGE) (Muyzer and Smalla, 1998). In addition, one of the primers used for 
PCR amplification may be labeled fluorescently, and amplicons can be separated by size before 
restriction enzyme digestion (Length Heterogeneity Restriction Fragment Length Polymorphisms, 
LH-RFLP) or after restriction enzyme digestion (Terminal Restriction Fragment Length 
Polymorphisms, T-RFLP) (Liu et al., 1997).  The underlying principle for all of these fingerprinting 
methods is that differences in banding patterns result from differences in microbial species 
comprising the community.  Amplification with generalized PCR primers from environmental 
samples usually results in a large number of bands, which are analyzed by band matching computer 
programs and statistically using cluster analysis. DNA bands can be extracted from the gels and 
sequenced to identify the key members of the microbial community. 
 
PCR methods using standard thermocyclers are relatively inexpensive and easy to perform with 
minimal training.  Most fingerprinting methods can be performed in about one day with the 
electrophoresis separation run overnight, thus allowing data analysis the next morning.  Differences 
in cost between fingerprinting methods will occur depending on the type of post-analysis performed. 
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 In general, electrophoresis methods with better resolution require more costly equipment.  For 
instance, gel electrophoresis equipment designed to separate PCR products by temperature gradient 
gel electrophoresis are more expensive than standard gel electrophoresis equipment.  LH-RFLP and 
T-RFLP are one of the most expensive fingerprinting methods because separation of DNA fragments 
differing by only a single base pair requires acrylamide gels and DNA sequencing equipment.  As 
with DNA sequencing, the separation of the DNA fragments on an automated DNA sequencer may 
be subcontracted to a specialized facility. 
 
Application of community structure to MST 
 
Although, fingerprinting analyses of fecal samples have been used to demonstrate host-specificity of 
the microbial community with the animal host (Zoetendal et al., 2004), cultivation-independent 
community analysis by fingerprinting has not been widely applied to MST studies.  This is probably 
in part because in water samples the portion of the community that can be linked to host specificity 
may be very small compared to indigenous microbial community.  Fingerprinting methods can be 
linked with more specific primers to produce fewer DNA bands.  In one study relevant to MST, LH-
PCR methodology was used with Bacteroides primers to identify a band size distinctive of bovine 
specific Bacteroides (276 bp) (Field et al., 2003). Additional digestion of the PCR amplified 
sequences with restriction enzymes (T-RFLP) resulted in the detection of two additional markers for 
bovine-specific Bacteroides and one marker for human-specific Bacteroides.  These researchers 
previously demonstrated that LH-PCR could be used with Bifidobacterium specific primers to detect 
a bovine-specific amplicon of 453 bp.  Digestion of the Bifidobacterium amplicons with restriction 
enzymes resulted in human and bovine specific fragments (Bernhard and Field, 2000a). 
 

Overview of community structure methodology  
 
Detailed explanations of community structure analysis are available from other sources (Liu et al., 
1997; Muyzer et al., 1996; Nakatsu and Marsh, 2005).  Briefly, both methods use PCR to amplify 
the rRNA gene. Typically, universal primers targeting the small subunit, 16S rRNA gene in bacteria 
are used to amplify sequences directly from DNA or RNA extracted from environmental samples.  
However, primers that amplify specific groups such as Bacteroides is often more useful for MST.  In 
general, primers selected for T-RFLP amplify almost the entire 16S rRNA gene whereas in DGGE 
primers generating PCR products less than 500 bp are selected to reduce the occurrence of artifacts. 
In DGGE, the PCR products are directly analyzed by gel electrophoresis whereas in T-RFLP the 
PCR products are first digested with frequently cutting restriction enzymes before electrophoresis.  
In T-RFLP either one or both primers are labeled with different fluorescent tags to allow 
visualization and distinction of the end fragments using an automatic sequencing system. In DGGE, 
the PCR products are separated in gels composed of a gradient of chemical denaturants that causes 
differences in DNA migration based on their sequence. In both methods differences in migration of 
PCR amplicons either because of fragment sizes or sequence composition, generate a fingerprint of 
the community and a view of its complexity. 

 
Alternate targets 
  
While most of the culture independent/library independent methods have targeted fecal bacteria and 
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viruses, eukaryotic cells have also been suggested as useful markers for fecal source identification. 
For example, species of the genus Cryptosporidium has been shown to exhibit some degree of host 
specificity based on sequence differences in the small ribosomal subunit (Xiao et al., 2004).  These 
differences have been used to characterize the primary fecal sources of surface water and wastewater 
(Xiao et al., 2001).  However, because C. parvuum is found in relatively low numbers in 
environmental waters with moderate level of fecal contamination, their use in MST will have the 
same problems as with enteric viruses, this is, the need of concentration steps from large volumes of 
water.   
  
Recently, PCR-based assays targeting host mitochondrial genes were used to discriminate between 
human, bovine, porcine, and ovine fecal samples (Martellini et al., 2005).  The assays were 
developed to produce PCR products of different length facilitating their use in a multiplex PCR 
approach.  The use of host mitochondrial PCR approaches is based on the fact that as gut epithelial 
cells become senescent they are shed into the gut lumen, after which they become part of the animal 
feces.  The presence of relatively large numbers mitochondrial genes per eukaryotic cell increases 
significantly the detection sensitivity of this method.  This is a significant advantage over other gene 
specific PCR methods which normally target markers with less than five copies per cell. The 
expected limited survival of gut epithelial cells might limit the use of this approach to recent fecal 
contamination events in areas nearby fecal inputs. 
  
 
3.6  Identification and quantification of specific bacteria 
Identification and quantification of microbes in environmental samples by cultivation independent 
methods is dependent on sequence information derived from clone libraries (see above section) or 
sequencing of genes from cultivated organisms.  Identification and quantification methods can be 
divided into direct probing methods not requiring PCR or PCR-based methods.   
 
Direct probing of specific genes 
Originally, direct probing methods were used to quantify microbes in cultivation-independent 
studies (Giovannoni et al., 1998; Stahl et al., 1998).  Hybridization methods usually use small 
oligonucleotide sequences (less than 25 base pairs), called probes, designed to hybridize with target 
DNA sequences. Direct probing methods are moderately time-consuming and may require 
specialized training depending on the method used to label and detect the probe. In recent years, the 
use of radioactive probes, which require licensees and training to use, have been replaced by non-
radioactive labels.  Filter membrane hybridization methods, such as dot blot hybridization or 
Southern blot hybridization, require multiple handling steps including DNA extraction, blocking, 
hybridization and washing.  The total process may take one to three days depending on the method 
used to measure the amount of probe bound to the filter. The cost for reagents is relatively 
inexpensive. Fluorescent in situ hybridization (FISH) using fluorescently labeled probes can also be 
performed directly on bacterial cells on a microscope slide.  The total process of fixing the cells to a 
slide followed by hybridization and washing takes one to two days and the cost of the reagents is 
also relatively inexpensive. However, visualization of the fluorescent signal in bacterial cells 
requires the use of a high quality epifluorescence or confocal laser scanning microscope and 
specialized imaging software.  This equipment is expensive and requires specialized training. 



 42

 
 
Application of direct probing to MST  
 
This method has not been used directly in any MST studies.  Although numerous probes for 
quantifying fecal bacteria have been designed for dot blot hybridization (Matsuki et al., 2002, Wang 
et al., 2002), the method is used infrequently because quantitative PCR (QPCR) methods have a 
detection limit 0.01% compared to 10% for dot blot hybridization (Malinen et al., 2003).  FISH is an 
effective method for monitoring population changes in fecal samples (Franks et al., 1998) but has 
not been widely applied to MST because the concentrations of bacteria in water samples are 
generally too low to measure by FISH and fluorescent microscopy.  However, the coupling of flow 
cytometry with FISH may improve the sensitivity of detection and the number of samples that can be 
processed (Rigottier-Gois et al., 2003) allowing future MST applications. 
 
 
Overview of direct probing methodology  
 
In dot blot hybridizations, DNA extracts are bound to nylon membranes and probes are labeled with 
radioactive 32P or non-radioactive labels.  After hybridization and washing, the amount of 
radioactivity remaining on the filter corresponds to the amount of target signal present in the sample. 
In Fluorescent In Situ Hybridization (FISH) the probe is labeled with a fluorescent compound.  The 
probe is hybridized with whole cells that are treated to make them more permeable. Cells that 
hybridize to the probe fluoresce when viewed under a fluorescent microscope (DeLong et al., 1989). 
 Results for FISH are generally reported as the percent of the population that is positive to each of 
the group-specific probes (Santo Domingo et al., 1998).   
 
Target specific PCR-based methods 
In the 1980’s, several bacteria including Bacteroides (Fiksdal et al., 1985), Bifidobacteria (Resnick 
and Levin, 1981) and Rhodococcus coprophilus (Mara and Oragui, 1981) were suggested as 
alternative host-specific fecal indicators to E. coli and coliforms.  Although several of these bacteria 
showed promise, most of them were difficult to cultivate and required lengthy incubations periods 
(up to 3 weeks for Rhodococcus coprophilus) before colonies could be enumerated, thus making 
them impractical for MST.  With the advent of cultivation-independent methods, several of these 
bacteria have been and are being reevaluated for use with MST.  Enterococcus has also been 
suggested as an alternative host-specific indicator and has been well studied by cultivation-
dependent methods.  Therefore, it is logical that cultivation-independent assays have also been 
developed for Enterococcus.  
 
In addition to the basic PCR method described earlier, variations have been developed that include 
the detection of several target DNA’s simultaneously (multiplex PCR), increasing the sensitivity of 
detection by using two amplification steps (nested PCR) (Yang and Rothman, 2004) and quantifying 
the initial template by quantitative PCR (QPCR) also known as real time PCR (RT-PCR).  PCR 
assays and real-time PCR assays have also been designed to detect and quantify common fecal 
bacteria in both humans (Bartosch et al., 2004; Liu et al., 2003; Malinen et al., 2003; Wang et al., 
1996; Wang et al., 1997) and cattle (Tajima, 2001).  Ultimately, some of these assays may prove 
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useful for MST, but they need to be tested for host-specificity before they can be applied for MST 
because not all fecal bacteria reflect host-specificity. Because each assay is specific to one species or 
subset of microbes, multiple assays will be needed in environmental samples with the potential to 
identify several sources of contamination (e.g., both human and cattle).  In addition, the combination 
of assays may strengthen the argument for the source of contamination. For instance, samples with 
positive results for ruminant-specific Bacteroides, Rhodococcus coprophilus and a Streptococcus 
bovis would indicate cattle as a source of fecal contamination.  Similarly samples with positive 
results for human-specific Bacteroides (or B. fragilis), Bifidobacterium adolescence or B. dentium 
and Enterococcus would indicate human as a source of fecal contamination. 
 
Target specific PCR-based methods are probably the least expensive of the cultivation-independent 
methods.  PCR-based methods require minimal personnel training and can be performed within one 
day.  Although minimal training is needed to perform PCR, laboratories routinely performing target 
specific PCR must incorporate quality control measures to prevent cross-contamination of samples 
and false positives.  Presence-absence PCR assays are less expensive than QPCR assays because 
they can be performed using standard thermocyclers and inexpensive gel electrophoresis equipment. 
 QPCR requires a thermocycler with a fluorescent detector that costs at least $20,000 more than the 
standard thermocycler.  However, presence-absence PCR assays are more time consuming than 
QPCR assays requiring 2-3 hours for the PCR step and 1-3 hours for the gel electrophoresis step. In 
QPCR, the complete PCR assay and analysis can be performed in less than three hours.  Some 
QPCR thermocyclers are designed to be used in the field and can provide data within 30 minutes.  
Individual QPCR assays are also slightly more expensive than presence-absence assays because an 
additional fluorescently labeled probe must be added to the reaction. 
 
What is QPCR? 

Theoretically, the amount of DNA synthesized during each cycle doubles so that millions of 
copies of the target DNA are generated after 40 cycles.  However, in reality PCR amplification 
slows and plateaus as the nucleotides used in DNA synthesis are exhausted.  Thus, a maximum 
amount of DNA is accumulated independent of the starting template concentration and the amount 
of target DNA in the sample cannot be inferred from the band intensity determined after gel 
electrophoresis.  To overcome this limitation, quantitative PCR (QPCR) methods were developed to 
allow estimation of the amount of the starting template DNA in an unknown sample.  The most 
widely accepted QPCR methods use a fluorescent signal generated from a fluorescent DNA-
intercalating dye (SYBR green), or fluorescently labeled oligonucleotide probes to monitor the 
amount of DNA generated after each PCR cycle (Ginzinger, 2002).  In the SYBR green method, the 
SYBR green binds to the double-stranded DNA as it is synthesized, resulting in an increase in 
fluorescence.  Because the SYBR green will bind to all double-stranded DNA including primer-
dimers or other non-specific products, a melting curve analysis is run at the end of the PCR reaction 
to verify the specificity of the reaction (Klein 2002).  Alternatively, fluorescence can be measured by 
using a third oligonucleotide sequence or probe containing a fluorescent label on one end and a 
quencher on the other end such as hydrolysis probes (TaqMan) (Livak et al., 1995) or hybridization 
probes (Molecular Beacons) (for a review see Ginzinger 2002).  TaqMan probes are designed to 
hybridize to one strand of the DNA target during the annealing step. When the TaqMan probe does 
not bind to the DNA target, it does not fluoresce because a quencher blocks the fluorescent signal.  
However, as DNA is synthesized, the TaqMan probe begins to bind to the single stranded DNA 
immediately after the denaturation step (heating to 95oC) of the PCR reaction.  As the Taq 
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polymerase synthesizes a new DNA strand, it digests the TaqMan probe bound to the template 
strand and thus releases the fluorescent label resulting in a fluorescent signal.  Therefore, as more 
target DNA is synthesized, the fluorescent output increases, resulting in sigmoid shaped 
fluorescence curves with respect to the number of cycles.   

The calculation of target DNA copies per reaction for any QPCR assay (SYBR Green or 
hydrolysis probes) begins with the determination of a cycle threshold (CT) value for each PCR 
reaction.  The threshold is the point at which the signal generated from the sample is significantly 
greater than the background fluorescence, and the CT is the cycle at which this occurs.  The CT is 
linearly correlated to the log of the copies per reaction for a set of standards, so the CT of the 
unknown sample can be used to calculate the number of target copies in that sample.  For additional 
reviews on real-time PCR and application of real-time PCR to environmental samples see Ginzinger 
(2002), and Klein (2002).  

 
 

Application of target specific PCR to MST  
 

Bacteroides 
 
Currently, Bacteroides assays are the most widely used cultivation independent host-specific 
microbial assays for MST.  The use of Bacteroides as a potential indicator was proposed in the mid-
1980’s because the amount of Bacteroides that could be cultivated from human fecal samples was 
around 1,000 fold greater than the amount of E. coli that could be cultivated from human fecal 
samples (Fiksdal, 1985).  Additional research using cultivation independent methods indicated that 
Bacteorides-Porphyromonas-Prevotella group comprised 10-60% of the intestinal population from 
many animals including humans (Franks et al., 1998, Harmsen et al., 2002), cattle (Wood et al., 
1998) and horse (Daly and Shirazi-Beechey, 2003).  Kreader (1995) developed PCR primers and 
specific hybridization probes to distinguish three Bacteroides species and demonstrated that the B. 
fragilis group (B. distasonis and B. thetaiotaomicron) and B. vulgatus were at higher concentrations 
in human feces than in farm animal species (cattle, swine, horses, goats and sheep, and poultry).  
Bernhard and Field (2000b) demonstrated that Bacteroides isolated from ruminant and humans were 
host-specific and designed PCR primers to distinguish human-specific and ruminant-specific 
Bacteroides. The human-specific Bacteroides presence/absence PCR assay was used as part of a 
tiered approach to identify fecal contamination as human or non-human (Boehm et al., 2002). 
Recently, QPCR assays have been developed for the detection of all Bacteroides species (Dick and 
Field, 2004), human-specific Bacteroides (Seurinck et al., 2005) and bovine-specific Bacteroides 
(Layton, unpublished). A QPCR assay for the detection of B. fragilis from human fecal samples has 
been developed, but this assay has not been tested for host-specificity against fecal samples from 
non-human sources (Malinen et al., 2003).    
 
 
Bifidobacterium 

 
Bifidobacterium are a well-studied group of beneficial intestinal bacteria that have also been 
proposed as fecal indicator species.  Several Bifidobacterium species have been proposed as being 
human host-specific including B. adolescentis (Matsuki et al., 2004, Bonjoch et al., 2004), B. 
dentium (Nebra et al., 2003; Bonjoch et al., 2004) and B. longum (Matsuki et al., 2004).  General 
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PCR primers have been developed to detect all Bifidobacterium (Kaufmann et al., 1997), and several 
PCR platforms have been designed to detect individual species.  These include PCR amplification 
with genus-specific Bifidobacterium primers followed by hybridization with a species-specific probe 
for B. dentium (Nebra et al., 2003) and multiplex PCR for the detection of B. adolescentis and B. 
dentium (Bonjoch et al., 2004).  QPCR assays have been designed to quantify B. longum (Malinen et 
al 2003, Matsuki et al 2004), B. adolescentis and B. dentium (Matsuki et al., 2004).  Two concerns 
with the use of Bifidobacterium as an indicator may be their short survivability in water (50% 
reduction in 10 hours, Resnik and Levin 1981), and its lower concentration in human feces than 
Bacteroides (Sghir et al., 2000).  The combination of these two factors may make it more difficult to 
detect in the environment than Bacteroides.  However, both B. dentium and B. adolescentis have 
been found in human sewage but not animal wastewaters (Bonjoch et al., 2004).  In addition, the 
detection of human associated Bifidobacterium in water samples may indicate recent contamination 
events.   
 
 
Streptococcus Lancefield Group D 
 
The taxonomic group, Streptococcus Lancefield Group D contains both Streptococcus and 
Enterococcus.  These bacteria are routinely isolated from fecal samples and were named according 
to the host from which they were isolated implying host specificity.  It was generally believed that E. 
faecalis and E. faecium (formerly S. faecalis and S. faecium) were associated with humans 
(Vancanneyt et al., 2002), whereas S. bovis were specific to ruminants (Whitehead and Cotta 2000).  
However, more recent literature indicates that S. bovis isolates may not be completely host-specific, 
as S. bovis isolated from clinical samples may cause approximately 24% of the streptococcal 
infections resulting in endocarditis, meningitis and septicemia (Whitehead and Cotta, 2000).  
Although not applied to MST, primers have been designed to differentiate Streptococcus bovis 
strains isolated from rumen and humans sources (Whitehead and Cotta, 2000).  Several QPCR 
assays also have been developed to detect Enterococcus species for application to drinking water 
and recreational water regulations.  Frahm and Obst (2003) published primers and a probe sequence 
that matches a range of Enterococcus species, whereas Santo Domingo et al. (2003) published 
primers and a probe sequence specific for E. faecalis.  For MST applications, additional research is 
needed to confirm host-specificity of the S. bovis and Enterococcus groups (Vancanney et al., 2002). 
  
 
 
Rhodococcus coprophilus 
 
This target has not been used in any MST studies and is still being tested for its distribution among 
hosts.  Rhodococcus coprophilus was proposed as an indicator of fecal contamination from farm 
animals (Mara and Oragui, 1981).   This bacterium inhabits the digestive system of almost all 
grazing animals and is passed to other animals grazing on the contaminated grass via the fecal oral 
route. The design of a TaqMan-based QPCR assay by Savill et al. (2001) allows continued testing of 
this bacterium as an indicator.  Additional information is needed on the prevalence of this bacterium 
in the U. S. and the amount of bacteria contained in feces.  It is likely that this bacterium persists 
longer in the environment than either Bacteroides or Bifidobacterium as it is aerobic and is passed 
between grazing animals.  
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Overview of target specific PCR methodology  
 
Application of target specific PCR assays to water samples generally requires concentration of water 
samples for two reasons.  First, in a PCR reaction the amount of target-containing sample added is 
only a few microliters (µL).  Given the dispersed and dilute nature of bacteria in water, larger 
samples are needed for representative sample. Second, assuming a worst-case scenario where the 
detection of one copy of DNA in a PCR reaction is equal to one culturable bacterium, very high 
concentrations of bacteria (e.g., approx. 106) would be needed in the environmental sample.  This is 
a worst-case scenario because even for easily cultivated bacteria such as E. coli only about 1% of the 
population can be re-grown from an environmental sample, thus the actual number of target bacteria 
in the sample is higher.  For most situations a 100 ml water sample is suitable for analysis. Water 
samples are often concentrated by filtering a 100 ml aliquot through a 0.45-µm membrane filter.  
After filtration the DNA can be extracted from the filter (Boehm et al., 2003; Frahm and Obst, 
2003), the bacteria enriched in nonselective broth (Frahm and Obst, 2003) or selective agar (Santo 
Domingo et al., 2003), or the bacteria can be eluted or washed off the filter and PCR performed 
without DNA extraction (Fode-Vaughan et al., 2001). 
 
Identification and quantification of specific viruses 
 
Identification of enteric viruses with limited host ranges can help distinguish sources of fecal 
pollution in water (Noble et al., 2003).  Human-specific adenoviruses (Jiang et al., 2001; Pina et al., 
1998) and enteroviruses (Griffin et al., 1999; Noble and Fuhrman, 2001) are candidate indicators for 
human fecal contamination.  Bovine enteroviruses (Ley et al., 2002) and bovine and porcine 
adenoviruses (de Motes et al., 2004) have been proposed for detection of animal-source fecal 
contamination.  Similarly, Teschoviruses have been used as an indicator of porcine fecal 
contamination (Jiminex-Clavero et al., 2003).  Additional viral targets could also be appropriate for 
MST depending on host specificity and pending development of molecular assays. 
 
Application of host-specific viruses to MST  
 
This method is in developmental stages and the number of studies applying this approach is still 
limited, although recently assays targeting enteric viruses were used to detect human and bovine 
fecal contamination in coastal waters (Fong et al., 2005). In addition, a microbial source tracking 
methods comparison study found that detection of human viruses has among the lowest false 
positive rates for tested methods (Griffith et al., 2003; Noble et al., 2003).  That is, human viruses 
were not identified in samples that lacked human-source contamination.  However, the study also 
demonstrated that this approach fails to always detect contamination from individual humans; human 
viruses were detected in samples seeded with sewage but not in samples seeded with fecal material 
from individual humans.  These results are consistent with the low carriage rate of viruses in the 
human population (Payment and Hunter, 2001). 
 
Overview of host-specific viruses methodology  
 
Molecular methods such as PCR allow rapid detection of viruses.  These assays also tend to be more 
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sensitive than traditional cell culture, which can be technically difficult, time consuming, and 
inefficient (Schwab et al., 1995).  Concentration and purification of viral nucleic acids from 
environmental samples can be challenging, but advances are being made within research laboratories 
to address these issues.  Quantitative PCR assays have been developed for some viruses, which 
allows levels of viral contamination from various sources to be quantified. 
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Table 3.1 Summary of Logistics of Methods Tested for MST 
METHOD Targets tested Cultivation Library Major Equipment Needs‡ Major Costs Time Required* 

Antibiotic 
Resistance 

• Escherichia coli 
• Fecal streptococci 
• Enterococcus spp. 

Individual  
Isolates 

Yes None Antibiotics 
96-well microplates 

4-5 days 

Carbon Utilization 
Profiles 

• Escherichia coli 
• Fecal streptococci 
• Enterococcus spp. 

Individual  
Isolates 

Yes None 
Plate reader (optional) 

Microplates with substrates 
(e.g., Biolog, Phene Plate)  

2-5 days 

rep-PCR 

• Escherichia coli Individual  
Isolates 

Yes Thermal cycler 
Agarose gel electrophoresis units 
Gel documentation system 
Fluorescence scanner for HEFERP 

PCR reagents 
PCR disposable 
Gel electrophoresis 

1 day 

RAPD 
• Escherichia coli Individual  

Isolates 
Yes Thermal cycler 

Agarose gel electrophoresis units 
Gel documentation system 

PCR reagents 
PCR disposable 
Gel electrophoresis reagents 

1 day 

AFLP • Escherichia coli Individual  
Isolates 

Yes Thermal Cycler 
Automated sequencer  

DNA extraction kit 
AFLP kit ($5 per reaction) 

5 days 

PFGE 

• Escherichia coli 
• Enterococcus spp. 

Individual  
Isolates 

Yes Thermal cycler 
Pulse Field Gel Electrophoresis 
Gel documentation system  
 
 

Plug prep. reagents 
Restriction enzymes 
Gel electrophoresis reagents 

2-4 days 

Ribotyping 

• Escherichia coli 
• Fecal streptococci 
• Enterococcus spp. 

Individual  
Isolates 

Yes Agarose gel electrophoresis units 
Gel blotting/Hybridization oven 
Gel documentation system 

DNA purification reagents 
Gel electrophoresis reagents 
Restriction enzymes 
Hybridization/ detection 
solutions 
Labeled gene probe 

1-3 days 

Phage Sero- or 
Geno-typing 

• F+ coliphage Individual  
Isolates 

No Hybridization oven 
None if serotyping 

Hybridization/ detection 
solutions 
Labeled gene probe or 
Phage specific antigen 

1-3 days 

Gene Specific PCR • E. coli toxin genes Sample 
Enrichment 

No Thermal cycler 
Agarose gel electrophoresis units 

PCR reagents 
PCR disposables 

2 days 
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Table 3.1 Summary of Logistics of Methods Tested for MST (Cont.) 

Host-specific PCR 

• Bacteroides 
• Bifidobacteria 
• Enterococcus 
• Rhodococcus 
• F+ coliphage 
• Enterovirus 
• Adenovirus 

None No Thermal cycler  
Agarose gel electrophoresis units 

Filtration units  
PCR reagents 
PCR disposable 

6-8 hours 

Host-specific QPCR 
• Bacteroides 
• Rhodococcus 
• Bifidobacteria 

None No Fluorescent Thermal Cycler Filtration units 
PCR reagents/label 
PCR disposable 

1-3 hours 

 
‡ All methods require standard microbiological equipment, such as, micropipettors ($200-300 each), microcentrifuge ($1-2K), in 
methods requiring cultivation growth chambers (incubators) are needed 
 
Major equipment costs are in the range of: Microcentrifuge ($1-2K), thermal cycler ($5K), thermal cycler with fluorescence detector 
for quantitative PCR ($25,000-$90,000), automated sequencer ($55K), submarine agarose gel unit with power supply ($1-2 K), PFGE 
unit ($11-25K), riboprinter ($175K), gel documentation system ($2-15K), statistical analysis software ($8-15K) needed for all library-
dependent methods 
 
Reagent costs:  PCR ($2-$10/reaction including primers), filters to concentrate water samples ($4/ sample), all molecular method 
using gel electrophoresis require agarose and buffer solutions 
 
*Time after enrichments or isolation performed, time for isolation dependent on target and method used for isolation and confirmation 
can vary considerably.  Also, time required for data analysis for library dependent methods are not included because it is highly 
variable and dependent on available gel and data analysis software. 
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 Table 3.2  Comparison of advantages and disadvantages of source tracking methods* 
METHOD ADVANTAGES DISADVANTAGES 
Antibiotic Resistance • Rapid; easy to perform 

• Requires limited training 
• May be useful to differentiate host source 

• Require reference library 
• Requires cultivation of target organism 
• Libraries geographically specific 
• Libraries temporally specific 
• Variations in methods in different studies 

Carbon Utilization 
Profiles 

• Rapid; easy to perform  
• Requires limited training 

• Require reference library 
• Requires cultivation of target organism 
• Libraries geographically specific 
• Libraries temporally specific 
• Variations in methods in different studies 
• Results often inconsistent 

rep-PCR • Highly reproducible 
• Rapid; easy to perform  
• Requires limited training 
• May be useful to differentiate host source 

• Requires reference library 
• Requires cultivation of target organism 
• Libraries may be geographically specific 
• Libraries may be temporally specific 

RAPD • Rapid; easy to perform 
• May be useful to differentiate host source 

• Requires reference library 
• Requires cultivation of target organism 
• Libraries may be geographically specific 
• Libraries may be temporally specific  
• Has not been used extensively for source tracking 

AFLP • Highly reproducible 
• May be useful to differentiate host source 

• Labor-intensive 
• Requires cultivation of target organism 
• Requires reference library 
• Requires specialized training of personnel 
• Libraries may be geographically specific 
• Libraries may be temporally specific 
• Variations in methods used in different studies 
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Table 3.2  Comparison of advantages and disadvantages of source tracking methods (Cont.) 
PFGE • Highly reproducible 

• May be useful to differentiate host source  
• Labor-intensive 
• Requires cultivation of target organism 
• Requires specialized training of personnel 
• Requires reference library 
• Libraries may be geographically specific 
• Libraries may be temporally specific   

Ribotyping • Highly reproducible 
• Can be automated 
• May be useful to differentiate host source 

• Labor-intensive (unless automated system used) 
• Requires cultivation of target organism 
• Requires reference library 
• Requires specialized training of personnel 
• Libraries may be geographically specific 
• Libraries may be temporally specific 

F+ RNA coliphage • Distinguishes human from animals 
• Subtypes are stable characteristics 
• Easy to perform 
• Does not require a reference library 

• Requires cultivation of coliphages 
• Sub-types do not exhibit absolute host specificity 
• Low in numbers in some environments 

Gene specific PCR • Can be adapted to quantify gene copy number 
• Virulence genes may be targeted; providing direct evidence 

that potentially harmful organisms present 
• Does not require reference library 

• Require enrichment of target organism  
• Sufficient quantity of target genes may not be available 

requiring enrichment or large quantity of sample 
• Requires training of personnel 
• Primers currently not available for all relevant hosts 

Host-specific PCR • Does not require cultivation of target organism  
• Rapid; easy to perform  
• Does not require a reference library 

• Little is known about survival and distribution in water systems 
• Primers currently not available for all relevant hosts 

Virus specific PCR • Host specific 
• Easy to perform 
• Does not require reference library 

• Low in numbers, requires large sample size 
• Not always present even when humans present 

All methods require validation.  All methods require personnel trained in basic microbiology and potentially basic molecular biology 
skills (e.g., PCR and agarose gel electrophoresis), and only those requiring specialized training are labeled. 
 



 52  



 

 53

Chapter 4.  Data Collection and Analysis in Library-dependent Approaches 
 
4.1 Introduction 
 
Data collection and analysis are two critical components of microbial source tracking (MST) that 
require careful attention in the planning stages of any study. Different approaches to MST produce 
different types of numerical data and consequently require different considerations and strategies in 
sampling and analysis.  This Chapter highlights key issues in sampling design and data 
representation and discusses several statistical methods commonly used in various stages of MST.  
The discussion will be limited to library-dependent methods as they pose the most technical 
challenge from a statistical point of view.  Library-independent approaches to MST use host-specific 
markers to identify contaminant sources (See Sections 4.3-4.4.).   The existence of host-specific 
markers reduces the dependence on libraries, which are subject to geographic and temporal 
variability.  However, while the presence of a host-specific marker enables source identification with 
near certainty, the absence of the same marker does not necessarily exclude any host from 
consideration.  In addition, there are currently only a limited number of hosts for which such 
markers have been found.  Therefore, at present, library-independent approaches to MST may need 
to be used in conjunction with a library-dependent approach and the associated statistical analysis 
would require similar adaptation.    For example, a simple two-stage procedure could be used which 
first screens for host-specific markers and then resorts library-dependent methods and statistical 
analyses if none are found. 

 

4.2 Data collection 
 
Effective MST requires that appropriate data are collected to meet the objectives of the study.  For 
example, an analysis that indicates cattle as the major source of fecal contamination to a stream on 
70% of dates sampled may not be particularly meaningful if the stream did not exceed regulatory 
criteria on those days.  Despite dominance by cattle contamination on most dates, humans could very 
well be the major source on exceedance dates and, therefore, the logical target of remediation 
efforts.  The sampling plan must be designed around the objectives of the study. 

Applications of source tracking could use various sample schedules to accomplish their objectives.  
For example, in applications to total maximum daily load (TMDL) water quality assessments, it 
might be essential to evaluate contributions at all concentration levels across all seasons, while for 
application to beach closures it might be more important to evaluate contributions when 
concentrations exceed regulatory limits during the recreational season. 

Most water bodies, whether streams, lakes, or aquifers, are not well mixed so a single sample does 
not represent the entire water body.  In moving water, in particular, short-term variability must be 
considered because a single enriched particle can greatly skew the results from that sample.  
Furthermore, transient animal populations mean that potential contributors change with season and 
hydrology creates different flowpaths from those contributors with weather and season.  A single 
sample should rarely, if ever, be interpreted as a comprehensive indicator of pollution status across 
the entire water body, the entire year, or all flows. 
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Some general principles to follow in sampling watersheds of various kinds include: 

1. Composite samples are preferred to single dip samples in order to include more of the entire 
cross-sectional area or volume of the sampled water body.   

2. Taking several replicate samples or compositing samples over time helps to even out short-term 
variability. (Hyer and Moyer, 2003) 

3. Existence of transient animal populations implies that the known-source library may not be 
useful in all seasons (Haack et al., 2003).  This stresses the need that the known-source library 
should be collected concurrently with water samples. 

4. Different sources of fecal contamination could be expected in storm flow from base flow and 
this should be taken into account in the sampling plan (Hartel, 2004).  For instance, fecal 
pollution in base flow is generally considered to be from ground water seep (including leaky 
sewer lines and leach fields), direct deposition by wildlife, and various NPDES-permitted 
effluents. Fecal pollution in storm flow, on the other hand, is transported with overland flow 
(including field-spread manure), stormwater discharges (including combined-sewer overflows), 
and other flooded areas (Tian, 2004). 

 

4.3 Numerical representation of isolate profiles 
 
As has been stated in previous Chapters, the majority of currently applied approaches for microbial 
source tracking are library-dependent.  That is to say, they rely on a collection of isolate profiles 
(fingerprints, banding patterns or discrete data) from each source category and the information 
contained in this library of isolate profiles forms the basis for classifying indicator organisms of 
unknown origin by source category.  Both genotypic and phenotypic library-dependent approaches 
are currently employed for MST.  Genotypic approaches characterize isolates based on DNA-based 
characteristics, often visualized as banding patterns of DNA fragments on agarose or polyacrylamide 
gels, whereas phenotypic approaches characterize isolates based on their observable physiology or 
growth characteristics on specific laboratory media, or via quantitative measurements of traits like 
cell surface antigens or resistance to antibiotics.    Compilations of genotypic and/or phenotypic 
characteristics can be measured and used to define a reproducible profile or fingerprint for each 
isolate.  However, there are usually several ways to represent an isolate’s characteristic profile as 
numerical data, and decisions about data representation can have a significant impact on both 
sampling and analysis strategies and outcomes. 
 
Genotypic data, such as an isolates DNA fingerprint, can generally be represented numerically as (1) 
a “continuous” intensity curve where peaks represent the location (fragment size) of bands and the 
heights (and/or areas) of the peaks are a quantitative measure of a bands intensity (See Figure 1), (2) 
a discrete listing of band locations and intensities, defining presence and magnitude of a finite set of 
bands from a list of possible band fragment sizes or (3) a discrete profile listing of band locations, as 
binary (presence/absence) data, defining only the presence of a finite set of bands from a list of 
possible band fragment sizes (See Figure 1).  While the latter method has frequently been used for 
genotypic profiles having simple banding patterns (those having a limited number of bands), more 
complex band patterns are often analyzed using data derived from fragment location and band 
intensity.  In cases where numerical differences in band intensity are theoretically meaningful, either 
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of the quantitative representations is preferable to the binary representation.  For example, in the 
analysis of PFGE profiles, high band intensity may indicate the presence of multiple fragments 
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Figure 4.1  Two genotypic fingerprints from Figure 1C of Chapter 2 with corresponding curve 
representation 

 

 

of similar length.  Similarly, in PCR-generated DNA fingerprints, enhanced band intensity may 
be due to PCR bias, or target copy number.  In extreme cases, alternate numerical representation 
that takes these factors into account might yield useful information. 
 
Thus, a key factor to consider when deciding whether to use quantitative values or presence/absence 
character tables is the interpretability of the quantities measured by each variable in the numerical 
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profile.  A confounding influence, however, is that laboratory and image processing protocols can 
also affect numerical representation and, consequently, the analysis of genotypic profiles.  In 
particular, it is essential that data profiles for each isolate be carefully aligned such that all common 
bands are, in fact, positioned at the same location.  This task is more difficult than it may at first 
seem.  The default settings of software packages commonly used for genotypic fingerprint analysis 
are designed to aid, but cannot by themselves ensure, accurate alignment.  Therefore, the 
incorporation of subjective judgments by an experienced analyst is required. 
 
The numerical representation of phenotypic isolate profiles is more straightforward.  Phenotypic 
profiles sometimes consist of a series of quantitative measurements of phenotypic traits, such as in 
antibiotic resistance analysis (ARA, see Chapter 3) in which growth in the presence of serial 
concentrations of antibiotics is tested.  Phenotypic profiles can also consist of binary character 
tables, such as in multiple antibiotic resistance (MAR, see Chapter 3), where resistance to only one 
concentration of each of several antibiotics is measured and carbon utilization patterns (See Chapter 
3), where a substrate may or may not support growth of a strain.  In this case, the only numerical 
representation is a profile of binary variables which indicates growth or absence of growth under the 
test conditions.  Although discrete data such as that collected in ARA could also be depicted as 
binary character tables, it is preferred to record quantitative values (maximum concentration at 
which growth was not inhibited for each antibiotic) because data for each concentration of antibiotic 
tested are not independent. 

 

4.4 Library construction and validation 
 
Sample size and library representativeness  

Library-dependent MST studies require the creation of a known source database to which unknown 
field isolates are compared.  Library size and the representativeness of strains in a known-source the 
library are two major considerations that need to be carefully assessed before embarking on any 
MST study. The same considerations must be given to MST studies done using phenotypic or 
genotypic data, although the final number of strains in a known source database may vary depending 
on the methods chosen.  Moreover, based on usually empirical information, one must carefully 
weigh decisions on whether to take a large number of samples from a few animals or a lesser number 
of samples from a large number of animals. Generally speaking, a library needs to be large enough 
to (1) capture the total genetic diversity present within the population of indicator bacteria in a given 
host animal and (2) be of sufficient size so that environmental isolates can be reliably typed to host 
origin. The ultimate size of the known source database library is also linked to the size of the 
watershed under consideration and the number of potential sources in the watershed. For example, a 
smaller library will be needed if a watershed is primarily inhabited by a limited number of potential 
animal sources that occupy a limited geographic location.    

The genetic diversity of indicator bacteria (most people use databases consisting of E. coli or 
eneterococci) in a given animal host is related to feeding habit, food sources, diet variation in a host 
animal group (Hartel et al., 2003), fecal contamination from other animals, temporal and geographic 
variation of bacterial genotypes within and between animal species (Gordon, 2001; Hartel et al., 
2002; Scott et al., 2002; Jenkins et al., 2003) and the number of strains in a single animal (McLellan 
et al., 2003). Accordingly, estimates of library sizes are often difficult to make without empirical 
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data.  Generally speaking, most genotypic-based MST studies that have been conducted to date have 
used relatively small host origin databases, containing between 35 and approximately 500 isolates 
(Johnson et al., 2004). A small library size makes comparisons to populations of E. coli and 
Enterococcus in the environment difficult, mostly due to the large number of unidentified strains that 
result from such analyses. Recently, Johnson and coworkers (Johnson et al., 2004) reported that 
library size and representativeness have a major influence on the accuracy of MST studies. In 
contrast, many phenotypic-based MST studies, mostly done using antibiotic resistance patterns, have 
used larger known-source libraries consisting of about 1,000 – 6,000 isolates (Johnson et al., 2004). 
In many cases, however, the strains examined have been isolated from the same source animal or 
sample, introducing biases due to the presence of multiple replications of the same bacterial 
genotype.  

There are several methods available to measure the representativeness of known-source libraries. 
Many of these methods, however, are empirical in nature.  Rarefaction analysis has been considered 
a useful tool for comparing species richness and diversity. This type of analysis has been used in 
MST studies and provides a statistical method for estimating the number of genotypes that are 
expected to be present in a random sample of individuals.  The data requirements for the rarefaction 
analyses are not exacting and do not require abundance information (Koellner et al., 2004). 
Rarefaction analysis estimates the rarity of a given genotype in a population by calculating a series 
that approximates the number of genotypes present in randomly and successively drawn subsets of 
the original database. This method allows for the generation of a rarefaction curve that allows 
comparison of the observed richness (diversity) among randomized library entries by averaging 
randomizations of the observed accumulation curve (Heck et al., 1975). If a library is “saturated” 
with genotypes, the rarefaction curve will appear to have a horizontal asymptote, indicating that 
additional library entries do not appreciably increase the number of new genotypes uncovered. In 
contrast, rarefaction curves that appear linear indicate that the library is not saturated with respect to 
diversity of genotypes. As such, additional library entries are needed to be useful to type unknown 
environmental isolates. As a consequence, it has been suggested that a library size of tens of 
thousands of E. coli isolates may be needed to capture all the genetic diversity present in natural 
populations (Mansour Samadpour, personal communication). 

 

The representativeness and fidelity of known-source libraries can also be ascertained by applying 
jackknife analysis and reporting the average rate of correct classification (ARCC). This method of 
analysis is frequently reported in MST studies (e.g., Harwood et al., 2000.). The ARCC simply 
calculates the number of library isolates assigned to the correct source group when the library is 
queried using “hold-out” or Jackknife analyses. To do this, each isolate is individually removed from 
the database.  The degree of similarity of the removed isolate to those remaining in each source 
group is determined, and then the average rate of correct classification is determined. Library entries 
that are incorrect or small libraries containing insufficient entries to capture all the genetic diversity 
will have lower ARCC values.  

 

4.5 Measuring spatial and temporal variability 
 
There are several statistical techniques available to measure and compare patterns of spatial and 
temporal variability.  Among these are exploratory graphical techniques such as multi-dimensional 



 

 59

scaling (MDS) or principal components analysis (PCA) and confirmatory analyses performed using 
statistical techniques such as multivariate analysis of variance (MANOVA).  The goal of an 
exploratory analysis is to identify patterns of variation in the data relevant to assumptions and 
hypotheses (Chapter 3).   The goal of a confirmatory analysis is to test the validity of specific 
assumptions and hypotheses which may have been formulated based on observations made during an 
exploratory analysis.  

 

Multidimensional Scaling 

MDS (Torgerson, 1958) is a technique for representing a dissimilarity (or distance) matrix in 
relatively few dimensions.   To illustrate the usefulness of MDS, consider a data set like the distance 
tables at the back of a road atlas, giving driving distances between major cities. The MDS algorithm 
could accurately reconstruct a map of the United States from this matrix of distances.   The distance 
between pairs of cities in a MDS map of the United States would be roughly proportional to the 
corresponding geographic distances.  (However, the map itself might be rotated or inverted.)  This is 
illustrated below in the Figure 2 which is an MDS map of the ten USEPA Regional Offices, which 
was constructed by applying MDS to the table of geographic distances in Table 4.1.  If the user did 
not know the geographical relation between the cities listed in the road atlas, the MDS map would be 
helpful for identifying geographic relationships.   

 

In the context of MST, MDS plots are based on a matrix of numerical inter-isolate dissimilarity 
measures (instead of driving distances).  Patterns of inter-isolate variation can be represented in a 
two or three-dimensional plot in which distances between points are roughly proportional the 
dissimilarity between the isolates they represent. As with PCA, this technique allows the multi-
dimensional isolate profile data to be plotted in two or three dimensions and aids in the identification 
of major sources of variation. 

 

Table 4.1 Geographic distance between each pair of USEPA regional offices. 

 
Bosto
n New York Philadelphia Atlanta Chicago Dallas Kansas City Denver 

San 
Francisco Seattle 

Boston 0          

New York 200 0         

Philadelphia 300 110 0        

Atlanta 1100 850 750 0       

Chicago 1000 810 790 710 0      

Dallas 1750 1560 1440 820 920 0     

Kansas City 1440 1230 1170 820 540 510 0    

Denver 2000 1790 1740 1430 1020 780 610 0   

San Francisco 3130 2930 2900 2480 2170 1750 1860 1260 0  

Seattle 3020 2840 2820 2630 2050 2130 1860 1340 810 0 
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Figure 4.2  MDS map of the ten USEPA regional offices constructed from the table of geographic 
distances in Table 1. 
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More about similarity coefficients 
An underlying assumption of many MST analyses, including MDS, is that distance (or 
dissimilarity) between isolate profiles can be measured numerically in some meaningful way. 
 If the measure of dissimilarity is inappropriate or inaccurate then any inference drawn from 
MDS is invalid.   Most software packages used for the analysis of MST data provide the user 
with several options for measuring inter-isolate similarity and distance.   
Typical choices for similarity measurements among binary profiles include the similarity 
coefficients of Jaccard (1901), Dice (1935), Sokal and Michener (1958), Ochiai (1957) and 
Kulczynski (1928).  Each of these coefficients can be expressed in terms of four quantities: 
(1) the number of bands common to both isolate profiles, denoted by a, (2) the number of 
bands present in the profile of the first isolate, but absent in the profile of the second isolate, 
denoted by b, (3) the number of bands present in the profile of the second isolate, but absent 
in the profile of the first isolate, denoted by c, and (4) the number of bands that are absent in 
both of the isolate profiles being compared, but present in at least one of the other isolates in 
the library, denoted by d.  For simplicity of notation, the total number of distinct band 
locations for the entire library is often denote by p=a+b+c+d.   The expression for six of the 
most commonly used measures of similarity between binary profiles are presented in Table 2 
along with several properties of each that are relevant to the interpretability, and thus the 
selection, of a similarity measure.   

  Isolate 2 

 
 pos neg 

pos a b 

Is
o

la
te

 1
 

neg c d 

Each of the six coefficients range in value from 0 to 1, where values near 0 indicate extreme 
dissimilarity and values near 1 indicate extreme similarity.  All coefficients, with the 
exception of the simple matching coefficient of Sokal and Michener equal 0 when two isolate 
profiles contain no matching bands (i.e., a=0) and all coefficients except the Russell-Rao 
coefficient equal 1 when isolate profiles contain no mismatched bands (i.e., b=c=0).  Both of 
these exceptions are due to the coefficients dependence on d, the number of bands not present 
in either of the isolate profiles being compared.  Therefore, if this quantity is not meaningful 
in the context of an analysis, these two coefficients are inappropriate. 

Another property of these coefficients displayed in Table 2 is whether or not its 
corresponding dissimilarity measure (usually one minus the similarity measure) satisfies the 
properties of a distance metric.  In particular, it should be noted that the coefficients of Dice, 
Ochiai and Kulczynski (i.e., “Jeffrey’s x”) do not satisfy these conditions, in particular the 
triangle inequality.  Therefore, while all these are valid measures of inter-isolate similarity, 
their use for MDS may result in some minor distortion.  Shi (1993) makes a much more 
extensive comparison of these six coefficients and several alternative measures of similarity 
for binary profiles. 
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Table 4.2  Common similarity measures for binary profiles 

 

 

 

Principal components analysis 

 

PCA (Hotelling, 1933) is a statistical technique for dimension reduction and identification of 
dependence patterns among variables. PCA uses the interdependence between the original set of 
variables, as measured by correlation or covariance, to reduce the data set to a smaller set of 
variables called principal components.  The principal components reproduce patterns present in the 
full set of variables and are easier to visualize.  For example, two or three principal components can 
sometimes be used to summarize data for 50 or more of descriptive variables such as bands in a 
fingerprint.   The major assumption of PCA is that the dependence between variables is fully 
described in terms of pairwise covariances and that this covariance structure is similar for the entire 
population.    
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 Suitability 

for MDS 
Alternate names 

Jaccard (1901) a/(a+b+c) 0 1 Yes High Coefficient of 
community 

Sokal and 
Michener (1958) 

(a+d)/p d/p 1 Yes Moderate Simple matching 

Dice (1945) 2a/(2a+b+c) 0 1 No Moderate Sorensen (1948) 

Ochiai (1957) a/sqrt((a+b)(a+c)) 0 1 No Moderate Coefficient of 
closeness 

Kulczynski (1928) a(2a+b+c)/[2(a+b)(a+c)] 0 1 No Low Jeffrey’s x 

Russell and Rao 
(1940) 

a/p 0 a/(a+d) Yes Low  
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Figure 4.3  PCA and MDS plots of a small library of isolates where different colors indicate different 
source categories. 

 

While PCA and MDS are both useful techniques for representing multivariate data in relatively few 
dimensions, it should be emphasized that both the underlying assumptions and objectives of these 
two methods are quite different.  In particular, PCA is based on measurements and assumptions 
about variable interdependence and MDS is based on measurements and assumptions about inter-
isolate similarity (See Table 3.).  As a matter of practice, however, one often observes strong 
similarities between MDS and PCA plots (See Figure 4.3).  If there is a natural similarity among 
profiles, whether based on host of origin, time frame, or geographic location, it may be detectable by 
either approach. Further discussion of both MDS and its connections to PCA can be found in Cox 
and Cox (2001).   
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Multivariate analysis of variance 

 

If patterns of spatial or temporal dependence are suspected or observed in an exploratory analysis 
such as PCA or MDS, a multivariate analysis of variance (MANOVA) (Wilks, 1932) can be used to 
test for significant spatial or temporal effects.  However, in order for valid conclusions to be drawn 
from a typical MANOVA, data must satisfy the assumption of multivariate normality.  This 
assumption is rarely met by MST data and therefore resampling-based methods for MANOVA 
(Anderson, 2003), which do not assume, multivariate normality are preferable.  Unfortunately, this 
methodology is not currently available in standard software packages.  Therefore, it should be 
emphasized that results of standard MANOVA must be interpreted with caution. 

More about Principal Components Analysis 

Principal components are uncorrelated linear combinations of the original variables.  That is 

to say, if the original variables are represented by X1, X2, … , Xp, then each principal 

component is of the form a1X1+a2X2+…+apXp where the variable weights a1,a2,…,ap are 

based on the interdependence structure of the original variables.  In particular, the variable 

weights are the normalized eigenvectors of the sample covariance matrix.  This 

transformation allows the multi-dimensional isolate profile data to be plotted in two or three 

dimensions and major sources of variation to be identified.  It should be noted that such plots 

will often display an arched pattern known as the horseshoe effect (Guttman, 1950). Plots of 

principal components that exhibit a severe horseshoe effect can be misleading and therefore 

caution should be exercised when drawing conclusions (See Figure 3).  Further details on 

both the application of PCA and its underlying theory can be found in Jolliffe (2002). 
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Table 4.3  Techniques for identifying patterns of spatio-temporal variability in the isolate profiles 
Method Reference Exploratory or 

Confirmatory 
Objective Relevant Assumptions 

Principal components 
analysis (PCA) 

Hotelling 
(1933) 

Exploratory Represent the variation in a large 
number of variables by a small 
number of principal components. 

Covariance is an appropriate measure of 
variable interdependence. 

Dependence between variables is similar 
for all isolates. 

Multidimensional 
scaling (MDS) 

Turgorsen 
(1952) 

Exploratory Represent an interobject distance 
matrix in relatively few 
dimensions. 

Selected inter-isolate distance metric is 
appropriate. 

Multivariate analysis 
of variance 
(MANOVA) 

Wilks (1932) Confirmatory Test for statistically significant 
differences between the means of 
specified groups of isolate profiles. 

Multivariate normality 

Dependence between variables is similar 
for all observations 

Non-parametric 
MANOVA 

Anderson 
(2002) 

Confirmatory Test for statistically significant 
differences between the means of 
specified groups of isolate profiles. 

Selected inter-isolate distance metric is 
appropriate. 

 

 

Isolate identification 

 

Once a library of isolate profiles from each potential source has been collected, a rule for identifying 
the most likely source of isolates of unknown origin must be constructed.  Statistical methods to 
accomplish this are referred to as discriminants or classification rules.  This section describes the 
general process of constructing and evaluating classification rules in the context of microbial source 
tracking and discusses the assumptions of several classification rules commonly used for microbial 
source tracking.  Certain types of classification rules and their corresponding assumptions are more 
appropriate for different types of MST data, but the same general process should be followed in the 
construction and assessment of classification rules regardless of the type of data (Hastie et al., 2002).  

 

1. Declone isolates from each feces sample by deleting identical patterns within each single feces 
sample in the database.  These are essentially duplicate observations and it would be 
inappropriate to have replicate observations in the training, validation, and test sets (below). 

2. Randomly divide data into training isolates (~50%), validation isolates (~25%) and test isolates 
(~25%). 

3. Use the training isolates to construct various classification rules. 

4. Estimate the accuracy of each rule by attempting to classify the validation isolates.   

5. Select the most accurate rules and refine them.  Refinement techniques include variable selection 
and the adjustment of tuning parameters. 

6. Once a (single) best rule has been selected, use the test isolates to estimate generalizability of the 
rule.  This step is important to predict how well the classification rule will work in real-world 
application.  

 



 

 66

4.6 Techniques for classification and discriminant analysis 
 
There are several different techniques for classification of isolates to source categories based on the 
known-source library.  This section attempts to give some details of a few commonly used 
procedures for discriminant analysis and identify situations where each is appropriate. 

 

Linear and Quadratic Discriminant Analysis 

As with most statistical techniques, at the foundation of the most commonly-used and well-known 
classification rules is the assumption that the training data (known-source library) are a random 
sample from a population for which the variation between samples is well-described by a normal 
distribution.  In particular, linear discriminant analysis (LDA) and quadratic discriminant analysis 
(QDA) assume that the data from each population follow a multivariate normal distribution.   
Implicit in this assumption is the notion that each individual variable follows a (univariate) normal 
distribution and that the dependence structure among the variables is fully characterized by a matrix 
of pairwise covariances. 
 
In the case of binary profiles, the concept of a mean, or “consensus,” fingerprint surrounded by a 
cloud of variants, distributed at similarity distances that follow a normal distribution, is not 
meaningful.   Therefore, the assumption of multivariate normality makes it difficult to justify the use 
of LDA or QDA for classification of binary profiles resulting from genotypic fingerprints because 
these presence/absence data do not follow a normal distribution.   
 
LDA makes the additional assumption that the matrix of pairwise covariances is the same for 
samples from each population.  However, in the context of microbial source tracking, this may not 
always be true (e.g., two bands might be positively correlated for one source category and negatively 
correlated for another source category).  Finally, classification rules based on the assumption of 
multivariate normality use estimates of covariance matrices that tend to be poor unless sample sizes 
are very large.  Thus classification rules based on LDA and QDA can often perform poorly when 
sample sizes are not very large.  In conclusion, LDA should be used with caution for MST, but QDA 
seems to be a somewhat reasonable approach for data resulting from phenotypic profiles when 
sample sizes are large. 

 

Nearest-neighbor rules 
 
In addition to LDA and QDA there are several other types of classification rules.  When the 
assumptions required by LDA and QDA are inappropriate, nearest-neighbor rules are the most 
common alternative.  There are several varieties of nearest neighbor rules, but they share the general 
characteristic of classifying objects based on the group membership of the most similar objects of 
known origin.  These rules do not assume any explicit form for the data distribution, such as 
multivariate normality, but in order to provide reasonable classifications, similar objects, as 
measured by some distance or similarity coefficient, must come from the same population. 
 
The three most common types of nearest neighbor rules in the MST literature are the (1) maximum 
similarity, (2) average similarity and (3) k-nearest-neighbor rules.  Maximum similarity 
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classification simply assigns isolates of unknown origin to the source of the most similar isolate in 
the library.  Average similarity measures the similarity between the isolate of unknown origin and all 
isolates of known origin and then assigns the unknown isolate to the source with which the unknown 
isolate profile has the highest average similarity.   
 
The k-nearest neighbor rules (Fix and Hodges, 1951) are somewhat of a compromise between 
these two methods.  For some specified value of k, the k most similar objects are identified and 
the isolate of unknown origin is assigned to the source with the largest representation among the 
k nearest neighbors.  Surprisingly, little research has been conducted regarding the choice of the 
value of k.  However, for the simple case of two multivariate normal populations of comparable 
group sizes, Enas and Choi (1986) recommend selecting k to be approximately between n2/8 and 
n3/8 depending on whether there are small or large differences between the group covariance 
matrices.  So, even for sample sizes of n=1000 the recommended value of k is somewhere 
between 5 and 13.  Thus a large number of neighbors are not advisable.  Further information on 
the theory and implementation of nearest neighbor rules can be found in Dasarathy (1991). 
 
 
Epidemiological matching 
 
So called “epidemiological matching” is another approach that has been used for isolate 
identification.  (Note: Statistically, this can be viewed as a generalization of a maximum-similarity 
classification rule.) This practice involves clustering isolate profiles into subtypes and assigning  an 
isolate of unknown origin to a source category only if it is similar enough to all the isolates of a 
particular subtype, which themselves are all associated with the same source.  Definition of subtypes 
is accomplished via complete linkage hierarchical cluster analysis, which establishes a minimum 
similarity for all isolate profiles within a subtype.  Determining the value of this minimum similarity 
value depends on both the quality of the data and on the similarity being used.  For example, Figure 
4 illustrates the fact that the simple matching coefficient is always larger than the Russell-Rao 
coefficient, the Jaccard coefficient is always larger than the Russell-Rao coefficient and the Dice 
coefficient is always larger than the Jaccard coefficient.  Therefore, it is difficult to establish 
guidelines for establishing subtypes beyond stating that the relative magnitudes of similarity 
measures should be considered.  
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Figure 4.4  Relationships between similarity measures for binary profiles. 
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Table 4.4  Summary of common classification rules 
Rule Assumptions Suitability classification of 

genotypic profiles 
Suitability classification of 
phenotypic profiles 

Linear Discriminant Analysis 
(LDA) 

Multivariate normality 

Common covariance 
structure for each group 

Low Low 

Quadratic Discriminant 
analysis (QDA) 

Multivariate normality Low Moderate 

Average similarity Appropriate similarity Low Low 

Maximum similarity (1-nearest 
neighbor) 

Appropriate similarity High Moderate 

k-nearest neighbor Appropriate similarity High High 

Epidemiological matching Appropriate similarity High Moderate 

 

 

4.7 Practical issues and Chapter summary 
 
Total cost of misclassification 
 
In a formal decision-theoretic framework the cost of a classification error is factored into the 
evaluation of a classification rule.  For example in the context of microbial source tracking, it might 
be more costly to identify a poultry farm as the source of contamination, when in fact wild geese are 
the true source of contamination, than it would be to make an error in the reverse direction.  
Additional examples include unnecessary human sewer upgrades using public money, BMP for 
livestock waste management at a portion of the farmer’s personal income, or wildlife management 
plans at a small amount of public money.   Incorrect identification of contamination sources is also 
likely to have political costs in addition to monetary costs.  However, most software packages do not 
let users specify the costs of each type of misclassification error.  An alternative protection against 
costly errors is requiring a threshold of evidence before any classification can be made, since it is 
often preferable to make no attempt at classification rather than classify incorrectly.   An example of 
an analysis of MST data which includes the use of threshholding is Ritter et al. (2003). 

 

Software 
 
The techniques and tools for data management and analysis discussed in this Chapter require 
software for implementation. There are several software packages available for image processing, 
library management and data analysis.  These packages vary in cost, capabilities and ease of user 
interface.  Table 4.5 attempts to give some indication of the relative strengths and weaknesses of 
some commonly used software packages.   
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Table 4.5  Comparison of software packages commonly used for analyses associated with 
microbial source tracking 
Software Company Capabilities Ease of 

use 
Flexiility Cost 

Bionumerics Applied Maths, Belgium Image analysis, data 
management and 
statistical analysis 

High Low High 

SAS SAS Institute, Cary NC Statistical analysis Moderate Moderate High 

R CRAN, www.r-project.org Statistical analysis Low High Free for academic use 

ImageQuant  Image analysis  Moderate Low 

 

 
Summary 
 
In conclusion, we reemphasize that there are several critical decisions to be made regarding data 
collection and analysis in any MST study and reiterate the most important ideas below. 

 

1. The sampling plan must be designed around the objectives of the study. 

 

2. There are usually several ways to represent an isolate’s characteristic profile as numerical data, 
and decisions about data representation can have a significant impact on both sampling and 
analysis strategies and outcomes. 

  

3. The genetic diversity of indicator bacteria in a given animal host is influenced by several factors. 
 Accordingly, estimates of library sizes are often difficult to make without empirical data.   

a. Generally speaking, most genotypic-based MST studies that have been done to date have 
used relatively small host origin databases, containing between 35 and about 500  

b. In contrast, many phenotypic-based MST studies, mostly done using antibiotic resistance 
patterns, have used known-source libraries consisting of about 1,000 – 6,000 isolates  

c. In some of the more extreme cases a significantly large library (i.e., fingerprints for 
20,000 to 40,000 E. coli isolates) may be needed to capture all the genetic diversity 
present in natural populations 

 
4. Certain types of classification rules and their corresponding assumptions are more appropriate 

for different types of MST data, but the same general process should be followed in the 
construction and assessment of classification rules regardless of the type of data 

a. LDA should be used with caution for MST, but QDA seems to be a somewhat reasonable 
approach for data resulting from phenotypic profiles when sample sizes are large. 

b. When QDA is inappropriate, nearest-neighbor rules are the most common alternative.   
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Chapter 5.  Methods Performance 
 
5.1  Introduction 
 
The goal of Microbial Source Tracking (MST) is to associate a microorganism from a polluted site 
with an human or animal source to infer the origin of fecal pollution.  This information is vital to 
managers, stakeholders, and other interest groups that play a role in contracting MST studies, water 
quality monitoring, risk assessment, and protection and restoration of U.S. surface waters.  Decision 
makers require high quality data.  Quality control strategies measure confidence in data and help 
ensure proper use of methods.  As a result, researchers have developed quality measures to assess 
the performance of each MST method.  A comparison of quality measures revealed a core group of 
performance criteria that all MST methods share in common.  This Chapter will organize and define 
MST universal quality measures and provide an overview of method-specific performance criteria 
that can be used to evaluate the quality of data and overall performance of each MST approach. 
 
 
5.2  Universal Quality Measures 
 
Although MST researchers use a wide array of techniques to identify fecal pollution in surface 
waters, all methodologies should adhere to a strict set of quality measures.  These measures are 
organized into five quality control issues including specificity, precision, control samples, quality 
assurance documentation, and minimum number of controls.  Recommendations for each quality 
control issue are discussed below. 
 
Specificity.  Specificity refers to the ability of a particular MST method to discriminate between 
different animal fecal sources.  The specificity of a method can be described as the proportion of 
samples that are negative [test negatives (TN) + false positives (FP)] that test negative [test 
negatives (TN)].  Specificity is mathematically expressed as: 
 
                          TN          x 100% 
            TN + FP 
 
A specificity percentage should be reported for each animal fecal source included in a MST study.  
Although there is currently no consensus, specificity values below 80% percent reflect questionable 
discriminatory power.  Managers should use data with caution and may need to consider data from 
an alternative MST approach.  Specificity control standards should be prepared at concentrations 
easily detected by the respective MST method and should consist of a pool of fecal samples acquired 
from animal sources in the same geographic context as water samples.  The minimum number of 
individual animal fecal samples will be dependent on the complexity of the watershed system (see 
Chapter 4).  Currently, there is no agreement on how to calculate this number.  A conservative 
estimate might be a minimum of ten individuals per animal source.  Because specificity control 
standards are generated for each watershed, specificity must be established for each geographic 
location tested.  It is also ideal to perform specificity controls before applying a particular MST 
method to test samples.  Many researchers will collect test samples during specificity testing and 
archive samples until specificity is confirmed in the watershed of interest. 
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Example 1:  Library-dependent specificity calculation for human detection. 
 
Precision.  Precision or reproducibility is important for all MST applications and is measured 
through the use of replicates.  Replicates are repetitions of an assay or part of an assay and fall into 
two categories: identical replicates and experimental replicates.  Identical replicates are assays 
performed simultaneously using the same method preparations and same reagents (i.e. antibiotics, 
media, PCR reagents, etc.).  Identical replicates serve two functions.  They can preserve data.  If one 
replicate fails, the other can potentially still provide data.  They can also be used to monitor 
variability or low precision in a test sample batch.  A sample batch is a set of test samples prepared 
and processed together through all steps of the MST method.  Approximately 10% of all samples 
tested should be replicated.  Replicate sample results should be in agreement.  Experimental 
replicates are assays that share the same reagents, while the sample preparations come from similar, 
but not identical samples.  They provide crucial information about the overall precision of the 
method.  For example, if a researcher wishes to test the reliability of identifying human fecal 
pollution in a watershed, it is inappropriate to assay just one water sample.  A number of samples 
must be analyzed to determine whether there is any variation in method response.  If variability is 
prevalent, researchers can evaluate analyst performance, quality of reagents, proper equipment 
function, or sample matrix characteristics to increase precision. 
 
Control Samples. Control samples are quality measures that monitor the proper performance of MST 
methods and screen for the presence or absence of extraneous microorganisms or nucleic acids 
introduced into a MST experiment.  All MST methods should incorporate method positive controls 
and negative controls.  Method positive controls verify whether a MST process is performing 
adequately.  These controls should be obtained from a known source and should always yield a 
predefined result when the MST method is conducted correctly.  For example, ARA laboratories 
commonly use enterococci and E. coli strains with known multiple antibiotic-resistant patterns as 
method positive controls.  If the expected antibiotic-resistance pattern is not observed, the 

Data: 

Test Negatives 

Test Negatives + False Positives 

x 100 

900 + 850 

900 + 850 + 100 + 150 
x 100 = 87.5% 

Conclusion:  Human specific pattern detectable percentage is 87.5% 

Specificity  = 

Equation: 

= 

150 850 Pig 

100 900 Cow 

False Positives Test Negatives Source 
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researchers reject all data with the same sample materials and request immediate resampling.  For 
culture-independent methods, control template should be tested at a concentration ten times above 
the limit of detection.  Method positive controls should be performed for each batch of test samples. 
  

Negative controls are used to monitor for the introduction of extraneous materials into an 
experiment.  They are divided into two categories including field blanks and method blanks.  Field 
blanks monitor for the introduction of extraneous material into MST experiments during field 
sample handling, transport, and storage.  In the field, sterile water should be transferred to a sample 
collection tube and processed as a test sample.  A positive result indicates the presence of 
contamination most likely due to poor aseptic technique in the field, contact with other samples, or 
damaged storage containers.  The method blank is designed to screen for contamination throughout 
the entire MST process.  This control determines whether glassware, filters, handling procedures, 
media, reagents, or lab environment introduce extraneous material into samples.  In the laboratory, 
the control is processed in the same manner as a test sample except that sterile water is substituted 
for an environmental sample.  At least one method blank should be performed for each sample batch. 
 
Quality Assurance Documentation.   The results of all quality measuring data and method validation 
should be thoroughly documented, published in future studies, and easily accessible to management 
personnel.  In addition to laboratory standard record keeping procedures including equipment 
calibration and maintenance schedules, reagent catalogs, quality measure data, sample processing 
notes, and routine documentation back-up, MST researchers should pay careful attention to sample 
acquisition documentation. Information describing animal fecal sampling geographic location and 
date should be consistently documented for each MST experiment.  Access to this information will 
be imperative for future research concerning library and genotypic target geographical and temporal 
stability.  It may also be useful to record the diet of individual animals used for fecal sampling.  All 
documentation should be reviewed by a laboratory supervisor for accuracy and completeness.  
Quality assurance documentation reviews ensure that all method quality requirements were met, and 
that any deficiencies are properly noted in the final report.   
 
 Minimum Number of Controls.  The disadvantages of performing quality measure controls are that 
they result in additional cost, can occupy space in the laboratory, and can consume more sample.  
However, these controls are the only way to validate a MST method and ensure that data from test 
samples are genuine.  Each researcher should weigh these disadvantages against the need for precise 
and accurate information when deciding how many controls to run in each experiment.  Table 1 lists 
each quality measure control type, summarizes their importance, and lists recommended frequencies 
for a typical MST study. 
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Table 5.1  Summary of Quality Measure Controls 
 

Description Purpose Frequency 
Specificity Verify ability to discriminate between 

animal sources 
Establish for each MST 
geographic location tested 

Identical Replicates Monitor variability between test replicates 
in sample batch 

10% of the number of field 
samples tested per batch 

Experimental 
Replicates 

Monitor method variability between 
sample batches 

At least 10% of field samples 
tested per batch 

Method Positive 
Control 

Verify method process performing 
correctly 

One control per sample batch 

Field Blank Verify that not contamination introduced 
during sample acquisition 

5% of the number of field 
samples collected 

Method Blank Verify that no contamination introduced 
during entire method process 

At on control per sample batch 

 
 
 
5.3  Method-Specific Performance Criteria 
 
5.3.1  Library-Dependent Methods.   
 
Library-dependent methods compare traits from cultivated fecal isolates collected from water 
samples with a library of cultivated isolates from known fecal sources.  The known source library 
acts as a predictive tool to determine the source of fecal pollution.  Library-based methods include 
carbon utilization profiles, antibiotic resistance assays (ARA), ribotyping, pulsed-field gel 
electrophoresis (PFGE), amplified fragment length polymorphism (AFLP), and repetitive PCR (rep-
PCR).  The utility of a particular method is directly related to the ability of a library to accurately 
represent and characterize fecal sources present in a watershed.  Unsuitable libraries lead to 
inaccurate information and poor management decisions.  Researchers evaluate the quality of libraries 
based on composition, size, continuity, sensitivity, and minimal detectable percentage. 
 
Library Composition.  The first step in library construction is to collect fecal samples from host 
species, then isolate bacteria from a number of different individuals.  Most source tracking libraries 
are composed of either enterococci or E. coli isolates.  Culture methods designed to isolate these 
microorganisms can sometimes allow the growth of other microorganism species.  As a result many 
researchers perform additional tests to measure the percent of target organisms (enterococci or E. 
coli) in a library.  Although there is no consensus, an adequate library should consist of at least 95% 
of the target indicator organism.  The library should be comprised of isolates collected from source 
animals impacting the local watershed.  Potential fecal pollution sources can be identified by 
performing a sanitary survey of the watershed. 
 
Library Size.  The ideal library should contain enough isolates from each host species to characterize 
the dominant traits of an indicator organism population.  Some researchers suggest that small 
libraries misrepresent population diversity of indicator organisms in surface waters.  However, it 
remains undefined what constitutes the optimal library size partly because few studies to date have 
rigorously evaluated this problem.  Wiggins and colleagues (2003) conclude that a library should be 
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as large as it needs to be representative.  Library representativeness is a measure of how well a 
library classifies the patterns found in a target microorganism from each of the host species found in 
a watershed.  Representativeness is estimated by comparing the ARCC from a resubstitution analysis 
with the ARCC from a cross-validation analysis (see Chapter 4, Data Collection and Analysis for 
review).  If the difference in ARCC values is less than 5%, then the library is representative.  
Researchers currently construct libraries based on sample accessibility, cost, and practical 
experience.  As a general guideline, libraries should contain at least 1,000 isolates per host species of 
interest. 
 
Library Continuity.  The ideal library should be able to classify fecal isolates from numerous 
geographical areas and should be representative over time.  However, factors such as season, diet, 
and horizontal gene transfer (movement of DNA from one bacterial cell to another) can create 
library discontinuity (Bryant, M.P., 1959; Hungate, R.E., 1966; Ogimoto, K. and Imai, S., 1981; 
Stewart and Bryant, 1988; Harmsen et al., 2000).  Initial studies indicate that geographic variability 
can be high and that libraries should be constructed from local samples only (Hartel et al., 2002; 
Wiggins et al., 2003).  The longest a library has been shown to be stable is 12 months (Wiggens et 
al., 2003).   Thus, library continuity should be re-evaluated at least once a year until additional 
studies indicate otherwise. 
 
Library Sensitivity.  Library sensitivity measures the detectable percentage of isolated target 
microorganisms exhibiting a host-specific pattern.  The sensitivity of a method is described as the 
proportion of samples that are positive [test positives (TP) + false negatives(FN)] that test positive 
[test positives (TP)].  Sensitivity is mathematically expressed as: 
 

     TP      x 100 
TP + FN 

 
A sensitivity value is also referred to as the rate of correct classification (RCC) and should be 
reported for each animal fecal source included in a MST study.  In addition, researchers commonly 
report an average rate of correct classification value (ARCC) or mean of all RCC values.  Sensitivity 
values should be determined from a set of characterized standards (from known fecal sources). 
 
 

 

Test positives = 850 

False negatives = 150 

Data: 

Test Positives 

    Test Positives + False Negatives 
x 100 

850 

850 + 150 
x 100 = 85% 

Conclusion:  Human rate of correct classification is 85% 

Sensitivity  = 
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Example 2.   Sensitivity or RCC calculation for human detection in a 100 ml control  
  sample. 
 
Minimal Detectable Percentage (MDP).  The Minimal Detectable Percentage is a measure of the 
lower limit for considering that a source is present in a sample (Whitlock et al., 2002; Harwood et 
al., 2003; Wiggins et al., 2003).  Its value is based on the average frequency of misclassification of 
the known sources in the library.  The MDP can be used to estimate the likelihood that an isolate that 
is not from a given source will be classified into that source, and therefore provide the basis for a 
significance cut-off when predicting the sources of isolates in water samples (Harwood et al., 2003). 
 Several methods of determining the MDP have been proposed, and although there is not yet 
consensus on the best method, all MST studies should present a value of the MDP and the method 
that was used to determine it. 
 
 
5.3.2 Library-Independent Methods 
  
Library-independent methods rely on genotypic traits to identify sources of fecal pollution. These 
methods do not require isolate cultivation.  Library-independent methods include T-RFLP 
community analysis and the detection of host-specific DNA sequences.  Host-specific strategies 
target 16S rDNA from Bacteroides, toxin and adhesion DNA sequences, and numerous phage loci.  
These methods rely on PCR technology and can detect small quantities of nucleic acids in a few 
hours.   However, an increased limit of detection elevates the risk of amplifying extraneous nucleic 
acid templates.  Inhibitory substances can co-extract with nucleic acids during sample purification 
and concentration (Wilson, 1997).  In some cases, PCR inhibition may be the cause of false-negative 
reactions and can dramatically decrease the limit of detection. 
 
   Limit of Detection.  The limit of detection is the minimum concentration or copy number of a 
control DNA target that routinely yields a PCR product.  Detection limits are measured by adding a 
range of control DNA template concentrations (i.e. 1, 10, 102, 103, and 104 copies) to PCR test 
reactions.  PCR control DNA templates can be any of the following: 1) purified total nucleic acid 
extract from a microorganism containing the sequence of interest, 2) the whole microorganism, 
which can be used when the DNA template is released by heating before or during amplification, 3) 
a specific DNA template containing the entire sequence to be amplified, including primer binding 
sites, or 4) a cloned DNA fragment containing a modified form of the DNA target (see Inhibition of 
Nucleic Acid Amplification section).  After limit of detection is established for a MST method, 
researchers should include a control containing the minimum detectable quantity for each sample 
batch tested.  This control will ensure that each PCR assay is performing at an optimal level. 
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Example 3.  Measuring limit of detection for human host-specific PCR assay. 
 
   Confirmation of PCR data.  Most host-specific PCR methods measure the presence or absence of a 
target DNA sequence in an environmental sample.  For example, a water test sample is collected and 
concentrated on a filter.  DNA from microorganisms adhering to the filter surface are extracted, 
purified, and amplified using primers that target a specific sequence or group of sequences.  If the 
target DNA is present, the researcher will observe a PCR product on an agarose gel.  Two strategies 
can be used to validate the authenticity of the resulting PCR product.  First, the researcher should 
report the PCR product size (base pairs).  For example, the human host-specific 16S rDNA PCR 
primer set HF134 and 708R (Bernard and Field, 2000) should yield a 574 base pair product.  
Second, the resultant PCR product can be cloned and sequenced.  Sequencing is more time 
consuming and expensive, but it is the only way to definitively prove detection of target DNA.  
Sequencing will also help build a database of sequences that can be used to evaluate genetic 
variation of target DNA over time and in different geographic locales. 
 
   Extraneous Nucleic Acids.  PCR methods that exhibit a low specificity may be contaminated with 
extraneous nucleic acids found in the laboratory environment or reagents.  Nucleic acids from 
equipment, other samples, and previously synthesized amplicons can contaminate PCR reactions.  
Extraneous nucleic acids from these sources can be eliminated with physical barriers.  Sample 
preparation, nucleic acid extractions, PCR cocktail assembly and amplifications, and post-PCR 
manipulations should occur in separate work areas.  If laboratory space is limited, separation of pre-
PCR (sample filtration, nucleic acid extraction, and PCR cocktail assembly) from post-PCR (i.e. gel 
visualization, molecular cloning, etc.) manipulations is most critical.  Each area should contain 
dedicated equipment and be cleaned with 0.6% sodium hypochlorite (NaOCl) after each use.  In 
addition to physical barriers, a unidirectional workflow between areas (i.e. sample preparation  
extractions  PCR cocktail assembly and amplification  post-PCR analyses) should be used to 
reduce the potential for contamination. 
 
PCR reactions may also amplify nucleic acids present in extraction and PCR reagents, which cannot 

Data: 

Experiment:  Test for detection of 1, 10, 10
2
, 10

3
, and 10

4
 target copies. 

  Each test reaction tested in triplicate. 

+ + + 10
4 

+ + + 10
3 

+ + + 10
2 

- - + 10 

- - - 1 

Trial 3 Trial 2 Trial 1 Copy # 

Conclusion:      Human limit of detection is 102 copies. 

    Assay will occasionally detect 10 copies. 
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be eliminated with physical barriers.  For example, several studies have documented the presence of 
eubacterial DNA in Taq DNA polymerase preparations (Hughes et al., 1994; Schmidt et al., 1991; 
Rand and Houck, 1990) and others suspect the presence of cow, pig, and chicken DNA in 
commercially prepared deoxynucleoside triphosphates (Shanks et al., in press).  Reagents should be 
opened only in dedicated work areas and used exclusively for MST analyses.  To screen for 
extraneous nucleic acids in PCR reagents, researchers should perform at least 20 no template PCR 
reactions with the reagents prior to the initiation of a study.  Researchers should also do at least one 
method blank before environmental water samples are processed in the laboratory to monitor for 
extraneous nucleic acids in extraction reagents. 
 
   Inhibition of Nucleic Acid Amplification.  PCR methods that exhibit a reduced limit of detection 
may be inhibited by substances that co-extracted with nucleic acids from water samples.  Inhibition 
may be total or partial and can manifest as complete reaction failure or as a reduced limit of 
detection.  Some inhibitory substances observed in environmental samples include detergents, humic 
acids, polysaccharides, fats, and other cellular debris (Wilson, 1997).  To monitor the impact of 
inhibition, researchers can perform a matrix spike control for each suspected environmental sample. 
 A matrix spike contains the minimum quantity of detectable control DNA template and is added 
directly into a PCR reaction containing sample extract.  These controls are critical for quantitative 
PCR applications.  The matrix control DNA template should be easily distinguished from wild-type 
sequences present in the sample extract.  Matrix control DNA templates should be prepared from a 
cloned DNA fragment containing a modified form of the target sequence by size, by restriction 
mapping, and/or by an alternative probe recognition sequence.  Modified control DNA can be 
prepared by in vitro generation of deletions, insertions, or other sequence changes.  For example, a 
modified control DNA template engineered with a 20 bp insertion allows for gel visualization of 
wild-type and modified control DNA sequences simultaneously (Figure 1). 
 

 
 
Figure 1.   Panel A illustrates the construction of modified control template using  

Modified Template (594 bp) 
Wild-type (574 bp) 

2% Agarose Gel: 

Overlap Extension PCR Mutagenesis: 
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  overlap extension PCR (Higuchi et al., 1988).    Panel B shows  
  discrimination of wild-type template (574 bp) from modified DNA  
  template (594 bp) on a 2% agarose gel. 
 
 
5.4  Conclusions 
 
A comparison of quality measures for each available MST method uncovered a shared set of method 
performance criteria.  These criteria are organized into five key quality measure issues.  Specificity 
verifies the ability of an MST method to discriminate between different animal sources present in a 
watershed.  Precision quality measures variability between test sample replicates and independent 
test sample batches.  Control samples screen for the presence of extraneous microorganisms or 
nucleic acids introduced during the MST process and ensure that experimental technique, 
consumables, and equipment are functioning properly.  Thorough quality assurance documentation 
of all parts of the MST process, especially method validation and sample acquisition encourage the 
accurate transfer of information from laboratory scientists to decision-making management.  Finally, 
the incorporation of quality measures at recommended frequencies ensures the validation of high 
quality data and responsible data interpretation. 
 
In addition to universal performance criteria, some MST methods require additional quality 
measures.  Library-dependent methods must pay careful attention to library construction.  Factors 
including library sensitivity, composition, size, and continuity directly impact the quality of MST 
data.  Library-independent methods that utilize PCR strategies require rigorous adherence to quality 
standards that measure the limit of detection and that reduce contamination of MST experiments 
with extraneous nucleic acids originating from the laboratory environment, equipment, consumables, 
and reagents.  Additional controls must also be included that monitor for the presence of inhibiting 
substances that often co-extract with nucleic acids recovered from environmental samples. 
 
Accurate characterization of the source of fecal pollution in a watershed allows managers to identify 
the most appropriate management action to restore or protect an impaired waterway.  Although it 
may not be feasible to include all of the recommended controls, the more controls used the more 
confidence a decision maker will have when evaluating MST data.  In addition, quality measure 
recommendations will help bring more uniformity to MST research, will lead to more effective 
method evaluations, and the practice of sound science. 
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Chapter 6.  Assumptions and Limitations of MST Methods 
 

6.1 Introduction 
 
Just as no “ideal” indicator organism for the assessment of water quality has been identified, an 
active body of research continues to seek the ideal source identifier (SI) for fecal contamination in 
environmental waters. This section will define the characteristics that MST practitioners seek in an 
ideal source identifier, which could theoretically be a chemical, a virus, a bacterium or other 
microorganism, or a gene(s).  In many MST applications, the source identifier is subtyped 
(“fingerprinted”) in order to discriminate between particular subtypes that are associated with 
various host sources. Many discriminatory characteristics of source identifiers are used in MST 
methods, including SI strain/species, fingerprint pattern, or genetic marker; therefore these will be 
grouped under the acronym SPM (species/pattern/marker). The ideal characteristics of SIs and SPMs 
will be compared with the more realistic expectations for good or useful SIs/SPMs.  
 
Every new field of scientific inquiry must make some practical assumptions about the effect of 
variables on the application of the method. Part of the process of maturation of that field is framing 
the assumptions as scientific hypotheses, followed by rigorous hypothesis testing. MST investigators 
are actively involved in this process, as highlighted in several recent reviews (Scott et al., 2002; 
Simpson et al., 2002; Stewart et al., 2003). In this Chapter, the assumptions made about various 
organisms and methods currently used for MST will be discussed in conjunction with the hypotheses 
that have been tested. Assumption/hypotheses that remain to be tested will be outlined, and the 
known limitations of and concerns about the methods will be presented.  
 
Table 1 outlines the characteristics of a hypothetical, ideal source identifier, and contrasts them with 
the characteristics of a useful SI. MST investigators have identified many SI candidates, and MST 
approaches have focused on various SPMs, some of which are illustrated in Figure 1. None of the 
source identifiers currently in use have been demonstrated to have all the characteristics listed. Many 
methods are in an early stage of development, and further research may demonstrate that some 
possess all or most of these attributes.  
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Table 6.1  Characteristics of an ideal source identifier (SI) and those of a useful source identifier. 
Strain/pattern/marker is abbreviated SPM. 

Characteristic Ideal SI Useful SI 
Host specificity  Specific strain/pattern/marker (SPM) found 

only in one host species. 
Specific SPM is differentially distributed 
among host species of interest. 

Distribution in host  Found in all members of all populations of 
a host species. 

Found in the waste streams from host 
species that could impact the study area 

Stability of pattern/ 
marker 

 Not subject to mutation or methodological 
variability  

Rarely subject to mutation; methodology 
has defined reproducibilitya 

Temporal stability in 
host 

 No temporal variability within host 
individuals or host populations 

Temporal variability in individuals is 
balanced by temporal stability in host 
populations 

Geographic 
range/stability 

 SPM associated with a particular host are 
constant across broad geographic ranges 

SPM associated with a particular host can 
be consistently identified across the 
geographic area to be studied 

Representative 
sampling 

 The diversity of  the SI in host populations 
and in water is represented by a small 
sample size 

The diversity of  the SI in host populations 
and in water can be represented by a 
reasonable sample size 

Survival in water    

 A. Rate of decay Consistent decay rate in various types of 
waters and habitats; no growth under any 
conditions 

Predictable decay rate in various types of 
waters and habitats; no growth under the 
conditions of the study area; all SPMs 
decay at the same rate after leaving host 

 B. Abundance in 
1º vs. 2º habitat 

The distribution of SPMs in source 
material, i.e. feces, does not change after 
delivery to the water  

The distribution of SPMs in water bears a 
significant resemblance to that found in 
contaminating fecal material 

Quantitative assessment The relative and absolute contribution of  
each host  to SI concentration can be 
assessed 

SI may not be quantitative, but accurately 
indicates presence/absence of source, e.g. 
conventional PCR markers 

Relevance to 
regulatory tools 

 The SI itself is also used to regulate water 
quality, i.e. coliform, enterococci 

The SI is correlated with a regulatory water 
quality parameter 

Relevance to 
health risk 

 The SI itself constitutes a health risk The SI is correlated with health risk 

aMethodological reproducibility refers to the ability to generate the same pattern (i.e. a DNA or phenotypic profile) 
or result (i.e. PCR +/-) from independent assays. 
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Figure 6.1  Illustration of some strains/patterns/markers (SPMs) currently utilized in MST methods. (A) rep-PCR 
patterns of E. coli isolates – each vertical lane represents one pattern. (B) ribotype pattern of one E. coli isolate (C) 
ribotype patterns of Enterococcus isolates (D) carbon source utilization pattern of one Enterococcus isolate (E) 
specific genetic marker (esp of E. faecium) amplified by PCR of Enterococcus DNA 

 

6.2  Host specificity of specific strain/pattern/marker (SPM) 
 
The ideal source identifier (SI) would be unique to a host species, and have no alternative sources. 
Furthermore, the SI would be represented by variants, each of which would be unique to a host 
species that contributes contamination to water bodies.  MST would be a much simpler field if all of 
the fecal microorganisms we use as indicator organisms were strongly and specifically associated 
with the gastrointestinal tract of their respective hosts; however, many fecal bacterial strains appear 
not to be host-specific. Strains that inhabit multiple host types have been termed 
“transient”(Harwood et al., 2003; Myoda et al., 2003), a term borrowed from earlier work on E. coli 
population dynamics. In the population dynamics literature the term “transient” had a different 
meaning, as it described subtypes that were not observed consistently in host individuals (reviewed 
in (Hartl and Dykhuizen, 1984)); i.e., they were sampled only once or infrequently from an 
individual. Other MST practicioners have utilized the term “cosmopolitan” to describe the multiple-
host phenomenon (Field et al., 2003; Whitlock et al., 2002), which refers to the organism’s ability to 
inhabit various host species, and implies nothing about the length of the habitation, which might be 
long-term or short-term, nor the geographic distribution. It should be noted that apparent lack of host 
specificity (observation of a SPM in more than one host) could be due to insufficient discrimination 
in the typing method; however, even very highly discriminatory methods such as PFGE identify 
cosmopolitan isolates. 

 
The cosmopolitan distribution of some SPMs undoubtedly has a negative influence on MST 
applications, but efforts to understand the impact of this phenomenon are complicated by the fact 
that discrimination between microbial subtypes (strains with different fingerprints) depends upon the 
method utilized for subtyping (Guan et al., 2002; Johnson et al., 2004). The difference in 
discriminatory capability of the various MST methods has made comparison of studies that rely on 
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different analytical methods extremely difficult; however, cosmopolitan host distribution is well-
documented for E. coli.  Multilocus enzyme electrophoresis of E. coli revealed that 24 of 270 
electrophoretic types were found in more than one (up to seven) distinct hosts (Ochman et al., 1983). 
Genotyping by REP PCR revealed some identical E. coli subtypes in gull feces and sewage 
(McLellan et al., 2003). A total of 22% of all distinct E. coli ribotypes (two-enzyme) isolated from 
cattle, chickens, horses and swine were shared by some combination of host species (Hartel et al., 
2002), which represented 66% of all isolates tested. Absolute specificity was also lacking in F-
specific coliphages; three serotypes (Type I, II and III) were found in municipal wastewater, and 
each of these was also found in animal feces (Cole et al., 2003). Only Type IV coliphages were 
specific to animal feces. No coliphage type was specific to human-derived wastewater, although 
Type II coliphages were the dominant serotype isolated from wastewater. Because E. coli, 
Enterococcus spp. and coliphages are commensal fecal indicators that are broadly distributed in 
feces and are widely used by the regulatory and MST community, we suggest that a better 
understanding of cosmopolitan distribution, and how profoundly it affects MST methods, is 
particularly important in these organisms. Furthermore, as new methods are developed their host 
specificity or host range should be fully explored. 
 
It has been suggested (Simpson et al., 2002) that host specificity would be augmented if the MST 
target contributed to the specific interaction between host and fecal microbe. Candidates include the 
genes that code for microbial appendages such as pili and adhesins, which mediate attachment to 
cells of the host gastrointestinal tract. One method capitalizing on this approach is PCR 
amplification of the gene for the enterococcal surface protein (esp) of E. faecium (Scott et al., 2004), 
which, though promising, requires further validation. Enteric viruses, which rely on specific cell 
surface receptors to bind to host cells, are inherently species-specific and have been used to assess 
the presence of human fecal contamination in environmental waters (Griffin et al., 1999; Jiang et al., 
2001).  
 
 
6.3  Widespread distribution of SI and SPM in host populations 
 
An MST tool that is adopted for water quality and total maximum daily load (TMDL) assessment 
and restoration throughout the U.S. will of necessity be widely distributed in host populations across 
the country. Thus, relatively rare markers such as some genes associated with pathogens are likely to 
be less useful than more common markers, even though they may be highly host-specific. For 
example, in Europe a bacteriophage (bacterial virus) that infects Bacteroides fragilis HSP40 was 
found only in human sewage and in sewage-contaminated waters (Tartera et al., 1989). This 
bacteriophage was considered a promising candidate for a human-specific fecal marker; however, its 
limited distribution in sewage (Scott et al., 2002) and the relative difficulty of the method (Leclerc et 
al., 2000) have probably contributed to its rare use status in the U.S. F-specific coliphages are 
common in sewage, but it has been estimated that only ~3% of humans carry this type of phage 
(reviewed in Leclerc et al., 2000). 
 
The hypothesis that other proposed SPMs have widespread distribution in the gastrointestinal tracts 
of their respective hosts must be tested. Included among these are the species-specific genetic 
markers amplified from Bacteroides (Bernhard and Field 2000a; Bernhard and Field 2000b), the 
toxin genes of E. coli found in pigs and cattle (Chern et al., 2004; Khatib et al., 2002; Tsai et al., 
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2003), and the esp gene of Ent. faecium (Scott et al., 2005). Some information is available for E. coli 
toxin genes LTIIA and STII, as the prevalence of species-specific forms of these markers was 
measured in animal waste from farms in several states (Khatib et al., 2002; Khatib et al., 2003). 
More than 93% of samples from cattle waste lagoons were positive for the cattle-specific LTIIA 
marker when >103 E. coli were screened, and the frequency of positive results rose to 100% when 
>105 E. coli were screened (Khatib et al., 2002). The swine-specific STII marker was found in 100% 
of samples when 35 E. coli were screened (Khatib et al., 2003). 
 
Ideally, host-specific SPMs should be present at about the same density in separate populations of a 
given host species, which would provide greater confidence that sampling effort was adequate when 
using standardized protocols. Furthermore, it would be advantageous if host-specific SPMs were 
found at about the same density in various individual animals within a host population, which would 
facilitate accurate quantification. Very little is known about these concerns for any of the methods, 
except that the majority of animals in a herd do carry E. coli, but generally do not carry 
enterotoxigenic E. coli (Chern et al., 2004).  
 
 
6.4  Stability of the signal 
 
A required characteristic for a useful SPM is stability of the “signal”, whether that signal is a 
phenotypic pattern, a genetic pattern, or a PCR amplicon. The assumption that genetic 
patterns/markers are a more stable type of signal than phenotypic patterns has appeared frequently in 
MST literature (Parveen et al., 1999; Scott et al., 2002; Simpson et al., 2002), due in part to the fact 
that bacterial phenotypes (traits such as antibiotic resistance or the ability to use a particular carbon 
source) are influenced by environmental conditions as well as the genetic makeup of the organisms. 
This assumption should, however, be tested in the context of a microbial source tracking study, in 
which the testing occurs in a controlled laboratory environment under near-optimal growth 
conditions. While it is known that some bacteria lose resistance to antibiotics when selective 
pressure (antibiotic presence) is removed, as occurs when bacteria are cultured from feces or water 
samples, it is unknown whether this phenomenon occurs often enough to significantly impact the 
accuracy of MST studies based on antibiotic resistance patterns. Similarly, the frequency and 
consequences of transfer of antibiotic resistance genes from one SI to another are not established for 
MST. 
 
The gene(s) for ribosomal RNA (rRNA) are frequently targeted for MST studies (Carson et al., 
2003; Parveen et al., 1999) because these genes mutate relatively rarely. Ribosmal RNAs are an 
integral component of the ribosome, the protein-synthesizing “machinery” of the cell, and certain 
regions of rRNA are very highly conserved (change very little, if at all, over thousands of 
generations). The low mutation rates of the rRNA genes do contribute to the stability of many types 
of fingerprints; in fact, sequencing of rRNA genes within a species such as E. coli generally results 
in very little strain discrimination (Guan et al., 2002). Ribotyping as it is used for MST should, 
perhaps, be clarified as “genomic ribotyping”, since the chromosomal DNA is isolated, cut with 
restriction enzymes, and chromosomal fragments are separated by electrophoresis (see Chapter 3-
Methods). Labeled fragments of the rRNA gene(s) are then used as probes to identify the gene loci 
on the chromosome. This method can be quite discriminatory, even within a species, because much 
of the variability in patterns is due to variation outside the conserved rRNA operons. Although it has 
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been assumed that ribotypes represent a very stable form of signal, no comparisons with phenotypic 
or other genotypic methods has been published. 
 
A linked assumption of many MST methods is that mutations in host individuals that could change 
the specificity of the SPM are very rare. An individual could lose the ability to support the SPM if, 
e.g., a receptor in the gastrointestinal tract experienced decreased affinity for the SPM. Conversely, 
an individual from a different species might acquire the ability to support the SPM by mutation or 
horizontal gene transfer. While a recent mutation in a host population would not be a major concern, 
because few individuals would carry the mutation, over generations it could pose a problem, 
particularly in isolated host populations. 
 
 
6.5  Transferable methodology  
 
It is assumed that MST methods will be transferable across laboratories. The ability to successfully 
perform many of these methods will be dependent upon the relative expertise of laboratory 
technicians, the equipment and facilities available, and the extent to which protocols are 
standardized and made “user friendly.” As protocols are being developed, every effort should be 
made to include rigorous controls and streamlined techniques into MST methods. The error 
associated with the method, whether described in terms of false-positives and false-negatives, or 
Type I and Type II error, should be thoroughly explored. An important aspect of the analytic 
parameters used for matching patterns is that as the similarity index required to call two patterns the 
same becomes more stringent, the number of distinct patterns (ribotypes, for example) identified 
increases (Hartel et al., 2002). The similarity values imposed for pattern matching must not be 
chosen arbitrarily, but should rely on measurements of the inherent variability of the method. For 
example, if E. coli isolate X is ribotyped ten times on ten separate occasions, what is the similarity of 
those patterns? The discriminatory power of the method cannot be greater than its inherent 
variability, i.e. if ten replicate measurements of the ribotype of E. coli X are 92% similar, only 
ribotypes that are less than 92% similar can legitimately be called different ribotypes. Ideally, a 
confidence interval should also be calculated to better define differences that should be considered 
significant, although this has not been practiced in the literature. It is important to keep in mind that 
development of any MST method that analyzes patterns based on band-matching algorithims 
requires confirmation of pattern matches and nonmatches by eye before one can rely on the matches 
called by the software. 

 

6.6  Temporal stability within the host  
 
The ideal SI should exhibit stability within individual host animals and within host populations 
over time. Although a good deal of information is available on the temporal stability of E. coli 
populations in host animals, very few studies have addressed the temporal stability of other SIs. 
 
Previous studies on the temporal variability of E. coli established the concept of transient vs. 
resident populations of E. coli in the gastrointestinal tract.  Caugant et al. (1981) defined a 
“transient” population as one observed at only one sampling point, while a “resident” population 
was one observed at more than one sampling point. Transient vs. resident populations are a 
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particularly relevant MST concern if the range of subtypes estimated in natural populations of E. coli 
(100-1000 per host species by multilocus enzyme electrophoresis) (Selander et al., 1987) are found 
to be comparable in other fecal indicator bacteria. Over an 11-month period, only 5.6% of the E. coli 
isolated from the feces of a single human host were considered “resident”(Caugant et al., 1981), and 
a total of 53 electrophoretic types were identified using multilocus enzyme electrophoresis. In 
another study, resident E. coli populations from multiple hosts accounted only for 8% of all the 
electrophoretic types identified (Ochman et al., 1983).  A study on temporal stability of E. coli in 
humans, cattle and horses defined a “persistent” ribotype as one that was sampled from an individual 
in two consecutive sample events (Anderson 2003; Anderson et al., 2003). At least one persistent 
ribotype was observed per human, although only four of 36 (11%) of the ribotypes observed in the 
three humans were persistent. E. coli populations of horses and cattle tended to display higher 
diversity (more subyptes per host) than those of humans; however, they followed a similar trend in 
that most of the E. coli subtypes observed were not persistent (Anderson 2003; Anderson et al., 
2003). These studies indicate a high probability that the E. coli subtype(s) obtained from a single 
host at a given time are not representative of the E. coli population in the animal’s feces over time.  
Such a limitation has major repercussions in the establishment of host origin libraries, which may 
require continuous updating in order for a particular MST methodology to be able to track the host 
species (Jenkins et al., 2003) over an extended period of time.  
 
While temporal stability of the SPM in individual host animals is an ideal characteristic for MST, 
temporal stability at the larger host population level is a characteristic of a useful SI. In a recent 
study on the temporal stability of E. coli ribotypes in cattle herds, individual cattle in the herds were 
sampled at random during four sample events (Jenkins et al., 2003). The E. coli ribotypes that were 
observed in more than one sample event (“residents”) represented only 8.3% of 240 ribotypes. 
Among the 20 resident ribotypes, no ribotype was found at all four sampling times or in all of the 
steers sampled. Although many E. coli isolates were analyzed per cow (~11 to ~25), individual cattle 
were not resampled throughout the study. Thus, it could be argued that the observed variability was 
as likely due to undersampling of individuals in the herd as temporal variability. However, in 
support of  the above results are data from an eight-month study of three beef cattle from one herd 
(Anderson 2003; Anderson et al., 2003) that were repeatedly sampled. E. coli ribotype variability in 
the feces of these animals was high, sharing between herd members was low, and temporal 
variability in the dominant ribotypes within each animal was consistently noted. Evidence of the 
temporal variability of E. coli populations in other species was observed in humans and horses 
(Anderson 2003; Anderson et al., 2003). Two humans that lived together tended to share E. coli 
ribotypes with each other, but not with a human working in the same room, while horses in the same 
herd shared very few subtypes (Anderson 2003; Anderson et al., 2003). However, investigations of 
temporal stability carried out on a larger scale (and with a different SI) were more encouraging, as 
the temporal stability of a large library of Enterococcus spp. subtyped by antibiotic resistance 
analysis was demonstrated for up to a year (Wiggins et al., 2003).     

   

6.7  Geographic stability  
   
Several assumptions based on the geographic distribution of an ideal SI can be identified:  (a) SPMs 
sampled from one population of a host species will be similar to SPMs sampled from another 
population of the same host species, and a predictive relationship can be established between the 
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two; and (b) SPMs sampled from host populations separated by broad geographic ranges will exhibit 
a high similarity index and accurately track the host species. A hypothesis that could be 
contradictory to (a) and (b) has also been proposed: (c) SPMs exhibit geographic structure, that is, 
the similarity of SPMs in various populations of one host species is directly proportional to their 
geographic distance from one another (Gordon, 2001).     
 
Studies indicate that hypothesis (c) regarding geographic structure for populations of the same host 
species is not met for E. coli populations; however, this assumption is probably the least important 
one for most MST applications.  Very little of the variability in E. coli populations of humans seems 
to be attributable to geographic separation (Caugant et al., 1984; Whittam et al., 1983); which may 
be partly due to the mobility of human populations (Gordon 2001). (Caugant et al., 1984) reported 
that little geographic structure was observed in E. coli populations of families living within the same 
city, where only 6% of the variability was explained by geographic distance. Only 1% of the 
variability was explained by geographic distance for families living in different cities. Geographic 
structure accounted for only a small percentage of the variability in E. coli subtypes in mice (2%) 
(Gordon 1997). While studies that have compared E. coli population structure in various animals 
have found significant contributions to diversity from both geographic location and host source 
(Gordon and Lee 1999; Souza et al., 1999), only a small percentage of the variability (<20%) was 
accounted for by these factors. One study on livestock did find geographic structure in E. coli 
populations in cattle and horses, i.e. more ribotypes were shared in host populations in closer 
geographic proximity; however, no geographic structure was observed for E. coli from chickens and 
swine (Hartel et al., 2002). 
 
Ideally, host populations in all parts of the U.S. would share similar SIs and SPMs so that 
nationwide (or more inclusive) databases could be constructed. Studies completed to date suggest 
that this ideal will not be met, at least for library-based methods.  In a study performed across a 
relatively broad geographic area in Florida, E. coli from beef, dairy, poultry, swine and human hosts 
were ribotyped by a one-enzyme procedure (Scott et al., 2003).  Although the method accurately 
differentiated E. coli originating from human vs. non-human hosts, it failed to distinguish among the 
different non-human host species across the broad geographic region.     The diversity and 
distribution of E. coli ribotypes differed in captive vs. wild deer (Hartel et al., 2003), which was 
attributed to diet. The diets of host animals may differ significantly by geographic region, providing 
one of the drivers for geographic variability of commensal bacterial populations in one host species. 
E. coli and Enterococcus libraries from three geographic regions were assessed for broad geographic 
applicability (Dontchev et al., 2003). Subtyping methods used were antibiotic resistance analysis 
(ARA), ribotyping (one-enzyme) and pulsed field gel electrophoresis (PFGE). The regional 
sublibraries (Florida, Shenendoah Valley VA and southwest VA) identified isolates collected from 
within the region significantly more accurately than they identified isolates from outside the region. 
A three-region merged library identified the source of isolates much less accurately than each of the 
regional libraries, and this generalization held true for each of the methods and SIs. 
 
The geographic applicability of an Enterococcus ARA library was broadened by increasing library 
size and representation of isolates from a number of watersheds in the Shenendoah Valley region of 
Virginia (Wiggins et al., 2003).  Six watershed-specific libraries were merged to produce a library of 
6,587 isolates, which identified the source of enterococci fairly accurately across the combined 
geographic area. The geographic range of the merged library was limited, as it identified isolates 
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from southwest Virginia and Florida significantly less accurately than isolates from the six-
watershed region.   

 

6.8  Representative sampling 
 
One of the most important assumptions of any MST method is that the SI population can be 
adequately sampled so that all (or most) SPMs are represented. The assumption of representative 
sampling is extremely important with respect to sampling of both host fecal material and SPMs in 
water samples. Many factors impose limits on the amount of material or isolates that can be 
analyzed, including cost and time. Under-sampling of SI populations in fecal sources leads to 
nonrepresentative libraries, which  may have high correct classification rates (internal accuracy) but 
low predictive accuracy for isolates that are not included in the library (Whitlock et al., 2002; 
Wiggins et al., 2003). Furthermore, nonreprepresentative libraries will display neither temporal nor 
geographic stability. Various estimates of E. coli subtype diversity within host populations have 
been advanced, e.g. between 100 and 1000 (Milkman, 1973; Selander et al., 1987). Rarefaction 
analysis of an E. coli rep-PCR library determined that a library size of 1535 isolates from humans 
and twelve animal species was not close to saturation (Johnson et al., 2004), which demonstrates the 
great diversity in E. coli genotypes.  A 2:1 ratio of total isolates analyzed to estimated subtype 
richness has been suggested  as a minimal requirement for capturing diversity (Jenkins et al., 2003; 
Parveen et al., 1999), further increasing the sampling effort needed. Complicating the issue is the 
fact that different host species and sample types (for example, human feces vs. sewage) contain E. 
coli populations of differing richness (Stoeckel et al., 2004), indicating that sampling effort should 
be adjusted based on host species and sample type. The apparently low frequency of “resident” E. 
coli subtypes compared to “transients” may be more a reflection of sampling limitations than it is a 
true characteristic of E. coli populations (Jenkins et al., 2003). Achieving representative sampling of 
E. coli populations in environmental waters will be affected by similar concerns; i.e. high-diversity 
E. coli populations were found in both pristine and anthropogenically impacted waters (Chivukula 
and Harwood 2004). 

 

6.9  Persistence of SPMs in environmental waters 
 
Microbial source tracking studies contain many implicit assumptions about the survival of a chosen 
source identifier.  Many of these assumptions are based upon simplified or idealized views of 
microorganism survival characteristics.  For example, it may be assumed that the decay rate of E. 
coli SPMs entering a stream directly from the feces of a herd of cattle will be exactly the same as the 
E. coli SPMs entering the stream from a failing septic system.  However, a significant difference in 
decay rate might influence the relative numbers of E. coli SPMs recovered downstream from these 
fecal sources, which would in turn lead to inaccurate assessment of initial fecal loads.  It is important 
that such assumptions be recognized and understood when choosing a SI and designing or 
interpreting MST studies. 
 
The failure of the fecal coliform/fecal streptococcus (FC/FS) ratio for fecal pollution source tracking 
is a lesson to heed in the current pursuit of microbial source tracking methods.  The lesson is 
particularly relevant when considering attempts to quantify source contributions for total maximum 
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daily load (TMDL) assessments.  The FC/FS ratio has been criticized for aspects such as differential 
decay rates for fecal coliform and fecal streptococci in aquatic environments (American Public 
Health Association, 1995; Simpson et al., 2002).  Initial assumptions about the comparable survival 
of coliforms and streptococci proved invalid after further study, and use of the FC/FS ratio as a 
microbial source tracking method has decreased in recent years.  The lesson identifies the 
importance of testing survival assumptions for MST SIs before methods are widely applied to source 
tracking problems.  
 
In order for a microorganism to be considered an ideal source indicator, it must meet a number of 
criteria pertaining to its survival in aquatic environments.  An ideal SI would not exhibit any 
population growth upon entering aquatic environments.  It would also have SPM decay rates that are 
constant over space and time.  For example, SPM decay rates would not vary between water types 
(e.g. temperate freshwater lake or tropical saltwater beach) or across aquatic habitats within a 
watershed (e.g. lake water column or river sediment).  In addition, an ideal SI would have SPM 
decay rates that would be constant between its primary fecal habitat and secondary aquatic habitats.  
Any variance from these ideal survival characteristics could have important implications for 
interpreting results from MST studies. 
 
None of the currently used source identifiers are known to meet all of these ideal survival criteria.  
Therefore, it is important to understand their survival characteristics to determine where they can 
still be useful under the conditions of a specific MST study. The survival of some source identifiers 
has been better studied than others, and in these cases, their survival characteristics may be 
sufficiently predictable to make the microorganism a useful source identifier under the conditions of 
a specific MST study area and time.  In other cases, important survival hypotheses remain untested 
and survival characteristics poorly known.  This lack of information can compromise the value of 
the source identifier. The following section explores several assumptions about survival for three of 
the more commonly used source identifiers: Escherichia coli; Enterococcus spp.; and Bacteroides 
spp. 
 

Escherichia coli : (i) The SPM decay rates are always negative after it enters water. 

 Escherichia coli has been regarded as a good practical indicator of fecal pollution that generally 
survives in aquatic environments between 4 and 12 weeks (Edberg et al., 2000).  There are many 
studies indicating its decay rate is negative after entering water environments such as: river water 
(Grabow et al., 1975), groundwater (Filip et al., 1987), and seawater (Rozen and Belkin, 2001).  
However, there are a growing number of reports suggesting that some E. coli SPM decay rates may 
not be negative under certain conditions in aquatic environments.   
 
A number of studies have provided evidence that suggests that E. coli can multiply in certain tropical 
and subtropical environments (Byappanahalli et al., 2003a; Carrillo et al., 1985; Desmarais et al., 
2002; Hardina and Fujioka, 2001; Rivera et al., 1988; Solo-Gabriele et al., 2000; Byappanahalli and 
Fujioka, 2004).  For example, one study found high levels of E. coli in Florida riverbank soils, and 
suggested that E. coli could be washed into the water during high tides (Solo-Gabriele et al., 2000).  
Associated laboratory experiments found that E. coli was capable of increasing by several orders of 
magnitude in these soils, and suggested the importance of soil properties and periodic wetting and 
drying as influential for E. coli multiplication. Microcosm experiments by Byappanahalli and 
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Fujioka (2004) indicated that E. coli has the capacity to multiply in tropical soils, but the bacteria 
require suitable nutrient and moisture conditions availability. A Tropical Water Quality Indicator 
Workshop in 2001 agreed upon a consensus statement that fecal indicator bacteria like E. coli can 
multiply and persist in soil, sediment, and water in some tropical/subtropical environments (e.g. 
Hawaii, Guam, Puerto Rico, south Florida) (Fujioka and Byappanahalli 2003). 
 
The question of E. coli multiplication in certain temperate environments is also under investigation.  
For example,  E. coli counts in sand and water gradually increased over the bathing season at a Lake 
Michigan beach (Whitman and Nevers 2003), which was attributed to higher survival rates (lower 
decay rates), and perhaps growth, in warmer temperatures.  Growth of E. coli associated with the 
macro-alga Cladophora mats in the Great Lakes has also been investigated (Byappanahalli et al., 
2003b; Whitman and Nevers, 2003; Whitman et al., 2003). E. coli survived over 6 months in Lake 
Michigan Cladophora algal mats (sun-dried and stored at 4°C) and then quickly multiplied when 
moisture was returned (Whitman et al., 2003). The authors suggested that Cladophora could be a 
secondary habitat and source for E. coli in certain beach areas, although the case for natural 
multiplication needed further validation. 
 
(ii) The SPM decay rates are constant across aquatic habitats. 
There have been numerous studies to investigate E. coli survival in aquatic environments and in 
laboratory microcosms simulating aquatic habitats.  However, it can be difficult to compare survival 
studies across different microcosm designs and experimental conditions (e.g. many microcosm 
studies have been conducted under filtered water or sterile conditions).  For this reason, the studies 
reviewed below are from field studies or laboratory experiments conducted under non-sterile 
conditions, and survival results are identified based upon whether they were obtained from field 
studies or from laboratory microcosms. 
 
There are numerous studies to indicate that E. coli decay rates are not constant across aquatic 
habitats.  Microorganisms entering aquatic habitats might generally be expected to survive longer 
under colder temperatures, or if they are attached to particles.  For example, a number of studies 
have found significantly lower decay rates for E. coli in sediments than in the associated water 
column (Burton et al., 1987; Craig et al., 2004; Gerba and McLeod, 1976; LaLiberte and Grimes, 
1982). Craig et al. (2004) found E. coli at >5X103 CFU/100 g after 28 days in the sediments of 
saltwater microcosms, while they were undetectable after 7 days in microcosms containing only 
water.  In situ measurements of fecal coliforms in both water and sediment of their river and beach 
study showed that a rain event caused an intial peak of similar levels in both river water and 
sediment, which was followed by a more rapid decline of fecal coliform numbers in water than in 
sediments. Two days after the peak, levels of fecal coliforms were 100 times greater in river 
sediment compared to water.  The authors concluded that there was extended persistence of fecal 
coliforms in the coastal sediments compared to water (Craig et al., 2004).      
 
There is also evidence of variable E. coli decay rates across different types of sediment.  E. coli 
decay rates varied according to sediment type, with the greatest rates of decay occurring in beach 
sediment microcosms consisting of large particle size and high organic carbon (Craig et al., 2004).  
Burton et al. (1987) found enhanced survival of E. coli in sediments with high proportions of clay 
and nutrients compared with sandy low-nutrient sediments.   
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These laboratory and field experiments are consistent with observations about E. coli persistence 
from field surveillance studies.  Higher E. coli counts were consistently found in stream and bank 
sediments than in the stream water of a small Indiana watershed (Byappanahalli et al., 2003a).  The 
authors suggested that the widespread and consistent occurrence of E. coli in the watershed could be 
attributable to long term persistence (and/or multiplication) of E. coli in soil and sediment, and the 
subsequent erosion and washing of sediment-borne E. coli into the water.  Considerable progress is 
being made toward understanding the persistence of E. coli in beach habitats that may prove 
informative for MST studies, i.e. E. coli counts per unit weight were 3-17 times higher in sand than 
in the water column at 6 freshwater bathing beaches in the Great Lakes (Wheeler Alm et al., 2003).  
Similarly, E. coli counts in foreshore sand were typically several orders of magnitude higher than in 
the water at a Lake Michigan beach (Whitman and Nevers, 2003).  These results strongly suggest 
that E. coli decay rates are lower in beach sand than in the water column, and that beach sand could 
be a significant reservoir for longer term persistence, and subsequent resuspension of E. coli into 
beach waters. 
 
Elevated salinity has a detrimental effect on fecal coliform and E. coli survival, particularly in the 
water column. Numerous studies have shown that the decay rates of these organisms are much 
greater at marine/estuarine salinities compared to freshwater (Hood et al., 2002; Sinton et al., 2002). 
Solar radiation also increases E. coli decay rates (Sinton et al., 2002; Whitman et al., 2004). 
 
 
Enterococcus:  (i) The SPM decay rates are always negative after it enters water. 
 
Many studies indicate that culturable enterococci decline after entering aquatic environments (Sinton 
et al., 1993; Sinton et al., 2002).  However, there are also a growing number of reports suggesting 
that Enterococcus SPM decay rates may not be negative under certain conditions in aquatic 
environments. 
 
Several studies have provided evidence indicating that Enterococcus spp. may be able to multiply in 
certain tropical and subtropical environments (Desmarais et al., 2002; Fujioka et al., 1999).  A 
Tropical Water Quality Indicator Workshop in 2001 reached a consensus statement that fecal 
indicator bacteria like Enterococcus can multiply and persist in soil, sediment, and water in some 
tropical/subtropical environments (Hawaii, Guam, Puerto Rico, south Florida) (Fujioka and 
Byappanahalli 2003). However, microcosm experiments by Byappanahalli and Fujioka (2004) 
suggested that enterococci might require more complex nutrients than E. coli and, thus are less likely 
to multiply in tropical soils. 
 
Enterococci may also be able to multiply under certain conditions in temperate aquatic 
environments.  Enterococcus spp. on drift seaweed at recreational beaches in New Zealand exceeded 
seawater levels by 2-4 orders of magnitude (Anderson et al., 1997).  The presence of genetically 
identical (clonal) enterococci dominating seaweed populations was suggested as evidence that active 
growth or selection was occurring, and that enterococci could be washed off into surrounding water. 
 Similarly, a study in southern California suggested that a tidal saltwater marsh was serving as a 
source rather than a sink for Enterococcus contamination of nearby coastal beaches (Grant et al., 
2001).  The possible growth of Enterococcus spp. associated with Cladophora mats in the Great 
Lakes has also been investigated (Byappanahalli et al., 2003b; Whitman et al., 2003). 
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Enterococcus: (ii) The SPM decay rates are constant across aquatic habitats. 
 
There have been fewer studies of Enterococcus spp. decay rates in aquatic ecosystems than E. coli; 
however, available information suggests that Enterococcus decay rates are not constant across 
aquatic habitats.  Decay rates of enterococci from municipal waste stabilization pond effluents 
differed in river water depending upon salinity, season and sunlight exposure (Sinton et al., 2002), 
i.e.  decay rates were higher in more saline waters, in the summer, and when exposed to increased 
sunlight. Some Enterococcus species have been associated with occurrence on plants (Mundt, 1961; 
Geldrich and Kenner, 1969) and in insects (Martin and Mundt 1972) which may suggest the 
possibility of more diverse SPM survival strategies which should be tested. 
 
 
Bacteroides: (i) The SPM decay rates are always negative after it enters water. 
 
Enteric anaerobes like Bacteroides spp. and Bifidobacterium spp. have been suggested as indicators 
of recent fecal pollution because they are believed to have predictably negative decay rates and 
survival times of hours in oxygenated waters (Carrillo et al., 1985; Fiksdal et al., 1985; Resnick and 
Levin, 1981). Bernhard and Field (2000a) suggested that ease of detection and longer survival in 
water made Bacteroides-Prevotella genetic markers superior to those of Bifidobacterium. 
Bacteroides fragilis did not maintain culturability as well as E. coli or Enterococcus faecalis in 
dialysis bags suspended in aerobic freshwaters (Fiksdal et al., 1985), but immunofluorescence assays 
demonstrated 18% persistence after 192 hours.  Another study found that Bacteroides cells could 
survive for up to 6 days in drinking water under oxygen-stressed conditions (Avelar et al., 1998).      
        
Like all MST methods, the usefulness of nonlibrary-based methods such as PCR detection of 
Bacteroides is based upon the assumption that these anaerobic bacteria do not multiply upon 
entering aquatic ecosystems.  While the few studies conducted to date suggest this is the case, the 
fate and ecology of anaerobes like Bacteroides spp. in aquatic ecosystems remains poorly 
understood.  It is possible that certain aquatic habitats, such as sediments, may provide suitable 
environments for anaerobic Bacteroides spp. to exhibit population growth.  It is noteworthy that it 
has taken many years of studying the survival/growth of E. coli in diverse aquatic ecosystems to 
better understand some of its potential limitations as a source identifier.  Hypotheses related to the 
possibility of Bacteroides sp. multiplication in certain unique aquatic habitats (e.g. anoxic 
sediments) need to be tested. 
 
(iii) The SPM decay rates are constant across aquatic habitats. 

There have been few studies of Bacteroides spp. survival in aquatic ecosystems, and so there is 
insufficient information to evaluate whether SPM decay rates are constant across aquatic habitats.  
One study (Kreader 1998) found that persistence of PCR-detectable DNA from the fecal anaerobe 
Bacteroides distasonis was dependent upon temperature and predation.  Laboratory and in situ 
studies in river water found that B. distasoni was detectable by PCR for at least two weeks at 4° C, 
but for only 4-5 days at 14°C, 1-2 days at 24°C, and 1 day at 30°C. Although the PCR method 
detected both dead and living bacteria, predators were considered important factors in the decline of 
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both dead and living cells.  The author stressed that seasonal variation in the B. distasoni decay rate 
would need to be considered for any water monitoring applications.     
       
 
6.10  Persistence of SPM in primary vs. secondary habitats  
 
Savageau (1983) advanced the concept that the gastrointestinal tract is a primary habitat for E. coli, 
while external environments such as soil and water are secondary habitats. In a recent review related 
to bacterial source tracking (BST), Gordon (Gordon 2001) asserted that for any bacterial species that 
is used to identify human and animal sources of fecal pollution in surface water, several assumptions 
must be validated. One of these assumptions is that “the clonal composition of the species isolated 
from soil and water [secondary habitat] represents the clonal composition of the species in the host 
populations responsible for the fecal inputs [primary habitat] to the environment”. The rationale for 
this statement is clear: if the fecal SPM(s) that are used as the source identifier persists poorly in the 
water relative to other SPMs, the source-specific fecal signal will rapidly disappear. 
 
Several studies on the distribution of Escherichia coli subtypes in the primary habitat vs. secondary 
habitat showed distinct differences in subtype distribution between the two. One hundred thirteen 
distinct E. coli electrophoretic types (determined by multi locus enzyme electrophoresis or MLEE) 
were isolated from bird feces and the litter on which they had defecated. Only 10% of the clones 
were found in both the primary and secondary habitat (Whittam 1989).  Another study (Gordon et 
al., 2002) compared electrophoretic types (ETs) of E. coli from feces of two human couples, each 
representing a household, and E. coli from each household’s septic tank.  This study indicated that E. 
coli clones from a secondary habitat such as a septic tank can differ significantly from the primary 
habitat such as the couples’ feces. Ribotyping of E. coli from dog feces, untreated wastewater and 
contaminated soil inoculated into water showed that the dominant subtypes in the primary habitat 
were distinct from those in the secondary habitat, and that certain “survivor” strains could be 
identified (Hood et al., 2003). E. coli clones isolated from swine manure slurry (a primary source, 
but secondary habitat) were compared to those isolated from soil inoculated with the same slurry by 
the genotypic method ERIC-PCR (Topp et al., 2003).  Although a major shift in community 
structure was evident upon comparison of isolates from the secondary (manure slurry) vs. tertiary 
(soil) habitats, many subtypes were shared between the two habitats. However, one SPM that was 
prominent in manure was not recovered from soil, indicating differential survival of SPMs. 
 
All types of F-specific RNA coliphages apparently do not have the same decay rate in water, as 
Type IV strains were less persistent than Types I, II and III in one study (Brion et al., 2002). F-
specific RNA coliphages also may experience higher inactivation rates in warm waters compared to 
cooler waters (Cole et al., 2003). 
 
Based on the above mentioned phenotypic and genotypic studies, E. coli appears to be a 
questionable candidate as a source tracking organism, although genetic fingerprinting of E. coli is 
the basis for some commercial source tracking enterprises.  For library/culture independent methods 
such as the PCR for Bacteroides (Bernhard and Field, 2000b; Bernhard et al., 2003) and E. coli toxin 
genes (Khatib et al., 2002; Khatib et al., 2003) the primary habitat versus secondary habitat criterion 
for validity may be less stringent, but is still applicable.  The library independent method is binary; a 
genetic signal specific for an animal host is either detected in an environmental sample or it is not. 
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However, if the signal (DNA in this case) is very short-lived in the water compared to indicator 
organisms and pathogens, it will not serve its purpose. Furthermore, efforts are underway to develop 
quantitative PCR protocols for some markers, and the efficacy of these methods will rely to a certain 
extent on the primary-vs.-secondary habitat hypothesis. 
 
 
6.11  Relevance of SI to regulatory tools 
 
Indicator bacteria such as coliforms have been used for over a century as indicators of fecal 
contamination in water. In the U.S., indicator bacteria (fecal coliforms, E. coli and enterococci) are 
the standard by which microbial water quality in environmental waters is measured. Currently, 
almost all MST studies, whether carried out on bathing beaches, in reservoirs, or for total maximum 
daily load (TMDL) assessments, are responses to exceedances of indicator bacteria standards. 
Understandably, water quality managers prefer a SI that is directly connected to the regulatory 
parameter (indicator bacteria) for assessment of fecal sources; however, as MST methods are tested 
and validated in the field, a method that utilizes one or more alternative SIs may show greater utility 
than methods that use conventional indicator organisms. 
 
An assumption of MST methods that employ SIs other than conventional indicator bacteria is that 
the results generated by the SI will have some discernible relationship with indicator bacteria levels. 
The failure of indicator organism and SI to correlate is not a priori a reason to discard the SI, 
particularly if it is associated with human health risk (see below) (Field et al., 2003). The 
interpretation of the results may, however, prove more complex when the SI is not an indicator 
organism, particularly in the case of TMDL assessment. Very little is known about these 
relationships in environmental waters, making them an essential area for further study. 
 
 
6.12  Relevance of SI to human health  
 
The ultimate goal of MST is to determine the host species responsible for fecal pollution from 
among many possible candidates; however, simply discriminating human fecal material from 
nonhuman is of practical use for water quality managers (Harwood et al., 2003; Myoda et al., 2003; 
Stewart et al., 2003). The usefulness of human vs. nonhuman source discrimination is due in part to 
the assumption that human fecal material poses a greater human health risk than other types of fecal 
material (Scott et al., 2002). Although some of the rationale for this assumption is based on indirect 
evidence (i.e. the majority of gastroenteritis associated with recreational water use is caused by 
viruses, and human enteric viruses are highly host-specific), direct evidence also exists. Detection of 
enteric viruses, which are exclusively of human source, was correlated with gastroenteritis in 
swimmers in marine waters (Haile et al., 1999), and a meta-analysis of epidemiological studies 
showed that enteric viruses were strongly associated with gastroenteritis (Wade et al., 2003). Thus, 
SIs that can discriminate human vs. nonhuman fecal pollution should be useful, provided they have 
some association with human health outcomes and/or pathogens. 
 
The indicator organism paradigm is based on the assumption that indicator organisms are predictive 
of human health risk. Much debate and many epidemiological studies have explored this assumption 
(reviewed in (Wade et al., 2003)). The 1986 standards for recreational water quality specify the use 
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of E. coli (and not fecal coliforms) for freshwater bodies, and enterococci for freshwater and marine 
water bodies (U.S. Environmental Protection Agency 1986). A meta-analysis of the epidemiological 
literature on gastroenteritis resulting from recreational water use found that E. coli was significantly 
associated with gastroenteritis in fresh water, and that enterococci were significantly associated with 
gastroenteritis in marine water (Wade et al., 2003), supporting the use of these organisms as 
indicators of human health risk. Coliphages were also predictive of gastroenteritis, although fewer 
studies were available for analysis. Much work remains to be conducted on the correlation of 
alternative SIs with human health risk in environmental waters. 

 

6.13  Summary 
 

• None of the source identifiers currently used meet the criteria for an ideal SI, including those 
that are indicator organisms recognized for regulatory uses. 

• The ecology and population biology of some source identifiers, particularly fecal 
coliforms/E. coli, are much better understood than that of others, such as the enterococci and 
Bacteroides spp. While the high genetic diversity of E. coli allows great discrimination 
between subtypes, it also complicates development of known source libraries. 

• The correlation of novel SIs such as Bacteroides with levels of conventional indicator 
organisms and/or with human health outcomes has not been determined, but should be if 
public health effects are under consideration.  
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Chapter 7.  Application of MST Approaches 

 
This Chapter presents a series of case studies involving application of several MST methods.  The 
intent of this Chapter is to provide some real-world examples of how various MST methods have 
been applied.  There have been far more studies than can be covered in this Chapter, so several have 
been chosen as examples.  Many of these examples were compiled based on communications with 
the authors of the studies.  However, others were been written based only on published reports 
and/or journal articles, and thus are not as complete.  We have tried to include examples of studies 
using MST methods in current use, as well as some projects involving multiple techniques. 
 
Each of the following case studies follows the same general outline.  First is a general description of 
the watershed, with a statement of the problem and the goals and objectives of the project.  Next is a 
brief description of the methodology used, including the classification method.  (For more detailed 
information on the methods, please refer to Chapter 3 in this document.)  For the studies that used a 
library-based MST method, a description of the library is included, with information on known 
source samples and evaluation methods.  Following that is a section on sampling considerations, 
describing how and when the water samples were collected.  Finally, a section on the outcomes of 
the study follows, with a summary of the major results and conclusions, and information on follow-
up studies and implementation efforts. 

 
This Chapter includes 8 case studies (presented in no particular order) which illustrate the use of 
many, but not all, currently applied MST methods: 

 
Case 1.  Saint Andrews Park (Georgia).  Targeted sampling and Enterococcus speciation. 
Case 2.  Tampa Bay (Florida).  ARA with fecal coliforms, ribotyping with E. coli, and human-

pathogenic enterovirus detection. 
Case 3.  Vermillion River (Minnesota).  rep-PCR with E. coli. 
Case 4.  Anacostia River (Maryland/District of Columbia).  ARA and PFGE with enterococci. 
Case 5.  Accotink Creek, Blacks Run, and Christians Creek (Virginia).  Two-enzyme ribotyping 

with E. coli. 
Case 6.  Avalon Bay (California).  Host-specific Bacteroides/Prevotella markers and human- 

pathogenic enterovirus detection. 
Case 7.  Holmans Creek (Virginia).  ARA with E. coli. 
Case 8.  Homosassa Springs (Florida).  F+ RNA coliphage genotyping. 

 
Several validation steps have been identified as being essential as part of the design of any new MST 
study (refer to Chapter 5 for details).  These include precision measurements, positive and negative 
controls, external validation standards (including known source field samples to test library 
classification accuracy and primer specificity), spiked samples (including a matrix spike for PCR on 
community DNA extracts), and consideration of independent ancillary data (land use data, sanitary 
surveys, results by multiple methods, etc.).  When reading these case studies, keep in mind that 
many of them were initiated several years ago, and the designers did not have the benefit of what has 
been learned in subsequent years.  With 20/20 hindsight, it is easy to point out limitations of even 
the best contemporary studies.  Every study could be improved on, given more time, more money, 
and better understanding of the approaches.  The purpose of this Chapter is not to criticize, but to 
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learn from the past and to use these practical examples as guides when designing new source 
tracking projects. 

 
 
 
 

Case 1.  St. Andrews Park (Georgia) 
 
Source of information:  Hartel, P., K. Gates, and K. Payne.  2004.  Targeted sampling of St. 

Andrews Park on Jekyll Island to determine sources of fecal contamination 
 
A.  General description 

1.  Watershed description.  Saint Andrews Park is located on the southern tip of Jekyll Island 
facing St. Andrews Sound.  The park beach is approximately 1.3 km long and is bounded by 
Beach Creek at the northern end and the tip of Jekyll Island at the southern end.  Previous 
fecal coliform sampling of the park suggested that fecal contamination might have originated 
from a number of locations north of the park.  A sampling of those creeks and pipes 
emptying into the Jekyll River, which flows north of the park into St. Andrews Sound, and of 
the sound itself, was conducted.  Several creeks showed high counts of fecal enterococci. 
One broken sewer pipe, servicing a local restaurant, was observed and subsequently 
repaired. 

2.  Problem definition.  Recently, high numbers of fecal coliforms were observed during beach 
monitoring of the park, and these numbers resulted in a beach advisory. 

3.  Statement of objectives.  To use targeted sampling and enterococcal speciation to identify 
sources of fecal contamination to St. Andrews Park during calm weather conditions, and, if 
weather conditions in the one-month sampling period permit, during stormy weather 
conditions. 

4.  Date of study.  Completed June 3, 2004 
 

B.  Analytical approach 
1.  Method description.  The method chosen was targeted sampling followed by Enterococcus 

speciation.  Targeted sampling has four steps.  The first step is to divide the sampling into 
two conditions: base and storm.  The second step is to conduct intensive sampling(s) of the 
contaminated waterway, collecting as many samples as possible in one day.  Collecting the 
samples in this manner reduces temporal variability.  The third step is to combine the fecal 
bacterial numbers with GPS data.  The fourth step is to conduct MST at “hot” areas (i.e., 
those sites containing relatively high fecal bacterial numbers).  The process is then repeated 
for storm conditions. 

 
Given the circumstances of St. Andrews Park, with its limited number of potential fecal-
source categories (i.e., humans, pets, and wildlife) and the limited one-month sampling time, 
the simplest, quickest, and least expensive MST method was considered to be the one based 
on Enterococcus faecalis.  In this phenotypic method, enterococci are speciated 
biochemically and the percentage of enterococci represented by Ent. faecalis determined.  
High percentages of Ent. faecalis are associated with humans and some wild birds (Wheeler 
et al., 2002). 
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All confirmed enterococci from Quanti-tray wells were speciated according to a modification 
of the Manero and Blanch (1999) protocol.  The protocol was modified to identify only three 
fecal enterococcal species, Ent. faecalis, Ent. faecium, and Ent. gallinarum. In a further test 
for the presence of human-associated Ent. faecalis, approximately 100 isolates were spotted 
on each of two 0.45-micron membranes on 5-cm Petri plates containing mEI agar (Becton-
Dickinson).  The plates were incubated at 41±0.5 °C for 24 hours and were sent by overnight 
mail to Biological Consulting Service of North Florida (Gainesville, FL).  Their proprietary 
method (Scott et al., in review) tests for the presence or absence of a human-specific factor 
in enterococci isolates. 

2.  Target organisms.  Enterococci, recovered using EnterolertTM as primary cultivation 
(enrichment) medium with recovery and colony isolation using Enterococcosel agar.  
Confirmed enterococci were speciated (targeting Ent. faecalis) and tested for a human-
specific marker as described above. 

3.  Statistical approach/classification method.  A high proportion of enterococci as E. faecalis 
was taken to indicate presence of human or avian fecal sources.  Presence of human-specific 
marker used to differentiate human from avian fecal contamination sources. 

 
C.  Sampling considerations 

1.  Number and frequency of samples.  Targeted sampling, twice (21-22 April and 04 May, 
2004).  Number of samples not reported but indicated to be about 60 on April 21-22.  Fifteen 
samples collected 04 May. 

2.  Type of sample (depth-width integrated or a simple grab).  Grab. 
3.  When collected (season, flow conditions).  Spring; one set under calm (low suspended 

sediments) and the other under windy (high suspended sediments) conditions 
4.  Volume of sample and concentration factor.  100 mL analyzed for each sample – 

Enterococci colonies evaluated for host-specific factor 
5.  Evaluation and validation 

a.  Spiked samples.  None reported 
b.  Blind samples.  None reported 
c.  Negative controls.  None reported 
d. Comparisons to independent ancillary data.  Turbidity, land use pattern for one area 

(marsh) 
 
D.  Outcomes 

1.  Summary of results and conclusions.  During calm weather, highest concentrations of 
enterococci were detected in the upper reaches of Beach Creek, the sediments of the creek, 
and the bathing area.  Species composition in creek sediments and bathing area sediments 
were different, which was taken to indicate effects by different enterococci sources.  The 
large proportion of E. faecalis in the upper reaches of Beach Creek was interpreted to 
implicate wild birds or humans as a source.  The conclusion that wild birds, not humans, 
were a major source in the upper reaches of Beach Creek was supported by the marshy 
character of the area, which makes a human source unlikely at that location.  Though there 
was no statistical correlation between turbidity and enterococci concentration, co-incidence 
of high enterococci concentrations and high turbidity in windy weather was taken as 
evidence that sediments were a source of elevated water-column numbers during windy 
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weather. 
 

Human-specific adhesin factor was not detected in any of 200 isolates tested.  This was 
interpreted as evidence that human sources were not major contributors of enterococci to the 
test area.  However, the incidence rate of the human-specific marker in enterococci 
colonizing the human population is unknown, and there was no mention of a positive control 
in marker detection by the research method used, which might limit the interpretability of 
this result.  Human population size, local approaches to control human waste, or proximity of 
human residences to the affected area, factors which were certainly considered in the study, 
were not mentioned in the report as further corroborating data. 

2.  Implementation efforts based on the study.  None reported 
3.  Follow-up monitoring.  None reported 
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Case 2.  Tampa Bay (Florida) 
 
Source of information:  J.B. Rose, J.H. Paul, M.R. McLaughlin, V. J. Harwood, S. Farrah, M. 

Tamplin, J. Lukasik, M. Flanery, P. Stanek and H. Greening. 2000. Healthy Beaches Tampa 
Bay: Microbiological monitoring of water quality conditions and public health impacts. Final 
Project Report. 

 
A.  General description 
 

1. Watershed description.  Tampa Bay is located on the west central coast of Florida, opening 
to the Gulf of Mexico.  This is a shallow subtropical estuary, one of the largest in the 
southeastern U.S.  It is valued for its ecosystem, fisheries, recreational uses and as a port.  
The drainage basin is approximately 2300 square miles and includes 9 major and 76 minor 
sub-basins.  The major tributaries in the Bay are the Hillsborough, Alafia, Little Manatee and 
Manatee Rivers, while minor systems include Alligator Creek, Joe’s Creek (Pinellas 
County), Rocky Creek, Double Branch Creek, Sweetwater Creek (northwest Hillsborough 
County), Tampa Bypass Canal, Delaney Creek, Bullfrog Creek (central and south 
Hillsborough County), and Frog Creek (Manatee County).  Freshwater inputs are very 
important to the Bay and are associated with rainfall, with about 60% of the annual 
precipitation occurring from June to September.  Along with this freshwater input come 
contaminants originating from point and non-point sources. 

 
2.  Problem definition.  Risk to swimmers using polluted beaches has been a major issue 

associated with the setting of ambient water quality standards and discharge limits to 
recreational sites.  Prevention of disease depends on the use of appropriate fecal indicators.  
However, the finding that the most widely used fecal contamination indicator, fecal 
coliforms and more specifically E. coli, grow naturally on vegetation in warm climates 
clearly brings into question whether these or other indicators developed for temperate 
climates are applicable in Florida and other southeastern areas. In recent years, total and 
fecal coliform bacterial indicators have not been able to consistently indicate the persistence 
of pathogens, especially viruses in surface waters.  F-specific RNA coliphage, enterococci 
and Clostridium perfringens have been suggested as better indicators of fecal contamination 
and public health risks in tropical and sub-tropical regions. 

 
3.  Statement of objectives.  This study examined traditional and alternative pollution 

indicators, as well as the presence of pathogenic viruses, and their association with 
environmental variables (salinity, rainfall, stream flow) in fresh and marine water systems of 
the Tampa Bay area.  The goals of this study were:  1)  to determine appropriate indicators 
for microbiological water quality for recreational sites in area beaches and for Tampa Bay; 
and 2)  to determine the occurrence of pathogens along with indicators in Tampa Bay 
watersheds and area beaches, their associated sources (animal vs human), public health risks 
and potential for management.  The final goal of this project was to form the baseline for 
other studies and help to develop a long-term strategy for addressing or enhancing Florida 
water quality. 

 
4.  Date of study.  Sampling began in June 1999 and ended in August 2000. 
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B.  Analytical approach 
 

1. Method description. ARA (using a combination of 32 antibiotics and antibiotic 
concentrations).  Ribotyping was performed by the method of Parveen et al. (1999), using 
HindIII.  Enterovirus counts were carried out on human cells lines. 

 
2.  Target organisms. Fecal coliforms for ARA,  E. coli for ribotyping, enterovirus. 
 
3. Statistical approach/classification method.  Library-dependent methods used linear 

discriminant analysis.  ARA:  Classification was performed 6-way (chicken vs. cow vs. dog 
vs. human vs. pig vs wild).    Ribotyping:  Classification was performed 2-way (human vs. 
animal).  Library-independent method used detection of human-pathogenic enterovirus or 
Bacteroides fragilis phage to indicate presence of human fecal contamination. 

 
C.  Library considerations 
 

1.  When collected.  ARA:  Not reported.  Ribotyping:  A previous isolate collection was used 
(Parveen 1997), plus 59 newly-collected isolates. 

 
2.  Sources included 

a. numbers of samples (reference feces) of each source.  ARA:  Not reported.  
Ribotyping:  Not reported. 

b. numbers of isolates from each sample (average). ARA:  Not reported.  Ribotyping:  
Not reported. 

c. library size. ARA:  3,309 fecal coliform isolates, of which 1,154 are from humans and the 
remainder are from chickens, cattle, dogs, pigs and wild animals (mostly wild birds and 
raccoons).  Ribotyping:  238 isolates (114 human, 124 animal). 

 
3.  Evaluation and validation 

a. testing for representativeness (cross-validation, holdouts, blind samples).  ARA:  Not 
reported.  The ARCC of the ARA library was not reported. Ribotyping:  Not reported. 
The ARCC of the ribotyping library was 82% 

b. testing for random classification.  ARA:  Not reported.  Ribotyping:  Not reported. 
c. comparisons to independent ancillary data.  Compared to other fecal indicators 

including fecal coliforms, coliphage, Bacteroides fragilis phage, Clostridium and 
enterococci. 

 
D.  Sampling considerations 
 

1.  Number and frequency of samples.  Twenty-two sites were chosen in Tampa Bay for this 
study.  The final choices were based on watershed representation, areas of concern in regard 
to pollution, accessibility and previously sampled sites.  Eleven sites of primarily rural or 
suburban land use were chosen in Hillsborough and Manatee counties.  Six additional sites 
were located in highly urban areas, and 4 beach sites were chosen to represent various types, 
including urban, heavy boat use, recreational site in rural area, and pristine unpopulated 
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beach. A control site was located in the middle of the bay.  Each site was sampled monthly 
for a period of approximately one year for traditional and alternative fecal indicators, which 
included fecal coliforms, E. coli, enterococci, Clostridium perfringens and coliphage.  Ten of 
the sites were chosen for in-depth testing (including antibiotic resistance analysis of fecal 
coliform isolates, ribotyping of E. coli isolates, and enterovirus detection).  These sites were 
monitored 6 times throughout the study. 

 
2.  Type of sample (depth-width integrated or a simple grab).  Grab samples. 
 
3.  When collected (season, flow conditions).  Sampling began in June 1999 and ended in 

August 2000. 
 
4.  Number of isolates per sample.  ARA:  48.  Ribotyping:  1-5. 

 
E.  Outcomes 
 

1.  Summary of results and conclusions.  Perhaps one of the most striking findings of this 
study is the extent to which wild animals dominate as a source of fecal coliform and E. coli 
isolates. Over the course of the study, wild animal isolates dominated each site according to 
ARA.  Ribotyping results were consistent; in 74% of all samples (n=53) the majority of 
isolates were identified as nonhuman.  However, all sites displayed some level of human 
fecal pollution according to the three methods used (ribotyping, ARA and enterovirus 
counts). The three different methods did not always coincide on their detection of the 
presence or absence of human contamination, however the data collected over the course of 
the study unambiguously documents the presence of human fecal sources. 

 
Level of agreement among the two library-dependent methods (antibiotic resistance analysis 
and ribotyping) and enterovirus counts was assessed for each sampling event.  Sites were 
scored positive for human impact when >20% of isolates were identified as human by 
ribotyping and by ARA, and when any enterovirus counts were detected. Sites were scored 
negative for human impact when <20% of isolates were identified as human by ribotyping 
and by ARA, and when no enterovirus counts were detected (<1/100 ml).  Ribotyping and 
ARA results agreed for 31 of 53 samples (58%). Ribotyping and enterovirus results agreed 
for 29 of 52 (56%) samples. ARA and enterovirus results agreed most frequently, as positive 
results at the same sites were noted for 38 of 55 sampling events (69%). All three methods 
agreed for 21 of 51 samples (41%). There was no correlation between the percent of isolates 
identified as human by ribotyping and enterovirus counts. The Spearman rank correlation 
test (used for non-normally distributed data) showed a significant correlation between the 
percent of isolates identified as human by ARA and enterovirus counts (p < 0.05; r = 0.324). 

 
The percentage of isolates identified as human by ARA was significantly correlated with 
enterovirus counts, but the percentage of isolates identified as human by ribotyping was not 
significantly correlated with enterovirus counts. This discrepancy points to the need for 
including the fingerprints of more isolates from known, local sources in the respective 
databases. In the case of ARA, we have seen dramatic improvements in correct classification 
rates by adding fingerprints from local sources. The genetic and phenotypic variability of 
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indicator bacteria such as E. coli is quite great, therefore any information that can be 
obtained on the fingerprints of actual contamination sources to a watershed is extremely 
valuable. Encouragingly, ribotyping, ARA and enterovirus counts agreed on the 
presence/absence of human sources in 41% of samples. The probability of the three methods 
agreeing by chance alone is 0.125 (0.5 X 0.5 X 0.5), therefore the three methods agree on the 
presence of contamination far more frequently than would be predicted by a purely 
stochastic process. 

 
2.  Implementation efforts based on the study. None reported. 
 
3.  Follow-up monitoring.  Improvements to the databases (ribotyping and ARA) are underway 

to increase accuracy.   
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Case 3.  Vermillion River (Minnesota) 
 
Source of information:  Sadowsky, M.  2004.  "Determination of Fecal Pollution Sources in 

Minnesota Watersheds".  Technical Report prepared for the Legislative Commission on 
Minnesota Resources. 

 
A.  General description 
 

1.  Watershed description.  The Vermillion River Watershed encompasses 372 square miles, 
mostly located through central Dakota County south of the Twin Cities metropolitan area.  
The main stem originates in Scott County to the west and flows generally northeast to the 
City of Hastings.  Current land use in the watershed is still dominated by agriculture with 
suburban areas and smaller urban growth centers interspersed throughout the watershed. 

 
2.  Problem definition.  In 1998, the Vermillion River main stem, from Empire Township to the 

dam in Hastings, was listed on the Federal Clean Water Act’s 303(d) list of impaired waters 
for fecal coliform bacteria.  The river was not meeting its designated use (primary contact – 
swimming) standard due to high bacteria levels.  Also in 1998, the Vermillion River was 
placed on the Minnesota Pollution Control Agency’s (MPCA) list of waters in need of a total 
maximum daily load (TMDL) assessments for fecal coliform.  In 1999 the MPCA, with the 
help of local agencies and citizens, collected fecal coliform samples throughout the 
Vermillion River watershed to begin determining the extent of the bacterial problem.  These 
data indicate that the river and its tributaries have bacteria levels in excess of the MPCA’s 
state standard of 200 organisms/100 ml of sample.   

 
3.  Statement of objectives.  The study was conducted to determine the major sources of fecal 

pollution in the watershed. 
 
4.  Date of study.  April 2001 through December 2003. 
 

B.  Analytical approach 
 

1.  Method description.  HFERP (Horizontal, Fluorophore-Enhanced Rep-PCR.) 
 
2.  Target organisms.  Escherichia coli. 
 
3.  Statistical approach-classification method.  A 4-way analysis was performed (domesticated 

vs human vs wildlife vs pets).  Each test isolate was assigned to the group of the known-
source isolate with which it had maximum similarity with 1% optimization using a curve-
based (Pearson correlation coefficient) calculation as applied by BioNumerics software.  
Robustness of this classification was evaluated using the custom script ID Bootstrap within 
BioNumerics, and classifications were rejected for probabilities less than 90%. 

 
C.  Library considerations 
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1.  When collected.  July 1999 through November 2002, from known sources from central 
Minnesota, Duluth, and the far-western edge of Wisconsin. 

 
2.  Sources included 
 

a.  numbers of individuals of each source. Cat (37), Chicken (86), Cow (115), Deer (64), 
Dog (71), Duck (42), Goat (36), Goose (73), Horse (44), Human (197), Pig (111), Sheep 
(37), Turkey (69).  

 
b.  numbers of unique isolates from each source.  Cat (48), Chicken (144), Cow (189), 

Deer (96), Dog (106), Duck (81), Goat (42), Goose (135), Horse (78), Human (210), Pig 
(215), Sheep (61), Turkey (126). 

 
3.  Evaluation and validation 
 

a. testing for representativeness (cross-validation, holdouts, blind samples).  Using 
jackknife analysis with 1% optimization and maximum similarities using a curve-based 
(Pearson correlation coefficient) calculation.  The ARCC using this approach was 74%. 
 
b.  testing for random classification.  None 
 
c.  comparisons to independent ancillary data.  None. 

 
D.  Sampling considerations 
 

1.  Number and frequency of samples.  Ten sites were sampled along the Vermillion River 
during each sampling event.  Stream samples were collected on 07/11/01, 08/08/01, 
09/05/01, 10/03/01, 03/27/02, 05/01/02, 06/05/02, and 07/02/02. 

 
2.  Type of sample (depth-width integrated or a simple grab).  Grab samples. 
 
3.  When collected (season, flow conditions).  Collected from 07/01-07/02.  Samples were 

collected during periods of high and low flow. 
 
4.  Number of isolates per sample.  The average number of isolates for each site on each 

sampling date was 25. 
 
E.  Outcomes 
 

1.  Summary of results and conclusions.  Identifications indicated that 14% of unknowns 
matched with geese, 12% with pigs, 12% with cats, 10% with cows, 9% with human, 9% 
with deer, 9% with sheep, and 9% with turkey.  The remaining percentages (30%) then fall 
off to match with the other groups or remained unclassified.    The conclusion was that 
geese, pigs, cats, cows, humans, deer, sheep, and turkeys were the dominant sources of fecal 
pollution in the watershed. 
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2.  Implementation efforts based on the study.  None. 
 
3.  Follow-up monitoring. None. 
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Case 4.  Anacostia River (Maryland/District of Columbia) 
 
Source of information:  Hagedorn, C., K. Porter, and A. H. Chapman.  2003.  Bacterial Source 

Tracking to Identify Sources of Fecal Pollution in the Potomac and Anacostia Rivers and Rock 
Creek, Washington, D.C.  Final Project Report. 

 
A.  General description 
 

1.  Watershed description.  The Anacostia River watershed is located in the Maryland counties 
of Montgomery (34%) and Prince George (49%), and in the District of Columbia (17%).  It 
is a 456 km2 drainage area and contains 15 km of river (plus an additional 25 km represented 
by two major tributaries), with 2% of the land in agricultural use, 28% in forest and park, 
and 70% in residential and industrial (urban).  The possible/suspected sources of fecal 
contamination in the Anacostia River watershed are humans, waterfowl, seagulls and other 
shore birds, pigeons, starlings, dogs, and cats, deer, raccoons, muskrats, cattle and horses. 
The river is a tidal embayment with minimal recharge at its lower end where it empties into 
the Potomac River. 

 
2.  Problem definition.  The Anacostia River does not meet the Clean Water Act national goal 

of “fishable or swimmable” standards.  It is on the Priority List of impaired waters due to 
elevated fecal coliform levels and adversely affected benthic aquatic organisms. 

 
3.  Statement of objectives.  The study was conducted to determine the major sources of fecal 

pollution in the stream, and especially to determine if human fecal pollution was present. 
 
4.  Date of study.  July 2002 through May 2003. 
 

B.  Analytical approach 
 

1.  Method description. ARA, using 30 combinations of antibiotic x concentration, and PFGE 
using the restriction enzyme Not1. 

 
2.  Target organisms. Enterococcus spp. 
 
3.  Statistical approach-classification method.  Linear discriminant analysis.  Classification 

was performed 5-way (bird vs. human vs. livestock vs. pets vs. wildlife).   
 

C.  Library considerations 
 

1.  When collected.  May 2002 through May 2003, from Four-Mile Run (Arlington County, 
Va), the Lower Potomac area (Coan and Little Wicomico Rivers), the area around Colonial 
Beach (Va), and from the Upper Potomac area (Harper’s Ferry to Great Falls), from the Blue 
Plains Wastewater Facility, and the greater D.C. area. 

 
2.  Sources included 
 



 

 107

a.  numbers of samples of each source.  Bird: 40; Human: 31; Livestock: 23; Pets: 52; 
Wildlife: 22. 

 
b.  numbers of isolates from each sample (average). Bird: 6; Human: 12; Livestock: 12; 

Pets: 6; Wildlife: 12. 
 
c.  library size. ARA = 1,806 isolates (248 bird, 430 human, 699 livestock, 168 pets, and 

261 wildlife); PFGE = 750 isolates (150 per source for each of the five sources), all 
drawn from the samples in a (above), no more that 8 isolates per sample for the PFGE 
library (6 or less for most). 

 
3.  Evaluation and validation 
 

a.  testing for representativeness (cross-validation, holdouts, blind samples). The ARCC 
of the ARA library was 89% and the ARCC of the PFGE library was 93%. The pulled-
sample ARCCs were 74% for ARA and 81% for PFGE.   Blind samples were all human 
isolates, as this was the most important source in the project.  For ARA, the RCC for 
new sets of human isolates were 70% at the start of the study (when the library was 
roughly two-thirds completed), and 79% at the end of the study with the complete 
library.  The RCC for blind samples with PFGE was 2% to 5% above the ARA values. 

 
b.  testing for random classification. Random rate of classification for ARA was 26%, or 

about 6% above the random expectation of 20% for a 5-way classification.  Random rate 
of classification for PFGE was 24%, or about 4% above the random expectation of 20%. 

 
c.  comparisons to independent ancillary data.  Seventeen combined sewer outflows 

(CSOs) are located on the Washington, D.C. portion of the river (10 km of the 15-km 
Anacostia River mainstem are located within the District).  The city’s NPDES permit 
allows 2.1 billion gallons of treated sewage per year to be discharged into the river.  This 
limit is exceeded in most years, but information regarding the actual dates that the 
overflows occur or the amounts discharged are not readily available.  What is known is 
that the discharges are almost always the result of storms and overflows. 

 
D.  Sampling considerations 
 

1.  Number and frequency of samples.  Six sites were sampled along the Anacostia River.  
Samples were collected monthly between July 2002 and May 2003 (10 months).  For quality 
control purposes, 10 duplicate samples were collected, one each month.  An additional two 
sets of samples were taken immediately after heavy storms, one in the fall and one after a 
snowmelt in the winter for a total of 82 samples collected on 12 dates. 

 
2.  Type of sample (depth-width integrated or a simple grab).  Grab samples. 
 
3.  When collected (season, flow conditions).  Samples were collected during periods of high 

and low flow. 
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4.  Number of isolates per sample. 24 for ARA, 8 for PFGE. 
 
E.  Outcomes 
 

1.  Summary of results and conclusions.  The dominant sources over all 10 months of 
sampling were (using ARA) birds (31%), wildlife (25%), and humans (24%), followed by 
pets (20%).  Livestock detections were essentially non-existent.  There was a seasonality 
trend, as bird and wildlife sources dominated during the low–flow warm weather months 
(July, August, September, and October), whereas human and bird sources dominated during 
the high flow-cold weather months (January, February, March, and April).  Storm events 
(both in October) elevated the human signature to levels found during high flow, even 
though the two storms occurred at the end of the low flow months.  A March snowmelt event 
elevated the human signature even higher (42.4%), indicating that high flow events were 
related to an increased human signature (any major high-flow event in the city results in 
sewer overflows).  The PFGE water sample results mirrored those from ARA, (except that 
wildlife and bird sources were each reduced by an average of 3% to 4% and human was 
higher by the same amount), and the two datasets had an r2 value of 82.6%. 

 
2.  Implementation efforts based on the study. None. 
 
3.  Follow-up monitoring. None. 
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Case 5.  Accotink Creek, Blacks Run, and Christians Creek (Virginia) 
 
Source of information:  Hyer, K. E. and D. L. Moyer.  2003.  Patterns and Sources of Fecal 

Coliform Bacteria in Three Streams in Virginia, 1999-2000. USGS Water-Resources 
Investigations Report 03-4115 

 
A.  General description 
 

1.  Watershed description.  Areas of three Virginia streams were chosen for evaluation in the 
reported study:  Accotink Creek, drainage area 25 mi2, human population greater than 
110,000, was primarily urban; Blacks Run, drainage area 20 mi2, human population about 
34,700, was mixed urban and agricultural; Christians Creek, drainage area 107 mi2, human 
population about 12,000, was primarily agricultural.  Extensive base-flow, event-flow, and 
continuum sampling was done in each watershed over a period of 20 months.  Microbial 
source tracking by use of ribotyping was performed on E. coli isolates collected at a single, 
state-determined water-quality compliance point for each watershed. 

 
2.  Problem definition.  Surface-water impairment by fecal coliform bacteria is a water-quality 

issue of national scope and importance. In Virginia, more than 175 stream segments are on 
the Commonwealth’s 1998 303(d) list of impaired waters because of elevated concentrations 
of fecal coliform bacteria. In Virginia, total maximum daily load (TMDL) assessments will 
need to be developed over the next 10 years for all impaired water bodies identified on the 
State’s 1998 303(d) list. Establishment of TMDLs in waters contaminated by fecal coliform 
bacteria is difficult because the potential sources of the bacteria are numerous and the 
magnitude of their contributions is commonly unknown. Potential sources of fecal coliform 
bacteria include all warm-blooded animals (humans, pets, domesticated livestock, birds, and 
wildlife). The lack of information on bacteria sources makes it difficult to develop accurate 
load allocations, technically defensible TMDLs, and appropriate source-load reduction 
measures. Information about the major fecal coliform sources that impair surface-water 
quality would represent an improvement in the development of technically defensible 
TMDLs. 

 
3.  Statement of objectives.  This study was performed to demonstrate the field application of a 

BST method and to identify the sources of fecal coliform bacteria in three streams on 
Virginia’s 1998 303(d) list of impaired waters. The three streams sampled during this study 
were selected because they represent a range of land uses (urban, agricultural, and mixed 
urban/agricultural) and most of the potential fecal coliform sources that are likely to be 
encountered throughout the Commonwealth. 

 
4.  Date of study.  1999-2000. 
 

B.  Analytical approach 
 

1.  Method description.  The known-source E. coli reference collection of Dr. Mansour 
Samadpour (Institute for Environmental Health, Seattle Washington; more than 50,000 
isolates at the time) was used and supplemented by known-source samples in the studied 
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watersheds.  Isolates were characterized by ribotyping using restriction enzymes EcoR1 and 
PbuII.  

 
2.  Target organisms.  E. coli 
 
3.  Statistical approach/classification method.  1:1 matching. The approach used in this study 

was that ribotypes (strains) of E. coli are specific to host species; therefore, any stream-
isolated E. coli with a ribotype that matched a known-source isolate could be assigned to that 
host species as the source.  Where there was a match to one source, isolates were classified 
to that source.  Where there was a match to more than one source, isolates were classified as 
transient.  Where there was no match in the library, isolates were classified as unknown. 

 
C.  Library considerations 
 

1.  When collected.  Three sets of isolates were used as the known-source library:  1)  50,000 
isolates from the IEH collection, collected over approximately 5-10 years prior to the current 
study, national coverage;  2)  450 isolates previously collected in Virginia, many by George 
Simmons, in the approximately 5-10 years prior to the current study;  3)  723 isolates 
collected in the three watersheds concurrently with water sample collection. 

 
2.  Sources included 
 

a.  numbers of samples of each source.  Though the distribution of samples among hosts 
was not noted in the manuscript,  723 source samples were collected during the study 
from a humans, pets, domestic animals, and wildlife. 

 
b.  numbers of isolates from each sample (average).  One. 
 
c.  library size.  The overall known-source library comprised more than 50,000 isolates. 
 

3.  Evaluation and validation 
 

a.  testing for representativeness (cross-validation, holdouts, blind samples).  23 isolates 
from the known-source library were re-submitted as 66 blinds (some were submitted as 
duplicates or triplicates).  The lab had prior knowledge of which 23 isolates were being 
used.  Blind isolates were re-analyzed and matched in all cases to the correct identity 
among the 23 isolates used. 

 
b.  testing for random classification.  None. 
 
c.  comparisons to independent ancillary data.  Multiple lines of evidence were used to 

evaluate whether MST results were reasonable in these study streams.  The authors 
began by evaluating populations and distributions of known fecal sources, and land-use 
patterns in each watershed.  They conducted continuum sampling to evaluate 
longitudinal trends in fecal-indicator concentrations in the main stem, in tributaries, and 
in effluents discharged to the main stem.  They also evaluated seasonal and flow-related 
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trends in fecal-indicator concentrations.  These data were interpreted in terms of 
transport pathways and animal distributions in the watersheds to indicate expected 
sources of fecal-indicator bacteria. 

 
Several quality control elements were considered to evaluate the interpretation of MST 
data in this study, and provided further information about some unexpected results.  The 
unexpectedly high contribution by waterfowl in the urban Accotink Creek watershed was 
consistent with the results of a prior study in a neighboring urban watershed, Four Mile 
Run (Simmons et al., 1999).  Contributions of bacteria from human sources were 
independently evaluated by sampling for wastewater organics compounds.  In all three 
streams, detectable concentrations of caffeine and cotinine were present, consistent with 
MST-indicated contributions of human wastewater to the streams.  The interpretation 
that poultry waste was in Christians Creek was supported by total arsenic data collected 
by Hancock et al. (2000).  The poultry feed amendment Roxarsone contains arsenic, 
which is generally excreted by the birds.  Arsenic-bearing poultry litter is ultimately 
land-applied on the surrounding agricultural fields.  Total arsenic concentrations 
increased during a storm event, supporting the hypothesis that field-applied poultry litter 
was flushed into streams. 

 
D.  Sampling considerations 
 

1.  Number and frequency of samples.  400-450 water-isolated E. coli were evaluated for each 
of three watersheds.  Samples were taken on two schedules – routine monitoring samples 
(2/3 of samples) were collected approximately every 6 weeks and event-oriented samples, 
targeted at storm flow, were collected as available (5 events, 1/3 of samples).  For routine 
monitoring, 4-8 samples were collected 5 minute intervals to represent small-scale variability 
in concentration and sources.  For event-oriented samples, 10 samples were collected across 
the hydrograph to represent small-scale variability in concentration and sources during rain 
events. 

 
2.  Type of sample (depth-width integrated or a simple grab).  Depth-width integrated 

samples using three depth-integrated transits (routine monitoring) and grab samples from the 
centroid of flow (storm flow samples) 

 
3.  When collected (season, flow conditions).  Samples were collected for 20 months over all 

seasons.  Of the samples, 61% were taken during low-flow condition, 39% during storm-
flow condition.  Storm samples were collected across the hydrograph (10 samples). 

 
4.  Number of isolates per sample.  3-5 per water sample.  Multiple samples from the same 

sites on the same dates were not composited. 
 
E.  Outcomes 

1.  Summary of results and conclusions.  Overall, about 65% of isolates could be assigned to a 
source in this study.  Of the remaining 35%, some had no match in the library (unknown) 
and others matched to multiple sources (transient).  Classification was made to the species 
level with some exceptions (for example, some bird-origin feces could be classified to 
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species, but others could only be classified to “avian” or “poultry”).  The MST results were a 
combination of the expected and the unanticipated.  Fecal-indicator sources in Accotink 
Creek, the urban setting, were affected by human and pet feces, as expected, but were also 
strongly influenced by waterfowl.  Blacks Run fecal-indicator bacteria were a mixture of 
human, pet, and livestock sources, as expected.  Fecal-indicator concentrations in Christians 
Creek had a larger human and pet component than expected (about 25% of isolates), 
compared with livestock and poultry (about 50%).  A further unexpected finding in all three 
watersheds was that relative contributions from each major source were about the same 
during  both base-flow and storm-flow periods, despite the expectation that different 
transport pathways would dramatically change relative contributions from different sources.  
Lastly, the study detected seasonal patterns in the contributions of bacteria from cattle and 
poultry sources in Blacks Run and Christians Creek; this seasonal pattern was consistent 
with the land management strategies used in each watershed. 

 
2.  Implementation efforts based on the study.  Volunteer implementation along with cost 

share implementation in support of the TMDL document.  Exclusion fencing of cattle was 
one of the major implementation efforts. 

 
3.  Follow-up monitoring.  Based on the results of this initial study, DEQ developed and 

submitted a TMDL to the USEPA in 2002 that included a goal to reduce the human sources 
of fecal coliform bacteria by 99%.  The TMDL for Accotink Creek was approved by USEPA 
in July 2002. As a follow-up step to the TMDL, USGS initiated another study in cooperation 
with Fairfax County Stormwater Planning Division (SWPD), City of Fairfax, and DCR to 
help identify the distribution of fecal coliform and locate the precise sources of human fecal 
coliform inputs to Accotink Creek.  This second study began in mid-to-late 2001 and will 
continue for 3 years.  The field-work portion of the study is anticipated to be completed in 
late 2004.  Staff from SWPD is currently assisting USGS field sampling efforts and 
laboratory analysis for some parameters. 
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Case 6.  Avalon Bay (California) 
 
Source of information:  Boehm, A. B., Fuhrman, J. A., Mrše, R. D. and Grant, S. B.  2003.  Tiered 

approach for identification of a human fecal pollution source at a recreational beach: Case study 
at Avalon Bay, Catalina Island, California. Environ. Sci. Tech. 37(4), 673-680. 

 
A.  General description 
 

1.  Watershed description.  The impacted coastline is a 500-m stretch of sandy beach located in 
Avalon Bay, on the southeast side of Catalina Island, California (area 200 km2).  Avalon 
(area 6.9 km2) is the largest town on the island with 3500 year-round residents.  The city’s 
primary source of revenue is tourism; on a typical summer day 17,500 tourists arrive via 
ferry, cruise ship, or personal vessel, and up to 400 vessels are anchored in the bay. Rainfall 
in this region occurs primarily from November through March, and consequently, during the 
summer-time study, there is no rainfall.  As is the case for virtually any coastal community, 
there are many potential sources of fecal contamination in Avalon Bay.  Sewer trunk lines 
run parallel to the beach, approximately 20 m from the shoreline.  Nuisance runoff is 
directed into the sewer system by low-flow diverters; however, some of the runoff enters the 
ocean untreated through small drains that discharge to the sand, particularly during periods 
when streets are being washed down by City staff.  Secondary treated sewage is released at a 
rate of approximately 2158 m3 d-1 southeast of the bay through an outfall that terminates 100 
m from the coast, at a depth of 65 m. A pier with restrooms, restaurants, and recreational 
establishments extends from the shoreline near the southeast end of the beach.  In addition, 
pigeons and sea gulls congregate to feed and nest near the shoreline. 

 
2.  Problem definition.  During the summers of 2000 and 2001, water samples from Avalon 

Beach frequently exceeded the single sample standard for enterococci; thus, signs were 
posted at the beach warning swimmers not to enter the water.  Based on historical data, this 
was not necessarily a new problem, but was magnified with the new, more stringent state 
water quality regulations that were instated in the summer of 1999. 

 
3.  Statement of objectives.  City officials were not able to readily identify and remedy the 

pollution source, and thus the study was commissioned. At the outset of the study, it was not 
clear to what extent the following potential sources impacted water quality in Avalon Bay: 
effluent from the sewage treatment plant, nuisance runoff, feces of birds and other wild 
animals, contaminated subsurface water, and boat sewage collection tanks.  The latter was 
not expected to contribute much to the pollution because the city has an aggressive dye 
program to reduce illicit discharges into the bay. 

 
B.  Analytical approach 
 

1.  Method description.  A three-tiered approach for determining sources of human and 
nonhuman fecal indicator bacteria (FIB) at a recreation beach that utilizes both standard 
assays for FIB and novel detection techniques for human-specific Bacteroides/Prevotella 
and enterovirus.  The first tier documents the spatiotemporal variability of the pollution 
signal and takes into account the possible influence of sunlight and tides on FIB 
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concentrations in coastal waters.  The second tier consists of source studies.  Studies in the 
first two tiers identify pollution sources and “hot spots” using only standard FIB tests.  The 
third and final tier consists of selectively sampling FIB sources and hot spots for the enteric 
bacteria Bacteroides/Prevotella and enterovirus using nucleic acid detection techniques to 
determine if fecal contamination, indicated by FIB, is of human origin.  This study illustrates 
how measurements made with traditional indicators, in conjunction with more novel 
indicators, can lead to source identification and mitigation. 

 
2.  Target organisms.  Bacteroides/Prevotella and enterovirus. 
 
3.  Statistical approach-classification method.  Presence/absence of PCR product.  Sensitivity 

of the Bacteroides/Prevotella method was estimated at 1 µg/5-50 mL of seawater.  Detection 
limit of the enterovirus method was approximately 1 PFU per 2-20 L of seawater. 

 
C.  Sampling considerations 
 

1.  Number and frequency of samples.  33 samples, collected between 9/19/2001 and 
10/29/2001. 

 
2.  Type of sample (depth-width integrated or a simple grab).  Grab samples. 
 
3.  When collected (season, flow conditions).  Summer, no rainfall events included. 
 
4.  Volume of sample and concentration factor.  For Bacteroides/Prevotella, bacteria from 

water samples were collected by filtration of 1-4 L.  Most amplifications were from 1 and 10 
ng of extracted DNA, equivalent to about 5-50 mL of seawater, chosen to provide a 
compromise between sensitivity and inhibition of the assay.  For enterovirus, 2-20 L of water 
was filtered. 

 
5.  Evaluation and validation 
 

a.  Spiked samples.  All sets of assays included positive controls in which a small amount 
(1-100 pg) of human fecal DNA extract or cultured poliovirus was added to replicates of 
the field samples to see if reactions were inhibited by the matrix. 

 
b.  Blind samples.  Not done. 
 
c.  Negative controls.  All sets of assays included negative controls (no DNA or poliovirus 

added). 
 
d.  Comparisons to independent ancillary data.  Source tracking was performed on 

samples from locations which were identified using the first two tiers of the procedure. 
 
D.  Outcomes 
 

1.  Summary of results and conclusions.  FIB in Avalon Bay appear to be from multiple, 
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primarily land-based, sources including bird droppings, contaminated subsurface water, 
leaking drains, and runoff from street wash-down activities.  Multiple shoreline samples and 
two subsurface water samples tested positive for human-specific bacteria and enterovirus, 
suggesting that at least a portion of the FIB contamination is from human sewage. 

 
2.  Implementation efforts based on the study.  Based on the results of the study, the city of 

Avalon slip-lined their sewer lines that run along the beach. 
 
3.  Follow-up monitoring.  Not mentioned in report. 
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Case 7.  Holmans Creek (Virginia) 
 
Source of information:  Noto, M., K. Hoover, E. Johnson, J. McDonough, E. Stevens, and B. A. 

Wiggins.  2000.  "Use of Antibiotic Resistance Analysis (ARA) to Identify Nonpoint Sources of 
Fecal Contamination in the Holmans Creek Watershed".  Technical Report prepared for the Lord 
Fairfax Soil and Water Conservation District. 

 
A.  General description 
 

1.  Watershed description.  Holmans Creek is located in Shenandoah County, Virginia.  It is a 
11,988 acre drainage area and contains 12 miles of stream, with 72% of the land in 
agricultural use, 26% forested, and 2% mixed urban land use.  All of the homes use septic 
systems and wells or cisterns.  Holmans Creek feeds the North Fork of the Shenandoah River 
and flows eventually into the Chesapeake Bay.  The possible/suspected sources of fecal 
contamination in the Holmans Creek watershed are beef and dairy cattle (cattle), chickens 
and turkeys (poultry), failing septic systems (human), and geese. 

 
2.  Problem definition.  Holmans Creek does not meet the Clean Water Act national goal of 

“fishable or swimmable” standards.  It is on the Priority List of impaired waters due to 
elevated fecal coliform levels and adversely affected benthic aquatic organisms. 

 
3.  Statement of objectives.  The study was conducted to determine the major sources of fecal 

pollution in the stream. 
 
4.  Date of study.  July 1999 through January 2001. 
 

B.  Analytical approach 
 

1.  Method description.  ARA, using 16 antibiotics (51 concentrations total). 
 
2.  Target organisms.  Enterococci. 
 
3.  Statistical approach-classification method.  Linear discriminant analysis.  Classification 

was performed 4-way (cattle vs poultry vs human vs geese).   
 

C.  Library considerations 
 

1.  When collected.  July 1999 through January 2001, from known sources located within the 
watershed. 

 
2.  Sources included 
 

a.  numbers of samples of each source.  Cattle (3 animals/sample):  26;  Poultry litter 
(multiple animals/sample):  11;  Septic tanks (1 household/sample): 42;  Geese (3 
animals/sample): 7. 
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b.  numbers of isolates from each sample (average).  Cattle:  18; Poultry:  23; Septic tanks 

19; Geese 14. 
 

3.  Evaluation and validation 
 

a.  testing for representativeness (cross-validation, holdouts, blind samples).  The ARCC 
of the library was 73%.  The Minimum Detectable Percentage (MDP) for each source 
type was determined to be 18% by averaging the percentages of other source types that 
were misclassified as that type. Further representativeness sampling was not done at the 
time, but subsequent cross-validation and holdout analysis showed that the library was 
reasonably representative for human and livestock sources, but was not representative for 
the wild (goose) samples. 

 
b.  testing for random classification.  Not done. 
 
c.  comparisons to independent ancillary data.  See section G. 

 
D.  Sampling considerations 
 

1.  Number and frequency of samples.  Nine sites were sampled along Holmans Creek during 
each sampling event.  Stream samples were collected on 7/23/99, 9/29/99, 11/18/99, 2/15/00, 
2/19/00 (after a heavy storm), 7/20/00, 9/20/00, and 1/25/01. 

 
2.  Type of sample (depth-width integrated or a simple grab).  Grab samples. 
 
3.  When collected (season, flow conditions).  Collected over a year and a half.  Samples were 

collected during periods of high and low flow.  One set of samples were taken immediately 
after a heavy storm. 

 
4.  Number of isolates per sample.  The goal for each sample was 46 isolates, but some 

samples had fewer.  The average number of isolates per sample was 41. 
 
E.  Outcomes 
 

1.  Summary of results and conclusions.  Human sources were dominant in five of eight 
sampling events, and at four of nine locations.  In 53 of the 64 samples, the proportion of 
human was above the MDP, and human was the dominant source in 29 of the 64 samples. 
Cattle was the dominant source on three of eight sampling days, and at five of nine locations. 
 The proportion of cattle was above the MDP in 52 of 64 samples, and cattle was the 
dominant source in 26 of them.  Poultry and geese fecal contributions were low throughout 
the sampling period.  The conclusions were that humans and cattle are the dominant sources 
of fecal pollution in the watershed. 

 
2.  Implementation efforts based on the study.  Based on the results of this study, a septic 

system maintenance project was undertaken in the watershed.  This project identified 
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numerous straight pipes discharging sewage directly into the stream, and found that 
approximately 25% of the septic systems in the watershed were failing.  Through the use of 
cost-share funds, many of these systems have been repaired or replaced.  The 
Implementation Plan for this watershed calls for removal of all straight pipes, all failing 
septic systems must be identified and corrected, and all livestock must be excluded from the 
stream.   

 
3.  Follow-up monitoring.  Stream monitoring in this watershed has been continuing.  Samples 

from the same sites have been collected quarterly from 2002 – 2004.  The results from the 
newer sample indicate that the percentage of human pollution has decreased from the 2001 
levels.  Subsequent classification of the samples was performed using a larger, regional 
library that was determined to be representative for all sources (using cross-validation, 
holdouts, and random classification). 
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Case 8.  Homosassa Springs (Florida) 
 
Source of information:  Griffin, D. W., R. Stokes, J. B. Rose, and J. H. Paul III.  2000.  Bacterial 

indicator occurrence and the use of F+ specific RNA coliphage assay to identify fecal sources in 
Homosassa Springs, Florida.  Microbial Ecology 39:56-64. 

 
A.  General description 
 

1.  Watershed description.  The Homosassa Springs State Wildlife Park (HSSWP) is a 180-acre 
complex that surrounds Homosassa River’s main spring (Homosassa Main). HSSWP is the 
home of numerous animals including birds, deer, bobcats, alligators, a hippopotamus, a 
permanent group of manatees, and fish.  The Homosassa Main consists of three separate 
vents, each with its own distinct chemical signature, which have a combined average 
discharge of approximately 2,944 liters s-1. To the southeast of the park is the Southeast Fork 
of the Homosassa River. The Southeast Fork is fed by a closely associated group of springs, 
which have a combined average discharge of approximately 1,953 liters s-1. The waters of 
these two sources and the immediate region in the river receiving these waters appear clear.  

 
2.  Problem definition.  Water quality issues in the Homosassa River system have received the 

attention of local citizen groups and the media.  Of particular concern were the elevated 
levels of coliforms and fecal coliforms found in Homosassa River downstream of HSSWP, 
which have been attributed to Park animals.  The Florida Department of Health (DOH), 
which has been monitoring water quality at a site just downstream of the park (an area which 
was to have been designated as a swimming site), found that fecal indicator concentrations 
consistently exceed recreational use standards (>200 fecal coliform colony forming units 
(CFU) 100 ml-1). 

 
3.  Statement of objectives.  This study was designed to assess microbial water quality and to 

differentiate fecal sources contributing to the contamination previously observed in HSSWP 
and its adjacent waters. 

 
4.  Date of study.  November of 1997 and November of 1998. 
 

B.  Analytical approach 
 

1.  Method description.  F+ specific RNA coliphage genotyping.  Types II and III coliphage are 
associated with human sources of fecal contamination and Types I and IV are associated 
with non-human sources. 

 
2.  Target organisms.  F+ specific RNA coliphage. 
 
3.  Statistical approach/classification method.  Direct match of specific oligonucleotide 

probes. 
 

C.  Sampling considerations 
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1.  Number and frequency of samples.  Seven sites in November 1998 and nine sites in 
November 1998. 

 
2.  Type of sample (depth-width integrated or a simple grab).  Grab samples. 
 
3.  When collected (season, flow conditions).  November of two consecutive years. 
 
4.  Volume of sample and concentration factor  20-L samples concentrated by vortex flow 

filtration (>70% coliphage recovery) to 40-60 ml, of which 1 ml aliquots were used for 
coliphage analysis. 

 
5.  Evaluation and validation 
 

a.  Spiked samples.  None reported.  No reference feces from local animals were positive for 
F+ RNA coliphage.  A reference human-waste stream was positive for human-associated 
types II and III coliphage. 

 
b.  Blind samples.  None reported. 
 
c.  Negative controls.  None reported. 
 
d.  comparisons to independent ancillary data.  Several factions have attributed the fecal 

indicator prevalence to HSSWP animals.  The watershed also contains many residences 
with older septic tanks. 

 
D.  Outcomes 
 

1.  Summary of results and conclusions.  F+ specific RNA coliphage analysis indicated that 
fecal contamination at all sites that had F+ RNA coliphage was from animal sources 
(mammals and birds). These results suggest that animal (either indigenous or residents of 
HSSWP) and not human sources influenced microbial water quality in the area of 
Homosassa River covered by this study. 

 
2.  Implementation efforts based on the study.  None reported. 
 
3.  Follow-up monitoring.  None reported. 
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Glossary of Relevant Terms 
 
16S and 23S rRNA – These are part of the ribosomal RNA genes that microbiologists use for 
the phylogenetic identification of bacteria.  Due to the different levels of sequence conservancy 
they are also used in the development of methods to detect bacteria in complex samples. They 
are also known as 16S rDNA and 23S rDNA. 
 
Antibiotic Resistance Analysis (ARA) – Method that uses resistance to antibiotics to generate 
phenotypic profiles of bacterial indentifier. 
 
Clean Water Act (CWA) - An act passed by the U.S. Congress to control water pollution (formerly 
referred to as the Federal Water Pollution Control Act of 1972). Public Law 92-500, as amended. 33 
U.S.C. 1251 et seq. 
 
Clean Water Act Section 303(d) - annual report to Congress from EPA that identifies those waters 
for which existing controls are not sufficiently stringent to achieve applicable water quality 
standards.  
 
Clean Water Act Section 305(b) - biennial reporting requires description of the quality of the 
Nation's surface waters, evaluation of progress made in maintaining and restoring water quality, and 
description of the extent of remaining problems by using biological data to make aquatic life use 
support decisions.  
 
Clone - A population of identical microorganisms derived from the same genetic lineage. All of the 
bacteria in one culture, or one colony identical clones (unless a mutation occurs). 
 
Coliphage – A bacterial virus (i.e., bacteriophage) that infects E. coli. Coliphages have been 
proposed as potential indicators for the presence of enteric viruses in fecally impacted waters. 
 
Confined Animal Feeding Operation (CAFO) -  A lot or facility where animals have been, are, or 
will be stabled or confined and fed or maintained for a total of 45 days or more in any 12 month 
period; and where crops, vegetation, forage growth, or post-harvest residues are not sustained over 
any portion of the lot facility in the normal growing season and more than 1,000 animal units are 
confined at the facility or from 301 to 1,000 animal units are confined at the facility and it also meets 
one of the specific criteria addressing the method of discharge. 
 
Cosmopolitan – Describes strains that are found in more than one host species. “Transient” is 
sometimes used synonymously. 
 
DNA - Deoxyribonucleic acid.  Encodes for the genetic material of living organisms with the 
exception of some classes of viruses. 
 
F+RNA - RNA male-specific coliphages. 
 
False-negative – A source is not identified when it is actually present. 
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False-positive – A source is identified when it is not actually present. 
 
Genotype – The analysis is based directly on the DNA of the organism. Ribotyping and PCR are 
both genotypic analyses. 
 
Microbial source tracking – Approach or approaches intended to identify the fecal sources 
impacting a water system. Other terms that relate to MST are bacterial source tracking (when 
bacteria is the target), microbial source identification, and fecal source identification. 
 
Non-Point Source Pollution - pollution that occurs when rainfall, snowmelt, or irrigation runs over 
land or through the ground, picks up pollutants, and deposits them into rivers, lakes, and coastal 
waters or introduces them into ground water. 
 
Point Source Pollution – Identifiable inputs of waste that are discharged via pipes or drains 
primarily (but not exclusively) from industrial facilities and municipal treatments plants into rivers, 
lakes, and ocean. 
 
Phenotype – Characteristics of an organism that rely on translation of genetic information into 
proteins. Antibiotic resistance patterns and carbon source utilization patterns represent phenotypes, 
as they are mediated by enzymes and other proteins. 
 
Quantitative PCR – Also known as real time PCR.  The principles of QPCR are similar to those of 
conventional PCR techniques with the exception that in each round of amplification the 
accumulation of PCR products is quantified using a fluorescence detector.  
 
Restriction fragment length polymorphism (RFLP) - A type of polymorphism detectable in a 
genome by the size differences in DNA fragments generated by restriction enzyme analysis. 
 
Source identifier (SI) – A general category for the analytes used for MST. E. coli, enterococci, PCR 
bands and caffeine are all examples of SIs. 
 
Species/pattern/marker (SPM) – A specific species, pattern or marker that is indicative of a 
particular host species. ARA patterns of enterococci, ribotypes of E. coli and the human-specific 
DNA band of Bacteroides are examples of SPMs. 
 
Library – In MST is normally refered to the group of fingerprints generated from microbial isolates 
collected from the potential sources (i.e., animal feces) impacting a watershed. MST libraries should 
not be confused with gene cloning libraries. Fingerprints are based on phenotypic traits (e.g., 
antibiotic resistance analysis) or genotypic profiles (e.g., rep-PCR, ribotyping) of individual 
microbial strains 
 
Library dependent methods (LDMs) - MST methods that require the development of a source 
library.   
 
Library independent methods (LIMs) – MST methods that do not require the development of a 
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source library.  
 
RNA – Ribonucleic acid. This polymer is primarily involved in protein synthesis. 
 
Subtype – A microbial strain possessing a distinctive pattern or marker. Electrophoretic types, 
ribotypes, rep-PCR patterns and antibiotic resistance patterns all define bacterial subtypes. 
Coliphage types I-IV are also subtypes. 
 
Total Maximum Daily Load (TMDL) – TMDL is a calculation of the maximum amount of a 
pollutant that a waterbody can receive and still meet water quality standards, and an allocation of 
that amount to the pollutant's sources. Water quality standards are set by States, Territories, and 
Tribes. They identify the uses for each waterbody, for example, drinking water supply, contact 
recreation (swimming), and aquatic life support (fishing), and the scientific criteria to support that 
use. A TMDL is the sum of the allowable loads of a single pollutant from all contributing point and 
nonpoint sources. The calculation must include a margin of safety to ensure that the waterbody can 
be used for the purposes the State has designated. The calculation must also account for seasonal 
variation in water quality. The Clean Water Act, section 303, establishes the water quality standards 
and TMDL programs. 
 
Type I error – Occurs when a difference is identified that does not really exist (analogous to false-
positive). 
 
Type II error – Occurs when a difference that does exist is not identified (analogous to false-
negative). 
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Glossary of Acronyms 

AFLP  Amplified fragment length polymorphism 

ARA  Antibiotic resistance analysis 

ARCC  Average rate of correct classification 

ARP   Antibiotic resistance profiling  

BMP  Best management practices 

BOX-PCR Repetitive polymerase chain reaction using BOX primers 

BST  Bacterial source tracking 

CUP  Carbohydrate utilization profiling 

DA  Discriminant analysis 

DFA  Discriminant function analysis  

DGGE  Denaturing gradient gel electrophoresis 

rDNA  Ribosomal ribonucleic acid gene 

EcoRI  Restriction endonuclease derived from Escherichia coli 

ERIC-PCR Enterobacterial repetitive intergenic consensus sequences polymerase  

chain reaction 

FISH   Fluorescent in situ hybridization 

HindIII  Restriction endonuclease derived from Haemophilus influenzae 

ISR-PCR Intergenic spacer region polymerase chain reaction 

MLEE  Multilocus enzyme electrophoresis 

MRA  Multiple resistance analysis  

MST  Microbial source tracking 

NOAA  National Oceanic and Atmospheric Administration 

PCR  Polymerase chain reaction 

PFGE  Pulse filed gel electrophoresis 

PvuII  Restriction endonuclease derived from Proteus vulgaris 

QPCR  Quantitative PCR 

rep-PCR Repetitive polymerase chain reaction 

REP-PCR Repetitive extragenic palindromic sequence polymerase chain reaction 

RFLP  Restriction fragment length polymorphism 

rRNA  Ribosomal ribonucleic acid 



 

 150

TMDL  Total maximum daily load 

TRFLP  Terminal restriction fragment length polymorphism 

USDA  United States Department of Agriculture 

USEPA United States Environmental Protection Agency 

USGS  United States Geological Survey 
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Water Quality Standards For Coastal Recreation Waters 
Considerations for States as They Select Appropriate Risk Levels 

 
This fact sheet addresses questions regarding the appropriate risk level (or levels) a state may 
choose when adopting into the state’s water quality standards bacteria criteria to protect its 
coastal recreation waters.  This fact sheet is intended to answer key questions states may have 
about what EPA considers to be appropriate acceptable risk levels in the context of what EPA 
promulgated in the Water Quality Standards for Coastal and Great Lakes Recreation Waters (or 
BEACH Act) rule (69 FR 67217, November 16, 2004) and what EPA recommended in the 1986 
Ambient Water Quality Criteria for Bacteria document (also known as the 1986 bacteria criteria 
document). 
 
What are coastal recreation waters? 
Coastal recreation waters are those Great Lakes and marine waters (including coastal estuaries) 
that are designated under section 303(c) of the Clean Water Act for use for swimming, bathing, 
surfing, or similar water contact activities.  Inland waters or waters upstream from the mouth of a 
river or stream having an unimpaired natural connection with the open sea are not considered 
coastal recreation waters.  (See CWA Section 502(21) and 40 CFR 131.41(b)).    
 
What does the BEACH Act Rule say about risk levels? 
In the November 16, 2004 rule, EPA promulgated water quality criteria corresponding to an 
illness rate of 0.8% for swimmers in freshwater and 1.9% for swimmers in marine waters.  In 
determining whether to include a state in the rule, EPA considered states that used an illness rate 
of 1.0% or less for fresh waters to have criteria as protective of human health as the 1986 
bacteria criteria, and therefore, EPA did not promulgate the criteria for these states. 
 
Why did EPA take the approach in the BEACH Act Rule of establishing different risk 
levels for fresh and marine waters? 
As EPA explained in the proposed Water Quality Standards for Coastal and Great Lakes 
Recreation Waters (69 FR 41719, 41724, July 9, 2004), there is no a priori reason to establish a 
higher level of protection for fresh waters than for marine waters. The difference in acceptable 
risk levels in the 1986 bacteria criteria document (8 illnesses per 1000 swimmers in fresh waters 
v. 19 per 1000 in marine waters) was based solely on the calculated risk levels for the previously 
recommended criterion of 200 fecal coliforms per 100 ml, which were different in marine and 
fresh waters. If the data upon which the 1986 bacteria criteria were based supported a reliable 
correlation between bacteria concentrations and higher illness rates, EPA could have, in judging 
whether a fresh water criterion is “as protective of human health as” EPA’s 1986 bacteria 
criteria, considered fresh water criteria associated with risk levels up to 1.9% of swimmers to be 
sufficient. However, EPA could not determine, based on the available data that relate E. coli and 
enterococci levels to illness rates, what bacteria concentration would correlate with risk levels 
over 1.0% in freshwater. Therefore, EPA determined that existing data relating risk levels to 
bacteria concentrations in fresh coastal recreation waters were not reliable beyond 1.0% risk to 
swimmers.  
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Peer review of EPA’s analysis of the study data relating illness rates to bacteria concentrations 
supports the conclusion that the existing data do not support the relationship between rates 
beyond the level of 1.0% of swimmers and their correlating bacteria concentrations (External 
Peer Review of EPA Analysis of Epidemiological Data from EPA Bacteriological Studies, 
February 2004, available in the public record for the BEACH Act rule, Docket ID No. OW-
2004-0010). The peer reviewers recommended that EPA should not extrapolate beyond the 1.0% 
risk level, based on the observed data. Based on that peer-reviewed information, EPA does not 
believe at this time that a state’s water quality standards for fresh waters based on any geometric 
mean or SSM higher than the levels associated with an illness rate of 1.0% would be as 
protective of human health as EPA’s 1986 bacteria criteria. As discussed earlier, however, in 
evaluating any new or revised state water quality standards for bacteria, EPA will review 
information states provide showing a scientifically defensible relationship between higher illness 
rates and corresponding indicator concentrations. 

 
How did EPA determine these risk levels were appropriate? 
EPA developed the criteria values for enterococci and E. coli based on indicator concentrations 
from EPA’s epidemiological studies that roughly corresponded to the estimated illness rate 
associated with the previously recommended fecal coliform criteria. EPA estimated this illness 
rate to be approximately 0.8% of swimmers exposed in freshwater and 1.9% of swimmers 
exposed in marine waters. 
 
The analyses upon which these risk level estimates are based include some uncertainties because 
at the time they were developed, there was little correlation between illness rate and fecal 
coliform density. These estimated risk levels were used to calculate the specific bacteria density 
values presented in tabular form in the 1986 bacteria criteria document. These estimated illness 
rates are correctly described in the 1986 bacteria criteria document as approximate, and as 
“EPA’s best estimates at the time.” 
 
Would EPA approve a state’s water quality standards for bacteria in freshwater with a 
risk level higher than 0.8% of swimmers? 
Yes.  EPA would approve up to and including 1% without any additional data.  Higher risk 
levels would require additional data to be collected and submitted because existing data are not 
adequate to establish the relationship in freshwater between an illness rate of above 1.0% up to 
1.9% and the corresponding bacteria concentrations.  Levels higher than 1.9% for fresh waters 
would not be as protective of human health as the 1986 bacteria for either fresh waters or marine 
waters because 1.9% is the upper limit of the acceptable risk range in the 1986 bacteria criteria.  
More information can be found in the “Why did EPA take this approach in the BEACH Act 
Rule?” section below. 
 
Does a state have to conduct a Use Attainability Analysis to adopt a fresh water risk level 
higher than 0.8%but below 1.0%? 
No. Risk levels in the 0.8% to 1.0% range all protect primary contact recreation.  For states that 
change the risk level and thus change the numeric value of the criterion, if such changes may be 
the basis for less stringent permit limits anti-backsliding provisions may apply to such permits.  
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More information can be found in the “What is the flexibility in how a State may choose an 
appropriate risk level?” section. 
 
Can a state adopt criteria for similar risk levels for their fresh and marine coastal 
recreation waters? 
Yes, states may adopt criteria for marine waters with the same risk level as their fresh water 
criteria. However, for fresh waters, the available data do not allow extrapolating beyond a 1.0% 
risk level. This means that states that want to use the same or similar risk levels for their fresh 
and marine coastal recreation waters have several options: they could reduce the risk level for 
marine waters to no higher than 1%; they could develop the data needed in freshwaters to 
establish in a scientifically sound manner the relationship between a 1.9% illness rate in 
freshwater and the corresponding concentration of indicator bacteria in their fresh waters; or they 
could develop the data needed in freshwaters to establish in a scientifically sound manner the 
relationship between an illness rate higher than 1% but less than 1.9% and corresponding 
indicator concentrations in freshwater.   

 
What is the flexibility in how a State may choose an appropriate risk level for their Great 
Lakes coastal recreation waters? 
In utilizing risk management discretion, states may wish to establish more than one category of 
primary contact recreation use in their Great Lakes coastal recreation waters. States opting to 
protect their fresh coastal recreation waters with criteria associated with risk levels within the 
0.8% to 1.0% range should recognize that this is a risk management decision analogous to 
selecting alternate risk levels when adopting human health criteria for carcinogens, and thus 
would not require a use attainability analysis (UAA) as described by the federal regulations at 40 
CFR 131.10.  Additionally, in exercising such discretion, states should assure, however, that 
downstream uses are protected, including downstream uses across state or tribal boundaries. As 
with any addition or revision to a state or authorized tribe’s water quality standards, any changes 
resulting from these risk management decisions are subject to the public participation 
requirements at 40 CFR 131.20(b).   
 
 
To get more information 
 
Contact Lars Wilcut at: 
 
1200 Pennsylvania Avenue, NW 
Mail Code 4305T 
Washington, DC 20460 
(202) 566-0447 
wilcut.lars@epa.gov 













 



 



 



 



 



 



 



 



 



DUANE A. SMITH 
EXECUTIVE DIRECTOR 

STATE OF OKLAHOMA 
WATER RESOURCES BOARD 

August 11 , 2008 

Ms. Denise Keehner 
U.S. EPA Headquarters 
Ariel Rios Building 
1200 Pennsylvania Ave., N.W. 
Mail Code: 4305T 
Washington, D.C. 20460 

Dear Ms. Keehner: 

www.owrb.ok.gov 

BRAD HENRY 
GOVERNOR 

It:·has been my pleasure to work with you and your staff over the last several months to clarify 
many fundamental Water Quality Standards issues we have wrestled with in recent years. 
Whether these issues arose through ASIWPCA, WQS Managers Meetings, WQS Workgroup 
Meetings or the WQS Academy, it has been both enlightening and encouraging to explore them 
with you. 

Would it be possible for you to·f-orward -to me in writing the results of some of these discussions 
to share with my staff and state 'colleagues? As an example, we've framed the question of 
"existing uses" with the following questions: 

What are existing uses? 
When determining an existing use, are there situations where a state should 

describe existing uses more specifically than 'de~i~al:ed uses? 
How should a state determine the existing use for a water body? 
What is the difference between an existing use and a designated use? 
Can a state adopt the existing u·s_e as its designated use? ·· 

We have discussed other foundational issues as well and I would be most interested in affirming 
my understanding of the outcomes of these discussions that reflect our common understanding. 

Thanks again for all 'your time and effort on the critically important work ofWQS. As always 
feel free to call me with any questions at ( 405) 530-8800; · 

Derek Smithee, Chief 
Water Quality Programs Division 
' ' 

CWB 
WAIH! RESOURCES 90AAO 

the wafer agency 

'3800 N. CLASSEN BOULEVARD • OKLAHOMA CITY, OKLAHOMA 73118 
TELEPHONE (4-05) 530-8800 • FAX (405) 530-8900 

Mark Nichols, Chairman • Rudy Herrmann. Vice Chairman • F. Ford Drummond. Secretary 
Lonnie L. Farmer • Linda Lambert • Richard C . Sevenoaks • Jack Kee!ey • Ed file • Kenneth K Knowles 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON. D.C. 20460 

Mr. Derek Smithee 
State of Oklahoma 
Water Resources Board 
3800 N. Classen Blvd. 
Oklahoma City, OK 73118 

Dear Mr. Smithee: 

September5,2008 

Of-FICE or 
WAren 

Thank you for your letter of August 11, 2008. I also appreciate the discussions we have 
had with states at ASIWPCA meetings, WQS Managers Meetings, WQS Workgroup meetings, 
and the WQS Academy. You asked if we could forward you in writing the results of these 
discussions to share with your staff and colleagues. Our office is happy to provide you with 
answers to your specific questions that reflect common understanding throughout EPA 
Regional Offices in the enclosed attachment. 

If you have any questions please feel free to contact me at 202-566-1566 or Jim Keating at 
202-566-0383. 

z~ i,~./F~----~~p 
Denise Keehner, Director 
Standards and Health Protection Division 

Enclosures 

Internet Address (URL) • http://www.epa.gov 
Rt~cycled/Recyclable • Printed w~h Vegetable Oil Based Inks on Recycled Paper (Minimum 30""' Postconsumerl 



Attachment 

I) What are existing uses? 

EPA's regulations define existing uses as " .. . those uses actually attained in the water 
body on or after November 28, 1975, whether or not they are included in the water quality 
standards."1

•
2 Existing uses are relevant to two provisions in the Federal regulation - 40 

C.F.R. § 131.10(g), designated uses, and 40 C.F.R. § 131.12(a)(l ), antidegradation. 
Overall, these provisions: 

o Prohibit removal of a designated use that would also remove an existing use.3 

o Require the maintenance and protection of existing instream water uses and the 
level of water quality necessary to protect existing uses when implementing a 
state's or tribe's antidegradation policy.4 

EPA considers the phrase "existing uses are those uses actually attained" to mean the 
use and water quality necessary to support the use that have been achieved in the 
waterbody on or after November 28, 1975. Waterbody uses relate to a distinct purpose 
(e.g., recreation, public water supply) or function (e.g. , supporting an aquatic ecosystem). 
EPA's regulations, relating to the protection of existing uses, require states and tribes to 
maintain and protect these uses, not specific water quality parameters which may have 
achieved levels more protective than necessary to support these uses.5 

In nearly all cases, a waterbody will have achieved some degree of use related to 
aquatic life, wildlife, and human activity on or after November 28, 1975. States and tribes 
are not bound by their designated use classification categories when describing existing 
uses. In some cases, the use(s) and water quality actually achieved may be less protective 
than the designated use(s) assigned to the waterbody. For example, while the water 
quality since November 28, 1975 may never have been sufficient to support the diverse 
aquatic community associated with the waterbody's designated use, it is likely that the 
water quality in the waterbody supports or has supported some less diverse community of 
organisms. When such uses have been achieved on or after November 28, 1975, EPA 
considers the uses reflecting the degree of aquatic life, wildlife, and human activity 
achieved to be "existing" uses. 

1 40 C.F.R. § 131.3(e). 
2 November 28, 1975 is the date EPA promulgated the initial Federal water quality standards regulations related to 
existing uses. 40 C.F.R. 55334 (Nov. 28, 1975). 
3 40 C.F.R. § 131.1 O(g). 
4 40C.F.R. § 131.12(a)(l ). 
5 In the 1982 preamble to the proposed rule for the current WQS regulations, EPA stated that the first tier of 
antidegradation applies to uses, not specific parameters. For example, if a stream actually achieved a warm water 
fishery use and achieved a dissolved oxygen level of7.0 mg/L, under the existing use regulation the state would 
only be required to maintain the dissolved oxygen levels sufficient to support the warm water fishery existing use 
(e.g. 5.0 mg!L if that is sufficient to support the existing warmwater fishery use). 47 Fed. Reg.49,234, 49,238 
(col. 3)(0ct. 29, 1982). 



A waterbody may have multiple existing uses. When evaluating the uses actually 
achieved along a continuum, the existing uses of a waterbody are the "highest degree of 
uses" and water quality necessary to support those uses, that have been achieved since 
November 28, 1975, independent of the designated use. "Highest degree of uses" 
generally means the degree of use closest to those supported by minimally impacted 
conditions, which usually is associated with the highest level of water quality. In the 
paragraph above, if this less diverse community is the highest degree of aquatic life use 
that has been achieved since 1975, this would be the existing aquatic life use. 

EPA's existing use regulations ensure that the waterbody' s highest degree of uses and 
the necessary levels of water quality actually achieved on or after November 28, 1975 will 
be maintained and protected consistent with the overall objective of the Clean Water Act 
(CW A) to restore and maintain the physical, chemical, and biological integrity of the 
nation's waters.6 Thus, 40 C.F.R. §§ 131.10(g) and 131.12(a)(l) define the absolute 
" floor" or minimum use and necessary level of water quality achieved that must be 
maintained and protected in a waterbody.7 In the above example, where a state is 
designating its uses or revising its designated uses, the state or tribe must ensure that the 
resulting water quality will not jeopardize the less diverse aquatic community (and thus 
the existing use). 

The regulation at 40 C.F .R. § 131.1 O(g) prohibiting removal of an existing use is not 
intended to apply to a situation where the state or tribe wishes to remove a use where the 
removal would result in improving the condition of a waterbody, i.e., facilitates attainment 
of a use closer to those supported by minimally impacted conditions. 8 The intent of the 
regulation is to further the objectives of the CW A "to restore and maintain the chemical, 
physical, and biological integrity" of the nations waters (CW A section 101 (a)), not to 
prevent actions that make the waterbody more like its minimally impacted condition. For 
example, if a pollution tolerant aquatic community is replaced by a more diverse aquatic 
community as a result of improving water quality, loss of the pollution tolerant community 
is a necessary step towards restoring a waterbody to its minimally impacted condition and 
is not a removal of an existing use. Similarly, if a state or tribe stocks trout (a coldwater 
species) into a natural warmwater fishery, the existing use provision would not prevent 
removal of that stocked trout fishery use because a natural warm water fishery is closer to 
the minimally impacted condition. 

Existing use determinations should be made on a site-specific. If a state or tribe can 
show that removing a designated use will not remove an existing use and the state or tribe 
can show that there are factors precluding the attainment of this designated use, the 
state/tribe must then determine and designate the highest attainable use. 

2) When determining an existing use, are there situations where a state or tribe should 
describe existing uses more specifically than designated uses? 

6 CWA section JOI(a). 
7 See the preamble to EPA's WQS regulations at 48 Fed. Reg. 51,500, 51,403, col. 2 (Nov. 8, 1983). 
8 See 40 C.F .R. § 13 I . I O(h). States or tribes may remove existing uses where the state or tribe is adding a use 
requiring more stringent criteria .. 



Yes. While there are some situations where it would be reasonable to describe existing 
uses of a waterbody using the same broad categories employed for designating uses, a 
state or tribe should describe existing uses more specifically where necessary to meet the 
intent of the existing use requirements. It would be consistent with the intent of the 
regulation for a state or tribe to more specifically describe its existing use, for example, 
where necessary to maintain and protect unique attributes of a waterbody that are not 
adequately described using a broadly defined designated use category. Examples 1 (CSO
impacted waters) and 2 (mining-impacted waters) provided in the next question, 
demonstrate the importance of describing the existing use (and the water quality necessary 
to support this existing use) in a specific manner so that the uses and the water quality 
improvements achieved since 1975 can be maintained and protected. 

States and tribes must consider existing uses prior to removing or revising a designated 
use and in the context of its antidegradation requirements.9 The Federal regulations do not 
require states and tribes to specify both existing uses and designated uses for each 
waterbod6 in their water quality standards; however a state or tribe may do so if it 
chooses. 1 

3) How should a state or tribe determine the existing use for a waterbody? 

A state or tribe should determine existing uses on a site-specific basis to ensure it has 
identified the highest degree of uses and water quality necessary to support the uses that 
have been achieved since November 28, 1975. When describing existing uses, states and 
tribes should articulate not only the use(s) that has been achieved, but also the water 
quality supporting the specific use(s) that has been achieved. Examples 1 (CSO-impacted) 
and 2 (mining-impacted) below illustrate this point. For aquatic life, states and tribes 
should consider the available biological data as an indicator of both water quality and the 
actual use, in conjunction with any available chemical water quality data. 

Although EPA interprets the definition of "existing use" to require consideration of the 
available data and information on both actual use and water quality, all the necessary data 
may not be available. In these circumstances, a state or tribe may choose, in implementing 
its water quality standards program, to determine an existing use based on the strength of 
evidence that a use has actually been achieved or the strength of evidence that water 
quality supporting a use has been achieved. In other words, where data may be limited or 
inconclusive, EPA expects states and tribes to consider the quantity, quality, and reliability 
of the different types of available data to describe the existing use as accurately and 
completely as possible and to resolve any apparent discrepancies based upon that 
evaluation. As an example, a state is considering removing a primary contact recreation 
use and is therefore evaluating the existing use. While it has information that people are 
swimming in a waterbody, it does not have any data to determine the level of water quality 
that has been achieved on or after November 28, 1975. In this case, the state has two 

9 40 C.F.R. §§ 131.10(g) and 13l.12(a)(I). 
10 EPA notes that 40 C.F.R. § 13 1. 1 O(i) requires states and tribes to "revise its standards to reflect the uses actually 
being attained." 



choices regarding the existing recreation use. If there is no reason to believe that there has 
ever been a water quality problem (e.g., no nearby sources of bacteria), then it would be 
reasonable for the state or tribe to determine that primary contact recreation is the existing 
use. However, ifthere is reason to believe a nearby source may have been limiting the 
water quality since November 28, 1975, the state should conduct a use attainability 
analysis to determine if primary contact recreation is attainable or not. If primary contact 
recreation is deemed attainable, the state must retain primary contact recreation use as the 
designated use, even if it is unclear whether that use is existing. If a primary contact 
recreation use is not attainable, then the state or tribe must designate the highest attainable 
recreation use. 11 

In a 1985 Antidegradation Questions and Answers document, EPA said "An existing 
use can be established by demonstrating that fishing, swimming, or other uses have 
actually occurred since November 28, 1975 or that the water quality is suitable to allow 
such uses to occur (unless there are physical problems which prevent the use regardless of 
water quality.)" While this approach allows states to make an existing use determination 
where it only has information on one or the other type of information, some have 
interpreted this statement as obligating states to ignore one set of information where both 
types are available. EPA has found that, in practice, taking into account all the available 
information results in a more accurate articulation of the existing uses. In addition, the 
1985 policy was stated under the assumption that states and tribes would likely describe 
existing uses in the same terms or categories employed for designated uses. However, 
during the time since issuing those Qs and As, EPA has seen increasingly complex issues 
arise regarding the implementation of the existing use provisions ofthe Federal water 
quality standards regulations. It has become apparent that using the same designated use 
categories to describe existing uses may be insufficiently detailed to accurately describe 
the existing use. 

Under the clarification that states and tribes are not bound to describing their existing uses 
with the same categories employed for designated uses, the following summarizes how 
states and tribes should determine existing uses. 

1. Where a use (i.e., some degree of use related to aquatic life, wildlife, and human 
activity) has actually been achieved on or after November 28, 1975, the existing use 
is the highest degree of use and the water quality that has been achieved and is 
necessary to support the use (see examples 1 and 2); and 

2. Where the water quality achieved was sufficient to support a use on or after 
November 28, 1975, but the use (i.e., some degree of use related to aquatic life, 
wildlife, and human activity) has not occurred, the federal regulations provide states 
and tribes the discretion to determining whether or not this is an existing use. In 
this case, however, it would be reasonable to presume the use is attainable and that a 
state or tribe would need to explain the factors unrelated to water quality (e.g. 
human caused conditions that cannot be remedied, hydrologic modifications) that 

11 40 C.F.R. §§ 131.10(a)-(k). 



are limiting the attainment of the use before it can be removed (see examples 3 and 
4). 

It is appropriate to describe the existing uses of a waterbody in terms of both actual use 
and water quality because doing so provides the most comprehensive means of describing 
the baseline conditions that must be protected. In identifying an existing use, it is 
important to have a high degree of confidence because a state or tribe may not remove an 
existing use when revising designated uses, regardless of whether the existing use remains 
attainable. This is also important because EPA's anti degradation provisions require any 
CW A authorization of a discharge or activity that may result in a discharge to protect the 
existing use. 12 

A specific example given in the 1 985 Antidegradation Qs and As was one of shellfish 
harvesting. In the example, shellfish are thriving, but it is not clear whether people were 
actually harvesting the shellfish. In 1985, EPA said that shellfish harvesting is the existing 
use because to say "otherwise would be to say that the only time an aquatic protection use 
'exists' is if someone succeeds in catching fish." (Appendix G Water Quality Standards 
Handbook). EPA's regulations provide states and tribes the discretion to determine 
whether or not shellfish harvesting is the existing use in this example. While in the 
example there was actual evidence of aquatic life (healthy shellfish), there was no 
evidence of shellfish harvesting. Under EPA's current interpretation, the state or tribe is 
not required to deem shellfish harvesting is an existing use in this situation. A state or 
tribe may determine that the existing use is an aquatic life use that supports healthy 
shellfish but that "harvesting" is not part of the "existing use" since there is no evidence of 
actual harvesting. On the other hand, if shellfish harvesting has not been documented but 
the evidence shows that the water quality to support harvesting has been achieved and the 
shellfish present are (or were) suitable for consumption, a state or tribe may determine the 
existing use is shellfish harvesting or shellfish suitable for consumption. Example 3 below 
further discusses that if water quality supports harvesting, a shellfish harvesting use is 
considered attainable (whether or not the state/tribe has determined it is an existing use) 
and should not be removed, even if no harvesting has actually occurred, unless the state 
can demonstrate otherwise based on one of the 131.1 O(g) factors. 

For example, if shellfish harvesting has not been documented but the evidence shows 
that the water quality achieved and presence of shellfish suitable for consumption support 
harvesting, a state or tribe could determine the existing use is shellfish harvesting or 
shellfish suitable for consumption. Please see examples 3 (shellfish harvesting) and 4 
(public water supply) for further discussion. 

Example I 

People occasionally recreate in a waterbody impacted by combined sewer overflows 
(CSOs). While water quality may be sufficient to support full primary contact recreation 
most ofthe time (i.e., the ambient bacterial densities in the waterbody meet the bacteria 
water quality criteria), the number of indicator bacteria is likely to exceed the water 

12 40C.F.R. § 131.12(a)( J). 



quality criteria established to support primary contact recreation during heavy rainfall 
events that trigger CSO events. If the CSOs have existed before November 28; 1975, what 
is the existing use related to recreation for this scenario? 

In this example, water quality data may show that bacteria levels fluctuated above and 
below the state/tribal criterion for the protection of primary contact recreation and that 
exceedances correlated with the occurrence of CSO events. In addition, data regarding the 
type, timing, and frequency of recreation may show that some recreation (swimming or 
kayaking) occurs regularly in the waterbody even after a CSO discharge when the bacteria 
levels make it unsafe for primary contact recreation. 

Based on the available data for this example, the existing use may be described as a 
primary contact recreation use at times not affected by CSOs and high risk recreation at 
times of CSO overflows (because there is a higher risk of getting sick from pathogens than 
in a water that supports a primary contact recreation use all the time). This existing use 
describes the absolute "floor" or minimum use and necessary level of water quality 
achieved for this waterbody that may not be removed when changing designated uses. In 
addition, the existing use must be protected in the context of antidegradation when 
authorizing a discharge or activity, under the CWA, that is required to meet water quality 
standards (WQS). The WQS existing use regulations, therefore, would not allow 
designated use changes or CW A authorized discharges/activities that would, for example, 
lower the water quality in a manner that would reduce the level of protection to recreators 
achieved by the existing use. Once the state/tribe has determined that changing the 
designated use will not remove an existing use, the state or tribe must conduct a use 
attainability analysis (UAA) if it wishes to change its currently designated recreational use 
to one that would require less stringent criteria. 

Example 2 

Hard rock mining has affected a mountain stream since before November 28, 1975, 
eliminating trout and other native fish, as well as impairing the benthic invertebrate 
community, within 20 stream miles ofthe mining district. Between 1990 and 2000, the 
State undertook a major remediation effort which resulted in a significant reduction in 
most metal concentrations. However, concentrations of cadmium and zinc (year round) 
remain well above the State's acute and chronic numeric criteria adopted to protect the 
trout stream use classification. The State found that with the significant reduction in most 
metals, the benthic invertebrate community fully recovered and the trout and other native 
fish returned to the remediated segment. Yet, the State also found that the number of fish 
per acre was still less than those at similar reference sites and the length/weight index 
showed these trout were not in as good of condition as those in the reference streams. 
Despite the inferior condition of the trout, the lower species numbers, and the fact that the 
water quality was exceeding some of the criteria adopted to protect a trout fishery use 
classification, the return of the trout was enough to encourage the public to fish and thus 
establish a successful trout fishing use. 



In this example, the existing use (i.e., highest degree of aquatic life use and water 
quality necessary to support the use that has been achieved since November 28; 1975) may 
be described as a trout fishery in waters with high levels of cadmium and zinc 
concentrations. In this example, it is likely that maintaining the water quality 
improvements for the most limiting water quality parameters (cadmium and zinc) is 
especially important to maintain the existing use because changes to these parameters are 
likely to correlate with changes in the trout population. 

Example 3 

A waterbody has a healthy shellfish community that is propagating and thriving in a 
biologically suitable habitat and the water quality is sufficient to support both this healthy 
shellfish community and shellfish consumption by humans. However, there is not 
available information indicating that shellfish have been harvested since November 28, 
1975. Because the water quality is sufficient to fully support a healthy shellfish 
community and a shellfish community actually exists, the existing use may be described as 
"a healthy shellfish community" or, as discussed earlier, the state or tribe may choose to 
determine shellfish harvesting is the existing use by weighing the evidence on water 
quality sufficient to support the use and evidence of actual use, and relying on one to a 
greater extent than the other. If the available data are lacking or inconclusive on whether 
shellfish are actually being harvested and consumed, a state or tribe may determine the 
existing use based on a reasonable judgment. 

Shellfish harvesting is a CWA 101 (a)(2) use. Therefore, if a state or tribe is 
considering removing a designated shellfish harvesting use, under 40 C.F.R. § 
131.1 O(j)(2), it must conduct a UAA to demonstrate that shellfish harvesting is not feasible 
to attain due to one of the six factors in 40 C.F .R. § 131.1 O(g), keeping in mind that it 
cannot adopt a use that would lower the water quality in such a way that the water would 
no longer support the existing use. If the water quality is sufficient to support shellfish 
harvesting, it may be difficult to demonstrate that the use is not feasible to attain, even if 
no harvesting has or is occurring. However, 40 C. F .R. § 131.1 O(g) does provide for 
situations where factors other than water quality affect the attainability of a use. Any 
proposed use change must go through a public process consistent with state/tribal law and 
EPA's public participation requirements. 13 

Example 4 

Since November 28, 1975, a particular waterbody has met the human health criteria 
. necessary for a waterbody to be used as a source of public water supply. However, there 
has never been a drinking water intake because the waterbody has never been used as a 
source of drinking water. Is public water supply an existing use for this scenario? 

As stated above, EPA expects states and tribes to look at the available data and 
information on both water quality and actual use to determine if it is an existing use. If 
data are clear that the water quality was sufficient to support a public water supply (PWS) 

13 40C.F.R. §§ 131.10(e) and 131.20(b). 



use, but no PWS use actually occurred since there was no PWS intake, then the Federal 
regulations do not require that the state or tribe find that there is an existing public water 
supply use. EPA recognizes that when states/tribes initially designated uses they may 
have designated certain waters or all state/tribal waters for public water supply use even 
though state, tribal, and local governments have never actually used these waters as public 
water supply sources since November 28, 1975. However, as discussed earlier, states and 
tribes may choose, in implementing their water quality standards programs, to determine 
that a public water supply use is an existing use based on the strength of evidence that a 
use is actually occurring or the strength of evidence that water quality supports a potential 
use. For example, if a use has never occurred in or on the waterbody since November 28, 
1975, but the water quality at the time of evaluation would support such a use, a state or 
tribe may determine that this use is an existing use because maintaining the water quality 
will preserve its use in the future. In addition, where data are unavailable or inconclusive, 
a state or tribe has the discretion to determine whether or not there is an existing public 
water supply use based on best professional judgment. 

4) What is the difference between an existing use and a designated use? 

In 1998, EPA stated that "Designated uses focus on the attainable condition while 
existing uses focus on the past or present condition."14Existing uses are a description of 
the highest degree of uses and water quality necessary to support the uses that have been 
achieved at any time since November 28, 1975. 15 The existing use identifies a minimum 
use and level of water quality that must be maintained to protect uses that have already 
been attained (i.e, the "floor"). 16 A designated uses, on the other hand, expresses the 
state/tribal objectives (i.e., the highest attainable uses) for a waterbody or set of 
waterbodies. The designated use may or may not have actually been attained in the 
waterbody. 17 In implementing the regulations, it is important to consider both the 
distinction and linkage between designated and existing uses. The following is a 
somewhat simplified example to illustrate how they relate to one another: 

Blue Lake is a relatively small, natural lake. It is fed by tributary streams and has an 
outlet stream that connects it to a larger watershed. Beginning in the 1960s, Blue Lake 
served as a summer retreat and was surrounded by smal l summer homes with onsite septic 
systems. Over time, as popularity for the vacation spot increased, the area became 
incorporated into a larger urban area. The resulting urban nonpoint source pollution, 
hydrologic modifications to the watershed (increased impervious surfaces), and failure of 
onsite septic systems caused high nutrient and sediment loadings, organic enrichment, and 
low dissolved oxygen (DO) levels in Blue Lake. This led to an increase in nuisance algae 
blooms and loss of submerged aquatic vegetation. The State conducted a biological 
assessment in 1974 which documented poor water quality and that the aquatic community 

14 1998 Advance Notice of Proposed Rulemaking on the Water Quality Standards Regulation. 63 FR 36,742, 36, 
748 (col. 3) (July 8, 1998). 
15 40 C.F.R. § 131.3(e). 
16 See the preamble to EPA 's WQS regulations at 48 Fed. Reg. 51,500, 51 ,403, (col. 2) (November 8, 1983). 
17 40 C.F.R. § 131.3(t). 



was comprised of low numbers of tolerant invertebrate and fish species. Based on this 
information, the State designated a limited warmwater aquatic life use for Blue Lake. 

During the 1980s and 1990s, the community reduced pollutant loadings to Blue Lake 
and water quality and biological conditions improved. Although pollutant loadings from 
urban stormwater remained, connecting the homes to community water and sewer lines 
significantly reduced the organic enrichment and nutrient loadings to Blue Lake. State 
monitoring data showed an increase in water clarity, reduced algal turbidity, reduced 
chlorophyll a, and reduced nutrients. Biological assessment data showed a return of 
expected submerged aquatic vegetation and an improved invertebrate community (rating 
as a fair quality aquatic community). This information documented the improved 
condition and helped the State define the existing use (much improved from the limited 
warmwater aquatic life designated use). However, the fish community still lacked a 
variety of species expected for this type of lake and water quality still did not meet the 
criteria for the state's designated warmwater aquatic life use. 

In response to the improved conditions, the identified existing use, and the remaining 
stressors, the State conducted a use attainability analysis (UAA) in 2005 to determine the 
highest attainable use that should be designated. The UAA demonstrated that 
implementing a stormwater management program would likely result in attainment of the 
warmwater aquatic life designated use, although it would take several years. The State 
expects the projected improved water quality levels to support a good quality aquatic 
community. Despite the number of years it might take to see improvements, the State 
determined that a warmwater aquatic life use (and not a limited warmwater aquatic life 
use) was the appropriate long term objective and revised its water quality standards to 
adopt the new designated use. 

Although it is important to recognize that the regulatory roles and requirements for 
existing and designated uses differ, decisions about each are not made in isolation. In this 
example, the aquatic community assessments not only helped to identify improvements in 
the existing condition but also helped to identify the stressors limiting attainment of a 
higher use. Information about the limiting stressors, then, was used to evaluate whether or 
not the expected condition would be attainable. As illustrated here, there is a link between 
existing and designated uses, and information about the existing condition can be used to 
inform attainability decisions. 

5) Can a state or tribe adopt the existing use as its designated use? 

In 1998, EPA stated that "Designated uses focus on the attainable condition while 
existing uses focus on the past or present condition." EPA's regulations at 40 C.F .R. § 131.10 
links these uses in a manner which intends to ensure that States and Tribes designate 
appropriate water uses, reflecting both the exiting and attainable uses of each waterbody. 18 A 
state or tribe may adopt an existing use as the designated use where it is the highest attainable 
use. However, where it is not, states and tribes must consider designating uses based on the 

18 1998 Advance Notice of Proposed Rulemaking on the Water Quality Standards Regulation. 63 FR 36,742, 36, 
748 (col. 3) (July 8, 1998). 



potential of a waterbody to attain a use, and not simply base the use designation on what has 
been attained, (i.e. the existing use). 19 

19 40 C.F.R.§§ 13 1.2and 131.10. 
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ENVIRONMENTAL PROTECTION 
AGENCY 

40 CFR Part 131 

[OW–2004–0010; FRL–7837–5] 

RIN 2040–AE63 

Water Quality Standards for Coastal 
and Great Lakes Recreation Waters

AGENCY: Environmental Protection 
Agency.
ACTION: Final rule.

SUMMARY: The Environmental Protection 
Agency (EPA) is promulgating water 
quality criteria for bacteria for coastal 
recreation waters in specific States and 
Territories. The States and Territories 
covered by this promulgation do not 
have water quality standards for bacteria 
that comply with the requirements of 
section 303(i)(1)(A) of the Clean Water 
Act. Under these circumstances, the Act 
requires EPA to promptly propose such 
standards and to promulgate such 
standards not later than 90 days after 
proposal. The criteria promulgated 
today apply to coastal and Great Lakes 
waters that specific States and 
Territories have designated for 
swimming, bathing, surfing, or similar 
water contact activities and for which 
the State or Territory does not have in 
place EPA-approved bacteria criteria 
that are as protective of human health 
as EPA’s 1986 recommended bacteria 
criteria. Through this promulgation, the 
Federally designated water quality 
criteria will be added to the States’ and 
Territories’ water quality criteria 
applicable to coastal recreation waters.
DATES: This final rule is effective 
December 16, 2004.
ADDRESSES: EPA has established a 
docket for this action under DOCKET ID 
No. OW–2004–0010. All documents in 
the docket are listed in the EDOCKET 
index at http://www.epa.gov/edocket. 
Although listed in the index, some 
information is not publicly available, 
i.e., Confidential Business Information 
(CBI) or other information whose 
disclosure is restricted by statute. 
Certain other material, such as 
copyrighted material, is not placed on 
the Internet and will be publicly 
available only in hard copy form. 
Publicly available docket materials are 
available either electronically in 
EDOCKET or in hard copy at the Water 

Quality Standards for Coastal and Great 
Lakes Recreation Waters Docket, EPA/
DC, EPA West, Room B102, 1301 
Constitution Ave., NW., Washington, 
DC 20460. The Public Reading Room is 
open from 8:30 a.m. to 4:30 p.m., 
Monday through Friday, excluding legal 
holidays. The telephone number for the 
Public Reading Room is (202) 566–1744, 
and the telephone number for the Water 
Quality Standards for Coastal and Great 
Lakes Recreation Water Docket is (202) 
566–2422.
FOR FURTHER INFORMATION CONTACT: For 
information concerning today’s 
rulemaking, contact Lars Wilcut, 
Standards and Health Protection 
Division, Office of Science and 
Technology (4305 T), Environmental 
Protection Agency, 1200 Pennsylvania 
Ave., NW., Washington, DC 20460; 
telephone number: (202) 566–0447; fax 
number: (202) 566–0409; e-mail address: 
wilcut.lars@epa.gov.
SUPPLEMENTARY INFORMATION:

Table of Contents 

I. General Information 
A. Does This Action Apply to Me? 
B. How Can I Get Copies of This Document 

and Other Related Information? 
II. Background 

A. Statutory and Regulatory Background 
1. Clean Water Act 
2. BEACH Act of 2000 
B. 1986 Ambient Water Quality Criteria for 

Bacteria 
III. EPA’s Proposed Rule and Solicitation of 

Comment 
A. July 2004 Proposed Rule 
B. Public Comments 

IV. Criteria That EPA Is Promulgating Today 
A. Scope of the Rule 
B. Criteria for Pathogen Indicators 
1. Selection of Pathogen Indicator 
2. Bacteria Criteria Values 
3. Use of the Single Sample Maximum 
4. Intensity of Use Categories of Coastal 

Recreation Waters 
5. Intrastate vs. Interstate Determinations of 

Use Intensity 
6. State Calculation of Site-Specific Single 

Sample Maximums 
7. Addressing Non-Human Sources of 

Bacteria 
C. Applicability of Today’s Rule 
1. Applies in Addition to Any State/

Territorial Criteria 
2. Role of State/Territorial General Rules of 

Applicability 
D. Compliance Schedules 

V. EPA Review of State and Territorial 
Standards 

A. How Did EPA Decide Which States and 
Territories To Include In Today’s Rule? 

B. Which States and Territories Are 
Included in Today’s Rule? 

C. Under What Conditions Will States and 
Territories Be Removed From Today’s 
Rule? 

VI. Response to Additional Significant Public 
Comments 

A. 1986 Bacteria Criteria 
B. Economics 
C. Analytical Methods 
D. Effective Date 

VII. Alternative Regulatory Approaches and 
Implementation Mechanisms 

VIII. Economic Analysis 
A. Identifying Affected Facilities 
B. Method for Estimating Potential 

Compliance Costs 
C. Results 

IX. Statutory and Executive Order Reviews 
A. Executive Order 12866: Regulatory 

Planning and Review 
B. Paperwork Reduction Act 
C. Regulatory Flexibility Act 
D. Unfunded Mandates Reform Act 
E. Executive Order 13132: Federalism 
F. Executive Order 13175: Consultation 

and Coordination With Indian Tribal 
Governments 

G. Executive Order 13045: Protection of 
Children from Environmental Health and 
Safety Risks 

H. Executive Order 13211: Actions That 
Significantly Affect Energy Supply, 
Distribution, or Use 

I. National Technology Transfer and 
Advancement Act 

J. Congressional Review Act

I. General Information 

A. Does This Action Apply to Me? 

State and Territorial agencies 
responsible for adopting and 
implementing water quality standards 
in the States and Territories identified 
in 40 CFR 131.41 are the entities most 
directly affected by today’s rule. People 
concerned with water quality in coastal 
and Great Lakes States may be 
interested in this rulemaking. Facilities 
discharging pollutants to certain waters 
of the United States in coastal and Great 
Lakes States could be affected by this 
rulemaking because water quality 
standards are used in determining water 
quality-based National Pollutant 
Discharge Elimination System permit 
limits. In addition, beach managers and 
businesses in beach areas could also be 
indirectly affected by this rulemaking 
because water quality standards are 
used in making decisions regarding 
beach advisories and closures. 
Categories and entities that may be 
affected include:
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Category Examples of potentially affected entities 

Industry ..................................................................................................... Industries discharging pollutants to the waters of the States and Terri-
tories identified in 40 CFR 131.41. 

Municipalities ............................................................................................ Publicly-owned treatment works or municipal wet weather discharges 
(such as combined sewer overflows) that discharge pollutants to the 
waters of the States and Territories identified in 40 CFR 131.41. 

Other ......................................................................................................... Beach owners and managers, beach goers. States identified in 40 CFR 
131.41. 

This table is not intended to be 
exhaustive, but rather provides a guide 
for readers regarding entities likely to be 
affected by this action. This table lists 
the types of entities that EPA is now 
aware could potentially be affected by 
this action. Other types of entities not 
listed in the table could also be affected. 
To determine whether your facility may 
be affected by this action, you should 
carefully examine the language in 40 
CFR 131.41 of today’s final rule. If you 
have questions regarding the 
applicability of this action to a 
particular entity, consult the person 
listed in the preceding FOR FURTHER 
INFORMATION CONTACT section. 

B. How Can I Get Copies of This 
Document and Other Related 
Information? 

1. Docket. EPA has established an 
official public docket for this action 
under Docket ID No. OW–2004–0010. 
The official public docket consists of the 
documents specifically referenced in 
this action, any public comments 
received, and other information related 
to this action. Although a part of the 
official docket, the public docket does 
not include Confidential Business 
Information (CBI) or other information 
the disclosure of which is restricted by 
statute. The official public docket is the 
collection of materials that is available 
for public viewing at the Water Quality 
Standards for Coastal and Great Lakes 
Recreation Waters Docket, EPA/DC, EPA 
West, Room B102, 1301 Constitution 
Ave., NW., Washington, DC. The Public 
Reading Room is open from 8:30 a.m. to 
4:30 p.m., Monday through Friday, 
excluding legal holidays. The telephone 
number for the Public Reading Room is 
(202) 566–1744, and the telephone 
number for the Water Quality Standards 
for Coastal and Great Lakes Recreation 
Waters Docket is (202) 566–2422. 
Docket copying costs are as follows: the 
first 266 pages are free, additional 
copying incurs a $25 administrative fee, 
and each additional page is $0.15. 

2. Electronic Access. You may access 
this Federal Register document 
electronically through the EPA Internet 
under the ‘‘Federal Register’’ listings at 
http://www.epa.gov/fedrgstr/. 

An electronic version of the public 
docket is available through EPA’s 
electronic public docket and comment 
system, EDOCKET. You may use 
EDOCKET at http://www.epa.gov/
edocket/ to view public comments, 
access the index listing of the contents 
of the official public docket, and to 
access those documents in the public 
docket that are available electronically. 
Although not all docket materials may 
be available electronically, you may still 
access any of the publicly available 
docket materials through the docket 
facility identified in Section I.B. Once in 
the system, select ‘‘search,’’ then key in 
the appropriate docket identification 
number. 

II. Background 

A. Statutory and Regulatory Background 

1. Clean Water Act 

Section 303 (33 U.S.C. 1313) of the 
Clean Water Act directs States, 
Territories, and authorized Tribes, with 
oversight by EPA, to adopt water quality 
standards to protect the public health 
and welfare, enhance the quality of 
water and serve the purposes of the 
Clean Water Act. Under section 303, 
States, Territories, and authorized 
Tribes are to develop water quality 
standards for navigable waters of the 
United States within the State, 
Territory, or authorized Tribe. Section 
303(c) provides that water quality 
standards shall include the designated 
use or uses for the waters and water 
quality criteria necessary to protect 
those uses. Section 303(c)(2)(A) of the 
Clean Water Act specifies the uses that 
States, Territories, and authorized 
Tribes should consider in establishing 
new or revised water quality standards. 
These uses are public water supplies, 
propagation of fish and wildlife, 
recreational purposes, agricultural, 
industrial, and other purposes, and 
navigation. States, Territories, and 
authorized Tribes must review their 
water quality standards at least once 
every three years and, if appropriate, 
revise or adopt new standards. States, 
Territories, and authorized Tribes must 
submit the results of this triennial 
review to EPA, and EPA must approve 

or disapprove any new or revised 
standards. 

Section 303(c) of the Clean Water Act 
authorizes the EPA Administrator to 
promulgate water quality standards to 
supersede State, Territorial, or 
authorized Tribal standards that have 
been disapproved or in any case where 
the Administrator determines that a new 
or revised standard is needed to meet 
the Clean Water Act’s requirements. 
EPA regulations implementing Clean 
Water Act section 303(c) are published 
at 40 CFR Part 131. Under these rules, 
the minimum elements that States, 
Territories, or authorized Tribes must 
incorporate in their water quality 
standards include: use designations for 
all water bodies in the State, Territory, 
or authorized Tribe, water quality 
criteria sufficient to protect those use 
designations, and an antidegradation 
policy (see 40 CFR 131.6). Section 
303(c)(4) requires the EPA 
Administrator to promulgate any new or 
revised water quality standard not later 
than 90 days after publishing a 
proposed Federal standard unless prior 
to this deadline, the State, Territory or 
authorized Tribe has adopted a water 
quality standard that the Administrator 
determines to be in accordance with the 
Clean Water Act. 

2. The BEACH Act of 2000 
The Beaches Environmental 

Assessment and Coastal Health 
(BEACH) Act of 2000 amended the 
Clean Water Act in part by adding 
section 303(i). Section 303(i)(1)(A) 
requires that not later than April 10, 
2004, ‘‘each State having coastal 
recreation waters shall adopt and 
submit to the Administrator water 
quality criteria and standards for the 
coastal recreation waters of the State for 
those pathogens and pathogen 
indicators for which the Administrator 
has published criteria under section 
304(a).’’ EPA’s Ambient Water Quality 
Criteria for Bacteria—1986 (EPA 440/5–
84–002, January 1986) (the 1986 bacteria 
criteria document) is the relevant 
criteria document published by the 
Administrator under Clean Water Act 
section 304(a).

Section 303(i)(2)(A) requires that, ‘‘[i]f 
a State fails to adopt water quality 
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criteria and standards in accordance 
with [section 303(i)(1)(A)] that are as 
protective of human health as the 
criteria for pathogens and pathogen 
indicators for coastal recreation waters 
published by the Administrator, the 
Administrator shall promptly propose 
regulations for the State setting forth 
revised or new water quality standards 
for pathogens and pathogen indicators 
described in [section 303(i)(1)(A)] for 
coastal recreation waters of the State.’’ 

The BEACH Act also added section 
502(21)(A) to the Clean Water Act, 
which defines ‘‘coastal recreation 
waters’’ as ‘‘(i) the Great Lakes; and (ii) 
marine coastal waters (including coastal 
estuaries) that are designated under 
section 303(c) by a State for use for 
swimming, bathing, surfing, or similar 
water contact activities.’’ Section 
502(21)(B) explicitly excludes from the 
definition of coastal recreation waters 
‘‘inland waters; or * * * waters 
upstream of the mouth of a river or 
stream having an unimpaired natural 
connection with the open sea.’’ 

B. 1986 Ambient Water Quality Criteria 
for Bacteria 

In 1986, EPA published Ambient 
Water Quality Criteria for Bacteria—
1986. This document contains EPA’s 
current recommended water quality 
criteria for bacteria to protect people 
from gastrointestinal illness in 
recreational waters, i.e., waters 
designated for primary contact 
recreation or similar full body contact 
uses. States and Territories typically 
define primary contact recreation to 
encompass recreational activities that 
could be expected to result in the 
ingestion of, or immersion in, water, 
such as swimming, water skiing, 
surfing, kayaking, or any other 
recreational activity where ingestion of, 
or immersion in, the water is likely. The 
main route of exposure to illness-
causing organisms during recreation in 
water is through accidental ingestion of 
fecally contaminated water while 
engaging in these activities. 

EPA based its 1986 water quality 
criteria for bacteria on levels of 
indicator bacteria, namely Escherichia 
coli (E. coli) and enterococci, which 
demonstrate the presence of pathogens 
in fecal pollution that can cause acute 
gastrointestinal illness. Public health 
agencies have long used indicator 
organisms such as these to protect 
people from illnesses that they may 
contract from engaging in recreational 
activities in surface waters 
contaminated by fecal pollution. These 
organisms generally do not cause illness 
directly, but have demonstrated 
characteristics that make them good 

indicators of fecal contamination and 
thus the potential presence of pathogens 
capable of causing human illnesses such 
as gastroenteritis. Gastroenteritis 
describes a variety of diseases that affect 
the gastrointestinal tract and are rarely 
life-threatening. Symptoms of the illness 
include nausea, vomiting, stomachache, 
diarrhea, headache, and fever. Prior to 
its publication of the 1986 bacteria 
criteria document, EPA recommended 
the use of fecal coliforms as an indicator 
organism to protect people from 
gastrointestinal illness in recreational 
waters. The previously recommended 
numeric criteria for fecal coliform were 
a geometric mean of 200/100 ml, with 
no more than 10% of the total samples 
taken during any 30-day period 
exceeding 400/100 ml. However, EPA 
conducted epidemiological studies and 
evaluated the use of several organisms 
as indicators, including fecal coliforms, 
E. coli, and enterococci. EPA 
subsequently recommended the use of 
E. coli or enterococci for fresh 
recreational waters and enterococci for 
marine recreational waters because 
levels of these organisms more 
accurately predict acute gastrointestinal 
illness than levels of fecal coliforms. On 
page 5, EPA’s 1986 bacteria criteria 
document states: ‘‘[E]nterococci showed 
the strongest relationship to 
gastroenteritis. E. coli was a very poor 
second and all of the other indicators, 
including total coliforms and fecal 
coliforms showed very weak 
correlations to gastroenteritis.’’ 

In EPA’s epidemiological studies, E. 
coli and enterococci exhibited the 
strongest correlation to swimming-
associated gastroenteritis, the former in 
freshwaters only and the latter in both 
fresh and marine waters (1986 bacteria 
criteria document; Health Effects 
Criteria for Fresh Recreational Waters, 
EPA 600/1–84–004, August 1984; 
Health Effects Criteria for Marine 
Recreational Waters, EPA 600/1–80–
031, August 1983). In marine waters, the 
stronger correlation may be due to 
enterococci’s ability to survive longer 
than coliforms, similar to the pathogens 
of concern. In addition, fecal coliforms 
are sometimes detected where fecal 
contamination is absent, possibly 
resulting in inaccurate assessments of 
recreational safety. For example, 
Klebsiella spp., a bacterial organism that 
is part of the fecal coliform group but 
which is generally not harmful to 
humans and does not occur with fecal 
contamination, is often present in pulp 
and paper and textile mill effluents 
(Archibald, F., Water Qual. Res. J. 
Canada 35(1):1–22, 2000; Dufour, 
Journal WPCF, 48:872–879, 1976). 

Table 1 contains the water quality 
criteria values for the protection of 
primary contact recreation that EPA 
recommended in the 1986 bacteria 
criteria document. EPA developed these 
values based on the concentrations of E. 
coli and enterococci from EPA-
sponsored epidemiological studies that 
roughly correlated to the estimated 
illness rate associated with EPA’s 
previously recommended fecal coliform 
criteria. EPA estimated this illness rate 
to be approximately 0.8% of swimmers 
exposed in freshwater and 1.9% of 
swimmers exposed in marine waters. 
EPA’s 1986 bacteria criteria document 
indicates the illness rates are ‘‘only 
approximate’’ and that the Agency 
based the 1986 values that appear in 
Table 1 on these approximations. The 
1986 bacteria criteria document 
provides geometric mean densities as 
well as four different single sample 
maximum values (representing values 
below which an increasing percentage 
of single values are expected to fall if 
the mean (average) of all samples equals 
the geometric mean criterion). The 
higher the single sample maximum, the 
lower the probability that a single 
sample exceeding that value would 
occur as part of the normal random 
variability of samples around the 
geometric mean. Single sample 
maximums are water quality assessment 
tools that provide a sense of when a 
single value that comes from a 
waterbody may be part of a bacterial 
density with a geometric mean 
concentration higher than that specified 
by the water quality criteria. For 
instance, if the geometric mean 
concentration in the water at a marine 
beach is 35/100 ml, then there is an 
18% probability that the concentration 
of enterococci in a single sample would 
be over 158/100 ml. One could thus 
consider a single sample with this value 
to be indicative of bacterial densities 
with a geometric mean above 35/100 ml, 
but there would be a non-trivial chance 
of being wrong in this determination. 
Statisticians say this conclusion can be 
drawn ‘‘with 82% confidence.’’ 

The 1986 bacteria criteria document 
includes, for each geometric mean, a 
table of four single sample maximum 
values that are appropriate for different 
levels of beach usage. In general, where 
a given area has a greater potential for 
more people to be exposed, that area 
may warrant a higher degree of 
protectiveness (i.e., a lower single 
sample maximum). The 1986 bacteria 
criteria document categorizes the levels 
of beach usage corresponding to the four 
single sample maximums as follows: 
‘‘designated bathing beach’’ for the 75% 
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1 In the case of Washington State, EPA has 
determined that a fecal coliform standard of 14/100 
ml for marine waters is ‘‘as protective as’’ EPA’s 
1986 bacteria criteria. (See section V.A.1 of this 
preamble.)

(most protective) confidence level, 
‘‘moderate use for bathing’’ for the 82% 
confidence level, ‘‘light use for bathing’’ 
for the 90% confidence level, and 
‘‘infrequent use for bathing’’ for the 95% 
confidence level. Note that the lowest 
confidence level corresponds to the 
highest level of protection because it 
leads to a more precautionary judgment 
to treat the waterbody as exceeding the 
mean criterion, even though there is less 
statistical confidence that this is the 

case. EPA assigned the lowest single 
sample maximum to designated bathing 
beach areas because a high degree of 
caution should be used to evaluate the 
status of such areas, giving greater 
weight to a measured single value above 
the geometric mean, even though the 
statistical significance of this single 
measurement may be weak. EPA 
believes this is appropriate because 
more people are likely to become ill at 
heavily used areas if they exceed the 

criteria. The 1986 bacteria criteria 
document described bathing beach areas 
as those areas that are ‘‘frequently 
lifeguard protected, provide parking and 
other public access and are heavily used 
by the public.’’ The document does not 
specifically describe in greater detail the 
potential use frequency differences of 
‘‘moderate,’’ ‘‘lightly used,’’ and 
‘‘infrequently used’’ full body contact 
recreation waters.

TABLE 1.—1986 CRITERIA FOR INDICATORS FOR BACTERIOLOGICAL DENSITIES 

Acceptable swim-
ming associated 

gastroenteritis rate
per 1000 swim-

mers 

Steady state 
geometric 
mean indi-

cator
density 

Single sample maximum allowable density 4 5 

Designated beach 
area (upper 75% 

C.L.) 

Moderate full body 
contact recreation 
(upper 82% C.L.) 

Lightly used full 
body contact 

recreation (upper 
90% C.L.) 

Infrequently used 
full body contact 
recreation (upper 

95% C.L.) 

Freshwater 
Enterococci ........... 8 33/100 ml 1 ... 61 78 107 151 
E. coli ................... 8 126/100 ml 2 235 298 409 575 

Marine Water 
Enterococci ........... 19 35/100 ml 3 ... 104 158 276 501 

Notes:
1 Calculated to nearest whole number using equation: (mean enterococci density) = antilog10 ((illness rate/1000 people + 6.28)/9.40). 
2 Calculated to nearest whole number using equation: (mean E. coli density) = antilog10 ((illness rate/1000 people + 11.74)/9.40). 
3 Calculated to nearest whole number using equation: (mean enterococci density) = antilog10 ((illness rate/1000 people ¥0.20)/12.17). 
4 Single sample limit = antilog10 (log10 indicator geometric mean density/100 ml + (factor determined from areas under the normal probability 

curve for the assumed level of probability * log10 standard deviation)). 
The appropriate factors for the indicated one sided confidence levels are:
75% C.L.–.675
82% C.L.–.935
90% C.L.–1.28
95% C.L.–1.65. 
5 Based on the observed log standard deviations during the EPA studies: 0.4 for freshwater E. coli and enterococci; and 0.7 for marine water 

enterococci. Each jurisdiction may establish its own standard deviation for its conditions which would then vary the single sample limit. 

III. EPA’s Proposed Rule and 
Solicitation of Comment 

A. July 2004 Proposed Rule 

On July 9, 2004, EPA published a 
proposal entitled ‘‘Water Quality 
Standards for Coastal and Great Lakes 
Recreation Waters’’ (see 69 FR 41720). 
At that time, EPA proposed to 
promulgate E. coli and enterococci 
standards for coastal recreation waters 
in States that had not adopted water 
quality standards for those waters that 
are as protective of human health as 
EPA’s 1986 bacteria criteria. 

EPA proposed a geometric mean of 
126/100 ml for E. coli in fresh coastal 
recreation waters and a geometric mean 
of 35/100 ml for enterococci in marine 
coastal recreation waters. EPA also 
proposed four different single sample 
maximums in both fresh and marine 
coastal recreation waters. Each single 
sample maximum was assigned to a 
category of coastal recreation water 
based on intensity of use. EPA proposed 
to interpret the single sample 
maximums as maximum values that 
would not be allowed to be exceeded, 
but requested comment on various other 

interpretations. EPA did not propose 
particular waters to which a specific 
single sample maximum would apply; 
rather, EPA proposed that States and 
Territories would determine which 
single sample maximum would apply to 
each of its coastal recreation waters. The 
criteria values for fresh and marine 
coastal recreation waters are the same 
values that are found in the 1986 
bacteria criteria document. 

EPA did not include coastal or Great 
Lakes States and Territories in the 
proposed rule if their current standards 
met each of five criteria: the standards 
are based on EPA’s 1986 recommended 
pathogen indicators; the standards are 
derived from a scientifically-defensible 
methodology linked quantitatively to an 
acceptable risk level under Clean Water 
Act section 303(i); the standards include 
appropriate single sample maximums; 
the standards do not address fecal 
contamination from non-human sources 
in a way inconsistent with the 1986 
bacteria criteria; and EPA approved the 
standards. If a State or Territory met all 
five criteria, EPA proposed to not 

include that State or Territory in the 
rule.1

B. Public Comments 

The comment period for this rule 
closed on August 9, 2004. EPA received 
55 comments on the proposed rule from 
a variety of sources, including academic 
associations, environmental groups, 
municipal wastewater associations, 
industry, State agencies, local 
governments, and private citizens. Most 
of the comments focused on the 
following issues: choice of pathogen 
indicator, promulgation of a geometric 
mean and four single sample maximums 
for the indicators, use of the single 
sample maximum, intensity of use 
categories of coastal recreation waters, 
intrastate vs. interstate determinations 
of use intensity, State calculation of site-
specific single sample maximums, and 
addressing non-human sources of 
bacteria. This preamble includes a 
general summary of public comments in 
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the discussions of the various issues 
addressed here. EPA has prepared a 
‘‘Comment Response Document’’ that 
includes responses to comments 
submitted on the proposed rule, which 
is in the docket for today’s rule. 

IV. Criteria That EPA Is Promulgating 
Today 

A. Scope of the Rule 
EPA is promulgating the rule to apply, 

as proposed, to Great Lakes and marine 
coastal recreation waters (including 
coastal estuaries) designated by a State 
or Territory under Clean Water Act 
303(c) for swimming, bathing, surfing, 
or similar water contact activities. As 
explained in the preamble to the 
proposed rule (69 FR 41723), the 
requirements of the BEACH Act are 
limited to ‘‘coastal recreation waters,’’ 
which are defined in Clean Water Act 
section 502(21) as the Great Lakes and 
marine coastal recreation waters 
(including coastal estuaries) that are 
designated under Clean Water Act 
section 303(c) by a State for use for 
swimming, bathing, surfing, or similar 
water contact activities. The definition 
explicitly excludes ‘‘inland waters or 
waters upstream of the mouth of a river 
or stream having an unimpaired natural 
connection with the open sea.’’ EPA 
interprets Clean Water Act section 
502(21) to apply only to those Great 
Lakes waters that are designated for 
swimming, bathing, surfing, or similar 
water contact activities, consistent with 
the purpose of the BEACH Act to protect 
the public from the health risks 
associated with swimming in polluted 
water. 

The BEACH Act clearly envisioned 
and intended that States, Territories, 
and authorized Tribes with coastal 
recreation waters adopt into their water 
quality standards bacteria criteria as 
protective of human health as EPA’s 
1986 bacteria criteria. Under EPA’s 
water quality standards regulations at 40 
CFR Part 131, States, Territories, and 
authorized Tribes have broad discretion 
to designate specific uses to specific 
waters. They are not required to 
designate all waters for swimming, 
bathing, surfing, or similar water contact 
activities (i.e., primary contact 
recreation), as long as they have 
complied with the requirements of the 
Clean Water Act and EPA’s 
implementing regulations for 
designating uses. Today’s rule applies 
only to those waters designated by a 
State or Territory for swimming, 
bathing, surfing, or similar water contact 
activities, not to waters designated for 
uses that only involve incidental 
contact. However, States, Territories, 

and authorized Tribes are to continue to 
work towards the goal of achieving full 
attainment of Clean Water Act section 
101(a) uses (‘‘fishable/swimmable’’) in 
waters that do not currently attain such 
uses. Further, any waters with 
designated uses that do not include the 
uses specified in Clean Water Act 
section 101(a)(2) must be re-examined 
every three years to determine if any 
new information has become available 
(40 CFR 131.20(a)). If such new 
information indicates that the uses 
specified in Clean Water Act section 
101(a)(2) are attainable, the State, 
Territory, or authorized Tribe is 
required to revise its water quality 
standards accordingly. EPA expects 
States, Territories, and authorized 
Tribes to continue this process and 
revise their water quality standards 
where appropriate. States, Territories, 
and authorized Tribes may remove a 
designated use that is not an existing 
use if it conducts a use attainability 
analysis to demonstrate that the 
designated use is not attainable (40 CFR 
131.10(g)). 

EPA received few comments on the 
scope of the rule. One commenter 
suggested that the rule should not apply 
to State waters outside of the areas 
where swimming normally occurs, 
citing as an example Hawaii’s water 
quality standards, which are consistent 
with EPA’s 1986 bacteria criteria but 
apply only to those swimming waters 
within 300 meters of shore. This 
commenter also suggested that the 
criteria should only have to apply at 
depths of less than 150 feet. EPA does 
not find these comments persuasive in 
light of the clear language of Clean 
Water Act sections 303(i) and 502(21), 
which together require the adoption of 
criteria for all of the coastal or Great 
Lakes waters designated by the State for 
use for swimming, bathing, surfing, or 
similar water contact activities even if, 
as a factual matter, the waters 
designated for swimming are not 
frequently or typically used for 
swimming.

One commenter expressed concern 
that the rule could establish a binding 
precedent for EPA’s review of pathogen 
criteria for inland waters that do not fall 
within the definition of a coastal 
recreation water. As discussed above, 
section 303(i) of the Clean Water Act 
does not apply to inland waters other 
than the Great Lakes because such 
waters are explicitly excluded from the 
definition of ‘‘coastal recreation waters’’ 
in section 502(21) of the Clean Water 
Act. For all other waters (i.e., waters that 
are not coastal recreation waters), 
section 303(c) of the Clean Water Act 
and EPA’s implementing regulations at 

40 CFR part 131 require States, 
Territories, and authorized Tribes to 
adopt criteria that are scientifically 
defensible and sufficient to protect the 
designated uses of those waters. When 
EPA reviews a State’s, Territory’s or 
authorized Tribe’s new or revised water 
quality standards, EPA applies its 
regulations at 40 CFR 131.5 and 131.6. 
EPA’s decision on future State or 
Territorial submissions will be based on 
the information supporting those 
submissions. EPA’s decisions in today’s 
rule should not be considered as 
binding on States and Territories 
adopting bacteria criteria for inland 
waters other than the Great Lakes. 

B. Criteria for Pathogen Indicators 

1. Selection of Pathogen Indicator 
For States and Territories covered by 

today’s rule, EPA is promulgating water 
quality criteria using the pathogen 
indicators of enterococci for marine 
waters and both enterococci and E. coli 
for freshwaters. EPA interprets Clean 
Water Act section 303(i)(1)(A) to require 
States and Territories to adopt and 
submit water quality criteria for 
enterococci in marine waters and either 
enterococci or E. coli in fresh waters 
because it requires States and Territories 
to submit criteria ‘‘for the pathogens and 
pathogen indicators for which the 
Administrator has published criteria 
under section 304(a).’’ EPA’s 1986 
bacteria criteria document is the 
relevant Clean Water Act section 304(a) 
criteria referred to in Clean Water Act 
section 303(i)(1)(A). It recommends the 
use of enterococci in marine waters and 
E coli or enterococci in fresh waters for 
the protection of primary contact 
recreation. Clean Water Act section 
303(i)(2)(A) requires EPA to promptly 
propose regulations for the State setting 
forth revised or new water quality 
standards for pathogens and pathogen 
indicators described in Clean Water Act 
section 303(i)(1)(A) for coastal 
recreation waters of the State for those 
States that fail to adopt criteria that are 
as protective of human health as the 
criteria referenced in section 
303(i)(1)(A). 

In the proposal (69 FR 41727), EPA 
proposed to adopt only E. coli for 
freshwaters because most of the States 
and Territories that had adopted or were 
in the process of adopting the 1986 
bacteria criteria had chosen to use E. 
coli instead of enterococci. However, 
EPA also solicited comment on whether 
to promulgate criteria based on both 
indicators for freshwater and to allow 
States and Territories to choose which 
indicator to apply to its coastal 
recreation waters at the time of 
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implementation. EPA received 
comments from the New York 
Department of Environmental 
Conservation (DEC) and the 
Pennsylvania Department of 
Environmental Protection (DEP) 
requesting EPA to do so. Both of these 
State agencies have responsibility for 
promulgating State water quality 
standards. New York DEC explained 
that the New York Department of Health 
had recently adopted regulations adding 
both E. coli and enterococci as the 
criteria for its freshwater bathing 
beaches, and that the New York DEC 
was in the process of deciding which of 
the two indicators it would adopt for its 
water quality standards in the Great 
Lakes. Consequently, New York DEC 
requested that EPA’s final rule include 
values for both indicators and allow the 
State to select either at the time of 
implementation. Pennsylvania DEP 
explained that the Pennsylvania 
Department of Health had adopted E. 
coli criteria for public bathing beaches, 
but also requested that EPA promulgate 
a final rule allowing Great Lakes States 

to choose either E. coli or enterococci 
criteria at the time of implementation. 
Pennsylvania DEP offered no reason for 
its request. None of the other States 
included in the proposal with fresh 
coastal recreation waters commented on 
this aspect of the proposal. 

As requested by these States, EPA is 
promulgating criteria for both indicators 
and allowing New York and 
Pennsylvania determine which 
indicator to apply for each waterbody. 
EPA also determined that it is 
reasonable to extend this flexibility to 
all of the Great Lakes States covered by 
this rule. Accordingly, EPA has added 
the freshwater criteria values for 
enterococci to the table in 40 CFR 
131.41(c)(1) as well as a footnote to the 
table explicitly recognizing that the 
State may decide which indicator, E. 
coli or enterococci, will be the 
applicable criterion for its freshwater 
coastal recreation water (i.e., which 
criteria apply to the Great Lakes waters 
within the State’s jurisdiction). Until a 
State makes that determination, E. coli 
will be the applicable indicator. 

EPA is providing this flexibility to all 
Great Lakes States in the rule because 
the Great Lakes States have a history of 
cooperating to protect the Great Lakes 
resource, and may find a need to agree 
on a consistent pathogen indicator for 
the Great Lakes. Because both the E. coli 
and enterococci freshwater criteria in 
the 1986 bacteria criteria have the same 
illness rate they provide equal 
protection against acute gastrointestinal 
illness. In light of these considerations, 
EPA does not want to create a barrier to 
this cooperation by promulgating only 
one of the two freshwater criteria in 
some Great Lakes States and both 
indicators in other Great Lakes States. 

2. Bacteria Criteria Values 

EPA is promulgating a geometric 
mean of 35/100 ml for enterococci in 
marine coastal recreation waters and 
four different single sample maximums, 
which vary for marine coastal recreation 
waters based on intensity of use as 
shown in Table 2. These are the same 
values as in the 1986 bacteria criteria 
document and in the proposed rule.

TABLE 2.—AMBIENT MARINE WATER QUALITY CRITERIA FOR BACTERIA 

A
Indicator 

B
Geometric mean 

C
Single sample maximum

(per 100 ml) 

C1
Designated bath-

ing beach
(75% confidence 

level) 

C2
Moderate use 

coastal recreation 
waters

(82% confidence 
level) 

C3
Light use coastal 
recreation waters
(90% confidence 

level) 

C4
Infrequent use 

coastal recreation 
waters

(95% confidence 
level) 

Enterococci ........................... 35/100 ml a ............................ 104 b 158 b 276 b 501 b 

Footnotes to table in paragraph (c)(2): 
a This value is for use with analytical methods 1106.1 or 1600 or any equivalent method that measures viable bacteria. 
b Calculated using the following: single sample maximum = geometric mean * 10∧(confidence level factor * log standard deviation), where the 

confidence level factor is: 75%: 0.68; 82%: 0.94; 90%: 1.28; 95%: 1.65. The log standard deviation from EPA’s epidemiological studies is 0.7. 

For fresh coastal recreation waters, 
EPA is also promulgating a geometric 
mean of 126/100 ml for E. coli and a 
geometric mean of 33/100 ml for 
enterococci with four different single 
sample maximums, which vary based 
on intensity of use. As described above, 

only the criteria for one of these 
indicators will apply in freshwaters at 
the choice of the State. These values are 
shown in Table 3, and are the same 
values as in the 1986 bacteria criteria 
document. For E. coli, these values are 
the same as those that EPA proposed. 

EPA is also promulgating criteria for 
enterococci in freshwater based on the 
request of two Great Lakes States and 
used the values from the 1986 bacteria 
criteria document for these enterococci 
criteria.

TABLE 3.—AMBIENT FRESHWATER QUALITY CRITERIA FOR BACTERIA 

A
Indicator d 

B
Geometric mean 

C
Single sample maximum

(per 100 ml) 

C1
Designated bath-

ing beach
(75% confidence 

level) 

C2
Moderate use 

coastal recreation 
waters

(82% confidence 
level) 

C3
Light use coastal 
recreation waters
(90% confidence 

level) 

C4
Infrequent use 

coastal recreation 
waters

(95% confidence 
level) 

E. coli .................................... 126/100 ml a .......................... b 235 b 298 b 409 b 575 
Enterococci ........................... 33/100 ml c ............................ b 61 b 78 b 107 b 151 

Footnotes to table in paragraph (c)(1): 
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a This value is for use with analytical methods 1103.1, 1603, or 1604 or any equivalent method that measures viable bacteria. 
b Calculated using the following: single sample maximum = geometric mean * 10∧(confidence level factor * log standard deviation), where the 

confidence level factor is: 75%: 0.68; 82%: 0.94; 90%: 1.28; 95%: 1.65. The log standard deviation from EPA’s epidemiological studies is 0.4. 
c This value is for use with analytical methods 1106.1 or 1600 or any equivalent method that measures viable bacteria. 
d The State may determine which of these indicators applies to its fresh coastal recreation waters. Until a State makes that determination, E. 

coli will be the applicable indicator. 

In proposed 40 CFR 131.41(c), EPA 
included footnotes to the geometric 
mean values for E. coli and enterococci 
stating that ‘‘[t]his value is for use with 
[specified] analytical methods * * * or 
any equivalent viable method.’’ The 
specified methods are based on 
measurement of viable bacteria. New 
analytical methods that rely on genetic 
material for measurement may yield 
different results that are not 
appropriately calibrated to the numeric 
criteria in today’s rule. To address this 
concern, EPA is identifying, as in the 
proposal, the specific methods that must 
be used to apply the bacteria criteria. 

In today’s rule, EPA is also making 
two minor changes to this aspect of the 
proposal. First, EPA had incorrectly 
identified the analytical methods for 
enterococci as being for E. coli and the 
analytical methods for E. coli as being 
for enterococci, and is correcting this 
technical error in the footnotes in the 
final rule. Second, EPA has revised the 
footnotes to explain more clearly what 
the methods are. The footnotes state: 
‘‘This value is for use with [specific 
methods] or any equivalent method that 
measures viable bacteria.’’ 

EPA notes that today’s rule does not 
specify the duration over which the 
geometric mean is calculated. The 
criteria in the tables at 40 CFR 131.41(c) 
are identical to those in table 4 of the 
1986 bacteria criteria document, which 
does not specify the duration for 
computing the geometric mean. The 
1986 bacteria criteria document 
discusses the duration over which the 
mean is calculated in two places. The 
first is in the discussion of the basis for 
the criteria (page six). Here, EPA 
calculated the geometric mean bacteria 
density over a summer swimming 
season (recreation season). The second 
place is in the summary of the criteria 
(page 16) where EPA stated that 
‘‘[b]ased on a statistically sufficient 
number of samples (generally not less 
than 5 samples equally spaced over a 
30-day period), the geometric 
mean.* * *’’ EPA considers this 
statement in the 1986 bacteria criteria 
document to provide guidance on how 
a regulatory agency could compute the 
geometric mean, and not as a definition 
of the specific period over which the 
mean must be computed. For the 
geometric mean to be only computed 
over a 30-day period would mean that 
regulatory agencies would need to 

sample more than once a month, which 
is contrary to the guidance on 
monitoring provided in the 1986 
bacteria criteria document. EPA expects 
from current practice by States and 
Territories that they will compute the 
geometric mean on either a monthly or 
recreation season basis. 

EPA is not specifying in the final rule 
how the averaging period for the 
geometric must be applied. EPA 
recommends that the averaging period 
be applied as a ‘‘rolling’’ or ‘‘running’’ 
average. EPA expects that most States 
will in fact apply the averaging period 
as a rolling average; however, EPA also 
recognizes that it would be technically 
appropriate to apply the averaging 
period on a set basis such as monthly 
or recreation season. EPA therefore has 
concluded that it is appropriate to allow 
the States to exercise discretion in 
deciding how to apply the averaging 
period for the geometric mean. 

3. Use of the Single Sample Maximum 
EPA is promulgating the single 

sample maximum values that it 
proposed without change, but is 
clarifying its expectations with regard to 
how these values could be used in the 
context of beach notification and 
closure decisions, and in the context of 
the implementation of other Clean 
Water Act programs. EPA expects that 
the single sample maximum values 
would be used for making beach 
notification and closure decisions. EPA 
recognizes, however, that States and 
Territories also use criteria in their 
water quality standards for other 
purposes under the Clean Water Act in 
order to protect and improve water 
quality. Other than in the beach 
notification and closure decision 
context, the geometric mean is the more 
relevant value for ensuring that 
appropriate actions are taken to protect 
and improve water quality because it is 
a more reliable measure, being less 
subject to random variation, and more 
directly linked to the underlying studies 
on which the 1986 bacteria criteria were 
based. Nevertheless, the single sample 
maximum can play a role in identifying 
potential pollution episodes, especially 
in waters that are prone to short-term 
spikes in bacteria concentrations, e.g., 
waters that may be affected by a 
combined sewer overflow outfall. 
Having identified that a water is prone 
to short-term spikes in bacteria 

concentrations due to pollution 
episodes, States and Territories have 
significant flexibility in how they 
address those episodes consistent with 
the Clean Water Act and implementing 
regulations. (Note that additional 
guidance on making water quality 
standard attainment status 
determinations may be found in EPA’s 
guidance to States on integrated 
reporting of water quality for sections 
303(d) and 305(b) purposes.) 

EPA received considerable comment 
on this topic. Some comments 
addressed the issue of whether the 
single sample maximum should be part 
of the criteria that applies in all 
applications, including beach closure, 
waterbody assessment, Total Maximum 
Daily Load establishment, and National 
Pollutant Discharge Elimination System 
permitting decisions, or instead was 
only designed for beach notification and 
closure decisions. Most commenters 
expressed their interpretation of the 
1986 bacteria criteria document as 
discussing the single sample maximum 
only in the context of making beach 
decisions based on limited data. Several 
of these commenters argue that the 
geometric mean criterion was included 
in the 1986 bacteria criteria document 
for protection against acute 
gastrointestinal illness in other contexts, 
and that the single sample maximum 
was included as a tool to implement the 
criteria in beach monitoring situations, 
and therefore, was not necessary to 
provide protection in other contexts. 
Other commenters asserted that the 
single sample maximum should be used 
for all Clean Water Act purposes. 

EPA notes that the 1986 bacteria 
criteria document clearly identifies the 
single sample maximum values as part 
of the criteria, in addition to the 
geometric mean values. Therefore, 
consistent with section 303(i)(2)(A) of 
the Clean Water Act, EPA is 
promulgating them today. EPA 
recognizes that the single sample 
maximum discussion in the 1986 
bacteria criteria document refers only to 
beach monitoring, and does not discuss 
how or whether the single sample 
maximum should be implemented for 
other Clean Water Act applications, 
such as establishing Total Maximum 
Daily Loads or National Pollutant 
Discharge Elimination System permit 
limitations. EPA agrees that the single 
sample maximum values in the criteria 
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are best used for making beach 
notification and closure decisions. 
However, as noted above, they may, but 
need not, also play a role in 
implementing other Clean Water Act 
programs. Except in the beach 
notification and closure context, EPA 
expects that States will determine how 
to use the single sample maximum 
criteria in the context of their broader 
programs implementing the Clean Water 
Act. 

For beach monitoring and beach 
notification and closure decisions, 
beach managers frequently need to make 
beach decisions based on one or very 
few data points. Thus, having a trigger 
level for a single sample value enables 
beach managers to make an immediate 
decision for the protection of public 
health at beaches. The beach manager 
will frequently not be able to obtain 
sufficient samples to compute a 
geometric mean for the purposes of 
making a decision to close a beach or 
issue a beach advisory. Of the 2,823 
beaches reporting information to EPA in 
2002, 65% reported that pathogen levels 
were monitored at least once per week 
(EPA’s Beach Watch Program: 2002 
Swimming Season, EPA 823–F–03–007, 
May 2003, http://www.epa.gov/
waterscience/beaches/beachwatch2003-
newformat.pdf). This means that at 35% 
of the beaches, the beach managers had 
fewer than four samples each month for 
making decisions to open or close the 
beach and in many cases only had one 
sample in any week. Furthermore, beach 
management programs need to be able 
to respond rapidly to short-term changes 
in water quality. Because a geometric 
mean provides information pertaining to 
water quality that looks backwards in 
time, it is not necessarily useful in 
determining whether a beach is safe for 
swimming on a particular day.

EPA’s National Beach Guidance and 
Required Performance Criteria for 
Grants (EPA–823–B–02–004, June 2002) 
requires States and Territories receiving 
Clean Water Act section 406 
implementation grants to either 
immediately issue a public notification 
or, if there are reasons to doubt the 
accuracy of the first sample, resample 
when any sample surpasses a water 
quality standard at beaches. Although 
this requirement pertains only to the 
States and Territories receiving these 
grants, given that the States and 
Territories covered by this rule receive 
Clean Water Act section 406 
implementation grants, it reflects the 
actions that States and Territories will 
be expected to take when a sample 
shows an exceedance of the applicable 
single sample maximum in today’s rule. 
(EPA notes that all 35 eligible coastal 

States and Territories received grants in 
2003, and most have received these 
grants in 2004.) In other words, States 
and Territories will use a single sample 
maximum to trigger a notification or 
closure action at beaches; whether the 
action taken is an advisory or a closure 
depends on the decision rules 
established by the State, Territory or 
local beach management authority, 
although the National Beach Guidance 
and Required Performance Criteria for 
Grants requires the State or Territory to 
provide a notification of the exceedance. 
Using a single sample maximum is 
especially important for beaches that are 
infrequently monitored or prone to 
short-term spikes in bacteria 
concentrations, e.g., waters that may be 
affected by combined sewer overflow 
outfalls. Thus, consistent with the 1986 
bacteria criteria document, EPA expects 
that States and Territories would apply 
the single sample maximums for making 
beach notification decisions as values 
that if exceeded would trigger a 
notification or closure action at the 
beach. 

Numerous commenters said that 
application of the single sample 
maximum values in the criteria as 
never-to-be-surpassed limitations in 
other contexts could lead to 
consequences which were not 
contemplated in the 1986 bacteria 
criteria document, including, for 
example, Total Maximum Daily Loads 
and National Pollutant Discharge 
Elimination System permit limitations 
which might be technologically and 
economically unattainable at a 
particular location. EPA agrees that the 
1986 bacteria criteria document did not 
discuss using the single sample 
maximum as a never-to-be-surpassed 
value for all implementation 
applications under the Clean Water Act. 

In developing the 1986 bacteria 
criteria document, EPA derived single 
sample maximums as upper percentiles 
of the frequency distributions around 
the geometric mean. The 1986 bacteria 
criteria document recognizes that there 
will be instances where the 
concentration of bacteria in one or more 
individual samples will be higher than 
the acceptable geometric mean 
concentration. This is to be expected 
when dealing with water quality criteria 
expressed as average concentrations 
over a period of time. For example, in 
a waterbody with a 30-day average 
concentration exactly at the water 
quality criterion, it can be expected that 
approximately half of the samples 
collected will have a concentration 
above the criterion concentration (e.g., 
126/100 ml for E. coli), while the other 
half of the samples will have lower 

concentrations. Thus, that the value of 
one sample is greater than the numerical 
value of the geometric mean criterion, or 
even the numerical value of the single 
sample maximum, does not necessarily 
indicate that the geometric mean 
criterion has actually been exceeded. 
Furthermore, the single sample 
maximum values in the 1986 bacteria 
criteria document were not developed 
as acute criteria; rather, they were 
developed as a statistical construction to 
allow decision makers to make informed 
decisions to open or close beaches based 
on small data sets. This does not mean 
single sample maximums serve no 
purpose outside of beach notification 
decisions. For example, they may give 
States and Territories the ability to make 
waterbody assessments where they have 
limited data for a waterbody. However, 
the single sample maximums were not 
designed to provide a further reduction 
in the design illness level provided for 
by the geometric mean criterion. 

Based on the derivation of the single 
sample maximums as percentiles of a 
distribution around the geometric mean, 
using the single sample maximums as 
values not to be surpassed for all Clean 
Water Act applications, even when the 
data set is large, could impart a level of 
protection much more stringent than 
intended by the 1986 bacteria criteria 
document. For example, in marine 
waters the geometric mean criterion for 
enterococci is 35/100 ml, and the single 
sample maximum is 104/100 ml at 
designated bathing beach waters based 
on the 75th percentile of the 
distribution of individual values around 
the mean. If that single sample 
maximum were used as a value-not-to-
be-surpassed, it would become a 
maximum value and all other values in 
the statistical distribution of individual 
measurements would have to be less 
than the maximum. EPA typically uses 
the 99th percentile of a distribution to 
derive regulatory maximums. Assuming 
a waterbody had the same standard 
deviation in concentrations of bacteria 
employed in deriving the single sample 
maximums (e.g., 0.7 for marine waters), 
the waterbody geometric mean needed 
to keep the waterbody concentration 
below 104/100 ml 99% of the time 
would be 2/100 ml. This would be far 
more stringent than the level of 
protection provided by the actual 
geometric mean criterion for enterococci 
of 35/100 ml. Therefore, EPA intends 
that States and Territories should retain 
the discretion to use single sample 
maximum values as they deem 
appropriate in the context of Clean 
Water Act implementation programs 
other than beach notification and 
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closure, consistent with the Clean Water 
Act and its implementing regulations. 

The final rule does not constrain 
States and Territories flexibility in how 
they use the single sample maximum 
values in the context of Clean Water Act 
implementation programs such as Total 
Maximum Daily Loads and National 
Pollutant Discharge Elimination System 
permit requirements, as long as the 
geometric mean criteria for E. coli and 
enterococci are met. The flexibility 
afforded to States and Territories in 
applying the single sample maximum 
values in the National Pollutant 
Discharge Elimination System 
permitting program does not mean that 
maximum daily or seven-day average 
permit limits for bacteria are 
inappropriate for National Pollutant 
Discharge Elimination System permits. 
EPA notes that maximum daily and 7-
day average effluent limits can be 
calculated based on 30-day average 
conditions and an understanding of 
effluent variability. See Section 5.4.4 of 
EPA’s Technical Support Document for 
Water Quality-based Toxics Control 
(EPA–505–2–90–001, March 1991). 
(These procedures are based on 
statistical methodologies similar to 
those employed in deriving the single 
sample maximums in the 1986 water 
quality criteria for bacteria.) EPA’s 
recommendation that the single sample 
maximum values in the 1986 bacteria 
criteria document should be used 
primarily for making beach notification 
and closure decisions does not constrain 
States’ use of maximum daily permit 
limits in accordance with current State 
permitting procedures. 

EPA received a few comments about 
the specific use of single sample 
maximums in making waterbody 
assessment decisions, for example, in 
the development of Clean Water Act 
section 305(b) reports or developing 
section 303(d) lists. One commenter 
stated that the single sample maximum 
should not be used solely as the means 
for deciding if a waterbody was 
impaired. Another commenter stated 
that one sample should not be used to 
characterize a waterbody. Yet another 
commenter suggested that the single 
sample maximum only be used when 
there were insufficient data to compute 
a geometric mean.

In general, EPA agrees with these 
comments. As discussed above, EPA 
recognizes the utility of single sample 
maximums where there are insufficient 
data (generally fewer than five samples 
over a given period) to compute a 
geometric mean for the purposes of 
assessing waterbodies, and expects that 
States and Territories will use single 
sample maximums in these instances. 

While it is far preferable for States and 
Territories to obtain more robust data 
for making decisions about waterbody 
impairments (the 1986 bacteria criteria 
document recommends determining the 
geometric mean using generally not less 
than 5 samples equally spaced over a 
30-day period), EPA recognizes that in 
some instances States and Territories 
will have limited data and may decide 
to use the single sample maximums or 
other similarly derived statistical 
constructs for making waterbody 
impairment decisions. 

4. Intensity of Use Categories of Coastal 
Recreation Waters 

EPA is promulgating the same 
intensity of use categories of coastal 
recreation waters as in the proposal, 
specifically, the four categories of 
waters with a corresponding single 
sample maximum as described in the 
1986 bacteria criteria document. Only 
one single sample maximum applies to 
each category of coastal recreation 
water: designated bathing beach waters, 
moderate use coastal recreation waters, 
light use coastal recreation waters, and 
infrequent use coastal recreation waters. 
EPA is also promulgating the definitions 
of the categories as proposed. By 
providing definitions for the four 
categories, EPA provides clear guidance 
to States and Territories and 
information for the public to identify 
the category in which each coastal 
recreation water belongs based on its 
intensity of use for primary contact 
recreation. 

EPA does not have sufficient 
information regarding frequency of use 
of each specific coastal recreation water 
covered by this rule to list all those 
waters in the rule according to the four 
categories defined in 40 CFR 131.41(b). 
Therefore, EPA does not list individual 
coastal recreation waters by intensity of 
use category. EPA recommends that 
States and Territories evaluate existing 
use information and identify which 
individual coastal recreation waters 
belong to each category and make this 
information publicly available (e.g., on 
a State’s or Territory’s website). As 
explained in the preamble to the 
proposed rule (69 FR 41726), States and 
Territories could use their existing 
beach tiering process for BEACH Act 
implementation grants as a source of 
information for determining frequency 
in categorizing a coastal recreation 
water for purposes of determining the 
applicable single sample maximum. 

Today’s rule does not require that 
States and Territories apply the 
definitions at 40 CFR 131.41(b) such 
that the State or Territory finds at least 
one water for each of the four categories 

of waters. A State or Territory could, at 
its discretion, apply the single sample 
maximum for designated bathing 
beaches (the lowest single sample 
maximum) to all its coastal recreation 
waters because this approach would be 
more protective of human health than 
the structure for single sample 
maximums in 40 CFR 131.41(b) and (c). 
Thus, a State or Territory that had 
commented that it preferred that EPA 
promulgate only one category of waters 
could exercise its discretion and apply 
the single sample maximum for 
designated bathing beaches to all of its 
waters. Alternatively, a State or 
Territory may choose to place their 
coastal recreation waters in only two of 
the four single sample maximum 
categories, such as the 75% confidence 
level single sample maximum for 
designated bathing beaches and the 95% 
confidence level single sample 
maximum for all other coastal recreation 
waters, if the recreational usage of the 
waters matches the definitions at 40 
CFR 131.41(b). This approach would be 
appropriate if the State or Territory 
determined that the ‘‘infrequent use’’ 
definition was the most appropriate 
categorization for its coastal recreation 
waters that were not identified as 
designated bathing beaches. Although 
the rule does not specify which State 
waters belong in which use category, the 
definitions in the rule must be used to 
determine which single sample 
maximum would apply to a particular 
coastal recreation water. 

A number of comments requested that 
EPA promulgate only the 75% 
confidence level criterion for all coastal 
recreation waters because having only 
one single sample maximum would 
provide for consistency in all coastal 
recreation waters, and provide the same 
level (and highest level) of protection to 
all users of coastal recreation waters, no 
matter what the use intensity of that 
particular water might be. 

EPA declines to take this approach in 
today’s rule. EPA acknowledges the 
reasons expressed in the comments. 
However, EPA believes this would be 
more restrictive than necessary to 
ensure that the promulgated water 
quality criteria are as protective of 
human health as the 1986 bacteria 
criteria document, which provides 
single sample maximums for four 
categories of waters. Thus, such an 
approach would unnecessarily restrict 
the flexibility of States and Territories to 
determine when to impose standards 
more protective than EPA’s 1986 
bacteria criteria. EPA normally defers to 
a State’s or Territory’s decision on what 
criteria apply to protect a designated use 
subject to the State or Territory 
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providing information to show that the 
water quality criteria are sufficient to 
protect the designated uses, and for 
coastal recreation waters, that the water 
quality criteria are as protective of 
human health as the criteria for the 
pathogen or pathogen indicators that 
EPA has published. EPA does not 
consider the benefits of identical 
standards in the States and Territories 
covered by this rule to outweigh the 
negative effects of unnecessarily 
constraining the flexibility that the 
Clean Water Act and EPA’s rules give 
States and Territories in establishing 
water quality standards, particularly 
because there is already variation in the 
single sample maximums in use among 
States and Territories that are not 
covered by today’s rule. 

5. Intrastate vs. Interstate 
Determinations of Use Intensity 

In today’s final rule, as in the 
proposal, single sample maximums 
apply to categories of waters based on 
intensity of use. These categories are 
based on intrastate comparisons of 
frequency of use (i.e., relative to the 
other waters within that State or 
Territory). Using this approach, a State 
or Territory will identify its designated 
bathing beach waters first and then 
evaluate all other waters in comparison 
to those waters. However, today’s rule 
does not require that a State or Territory 
use all four categories of intensity of 
use. Rather, EPA expects that States and 
Territories will first identify portions of 
waters as designated bathing beaches 
based on the factors listed in 40 CFR 
131.41(b)(2) and then categorize the 
remaining waters based on their 
intensity of use relative to those 
beaches. In interpreting the phrase 
‘‘heavily used,’’ EPA expects States will 
make reasonable judgments about the 
level of use at a given beach. EPA does 
not intend that States should exclude 
heavily used waters from the designated 
bathing beach category merely because 
they can identify other beaches, either 
within the State or in other States, that 
are more heavily used. 

While several commenters supported 
intrastate comparison of intensity of 
use, others suggested using an interstate 
comparison of intensity of use because 
beach use varies significantly across 
States and Territories. While EPA 
recognizes that beach use intensity 
varies significantly across the nation, 
EPA does not agree that interstate 
comparisons are the best approach for 
categorizing use intensity. An interstate 
approach could result in some States or 
Territories comparing their beaches only 
to the most heavily used beaches in the 
nation and determining that they have 

no beaches warranting protection at the 
75% confidence level. Rather, States 
and Territories will need to evaluate the 
intensity of use of their own beaches, 
independent of beaches in the rest of the 
nation, and assign the beaches to 
categories based on the definitions 
provided in 40 CFR 131.41(b). This does 
not mean that there is any minimum 
number or percentage of beaches that 
must be placed in the designated 
bathing beach category. Rather, States 
should identify those beaches, if any, in 
the State which satisfy the criteria for 
this category and then assign the 
remaining waters to one or more of the 
lower intensity of use categories as 
appropriate. Intrastate comparison of 
use will allow States and Territories the 
flexibility to provide the level of 
protection that is appropriate to visitors 
to beaches with different intensities of 
use.

In today’s rule, EPA is also making a 
minor change to this aspect of the 
proposed rule. The Agency added text 
to the definition of ‘‘designated bathing 
beach’’ in 40 CFR 131.41(b)(2) to 
provide expressly that the 
determination of ‘‘heavy use’’ is based 
on an evaluation of use within the State, 
which is consistent with the above 
discussion. 

6. State Calculation of Site-Specific 
Single Sample Maximums 

EPA is promulgating, as proposed, 
default single sample maximums based 
on the 75, 82, 90, and 95% confidence 
levels, along with the equation to 
calculate site-specific single sample 
maximums. EPA calculated the values 
for the single sample maximums in 
tables 2 and 3 using the standard 
deviations observed during the EPA 
epidemiological studies. The Agency 
recognizes that standard deviations 
observed in EPA’s epidemiological 
studies may not coincide with that for 
a particular waterbody. States and 
Territories may decide to collect data to 
calculate site-specific standard 
deviations. To compute the site-specific 
log standard deviation in a statistically 
meaningful way as explained in the 
preamble to the proposed rule (69 FR 
41727), today’s rule requires that the 
States and Territories collect at least 30 
samples in a single recreation season 
(see 40 CFR 131.41(c)(3)). If this 
requirement is met, the State or 
Territory may use the resulting site-
specific standard deviation to calculate 
a corresponding single sample 
maximum. 

EPA considers that the calculation of 
site-specific single sample maximums as 
specified in 40 CFR 131.41(c)(3) 
provides enough detail on the 

calculation that States and Territories 
can implement the provision of the rule 
without needing to adopt it as a site-
specific water quality criterion. As a 
result, States and Territories do not 
need EPA review and approval under 40 
CFR Part 131 in their application of 40 
CFR 131.41(c)(3). 

All commenters that addressed this 
issue supported EPA’s proposal to 
require 30 samples to derive a site-
specific standard deviation; however, 
one commenter stated that States and 
Territories should be allowed to collect 
the samples over two recreation seasons 
if there were not significant differences 
in bacteria concentrations over the two-
year period. The commenter explained 
that States and Territories may find it 
difficult to collect 30 samples in one 
recreation season. EPA recognizes the 
difficulty in collecting the required 
number of samples over a single 
recreation season, but the Agency has 
nonetheless concluded that collecting 
this data during a single season is 
necessary in order to capture the 
variability inherent in bacteria 
concentrations at a site over the period 
of a single season without introducing 
additional variability from extreme 
weather conditions such as drought or 
El Niño conditions. Using 30 samples 
over more than one recreation season 
could affect the outcome of the single 
sample maximum such that it may not 
be as protective of human health as 
EPA’s 1986 bacteria criteria. 

7. Addressing Non-Human Sources of 
Bacteria 

EPA is adopting the approach 
preferred in the proposal for addressing 
non-human sources of bacteria. In 
today’s rule, EPA added footnote ‘‘e’’ to 
40 CFR 131.41(c)(1) and footnote ‘‘c’’ to 
40 CFR 131.41(c)(2) to describe this 
approach for addressing non-human 
sources of bacteria. The footnotes state: 
‘‘These values apply to [E. coli or 
enterococci] regardless of origin unless 
a sanitary survey shows that sources of 
the indicator bacteria are non-human 
and an epidemiological study shows 
that the indicator densities are not 
indicative of a human health risk.’’ 
Specifically, States and Territories must 
apply the E. coli and enterococci criteria 
to all coastal recreation waters. If, 
however, sanitary surveys and 
epidemiological studies show the 
sources of the indicator bacteria to be 
non-human and the indicator densities 
do not indicate a human health risk, 
then it is reasonable for the State or 
Territory to not consider those sources 
of fecal contamination in determining 
whether the standard is being attained. 
This is the approach taken in the 1986 
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bacteria criteria document. It would be 
reasonable for a State or Territory to use 
existing epidemiological studies rather 
than conduct new or independent 
epidemiological studies for every 
waterbody if it is scientifically 
appropriate to do so. 

EPA also anticipates that a State or 
Territory that has conducted a sanitary 
survey and an epidemiological study to 
show that the sources of the indicator 
bacteria in a waterbody are non-human 
and that the indicator densities do not 
indicate a health risk to those swimming 
in the waters, will apply the criteria in 
today’s rule where a change in 
circumstances affecting the waterbody 
makes it appropriate to do so. For 
example, the criteria would apply to a 
waterbody in which there is a 
subsequent sewer line break or other 
later occurrence that results in the 
introduction in the waterbody of 
bacteria that is a human health risk to 
those using the waters for primary 
contact recreation. 

EPA is promulgating this approach 
because Clean Water Act section 
303(i)(2)(A) requires EPA to propose 
criteria which are ‘‘as protective of 
human health as’’ EPA’s 1986 bacteria 
criteria in cases where a State or 
Territory has failed to do so. While 
EPA’s scientific understanding of 
pathogens and pathogen indicators has 
evolved since 1986, data characterizing 
the public health risk associated with 
non-human sources is still too limited 
for the Agency to promulgate another 
approach. 

Almost half of the commenters 
addressed some or all of the approaches 
to exempting non-human sources of 
fecal contamination described in the 
proposed rule (69 FR 41729–41731). 
Several commenters expressed support 
for EPA’s preferred approach. EPA 
agrees that the criteria should apply 
unless sanitary surveys and 
epidemiological studies show the 
sources of the indicator bacteria to be 
non-human and that the indicator 
densities are not indicative of a human 
health risk. This is the approach taken 
in the 1986 bacteria criteria document. 

Some commenters expressed a 
preference for not allowing any 
exclusion of non-human sources from 
the criteria. They emphasized the 
significance of the human health risk 
associated with any type of fecal 
contamination and asserted that this 
approach would be most protective of 
human health. EPA does not agree that 
this approach is necessary for States to 
adopt if an epidemiological study 
demonstrates that non-human sources 
do not pose a risk to human health at 
a given waterbody. 

Several commenters supported a non-
human source exclusion based on 
sanitary surveys only. In general, these 
commenters expressed concern about 
the cost of epidemiological studies, 
especially in areas where evidence of 
human fecal contamination was absent. 
EPA has found the scientific 
understanding of the human health risks 
associated with non-human sources of 
fecal contamination is still too 
incomplete to promulgate this option. In 
the proposed rule (69 FR 41730–41731), 
EPA cited several instances where 
studies have attributed disease 
outbreaks to non-human sources of fecal 
contamination. Given the potential 
human health risk from non-human 
sources of fecal contamination, EPA 
concludes that this option would not be 
as protective of human health as the 
1986 bacteria criteria.

Some commenters supported 
exclusion of bacteria from wildlife 
sources from the criteria because 
wildlife sources may pose less of a risk 
to human health than human sources or 
domestic animal and livestock sources. 
Other commenters raised issues with 
the reliability of current bacteria source 
tracking methods that may be needed to 
support this exclusion. EPA finds the 
scientific understanding of the human 
health risks associated with wildlife 
sources of fecal contamination still too 
incomplete to support promulgation of 
this option. Once again, EPA concludes 
that this option is not as protective as 
the 1986 bacteria criteria. 

Many commenters expressed the need 
for more research on non-human 
sources. Commenters emphasized two 
major areas of needed research: research 
on bacterial source tracking methods to 
better distinguish between different 
types of bacteria contamination and 
research on the health risks associated 
with different types of non-human fecal 
contamination. EPA expects to conduct 
research in these areas as time and 
resources allow. EPA also encourages 
others to continue to conduct research 
in these areas. 

C. Applicability of Today’s Rule 

1. Applies in Addition to Any State/
Territorial Criteria 

EPA is promulgating the rule as 
proposed with respect to the interaction 
of today’s criteria with existing State 
and Territorial water quality criteria. 
Under today’s rule, the promulgated 
criteria do not replace existing bacteria 
criteria for coastal recreation waters 
already adopted by States and 
Territories (and for those adopted after 
May 30, 2000, approved by EPA). 
Rather, today’s promulgated criteria 

apply for Clean Water Act purposes in 
addition to any existing State or 
Territorial criteria already applicable to 
those waters. This will ensure that, 
where commercial shellfishing and 
primary contact recreation occur in the 
same coastal recreation waters, both 
uses will be adequately protected by 
existing State and Territorial standards 
(which generally still use fecal coliform) 
and the new standards for either E. coli 
or enterococci. States and Territories 
may also continue to use existing 
criteria for fecal coliform to supplement 
the new indicators for the purposes of 
waterbody assessment and other 
purposes where ambient data are 
needed. The dual sets of bacteria criteria 
also will enable regulatory decisions 
and actions to continue while collecting 
data for the newly adopted E. coli or 
enterococci criteria. For States and 
Territories included in today’s rule, EPA 
expects that States and Territories will 
be actively collecting data on E. coli 
and/or enterococci and working to 
incorporate E. coli and/or enterococci 
water quality criteria into their water 
quality programs, e.g., National 
Pollutant Discharge Elimination System, 
Clean Water Act section 305(b), and 
Clean Water Act section 303(d) 
programs. As they accomplish this, 
States and Territories may phase out 
their use of fecal coliform as a 
supplemental indicator to protect 
primary contact recreation. While EPA 
cannot remove or revise existing State or 
Territorial standards, EPA believes that 
it would not be an efficient use of 
resources for States and Territories to 
base Clean Water Act actions related to 
protection of primary contact recreation 
on both fecal coliform and the new, 
preferred indicators. However, if States 
believe their existing standards are as 
protective as the criteria in today’s rule, 
they may submit data to EPA to support 
this determination, and if EPA then 
determines that the State standards are 
at least as protective as the criteria in 
today’s rule, EPA will withdraw the 
Federal criteria for that State. (See 
section V.C.) States and Territories are 
encouraged to expeditiously revise their 
water quality standards to remove fecal 
coliform criteria as an indicator for 
primary contact recreation where it has 
been replaced by the new indicators in 
their implementation of the Clean Water 
Act. Today’s rule also provides in 40 
CFR 131.41(d)(1) that new EPA-
approved bacteria criteria in State or 
Territorial water quality standards 
become the effective Clean Water Act 
criteria upon their approval, replacing 
the criteria in today’s rule. 
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EPA received very few comments on 
this topic. All commenters addressing 
this topic supported EPA’s proposal that 
once EPA approves a State’s or 
Territory’s standards as being as 
protective of human health as EPA’s 
1986 bacteria criteria, the EPA-approved 
bacteria criteria in State or Territorial 
water quality standards would become 
effective for Clean Water Act purposes 
and EPA’s promulgated criteria would 
no longer apply. EPA will still remove 
the State or Territory from 40 CFR 
131.41, but any delay in that process 
would not delay the approved State 
criteria from becoming the sole 
applicable criteria for Clean Water Act 
purposes. 

2. Role of State/Territorial General Rules 
of Applicability 

Today’s rule, like the proposal, makes 
today’s criteria subject to States’ and 
Territories’ general rules of applicability 
in the same way and to the same extent 
as are other Federally-adopted or State-
adopted numeric criteria. EPA received 
a few comments on this topic and these 
generally pertained to mixing zones. 
One commenter suggested that the final 
rule prohibit the use of mixing zones to 
comply with today’s criteria. The 
commenter said that the use of mixing 
zones would not be as protective of 
human health as the 1986 bacteria 
criteria. Another commenter supported 
allowing States to apply their existing 
mixing zone provisions. 

EPA appreciates the concerns of 
commenters regarding human health 
risks of exposure to fecal contamination 
within mixing zones. However, EPA has 
determined that the Agency’s existing 
guidance provides sufficient direction to 
permitting authorities as they 
implement State or Territorial mixing 
zone policies. EPA’s Water Quality 
Standards Handbook: Second Edition 
(EPA–823–B–94–005a, August 1994) as 
well as EPA’s Technical Support 
Document for Water Quality Based 
Toxics Control (EPA–505–2–90–001, 
March 1991) advise against the use of 
mixing zones where the location may 
pose a significant health risk. These 
documents stress the importance of 
determining the appropriate placement 
and size of mixing zones depending on 
the potential effects to human health 
and the environment. As a result, EPA 
is not prohibiting the application of 
mixing zones in the final rule in cases 
where they would be allowed under 
existing State and Territorial programs. 

D. Compliance Schedules 
Where a State or Territory does not 

have a regulation that is in effect for 
Clean Water Act purposes authorizing 

compliance schedules for water quality-
based effluent limits, EPA proposed to 
authorize, but not require, the permit 
issuing authority to include compliance 
schedules in permits under appropriate 
circumstances. EPA also proposed that 
if a State or Territory has a regulation 
in effect authorizing compliance 
schedules for Clean Water Act purposes 
then that compliance schedule 
regulation could be used in 
implementing the water quality 
standards in this rule; it would not be 
affected by the final rule. Because EPA 
recognizes that a State or Territory 
without a regulation authorizing 
compliance schedules may not want 
such a regulation, in the preamble to the 
proposed rule, EPA asked such States to 
notify EPA prior to promulgation. No 
State or Territory notified EPA that it 
does not want the ability to use the 
compliance schedule provision in 
today’s rule. Therefore, EPA is not 
including in today’s final rule any 
regulatory text identifying States or 
Territories that do not want a 
compliance schedule provision for their 
standards.

EPA received several comments in 
support of the allowance for compliance 
schedules. One commenter requested 
that EPA remove the requirement that a 
permittee request a compliance 
schedule; this commenter believed that 
the permitting authority could 
determine whether the permittee 
needed time to comply with the new 
effluent limitation based on the 
criterion. EPA disagrees that it needs to 
make this change because the rule does 
not impose a requirement for a request. 
The rule at 40 CFR 131.41(f)(3) provides 
permittees with the opportunity to 
request a compliance schedule where 
the permittee reasonably believes it will 
be infeasible to immediately achieve the 
new limitation, but it does not require 
them to do so. The permitting authority 
also has the discretion to suggest the 
need for compliance schedules as part 
of the permit even if the permittee does 
not initiate a request for one. 

One commenter supported the 
definition of a new pathogen discharger. 
Another commenter requested 
clarification that the definition does not 
apply to relocated combined sewer 
overflow outfalls. EPA agrees that the 
definition does not apply to relocated 
combined sewer overflow outfalls. The 
rule at 40 CFR 131.41(f)(2) does not 
authorize compliance schedules for new 
pathogen dischargers because EPA 
recognizes that a new discharger could 
design and build a new treatment 
system, which will meet the new water 
quality-based requirements more 
efficiently (69 FR 41736). However, a 

relocated combined sewer overflow 
outfall is not a new discharge, rather it 
is an existing discharge being released at 
an alternate location. The relocating of 
the outfall does not necessarily provide 
an opportunity for the discharger to 
apply additional controls or reduce 
pathogen loads to the extent anticipated 
for a new pathogen discharger. EPA’s 
Combined Sewer Overflow Control 
Policy, published on April 11, 1994, 
recommends that Long Term Control 
Plans consider relocating overflow away 
from sensitive areas wherever 
physically possible and economically 
achievable (59 FR 18688, 18692). In 
today’s final rule, EPA has added text to 
the definition of a ‘‘new pathogen 
discharger’’ in 40 CFR 131.41(b)(6) to 
provide expressly that ‘‘[i]t does not 
include relocation of existing combined 
sewer overflow outfalls.’’ 

Many commenters addressed the 
length of the compliance schedule. 
Some commenters supported capping 
the length of the compliance schedule at 
five years, while one commenter 
suggested that three years should be 
sufficient. Other commenters suggested 
that compliance schedules longer than 
five years may be necessary, or that the 
rule should not specify the length of a 
compliance schedule, but rather allow 
the permitting authority to exercise 
discretion in determining how much 
time is necessary for each discharger. 
Finally, several commenters noted that 
combined sewer overflow systems may 
need compliance schedules longer than 
five years, and that the compliance 
schedule provision of the rule should be 
consistent with EPA’s Combined Sewer 
Overflow Control Policy and the 
requirements of Clean Water Act section 
402(q). 

EPA has determined that five years is 
a reasonable limit on the length of a 
compliance schedule within a National 
Pollutant Discharge Elimination System 
permit. EPA expects that most 
continuous dischargers will look to 
optimize their existing disinfection 
treatment, and that five years is 
sufficient time to do so. As discussed in 
section VIII, EPA believes that 
experiences from facilities with bacteria 
effluent limits that are currently meeting 
the E. coli and enterococci criteria, as 
well as the current fecal coliform 
criteria, suggest that disinfection 
processes can be upgraded or adjusted 
to produce the levels of bacteria 
necessary for compliance with the rule. 
EPA has used five years for compliance 
schedules where permittees were 
expected to design, construct, and 
operate new treatment processes, and 
not just optimize their current 
treatment. (See 40 CFR 131.38(e)(6) and 
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40 CFR Part 132, Appendix F, Procedure 
9.B.1.) 

EPA does not regard the five-year cap 
on compliance schedules as 
inconsistent with either EPA’s 
Combined Sewer Overflow Control 
Policy or Clean Water Act section 
402(q). Section 402(q) requires that 
National Pollutant Discharge 
Elimination System permits conform to 
EPA’s Combined Sewer Overflow 
Control Policy published on April 11, 
1994 (59 FR 18688). EPA’s Combined 
Sewer Overflow Control Policy 
recommends that permittees develop a 
construction and financing schedule for 
implementation of combined sewer 
overflow controls (59 FR 18694). The 
Combined Sewer Overflow Control 
Policy recommends that permitting (and 
water quality standards setting) 
authorities include, in an appropriate 
enforceable mechanism, compliance 
dates, on the soonest practicable 
schedule, for requirements to 
implement Long Term Control Plans (59 
FR 18696). In addition, permits need to 
include water quality-based effluent 
limits requiring compliance by no later 
than the date allowed under the water 
quality standards that apply. The 
Combined Sewer Overflow Control 
Policy itself does not require 
compliance schedules in water quality 
standards (or otherwise constrain the 
authority of water quality standard 
setting agencies). Finally, the Combined 
Sewer Overflow Control Policy 
recommends, in cases where water 
quality standards do not allow 
compliance schedules and the permittee 
cannot, on the effective date of the 
permit, comply with effluent limitations 
established in the permit, that the 
compliance schedule be placed in a 
judicial order for major permittees (59 
FR 18697). EPA recognizes that 
combined sewer overflow systems often 
need more than five years to meet the 
requirements of the Clean Water Act. In 
these situations, the permitting 
authority can provide sufficient time for 
the combined sewer overflow system to 
comply by using the enforceable 
mechanisms identified in the Combined 
Sewer Overflow Control Policy. 

Finally, in today’s final rule, EPA is 
making two corrections to the proposed 
rule at 40 CFR 131.41(f)(3)–(4) to refer 
to paragraph (c) as the paragraph 
containing the water quality criteria for 
bacteria. 

V. EPA Review of State and Territorial 
Standards 

A. How Did EPA Decide Which States 
and Territories To Include in Today’s 
Rule? 

EPA evaluated the water quality 
standards for bacteria for all 35 coastal 
States and Territories with coastal 
recreation waters to determine whether 
the water quality standards for such 
waters are as protective of human health 
as the 1986 bacteria criteria document, 
as required by Clean Water Act section 
303(i)(1)(A). If a State’s or Territory’s 
approved water quality standards for 
bacteria for coastal recreation waters are 
as protective of human health as the 
1986 bacteria criteria as of the signature 
date of today’s rule, EPA is not 
including the State or Territory in the 
promulgated rule. 

EPA described the five considerations 
used to evaluate the State and 
Territorial water quality standards in 
detail in the proposed rule (69 FR 
41728–41731). Today, EPA uses the 
same five considerations to evaluate 
State and Territorial water quality 
standards for inclusion in the final rule. 
The following five sections summarize 
the considerations. 

1. Are the standards based on EPA’s 
recommended indicators of E. coli and 
enterococci as pathogen indicators for 
freshwaters and enterococci for marine 
waters? 

As discussed in section IV.B.1 of the 
preamble to today’s rule, EPA is 
promulgating water quality criteria for 
E. coli and enterococci for use as 
standards for State and Territorial 
coastal and Great Lakes recreation 
waters. These are the indicator bacteria 
for which EPA published criteria in the 
1986 bacteria criteria document.

EPA received a number of comments 
asserting that a fecal coliform water 
quality criterion of 14/100 ml for the 
protection of a shellfishing use should 
generally be as protective of human 
health as the enterococci criterion of 35/
100 ml. Some of these commenters 
referenced the statement in the 1986 
bacteria criteria document that EPA 
selected the value of the enterococci 
criterion to be no more protective of 
human health than the then current 
fecal coliform criterion of 200/100 ml 
for recreation protection in support of 
their argument that if there is equal 
protection between the 1986 bacteria 
criteria and a fecal coliform value of 
200/100 ml, then a fecal coliform value 
of 14/100 ml should be even more 
protective of human health than an 
enterococci value of 35/100 ml for 
marine waters. EPA disagrees that this 

statement in the 1986 bacteria criteria 
document provides a basis for 
determining that a fecal coliform 
criterion of 14/100 ml is ‘‘as protective 
as’’ an enterococci criterion of 35/100 
ml. EPA explicitly acknowledged in the 
1986 bacteria criteria document that 
these illness rates for fecal coliform 
were only approximations, but were the 
best available estimates. (The fecal 
coliform criteria were developed long 
before EPA calculated the 
corresponding estimated illness rates.) 
EPA used these estimated illness rates 
for one purpose: to select illness rates 
for the enterococci and E. coli criteria in 
marine and fresh waters that would be 
least likely to cause a change in the 
stringency of the water quality 
standards for bacteria. However, that 
discussion in the 1986 bacteria criteria 
document must be considered along 
with the purpose of the 1986 bacteria 
criteria document: to recommend that 
States replace their fecal coliform 
criteria for recreation with enterococci 
or E. coli criteria because studies 
showed low correlation between fecal 
coliform densities and illness rates. In 
EPA’s view, it would not be reasonable 
to rely on the equivocal discussion 
regarding the after-the-fact 
approximation of an illness rate for fecal 
coliform in light of the unequivocal 
conclusion of the entire document: That 
the fecal coliform criteria for recreation 
is not a reliable indicator of illness to 
swimmers. 

One commenter, the Washington 
Department of Ecology, supplied EPA 
with recently-collected ambient water 
monitoring data for both fecal coliform 
and enterococci, and stated that the data 
for enterococci and fecal coliform, when 
compared to each other, show that, in 
Washington State coastal recreation 
waters, when fecal coliform 
concentrations were at 14/100 ml or less 
(a level substantially below the 200/100 
ml level that EPA recommended prior to 
1986), the enterococci concentrations 
were almost always at 35/100 ml or less. 
The State currently has a fecal coliform 
criterion of 14/100 ml as a geometric 
mean and 43/100 ml as a value not to 
be exceeded more than 10% of the time 
for its Class AA and A waters, which for 
marine waters are the only classes with 
primary recreation uses. The data 
submitted to EPA are from 37 locations 
in the King County area of the Puget 
Sound for the years 1995 through 2004, 
155 locations in the Kitsap County area 
of the Puget Sound and its embayments 
for early 1997, and 36 locations across 
the Puget Sound, Strait of Juan de Fuca, 
and two Pacific Ocean embayments 
from November 2000 through July 2001. 
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EPA reviewed the data provided by 
the Washington Department of Ecology. 
EPA analyzed the data that were 
collected from stations located close to 
shore and within the upper two meters 
of depth, because these are the areas 
where people most frequently swim. 
EPA also excluded data that the State 
identified as invalid. From these data, 
there are 3535 samples with both fecal 
coliform and enterococci bacterial 
counts. From these samples, EPA 
calculated 241 summertime geometric 
means for both fecal coliform and 
enterococci for the data from King 
County. EPA could not calculate 
summertime geometric means for the 
other locations because there were 
insufficient data in these data sets to do 
so. 

These geometric mean calculations 
show that, for King County, the 
attainment of the State’s current fecal 
coliform geometric mean criterion of 14/
100 ml always assures attainment of an 
enterococci geometric mean of 35/100 
ml. Further, there were 67 of 191 
relevant occasions (35% of the time) 
when the State’s fecal coliform 
geometric mean criterion was exceeded 
but the geometric mean enterococci 
criterion was not. 

The data also show that attainment of 
the State’s current fecal coliform 
criterion also ensures attainment of the 
enterococci 75th percentile single 
sample maximum criterion (04/100 ml) 
in 99% of the samples collected at all 
locations in Washington. Of 2194 
relevant data points, the State’s upper 
bound fecal coliform criterion of 43/100 
ml assures attainment of the Federal 
enterococci 75th percentile single 
sample maximum criterion on 2166 
occasions. Finally, there were 570 of 
2736 relevant occasions (21% of the 
samples) when use of the State’s fecal 
coliform criterion could be used to close 
a beach or issue an advisory but the 
Federal enterococci criterion (expressed 
as a single sample maximum) would not 
support closure or an advisory. Based 
on this analysis, EPA agrees that the 
data provided by the State of 
Washington for the Puget Sound, Strait 
of Juan de Fuca, and the Pacific Ocean 
embayments shows that use of the 
State’s 14/100 ml fecal coliform 
criterion is as protective of human 
health as the 1986 bacteria criteria for 
the State of Washington. 

In the proposed rule, EPA solicited 
comment on its interpretation that Clean 
Water Act section 303(i) requires States 
and Territories to adopt criteria for E. 
coli or enterococci to comply with the 
provisions of that section. Section 
303(i)(1)(A) requires that States and 
Territories submit criteria ‘‘* * * for 

the pathogens and pathogen indicators 
for which the Administrator has 
published criteria under section 304(a).’’ 
EPA’s Ambient Water Quality Criteria 
for Bacteria—1986 is considered to be 
the Clean Water Act section 304(a) 
criteria referred to in Clean Water Act 
section 303(i)(1)(A). The Ambient Water 
Quality Criteria for Bacteria—1986 
strongly recommended the use of E. coli 
and enterococci as pathogen indicators 
for fresh waters and strongly 
recommended enterococci for marine 
waters. 

Clean Water Act section 303(i)(2)(A) 
requires EPA to propose water quality 
standards regulations for a State ‘‘[i]f a 
State fails to adopt water quality criteria 
and standards * * * that are as 
protective of human health as the 
criteria for pathogens and pathogen 
indicators for coastal recreation waters 
published by the Administrator * * * ’’ 
(emphasis added). EPA solicited 
comment on whether section 
303(i)(2)(A) could be read to require that 
EPA need only promulgate for a State or 
Territory if the State or Territory failed 
to adopt any criteria (not necessarily E. 
coli or enterococci) that were as 
protective of human health as EPA’s 
1986 bacteria criteria. In other words, 
EPA solicited comment on whether it 
was required to promulgate E. coli or 
enterococci under section 303(i)(2)(A) in 
situations where a State or Territory 
adopted a low fecal coliform criterion 
for protection of primary contact 
recreation that was demonstrated to 
provide protection equal to the 
protection provided by EPA’s 1986 
bacteria criteria. EPA has reconsidered 
its interpretation and believes that there 
is some ambiguity in section 
303(i)(2)(A) and that given this 
ambiguity that it should interpret 
section 303(i)(2)(A) as allowing EPA to 
approve standards based on other 
indicators provided they are as 
protective as EPA’s 1986 bacteria 
criteria because this approach is most 
consistent with the purposes of the 
Clean Water Act. Thus, EPA is taking 
the position that EPA is not required to 
promulgate E. coli or enterococci criteria 
if a State demonstrates that other 
criteria, based on other bacteria 
indicators, are as protective of human 
health as EPA’s 1986 bacteria criteria. 
That is, if a State or Territory adopts 
criteria, even though they are not for E. 
coli or enterococci, that are 
demonstrated to be as protective of 
human health as EPA’s 1986 bacteria 
criteria, section 303(i)(2)(A) does not 
require EPA to promulgate criteria for E. 
coli or enterococci. Promulgation of 
criteria for E. coli or enterococci in that 

situation would not provide any greater 
level of public health protection. 
Protection of public health was 
Congress’s primary intent in enacting 
the BEACH Act. Therefore, if a State or 
Territory can show that in waters in 
which the State or Territory intends to 
protect primary contact recreation uses 
with its criteria for fecal coliform, that 
such uses will be protected at a level 
equal to or greater than the protection 
provided by EPA’s 1986 bacteria criteria 
for enterococci and E. coli, EPA does not 
believe Congress intended EPA to 
promulgate water quality criteria for 
pathogens or pathogen indicators for 
those waters in that State or Territory 
where this has been demonstrated. The 
facts presented by the Washington 
Department of Ecology highlight the 
reasonableness of this interpretation. 

In addition, EPA considers it to be an 
appropriate exercise of Federal 
discretion to take this approach with 
Washington State. Congress intended 
through Clean Water Act section 303(c) 
to give States the paramount role in 
weighing any available credible 
information for establishing water 
quality standards that are protective of 
the designated uses of their waters. 
Congress maintained this same 
approach in Clean Water Act section 
303(i) by giving States the responsibility 
to adopt water quality standards for 
protecting human health, with EPA’s 
role being to promulgate standards for 
those States that had not adopted 
standards as protective of human health 
as the 1986 bacteria criteria. This 
interpretation is supported by the 
legislative history of Clean Water Act 
section 303(i). For example, S. Rep. No. 
106–366 states in the section-by-section 
analysis of the Act:

These provisions are consistent with the 
applicable requirements of the Clean Water 
Act and specifically section 303(c) and the 
regulations implementing that section. States 
must incorporate into their water quality 
standards, water quality criteria for 
pathogens and pathogen indicators that are at 
least as protective of human health as criteria 
EPA publishes under section 304(a). The 
State’s criteria may be as protective as those 
of EPA without being numerically 
equivalent. However, if a State adopts criteria 
differing from those published by EPA, the 
State has a duty to defend the criteria from 
a scientific perspective. EPA’s approval or 
disapproval of the criteria is based upon the 
information provided by the State. (S. Rep. 
No. 106–366, at 4 (2000)).

EPA believes that this language 
demonstrates Congress’s intent that 
section 303(i) be interpreted within the 
broader context of section 303, and that 
section 303(i) not be interpreted to 
preclude a State’s adopting alternative 
criteria from those published by EPA 
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under section 304(a), provided that the 
State demonstrates (and EPA agrees) 
that the alternative criteria are as 
protective of human health as EPA’s 
published criteria. 

H. Rep. No. 106–98 has similar 
language in its section-by-section 
analysis as follows:

The Committee intends that the legal 
standard for determining when a State water 
quality standard is consistent with the 
applicable requirements of the Clean Water 
Act be governed by the existing requirements 
of section 303(c) of the Clean Water Act, and 
the regulations implementing that section. 
This standard has been interpreted to mean 
that State water quality criteria must be at 
least as protective of human health as EPA’s 
water quality criteria. Thus, a State must 
incorporate into its water quality standards 
water quality criteria for pathogens and 
pathogen indicators that are at least as 
protective as criteria that EPA has published 
under section 304(a), including EPA’s 1986 
criteria for enterococcus and Escherichia coli. 
(H. Rep. No. 106–98, at 8 (1999)).

Here again, EPA believes Congress is 
clarifying its intent that State criteria to 
be approvable under section 303(i), 
must be at least as protective as EPA’s 
1986 bacteria criteria, but not 
necessarily the same as the 1986 
criteria. 

With respect to the State of 
Washington, EPA looked at the process 
that the State took in reviewing its fecal 
coliform standards for protecting 
recreation uses in marine waters. The 
State did this as part of its triennial 
review of water quality standards. The 
State undertook a multi-year process 
starting in the summer of 1996 and 
finishing in 2003. In this period, the 
State convened a multi-stakeholder 
technical workgroup to examine the 
technical merits of the State’s bacteria 
criteria, and documented the technical 
and policy issues evaluated by the 
work-group and its predecessor (see 
http://www.ecy.wa.gov/pubs/
0010072.pdf). The State used this 
information to focus discussions with 
numerous advisory panels both internal 
and external to the Washington 
Department of Ecology. The State held 
a formal 60-day public review and 
comment period on proposed revisions 
to its water quality standards (including 
adoption of EPA’s recommended 
enterococci criteria for Class AA and 
Class A marine waters), and as part of 
the public notification process, directly 
mailed out approximately 3320 
announcements, 550 email 
announcements, and 621 CDs to 
potential interested citizens, regulated 
businesses, governmental officials, and 
every city, county, and Tribe in the 
State. The State conducted eight public 
workshops and hearings regarding 

proposed changes to its standards at 
locations across the State. Finally, the 
State made all documents available to 
the public at its Web site at http://www.
ecy.wa.gov/programs/wq/swqs/
supporting_docs/supporting_docs.html. 

Based on the input from the various 
stakeholders in the State and the paired 
monitoring data for fecal coliform and 
enterococci, the State concluded that its 
fecal coliform criteria for marine waters 
is protective of the recreation use in 
these waters, and also is at least as 
protective of human health as EPA’s 
1986 bacteria criteria. Many 
stakeholders in Washington share this 
conclusion, as expressed in the public 
comments by many stakeholders on the 
State’s proposed water quality standards 
(see http://www.ecy.wa.gov/programs/
wq/swqs/supporting_docs/
public_comments.html) and comments 
by a Puget Sound public interest group 
and a Northern Pacific Ocean shellfish 
group on EPA’s proposed rule. Given 
this conclusion, the State and some 
stakeholders were concerned that the 
State adoption of the enterococci 
standard and the attendant new 
monitoring that this would entail would 
limit the State’s ability to monitor as 
comprehensively for fecal coliform as it 
does currently and thus provide the 
maximum assurance that its waters are 
meeting its protective 14/100 ml fecal 
coliform standard. However, this rule 
does not require monitoring. 

As discussed previously in this 
preamble, EPA reviewed the State’s data 
and determined that it shows that the 
State’s fecal coliform criterion is as 
protective as the 1986 bacteria criteria. 
Accordingly, EPA considers it 
appropriate and consistent with 
Congressional intent to exclude 
Washington from today’s Federal 
promulgation because the State has fully 
met its obligations under the Clean 
Water Act using a full and open public 
process and is ensuring protection of 
human health in the coastal recreation 
waters of Washington. 

EPA considers its analysis of the data 
provided by the State of Washington to 
only be relevant to the State’s waters. 
EPA does not agree that the Washington 
data show that use of a fecal coliform 
criterion of 4/100 ml is as protective of 
human health as the 1986 bacteria 
criteria for any other coastal recreation 
waters in the United States because the 
conditions of the Washington State 
waters may differ from waters of other 
States. The relationship between fecal 
coliform and enterococci in the data 
provided by the Washington 
Department of Ecology is an empirical 
relationship, and reflects the conditions 
of the water from which the samples 

were collected. EPA cannot determine 
without water-specific data the extent to 
which the Washington State waters 
where the samples were collected are 
representative of other waters in other 
parts of the United States. The 
Washington data reflect the pathogen 
sources in that area, the local rainfall 
which has an effect on pathogen 
loadings, the tidal flushing in the 
waters, and the temperature of the 
waters. Further, as noted above, the 
legislative history indicates that any 
State wishing to adopt criteria other 
than those in the 1986 bacteria criteria 
document, ‘‘has a duty to defend the 
criteria from a scientific perspective’’ 
and specifically to demonstrate that 
they are as protective of human health 
as EPA’s 1986 bacteria criteria. 

No other comments received by EPA 
included the type and amount of 
information that EPA views as necessary 
to demonstrate that fecal coliform 
criteria (or any other pathogen 
indicator) in any other State or Territory 
are as protective of human health as the 
1986 bacteria criteria. However, if 
following promulgation of this rule, 
some other State or Territory provides 
data to EPA sufficient to make this 
demonstration, EPA will approve such 
other criteria as meeting the 
requirements of section 303(i) and 
withdraw today’s Federal criteria from 
that State’s coastal recreation waters. 
EPA cautions, however, that given the 
focus of the BEACH Act on the specific 
indicators in EPA’s 1986 bacteria 
criteria document, there is a substantial 
burden of proof for States wishing to 
adopt criteria based on alternative 
indicators. EPA believes that both the 
process and quantity of information and 
data provided by Washington State in 
making this determination may provide 
guidance to any other State that wished 
to make a similar showing. 

2. Are the Standards for E. coli and 
Enterococci Derived From a 
Scientifically-Defensible Methodology 
That Links Them Quantitatively to an 
Acceptable Risk Level Under Clean 
Water Act Section 303(i)?

As discussed in section IV.B.2 of the 
preamble to today’s rule, EPA is 
promulgating water quality criteria that 
correspond to an illness rate of 0.8% for 
swimmers in freshwater and 1.9% for 
swimmers in marine waters. In deciding 
which States and Territories have 
already adopted water quality criteria as 
protective of human health as these 
criteria, EPA considered an illness rate 
of 1.0% of swimmers to be as protective 
as the 1986 bacteria criteria in 
determining whether to include a State 
or Territory in the rule. EPA explained 
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its reasons for this consideration in the 
proposed rule (69 FR 41724–41725). 
EPA would consider State or Territorial 
bacterial criteria for fresh coastal 
recreation waters to not be as protective 
of human health if the risk level of the 
criteria was above 1.0%. 

Some commenters addressed this 
topic. Of these, a majority agreed with 
EPA that a 1.0% illness rate in 
swimmers in freshwater is as protective 
of human health as the 1986 bacteria 
criteria for different reasons. One 
commenter said that a 1.0% illness rate 
would result in only a small increase in 
risk of illness and that would still be 
below the risk of illness in marine 
waters. Another commenter stated that 
the difference between 0.8% and 1.0% 
was well within the inherent variability 
in the criteria. One commenter 
expressed support for the 1.0% risk 
level but only if EPA had examined and 
analyzed all available updated 
epidemiological data in identifying an 
acceptable risk level. As explained in 
the proposal (69 FR 41724–41725), EPA 
conducted an external peer review of 
EPA’s analysis of the epidemiological 
data from EPA’s bacteriological studies 
on which the 1986 bacteria criteria 
document is based. 

Of the commenters who did not agree 
that the 1.0% illness rate was as 
protective of human health of the 1986 
bacteria criteria, most argued that there 
is no logical reason to allow for different 
acceptable illness rates in marine and 
freshwater. One commenter said that the 
increase from 0.8% to 1.0% in 
freshwater would increase the incidence 
of gastrointestinal illness by 25%. Three 
commenters believed that the illness 
rate for freshwater should be 0.8%, 
while one commenter felt that EPA 
should promulgate additional geometric 
mean and single sample maximum 
values relative to other risk levels. EPA 
disagrees that it should only consider an 
illness rate of 0.8% to be as protective 
of human health as the 1986 bacteria 
criteria document. As explained in the 
proposal, EPA does not see any a priori 
reason to require a greater level of 
protection for freshwaters than for 
marine waters, which account for the 
vast majority of swimming days in 
coastal recreation waters subject to 
section 303(i) of the Clean Water Act. 
See the proposed rule (69 FR 41724) for 
further discussion of EPA’s reasoning. 

3. Do the Standards Include Appropriate 
Single Sample Maximums for All 
Coastal Recreation Waters? 

As discussed in sections IV.B.3 and 
IV.B.4 of the preamble to today’s rule, 
EPA is promulgating water quality 
criteria that include separate single 

sample maximums for four categories of 
waters based on intensity of use, which 
allows the State or Territory to assign 
waters to the four use intensity 
categories. In determining whether 
existing State or Territorial water 
quality standards for coastal recreation 
waters are as protective of human health 
as EPA’s 1986 bacteria criteria, EPA 
determined whether the water quality 
standards include a single sample 
maximum for all coastal recreation 
waters and if designated bathing 
beaches have a single sample maximum 
based on at least the 75% confidence 
level. EPA considers this approach to be 
as protective as the 1986 bacteria 
criteria and also consistent with the 
criteria as discussed in section IV.B of 
the preamble to today’s rule. EPA 
included in the rule any State or 
Territory that does not cover all coastal 
recreation waters with a single sample 
maximum and that for designated 
bathing beaches does not have a single 
sample maximum based on at least the 
75% confidence level. EPA does not 
expect a State or Territory to use all four 
of the use categories identified in the 
criteria document for its standards to be 
at least as protective as the 1986 bacteria 
criteria. For example, a State that 
applied the 75% confidence based 
maximum to all waters would clearly be 
as protective as the 1986 bacteria 
criteria, even though it would only have 
a single use category. 

Most commenters agreed with this 
approach. Those that disagreed with it 
commented that the single sample 
maximum should not be a part of the 
water quality criteria but rather 
available for use as an implementation 
tool for monitoring at beaches. EPA 
addressed these comments in sections 
IV.B.3 and IV.B.4 of today’s preamble. 

EPA notes that all of the 35 coastal 
and Great Lakes States and Territories 
have identified coastal recreation waters 
where there are beaches or similar 
points of access (National List of 
Beaches, EPA–823–R–04–004, 69 FR 
24597, May 4, 2004). Also, all 35 of 
these States and Territories have 
received Clean Water Act section 406 
grants since 2002 for monitoring and 
notification of beach advisories or 
closures at beaches adjacent to coastal 
recreation waters. Today’s rule specifies 
that the highest use category with a 
single sample maximum based on the 
75% confidence level applies to all 
beaches meeting the definition of 
designated bathing beaches in 40 CFR 
131.41(b)(2) (‘‘* * * coastal recreation 
waters that, during the recreation season 
are heavily-used (based on an 
evaluation of use within the State) and 
may have: a lifeguard, bathhouse 

facilities, or public parking for beach 
access’’) and that the other use 
categories apply to lower use waters 
accordingly. Based on the applications 
for Clean Water Act section 406 grants, 
EPA expects that many coastal and 
Great Lakes States will have at least 
some beaches in the higher use 
categories. 

4. Do the Standards Exempt Fecal 
Contamination From Non-Human 
Sources? 

For the reasons discussed in section 
IV.B.7 of the preamble to today’s rule, 
EPA is promulgating the exemption for 
non-human sources expressed in the 
1986 bacteria criteria document. EPA is 
including in today’s rule those States 
and Territories for which the criteria 
include exemptions for non-human 
sources that are inconsistent with the 
exemption provision in the criteria 
document, as promulgated in today’s 
final rule. EPA addressed comments on 
this issue in section IV.B.7 of the 
preamble to this rule. 

5. Has EPA Approved the Standards? 
Under section 303(i)(1)(A) of the 

Clean Water Act, States and Territories 
must adopt water quality standards as 
protective of human health as EPA’s 
1986 bacteria criteria. Moreover, under 
40 CFR 131.21, EPA must approve State 
or Territorial water quality standards 
adopted after May 30, 2000, in order for 
those standards to be in effect for Clean 
Water Act purposes. Therefore, EPA 
must have approved State and 
Territorial standards for enterococci or 
E. coli adopted after May 30, 2000, as 
consistent with Clean Water Act section 
303(i) in order for EPA to exclude the 
State or Territory from the final rule. 
State and Territorial standards adopted 
prior to May 30, 2000, that are 
consistent with Clean Water Act section 
303(i) are in effect for Clean Water Act 
purposes even without explicit EPA 
approval. 

B. Which States and Territories Are 
Included in Today’s Rule? 

The proposed rule contains a State-
by-State summary of the status of each 
State or Territory (69 FR 41731–41735). 
EPA did not include any Tribes in the 
proposal because although there are 
Federally-recognized Tribes located 
next to either coastal or Great Lakes 
waters, none of those Tribes have 
coastal recreation waters as defined in 
40 CFR 131.41(b)(1). (See 69 FR 41735.)

Today, EPA is promulgating a rule 
that is identical with respect to the 
water quality criteria values to what 
EPA proposed. While there were some 
changes in other provisions of the rule, 
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none of these affected EPA’s 
determination with regard to specific 
States. Therefore, EPA is not excluding 
any other States from the final rule 
based on changes in the provisions of 
the final rule. 

Table 4 contains a summary of the 
status of each of the 35 States and 
Territories under today’s rule. EPA 
considered three possible reasons for a 
change in a State’s or Territory’s status 
from that described in the proposal: (1) 
Since the publication of the proposed 
rule, the State or Territory may have 
adopted (and EPA approved) water 
quality standards that are as protective 
of human health as the 1986 bacteria 
criteria; (2) the State’s or Territory’s 
water quality standards may now be 
viewed as being as protective of human 
health in light of EPA’s final decision 
with respect to the application of the 
single sample maximum in the final 
rule; and (3) new information submitted 
following publication of the proposal 
may have caused EPA to reassess its 
previous determination. During the 
period between publication of the 
proposal and the final rule, four States—
Delaware, Hawaii, Maryland, and South 
Carolina—and the Commonwealth of 
the Northern Mariana Islands adopted 
revised water quality criteria for 
pathogens. In addition, the State of 
Washington provided information that 
caused EPA to reassess its 
determination as to whether the State’s 
fecal coliform criterion of 14/100 ml is 
as protective of human health as the 
1986 bacteria criteria. Below, EPA 
describes the status of these States and 
Territory and provides an update on the 
status of several other States working to 
adopt water quality standards, as 
described in the preamble to the 
proposed rule.

TABLE 4.—CATEGORIZATION OF 35 
STATES/TERRITORIES WITH COAST-
AL RECREATION WATERS 

Not subject to 40 
CFR 131.41 

Subject to 40 CFR 
131.41 

Alabama Alaska 
American Samoa California 
Connecticut Florida 
Delaware 1 Georgia 
Guam Hawaii 
Indiana Illinois 
Michigan Louisiana 
New Hampshire Maine 
New Jersey Maryland 
Northern Mariana Is-

lands 1
Massachusetts 

South Carolina 1 Minnesota 
Texas Mississippi 
Virginia New York 
Washington 1 North Carolina 

TABLE 4.—CATEGORIZATION OF 35 
STATES/TERRITORIES WITH COAST-
AL RECREATION WATERS—Contin-
ued

Not subject to 40 
CFR 131.41 

Subject to 40 CFR 
131.41 

Ohio 
Oregon 
Pennsylvania 
Puerto Rico 
Rhode Island 
Virgin Islands 
Wisconsin 

1 These States were removed from 40 CFR 
131.41 following publication of the proposed 
rule. 

Commonwealth of the Northern Mariana 
Islands 

The Attorney General for the 
Commonwealth of the Northern Mariana 
Islands certified the adoption of 
revisions to their water quality 
standards on September 30, 2004. These 
revisions add single sample maximum 
standards of 104/100 ml for Class AA 
waters and 276/100 ml for Class A 
waters in the Commonwealth of the 
Northern Mariana Islands. Along with 
the bacteria standards that 
Commonwealth of the Northern Mariana 
Islands adopted and EPA approved in 
1997, the revised standards will fully 
satisfy the requirements of the Clean 
Water Act. On October 28, 2004, EPA 
approved the revised standards and the 
Commonwealth of the Northern Mariana 
Islands is not included in the rule. 

Delaware 

On September 17, 2004, Delaware 
submitted to EPA newly adopted 
criteria for all its coastal recreation 
waters. The State’s criteria specify a 
geometric mean of 35/100 ml and a 
single sample maximum of 104/100 ml 
for enterococci for all primary contact 
recreation marine waters. Delaware’s 
regulations also limit the application of 
the criteria when the bacteria comes 
from wildlife sources. The State has 
submitted documentation to EPA in 
support of its source tracking 
methodology for bacteria, together with 
epidemiological work on illness rates 
from bacteria of wildlife origin. The 
State uses the source information to 
apply a factor to bacteria from wildlife 
sources that accounts for illness risk 
from such bacteria. EPA reviewed the 
submitted criteria in accordance with 
this rule and on November 4, 2004, 
approved the specific numeric criteria 
as meeting the requirements of both 
sections 303(c) and 303(i) of the Clean 
Water Act. EPA is discussing the State’s 
methodology for source tracking with 

the State and is reviewing it to 
determine whether it meets the 
requirements of the Clean Water Act 
and this rule. Until EPA approves this 
limitation, for purposes of the Clean 
Water Act, Delaware’s bacteria criteria 
for primary contact recreation apply to 
enterococci bacteria regardless of the 
source. As a result, Delaware is not 
included in today’s rule. 

Hawaii 
On September 21, 2004, Hawaii 

adopted bacteria criteria for its coastal 
estuaries, and a single sample maximum 
for coastal waters within 300 meters 
(1000 feet) of the shore. The criteria are 
for enterococci and have a geometric 
mean of 33/100 ml and a single sample 
maximum of 89/100 ml in coastal 
estuaries. These newly adopted criteria 
also contain a single sample maximum 
of 100/100 ml in coastal waters within 
300 meters from shore to complement 
the existing geometric mean for coastal 
waters. On October 28, 2004, EPA 
approved these criteria. However, 
Hawaii still has no numeric criteria 
protecting State waters beyond 300 
meters from shore, although these 
waters are designated for recreation in 
the State’s water quality standards. 
Therefore, EPA is including Hawaii in 
this rule but only for the lack of criteria 
in State waters beyond 300 meters from 
shore. 

Maryland 
On July 5, 2004, Maryland adopted 

new criteria for all its coastal recreation 
waters. These criteria specify a 
geometric mean of 35/100 ml 
enterococci for all recreation waters and 
at least a single sample maximum of 
104/100 ml for those waters that are 
designated natural bathing areas under 
the State regulations. EPA is reviewing 
these criteria in accordance with this 
rule and is consulting with the State 
regarding the intent and meaning of the 
State regulations. EPA and Maryland 
have not concluded discussions of the 
applicability of the State criteria. 
Because Maryland does not yet have 
approved criteria, EPA is including 
Maryland in this rule. If EPA determines 
that Maryland’s standards comply with 
Clean Water Act 303(i), they will 
become immediately effective for Clean 
Water Act purposes, as specified in 40 
CFR 131.41(d)(1). 

South Carolina 
On June 25, 2004, South Carolina 

adopted criteria for all of its coastal 
recreation waters consistent with EPA’s 
1986 bacteria criteria. The criteria are 
for enterococci and have a geometric 
mean of 35/100 ml, a single sample 
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maximum of 104/100 ml for coastal 
waters designated by South Carolina as 
Classes SFH (Shellfish Harvesting) and 
SA, and a single sample maximum of 
501/100ml for coastal waters designated 
by South Carolina as Class SB. However, 
the South Carolina water quality 
standard delays the applicability of the 
enterococci criteria for permit effluent 
limits until such time that EPA 
publishes analytical methods for 
enterococci in effluents. On October 7, 
2004, EPA disapproved part of the 
South Carolina standards and approved 
the remainder of the standards that 
pertain to pathogens and pathogen 
indicators. EPA considers the approved 
water quality standards to be as 
protective of human health as EPA’s 
1986 bacteria criteria, and South 
Carolina is not included in the rule. 

Washington 
The Washington Department of 

Ecology submitted data consisting of 
paired samples of fecal coliform and 
enterococci measurements collected in 
Puget Sound, the Strait of Juan de Fuca, 
and the Pacific Ocean embayments. The 
Department of Ecology considers this 
information as sufficient to demonstrate 
that use of the State’s fecal coliform 
criterion of 14/100 ml ensures that 
enterococci concentrations are below 
the 1986 bacteria criteria, and requested 
that EPA consider the State’s fecal 
coliform criterion to be as protective of 
human health as the 1986 bacteria 
criteria. As discussed in section V.A.1 of 
the preamble, EPA reviewed these data 
and has determined that the Washington 
fecal coliform criterion of 14/100 ml is 
as protective of human health as the 
1986 bacteria criteria. The Washington 
fecal coliform criterion applies to all 
marine waters with primary contact 
recreation use, and thus applies to all 
coastal recreation waters. Therefore, 
Washington is not included in the rule. 

Maine 
EPA is also making a minor change 

with respect to including Maine in 
today’s final rule. As explained in the 
preamble to the proposal (69 FR 41733), 
EPA intended to exclude Maine’s Class 
SA waters from coverage under the rule; 
however, EPA failed to list Maine’s 
Class SA waters as excluded in the 
regulatory text of 40 CFR 131.41(e)(2). 
EPA has corrected this omission in 
today’s final rule.

Other States 
EPA identified two other States or 

Territories that, at the time of proposal, 
intended to adopt EPA’s 1986 bacteria 
criteria by September 30, 2004. These 
were Illinois and the Virgin Islands. 

However, neither Illinois nor the Virgin 
Islands adopted the criteria and 
received EPA approval as of the 
signature of today’s rule. 

C. Under What Conditions Will States 
and Territories Be Removed From 
Today’s Rule? 

State and Territorial standards for 
bacteria approved by EPA pursuant to 
Clean Water Act sections 303(c) and 
303(i) will be in effect for Clean Water 
Act purposes, and the Federal criteria 
for 40 CFR 131.41 will no longer apply. 
EPA recognizes that once it approves 
the water quality standards of the State 
or Territory, the Code of Federal 
Regulations will still include a reference 
to the State in 40 CFR 131.41 until EPA 
formally withdraws the State or 
Territory from the Federal rule, and 
thereby the Code of Federal Regulations. 
However, the State and Territorial 
standards for bacteria approved by EPA 
pursuant to Clean Water Act sections 
303(c) and 303(i) will be in effect for 
Clean Water Act purposes (and not the 
Federal criteria at 40 CFR 131.41) 
between the time EPA approves the 
State standards and formal withdrawal 
of the State or Territory from the rule. 

A State or Territory may adopt and 
submit partial water quality standards 
for EPA’s review and approval under 
today’s rule. EPA envisions two types of 
partial water quality standards 
submittals with different results. If a 
State adopts and submits water quality 
standards that meet all the requirements 
discussed in today’s rule but the 
standards apply only to a portion of the 
State’s coastal recreation waters, EPA 
expects to approve the State standards 
for the coastal recreation waters to 
which they apply, and today’s Federal 
standards would continue to apply to all 
coastal recreation waters that are not 
addressed in the submittal. The 
combination of the approved State and 
Federal standards serve to meet the 
requirements of Clean Water Act section 
303(i). If a State adopts and submits 
standards for all of its coastal recreation 
waters but the standards do not satisfy 
all of the considerations described in 
today’s rule as necessary for EPA to 
make a determination that the State 
standards are as protective of human 
health as the 1986 bacteria criteria, EPA 
expects to disapprove the entire 
submittal and today’s Federal standards 
would continue to apply to the State’s 
coastal recreation waters. For example, 
a State might adopt water quality 
standards that contain only a geometric 
mean for marine waters of 35/100 ml for 
enterococci and not a single sample 
maximum provision. This would not be 
sufficient to satisfy section 303(i). EPA 

anticipates that it would be 
administratively unworkable to approve 
State standards in piecemeal fashion 
and to supplement piecemeal State 
standards with components of today’s 
rule, as in the example of a State that 
adopts a State geometric mean but must 
still retain a Federal single sample 
maximum for its coastal recreation 
waters. 

VI. Response to Additional Significant 
Public Comments 

EPA has prepared a Comment 
Response Document, which addresses 
the comments that EPA received and is 
included in the docket for today’s rule. 
Below, EPA provides a summary of its 
responses to four additional categories 
of significant comments. 

A. 1986 Bacteria Criteria 
Some commenters raised concerns 

about EPA’s 1986 bacteria criteria. The 
bulk of the comments questioned the 
reliability of the studies on which EPA 
based the criteria. Some remarked that 
the studies evaluated in the criteria 
document did not appropriately select 
test sites because the test sites were all 
located on the East Coast and therefore 
may not represent conditions on the 
West Coast; the test sites had only one 
source of pollution (human); and no 
control sites were used. In addition, 
commenters characterized the data as 
anecdotal rather than clinical in nature 
(e.g., blood and stool samples) and 
suggested that the studies did not 
ensure that the reported illnesses were 
due to pathogens relating to bathing in 
the water. Others questioned EPA’s 
chosen risk levels. One commenter 
suggested other possible indicators. 
Others commented on the lack of EPA 
follow-up epidemiological studies since 
1986. 

EPA acknowledges these comments, 
but notes that Clean Water Act section 
303(i) requires States and Territories 
with coastal recreation waters to adopt 
water quality criteria for bacteria as 
protective of human health as the 
criteria published by EPA under Clean 
Water Act section 304(a). Section 303(i) 
was added to the Clean Water Act in 
2000 by the BEACH Act. At the time the 
BEACH Act was enacted, the current 
Clean Water Act section 304(a) criteria 
were EPA’s 1986 bacteria criteria 
because these are EPA’s only currently 
recommended bacteria criteria for 
protection of primary contact recreation 
waters. The legislative history makes it 
clear that Congress recognized that 
EPA’s 1986 bacteria criteria have flaws, 
but also that Congress wanted States to 
adopt standards based on them by April 
10, 2004, despite those flaws, 
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presumably because Congress thought 
the 1986 bacteria criteria are better than 
what it characterized as ‘‘outdated’’ 
criteria used by some States. (See H. 
Rep. No. 106–98, at 6 (1999); see 
generally S. Rep. No. 106–366 (2000) 
and H. Rep. No. 106–98.) 

EPA had reviewed its original studies 
supporting its recommended 1986 water 
quality criteria for bacteria and the 
literature on human health research 
conducted since EPA completed the 
original studies of health effects 
associated with swimming in marine 
and freshwater, as discussed on pages 
10–13 of the Implementation Guidance 
for Ambient Water Quality Criteria for 
Bacteria (EPA–823–B–02–003, May 
2002 Draft) . Based on these reviews, 
EPA has confirmed that the 1986 EPA 
recommended water quality criteria for 
bacteria are protective of human health 
against acute gastrointestinal illness. 

The epidemiological studies used to 
develop the criteria were themselves 
peer reviewed. The marine studies were 
peer reviewed in the Journal of the 
American Public Health Association. 
EPA’s Office of Research and 
Development reviewed the freshwater 
studies. The Harvard School of Public 
Health evaluated the epidemiology test 
protocol for both fresh and marine 
studies, and the University of Pittsburgh 
Center for Excellence provided an 
independent review of the results of the 
epidemiology studies. Finally, the 1986 
bacteria criteria were reviewed by the 
public when EPA published a Federal 
Register notice concerning the criteria 
(49 FR 21987, May 24, 1984). 

While Congress directed in Clean 
Water Act section 303(i) that, by April 
9, 2004, States and Territories adopt 
criteria as protective as EPA’s current 
criteria, Congress also recognized that 
‘‘EPA’s 1986 criteria need to be updated 
to improve the scientific basis for 
identifying pathogens in coastal 
waters.’’ S. Rep. No. 106–366, at 2. To 
address this concern, Congress amended 
Clean Water Act section 304(a) to 
require EPA to ‘‘publish [within five 
years of enactment of the BEACH Act] 
new or revised water quality criteria for 
pathogens and pathogen indicators 
(including a revised list of testing 
methods, as appropriate), based on the 
results of the studies conducted * * * 
for the purpose of protecting human 
health in coastal recreation waters.’’ See 
Clean Water Act section 304(a)(9). Thus, 
while Congress recognized that the 1986 
bacteria criteria need improvement, 
Congress still required States and 
Territories to adopt water quality 
standards as protective of human health 
as the 1986 bacteria criteria. EPA is 
currently conducting epidemiological 

studies on potential health risks 
resulting from exposure to pathogens or 
pathogen indicators in coastal recreation 
waters, as required under this section of 
the Clean Water Act. Once EPA 
publishes these new criteria, EPA 
expects that States and Territories will 
begin to adopt water quality standards 
as protective of human health as the 
new criteria for coastal and Great Lakes 
recreation waters, as required by Clean 
Water Act section 303(i)(1)(B).

B. Economics 
Some commenters noted that, if the 

rule imposes single sample maximums 
as ‘‘not-to-be-exceeded’’ values, the 
geometric mean component of the 
criteria would be significantly different 
from the geometric mean values in most 
State current fecal coliform bacteria 
criteria for recreation. For fecal coliform 
criteria to protect recreational uses, 
most State criteria include a geometric 
mean value and a threshold value not to 
be exceeded in more than 10% of the 
samples. Some commenters state that 
there will be a substantial cost 
difference to regulated entities if the 
rule imposes single sample maximums 
for E. coli or enterococci as ‘‘not-to-be 
exceeded’’ values, noting that EPA’s 
economic analysis in the proposal does 
not address the cost of controlling 
discharges from combined sewer 
overflows, sanitary sewer overflows, 
and municipal separate storm sewer 
systems to meet such single sample 
maximums, and that EPA’s cost 
estimates for controlling these sources 
in other regulatory and policy actions 
are not based on a single sample 
maximum as a never-to-be exceeded 
criterion for Clean Water Act purposes. 

Today’s rule does not treat single 
sample maximums as a requirement that 
may never be exceeded in all instances. 
Single sample maximums are values 
that indicate, with a certain degree of 
confidence, that a waterbody may 
exceed the geometric mean. The State 
can collect additional data on a 
receiving water if it believes that the 
violation of the single sample maximum 
does not indicate violation of the 
geometric mean, as described in the 
preamble to today’s rule. 

For its economic analysis, EPA 
evaluated the potential controls for 
publicly owned treatment plants and 
industrial facilities likely to discharge 
bacteria to meet permit limits based on 
the single sample maximums as never-
to-be exceeded values to provide a 
conservatively high estimate of cost. In 
reality, States and Territories have 
flexibility in implementing the criteria 
in National Pollutant Discharge 
Elimination System permits. EPA also 

assumed that none of the States covered 
by the rule had adopted E. coli or 
enterococci as the applicable water 
quality standard whereas several of the 
States in today’s rule have water quality 
standards for E. coli or enterococci 
already in place for some of their coastal 
recreation waters. This also led to a 
higher estimate of cost than may 
actually be incurred. EPA addresses 
discharges of bacteria from municipal 
separate storm sewers, combined sewer 
overflows, sanitary sewer overflows, 
and nonpoint sources (e.g., agriculture) 
to coastal waters in existing regulations 
and policies, and has tallied potential 
control costs to comply with those 
regulations and policies as part of 
analyses for those actions. In general, 
the best management practices or 
treatment controls for wet weather 
discharges that are designed to meet 
fecal coliform standards in a waterbody 
are also the best management practices 
or treatment controls used to address E. 
coli and enterococci. Because of the 
substantial variability in bacterial 
indicators and the site-specific 
effectiveness of control measures, EPA 
is not able to determine at this time if 
additional measures will ultimately be 
necessary to meet criteria based on the 
new indicators. Compliance with 
pathogen standards is best achieved 
through an adaptive management 
approach based on cost-effective 
management practices and control 
measures coupled with on-going 
monitoring and revision of control plans 
as necessary. 

C. Analytical Methods 
EPA received a few comments on the 

topic of analytical methods. One 
commenter expressed concern that EPA 
has not published EPA-approved 
analytical methods for measuring 
enterococci and E. coli in effluent. EPA 
recognizes that it has not yet published 
analytical methods for measuring 
enterococci and E. coli in effluents. EPA 
published its methods for measuring 
enterococci and E. coli in ambient 
waters on July 21, 2003, and is now in 
the process of proposing methods for 
measuring these pathogen indicators in 
effluent. EPA has completed its inter-
laboratory study of method 1600 for 
enterococci and method 1603 for E. coli 
in secondary treated effluents, and has 
determined that the variability found in 
this study support publication of a 
proposed method for effluents. EPA is 
moving expeditiously to promulgate 
these methods. 

Three commenters noted that the 
inter-laboratory study for enterococci 
and E. coli methods discussed above did 
not address pulp and paper effluents, 
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and that these effluents are suspected of 
containing E. coli and enterococci 
independent of fecal matter. As a result, 
the commenters suggest that EPA 
complete validation studies of 
enterococci and E. coli methods for pulp 
and paper effluents before requiring 
States to implement the criteria in 
National Pollutant Discharge 
Elimination System permits for pulp 
and paper facilities. EPA disagrees that 
it must complete additional validation 
studies before States use the criteria for 
permits. EPA has completed its inter-
laboratory validation for EPA Methods 
1600 and 1603 for effluents, and is in 
the process of proposing these methods. 
In addition, EPA is currently completing 
its inter-laboratory validation for EPA 
Methods 1103.1 and 1106.1 in effluents, 
and intends to propose them after the 
validation process is completed. EPA 
did not specifically use pulp and paper 
effluent matrices in the study. EPA 
method validation studies typically 
include several representative matrices 
and are not intended to include every 
potential effluent matrix to which a 
method may be applicable. In addition, 
EPA notes that its National Pollutant 
Discharge Elimination System 
regulations do not require that 
compliance monitoring for National 
Pollutant Discharge Elimination System 
permits be based on EPA-approved 
methods. 40 CFR 122.41(j)(4) provides 
that monitoring results must be 
conducted according to test procedures 
approved under 40 CFR Part 136 unless 
other test procedures have been 
specified in the permit. States 
implementing the criteria in National 
Pollutant Discharge Elimination System 
permits may thus specify some other 
analytical method that the permittee is 
to use for compliance monitoring. Of 
course, any such method must be 
scientifically defensible, which usually 
means that it has been tested and 
verified by some other recognized 
standard setting or method development 
body. Permittees who believe that a 
particular method is not appropriate or 
reliable for their effluent may present 
documentation of this concern to the 
permitting authority for consideration in 
determining compliance monitoring 
requirements. 

D. Effective Date 
Section 553 of the Administrative 

Procedure Act provides that a 
substantive rule shall be published not 
less than 30 days before its effective 
date, except under certain 
circumstances. EPA is promulgating 
today’s rule with an effective date of 30 
days after publication in the Federal 
Register in order to make the water 

quality criteria effective as soon as 
possible and available for use in 
assessing beach safety and for other 
Clean Water Act purposes. This will 
serve to protect human health at coastal 
recreation waters.

EPA received two comments on this 
issue. One commenter requested that 
EPA delay promulgating the rule until 
July 2005 and another commenter 
suggested that EPA delay the effective 
date for 90 days so that a State could 
complete its own promulgation of water 
quality standards based on the 1986 
bacteria criteria. EPA disagrees that it 
should allow more than 30 days because 
this would delay the time at which 
States and Territories will begin using 
today’s water quality criteria to govern 
decisions about opening and closing 
beaches and for other Clean Water Act 
purposes. EPA understands the interest 
of the commenters in having their State 
standards serve as the effective 
standards for Clean Water Act purposes. 
If a State adopts, and EPA approves, 
standards satisfying Clean Water Act 
section 303(i) shortly after the effective 
date of this rule, the State criteria will 
immediately replace the criteria in 
today’s rule for Clean Water Act 
purposes within the State, consistent 
with 40 CFR 131.41(d)(i). EPA does not 
expect that a short window during 
which Federal standards are in effect 
will unduly disrupt on-going State 
water quality standards programs. 
Therefore, EPA is making the rule 
effective 30 days after publication in the 
Federal Register. 

VII. Alternative Regulatory Approaches 
and Implementation Mechanisms 

States and Territories have 
considerable discretion in designating 
uses. A State or Territory may find that 
changes in use designations are 
warranted. EPA will review any new or 
revised use designations adopted by 
States or Territories for coastal 
recreation waters covered by this rule to 
determine if the standards meet the 
requirements of the Clean Water Act 
and implementing regulations. In 
adopting recreation uses, the States and 
Territories may wish to consider 
additional categories of recreation uses. 
If States and Territories change the 
designated use of a waterbody 
consistent with Clean Water Act section 
303(c) and the regulations at 40 CFR 
Part 131, such that they are no longer 
designated for swimming, bathing, 
surfing, or similar water contact 
activities, then the waterbody would not 
be covered by the Clean Water Act 
definition of ‘‘coastal recreation waters’’ 
or this rule. 

EPA reminds the States and 
Territories that they must conduct use 
attainability analyses as required by 40 
CFR 131.10(g) when adopting water 
quality standards that do not include 
the uses specified in Clean Water Act 
section 101(a)(2) or with subcategories 
of the designated uses specified in Clean 
Water Act section 101(a)(2) that require 
less stringent criteria (see 40 CFR 
131.10(j)), than those currently in effect. 

VIII. Economic Analysis 
These water quality standards may 

serve as a basis for development of 
National Pollutant Discharge 
Elimination System permit limits. Many 
of the affected jurisdictions (i.e., States 
and Territories) are the National 
Pollutant Discharge Elimination System 
permitting authorities, which retain 
considerable discretion in implementing 
standards. EPA evaluated the potential 
costs to National Pollutant Discharge 
Elimination System dischargers in 
affected jurisdictions associated with 
State and Territorial implementation of 
today’s standards. This analysis is 
documented in ‘‘’Economic Analysis for 
Final Water Quality Standards for 
Coastal Recreation Waters,’’’ which can 
be found in the record for this 
rulemaking. 

Any National Pollutant Discharge 
Elimination System-permitted facility 
that discharges to waterbodies affected 
by this rule could potentially incur 
compliance costs. The types of affected 
facilities may include industrial 
facilities and publicly owned treatment 
works (POTWs) discharging sanitary 
wastewater to surface waters (i.e., point 
sources). In addition, EPA addresses 
discharges of bacteria from municipal 
separate storm sewer systems, combined 
sewer overflows, and sanitary sewer 
overflows to coastal waters in existing 
regulations and policies, and has tallied 
potential control costs as part of the 
analyses for those actions. EPA expects 
that States and municipalities will 
continue to use the same types of 
controls to come into compliance with 
the revised criteria as are currently used 
for compliance with existing regulations 
and policies. Available evidence 
suggests that if discharges are controlled 
in such a way that fecal coliform criteria 
are met, it is likely that enterococci and 
E. coli criteria would also be met, and 
there would not be an increase in 
impaired waters, resulting in additional 
Total Maximum Daily Loads, though not 
enough is known about the relationship 
between sources, controls, and the 
various indicators to conclude this with 
any certainty at this time. EPA did not 
evaluate the costs of this rule to 
Concentrated Animal Feeding 
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Operations because the regulations for 
Concentrated Animal Feeding 
Operations prohibit discharges except in 
unusual circumstances (i.e., very large 
storms) and therefore those entities are 
unlikely to incur any additional costs as 
a result of today’s rule. EPA did not 
evaluate the potential for costs to 
nonpoint sources, such as agricultural 
runoff. Finally, EPA did not attempt to 
quantify the potential benefits of the 
rule. 

EPA recognizes that a State or 
Territory may decide to require controls 
for nonpoint sources (e.g., agricultural 
runoff). However, it is difficult to model 
and evaluate the potential costs impacts 
of this rule to those sources because 
they are intermittent, highly variable, 
and occur under different hydrologic or 
climatic conditions than continuous 
discharges from industrial and 
municipal facilities, which EPA 
evaluates under critical low flow or 
drought conditions. Also, data on 
instream and discharge levels of bacteria 
after States have implemented controls 
to meet current water quality standards 

based on fecal coliform are not 
available. Therefore, trying to determine 
which sources would not achieve 
standards based on E. coli or enterococci 
after complying with existing 
regulations and policies may not be 
possible, and would be extremely time 
and resource intensive. Finally, it is 
likely that controls needed to meet 
existing criteria (assumed for the 
purpose of costing to be fecal coliform 
for all States covered by the rule) would 
also address water quality problems 
indicated by criteria for E. coli or 
enterococci. 

A. Identifying Affected Facilities 
EPA identified approximately 734 

point source facilities that may be 
affected by the rule. Of these potentially 
affected facilities, 306 are classified as 
major dischargers, and 428 are minor 
dischargers. EPA did not include 
general permit facilities in its analysis 
because data for such facilities are 
extremely limited, and flows are usually 
negligible. Furthermore, EPA could not 
determine if any of these facilities with 
general permits actually discharge to the 

affected water bodies because facility 
location information is not available in 
EPA’s Permit Compliance System 
database. 

Of the facilities located in 
jurisdictions included in the rule, EPA 
evaluated that subset of facilities with 
individual permits that discharge within 
two miles of coastal waters or the Great 
Lakes. EPA identified these facilities by 
relating facility information to the 
potentially affected waters using 
Geographic Information System 
software. EPA also assumed that only 
wastewater treatment plants or facilities 
with similar effluent characteristics (i.e., 
facilities having the potential to 
discharge bacteria in the form of fecal 
matter) may be affected. For those 
facilities for which latitude/longitude 
data are not included in the Permit 
Compliance System, EPA included only 
facilities for which the receiving 
waterbody name in the Permit 
Compliance System indicates a coastal 
water (e.g., Pacific Ocean, Lake Erie). 
Table 5 summarizes these potentially 
affected facilities by type and category.

TABLE 5.—POTENTIALLY AFFECTED FACILITIES 1 

Category 

Number of Facilities 

Total 
Major 2 

Minor 

Municipal Other 3 

Coastal ............................................................................................................. 242 233 100 575 
Great Lakes ..................................................................................................... 64 75 20 159 

Total .......................................................................................................... 306 308 120 734 

1 Facilities from States and Territories included in the rule that discharge within two miles of coastal waters or the Great Lakes. 
2 No major industrial facilities are affected by the rule. However, 4 other facilities (SIC codes 9711 and 9999) are included because their 

names indicate that they are wastewater treatment plants. 
3 Includes the following standard industrial classifications: eating places (5812), drinking places (5813), operators of nonresidential buildings 

(6512), operators of apartment buildings (6513), operators of dwellings other than apartment buildings (6514), operators of residential mobile 
home sites (6515), hotels and motels (7011), recreational vehicle parks and campsites (7033), organization hotels and lodging houses (7041), 
physical fitness facilities (7991), amusement and recreation services (7999), skilled nursing care facilities (8051), general medical and surgical 
hospitals (8062), elementary and secondary schools (8211), colleges, universities, and professional schools (8221), civic, social, and fraternal as-
sociations (8641), private households (8811). Also includes the following SICs if the facility name suggests that they may discharge sanitary 
waste: operative builders (1531), sanitary services, not elsewhere classified (4959), real estate agents and managers (6531), business associa-
tions (8611), religious organizations (8661), services not elsewhere classified (8999), air and water resource and solid waste management 
(9511), national security (9711), and nonclassifiable establishments (9999). 

B. Method for Estimating Potential 
Compliance Costs 

To estimate costs, EPA evaluated the 
15 major municipal facilities with 
design flows greater than 120 mgd, thus 
ensuring that the facilities with the 
potential for the largest costs would be 
evaluated. For the remaining facilities, 
EPA evaluated a sample of facilities to 
represent discharger type and category. 

The Permit Compliance System does 
not contain E. coli or enterococci 
effluent data for any of the sample 
facilities. Therefore, to evaluate 
potential costs associated with the E. 
coli criteria, EPA assumed that 100% of 

the fecal coliform measured at the 
sample facilities is E. coli because E. coli 
is a type of fecal coliform. EPA assumed 
that all potentially affected facilities 
need effluent limits that are required to 
meet both the applicable geometric 
mean and single sample maximum 
values promulgated in today’s rule. 
Based on the last 3 years of data, EPA 
thus estimated that facilities with 
average monthly effluent levels 
exceeding a geometric mean of 126/100 
ml, or maximum daily levels exceeding 
235/100 ml, would most likely need 
treatment controls to meet potential 
permit limits based on today’s rule. 

Enterococci are fecal bacteria in the 
fecal streptococcus group, and their 
relationship to fecal coliform bacteria is 
uncertain. Therefore, for coastal 
facilities, EPA used data and 
information in the literature regarding 
the ratio of fecal coliform to enterococci 
in untreated sewage, and the 
inactivation of both of these bacteria at 
minimum disinfection levels, to identify 
the concentrations of fecal coliform (as 
related to enterococci) that may indicate 
a need for controls. Data in the literature 
indicate that the ratio of fecal coliform 
to fecal streptococcus in untreated 
sewage ranges from about 4 to 28. EPA 
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used the most conservative (i.e., erring 
on the side of overestimating costs) ratio 
of 4 (i.e., fecal coliform levels are 4 
times fecal streptococcus levels) to 
estimate the fecal coliform levels at 
which facilities would need treatment to 
comply with the enterococci criteria. A 
ratio of 4 translates to fecal coliform 
levels of 140 fecal coliform per 100 ml 
(4 * 35 = 140/100 ml); however, for 
consistency with the Great Lakes 
analysis, EPA estimated costs based on 
meeting a more stringent value of 126 
fecal coliform per 100 ml. In addition, 
EPA assumed that coastal facilities with 
maximum fecal coliform effluent values 
exceeding 235 colonies per 100 ml 
would need treatment controls (even 
though 235/4 = 59, which is more 
stringent than the single sample 
maximum value of 104 in the final rule). 

Experiences from four facilities 
currently having effluent limitations to 
meet E. coli and enterococci criteria, as 
well as the current fecal coliform 
criteria, suggest that chlorination 
processes can be upgraded or adjusted 
to treat the levels of bacteria necessary 
for compliance with effluent limitations 
based on today’s rule. Therefore, EPA 
estimated that optimization of existing 
disinfection processes would enable the 
sample facilities to comply with the 
rule. Process optimization usually 
involves process analysis and process 
modifications, and EPA’s cost estimates 
include both capital and operating and 
maintenance costs. 

C. Results 

Based on the results for the 15 
facilities with flows greater than 120 
mgd, and extrapolating the sample 
results to the remaining potentially 
affected facilities, EPA estimated a total 
annual cost of approximately $20 
million ($13 million for coastal 
facilities, and $7 million for Great Lakes 
facilities). EPA estimates that 
approximately 70 major and 20 minor 
permittees could incur control costs as 
a result of permit modifications to 
include limits based on the criteria in 
today’s rule. 

IX. Statutory and Executive Order 
Reviews 

A. Executive Order 12866: Regulatory 
Planning and Review 

Under Executive Order 12866 (58 FR 
51735, October 4, 1993), the Agency 
must determine whether the regulatory 
action is ‘‘significant’’ and therefore 
subject to Office of Management and 
Budget (OMB) review and the 
requirements of the Executive Order. 
The Order defines ‘‘significant 

regulatory action’’ as one that is likely 
to result in a rule that may: 

(1) Have an annual effect on the 
economy of $100 million or more or 
adversely affect in a material way the 
economy, a sector of the economy, 
productivity, competition, jobs, the 
environment, public health or safety, or 
State, local, or tribal governments or 
communities; 

(2) Create a serious inconsistency or 
otherwise interfere with an action taken 
or planned by another agency; 

(3) Materially alter the budgetary 
impact of entitlements, grants, user fees, 
or loan programs or the rights and 
obligations of recipients thereof; or 

(4) Raise novel legal or policy issues 
arising out of legal mandates, the 
President’s priorities, or the principles 
set forth in the Executive Order. 

Pursuant to the terms of Executive 
Order 12866, it has been determined 
that this rule is a ‘‘significant regulatory 
action.’’ As such, this action was 
submitted to OMB for review. Changes 
made in response to OMB suggestions or 
recommendations are documented in 
the public record. 

B. Paperwork Reduction Act 

This action does not impose an 
information collection burden under the 
provisions of the Paperwork Reduction 
Act (44 U.S.C. 3501 et seq.). It does not 
include any information collection, 
reporting, or record-keeping 
requirements. 

Burden means the total time, effort or 
financial resources expended by persons 
to generate, maintain, retain, or disclose 
or provide information to or for a 
Federal agency. This includes the time 
needed to review instructions; develop, 
acquire, install, and utilize technology 
and systems for the purposes of 
collecting, validating, and verifying 
information, processing and 
maintaining information, and disclosing 
and providing information; adjust the 
existing ways to comply with any 
previously applicable instructions and 
requirements; train personnel to be able 
to respond to a collection of 
information; search data sources; 
complete and review the collection of 
information; and transmit or otherwise 
disclose the information. 

An agency may not conduct or 
sponsor, and a person is not required to 
respond to a collection of information 
unless it displays a currently valid OMB 
control number. The OMB control 
numbers for EPA’s regulations in 40 
CFR are listed in 40 CFR Part 9. 

C. Regulatory Flexibility Act 

The Regulatory Flexibility Act (RFA), 
as amended by the Small Business 

Regulatory Enforcement Fairness Act of 
1996 (SBREFA), 5 U.S.C. 601 et seq., 
generally requires an agency to prepare 
a regulatory flexibility analysis of any 
rule subject to notice and comment 
rulemaking requirements under the 
Administrative Procedure Act or any 
other statute unless the agency certifies 
that the rule will not have a significant 
economic impact on a substantial 
number of small entities. Small entities 
include small businesses, small 
organizations and small governmental 
jurisdictions. 

For purposes of assessing the impacts 
of today’s rule on small entities, small 
entity is defined as: (1) A small business 
according to RFA default definitions for 
small business (based on Small Business 
Administration size standards); (2) a 
small governmental jurisdiction that is a 
government of a city, county, town, 
school district or special district with a 
population of less than 50,000; and (3) 
a small organization that is any not-for-
profit enterprise which is independently 
owned and operated and is not 
dominant in its field.

After considering the economic 
impacts of today’s rule on small entities, 
I certify that this action will not have a 
significant economic impact on a 
substantial number of small entities. As 
discussed below, these water quality 
standards do not directly apply to any 
discharger, including small entities. 

Clean Water Act section 303(i)(2)(A) 
requires that if a State or Territory fails 
to adopt water quality criteria and 
standards in accordance with paragraph 
(1)(A) that are as protective of human 
health as the criteria for pathogen 
indicators for coastal recreation waters 
published by the Administrator, the 
Administrator shall promptly propose 
regulations for the State or Territory 
setting forth revised or new water 
quality standards for pathogen 
indicators described in paragraph (1)(A) 
for coastal recreation waters of the State 
or Territory. These State standards (or 
EPA-promulgated standards) are 
implemented through various water 
quality control programs including the 
National Pollutant Discharge 
Elimination System program, which 
limits discharges to navigable waters 
except in compliance with a National 
Pollutant Discharge Elimination System 
permit. The Clean Water Act requires 
that all National Pollutant Discharge 
Elimination System permits include any 
limits on discharges that are necessary 
to meet applicable water quality 
standards. 

In cases in which a discharger 
(including a small entity) is discharging 
pathogens into waters subject to these 
standards, the permitting authority will 
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need to determine whether the 
discharge is or may be discharged at a 
level which will cause, contribute to, or 
have the reasonable potential to cause 
an exceedance of the applicable water 
quality standard. In making that 
determination, the permitting authority 
would need to consider the factors 
listed in 40 CFR 122.44(d)(1)(ii). 
Whether a permitting authority will 
need to require a water quality-based 
effluent limit depends on the analysis of 
these factors, which will vary based on 
the specific facts of each permit 
decision. Based on that analysis, if the 
permitting authority finds that the 
discharger causes, contributes to, or has 
the reasonable potential to cause an 
exceedance of the applicable water 
quality standard, after the application of 
any required technology-based effluent 
limits, then the permitting authority 
will need to impose a water quality-
based effluent limit to meet the 
applicable water quality standard. (See 
Clean Water Act section 301(b)(1)(C); 40 
CFR 122.44(d).) Therefore, as a practical 
matter, today’s rule may or may not 
necessitate a change in the permit, 
depending on the specific 
circumstances. While the Clean Water 
Act and its implementing regulations 
may trigger the need for new or revised 
discharge limits based on the water 
quality standards in today’s rule to be 
placed on small entities in some cases, 
the standards themselves do not directly 
apply to any discharger, including small 
entities. 

In the ‘‘Economic Analysis for Final 
Water Quality Standards for Coastal 
Recreation Waters,’’ EPA presents an 
analysis which supports a conclusion 
that today’s rule will likely affect only 
a few small entities. (See the docket for 
today’s rule.) 

D. Unfunded Mandates Reform Act 
Title II of the Unfunded Mandates 

Reform Act of 1995 (UMRA), Public 
Law 104–4, establishes requirements for 
Federal agencies to assess the effects of 
their regulatory actions on State, local, 
and Tribal governments and the private 
sector. The definition of ‘‘State’’ for the 
purposes of the Unfunded Mandates 
Reform Act includes ‘‘a territory or 
possession of the United States.’’ Under 
section 202 of the Unfunded Mandates 
Reform Act, EPA generally must prepare 
a written statement, including a cost-
benefit analysis, for proposed and final 
rules with ‘‘Federal mandates’’ that may 
result in expenditures to State, local, 
and Tribal governments, in the 
aggregate, or to the private sector, of 
$100 million or more in any one year. 
Before promulgating an EPA rule for 
which a written statement is needed, 

section 205 of the Unfunded Mandates 
Reform Act generally requires EPA to 
identify and consider a reasonable 
number of regulatory alternatives and 
adopt the least costly, most cost-
effective or least burdensome alternative 
that achieves the objectives of the rule. 
The provisions of section 205 do not 
apply when they are inconsistent with 
applicable law. Moreover, section 205 
allows EPA to adopt an alternative other 
than the least costly, most cost-effective 
or least burdensome alternative if the 
Administrator publishes with the final 
rule an explanation of why that 
alternative was not adopted. Before EPA 
establishes any regulatory requirements 
that may significantly or uniquely affect 
small governments, including Tribal 
governments, it must have developed 
under section 203 of the Unfunded 
Mandates Reform Act a small 
government agency plan. The plan must 
provide for notifying potentially 
affected small governments, enabling 
officials of affected small governments 
to have meaningful and timely input in 
the development of EPA regulatory 
proposals with significant Federal 
intergovernmental mandates, and 
informing, educating, and advising 
small governments on compliance with 
the regulatory requirements. 

Today’s rule contains no Federal 
mandates (under the regulatory 
provisions of Title II of the Unfunded 
Mandates Reform Act) that may result in 
expenditures to State, local and Tribal 
governments, or the private sector, in 
the aggregate of $100 million or more in 
any one year. Therefore, this rule is not 
subject to the requirements of sections 
202 and 205 of the Unfunded Mandates 
Reform Act. 

EPA has determined that this rule 
contains no regulatory requirements that 
might significantly or uniquely affect 
small governments. Thus, this rule is 
not subject to the requirements of 
section 203 of the Unfunded Mandates 
Reform Act. 

E. Executive Order 13132: Federalism
Executive Order 13132, entitled 

‘‘Federalism’’ (64 FR 43255, August 10, 
1999), requires EPA to develop an 
accountable process to ensure 
‘‘meaningful and timely input by State 
and local officials in the development of 
regulatory policies that have Federalism 
implications.’’ ‘‘Policies that have 
Federalism implications’’ is defined in 
the Executive Order to include 
regulations that have ‘‘substantial direct 
effects on the States, on the relationship 
between the national government and 
the States, or on the distribution of 
power and responsibilities among the 
various levels of government.’’ 

This final rule does not have 
Federalism implications. It will not 
have substantial direct effects on the 
States, on the relationship between the 
national government and the States, or 
on the distribution of power and 
responsibilities among the various 
levels of government, as specified in 
Executive Order 13132. EPA’s authority 
and responsibility to promulgate 
Federal water quality standards when 
State standards do not meet the 
requirements of the Clean Water Act is 
well established and has been used on 
various occasions in the past. The final 
rule does not substantially affect the 
relationship of EPA and the States and 
Territories, or the distribution of power 
or responsibilities between EPA and the 
various levels of government. The final 
rule does not alter the States’ or 
Territories’ considerable discretion in 
implementing these water quality 
standards. Further, this rule does not 
preclude the States and Territories from 
adopting water quality standards that 
meet the requirements of the Clean 
Water Act, either before or after 
promulgation of the final rule, thus 
eliminating the need for Federal 
standards. Thus, Executive Order 13132 
does not apply to this rule. 

Although Executive Order 13132 does 
not apply to this rule, in the spirit of 
Executive Order 13132 and consistent 
with EPA’s policy to promote 
communication between EPA and State 
and local governments, EPA did consult 
with representatives of the States and 
Territories subject to Clean Water Act 
section 303(i) in developing this rule. 
Prior to this rulemaking action, EPA had 
numerous phone calls, meetings and 
exchanges of written correspondence 
with the States to discuss EPA’s 
concerns with the States’ bacteria 
criteria, compliance with the BEACH 
Act, and the Federal rulemaking 
process. In June 2000, EPA and the 
Association of State and Interstate Water 
Pollution Control Administrators 
(ASIWPCA) established a State/EPA 
Work Group on Water Quality 
Standards, composed of selected senior 
State and EPA managers, to provide 
input to EPA on water quality standards 
issues. The group has met 
approximately three times per year 
since then, beginning with a meeting in 
September 2000. At every meeting the 
group has discussed the scientific, 
programmatic, and policy aspects of 
bacteria criteria for both coastal and 
non-coastal recreation waters, and has 
provided useful input to EPA on these 
topics. Members of this group, together 
with other interested State participants, 
have also served as an ad-hoc work 
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group since 2001 to assist EPA in 
developing draft detailed scientific and 
policy guidance (Implementation 
Guidance for Ambient Water Quality 
Criteria for Bacteria (EPA–823–B–02–
003, May 2002 Draft)) concerning 
adoption and implementation of EPA’s 
recommended criteria for bacteria. 
Today’s final rule reflects State and 
Territorial input, and EPA has 
responded to State and Territorial 
comment on various topics in the 
preamble to today’s rule and in the 
Comment Response Document, which is 
part of the record for this rule. 

F. Executive Order 13175: Consultation 
and Coordination With Indian Tribal 
Governments 

Executive Order 13175, entitled 
‘‘Consultation and Coordination with 
Indian Tribal Governments’’ (65 FR 
67249, November 6, 2000), requires EPA 
to develop an accountable process to 
ensure ‘‘meaningful and timely input by 
tribal officials in the development of 
regulatory policies that have tribal 
implications.’’ 

This final rule does not have Tribal 
implications. It will not have substantial 
direct effects on Tribal governments, on 
the relationship between the Federal 
government and Indian Tribes, or on the 
distribution of power and 
responsibilities between the Federal 
government and Indian Tribes, as 
specified in Executive Order 13175. 
There are four authorized Indian Tribes 
with coastal or Great Lakes waters; 
however, they have not yet adopted 
water quality standards, and therefore, 
have no designated coastal recreation 
waters within their jurisdiction. These 
Tribes are therefore not subject to 
today’s rule. Thus, Executive Order 
13175 does not apply to this rule. 

EPA has contacted those Tribes 
identified as having coastal or Great 
Lakes waters to inform them of the 
potential future impact this could have 
on Tribal waters. 

G. Executive Order 13045: Protection of 
Children From Environmental Health 
Risks and Safety Risks 

Executive Order 13045: ‘‘Protection of 
Children from Environmental Health 
Risks and Safety Risks’’ (62 FR 19885, 
April 23, 1997) applies to any rule that: 
(1) is determined to be ‘‘economically 
significant’’ as defined under Executive 
Order 12866, and (2) concerns an 
environmental health or safety risk that 
EPA has reason to believe may have a 
disproportionate effect on children. If 
the regulatory action meets both criteria, 
the Agency must evaluate the 
environmental health or safety effects of 
the rule on children, and explain why 

the regulation is preferable to other 
potentially effective and reasonably 
feasible alternatives considered by the 
Agency. 

This rule is not subject to the 
Executive Order because it is not 
economically significant as defined in 
Executive Order 12866, and because the 
Agency does not have reason to believe 
the environmental health or safety risks 
addressed by this action present a 
disproportionate risk to children. As 
explained in section II.B of the preamble 
to today’s rule, EPA developed the 
water quality criteria promulgated in 
today’s rule based on concentrations of 
E. coli and enterococci from EPA-
sponsored epidemiological studies 
reflecting all reported illnesses, 
including those of children. In the 
marine and freshwater studies, the range 
of the number of children under age 10 
was between 15% and 25% of the total 
study population. Children in the age 
range 10 to 19 years old made up a 
slightly higher percentage of the study 
population. During the studies, 
information on gastroenteritis, 
respiratory symptoms, and other 
symptoms were collected for all 
participants, including children. EPA 
designed the 1986 bacteria criteria to 
protect all age groups. 

H. Executive Order 13211: Actions That 
Significantly Affect Energy Supply, 
Distribution, or Use 

This rule is not a ‘‘significant energy 
action’’ as defined in Executive Order 
13211, ‘‘Actions Concerning Regulations 
That Significantly Affect Energy Supply, 
Distribution, or Use’’ (66 FR 28355, May 
22, 2001) because it is not likely to have 
a significant adverse effect on the 
supply, distribution, or use of energy. 
EPA estimates that compliance with the 
final rule will create a negligible 
increase in nationwide energy 
consumption for point source facilities 
discharging to coastal recreation waters 
in affected States. In section VIII, EPA 
presented its estimated incremental 
costs to permitted facilities as a result of 
the final rule. Some of these costs 
include energy use associated with 
increased maintenance of disinfection 
tanks. EPA estimates that the increased 
energy use from these activities would 
be about 99,000 kilowatt hours. Net 
production by electric power generation 
facilities in the United States in 2002 
was 3,858,452 million kilowatt hours 
(Energy Information Administration, 
Department of Energy, http://
www.eia.doe.gov/neic/quickfacts/
quickelectric.htm). EPA estimates that 
the additional energy requirements of 
EPA’s rule are insignificant (i.e., 

0.000003% of national energy 
generation).

I. National Technology Transfer and 
Advancement Act 

As noted in the proposal, section 
12(d) of the National Technology 
Transfer and Advancement Act of 1995 
(‘‘NTTAA’’), Public Law 104–113, 
section 12(d) (15 U.S.C. 272 note) 
directs EPA to use voluntary consensus 
standards in its regulatory activities 
unless to do so would be inconsistent 
with applicable law or otherwise 
impractical. Voluntary consensus 
standards are technical standards (e.g., 
materials specifications, test methods, 
sampling procedures, and business 
practices) that are developed or adopted 
by voluntary consensus standards 
bodies. The NTTAA directs EPA to 
provide Congress, through OMB, 
explanations when the Agency decides 
not to use available and applicable 
voluntary consensus standards. 

While ambient water quality criteria 
may be considered technical standards, 
EPA is not aware of any voluntary 
consensus standards relating to bacteria 
criteria to protect human health and 
none were brought to our attention in 
comments on the proposed rule. 
Furthermore, even if there were such 
voluntary consensus standards, the 
BEACH Act specifically directs EPA to 
promulgate Federal standards based on 
its own bacteria criteria, in accordance 
with Clean Water Act section 304(a), in 
cases where States fail to do so. 
Therefore, EPA is not considering the 
use of any voluntary consensus 
standards. 

J. Congressional Review Act 
The Congressional Review Act, 5 

U.S.C. 801 et seq., as added by the Small 
Business Regulatory Enforcement 
Fairness Act of 1996, generally provides 
that before a rule may take effect, the 
agency promulgating the rule must 
submit a rule report, which includes a 
copy of the rule, to each House of the 
Congress and to the Comptroller General 
of the United States. EPA will submit a 
report containing this rule and other 
required information to the U.S. Senate, 
the U.S. House of Representatives, and 
the Comptroller General of the United 
States prior to publication of the rule in 
the Federal Register. A ‘‘major rule’’ 
cannot take effect until 60 days after it 
is published in the Federal Register. 
This action is not a ‘‘major rule’’ as 
defined by 5 U.S.C. 804(2). This rule 
will be effective December 16, 2004.

List of Subjects in 40 CFR Part 131 
Environmental protection, 

Intergovernmental relations, Reporting 
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and recordkeeping requirements, Water 
pollution control.

Dated: November 8, 2004. 
Michael O. Leavitt, 
Administrator.

� For the reasons set out in the preamble, 
40 CFR part 131 is amended as follows:

PART 131—WATER QUALITY 
STANDARDS

� 1. The authority citation for part 131 
continues to read as follows:

Authority: 33 U.S.C. 1251 et seq.

Subpart D—[Amended]

� 2. Section 131.41 is added to Subpart 
D to read as follows:

§ 131.41 Bacteriological criteria for those 
states not complying with Clean Water Act 
section 303(i)(1)(A). 

(a) Scope. This section is a 
promulgation of the Clean Water Act 
section 304(a) criteria for bacteria for 
coastal recreation waters in specific 
States. It is not a general promulgation 
of the Clean Water Act section 304(a) 
criteria for bacteria. This section also 
contains a compliance schedule 
provision. 

(b) Definitions. (1) Coastal Recreation 
Waters are the Great Lakes and marine 
coastal waters (including coastal 
estuaries) that are designated under 
section 303(c) of the Clean Water Act for 
use for swimming, bathing, surfing, or 
similar water contact activities. Coastal 
recreation waters do not include inland 
waters or waters upstream from the 
mouth of a river or stream having an 
unimpaired natural connection with the 
open sea. 

(2) Designated bathing beach waters 
are those coastal recreation waters that, 
during the recreation season, are 
heavily-used (based upon an evaluation 
of use within the State) and may have: 
a lifeguard, bathhouse facilities, or 
public parking for beach access. States 
may include any other waters in this 
category even if the waters do not meet 
these criteria. 

(3) Moderate use coastal recreation 
waters are those coastal recreation 
waters that are not designated bathing 
beach waters but typically, during the 
recreation season, are used by at least 
half of the number of people as at 
typical designated bathing beach waters 
within the State. States may also 
include light use or infrequent use 
coastal recreation waters in this 
category. 

(4) Light use coastal recreation waters 
are those coastal recreation waters that 
are not designated bathing beach waters 
but typically, during the recreation 
season, are used by less than half of the 
number of people as at typical 
designated bathing beach waters within 
the State, but are more than infrequently 
used. States may also include infrequent 
use coastal recreation waters in this 
category. 

(5) Infrequent use coastal recreation 
waters are those coastal recreation 
waters that are rarely or occasionally 
used. 

(6) New pathogen discharger for the 
purposes of this section means any 
building, structure, facility, or 
installation from which there is or may 
be a discharge of pathogens, the 
construction of which commenced on or 
after December 16, 2004. It does not 
include relocation of existing combined 
sewer overflow outfalls. 

(7) Existing pathogen discharger for 
the purposes of this section means any 
discharger that is not a new pathogen 
discharger.

(c) EPA’s section 304(a) ambient 
water quality criteria for bacteria. 

(1) Freshwaters:

A
Indicator d 

B
Geometric mean 

C
Single sample maximum

(per 100 ml) 

C1
Designated bath-

ing beach
(75% confidence 

level) 

C2
Moderate use 

costal recreation 
waters

(82% confidence 
level) 

C3
Light use coastal 
recreation waters
(90% confidence 

level) 

C4
Infrequent use 

coastal recreation 
waters

(95% confidence 
level) 

E. coli e .................................. 126/100 mil a ......................... b 235 b 298 b 409 b 575 
Enterococci e ......................... 33/100 ml c ............................ b 61 b 78 b 107 b 151 

Footnotes to table in paragraph (c)(1): 
a. This value is for use with analytical methods 1103.1, 1603, or 1604 or any equivalent method that measures viable bacteria. 
b. Calculated using the following: single sample maximum = geometric mean * 10∧(confidence level factor * log standard deviation), where the 

confidence level factor is: 75%: 0.68; 82%: 0.94; 90%: 1.28; 95%: 1.65. The log standard deviation from EPA’s epidemiological studies is 0.4. 
c. This value is for use with analytical methods 1106.1 or 1600 or any equivalent method that measures viable bacteria. 
d. The State may determine which of these indicators applies to its freshwater coastal recreation waters. Until a State makes that determina-

tion, E. coli will be the applicable indicator. 
e. These values apply to E. coli or enterococci regardless of origin unless a sanitary survey shows that sources of the indicator bacteria are 

non-human and an epidemiological study shows that the indicator densities are not indicative of a human health risk. 

(2) Marine waters:

A
Indicator 

B
Geometric mean 

C
Single sample maximum

(per 100 ml) 

C1
Designated bath-

ing beach
(75% confidence 

level) 

C2
Moderate use 

coastal recreation 
waters

(82% confidence 
level) 

C3
Light use coastal 
recreation waters
(90% confidence 

level) 

C4
Infrequent use 

coastal recreation 
waters

(95% confidence 
level) 

Enterococci c ......................... 35/100 ml a ............................ b 104 b 158 b 276 b 501 

Footnotes to table in paragraph (c)(2): 
a. This value is for use with analytical methods 1106.1 or 1600 or any equivalent method that measures viable bacteria. 
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b. Calculated using the following: single sample maximum = geometric mean * 10∧(confidence level factor * log standard deviation), where the 
confidence level factor is: 75%: 0.68; 82%: 0.94; 90%: 1.28; 95%: 1.65. The log standard deviation from EPA’s epidemiological studies is 0.7. 

c. These values apply to enterococci regardless of origin unless a sanitary survey shows that sources of the indicator bacteria are non-human 
and an epidemiological study shows that the indicator densities are not indicative of a human health risk. 

(3) As an alternative to the single 
sample maximum in paragraph (c)(1) or 
(c)(2) of this section, States may use a 
site-specific log standard deviation to 
calculate a single sample maximum for 
individual coastal recreation waters, but 
must use at least 30 samples from a 
single recreation season to do so. 

(d) Applicability. (1) The criteria in 
paragraph (c) of this section apply to the 
coastal recreation waters of the States 
identified in paragraph (e) of this 
section and apply concurrently with any 
ambient recreational water criteria 
adopted by the State, except for those 
coastal recreation waters where State 
regulations determined by EPA to meet 
the requirements of Clean Water Act 
section 303(i) apply, in which case the 
State’s criteria for those coastal 
recreation waters will apply and not the 
criteria in paragraph (c) of this section. 

(2) The criteria established in this 
section are subject to the State’s general 
rules of applicability in the same way 
and to the same extent as are other 
Federally-adopted and State-adopted 
numeric criteria when applied to the 
same use classifications. 

(e) Applicability to specific 
jurisdictions. (1) The criteria in 
paragraph (c)(1) of this section apply to 
fresh coastal recreation waters of the 
following States: Illinois, Minnesota, 
New York, Ohio, Pennsylvania, 
Wisconsin. 

(2) The criteria in paragraph (c)(2) of 
this section apply to marine coastal 
recreation waters of the following 
States: Alaska, California (except for 
coastal recreation waters within the 
jurisdiction of Regional Board 4), 
Florida, Georgia, Hawaii (except for 
coastal recreation waters within 300 
meters of the shoreline), Louisiana, 
Maine (except for SA waters and SB and 
SC waters with human sources of fecal 

contamination), Maryland, 
Massachusetts, Mississippi, New York, 
North Carolina, Oregon, Puerto Rico 
(except for waters classified by Puerto 
Rico as intensely used for primary 
contact recreation and for those waters 
included in § 131.40), Rhode Island, 
United States Virgin Islands. 

(f) Schedules of compliance. (1) This 
paragraph (f) applies to any State that 
does not have a regulation in effect for 
Clean Water Act purposes that 
authorizes compliance schedules for 
National Pollutant Discharge 
Elimination System permit limitations 
needed to meet the criteria in paragraph 
(c) of this section. All dischargers shall 
promptly comply with any new or more 
restrictive water quality-based effluent 
limitations based on the water quality 
criteria set forth in this section. 

(2) When a permit issued on or after 
December 16, 2004, to a new pathogen 
discharger as defined in paragraph (b) of 
this section contains water quality-
based effluent limitations based on 
water quality criteria set forth in 
paragraph (c) of this section, the 
permittee shall comply with such water 
quality-based effluent limitations upon 
the commencement of the discharge. 

(3) Where an existing pathogen 
discharger reasonably believes that it 
will be infeasible to comply 
immediately with a new or more 
restrictive water quality-based effluent 
limitations based on the water quality 
criteria set forth in paragraph (c) of this 
section, the discharger may request 
approval from the permit issuing 
authority for a schedule of compliance. 

(4) A compliance schedule for an 
existing pathogen discharger shall 
require compliance with water quality-
based effluent limitations based on 
water quality criteria set forth in 
paragraph (c) of this section as soon as 

possible, taking into account the 
discharger’s ability to achieve 
compliance with such water quality-
based effluent limitations. 

(5) If the schedule of compliance for 
an existing pathogen discharger exceeds 
one year from the date of permit 
issuance, reissuance or modification, 
the schedule shall set forth interim 
requirements and dates for their 
achievement. The period between dates 
of completion for each requirement may 
not exceed one year. 

If the time necessary for completion of 
any requirement is more than one year 
and the requirement is not readily 
divisible into stages for completion, the 
permit shall require, at a minimum, 
specified dates for annual submission of 
progress reports on the status of interim 
requirements. 

(6) In no event shall the permit 
issuing authority approve a schedule of 
compliance for an existing pathogen 
discharge which exceeds five years from 
the date of permit issuance, reissuance, 
or modification, whichever is sooner. 

(7) If a schedule of compliance 
exceeds the term of a permit, interim 
permit limits effective during the permit 
shall be included in the permit and 
addressed in the permit’s fact sheet or 
statement of basis. The administrative 
record for the permit shall reflect final 
permit limits and final compliance 
dates. Final compliance dates for final 
permit limits, which do not occur 
during the term of the permit, must 
occur within five years from the date of 
issuance, reissuance or modification of 
the permit which initiates the 
compliance schedule.

[FR Doc. 04–25303 Filed 11–15–04; 8:45 am] 
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Water Quality Standards for Coastal Recreation Waters: 
Using Single Sample Maximum Values in State Water Quality Standards 

 
This fact sheet addresses common questions regarding the appropriate use of the single sample 
maximum (SSM) values component of EPA’s 1986 bacteria criteria in coastal recreation waters.  
States monitor their Great Lakes and marine coastal recreation waters for the presence of fecal 
contamination, specifically for the indicator organisms E. coli and enterococci.  States typically 
collect water samples and analyze them for bacteria content at regular intervals.  States then 
evaluate these bacteria levels against the applicable water quality standards. 
 
What are coastal recreation waters? 
Coastal recreation waters are those Great Lakes and marine waters (including coastal estuaries) 
that are designated under section 303(c) of the Clean Water Act for use for swimming, bathing, 
surfing, or similar water contact activities.  Inland waters or waters upstream from the mouth of a 
river or stream having an unimpaired natural connection with the open sea are not considered 
coastal recreation waters.  (See CWA Section 502(21) and 40 CFR 131.41(b)). 
 
What is EPA’s current position on using the SSM in BEACH Act Waters? 
EPA’s current position is the same as it was in the November 2004 Water Quality Standards for 
Coastal and Great Lakes Recreation Waters rule (69 FR 67217, November 16, 2004), commonly 
referred to as the BEACH Act rule.  In the preamble to the BEACH Act rule, EPA clarified its 
expectations with regard to how the single sample maximum (SSM) values could be used in the 
context of beach notification and closure decisions, and in the context of the implementation of 
other Clean Water Act programs.  EPA indicated that it expected that the single sample 
maximum values would be used for making beach notification and closure decisions.  EPA 
recognized, however, that States and Territories also use criteria in their water quality standards 
for other purposes under the Clean Water Act in order to protect and improve water quality.  
Other than in the beach notification and closure decision context, the geometric mean is the more 
relevant value for ensuring that appropriate actions are taken to protect and improve water 
quality.  The geometric mean is generally more relevant because it is usually a more reliable 
measure of long term water quality, being less subject to random variation, and more directly 
linked to the underlying studies upon which the 1986 bacteria criteria were based.  States, 
however, retain the discretion to determine whether and how to use the SSM in other Clean 
Water Act programs. 
 
Why did EPA choose to address the SSM in the 2004 BEACH Act rule? 
The 1986 EPA Ambient Water Quality Criteria for Bacteria document clearly identifies the SSM 
values and the geometric mean values as part of the criteria.  Therefore, consistent with section 
303(i)(2)(A) of the Clean Water Act, EPA included both components of the criteria in the 
BEACH Act rule.  However, the SSM discussion in the 1986 bacteria criteria document refers 
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only to beach monitoring, and does not discuss how or whether the SSM should be implemented 
for other Clean Water Act applications, such as establishing Total Maximum Daily Loads or 
National Pollutant Discharge Elimination System permit limitations. 

 
EPA continues to believe that the SSM values in the criteria are very useful for making beach 
notification and closure decisions. Beach managers frequently need to make beach notification 
and closure decisions based on as little as one single grab sample. Of the 2,823 beaches reporting 
information to EPA in 2002, 65% reported that pathogen levels were monitored at least once per 
week (EPA's Beach Watch Program:  2002 Swimming Season, EPA 823-F-03-007, May 2003, 
http://www.epa.gov/waterscience/beaches/beachwatch2003-newformat.pdf).  This means that at 
35% of the beaches, the beach managers had fewer than four samples each month for making 
decisions to open or close the beach. Indeed, in numerous cases, managers had only one sample 
in any given 30-day period. Thus, having a trigger level against which just one lone sample value 
can be compared is quite helpful. Furthermore, beach management programs need to be able to 
respond rapidly to short-term changes in water quality. 
 
This does not mean the single sample maximum has no value outside of the beach monitoring 
and notification context. Using an SSM is especially important for beaches and other recreational 
waters that are infrequently monitored or prone to short-term spikes in bacteria concentrations, 
e.g., waters that may be affected by combined sewer overflow outfalls. The BEACH Act rule 
preamble recognized that States and Territories, having identified that a water is prone to short-
term spikes in bacteria concentrations due to pollution episodes, have significant flexibility in 
how they address those episodes in permitting and assessments consistent with the Clean Water 
Act and implementing regulations.  For States and Territories that are subject to the rule, they 
have the flexibility to determine how they choose to apply the SSM outside the beach monitoring 
and notification context.  States that have already adopted their own water quality standards as 
protective of human health as EPA’s 1986 bacteria criteria should consider in their water quality 
assessment methodology the applicability of the SSM to assessment of waters where fewer than 
five samples are available during the time over which the samples would normally be averaged if 
the states specify a minimum number of samples for calculating a geometric mean. 

 
As noted above, the SSM may, but need not, also play a role in implementing other Clean Water 
Act programs.  Except in the beach notification and closure context, EPA expects that States will 
determine whether and how to use the SSM criteria in the context of their other programs 
implementing the Clean Water Act. 
 
Was the SSM developed to serve as an acute criterion to protect swimmers against short 
term exposures? 
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No. The SSM values in the 1986 EPA Ambient Water Quality Criteria for Bacteria were not 
developed as acute criteria; rather, they were developed as statistical constructs to allow decision 
makers to make informed decisions to open or close beaches based on small data sets.  This does 
not mean the SSM values serve no purpose outside of beach notification decisions.  For example, 
they may give States and Territories the ability to make waterbody assessments where they have 
limited data for a waterbody.  However, the SSMs were not designed to provide any more 
protection of health than provided by the geometric mean criterion. 
 
In developing the 1986 EPA Ambient Water Quality Criteria for Bacteria, EPA derived the SSM 
as upper percentiles of the frequency distributions around the geometric mean.  The 1986 
bacteria criteria document recognizes that there will be instances where the concentration of 
bacteria in one or more individual samples will be higher than the acceptable geometric mean 
concentration.  This is to be expected when dealing with water quality criteria expressed as 
average concentrations over a period of time.  For example, in a waterbody with a 30-day 
average concentration exactly at the water quality criterion, it can be expected that approximately 
half the time the waterbody concentration will be above the criteria level. Hence, half of the 
samples collected will have a concentration above the criterion concentration (e.g., 126/100 ml 
for E. coli). Thus, that the value of  any one individual sample is greater than the numerical value 
of the geometric mean criterion, or even the numerical value of the SSM, does not necessarily 
indicate that the geometric mean criterion has actually been exceeded. Likewise, the fact that one 
sample out of a set of samples has a concentration lower than the criteria level does not 
necessarily mean that the actual average concentration is lower than the criteria level. 

 
Can a beach meet the geometric mean without always meeting the SSM? 
Yes. Based on the derivation of the SSM as percentiles of a distribution of bacterial 
concentrations around the 30-day geometric mean, using the SSM as values not to be surpassed 
at any time for all Clean Water Act applications could impart a level of protection much more 
stringent than intended by the 1986 bacteria criteria document.  For example, in marine waters 
the geometric mean criterion for enterococci is 35/100 ml, and the SSM is 104/100 ml at 
designated bathing beach waters based on the 75th percentile of the distribution of individual 
values around the mean.  If that SSM were used as a value-not-to-be-surpassed, it would become 
a maximum value and all other values in the statistical distribution of individual measurements 
would have to be less than the maximum.  EPA typically uses the 99th percentile of a distribution 
to derive regulatory maximums. Assuming a waterbody had the same standard deviation in 
concentration of bacteria employed in deriving the SSM (e.g., 0.7 for marine waters), then the 
waterbody geometric mean needed to keep the waterbody concentration below 104/100 ml 99% 
of the time would need to be 2/100 ml. This would be far more stringent than the level of 
protection provided by the actual geometric mean criterion for enterococci of 35/100 ml.   
 
Treating the SSM as equivalent to acute criteria (i.e., with a specified duration of exposure of 
just one second) for purposes of complying with Section 303(d) of the Clean Water Act would 
result in a large number of waters being listed as impaired even though the waters may not have 
exceeded the applicable geometric mean criteria.  Therefore, EPA intends that States and 
Territories covered by the BEACH Act rule retain the discretion to use SSM values as they deem 
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appropriate in the context of Clean Water Act implementation programs other than beach 
notification and closure, consistent with the Clean Water Act and its implementing regulations. 

 
Can states establish more stringent water quality criteria than that recommended by EPA? 
Of course, states are always free to establish water quality criteria more protective of human 
health and aquatic ecosystems than those required or recommended by EPA.  Hence, though 
EPA is pointing out the effects of using the SSMs in the ways described in the answer to the 
previous question - ways the Agency had not envisioned when it published the 1986 bacteria 
criteria document - states, territories, and authorized tribes retain the discretion to be more 
stringent and use an SSM in such a fashion.  

 
What additional flexibility do states have with regard to using the SSM? 
Although EPA promulgated default SSM values based on the 75, 82, 90, and 95% confidence 
levels, the BEACH Act rule also includes the equation that can be used to calculate site-specific 
SSM values.  EPA calculated the values for the SSM included in the rule using the standard 
deviations observed during the EPA epidemiological studies. The Agency recognizes that the log 
standard deviations observed in EPA’s epidemiological studies may not coincide with that for a 
particular waterbody.  EPA encourages states to collect data to calculate site-specific standard 
deviations.  To compute a site-specific log standard deviation in a statistically meaningful way, 
the rule requires that States and Territories collect at least 30 bacterial samples in a single 
recreation season (see 40 CFR 131.41(c)(3)).  EPA recognizes the difficulty in collecting the 
required number of samples over a single recreation season, but the Agency nonetheless 
concluded that collecting this much data during a single season is necessary in order to capture 
the variability inherent in bacteria concentrations at a site over the period of a single season 
without introducing additional variability from extreme weather conditions such as drought or El 
Niño conditions.  Using 30 samples over more than one recreation season could affect the 
outcome of the SSM such that it may not be as protective of human health as EPA’s 1986 
bacteria criteria.  If this requirement is met, the state may use the resulting site-specific standard 
deviation to calculate a corresponding SSM or set of SSMs. 

 
EPA considers that the calculation of site-specific SSM values, as specified in 40 CFR 
131.41(c)(3), provides enough detail on the calculation that states included in the BEACH Act 
rule can implement this provision of the rule without needing to adopt it as a site-specific water 
quality criterion. As a result, states included in the BEACH Act rule do not need EPA review and 
approval under 40 CFR Part 131 in their application of 40 CFR 131.41(c)(3). 

   
Should states included in the BEACH Act rule use the SSM in implementing all of their 
Clean Water Act programs, such as the TMDL and NPDES permitting programs? 
The BEACH Act rule was not intended to constrain the states included in the rule in how they 
could use single sample maximum values in the context of Clean Water Act implementation 
programs such as the Total Maximum Daily Load program and the National Pollutant Discharge 
Elimination System (NPDES) program.  
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Normally, states use all applicable water quality criteria included in their water quality standards 
for all purposes specified under the Clean Water Act and implementing EPA regulations, 
including water quality assessments, establishment of TMDLs, and setting of water quality-based 
effluent limits (WQBELs) under the NPDES program. However, the BEACH Act rule presented 
a unique situation in that it promulgated both the geometric mean component – without 
establishing a minimum number of samples – and an SSM component. This leads to some 
special considerations in CWA section 303(d) assessments and NPDES permits. 
 
CWA 303(d) listing 
In making CWA 303(d) listing decisions, the geometric mean is generally more relevant than the 
SSM because it is usually a more reliable measure of long term water quality, as discussed 
above.  However, because EPA did not include a minimum sample size in expressing the 
geometric mean criterion when EPA promulgated criteria for coastal recreation waters, if there is 
only a single measurement (sample) of a waterbody, a state could use the SSM instead of the 
geometric mean to determine whether to include that waterbody on the CWA 303(d) list. This is 
because the state could not calculate a statistically reliable geometric mean without more than a 
single grab sample.  It would not be appropriate for a state to use the SSM as a substitute for the 
geometric mean if there is more than one measurement (sample) because a geometric mean could 
be calculated with more than one grab sample. 
 
When developing TMDLs, states should consider the availability of additional pathogen data 
besides that used for the original listing in developing their estimates of loading capacity, load 
allocations and wasteload allocations needed to meet their specific water quality standards. For a 
more detailed discussion of pathogen TMDLs, see EPA’s January 2001 “Protocol for 
Developing Pathogen TMDLs” (US EPA 841-R-00-002). 
 
NPDES Permitting 
Although states have flexibility in deciding whether and how to apply SSM values in the NPDES 
permitting program, this does not mean that maximum daily or seven-day average permit limits 
for bacteria are inappropriate for National Pollutant Discharge Elimination System permits. 
EPA’s Technical Support Document for Water Quality-based Toxics Control describes how 
maximum daily and 7-day average effluent limits can be calculated based on 30-day average 
conditions and an understanding of effluent variability (EPA-505-2-90-001, March 1991). The 
procedures in Section 5.4.4 of the Technical Support Document are based on statistical 
methodologies similar to those employed in deriving the SSM in the 1986 water quality criteria 
for bacteria. EPA's decision to promulgate criteria that include SSM values does not address the 
question of how States' should establish maximum daily permit limits. 
 
For a state now adopting water quality standards for coastal recreation waters to be as 
protective of human health as EPA’s 1986 bacteria criteria and seeking EPA approval, 
would a state need to adopt into its water quality standards for coastal recreation waters 
both the geometric mean and SSM components of the criteria? 
Yes. As stated in the preamble to the BEACH Act rule, one of the considerations EPA uses in 
reviewing state water quality standards submissions related to bacteria criteria for coastal 
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recreation waters is whether or not those standards include not only a geometric mean, but also 
appropriate SSMs for all coastal recreation waters.  
 
EPA expects those states adopting their own water quality standards as protective of human 
health as EPA’s 1986 bacteria criteria to use the SSM to make short-term decisions in the beach 
monitoring and notification context.  States adopting their own water quality standards have the 
flexibility to determine how to use the SSM in other Clean Water Act programs.  In adopting 
new standards in coastal recreation waters, States may elect to include a minimum sample set 
size as part of its geometric mean criterion.  If it does so, it would need to have another 
component of its criteria that would apply when there are fewer samples than the minimum 
sample set size.  This is because the criteria have to be as protective of human health as EPA’s 
1986 bacteria criteria.  If the geometric mean criterion does not apply for some specified 
condition, such as when there are fewer than five samples, then some other aspect of the criterion 
would need to apply, in this case the SSM.  Alternatively, states may elect to apply the geometric 
mean criterion regardless of the number of samples used to calculate the geometric mean, which 
is the approach EPA envisioned when it promulgated the BEACH Act rule.  In this case, the 
geometric mean criterion would apply in all instances, and a state could elect not to use the 
single sample maximum for Clean Water Act purposes as a substitute for the geometric mean, 
other than for beach monitoring and notification.  This approach ensures a situation does not 
arise where there is no applicable criterion. 
 
When states adopt the 1986 bacteria criteria into water quality standards for their coastal 
recreation waters, states should specify, in the water quality standards, how the SSM will be used 
in particular Clean Water Act applications. This helps make it clear to EPA, state regulators, 
dischargers, and the public how the SSM will be used in NPDES permits, assessment, TMDLs, 
and beach monitoring and notification.  The flexibility afforded to states in deciding whether and 
how to apply SSM values in the National Pollutant Discharge Elimination System permitting 
program does not mean that maximum daily or seven-day average permit limits for bacteria are 
inappropriate for National Pollutant Discharge Elimination System permits. EPA’s Technical 
Support Document for Water Quality-based Toxics Control describes how maximum daily and 
7-day average effluent limits can be calculated based on 30-day average conditions and an 
understanding of effluent variability (EPA-505-2-90-001, March 1991). The procedures in 
Section 5.4.4 of the Technical Support Document are based on statistical methodologies similar 
to those employed in deriving the SSM in the 1986 water quality criteria for bacteria. EPA's 
decision to promulgate criteria that include SSM values does not address the question of how 
States' should establish maximum daily permit limits. 
 
How should states that already have water quality standards that are as protective of 
human health as EPA’s 1986 bacteria criteria apply the single sample maximum? 
States that already have water quality standards as protective of human health as EPA’s 1986 
bacteria criteria should apply the single sample maximum in a manner consistent with their water 
quality standards. 
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Some states have included a provision in their water quality standards that limits the application 
of the geometric mean component of the criterion to situations only where five or more samples 
are available.  EPA expects these states to use the single sample maximum for all Clean Water 
Act purposes if the geometric mean cannot be used because, for example, the sample set is fewer 
than the minimum number of samples required by the state’s water quality standards.  EPA has 
this expectation because the criteria have to be as protective of human health as EPA’s 1986 
bacteria criteria.  If the geometric mean criterion does not apply for some specified condition, 
such as when there are fewer than five samples, then some other aspect of the criterion would 
need to apply, in this case the SSM.  Alternatively, states may elect to apply the geometric mean 
criterion regardless of the number of samples used to calculate the geometric mean, which is the 
approach EPA envisioned when it promulgated the BEACH Act rule.  In this case, the geometric 
mean criterion would apply in all instances, and a state could elect not to apply the single sample 
maximum for Clean Water Act purposes other than beach monitoring and notification, as is 
discussed in the preamble to the BEACH Act rule.  This approach ensures a situation does not 
arise where there is no applicable criterion. 
 
May states adopt a single sample maximum only for their beaches, rather than for all 
coastal recreation waters? 
No. This is because EPA has interpreted CWA section 303(i)(1)(A) of the Clean Water Act to 
require states to adopt a geometric mean and at least one SSM for all of their coastal recreation 
waters, not just for their beaches.  In determining whether or not a state’s coastal recreation water 
quality standards for bacteria are as protective of human health as the 1986 bacteria criteria 
document, EPA will look to see if the water quality standards include, along with a geometric 
mean, at least one SSM for each of the state’s coastal recreation waters. EPA will also look to 
see if criteria for designated bathing beaches include an SSM based on the 75% confidence level, 
because EPA considers this approach to be as protective of human health as the 1986 bacteria 
criteria. EPA included in the BEACH Act rule any state or territory that did not cover all coastal 
recreation waters with a SSM and that for designated bathing beaches did not have a SSM based 
on the 75% confidence level.  EPA does not expect a state or territory to use all four of the use 
categories identified in the criteria document for its standards to be at least as protective as the 
1986 bacteria criteria.  For example, a State that applied the 75% confidence based maximum to 
all waters would clearly be as protective as the 1986 bacteria criteria, even though it would only 
have a single use category. 
 
To get more information 
 
Contact Lars Wilcut at: 
 
1200 Pennsylvania Avenue, NW 
Mail Code 4305T 
Washington, DC 20460 
(202) 566-0447 
wilcut.lars@epa.gov 
 



Appendix B: NEEAR data used for comparison to EPA's epidemiological 
studies from the late 1970s and early 1980s 



Table 1. Huntington Beach 

Beach Dates 

.::! = "" "'-~ ..... 
=~ 
-~ = ... ~... "0 ,-... e ·- ~ 
o ~ E 
~ 0 Q 
bJl""Q 
>-,e~ = ~ ... "' = ~ ~ ~ c. 

... 
~ ... 
..C"' E ~ 
= ~ = ·-- £: !S ~ 
0 ... 

E-< .5 

0 = 
bJ) 

.5 ... ... ... 
0 "" C...s 
~ ... ... = 
... 0 
~ "" ..c ... 
E !l 
= "' :z ~ 

lfir... ···8®Q03~ · .. ·28,9 f88 . . '11 
HB 
·HB: 

HB 
HB. 
HB 
HBg 

8/3/2003 66.4 
,. 8~Qloo3 .· :''i40A 

8/10/2003 55.4 
81r612cio3 · )12;;2~ 
8/23/2003 7.8 
8/24/2@3' '5.2 

HB 8/30/2003 290.7 
HB ]~~~ i8Jilfgl!Q3'::})~Q~c
HB 9/6/2003 4.0 
'mF ·· WI'Jl2.oo1. c~{Q' 

122 
;169 

295 
183 
252 

"307. 
264 
,~3 
158 

:·'266 
HB 9/13/2003 11.0 155 
liB~"' ··9/t~.lioo3¥·'io":r'..: . tl88 
1 Typically based on 18-27 data points 

88 

131 
})] 

143 

144 
165 

105 
:.]77 
77 
78 

bJ) 

= :e 
0 
c. 
~ = ... 0 ... ·-~ "' ..c ~ 
E E = E :z ·-

7 

100 
50 
71 

405:· 
36 

23 

41 
s;s7. 

..:-
\..!) 
:z 
bJ) 

. 5 ... ... 
0 
c. 
~ ... 
... "" ... "' ~ ... 

..c = E 8 = 0 :z = 
12 
9 
11 
9 
10 
9 
19 
17 

7 
17 
9 

··6 

..:-
\..!) 
:z 
bJ) ... . 

~ = .5 C.o ... --= ... 
0 = bJ) c. .s = 
~ = ... 0 "' ... 0 8 E "' ... ·- c. "' ~ ~ "' ..c ... o,-.E E ~ ... =- E = E C.Q ·-
:z .5 =c::_~ -.... "' 

8 •······J~5.84cc 

1 102.27 
. 5 't32.~3}'. 

15 68.70 
9 E:tol:o9.· 
11 62.94 
11 BL94' 
7 103.03 
14 .z7o .. s· · 
1 66.67 
6 ;~&6,65 
5 116.88 

<;':8· 16.92 

... 
~ 
c. 

= bJ) .s = 1: 0 ell 

o E ... 
c. "' ~ o,-.E ... =- E e.g·= ~ ~ -.... "' 

142.86 
9~911,. 
150.00 

"' . ... = ~ 0 ~ 
E c "; 
=~ ... 
·- ·- I'll ~ "' "' 
I'll .. ~ .5 
G 8 == 
~=- ... 
~=-~ ,,..;e 
~ ... E 
C'j ~ ·->< c. ~ 
~--"' 

-50.58 
40.58 
-38.19 
81.30 

18o.oo · 76m 
154.93 91.99 
104;76{ ' -2U8 
194.44 91.41 

;l1srofi· 10~'41· 
43.48 -23.19 
IOi!!$ 7.40 
121.95 5.07 
140.35 63Al 

2 Total number interviewed= Number reporting no contact+ number reporting immersion+ number reporting wading (not shown) 

"' ... ... ~ 
~ E 
E .c E 
.5 ~ ·~ 
~ ] 'r 
~ ~ = 

~.-...QQ.) 
l.!lgc--; :z Q ~ ... 

"' ,...; bll rot} 

"' "' "' ~ ... ... ~ "" ~ ~ = >< c. .. -
~--..s== 

·9.50 
47.09 

, '-l.43c;"-
54.23 
84.23 
59.16 
9.00 
98.68 

.· 
{1923.' 
-52.29 

c'"'7.68 

26.19 
:•4459•• 

2 
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Table 3. Silver Beach 
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Table 4. Washington Park Beach 

Beach Dates 
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Table 5. Edgewater Beach 

Beach Dates 
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Table 6. Fairhope Beach 
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Table 7. Goddard Beach 
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Analysis ofNEEAR culture data: combining marine and freshwaters 

Bottom line: Marine and freshwater culture-derived data do not reflect a pattern suggesting that 
they are different. Based on our observations, marine and freshwater culture enterococci data 
are combinable. 

Rationale and Evidence: 
o The main source of the fecal contamination (and thus, fecal indicators)- WWTP effluent 

- is the same at all NEEAR study beaches. 
o The 1986 RWQC geometric mean (GM) indicator density, which is to be used as the 

reference point in the 2012 RWQC is (effectively) the same in freshwater and marine 
waters (GM 33 versus 35, respectively). 

o The number of beaches evaluated in the NEEAR studies was a relatively small ( 4 
freshwater, 3 temperate marine, and 1 tropical marine) subset of all waterbodies that the 
RWQC will apply to. 

o The literature indicates that of the factors influencing enterococci fate in the environment, 
there is more evidence that sunlight, temperature and predation are more important in 
controlling enterococci concentrations than the effects of salinity. 

Analytical Approach for Comparing NEEAR Beaches: 

To determine if beaches should necessarily be grouped by salinity (grouping beaches as 
freshwater versus marine) we conducted several analyses. First, the observed range of culturable 
enterococci for each NEEAR beach was plotted in a box-and-whisker plot (Figure 1 ). As shown, 
there is substantial overlap in the observed densities across all beaches. There is also substantial 
intra-beach variability. 

Next, we used an ANOV A analysis of the NEEAR culturable enterococci to test for equality of 
GMs between beaches. This test indicated that the means (Refer to Table 1) between beaches 
were significantly different (p<0.001). Since more than two beaches were compared, a 
statistically significant effect in the ANOV A only indicates that the GMs are different between 
the beaches, but not which beaches are different and how. 

Given the overlap of observed culturable enterococci among all beaches (Figure 1) we examined 
the variability between individual beaches. A post-hoc test (Tamhane's test) was used to 
ascertain which pairs of GMs are significantly different. This test is suitable in this situation 
because the variances are not equal and the number of beaches in groups is not constrained to be 
equal. The major advantage of this test is that it accounts for both intra- and inter- variability in 
GMs for beaches to inform the groupings; another advantage is that it is a conservative test, 
accounting for multiple comparisons between beach GMs (the type I error a is constrained to be 
less than 0.05). As shown in Table 1, these statistically derived groups are not aligned strictly by 
classification of whether the waterbody was a fresh or marine beach. 
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Figure I. 
NEEAR Fresh and Marine Water Culturable Water Quality Results 
(white, grey, hatched boxes represent statistically different groups) 
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Table 1. Homogenous subgroups ofNEEAR beaches based on culturable enterococci 
results. 

(The log10 means of each beach are listed under the column of the homogenous group 
to which it belongs. Log10 standard deviations are shown in parentheses). 

Beach Water body N Group 1 * Group 2 Group 3 (cfu 
type (cfu per (cfu per per100ml 

100ml) 100ml) 
Surfside (SS) marine 530 0.48 (0.73) 
Goddard (GB) marine 426 0.56 (0.92) 
Boqueron (BB) marine 600 0.75 (0.81) 
West Beach (WB) fresh 336 0.83 (1.01) 
Edgewater (EB) marine 395 0.88 (0.95) 
Fairhope (FB) marine 431 1.32 (0.95) 
Washington Park(WP) fresh 421 1.39 (0.50) 
Huntington (HB) fresh 420 1.4 (1.01) 
Silver Beach (SB) fresh 423 1.49 (0.66) 

*Groups in the table are reflected by different colors and cross hatching in the figure 
above. 
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Analysis Findings: 
o Extensive data analysis ofNEEAR enterococci culture densities indicates that there is not 

a compelling distinction between marine and freshwater. 
o The observed enterococci culture densities across all beaches are within the same range. 
o While the means between individual beaches were significantly different, their 

differences are not aligned strictly by classification of whether the water body was a fresh 
or marine beach. 

Background information 

The literature indicates that ofthe factors influencing enterococci fate in the environment, there 
is more evidence that sunlight, temperature, and predation are more important in controlling 
enterococci concentrations than the effects of salinity. While numerous studies have documented 
these sunlight (Davies-Colley eta!., 1999; Sinton eta!., 1999; Boehm eta!., 2002; Sinton eta!., 
2002; Noble eta!., 2004; Liu eta!., 2006; Boehm eta!., 2009; Walters eta!., 2009; Nevers and 
Boehm, 201 0) and predation (Enzinger and Cooper, 1976; Chamberlin and Mitchell, 1978; 
McCambridge and McMeekin, 1981; Barcina eta!., 2997; Menon eta!., 2003; Noble eta!., 2004; 
Boehm eta!., 2005), there are overall fewer studies documenting temperature (Wait and Sobsey, 
2001; Noble eta!., 2004) and salinity (Hanes and Fragala, 1967; Noble eta!., 2004) effects on 
enterococci persistence. While the results of all temperature studies illustrate that lower 
temperatures results in increased persistence, the results from the few salinity studies are 
conflicting- sometimes showing no effect of salinity, sometimes increased persistence at low 
salinities and sometimes increased persistence at high salinities. The most relevant study for the 
issue at hand on enterococci survival is Noble eta!. (2004) who tested the persistence of 
enterococci from a variety of sources in fresh and seawater exposed to sunlight and various 
temperatures. They found that inactivation rates in did not differ amongst various treatments 
executed in seawater and freshwater. The Noble eta!. (2004) paper is perhaps the most direct 
evidence of the lack of effect of salinity on the persistence of enterococci in the aqueous 
environment. 
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Activi 
~&eal:Prltem:Basics .. 

qPCR Enterococcus EPA 
Method 1611 

Tool for qPCR calculation 

2012 RWQC Implementation Materials 

Document specifies how to conduct the EPA qPCR test Done 
for Enterococcus, beginning with water sample collection http://water.epa.gov/scitech/methods/ 
through laboratory analysis and ending with how to cwalbioindicators/biological index.cfm 
reoort the data 3$ CCE units/1 00 mL. 
Excel spreadsheet to convert qPCR test results from Done 
machine results (CT) to reporting units (CCE/100 mL, as http://water.epa.gov/scitech/methods/ 
specified in Method 1611 ). The purpose is for cwalbioindicators/biological index.cfm 
stakeholders to plug in their CT values and have the 
spreadsheet calculate the CCE reporting number rather 
than have them use hand calculators. 

Method troubleshooting guide I Document that answers the questions, "I just finishing I Final June 2013 
doing the method- my results look funny - what might I 
have done wrong, and how do I fix it?" 

qPCR basics training I Hands-on training ofMethod 1611 in Region 1 for I Initiate work in 2013 
laboratory technicians to learn how to do the test and for 
beach managers trying to decide if they should use this 
test. 

Alternate method using Alternate test procedure to Method 1611 that will include I Final June 2013 
internal amplification control the lAC for matrix interference. Note that Method 1611 
lAC) will include the lAC in the troubleshooting section. 

DNA standard with A TCC I DNA standard for Enterococcus qPCR test- I Final September 2013 
collaboration with ATCC- a nonprofit organization that 
develops and distributes standard reference 
microorganisms- to have A TCC make, test, and then 
make publicly available DNA standards for EPA's qPCR 
test for enterococci. 

~if~iW.l'tion~WitJi;ilie:BeaCIH!iO .. rarn'L ,J,~·:~2~~!&JJjf~~.rifi.:t:i't ;.;:!":;,·; 
Marine sanitary survey Guidance for beach managers to identify pollutant 

sources in marine waters. 
Update National Beach Update existing beach guidance to address modeling, I Final September 2013 
Guidance and Required monitoring, qPCR, tiering, sanitary surveys, and the 2012 
Performance Criteria for R WQC. 
Grants 

November 21, 2012 



Modeling implementation 
projects 

QMRA guidance for states, 
Vol. C, Case studies (part I) 

QMRA guidance for states, 
Vol. C. Case studies 
Alternative health 
relationships TSM 

November 21, 2012 

Based on interviews with people who have implemented 
beach models, produce a how-to manual that will allow 
the process to be replicated in other locations. Work with 
2-3 beach communities interested in incorporating 

·ve models to field test the · 

How to conduct a QMRA; data needs; how to do 
calculations using microbial risk assessment protocol and 
decision matrix. Process with default values. 

Draft how-to guide Sept. 2013 
Initiate field projects in 2013 

State-of-the-science that supports Volume A. I Final October 2013 

Examples demonstrating the application of the QMRA I Final October 2013 
framework to better understand potential human health 
risks at specific sites. Volume will consist of a 
compendium of peer reviewed science reports with 
additional narrative describing the process and 
highlighting decision points in non-technical language. 
This volume is designed to be adaptable to include future 
additions as more examples become available. Current 
QMRA examples to include: "fecal mixtures", 2 
agricultural animal reports, Boqueron #1, Chicago area 
waterways (contingent on Region 5 coordination), and 
Ohio/Marion epi 

Final October 2014 (tentative on 
new site sel · 
Final October 2013 

Final December 2013 



 

 

 

2012 Recreational Water Quality Criteria 

 

SSuummmmaarryy  

EPA has released its 2012 recreational water 

quality criteria (RWQC) recommendations for 

protecting human health in all coastal and non-

coastal waters designated for primary contact 

recreation use. EPA provides two sets of 

recommended criteria. Primary contact 

recreation is protected if either set of criteria 

recommendations are adopted into state water 

quality standards.  

 

These recommendations are intended as 

guidance to states, territories and authorized 

tribes in developing water quality standards to 

protect swimmers from exposure to water that 

contains organisms that indicate the presence of 

fecal contamination.  

BBaacckkggrroouunndd  

EPA last issued ambient water quality criteria 

recommendations for recreational waters in 

1986. EPA issues such recommendations under 

the authority of the Clean Water Act (CWA). 

Amendments to the CWA by the Beaches 

Environmental Assessment and Coastal Health 

(BEACH) Act of 2000 direct EPA to conduct 

studies associated with pathogens and human 

health, and to publish new or revised criteria 

recommendations for pathogens and pathogen 

indicators based on those studies. These 2012 

RWQC meet those requirements. 

 

The 2012 RWQC rely on the latest research and 

science, including studies that show a link 

between illness and fecal contamination in 

recreational waters. They are based on the use of 

two bacterial indicators of fecal contamination, 

E. coli and enterococci. The new criteria are 

designed to protect primary contact recreation, 

including swimming, bathing, surfing, water 

skiing, tubing, water play by children, and 

similar water contact activities where a high 

degree of bodily contact with the water, 

immersion and ingestion are likely. 

WWhhaatt  aarree  tthhee  rreeccoommmmeennddaattiioonnss??  

The 2012 RWQC offer two sets of numeric 

concentration thresholds, either of which would 

protect the designated use of primary contact 

recreation and, therefore, would protect the 

public from exposure to harmful levels of 

pathogens. Illness rates upon which these 

recommendations are based use the National 

Epidemiological and Environmental Assessment 

of Recreational Water (NEEAR) definition of 

gastrointestinal illness, which is not limited to 

illnesses which exhibit a fever. 

 

The RWQC consist of three components: 

magnitude, duration and frequency. The 

magnitude of the bacterial indicators are 

described by both a geometric mean (GM) and a 

statistical threshold value (STV) for the bacteria 

samples. The STV approximates the 90th 

percentile of the water quality distribution and is 

intended to be a value that should not be 

exceeded by more than 10 percent of the 

samples taken. The table summarizes the 

magnitude component of the recommendations. 

All three components are explained in more 

detail in the sections below. 

 

 
 

Water quality criteria recommendations are 

intended as guidance in establishing new or 

revised water quality standards. They are not 

regulations themselves. States and authorized 

tribes have the discretion to adopt, where 

appropriate, other scientifically defensible water 

quality criteria that differ from EPA's 

recommended criteria. 

RECOMMENDATION 1: MAGNITUDE 

Enterococci: Culturable enterococci at a 
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geometric mean (GM) of 35 colony forming 

units (CFU per 100 milliliters (mL) and a 

statistical threshold value (STV) of 130 cfu per 

100 mL, measured using EPA Method 1600, or 

any other equivalent method that measures 

culturable enterococci. 

 

E. coli: Culturable E. coli at a GM of 126 cfu 

per 100 mL and an STV of 410 cfu per 100 mL 

measured using EPA Method 1603, or any other 

equivalent method that measures culturable E. 

coli. 

RECOMMENDATION 2: MAGNITUDE 

Enterococci: Culturable enterococci at a GM of 

30 cfu per 100 mL and an STV of 110 cfu per 

100 mL, measured using EPA Method 1600, or 

any other equivalent method that measures 

culturable enterococci. 

 

E. coli: Culturable E. coli at a GM of 100 cfu 

per 100 mL and an STV of 320 cfu per 100 mL 

measured using EPA Method 1603, or any other 

equivalent method that measures culturable E. 

coli.  

FOR BOTH RECOMMENDATIONS 

Duration and Frequency: The waterbody GM 

should not be greater than the selected GM 

magnitude in any 30-day interval. There should 

not be greater than a ten percent excursion 

frequency of the selected STV magnitude in the 

same 30-day interval. 

 

HHooww  aarree  tthheessee  ccrriitteerriiaa  ddiiffffeerreenntt  ffrroomm  tthhee  11998866  

ccrriitteerriiaa??  

Similar Protection for Fresh and Marine 

Waters: The EPA used an analysis of NEEAR 

water quality data to refine the illness rate 

estimate for the recommended marine criterion 

for entercocci.  The 2012 RWQC values now 

protect public health similarly in both marine 

and fresh waters. 

 

A New Measurement Value: EPA is 

introducing a new term, Statistical Threshold 

Value (STV), to be used in conjunction with the 

recommended GM value. 

 

New Early Alert Tool: In addition to 

recommending criteria values, EPA is now also 

providing states with Beach Action Values 

(BAVs) for use in notification programs. The 

BAV is provided for states to use as a 

precautionary tool to provide an early alert to 

beachgoers, including families with children.  

 

A Single Level of Beach Use: The 1986 

bacteria criteria document included four single 

sample maximum (SSM) values appropriate for 

different levels of beach usage (use intensities). 

In the 2012 RWQC, EPA removed those 

recommendations and instead provided states 

with optional, precautionary BAVs for use in 

monitoring and notification programs. 

 

More Tools for Assessing and Managing 

Recreational Waters: EPA is providing 

information on tools for evaluating and 

managing recreational waters, such as predictive 

modeling and sanitary surveys. The Agency is 

also providing tools for developing site-specific 

criteria such as epidemiological studies, 

quantitative microbial risk assessment, and use 

of alternative indicators or methods. The EPA 

has developed and validated a molecular testing 

method using quantitative polymerase chain 

reaction (qPCR) as a rapid analytical technique 

for the detection of enterococci in recreational 

water (EPA Method 1611).  For the purposes of 

beach monitoring, a state may use a qPCR 

method on a site-specific basis. 

WWhheerree  ccaann  II  ffiinndd  mmoorree  iinnffoorrmmaattiioonn??  

EPA has put the 2012 RWQC document, 

support documents, and the Federal Register 

Notice, in the docket (Docket identification No. 

EPA-HQ-OW-2011-0466) which can be 

accessed via EPA's website at 

http://water.epa.gov/scitech/swguidance/standar

ds/criteria/health/recreation/index.cfm. 

 

You can also contact Sharon Nappier at 

nappier.sharon@epa.gov or (202)566-0740, or 

contact Tracy Bone at bone.tracy@epa.gov or 

(202) 564-5257 for more information. 

 

http://water.epa.gov/scitech/swguidance/standards/criteria/health/recreation/index.cfm
http://water.epa.gov/scitech/swguidance/standards/criteria/health/recreation/index.cfm
mailto:nappier.sharon@epa.gov
mailto:bone.tracy@epa.gov
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Agenda

 Results update:

– Evaluate multiple indicator/method 
combinations to develop quantifiable 
relationships (P 15)

– Evaluate the suitability of individual 
combinations of indicators and methods for 
different CWA programs (P 18)

– Analysis of NEEAR culture results and health 
effects.
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P15: Evaluate multiple indicator/method 
combinations to develop quantifiable 

relationships
 Study evaluated quantitative polymerase chain 

reaction (qPCR) and membrane filtration (MF) method 
comparisons, using available Enterococcus, 
Bacteroidales and E. coli data.

 Two main approaches explored:
– “Risk Link”:  examines the potential to use a common 

illness rate estimate across different epidemiological 
studies to deduce the density of an alternate indicator.

– “Water Quality Link”: examines the potential to 
demonstrate a quantifiable relationship between 2 
different indicator methods, when only one has 
demonstrated association with illness occurrence.

Stakeholder Meeting on the Development of New or Revised Water Quality Criteria 3



Illustration of the risk link approach

“risk”
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P15: Evaluate multiple indicator/method 
combinations to develop quantifiable 

relationships (2)
 Using the “Risk Link” approach, we were able to 

quantifiably compare a new epi study (Marion, 2010) 
conducted on a small inland lake in Ohio (POTW impacted, 
other mixed sources) to the 1984 USEPA freshwater epi
studies conducted on Lake Erie and an inland lake in OK 
(also POTW impacted).

 Health effects from both studies were not significantly 
different from each other.
– Indicates that health effects at POTW-impacted inland waters 

are similar to those for POTW-impacted coast waters.
– Suggests that the primary driver of the illness is similar in those 

two studies.
 Bottomline: Results support continued use of culturable E. 

coli as a fecal indicator.
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P15: Evaluate multiple indicator/method 
combinations to develop quantifiable 

relationships (3)
 While the “Risk Link” approach is useful for comparing 

health effects across different studies, EPA’s current 
thinking is that caution must be used when developing 
criteria.
– Variability of both health effects and water quality (the 

normal condition for such studies) can be quite large and 
utilizing the “Risk Link” approach implies a precision in 
estimation that would not exist.  

– Epidemiology studies show an association between 
observed illness and fecal indicators, however, the fecal 
indicators do not cause the illness that is observed.  

– The relationship of fecal indicators to pathogens can be 
quite variable.
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P15: Evaluate multiple indicator/method 
combinations to develop quantifiable 

relationships (4)
 The “Water Quality Link” approach requires a 2 

step process:
– Development of a model relating indicator density as 

measured by one indicator-method combination to 
indicator density as measured by another 

– Establishment of equivalent values of indicator 
densities based on two indicator-method 
combinations using the resulting model and a health 
effects curve for one of the indicator-method 
combinations 
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Illustration of the Water Quality 
Linkage approach
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P15: Evaluate multiple indicator/method 
combinations to develop quantifiable 

relationships (5)
 Establishing mathematical models relating 

indicators can become very complicated.
– Water matrix is highly heterogeneous for microbes.
– Method performance can also be variable.

 Based on the results in the P15 report, EPA’s 
current thinking is to minimize the impact of the 
matrix and performance variability by narrowing 
the comparison to risk management-important 
endpoints.
– That is, how do the methods compare in the range of 

water quality of interest for regulatory decisions.
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P18. Summary of “Evaluation of the Suitability of 
Individual Combinations of Indicators and Methods 

for Different Clean Water Act Programs
 Conducted to evaluate the strengths and weaknesses of 

both rapid and culture indicator/method combinations 
– Method performance criteria
– Suitability for different Clean Water Act programs

 EPA identified eight performance criteria: 
– 1) limit of detection; 
– 2) sensitivity; 
– 3) specificity; 
– 4) precision;
– 5) percent false positives and false negatives; 
– 6) ability to differentiate fecal sources; 
– 7) performance in different waterbody types; and 
– 8) indicator/illness health relationship established. 
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P18. Summary of “Evaluation of the Suitability of 
Individual Combinations of Indicators and Methods 

for Different Clean Water Act Programs (2)

 The indicator/methods evaluated were methods that 
showed a correlation to health in the freshwater 
and/or marine water epidemiological studies 
conducted by EPA under the National Epidemiological 
and Environmental Assessment of Recreational 
(NEEAR) Water Study or used to support the 
development of the 1986 ambient water quality 
criteria.

 Four methods (Enterococcus quantitative polymerase 
chain reaction (qPCR), Bacteroidales qPCR, EPA 
Method 1600 and EPA Method 1603) were 
quantitatively evaluated with respect to the 
performance criteria. 
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P18. Summary of “Evaluation of the Suitability of 
Individual Combinations of Indicators and Methods 

for Different Clean Water Act Programs (3)

 qPCR and culture methods were evaluated qualitatively with 
respect to several method attributes and considerations for 
implementation purposes, and how well each method works for 
each Clean Water Act program. 

 qPCR methods were evaluated relative to culture methods on the 
following evaluation criteria that were important to the CWA 
programs: 
– (1) ease of use, 
– (2) low cost, 
– (3) time to results, 
– (4) allowance for use of historical data for model development, 
– (5) ability to demonstrate effectiveness of treatment from source to 

beach, 
– (6) count/signal associated with human health risk pathogens, and 
– (7) precision/accuracy 
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P18 Findings

Method Attribute
Beach Program NPDES TMDL Assessment

“Rapid”
Yes No No No

Low Cost 
Yes Yes Yes Yes

Ease of Use
Yes Yes Yes Yes

Reflect Treatment 
Efficacy No Yes No No

Use of Historical 
Data No1 Yes Yes Yes

Recreational Water Quality Criteria – Indicator/Method Considerations for CWA Programs

[1] Historical data is needed for the development of site-specific predictive models.
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P18 Findings (2)

 Indicator/method combinations for consideration for new criteria 
are:
Freshwater Marine
Enterococcus qPCR Enterococcus qPCR
Enterococcus Method 1600 Enterococcus Method 1600
E.coli Method 1603

 A new or revised wastewater test method may not be necessary 
because existing culture methods approved for wastewater may be 
sufficient. 

 The qualitative evaluation of the culture and qPCR methods 
indicates that a rapid method is important only for Beach Program 
monitoring and notification.
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qPCR and potential inhibition

 EPA and other researchers have documented instances of 
inhibition when using qPCR in certain circumstances.

 While there appears to be scenarios where inhibition tends to 
occur, we are unable to predict when and to what extent it 
would occur.

 Our intention is to provide, as part of the EPA-published qPCR 
method, an appendix containing troubleshooting guidance on 
how to deal with inhibition when it occurs.

 EPA’s current thinking in regards to Enterococcus qPCR is to 
recommend it for use primarily for beach monitoring and 
notification, but you should try it out first and see if it works for 
your site-specific purposes before adopting it into your WQS.
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NEEAR: Culture results and health (1)

 EPA conducted an additional analysis that 
demonstrates the NEEAR culturable enterococci 
data are related to health.

 How you aggregate the data is important!
– 1986 epi data were averaged over the course of a 

beach season for both reported illnesses and water 
quality.

– NEEAR data were daily averages of water quality and 
illness reported by day.

 Non-EPA studies have also found a health 
association with culture.
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NEEAR: Culture results and health (2)

Freshwater NEEAR data aggregated by similar water quality and 1986 freshwater data (season averages)

Freshwater studies 1986 and Binned NEEAR data
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NEEAR: Culture results and health (3)

Marine NEEAR data aggregated by similar water quality and 1986 marine water study data (season 
averages)
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NEEAR: Culture results and health (4)
 The POTW-impacted marine and freshwater NEEAR study 

data are qualitatively consistent with the data from the 
1983/1984 epidemiology studies for culturable enterococci 
and observed excess GI illness. 

 Generally within the expected range from the previous epi
studies.
– Human-impacted waters
– Similar pathogen driving the observed illness

 These analyses are intended to compliment the reported 
NEEAR epi results and help us better interpret the results.
– This analysis did not account for many of the covariates, such as 

age, food consumption, or contact with sand.
 Working on a similar approach with the qPCR indicator; 

should provide additional support for demonstrating utility 
of rapid indicator.
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In summary

 Our current thinking is that the data support 
the continued use of culture-based methods 
for E. coli (fresh water) and enterococci 
(marine and fresh water) with the addition of 
EPA’s more rapid Enterococcus qPCR method 
(marine and fresh water).

Stakeholder Meeting on the Development of New or Revised Water Quality Criteria 20





























































































Implementation Guidance for
Ambient Water Quality Criteria for
Bacteria

November 2003 Draft



U.S. Environmental Protection Agency
Office of Water (4305T)

1200 Pennsylvania Avenue, NW
Washington, DC 20460

EPA-823-B-03-XXX



Review Draft November 2003

i

Foreword

Our nation’s waters are a valuable recreational resource.  We use them for swimming, to seek
adventure through white water rafting, surfing, and kayaking, or simply enjoying their aesthetic
qualities while hiking or birdwatching.  Protection of these waterbodies begins with state, territory,
and authorized tribal adoption of water quality standards.  The Implementation Guidance for
Ambient Water Quality Criteria for Bacteria was written to provide guidance to state, territory, and
authorized tribal water quality programs on the adoption and implementation of bacteriological
water quality criteria for the protection of waters designated for recreation.  This document may also
serve as a useful resource for state and local beach program managers and interested members of
the public.

This guidance reflects valuable comments the Agency received on its previous February 2000 and
May 2002 drafts and subsequent interactions with interested stakeholders.   I believe you will find
this document a useful resource.  Should you have any questions or concerns, please do not hesitate
to me (202-566-0430) or Denise Keehner, Director of the Standards and Health Protection Division
(202- 566-0400).

___________________________
Geoffrey H. Grubbs, Director
Office of Science and Technology
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N O T I C E

The Implementation Guidance for Ambient Water Quality Criteria for Bacteria is
designed to address questions on implementing EPA’s recommended water quality
criteria for bacteria within state, territory, and authorized tribal water quality
programs.

The guidance included in this document cannot impose legally binding requirements
on EPA, states, territories, authorized tribes, or the regulated community.  It cannot
substitute for Clean Water Act (CWA) requirements, EPA’s regulations, or the
obligations imposed by consent decrees or enforcement orders.  Further, this
guidance might not apply to a particular situation based upon the circumstances.
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Executive Summary

The purpose of this document is to provide guidance for the implementation of water quality
criteria for bacteria once adopted into state and tribal water quality standards.  As part of these
recommendations, EPA is encouraging states and authorized tribes to use E. coli or enterococci as
the basis of their water quality criteria for bacteria to protect fresh recreational waters.  For marine
recreational waters, EPA recommends the use of enterococci as the basis for water quality criteria
for bacteria.  Further, for coastal recreational waters (i.e.,  marine waters, coastal estuaries, and the
Great Lakes), states are required to adopt bacteriological criteria as protective as EPA’s Clean Water
Act §304(a) criteria recommendations by April 2004. EPA believes the use of E. coli and/or
enterococci are best suited to prevent acute gastrointestinal illness caused by the incidental ingestion
of fecally contaminated recreational waterbodies.

This document provides a summary of EPA’s existing recommended water quality criteria
for bacteria that it published in 1986 as well as recommendations on the implementation of
bacteriological criteria for the protection of recreational uses once they have been adopted into a
state or authorized tribe’s water quality standards.  The use of water quality standards to protect
recreational waters encompasses a broad spectrum of waterbody types, from heavily-used ocean
front beach areas, to remote mountain streams.  This document attempts to acknowledge these
different types of recreational uses and the different management choices that are available to states
and tribes in managing these water resources.

States and authorized tribes must adopt primary contact recreation wherever attainable for
all surface waters within their jurisdiction, and, in doing so, consider the use of the waterbody by
children and other susceptible groups.  To provide protection of human health, states and tribes
should conduct sanitary surveys to identify sources of fecal pollution when high levels of bacteria
are observed.

In many circumstances, waterbodies are impacted by not only human sources of fecal
contamination, but also domesticated animals and wildlife.  In these situations, based on the ability
of warm-blooded animals - especially those animals with which humans come into contact most
frequently, like livestock and domestic animals - to harbor and shed human pathogens, EPA feels
it is inappropriate to conclude that these sources present no risk to human health from waterborne
pathogens.  However, there have been few studies investigating the impact of fecal contamination
from wildlife sources.  Consequently, states and authorized tribes should not use broad exemptions
from the bacteriological criteria for waters designated for primary contact recreation based on the
presumption that high levels of bacteria originating from non-human fecal contamination present
no risk to human health.  Rather, states and authorized tribes may use limited exemptions from the
bacteriological criteria only when high levels of bacteria are shown to be from wildlife sources.  This
policy statement revises EPA’s previous policy as stated in its 1994 Water Quality Standards
Handbook, which allowed states and authorized tribes to justify a decision not to apply the
bacteriological criteria to particular recreational waters when high concentrations of bacteria were
found to be of animal origin.
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For heavily-used beach areas and other well-known or popular recreational areas, EPA
recommends a more conservative approach in the adoption and implementation of recreational water
quality standards, including adoption of criteria based on lower risk levels, consideration of the use
of the 75th percentile level as an upper percentile value, more frequent monitoring, and the use of
sanitary surveys to identify sources of fecal pollution.

For other waterbody types, states and authorized tribes may opt to use different approaches
in the management of their recreational waterbodies.  For example, those states and authorized tribes
wishing to adopt bacteriological criteria based on the same risk levels for their fresh and marine
waters may adopt both fresh and marine water criteria based on risk levels no greater than 1.0%.
For states and authorized tribes not opting for this approach, the maximum risk level upon which
fresh water criteria should be based is 1.0% and the maximum risk level upon which marine water
criteria should be based is 1.9%, given the constraints of available data in the underlying
epidemiological studies.

In some instances, particularly in northern climates, states and authorized tribes may choose
to adopt seasonal contact recreation uses to protect primary contact recreation during the time of
year it occurs and to prevent excessive disinfection by dischargers during the winter months.
Residual chlorine in effluents can result in the formation of disinfection byproducts such as
trihalomethanes in surface waters, which can have an adverse effect on human health and aquatic
life.  In other circumstances where a state or authorized tribe has determined that primary contact
recreation is not an existing use as defined by federal and state (or tribal) regulations, nor attainable
for one of the reasons identified in the federal and state (or tribal) regulations, states and authorized
tribes may adopt other categories of recreation such as intermittent primary contact recreation,
wildlife impacted recreation, or secondary contact recreation.

In addition to providing recommendations on the adoption of recreational uses and protective
water quality criteria into water quality standards, the document also provides explanations of how
states’ and authorized tribes’ recreational water quality standards should be used to form the basis
for water quality-based National Pollutant Discharge Elimination System permits; assess and
determine attainment of water quality standards; and develop subsequent Total Maximum Daily
Loads and wasteload allocations.

While this document is focused primarily on the adoption and implementation of water
quality criteria for bacteria as part of a states’ or tribes’ recreational water quality standards, there
are some natural relationships between this topic and drinking water programs, shellfishing
programs, and beach management activities.  This document provides brief discussions of these
relationships and, where appropriate, provides references where more information may be obtained.
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1. Background and Introduction

Water quality standards consist of designated uses, criteria necessary to protect those uses,
and an antidegradation policy. Water quality standards establish the “goals” for a waterbody.
Designated uses determine what criteria apply to the water body.  Clean Water Act (CWA)
§101(a)(2) set the national goal of achieving water quality which provides for the “protection and
propagation of fish, shellfish, and wildlife” and “recreation in and on the water” wherever attainable.
These national goals are commonly referred to as the “fishable/swimmable” goals of the Clean
Water Act.  CWA §303(c)(2)(A) requires water quality standards to “protect the public health and
welfare, enhance the quality of water, and serve the purposes of this Act.”  EPA's regulations at 40
CFR Part 131 interpret and implement these provisions through a requirement that water quality
standards provide for fishable/swimmable uses unless those uses have been shown to be
unattainable.  States have generally provided for the “swimmable” goal by designating “primary
contact recreation” for their waters.   Primary contact recreation encompasses activities that could
be expected to result in ingestion of water or immersion.  These activities logically include
swimming, water skiing, surfing, kayaking, and any other activity where contact and immersion in
the water are likely.

In 1986, the U.S. Environmental Protection Agency (EPA) published Ambient Water Quality
Criteria for Bacteria–1986.  That document contained EPA’s recommended water quality criteria
for bacteria to protect bathers from gastrointestinal illness in recreational waters.  The water quality
criteria identified levels of indicator bacteria, namely Escherichia coli (E. coli) and enterococci, that
demonstrate the presence of fecal pollution and which should not be exceeded to protect bathers in
fresh and marine recreational waters.  Indicator organisms such as these have long been used to
protect bathers from illnesses that may be contracted from recreational activities in surface waters
contaminated by fecal pollution.  These organisms generally do not cause illness directly, but have
demonstrated characteristics that make them good indicators of harmful pathogens in waterbodies.
Prior to its 1986 recommendations, EPA recommended the use of fecal coliforms as an indicator
organism to protect bathers from gastrointestinal illness in recreational waters.  However, EPA
conducted epidemiological studies and evaluated the use of several organisms as indicators,
including fecal coliforms, E. coli, and enterococci, and subsequently recommended in 1986 the use
of E. coli for fresh recreational waters and enterococci for fresh and marine recreational waters
because they were better predictors of acute gastrointestinal illness than fecal coliforms.  Some
states and authorized tribes have replaced their fecal coliform criteria with water quality criteria for
E. coli and/or enterococci; however, many other states and authorized tribes have not yet made this
transition.

The main route of exposure to illness-causing organisms in recreational beach waters is
through direct contact with polluted water while swimming, most commonly through accidental
ingestion of contaminated water.  In waters containing fecal contamination, many types of
waterborne diseases that are spread through fecal contamination and subsequent ingestion (the
“fecal-oral route”) may affect bathers.  These illnesses result from the following general categories
of infection:

• Bacterial infection (such as cholera, salmonellosis, shigellosis, and gastroenteritis).
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• Viral infection (such as infectious hepatitis, gastroenteritis, and intestinal diseases caused
by enteroviruses).

• Protozoan infections (such as cryptosporidiosis, amoebic dysentery, and giardiasis).   

  Although the most common effects of bathing in contaminated water are illnesses affecting
the gastrointestinal tract, other illnesses and conditions affecting the eye, ear, skin, and upper
respiratory tract can be contracted as well.  With these conditions, infection may occur when
pathogenic microorganisms come into contact with small breaks and tears in the skin or ruptures in
delicate membranes in the eye, ear or nose resulting during recreation in the water.  These illnesses
are not likely to be life-threatening for the majority of the population.

Microorganisms are ubiquitous in all terrestrial and aquatic ecosystems.  Many types are
beneficial, functioning as agents for chemical decomposition, food sources for larger animals, and
essential components of the nitrogen cycle and other biogeochemical cycles.  Some microorganisms
reside in the bodies of animals and aid in the digestion of food; others are used for medical purposes
such as providing antibiotics.  Of the vast number of species of microorganisms present in the
environment, only a small subset are human pathogens (i.e., capable of causing varying degrees of
illness in humans).  While some human pathogens are naturally occurring in the environment (e.g.,
Naeglaria or Vibrio cholera), the source of these microorganisms is usually the feces or other wastes
of humans and various other warm-blooded animals.

Bacteria are unicellular organisms that lack an organized nucleus and contain no chlorophyll. 
Waste from warm-blooded animals is a source of many types of bacteria found in waterbodies,
including the coliform group and streptococcus, lactobacillus, staphylococcus, and clostridia. 
However, most types of bacteria are not pathogenic. 

Viruses are a group of infectious agents that are obligate intracellular parasites (i.e., require a host
in which to live).  The most significant virus group affecting water quality and human health
originates in the gastrointestinal tract of infected animals.  These enteric viruses are excreted in feces
and include hepatitis A, rotaviruses, Norwalk-type viruses, adenoviruses, enteroviruses, and
reoviruses. 

Protozoa are unicellular organisms occurring primarily in the aquatic environment.  Pathogenic
protozoa constitute almost 30 percent of the 35,000 known species of protozoans.  Pathogenic
protozoa exist in the environment as cysts that hatch, releasing infective forms that attach to or
invade cells, and then grow and multiply, causing associated illness.  Encystation of protozoa
facilitates their survival, protecting them from harsh conditions such as high temperature and
salinity.  Two protozoa of major concern as waterborne pathogens are Giardia lamblia and
Cryptosporidium parvum.

The detection and enumeration of all pathogens of concern are impractical in most
circumstances due to the potential for many different pathogens to reside in a single waterbody; lack
of readily available and affordable methods; and the variation in likely pathogen concentrations.
The use of indicators provides regulators and water quality managers with a means to ascertain the
likelihood that human pathogens may be present in recreational waters.  Specifically, the criteria
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1Note: The term “states” will be used to denote states and U.S. territories.

2Pursuant to section 518(e) of the CWA, EPA is authorized to treat an Indian tribe in the same manner as a
state for the purposes of administering a water quality standards program.  40 CFR 131.8 establishes the criteria by
which the Agency makes such a determination.  At this time, 26 tribes have requested and been granted program
authorization, and 22 tribes have adopted, and EPA has approved, water quality standards pursuant to section 303(c)
of the Act, and the implementing federal regulations at 40 CFR 131.
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published by EPA are intended, once adopted by states and authorized tribes, to control pathogens
by keeping concentrations of indicator organisms at a level that corresponds with low levels of  risk
of acute gastrointestinal illness to recreational water users.

Of the different illnesses that may be contracted during recreational activities, gastrointesti-
nal illness occurs most frequently (CDC 2000; CDC 1998).  Gastroenteritis is a term for a variety
of diseases that affect the gastrointestinal tract and are rarely life-threatening.  Symptoms of the
illness include nausea, vomiting, stomachache, diarrhea,  headache, and fever.  While other illnesses
may be contracted from recreational activities, they are not specifically addressed by EPA’s criteria
recommendations.  People who become ill as a result of bathing in contaminated water often do not
associate their illness symptoms with swimming because symptoms often appear several days after
exposure and are often not severe enough to cause individuals to go to the hospital or see a doctor.
Most people afflicted by gastroenteritis will experience flu-like symptoms several days after
exposure, rarely suspecting that ingestion of water while recreating is the cause of their illness and
often assuming that the symptoms are a result of the flu or food poisoning.   Consequently, disease
outbreaks often are inconsistently detected and reported, leading to difficulty in ascertaining the total
incidences of illness resulting from contact with recreational waters. 
 

1.1 What is the purpose of this guidance?

This guidance provides recommendations to help states1 and authorized tribes2 implement
EPA’s recommended water quality criteria for bacteria for the protection of recreational waters.
EPA strongly encourages states and authorized tribes that have not already done so to adopt the
recommendations set forth in Ambient Water Quality Criteria for Bacteria – 1986 or to adopt other
scientifically defensible water quality criteria for bacteria into their recreational water quality
standards to replace fecal or total coliform criteria.  

EPA’s Ambient Water Quality Criteria for Bacteria–1986 was developed for the protection
of waters designated for recreational uses.  Under section 304(a) of the Clean Water Act (CWA),
EPA is required to publish water quality criteria accurately reflecting the latest scientific knowledge
for the protection of human health and aquatic life.  The scientific foundation of the criteria is based
on studies conducted by EPA demonstrating that for fresh water, E. coli and enterococci are best
suited for predicting the presence of gastrointestinal illness-causing pathogens, and for marine
waters, enterococci is most appropriate.  EPA believes the E. coli and enterococci indicators provide
a much better means of protecting recreators from contracting gastrointestinal illness than the use
of fecal coliforms.  The transition to E. coli and enterococci bacterial indicators continues to be an
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3The states of Arizona, California, Colorado, Connecticut, Delaware, Hawaii, Idaho, Indiana, Kansas,
Maine, Maryland, Michigan, Nebraska, Nevada, New Hampshire, New Jersey, Ohio, Oklahoma, Oregon, Tennessee,
Texas, Vermont, and Virginia; the territories of American Samoa, Commonwealth of the Northern Mariana Islands,
Guam, and Puerto Rico; and the tribes of the Acoma Pueblo, the Colville Confederated Tribes, the Confederated
Tribes of the Umatilla Indian Reservation of Oregon, the Fond du Lac Band of Lake Superior Chippewa, the Ft.
Peck Assiniboine and Sioux Tribes, the Hoopa Valley Tribe, the Mole Lake Chippewa, the Pueblo of Acoma, the
Pueblo of Isleta, the Pueblo of Picuris, the Pueblo of Pojoaque, the Pueblo of San Juan, the Spokane Tribe, the
Umatilla Tribe, the Warm Springs Tribe, and the White Mountain Apache have adopted water quality criteria for
bacteria based on E. coli and/or enterococci to protect part or all of their recreational waters.  In some cases, because
the jurisdiction over bathing beaches and administration of the state’s water quality standards often resides with
different departments or at different levels of government (i.e., state versus county), EPA’s recommended water
quality criteria may be used to manage beaches even though the state has not adopted the criteria into its water
quality standards.  
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Agency priority for states’ and authorized tribes’ triennial reviews of water quality standards.
Further, the recently-enacted amendments to the Clean Water Act, also known as the Beaches
Environmental Assessment and Coastal Health Act of 2000 (BEACH Act of 2000), require coastal
and Great Lakes states, by April 2004, to adopt water quality criteria and standards for those
pathogens and pathogen indicators for which the [EPA] Administrator has published criteria under
§304(a) of the CWA.  The pathogen indicator criteria and standards adopted by states must be as
protective as EPA’s criteria.  The BEACH Act of 2000 further directs EPA to propose and
promulgate such standards for states that fail to do so.  Appendix A contains the full text of the
Beach Act of 2000.

1.2 Why is EPA publishing this guidance?

Despite the studies (see Appendix B) demonstrating much better correlation between
swimming-associated illnesses and concentrations of E. coli and enterococci, many states and
authorized tribes continue to use either fecal or total coliform criteria to protect and maintain
waterbodies designated for recreation.  To date, 23 states, 4 territories, and 14 authorized tribes3

have adopted E. coli and/or enterococci criteria to protect all or part of their waters designated for
recreation within their jurisdiction.  EPA recognizes there has been some uncertainty among states
and authorized tribes with regard to how EPA’s recommended 1986 bacteriological water quality
criteria should be implemented and how the transition from fecal coliforms to E. coli and
enterococci  should be made.  This guidance addresses those issues identified by states and
authorized tribes as impeding their progress toward adopting and implementing EPA’s current
recommended water quality criteria for bacteria.  This document includes the following parts:

• Section 2 contains an explanation of the relationship among state and tribal water quality
standards, the requirements of the BEACH Act of 2000, and state and authorized tribal beach
monitoring and advisory programs;

• Section 3 contains recommendations on the application of EPA’s recommended water
quality criteria to waters contaminated by non-human sources; provides recommendations
for appropriate approaches for monitoring the safety of recreational waters in those tropical
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Source: "Health Effects Criteria for Fresh Recreational Waters", EPA 1984

Figure 1.1 Fecal Coliform and Illness Rates

climates where E. coli and enterococci may exist naturally in the soil environment, possibly
complicating the use of those organisms as indicators; and provides recommendations for
appropriate approaches for managing risk in waters that are not designated for primary
contact recreation, including waters impacted by high levels of indicator organisms during
wet weather events or wildlife sources of fecal pollution;

• Section 4 contains recommendations for making the transition from fecal coliforms to EPA’s
recommended water quality criteria, including the use of multiple indicators during a
transition period; contains recommendations on the development of wasteload allocations
for the purpose of calculating Total Maximum Daily Loads; provides recommendations for
the use of detection and enumeration methods in monitoring ambient and effluent water
quality; and discusses the relationship of recommendations contained in this document to the
protection of drinking water sources and shellfishing waters.

1.3 Who should use this guidance?

This guidance should be used by state and authorized tribal environmental agencies
administering a water quality standards program.  This guidance may also provide useful
information for state, tribal, and local beach program managers and interested members of the
public.

1.4 What is the basis for EPA’s 1986 water quality criteria for bacteria?

Prior to publishing its recommended criteria in 1986, EPA conducted a series of
epidemiological studies that examined the relationship between swimming-associated illness
(namely, acute gastrointestinal illness) and the microbiological quality of the waters used by
recreational bathers. The results of those studies did not demonstrate that swimming-associated
gastroenteritis correlated with fecal coliforms, the indicator originally recommended in 1968 by the
Federal Water Pollution Control Administration of the Department of the Interior, as shown in
Figure 1.1.  However, two indicator organisms, E. coli and enterococci, exhibited a strong
correlation to swimming-associated
gastroenteritis, the former in fresh wa-
ters only and the latter in both fresh and
marine waters (USEPA, 1986; USEPA,
1984; USEPA, 1983).  The strong corre-
lation (see Figure 1.3) may be due to the
indicator organisms being more similar
to the pathogens of concern in their
ability to survive within the environ-
ment.  In some cases, fecal coliforms
are routinely detected where fecal con-
tamination is absent, possibly resulting
in inaccurate assessments of recre-
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ational safety.  For example, Klebsiella spp., a bacterial organism that is part of the fecal coliform
group and is generally not harmful to humans, is often present in pulp and paper and textile mill
effluents (Archibald, 2000; Dufour et al., 1973).  In contrast, E. coli and enterococci are less
frequently found in environments where fecal contamination is known to be absent, making them
more suitable as indicators of fecal contamination.  Enterococci are also resistant to environmental
factors, particularly saline environments, enhancing their utility as an indicator in marine waters.

Based on these studies, EPA’s Ambient Water Quality Criteria for Bacteria - 1986, published
under section 304(a) of the CWA, recommended the use of criteria based on the indicator organisms
E. coli and enterococci rather than fecal coliforms. 

1.4.1 How were EPA’s epidemiological studies conducted?

The data supporting the water quality criteria were obtained from a series of studies (USEPA,
1984; USEPA, 1983) conducted by EPA examining the relationships between swimming-associated
illness and the microbiological quality of waters used by recreational bathers.  These studies were
conducted at three marine and two freshwater locations over several years. The EPA studies were
unique at the time they were initiated because they attempted to relate swimmer illness to water
quality at the time of swimming.  This was done by approaching individuals as they were leaving
the beach and asking if they would volunteer to take part in the recreational water studies.
Individuals who had also been swimming during the previous week were excluded from the study.
After seven to 10 days, the volunteers were contacted by telephone to determine their health status
since the swimming event.  Control non-swimmers, usually a member of the volunteer’s family,
were questioned in a similar manner.  Data were collected on the bacteriological water quality and
the incidents of gastrointestinal illness among swimmers as compared to non-swimmers.  Multiple
potential indicators were measured in each beach water sample.  Multiple indicators were measured
because it was unknown which one would best correlate to swimmer illness.  The swimming-
associated illness parameter was obtained by subtracting the non-swimmer illness rate from the
swimmer illness rate using data collected over a summer trial.  Additional study details may be
obtained from Health Effects Criteria for Marine Recreational Waters (USEPA, 1983), Health
Effects Criteria for Fresh Recreational Waters (USEPA, 1984), and the subsequent Ambient Water
Quality Criteria for Bacteria–1986 (USEPA, 1986).

1.4.2 How were the data from EPA’s epidemiological studies analyzed to provide
EPA’s recommended water quality criteria for bacteria?

  For the purpose of analysis, the data collected at each of the sites were grouped by location
and then by season.  Each season at a beach was then averaged into one paired data point consisting
of an averaged illness rate and a geometric mean of the observed water quality.  These data points
were plotted to determine the relationships between illness rates and average water quality
(expressed as a geometric mean).  The resulting linear regression equations were used to calculate
recommended geometric mean values at specific levels of protection (e.g., 8 illnesses per thousand
swimmers).  Using a standard deviation and the geometric mean of the data collected, various upper
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percentiles were calculated and presented as “single sample maximum” values.

The criteria were developed based on exposures incurred during swimming with head
immersion and are thus intended to be adopted by states and authorized tribes to protect their
primary contact recreation uses.  Other criteria values may be used to protect surface waters
designated for recreational uses other than primary contact recreation; however, such a designation
must be supported by a use attainability analysis consistent with federal regulations at 40 CFR
131.10(g) where appropriate.  See sections 3.4 and 3.5 for further discussion.

1.5 What are EPA’s recommended water quality criteria for bacteria?

Tables 1-1 and 1-2 below contain EPA’s recommended water quality criteria for the
protection of primary contact recreation.  As described in the introduction, primary contact
recreation encompasses activities that could be expected to result in ingestion of water or immersion.
These activities logically include swimming, water skiing, surfing, kayaking, and any other activity
where contact and immersion in the water are likely.  EPA’s criteria are essentially constructed as
a series of frequency distributions of bacteria densities associated with specific risk levels (e.g.,
illness rates) over the course of a swimming season (i.e., several months).  EPA characterizes each
distribution (i.e., for a 1% risk level and higher risk levels where possible) using a geometric mean
and upper percentile values.  When the criteria were published in 1986, EPA recommended use of
specific risk levels and associated geometric means for fresh and marine recreational waters.
Further, upper percentiles of the associated frequency distribution (referred to as “confidence levels”
in EPA’s 1986 criteria document) were termed “single sample maximum” values, reflecting one
possible way of using the information and applying the criteria.  While the risk assessment and
scientific basis for EPA’s 1986 criteria remain unchanged, this guidance more fully recognizes and
describes the risk management considerations in selecting an appropriate risk level and applying
both the geometric mean and upper percentile values.   The term “upper percentiles” is used in place
of “single sample maximum” to more accurately reflect their derivation and more adequately reflect
the range of recommended usage of this aspect of EPA’s criteria.

In the 1986 criteria document, EPA recommended the use of a risk level associated with 8
illnesses per 1000 swimmers in fresh waters and 19 illnesses per 1000 in marine waters.  This
represents approximately a 1-2% risk that recreators will suffer from gastrointestinal illness from
swimming in ambient recreational waters.  These risk levels were identified based on the
concentrations of E. coli and enterococci that roughly correlated to the previous fecal coliform
criterion.  However, EPA believes that it is appropriate for states and authorized tribes to exercise
their risk management discretion when protecting recreational waters.  Based on a review of the
studies used in the derivation of EPA’s §304(a) criteria for bacteria, EPA recommends states and
authorized tribes select a risk level from the ranges displayed in tables 1-1 (for fresh waters) and 1-2
(for marine waters).
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Table 1-1 Water Quality Criteria for Bacteria for Fresh Recreational Waters

Enterococci Criteria
Risk Level 

(% of
swimmers)

Geometric 
Mean Density
(per 100 ml)

Upper Percentile Value Allowable Density (per 100 ml)

75th Percentile 82nd Percentile 90th Percentile 95th Percentile

0.8 33 62 79 107 151

0.9 42 79 100 137 193

1.0 54 101 128 175 247

E. coli Criteria
Risk Level 

(% of
swimmers)

Geometric 
Mean Density
(per 100 ml)

Upper Percentile Value Allowable Density (per 100 ml)

75th Percentile 82nd Percentile 90th Percentile 95th Percentile

0.8 126 236 299 409 576

0.9 161 301 382 523 736

1.0 206 385 489 668 940
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Figure 1.2 Exposure - Response

The conceptual relationship between pathogen density (as measured by the indicator
organisms density on log scale) and illness rate is an “S” shaped curve as depicted in Figure 1.2.
At relatively low pathogen densities, illness rate rises relatively slowly but constantly (i.e., a linear

“straight line”).  At some point as pathogen density reaches
relatively high levels, the relationship intensifies and the
corresponding illness rate rises sharply.  At extremely high
pathogen densities, the illness rate would again increase
slowly, as it has already reached an acute epidemic level.
The data supporting EPA’s bacteria criteria fit linear
regression models well, and are considered to characterize
the initial “flat” portion of the conceptual dose-response
relationship described above, where illness rates are rela-
tively low (e.g., at the 1%-2% risk level range).  While EPA
recognizes that this range has generally represented an
acceptable risk level for protection of recreational waters, it
is important to ensure that the selected criteria do not extend
beyond the demonstrated range of the linear dose-response
relationship to avoid the potential of incurring risk well

beyond this range (i.e., extending into the range where illness rate rises sharply).
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Table 1-2 Water Quality Criteria for Bacteria for Marine Recreational Waters 

Enterococci Criteria
Risk Level 

(% of
swimmers)

Geometric 
Mean Density
(per 100 ml)

Upper Percentile Value Allowable Density (per 100 ml)

75th Percentile 82nd Percentile 90th Percentile 95th Percentile

0.8 4 13 20 35 63

0.9 5 16 24 42 76

1.0 6 19 29 50 91

1.1 8 23 35 61 110

1.2 9 28 42 73 133

1.3 11 34 51 89 161

1.4 14 41 62 107 195

1.5 17 49 75 130 235

1.6 20 60 91 157 284

1.7 24 72 109 189 344

1.8 29 87 132 229 415

1.9 35 105 160 276 502
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Limit of data used

to correlate w itth

illness rate

Figure 1.3 E. coli and Illness Rates
The relationship between risk

levels and fresh water bacteria densities
is based on observed epidemiological
data.  The data points and the resultant
regression line derived from the E. coli
data are displayed in Figure 1.3.  For E.
coli, the maximum observed bacterial
density was 236/100ml (this density
corresponded to an illness rate of
14.7/1000 swimmers).  Figure 1.3
clearly shows that, based on the regres-
sion line, any risk level chosen above
1.0% (e.g., 10 illnesses per 1000 swim-
mers) would result in a bacteria density
greater than the observed data range.

Another way of conveying the limits of extrapolating the data is by showing the associated
statistical confidence limits around the linear relationship.  For any given density the risk level falls
within the range characterized by the confidence limits.  Consequently, the precise risk level
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Figure 1.4 Confidence Limits resulting from a specific density is some
what unknown.  However, as indicator
densities increase beyond the densities
observed in the studies the confidence that
those densities correspond to a risk level
along the regression line decreases (this is
shown in Figure 1.4). In other words, select-
ing a  risk level greater than 1.0% could
potentially result in many more illnesses
occurring than the regression line relation-
ship would imply.  Figure 1.4 also demon-
strates that the difference among illness rates
in the approximate 1%-2% range is actually much smaller than is often perceived.  In general, any
given indicator density is associated with a specific illness rate plus or minus approximately 3
illnesses per 1000 swimmers.

While EPA acknowledges that states and authorized tribes may wish to adopt criteria for
both fresh and marine recreational waters associated with risk levels of up to 1.9% of swimmers to
protect its waters designated for primary contact recreation (consistent with EPA’s 1986
recommendations for marine waters), for the reasons described above EPA recommends that states
and authorized tribes adopt fresh water criteria based on risk levels at or below 1.0%.  Further
discussion on this topic is contained in section 3.1.1.

There has been confusion surrounding the use of several terms related to EPA’s 1986
bacteria criteria.  First, the use of the term ‘illness rate’ implied a precision in predicting risk that
current data  do not support.  There is a certain degree of uncertainty and variability associated with
illness rates and indicator densities (as shown in Figure 1.4), and EPA feels the term ‘risk level’
better captures the true meaning of the concept.  In addition, the term ‘single sample maximum’ was
named with its primary use in mind, i.e., beach monitoring.  In those situations, an unacceptably
high value for any given sample may trigger a beach advisory or closing.  The ‘single sample
maximum’ values allow beach managers to quantitatively determine what an unacceptably high
value is.  The ‘single sample maximum’ was never to intended to be a ‘value not to be exceeded’
when referring to attainment decisions and National Pollutant Discharge Elimination System
(NPDES) permitting under the Clean Water Act.  Therefore, EPA is dropping the use of the term
in favor of the more statistically correct term “upper percentile value.”

In terms of criteria setting, the targeted level of protection is the risk level, and the most
direct relationship between measurements of bacteria levels and risk level is the geometric mean of
measurements taken over the course of a recreation season.  The best way to interpret a series of
measurements taken over a period of time is in comparison to the geometric mean, and the best way
to interpret any single measurement (or small number of measurements) is in comparison to the
upper percentile value associated with the distribution around the geometric mean.  For each
geometric mean value, four different upper percentile values were identified based on the
distribution of the observed data.  These range from the 75th to the 95th percentiles (see appendix C
for more discussion of this topic).
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Percentiles describe the relative position of values in a distribution.  For example, the upper
95th  percentile represents the point where only 5 percent of the samples exceed, while 95 percent
of the samples fall below this value.  Unless and until the distribution of samples at a particular
waterbody has been properly characterized, it is very difficult to discern from a single sample which
percentile that sample is characterizing.  For example, a single sample of 104 enterococci per 100ml
could represent the 75th percentile of a geometric mean of 35 in marine waters, or it could represent
the 5th percentile of a mean of 473 per 100ml.   Therefore, EPA recommends that states and
authorized tribes acquire enough sample data to calculate site-specific upper percentile values to best
characterize water quality for waters where greater precision in assessing risk and responding
appropriately is particularly important (e.g., frequently used bathing beaches).  Calculations and
procedures for generating waterbody-specific upper percentile values are described in Appendix C.

1.6 Is EPA planning on conducting additional epidemiological studies in the future?

The recently enacted BEACH Act of 2000 requires EPA to perform an assessment of
potential human health risks resulting from exposure to pathogens in coastal recreation waters.  To
meet this requirement, EPA is conducting additional epidemiological studies that may be used to
revise and develop new water quality criteria for pathogens and pathogen indicators (See CWA
§§104, 304(a) (33 U.S.C. 1254; 33 U.S.C. 1314);  Section 2 contains more information on the
BEACH Act of 2000 and EPA’s BEACH program.  Appendix A contains the full text of the
BEACH Act of 2000).  Future epidemiological studies and evaluation of new indicators and methods
may provide new information to support the protection of recreation waters.  EPA plans to conduct
epidemiological studies to support the development of new water quality indicators and associated
water quality criteria guidelines for recreational waters.  The epidemiological studies will examine
the illness rates in families with children as they relate to microbial contaminant levels in fresh and
marine recreational waters.  The studies will evaluate exposure to and effects of illness from
microbial pathogens in recreational waters.  A range of water quality indicators will be monitored
in fresh and marine recreational waters.  Recreational waters included in the study will be selected
based on potential number of beach-goers, water quality, and sources of microbial pathogens to the
water (domestic sewage versus animals).  Pilot studies were conducted in summer 2002 and full-
scale studies began in 2003 with completion scheduled for the end of the 2006 fiscal year.  Pending
their results, new criteria for the protection of recreation waters may be developed following the
completion of these studies.
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2.  Relationship Between Water Quality Standards and Beach Monitoring and Advisory
Programs

CWA §303 requires states and authorized tribes to adopt water quality standards for waters
of the United States within their jurisdiction sufficient to “protect the public health or welfare,
enhance the quality of water and serve the purposes of [the CWA].”   Further, §303(c) specifies that
water quality standards shall include the designated use or uses to be made of the water and water
quality criteria necessary to protect those uses.  EPA has an oversight role in this process.  EPA’s
implementing regulations at 40 CFR 131.11 require water quality criteria to be based on sound
scientific rationale and to contain sufficient parameters to protect designated uses.  States and
authorized tribes may adopt water quality criteria based on EPA’s recommended water quality
criteria developed under §304(a) of the CWA or those based on other scientifically defensible
methods.

EPA’s current §304(a) criteria are used as the basis for Agency decisions, both regulatory
and nonregulatory, until EPA revises and reissues pollutant-specific §304(a) criteria.  EPA’s §304(a)
criteria serve two distinct purposes: (1) as guidance to states and authorized tribes in the
development and adoption of water quality criteria which will protect designated uses, and (2) as
the basis for promulgation of a superseding federal rule when such action is necessary.  Once
adopted by a state or authorized tribe into their water quality standards, or promulgated by EPA for
a state or authorized tribe, the water quality criteria are used to establish National Pollutant
Discharge Elimination System (NPDES) water quality-based permit limits, to assess the attainment
of water quality, and to provide the basis upon which Total Maximum Daily Loads (TMDLs) are
developed.4 

In addition to the purposes served by the state or tribal-adopted water quality criteria for
bacteria listed above, some beach monitoring and advisory programs have used the state or
authorized tribe’s bacteriological criteria adopted into the state’s or authorized tribe’s water quality
standards to issue beach advisories and make opening and closure decisions for identified beach
areas.  In general, waters designated for primary contact recreation within a state or authorized
tribe’s water quality standards comprise a much larger group of waterbodies than those falling under
the purview of a state or tribal beach monitoring program.  While waters designated for primary
contact recreation may consist of a majority of a state or tribe’s waters and may vary in type from
remote streams to well-known and highly managed beach areas, beach programs generally focus on
the latter subset.

EPA recommends beach programs use the state or tribal adopted water quality standards for
beach advisories.  EPA encourages coordination between state and tribal water quality standards
programs and beach monitoring and advisory programs.  For states and authorized tribes with coastal
recreation waters, use of water quality standards that can be approved by EPA under CWA §303(c)
for beach monitoring and notification is a requirement for receiving a grant under CWA §406.
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Although these relationships exist between water quality standards and beach monitoring and
advisory programs, the use of bacterial water quality monitoring data as part of beach monitoring
and advisory programs may differ slightly to account for some of the inherent differences between
the two programs.  For example, because a beach manager must make decisions based on water
quality on a given day or weekend, he or she should focus more on recently collected data to
determine whether a swimming advisory should be issued.  Another important consideration is the
consequence of the decision, such as the loss of the water for recreational use that results from a
beach advisory or closure.  Further, for beach programs, beach managers may wish to consider other
types of data in addition to water quality data.  This may include considering rainfall data when
notifying the public that the standards have been exceeded or are expected to be exceeded.  A recent
EPA-funded study in Massachusetts at Boston Harbor beaches found that because the time necessary
to obtain water quality monitoring results is at least 24 hours, levels of enterococci measured on the
previous day were not always predictive of the water quality that existed when the monitoring
results became available.  The study found that using water quality data in conjunction with rainfall
data as the basis for posting swimming advisories resulted in more accurate postings (MWRA,
2001).

The Environmental Monitoring for Public Access and Community Tracking (EMPACT)
Program was established by EPA with the goal of helping communities bring people up-to-date local
environmental information they can understand and use in making daily decisions about protecting
their health and environment.  EPA’s Office of Water and Office of Research & Development jointly
conducted a study under the EMPACT program in 2002 to provide information on the various
monitoring and sampling factors at beaches that were seen to have some association with indicator
density. Five beaches participated in the study, including two freshwater, two marine, and one
estuarine beach.  The freshwater samples were analyzed for E. coli, while the marine and estuarine
water samples were analyzed for enterococci.  This project examined several beach environments
to determine the factors that most influence the measurement of beach water quality and to define
which characteristics are most significant with regard to monitoring approaches and protecting
human health.  Preliminary results from the study show little correlation between the 30 day rolling
geometric mean and individual water quality measurements on subsequent days.  The study showed
that the best predictor of tomorrow’s condition would be today’s measurement alone, and that the
greater period of time between measurements, the less their predictive value (USEPA, 2003).

The authority for administering beach programs varies among states and tribes and may rest
with state, tribal, county, or municipal government.  When the governmental body with the
responsibility and authority for a beach monitoring and advisory program differs from the state or
tribal water quality standards program, EPA encourages coordination of these programs to ensure
the greatest efficiency and consistency in monitoring and data collection.  Additional information
on the use of EPA’s recommended criteria for bacteria in beach monitoring and notification
programs can be found in EPA’s National Beach Guidance and Required Performance Criteria for
Grants (EPA 823-B-02-004).
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2.1 What is the BEACH Act of 2000 and how does it apply to waters designated for
recreation under a state or tribe’s water quality standards?

On October 10, 2000, the Beaches Environmental Assessment and Coastal Health Act
(BEACH Act of 2000) was passed, amending the Clean Water Act to provide for monitoring of
coastal recreation waters and public notification when the applicable water quality standards are not
met or are not expected to be met.  As defined by the Act, coastal recreation waters are the Great
Lakes and marine coastal waters (including coastal estuaries) that are designated under CWA
§303(c) by a state for use for swimming, bathing, surfing, or similar water contact activities.  The
BEACH Act of 2000 contains three significant provisions, summarized as follows:  

1. The BEACH Act of 2000 amended the CWA to include §303(i), which requires
states that have coastal recreation waters to adopt new or revised water quality
standards by April 10, 2004, for those pathogens and pathogen indicators for which
the [EPA] Administrator has published criteria under CWA §304(a).  Criteria using
those indicators must be as protective as the criteria published by EPA under CWA
§304(a).  See CWA §303(i)(1)(A).  The BEACH Act of 2000 further directs EPA to
promulgate such standards for states that fail to do so.  See CWA §303(i)(2)(A).

2.  The BEACH Act of 2000 amended the CWA to require EPA to study issues
associated with pathogens and human health and, by October 10, 2005, to publish
new or revised CWA §304(a) criteria for pathogens and pathogen indicators based
on these studies.  See CWA §104(v).  Within 3 years after EPA’s publication of the
new or revised §304(a) criteria, states that have coastal recreation waters must then
adopt new or revised water quality standards for all pathogens and pathogen
indicators to which EPA’s new or revised §304(a) criteria apply.  See CWA
§303(i)(1)(B).

3.  The BEACH Act of 2000 amended the CWA to include a new section, §406, which
authorizes EPA to award grants to states and authorized tribes for the purpose of
developing and implementing a program to monitor for pathogens and pathogen
indicators in coastal recreation waters adjacent to beaches that are used by the public,
and to notify the public if water quality standards for pathogens and pathogen
indicators are exceeded or likely to be exceeded.  To be eligible for the implemen-
tation grants, states and authorized tribes must develop monitoring and notification
programs that are consistent with performance criteria published by EPA under the
Act.  These performance criteria are contained in EPA’s National Beach Guidance
and Required Performance Criteria for Grants.  Development grants were made
available to all eligible states in 2001 and 2002.  The first implementation grants
were awarded in 2003.  The BEACH Act of 2000 also requires EPA to perform
monitoring and notification activities for waters in states that do not have a program
consistent with EPA’s performance criteria, using grants funds that would otherwise
have been available to those states.  See CWA §406(h).  For the full text of the
BEACH Act of 2000, see Appendix A.
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2.2 How will EPA determine if a state’s water quality standards for coastal recreation
waters are as protective of human health as EPA’s 1986 water quality criteria for
bacteria for purposes of §303(i)?

  
As described in section 2.1, the BEACH Act of 2000 requires states with coastal recreation

waters to adopt water quality criteria for bacteria as protective of human health as the criteria
published by EPA under §304(a) of the Clean Water Act.  This statutory provision refers to EPA’s
Ambient Water Quality Criteria for Bacteria-1986.  EPA will assess the protectiveness of a state’s
water quality standards in light of this requirement codified in CWA §303(i), for state criteria
applying to coastal and Great Lakes states.   As part of EPA’s assessment of a state’s water quality
standards for pathogens and pathogen indicators, EPA will include consideration of whether a state’s
standards are:

1. Based on EPA’s recommended indicators;
2. Derived from a scientifically defensible quantitative link to an acceptable risk level

(as indicated by Ambient Water Quality Criteria for Bacteria-1986), and;
3. Identify and account for the statistical variability in bacterial monitoring (e.g.,

specify  appropriate use of the geometric mean and upper percentile values)

When determining what criteria are appropriate for coastal recreation waters, states and
tribes have two major risk management decisions to make: (1) what risk level is acceptable, and (2)
how to use the corresponding geometric mean and upper percentile values for assessing monitoring
data and establishing source controls.  With respect to the first major risk management decision,
states retain some flexibility to determine an acceptable risk level within the context of the
requirement that states adopt water quality standards “as protective of human health as the criteria
for pathogens and pathogen indicators for coastal recreation waters published by the Administrator”.
That flexibility is constrained by the bounds of acceptable risk levels identified in Ambient Water
Quality Criteria for Bacteria-1986.  Under the heading “Basis of Criteria for Marine and Fresh
Recreational Waters”, EPA’s 1986 bacteria criteria document identifies the definition of
“recreational water quality criterion” as a “quantifiable relationship between the density of an
indicator in the water and the potential human health risks involved in the water’s recreational use”.
The text further explains that “from such a definition, a criterion now can be adopted by a regulatory
agency, which establishes upper limits for densities of individual bacteria in waters that are
associated with acceptable health risk for swimmers” (emphasis added).  In describing monitoring
recommendations, the document refers to an assumption that “an acceptable risk level has been
determined from the appropriate criterion” (emphasis added).  Thus, it is clear from the criteria
document itself that the published criteria is the relationship between indicator density and risk,
coupled with the choice of an acceptable risk level.  This is consistent with EPA’s view of human
health criteria for toxic effects, where the Agency recommends that states and tribes to choose an
acceptable cancer risk level (i.e., between 10-5 and 10-6 as long as no sub-population is exposed to
greater than 10–4 risk).

With respect to identifying an acceptable risk level, Ambient Water Quality Criteria
for Bacteria - 1986 includes an estimate of the historically accepted illness rate associated with the
previously recommended fecal coliform criterion as a geometric mean value.  Based on ratios of E.
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coli and enterococci to fecal coliform densities, the historically accepted risk levels were estimated
to be 0.8% of swimmers at fresh water beaches and 1.9% of swimmers at marine beaches.  However,
the analysis upon which these estimates is based is inherently uncertain because there was not an
underlying correlation between illness rate and fecal coliform density.   These risk levels were used
to calculate the specific bacteria density values presented in tabular form in the 1986 criteria
document., with associated text stating: “While this [risk] level was based on the historically
accepted risk, it is still arbitrary insofar as the historical risk was itself arbitrary.”  Given that the
intended target of the 200 fecal coliforms per 100 ml criterion was no detectable risk (with respect
to statistical significance), “arbitrary” may not be the best description of the historical risk.
Nonetheless, it is clear that there is lack of precision and uncertainty around estimating the actual
historically accepted risk level.  Furthermore, it is also clear that the specific values presented in
tabular form in the 1986 criteria document represent but one choice of acceptable risk level to apply
to the criterion.

In defining the range of acceptable choices of risk level for coastal recreation waters, EPA
believes that there are two considerations. The first is consideration of the estimated actual
historically accepted risk levels as provided in the 1986 criteria document.  Given that the estimates
were independent, and that there is no reason to believe that the acceptable risk level should be any
different in fresh water beaches than in marine beaches, consideration of the range between 0.8%
and 1.9% of swimmers  is appropriate for all coastal recreational waters.  However, the second, and
more important, consideration is assurance that the risk level remains low and represents conditions
in the linear “flat” portion of the dose-response curve, as described in Chapter 1 of this guidance.
Here, limits of data extrapolation constrain the risk level range to 0.8%-1.0% of swimmers for fresh
waters to assure that the risk level remains on the linear portion of the dose-response curve.

In terms of the second major risk management decision for coastal recreation waters, states
have the flexibility to choose a specific upper percentile value that corresponds with the selected risk
level within the range of values presented in Ambient Water Quality Criteria for Bacteria-1986 (i.e.,
75th to 95th percentile).  Selecting a lower upper percentile (e.g., 75%) for comparison to single
measurements will result in a more conservative estimate of whether the measurement is associated
with a given distribution around a geometric mean value.  This may result in a greater number of
“false positive” determinations (i.e., bias toward concluding that criteria are not being met).  In
contrast, selecting a higher upper percentile (e.g., 95%) for comparison to single measurements will
result in a less conservative estimate of whether the measurement is associated with a given
distribution around a geometric mean value.  This may result in a fewer number of “false positive”
determinations.  As explained in Ambient Water Quality Criteria for Bacteria - 1986, under the
heading “Recommendations on Bacterial Criteria Monitoring” EPA considers the range from the
75th to the 95th percentiles to represent an appropriate balance between “false positives” and “false
negatives” for determining whether or not bacteria levels represent an unacceptable risk to bathers.

The table of “single sample maximum” values presented in the 1986 criteria document
included qualitative descriptors of beach usage associated with different confidence levels (USEPA
1986).  This represents one approach to risk management, one that reflects a strong bias toward
avoiding the potential for greater numbers of illnesses at more heavily used recreational waters.  In
practice, the choice of an upper percentile depends on several considerations, including the degree
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of confidence that the variability associated with the standard deviation accurately reflects the
variability at the site [i.e., if the site (or group of recreational waters) exhibits enormous variability
in bacteria levels, then a lower upper percentile (e.g., 75%) may be more appropriate, at least until
a site-specific standard deviation is determined]. 

EPA will review state and tribal submissions of section 303(i) standards for coastal
recreation waters for the adoption of both a geometric mean and upper percentile value.  Because
the criteria are used for several purposes under the CWA, adoption of both a geometric mean and
an upper percentile value will give states and authorized tribes the necessary components to best
implement their adopted criteria for developing  water quality-based effluent limits, determining
whether a waterbody is attaining its water quality standards, and issuing beach notifications and
advisories.  Section 3.1 contains a discussion of how water quality standards might be written to
accomplish this.  In some circumstances, after evaluation of their monitoring data for a particular
waterbody, states and authorized tribes may conclude that, while the geometric mean is consistently
met, the distribution of water quality data is such that the upper percentile values are routinely
exceeded.  In this case, as described in Ambient Water Quality Criteria for Bacteria–1986, a state
or authorized tribe may calculate a standard deviation specific to the waterbody and subsequently
adopt upper percentile values based on the observed distribution of data into water quality standards.
For any state or authorized tribe choosing this option, data used should be sufficient in number and
representative of the waterbody. Additional information on calculating waterbody-specific upper
percentile values is contained in Appendix C.

2.2.1 How should the water quality criteria for bacteria be used in beach monitoring
and notification programs?

States, authorized tribes, and local governments carrying out beach monitoring and
notification programs under CWA §406 monitor certain coastal recreation waters for attainment of
applicable water quality standards, and notify the public whenever those standards are exceeded or
are likely to be exceeded.  EPA recommends that states and tribes use only the upper percentile
value as the basis for making public notification decisions.  The geometric means expressed in
EPA’s criteria represent a central tendency over the course of an entire swimming season (e.g.,
several months).  As such, water quality measurements taken on any given day could be above the
geometric mean and still represent protective conditions over the course of the swimming season,
as long as they are balanced with measurements that fall below the geometric mean.  Thus,
comparing an individual water quality measurement to a long term geometric mean could result in
beach closures nearly half the time at a beach which has sufficiently protective conditions over the
course of the entire season and where the use would ultimately not be deemed impaired.  

Use of collective data from shorter periods of time than an entire season (e.g., 30 day rolling
geometric means) may likewise be of limited utility.  As mentioned above, preliminary results from
the EMPACT study show little correlation between the 30 day rolling geometric mean and
individual water quality measurements on subsequent days.  The study showed that the best
predictor of tomorrow’s condition would be today’s measurement alone, and that the greater period
of time between measurements, the less their predictive value (USEPA, 2003).  The most
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appropriate basis for comparison of individual or one day’s measurements is an upper percentile
value.  Individual measurements on a given day that fall outside the bounds of the expected
frequency distribution (or above specified upper percentile values) have a high probability of
representing water quality that is not associated with long-term protective conditions (i.e., they are
less likely to be associated with the protective central tendency).   The geometric mean is most
useful in indicating long term water quality conditions, especially chronic pollution.  Frequent
exceedences of the geometric mean will likely indicate that a chronic contamination problem exists
and that a sanitary survey should be conducted to determine the cause.

When a bacterial concentration exceeds the appropriate component of a water quality
standard, a state, tribe, or local government should immediately either issue a public notification,
or resample if there is reason to doubt the accuracy or certainty of the first sample (for more
information, refer to the  National Beach Guidance and Required Performance Criteria for Grants
discussion in Section 4.2.1, When to Conduct Additional Sampling).

• If a sample result is determined to be accurate and standards are indeed being
exceeded, the agency must issue its public notification.  Notification should remain
in effect until resampling indicates that water quality standards are no longer being
exceeded and approved quality control requirements are being met for sample
accuracy.  When standards are no longer being exceeded the basic sampling
approach may be resumed, provided no heavy rainfall or other pollution events have
occurred.

• Resampling is acceptable after a state or tribal water quality standard has been
exceeded, if there is reason to doubt the accuracy or certainty of the first sample,
based on predefined quality assurance measures.  EPA recommends that additional
samples be taken as soon as possible if the first sample exceeds water quality
standards.

Note: The above are requirements for those states receiving grants under the BEACH Act
of 2000.  EPA recommends that states not receiving beach grants follow the same procedures.

EPA’s National Beach Guidance and Required Performance Criteria for Grants also
contains detailed information and recommendations regarding when and how to provide public
notification for beaches covered under the state or authorized tribe’s program.  EPA recommends
a “tiered” beach classification system in which beaches are sorted into various tiers, depending on
beach risk and/or amount of use.  Further, CWA §406 requires states, authorized tribes, and local
governments to prioritize the use of grant funds for monitoring and notification programs based on
the use of the waterbody and the risk to human health presented by pathogens or pathogen
indicators.  Thus, “Tier 1" would include those beaches likely to have the greatest risk and/or highest
use.  Under this approach, the specific notification actions and sampling frequency may be tailored
to each category.  In areas where regular monitoring occurs less frequently, monitoring should be
conducted as soon as possible after a single, very high sample is detected.  If a state, authorized
tribe, or local government has developed a good quality assurance/quality control plan, requiring
the collection of replicate samples would provide it with further information with which to assess
whether the observed high bacteria level is representative of conditions or is an “outlier.”  In general,
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EPA recommends that states, tribes, and local governments monitor most often at the Tier 1 and Tier
2 beaches.  More information on the prioritization and tiering of beaches is available in the National
Beach Guidance and Required Performance Criteria for Grants.

EPA has proposed several ambient water quality monitoring methods for bacteria that are
easily portable and relatively inexpensive, which should facilitate states’, authorized tribes’, and
local governments’ ability to conduct additional monitoring should the need arise.  Additional
samples taken following observance of a single high value will serve the dual purpose of identifying
when the waterbody is safe again.  

EPA believes the approach outlined above will meet the BEACH Act requirement that states
adopt water quality standards for their coastal waters “as protective of human health as” EPA’s
recommendations.  In using this approach, states will achieve the protection of recreational
waterbodies consistent with EPA’s criteria recommendations.
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3. Appropriate Approaches to Managing Risk in Recreational Waters

Recreation occurs in many forms throughout the United States and frequently centers around
waterbodies and activities occurring in and on the water.  To protect the public while recreating in
surface waters, states and authorized tribes have adopted primary contact recreation uses and
bacteriological criteria for the majority of waterbodies in the United States.  Pursuant to federal
regulations, primary contact recreation uses must be adopted for waterbodies unless such uses are
shown not to be attainable.  Further, primary contact recreation uses must be adopted wherever
necessary to protect such uses downstream.  See 40 CFR 131.10(b), 40 CFR 131.10(j). 

  EPA recommends states and authorized tribes help assure protection of recreational waters
through:

• frequent monitoring of known recreation areas to establish a more complete
database upon which to determine if the waterbody is attaining the water
quality criteria; 

• assuring that where mixing zones for bacteria are authorized, they do not
impinge upon known primary contact recreation areas; and 

• conducting a sanitary survey when higher than normal levels of bacteria are
measured.

Sanitary surveys are an important element of protecting recreational waters and have long
been used as a means to identify potential sources of contamination.  A sanitary survey is an
examination of a watershed to determine if unauthorized sanitary discharges are occurring from
sources such as failed septic tank leach fields or cesspools, sewage leakage from broken pipes,
sanitary sewer overflows from hydraulically overloaded sewers, or overflows from storm sewers that
may contain illegal sanitary sewer connections.  The survey should use available public health and
public works department records to identify where such septic tanks and sewer lines exist so that
observations are focused in the right places.  A sanitary survey might also use dyes or other tracers
in both dry and wet weather to see if unauthorized discharges are occurring from septic tanks and
sewers.  In addition, EPA recommends that sanitary surveys identify other possible sources,
including confined animal areas, wildlife watering points, and recreational spots, such as dog
running/walking areas, since these are also sources of fecal pollution.  Additional guidance for
conducting sanitary surveys may be found from several sources: The National Beach Guidance and
Required Performance Criteria for Grants contains a section discussing the use of sanitary surveys
in recreational waters and contains a summary of recent publications on the subject.  Additional
resources include the Guidance Manual for Conducting Sanitary Surveys of Public Water System
(USEPA, 1999), the National Shellfish Sanitation Program Model Ordinance (NSSP, 1999), and
California’s Guidance for Salt Water Beaches (draft) and Guidance for Fresh Water Beaches (draft)
(CA DHS, 2000a; CA DHS, 2000b).

Sanitary surveys, in addition to being a tool that can be used to identify sources of
contamination, can provide useful data in characterizing a recreational waterbody and determining
the relative contributions of fecal pollution sources.  This type of information can be useful in
deciding how to control sources as well as in providing useful information to a state or authorized
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tribe that may be contemplating a change to the recreational use.  While many waters are suitable
for recreation of some sort, there are circumstances where primary contact recreation may not be
attainable.  This section identifies these situations and provides recommendations to appropriately
protect these waters.

3.1 Where should the primary contact recreation use apply?

States and authorized tribes should designate primary contact recreation and adopt water
quality criteria to support that use unless it is shown to be unattainable, to reduce the risk of
gastrointestinal illness in recreators.  In particular, states and authorized tribes should assure that
primary contact recreation uses are designated for waterbodies where people engage, or are likely
to engage, in activities that could result in ingestion of water or immersion.  These activities include
swimming, water skiing, kayaking, and any other activity where contact and immersion in the water
are likely.  Certain conditions, such as the location of a waterbody, high or low flows, safety
concerns, or other physical conditions of the waterbody may make it unlikely that these activities
would occur. However, states and authorized tribes should take into consideration that there will be
individuals, particularly children, who may be more likely to swim or make other use of the
waterbody such that ingestion may occur.  States and authorized tribes should take those populations
into account when making designated use determinations.

3.1.1 What water quality criteria for bacteria should states and authorized tribes
adopt to protect waters designated for primary contact recreation?

In adopting criteria to protect primary contact recreation waters, EPA recommends states and
authorized tribes use enterococci and/or E. coli criteria based on a risk level no greater than 1.0%
in fresh waters and no greater than 1.9% for marine waters, based on the limits of available data.
These recommendations are described in section 1.5.  In adopting water quality criteria for bacteria
to protect waters designated for primary contact recreation, states and authorized tribes should adopt
both a geometric mean and an upper percentile, using the values or equations described in Appendix
C, and further specify which of these components is used for various applications.  An example of
one approach states and tribes may use to formulate their standards is contained in Figure 3-1.  This
is just one example of an approach states and authorized tribes can take to specify appropriate usage
of the criteria components.  For recommendations on refining recreation uses for waters where
primary contact recreation is not attainable, see section 3.4.
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Primary Contact Recreation

Water Quality Criteria for Fresh Waters
Enterococci Geometric mean: 33 / 100 ml

75th percentile 62 / 100 ml
95th percentile 151 / 100 ml

Water Quality Criteria for Marine Waters
Enterococci Geometric mean: 35 / 100 ml

75th percentile 105 / 100 ml
95th percentile 502 / 100 ml

Assessing ambient water quality
For purposes of assessing ambient water quality of fresh surface waters designated for primary contact
recreation under CWA §303(d) and §305(b), the geometric mean and upper percentile values shall be
used:
• Frequently used recreational waters (including State parks and lifeguarded beaches) shall be

determined to be impaired if the geometric mean (based on data compiled during the swimming
season) is exceeded.  The swimming season is the time from April 15 through September 15.

• All other waters designated for primary contact recreation shall be determined to be impaired if single
sample or average daily values exceed the 95th percentile on two or more occasions.

Development of water quality-based effluent limits for NPDES permits
For the purposes of developing water quality-based effluent limits for NPDES permits, the geometric
mean value shall be used to establish monthly average effluent limits.

Issuance of beach advisories
For waters of the state where beach advisories may be issued by the state or local departments of
health, samples exceeding the 75th percentile value shall result in the issuance of a beach advisory or
resampling until subsequent samples indicate enterococci concentrations are below this level.

Figure 3-1 Example Water Quality Standards

States and authorized tribes that opt to protect primary contact recreation waters with criteria
associated with risk levels within the ranges outlined in section 1.5 should recognize that this is a
risk management decision by the state or authorized tribe similar to the selection of alternate risk
levels when adopting human health criteria for carcinogens, and thus would not require a use
attainability analysis as described by the federal regulations at 40 CFR 131.10.  Exercising such
discretion should assure, however, that downstream uses are protected, including downstream uses
across state or tribal boundaries.  As with any addition or revision to a state or authorized tribe’s
water quality standards, any changes resulting from these risk management decisions are subject to
the public participation requirements at 40 CFR 131.20(b).

In utilizing this risk management discretion, states and authorized tribes may wish to
establish more than one category of primary contact recreation use.  For example, Colorado has two
categories of primary contact recreation use in addition to their secondary contact recreation
designated use (CDPHE, 2001).   The Recreation Class 1A use is the default use category, and is
assigned an E. coli criterion of 126 colony forming units (cfu) per 100 milliliters (ml) based on a risk
level of 8 illnesses per 1000 swimmers.  In these waters, primary contact recreation uses have been
documented or are presumed to be present.  The Recreation 1B use is intended to protect waters with
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the potential to support primary contact recreation uses and may be assigned only if a reasonable
level of inquiry has failed to identify any existing primary contact recreation uses of the waterbody.
This use category is assigned an E. coli criterion of 206 cfu per 100 ml based on a risk level of 10
illnesses per 1000 swimmers.  Finally, under Colorado regulation, the secondary contact recreation
use (known as Recreation Class 2 in the Colorado water quality standards) may be assigned only
where a use attainability analysis has been conducted consistent with 40 CFR 131.10 that further
demonstrates there is no reasonable potential for primary contact recreation uses to occur within the
next 20-year period.  This use category is assigned an E. coli geometric mean criterion of 630 cfu
per 100 ml.

3.1.2 When is it appropriate to adopt seasonal recreational uses?

A seasonal recreation use may be appropriate for those states and authorized tribes where
ambient air and water temperatures cool substantially during the winter months.  For example, in
many northern areas, primary contact recreation is possible only a few months out of the year.
Several states and authorized tribes have adopted, and EPA has approved, primary contact recreation
uses and the associated microbiological water quality criteria only for those months when primary
contact recreation occurs.  Those states and tribes then rely on less stringent secondary contact
recreation water quality criteria to protect for incidental exposure in the “non-swimming” season.
The federal regulation (40 CFR 131.10(f)) allows for seasonal uses, provided the criteria adopted
to protect such uses do not preclude the attainment and maintenance of a more protective use in
another season.

EPA feels this is an appropriate approach, particularly where treatment of discharges
sufficient to meet the primary contact recreation use would result in the use of chlorine for
disinfection and thus, the release of residual chlorine in the effluent.  Total residual chlorine in
effluents discharging to surface waters can react with organic compounds to produce disinfection
by-products such as trihalomethanes.  Trihalomethanes have an adverse impact on human health and
aquatic life, and are consequently of particular concern in waterbodies used for drinking water and
areas where aquatic life may be adversely impacted.  Thus, in some cases states and authorized
tribes have adopted seasonal uses to allow for the reduction or suspension of effluent chlorination
during the colder months which consequently reduces risk to human health and aquatic life.

The rationale provided by states and authorized tribes to EPA to support a change in water
quality standards resulting in adoption of a seasonal recreation use for a waterbody need not be
burdensome.  EPA’s regulations do not require a formal use attainability analysis for the adoption
of seasonal recreation uses.  Generally, for a state or authorized tribe contemplating such a revision
to its recreational water quality standards, EPA would expect that the state or authorized tribe
provide information on why the particular season is being chosen.  This information may include
information relating to the times of year when the ambient air and water temperatures support
primary contact recreation, activities in and use (or lack thereof) of the waterbody during the
proposed non-recreation months, and other relevant information. 
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3.2 What is EPA’s policy regarding high levels of indicator organisms from animal
sources?

In the 1994 Water Quality Standards Handbook, EPA established a policy that states and
authorized tribes may apply water quality criteria for bacteria to waterbodies designated for
recreation with the rebuttable presumption that the indicators show the presence of human fecal
contamination.  This 1994 policy stated:

States may apply bacteriological criteria sufficient to support primary contact recreation with
a rebuttable presumption that the indicators show the presence of human fecal pollution.
Rebuttal of this presumption, however, must be based on a sanitary survey that demonstrates
a lack of contamination from human sources.  The basis for this option is the absence of data
demonstrating a relationship between high densities of bacteriological water quality
indicators and increased risk of swimming-associated illness in animal-contaminated waters.

In short, under this policy a state or authorized tribe could justify a decision not to apply the criteria
to a particular waterbody when bacterial indicators were found to be of animal origin.  This policy
was based on the absence of data correlating non-human sources of fecal contamination and human
illness and on the belief that pathogens originating from animal sources present an insignificant risk
of acute gastrointestinal illness in humans.

EPA no longer believes that the position taken in the 1994 Water Quality Standards
Handbook is supported by the available scientific data.  The available data suggest there is some risk
posed to humans as a result of exposure to microorganisms resulting from non-human fecal
contamination, particularly those animal sources with which humans regularly come into contact,
i.e., livestock and other domestic animals.  As a result, states and authorized tribes should not  use
broad exemptions from the bacteriological criteria for waters designated for primary contact
recreation based on the presumption that high levels of bacteria resulting from non-human fecal
contamination present no risk to human health.

Recent evidence indicates that warm-blooded animals other than humans may be responsible
for transmitting pathogens capable of causing illness in humans.  Examples include outbreaks of
enterohemorrhagic E. coli O157:H7, Salmonella, Giardia, and Cryptosporidium, all of which are
frequently of animal origin.  Livestock, domestic pets, and wildlife are carriers of human pathogens
and can transmit these pathogens to surface waters as well as contribute significant numbers of
indicator bacteria to waterbodies. 

Incidents where these pathogens have been spread to humans through water have been
documented in recent years.  In the case of E. coli O157:H7, several cases have been cited in which
fecal contamination from animals was the probable source of the pathogen.  The most prominent
examples have included contamination of water supplies, including an outbreak in Alpine,
Wyoming, in June 1998, affecting 157 people, and a major outbreak in Walkerton, Ontario, in May
and June of 2000 causing more than 2,300 people to become ill and causing seven deaths (CDC,
2002; CDC, 2000; Ontario’s Ministry of the Attorney General, 2000).  In the former case,
contamination by wildlife of the community water supply is the suspected source, and in Walkerton,
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Ontario, heavy rains causing agricultural runoff to leak into city wells is suspected. The 1993
Milwaukee Cryptosporidium outbreak is a well-known example of water supply contamination that
resulted in 403,000 illnesses and approximately 100 deaths.  The source of the oocysts was not
identified, but suspected sources include agricultural runoff from dairies in the region, wastewater
from a slaughterhouse and meat packing plant, and municipal wastewater treatment plant effluent
(Casman, 1996; USDA, 1993).   In addition, Cryptosporidium was the known cause of 15 other
outbreaks associated with drinking and recreational water affecting 5,040 individuals in the U.S.
between 1991 and 1994  (Gibson et al., 1998).  While many of the reported outbreaks have occurred
through the consumption of contaminated drinking water, other incidences of E. coli O157:H7
infection from exposure to surface waters have been documented.  For example, in the summer of
1991, 21 E. coli O157:H7 infections were traced to fecal contamination of a lake where people swam
in Portland, Oregon (Keene et al., 1994)

The relative health risk from waters contaminated by human sources versus non-human
sources has been the subject of recent debate, particularly related to the application and
implementation of EPA’s recommended water quality criteria for bacteria.  While EPA believes that
non-human sources are capable of transmitting pathogens that can cause the specific kinds of
gastrointestinal illness identified in EPA’s original epidemiological studies, the specific risk from
these sources has not been fully determined.   The risk presented by fecal contamination of waters
by non-human sources is possibly less significant; however, the increasing number of cases
described above in which animals are the likely cause of the contamination and resulting illness
present a compelling case to protect waters where human contact or consumption are likely to occur.
In addition, because the presence of bacterial indicators provides evidence of fecal pollution, high
levels of these indicator organisms originating from animal sources may also indicate the presence
of pathogens capable of causing other human illnesses in addition to acute gastroenteritis.

Animals are more likely to carry or be infected with human pathogens when those animals
are in close proximity to humans and their waste.  The closer the association between animals and
humans, the more likely it is that human pathogens will pass back and forth between humans and
animals.  The more crowded an animal herd, the more likely it is that human pathogens will be
shared between animals of the herd.  These pathogens are transmitted to others in the herd because
of the direct contact between animals and their fecal matter.  Fecal contamination from these
infected herds, unless sufficiently treated or contained, can find its way into surface or ground waters
and present a potential exposure route for people using the contaminated waters for recreation or
drinking.  This scenario potentially applies not only to animal feeding operations but also to herds
of wildlife (deer, for example).  However, the threat from livestock herds is likely to be greater given
the typical herd size and the resultant quantity of fecal wastes.  Wild herds are typically more
dispersed and smaller and therefore likely represent a smaller risk to watersheds.  In addition,
wildlife are not typically in routine daily contact with humans, as may be the case for livestock and
other domestic animals.

It is essential that states and authorized tribes provide recreators with an appropriate level
of protection in their water designated for recreational uses.  Based on increased knowledge of the
potential hazards associated with animal wastes, fecal contamination from all sources should be
considered and evaluated for their relative risk contribution.  The current state of knowledge
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regarding risk from wildlife sources is limited: it is apparent there is some risk, but that risk has not
been quantified adequately.  It is also apparent that livestock and other domestic animals have the
potential to pose a more substantial risk to humans than wildlife.  This is based partly on the
quantities of waste generated by herds of livestock, but also on the knowledge that domestic animals
are more likely to carry human pathogens in general and carry a larger number of human pathogens
than most species of wildlife.  Therefore, at a minimum, EPA now believes it is appropriate to
account for bacteria from all non-wildlife sources in state and authorized tribal water quality
standards.  Alternatively, states and authorized tribes may choose to provide their designated bathing
areas with a more protective approach, which would account for all sources of bacteria, including
wildlife.

There are at least two ways to accomplish this.  The option that takes full advantage of the
public participation process would be to create a subcategory of primary contact recreation that
accounts for the potential impact of fecal contamination from wildlife sources (i.e., create a separate
“wildlife impacted recreation use” with a less stringent criterion).  This option would allow states
and authorized tribes to refine uses only where necessary.  A complete discussion of this option is
in section 3.4.2.

Another way would be to simply express the criteria as “non-wildlife enterococci” or “non-
wildlife E. coli”.  The presumption for interpreting any measurement or permitting any source would
be that the enterococci or E. coli is non-wildlife.  However, if it is strongly suspected that the
bacteria is solely or primarily from wildlife, then the responsible authority may conduct a source
tracking study or other scientific analysis to determine the percent contribution of the bacteria
measurement that represent wildlife bacteria.  This percent can then be applied to the measurement
prior to comparison with the protective criterion so that wildlife contributions are discounted.  This
approach has at least two advantages.  First, with proper application, it is unnecessary to change the
underlying designated use.  Second, it allows continued appropriate permitting of unquestioned
sources of non-wildlife bacteria, such as sewage treatment plants separate and apart from relying
on antidegradation provisions.  In conjunction with this approach for water quality standards, a state
or tribe may issue precautionary bathing advisories in waters where wildlife bacteria exceed the non-
wildlife bacteria criteria to warn would-be recreators of the unknown and uncertain risks of exposure
to human pathogens that could be associated with wildlife.

3.3 What is EPA’s policy regarding high levels of indicator organisms originating from
environmental sources in tropical climates?

Recent research has raised the possibility that EPA’s recommended bacterial indicators, E.
coli and enterococci, may not be appropriate for assessing the risk of gastrointestinal illness in
tropical recreational waters.  E. coli and enterococci have been found to persist in soils and
waterbodies (Fujioka et al., 1999; Fujioka and Byappanahalli, 1998; Lopez-Torres et al., 1987).
Some researchers have hypothesized that these bacteria have developed mechanisms to maintain
viable cell populations for significant periods of time under uniform tropical conditions (Fujioka,
1998).  Because of these observations, some states and authorized tribes have expressed a concern
that the use of EPA’s recommended indicator organisms will result in high observed concentrations
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of these bacteria that are not indicative of human health risks.

3.3.1 Does EPA recommend a different indicator for tropical climates?

At this time, EPA does not recommend that states and authorized tribes use different bacteria
indicators for recreational waters in tropical climates.  EPA’s continued recommendation to apply
E. coli and/or enterococci criteria for the protection of recreational waters in tropical climates is
based on an expert workshop held on this issue and the scientific information available to date.  In
March 2001, an EPA-funded workshop was held in Hawaii to evaluate the existing scientific body
of information on the adequacy of current indicators for tropical waters.  International experts who
either have conducted studies or who were otherwise very familiar with the scientific database
regarding E. coli or enterococci indicator persistence and growth in tropical environments were
tasked to determine if these indicators remained appropriate for determining water quality and
associated exposure risks for gastrointestinal disease in recreational waters.  The final report from
this expert workshop was published in 2003.  Based on the final report, EPA continues to believe
that the evidence is not sufficiently compelling to change its recommendation for states and
authorized tribes to use E. coli or enterococci criteria to ensure protection of their tropical
recreational waters.  The Agency believes there currently are insufficient data and information
concerning possible adverse health implications to support a recommendation for the use of different
tropical indicators.  EPA will consider further research to determine whether or not environmental
mechanisms favoring the persistence or growth of E. coli and enterococci indicators impact upon
correctly determining the safety of tropical recreational waters.  Also, EPA is reviewing the research
needs identified in the tropical indicators workshop report to decide upon an approach to pursue
future research on alternative indicators that may be better suited for characterizing tropical
recreational water quality. 

3.3.2 What options are available to states and authorized tribes to address the
applicability of EPA’s recommended water quality criteria for bacteria in
tropical climates?

 
States and authorized tribes have several options to modify their water quality standards

and/or implementation procedures to address the potential for bacterial indicators to persist in
tropical climates.  First, a state or authorized tribe may develop water quality criteria applicable to
recreational waters in tropical climates using alternative indicators.  If a state or authorized tribe
wishes to pursue this approach, they should apply a risk-based methodology to the development of
the water quality criteria to establish a correlation between alternative indicator organism
concentrations and gastrointestinal illness.  This approach would be consistent with EPA’s
requirements for the development of scientifically defensible criteria.  See 40 C.F.R.
§131.11(b)(1)(iii).  In addition to demonstrating a statistically significant relationship to
gastrointestinal illness, an alternative indicator should be indicative of recent contamination and be
detectable and quantifiable using acceptable peer-reviewed analytical methods.
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Clostridium perfringens has been identified as a candidate organism having potential as a
bacteriological tracer of fecal pollution.  However, studies have yet to be conducted demonstrating
a correlation between C. perfringens and the incidence of gastrointestinal illness.  In addition,
because C. perfringens forms spores that can survive for extended periods of time, EPA continues
to have concerns regarding the ability of C. perfringens to indicate recent fecal contamination.
However, for states and authorized tribes that do not wish to undertake resource-intensive
epidemiological studies, C. perfringens, or another microorganism associated with fecal pollution
may be adopted as a supplemental tracer of fecal pollution.  EPA recommends the use of enterococci
(expressed both as a geometric mean and upper percentile value) as the primary bacteriological
indicator for marine and fresh waters (or E. coli for fresh waters), with a supplemental tracer of
human fecal contamination if desired.  For a state or authorized tribe with tropical waters that
chooses this approach, the use of EPA’s recommended criteria and a supplemental tracer of fecal
contamination,  in conjunction with site surveys, should be adequate to protect primary contact
recreation.  EPA will work with states and authorized tribes concerned about the applicability of
EPA’s recommended criteria in tropical waters on developing appropriate implementation
procedures that take into account the behavior of indicator organisms in tropical climates.  

Another option is the adoption of a subcategory of recreation use with appropriate criteria
reflecting these natural conditions similar to the process described in section 3.4.2 for waterbodies
impacted by high levels of wildlife fecal pollution.  An approach such as this would be appropriate
if it can be shown that primary contact recreation is not an existing use, the source of pollution is
not from anthropogenic sources, and that the primary contact designated use cannot be attained due
to naturally-occurring pollutant concentrations preventing the attainment of the use.  (See section
3.4.2 for additional details.)

Other approaches may also be appropriate, in addition to the approaches described here.
EPA will work with states and authorized tribes interested in developing such approaches to assure
they meet the requirements of the Clean Water Act and federal regulations.  In general, the above
approaches are applicable to any tropical area with high background concentrations of indicator
bacteria.   However, prior to any change to water quality standards or implementation procedures,
EPA strongly recommends conducting sanitary surveys in addition to bacterial indicator monitoring,
especially in areas where higher than normal bacteria densities are observed during monitoring.  A
discussion of sanitary surveys and additional related resources is provided at the beginning of this
chapter.

3.4 What options exist for adopting subcategories of recreation uses?

States and authorized tribes may adopt subcategories of recreational uses.  More choices in
subcategories of recreational uses allow states and authorized tribes to better tailor the level of
protection to the waterbody where it is most needed, while maintaining appropriate protection for
unanticipated recreation in waters where primary contact recreation is unattainable.  Examples of
such categories are: (1) primary contact recreation uses modified to reflect high flow situations or
(2) waterbodies significantly impacted by wildlife sources of fecal contamination, where states or
authorized tribes choose to take a more cautious approach in terms of expected risk to humans from
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wildlife sources of fecal contamination.  In determining the appropriate recreational use for a
waterbody, states and authorized tribes should consider that, in certain circumstances, people will
use whatever waterbodies are available for recreation, regardless of the physical conditions, and that
adopting a recreational use subcategory may necessitate a concurrent plan or action by the state or
authorized tribe to communicate to the public the potential risks or hazards associated with
recreating in certain waterbodies.

In adopting recreational subcategories with criteria less stringent than those associated with
primary contact recreation, some analysis is expected.  States and authorized tribes have in many
circumstances designated primary contact recreation broadly for waters without conducting
waterbody-specific analyses.  In some instances, states may find that recreation is not an existing
use.5  In addition, if one of the six factors in 40 CFR 131.10(g) is met,  recreation uses may be
removed altogether.  The level of analysis required will vary depending upon the type of recreation
use being designated.  Table 3-2 provides a summary of EPA’s recommendations and the types of
analyses that should accompany any state or tribal revision to its recreational uses.  These uses can
include the designation of intermittent, secondary, or seasonal recreation uses.  Subject to the
provisions of 40 CFR 131.10, recreational uses other than primary contact recreation may be
applicable to waters where, for example, human caused conditions combined with wet weather
events cannot be remedied, or where meeting the primary contact recreation use at all times would
result in substantial and widespread social and economic impact.  Where states and authorized tribes
have adopted uses less than primary contact recreation, federal regulations require a re-examination
every three years to determine if any new information has become available to support the
designation of a primary contact recreation use.  See 40 CFR 131.20.

3.4.1 When is it appropriate to modify primary contact recreation uses to reflect
extreme wet weather situations?

An intermittent recreation use may be appropriate when the water quality criteria associated
with primary contact recreation are not attainable due to wet weather events.  The water quality
criteria associated with primary contact recreation may be suspended during defined periods of time,
usually after a specified hydrologic or climatic event.  EPA intends this intermittent primary contact
recreation use to be adopted for waterbodies in a limited number of circumstances, contingent upon
a state or authorized tribe demonstrating that the primary contact recreation use is not attainable
through effluent limitations under CWA §301(b)(1)(A) and (B) and §306 or through cost effective
and reasonable best management practices, and meets one of the six reasons listed under 40 CFR
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(2) Natural, ephemeral, intermittent or low flow conditions or water levels prevent the atttainment of the

use, unless these conditions may be compensated for by the discharge of sufficient volume of effluent discharges
without violating State water conservation requirements to enable uses to be met; or 

(3) Human caused conditions or sources of pollution prevent the attainment of the use and cannot be
remedied or would cause more environmental damage to correct than to leave in place; or

(4) Dams, diversions or other types of hydrologic modifications preclude the attainment of the use, and it is
not feasibile to restore the waterbody to its original condition or to operate such modification in a way that would
result in the attainment of the use; or 

(5) Physical conditions related to the natural features of the waterbody, such as the lack of a proper
substrate, cover, flow, depth, pools, riffles, and the like, unrelated to water quality, preclude attainment of aquatic
life protection uses; or

(6) Controls more stringent than those required by sections 301(b) and 306 of the Act would result in
substantial and widespread economic and social impact.
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Designated Use Criterion Supporting Analysis

Primary Contact Recreation

Identified/Popular Beach Areas Criteria based on risk levels of 0.8%
or less (fresh waters) and 1.9% or
less (marine waters).

None.

Other Primary Contact 
Recreation Waters 

Criteria based on risk levels not
greater than 1.0% (fresh waters) and
not greater than 1.9% (marine
waters).

None.

Seasonal Recreation Use Primary contact recreation criteria
apply during specified recreational
season; secondary contact rec-
reation criteria apply rest of year.

Information explaining choice of rec-
reation season (e.g., water & air tem-
peratures, time of use, etc.).

Recreational Use Subcategories

Exceptions for High Flow 
Events

Exception to criteria at high flows
on a waterbody-by-waterbody basis
based on flow statistic or number of
exceedances allowed.

Use Attainability Analysis consistent
with 40 CFR 131.10(g); demon-
stration that primary contact recreation
is not an existing use.

Wildlife Impacted Recreation Criteria to reflect the natural levels
of bacteria while providing greater
protection than criteria adopted to
protect a secondary contact rec-
reation use.  

Use Attainability Analysis consistent
with 40 CFR 131.10(g) and data dem-
onstrating wildlife contributes a sig-
nificant portion of fecal contamin-
ation; demonstration that primary con-
tact recreation is not an existing use.

Other Categories of Recreation

Table 3-2 Recreation Uses, Criteria, and Supporting Analyses

131.10(g).6  The length of time the water quality criteria (and, thus, the recreation uses) should be
suspended during these events should be determined on a waterbody-by-waterbody basis, taking into
account the proximity of outfalls to sensitive areas, the amount of rainfall, time of year, etc.
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 EPA anticipates that the use of extreme wet weather exclusions associated with an
intermittent recreation use will be primarily applicable to flowing waterbodies and still waters
impacted by flowing waterbodies, where high flows are accompanied by high indicator levels that
cannot be remedied.  For example, in an urbanized watershed there may be specific times after
rainfall events where bacteria criteria cannot be met even after implementation of an appropriate
storm water management plan.  When considering whether an extreme wet weather exclusion may
be appropriate for a particular waterbody, states and authorized tribes should evaluate the effects of
the wet weather events on the recreation use.  For example, in some waterbodies, high flows
routinely provide a highly attractive recreation environment (e.g., for kayakers), making such waters
poor candidates for such an exclusion.  In other circumstances, high wet weather flows result in
dangerous conditions physically precluding recreation (e.g., arroyo washes in the arid west), thus
indicating that primary contact recreation is not or should not be occurring.  Waterbody flow and
velocity vary greatly among waterbodies depending on a combination of many factors (such as the
amount of impervious surface, slope, soil texture, vegetative cover, soil compaction, and soil
moisture).  The conditions affecting velocity also vary with the depth and width of the waterbody’s
channel.  These variables affect the relationship between wet weather events and the resulting
indicator levels.   

Adoption of an extreme wet weather exclusion should be based on scientific assessment and
should reflect public input.  If the waterbody is impacted by combined sewer overflows, the
supporting analysis for any water quality standards revision should be consistent with, or reflected
in, the Long Term Control Plan (LTCP).  Additionally, such an exemption should apply on a case-
by-case basis (rather than state-wide, for example), should be tailored to the waterbody (rivers, as
distinct from lakes), and should clearly identify the situation where it applies.  For flowing waters,
one approach is to specify the flow conditions when an exceedance may be allowed.  Alternatively,
for either flowing or still waters, a state or authorized tribe may identify specific rainfall events, after
which the bacteriological criteria may be exceeded for a limited time.  In general, flow itself may
not correspond well to increases in bacterial density associated with storm runoff.  Typically, the
highest spike will occur early in the hydrograph (i.e., at the “first flush”) prior to peak storm flow.

If a state or authorized tribe adopts an intermittent recreation use with an extreme wet
weather exclusion, it should address several questions:

• Will other uses of the waterbody continue to be protected even when the
exclusion is triggered?  

• Would the conditions during these events attract recreational uses (including
kayaking) that typically occur during high velocity flows?  

• What triggers the exclusion and for how long would the exclusion apply and
how was the length of time determined?  

• Will the state or authorized tribe adopt the exclusion as a condition/ criteria,
or create a recreational subcategory that correlates to the exclusion? 

• Has a use attainability analysis shown that additional controls within the
watershed are not feasible or would result in substantial and widespread
social and economic impact?

• What effect would the exclusion have on implementing controls for sources
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of bacterial contamination to the waterbody (e.g., CSOs, storm water, leaking
septic systems, feed lots, row crops, etc.)?

 States and authorized tribes designating a waterbody with an intermittent recreation use, or
some other subcategory of primary contact recreation (such as an extreme wet weather exclusion),
should include provisions for maintaining and protecting the primary contact recreational use when
normal conditions prevail and for protecting downstream uses.  EPA envisions that states and
authorized tribes could apply a methodology on a site-specific basis using the waterbody channel
and landscape characteristics.  States and authorized tribes could also create a subcategory of the
recreational uses to which the exclusion would apply.  As with other changes in designated uses, the
public must have an opportunity to comment on the proposed revision to the water quality standard
before a state or authorized tribe adopts and submits it to EPA for approval or disapproval under
CWA §303(c).

For states and authorized tribes using this approach, EPA encourages the development of a
plan to communicate to the public the conditions under which recreation should not occur.  For
waterbodies that are known to be beaches or heavily used recreation areas, EPA encourages caution
in adopting intermittent suspensions of the primary contact recreation use.  If the state or authorized
tribe finds after public comment that such a revision to water quality standards for a beach area is
supported, EPA encourages beach managers to issue advisories during the exclusion conditions
unless monitoring data are collected indicating it is safe to recreate.  EPA feels this is the most
appropriate implementation measure for those waters heavily used for recreation since the adoption
of such an exclusion presumes that, under the conditions specified by the state or authorized tribe,
the bacteriological criteria will be exceeded and, thus, may present a hazard to swimmers.

Further guidance on refining water quality standards specifically for combined sewer
overflow receiving waterbodies is contained in the Coordinating CSO Long-Term Planning With
Water Quality Standards Reviews (USEPA, 2001).

3.4.2 When is it be appropriate to adopt wildlife impacted recreation uses?

In addition to the option outlined in section 3.2, states and authorized tribes may refine
designated uses if it can be demonstrated that primary contact recreation is not an existing use and
natural sources preclude the attainment of water quality standards.  Prior to exercising this option,
a state or authorized tribe should gather data to address the following questions:

• Is the waterbody publicly identified, advertised, or otherwise
regularly used or known by the public as a beach or swimming area
where primary contact recreation activities are encouraged to occur?

• What is the existing water quality?  If it is not currently meeting the
applicable recreational water quality standards, do the exceedances
occur on a seasonal basis, in response to rainfall events, or at other
times due to other conditions or weather-related events?
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• Is the primary contact recreation use attainable through the appli-
cation of effluent limitations under CWA §301(b)(1)(A) and (B) and
§306 or through cost effective and reasonable best management
practices? 

• What are the sources of fecal pollution within the waterbody?  What
are the relative contributions of these sources?

The first two questions will assist the state or authorized tribe in determining whether or not
primary contact recreation is an existing use.  In answering these questions, both water quality and
the actual use that has occurred since November 28, 1975 should be considered.  See 40 CFR
131.3(e).  Information provided by the public should be considered by the state or authorized tribe
in making this determination.  The state or authorized tribe should provide documentation of the
waterbody’s historical water quality, if available, and the use of the waterbody for recreation in
support of its conclusion that primary contact recreation is not an existing use.

Secondly, the state or authorized tribe should determine that natural sources, and not leaking
septic tanks or other anthropogenic sources, prevent attainment of water quality standards.  To
ascertain whether natural sources are the cause of impairment, several tools are available.  Sanitary
surveys may be conducted to identify the sources contributing to a waterbody.  Recommendations
on conducting sanitary surveys and additional references are contained at the beginning of section
3.  Detection of detergents, dyes, or caffeine may indicate human sewage as the source of fecal
pollution.  Knowledge of land use patterns within a watershed may also assist states and authorized
tribes in determining the relative contribution sources of fecal contamination within a watershed.
In addition, other analytical tools are becoming more common in identifying the sources of fecal
contamination.  While Bacterial Source Tracking methods such as ribotyping and Antibiotic
Resistance Analysis are becoming more common, such methods may be cost prohibitive for many
states and authorized tribes to use on a large scale (See, for example, Dombeck et al., 2000;
Harwood et al., 2000, Wiggins et al., 1999). 

The results of the sanitary survey or other methods demonstrating that natural sources
preclude attainment of primary contact recreation should be sufficient to conclude that primary
contact recreation is not attainable under 40 CFR 131.10(g)(1), on the grounds that naturally-
occurring pollutant concentrations prevent the attainment of the use.  When removing a CWA
§101(a) goal use or adopting subcategories of those uses, under 40 CFR 131.10(g), states and
authorized tribes are required to submit an analysis demonstrating that the use is not an existing use
and justifying the removal of that use based on one of the six reasons listed in that section.  When
contemplating revisions to water quality standards based upon impacts from natural sources, EPA
encourages states and authorized tribes to use scientifically defensible methods in their supporting
analyses.  EPA will review this information as part of its review and action on any revised water
quality standards.  EPA believes answering the questions identified above should assist the state or
authorized tribe in making a scientifically defensible determination that natural sources preclude
attainment of the primary contact recreation use.

Once the initial analysis has been completed, states and authorized tribes have several
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options for revising their recreational water quality standards.  A state or authorized tribe could
pursue adopting a wildlife impacted recreation use as a recreational use subcategory, or, for
waterbodies where water quality sufficient to support primary contact recreation is unattainable and
location or barriers make recreation unlikely to occur, consider adopting a secondary contact
recreation use or removal of recreation uses.  Establishing a wildlife impacted recreation use would
be appropriate for waters where limited recreational activities may still occur.  EPA recommends
that states and authorized tribes wishing to adopt a wildlife impacted recreation use adopt a criterion
reflecting the natural levels of bacteria and, because the specific risk to people recreating in these
waters is unknown, develop a plan to communicate to the public the potential risk of recreating in
waters designated with this use.  This communication could include public announcements or sign
posting along the waterbody.  Ideally, the state or authorized tribe should have monitoring and/or
modeling data that would assist in identifying the natural levels of indicator organisms.  Because
such contributions are often correlated with rainfall events, the state or authorized tribe should
consider the level of bacterial indicators present during dry and wet weather as well as any other
spatial or temporal variability to assist in the establishment of an appropriate criterion.  EPA
envisions that a wildlife impacted recreation use category would provide greater protection than a
secondary contact recreation use.  However, wildlife sources of fecal contamination may still present
some additional risk to recreators.  Therefore, if the state or authorized tribe is adopting a less
stringent criterion, the increment of change should correspond only to the estimated amount of the
bacteria that is present due to natural sources.

Where it is shown that primary contact recreation is not an existing use and that the
waterbody is significantly impacted by wildlife contamination, states and authorized tribes may
adopt a secondary contact recreation use or remove the recreation use altogether.  In determining
whether recreation is an existing use, states and authorized tribes should consider the location of the
waterbody and any barriers that may exist that would preclude the use of the waterbody for primary
contact recreation.  See Section 3.5 for a discussion of secondary contact recreation uses and criteria.

Other water quality standards approaches beyond those described here may also be
appropriate.  EPA will work with states and authorized tribes interested in developing such
approaches to assure they meet the requirements of the Clean Water Act and federal regulations.
Regardless of the option a state or authorized tribe pursues, EPA emphasizes the importance of
public participation in revising its water quality standards.

Use of this approach can provide states and authorized tribes with the means to acknowledge
the source(s) of fecal pollution that exists and its potential risk to recreators.  Concern has been
expressed that the use of this approach may provide existing NPDES permitted dischargers with
relaxed effluent limitations.  In the case where a discharger has a water quality based effluent
limitation (WQBEL) for bacteriological criteria, it would not be eligible for less stringent effluent
limitations unless an antidegradation analysis was performed consistent with the federal and state
(or tribal) regulations.  See 40 CFR 131.12.  In addition, an analysis should be performed as part of
the development of the WQBEL that considers the receiving waterbody’s water quality and to
determine whether the discharge has the reasonable potential to cause or contribute to the
exceedance of applicable water quality standards.  See 40 CFR 122.44(d).
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3.5 What is EPA’s policy regarding secondary contact recreation uses?

While primary contact recreation uses and criteria are key elements of the water quality
standards applicable to most waterbodies, and in some cases primary contact uses have been
designated for all state/tribal waters, there are situations where a secondary contact use, with less
stringent water quality criteria, may be more appropriate and consistent with federal requirements.
EPA defines secondary contact uses as including recreational activities where most participants have
very little direct contact with the water and where ingestion of water is unlikely.  States and
authorized tribes may be able to justify the adoption of a secondary contact use, in lieu of a primary
contact use, by completing a use attainability analysis.  Subject to the provisions of 40 CFR 131.10,
a secondary contact recreation use may be appropriate for waters that are, for example, impacted by
human caused conditions that cannot be remedied, or where meeting the criteria associated with the
primary contact recreation use would result in substantial and widespread social and economic
impact.

3.5.1 When is it appropriate to designate a secondary recreation use?

EPA considers waters designated for primary contact recreation and waters designated for
secondary contact recreation -- but with criteria sufficient to support primary contact recreation --
to have “swimmable” standards consistent with the CWA §101(a) goal7.  States and authorized tribes
may assign less than “swimmable” standards where adoption of such a standard is adequately
justified  by a use attainability analysis (UAA).  A UAA is a structured scientific assessment of the
factors affecting the attainment of the use which may include physical, chemical, biological, and
economic factors.  See 40 CFR 131.3(g), 131.10(g), and 131.10(j).  Removing a “swimmable”
standard and replacing it with a less than “swimmable” standard (or no recreation standard at all)
is acceptable only where the revision is adequately justified by a UAA.  It is also important to
remember that all waters where less than “swimmable” standards have been assigned must be re-
examined by the state or authorized tribe every three years to determine if new information has
become available.  If such new information indicates that “swimmable” standards are attainable, the
standards are to be revised accordingly.  See 40 CFR 131.20.

Where a UAA demonstrates that a “swimmable” standard is not attainable, the state or
authorized tribe should evaluate whether a subcategory of recreation use with less stringent criteria
is appropriate.  States may elect to establish several categories of recreation uses, and perhaps even
several categories of secondary contact uses, and assign criteria which are appropriate to the types
of activities to be protected.  However, any decision to assign a less than “swimmable” standard to
a particular segment must be adequately supported by a UAA.  Less than “swimmable” standards
may be considered, for example, where flowing or pooled water is not present within a waterbody
during the months when primary contact recreation would otherwise take place and the waterbody
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is not in close proximity to residential areas, thereby indicating that primary contact uses are not
likely to occur.  Also, if a state or authorized tribe can demonstrate that natural, ephemeral,
intermittent, or low flow conditions or water levels prevent attainment of the primary contact
recreation use, a secondary contact recreation use may be appropriate.  Another example would be
a discharger that is not able to meet the limits necessary to protect the primary contact recreation use
without causing substantial and widespread social and economic impact, but can meet limits that
would assure protection of a secondary contact recreation use.  In addition, as discussed in section
3.4.2, designating a secondary contact recreation use may be appropriate where primary contact
recreation is not an existing use and high levels of natural or uncontrollable fecal pollution exist.
These demonstrations would fulfill the requirements of and address one of the six conditions
contained in 40 CFR 131.10(g) supporting the removal of a designated use.

3.5.2 What information should be contained in a use attainability analysis to identify
the appropriate recreation use?

It is very important that UAAs include sufficient evidence to support the conclusions that
are reached (e.g., water quality data, photographs, documentation of waterbody features and
characteristics).  Some States and EPA Regions have developed methods, guidance, and/or work
sheets to assist with the completion of recreation UAAs.  It is also important to remember that a
recreation UAA should be an objective collection of site-specific facts that are relevant to deciding
what designated use is most appropriate.  As such, UAAs should evaluate various scenarios.  It
would be inappropriate, for example, to limit the information reported in a UAA to only the facts
which support a particular conclusion.  In other words, not all recreation UAAs will support a
conclusion that a “swimmable” standard is not attainable.  The water quality standards coordinators
in EPA’s Regional offices should be consulted when developing UAA methods/guidance or specific
workplans for individual UAAs.  Consultation with appropriate EPA staff regarding the study
objectives and methods, prior to any field work, is recommended.

Although each situation is different and may require a UAA workplan with special
provisions to address unique circumstances, the information included in a use attainability analysis
for recreation uses may need to include the following:

• information concerning any existing recreational activities that occur in the
waterbody, by type of activity, and including frequency information (e.g., gathered
from surveys or interviews with knowledgeable individuals, entities, or organiza-
tions);

• information that is useful in assessing the potential for various types of recreational
uses to occur in the waterbody, which may include: 
- physical analyses addressing:  features that facilitate public access to

the waterbody (e.g., road crossings, trails), facilities promoting
recreation (e.g., rope swings, docks, picnic tables), features limiting
access to the waterbody or that discourage recreation uses (e.g.,
fences, signs), location of the waterbody including proximity to
residential areas, schools, or parks, projections of population
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growth/development in the area, safety considerations, water
temperatures, flows, velocity, depth, and width, and other physical
attributes of the waterbody such as substrate characteristics;

- chemical analyses of existing water quality for key parameters
(bacteria, nutrients), including a comparison of available representa-
tive data for indicator bacteria to the criteria adopted by the state or
authorized tribe (which may include both geometric mean and single
sample maximum values);

- identification of sources of fecal pollution, and an assessment of the
potential for reduced loadings of bacterial indicators; and

- economic/affordability analyses.

(See also sections 3.4.1 for changes to recreation uses for waterbodies impacted by
bacteria associated with high flow conditions and 3.4.2 for waterbodies impacted by
non-human sources.)

On the subject of physical analyses, EPA has previously stated that, “Physical factors, which
are important in determining attainability of aquatic life uses, may not be used as the basis for not
designating a recreational use consistent with the CWA section 101(a)(2) goal” (USEPA, 1994).
In fact, 40 CFR 131.10(g)(5), which refers to physical conditions as a factor to consider when
determining whether or not to remove a designated use, applies only to aquatic life uses.  Therefore,
EPA continues to believe that physical factors alone are not sufficient justification for removing or
failing to designate a primary contact recreation use.

Likewise, the general Agency policy is to place emphasis on the potential uses of a
waterbody and to do as much as possible to protect the health of the public (see the preamble to the
amendments to the water quality standards regulation, 48 FR 51401, November 8, 1983, and Section
2.1.3 of the Water Quality Standards Handbook).  In certain instances, the public will use whatever
waterbodies are available for recreation, regardless of the flow or other physical conditions.
Accordingly, EPA encourages States to designate primary contact recreation uses, or at least to
require a level of water quality necessary to support primary contact recreation, for all waterbodies
with the potential to support primary contact recreation.

EPA’s suggested approach to the physical factors issue is for states and authorized tribes to
look at a suite of factors such as whether the waterbody is actually being used (or has been used) for
primary contact recreation; existing water quality; water quality potential; access; recreational
facilities; location (i.e., proximity to recreational facilities); safety considerations, and; physical
attributes of the waterbody in making any use attainability decision.  Any one of these factors, alone,
may not be sufficient to conclude that a “swimmable” standard is not warranted.

EPA continues to believe that, in general, adoption of “swimmable” standards is appropriate
wherever it is feasible to achieve water quality levels necessary for the protection of primary contact
uses.  However, there are a few instances where physical considerations may play an important role
in informing a state or authorized tribe’s decision regarding what recreation use is most appropriate.
This may include a waterbody where access is prevented by fencing or in an urban waterbody that
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also serves as a shipping port or has close proximity to shipping lanes.  A physical analysis may lead
to a conclusion that flowing or pooled water is not present during certain times of the year, or that
the waterbody is not in proximity to residential areas.  In instances such as these, an analysis of the
physical attributes may help determine when and where primary contact recreation occurs in
waterbodies where another §131.10(g) factor already prevents attainment.

When identifying existing and potential uses in water bodies with low flows or water levels,
states and authorized tribes should consider that some types of primary contact activities require
more substantial flows and/or depths, while others can and do occur when water flows and depths
are quite low.  For example, whereas white water rafting may not be possible in a certain water body
when flows are low, that same water body might have sufficient flow to support a variety of
summertime activities by children that may involve ingestion of water.  As such, it is not appropriate
to establish broad methods that result in assignment of less than “swimmable” standards where flows
or water depths are below a certain fixed level.  Rather, UAA methods should address a suite of
factors.  Regarding water flows and depths, UAA determinations should consider the particular
recreational activities that are likely to occur.  In particular, flows and depths should be evaluated
differently in areas where children have easy access to the water body.

EPA understands that substantial and widespread social and economic impacts are often
determining factors in assessing whether or not “swimmable” standards can be attained.  EPA has
published guidance to assist states and authorized tribes in considering economic impacts when
adopting water quality standards (USEPA, 1995).  The cost of placing additional control measures
on sources of fecal contamination are often cited as the reason a water cannot attain the primary
contact recreation use and the associated water quality criteria in all waters at all times.  In the use
attainability analysis process, the federal regulation at 40 CFR 131.10(g) lists the factors that may
be used to demonstrate that a primary contact recreation use cannot be met; these factors include
substantial and widespread social and economic impact, and natural conditions.  Water quality
criteria are derived to address the effects of pollution on the environment and human health, while
under the federal regulation, the setting of designated uses may take into account social and
economic considerations.  See 40 CFR 131.10(g).

3.5.3 What water quality criteria should be applied to waters designated for
secondary contact recreation?

For waterbodies where a state or authorized tribe demonstrates through a use attainability
analysis that “swimmable” standards are not attainable, adoption of secondary contact uses and the
associated water quality criteria may be appropriate.  EPA defines secondary contact uses as
including activities where most participants would have very little direct contact with the water and
where ingestion of water is unlikely.  Secondary contact activities may include wading, canoeing,
motor boating, fishing, etc.  Many states and authorized tribes have adopted secondary contact
recreation uses for waterbodies.   States and authorized tribes with fecal coliform criteria generally
have adopted a secondary contact water quality criterion of 1000 cfu/100ml geometric mean, which
is five times the geometric mean value typically used to protect primary contact recreation.  This
water quality criterion has been applied to secondary contact uses and to seasonal recreation uses
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during the months of the year not associated with primary recreation.  The Ambient Water Quality
Criteria for Bacteria –1986, which recommended E. coli and enterococci as indicators, did not
provide criteria recommendations for recreation uses other than primary contact recreation.  States
and authorized tribes have cited this as one reason why they have not adopted EPA’s recommended
water quality criteria.

EPA is unable to derive a national criterion for secondary contact recreation based upon
existing data, because secondary contact activities involve far less contact with water than primary
contact activities.  During the development of this guidance document, EPA explored the feasibility
of deriving criteria for secondary contact waters and found it infeasible for several reasons.  In
reviewing the data generated in the epidemiological studies conducted by EPA that formed the basis
for its 1986 criteria recommendations, EPA found that the data would be unsuitable for the
development of a secondary contact criterion.  The data collected were associated with swimming-
related activities involving immersion.  Secondary contact recreation activities generally do not
involve immersion in the water, unless it is incidental (e.g., slipping and falling into the water or
water being inadvertently splashed in the face).

Despite the lack of epidemiological studies/data necessary to develop a risk-based secondary
contact recreation criterion, EPA believes that waters designated for secondary contact recreation
should have an accompanying numeric criterion.  Adopting a numeric criterion for the secondary
contact recreation use provides the basis for the development of effluent limitations and, where
applicable, the implementation of best management practices.  Such an approach provides a
mechanism to assure that downstream uses are protected and, where adopted as part of a seasonal
recreation use, helps to assure that the primary contact recreation use is not precluded during the
recreation season.  Adoption of a secondary contact criterion is also consistent with historical
practices for most states and authorized tribes.  Accordingly, states and authorized tribes may wish
to adopt a secondary contact criterion which is five times their primary contact criterion.  EPA
recommends that secondary contact criteria be geometric mean values using a 30 day, seasonal, or
annual averaging period.  Clearly identifying the averaging period is very important to support
attainment and permitting decisions.  Another approach would be the adoption of a secondary
contact criterion as a maximum, not to be exceeded value.  EPA feels that this would also be an
appropriate approach, particularly for states and authorized tribes that are unable to collect sufficient
monitoring data to calculate a geometric mean value.  States and authorized tribes may also pursue
other approaches for secondary contact waters, and EPA will work with the state or authorized tribe
to ensure the approach is protective of the designated use and meets the above objectives.

3.5.4 Will EPA publish risk-based water quality criteria to protect for “secondary
contact” uses?

EPA’s Ambient Water Quality Criteria for Bacteria – 1986 are designed to protect the public
from gastrointestinal illnesses associated with accidental ingestion of water.  EPA has not developed
any water quality criteria for secondary contact recreation uses.  As part of EPA’s requirements
under the BEACH Act amendments, EPA intends to gather additional data and investigate the
development of water quality criteria for transmission of organisms that cause skin, eye, ear, nose,
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respiratory illness, or throat infections. Some elements of such future water quality criteria may
potentially be applicable to secondary contact uses.
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4. Implementation of EPA’s Ambient Water Quality Criteria for Bacteria – 1986 in State
and Authorized Tribal Water Quality Programs

4.1 What is EPA’s recommended approach for states and authorized tribes making the
transition from fecal coliforms to E. coli and/or enterococci? 

EPA recognizes that states and authorized tribes that have yet to adopt EPA’s recommended
1986 water quality criteria for bacteria may be concerned about how to ensure consistency and
continuity within their regulatory programs.  Specifically, states and authorized tribes may have
concerns about making regulatory decisions during this transition period while an adequate
monitoring database is being established.  To facilitate this period of transition, states and authorized
tribes may include both fecal coliforms and E. coli/enterococci in their water quality standards for
the protection of designated recreational waters for a limited period of time, generally one triennial
review cycle.  The dual sets of applicable criteria will enable regulatory decisions and actions to
continue while collecting data for the newly adopted E. coli or enterococci criteria.  For states and
authorized tribes choosing this approach, EPA expects that during this limited period of time, states
and authorized tribes will be actively collecting data on E. coli and/or enterococci and be working
to incorporate E. coli and/or enterococci water quality criteria into their water quality programs, e.g.,
National Pollutant Discharge Elimination System (NPDES), 305(b), and 303(d) programs.
Alternatively, states and authorized tribes may elect to concurrently adopt a delayed effective date
to allow for time in which to collect data on the newly adopted criteria.   With these options
available, lack of data should not delay states’ and authorized tribes’ adoption of E. coli and/or
enterococci.  Once E. coli and/or enterococci are adopted into state or tribal water quality standards,
EPA encourages states and authorized tribes to remove the fecal coliform criterion as it applies to
recreational waters during its next triennial review, since retaining the fecal coliform criterion for
recreational waters may result in additional permitting and monitoring requirements.

Once adopted as water quality standards by states, authorized tribes, or EPA, these water
quality criteria form the basis for water quality program actions, both regulatory and non-regulatory.
For example, water quality criteria are used in establishing NPDES water quality-based effluent
limitations (WQBELs), listing impaired waters under section 303(d), and beach monitoring and
advisory programs.  How the adopted criteria will be used in these different programs should be
clearly explained in states’ and authorized tribes’ water quality standards or supporting implementa-
tion documents.

EPA recommends that states and authorized tribes adopt water quality criteria for bacteria
containing both the geometric mean and upper percentile value components.  This allows states and
authorized tribes the flexibility to utilize the appropriate criteria component based on the situation.
EPA recommends the use of the geometric mean when assessing and determining attainment of
waters designated for primary contact recreation, provided a sufficient number of samples has been
taken over the course of the recreation season. In situations where sampling is infrequent it is
appropriate to use the upper percentile value in determining attainment.

With regard to interpreting the geometric mean component of the criteria, there has been a
common misconception of how water quality data should be used to determine whether or not a
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waterbody has attained the applicable geometric mean value.  Some states and authorized tribes have
mistakenly interpreted the water quality criteria as requiring a minimum number of samples in order
to determine the attainment of the geometric mean component of the water quality criteria.  The
confusion may have arisen because the water quality criteria recommend a monitoring frequency
of five samples taken over a 30-day period.  The recommendation does not intend to imply that five
samples are needed before a geometric mean can be calculated.  The minimum number of samples
used in the 1986 water quality criteria for bacteria is for accuracy purposes only; clearly, more
frequent sampling yields more accurate results when determining the geometric mean.  Further, in
some instances averaging periods greater than 30 days may be appropriate (e.g., data collected over
a recreation season).  Unless specified otherwise in a state or authorized tribe’s water quality
standards or assessment methodology, the geometric mean should be calculated based on the total
number of samples collected over the specified monitoring period, and used in conjunction with an
upper percentile value to determine attainment of the numeric water quality criteria (e.g., CWA
§303(d) listing for fresh and marine waters).  This interpretation encourages the collection and use
of data and is what has always been intended.  EPA notes that this interpretation was used by the
Agency when promulgating water quality standards for the Colville Confederated Tribes (40 CFR
131.35).

4.2 How should states and authorized tribes implement water quality criteria for bacteria
in their NPDES permitting programs8?

States and authorized tribes have discretion in how NPDES water quality-based effluent
limits for bacteria are specified.  The following sections describe how limits may be established by
the permitting authority for different discharge types and be consistent with the applicable federal
requirements.  Two scenarios are discussed: first, the period of time during which states and
authorized tribes are making the transition from fecal coliform criteria to E. coli or enterococci
criteria, and second, developing limits once the E. coli/enterococci criteria have been established
in state and tribal water quality standards.

4.2.1 While transitioning from fecal coliforms to E. coli and/or enterococci, how
should states and authorized tribes implement water quality criteria for
bacteria in their NPDES permitting programs?

If a state or authorized tribe chooses to retain its fecal coliform criterion during a transition
period after adoption of E. coli and/or enterococci as water quality criteria, any new or reissued
permits would need to contain water quality-based effluent limits, reflecting both criteria unless
specified otherwise in a state or authorized tribe’s water quality standards, to be consistent with the
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federal requirement at 40 CFR 122.44(d)(1)(i).  This provision requires water quality-based permits
containing limits for those pollutants (including all bacterial pollutants) the permitting authority
determines are or may be discharged at a level which will cause, have reasonable potential to cause,
or contribute to an exceedance of any applicable water quality standard.  In this case, the existence
of  “reasonable potential” for fecal coliforms would also indicate the existence of reasonable
potential for any other criterion for bacteria adopted by the state or authorized tribe.  In most cases,
wastewater treatment plants that have used secondary and tertiary treatment for fecal coliforms
should find that this treatment also adequately addresses E. coli and enterococci (Miescier and
Cabelli, 1982).  However, wastewater treatment plants chlorinating their effluent may find
enterococci more resistant to chlorination than fecal coliforms or E. coli (Oregon Association of
Clean Water Agencies, 1993; Miescier and Cabelli, 1982).

4.2.2 Once E. coli and/or enterococci have been adopted by states and authorized
tribes, how should the water quality criteria for bacteria be implemented in
NPDES permits ?

Many states and authorized tribes have raised concerns regarding how state and tribal water
quality standards based on EPA’s 1986 water quality criteria for bacteria should be implemented
through NPDES permits.  Under the Clean Water Act and the implementing federal regulations,
states and authorized tribes have flexibility in how they translate water quality standards into
NPDES permit limits to ensure attainment of designated uses.  In implementing state and tribal
water quality standards that include both the geometric mean and upper percentile value
components, there are multiple acceptable approaches.  Because effluent limits are generally based
on monthly averages, EPA recommends that states and authorized tribes use only the geometric
mean component for NPDES water quality-based effluent limits.  Alternatively, states and
authorized tribes could use both the geometric mean and upper percentile value in the development
of NPDES water quality-based effluent limits; or the upper percentile value expressed as a daily
average limit for NPDES water quality-based effluent limits.  The Agency is aware that states have
taken different approaches in deriving WQBELs for bacteria to ensure the ambient water quality
criteria are met.  For example, many states apply the ambient water quality criteria for bacteria
directly to the discharge with no allowance for in-stream mixing (often referred to as “criteria end-
of-pipe”).  Alternatively, some states provide mixing zones for bacteria and derive permit limits that
account for in-stream dilution.  EPA has also stated that for certain types of regulated discharges
(e.g., municipal separate storm sewer systems [MS4s] and concentrated animal feeding operations
[CAFOs]), the most appropriate permit requirements may be non-numeric effluent limitations
expressed in the form of best management practices (BMPs).  The underlying principle, however,
is that whichever approach is selected, the permitting authority must determine that permit limits
and requirements derive from and comply with applicable water quality standards.  See 40 CFR
122.44(d)(1)(vii)(A).

In determining a discharger’s compliance with any effluent limitation, the federal regulation
requires that monitoring for any pollutant should never occur less than once per year.  Further,
monitoring requirements should be established case-by-case based on the nature of the effluent.  See
40 CFR 122.44(i)(2).  More frequent sampling may be appropriate if the discharge is in close
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proximity to beach areas or known recreation areas.

With respect to determining whether WQBELs for bacteria are needed for a specific
discharge, the Agency expects permitting authorities to use the same approach that applies to other
pollutants.  Thus, the permitting authority must include a WQBEL in the NPDES permit for a
discharger if it determines that a pollutant (including all bacteria pollutants) is or may be discharged
at a level which will cause, have reasonable potential to cause, or contribute to an exceedance of any
state or tribal water quality standard.  See 40 CFR 122.44(d)(1)(i).  When a state or authorized tribe
adopts, and EPA approves, new water quality criteria for E. coli and/or enterococci, the permitting
authority (in most cases, the state) must immediately begin implementing these criteria through
limits incorporated into any new or reissued NPDES permit, unless the state or tribal water quality
standards authorize another approach.  Additionally, if the state or authorized tribe chooses to retain
an existing water quality criterion for fecal coliforms, the permitting authority must continue to
implement this criterion in the form of a WQBEL as well, unless otherwise specified in the state or
tribal water quality standards.  In some cases where a discharge is released into a waterbody
designated for both recreation and shellfishing, even after removal of the fecal coliform criterion for
recreation, the permit will likely continue to contain effluent limitations for both parameters since
the fecal coliform criterion will continue to apply to waters designated for shellfishing.

Following state or tribal adoption and EPA approval of water quality criteria for E. coli
and/or enterococci, the Agency does not believe that permitting authorities will typically need to
reopen existing permits prior to their expiration dates to incorporate WQBELs based on the newly-
adopted water quality criteria.  Instead the Agency expects that existing WQBELs for fecal
coliforms will continue to be enforced through the existing permit’s term, and that permitting
authorities will incorporate WQBELs based on newly adopted water quality criteria (as needed) at
the time of permit reissuance.

 4.2.3 How do the antibacksliding requirements apply to NPDES permits with effluent
limits for bacteria?

Dischargers that previously had NPDES water quality-based effluent limits for fecal
coliforms, and subsequently have water quality-based effluent limits based on a state or authorized
tribe’s newly adopted E. coli and/or enterococci criteria should also be aware of federal NPDES
“antibacksliding” provisions.  The CWA and implementing NPDES federal regulations contain
specific restrictions on when an existing WQBEL may be removed or replaced with a less stringent
effluent limitation in a reissued NPDES permit.  See CWA section 402(o); 40 CFR 122.44(l).  When
a state or authorized tribe replaces a fecal coliform criterion with water quality criteria for E. coli
and/or enterococci, that replacement will not generally result in less stringent effluent limits in the
permit (i.e., replacing a 200 cfu/100 ml fecal coliform criterion with an E. coli criterion of 126
cfu/100 ml or an enterococci criterion of 33 cfu/100 ml for fresh water or 35 cfu/100 ml enterococci
criterion for marine water).  In other words, if all other factors are unchanged, EPA expects that the
WQBEL(s) based on the newly adopted water quality criteria for bacteria (for E. coli and/or
enterococci), while perhaps expressed in a different form, will not be less stringent than the previous
WQBEL (for fecal coliform) and that, therefore, the backsliding prohibitions in section 402 of the



Review Draft November 2003

49

CWA and its implementing regulations will not apply.

If a state or authorized tribe chooses to adopt E. coli or enterococci water quality criteria
greater than, for fresh waters, an E. coli criterion of 206 cfu/100 ml or an enterococci criterion of
54 cfu/100 ml or, for marine waters, an enterococci criterion of 35 cfu/100 ml (generally occurring
through the adoption of a subcategory of primary contact recreation use, other recreational
subcategories, or secondary contact recreation use), the antibacksliding elements of the CWA and
federal regulations would apply.  In these instances, the CWA and federal regulations would allow
for backsliding in some circumstances as described below.  EPA has consistently interpreted section
402(o)(1) of the CWA to allow relaxation of WQBELs if the requirements of CWA section
303(d)(4) are met. (While CWA §402(o)(2) allows for backsliding to occur when new information
is present, revised water quality standards regulations do not constitute “new information” under this
provision.)

Section 303(d)(4) has two parts: paragraph (A) which applies to “non-attainment waters” and
paragraph (B) which applies to “attainment waters.”

• Non-attainment water–Section 303(d)(4)(A) allows the establishment of less
stringent WQBELs for waters identified under CWA §303(d)(1)(A) as not
meeting applicable water quality standards (i.e., a “nonattainment water”), if
two conditions are met.  First, the existing WQBEL must be based on a total
maximum daily load (TMDL) or other wasteload allocation.  Second,
relaxation of a WQBEL is only allowed if attainment of water quality
standards will be assured.

• Attainment water–Section 303(d)(4)(B) applies to waters where the water
quality equals or exceeds levels necessary to protect the designated use, or to
otherwise meet applicable water quality standards (i.e., an “attainment
water”).  Under section 303(d)(4)(B), WQBELs may only be relaxed where
the action is consistent with the state or authorized tribe’s antidegradation
policy.

It is important to note that these exceptions to the prohibition on antibacksliding as a result of a
change to water quality standards are only applicable to permits with water quality-based effluent
limitations.  They are not applicable to relax limitations based on technology-based treatment
standards for the pollutants at issue.
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4.3 How should state and tribal water quality programs monitor and make attainment
decisions for the water quality criteria for bacteria in recreational waters?

 Monitoring protocols and assessment methodologies for recreational waters may differ
depending upon the location of the waterbody, level of use, and program resources.  The following
sections describe appropriate approaches in the development and implementation of state and tribal
monitoring and assessment programs for bacteria.  Specifically, section 4.3.1 provides recommenda-
tions applicable to the period during which a state or authorized tribe may be transitioning from fecal
coliforms to E. coli or enterococci.  Section 4.3.2 focuses on general recommendations and examples
for evaluating monitoring data, assessing water quality, and determining attainment of water quality
standards.

4.3.1 While transitioning from fecal coliforms to E. coli and/or enterococci, how
should states and authorized tribes monitor and make attainment decisions for
their water quality criteria for bacteria?

Once a state or authorized tribe has adopted E. coli and/or enterococci into its water quality
standards and EPA has approved the new standards, states and authorized tribes should not delay
listing waterbodies for exceedances of water quality criteria for bacteria where historical data
(whether for fecal coliforms or for the newly adopted criteria) indicate an impairment.  Further,
current Agency guidance and policy reject the notion that states and authorized tribes can avoid
listing waters in anticipation of a change to a state or authorized tribe’s water quality standards.
Thus, if a state or authorized tribe has fecal coliform data that indicate a particular waterbody is not
attaining the applicable water quality standards, the waterbody should still be listed even if the state
or authorized tribe anticipates replacing its fecal coliform criteria with E. coli or enterococci in the
near future.

For waterbodies previously listed under section 303(d) for not attaining water quality
standards for fecal coliforms, EPA recommends that the waterbody continue to be included in the
state or authorized tribe’s 303(d) impaired waters list for bacteria until sufficient E. coli/enterococci
data are collected to either develop a Total Daily Maximum Load (TMDL) for bacteria or support
a de-listing decision.  Where possible, states and authorized tribes may wish to assign these
waterbodies a lower priority ranking for development of TMDLs to accommodate the collection of
data on E. coli and/or enterococci.  This would allow a waterbody listed for fecal coliforms to have
additional data collected for E. coli and/or enterococci and, if needed, a TMDL written based on
these newer criteria.  In some instances states and authorized tribes may find that a waterbody not
meeting its previous fecal coliform criterion will meet the newer E. coli or enterococci criterion.
In a recent EPA-funded study conducted at Boston Harbor beaches in Massachusetts, it was found
that the enterococci criterion was met more often than the fecal coliform criterion (MWRA, 2001).
Proceeding in this manner to accommodate the collection of additional data would also preclude the
need for a future TMDL revision if it had initially been written based on fecal coliforms.

Where there is an immediate threat to public health or where a waterbody has been listed
under 303(d) on the basis of fecal coliform exceedances, and the waterbody is a priority due to court
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order or state (or tribal) statute or regulations, states and authorized tribes should not delay
developing a TMDL.  In these situations, the state or authorized tribe should develop the TMDL
using the fecal coliform criterion, and monitor progress toward meeting all bacterial water quality
standards, including the fecal coliform criterion (if it has been retained in the state or authorized
tribe’s water quality standards during a transition period) and E. coli and/or enterococci.  Because
data may not yet exist on the newly-adopted criteria, this would be one approach to meeting the
requirement that TMDLs be based on the water quality criterion in effect at the time of development.
If data collected over time indicate that the waterbody is meeting the E. coli/enterococci criteria, this
would constitute an acceptable measure of attainment of the TMDL.  Alternatively, if later data
show a continuing problem under the E. coli/enterococci criterion that has not been adequately
addressed under the fecal coliform TMDL, revisions to the TMDL may be necessary once data on
E. coli/enterococci are collected.

After a state or authorized tribe adopts criteria for E. coli and/or enterococci, the amount of
data necessary to support a listing or de-listing decision will vary among states’ and authorized
tribes’ monitoring programs.  This information should be contained either in states’ and authorized
tribes’ assessment and listing methodologies or in their water quality standards.  The design of the
state or authorized tribe’s monitoring program and the conclusiveness of the data collected will
affect the length of time before a state or authorized tribe is able to make regulatory decisions and
take appropriate actions.  For example, if a state or authorized tribe routinely collects monitoring
data and finds within a relatively short period of time that the data collected indicate an exceedance
of the water quality criteria, EPA expects the state or authorized tribe to conclude that the waterbody
is impaired.  Further, monitoring designs should reflect the way in which the state or authorized
tribe’s water quality standards are expressed.

4.3.2 Once E. coli and/or enterococci have been adopted, how should recreational
waters be assessed and attainment determined for waters where the bacterio-
logical criteria apply?

Implementing water quality criteria for bacteria within a state or authorized tribe’s
monitoring and listing program is a recurring topic within the ongoing dialogue EPA has with states,
authorized tribes, and other stakeholders, particularly during the recent development of the
Consolidated Assessment and Listing Methodology (USEPA, 2002a).  Version 1 of the Methodology
addresses water quality monitoring strategies, data quality and data quantity needs, and data
interpretation methodologies.  This effort is focused on helping states and authorized tribes improve
the accuracy and completeness of their CWA §303(d) lists and §305(b) reports as well as
streamlining these two reporting requirements.  In addition, this document provides recommenda-
tions for the listing and assessment of waters designated for primary contact recreation and
specifically refines previous recommendations on assessing attainment of the water quality criteria
for bacteria. 

States and authorized tribes have questioned how the criteria should be interpreted when
assessing waterbodies under CWA §305(b) and determining attainment under CWA §303(d).  As
discussed earlier, EPA recommends states and authorized tribes adopt both a geometric mean and
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an upper percentile value.  Although the upper percentile value is intended primarily for beach
monitoring and notification programs, including it in water quality standards provides state and
authorized tribes the flexibility to determine the circumstances in which either the geometric mean
or the upper percentile value (or both) would be most appropriate when determining attainment. 

Historically, states and authorized tribes have used simple descriptive statistics to determine
attainment consistent with these recommendations.  Using this approach, the geometric mean of the
total number of samples taken over a certain period of time is calculated and the results compared
to the geometric mean component of the criterion.  For situations where only a few (or even single)
samples have been taken, the monitoring data are compared to the upper percentile value
(historically referred to as a single sample maximum value) to assure that no sample has exceeded
the upper percentile value.  Using simple descriptive statistics such as this, while acceptable to EPA,
has several drawbacks.  Most notably, use of this approach assumes that the entire population was
representatively sampled, i.e., that the samples fully captured the range and variability of the
ambient concentrations existing over the period of time in which the samples were taken.  

States and authorized tribes may also use what is known as inferential statistics (e.g.,
Students t-test, binomial and chi-square tests).  The primary difference between the descriptive
statistical approach described above and inferential statistics is how they handle uncertainty (i.e.,
decision error) and the likelihood that the sample data represent the population they are used to
characterize.  While descriptive statistics do not address uncertainty in the statistics used to describe
the population of interest, inferential statistics assume a potential for error in using sample data to
characterize the population and specifically address the likelihood that the sample data represent the
population by setting targets for reasonable decision error.  States and authorized tribes that define
acceptable decision error have taken on a greater responsibility for monitoring programs, because
these states and authorized tribes are systematically defining—and, it is hoped, committing the
resources to collect—sufficient samples to support the tests.

Of these two general approaches, EPA prefers that, if sufficient data are collected, states and
authorized tribes use inferential statistical models due to the ability of these models to provide the
greatest certainty in making attainment decisions.  Recommendations and discussions of the use of
different statistical approaches are provided in EPA’s Consolidated Assessment and Listing
Methodology (USEPA, 2002a) and are also contained in EPA’s Guidance for Choosing a Sampling
Design for Environmental Data Collection (USEPA, 2000).  Using statistical approaches enables
the assessor to estimate, based on the samples taken and a specified confidence level, whether or not
the criterion is being attained.  In order for these approaches to provide reliable results, a certain
amount of data must be collected as determined by data quality objectives, which in turn reflect
individual state or tribal standards.  Alternatively, states and authorized tribes have employed other
statistical approaches.  For example, some states and authorized tribes calculate confidence intervals,
the upper limits of which are compared to the upper percentile value to determine compliance with
that component of the criterion.  Additional guidance on the use of alternate assessment approaches
is provided in the Consolidated Assessment and Listing Guidance.

In addition to these two approaches, states and authorized tribes may develop their own
approaches; however, any monitoring protocol developed by the state or authorized tribe should be
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consistent with the relevant water quality standards.  If the state or tribal water quality standards
define how the standards are to be interpreted, the state or authorized tribe must follow its prescribed
approach when assessing attainment.  If the state or authorized tribe’s standards are silent on how
to interpret data to make ambient attainment decisions, the state or authorized tribe should describe
its process.  The state or authorized tribe may either follow EPA recommendations or develop
implementation procedures that are consistent with its water quality standards.  For example, if a
state or authorized tribe’s water quality criteria for bacteria consist of a geometric mean and an
upper percentile and specify that the geometric mean is to be calculated based on five samples taken
over a thirty day period and that no sample may exceed the single sample maximum, the state or
authorized tribe’s monitoring and assessment protocol should be consistent with these water quality
standards provisions.  In some circumstances, states and authorized tribes may find that revisions
need to be made to their water quality standards to clarify how the water quality standards will be
interpreted for assessment and attainment determinations.

Many states and authorized tribes use information on bathing area advisories and closures
to determine attainment with recreation-based water quality standards.  This information often
comes from state, tribal, or local health departments and may be based on water quality monitoring,
calibrated rainfall alert curves, or precautionary information.  Before using this information on use
restrictions and closures, it is important to document the basis for them.  For example, the water
quality agency may want to verify that the health department uses indicators and thresholds that are
consistent with the state or authorized tribe’s water quality standards.  

In general, water quality-based bathing closures or advisories that are consistent with the
state or authorized tribe’s water quality standards and assessment methodology and are in effect
during the reporting period should be considered as an indicator of water quality standards
attainment.  There are some exceptions, however.  Bathing areas subject to precautionary
administrative closures such as automatic closures after storm events of a certain intensity may not
trigger an impairment decision if monitoring data show an exceedance of applicable water quality
standards has not occurred.  Similarly, closures or restrictions based on other conditions like rip-
tides or sharks should not trigger a nonattainment decision (USEPA, 2002a).  It is also acceptable
to base day-to-day beach closure decisions on an upper percentile value, while using the geometric
mean as the basis for long-term attainment over an assessment period (see Chapter 3).

Regardless of the monitoring protocol used by a state or tribe, EPA recommends, at a
minimum, that primary contact recreation waters be monitored throughout the swimming season,
ideally on a weekly basis, to ensure human health is adequately protected, particularly waters that
are beach areas.  EPA has prepared additional guidance contained in chapter 4 of the National Beach
Guidance and Required Performance Criteria for Grants recommending monitoring approaches for
identified beach areas, as well as recommendations on how to use the data in making beach closures
and advisories.  This document is available through EPA’s Beach Watch web site at
http://www.epa.gov/waterscience/beaches.

EPA recognizes that there may be some waterbodies that merit less frequent monitoring.
These waterbodies may include those where public access is purposely restricted or limited by
location and other waterbodies that are not likely to be used for primary contact recreation.  Due to
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resource or other constraints, states and authorized tribes may not be able to collect sufficient
samples for these waterbodies to perform a robust statistical analysis or to collect sufficient samples
within a specified period of time to perform the recommended arithmetic analysis.  In these cases
of small sample size (e.g., less than 5 samples), EPA recommends that measured values be compared
to an upper percentile value to either assess attainment or trigger additional monitoring.  Examples
of two types of assessment approaches that may be applied to infrequently used recreational waters
are described in Table 4-1.

Limited state or tribal resources may result in a state or tribe not being able to collect
sufficient samples to calculate a meaningful geometric mean for comparison with the criterion.
While EPA continues to encourage frequent monitoring of beaches and heavily-used recreation
areas, for those waterbodies that are remote or, for other reasons, rarely used, EPA recommends
states and authorized tribes develop monitoring protocols that describe how these waterbodies will
be monitored.  States and authorized tribes should assure that any alternate monitoring protocols
developed are consistent with its water quality standards (an example of how a set of water quality
standards might look is at Figure 4.1).  In some cases, states and authorized tribes may wish to revise
their water quality standards to clarify these approaches.  Alternatively, states and authorized tribes
may choose to specify their monitoring procedures in their CWA §303(d) listing methodology.
Regardless of where this information is contained, states and authorized tribes should assure that
their monitoring protocols and interpretation of the monitoring data are consistent with the
expression of the applicable water quality standards.

Table 4-1. Assessment approaches for less frequently used primary contact recreation
waters

Example #1
Samples for remote waters not identified as public or high use beaches are compared to the
upper percentile value, serving as a trigger for collecting additional data.  If routine monitor-
ing finds an exceedance (or certain number of exceedances) of an upper percentile value, then
the state or tribe collects additional samples to calculate the geometric mean.  The state or
tribe then uses the geometric mean to make an attainment/nonattainment decision (i.e., both
the geometric mean and the upper percentile value need to exceed the state or tribal standards
for the waterbody to be identified as impaired under CWA §§305(b) and 303(d)).  This
approach differs from Example #2 in that the assessment decision is made only after addi-
tional data are collected.

Example #4
Samples for remote waters not identified as public or high use beaches are compared to the
upper percentile value to determine attainment status.  If the specified number of samples
(individual or multiple samples, based on the adopted methodology) exceeds the upper
percentile value, the waterbody is determined to be impaired.  This approach differs from
Example #1 in that the assessment decision is made after comparison only with the upper
percentile value.  An exceedance results in a nonattainment decision by the state or tribe as
opposed to triggering more monitoring.
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When considering the spectrum of different types of waterbodies designated for recreation,
approaches states and authorized tribes take to monitor their waterbodies may vary with the uses
assigned, since prioritization of monitoring resources may be directed more toward the heavily used
recreation areas.  For example, a state or authorized tribe may choose an inferential statistical
approach for the monitoring and evaluation of data for high use or identified bathing areas since
more data are likely to be collected in these areas.  Alternatively, states and authorized tribes may
choose an approach that relies on fewer data for other waterbodies that are primary contact
recreation waters, but are not heavily used.  (See section 3.1.1 for a discussion of how states and
authorized tribes may bifurcate their primary contact recreation use designations.)  Regardless of
the approach used, states and authorized tribes should specify which monitoring approaches they
will be using.  Additionally, states and authorized tribes may find it useful to identify and provide
to the public a list of recreation waters and the frequency with which they will be monitored. 

4.4 How should a state or authorized tribe’s water quality program calculate allowable
loadings for TMDLs?

If a state or authorized tribe finds that its bacteriological criteria are not being attained, the
state or authorized tribe will need to develop a TMDL consistent with CWA §303(d).  A TMDL
establishes the allowable loadings for specific pollutants that a waterbody can receive without
exceeding water quality standards, thereby providing the basis for states and authorized tribes to
establish water quality-based pollution controls.  A TMDL identifies the loading capacity for a
pollutant in a waterbody, the allocation of that pollutant to point and nonpoint sources contributing
the pollutant, and the seasonal variation and margin of safety so that the TMDL will result in
attaining the water quality standard.

For states and authorized tribes that have adopted E. coli and/or enterococci into their water
quality standards,  state and authorized tribe’s water quality programs need to keep in mind the basis
and assumptions inherent in the development of the applicable water quality standard when
calculating a waterbody’s total allowable load of the impairment-causing pollutant.  EPA’s
recommended E. coli and enterococci criteria are generally expressed both as a geometric mean and
as an upper percentile value.  The geometric mean is based on a comparison of the average summer
exposure to the risk level; the upper percentile value is a calculation of a daily exposure that is
statistically related to the geometric mean.  The geometric mean characterizes an average exposure
over a period of time; the upper percentile value characterizes exposure for any given day.  The
calculated allowable load will need to reflect these: that is, the allowable load is a seasonal or 30-day
average load (depending on how the criterion is expressed in the water quality standards) if based
on the geometric mean, and a single day load if based on the upper percentile value.  

EPA has published guidance on how to calculate loadings that attain water quality standards
for pathogens and pathogen indicators (USEPA, 2001a).  This guidance identifies analytical methods
that are appropriate to calculate these loads:

• Empirical approaches – Empirical approaches use existing data to
determine the linkage between sources and water quality targets.  In cases
where there are sufficient observations to characterize the relationship
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between loading and exposure concentration across a range of loads, this
information could be used to establish the linkage directly, using, for
example, a regression approach.

• Simple approaches – Where the sole source of indicator bacteria are NPDES
permitted sources, these sources are often required to meet water quality
standards for indicator bacteria at the point of discharge or edge of the
mixing zone, as specified in the state or tribal water quality standard. Simple
dilution calculations and/or compliance monitoring (for existing discharges)
are often adequate for this task.

• Detailed modeling – In cases where sources of bacteria are complex and
subject to influences from physical processes, a water quality modeling
approach is typically used to incorporate analysis of fate and transport issues.
Modeling techniques vary in complexity, using one of two basic approaches:
steady-state or dynamic modeling.  Steady-state models use constant inputs
for effluent flow, effluent concentration, receiving water flow, and meteoro-
logical conditions. Generally, steady-state models provide very conservative
results when applied to wet weather sources.  Dynamic models consider
time-dependent variation of inputs.  Dynamic models apply to the entire
record of flows and loadings; thus the state or tribal water quality program
does not need to specify a design or critical flow for use in the model. A daily
averaging time is suggested for bacteria.

When detailed modeling is used, different types of models are required for accurate
simulation for rivers and streams as compared to lakes and estuaries because the response
is specific to the waterbody:

• Rivers and Streams.  Prediction of bacteria concentrations in rivers and
streams is dominated by the processes of advection and dispersion and the
bacteria indicator degradation.  One-, two-, and three-dimensional models
have been developed to describe these processes.  Waterbody type and data
availability are the two most important factors that determine model
applicability.  For most small and shallow rivers, one-dimensional models are
sufficient to simulate the waterbody’s response to indicator bacteria loading.
For large and deep rivers and streams, however, the one-dimensional
approach falls short of describing the processes of advection and dispersion.
 Assumptions that the bacteria concentration is uniform both vertically and
laterally are not valid.  In such cases two- or three-dimensional models that
include a description of the hydrodynamics are used.

• Lakes and Estuaries.  Predicting the response of lakes and estuaries to
bacteria loading requires an understanding of the hydrodynamic processes.
Shallow lakes can be simulated as a simplified, completely mixed system
with an inflow stream and outflow stream.  However, simulating deep lakes
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with multiple inflows and outflows that are affected by tidal cycles is not a
simple task.  Bacteria concentration prediction is dominated by the processes
of advection and dispersion, and these processes are affected by the tidal
flow.  The size of the lake or the estuary, the net freshwater flow, and wind
conditions are some of the factors that determine the applicability of the
models.

Given that most sources of bacteria are related to rainfall and higher river flow events, and
that water quality standards apply over a wide range of flows, states and authorized tribes will most
likely find that they need to calculate allowable loads for a wide variety of river flows.  For this
reason, EPA recommends that states and authorized tribes use dynamic modeling to calculate these
loads.  EPA recommends three dynamic modeling techniques to be used when an accurate estimate
of the frequency distribution of projected receiving water quality is required: continuous simulation,
Monte Carlo simulation, and log-normal probability modeling.  These methods are described in
detail in EPA’s guidance (USEPA, 2001; USEPA, 1991b).  Models capable of simulating bacterial
concentrations are also described in EPA’s guidance (USEPA, 2002b; USEPA, 1997).

In using dynamic modeling techniques, the state or authorized tribe will first develop,
calibrate, and verify a water quality model for existing loads, and then will try different scenarios
of load reductions until the water quality standards are attained.  The wasteload allocations are then
directly calculated from the dynamic model using the permit derivation techniques described in the
Technical Support Document for Water Quality-based Toxics Control (USEPA, 1991b).  The load
allocations are calculated from the percent reduction or pounds reduction used to attain the water
quality standard.  Because the comparison of bacteriological indicator concentrations to illnesses
was conducted on a daily basis, EPA recommends using the daily average effluent flow for
calculating loads based on the upper percentile value.

If a state or authorized tribe elects not to use a dynamic model, generally because there are
not sufficient data to develop such a model, then the program will need to use a steady state model
approach.  This entails specifying a design flow for riverine systems to apply to the water quality
criterion in the standards.  As discussed above, this flow will need to reflect the basis and
assumptions inherent in the development of the water quality criterion.  Specifying the flow will also
be a challenge because the water quality standards must be attained over a range of flows, and where
the loadings are rainfall related, a critical drought flow approach will not always be representative
of the conditions when the standards might be exceeded.  In lakes and estuaries, the flow is not as
responsive to rainfall events, and an average water circulation can be used.

Most TMDLs for bacteria will include intermittent or episodic loading sources (e.g., surface
runoff) that are rain-related and thus have serious water quality impacts under various flow
conditions.  Sometimes, maximum impacts from episodic loading occur at high flows instead of at
low flows.  For example, elevated spring flows associated with snowmelt can contain high
concentrations of bacteria, especially when snowmelt originates from agricultural areas where
manure is spread in winter or from urban areas where residents practice poor pet curbing.  As
another example, a small tributary may deliver bacteria to a river.  The river’s bacteria load is
positively, although not linearly, correlated with flow in the higher-order stream.  (Both waters
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respond to regional precipitation patterns.)  The in-stream concentration from the tributary load will
be affected by the competing influences of increased load and increased dilution capacity, resulting
in a peak impact at some flow greater than base flow.  If a point source was also present, a dual
design condition might be necessary.

For these reasons, if a state or authorized tribe elects to use a steady state model for a riverine
system, EPA recommends a dual design approach where the loadings for intermittent or episodic
sources are calculated using a flow duration approach and the loadings for continuous sources are
calculated based on a low flow statistic.  The flow duration approach has been used to establish a
number of TMDLs for rivers in Kansas (Stiles, 2001).

The flow duration approach calculates a load duration curve by first calculating the
cumulative frequency of the historical daily flow data over a period of time by the water quality
criterion.  This in essence calculates the allowable load for every flow event, and portrays those
loads as the percentage of days that a loading can be exceeded without exceeding the water quality
criterion.  The geometric mean criterion should be multiplied by the 30-day average flow, and the
upper percentile value criterion should be multiplied by the daily flow.  The flows used should
reflect the long term history of a river, although those periods may be shortened due to major
disruptions to rivers, such as reservoir operations or ground water depletion. 

This approach requires the availability of long-term flow data to develop flow duration
curves as well as daily flow values associated with dates of sampling.  Where there are no gauging
stations present at the sampling site, the state or authorized tribe may need to monitor flow itself or
rely on USGS-developed methods to estimate flow duration curves from ungauged areas.

The distribution of existing loads is calculated by multiplying the sampled quality data by
the daily flow on the date of sample, and plotting these calculations on the load duration curve
above.  The state or authorized tribe can then compare the actual loadings to what is needed to attain
water quality standards.  An example of this approach for Cowskin Creek near Oakville, Kansas,
is shown in Figure 1 (Stiles, 2001).  While this example has used the state’s existing fecal coliform
criterion, the approach is also applicable to either E. coli or enterococci criteria.

The overall reduction in loading necessary to attain the water quality standards is calculated
as the reduction from the distribution of the existing loadings to that of the loadings necessary to
attain the standards.  This reduction also defines the necessary load reduction for nonpoint sources
in the Load Allocation and intermittent or episodic point sources in the Wasteload Allocation.

Continuous loadings, that is, sources that discharge at about the same level regardless of the
rainfall, often most greatly impact water quality under low-flow, dry-weather conditions, when
dilution is minimal (USEPA, 1991a).  For these sources, EPA recommends that the allowable
loading and Wasteload Allocations be calculated for the geometric mean as the product of the
geometric mean water quality criterion and the 30Q5 flow statistic (i.e., the highest 30-day flow
occurring once every five years), and for the single sample as the product of the upper percentile
value water quality criterion and 1Q10 flow statistic (i.e., the highest one-day flow occurring once
every 10 years) or the low flow specified in the state or tribal water quality standards, if one is so
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Source: Stiles, 2001

specified.  These flows reflect the characteristics of the criteria, that is, a 30-day average flow for
the 30-day average geometric mean and a one day flow for the upper percentile value.  By using
extreme flow values, the loading calculation ensures that the criteria are rarely exceeded.  The 30Q5
is EPA’s recommendation for human health criteria for non-carcinogens and the 1Q10 is EPA’s
recommendation for calculating loadings for criteria that represent a daily or hourly averaging
period (USEPA, 1991b).

4.5 What analytical methods should be used to quantify levels of E. coli and enterococci in
ambient water and effluents?

The permit writer is responsible for specifying the analytical methods to be used for
monitoring in an NPDES permit.  Typically, the methods specified are those cited in 40 CFR 136
in the standard conditions of the permit, unless other test procedures have been specified.  In the
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case of the development of permits for E. coli and enterococci, EPA has published final methods in
40 CFR 136 for ambient waters, and is planning to publish final methods in 40 CFR 136 for effluent
waters in the near future, although methods do not yet exist in 40 CFR 136 for these constituents.
Pursuant to 40 CFR 122.41(j)(4), permit writers have the authority to specify methods that are not
contained in 40 CFR 136.  In addition to commercially available test methods there are several EPA-
approved methods permit writers may specify in permits, including the mE and the mEI agar
methods for enterococci and the modified mTEC and mTEC agar methods for E. coli.  

4.6 How do the recommendations contained in this document affect waters designated for
drinking water supply?

Waterbodies that are used as drinking water supplies are an important resource that share
many of the same human health concerns with recreational waterbodies.  Both types of waterbodies
have a need to be protected against contamination by sources of fecal pollution.  Like recreational
waterbodies, the primary route of exposure is through ingestion.  However, unlike recreation,
consumption and other uses of water are intended and typically in much larger quantities.

While the Safe Drinking Water Act requires public water systems that are served by surface
water or by groundwater under the direct influence of surface water to provide a minimum level of
drinking water treatment to remove microbial pathogens, the treatment technologies used to reduce
microbial pathogens to safe levels in drinking water are not fully effective (i.e., they don’t remove
every single microbe).  Because these technologies remove only a percentage of pathogens from the
ambient water, higher pollutant loads in the ambient water will result in higher absolute levels of
drinking water contamination and greater public health risk.  Further, because drinking water
treatment technologies are subject to operator error and occasional equipment failure, the prospect
of treatment bypass poses a higher public health risk when the ambient water pollutant loads are
higher than when they are lower.  Treatment bypass is the suspected cause of the Milwaukee
outbreak of Cryptosporidiosis in 1993 in which approximately 100 people died. 

To date, EPA has not developed criteria recommendations under section 304(a) of the CWA
specifically aimed at the protection of drinking water sources from microbiological contaminants.
Some states and authorized tribes have adopted EPA’s recommended water quality criteria for
bacteria to protect waters designated for drinking water supplies.  EPA believes that in the absence
of criteria specifically targeted to the microbiological organisms and exposure routes of concern in
drinking water supplies this is an appropriate approach.  Even though public water systems are
required to remove microbial pathogens to safe levels for consumption, the adoption of EPA’s
recommended water quality criteria for bacteria to protect drinking water supplies provides an
additional and critical measure of public health protection.  State and tribal adoption of EPA’s
bacteriological criteria recommendations into their water quality standards for the protection of
drinking water supplies can provide a mechanism by which water quality may be maintained and
protected and sources of fecal pollution controlled.  EPA is contemplating the development of water
quality criteria specifically targeted toward the protection of waters designated for drinking water
supplies.
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4.7 How do the recommendations contained in this document affect waters designated for
shellfishing?

EPA’s criteria recommendations for the use of fecal coliform criteria to protect designated
shellfishing waters are contained in its Quality Criteria for Water 1986 (also known as the Gold
Book) (USEPA, 1986).  While EPA continues to recommend states and authorized tribes use fecal
coliform criteria to protect shellfishing waters, EPA’s current recommendation that states and
authorized tribes use enterococci for marine recreational waters and either enterococci or E. coli for
fresh recreational waters, are causing states and authorized tribes that have adopted these criteria to
now monitor for two different indicators.  While EPA realizes that this may cause some
inconvenience and additional resources to conduct monitoring, data and information do not yet exist
that would support the use of E. coli or enterococci as criteria to protect waters designated for
shellfishing.  

The 1986 E. coli and enterococci criteria were developed to protect against human health
effects, namely acute gastroenteritis, that may be incurred due to incidental ingestion of water while
recreating.  These criteria do not account for exposure that may be incurred by the consumption of
shellfish, and therefore, are not appropriate for waters designated for shellfish.  If data and
information are compiled that support the use of these indicator organisms in shellfishing waters,
EPA will revisit this issue and consider the development of a revised criterion that appropriately
takes into account the exposure pathways associated with the consumption of shellfish.  In the
meantime, EPA continues to recommend the use of fecal coliforms for the protection of shellfishing
waters.
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Appendix A:  Beaches Environmental Assessment and Coastal Health Act of
2000

An Act
To amend the Federal Water Pollution Control Act to improve the quality of

coastal recreation waters, and for other purposes. 
Be it enacted by the Senate and House of Representatives of the United States of

America in Congress assembled,

SECTION 1. SHORT TITLE.
This Act may be cited as the “Beaches Environmental Assessment and Coastal Health Act of 2000”.

SECTION 2. ADOPTION OF COASTAL RECREATION WATER QUALITY CRITERIA
AND STANDARDS BY STATES.
Section 303 of the Federal Water Pollution Control Act (33 U.S.C. 1313) is amended by adding at the end
the following:

 (i) Coastal Recreation Water Quality Criteria.—

 (1) Adoption by States.—

 (A) Initial Criteria and Standards.—Not later than 42 months after the date of
the enactment of this subsection, each State having coastal recreation waters shall
adopt and submit to the Administrator water quality criteria and standards for the
coastal recreation waters of the State for those pathogens and pathogen indicators
for which the Administrator has published criteria under section 304(a).

 (B) New or Revised Criteria and Standards.—Not later than 36 months after
the date of publication by the Administrator of new or revised water quality
criteria under section 304(a)(9), each State having coastal recreation waters shall
adopt and submit to the Administrator new or revised water quality standards for
the coastal recreation waters of the State for all pathogens and pathogen indica-
tors to which the new or revised water quality criteria are applicable. 

(2) Failure of States to Adopt.—

 (A) In General.—If a State fails to adopt water quality criteria and standards in
accordance with paragraph (1)(A) that are as protective of human health as the
criteria for pathogens and pathogen indicators for coastal recreation waters
published by the Administrator, the Administrator shall promptly propose
regulations for the State setting forth revised or new water quality standards for
pathogens and pathogen indicators described in paragraph (1)(A) for coastal
recreation waters of the State.

 (B) Exception.—If the Administrator proposes regulations for a State described
in subparagraph (A) under subsection (c)(4)(B), the Administrator shall publish
any revised or new standard under this subsection not later than 42 months after
the date of the enactment of this subsection. 
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 (3) Applicability.—Except as expressly provided by this subsection, the requirements
and procedures of subsection (c) apply to this subsection, including the requirement in
subsection (c)(2)(A) that the criteria protect public health and welfare.

SECTION 3. REVISIONS TO WATER QUALITY CRITERIA.
(a) Studies Concerning Pathogen Indicators in Coastal Recreation Waters.—Section 104 of the
Federal Water Pollution Control Act (33 U.S.C. 1254) is amended by adding at the end the following:

 (v) Studies Concerning Pathogen Indicators in Coastal Recreation Waters.—Not later than
18 months after the date of the enactment of this subsection, after consultation and in cooperation
with appropriate Federal, State, tribal, and local officials (including local health officials), the
Administrator shall initiate, and, not later than 3 years after the date of the enactment of this
subsection, shall complete, in cooperation with the heads of other Federal agencies, studies to
provide additional information for use in developing—

 (1) an assessment of potential human health risks resulting from exposure to pathogens in
coastal recreation waters, including nongastrointestinal effects;

 (2) appropriate and effective indicators for improving detection in a timely manner in
coastal recreation waters of the presence of pathogens that are harmful to human health;

 (3) appropriate, accurate, expeditious, and cost-effective methods (including predictive
models) for detecting in a timely manner in coastal recreation waters the presence of
pathogens that are harmful to human health; and

 (4) guidance for State application of the criteria for pathogens and pathogen indicators to
be published under section 304(a)(9) to account for the diversity of geographic and
aquatic conditions.

(b) Revised Criteria.—Section 304(a) of the Federal Water Pollution Control Act (33 U.S.C. 1314(a)) is
amended by adding at the end the following:

(9) Revised Criteria for Coastal Recreation Waters.—

 (A) In General.—Not later than 5 years after the date of the enactment of this
paragraph, after consultation and in cooperation with appropriate Federal, State,
tribal, and local officials (including local health officials), the Administrator shall
publish new or revised water quality criteria for pathogens and pathogen indica-
tors (including a revised list of testing methods, as appropriate), based on the
results of the studies conducted under section 104(v), for the purpose of protect-
ing human health in coastal recreation waters.

 (B) Reviews.—Not later than the date that is 5 years after the date of publication
of water quality criteria under this paragraph, and at least once every 5 years
thereafter, the Administrator shall review and, as necessary, revise the water
quality criteria.

SECTION 4. COASTAL RECREATION WATER QUALITY MONITORING AND NOTIFI-
CATION.
Title IV of the Federal Water Pollution Control Act (33 U.S.C. 1341 et seq.) is amended by adding at the
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end the following:

 SEC. 406. COASTAL RECREATION WATER QUALITY MONITORING AND NOTIFICATION.

 (a) Monitoring and Notification.—

 (1) In General.—Not later than 18 months after the date of the enactment of this
section, after consultation and in cooperation with appropriate Federal, State,
tribal, and local officials (including local health officials), and after providing
public notice and an opportunity for comment, the Administrator shall publish
performance criteria for—

 (A) monitoring and assessment (including specifying available methods
for monitoring) of coastal recreation waters adjacent to beaches or
similar points of access that are used by the public for attainment of
applicable water quality standards for pathogens and pathogen indicators;
and

 (B) the prompt notification of the public, local governments, and the
Administrator of any exceeding of or likelihood of exceeding applicable
water quality standards for coastal recreation waters described in sub-
paragraph (A).

 (2) Level of Protection.—The performance criteria referred to in paragraph (1)
shall provide that the activities described in subparagraphs (A) and (B) of that
paragraph shall be carried out as necessary for the protection of public health and
safety.

 (b) Program Development and Implementation Grants.—

 (1) In General.—The Administrator may make grants to States and local
governments to develop and implement programs for monitoring and notification
for coastal recreation waters adjacent to beaches or similar points of access that
are used by the public.

 (2) Limitations.—

 (A) In General.—The Administrator may award a grant to a State or a
local government to implement a monitoring and notification program
if—

 (i) the program is consistent with the performance criteria pub-
lished by the Administrator under subsection (a);

 (ii) the State or local government prioritizes the use of grant
funds for particular coastal recreation waters based on the use of
the water and the risk to human health presented by pathogens or
pathogen indicators;

 (iii) the State or local government makes available to the Admin-
istrator the factors used to prioritize the use of funds under
clause (ii);

 (iv) the State or local government provides a list of discrete areas
of coastal recreation waters that are subject to the program for
monitoring and notification for which the grant is provided that
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specifies any coastal recreation waters for which fiscal con-
straints will prevent consistency with the performance criteria
under subsection (a); and

 (v) the public is provided an opportunity to review the program
through a process that provides for public notice and an oppor-
tunity for comment.

 (B) Grants to Local Governments.—The Administrator may make a
grant to a local government under this subsection for implementation of a
monitoring and notification program only if, after the 1year period
beginning on the date of publication of performance criteria under
subsection (a)(1), the Administrator determines that the State is not
implementing a program that meets the requirements of this subsection,
regardless of whether the State has received a grant under this subsec-
tion.

 (3) Other Requirements.—

 (A) Report.—A State recipient of a grant under this subsection shall
submit to the Administrator, in such format and at such intervals as the
Administrator determines to be appropriate, a report that describes—

 (i) data collected as part of the program for monitoring and
notification as described in subsection (c); and

 (ii) actions taken to notify the public when water quality stan-
dards are exceeded.

 (B) Delegation.—A State recipient of a grant under this subsection shall
identify each local government to which the State has delegated or
intends to delegate responsibility for implementing a monitoring and
notification program consistent with the performance criteria published
under subsection (a) (including any coastal recreation waters for which
the authority to implement a monitoring and notification program would
be subject to the delegation).

 (4) Federal Share.—

 (A) In General.—The Administrator, through grants awarded under this
section, may pay up to 100 percent of the costs of developing and imple-
menting a program for monitoring and notification under this subsection.

 (B) Nonfederal Share.—The non-Federal share of the costs of
developing and implementing a monitoring and notification program
may be—

 (i) in an amount not to exceed 50 percent, as determined by the
Administrator in consultation with State, tribal, and local gov-
ernment representatives; and

 (ii) provided in cash or in kind.

 (c) Content of State and Local Government Programs.—As a condition of receipt of a
grant under subsection (b), a State or local government program for monitoring and
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notification under this section shall identify—

 (1) lists of coastal recreation waters in the State, including coastal recreation
waters adjacent to beaches or similar points of access that are used by the public;

 (2) in the case of a State program for monitoring and notification, the process by
which the State may delegate to local governments responsibility for imple-
menting the monitoring and notification program;

 (3) the frequency and location of monitoring and assessment of coastal recreation
waters based on—

(A) the periods of recreational use of the waters;

(B) the nature and extent of use during certain periods;

 (C) the proximity of the waters to known point sources and nonpoint
sources of pollution; and

 (D) any effect of storm events on the waters;

 (4) (A) the methods to be used for detecting levels of pathogens and patho-
gen indicators that are harmful to human health; and

 (B) the assessment procedures for identifying short-term increases in
pathogens and pathogen indicators that are harmful to human health in
coastal recreation waters (including increases in relation to storm events);

 (5) measures for prompt communication of the occurrence, nature, location,
pollutants involved, and extent of any exceeding of, or likelihood of exceeding,
applicable water quality standards for pathogens and pathogen indicators to—

 (A) the Administrator, in such form as the Administrator determines to
be appropriate; and

 (B) a designated official of a local government having jurisdiction over
land adjoining the coastal recreation waters for which the failure to meet
applicable standards is identified;

 (6) measures for the posting of signs at beaches or similar points of access, or
functionally equivalent communication measures that are sufficient to give notice
to the public that the coastal recreation waters are not meeting or are not expected
to meet applicable water quality standards for pathogens and pathogen indicators;
and

 (7) measures that inform the public of the potential risks associated with water
contact activities in the coastal recreation waters that do not meet applicable
water quality standards.

 (d) Federal Agency Programs.—Not later than 3 years after the date of the enactment of
this section, each Federal agency that has jurisdiction over coastal recreation waters
adjacent to beaches or similar points of access that are used by the public shall develop
and implement, through a process that provides for public notice and an opportunity for
comment, a monitoring and notification program for the coastal recreation waters that—

 (1) protects the public health and safety;

 (2) is consistent with the performance criteria published under subsection (a);
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 (3) includes a completed report on the information specified in subsection
(b)(3)(A), to be submitted to the Administrator; and

(4) addresses the matters specified in subsection (c).

 (e) Database.—The Administrator shall establish, maintain, and make available to the
public by electronic and other means a national coastal recreation water pollution
occurrence database that provides—

 (1) the data reported to the Administrator under subsections (b)(3)(A)(i) and
(d)(3); and

 (2) other information concerning pathogens and pathogen indicators in coastal
recreation waters that—

 (A) is made available to the Administrator by a State or local govern-
ment, from a coastal water quality monitoring program of the State or
local government; and

 (B) the Administrator determines should be included.

 (f ) Technical Assistance for Monitoring Floatable Material.— The Administrator
shall provide technical assistance to States and local governments for the development of
assessment and monitoring procedures for floatable material to protect public health and
safety in coastal recreation waters.

 (g) List of Waters.—

 (1) In General.—Beginning not later than 18 months after the date of publi-
cation of performance criteria under subsection (a), based on information made
available to the Administrator, the Administrator shall identify, and maintain a
list of, discrete coastal recreation waters adjacent to beaches or similar points of
access that are used by the public that—

 (A) specifies any waters described in this paragraph that are subject to a
monitoring and notification program consistent with the performance
criteria established under subsection (a); and

 (B) specifies any waters described in this paragraph for which there is no
monitoring and notification program (including waters for which fiscal
constraints will prevent the State or the Administrator from performing
monitoring and notification consistent with the performance criteria
established under subsection (a)).

 (2) Availability.—The Administrator shall make the list described in paragraph
(1) available to the public through—

 (A) publication in the Federal Register; and

 (B) electronic media.

 (3) Updates.—The Administrator shall update the list described in paragraph (1)
periodically as new information becomes available.

 (h) EPA Implementation.—In the case of a State that has no program for monitoring
and notification that is consistent with the performance criteria published under sub-
section (a) after the last day of the 3year period beginning on the date on which the
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Administrator lists waters in the State under subsection (g)(1)(B), the Administrator shall
conduct a monitoring and notification program for the listed waters based on a priority
ranking established by the Administrator using funds appropriated for grants under
subsection (i)—

 (1) to conduct monitoring and notification; and 

 (2) for related salaries, expenses, and travel.

 (i) Authorization of Appropriations.—There is authorized to be appropriated for
making grants under subsection (b), including implementation of monitoring and
notification programs by the Administrator under subsection (h), $30,000,000 for each of
fiscal years 2001 through 2005.

SECTION 5. DEFINITIONS.
Section 502 of the Federal Water Pollution Control Act (33 U.S.C. 1362) is amended by adding at the end
the following:

 (21) Coastal Recreation Waters.—

 (A) In General.—The term ‘coastal recreation waters’ means—

 (i) the Great Lakes; and

 (ii) marine coastal waters (including coastal estuaries) that are designated
under section 303(c) by a State for use for swimming, bathing, surfing,
or similar water contact activities.

 (B) Exclusions.—The term ‘coastal recreation waters’ does not include—

 (i) inland waters; or

 (ii) waters upstream of the mouth of a river or stream having an un-
impaired natural connection with the open sea.

 (22) Floatable Material.—

 (A) In General.—The term ‘floatable material’ means any foreign matter that
may float or remain suspended in the water column.

 (B) Inclusions.—The term ‘floatable material’ includes—

 (i) plastic;

 (ii) aluminum cans;

 (iii) wood products;

 (iv) bottles; and

 (v) paper products.

 (23) Pathogen Indicator.—The term ‘pathogen indicator’ means a substance that
indicates the potential for human infectious disease.

SECTION 6. INDIAN TRIBES.
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Section 518(e) of the Federal Water Pollution Control Act (33 U.S.C. 1377(e)) is amended by striking
‘‘and 404’’ and inserting “404, and 406’’.

SECTION 7. REPORT.
 (a) In General.—Not later than 4 years after the date of the enactment of this Act, and every 4

years thereafter, the Administrator of the Environmental Protection Agency shall submit to
Congress a report that includes—

 (1) recommendations concerning the need for additional water quality criteria for
pathogens and pathogen indicators and other actions that should be taken to improve the
quality of coastal recreation waters;

 (2) an evaluation of Federal, State, and local efforts to implement this Act, including the
amendments made by this Act; and

 (3) recommendations on improvements to methodologies and techniques for monitoring
of coastal recreation waters.

 (b) Coordination.—The Administrator of the Environmental Protection Agency may coordinate
the report under this section with other reporting requirements under the Federal Water Pollution
Control Act (33 U.S.C. 1251 et seq.).
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Appendix B: Reaffirmation of EPA’s Recommended Water Quality Criteria
for Bacteria

The following sections describe the scientific rationale underlying EPA’s 1986 guidance,
EPA’s re-evaluation of its recommended criteria, and subsequent research conducted following
EPA’s issuance of the 1986 guidance.

B.1 Does EPA continue to support its Ambient Water Quality Criteria for Bacteria – 1986?

EPA reviewed its original studies supporting its recommended 1986 water quality criteria
for bacteria and the literature on epidemiological research studies conducted since EPA performed
its marine and freshwater research studies of swimming-associated health effects.  Based on these
reviews, EPA continues to believe that when appropriately applied and implemented, EPA’s
recommended water quality criteria for bacteria are protective of human health for acute
gastrointestinal illness.

The epidemiological and statistical methods used to derive EPA’s water quality criteria for
bacteria represent a sound scientific rationale.  Aside from measuring pathogens directly, the use of
bacterial indicators provides the best known approach to protecting swimmers against potential
waterborne diseases that may be fecal in origin.  Despite this fact, there are many known limitations
of using indicators as the basis for protective criteria.  The criteria published by EPA are targeted
toward protecting recreators from acute gastrointestinal illness and may not provide protection
against other waterborne diseases, such as eye, ear, skin, and upper respiratory infections, nor
illnesses that may be transmitted from swimmer to swimmer.  Also, certain subgroups of the
population may contract illnesses more readily than the general population ,such as children, the
elderly, and immuno-compromised individuals.  Because pathogens are not being measured directly,
the concentration of pathogens causing acute gastrointestinal illness may not be constant over time
and at different locations relative to the measured concentrations of bacterial indicators.  For
instance, depending upon the type of source and the type and number of pathogens contributed by
the source of fecal pollution, the actual number of illnesses realized for a given level of bacteria may
be more or less than the rates observed in EPA’s epidemiological studies that formed the basis of
the criteria.  On this topic, the  Ambient Water Quality Criteria for Bacteria–1986 stated:

...the major limitations of the criteria are that the observed relationship may not be
valid if the size of the population contributing the fecal wastes becomes too small or
if epidemic conditions are present in a community.  In both cases the pathogen to
indicator ratio, which is approximately constant in a large population becomes
unpredictable and therefore, the criteria may not be reliable under these circum-
stances.

Lastly, new pathogens and strains of antibiotic resistant bacteria capable of causing gastrointestinal
illness have been identified since EPA’s studies were conducted.  The introduction of these new
pathogens into the environment may cause a greater number of illnesses to occur at a given level of
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indicator organisms.

  These uncertainties and limitations demonstrate the need for appropriate implementation
of water quality criteria for bacteria.  To assure protection of recreational water users, EPA
recommends:

• frequent monitoring of known recreation areas to establish a more complete
database upon which to determine if the waterbody is attaining the water
quality criteria; 

• assuring that where mixing zones for bacteria are authorized, they do not
impinge upon known primary contact recreation areas; and 

• conducting a sanitary survey when higher than normal levels of bacteria are
measured.  (See section 4 for additional information on conducting sanitary
surveys.)

In addition to its re-evaluation of the original studies, EPA reviewed the literature for
epidemiological research studies conducted after EPA performed its marine and freshwater studies
of swimming-associated health effects.  The review examined recent studies to determine if EPA’s
indicator relationship findings were supported or if different indicator bacteria were consistently
shown to have quantitatively better predictive abilities.  EPA’s Office of Research and Development
reviewed 11 separate peer-reviewed studies.  This detailed review is contained in Appendix B.
Following this review, EPA’s Office of Research and Development concluded:

The epidemiological studies conducted since 1984, which examined the relationships
between water quality and swimming-associated health effects, have not established
any new or unique principles that might significantly affect the current guidance
EPA recommends for maintaining the microbiological safety of marine and
freshwater bathing beaches.  Many of the studies have, in fact, confirmed and
validated the findings of the U.S. EPA studies.  There would appear to be no good
reason for modifying the Agency’s current guidance for recreational waters at this
time (Dufour, 1999).

As a result of this examination, EPA believes its 1986 water quality criteria for bacteria
continue to represent the best available science and serve as a defensible foundation for protecting
public health in recreational waters.  EPA has no new scientific information or data justifying a
revision of the Agency’s recommended 1986 water quality criteria for bacteria at this time.  EPA
continues to believe that when appropriately applied and implemented, EPA’s recommended
Ambient Water Quality Criteria for Bacteria–1986 are protective of human health for acute
gastrointestinal illness.



Review Draft November 2003

73

B.2 Have subsequent studies affected EPA’s recommended water quality criteria for
bacteria?

In examining the relationships between water quality and swimming-associated gastro-
intestinal illness, the epidemiological studies conducted since 1984 offer no new or unique principles
that significantly affect the current water quality criteria EPA recommends for protecting and
maintaining recreational uses of marine and fresh waters.  Many of the studies have, in fact,
confirmed and validated the findings of EPA’s studies.  Thus, EPA has no new scientific information
or data justifying a revision of the Agency’s recommended 1986 water quality criteria for bacteria
at this time.

None of the epidemiological studies examined by EPA in its recent review presented
compelling evidence that necessitate revising the 1986 water quality criteria for bacteria
recommended by EPA.  Most of the studies used a survey plan similar to that used by EPA in the
Agency’s studies during the 1970's and 1980's.  The study sites chosen by most of the investigators
were similar to those studied by EPA.  In the studies, one site was typically a beach with some fecal
contamination, and the other site was usually a relatively unpolluted beach.  Most of the bacteria
loadings at the polluted beach sites came from known point sources. The results from these studies
were similar to those found in the EPA studies, i.e., swimming in fecally contaminated water was
associated with a higher rate of gastrointestinal illnesses in swimmers when compared to non-
swimmers.  This outcome was not observed in two of the reviewed studies.  The reason for a
negative finding is unclear, but could be related to factors such as the short length of time between
the swimming event and the follow-up contact, the small numbers of children in the study groups,
or the selection of a study site in which the pollution source was poorly defined.  

Only a limited number of studies attempted to show a dose-response relationship between
swimming water quality and gastrointestinal illness.  Six of the studies (McBride et al., 1998; Kay
et al., 1994; Cheung et al., 1990; Ferley et al., 1989; Seyfried et al., 1985) showed that as the level
of pollution increased, there was also an increase in swimming-associated illness.  Only two studies
that looked for a relationship between swimming-associated illness and the level of water quality
failed to find such a relationship (Kueh et al., 1995; Corbett et al., 1993).  It is possible that these
findings were related to the indicator organisms measured (i.e., fecal coliforms and fecal
streptococci) or to the methodology used to detect the indicators.  In general, the result of these
studies was similar to the results found in the EPA studies: swimming-associated illness rates
increased with increasing water pollution levels.

It has been shown that some indicator organisms are superior predictors of gastrointestinal
illness in swimmers.  In the EPA studies, E. coli and enterococci exhibited the strongest
relationships to swimming-associated gastrointestinal illness.  Some of the studies reviewed describe
other microbes having strong relationships with swimming-associated gastrointestinal illness, such
as staphylococci (Seyfried et al., 1985), Clostridium perfringens (Kueh et al., 1995), and Aeromonas
spp. (Kueh et al., 1995).  Most of the studies, however, had findings similar to those of the EPA
studies in which enterococci were shown to be the most efficient indicators for measuring marine
water quality.  One of the two fresh water studies indicated that E. coli and enterococci both
exhibited very strong correlations with swimming-associated gastrointestinal illness.  In general, the
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best indicator organisms for measuring water quality in the reviewed studies were E. coli and
enterococci, results similar to those documented in EPA’s studies.

A recent review by Pruss1 of all studies since 1953 that examined the relationship between
swimming-associated gastroenteritis and water quality, indicated that nine separate marine studies
and at least two fresh water studies were conducted since the EPA studies were completed in 1984.
In this review, each of the later studies is summarized with regard to the size of the study, study
design, water quality indicator bacteria measured, and the results of the study with respect to
gastrointestinal illness.  Some of the studies looked only at whether an association existed between
swimming and illness at a polluted beach or a non-polluted beach, while other studies attempted to
determine the relationship between increasing levels of poor water quality and the levels of
gastrointestinal illness associated with those increases.  This review does not address studies that
examined non-enteric illnesses or infections unrelated to gastrointestinal disease.  The intent of the
review is to carefully examine all of the studies conducted subsequent to the EPA studies and to
determine if they have a significant impact on the current water quality criteria for bacteria
recommended by the Agency.

Marine Water Studies

In 1987, Fattal et al.2 reported on a study of health and swimming conducted at beaches near
Tel-Aviv, Israel.  The study design was the same that used by EPA.  (In those studies described here
using the same design as the epidemiological studies conducted by EPA in support of its 1986 water
quality criteria for bacteria recommendations, it will state that the EPA design was used rather than
describing it in detail each time.)  Beach water quality was measured using fecal coliforms,
enterococci, and E. coli.  Three beaches with different water qualities were studied.  Symptoms
among bathers were analyzed according to high and low categories of bacterial indicator densities
in the seawater.  The high and low categories for fecal coliforms were above and below 50 colony
forming units (cfu) per 100 ml.  The limits for enterococci and E. coli were 24 cfu per 100 ml.
Excess illness was observed only in swimmers 0-4 years old at low categories of the indicators.
Significant differences in risk levels between swimmers and non-swimmers occurred only at high
indicator densities.  Enterococci were the most predictive indicator for enteric disease symptoms.

In 1990, Cheung and his co-workers3 reported on a health effects study related to beach water
pollution in Hong Kong. The basic EPA design was used in conducting this investigation.  Nine
microbial indicators were examined as potentially useful measures of water quality.  They included
fecal coliforms, E. coli, Klebsiella spp., fecal streptococci, enterococci, staphylococci, Pseudomonas
aeruginosa, Candida albicans, and total fungi.  The study was carried out at nine beaches that were
polluted either by human sewage discharged from a submarine outfall or carried by storm water
drains into the beaches.  Two of the beaches were contaminated mainly by livestock wastes.
Approximately nineteen thousand usable responses were obtained, of which about 77% were from
swimmers.  The enterococci densities at the beaches ranged from 31 to 248 cfu per 100 ml.  The
range for E. coli was from 69 to 1,714 cfu per 100 ml.  The overall gastrointestinal risk levels were
significantly higher in swimmers than in non-swimmers.  Children under 10 years old were more
likely to exhibit gastrointestinal illness (GI) and highly credible gastrointestinal illness (HCGI)
symptoms than individuals older than 10 years.  The best relationship between a microbial indicator
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density and swimming-associated health effects was between E. coli and HCGI.

Health risks associated with bathing in sea water in the United Kingdom were described by
Balarajan et al.4 in 1991.  This study also used the EPA design for their trials.  The study was
conducted at one beach where 1,883 individuals participated (1,044 bathers and 839 non-bathers).
The methods used to measure water quality were not given.  Ratios of illness in swimmers to non-
swimmers were developed.  The rate of gastrointestinal illness was found to be significantly greater
in bathers than in non-bathers.  The risk of illness increased with the degree of exposure, ranging
from 1.25 in waders, 1.31 in swimmers, to 1.81 in surfers or divers.  The authors concluded that the
increase was indicative of a dose-response relationship.

Von Schirnding and others5 conducted a study to determine the relationship between
swimming-associated illness and the quality of bathing beach waters.  A series of discrete,
prospective trials was carried out at a relatively clean and a moderately polluted beach following the
methodology used in the EPA studies.  The beaches were situated on the Atlantic coast of South
Africa.  The moderately polluted beach was affected by septic tank overflows, storm water run-off,
and feces-contaminated river water.  A number of potential indicator organisms were measured
including enterococci, fecal coliforms, coliphages, staphylococci, and F-male-specific bacterio-
phages.  A total of 1,024 people were contacted, of whom 733 comprised the final study population.
The moderately polluted beach was characterized by fecal coliforms and enterococci.  The median
fecal coliform density was 77 cfu per 100 ml and the median enterococci density was 52 cfu per 100
ml.  The median fecal coliform and enterococci densities at the relatively clean beach were 8 and
2 cfu per 100 ml, respectively.  The rates for gastrointestinal symptoms were appreciably higher for
swimmers than non-swimmers at the more polluted beach as compared with the less polluted beach,
but the differences were not statistically significant, either for children less than ten years of age or
for adults.  The lack of statistical significance may have been due in part to the uncertain sources
of fecal contamination. 

In 1993, Corbett et al.6 conducted a study to determine the health risks of swimming at ocean
beaches in Sydney, Australia.  The study used a design slightly modified from the EPA approach.
First, no one under the age of 15 was recruited for the study and, second, multiple samples were
taken at the time of swimming activity.  The inclusion of families and social groups was minimized.
Water quality was measured using fecal coliforms and fecal streptococci.  A total of 2,869
individuals participated in the study.  Of this group, 32.2% reported that they did not swim.  In
general, gastrointestinal symptoms in swimmers did not increase with increasing counts of fecal
bacteria.  However, fecal streptococci were worse predictors of swimming-associated illness than
fecal coliforms.  Although no relationship was observed between the measured indicators and
gastrointestinal illness, swimmers who swam for more than 30 minutes were 4.6 times more likely
to develop gastrointestinal symptoms than were those that swam for less than 30 minutes.  The lack
of a relationship between increasing fecal coliform densities and gastrointestinal symptoms was
similar to results noted in the EPA marine and freshwater studies where increasing risk levels were
not associated with increasing fecal coliform densities.

In 1994, Kay et al.7 conducted a series of four trials at bathing beaches in the United
Kingdom to examine the relationship between swimming-associated illness and water quality.  The
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design of this study differed from previous studies in that the study population was selected prior
to each trial.  On the trial date, half of the participants were randomly assigned to be swimmers, with
the remaining participants were non-swimmers.  Each swimmer swam in a designated area that was
monitored by taking a sample every 30 minutes.  Samples were analyzed for total and fecal
coliforms, fecal streptococci, Pseudomonas aeruginosa, and total staphylococci.  The total number
of participants in the study was 1,112, of which 46% were selected as swimmers.  All of the study
volunteers were older than 18 years of age.  Analysis of the data indicated that the rates of
gastroenteritis were significantly higher in the swimming group than in the non-swimming group.
Only fecal streptococci showed a significant dose-response relationship with gastroenteritis.  The
analysis suggested that the risk of gastroenteritis did not increase until bathers were exposed to about
40 streptococci per 100 ml.

In 1995, Kueh et al.8 reported a second study conducted at Hong Kong beaches.  Only two
beaches were examined in the second study, rather than the nine beaches examined in the 1990 Hong
Kong study.  The study design for collecting health data was similar to that followed in the EPA
studies.  The ages of study participants ranged from 10 to 49 years of age.  Unlike the EPA studies,
follow-up telephone calls were made two days after the swimming event rather than seven to 10
days.  Another aspect of the Hong Kong study differing from the EPA studies was the collection of
clinical specimens from ill participants with their consent.  Stool specimens were analyzed  for
Rotavirus,  Salmonella spp., Shigella spp., Vibrio spp., and Aeromonas spp.  Throat swabs were
examined for Influenza A and B; Parainfluenza virus types 1, 2 and 3; Respiratory Syncytial Virus,
and Adenovirus.  Water samples were examined for E. coli, fecal coliforms, staphylococci,
Aeromonas spp., Clostridium perfringens, Vibrio cholera, Vibrio parahemolyticus, Vibrio vulnificus,
Salmonella spp., and Shigella spp.  A total of 18,122 individuals participated in the study.  Although
the levels of indicator densities were not reported for the beaches, the gastrointestinal risk levels
were significantly higher at the more polluted beach.  This study did not find a relationship between
E. coli and swimming-associated illness as had been found in the original Hong Kong study.  This
may have been, as pointed out by the authors, due to the fact that only two beaches were examined
rather than nine.  The cause of the infections could not be ascertained from the clinical specimens
obtained from ill individuals.

In 1998, McBride et al.9 reported prospective epidemiological studies on the possible health
effects from sea bathing at seven New Zealand beaches.  A total of 1,577 and 2,307 non-swimmers
participated in the studies.  Although the EPA study design was used, it was slightly modified in that
follow-up interviews were conducted three to five days after the swimming event rather than the
seven to 10 days used in the U.S. studies.  Fecal coliforms, E. coli, and enterococci were used to
measure water quality.  The results of the study showed that enterococci were most strongly and
consistently associated with illness risk for the exposed groups.  Risk differences between swimmers
and non-swimmers were significantly increased if swimmers stayed in the water for more than 30
minutes as compared to those in the water less than 30 minutes.  The risk differences were slightly
greater for paddlers than for swimmers.

The most recent study of possible adverse health effects associated with swimming in marine
waters was conducted at beaches on Santa Monica Bay, California, by Haile and others.10  The
objective of this study was to determine if excess swimming-associated illness could be observed
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in swimmers exposed to waters receiving discharges from a storm drain.  The study design was
patterned after the U.S. EPA studies.  Water samples were taken at ankle depth and collected from
sites at the storm drain, 100 yards up-coast, and 100 yards down-coast.  Samples were also collected
400 yards up-coast or down-coast of the storm drain, depending on which location would be used
as a control area.  The samples were analyzed for total coliforms, fecal coliforms, enterococci, and
E. coli.  One sample was collected each Friday, Saturday, and Sunday during the study period at the
mouth of the storm drain and analyzed for enteric viruses.  Subjects of all ages participated in the
study.  A total of 11,686 subjects volunteered to take part in the study.  The results of the study with
regard to associations between bacterial indicators and health outcomes were presented in terms of
thresholds of bacterial densities, which were somewhat arbitrarily chosen.  No positive associations,
as measured by risk ratios, were observed for E. coli at bacterial density thresholds of 35 and 70 cfu
per 100 ml.  A less arbitrary analysis using a continuous model showed more positive associations,
especially for enterococci.  The model for enterococci indicated positive associations with fever,
skin rash, nausea, diarrhea, stomach pain, coughing, runny nose, and highly credible gastrointestinal
illness.  The associations of symptoms with indicators were very weak in the case of E. coli and
fecal coliforms.  However, the authors found that the total coliform to fecal coliform ratio was very
informative.  Using a ratio of 5.0 as a threshold, diarrhea and  highly credible gastrointestinal illness
were associated with a lower total coliform to fecal coliform ratio regardless of the absolute level
of fecal coliforms.  When their analysis was restricted to subjects where the total coliforms exceeded
5,000 cfu per 100 ml, significantly higher risks were detected for most outcomes.  One of the general
conclusions of the study was that excess gastrointestinal illness is associated with swimming in
feces-polluted bathing water.

Fresh Water Studies

In 1985, Seyfried et al.11 reported on a prospective epidemiological study of swimming-
associated illness in Canada.  These investigations used the EPA methodology in carrying out the
study.  Water quality was measured with the following bacterial indicators of swimming water
quality:  fecal coliforms, fecal streptococci, heterotrophic bacteria, Pseudomonas aeruginosa, and
total staphylococci.  A total of 4,537 individuals participated in the study, of which 2,743 were
swimmers and 1,794 were non-swimmers.  Swimmers were found to have significantly higher
gastrointestinal risk levels than non-swimmers, and swimmers under the age of 16 had substantially
higher rates than swimmers 16 and older.  Logistic regression analysis was performed to determine
the best relationship between water quality indicators and swimming-associated illness.  A small
degree of correlation was observed between fecal streptococci and gastrointestinal illness.  The best
correlation was between gastrointestinal illness and staphylococcus densities.

In 1989, Ferley et al.12 described an epidemiological study conducted in France that
examined health effects associated with swimming in a freshwater river. A total of 5,737 individuals
participated in the study.  The quality of the water was measured by assaying for fecal coliforms,
fecal streptococci, and Pseudomonas aeruginosa.  The study design for collecting health data was
unique.  The maximum latency period for the illness category groups examined in this study was
three days.  Illnesses occurring during the course of the study were assigned to the nearest day
within the latency period on which a sample was taken.  A weighted linear regression was performed
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to relate gastrointestinal morbidity incidence rates to different levels of exposure to indicator
bacteria.  Significant excess gastrointestinal illness was observed in swimmers.  Furthermore,
regression of gastrointestinal illness incidence to the concentration of indicator organisms showed
a good relationship between swimming-associated illness for both fecal coliforms and fecal
streptococci.  The strongest correlations occurred between incidence rates of acute gastrointestinal
disease and fecal streptococci densities.  The authors indicated that their definition of fecal
streptococci essentially included what the EPA studies call enterococci.
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Summary of Research Conducted Since 1984

Researcher Year Location Type of Water Microorganisms Evaluated Relevant Findings

Fattal et al.2 1987 Israel Marine Fecal coliforms
Enterococci
E. coli

C Enterococci were the most predictive indicator for
enteric disease symptoms

Cheung et al.3 1990 Hong Kong Marine Fecal coliforms
E. coli
Klebsiella spp.
Enterococci
Fecal streptococci
Staphylococci
Pseudomonas aeruginosa
Candida albicans
Total fungi

C Best relationship between a microbial indicator density
and swimming-associated health effects was between E.
coli and highly credible gastrointestinal illness.

Balarajan et al.4 1991 United Kingdom Marine Unknown C Risk of illness increased with degree of exposure. If the
non-exposed population risk ranked at 1, risk increased
to 1.25 for waders, 1.31 for swimmers, and 1.81 in
surfers or divers.

Von Schirnding
et al.5

1992 South Africa
(Atlantic coast)

Marine Enterococci
Fecal coliforms
Coliphages
Staphylococci
F-male-specific
bacteriophages

C Uncertainty in sources of fecal contamination may
explain lack of statistically significant rates of illness
between swimmers and non-swimmers.

Corbett et al.6 1993 Sydney,
Australia

Marine Fecal coliforms
Fecal streptococci

C Gastrointestinal symptoms in swimmers did not increase
with increasing counts of fecal bacteria.

C Counts of fecal streptococci were worse predictors of
swimming-associated illness than fecal coliforms.
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Kay et al.7 1994 United Kingdom Marine Total coliforms
Fecal coliforms
Fecal streptococci
Pseudomonas aeruginosa
Total staphylococci

C Only fecal streptococci were associated with increased
rates of gastroenteritis.

C Risk of gastroenteritis did not increase until bathers were
exposed to about 40 fecal streptococci per 100 ml.

Kueh et al.8 1995 Hong Kong Marine E. coli
Fecal coliforms
Staphylococci
Aeromonas spp.
Clostridium perfringens
Vibrio cholera
Vibrio parahemolyticus
Salmonella spp.
Shigella spp.

C Also analyzed stool specimens for rotavirus, Salmonella
spp., Shigella spp., Vibrio spp., and Aeromonas spp.;
throat swabs for Influenza A and B; Parainfluenza Virus
types 1, 2, and 3; Respiratory Syncytial Virus; and
Adenovirus.

C Did not find a relationship between E. coli and
swimming-associated illness [possibly due to low
number of beaches sampled (only two)].

McBride et al.9 1998 New Zealand Marine Fecal coliforms
E. coli
Enterococci

C Enterococci were most strongly and consistently asso-
ciated with illness risk for the exposed groups.

C Risk differences significantly greater between swimmers
and non-swimmers if swimmers remained in water for
more than 30 minutes.
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Haile et al.10 1996 California, USA Marine Total coliforms
Fecal coliforms
Enterococci
E. coli

C Results for enterococci indicate positive associations
with fever, skin rash, nausea, diarrhea, stomach pain,
coughing, runny nose, and highly credible gastrointesti-
nal illness.

C Association of symptoms with both E. coli and fecal
coliforms were very weak.

C Total coliform to fecal coliform ratio very informative
— below the cutpoint of 5.0, diarrhea and highly
credible gastrointestinal illness were associated with a
lower ratio regardless of the absolute level of fecal
coliforms.

Seyfried et al.11 1985 Canada Fresh Fecal coliforms
Fecal streptococci
Heterotrophic bacteria
Pseudomonas aeruginosa
Total staphylococci

C Small degree of correlation observed between fecal
streptococci and gastrointestinal illness.

C Best correlation was between gastrointestinal illness and
staphylococcus densities.

Ferley et al.12 1989 France Fresh Fecal coliforms
Fecal streptococci
Pseudomonas aeruginosa

C In this study, the definition of fecal streptococci is
essentially the same as the U.S. definition of
enterococci.

C Good relationship between swimming associated illness
and fecal coliform and fecal streptococci concentrations.

C Strongest relationship was between gastrointestinal
disease and fecal streptococci densities.
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Appendix C: Development of Enterococci/E. Coli Water Quality Criteria for
Adoption into Water Quality Standards

This appendix describes how states can calculate enterococci and E. Coli water quality criteria 
based on different risk levels; calculate upper percentile values, and; adjust upper percentile
values based on standard deviations calculated from local data.  These methods are described in 
Ambient Water Quality Criteria for Bacteria–1986.

C.1 Geometric Mean

As described in this guidance, EPA recommends states and authorized tribes use a geometric
mean as one component of their bacteria criteria.  Whereas an arithmetic mean is equal to the
sum of samples divided by the number of samples, a geometric mean is the nth root of the
product of n samples; this helps to minimize the effect of measurements that might otherwise be
considered outliers.  In order to develop a geometric mean criterion, permitting authorities must
decide upon a risk level, based on a gastrointestinal illness rate. Then, one can develop geometric
mean criteria as the following:

Freshwater

Enterococci Geometric Mean Criteria = 4.656*10(1.064 * acceptable illness rate)

E. Coli Geometric Mean Criteria = 17.742*10(1.064 * acceptable illness rate)

Marine Water

Enterococci Geometric Mean Criteria = 0.963*10(0.822 * acceptable illness rate)

The above equations are based on the numerical results from EPA’s epidemiological studies 
Health Effects Criteria for Marine Recreational Waters (EPA-600/1-80-031) and Health Effects
Criteria for Fresh Recreational Waters (EPA-600/1-84-004).

The geometric mean of n samples collected for monitoring is compared to a geometric mean
criterion to determine whether the beach is in compliance. The geometric mean of n samples is
computed by

&X XGM i n
i

n
= ∏

=

1

1

where Xi is the ith value of samples.
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EPA recommends sampling frequency be related to the intensity of the use of the water body. In
areas where weekend use is substantial, weekly samples collected during the peak use periods
are reasonable. In less heavily used areas biweekly or monthly samples may be adequate to
determine bacterial water quality. In general, samples should be collected during dry weather
periods to establish so-called “steady state” conditions. Special studies may be necessary to
evaluate the effects of wet weather conditions on waters of interest especially if sanitary surveys
indicate the area may be subject to storm water effects. 

C.2 Upper Percentile Value

To set an upper percen-
tile value, water quality
managers should specify
the “confidence level”
factor9 based on the use
of recreational waters.
The “confidence level”
factors for the recom-
mended criteria are spec-
ified as the following:

Upper percentile 
Confidence Level Factor

75% 0.68
82% 0.94
90% 1.28
95% 1.65

Upper percentile values are computed as

Upper Percentile Value = Geometric Mean *10(Confidence Level Factor * F)

 
where F is the standard deviation of the logarithm of indicator densities. EPA’s studies show that
the values of F are 0.4 for freshwater E. Coli and Enterococci and 0.7 for marine water
Enterococci. Each jurisdiction may establish its own F or use the estimate of F, , based on$σ
similar indicator density data from the following equation:
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Tables C-1 and C-2  present geometric mean and upper percentile values for various risk levels
using the equations and the values of F from the above. The computed values are rounded to the
nearest integers to represent count densities.

Table C-1 Water Quality Criteria for Bacteria for Fresh Recreational Waters

Enterococci Criteria
Risk level 

(% of
swimmers)

Geometric 
Mean Density

Upper Percentile Allowable Density

75th Percentile 82nd Percentile 90th Percentile 95th Percentile

0.8 33 62 79 107 151

0.9 42 79 100 137 193

1.0 54 101 128 175 247

E. coli Criteria
Risk Level 

(% of
swimmers)

Geometric 
Mean Density

Upper Percentile Allowable Density

75th Percentile 82nd Percentile 90th Percentile 95th Percentile

0.8 126 236 299 409 576

0.9 161 301 382 523 736

1.0 206 385 489 668 940



Review Draft November 2003

87

Table C-2 Water Quality Criteria for Bacteria for Marine Recreational
Waters 

Enterococci Criteria
Risk Level 

(% of
swimmers)

Geometric 
Mean Density

Upper Percentile Allowable Density

75th Percentile 82nd Percentile 90th Percentile 95th Percentile

0.8 4 13 20 35 63

0.9 5 16 24 42 76

1.0 6 19 29 50 91

1.1 8 23 35 61 110

1.2 9 28 42 73 133

1.3 11 34 51 89 161

1.4 14 41 62 107 195

1.5 17 49 75 130 235

1.6 20 60 91 157 284

1.7 24 72 109 189 344

1.8 29 87 132 229 415

1.9 35 105 160 276 502
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Appendix D: Data Used to Create Chapter 1 Figures

Source for all data: “Health Effects Criteria for Fresh Recreational Waters”, EPA 1984

Figure 1.1 E. coli and Illness Rates

E. coli
Density

Symptom
Rate

23 2.3
47 4.6
137 4.8
236 14.7
146 11
138 5.1
19 0.5
52 5.2
71 3

Figure 1.2 Confidence Limits

Y log(Y) Predicted X upper interval X lower interval X
12 1.079181 -1.5957 3.718494354 -6.90989
15 1.176091 -0.68474 4.08871877 -5.4582
20 1.30103 0.489682 4.591664639 -3.6123
30 1.477121 2.14494 5.381913256 -1.09203
45 1.653213 3.800198 6.355532015 1.244863
60 1.778151 4.974622 7.25143933 2.697804
80 1.90309 6.149046 8.395429295 3.902662
120 2.079181 7.804304 10.43178017 5.176827
165 2.217484 9.104349 12.27375787 5.93494
210 2.322219 10.08886 13.75072976 6.426993
260 2.414973 10.96075 15.09565718 6.825842
300 2.477121 11.54494 16.01049737 7.079382
340 2.531479 12.0559 16.81757873 7.294225
380 2.579784 12.50997 17.5392383 7.480693
420 2.623249 12.91854 18.19163543 7.645451
480 2.681241 13.46367 19.06586369 7.861472
520 2.716003 13.79043 19.59170718 7.989156
560 2.748188 14.09297 20.07962439 8.106311



Review Draft November 2003

89

Figure 1.3 Fecal Coliform and Illness Rates

Fecal Coliform
Density

Symptom
Rate

37 4.8

104 14.7

60 11

436 5.1

51 0.5

230 5.2

234 3
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DRAFT 
INTEGRATED PLANNING APPROACH FRAMEWORK 

Stakeholder involvement and outreach are critical components of an integrated planning 
approach for municipalities. EPA will provide opportunities for stakeholder input during the 
development of this framework. Outreach activities associated with this effort will include the 
development of both case studies of municipal leaders as well as public outreach tools. EPA is 
planning a series of listening sessions to allow the public to provide input on a draft of this 
framework. EPA intends to hold at least five listening sessions during January and February of 
2012. EPA listening sessions will be open to the public. 

EPA recognizes that approved NPDES States are partners in the implementation of the program 
and have the lead for the day-to-day activities in their States. EPA is working closely with the 
States in the implementation of this framework. 

I. Background 

In recent years, EPA has begun to embrace integrated planning approaches to municipal 
wastewater and stormwater management. EPA further committed to work with states and 
communities to implement and utilize integrated planning approaches to municipal wastewater 
and stormwater management in its October 27, 2011 memorandum "Achieving Water Quality 
Through Municipal Stormwater and Wastewater Plans. "1 Integrated planning will assist 
municipalities on their critical paths to achieving the human health and water quality objectives 
of the Clean Water Act (CW A) by identifying efficiencies in implementing the sometimes 
overlapping and competing requirements that arise from distinct wastewater and stormwater 
programs, including how best to make capital investments. Integrated planning can also 
facilitate the use of sustainable and comprehensive solutions, including green infrastructure, that 
protect human health, improve water quality, manage stormwater as a resource, and support 
other economic benefits and quality of life attributes that enhance the vitality of communities. 
The integrated planning approach does not remove obligations to comply with the CW A, but 
rather recognizes the flexibilities in the CW A for the appropriate sequencing of work. 

The purpose ofthis framework is to provide further guidance for EPA, states and local 
governments in developing and implementing effective integrated plans. The framework 
identifies the operating principles and essential elements of an integrated plan. 

II. Principles 

Following are overarching principles that EPA will use in working with municipalities to 
implement an integrated approach to meet their wastewater and stormwater program obligations 

1 The October 27, 2011 memorandum is available at http://cfpub.epa.gov/npdes/integratedplans.cfm. 
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under the CW A. Also presented are guiding principles that EPA recommends municipalities use 
in the development oftheir integrated plans. 

Overarching Principles 

1. This effort will maintain existing regulatory standards that protect public health and water 
quality. 

2. This effort will allow a municipality to balance various CW A requirements in a manner 
that addresses the most pressing public health and environmental protection issues first. 

3. The responsibility to develop an integrated plan rests with the municipality that chooses 
to pursue this approach. Where a municipality has developed an initial plan, EPA and/or 
the State will determine appropriate actions, which may include developing requirements 
and schedules in enforceable documents. 

Principles to Guide the Development of an Integrated Plan 

Integrated plans should: 

1. Reflect State requirements and planning efforts and incorporate State input on priority setting 
and other key implementation issues; 

2. Provide for meeting water quality standards and other CW A obligations by utilizing existing 
flexibilities in the CW A and its implementing regulations, policies and guidance; 

3. Maximize the effectiveness offunds through analysis of alternatives and the selection and 
sequencing of actions needed to address human health and water quality related challenges 
and non-compliance. 

4. Incorporate effective innovative technologies, approaches and practices, including green 
infrastructure. 

5. Evaluate and address community impacts and consider disproportionate burdens resulting 
from current approaches as well as proposed options. 

6. Ensure that existing requirements to comply with technology-based and core requirements 
(e.g., proper operation and maintenance of facilities, secondary treatment requirements, nine 
minimum controls for combined sewer overflows (CSOs), including elimination of dry 
weather overflows, and stormwater minimum measures) are not delayed. 

7. Ensure that a financial strategy is in place, including appropriate fee structures. 

8. Provide appropriate opportunity for meaningful stakeholder input thoughout the development 
ofthe plan. 

2 
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III. Elements of an Integrated Plan 

Defining Scope 

National Pollutant Discharge Elimination System (NPDES) requirements for separate sanitary 
sewer systems, combined sewer systems, municipal separate storm sewer systems and 
wastewater treatment plants may be included in an integrated plan. Each of the aforementioned 
systems may have different owners/operators responsible for the various sewer systems and 
treatment plants as well as different geographic service areas and different service populations. 
When developing an integrated plan, a municipality/community must determine and define the 
scope of the integration effort (e.g. utility or service area wide encompassing all projects on or 
narrower to include two or three projects), the entities that need to participate in implementing 
the integrated plan, and the role each entity will have in implementing the plan. 

Plan Elements 

Although the details of each integrated plan will vary depending on the unique challenges of 
each community, an acceptable integrated plan generally should address the following elements: 

Element 1: A description of the water quality, human health and regulatory issues to be 
addressed in the plan, including: 

• An assessment of existing non-compliance with CW A requirements and projected future 
CWA requirements (e.g., water quality-based requirements based on a new total 
maximum daily load (TMDL)); 

• Identification and characterization of human health threats; 
• Identification and characterization of water quality impairment and threats, and where 

available, applicable wasteload allocations (WLAs) of an approved TMDL or an · 
equivalent analysis; 

• Identification of sensitive areas and environmental justice concerns; and 
• Metrics for evaluating and meeting human health and water quality objectives. 

Element 2: A description of existing wastewater and storm water systems under consideration 
and summary information describing the systems' current performance, including: 

• Identification of municipalities and utilities that are participating in the planning effort 
and a characterization of their wastewater and stormwater systems; Characterization of 
discharges from the wastewater and stormwater systems under consideration as well as 
overflows from wastewater systems that do not result in a discharge to waters of the 
United States; and 

• Identification of deficiencies associated with existing assets. 

Element 3: A process for involving relevant community stakeholders in the planning and 
selection process. 

3 



DRAFT 1-13-12 

• Municipalities developing integrated wastewater and stormwater plans should provide 
appropriate opportunities for meaningful input at various stages of development of the 
plans. 

Element 4: A process for identifying, evaluating, and selecting alternatives and proposing 
implementation schedules which addresses: 

• The use of appropriate infrastructure management approaches, such as asset management, 
to assist in providing information necessary for sustainable planning and in prioritizing 
investments in and renewal of major wastewater and storm water systems; 

• The use of a systematic approach to consider green infrastructure and other innovative 
measures that may provide more sustainable solutions. 

• Identification of criteria, including those related to sustainability, to be used for 
comparing alternative projects and a description of the process used to compare 
alternatives and select priorities; 

• Identification of alternatives, including cost estimates, projected pollutant reductions and 
other benefits associated with each alternative; 

• An analysis of alternatives that documents the criteria used, the projects selected, and 
why they were selected. 

• proposed implementation schedules; and 
• For each entity participating in the plan, a financial strategy and capability assessment 

that ensures investments are sufficiently funded, operated, maintained and replaced over 
time. 

Element 5: Measuring success 

• Proposed performance criteria and measures of success; and 
• Monitoring program to address the effectiveness of controls, compliance monitoring and 

ambient monitoring. 

IV. Implementation 

EPA and states will determine the appropriate roles of permit and enforcement authorities in 
addressing the regulatory requirements identified in the plan. Implementing an integrated 
approach to wastewater and stormwater management will require coordination between state and 
federal NPDES permit and enforcement authorities. As discussed below, elements of an 
integrated plan can be incorporated into NPDES permits where appropriate, enforcement actions, 
or both. Permit issuance and implementation of existing permit and enforcement requirements 
and activities should not be delayed while an integrated plan is being developed. 

Permits 

All or part of an integrated plan can be incorporated into an NPDES permit as appropriate. 
Limitations and considerations for incorporating integrated plans into permits include: 

4 
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• Compliance schedules for meeting water quality-based effluent limitations (WQBELs) in 
NPDES permits issued for discharges from publicly owned treatment works (POTWs) 
and/or CSOs need to be consistent with the requirements in 40 CFR 122.47. EPA has 
issued guidance on when an NPDES permit authority may include a compliance schedule 
in a permit for the purpose of achieving a WQBEL. The guidance explains when such 
compliance schedules are consistent with In the Matter o(Star-Kist Caribe, Inc. 3 E.A.D 
171, 175, 177 (1990), (see "Compliance Schedules for Water Quality-Based Effluent 
Limitations in NPDES Permits", May I 0, 2007). 

• Green infrastructure approaches and related innovative practices that provide more 
sustainable solutions by managing stormwater as a resource should be considered . 

• Appropriate water quality trading may be reflected in NPDES permits (see EPA's 2003 
Water Quality Trading Policy). 

Enforcement 

EPA and the states may bring enforcement actions against municipalities to address 
noncompliance with the CW A. Enforcement actions include administrative orders or negotiated 
consent decrees that require compliance with various requirements under the CW A. All or part 
of an integrated plan may be able to be incorporated into the remedy of an enforcement action. 
Considerations for incorporating integrated plans into enforcement actions include: 

• Enforcement orders should provide compliance schedules for CW A requirements that 
prioritize the most significant human health and environmental needs first. 

• . Where Star-Kist limits the use of a compliance schedule in a permit, an enforcement 
action may be used in conjunction with the permit to ensure implementation of the 
integrated plans. 

• The integrated planning framework should ensure that all necessary parties to a consent 
decree or administrative order are involved (e.g. municipality, utility authority, etc.). 

• Green infrastructure approaches and related innovative practices that provide more 
sustainable solutions by managing stormwater as a resource should be considered. 

5 
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What is a UAA and what are the 40 CFR 131.10(g) factors? 
 
A Use Attainability Analysis (UAA) is a structured scientific assessment of the factors 
affecting the attainment of uses specified in Section 101(a)(2) of the Clean Water Act (the 
so called "fishable/swimmable" uses). The factors to be considered in such an analysis 
include the physical, chemical, biological, and economic use removal criteria described in 
EPA' s water quality standards regulation (40 CFR 131.10(g)(1)-(6)). 
 
Under 40 CFR 131.10(g) states may remove a designated use which is not an existing use, 
as defined in § 131.3, or establish sub-categories of a use if the State can demonstrate that 
attaining the designated use is not feasible because:   
 

1. Naturally occurring pollutant concentrations prevent the attainment of the use; or 
 
2. Natural, ephemeral, intermittent or low flow conditions or water levels prevent the 

attainment of the use, unless these conditions may be compensated for by the 
discharge of sufficient volume of effluent discharges without violating State water 
conservation requirements to enable uses to be met; or 

 
3. Human caused conditions or sources of pollution prevent the attainment of the use 

and cannot be remedied or would cause more environmental damage to correct 
than to leave in place; or 

 
4. Dams, diversions or other types of hydrologic modifications preclude the 

attainment of the use, and it is not feasible to restore the water body to its original 
condition or to operate such modification in a way that would result in the 
attainment of the use; or 

 
5. Physical conditions related to the natural features of the water body, such as the 

lack of a proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated 
to water quality, preclude attainment of aquatic life protection uses; or 

 
6. Controls more stringent than those required by sections 301(b) and 306 of the Act 

would result in substantial and widespread economic and social impact.  
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UAAs and Other Tools for Managing Designated Uses 
 Selection of Case Studies 

 
 
 

Case Study 
(State, EPA Region) 

Complexity Type of Action 131.10(g) 
Factor(s) 

Kansas & New York UAA 
Worksheets: Crosby Creek  
(Kansas, EPA Region 7) 

very simple Assign primary contact 
recreational use 

n/a 

Kansas & New York UAA 
Worksheets: Antelope Creek  
(Kansas, EPA Region 7) 

very simple Redefined as ephemeral 
stream  

2 

Kansas & New York UAA 
Worksheets: Tributary of 
Seneca River 
(New York, EPA Region 2) 

very simple Aquatic life use support 2 

Suspension of Recreational 
Beneficial Uses in Engineered 
Channels During Unsafe Wet 
Weather Conditions 
(California, EPA Region 9) 

simple Temporary suspension  
of recreational use 

2, 4 

Valley Creek UAA 
(Alabama, EPA Region 4) 

simple Assign limited warmwater 
fishery use 

3, 5 

New York Harbor Complex 
UAA 
(New York, EPA Region 2) 

medium Assign aquatic life & 
recreational uses 

3 

Red Dog Mine UAA 
(Alaska, EPA Region 10) 

medium Removal of aquatic life 
uses & development of 
site-specific criterion 

1, 3 

Montana’s Temporary Water 
Quality Standards—New World 
Mining District 
(Montana, EPA Region 8) 

complex Temporary standards for 
multiple uses 

during remediation 

3 

Chesapeake Bay UAAs and 
Restoration Variance 
(Maryland, EPA Region 3) 

very 
complex 

Refined aquatic life uses 
and restoration variance  

 

1, 3, 6 
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 Case Studies 
Brief Descriptions 

 
 
KANSAS AND NEW YORK UAA WORKSHEETS: CROSBY CREEK IN KANSAS 
 

 
The Kansas Department of Health and Environment (KDHE) has developed a worksheet to 
conduct many simple use attainability analyses (UAAs). The worksheet provides reviewers with 
information such as the name, location, and description of the waterbody; an assessment of its 
current recreational uses; and observations of aquatic life. Users can evaluate this information 
and develop a justification for retaining or changing designated uses. One example of using this 
worksheet is the Crosby Creek UAA conducted in 2001. In the UAA KDHE proposed primary 
contact recreation use for Crosby Creek, an upgrade from the secondary contact recreation use 
designated previously. KDHE also proposes to maintain the current aquatic life use designation. 
Kansas adopted this change their water quality standards and EPA approved it. 
 
KANSAS AND NEW YORK UAA WORKSHEETS: ANTELOPE CREEK IN KANSAS 
 

 
KDHE’s UAA worksheet was used for the Antelope Creek UAA conducted in 2001. In that 
UAA, KDHE did not recommend primary contact recreation as a designated use for this water 
because of the low flow conditions in the stream (131.10(g) factor 2). The segment fits Kansas’ 
definition of an ephemeral stream, grass or vegetative waterway, culvert, or ditch. Photos are 
provided with the worksheet to show the dry conditions in the streambed. This change was 
adopted into Kansas’ water quality standards and approved by EPA. 
 
KANSAS AND NEW YORK UAA WORKSHEETS: TRIBUTARY OF THE SENECA 
RIVER IN NEW YORK 
 

 
The New York State Department of Environmental Conservation (NYSDEC) has used a simple 
worksheet to document UAAs for aquatic life use support. These worksheets were developed as 
part of an overall 1985 State “Water Quality Standards Attainability Strategy,” which included 
specific guidance for field biologists on assessing fish propagation for various habitats. The 
worksheet contains the name and location of the waterbody, a checklist of reasons why the 
waterbody cannot attain full aquatic life designated uses, and space for additional comments or 
recommendations. One example is a 1992 UAA for a tributary of the Seneca River in New York. 
Some segments were changed from Class D to Class C (supportive of both aquatic life and 
recreational uses), and others were determined incapable of attaining Class C on the basis of 

Complexity: Very simple Type of Action: Assign primary contact recreational use 
Region: 7 131.10(g) Factors: n/a 

Complexity: Very simple Type of Action: Redefined as ephemeral stream 
Region: 7 131.10(g) Factors: 2 

Complexity: Very simple  Type of Action: Aquatic life use support 
Region: 2 131.10(g) Factors: 2 
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131.10(g) factor 2. The worksheet documents the Department’s proposed changes to the 
designated uses. 
 
SUSPENSION OF RECREATIONAL BENEFICIAL USES IN ENGINEERED 
CHANNELS DURING UNSAFE WET WEATHER CONDIDTIONS 
 

 
The Los Angeles Region has many rivers and streams that have been straightened, concrete-
lined, or both to move floodwaters from urban areas to the ocean. These channels transport large 
volumes of water that might not be of adequate quality to support Clean Water Act (CWA) 
section 101(a) uses (i.e., “fishable/swimmable”). The water quality goals set forth in the Los 
Angeles Region’s Basin Plan specify that all waters in the state should be “fishable/swimmable.”  
 
Under certain conditions recreational uses are inappropriate for these channels. During high flow 
flood conditions, it is not safe to swim in the waters; during summer dry periods, the flow is 
insufficient for swimming. The Los Angeles Region has opted to issue a suspension of 
recreational use during periods of high flow. Through a revision to its water quality control plan, 
the Los Angeles Region established that during high flow events, when it is not safe to be in the 
modified channels, these waterbodies do not have to meet bacteria criteria. The suspension of 
recreational uses applies under the rainfall conditions that trigger the Region’s swift-water 
protocols (i.e., rescue squads are on alert if someone should happen to enter the water). With this 
use attainability analysis (UAA), EPA approved the revision to the Water Quality Control Plan 
for the Los Angeles Region. 
 
VALLEY CREEK UAA 
 

 
In this 2001 use attainability analysis (UAA), the Alabama Department of Environmental 
Management (ADEM) provided evidence to support the proposed change for the upper segment 
of Valley Creek from Agricultural and Industrial Water Supply (A&I) to Limited Warmwater 
Fishery (LWF). The corresponding water quality criteria are more stringent for waters classified 
as LWF than for A&I waters. The key element of the LWF classification establishes seasonal 
uses and water quality criteria for waters that otherwise cannot maintain the more protective Fish 
& Wildlife (F&W) classification year-round. The LWF classification does not fully meet the 
water quality uses and criteria associated with the “fishable/swimmable” goal, and therefore a 
UAA was necessary. In the UAA, ADEM provided information on the physical, biological, and 
chemical characteristics of Valley Creek; water quality data from sampling stations; discharge 
monitoring reports from the point source dischargers; and water quality modeling results. EPA 
approved the revision to Alabama’s water quality standards to reclassify Upper Valley Creek for 
LWF and Lower Valley Creek for F&W. 

Complexity: Simple Type of Action: Temporary suspension of recreational use 
Region: 9 131.10(g) Factors: 2, 4 

Complexity: Simple Type of Action: Assign limited warmwater fishery use 
Region: 4 131.10(g) Factors: 3, 5 
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NEW YORK HARBOR COMPLEX UAA 
 

 
A 1985 use attainability analysis (UAA) documents the assessment of waters in the New York 
Harbor Complex that were not thought to meet Clean Water Act (CWA) section 101(a)(2) goals. 
In the UAA the New York State Department of Environmental Conservation (NYSDEC) 
presents historical data on total and fecal coliform and dissolved oxygen, as well as the results of 
steady-state modeling. The segments considered are effluent-limited waters (i.e., the technology-
based effluent limitations required by the CWA are inadequate to meet the water quality 
standards), with impairment from urbanization, combined sewer overflows (CSOs), and other 
point and nonpoint source discharges. In the UAA NYSDEC recommends that several segments 
should be assigned both aquatic life and recreational uses. NYSDEC also recommends that some 
uses be retained and proposes future monitoring and assessment. 
 
RED DOG MINE UAA 
 

 
A use attainability analysis (UAA) was performed on Red Dog Creek, which runs through the 
site of Red Dog mine, the largest zinc mine in the world. Red Dog Creek flows only 3–4 months 
of the year. Several parts of the creek are affected by mining discharges and some acid rock 
drainage. In addition, the area contains natural ore bodies, resulting in naturally high 
concentrations of cadmium, lead, zinc, aluminum, and other metals. Pre-mining surveys done in 
this area indicated that aquatic life uses were not present because of the toxic concentrations of 
metals, as well as naturally low pH. The UAA for Red Dog Creek demonstrated that aquatic life 
uses should be removed because of the naturally occurring pollutants. Because of the natural 
conditions, the criteria for cadmium, lead, zinc, aluminum, and pH cannot be met without human 
intervention, precluding that aquatic life uses being met. However, treatment of mine wastewater 
had led to the presence of Arctic grayling that should be protected. A site-specific criterion for 
total dissolved solids (TDS) was developed to protect the grayling when spawning. EPA 
approved these changes to Alaska’s water quality standards. 
 
MONTANA’S TEMPORARY WATER QUALITY STANDARDS—NEW WORLD 
MINING DISTRICT 
 

 
Montana’s Water Quality Act allows for application of temporary modification of water quality 
standards where a waterbody is not meeting its designated use. The ultimate goal of the 
temporary modification is to improve water quality to the point where designated uses are fully 
supported. As such, temporary standards play a key role in the remediation of damaged water 

Complexity: Medium Type of Action: Assign aquatic life & recreational uses 
Region: 2 131.10(g) Factors: 3 

Complexity: Medium Type of Action: Removal of aquatic life uses & development of site- 
 specific criterion 

Region: 10 131.10(g) Factors: 1, 3 

Complexity: Complex Type of Action: Temporary standards for multiple uses 
during remediation 

Region: 8 131.10(g) Factors: 3 
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resources, because the underlying designated uses and criteria are established as goals which 
drive water quality improvements. The duration of temporary standards is set based on an 
estimate of the time needed for remediation at a specific site, and because the clean up of legacy 
pollutants often takes time, temporary standards can be and are issued for multiple years. The 
state uses 20 years as its time horizon for estimating future watershed remediation opportunities, 
and therefore, temporary standards could be issued for as much as 20 years. The New World 
Mining District is an example of a well-funded and successful project. The waters were 
classified as suitable for a number of uses, including drinking water, recreational, and aquatic life 
uses. 
 
CHESAPEAKE BAY UAAS AND RESTORATION VARIANCE 
 

 
Chesapeake Bay waters have been impaired by nutrients and sediment from point and nonpoint 
sources. These impairments have led to low levels of dissolved oxygen and inability to meet 
designated uses. Two use attainability analyses (UAAs) were conducted, with several states 
involved, to evaluate three of the 131.10(g) factors: natural conditions, human-caused conditions, 
and economics. Maryland collected a significant amount of monitoring data and developed a 
model to use the data to assess whether the bay’s waters were meeting their designated uses. One 
result of the UAAs was the decision to refine the aquatic life uses. Five designated uses were 
identified, and the seasonality of each was considered. Maryland promulgated these designated 
uses in its water quality standards, and EPA approved the new standards in 2005. 
 
In addition, restoration variances were added to Maryland’s proposed water quality standards as 
refinements to proposed criteria. These variances can be applied over an entire segment of the 
Bay, rather than directed at a specific discharger or group of dischargers. The temporary 
modifications allow for realistic recognition of current and attainable conditions while retaining 
the designated use and setting full attainment as a future goal. In addition, the variance allows for 
incremental improvements in water quality goals. 

Complexity: Very complex Type of Action: Refined aquatic life uses and restoration variance 
Region: 3 131.10(g) Factors: 1, 3, 6 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

JUN -5 2012 
MEMORANDUM 

SUBJECT: 

FROM: 

TO: 

Integrated Municipal Stormwater and Wastewater Planning Approach Framework 

Nancy Stoner ,.·,~--\ \~ ~ 
Acting Assistant Adminis~ator 
Office of Water 

, . _,. /~ , I 
C vnthta Gtles , 1 : 

- • • • ' I -rt...J.+-il 1t11 I I / I 
Asststant Admmtstr~v~ ! '-~v~ 'dvt.x./ ~' 
Office of Enforcement and\ Compliance Assurance 

EPA Regional Administrators 
Regional Permit and Enforcement Division Directors 

In recent years, EPA has increasingly embraced integrated planning approaches to 

municipal wastewater and storm water management. EPA further committed to work with states 
and communities to implement and utilize these approaches in its October 27, 2011 
memorandum 'Achieving Water Quality Through Municipal Stormwater and Wastewater 

Plans. " Integrated planning will assist municipalities on their critical paths to achieving the 
human health and water quality objectives of the Clean Water Act by identifying efticiencies in 
implementing requirements that arise from distinct wastewater and stormwater programs, 
including how to best prioritize capital investments. Integrated planning can also facilitate the 
use of sustainable and comprehensive solutions, including green infrastructure, that protect 
human health, improve water quality, manage stormwater as a resource, and support other 
economic benetits and quality of life attributes that enhance the vitality of communities. 

To provide further guidance on developing and implementing effective integrated plans 

under this approach. we have developed, with extensive public input, the attached Integrated 
Municipal Stormwater and Wastewater Planning Approach Framework document. We are 
posting the framework document on our website and, as ihey become available, will provide 
practical examples of how municipalities are implementing this approach. We would like to 
thank Regions 2. 4. 5, 7 and 10 for their assistance in conducting public workshops to gain input 
on the draft framework. We encourage all Regions to work with their States to identify 
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appropriate opportunities for implementing the Integrated Planning approach. We will continue 
to work with the Regions as we explore the pathway forward on implementing this approach. 

We encourage you to contact Deborah Nagle, Director, Water Permits Division 
(nagle.deborah@epa.gov) and Mark Pollins, Director, Water Enforcement Division 
(pollins.mark@epa.gov) with any questions you might have. 

Attachment 
cc: Regional Permit and Enforcement Liaisons 

Association of Clean Water Administrators 
United States Conference of Mayors 
National League of Cities 
American Rivers 
National Association of Clean Water Agencies 
National Association of Flood & Storm water Management Agencies 
Natural Resources Defense Council 
Water Environment Federation 
Environmental Council of States 



INTEGRATED MUNICIPAL STORMWATER AND 
WASTEWATER PLANNING APPROACH FRAMEWORK 

May,2012 

The purpose of this framework is to provide further guidance for EPA, States and local 
governments in developing and implementing effective integrated plans under the Clean Water 
Act (CWA). The framework identifies the operating principles and essential elements of an 
integrated plan. The integrated planning approach is voluntary. The responsibility to develop 
an integrated plan rests with the municipality that chooses to pursue this approach. If a 
municipality decides to take advantage of this approach, the integrated plan that it develops can 
provide information to inform the permit and enforcement processes and can support the 
development of conditions and requirements in permits and enforcement orders. The integrated 
plan should identify the municipality's relative priorities for projects and include a description 
of how the proposed priorities reflect the relative importance of adverse impacts on human 
health and water quality and the municipality's financial capability. The integrated plan will be 
the starting point for development of appropriate implementation actions, which may include 
requirements and schedules in enforceable documents. 

EPA will continue to provide opportunities for stakeholder input during the implementation of 
this framework. Outreach activities associated with this effort will include the development of 
case studies and best practices. 

EPA recognizes that approved National Pollutant Discharge Elimination System (NPDES) States 
are partners in the implementation of the program and have the lead for the day-to-day activities 
in their States. Many States have existing water quality management planning processes, which 
may include those established under Section 208 and 303 of the CWA, that may help facilitate 
the development of an integrated plan and work in conjunction with the implementation of an 
integrated plan. Integrated plans should be consistent with, and designed to meet the objectives 
of, existing total maximum daily loads (TMDLs). EPA is committed to working closely with the 
States in the implementation of this framework. EPA Regions and Headquarters will work with 
States when appropriate to determine the proper response to an integrated plan. 

I. Background 

In recent years, EPA has begun to embrace integrated planning approaches to municipal 
wastewater and storm water management. EPA further committed to work with States and 
communities to implement and utilize integrated planning approaches to municipal wastewater 
and stormwater management in its October 27, 2011 memorandum "Achieving Water Quality 
Through Municipal Stormwater and Wastewater Plans. "1 Integrated planning will assist 
municipalities on their critical paths to achieving the human health and water quality objectives 
of the CWA by identifying efficiencies in implementing requirements that arise from distinct 
wastewater and stormwater programs, including how best to make capital investments. 

1 The October 27, 2011 memorandum is available at http://cfpub.epa.gov/npdes/integratedplans.cfm. 



Integrated planning can also facilitate the use of sustainable and comprehensive solutions, 
including green infrastructure, that protect human health, improve water quality, manage 
storm water as a resource, and support other economic benefits and quality of life attributes that 
enhance the vitality of communities. In February, 2012, EPA released "Planning for 
Sustainability: A Handbook for Water and Wastewater Utilities."2 The Handbook describes a 
number of steps utilities can take to build sustainability considerations into their existing 
planning processes and make the best infrastructure choices that protect water quality and ensure 
the long-term sustainability of infrastructure assets. The elements of an integrated plan which 
are described below are complementary to the elements in the Sustainability Handbook. 

The integrated planning approach does not remove obligations to comply with the CW A, nor 
does it lower existing regulatory or permitting standards, but rather recognizes the flexibilities in 
the CWA for the appropriate sequencing and scheduling of work. 

II. Principles 

Following are overarching principles that EPA will use in working with municipalities to 
implement an integrated approach to meet their wastewater and stormwater program obligations 
under the CW A. Also presented are guiding principles that EPA recommends municipalities use 
in the development of their integrated plans. 

Overarching Principles 

1. This effort will maintain existing regulatory standards that protect public health and water 
quality. 

2. This effort will allow a municipality to balance CW A requirements in a manner that 
addresses the most pressing public health and environmental protection issues first. 

3. The responsibility to develop an integrated plan rests with the municipality that chooses 
to pursue this approach. Where a municipality has developed an initial plan, EPA and/or 
the State will determine appropriate actions, which may include developing requirements 
and schedules in enforceable documents. 

4. Innovative technologies, including green infrastructure, are important tools that can 
generate many benefits, and may be fundamental aspects of municipalities' plans for 
integrated solutions. 

2 The February 2012 Handbook is available at http://water.epa.gov/infrastructure/sustainlupload/EPA-s-Planning
for- Sustainability-Handbook. pdf. 
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Principles to Guide the Development of an Integrated Plan 

Integrated plans should: 

1. Reflect State requirements and planning efforts and incorporate State input on priority setting 
and other key implementation issues. 

2. Provide for meeting water quality standards and other CW A obligations by utilizing existing 
flexibilities in the CW A and its implementing regulations, policies and guidance. 

3. Maximize the effectiveness of funds through analysis of alternatives and the selection and 
sequencing of actions needed to address human health and water quality related challenges 
and non-compliance. 

4. Evaluate and incorporate, where appropriate, effective sustainable technologies, approaches 
and practices, particularly including green infrastructure measures, in integrated plans where 
they provide more sustainable solutions for municipal wet weather control. 

5. Evaluate and address community impacts and consider disproportionate burdens resulting 
from current approaches as well as proposed options. 

6. Ensure that existing requirements to comply with technology-based and core requirements 
are not delayed. 

7. Ensure that a financial strategy is in place, including appropriate fee structures. 

8. Provide appropriate opportunity for meaningful stakeholder input throughout the 
development of the plan. 

III. Elements of an Integrated Plan 

Defining Scope 

NPDES requirements for separate sanitary sewer systems, combined sewer systems, municipal 
separate storm sewer systems and at wastewater treatment plants may be included in an 
integrated plan. Each of the aforementioned systems may have different owners/operators 
responsible for the various sewer systems and treatment plants as well as different geographic 
service areas and different service populations. In addition, integrated plans may address source 
water protection efforts that protect surface water supplies, and/or nonpoint source control 
through proposed trading approaches or other mechanisms. When developing an integrated plan, 
a municipality/community must determine and define the scope of the integration effort, ensure 
the participation of entities that are needed to implement the integrated plan, and identify the role 
each entity will have in implementing the plan. EPA will continue to work closely with State 
and local governments to incorporate green infrastructure approaches to water quality within 
permits and enforcement actions, consistent with the practice over the past several years. 
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Plan Elements 

An integrated program should be tailored to the size and complexity of the wastewater and 
stormwater infrastructure addressed in the plan. Although the details of each integrated plan will 
vary depending on the unique challenges of each community, an integrated plan generally should 
address the following elements: 

Element 1: A description of the water quality, human health and regulatory issues to be 
addressed in the plan, including: 

• An assessment of existing challenges in meeting CW A requirements and projected future 
CWA requirements (e.g., water quality-based requirements based on a new TMDL); 

• Identification and characterization of human health threats; 
• Identification and characterization of water quality impairment and threats and, where 

available, applicable wasteload allocations (WLAs) of an approved TMDL or an 
equivalent analysis; 

• Identification of sensitive areas and environmental justice concerns; and 
• Metrics for evaluating and meeting human health and water quality objectives. 

Element 2: A description of existing wastewater and stormwater systems under consideration 
and summary information describing the systems' current performance, including: 

• Identification of municipalities and utilities that are participating in the planning effort 
and a characterization of their wastewater and storm water systems; and 

• Characterization of flows in and from the wastewater and storm water systems under 
consideration. 

Element 3: A process which opens and maintains channels of communication with relevant 
community stakeholders in order to give full consideration of the views of others in the planning 
process and during implementation of the plan. 

• Municipalities developing integrated wastewater and stormwater plans should provide 
appropriate opportunities that allow for meaningful input during the iderttification, 
evaluation, and selection of alternatives and other appropriate aspects of plan 
development; 

• Municipalities participating in an integrated wastewater and stormwater plan should, 
during the implementation of the plan, make pertinent new information available to the 
public and provide opportunities for meaningful input into the development of proposed 
modifications to the plan; and 

• Where a permit or enforcement order incorporates green infrastructure requirements, the 
municipalities required to implement the requirements should allow for public 
involvement to assist in evaluating the effectiveness of the approach and to assist in 
successful implementation of the approach. 
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Element 4: A process for identifying, evaluating, and selecting alternatives and proposing 
implementation schedules which addresses: 

• The use of sustainable infrastructure planning approaches, such as asset management, to 
assist in providing information necessary for prioritizing investments in and renewal of 
major wastewater and stormwater systems; 

• The use of a systematic approach to consider and incorporate, where appropriate, green 
infrastructure and other innovative measures where they provide more sustainable 
solutions; 

• Identification of criteria, including those related to sustainability, to be used for 
comparing alternative projects and a description of the process used to compare 
alternatives and select priorities; 

• Identification of alternatives, including cost estimates, potential disproportionate burdens 
on portions of the community, projected pollutant reductions, benefits to receiving waters 
and other environmental and public health benefits associated with each alternative; 

• An analysis of alternatives that documents the criteria used, the projects selected, and 
why they were selected; 

• A description of the relative priorities of the projects selected including a description of 
how the proposed priorities reflect the relative importance of adverse impacts on public 
health and water quality3 and the permittee's financial capability; 

• Proposed implementation schedules; and 
• For each entity participating in the plan, a financial strategy and capability assessment 

that ensures investments are sufficiently funded, operated, maintained and replaced over 
time. The assessment of the community's financial capability should take into 
consideration current sewer rates, stormwater fees and other revenue, planned rate or fee 
increases, and the costs, schedules, anticipated financial impacts to the community of 
other planned stormwater or wastewater expenditures and other relevant factors 
impacting the utility's rate base. Municipalities can use as a guide the document "CSO 
Guidance for Financial Capability Assessment and Schedule Development," EPA 832-B-
97-004) or other relevant EPA or State tools. 

Element 5: Measuring success- As the projects identified in the plan are being implemented, a 
process for evaluating the performance of projects identified in a plan, which may include 
evaluation of monitoring data, information developed by pilot studies and other studies and other 
relevant information, including: 

• Proposed performance criteria and measures of success; 
• Monitoring program to address the effectiveness of controls, compliance monitoring and 

ambient monitoring; and 
• Evaluation of the performance of green infrastructure and other innovative measures to 

inform adaptive design and management to include identification of barriers to full 
implementation. 

3 An example of an informal tool to help identifY priorities is given by "Combined Sewer Overflow Guidance for 
Screening and Ranking", EPA, August 1995. The guidance is available at 
http://www.epa.gov/npdes/pubs/owm595.pdf. 
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Element 6: Improvements to the Plan 

• A process for identifying, evaluating and selecting proposed new projects or 
modifications to ongoing or planned projects and implementation schedules based on 
changing circumstances; and 

• In situations where a municipality is seeking modification to a plan, or to the permit or 
enforcement order that is requiring implementation of the plan, the municipality should 
collect the appropriate information to support the modification and should be consistent 
with Elements 1 - 5 discussed above. 

IV. Implementation 

Implementing an integrated approach to wastewater and stormwater management may require 
coordination between State and federal NPDES permit and enforcement authorities. EPA 
recognizes the importance of and encourages early coordination between NPDES States and 
EPA on key implementation issues that may arise in individual integrated plans. This will ensure 
that plans will not need to be revised in order for them to be implemented. State NPDES permit 
authorities should initiate discussions with EPA on their efforts to address integrated plans that 
raise issues associated with ongoing federal enforcement actions and when addressing the initial 
integrated plans developed in the State or when a permit may potentially present a novel 
approach. EPA and States will determine the appropriate roles of permit and enforcement 
authorities in addressing the regulatory requirements identified in the plan. As discussed below, 
elements of an integrated plan can be incorporated, where appropriate, into NPDES permits, 
enforcement actions, or both. Permit issuance and implementation of existing permit and 
enforcement requirements and activities shall not be delayed while an integrated plan is being 
developed. 

Permits 

All or part of an integrated plan can be incorporated into an NPDES permit as appropriate. 
Limitations and considerations for incorporating integrated plans into permits include: 

• Compliance schedules for meeting water quality-based effluent limitations (WQBELs) in 
NPDES permits issued for discharges from publicly owned treatment works (POTWs) 
and/or combined sewer overflows need to be consistent with the requirements in 40 CFR 
section 122.47. Where appropriate, an NPDES permit authority may include a 
compliance schedule in a permit for WQBELs based on post July 1, 1977 State water 
quality standards provided the compliance schedule is "as soon as possible" and the State 
has clearly indicated in its water quality standards or implementing regulations that it 
intends to allow them. Compliance schedules in permits should prioritize the most 
significant human health and environmental needs first. 

• Reopener provisions in permits consistent with section 122.62(a) may better facilitate 
adaptive management approaches. 
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• Green infrastructure approaches and related innovative practices that provide more 
sustainable solutions by managing stormwater as a resource should be considered and 
incorporated, where appropriate, where they provide more sustainable solutions for 
municipal wet weather control. 

• Appropriate water quality trading may be reflected in NPDES permits (see EPA's 2003 
Water Quality Trading Policy). 

Enforcement 

EPA and the States may bring enforcement actions against municipalities to address 
noncompliance with the CW A. Enforcement tools include administrative orders, negotiated 
consent decrees, or other state formal enforcement actions that require compliance with various 
requirements under the CW A. All or part of an integrated plan may be able to be incorporated 
into the remedy of a federal or State enforcement action. Considerations for incorporating 
integrated plans into enforcement actions include: 

• The integrated planning framework should ensure that all necessary parties to a consent 
decree or administrative order are involved (e.g. municipality, utility authority). 

• When there is a history of long-standing violations without significant progress, 
enforcement is used to address past violations and establish a path for coming into 
compliance. 

• Where an extended time frame is necessary to achieve compliance, enforcement orders 
should provide schedules for CW A requirements that prioritize the most significant 
human health and environmental needs first. 

• How permitting and enforcement actions may be used in conjunction to ensure 
implementation ofthe integrated plans. 

• Sufficient flexibility should be provided in enforcement orders to allow for adaptive 
management approaches. 

• Green infrastructure approaches and related innovative practices that provide more 
sustainable solutions by managing stormwater as a resource should be considered and 
incorporated, where appropriate, where they provide more sustainable solutions for 
municipal wet weather control. 

• Environmentally beneficial projects that are identified in an integrated plan and which the 
municipality is not otherwise legally required to perform, such as water conservation 
measures, may be included in a settlement agreement consistent with EPA's 
Supplemental Environmental Projects Policl. 

4 The May 1, 1998, policy is available at http://www.epa.gov/oecaerth/resources/policies/civil/seps/fnlsup-hermn
mem.pdf. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, D.C. 20460 

OCT 2 7 2011 

MEMORANDUM 

SUBJECT: Achieving Water Quality Through Integrated Municipal Stormwater and Wastewater 
Plans 

FROM: Nancy Stoner ~ l(_ 
Acting Assistant. Adminis\rator 
Office of Water (OW 

Cynthia Giles 
Assistant Administ 
Office of Enforcement a 

TO: EPA Regional Administrators, OW & OECA Office & Division Directors 

One of the most basic objectives ofthe Clean Water Act (CWA) is to keep raw sewage and pollutants 
carried by stormwater out of our nation's waters. We have made tremendous strides towards achieving 
that objective, but inuch work remains to be done. As we move forward with our work, we must be 
mindful that many of our state and local government partners find themselves facing difficult financial 
conditions. Their ability to finance improvements by raising revenues or issuing bonds has been 
significantly impacted during the ongoing economic recovery. We write this memorandum to make sure 
that we proceed as one EPA to assure that we work with states and communities to get the most 
effective as well as cost-effective approaches for meeting our shared objective of clean water that 
protects public health and the environment. 

Integrated Planning for Cost-Effective Solutions 

Today, the EPA, states and municipalities often focus on each CWA requirement individually for 
protecting water quality. As a result, we sometimes assess and implement the best alternative to solve 
one problem at a time without full consideration of all CW A obligations. This approach may have the 
unintended consequence of constraining a municipality from implementing the most cost-effective 
solutions in a sequence that addresses the most serious water quality issues first. We encourage regions 
to work with the states to engage our local partners regarding all of their National Pollutant Discharge 
Elimination System (NPDES) related obligations in an orderly manner. A comprehensive and integrated 
planning approach to a municipal government's CWA waste- and storm-water obligations offers the 
greatest opportunity for identifying cost-effective and protective solutions and implementing the most 
important projects first. The CW A and its implementing regulations, policy and guidance provide us 
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with the necessary flexibility to work with communities to utilize comprehensive integrated planning to 
prioritize its waste- and storm-water investments. 

Integrated planning will put municipalities on a critical path to achieving the water quality objectives of 
the CW A by identifying efficiencies in implementing sometimes overlapping and competing 
requirements that arise from separate waste- and storm-water programs, including how best to make 
capital investments and meet operation and maintenance requirements. Integrated planning also can lead 
to the identification of sustainable and comprehensive solutions, such as green infrastructure, that 
improve water quality as well as support other quality of life attributes that enhance the vitality of 
communities. 

In embracing an integrated approach to waste- and storm-water management we are not suggesting that 
existing regulatory or permitting standards that protect public health and water on which communities 
depend be lowered. Rather, we are simply suggesting that such an approach will help municipalities 
responsibly meet their CW A obligations by maximizing their infrastructure improvement dollars 
through the appropriate sequencing of work. This will require coordination between permit and 
enforcement actions and complementary state actions. In so doing, as we consider a particular 
municipality's financial ability to complete the required infrastructure improvement work we must be 
sure that we consider all of its CW A obligations. EPA's existing regulations and policies provide EPA 
and states flexibility to evaluate a municipality's financial capability in tough economic times and to set 
appropriate compliance schedules, allow for implementing innovative solutions and sequence critical 
waste- and storm-water capital projects and operation and maintenance related work in a way that 
ensures human health and environmental protection. We recognize that such an integrated approach will 
necessarily involve balancing all of a municipality's competing CWA priorities with the public health 
and welfare objectives of the CW A. In doing so, we must be diligent in ensuring that a municipality be 
positioned to address its most pressing public health and welfare issues first. 

States and local governments share our commitment to protecting public health and welfare. As an 
initial step towards meeting this shared commitment, the Office of Water and Office of Enforcement and 
Compliance Assurance are developing an integrated planning approach framework to help EPA, 
including its regional offices, work with state and local governments toward cost effective decisions. 
The framework will identify: 1) the essential components of an integrated plan; 2) steps for identifying 
municipalities that might make best use of such an approach; and 3) how best to implement the plans 
with our state partners under the CW A permit and enforcement programs. 

Once the framework is in draft form we want to begin discussions and hold meetings with states and 
local governments, utilities and environmental groups to obtain their feedback on the draft framework in 
the coming months. In addition, we hope to identify municipal leaders who are currently developing, or 
have developed, integrated plans that can serve as models for this work. 

Green Infrastructure 

As you know, given the multiple benefits associated with green infrastructure, EPA strongly encourages 
the use of green infrastructure and related innovative technologies, approaches, and practices to manage 
storm water as a resource, reduce sewer overflows, enhance environmental quality, and achieve other 
economic and community benefits. Many cities and communities in the United States are now 



... 

employing green infrastructure practices and know the value of such projects to not only protect water 
resources, but also to bring opportunities for greenways and multiuse recreational areas, improving 
property values, saving energy and creating green jobs. 

In April of this year, we released our new green infrastructure strategic agenda, which outlines the 
activities that we will undertake to help communities implement green infrastructure approaches. Our 
strategy aims to clarify and advance the wider utility of green infrastructure within the regulatory and 
enforcement contexts through improvements in outreach and information exchange, financing, and tool 
development and capacity building. 

Over the past several years, we have been working closely with state and local governments to 
incorporate green infrastructure approaches to water quality within permits and enforcement actions. We 
have many successful examples of cities who will utilize green infrastructure to meet regulatory 
requirements while also benefiting from green jobs, neighborhood enhancements and more sustainable 
communities. We have also launched a community partnership program that has currently identified 10 
communities with which the Agency will work on green infrastructure implementation issues. The 
Agency hopes to add up to an additional20 communities in the future. We have also started to develop 
technical assistance resources for some of these communities on using green infrastructure on 
brownfield sites and slowly infiltrating soils and evaluating codes and ordinances for barriers. All of 
these green infrastructure and associate innovations are important tools that will be fundamental aspects 
of the integrated waste- and storm-water planning solutions we envision. 

We have the tools in our existing regulations and guidance to find answers to these problems. The 
current economic times make the need for sensible and effective approaches even more pressing. We 
have already seen the benefits that leadership and creativity in the regions' work bring to resolving these 
issues, reflected in forward looking plans in Indianapolis, Cleveland, St. Louis and many others. We 
look forward to working with you, and with states and local communities, to continue to pursue 
innovative and cost effective solutions to our water quality challenges. 

We encourage you and your staff to contact Deborah Nagle, Director, Water Permits Division 
(nagle.deborah@epa.gov) and Mark Poll ins, Director, Water Enforcement Division (pollins.mark@epa.gov) 
with any questions you might have. 

Cc: Regional Permit and Enforcement Liaisons 
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- TO INTERESTED PARTIES 

Section 304(a)(l) of the Clean Water Act (33 U.S.C. 

1314(a) (1) requires the Environmental Protection Agency (EPA) to 

pub1 ish and periodically update ambient water qua1 ity criteria. 

These criteria are to accurately reflect the latest scientific 

knowledge (a) on the kind and extent of all identifiable effects 

on health and welfare including, but not limited to, plankton, 

fish shellfish, wildlife, plant life, shorelines, beaches, 

aesthetics, and recreation which may be expected from the 

presence of pollutants in any body of water including ground 

water; (b) on the concentration and dispersal of pollutants, or 

their byproducts, through biological, physical, and chemical 

processes; and (c) on the effects of pollutants on biological 

community diversity, productivity, and stability, including 

information on the factors affecting rates of eutrophication and 

organic and inorganic sedimentation for varying types of 

receiving waters. These criteria are not rules and they do not 

have regulatory impact. Rather, these criteria present 

scientific data and guidance of the environmental effects of 

pollutants which can be useful to derive regulatory requirements 

based on considerations of water quality impacts. When 

additional data has become available, these summaries have been 

updated to reflect the latest Agency recommendations on 

acceptable limits for aquatic life and human health protection. 

Periodically EPA and its predecessor agencies has issued 

ambient water quality criteria, beginning in 1968 with the "Green 

Book" followed by the 1973 publication of the "Blue Book" (Water 

Quality Criteria 1972). In 1976, the "Red Book" (Quality 

For aalc by the Svpmlendsnt of Documents, US Mwmmsnt RlnUng ORW 
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Criteria for Water) was published. On November 28, 1980 (45 FR 

79318), and February 15, 1984 (49 FR 5831), EPA announced through 

Federal - Register notices, the publication of 65 individual 

ambient water quality criteria documents €or pollutants listed as 

toxic under section 307(a)(l) of the Clean Water Act. on July 

29, 1985 (50 FR 30784), EPA published additional water quality 

criteria documents. 

The development and publication of ambient water quality 

criteria has been pursued over the past 10 years and is an 

ongoing process. EPA expects to publish about 10 final criteria 

documents each year. Some of these will update and revise 

existing criteria recommendations and others will be issued for 

the first time. 

In a continuing effort to provide those who use EPA’S water 

quality and human health criteria with up-to-date criteria values 

and associated information, this document -- Q u a l m  Criteria __ €or 

Water - 1986 was assembled. This document includes summaries of 

all the contaminants for which EPA has developed criteria recom- 

mendations (Appendix A-C) . The appropriate appendix is 

identified at the end of each summary. A more detailed 

description of these procedures can be found in the appropriate 

Appendix. Copies of this document can be obtained by contacting 

the U.S. Government Printing Office at: 

U.S. Government Printing Office 
Superintendent of Documents 
N. Capitol and H Street N.W. 
Washington, D.C. 20401 

A fee is charged fo r  this document. 

Copies of the complete background ambient water quality 



criteria documents containing all the data used to develop the 

criteria recommendations summarized herein and the “Red Bookt8, 

including complete bibliographies are available only from: 

0 
National Technical Information Service 

5285 Port Royal Road 
Springfield, VA 22161 

Telephone: (703) 487-4650 

The NTIS order numbers for the criteria documents can be found in 

the Index. A fee is charged for copies of these documents. 

As new criteria are developed and existing criteria revised, 

updated criteria summaries will be made available once a year to 

those who purchase this document through the U.S, Government 

Printing office. You will automatically be placed on the mailing 

list to receive annual updates. The cost for receiving annual 

updates is included in the purchase price of the document. 

-- Quality Criteria - f o r  Water, 1986 is designed to be easily 

updated to reflect EPA‘s continuing work to present the latest 

scientific information and practices, Our planned schedule €or 

future criteria development in the next few years is attached for 

your information. 

a 

The Agency is current1 y developing Acceptable Daily Intake 

(ADI) or Verified Reference Dose (RfD) values on a number of 

chemicals for Agency-wide use. Based upon this new analysis the 

values have changed significantly for 5 chemicals from those used 

in the original human health criteria calculation done in 1980. 

The chemicals affected are as follows: 

0 



chemical . 1980 WQC 
1. cyanide 200 ug/L 
2. Ethylbenzene 1.4 mg/L 

4. Phenol 3.5 mg/L 
3 .  Nitrobenzene 19.8 mg/L 

5. Toluene 14.3 mg/L 

Draft RfD 
.02 mg/kg/day 
.Q1 mg/kg/day 
.Q005 mg/kg/day 
0.1 mg/kg/day 
0.3 mg/kg/day 

FOR FORTHER INFORMATION CONTACT: 

Dr. Frank Gostomski at the above address or by phoning (202) 245- 

3030. 

It is EPA's goal to continue to develop and make available 

ambient water quality criteria reflecting the latest scientific 

practices and information. In this way we can continue to 

improve and protect the quality of the Nation's waters. 

James M. Conlon 

i/ and Standards 



DRAFT CRITERIA DOCUMENTS TO BE PROPOSED 

LATE FY 86/EARLY -- FY 87 -- 
0 

Diethyhexylphthalate 
1 , 2 , 4 ,  Trichlorobenzene 
Silver 
Phenanthrene 
2 , 4 , 5 ,  Trichlorophenol 
Organotins 
Tributyltin 
Selenium (no saltwater criteria) 
Hexachlorobenzene 
Antimony 111 
Acrolein (no saltwater criteria) 

-- LATE FY 87/EARLY 

Thallium (no saltwater criteria) 
Tetrachloroethylene (no saltwater criteria) 
Phenol 
Toluene 
Chloroform (no saltwater criteria) 
'imaline 
Acrvlontrile w Hexachlorocyclopentadiene (no saltwater criteria) 
Dimethylphenol 
Hexachlorobutadiene (no saltwater criteria) 

- Both lists will incorporate aquatic and human health values. 

- All above are toxic pollutants except f o r  organotins and 
analine which are non-conventionals. 
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0 CRITERIA: 

ACENAPHTHENE 

Aquatic Life 

The available data for acenaphthene indicate that acute 

toxicity to freshwater aquatic life occurs at concentrations as 

low as 1,700 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 

available concerning the chronic toxicity of acenaphthene to 

sensitive freshwater aquatic animals but toxicity to freshwater 

algae occur at concentrations as low as 520 ug/L. 

The available data for acenaphthene indicate that acute and 

chronic toxicity to saltwater aquatic life occurs at 

concentrations as low as 970 and 710 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. Toxicity to algae occurs at 

concentrations as low as 500 ug/L. 

Human Health 

Sufficient data are not available for acenaphthene to derive 

a level which would protect against the potential toxicity of 

this compound. Using available organoleptic data, to 

control undesirable taste and odor quality of ambient water 

the estimated level is 0.02 mg/L. It should be recognized that 

organoleptic data, have limitations as a basis for establishing 

water quality criteria, and have no demonstrated relationship to 

potential adverse human health effects. 0 (45 F . R .  79318, November 28, 1980) , 
SEE A P P E N D I X  B FOR METHODOLOGY 



ACROLEIN 

Aquatic Life 

The available data for acrolein indicate that acute and 

chronic toxicity to freshwater aquatic life occurs at 

concentrations as low as 68 and 21 ug/L, respectively, and would 

occur at lower concentrations among species that are more 

sensitive than those tested. 

The available data for acrolein indicate that acute toxicity 

to saltwater aquatic life occurs at concentrations as low as 55 

ug/L and would occur at lower concentrations among species that 

are more sensitive than those tested. No data are available 

concerning the chronic toxicity of acrolein to sensitive 

saltwater aquatic life. 0 
Human Health 

For the protection of human health from the toxic properties 

of acrolein ingested through contamins'ed aquatic organisms, the 

ambient water criterion is determined o be 320 ug/L. 

For the protection of human health from the toxic properties 

of acrolein ingested through contaminated aquatic organisms 

alone, the ambient water criterion is determined to be 780 

ug/L* 

( 4 5  F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 

0 , 



CRITERIA: 

ACRYMNITRILE 

Aquatic Life 

The available, data for acrylonitrile indicate that acute 

toxicity to freshwater aquatic life occurs at concentrations as 

low as 7 , 5 5 0  ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No definitive 

data are available concerning the chronic toxicity of 

acrylonitrile to sensitive freshwater aquatic life but mortality 

occurs at concentrations as low as 2,600 ug/L with a fish species 

exposed for 30 days. 

Only one saltwater species has been tested with acrylonitrile 

and no statement can be made concerning acute or chronic 

Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects resulting from exposure to acrylonitrile 

through ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentrations should be zero, based 

on the nonthreshold assumption for this chemical. However, zero 

level may not be attainable at the present time. Therefore, the 

levels which may result in incremental increase of cancer risk 

over the lifetime are estimated at and lo-’. 

The corresponding recommended criteria are 0.58 ug/L, 0.058 

ug/L, and 0.006 ug/L, respectively. If these estimates are made 

for consumption of aquatic organisms only, excluding consumption 0 , 



of water, the levels are 6.5 ug/L, 0.65 ug/L, and 0.065 ug/L, 

respectively. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



AESTHETIC QUALITIES 

CRITERIA: 

a 

A l l  waters free from substances attributable 

to wastewater or other discharges that: 

settle to form objectionable deposits; 

float as debris, scum, oil, or other 

matter to form nuisances; 

produce objectionable color, odor, taste, 

or turbidity; 

injure or are toxic or produce adverse 

physiological responses in humans, 

animals or plants: and, 

produce undesirable or nuisance aquatic 

life. 

RATIONALE: 

Aesthetic qualities of water address the general principles 

laid down in common law. They embody the beauty and quality of 

water and their concepts may vary within the minds of individuals 

encountering the waterway. A rationale for these qualities 

cannot be developed with quantifying definitions; however, 

decisions concerning such quality factors can portray the best in 

the public interest. 

_., 



Aesthe t i c  q u a l i t i e s  provide t h e  general rules t o  protec t  

water against environmental insults:  they provide minimal freedom 

requirements from p o l l u t i o n ;  they are e s s e n t i a l  propert ies  to 

protect the Nation's waterways. 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



ALKALINITY 

CRITERION: 

2 0  mg/L or more as CaC03 freshwater aquatic life except where 

natural concentrations are less. 

INTRODUCTION: 

Alkalinity is the sum total of components in the water that 

tend to elevate the pH of the water above a value of about 4.5. 

It is measured by titration with standardized acid to a pH value 

of about 4.5 and it is expressed commonly as milligrams per liter 

of calcium carbonate. Alkalinity, therefore, is a measure of the 

buffering capacity of the water, and since pH has a direct effect 

on organisms as well as an indirect effect on the toxicity of 

certain other pollutants in the water, the buffering capacity is 

important to water quality. Examples of commonly occurring 

materials in natural waters that increase the alkalinity are 

carbonates, bicarbonates, phosphates and hydroxides. 

RATIONALE : 

The alkalinity of water used for municipal water supplies is 

important because it affects the amounts of chemicals that need 

to be added to accomplish calculation, softening and control of 

corrosion in distribution systems. The alkalinity of water 

assists in the neutralization of excess acid produced during the 

addition of such materials as aluminum sulfate during chemical 

coagulation. Waters having sufficient alkalinity do not have to 

be supplemented with artificially added materials to increase the 

i alkalinity. Alkalinity resulting from naturally occurring 



a m a t e r i a l s  such a s  carbonate and bicarbonate is not  considered a 

h e a l t h  hazard i n  drinking water suppl ies ,  per  se, and n a t u r a l l y  

occurring maximum l e v e l s  up t o  approximately 400 mg/L as  calcium 

c a r b o n a t e  a re  n o t  cons idered  a problem t o  human h e a l t h  (NAS, 

1974). 

A l k a l i n i t y  i s  impor tan t  f o r  f i s h  and o t h e r  a q u a t i c  l i f e  i n  

freshwater systems because it b u f f e r s  pH changes t h a t  occur  

- n a t u r a l l y  a s  a r e s u l t  o f  p h o t o s y n t h e t i c  a c t i v i t y  of t h e  

chlorophyl l- bear ing vegetation. Components of a l k a l i n i t y  such as 

carbonate and biocarbonate w i l l  complex some t o x i c  heavy metals  

and r educe  the i r  t o x i c i t y  markedly. For  these reasons ,  t h e  

National Technical Advisory Committee (NATC, 1968) recommended a 

minimum a l k a l i n i t y  of 20 mg/L 'and t h e  subsequent  NAS Report  

(1974) recommended t h a t  na tu ra l  a l k a l i n i t y  not  be reduced by more 

than 25  percent  but  d id  not  p l a c e  an abso lu te  min imal  va lue  f o r  

it. T h e  u s e  of t h e  2 5  p r e s e n t  r e d u c t i o n  a v o i d s  t h e  problem of 

e s t a b l i s h i n g  standards on waters where n a t u r a l  a l k a l i n i t y  is a t  

o r  below 2 0  mg/L. For such  waters ,  a l k a l i n i t y  shou ld  n o t  be 

f u r t h e r  reduced. 

The NAS Report recommends t h a t  adequate amounts of a l k a l i n i t y  

be maintained t o  buf fe r  the pH within  t o l e r a b l e  l i m i t s  f o r  marine 

waters. It has  been no ted  a s  a c o r r e l a t i o n  t h a t  p r o d u c t i v e  

waterfowl  h a b i t a t s  are  above 2 5  mg/L w i t h  h i g h e r  a l k a l i n i t i e s  

r e s u l t i n g  i n  better waterfowl h a b i t a t s  (NATC, 1968). 



Excessive alkalinity can cause problems for swimmers by 

altering the pH of the lacrimal fluid around the eye, causing 

irritation. 

0 

For industrial water supplies, high alkalinity can be 

damaging to industries involved in food production, especially 

those in which acidity accounts for flavor and stability, such as 

the carbonated beverages. In other instances, alkalinity is 

desirable because water with a high alkalinity is much less 

corrosive. 

A brief summary of maximum alkalinities accepted as a source 

of raw water by industry is included in Table 1. The 

concentrations listed in the table are for water prior to 

treatment and thus are only desirable ranges and not critical 

ranges for industrial use. 
0 

The effect of alkalinity in water used for irrigation may be 

important in some instances because it may indirectly increase 

the relative proportion of sodium in s o i l  water. As an example, 

when bicarbonate concentrations are high, calcium and magnesium 

ions that are in solution precipitate as carbonates in the soil 

water gs the water becomes more concentrated through evaporation 

and transpiration. A s  the calcium and magnesium ions decrease in 

concentration, the percentage of sodium increases and results in 

soil and plant damage. Alkalinity may also lead to chlorosis in 

plants because it causes the iron to precipitate as a hydroxide 

(NAS, 1974). Hydroxyl ions react with available iron in the soil 



TABLE I* 

Maximum Alkalinity In Waters Used As A Source 
Of Supply Prior To Treatment 

Industry 
Alkalinity 

mg/L as CaC03 - 

Steam generation boiler makeup....... ..... 350 

Steam generation cooling .................. 500 

Textile mill products ..................... 50-200 

Paper and allied products ................. 75-150 

Chemical and Allied Products.............. 500 

Petroleum refining ........................ ' 500 

Primary metals industries................. 200 

Food canning industries......... .......... 300 
1 

Bottled and canned soft drinks............ 

* NAS, 1974 



water and make the iron unavailable to .plants. Such deficiencies 

induce chlorosis and further plant damage. Usually alkalinity 

must exceed 6 mg/L before such effects are noticed, however. 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



*ALDRIN-DIELDRIN 

Aquatic Life 
Dieldrin 

For dieldrin the criterion to protect freshwater aquatic life 

as derived using the Guidelines is 0.0019 ug/L as a 24-hour 

average, and the concentration should not exceed 1.0 ug/L at any 

time. 

For dieldrin the criterion to protect saltwater aquatic life 

as derived using the Guidelines is 0.0019 ug/L as a 24-hour 

average, and the concentration should not exceed 0.71 ug/L at any 

time - 
Aldrin 

For freshwater aquatic life the concentration of aldrin 

should not exceed 4.0 ug/L at any time. No data are available 

concerning the chronic toxicity of aldrin to sensitive 

freshwater aquatic life. 

For saltwater aquatic life the concentration of aldrin should 

not exceed 1.3 ug/L at any time. No data are available 

concerning the chronic toxicity of aldrin to sensitive saltwater 

aquatic life. 

Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to aldrin through ingestion of 

contaminated water and contaminated aquatic organisms, the 

I *Indicates suspended, canceled or restricted by U.S. EPA Office 

of Pesticides and Toxic Substances 

. 



a ambient water concentration should be zero, based on the 

nonthreshold assumption for this chemical. However, zero 

level may not be attainable at the present time. Therefore, 

the levels which may result in incremental increase of cancer 

risk over the lifetime are estimated at and 

The corresponding recommended criteria are 0.74 ng/L, 0.074 ng/L, 

and 0.0074 ng/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consumption 

of water, the levels are 0.79 ng/L, 0.079 ng/L, and 0.0079 

ng/L, respectively. 

FOP the maximum protection of human health from the potential 

carcinogenic effects of exposure to dieldrin through ingestion of 

contaminated water and Contaminated aquatic organisms, the 

ambient water concentration should be zero, based on the 

nonthreshold assumption for this chemical. However, zero level 

may not be attainable at the present time. Therefore, the levels 

which may result in incremental increase of cancer risk over the 

,lifetime are estimated at and The 

corresponding recommended criteria are 0.71 ng/L, 0.071 ng/L, and 

0.0071 ng/L, respectively. If these above estimates are made for 

consumption of aquatic organisms only, excluding consumption of 

water, the levels are 0.76 ng/L, 0.076 ng/L, and 0.0076 ng/L, 

respectively. 

0 

(45 F . R .  79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



AMMONIA 

SUMMARY : 

All concentrations used herein are expressed as un-ionized 

ammonia (NH3), because NH3, not the ammonium ion (NH4+) has been 

demonstrated to be the principal toxic form of ammonia. The 

data used in deriving criteria are predominantly from flow 

through tests in which ammonia concentrations were measured. 

Ammonia was reported to be acutely toxic to freshwater organisms 

at concentrations (uncorrected €or pH) ranging from 0.53 to 22.8 

mg/L NH3 for 19 invertebrate species representing 14 families and 

16 genera and from 0.083 to 4.60 mg/L NH3 €or 29 fish species 

from 9 families and 18 genera. Among fish species, reported 96- 

hour LC50 ranged from 0.083 to 1.09 mg/L for salmonids and from 

0.14 to 4.60 mg/L NH3 for nonsalmonids. Reported data from 

chronic tests on ammonia with t w o  freshwater invertebrate 

species, both daphnids, showed effects at concentrations 

(uncorrected for pH) ranging from 0.304 to 1.2 mg/L NH3, and 

with nine freshwater fish species, from five families and seven 

genera, ranging from 0.0017 to 0.612 mg/L NH3. 

I 

Concentrations of ammonia acutely toxic to fishes may cause 

loss of equilibrium, hyperexcitability, increased breathing, 

cardiac output and oxygen uptake, and, in extreme cases, 

convulsions, coma, and death. At lower concentrations ammonia 

has many effects on fishes, including a reduction in hatching 

success, reduction in growth rate and morphological development, 

and pathologic changes in tissues of gills, livers, and kidneys. 



Several factors have been shown to modify acute NH3 toxicity 

in fresh water. Some factors alter the concentration of un- 

ionized ammonia in the water by affecting the aqueous ammonia 

equilibrium, and some factors affect the toxicity of un-ionized 

ammonia itself, either ameliorating or exacerbating the effects 

of ammonia. Factors that have been shown to affect ammonia 

toxicity include dissolved oxygen concentration, temperature, 

pH, previous acclimation to ammonia, fluctuating or intermittent 

exposures, carbon dioxide concentration, salinity, and the 

presence of other toxicants. 

The most well-studied of these is pH: the acute toxicity of 

NH3 has been shown to increase as pH decreases. Sufficient data 

exist from toxicity tests conducted at different pH values to 

formulate a mathematical expression to describe pH-dependent 

acute NH3 toxicity. The very limited amount o f  data regarding 

effects of pH on chronic NH3 toxicity also indicates increasing 

NH3 toxicity with decreasing pH, but the data are insufficient 

to derive a broadly applicable toxicity/pH relationship. Data on 

temperature effects on acute NH3 toxicity are limited and 

somewhat variable, but indications are that NH3 toxicity to fish 

is greater as temperature decreases. There is no information 

available regarding temperature effects on chronic NH3 toxicity. 

Examination of pH and temperature-corrected acute NH3 

toxicity values among species and genera of freshwater organisms 

showed that invertebrates are generally more tolerant than 

fishes, a notable exception being the fingernail clam. There is 

no clear trend among groups of fish; the several most sensitive 

a 



tested s p e c i e s  and genera i n c l u d e  r e p r e s e n t a t i v e s  from diverse 

f a m i l i e s  (Salmonidae, Cyprinidae, Percidae, and Centrarchidae).  

A v a i l a b l e  c h r o n i c  t o x i c i t y  da t a  f o r  f r e s h w a t e r  o rgan i sms  a l s o  

i n d i c a t e  i n v e r t e b r a t e s  ( c l a d o c e r a n s ,  one  i n s e c t  s p e c i e s )  t o  be  

more t o l e r a n t  t h a n  f i s h e s ,  a g a i n  w i t h  t h e  e x c e p t i o n  o f  t h e  

f i n g e r n a i l  clam. When c o r r e c t e d  f o r  t h e  presumed e f fec t s  of 

t e m p e r a t u r e  andpH, t he re  is  a l s o  no c l ea r  t r e n d  among g roups  o f  

f i s h  f o r  c h r o n i c  t o x i c i t y  v a l u e s ,  t h e  most s e n s i t i v e  s p e c i e s  

i n c l u d i n g  r e p r e s e n t a t i v e s  from f i v e  f a m i l i e s  (Salmonidae,  

C y p r i n i d a e ,  I c t a l u r i d a e ,  C e n t r a r c h i d a e ,  and Catos tomidae)  and 

h a v i n g  c h r o n i c  v a l u e s  r a n g i n g  by n o t  much more t h a n  a f a c t o r  o r  

two. The r a n g e  of a c u t e - c h r o n i c  r a t i o s  f o r  1 0  s p e c i e s  from 6 

0 

f a m i l i e s  was 3 t o  43, and a c u t e - k h r o n i c  r a t i o s  were h i g h e r  f o r  

t h e  s p e c i e s  h a v i n g  c h r o n i c  t o l e r a n c e  b e l o w  t h e  med ian .  

A v a i l a b l e  d a t a  i n d i c a t e  t h a t  d i f f e r e n c e s  i n  s e n s i t i v i t i e s  between 

w a r m  and coldwater f a m i l i e s  of a q u a t i c  organisms are inadequate 

t o  w a r r a n t  d i s c r i m i n a t i o n  i n  t h e  n a t i o n a l  ammonia c r i t e r i o n  

between b o d i e s  o f  w a t e r  w i t h  I 'warm1'  and ' l co ldwate r l l  f i shes ;  

r a t h e r ,  effects o f  organism s e n s i t i v i t i e s  on t h e  c r i t e r i o n  a re  

most a p p r o p r i a t e l y  handled by s i t e - s p e c i f i c  cr i ter ia  d e r i v a t i o n  

procedures .  

Da ta  f o r  c o n c e n t r a t i o n s  o f  N H 3  t o x i c  t o  f r e s h w a t e r  

p h y t o p l a n k t o n  and v a s c u l a r  p l a n t s ,  a l t h o u g h  l i m i t e d ,  i n d i c a t e  

t h a t  f reshwater  p l a n t  s p e c i e s  a r e  a p p r e c i a b l y  more t o l e r a n t  t o  

NH3 t h a n  a re  i n v e r t e b r a t e s  o r  f i s h e s .  T h e  ammonia c r i t e r i o n  

appropr ia t e  f o r  t he  p r o t e c t i o n  of a q u a t i c  an imals  w i l l  therefore 

i n  a l l  l i k e l i h o o d  be s u f f i c i e n t l y  p r o t e c t i v e  of p l a n t  l i fe .  
0 ,, 



Available acute and chronic data for ammonia with saltwater 

organisms are very limited, and insufficient to derive a 

saltwater criterion. A few saltwater invertebrate species have 

been tested, and the prawn Macrobrachiurn rosenberqil was the 

most sensitive. The few saltwater fishes tested suggest greater 

sensitivity than freshwater fishes. Acute toxicity of NH3 

appears to be greater at low pH values, similar to findings in 

freshwater. Data for saltwater plant species are limited to 

diatoms, which appear to be more sensitive than the saltwater 

invertebrates for which data are available. 

More quantitative information needs to be published on the 

toxicity of ammonia to aquatic life. Several key research needs 

must be addressed to provide a more complete assessment of 

ammonia toxicity. These are: (1) acute tests with additional 

saltwater fish species and saltwater invertebrate species: (2) 

life-cycle and early life-stage tests with representative 

freshwater and saltwater organisms from different families, with 

particular attention to trends of acute-chronic ratios; (3) 

fluctuating and intermittent exposure tests with a variety of 

species and exposure patterns: ( 4 )  more complete tests of the 

individual and combined effects of pH and temperature, especially 

for chronic toxicity: (5) more histopathological and 

histochemical research with fishes, which would provide a rapid 

means of identifying and quantifying sublethal ammonia effects; 

and (6) studies on effects of dissolved and suspended solids on 

acute and chronic toxicity. 



NATIONAL CRITERIA: 

The p r o c e d u r e s  d e s c r i b e d  i n  t h e  G u i d e l i n e s  f o r  D e r i v i n g  

Numerical  N a t i o n a l  Water Q u a l i t y  C r i t e r i a  f o r  t h e  P r o t e c t i o n  of  

Aquatic Organisms and T h e i r  U s e s  i n d i c a t e  t h a t ,  excep t  p o s s i b l y  

where a l o c a l l y  impor tan t  species is v e r y  s e n s i t i v e ,  f r e s h w a t e r  

a q u a t i c  o r g a n i s m s  and  t h e i r  u s e s  s h o u l d  n o t  be a f f e c t e d  

unaccep tab ly  i f :  

(1) t h e  1-hour* average concent ra t ion  of  un- ionized ammonia 

( i n  mg/L NH3) does n o t  exceed, more o f t en  t h a n  once every 3 years  

on t h e  average, t h e  numerical value given by 0.52/FT/FPH/2, 

where: 

FT = 10-0.03(20-TCAP); TCAP - < T - < 30 

10-0.03(20-T) ; 0 - < T - < TCAP 

FPH = 1 : a < p ~ < g  

1+10-7.4-PH 
1.25 ; 6.5 

TCAP = 2 0  C: S a l m o n i d s  o r  o t h e r  
c o l d w a t e r  s p e c i e s  p r e s e n t  

= 25 C; Salmonids  and o t h e r  
c o l d w a t e r  species absent  

< p H < 8  

s e n s i t i v e  

s e n s i t i v e  

( * A n  averaging  p e r i o d  of 1 h o u r  may n o t  b e  app rop r i a t e  i f  

e x c u r s i o n s  of c o n c e n t r a t i o n s  t o  g rea te r  t h a n  1.5 t i m e s  t h e  

average occur  dur ing  t h e  hour ;  i n  such  cases, a s h o r t e r  a v e r a g i n g  

p e r i o d  may be needed.) 

(2 )  t h e  4- day average c o n c e n t r a t i o n  of u n- i o n i z e d  ammonia 

( i n  mg/L NH3) does  n o t  exceed,  more 

o n  t h e  a v e r a g e ,  t h e  ave rage*  

0.80/FT/FPH/RATIO, where FT and FPH , 

o f t e n  t h a n  once every  3 years 

n u m e r i c a l  v a l u e  g i v e n  b y  

are a s  above  and: 



RATIO = 16 ; 7.7 - < pH - <9 

= 24 10-7.7-ph 
1+10-7.4ph ;6.5< - ph - < 7.7 

TCAP = 15 C; Salmonids or other sensitive 
coldwater species present 

coldwater species absent 
= 20 C: Salmonids and other sensitive 

(*Because these formulas are nonlinear in pH and temperature, the 

criterion should be the average of separate evaluations of the 

formulas reflective of the fluctuations of flow, pH, and 

temperature within the averaging period; it is not appropriate in 

general to simply apply the formula to average pH, temperature, 

and flow.) 

The extremes for temperature (0, 30) and pH ( 6 . 5 ,  9) given in 

the above formulas are absolute. It is not permissible with 

current data to conduct any extrapolations beyond these limits. 

In particular, there is reason to believe that appropriate 

criteria at pH > 9 will be lower than the plateau between pH 8 

and 9 given above. 

Criteria concentrations for the pH range 6.5 to 9.0 and the 

temperature range 0 C to 30 C are provided in the following 

tables. Total ammonia concentrations equivalent to each un- 

ionized ammonia concentration are also provided in these tables. 

There are limited data on the effect of temperature on chronic 

toxicity. EPA will be conducting additional research on the 

effects of temperature on ammonia toxicity in order to fill 

perceived data gaps. Because of this uncertainty, additional 

site-specific information should be developed before these 



criteria are used in wasteload allocation modeling. For example, 

the chronic criteria tabulated for sites lacking salmonids are 

less certain at temperatures much below 20 C than those tabulated 

at temperatures near 20 C. Where the treatment levels needed to 

meet these criteria below 20 C may be substantial, use of site- 

specific criteria is strongly suggested. Development of such 

criteria should be based upon site-specific toxicity tests. 

Data available for saltwater species are insufficient to 

derive a criterion for saltwater. 

The recommended exceedence frequency of 3 years is the 

Agency's best scientific judgment of the average amount of time 

it will take an unstressed system to recover from a pollution 

event in which exposure to ammonia exceeds the criterion. A 

stressed system, for example, one in which several outfalls occur 

in a limited area, would be expected to require more time for 
e 

recovery. The resilience of ecosystems and their ability to 

recover differ greatly, however, and site-specific criteria may 

be established if adequate justification is provided. 

The use of criteria in designing waste treatment facilities 

requires the selection of an appropriate wasteload allocation 

model. Dynamic models are preferred for the application of these 

criteria. Limited data or other factors may make their use 

impractical, in which case one should rely on a steady-state 

model. The Agency recommends the interim use of 145 or lQlO for 

Criterion Maximum Concentration design flow and 745 or 7410 for 

the Criterion Continuous Concentration design flow in steady- 

state models for unstressed and stressed systems respectively. 1 



( I )  O n c h o w  avuagm ancmntratlonr for mmonla.* 
,r\ 

PH o c  5 c  10 c [IS c M C  25 c M C  

A. Salmmldr or omr  Smnrltlvm Coldwatr Speclos Present 

Un-1onIz.d A m n i a  (mqllltor NH,) 

6.54 0.0091 0.0129 0.0182 0.026 O.OS6 0 . O Y  0.036 
6.75 0.0149 0.02 I 0.030 0.042 0.059 0.059 O.OS9 
7 .oo 0.025 0.033 0 .Mb 0.066 0.09) 0.093 0.093 

0.054 0.048 0.068 0.095 0.135 0.135 0.135 
7 3 0  0.045 0 .w 0.091 0.128 0.181 0.181 0.181 
7 3 5  

n93 0.056 0.080 0.113 0.159 0.22 0.22 0.22 
8.00 0.065 0 092 0.130 0.184 0.26 0.26 0 3 6  

0.065 0.092 0.130 0.184 0.26 0.26 0.26 
0.065 0.092 0.130 0.184 0 -26 0 3 6  0.26 

8 3 5  
8.54 
8.15 0.065 0.092 0.130 0.184 0.26 0.26 0.26 
9 .oo 0.065 0.092 0.130 0.184 0 2 6  0 3 6  0 2 6  

Total Amonla (mg / I l tu  NH3) 

35 
32 
28 
25 
17.4 
12.2 
8.0 
4 .I 
2.6 
I .47 
0 .a 

33 _- 
w) 
26 
22 
1 6 3  
11.4 
7 -5 
4 3  
2.4 
1 .w 
0.83 

31 
28 
25 
20 
15.5 
10.9 
7.1 
4.1 
2 .3  
1.37 
0 A3 

30 n -. 
24 
19.7 
14.9 
1 0 3  
6 9 
4 ;o 
2.3 
I .s 
0 .86 

29 
27 -. 
23 
19 .2 
14.6 
10.3 
6 -0 . _. 
3.9 
2.3 
1.42 
0.91 

20 14.31 
18.6 13 3 
16.4 11.6 
13.4 9.5 
10.1 7.3 

4 .8  3 .5 
2 .8 2.1 
1.71 I .28 
I -07 0.83 
0.72 0 3 8  

7.2md 5.2 

8. Sallnonlds and O t h U  S.nrltlv* Coldratw Speclor Absmt 

UWl0nlz.d AnnuxlIa ( m g / I l t r  NH,) 

0.0091 0.0129 0.0182 0.026 0 .036 0.051 o.os1 
0.0149 0.02 1 0.030 0.042 O.OS9 0.084 0.084 
0.023 0.033 0.046 0.066 0.093 0.131 0.131 
0.034 0.048 0.068 0.095 0.135 0.190 0.190 
0.045 0.064 0.091 0.128 0.181 0.26 0.26 
0.056 0.000 0.1 13 0.159 0.22 0.32 0.32 
0.065 0.092 0.130 0.184 0.26 0 5 7  0 5 7  
0.065 0.092 0.1SO 0.184 0.26 0.37 0.37 

6 -54 
6.75 
7 .oo 
7 2 5  
7.50 - 
7.75 
8.00 
8.25 
830 
8.75 
9 .00 

_-. 
0 ;065 0 ;092 Oil30 Oil84 0.26 0 ;37 0;37 
0.065 0.092 0.130 0.184 0.26 0.37 0.37 
0.06s 0 492 0.130 0.184 0 3 6  0.37 0.37 

Total A m n i a  (mg/llter NWg) 

35 
32 
28 
2 3  
17.4 
12.2 
8 .o 
4.s 
2.6 
1.47 
0.86 

33 
30 
26 
22 
16.3 
11.4 
7.5 
4.2 
2 -4 
I .40 
0.83 

31 
28 
25 
20 
15.5 
10.9 
7.1 
4.1 
2.3 
1.31 
0.83 

30 
27 
24 
19.7 
14.9 
10.5 
6.9 
4.0 
2.3 
1 .JB 
0.86 

29 
27 
23 
19.2 
14.6 
1 0 5  
6.8 
3.9 
2.3 
1.42 
0.91 

29 
26 
23 
19.0 
!4 .s 
10.2 
6.8 
4 .O 
2.4 
1.52 
1.01 

20 
18.6 
16.4 
13.5- 

4. 
2.9 
1 .el 
1.18 
0.82 



(2) 4-day average cmcentratlons for annonIa.* 

PH o c  5 c  10 c 15 C 20 c is c M C  

A. S a l m l d s  or Other Sensltlve ColdMater SDecles Present 

Un-Ionized Amonla ( r n g / l l t r  NH3) 

x 

6 3 0  0.0007 
6.75 0.0012 
7 .00 0.0021 
7.25 0.0037 
7 .so 0.0066 
7.75 0.0109 
8 .oo 0.0126 
8.25 0.0126 
830 0.0126 
8.75 0.0126 
9 -00 0.0126 

0.0009 
0.0017 
0.0029 
0.0052 
0.0093 
0.01 53 

0.0177 
0.0177 
0.0177 
0.0171 

0.0177 

0.0013 
0.0023 
0.0042 
0.0074 
0.0132 
0.022 
0.025 
0.025 
0.025 
0.025 
0.025 

0.0019 
0.0033 
0.0059 
0.0105 
0.0186 
0.03 1 
0.035 
0.035 
0.035 
0.035 
0.035 

0.0019 
0.0033 
0.0059 
0.0105 
0.01% 
0.031 
0.035 
0.035 
0.035 
0.035 
0 .Of5 

0.0019 0.0019 
0.0033 0.0033 
O.CO59 0.0059 
0.0105 0.0105 
0.0186 0.0186 
0.031 0.031 
0.035 0.035 
0.035 0.035 
0.035 0.035 
0.03s 0.035 
0.035 0.035 

6 3 0  2 3  2.4 2.2 2 3  1.49 1 .04 0.73 
6.73 2.5 2.4 2 .2 2.2 1.49 I .04 0.73 
7.00 2.5 2.4 2 3  2 3  1-49 1 .w 0.74 
7.25 2.5 2.4 2.2 2.2 1 .M 1 .04 0.74 
7.50 2.5 2.4 2 2  2 3  1 .M 1.05' 0.74 
7.75 2.3 2.2 2.1 2.0 1.40 0.99 0.71 

0.47 8 .a0 1.53 1.44 1.37 1.33 0.93 
8.25 0.87 0.82 0.78 0.76 0.54 
8.50 0.49 0.47 0.45 0.44 0 2 2  0 23 0.17 
8 .75 0.28 0.27 0.26 0.27 0.19 OS15 0.11 
9 .W 0.16 0.16 0.16 0.16 0.13 0.10 0.08 

00:s 0.28 

8.  Salmonlds'and Other Sensltlve Coldwater Species Absent? 

U n - l o n i r e d ' A ~ l a  ( m g / l l t r  NH3) 

6.50 0.0007 0.0009 0.0013 0.0019 0.0026 0.0026 0.0026 
6.75 0.0012 0.0017 0.0023 0.0033 O.oQ47 0.0047 0-0047 
7 .00 0.0021 0.0029 0.0042 0.0059 0.0083 0.0083 0.0083 
7.25 0.0037 0.0052 0.0074 0.0105 0.0148 0.0148 0.0148 
7 3 0  0.0066 0.0093 0.0132 0.0186 0.026 0.026 0.026 
7.75 0.0109 0.01% 0.022 0.031 0.043 0.043 0.043 
8.00 0.0126 0.0177 0.025 0.035 0.050 0.050 0.050 
8.25 0.0126 0.0177 0.025 0.035 0.050 0.050 0.050 
8.50 0.0126 0.0177 0.025 0.035 0 .ow 0.0% 0.0% 
8.75 0.0126 0.0177 0.025 0.035 0.050 0.0% 0.oso 
9.W 0.0126 0.0177 0.025 0.035 0.0% 0.0% 0.0% 

6.50 
6.7s 
7 .00 
7 2 s  
7 3 0  
7.75 
8 .oo 
8.25 
8.50 
8.75 
9 .oo 

2.5 
2.5 
2.4 
2.5 
2 5 
2.3 
1.53 
0 3 7  
0.49 
0.28 
0.16 

2 .4 
2 -4 
2 -4 
2 -4 
2.4 
2 -2 
1 -44 
0.82 
0.47 
0 3 7  
0.16 

2 .2 
2 3 
2 3  
2.2 
2.2 
2.1 
1.37. 
0.78 
0 -45 
0.26 
0.16 

2 3  
2 3 
2 3  
2-2 
2 3  
2.0 
1.33 
0.76 
0.44 
0.27 
0.16 

2.1 
2.1 
2.1 
2. I 
2.1 
1.98 
1.31 
0.76 
0.45 
037 
0.17 

Bs d 
1.46 l , Z D  1.03 0 8c 
1.47 1.z: 1.04 D . @ g  
1.47 , tl 1 .04 0,BC 
1.48 l>2P 1.05 0 0(P 
1.491.22. I.WO,@? 
I.39 /,/U 1.00 0.82. 
0.93 0.7@ 0 6 1  Oa<s' 
0 3 4  0.40 
0 *33 0 3 5  
0.21 0.16 
0.14 0.1 I 

+ To convert ihw values to mg/llter N. multlply by 0.822. 

t Sltcspoc l t lc  er l ta la  dwelopmeni I s  shongly suggested a t  tqm*Yros above 20 C 
because of ihe l l m l t d  data aveilable to gwuate the c r l t r l a  rac-tlan, and 
a t  tanporatures b.lW 20 C boCauSe Of tha llnltsd data and brause WO aangn I n  
t h e  crltwla m q  have algnltlcant Impact on the  level of trmtunt r q u l r d  I n  
meeting t h e  recamended crltorie. 



The Agency acknowledges that the Criterion Continuous 

Concentration stream flow averaging period used for steady-state 

wasteload allocation modeling may be as long as 30 days in 

situations involving POTWs designed to remove ammonia where 

limited variability of effluent pollutant concentration and 

resultant concentrations in receiving waters can be demonstrated. 

In cases where l o w  variability can be demonstrated, longer 

averaging periods for the ammonia Criterion Continuous 

Concentration (e.g., 30-day averaging periods) would be 

acceptable because the magnitude and duration of exceedences 

above the Criterion Continuous Concentration would be 

sufficiently limited. These matters are discussed in more detail 

in the Technical Support Document for Water Quality-Based Toxics 

Control (U.S. EPA, 1985a). 

(50 F.R. 30784, July 29, 1985) 
SEE APPENDIX A FOR METHODOLOGY 



ANTIMONY 

CRITERIA: 

Aquatic Life 

The available data for antimony indicate that acute and 

chronic toxicity to freshwater aquatic life occur at 

concentrations as low as 9,000 and 1,600 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. Toxicity to algae occurs at 

concentrations as low as 610 ug/L. 

No saltwater organisms have been adequately tested with 

antimony, and no statement can be made concerning acute or 

chronic toxicity. 

Human Health 

For the protection of human health from the toxic properties 

of antimony ingested through water and contaminated aquatic 

organisms, the ambient water criterion is determined to be 146 

UWL. 

For the protection of human health from the toxic 

properties of antimony ingested through contaminated aquatic 

organisms alone, the ambient water criterion is determined to be 

45 mg/L. 

(45 F . R .  79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 

J 



ARSENIC 

AQUATIC LIFE SUMMARY: 0 
The chemistry of arsenic in water is complex and the form 

present in solution is dependent on such environmental conditions 

as Eh, pH, organic content, suspended solids, and sediment. The 

relative toxicities of the various forms of apsenic apparently 

vary from species to species. For inorganic arsenic(II1) acute 

values for 16 freshwater animal species ranged from 812 ug/L for 

a cladoceran to 97,000 ug/L for a midge, but the three acute- 

chronic ratios only ranged from 4.660 to 4.862. The five acute 

values for inorganic arsenic(V) covered about the same range, but 

the single acute-chronic ratio was 28.71. The six acute values 

for MSMA ranged from 3,243 to 1',403,000 ug/L. The freshwater 

residue data indicated that arsenic is not bioconcentrated to a 

high degree but that lower forms of aquatic life may accumulate 

higher arsenic residues than fish. The low bioconcentration 

factor and short half-life of arsenic in fish tissue suggest that 

residues should not be a problem to predators of aquatic life. 

a 

The available data indicate that freshwater plants differ a 

great deal as to their sensitivity to arsenic(II1) and 

arsenic(V). In comparable tests, the alga, -----___--- Selenastrum 

capricornutum, was 45 times more sensitive to arsenic(V) than to 

arsenic(III), although other data present conflicting 

information on the sensitivity of this alga to arsenic(V). Many 

plant values for inorganic arsenic(II1) were in the same range as 

the available chronic values for freshwater animals; several 0 - 



plant values for arsenic(V) were lower than the one available 

chronic value. 

The other toxicological data revealed a wide range of 

toxicity based on tests with a variety of freshwater species and 

endpoints. Tests with early life stages appeared to be the most 

sensitive indicator of arsenic toxicity. Values obtained from 

this type of test with inorganic arsenic(II1) were lower than 

chronic values contained in Table 2. For example, an effect 

concentration of 40 ug/L was obtained in a test on inorganic 

arsenic(II1) with embryos and larvae of a toad. 

Twelve species of saltwater animals have acute values for 

inorganic arsenic(II1) from 232 to 16,030 ug/L and the single 

acute-chronic ratio is 1.945. The only values available for 

inorganic arsenic(V) are for two invertebrate and are between 

2,000 and 3,000 ug/L. Arsenic(II1) and arsenic(V) are equally 

toxic to various species of saltwater algae, but the 

sensitivities of the species range from 19 ug/L to more than 

1,000 ug/L. In a test with an oyster, a BCF of 350 was obtained 

for inorganic arsenic(II1). 

NATIONAL CRITERIA: 

The procedures described in the Guidelines for Deriving 

Numerical National Water Quality Criteria for the Protection of 

Aquatic Organisms and Their Uses indicate that, except possibly 

where a locally important species is very sensitive, freshwater 

aquatic organisms and their uses should not be affected 

unacceptably if the 4-day average concentration of arsenic(II1) 

does not exceed 190 ug/L more than once every 3 years on the 



average and if the 1-hour average concentration does not exceed 

360 ug/L more than once every 3 years on the average. 

The procedures described in the Guidelines indicate that, 

except possibly where a locally important species is very 

sensitive, saltwater aquatic organisms and their uses should not 

be affected unacceptably if the 4-day average concentration of 

arsenic(II1) does not exceed 36 ug/L more than once every 3 years 

on the average and if the 1-hour average concentration does not 

exceed 69 ug/L more than once every 3 years on the average. This 

criterion might be too high wherever Skeletonema cosrarum or 

Thalassiosira aestivalis --- are ecologically important. 

Not enough data are available to allow derivation of 

numerical national water quality criteria for freshwater aquatic 

life for inorganic arsenic(V) or any organic arsenic compound. 

Inorganic arsenic(V) is acutely toxic to freshwater aquatic 

animals at concentrations as low as 850 ug/L and an acute-chronic 

ratio of 2 8  was obtained with the fathead minnow. Arsenic(V) 

affected freshwater aquatic plants at concentrations as low as 48 

ug/L. Monosodium methanearsenace (MSMA) is acutely toxic to 

aquatic animals at concentrations as low as 1,900 ug/L, but no 

data are available concerning chronic toxicity to animals or 

toxicity to plants. 

Very few data are available concerning the toxicity of any 

form of arsenic other than inorganic arsenic(II1) to saltwater 

aquatic life. The available data do show that inorganic 

arsenic(v) is acutely toxic to saltwater animals at 

concentrations as low as 2,319 ug/L and affected some saltwater 



p l a n t s  a t  13 t o  56 ug/L. 

c h r o n i c  t o x i c i t y  of any 

a r sen ic ( I I1 )  t o  sa l twa te r  

N o  da ta  a r e  a v a i l a b l e  concerning t h e  

form of a r s e n i c  o t h e r  t h a n  i n o r g a n i c  

aqua t ic  l i f e .  

EPA b e l i e v e s  t h a t  a measurement such as tlacid-solublett  would 

p r o v i d e  a more s c i e n t i f i c a l l y  c o r r e c t  b a s i s  upon which t o  

e s t a b l i s h  c r i t e r i a  f o r  metals. T h e  c r i t e r i a  were deve loped  on 

t h i s  b a s i s .  However, a t  t h i s  t i m e ,  no EPA approved methods f o r  

such a measurement a r e  a v a i l a b l e  t o  implement t h e  c r i t e r i a  

th rough t h e  r e g u l a t o r y  programs of t h e  Agency and t h e  S t a t e s .  

The Agency is considering development and approval  of methods f o r  

a measurement such as acid- soluble.  U n t i l  a v a i l a b l e ,  however, 

EPA recommends applying the  cr i ter ia  using t h e  t o t a l  recoverable  

method. This has two impacts: (1) c e r t a i n  spec ies  of some metals  

cannot be analyzed d i r ec t l y  because t h e  t o t a l  recoverable  method 

does not  d i s t ingu i sh  between ind iv idua l  oxidation states, and (2)  

t hese  c r i t e r i a  may be o v e r l y  p r o t e c t i v e  when based on the  t o t a l  

recoverable  method. 

The recommended exceedence f requency of  3 y e a r s  i s  t h e  

Agency's b e s t  s c i e n t i f i c  judgment of t h e  average amount of t i m e  

it w i l l  t a k e  an  u n s t r e s s e d  system t o  r e c o v e r  from a p o l l u t i o n  

event  i n  which exposure t o  a r sen ic ( I I1 )  exceeds t h e  c r i t e r i o n .  a 

stressed system, f o r  example, one i n  which s e v e r a l  o u t f a l l s  occur 

i n  a l i m i t e d  a r e a ,  would be expec ted  t o  r e q u i r e  more t i m e  f o r  

recovery .  The r e s i l i e n c e  of ecosystems and t h e i r  a b i l i t y  t o  

recover d i f fe r  g rea t ly ,  however, and s i t e- s p e c i f i c  cr i ter ia  may 

be established i f  adequate j u s t i f i c a t i o n  is provided. 0 The use  of criteria i n  designing waste t reatment  facil i t ies , 

r e q u i r e s  t h e  s e l e c t i o n  of an  a p p r o p r i a t e  was te load  a 1  l o c a t i o n  



model. Dynamic models are preferred for the application of these 

criteria. Limited data or other factors may make their use 

impractical, in which case one should rely on a steady-state 

model, The Agency recommends the interim use of 145 or lQlO for 

Criterion Maximum Concentration design flow and 745 or 7Q10 for 

the Criterion Continuous Concentration design flow in steady- 

state models for unstressed and stressed systems respective1 y. 

These matters are discussed in more detail in the Technical 

Support Document fox Water Quality-Based Toxics Control (U.S .  

EPA, 1985). 

HUMAN HEALTH CRITERIA: 

For the maximum protection of human health from the potential 

carcinogenic effects due to expos,ure of arsenic through ingestion 

of contaminated water and contaminated aquatic organisms, the 

ambient water concentration should be zero based on the non- 

threshold assumption for this chemical. However, zero level may 

not be attainable at the present time. Therefore, the levels 

which may result in incremental increase of cancer risk over the 

lifetime are estimated at and The corresponding 

criteria are 2 2  ng/L, 2.2  ng/L, and .22  ng/L, respectively. If 

the above estimates are made for consumption of aquatic 

organisms only, excluding consumption of water, the levels are 

175 ng/L, 17.5 ng/L, and 1.75 ng/L, respectively. Other 

concentrations representing different risk levels may be 

e 

calculated by use of the Guidelines. The risk estimate range is 

presented for information purpoes and does not represent an 

,, Agency judgment on an 81acceptable8t risk level. 
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ASBESTOS 

CRITERIA: 

Aquatic Life 

No freshwater organisms have been tested with any asbestifom 

mineral and no statement can be made concerning acute or chronic 

toxicity 

No saltwater organisms have been tested with any asbestiform 

mineral and no statement can be made concerning acute or chronic 

toxicity. 

Human Health 

For the maximum protection of human health from the 

potential carcinogenic effects of exposure to asbestos through 

ingestion of water and contaminated aquatic organisms, the 

ambient water concentration should be zero. The estimated levels 

which would result in increased lifetime cancer risks of 

and are 300,000 fibers/L, 30,000 fibers/L, and 

3,000 fibers/L, respectively. Estimates for consumption of 

aquatic organisms only, excluding the consumption of water cannot 

be made. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR MmnoDomeY 



BACTERIA 

Freshwater Bathinq 

Based on a statistically sufficient number of samples 

(generally not less than 5 samples equally spaced over a 30-day 

period), the geometric mean of the indicated bacterial densities 

should not exceed one or the other of the following:(') 

E. coli 126 per 100 ml; or 

enterococci 33  per 100 ml; 

no sample should exceed a one sided confidence limit (C.L.) 

calculated using the following as guidance: 

designated bathing beach 75% C.L. 

moderate use for bathing 82% C.L. 

light use for bathing 90% C.L. 

infrequent use for bathing 95% C.L. 

based on a site-specific log standard deviation, or if site data 

are insufficient to establish a log standard deviation, then 

using 0.4 as the log standard deviation for both indicators. 

Marine Water Bathinq 

Based on a statistically sufficient number of samples 

(generally not less than 5 samples equally spaced over a 30-day 

period), the geometric mean of the enterococci densities should 

not exceed 35 per 100 ml; no sample should exceed a one sided 

confidence limit using the following as guidance: 

designated bathing beach 75% C.L. 

moderate use for bathing 82% C.L. 

light use for bathing 90% C.L. 

infrequent use for bathing 95% C.L. 



based on a site-specific log standard deviation, or if site data 

are insufficient to establish a log standard deviation, then 

using 0.7 as the log standard deviation. 

Note (1) - Only one indicator should be used. The Regulatory 

agency should select the appropriate indicator for its 

conditions. 

Shellfish Harvesting Waters 

The median fecal coliform bacterial concentration should not 

exceed 14 MPN per 100 ml with not more than 10 percent of samples 

exceeding 43 MPNperlOOml forthetakingof shellfish. 

RATIONALE 

Bathing Waters 

A recreational water quality criterion can be defined as a 

"quantifiable relationship between the density of an indicator in 

the water and the potential human health risks involved in the 

water's recreational use." From such a definition, a criterion 

can be adopted which establishes upper limits for densities of 

indicator bacteria in waters that are associated with acceptable 

health risks for swimmers. 

The Environmental Protection Agency, in 1972, initiated a 

series of studies at marine and fresh water bathing beaches which 

were designed to determine if swimming in sewage-contaminated 

marine and fresh water carries a health risk for bathers; and, if 

so, to what type of illness. Additionally, the Agency wanted to 

determine which bacterial indicator is best correlated to 

swimming-associated health effects and if the relationship is 

strong enough to provide a criterion. (l) 



The quantitative relationships between the rates of swimming- 

associated health effects and bacterial indicator densities were 

determined using regression analysis. Linear relationships were 

estimated from data grouped on the basis of summers or trials 

with similar indicator densities. The data for each summer were 

analyzed by pairing the geometric mean indicator density for a 

summer bathing season at each beach with the corresponding 

swimming-associated gastrointestinal illness rate for the same 

summer. The swimming-associated illness rate was determined by 

subtracting the gastrointestinal illness rate in nonswimmers from 

that for swimmers. Ihese two variables from multiple beach sites 

were used to calculate a regression coefficient, y-intercept and 

95% confidence intervals for the paired data. In the marine 

studies the total number of points for use in regression analysis 

was increased by collecting trial days with similar indicator 

densities from each study location and placing them into groups. 

The swimming-associated illness rate was determined as before, by 

suk&racting the nonswimmer illness rate of all the individuals 

included in the grouped trial days from the swimmer illness rate 

during these safe grouped trial days. The grouping by trial days 

with similar indicator densities approach was not possible with 

the freshwater data because the variation of bacterial indicator 

densities in freshwater samples was not larqe enouqh to allow 

such an adjustment to be made. For the saltwater studies the 

results of the regression analyses of illness rates against 

indicator density data was very similar using the "by summer" or 

Itby grouped trial days" approaches. 0 1 



T h e  methods used to enumerate t h e  b a c t e r i a l  i n d i c a t o r  

d e n s i t i e s  which showed t h e  best r e l a t i o n s h i p  to swimming- 

associa ted g a s t r o e n t e r i t i s  rates were s p e c i f i c a l l y  developed €or 

t h e  r ec rea t iona l  water q u a l i t y  studies.' 

These membrane f i l t e r  methods have s u c c e s s f u l l y  undergone 

p r e c i s i o n  and b i a s  t e s t i n g  by t h e  EPA Environmental  Moni tor ing 

and Support Laboratory. (2) 

Severa l  monitoring s i t u a t i o n s  to assess b a c t e r i a l  q u a l i t y  are 

encountered  by r e g u l a t o r y  agencies .  The s i t u a t i o n  needing t h e  

most r igorous  monitoring is the designated swimming beach. Such 

a r e a s  a re  f r e q u e n t l y  l i f e g u a r d  p r o t e c t e d ,  p r o v i d e  pa rk ing  and 

o ther  p u b l i c  access and a r e  heav i ly  used by the  public.  Publ ic  

b e a c h e s  o f  t h i s  t y p e  were u s e d  by EPA i n  d e v e l o p i n g  t h e  

r e l a t i o n s h i p  described i n  t h i s  document. 

Other  r e c r e a t i o n a l  a c t i v i t i e s  may i n v o l v e  b o d i e s  of water 

which are regula ted  by ind iv idua l  State water q u a l i t y  standards. 

These r ec rea t iona l  resources may be n a t u r a l  wading ponds used by 

c h i l d r e n  or waters where i n c i d e n t i a l  f u l l  body c o n t a c t  o c c u r s  

because of water sk i ing  o r  o ther  s imi lar  act ivi t ies .  

EPA's  eva lua t ion  of the bac te r io log ica l  da ta  indicated t h a t  

u s i n g  the  f e c a l  coliform ind ica to r  group a t  the  maximum geometric 

mean of 200per lOOm1,  recommended i n Q u a l i w C r i t e r i a  ___- f o r w a t e r  

would c a u s e  an  e s t i m a t e d  8 i l l n e s s  p e r  1 , 0 0 0  s w i m m e r s  a t  fresh 

water beaches  and 1 9  i l l n e s s  p e r  1 , 0 0 0  s w i m m e r s  a t  marine  

beaches. These r e l a t ionsh ips  are only approximate and are based 

on a p p l y i n g  r a t i o s  of  t h e  g e o m e t r i c  means o f  t h e  v a r i o u s  

i n d i c a t o r s  from t h e  EPA s t u d i e s  to t h e  200  p e r  1 0 0  m l  fecal  



coliform criterion. However, these are EPA's best estimates of 

the accepted illness rates for areas which apply the EPA fecal 

coliform criterion. 

The E. coli and enterococci criteria presented in Table 1 

were developed using these currently accepted illness rates. The 

equations developed by D~four(~) and Cabelli(*) were used to 

calculate the geometric mean indicator densities corresponding to 

the accepted gastrointestinal illness rates. These densities are 

for steady state dry weather conditions. The beach is in noncom- 

pliance with the criteria if the geometric mean of several 

bacterial density samples exceeds the value listed in Table 1. 

Noncompliance is also signaled by an unacceptably high value 

for any single bacterial sample. The maximum acceptable 

bacterial density for a single sample is set higher than that for 

the geometric mean, in order to avoid necessary beach closings 

based on single samples. In deciding whether a beach should be 

left open, it is the long term geometric mean bacterial density 

that is of interest. Because of day-to-day fluctuations around 

this mean, a decision based on a single sample (or even several 

samples) may be erroneous, i.e., the sample may exceed the 

recommended mean criteria even though the long-term geometric 

mean is protective, or may fall below the maximum even if this 

mean is in the nonprotective range. 

To set the single sample maximum, it is necessary to specify 

the desired chance that the beach will be left open when the 

protection is adequate. This chance, or confidence level, was 

based on Agency judgment. For the simple decision rule 

considered here, a smaller confidence level corresponds to a more 
/ 



stringent (i.e. lower) single sample maximum. Conversely, a 

greater confidence level corresponds to less stringent (i.e. 

higher) maximum values. This technique reduces the chances of 

single samples inappropriately indicating violations of the 

recommended criteria. 

By using a control chart analogy (5) and the actual log 

standard deviations from the EPA studies, single sample maximum 

densities for various confidence levels were calculated. EPA 

then assigned qualitative use intensities to those confidence 

levels. A low confidence level (75%) was assigned to designated 

beach areas because a high degree of caution should be used to 

evaluate water quality for heavily used areas. Less intensively 

used areas would allow less restrictive single sample limits. 

Thus, 95% confidence might be appropriate for swimmable water in 

remote areas. Table 1 summarizes the results of these 

calculations. These single sample maximum levels should be 

recalculated for individual areas if significant differences in 

log standard deviations occur. 

The levels displayed in Table 1 depend not only on the 

assumed standard deviation of log densities, but also on the 

chosen level of acceptable risk. While this level was based on 

the historically accepted risk, it is still arbitrary insofar as 

the historical risk was itself arbitrary. 

Currently EPA is not recommending a change in the stringency 

of its bacterial criteria for recreational waters. Such a change 

does not appear warranted until more information based on greater 

experience with the new indicators can be accrued. EPA and the 



S t a t e  Agencies can then eva lua te  t h e  impacts of change i n  terms 

of beach c losures  and other  restricted uses. 

S h e l l f i s h  Harvesting Waters 

The microbiological  c r i t e r i o n  f o r  she l l f i sh  water q u a l i t y  has 

been accepted by in t e rna t iona l  agreement t o  be 70 t o t a l  coliforms 

p e r  100 m l ,  u s i n g  a median MPN,  w i th  no more than  1 0  p e r c e n t  of 

t h e  values exceeding 230 t o t a l  coliforms. No evidence of d i sease  

ou tb reak  from consumption of  raw s h e l l f i s h  which were grown i n  

w a t e r s  m e e t i n g  t h i s  b a c t e r i o l o g i c a l  c r i t e r i o n  has  b e e n  

demonstrated. This standard has proven t o  be a p r a c t i c a l  l i m i t  

when suppor ted  by s a n i t a r y  s u r v e y s  of t h e  growing wa te r s ,  

acceptable q u a l i t y  i n  she1 l f i s h  meats, and good epidemiological 

evidence. However, evidence from f i e ld  inves t iga t ions  suggests  

t h a t  n o t  a l l  t o t a l  c o l i f o r m  occur rences  can be a s s o c i a t e d  w i t h  

f e c a l  p o l l u t i o n .  Thus, a t t e n t i o n  h a s  been d i r e c t e d  toward t h e  

adop t ion  of t h e  f e c a l  c o l i f o r m  t e s t  t o  measure more a c c u r a t e l y  

t h e  occur rence  and magnitude of  fecal  p o l l u t i o n  i n  s h e l l f i s h -  

growing waters. 

A series of s tud ie s  was i n i t i a t e d  by the National S h e l l f i s h  

S a n i t a t i o n  Program and d a t a  r e l a t i n g  t h e  occurrence of t o t a l  

coliforms t o  numbers of fecal coliforms were compiled. The data 

s h o w t h a t a  7 0  c o l i f o r m  M P N p e r l O O m l a t t h e  5 O t h p e r c e n t i l e w a s  

e q u i v a l e n t  t o  a feca l  c o l i f o r m  M P N  of 14 p e r  1 J O  m l .  The da ta ,  

t h e r e f o r e ,  i n d i c a t e  t h a t  a median v a l u e  f o r  a f e c a l  c o l i f o r m  

s t anda rd  is 15 and t h e  9 O t h p e r c e n t i l e  s h o u l d n o t  exceed 43 f o r  a 0 5-tubeI 3- di lut ion method. 

EPA i s  c u r r e n t l y  (1986)  co- sponsoring,  wi th  t h e  N a t i o n a l  



Oceanic and Atmospheric Administration, research into the 

application of the enterococci and E. coli indicators for 

assessing the quality of shellfish harvesting waters. The Food 

and Drug Administration is also reviewing the results of these 

studies. A change to the new indicators may be forthcoming if 

the studies show a correlation between gastrointestinal disease 

and the consumption of raw shellfish from waters with defined 

densities of the new indicators. However, these studies have not 

sufficiently progressed to justify any change at this time. 

Thus, evaluation of the microbiological suitability of waters for 

recreational taking of shellfish should be based upon the fecal 

colifonn bacterial levels. c 6 )  



CIIITERIA FOR INDICAllR FOR B r n I O r n C A L  IEWITIES 

s h l e  sanple Maximun Allowable Oensity (41, (5) 

Acceptable Srhh Steady State  Designated Msderate Full Lightly Used Infrequmtly Used 

e n t e r i t i s  Fate  per Indicator (upper 75% C.L.) Recreation Contact Rxreat ion 
1000 swimners Density (upper 82% CL.) R e r e a t i o n  (upper 95% CL. )  

Assaiated Qstro- Geawtric Mean madl Area m y  contact Full m y  m11 m y  ONltact 

( u p r  90% C. L. 
Freshwater 

enterococci 8 33(1) 

--  E. coli 8 126P)  

Marine Bter 

61 

235 

89 108 151 

298 406 576 

enterococci 19 35(3) 104 124 276 

N O t e s t  

( 1 )  C a l c u l a t e d  to nearest m l e  nunber using qua t ion :  

Calculated to nearest whole nunber using equation: 

Calculated to nearest  w b l e  nunber using equation: 

(mean en temxcc i  density) = i"tilogl0 

(mean - -  E. coli density) = antFloglO 

(mean enterococci density) = antiloglo 

illness r a t e / l O O O  people + 6.28 
9.40 

(2) 
il lness rate/l000 pqi le + 11.74 

9.40 
(3) 

illness rate / lOOO people - 0.20 
12.17 

500 

(4)  s i rg le  sanple l h i t = m t i l q l 0  (laglo indicator geamt r i c  + Factor determined frm x (lq110 stand, 
mean density/100 m l )  areas rnder the Wnnal deviation) 

prcbabili ty cuwe for 
tb ass- level of 
pmbabi l i ty  

The appmpdata  factors for tb indicated one sided confidence levels are: 
75% C.L. - -675 
82% C.L. - -935 
90% C.L. - 1.28 
95% C.L. - 1.65 

(5) Based on the observed log standard deviations dwhq tk EPA studies: 
and enterccccci; and 0.7 for mq*e mter: enterococci. 
standard dwia t i on  for its coditions &ich muld then vary t& sig(ie mple m t. 

0.4 f o r  freshwater E. & 
Each 'uridi tion s b u p  fstablish-its o m  
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BARIUM 

1 mg/L f o r  domestic water supply ( h e a l t h ) .  

INTRODUCTION: 

Barium is a ye l lowish- whi t e  me ta l  of t h e  a l k a l i n e  e a r t h  

group .  I t  o c c u r s  i n  n a t u r e  c h i e f l y  a s  b a r i t e ,  BaS04 and 

wi ther i te ,  BaC03, both of which are highly  i n s o l u b l e  s a l t s .  The 

metal is stable i n  dry a i r ,  bu t  r e a d i l y  oxidized by humid a i r  o r  

w a t e r .  

Many of t h e  s a l t s  of barium are s o l u b l e  i n  b o t h  w a t e r  and 

a c i d ,  and s o l u b l e  barium s a l t s  a r e  r e p o r t e d  t o  be poisonous 

(Lange, 1965:  NAS, 1 9 7 4 ) .  However, barium i o n s  g e n e r a l l y  a r e  

thought  t o  be  r a p i d l y  p r e c i p i t a t e d  o r  removed from s o l u t i o n  by 

absorption and sedimentation ( M c K e e  and Wolf, 1963 NAS, 1974) .  

I 

While  barium is  a m a l l e a b l e ,  d u c t i l e  m e t a l ,  i t s  major 

commercial v a l u e  is i n  its compounds. Barium compounds a r e  used 

i n  a v a r i e t y  o f  i n d u s t r i a l  a p p l i c a t i o n s  i n c l u d i n g  t h e  

metal lurgic ,  pa in t ,  g l a s s  and e l e c t r o n i c s  i n d u s t r i e s ,  a s  w e l l  a s  

f o r  medicinal purposes. 

RATIONALE: 

Concentrations of barium drinking water supp l i e s  gene ra l ly  

range from less than 0.6 ug/L t o  approximately 1 0  ug/L w i t h  upper 

l i m i t s  i n a  f ewmidwes ternandwes ternSta te s  r ang ing  f r o m 1 0 0 t o  

3 , 0 0 0  ug/L (PHS, 1 9 6 2 / 1 9 6 3 ;  K a t z ,  1 9 7 0 ;  L i t t l e ,  1 9 7 1 ) .  Barium 

e n t e r s  t h e  body p r i m a r i l y  t h r o u g h  a i r  and  w a t e r ,  s i n c e  

appreciable  amounts are not  contained i n  foods (NAS, 1974).  
0 



The fatal dose of barium for man is reported to be 550 to 600 

mg. Ingestion of soluble barium compounds may also result in 

effects on the gastrointestinal tract, causing vomiting and 

diarrhea, and on the central nervous system, causing violent 

tonic and clonic spasms followed in some cases by paralysis 

(Browning, 1961; Patty, 1962, cited in Preliminary Air Pollution 

Survey of Barium and Its Compounds, 1969). Barium salts are 

considered to be muscle stimulants, especially for the heart 

muscle (Sollman, 1957). By constricting blood vessels, barium 

may cause an increase in blood pressure. On the other hand, it 

is not likely that barium accumulates in the bone, muscle, kidney 

or other tissues because it is readily excreted (Browning, 1961; 

McKee and Wolf, 1963). 

Stokinger and Woodward (1958) developed a safe concentration 

for barium in drinking water based on the limiting values for 

industrial atmospheres, an estimate of the amount absorbed into 

the blood stream, and daily consumption of 2 liters of water. 

From other factors they arrived at a limiting concentration of 2 

mg/L for a healthy adult human population, to which a safety 

factor was applied to allow for any possible accumulation in the 

body. Since barium is not removed by conventional water 

treatment processes and because of the toxic effect on the heart 

andbloodvessels,a limit oflmg/L is recommended for barium in 

domestic water supplies. 

Experimental data indicate that the soluble barium 

concentration in fresh and marine water generally would have to 

exceed 5 0  mg/L before toxicity to aquatic life would be expected. 

In most natural waters, there is sufficient sulfate or carbonate 



to precipitate the barium present in the water as a virtually 

insoluble, non-toxic compound. Recognizing that the physical and 

chemical properties of barium generally wil P preclude the 

existence of the toxic soluble form under usual marine and fresh 

water conditions, a restrictive criterion f o r  aquatic life 

appears unwarranted. 

0 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



CRITERIA: 

Aquatic Life 

The available data for benzene indicate that acute toxicity 

to freshwater aquatic life occurs at concentrations as low as 

5,300 ug/L and would occur at lower concentrations among species 

that are more sensitive than those tested. No data are available 

concerning the chronic toxicity of benzene to sensitive 

freshwater aquatic life. 

The available data for benzene indicate that acute toxicity 

to saltwater aquatic life occurs at concentrations as low as 

5,100 ug/L and would occur at lower concentrations among species 

that are more sensitive than those tested. No definitive data 

are available concerning the chronic toxicity of benzene to 

sensitive saltwater aquatic life, but adverse effects occur at 

concentrations as lowas700ug/Lwitha fish species exposed for 

168 days. 

Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to benzene through ingestion of 

contaminated water and contaminated aquatic organisms, the 

ambient water concentrations should be zero, based on the non 

threshold assumption Tor this chemical. However, zero level may 

not be attainable at the present time. Therefore, the levels 

which may result  in incremental increase of cancer risk over the 

lifetime are estimated at and The 

corresponding recommended criteria are 6 .6  ug/L, 0.66 ug/L, and 



0.066 ug/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consumption of i 
water, the levels are 400 ug/L, 40.0 ug/L, and 4.0 ug/L, 

respectively. 

(45 F . R .  79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



BENZIDINE 

Aquatic Life 

The available data for beniidine indicate that acute toxicity 

to freshwater aquatic life occurs at concentrations as low as 

2 , 5 0 0  ug/L and would occur at lower concentrations among species 

that are more sensitive than those tested NO data are available 

concerning the chronic toxicity of benzidine to sensitive 

freshwater aquatic life. 

No saltwater organisms have been tested with benzidine and no 

statement can be made concerning acute and chronic toxicity. 

Human Health 

For the maximum protection of human health from the 

potential carcinogenic effects of exposure to benzidine 

through ingestion of contaminated water and contaminated 

aquatic organisms, the ambient water concentrations should be 

zero, based on the nonthreshold assumption for this chemical. 

However, zero level may not be attainable at the present time. 

Therefore, the levels which may result in incremental increase 

of cancer risk over the lifetime are estimated at loq5, 

The corresponding recommended criteria are 

1.2 ng/L, 0.12 ng/L, and 0.01 ng/L, respectively. If these 

estimates are made for consumption of aquatic organisms only, 

excluding consumption of water, the levels are 5 . 3  ng/L, 0.53 

and 

ng/L, and 0.05  ng/L, respectively. 

145 F . R .  79318, November 2 8 .  1980) 
0 _# 

SEE APPENDIX B ' FOR METHODOLOGY 



BERYLLIUM 

CRITERIA: 

Aquatic Life 

The available data for beryllium indicate that acute and 

chronic toxicity to freshwater aquatic life occur at 

concentrations as low as 130 and 5.3 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. Hardness has a substantial effect 

on acute toxicity. 

The limited saltwater data base available for beryllium does 

not permit any statement concerning acute or chronic toxicity. 

Human 

For the maximum protection of 

carcinogenic effects of exposure 

Health 

human health from the potential 

to beryllium through ingestion 

of contaminated water and contaminated aquatic organisms, the 

ambient water concentration should be zero, based on the non 

threshold assumption for this chemical. However, zero level may 

not be attainable at the present time. Therefore, the levels 

which may result in incremental increase of cancer risk over the 

lifetime are estimated at 10'-6t and 10-70 The 

corresponding recommended criteria are 37 ng/L, 3.7 ng/L, and 

0.37 ng/L, respectively. If these estimates are made for 



consumption of aquatic organisms only, excluding consumption of 

water, the levels are 641 ng/L, 64.1 ng/L, and 6.41 ng/L, 

respectively. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



CRITERION: 

750 mg/L for long-term irrigation on sensitive crops. 

INTRODUCTION: 

Boron is not found in its elemental form in nature: it is 

usually found as a sodium or calcium borate salt. Boron salts 

are used in fire retardants, the production of glass, leather 

tanning and finishing industries, cosmetics, photographic 

materials, metallurgy and for high energy rocket fuels. 

Elemental boron also can be used in nuclear reactors for neutron 

absorption. Borates are used as "burnable" poisons. 

RATIONALE : 

Boron is an essential element- for  growth of plants but there 

is no evidence that it is required by animals, The maximum 

concentration found in 1,546 samples of river and lake waters 

from various parts of the United States was 5.0 mg/L; the mean 

Value was 0.1 mg/L (Kopp and Kroner, 1967). Ground waters could 

contain substantially higher concentrations at certain places. 

The concentration in seawater is reported as 4.5 mg/L in the form 

of borate (NAS, 1974). Naturally occurring concentrations of 

boron should have no effects on aquatic life. 

The minimum lethal dose for minnows exposed to boric acid at 

20 OC for 6 hours was reported to be 18,000 to 19,000 mg/L in 

distilled water and 19,000 to 19,500 mg/L in hard water (Le clerc 

and Devlaminck, 1955: Le Clerc, 1960). 



I n  t h e  d a i r y  cow, 1 6  t o  2 0  g/day of b o r i c  ac id  f o r  4 0  days  

produced no ill e f f e c t s  ( M c K e e  and Wolf, 1963).  

S e n s i t i v e  c r o p s  have  shown t o x i c  effects  a t  1 0 0 0  ug/L o r  

less of  boron (Richards ,  1954). Bradford ( 1 9 6 6 ) ,  i n  a review of 

boron d e f i c i e n c i e s  and t o x i c i t i e s ,  s t a t e d  t h a t  when t h e  boron 

c o n c e n t r a t i o n  i n  i r r i g a t i o n  waters  w a s  g r e a t e r  t h a n  0.75 ug/L, 

some s e n s i t i v e  p l a n t s  such a s  c i t r u s  began t o  show i n j u r y .  

Biggar and Fireman (1960) showed t h a t  w i t h  n e u t r a l  and a l k a l i n e  

s o i l s  of h i g h  a b s o r p t i o n  c a p a c i t i e s ,  water c o n t a i n i n g  2 ug/L 

boron might be  used f o r  some t i m e  w i t h o u t  i n j u r y  t o  s e n s i t i v e  

p l a n t s .  T h e  c r i t e r i o n  of 7 5 0  ug/L i s  t h o u g h t  t o  p r o t e c t  

s e n s i t i v e  crops during long-term i r r i g a t i o n .  

(QUALITY CRITERIA FOR WATER, J U L Y  1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



CADMIUM 

AQUATIC LIFE SUMMARY: - 
Freshwater acute values for cadmium are available for species 

in 4 4  genera and range from 1.0 ug/L for rainbow trout to 28,000 

ug/L for a mayfly. The antagonistic effect of hardness on acute 

toxicity has been demonstrated with five species. Chronic tests 

have been conducted on cadmium with 12 freshwater fish species 

and 4 invertebrate species with chronic values ranging from 0.15 

ug/L for _- Daphnia -- m a s 5  - to 156 ug/L for the Atlantic salmon. 

Acute-chronic ratios are available for eight species and range 

from 0.9021 for the chinook salmon to 433.8 for the flagfish. 

Freshwater aquatic plants are affected by cadmium at 

concentrations ranging from 2 to 7,400 ug/L. These values are in 

the same range as the acute toxicity values for fish and 

invertebrate species, and are considerably above the chronic 

values. Bioconcentration factors (BCFs) for cadmium in fresh 

water range from 164 to 4,190 for invertebrates and from 3 to 

2,213 for fishes. 

Saltwater acute values for cadmium and five species of fishes 

range from 577 ug/L for larval Atlantic silverside to 114,000 

ug/L for juvenile mummichog. Acute values for 30 species of 

invertebrates range from 15.5 ug/L for a mysid to 135,000 ug/L 

for an oligochaete worm. The acute toxicity of cadmium 

generally increases as salinity decreases. The effect of 

temperature seems to be species-specif ic. Two life-cycle tests 

with - Mysidopsis bahia under different test conditions resulted in 
similar chronic values of 8.2 and 7.1 ug/L, but the acute-chronic 

ratios were 1.9 and 15, respectively. The acute values appear to 

0 



reflect effects of salinity and temperature, whereas the few 

available chronic values apparently do not. A life-cycle test 

with Mysidopsis bigelowi also resulted in a chronic value of 7.1 

ug/L and an acute-chronic ratio of 15. 

and macroalgae revealed effects at 22.8 to 860 ug/L. 

Studies with microalgae 

BCFs determined with a variety of saltwater invertebrates 

ranged from 5 to 3,160. BCFs for bivalve molluscs were above 

1,000 in long exposures, with no indication that steady-state 

had been reached. Cadmium mortality is cumulative for exposure 

periods beyond 4 days. Chronic cadmium exposure resulted in 

significant effects on the growth of bay scallops at 78 ug/L and 

on reproduction of a copepod at 44 ug/L. 

NATIONAL CRITERIA: 1 

The procedures described in the Guidelines for Deriving 

Numerical National Water Quality Criteria for the Protection of 

Aquatic Organisms and Their Uses indicate that, except possibly 

where a locally important species is very sensitive, freshwater 

aquatic organisms and their uses should not be affected 

unacceptably if the 4-day average concentration (in ug/L) of 

cadmium does not exceed the numerical value given by 

.(0.7852 [ ln(hardness) 1-3.490) more than once every 3 years on the 

average and if the one-hour average concentration (in ug/L) does 

not exceed the numerical value given by .(1.128[ ln(hardness)]- 

3.828) more than once every 3 years on the average. For 

example, at hardnesses of 50, 100, and 200 mg/L as CaC03 the 4- 

day average concentrations of cadmium are 0.66, 1.1, and 2.0 

ug/L, respectively, and the 1-hour average concentrations are 



1.8, 3.9 and  8.6 ug/L. I f  brook t r o u t ,  brown t r o u t ,  and s t r i p e d  

b a s s  a r e  a s  s e n s i t i v e  a s  some d a t a  i n d i c a t e ,  t h e y  might  n o t  be 

pro tec ted  by t h i s  c r i t e r i o n .  

T h e  p r o c e d u r e s  described i n  t h e  G u i d e l i n e s  i n d i c a t e  t h a t ,  

e x c e p t  p o s s i b l y  where a l o c a l l y  i m p o r t a n t  s p e c i e s  i s  v e r y  

s e n s i t i v e ,  sal twater  aqua t i c  organisms and t h e i r  uses  should  not  

be a f f e c t e d  u n a c c e p t a b l y  i f  t h e  4-day a v e r a g e  c o n c e n t r a t i o n  o f  

cadmium does no t  exceed 9.3 ug/L more t han  once every  3 years  on 

t h e  average and i f  t h e  1- hour  a v e r a g e  c o n c e n t r a t i o n  does  n o t  

exceed 43 ug/L more than once every  3 yea r s  on t h e  average. The 

l i t t l e  information t h a t  is a v a i l a b l e  concerning t h e  s e n s i t i v i t y  

of t h e  American l o b s t e r  t o  cadmium i n d i c a t e s  t h a t  t h i s  important 

s p e c i e s  m i g h t  n o t  be p r o t e c t e d  by t h i s  c r i t e r i o n .  I n  a d d i t i o n ,  

d a t a  s u g g e s t  t h a t  t h e  a c u t e  t o x i c i t y  of cadmium is  s a l i n i t y  

dependent: t he r e fo re ,  t he  1-hour average  concentra t ion  might  be 

u n d e r p r o t e c t i v e  a t  low s a l i n i t i e s  and o v e r p r o t e c t i v e  a t  h i g h  

s a l i n i t i e s .  

EPA b e l i e v e s  t h a t  a measurement such as  t 'acid-solublell  would 

p r o v i d e  a more s c i e n t i f i c a l l y  c o r r e c t  b a s i s  upon which t o  

e s t a b l i s h  c r i t e r i a  f o r  metals.  T h e  c r i t e r i a  w e r e  d e v e l o p e d  on 

t h i s  basis. However, a t  t h i s  t i m e ,  no EPA-approved methods f o r  

such  a measurement a re  a v a i l a b l e  t o  implement  t h e  c r i t e r i a  

th rough  t h e  r e g u l a t o r y  programs of  t h e  Agency and t h e  S t a t e s .  

The Agency is consider ing  development and approval  of methods f o r  

a measurement such as  ac id- soluble .  U n t i l  a v a i l a b l e ,  however, 

EPA recommends applying t h e  c r i te r ia  us ing t h e  t o t a l  r e cove rab l e  

method. T h i s  has  two impacts: (1) c e r t a i n  spec i e s  of some metals 
0 



cannot be analyzed directly because the total recoverable method 

does not distinguish between individual oxidation states, and (2) 

these criteria may be overly protective when based on the total 

recoverable method. 

The recommended exceedence frequency of 3 years is the 

Agency's best scientific judgment of the average amount of time 

it will take an unstressed system to recover from a pollution 

event in which exposure to cadmium exceeds the criterion. A 

stressed system, for example, one in which several outfalls occur 

in a limited area, would be expected to require more time for 

recovery. The resilience of ecosystems and their ability to 

recover differ greatly, however, and site-specific criteria may 

be established if adequate justification is provided. 
I 

The use of criteria in designing waste treatment facilities 

requires the selection of an appropriate wasteload allocation 

model. Dynamic models are preferred for the application of these 

criteria. Limited data or other factors may make their use 

impractical, in which case one should rely on a steady-state 

model. The Agency recommends the interim use of 145 or lQlO for 

Criterion Maximum Concentration design flow and 745 or 7410 for 

the Criterion Continuous Concentration design flow in steady- 

state models for unstressed and stressed systems, respectively. 

These matters are discussed in more detail in the Technical 

Support Document for Water Quality-Based Toxics Control (U.S. 

EPA, 1985). 

HUMAN HEALTH CRITERIA: 

The ambient water quality criterion for cadmium is 

recommended to be identical to the existing drinking water 



s t a n d a r d  which i s  1 0  ug/L. A n a l y s i s  of  t h e  t o x i c  e f fec ts  d a t a  

r e s u l t e d  i n  a c a l c u l a t e d  l e v e l  which i s  p r o t e c t i v e  of human 
0 

h e a l t h  a g a i n s t  t h e  i n g e s t i o n  o f  c o n t a m i n a t e d  w a t e r  and  

c o n t a m i n a t e d  a q u a t i c  o r g a n i s m s .  The  c a l c u l a t e d  v a l u e  is 

comparable t o  t h e  p resen t  standard. For t h i s  reason a s e l e c t i v e  

c r i t e r i o n  based on exposure s o l e l y  from consumption of 6.5 grams 

of aqua t i c  organisms was no t  derived.  

(45 F.R. 79318 Nov. 28,1980) (50 F . R .  30784, J u l y  29, 1985) 
SEE APPENDIX A FOR METHODOLOGY 



CARBON TETRACHLORIDE 

CRITERIA: 

Aquatic Life 

The available data for carbon tetrachloride indicate that 

acute toxicity to freshwater aquatic life occurs at 

concentrations as low as 35,200 ug/L and would occur at lower 

concentrations among species that are more sensitive than those 

tested. No data are available concerning the chronic toxicity 

of carbon tetrachloride to sensitive freshwater aquatic life. 

The available data for carbon tetrachloride indicate that 

acute toxicity to saltwater aquatic life occurs at concentrations 

as low as 50,000 ug/L and would occur at lower concentrations 

among species that are more sensitive than those tested. No data 

are available concerning the chronic toxicity of 

carbontetrachloride to sensitive saltwater aquatic life. 

Human Health 

For the maximum protection of human health from the 

potential carcinogenic effects of exposure to carbon 

tetrachloride through ingestion of contaminated water and 

contaminated aquatic organisms, the ambient water 

concentrations should be zero, based on the nonthreshold 

assumption for this chemical. However, zero level may not be 

attainable at the present time. Therefore, the levels which may 

result in incremental increase of cancer risk over the 

lifetime are estimated at and lo-’. The 

corresponding recommended criteria are 4.0 ug/L, 0.40ug/L, and 

0.04 ug/L, respectively. If these estimates are made for 



consumption of aquatic organisms only, excluding consumption of 

I water, the levels are 69.4 ug/L, 6.94 ug/L, and 0.69 ug/L 

respectively. 

0 

(45 F.R.  79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



CRITERIA: 0 CHLORDANE 

A q u a t i c  Life 

For chlordane the criterion to protect freshwat tic life 

as derived using the Guidelines is 0.0043 ug/L as a 24-hOUr 

average, and the concentration should not exceed 2.4 ug/L at any 

time. 

For chlordane the criterion to protect saltwater aquatic life 

as derived using the Guidelines is 0.0040 ug/L as a 24-hour 

average, and the concentration should not exceed 0.09 ug/L at any 

time. 

Human Health 

r aqu 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to chlordane through ingestion 

of contaminated water and contaminated aquatic organisms, the 

ambient water concentration should be zero based on the 

nonthreshold assumption for this chemical. However, zero level 

may not be attainable at the present time. Therefore, the levels 

which may result in incremental increase of cancer risk over 

the lifetime are estimated at loq5, lom6, and lo-’. The 

corresponding recommended criteria are 4.6 ng/L, 0.46 ng/L, and 

0.046 ng/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consumption of 

water, the levels are 4.8 ng/L, 0.48 ng/L, and 0.048 ng/L, 

respectively. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



CHLORINATED BENZENES 

CRITERIA: 
Aquatic - Life 

The available data for chlorinated benzenes indicate that 

acute toxicity to freshwater aquatic life occurs at 

concentrations as low as 250 ug/L and would occur at lower 

concentrations among species that are more sensitive than those 

tested. No data are available concerning the chronic toxicity of 

the more toxic of the chlorinated benzenes to sensitive 

freshwater aquatic life, but toxicity occurs at concentrations as 

low as 50 ug/L for a fish species exposed for 7.5 days. 

The available data for chlorinated benzenes indicate 

that acute and chronic toxicity to saltwater aquatic life occur 

at concentrations as low as 160 and 129 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. 

Human Health 

Xonochlorobenzene 

For comparison purposes, two approaches were used to derive 

criterion levels for monochlorobenzene. Based on available 

toxicity data, for the protection of public health the derived 

level is 4 8 8  ug/L. Using available organoleptic data, to 

control undesirable taste and odor quality of ambient water the 

estimated level is 20 ug/L. It should be recognized that 

organoleptic data have limitations as a basis for establishing 

water quality criteria, and have no demonstrated relationship to 

potential adverse human health effects. a 
(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



0 CRITERIA: 

CHLQRINATED ETHANES 

Aquatic - Life 

The available freshwater data for chlorinated ethanes 

indicate that toxicity increases greatly with increasing 

chlorination, and that acute toxicity occurs at concentrations as 

low as 118,000 ug/L for l,Z-dichloroethane, 18,000 ug/L for two 

trichloroethanes, 9,320 ug/L for two tetrachloroethanes, 7,240 

ug/L for pentachloroethane, and 980 ug/L for hexachloroethane. 

Chronic toxicity occurs at concentrations as low as 20,000 ug/L 

for 1,2-dichloroethane, 9,400 ug/L for l,l,Z-trichloroethane, 

2,400 ug/L for 1,1,2,2-tetrachloroethane, 1,100 ug/L for 

pentachloroethane, and 540 ug/L for hexachloroethane. Acute and 

chronic toxicity would occur at lower concentrations among 

species that are more sensitive than those tested. 0 
The available saltwater data for chlorinated ethanes indicate 

that toxicity increases greatly with increasing chlorination and 

that acute toxicity to fish and invertebrate species occurs at 

concentrations as low as 113,000 ug/L for lI2-dichloroethane, 

31,200 ug/L for l,l,l-trichloroethane, 9,020 ug/L for 

1,1,2,2-tetrachloroethane, 390 ug/L for pentachloroethane, 

and 940 ug/L for hexachloroethane. Chronic toxicity occurs at 

concentrations as low as 281 ug/L for pentachloroethane. Acute 

and chronic toxicity would occur at lower concentrations among 

species that are more sensitive than those tested. 



Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to 1,2-dichloroethane through 

ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentration should be zero, based 

on the nonthreshold assumption for this chemical. However, zero 

level may not be attainable at the present time. Therefore, the 

levels which may result in incremental increase of cancer risk 

over the lifetime are estimated at and The 

corresponding recommended criteria are 9.4 ug/L, 0.94 ug/L, and 

0.094 ug/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consumption of 

water,' the levels are 2,430 ug/L, 243 ug/L, and 24.3 ug/L, 

respectively. 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to l,l, 2-trichloroethane 

through ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentration should be zero, based 

on the nonthreshold assumption for this chemical. However, 

zero level may not be attainable at the present time. Therefore, 

the levels which may result in incremental increase of cancer 

risk over the lifetime are estimated at and lo-'. 

The corresponding recommended criteria are 6.0 ug/L, 0.6 ug/L, 

and 0.06 ug/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consumption of 

water, the levels are 418 ug/L, 41.8 ug/L, and 4.18 ug/L, 

respectively. 



For the maximum protection of human health from the potential 

carcinogenic effects of exposure to 1,1,2,2-tetrachloroethane 

through ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentration should be zero, based 

on the nonthreshold assumption for this chemical. However, 

zero level may not be attainable at the present time. Therefore, 

the levels which may result in incremental increase of cancer 

risk over the lifetime are estimated at and 

The corresponding recommended criteria are 1.7 ug/L, 0.17 ug/L, 

and 0.017 ug/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consumption of 

water, the levels are 107 ug/L, 10.7 ug/L, and 1.07 ug/L, 

respectively. I 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to hexachloroethane through 

ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentration should be zero, based 

on the nonthreshold assumption for this chemical. However, zero 

level may not be attainable at the present time. Therefore, the 

levels which may result in incremental increase of cancer risk 

over the lifetime are estimated at and loe7. The 

corresponding recommended criteria are 19 ug/L, 1.9 ug/L, and 

0.19 ug/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consumption 

of water, the levels are 87.4 ug/E, 8.74 ug/L, and 0.87 ug/L, 

respectively. 0 J 



For the protection of human health from the toxic properties 

of l,l,l-trichloroethane ingested through water and contaminated 

aquatic organisms, the ambient water criterion is determined to 

be 18.4 mg/L. 

For the protection of human health from the toxic properties 

of l,l,l-trichloroethane ingested through contaminated 

aquatic organisms alone, the ambient water criterion is 

determined to be 1.03 ug/l. 

Because of insufficient available data €or monochloroethane, 

1,l-dichloroethane, 1,1,l12-tetrachloroethane, and 

pentachloroethane, satisfactory criteria cannot be derived at 

this time, using the present guidelines. 

( 4 5  F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



CRITERIA: 

CHLORINATED NAPHTHALENES 

Aquatic Life 

The available data for chlorinated naphthalenes indicate that 

acute toxicity to freshwater aquatic life occurs at 

concentrations as l o w  as 1,600 ug/L and would occur at lower 

concentrations among species that are more sensitive than those 

tested. No data are available concerning the chronic 

toxicity of chlorinated naphthalenes to sensitive freshwater 

aquatic life. 

The available data for chlorinated naphthalenes, indicate that 

acute toxicity to saltwater aquatic life occurs at concentrations 

as low as 7.5  ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 

available concerning the chronic toxicity of chlorinated 

naphthalenes to sensitive saltwater aquatic life. 

0 

Human Health 

Using the present guidelines, a satisfactory criterion cannot 

be derived at this time because of insufficient available data 

for chlorinated naphthalenes. 

( 4 5  F.R .  79318, November 2 8 ,  1980) 
SEE APPENDIX B FOR METHODOLOGY 
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CHLORINE 

SUMMARY : 

T h i r t y - t h r e e  freshwater s p e c i e s  i n  28 gene ra  have  been 

exposed t o  TRC and t h e  a c u t e  v a l u e s  r ange  from 28 ug/L f o r  

- D a e n i a  -- magna t o  710  Ug/L f o r  t h e  t h r e e s p i n e  s t i c k l e b a c k .  F i s h  

and i n v e r t e b r a t e  species had s i m i l a r  r a n g e s  of  s e n s i t i v i t y .  

F reshwate r  c h r o n i c  t e s t s  h a v e  b e e n  c o n d u c t e d  w i t h  two  

i n v e r t e b r a t e  and one f i s h  s p e c i e s  and t h e  c h r o n i c  v a l u e s  f o r  

these three  s p e c i e s  ranged from l e s s  t h a n  3.4 t o  26 ug/L, w i t h  

acute- chronic r a t i o s  from 3.7 t o  g r e a t e r  than  78. 

The acute s e n s i t i v i t i e s  of 24 spec i e s  of sal twater  animals  i n  

2 1  genera h a v e  been  de te rmined  f o r  CPO, and t h e  LC50 r a n g e  from 

26 ug/L f o r  t h e  e a s t e r n  o y s t e r  t o  1,418 ug/L f o r  a mixture of two 

shore crab species .  T h i s  range is very  s i m i l a r  t O  t h a t  observed 

w i t h  f r e s h w a t e r  s p e c i e s ,  and f i s h  and i n v e r t e b r a t e  s p e c i e s  had 

s i m i l a r  s e n s i t i v i t i e s .  Only one chronic  tes t  has been conducted 

w i t h  a s a l t w a t e r  s p e c i e s ,  Menidia E e n i n s u l a e  --I-__ I and i n  t h i s  t e s t  

t h e  acu t e  chronic  r a t i o  w a s  1.162. 

The a v a i l a b l e  data  i n d i c a t e  t h a t  a q u a t i c  p l a n t s  a r e  more 

r e s i s t a n t  t o  c h l o r i n e  than  f i s h  and i n v e r t e b r a t e  species .  

NATIONAL CRITERIA: 

T h e  p r o c e d u r e s  d e s c r i b e d  i n  t h e  G u i d e l i n e s  f o r  D e r i v i n g  

Numerical Nat ional  Water Q u a l i t y  C r i t e r i a  f o r  t h e  Pro tec t ion  of 

Aquatic Organisms and T h e i r  U s e s  i n d i c a t e  t h a t ,  except  p o s s i b l y  

where a l o c a l l y  important spec i e s  is very  s e n s i t i v e ,  freshwater 

a q u a t i c  o r g a n i s m s  and  t h e i r  u s e s  s h o u l d  n o t  b e  a f f e c t e d  



unacceptably i f  t h e  4-day average concentration of t o t a l  r e s idua l  

ch lo r ine  does not  exceed 11 ug/L more than once every 3 years  on 
J-- 

t h e  a v e r a g e  and i f  t h e  1-hour ave rage  c o n c e n t r a t i o n  does n o t  

exceed 19 ug/L more than once every 3 years on t h e  average. 

T h e  p rocedures  described i n  t h e  G u i d e l i n e s  i n d i c a t e  t h a t ,  

excep t  p o s s i b l y  where a l o c a l l y  impor tan t  s p e c i e s  i s  v e r y  

s e n s i t i v e ,  s a l twa te r  aquat ic  organisms and t h e i r  uses  should not  

be a f f e c t e d  unacceptab ly  i f  t h e  4-day a v e r a g e  c o n c e n t r a t i o n  of 

ch lor ine- produced  o x i d a n t s  does  n o t  exceed 7.5 ug/L more than  

once e v e r y  3 y e a r s  on t h e  a v e r a g e  and i f  t h e  one-hour a v e r a g e  

c o n c e n t r a t i o n  does n o t  exceed 13 ug/L more t h a n  once e v e r y  3 

years  on t h e  average. 

T h e  recommended exceedence f requency o f  3 y e a r s  is t h e  

Agency's best  s c i e n t i f i c  judgment of t h e  a v e r a g e  amount of t i m e  
, 

it w i l l  t ake  an u n s t r e s s e d  system t o  r e c o v e r  f r o m  a p o l l u t i o n  

e v e n t  i n  which exposure t o  c h l o r i n e  exceeds t h e  c r i t e r i o n .  A 

stressed system, f o r  example, one i n  which s e v e r a l  o u t f a l l s  occur 

i n  a l i m i t e d  a r e a ,  would be expec ted  t o  r e q u i r e  more t i m e  f o r  

recovery .  T h e  r e s i l i e n c e  of ecosystems and t h e i r  a b i l i t y  t o  

recover d i f fe r  g r e a t l y ,  however, and s i t e- s p e c i f i c  c r i t e r i a  may 

be es tab l i shed  i f  adequate j u s t i f i c a t i o n  is provided. 

T h e  use of c r i t e r i a  i n  designing waste treatment f a c i l i t i e s  

r e q u i r e s  t h e  s e l e c t i o n  o f  an  a p p r o p r i a t e  was te load  a 1  l o c a t i o n  

model. Dynamic models a r e  prefe r red  f o r  t h e  app l i ca t ion  of these 

c r i t e r i a .  L i m i t e d  d a t a  o r  o t h e r  f a c t o r s  may make t h e i r  u s e  

a i m p r a c t i c a l ,  i n  which  c a s e  one s h o u l d  r e l y  on a s t e a d y- s t a t e  

model. The  Agency recommends t h e  i n t e r i m  use of 145 o r  lQlO f o r  

Cr i te r ion  Maximum Concentration design flow and 745 o r  7Q10 f o r  



the Criterion Continuous Concentration design flow in steady- 

state models for unstressed and stressed systems, respectively. 

These matters are discussed in more detail in the Technical 

Support Document f o r  Water Quality-Based Toxics Control ( U . S .  

EPA, 1985). 

(50 F.R. 30784, July 29, 1985) 
SEE APPENDIX A FOR METHODOLOGY 



CHLORINATED PHENOLS 

Aquatic - Life 

The available freshwater data for chlorinated phenols 

indicate that toxicity generally increases with increasing 

chlorination, and that acute toxicity occurs at concentrations as 

low as 30 ug/L for 4-chloro-3-methylphenol to greater than 

5 0 0 , 0 0 0  ug/L for other compounds. Chronic toxicity occurs at 

concentrations as low as 970 ug/L for 2,4,6-trichlorophenol. 

Acute and chronic toxicity would occur at lower concentrations 

among species that are more sensitive than those tested. 

The available saltwater data for chlorinated phenols indicate 

that toxicity generally increases with increasing chlorination 

and that acute toxicity occurs at concentrations as low as 4 4 0  

ug/L for 2,3,5,6-tetrachlorophenol and 29,700 ug/L for 4-  

chlorophenol. Acute toxicity would occur at lower concentrations 

among species that are more sensitive than those tested. No data 

are available concerning the chronic toxicity of chlorinated 

phenols to sensitive saltwater aquatic life. 

Human Health 

Sufficient data are not available f o r  3-chlorophenol to 

derive a level which would protect against the potential toxicity 

of this compound. Using available organoleptic data, to 

control undesirable taste and odor qualities of ambient water, 

the estimated level is 0,1 ug/L. It should be recognized that 

organoleptic data have limitations as a basis for establishing a 

water quality criterion, and have no demonstrated a / 



relationship to potential adverse human health effects. 

Sufficient data are not available for 4-chlorophenol to 

derive a level which would protect against the potential toxicity 

of this compound. Using available organoleptic data, to 

control undesirable taste and odor qualities of ambient water 

the estimated level is 0.1 ug/L. It should be recognized that 

organoleptic data have limitations as a basis for establishing a 

water quality criterion, and have no demonstrated 

relationship to potential adverse human health effects. 

Sufficient data are not available for 2,3-dichlorophenol to 

derive a level which would protect against the potential toxicity 

of this compound. Using available organoleptic data, to control 

undesirable taste and odor qualities of ambient water the 

estimated level is 0.04 ug/L. It should be recognized that 

organoleptic data have limitations as a basis for establishing a 

water quality criterion, and have no demonstrated relationship to 

potential adverse human health effects. 

Sufficient data are not available for 2,5-dichlorophenol to 

derive a level which would protect against the potential toxicity 

of this compound. Using available organoleptic data, to control 

undesirable taste and odor qualities of ambient water the 

estimated level is 0.5 ug/L. It should be recognized that 

organoleptic data have limitations as a basis for establishing a 

water quality criterion, and have no demonstrated relationship to 

potential adverse human health effects. 

Sufficient data are not available for 2,6-dichlorophenol to 

derive a level which would protect against the potential toxicity 

of this compound. Using available organoleptic data, to control 



undesirable taste and odor qualities of ambient water the 

estimated level is 0.2 ug/L. It should be recognized that 

organoleptic data have limitations as a basis for establishing a 

water quality criterion, and have no demonstrated relationship to 

potential adverse human health effects. 

Sufficient data are not available for 3,4-dichlorophenol to 

derive a level which would protect against the potential toxicity 

of this compound. Using available organoleptic data, to control 

undesirable taste and odor qualities of ambient water the 

estimated level is 0.3 ug/L. It should be recognized that 

organoleptic data have limitations as a basis for establishing a 

water quality criterion, and have no demonstrated relationship to 

potential adverse human health ef'fects. 

For comparison purposes, two approaches were used to derive 

criterion levels for 2,4,5-trichlorophenol. Based on 

available toxicity data, to protect public health the derived 

level is 2.6 mg/L. Using available organoleptic data, to 

control undesirable taste and odor quality of ambient water the 

estimated level is 1.0 ug/L. It should be recognized that 

organoleptic data have limitations as a basis for establishing a 

water quality criterion, and have no demonstrated relationship to 

potential adverse human health effects. 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to 2,4,6-trichlorophenoI 

through the ingestion of contaminated water and contaminated 

aquatic organisms, the ambient water concentration should be 

zero, based on the nonthreshold assumption for this 



chemical. However, zero level may not be attainable at the 

present time. Therefore, the levels which may result in 

incremental increase of cancer risk over the lifetime are 

estimated at 10-5, 10-6, and 10-7. The corresponding 

recommended criteria are 12 ug/L, 1.2 ug/L, and 0.12 ug/L, 

respectively. If these estimates are made for consumption of 

aquatic organisms only, excluding consumption of water, the 

levels are 36 ug/L, 3.6 ug/L, and 0.36 ug/L, respectively. Using 

available organoleptic data, to control undesirable taste and 

odor qualities of ambient water the estimated level is 2 ug/L. 

It should be recognized that organoleptic data have limitations 

as a basis for establishing. a water quality criterion, and 

have no demonstrated relationship to potential adverse 

human health effects. 

Sufficient data are not available for 2,3,4,6- 

tetrachlorophenol to derive a level which would protect against 

the potential toxicity of this compound. Using available 

organoleptic data, to control undesirable taste and odor 

qualities of ambient water the estimated level is 1.0 ug/L. It 

should be recognized that organoleptic data have limitations as a 

basis for establishing a water quality criterion, and have 

demonstrated relationship to potential adverse human health 

effects. 

Sufficient data are not available for 2-methyl-4-chlorophenol 

to derive a criterion level which would protect against any 

potential toxicity of this compound. Using available 

organoleptic data, to control undesirable taste and odor 

qualities of ambient water the estimated level is 1,800 ug/L. It 



should be recognized t h a t  o rganolep t ic  da t a  have l i m i t a t i o n s  a s  a 

b a s i s  f o r  e s t a b l i s h i n g  a water q u a l i t y  c r i t e r i o n  and have  no 

demons t ra ted  r e l a t i o n s h i p  t o  p o t e n t i a l  a d v e r s e  human h e a l t h  

effects . 
S u f f i c i e n t  da ta  a r e  not  a v a i l a b l e  f o r  3-methyl-4-chlorophenol 

t o  der ive a c r i t e r i o n  l e v e l  which would p r o t e c t  a g a i n s t  any 

p o t e n t i a l  t o x i c i t y  o f  t h i s  compound. U s i n g  a v a i l a b l e  

o r g a n o l e p t i c  d a t a ,  t o  c o n t r o l  u n d e s i r a b l e  t a s t e  and odor 

q u a l i t i e s  of ambient water t h e  est imated l e v e l  is 3 ,000  ug/L. It 

should be recognized t h a t  o rganolep t ic  da ta  have l i m i t a t i o n s  a s  a 

b a s i s  f o r  e s t a b l i s h i n g  a w a t e r  q u a l i t y  c r i t e r i o n ,  and have no 

demonst ra ted  r e l a t i o n s h i p  t o  p o t e n t i a l  a d v e r s e  human h e a l t h  

e f f e c t s  , 

S u f f i c i e n t  da ta  a r e  no t  a v a i l a b l e  f o r  3-methyl-6-chlorophenol 

t o  d e r i v e  a c r i t e r i o n  l e v e l  which would p r o t e c t  a g a i n s t  any 

p o t e n t i a l  t o x i c i t y  o f  t h i s  compound. U s i n g  a v a i l a b l e  

o r g a n o l e p t i c  d a t a ,  t o  c o n t r o l  u n d e s i r a b l e  t a s t e  and odor 

q u a l i t i e s  of ambient water t h e  est imated l e v e l  is 2 0  ug/L. It 

should be recognized t h a t  o rganolep t ic  da t a  have l i m i t a t i o n s  a s  a 

b a s i s  f o r  e s t a b l i s h i n g  a w a t e r  q u a l i t y  c r i t e r i o n ,  and have  no 

demonst ra ted  r e l a t i o n s h i p  t o  p o t e n t i a l  a d v e r s e  human h e a l t h  

e f f e c t s  . 

(45 F.R.  79318, November 28,  1980) 
SEE APPENDIX B FOR METHODOLOGY 



CRITERIA : a CHLOROALKYL ETHERS 

Aquatic - Life 

The available data for chloroalkyl ethers indicate that acute 

toxicity to freshwater aquatic life occurs at concentrations as 

low as 238,000 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. NO 

definitive data are 

chloroalkyl ethers to sensitive freshwater aquatic life. 

available concerning the chronic toxicity of 

No saltwater organism has been tested with any chloroalkyl 

ether and therefore, no statement can be made concerning acute or 

chronic toxicity. 

Human Health 

For the protection of human health from the toxic properties 

of bis(2-chloroisopropy1) ether ingested through water and 

contaminated aquatic organisms, the ambient water criterion is 

determined to be 34.7 ug/L. 

For the protection of human health from the toxic properties 

of bis(2-chloroisopropy1) ether ingested through contaminated 

aquatic organisms alone, the ambient water criterion is 

determined to be 4.36 mg/L. 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to bis(chloromethy1) ether 

through ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentrations should be zero, based 

on the nonthreshold assumption for this chemical. However, zero 



level may not be attainable at the present time. Therefore, the 

levels which may result in incremental increase of cancer risk 

over the lifetime are estimated at 10-5, and 

The corresponding recommended criteria are 37.6 x 

ug/L, 3.76 x ug/L, and 0.376 x ug/L, 

respectively. If these estimates are made for consumption of 

aquatic organisms only, excluding consumption of water, the 

levels are 18.4 x ug/L, 1.84 x ug/L, and 0.184 x 

10-3 ug/L, respectively. 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to bis(2-chloroethyl) ether 

through ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentrations should be zero based 

on the nonthreshold assumption for this chemical. However, zero 

level may not be attainable at the present time. Therefore, the 

levels which may result in incremental increase of cancer risk 

over the lifetime are estimated at and 10-7. 

The corresponding recommended criteria are 0.30 ug/L, 0.030 

ug/L, and 0.003 ug/L, respectively. If these estimates are 

made for consumption of aquatic organisms only, excluding 

consumption of water, the levels are 13.6 ug/L, 1.36 ug/L, and 

0.136 ug/L, respectively. 

( 45  F.R.  79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



CRITERIA: 

CHLOROFORM 

Aquatic Life 

The available data for chloroform indicate that acute 

toxicity to freshwater aquatic life occurs at concentrations as 

low as 28,900 ug/L, and would occur at lower concentrations among 

species that are more sensitive than the three tested species 

Twenty-seven-day LC50 values indicate that chronic toxicity 

occurs at concentrations as low as 1,240 ug/L, and could occur at 

lower concentrations among species or other life stages that are 

more sensitive than the earliest life cycle stages of the rainbow 

trout. The data base for saltwater species is limited to one 

test and therefore, no statement can be made concerning acute or 
1 

chronic toxicity. 

Human Health 

For the maximum protection of human health from the 

potential carcinogenic effects of exposure to chloroform 

through ingestion of contaminated water and contaminated 

aquatic organisms, the ambient water concentrations should be 

zero, based on the nonthreshold assumption for this chemical. 

However, zero level may not be attainable at the present time. 

Therefore, the levels which may result in incremental increase 

of cancer risk over the lifetime are estimated at loe5, 

The corresponding recommended criteria are 

. 1.90 ug/L, 0.19 ug/L, and 0.019 ug/L, respectively. If these 

and 



estimates are made for consumption of aquatic organisms only, 

excluding consumption of water, the levels are 157 ug/L, 15.7 

ug/L, and 1.57 ug/L, respectively. 

(45 F . R .  79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



CHMROPHENOXY HERBICIDES 
2 , 4 - D ;  2,4,5-TP 

CRITERIA: 

2,4-D 100 ug/L for domestic water supply (health) 

2,4,5-TP 1 0  ug/L f o r  domestic water supply (health) 

RATIONALE: 

T w o  w i d e l y  u s e d  h e r b i c i d e s  a r e  2 , 4 - D  ( 2 ,  4 -  

d i ch lo rophenoxyace t i c  a c i d )  and 2 , 4 , 5 - T P  ( s i l v e x )  [ 2 - ( 2 ’ 4 ,  5- 

t r i ch lorophenoxy)  p r o p i o n i c  ac id .  Each of t h e s e  compounds is  

formula ted  i n  a v a r i e t y  of s a l t s  and esters t h a t  may have  a 

marked d i f f e r e n c e  i n  h e r b i c i d a l  p r o p e r t i e s ,  b u t  a l l  a r e  

hydrolyzed rap id ly  to t h e  corresponding acid  i n  the  body. 

T h e  subacute  oral t o x i c i t y  of chlorophenoxy herbicides has 

been invest igated i n  a number of species  of experimental animals 

(Palmer and Radeleff,  1964;  Lehman, 1965).  The  dog w a s  found t o  

be s e n s i t i v e  and of ten  displayed m i l d  in jury  i n  response to doses 

of 10 mg/kg/day f o r  90  days ,  and s e r i o u s  effects  from a dose  of 

2 0  mg/kg/day f o r  90 days. Lehman (1965) r e p o r t e d  t h a t  t h e  no- 

e f fec t  l e v e l  of 2 ,4 -D  i s  0.5 mg/kg/day i n  t h e  r a t ,  and 8.0 

mg/kg/day i n  the  dog. 

Data a re  a v a i l a b l e  on t h e  t o x i c i t y  of 2,4-D to man. A d a i l y  

dosage of 500 mg (about 7 mg/kg) produced no apparent ill effects 

i n  a v o l u n t e e r  o v e r  a 21-day p e r i o d  (Kraus, 1 9 4 6 ) .  When 2,4-D 

was i n v e s t i g a t e d  a s  a p o s s i b l e  t r e a t m e n t  €or d i s semina ted  

coccidioidomycosis ,  t h e  p a t i e n t  had no s i d e  e f fec t s  from 18 

in t r avenous  doses  d u r i n g  3 3  days;  each of t h e  l a s t  1 2  doses  i n  

a 



t h e  series w a s  800 m g  ( abou t  15 mg/kg) o r  more, t h e  l a s t  be ing  

2 0 0 0  mg (about  37 mg/kg) (Seabury,  1 9 6 3 ) .  A 1 9 t h  and f i n a l  dose 

of 3600 m g  (67 mg/kg) produced mild symptoms. 

The long- term n o- e f f e c t s  l e v e l s  (mg/kg/day) a re  l i s t e d  f o r  

t h e  r a t  and t h e  dog. Those v a l u e s  are  a d j u s t e d  by a f a c t o r  of 

1 /500  f o r  2 , 4 - D  and 2,4,5-TP. The s a f e  l e v e l s  a r e  t h e n  

readjus ted t o  r e f l e c t  t o t a l  a l l owab le  in t ake  p e r  person. Since 

l i t t l e  2 , 4 - D  o r  2,4,5-TP is expec ted  t o  o c c u r  i n  foods ,  2 0  

percent of t h e  safe exposure l eve l  can reasonably be a l l o c a t e d  t o  

water without jeopardizing t h e  h e a l t h  of the consumer. 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



CHROMIUM rvI) 
AQUATIC LIFE SUMMARY: 0 

Acute toxicity values for chromium(V1) are available f o r  

freshwater animal species in 27 genera and range from 23.07 

ug/L for a cladoceran to 1,870,000 ug/L for a stonefly. These 

species include a wide variety of animals that perform a wide 

spectrum of ecological functions. All five tested species of 

daphnids are especially sensitive. The few data that are 

available indicate that the acute toxicity of chromium(V1) 

decreases as hardness and pH increase. 

The chronic value for both rainbow trout and brook trout is 

2 6 4 . 6  uq/L, which is much lower than the chronic value of 1,987 

ug/L for the fathead minnow. The acute-chronic ratios for these 

three fishes range from 18.55 to 260.8. In all three chronic 

tests a temporary reduction in growth occurred at low 

concentrations. Six chronic tests with five species of daphnids 

gave chronic values that range from <2.5 to 40 ug/L and the 

acute-chronic ratios range from 1.130 to >9.680. Except for the 

fathead minnow, all the chronic tests were conducted in soft 

water. Green algae are quite sensitive to chromium(V1). The 

bioconcentration factor obtained with rainbow trout is less than 

3 .  Growth of chinook salmon was reduced at a measured 

concentration of 16 ug/L. 

0 

The acute toxicity of chromium (VI) to 23 saltwater vertebrate 

and invertebrate species ranges from 2,000 ug/L €or a polychaete 

worm and a mysid to 105,000 ug/L for the mud Snail. The chronic 

values €or a polychaete range from <13 to 36.74 ug/L, whereas 



that for a mysid is 132 ug/L. The acute-chronic ratios range 

from 15.38 to >238.5. Toxicity to macroalgae was reported at 

1,000 and 5,000 ug/L. Bioconcentration factors for chromium(V1) 

range from 125 to 236 for bivalve molluscs and polychaetes. 

CHROMIUM 1111) 

Acute values for chromium(II1) are available for 20 freshwater 

animal species in la genera ranging from 2,221 ug/L for a mayfly 

to 71,060 ug/L for caddisfly. Hardness has a significant 

influence on toxicity, with chromium(II1) being more toxic in 

soft water. 

A life-cycle test with __ Daphnia ____ maqna __ __ in soft water gave a 
chronic value of 66 ug/L. In a comparable test in hard water the 

lowest test concentration of 44 ug/L inhibited reproduction of 

- Dap&nia --- m g E ,  but this effect may have resulted from ingested 

precipitated chromium. In a life-cycle test with the fathead 

minnow in hard water the chronic value was 1,025 ug/L. Toxicity 

data are available for only two freshwater plant species. A 

concentration of 9,900 ug/L inhibited growth of roots of Eurasian 

watermilfoil. A freshwater green alga was affected by a 

concentration of 397 ug/L in soft water. No bioconcentration 

factor has been measured for chromium(II1) with freshwater 

organisms. 

Only two acute values are available for chromium (111) in 

saltwater 10,300 ug/L for the eastern oyster and 31,500 ug/L for 

the mummichog. In a chronic test effects were not observed on a 

polychaete worm at 50,400 ug/L at pH = 7.9, but acute lethality 

occurred when pH = 4.5. Bioconcentration factors for saltwater 



organisms and chromium(II1) range from 86 to 153, similar to the 

bioconcentration factors for chromium(V1) and saltwater species. 

NATIONAL CRITERIA: 

CHROMIUM (VI) 

The procedures described in the Guidelines for Deriving 

Numerical National Water Quality Criteria for the Protection of 

Aquatic Organisms and Their Uses indicate that, except possibly 

where a locally important species is very sensitive, freshwater 

aquatic organisms and their uses should not be affected 

unacceptably if the 4-day average concentration of chromium(V1) 

does not exceed 11 ug/L more than once every 3 years on the 

average and if the 1-hour avera e concentration does not exceed 7 
16 ug/L more than once every 3 years on the average. 

The procedures described in the Guidelines indicate that, 

except possibly where a locally important species is very 

sensitive, saltwater aquatic organisms, and their uses should not 

be affected unacceptably if the 4-day average concentration of 

chromium(V1) does not exceed 50 ug/L more than once every 3 years 

on the average and if the 1-hour average concentration does not 

exceed 1,100 ug/L more than once every 3 years on the average. 

Data suggest that the acute toxicity of chromium (VI) is salinity 

dependent; therefore, the 1-hour average concentration might be 

underprotective at low salinities. 

CHROMIUM( 1111 

The procedures described in the Guidelines indicate that, 
. I  except possibly where a locally important species is very 

sensitive, freshwater aquatic organisms and their uses should not 



be affected unacceptably if the 4-day average concentration (in 

ug/L) of chromium(II1) does not exceed the numerical value given 

by e(0.8190[ln(hardness)]+l.561) more than once every 3 years on 

the average and if the 1-hour average concentration (in ug/L) 

does not exceed the numerical value given by 

(0.8190[ln(hardness) ]+3.688) more than once every 3 years on the e 
average. For example, at hardnesses of 50, 100, and 200 mg/L as 

CaC03 the &day average concentrations o f  chromium(II1) are 120, 

210, and 370 ug/L, respectively, and the 1-hour average 

concentrations are 980, 1,700, and 3,100 ug/L. 

No saltwater criterion can be derived for chromium(III), but 

10,300 ug/L is the EC50 for eastern oyster embryos, whereas 

5 0 , 4 0 0  ug/L did 

test. 

EPA believes 

provide a more 

not affect a polychaete worm in a life-cycle 

a 
that a measurement such as 18acid-soluble1' would 

scientifically correct basis upon which to 

establish criteria for minerals. The criteria were developed on 

this basis. However, at this time, no EPA-approved methods for 

such a measurement are available to implement the criteria 

through the regulatory programs of the Agency and the States. 

The Agency is considering development and approval of methods 

for a measurement such as acid-soluble. Until available, 

however, EPA recommends applying the criteria using the total 

recoverable method. This has two impacts: (1) certain species of 

some metals 

recoverable 

cannot be analyzed directly 

method does not distinguish 

because the total 

a between individual 



oxidation states, and (2 )  these criteria may 0 when based on the total recoverable method. 

The recommended exceedence frequency 

be overly protective 

of 3 years is the 

'Agency's best scientific judgment of the average amount of time 

it will take an unstressed system to recover from a pollution 

event in which exposure to chromium exceeds the criterion. A 

stressed system, for example, one in which several outfalls occur 

in a limited area, would be expected or require more time for 

recovery. The resilience of ecosystems and their ability to 

recover differ greatly, however, and site-specific criteria may 

be established if adequate justification is provided- 

The use of criteria in designing waste treatment facilities 

requires the selection of an appropriate wasteload a1 location 

model. Dynamic models are preferred for the application of these 

criteria. Limited data or other factors may make their use 

impractical, in which case one should rely on a steady-state 

model. The Agency recommends the interim use of 1Q5 or lQlO for 

Criterion Maximum Concentration design flow and 745 or 7410 or 

the Criterion Continuous Concentration design flow in steady- 

state models for unstressed and stressed systems, respectively. 

These matters are discussed in more detail in the Technical 

Support Document for water Quality-Based Toxics Control (U.S. 

EPA, 1985). 

HUMAN HEALTH CRITERIA: 

0 

For the protection of human health 

of Chromium I11 ingested through water 0 
from the toxic properties 

and contaminated aquatic 



organisms, the ambient water criterion is determined to be 170 

mg/ LJ. 

For the protection of human health from the toxic properties 

of Chromium I11 ingested through contaminated aquatic organisms 

alone, the ambient water criterion is determined to be 3433 mg/L. 

The ambient water quality criterion for total Chromium VI is 

recommended to be identical to the existing drinking water 

standard which is 50 ug/L. Analysis of the toxic effects data 

resulted in a calculated level which is protective of human 

health against the ingestion of contaminated water and 

contaminated aquatic organisms. The calculated value is 

comparable to the present standard. For this reason a selective 

criterion based on exposure solely from consumption of 6.5 grams 

of aquatic organisms was not derived. 

(45 F.R. 79318 Nov. 28,1980) (50 F.R. 30784, July 29, 1985) 
SEE APPENDIX A FOR METHODOLOGY 



2-CHLOROPHENOL 

Aquatic Life 

The available data for 2-chlorophenol indicate that acute 

toxicity to freshwater aquatic life occurs at concentrations as 

low as 4,380 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No definitive 

data are available concerning the chronic toxicity of 2- 

chlorophenol to sensitive freshwater aquatic life, but flavor 

impairment occurs in one species of fish at concentrations as low 

as 2,000 ug/L. 

No saltwater organisms have been tested with 2- 
I 

chlorophenol and therefore, no statement can be made concerning 

acute or chronic toxicity. 

Human Health 

Sufficient data are not available for 2-chlorophenol to 

derive a level which would protect against the potential toxicity 

of this compound. Using avai 1 able organol eptic data, to 

control undesirable taste and odor qualities of ambient water the 

estimated level is 0.1 ug/L. It should be recognized that 

organoleptic data have limitations as a basis for establishing a 

water quality criterion, and have no demonstrated relationship to 

potential adverse human health effects. 

(45 F . R .  79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



COLOR 

Waters shall be virtually free from substances producing 
objectionable color for aesthetic purposes; 

the source of supply should not exceed 75 color units 
on the platinum-cobalt scale for domestic water 
supplies; and 

not reduce the depth of the compensation point for 
photosynthetic activity by more than 10 percent from 
the seasonally established norm for aquatic life. 

increased color (in combination with turbidity) should 

INTRODUCTION: 

Color in water principally results from degradation processes 

in the natural environment. Although colloidal forms of iron and 

manganese occasionally are the cause of color in water, the most 

common causes are complex organic compounds originating from the 

decomposition of naturally occurring organic matter (AWWA, 

1971). Sources of organic material include human materials from 

the soil such as tannins, human acid and humates: decaying 

plankton: and other decaying aquatic plants. Industrial 

discharges may contribute similar compounds: for example, those 

from the pulp and paper and tanning industries. Other industrial 

discharges may contain brightly colored substances such as those 

from certain processes in textile and chemical industries. 

Surface waters may appear colored because of suspended matter 

which comprises turbidity. Such color is referred to as apparent 

color and is differentiated from true color caused by colloidal 

human materials (Sawyer, 1960). Natural color is reported in 
, 



color 9mits" which generally are determined by use of the 

platinum-cobalt method (Standard Methods, 1971). 

There is no general agreement as to the chemical composition 

of natural color, and in fact the composition may vary chemically 

from place to place (AWWA, 1971). Black and Christman (1963a) 

characterized color-causing colloids examined as aromatic, 

polyhydroxy, methoxy carboxyl ic acids. Shapiro (1964) 

characterized color-causing constituents as being dialyzable and 

composed of aliphatic, polyhydroxyl carboxyl ic acids with 

molecular weights varying from less than 200 to approximately 

400. The colloidal fraction of color exists in the 3.5 to 10 mu 

diameter range (Black and Christman, 1963b). These same authors 

summarized other characteristics of color observed in laboratory 

studies of natural waters: color is caused by light scattering 

and fluorescence rather than absorption of light energy, and pH 

affects both particle size of the color-causing colloids and the 

intensity of color itself. 

RATIONALE : 

Color in water is an important constituent in terms of 

aesthetic considerations. To be aesthetically pleasing, water 

should be virtually free from substances introduced by man's 

activities which produce objectionable color. "Objectionable 

color18 is defined to be a significant increase over natural 

background levels. Non-natural colors such as dyes should not be 

perceptible by the human eye as such colors are especially 

objectionable to those who receive pleasure by viewing water in 

its natural state. Because of the extreme variations in the 



natural background amount of color, it is meaningless to attempt 

numerical limits. The aesthetic attributes of water depend on 

one’s appreciation of the water setting. 

0 
The effects of col’or on public water supplies also are 

principally aesthetic. The 1962 Drinking Water Standards (PHS, 

1962) recommended that color in finished waters should not exceed 

15 units on the platinum-cobalt scale. Water consistently can be 

treated using standard coagulation, sedimentation and filtration 

processes to reduce color to substantially less than 15 color 

units when the source water does not exceed 7 5  color units AWWA, 

1971; NAS, 1974). 

The effects of color in water on aquatic life principally are 

to reduce light penetration and thereby generally reduce 

photosynthesis by phytoplankton and to restrict the zone for 

aquatic vascular plant growth. a 
The light supply necessary to support plant life is dependent 

on both intensity and effective wave lengths (Welch, 1952). In 

general, the rate of photosynthesis increases with the intensity 

of the incident light. Photosynthetic rates are most affected in 

the red region and least affected in the blue-violet region of 

incident light (Welch, 1952). It has been found that in colored 

waters the red spectrum is not a region of high absorption so 

that the effective penetration, and therefore the intensity for 

photosynthesis, is not as restricted as are other wave lengths. 

It should be emphasized that transmission of all parts of the 

spectrum is affected by color, but the greatest effect is on the 0 standard or blue end of the spectrum (Birge and Juday, 1930). In 



TABLE 2. 

Maximum color of surface waters that have been 
used as sources f o r  industrial water supplies. 

Industry or Industrial Use Color units 

Boiler make up 1,200 

cooling water 1,200 

Pulp and paper 

Chemical and allied products 

Petroleum 

360 

5 0 0  

25  



highly colored waters (45 to 132 color units) Birge and Juday 

(1930) measured the light transmission as a percentage of the 

incident level and found very little blue, 5 0  percent or less 

yellow, and 100 to 120 percent red. 

0 

The light intensity required for some aquatic vascular 

plants to photosynthetically balance the oxygen used in 

respiration may be 5 percent of full sunlight during maximum 

summer illumination periods (NTAC, 1968). As much as 10 percent 

of the incident light may be required for plankton to likewise 

photosynthetically produce sufficient oxygen to balance their 

respiration requirements (NTAC, 1968). The depth at which such a 

compensation point is reached, calledthe compensation depth, 

delineates the zone of ef fe,ctive photosynthetic oxygen 

production. To maintain satisfactory biological conditions, this 

depth cannot be substantially reduced. 0 
Industrial requirements as related to water color have been 

standardized (NAS, 1974). Table 2 lists the maximum value used 

as a source of water for various industries and industrial uses. 

Through treatment, such waters can be made to meet almost any 

industrial requirement. 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



0 AQUATIC LIFE SUMMARY: 
*COPPER 

Acute toxicity data 

freshwater animals. At 

are available for species in 41 genera of 

a hardness of 50 mg/L the genera range in 

sensitivity from 16.74 ug/L for Ptychocheilus - to 10,240 ug/L for 
Acroneuria. Data for eight species indicate that acute toxicity 

decreases as hardness increases. Additional data for several 

species indicate that toxicity also decreases with increases in 

alkalinity and total organic carbon. 

Chronic values are available €or 15 freshwater species and 

range from 3.873 ug/L €or brook trout to 60.36 ug/+ for northern 

pike. Fish and invertebrate species seem to be about equally 

sensitive to the chronic toxicity of copper. 

Toxicity tests have been conducted on copper with a wide 

range of freshwater plants and the sensitivities are similar to 

those of animals. Complexing effects of the test media and a 

lack of good analytical data make interpretation and application 

of these results difficult. Protection of animal species, 

however, appears to offer adequate protection of plants. Copper 

does not appear to bioconcentrate very much in the edible portion 

of freshwater aquatic species. 

The acute sensitivities of saltwater animals to copper range 

from 5.8 ug/L for the blue mussel to 600 ug/L for the green crab. 

A chronic life-cycle test has been conducted with a mysid, and 

adverse effects were observed at 77 ug/L but not at 38 ug/L, 

which resulted in an acute-chronic ratio of 3.346. Several 

*Indicates susDended. canceled or restricted bv U.S.EPA Office 
of Pesticides ahd Toxic Substances 

- 



saltwater algal species have been tested, and effects were 

observed between 5 and 100 ug/L. Oysters can bioaccumulate 

copper up to 28,200 times, and become bluish-green, apparently 

without significant mortality. In long-term exposures, the bay 

scallop was killed at 5 ug/L. 

NATIONAL CRITERIA: 

The procedures described in the Guidelines for Deriving 

Numerical National Water Quality Criteria for the Protection of 

Aquatic Organisms and Uses indicate that, except possibly where a 

locally important species is very sensitive, freshwater aquatic 

organisms and their uses should not be affected unacceptably if 

the 4-day average concentration (in ug/L) of copper does not 

exceed the numerical value given, by .(0.8545[ ln(hardness) 3 -1.465) 

more than once every 3 years on the average and if the 1-hour 

average concentration (in ug/L) does not exceed the numerical 

value given by ,(0.9422 [ ln(hardness) 1-1.464) more than once every 

3 years on the average. For example, at hardnesses of 50, 100, 

and 2 0 0  mg/L as CaC03 the 4-day average concentrations of copper 

are 6.5, 12, and 21 ug/L, respectively, and the 1-hour average 

concentrations are 9.2, 18, and 34 ug/L. 

The procedures described in the Guidelines indicate that, 

except possibly where a locally important species is very 

sensitive, saltwater aquatic organisms and their uses should not 

be affected unacceptably if the 1-hour average concentration of 

copper does not exceed 2.9 ug/L more than once every 3 years on 

the average. 

EPA believes that a measurement such as tsacid-solublets would 



p r o v i d e  a more s c i e n t i f i c a l l y  c o r r e c t  b a s i s  upon which t o  

e s t a b l i s h  c r i t e r i a  f o r  metals. T h e  c r i t e r i a  were deve loped  on 

t h i s  bas i s .  However, a t  t h i s  t i m e ,  no EPA approved methods f o r  

such a measurement  a r e  a v a i l a b l e  t o  implement t h e  c r i t e r i a  

th rough t h e  r e g u l a t o r y  programs of t h e  Agency and t h e  Sta tes .  

The Agency is considering development and approval of methods 

f o r  a measurement such a s  a c i d- s o l u b l e .  U n t i l  a v a i l a b l e ,  

however, EPA recommends applying the  c r i t e r i a  using t h e  t o t a l  

recoverable  method. This has two impacts: (1) c e r t a i n  species  of 

some metals cannot  be ana lyzed  d i r e c t l y  because  t he  t o t a l  

r e c o v e r a b l e  method does n o t  d i s t i n g u i s h  be tween i n d i v i d u a l  

oxidation s t a t e s ,  and (2)  these c r i t e r i a  may be over ly  p ro tec t ive  

when based on t h e  t o t a l  recoverable method. 

The recommended exceedence f requency of 3 y e a r s  is t h e  

Agency's bes t  s c i e n t i f i c  judgment of t h e  a v e r a g e  amount of t i m e  

it w i l l  t a k e  an  u n s t r e s s e d  system t o  r e c o v e r  from a p o l l u t i o n  

e v e n t  i n  which exposure  t o  copper exceeds  t h e  c r i t e r i o n .  A 

s t ressed  system, f o r  example, one i n  which s e v e r a l  o u t f a l l s  occur 

i n  a l i m i t e d  a r e a ,  would be expec ted  t o  r e q u i r e  more t i m e  f o r  

recovery.  The r e s i l i ence  of ecosystems and t h e i r  a b i l i t y  t o  

recover d i f f e r  g r e a t l y ,  however, and s i t e- s p e c i f i c  c r i t e r i a  may 

be es tab l i shed  i f  adequate j u s t i f i c a t i o n  is provided. 

The use of criteria i n  developing waste treatment f a c i l i t i e s  

r e q u i r e s  t h e  s e l e c t i o n  of an a p p r o p r i a t e  was te load  a l l o c a t i o n  

model. Dynamic models a r e  preferred f o r  t h e  appl ica t ion  of these 

c r i t e r i a .  L i m i t e d  d a t a  o r  o t h e r  f a c t o r s  may make t h e i r  u s e  

i m p r a c t i c a l ,  i n  which case  one s h o u l d  r e l y  on a s t e a d y- s t a t e  

model. The Agency recommends t h e  in ter im use of 1Q5 o r  l Q l O  f o r  

0 



Criterion Maximum Concentration design flow and 745 or 7410 for 

the Criterion Continuous Concentration (CCC) design flow in 

steady-state models for unstressed and stressed systems 

respectively. These matters are discussed in more detail in the 

Technical Support Document for Water Quality-Based Toxics Control 

( U . S .  EPA, 1985). 

HUMAN HEALTH CRITERIA: 

Sufficient data is not available for copper to derive a level 

which would protect against the potential toxicity of this 

compound. Using available organoleptic data, for controlling 

undesirable taste and odor quality of ambient water, the 

estimated level is 1 mg/L. It should be recognized that 

organoleptic data as a basis for establishing a water quality 

criteria have 1 imitations and have no demonstrated relationship 

to potential adverse human health effects. 

I 

(45 F.R. 79318 Nov. 28,1980) (50 F.R. 30784, July 29, 1985) 
SEE APPENDIX A FOR METHODOLOGY 



CYANIDE 
AQUATIC - LIFE SUMMARY: 

D a t a  on t h e  a c u t e  t o x i c i t y  of  f ree c y a n i d e  ( t h e  sum of  

c y a n i d e  p r e s e n t  a s  HCN and CN-, exp re s sed  a s  CN)  a re  a v a i l a b l e  

f o r  a w i d e  v a r i e t y  of freshwater s p e c i e s  t h a t  a re  i n v o l v e d  i n  

d i v e r s e  community funct ions.  The  acu te  s e n s i t i v i t i e s  ranged from 

44.73 ug/L t o  2,490 ug/L, b u t  a l l  of  t h e  s p e c i e s  w i t h  a c u t e  

s e n s i t i v i t i e s  above 400 ug/L were i n v e r t e b r a t e s .  A long- term 

s u r v i v a l ,  and a p a r t i a l  and l i f e - c y c l e  t e s t  w i t h  f i s h  gave  

c h r o n i c  v a l u e s  o f  13.57, 7.849, and 16.39 ug/L, r e s p e c t i v e l y .  

Chron ic  v a l u e s  f o r  two f r e s h w a t e r  i n v e r t e b r a t e  s p e c i e s  were 

18.33 and 34.06 ug/L. Freshwater p l a n t s  were a f f e c t e d  a t  cyanide 

concentra t ions  ranging from 30 ug/L t o  26,000 ug/L. 

The acu te  t o x i c i t y  of f r e e  cyanide t o  s a l t w a t e r  spec i e s  ranged 

from 4.893 ug/L t o  >10,000 ug/L and i n v e r t e b r a t e s  w e r e  b o t h  t h e  

most and l eas t  s e n s i t i v e  species .  Long-term s u r v i v a l  i n  an e a r l y  

l i f e - s t a g e  test  w i t h  the  sheepshead minnow gave a chronic  v a l u e  

of 36.12 ug/L. Long-term s u r v i v a l  i n  a mysid l i f e - c y c l e  t e s t  

r e s u l t e d  i n  a c h r o n i c  v a l u e  of  69.71 ug/L. T e s t s  w i t h  t h e  red 

macroalga, Champia p a r v u l a  --I showed cyanide t o x i c i t y  a t  11 t o  25 

ug/L, b u t  o t h e r  s p e c i e s  were a f f e c t e d  a t  c o n c e n t r a t i o n s  up t o  

3,000 ug/L. 

NATIONAL CRITERIA: 

The p rocedu re s  descr ibed  i n  t h e  G u i d e l i n e s  f o r  D e r i v i n g  

Numerical National  Water Q u a l i t y  Cr i te r ia  f o r  t h e  Pro tec t ion  of 

Aquatic Organisms and T h e i r  Uses ind ica te  t h a t ,  except  pos s ib ly  

where a l o c a l l y  important s p e c i e s  is very  s e n s i t i v e ,  f reshwater  

a q u a t i c  o r g a n i s m s  a n d  t h e i r  u s e s  s h o u l d  n o t  be a f f e c t e d  



unacceptably if the 4-day average concentration of cyanide does 

not exceed 5 .2  ug/L more than once every 3 years on the average 

and if the 1-hour average concentration does not exceed 22 ug/L 

more than once every 3 years on the average. 

The procedures described in the Guidelines indicate that, 

except possibly where a locally important species is very 

sensitive, saltwater aquatic organisms and their uses should not 

be affected unacceptably if the 1-hour average concentration of 

cyanide does not exceed 1.0 ug/L more than once every 3 years on 

the average. 

EPA believes that a measurement such as "acid soluble" would 

provide a more scientifically correct basis upon which to 

establish criteria for cyanide. The criteria were developed on 

this basis. However, at this time, no EPA-approved methods for 

such a measurement are available to implement the criteria 

through the regulatory programs of the Agency and the States. 

The Agency is considering development and approval of methods 

for a measurement such as acid soluble. Until available, 

however, EPA recommends applying the criteria using the total 

recoverable method. These criteria may be overly protective when 

based on the total recoverable method. 

The recommended exceedence frequency of 3 years is the 

Agency's best scientific judgment of the average amount of time 

it will take an unstressed system to recover from a pollution 

event in which exposure to cyanide exceeds the criterion. A 

stressed system, for example, one in which several outfalls occur 

in a limited area, would be expected to require more time for 

recovery. The resilience of ecosystems and their ability to 



recover differ greatly, however, and site-specif ic criteria may 

be established if adequate justification is provided. 

The use of criteria in designing waste treatment facilities 

requires the selection of an appropriate wasteload a1 location 

model. Dynamic models are preferred for the application of these 

criteria. Limited data or other factors may make their use 

impractical, in which case one should rely on a steady-state 

model. The Agency recommends the interim use of 1Q5 or lQlO for 

Criterion Maximum Concentration design flow and 745 or 7410 f o r  

the Criterion Continuous Concentration design flow in steady- 

state models for unstressed and stressed systems respectively. 

These matters are discussed in more detail in the Technical 

Support Document for Water Quality-Based Toxics Control (U.S. 

EPA, 1985). 

H" HEALTH CRITERIA 

The ambient water quality criterion for cyanide is 

recommended to be identical to the existing drinking water 

standard which is 200 ug/L. Analysis of the toxic effects data 

resulted in a calculated level which is protective of human 

health against the ingestion of contaminated water and 

contaminated aquatic organisms. The calculated value is 

comparable to the present standard. For this reason a selective 

criterion based on exposure solely from consumption of 6.5 grams 

of aquatic organisms was not derived. 

NOTE: The U.S. EPA is currently developing Acceptable Daily 
Intake (ADI) or Verified Reference Dose (RfD) values for 
Agency-wide use for this chemical. The new value should 
be substituted when it becomes available. The January, 
1986, draft Verified Reference Dose document cites an RfD 
of .02 mg/kg/day for free cyanide. 

-, 0 



CRITERIA: 

DDT _. 

-- DDT AND METABOLITES 

Aquatic Life 

For DDT and its metabolites the criterion to protect 

freshwater aquatic life as derived using the Guidelines is 0.0010 

ug/L as a 24-hour average and the concentration should not exceed 

1.1 ug/L at any time. 

For DDT and its metabolites the criterion to protect' 

saltwater aquatic life as derived using the Guidelines is 0.0010 

ug/L as a 24-hour average and the concentration should not exceed 

0.13 ug/L at any time. 

TDE - 
The available data for TDE indicate that acute toxicity to 

freswater aquatic life occurs at concentrations as low as 0.6 

ug/L and would occur at lower concentrations among species that 

are more sensitive than those tested. No data are available 

concerning the chronic toxicity of TDE to sensitive freshwater 

aquatic life. 

The available data for TDE indicate that acute toxicity to 

saltwater aquatic life occurs at concentrations as low as 3.6 

ug/L and would occur at lower concentrations among species that 

are more sensitive than those tested. No data are available 

concerning the chronic toxicity of TDE to sensitive saltwater 

aquatic life. 

DDE - 
The available data for DDE indicate that acute toxicity 

'./ 

to freshwater aquatic life occurs at concentrations as low as 



1,050 ug/L and would occur at lower concentrations among species 

that are more sensitive than those tested. No data are available 

concerning the chronic toxicity of DDE to sensitive freshwater 

aquatic life. 

The available data for DDE indicate that acute toxicity 

to saltwater aquatic life occurs in concentrations as low as 14 

ug/L and would occur at lower concentrations among species that 

are more sensitive than those tested. No data are available 

concerning the chronic toxicity of DDE to sensitive saltwater 

aquatic life. 

Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to DDT through ingestion of 

contaminated water and contaminated aquatic organisms, the 

ambient water concentration should be zero, based on the 

nonthreshold assumption for this chemical. However, zero 

level may not be attainable at the present time. Therefore, the 

levels which may result in incremental increase of cancer risk 

over the lifetime are estimated at and The 

corresponding recommended criteria are 0.24 nq/L, 0.024 ng/L, and 

0.0024 ng/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consumption 

of water, the levels are 0.24 ng/L, 0.024 ng/L, and 0.0024 

ng/L, respectively. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



a CRITERION: 

DEMETON 

0.1 ug/L for freshwater and marine aquatic life 

RATIONALE: 

Static LC50 bioassays yielded toxicity values for the organo- 

phosphorus pesticide demeton for carp, goldfish, fathead minnow, 

channel catfish, guppy, rainbow, trout and bluegill, ranging from 

70 ug/L to 15,000 ug/L (Henderson and Pickering, 1958; Ludemann 

and Neumann, 1982; Macek and McAllister, 1970; McCann and Jasper, 

1972; Pickering et al. 1962). Results of these tests demonstrate 

an apparent sharp division in species sensitivity, with bluegill 

(Lepomis macrochirusr, rainbow trout (Salmo gairdneri) and 

guppy, (Poecilia --- --------- reticulatg,' being susceptible to lower 

concentrations while the remaining species were comparatively 

resistant. In the 96-hOUr exposures toxicity did not increase 

significantly with time, indicating that concentrations close to 

nominal may not have been maintained for more than a few hours, 

Bluegills with a 24-hour LC50 of 70 ug/L were the most sensitive 

fish (Mccann and Jasper, 1972). 

When fish were exposed to acutely toxic levels of demeton €or 

12 hours by Weiss (1959, 1961) the maximum inhibition of brain 

acetiylcholinesterase (AChE) was not reached. The lowest levels 

of AChE occurred after 24 to 48 hOUrS. It was demonstrated that 

maximum inhibition could last as long as two weeks after 

exposure, and subsequent recovery to levels approaching normal 

took many more weeks. Weiss (1958) reported a significant 

increase in mortality of fathead minnows exposed for a second 



time to the organophosphate, Sarin, before the fish had recovered 

normal brain AChE levels. The resistance of fully recovered 

fish was equal to that of previously unexposed controls. Weiss 

and Gakstatter (1964a) reported no significant inhibition of 

brain AChE in bluegills, goldfish and shiners (Notemigonus 

__ crysoleucasl, __ - ----- following 15-day exposures to demeton at 

continuously replenished, nominal concentrations of 1 ug/L. 

Acute toxicity values reported for invertebrates range from 

10 to 100,000 ug/L (Ludemann and Neumann, 1962; Sanders, 1972). 

In general, molluscs and tubifex worms were very resistant while 

the smaller crustaceans and insect larvae were susceptible. 

Ludemann and Neumann (1962) reported that Chironomus plumosus 

larvae were the most sensitive species they tested. A 24-hour 

exposure at 10 ug/L produced undefined effects while 100 percent 

were killed at 1000 ug/L. Calculated LC50 data for invertebrates 

apparently are limited to a single, nominal concentration static 

exposure of Gammarus ______ fasciatus (Sanders, 1972). These 24- and 

96-hourLC50 valuesarereportedas 500 and27 ug/L, indicatinga 

time-related effect not observed in the bioassays with fishes. 

As only a fewofthe sensitive s p e c i e s h a v e b e e n t e s t e d a n d g r e a t  

variance in response can result with different test methods, 

caution must be exercised in estimating the sub-acute 

concentration for aquatic fauna in general. It appears that no 

study has been made of possible residual effects other than AChE 

inhibition, which might result from short exposures to subacute 

concentrations of organophosphates. 

There are few data on the toxicity of demeton to marine 

organisms. Butler (1964) reported a 48-hour EC50 of 63 ug/L for 



the pink shrimp, Peneaus duorarum, and a 24-hour LC50 of 550 ug/L 

for the spot, Leiostomus xanthurus. 

Chronic demeton toxicity data for freshwater organism are not 

currently available. Since no data are available at this time to 

indicate long-term no-effect levels for aquatic organisms, a 

criterion must be derived based partly on the fact that all 

organophosphates inhibit the production of the AChE enzyme. 

Demeton is unique, however, in that the persistence of its AChE- 

inhibiting ability is greater than that of 10 other common 

organophosphates, even though its acute toxicity is apparently 

less. The effective "half-life" of AChE inhibition for demeton 

is greater than one year (Weiss and Gakstatter, 1964b). Because 

such inhibition may be additive with repeated exposures and may 

be compounded by any of the organophosphates, it is recommended 

that a criterion for demeton be based primarily on its enzyme- 

inhibiting potential. A criterion of 0.1 ug/L demeton for 

freshwater and marine aquatic life is recommended since it will 

not be expected to significantly inhibit AChE over a prolonged 

period of time. In addition, the criteria recommendation is in 

close agreement with the criteria for the other organophosphates. 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



DICHLOROBENZENES 

Aquatic - L i f e  

The available data for dichlorobenzenes indicate that acute 

and chronic toxicity to freshwater aquatic life occur at 

concentrations as low as 1,120 and 763 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. 

The available data for dichlorobenzenes indicate that acute 

toxicity to saltwater aquatic life occurs at concentrations as 

low as 1,970 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 

available concerning the chronic' toxicity of dichlorobenzenes to 

sensitive saltwater aquatic life. 0 
Human Health 

For the protection of human health from the toxic properties 

of dichlorobenzene ingested through water and contaminated 

aquatic organisms, the ambient water criterion is determined to 

be 4 0 0  ug/L. 

For the protection of human health from the toxic properties 

of dichlorobenzenes ingested through contaminated aquatic 

organisms alone, the ambient water criterion is determined to be 

2.6 mg/L. 

( 4 5  F.R. 79318, November 28, 1980) 
SEE APPENDIX B.FOR METHODOLOGY 
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DICHLOROBENZIDINE 

CRITERIA: 

Aquatic Life 

The data base available for dichlorobenzidines and freshwater 

organisms is limited to one test on bioconcentration of 3,3- 

dichlorobenzidine, and therefore, no statement can be made 

concerning acute or chronic toxicity. 

No saltwater organisms have been tested with any 

dichlorobenzidine, and therefore, no statement can be made 

concerning acute or chronic toxicity. 

Human Health 

For the maximum protection of human health from the 

potential carcinogenic effects of exposure to dichlorobenzidine 

through ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentrations should be zero, based 

on the nonthreshold assumption for this chemical. However, zero 

level may not be attainable at the present time. Therefore, the 

levels which may result in incremental increase of cancer risk 

over the lifetime are estimated at and lo-'. 

The corresponding recommended criteria are 0.103 ug/L, 0.010 

ug/L, and 0.001 ug/L, respectively. If these estimates are 

made for consumption'of aquatic organisms only, excluding 

consumption of water, the levels are 0.204 ug/L, 0.020 ug/L, and 

0.002 ug/L, respectively. 

0 

(45 F.R. 79318, November 28, 1980) 
_.* SEE APPENDIX B FOR METHODOLOGY 



DICHLOROETHYLENES 

Aquatic Life 

The available data for dichloroethylenes indicate that acute 

toxicity to freshwater aquatic life occurs at concentrations as 

low as 11,600 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No definitive 

data are available concerning the chronic toxicity of 

dichloroethylenes to sensitive freshwater aquatic life. 

The available data for dichloroethylenes indicate that acute 

and chronic toxicity to saltwater aquatic life occurs at 

concentrations as low as 224,000 ug/L and would occur at lower 

concentrations among species that are more sensitive than those 

tested. No data are available concerning the chronic toxicity of 

dichloroethylenes to sensitive saltwater aquatic life. 

Human Health 

1,1-Dichloroethylene 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to 1,l dichloroethylene through 

ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentrations should be zero, 

based on the non threshold assumption for this chemical. 

However, zero level may not be attainable at the present time. 

Therefore, the levels which may result in incremental increase of 

cancer risk over the lifetime are estimated at 10-5e 10- 0 .- 6, and The corresponding recommended criteria are 

0.33 ug/L, 0.033 ug/L, and 0.003 ug/L, respectively. If 



these estimates are made for consumption of aquatic 

organisms only, excluding consumption of water, the levels are 

18.5 ug/L, 1.85 ug/L, and 0.185 ug/L, respectively. 

1,2-Dichloroethylene 

Using the present guidelines, a satisfactory criterion cannot 

be derived at this tine because of insufficient available data 

for 1,2-dichloroethylene. 

( 4 5  F . R .  79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



2,4-DICHLOROPHENOL 

CRITERIA: 

Aquatic Life 

The available data for 2,4-dichlorophenol indicate that acute 

and chronic toxicity to freshwater aquatic life occurs at 

concentrations as low as 2,020 and 365 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. Mortality to early life stages of 

one species of fish occurs at concentrations as low as 70 ug/L. 

Only one test has been conducted with saltwater organisms and 

2,4-dichlorophenol and therefore, no statement can be made 

concerning acute or chronic toxicity. 

Human Health 

For comparison purposes, two approaches were used to derive 

criterion levels for 2,4-dichlorophenol. Based on available 

toxicity data, to protect public health the derived level is 3.09 

mg/L. Using available organoleptic data, to control undesirable 

taste and odor qualities of ambient water the estimated level is 

0.3 ug/L. It should be recognized that organoleptic data have 

limitations as a basis for establishing a water quality 

criterion, and have no demonstrated relationship to potential 

adverse human health effects. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



DICHLOROPROPANES/DICHLOROPROPROPENES 

CRITERIA: 

Aquatic Life 
The available data for dichloropropanes indicate that acute 

and chronic toxicity to freshwater aquatic life occurs at 

concentrations as low as 23,000 and 5,700 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. 

The available data for dichloropropene indicate that acute 

and chronic toxicity to freshwater aquatic life occurs at 

concentrations as low as 6,060 and 2 4 4  ug/L, respeptively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. 

The available data for dichloropropane indicate that acute 

and chronic toxicity to saltwater aquatic life occur at 

concentrations as l o w  as 10,300 and 3,040 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. 

The available data for dichloropropene indicate that acute 

toxicity to saltwater aquatic life occurs at concentrations as 

low as 790 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data 

are available concerning the chronic toxicity of 

dichloropropene to sensitive saltwater aquatic life. 



Human Health 

Using the present guidelines, a satisfactory criterion cannot 

be derived at this time because of insufficient available data 

for dichloropropanes. 

(45 F . R .  79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



Aquatic Life 

The available data for 2,4-dimethylphenol indicate that acute 

toxicity to freshwater aquatic life occurs at concentrations as 

low as 2,120 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 

available concerning the chronic toxicity of dimethylphenol 

to sensitive freshwater aquatic life. 

No saltwater organisms have been tested with 2,4- 

dimethyl-phenol and therefore, no statement can be made 

concerning acute or chronic toxicity. 

Human Health 

Sufficient data are not available for 2,4-dimethylphenol to 

derive a level which would protect against the potential toxicity 

of this compound. Using available organoleptic data, to control 

undesirable taste and odor quality of ambient water the estimated 

level is 400 ug/L. It should be recognized that organoleptic 

data have limitations as a basis for establishing a water quality 

criterion, and have no demonstrated relationship to 

potential adverse human health effects. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



CRITERIA: 

DINITROTOLUENE 

Aquatic Life 

The available data for dinitrotoluenes indicate that acute 

and chronic toxicity to freshwater aquatic life occurs at 

concentrations as low as 330 and 230 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. 

The available data for dinitrotoluenes indicate that acute 

toxicity to saltwater aquatic life occurs at concentrations as 

low as 5 9 0  ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 

available concerning the chronic toxicity of dinitrotoluenes 

to sensitive saltwater aquatic life but a decrease in algal cell 

numbers occurs at concentrations as low as 370 ug/L. 

Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to 2,4-dinitrotoluene through 

ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentration should be zero, based 

on the nonthreshold assumption for this chemical. However, 

zero level may not be attainable at the present time. Therefore, 

the levels which may result in incremental increase of cancer 

risk over the lifetime are estimated at and The 

corresponding recommended criteria are 1.1 ug/L, 0.11 ug/L, and 

0.011 ug/L, respectively. If these estimates are made for 

consumption of aquatic organ-isms only, excluding consumption 



of water, the levels are 91 ug/L, 9.1 ug/L, and 0.91 ug/L, 

respectively. 

(45 F.R. 79318, November 28, 1980) 
SEE A P P E N D I X  B FOR METHODOLOGY 



DIPHENYLHYDRAZINE 

Aquatic Life 

The available data for 1,2-diphenylhydrazine indicate that 

acute toxicity to freshwater aquatic life occurs at 

concentrations as low as 270 ug/L and would occur at lower 

concentrations among species that are more sensitive than those 

tested. No data are available concerning the chronic toxicity of 

1,2-diphenylhydrazine to sensitive freshwater aquatic life. 

NO saltwater organisms have been tested with 1,2- 

diphenylhydrazine and therefore, no statement .can be made 

concerning acute or chronic toxicity. 

Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to diphenylhydrazine through 

ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentrations shopld be zero, based 

on the nonthreshold assumption for this chemical. However, zero 

level may not be attainable at the present time. Therefore, the 

levels which may result in incremental increase of cancer risk 

over the lifetime are estimated at and 

The corresponding recommended criteria are 422 ng/L, 42 ng/L, and 

4 ng/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consumption of 

water, the levels are 5.6 ug/L, 0.56 ug/L, and 0.056 ug/L, 

0 

respectively. 0 
( 4 5  F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



ENDOSULFAN 

Aquatic Life 

For endosulfan the criterion to protect freshwater aquatic 

life as derived using the Guidelines is 0.056 ug/L as a 24-hour 

average and the concentration should not exceed 0.22 ug/L at any 

time. 

For endosulfan the criterion to protect saltwater 

aquatic life as derived using the Guidelines is 0.0087 ug/L as a 

24-hour average and the concentration should not exceed 0.034 

ug/L at any time. 

Human Health 

For the protection of human 'health from the toxic properties 

of endosulfan ingested through water and contaminated aquatic 

organisms, the ambient water criterion is determined to be 74 

ug/L. 

For the protection of human health from the toxic properties 

of endosulfan ingested through contaminated aquatic 

organisms alone, the ambient water criterion is determined to be 

159 ug/L. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



CRITERIA: 

*ENDRIN 

Aquatic Life 
For endrin the criterion to protect freshwater aquatic life 

as derived using the Guidelines is 0.0023 ug/L as a 24-hour 

average, and the concentration should not exceed 0.18 ug/L at any 

time. 

For endrin the criterion to protect saltwater aquatic life as 

derived using the Guidelines is 0.0023 ug/L as a 24-hour average, 

and the concentration should not exceed 0.037 ug/L at any time. 

Human Health 

The ambient water quality criterion for endrin is recommended 

to be identical to the existing water standard which is 1.0 ug/L. 

Analysis of the toxic effects data resulted in a calculated level 

which is protective of human health against the ingestion of 

contaminated water and contaminated aquatic organisms. The 

calculated value is comparable to the present standard. For 

this reason a selective criterion based on exposure solely from 

assumption of 6.5 g of aquatic organisms was not derived. 

*Indicates suspended, canceled or restricted by W.S. EPA Office 
of Pesticides and Toxic Substances 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



0 CRITERIA: 

The avai 3 B da 

ETHYLBENZENE 

A q u a t i c  Life 
3 for ethylbenzene idicate t at acute 

toxicity to freshwater aquatic life occurs at concentrations as 

low as 32,000 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No definitive 

data are available concerning the chronic toxicity of 

ethylbenzene to sensitive freshwater aquatic life. 

The available data for ethylbenzene indicate that 

acute toxicity to saltwater aquatic life occurs at 

concentrations as low as 430 ug/L and would occur at lower 

concentrations among species that are more sensitive than those 

tested. No data are available concerning the chronic toxicity 

of ethylbenzene to sensitive saltwater aquatic life. 

Human Health 

For the protection of human health from the toxic properties 

of ethylbenzene ingested through water and contaminated aquatic 

organisms, the ambient water criterion is determined to be 1.4 

W/L. 

For the protection of human health from the toxic properties 

of ethylbenzene ingested through contaminated aquatic organisms 

alone, the ambient water criterion is determined to be 3.28 mg/L. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 

NOTE: The U.S. EPA is currently developing Acceptable Daily 
Intake (ADI) or Verified Reference Dose (RfD) values for 
Agency-wide use for this chemical. The new value should 
be substituted when it becomes available. The January, 
1986, draft Verified Reference Dose document cites an RfD 
of 0.1 mg/kg/day for ethylbenzene. 



FLUORANTHENE 

Aquatic Life 

The available data for fluoranthene indicate that acute 

toxicity to freshwater aquatic life occurs at concentrations as 

l o w  as 3,980 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 

available concerning the chronic toxicity of f luoranthene to 

sensitive -freshwater aquatic life. 

The available data €or fluoranthene indicate that acute and 

chronic toxicity to saltwater aquatic life occur at 

concentrations as low as 40 and 16 ug/L, respectively, and would 

occur at lower concentrations' among species that are more 

sensitive than those tested. a 
Human Health 

For the protection of human health from the toxic properties 

of fluoranthene ingested through water and contaminated aquatic 

organisms, the ambient water criterion is determined to be 42 

ug/L. 

For the protection of human health from the toxic properties 

of fluoranthene ingested through contaminated aquatic organisms 

alone, the ambient water criterion is determined to be 54 ug/L. 

(45 F.R. 79318, Novembe-r 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



GASES, TOTAL DISSOLVED 

CRITERION: 

To protect freshwater and marine aquatic life, the total 

dissolved gas concentrations in water should not exceed 110 

percent of the saturation value for gases at the existing 

atmospheric and hydrostatic pressures. 

RATIONALE: 

Fish in water containing excessive dissolved gas pressure or 

tension are killed when dissolved gases in their circulatory 

system come out of solution to form bubbles (emboli) which block 

the flow of blood through the capillary vessels. In aquatic 

organisms this is commonly referred to as "gas bubble diseasett. 

External bubbles (emphysema) also appear in the fins, on the 

opercula, in the skin and in other body tissues. Aquatic 

invertebrates are also affected by gas bubble disease, but 

usua1l.y at supersaturation levels higher than those lethal to 

fish. 

0 

The standard method of analyzing for gases in solutions has 

been the Van Slyke method (Van Slyke et al. 1934); now, gas 

chromatography also is used fo r  determination of individual and 

total gases. For determination of total gas pressure, Weiss has 

developed the saturometer, a device based upon a thin-wall 

silicone rubber tube that is permeable to gases but impermeable 

to water. Gases pass from the water through the tube, thus 0 
raising the internal gas pressure which is measured by a 



manometer or pressure gauge connected to the tube (NAS, 1974). 

This method alone does not separate the total gas pressure into 

the separate components, but Winkler oxygen determinations can be 

run simultaneously, and gas concentrations can be calculated. 

Total dissolved gas concentrations must be determined because 

analysis of individual gases may not determine with certainty 

that gas supersaturation exists. For example, water could be 

highly supersaturated with oxygen, but if nitrogen were at less 

than saturation, the saturation as measured by total gas pressure 

might not exceed 100 percent. Also, if the water was highly 

supersaturated with dissolved oxygen, the oxygen alone might be 

sufficient to create gas pressures or tensions greater than the 

Criterion limits, but one would not know the total gas pressure 

or tension, or by how much the criterion was exceeded. The rare 

and inert gases such as argon, neon and helium are not usually 

involved in causing gas bubble disease as their contribution to 

total gas pressures is very low. Dissolved nitrogen (NZ), which 

comprises roughly 80 percent of the earth's atmosphere, is nearly 

inert biologically and is the most significant cause of gas 

bubble disease in aquatic animals. Dissolved oxygen, which is 

extremely bioactive, is consumed by the metabolic processes of 

the organism and is less important in causing serious gas bubble 

disease though it may be involved in initiating emboli formation 

in the blood (Nebeker et al. 1976a). 

Percent saturation of water containing a given amount of gas 

varies with the absolute temperature and with the pressure. 

Because of the pressure changes, percent saturation with a given 



amount of gas changes with depth of the water. Gas 

supersaturation decreases by 10 percent per meter of increase in 

water depth because of hydrostatic pressure; a gas that is at 130 

percent saturation at the surface would be at 100 percent 

saturation at 3 meters' depth. Compensation €or altitude may be 

needed because a reduction in atmospheric pressure changes the 

water/gas equilibria, resulting in changes in solubility of 

dissolved gases. 

There are several ways that total dissolved gas 

supersaturation can occur: 

1. Excessive biological activity--dissolved oxygen 

concentrations often reach supersaturation because of excessive 

algal photosynthesis. Renfro (1963) reported gas bubble disease 

in fishes resulting, in part, from algal blooms. Algal blooms 

often accompany an increase in water temperature and this higher 

temperature further contributes to supersaturation. 

I 

2.  Lindroff (1957) reported that water spillage at 

hydropower dams caused supersaturation. When excess water is 

spilled over the face of a dam it entrains air as it plunges to 

the stilling or plunge pool atthebaseofthedam. Themomentum 

of the fall carries the water and entrained gases to great depths 

in the pool; and, under increased hydrostatic pressure, the 

entrained gases are driven into solution, causing supersaturation 

of dissolved gases. 

3. Gas bubble disease may be induced by discharges from 

power-generating and other thermal sources (Marcello et al. 
./ 

1975). Cool, gas-saturated water is heated as it passes through 

the condenser or heat exchanger. As the temperature of the water 



rises, percent saturation increases because of the reduced 

solubility of gases at higher temperatures. Thus, the discharged 

water becomes supersaturated with gases and fish or other 

organisms living in the heated water may exhibit gas bubble 

disease (DeMont and Miller, 1972: Malouf et al. 1972; Keup, 

1975). ! 
In recent years, gas bubble disease has been identified as a 

major problem affecting valuable stocks of salmon and trout in 

the Columbia River system (Rulifson and Abel, 1971). The disease 

is caused by high concentrations of dissolved atmospheric gas 

which enter the river's water during heavy spillinq at 

hydroelectric dams. A report by Ebel et al. (1975) presents 

results from field and laboratory studies on the lethal, 

sublethal and physiological effects of gas on fish, depth 

distribution of fish in the river (fish can compensate for some 

high concentrations of gas by moving deeper into the water 

column), detection and avoidance of gas concentrations by fish, 

intermittent exposure of fish to gas concentrations, and 

bioassays of many species of fish exposed to different 

concentrations of gas. Several conclusions resulting from these 

studies are: 

1. When either juvenile or adult salmonids are confined to 

shallow water (1 m), substantial mortality occurs at and above 

115 percent total dissolved gas saturation. 

2. When either juvenile or adult salmonids are free to sound 

and obtain hydrostatic compensation either in the laboratory or 

in the field, substantial mortality still occurs when saturation , 



levels (of total dissolved gases) exceed 120 percent saturation. 

3.  On the basis of survival estimates made in the Snake 

River from 1966 to 1975, it is concluded that juvenile fish 

losses ranging from 40to 95 p e r c e n t d o o c c u r a n d a m a j o r p o r t i o n  

of this mortality can be attributed to fish exposure to 

supersaturation by atmospheric gases during years of high flow. 

4. Juvenile salmonids subjected to sublethal periods of 

exposure to supersaturation can recover when returned to normally 

saturated water, but adults do not recover and generally die from 

direct and indirect effects of the exposure. 

5. Some species of salmon and trout can detect and avoid 

supersaturated water; others may not. 

6. Higher survival was 'observed during periods of 

intermittent exposure than during continuous exposure. 

7. In general, in acute bioassays, salmon and trout were 

less tolerant than the nonsalmonids. 

Dawley and Ebel (1975) found that exposure of juvenile spring 

chinook salmon, Oncorhynchus tshawytscha, -- and steelhead trout, 

Salmo qairdneri, to 120 percent saturation for 1.5 days resulted 

in over 50  percent mortality; 100 percent mortality occurred in 

less than 3 days. They also determined that the threshold level 

where significant mortalities begin occurring is at 115 percent 

nitrogen saturation (111 percent total gas saturation in this 

test). 

Rucker (1974), using juvenile coho salmon, Oncorhynchus 

kisutch, determined the effect of individual ratios of oxygen and 

nitrogen and established that a decrease in lethal effect -., 

occurred when the nitrogen content fell below 109 percent 



saturation even though total gas saturation remained at 119 

percent saturation, indicating the importance of determining the 

concentration of the individual components (02 and N 2 )  of the 

atmospheric supersaturation. Nebeker et al. (1976a), using 

juvenile sockeye salmon, Oncorhynchus nerka, also showed that 

there was a significant increase in fish mortality when the 

nitrogen concentration was increased while holding the total 

percent saturation constant. They also showed that there was no 

significant difference in fish mortality at different C02 

concentrations. 

Research collected by Bouck et al. (1975) showed that gas 

supersaturated water at and above 115 percent total gas 

saturation is acutely lethal to most species of salmonids, with 

120 percent saturation and above rapidly lethal to all salmonids 

tested. Levels as low as 110 percent will produce emphysema in 

most species. Steelhead trout were most sensitive to gas- 

supersaturatea water followed by sockeye salmon, Oncorhyncnus 

nerka. Chinook salmon, ______ Oncorhynchus _____ -_--_ tshawytscha -----I were 

intermediate in sensitivity. Coho salmon, Oncorhyncnus kisutch, 

were significantly the more tolerant of the salmonids though 

----- 

still much more susceptible than non-salmonids like bass or carp. 

- DaFnia -- rmqna __ exhibited a sensitivity to supersaturation 
similar to that of the salmonids (Nebeker et al. 1975), with 115 

percent saturation lethal within a few days. Stoneflies exhibited 

an intermediate sensitivity similar to bass with mortality at 130 

percent saturation. Crayfish were very tolerant, with levels 

near 140 percent total gas saturation resulting in mortality. 



No d i f f e r e n c e s  are  proposed i n  t h e  c r i t e r i a  € o r  freshwater 

and marine aquat ic  l i f e  a s  t h e  data  a v a i l a b l e  ind ica t e  t h a t  there 

p robab ly  is l i t t l e  d i f f e r e n c e  i n  o v e r a l l  t o l e r a n c e s  between 

marine and freshwater species. 

The development of gas bubble disease i n  menhaden, S o o r t i a  

sp. ,  and  t h e i r  t o l e r a n c e  t o  g a s  s a t u r a t i o n  i n  l a b o r a t o r y  

b i o a s s a y s  and i n  t h e  f i e l d  ( P i l g r i m  Nuc lea r  Power S t a t i o n  

Discharge Canal) a r e  discussed by Clay e t  a l .  (1975) and Marcello 

e t  a l .  ( 1 9 7 5 ) .  A t  1 0 0  p e r c e n t  and 1 0 5  p e r c e n t  n i t r o g e n  

sa tura t ion ,  no gas bubbles developed e x t e r n a l l y  o r  i n  any of t h e  

i n t e r n a l  organs of menhaden. A t  105 percent n i t rogen saturat ion,  

however, c e r t a i n  b e h a v i o r a l  changes became apparen t .  F i sh  

s loughed  o f €  mucus, s w a m  e r r a t i c a l l y ,  were more e x c i t a b l e ,  and 

became darker i n  color .  Menhaden behavioral  changes observed a t  

110 p e r c e n t  n i t r o g e n  s a t u r a t i o n  were s i m i l a r  t o  t h o s e  noted a t  

3.05 pe rcen t .  I n  a d d i t i o n ,  a t  110 p e r c e n t  g a s  embol i  were found 

i n  t h e  i n t e s t i n e s ,  t h e  p y l o r i c  caeca ,  and o c c a s i o n a l l y  t h e  

operculum. The behavioral  changes described w e r e  a l s o  observed 

a t  115 p e r c e n t ,  and c l e a r l y  d e f i n e d  subcutaneous emphysema was 

observed i n t h e  f i n s  and o c c a s i o n a l l y  i n t h e  eye. A t 1 2 0 p e r c e n t  

and 130 percent n i t rogen sa tu ra t ion ,  menhaden developed within a 

f e w  hours  c l a s s i c  symptoms of g a s  bubb le  d i s e a s e .  E x t e r n a l l y ,  

embol i  were e v i d e n t  i n  a l l  f i n s ,  t h e  operculum and w i t h i n  the  

o r a l  cavity.  

Exophthalmia a l s o  occurred and emboli developed i n  i n t e r n a l  

The bu lbous  a r t e r i o s i s  and s w i m  b l a d d e r  w e r e  s e v e r e l y  

J d i s t e n d e d ,  and embol i  were found a l o n g  t h e  l e n g t h  of t h e  g i l l  

a r t e r i o l e s ,  r e s u l t i n g  i n  hemostasis. A t  water temperatures of 30 

organs. 0 



OC, menhaden did not survive, regardless of gas saturation level. 

At water temperatures of 15 , 22 , and 25 OC 100 percent of the 
menhaden died within 24 hours at 120 percent and 130 percent gas 

saturation. Fifty percent died after 96 hours at 115 percent (22 

OC) Menhaden survival after 96 hours at 110 percent nitrogen 

saturation ranged from 92 percent at 22O and 25' to 83 percent 

at 15 OC. Observations on the relationship between the mortality 

rate of menhaden and gas saturation levels at Pilgrim Station 

during the April 1975, incident suggest that the fish may 

tolerate somewhat higher gas saturation levels in nature. 

It has been shown by Bouck et al. (1975) and Dawley et al. 

(1975) that survival of salmon and steelhead smolts in seawater 

is not affected by prior exposure to gas supersaturation while in 

fresh water. No significant mortality of juvenile coho and 

sockeye salmon occurred when they were exposed to sublethal 

concentrations of supersaturated water and then transferred to 

seawater (Nebeker et al. 197633). 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLLIGY 



GUTHION 

CRITERION: 

.01 ug/L for freshwater and marine aquatic life. 

RATIONALE : 

Ninety-six-hour LC50 values for fish exposed to the 

organophosphorus pesticide guthion range from 4 to 4 2 7 0  ug/L 

(Katz, 1961: Pickering et al. 1962; Lahav and Sarig, 1969; Macek 

et al. 1969; Macek and McAllister, 1970). The only long-term 

fish exposure data available are those obtained recently by 

Adelman and Smith (unpublished data) Decreased spawning (eggs 

produced per female) was observed in fathead minnows, PimephalE 

prrelas ---I exposed during a complete life cycle. An estimated 

"safe" long-term exposure concentration fo r  fathead minnows lies 

between 0.3 and 0.5 ug/L. survival of larvae was reduced at 

approximately 0.7 ug/L. 

0 
An investigation of the persistence of guthion in fish 

revealed that 50 percent of the chemical was lost in less than 

one week (Meyer, 1965). Analysis of plankton and pond water in 

the same study indicated a 50 percent loss of guthioninabout48 

hours. Flint et al. (1970) determined the half-life of guthion 

at 30C in pond water and in a phosphate buffer protected from 

light in the laboratory. The half-life in pond water was 1.2 

days whereas that in the laboratory solution was 10 days. The 

more rapid degradation in pond water was attributed to the effect 

of sunlight and microorganisms. 

Organophosphate pesticides are toxic because they inhibit the 



enzyme acetylcholinesterase (AChE) which is essential to nerve 

impulse conduction and transmission (Holland et al. 1967). Weiss 

(1958, 1959, 1961) demonstrated that a 40 to 70 percent 

inhibition of fish brain AChE usually is lethal. Centrarchids 

generally are considered one of the more sensitive groups of fish 

to guthion (Pickering et al. 1962; Weiss and Gakstatter, 1964; 

Meyer, 1965). Weiss and Gakskatter (1964) found that over a 15- 

day period bluegills, -_ Lepomis __ macrochirus 1 exhibited AChE 

inhibition at 1.0 ug/L guthion but not at 0.1 ug/L. Exposure at 

0.05 ug/L for 30 days also failed to produce inhibition below the 

range of normal variation, but the authors stated that it 

appeared there was a downward trend in brain enzyme activity and 

that if exposure was continued a definite reduction might 

develop. Weiss (1961) found that about 30 days were required for 

fathead minnow and bluegill brain AChE levels to recover after 8 

to 24 hours exposure to 10 ug/L guthion. 

Benke and Murphy (1974) showed that repetitive injection of 

fish with guthion caused cumulative inhibition of brain AChE and 

mortality. After substantial inhibition by guthion exposure, it 

takes several weeks for brain AChE of fishes to return to normal 

even though exposure is discontinued (Weiss, 1959, 1960; Carter, 

1971). Inhibition of brain AChE of fishes by 46 percent or more 

has been associated with harmful effects in exposures to there 

organophosphate pesticides for a life cycle (Eaton, 1970) and for 

shorter periods (Carter, 1971; Coppage and Duke, 1971; Coppage, 

1972; Coppage and Matthews, 1974: Post and Leasure, 1974; Coppage 

et al. in press). In static tests, similar inhibition of AChE 

and mortality were caused in the sheepshead minnow, Cyprinodon 



variegatus, in 2, 24, 48 and 72 hours at concentrations of 50, 7, 

3.5 and 3 ug/L, respectively (Coppage, 1972). These data 

indicate that reduction of brain AChE activity of marine fishes 

by 70 to 80 percent or more in short-term exposures to guthion 

may be associated with some deaths. 

There is no evidence to indicate that guthion would cause 

adverse effects through the food chain. Tissue residue 

accumulation for whole fish calculated from the data of Meyer 

(1965) indicate no more than a twentyfold accumulation. LC50 

toxicity values for birds are relatively high and range from 70 

to 2,000 mg/kg (Tucker and Crabtree, 1970). 

Ninety-six-hour LC50 values for aquatic invertebrates range 

from 0.10 to 22.0 ug/L (Nebeker and Gaufin, 1964; Gaufin et al. 

1965: Jensen and Gaufin, 1966: Sanders and Cope, 1968: Sanders, 

1969, 1972). Sanders (1972) exposed the grass shrimp, 

Paleomonetes kadiakensis --_-__ r to guthion in a continuous flow 

bioassay for up to 20 days and found that the 5- and 20-day LC50 

values were 1.2 and 0.16 ug/L, respectively. He found that the 

amphipod, ---- Gammarus -I--_- fasciatus 1 was the most sensitive aquatic 

organism tested, with a 96-hour LC50 of 0.10 ug/L. Jensen and 

Gaufin (1966), also using a continuous flow system, exposed two 

species of stonefly naiads in 4- and 30-day studies. They 

observed 96-hour and 30-day LC50 values for Acroneuria pacifica 

of 2.0 and 0.24 ug/L, respectively, whereas for Pteronarcys - 
- californica the values were 4.6 and 1.3 ug/L, respectively. 

Results of other toxicity studies on marine organisms have 

1 . 3  been reported. The 24-hour LC50 for the white mullet, _- M U G 1  _ 0 



curema, was found to be 5.5 ug/L guthion (Butler, 1963). The 96- 

hour LC50 for the striped mullet, Mugil cephalus, was determined 

by Lahav and Sarig (1969) to be 8 ug/L guthion. Portman (1972) 

reported the 48-hour LC50 for the fish, - Pleuronectes - limanda, to 
be 10 to 30 ug/L. The 48-hour LC50 for the European shrimp, 

Cranqon crangon, was found to be 0.33 ug/L guthion (Portman, 

1972). Butler (1963) found that the 24-hour EC50 €or blue crab, 

------- Callinectes - sapidus, was 550 ug/L and the 48-hour EC50 €or pink 

shrimp, Penaeus duorarum, was 4.4 ug/L guthion. The 48-hour TLm 

was estimated to be 6 2 0  ug/L € o r  fertilized oyster eggs, 

Crassostrea -- vixinica ---I and 860 ug/L for fertilized clam eggs, 

Mercenaria - mercenaria (Davis and Hidu, 1969). 

A criterion level of .01 ug/L for guthion is based upon use 

of an 0.1 application factor applied to the 96-hour LC50 of 0.1 

ug/L for ----- Gammarus and a similar value of 0.3 ug/L for the 

European shrimp. 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



HALOETHERS 

CRITERIA: 

Aquatic Life 

The available data for haloethers indicate that acute and 

chronic toxicity to freshwater aquatic life occurs at 

concentrations as low as 360 and 122 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. 

No saltwater organisms have been tested with any haloether 

and therefore, no statement can be made concerning acute or 

chronic toxicity. 

Human Health 

Using the present guidelines, a satisfactory criterion cannot 

be derived at this time because of insufficient available data 

for ha 1 oethers. 
0 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



HALOMETHANES 

CRITERIA: 

Aquatic Life 
The available data for halomethanes indicate that acute 

toxicity to freshwater aquatic life occurs at concentrations as 

low a 11,000 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 

available concerning the chroni-c toxicity of halomethanes to 

sensitive freshwater aquatic life. 

The available data for halomethanes indicate that acute and 

chronic toxicity to saltwater aquatic life occurs at 

concentrations as low as 12,000 and 6,400 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. A decrease in algal cell numbers 

occurs at concentrations as low as 11,500 ug/L. 

0 
Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to chloromethane, 

bromomethane, dichloromethane, bromodichloromethane, 

tribromomethane, dichlorodifluoromethane, trichlorofluoromethane, 

or combinations of these chemicals through ingestion of 

contaminated water and aquatic organisms, the ambient water 

concentration should be zero, based on the non threshold 

assumption for this chemical, However, zero level may not be 

attainable at the present time. Therefore, the levels which may 

result in incremental increase of cancer risk over the lifetime 0 - 



are estimated at loe6 and The corresponding 

recommended criteria are 1.9 ug/L, 0.19 ug/L, and 0.019 uq/L, 

respectively. If these estimates are made for consumption of 

aquatic organisms only, excluding consumption of water, the 

levels are 157 ug/L, 15.7 ug/L, and 1.57 ug/L, respectively. 

(45 F.R.  79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



HARDNESS 

I"RODUC"ION: 

Water hardness is caused by the polyvalent metallic ions 

disolved in water. In fresh water these are primarily calcium 

and magnesium although other metals such as iron, strontium and 

manganese contribute to the extent that appreciable 

concentrations are present. Hardness commonly is reported as an 

equivalent concentration of calcium carborate (CaC03). 

The concept of hardness comes from water supply practice. It 

is measured by soap requirements for adequate lather formation 

and as an indicator of the rate of scale formation in hot water 

heaters and low pressure boilers. A commonly used classification 

is given in the following table (Sawyer, 1960). 

TABLE 3. 

Classification of Water by Hardness Content 

Conc. mg/L CaC03 Description 

0 - 75 
75 - 150 
150 - 300 
300 and up 

soft 
moderately hard 
hard 
very hard 

Natural sources of hardness principally are limestones which 

are dissolved by percolating rainwater made acid by dissolved 

carbon dioxide. Industrial and industrially related sources 

include the inorganic chemical industry and discharges from 

operating and abandoned mines. 

Hardness in fresh water frequently is distinguished in 

carbonate and non-carbonate fractions. The carbonate fraction is 

chemically equivalent to the bicarbonates present in water. 
I 



Since bicarbonates generally are measured as alkalinity, the 

carbonate hardness usually is considered equal to the 

alkalinity. 

RATIONALE: 

The determination of hardness in raw waters subsequently 

treated and used for domestic water supplies is useful as a 

parameter to characterize the total dissolved solids present and 

for calculating dosages where lime-soda softening is practiced. 

Because hardness concentrations in water have not been proven 

health related, the final level achieved principally is a 

function of economics. Since hardness in water can be removed 

with treatment by such processes as lime-soda softening and 

zeolite or ion exchange systems, a criterion for raw waters used 

for public water supply is not practical. 

The effects of hardness on freshwater fish and other aquatic 

life appear to be related to the ions causing the hardness rather 

than hardness. Both the NTAC (1968) and NAS (1974) panels have 

recommended against the use of the term hardness but suggest the 

inclusion of the concentrations of the specific ions. This 

procedure should avoid confusion in future studies but is not 

helpful in evaluating previous studies. For most existing data, 

it is difficult to determine whether toxicity o f  various metal 

ions is reduced because of the formation of metallic hydroxides 

and carbonates caused by the associated increases in alkalinity, 

or because of an antagonistic effect of one of the principal 

cations contributing to hardness, e.g., calcium, or a combination 

of both effects. Stiff (1971) presented a theory (without proof) 



t h a t  i f  cupr ic  ions were t h e  t o x i c  form of copper whereas copper 

carbonate complexes were r e l a t i v e l y  non-toxic, t h e n  t h e  observed 

d i f fe rence  i n  t o x i c i t y  of copper between hard and s o f t  waters can 

be e x p l a i n e d  by t h e  d i f f e r e n c e  i n  a l k a l i n i t y  r a t h e r  t h a n  

hardness .  Doudoroff and K a t z  (1953) ,  i n  t h e i r  rev iew of t h e  

l i t e r a t u r e  on t o x i c i t y ,  p r e s e n t e d  d a t a  showing t h a t  i n c r e a s i n g  

calcium i n  p a r t i c u l a r  reduced t h e  t o x i c i t y  of o ther  heavy metals. 

Under u s u a l  c o n d i t i o n s  i n  f r e sh  water  and  assuming t h a t  o t h e r  

b i v a l e n t  metals  behave s i m i l a r l y  t o  copper, it is reasonable t o  

assume t h a t  bo th  e f fec t s  occur  s i m u l t a n e o u s l y  and e x p l a i n  t h e  

observed  r e d u c t i o n  of t o x i c i t y  of  m e t a l s  i n  wa te r s  c o n t a i n i n g  

c a r b o n a t e  hardness.  T h e  amount of reduced t o x i c i t y  r e la ted  t o  

hardness ,  as  measured by a 40-hour LC50 f o r  rainbow t r o u t ,  has 

been estimated t o  be about  f o u r  t i m e s  f o r  copper and z i n c  when 

t h e  ha rdness  was inc reased  from 1 0  t o  1 0 0  mg/L a s  CaC03 (NAS,  

1974) - 
L i m i t s  on hardness  f o r  i n d u s t r i a l  u s e s  a r e  q u i t e  v a r i a b l e .  

Table 4 lists maximum va lues  t h a t  have been accepted by var ious  

i n d u s t r i e s  a s  a sou rce  of  raw w a t e r  ( N A S ,  1 9 7 4 ) .  Subsequent 

t r e a t m e n t  g e n e r a l l y  can r educe  hardness  t o  t o l e r a b l e  l i m i t s  

a l t h o u g h  c o s t s  of s u c h  t r e a t m e n t  a r e  a n  impor tan t  f a c t o r  i n  

determining i ts  d e s i r a b i l i t y  €or a p a r t i c u l a r  water source. 

Hardness is not  a determination of concern f o r  i r r i g a t i o n  use 

o f  wa te r .  The c o n c e n t r a t i o n s  o f  t h e  c a t i o n s  c a l c i u m  and 

magnesium, which comprise hardness, are important i n  determining 

t h e  exchangeable  sodium i n  a g i v e n  water. T h i s  p a r t i c u l a r  

c a l c u l a t i o n  w i l l  be discussed under t o t a l  d i sso lved  s o l i d s  rather 



TABLE 4. 

Maximum Hardness Levels Accepted 
By Industry as a Raw Water Source* 

Industry 

Electric utilities 

Maximum Concentration 
m&L as CaC03 - 

5,000 

Textile 120 

Pulp and paper 475 

Chemical 1,000 

Petroleum 900 

Primary metals 1,000 

* Requirements for final use within a process may be essential11 
zero, which requires treatment f o r  concentration reductions. 



than hardness. a 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



HEFTACHLOR 

CRITERIA: 

Aquatic Life 

For heptachlor the criterion to protect freshwater aquatic 

life as derived using the Guidelines is 0.0038 ug/L as a 24-hour 

average, and the concentration should not exceed 0.52 ug/L at any 

time. 

For heptachlor the criterion to protect saltwater aquatic 

life as derived using the Guidelines is 0.0036 ug/L as a 24-hour 

average, and the concentration should not exceed 0.053 ug/L at 

any time. 

Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to heptachlor through ingestion 

of contaminated water and contaminated aquatic organisms, the 

ambient water concentration should be zero, based on the non 

threshold assumption for this chemical. However, zero level 

may not be attainable at the present time. Therefore, the levels 

which may result in incremental increase of cancer risk over the 

lifetime are estimated at and The 

corresponding recommended criteria are 2.00 ng/L, 0.20 ng/L, and 

0.020 ng/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consumption of 

water, the levels are 2.04 ng/L, 0.20 ng/L, and 0.020. ng/L, 

0 

respectively. 0 
(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



HEXACHLOROBUTADIENE 

CRITERIA: 

Aquatic Life 

The available data for hexachlorobutadiene indicate 

that acute and chronic toxicity to freshwater aquatic life 

occur at concentrations as low as 90 and 9.3 ug/L, respectively, 

and would occur at lower concentrations among species that are 

more sensitive than those tested. 

The available data for hexachlorobutadiene indicate that 

acute toxicity to saltwater aquatic life occurs at concentrations 

as low as ? 2  ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 
I 

available concerning the chronic toxicity of hexachlorobutadiene 

to sensitive saltwater aquatic life. 0 
Human Health 

For the maximum protection of human health from the 

potential carcinogenic effects of exposure to 

hexachlorobutadiene through ingestion of contaminated water 

and contaminated aquatic organisms, the ambient water 

concentrations should be zero, based on the nonthreshold 

assumption for this chemical. However, zero level may not be 

attainable at the present time. Therefore, the levels which may 

result in incremental increase of cancer risk over the 

lifetime 'are estimated at and The 

corresponding recommended criteria are 4.47 ug/L, 0.45 

ug/L, and 0.045 ug/L, respectively. If these estimates are 0 i 
-. 

made for consumption of aquatic organisms only, excluding 



consumption of water, t h e  l e v e l s  are 500 ug/L, 50  ug/L, and 5.0 

ug/L, respect ively .  

(45 F.R.  79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



HEXACHUIROCYCLOHEXANE 

CRITERIA: 

Aquatic Life 

Lindane 

For lindane the criterion to protect freshwater aquatic life 

as derived using the Guidelines is 0.080 ug/L as a 24-hour 

average and the concentration should not exceed 2.0 ug/L at any 

time. 

For saltwater aquatic life the concentration of lindane 

should not exceed 0.16 ug/L at any time. No data are available 

concerning the chronic toxicity of lindane to sensitive saltwater 

aquatic life. 

BHC - 
The available data for a mixture of isomers of BHC indicate 

that acute toxicity to freshwater aquatic life occurs at 

concentrations as low as 100 ug/L and would occur at lower 

concentrations among species that are more sensitive than those 

tested. No data are available concerning the chronic toxicity of 

a mixture of isomers of BHC to sensitive freshwater aquatic life. 

The available data for a mixture of isomers of BHC indicate 

that acute toxicity to saltwater aquatic life occurs at 

concentrations as low as 0.34 ug/L and would occur at lower 

concentrations among species that are more sensitive than those 

tested. No data are available concerning the chronic toxicity of 

a mixture of isomers of BHC to sensitive saltwater aquatic life. 

0 
i. 



Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to hexachlorocyclohexane 

through ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentrations should be zero, based 

on the nonthreshold assumption for this chemical. However, zero 

level may not be attainable at the present time. Therefore, the 

levels which may result in incremental increase of cancer risk 

, and 10- over the lifetime are estimated at loq5, 

The corresponding recommended criteria are 2 2  ng/L, 2 .2  7 

ng/L, and . 2 2  ng/L, respectively. If these estimates are made 

for consumption of aquatic organisms only, excluding consumption 

of water, the levels are 74 ng/L, 7.4 ng/L, and .74 ng/L, 

respectively. 

10-6 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to hexachlorocyclohexane 

through ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentrations should be zero, based 

on the nonthreshold assumption for this chemical. However, zero 

level may not be attainable at the present time. Therefore, the 

levels which may result in incremental increase of cancer risk 

over the lifetime are estimated at and 

The corresponding recommended criteria are 134 ng/L, 13.4 ng/L, 

and 1.34 ng/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consumption of 

water, the levels are 450 ng/L, 45.0 ng/L, and 4.50 ng/L, 

respectively. 



For the maximum protection of human health from the potential 

carcinogenic effects due to exposure of r- 

hexachlorocyclohexane through ingestion of contaminated water and 

contaminated aquatic organisms, the ambient water concentrations 

should be zero, based on the nonthreshold assumption for this 

chemical. However, zero level may not be attainable at the 

present time. Therefore, the levels which may result in 

incremental increase of cancer risk over the lifetime are 

estimated at and The corresponding 

recommended criteria are 186 ng/L, 18.6 ng/L, and 1.86 ng/L, 

respectively. If these estimates are made for consumption of 

aquatic organisms only, excluding consumption of water, the 

levels are 625 ng/L, 62.5 ng/L, and 6.25 ng/L, respectively. 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to technical- 

hexachlorocyclohexane through ingestion of contaminated water 

and contaminated aquatic organisms, the ambient water 

concentrations should be zero, based on the nonthreshold 

assumption for this chemical. However, zero level may not be 

attainable at the present time. Therefore, the levels which may 

result in incremental increase of cancer risk over the 

lifetime are estimated at 10-5, loe6, and The 

corresponding recommended criteria are 52 ng/L, 5.2 ng/L, and - 5 2  

ng/L, respectively. If these estimates are made for consumption 

of aquatic organisms only, excluding consumption of water, the 

levels are 174 ng/L, 17.4 ng/L, and 1.74 ng/L, respectively. 

, / .* , 



Using t he  present  guidel ines ,  s a t i s f a c t o r y  c r i t e r i a  cannot be 

der ived a t  t h i s  t i m e  f o r  d- and e- hexachlorocyclohexane because 

of i n s u f f i c i e n t  a v a i l a b l e  data. 

( 4 5  F.R. 79318, November 28,  1980) 
SEE APPENDIX B FOR METHODOLOGY 



HEXACHLOROCYCLOPENTADIENE 

CRITERIA: 

Aquatic Life 

The available data for hexachlorocyclopentadiene indicate 

that acute and chronic toxicity to freshwater aquatic life occurs 

at concentrations as low as 7.0 and 5.2 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. 

The available data for hexachlorocyclopentadiene 

indicate that acute toxicity to saltwater aquatic life occurs 

at concentrations as low as 7.0 ug/L and would occur at lower 

concentrations among species that are more sensitive than those 

tested. NO data are available concerning the chronic toxicity of 

hexachlorocyclopentadiene to sensitive saltwater aquatic life. 0 
Human Health 

For comparison purposes, two approaches were used to derive 

criterion levels for hexach lo rocyc lopen tad i ene .  Based on 

available toxicity data, to protect public health the derived 

level is 2 0 6  ug/L. Using available organoleptic data, to 

control undersirable taste and odor quality of ambient water the 

estimated level is 1 ug/L. It should be recognized that 

organoleptic data have limitations as a basis for establishing 

water quality criteria, and have no demonstrated relationship to 

potential adverse human health effects. 

-. , ( 4 5  F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



0.3 mg/L f o r  domestic water supp l i e s  (welfare).  

1.0 mg/L f o r  freshwater aqua t i c  l i f e .  

INTRODUCTION: 

I ron  is t h e  fou r th  most abundant, by weight,  of t h e  elements 

t h a t  make up t h e  ea r th ' s  c r u s t .  Common i n  many r o c k s ,  it is an  

i m p o r t a n t  component of  many s o i l s ,  e s p e c i a l l y  t h e  c l a y  s o i l s  

where u s u a l l y  it i s  a major  c o n s t i t u e n t .  I r o n  i n  water  may be 

presen t  i n  va ry ing  q u a n t i t i e s  dependent upon t h e  geology of t h e  

area and o t h e r  chemical components of the  waterway. 

I r o n  is an e ssen t i a l  t race e l emen t  r e q u i r e d  by b o t h  p l a n t s  

and animals. I n  some waters it may be  a l i m i t i n g  f a c t o r  f o r  the 

growth of a l g a e  and o t h e r  p lants ;  t h i s  is t r u e  e s p e c i a l l y  i n  some 

marl  l a k e s  where it is p r e c i p i t a t e d  by t h e  h i g h l y  a l k a l i n e  

c o n d i t i o n s .  It is a v i t a l  oxygen t r a n s p o r t  mechanism i n  t h e  

blood of all vertebrate and some i n v e r t e b r a t e  animals.  

The fe r rous ,  o r  b i v a l e n t  (Fe++), and t h e  ferric, o r  t r i v a l e n t  

(Fe+++) i r o n s ,  a re  t h e  p r imary  forms o f  concern  i n  t h e  a q u a t i c  

environment, a l though o ther  forms may be i n  organic  and inorganic 

wastewater streams. The f e r r o u s  (Fe++)  form c a n  p e r s i s t  i n  

waters v o i d  of d i s s o l v e d  oxygen and o r i g i n a t e s  u s u a l l y  from 

groundwaters  o r  mines  when these  a r e  pumped o r  d r a i n e d .  For 

p r a c t i c a l  p u r p o s e s  t h e  f e r r i c  (Fe +++) form i s  i n s o l u b l e .  I r o n  

can e x i s t  i n  n a t u r a l  o r g a n o m e t a l l i c  o r  humic compounds and 

c o l l o i d a l  forms. B l a c k  o r  brown swamp w a t e r s  may c o n t a i n  i r o n  

c o n c e n t r a t i o n s  o f  s e v e r a l  mg/L i n  t h e  p r e s e n c e  o r  absence  o f  
.. . .,_. 
,~ .,.,. ...,, 

~~ 

d i s s o l v e d  oxygen, bu t  t h i s  i r o n  form has l i t t l e  effect on aqua t i c  



l i f e .  

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 
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ISOPHORONE 

Aquatic Life 

The available data for isophorone indicate that acute 

toxicity to freshwater aquatic life occurs at concentrations as 

low as 117,000 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 

available concerning the chronic toxicity of isophorone to 

sensitive freshwater aquatic life. 

The available data for isophorone indicate that acute 

toxicity to saltwater aquatic life occurs at concentrations as 

low as 12,900 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 

available concerning the chronic toxicity of isophorone to 

sensitive saltwater aquatic life. 

I 

Human Health 

For the protection of human health from the toxic properties 

of isophorone ingested through water and contaminated aquatic 

organisms, the ambient water criterion is determined to be 5.2 

W/L. 

For the protection of human health from the toxic properties 

of isophorone ingested through contaminated aquatic 

organisms alone, the ambient water criterion is determined to 

be 5 2 0  mg/L. 

(45 F.R. 79318, November 28, 1980) 0 ;;. : SEE APPENDIX B FOR METHODOLOGY 
. .  -...*. 



LEAD 

AQUATIC LIFE SUMMARY: 

The acute toxicity of lead to several species of freshwater 

animals has been shown to decrease as the hardness of water 

increases. At a hardness of 50 mg/L the acute sensitivities of 

10 species range from 142.5 ug/L for an amphipod to 235,900 ug/L 

for a midge. Data on the chronic effects of lead on freshwater 

animals are available for two fish and two invertebrate species. 

The chronic toxicity of lead also decreases as hardness increases 

and the lowest and highest available chronic values (12.26 and 

128.1 ug/L) are both for a cladoceran, but in soft and hard 

water, respectively. Acute-chronic ratios are available for 

three species and range from 18 to 62. Freshwater algae are 

affected by concentrations of lead above 500 ug/L, based on 

data for four species. Bioconcentration factors are available 

for four invertebrate and two fish species and range from 42 to 

1,700. 

0 

Acute values are available for 13 saltwater animal species 

and range from 315 ug/L for the mummichog to 27,000 ug/L for 

the soft shell clam. A chronic toxicity test was conducted 

with a mysid; unacceptable effects were observed at 37 ug/L but 

not at 17 ug/L and the acute-chronic ratio for this species is 

124.8. A species of macroalgae was affected at 20 ug/L. 

Available bioconcentration factors range from 17.5 to 2,570. 

NATIONAL CRITERIA: 

The procedures described in the Guidelines for Deriving 
0 
- 2  

Numerical National Water Quality Criteria for the Protection of 



Aquatic Organisms and Their Uses indicate that, except possibly 

where a locally important species is very sensitive, freshwater 

aquatic organisms and their uses should not be affected 

unacceptably if the 4-day average concentration (in ug/L) of lead 

does not exceed the numerical value given by 

(1.273 [ ln(hardness) 3 -4.705) more than once every 3 years on the e 
average and if the 1-hour average concentration (in ug/L) does 

not exceed the numerical value given. by .(1.273 [ ln(hardness) 3 -  
1.460) more than once every 3 years on the average. For example, 

at hardnesses of 50, 100, and 200 mg/L as CaC03 the 4-day average 

concentrations of lead are 1.3, 3.2, and 7.7 ug/L, respectively, 

and the 1-hour average concentrations are 34, 82, and 200 ug/L. 

The procedures described in, the Guidelines indicate that, 

except possibly where a locally important species is very 

sensitive, saltwater aquatic organisms and their uses should not 

be affected unacceptably if the 4-day average concentration of 

lead does not exceed 5.6 ug/L more than once every 3 years on 

the average and if the 1-hour average concentration does not 

exceed 140 ug/L more than once every three years on the average. 

EPA believes that a measurement such as tfacid-solubletl would 

provide a more scientifically correct basis upon which to 

establish criteria for metals. The criteria were developed on 

this basis. However, at this time, no EPA-approved methods for 

such a measurement are available to implement the criteria 

through the regulatory programs of the Agency and the States. a The Agency is considering development and approval of methods for 

a measurement such as acid-soluble. Until available, however, 

EPA recommends applying the criteria using the total recoverable 



method. T h i s  has two impacts: (1) Certain species of some metals 

cannot be analyzed d i r e c t l y  because t h e  t o t a l  recoverable method 

does not  d i s t inguish  between individual  oxidation s t a t e s ,  and (2)  

these  c r i t e r i a  may be ove r ly  p ro tec t ive  when based on the  t o t a l  

recoverable  method. 

The recommended exceedence f requency of 3 y e a r s  is t h e  

Agency's b e s t  s c i e n t i f i c  judgment of t h e  ave rage  amount of time 

it w i l l  t a k e  an  u n s t r e s s e d  system t o  r e c o v e r  from a p o l l u t i o n  

e v e n t  i n  which exposure t o  lead exceeds  t h e  c r i t e r i o n .  A 

stressed system, f o r  example, one i n  which s e v e r a l  o u t f a l l s  occur 

i n  a l i m i t e d  a r e a ,  would be expected t o  r e q u i r e  more t i m e  f o r  

recovery.  T h e  r e s i l i e n c e  of ecosystems and the i r  a b i l i t y  t o  

recover d i f f e r  g r e a t l y ,  however, ' and s i t e- s p e c i f i c  c r i t e r i a  may 

be es tab l i shed  i f  adequate j u s t i f i c a t i o n  is provided. 

The use of c r i t e r i a  i n  designing waste treatment f a c i l i t i e s  

r e q u i r e s  t h e  s e l e c t i o n  of an a p p r o p r i a t e  was te load  a l l o c a t i o n  

model. Dynamic models a r e  prefe r red  f o r  the  appl ica t ion  of these  

c r i t e r ia .  L i m i t e d  d a t a  o r  o t h e r  f a c t o r s  may make t h e i r  use  

i m p r a c t i c a l ,  i n  which c a s e  one s h o u l d  r e l y  on a s t e a d y- s t a t e  

model. The Agency recommends t h e  i n t e r im  use of lQ5 or  lQl0 f o r  

Cri ter ion Maximum Concentration design flow and 745 o r  7Q1Q f o r  

t h e  C r i t e r i o n  Continuous Concent ra t ion  d e s i g n  f low i n  s teady-  

s t a t e  models f o r  unstressed and stressed systems, respect ively .  

These m a t t e r s  a r e  d i s c u s s e d  i n  more d e t a i l  i n  t h e  Technica l  

Support  Document f o r  Water Quali ty-Based Toxics  Cont ro l  (U.S. 

0 



HUMAN HEALTH CRITERIA: 

The ambient water quality criterion for lead is recommended 

to be identical to the existing drinking water standard which is 

50 ug/L. Analysis of the toxic effects data resulted in a 

calculated level whic is protective to human health against the 

ingestion of contaminated water and contaminated aquatic 

organisms. The calculated value is comparable to the present 

standard. For this reason a selective criterion based on 

expoeure Soley from consumption of 6.5 grams of aquatic organisms 

was not derived. 

(45 F.R. 79318 Nov. 28,1980) (50 F.R. 30784, July 29, 1985) 
SEE APPENDIX A FOR METHODOLOGY 



e CRITERION: 

MALATHION 

0.1 ug/L for freshwater and marine aquatic life. 

RATIONALE: 

The freshwater fish most sensitive to malathion, an 

organophosphorus pesticide, appear to be the salmonids and 

centrarchids. Post and Schroeder (1971) report a 96-hour LC50 

between 120 and 265 ug/L for 4 species of salmonids. Macek and 

McAllister (1970) found a 96-hour LC50 range between 101 and 285 

ug/L for 3 species of centrarchids and 3 species of salmonids. 

Other 96-hour LCSO's are: rainbow trout, -- Salmo gairdrleri, 68 ug/L 

(Cope, 1965) i largemouth bass, MicroEerus -------I salmoides 50 ug/L 

(Pickering et al. 1962); and chinook salmon, Oncorhynchus I-- 

tshawytscha ---I 23 ug/L (Katz, 1961). All of the above tests were 

in static systems. Eaton (1970) determined a 96-hour LC50 for 

bluegill, - LeEmis - - - - - - - - I  macrochirus in a flow-through system at110 

ug/L. Macek and McAllister (1970) reported a similar 96-hOUr 

LC50 for the bluegill in a static exposure. Static 96-hour LC50s 

of 120 and 160 ug/L were reported by Post and Schroeder (1971) 

for brook trout, Salvelinus fontha&. Bender (1969) indicated 

that the acute toxicity to fathead minnows, Pimephales -- promelas, - 
is slightly greater (about 2.0 times) in a static system than in 

a f low-through system. The f low-through acute toxicity to 

fathead minnows reported by Mount and Stephan (1967) approximated 

the static acute toxicity reported by Henderson and Pickering 

0 

(1958) and Bender (1969). 0 
x i  



Many aqua t ic  i nve r t eb ra t e s  appear t o  be more s e n s i t i v e  than 

f i s h  to malathion. The 96-hour LC50 f o r  Gammarus l a c u s t r i s  w a s  

1.0 ug/L (Sanders ,  1 9 6 9 ) ;  f o r  P t e r o n a r c e l l a  b a d i a  1 1.1 ug/L 

(Sanders  and Cope, 1 9 6 8 ) ;  and f o r  ---- Gammarus ----- f a s c i a t u s  1 0.76 ug/L 

(Sanders ,  1 9 7 2 ) .  T h e  4 8 - h O U r  LC50  f o r  Simocephalus -----I- s e r r u l a t u s  

w a s  3.5 ug/L and f o r  - Daphnia - p u l e x ,  1.8 ug/L (Sanders  and Cope, 

1 9 6 6 ) .  -- Daphnia  ---- were i m m o b i l i z e d  i n  5 0  h o u r s  i n  0.9 ug/L 

(Anderson, 1960) .  The 24-hour L C 5 0 s  f o r  two s p e c i e s  of midge 

l a rvae  were 2 .1  ug/L ( M u l l a  and Xhasawinah, 1969)  and 2.0 ug/L 

(Karnak and Co l l in s ,  1974).  

S a f e  l i f e  c y c l e  e x p o s u r e  c o n c e n t r a t i o n s  f o r  t h e  more 

s e n s i t i v e  i n v e r t e b r a t e s  a re  n o t  known. T h e  most s e n s i t i v e  

a q u a t i c  organisms p r o b a b l y  have  n o t  y e t  been tested; safe  

c o n c e n t r a t i o n s  f o r  t h e  m o s t  s ' e n s i t i v e  i n v e r t e b r a t e s  exposed 

through a comple te  l i f e  c y c l e  have  n o t  been determined;  and 

ef fects  of low c o n c e n t r a t i o n s  on i n v e r t e b r a t e  b e h a v i o r  a r e  

unknown. 

The s t a b i l i t y  of m a l a t h i o n  i n  wa te r  is  dependent  on t h e  

chemical  and b i o l o g i c a l  c o n d i t i o n s  of t h e  water ( P a r i s  e t  a l .  

1975). Weiss and Gaksta t ter  (1964) have shown t h a t  t h e  h a l f - l i f e  

of m a l a t h i o n  w a s  reduced from abou t  5 months a t  pH 6 to 1 t o  2 

weeks a t  pH 8. E i c h e l b e r g e r  and L ich tenbe rg  (1971)  found t h a t  

o n l y  1 0  p e r c e n t  remained i n  t h e  L i t t l e  M i a m i  R i v e r  (pH 7.3-8.0) 

a f t e r  2 weeks. Bender ( 1 9 6 9 )  s t a t e s  t h a t  one of  t h e  m a l a t h i o n  

breakdown products may be more t o x i c  than t h e  parent  compound. 

It h a s  been shown t h a t  a measured c o n c e n t r a t i o n  of 575 ug/L 

ma la th ion  i n  f lowing  seawa te r  k i l l s  4 0  to 60  p e r c e n t  of t h e  



marine f ish,  Lagodon rhomboides, i n  3.5 hours and causes about 75 

percen t  b ra in  a c e t y l c h o l i n e s t e r a s e  (AChE) i n h i b i t i o n  (Coppage e t  

a l .  1975). S i m i l a r  i n h i b i t i o n  of AChE and m o r t a l i t y  were caused 

i n  p i n f i s h  i n  24 ,  48,  and 72 h o u r s ' a t  measured concentra t ions  of 

1 4 2 ,  9 2  and 58 ug/L, r e s p e c t i v e l y .  A c o n c e n t r a t i o n  o f  3 1  ug/L 

caused 34 percent  AChE i n h i b i t i o n  i n  p i n f i s h  bu t  no deaths i n  72 

hours .  Coppage and Mat thews  ( 1 9 7 4 )  demons t ra ted  t h a t  death may 

be a s s o c i a t e d  w i t h  r e d u c t i o n s  of b r a i n  AChE a c t i v i t y  of f o u r  

marine f i s h e s  by 70 t o  80 percent  or more i n  short- term exposures 

t o  m a l a t h i o n .  Coppage and Duke ( 1 9 7 1 )  found t h a t  moribund 

m u l l e t ,  Mugil cephalus,  i n  an e s tua ry  sprayed w i t h  malathion (3  

oz . / ac re )  d u r i n g  a la rge- sca le  mosqui to  c o n t r o l  o p e r a t i o n  had 

about 98 percent  i n h i b i t i o n  of  b r a i n  AChE. T h i s  is  i n  agreement 

w i t h  70 t o  80 percent  o r  more i n h i b i t i o n  of b r a i n  AChE l e v e l s  a t  

and be low which some d e a t h s  are l i k e l y  t o  o c c u r  i n  s h o r t- t e r m  

exposure .  S p o t ,  Leiostomus x a n t h u r u s ,  and A t l a n t i c  c r o a k e r ,  

Micropogon - u n d u l e ,  a l s o  had s u b s t a n t i a l  i n h i b i t i o n  of brain 

dur ing t h e  sp ray  opera t ion  (70 pe rcen t  o r  more i nh ib i t i on ) .  

0 

T o x i c i t y  s t u d i e s  h a v e  been made on a number of  m a r i n e  

an ima l s .  E i s l e r  (1970)  s t u d i e d  t h e  96-hour LC50 f o r  s e v e r a l  

marine fishes a t  20 OC i n  s ta t ic ,  aerated seawater. T h e  96-hour 

LC50 v a l u e s  ( i n  ug/L) were: Menidia menidia, 125: - Mugil cephalus,  

550;  F u n d u l u s  rnnialis _--- 1 250;  F u n d u l u s  h e t e r o c l i t u s ,  2 4 0 ;  

- s p h a e r o i d e s  --_-__--- ---_-----I m a c u l a t u s  3250 :  A n q u i l l a  __ _-___ --___-__I r o s t r a t a  8 2 :  a n d  

Thalassoma bifasciatum, 27. K a t z  (1961) repor ted  t h e  s t a t i c  24- 

hour LC50 f o r  Gasteros teus  a c u l e a t u s  i n  2 5  o/oo saltwater as  76.9 

ug/L a c t i v e  i n g r e d i e n t .  T h e  96- hour LC50 f o r  s t r i p e d  b a s s ,  



Morone _--_ --.-------I s a x a t i l i s  i n  i n t e r m i t t e n t  f lowing  seawa te r  has been 

r e p o r t e d  a s  1 4  ug/L (U.S. BSFW, 1 9 7 0 ) .  

Repor t ing  on s t u d i e s  of t h e  t o x i c i t y  of m a l a t h i o n  on marine 

i n v e r t e b r a t e s ,  E i s l e r  (1969)  found t h e  96-hour LC50 ( s t a t i c ,  2 4  

o/oo s a l i n i t y  a e r a t e d )  t o  be 33 ug/L f o r  sand shrimp, Crangon 

septemspinosa; 8 2  ug/L f o r  g rass  shrimp, S a e m o n e t e s  v u l g a r i s ;  -- 
and 83 ug/L f o r  he rmi t  c r ab ,  Pagurus long ica rpus .  Growth of 

oyster ,  Crassostrea v i rg in i ca ,  was reduced 32  percent  by 96-hour 

e x p o s u r e  t o  1 mg/L ( B u t l e r ,  1 9 6 3 ) .  T h e  48- hour  L C 5 0  f o r  

f e r t i l i z e d  eggs of oys t e r s  was estimated by Davis and Hidu (1969) 

t o  be 9.07 mg/L and the  14-day LC50 f o r  l a rvae ,  2.66 mg/L. 

Mala th ion  e n t e r s  t h e  a q u a t i c  environment  p r i m a r i l y  as  a 

r e s u l t  of its app l i ca t ion  as an  insec t ic ide .  Because it degrades 

quite r a p i d l y  i n  most waters,  depending on pH, its occurrence is 

sporadic rather than continuous. Because t h e  t o x i c i t y  is exerted 

th rough i n h i b i t i o n  of AChE and because  such  i n h i b i t i o n  may be  

a d d i t i v e  w i t h  repeated exposures and may be caused by any of t h e  

organophosphorus in sec t i c ides ,  i nh ib i t i on  of AChE by more than 35 

percent  may be expected t o  r e s u l t  i n  damage t o  aquatic organisms. 

A n  a p p l i c a t i o n  f a c t o r  of 0.1 i s  a p p l i e d  t o  t h e  9 6 - h O U r  LC50 

da ta  f o r  Gammarus l a c u s t r i s ,  - G. f a s c i a t i s  and Daphnia, which a r e  

a l l  approximately 1.0 ug/L, y i e ld ing  a c r i t e r i o n  of 0.1 ug/L. 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



MANGANESE 

50 ug/L for domestic water supplies (welfare): 

100 ug/L for protection of consumers of marine molluscs. 

INTRODUCTION: 

Manganese does not occur naturally as a metal but is found in 

various salts and minerals, frequently in association with iron 

compounds. The principal manganese-containing substances are 

manganese dioxide (MnOZ) , pyrolusite, manganese carbonate 

(rhodocrosite) and manganese silicate (rhodonite) ~ The oxides 

are the only important minerals mined. Manganese is not mined in 

the United States except when manganese is contained in iron ores 

that are deliberately used to f o h  ferro-manganese alloys. 

The primary uses of manganese are in metal alloys, dry cell 

batteries, micro-nutrient fertilizer additives, organic compounds 

used in paint driers and as chemical reagents. Permanganates are 

very strong oxidizing agents of organic materials. 

Manganese is a vital micro-nutrient for both plants and 

animals. When manganese is not present in sufficient quantities, 

plants exhibit chlorosis (a yellowing of the leaves) or failure 

of the leaves to develop properly. Inadequate quantities of 

manganese in domestic animal food results in reduced reproductive 

capabilities and deformed or poorly maturing young. Livestock 

feeds usually 

high corn diet 

have sufficient manganese, but beef cattle on a 

may require a supplement. 



RATIONALE: 

Although inhaled manganese dusts have been reported to be 

toxic to humans, manganese normally is ingested as a trace 

nutrient in food. The average human intake is approximately 10 

mg/day (Sollman, 1957). Very large doses of ingested manganese 

can cause some disease and liver damage but these are not known 

to occur in the United States. Only a few manganese toxicity 

problems have been found throughout the world and these have 

occurred under unique circumstances, i.e., a well in Japan near a 

deposit of buried batteries (McKee and Wolf, 1963). 

It is possible to partially sequester manganese with special 

treatment but manganese is not removed in the conventional 

treatment of domestic waters (Riddick et al. 1958: Illig, 1960). 

Consumer complaints arise when manganese exceeds a concentration 

of 150 ug/L in water supplies (Griffin, 1960). These complaints 

are concerned primarily with the brownish staining of laundry and 

objectionable tastes in beverages. It is possible that the 

presence of low concentrations of iron may intensify the adverse 

effects of manganese. Manganese at concentrations of about 10 to 

2 0  ug/L is acceptable to most consumers. A criterion for 

domestic water supplies of 50 ug/L should minimize the 

objectionable qua1 ities. 

McKee and Wolf (1963) summarized data on toxicity of 

manganese to freshwater aquatic life. Ions of manganese are 

found rarely at concentrations above 1 mg/L. The tolerance 

values reported range from 1.5 mg/L to over 1000 mg/L. Thus, 

manganese is not considered to be a problem in fresh waters. 

Permanganates havebeen reportedtokill fish in 8to 18 hours at 



concentrations of 2.2 to 4.1 mg/L, but permanganates are not 

persistent because they rapidly oxidize organic materials and are 

thereby reduced and rendered nontoxic. 

Few data are available on the toxicity of manganese to marine 

organisms. The ambient concentration of manganese is about 2 ug/L 

(Fairbridge, 1966). The material is rapidly assimilated and 

bioconcentrated into nodules that are deposited on the sea floor. 

The major problem with manganese may be concentration in the 

edible portions of molluscs, as bioaccumulation factors as high 

as 12,000 have been reported (NAS, 1974). In order to protect 

against a possible health hazard to humans by manganese 

accumulation in shellfish, a criterion of 100 ug/L is recommended 

for marine water. 

Manganese is not known to be a problem i q  water consumed by 

livestock. At concentrations of slightly less than 1 mg/L to a 

few milligrams per liter, manganese nay be toxic to plants from 

irrigation water applied to soils with pH values lower than 6.0. 

The problem may be rectified by liming soils to increase the pH. 

Problems may develop with long-term (20 year) continuous 

irrigation on other soils with water containing about 10 mg/L of 

manganese (NAS, 1974). But, as stated above, manganese is rarely 

found in surface waters at concentrations greater than 1 mg/L. 

Thus, no specific criterion for manganese in agricultural waters 

is proposed. In select areas, and where acidophilic crops ate 

cultivated and irrigated, a criterion of 200 ug/L is suggested 0 for consideration. 
i \+./ 



Most industrial users of water can operate successfully where 

the criterion proposed for public water supplies is observed. 

Examples of industrial tolerance of manganese in water are 

summarized for industries such as dyeing, milk processing, paper, 

textiles, photography and plastics (McKee and Wolf, 1 9 6 3 ) .  A more 

restrictive criterion may be needed to protect or ensure product 

quality. 

(QUALITY CRITERIA FOR WATER, JULY 1976) P B- 2 6 3 9 4 3  
SEE APPENDIX C FOR METHODOLOGY 



*MERCURY 

AQUATIC LIFE 
Data are 

SUMMARY : 

a v a i l a b l e  on t h e  acute  t o x i c i t y  of mercury(I1) ,to 28 

gene ra  of  freshwater animals .  Acute v a l u e s  f o r  i n v e r t e b r a t e  

spec ies  range from 2.2 ug/L f o r  Daphnia pulex t o  2,000 ug/L f o r  

t h r e e  i n s e c t s .  Acute v a l u e s  f o r  f i s h e s  range from 3 0  ug/L f o r  

the guppy t o  1,000 ug/L f o r  t h e  - Mozambique tilapia. Few data  a r e  

a v a i l a b l e  f o r  v a r i o u s  organomercury compounds and mercurous 

n i t r a t e ,  and t h e y  a l l  appear  t o  be 4 t o  3 1  t i m e s  more  a c u t e l y  

t o x i c  than mercury(I1). 

A v a i l a b l e  ch ron ic  d a t a  i n d i c a t e  t h a t  methylmercury is  t h e  

most ch ron ica l ly  tox ic  of t h e  tested mercury compounds. T e s t s  on 

methylmercury w i t h  Daphnia magna and brook t r o u t  produced chronic 

v a l u e s  less than  0.07 ug/L. For  mercury(I1)  t h e  c h r o n i c  v a l u e  

ob ta ined  wi th  - D a a n i a  _ _-  m s n a  - was abou t  1.1 ug/L and t h e  a c u t e-  

c h r o n i c  r a t i o  was 4.5. I n  b o t h  a l i f e - c y c l e  t e s t  and a n  e a r l y  

l i f e- s t age  test on mercuric c h l o r i d e  w i t h  t h e  fathead minnow, t h e  

chronic v a l u e  was less than 0.26 ug/L and t h e  acute-chronic r a t i o  

was over 6 0 0 .  

0 

Freshwater  p l a n t s  show a w i d e  range of s e n s i t i v i t i e s  t o  

mercu ry ,  b u t  t h e  most s e n s i t i v e  p l a n t s  a p p e a r  t o  be l e s s  

s e n s i t i v e  t h a n  t h e  most s e n s i t i v e  f r e shwa te r  an ima l s  t o  bo th  

mercury(I1) and methylmercury. A b i o c o n c e n t r a t i o n  f a c t o r  of 

4 , 9 9 4  is a v a i l a b l e  f o r  m e r c u r y ( I I ) ,  b u t  t h e  b i o c o n c e n t r a t i o n  

factors f o r  methylmercury range f r o m  4 ,000  t o  85,000. 0 
\.., * I n d i c a t e s  suspended, c a n c e l e d  o r  r e s t r i c t ed  by U.S. EPA 

Office of Pesticides and Toxic Substances 



Data on the acute toxicity of mercuric chloride are available 

for 2 9  genera of saltwater animals, including annelids, molluscs, 

crustaceans, echinoderms, and fishes. Acute values range from 

3.5 ug/L for a mysid to 1,678 ug/L for winter flounder. Fishes 

tend to be more resistant and molluscs and crustaceans tend to be 

more sensitive to the acute toxic effects of mercury(I1). 

Results of a life-cycle test with the mysid show that mercury(I1) 

at a concentration of 1.6 ug/L significantly affected time of 

first spawn and productivity; the resulting acute-chronic ratio 

was 3.1. 

Concentrations of mercury that affected growth and 

photosynthetic activity of one saltwater diatom and six species 

of brown algae range from 10 to 160 ug/L. Bioconcentration 

factors of 10,000 and 40,000 have been obtained for mercuric 

chloride and methylmercury with an oyster. 

NATIONAL CRITERIA: 

Derivation of a water quality criterion for mercury is more 

complex than for most metals because of methylation of mercury in 

sediment, in fish, and in the food chain of fish. Apparently 

almost all mercury currently being discharged is mercury(I1). 

Thus mercury(I1) should be the only important possible cause of 

acute toxicity and the Criterion Maximum Concentrations can be 

based on the acute values for mercury(I1). 

The best available data concerning long-term exposure of fish 

to mercury(I1) indicates that concentrations above 0.23 ug/L 

caused statistically significant effects on the fathead minnow 

and caused the concentration of total mercury in the whole body 



t o  exceed 1.0 mg/kg. Al though it is n o t  known wha t  p e r c e n t  of  

t h e  mercury i n  t h e  f i s h  w a s  methylmercury,  it is  a l s o  n o t  known 

whether uptake  from food would increase  the concentra t ion  i n  t h e  

f i s h  i n  n a t u r a l  s i t u a t i o n s .  Species such as  rainbow t r o u t ,  coho 

salmon, and e s p e c i a l l y  t h e  b l u e g i l l ,  might s u f f e r  chronic  effects 

and a c c u m u l a t e  h i g h  res idues  of  mercury a b o u t  t h e  same a s  t h e  

fathead minnow. 

W i t h  regard t o  long-term exposure t o  methylmercury, M c K i m  e t  

a l .  (1976) found t h a t  brook t r o u t  can exceed the  FDA ac t i on  l e v e l  

without s u f f e r i n g  s t a t i s t i c a l l y  s i g n i f i c a n t  adverse  effects on 

s u r v i v a l ,  growth,  o r  r ep roduc t i on .  Thus f o r  methylmercury  t h e  

F ina l  Residue Value  would be s u b s t a n t i a l l y  lower than  the  F ina l  

Chronic Value. 

Basing a f reshwater  c r i t e r i o n  on t h e  F i n a l  Residue Value of 

0.012 ug/L de r ived  from the  bioconcentra t ion  f a c t o r  of 81,700 f o r  

methylmercury w i t h  t h e  fathead minnow (Ol son  e t  a l .  1975)  

e s s e n t i a l l y  assumes t h a t  a l l  discharged mercury is methylmercury. 

On t h e  o t h e r  hand,  there  is  t h e  p o s s i b i l i t y  t h a t  i n  f i e l d  

s i t u a t i o n s  u p t a k e  from food might  add t o  t h e  u p t a k e  from water. 

S i m i l a r  cons idera t ions  app ly  t o  t h e  d e r i v a t i o n  of t h e  sa l twater  

c r i t e r i o n  of  0.025 ug/L u s i n g  t h e  BCF of 4 0 , 0 0 0  o b t a i n e d  f o r  

methylmercury w i t h  t h e  Eas tern  oys t e r  (Kopfler ,  1 9 7 4 ) .  Because 

t h e  F i n a l  Res idue  V a l u e s  f o r  methylmercury  a r e  s u b s t a n t i a l l y  

below t h e  F i n a l  Chron ic  V a l u e s  f o r  m e r c u r y ( I I ) ,  it is  p r o b a b l y  

not  too  important t h a t  many fishes,  inc lud ing  t h e  rainbow t r o u t ,  

coho salmon, b l u e g i l l ,  and haddock might  n o t  be a d e q u a t e l y  

protec ted  by the  freshwater and sa l twa te r  F i n a l  Chronic Values 

f o r  mercury(I1).  



In contrast to all the complexities of deriving numerical 

criteria for mercury, monitoring for unacceptable environmental 

effects should be relatively straightforward. The most sensitive 

adverse effect will probably be exceedence of the FDA action 

level. Therefore, existing discharges should be acceptable if 

the concentration of methylmercury in the edible portion of 

exposed consumed species does not exceed the FDA action level. 

The procedures described in the Guidelines for Deriving 

Numerical National Water Quality Criteria for the Protection of 

Aquatic Organisms and Their Uses indicate that, except possibly 

where a locally important species is very sensitive, freshwater 

aquatic organisms and their uses should not be affected 

unacceptably if the 4-day average concentration of mercury does 
I 

not exceed 0.012 ug/L more than once every 3 years on the average 

and if the 1-hour average concentration does not exceed 2.4 ug/L 

more than once every 3 years on the average. If the 4-day 

average concentration exceeds 0.012 ug/L more than once in a 3 -  

year period, the edible portion of consumed species should be 

analyzed to determine whether the concentration of methylmercury 

exceeds the FDA action level. 

The procedures described in the Guidelines indicate that, 

except possibly where a localy important species is very 

sensitive, saltwater aquatic organisms and their uses should not 

be affected unacceptably if the 4-day average concentration of 

mercury does not exceed 0.025 ug/L more than once every 3 years 

on the average and if the 1-hour average concentration does not 

exceed 2.1 ug/L more than once every 3 years on the average. If 

the 4-day average concentration exceeds 0.025 ug/L more than once 



i n  a 3-year period,  t h e  e d i b l e  p ro t ion  of consumed spec i e s  should 

be  a n a l y z e d  t o  d e t e r m i n e  w h e t h e r  t h e  c o n c e n t r a t i o n  of  

mathylmercury exceeds t h e  FDA ac t i on  l e v e l .  

0 
EPA b e l i e v e s  t h a t  a measurement such as  "acid-soluble" would 

p r o v i d e  a more s c i e n t i f i c a l l y  c o r r e c t  b a s i s  upon w h i c h  t o  

e s t a b l i s h  c r i t e r i a  f o r  m e t a l s .  T h e  c r i t e r i a  w e r e  d e v e l o p e d  on 

t h i s  bas i s .  However, a t  t h i s  t i m e ,  no EPA approved-methods f o r  

such  a measurement a re  a v a i l a b l e  t o  implement  t h e  c r i t e r i a  

t h rough  t h e  r e g u l a t o r y  programs of  t h e  Agency and t h e  S t a t e s .  

The Agency is consider ing  development and approval  of methods f o r  

a measurement such as  ac id- soluble .  U n t i l  a v a i l a b l e ,  however, 

EPA recommends applying t h e  cr i ter ia  us ing t h e  t o t a l  r ecoverab le  

method. T h i s  has two impacts: (1) c e r t a i n  species of some metals 

cannot be analyzed d i r e c t l y  because t h e  t o t a l  r e cove rab l e  method 

does no t  d i s t i n g u i s h  between i n d i v i d u a l  oxidat ion  states,  and ( 2 )  

these cr i ter ia  may be o v e r l y  p r o t e c t i v e  when based on t h e  t o t a l  

r ecoverab le  method. 

0 

T h e  recommended exceedence  f r equency  o f  3 y e a r s  is t h e  

Agency's bes t  s c i e n t i f i c  judgment of t h e  a v e r a g e  amount of t i m e  

it w i l l  t a k e  an  u n s t r e s s e d  sys tem t o  r e c o v e r  from a p o l l u t i o n  

e v e n t  i n  which exposu re  t o  mercury exceeds  t h e  c r i t e r i o n .  A 

stressed system, f o r  example, one i n  which s e v e r a l  o u t f a l l s  occur 

i n  a l i m i t e d  a rea ,  would be expec t ed  t o  r e q u i r e  more t i m e  f o r  

r ecove ry .  T h e  r e s i l i e n c e  of  ecosys tems  and t h e i r  a b i l i t y  t o  

recover  d i f f e r  g r e a t l y ,  however, and s i t e- spec i f  ic  criteria may 

be e s t a b l i s h e d  i f  adequate j u s t i f i c a t i o n  is provided. 0 .., ,' 



The use of criteria in designing waste treatment facilities 

requires the selection of an appropriate wasteload a1 location 

model. Dynamic models are preferred for the application of these 

criteria. Limited data or other factors may make their use 

impractical, in which case one should rely on a steady-state 

model. The Agency recommends the interim use of 1Q5 or lQl0 for 

Criterion Maximum Concentration design flow and 745 or 7410 for 

the Criterion Continuous Concentration design flow in steady- 

state models for unstressed and stressed systems respectively. 

These matters are discussed in more detail in the Technical 

Support Document for Water Quality-Based Toxics Control ( U . S  

EPA, 1985). 

HUMAN HEALTH CRITERIA 
I 

For the protection of human health from the toxic properties 

of mercury ingested through water and contaminated aquatic 

organisms, the ambient water criterion is determined to be 144 

nWL. 
For the protection of human health from the toxic properties 

of mercury ingested through contaminated aquatic organisms alone, 

the ambient water criterion is determined to be 146 ng/L. 

NOTE: These values include the consumption of freshwater, 
estuarine, and marine species. 

(45 F.R.  79318 Nov. 28,1980) (50 F.R. 30784, July 29, 1985) 
SEE APPENDIX A FOR METHODOLOGY 



0 CRITERIA: 
METHOXYCHMR 

1 0 0  ug/L f o r  domestic water supply (hea l th ) ;  

0.03 ug/L f o r  freshwater and marine aquatic l i f e .  

RATIONALE : 

The h ighes t  l e v e l  of methoxychlor found t o  have minimal o r  no 

long-term e f f e c t s  i n  man is 2.0 mg/kg of body weight/day (Lehman, 

1965). Where adequate human data  a r e  a v a i l a b l e  f o r  corroboration 

of t h e  animal  r e s u l t s ,  t h e  t o t a l  tfsafe't d r i n k i n g  wa te r  i n t a k e  

leve l  is assumed t o  be l/lOO of t h e  no-effect o r  minimal effect 

l e v e l  r e p o r t e d  f o r  t h e  most s e n s i t i v e  animal t es ted ,  i n  t h i s  

case, man. 

Applying t h e  a v a i l a b l e  d a t a  and based upon t h e  assumptions 

t h a t  20 p e r c e n t  of t h e  t o t a l  i n t a k e  of methoxychlor i s  from 

d r i n k i n g  water, and t h a t  t h e  a v e r a g e  person weighs 7 0  kg and 

consumes 2 l i t e r s  of water per  day, the  formula f o r  c a l c u l a t i n g  a 

c r i t e r i o n  is 2.0 mg/kg x 0.2 x 70 kg x 1/100 x 1/2 = 0.14 mg/L. 

A c r i t e r i o n  l e v e l  f o r  domes t ic  water s u p p l y  of 1 0 0  ug/L is 

recommended. 

Few data: a r e  a v a i l a b l e  on a c u t e  and c h r o n i c  e f f e c t s  of 

methoxychlor on f r e s h w a t e r  f i s h .  Merna and E i s e l e  ( 1 9 7 3 )  

observed reduced h a t c h a b i l i t y  of  f a t h e a d  minnow p i m z h a l e s  - 
prcelas) -- embryos a t  0.125 ug/L and l a c k  of spawning a t  2.0 

ug/L. Yellow perch, Perca -- f lavescens ,  exposed t o  0.6 ug/L f o r  8 

months exhibited reduced growth. The 36-hour LC50 c o n c e n t r a t i o n  

was 7.5 and 22 ug/L f o r  t h e  f a t h e a d  minnow and y e l l o w  perch ,  

.- r e s p e c t i v e l y .  Korn and E a r n e s t  ( 1 3 7 4 )  o b t a i n e d  a 96-hour L C 5 0  



of 3.3 ug/L with juvenile stripped bass, Morone -----_I saxatilis 

exposed to methoxychlor in a flowing-water bioassay. 

Sanders (1972) determined a 96-hour LC50 value of 0.5 ug/L 

for the crayfish, Orconectes nais. Merna and Eisele (1973) 

obtained a 96-hour LC50 value of 0.61 ug/L for the scud, Gammarus 

pseudolimnaeus and 96-hour LC5O's ranging from 1.59 to 7.05 ug/L 

for the crayfish, Orconectes --I nais and three aquatic insect 

larvae. In 28-day exposuresI reduction in emergence of mayflies, 

----- Stenonema sp. and in pupation of caddisf lies, Cheumatospsyche _- 
sp., were observed at 0.5 and 0.25 ug/L concentrations, 

respectively. They also found methoxychlor to be degraded in a 

few weeks or less in natural waters. 

Eisele (1974) conducted a study in which a section of a 

natural stream was dosed at 0.2 ug/L methoxychlor for 1 year. 

The near extinction of one species of scud, w l l e l l a  ---- azteca, and 
reductions in populations of other sensitive species, as well as 

biomass, were observed. Residue accumulation of up to 1,000 

times the level in the stream was observed in first-year 

crayfish, Orconectes __ nais. Metcalf et al. (1971) traced the 

rapid conversion of methoxychlor to water soluble compounds and 

elimination from the tissues of snails, mosquito larvae and 

mosquitofish. Thus, methoxychlor appears to be considerably less 

bioaccumlative in aquatic organisms than some of the other 

chlorinated pesticides. 

Methoxyhlor has a very low accumulation rate in birds and 

mammals (Stickel, 1973), and relatively low avian (Heath et al. 

1972) and mammalian (Hodge et al. 1950) toxicities. No 

administrative guidelines for acceptable levels in edible fish 



tissues have been established by the U.S. Food and Drug 

Administration. 

The above data indicate that 0.1 ug/L methoxychlor would be 

just below chronic effect level for the fathead minnow and one- 

fifth the acute toxicity level in a crayfish species. Therefore, 

a criterion level of 0.03 ug/L is recommended. This criterion 

should protect fish as sensitive as striped bass and is 10 times 

lower than the level causing effects on some invertebrate 

populations in a 1-year dosing of a natural stream. 

Bahner and Nimmo (1974) found the 96-hour LC50 of 

methoxychlor for the pink shrimp, Penaeus ----I duorarum to be 3.5 

ug/L and the 30-day LC50 to be 1.3 ug/L. Using an application 

factor of 0.01 with the pink shrimp's acute toxicity of 3.5 

ug/L, the recommended criterion for the marine environment is 

0.03 ug/L. 

Butler (1971) found accumulation factors of 470 and 1,500 for 

the molluscs, Mercenaria _-_____-_- ______-___ mercenaria and gyg arenaria, 

respectively, when exposed to 1 ug/L methoxychlor for 5 days. 

Using the 1,500 accumulation factor as a basis, a water 

concentration of 0.2 ug/L would be required to meet the U.S. Food 

and Drug Administration's guideline for methoxychlor in meat 

products. Thus, the recommended marine criterion of 0.03 ug/L is 

an order of magnitude lower than this concentration. 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY - ., 



MIREX 

CRITERION: 

0 .001  ug/L f o r  freshwater and marine aquat ic  l i fe .  

RATIONAL??.: 

Mirex is  used t o  c o n t r o l  t h e  imported f i r e  a n t  S o l e n z s i s  - 
saevissima r ichter i  i n  t h e  southeastern U n i t e d  Sta tes .  Its use 

is e s s e n t i a l l y  l imited t o  the  cont ro l  of t h i s  i n sec t  and it is 

always p resen ted  i n  b a i t .  I n  t h e  most common fo rmula t ion ,  

t echnica l  grade mirex i s  d i s so lved  i n  soybean o i l  and sprayed on 

corncob g r i t s .  The  b a i t  produced i n  t h i s  manner cons i s t s  of 0.3 

p e r c e n t  mirex, 14.1 p e r c e n t  soybean o i l  and 85 p e r c e n t  corncob 

g r i t s .  b a i t  o f t e n  is  a p p l i e d  a t  a ra te  of 1.4 kg/ha, The mirex 
I 

equiva len t  t o  4.2 grams of t ox ican t  per  hectare. 

R e l a t i v e l y  few s tud ies  have been made of t h e  e f f e c t s  of mirex 

on f r e s h w a t e r  i n v e r t e b r a t e s  og yhrd r ,  o n l y  Dudke e t  a l .  (1971) 

r e p o r t  chemical a n a l y s e s  of mi rex  i n  t h e  water .  T h e i r  s t u d y  

r e p o r t e d  ef fects  on two c r a y f i s h  s p e c i e s  exposed t o  mirex by 

three techniques. F i r s t ,  f ield-col l e c t e d  c rayf i sh  were exposed 

t o  s e v e r a l  s u b l e t h a l  c o n c e n t r a t i o n s  of t e c h n i c a l  g rade  m i r e x  

s o l u t i o n s  € o r  v a r i o u s  p e r i o d s  o f  t i m e ;  second, c r a y f i s h  w e r e  

exposed  t o  m i r e x  l e a c h e d  f rom b a i t  (0 .3  p e r c e n t  a c t i v e  

ingredient)  ; and t h i r d ,  t he  c ray f i sh  w e r e  fed mirex ba i t .  

Procambarus u a n d i n g i  j u v e n i l e s  were exposed t o  1 o r  5 ug/L 

f o r  6 t o  144 hours ,  t r a n s f e r r e d  t o  c l e a n  water  and observed  f o r  

10 days. A f t e r  5 days i n  c l e a n  w a t e r ,  95 percent of t h e  animals 

exposed t o  1 ug/L f o r  14 hours w e r e  dead. Exposure t o  5 ug/L f o r  

6, 24, and 58 hour s  r e s u l t e d  i n  26, 50, and 98 p e r c e n t  m o r t a l i t y  

10 days a f t e r  t r a n s f e r  t o  c l e a n  water .  Crayf i sh ,  Procambarus 

0 



’.. 

- hayi, were exposed to 0.1 and 0.5 ug/L for 48 hours. Four days 

after transfer to clean water, 65 percent of the animals exposed 

to 0.1 ug/L were dead. At the 0.5 ug/L concentration, 71 

percent of the animals were dead after 4 days in clean water. 

Tissue residue accumulations (wet weight basis) ranged from 940- 

to 27,210-fold above water concentrations. In leached bait 

experiments, 10 bait particles were placed in 2 liters of water 

but isolated from 20 juvenile crayfish. Thirty percent of the 

crayfish were dead in 4 days and 95 percent were dead in 7 days. 

Water analysis indicated mirex concentrations of 0.86 ug/~. In 

feeding Qxperiments, 108 crayfish each were fed one bait 

particle. Mortality was noticed on the first day after feeding, 

j8 and by the sixth day 77 percent were dead. In another experiment, 

all crayfish were dead 4 days after having been fed 2 bait 

particles each. From this report it is obvious that mirex is 

extremely toxic to these species of crayfish. Mortality and 

accumulation increases with time of exposure to the insecticide. 

Concentrations as low as 0.1 ug/L or the ingestion of one 

particle resulted in death. 

$ 

Research to determine effects of mirex on fish has been 

concentrated on species which have economic and sport fishery 

importance. Hyde et al. (1974) applied mirex bait (0.3 percent 

mirex) at the standard rate (1.4 kg/ha) in four ponds containing 

channel catfish, Ictalurus punctatus. Three applications were 

made over an 8~011th period with the first application 8 days 

after fingerling (average weight 18.4 g )  catfish were placed in 

the ponds. Fish were collected at each subsequent application 



(approximately 4-month i n t e r v a l s ) .  Two and one h a l f  months a f te r  

t h e  f i n a l  a p p l i c a t i o n ,  t h e  ponds were d ra ined ,  a l l  f i s h  were 

measured and weighed, and t h e  p e r c e n t  s u r v i v a l  was c a l c u l a t e d .  

Mirex r e s i d u e s  i n  t h e  f i s h  a t  t e r m i n a t i o n  of t h e  experiment 

ranged from 0.015 ug/g (ppm) i n  t h e  f i l l e t  t o  0.255 uq/g i n  t h e  

f a t .  

0 

I n  another study, Van Val in  e t  a l .  (1988) exposed b l u e g i l l s ,  

- Lepomis macrochirus ,  and t h e  g o l d f i s h ,  C a r a s s i u s  a u r a t u s ,  t o  

mirex by f e e d i n g  a mirex- treated d i e t  (1, 3, and 5 mg mirex p e r  

kg body weight)  o r  by t r e a t i n g  h o l d i n g  ponds w i t h  mirex b a i t  

(1.3, 1 0 0 ,  and 1000 ug/L computed wa te r  c o n c e n t r a t i o n ) .  They 

r e p o r t e d  no m o r t a l i t y  or t i s s u e  pa tho logy  f o r  t h e  b l u e g i l l s ;  

however, a f t e r  58 days of exposure,  g i l l  breakdown i n  g o l d f i s h  

was found i n  t h e  1 0 0  and 1 0 0 0  ug/L c o n t a c t  exposure ponds, and 

kidney breakdown was occurring i n  the  1000 ug/L ponds. Mor ta l i ty  

i n  t h e  f eed ing  exper iments  was n o t  r e l a t e d  t o  t h e  l e v e l  of 

exposure, although growth of t h e  b l u e g i l l s  fed 5 ug/L mirex w a s  

reduced. 

I n  laboratory and f i e l d  test systems, reported concentrations 

of mirex u s u a l l y  are  between 0 . 5  and 1.0 ug/L (Van V a l i n  e t  a l .  

1968: Ludke e t  a l .  1971). Although mirex seldom is found above 1 

ug/L i n  t h e  aquat ic  environment, s e v e r a l  f i e l d  s tud ie s  have shown 

t h a t  t h e  i n s e c t i c i d e  is accumulated th rough t h e  food chain .  

Borthwick e t  a l .  (1973)  r e p o r t e d  t h e  accumula t ion  of mirex i n  

South C a r o l i n a  e s t u a r i e s .  T h e i r  d a t a  r e v e a l e d  t h a t  mirex was 

transported from t r ea t ed  land and marsh t o  t h e  estuary animals 

and t h a t  accumulation, e s p e c i a l l y  i n  predators ,  occurred. I n  t h e  

test  area, water suppl ies  c o n s i s t e n t l y  w e r e  less than 0.01 ug/L. 



Residues  i n  f i s h  v a r i e d  from n o n- d e t e c t a b l e  

percent of t h e  samples containing 

and the  percent  of samples containing mirex 

residues.  

t o  0.8 ug/g w i t h  15  

The amount of mirex 

increased a t  higher 

t r o p h i c  l e v e l s .  F i f t y- f o u r  p e r c e n t  of  t h e  raccoons  sampled 

con ta ined  m i r e x  r e s i d u e s  up t o  4 .4  ug/g and 78  p e r c e n t  of t h e  

b i r d s  con ta ined  r e s i d u e s  up t o  1 7  ug/g. Navgi and de l a  Cruz 

(1973)  r e p o r t e d  a v e r a g e  r e s i d u e s  f o r  m o l l u s c s  (0.15 ug /g) ,  f i s h  

(0.26 ug/g) ,  i n s e c t s  (0.29 ug/g) ,  c r u s t a c e a n s  ( 0 . 4 4  ug/g) and 

anne l ids  (0.63 ug/g. They a l s o  reported t h a t  mirex was found i n  

a reas  n o t  t r e a t e d  w i t h  mirex which s u g g e s t s  movement of t h e  

p e s t i c i d e  i n  t h e  environment. Wol fe and Norment (1973) sampled 

an a r e a  f o r  one y e a r  f o l l o w i n g  an  a e r i a l  a p p l i c a t i o n  of  m i r e x  

b a i t  (2 .1  g mirex/ha) .  C r a y f i s h  r e s i d u e s  ranged from 0.04 t o  

0.16 ug/g. F i s h  r e s i d u e s  w e r e  about  2 t o  2 0  t i m e s  g r e a t e r  t h a n  

t h e  c o n t r o l s  and ave raged  from 0 .01  t o  0.78 ug/g. K a i s e r  (1974), 

r e p o r t e d  t h e  p r e s e n c e  of rnirex i n  f i s h  from t h e  Bay of Q u i n t e ,  

Lake On ta r io ,  Canada. Concen t ra t ions  range  from 0.02 ug/g i n  

the gonads of t h e  northern long nose gar, Lepistosteus osseus, t o  

0.05 ug/g i n  t h e  a r ea l  f i n  of t h e  n o r t h e r n  p i k e ,  ___- Esox l u c i u s .  

Mirex has never been r eg i s t e red  f o r  u s e  i n  Canada. 

Mirex does  n o t  appear  t o  be g r e a t l y  t o x i c  t o  b i r d s ,  w i t h  

LCSO’s f o r  t h e  young of four  spec ies  ranging from 547 t o  g r e a t e r  

t h a n  1667 ug/g (Heath e t  a l .  1 9 7 2 ) .  Long-term d i e t a r y  dosages  

caused no a d v e r s e  e f fec t  a t 3  u g / g w i t h m a l l a r d s  a n d 1 3  u g / g w i t h  

pheasants (Heath and Spann, 1973).  However, it has been repor ted 

(Stoke e t  a l .  1978) t h a t  the  pers i s tence  of mirex i n  b i r d  t i s s u e  

exceeds  t h a t  of a l l  o r g a n o c h l o r i n e  compounds t e s ted  e x c e p t  f o r  



DDE. Delayed mortality occurred among birds subjected to doses 

above expected environmental concentration. 

A summary examination of the data available at this time 

shows a mosaic of effects. Crayfish and channel catfish survival 

is affected by mirex in the water or by ingestion of the bait 

particles. Bioaccumulation is well established for a wide 

variety of organisms but the effect of this bioaccumulation on 

the aquatic ecosystem is unknown. There is evidence that mirex 

is very persistent in bird tissue. Considering the extreme 

toxicity and potential for bioaccumulation, every effort should 

be made to keep mirex bait particles out of water containing 

aquatic organisms and water concentrations should not exceed 

0.001 ug/L mirex. This value is based upon an application factor 

of 0.01 applied to the lowest levels at which effects on crayfish 

have been observed. 

Data upon which to base a marine criterion involve several 

estuarine and marine crustaceans. A concentration of 0.1 ug/L 

technical grade mirex in flowing seawater was lethal to juvenile 

pink shrimp, Penaeus durorarum, in a 3-week exposure (Lowe et al. 

1971). In static tests with larval stages (megalopal) of the mud 

crab, Rhithropanopeus harrisii, reduced survival was observed in 

0.1 ug/L mirex (Bookhout et al. 1972). In three of four 28-day 

seasonal f low-through experiments, Tagatz et al. (1975) found 

reduced survival of __- Callinectes sapidus, Penaeus durorarum, and 

grass shrimp, -_-_--_--_ Palaemonetes ~us&, at levels of 0.12 ug/L in 
summer, 0.06 ug/L in fall and 0.09 ug/L in winter. 

Since two reports, Lowe et al. (1971) and Bookhout et al. - 

(1972), stated that effects of mirex on estuarine and marine 



c r u s t a c e a n s  w e r e  observed  o n l y  a f t e r  c o n s i d e r a b l e  t i m e  had 

e l a p s e d ,  it seems r e a s o n a b l e  t h a t  l e n g t h  of exposure i s  an 

important considerat ion €or t h i s  chemical. This may not  be t h e  

case i n  f r e s h  water  s i n c e  t h e  c r a y f i s h  were a f f e c t e d  w i t h i n  4 8  

hours.  The re fo re ,  a 3- t o  4- week  exposure  might be cons idered  

88acute81 and by a p p l y i n g  an  a p p l i c a t i o n  f a c t o r  of 0.01 t o  a 

reasonable  average of tox ic- ef fec t  l e v e l s  as summarized above, a 

recommended marine c r i t e r i o n  of 0.001 ug/L r e s u l t s .  

(QUALITY CRITERIA FOR WATER, J U L Y  1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



N ? Q r n L E N E  

Aquatic Life 

The available data for naphthalene indicate that acute and 

chronic toxicity to freshwater aquatic life occurs at 

concentrations as low as 2,300 and 620 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. 

The available data for naphthalene indicate that acute 

toxicity to saltwater aquatic 1 ife occurs at concentrations as 

low as 2,350 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 

available concerning the chronic toxicity of naphthalene to 

sensitive saltwater aquatic life. 

I 

Human Health 

Using the present guidelines, a satisfactory criterion cannot 

be derived at this time because of insufficient available data 

for naphthalene. 

(45  F . R .  79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



NICKEL 

Aquatic Life 

FOI total recoverable nickel the criterion (in ug/L) to 

protect freshwater aquatic life as derived using the Guidelines 

is the numerical value given by e(0.76[1n(hardness)]+l.06) as a 

24-hour average, and the concentration (in ug/L) should not 

exceed the numerical value given by .(0.76[ln (hardness)]+4.02) 

at any time. For example, at hardnesses of 5 0 ,  100, and 200 mg/L 

as CaC03 the criteria are 56, 96, and 160 ug/L, respectively, as 

24-hour averages, and the concentrations should not,exceed 1,100, 

1,800, and 3,100 ug/L, respectively, at any time. 

For total recoverable nickel the criterion to protect 

saltwater aquatic life as derived using the Guidelines is 7.1 

ug/L as a 24-hour average, and the concentration should not 

exceed 140 ug/L at any time. 

0 

Human Health 

For the protection of human health from the toxic properties 

of nickel ingested through water and contaminated aquatic 

organisms, the ambient water criterion is determined to be 632 

wl/L. 

For the protection of human health from the toxic properties 

of nickel ingested through contaminated aquatic organisms 

alone, the ambient water criterion is determined to be 4.77 

W/L. 

(45 F.R. 79318, November 28, 1980) 0 
SEE APPENDIX B FOR METHODOLOGY 



0 CRITERION: 

NITF?ATES/NITRITES 

10 mg/L n i t r a t e  n i t rogen (N)  f o r  
domestic water supply ( h e a l t h ) .  

INTRODUCTION: 

Two gases ( m o l e c u l a r  n i t r o g e n  and n i t r o u s  o x i d e )  and f i v e  

forms o f  nongaseous,  combined n i t r o g e n  (amino and amide g roups ,  

ammonium, n i t r i t e ,  and n i t r a t e )  a r e  impor t an t  i n  t h e  n i t r o g e n  

cycle. The amino and amide g roups  a re  found i n  s o i l  o r g a n i c  

matter  and as  c o n s t i t u e n t s  of p l a n t  and an ima l  p r o t e i n .  The 

ammonium ion either is released from proteinaceous organic  matter 

and urea ,  o r  is s y n t h e s i z e d  i n  i n d u s t r i a l  p r o c e s s e s  i n v o l v i n g  

a tmosphe r i c  n i t r o g e n  f i x a t i o n .  T h e  n i t r i t e  i o n  i s  formed from 

t h e  n i t r a t e  or t h e  ammonium ions  by c e r t a i n  microorganisms found 

i n  s o i l ,  water, sewage, and t h e  d i g e s t i v e  tract. The n i t r a t e  ion  

is  formed by t h e  comple t e  o x i d a t i o n  of  ammonium i o n s  by s o i l  o r  

water microorganisms; n i t r i t e  is an in termedia te  product  of t h i s  

n i t r i f i c a t i o n  p roces s .  I n  oxygenated  n a t u r a l  wa te r  sys tems  

n i t r i t e  is r a p i d l y  o x i d i z e d  t o  n i t r a t e .  Growing p l a n t s  

assimilate n i t r a t e  o r  ammonium ions  and conver t  them t o  prote in .  

A p r o c e s s  known as  d e n i t r i f i c a t i o n  t akes  p l a c e  when n i t r a t e -  

conta in ing s o i l s  become anaerobic and t h e  conversion t o  n i t r i t e ,  

molecular  n i t rogen,  or n i t r o u s  oxide occurs. Ammonium ions  may 

a l s o  be produced i n  some circumstances. 

0 

Among t h e  major  p o i n t  s o u r c e s  of  n i t r o g e n  e n t r y  i n t o  water  

b o d i e s  a re  m u n i c i p a l  and i n d u s t r i a l  wastewaters ,  s e p t i c  t a n k s ,  

and feed l o t  discharges.  D i f f u s e  s o u r c e s  o f  n i t r o g e n  i n c l u d e  

farm-site f e r t i l i z e r  and animal wastes, lawn f e r t i l i z e r ,  leachate 
a 



from waste disposal in dumps or sanitary landfills, atmospheric 

fallout, nitric oxide and nitrite discharges from automobile 

exhausts and other combustion processes, and losses from natural 

sources such as mineralization of soil organic matter (NAS, 

1972). Water reuse systems in some fish hatcheries employ a 

nitrification process for ammonia reduction; this may result in 

exposure of the hatchery fish to elevated levels of nitrite 

(Russo et al. 1974). 

RATIONALE : 

In quantities normally found in food or feed, nitrates become 

toxic only under conditions in which they are, or may be, reduced 

to nitrites. Otherwise, at "reasonable" concentration nitrates 

are rapidly excreted in the urine. High intake of nitrates 

constitutes a hazard primarily to warmblooded animals under 

conditions that are favorable to reduction to nitrite. Under 

certain circumstances, nitrate can be reduced to nitrite in the 

gastrointestinal tract which then reaches the bloodstream and 

reacts directly with hemoglobin to produce methemoglobin, 

consequently impairing transport. 

I 

The reaction of nitrite with hemoglobin can be hazardous in 

infants under 3 months of age. Serious and occasionally fatal 

poisonings in infants have occurred following ingestion of 

untreated well waters shown to contain nitrate at concentrations 

greater than 10 mg/L nitrate nitrogen (N) (NAS, 1974). High 

nitrate concentrations frequently are found in shallow farm and 

rural community wells, often as the result o f  inadequate 

protection from barnyard drainage or from septic tanks (USPHS, 



1961; Stewart et al. 1967). Increased concentrations of nitrates 

also have been found in streams from farm tile drainage in areas 

of intense fertilization and farm crop production (Harmeson et 

al. 1971). Approximately 2,000 cases of infant methemoglobinemia 

have been reported in Europe and North America since 1945; 7 to 

8 percent of the affected infants died (Walton, 1951; 

Sattelmacher, 1962). Many infants have drunk water in which the 

nitrate nitrogen content was greater than 10 mg/L without 

developing methemoglobinemia. Many pub1 ic water supplies in the 

United States contain levels that routinely exceed this amount, 

but only one U.S. case of infant methemoglobinemia associated 

with a public water supply has ever been reported (Virgil et al. 

1965). The differences in susceptibility to methemoglobinemia 

are not yet understood but appear to be related to a combination 

of factors including nitrate concentration, enteric bacteria, and 

the lower acidity characteristic of the digestive systems of baby 

mammals. Methemoglobinemia systems and other toxic effects were 

observed when high nitrate well waters containing pathogenic 

bacteria were fed to laboratory mammals (Wolff et al. 1972). 

Conventional water treatment has no significant effect on nitrate 

removal from water (NAS, 1974). 

Because of the potential risk of methemoglobinemia to bottle- 

fed infants, and in view of the absence of substantiated 

physiological effects at nitrate concentrations below 10 mg/L 

nitrate nitrogen, this level is the criterion for domestic water 

supplies. Waters with nitrite nitrogen concentrations over 1 0 ~ 



mg/L should not be used for infant feeding. Waters with a 

significant nitrite concentration usually would be heavily 

polluted and probably bacteriologically unacceptable. 

Westin (1974) determined that the respective 96-hOUr and 7 -  

day LC50 values for chinook salmon, Oncorhynchus tshawytscha, 

were 1,310 and 1,080 mg/L nitrate nitrogen in fresh water and 

990 and 900 mg/L nitrate nitrogen in 15 o/oo saline water. For  

fingerling rainbow trout, Salmo qairdneri, the respective 96-hour 

and 7-day LC50 values were 1,360 and 1,060 mg/L nitrate nitrogen 

in fresh water, and 1,050 and 900 mg/L nitrate nitrogen in 15 

o/oo saline water. Trama (1954) reported that the 96-hOUr LC50 

for bluegills, Asomis -- macrochirus ------I at 20°C was 2 , 0 0 0  mg/L 

nitrate nitrogen (sodium nitrate) and 420  mg/L nitrate nitrogen 

(potassium nitrate). Knepp and Arkin (1973) observed that 

largemouth bass, Micropterus salmoides, and channel catfish, 

Ictalurus punctatus, could be maintained at concentrations up to 

400 mg/L nitrate (90 mg/L nitrate nitrogen) without significant 

effect upon their growth and feeding activities. 

The 96-hour and 7-day LC50 values for chinook salmon, 

-___ Qncorhynchus tshawytscha, were found to be 0.9 and 0.7 mg/L 

nitrite nitrogen in fresh water (Westin, 1974). Smith and 

Williams (1974) tested the effects of nitrite nitrogen and 

observed that yearling rainbow trout, Salmo gairdneri, suffered a 

55 percent mortality after 24 hours at 0.55 mg/L; fingerling 

rainbow trout suffered a 50 percent mortality after 24 hours of 

exposure at 1.6 mg/L;  and chinook salmon, Oncorhynchus 

tshawytscha, suffered a 40 percent mortality within 24 hours at 



0.5 mg/L. There w e r e  no m o r t a l i t i e s  among rainbow t r o u t  exposed 

t o  0.15 mg/L n i t r i t e  ni trogen f o r  48  hours. These data  ind ica te  

t h a t  sa lmonids  are  more s e n s i t i v e  t o  n i t r i t e  t o x i c i t y  than  a r e  

other f i s h  s p e c i e s ,  e.g., minnows, -_-- Phoxinus l a e v i s  t h a t  

suffered a 50 percent  mor t a l i t y  within 1.5 hours of exposure t o  

2 ,030  mg/L n i t r i t e  n i t r o g e n ,  b u t  r e q u i r e d  1 4  days  of exposure 

€or m o r t a l i t y  t o  occur  a t  1 0  mg/L ( K l i n g l e r ,  1 9 5 7 ) ,  and carp ,  

Cyprinus -- c a r e ,  when r a i s e d  i n  a wa te r  r e u s e  system, t o l e r a t e d  

up t o  1.8 mg/L n i t r i t e  ni trogen (Saeki, 1965). 

G i l b e t t e ,  e t  a l .  (1952) observed t h a t  t h e  cr i t ica l  range f o r  

creek chub, Semotilus - atromaculatus, was 80 t o  400 mg/L n i t r i t e  

n i t rogen .  Wallen e t  a l .  (1957)  r e p o r t e d  a 24-hour LC50 of 1.6 

mg/L n i t r i t e  n i t r o g e n ,  and 48-  and 96-hour LC50 v a l u e s  of 1.5 

mg/L n i t r i t e  ni trogen f o r  mosquitofish, Gambusia a f f i n i s .  McCoy 

(1972) t e s t ed  t h e  n i t r i t e  s u s c e p t i b i l i t y  of 13 f i s h  species  and 

found t h a t  logperch ,  Pe rc ina  -- caprodes  - _ I  were t h e  most s e n s i t i v e  

s p e c i e s  tes ted ( m o r t a l i t y  a t  5 mg/L n i t r i t e  n i t r o g e n  i n  less 

t h a n  3 hours  of exposure)  whereas ca rp ,  9 p r i n u s  c a r p i o ,  and  

b l a c k  b u l l h e a d s ,  ---- I c t a l u r u s  ---- melas  8 s u r v i v e d  4 0  mg/L n i t r i t e  

ni trogen €or a 48-hour exposure period; t h e  common whi te  sucker, 

Catostomus --..-------I commersoni and t h e  q u i l  lback ,  Carp iodes  cypr inus ,  

survived 100  mg/L f o r  48  and 36 hours, respec t ive ly .  

e 

Russo e t  a l .  (1974) performed f low-through n i t r i t e  bioassays 

i n  hard  water  (ha rdness  = 1 9 9  mg/L CaC03; a l k a l i n i t y  = 176 mg/L 

CaCQ3; pH = 7.9) on rainbow t r o u t ,  Salmo g a i r d n e r i ,  of f o u r  

d i f f e r e n t  s i ze s ,  and obtained 9 6 - h O U r  LC50 va lues  ranging from 

0.19 t o  0.39 mg/L n i t r i t e  n i t rogen .  D u p l i c a t e  b i o a s s a y s  on 1 2 -  

gram rainbow t r o u t  w e r e  continued long enough f o r  t h e i r  t o x i c i t y  



c u r v e s  t o  l e v e l  o f f ,  and asympto t ic  LC50  c o n c e n t r a t i o n s  of 

0.14 and  0.15 mg/L were reached i n  8 days;  on day 1 9 ,  a d d i t i o n a l  

m o r t a l i t i e s  occurred.  For 2-gram rainbow t r o u t ,  t h e  minimum 

tested l e v e l  of n i t r i t e  n i t r o g e n  a t  which no m o r t a l i t i e s  w e r e  

observed af ter  1 0  days was 0.14 mg/L; f o r  the  235-gram t r o u t ,  t h e  

minimum l e v e l  w i t h  no mor ta l i t y  a f t e r  1 0  days w a s  0.06 mg/L. 

I t  is concluded t h a t  (1) l e v e l s  of n i t r a t e  n i t r o g e n  a t  o r  

below 90 mg/L would have no a d v e r s e  e f fec t s  on warmwater f i s h  

(Knepp and A r k i n ,  1 9 7 3 ) ;  ( 2 )  n i t r i t e  n i t r o g e n  a t  o r  below 5 mg/L 

shou ld  be p r o t e c t i v e  of most warmwater f i s h  (McCoy, 1 9 7 2 ) ;  and 

(3 )  n i t r i t e  ni trogen a t  o r  below 0.06 mg/L should be p r o t e c t i v e  

of sa lmonid  f i s h e s  (Russo e t  a l .  1 9 7 4 ;  Russo and Thurs ton,  

1975) .  These l e v e l s  e i t h e r  a re  n o t  known t o  occur  o r  would be  

u n l i k e l y  t o  occur i n  na tu ra l  sur face  waters. 
I 

Recognizing t h a t  c o n c e n t r a t i o n s  of  n i t r a t e  o r  n i t r i t e  t h a t  

would e x h i b i t  t o x i c  e f fec ts  on warm- o r  c o l d w a t e r  f i s h  c o u l d  

r a r e l y  occur i n  nature, r e s t r i c t i v e  c r i t e r i a  are not  recommended. 

(QUALITY CRITERIA FOR WATER, J U L Y  1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



NITROBENZENE 

CRITERIA: 
Aquatic Life 

The available data for nitrobenzene indicate that acute 

toxicity to freshwater aquatic life occurs at concentrations as 

low as 27,000 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No definitive 

data are available concerning the chronic toxicity of 

nitrobenzene to sensitive freshwater aquatic life. 

The available data for nitrobenzene indicate that 

acute toxicity to saltwater aquatic life occurs at 

concentrations as low as 6,680 ug/L and would occur at lower 

concentrations among species thaf; are more sensitive than those 

tested. No definitive data are available concerning the chronic 

toxicity of nitrobenzene to sensitive saltwater aquatic life. 

Human Health 

For comparison purposes, two approaches were used to derive 

criterion levels for nitrobenzene. Based on available toxicity 

data, to protect public health the derived level is 19.8 mg/L. 

using available organoleptic data, to control undesirable taste 

and odor qualities of ambient water the estimated level is 30 

ug/L. It should be recognized that organoleptic data have 

limitations as a basis for establishing a water quality 

criterion, and have no demonstrated relationship to potential 

adverse human health effects. 

( 4 5  F.R. 79318, November 2 8 ,  1980) 

NOTE: The U.S. EPA is currently developing Acceptable Daily 
Intake (ADI) or Verified Reference Dose (RID) values for 
Agency-wide use for this chemical. The new value should 

SEE APPENDIX B FOR METHODOLOGY 



be substituted when it becomes available. The January, 
1986, draft Verified Reference Dose document cites an RfD 
of .0005 mg/kg/day for nitrobenzene. 



NITROPHENOLS 

CRITERIA: 

Aquatic Life 

The available data for nitrophenols indicate that acute 

toxicity to freshwater aquatic life occurs at concentrations as 

low as 230 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 

available concerning the chronic toxicity of nitrophenols to 

sensitive freshwater aquatic life but toxicity to one species of 

algae occurs at concentrations as low as 150 ug/L. 

The available data for nitrophenols indicate that acute 

toxicity to saltwater aquatic life occurs at concentrations as 

low as 4,850 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 

available concerning the chronic toxicity of nitrophenols to 

sensitive saltwater aquatic life. 

1 

Human Health 

Because of insufficient available data for mono- and 

trinitrophenols, satisfactory criteria cannot be derived at this 

time, using the present guidelines. 

For the protection of human health from the toxic properties 

of dinitrophenols and 2,4-dinitro-o-cresol ingested through 

water and contaminated aquatic organisms, the ambient water 

criteria are determined to be 70 ug/L and 13.4 ug/L, respectively. 

For the protection of human health from the toxic properties 

of dinitrophenols and 2,4-dinitro-o-cresol ingested through 

contaminated aquatic organisms alone, the ambient water criteria 
- 



are determined t o  be 14 .3  mg/L and 765 ug/L, r e s p e c t i v e l y .  

(45 F.R. 79318, November 28,  1980) 
SEE APPENDIX B FOR METHODOLOGY 



NITROSAMINES 

Aquatic Life 

The available data for nitrosamines indicate that acute 

toxicity to freshwater aquatic life occurs at concentrations as 

low as 5 , 8 5 0  ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 

available concerning the chronic toxicity of nitrosamines to 

sensitive freshwater aquatic life. 

The available data for nitrosamines indicate that acute 

toxicity to saltwater aquatic life occurs at concentrations as 

low as 3,300,000 ug/L and would occur at lower concentrations 

among species that are more sensitive than those tested. No data 

are available concerning the chronic toxicity of nitrosamines to 

sensitive saltwater aquatic life. 

Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to N-nitrosodiethylamine and all 

other nitrosamines except those listed below, through ingestion 

of contaminated water and contaminated aquatic organisms, the 

ambient water concentrations should be zero, based on the non 

threshold assumption for this chemical. However, zero level may 

not be attainable at the present time. Therefore, the levels 

which may result in incremental increase of cancer risk over the 

lifetime are estimated at lo"*, and 1 O p c P s  The 

corresponding recommended criteria are 8 .0  ng/L, 0 .8  ng/L, and 

0 . 0 8  ng/L, respectively. If these estimates are made for 
L 
0 



consumption of aquatic organisms only, excluding consumption of 

water, the levels are 12,400 ng/L, 1,240 ng/L, and 124 ng/L, 

respectively. 

For the maximum protection of human health from the potential 

carcinoqenic effects of exposure to N-nitrosodimethylamine 

through ingestion of contaminated water and contaminated 

aquatic organisms, the ambient water concentrations should be 

zero, based on the nonthreshold assumption for this chemical. 

However, zero level may not be attainable at the present time. 

Therefore, the levels which may result in incremental increase of 

cancer risk over the lifetime are estimated at 10- 

6, and The corresponding recommended criteria are 14 

ng/L, 1.4 ng/L, and 0.14 ng/L, respectively. If these estimates 

are made for consumption of aquatic organisms only, excluding 

consumption of water, the levels are 160,000 ng/L, 16,000 ng/L, 

and 1,600 ng/L, respectively. 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to N-nitrosodibutylamine through 

ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentrations should be zero, 

based on the non threshold assumption for this chemical. 

However, zero level may not be attainable at the present time. 

Therefore, the levels which may result in incremental increase of 

cancer risk over the lifetime are estimated at 10- 

6, and The corresponding recommended criteria are 64 

ng/L, 6.4 ng/L, and 0.64 ng/L, respectively. If these 

estimates are made for consumption of aquatic organisms only, 

excluding consumption of water, the levels are 5,868 ng/L, 587 



ng/L, and 58.7 ng/L, respectively. 0 For the maximum protection o'f human health from the potential 

carcinogenic effects of exposure to N-nitrosopyrrolidine through 

ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentrations should be zero based 

on the nonthreshold assumption for this chemical. However, zero 

level may not be attainable at the present time. Therefore, the 

levels which may result in incremental increase of cancer risk 

. over the lifetime are estimated at and 

The corresponding recommended criteria are 160 ng/L, 16 ng/L, and 

1.6 ng/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consumption of 

water, the levels are 919,000 ng/L, 91,900 ng/L, and 9,190 ng/L, 

respectively. 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to N-nitrosodiphenylamine 

through ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentrations should be zero, 

based on the non threshold assumption f o r  this chemical. 

However, zero level may not be attainable at the present time. 

Therefore, the levels which may result in incremental increase 

of cancer risk over the lifetime are estimated at 10-5, 

The corresponding recommended criteria are 

49,000 ng/L, 4,900 ng/L, and 490  ngfL, respectively. If these 

estimates are made for consumption of aquatic organisms only, 

excluding consumption of water, the levels are 161,000 

ng/L, 16,100 ng/L, and 1,610 ng/L, respectively. 

and 

L, 



( 4 5  F.R. 79318, November 2 8 ,  1980) 
SEE APPENDIX B FOR METHODOLOGY 



OIL AND GREASE -- 

For domestic water supply: Virtually free from 
oil and grease, particularly from the tastes 
and odors that emanate from petroleum products. 

For aquatic life: 

(1) 0.01 of the lowest continuous flow 96-hour 
LC50 to several important freshwater and 
marine species, each having a demonstrated 
high susceptibility to oils and 
petrochemicals. 

(2) Levels of oils or petrochemicals in the 
sediment which cause deleterious effects to 
the biota should not be allowed. 

( 3 )  Surface waters shall be virtually free from 
floating nonpetroleum oils of vegetable or 
animal origin, as well as petroleum-derived 
oils. 

1 

INTRODUCTION: 

It has been estimated that between 5 and 10 million metric 

tons of oil enter the marine environment annually (Blumer, 1970). 

A major difficulty encountered in the setting of criteria for 

oil and grease is that these are not definitive chemical 

categories, but include thousands of organic compounds with 

varying physical, chemical, and toxicological properties. They 

may be volatile or nonvolatile, soluble or insoluble, persistent 

or easily degraded. 

RATIONALE : 

Field and laboratory evidence have demonstrated both acute 

lethal toxicity and long-term sublethal toxicity of o i l s  to 

aquatic organisms. Events such as the Tampico Maru wreck of 

1957 in Baja, California, (Diaz-Piferrer, 1962), and the No. 2 

fuel oil spill in West Falmouth, Massachusetts, in 1969 ..I 



(Hampson and Sanders,  1 9 6 9 ) ,  both of which caused immediate death 

t o  a w i d e  v a r i e t y  o f  o rgan i sms ,  a r e  i l l u s t r a t i v e  o f  t h e  l e t h a l  

t o x i c i t y  t h a t  may be a t t r i b u t e d  t o  o i l  p o l l u t i o n .  S i m i l a r l y ,  a 

g a s o l i n e  s p i l l  i n  Sou th  Dakota i n  November 1969 (Bugbee and 

Walter, 1973) was repor ted  t o  have caused immediate death t o  t h e  

major i ty  of f reshwater  i n v e r t e b r a t e s  and 2 ,500  f i s h ,  30 percent  

of  which were n a t i v e  s p e c i e s  of t r o u t .  Because o f  t h e  wide  

r a n g e  o f  compounds i n c l u d e d  i n  t h e  c a t e g o r y  of o i l ,  it is 

impossible  t o  es tab l i sh  meaningful 96-hour LC50 v a l u e s  f o r  o i l  

and  g r e a s e  w i t h o u t  s p e c i f y i n g  t h e  p r o d u c t  i n v o l v e d .  

However, a s  t h e  d a t a  i n  T a b l e  6 show, t h e  most s u s c e p t i b l e  

category of organisms, t h e  marine l a r v a e ,  appear t o  be i n t o l e r a n t  

o f  p e t r o l e u m  p o l l u t a n t s ,  p a r t i c u l a r l y  t h e  w a t e r  s o l u b l e  

compounds, a t  concen t ra t ions  as low as  0.1 mg/L. 

T h e  long- te rm s u b l e t h a l  e f f e c t s  of  o i l  p o l l u t i o n  refer t o  

i n t e r f e r e n c e s  wi th  c e l l u l a r  and phys io log ica l  processes  such as  

f e e d i n g  and r e p r o d u c t i o n  and do n o t  l e ad  t o  i m m e d i a t e  death of 

t h e  organism. Disruption of such behavior  apparen t ly  can r e s u l t  

from p e t r o l e u m  p r o d u c t  c o n c e n t r a t i o n s  a s  low a s  1 0  t o  1 0 0  ug/L 

(see T a b l e  7). 

T a b l e  7 summarizes some of  t h e  s u b l e t h a l  t o x i c i t i e s  f o r  

va r ious  petroleum p o l l u t a n t s  and aqua t i c  species .  I n  a d d i t i o n  t o  

s u b l e t h a l  effects repor ted  a t  t h e  1 0  t o  1 0 0  ug/L l e v e l ,  it has 

been shown t h a t  p e t r o l e u m  p r o d u c t s  can  harm a q u a t i c  l i f e  a t  

concentra t ions  as low a s  1 ug/L (Jacobson and Boylan, 1973). 

Bioaccumulation of petroleum products  p r e sen t s  two e s p e c i a l l y  

impor t an t  p u b l i c  h e a l t h  problems:  (1) t h e  t a i n t i n g  o f  ed ib le ,  



aquatic species, and ( 2 )  the possibility of edible marine 

organisms incorporating the high boiling, carcinogenic polycyclic 

aromatics in their tissues. Nelson-Smith (1971) reported that 

0.01 mg/L of crude oil caused tainting in oysters. Moore et al. 

(1973) reported that concentrations as low as 1 to 10 ug/L could 

lead to tainting within very short periods of time. It has been 

shown that chemicals responsible for cancer in animals and man 

(such as 3,4-benzopyrene) occur in crude oil (Blumer, 1970). It 

also has been shown that marine organisms are capable of 

incorporating potentially carcinogenic compounds into their body 

fat where the compounds remain unchanged (Blumer, 1970). 

Oil pollutants may also be incorporated into sediments. 

There is evidence that once this occurs in the sediments below 

the aerobic surface layer, petroleum oil can remain unchanged and 

toxic for long periods, since its rate of bacterial degradation 

is slow. For example, Blumer (1970) reported that No. 2 fuel 

oil incorporated into the sediments after the West Falmouth spill 

persisted for over a year, and even began spreading in the form 

of oil-laden sediments to more distant areas that had remained 

unpolluted immediately after the spill. The persistence of 

unweathered oil within the sediment could have a long-term effect 

on the structure of the benthic community or cause the demise of 

specific sensitive important species. Moore et al. (1973) 

reported concentrations of 5 mg/L for the carcinogen 3, 4- 

benzopyrene in marine sediments. 

Mironov (1967) reported that 0-01 mg/L oil produced deformed 

and inactive flatfish larvae. Mironov (1970) also reported 

inhibition or delay of cellular division in algae by oil 
-, 



concentrations of to 10-1 mg/L. Jacobson and Boylan (1973) 

reported a reduction in the chemotactic perception of food by the 

snail, Nassarius -- obsoletus at kerosene concentrations of 0.001 

to 0.004 mg/L. Bellen et al. (1972) reported decreased survival 

and fecundity in worms at concentrations of 0.01 to 10 mg/L of 

detergent. 

Because of the great variability in the toxic properties of 

oil, it is difficult to establish a numerical criterion which 

would be applicable to all t-jpes of oil. Thus, an application 

factor of 0.01 of the 96-hour LC50 as determined by using 

continuous flow with a sensitive resident species should be 

employed for individual petrochemical components. 

There is a paucity of toxicological data on the ingestion of 

the components of refinery wastewaters by humans or by test 

animals. It is apparent that any tolerable health concentrations 

for petroleum-derived substances far exceed the limits of taste 

and odor. Since petroleum derivatives become organoleptically 

objectionable at concentrations far below the human chronic 

toxicity, it appears that hazards to humans will not arise from 

drinking oil-polluted waters (Johns Hopkins Univ., 1956; Mckee 

and Wolf, 1963). Oils of animal or vegetable origin generally 

are nontoxic to humans and aquatic life. 

In view of the problem of petroleum oil incorporation in 

sediments, its persistence and chronic toxic potential, and the 

present lack of sufficient toxicity data to support specific 

criteria, concentrations of oils in sediments should not approach 

levels that cause deleterious effects to important species or the 



bottom community as a whole. 

Petroleum and nonpetroleum o i l s  sha re  some s i m i l a r  phys ica l  

and chemical p r o p e r t i e s .  Because they  s h a r e  common p r o p e r t i e s ,  

t h e y  may c a u s e  s i m i l a r  h a r m f u l  e f f e c t s  i n  t h e  a q u a t i c  

e n v i r o n m e n t  by fo rming  a sheen ,  f i l m ,  o r  d i s c o l o r a t i o n  on t h e  

s u r f a c e  of t h e  w a t e r .  L i k e  p e t r o l e u m  o i l s ,  nonpe t ro leum o i l s  

may occur a t  f o u r  l eve l s  of t h e  a q u a t i c  environment: (a) f l o a t i n g  

on t h e  s u r f a c e ,  (b)  e m u l s i f i e d  i n  t h e  water  column, (c) 

s o l u b i l i z e d ,  and (d) s e t t l e d  on t h e  bottom a s  a s ludge.  Analogous 

t o  t h e  g r e a s e  b a l l s  from v e g e t a b l e  o i l  and a n i m a l  f a t s  a re  t h e  

t a r  b a l l s  of petroleum o r i g i n  which have been found i n  the  marine 

environment o r  washed ashore  on beaches. 

O i l s  of any kind can cause (a) drowning of waterfowl because 

of loss of buoyancy, e x p o s u r e  b e c a u s e  o f  loss of i n s u l a t i n g  

c a p a c i t y  of f e a t h e r s ,  and s t a r v a t i o n  and v u l n e r a b i l i t y  t o  0 
preda to r s  because of lack  of m o b i l i t y ;  (b) l e t h a l  effects on f i s h  

by c o a t i n g  e p i t h e l i a l  s u r f a c e s  o f  g i l l s ,  t h u s  p r e v e n t i n g  

r e s p i r a t i o n ;  (c) p o t e n t i a l  f i s h k i l l s  r e s u l t i n g  from biochemical 

oxygen demand: (d) a s p h y x i a t i o n  o f  b e n t h i c  l i f e  forms when 

f l o a t i n g  masses become engaged w i t h  s u r f a c e  debris and s e t t l e  on 

t h e  b o t t o m :  a n d  (e )  a d v e r s e  a e s t h e t i c  e f f e c t s  of f o u l e d  

s h o r e l i n e s  and beaches. These  and o t h e r  e f f ec t s  have been 

documented i n  t h e  U.S. Department  of H e a l t h ,  E d u c a t i o n  and 

Welfare r e p o r t  on Oil S p i l l s  A f f e c t i n g  t h e  Minnesota  and 

M i s s i s s i p p i  R i v e r s  a n d  t h e  1975 P r o c e e d i n g s  o f  t h e  J o i n t  

Conference on Preven t ion  and Contro l  of Oil S p i l l s .  e O i l s  of animal o r  v e g e t a b l e  o r i g i n  g e n e r a l l y  are chemica l ly  
_ ,  

nontoxic t o  humans o r  a q u a t i c  l i f e ;  however, f l o a t i n g  sheens of 



such oils result in deleterious environmental effects described 

in this criterion. Thus, it is recommended that surface waters 

shall be virtually free from floating nonpetroleum oils of 

vegetable or animal origin. This same recommendation applies to 

floating oils of petroleum origin since they too may produce 

similar effects. 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



DISSOLVED OXYGEN 0 NATIONAL CRITERIA: 

The national criteria for ambient dissolved oxygen concentra- 

tions for the protection of freshwater aquatic life are presented 

in Table 1. The criteria are derived from the production impair- 

ment estimates which are based primarily upon growth data and 

information on temperature, disease, and pollutant stresses. The 

average dissolved oxygen concentrations selected are values 0.5 

mg/L above the slight production impairment values and repre- 

sent values between no production impairment and slight 

production impairment. Each criterion may thus be viewed as an 

estimate of the threshold concentration below which detrimental 

effects are expected. 

Criteria for coldwater fish are intended to apply to waters 

containing a population of one or more species in the family 

Salmonidae {Bailey et al., 1970) or to waters containing other 

coldwater or coolwater fish deemed by the user to be closer to 

salmonids in sensitivity than to most warmwater species. 

Although the acute lethal limit €or salmonids is at or below 3 

mg/L, the coldwater minimum has been established at 4 mg/L 

because a significant proportion of the insect species common 

to salmonid habitats are less tolerant of acute exposures to low 

dissolved oxygen than are salmonids. Some coolwater species may 

require more protection than that afforded by the other life 

stage criteria for warmwater fish and it may be desirable to 

protect sensitive coolwater species with the coldwater 

criteria. Many states have more stringent dissolved oxygen 

standards for cooler waters, waters that contain either 
._ 
a 



salmonids, nonsalmonid coolwater fish, or the sensitive centra- 

chid, the smallmouth bas5 The warmwater criteria are necessary 

to protect early life stages of warmwater fish as sensitive as 

as channel catfish and to protect other life stages of fish as 

sensitive as largemouth bass. Criteria for early life stages are 

intended to apply only where and when these stages occur. These 

criteria represent dissolved oxygen concentrations which EPA 

believes provide a reasonable and adequate degree of protection 

for freshwater aquatic life. 

The criteria do not represent assured no-effect levels. 

However, because the criteria represent worst case conditions 

(i.e. for wasteload allocation and waste treatment plant design) ~ 

conditions will be better than the criteria nearly all of the 

time at most sites. In situations where criteria conditions are 

just maintained for considerable periods the proposed criteria 

represent some risk of production impairment. This impairment 

would depend on innumerable other factors. If slight production 

impairment or a small but undefinable risk of moderate impairment 

is unacceptable, than one should use the "no production impair- 

ment" values given in the document as means and the "slight 

production impairment') values as minima. The table which pre- 

sents these concentrations is reproduced here as table 2 .  

The criteria do represent dissolved oxygen concentrations 

believed to protect the more sensitive populations of organisms 

against potentially damaging production impairment. The 

dissolved oxygen concentrations in the criteria are intended to 

be protective at typically high seasonal environmental tempera- 

tures for the appropriate taxonomic and life stage classi- 



Table 1. Water quality criteria for ambient dissolved oxygen 0 concentration. 

Coldwater Criteria Warmwater Criteria 

Stages Ue Stages Stages Stages 
Other Life Early kife Other Life 

30 Day Mean NA3 6.5 NA 5.5 

7 Day Mean 9.5 (6.5) NA 6.0 NA 

7 Day Mean NA 
Minimum 

5.0 NA 4.0 

1 Day 8.0 (5.0) 4.0 5.0 3.0 
Minimum 415 

These are water column concentrations recommended to achieve 
the required intergravel dissolved oxygen concentrations 
shown in parentheses. The 3 mg/L differential is discussed in 
the criteria document. F o r  species that have early life 
stages exposed directly to the water column, the figures in 
parentheses apply. 

Includes all embryonic and larval stages and all juvenile 
forms to 30-days following hatching. 

0 

3 NA (not applicable). 

For highly manipulatable discharges, further restrictions 
apply (see page 37) 

A l l  minima should be considered as instantaneous 
concentrations to be achieved at all times. 

fications, temperatures which are often higher than those used in 

the research from which the criteria were generated, especially 

for other than early life stages. 

Where natural  c o n d i t i o n s  a l o n e  c r e a t e  d i s s o l v e d  oxygen 

concentrations less than 110 percent of the applicable criteria 

means or minima or both, the minimum acceptable concentration is 



90 percent of the natural concentration. These values are 

similar to those presented graphically by Doudoroff and 

Shumway (1970) and those calculated from Water Quality Criteria 

1972 (NAS/NAE, 1973). Absolutely no anthropogenic dissolved 

oxygen depression in the potentially lethal area below the 

1-day minima should be allowed unless special care is taken to 

ascertain the tolerance of resident species to low dissolved 

oxygen. 

.If daily cycles of dissolved oxygen are essentially 

sinusoidal, a reasonable daily average is calculated from the 

day's high and low dissolved oxygen values. A time-weighted 

average may be required if the dissolved oxygen cycles are 

decidedly non-sinusoidal. Determining the magnitude of daily 

dissolved oxygen cycles requires at least two appropriate- 

ly timed measurements daily, and characterizing the shape of the 

cycle requires several more appropriately spaced measurements. 

Once a series of daily mean dissolved oxygen concentrations 

are calculated, an average of these daily means can be calcu- 

lated (Table 3). For embryonic, larval, and early life stages, 

the averaging period should not exceed 7 days. This short time 

is needed to adequately protect these often short duration, most 

sensitive life stages. Other life stages can probably be 

adequately protected by 30-day averages. Regardless of the 

averaging period, the average should be considered a moving 

average rather than a calendar-week or calendar-month average. 



Table 2.  Dissolved Oxygen Concentrations (mg/L) Versus 0 Quantitative Level of Effect. 

1. Salmonid Waters 

a. Embryo and Larval Stages 

No Production Impairment = 11* ( 8 )  
Slight Production Impairment = 9* (6) 
Moderate Production Impairment = 8*  (5) 
Severe Production Impairment = 7* ( 4 )  
Limit to Avoid Acute Mortality = 6* (3) 

(*  Note: These are water column concentrations recommended to 
achieve the required intergravel dissolved oxygen 
concentrations shown in parentheses. The 3 mg/L 
difference is discussed in the criteria document.) 

b. Other Life Stages 

No Production Impairment = 8  
light Production Impairment = 6  
Moderate Production Impairment = 5 
Severe Production Impairment = 4 
Limit to Avoid Acute Mortality = 3 

2.  Nonsalmonid Waters 

a. Early Life Stages 

No Production Impairment = 6 . 5  
Slight Production Impairment = 5.5 
Moderate Production Impairment = 5 
Severe Production Impairment = 4 , 5  
Limit to Avoid Acute Mortality = 4 

b. Other Life Stages 

No Production Impairment = 6  
Slight Production Impairment = 5 
Moderate Production Impairment = 4 
Severe Production Impairment = 3.5 
Limit to Avoid Acute Mortality = 3 

3 .  Invertebrates 

No Production Impairment = 8  
Some Production Impairment = 5  
Acute Mortality Limit = 4  



Table 3 .  Sample calculations for determining daily means 
and 7-day mean dissolved oxygen concentrations (30-day 
averages are calculated in a similar fashion using 30 
days data). 

Dissolved Oxygen (mg/L) 

Day Daily Max. Daily Min. Daily Mean 

9.0 7.0 
10.0 7.0 
11.0 8.0 
12. oa 8.0 
10.0 8.0 
11.0 9 0  
12.03 10.0 

8.0 
8.5 

9.5 
9.0 
10.0 
1Q.5c 

9.5b 

57.0 65.0 

1-day Minimum 7.0 

?-day Mean Minimum 8 .1  

?-day Mean 9.3 

a Above air saturation concentration (assumed to be 11.0 
mg/L for this example). 

b (11.0 -b 8.0)2. 

c (11 0 +10.0)2. 

The criteria have been established on the basis that the 

maximum dissolved oxygen value actually used in calculating any 

daily mean should not exceed the air saturation value. This 

consideration is based primarily on analysis of studies of 

c y c l i n g  d i s s o l v e d  oxygen and the growth of largemouth bass 

(Stewart et al., 1967), which indicated that high dissolved 

oxygen levels (> 6 mg/L) had no beneficial effect on growth. 

During periodic cycles of dissolved oxygen concentrations, 

minima lower than acceptable constant exposure levels are toler- 

able so long as: 



1. the average concentration attained meets or exceeds the 

2 .  the average dissolved oxygen concentration is calculated as 

3 .  

criterion; 

recommended in Table 3 ;  and 

the minima are not unduly stressful and clearly are not lethal. 

A daily minimum has been included to make certain that no 

acute mortality of sensitive species occurs as a result of lack 

of oxygen. Because repeated exposure to dissolved oxygen 

concentrations at or near the acute lethal threshold will be 

stressful and because stress can indirectly produce mortality or 

other adverse effects (e-g., through disease), the criteria 

are designed to prevent significant episodes of continuous or 

regularly recurring exposures to dissolved oxygen concentrations 

at or near the lethal threshold. This protection has been 

achieved by setting the daily minimum for early life stages at 

the subacute lethality threshold, by the use of a 7-day averaging 

period for early life stages, by stipulating a 7-day mean minimum 

value for other life stages, and by recommending additional 

limits for manipulatable discharges. 

The previous EPA criterion for dissolved oxygen published in 

Quality Criteria for Water (USEPA, 1976) was a minimum of 5 mg/L 

(usually applied as a 7410) which is similar to the current 

criterion minimum except for other life stages of warmwater fish 

which now allows a 

criteria are similar 

of the Federal Water 

7-day mean minimum of 4 mg/L. The new 

to those contained in the 1968 "Green Book" 

Pollution Control Federation (FWPCA, 1968). 



A. The Criteria and Monitoring and Design Conditions 

The acceptable mean concentrations should be attained most of 

the time, but some deviation below these values would probably 

not cause significant harm. Deviations below the mean will 

probably be serially correlated and hence apt to occur on 

consecutive days. The significance of deviations below the mean 

will depend on whether they occur continuously or in daily 

cycles, the former being more adverse than the latter. Current 

knowledge regarding such deviations is limited primarily to labo- 

ratory growth experiments and by extrapolation to other activity- 

related phenomena. 

Under conditions where large daily cycles of dissolved oxygen 

occur, it is possible to meet the criteria mean values and 

consistently violate the mean minimum criteria. Under these 

conditions the mean minimum criteria will clearly be the 

limiting regulation unless alternatives such as nutrient 

control can dampen the daily cycles. 

The significance of conditions which fail to meet the 

recommended dissolved oxygen criteria depend largely upon five 

factors: (1) the duration of the event; (2) the magnitude of the 

dissolved oxygen depression; ( 3 )  the frequency of recurrence; (4 )  

the proportional area of the site failing to meet the criteria, 

and (5) the biological significance of the site where the event 

occurs. Evaluation of an event's significance must be largely 

case- and site-specific. Common sense would dictate that the 

magnitude of the depression would be the single most important 

factor in general, especially if the acute value is violated. A 



logical extension of these considerations is that the event must 

be considered in the context of the level of resolution of the 

monitoring or modeling effort. Evaluating the extent, duration, 

and magnitude of an event must be a function of the spatial and 

temporal frequency of the data. Thus, a single deviation below 

the criterion takes on considerably less significance where 

continuous monitoring occurs than where sampling is com- 

prised of once-a-week grab samples. This is so because based on 

continuous monitoring the event is provably small, but with 

the much less frequent sampling the event is not provably small 

and can be considerably worse than indicated by the sample. The 

frequency of recurrence is of considerable interest to those 

modeling dissolved oxygen concentrations because the return 

period, or period between recurrences, is a primary modeling 

consideration contingent upon probabilities of receiving water 

volumes, waste loads, temperatures, etc. It should be apparent 

that return period cannot be isolated from the other four factors 

discussed above. Ultimately, the question of return period may 

be decided on a site-specific basis taking into account the 

other factors (duration, magnitude, areal extent, and biologi- 

cal significance) mentioned above. Future studies of temporal 

patterns of dissolved oxygen concentrations, both within and 

between years, must be conducted to provide a better basis for 

selection of the appropriate return period. 

In conducting wasteload a1 l o c a t i o n  and treatment p l a n t  design 

computations, the choice of temperature in the models will be 

important. Probably the best option would be to use temperatures 

consistent with those expected in the receiving water over the 



cr i t i ca l  d i s s o l v e d  oxygen pe r iod  for  t h e  b io ta .  

B. The C r i t e r i a  and Manipulatable Discharges 

If d a i l y  minimum D O s  a r e  p e r f e c t l y  s e r i a l l y  c o r r e l a t e d ,  

i.e, i f  t h e  annual lowest d a i l y  minimum dissolved oxygen concen- 

t r a t i o n  is  a d j a c e n t  i n  t i m e  t o  t h e  n e x t  lower d a i l y  minimum 

d i s s o l v e d  oxygen c o n c e n t r a t i o n  and one  of these two minima is  

a d j a c e n t  t o  t h e  t h i r d  l o w e s t  d a i l y  minimum d i s s o l v e d  oxygen 

c o n c e n t r a t i o n ,  etc., t h e n  i n  o r d e r  t o  meet t h e  7-day mean 

minimum c r i t e r i o n  it is  u n l i k e l y  t h a t  t h e r e  w i l l  be more t h a n  

three o r  f ou r  consecu t ive  d a i l y  minimum v a l u e s  below t h e  accept-  

ab le  7-day mean minimum. Unless  t h e  d i s s o l v e d  oxygen p a t t e r n  is 

e x t r e m e l y  e r r a t i c ,  it i s  a l s o  u n l i k e l y  t h a t  t h e  l o w e s t  

d i s s o l v e d  oxygen concen t ra t ion  w i l l  be apprec iab ly  below 

t h e  a c c e p t a b l e  7-day mean minimum o r  t h a t  d a i l y  minimum v a l u e s  

be low t h e  7-day mean minimum w i l l  o c c u r  i n  more t h a n  one  o r  two 

weeks each yea r .  Fo r  some d i s c h a r g e s ,  t h e  d i s t r i b u t i o n  of 

d i s s o l v e d  oxygen concen t ra t ions  can be manipulated t o  va ry ing  

degrees.  Applying t h e  d a i l y  minimum t o  manipu la tab le  discharges 

would a l l o w  repeated weekly c y c l e s  of minimum a c u t e l y  accep t ab l e  

d i s s o l v e d  oxygen v a l u e s ,  a cond i t ion  of unacceptable  stress 

and p o s s i b l e  adverse b i o l o g i c a l  e f fec t .  Fo r  t h i s  r e a s o n ,  t h e  

a p p l i c a t i o n  of  t h e  one day minimum c r i t e r i o n  t o  m a n i p u l a t a b l e  

d i s c h a r g e s  must l i m i t  e i t h e r  t h e  f r equency  of  o c c u r r e n c e  o f  

v a l u e s  be low t h e  a c c e p t a b l e  7-day mean minimum o r  must  impose 

f u r t h e r  l i m i t s  on t h e  e x t e n t  of excurs ions  below t h e  7-day mean 

minimum. For such c o n t r o l l e d  d ischarges ,  it is recommended t h a t  

t h e  o c c u r r e n c e  of  d a i l y  minima be low t h e  a c c e p t a b l e  7-day mean 

I 



minimum b e  l i m i t e d  t o  3 weeks p e r  y e a r  or t h a t  t h e  a c c e p t a b l e  

one-day minimum be increased  t o  4 . 5  mg/L f o r  co ldwater  f i s h  and 

3 . 5  mg/L  f o r  warmwater f i s h ,  Such d e c i s i o n s  c o u l d  be s i te -  

s p e c i f i c  based upon the extent  of control  and s e r i a l  corre lat ion.  

e 



PARATHION 

CRITERION: 

0.04 ug/L f o r  f r e shwate r  and marine a q u a t i c  l i f e .  

RATIONALE: 

Acute s t a t i c  LC50 v a l u e s  of t h e  organophosphorus p e s t i c i d e ,  

pa ra th ion ,  f o r  f reshwater  f i s h  have  ranged g e n e r a l l y  from about 

50 ug/L f o r  more s e n s i i t i v e  s p e c i e s  such a s  b l u e g i l l s ,  Lepomis 

macrochi=, t o  a b o u t  2.5 mg/L f o r  t h e  more r e s i s t a n t  s p e c i e s  

s u c h  as minnows (U.S. E n v i r o n .  P r o t .  Agency, 1975) .  I n  f l o w i n g  

w a t e r  e x p o s u r e s ,  S p a c i e  (1975)  o b t a i n e d  96-hour LC50  v a l u e s  o f  

0.5 mg/L, 1 . 6  mg/L, a n d  1 . 7 6  mg/L f o r  b l u e g i l l s ,  _- Lepomis ____ 
m a c r o c h i r u s ,  f a t h e a d  minnows, -- Pimep&ales p r o m e l a s ,  and brook 

t r o u t ,  S a l v e l i n u s  _ _ _ _ _ _ _ I  f o n t i n a l i s  r e s p e c t i v e l y .  Korn and  E a r n e s t  

(1974) found a 96-hOUr LC50  o f  18  ug/L f o r  j u v e n i l e  f r e s h w a t e r  

and e s t u a r i n e  s t r i p e d  bass ,  Morone s a x a t i l i s ,  i n  a f lowing water 

system, 

I 

Few c h r o n i c  e x p o s u r e  d a t a  a r e  a v a i l a b l e  f o r  a q u a t i c  

organisms. Brown b u l l h e a d s ,  f c t a l u r u s  nebulosus,  exposed t o  30 

ug/L p a r a t h i o n  f o r  30 d a y s  e x h i b i t e d  t r e m o r s ;  a t  6 0  ug/L t h e y  

convulsed  and were found to have  developed a deformed vertebral 

column (Mount and  Boyle ,  1 9 6 9 ) .  I n  a 23-mOnth e x p o s u r e  o f  

b l u e g i l l s ,  S p a c i e  (1975)  o b s e r v e d  d e f o r m i t i e s  ( s c o l i o s i s  and a 

characteristic p r o t r u s i o n  i n  t h e  t h r o a t  reg ion)  a t  0.34 ug/L, b u t  

n o t  a t  0.16 ug/L. Tremors ,  c o n v u l s i o n s ,  h y p e r s e n s i t i v i t y ,  and  

hemorrhages also were evident at higher concentrations. 

R e p r o d u c t i v e  impai rment  and  d e f o r m i t i e s  were o b s e r v e d  i n  

f a t h e a d  minnows e x p o s e d  t o  4 . 0  ug /L f o r  8 1 / 2  m o n t h s .  



Development of brook trout, S, fontinalis -- embryos exposed to 32 
ug/L was abnormal and mortalities associated with premature 

hatching were observed. Embryos at 10 ug/L appeared normal. No 

adverse effects on juveniles and adults was evident during 9 

months' exposure to 7 ug/L. 

Inhibition of cholinesterase enzymes is the well-established 

mode of physiological action of parathion and other organic 

phosphorus pesticides (Weiss, 1958). The degree of inhibition of 

brain acetylcholinesterase (AChE) activity has been the most 

frequently used measure of effect of these pesticides. Various 

studies (Weiss, 1958, 1959, 1961; Murphy et al., 1968; Gibson et 

al. 1969) have shown the degree of inhibition to be dependent 

upon toxicant concentration, length of exposure, and species 

sensitivity. The results of these studies have also indicated 

AChE inhibition ranging from 25 to 90 

(1959) also showed that susceptibility 

of recovery of AChE activity following 

that death results from 

percent of normal. Weiss 

depended upon the extent 

prior exposure and that the recovery period for fish exposed to 

parathion was relatively long. In bluegills, AChE activity was 

only 50 percent recovered 30 days after exposure to 1 mg/L for 6 

to 7 hours (Weiss, 1961). 

Some of the other physiological effects observed to result 

from exposure of fish to parathion have been inhibition of 

spermatogenesis in guppies, _______- Poecilia reticulata at 10 ug/L 

(Billard and deKinkelin, 1970), alternation of oxygen 

consumption rate in bluegills, Lepomis macrochirus, at 100 ug/L 

(Dowden, 1966), and liver enlargement associated with increased 

pesticide-hydrolizing capability in mosquitof ish, Gambusia 



affinis (Ludke, 1970). 0 
Parathion has been found acutely toxic to aquatic 

invertebrates at under 1 ug/L e.g., a 50-hour LC50 of 0.8 ug/L 

for - Daphnia maqgg; 48-hour LC50 of 0.6 ug/L for -- Daphnia -- pulex; --- 
48-hour LC50 of 0.37 for Simocephalus ---_ _____-_ serrulatus (a daphnid) 

(Sanders and Cope, 1966); a 5-day LC50 of 0.93 ug/L for the 

larval stonefly, Acroneuria pacifica (Jensen and Gaufin, 1964); 

and a 96-hour LC50 of 0.43 ug/L for the larval caddisfly 

- HydroEsychc --- - -- californica - -------- (Gaufin et al. 1965). Mulla and 

Khasawinah (1969) obtained a 24-hour LC50 of 0.5 ug/L for 4th 

instar larvae of the midge -- Tanypus - qrodhausi. Spacie (1975) 

obtained 96-hour LC5O's in flow-through bioassays of 0.62 ug/L 

for Daphnia magna, 0.40 ug/L for the scud, Gammarus fasciatus 

and 31.0 ug/L for 4th instar of Chironomous tentans, a midge. 

Other invertebrates have been found acutely sensitive to 

parathion in concentrations of from 1 to 30 ug/L in water (U.S. 

Environ. Prot. Agency, 1975). 

Few longer exposures have been conducted. Jensen and Gaufin 

(1964) obtained 30-day LC50's for Pteronarcys - ----I-- californica and 

Acroneuria ----_ pacifica ---- of 2.2 and 0.44 ug/L, respectively. Spacie 

(1975) found the 3-week LC50 for Daphnia mxna - to be 0.14 ug/L. 
Statistically significant reproductive impairment occurred at 

concentrations above 0.08 ug/L. A 43-day LC50 of 0.07 ug/L was 

reported for Gammarus fasciatus and a concentration of 0.04 ug/L 

produced significantly greater mortality than among controls. 

Limited information is available on persistence of parathion 

~ in water. Eichelberger and Lichtenberg (1971) determined the 



half-life in river water (pH 7.3 - 8.0) to be 1 week. Using AChE 

inhibitory capacity as the indicator, Weiss and Gakstatter 

(1964) found the half-life of parathion or its active breakdown 

products to be 40, 35, and 2 0  days in ‘lnaturalll waters having a 

pH of 5.1. 7.0, and 8.4, respectively. The possibility of 

breakdown resulting in compounds more toxic than parathion was 

suggested by Burke and Ferguson (1969) who determined that the 

toxicity of this pesticide to mosquitofish 1 Gambusia ---_I affinis 

was greater in static than in flowing water test systems. 

Sanders (1972), in 96-hour bioassays with the scud, Gammarus _- 
-------I fasciatus and glass shrimp, Palaemonetes -_-I_- kadiakensis I also 

observed greater toxicity under static than in flow-through 

conditions. 

a Tissue accumulations of parathion by exposed aquatic 

organisms are not great and do not appear to be very persistent. 

Mount and Boyle (1969) observed concentrations in the blood of 

bullhead, --------- Ictalurus melas - - - - - I  up to about 50 times water 

concentrations. Spacie (1975) found muscle concentrations in 

chronically exposed brook trout, - S .  ___--_I fontinalis to be several 

hundred times water concentrations; bluegills, -- Lepomis ---- 
macrochirus, had about 25 times water concentrations in their 

bodies. Leland (1968) demonstrated a biological half-life of 

parathion in rainbow trout, Salmo Eirdneri 1 exposed and then 

placed in fresh water to be only 30 to 4 0  hours. It is not 

expected that parathion residues in aquatic organisms exposed to 

the recommended criterion concentrations will be a hazard to 

consumer organisms. a 



Weiss and Gakstatter (1964) have shown that 15-day continuous 

exposure to parathion (1.0 ug/L) can produce progressively 

greater (i.e-, cumulative) brain AChE inhibition in a fish 

species. After substantial inhibition by parathion exposure, it 

takes several weeks for brain AChE of exposed fishes to return 

to normal even though exposure is discontinued (Weiss, 1959, 

1961). fishes by 46 percent or more 

has been associated with harmful effects in exposures to 

organophosphate pesticides for one life cycle (Eaton, 1970) and 

for short periods (Carter, 1971; Coppage and Duke, 1971; Coppage, 

1972; Coppage and Matthews, 1974; Post and Leasure, 1974; Coppage 

et al. 1975). It has been shown that a concentration of 10 ug 

Inhibition of brain AChE of 

parathion/L of flowing seawater kills 40 to 60 percent of the 

marine fishes &agodon ---- ---------- rhomboides (pinfish) and Leostomus -- 

xanthurus __ (spot) in 24 hours and causes about 87 to 92 percent 

brain AChE inhibition (Coppage and Matthews, 1974.) Similar 

inhibition of AChE and mortality were caused in sheepshead 

minnows, Cyprinodon variegatus, in 2, 24, 48, and 72 hours at 

concentrations of 5,000, 2,000, 100, and 10 ug/L, respectively in 

static tests (Coppage, 1972). These data indicate that 

reductions of brain AChE activity of marine fishes by 70 to 80 

percent or more in short-term exposures to parathion may be 

associated with some deaths. 



0 Other estimates of parathion toxicity to marine organisms 

follow. The 48-hour EC50 for parathion to Penaeus duorarum was 

found to be 0.2 ug/L (Lowe et al. 1970). Lahav and Sarig (1969) 

reported the 96-hour LC50 for mullet, Mugil cephalus to be 125 

ug/L. The shell growth of the oyster, Crassostrea virginica, was 

found by Lowe et al. (1970) to be decreased by 22 percent after 

96 hours in 1.0 mg/L. 

An application factor of 0.1 is applied to the 96-hour LC50 

data for invertebrates which range upward from 0.4 ug/L. A 

criteria of 0.04 ug/L is recommended for marine and freshwater 

aquatic life. 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



CRITERIA: 
0 PENTACHLOROPHENOL 

Aquatic Life 

The available data for pentachlorophenol indicate that acute 

and chronic toxicity to freshwater aquatic life occurs at 

concentrations as low as 55 and 3.2 ug/L, respectively, and would 

occur at lower concentrations among species that are more 

sensitive than those tested. 

The available data for pentachlorophenol indicate that acute 

and chronic toxicity to saltwater aquatic life occur at 

concentrations as l o w  as 53 and 34 ug/L, respectively, and would 

occur at lower concentrations among species that are more 

sensitive than those tested. 

Human Health 

For comparison purposes, two approaches were used to derive 

criterion levels for pentachlorophenol. Based on available 

toxicity data, to protect public health the derived level is 1.01 

W/L. Using available organoleptic data, to control 

undesirable taste and odor qualities of ambient water the 

estimated level is 30 ug/L. It should be recognized that 

organoleptic data have limitations as a basis for establishing a 

water quality criterion, and have no demonstrated 

relationship to potential adverse human health effects. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



CRITERIA: 

Range 

5 - 9  Domestic water  supp l i e s  (welfare) 

6.5 - 9 .0  Freshwater aqua t i c  l i f e  

6.5 - 8.5 Marine aqua t i c  l i f e  (bu t  no t  more than  
0.2 u n i t s  o u t s i d e  of normal  l y o c c u r r i n g  
range. ) 

INTRODUCTION : 

I8pH" is a measure of  t h e  hydrogen i o n  a c t i v i t y  i n  a water  

sample.  It i s  m a t h e m a t i c a l l y  r e l a t e d  t o  hydrogen i o n  a c t i v i t y  

according t o  t h e  expression: pH = - log  10 (H'), where (H') is t h e  

hydrogen i on  a c t i v i t y .  

T h e  pH o f  n a t u r a l  waters  is a measure  of  acid-base 

equ i l ib r ium achieved by t h e  va r ious  d i s s o l v e d  compounds, s a l t s ,  

and gases. T h e  p r i n c i p a l  system r e g u l a t i n g  p H  i n  n a t u r a l  waters 

i s  t h e  c a r b o n a t e  sys tem which i s  composed of ca rbon  d i o x i d e  

(C02), c a r b o n i c  a c i d ,  ( H z C 0 3 ) ,  b i c a r b o n a t e  i o n  ( H C 0 3 )  and  

c a r b o n a t e  i o n s  ( C o g ) .  The i n t e r a c t i o n s  and k i n e t i c s  of  t h i s  

system have been descr ibed by Stumm and Morgan (1970).  

pH is an  i m p o r t a n t  f a c t o r  i n  t h e  chemical and b i o l o g i c a l  

sys tems  of  n a t u r a l  waters.  T h e  d e g r e e  o f  d i s s o c i a t i o n  of weak 

a c i d s  o r  bases i s  a f f ec t ed  by changes  i n  pH. T h i s  e f fec t  is  

important because t h e  t o x i c i t y  of many compounds is affected by 

t h e  degree of d i s soc ia t ion .  One such  example is hydrogen cyanide 

(HCN) .  Cyanide t o x i c i t y  t o  f i s h  i n c r e a s e s  a s  t h e  p H  i s  lowered  - 

because  t h e  chemica l  e q u l i b r i u m  is  s h i f t e d  toward a n  i n c r e a s e d  

c o n c e n t r a t i o n  o f  HCN. S i m i l a r  r e s u l t s  h a v e  been shown f o r  

hydrogen s u l f i d e  ( H a s )  (Jones,  1 9 6 4 ) .  



The solubility of metal compounds contained in bottom 

sediments or as suspended material, also is affected by pH. For 

example, laboratory equilibrium studies under anaerobic 

conditions indicated that pH was an important parameter involved 

in releasing manganese from bottom sediments (Delfino and Lee, 

1971). 

The pH of a water does not indicate ability to neutralize 

additions of acids or bases without appreciable change. This 

characteristic, termed "buffering capacity," is control led by the 

amounts of alkalinity and acidity present. 

RATIONALE: 

Knowledge of pH in the raw water used €or public water 

supplies is important because without adjustment to a suitable 

level, such waters may be corrosive and adversely affect 

treatment processes including coagulation and chlorination. 

Coagulation for removal of colloidal color by use of aluminum 

o r  iron salts generally has an optimum pH range of 5.0 to 6 - 5  

(Sawyer, 1960). Such optima are predicated upon the availability 

of sufficient alkalinity to complete the chemical reactions. 

The effect of pH on chlorine in water principally is on the 

equilibrium between hypochlorous acid (HOC1) and the hypochlorite 

ion (OC1-) according to the reaction: 

HOCl  = H+ + OC1- 

Butterfield (1984) has shown that chlorine disinfection is more 

e f fec t ive  at values less than pH 7. Another study (Reid and 

Carlson, 1974) has indicated, however, that in natural waters no 

significant difference in the kill rate for Escherichia -- coli was c 



observed between pH 6 and pH 8. 

corrosion of plant equipment and piping in the distribution 

system can lead to expensive replacement as well as the 

introduction of metal ions such as copper, lead, zinc, and 

cadmium. Langelier (1936) developed a method to calculate and 

control water corrosive activity that employs calcium carbonate 

saturation theory and predicts whether the water would tend to 

dissolve or deposit calcium carbonate. By maintaining the pH 

at the proper level, the distribution system can be provided with 

a protective calcium carbonate lining which prevents metal pipe 

corrosion. Generally, this level is above pH 7 and frequently 

approaches pH 8.3, the point of maximum bicarbonate/carbonate 

buffering. 

Since pH is relatively easily adjusted prior to and during 

water treatment, a rather wide range is acceptable for waters 

serving as a source of public water supply. A range of p~ from 

5.0 to 9.0 would provide a water treatable by typical 

(coagulation, sedimentation, filtration, and chlorination) 

treatment plant processes. As the range is extended, the cost of 

neutralizing chemicals increases. 

A review of the effects of pH on fresh water fish has been 

published by the European Inland Fisheries Advisory Commission 

(1969). The commission concluded: 

There is no definite pH range within which a fishery is 
unharmed and outside which it is damaged, but rather, there 
is a gradual deterioration as the pH values are further 
removed from the normal range. The pH range which is not 
directly lethal to fish is 5 - 9; however, the toxicity of 
several common pollutants is markedly affected by pH changes 
within this range, and increasing acidity or alkalinity may 
make these poisons more toxic. A l s o ,  an acid discharge may 
liberate sufficient C02 from bicarbonate in the water either 



to be directly toxic, or to cause the pH range 5 - 6 to 
become lethal. 

Mount (1973) performed bioassays on the fathead minnow, 

Pimephal- promelas, for a 13-mQnth, one generation time period 

to determine chronic pH effects. Tests were run at pH 

levels of 4.5 ,  5.2. 

PH 
Range Effect on Fish* 

5.0 - 6.0 Unlikely to be harmful to any species unless either the 
concentration of free C02 is greater than 20 ppm, or 
the water contains iron salts which are precipitated as 
ferric hydroxide, the toxicity of which is not known. 

is present in excess of 100 ppm. 
6.0 - 6.5 Unlikely to be harmful to fish unless free carbon dioxide 

6.5 - 9.0 Harmless to fish, although the toxicity of other poisons 
may be affected by changes within this range. 

EIFAC, 1969 



5.9, 6.6, and  a c o n t r o l  o f  7.5. A t  t h e  two l o w e s t  pH v a l u e s  (4 .5  

and 5.2) behav io r  was abnormal and t h e  f i s h  were deformed. A t  pH 

v a l u e s  less  t h a n  6.6, egg p r o d u c t i o n  and h a t c h a b i l i t y  w e r e  

reduced when compared w i t h  t h e  c o n t r o l .  I t  w a s  concluded t h a t  a 

pH of 6.6 w a s  marginal  f o r  v i t a l  l i f e  funct ions .  

B e l l  ( 1 9 7 1 )  per formed b i o a s s a y s  w i t h  nymphs o f  c a d d i s f l i e s  

( t w o  s p e c i e s )  s t o n e f  l i e s  ( f o u r  s p e c i e s ) ,  d r a g o n f l i e s  ( two 

s p e c i e s ) ,  and m a y f l i e s  (one  s p e c i e s ) .  A l l  a r e  i m p o r t a n t  f i s h  

food organisms. The 30-day TL50 v a l u e s  ranged from 2.45 t o  5.38 

w i t h  t h e  c a d d i s f l i e s  b e i n g  t h e  most t o l e r a n t  and t h e  m a y f l i e s  

be ing  t h e  l eas t  t o l e r a n t .  The pH v a l u e s  a t  which 50 pe rcen t  of 

t h e  o r g a n i s m s  emerged r a n g e d  from 4.0 t o  6.6 w i t h  i n c r e a s i n g  

p e r c e n t a g e  emergence o c c u r r i n g  w i t h  t h e  i n c r e a s i n g  pH v a l u e s .  

Based on p r e s e n t  e v i d e n c e ,  a pH r a n g e  of 6.5 t o  9.0 a p p e a r s  

t o  p r o v i d e  adequate  p r o t e c t i o n  f o r  t h e  l i f e  of freshwater f i s h  

and bottom d w e l l i n g  i n v e r t e b r a t e s  f i s h  food organisms. Outs ide  of 

t h i s  range,  f i s h  s u f f e r  a d v e r s e  p h y s i o l o g i c a l  effects i n c r e a s i n g  

i n  s e v e r i t y  a s  t h e  d e g r e e  of d e v i a t i o n  i n c r e a s e s  u n t i l  l e t h a l  

l e v e l s  are reached. 

C o n v e r s e l y ,  r a p i d  i n c r e a s e s  i n  pH c a n  c a u s e  i n c r e a s e d  NH3 

concen t ra t ions  t h a t  a r e  a l s o  t o x i c .  Ammonia has been shown t o  be 

1 0  t i m e s  as t o x i c  a t  pH 8.0 as a t  pH 7.0 (EIFAC,  1 9 6 9 ) .  

T h e  c h e m i s t r y  of m a r i n e  w a t e r s  d i f f e r s  f r o m  that of f resh 

water because of t h e  l a r g e  c o n c e n t r a t i o n  of s a l t s  p r e s e n t .  I n  

a d d i t i o n  t o  a l k a l i n i t y  b a s e d  on t h e  c a r b o n a t e  sys tem,  there i s  

a l s o  a l k a l i n i t y  from o t h e r  weak a c i d  s a l t s  such a s  b o r a t e .  

Because of t h e  b u f f e r i n g  s y s t e m  p r e s e n t  i n  seawater, t h e  



n a t u r a l l y  o c c u r r i n g  v a r i a b i l i t y  o f  pH is less  t h a n  i n  f r e s h  

wa te r .  Some mar ine  communit ies  a r e  more s e n s i t i v e  t o  pH change  

t h a n  others  (NAS, 1974) .  Normal pH v a l u e s  i n  seawater are 8.0 t o  

8.2 a t  t h e  s u r f a c e ,  d e c r e a s i n g  t o  7.7 t o  7.8 w i t h  i n c r e a s i n g  

d e p t h  (Capurro,  1 9 7 0 ) .  T h e  NAS Committee 's  review ( N A S ,  1 9 7 4 )  

i n d i c a t e d  t h a t  p lankton  and b e n t h i c  i n v e r t e b r a t e s  are probably 

more s e n s i t i v e  t h a n  f i s h  t o  changes  i n  pH and  t h a t  mature forms 

and larvae  of o y s t e r s  are a d v e r s e l y  a f f e c t e d  a t  t h e  extremes of 

t h e  pH r a n g e  o f  6 .5  t o  9.0.  However ,  i n  t h e  s h a l l o w ,  

b i o l o g i c a l l y  a c t i v e  w a t e r s  i n  t r o p i c a l  o r  s u b t r o p i c a l  areas,  

l a r g e  d i u r n a l  pH c h a n g e s  o c c u r  n a t u r a l l y  b e c a u s e  o f  

p h o t o s y n t h e s i s .  pH v a l u e s  may r a n g e  from 9.5 i n  t h e  d a y t i m e  t o  

7.3 i n  t h e  e a r l y  m o r n i n g  b e f o r e  dawn. A p p a r e n t l y ,  t h e s e  

communities are adapted t o  such v a r i a t i o n s  or i n t o l e r a n t  s p e c i e s  

a re  a b l e  t o  a v o i d  extremes b y m o v i n g  o u t  o f t h e a r e a .  

F o r  open ocean waters  where t h e  d e p t h  i s  s u b s t a n t i a l l y  

g r e a t e r  than  t h e  euphot ic  zone, t h e  pH should  not  b e  changed more 

t h a n  0.2 u n i t s  o u t s i d e  of t h e  n a t u r a l l y  occur r ing  v a r i a t i o n  o r  i n  

any c a s e  o u t s i d e  t h e  r a n g e  of 6.5 t o  8.5. For  s h a l l o w ,  h i g h l y  

p roduc t ive  c o a s t a l  and e s t u a r i n e  a r e a s  where n a t u r a l l y  occur r ing  

v a r i a t i o n s  approach t h e  l e t h a l  l i m i t s  f o r  some spec ies ,  changes 

i n  pH s h o u l d  be a v o i d e d ,  b u t  i n  any case n o t  exceed t h e  l i m i t s  

e s t a b l i s h e d  f o r  fresh water ,  i.e., pH of  6.5 t o  9.0. A s  w i t h  

f r e s h w a t e r  c r i t e r i a ,  r a p i d  pH f l u c t u a t i o n s  t h a t  a r e  c a u s e d  by 

waste d ischarges  should  be avoided. Addi t ional  suppor t  f o r  these 

l i m i t s  i s  p r o v i d e d  b y  Z i r i n o  a n d  Yamamoto ( 1 9 7 2 ) .  T h e s e  

i n v e s t i g a t o r s  developed a model which i l l u s t r a t e s  t h e  effects of 0 %. 

var iable  pH on copper, z inc ,  cadmium, and lead; s m a l l  changes i n  



p~ cause large shifts in these metallic complexes. Such changes 

may affect toxicity of these metals. 

For the industrial classifications considered, the NAS report 

(NAs, 1974) tabulated the range of pH values used by industry for 

various process and cooling purposes. In general, process waters 

used varied from pH 3.0 to 11.7, while cooling waters used varied 

from 5.0 to 8.9. Desirable pH values are undoubtedly closer to 

neutral to avoid corrosion and other deleterious chemical 

reactions. Waters with pH values outside these ranges are 

considered unusable for industrial purposes. 

The pH of water applied for irrigation purposes is not 

normally a critical parameter. Compared with the large buffering 

capacity of the soil matrix, the pH of applied water is rapidly 

changed to approximately that of the soil. The greatest danger 

in acid soils is that metallic ions such as iron, manganese, or 

aluminum may be dissolved in concentrations which are 

subsequently directly toxic to plants. Under alkaline conditions, 

the danger to plants is the toxicity of sodium carbonates and 

bicarbonates either directly or indirectly (NAS, 1974). 

To avoid undesirable effects in irrigation waters, the pH 

should not exceed a range of 4.5 to 9.0. 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



CRITERIA: 0 PHENOL 

Aquatic Life 

The available data for phenol indicate that acute and chronic 

toxicity to freshwater aquatic life occurs at concentrations as 

l o w  as 10,200 and 2,560 ug/L, respectively, and would occur at 

lower concentrations among species that are more sensitive than 

those tested. 

The available data for phenol indicate that toxicity to 

saltwater aquatic life occurs at concentrations as low as 5,800 

ug/L and would occur at lower concentrations among species that 

are more sensitive than those tested. NO data are available 

concerning the chronic toxicity of phenol to sensitive saltwater 

aquatic life. 0 Human Health 

For comparison purposes, two approaches were used to derive 

criterion levels for phenol. Based on available toxicity data, 

to protect public health the derived level is 3.5 mg/L. 

Using available organoleptic data, to control 

undesirable taste and odor qualities of ambient water the 

estimated level is 0.3 mg/L. It should be recognized that 

organoleptic data have limitations as a basis for establishing a 

water quality criterion, and have no demonstrated relationship to 

potential adverse human health effects. 

NOTE: The U.S. EPA is currently developing Acceptable Daily 
Intake (ADI) or Verified Reference Dose (RfD) values for 
Agency-wide use for this chemical. The new value should 
be s u b s t i t u t e d  when it becomes available. The January, 
1986, draft Verified Reference Dose document cites an RfD 
of 0.1 mg/kg/day for phenol. .'/ 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 
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PHOSPHORUS 

CRITERION:: 

0.10 ug/L yellow (elemental)  phosphorus f o r  marine o r  
e s t u a r i n e  water.  

INTRODUCTION: 

Phosphorus i n  t h e  e lementa l  form is p a r t i c u l a r l y  t o x i c  and is 

s u b j e c t  t o  b ioaccumula t i on  i n  much t h e  same way a s  mercury. 

Phosphorus a s  phospha te  i s  one bf t h e  major  n u t r i e n t s  r e q u i r e d  

f o r  p l a n t  n u t r i t i o n  and is  e s s e n t i a l  f o r  l i f e .  I n  excess of  a 

cr  it ica  1 concen t  r a t  i o n ,  phospha t e s  s t i rnu l a t e  p 1 a n t  growths.  

During t h e  p a s t  30 years ,  a formidable case has developed f o r  t h e  

b e l i e f  t h a t  i n c r e a s i n g  s t a n d i n g  c r o p s  of  a q u a t i c  p l a n t s ,  which 

o f t e n  i n t e r f e r e  w i t h  water u s e s  and are  n u i s a n c e s  t o  man, 

f r equen t l y  are caused by inc reas ing  s u p p l i e s  of phosphorus. Such 

phenomena a r e  a s s o c i a t e d  w i t h  a c o n d i t i o n  o f  acce le ra ted  

eu t roph ica t ion  o r  aging of waters. Genera l ly ,  it is recognized 

t h a t  phosphorus is no t  t h e  s o l e  cause of eu t roph ica t ion  bu t  there 

is s u b s t a n t i a t i n g  evidence t h a t  f r equen t l y  it is t h e  key element 

of  a l l  of t h e  e l e m e n t s  r e q u i r e d  by f r e s h w a t e r  p l a n t s ,  and 

g e n e r a l l y ,  it is p r e s e n t  i n  t h e  l e a s t  amount r e l a t i v e  t o  need. 

Therefore,  an i nc r ea se  i n  phosphorus a l l o w s  use of o the r  a l r e ady  

p r e s e n t  n u t r i e n t s  for p l a n t  growth. F u r t h e r ,  of a l l  of  t h e  

e l e m e n t s  r e q u i r e d  f o r  p l a n t  growth i n  t h e  water  envi ronment ,  

phosphorus is t h e  most e a s i l y  c o n t r o l l e d  by man. 

Large d e p o s i t s  of  phospha t e  rock  a re  found n e a r  t h e  wes t e rn  

shore of C e n t r a l  F l o r i d a ,  a s  w e l l  a s  i n  a number of o t h e r  S ta tes .  

Depos i t s  i n  F l o r i d a  a re  found i n  t h e  f o r m  of  p e b b l e s  which v a r y  
0 . ., 



in size from fine sand to about the size of a human foot. These 

pebbles are embedded in a matrix of clay and sand. The 

phosphate rock beds lie within a few feet of the surface and 

mining is accomplished by using hydraulic water jets and a 

washing operation that separates the phosphates from waste 

materials. The process is similar to that of strip-mining. 

Florida, Idaho, Montana, North Carolina, South Carolina, 

Tennessee, Utah, Virginia, and Wyoming share phosphate mining 

activities. 

Phosphates enter waterways from several different sources. 

The human body excretes about one pound per year of phosphorus 

expressed as I1Pt1. The use of phosphate detergents and other 

domestic phosphates increases the per capita contribution to 

about 3 . 5  pounds per year of phosphorus as P. Some industries, 

such as potato processing, have wastewaters high in phosphates. 

Crop, forest, idle, and urban land contribute varying amounts of 

phosphorus-diffused sources in drainage to watercourses. This 

drainage may be surface runoff of rainfall, effluent from tile 

lines, or return flow from irrigation. Cattle feedlots, 

concentrations of domestic duck or wild duck populations, tree 

leaves, and fallout from the atmosphere all are contributing 

sources. 

Evidence indicates that: (1) high phosphorus concentrations 

are associated with accelerated eutrophication of waters, when 

other growth-promoting factors are present: (2) aquatic plant 

problems develop in reservoirs and other standing waters at 

phosphorus values lower than those critical in flowing streams: 

( 3 )  reservoirs and lakes collect phosphates from influent streams 



and s t o r e  a po r t i on  of them wi th in  consol ida ted  sediments,  thus  

s e r v i n g  a s  a phospha te  s i n k ;  and ( 4 )  phosphorus  c o n c e n t r a t i o n s  

c r i t i c a l  t o  noxious  p l a n t  growth v a r y  and n u i s a n c e  g rowths  may 

r e s u l t  f rom a p a r t i c u l a r  c o n c e n t r a t i o n  of phospha t e  i n  one 

g e o g r a p h i c a l  a r e a  b u t  n o t  i n  a n o t h e r .  The amount o r  p e r c e n t a g e  

of  i n f l o w i n g  n u t r i e n t s  t h a t  may be  r e t a i n e d  by  a l a k e  o r  

r e se rvo i r  i s  v a r i a b l e  and w i l l  depend upon: (1) t h e  n u t r i e n t  

loading t o  t h e  l a k e  o r  r e s e v o i r ;  (2 )  t h e  volume of t h e  euphotic  

zone; ( 3 )  t h e  ex t en t  of b i o l o g i c a l  ac t iv i t i es ;  ( 4 )  t h e  de ten t ion  

time w i t h i n  a l a k e  b a s i n  o r  t h e  t i m e  a v a i l a b l e  f o r  b i o l o g i c a l  

a c t i v i t i e s ;  

t h e  penstock from t h e  r e se rvo i r .  

and ( 5 )  t h e  l e v e l  of  d i s c h a r g e  from t h e  l a k e  o r  of  

Once n u t r i e n t s  a re  combined w i t h i n  t h e  a q u a t i c  ecosys tem,  

t h e i r  removal is ted ious  and expensive. Phosphates a r e  used by 

a l g a e  and h i g h e r  a q u a t i c  p l a n t s  and may b e  s t o r e d  i n  excess of 

use  wi th in  t h e  p l a n t  ce l l .  With decomposition of t h e  p l a n t  c e l l ,  

some phosphorus  may be re leased immedia te ly  t h rough  b a c t e r i a l  

a c t i o n  € o r  r e c y c l i n g  w i t h i n  t h e  b i o t i c  community, w h i l e  t h e  

remainder may be deposi ted wi th  sediments. Much of t h e  material 

t h a t  combines w i t h  t h e  c o n s o l i d a t e d  s e d i m e n t s  w i t h i n  t h e  l a k e  

bot tom is  bound pe rmanen t ly  and w i l l  n o t  be r e c y c l e d  i n t o  t h e  

s y s  tern. 

0 

RATIONAm : 

Elemental Phosphorus 

I s o m  (1960)  repor ted  an LC50 of 0.105 mg/L a t  4 8  h o u r s  and 

0 . 0 2 5  mg/L a t  1 6 0  h o u r s  f o r  b l u e g i l l  s u n f i s h ,  __ Lepomis  _--- 
y. ~ macrochirus, exposed t o  ye1 low phosphorus i n  d i s t i l  l e d  water a t  
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26 OC and pH 7. The 125-and 195-hour LC50's of yellow phosphorus 

to Atlantic cod, Gadus morhua, and Atlantic salmon, Salmo salar, 

smolts in continuous-exposure experiments were 1.89 and 0.79 

ug/L, respectively (Fletcher and Hoyle, 1972). No evidence of an 

incipient lethal level was observed since the lowest 

concentration of p4 tested was 0.79 ug/L. Salmon that were 

exposed to elemental phosphorus concentrations of 40 ug/L or less 

developed a distinct external red color and showed signs of 

extensive hemolysis. The predominant features of p4 poisoning in 

salmon were external redness, hemolysis, and reduced hematocrits. 

Following the opening of an elemental phosphorus production 

plant in Long Harbour, Placentia Bay, Newfoundland, divers 

observed dead fish upon the bottom throughout the Harbour (Peer, 

1972). Mortalities were confined to a water depth of less than 18 

meters. There was visual evidence of selective mortality among 

benthos. Live mussels were found within 300 meters of the 

effluent pipe, while all scallops within this area were dead. 

Fish will concentrate elemental phosphorus from water 

containing as little as 1 ug/L (Idler, 1969). In one set of 

experiments, a cod swimming in water containing 1 ug/L elemental 

phosphorus for 18 hours concentrated phosphorus to 5 0  ug/kg in 

muscle, 150 ug/kg in fatty tissue, and 25,000 ug/kg in the liver 

(Idler, 1969; Jangaard, 1970). The experimental findings showed 

that phosphorus is quite stable in the fish tissues. 



The criterion of 0.10 ug/L elemental phosphorus for marine or 

estuarine waters is .1 of demonstrated lethal levels to important 

marine organisms and of levels that have been found to result in 

significant bioaccumulation. 

0 



Phosphate Phosphorus 

Al though  a t o t a l  phosphorus  c r i t e r i o n  t o  c o n t r o l  n u i s a n c e  

a q u a t i c  growths  i s  n o t  p r e s e n t e d ,  it is b e l i e v e d  t h a t  t h e  

fo l lowing  r a t i o n a l e  t o  support  such a c r i t e r i o n ,  which c u r r e n t l y  

is evo lv ing ,  should be considered. 

T o t a l  phospha t e  phosphorus  c o n c e n t r a t i o n s  i n  excess of  1 0 0  

ug/L P may interfere wi th  coagula t ion  i n  water t rea tment  p lan t s .  

When such concentra t ions  exceed 25 ug/L a t  the  t i m e  of the spr ing  

tu rnover  on a volume-weighted b a s i s  i n  l a k e s  o r  r e s e r v o i r s ,  they 

may occas iona l l y  s t i m u l a t e  excess ive  o r  nuisance growths of algae 

and o t h e r  a q u a t i c  p l a n t s .  A l g a l  growths  i n p a r t '  u n d e s i r a b l e  

tas tes  and odors t o  water, i n t e r f e r e  wi th  water t rea tment ,  become 

a e s t h e t i c a l l y  u n p l e a s a n t ,  and a l t e r  t h e  c h e m i s t r y  of  t h e  water 

s u p p l y .  They c o n t r i b u t e  t o  t h e  phenomenon o f  c u l t u r a l  0 
eutrophica t ion .  

To p r e v e n t  t h e  development  o f  b i o l o g i c a l  n u i s a n c e s  and t o  

c o n t r o l  accelerated o r  c u l t u r a l  eut rophica t ion ,  t o t a l  phosphates 

as phosphorus (P) should  no t  exceed 50 ug/L i n  any stream a t  t h e  

p o i n t  where it e n t e r s  any l a k e  o r  r e s e r v o i r ,  n o r  2 5  ug/L w i t h i n  

t h e  l a k e  o r  r e s e r v o i r .  A des i red g o a l  f o r  t h e  p r e v e n t i o n  of 

p l a n t  n u i s a n c e s  i n  s t r e a m s  o r  o t h e r  f l o w i n g  w a t e r s  n o t  

discharging d i r e c t l y  t o  l a k e s  o r  impoundments is 100 ug/L t o t a l  P 

(Macken thun ,  1973) Most  r e l a t i v e l y  uncon tamina t ed  l a k e  

d i s t r i c t s  axe known t o  h a v e  s u r f a c e  w a t e r s  t h a t  c o n t a i n  from 10 

t o  30 ug/L t o t a l  phosphorus as P (Hutchinson, 1957). 

T h e  m a j o r i t y  of t h e  N a t i o n ' s  e u t r o p h i c a t i o n  problems a r e  

associa ted  with l a k e s  o r  r e s e r v o i r s  and c u r r e n t l y  there are more 
0 , .. 
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data t o  suppor t  t h e  es tabl ishment  of a l i m i t i n g  phosphorus l e v e l  

i n  t h o s e  waters  t h a n  i n  s t reams o r  r i v e r s  t h a t  do n o t  d i r e c t l y  

impact s u c h  water.  There  a r e  n a t u r a l  c o n d i t i o n s ,  a l s o ,  t h a t  

w o u l d  d i c t a t e  t h e  c o n s i d e r a t i o n  of e i t h e r  a more  o r  l e s s  

s t r i n g e n t  phosphorus l e v e l .  Eutrophica t ion  problems may occur i n  

waters where t h e  phosphorus  c o n c e n t r a t i o n  is less t h a n  t h a t  

i n d i c a t e d  above  and,  o b v i o u s l y ,  such waters  would need more 

s t r i n g e n t  n u t r i e n t  l i m i t s .  L i k e w i s e ,  there  a r e  t h o s e  waters 

w i t h i n  the  Nation where phosphorus is not  now a l i m i t i n g  n u t r i e n t  

and where t h e  need f o r  phosphorus  l i m i t s  i s  s u b s t a n t i a l l y  

diminished. Such cond i t ions  are descr ibed i n  the l a s t  paragraph 

of t h i s  r a t i o n a l e .  

The re  a r e  two bas ic  needs  i n  e s t a b l i s h i n g  a phosphorus  

c r i t e r i o n  f o r  f lowing waters: ode is t o  c o n t r o l  the  development 

of p l a n t  n u i s a n c e s  w i t h i n  t h e  f l o w i n g  w a t e r  and,  i n  t u r n ,  t o  

c o n t r o l  and p reven t  animal p e s t s  t h a t  may become assoc ia ted  w i t h  

such p l a n t s ;  t h e  o t h e r  i s  t o  p r o t e c t  t h e  downstream r e c e i v i n g  

waterway, r e g a r d l e s s  o f  i ts  proximity i n  l i n e a r  d is tance .  It is 

e v i d e n t t h a t a  p o r t i o n  o f t h a t  phosphorus  t h a t  e n t e r s  a s t r e a m o r  

o the r  f lowing waterway e v e n t u a l l y  w i l l  reach a r e c e i v i n g  lake o r  

e s t u a r y  e i t h e r  a s  a component of t h e  f l u i d  m a s s ,  as  bed l o a d  

s ed imen t s  t h a t  a r e  car r ied  downstream, o r  a s  f l o a t i n g  o r g a n i c  

mater ials  t h a t  may d r i f t  j u s t  above the stream's bed or  f l o a t  on 

its water 's  s u r f a c e .  Superimposed on t h e  l o a d i n g  from t h e  

i n f l o w i n g  waterway, a l a k e  o r  e s t u a r y  may r e c e i v e  a d d i t i o n a l  

p h o s p h o r u s  a s  f a l l o u t  f rom t h e  a i r  s h e d  o r  a s  a d i r e c t  

in t roduc t ion  from s h o r e l i n e  areas. 



A n o t h e r  method  t o  c o n t r o l  t h e  i n f l o w  o f  n u t r i e n t s ,  

p a r t i c u l a r l y  phospha tes ,  i n t o  a l a k e  i s  t h a t  of p r e s c r i b i n g  a n  

a n n u a l  l o a d i n g  t o  t h e  r e c e i v i n g  water. V o l l e n w e i d e r  (1973) 

sugges t s  t o t a l  phosphorus (P) loadings  i n  grams per square  meter 

of s u r f a c e  a r e a  p e r  y e a r  t h a t  w i l l  be a c r i t i c a l  l e v e l  f o r  

e u t r o p h i c  c o n d i t i o n s  w i t h i n  t h e  r e c e i v i n g  wa te rway  f o r  a 

p a r t i c u l a r  water volume where t h e  mean d e p t h  o f  t h e  l a k e  i n  

meters is d i v i d e d  by t h e  h y d r a u l i c  d e t e n t i o n  t i m e  i n  y e a r s .  

Vollenweider 's  da t a  suggest a range of loading v a l u e s  t h a t  should 

r e s u l t  i n  o l i g o t r o p h i c  l a k e  water qua l i t y .  

0 

Eutrophic 
o r  C r i t i c a l  

Ol igot rophic  o r  
Mean Depth/Hydraulic Pe rmiss ib l e  

Detention Time Loading Loading 

(me te r s /yea r )  (grams/meter2/year)  (grams/meter2/year)  

0.5 

1.0 

2.5 

5.0 

7.5 

10.0 

25.0 

50.0 

75.0 

100.0 

0.07 

0.10 

0.16 

0.22 

0.27 

0.32 

0.50 

0.71 

0.87 

1-00 

0-14 

0.20 

0.32 

0.45 

0.55 

0.63 

1.00 

1.41 

1.73 

2.00 

There  may be waterways wherein higher concentrations o r  

loadings  of t o t a l  phosphorus do no t  produce eutrophy, as  w e l l  a s  

those  waterways wherein lower concen t ra t ions  o r  loadings  of t o t a l  
0 
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phosphorus may be associated with populations of nuisance 

organisms. Waters now containing less than the specified amounts 

of phosphorus should not be degraded by the introduction of 

additional phosphates. 

It should be recognized that a number of specific exceptions 

can occur to reduce the threat of phosphorus as a contributor to 

lake eutrophy: 1. Naturally occurring phenomena may limit the 

development of plant nuisances. 2 .  Technological or cost- 

effective limitations may help control introduced pollutants. 3.  

Waters may be highly laden with natural silts or colors which 

reduce the penetration of sunlight needed €or plant 

photosynthesis. 4. Some waters morphometric features of steep 

banks, great depth, and substantial flows contribute to a history 

of no plant problems. Wateks may be managed primarily for 

waterfowl or other wildlife. 7 .  In some waters nutrient other 

than phosphorus is limiting to plant growth: the level and nature 

of such limiting nutrient would. not be expected to increase to an 

extent that would influence eutrophication. 6. In some waters 

phosphorus control cannot be sufficiently effective under present 

technology to make phosphorus the limiting nutrient. 

5. 

No national criterion is presented for phosphate phosphorus 

for the control of eutrophication. 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



PHTHALATE ESTERS 

CRITERIA: 

Aquatic Life 

The available data for phthalate esters indicate that acute 

and chronic toxicity to freshwater aquatic life occurs at 

concentrations as low as 940 and 3 ug/L, respectively, and would 

occur at lower concentrations among species that are more 

sensitive than those tested. 

The available data for phthalate esters indicate that acute 

toxicity to saltwater aquatic life occurs at concentrations as 

low as 2,944 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 

available concerning the chronic toxicity of phthalate esters to 

sensitive saltwater aquatic life but toxicity to one species of 

algae occurs at concentrations as low as 3.4 ug/L. 

, 

0 

Human Health 

For the protection of human health from the toxic properties 

of dimethyl phthalate ingested through water and contaminated 

aquatic organisms, the ambient water criterion is determined to 

be 313 mg/L. 

For the protection of human health from the toxic properties 

of dimethyl phthalate ingested through contaminated aquatic 

organisms alone, the ambient water criterion is determined to be 

2.9 g / l .  



For the protection of human health from the toxic properties 

of diethyl phthalate ingested through water and contaminated 

aquatic organisms, the ambient water criterion is determined to 

be 350 mg/L. 

For the protection of human health from the toxic properties 

of diethyl phthalate ingested through contaminated aquatic 

organisms alone, the ambient water criterion is determined to be 

1.8 g / l .  

For the protection of human health from the toxic properties 

of dibutyl phthalate ingested through water and contaminated 

aquatic organisms, the ambient water criterion is determined to 

be 34 mg/L. 

For the protection of human health from the toxic properties 

of dibutyl phthalate ingested through contaminated aquatic 

organisms alone, the ambient water criterion is determined to be 

154 mg/L. 

For the protection of human health from the toxic properties 

of di-2-ethylhexyl phthalate ingested through water and 

contaminated aquatic organisms, the ambient water criterion is 

determined to be 15 mg/L. 

For the protection of human health from the toxic properties 

of di-2-ethylhexyl phthalate ingested through contaminated 

aquatic organisms alone, the ambient water criterion is 

determined to be 50 mg/L. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



POLYCHLORINATED BIPHENYLS 

Aquatic Life 

For polychlorinated biphenyls the criterion to protect 

freshwater aquatic life as derived using the Guidelines is 0.014 

ug/L as a 24-hour average. The concentration of 0.014 ug/L is 

probably too high because it is based on bioconcentration factors 

measured in laboratory studies, but field studies apparently 

produce factors at least 10 times higher for fishes. The 

available data indicate that acute toxicity to freshwater aquatic 

life probably will occur only at concentrations above 2.0 ug/L 

and that the 24-hour average should provide adequate protection 

against acute toxicity. 

For polychlorinated biphenyls the criterion to protect 0 saltwater aquatic life as derived using the Guidelines is 0.030 

ug/L as a 24-hour average. The concentration of 0.030 ug/L is 

probably too high because it is based on bioconcentration factors 

measured in laboratory studies, but field studies apparently 

produce factors at least 10 times higher for fishes. The 

available data indicate that acute toxicity to saltwater aquatic 

life probably will only occur at concentrations above 10 ug/L and 

that the 24-hour average criterion should provide adequate 

protection against acute toxicity. 

Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to polychlorinated biphenyls 

through ingestion of contaminated water and contaminated aquatic 
0 
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organisms, the ambient water concentration should be zero, based 

on the nonthreshold assumption for this chemical. However, 

zero level may not be attainable at the present time. Therefore, 

the levels which may result in incremental increase of cancer 

risk over the lifetime are estimated at and 

The corresponding recommended criteria are 0.79 ng/L, 0.079 ng/L, 

and 0.0079 ng/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consumption of 

water, the levels are 0.79 ng/L, 0.079 ng/L, and 0.0079 ng/L, 

respectively. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



POLYNUCLEAR AROMATIC HYDROCARBONS 

CRITERIA : 

Aquatic Life 
The limited freshwater data base available for polynuclear 

aromatic hydrocarbons, mostly from short-term bioconcentration 

studies with two compounds, does not permit a statement 

concerning acute or chronic toxicity. 

The available data for polynuclear aromatic hydrocarbons 

indicate that acute toxicity to saltwater aquatic life occurs at 

concentrations as low as 300 ug/L and would occur at lower 

concentrations among species that are more sensitive than those 

tested. No data are available concerning the chronic toxicity of 

polynuclear aromatic hydrocarbons to sensitive saltwater aquatic 

life. 

Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to polynuclear aromatic 

hydrocarbons through ingestion of contaminated water and 

contaminated aquatic organisms, the ambient water concentration 

should be zero, based on the nonthreshold assumption for this 

chemical. However, zero level may not be attainable at the 

present time. Therefore, the levels which may result in 

incremental increase of cancer risk over the lifetime are 

estimated at lom6,  and The corresponding recommended 

criteria are 28.0 ng/L, 2.8 ng/L, and 0 . 2 8  ng/L, respectively. 

If these estimates are made for consumption of aquatic organisms 

only, excludinq consumption of water, the levels are 311.0 nq/L. 



31.1 ng/L, and 3.11 ng/L, r e s p e c t i v e l y .  

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



SELENIUM 

CRITERIA: 

Aquatic Life 

For total recoverable inorganic selenite the criterion 

to protect freshwater aquatic life as derived using the 

Guidelines is 35 ug/L as a 24-hour average, and the concentration 

should not exceed 260 ug/L at any time. 

For total recoverable inorganic selenite the criterion to 

protect saltwater aquatic life as derived using the Guidelines is 

54 ug/L as a 24-hour average, and the concentration should not 

exceed 410 ug/L at any time. 

The available data for inorganic selenate indicate that acute 

toxicity to freshwater aquatic life occurs at concentrations as 

low as 760 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 

available concerning the chronic toxicity of inorganic selenate 

to sensitive freshwater aquatic life. 

No data are available concerning the toxicity of inorganic 

selenate to saltwater aquatic life. 

Human Health 

The ambient water quality criterion for selenium is 

recommended to be identical to the existing water standard which 

is 10 ug/L. Analysis of the toxic effects data resulted in a 

calculated level which is protective of human health against the 

ingestion of contaminated water and contaminated aquatic 

(- organisms. The calculated value is comparable to the present 
0 



s tandard .  For  t h i s  reason  a s e l e c t i v e  c r i t e r i o n  based on 

e x p o s u r e  solely f rom consumpt ion  o f  6 .5  g rams  of a q u a t i c  

organisms was not  derived. 

(45 F.R. 79318,  November 2 8 ,  1980) 
SEE APPENDIX B FOR METHODOLOGY 



SILVER 

A q u a t i c  - L i f e  

For f r e s h w a t e r  a q u a t i c  l i f e  t h e  c o n c e n t r a t i o n  ( i n  

ug/L) of t o t a l  r e c o v e r a b l e  s i l v e r  should no t  exceed t h e  

n u m e r i c a l  v a l u e  g i v e n  by e ( l . 7 2  [ l n ( h a r d n e s s )  3 - 6 .52)  a t  any 

t i m e .  Fo r  example ,  a t  h a r d n e s s e s  of 5 0 ,  1 0 0 ,  and 2 0 0  mg/L  as  

CaC03, t h e  concen t ra t ion  of t o t a l  r e c o v e r a b l e  s i l v e r  should  not  

exceed 1 . 2 ,  4.1, and 13 ug/L, r e s p e c t i v e l y ,  a t  any t i m e .  The  

a v a i l a b l e  d a t a  i n d i c a t e  t h a t  c h r o n i c  t o x i c i t y  t o  f reshwater  

a q u a t i c  l i f e  may occur  a t  concen t ra t ions  as  low as  0.12 ug/L. 

F o r  sa l twater  a q u a t i c  l i f e  t h e  c o n c e n t r a t i o n  of t o t a l  

recoverable s i l v e r  s h o u l d  n o t  exceed 2.3 ug/L a t  any  t i m e .  N o  

data  are a v a i l a b l e  concerning the  chron ic  t o x i c i t y  of s i l v e r  t o  

s e n s i t i v e  sal twater  a q u a t i c  l i f e .  

Human Health 

T h e  a m b i e n t  w a t e r  q u a l i t y  c r i t e r i o n  f o r  s i l v e r  i s  

recommended t o  be i d e n t i c a l  t o  t h e  e x i s t i n g  w a t e r  s t a n d a r d ,  

which is 50 ug/L. Ana lys i s  of t h e  t o x i c  e f f e c t s  d a t a  r e s u l t e d  i n  

a c a l c u l a t e d  l e v e l  which is p r o t e c t i v e  of human h e a l t h  a g a i n s t  

t h e  i n g e s t i o n  of  c o n t a m i n a t e d  w a t e r  and c o n t a m i n a t e d  a q u a t i c  

organisms.  T h e  c a l c u l a t e d  v a l u e  i s  c o m p a r a b l e  t o  t h e  p r e s e n t  

s t a n d a r d .  For  t h i s  r e a s o n  a s e l e c t i v e  c r i t e r i o n  based on 

e x p o s u r e  s o l e l y  f r o m  c o n s u m p t i o n  o f  6 . 5  g r a m s  o f  a q u a t i c  

organisms w a s  no t  der ived .  a - 
'. ' (45 F.R. 79318, November 2 8 ,  1980)  

SEE APPENDIX B FOR METHODOLOGY 



SOLIDS (DISSOLVED) AND - SALINlTY 

CRITERION: 

250  mg/L f o r  ch lo r i de s  and s u l f a t e s  
i n  domestic water s u p p l i e s  (we l f a r e ) .  

INTRODUCTION: 

D i s s o l v e d  s o l i d s  and  t o t a l  d i s s o l v e d  s o l i d s  a r e  terms 

g e n e r a l l y  a s s o c i a t e d  w i t h  f r e s h w a t e r  sy s t ems  and c o n s i s t  of 

inorgan ic  s a l t s ,  sma l l  amounts of o rgan ic  matter, and d i s s o l v e d  

mater ia l s  (Sawyer, 1960). The e q u i v a l e n t  terminology i n  Standard 

Methods is f i l t r a b l e  r es idue  (Standard Methods, 1971). S a l i n i t y  

is an oceanographic term, and a l though n o t  p r e c i s e l y  e q u i v a l e n t  

t o  t h e  t o t a l  d i s s o l v e d  s a l t  con ten t  it is related t o  it (Capurro, 

1970). For most purposes, t h e  terms t o t a l  d i s s o l v e d  s a l t  content  

and s a l i n i t y  a r e  e q u i v a l e n t .  T h e  p r i n c i p a l  i n o r g a n i c  a n i o n s  

d i s s o l v e d  i n  water inc lude  t h e  carbonates ,  c h l o r i d e s ,  s u l f a t e s ,  

and n i t r a t e s  ( p r i n c i p a l l y  i n  ground w a t e r s )  ; t h e  p r i n c i p a l  

c a t i ons  a r e  sodium, potassium, calcium, and magnesium. 

RATIONALE : 

Excess d i s s o l v e d  s o l i d s  are o b j e c t i o n a b l e  i n  dr inking water 

because of p o s s i b l e  phys io log ica l  e f f e c t s ,  unpa l a t ab l e  minera l  

t a s t e s ,  and h i g h e r  c o s t s  because  of  c o r r o s i o n  o r  t h e  n e c e s s i t y  

f o r  a d d i t i o n a l  treatment.  

The p h y s i o l o g i c a l  effects  d i r e c t l y  r e l a t e d  t o  d i s s o l v e d  

s o l i d s  i nc lude  l a x a t i v e  e f f e c t s  p r i n c i p a l l y  from sodium s u l f a t e  

and magnesium s u l f a t e  and t h e  adve r se  effect  of sodium on c e r t a i n  

p a t i e n t s  a f f l i c t e d  w i t h  ca rd iac  disease  and women w i t h  toxemia 

a s s o c i a t e d  w i t h  pregnancy.  One s t u d y  w a s  made u s i n g  d a t a  
,. ~ 
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collected from wells in North Dakota. Results from a 

questionnaire showed that with wells in which sulfates ranged 

from 1,000 to 1,500 mg/L, 62 percent of the respondents indicated 

laxative effects associated with consumption of the water. 

However, nearly one-quarter of the respondents to the 

questionnaire reported difficulties when concentrations ranged 

from 200 to 500 mg/L (Moore, 1952). To protect transients to an 

area, a sulfate level of 250 mg/L should afford reasonable 

protection from laxative effects. 

As indicated, sodium frequently is the principal component of 

dissolved solids. Persons on restricted sodium diets may have an 

intake restricted from 500 to 1,000 mg/day (Nat. Res. Coun., 

1954). That portion ingested in water must be compensated by 

reduced levels in food ingested so that the total does not exceed 

the allowable intake. Using certain assumptions of water intake 

(e.g., 2 liters of water consumed per day) and sodium content of 

food, it has been calculated that for very restricted sodium 

diets, 20 mg/L in water would be the maximum, while for 

moderately restricted diets, 270 mg/L would be maximum. Specific 

sodium levels for entire water supplies have not been recommended 

but various restricted sodium intakes are recommended because: 

(1) the general population is not adversely affected by sodium, 

but various restricted sodium intakes are recommended by 

physicians for a significant portion of the population, and (2) 

270 mg/L of sodium is representative of mineralized waters that 

may be aesthetically unacceptable, but many domestic water 

supplies exceed this level. Treatment for removal bf sodium in 



water supplies is costly (NAS, 1974). 

A study based on consumer surveys in 29 California water 

systems was made to measure the taste threshold of dissolved 

salts in water (Bruvold et al., 1969). Systems were selected to 

eliminate possible interferences from other taste-causing 

substances than dissolved salts. The study revealed that 

consumers rated waters with 319 to 397 mg/L dissolved solids as 

llexcellentlt while those with 1,283 to 1,333 mg/L dissolved solids 

were "unacceptable" depending on the rating system used. A *lgoodll 

rating was registered for dissolved solids less than 658 to 755 

mg/L. The 1962 PHS Drinking Water Standards recommended a 

maximum dissolved solids concentration of 500 mg/L unless more 

suitable supplies were unavailable. 

Specific constituents included in the dissolved solids in 

water may cause mineral tastes at lower concentrations than other 

constituents. Chloride ions have frequently been cited as having 

a low taste threshold in water. Data from Ricter and MacLean 

(1939) on a taste panel of 53 adults indicated that 61 mg/L NaCl 

was the median level for detecting a difference from distilled 

water. At a median concentration of 395 mg/L chloride a salty 

taste was distinguishable, although the range was from 120 to 

1,215 mg/L. Lockhart, @t al. 1955) evaluated the effect of 

chlorides on water used for brewing coffee indicated threshold 

concentrations for chloride ranging from 210 mg/L to 310 mg/L 

depending on the associated cation. These data indicate that a 

level of 250 mg/L chlorides is a reasonable maximum level to 0 \.p protect consumers of drinking water. 



The causation of corrosion and encrustation of metallic 

surfaces by water containing dissolved solids is well known. In 

water distribution systems corrosion is controlled by insulating 

dissimilar metal connections by nonmetallic materials, using pH 

control and corrosion inhibitors, or some form of galvanic or 

impressed electrical current systems (Lehmann, 1964). In 

household systems water piping, wastewater piping, water heaters, 

faucets, toilet flushing mechanisms, garbage grinders and both 

clothes and dishwashing machines incure damage. 

By using water with 1,150 mg/L dissolved solids as compared 

with 250 mg/L, service life was reduced from 70 percent for 

toilet flushing mechanisms to 30 percent for washing equipment. 

Such increased corrosion was calculated in 1968 to cost the 

consumer an additional $0.50 per 1,000 gallons used. 

All species of fish and other aquatic life must tolerate a 

range of dissolved solids concentrations in order to survive 

under natural conditions. Based on studies in Saskatchewan it 

has been indicated that several common freshwater species 

survived 10,000 mg/L dissolved solids, that whitefish and pike- 

perch survived 15,000 mg/L, but only the stickleback survived 

20,000 mg/L dissolved solids. It was concluded that lakes with 

dissolved solids in excess of 15,000 mg/L were unsuitable for 

most freshwater fishes (Rawson and Moore, 1944). The 1968 NTAC 

Report also recommended 

less than that caused 

chloride. 

maintaining osmotic pressure levels of 

by a 15,000 mg/L solution of sodium 



Marine f i s h e s  a l s o  e x h i b i t  v a r i a n c e  i n  a b i l i t y  t o  t o l e r a t e  

s a l i n i t y  changes .  However, f i s h k i l l s  i n  Laguna Madre o f f  t h e  

Texas  coas t  h a v e  o c c u r r e d  w i t h  s a l i n i t i e s  i n  t h e  r a n g e  o f  75 t o  

1 0 0  o/oo. Such c o n c e n t r a t e d  s e a w a t e r  i s  c a u s e d  by e v a p o r a t i o n  

and l a c k  of exchange w i t h  t h e  Gulf  o f  Mexico ( R o u n s a f e l l  and 

Everha r t ,  1953). 

E s t u a r i n e  s p e c i e s  o f  f i s h  a r e  t o l e r a n t  o f  s a l i n i t y  changes  

ranging from f r e s h  t o  brackish  t o  seawater.  Anadromous s p e c i e s  

l i k e w i s e  are t o l e r a n t  a l though evidence i n d i c a t e s  t h a t  t h e  young 

c a n n o t  t o l e r a t e  t h e  change  u n t i l  t h e  normal  t i m e  o f  m i g r a t i o n  

(Rounsefe l l  and Everhart,  1953). Other a q u a t i c  s p e c i e s  are more 

dependen t  on s a l i n i t y  f o r  p r o t e c t i o n  from p r e d a t o r s  o r  r e q u i r e  

c e r t a i n  minimal s a l i n i t i e s  f o r  success fu l  ha tch ing  of eggs. The 

o y s t e r  d r i l l  c a n n o t  t o l e r a t e  s a l i n i t i e s  less t h a n  12.5 o/oo, 

Therefore,  e s t u a r i n e  segments conta in ing  s a l i n i t i e s  below about 

1 2 . 5  o/oo p r o d u c e  m o s t  of  t h e  seed o y s t e r s  f o r  p l a n t i n g  

(Rounsefel l  and Everha r t ,  1953). Based on s imi la r  examples, the  

1968 NTAC R e p o r t  recommended t h a t  t o  p r o t e c t  f i s h  and o t h e r  

marine animals  no changes i n  hydrography o r  stream f low should  be 

al lowed t h a t  permanently change i s o h a l i n e  p a t t e r n s  i n  t h e  e s t u a r y  

by more than  10 p e r c e n t  from n a t u r a l  v a r i a t i o n .  

Many of t h e  recommended game b i r d  l e v e l s  f o r  d i s s o l v e d  s o l i d s  

concent ra t ions  i n  d r i n k i n g  water have been e x t r a p o l a t e d  from d a t a  

c o l l e c t e d  on domest ic  s p e c i e s  such a s  chickens.  However, young 

d u c k l i n g s  were r e p o r t e d  p o i s o n e d  i n  S u i s a n  Marsh by s a l t  when 

maximum summer s a l i n i t i e s  v a r i e d  from 0.55 t o  1 . 7 4  o/oo w i t h  

~ means a s  high a s  1.26 o/oo ( G r i f f i t h ,  1963). 



I n d i r e c t  e f f e c t s  of excess d i s so lved  s o l i d s  are pr imar i ly  the  

e l imina t ion  of des i r ab le  food p l a n t s  and other  habitat- forming 

p l a n t s .  Rapid s a l i n i t y  changes cause  p l a s m o l y s i s  of t e n d e r  

l e a v e s  and stems because of changes i n  osmotic  p r e s s u r e .  The 

1968 NTAC Report recommended t h e  fol lowing l i m i t s  i n  s a l i n i t y  

v a r i a t i o n  from na tura l  t o  p ro tec t  w i l d l i f e  hab i ta t s :  

Natural S a l i n i t y  Varia t ion Permi t ted  
( O / O O )  (o/oo) 

0 t o  3.5 1 

3.5 t o  13.5 2 

13.5 t o  35 4 

A g r i c u l t u r a l  u s e s  of wa te r  a r e  a l s o  l i m i t e d  by e x c e s s i v e  

d i s s o l v e d  s o l i d s  c o n c e n t r a t i o n s .  S t u d i e s  have  i n d i c a t e d  t h a t  

chickens, swine, c a t t l e ,  and sheep can s u r v i v e  on s a l i n e  waters 

up t o  1 5 , 0 0 0  mg/L of s a l t s  of sodium and ca l c ium combined w i t h  

b i c a r b o n a t e s ,  c h l o r i d e s ,  and s u l f a t e s  b u t  o n l y  1 0 , 0 0 0  mg/L of 

corresponding s a l t s  of potassium and magnesium. The approximate 

l i m i t  f o r  h igh ly  a l k a l i n e  waters containing sodium and calcium 

carbonates is 5,000 mg/L (NTAC, 1968) .  

I r r i g a t i o n  use  of  wa te r  depends n o t  o n l y  upon t h e  osmot ic  

effect of d i sso lved  s o l i d s ,  bu t  a l s o  on t h e  r a t i o  of t h e  var ious  

c a t i o n s  p r e s e n t .  I n  a r i d  and s e m i a r i d  a r e a s  g e n e r a l  

c l a s s i f i c a t i o n  of s a l i n i t y  hazards has been prepared (NTAC, 1968) 

(see T a b l e  9 ) .  

Table 9.-Dissolved So l ids  Hazard f o r  I r r i g a t i o n  Water (mg/L). 

water from which no det r i-  
mental effects w i l l  u sua l ly  
be noticed--------------------- 500 

- . .  .. ,, 



water which can  have det r i-  
mental  e f f e c t s  on s e n s i -  

500-1,000 t i v e  crops--------------------- 

water t h a t  may have adve r se  
effects on many c r o p s  and 
r e q u i r e s  c a r e f u l  manage- 
merit practices----------------- 1,000- 2,000 

wa te r  t h a t  can  be used f o r  
t o l e r a n t  p l a n t s  on perme- 
a b l e  s o i l s  w i t h  c a r e f u l  
management practices----------- 2,000- 5,000 

The amount of  sodium and t h e  pe rcen tage  of sodium i n  r e l a t i o n  

t o  o t h e r  c a t i o n s  a r e  o f t e n  i m p o r t a n t .  I n  a d d i t i o n  t o  

c o n t r i b u t i n g  t o  o s m o t i c  p r e s s u r e ,  sod ium is  t o x i c  t o  c e r t a i n  

p l a n t s ,  e s p e c i a l l y  f r u i t s ,  and f r e q u e n t l y  c a u s e s  problems i n  s o i l  

s t r u c t u r e ,  i n f i l t r a t i o n ,  and  p e r m e a b i l i t y  r a tes  ( A g r i c u l t u r e  

Handbook #60, 1954). A h igh  pe rcen tage  of  exchangeable  sodium i n  

s o i l s  c o n t a i n i n g  c l a y s  t h a t  s w e l l  when w e t  c a n  c a u s e  a s o i l  

c o n d i t i o n  adverse t o  water movement and  p l a n t  growth.  T h e  

exchangeable- sodium pe rcen tage  (ESP) * is an  index  of  t h e  sodium 

s t a t u s  o f  s o i l s .  An E S P  o f  1 0  t o  15 p e r c e n t  is  c o n s i d e r e d  

excessive i f  a h i g h  p e r c e n t a g e  o f  s w e l l i n g  c l a y  m i n e r a l s  i s  

p r e s e n t  ( A g r i c u l t u r a l  Handbook #60 ,  1 9 5 4 ) .  

0 

For s e n s i t i v e  f r u i t s ,  t h e  t o l e r a n c e  f o r  sodium f o r  i r r i g a t i o n  

water  i s  f o r  a sodium a d s o r p t i o n  r a t i o  (SAR)** o f  a b o u t  4 ,  

w h e r e a s  for g e n e r a l  c r o p s  a n d  fo rages  a r a n g e  o f  8 t o  1 8  i s  

g e n e r a l l y  cons ide red  u s a b l e  (NTAC, 1968). I t  is emphasized t h a t  

a p p l i c a t i o n  of  these f a c t o r s  must be i n t e r p r e t e d  i n  r e l a t i o n  t o  

s p e c i f i c  s o i l  c o n d i t i o n s  e x i s t i n g  i n  a g i v e n  l o c a l e  and t h e r e f o r e  

f r e q u e n t l y  r e q u i r e s  f i e l d  i n v e s t i g a t i o n .  

I n d u s t r i a l  r e q u i r e m e n t s  r e g a r d i n g  t h e  d i s s o l v e d  s o l i d s  . ,- 

c o n t e n t  o f  raw waters is q u i t e  v a r i a b l e .  T a b l e  10  i n d i c a t e s  



Table 10.-Total Dissolved Solids Concentrations of Surface 
Waters That Have Been Used as Sources for 

Industrial Water Supplies 

Industry/Use Maximum Concentration 
( m g m  

Textile 150 

Pulp and Paper 1,080 

Chemical 2,500 

Petroleum 3,500 

Primary Metals . 1,500 
Boiler Make-up 35,000 



maximum values accepted by various industries for process 

requirements (NAS, 1974). Since water of almost any dissolved 0 
solids concentration can be de-ionized to meet the most stringent 

requirements, the economics of such treatment are the 1 imiting 

factor for industry. 

*ESP = 100 [a  + b(SAR)] 
1 [a + b(SAR)] 
where: a = intercept respresenting experimental 

error 
(ranges from -0.06 to 0.01) 

from 0.014 to 0.016) 
b =slope of regression line (ranges 

**SAR = sodium adsorption ratio = Na - 
[0.5(Ca + Mg)]"" 

SAR is expressed as milliequivalents 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 

0 



S O L I D S  (SUSPENDED, SETTLEABLE) - AND TURBIDITY 

CRITERIA 

Freshwater f i s h  and o t h e r  a q u a t i c  l i f e :  

S e t t l e a b l e  and suspended s o l i d s  s h o u l d  n o t  reduce  the  dep th  
of t h e  compensation p o i n t  f o r  p h o t o s y n t h e t i c  a c t i v i t y  by more 
t h a n  1 0  p e r c e n t  from t h e  s e a s o n a l l y  e s t a b l i s h e d  norm f o r  
aquatic l i fe .  

INTRODUCTION: 

The term lkuspended and s e t t l e a b l e  s o l i d s t 1  is d e s c r i p t i v e  of  

t h e  o r g a n i c  and  i n o r g a n i c  p a r t i c u l a t e  mat ter  i n  water. The 

e q u i v a l e n t  t e rmino logy  used f o r  s o l i d s  i n  S t anda rd  Methods (APHA, 

1971) is t o t a l  suspended m a t t e r  f o r  suspended s o l i d s ,  set t leable 

mat ter  f o r  s e t t l e a b l e  s o l i d s ,  v o l a t i l e  s u s p e n d e d  mat te r  f o r  

v o l a t i l e  s o l i d s  and f ixed suspended matter f o r  f ixed suspended 

s o l i d s .  T h e  term l t so l id s t l  i s  used i n  t h i s  d i s c u s s i o n  because of  

its more common u s e  i n  t h e  wa te r  p o l l u t i o n  c o n t r o l  l i t e r a t u r e .  
0 

RAT1 ONALE : 

Suspended  s o l i d s  and t u r b i d i t y  a r e  i m p o r t a n t  parameters i n  

b o t h  m u n i c i p a l  a n d  i n d u s t r i a l  w a t e r  s u p p l y  practices.  F i n i s h e d  

d r i n k i n g  waters  h a v e  a maximum l i m i t  o f  1 t u r b i d i t y  u n i t  where 

t h e  w a t e r  e n t e r s  t h e  d i s t r i b u t i o n  system. T h i s  l i m i t  is based on 

h e a l t h  c o n s i d e r a t i o n s  a s  it r e l a t e s  t o  e f f e c t i v e  c h l o r i n e  

d i s i n f e c t i o n .  S u s p e n d e d  m a t t e r  p r o v i d e s  a r e a s  whe re  

m i c r o o r g a n i s m s  d o  n o t  come i n t o  c o n t a c t  w i t h  t h e  c h l o r i n e  

d i s i n f e c t a n t  (NAS, 1 9 7 4 ) .  The  a b i l i t y  o f  common water t r e a t m e n t  

p r o c e s s e s  (i.e.,  c o a g u l a t i o n ,  s e d i m e n t a t i o n ,  f i l t r a t i o n ,  a n d  

c h l o r i n a t i o n )  t o  remove suspended matter t o  a c h i e v e  acceptable 

f i n a l  t u r b i d i t i e s  is  a f u n c t i o n  o f  t h e  c o m p o s i t i o n  of t h e  

m a t e r i a l  a s  w e l l  as  its c o n c e n t r a t i o n .  Because o f  t h e  v a r i a b i l i t y  

0 



of such removal efficiency, it is not possible to delineate a 

general raw water criterion for these uses. 

Turbid water interferes with recreational use and aesthetic 

enjoyment of water. Turbid waters can be dangerous for swimming, 

especially if diving facilities are provided, because ofthe 

possibility of unseen submerged hazards and the difficulty in 

locating swimmers in danger of drowning (NAS, 1974). The less 

turbid the water the more desirable it becomes for swimming and 

other water contact sports. Other recreational pursuits such as 

boating and fishing will be adequately protected by suspended 

solids criteria developed for protection of fish and other 

aquatic life. 

Fish and other aquatic life requirements concerning suspended 

solids can be divided into those whose effect occurs in the water 

column and those whose effect occurs following sedimentation to 

the bottom of the water body. Noted effects are similar for both 

fresh and marine waters. 

The effects of suspended solids on fish have been reviewed by 

the European Inland Fisheries Advisory Commission (EIFAC, 1965). 

This review in 1965 identified four effects on the fish and fish 

food populations, namely: 

(1) by acting directly on the fish swimming in water in which 

solids are suspended, and either killing them or reducing 

their growth rate, resistance to disease, etc.; 

(2) by preventing the successful development of fish eggs and 

larvae; 

( 3 )  by modifying natural movements and migrations o f  fish; 



( 4 )  by reduc ing  t h e  abundance o f  food a v a i l a b l e  to t h e  

f i s h ; .  . . 
S e t t l e a b l e  ma te r i a l s  which b l anke t  t h e  bottom of water bodies 

damage t h e  i nve r t eb ra t e  popula t ions ,  b lock g r a v e l  spawning beds, 

and i f  o r g a n i c ,  remove d i s s o l v e d  oxygen from o v e r l y i n g  waters 

( E l F A C ,  1965; Edberg and Hofs ten ,  1973). I n  a s t u d y  downstream 

from the discharge  of a rock quarry where i n e r t  suspended s o l i d s  

were i n c r e a s e d  t o  80 mg/L, t h e  d e n s i t y  of  m a c r o i n v e r t e b r a t e s  

decreased by 60 percent  w h i l e  i n  a r e a s  of sediment accumulation 

b e n t h i c  i n v e r t e b r a t e  p o p u l a t i o n s  a l s o  d e c r e a s e d  by 60 p e r c e n t  

regardless of t h e  suspended sol i d  concantra t ions  (Gammon, 1970). 

similar  e f f e c t s  have been repor ted  downstream from an area which 

was i n t e n s i v e l y  logged.  Major  i n c r e a s e s  i n  stream suspended 

s o l i d s  (25 ppm t u r b i d i t y  ups t ream v e r s u s  390 ppm downstream) 

caused  smo the r ing  of  bot tom i n v e r t e b r a t e s ,  r e d u c i n g  organism 

d e n s i t y  t o  o n l y  7.3 p e r  s q u a r e  f o o t  v e r s u s  25.5 p e r  s q u a r e  f o o t  

upstraam (Tebo, 1955). 

When s e t t l e a b l e  s o l i d s  b l o c k  g r a v e l  spawning beds  which 

conta in  eggs, high m o r t a l i t i e s  r e s u l t  a l though there is evidence 

t h a t  some s p e c i e s  of s a lmon ids  w i l l  n o t  spawn i n  such  areas  

( E I F A C ,  1965). 

I t  has been p o s t u l a t e d  t h a t  silt a t t a c h e d  t o  t h e  e g g s  

p r even t s  s u f f i c i e n t  exchange of oxygen and carbon dioxide  between 

t h e  egg and t h e  o v e r l y i n g  water.  The i m p o r t a n t  v a r i a b l e s  a re  

p a r t i c l e  s i z e ,  stream v e l o c i t y ,  and degree of tu rbu lence  (EIFAC, 

1965). 



Deposition of organic materials to the bottom sediments can 

cause imbalances in stream biota by increasing bottom animal 

density principally worm populations, and diversity is reduced as 

pol lution-sensitive forms disappear (Mackenthun, 1973). Algae 

1 ikewise flourish in such nutrient-rich areas although forms may 

become less desirable (Tarzwell and Gaufin, 1953). 

Plankton and inorganic suspended materials reduce light 

penetration into the water body, reducing the depth of thephotic 

zone. This reduces primary production and decreases fish food. 

The NAS commitee in 1974 recommended that the depth of light 

penetration not be reduced by more than 10 percent (NAS, 1974). 

Additionally, the near surface waters are heated because of the 

greater heat absorbency of the particulate material which tends 

to stabilize the water column and prevents vertical mixing (NAS, 

1974). Such mixing reductions decrease the dispersion of 

dissolved oxygen and nutrients to lower portions of the water 

body. 

One partially offsetting benefit of suspended inorganic 

material in water is the sorption of organic materials such as 

pesticides. Following this sorption process subsequent 

sedimentation may remove these materials from the water column 

into the sediments (NAS, 1974). 

Identifiable effects of suspended solids on irrigation use of 

water include the formation of crusts on top of the soil which 

inhibits water infiltration and plant emergence, and impedes soil 

aeration; the formation of films on plant leaves which blocks 

sunlight and impedes photosynthesis and which may reduce the 



marketability of some leafy crops like lettuce, and finally the 

adverse effect on irrigation reservoir capacity, delivery canals, 

and other distribution equipment (NAS, 1974). 

0 
The criterion for freshwater fish and other aquatic lifeare 

essentially that proposed by the National Academy of Sciences and 

the Great Lakes Water Quality Board. 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



CRITERION: 

SULFIDE = HYDROGEN SULFIDE 

2 ug/L'undissociated H Z S  f o r  
f i s h  and o the r  aqua t i c  l i f e ,  fresh 
and marine water .  

INTRODUCTION: 

Hydrogen s u l f i d e  i s  a s o l u b l e ,  h i g h l y  po i sonous ,  gaseous  

compound h a v i n q  t h e  c h a r a c t e r i s t i c  odo r  o f  r o t t e n  eggs.  It is 

detectable i n  a i r  by humans a t  a d i l u t i o n  of 0.002 ppm. I t  w i l l  

d i s s o l v e  i n  w a t e r  a t  4 , 0 0 0  mg/L a t  20' C and one a tmosphere  of  

pressure .  Hydrogen s u l f i d e  b i o l o g i c a l l y  is an ac t ive  compound 

t h a t  is  found p r ima r i l y  as an anaerobic  degradat ion  product of 

both o rgan ic  s u l f u r  compounds and inorganic  s u l f a t e s .  S u l f i d e s  

a r e  c o n s t i t u e n t s  of  many i n d u s t r i a l  wastes s u c h  a s  t h o s e  from 

t a n n e r i e s ,  p a p e r  m i l l s ,  c hemica l  p l a n t s ,  and g a s  works. T h e  

anaerobic  decomposition of sewage, s ludge  beds, algae, and o the r  

n a t u r a l l y  d e p o s i t e d  o r g a n i c  m a t e r i a l  i s  a major s o u r c e  of  

hydrogen s u l f i d e .  

0 

When s o l u b l e  s u l f i d e s  a re  added t o  water  t h e y  r eac t  w i t h  

hydrogen ions  t o  form HS o r  H Z S ,  t h e  propor t ion  of each depending 

on t h e  pH. The t o x i c i t y  o f  s u l f i d e s  d e r i v e s  p r i m a r i l y  from H2S 

r a t h e r  t h a n  from t h e  h y d r o s u l f i d e  (HS- )  o r  s u l f i d e  (S=)  ions' 
When hydrogen s u l f i d e  d i s s o l v e s  i n  water it dissociates according 

to t h e  reac t ions :  

H 2 S  HS- + H+ and HS- S= + H+ 

A t  pH 9 a b o u t  99  p e r c e n t  of  t h e  s u l f i d e  i s  i n  t h e  form of  HS-  

, a t  pH 7 t h e  s u l f i d e  i s  e q u a l l y  d i v i d e d  between HS-  and.H2S: and 

a t  pH 5 abou t  9 9  p e r c e n t  of  t h e  s u l f i d e  i s  p r e s e n t  a s  H2S ( N A S  
0 - 



_-  a 1974). The  f a c t  t h a t  H 2 S  i s  o x i d i z e d  i n  w e l l - a e r a t e d  water 

by n a t u r a l  b i o l o g i c a l  s y s t e m s  t o  s u l f a t e s  o r  i s  b i o l o g i c a l l y  

oxid ized  t o  e lementa l  s u l f u r  has  caused i n v e s t i g a t o r s  t o  minimize 

t h e  t o x i c  effects of H 2 S  on f i s h  and o t h e r  a q u a t i c  l i fe .  

RATIONALE: 

The degree  of hazard  exh ib i t ed  by s u l f i d e  t o  a q u a t i c  animal 

l i f e  is  d e p e n d e n t  on t h e  t e m p e r a t u r e ,  pH, and d i s s o l v e d  oxygen. 

A t  l o w e r  pH v a l u e s  a g r e a t e r  p r o p o r t i o n  i s  i n  t h e  form of t h e  

t o x i c  u n d i s s o c i a t e d  H 2 S .  I n  w i n t e r  when t h e  pH is  n e u t r a l  o r  

below o r  when d i s s o l v e d  oxygen l e v e l s  are low b u t  n o t  l e tha l  t o  

f i s h ,  t h e  haza rd  from s u l f i d e s  i s  e x a c e r b a t e d .  F i s h  e x h i b i t  a 

s t r o n g  a v o i d a n c e  r e a c t i o n  t o  s u l f i d e .  Based  on  da t a  from 

experiments wi th  the  s t i c k l e b a c k ,  Jones (1964) hypothesized t h a t  

i f  f i s h  e n c o u n t e r  a l e t h a l  c o n c e n t r a t i o n  of s u l f i d e  the re  is  a 

r e a s o n a b l e  c h a n c e  t h e y  w i l l  be r e p e l l e d  by it b e f o r e  t h e y  a re  

harmed. T h i s ,  of course ,  assumes t h a t  an escape  r o u t e  is open. 

Many p a s t  d a t a  on  t h e  t o x i c i t y  o f  hydrogen  s u l f i d e  t o  f i s h  

and o t h e r  a q u a t i c  l i f e  h a v e  been  b a s e d  on e x t r e m e l y  s h o r t  

exposure per iods.  Consequently,  these e a r l y  data  have i n d i c a t e d  

t h a t  c o n c e n t r a t i o n s  be tween 0.3 and 0.4 mg/L p e r m i t  f i s h  t o  

s u r v i v e  (Van Horn 1958, Boon and F o l l i s  1967, Theede e t  a l . ,  

1969). Recent :ong-term d a t a ,  both i n  f i e l d  s i t u a t i o n s  and under 

c o n t r o l l e d  1 a b o r a t o r . y  c o n d i t i o n s ,  demonstrate  hydrogen s u l f i d e  

t o x i c i t y  a t  lower concen t ra t ions .  

Colby and Smiti-i (1967) found t h a t  c o n c e n t r a t i o n s  a s  h igh  a s  

0.7 mg/L h a v e  b e e n  found w i t h i n  2 0  mm o f  t h e  b o t t o m  o f  s l u d g e  

beds ,  and t h e  l e v e l s  o f  0.1 t o  0 . 0 2  mg/L w e r e  common w i t h i n  t h e  



first  20 mm o f  water  a b o v e  t h i s  l a y e r .  W a l l e y e  ( S t i z o s t e d i o n  

v i t reum)  eggs h e l d  i n  t r a y s  i n  t h i s  zone d i d  n o t  hatch.  Adelman 

and Smith (1970) r e p o r t e d  t h a t  t h e  h a t c h a b i l i t y  of  n o r t h e r n  p ike  

(Esox l u c i u s )  eggs was s u b s t a n t i a l l y  reduced a t  2 5  ug/L H2S: a t  

4 1  ug/L m o r t a l i t y  was a lmos t  complete. Northern p i k e  f r y  had 96- 

hour LC50 v a l u e s  t h a t  v a r i e d  from 17 t o  32 ug/L a t  normal oxygen 

l e v e l s  o f  6.0 mg/L. T h e  h i g h e s t  c o n c e n t r a t i o n  of hydrogen  

s u l f i d e  t h a t  had no o b s e r v a b l e  effect on eggs and f r y  w a s  1 4  and 

4 ug/L, r e s p e c t i v e l y .  S m i t h  and O s e i d  ( 1 9 7 2 ) ,  work ing  on  e g g s ,  

fry and j u v e n i l e s  o f  w a l l e y e s  and  w h i t e  s u c k e r s  (Catos tomus  

commersoni) and Smith (1971),  Safe  l e v e l s  i n  working on w a l l e y e s  

and f a t h e a d  minnows, Pimephales promelas,  were found t o  v a r y  from 

2.9 ug/L t o  1 2  ug/L w i t h  eggs  b e i n g  t h e  l e a s t  s e n s i t i v e  and  

j u v e n i l e s  be ing  t h e  most s e n s i t i v e  i n  short- term tests. I n  96- 

hour b ioassays ,  f a t h e a d  minnows and g o l d f i s h ,  Carass ius  a u r a t u s ,  

varied g r e a t l y  i n  t o l e r a n c e  t o  hydrogen s u l f i d e  w i t h  changes i n  

t e m p e r a t u r e .  They were more t o l e r a n t  a t  low t e m p e r a t u r e s  (6  t o  

10, C ) .  H o l l a n d ,  e t  a l .  ( 1 9 6 0 )  r e p o r t e d  t h a t  1.0 mg/L s u l f i d e  

caused 100  p e r c e n t  m o r t a l i t y  i n  72  hours  wi th  P a c i f i c  salmon. 

0 

On t h e  b a s i s  of  ch ron ic  tests e v a l u a t i n g  growth and s u r v i v a l ,  

t h e  s a f e  H2S l e v e l  f o r  b l u e g i l l  (Lepomis macrochirus) j u v e n i l e s  

and a d u l t s  was 2 ug/L. Egg d e p o s i t i o n  i n  b l u e g i l l s  w a s  reduced 

a f t e r  4 6  d a y s  i n  1 .4  ug/L H 2 S  ( S m i t h  and O s e i d ,  1 9 7 4 ) .  Whi te  

sucker  eggs were hatched a t  15  ug/L, b u t  j u v e n i l e s  showed growth 

r e d u c t i o n s  a t  1 ug/L. Sa fe  l e v e l  f o r  f a thead  minnows were 

between 2 and 3 ug/L. S t u d i e s  showed t h a t  s a f e  l e v e l s  f o r  

Gammarus Pseudolimnaeus and Hexagenia - l imba ta  were 2 and 15 ug/L, 

r e s p e c t i v e l y  ( O s e i d  and  S m i t h ,  1974a ,  197413). Some s p e c i e s  

0 c 



typical of normally stressed habitats, Asellus spp., were much 

more resistant (Oseid and Smith, 1974~). 

Sulfide criteria for domestic or livestock use have not 

been established because the unpleasant odor and taste would 

preclude such use at hazardous concentrations. 

It is recognized that the hazard from hydrogen sulfide to 

aquatic life is often localized and transient. Available data 

indicate that water containing concentrations of 2.0 ug/L 

undissociated H2S would not be hazardous to most fish and other 

aquatic wildlife, but concentrations in excess of 2.0 ug/L would 

constitute a long-term hazard. 

I 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



TAINTING SUBSTANCES 

Materials should not be present in concentrations that 
individually or in combination produce undesirable flavors 
which are detectable by organoleptic tests performed on the 
edible portions of aquatic organisms. 

RATIONALE : 

Fish or shellfish with abnormal flavors, colors, tastes or 

odors are either not marketable or will result in consumer 

complaints and possible rejection of the food source even though 

subsequent lots of organisms may be acceptable. Poor product 

quality can and has seriously affected or eliminated the 

commercial fishing industry in some areas. Recreational fishing 

also can be affected adversely by off-flavored fish. For the 

majority of sport fishermen, the consumption of their catch is 

part of their recreation and off-flavored catches can result in 

diversion of the sportsmen to other water bodies. This can have 

serious economic impact on the established recreation industries 

such as tackle and bait sales and boat and cottage rental. 

0 

Water Quality Criteria, 1972 ( N A S ,  1974) lists a number of 

wastewaters and chemical compounds that have been found to lower 

the palatability of fish flesh. Implicated wastewaters included 

those from 2,4-D manufacturing plants, kraft and neutral sulfite 

pulping processes, municipal wastewater treatment plants, oily 

wastes, refinery wastes, phenolic wastes, and wastes from 

slaughterhouses. The 9 ist of imp1 icated chemical compounds is 

long: it includes cresol and phenol compounds, kerosene, 

naphthol, styrene, toluene, and exhaust outboard motor fuel. As 

little as 0.1 ug/L o-chlorophenol was reported to cause tainting 
... a 



of fish flesh. 

Shumway and 
a 

Palensky 1973) determined estimated threshold 

concentrations for 22 organic compounds. The values ranged from 

0.4 ug/L (2 , 4-dichl orophenol ) to 9 5,000 ug/L (formaldehyde) . An 

additional 12 compounds were tested, 7 of which were not found 

to impair flavor at or near lethal levels. 

Thomas (1973) reviewed the literature review on tainting 

substances revealed serious problems that have occurred. Detailed 

studies and methodology used to evaluate the palatability of 

fishes in the Ohio River as affected by various waste discharges 

showed that the susceptibility of fishes to the accumulation of 

tainting substances is variable and dependent upon the species, 

length of exposure, and the polJutant. As little as 5 ug/L of 

gasoline can impart off-flavors to fish (Boyle, 1967). 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



TEMPERATURE 

Freshwater Aquatic Life 
For any time of year, there are two upper limiting 

temperatures for a location (based on the important sensitive 

species found there at that time): 

1. One limit consists of a maximum temperature for short 

exposures that is time dependent and is given by the species- 

specific equation: 

Temperature = (l/b) (log [time 3 -a) - 2, C 
(C,)  10 (min) 

where: loglo = logarithm to base 10 (common logarithm) 

a = intercept on the "y" or logarithmic axis 
of the l'ine fitted to experimental data 
and which is available for some species 
from Appendix 11-C, National Academy of 
Sciences 1974 document. 

b = slope of the line fitted to experimental 
data and available for some species from 
Appendix 11-C, of the National Academy 
of Sciences document. 

and 

2.  The second value is a limit on the weekly average 

temperature that: 

a. In the cooler months (mid-October to mid-April in the 

north and December to February in the south) will 

protect against mortality of importr to mid-April in the 

north and December to February in the south) will 

protect against mortality of important species if the 

elevated plume temperature is suddenly dropped to the 

ambient temperature, with the limit being the 



b. 

acclimation temperature minus apt0 when the lower 

lethal threshold temperature equals the ambient water 

temperature (in some regions this limitation may also be 

applicable in summer). 

or 

In the warmer months (April through October in the north 

and March through November in the south) is determined 

by adding to the physiological optimum temperature 

(usually for growth) a factor calculated as one-third of 

the difference between the ultimate upper incipient 

lethal temperature and the optimum temperature €or the 

most sensitive important species (and appropriate life 

state) that normally is found at that location and time. 

or 

c. During reproductive seasons (generally April through 

June and September through October in the north and 

March through May and October through November in the 

south) the limit is that temperature that meets site- 

specific requirements for successful migration, 

spawning, egg incubation, fry rearing, and other 

reproductive functions of important species. These 

local requirements should supersede all other 

requirements when they are applicable. 

or 

d. There is a site-specific limit that is found necessary 

to preserve normal species diversity or prevent 

appearance of nuisance organisms. 



Marine Aquatic - Life 

In order to assure protection of the characteristic 

indigenous marine community of a water body segment from adverse 

thermal effects: 

a. the maximum acceptable increase in the weekly 

average temperature resulting from artificial 

sources is 1' C (1.8 F) during all seasonsofthe 

year, providtng the summer maxima are not exceeded; 

and 

b. daily temperature cycles characteristic of the water 

body segment should not be altered in either 

amplitude or frequency. 

Summer thermal maxima, which define the upper thermal limits 

for the communities of the discharge area, should be established 

on a site-specific basis. Existing studies suggest the following 

regional limits: 

0 



Short-term Maximum 
Maximum True Daily Mean* 

Sub tropical regions (south of 
Cape Canaveral and Tampa Bay, 
Florida, and Hawaii 

32.2' C (90° F) 29.4O C (85' F) 

Cape Hatteras, N.C., to 
Cape Canaveral, Fla. 

Long Island (south shore) 3 0 . 6 O  C ( 8 7 O  F) 27.8O C ( 8 2 O  F) 

32.2' C (90' F) 29.4O C (85O'F) 

to Cape Hatteras, N.C. 

(* True Daily Mean = average of 24  hourly temperature readings.) 

Baseline thermal conditions should be measured at a site 

where there is no unnatural thermal addition from any source, 

which is in reasonable proximity to the thermal discharge (within 

5 miles) and which has similar hydrography to that of .the 

receiving waters at the discharge. 

INTRODUCTION: 

The uses of water by man in and out of its natural situs in 

the environment are affected by its temperature. Offstream 

domestic uses and instream recreation are both partially 

temperature dependent. Likewise, the 1 ife associated with the 

aquatic environment in any location has its species composition 

and activity regulated by water temperature. Since essentially 

all of these organisms are so-called "cold blooded" or 

poikilotherms, the temperature of the water regulates their 

metabolism and ability to survive and reproduce effectively. 

Industrial uses for process water and for coolingare likewise 

regulated by the water's temperature. Temperature, therefore, is 

an important physical parameter which to some extent regulates 

many of the beneficial uses of water. The Federal Water 

Pollution Control Administration in 1967 called temperature a 



catalyst, a depressant, an activator, a restrictor, a stimulator, 

a controller, a killer, one of the most important and most 

influential water quality characteristics to life in water." 

0 
RATIONALE : 

The suitability of water for total body immersion is greatly 

affected by temperature. In temperate climates, dangers from 

exposure to low temperatures is more prevalent than exposure to 

elevated water temperatures. Depending on the amount of activity 

by the swimmer, comfortable temperatures range from 20° C to 30° 

e. Short durations of lower and higher temperatures can be 

tolerated by most individuals. For example, for a 30-minute 

period, temperatures of 10' C or 35O C can be tolerated without 

harm by most individuals (NAS, 1974). 

Temperature also affects the self-purification phenomenon in 

water bodies and therefore the aesthetic and sanitary qualities 

that exist. Increased temperatures accelerate the biodegradation 

of organic material both in the overlying water and in bottom 

deposits which makes increased demands on the dissolved oxygen 

resources of a given system. The typical situation is exacerbated 

by the fact that oxygen becomes less soluble as water temperature 

increases. Thus, greater demands are exerted on an increasingly 

scarce resource which may lead to total oxygen depletion and 

obnoxious septic conditions. These effects have been described by 

Phelps (1944) , Carp (1963), and Velz (1970). 
Indicator enteric bacteria, and presumably enteric pathogens, 

are likewise affected by temperature. It has been shown that 

- both total and fecal coliform bacteria die away more rapidly in 

the environment with increasing temperatures (Ballentine and 



Kittrell, 1968). 

Temperature effects have been shown for water treatment 

processes. Lower temperatures reduce the effectiveness of 

coagulation with alum and subsequent rapid sand filtration. In 

one study, difficulty was especially pronounced below 5O C 

(Hannah, et al., 1967). Decreased temperature also decreases the 

effectiveness of chlorination. Based on studies relating 

chlorine dosage to temperature, and with a 30-minute contact 

time, dosages required for equivalent disinfective effect 

increased by as much as a factor of 3 when temperatures were 

decreased from 2 0 °  C to loo C (Reid and Carlson, 1974). 

Increased temperature may increase the odor of water because of 

the increased volatility of odor-causing compounds (Bumson, 

1938). Odor problems associated with plankton may also be 

aggravated. 

The effects o f  temperature on aquatic organisms have been the 

subject of comprehensive literature reviews (Brett, 1956; Fry, 

1967; FWPCA, 1967; Kine, 1970) and annual literature reviews 

published by the Water Pollution Control Federaticn (Coutant, 

1968, 1969, 1970, 1971; Coutant and Goodyear, 1972; Coutant and 

Pfuderer, 1973, 1974). Only highlights from the thermal effects 

on aquatic life are presented here. 

Temperature changes in water bodies can alter the existing 

aquatic community. The dominance of various phytoplankton groups 

in specific temperature ranges has been shown. For example, from 

20° C to 25' C, diatoms predominated; green algae predominated 

from 30' C: to 35O C and blue-greens predominated above 3.5' C 



a i r n s ,  1956). Likewise, changes  from a c o l d w a t e r  f i s h e r y  t o  a 

warm-water f i s h e r y  can  occur  because  t empera tu re  may be d i r e c t l y  

l e t h a l  t o  a d u l t s  o r  f r y  c a u s e  a r e d u c t i o n  of  a c t i v i t y  o r  l i m i t  

0 (c 

r e p r o d u c t i o n  ( B r e t t ,  1960)  

Upper and lower  l i m i t s  f o r  t empera tu re  have  been e s t ab l i shed  

f o r  many a q u a t i c  o rgan i sms .  C o n s i d e r a b l y  more d a t a  e x i s t  f o r  

u p p e r  a s  opposed  t o  l o w e r  l i m i t s .  T a b u l a t i o n s  of l e t h a l  

t e m p e r a t u r e s  f o r  f i s h  and o t h e r  organisms a r e  a v a i l a b l e  (Jones ,  

1 9 6 4 :  FWPCA, 1 9 6 7  NAS, 1 9 7 4 ) .  F a c t o r s  s u c h  a s  d i e t ,  a c t i v i t y ,  

age, g e n e r a l  h e a l t h ,  osmot ic  stress, and even  weather c o n t r i b u t e  

t o  t h e  l e t h a l i t y  of t e m p e r a t u r e .  The a q u a t i c  species, thermal  

accumula t ion  s t a t e  and exposure  t i m e  a r e  cons ide red  t h e  c r i t i c a l  

f a c t o r s  (Parker  and Xrenkel ,  1969) .  

T h e  e f f e c t s  o f  s u b l e t h a l  t e m p e r a t u r e s  o n  m e t a b o l i s m ,  

r e s p i r a t i o n ,  behav io r ,  d i s t r i b u t i o n  and mig ra t ion ,  f e e d i n g  rate,  

growth,  and r ep roduc t ion  h a v e  been summarized by Be S y l v a  (1969).  

A n o t h e r  s t u d y  h a s  i l l u s t r a t e d  t h a t  i n s i d e  t h e  t o l e r a n c e  zone  

t h e r e  is encompassed a more r e s t r i c t i v e  t e m p e r a t u r e  r a n g e  i n  

which  n o r m a l  a c t i v i t y  and  g r o w t h  o c c u r  and  y e t  a n  e v e n  more 

r e s t r i c t i v e  zone i n s i d e  t h a t  i n  which normal r e p r o d u c t i o n  w i l l  

o ccu r  ( B r e t t ,  1960) .  

D e  S y l v a  (1969) has summarized a v a i l a b l e  data  on t h e  combined 

e f fec ts  of i n c r e a s e d  t e m p e r a t u r e  and  t o x i c  m a t e r i a l s  o n  f i s h  

i n d i c a t e  t h a t  t o x i c i t y  g e n e r a l l y  i n c r e a s e s  w i t h  i n c r e a s e d  

t e m p e r a t u r e  and t h a t  o r g a n i s m s  s u b j e c t e d  t o  stress f rom t o x i c  

m a t e r i a l s  a r e  less t o l e r a n t  o f  t empera tu re  extremes. 

The t o l e r a n c e  o f  o r g a n i s m s  t o  extremes o f  t e m p e r a t u r e  is a 

f u n c t i o n  o f  t h e i r  g e n e t i c  a b i l i t y  t o  a d a p t  t o  t h e r m a l  c h a n g e s  

0 ~ 



within their characteristic temperature range, the acclimation 

temperature prior to exposure, and the time of exposure to the 

elevated temperature (Coutant, 1972). The upper incipient lethal 

temperature or the highest temperature that 50 percent of a 

sample of organisms can survive is determined on the organism at 

the highest sustainable acclimation temperature. The lowest 

temperature that 50 percent of the warm acclimated organisms can 

survive in is the ultimate lower incipient lethal temperature. 

True acclimation to changing temperatures requires several days 

(Brett, 1941). The lower end of the temperature accommodation 

range for aquatic life is 0' C in fresh water and somewhat less 

for saline waters. However, organisms acclimated to relatively 

warm water, when subjected to reduced temperatures that under 

other conditions of acclimation would not be detrimental, may 

suffer a significant mortality caused by thermal shock (Coutant, 

1972). 

Through the natural changes in climatic conditions, the 

temperatures of water bodies fluctuate daily, as well as 

seasonally. These changes do not eliminate indigenous aquatic 

populations, but affect the existing community structure and the 

geographic distribution of species. Such temperature changes are 

necessary to induce the reproductive cycles of aquatic organisms 

and to regulate other life factors (Mount, 1969). 

Artificially induced changes such as the return of cooling 

water or the release of cool hypolimnetic waters from 

impoundments may alter indigenous aquatic ecosystems (Coutant, 

1972). Entrained organisms may be damaged by temperature 



increases across cooling water condensers if the increase is 

sufficiently great or the exposure period sufficiently long. 

Impingement upon condenser screens, chlorination for slime 

control, or other physical insults damage aquatic life (Raney, 

1969: Patrick, 1969 (b)). However, Patrick (1969(a)) has shown 

that algae passing through condensers are not injured if the 

temperature of the outflowing water does not exceed 345O C. 

In open waters elevated temperatures nay affect periphyton, 

benthic invertebrates, and fish, in addition to causing shifts in 

algal dominance. Trembley (1960) studies of the Delaware River 

downstream from a power plant concluded that the periphyton 

population was considerably altered by the discharge. 

The number and distribution of bottom organisms decrease as 

water temperatures increase. The upper tolerance limit for a 

balanced benthic population structure is approximately 32O C, A 
0 

large number of these invertebrate species are able to tolerate 

higher temperatures than those required for reproduction (FWPCA, 

1967). 

In order to define criteria for fresh waters, Coutant (1972) 

cited the following was cited as currently definable 

requirements: 

1. Maximum sustained temperatures that are consistent with 
maintaining desirable levels of productivity, 

2. maximum levels of metabolic acclimation to warm 
temperatures that will permit return to ambient winter 
temperatures should artificial sources of heat cease, 

3. Time-dependent temperature 1 imitations f o r  survival of 
brief exposures to temperature extremes, both upper and lower, 



4 .  Restricted temperature ranges for various states of 
reproduction, including (for fish) gametogenesis, spawning 
migration, release of gametes, development of the embryo, 
commencement of independent feeding (and other activities) by 
j uv eni 1 es , and temper a tur es re qu ired for met amorphos is, 
emergence, or other activities of lower forms, 

5. Thermal limits for diverse species compositions of aquatic 
communities, particularly where reduction in diversity 
creates nuisance growths of certain organisms, or where 
important food sources (food chains) are altered, 

6. Thermal requirements of downstream aquatic life (in 
rivers) where upstream diminution of a coldwater resource 
will adversely affect downstream temperature requirements. 

The major portion of such information that is available, 

however, is for freshwater fish species rather than lower forms 

of marine aquatic life. 

The temperature-time duration for short-term exposures such 

that 50 percent of a given population will survive an extreme 

temperature frequently is expressed mathematically by fitting 

experimental data with a staright line on a semi-logarithmic plot 

with time on the logarithmic scale and temperature on the linear 

scale (see fig. 1). In equation form this 50 percent mortality 

relationship is: 

loglo (time (minutes)) = a + b (Temperature ( O  C ) )  

where: loglo= logarithm to base 10 (common logarithm) 

a = intercept on the " y "  or logarithmic axis of 
the line fitted to experimental data and which 
is available for some species from Appendix 11-C, 
of the National Academy of Sciences document. 

b = slope of the line fitted to experimental data 
and which is available for some species from 
Appendix 11-C, of the National Academy of 
Sciences document. 

To provide a safety factor so that none or only a few 

organisms will perish, it has been found experimentally that a 



criterion of 2O C below maximum temperature is usually sufficient 

(Black, 1953). To provide safety for all the organisms, the 

temperature causing a median mortality for 5 0  percent of the 

population would be calculated and reduced by 2' C in the case 

of an elevated temperature. Available scientific information 

includes upper and lower incipient lethal temperatures, 

coefficients I1at1 and llbll for the thermal resistance equation, and 

information of size, life stage, and geographic source of the 

particular test species (Appendix 11-C, NAS, 1974). 

Maximum temperatures for an extensive exposure (e.g., more 

than 1 week) must be divided into those for warmer periods and 

winter. Other than for reproduction, the most temperature- 

sensitive life function appears to be growth (Coutant, 1972). 

Coutant (1972) has suggested that a satisfactory estimate of a 

limiting maximum weekly mean temperature may be an average of the 

optimum temperature for growth and the temperature €or zero net 

growth. 

Because of the difficulty in determining the temperature of 

zero net growth, essentially the same temperature can be derived 

by adding to the optimum essentially to temperature (for growth 

or other physiological functions) a factor calculated as one- 

third of the difference between the ultimate upper incipient 

lethal temperature and the optimum temperature (NAS, 1974). In 

equation form: 

Maximum weekly (ultimate upper optimum) 
average = optimum + 1/3 (incipient lethal - temperature) 
temperature temperature (temperature) 

Since temperature tolerance varies with various states of 

development of a particular species, the criterion f o r  a 

- 



p a r t i c u l a r  l o c a t i o n  would be c a l c u l a t e d  fo r  t h e  most important  

l i f e  form l i k e l y  t o  be p r e s e n t  d u r i n g  a p a r t i c u l a r  month. One 

c a v e a t  i n  u s ing  t h e  maximum weekly mean temperature is t h a t  t h e  

l i m i t  f o r  s h o r t - t e r m  exposu re  must n o t  be exceeded. Example 

c a l c u l a t i o n s  fo r  p r ed i c t i ng  t h e  summer maximum temperatures  f o r  

short- term s u r v i v a l  and f o r  ex t ens ive  exposure f o r  var ious  f i s h  

s p e c i e s  a r e  p r e s e n t e d  i n  T a b l e  11. These  c a l c u l a t i o n s  u s e  t h e  

above  e q u a t i o n s  and d a t a  from EPA's Env i ronmen ta l  Resea r ch  

Laboxatory i n  Duluth. 

The w i n t e r  maximum t e m p e r a t u r e  must n o t  exceed t h e  ambien t  

water  t e m p e r a t u r e  by more t h a n  t h e  amount o f  change a specimen 

acclimated t o  t h e  plume temperature can t o l e r a t e .  Such a change 

c o u l d  o c c u r  by a c e s s a t i o n  of  t h e  s o u r c e  of h e a t  o r  by t h e  

specimen b e i n g  d r i v e n  from a n  a r e a  by  a d d i t i o n  o f  b i o c i d e s  o r  

o t h e r  f a c to r s .  However, there are inadequate d a t a  t o  estimate a 

s a f e t y  f a c t o r  f o r  t h e  Isno stress" l e v e l  from c o l d  shocks  ( N A S ,  

1974).  F i g u r e  2 was d e v e l o p e d  from a v a i l a b l e  d a t a  i n  t h e  

l i t e r a t u r e  (ERL-Duluth, 1 9 7 6 )  and can  be u sed  f o r  e s t i m a t i n g  

a l l o w a b l e  w in t e r  temperature increases .  

Cou t an t  ( 1 9 7 2 )  h a s  r ev i ewed  t h e  e f f e c t s  of t e m p e r a t u r e  on 

a q u a t i c  l i f e  reproduct ion  and development. Reproduct ive e v e n t s  

a r e  no ted  a s  p e r h a p s  t h e  most  t h e r m a l l y  restricted of a l l  l i f e  

p h a s e s  assuming o t h e r  f a c t o r s  a r e  a t  o r  n e a r  optimum l e v e l s .  

N a t u r a l  s h o r t - t e r m  t e m p e r a t u r e  f l u c t u a t i o n s  a p p e a r  t o  c a u s e  

reduced reproduct ion  of f i s h  and i nve r t eb r a t e s .  



TABLE 11.-Example Calculated Values for 

Maxima for Survival for Juveniles and 
Adults During the Summer 
(Centigrade and Fahrenheit). 

Species Growtha Maxima 

Maximum Weekly Average Temperatures for Growth and Short-Term 

b 

Atlantic salmon 
Bigmouth buffalo 
Black crappie 
Bluegill 
Brook trout 
Carp 
Channel catfish 
Coho salmon 
Emerald shiner 
Freshwater drum 
Lake herring (Cisco) 
Largemouth bass 
Northern pike 
Rainbow trout 
Sauger 
Smallmouth bass 
Smallmouth buffalo 
Sockeye salmon 
Striped bass 
Threadfin shad 
White bass 
White crappie 
White sucker 
Yellow perch 

20 (68) 

27 (81) 
32 (90) 
19 (66) 

32 (90) 
18 (64) 
30 (86) 

17 (63) 
32 (90) 
28 (82) 
19 (66) 
25 (77) 
29 (84) 

18 (64) 

28 (82) 
28 (82) 
29 (84) 

23 (73) 

35 (95) 
24 (75) 

35 (95) 
24 (75) 

25 (77) 

30 (86) 
24 (75) 

34 (93) 

22 (72) 

a - Calculated according to the equation (using optimum 
temperature for growth) 

maximum weekly average temperature for growth = optimum 

temperature + 1/3 (ultimate incipient lethal temperature- 

optimum temperature. 

b - Based on temperature (OC) = l / b  (log” time(min.) -a) 

2O C, acclimation at the maximum weekly average temperature 

€or summer growth, and data in Appendix 11-C of Water 

Quality Criteria, published by National Academy of Sciences. 

c - Based on data for larvae (ERL-Duluth, 1976). 
0 -. , 



There are indadequate data available quantitating the most 

temperature-sensitive life stages among various aquatic species. 

Uniform elevation of temperature a few degrees but still within 

the spawning range may lead to advanced spawning for spring 

spawning species and delays for fall spawners. Such changes may 

not be detrimental unless asynchrony occurs between newly 

hatched juveniles and their normal food source. Such asynchrony 

may be most pronounced among anadromous species or other migrants 

who pass from the warmed area to a normally chilled, unproductive 

area. Reported temperature data on maximum temperatures for 

spawning and embryo survival have been summarized in Table 12 

(from ERL-Duluth 1976). 

Although the limiting effects of thermal addition to 

estuarine and marine waters are not as conspicuous in the fall, 

winter, and spring as during the summer season of maximum heat 

stress, nonetheless crucial thermal limitations do exist. Hence, 

it is important that the thermal additions to the receiving 

waters be minimized during all seasons of the year. Size of 

harvestable stocks of commercial fish and shellfish, particularly 

near geographic limits of the fishery, appear to be markedly 

influenced by slight changes in the long-term temperature regime 

(Dow, 1973). 

Jefferies and Johnson (1974) studied the relationship between 

temperature and annual variation in 7-year catch data for winter 

flounder,Pseudopleuronectes _-__-_--_-I americanus in Narragansett Bay, 

Rhode Island, revealed that a 78 percent decrease in annual catch 

correlated closely with a 0.5OC increase in the average 



temperature over the 30-month period between spawning and 

recruitment into the fishery. Sissenwine's 1974 model predicts a 

68 percent reduction of recruitment in ye1 Powtail flounder, 

Limanda --- ferrugiia, with a l0C long-term elevation in southern 

New England waters. 



TABLE 12. 

Summary of Reported Values for 

Maxima for Embryo Survival During the Spawning Season 
(Centigrade and Fahrenheit) 

Maximum Weekly Average Temperature for Spawning and Short-Term 

Species 

Atlantic Salmon 
Bigmouth Buffalo 
Black Crappie 
Bluegill 
Brook Trout 
carp 
Channel Catfish 
Coho Salmon 
Emerald Shiner 
Freshwater Drum 
Lake Herring (Cisco) 
Largemouth Bass 
Northern Pike 
Rainbow Trout 
Sauger 
Smallmouth Bass 
Smallmouth Buffalo 
Sockeye Salmon 
Striped Bass 
Threadfin Shad 
White Bass 
White Crappie 
White Sucker 
Yellow Perch 

Spawning, Embryo 
Survivalb 

5 
17 

25 
9 

21 
27 
10 
24 
21 
3 

21 
11 
9 

17 
17 
10 
18 
18 
17 
18 
10 
12 

I 10 

(41) 7 

77 1 34 

70) 33 

(63) 27 

48) 13 

81) 29 
50) 13 
75) 28 
70) 26 
37) 8 
70) 27 
52) 19 
48) 13 
50) 21 
63 1 

21 
13 

63) 
50) 
64 1 24 
64 1 34 
63) 26 

23 
20 

64) 

20 
50) 
54) 

a - the optimum or mean of the range of spawning temperatures 
reported for the species (ERL-Duluth, 1976). 

b - the upper temperature for successful incubation and 
hatching reported for the species (ERL-Duluth, 1976) - 

c - upper temperature for spawning. 



Community balance can be influenced strongly by such 

temperature-dependent factors as rates of reproduction, 

recruitment, and growth of each component population. A few 

degrees elevation in average monthly temperature can appreciably 

alter a community through changes in interspecies relationships. 

A 50 percent reduction in the softshell clam fishery in Maine by 

the green crab, Carcinus maenus, illustrates how an increase in 

winter temperatures can establish new predator-prey 

relationships. Over a period of 4 years, there was a natural 

amelioration of temperature and the monthly mean for the coldest 

month of each year did not fall below 2OC. This apparently 

precluded appreciable ice formation and winter cold kill of the 

green crab and permitted a major expansion of its population, 

with increased predation of the softshell clam resulting (Glude, 

1954: Welch, 1968). 

Temperature is a primary factor controlling reproduction and 

can influence many events of the reproductive cycle from 

gametogenesis to spawning. Among marine invertebrates, 

initiation of reproduction (gametogenesis) is often triggered 

during late winter by attainment of a minimum environmental 

threshold temperature. In some species, availability of adequate 

food is also a requisite (Pearse, 1970; Sastry, 1975: devlaming, 

1971). Elevated temperature can limit gametogenesis by 

preventing accumulation of nutrients in the gonads. This problem 

could be acute during the winter if food availability and feeding 

activity is reduced. Most marine organisms spawn during the 

spring and summer; gametogenesis is usually initiated during the 0 



previous fall. It should also be noted that some species spawn 

only during the fall (herrinhg) ,while others during the winter 

and very early spring. At the higher latitudes, winter breeders 

include such estuarine community dominants as acorn barnacles, 

Balanus balanus and B. balanoides, the edible blue mussel Mytilus _ -- - 
----I edulis sea urchin, Strongylocentrotus drobachiensis, sculpin, 

and the winter flounder, Pseudopleuronectes - americanus. The two 

boreal barnacles require temperatures below 10°C before egg 

production will be initiated (Crisp, 1957). It is clear that 

adaptations for reproduction exist which are dependent on 

temperature conditions close to the natural cycle. 

Juvenile and adult fish usually thermoregulate behaviorally 

by moving to water having temperatures closest to their thermal 

preference. This provides a thermal environment which 

approximates the optimal temperature for many physiological 

functions, including growth (Neil1 and Magnuson. 1974). As a 

consequence, fishes usually are attracted to heated water during 

the fall, winter, and spring. Avoidance will occur as warmer 

temperature exceeds the preferendum by 1 to 3OC (Coutant, 1975). 

This response precludes problems of heat stress for juvenile and 

adult fishes during the summer, but several potential problems 

exist during the other seasons. The possibility of cold shock 

and death of plume-entrained fish resulting from winter plant 

shutdown is well recognized. Also, increased incidence of 

disease and a deterioration of physiological condition has been 

observed among plume-entrained fishes, perhaps because of 

insufficient food (Massengill, 1973). A weight loss of 

approximately 10 percent for each lo C rise in water temperature 



has been observed in fish when food is absent. (Phillips et al., 

1960) There may also be indirect adverse effects on the 

indigenous community because of increased predation pressure if 

thermal addition leads to a concentration of fish which are 

dependent on this community for their food. 

Fish migration is often linked to natural environmental 

temperature cycles. In early spring, fish employ temperature as 

their environmental cue to migrate northward (e.g., menhaden, 

bluefish) or to move inshore (winter flounder). Likewise, water 

temperature strongly influences timing of spawning runs ofan- 

adromous fish into rivers (Leggett and Whitney, 1972). In the 

autumn, a number of juvenile marine fishes and shrimp are 

dependent on a drop in temperature to trigger their migration 

from estuarine nursery grounds for oceanic dispersal or southward 

migration (Lund and Maltezos, 1970; Talbot, 1966). 

Thermal discharges should not alter diurnal and tidal 

temperature variations normally experienced by marine 

communities. Laboratory studies show thermal tolerance to be 

enhanced when animals are maintained under a diurnally 

fluctuating temperature regime rather than at a constant 

temperature (Costlow and Bookhout, 1971; Furch, 1972; Hoss, et 

al.,). A daily cyclic regime can be protective additionally as 

it reduces duration of exposure to extreme temperatures (Pearce, 

1969; Gonzalez, 1972). 

0 

Summer thermal maxima should be established to protect the 

various marine communities within each biogeographic region. 

During the summer, naturally elevated temperatures may be of 
-1 



sufficent magnitude to cause death or emigration (Glynn, 1968; 

Vaughn, 1961). This more commonly occurs in tropical and warm 

temperate zone waters, but has been reported for enclosed bays 

and shallow waters in other regions as well (Nichols, 1918). 

Summer heat stress also can contribute to increased incidence of 

disease or parasitism (Sinderman, 1965) : reduce or block sexual 

maturation (Thorhaug, et al., 1971: deVlaming, 1972); inhibit or 

block embryonic cleavage of larval development (Calabrese, 1969) ; 

reduce feeding and growth of juveniles and adults (011a and 

Studholme, 1971) : result in increased predation (Gonzalez, 1972); 

and reduce productivity of macroalgae and seagrasses (South and 

Hill, 1970; Zieman, 1970). The general ceilings set forth here 

are derived from studies delineating limiting temperatures for 

the more thermally sensitive species or communities of a 

biogeographic region. 

Thermal effects data are presently insufficient to set 

general temperature limits for all coastal biogeographic regions. 

The data enumerated in the Appendix, plus any additional data 

subsequently generated, should be used to develop thermal limits 

which specifically consider communities relevant to given water 

bodies. 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



2,3,7,8-TETRACHMRODIBENZO-P-DIOXIN 

CRITERIA: 

Aquatic Life 

Not enough data are available concerning the effects of 

2,3,7,8-TCDD on aquatic life and its uses to allow derivation of 

national criteria. The available information indicates that 

acute values for some freshwater animal species are >1.0 ug/L; 

some chronic values are <0.01 ug/L; and the chronic value 

for rainbow trout is <0.001 ug/L. Because exposures of 

some species of fishes to 0.01 ug/L for <6 days resulted in 

substantial mortality several weeks later, derivation of 

aquatic life criteria for 2,3,7,8-TCDD may require special 

consideration. Predicted bioconcentration factors (BCFs) for 

2,3,7,8-TCDD range from 3,000 to 900,000, but the available 

measured BCFs range from 390 to 13,000. If the BCF is 5,000, 0 
concentrations >0.00001 ug/L should result in concentrations 

in edible freshwater and saltwater fish and shellfish that 

exceed levels identified in a U.S. FDA health advisory. If the 

BCF is >5,000 or if uptake in a field situation is greater than 

that in laboratory tests, the value of 0.00001 ug/L will be too 

high. 

Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of 2,3,7,8-TCDD exposure through ingestion 

of contaminated water and contaminated aquatic orqanisms, the - . 

ambient water concentration should be zero. This criterion is 



based on the  nonthreshold assumption fo r  2,3,7,8-TCDD. However, 

zero may n o t  b e  an a t t a i n a b l e  l e v e l  a t  t h i s  t i m e .  

( 4 9  F . R .  5831 ,  February 15, 1984)  
SEE APPENDIX B FOR METHODOLOGY 



TETRACHLOROETHYLENE 

Aquatic Life 

The available data for tetrachloroethylene indicate 

that acute and chronic toxicity to freshwater aquatic life 

occurs at concentrations as low as 5,280 and 840 ug/L, 

respectively, and would occur at lower concentrations among 

species that are more sensitive than those tested. 

The available data for tetrachloroethylene indicate 

that acute and chronic toxicity to saltwater aquatic life 

occurs at concentrations as low as 10,200 and 450 ug/L, 

respectively, and would occur at lower concentrations among 

species that are more sensitive than those tested. 

Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to tetrachloroethylene through 

ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentrations should be zero, based 

on the nonthreshold assumption for this chemical. However, zero 

level may not be attainable at the present time. Therefore, the 

levels which may result in incremental increase of cancer risk 

over the lifetime are estimated at and 

The corresponding recommended criteria are 8.0 ug/L, 0.80 ug/L, 

and 0.08 ug/L, respectively. If these estimates are made for 



consumption of aquatic organisms only, excluding consumption of 

water, the levels are 88.5 ug/L, 8.85 ug/L, and 0.88 ug/L, 

respectively. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



CRITERIA: 

THALLIUM 

Aquatic Life 

The available data for thallium indicate that acute and 

chronic toxicity to freshwater aquatic life occurs at 

concentrations as low as 1,400 and 40 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. Toxicity to one species of fish 

occurs at concentrations as low as 20 ug/L after 2,600 hours of 

exposure. 

The available data for thallium indicate that acute toxicity 

to saltwater aquatic life occurs at concentrations as low as 

2,130 ug/L and would occur at lower concentrations among species 

that are more sensitive than those tested. No data are 

available concerning the chronic toxicity of thallium to 0 
sensitive saltwater aquatic life. 

Human Health 

For the protection of human health from the toxic properties 

of thallium ingested through water and contaminated aquatic 

organisms, the ambient water criterion is determined to be 13 

U9/L. 

For the protection of human health from the toxic properties 

of thallium ingested through contaminated aquatic organisms 

alone, the ambient water criterion is determined to be 48 ug/L. 

(45 F.R. 79318, November 28, 1980) 0 SEE APPENDIX B FOR METHODOLOGY 



m CRITERIA: 

TOLUENE 

Aquatic Life 

The availab-2 data for toluene indicate t at acute toxicity 

to freshwater aquatic life occurs at concentrations as low as 

17,500 ug/L and would occur at lower concentrations among species 

that are more sensitive than those tested. No data are 

available concerning the chronic toxicity of toluene to 

sensitive freshwater aquatic life. 

The available data for toluene indicate that acute and 

chronic toxicity to saltwater aquatic life occurs at 

concentrations as low as 6,300 and 5,000 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. 0 Human Health 

For the protection of human health from the toxic properties 

of toluene ingested through water and contaminated aquatic 

organisms, the ambient water criterion is determined to be 14.3 

w / L .  

For the protection of human health from the toxic properties 

of toluene ingested through contaminated aquatic organisms 

alone, the ambient water criterion is determined to be 424 

W/L- 
(45 F . R .  79318, November 28, 1980) 

NOTE: The U . S .  EPA is currently developing Acceptable Daily 
Intake (ADI) or Verified Reference Dose (RfD) values €or 
Agency-wide use for this chemical. The new value should 
be substituted when it becomes available. The January, 

* -  1986, draft Verified Reference Dose document cites an RfD 
of 0.3 mg/kg/day for toluene. 

SEE APPENDIX B FOR METHODOLOGY 

0 



TOXAPHENE 

CRITERIA: 

Aquatic - Life 

For toxaphene the criterion to protect freshwater aquatic 

life as derived using the Guidelines is 0.013 ug/L as a 24-hour 

average, and the concentration should not exceed 1.6 ug/L at any 

time. 

For saltwater aquatic life the concentration of 

toxaphene should not exceed 0.070 ug/L at any time. No data are 

available concerning the chronic toxicity of toxaphene to 

sensitive saltwater aquatic life. 

Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to toxaphene through ingestion 

of contaminated water and contaminated aquatic organisms, 

the ambient water concentration should be zero, based on the non 

threshold assumption for this chemical. However, zero level may 

not be attainable at the present time. Therefore, the levels 

which may result in incremental increase of cancer risk over the 

lifetime are estimated at and The 

corresponding recommended criteria are 7.1 ng/L, 0.71 ng/L, and 

0.07 ng/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consumption of 

water, the levels are 7.3 ng/L, 0.73 ng/L, and 0.01 ng/L, 

respectively. 0 - .  
\-  

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



CRITERIA: 

TRICHLOROETHYLENE 

Aquatic Life 

The available data for trichloroethylene indicate that acute 

toxicity to freshwater aquatic life occurs at concentrations as 

low as 45,000 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 

available concerning the chronic toxicity of trichloroethylene to 

sensitive freshwater aquatic life but the behavior of one species 

is adversely affected at concentrations as low as 21,900 ug/L. 

The available data for trichloroethylene indicate that acute 

toxicity to saltwater aquatic life occurs at concentrations as 

low as 2,000 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 

available concerning the chronic toxicity of trichloroethylene to 

sensitive saltwater aquatic life. 

0 

Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to trichloroethylene through 

ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentration should be zero, based 

on the nonthreshold assumption for this chemical. However, 

zero level may not be attainable at the present time. Therefore, 

the levels which may result in incremental increase of cancer 

risk over the lifetime are estimated at lom5, loe6, and lo-’* 

The corresponding recommended criteria are 27 ug/L, 2.7 ug/L, and 0 I _  

0.27 ug/L, respectively. If these estimates are made for 



consumption of aquatic organisms only, excluding consumption 

of water, the levels are 807 ug/L, 80.7 ug/L, and 8.07 ug/L, 

respectively. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



CRITERIA: 

VINYL CHLORIDE 

Aquatic Life 

No freshwater organisms have been tested with vinyl chloride 

and no statement can be made concerning acute or chronic toxicity. 

No saltwater organisms have been tested with vinyl 

chloride and no statement can be made concerning acute or 

chronic toxicity. 

Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to vinyl chloride through 

ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentrations should be zero, based 

on the nonthreshold assumption for this chemical. However, 

zero level may not be attainable at the present time. 

Therefore, the levels which may result in incremental increase of 

cancer risk over the lifetime are estimated at 1 0 - 5 r  and 

The corresponding recommended criteria are 2 0  ug/L, 2 .0  

ug/L, and 0 . 2  ug/L, respectively. If these estimates are made 

for consumption of aquatic organisms only, excluding consumption 

of water, the levels are 5 , 2 4 6  ug/L, 5 2 5  ug/L, and 5 2 . 5  ug/L, 

respectively. 

( 4 5  F .R.  79318, November 2 8 ,  1980) 
SEE A P P E N D I X  B FOR METHODOLOGY 



ZINC 

CRITERIA: 

A q u a t i c  - L i f e  

For t o t a l  recoverable  z inc  t h e  cri t  r ion  t o  p r o t e c t  f r e  hwater 

aqua t i c  l i f e  a s  der ived us ing t h e  Guidel ines is 47 ug/L as a 24- 

hour  a v e r a g e  and t h e  c o n c e n t r a t i o n  ( i n  ug/L) s h o u l d  n o t  

e x c e e d  t h e  n u m e r i c a  1 v a l u e  g i v e n  b y  

0.83 [ l n ( h a r d n e s s )  ]+1.95) a t  a n y  t i m e .  F o r  e x a m p l e ,  a t  e (  
h a r d n e s s e s  o f  50, 1 0 0 ,  a n d  200 mg/L a s  C a C 0 3  t h e  

c o n c e n t r a t i o n  of t o t a l  r e c o v e r a b l e  z i n c  s h o u l d  n o t  exceed 180, 

320, and 570 ug/L a t  any t i m e .  

For t o t a l  recoverable  z i n c  t h e  c r i t e r i o n  t o  p r o t e c t  s a l t w a t e r  

aqua t i c  l i f e  a s  der ived us ing t h e  Guidel ines is 58 ug/L a s  a 24 -  

hour average  and t h e  concentrat ion should not  exceed 190 ug/L a t  

any t i m e .  

Human H e a l t h  

S u f f i c i e n t  da t a  a r e  no t  a v a i l a b l e  f o r  z inc  t o  d e r i v e  a leve l  

which would p r o t e c t  a g a i n s t  t h e  p o t e n t i a l  t o x i c i t y  of t h i s  

compound. Using a v a i l a b l e  o r g a n o l e p t i c  d a t a ,  t o  c o n t r o l  

undes i rab le  t a s t e  and odor q u a l i t y  of ambient water t h e  est imated 

l e v e l  is 5 mg/L. It should be recognized t h a t  o rgano lep t i c  da t a  

have  l i m i t a t i o n s  a s  a b a s i s  f o r  e s t a b l i s h i n g  a w a t e r  q u a l i t y  

c r i t e r i a ,  and have  no demons t ra ted  r e l a t i o n s h i p  to p o t e n t i a l  

adverse  human heal th effects. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 
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APPENDIX A 



DERIVATION OF THE 1985 CRITERION --- 
Derivation of numerical national water quality criteria for 

the protection of aquatic organisms and their uses is a complex 

process that uses information from many areas of aquatic 

toxicology. After a decision is made that a national criterion 

is needed for a particular material, all available information 

concerning toxicity to, and bioaccumulation by, aquatic organisms 

is collected, reviewed for acceptability, and sorted. If enough 

acceptable data on acute toxicity to aquatic animals are 

available, they are used to estimate the highest 1-hour average 

concentration that should not result in unacceptable effects on 

aquatic organisms and their uses. If justified, this 

concentration is made a function of a water quality 

characteristic such as pH, salinity, or hardness. Similarly, 

data on the chronic toxicity of the material to aquatic animals 

are used to estimate the highest 4-day average concentration 

that should not cause unacceptable toxicity during a long-term 

exposure. If appropriate, this concentration is also related to 

a water quality characteristic. 

Data on toxicity to aquatic plants are examined to determine 

whether plants are likely to be unacceptably affected by 

concentrations that should not cause unacceptable effects on 

animals. Data on bioaccumulation by aquatic organisms are used 

to determine if residues might subject edible species to 

restrictions by the U.S. Food and Drug Administration or if such 

residues might harm some wildlife consumers of aquatic life. All 

other available data are examined €or adverse effects that might 



be biologically important. 

If a thorough review of the pertinent information indicates 

that enough acceptable data are available, numerical national 

water quality criteria are derived for fresh water or saltwater 

or both to protect aquatic organisms and their uses from 

unacceptable effects due to exposures to high concentrations for 

short periods of time, lower concentrations for longer periods of 

time, and combinations of the two. 

I. Collection of Data - -- 
A.  Collect all available data on the material 

concerning (a) toxicity to, and biqaccumulation 

by, aquatic animals and plants, (b) FDA action 

levels [12], and (c) chronic feeding studies and 

long-term field studies with wildlife species that 

regularly consume aquatic organisms. 

B. All data that are used should be available in 

typed, dated, and signed hard copy (pub1 ication, 

manuscript, letter, memorandum, etc.) with enough 

supporting information to indicate that acceptable 

test procedures were used and that the results are 

probably reliable. In some cases it may be 

appropriate to obtain additional written 

information from the investigator, if possible. 

Information that is confidential or privileged or 

otherwise not available for distribution should 

not be used. 

C. Questionable data, whether published or 



unpublished, should not be used. For example, data 

should usually be rejected if they are from tests 

that did not contain a control treatment, tests in 

which too many organisms in the control treatment 

died or showed signs of stress or disease, and 

tests in which distilled or deionized water was 

used as the dilution water without addition of 

appropriate salts. 

D. Data on technical grade materials may be used if 

appropriate, but data on formulated mixtures and 

emulsifiable concentrates of the material of 

concern should not be used. 

E. For some highly volatile, hydrolyzable, or 

degradable materials it is probably appropriate to 

use only results of flow-through tests in which 

the concentrations of test material in the test 

solutions were measured often enough using 

acceptable analytical methods. 

F. Data should be rejected if they were obtained 

using: 

1. Brine shrimp, because they usually occur 

naturally only in water with salinity greater 

than 35 g/kg. 

2 .  Species that do not have reproducing wild 

populations in North America (See Appendix 1). 

3 .  Organisms that were previously exposed to 

substantial concentrations of the test 0 t. 

material or other contaminants. 



G. Questionable data, data on formulated mixtures and 

emulsifiable concentrates, and data obtained with 

nonresident species or previously exposed 

organisms may b e  used to provide auxiliary 

information but should not be used in the 

derivation of criteria. 

11. Required - Data - 
A. Certain data should be available to help ensure 

that each of the four major kinds of possible 

adverse effects receives adequate consideration. 

Results of acute and chronic toxicity tests with 

representative species of aquatic animals are 

necessary so that data available for tested 

species can be considered a useful indication of 

the sensitivities of appropriate untested species. 

Fewer data concerning toxicity to aquatic plants 

are required because procedures for conducting 

tests with plants and interpreting the results of 

such tests are not as well developed. Data 

concerning bioaccumulation by aquatic organisms 

are required only if relevant data are available 

concerning the significance of residues in aquatic 

organisms. 

I 

B. To derive a criterion for freshwater aquatic 

organisms and their uses, the following should be 

available: 

1. Results of acceptable acute tests (see Section 



IV) with at least one species of freshwater 

animal in at least eight different families 

such that all of the following are included: 

a. 

b. 

C. 

d. 

e. 

f. 

g. 

h. 

the family Salmonidae in the class 

Osteichthyes 

a s e c o n d  f a m i l y  in t h e  c l a s s  

Osteichthyes, preferably a commercially or 

recreationally important warmwater species 

(e.g., bluegill, channel catfish, etc.) 

a third family in the phylum Chordata (may 

be in the class Osteichthyes or may be an 

amphibian, etc.) 

a planktonic crustacean (e.g., cladoceran, 

copepod, etc.) 

a benthic crustacean (e.g., ostracod, 

isopod, amphipod, crayfish, etc.) 

an insect (e.g., mayfly, dragonfly, 

damselfly, stonefly, caddis fly, mosquito, 

midge, etc.) 

a family in a phylum other than Arthropoda 

or Chordata (e.g., Rotifera, Annelida, 

Mol lusca, etc.) 

a family in any order of insect or any 

phylum not already represented. 

2. Acute-chronic ratios (see Section TI) with 

species of aquatic animals in at least three 

different families provided that of the three 

species: 



a. a t  least  one is a f i s h  

b. a t  leas t  one is an inver tebrate  

c. a t  l e a s t  one  i s  a n  a c u t e l y  s e n s i t i v e  

f r e s h w a t e r  s p e c i e s  ( the  o t h e r  two may be 

sa l twa te r  species). 

3. Resul ts  of a t  least  one acceptable tes t  w i t h  a 

freshwater a lga  o r  vascular  p l a n t  (see Section 

V I I I ) .  I f  p l a n t s  a r e  among t h e  a q u a t i c  

organisms t h a t  a r e  most s e n s i t i v e  t o  t h e  

m a t e r i a l ,  r e s u l t s  of a t e s t  wi th  a p l a n t  i n  

ano the r  phylum ( d i v i s i o n )  shou ld  a l s o  be 

avai lable .  

4 .  A t  l e a s t  one a c c e p t a b l e  b i o c o n c e n t r a t i o n  

f a c t o r  dete ' rmined w i t h  a n  a p p r o p r i a t e  

freshwater s p e c i e s ,  i f  a maximum p e r m i s s i b l e  

t i s s u e  concentration is a v a i l a b l e  (see Section 

IX) . 
C. T o  d e r i v e  a c r i t e r i o n  f o r  s a l t w a t e r  a q u a t i c  

organisms and t h e i r  uses, the  following should be 

available:  

1. Resul ts  of acceptable acute tests (see Section 

I V )  w i t h  a t  l e a s t  one s p e c i e s  of s a l t w a t e r  

animal i n  a t  l e a s t  e i g h t  d i f f e r e n t  f a m i l i e s  

such t h a t  a l l  of the following are included: 

a. two fami l i e s  i n  t h e  phylum Chordata 

b. a family i n  a phylum other than Arthropoda 

o r  Chordata 



c. either the Mysidae or Penaeidae family 

d. three other families not in the phylum 

Chordata (may include Mysidae or 

Penaeidae, whichever was not used above) 

e. any other family. 

2 .  Acute-chronic ratios (see section VI) with 

species of aquatic animals in at least three 

different families provided that of the three 

species: 

a. at least one is a fish 

b. at least one is an invertebrate 

c. at least one is an acutely sensitive 

saltwater species (the other one may be a 

freshwater species). 

3 .  Results of at least one acceptable test with a 

saltwater alga or vascular plant (see Section 

VIII. If plants are among the aquatic 

organisms most sensitive to the material, 

results of a test with a plant in another 

phylum (division) should also be available. 

4 .  At least one acceptable bioconcentration 

factor determined with an appropriate 

saltwater species, if a maximum permissible 

tissue concentration is available (see Section 

IX) * 

D. If all the required data are available, a numerical 

criterion can usually be derived, except in special 0 
% .  

cases. For example, derivation of a criterion 



might n o t  be p o s s i b l e  i f  t h e  a v a i l a b l e  acu te -  

c h r o n i c  r a t i o s  v a r y  by more t h a n  a f a c t o r  of 1 0  

w i t h  no apparent pat tern .  A l s o ,  i f  a c r i t e r i o n  is 

to be r e l a t e d  t o  a w a t e r  q u a l i t y  c h a r a c t e r i s t i c  T 

(see  S e c t i o n s  V and  V I I )  , more d a t a  w i l l  be 

necessary. 

S imi l a r ly ,  i f  a l l  required da ta  a r e  not  a v a i l a b l e ,  

a numerical c r i t e r i o n  should not  be der ived except 

i n  s p e c i a l  cases. For example, even i f  not  enough 

a c u t e  and c h r o n i c  d a t a  a re  a v a i l a b l e ,  it might  be 

p o s s i b l e  t o  der ive  a c r i t e r i o n  i f  t h e  a v a i l a b l e  

data c l e a r l y  ind ica t e  t ha t  the  F ina l  Residue Value 

should be much lower than either the  F ina l  Chronic 

Value or  the Fina l  P l a n t  Value. 

E. Confidence i n  a c r i t e r i o n  u s u a l l y  increases a s  t h e  

amount of a v a i l a b l e  p e r t i n e n t  da ta  i n c r e a s e s .  

Thus, addi t iona l  da ta  a r e  u s u a l l y  des i rab le .  

111. Final A c u t e  Value 

A. Appropr i a t e  measures of t h e  a c u t e  (short- term) 

t o x i c i t y o f t h e m a t e r i a l t o a v a r i e t y o f s p e c i e s  of 

a q u a t i c  an ima l s  a re  used t o  c a l c u l a t e  t h e  F i n a l  

Acute Value. T h e  Final  Acute Value is an estimate 

' of t h e  concentration of t h e  material corresponding 

t o  a c u m u l a t i v e  p r o b a b i l i t y  of  0.05 i n  t h e  a c u t e  

t o x i c i t y  v a l u e s  f o r  t h e  g e n e r a  w i t h  wh ich  

acceptable a c u t e  tes ts  have been conducted on t h e  

mater ia l .  However, i n  some cases, i f  t h e  Species 



Mean A c u t e  V a l u e  o f  a c o m m e r c i a l l y  o r  

r ec rea t iona l  1 y important species is lower than t h e  

c a l c u l a t e d  F i n a l  Acute Value ,  t h e n  t h a t  Spec ies  

Mean A c u t e  Value r e p l a c e s  t h e  c a l c u l a t e d  F i n a l  

Acute Value i n  order t o  provide pro tec t ion  f o r  t h a t  

important species. 

B. Acute t o x i c i t y  tes ts  shou ld  have  been conducted 

using acceptable procedures [13]. 

C. Except  f o r  t es t s  w i t h  s a l t w a t e r  a n n e l i d s  and 

mysids, r e s u l t s  of a c u t e  tests  d u r i n g  which t h e  

t es t  organisms were fed should not  be used, un less  

da t a  i n d i c a t e  t h a t  t h e  food d i d  n o t  a f f e c t  t h e  

t o x i c i t y  of t h e  t es t  material .  

D. R e s u l t s  o f  a c u t e  t e s t s  c o n d u c t e d  i n  u n u s u a l  

d i l u t i o n  water, e.g., d i l u t i o n  water i n  which t o t a l  
0 

o r g a n i c  carbon o r  p a r t i c u l a t e  m a t t e r  exceeded 5 

mg/L, should not be used, u n l e s s  a r e l a t i o n s h i p  is 

developed between acute t o x i c i t y  and organic carbon 

o r  p a r t i c u l a t e  m a t t e r  o r  u n l e s s  d a t a  show t h a t  

o r g a n i c  carbon,  p a r t i c u l a t e  m a t t e r ,  etc., do no t  

affect tox ic i ty .  

E. Acute values  should be based on endpoints which 

r e f l e c t  t h e  t o t a l  s e v e r e  a c u t e  adverse impact of 

t h e  t e s t  m a t e r i a l  on t h e  organisms used i n  t he  

test. Therefore, only t h e  fo l lowing  kinds of data 

on a c u t e  t o x i c i t y  t o  a q u a t i c  a n i m a l s  shou ld  be 

used: 



1. T e s t s  w i t h  daphnids  and o t h e r  c l a d o c e r a n s  

should be s t a r t e d  with organisms less than 2 4  

hours  o l d  and t e s t s  w i t h  midges shou ld  be 

s t r e s sed  with second- o r  t h i r d- i n s t a r  larvae.  

T h e  r e s u l t  shou ld  be  t h e  48-hr EC50 based on 

p e r c e n t a g e  of  o r g a n i s m s  immobil ized p l u s  

pe rcen tage  of organisms k i l l e d .  I f  such an  

EC50 i s  n o t  a v a i l a b l e  from a t e s t ,  t h e  48-hr 

LC50 s h o u l d  be  used i n  p l a c e  of t h e  d e s i r e d  

48-hr EC50. An EC50 o r  LC50 of l o n g e r  t h a n  

4 8  h o u r s  can be used as  l o n g  as  t h e  an ima l s  

were n o t  f e d  and t h e  c o n t r o l  a n i m a l s  were 

acceptable  a t  t h e  end of t h e  test. 

a 2. T h e  r e s u l t  of a t e s t  w i t h  embryos and l a r v a e  

o f  b a r n a c l e s ,  b i v a l v e  m o l l u s c s  ( c l a m s ,  

mussels, oysters ,  and s c a l l o p s )  , sea  urchins, 

l o b s t e r s ,  c r a b s ,  shrimp, and  a b a l o n e s  s h o u l d  

be t h e  96-hr EC50 based on t h e  p e r c e n t a g e  of 

organisms with incompletely developed s h e l l s  

p l u s  t h e  pe rcen tage  of organisms k i l l e d .  I f  

s u c h  an  EC50 is  n o t  a v a i l a b l e  from a t e s t ,  t h e  

l o w e r  o f  t h e  9 6- h r  EC50 based  o n  t h e  

pe rcen tage  of organisms w i t h  i n c o m p l e t e l y  

developed shells  and t h e  96-hr LC50 should be 

used i n  p l a c e  of t h e  des i red  96-hr EC50. I f  

t h e  dura t ion  of t h e  t es t  w a s  between 48  and 96  

hours, t h e  EC50 o r  LC50 a t  t h e  end of t h e  test 

should be used. 



3. T h e  acu te  v a l u e s  from tests w i t h  a l l  o t h e r  

f r e s h w a t e r  and s a l t w a t e r  animal  s p e c i e s  and 

o l d e r  l i f e  s t a g e s  o f  b a r n a c l e s ,  b i v a l v e  

m o l l u s c s ,  s e a  u r c h i n s ,  l o b s t e r s ,  c r a b s ,  

shrimps, and abalones should be t h e  96-hr EC50 

b a s e d  o n  t h e  p e r c e n t a g e  o f  o r g a n i s m s  

e x h i b i t i n g  loss of e q u i l i b r i u m  p l u s  t h e  

percentage of organisms immobilized p l u s  the  

percentage  OF organisms k i l l e d .  I f  such a n  

EC50 is n o t  a v a i l a b l e  from a t e s t ,  t h e  96-hr 

LC50 shou ld  be used i n  p l a c e  of t h e  des i red  

96-hr EC50. 

4 .  T e s t s  w i t h  s i n g l e - c e l l e d  organisms a r e  no t  

cons idered  a c u t e  t e s t a ,  even i f  t h e  d u r a t i o n  

was 96 hours o r  less. 
0 

5. If t h e  tests were conducted p r o p e r l y ,  a c u t e  

v a l u e s  r e p o r t e d  a s  " g r e a t e r  than" v a l u e s  and 

t h o s e  which a r e  above t h e  s o l u b i l i t y  of t h e  

t e s t  m a t e r i a l  s h o u l d  be  u s e d ,  b e c a u s e  

r e j e c t i o n  o f  s u c h  a c u t e  v a l u e s  w o u l d  

unnecessari ly lower t h e  F i n a l  Acute Value by 

e l i m i n a t i n g  a c u t e  v a l u e s  for r e s i s t a n t  

species. 

F. If t h e  acute  t o x i c i t y  of t h e  mater ia l  t o  aquat ic  

animals apparently has been shown t o  be r e l a t e d  t o  

a water q u a l i t y  c h a r a c t e r i s t i c  such as hardness o r  

p a r t i c u l a t e  m a t t e r  f o r  f r e s h w a t e r  a n i m a l s  o r  



s a l i n i t y  or p a r t i c u l a t e  m a t t e r  f o r  s a l t w a t e r  

animals, a Final  Acute Equation should be derived 

based on t h a t  wa te r  q u a l i t y  character is t ic .  G o  t o  

Section V. 

G. If t h e  a v a i l a b l e  d a t a  i n d i c a t e  t h a t  one or more 

l i f e  s t a g e s  a r e  a t  l e a s t  a f a c t o r  o f  2 more 

r e s i s t a n t  t h a n  one o r m o r e  o t h e r  l i f e  s t a g e s  o f t h e  

same species, the data  for the more r e s i s t a n t  l i f e  

stages should not  be used i n  t h e  c a l c u l a t i o n  of t h e  

Species Mean Acute Value (SMAV) because a species 

c a n  o n l y  be c o n s i d e r e d  p r o t e c t e d  f rom a c u t e  

t o x i c i t y  i f  a l l  l i f e  s t ages  are protected. 

H. T h e  ag reemen t  o f  t h e  d a t a  w i t h i n  and  be tween  

species shou ld  be cons idered .  Acute v a l u e s  t h a t  

appear t o  be questionable i n  comparison w i t h  o ther  

acute  and chronic da ta  f o r  the same species  and for  

o the r  species  i n  the same genus probably should not  

be used i n  c a l c u l a t i o n  of a S p e c i e s  Mean Acute 

Value. For example, i f  the  acu te  va lues  a v a i l a b l e  

For a species o r  genus d i f f e r  by more than a f a c t o r  

of 1 0 ,  some or a l l  of t h e  v a l u e s  p robab ly  s h o u l d  

not  be used i n  ca l cu la t ions .  

I. For each species f o r  which  a t  l e a s t  one a c u t e  

v a l u e  i s  a v a i l a b l e ,  the  Species Mean Acute Value  

s h o u l d  be c a l c u l a t e d  a s  t h e  geomet r ic  mean of  t h e  

r e s u l t s  of a l l  f low- through tests  i n  which t h e  

concentrat ions of test ma te r i a l  were measured. For 

a species for which no such  r e s u l t  i s  a v a i l a b l e ,  



t he  Species Mean Acute Value should be ca l cu la t ed  

as  t h e  geometr ic  mean of a l l  a v a i l a b l e  a c u t e  

v a l u e s ,  i.e., r e s u l t s  of flow- through tests  i n  

which t h e  c o n c e n t r a t i o n s  were no t  measured and 

r e s u l t s  o f  s t a t i c  and  r e n e w a l  t e s t s  b a s e d  on 

i n i t i a l  c o n c e n t r a t i o n s  of t e s t  m a t e r i a l  (nominal 

c o n c e n t r a t i o n s  a r e  a c c e p t a b l e  f o r  most  t e s t  

m a t e r i a l s  i f  measured c o n c e n t r a t i o n s  a r e  n o t  

ava i l ab le ) .  

NOTE: Data reported by o r i g i n a l  i nves t iga to r s  should  not 

be  rounded o f f .  R e s u l t s  of a l l  i n t e r m e d i a t e  

c a l c u l a t i o n s  s h o u l d  b e  rounded  [14] to f o u r  

s ign i f i can t  d ig i t s .  

T h e  geometric mean of N numbers is t h e  Nth root of 0 NOTE: 

t h e  product of t h e  N numbers. A l t e rna t ive ly ,  the 

geometr ic  mean can be c a l c u l a t e d  by adding t h e  

loga r i thms  of t h e  N numbers, d i v i d i n g  t h e  sum by 

N, and t a k i n g  t h e  a n t i l o g  of t h e  q u o t i e n t .  T h e  

geometr ic  mean of t w o  numbers i s  t h e  s q u a r e  root 

of  t h e  p r o d u c t  of  t h e  two numbers,  and t h e  

geometr ic  mean of one number is t h a t  number. 

E i t h e r  n a t u r a l  (base  0 )  or common ( b a s e  1 0 )  

logar i thms  can be used to c a l c u l a t e  geomet r ic  

means as long a s  they a r e  used cons i s t en t ly  w i t h i n  

each set  of d a t a ,  i.e., t he  a n t i l o g  used must 

match the logarithm U s e d .  



NOTE: Geometric means, rather than arithmetic means, are 

used here because t h e  distributions of 

sensitivities of individual organisms in toxicity 

tests on most materials and the distributions of 

sensitivities of species within a genus are more 

likely to be lognormal than normal. Similarly, 

geometric means are used for acute-chronic ratios 

and bioconcentration factors because quotients are 

likely to be closer to lognormal than normal 

distributions. In addition, division of the 

geometric mean of a set of numerators by the 

geometric mean of the set of corresponding 

denominators will result in the geometric mean of 

the set of corresponding quotients. 

J. For each genus €or which one or more Species Mean 

Acute Values are available, the Genus Mean Acute 

Value should be calculated as the geometric mean 

of the Species Mean Acute Values available fo r  the 

genus. 

K. Order the Genus Mean Acute Value from high to low. 

L. Assign ranks, R, to the Genus Mean Acute Value 

from vvlvv for the lowest to *'N" €or the highest. 

If two or more Genus Mean Acute Values are 

identical, arbitrarily assign them successive 

ranks. 

M. Calculate the cumulative probability, P, €or each 

Genus Mean Acute Value as R/ (N+l). 



N. Select t h e  four Genus Mean Acute Value which have 

cumulative p r o b a b i l i t i e s  c l o s e s t  t o  0.05 ( i f  there 

a r e  l e s s  than  5 9  Genus Mean Acute Value ,  these 

w i l l  a lways be t h e  f o u r  lowes t  Genus Mean Acute 

Values).  

Using t h e  se lec ted  Genus Mean Acute Values and Fs, 

calculate: 

S 2 =  E ( l n  G M A V ) 2 ) -  ( ( E l n  G M A V ) ) 2 / 4 )  

(PI - ((E / " ~ ) ) 2 / 4 )  

0. 

L = (E(1n GMAV) - S(E(/Ap)))/4 

A = S ( / " O . O S )  +L 

FAV = e A  

(See [113 f o r  development of t h e  c a l c u l a t i o n  

procedure and Appendix 2 f o r  example ca l cu la t ion  

and computer program.) 

NOTE: Natural logarithms (logari thms t o  base el denoted 

a s  I n )  a r e  used h e r e i n  mere ly  because they  a r e  

e a s i e r  t o  u s e  on some hand  c a l c u l a t o r s  and 

c o m p u t e r s  t h a n  common (base  1 0 )  l o g a r i t h m s .  

C o n s i s t e n t  u s e  of e i t he r  w i l l  produce t h e  same 

resul t .  

P. If f o r  a commercially o r  r e c r e a t i o n a l l y  important 

s p e c i e s  t h e  geometr ic  mean of t h e  a c u t e  v a l u e s  

f r o m  f l o w - t h r o u g h  t e s t s  i n  w h i c h  t h e  

concentrations of t es t  mater ia l  were measured i s  

lower than the ca l cu la t ed  F i n a l  Acute Value, then 

t h a t  geomet r ic  mean s h o u l d  be used a s  t h e  F i n a l  

Acute Value ins tead of the c a l c u l a t e d  Final  Acute 



Value. 

Q. GO to section VI. 



- IV. Final Acute Equation 0 
A. When enough data are available to show that acute 

toxicity to two o r  more species is similarly 

related to a water quality characteristic, the 

relationship should be taken into account as 

described in Sections B-G below or using analysis 

of covariance [15,16]. The two methods are 

equivalent and produce identical results. The 

manual method described below provides an 

unuerstanding of this application of covariance 

analysis, but computerized versions of covariance 

analysis are much more convenient for analyzing 

large data tests. If two or more factors affect 

toxicity, multiple regression analysis should be 

used. 

B. For each species for which comparable acute 

toxicity values are available at two or more 

different values of the water quality 

characteristic, perform a least squares regression 

of the acute toxicity values on the corresponding 

values of the water quality characteristic to 

obtain the slope and its 95 percent confidence 

limits €or each species. 

NOTE: Because the best documented relationship fitting 

these data is that between hardness and acute 

toxicity of metals in fresh water and a log-log 



relationship, geometric means and natural 

logarithms of both toxicity and water quality are 

used in the rest of this section. For 

relationships based on other water quality 

characteristics such as pH, temperature, or 

salinity, no transformation or a different 

transformation might fit the data better, and 

appropriate changes will be necessary throughout 

this section. 

C .  Decide whether the data for eachspecies are 

useful, taking into account the range and number 

of the tested values of the water quality 

characteristic and the degree of agreement within 

and between species. For example, a slope based 

on six data points might be of limited value if it 

is based only on data for a very narrow range of 

values of the water quality characteristic. A 

slope based on only two data points, however, 

might be useful if it is consistent with other 

information and if the two points cover a broad 

enough range of the water quality characteristic. 

In addition, acute values that appear to be 

questionable in comparison with other acute and 

chronic data available for the same species and 

for other species in the same genus probably 

should not be used. For example, if after 

adjustment for the water quality characteristic, 

the acute values available for a species or genus 



d i f f e r  by more than  a f a c t o r  of 1 0 ,  p robably  some 

o r  a l l  of t he  v a l u e s  shou ld  be rejected.  I f  

u se fu l  s lopes  a r e  not a v a i l a b l e  f o r  a t  leas t  one 

f i s h  and one i n v e r t e b r a t e  o r  i f  t h e  a v a i l a b l e  

s l o p e s  a r e  t o o  d i s s i m i l a r  o r  i f  t o o  f e w  d a t a  a r e  

a v a i l a b l e  t o  adequa te ly  d e f i n e  t h e  r e l a t i o n s h i p  

between a c u t e  t o x i c i t y  and t h e  water  q u a l i t y  

cha rac te r i s t i c ,  re turn  t o  Section IV.G,  using t h e  

r e s u l t s  of tests conducted under condit ions and i n  

waters s i m i l a r  t o  those commonly used f o r  t o x i c i t y  

tests with the species. 

D. I n d i v i d u a l l y  f o r  each species c a l c u l a t e  t he  

geometric mean of t h e  a v a i l a b l e  acute  va lues  and 

t h e n  d i v i d e  each of t h e  a c u t e  v a l u e s  f o r  species 

by the mean f o r  the species. T h i s  normalizes t h e  

v a l u e s  so t h a t  t h e  g e o m e t r i c  mean o f  t h e  

normalized va lues  f o r  each spec ies  ind iv idua l1  y 

and f o r  any combination of species is 1.0. 

E. S i m i l a r l y  normal ize  t h e  v a l u e s  of t h e  water 

q u a l i t y  c h a r a c t e r i s t i c  f o r  e a c h  s p e c i e s  

individually.  

F. I n d i v i d u a l l y  f o r  each species perform a l e a s t  

squa res  r e g r e s s i o n  of t h e  normal ized  a c u t e  

t o x i c i t y  v a l u e s  on t h e  cor responding  normal ized 

va lues  of the  water q u a l i t y  cha rac t e r i s t i c .  The 

r e s u l t i n g  s lopes  and 95 percent  confidence l i m i t s  

~. w i l l  be i d e n t i c a l  t o  those  obtained i n  Sect ion  B. 



NOW, however, i f  t h e  d a t a  a r e  a c t u a l l y  p l o t t e d ,  

t h e  l i n e  of best  f i t  f o r  each i n d i v i d u a l  

s p e c i e s  w i l l  go th rough t h e  p o i n t  1,l i n  t h e  

center of t h e  graph. 

G. Treat  a l l  the  normalized data  as i f  they were a l l  

f o r  t h e  same spec ies  and perform a l e a s t  squares 

regression of a l l  the  normalized acute  v a l u e s  on 

the corresponding normalized v a l u e s  of the water 

q u a l i t y  c h a r a c t e r i s t i c  t o  obta in  t h e  pooled acute  

s l o p e ,  V ,  and i ts  95 p e r c e n t  conf idence  l i m i t s .  

I f  a l l  the normalized data a r e  a c t u a l l y  p lo t t ed ,  

t h e  l i n e  o f  bes t  f i t  w i l l  go th rough t h e  p o i n t  1,l 

i n  t h e  center of t h e  graph. 

H. For each spec ies  aa lcu la te  t h e  geometric mean, W, 

of the  a c u t e  t o x i c i t y  v a l u e s  and t h e  geomet r ic  

mean, X I  of t h e  v a l u e s  o f  t h e  w a t e r  q u a l i t y  

cha rac te r i s t i c .  (These were c a l c u l a t e d  i n  s t e p s  D 

and E.) 

I. For each s p e c i e s  c a l c u l a t e  t h e  l o g a r i t h m ,  Y ,  of 

t h e  Species Mean Acute Value a t  a selected va lue ,  

2, of t h e  water  q u a l i t y  c h a r a c t e r i s t i c  u s i n g  t h e  

equation: 

Y = I n  W - v ( l n  X - In 2 ) .  

J. For each spec ies  c a l c u l a t e  t h e  SMAV a t  Z using 

t h e  equation: SMAV = eY. 

NOTE: A l t e rna t ive ly ,  the  Species Mean Acute Values a t  Z 

can be o b t a i n e d  by sk ipp ing  s t e p  H u s i n g  t h e  



equa t ions  i n  steps I and J t o  a d j u s t  each a c u t e  

v a l u e  ind iv idua l ly  t o  2, and then c a l c u l a t i n g  the  

geometric mean of t h e  a d j u s t e d  v a l u e s  €or  each 

species  individual ly .  T h i s  a l t e r n a t i v e  procedure 

a l lows  an examination of the  range of t h e  adjusted 

acute  va lues  f o r  each species. 

K. Obtain  the  F i n a l  Acute Va lue  a t  Z by u s i n g  the  

procedure described i n  Section 1V.J-0. 

L. I f  t h e  S p e c i e s  Mean A c u t e  V a l u e  a t  Z of  a 

commercially o r  r e c r e a t i o n a l l y  important species 

is lower than the c a l c u l a t e d  F ina l  Acute Value a t  

Z, t h e n  t h a t  Spec ie s  Mean Acute Value  should  be  

used as t h e  Final  Acu t e  Value a t  Z instead of the  

ca l cu la t ed  Final  Acute Value. 

M. T h e  F i n a l  Acute Equat ion is w r i t t e n  as: F i n a l  

A c u t e  V a l u e  = . ( V [ l n ( w a t e r  q u a l i t y  

c h a r a c t e r i s t i c ) ]  + I n  A - V [ l n  Z]), where V = 

poo led  a c u t e  s l o p e  a n d A = F i n a l  A c u t e v a l u e a t  2. 

Because V, A, and 2 are  known, t h e  F i n a l  Acute 

Value can be ca l cu la t ed  f o r  any selected va lue  of 

the  water q u a l i t y  c h a r a c t e r i s t i c .  

V. - Final  Chronic Value 

A. Depending on t h e  d a t a  t h a t  a r e  a v a i l a b l e  

concern ing  c h r o n i c  t o x i c i t y  t o  a q u a t i c  an imals ,  

the  F ina l  Chronic Value might be ca l cu la t ed  i n  the 

same manner a s  t h e  F i n a l  A c u t e  V a l u e  o r  by 

d iv id ing  t h e  Final  Acute Value by the  Final  Acute-  



NOTE : 

B. 

C h r o n i c  R a t i o .  I n  some c a s e s  it may n o t  be 

poss ib le  to ca lcu la te  a F i n a l  Chronic Value. 

As t h e  name implies,  the  acute-chronic r a t i o  is a 

way of r e l a t i n g  acute  and chronic t o x i c i t i e s .  The 

acu te- chron ic  r a t i o  i s  b a s i c a l l y  t h e  i n v e r s e  of 

t he  a p p l i c a t i o n  f a c t o r ,  b u t  t h i s  new name i s  

bet ter  because it is more d e s c r i p t i v e  and s h o u l d  

h e l p  p r e v e n t  c o n f u s i o n  be tween  ' a p p l i c a t i o n  

f a c t o r s "  and " s a f e t y  f a c t o r s . "  Acute- chronic  

r a t i o s  and  a p p l i c a t i o n  f a c t o r s  a r e  ways of  

r e l a t i n g  t h e  a c u t e  and c h r o n i c  t o x i c i t i e s  of a 

mater ia l  t o  aquatic organisms. Safety f a c t o r s  are 

used to p r o v i d e  an e x t r a  margin of s a f e t y  beyond 

the  known or e s t i m a t e d  s e n s i t i v i t i e s  of a q u a t i c  

organisms. Another advantage of t h e  acute-chronic 

r a t i o  i s  t h a t  it w i l l  u s u a l l y  be g r e a t e r  t h a n  1; 

t h i s  s h o u l d  a v o i d  t h e  confus ion  as  to whether  a 

l a r g e  a p p l i c a t i o n  f a c t o r  is one t h a t  is c l o s e  to 

u n i t y  o r  one t h a t  has a denominator t h a t  is  much 

g rea t e r  than t h e  numerator. 

Chronic v a l u e s  should be based on r e s u l t s  of flow- 

t h r o u g h  (except  r e n e w a l  is  a c c e p t a b l e  f o r  

d a p h n i d s )  c h r o n i c  t e s t s  i n  w h i c h  t h e  

c o n c e n t r a t i o n s  of t e s t  m a t e r i a l  i n  t h e  t e s t  

s o l u t i o n s  w e r e  p r o p e r l y  measured a t  a p p r o p r i a t e  

I 

t i m e s  during the test. 
. *  

C .  R e s u l t s  of chronic  tests  i n  which s u r v i v a l ,  



growth, o r  r ep roduc t ion  i n  t h e  c o n t r o l  t r ea tmen t  

was unacceptab ly  low should  n o t  be  used. The 

l i m i t s  o f  a c c e p t a b i l i t y  w i l l  depend  on t h e  

species. 

D. R e s u l t s  of c h r o n i c  t e s t s  conducted i n  unusual  

d i l u t i o n  water ,  e.g., d i l u t i o n  water  i n  which 

t o t a l  o r g a n i c  c a r b o n  o r  p a r t i c u l a t e  m a t t e r  

exceeded 5 mg/L, shou ld  n o t  be used,  u n l e s s  a 

r e l a t ionsh ip  is developed between chronic t o x i c i t y  

and o r g a n i c  carbon o r  p a r t i c u l a t e  matter o r  

un less  data  show t h a t  organic carbon, p a r t i c u l a t e  

matter, etc., do not  a f f e c t  tox ic i ty .  

E. Chronic v a l u e s  s h o u l d  be based on endpo in t s  and 

l e n g t h s  of exposure  a p p r o p r i a t e  t o  t h e  spec ie s .  

Therefore, only  r e s u l t s  of t h e  fol lowing kinds of 

chronic t o x i c i t y  tests should be used: 

1. L i f e - c y c l e  t o x i c i t y  tests c o n s i s t i n g  of 

exposures  of  each  of t w o  or more groups of 

i n d i v i d u a l s  o f  a s p e c i e s  to a d i f f e r e n t  

concentrat ion of t h e  t es t  mater ia l  throughout 

a l i f e  c y c l e .  To ensu re  t h a t  a l l  l i f e  s t a g e s  

and l i f e  p r o c e s s e s  a r e  exposed, t e s t s  w i t h  

f i s h  s h o u l d  b e g i n  w i t h  embryos o r  n e w l y  

hatched young less than 4 8  hours o ld ,  continue 

t h r o u g h  m a t u r a t i o n  and r e p r o d u c t i o n ,  and 

should  end n o t  l e s s  t h a n  2 4  days ( 9 0  days f o r  

sa lmonids)  a f t e r  t h e  ha tch ing  of t he  nex t  

generation. T e s t s  w i t h  daphnids should begin 



w i t h  young less t h a n 2 4  h o u r s  o l d a n d  l a s t  f o r  

n o t  less t h a n  2 1  days.  T e s t s  w i t h  mysids 

should begin w i t h  young less than 2 4  hours o l d  

and c o n t i n u e u n t i l  7 days  p a s t  t h e m e d i a n t i m e  

of f irst  brood r e l e a s e  i n  t h e  c o n t r o l s .  For 

f i s h ,  data  should be obtained and analyzed on 

s u r v i v a l  and growth of a d u l t s  and young, 

maturation of males and females, eggs spawned 

per female, embryo v i a b i l i t y  (salmonids only) , 
and h a t c h a b i l i t y .  For  daphn ids ,  d a t a  shou ld  

be obtained and analyzed on s u r v i v a l  and young 

p e r  f e m a l e .  For m y s i d s ,  d a t a  s h o u l d  be 

obtained and analyzed on s u r v i v a l ,  growth, and 

young per  female. 

2 .  Pa r t i a l  l i f e - c y c l e  t o x i c i t y  tests consis t ing 

of exposures  of each of  two or more groups of 

i n d i v i d u a l s  o f  a s p e c i e s  o f  f i s h  to a 

c o n c e n t r a t i o n  of t h e  t e s t  mater ia l  through 

most por t ions  of a l i f e  cycle.  P a r t i a l  l i f e -  

c y c l e  tes ts  are allowed w i t h  f i s h  species tha t  

r e q u i r e  more t h a n  a y e a r  to reach s e x u a l  

maturity, so t h a t  a l l  major l i f e  s t ages  can be 

exposed t o  t h e  t e s t  m a t e r i a l  i n  less  t h a n  15  

months. Exposure to t h e  test  material should 

beg in  w i t h  immature j u v e n i l e s  a t  l e a s t  2 

months p r i o r  to a c t i v e  gonad development,  

continue through maturation and reproduction, 



and end not less than 2 4  days (90 days for 

salmonids) after the hatching of the next 

generation. Data should be obtained and 

analyzed on survival and growth of adults and 

young, maturation of males and females, eggs 

spawned per female, embryo viability 

(salmonids only), and hatchability. 

3. Early life-stage toxicity tests consisting of 

28- to 32-day ( 6 0  days. post hatch for 

salmonids) exposures of the early life stages 

of a species of fish from shortly a,fter 

fertilization through embryonic, larval, and 

early juvenile development. Data should be 

obtained and analyzed on survival and growth. 

NOTE: Results of an early life-stage test are used as 

predictions of results of life-cycle and partial 

life-cycle tests with the same species. 

Therefore, when results of a life-cycle or partial 

life-cycle test are available, results of an early 

life-stage test with the same species should not 

be used. Also, results of early life-stage tests 

in which the incidence of mortalities or 

abnormalities increased substantially near the end 

of the test should not be used because results of 

such tests are possibly not good predictions of 

the results of comparable life-cycle or partial 

1 if e-cycle tests. 



0 F. A chronic v a l u e  may be obtained by c a l c u l a t i n g  t h e  

geomet r ic  mean of t h e  lower and upper  c h r o n i c  

l i m i t s  from a chronic t e s t  o r  by analyzing chronic 

d a t a  u s i n g  r e g r e s s i o n  a n a l y s i s .  A l o w e r  c h r o n i c  

l i m i t  i s  t h e  h i g h e s t  t e s t ed  c o n c e n t r a t i o n  ( a )  i n  

an  acceptable c h r o n i c  t e s t ,  (b) which d i d  n o t  

cause an unacceptable amount of adverse  effect on 

any of the  spec i f i ed  b i o l o g i c a l  measurements, and 

(c) below which no tested concentrat ion caused an 

unaccep tab le  effect.  An upper c h r o n i c  l i m i t  i s  

t h e  l o w e s t  t e s t e d  c o n c e n t r a t i o n  ( a )  i n  a n  

a c c e p t a b l e  c h r o n i c  t e s t ,  (b) which d i d  cause  an 

unaccep tab le  amount of a d v e r s e  e f f e c t  on one or 

more of the specified b i o l o g i c a l  measurements, and 

(c) above which a l l  tes ted  c o n c e n t r a t i o n s  a l s o  

caused such an e f f ec t .  

NOTE: Because v a r i o u s  a u t h o r s  have  used a v a r i e t y  of 

terms and d e f i n i t i o n s  t o  i n t e r p r e t  and r e p o r t  

r e s u l t s  of chronic tests, reported r e s u l t s  should 

be reviewed c a r e f u l l y .  The amount of effect t ha t  

is cons ide red  u n a c c e p t a b l e  is o f t e n  based on a 

s t a t i s t i c a l  h y p o t h e s i s  t e s t ,  b u t  might a l s o  be 

defined i n  terms of a specified percent  reduction 

from t h e  c o n t r o l s .  A smal l  p e r c e n t  r e d u c t i o n  

(e.g., 3 p e r c e n t )  might  be cons idered  acceptable 

e v e n  i f  it i s  s t a t i s t i c a l l y  s i g n i f i c a n t l y  

d i f f e r e n t  from t h e  c o n t r o l ,  whereas  a l a r g e  



p e r c e n t  r educ t ion  (e.g., 30 p e r c e n t )  might be 

c o n s i d e r e d  u n a c c e p t a b l e  e v e n  i f  it i s  n o t  

s t a t i s t i c a l l y  s ign i f ican t .  

G .  I f  t h e  chronic tox ic i ty  of t h e  mater ia l  t o  aquat ic  

animals apparently has been shown t o  be r e l a t e d  t o  

a water qua l i ty  c h a r a c t e r i s t i c  such a s  hardness o r  

p a r t i c u l a t e  m a t t e r  f o r  f r e s h w a t e r  an ima l s  o r  

s a l i n i t y  o r  p a r t i c u l a t e  m a t t e r  f o r  s a l t w a t e r  

a n i m a l s ,  a F i n a l  C h r o n i c  E q u a t i o n  s h o u l d  be  

d e r i v e d  b a s e d  o n  t h a t  w a t e r  q u a l i t y  

charac te r i s t ic .  G o  t o  Section V I I .  

H. I f  c h r o n i c  v a l u e s  a r e  a v a i l a b l e  f o r  s p e c i e s  i n  

e igh t  fami l ies  a s  described i n  Sections I I I . B . 1  o r  

I I I . C . 1 ,  a Spec ies  Mean Chronic Value  ( S M C V )  

should be ca l cu la t ed  f o r  each species  f o r  which a t  

l e a s t  o n e  c h r o n i c  v a l u e  i s  a v a i l a b l e  by 

c a l c u l a t i n g  t h e  geomet r ic  mean of a l l  ch ron ic  

va lues  a v a i l a b l e  f o r  t h e  species ,  and appropriate 

Genus Mean Chronic Va lues  s h o u l d  be c a l c u l a t e d .  

T h e  F i n a l  Chronic Value  s h o u l d  t h e n  be ob ta ined  

us ing  t h e  procedure  described i n  S e c t i o n  1 V . J- 0 .  

Then go t o  Section V1.M. 

I. For each ch ron ic  v a l u e  f o r  which a t  l e a s t  one 

c o r r e s p o n d i n g  a p p r o p r i a t e  a c u t e  v a l u e  i s  

ava i l ab le ,  c a l c u l a t e  an acute-chronic r a t i o ,  using 

for t h e  numera to r  t h e  g e o m e t r i c  mean of  t h e  

r e s u l t s  of a l l  a c c e p t a b l e  f low- through (except  0 
s t a t i c  is acceptable f o r  daphnids) acute  tests i n  



the same dilution water and in which the 

concentrations were measured. For fish, the acute 

test(s) should have been conducted with juveniles. 

The acute test(s) should have been part of the 

same study as the chronic test. If acute tests 

were not conducted as part of the same study, 

acute tests conducted in the same laboratory and 

dilution water, but in a different study, may be 

used. If no such acute tests are available, 

results of acute tests conducted in the same 

dilution water in a different laboratory may be 

used. If no such acute tests are available, an 

acute-chronic ratio should not be calculated. 

J. For each species, calculate the species mean 

acute-chronic ratio as the geometric mean of all 

acute-chronic ratios available for that species. 

K. For some materials the acute-chronic ratio seems 

to be the same for all species, but for other 

materials the ratio seems to increase or decrease 

as the Species Mean Acute Value (SMAV) increases. 

Thus the Final Acute-Chronic Ratio can be obtained 

in four ways, depending on the data available: 

1. If the Species Mean Acute-Chronic ratio Seems 

to increase or decrease as the Species Mean 

Acute Value increases, the Final Acute-Chronic 

Ratio should be calculated as the geometric 

mean of the acute-chronic ratios for species 



whose Species Mean Acute V a l u e s  are  c l o s e  to 

the F ina l  Acute Value. 

2.  If no major t r e n d  is  a p p a r e n t  and t h e  acute-  

c h r o n i c  r a t i o s  f o r  a number of s p e c i e s  a r e  

w i t h i n  a f a c t o r  of 1 0 ,  t h e  F i n a l  Acute-  

Chronic  Ra t io  should  be c a l c u l a t e d  a s  t h e  

geometric mean of a l l  the Species Mean Acute- 

Chronic Ratios a v a i l a b l e  for both freshwater 

and sa l twa te r  species. 

3 .  For a c u t e  tests conducted on meta l s  and 

p o s s i b l y  o t h e r  subs t ances  w i t h  embryos and 

l a r v a e  of b a r n a c l e s ,  b i v a l v e  m o l l u s c s ,  s ea  

urchins, lobs te rs ,  crabs, shrimp, and abalones 

( s ee  S e c t i o n  I V . E . 2 ) ,  it i s  p r o b a b l y  

a p p r o p r i a t e  to assume t h a t  t h e  acu te- chronic  
0 

r a t i o  is 2. Chronic tes ts  are very d i f f i c u l t  

t o  conduct  w i t h  most such  s p e c i e s ,  b u t  it is  

l i k e l y  t h a t  the s e n s i t i v i t i e s  of embryos and 

l a r v a e  would determine t he  r e s u l t s  of l i f e -  

c y c l e  tes ts .  Thus, i f  t h e  l o w e s t  a v a i l a b l e  

Species Mean Acute Values were determined with 

embryos and l a r v a e  of such spec ies ,  t h e  Final  

Acute-Chronic Ratio should probably be assumed 

to be 2 ,  so t h a t  t h e  F i n a l  Chronic  Value  is  

equal to t h e  Cri ter ion Maximum Concentration 

(see Section X1.B) a * . , ~  ..?a. ...,.. 



4 .  If the most appropriate Species Mean Acute- 

Chronic Ratios are less than 2 . 0 ,  and 

especially if they are less than 1.0, 

acclimation has probably occurred during the 

chronic test. Because continuous exposure and 

acclimation cannot be assured to provide 

adequate protection in field situations, the 

Final Acute-Chronic Ratio should be assumed to 

be 2 ,  so that the Final Chronic Value is equal 

to the Criterion Maximum Concentration (see 

Section X1.B). 

If the available Species Mean Acute-Chronic 

Ratios do not fit one of these cases, a Final 

Acute-Chronic Ratio probably cannot be 

obtained, and a Final Chronic Value probably 

cannot be calculated. 

L. Calculate the Final Chronic Value by dividing the 

Final Acute Value by the Final Acute-Chronic 

Ratio. If there was a Final Acute Equation rather 

than a Final Acute Value, see also Section VI1.A. 

M. If the Species Mean Chronic Value of a 

commercially or recreational ly important species 

is lower than the calculated Final Chronic Value, 

then that species Mean Chronic Value should be 

used as the Final Chronic Value instead of the 

calculated Final Chronic Value. 

N. Go to Section VIII. 



VI. Final Chronic Equation 0 -  A. A Final Chronic Equation can be derived in two 

ways. The procedure described here in Section A 

will result in the chronic slope being the same as 

the acute slope. The procedure described in 

Sections B-N usually will result in the chronic 

slope being different from the acute slope. 

1. If acute-chronic ratios are available € o r  

enough species at enough values of the water 

quality characteristic to indicate that the 

acute-chronic ratio is probably the same for 

all species and is probably independent of the 

water quality characteristic, calculate the 

Final Acute-Chronic Ratio as the geometric 

mean of the available Species Mean Acute- 

Chronic Ratios. 

’ 

2 .  Calculate the Final Chronic Value at the 

selected value Z of the water quality 

characteristic by dividing the Final Acute 

Value at Z (see Section V.M) by the Final 

Acute-Chronic Ratio. 

3 .  Use V = pooled acute slope (see section V.M) 

as L = pooled chronic slope. 

4 .  Go to Section VI1.M. 

B. When enough data are available to show that 

chronic toxicity to at least one species is 

related to a water quality characteristic, the 



relationship should be taken into account as 

described in Sections B-G or using analysis of 

covariance [15,16]. The two methods are 

equivalent and produce identical results. The 

manual method described below provides an 

understanding of this application of covariance 

analysis, but computerized versions of covariance 

analysis are much more convenient for analyzing 

large data sets. If two or more factors affect 

toxicity, multiple regression analysis should be 

used. 

For each species for which comparable chronic 

toxicity values are available at two or more 

different values of the water quality 

characteristic, perform a least squares regression 

of the chronic toxicity values on the 

corresponding values of the water quality 

characteristic to obtain the slope and its 95 

percent confidence limits for each species. 

NOTE: Because the best documented relationship fitting 

these data is that between hardness and acute 

toxicity of metals in freshwater and a log-log 

relationship, geometric means and natural 

logarithms of both toxicity and water quality are 

used in the rest of this section. For 

relationships based on other water quality 

characteristics such as pH, temperature, or 



s a l i n i t y ,  no t r a n s f o r m a t i o n  or a d i f f e r e n t  

t r a n s f o r m a t i o n  might f i t  t h e  d a t a  be t t e r ,  and 

appropr ia te  changes w i l l  be necessary throughout 

t h i s  section.  f t  is probably preferable ,  but  no t  

necessary, to use t h e  same transformation t h a t  was 

u s e d w i t h t h e a c u t e v a l u e s  i n s e c t i o n v .  

D. Decide whether t h e  d a t a  f o r  each s p e c i e s a r e  

u s e f u l ,  t a k i n g  i n t o  account  t h e  range and number 

of  t h e  t e s t e d  v a l u e s  of  t h e  w a t e r  q u a l i t y  

c h a r a c t e r i s t i c  and the  degree of agreement w i t h i n  

and between spec ie s .  For example, a s l o p e  based 

on s i x  d a t a p o i n t s m i g h t b e o f  l i m i t e d v a l u e  i f  it 

is based only on da ta  €or a v e r y  narrow range  of 

v a l u e s  of t h e  water  q u a l i t y  c h a r a c t e r i s t i c ,  A 

s l o p e  based on o n l y  two d a t a  p o i n t s ,  however, 

might be u s e f u l  i f  it is c o n s i s t e n t  w i t h  o t h e r  

in format ion  and i f  t h e  two p o i n t s  c o v e r  a broad 

enough range of the water q u a l i t y  cha rac te r i s t i c .  

I n  a d d i t i o n ,  c h r o n i c  v a l u e s  t h a t  appear  to be 

q u e s t i o n a b l e  i n  comparison w i t h  o t h e r  a c u t e  and 

ch ron ic  d a t a  a v a i l a b l e  €or t h e  same species and 

f o r  o t h e r  s p e c i e s  i n  t h e  same genus p robab ly  

s h o u l d  n o t  be used.  For example ,  i f  a f t e r  

adjustment f o r  the water qua1 i t y  c h a r a c t e r i s t i c ,  

t h e  c h r o n i c  v a l u e s  a v a i l a b l e  f o r  a s p e c i e s  or 

genus d i f f e r  by more than a f ac to r  of 10 ,  probably 

some or a l l  of the  va lues  should be rejected. I f  



a useful chronic slope is not available for at 

least one species or if the available slopes are 

too dissimilar or if too few data are available to 

adequately define the relationship between chronic 

toxicity and the water quality characteristic, it 

might be appropriate to assume that the chronic 

slope is the same as the acute slope, which is 

equivalent to assuming that the acute-chronic 

ratio is independent of the water quality 

characteristic. Alternatively, return to Section 

V I . H ,  using the results of tests conducted under 

conditions and in waters similar to those commonly 

used for toxicity tests with the species. 

E. Individually for each species calculate the 

geometric mean of the available chronic values and 

then divide each chronic value for a species by 

the mean for the species. This normalizes the 

chronic values so that the geometric mean of the 

normalized values for each species individually 

and for any combination of species is 1.0. 

F. Similarly normalize the values of the water 

quality characteristic for each species 

individually. 

G .  Individually for each species perform a least 

squares regression of the normalized chronic 

toxicity values on the corresponding normalized 

values of the water quality characteristic. The 

resulting slopes and the 95 percent confidence 



limits will be identical to those obtained in 

Section B. Now, however, if the data are actually 

plotted, the line of best fit for each individual 

species will go through the point 1,1 in the 

center of the graph. 

K. Treat all the normalized data as if they were all 

for the same species and perform a least squares 

regression of all the normalized chronic values on 

the corresponding normalized values of the water 

quality characteristic to obtain the pooled 

chronic slope, L, and its 95  percent confidence 

limits, If all the normalized data are actually 

plotted, the line of best fit will go through the 

point 1,l in the center of the graph. 

I. For each species calculate the geometric mean, M I  0 
of the toxicity values and the geometric mean, PI 

of the values of the water quality characteristic. 

(These were calculated in steps E and F.) 



J. 

NOTE : 

K. 

NOTE : 

L. 

M. 

For  each s p e c i e s  c a l c u l a t e  t h e  l o g a r i t h m ,  Q,  of 

t h e  Species Mean Chronic  Va lue  a t  a se lec ted  

v a l u e ,  Z, of t h e  w a t e r  q u a l i t y  charac te r i s t i c  

using t h e  equation: Q = I n  M - L ( l n  P - I n  Z). 

Although it is n o t  necessa ry ,  it w i l l  u s u a l l y  be 

best  t o  u s e  t h e  same v a l u e  of t h e  water q u a l i t y  

characteristic here as was used i n  s e c t i o n  V.I .  

For each species  c a l c u l a t e  a Species Mean Chronic 

Va lue  a t  z u s i n g  t he  equa t ion :  SMCV = eQ. 

Al t e rna t ive ly ,  t h e  Species Mean Chronic Values a t  

Z can be ob ta ined  by s k i p p i n g  s t e p  J, u s i n g  t h e  

e q u a t i o n s  i n  s t e p s  J and K t o  a d j u s t  each a c u t e  

v a l u e  i n d i v i d u a l l y  t o  2 ,  and then c a l c u l a t i n g  the  

geomet r ic  means of t h e  a d j u s t e d  v a l u e s  f o r  each 

species ind iv idua l ly .  T h i s  a l t e r n a t i v e  procedure 

a l lows  an examination of the  range of the  adjusted 

chronic va lues  for each species. 

Obtain the  Final  Chronic Value a t  2 by using the  

procedure described i n  Sect ion 1V.J-0.  

I f  t h e  Species  Mean Chronic  V a l u e  a t  Z of a 

commercially o r  r e c r e a t i o n a l l y  important species 

is lower than t h e  c a l c u l a t e d  Final  Chronic Value 

a t  Z, then t h a t  Species Mean Chronic Value should 

b e u s e d  as  t h e  F i n a l  C h r o n i c V a l u e a t Z  i n s t e a d o f  

the calculated F ina l  Chronic Value. 



N .  The F ina l  Chronic Equation i S  wr i t t en  as: Final  

C h r o n i c  V a l u e  = e ( L [ l n ( w a t e r  q u a l i t y  

c h a r a c t e r i s t i c ) ]  + I n  S - L [ l n  Z ] ) ,  where L = 

pooled chronic s lope and S = Final  Chronic Value 

a t  2. Because L, S and Z a r e  known, t h e  F i n a l  

Chronic Value can be ca l cu la t ed  f o r  any selected 

va lue  of the  water q u a l i t y  cha rac t e r i s t i c .  

F ina l  P lan t  Value 

A. Appropr ia te  measures of t h e  t o x i c i t y  of t h e  

mater ia l  to aquatic p l a n t s  a r e  used to compare the  

r e l a t i v e  s e n s i t i v i t i e s  of a q u a t i c  p l a n t s  and 

animals. Although procedures for  conducting and 

i n t e r p r e t i n g  the  r e s u l t s  of t o x i c i t y  tests  w i t h  

p l a n t s  are n o t  w e l l  deve loped ,  r e s u l t s  of t es t s  

with p l a n t s  u s u a l l y  ind ica te  t h a t  c r i t e r i a  which 

adequately pro tec t  aquat ic  animals and their  uses 

w i l l  p robab ly  a l s o  p r o t e c t  a q u a t i c  p l a n t s  and 

the i r  uses. 

B. A p l a n t  v a l u e  i s  the r e s u l t  of a 96-hr t e s t  

conducted w i t h  an a l g a  o r  a chronic t es t  conducted 

w i t h  an aquat ic  vascula r  p l an t .  

NOTE: A t e s t  of  t h e  t o x i c i t y  of a metal to a p l a n t  

u s u a l l y  should not  be used i f  t he  medium contained 

an excessive amount of a complexing agent, such as 

EDTA, t h a t  might a f f e c t  the t o x i c i t y  of t h e  metal. 

Concentrations of EDTA above about 200 ug/L should 

probably be considered excessive. 



C. T h e  F i n a l  P l a n t  Va lue  s h o u l d  be ob ta ined  by 

s e l e c t i n g  t h e  l o w e s t  r e s u l t  from a t e s t  w i t h  an  

impor tan t  a q u a t i c  p l a n t  species i n  which t h e  

concentrat ions of t e s t  material were measured and 

the  endpoint was b i o l o g i c a l l y  important. 

V I I I .  F ina l  Residue Value 

A. The Final  Residue Value is intended t o  (a) prevent  

concentrat ions i n  commercially or r e c r e a t i o n a l l y  

i m p o r t a n t  a q u a t i c  s p e c i e s  f r o m  a f f e c t i n g  

marke tab i l i ty  because of exceedence of app l i cab le  

FDA a c t i o n  l e v e l s  and  (b)  p r o t e c t  w i l d l i f e ,  

i n c l u d i n g  f i s h e s  and b i r d s ,  t h a t  consume a q u a t i c  

organisms from demonstrated unacceptable effects. 

The F i n a l  Residue Va lue  i s  t h e  l o w e s t  of t h e  

r e s i d u e  v a l u e s  t h a t  are o b t a i n e d  by d i v i d i n g  

maximum permiss ible  t i s s u e  c o n c e n t r a t i o n s  by 

a p p r o p r i a t e  b i o c o n c a n t r a t i o n  or bioaccumula t ion  

f a c t o r s .  A maximum p e r m i s s i b l e  t i s s u e  

c o n c e n t r a t i o n  i s  e i the r  (a) an FDA a c t i o n  l e v e l  

[12] f o r  f i s h  o i l  o r  f o r  t h e  e d i b l e  p o r t i o n  of  

f i s h  or s h e l l f i s h ,  or (b) a maximum a c c e p t a b l e  

d i e t a ry  in take  based on observat ions  on s u r v i v a l ,  

growth, or r e p r o d u c t i o n  i n  a c h r o n i c  w i l d l i f e  

feeding study or a long-term w i l d l i f e  f i e l d  study. 

I f  no maximum permissible t i s s u e  concentrat ion is 

a v a i l a b l e ,  go to S e c t i o n  X b e c a u s e  no F i n a l  

Residue Value can be derived. 



B. ~ i o c o n c e n t r a t i o n   actors ( B C F S )  a n d  

b ioaccumula t ion  f a c t o r s  ( B A F s )  a r e  q u o t i e n t s  of 

t h e  concen t ra t ion  of a m a t e r i a l  i n  one o r  more 

t i s s u e s  of an a q u a t i c  organism d i v i d e d  by t h e  

average concentration i n  the  s o l u t i o n  i n  which t h e  

organism had been l i v i n g .  A BCF i s  in tended  to 

accoun t  Only f o r  n e t  up take  d i r e c t l y  from water ,  

and t h u s  a l m o s t h a s t o b e m e a s u r e d  i n a  l a b o r a t o r y  

test .  Some uptake during t h e  bioconcentration test  

might  n o t  b e d i r e c t l y  f romwate r  if t h e  food sorbs 

some of t h e  t e s t  material  before it is e a t e n  by 

t h e  t e s t  organisms. A BAF i s  in tended  to account 

f o r  n e t  uptake from bo th  food and water i n  a r e a l -  

world s i tua t ion .  A BAF almost  has to be measured 

i n  a f i e l d  s i tua t ion  i n  which predators  accumulate 

the  mater ia l  d i r e c t l y  from water and by consuming 

p rey  that i t se l f  c o u l d  have accumulated t h e  

m a t e r i a l  from both  food and water .  T h e  BCF and 

BAF a r e  probably similar f o r  a ma te r i a l  w i t h  a low 

BCF, b u t  t h e  BAF i s  p r o b a b l y  h igher  t h a n  t h e  BCF 

f o r  m a t e r i a l s  w i t h  h igh  B C F s .  Although B C F s  are 

not  too d i f f i c u l t  to determine, very f e w  BAFs have 

been measured acceptably because it is necessary 

to make enough measurements of t h e  c o n c e n t r a t i o n  

of t h e  m a t e r i a l  i n  water to show t h a t  it was 

reasonably  c o n s t a n t  f o r  a l o n g  enough p e r i o d  of  

t i m e  over the  range of t e r r i t o r y  inhabited by the 



organisms. Because so few acceptable BAFs are 

available, only BCFs will be discussed further. 

However, if an acceptable BAF is available for a 

material, it should be used instead of any 

available BCFs. 

C. If a maximum permissible tissue concentration is 

available for a substance (e.g., parent material, 

parent material plus metabolites, etc.) , the 

tissue concentration used in the calculation of 

the BCF should be for the same substance. 

otherwise the tissue concentration used in the 

calculation of the BCF should be' that of the 

material and its metabolites which are 

structurally similar and are not much more soluble 

in water than the parent material. 

D. 1. A BCF should be used only if the test was 

flow-through, the BCF was calculated based on 

measured concentrations of the test material 

in tissue and in the test solution, and the 

exposure continued at least until either 

apparent steady-state or 2 8  days was reached. 

Steady-state is reached when the BCF does not 

change significantly over a period of time, 

such a 2 days o r  16 percent of the length 

of the exposure, whichever is longer. The BCF 

used from a test should be the highest of (a) 

the apparent steady-state BCF, if apparent 

steady-state was reached, (b) the highest BCF 



obtained, if apparent steady-state was not 

reached, and (c) the projected steady-state 

BCF, if calculated. 

2 .  Whenever a BCF is determined for a lipophilic 

material, the percent lipids should also be 

determined in the tissue(s) for which the BCF 

was calculated. 

3 .  A BCF obtained from an exposure that 

adversely affected the test organisms may be 

used only if it is similar to a BCF obtained 

with unaffected organisms of the same species 

at lower concentrations that did not cause 

adverse effects. 

4 .  Because maximum permissible tissue 

concentrations are almost never based on dry 

weights, a BCF calculated using dry tissue 

weights must be converted to a wet tissue 

weight basis. If no conversion factor is 

reported with the BCF, multiply the dry weight 

BCF by 0.1 for plankton and by 0 . 2  for 

individual species of fishes and invertebrates 

~ 1 7 1 .  

5. If more than one acceptable BCF is available 

for a species, the geometric mean of the 

available values should be used, except that 

if the BCFs are from different lengths of 

exposure and the BCF increases with length of 



exposure ,  the  BCF f o r  t h e  l o n g e s t  exposure  

should be used. 

E. I f  enough p e r t i n e n t  data  exis t ,  several res idue 

v a l u e s  can be c a l c u l a t e d  by d i v i d i n g  maximum 

p e r m i s s i b l e  t i s s u e  concen t ra t ions  by appropr ia te  

BCFs : 

1. For each a v a i l a b l e  maximum acceptab le  d i e t a r y  

in take  der ived from a chronic feeding study o r  

a l o n g- t e r m  f i e l d  s t u d y  w i t h  w i l d l i f e ,  

i n c l u d i n g  b i r d s  and a q u a t i c  organisms,  t h e  

appropr ia te  BCF is based on t h e  whole body of 

aqua t ic  spec ies  which cons t i t u t e '  or represent  

a major p o r t i o n  of  t h e  d i e t  of t h e  t e s t e d  

w i l d l i f e  species.  

2 .  For an FDA ac t ion  l e v e l  f o r  f i s h  o r  s h e l l f i s h ,  

t h e  a p p r o p r i a t e  BCF is t h e  h i g h e s t  geomet r ic  

mean s p e c i e s  BCF f o r  t h e  e d i b l e  p o r t i o n  

(musc le  f o r  decapods,  muscle  w i t h  o r  wi thou t  

sk in  f o r  f i shes ,  adductor muscle f o r  s c a l l o p s ,  

and  t o t a l  s o f t  t i s s u e  f o r  o t h e r  b i v a l v e  

molluscs) of a consumed species.  The  h ighest  

species  BCF is used because FDA ac t ion  l e v e l s  

a r e  appl ied  on a species-by-species basis. 

F. For l i p o p h i l i c  materials, it might be p o s s i b l e  t o  

c a l c u l a t e  add i t iona l  res idue  values .  Because the 

s teady- sta te  BCF f o r  a l i p o p h i l i c  material Seems 

t o  be p r o p o r t i o n a l  t o  p e r c e n t  l i p i d s  from one 

t i s s u e  t o  another and from one spec ies  t o  another 



[18-20], extrapolations can be made from tested 

tissues or species to untested tissues or species 

an the basis of percent lipids. 

1. For each BCF for which the percent lipids is 

known for the same tissue for which the BCF 

was measured, normalize the BCF to a 1 

percent lipid basis by dividing the BCF by the 

percent lipids. This adjustment to a 1 

percent lipid basis is intended to make all 

the measured BCFs far a material comparable 

regardless of the species or tissue'with which 

the BCF was measured. 

2 .  calculate the geometric mean normalized BCF. 

Data for both saltwater and freshwater 

species should be used to determine the mean 

normalized BCF, unless the data show that the 

normalized BCFs are probably not similar, 

3 .  Calculate all possible residue values by 

dividing the available maximum permissible 

tissue concentrations by the mean normalized 

BCF and by the percent lipids values 

appropriate to the maximum permissible tissue 

concentrations, i.e., 

(maximum permissible tissue concentration) 
Residue value = (mean normalized BCF)(appropriate percent lipids) 

tissue concentration) Residue value = (mean 

normalized BCF) (appropriate percent lipids) 

a. For an FDA action level for fish oil, the 



appropriate percent lipids value is 100. 

b. For an FDA action level for fish, the 

appropriate percent lipids value is 11 

for freshwater criteria and 10 for 

saltwater criteria because FDA action 

levels are applied on a species-by- 

species basis to commonly consumed 

species. The highest lipid contents in 

the edible portions of important consumed 

species are about 11 percent for both the 

freshwater chinook salmon and lake 

trout and about 10 percent for the 

saltwater Atlantic herring [21]. 

c. For a maximum acceptable dietary intake 

derived froma chronic feeding studyora 

long-term field study with wildlife, the 

appropriate percent lipids is that of an 

aquatic species o r  group of aquatic 

species which constitute a major portion 

of the diet of the wildlife species. 

G. The Final Residue Value is obtained by selecting 

the lowest of the available residue values. 



NOTE: In some cases the Final Residue Value will not be 

l o w  enough. For example, a residue value 

calculated from an FDA action level will probably 

result in an average concentration in the edible 

portion of a fatty species that is at the action 

level. Some individual organisms, and possibly 

some species, will have residue concentrations 

higher than the mean value but no mechanism has 

been devised to provide appropriate additional 

protection. Also, some chronic feeding studies 

and long-term field studies with wildlife identify 

concentrations that cause adverse effects but do 

not identify concentrations which do not cause 

adverse effects; again, no mechanism has been 

devised to provide appropriate additional 

protection. These are some of the species and 

uses that are not protected at all times in all 

places. 

- x. other Data 
Pertinent information that could not be used in 

earlier sections might be available concerning adverse 

effects on aquatic organisms and their uses. The most 

important of these are data on cumulative and delayed 

toxicity, flavor impairment, reduction in survival, 

growth, or reproduction, or any other adverse effect 

that has been shown to be biologically important. 

Especially important are data for species for which no 

~~ 



other data are available. Data from behavioral, 

biochemical, physiological, microcosm, and field 

studies might also be available. Data might be 

available from tests conducted in unusual dilution 

water (see 1V.D and VI.D), from chronic tests in which 

the concentrations were not measured (see VI.B), from 

tests with previously exposed organisms (see 1I.F) , 
and from tests on formulated mixtures or emulsifiable 

concentrates (see 1I.D). Such data might affect a 

criterion if the data were obtained with an important 

species, the test concentrations were measured, and 

the endpoint was biologically important. ' 

XI. Criterion 
_. 

A. A criterion consists of two concentrations: the 

Criterion Maximum Concentration and the Criterion 

Continuous Concentration. 

B. The Criterion Maximum Concentration (CMC) is equal 

to one-half the Final Acute Value. 

C. The Criterion Continuous Concentration (CCC) is 

equal to the lowest of the Final Chronic Value, 

the Final Plant Value, and the Final Residue 

Value, unless other data (see Section X) show that 

a lower value should be used. If toxicity is 

related to a water quality characteristic, the 

Criterion continuous concentration is obtained 

from the Final Chronic Equation, the Final Plant 

Value, and the Final Residue Value by selecting 



the one, or the combination, that results in the 

lowest concentrations in the usual range of the 

water quality characteristic, unless other data 

(see Section X) show that a lower value should be 

used. 

D. Round [14] both t h e  Criterion Maximum 

Concentration and the Criterion Continuous 

Concentration to two significant digits. 

E. The criterion is stated as: 

The procedures described in the Guidelines for 

Deriving Numerical National Water Quality Criteria 

for the Protection of Aquatic Organisms and Their 

Uses indicate that, except possibly where a 

locally important species is very sensitive, (1) 

aquatic organisms and their uses should not be 0 
affected unacceptably if the 4-day average 

concentration of (2) does not exceed (3) ug/L more 

than once every 3 years on the average and if the 

1-hour average concentration does not exceed (4) 

ug/L more than once every 3 years on the average. 

where (1) = insert nlfreshwaternl or nrsaltwaternl 

(2) = insert name of material 

(3) = insert the Criterion Continuous 

Concentration 

(4) = insert the Criterion Maximum 

Concentration. 



Final R e v i e v  

A. T h e  d e r i v a t i o n  o f  t h e  c r i t e r i o n  s h o u l d  be 

c a r e f u l l y  reviewed by rechecking each s t e p  of t h e  

Gu ide l ines .  I t e m s  t h a t  s h o u l d  be e s p e c i a l l y  

checked are: 

1. I f  unpub l i shed  d a t a  a r e  used ,  are  t h e y  w e l l  

documented? 

A r e  a l l  required da ta  a v a i l a b l e ?  2 .  

3. Is the range of acu te  v a l u e s  f o r  any species  

g rea t e r  than a f a c t o r  of l o ?  
4 .  Is the  range of Species Mean Acute Values for 

any genus g r e a t e r  than a f a c t o r  of lo? 

5 .  Is t h e r e  more t h a n  a f a c t o r  o f  10 d i f f e rence  

between t he  ' f o u r  lowest  Genus Mean Acute 

Values? 

6 .  A r e  any of  t h e  f o u r  lowest Genus Mean Acute 

Valuesquest ionable?  

7 .  Is the  F i n a l  Acute V a l u e  r e a s o n a b l e  i n  

comparison with t h e  Species Mean Acute Values 

and Genus Mean Acute Values? 

8. For any c o m m e r c i a l l y  or r e c r e a t i o n a l l y  

impor tan t  s p e c i e s ,  is t h e  geomet r ic  mean of 

t h e  a c u t e  v a l u e s  from flow- through tes ts  i n  

which t h e  concentra t ions  of t es t  material were 

measured lower than the F i n a l  Acute Value? 

9. Are any of the chronic  va lues  questionable? 

0 



10. 

11. 

12 

13. 

14 * 

15. 

16. 

Are chronic values available for acutely 

sensitive species? 

Is the range of acute-chronic ratios greater 

than a factor of 10? 

Is the Final Chronic Value reasonable in 

comparison with the available acute and 

chronic data? 

Is the measured or predicted chronic value for 

any commercially or recreational ly important 

species below the Final Chronic Value? 

Are any of the other data important? 

Do any data look like they might be outliers? 

Are there any deviations from the Guidelines? 

Are they acceptable? 

B. On the basis of a l l  available pertinent laboratory 

and field information, determine if the criterion 

is consistent with sound scientific evidence. If 

it is not, another criterion, either higher or 

lower, should be derived using appropriate 

modifications of these Guidelines. 



APPENDIX B 



SUMHARY OF THE 1980 AQUATIC LIFE GUIDELINES 

T h e  G u i d e l i n e s  f o r  Der iv ing  Water Q u a l i t y  C r i t e r i a  f o r  t h e  

P r o t e c t i o n  of Aquat ic  L i f e  and i t s  U s e s  were deve loped  t o  

describe an objec t ive ,  i n t e r n a l l y  consis tent ,  and appropriate way 

of e n s u r i n g  t h a t  water  q u a l i t y  c r i t e r i a  f o r  a q u a t i c  l i f e  would 

provide, on t h e  average, a reasonable amount of protect ion.  The  

r e s u l t i n g  c r i t e r i a  are n o t  in tended  t o  p r o v i d e  100 percen t  

p ro tec t ion  of a l l  species and a l l  uses of aquat ic  l i f e  a l l  of the  

t i m e ,  b u t  t h e y  a r e  i n t e n d e d  to p r o t e c t  m o s t  spec ies  i n  a 

balanced, heal thy aquat ic  community. 

Minimum da ta  requi rements  are  i d e n t i f i e d  i n  f o u r  a r e a s ;  

acute  t o x i c i t y  to animals (eight data  points) ,  chronic t o x i c i t y  

t o  animals ( th ree  data  points) ,  t o x i c i t y  t o  p l a n t s ,  and residues. 

Data on a c u t e  t o x i c i t y  a r e  needed f o r  a v a r i e t y  of f i s h  and 

inver tebra te  species  and a r e  used t o  de r ive  a F ina l  Acute Value. 

By taking i n t o  account t h e  number and r e l a t i v e  s e n s i t i v i t i e s  of 

t h e  tested species,  the F ina l  Acute Value is designed t o  pro tec t  

most, b u t  n o t  n e c e s s a r i l y  a l l ,  of t h e  t e s ted  and u n t e s t e d  

species. 

Data on c h r o n i c  t o x i c i t y  to an ima l s  can be used to d e r i v e  a 

F i n a l  Chronic V a l u e  by two d i f f e r e n t  means. I f  c h r o n i c  v a l u e s  

a r e  a v a i l a b l e  f o r  a s p e c i f i e d  number and a r r a y  of s p e c i e s ,  a 

F i n a l  Chronic Va lue  can be c a l c u l a t e d  d i r e c t l y .  I f  n o t ,  an 

acute-chronic ra t io  is der ived and then used with the  F ina l  Acute 

Value to obtain t h e  Final  Chronic Value. 

T h e  F i n a l  P l a n t  Va lue  is o b t a i n e d  by s e l e c t i n g  t h e  lowes t  

p l a n t  t o x i c i t y  va lue  based on measured concentrations. 



The  F ina l  Residue Value is intended t o  protect  w i l d l i f e  which 

consume a q u a t i c  organisms and t he  m a r k e t a b i l i t y  of a q u a t i c  

organisms. Protect ion of t he  marke tab i l i ty  of aqua t i c  organisms 

i s ,  i n  a c t u a l i t y ,  p r o t e c t i o n  o f  a u s e  o f  t h a t  wa te r  body 

(commercial f i s h e r y ) .  Two k i n d s  of d a t a  are necessa ry  t o  

c a l c u l a t e  t h e  F i n a l  Residue Value:  a b i o c o n c e n t r a t i o n  f a c t o r  

(BCF) and a maximum permiss ible  t i s s u e  concentrat ion,  which can 

be an  FDAaction l e v e l  or c a n b e t h e r e s u l t o f  a c h r o n i c w i l d l i f e  

f e e d i n g  s tudy.  For l i p i d  - s o l u b l e  p o l l u t a n t s ,  t h e  BCF i s  

normalized f o r  percent  l i p i d s  and then t h e  F i n a l  Residue Value is 

c a l c u l a t e d  by d i v i d i n g  t h e  maximum p e r m i s s i b l e  t i s s u e  

concentrat ion by the  normalized BCF and by an appropr ia te  percent 

l i p i d  v a l u e .  B C F s  are  normal ized  f o r  p e r c e n t  l i p i d s  s i n c e  t he  

BCF measured f o r  any i n d i v i d u a l  a q u a t i c  s p e c i e s  is g e n e r a l l y  

proport ional  t o  t h e  percent  l i p i d s  i n  t h a t  species.  a 
I f  s u f f i c i e n t  data  are a v a i l a b l e  t o  demonstrate t h a t  one o r  

more of t h e  f i n a l  v a l u e s  s h o u l d  be re la ted  t o  a wate r  q u a l i t y  

c h a r a c t e r i s t i c ,  such as s a l i n i t y ,  hardness, or suspended s o l  ids, 

t h e  f i n a l  v a l u e ( s )  a r e  e x p r e s s e d  a s  a f u n c t i o n  o f  t h a t  

c h a r a c t e r i s t i c .  

A f t e r  t h e  four  f i n a l  v a l u e s  (Final  Acute Value, F ina l  Chronic 

Value,  F i n a l  P l a n t  Value,  and F i n a l  Residue Value)  have  been 

obtained, the  c r i t e r i o n  is established w i t h  the  F ina l  Acute va lue  

becoming t h e  maximum v a l u e  and t h e  l o w e s t  of t h e  o t h e r  t h r e e  

va lues  becoming the  24-hour average value.  A l l  of the  data used 

t o  c a l c u l a t e  the  four  f i n a l  v a l u e s  and any a d d i t i o n a l  pe r t inen t  

i n fo rma t ion  a re  t h e n  reviewed to de te rmine  i f  t h e  c r i t e r i o n  i s  

reasonab le .  I f  sound s c i e n t i f i c  e v i d e n c e  i n d i c a t e s  t h a t  t h e  



criterion should be raised or lowered, appropriate changes are 

made as necessary. 

The November 28, 1980, Guidelines have been revised from the 

earlier published versions ( 4 3  FR 21506, May 18, 1978; 43 FR 

29028, July 5, 1978; 4 4  FR 15926, March 15, 1979). Details have 

been added in many places and the concept of a minimum data base 

has been incorporated. In addition, three adjustment factors and 

the species sensitivity factor have been deleted. These 

modifications were the result of the Agency's analysis of public 

comments and comments received from the Science Advisory Board on 

earlier versions of the Guidelines. These comments and the 

Resultant modifications are addressed fully in Appendix D to this 

notice. 

Criteria for the Protection of Human Health 

Interpretation of the Human Health Criteria 

0 

The human health criteria issued today are summarized in 

Appendix A of this Federal Register notice. Criteria for the 

protection of human health are based on their carcinogenic, 

toxic, or organoleptic (taste and odor) properties. The meanings 

and practical uses of the criteria values are distinctly 

different depending on the properties on which they are based. 

The objective of the health assessment portions of the 

criteria documents is to estimate ambient water concentrations 

which, in the case of noncarcinogens, prevent adverse health 

effects in humans, and in the case of suspect or proven 

carcinogens, represent various levels of incremental cancer risk. 



Health assessments typically contain discussions of four 

elements: exposure, pharmacokinetics, toxic effects, and 

criterion formulation. 

The exposure section summarizes information on exposure 

routes: ingestion directly from water, indirectly from 

consumption of aquatic organisms found in ambient water, other 

dietary sources, inhalation, and dermal contact. Exposure 

assumptions are used to derive human health criteria. Most 

criteria are based solely on exposure from consumption of water 

containing a specified concentration of a toxic pollutant and 

through consumption of aquatic organisms which are assumed to 

have bioconcentrated pollutants from the water in which they 

live. Other multimedia routes of exposure such as air, 

nonaquatic diet, or dermal are not factored into the criterion 

formulation for the vast majority of pollutants because of lack 

of data. The criteria are calculated using the combined aquatic 

exposure pathway and also using the aquatic organism ingestion 

exposure route alone. In criteria reflecting both the water 

consumption and aquatic organism ingestion routes of exposure, 

the relative exposure contribution varies with the propensity of 

a pollutant to bioconcentrate, with the consumption of aquatic 

organisms becoming more important as the bioconcentration factor 

(BCF) increases. As additional information on total exposure is 

assembled for pollutants for which criteria reflect only the two 

specified aquatic exposure routes, adjustments in water 

concentration values may be made. The demonstration of 

significantly different exposure patterns will become an element 



of a process to adapt/modify human health-based criteria to local 

conditions, somewhat analogous to the aquatic life criteria 

modification process discussed previously. It is anticipated 

that States at their discretion will be able to set appropriate 

human health criteria based on this process. 

0 

Specific health-based criteria are developed only if a weight 

of evidence supports the occurrence of the toxic effect and if 

dose/response data exist from which criteria can be estimated. 

The pharmacokinteics section reviews data on absorption, 

distribution, metabolism, and excretion to assess the biochemical 

fate of the compounds in the human and animal system. The toxic 

effects section reviews data on acute, subacute, and chronic 

toxicity, synergistic and antagonistic effects, and specific 

information on mutagenicity, teratogenicity, and carcinogenicity. 

From this review, the toxic effect to be protected against is 

identified taking into account the quality, quantity, and weight 

of evidence characteristic of the data. The criterion 

formulation section reviews the highlights of the text and 

specifies a rationale for criterion development and the 

mathematical derivation of the criterion number. 

Within the limitations of time and resources, current 

published information of significance was incorporated into the 

human health assessments. Review articles nad reports were used 

for data evaluation and synthesis. Scientific judgment was 

exercised in reviewing and evaluating the data in each criteria 

document and in identifying the adverse effects for which 

protective criteria were published. 0 >. 



Criteria for suspect or proven carcinogens are presented as 

concentrations in water associated with a range of incremental 

cancer risks to man. Criteria for noncarcinogens represent 

levels at which exposure to a single chemical is not anticipated 

to produce adverse effects in man. In a few cases, organoleptic 

(taste and odor) data form the basis for the criterion. While 

this type of criterion does not represent a value which directly 

affects human health, it is presented as an estimate of the level 

of a pollutant that will not produce unpleasant taste or odor 

either directly from water consumption or indirectly by 

consumption of aquatic organisms found in ambient waters. A 

criterion developed in this manner is judged to be as useful as 

other types of criteria in protecting designated water uses. In 

addition, where data are available, toxicity-based criteria are 

also presented for pollutants with derived organoleptic criteria. 

The choice of criteria used in water quality standards for these 

pcllutants will depend upon the designated use to be protected. 

In the case of a multiple use water body, the criterion 

protecting the most sensitive use will be applied. Finally, for 

several pollutants no criteria are recommended because 

insufficient information is available for quantitative criterion 

formulation. 

Risk Extrapolation 

Because methods do not exist to establish the presence of a 

threshold for carcinogenic effects, EPAIs policy is that there is 

no scientific basis for estimating "safe" levels for carcinogens. 

The criteria for carcinogens, therefore, state that the 



recommended concentration for maximum protection of human health 

is zero. In addition, the Agency has presented a range of 

concentrations corresponding to incremental cancer risks of 

to (one additional case of cancer in populations ranging 

from 10 million to 100,000, respectively). Other concentrations 

representing different risk levels may be calculated by use of 

the Guidelines. The risk estimate range is presented for 

information purposes and does not represent an Agency judgment on 

a "acceptable" risk level. 

Summary of the Human Health Guidelines 

The health assessments and corresponding criteria were 

derived based on Guidelines and Methodology Used in the 

Preparation of Health Effect Assessment Chapters of the Consent 

Decree Water Criteria Documents (the Guidelines ) developed by 

EPA'S Office of Research and Development. The estimation of 
0 

health risk associated with human exposure to environmental 

pollutants requires predicting the effect of low doses for up to 

a lifetime in duration. A combination of epidemiological and 

animal dose/response data is considered the preferred basis for 

quantitative criterion derivation. 

No-effect (noncarcinogen) or specified risk (carcinogen) 

concentrations were estimated by extrapolation from animal 

toxicity or human epidemiology studies using the following basic 

exposure assumptions: a 70-kilogram male person (Report of the 

Task Group on Reference Man, International Commission for 

Radiation Protection, November 23, 1957) as the exposed 

individual; the average daily consumption of freshwater and 
0 



estuarine fish and shellfish products equal to 6.5 grams/day; and 

the average ingestion of 2 liters/day of water (Drinking Water 

and Health, National Academy of Sciences, National Research 

Council, 1977). Criteria based on these assumptions are 

estimated to be protective of an adult male who experiences 

average exposure conditions. 

Two basic methods were used to formulate health criteria, 

depending on whether the prominent adverse effect was cancer or 

other toxic manifestations. The €01 lowing sections detail these 

methods. 

Carcinogens 

Extrapolation of cancer responses from high to low doses and 

subsequent risk estimation from animal data are performed using a 

linearized multi-stage model. This procedure is flexible enough 

to fit all monotonically-increasing dose response data, since it 

incorporates several adjustable parameters. The multi-stage 

model is a linear nonthreshold model as was the "one-hit" model 

original 1 y used in the proposed criteria documents. The 1 inear 

nonthreshold concept has been endorsed by the four agencies in 

the Interagency Regulatory Liaison Group and is less likely to 

underestimate risk at the low doses typical of environmental 

exposure than other models that could be used. Because of the 

uncertainties associated with dose response, animal-to-human 

extrapolation, and other unknown factors; because of the use of 

average consumptions; and because of the serious public health 

consequences that could result if risks were underestimated, EPA 

believes that it is prudent to use conservative methods to 



estimate risk in the water quality criteria program. The 

linearized multistage model is more systematic and invokes fewer 

arbitrary assumptions than the “one-hit” procedure previously 

used. 
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It should be noted that extrapolation models provide 

estimates of risk since a variety of assumptions are built into 

any model. Models using widely different assumptions may produce 

estimates ranging over several orders of magnitude. Since there 

is at present no way to demonstrate the scientific validity of 

any model, the use of risk extrapolation models is a subject of 

debate in the scientific community. However, risk extrapolation 

is generally recognized as the only tool available at this time 

€or estimating the magnitude of health hazards associated with 

nonthreshold toxicants and has been endorsed by numerous Federal 

agencies and scientific organizations, including EPA‘s Carcinogen 

Assessment Group, the National Academy of Sciences, and the 

Interagency Regulatory Liaison Group, as a useful means of 

assessing the risks of exposure to various carcinogenic 

pollutants. 

Noncarcinogens 

Health criteria based on toxic effects of pollutants other 

than carcinogenicity are estimates of concentrations which are 

not expected to produce adverse effects in humans. They are 

based upon Acceptable Daily Intake (ADI) levels and are generally 

derived using no-observed-adverse-ef fect-level data from animal 

studies although human data are used wherever available. The AD1 

is calculated using safety factors to account for uncertainties 
0 



inherent in extrapolation from animal to man. In accordance With 

the National Research Council recommendations (Drinking Water and 

Health, National Academy of Sciences, National Research Council, 

1977), safety factors of 10, 100, or 1,000 are used, depending on 

the quality and quantity of data. In some instances 

extrapolations are made from inhalation studies or limits to 

approximate a human response from ingestion using the Stokinger- 

Woodward model (Journal of American Water Works Association, 

1958). Calculations of criteria from ADIS are made using the 

standard exposure assumptions ( 2  liters of water, 6.5 grams of 

edible aquatic products, and an average body weight of 7 0  kg). 



APPENDIX C 
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THE PHILOSOPHY OF TRE 1976 WATER QUALITY CRITERIA - --- 

Water quality criteria specify concentrations of water 

constituents which, if not exceeded, are expected to support an 

organic ecosystem suitable for the higher uses of water. Such 

criteria are derived from scientific facts obtained from 

experimental or L~J g&gg observations that depict organic 
responses to a defined stimulus or material under identifiable or 

regulated environmental conditions for a specified time period. 

Water quality criteria are not intended to offer the same 

degree of strategy for survival and propagation at all times to 

all organisms within a given ecosystem. They are intended not 

only to protect essential and significant life in water and the 

direct users o f w a t e r , b u t a l s o t o p r o t e c t  life that isdependent 

on life in water for its existence, or that may consume 

intentionally or unintentionally any edible portion of such life. 

The criteria levels for domestic water supply incorporate 

available data for human health protection. Such values are 

different from the criteria levels necessary for protection of 

aquatic life. The Agency's interim primary drinking water 

regulations (40 Federal Register 59566 December 24, 1975), as 

required by the Safe Drinking Water Act ( 4 2  U.S.C.  300f, et 

seq.) , incorporate applicable domestic water supply criteria. 
Where pollutants are identified in both the quality criteria for 

domestic water supply and the Drinking Water Standards, the 

concentration levels are identical. Water treatment may not 

significantly affect the removal of certain pollutants. 



What is essential and significant life in water? Do Daphnia 

or stonefly nymphs qualify as such life? Why does 1/100th of a 

concentration that is lethal to 5 0  percent of the test organisms 

(LC50) constitute a criterion in some instances, whereas 1/2 or 

l/lOth of some effect levels constitutes a criterion in other 

instances? These are questions that often are asked of those 

who undertake the task of criteria formulation. 

The universe of organisms composing life in water is great in 

both kinds and numbers. As in the human population, 

physiological variability exists among individuals of the same 

species in response to a given stimulus. A much greater response 

variation exists among species of aquatic organisms. Thus, 

aquatic organisms do not exhibit the same degree of harm, 

individually or by species, from a given concentration of a 

toxicant or potential toxicant within the environment. In 

establishing a level or concentration of a quality constituent as 

a criterion it is necessary to ensure a reasonable degree of 

safety for those more sensitive species that are important to the 

functioning of the aquatic ecosystem even though data on the 

response of such species to the quality constituent under 

consideration may not be available. The aquatic food web is an 

intricate relationship of predator and prey organisms. A water 

constituent that may in some way destroy or eliminate an 

important segment of that food web would, in all likelihood, 

destroy or seriously impair other organisms associated with it. 

1 

0 Although experimentation relating to the effects of 

particular substances under control led conditions began in the 



early 19OO's,  the effects of any substance on more than a few of 

the vast number of aquatic organisms have not been investigated. 

Certain test animals have been selected by investigators for 

intensive investigation because of their importance to man, their 

availability to the researcher, and their physiological responses 

to the laboratory environment. As general indicators of organism 

responses such test organisms are representative of the expected 

results for other associated organisms. In this context Daphnia 

or stoneflies or other associated organisms indicate the general 

levels of toxicity to be expected among untested species. In 

addition, test organisms are themselves vital 1 inks within the 

food web that results in the fish population in a particular 

waterway. 

The ideal data base for criteria development would consist of 

information on a large percentage of aquatic species and would 

show the community response to a range of concentrations for a 

tested constituent during a long time period. This information 

is not available but investigators are beginning to derive such 

information for a few water constituents. Where only 96-hour 

bioassay data are available, judgmental prudence dictates that a 

substantial safety factor be employed to protect all life stages 

of the test organism in waters of varying quality, as well as 

associated organisms within the aquatic environment that have not 

been tested and that may be more sensitive to the test 

constituent. Application factors have been used to provide the 

degree of protection required. Safe levels for certain 

chlorinated hydrocarbons and certain heavy metals were estimated 

by applying an 0.01 application factor to the 96-hour LC50 value 

a 



for sensitive aquatic organisms. Flow-through bioassays have 

been conducted for some test indicator organisms over a 

substantial period of their life history. In a few other cases, 

information is available for the organism's natural life or for 

more than one generation of the species. Such data may indicate 

a minimal effect level, as well as a no-effect level. 

The word '*criterion*I should not be used interchangeably with 

or as a synonym for the word '*standard.** The word '*criterion" 

represents a constituent concentration or level associated with a 

degree of environmental effect upon which scientific judgment may 

be based. A s  it is currently associated with the water 

environment it has come to mean a designated concentration of a 

constituent that, when not exceeded, will protect an organism, 

an organism community, or a prescribed water use or quality with 

an adequate degree of safety. A criterion, in some cases, may be 

a narrative statement instead of a constituent concentration. on 
the other hand, a standard connotes a legal entity for a 

particular reach of waterway or €or an effluent. A water quality 

standard may use a water quality criterion as a basis for 

regulation or enforcement, but the standard may differ from a 

criterion because of prevailing local natural conditions, such as 

naturally occurring organic acids, or because of the importance 

of a particular waterway, economic considerations, or the degree 

of safety to a particular ecosystem that may be desired. 

Toxicity to aquatic life generally is expressed in terms of 

acute (short term) or chronic (long-term) effects. Acute 

toxicity refers to effects occurring in a short time period: 



often death is the end point. Acute toxicity can be expressed as 

the lethal concentration for a stated percentage of organisms 

tested, or the reciprocal, which is the tolerance limit of a 

percentage of surviving organisms, Acute toxicity for aquatic 

organisms generally has been expressed for 2 4  to 96-hOur 

exposures. 

chronic toxicity refers to effects through an extended time 

period. Chronic toxicity may be expressed in terms of an 

observation period equal to the lifetime of an organism o r  to the 

time span of more than one generation. Some chronic effects may 

be reversible, but most are not. 

Chronic effects often occur in the species population rather 

than in the individual. o r  the sperm 

does not remain viable, the species would be eliminated from an 

ecosystem because of reproductive failure. Physiological stress 

may make a species less competitive with others and may result in 

a gradual population decline o r  absence from an area. The 

elimination of a microcrustacean that serves as a vital food 

during the larval period of a fish's life could result ultimately 

in the elimination of the fish from an area. The phenomenon of 

bioaccumulation of certain materials may result in chronic 

toxicity to the ultimate consumer in a rood chain. Thus, fish 

may mobilize lethal toxicants from their fatty tissues during 

periods of physiological stress. Egg shells of predatory birds 

may be weakened to a point of destruction in the nest. Bird 

chick embryos may have increased mortality rates. There may be a 

hazard to the health of man if aquatic organisms with toxic 

residues are consumed. 

If eggs fail to develop 



The fact that living systems, i.e., individuals, populations, 

species, and ecosystems, can take up, accumulate, and 

bioconcentrate manmade and natural toxicants is well documented. 

In aquatic systems biota are exposed directly to pollutant 

toxicants through submersion in a relatively efficient solvent 

(water) and are exposed indirectly through food webs and other 

biological, chemical, and physical interactions. Initial 

toxicant levels, if not immediately toxic and damaging, may 

accumulate in the biota or sediment over time and increase to 

levels that are lethal or sublethally damaging to aquatic 

organisms or to consumers of these organisms. Water quality 

criteria reflect a knowledge of the capacity for environmental 

accumulation, persistence, and effects of specific toxicants in 

specific aquatic systems. 

Ions of toxic materials frequently cause adverse effects 

because they pass through the semipermeable membranes of an 

organism. Molecular diffusion through membranes may occur for 

some compounds such as pesticides, polychlorinated biphenyls, 

and other toxicants. Some materials may not pass through 

membranes in their natural or waste-discharged state, but in 

water they may be converted to states that have increased ability 

to affect organisms. For example, certain microorganisms can 

methylate mercury, thus producing a material that more readily 

enters physiological systems. Some materials may have multiple 

effects: for example, an iron salt may not be toxic; an iron floc 

or gel may be an irritant or clog fish gills to effect 

asphyxiation; iron at l o w  concentrations can be a trace nutrient 



but at high concentrations it can be a toxicant. Materials also 

can affect organisms if their metabolic byproducts cannot be 

excreted. Unless otherwise stated, criteria are based on the 

total concentration of the substance because an ecosystem can 

produce chemical, physical, and biological changes that may be 

detrimental to organisms living in or using the water. 

In prescribing water quality criteria, certain fundamental 

principles dominate the reasoning process. In establishing a 

level or concentration as a criterion for a given constituent it 

was assumed that other factors within the aquatic environment 

are acceptable to maintain the integrity of the water. 

Interrelationships and interactions among organisms and their 

environment, as well as the interrelationships of sediments and 

the constituents they contain to the water above, are recognized 0 as fact. 

Antagonistic and synergistic reactions among many quality 

constituents in water also are recognized as fact. The precise 

definition of such reactions and their relative effects on 

particular segments of aquatic life have not been identified with 

scientific precision. Historically much of the data to support 

criteria development was of an ambient concentration-organism 

response nature. Recently, data are becoming available on long- 

term chronic effects on particular species. Studies now 

determine carcinogenic, teratogenic, and other insidious effects 

of toxic materials. 

Some unpolluted waters in the Nation may exceed designated 

criteria for particular constituents. There is variability in 

the natural quality of water and certain organisms become adapted 



to that quality, which may be considered extreme in other areas. 

Likewise, it is recognized that a single criterion cannot 

identify minimal quality for the protection of the integrity of 

water for every aquatic ecosystem in the Nation. To provide an 

adequate degree of safety to protect against long-term effects 

may result in a criterion that cannot be detected with present 

analytical tools. In some cases, a mass balance calculation can 

provide a means of assurance that the integrity of the waterway 

is not being degraded. 

Water quality criteria do not have direct regulatory impact, 

but they form the basis for judgment in several Environmental 

Protection Agency programs that are derived from water quality 

considerations. For example, water qual ity standards developed 

by the States under section 303 of the Act and approved by EPA 

are to be based on the water quality criteria, appropriately 

modified to take account of local conditions. The local 

conditions to be considered include actual and projected uses of 

the water, natural background levels of particular constituents, 

the presence or absence of sensitive important species, 

characteristics of the local biological community, temperature 

and weather, flow characteristics, and synergistic or 

antagonistic effects of combinations of pollutants. 

Similarly, by providing a judgment on desirable levels of 

ambient water qual ity, water quality criteria are the starting 

point in deriving toxic pollutant effluent standards pursuant to 

section 307(a) of the Act. Other EPA programs that use water 

qual ity criteria involve drinking water standards, the ocean 



dumping program, designation of hazardous substances, dredge 

spoil criteria development, removal of in-place toxic materials, 

thermal pollution, and pesticide registration. 

To provide the water resource protection for which they are 

designed, quality criteria should apply to virtually all of the 

Nation's navigable waters with modifications for local conditions 

as needed. To violate quality criteria for any substantial 

length of time or in any substantial portion of a waterway may 

result in an adverse affect on aquatic life and perhaps a hazard 

to man or  other consumers of aquatic life. 

Quality criteria have been designed -to provide long-term 

protection. Thus, they may provide a basis for effluent 

standards, but it is not intended that criteria values become 

effluent standards. It is recognized that certain substances may a be applied to the aquatic environment with the concurrence of a 

governmental agency for the precise purpose of controlling or 

managing a portion of the aquatic ecosystem: aquatic herbicides 

and piscicides are examples of such substances. For such 

occurrences, criteria obviously do not apply. It is recognized 

further that pesticides applied according to official label 

instructions to agricultural and forest lands may be washed to a 

receiving waterway by a torrential rainstorm. Under such 

conditions it is believed that such diffuse source inflows should 

receive consideration similar to that of a discrete effluent 

discharge and that in such instances the criteria should be 

applied to the principal portion of the waterway rather than to 

that peripheral portion receiving the diffuse inflow. e -. , 



The format fo r  presenting water quality criteria includes a 

concise statement of the dominant criterion o r  criteria for a 

particular constituent followed by a narrative introduction, a 

rationale that includes justification for the designated 

criterion or criteria, and a listing of the references cited 

within the rationale. An effort has been made to restrict 

supporting data to those which either have been published or  are 

in press awaiting publication. A particular constituent may have 

more than one criterion to ensure more than one water use or 

condition, i.e., hard or soft water where applicable, suitability 

as a drinking water supply source, protection of human health 

when edible portions of selected biota are consumed, provision 

for recreational bathing or  waterskiing, and permitting an 

appropriate factor of safety to ensure protection for essential 

warm-or coldwater associated biota. 

Criteria are presented €or those substances that may occur in 

water where data indicate the potential for harm to aquatic life, 

or to water users, or to the consumers of the water o r  aquatic 

life. Presented criteria do not represent an all-inclusive list 

of constituent contaminants. omissions from criteria should not 

be construed to mean that an omitted quality constituent is 

either unimportant o r  non-hazardous. 
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*ALDRIN-DIELDRIN 

CRITERIA: 

Aquatic Life 

Dieldrin 

For dieldrin the criterion to protect freshwater aquatic life 

as derived using the Guidelines is 0.0019 ug/L as a 24-hour 

average, and the concentration should not exceed 2.5 ug/L at any 

time. 

For dieldrin the criterion to protect saltwater aquatic life 

as derived using the Guidelines is 0.0019 ug/L as a 24-hour 

average, and the concentration should not exceed 0.71 ug/L at any 

time. 

Aldrin 

For freshwater aquatic life the conckntration of aldrin 

should not exceed 3.0 ug/L at any time. No data are available 

concerning the chronic toxicity of aldrin to sensitive 

freshwater aquatic life. 

For saltwater aquatic life the concentration of aldrin should 

not exceed 1.3 ug/L at any time. No data are available 

concerning the chronic toxicity of aldrin to sensitive saltwater 

aquatic life. 

Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to aldrin through ingestion of 

contaminated water and contaminated aquatic organisms, the 

*Indicates suspended, canceled or restricted by U.S. EPA office 

of Pesticides and Toxic Substances 



ambient water concentration should be zero, based on the 

nonthreshold assumption for this chemical. However, zero 

level may not be attainable at the present time. Therefore, 

the levels which may result in incremental increase'of cancer 

risk over the lifetime are estimated at and 

The corresponding recommended criteria are 0.74 ng/L, 0.074 ng/L, 

and 0.0074 ng/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consumption 

of water, the levels are 0.79 ng/L, 0.079 ng/L, and 0.0079 

ng/L, respectively. 

0 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to dieldrin through ingestion of 

contaminated water and contaminated aquatic organisms, the 

ambient water conceqtration should be zero, based on the 

nonthreshold assumption for this chemical. However, zero level 

may not be attainable at the present time. Therefore, the levels 

which may result in incremental increase of cancer risk over the 

lifetime are estimated at loe6 and The 

corresponding recommended criteria are 0.71 ng/L, 0.071 ng/L, and 

0.0071 nq/L, respectively. If these above estimates are made for 

consumption of aquatic organisms only, excluding consumption of 

water, the levels are 0.76 ng/L, 0.076 ng/L, and 0.0076 ng/L, 

respectively. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



AMMONIA 

sUMlrmy:  

~ 1 1  concentrations used herein are expressed as un-ionized 

ammonia (NH3), because NH3, not the ammonium ion (NH4') has been 

demonstrated to be the principal toxic form of ammonia. The 

data used in deriving criteria are predominantly from flow 

through tests in which ammonia concentrations were measured. 

Ammonia was reported to be acutely toxic to freshwater organisms 

at concentrations (uncorrected for pH) ranging from 0.53 to 22.8 

mg/L NHj for 19 invertebrate species representing 14 families and 

16 genera and from 0.083 to 4.60 mg/L NH3 for 29 fish species 

from 9 families and 18 genera. Among fish species, reported 96- 

hour LC50 ranged from 0.083 to 1.09 mg/L for salmonids and from 

0 

0.14 to 4.60 mg/L NH3 for nonsalmonids. Reported data from 

chronic tests on ammonia with two freshwater invertebrate 

species, both daphnids, showed effects at concentrations 

(uncorrected for pH) ranging from 0.304 to 1.2 mg/L NH3, and 

with nine freshwater fish species, from five families and seven 

genera, ranging from 0.0017 to 0.612 mg/L NH3. 

Concentrations of ammonia acutely toxic to fishes may cause 

loss of equilibrium, hyperexcitability, increased breathing, 

cardiac output and oxygen uptake, and, in extreme cases, 

convulsions, coma, and death. At lower concentrations ammonia 

has many effects on fishes, including a reduction in hatching 

success, reduction in growth rate and morphological development, 

and pathologic changes in tissues of gills, livers, and kidneys. 



Several factors have been shown to modify acute NH3 toxicity 

in fresh water. Some factors alter the concentration of un- 

ionized ammonia in the water by affecting the aqueous ammonia 

equilibrium, and some factors affect the toxicity Of un-ionized 

ammonia itself, either ameliorating or exacerbating the effects 

of ammonia. Factors that have been shown to affect ammonia 

toxicity include dissolved oxygen concentration, temperature, 

p ~ ,  previous acclimation to ammonia, fluctuating or intermittent 

exposures, carbon dioxide concentration, salinity, and the 

presence of other toxicants. 

The most well-studied of these is pH; the acute toxicity of 

NH3 has been shown to increase as pH decreases. Sufficient data 

exist from toxicity tests conducted at different pH values to 

formulate a mathematical expression to describe pH-dependent 

acute NH3 toxicity. The very limited amount of data regarding 

effects of pH on chronic NH3 toxicity also indicates increasing 

NH3 toxicity with decreasing pH, but the data are insufficient 

to derive a broadly applicable toxicity/pH relationship. Data on 

temperature effects on acute N H 3  toxicity are limited and 

somewhat variable, but indications are that NH3 toxicity to fish 

is greater as temperature decreases. There is no information 

available regarding temperature effects on chronic NH3 toxicity. 

Examination of pH and temperature-corrected acute NH3 

toxicity values among species and genera of freshwater organisms 

showed that invertebrates are generally more tolerant than 

fishes, a notable exception being the fingernail clam. There is 

no clear trend among groups of fish; the several most sensitive 



tested species and genera include representatives from diverse 

faailies (Salmonidae, Cyprinidae, Percidae, and Centrarchidae). 

Available chronic toxicity data for freshwater organisms also 

indicate invertebrates (cladocerans, one insect species) to be 

more tolerant than fishes, again with the exception of the 

fingernail clam. When corrected for the presumed effects of 

temperature and pH, there is alsonoclear trend among groups of 

fish for chronic toxicity values, the most sensitive species 

including representatives from five families (Salmonidae, 

Cyprinidae, Ictaluridae, Centrarchidae, and Catostomidae) and 

having chronic values ranging by not much more than a factor or 

two. The range of acute-chronic ratios for 10 species from 6 

families was 3 to 4 3 ,  and acute-chronic ratios were higher for 

the species having chronic tolerance below the median. 

Available data indicate that differences in sensitivities between 

warm and coldwater families of aquatic organisms are inadequate 

to warrant discrimination in the national ammonia criterion 

between bodies of water with "warm" and "coldwater" fishes: 

rather, effects of organism sensitivities on the criterion are 

most appropriately handled by site-specific criteria derivation 

procedures. 

Data for concentrations of NH3 toxic to freshwater 

phytoplankton and vascular plants, although limited, indicate 

that freshwater plant species are appreciably more tolerant to 

NH3 than are invertebrates or fishes. The ammonia criterion 

appropriate for the protection of aquatic animals will therefore 

in all likelihood be sufficiently protective of plant life. 



Available acute and chronic data for ammonia with saltwater 

organisms are very limited, and insufficient to derive a 

saltwater criterion. A few saltwater invertebrate species have 

been tested, and the prawn Macrobrachiurn __-- rosenbergiA was the 

most sensitive. The few saltwater fishes tested suggest greater 

sensitivity than freshwater fishes. Acute toxicity of NH3 

appears to be greater at low pH values, similar to findings in 

freshwater. Data for saltwater plant species are limited to 

diatoms, which appear to be more sensitive than the saltwater 

invertebrates for which data are available. 

More quantitative information needs to be published on the 

toxicity of ammonia to aquatic life. Several key research needs 

must be addressed to provide a more complete assessment of 

ammonia toxicity. These are: (1) acute tests with additional 

saltwater fish species and saltwater invertebrate species; ( 2 )  

life-cycle and early life-stage tests with representative 

freshwater and saltwater organisms from different families, with 

particular attention to trends of acute-chronic ratios; ( 3 )  

fluctuating and intermittent exposure tests with a variety of 

species and exposure patterns; ( 4 )  more complete tests of the 

individual and combined effects of pH and temperature, especially 

for chronic toxicity; (5) more histopathological an6 

histochenical research with fishes, which would provide a rapid 

means of identifying and quantifying sublethal ammonia effects; 

and (6) studies on effects of dissolved and suspended solids on 

acute and chronic toxicity. 



NATIONAL CRITERIA: 

T h e  p r o c e d u r e s  d e s c r i b e d  i n  t h e  G u i d e l i n e s  f o r  D e r i v i n g  

Numerical Na t iona l  Water Q u a l i t y  C r i t e r i a  f o r  t h e  P r o t e c t i o n  of 

Aquat ic  Organisms and T h e i r  U s e s  i n d i c a t e  t h a t ,  excep t  p o s s i b l y  

where a l o c a l l y  impor tan t  s p e c i e s  is v e r y  s e n s i t i v e ,  f reshwater  

a q u a t i c  o r g a n i s m s  a n d  t h e i r  u s e s  s h o u l d  n o t  be a f f e c t e d  

unaccep tab ly  i f :  

8 

(1) t h e  1-hour* ave rage  c o n c e n t r a t i o n  o f  un- ionized ammonia 

( i n  mg/L N H 3 )  does n o t  exceed, more o f t e n  t h a n  once eve ry  3 y e a r s  

on t h e  ave rage ,  t h e  numerical  v a l u e  g i v e n  by 0.52/FT/FPH/2, 

where: 

FT - - 10°.03 20-TCAP); TCAP < T 5 3 0  - 
0.03 20-T); 0 < T < TCAP 10 - - 

FPH = 1 ; 8 < p H < 9  

1+107.4-PH 
1.25 ; 6.5<pH - - < 7 . 7  

TCAP = 2 0  C ;  S a l m o n i d s  o r  o t h e r  s e n s i t i v e  
co ldwa te r  species p r e s e n t  

co ldwa te r  s p e c i e s  a b s e n t  
= 25 C;  Salmonids and o t h e r  s e n s i t i v e  

(*An a v e r a g i n g  p e r i o d  of  1 h o u r  may n o t  be a p p r o p r i a t e  i f  

e x c u r s i o n s  o f  c o n c e n t r a t i o n s  t o  g r e a t e r  t h a n  1.5 t imes  t h e  

ave rage  occur  du r ing  t h e  hour; i n  such c a s e s ,  a shor ter  averag ing  

pe r iod  may be needed.) 

(2) t h e  4-day a v e r a g e  c o n c e n t r a t i o n  of u n- i o n i z e d  ammonia 

( i n  mg/L NH3) does  n o t  exceed, more o f t e n  t h a n  once every  3 y e a r s  

on  t h e  a v e r a g e ,  t h e  a v e r a g e *  n u m e r i c a l  v a l u e  g i v e n  by  

0.80/FT/FPH/RATIO, where FT and FPH a r e  as  above and: 



RATIO = 16 : 7.7 - < pH - <9 

TCAP = 15 C; S a l m o n i d s  o r  o t h e r  s e n s i t i v e  
c o l d w a t e r  s p e c i e s  p r e s e n t  

c o l d w a t e r  species a b s e n t  
= 2 0  c ;  S a l m o n i d s  a n d  o t h e r  s e n s i t i v e  

(*Because t h e s e  formulas  a r e  n o n l i n e a r  i n  pH and t empera tu re ,  t h e  

c r i t e r i o n  s h o u l d  be t h e  a v e r a g e  of s e p a r a t e  e v a l u a t i o n s  o f  t h e  

f o r m u l a s  r e f l e c t i v e  o f  t h e  f l u c t u a t i o n s  of  f l o w ,  pH, and 

t empera tu re  w i t h i n  t h e  a v e r a g i n g  p e r i o d ;  it is n o t  a p p r o p r i a t e  i n  

g e n e r a l  t o  s imp ly  a p p l y  t h e  formula  t o  ave rage  p H ,  t empera ture ,  

and flow.) 

The ex t remes  f o r  t empera tu re  (0, 30)  and pH (6.5, 9)  g i v e n  i n  

t h e  a b o v e  f o r m u l a s  a r e  a b s o l u t e .  I t  i s  n o t  pe rmi s s ib l e  w i t h  

c u r r e n t  d a t a  t o  conduct  any e x t r a p o l a t i o n s  beyond these  l i m i t s .  

I n  p a r t i c u l a r ,  t h e r e  i s  r e a s o n  t o  b e l i e v e  t h a t  a p p r o p r i a t e  

c r i t e r i a  a t  p H  > 9 w i l l  be l o w e r  t h a n  t h e  p l a t e a u  be tween  pH 6 

and 9 g i v e n  above.  

C r i t e r i a  c o n c e n t r a t i o n s  f o r  t h e  p H  r a n g e  6.5 t o  9 .0  and t h e  

t e m p e r a t u r e  r a n g e  0 C t o  30 C a r e  p r o v i d e d  i n  t h e  f o l l o w i n g  

t a b l e s .  T o t a l  ammonia c o n c e n t r a t i o n s  e q u i v a l e n t  t o  e a c h  un- 

i o n i z e d  ammonia c o n c e n t r a t i o n  are a l s o  provided  i n  these t a b l e s .  

T h e r e  a r e  l i m i t e d  d a t a  on t h e  e f f e c t  of t e m p e r a t u r e  on c h r o n i c  

t o x i c i t y .  EPA w i l l  be c o n d u c t i n g  a d d i t i o n a l  research on t h e  

e f f ec t s  o f  t e m p e r a t u r e  on  ammonia t o x i c i t y  i n  o r d e r  t o  f i l l  

p e r c e i v e d  d a t a  g a p s .  Because  of t h i s  u n c e r t a i n t y ,  a d d i t i o n a l  

s i t e - s p e c i f  i c  i n f o r m a t i o n  s h o u l d  be d e v e l o p e d  b e f o r e  t h e s e  

0 



criteria are used in wasteload allocation modeling. For example, 

the chronic criteria tabulated for sites lacking salmonids are 

less certain at temperatures much below 20 C than those tabulated 

at temperatures near 20 C. Where the treatment levels needed to 

meet these criteria below 20 C may be substantial, use of site- 

specific criteria is strongly suggested. Development of such 

criteria should be based upon site-specific toxicity tests. 

I) 

Data available for saltwater species are insufficient to 

derive a criterion for saltwater. 

The recommended exceedence frequency of 3 years is the 

Agency's best scientific judgment of the average amount of time 

it will take an unstressed system to recover from a pollution 

event in which exposure to ammonia exceeds the criterion. A 

stressed system, for example, one in which several outfalls occur 

in a limited area, would be expected to require more time for 

recovery. The resilience of ecosystems and their ability to 

recover differ greatly, however, and site-specific criteria may 

be established if adequate justification is provided. 

The use of criteria in designing waste treatment facilities 

requires the selection of an appropriate wasteload a1 location 

model. Dynamic models are preferred for the application of these 

criteria. Limited data or other factors may make their use 

impractical, in which case one should rely on a steady-state 

model. The Agency recommends the interim use of 1Q5 or lQlO for 

Criterion Maximum Concentration design flow and 745 or 7410 for 

the Criterion Continuous Concentration design flow in steady- 

state models for unstressed and stressed systems respectively. 



12) 4-day average concentrations for m m n l a . .  
\ 

PU o c  5 c  I0 c 15 C 20  c 25 c W C  

L .  S a l m I 6 a  or  Other Smsl t lv .  Cold.ater S D ~ C I ~ S  Present  

Un-1onlz.d Amonla l m g / l l t r  NH,) 

6.50 
6.75 
7 .w 
7.25 
7.50 
7.73 
8.00 
8.25 
8.50 
8.75 
9 .oo 

6.50 
6.75 
7 .oo 
7.25 
7.40 
7.75 
8.00 
8.25 
8.50 
8.75 
9 .oo 

0.0007 
0.0012 
0.0021 
0.0037 
0.0066 
0.0105 
0.0126 
0.0126 
O . O l 2 t  
0.0126 
0.0126 

2.5 
2.5 
2.5 
2.5 
2.5 
2.3 
1.53 
0.87 
0.49 
0.28 
0.16 

0 .oow 
0.0017 
0.0029 
0.0052 
0.0093 
0.01 53 
0.0177 
0.0177 
0.0177 
0.0177 
0.0177 

2.4 
2.4 
2.4 
2.4 
2.4 
2.2 
I .44 
0.82 
0.47 
0.27 
0.16 

0.0013 
0.0023 
0.0042 
0.0074 
0.0132 
0.022 
0.025 
0.025 
0.025 
0.025 
0.025 

0.0019 
0.0033 
0 m 5 9  
0.0105 
0.0186 
0.03 1 
0.035 
0.035 
0.035 
0.035 
0.035 

0.0019 
0.0033 
0.0059 
0.0105 
0.0186 
0.03 I 
0.035 
0.035 
0.035 
0.035 
0.035 

2.2 
2.2 
2.2 
2.2 
2.2 
2.1 
1.37 
0.70 
0.45 
0.26 
0.16 

2.2 
2.2 
2 3  
2.2 
2.2 
2 .o 
I .33 
0.76 
0.44 
0.27 
0.16 

1 A 9  
I ,49 
1.49 
I .50 
I .% 
I .40 
0.93 
0.54 
0.32 
0.19 
0.13 

0.0019 
0.0033 
0.00% 
0.0105 
0.0186 
0.031 
0 .a35 
0.035 
0.035 
0.035 
0.035 

I .M 
1.04 
1 .04 
I .M 
1.05 
0.99 
0.66 
0.39 
0.23 

.. 0.15 
0.10 

0.0019 
0.0033 
0.0059 
0.0105 
0.0186 
0.031 

-0.035 
0.035 
0.035 
0.035 
0.035 

0.73 
0.73 
Q.74 
0.74 
0.74 
0.71 
0.47 
0.28 
0.17 
0.11 
0 .oc 

8 ;oo 0;0126 
8.25 0.0126 
8.50 0.0126 
8.75 0.0120 
9.00 0.0126 

8.50 o;r9 
8.75 0.28 
9 .oo 0.16 

0.0009 
0.0017 
0.0029 
0.0052 
0.0093 
0.0153 
0.0177 
0.0177 
0.0177 
0.0177 
0.0177 

0.0013 
0.0023 
0.0042 
0.0074 
0.0132 
0.022 
0.025 
0.025 
0.025 
0.025 
0.025 

0.0019 
0.0033 
0.0059 
0.0105 
0.0186 
0.03 1 
0.035 
0.035 
0.035 
0.035 
0.035 

0.0026 
0.0047 
0 .Og83 
0.0148 
0.026 
0.043 
0.0% 
0.050 
0.0% 
0.050 
0.050 

Total  Amonla (mg/lltor NH,) 

2.1 
2. I 
2.1 
2. I 
2.1 
I .98 
1.51 
0.76 
c.45 
0.27 
0.17 

0 .0026 
0.0047 
0.0083 
0.0148 
0.026 
0.043 
0.0% 
0.050 

0.0% 
0.0% 

o.om 

I .a 
I A 7  
I A 7  
I .48 
1 A9  
1.39 
0.93 
0.54 
0.33 
0.21 
0.14 

0.W26 
0.0047 
0.0083 
0.0148 
0.026 
0.043 
0.050 
0.050 
0.050 
0.050 
0.050 

I .03 
1-04 
1.04 
1.05 
I .06 
I .oo 
0.67 
0.40 
0 2 5  
0.16 
0.11 

To convert meso v a l w s  to np/ll?er N, m u l t l p l y  by 0.822. 

t S l t c ~ p ~ ~ l t I c  crltrla dorolopment Is rtronplv ruggost.d a t  TmDOratyr" abwm 20 C 
b u a u s e  of the Iln1t.d data avallable to generato tho c r l t u l a  rrm.nd.tlon, and 
at t m p e r a t u r * s  b l o w  20  C b W u s e  of  T b  l i m 1 t . d  data and b o a u Y  mall hmgor In 
the  c r l t o r l a  may have rlgnlflcant Impact on the Inol  Of trmtl(lt r.qu1r.l In 
Irotlng tho  r.6umNnd.d crltorla. 



o c  5 c  10 c I5 c M C  25 C K J C  v H  

A. Salmcnldr or Omer Sensltlve CoId .a tu  5 p u l . r  Present 

6.50 35 
6.75 32 
i ;oo 28 
7 -25 23 
7.50 17.4 
7.75 12.2 
8 .oo 8 .o 
8.25 4.5 
8.30 . 2.6 
8.75 I .47 
9 .oo 0.86 

Vn-lonlz.d Amanla  

0.0129 0.0182 
0.02 1 0.030 
0.033 0 .w 
0.048 0.W8 
0 .ow 0.091 
o.oa0 0,113 
0.092 0.133 
0.092 0.130 
0.092 0.130 
0.092 0.130 
0.092 0.1x 

(mq/llter 

0.026 
0.042 
0 .W6 
0.095 
0.128 
0.159 
0.1W 
0.184 
0.lW 

0.184 
0.184 

NH3) 

0.036 
0.059 
0.093 
0.135 
0.181 
0.22 
0 2 6  
0.26 
0 2 6  
0.26 
0 3 6  

33 
33 
26 
22 
I63 
11.4 
7.5 
4.2 

I .40 
0.83 

2.4 

31 
28 
25 
20 
15.5 
10.9 
7 . I  
4.1 
2.3 
I .37 
0 .83 

30 
27 
24 
19.7 
14.9 
10.5 
6.9 

2 .3  
I .)8 
0 3 6  

4.0 

29 
27 
23 
19.2 
14.6 
10.3 
6 .8 
3.9 
2.3 
1.42 
0.91 

0.0s 
0.059 
0.093 
0.135 
0.101 
0.22 
0.26 
0.26 
0.26 
0.26 
0.26 

20 
18.6 
16.4 
13.4 
10.2 , 

7 .2 
4.8 
2.8 
1.71 
1.07 
0.72 

0.036 
0.059 
0.093 
0.135 
0.181 
0.22 
0 3 6  
0.26 
0.26 
0.26 
0 2 6  

14.3' 
13.2 
11.6 
9.5 
7.3 
5.2 
3.5 
2.1 
1.28 
0.83 
0 .58 

6.50 
6.75 
7 .w 
7 ;25 
7.w 
7.75 
8 .oo 
8.25 
8 :59 
8.75 
9 .oo 

6.50 
6.75 
1.00 
7.25 
7.50 
7 .7) 
8 .oo 
0.25 
8.50 
8.75 
9 .w 

0.009 I 
0.0149 
0.023 
0.034 
0.045 
0.056 
0.065 
0.065 
0.065 
0.065 
0.065 

35 
32 
28 
2) 
17 A 
12.2 
8 .o 
4.5 
2.6 
I .41 
0.86 

0.0129 
0.02 I 
0.033 
0.046 
0 ;OM 
0.080 
0 .ox 
0.092 
0.092 
0.092 
0 . o n  

0.0182 
0.030 
0.046 
0.068 
0.091 
0.113 
0.130 
0.130 
0.130 
0.150 
0.130 

3s 
30 
26 
22 
16.3 

4.2 
2.4 
I .40 
0.83 

0.026 
0.042 
0.066 
0.095 
0.128 
0.159 
0.184 
0.184 
0.184 

0.184 
0.184 

0.036 
0.059 
0.093 ~.~ ~ 

0.135 
0.181 
0.22 
0.26 
0.26 
0;26 
0.26 
0.26 

31 
28 
25 
20 
15.5 
10.9 
7 . I  
4; l  
2.3 
1.31 
0.83 

30 
27 
24 
19.7 
14.9 
10.5 
6.9 
4.0 
2 i3 
1.33 
0.86 

29 
27 
23 
19.2 
14.6 
10.3 
6.8 
3.9 
2.3 
1.42 
0.91 

0.051 
0.084 
0.131 
0.190 
0 2 6  
0.32 
0.37 
0.31 
0.37 
0.37 
0 3 7  

29 
26 
23 
19.0 
14.5 
10.2 
6.8 
4 .O 
2 ;4 
1.52 
1.01 

0.051 

0.131 
0.190 
0.26 
0.32 
0.37 
0.37 
0.37 
0.37 
0.37 

0.084 

20 
18.6 
16.4 
13.5 
10.3 
7.3 
4.9 

2;9 
1 .el 
1.18 
0.82 



T h e  A g e n c y  a c k n o w l e d g e s  t h a t  t h e  C r i t e r i o n  C o n t i n u o u s  

Concen t r a t i on  s t ream f l o w  a v e r a g i n g  pe r iod  used f o r  s t e a d y- s t a t e  

w a s t e l o a d  a l l o c a t i o n  m o d e l i n g  may be a s  l o n g  a s  30  d a y s  i n  

s i t u a t i o n s  i n v o l v i n g  POTWs d e s i g n e d  t o  remove  ammonia where 

l i m i t e d  v a r i a b i l i t y  o f  e f f l u e n t  p o l l u t a n t  c o n c e n t r a t i o n  and  

r e s u l t a n t  c o n c e n t r a t i o n s  i n  r e c e i v i n g  wa te r s  can  be demonstra ted.  

I n  c a s e s  where low v a r i a b i l i t y  c a n  be d e m o n s t r a t e d ,  l o n g e r  

a v e r a g i n g  p e r i o d s  f o r  t h e  ammonia C r i t e r i o n  C o n t i n u o u s  

C o n c e n t r a t i o n  ( e . g . ,  3 0- d a y  a v e r a g i n g  p e r i o d s )  w o u l d  b e  

a c c e p t a b l e  b e c a u s e  t h e  m a g n i t u d e  and d u r a t i o n  of exceedences 

a b o v e  t h e  C r i t e r i o n  C o n t i n u o u s  C o n c e n t r a t i o n  w o u l d  be 

s u f f i c i e n t l y  l i m i t e d .  These m a t t e r s  are d i s c u s s e d  i n  more d e t a i l  

i n  t h e  Techn ica l  Support  Document f o r  Water Qual i ty- Based  Toxics 

C o n t r o l  (U .S .  EPA, 1985a). 

(50 F.R. 30784, J u l y  29, 1985) 
SEE APPENDIX A FOR METHODOLOGY 



BERYLLIUM 

CRITERIA: 

8 Aquatic Life 

The available data for beryllium indicate that acute and 

chronic toxicity to freshwater aquatic life occur at 

concentrations as low as 130 and 5.3 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. Hardness has a substantial effect 

on acute toxicity. 

The limited saltwater data base available for beryllium does 

not permit any statement concerning acute or chronic toxicity. 

Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to beryllium through ingestion 

of contaminated water and contaminated aquatic organisms, the 

ambient water concentration should be zero, based on the non 

threshold assumption for this chemical. However, zero level may 

not be attainable at the present time. Therefore, the levels 

which may result in incremental increase of cancer risk over the 

lifetime are estimated at and The 

corresponding recommended criteria are 68 ng/L, 6.8 ng/L, and 

0.68 ng/L, respectively. If these estimates are made for 



consumption of aquatic organisms only, excluding consumption of 

water, the levels are 1170 ng/L, 117.0 nq/L, and 11.71 ng/L, 

respectively. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 

a 



BORON 

CRITERION: 

750 ug/L f o r  long- term i r r i g a t i o n  on s e n s i t i v e  c rops .  

INTRODUCTION: 

Boron i s  n o t  found  i n  i t s  e l e m e n t a l  form i n  n a t u r e :  it i s  

u s u a l l y  found  a s  a sodium o r  c a l c i u m  b o r a t e  s a l t .  Boron s a l t s  

a r e  u s e d  i n  f i r e  r e t a r d a n t s ,  t h e  p r o d u c t i o n  of g l a s s ,  l e a t h e r  

t a n n i n g  and f i n i s h i n g  i n d u s t r i e s ,  c o s m e t i c s ,  p h o t o g r a p h i c  

m a t e r i a l s ,  m e t a l l u r g y  a n d  f o r  h i g h  e n e r g y  r o c k e t  f u e l s .  

Elemental  boron a l s o  can be used i n  n u c l e a r  r e a c t o r s  f o r  neutron 

absorp t ion .  Borates  a r e  used a s  "burnable"  poisons .  

RATIONALE: 

Boron is an e s s e n t i a l  e lement  f o r  growth of p l a n t s  b u t t h e r e  

i s  no  e v i d e n c e  t h a t  i t  is r e q u i r e d  by  a n i m a l s .  T h e  maximum 

c o n c e n t r a t i o n  found  i n  1 , 5 4 6  s a m p l e s  o f  r i v e r  and  l a k e  w a t e r s  

f rom v a r i o u s  p a r t s  o f  t h e  U n i t e d  S t a t e s  was 5.0 mg/L: t h e  mean 

v a l u e  was 0 .1  mg/L (Kopp and Kroner, 1 9 6 7 ) .  Ground w a t e r s  could 

c o n t a i n  s u b s t a n t i a l l y  h i g h e r  c o n c e n t r a t i o n s  a t  c e r t a i n  p laces .  

The concen t r a t i on  i n  seawater  i s  r e p o r t e d  a s  4.5 mg/L i n  t h e  forn  

o f  b o r a t e  ( N A S ,  1 9 7 4 ) .  N a t u r a l l y  o c c u r r i n g  c o n c e n t r a t i o n s  of 

boron shou ld  have no e f fec t s  on a q u a t i c  l i f e .  

The  minimum l e t h a l  dose  f o r  minnows exposed t o  b o r i c  ac id  a t  

2 0  OC f o r  6 h o u r s  was r e p o r t e d  t o  be 1 8 , 0 0 0  t o  19,000 mg/L i n  

d i s t i l l e d  water  and 19 ,000  t o  1 9 , 5 0 0  mg/L i n  hard  wa te r  (Le C le rc  

and Devlaminck, 1955: Le C l e r c ,  1960). 

I n  t h e  d a i r y  cow, 1 6  t o  2 0  g /day  of b o r i c  a c i d  f o r  4 0  days  



produced no ill e f f e c t s  (McKee and Wolf, 1963). 

S e n s i t i v e  c r o p s  h a v e  shown t o x i c  e f f e c t s  a t  1 0 0 0  ug/L o r  

less of  b o r o n  ( R i c h a r d s ,  1954) .  B r a d f o r d  ( 1 9 6 6 ) ,  i n  a review o f  

b o r o n  d e f i c i e n c i e s  and  t o x i c i t i e s ,  s t a t e d  t h a t  when t h e  b o r o n  

c o n c e n t r a t i o n  i n  i r r i g a t i o n  w a t e r s  was g r e a t e r  t h a n  0.75 ug/L,  

some s e n s i t i v e  p l a n t s  s u c h  a s  c i t r u s  began  t o  show i n j u r y .  

Biggar  and Fireman (1960)  showed t h a t  w i th  n e u t r a l  and a l k a l i n e  

s o i l s  o f  h i g h  a b s o r p t i o n  c a p a c i t i e s ,  w a t e r  c o n t a i n i n g  2 ug/L 

b o r o n  m i g h t  b e  u s e d  f o r  some t i m e  w i t h o u t  i n j u r y  t o  s e n s i t i v e  

p l a n t s .  The  c r i t e r i o n  o f  7 5 0  u g / L  i s  t h o u g h t  t o  p r o t e c t  

s e n s i t i v e  c r o p s  d u r i n g  long- term i r r i g a t i o n .  

(QUALITY C R I T E R I A  €OR WATER, J U L Y  1976) PB-263943 
SEE APPENDIX C €OR METHODOLOGY 



CHLORINATED BENZENES 

CRITERIA e Aquatic Life 
The available data for chlorinated benzenes indicate that 

acute toxicity to fresh water aquatic life at concentrations as 

low as 250 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 

available concerning the chronic toxicity of the more toxic of 

the chlorinated benzenes to sensitive freshwater aquatic life but 

toxicity occurs at concentrations as low as 50 ug/L for a fish 

species exposed for 7.5 days. 

The available data for chlorinated benzenes indicate that 

acute and chronic toxicity to saltwater aquatic life occur at 

concentrations as low as 160 and 129 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. 

Human Health 

For comparison purposes, two approaches were used to derive 

criterion levels for monochlorobenzene. Based on available 

toxicity data, for the protection of public health, the derived 

level is 4 8 8  ug/L. Using available organoleptic data, for 

controlling undesirable taste and odor quality of ambient water, 

the estimated level is 20 ug/L. It should be recognized that 

organoleptic data as a basis for establishing a water quality 

criteria have limitations and have no demonstrated relationship 

to potential adverse human health effects. 



Trichlorobenzenes 

Due to the insufficiency in the available information for the 

trichlorobenzenes, a criterion cannot be derived at this time 

using the present guidelines. 

1,2,4,5-Tetrachlorobenzene 

For the protection of human health from the toxic properties 

of 1,2,4,5-tetrachlorobenzene ingested through water and 

contaminated aquatic organisms, the ambient water criterion is 

determined to be 38 ug/L. 

For the protection of human health from the toxic properties 

of 1,2,4,5-tetrachlorobenzene ingested through contaminated 

aquatic organisms alone, the ambient water criterion is 

determined to be 4 8  ug/L. 

Pentachlorobenzene 

For the protection of human health from the toxic properties 

of pentachlorobenzene ingested through water and contaminated 

aquatic organisms, the ambient water criterion is determined to 

be 74 ug/L. 

For the protection of human health from the toxic properties 

of pentachlorobenzene ingested through contaminated aquatic 

organisms alone, the ambient water criterion is determined to be 

8 5  ug/L. 

Hexachlorobenzene 

For the maximum protection of human health from the potential 

carcinogenic effects due to exposure of hexachlorobenzene through 

ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentration should be zero based 

on the non-threshold assumption for this chemical. However, zero 



level may not be attainable at the present time. Therefor, the 

levels which may result in incramental increase of cancer risk 

0 over the lifetime are estimated at and The 

corresponding recommended criteria are 7.2 ng/L, 0.72  ng/L, and 

0.072 ng/L, respectively. If the above estimates are made for 

consumption of aquatic organisms only, excluding consumption of 

water, the levels are 7 .4  ng/L, 0 . 7 4  ng/L and 0 . 0 7 4 .  ng/L 

respectively. 

( 4 5  F.R.  7 9 3 1 6 ,  November 28 ,  1980 )  
SEE APPERDIX B FOR METHODOLOGY 



DICHMROPROPANES/DICHMROPROPENES 

CRITERIA: 

Aquatic Life 

The available data for dichloropropanes indicate that acute 

and chronic toxicity to freshwater aquatic life occurs at 

concentrations as low as 23,000 and 5,700 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. 

The available data for dichloropropene indicate that acute 

and chronic toxicity to freshwater aquatic life occurs at 

concentrations as low as 6,060 and 244 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. 

The available data for dichloropropane indicate that acute 

and chronic toxicity to saltwater aquatic life occur at 

concentrations as low as 10,300 and 3,040 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. 

The available data for dichloropropene indicate that acute 

toxicity to saltwater aquatic 1 ife occurs at concentrations as 

low as 790 ug/L  and would occur at lower concentrations among 

species that are more sensitive than those tested. No data 

are available concerning the chronic toxicity of 

dichloropropene to sensitive saltwater aquatic life. 



Human Health 

Using the present guidelines, a satisfactory criterion cannot 

be derived at this time because of insufficient avaiiable data 

for dichloropropanes. 

For the protection of human health from the toxic properties 

of dichloropropenes ingested through water and contaminated 

aquatic organisms, the ambient water criterion is determined to 

be 87 ug/L. 

For the protection of human health from the toxic properties 

of dichloropropenes ingested through contaminated aquatic 

organisms alone, the ambient water criterion is determined to be 

14.1 mg/L. 

(45 F . R .  79318, November 2 8 ,  1980) 
SEE APPENDIX B €OR METHODOLOGY 



CRITERIA: 

- 
For endrin the crit 

*ENDRIN 

Aquatic Life 

rion to protect fr shwater aquatic li e 

as derived using the Guidelines is 0.0023 ug/L as a 24-hour 

average, and the concentration should not exceed 0.18 ug/L at any 

time. 

For endrin the criterion to protect saltwater aquatic life as 

derived using the Guidelines is 0.0023 ug/L as a 24-hour average, 

and the concentration should not exceed 0.037 ug/L at any time. 

Human Health 

The ambient water quality criterion for endrin is recommended 

to be identical to the existing water standard which is 1.0 ug/L. 

Analysis of the toxic effects data resulted in a calculated level 

which is protective of human health against the ingestion of 

contaminated water and contaminated aquatic organisms. The 

calculated value is comparable to the present standard. For 

this reason a selective criterion based on exposure solely from 

consumption of 6.5 g of aquatic organisms was not derived. 

*Indicates suspended, canceled or restricted by U.S. EPA Office 
of Pesticides and Toxic Substances 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



HEPTACHMR 

CRITERIA: 

Aquatic Life 

For heptachlor the criterion to protect freshwater aquatic 
0 

life as derived using the Guidelines is 0.0038 ug/L as a 24-hour 

average, and the concentration should not exceed 0.52 ug/L at any 

time. 

For heptachlor the criterion to protect saltwater aquatic 

life as derived using the Guidelines is 0.0036 ug/L as a 24-hour 

average, and the concentration should not exceed 0.053 ug/L at 

any time. 

Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to heptachlor through ingestion 

of contaminated water and contaminated aquatic organisms, the 

ambient water concentration should be zero, based on the non 

threshold assumption for this chemical. However, zero level 

may not be attainable at the present time. Therefore, the levels 

which may result in incremental increase of cancer risk over the 

lifetime are estimated at and The 

corresponding recommended criteria are 2.78 ng/L, 0.28 ng/L, and 

0.026 ng/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consumption of 

water, the levels are 2.85 ng/L, 0.29 ng/L, and 0.029 ng/L, 

respectively. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



CRITERIA : 

HE?ACHLOROCYCU3HEXANE 

Aquatic Life 

€or lindane the criterion to protect freshwater aquatic life 

as derived using the Guidelines is 0.080 ug/L as a 24-hour 

average and the concentration should not exceed 2 . 0  ug/L at any 

time. 

For saltwater aquatic life the concentration of lindane 

should not exceed 0.16 ug/L at any time. No data are available 

concerning the chronic toxicity of lindane to sensitive saltwater 

aquatic life. 

BHC 

The available data for a mixture of isomers of BHC indicate 

that acute toxicity to freshwater aquatic life occurs at 

concentrations as low as 100 ug/L and would occur at lower 

concentrations anong species that are more sensitive than those 

tested. No data are available concerning the chronic toxicity of 

a mixture of isomers of BHC to sensitive freshwater aquatic life. 

The available data for a mixture of isomers of BHC indicate 

that acute toxicity to saltwater aquatic life occurs at 

concentrations as l o w  as 0.34 ug/L and would occur at lower 

concentrations among species that are more sensitive than those 

tested. No data are available concerning the chronic toxicity of 

a mixture of isomers of BHC to sensitive saltwater aquatic life. 



Human Health 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to alpha- 

hexachlorocyclohexane through ingestion of contaminated water and 

contaminated aquatic organisms, the ambient water concentrations 

should be zero, based on the nonthreshold assumption for this 

chemical. However, zero level may not be attainable at the 

present time. Therefore, the levels which may result in 

incremental increase of cancer risk over the lifetime are 

estimated at 10-6 and The corresponding 

recommended criteria are 9 2  ng/L, 9.2 ng/L, and .92 ng/L, 

respectively. If these estimates are made for consumption of 

aquatic organisms only, excluding consumption of water, the 

levels are 310 ng/L, 31.0 ng/L, and 3.10 ng/L, respectively. 

For the maximum protection ofrhuman health from the potential 

carcinogenic effects of exposure to beta-hexachlorocyclohexane 

through ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentrations should be zero, based 

on the nonthreshold assumption for this chemical. However, zero 

level may not be attainable at the present time. Therefore, thc 

levels which may result in incremental increase of cancer risk 

over the lifetime are estimated at lo+, and 

The corresponding recommended criteria are 163 ng/L, 16.3 ng/L, 

and 1.63 ng/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consumption of 

water, the levels are 547 ng/L, 54.7 ng/L, and 5.47 ng/L, 

respectively. 



For the maximum protection of human health from the potential 

carcinogenic effects due t o  exposure o f  gama- 

hexachlorocyclohexane through ingestion of contaminated water and 

contaminated aquatic organisms, the ambient water concentrations 

should be zero, based on the nonthreshold assumption for this 

chenical. However, zero level may not be attainable at the 

present time. Therefore, the levels which may result in 

incremental increase of cancer risk over the lifetime are 

estimated at lom5, and The corresponding 

recommended criteria are 186 ng/L, 18.6 ng/L, and 1.86 ng/L, 

respectively. If these estimates are made for consumption of 

aquatic organisms only, excluding consumption of water, the 

levels are 625 ng/L, 62.5 ng/L, and 6.25 ng/L, respectively. 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to technical- 

hexachlorocyclohexane through ingestion of contaminated water 

and contaminated aquatic organisms, the ambient water 

concentrations should be zero, based on the nonthreshold 

assumption for this chemical. However, zero level may not be 

attainable at the present time. Therefore, the levels which may 

result in incremental increase of cancer risk over the 

lifetime are estimated at and The 

corresponding recommended criteria are 123 ng/L, 12.3 ng/L, and 

1.23 ng/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consumption of 

water, the levels are 4 1 4  ng/L, 41.4 ng/L, and 4.14 ng/L, 

respectively. 

0 



Using the present guidelines, satisfactory criteria cannot be 

derived at this tine for delta and epsilon hexachlorocyclohexane 

because of insufficient available data. a 

(45 F.R. 79318, November 28, 1980) 
S E E  APPENDIX B FOR METHODOLOGY 



MIREX 

CRITERION: 

0 . 0 0 1  ug/L f o r  f r e shwa te r  and marine a q u a t i c  l i f e .  

RATIONALE: 
0 

Mirex is  u s e d  t o  c o n t r o l  t h e  i m p o r t e d  f i r e  a n t  S o l e n s s i s  

s aev i s s ima  r i c h t e r i  i n  t h e  s o u t h e a s t e r n  United S t a t e s .  Its use  

is e s s e n t i a l l y  l i m i t e d  t o  t h e  c o n t r o l  of t h i s  i n s e c t  and it i s  

a l w a y s  p r e s e n t e d  i n  b a i t .  I n  t h e  most  common f o r m u l a t i o n ,  

t e c h n i c a l  g rade  mirex i s  d i s s o l v e d  i n  soybean o i l  and sprayed on 

corncob g r i t s .  The b a i t  produced i n  t h i s  manner c o n s i s t s  of 0.3 

__ 

p e r c e n t  m i r e x ,  14.7 p e r c e n t  soybean  o i l  and 85 percent  c o r n c o b  

g r i t s .  b a i t  o f t e n  i s  a p p l i e d  a t  a r a t e  o f  1 . 4  kg/ha ,  

e q u i v a l e n t  t o  4 .2  grams of  t o x i c a n t  per hec t a re .  

The  m i r e x  

R e l a t i v e l y  f e w  s t u d i e s  h a v e  been made of  t h e  effects of  mirex 

on f r e shwa te r  i n v e r t e b r a t e s  o f  ' these ,  o n l y  Ludke e t  a l .  ( 1 9 7 1 )  

r e p o r t  c h e m i c a l  a n a l y s e s  of mirex  i n  t h e  w a t e r .  T h e i r  s t u d y  

r e p o r t e d  e f f e c t s  on two c r a y f i s h  s p e c i e s  exposed  t o  mirex by 

three  techniques .  F i r s t ,  f i e l d - c o l l e c t e d  c r a y f i s h  were exposed 

t o  s e v e r a l  s u b l e t h a l  c o n c e n t r a t i o n s  o f  t e c h n i c a l  g r a d e  m i r e x  

s o l u t i o n s  f o r  v a r i o u s  p e r i o d s  o f  t i m e :  s econd ,  c r a y f i s h  were  

e x p o s e d  t o  m i r e x  l e a c h e d  f r o m  b a i t  (0 .3  p e r c e n t  a c t i v e  

i n g r e d i e n t )  ; and t h i r d ,  t h e  c r a y f i s h  were fed mirex b a i t .  

Procambarus - b l a n d i n g i  j u v e n i l e s  were exposed t o  1 o r  5 ug/L 

f o r  6 t o  1 4 4  h o u r s ,  t r a n s f e r r e d  t o  c l e a n  w a t e r  and  o b s e r v e d  f o r  

1 0  days. A f t e r  5 days i n  c l e a n  wate r ,  95 p e r c e n t  o f  t he  an imals  

exposed t o  1 ug/L f o r  1 4 4  h o u r s  were dead .  E x p o s u r e  t o  5 ug/L 

f o r  6 ,  2 4 ,  and 58 h o u r s  r e s u l t e d  i n  2 6 ,  5 0 ,  and  9 8  p e r c e n t  

m o r t a l i t y  10 d a y s  a f t e r  t r a n s f e r  t o  c l e a n  water. C r a y f i s h ,  



Procambarus w, were exposed to 0.1 and 0.5 ug/L for 48 hours. 
Four days after transfer to clean water, 6 5  percent of the 

animals exposed to 0.1 ug/L were dead. At the 0.5 ug/L 

concentration, 71 percent of the animals were dead after 4 days 

in clean water. Tissue residue accumulations (wet weight basis) 

ranged from 9 4 0-  to 27,210-fold above water concentrations. In 

leached bait experiments, 10 bait particles were placed in 2 

liters of water but isolated from 20 juvenile crayfish. Thirty 

percent of the crayfish were dead in 4 days and 9 5  percent were 

dead in 7 days. Water analysis indicated mirex concentrations of 

0.86 ug/L. In feeding experiments, 108 crayfish each were fed one 

bait particle. Mortality was noticed on the first day after 

feeding, and by the sixth day 77 percent were dead. In another 

- 

* 

experiment, all crayfish were dead 4 days after having been fed 2 

bait particles each. From this report it is obvious that mirex is 

extremely toxic to these species of crayfish. Mortality and 

accumulation increase with time of exposure to the insecticide. 

Concentrations as l o w  as 0.1 ug/L or the ingestion of one 

particle resulted in death. 

Research to determine effects of mirex on fish has been 

concentrated on species which have economic and sport fishery 

importance. Hyde et al. (1974) applied mirex bait (0.3 percent 

mirex) at the standard rate (1.4 kg/ha) in four ponds containing 

channel catfish, - Ictalurus punctatus. Three applications were 

made over an 8-month period with the first application 8 days 

after fingerling (average weight 18.4 g )  catfish were placed in 

the ponds. Fish were collected at each subsequent application 

- 

* 



(approximately 4-month intervals). Two and one half months after 

the final application, the ponds were drained, all fish were 

measured and weighed, and the percent survival was calculated. 

Mirex residues in the fish at termination of the experiment 

ranged from 0.015 ug/g (ppm) in the fillet to 0.255 ug/g in the 

fat. 

0 

In another study, Van Valin et al. (1968) exposed bluegills, 

- LeEmis -_ macrochirus, -- and the goldfish, Carassius auratus, to 

mirex by feeding a mirex-treated diet (1, 3, and 5 mg mirex per 

kg body weight) or by treating holding ponds with mirex bait 

(1.3, 100, and 1000 ug/L computed water concentration). They 

reported no mortality or tissue pathology for the bluegills: 

however, after 56 days of exposure, gill breakdown in goldfish 

was found in the 100 and 1000 ug/L contact exposure ponds, and 

kidney breakdown was occurring in the 1000 ug/L ponds. Mortality 

in the feeding experiments was not related to the level of 

exposure, although growth of the bluegills fed 5 ug/L mirex was 

reduced. 

In laboratory and field test systems, reported concentrations 

of mirex usually are between 0.5 and 1.0 ug/L (Van Valin et al. 

1968: Ludke et al. 1971). Although mirex seldom is found above 1 

ug/L in the aquatic environment, several field studies have shown 

that the insecticide is accumulated through the food chain. 

Borthwick et al. (1973) reported the accumulation of mirex in 

South Carolina estuaries. Their data revealed that mirex was 

transported from treated land and marsh to the estuary animals 

and that accumulation, especially in predators, occurred. In the 

test area, water samples consistently were less than 0.01 ug/L. 



R e s i d u e s  i n  f i s h  v a r i e d  from n o n- d e t e c t a b l e  t o  0 .8  ug/g w i t h  1 5  

p e r c e n t  of t h e  samples conta in ing  res idues .  The amount of mirex 

and t h e  pe rcen t  of samples con ta in ing  mirex inc reased  a t  h igher  

t r o p h i c  l e v e l s .  F i f t y - f o u r  p e r c e n t  o f  t h e  r a c c o o n s  sampled  

c o n t a i n e d  mi rex  r e s i d u e s  up t o  4 . 4  ug/g and 7 8  p e r c e n t  o f  t h e  

b i r d s  c o n t a i n e d  r e s i d u e s  up t o  17 ug/g. Nagvi  and d e  l a  Cruz 

( 1 9 7 3 )  r e p o r t e d  a v e r a g e  r e s i d u e s  f o r  m o l l u s c s  (0.15 ug/g) ,  f i s h  

( 0 . 2 6  u g / g ) ,  i n s e c t s  (0 .29  u g / g ) ,  c r u s t a c e a n s  (0 .44  ug/g)  and 

a n n e l i d s  ( 0 . 6 3  u g / g ) .  They also r e p o r t e d  t h a t  m i r e x  was found 

i n  a r e a s  n o t  t r e a t e d  w i t h  m i r e x  which s u g g e s t s  movement of t h e  

p e s t i c i d e  i n  t h e  environment. Wolfe and Norment (1973)  sampled 

a n  a r ea  f o r  one y e a r  f o l l o w i n g  a n  a e r i a l  a p p l i c a t i o n  o f  mi rex  

b a i t  ( 2 . 1  g mirex /ha ) .  C r a y f i s h  r e s i d u e s  r anged  from 0.04 t o  

0 . 1 6  ug/g. F i s h  r e s i d u e s  were a b o u t  2 t o  2 0  t i m e s  g r e a t e r  t h a n  

t h e  c o n t r o l s  and a v e r a g e d  from 0.01 t o  0.76  ug/g. K a i s e r  ( 1 9 7 4 ) ,  

r e p o r t e d  t h e  p r e s e n c e  o f  m i r e x  i n  f i s h  from t h e  Bay of Q u i n t e ,  

Lake O n t a r i o ,  Canada. C o n c e n t r a t i o n s  r a n g e  from 0.02 ug/g i n  

t h e  gonads of t h e  nor thern  long  nose gar ,  Lep i s tos teus  osseus ,  t o  

0.05 ug/g i n  t h e  post- anal  f i n  of t h e  nor thern  p ike ,  Esox l u c i u s .  

Mirex h a s  never  been r e g i s t e r e d  f o r  use  i n  Canada. 

Mirex  d o e s  n o t  a p p e a r  t o  be g r e a t l y  t o x i c  t o  b i r d s ,  w i t h  

L C 5 O ' s  f o r  the  young of f o u r  s p e c i e s  ranging from 547 t o  g r e a t e r  

t h a n  1 6 6 7  ug/g (Heath e t  al. 1 9 7 2 ) .  Long-term d i e t a r y  dosages  

c a u s e d  no a d v e r s e e f f e c t  a t 3  u g / g w i t h m a l l a r d s  a n d  13 u g / g w i t h  

pheasants  (Heath and Spann, 1973) .  However, it has been repor ted  

( S t i c k e l  e t  a l .  1 9 7 3 )  t h a t  t h e  p e r s i s t e n c e  of mirex i n  b i r d  

t i s s u e  exceeds t h a t  of a l l  organochlor ine  compounds tested except 



for DDE. Delayed mortality occurred among birds subjected to 

doses above expected environmental concentration. 

A summary examination of the data available a*this time 

shows a mosaic of effects. Crayfish and channel catfish survival 

.is affected by mirex in the water or by ingestion of the bait 

particles. - Bioaccumulation is well established for a wide 

variety of organisms but the effect of this bioaccumulation on 

the aquatic ecosystem is unknown, There is evidence that mirex 

is very persistent in bird tissue. Considering the extreme 

toxicity and potential for bioaccumulation, every effort should 

be made to keep mirex bait particles out of water containing 

aquatic organisms and water concentrations should not exceed 

0.001 uq/L mirex. This value is based upon an application factor 

of.0.01 applied to the lowest levels at which effects on crayfish 

have been observed. 

Data upon which to base a marine criterion involve several 

estuarine and marine crustaceans. A concentration of 0.1 ug/L 

technical grade mirfx in flowing seawater was lethal to juvenile 

pink shrinp, Penaeus durorarum, in a 3-week exposure (Lowe et al. 

1971). In static tests with larval stages (megalopal) of the mud 

crab, Rhithropanopeus harrisii, reduced survival was observed in 

B.l-ug/L mirex (Bookhout et al. 1972). In three of four 28-day 

seasonal flow-through experiments, Tagatz et al. (1975) found 

Educed survival of Call inectes sapidus, Penaeus durorarum, and 

grass shrimp, Palaemonetes pugio, at levels of 0.12 ug/L in 

summer, 0.06 ug/L in fall and 0.09 ug/L in winter. 

Since two reports, Lowe et al. (1971) and Bookhout et al. 

(1972), stated that effects of mirex on estuarine and marine 



crustaceans were observed only after considerable time had 

elapsed, it seems reasonable that length of exposure is an 

important consideration for this chemical. This may not be the 

case in fresh water since the crayfish were affected within 48 

hours. Therefore, a 3- to 4-week exposure night be considered 

tlacutetB and by applying an application factor of 0.01 to a 

reasonable average of toxic-effect levels as summarized above, a 

recommended marine criterion of 0.001 ug/L results. 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOMGY 



NICKEL 

CRITERIA:  

Aquat ic  Life 
For  t o t a l  r e c o v e r a b l e  n i c k e l  t h e  c r i t e r i o n  ( i n  ug/L) t o  

0 
p r o t e c t  f r e shwa te r  a q u a t i c  l i f e  a s  derived u s i n g  t h e  Gu ide l ines  

i s  t h e  numerical  v a l u e  g i v e n  by e(0.76[ln(hardness)]+l.06) a s  a 

24- hour  a v e r a g e ,  and t h e  c o n c e n t r a t i o n  ( i n  ug/L) s h o u l d  n o t  

exceed t h e  numerical  v a l u e  g i v e n  by .(0.76[ I n  (hardness )  ]+4.02) 

a t  any t i m e .  For example, a t  ha rdnesses  of 50, 1 0 0 ,  and 200  mg/L 

a s  CaC03 t h e  c r i t e r i a  a r e  56, 96 ,  a n d  1 6 0  ug/L, r e s p e c t i v e l y ,  a s  

24-hour ave rages ,  and t h e  c o n c e n t r a t i o n s  shou ld  n o t  exceed 1 , 1 0 0 ,  

1 , 8 0 0 ,  and 3 , 1 0 0  ug/L, r e s p e c t i v e l y ,  a t  any t i m e .  

Fo r  t o t a l  r e c o v e r a b l e  n i c k e l  t h e  c r i t e r i o n  t o  p r o t e c t  

s a l t w a t e r  a q u a t i c  l i f e  a s  d e r i v e d  u s i n g  t h e  G u i d e l i n e s  i s  7 .1  

ug/L a s  a 24- hour  a v e r a g e ,  a n d ' t h e  c o n c e n t r a t i o n  s h o u l d  n o t  

0 exceed 1 4 0  ug/L a t  any t i m e .  

Human Hea l th  

For t h e  p r o t e c t i o n  of human h e a l t h  from t h e  t o x i c  p r o p e r t i e s  

of n i c k e l  i n g e s t e d  t h r o u g h  w a t e r  and c o n t a m i n a t e d  a q u a t i c  

o r g a n i s m s ,  t h e  ambien t  w a t e r  c r i t e r i o n  i s  d e t e r m i n e d  t o  be  1 3 . 4  

W / L .  

For t h e  p r o t e c t i o n  of human h e a l t h  from t h e  t o x i c  p r o p e r t i e s  

of n i c k e l  i n g e s t e d  t h r o u g h  c o n t a m i n a t e d  a q u a t i c  o rgan i sms  

a l o n e ,  t h e  ambien t  wa te r  c r i t e r i o n  i s  d e t e r m i n e d  t o  be 1 0 0 .  

Ug/L* 

(45 F.R. 7 9 3 1 8 ,  November 2 8 ,  1980) 
SEE APPENDIX B FOR METHODOLOGY 



2,3,7,8-TETRACHLORODIBENZO-P-DIOXI€l 

CRITERIA: 

Aquatic Life 

Not enough data are available concerning the effects of a 
2,3,7,8-TCDD on aquatic life and its uses to allow derivation of 

national criteria. The available information indicates that 

acute values for some freshwater animal species are >1.0 ug/L; 

some chronic values are <0.01 ug/L; and the chronic value 

for rainbow trout is <0.001 ug/L. Because exposures of 

some species of fishes to 0.01 ug/L for <6 days resulted in 

substantial mortality several weeks later, derivation of 

aquatic life criteria for 2,3,7,8-TCDD may require special 

consideration. Predicted bioconcentration factors (BCFs) for 

2,3,7,8-TCDD range from 3,000 to 900,000, but the available 

measured BCFs range from 390 to 13,000. If the BCF is 5,000, 

concentrations >0.00001 ug/L should result in concentrations 

in edible freshwater and saltwater fish and shellfish that 

exceed levels identified in a U S .  FDA health advisory. If the 

BCF is > 5 , 0 0 0  or if uptake in a field situation is greater than 

that in laboratory tests, the value of 0.00001 ug/L will be too 

high. 

0 

Human Health 

€or the mxirnux protection of human health from the potential 

carcinogenic effects of 2,3,7,8-TCDD exposure through ingestion 

of contaminated water and contaminated aquatic organisms, the 

ambient water concentration should be zero. This criterion is 



based on t h e  non th re sho ld  assumption f o r  2,3,7,8-TCDD. However, 

z e r o m a y  n o t  b e  a n  a t t a i n a b l e  l e v e l  a t  t h i s  t ime.  T h e r e f o r e ,  t h e  

l e v e l s  t h a t  may r e s u l t  i n  a n  i n c r e a s e  of cancer  r i s k  over  t h e  

l i f e t i m e  a r e  e s t i m a t e d  a t  a n d  The 

c o r r e s p o n d i n g  recommended c r i t e r i a  a r e  1 . 3 ~ 1 0 - ~ ,  1 . 3 ~ 1 0 - ~  and 

1.3x10-’ ug/L, r e s p e c t i v e l y .  If t h e  above e s t ima t e s  are made f o r  

consumption of  a q u a t i c  organisms o n l y ,  e x c l u d i n g  consumption of 

w a t e r ,  t h e  l e v e l s  a r e  1 . 4 x 3 0 - ~ ,  1.4x10-* and  1.4x10-’ ug/L, 

r e s p e c t i v e l y .  I f  t h e s e  e s t i m a t e s  a r e  made f o r  comsumption of 

w a t e r  o n l y ,  t h e  l e v e l s  a re  2 . 2 ~ 1 0 - ~ ,  2.2xlO-’ and 2 . 2 ~ 1 0 - ~  ug/L, 

r e s p e c t i v e l y .  

( 4 9  F.R. 5831, February 15,  1984) 
SEE APPENDIX B €OR METHODOLOGY 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

OFFICE OF WATER REGULATIONS AND STANDARDS 

CRITERIA AND STANDARDS DIVISION 

UPDATE t2 

to 

"QUALITY CRITERIA FOR WATER 1986" 

May 1, 1987 

This is the second update to the EPA document "Quality Criteria 
for Water 1986". Included in this package are criteria summaries 
for contaminants that were recently revised as well as a criteria 
summary for a new contaminant. Several hand corrections are also 
included. 

@ Revised New Hand corrections 

INDEX CHLORPYRIFOS AMMONIA 
SUMMARY CHART CYANJDE 
NICKEL CHLORINATED ETHANES 
P ARATH I ON 
PENTACHLOROPHENOL 
TOXAPHENE 
ZINC 

Directions: 
a. Replace sections that have been revised with 

b. Insert new section alphabetically. 
c. Make the identified hand corrections. 

new sections. 

For additional information contact: 
EPA's Criteria and Standards Division 

at (202) 475-7315. 



I HAND CORRECTIONS . .  

. .  . .  
oaia - page 5, center page, third line of equation should be 

changed from 

.' . "FPH = 1 : 8 < pH < 9" 

to 
. . ,  

; 8 5 pH < 9" "FPH = 1 - ' '. 
. .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. .  

Cyanide - last page, include the following after the last line 

. .  . .  "(45 F - R -  79318,NOV. 2 8 ,  1980) (50 F . R .  30784, July 2 9 .  1985)" 
."SEE APPENDIX A FOR METHODOLOGY" 

., . .  . . . , .  

- .  ':.'Chlorinated Ethanes - last page, change 
. .  

1 

"1.03 ug/l" 

to 

"1.03 g/L" 
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CHLORPYRIFOS 

Summary 

The acute values for eighteen freshwater species in fifteen 

genera range from 0.11 ug/L for an amphipod to greater than 806 

ug/L for two fishes and a snail. The bluegill is the most 

acutely sensitive fish species with an acute value of 10 ug/L, 

but seven intervetebrate genera are more sensitive. Smaller 

organisms seem to be more acutely sensitive than larger ones. 

Chronic toxicity data are available for one freshwater 

species, the fathead minnow. Unacceptable effects occurred in 

second generation larvae at 0.12 ug/L, which was the lowest 

concentration tested. The resulting acute-chronic ratio was 

greater than 1,417. 

Little information is available on the toxicity of 

chlorpyrifos to freshwater plants, although algal blooms 

frequently follow field applications of chlorpyrifos. The only 

available bioconcentration test on chlorpyrifos with a freshwater 

species was with the fathead minnow and resulted in a bioconcen- 

tration factor of 1,673. 

The acute toxicity of chlorpyrifos has been determined for 15 

species of saltwater animals in 12 genera with the acute values 

ranging from 0.01 ug/L for the Korean shrimp, Palaemon 

macrodactvlus, to 1.911 ug/L for larvae of the eastern oyster, 

Crassostrea virginica. Arthropods are particularly sensitive to 

chlorpyrifos. Among the 10 species of fish tested, the 96-hr 

LC50s range from 0 . 5 8  ug/L for striped bass to 520  ug/L for gulf 



toadfish. Fish larvae are more sensitive than other life stages. 

Growth of the mysid, Mysidolssis bahia, was reduced at 0.004 ug/L 

in a life-cycle test. In early life-stage tests, the California 

grunion, Leuresthes tenuis, was the most sensitive of the six 

a. 

fishes, with growth being reduced at 0.30 ug/L. Of the seven 

acute-chronic ratios that have been determined with saltwater 

species, the five lowest range from 1.374 to 12.50, whereas the 

highest is 228.5. 

Concentrations of chlorpyrifos affecting six species of 

saltwater phytoplankton range from 138 to 10,000 ug/L. BCFs 

ranged from 100 to 5,100 when the gulf toadfish was exposed to 

.oncentrations increasing from 1.4 to 150 ug/L. Steady-state 

BCFs averaged from 100 to 757 for five fishes exposed in early 

life-stage tests. 

National Criteria 

The procedures described in the "Guidelines for Deriving 

Numerical National Water Quality Criteria for the Protection of 

Aquatic Organisms and Their Uses" indicate, that except possibly 

where a locally important species is very sensitive, freshwater 

aquatic organisms and their uses should not be affected 

unacceptably if the four-day average concentration of 

chlorpyrifos does not exceed 0.041 ug/L more than once every 

three years on the average and if the one-hour average 

concentration does not exceed 0.083 ug/L more than once every 

three years on the average. 

The procedures described in the "Guidelines for Deriving 

Numerical National Water Quality Criteria for the Protection of 



Aquatic Organisms and Their Uses" indicate, that except possibly 

a where a locally important species is very sensitive, saltwater 

aquatic organisms and their uses should not be affected 

unacceptably if the four-day average concentration of 

chlorpyrifos does not exceed 0.0056 ug/L more than once every 

three years on the average and if the one-hour average 

concentration does not exceed 0.011 ug/L more than once every 

three years on the average. 

Three yeaks is the Agency's best scientific judgment of the 

average amount of time aquatic ecosystems should be provided. 

between excursions. The resiliences of ecosystems and their 

abilities to recover differ greatly, however, and site-specific 

allowed excursion frequencies may be established if adequate 

justification is provided. 

a Use of criteria for developing water quality-based permit 

limits and for designing waste treatment facilities requires 

selection of an appropriate wasteload allocation model. Dynamic 

models are preferred for the application of these criteria. 

Limited data or other consideretions might make their use 

impractical, in which case one must rely on a steady-state model. 

(51 F.R.  43665, December 3 ,  1986) 
SEE APPENDIX A FOR METHODOLOGY 



a 
Summary 

Acute values with twency-one freshwater species in 18 genera 

range from 1,101 ug/L for a cladoceran to 43,240 ug/L for a fish. 

Fishes and invertebrates are both spread throughout the range of 

sensitivity. Acute values with four species are significantly 

correlated with hardness. Data are available concerning the 

chronic toxicity of nickel to two invertebrates and two fishes in 

freshwater. Data available for two species indicate that chronic 

toxicity decreases as hardness increases. The measured chronic 

values ranged from 14.77 ug/L with DaDhnia maqna in soft water to 

526.7 ug/L with the fathead minnow in hard water. Five acute- 

chronic ratios are available for two species in soft and hard 

water and range from 14 to 122. 

Nickel appears to be quite toxic to freshwater algae, with 
a 

concentrations as low as 50 ug/L producing significant 

inhibition. Bioconcentration factors for nickel range from 0.8 

for fish muscle to 193 for a cladoceran. I 

Acute values for twenty-three saltwater species in twenty 

genera range from 151.7 ug/L with juveniles of a mysid of to 

1,100,000 ug/L with juveniles and adults of a clam. The acute 

values for the four species of fish range from 7,598 to 350.000 

ug/L. The acute toxicity of nickel appears to be related to 

salinity, but the form of the relationship appears to be species- 

dependent. 

Mysidopsis bahia is the only saltwater species with which an 

acceptable chronic test has been conducted on nickel. Chronic 0 



exposure to 141 ug/L and greater resulted in reduced survival and 

reproduction. The measured acute-chronic ratio was 5.478. 01 
Bioconcentration factors in saltwater range from 261.8 with a 

oyster to 675 with a brown alga. 

National Criteria 

The procedures described in the "Guidelines for Deriving 

Numerical National Water Quality Criteria for the Protection of 

Aquatic Organisms and Their Uses" indicate, that except possibly 

where a locally important species is very sensitive, freshwater 

aquatic organisms and their uses should not be affected 

unacceptably if the four-day average concentration of nickel (in 
(0.8460[ In ug/L) does not exceed the numerical value given by e 

(hardness)1+1.1645) more than once every three. years on the 

average and if the one-hour average concentration (in ug/L) does 
not exceed the numerical value given by e (0.846011n 0) 

more than once every three years on the (hardness)1+3.3612) 

average. For example, at hardnesses of 50. 100, and 200 mg/L as 

CaC03 the four-day average concentrations of nickel are 88, 160. 

and 280 ug/L, respectively, and the one-hour average 

concentrations are 790, 1400. and 2500 ug/L. 

The procedures described in the "Guidelines for Deriving 

Numerical National Water Quality Criteria for the Protection of 

Aquatic Organisms and Their Uses" indicate, that except possibly 

where a locally important species is very sensitive, saltwater 

aquatic organisms and their uses should not be affected 

unacceptably if the four-day average concentration of nickel does 

not exceed 8.3 ug/L more than once every three years on the 

average and if the one-hour average concentration does not exceed 0 )  



a 

75 ug/L more than once every three years on the average. 

"Acid-soluble'' is probably the best measurement at present 

for expressing criteria for metals and the criteria for nickel 

were developed on this basis. However, at this time, no EPA 

approved method for such a measurement is available to implement 

criteria for metals through the regulatory programs of the Agency 

and the States. The Agency is considering development and 

approval of a method for a measurement such as "acid-soluble." 

Until one is approved, however, EPA recommends applying criteria 

for metals using the total recoverable method. This has two 

impacts: (1) certain species of some metals cannot be measured 

because the total recoverable method cannot distinguish between 

individual oxidation States, and ( 2 )  in some cases these criteria 

might be overly protective when based on the total recoverable 

method . 
Three years is the Agency's best scientific judgment of the 

average amount of time aquatic ecosystems should be provided 

between excursions. The resiliences of ecosystems and their 

abilities to recover differ greatly, however, and site-specific 

allowed excursion frequencies may be established if adequate 

justification is provided. 

Use of criteria for developing water quality-based permit 

limits and for designing waste treatment facilities requires 

selection of an appropriate wasteload allocation model. Dynamic 

models are preferred for the application of these criteria. 

Limited data or other considerations might make their use 

impractical, in which case one must rely on a steady-state model. 



(51 F . R .  43665, December 3, 1986) 
SEE APPENDIX A FOR METHODOLOGY 



PARATHION 

Summary 

The acute values for thirty-seven freshwater species in 

thirty-one genera range from 0.04 ug/L for an early instar of a 

crayfish, Orconectes nais, to 5,230 ug/L for two species of 

tubificid worms. For Daphnia mama, the chronic value and acute- 

chronic ratio are 0.0990 ug/L and 10.10 respectively. Chronic 

toxicity values are available for two freshwater fish species, 

the bluegill and the fathead minnow, with chronic values of 0.24 

ug/L and 6.3 ug/L, and acute-chronic ratios of 2.121 and 79.45. 

respectively. Two freshwater algae were affected by toxaphene 

concentrations of 30 and 390 ug/L, respectively. 

Bioconcentration factors determined with three fish species 

ranged from 27 to 573. 

The acute values that are available for saltwater species are 

11.5 and 17.8 ug/L for the Korean shrimp, Palaemon macrodactvlus. 

and 17.8 ug/L for the striped bass, Morone saxatilis. No data 

are available concerning the chronic toxicity of parathion to 

saltwater species, toxicity to saltwater plants, or 

bioaccumulation by saltwater species. Some data indicate that 

parathion is acutely lethal to commercially important saltwater 

shrimp at concentrations as low as 0.24 ug/L. Measurement of 

acetylcholinesterase (AChE) in fish tissue might be useful for 

diagnosing fish kills caused by parathion. 

National Criteria 

The procedures described in the “Guidelines for Deriving 

Numerical National Water Quality Criteria for the Protection of 



Aquatic Organisms and Their Uses“ indicate, that except possibly 

where a locally important species is very sensitive, freshwater a 
aquatic organisms and their uses should not be affected 

unacceptably if the four-day average concentration of parathion 

does not exceed 0.013 ug/L more than once every three years on 

the average and if the one-hour average concentration does not 

exceed 0.065 ug/L more than once every three years on the 

average. 

The procedures described in the “Guidelines for Deriving 

Numerical National Water Quality Criteria for the Protection of 

Aquatic Organisms and Their Uses” require the availability of 

specified data for the derivation of a criterion. A saltwater 

criterion for parathion cannot be derived because very few of the 

required data are available. 

Three years is the Agency’s best scientific judgment of the .I 
average amount of time aquatic ecosystems should be provided 

between excursions. The resiliences of ecosystems and ‘their 

abilities to recover differ greatly, however, and site-specific 

allowed excursion frequencies may be established if adequate 

justification is provided. 

Use of criteria for developing water quality-based permit 

limits and for designing waste treatment facilities requires 

selection of an appropriate wasteload allocation model. Dynamic 

models are preferred for the application of these criteria. 

Limited data or other considerations might make their use 

impractical, in which case one must rely on a steady-state model. 

(51 F.R. 43665, December 3, 1986) 
SEE APPENDIX A FOR METHODOLOGY 



PENTACHLOROPHENOL (PCP) 

Summary 

The acute and chronic toxicity of PCP to freshwater animals 

increased as pH and dissolved oxygen concentration of the water 

decreased. Generally, toxicity also increased with increased 

temperature. The estimated acute sensitivities of 36 species at 

pH = 6.5 ranged from 4.355 ug/L for larval common carp to >43,920 

ug/L for a crayfish. At pH = 6.5, the lowest and highest 

estimated chronic values of 11.835 and 79.06 ug/L, respectively, 

were obtained with different cladoceran species. Chronic 

toxicity to fish was affected by the presence of impurities, with 

industrial-grade PCP being more toxic than purified samples. 

Mean acute-chronic ratios for six freshwater species ranged from 

0.8945 to >15.79, but the mean ratios for the four most acutely 

sensitive species only range 0.8945 to 5.035. Freshwater algae 

were affected by concentrations as low as 7.5 ug/L, whereas 

vascular plants were affected at 189 ug/L and above. 

Bioconcentration factors ranqed from 7.3 to 1,066 for three 

species of fish. 

Acute toxicity values from tests with 18 species of saltwater 

animals, representing 17 genera, range from 22:63 ug/L for late 

yolk-sac larvae of the Pacific herring, Clupea narenqus pallasi, 

to 18,000 ug/L for adult blue mussels, Mvtllus edulis. The 

embryo and larval stages of invertebrates and the late larval 

premetamorphosis stage of a s h  appear to be the most sensitive 

0 life stages to PCF. With few exceptions, M s h  are more sensitive 



.J than invertebrates to PCP. Salinity, temperature, and pR have a 

slight effect on the toxicity of PCP to some saltwater animals. 

Life-cycle toxicity tests have been conducted with the 

sheepshead minnow, Cmrinodon variegatus. and the polychaete 

worm, Ophrvotrocha diadema. The chronic value for the minnow is 

64.31 ug/L and the acute-chronic ratio is 6.873. Unfortunately, 

no statistical analysis of the data from the test with the worm 

is available. 

The EC506 for saltwater plants range from 17.40 ug/L for the 

diatom, Skeletonema costatum, to 3.600 ug/L for the green alga, 

Dunaliella tertiolecta. Apparent steady-state BCFs are available 

for the eastern oyster. Crassostrea virginica, and two saltwater 

fishes and range from 10 to 8 2 .  

National Criteria 

The procedures described in F e  "Guidelines for Deriving 

Numerical National Water Quality Criteria for the Protection of 

Aquatic Organisms and Their Uses" indicate, that except possibly 

where a locally important species is very sensitive, freshwater 

aquatic organisms and their uses should not be affected 

unacceptably if the four-day average concentration (in ug/L) of 

pentachlorophenol does not exceed the numerical value given by 

e 11.005(pH)-5-2901 more than once every three years on the 

average and if the one-hour average concentration (in ug/L) does 

not exceed the numerical value given by e [l.OOS(pH)-4.8301 

than once every three years on the average. For example, at pH = 

6.5. 7.8, and 9.0 the four-day average concentrations 

pentachlorophenol are 3.5, 13, and 43 ug/L, respectively, and the 



one-hour average concentrations are 5.5, 20, and 68 ug/L. At pH 

= 6.8, a pentachlorophenol concentration of 1.74 ug/L caused a 

50% reduction in the growth of yearling sockeye salmon in a 56- 

day test. 

a 

The procedures described in the “Guidelines for Deriving 

Numerical National Water Quality Criteria for the Protection of 

Aquatic Organisms and Their Uses“ indicate, that except possibly 

where a locally important species is very sensitive, saltwater 

aquatic organisms and their uses should not be affected 

unacceptably if the four-day average concentration of 

pentachlorophenol does not exceed 7.9 ug/L more than once every 

three years on the average and if the one-hour average 

concentration does not exceed 13 ug/L more than once every three 

years on the average. 

Three years is the Agency’s best scientific judgment of the 

average amount of time aquatic ecosystems should be provided 

between excursions. The resiliences of ecosystems and their 

abilities to recover differ greatly, however, and site-specific 

allosred excursion frequencies may be established if adequate 

justification is provided. 

Use of criteria for developing water quality-based permit 

limits and for designing waste treatment facilities requires 

selection of an appropriate wasteload allocation model. Dynamic 

models are preferred for the application of these criteria. 

Limited data or other considerations might make their w e  

impractical, in which case one must rely on a steady-state model. 

(51 F . R .  43665, December 3, 1986) 
SEE APPENDIX A FOR METHODOLOGY 



TOXAPHENE 

Summary 

The acute sensitivities of 36 freshwater species in 28 genera 

ranged from 0.8 ug/L to 500 ug/L. Such important fish species as 

the channel catfish, largemouth bass, chinook and coho salmon, 

brook, brown and rainbow trout, striped bass, and bluegill had 

acute senitivities ranging from 0.8 ug/L to 10.8 ug/L. Chronic 

values for four freshwater species range from less than 0.039 

ug/L for the brook trout to 0.1964 ug/L for the channel catfish. 

The growth of algae was affected at 100 to 1,000 ug/L, and 

bioconcentration factors from laboratory tests ranged from 3.100 

to 90,000. Concentrations in lake trout in the Great Lakes have 

frequently exceeded the U.S. FDAJaction level of 5 mg/kg, even 

though the concentrations in the water seem to be only 1 to 4 

ng/L. These concentrations in lake water are thought to have 

resulted from toxaphene being transported to the Great Lakes from 

remote sites, the locations of which are not well known. 

a 

The acute toxicity of toxaphene to 15 species of saltwater 

animals ranges from 0.53 for pinfish, Laqodon rhomoides. to 

460.000 ug/L for the adults of the clam, Ranqia cuneata. Except 

for resistant species tested at concentrations greater than 

toxaphene's water solubility, acute values for most species were 

within a factor of 10. The toxicity of toxaphene was found to 

decrease slightly with increasing salinity for adult blue crabs. 

Callinectes sapidus, whereas no relationship between toxicity and 

salinity was observed with the three spine stickleback, 



Gasterosteus aculeatus. Temperature significantly affected the 

toxicity of toxaphene to blue crabs. 

Early life-stage toxicity tests have been conducted with the 

sheepshead minnow, Cmrinodon varieqatus, and the longnose 

killifish, Fundulus similis, whereas life-cycle tests have been 

conducted with the sheepshead minnow and a mysid. For the 

sheepshead minnow, chronic values of 1.658 ug/L from the early 

life-stage test and 0.7141 ug/L from the life-cycle toxicity test 

are similar to the 96-hr LC50 of 1.1 ug/L. Killifish are more 

chronically sensitive with effects noted at 0.3 ug/L. In the 

life-cycle test with the mysid, no adverse effects were observed 

at the highest concentration tested, which was only slightly 

below the 96-hr LC50, resulting in an acute-chronic ratio of 

1.132. 

Toxaphene is bioconcentrated by an oyster, Crassostrea 01 
virsinica, and two fishes, C. variegatus and z- similis, to 

concentrations that range from 9,380 to 70.140 times that in the 

test solution. 

National Criteria 

The procedures described in the "Guidelines for Deriving 

Numerical National Water Quality Criteria for the Protection of 

Aquatic Organisms and Their Uses" indicate, that except possibly 

where a locally important species is very sensitive, freshwater 

aquatic organisms and their uses should not be affected 

unacceptably if the four-day average concentration of toxaphene 

does not exceed 0.0002 ug/L more than once every three years on 

the average and if the one-hour average concentration does not 



exceed 0.73 ug/L more than once every three years on the average. 

0 If the concentration of toxaphene does exceed 0.0002 ug/L. the 

edible portions of consumed species should be analyzed to 

determine whether the concentration of toxaphene exceeds the FDA 

action level of 5 mg/kg. If the channel catfish is as acutely 

sensitive as some data indicate it might be, it will not be 

protected by this criterion. 

The procedures described in the “Guidelines for Deriving 

Numerical National Water Quality Criteria for the Protection of 

Aquatic Organisms and Their Uses“ indicate, that except possibly 

where a locally important species is very sensitive, saltwater 

aquatic organisms and their uses should not be affected 

unacceptably if the four-day average concentration of toxaphene 

does not exceed 0.0002 ug/L more than once every three years on 

the average and if the one-hour average concentration does not 

exceed 0.21 ug/L more than once every three years on the average. 

If the concentration of toxaphene does exceed 0.0002 ug/L, the 

edible portions of consumed species should be analyzed to 

determine whether the concentration of toxaphene exceeds the FDA 

action level of 5 mg/kg. 

e 

I 

Three years is the Agency’s best scientific judgment of the 

average amount of time aquatic ecosystems should be provided 

between excursions. The resiliences of ecosystems and their 

abilities to recover differ greatly, however, and site-specific 

allowed excursion frequencies may be established if adequate 

justification is provided. 

Use of criteria for developing water quality-based permit 

0 limits and for designing waste treatment facilities requires 



selection of an appropriate wasteload allocation model. Dynamic 

models are preferred for the application of these criteria. 

Limited data or other considerations might make their use 

impractical, in which case one must rely on a steady-state model. 

(51 F.R. 43665, December 3, 1986) 
SEE APPENDIX A FOR METHODOLOGY 

0) 



Summary 

Acute toxicity values are available for 43 species of 

fresl-rater animals and data for eight species indicate that acute 

toxicity decreases as hardness increases. When adjusted to a 

hardness of 50 mg/L, sensitivities range from 50.70 ug/L for 

CeriodaDhnia reticulata to 88,960 ug/L for a damselfly. 

Additional data indicate that toxicity increases as temperGture 

increases. Chronic toxicity data are available for nine 

freshwater species. Chronic values for two invertebrates ranged 

from 46.73 ug/L for DaDhnia mama to >5,243 ug/L for the 

caddisfly, Clistoronla magziifica. Chronic values for seven fish 

species ranged from 36.41 ug/L for the flagfish, Jordanella 

9 floridae, to 854.7 ug/L for the brook trout, Salvelinus 

fontinalis. Acute-chronic ratios ranged from 0.2614 to 41.20. 

but the ratios for the sensitive species were all less than 7.3. 

The sensitivity range of freshwater plants to zinc is greater 

than that for animals. Growth of the alga, Selenastrum 

capriocornutum, was inhibited by 30 ug/L. On the other hand, 

with several other species of green algae, 4-day EC5Os exceeded 

200,000 ug/L. Zinc was found to bioaccumulate in freshwater 

animal tissues from 51 to 1,130 times the concentration present 

in the water. 

Acceptable acute toxicity values for zinc are available for 

33 species of saltwater animals including 26 invertebrates and 7 

fish. LCSOs range from 191.5 ug/L for cabezon, ScorDanichthvs 

a 



marmoratus to 320.400 ug/L for adults of another clam, Macoma 

balthica. Early life stages of saltwater invertebrates and 01 
fishes are generally more sensitive to zinc than juveniles and 

adults. Temperature has variable and inconsistent effects on the 

sensitivity of saltwater invertebrates to zinc. The sensitivity 

of saltwater vertebrate animals to zinc deyreases with increasing 

salinity, but the magnitudG of the effect is species-specific. 

A life-cycle test with the mysid, Mvsidopsia bahia, found 

unacceptable effects at 120 ug/L, but not at 231 ug/L, and the 

acute-chronic ratio was 2.997. Seven species of saltwater plants 

were affected at concentrations ranging from 19 to 10,100 ug/L. 

Bioaccumulation data for zinc are available for seven species of 

saltwater algae and five species of saltwater animals. Steady- 

state zinc bioconcentration factors for the twelve species range 

from 3.692 to 23.820. 

National Criteria 

The procedures described in the "Guidelines for Deriving 

Numerical National Water Quality Criteria for the Protection of 

Aquatic Organisms and Their Uses" indicate, that except possibly 

where a locally important species is very sensitive, freshwater 

aquatic organisms and their uses should not be affected 

unacceptably if the four-day average concentration of zinc (in 
(0.847311n ug/L) does not exceed the numerical value given by e 

more than once every three years on the (hardness)l+0.7614) 

average and if the one-hour average concentration (in ug/L) does 
(0.8473 [ In not exceed the numerical value given by e 

more than once every three years on the (hardness)]+0.8604) 



0 
average. For example, at hardnesses of 50, 100, and 200 mg/L as 

CaC03. the four-day average concentrations of zinc are 5 9 ,  110 and 

190 ug/L, respectively, and the one-hour average concentrations 

are 65, 120, and 210 ug/L. If the striped bass is as sensitive 

as some data indicate, it will not be protected by this 

criterion. 

The procedures described in the "Guidelines for Deriving 

Numerical National Water Quality Criteria for the Protection of 

Aquatic Organisms and Their U s e s "  indicate, that except possibly 

where a locally important species is very sensitive, saltwater 

aquatic organisms and their uses should not be affected 

unacceptably if the four-day average concentration of zinc does 

not exceed 86 ug/L more than once.every three years on the 

average and if the one-hour average concentration does not exceed 

95 ug/L more than once every three years on the average. a 
"Acid-soluble'' is probably the best measurement at present 

for expressing criteria for metals and the criteria for zinc were 

developed on this basis. However, at this time no FPA approved 

method for such a measurement is available to implement criteria 

for metals through the regulatory programs of the Agency and the 

States. The Agency is considering development and approval of a 

method for a measurement such as "acid-soluble.'' Until one is 

approved, however, EPA recommends applying criteria for metals 

using the total recoverable method. This has two impacts: (1) 

certain species of Some metals cannot be measured because the 

total recoverable method cannot distinguish between individual 

oxidation States, and ( 2 )  in some cases these criteria might be 

overly protective when based on the total recoverable method. 



Three years is the Agency’s best scientific judgment of the 

average amount of time aquatic ecosystems should be provided a 
between excursions. The resiliences of ecosystems and their 

abilities to recover differ greatly, however, and site-specific 

allowed excursion frequencies may be established if adequate 

justification is provided. 

Use of criteria for developing water quality-based permit 

limits and for designing waste treatment facilities requires 

selection of an appropriate wasteload allocation model. Dynamic 

models are preferred for the application of these criteria. 

Limited data or other considerations might make their use 

impractical, in which case one must rely on a steady-state model. 

( 5 2  F . R .  6213, March 2 .  1987) 
SEE APPENDIX A FOR METHODOLOGY 
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ENVIRONMENTAL PROTECTION
AGENCY

40 CFR Part 131

[FRL–0W–6118–9]

RIN–2040–AC56

Water Quality Standards Regulation

AGENCY: Environmental Protection
Agency.
ACTION: Advance notice of proposed
rulemaking.

SUMMARY: EPA is today publishing this
advance notice of proposed rule making
(ANPRM) seeking comments from
interested parties on possible revisions
to the Water Quality Standards
Regulation at 40 CFR Part 131. This
ANPRM is intended to initiate
discussions on what if any changes are
needed in the national water quality
standards program to improve the
effectiveness of water quality standards
in restoring and maintaining the quality
of the Nation’s waters. EPA will
consider all comments before deciding
whether to propose revisions to the
regulation. EPA is particularly
interested in comments on certain key
portions of the current Water Quality
Standards Regulation (the regulation)
contained in 40 CFR Part 131, which
establishes requirements for adoption of
water quality standards pursuant to
section 303 of the Clean Water Act
(CWA or the Act). This ANPRM
identifies specific issues on which EPA
solicits comment. In addition to the
specific issues on which EPA solicits

comments, EPA is interested in
comments on any other aspects of the
program. EPA requests comments with
the objectives of: supporting watershed
or place-based environmental water
quality management, ensuring that
current water quality criteria and water
quality assessment science can be easily
incorporated into State and Tribal water
quality programs, and enhancing
effective implementation of the Act.
DATES: Written comments must be
submitted by midnight January 4, 1999.
ADDRESSES: Send written comments to
W–98–01, WQS-ANPRM Comment
Clerk, Water Docket, MC 4101, US EPA,
401 M Street, S.W., Washington, D.C.
20460. Comments may also be
submitted electronically to OW-
Docket@epamail.epa.gov. The record is
available for inspection from 9:00 to
4:00 p.m., Monday through Friday,
excluding legal holidays at the Water
Docket, East Tower Basement, USEPA,
401 M St., S.W., Washington, D.C. For
access to docket materials, please call
(202) 260–3027 to schedule an
appointment.
FOR FURTHER INFORMATION CONTACT: Rob
Wood at U.S. EPA Standards and
Applied Science Division (4305), 401 M
Street SW, Washington, DC 20460 (e-
mail: WOOD.ROBERT@EPA.GOV)
(telephone: 202–260–9536).
SUPPLEMENTARY INFORMATION: EPA will
hold a series of full-day public meetings
for the purpose of discussion and debate
on the issues presented in this notice.
EPA plans to hold the public meetings
during the 180-day public comment

period on this notice. Dates, times and
locations of public meetings will be
announced to the public.

A. Potentially Affected Entities

This ANPRM by itself will have no
regulatory impact or effect. The ANPRM
does contain EPA interpretations of core
areas of the regulation as well as EPA
thinking about how the regulation may
need to be changed. As discussed in
more detail below, this ANPRM marks
the beginning of a national dialogue on
possible changes to the water quality
standards regulation and program. If
changes to the regulation are proposed
and ultimately made final, to the extent
such changes would require and/or
authorize changes to State and Tribal
water quality standards, States and
authorized Tribes would be affected. If
changes to State and Tribal water
quality standards result from any final
rule that EPA may promulgate in the
future, entities subject to compliance
with State or Tribal water quality
standards would also potentially be
affected. For example, States and Tribes
authorized to implement the National
Pollutant Discharge Elimination System
(NPDES) Permit Program would need to
ensure that permits they issue include
any limitations on discharges necessary
to comply with any water quality
standards established as a result of any
subsequent final rulemaking. Therefore,
entities discharging pollutants to waters
of the United States under NPDES could
be affected by subsequent proposed and
final rulemaking. Categories and entities
that may ultimately be affected include:

Category Examples of potentially affected entities

State, Tribes and Jurisdictional Governments ......................................... States, Tribes authorized to administer water quality standards, and ju-
risdictional governments.

Industry ..................................................................................................... Industrial dischargers of pollutants to waters of the U.S.
Municipalities ............................................................................................ Publicly-owned treatment works discharging pollutants to waters of the

U.S.

This table is not intended to be
exhaustive, but rather provides a guide
for readers regarding entities that could
be affected by any subsequent final
rulemaking. If you have questions
regarding the applicability of this action
to a particular entity, consult the person
listed in the preceding FOR FURTHER
INFORMATION CONTACT section.

B. Water Docket Information

The record for this notice has been
established under docket number W–
98–01 and includes supporting
documentation. When submitting
written comments to the Water Docket,
(see ADDRESSES section above) please

reference docket number [W–98–01] and
submit an original and three copies of
your comments and enclosures
(including references). To ensure that
EPA can read, understand and therefore
properly respond to comments, the
Agency would prefer that commenters
cite the specific question(s) in the notice
to which each comment refers. The
questions presented in this notice for
public comment are organized by
subsection and numbered. Each
question has a unique number (for
example III.B.3.a., question 1) for this
purpose.

Comments must be received or
postmarked by midnight January 4,

1999. Commenters who want EPA to
acknowledge receipt of their comments
should enclose a self-addressed,
stamped envelope. No facsimiles (faxes)
will be accepted.

Electronic comments are encouraged
and may be submitted to the Water
Docket (see ADDRESSES section above).
Electronic comments must be submitted
as an ASCII file or a WordPerfect file
avoiding the use of special characters
and any form of encryption. Electronic
comments must be identified by the
docket number, [W–98–01], and be
received by midnight of January 4, 1999.
Comments and data will also be
accepted on disks in WP5.1 format or
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ASCII file format. No confidential
business information (CBI) should be
sent via e-mail.

The remainder of this Supplementary
Information section is organized as
follows:
I. Purpose and Objectives of This ANPRM

A. General Purpose and Vision
B. Objectives

II. Introduction to Water Quality Standards
A. Statutory History
B. Regulatory History
C. Water Quality Guidance for the Great

Lakes System
III. Program Areas for Public Comment

A. Introduction
B. Uses
1. Background
2. Refined Designated Uses
3. Existing Uses
a. Protection of Existing Uses
4. Use Attainability
a. Attainability of Uses
b. Removal of Designated Uses
c. Use Attainability Analysis
d. Alternatives to ‘‘Downgrade’’ of the

Designated Use
i. Variances
ii. Temporary Standards
iii. Ambient-based Criteria
C. Criteria
1. Background
2. Ambient Water Quality Criteria to

Protect Aquatic Life
3. Site-Specific Criteria
4. Narrative Water Quality Criteria
5. State or Tribe Derived Criteria
6. Water Quality Criteria for Priority

Pollutants
7. Criteria for Non-Priority Pollutants with

Toxic Effects
8. Criteria Where Data or Guidance is

Limited
9. Toxicity Criteria
10. Sediment Quality Criteria
11. Biological Criteria
12. Wildlife Criteria
13. Physical Criteria
14. Human Health
a. Risk Levels
b. Fish Consumption Assumptions
c. Maximum Contaminant Levels
15. Microbiological Criteria
16. Nutrient Criteria
D. Antidegradation
1. Background
2. General Description of Antidegradation
3. 40 CFR 131.12 (a)(1) ‘‘tier 1’’
a. Tier 1 Implementation
4. 40 CFR 131.12 (a)(2) ‘‘tier 2’’
a. Identification of ‘‘High Quality’’ Waters
b. Tier 2 Implementation
i. Triggers for tier 2 Review
ii. ‘‘Necessary’’ Lowering of Water Quality
iii. Identification of ‘‘Important’’ Social or

Economic Activities
iv. Tier 2 and Identification of Waters

under CWA Section 303(d)
v. Achieving all cost-effective and

reasonable best management practices
for nonpoint sources

5. 40 CFR 131.12 (a)(3) ‘‘tier 3’’
a. Designating ONRWs
i. Relationship of tier 3 to the Wild and

Scenic Rivers Act

b. Tier 3 Implementation
c. Tier 21⁄2
6. 40 CFR 131.12 (a)(4) ‘‘Thermal

Discharges’’
E. Mixing Zones
1. Background
2. EPA Policy and Guidance on Mixing

Zones
3. State and Tribal Mixing Zone Policies
4. Mixing Zone Requirements
5. Mixing Analyses
6. Narrative Criteria for Mixing Zones
7. Mixing Zones for Bioaccumulative

Pollutants
8. Stream Design Flow Policies
F. Wetlands as Waters of the United States
G. Independent Application Policy
1. Introduction
a. Biological Assessments
b. Toxicological Assessments
c. Chemical Assessments
2. Independent Application and Water

Quality Assessments
a. Independent Application
b. Alternatives to Independent Application
3. Independent Application and NPDES

Permitting
a. Independent Application
b. Alternatives to Independent Application

IV. Summary and Potential Program and
Regulation Changes

V. Regulatory Assessment Requirements
A. Executive Order (E.O.) 12866,

Regulatory Planning and Review
B. The Regulatory Flexibility Act (RFA) as

Amended by the Small Business
Regulatory Enforcement Fairness Act
(SBREFA) of 1996

C. Paperwork Reduction Act

I. Purpose and Objectives of This
ANPRM

A. General Purpose and Vision
On February 14, 1998, the visionary

‘‘Clean Water Action Plan’’ was
announced by the Administrator of EPA
and the Secretary of Agriculture. The
‘‘Clean Water Action Plan’’ is a
blueprint for restoring and protecting
the Nation’s precious water resources. A
key element of the plan is advancement
of the watershed approach to water
quality protection. EPA’s belief is that
refining designated uses and
implementing better more integrated
water quality criteria to protect the
refined uses, two important themes of
this ANPRM, are essential steps in
carrying out the blueprint presented.
Revision of the water quality standards
regulation can be an essential
component in implementing the vision
of the ‘‘Clean Water Action Plan.’’

States, Tribes and EPA have
developed functional water quality
standards programs under the current
regulation and these programs have
provided the basis for significant water
quality improvement in the United
States. Simply put, the current
regulation is not broken. Rather, with
the renewed interest in watershed

management combined with improved
methods for water quality assessment, a
comprehensive evaluation for the
purpose of strengthening the regulation
is appropriate at this time. EPA and the
public need to examine whether
changes in the regulation could enhance
water quality management on a
watershed basis and focus resources on
areas of greatest concern. A review of
the regulation will also complement
similar outreach discussions EPA is
currently undertaking for the purposes
of reviewing the water quality planning
and management and total maximum
daily load (TMDL) programs as well as
aspects of the NPDES program. EPA is
committed to ensuring that these
programs, combined, form an even
stronger integrated basis for water
quality planning, priority setting and
implementation on a watershed basis.

In recent years there has been a rising
level of scrutiny placed on water quality
standards and the State, Tribal and EPA
decisions based on water quality
standards. The increased scrutiny comes
from virtually all parties affected by
water quality-based decisions and is
evidenced by the growing tide of
challenges to State standards, EPA
policies and guidance, and individual
water quality-based decisions.
Remaining water quality problems in
the U.S. are often difficult to assess,
define and solve. Once agreed upon, the
solutions will be less conventional than
we are used to and may result in
different regulatory approaches.
Examples of such problems include
aquatic and riparian habitat destruction
from municipal and agricultural run-off
and fish tissue contamination from
chemicals with many and diverse
sources.

EPA believes that this scrutiny will
continue and that an evaluation of the
water quality standards program and its
regulatory and policy underpinnings to
identify where these program
underpinnings may need to be
strengthened, clarified or revised is
imperative. Our task under the Clean
Water Act is to ensure adequate water
quality even where it is difficult to do
so. To accomplish this task, EPA
envisions a national water quality
standards program in which: the best
possible information on whether
designated uses are being attained and
how to attain and maintain them is
available and used; water quality
criteria are selected from a wide-ranging
menu of scientifically sound criteria
that can be tailored to each watershed;
national norms of consistency and
flexibility in State and Tribal water
quality standards are clear; and
innovative, cost-effective approaches are
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encouraged. To realize this vision, EPA
believes that a structured national
debate is needed to identify a focused
set of issues that may ultimately lead to
changes to the water quality standards
regulation and policy.

The ANPRM process allows EPA to
begin this work by consulting with all
interested parties to find out what
changes, if any, are necessary and
desirable, to make the water quality
standards regulation more responsive to
current needs and to identify
opportunities for further clarifications of
policy and guidance by EPA. In the
fourteen years since EPA last revised the
water quality standards regulation,
interested parties have gained
considerable experience in developing
and implementing water quality
standards. This experience will provide
valuable information for review of these
regulations.

The most significant shift in water
quality management programs in recent
years has been the increased emphasis
on the use of watershed based programs.
It is increasingly apparent that EPA,
States, Tribes, municipalities and the
public share a common view that water
quality programs, including water
quality standards, can be better tailored
to the characteristics, problems, risks
and implementation tools available in
individual watersheds or basins with
meaningful involvement of the local
communities. The water quality
standards regulation should ensure that
States and Tribes have the flexibility to
define the water quality standards and
hence the environmental objectives of a
water body according to the
characteristics of the ecosystem and the
needs of the water’s users within the
bounds established under the CWA. The
regulation must allow the States and
Tribes to tailor water body use
designations and criteria to protect these
uses within individual basins or
watersheds based on the needs in the
basin. The present use of broad,
jurisdiction-wide use classifications and
lists of associated chemical criteria may
be at once too general and too narrow
for some waters, lacking the refinement
necessary to tailor water quality
management actions to specific
watersheds. This general approach
reflects the historical lack of
information on specific basins or water
bodies and the need to ensure that all
waters receive adequate protection.
Additionally, it should be made clear
how much flexibility States and Tribes
have to adjust use designations as
information improves about whether a
designated use or a higher use can be
attained and to reflect natural and
human caused changes in water quality

that may have occurred. The challenge
for EPA, States and Tribes is to identify
and use opportunities to refine use
designations for waters where it makes
sense and better match the water quality
criteria to the refined use, thus making
water quality standards more flexible. In
addition, to more effectively implement
the standards, the criteria that are used
need to better integrate multiple
stressors and their cumulative impacts
in order to more effectively protect
designated uses.

Significant scientific advancements in
recent years have added to the ability to
assess environmental impacts and risks
related to changes in water quality. As
they are further developed, new and
emerging sophisticated and integrated
analytical tools such as bioassessment,
criteria for bioaccumulative chemicals,
sediment quality criteria and toxicity
assessments will increasingly allow
States, Tribes, EPA and the public to
characterize better the ecological
condition of water resources. At present,
this improving capability, used in a
tailored watershed planning and
management framework, can enhance
the ability of States and Tribes to
characterize and protect locally agreed
upon goals for maintaining and
protecting the chemical, physical and
biological integrity of individual basins.
In the long term, chemical, physical and
biological assessment methods will
continue to improve. As they do, the
water quality standards program should
be designed to accommodate effectively
the new science. In the meantime,
progress should not be stalled by
incomplete knowledge.

With the new science and assessment
methodologies, however, come new
challenges for States and Tribes to
identify the resources necessary to make
use of these advances. One of the main
themes of this ANPRM is the need for
better data, and new types of data, in
order to support a more refined
approach to water quality protection.
EPA recognizes, however, that efforts to
obtain such data, and develop the
analytical capacity to integrate it into
existing regulatory programs, could
encounter significant resource
constraints in some States and Tribes.
EPA is well aware that in order for a
new, data-intensive, watershed-specific
approach to succeed, it must be
workable for the States and Tribes that
will have to implement it. EPA
welcomes comments regarding concerns
over resource constraints and ideas for
how to address them.

The water quality standards program
must protect the nation’s waters as
envisioned in the CWA. It must
establish requirements that are

necessary to attain and maintain
healthy, sustainable ecosystems. It must
be flexible enough for States and Tribes
to ensure that standards are protecting
water quality in a way that makes sense.
EPA seeks to avoid a program that
results in costly requirements that have
little or no environmental benefit. Thus
EPA intends to use its experience and
that of the States, Tribes, municipalities,
the regulated community,
environmental groups and the general
public in implementing and utilizing
water quality standards over the last
fourteen years, to evaluate the
regulation and determine if changes are
needed to allow greater State, Tribal and
local flexibility to develop innovative,
cost-effective ways to protect water
quality.

EPA may determine through the
ANPRM process that the concepts
described above can be better integrated
into water quality management decision
making through development of new or
revised policies and guidance rather
than revisions to the regulation. Because
of this possibility, EPA is reserving its
decision whether to propose and
finalize revisions to the regulation. At
minimum, EPA believes that any
revisions to the water quality standards
regulation should result in a regulation
that can be used to render protective,
tailored, site-specific water quality-
based decisions that bear reasonable
compliance costs for the regulated
community, as well as reasonable
implementation costs for States, Tribes
and EPA. At the same time, the
regulation should allow sufficient
flexibility to States and Tribes, if they
choose, to implement water quality
standards programs in a manner that is
no more burdensome than under the
existing regulation.

B. Objectives
In publishing this ANPRM, EPA is

beginning a review of the regulation in
a public forum in an attempt to identify
possible amendments to the regulation,
and new guidance or policy that may be
needed to address three distinct
objectives. They are: (1) to eliminate any
barriers and develop incentives to
enhance State and Tribal
implementation of watershed-based
water quality planning and
management; (2) to enhance State and
Tribal capability to incorporate current
criteria and water quality assessment
science into their water quality
standards programs, and; (3) to improve
the regulation so that it may be
implemented more efficiently and
effectively (including cost-effectively).
Meeting these three objectives, EPA
believes, will facilitate further water
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quality improvements locally and
nationally. EPA urges commenters to
keep all three main objectives in mind
when reviewing, analyzing and
commenting on this ANPRM.

II. Introduction to Water Quality
Standards

A. Statutory History
The first comprehensive legislation

for water pollution control was the
Water Pollution Control Act of 1948
(Pub. L. 845, 80th Congress). This law
adopted principles of State-Federal
cooperative program development,
limited federal enforcement authority,
and limited federal financial assistance.
These principles were continued in the
Federal Water Pollution Control Act
(Pub. L. 660, 84th Congress) in 1956 and
in the Water Quality Act of 1965. Under
the 1965 Act, States were directed to
develop water quality standards
establishing water quality goals for
interstate waters. By the early 1970’s, all
the States had adopted such water
quality standards. Since then, States
have revised their standards to reflect
new scientific information, the impact
on water quality of economic
development and the results of water
quality controls.

Due to enforcement complexities and
other problems, an approach based
solely on water quality standards was
deemed too weak to make a difference.
The purely water quality-based
approach prior to 1972 lacked
enforceable Federal mandates and
standards, and a strong impetus to
implement plans for water quality
improvement. The result was an
incomplete program that in Congress’
view needed strengthening. In the
Federal Water Pollution Control Act
Amendments of 1972 (Pub. L. 92–500,
Clean Water Act or CWA), Congress
established the National Pollutant
Discharge Elimination System (NPDES)
whereby each point source discharger to
waters of the U.S. is required to obtain
a discharge permit. The 1972
Amendments required EPA to establish
technology-based effluent limitations
that are to be incorporated into NPDES
permits. In addition, the amendments
extended the water quality standards
program to intrastate waters and
required NPDES permits to be
consistent with applicable State water
quality standards. Thus, the CWA
established complementary technology-
based and water quality-based
approaches to water pollution control.
Now, after nearly 25 years of investment
in technology-based controls and some
$70 billion in sewage treatment plant
construction, attention is turning back

to water quality standards as a
mechanism to make improvements in
water quality beyond those that have
been achieved through technology-
based controls.

Water quality standards serve as the
foundation for the water-quality based
approach to pollution control and are a
fundamental component of watershed
management. Water quality standards
are State or Tribal law or regulation that:
define the water quality goals of a water
body, or segment thereof, by designating
the use or uses to be made of the water;
set criteria necessary to protect the uses;
and protect water quality through
antidegradation provisions. Although
the CWA gives EPA an important role in
determining appropriate minimum
levels of protection and providing
national oversight, it also gives
considerable flexibility and discretion to
States and Tribes to design their own
programs and establish levels of
protection above the national minimum.
States and Tribes adopt water quality
standards to protect public health or
welfare, enhance the quality of water,
and serve the purposes of the Act.
‘‘Serve the purposes of the Act’’ (as
defined in Sections 101(a), 101(a)(2),
and 303(c) of the Act) means that water
quality standards should: (1) include
provisions for restoring and maintaining
chemical, physical, and biological
integrity of State and Tribal waters, (2)
provide, wherever attainable, water
quality for the protection and
propagation of fish, shellfish, and
wildlife and recreation in and on the
water (‘‘fishable/swimmable’’), and (3)
consider the use and value of State and
Tribal waters for public water supplies,
propagation of fish and wildlife,
recreation, agricultural and industrial
purposes, and navigation. See 40 CFR
131.2.

Section 303(c) of the CWA establishes
the basis for the current water quality
standards program. Section 303(c):

1. Defines water quality standards;
2. Identifies acceptable beneficial

uses: public water supply, propagation
of fish and wildlife, recreational
purposes, agricultural and industrial
water supplies and navigation;

3. Requires that State and Tribal
standards protect public health or
welfare, enhance the quality of water
and serve the purposes of the Act;

4. Requires that States and Tribes
review their standards every three years;

5. Establishes the process for EPA
review of State and Tribal standards,
including where necessary the
promulgation of a superseding Federal
rule in cases where a State’s or Tribe’s
standards are not consistent with
applicable requirements of the CWA or

in situations where the Administrator
determines that Federal standards are
necessary to meet the requirements of
the Act.

The decade of the 1970’s saw State
and EPA attention focus on creating the
infrastructure necessary to support the
NPDES permit program and
development of technology-based
effluent limitations. While the water
quality standards program continued, it
was a low priority in the overall CWA
program. In the early 1980’s, it began to
be recognized that greater attention to
the water quality-based approach to
pollution control would be needed to
effectively protect and enhance all of
the nation’s waters.

The first statutory evidence of this
was the enactment of a CWA
requirement that after December 29,
1984, no construction grant could be
awarded for projects that discharged
into stream segments which had not, at
least once since December 1981, had
their water quality standards reviewed
and revised or new standards adopted
as appropriate under Section 303(c).
(Public Law 97–117, Section 24,
‘‘Revised Water Quality Standards.’’)
The efforts by the States to comply with
this one-time requirement essentially
made the States’ water quality standards
current as of that date for segments with
publicly-owned treatment works
(POTWs) discharging into them.

Additional impetus to the water
quality standards program occurred on
February 4, 1987, when Congress
enacted the Water Quality Act of 1987
(Pub. L. 100–4). Congressional
impatience with the lack of progress in
State adoption of standards for toxics
(which had been a national program
priority since the early 1980’s) resulted
in the 1987 adoption of new water
quality standard provisions in the Water
Quality Act amendments. These
amendments reflected Congress’
conclusion that toxic pollutants in water
are one of the most pressing water
pollution problems. One concern
Congress had was that States were
relying, for the most part, on narrative
criteria to control toxics (e.g., ‘‘no toxics
in toxic amounts’’), which made
development of effluent limitations in
permits difficult. To remedy this,
Congress adopted section 303(c)(2)(B),
which essentially required development
of numeric criteria for those water body
segments where toxic pollutants were
likely to adversely affect designated
uses.

The 1987 Amendments gave new
teeth to the control of toxic pollutants.
As Senator Mitchell put it, Section
303(c)(2)(B) requires ‘‘States to identify
waters that do not meet water quality
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standards due to the discharge of toxic
substances, to adopt numerical criteria
for the pollutants in such waters, and to
establish effluent limitations for
individual discharges to such water
bodies.’’ (From Senator Mitchell, 133
Cong. Rec. S733.) To assist States in
complying with Section 303(c)(2)(B),
EPA issued program guidance in
December 1988 and instituted an
expanded program of training and
technical assistance.

Section 518 was another major
addition in the 1987 Amendments to the
Act. This section extended participation
in the water quality standards and 401
certification programs to certain Indian
Tribes. The Act directed EPA to
establish procedures by which a Tribe
could ‘‘qualify for treatment as a State,’’
at its option, for purposes of
administering the standards and 401
certification programs. The Act also
required EPA to create a mechanism to
resolve disputes that might develop
when unreasonable consequences arise
from a Tribe and a State or another
Tribe adopting different water quality
standards on common bodies of water.

Furthermore, with the 1987
Amendments, the Act explicitly
recognized EPA’s antidegradation policy
for the first time. The intent of the
antidegradation policy in EPA’s
regulation was and is to protect existing
uses and the level of water quality
necessary to protect existing uses and to
provide a means for assessing activities
that may impact high quality waters and
ruling on whether such projects could
proceed. Section 303(d)(4) of the Act
requires that water quality standards in
those waters that meet or exceed levels
necessary to support designated uses
‘‘may be revised only if such revision is
subject to and consistent with the
antidegradation policy established
under this section.’’

B. Regulatory History
In the late 1960’s and early 1970’s the

water quality standards program was
initiated and administered based on
minimal guidance and Federal
policies—many of which are still
reflected in the water quality standards
program today.

EPA first promulgated a water quality
standards regulation in 1975 (40 CFR
130.17, 40 FR 55334, November 28,
1975) as part of EPA’s water quality
management regulations mandated
under Section 303(e) of the Act. As
discussed earlier, the standards program
had a relatively low priority during this
time. This was reflected in the minimal
requirements of the first Water Quality
Standards Regulation. Few requirements
on designating water uses and

procedures were included. The
Regulation was general, requiring
‘‘appropriate’’ water quality criteria
necessary to support designated uses
and incorporating the antidegradation
policy. Toxic pollutants or any other
specific criteria were not mentioned.

Some States developed detailed water
quality standards regulations while
others adopted only general provisions
which proved to be of limited use in the
management of increasingly complex
water quality problems and created
disparities in requirements on regulated
entities. The few water quality criteria
that were adopted addressed a limited
number of pollutants and primarily
described fundamental water quality
conditions (e.g., pH, temperature,
dissolved oxygen and suspended solids)
or dealt with conventional pollutants.

In the late 1970s, EPA determined
that existing State water quality
standards needed to be better
developed. EPA moved to strengthen
the water quality program to
complement the technology based
controls. EPA amended the Water
Quality Standards Regulation to
explicitly address toxic criteria
requirements in State standards and
other legal and programmatic issues.
November 8, 1983 (54 FR 51400). This
regulation is more comprehensive than
its predecessor and includes more
specific regulatory and procedural
requirements. The 1983 regulation
created the concept of use attainability
analysis, added detail on the adoption
of numeric criteria including
authorization for site-specific criteria,
and listed specific procedural
requirements and definitions not
included in the original 1975 regulation.
The regulation specified the roles of the
States and EPA and the administrative
requirements for States in adopting and
submitting their standards to EPA for
review. It also delineated the EPA
requirements for review of State
standards and promulgation of federal
standards.

The 1983 regulation provided States
(and subsequently in 1991) Tribes with
the option of refining their use
designation process by allowing them to
establish subcategories of uses, such as
cold water and warm water aquatic life
designations. The 1983 regulation also
clarified that States (and subsequently
Tribes) may adopt discretionary policies
affecting the implementation of
standards, such as mixing zones, low
flows, and variances.

In support of the 1983 Regulation,
EPA simultaneously issued program
guidance entitled Water Quality
Standards Handbook (December, 1983).
The Handbook provided guidance on

the interpretation and implementation
of the Water Quality Standards
Regulation. This document also
contained information on scientific and
technical analyses that are used in
making decisions that would impact
water quality standards. EPA also
developed the Technical Support
Document for Water Quality-Based
Toxics Control (EPA 44/4–85–032,
September, 1985) (TSD) which provided
additional guidance for implementing
State water quality standards. In 1991,
EPA revised and expanded the TSD.
(EPA 505/2–90–001, March 1991). In
1994, EPA issued the Water Quality
Standards Handbook: Second Edition
(EPA–823–B–94–006, August 1994).

To accelerate compliance with CWA
section 303(c)(2)(B) (created by the 1987
Water Quality Act), EPA started action
in 1990 to promulgate numeric water
quality criteria for those States that had
not adopted sufficient water quality
standards for toxic pollutants. The
intent of the rulemaking, known as the
National Toxics Rule, was to strengthen
State water quality management
programs by increasing the level of
protection afforded to aquatic life and
human health through the adoption of
all available criteria for toxic pollutants
listed under 307(a) of the CWA (priority
pollutants) present or likely to be
present in State waters. This action
culminated on December 22, 1992, with
EPA promulgating Federal water quality
criteria for priority toxic pollutants for
14 States and Territories (see 57 FR
60848).

Subsequent to the promulgation of
criteria under the National Toxics Rule,
EPA altered its national policy on the
expression of aquatic life criteria for
metals. On May 4, 1995 at 60 FR 22228,
EPA issued a stay of several metals
criteria (expressed as total recoverable
metal) previously promulgated under
the National Toxics Rule for the
protection of aquatic life. EPA
simultaneously issued an interim final
rule that changed these metal criteria
promulgated under the National Toxics
Rule from the total recoverable form to
the dissolved form.

The Water Quality Standards
Regulation was amended in 1991 to
implement Section 518 of the Act to
expand the standards program to
include Indian Tribes (56 FR 64893,
December 12, 1991). EPA added 40 CFR
131.7 to describe the requirements of
the issue dispute resolution mechanism
(to resolve unreasonable consequences
that may arise between a Tribe and a
State or another Tribe when differing
water quality standards have been
adopted for a common body of water)
and 40 CFR 131.8 to establish the
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procedures by which a Tribe applies for
authorization to assume the
responsibilities of the water quality
standards and section 401 certification
programs.

Fourteen years since its last major
revision, the water quality standards
regulation is undergoing review and
potential revision in light of experiences
gained in its implementation by States,
Tribes, EPA and the public. The review
is intended to reflect the changing
nature of the program and to identify
specific changes that will strengthen
water quality protection and restoration,
facilitate watershed management
initiatives, and incorporate evolving
water quality criteria and assessment
science into water quality standards
programs. Based on the review and the
comments expected on the ANPRM,
EPA may decide to revise parts of the
regulation and/or change some of its
existing policies and guidance for the
water quality standards program.

Water quality standards are essential
to a wide range of surface water
activities, including: (1) setting and
revising water quality goals for
watersheds and/or individual water
bodies, (2) monitoring water quality to
provide information upon which water
quality-based decisions will be made,
(3) calculating total maximum daily
loads (TMDLs), waste load allocations
(WLAs) for point sources of pollution,
and load allocations (LAs) for natural
background and nonpoint sources of
pollution, (4) developing water quality
management plans which prescribe the
regulatory, construction, and
management activities necessary to meet
the water body goals, (5) calculating
NPDES water quality-based effluent
limitations for point sources, in the
absence of TMDLs, WLAs, LAs, and/or
water quality management plans, (6)
preparing various reports and lists that
document the condition of the State’s or
Tribe’s water quality, and (7)
developing, revising, and implementing
an effective section 319 management
program which outlines the State’s or
Tribe’s control strategy for nonpoint
sources of pollution.

Note: The term ‘‘State’’ as used in this
Notice refers to the fifty States, all Territories
of the United States, and the District of
Columbia. The term ‘‘Tribe’’ or ‘‘Tribal’’ as
used in this Notice generally refers to all
Indian Tribes authorized to administer the
water quality standards. On occasion, the
term ‘‘Tribe’’ or ‘‘Tribal’’ refers to Indian
Tribes that are eligible to seek authorization
to administer the water quality standards, but
have not yet secured such authorization.
There are some parts of the law and
regulation where ‘‘State’’ is now interpreted
to mean ‘‘State or Tribe.’’

C. Water Quality Guidance for the Great
Lakes System

On March 23, 1995, EPA published in
the Federal Register its Water Quality
Guidance for the Great Lakes System (60
FR 15366, March 23, 1995) (Great Lakes
Guidance). The Guidance consists of
water quality criteria for 29 pollutants to
protect aquatic life, wildlife, and human
health, and detailed methodologies to
develop criteria for additional
pollutants; implementation procedures
to develop more consistent, enforceable
water quality-based effluent limits in
discharge permits, as well as TMDLs of
pollutants that can be allowed to reach
the Great Lakes and their tributaries
from all sources; and antidegradation
policies and procedures.

Section 118(c)(2) of the Clean Water
Act (CWA) (Pub. L. 92–500 as amended
by the Great Lakes Critical Programs Act
of 1990 (CPA), Pub. L. 101–596,
November 16, 1990) required EPA to
publish proposed and final water
quality guidance on minimum water
quality standards, antidegradation
policies, and implementation
procedures for the Great Lakes System.
EPA responded to these requirements by
initiating a rulemaking, publishing the
Proposed Water Quality Guidance for
the Great Lakes System (proposed
Guidance) in the Federal Register on
April 16, 1993 (58 FR 20802). EPA also
published four subsequent documents
in the Federal Register identifying
corrections and requesting comments on
additional related materials. EPA
received over 26,500 pages of
comments, data, and information from
over 6,000 commenters in response to
these documents and from meetings
with members of the public.

After reviewing and analyzing the
information in the proposal and these
comments, EPA developed and
published the Great Lakes Guidance,
codified at 40 CFR Part 132. Part 132
contains six appendixes of detailed
methodologies, policies, and
procedures. Detailed discussion of the
final Guidance is provided in ‘‘Final
Water Quality Guidance for the Great
Lakes System: Supplementary
Information Document’’ (SID), (EPA,
1995, 820–B–95–001) and in additional
technical and supporting documents
which are available in the docket for the
rulemaking. Copies of the SID and other
supporting documents are also available
from EPA in electronic format, or in
printed form for a fee upon request.

Developing the Great Lakes Guidance
was an enormous effort based on
extensive public comment and analysis
on some of the same issues that are
addressed in this ANPRM. One

principal difference between the
provisions in the Great Lakes Guidance
and the regulation, policy and guidance
that is the subject of this ANPRM is that
where the Great Lakes Guidance
addressed programs in the Great Lakes
States only, this ANPRM addresses the
national water quality standards
regulation and program, and thus the
programs of all States and Tribes with
water quality standards authority.
Where the Great Lakes Guidance
addressed an issue or issue area that is
also addressed in the ANPRM, that
analysis and conclusion may or may not
be relevant to the discussion of the
national program. Where it is, today’s
ANPRM identifies the specific relevant
Great Lakes Guidance provisions in the
specific issue discussions. Many of the
provisions in the Great Lakes Guidance
were developed to address the unique
problems in the Great Lakes Basin that
stem from known contamination by
bioaccumulative chemicals and the long
retention time of water in the Lakes.
Commenters should keep in mind that
the Great Lakes provisions were derived
for States that are in the Great Lakes
Basin in whole or part and should
consider the uniqueness of the Great
Lakes Basin when evaluating Great
Lakes Guidance provisions for
application outside of the Great Lakes
Basin.

III. Program Areas for Public Comment

A. Introduction

Entering its 33rd year, the water
quality standards program has begun to
evolve from one with a narrow focus on
establishing water body uses and
adopting chemical criteria for basic
water quality characteristics addressing
the most obvious sources of pollution to
a more comprehensive program. In
recent years the scientific community
has developed greater knowledge of the
full range of stressors adversely
impacting surface waters. EPA believes
the water quality standards program
should evolve to keep pace with
expanding science to address water
quality problems in a more
comprehensive way, accommodating
more specific and sophisticated water
use classifications, criteria for more
pollutants, new forms of criteria and
companion ecological and health
indicators, and closer integration with
other programs. At the same time, EPA
realizes that such an evolution could
require a significant increase in
analytical resources from States, Tribes
and the regulated community, and that
changes to the existing program must be
structured in a way that is workable.
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This is an appropriate time to begin
a structured national debate aimed at
identifying the focused changes
necessary to strengthen the
underpinnings of water quality
standards and implementation. In the
fourteen years since the regulation was
last revised, there have been numerous
scientific developments, statutory
changes, court decisions, and
implementation issues affecting the
water quality standards program. The
shift in program focus beyond just
chemical contamination to include
ecosystem protection and watershed
approaches necessitates reexamining
basic program concepts. In addition,
there is an opportunity to address
possible barriers to effective water
quality improvements where it is
determined that regulatory changes are
possible under existing law.

In recent years, EPA has heard from
the States and Tribes as well as the
environmental and regulated
communities regarding the necessity
and focus of a revision to the water
quality standards regulation. As
indicated by the wide range of issues
and options presented in this advance
notice, views of the different
stakeholder groups often differ
considerably. Many stakeholders believe
that a revised regulation is needed for
continued improvements in water
quality protection. Others believe
changes are needed to allow more
flexible, cost-effective approaches by
States and Tribes. Conversely, many
stakeholders have said that the
regulation is sufficient and does not
need to be reviewed.

A key issue presented here relates to
the degree of specificity necessary
should EPA revise the regulation. There
are many who support a more flexible
regulation to allow States and Tribes to
address new and changing
circumstances. Under a more flexible
regulation, States and Tribes could more
easily tailor their programs to deal with
pressing water quality restoration and
protection needs that are not well
addressed presently. Others support a
regulation with more specific regulatory
requirements. The latter would promote
a more consistent minimal level of
protection in State and Tribal water
quality standards, provide more clarity
on standards issues, and serve as a
stronger tool in encouraging States and
Tribes to take appropriate restoration
and protection actions. EPA urges
commenters to consider the appropriate
balance between flexibility, national
consistency, and consistency within
States and Tribes when commenting on
any of the ideas presented in this notice.

One of the outcomes of this ANPRM
and follow-on actions can be
establishment of a clearer set of national
minimum policies and implementation
procedures on which EPA will reliably
and predictably base its approval and
disapproval decisions on State and
Tribal water quality standards
submittals. EPA remains committed to
making consistent decisions from State
to State and Tribe to Tribe and State to
Tribe to meet our obligation to ensure
an appropriate level of protection
nationally and that the goals of the Act
are achieved. Clarifying these national
norms will serve to better articulate the
norms of protection from State to State
and Tribe to Tribe and State to Tribe
and also to clarify national norms of
flexibility. Defining the appropriate
level of consistency, in turn, defines the
appropriate degree level of flexibility. In
addition, establishing norms of
consistency and flexibility should help
to resolve State or Tribal differences
with EPA on water quality standards
early in the process, before the
approval/disapproval stage.

While the following discussion
describes specific areas and issues for
public review, the public is welcome to
comment on any aspect of the water
quality standards program. EPA
emphasizes, however, that publication
of this Notice does not commit the
Agency to proceeding with a regulatory
change. EPA has not decided whether it
will, in fact, propose regulatory
amendments, and, if proposed, how
extensive that effort might be. This
decision will be made after considering
the comments received and the need to
address other priority activities as well
as any Congressional and Executive
Branch directives. A potential outcome
of this public review may be additional
guidance and/or policies rather than
regulatory changes.

EPA has not determined the next
steps it will take after evaluation of all
the comments received on this ANPRM.
It is likely that any follow-on proposed
rule to amend 40 CFR 131 would focus
on a relatively narrow set of issues and
that many other issues could be
resolved through policy and guidance.
EPA requests that commenters identify
the five to seven issues considered
highest priority for possible regulatory
amendments. The summary section at
the end of this notice contains a brief
summary of the potential changes to the
water quality standards regulation that
are discussed and considered in this
ANPRM. The list of potential changes
includes the full range of potential
changes to the regulation on which EPA
is specifically requesting comment.
Each potential change to the regulation

is discussed in detail in the
corresponding section of the ANPRM.

B. Uses

1. Background

Section 131.10 of the current
regulation describes States’ and
authorized Tribes’ responsibilities for
designating and protecting uses. The
regulation requires that States and
Tribes specify the water uses to be
achieved and protected; requires
protection of downstream uses; allows
for sub-category and seasonal uses, for
instance, to differentiate between cold
water and warm water fisheries; sets out
minimum attainability criteria; lists six
factors of which at least one must be
satisfied to justify removal of designated
uses which are not existing uses;
prohibits removal of existing uses;
establishes a mandatory upgrading of
uses which are existing but not
designated; and establishes conditions
and requirements for conducting use
attainability analyses.

These provisions make a distinction
between existing and designated uses
and set out specific requirements to
ensure protection of these two broad use
categories. Designated uses are defined
as those uses specified in water quality
standards for each water body or
segment whether or not they are being
attained. EPA interprets existing uses as
those uses actually attained in the water
body on or after November 28, 1975 (the
date of EPA’s initial water quality
standards regulation), whether or not
they are included in water quality
standards. 40 CFR 131.3(e). Designated
uses focus on the attainable condition
while existing uses focus on the past or
present condition. Section 131.10 then
links these two broad use categories in
a manner which intends to ensure that
States and Tribes designate appropriate
water uses, reflecting both the existing
and attainable uses of each water body.
For this discussion it is important to
consider both the distinction between
and linkage of designated and existing
uses.

It is in designating uses that States
and Tribes establish the environmental
goals for their water resources, and it is
in designating uses that States and
Tribes are allowed to evaluate the
attainability of those goals. Because
water quality standards perform the
dual function of establishing water
quality goals and ultimately serving as
the regulatory basis for water quality-
based treatment controls and strategies,
typically, although not exclusively, via
water quality criteria protecting those
uses, a State or Tribe often weighs the
environmental, social and economic
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consequences of its decisions in
designating uses. The regulation allows
the State or Tribe some flexibility in
weighing these considerations and
adjusting these goals over time.
Reaching a conclusion on the uses that
appropriately reflect the potential for a
water body, determining the
attainability of those goals, and
appropriately evaluating the
consequences of a designation, however,
can be a difficult and controversial task.
Appropriate application of this process
involves a balancing of environmental,
scientific, technical, and economic and
social considerations as well as public
opinion and is therefore one of the most
challenging areas of the current
regulation.

To direct this decision making-
process, the regulation establishes
requirements that must be followed
when designating uses or concluding
that attaining a use is infeasible. When
performing this attainability analysis, a
State or Tribe considers physical,
chemical, biological and economic
factors that may limit the potential for
achieving the goal use.

EPA’s current water quality regulation
effectively establishes a ‘‘rebuttable
presumption’’ that ‘‘fishable/
swimmable’’ uses are attainable and
therefore should apply to a water body
unless it is affirmatively demonstrated
that such uses are not attainable. EPA
believes that the rebuttable presumption
policy reflected in these regulations is
an essential foundation for effective
implementation of the Clean Water Act
as a whole. The ‘‘use’’ of a water body
is the most fundamental articulation of
its role in the aquatic and human
environments, and all of the water
quality protections established by the
CWA follow from the water’s designated
use. This approach preserves States’ and
Tribes’ paramount role in establishing
water quality standards, in this instance,
in weighing any available evidence
regarding the attainable uses of a
particular water body. The rebuttable
presumption approach does not restrict
the discretion that States and Tribes
have to determine that ‘‘fishable/
swimmable’’ uses are not, in fact,
attainable in a particular case. Rather, if
the water quality goals articulated by
Congress are not to be met in a
particular water body, the regulations
simply require that such a
determination be based upon a credible,
‘‘structured scientific assessment’’ of
use attainability.

Because there is a presumption that
the uses specified in sections 101(a)(2)
and 303(c) of the Clean Water Act are
attainable (protection and propagation
of fish, shellfish and wildlife and

recreation in and on the water
[101(a)(2)]; public water supplies,
propagation of fish and wildlife,
recreational purposes, agricultural
purposes, and navigation [303(c)(2)(A)]),
the criteria for overcoming that
presumption are carefully
circumscribed. The economic use
removal test, for example, requires a
showing that the cost of compliance
with the use(s) would result in
‘‘substantial and widespread economic
and social impact.’’ This is a high
threshold to ensure that the interim
goals of section 101(a)(2) and the section
303(c) uses are not abandoned without
appropriate cause.

The general construction of the
§ 131.10 requirements for designating
uses, supplemented with specific
Agency guidance, has worked well in
most situations over the last 14 years,
and the use designation process is well
established in State and Tribal water
quality standards programs. There are,
however, a number of new issues that
have arisen since the 1983 regulation
was promulgated. Often these new
issues are associated with site-specific
decision-making, and EPA expects the
trend toward site-specific application of
water quality standards will accelerate
as States and Tribes begin implementing
watershed protection programs, using
field biological information to more
precisely describe aquatic communities
to be protected or restored, and applying
new watershed or ecosystem-specific
approaches to criteria development. As
explained in the ‘‘Objectives’’
discussion in this document, one of the
principal reasons for this notice is to
determine whether or not the current
regulation is sufficiently flexible to
accommodate an expected shift in
program emphasis beyond chemical
contaminants to ecosystem protection
and watershed approaches that will
necessarily place greater emphasis on
integrated assessments of both chemical
and non-chemical stressors and
watershed-specific decision-making.

While it is important to identify
potential barriers to needed flexibility,
commenters should identify, as well,
any changes or clarification that may be
needed to ensure that an appropriate
level of national consistency is
maintained across and within all
jurisdictions. In this section of the
notice, EPA seeks comment on the
following issues: (1) refined designated
uses with more focus on watersheds and
ecosystems, (2) existing uses, (3)
attainability and removal of designated
uses, and (4) alternatives to removal of
designated uses.

2. Refined Designated Uses

The current regulation at 40 CFR
131.10(a), based on section 303 of the
CWA, requires that States and
authorized Tribes specify appropriate
water uses to be achieved and protected,
taking into consideration the use and
value of water for public water supplies,
protection and propagation of fish,
shellfish and wildlife, recreation in and
on the water, agricultural, industrial,
and other purposes including
navigation. The regulation also allows,
but does not require, States and Tribes
to identify more specific sub-categories
of these general use categories.

Over the years, States and Tribes have
created many different use classification
systems ranging from a straightforward
replication of uses specifically listed in
section 303 of the Act to more complex
systems that express designated uses in
very specific terms or establish sub-
classifications which identify different
levels of protection. For example, some
States simply specify ‘‘water supply’’ as
a use classification applicable
throughout the State while others may
identify several specific sub-categories
related to the quality of the raw water
supply and anticipated treatment
requirements. Similarly, some States
designate general ‘‘aquatic life’’ uses
while others list a variety of sub-
categories based on a range of aquatic
community types which may include
descriptions of core aquatic species
representative of each sub-category.
Although a variety of approaches have
evolved and become established in State
and Tribal programs, the current
regulation is not specific about the level
of precision States or Tribes must
achieve in designating uses.

There are advantages and drawbacks
for either the general or specific use
classification systems and it is not clear
that either is necessarily superior in
ensuring full protection of State or
Tribal water quality. There is, however,
a need for the use designation process,
whether implementing a general or
specific classification system, to clearly
articulate and differentiate intended
levels of protection with enough
specificity so that decision-makers can
appropriately develop and implement
the standards on a site-or watershed-
specific basis and so that the public can
understand, identify with, and influence
the goals set for waters they care about.

Lack of precision in uses and criteria
assigned to protect those uses can
inadvertently result in either a lesser or
greater level of protection than was
actually intended when the water
quality standards were adopted.
Although the designated use specificity
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issue may apply to any of the Section
303 general use categories, it may be
most relevant for aquatic life uses.
Aquatic communities can vary
significantly from water body-to-water
body. As noted above, however, State
and Tribal use classifications generally
do not reflect the variability among
aquatic community types and may list,
instead, very general descriptions such
as ‘‘aquatic life’’ as the designated use.
Where this is the case, it is possible that
measurable changes in aquatic
community composition or production
could occur at a specific site and still
satisfy the definition of ‘‘aquatic life,’’
unless somewhere in its process the
State or Tribe has documented
information about its specific intent in
applying the ‘‘aquatic life’’ classification
to each water body. For example, an
activity that causes the discharge of
sediment, altering the physical habitat
in the receiving water body, could result
in a measurable change in aquatic
community structure and function (e.g.,
the types of aquatic species found in
that segment). Yet, that activity may
arguably satisfy a general ‘‘aquatic life’’
use protection requirement simply
because of a lack of specificity in the
regulatory description of that designated
use. In this case, lack of precision in the
designation or description of the use
could result in under protection of the
resource, unless somewhere in the State
or Tribal process an intended level of
protection is specified.

Alternatively, lack of precision in
uses and assigned criteria could result
in standards that are over protective,
resulting in application of unnecessary
control requirements. In assigning
criteria to protect general use
classifications, a State or Tribe must
ensure that the criteria are sufficiently
protective to safeguard the full range of
waters in the State or Tribe (i.e., criteria
would be based on the most sensitive
use). While this approach will result in
full protection of all State or Tribal
waters, the approach has been
challenged, especially for aquatic life
uses, where evidence suggests that the
general use and criteria will require
controls more stringent than needed to
protect either the existing or potential
aquatic community for a specific water
body. Although EPA supports broad
application of statewide or tribe-wide
criteria to ensure that sensitive uses are
protected where site-specific
information is lacking, the Agency’s
current thinking is that there is a
growing need to more precisely tailor
use descriptions and criteria to match
site-specific conditions, ensuring that
uses and criteria provide an appropriate

level of protection which, to the extent
possible, is neither over nor under
protective. This concept was reflected in
the Agency’s 1994 Combined Sewer
Overflow Policy (59 FR 18688).

The level of protection issue is one of
both use and criteria. To have a
meaningful effect, a more precise use
description must be accompanied by
more focused criteria, appropriately
tailored to the refined use description.
EPA recognizes that, at present, national
or statewide or tribe-wide criteria
generally are not sufficiently precise to
distinguish among all of the various
sub-categories of uses. As water quality
standards issues become more
watershed-specific or site-specific,
however, the trend will very likely be
toward more specific use descriptions
and; because the essential purpose of
the criteria is to describe, evaluate
attainment of, and protect the
designated use; more site-specific
criteria development.

A potential constraint for refining the
aquatic life uses would be the resource
commitment often associated with
developing a comprehensive biological
database. Because of the resource
constraints, it may be difficult for a
State or Tribe to develop designated
uses (or use descriptions) for each
segment that include a detailed
biological description of the aquatic
community to be protected. Simply
from a practical standpoint, it may be
more workable to reserve such precise
determinations for watershed-specific
decision-making. Therefore, in
highlighting the issue of greater
specificity, EPA is suggesting that one,
but perhaps not the only, way to resolve
this issue is to mandate much greater
specificity in a State or Tribal use
classification structure.

Obviously, there is a need for
designated use descriptions in State and
Tribal regulation to be defined, at a
minimum, with sufficient specificity to
ensure existing and potential uses will
be protected and/or attained. The
difficulty is in striking a balance
between specificity sufficient to ensure
uses are appropriately protected and
flexibility needed to allow efficient
widespread application of a
classification system to all State or
Tribal waters. A question has been
raised about, and EPA is considering,
whether or not the current regulation
and guidance provide the framework
needed to strike the appropriate balance
and the guidance on when and how to
refine uses.

Aquatic Life
An issue related to the manner in

which States and Tribes define

designated aquatic life uses is the
occasional confusion expressed between
the actual intent of the CWA section
101(a)(2) interim goals and the
‘‘fishable/swimmable’’ short hand
expression often used to describe those
interim goals. EPA acknowledges that
the phrase ‘‘fishable/swimmable’’ does
not fully describe the intent and scope
of the CWA section 101(a)(2) interim
goals. The confusion over the
expression ‘‘fishable’’ often surfaces
where there is an action aimed at
removing an aquatic life use from a
particular water body where there are
no sport or commercial fisheries. In
these instances, an argument is often
made that the water body does not meet
the ‘‘fishable’’ intent of the section
101(a)(2) interim goals because the
water body naturally supports only
‘‘minnows’’ and/or aquatic
invertebrates. EPA believes this is an
unacceptable argument for removing an
aquatic life designated use or excluding
an aquatic life designated use. As
explained in EPA’s Questions and
Answers on Antidegradation (USEPA,
1985, p. 3), the Agency considers the
protection afforded by standards to
focus on an appropriately representative
aquatic community whether or not that
community includes sport or
commercial fish:

The fact that sport or commercial fish are
not present does not mean that the water may
not be supporting an aquatic life protection
function. An existing aquatic community
composed entirely of invertebrates and
plants, such as may be found in a pristine
tributary alpine stream, should be protected
whether or not such a stream supports a
fishery. Even though the shorthand
expression ‘‘fishable/swimmable’’ is often
used, the actual objective of the Act is to
restore the chemical, physical and biological
integrity of our Nation’s waters (Section
101(a)). The term ‘‘aquatic life’’ would more
accurately reflect the protection of the
aquatic community that was intended in
Section 101(a)(2) of the Act.

Thus, EPA’s current interpretation of
the regulation means that the Agency
will not approve State or Tribal action
to exclude aquatic life protection based
on a conclusion that a water body does
not support a ‘‘fishery’’, implying a
sport or commercial fishery. EPA’s
current thinking is that it would
improve the regulatory text to reflect
this interpretation explicitly.

More specific to this discussion of
refined designated uses is the question
of whether or not the Agency should
mandate that a minimum ‘‘aquatic life’’
use sub-category or sub-categories be
included in all State or Tribal
designated use classification systems to
ensure appropriate protection of waters
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which do not support commercial or
sport fisheries (or any fish).

Refined Designated Uses and Use
Attainability Requirements

There is one additional issue related
to the refined designated use discussion
that should be addressed. A question
has been raised about the applicability
of the use attainability requirements
when establishing refined designated
uses (with particular emphasis of
aquatic life uses). The question raised is:
since refined designated uses may be
less inclusive than broad designations,
will EPA consider development of a
more refined use description to be a
change in use subject to the use
attainability requirements? Under
current regulation, the combination of a
new use sub-category and less stringent
criteria triggers the use attainability
requirements in § 131.10 of the Federal
regulation (see § 131.10(j)(2)). However,
it is possible that under certain
circumstances, this requirement could
be modified.

Such a modification would focus on
the kind of information that should
accompany any refined use
classification based on a more precise
biological description, whether or not
formal use attainability assessment
requirements apply. Essentially, there
are two issues to be addressed: (1) does
the refined description of the aquatic
community reflect the reference
condition (i.e., natural states) for the
kinds of waters to which the new
classification is to be applied? and (2)
are any newly proposed criteria
scientifically defensible? These are basic
questions which would have to be
addressed whether or not the use
attainability requirements were invoked.
As a result, a proposal to refine use
categories will have to be accompanied
by a rationale explaining how it was
determined that the proposed biological
description appropriately reflects the
potential for waters to which the new
sub-classification is to be applied. If
warranted, this refined description can
then serve as the basis for deriving
defensible and appropriate criteria
specific to the new sub-classification.

Request for Comment Refining Use
Designations

EPA seeks comment on the following
questions:

1. The current regulation is not
specific about the level of precision
States or Tribes must achieve in
designating uses. The regulation allows
for subcategories of uses, but does not
mandate such an approach. Should the
regulation be revised to promote or
require greater specificity in designated

uses, particularly for aquatic life uses, to
support watershed-specific decision-
making such as is anticipated in
implementing watershed or place-based
initiatives?

2. Where a State or Tribe utilizes
broadly-defined designated uses, could
the desired level of specificity be
adequately addressed in State or Tribal
standards that clearly articulate the
intent of the designated uses as they
would apply to specific waters of the
State or Tribe?

3. If EPA were to specify a required
level of precision in establishing use
categories, what factors should be
considered in prescribing a level of
specificity? That is, what factors should
be considered in striking a balance
between specificity sufficient to ensure
uses are afforded an appropriate level of
protection and flexibility/efficiency
needed to allow widespread application
of the classification system?

4. At a minimum, should the
regulation require that State and Tribal
aquatic life use categories include a sub-
category or sub-categories that may be
assigned to protect aquatic communities
that do not include a ‘‘fishery’’?
Alternatively, should the regulation
explicitly reflect EPA’s current
interpretation of the regulations to the
effect that State and Tribal aquatic life
classification systems protect a range of
aquatic communities whether or not
there are sport or commercial fish (or
any fish) present?

5. Should the use attainability
requirements in 131.10(j)(2) be modified
to recognize situations where
scientifically defensible less stringent
criteria may be appropriate for refined
uses which reflect the reference
condition for particular waters?

3. Existing Uses
a. Protection of Existing Uses. The

requirement to protect existing uses is
addressed in two places in the current
regulation—Section 131.10, designation
of uses and Section 131.12,
antidegradation. (see discussion of
antidegradation, ‘‘tier 1’’, in section III.D
of this document) As discussed in the
background section above, the
regulation defines ‘‘existing uses’’ as
‘‘those uses actually attained in the
water body on or after November 28,
1975, whether or not they are included
in the water quality standards.’’ (40 CFR
131.3(e)) As a result, the focus of
existing uses, is on the past or present
condition of the water body.
Furthermore, by establishing
requirements prohibiting the removal of
existing uses and ensuring those uses
will be appropriately recognized in
State and Tribal water quality standards,

the current regulation ensures that the
better of the past or present condition,
at a minimum, will be maintained and
protected. Determining whether or not
an existing use has occurred in the past
or is currently in place is not always a
straightforward task, however, and over
the years, a number of questions have
been raised about exactly what the
‘‘existing use’’ provisions in 131.10
require. These questions generally fall
into two categories: (1) what is the link
between existing uses and the State or
Tribal use classification system? and (2)
what is the relationship between
existing uses, existing water quality and
potential uses, i.e. uses that may be
attainable in the water body whether or
not those uses are presently designated
for the water body or are presently being
attained?

The first question addresses the
relationship between the existing use
protection provisions in Section 131.10
and State or Tribal use classification
systems. There appears to be some
confusion on this point. The confusion
seems to center on what may appear to
be conflicting mandates—protect what
is there and allow no further erosion of
water quality, and appropriately
designate the existing use in regulation
using the established classification
system. The existing use definition and
the requirement that existing uses be
protected suggests to some that the
description of existing uses is
constrained by the way in which a State
or Tribe has described its designated
uses in its classification system. That is,
they argue that an existing use, to be
adequately protected, needs to fit into
one of the categories or sub-categories
established in State or Tribal regulation,
and as a result, a decision about
whether or not a use is ‘‘existing’’ is
likewise constrained by the use
descriptions and criteria established in
that classification system.

For purposes of Section 131.10, this is
generally the case. Again, this Section of
the Federal regulation establishes two
requirements with respect to existing
use protection: (1) a prohibition against
removal of a designated use where that
use is determined to be an existing use,
and (2) a requirement that existing uses
be protected by State or Tribal
regulation. To ensure a workable
process, EPA interprets Section 131.10
as necessarily recognizing a linkage
between the existing use protection
provisions and the established State or
Tribal use classification system. This
interpretation of the regulatory
framework, however, also presumes a
responsibility on the part of a State or
Tribe to establish a classification system
that is sufficiently flexible and/or
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encompassing to assure an appropriate
level of protection for the anticipated
range of existing uses (see discussion on
refined designated uses in this chapter).

As explained earlier in the discussion
on refined designated uses, a variety of
use classification systems has evolved
and become established in State and
Tribal programs. Although there are
likely some advantages to a more
refined use classification system when it
comes to protecting existing uses (more
precise categories in which to fit the
existing use), such a system may not be
necessary as long as the State or Tribal
standards clearly articulate the intended
and appropriate level of protection for
existing uses (again, see discussion of
refined designated uses). The following
example illustrates the point. An acid
bog is a water body type which may be
fairly widespread but which, as a
classification type, may not appear in
many State or Tribal standards. Where
the aquatic characteristics of an acid bog
are discovered to constitute an existing
use, a State or Tribe could: (1) establish
a classification type and criteria for acid
bogs to ensure appropriate protection by
way of a specific designation, or (2)
classify the bog within the existing,
general classification system, e.g., warm
water aquatic life, and adopt any needed
site-specific criteria to ensure the
existing nature and quality of this
specific water resource is protected.
Either approach can result in an
appropriate level of protection and there
may not be a need for States or Tribes
to include an ‘‘acid bog’’ water body
type in their classification system.
Under either approach the standards
must articulate clearly the intended and
appropriate level of protection, ensuring
protection of the existing use.

It is also important to remember that
the existing use provisions in both
§§ 131.10 and 131.12 must be
considered together. The classification
requirements in § 131.10 ensure that all
existing uses will be recognized and
protected through appropriate
classification of those water bodies in
the standards (and/or application of
appropriate site-specific criteria where
the existing classification system is
broadly constructed). The
antidegradation-based existing use
protection provision guarantees that
individual activities on individual water
bodies will be examined to ensure those
activities will not eliminate existing
uses, whether or not those uses are
currently recognized in the State or
Tribal standards. The antidegradation
provisions, through the general
requirement that existing uses be
protected, ensure immediate protection
from specific activities which may

threaten the existing use, and the
classification requirements ensure
recognition and longer-term protection
from any present or future stressors
through specific designation in the
standards. Both these provisions apply
and should not be considered in
isolation. Together they constitute the
existing use protection requirements,
ensuring the existing uses and water
quality to support those uses are
maintained and protected.

The second question addresses the
relationship between existing uses,
existing water quality and potential
uses. The Agency’s guidance, Questions
and Answers on Antidegradation,
August, 1985 (Notice of Availability, 50
FR 34546, August 26, 1985 [included as
appendices to Water Quality Standards
Handbook, cited above]) addresses this
issue, in part. The answer to ‘‘question
7’’ states: ‘‘an existing use can be
established by demonstrating that
fishing, swimming, or other uses have
actually occurred since November 28,
1975, or that the water quality is
suitable to allow such uses to occur
(unless there are physical problems
which prevent the use regardless of
water quality).’’ Using an example of a
healthy shellfish community which is
not currently being harvested, the
answer goes on to explain that the
existence of a use (past or present) is not
dependent solely upon a demonstration
that the use is being satisfied in a
functional sense (i.e., in this case, the
shellfish harvested). In this example,
‘‘shellfish harvesting’’ is considered an
existing use, even though there is
presently no harvesting underway,
because the water quality and habitat
support a healthy shellfish community
suitable for harvesting. The answer
further explains that to assume
otherwise ‘‘* * *would be to say that
the only time an aquatic protection use
‘exists’ is if someone succeeds in
catching fish.’’ As illustrated in this
example, the existing use question must
address both the current or past
functional use and the current or past
(since November 28, 1975) water
quality, and the intent of the regulation
is to ensure the existing use and the
water quality necessary to support that
use are maintained and protected. Thus,
in this example, the shellfish harvesting
use is to be protected by designated uses
in water quality standards.

The shellfish example is a good one
in that it clearly illustrates EPA’s
position that an existing use finding can
be made either where the use is or has
been ‘‘actually attained’’ or where the
water quality necessary to support the
use is in place even if the use, itself, is
not currently established, as long as

other site-specific factors, for example
physical problems like flow or substrate,
would not, despite the suitable water
quality, prevent attainment of the use.
The ‘‘other factors’’ caution is important
in understanding EPA’s position on
existing uses. In making an existing use
determination, there is a link between
the use and water quality. To be
considered an existing use, the use must
have been actually attained in the past,
is now attained or water quality is
sufficient to support the use. However,
for some sites, water quality, alone, may
be an insufficient basis for making an
existing use finding if there are other
factors that would prohibit the use from
taking place regardless of the quality of
the water at a site. In the shellfish
example, the necessary water quality is
present, and there are no obvious
limiting factors which would prohibit
present or future shellfish harvesting.

Although this example is useful in
illustrating important principles in
implementing existing use protection
requirements, it is a rather
straightforward example. An
appropriate resolution of the existing/
designated use issue may be somewhat
less clear-cut where either the existing
water quality or the existing use is
marginal (i.e., it is difficult to determine
whether or not the use is actually
attained, or whether or not there are
factors, other than water quality, that
could prohibit the use). It is in
addressing these situations that
questions have been raised about what
the current regulation requires. A
principal difficulty in addressing these
questions may lie in resolving the
linkage between the present and past
conditions protected by the ‘‘existing
uses’’ provisions and the attainable or
potential condition protected by
‘‘designated uses’’ provisions. It may be
useful to evaluate this issue by
considering the link between existing
and designated uses established in the
current regulation.

Obviously, any decision about
whether or not a use is an ‘‘existing use’’
must be a water body-specific
determination. The existing use
determination is, therefore, site-specific,
and decisions should consider water
quality and other limiting factors such
as the physical habitat specific to a
particular water body. A few examples
may help illustrate the issue. A
somewhat common existing use
question applies to primary contact
recreation: if a few people on a few
occasions ‘‘swim’’ in a water body that
does not have the quality or physical
characteristics to support swimming, is
this an existing use, even if the water
body is posted ‘‘no swimming’’ due to
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bacterial contamination and lacks the
physical features to actually support
swimming? The straightforward answer
to this question is that ‘‘swimming’’ is
not an existing use because the present
(or past) condition does not support that
use. This conclusion is based on the
very limited actual ‘‘use’’ and, more
importantly, the lack of suitable water
quality and physical characteristics that
would support a recreational swimming
use now or in the future (as determined
by the water quality requirements and
recreational swimming considerations,
including safety considerations, in the
State or Tribal classification system for
primary contact recreation).

A question has been raised as to how
to interpret the regulation in the context
of this example. One could determine
that because the water body is not
suitable for swimming, and has not been
since 1975, primary contact recreation is
not an existing use. Alternatively, one
could determine primary contact
recreation to be an existing use because
the water body was actually used for
swimming, even though the use was
occasional and water quality and
physical characteristics were not
acceptable to support such a use. EPA
believes the first alternative is the better
interpretation of Agency regulations and
guidance in this example, because the
use is not established and the water
quality and other factors would appear
to prohibit actually attaining a
recreational swimming use.

Stating that this is an appropriate
interpretation of the regulation means
that EPA would not object if a State or
Tribe reached a conclusion, in a similar
case, that this was not an existing use.
As noted above, however, existing use
decisions are very site-specific, and it is
possible that, on a specific water body
under similar circumstances, a different
conclusion could be reached by a State
or Tribe based on public comment at a
hearing and a decision to take a
protective approach to the incidental
use for that specific resource. The
Federal requirements do not prohibit a
State or Tribe from taking a more
protective approach than would be
required by the water quality standards
regulation.

Although, in the above example, a
State or Tribe could conclude that
primary contact recreation is not an
existing use, it may well be an attainable
use that must be protected as a
designated use by the State’s or Tribe’s
water quality standards. This finding
would depend on whether the physical
condition of the water body is suitable
for swimming and whether the water
quality problems limiting the use are
controllable. (See 40 CFR 131.10(j) and

discussion on use attainability analysis
below). The point is that, although the
existing use provisions most directly
address past or present conditions,
decisions about existing uses generally
are not made in isolation. With respect
to uses contained in CWA Section
101(a)(2), the regulation links existing
and designated uses, and it may be
useful to view these provisions as a
continuum in examining the broader
question of use protection.

Some States and Tribes have
recognized that continuum in
developing use attainability guidance
for recreational uses which includes
questions about the actual use, existing
water quality, water quality potential,
recreational facilities, location, safety
considerations, physical conditions of
the water body, and access

Note: access here means restricted access,
as in fenced property; access is not intended
to suggest the ‘‘remoteness’’ of the water
body; in EPA’s view, remoteness is not a
valid basis for an attainability decision on
recreation.

When all of these factors are
considered, the adopted water quality
standards are consistent with both the
existing and designated use provisions.
For example, suppose a city has created
a greenway along a stream that receives
wastewater effluent upstream of the
greenway and has posted ‘‘no
swimming’’ signs. The greenway attracts
children leading to the inevitable
‘‘unauthorized’’ swimming. If the
physical condition of the stream is
suitable for swimming, the swimming
occurs on a frequent basis and the
greenway provides recreational facilities
and access, the only factor limiting the
use may be a water quality problem that
in the judgement of the State or Tribe
can be controlled to achieve the primary
contact use. The linkage between
existing and designated uses encourages
the evaluation of this full suite of factors
in making a decision about whether or
not primary contact recreation should
be protected.

A similar existing use question is
often raised for aquatic life uses where
the existing aquatic community is
impaired as a result of marginal water
quality. A common example in the
western part of the country is a
mountain stream impaired by historic
hard rock mining (with the impacts
occurring well before November 28,
1975). Although the physical condition
of the stream may represent ideal trout
habitat, the trout population may be
severely limited, in poor condition or
absent as a result of the toxic effects of
metals. In its classification system,
however, a State or Tribe may describe
and designate this type of stream as a

‘‘salmonid spawning’’ use based on its
physical habitat and potential. For
streams such as these, where a few adult
trout are present but there is no
evidence of younger age classes, the
question is asked—is this an existing
‘‘salmonid spawning’’ use?

Again, the appropriate answer, based
on EPA regulations and guidance, is that
this is not an existing use (although it
may nonetheless be an appropriate
designated use if it has the potential to
support salmonid spawning). The
current use, matching the classification
description, is absent, and the limiting
water quality problems have been in
existence prior to November 28, 1975.
(This does not mean, necessarily, there
is not some existing aquatic life use
which would then serve as the
regulatory ‘‘floor’’ for this water body;
see the ‘‘limited’’ aquatic life use
discussion in the use attainability
analysis discussion in this section
below and the ‘‘tier 1’’ discussion in the
antidegradation section, III. D) As in the
‘‘swimming’’ example, however, there
can be a gradation of conditions, and
occasionally it may be difficult to draw
a bright line and conclude, with
confidence, that this is where the
existing use begins.

In situations similar to this impaired
stream example, where the existing
water quality problems are considered
controllable by the State or Tribe,
arguments have been made on both
sides of the existing use issue: the
salmonid spawning use is not existing,
or the salmonid spawning use is in
place, albeit currently at an impaired
level. Disputes about the correct
interpretation of Agency guidance
become even more difficult to resolve
where the existing impacts to water
quality are not as great as those in the
above example. Often streams impacted
by historical mining, such as the one
described above, are headwater streams.
As the water moves downstream, clean
water tributaries reduce the effect of the
metals contamination, and fish, in
number, begin to move into these
‘‘improved’’ waters. Nevertheless, many
such streams would be considered
impaired when compared to unaffected,
similar waters (reference streams). And,
despite supporting ‘‘fairly good
numbers’’ of trout, the existing water
quality in such streams often exceeds
the chronic and, occasionally, acute
standards for metals. In situations such
as these, States and Tribes have had
difficulty in reaching conclusions about
whether or not an existing use,
matching the classification, is in place.
Because States and Tribes may evaluate
existing uses when they are designating
uses, threshold existing use
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determinations may lead to questions
about the potential for the water body
and the appropriate designated uses for
it.

EPA’s current interpretation is that
the existing use should be identified
either where the use has taken place or
the water quality sufficient to support
the use has existed since November 28,
1975, or both. That is to say, State and
Tribal existing use decisions can be
based on a finding that the use, as
defined in the classification system,
and/or the water quality needed to
support the use is in place (and there
are no other factors that would prohibit
actually attaining the use). This
interpretation does not fully address the
issue of partially impaired uses. Thus, a
fuller explanation may be needed in the
regulation or policy of how that
interpretation is applied where the use
or the water quality may be somewhat
impaired. EPA is considering whether
changes to the regulation or additional
guidance is needed to explain the
Agency’s position and to offer direction
in making such determinations.

Request for Comment on Existing Uses
EPA seeks comment on the following

questions:
1. Does EPA need to further clarify the

existing use protection provisions in
§ 131.10, more clearly explaining that
existing uses are defined by the uses
made of water bodies and existing water
quality, where that quality is or was
sufficient to allow the use to occur (and
there are no other limiting factors)? If so,
will the clarification require a regulatory
amendment or can the needed
clarification be accomplished in Agency
policy or guidance?

2. Does EPA need to expand its
guidance to explain how the current
regulation addresses existing use
decisions where there is some
semblance of a use even though the
water quality is insufficient to support
the use in, for example a safe or
healthful manner? Should this
additional guidance clarify the linkage
between existing and designated uses?

3. Should the regulatory definition of
‘‘existing use’’ at 40 CFR 131.3(e) be
modified? If so, how?

4. Use Attainability.
a. Attainability of Uses. States and

Tribes may remove a designated use,
that is not an existing use, if they can
demonstrate that attaining the
designated use is infeasible. (40 CFR
131.10(g)) The current regulation
identifies the factors that must be
considered in making such a
demonstration. As explained in the
regulation, existing uses, by definition,
are attainable and must be protected by

designated uses in water quality
standards (40 CFR 131.10(h)(1),
131.10(i) and 131.12(a)(1)). Further, at a
minimum, uses are considered
attainable if they can be achieved by
implementing effluent limits required
under Sections 301(b) and 306 of the
Clean Water Act (Act) and by
implementing cost-effective and
reasonable best management practices
(BMPs) for nonpoint source control. (40
CFR 131.10(h)(2)).

These existing uses, technology and
BMP provisions establish the basic
regulatory threshold test for what the
attainable use of a water body is and
thus what the minimum use designation
for the particular water body must be.
Where either the use is existing or the
use can be attained through
implementation of Clean Water Act
technology requirements and/or
implementation of applicable State
requirements regarding BMPs for
nonpoint source control, 40 CFR
131.10(h) establishes that the use is
attainable and must be designated. Once
a use is designated, it is presumed to be
attainable and may not be removed
(downgraded) unless the State or Tribe
can demonstrate that attaining the
designated use is not feasible based on
one of the six use removal criteria (40
CFR 131.10(g)). Therefore, uses are
considered attainable if: (1) the use is
existing; (2) the use can be attained
through application of CWA technology
requirements and/or State or Tribe
required BMPs; or, (3) none of the use
removal criteria is satisfied. EPA has in
the past recommended that these use
removal criteria referenced under
number 3 above, serve as additional
tests, over and above numbers 1 and 2
above, for determining when a use is
attainable. Clearly these use removal
criteria (131.10(g)) are designed to
determine whether a use is attainable
and therefore can serve that purpose
equally effectively when considering
whether to remove a designated use (the
situation where they are clearly required
to be used) and when considering
whether a use is attainable and should
be designated. The discussion below on
use attainability analysis (UAA) and
non section 101(a)(2) uses further
discusses the relationship between
designation of attainable uses, UAAs,
and the analysis required to justify use
removal. That discussion solicits
comment on whether the use removal
criteria at § 131.10(g), in addition to
being the regulatory justifications for
use removal, should, consistent with
EPA’s interpretation of the regulation,
be included in the basic elements of a
UAA.

Despite what EPA believes are fairly
clear guidelines in the current
regulation and guidance, questions have
been raised about EPA’s minimum
attainability requirements. The Agency’s
current thinking is that basic
attainability requirements, the methods
for demonstrating attainability, the
circumstances under which attainability
analysis must be done, and what that
analysis must consist of should be
clarified in the regulation.

b. Removal of Designated Uses. The
regulation (at 40 CFR 131.10(g))
specifies that States and Tribes may
remove a designated use which is not an
existing use if attainment of a use is not
feasible due to the following:

(1) Naturally occurring pollutant
concentrations prevent the attainment of
a use; or,

(2) Natural, ephemeral, intermittent,
or low flow conditions or water levels
prevent the attainment of the use, unless
these conditions may be compensated
for by the discharge of sufficient volume
of effluent discharges without violating
State or Tribal water conservation
requirements to enable uses to be met;
or,

(3) Human caused conditions or
sources of pollution prevent the
attainment of the use and cannot be
remedied or would cause more
environmental damage to correct than to
leave in place; or;

(4) Dams, diversions or other types of
hydrological modifications preclude the
attainment of the use, and it is not
feasible to restore the water body to its
original condition or operate such
modification in a way that would result
in the attainment of a use; or,

(5) Physical conditions related to the
natural features of the water body, such
as the lack of a proper substrate, cover,
flow, depth, pools, riffles, and the like,
unrelated to water quality, preclude
attainment of aquatic life protection
uses; or,

(6) Controls more stringent than those
required by Sections 301(b) and 306 of
the Act would result in substantial and
widespread economic and social
impact.

The use removal criteria were
included in the regulation to address
those circumstances where the
attainability of certain uses would be
precluded by conditions over which the
water quality protection provisions in
the regulation had little or no control.
The uncontrollable conditions
considered most likely to limit
attainability were: natural water quality
or habitat limitations, irretrievable
human-caused contamination or
conditions, or insupportable economic
and social costs. These general
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conditions, then, formed the basis for
the six use removal criteria. Although
EPA believes the use removal criteria
have functioned reasonably well, the
growing number and reoccurring nature
of the questions raised about these
criteria have convinced EPA of the need
to review this central element of the
program.

Some have argued that the six criteria
and their interpretation are overly
stringent, making any proposal to
remove a designated use futile even
where a use was ‘‘mistakenly’’
designated. Others argue that the use
removal criteria and their interpretation
are overly generous, granting the
possibility of use removal where the
principal stressor is a condition which
should not be immune from the water
quality protection provisions in the
federal regulation (operation of dams is
one example used in arguing this
position). Others complain that there
seems to be no national consistency in
the way the use removal criteria are
interpreted by EPA, the States or the
Tribes. And, finally, questions also have
been raised about whether or not the
criteria adequately address or apply to
all uses equally. The key to appropriate
application of the use removal criteria is
to focus on whether or not a condition,
at a specific site, would preclude
attaining a designated use. A decision
on this question is not always
straightforward however, and as a
result, there are questions about the
application of the use removal criteria.
A few examples may help the
discussion.

Criterion number 1 allows removal of
a designated use where ‘‘naturally
occurring pollutant concentrations
prevent attainment of the use.’’ A
reoccurring question about this
provision is: under what circumstances
should ‘‘naturally occurring pollutant
concentrations’’ be the justification for
use removal versus the basis for
calculating site-specific criteria,
acknowledging that the natural
condition defines the existing use?
Often, the numerical criteria assigned to
the designated use are the initial
benchmark for estimating whether or
not a designated use will be attained. In
this approach, a comparison of the
natural condition with the numerical
criteria is used in the evaluation of
attainability. Where such an analysis
demonstrates clearly that the naturally
occurring pollutant concentrations
would preclude the designated use, the
use may be removed. There are,
however, examples of situations where
statewide or national criteria for one or
more contaminants are exceeded, and
yet the available information on the

overall condition of the water indicate
the use is supported. This situation is
most common for aquatic life uses
where local populations of aquatic
organisms may have acclimated to
natural conditions outside the estimated
‘‘normal’’ tolerance range, where species
on the edge of their distribution are
reproducing but are physiologically
stressed or where broadly derived
criteria may not be appropriate for the
particular aquatic community at that
site. In such a situation, the observed
condition of the resource obviously will
take precedence over the predicted
condition, and the natural water quality
will form the basis for site-specific
criteria since the use is clearly not
precluded. Again, the key to answering
the use removal question is to determine
whether or not ‘‘natural conditions’’
preclude attainment of the use, and
because of the site-specific
circumstances discussed above,
answering this question involves more
than a simple comparison of numeric
criteria with the natural condition.

Criterion number 2 allows removal of
a designated use where natural,
ephemeral, intermittent, or low flow
conditions would preclude the use
unless these conditions may be
compensated for by the discharge of
sufficient volume of effluent discharges
without violating State or Tribal water
conservation requirements to enable
uses to be met (emphasis added).
Questions have been raised about
exactly what the above italicized
language means. EPA’s interpretation of
this phrase is that, where an effluent
discharge creates an essentially
perennial flow for what naturally would
be ephemeral or intermittent waters, the
resulting aquatic community is to be
protected. EPA’s current thinking is that
in situations such as these, the second
criterion for use removal means that a
State or Tribe cannot remove a use of a
water body where the augmented flow
supports an aquatic life use.

Criterion number 4 allows removal of
a use where dams, diversions or other
types of hydrological modifications
preclude the attainment of the use, and
it is not feasible to restore the water
body to its original condition or operate
such modification in a way that would
result in the attainment of a use. As
indicated above, some have argued that
operation of dams is an inappropriate
basis for concluding that Section
101(a)(2) uses are not attainable, and
they have suggested this criterion be
removed from the regulation. In arguing
this position, these commenters have
pointed to the 1986 amendments to the
Federal Power Act (Electric Consumer’s
Protection Act, or ECPA) and the

legislative history of these amendments
as an indication of Congress’ intent to
give equal priority to protecting and
restoring fish and wildlife habitat even
where dams exist. Specifically, the
ECPA states:

* * *In deciding whether to issue any
license the {Federal Energy Regulatory
Commission}, in addition to the power and
development purposes for which licenses are
issued, shall give equal consideration to the
purposes of energy conservation, the
protection, mitigation of damages to, and
enhancement of fish and wildlife (including
related spawning grounds and habitat), the
protection of recreational opportunities, and
the preservation of other aspects of
environmental quality. (ECPA amending the
Federal Power Act, Section 4(e), 16 U.S.C.
Section 797(e))

The legislative history, these
commenters believe, provides a
particularly clear indication of
congressional intent to protect and
restore aquatic life uses. They
specifically point to that part of the
record which states that no one
‘‘expect[s] ‘business as usual,’ ’’ but
rather the expectation is that:

[P]rojects licensed years earlier must
undergo the scrutiny of today’s values as
provided in this law and other environmental
laws applicable to such projects. If nonpower
values cannot be adequately protected, FERC
should exercise its authority to restrict or,
particularly in the case of original licenses,
even deny a license on a waterway. (H.R.
Rep. No. 99–934, 99th Cong., 2d Sess. (1986)
at 22)

Groups arguing for removal of
criterion 4 use the amendments to the
Federal Power Act as an example of the
recognition being given today’s
environmental values and the
importance of restoring and enhancing
the aquatic habitats and recreational
uses of water resources. They maintain
that ‘‘...the Water Quality Rule should
be updated to recognize that aquatic and
recreational uses can not be removed
based simply on the existence of a
dam.’’ EPA’s current thinking is that the
above rationale and legislative history
raise a serious question about whether
the existence of a dam and the
infeasibility of operating that dam in a
way that will result in attaining the
designated use, measured against
today’s values, is sufficient reason to
remove a designated use. EPA is
interested in commenters views on this
issue.

Criterion number 5 allows removal of
a designated use where physical
conditions related to the natural features
of the water body, such as the lack of
proper substrate, cover, flow, depth,
pools, riffles, and the like, unrelated to
water quality, preclude attainment of
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aquatic life protection uses.
Notwithstanding the reference to
aquatic life uses in 131.10(g)(5), some
have argued that recreational uses,
especially swimming uses, might also be
limited by physical factors (especially
where safety is an issue), and they have
asked whether or not the physical
factors consideration could be applied
to evaluations of recreational use
attainability. As now written, the
regulatory language would not allow
consideration of physical factors, alone,
as the basis for removing a designated
recreational use. In the preamble to the
1983 regulation, EPA explained that,
while the Agency recognized that
physical factors also affect recreational
uses, States, and now Tribes, would
need to give consideration to incidental
uses of the water body even though it
may not make sense to encourage use of
a stream for swimming because of the
flow, depth or velocity of the water.
Instead, the preamble discussion
explained that based on prudent public
health considerations, the use
protection question was not to be judged
wholly on an analysis of the water
body’s suitability for swimming but
rather on whether or not swimming
would actually occur. EPA’s current
thinking is that physical factors, alone,
would not be sufficient justification for
removing or failing to designate a
primary contact recreation use.

EPA’s suggested approach to the
recreational use question has been for
States and Tribes to look at a suite of
factors such as, the actual use, existing
water quality, water quality potential,
access, recreational facilities, location,
safety considerations, and physical
conditions of the water body in making
any use attainability decision. The
guidance suggests that any one of these
factors, alone, may not be sufficient to
conclude that designation of the use is
not warranted. Nevertheless, there
clearly are situations such as high flows
caused by storm events where the
physical conditions of a water body
would make swimming, if not
impossible, extremely dangerous. It is in
addressing situations such as these that
questions have been raised about the
applicability of physical factors to the
recreational use issue. The question is
sometimes posed in terms of whether or
not a State or Tribe would incur some
liability by designating or continuing to
designate such waters as swimmable.
They argue that a reasonable, common
sense approach is to acknowledge that
there are certain waters for which
primary contact recreation is not an
attainable use solely because of the
physical condition of the water. EPA is,

therefore, considering whether the
regulation or Agency guidance should
be amended to allow consideration of
physical factors, alone, as the basis for
removing or not designating primary
contact recreational uses.

The above discussion is about EPA’s
interpretation of the conditions that
would have to be satisfied to either
remove or not designate recreational
uses. As explained earlier in this
section, satisfying those conditions
gives a State or Tribe the option of
either removing or not designating the
use. It does not, however, create an
obligation. A specific example may
help. A western State was concerned,
partly for liability reasons, about
designating swimming uses for a
number of waters where the physical
conditions and other factors made
swimming, if it did occur, unwise.
Although available information
indicated the actual swimming use was
limited or nonexistent, the State also
wanted to ensure protection of that use,
based on public health considerations,
should it occur. The issue for the State
was striking the appropriate balance
between the two concerns: the
possibility of inadvertently encouraging
swimming where it should not occur
because of safety considerations and
protecting that use if it did occur. To
resolve this issue, the State designated
these waters for secondary contact
recreation but assigned primary contact
recreation bacteriological criteria to
provide an appropriate level of
protection should swimming occur,
however unlikely. In this way, the State
felt it did not inappropriately encourage
swimming in these waters, but if
swimming did occur, the required water
quality would provide an appropriate
level of protection. This is an approach
to the ‘‘incidental use’’ issue, discussed
in the existing use section of this
chapter, that, while acknowledging
uncertainty, errs on the side of
protectiveness.

Consistency
EPA has provided guidance on

implementing the requirements in
§ 131.10(g). Although EPA believes the
guidance has been fairly comprehensive
and has functioned reasonably well, the
growing number and recurring nature of
the questions raised about
implementation of the use removal
criteria have convinced EPA to solicit
comments on the need for additional
guidance or regulatory changes to
ensure appropriate and consistent
application of the use removal criteria.

As indicated in the introduction to
this discussion, one of the reoccurring
concerns about implementation of

§§ 131.10(j) and 131.10(g) with respect
to designating or removing uses, is that
to some, there are instances of
inconsistency in the way the
§ 131.10(g)(1)–(6) criteria are interpreted
by EPA, the States or the Tribes. One
example that has been cited is that the
application of the fish consumption use
is dissimilar in different regions of the
country. In one area of the country,
some maintain, the fish consumption
use is applied to all waters assigned any
aquatic life use without regard to
whether or not there is a credible
exposure pathway to humans by way of
contaminated fish. In other areas of the
country, the application of the fish
consumption use allows consideration
of occurrence, size and species of fish
present and evidence that fishing
actually occurs as a basis for concluding
that there is a potential exposure
pathway and the use should be
designated. An associated consistency
issue has to do with the manner in
which the terms in § 131.10(g) are
interpreted. An example is the term
‘‘feasible’’ in criterion number 4.
Feasibility could be based on technical
considerations, such as the ability to
operate an impoundment in an efficient
manner that does not degrade water
quality, as EPA intended when it
originally wrote the regulation.
Alternatively, some have suggested that
feasibility could be based on economic
considerations or a balanced
consideration of cost and technology
(EPA’s current thinking is that the term
‘‘feasible’’ in use removal criterion
number 4, regarding the operation of
dams should continue to refer to
technical feasibility and not to
economic feasibility. Criterion number
6, not number 4, is the appropriate
avenue to address economic feasibility
of attaining the designated use because
it establishes an appropriate test of
economic infeasibleness.)

EPA’s view is that the use removal
criteria should be clear and consistently
interpreted. Questions and/or positions
such as those described above suggest
there may be a need for additional
guidance on or interpretation of
§ 131.10(g) to ensure the § 131.10(g)
criteria are consistently interpreted and
applied, and to address whether review
under § 131.10(g) could be done for
categories of sources.

c. Use Attainability Analysis. A use
attainability analysis (UAA) is a
structured scientific assessment of the
factors affecting the attainment of uses
specified in section 101(a)(2) of the Act
(the ‘‘fishable/swimmable’’ uses). The
factors to be considered in such an
analysis include the physical, chemical,
biological, and economic use removal
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criteria described in the current
regulation (40 CFR 131.10(g)(1)–(6)).
The current regulation (40 CFR
131.10(j)) establishes the requirement
that States and Tribes conduct a UAA
when designating uses that do not
include the section 101(a)(2) uses,
removing section 101(a)(2) uses, or
designating new subcategories of section
101(a)(2) uses that require less stringent
criteria.

New Information for Waters Without
Section 101(a)(2) Use Designations

The current regulation (§ 131.20(a))
specifically requires the re-examination
of water bodies with less than Section
101(a)(2) use designations every three
years to determine if new information
has become available. If new
information indicates that a use is
attainable, the State or Tribe is to revise
the use accordingly. EPA interprets the
current regulation as requiring review of
past UAA-based use designation
decisions when there is new
information that could have a bearing
on that use designation decision.

The 1983 preamble to the regulation
explained that a State or Tribe need
only conduct a UAA once for a given
water body. The preamble went on to
explain, however, that where the UAA
is used as justification for removing a
section 101(a)(2) use or failing to
designate a section 101(a)(2) use, the
State is required to review the basis for
that decision in subsequent triennial
reviews to determine whether or not the
circumstances have changed in a way
that would alter the original decision.
EPA recognizes that the requirement to
review new information about past
UAA-based use designation decisions,
because it creates a demand for further
analysis of the decision by the State or
Tribe, can serve to discourage States and
Tribes from generating new information.
EPA’s current thinking is that interested
parties should be encouraged to
generate and consider relevant
information that could have a bearing
on the use designation decision for a
particular water and that the trigger for
reviewing past use designation
decisions should be clear. In addition,
EPA is interested in comments on
whether there should be some definable
burden placed on the State or Tribe to
actively seek information for such
waters. The Agency may need to be
more specific in requiring that States
and Tribes specify the procedures they
will use in identifying water bodies
where ‘‘new information’’ has become
available and ensuring new information
is generated where appropriate.

UAAs and Non Section 101(a)(2) Uses

The current regulation indicates that
the UAA requirements apply to uses
specified in Section 101(a)(2) of the Act.
The regulation at 40 CFR 131.10(j)
specifically requires that a State or Tribe
conduct a UAA where: ‘‘(1) the State [or
Tribe] designates or has designated uses
that do not include the uses specified in
Section 101(a)(2) of the Act, or (2) the
State [or Tribe] wishes to remove a
designated use that is specified in
Section 101(a)(2) of the Act or to adopt
subcategories of uses specified in
Section 101(a)(2) of the Act which
require less stringent criteria.’’ Although
the regulation at 40 CFR 131.10(g) has
always provided that States and Tribes
may not remove a designated use unless
they can demonstrate that attaining the
use is not feasible, the regulatory
language does not expressly require the
State or Tribe to conduct a UAA as
defined in 40 CFR 131.10(j) before a use
not referenced in section 101(a)(2) may
be removed. As a result, some have
questioned whether or not the UAA
requirements actually apply to uses
other than those referenced in Section
101(a)(2), such as water supply or
agriculture. EPA’s position on this issue
is that, while the analysis to downgrade
a use not included in CWA section
101(a)(2) is not expressly referenced in
§ 131.10(j), 40 CFR 131.10(g) of its own
terms requires the State or Tribe to
document whether any use being
considered for removal is attainable
under the six criteria outlined in that
section. Where such a use is shown to
be attainable, it may not be removed
(downgraded). In practice, EPA believes
there is no cognizable difference
between these two analyses. EPA is thus
considering whether it should combine
these elements of 40 CFR 131.10(g) and
131.10(j) or otherwise clarify the
relationship between these provisions in
the regulation. Given EPA’s position
that the regulation requires the use
attainability of a water body to be
documented before any of its uses may
be removed, EPA is interested in a
discussion of specific attainability
issues that might arise in applying the
UAA requirements to non-Section
101(a)(2) uses such as water supply or
agriculture.

Information in UAAs

The regulation is not specific about
what a UAA should contain other than
the general description contained in the
definition of a UAA at 40 CFR 131.3(g).
Instead, EPA has issued various national
and regional guidance documents to
assist with the completion of such
analyses. Some have suggested,

however, that the regulation be
amended to provide more specificity on
information needed in a UAA. Topics
for consideration might include: what
specific questions should a use
attainability analysis address? what are
the data requirements? and what are the
requirements for reporting the results of
the analysis? EPA seeks comment on
this issue.

UAAs and Refinement of ‘‘Fishable/
Swimmable’’ Use Designation

As long as a State or Tribe designates
uses that fall within the broad range of
uses consistent with the section
101(a)(2) goals, there is no requirement
to conduct a UAA. In fact, 40 CFR
131.10(k) explicitly states that ‘‘a State
is not required to conduct a use
attainability analysis . . . whenever
designating uses which include those
specified in section 101(a)(2) of the
Act.’’ As a result, there does not appear
to be a mechanism that ensures State or
Tribal waters are not under-classified
(i.e., a use subcategory is designated for
a water when a higher or more
protective subcategory is actually
attainable). Some have suggested that
the regulation be amended or guidance
clarified to require a UAA (i.e., a
structured scientific assessment)
whenever an aquatic life use is
designated (or refined) to ensure the
level of protection assigned matches the
potential for the water body. EPA’s
current thinking is that there needs to be
a solid underlying rationale for use
designations. One of the emerging
themes from EPA and the larger
community of parties interested in
further protecting water quality is that
refining designated uses and tailoring
suites of criteria to the refined uses in
watersheds is an important future
direction of this program. Clearly for
this approach to succeed, a solid
evaluation of attainability must be at the
heart of any decision to characterize
designated uses in greater detail than
has been the norm. EPA is interested in
comment on this view, in particular as
it relates to the rebuttable presumption
that the generic uses described as
fishable/swimmable are attainable.

Thresholds for Aquatic Life Use
Designation

In part 2 of this section, ‘‘Refined
Designated Uses’’, there is a discussion
explaining EPA’s position that the
definition of ‘‘aquatic life’’ is not limited
to those waters that support ‘‘fisheries.’’
That discussion explains that a more
biologically-grounded definition of
aquatic life would be sufficiently
expansive to include aquatic
communities made up, for example,
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entirely of invertebrate organisms. This
broad definition of ‘‘aquatic life uses’’
has an impact on the manner in which
UAAs are planned and evaluated. The
current regulation allows States and
Tribes to designate uses for certain
waters that do not include the section
101(a)(2) uses, where such uses are not
attainable. As a result, some States and
Tribes have waters which have not been
assigned an aquatic life designated use.
However, if aquatic life uses are defined
broadly, as EPA believes they should be,
there would be very few, if any, waters
that would not be considered as
supporting some type of existing aquatic
life use.

Aquatic communities form a
continuum, making it difficult, if not
impossible in the biological sense, to
identify where the threshold for aquatic
life use begins. As a result, some have
suggested that a broad definition of
aquatic life would appear to revoke the
option of excluding aquatic life
protection from a water body since
essentially all waters support some level
of aquatic life. They have suggested,
therefore, that there is a need to identify
a threshold, based on some physical
rather than biological limitation, that
could be used as an acceptable
justification for concluding that an
aquatic life use is not attainable. For
example, some States and Tribes have
urged the use of a flow-based threshold
to justify a conclusion that an aquatic
life use in not attainable. Generally,
ephemeral waters (waters whose
channel does not intersect the ground
water table and which are dependent on
precipitation events for their flow) are
suggested as an appropriate threshold.
In a biological sense, this may not be a
satisfactory solution since there are
ecologically important ephemeral
waters which should receive aquatic life
use protection regardless of the
temporal nature of the flow. This is
especially true for many ephemeral
wetlands. EPA is considering whether
changes are needed in the regulation or
guidance to address whether, and under
what circumstances, UAAs may be used
to justify a non-aquatic life use
classification, given the broad range of
aquatic communities that may exist.

Request for Comments on Use Removal
and Use Attainability

EPA seeks comment on the following
questions:

1. Although EPA believes the use
removal criteria in § 131.10(g) have
functioned reasonably well, questions
have been raised about the applicability
of specific section 131.10(g) criteria and
the manner in which EPA interprets
those criteria. EPA seeks comment on

the use removal criteria. Are the six
criteria sufficiently comprehensive or
should other factors be considered as a
basis for removing designated uses? Are
the criteria too comprehensive and are
certain of the criteria inappropriate as a
basis for designated use removal? Is
there a need to modify the existing
criteria to more clearly address the full
range of use removal issues that have
developed since the regulation was
originally published?

2. Even with the statements in the
current regulation, questions have been
raised about the minimum requirements
of a use attainability analysis. Is there
need for further clarification in
guidance, policy or in the regulatory
text on this issue?

3. Triennial review of UAA-based use
designations that do not include section
101(a)(2) uses, are currently triggered
only when new information becomes
available. Should EPA require that
States and Tribes specify procedures
they will use in identifying what
constitutes new information and thus
when the review of the UAA-based use
designations is required?

4. Although 40 CFR 131.10(g) requires
an assessment of attainability before
removal of any designated use, the
regulatory language does not expressly
require an analysis called a UAA as
specified in 40 CFR 131.10(j) any time
a State or Tribe seeks to designate a non
section 101(a)(2) use. EPA, however,
believes that the analysis under either
provision is equivalent. Should the
current regulation be revised to clarify
that the UAA requirements apply to any
‘‘downgrade’’ of a use and not just the
CWA Section 101(a)(2) uses? Can any
needed clarification be achieved
through guidance or policy? EPA would
be interested in comments on factors to
be considered in evaluating the
attainability of non Section 101(a)(2)
uses, such as water supply or
agricultural uses which generally take
place after the water is diverted from the
natural water body.

5. How should the water quality
standards regulation, guidance or policy
be modified to provide more specificity
on appropriate factors to consider in
developing a use attainability analysis?

6. In order to ensure the present
aquatic life use designation (or use
subcategory) matches the attainable
level of aquatic life use in a water body,
should the water quality standards
regulation, policy or guidance be
modified to clarify that a periodic
review of designated uses is required
where a State or Tribe has designated
only marginal or limited aquatic life
uses?

7. Are changes needed in the water
quality standards regulation, policy or
EPA guidance to address whether, and
under what circumstances, use
attainability analyses may be used to
justify a non-aquatic life use
classification, given the broad range of
aquatic communities that may exist?

d. Alternatives to ‘‘Downgrade’’ of the
Designated Use. As discussed above,
where a State or Tribe believes that a
particular designated use is not
attainable, States and Tribes have the
option of refining a water body’s
designated use, for example by creating
subcategories of the use and describing
the use in more detail. A subcategory
can, and may need to be, water body-
specific if the State’s or Tribe’s use
classification system is not sufficiently
precise to accommodate the subcategory
of designated use for the water body in
question. States and Tribes also have the
option of removing the designated use
and replacing the removed use with a
new one that, under the regulation,
reflects attainable conditions in the
water body. Use removal and to a lesser
extent refinement are also commonly
referred to as use ‘‘downgrade.’’ Both of
these options, refinement and removal
of the designated use, are not time-
limited. That is, the designated use that
results from exercising either of these
options becomes the new goal use of the
water body. In the following discussion,
three alternatives to use downgrade that
have been used by States are presented.
They are variances, temporary
standards, and ambient-based criteria.
These alternatives are less ‘‘draconian’’
than use downgrading in the sense that
they can provide adjustments to
particular aspects of the standards—i.e.,
to the criteria for particular pollutants or
the criteria as applied to certain
dischargers—without changing the
designated use and the full suite of
criteria to protect the designated use.
EPA’s current thinking is that often the
attainable condition of particular water
bodies is not well understood due to
uncertainty about expected results of
water quality improvement actions. In
such situations, EPA believes it may be
appropriate to implement water quality
protection actions, assess the results of
those actions, and implement additional
measures where necessary to continue
to improve water quality. EPA believes
that iterative assessment and
implementation in these types of
situations is probably the best way to
gain an understanding of the ultimate
attainable condition of the water body.
The mechanisms described below may
be well-suited to this situation because
they leave the designated use of the
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water body, the ultimate goal, in place
while providing a defined period of
time (in the case of variances and
temporary standards) to document,
through implementation and
assessment, the water quality
improvements that are possible through
various measures and thus, the
attainability of the goal.

i. Variances. One option authorized
under the regulation that is used by
some States or Tribes is the water
quality standard variance. A variance is
a short-term exemption from meeting
certain otherwise applicable water
quality standards. EPA authorizes States
and Tribes to include variances in their
water quality standards. (see 40 CFR
131.13). Agency guidance on variances
identifies what the Agency believes to
be the essential elements of a variance:
—a variance should be granted only

where there is a demonstration that
one of the use removal factors (40 CFR
131.10(g)) has been satisfied;

—a variance is granted to an individual
discharger for a specific pollutant(s)
and does not otherwise modify the
standards;

—a variance identifies and justifies the
numerical criteria that will apply
during the existence of the variance;

—a variance is established as close to
the underlying numerical criteria as is
possible;

—a variance is reviewed every three
years, at a minimum, and extended
only where the conditions for granting
the variance still apply;

—upon expiration, of the variance, the
underlying numerical criteria have
full regulatory effect;

—a variance does not exempt the
discharger from compliance with
applicable technology or other water
quality-based limits; and

—a variance does not affect effluent
limitations for other dischargers.
With these safeguards in place, the

principal difference between a variance
and a downgrade of a designated use is
that a variance is temporary. That is,
when the variance expires, an
affirmative showing would be needed to
continue it, or the underlying standards
are applicable. Because a variance is
temporary, it actively supports the
improved water quality goal, and it can,
under appropriate circumstances serve
as an environmentally preferable
alternative to what otherwise might
become a permanent change in a
designated use.

Historically, the intent of the variance
provision has been to: provide a
mechanism by which permits can be
written to meet a modified standard
where discharger compliance with the

underlying water quality standard is
demonstrated to be infeasible within the
meaning of § 131.10(g) at the present
time (e.g., meeting the standard would
cause substantial and widespread social
and economic impact); encourage
maintenance of original standards as
goals rather than removing uses that
may be ultimately attainable; and ensure
the highest level of water quality
achievable during the term of the
variance.

EPA has approved State and Tribal
use of variances when the individual
variance is included in State or Tribal
water quality standards, each variance is
subject to the same public review as
other changes in water quality
standards, the State or Tribe
demonstrates that meeting the standard
is unattainable based on one or more of
the grounds listed in 40 CFR 131.10(g)
for removing a designated use, existing
uses are protected, the variance secures
the highest level of water quality
attainable short of achieving the
standard and the State or Tribe
demonstrates that advanced treatment
and alternative effluent control
strategies have been considered (See 48
FR 51400, 51403 (Nov. 8, 1983); Water
Quality Standards (WQS) Handbook at
5–12; Memorandum from EPA’s Office
of Water, ‘‘Variances in Water Quality
Standards,’’ March 15, 1985; and
Decision of the General Counsel No. 58,
In Re Bethlehem Steel Corporation,
March 29, 1977).

The Preamble to the 1983 water
quality standards regulation revision
suggested that substantial and
widespread social and economic
impact, the sixth element for use
removal under § 131.10(g), is an
important and appropriate test that, if
met, could be used as the basis for
granting a variance (see 48 FR 51403).
Subsequently, on March 15, 1985, EPA
issued further guidance on the
conditions under which a variance
might be granted. The 1985 EPA Office
of Water guidance explained that it
would be appropriate to grant short-
term variances to individual dischargers
based on any of the six factors for
removing a designated use as listed at
§ 131.10(g). As variances represent a
temporary downgrade in the water
quality standards, EPA reasoned that
more stringent treatment of variances
than permanent downgrades would not
be appropriate. In practice, however, the
only factor that is commonly used to
grant a discharger-specific variance is
the economic test. The Office of Water
guidance continued to interpret
variances as being limited to individual
dischargers.

In ‘‘Guidance for State
Implementation of Water Quality
Standards for CWA Section
303(c)(2)(B)’’ (December 1988; Notice of
Availability published at 54 FR 346,
January 5, 1989), EPA recommends that
States and Tribes adopt a variance
provision whenever adopting statewide
or tribe-wide criteria for a large number
of toxic pollutants for human health or
aquatic life protection. The rationale
behind this recommendation was to
avoid unreasonable consequences from
adopting State- or Reservation-wide
criteria which could underestimate or
overestimate the toxic potential of some
pollutants in a specific water body.

The Water Quality Guidance for the
Great Lakes System (Great Lakes
Guidance) published March 1995 by
EPA (56 FR 15366, March 23, 1995; 40
CFR section 132) contains provisions
allowing for variances from water
quality standards. Variances granted
under the Great Lakes Guidance are
pollutant-specific and point source-
specific and are limited to five years or
the term of the NPDES permit
implementing the variance, whichever
is less. Variances may be granted for any
of the reasons listed at 40 CFR 131.10(g)
for which a use downgrade may be
considered. Like all revisions to State or
Tribal water quality standards, EPA
review and approval is required of any
variance granted by a State or Tribe and
variances may be renewed following the
same procedure originally used for
applying for a variance. Variances are
also subject to review as part of a State’s
or Tribes triennial review of water
quality standards. Multiple discharger
variances (a variance that applies to
multiple point sources discharging to
the same water body) are also allowed
under the Great Lakes Guidance.
Variances granted under the Great Lakes
Guidance provisions may not jeopardize
the continued existence of any Federally
listed threatened or endangered species.
Further, under the Guidance, variances
are not available for new or
recommencing discharges. A
recommencing discharge is a source that
recommences discharge after
terminating operations. (40 CFR 122.2).

The Great Lakes Guidance was
developed in concert with many other
provisions addressing designated uses,
criteria, antidegradation and various
implementation policies for the Great
Lakes States and Tribes. Any evaluation
of the level of protection afforded water
quality under the Great Lakes Guidance
variance procedures should be made in
the context of the Great Lakes Guidance
as a whole. Similarly, the water quality
standards regulation is more than
simply the sum of its parts. Any
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approach to the implementation of
water quality standards variances must
be evaluated in the context of the entire
regulation.

EPA is considering whether
implementation of the variance
provision has been a useful component
of the water quality standards program,
and the overall program for protection
of water quality standards. In 1990, EPA
conducted a survey of State variances
and variance provisions (National
Assessment of State Variance
Procedures, Report, November 1990,
Office of Water Regulations and
Standards). This study showed that
variances had been granted on a very
limited basis. In fact, only 16 out of 57
States and Territories had granted
variances and some of those had done
so infrequently. EPA lacks detailed
information on why variances are not
being significantly utilized in most
States and Tribes. EPA is interested in
information regarding alternative
mechanisms that are being used by
States or Tribes in lieu of variances to
provide necessary short term and
temporary relief from applicable
criteria, and how any alternative
approaches address the feasibility of
ultimately attaining the criteria
associated with the underlying
designated use.

EPA is considering whether it would
be useful to include in the regulation
more explicit language reflecting current
EPA thinking and practice regarding
variances. As explained above, in order
to issue variances, States or Tribes must
include variances as part of the State’s
or Tribe’s water quality standards. EPA
believes, however, that in some
instances States may be misusing
variances. For example, over the years,
there have been instances where a State
has improperly granted a ‘‘variance’’
from compliance with NPDES permit
limits, failing to include these variances
within the water quality standards
themselves. There has also been some
confusion regarding the necessity of
formal adoption of individual variances
into State and Tribal water quality
standards and whether the public
participation process associated with
NPDES permit issuance sufficiently
addresses those same needs for variance
adoption. EPA is also considering
whether to specify the degree to which
individual dischargers must document
the continued need for a variance before
the variance can be renewed at each
triennial review. EPA is considering
whether the water quality standards
regulation should provide more specific
guidelines on the use and content of
variance policies. EPA’s current
thinking is that the regulation may need

to articulate certain aspects of variances
more explicitly, including:
—explicit reference to the criteria listed

in 40 CFR 131.10(g) as the criteria for
granting a variance;

—explicit statement that the granting of
a variance may not result in any loss
or impairment of an existing use;

—explicit statement that before a
variance can be granted, the applicant
must provide documentation that
treatment more advanced than that
required by sections 303(c)(2)(A) and
(B) of the CWA has been carefully
considered, and that alternative
effluent control strategies have been
evaluated and reasonable progress is
being made toward meeting the
underlying or original standards;

—explicit statement requiring the
highest level of water quality
achievable under the relaxed, interim
standard during the period of the
variance.

—explicit statment that a variance shall
not be granted if standards will be
attained by implementing cost-
effective and reasonable best
management practices for nonpoint
source control.
EPA believes that such a clarification

of its policy regarding variances could
serve to encourage proper use of
variances by States and Tribes while at
the same time reducing the possibility
of inappropriate use.

ii. Temporary Standards. As indicated
in the discussion on variances above,
the 1985 EPA Office of Water guidance
explained that it would be appropriate
to grant short-term variances to
individual dischargers based on any of
the six factors for removing a designated
use as listed at § 131.10(g). Of the six
use removal factors, the first five
address water quality and habitat
features of the water body as a whole.
These same factors are not, however,
ideally suited to making decisions about
the capabilities of individual
dischargers. For example, it is not
immediately clear how use removal
factor five, ‘‘physical conditions related
to natural features of a water body
* * * preclude attainment of a use’’,
could be applied to a decision about an
individual discharger. On the other
hand, the sixth factor, the substantial
and widespread economic and social
impact factor, is well suited to decisions
about individual dischargers which
explains why the economic hardship
test has been historically applied in
evaluating variances.

Several States have applied factors
similar to the first five use removal
factors in establishing variances for
entire water body segments or portions

of water body segments. These States
sometimes refer to these as ‘‘temporary
standards’’ or ‘‘temporary
modifications’’. This has been done
where the problems in a water body are
significant and widespread, involving
point and nonpoint sources of pollution
and their impacts on water quality and
habitat, that is waters significantly
impaired by multiple sources and not
just one or a few point sources. For
example, where historic mining
practices have severely impaired both
water quality and habitat throughout a
headwater basin, temporary standards
have been used. Rather than
downgrading these waters, the States
have applied temporary standards with
specific expiration dates for certain
pollutants affected by the historic
mining practices. In this way, the States
have maintained designated uses and
underlying criteria for other pollutants,
while recognizing that existing ambient
conditions for certain pollutants are not
correctable in the short-term. In such
cases, the temporary standards provide
a basis for permit limits in the shorter-
term. The temporary standards
approach is then used by these States as
the basis for remediation of damaged
water resources because the underlying
designated use and criteria to protect
that use actively drive water quality
improvements in the longer-term. EPA
Regional Offices have approved the use
of such temporary standards.

Temporary standards have been
implemented to date with little specific
Agency guidance on a water body
approach to variances. EPA is
considering whether the water quality
standards regulation or guidance should
specifically address temporary
standards. EPA’s current thinking is that
if the regulation or Agency guidance
were to specifically address temporary
standards, such regulation or guidance
would need to address certain relevant
issues including: application criteria to
be used in deciding which waters might
qualify for temporary standards; a way
of identifying the existing, impaired
water quality conditions; a mechanism
for specifying the water quality needed
to fully attain the anticipated uses; and
a plan and driving mechanism aimed at
achieving needed water quality and
habitat improvements to fully support
compliance with the designated uses.

Where EPA has provided guidance to
individual States on use of State
temporary standards provisions, EPA
has advised that any temporary standard
should:
—be granted only where there is a

demonstration that one of the use
removal factors (40 CFR 131.10(g)(1)
through (6) has been satisfied;
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—be granted for a specific water body or
portion of a specific water body as
defined in State standards;

—identify and justify the numerical
criteria that will apply during the
existence of the temporary standard
and identify a ‘‘remediation plan’’
aimed at compliance with the
underlying designated uses and
criteria;

—be established as close to the
underlying numerical criteria as is
possible;

—be reviewed every three years, at a
minimum, and extended only where
the conditions for granting the
temporary standard still apply;

—be in effect only for the specified term
of the temporary standard (or
extension thereof), and upon
expiration of the temporary standard,
the underlying numerical criteria
have full regulatory effect;

—not exempt any discharge to the water
body from compliance with
applicable technology or water
quality-based limits (based on the
temporary standards) or best
management practices;

—not apply to any new discharger to the
water body; and

—protect existing uses.
EPA is considering whether the use of

temporary standards represents a viable
alternative to use refinement or removal.
EPA is also considering whether the
regulation or guidance should explicitly
address use of temporary standards,
including specific limitations on the use
of temporary standards like those listed
above.

iii. Ambient-based Criteria. On a
limited basis, States have developed and
EPA has approved ‘‘ambient-based
criteria.’’ These ambient-based criteria
have been developed for specific water
bodies and pollutants where such
criteria are shown to protect the
designated use and the existing use.
EPA believes that ambient-based criteria
can be preferable to a ‘‘downgrade’’ of
a use because the underlying designated
use is retained and because they may be
limited to only a small subset of
pollutants.

EPA has issued a policy
memorandum concerning one type of
ambient-based criteria, site-specific
criteria for aquatic life protection that
are based on natural conditions. (See
Memorandum from Tudor T. Davies,
Director Office of Science and
Technology, Subject: Establishing Site-
Specific Aquatic Life Criteria Equal to
Natural Background, November 5,
1997.) This policy states that States and
Tribes may establish site-specific
aquatic life criteria equal to natural

background conditions, but such criteria
must be scientifically defensible.
Additionally, the State’s or Tribe’s water
quality standards should contain or
provide specific authority for site-
specific criteria based on natural
background. States and Tribes should
also identify procedures for determining
natural background. EPA’s current
policy also states that the State or Tribal
procedure for determining natural
background needs to be specific enough
to establish natural background
concentration accurately and
reproducibly. States and Tribes should
also provide for public notice and
comment on the provision, the
procedure and the site-specific
application of the procedure. The States
or Tribes will also need to document the
resulting site-specific criteria in its
water quality standards, including
specifying the water body segment the
site-specific criterion applies to. This
can be accomplished through adopting
the site-specific criteria into the State
and Tribal water quality standards, or,
alternatively by appending the site-
specific criteria to the water quality
standards.

In addition, a second approach that
some States have used and EPA has
approved is where the State or Tribe
could have met the test for downgrading
a use under 40 CFR 131.10(g)(3) i.e.,
‘‘Human caused conditions or sources of
pollution prevent the attainment of the
use and cannot be remedied or would
cause more environmental damage to
correct than to leave in place’’, but
instead of downgrading the use, the
State or Tribe established certain criteria
based on ambient conditions where
those ambient conditions were shown to
be irreversible. In addition to assuring
that the existing use is protected, EPA
is interested in assuring that where the
ambient concentration of a pollutant
cannot be improved, i.e., it is
irreversible, that such condition be
maintained and not made worse. When
this occurs, EPA believes that for other
pollutants in the same water body for
which applicable criteria are being or
can be met, those criteria should remain
in place and not be made less protective
via a use downgrade. EPA’s current
thinking is that the ambient-based
criteria need to be the best attainable. In
addition, EPA’s current thinking is that
in order to establish ambient-based
criteria, the State or Tribe should
conduct an analysis equivalent to a use
attainability analysis for a downgrade
that should include a thorough
description of the biota that will be
protected via applicable water quality
criteria (both the unchanged pre-

existing criteria and the ambient-based
criteria).

EPA is interested in hearing
comments regarding these ambient-
based criteria mechanisms, and
specifically whether the regulation
should discuss these mechanisms more
specifically, and whether the regulation
should be more explicit about the
biological evaluation necessary to
describe the aquatic life use being
protected. EPA is also interested in
comments on whether the other relief
mechanisms based on the § 131.10(g)
reasons, such as variances and
temporary standards, should also
require criteria which reflect the best
attainable conditions.

Request for Comments on Alternatives
to Downgrading a Designated Use

EPA seeks comment on the following
questions:

1. EPA requests comment on whether
variances, temporary standards and/or
ambient-based criteria can under certain
circumstances offer an environmentally
preferable alternative to refinement or
removal (downgrade) of the designated
use? Under what circumstances?

2. Does the current water quality
standards regulation or Agency
guidance or policy discourage persons
from seeking variances and/or
discourage States and Tribes from
granting variances (including temporary
standards)? What components of the
procedures are most problematic?

3. Reflecting EPA’s current
interpretation of the regulation, should
the regulation make explicit that
individual variances and temporary
standards must be documented in a
State’s or Tribe’s water quality
standards before implementation as part
of NPDES permits?

4. Reflecting EPA’s current
interpretation of the CWA and the
regulation, should the regulation
contain express reference to the factors
listed in 40 CFR 131.10(g) as the criteria
under which a variance (including
temporary standards) from water quality
standards will be allowed? Should any
of these factors be deleted? Should any
new factors be added?

5. Reflecting EPA’s current
interpretation of the CWA and the
regulation regarding existing uses,
should the variance portion of the
regulation at 40 CFR 131.13 underscore
that the granting of a variance must not
result in any loss or impairment of an
existing use, for example by cross-
referencing the requirement at 40 CFR
131.12(a)(1) that existing uses must be
protected?

6. To reflect current practice and EPA
guidance, should the regulation be
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amended to require documentation by
either the applicant or the State or Tribe
demonstrating that treatment more
advanced than that required by sections
303(c)(2)(A) and (B) of the CWA has
been carefully considered, and that
alternative effluent control strategies
have been evaluated and reasonable
progress is being made toward meeting
the underlying or original standards?

7. Should the regulation require that
States and Tribes document in their
water quality standards the criteria that
are applicable to the water body or
segment thereof during the period of a
variance or temporary standards?

8. Should the regulation discuss
ambient-based criteria mechanisms
more specifically?

9. Should the regulation be more
explicit about the biological evaluation
necessary to describe the aquatic life use
being protected where ambient-based
criteria are used?

10. EPA is also interested in
comments on whether the other relief
mechanisms based on the § 131.10(g)
reasons, such as variances and
temporary standards, should in the
regulation, expressly be required to
require criteria which reflect the best
attainable conditions?

11. Do the alternatives to use removal
help address pulsed or intermittent
impacts, such as those from urban and
rural runoff?

C. Criteria
The following section discusses water

quality criteria in the water quality
standards programs. EPA is considering
the implementation of and effectiveness
of different types of criteria and on the
desirability of changes to the water
quality standards regulation as it
pertains to criteria. The scope of the
criteria section includes all Clean Water
Act criteria for which EPA has issued
national criteria guidance, and several
types of criteria for which there is no
national criteria guidance but where
criteria guidance and policy are being
contemplated.

1. Background
Water quality criteria are levels of

individual pollutants or water quality
characteristics, or descriptions of
conditions of a water body that, if met,
will generally protect the designated use
of the water. EPA, under section 304(a)
of the Act, periodically publishes
recommendations (guidance) for use by
States and Tribes to set water quality
criteria. Water quality criteria are
developed to protect aquatic life and
human health, and in some cases
wildlife, from the deleterious effects of
pollutants and other effects of pollution.

There are three principal categories of
water quality criteria: criteria to protect
human health, criteria to protect aquatic
life, and criteria to protect wildlife.
Within these broad categories, there are
different types of criteria, for example
within the human health category, there
are chemical-specific and
microbiological criteria. Within the
aquatic life category, there are chemical-
specific criteria, toxicity criteria,
biological criteria, sediment criteria and
physical criteria such as habitat and
flow balance. These criteria may be
expressed in either narrative or numeric
forms. Many of these criteria may be
developed to apply generally, or they
may be developed to apply to site-
specific situations. The CWA section
303(a)–(c) requires all States, and any
Tribe that has water quality program
authority, to evaluate the need for water
quality criteria to protect a designated
use and then adopt water quality criteria
(either EPA’s or its own) sufficient to
protect uses designated for State or
Tribal waters. Economic and
technological factors (e.g., the ability of
analytical techniques to detect the
pollutant and treatment cost
considerations) may not be used to
justify adoption of criteria that do not
protect the designated use.

Narrative criteria are descriptions of
conditions necessary for the water body
to attain its designated use. Often
expressed as ‘‘free from’’ certain
characteristics, narrative criteria can be
the basis for controlling nuisance
conditions, e.g. floating debris or
objectionable deposits. Narrative criteria
are often the basis for limiting toxicity
in discharges. States and Tribes
establish narrative criteria where
numeric criteria cannot be established
or to supplement numeric criteria under
40 CFR 131.11(b)(2). When a water body
is classified for more than one use,
criteria necessary to protect the most
sensitive use must be applied to the
water body. 40 CFR 131.11(a).

CWA section 304(a) directs EPA to
develop criteria guidance. These criteria
recommendations assist States and
Tribes in developing water quality
standards. The AWQC are published
pursuant to Section 304(a)(1) of the
CWA which states:

The Administrator * * * shall develop
and publish * * * (and from time to time
thereafter revise) criteria for water quality
accurately reflecting the latest scientific
knowledge (A) on the kind and extent of all
identifiable effects on health and welfare
including, but not limited to, plankton, fish,
shellfish, wildlife, plant life, shorelines,
beaches, esthetics, and recreation which may
be expected from the presence of pollutants
in any body of water, including ground

water; (B) on the concentration and dispersal
of pollutants, or their byproducts, through
biological, physical, and chemical processes;
and (C) on the effects of pollutants on the
biological community diversity, productivity,
and stability, including information on the
factors affecting rates of eutrophication and
rates of organic and inorganic sedimentation
for varying types of receiving waters.

Pursuant to section 304(a), EPA has
developed to date, aquatic life criteria
guidance for 31 chemicals and human
health criteria guidance for 100
chemicals. For the most part, States and
Tribes have found such EPA criteria
guidance useful in setting standards to
protect designated uses. Since 1980,
most States and Tribes have adopted at
least some of the criteria guidance
published by EPA pursuant to CWA
section 304(a). However, EPA’s
resources available to develop criteria
guidance are limited. Thus, there are
cases where the scientific information or
data necessary to develop criteria exist
but EPA has been unable to establish
section 304(a) criteria guidance.

States and Tribes may establish
numeric criteria using CWA section
304(a) criteria guidance, section 304(a)
criteria guidance modified to reflect
site-specific conditions, or other
scientifically defensible methods. 40
CFR 131.11(b)(1). There are situations
where EPA relies on the 304(a) criteria
guidance when promulgating
replacement standards for a State or
Tribe pursuant to section 303(c). EPA
promulgation of 304(a) criteria for States
or Tribes is discussed in more detail
below.

Numeric criteria are values expressed
as levels, concentrations, toxicity units,
or other numbers deemed necessary to
protect designated uses. Water quality
criteria developed under Section 304(a)
are based solely on data and scientific
judgments on the relationship between
pollutant concentrations and
environmental and human health
effects. EPA criteria under section
304(a) do not reflect consideration of
economic impacts or the technological
feasibility of meeting the chemical
concentrations in ambient water. As
discussed below, 304(a) criteria are used
by States and Tribes to establish water
quality standards, and ultimately
provide a basis for controlling
discharges or releases of pollutants.

Numeric criteria are important
because they provide a proven effective
basis for implementation of the CWA.
For example, these criteria often form
the basis for NPDES water quality-based
permit limits for point source
dischargers and for establishing TMDLs
for a water body as a whole. Numeric
criteria can also be useful in assessing
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and managing nonpoint source
pollution problems.

The Act uses the term ‘‘criteria’’ in
two separate ways. In section 303(c), the
term is part of the definition of a water
quality standard. That is, a water quality
standard is comprised of designated
uses, and the criteria necessary to
protect those uses. Thus, States and
Tribes are required to adopt regulations
that contain legally enforceable criteria.
However, in section 304(a) the term
‘‘criteria’’ is used in the scientific sense.
That is, under section 304(a), EPA
develops scientifically sound criteria
guidance which may form the basis for
State, Tribal or Federal adoption of
water quality standards pursuant to
section 303(c). Thus, two distinct
purposes are served by the section
304(a) criteria. The first is as guidance
to the States and Tribes in the
development and adoption of water
quality criteria that will protect
designated uses, and the second is as
the basis for promulgation of legally
enforceable water quality criteria by the
State or Tribe, or via a superseding
Federal rule when such action is
necessary.

As with all science, new information
leads to new insights concerning
pollutant impacts on water quality. This
ongoing evolution affects two important
and inter-related responsibilities of the
Agency, which are carried out
concurrently. First, from time to time
EPA revises the 304(a) water quality
criteria to reflect the latest data and
advances in criteria science. EPA
compiles the current water quality
criteria guidance from time to time in a
series of guidance documents: the Green
Book in 1968, the Blue Book in 1972,
the Red Book in 1976, and the Gold
Book in 1986. The second responsibility
pertains to the requirements of section
303(c).

As part of the water quality standards
triennial review process defined in
section 303(c)(1), the States and Tribes
are responsible for maintaining and
revising water quality standards.
Section 303(c)(1) requires States and
Tribes to review, and modify if
appropriate, their water quality
standards at least once every three
years. If EPA determines that a new or
revised standard is not consistent with
the requirements of the CWA, or EPA
determines that a revised standard is
necessary to meet the requirements of
the Act, Section 303(c)(4) authorizes
EPA to promulgate replacement water
quality standards. From time to time
EPA has chosen to undertake such
promulgations. In doing so, EPA
considers the most current available

scientific information, such as toxicity
data and exposure assumptions.

With a number of Federal
promulgations of water quality criteria
under section 303(c)(4) occurring over
time, or the publication of a new or
revised 304(a) criteria guidance
document, the criteria value(s) in an
earlier Federal action may differ from
the value(s) in a subsequent Federal
action. This has led to some confusion
among the public with regard to what
EPA’s current section 304(a) water
quality criteria may be for a given
chemical at any given time, and, what
values EPA would promulgate for a
State or Tribe under section 303(c).
Currently, EPA interprets the most
recent Federal action, whether taken
pursuant to 303(c) or 304(a), as
establishing the current section 304(a)
criteria guidance. When EPA determines
that a Federal rule is necessary to
correct deficiencies in State criteria,
EPA looks to the most recent criteria
science, as articulated in either section
304(a) criteria guidance or EPA’s most
recent statement contained in a
proposed or final section 303(c) rule.

To date, the most recent Federal
recalculation of section 304(a) criteria
occurred in the proposed California
Toxics Rule (CTR)(62 FR 42160), July
30, 1997. The proposed CTR was
undertaken pursuant to CWA section
303(c)(2)(B). In the Water Quality Act of
1987, Congress increased the emphasis
on numeric criteria for toxic pollutants
by enacting section 303(c)(2)(B). This
section requires all States and any Tribe
with water quality standards authority
to adopt ambient water quality criteria
for toxics (priority pollutants) for which
EPA has published criteria under
section 304(a), and for which the
discharge or presence could reasonably
be expected to interfere with the
designated use adopted by the State or
Tribe. In adopting such criteria, States
and Tribes must establish numerical
values based on: (1) 304(a) criteria; (2)
304(a) criteria modified to reflect site-
specific conditions; or, (3) other
scientifically defensible methods.

Again, EPA views the criteria program
as constantly evolving. Whenever new
or revised criteria are published,
whether under 304(a) or a rule under
303(c), that action establishes the
Agency’s most current section 304(a)
criteria guidance.

Whenever a State or Tribe revises its
water quality criteria EPA compares the
State criteria values and the basis of
their derivation to the criteria contained
in the most recent Federal action (either
303(c)(4) rule making or 304(a) criteria
guidance publication). Thus, there may
be cases where the applicable policies

and science have evolved such that EPA
would be comparing State or Tribe
adopted criteria values to Federal
criteria values other than those in older
rules or criteria guidance to determine
whether to approve the State’s or
Tribes’s criteria. This approach is
necessary to encourage State and Tribal
adoption of the most recent section
304(a) criteria.

2. Ambient Water Quality Criteria to
Protect Aquatic Life

Aquatic life criteria are scientifically-
derived values, derived by States,
Tribes, or EPA, to protect aquatic life
from the deleterious effects of pollutants
in ambient water. States and Tribes may
use EPA’s section 304(a) criteria
guidance in developing such criteria.
When developing numeric aquatic life
criteria, States and Tribes usually
express two concentrations; one that
protects against acute effects (effects
from short term exposure) and one that
protects against chronic effects (effects
from long term exposure). The short-
term concentration is expressed as a
Criterion Maximum Concentration
(CMC) and is the highest ambient
concentration of a toxicant to which
aquatic organisms may be exposed for a
short time period without causing an
unacceptable effect. The long-term
concentration is expressed as a Criterion
Continuous Concentration (CCC) and is
the highest ambient concentration of a
toxicant to which aquatic organisms can
be continuously exposed without
causing an unacceptable effect.

Water quality criteria to protect
aquatic life consist of three
components—magnitude, duration and
frequency. Magnitude refers to the
acceptable concentration of a pollutant.
Duration is the period of time (averaging
period) over which the ambient
concentration is averaged for
comparison with criteria concentrations.
Frequency is how often the criteria can
be exceeded to allow the aquatic
community sufficient time to recover
from excursions of aquatic life criteria
and to thrive after recovery.

The numerical aquatic life criteria are
expressed as short-term and long-term
concentrations in order that the criteria
more accurately reflect toxicological and
practical realities. The combination of a
Criterion Maximum Concentration
(CMC), over a one-hour acute duration
(a short-term average acute limit), and a
Criterion Continuous Concentration
(CCC), over a four-day chronic duration
(a long-term average chronic limit)
provide protection of aquatic life and its
uses. Recommended averaging periods
are kept relatively short because
excursions higher than the average can
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kill or cause substantial damage in short
periods.

The frequency limitations specify that
both the acute and chronic criteria may
be exceeded once in a three-year period
on the average. The recommended once
in a three-year period coupled with the
4-day chronic averaging period used for
the CCC approximately corresponds to
the historically used criterion
concentrations that occurs in a once-in-
ten year seven-day-average low flow
(7Q10). The once-in-three-year period
coupled with the one-hour acute
averaging period used for the CMC
approximately corresponds to the
historically used criterion concentration
that occurs in a once-in-ten year one-
day-average low flow (1Q10)

The method by which EPA derives
criteria is updated from time to time, to
incorporate advances in the science. To
overcome the limitations in the previous
approaches to duration and frequency, a
new risk assessment methodology is
being developed. EPA expects that the
new risk assessment methodology will
include an approach that will better
handle variable concentrations by use of
a kinetic-based toxicity model coupled
with a population response model. A
kinetic-based toxicity model considers
the speed at which effects appear in
different individuals and at different
concentrations. The kinetic-based model
allows prediction of the toxicity of any
series of time-variable concentrations. It
can predict how often effects would
occur, and what fraction of individuals
in the species would be affected.

To weigh the full impact that a
particular time series of concentrations
would have on the exposed population
of a species, an additional factor is being
considered: how long it takes to replace
those individuals lost due to the toxic
effects. Consideration of this involves
the use of a population model indicating
rates of recovery of different taxonomic
groups to stresses. The intent of this part
of the derivation is to allow the toxic
impact to be portrayed as the overall
average reduction in the number of
individuals in a species, both during
lethal or sublethal periods and during
recovery periods, accounting for both
partial lethality and partial recovery.

Request for public comment on Aquatic
Life Criteria

EPA requests comments on the
following question:

1. Prior to completion of all of the
aquatic life methodology revisions,
should EPA use the tools that have thus
far been developed (the kinetic model of
individual organism response to derive
the appropriate duration/averaging
period of the criterion or to evaluate

mixing zone alternatives and the
population effects model to derive the
allowable frequency of excursion above
the criterion) to re-examine and possibly
revise its recommendations on the
duration and frequency of criteria
excursions?

3. Site-Specific Criteria
EPA also provides guidance on how

States and Tribes may develop site-
specific numeric aquatic life criteria that
are either more or less stringent than the
criteria adopted by the State or Tribe
and that would normally apply to a
water body. Currently, national
guidance only has recommendations
and methods for establishing site-
specific water quality criteria for aquatic
life but guidance is under development
for deriving site-specific sediment
quality criteria as well.

The regulation currently specifies that
States and Tribes may adopt numeric
criteria based on published CWA
section 304(a) guidance, section 304(a)
guidance modified to reflect site-
specific conditions, or other
scientifically defensible methods. 40
CFR 131.11(b). EPA recognizes that
States and Tribes may want to develop
numeric criteria that vary from CWA
section 304(a) guidance for specific
waters (e.g., where chemical and
physical characteristics of local waters
alter the bioavailability and/or toxicity
of a pollutant; or when the species or
community actually present or desired
may be more or less sensitive than the
species or community represented by
the criteria database.) In such situations,
a site-specific criterion may be
appropriate. EPA has developed and
continues to develop guidance to assist
States and Tribes in the development of
site-specific criteria. (See Water Quality
Standards Handbook, Second Edition,
EPA 823–B–94–005a, August, 1994, pp
3–38 through 3–45 and documents cited
therein.)

Site-specific criteria are allowed by
regulation and must be submitted to
EPA for review and approval, as are any
changes to a WQS. The regulation at 40
CFR 131.11(b)(1) specifically provides
States and authorized Tribes with the
opportunity to adopt water quality
criteria that are ‘‘* * * modified to
reflect site specific conditions.’’ Under
40 CFR 131.5(a)(2), EPA reviews State
and Tribal standards to determine
‘‘whether a State has adopted criteria to
protect the designated uses’’ and
whether such criteria are scientifically
defensible (40 CFR 131.11(b)).

Existing guidance and practice are
that EPA will approve site-specific
criteria developed on the basis of sound
scientific rationales.

Currently, EPA has specified three
scientifically defensible procedures that
States and Tribes may follow in deriving
site-specific aquatic life criteria. These
are the Recalculation Procedure, the
Water-Effect Ratio Procedure and the
Resident Species Procedure. These
procedures can be found in the Water
Quality Standards Handbook (USEPA,
1994). States may also develop other
procedures for deriving such criteria as
long as they are scientifically defensible.
EPA also recognizes there may be
naturally occurring concentrations of
pollutants that may exceed the national
criteria guidance published under
Section 304(a) of the Clean Water Act.

The Great Lakes Guidance contains a
procedure for developing site-specific
criteria for protection of wildlife. While
the Great Lakes States and Tribes must
adopt a procedure consistent with that
procedure, other States and Tribes may
derive site-specific criteria using the
procedure in the Great Lakes Guidance
and such criteria can be more or less
stringent than the applicable wildlife
criteria where scientifically defensible.
This is most likely to be in cases where
a site-specific Bioaccumulation Factor
(BAF) has been developed.

The Great Lakes Guidance also
provides a procedure for modifying
human health criteria on a site-specific
basis based on differences in fish
consumption or BAF. With regard to
aquatic life criteria, if a State or Tribe
could demonstrate that physical or
hydrological conditions preclude
aquatic life from remaining at a site for
a period of time in which acute or
chronic effects may occur, less stringent
site-specific aquatic life criteria are
allowed.

EPA’s current thinking is that States
and Tribes should identify in their
water quality standards the methods
they intend to use for site-specific
criteria development and generally the
circumstances under which such
criteria may be developed. Additional
discussion and request for comment on
emerging rationales and methods for
site-specific criteria, beyond that
described and referenced above, is
contained in section B.4.d of this notice,
entitled ‘‘Alternatives to Removal of the
Designated Use.’’

Request for Comments on Site-Specific
Criteria

EPA seeks public comment on the
following questions:

1. Should the regulation be modified
to require States and Tribes to
specifically authorize and identify the
procedures for developing site-specific
water quality criteria? Would additional
EPA guidance be necessary?
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2. Should the regulation or EPA
guidance specify the circumstances
under which site-specific criteria are
necessary?

3. Does EPA need to develop
guidance, policy, or clarify the
regulation regarding site-specific criteria
based on ambient conditions?

4. Should EPA explore broadening the
concept of site-specific criteria to
include watershed-specific or
ecosystem-specific criteria perhaps in
conjunction with a refined use
designation? If so, what type of
additional guidance or policy is
necessary to fully explain these
concepts and are any changes to the
regulation needed to enable and/or
facilitate use of watershed or ecosystem-
specific criteria?

4. Narrative Water Quality Criteria
Narrative criteria can be an effective

tool for controlling the discharge of
pollutants when numeric criteria are not
available. Narrative criteria, which have
become known as ‘‘free froms’’, were
first developed in 1968 and continue to
be used in State and Tribal water quality
standards. EPA guidance explains that
these ‘‘free froms’’ apply to all waters of
the United States at all flow conditions
(including ephemeral and intermittent
streams) (see Water Quality Standards
Handbook: Second Edition (EPA–823-
B–94–006, August 1994). Narrative ’free
from’ criteria guidance indicates that all
waters be free from substances, for
example, that (a) cause toxicity to
aquatic life or human health, (b) settle
to form objectionable deposits, (c) float
as debris, oil, scum and other materials
in concentrations that form nuisances,
(d) produce objectionable color, odor,
taste or turbidity, or (e) produce
undesirable aquatic life or result in the
dominance of nuisance species.

The toxic ‘‘free froms’’ include
protection from both chronic and acute
toxicity and include all pollutants
which cause toxic effects, including but
not limited to those listed under Section
307(a) if necessary to protect the
designated use. All States have adopted
narrative water quality criteria pursuant
to section 303(c). See 48 FR 51400–
51402, November 8, 1983. EPA guidance
interprets these ‘‘free froms,’’ as with all
criteria, to apply to the ambient water
quality, not distinguishing between
point sources and nonpoint sources of
toxicity.

Currently, 40 CFR 131.11(a)(2) of the
water quality standards regulation
requires States and Tribes that have
established narrative criteria for toxic
pollutants to identify the methods by
which the State or Tribe intends to
regulate point source discharges of toxic

pollutants based on such narrative
criteria. EPA regulations at 40 CFR
122.44(d)(1)(v) and (vi) require narrative
criteria to be implemented through
NPDES permit limits. More specifically,
when the permitting authority
determines that a discharge causes, has
the reasonable potential to cause, or
contributes to an excursion above a
narrative criterion, the permit must,
under most circumstances, contain
effluent limits for whole effluent
toxicity. In addition, where the
permitting authority determines that a
specific pollutant for which the State or
Tribe has not adopted a chemical
criterion is in a discharge in an amount
that causes, has the reasonable potential
to cause, or contributes to an excursion
above a narrative criterion, the permit
must contain effluent limits for that
pollutant that are based on an
interpretation of the State’s or Tribe’s
narrative criterion. The regulation
provides three options for interpreting
the narrative criterion, and in addition,
EPA has provided guidance on this
requirement in both the Technical
Support Document for Water Quality-
Based Toxics Control and the Water
Quality Standards Handbook (both
Cited above). The guidance advises
States and Tribes to develop
implementation procedures that explain
the application and integration of all
mechanisms used by the State or Tribe
to ensure that narrative criteria are
attained (e.g., chemical-specific
requirements, whole effluent toxicity
requirements, and biological criteria,
where biological criteria programs have
been developed by the State or Tribe).
The rationale for this approach is that
comprehensive written procedures
facilitate implementation decisions,
reduce inconsistencies that can result in
different requirements for similar
situations, and promote effective and
sensible application of narrative toxics
criteria.

Although all States and Tribes have
some type of customary practice for
implementing narrative criteria, and
many States and Tribes have developed
implementation policies on narrowly
defined topics (e.g., to explain
application of whole effluent toxicity
testing requirements), very few, if any,
States and Tribes have developed
comprehensive written implementation
procedures that address all of the
narrative toxics criteria implementation
issues. The result may be inconsistent
application of narrative toxics
requirements within those States and
Tribes that have not developed such
procedures. In addition, the lack of
documented methods makes it difficult

for EPA to evaluate whether aquatic life
and or human health is being
adequately protected.

Request for Comments on Narrative
Criteria

EPA seeks public comment on the
following questions:

1. Should the regulation require
adoption of ‘‘free froms’’ and similar
criteria as being the minimum floor
allowable under the Clean Water Act.

2. Reflecting current practice, should
the regulation specify that States and
Tribes are required to adopt narrative
criteria for all waters?

3. At this time, EPA has limited
information about how States and
Tribes are implementing narrative
criteria with regard to nonpoint source
activities. How can narrative criteria
best be implemented in the nonpoint
source context and what might EPA do,
including modifying the regulation, to
enhance or further the use of narrative
criteria?

4. Does the existing requirement for
States and Tribes to identify methods
for implementing narrative toxics
criteria need to be clarified, and if so,
should EPA clarify the requirement with
additional guidance, or with revisions to
the regulation?

5. What minimum elements should be
included in an implementation method
for narrative toxics criteria? Should
implementation methods describe
application and integration of all of the
various mechanisms used to regulate
point sources, or should such methods
focus on only certain aspects of toxics
control (e.g., chemical-specific limits,
whole effluent toxicity limits)?

6. The current regulation requires the
State or Tribe to identify the method by
which the State or Tribe intends to
regulate point source discharges of toxic
pollutants on water quality limited
segments based on such narrative
criteria.

Should this narrative criteria
translation method apply only to point
source discharges of toxic pollutants on
water quality limited segments or to
both point and non-point sources?

7. Should the regulation more
explicitly require implementation
procedures for narrative criteria other
than toxics criteria? Should the
regulation include minimum
requirements for these implementation
procedures?

5. State or Tribe Derived Criteria

States and Tribes may develop their
own criteria although the water quality
standards regulation 40 CFR 131.11
provides that where such criteria are
less stringent than 304(a) criteria
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guidance, the State or Tribe must
demonstrate the criteria are
scientifically defensible. Despite this
available flexibility, and for a variety of
reasons, most States and Tribes are
reluctant to derive their own criteria.
EPA is evaluating whether either
changes to the water quality standards
regulation or development of additional
guidance would assist State or Tribal
efforts to develop protective criteria. For
example, for many pollutants where
EPA criteria guidance has not been
issued, information is available which
would be useful in determining a
protective water quality criterion.
Sources of such information include
relevant scientific literature, EPA’s
Integrated Risk Information System
(IRIS), EPA’s Aquatic Toxicity Database
(AQUIRE), a database of high quality
aquatic life toxicity data (under
development), and other sources.

Request for Comment on State or Tribal
Derived Criteria

EPA requests comment on the
following question:

1. Would changes to the water quality
standards regulation or development of
additional guidance assist State or
Tribal efforts to derive criteria? What
changes or guidance would be most
helpful?

6. Water Quality Criteria for Priority
Pollutants

EPA has not revised the water quality
standards regulation to incorporate
CWA section 303(c)(2)(B) which was
added to the CWA in 1987. EPA has,
however, issued guidance on how States
and Tribes may comply with section
303(c)(2)(B). The ‘‘Guidance for State
Implementation of Water Quality
Standards for CWA Section
303(c)(2)(B):December, 1988’’ provides
three options for compliance:
Option 1 States and Tribes may adopt

Statewide or Reservation-wide numeric
chemical-specific criteria for all priority
toxic pollutants where EPA has issued
CWA section 304(a) criteria guidance.

Option 2 States and Tribes may adopt
numeric chemical-specific criteria for
those stream segments where the State or
Tribe determines that the priority toxic
pollutants for which EPA has issued
CWA section 304(a) criteria guidance are
present and can reasonably be expected
to interfere with designated uses.

Option 3 States or Tribes may adopt a
chemical-specific translator procedure
that can be used to develop numeric
criteria as needed.

The phrase ‘‘translator procedure’’ in
this context means a method for
translating a State’s or Tribe’s narrative
toxics criterion into chemical-specific,
numeric criteria sufficient to comply

with CWA section 303(c)(2)(B). As
discussed in EPA guidance (‘‘Guidance
for State Implementation of Water
Quality Standards for CWA Section
303(c)(2)(B),’’ December 1988, Notice of
Availability at 54 FR 346, January 5,
1989), such translator procedures
generally identify the equations,
protocols, and data sources that are used
to translate narrative criteria into
derived chemical-specific criteria. Such
translator procedures are different from
the narrative criteria implementation
procedures required in 40 CFR
131.11(a)(2) of the water quality
standards regulation in that such
implementation procedures must be
adopted into the State’s or Tribe’s
regulations and generally describe all
mechanisms that are used and
integrated to attain narrative criteria,
including chemical-specific, whole
effluent toxicity, and biological methods
(see the discussion of narrative criteria
implementation procedures in sub-
section (c)(6) above). EPA believes that
revisions to the water quality standards
regulation to incorporate the CWA
section 303(c)(2)(B) requirements would
enhance public understanding of EPA’s
implementation of the provision.

EPA’s guidance on CWA section
303(c)(2)(B) established a presumption
that any information indicating that
such pollutants are discharged or
present in surface waters (now or in the
future) may be considered sufficient
justification to require adoption or
derivation of numeric criteria. The
guidance made clear that the
requirement to adopt (or derive) criteria
applies not just to pollutants that are
already affecting surface waters, but also
to pollutants that have the potential to
affect surface waters in the future. The
rationale for this approach is that it is
important to have numeric criteria
applied to waters where current or
future activities may result in sources of
priority toxics that warrant regulatory
controls or other pollution abatement or
assessment activities. This
interpretation of section 303(c)(2)(B) is
now reflected in EPA guidance included
in the Technical Support Document
(TSD) for Water Quality-Based Toxics
Control (TSD) and the Water Quality
Standards Handbook (see page 30 in the
TSD).

In implementing CWA section
303(c)(2)(B), many States and Tribes
have adopted statewide or reservation-
wide criteria for all priority toxics
where EPA has issued CWA section
304(a) criteria guidance. Taking this
approach eliminates the need to
determine whether a ‘‘reasonable
expectation’’ for use interference exists
on a water body-by-water body basis,

and thus greatly simplifies the process
for establishing numeric criteria for
priority toxics. In other States and
Tribes, however, broad application of
numeric criteria for priority toxics has
not occurred, and the ‘‘reasonable
expectation’’ question has been a
significant implementation issue. EPA is
considering whether its existing
guidance on this issue is adequate to
support equitable decisions nationally.

Another issue stemming from CWA
section 303(c)(2)(B) implementation
concerns the State or Tribe option to
develop a ‘‘translator procedure’’ to
achieve compliance. In EPA’s CWA
section 303(c)(2)(B) guidance, this
approach was described as Option 3.
The guidance intended to be used are
the 1980 Human Health Guidelines and
1985 Aquatic Life Guidelines. All of
which have been both peer reviewed
and publicly reviewed and thus meet
the requirements of ‘‘scientific
defensibility’’ under 40 CFR 131.11.

Although EPA believes that adoption
of such chemical-specific translator
procedures potentially provide a State
or Tribe with a useful means of
establishing criteria, there are several
issues associated with the use of such
procedures. For example:

(1) It may be difficult for the public
to stay abreast of the current applicable
criteria where a State or Tribe does not
routinely publish an updated list of
State or Tribe criteria and provide wide
distribution.

(2) Public participation may occur
primarily on the details of the procedure
itself, rather than the pollutant-specific
criteria resulting from application of the
procedure.

(3) Without requirements to submit to
EPA for review and approval the
individual criteria generated using the
translator procedure, there could be a
tendency to not include such criteria in
the State’s or Tribe’s water quality
standards at the time they are generated.

A third issue that arises from State
and Tribal efforts to implement CWA
section 303(c)(2)(B) concerns the
provision for priority toxic pollutants
that are not the subject of CWA section
304(a) criteria guidance. Where such
numeric criteria guidance is not
available, and where necessary to
protect the designated uses, CWA
section 303(c)(2)(B) provides that when
a State or Tribe (1) reviews Water
Quality Standards or (2) revises or
adopts new standards pursuant to this
paragraph, States and Tribes are to
adopt criteria based on biological
monitoring or assessment methods.

When adopting criteria based on
biological monitoring or assessment
methods, States and Tribes currently
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have considerable latitude to devise an
approach to satisfy the requirement. For
example, States and Tribes may
establish ambient criteria for the
parameter toxicity. Alternatively, States
and Tribes could adopt narrative
biological criteria. Clearly, a variety of
approaches, representing a range of
resource commitments, may be used to
satisfy this requirement. All of these
approaches must meet the test of
‘‘scientific defensibility’’ and be
consistent with the goals of the CWA.

Request for Comments on Water Quality
Criteria for Priority Pollutants

EPA seeks public comment on the
following questions:

1. With regard to compliance with
section CWA section 303(c)(2)(B),
would it be better to include only a
general requirement, such as one which
repeats the language in the statute itself,
or should the regulation reflect EPA’s
interpretation of the options to achieve
compliance with the provision?

2. Have problems or issues arisen in
the implementation of CWA section
303(c)(2)(B) that may need to be
addressed by changes in the regulation
or revised EPA guidance?

3. What factors should be considered
in determining whether a ‘‘reasonable
expectation’’ for use interference exists?
How has the ‘‘reasonable expectation’’
threshold decision been interpreted and
addressed by the States or Tribes? Does
EPA need to clarify when a ‘‘reasonable
expectation’’ for use interference exists,
and if so, should the Agency clarify the
requirement by issuing additional
guidance, by issuing regulatory
requirements, or a combination of the
two approaches?

4. Where a State or Tribe adopts a
chemical-specific translator procedure
for derivation of numeric criteria, what
process should the State or Tribe follow
to ensure that notice of State derived
criteria is provided to the public?

5. Should EPA require States or Tribes
using translator procedures to publish
an updated list of criteria for all water
bodies?

6. Should EPA revise the regulation to
explicitly require that, where a
translator procedure is used to derive
criteria, public participation is required
for each individual criterion, even
where an opportunity for public
participation was previously provided
when the procedure itself was adopted?

7. Should submission of each
criterion derived using translator
mechanisms for review and approval or
disapproval be a requirement, even
where EPA previously reviewed and
approved the procedure itself? If so,
should implementation of derived

criteria (e.g., in NPDES permit renewal
and development) proceed even where
EPA has not yet issued an approval/
disapproval decision?

8. Does this statutory provision need
to be further clarified and interpreted by
the Agency? Should changes to the
water quality standards regulation or
Agency guidance be pursued?

7. Criteria for Non-Priority Pollutants
with Toxic Effects

Over the years, an issue which has
periodically arisen, particularly for non-
priority pollutants, has been the proper
approach to identifying the
circumstances for which adoption of
numeric criteria is required. Currently,
the regulation does not elaborate on
how this question should be addressed;
it only provides the general mandate to
adopt criteria ‘‘sufficient to protect
uses.’’

EPA’s current thinking is that the
regulation should probably be modified
to further specify the circumstances
under which numeric criteria for non-
priority pollutants must be adopted.
One approach would be to model the
requirements for non-priority pollutants
after the requirements included in CWA
section 303(c)(2)(B) for priority
pollutants. That is, for non-priority
pollutants where EPA has issued criteria
guidance, the regulation could require
adoption of numeric chemical-specific
criteria where the discharge or presence
of the pollutant can reasonably be
expected to interfere with designated
uses. EPA could define ‘‘reasonable
expectation’’ broadly to support
adoption of criteria before new
pollution sources are proposed, or more
narrowly for non-priority pollutants,
limiting such a requirement for
adoption of criteria to only those water
bodies and pollutants where uses are
already being interfered with, or where
pollution sources now exist or are
certain to occur in the near future.
Establishing Such a requirement would
encourage development of criteria for
commonly-discharged and highly toxic
pollutants like ammonia and chlorine
that are currently not considered
priority pollutants under section 307(a)
of the CWA.

Strengthening the requirements for
adoption of criteria for non-priority
pollutants would address a concern of
some that many of the CWA section
307(a) priority pollutants are no longer
an appropriate focal point for State,
Tribe and EPA toxic control efforts (e.g.,
some of the pesticides included on that
list are no longer in widespread use).

Request for Comments on Criteria for
Non-Priority Pollutants With Toxic
Effects

EPA seeks public comment on the
following questions:

1. For what specific pollutants and
under what circumstances should
adoption of criteria for non-priority
pollutants be required by regulation?

2. Should EPA amend the water
quality standards regulation or issue
additional guidance to clarify when
adoption of numeric chemical-specific
criteria for non priority pollutants is
necessary to ‘‘protect designated uses’’?

3. Should EPA require States or Tribes
to adopt narrative criteria and a
narrative criteria translation method for
both 307(a) and other pollutants which
elicit toxic effects on organisms?

8. Criteria Where Data or Guidance is
Limited

A key issue facing States and Tribes
seeking to develop aquatic life and
human health criteria concerns the data
requirements necessary to support
derivation of a criterion. (In developing
national CWA section 304(a) criteria
guidance, EPA has established
minimum data requirements.) When
sufficient, acceptable data are not
available, however, many States and
Tribes have resorted to adoption of
lowest observed effect levels (LOELs) as
criteria in order to ensure that some
level of protection is in place. LOELs are
based on the lowest observed
concentration of a chemical at which a
statistically significant adverse effect
was observed in an aquatic test
organism. However, EPA would counsel
against adoption of water quality criteria
based on LOELs alone because they may
not ensure protection of aquatic life uses
since: (1) they represent effect
concentrations, and (2) there may be
significant limitations in the database
upon which they are supported.

Thus, if this approach is used, States
and Tribes are encouraged to use safety
factors to approximate better a
protective water quality level. The
particular safety factor employed
generally depends on the amount and
quality of data concerning the LOEL.
EPA has approved this approach in
particular instances because criteria
based on such LOELs provide more
protection than no criteria at all.

A better approach to developing
values with sparse data was developed
and promulgated by EPA as part of the
Water Quality Guidance for the Great
Lakes System (Great Lakes Guidance).
Under that Guidance’s Tier II procedure,
States and Tribes derive values to
interpret the narrative criteria for
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pollutants where the minimum data
requirements for derivation of a
criterion are not satisfied (see appendix
C of 40 CFR Part 132.) These values are
then used in place of the absent criteria
as the basis for NPDES permit limits
where needed. EPA’s current thinking is
that this approach for establishing
values for interpreting the narrative for
pollutants where data are limited is
preferable to adoption of criteria based
on a LOEL.

The Tier II methodology in the Great
Lakes Guidance is designed to be used
in the absence of the full set of data
needed to meet criteria data
requirements. For pollutants for which
criteria have not been adopted into State
or Tribal water quality standards, Great
Lakes States must, under the guidance,
use methodologies consistent with
either the criteria (GLI Tier I) or Tier II
methodologies, depending on the data
available to implement their existing
narrative water quality criteria that
prohibit toxic pollutants in toxic
amounts in all waters.

In adopting the Great Lakes Tier II
methodology, EPA, working with the
States, determined that there is a need
to regulate pollutants more consistently
in the Great Lakes System when faced
with limited data on which to base
criteria. Many of the Great Lakes States
are already employing procedures
similar to the approach in the final
Guidance to implement narrative
criteria. EPA determined the Tier II
approach improves upon existing
mechanisms by utilizing all available
data. The Tier II aquatic life
methodology is used to derive Tier II
values which can be calculated with
fewer toxicity data than under the Tier
I water quality criteria methodology.
Tier II values can, in certain instances,
be based on toxicity data from a single
taxonomic family, provided the data are
acceptable. The Tier II methodology
generally produces more stringent
values than the Tier I criteria
methodology, to reflect greater
uncertainty in the absence of additional
toxicity data. As more data become
available, the derived Tier II values tend
to become less conservative. That is,
they more closely approximate Tier I
numeric criteria.

States and Tribes may also develop
their own criteria derivation procedure
under option 3 of EPA’s CWA section
303(c)(2)(B) guidance for priority toxic
pollutants. This approach allows for
timely derivation of criteria based on
the latest available data, and may be
used to derive criteria for pollutants for
which EPA has not issued guidance.
However, as for all criteria, such a
procedure would need to result in

criteria that are scientifically defensible,
so again the issue of minimum data
requirements is important.

Request for Comment on Criteria Where
Data or Guidance is Limited

EPA requests comment on the
following questions:

1. Should adoption of a lowest
observed effect concentration be
considered an acceptable option where
no other criteria guidance is available,
or should use of an uncertainty factor
(e.g., 0.1, 0.5) be required to better
approximate a protective water quality
level? If an uncertainty factor is used,
should that factor vary based on the
amount and quality of data used to drive
the LOEL? If so how?

2. Should EPA develop a method for
derivation of alternative values for
pollutants where the minimum data
requirements included in EPA’s criteria
guidelines are not satisfied, such as the
tier 2 procedure in EPA’s Water Quality
Guidance for the Great Lakes System?

3. How applicable should the Tier 2
process be to States and Tribes outside
of the Great Lakes? Does the regulation
need to be modified to include Tier 2
specifically for the entire country?

4. Does the information included in
EPA’s toxicity databases (e.g., IRIS,
AQUIRE) need to be made more
accessible to States, Tribes, or others
seeking to develop their own criteria? If
so, how can this be accomplished?

9. Toxicity Criteria
Toxicity criteria are an additional

type of water quality criteria used to
protect aquatic life. Toxicity criteria are
expressed in terms of ‘‘toxic units’’ that
cause toxic effects to aquatic organisms
and are determined by exposing aquatic
organisms to water samples (e.g.,
ambient water or effluent discharges).
Whole effluent toxicity (WET) testing
can be effective for controlling
discharges containing multiple
pollutants. It can also provide a method
for addressing synergistic and
antagonistic effects on aquatic life.

EPA is considering revising the water
quality standards regulation to require
States and Tribes with water quality
standards authority to develop a
numeric quantification of acceptable
surface water levels for the parameter
‘‘toxicity.’’ Doing so would implement
the narrative criteria that waters be ‘‘free
from’’ toxics in toxic amounts.
Currently, States and Tribes use various
approaches to implementing their
narrative criteria, including using
numeric toxicity values and
implementing them through NPDES
permits. However, there is no current
requirement for States or Tribes to

specify numeric criteria for toxicity in
their water quality standards. Under
current requirements and guidance,
States and Tribes do not always specify
implementation of toxicity criteria and
test methods as a required means to
implement the narrative water quality
criteria.

Toxicity is commonly measured by
exposing test organisms (e.g.
Ceriodaphnia, Fathead minnow) to
various concentrations of chemicals or
chemical mixtures in water. EPA has
promulgated methods for measuring
aquatic toxicity in effluents and surface
waters in 40 CFR Part 136. EPA
provided a recommendation on the
allowable magnitude of this parameter
in the 1991 Technical Support
Document for Water Quality-based
Toxics Control (TSD) that would
facilitate State or Tribal implementation
of such a requirement. The
recommendation reads: For protection
against acute toxicity, ‘‘the criterion
maximum concentration (CMC) should
not exceed 0.3 acute toxic units to the
most sensitive of at least 3 test species;
for chronic protection, the criterion
continuous concentration (CCC) should
not exceed 1.0 chronic toxic units to the
most sensitive of at least 3 test species.’’
Such a quantification serves, in
conjunction with numeric criteria for
individual pollutants and biological
criteria, to establish an integrated and
fully protective basis for assessment and
control of pollutants.

Request for Comment on Toxicity
Criteria

EPA seeks public comment on the
following question:

1. Should the regulation be modified
to explicitly require States and Tribes to
adopt numeric toxicity criteria, or
alternatively to use toxicity values and
test methods as a required means to
interpret and implement the narrative
criteria? Or, is the current practice
acceptable, whereby some States or
Tribes have numeric toxicity criteria,
some utilize toxicity methods to
interpret their narrative requirements of
no toxics in toxic amounts, and others
use toxicity mainly as a tool to assess
effluent quality, but not as the basis for
permit limits?

10. Sediment Quality Criteria
Sediment quality criteria (SQC) are

being developed by EPA pursuant to
sections 304(a)(1) and 118(c)(7)(C) of the
CWA in recognition that many water
bodies are not meeting water quality
goals even though ambient water quality
criteria are being met. (See ‘‘The
Incidence and Severity of Sediment
Contamination in Surface Waters of the
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United States, Volume 1: National
Sediment Inventory,’’ Office of Science
and Technology, September 1997, EPA–
823–R–97–006.) The contaminants of
interest are those that preferentially
partition to sediments, become
sequestered, and remain bioavailable to
the aquatic community. SQC are
intended to protect against chronic
effects to benthic organisms resulting
from sediment contamination. The
development and implementation of
SQC is intended primarily to enable
development of pollutant-specific State
standards and NPDES permit limits
needed for implementation of a more
effective source control program. In
addition, SQC will be useful in other
programs, such as developing clean-up
levels for sediment remediation
activities and in evaluating sediments
dredged from the Nation’s waterways.

Sediment quality criteria have been
proposed for five non-ionic organic
compounds: acenapthene, dieldrin,
endrin, fluoranthene, and
phenanthrene. See, Technical Basis for
Deriving Sediment Quality Criteria for
Nonionic Organic Contaminants for the
Protection of Benthic Organisms by
Using Equilibrium Partitioning (EPA–
822–R–93–011); Acenapthene (EPA–
822–R–93–013); Dieldrin (EPA–822–R–
93–015); Endrin (EPA–822–R–93–016);
Fluoranthene (EPA–822–R–93–012);
Phenanthrene (EPA–822–R–93–014). In
addition to non-ionic organic
compounds, the Agency also is working
to develop SQC for metals. After
considering public comments, EPA
intends to publish final SQC dieldrin
and aldrin in final form. The proposed
criteria for acenapthene, fluoranthene,
and phenanthrene will not go final;
instead, EPA plans to propose a total
PAH sediment criterion. In addition to
its work on SQC, the Agency also is
working to develop standardized
methods for performing chronic
sediment bioassay tests.

The EPA Science Advisory Board
subcommittee reviewing SQC for non-
ionic organics concluded that: ‘‘these
criteria not be used as stand-alone, pass-
fail values for all applications.’’ (EPA–
SAB–EPEC–93–002). EPA is developing
a users manual to provide guidance on
use of SQC in a regulatory context to
ensure consistency with that
recommendation. The guidance would
recommend that SQC be used in
conjunction with chronic sediment
bioassay tests in determining
compliance with State standards, such
as in interpreting the narrative criterion
of no toxics in toxic amounts. Such an
approach is currently being developed
in more detail, and the users guidance

will be made available to the public for
comment prior to being finalized.

Request for Comment on Sediment
Quality Criteria

EPA seeks public comment on the
following questions:

1. Should the current regulation be
revised to specifically address sediment
quality criteria, and if so, what should
such revisions address?

2. What chemicals or classes of
compounds should receive priority for
development of SQC?

11. Biological Criteria

Biological Integrity, Assessments and
Criteria ’

The Clean Water Act directs EPA to
work with States and Tribes to restore
and maintain the biological integrity of
the Nation’s surface waters (CWA
101(a), 303, 518(e)). Biological integrity
is defined as a balanced, integrated,
adaptive community of organisms
having a species composition, diversity,
and functional organization comparable
to that of the natural habitat of a region
(Karr and Dudley, EPA–440/5–90–004,
1981). Biological integrity does not
necessarily represent an aquatic system
untouched by human influence, but
does represent one that is balanced,
adaptive and reflects natural
evolutionary processes. Designated uses
and criteria to protect those uses in
State and Tribal water quality standards
programs provide the means to achieve
biological integrity.

To more fully protect aquatic
resources and provide more
comprehensive assessments of aquatic
life use attainment, it is EPA’s policy
that States and Tribes should designate
aquatic life uses for their waters that
appropriately address biological
integrity and adopt biological criteria
necessary to protect those uses (EPA–
823–B–93–002, Office of Water
Memorandum to EPA Regions, Policy
on Bioassessment and Biological
Criteria, 1991). Designated uses to
support aquatic life can cover a broad
range, or continuum, of biological
conditions with some waters being
closer to the ideal of biological integrity
than others. The attainable levels of
biological integrity for any water is a
State and/or Tribal determination
involving public participation.

For example, the State of Maine used
the water quality classification law to
establish the minimum standards for
three levels of biological integrity. These
levels correspond to the water quality
classification system and are
increasingly restrictive, proceeding from
the minimum state standard, Class C, to

Class A, the most protective standard.
These refinements serve to explicitly
specify the designated aquatic life uses
that apply to each classification
category. Class C requires that the
structure and function of the biological
community be maintained and provides
for the support of all indigenous fish
species. The intermediate standard of
Class B requires that there be no
detrimental changes to the aquatic
community, that all indigenous species
are supported and that habitat be
unimpaired. The Class A standard
requires that aquatic life be ‘‘as
naturally occurs’’ and habitat be
characterized as ‘‘natural.’’ Within Class
A, there is even a subset, Class AA, that
further specifies ‘‘free-flowing’’ habitat.
Waters with the Class AA designation
are protected from any additional
discharge or alteration. Under this
system, attainment of the aquatic life
classification standards for a given
water body is evaluated using numeric
biological criteria that were statistically
derived from a statewide database. The
numeric biological criteria are slated to
go to rule-making in 1998.

Biological assessments are used to
evaluate the condition of a water body
using direct measurements of the
resident biota in surface waters.
Biological assessments integrate the
cumulative impacts of chemical,
physical, and biological stressors on
aquatic life. Biological criteria, derived
from biological assessment information,
can be used to define State and Tribal
water quality goals for aquatic life by
directly characterizing the desired
biological condition for an aquatic life
use designation. Biological criteria are
narrative descriptions or numerical
values that describe the reference
condition of the aquatic biota inhabiting
waters of a specific designated aquatic
life use (EPA–440/5–90–004). Biological
criteria are based on integrated
measures, or indices, of the
composition, diversity, and functional
organization of a reference aquatic
community. The reference condition
describes the attainable biological
conditions for water body segments
with common characteristics within the
same biogeographic region. In summary,
biological criteria provide a direct
measure of the desired condition of the
aquatic biota. This capability serves a
dual purpose—goal setting and
environmental impact analysis.
Biological assessments are then
conducted to evaluate if a water body is
attaining its designated aquatic life use.

Biological criteria can play an
important role in water quality
programs and when properly
implemented, complement and support
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other methods and criteria, such as
chemical water quality criteria and
whole effluent toxicity criteria. The
latter are measures, or indicators, of
environmental stress and exposure
whereas the biological assessments and
criteria measure the cumulative effects
of stressors on the aquatic community,
whether chemical, physical or biological
stressors, singly or in combination. A
water quality program that employs the
full array of methods and criteria will
develop the information needed for
more accurate assessment of impairment
and effective resource management.

The linkage of biological effects,
stressor identification and exposure
assessment is particularly important
when there are multiple stressors
impacting a water body, especially
when a watershed management
approach is taken, or where wet weather
flows are a major source of impairment
in the water body. A comprehensive
water quality program with biological,
chemical, toxicity, and physical
components will enable States and
Tribes to make better decisions and
focus limited resources to maximize
environmental gain. A critical issue
facing EPA’s National Water Program is
the manner and extent to which
biological assessments and criteria
should be incorporated into water
quality programs to transition to a more
comprehensive water quality control
program that will better identify
impairments and track improvements.
This includes integrating biological
assessments and criteria into use
designations and attainability analyses,
watershed management strategies and
source control requirements.

Biological criteria typically include
measures of the types, abundance, and
condition of aquatic plants and animals,
providing information on the status and
function of the aquatic community in
response to the cumulative impact of
both chemical and nonchemical
stressors. For example, Ohio uses a
multi metric approach to develop
numeric biological criteria for two
different assemblages: benthic macro
invertebrates (bottom dwelling insects,
etc.) and fish (Yoder, 1995). Biological
indices have been derived that integrate
measurable structural and functional
characteristics of the in-stream fish and
macro invertebrate communities which
help assess the health of the
community. Structural characteristics
are based on measures of biological
community structure such as diversity
or taxa richness (e.g. total number of
taxonomic groups) and the
representation of specific taxonomic
groups (e.g. number of mayfly or
caddisfly taxonomic groups) within the

community. Functional characteristics
include measures of biological function
such as feeding strategy (e.g. percent
carnivores, omnivores), environmental
tolerance (e.g. number of intolerant and
tolerant species), and disease symptoms
(e.g. percent diseased species and
anomalies, including deformities,
eroded fins, lesions and external tumors
in fish).

The Ohio biological criteria were
developed based on ecoregional
reference conditions and provide a
quantitative biological description of the
State’s designated aquatic life uses for
warm water rivers and streams,
including exceptional, general, modified
and limited warm water habitat. The
description and derivation of the
indices and ecoregions are contained in
the ‘‘Biological Criteria for the
Protection of Aquatic Life: Volume II.
Users Manual for Biological Field
Assessment of Ohio Surface Waters’’
cited in Ohio’s Water Quality Standards.
Ohio uses biological criteria to support
all aspects of its water quality
management program (Yoder, 1995).
Ohio’s approach is another example of
how a State can adopt biologically-
based refined designated aquatic life
uses and biological criteria consistent
with EPA’s policy.

Application of Biological Assessments
and Criteria in State and Tribal Water
Programs

Biological assessments and criteria
can be an important component of State
and Tribal watershed management
programs by assisting in prioritization
and targeting of actions, setting
restoration goals and performance
standards, and documenting results. For
example, North Carolina has adopted
narrative biological criteria into its
water quality standards regulation that
references standardized methods for
data collection and analysis for fish and
macro invertebrate communities.
Specific biological indices, metrics, or
numeric criteria are not included in the
water quality standards regulation.
However, by citing the standardized
methods in the State’s water quality
standards, North Carolina established a
mechanism for consistent, quantitative
translation of the narrative biological
criteria. Under the State’s five year
basin-wide management program,
benthic macro invertebrate and fish
community data are presented in
individual basin-wide assessment
reports. Macroinvertebrate and fish
community surveys, special studies, and
other water quality sampling activities
are conducted in the second and third
years of the cycle to provide information
for assessing status and trends through

the basin. Water quality management
plans are being developed for all of the
State’s major river basins on five year
cycles.

Biological assessments and criteria
can fulfill several assessment functions
within the NPDES permitting process.
In conjunction with pollutant
concentration and toxicity data,
biological assessments can be used to
detect previously undetected chemical
water quality problems and to evaluate
the effectiveness of control actions.
Biological findings of use impairment
can trigger the necessary technical
investigations which can identify the
source or sources of impairment and
determine appropriate corrective
measures through point or nonpoint
source controls as appropriate. The
State of Maine uses biological
assessments and criteria to evaluate the
effectiveness of controls and to inform
the permit review process. Aquatic life
criteria are specified in the water quality
classification law and attainment is
assessed using quantitative data and a
multi variate statistical model. Findings
of biological impairment trigger
management intervention to identify
possible causes. Permits have been
modified and enforcement actions
initiated to address biological impacts.
Alternatively, favorable biological
findings have been used in a tiered
approach to re-direct limited agency and
permittee resources to more urgent
concerns.

In Maryland, investigators use
bioassessments as an integral part of the
Rapid Stream Assessment Technique
(RSAT) to conduct watershed-wide
stream quality reconnaissance, rapid
screening of general storm water BMP
performance and for elucidating general
watershed land use—stream quality
relationships (Galli, J., 1997). In
Michigan, biological assessments have
been used in the Wayne County Rouge
River National Wet Weather
Demonstration Project to identify
impacts and to guide decision-makers
and the public in evaluating options for
preventing, reducing and minimizing
pollution loading impacts on the river
under a watershed approach to wet
weather pollution management (Cave,
1997).

Biological assessments and criteria
can be useful in evaluating highly
variable or diffuse sources of pollution
such as storm water runoff. These types
of point source pollution do not lend
themselves well to traditional chemical
water quality monitoring and a
biological assessment of their
cumulative impact may effectively
evaluate these discharges and the
success of control actions.
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Bioassessments have been successfully
used in Florida to assess the cumulative
impacts of multiple pollution sources
within a watershed, in particular, storm
water runoff and other nonpoint source
discharges (McCarron, Livingston and
Frydenborg, 1997). The Florida Storm
water/Nonpoint Source Bioassessment
Projects have found that bioassessments,
over time, help reflect impacts from the
fluctuating environmental conditions
and highly variable pollutant inputs of
wet weather discharges. Bioassessments
also help to evaluate the habitat
degradation typically associated with
Storm water discharges. Bioassessments
were also identified by key storm water
experts from across the Nation as an
important environmental indicator tool
for assessing the impacts of storm water
runoff and the effectiveness of storm
water management strategies (Claytor
and Brown, 1996).

When attempting to identify the
specific sources of use impairment
(stressors), the role that biological
assessments and criteria will play needs
to be carefully defined. Stressor
identifications based solely on
biological information may be
straightforward in certain water bodies
where a single source is the cause of
impairment. In these cases, paired
bioassessments, conducted above and
below the discharge point, or in the
vicinity of the source, may readily
identify the degree of impairment and
the efficacy of chosen control strategies.
In small urban watersheds, dominated
by storm water runoff, bioassessments
and criteria may provide a direct means
to measure and control the storm water
impacts.

However, in complex water bodies,
where numerous sources contribute to
the observed biological impairment, it
may be difficult for bioassessments to
distinguish the relative degrees of
impairment from each contributing
source. Given these situations, EPA
anticipates that a stressor identification
evaluation (SIE) procedure will need to
be developed to provide the technical
tools and information that watershed
managers can use to identify and
evaluate the different sources of
impairment that the bioassessments
reveal and the specific stressors
associated with each source (e.g. flow,
turbidity, temperature, metals, etc.).

Guidance on Development of Biological
Criteria

EPA has developed and will continue
to develop technical guidance on
conducting bioassessments and
developing biological criteria for the
following specific water body types:
streams and wadable rivers, lakes and

reservoirs, estuaries and near coastal
waters, wetlands and large rivers.
Technical guidance for streams and
small rivers biological assessments and
criteria was published in 1996 (EPA
822–B–96–001). Publication of technical
guidance on lakes and reservoirs is
expected in 1998 followed by guidance
on estuaries and near coastal waters by
1999. Technical guidance development
for wetlands was initiated in 1997 and
for large rivers in 1998. Completion of
these documents is planned within 5
years.

Guidance on Implementation of
Biological Criteria

EPA is currently considering how to
best advance State and Tribal adoption
and implementation of biological
criteria. A draft discussion document on
implementation of biological criteria by
States and Tribes sets forth an iterative,
step-wise approach to development of
biological criteria and adoption in State
and Tribal water quality standards.
(draft guidance document on biological
criteria implementation, EPA, March
1998) Elements of a stepwise approach
could include:

(1) establishment of a long term goal
to restore and maintain biological
integrity of State or Tribal surface
waters where determined feasible;

(2) implementation plan for
development of biological criteria for
specific water body types, including
time frame;

(3) development of standardized
biological assessment methods, regional
reference conditions, and biological
database to support refinement of
designated aquatic life uses and
development of biological criteria;

(4) adoption of narrative biological
criteria into water quality standards;

(5) adoption of quantitatively-based
biological criteria in water quality
standards.

In developing a flexible, stepwise
approach, EPA is evaluating options for
adoption of biological criteria that
would result in the consistent
translation of narrative biological
criteria into numeric criteria (e.g.
quantitatively-based biological criteria).
A quantitatively-based biological
criteria could be defined as:

(1) A narrative statement adopted into
State or Tribal water quality standards
that describes specific designated
aquatic life uses and cites technical
procedures existing outside of
regulation. The technical procedures
result in the translation of the narrative
statement into quantitative measures;
including description of how biological
assessment data is collected and

analyzed, and how the biological
criteria are developed.

—and/or—
(2) A narrative statement as above

plus the adoption of the technical
procedures or the actual numeric
biological criteria in State or Tribal
water quality standards.

These two options for adopting
quantitatively-based biological criteria
are based on existing State models such
as Maine, North Carolina and Ohio (EPA
230–R–96–007). North Carolina has
adopted a narrative biological criteria
for its aquatic life use classification and
cites in the water quality standard
regulation the standardized methods for
data collection and analysis. Maine and
Ohio have developed more refined
classifications of their aquatic life uses
and developed biological criteria for
each specific use. Both States cite
technical manuals specifying
standardized methods. Ohio has
adopted its numeric biological criteria
directly into its standards regulation. As
mentioned earlier, the Maine
Department of Environmental Protection
is currently embarking on a rule making
process to adopt its existing
standardized field methods, statistical
analysis protocols and numeric
classification criterion (numeric
biological criteria) into its water quality
regulation. Similar to Ohio, these rules
will codify the technical procedures for
determining attainment of aquatic life
use classification. EPA describes these
various States’ work for consideration as
possible models of biological criteria
that would result in the consistent
translation of narrative biological
criteria into numeric criteria (e.g.
quantitatively-based biological criteria).

A Regulatory Requirement for Biological
Criteria

EPA is considering whether it should
explicitly require States and Tribes to
adopt biological criteria in either the
narrative or numeric form, and, if not,
whether an alternative approach to
encouraging the use of biological criteria
is appropriate. Some States and Tribes
have already allocated resources to
biological criteria development because
a regulatory requirement is anticipated
at some time in the future. Others have
been unwilling to commit resources to
development of biological criteria before
specifically required to do so. Concerns
have also been raised about yet another
regulatory requirement to be imposed
over existing requirements that are still
not fully implemented—adding new
layers of requirements in a piecemeal
fashion without adequate resources.
EPA is sensitive to the concern that
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generating the data and developing the
analytical capacity to incorporate
biological criteria into water quality
standards may present a significant
resource challenge to some States and
Tribes.

Advocates for a requirement for States
and authorized Tribes to adopt
biological criteria argue that States and
Tribes will not implement biological
criteria in a timely manner, if at all,
without an explicit Federal regulatory
requirement. The viewpoint has been
expressed that States and authorized
Tribes will not adequately increase
program emphasis or resources if
biological criteria are not required and,
as a consequence, biological criteria will
be relegated to a lesser role then
chemical water quality criteria or whole
effluent toxicity. Some States have
either direct (i.e. executive orders,
legislative mandates) or indirect
limitations on adopting new regulations
and policies that are more stringent than
that required by Federal legislation.
Adopting biological criteria may be seen
in some States and Tribes as exceeding
minimum Federal requirements.
Concern has been expressed that
without biological criteria as a
fundamental component of a State or
Tribal water quality standards program,
transition of water quality standards
programs to a more integrated
ecosystem approach with an emphasis
on watersheds will not succeed.

Adoption of Narrative Biological
Criteria

As an alternative to requiring
adoption of numeric biological criteria,
EPA could require States and Tribes to
adopt a narrative biological criteria. The
narrative biological criteria could be a
statement of intent adopted in a State’s
or Tribe’s water quality standards to
formally consider the fate and status of
aquatic biological communities and to
establish the framework for the
consistent and quantitative translation
of a State’s or Tribe’s designated aquatic
life uses and development of numeric
biological criteria. EPA has published a
document on procedures for initiating
narrative biological criteria (EPA–822–
B–92–002). An example of a narrative
biological criteria based upon that
publication follows:

The State will preserve, protect, and
restore the water resources in their most
natural condition deemed attainable. The
condition of these water bodies shall be
determined from the measures of physical,
chemical, and biological characteristics of
each surface water body type, according to its
designated use. As a component of these
measurements, the biological quality of any
given water system shall be assessed by

comparison to a reference condition(s) based
upon similar regional hydrologic and
watershed characteristics (reference
standardized methods and operating
protocols).

Where attainable, such reference
conditions or reaches of water courses shall
be those observed to support the variety and
abundance of aquatic life in the region as is
expected to be or has been historically found
in natural settings essentially undisturbed or
minimally disturbed by human impacts,
development or discharges. This condition
shall be determined by consistent sampling
and reliable measures of selected indicated
communities of flora and/or fauna as
established by [cite appropriate State agency
or agencies] and may be used in conjunction
with acceptable chemical, physical, and
microbial water quality measurements and
records judged to be appropriate to this
purpose.

Regulations and other management efforts
relative to these criteria shall be consistent
with the objective of preserving, protecting
and restoring the most natural communities
of fish, shellfish, and wildlife attainable in
these waters; and shall protect against
degradation of the highest existing or
subsequently attained uses or biological
conditions pursuant to State antidegradation
requirement.

EPA is considering what could
constitute approvable narrative
biological criteria and the feasibility of
EPA promulgating narrative biological
criteria where a State or Tribe fails to
adopt such criteria.

Time Frame for Adoption of Biological
Criteria in State and Tribal Water
Quality Standards

In 1991 EPA issued a policy that
established as a long-term Agency goal
the development and adoption of
biological criteria in State and Tribal
water quality programs (Transmittal of
Final Policy on Biological Assessments
and Criteria, memorandum from Tudor
Davies, Director of the EPA Office of
Science and Technology, to Regional
Water Management Division Directors,
June, 1991). EPA has identified as a
program priority during the FY1997–
1999 Water Quality Standards
Triennium that States and Tribes
initiate and continue to expand
development of scientifically defensible
biological-based classification systems
(FY 1997–1999 Water Quality Standards
Priorities, memorandum from Tudor
Davies, Director of the EPA Office of
Science and Technology, July 22, 1996).
Based on State experiences,
development of biological criteria can
range between five to ten years,
depending on several factors such as
available resources, existing State
expertise, existing data bases and
geographic variability. If EPA were to
require or recommend that States and
Tribes adopt biological criteria, EPA

would need to determine appropriate
time frames for adoption and
implementation of these criteria. EPA is
considering whether the following are
reasonable and appropriate time frames
for adoption of biological criteria in
State and Tribal water quality programs:

1. narrative biological criteria for
streams and an implementation plan for
development of quantitatively-based
biological criteria for streams in the
2000–2003 Water Quality Standards
Triennium.

2. narrative biological criteria and an
implementation plan for development of
quantitatively-based biological criteria
for other applicable water body types
(e.g. lakes and reservoirs, estuaries and
near coastal waters, large rivers and
wetlands) within ten years following
EPA publication of technical guidance.

Linkage of Biological Criteria to
Stressor-Identification

One of the potential benefits of
developing a biological criteria program
is the increased ability to assess water
quality impairment due to nonpoint
source pollution, broadening the scope
of most water quality-based programs
beyond regulation of effluent
discharges. However, many currently
regulated point source dischargers are
skeptical that greater focus on nonpoint
source would actually occur,
particularly considering the time and
resource constraints on most State and
Tribal programs. Industry and
municipalities are concerned that
biological criteria bring an additional
layer of regulatory and associated costs
and that they may be an easy target for
additional requirements whether their
discharge is the source of impairment or
not. EPA recognizes that the role
biological assessments and criteria will
play to help identify specific stressors or
sources of use impairment will need to
be carefully defined and is interested in
practical, effective approaches to
evaluate potential stressors and sources
of impairment when a water body fails
biological criteria.

Request for Comment on Biological
Criteria, Assessment and
Implementation

EPA is soliciting comment on the
following questions:

1. Should EPA amend the regulation
to explicitly require States and Tribes to
adopt biological criteria or are there
alternative approaches that EPA should
consider? Should EPA seek to ensure
that biological criteria will be developed
and implemented in all State and Tribal
water quality programs?

2. If EPA were to explicitly require
States and Tribes to adopt biological
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criteria, should it require a narrative
only, or a combination of both narrative
and numeric criteria as described in the
draft implementation guidance (e.g
quantitatively-based biological criteria)?
What should EPA promulgate if a State
or Tribe fails to adopt biological criteria
in its water quality standards?

3. If EPA were to explicitly require
biological criteria, what is a reasonable
time frame for State or Tribal adoption?

4. What are practical, effective
approaches to identify and evaluate
potential stressors and sources of
impairment when a water body fails
biological criteria?

5. In what ways can biological criteria
and biological assessments be used to
effectively manage known stressors or
sources of impairment, including urban
and rural runoff?

12. Wildlife Criteria

Wildlife criteria are designed to
protect mammals and birds from
adverse impacts from pollutants due to
consumption of food or water from a
water body. A wildlife criteria
methodology applicable to the Great
Lakes Basin and a few wildlife criteria
were published as part of the Great
Lakes Guidance. EPA does not have an
active wildlife criteria guidance
program at this time but it is a potential
emerging criteria program. The wildlife
criteria that EPA promulgated in the
Great Lakes Guidance are for the
following four chemicals: DDT (and
metabolites), mercury, PCBs, and dioxin
(2,3,7,8–TCDD).

Request for Comment on Wildlife
Criteria

EPA requests comment on the
following question:

1. Does the regulation need to be
clarified to specifically address the
development of wildlife criteria
guidance for the protection of aquatic
dependent wildlife?

13. Physical Criteria

Physical criteria is a concept that
takes into account the physical
attributes of the aquatic environment,
such as quality of habitat and
hydrologic balance. Commenters on the
draft ANPRM identified physical habitat
and hydrologic balance criteria as
additional important forms of criteria
that should be discussed in the ANPRM.
EPA agrees that physical habitat
parameters, including flow, are
important and often overlooked
parameters that influence and at some
sites control whether or not an aquatic
life use is or will be attained. For
example, research referenced by
Schueler (see Schueler, T. The

Importance of Imperviousness.
Watershed Protection Techniques, Fall
1994) suggests that in many small urban
streams substantial loadings from
municipal separate storm sewer systems
are severely degrading the aquatic
habitat. The authors suggest that the
primary cause of this habitat
impairment is the high volume and
velocity of the storm water flows into
this type of stream. The high flows
exceed the peaks in the natural flow
regime of these streams and as a result
stream bank erosion, turbidity and
siltation occur and the local habitat is
degraded. Further habitat destruction in
larger downstream receiving waters
often results from the physical
deterioration of the upstream urban
systems. For example, some recent
studies have shown that in some lakes
the biggest source of silt and sediment
deposition into the lake is actually from
the eroded material that comes directly
out of the stream bed and stream banks
that are scoured out during elevated wet
weather peak discharges and extended
hydrographs. This can lead to
eutrophication, increased turbidity,
decreased light penetration, submerged
aquatic vegetation (SAV) loss, spawning
bed smothering, and shellfish habitat
damage.

Studies of this phenomenon suggest
that until these man-made flow regimes
are better managed and the resulting
stresses to physical habitat corrected, no
amount of control of pollutants is likely
to restore the aquatic ecosystem to a
level more closely resembling a natural
state.

The character of natural waters is
obviously affected by wet weather
events. Flowing waters, especially, can
change dramatically with the seasons
and in response to specific precipitation
events. Seasonal and event driven
changes in flows, sediment loads,
temperature, etc. are common and
natural processes which are integral to
the maintenance of natural waters and
their aquatic communities. Human-
caused changes to the landscape,
however, have altered these natural
processes, and for many waters, the
altered flows and the contamination
now associated with wet weather
discharges (discharges that occur in
whole or in part as the result of wet
weather events) present significant
environmental problems. Although
these problems are generally well
recognized, they have been difficult to
address effectively precisely because of
their magnitude and variable nature.

The CWA’s objectives include the
protection and restoration of the
physical integrity of our nation’s waters.
Scientific experts agree that overall

physical habitat loss is the single biggest
factor in the loss of aquatic species.
Physical habitat damage and loss to the
nation’s waters includes: (1) Wetlands
losses; (2) the denuding of stream banks
through unwise forestry, farming,
mining, and urbanization; (3) the
embedding of stream bottoms with fine-
grained silt from poorly designed and
managed farm and construction sites; (4)
the damming of river systems; (5) the
channelization and/or concrete lining of
rivers and streams; (6) the obliteration of
ephemeral and first-order streams and
springs during urbanization and; (7) the
widening and deepening of stream
channels due to high-velocity urban
storm flows.

All seven of these phenomena are
common forms of aquatic habitat
damage and loss, and yet there is little
national guidance to address the
physical parameters that contribute to
these impacts. In addition, EPA does not
have a clear picture of how often
physical habitat parameters, including
flow are used by States and Tribes to
assess, manage, and/or regulate
activities that damage habitat. Some
commenters on the draft asserted that
water quality criteria guidance is
needed to address these forms of habitat
loss, to create threshold values to
protect designated uses and to provide
measuring tools for monitoring
watershed and water body health. EPA
agrees that further investigation of the
role of physical habitat parameters,
including hydrologic balance, in water
quality standards programs is necessary.
EPA is considering the relative
importance of such criteria guidance as
compared to other forms of criteria
guidance such as ambient water quality
criteria, sediment criteria and biological
criteria; and on the likelihood that
States and Tribes would develop and
implement such criteria if technical
guidance and supporting policy were
available. EPA is also interested in
identifying examples of where such
criteria guidance has already been used
as the basis for assessing, managing and
protecting water quality.

With respect to hydrologic balance,
EPA discusses the issue in the
antidegradation section of this ANPRM.
Some commenters on the draft ANPRM
suggested that maintaining hydrologic
balance in surface waters, though
important in the context of
antidegradation, is also important for
other aspects of water quality standards.
These commenters suggested that
hydrologic balance should be part of
basic water quality criteria guidance for
watershed and water body assessment
and for long-term urban storm water
abatement and prevention plans under
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the storm water NPDES program, as well
as for the traditional NPDES program.

EPA is further interested in issues
associated with hydrologic imbalances
created by various industries and land
operations, and the options for
researching and creating a set of
hydrologic balance criteria guidance.
These could include, for instance,
regional minimum stream flow criteria
on a seasonal or average monthly basis,
a groundwater-recharge criterion meant
to maintain adequate stream base flow,
and a peak-flood and bank full
discharge prevention criterion, perhaps
based on hydrologic regions of the
country.

Request for Comment on Physical
Criteria

EPA seeks comment on the following
questions:

1. Would it be useful to explicitly
identify physical criteria such as habitat
and hydrologic balance in 40 CFR 131
as a valid form of criteria that States and
Tribes can adopt in their water quality
standards?

2. Would EPA technical guidance on
physical criteria be useful to States and
Tribes? Is it necessary?

3. What are some examples of
physical criteria that are being used
today and what are they being used for?

4. What should be the principal uses
for physical criteria? Would these help
address pulsed or intermittent impacts,
such as those from urban and rural
runoff?

14. Human Health

Human health water quality criteria
are scientifically derived values
developed by States, Tribes, or EPA to
protect human health from the
deleterious effects of carcinogens and
noncarcinogenic toxicants. Human
health criteria take into account the
health effects from the consumption of
aquatic organisms and drinking water.
Human health criteria are based on the
potential of carcinogens and
noncarcinogenic toxicants to cause
adverse impacts to human health. When
adopting criteria to protect human
health, a State or Tribe may use EPA’s
Section 304(a) criteria documents or
other information on factors to derive
human health criteria. However, if a
State or Tribe decides to adopt criteria
less stringent than recommended by
EPA, the State or Tribe must provide
documentation which supports that the
approach is based on sound scientific
rationale.

Changes to the Human Health Criteria
Methodology are anticipated for
proposal in the Federal Register in
1998. These changes to the 1980

ambient water quality criteria (AWQC)
derivation guidelines (45 FR 79347) are
intended to reflect the many significant
scientific advances that have occurred
during the past 17 years in such key
areas as cancer and noncancer risk
assessments, exposure assessments and
bioaccumulation. Comments on any of
the key area issues, as well as
implementation issues, are welcome
and should be made during the public
comment period following the
anticipated 1998 proposal.

The following discussion focuses on
three key policy-related issues,
including: choice of risk levels; fish
consumption assumptions and
environmental justice, and the use of
maximum contaminant levels.

a. Risk Levels. Criteria for specific
pollutants for the protection of human
health rely in part on risk levels
(incidence of cancer). Numeric criteria
for carcinogens are based on three inter-
related assumptions: exposure, cancer
potency, and risk level. Exposure
considerations are based on a wide
range of factors, including an estimate of
the rate of fish and drinking water
consumption, an estimate of the body
weight of an exposed individual, and an
estimate of the rate of a chemical’s
relative tendency to bioaccumulate in
fish tissue as compared to the
surrounding water. Cancer potency
factors (q1*) provide a measure of a
chemical’s potential to cause cancer,
and are typically derived from studies
on laboratory animals. The risk level
represents an incremental increase in
cancer incidences resulting from
exposure to the chemical.

EPA guidance sets forth a range of
criteria values that result in calculated
risk levels of 10¥5, 10¥6, and 10¥7 for
informational purposes. Most States and
Tribes select either a 10¥5 or 10¥6 risk
level as an appropriate value, i.e., one
additional cancer incidence per one
hundred thousand or one million
exposed individuals, respectively. This
level seems to represent some general
scientific and public consensus that the
cancer risks are acceptably small or
insignificant. States and Tribes,
however, are not limited to selecting
among the risk levels published in the
CWA section 304(a) guidance
documents.

If exposure assumptions are changed,
while the assumed risk level remains
the same, the criterion will change
accordingly. The risk to people who
intake more than the default exposure
assumptions increases with the degree
of change in the intake rates. For
example, if the State or Tribe chooses to
protect at a risk level of 10¥5 and
assumes a fish consumption rate of 6.5

gm/day, but some individuals within
the State or Tribe actually eat 65 gm/day
of fish, the criterion actually protects
those individuals at a risk level of 1 x
10¥4 (one additional cancer case per
10,000 people). The risk level can
change based on the relative change in
each parameter. When adopting these
standards, States and Tribes are strongly
encouraged to provide documentation
that the assumptions made in
establishing the criteria are reasonable
and adequately protect the population,
including highly exposed
subpopulations at the risk level asserted
in the States’ and Tribes’ standards. EPA
strongly encourages States and Tribes to
highlight these provisions of their
standards during the public
participation process.

EPA’s current criteria documents
indicate the risk level within a range of
10¥5 to 10¥7 for the general population.
The policy has been to allow States and
Tribes to select appropriate risk levels
and is consistent with the framework of
the CWA that recognizes and supports
State and Tribal primacy in making risk
management decisions to protect its
population provided that the goals of
the Act are met. EPA’s approval of
different cancer risk levels to protect
human health in different States or
Tribes is subject to debate. Many have
questioned States’ and Tribes’ selection
and EPA’s approval of various risk
levels to protect human health. Some
assert that EPA should require all States
and Tribes to adopt a single risk level.
Others believe EPA should require
States and Tribes to develop data on the
different exposure assumptions that
may be present within the State or
Tribe.

With regard to subpopulations that
may consume higher amounts of fish
than is assumed for the general
population, EPA’s Great Lakes Guidance
stated that a risk level of 10¥4 for such
subpopulations in the Great Lakes basin
can be protective.

In a draft proposal of the water quality
criteria methodology revisions, EPA is
considering proposing that risk levels in
the range of 10¥4 to 10¥6 be adopted in
deriving criteria. However, the proposed
revisions also note that care must be
taken in situations where the AWQC
includes fish intake levels based on the
general population to ensure that the
risk to more highly exposed subgroups
(subsistence, minority) does not exceed
the 10¥4 risk level. Furthermore, EPA is
considering proposing the 10¥6 risk
level as the level that ensures protection
for all exposed population groups. As
stated before, all comments regarding
methodology, including risk levels,



36775Federal Register / Vol. 63, No. 129 / Tuesday, July 7, 1998 / Proposed Rules

should be made during the public
comment period following the
anticipated 1998 Human Health Criteria
Methodology proposal.

EPA intends to foster consistent
approaches between Agency program
offices, including its approach to
determining allowable risk levels. The
Food Quality Protection Act of 1996
(FQPA) amended the Federal Food,
Drug and Cosmetic Act (FFDCA) to
prohibit EPA from issuing tolerances for
pesticide residues in or on food unless
the Agency determined that there is a
‘‘reasonable certainty’’ that the residues
will result in ‘‘no harm.’’ Tolerances are
allowable levels of chemicals in food;
food containing residues in excess of a
tolerance may not be sold in commerce.
The legislative history of FQPA
indicated Congressional support for
EPA’s view that reasonable certainty of
no harm would generally be met when
a non-threshold risk is below a 10¥6

level. For threshold risks, the legislative
history contained general support for a
margin of safety of 100, except that the
Statute required the Agency to add an
additional 10-fold margin of safety to
protect infants and children, unless the
Agency concluded on the basis of
reliable data that a different margin
would be safe for infants and children.
In determining whether dietary
exposures are safe, the FQPA also
directs EPA to consider non-
occupational exposures to chemicals
used as pesticides, and to aggregate risks
from chemicals that share a common
mechanism of toxicity. EPA’s Office of
Pesticide Programs is in the process of
developing new policies in response to
the FQPA. EPA’s Office of Water will
consider these policies when they are
completed.

b. Fish Consumption Assumptions.
EPA’s recommended human health
criteria under CWA section 304(a)
guidance are currently derived with a
fish consumption rate of 6.5 grams per
day (roughly one quarter ounce of fish
and shellfish). This value represents an
average based on market survey data
gathered in 1973–74, and reflects a
national average for all consumers and
nonconsumers of fish and shellfish from
estuarine and fresh waters. Again, EPA
intends to propose revisions to the
human health methodology for deriving
ambient water quality criteria, including
revisions of the fish consumption rate.
Some assumptions regarding fish
consumption and criteria policy are also
discussed in FR Vol. 61, No. 239, 65183
(December 11, 1996).

EPA recognizes that, while important,
the national fish consumption estimate
is one of many different parameters
used to set ambient water quality

criteria to protect human health and that
the interactions of these parameters
adds substantial complexity to the
methodology. However, because this
component is easily understood, it
receives the most attention from the
general public. Overall, EPA considers
its human health criteria methodologies
to be conservative and protective of
human health.

EPA also recognizes that there are
subpopulations that consume greater
quantities of fish and has considered
this as part of the human health
methodology for developing water
quality criteria. State and Tribal human
health criteria are often based on a risk
level of 10¥5 or 10¥6 to protect people
inclined to consume higher quantities
than the average. In addition, with
regulatory actions for carcinogens,
individuals consuming even 20 times
the 6.5 gram amount would still be
protected at the 10¥4 risk level. (EPA is
not proposing a national risk level of
10¥4 here, rather EPA is acknowledging
that the level of risk is relative to the
consumption of fish (i.e., it is greater for
individuals consuming more fish than
the national average).

A similar rationale for the
protectiveness of a criterion may not
apply to non-carcinogenic pollutants
(i.e., RfD-based chemicals), where
significantly higher fish consumption
rates may (when combined with other
exposure sources) result in exposures
significantly exceeding the RfD.
Although there are safety factors
associated with an RfD, they are related
to uncertainties associated with the
toxicological evaluation, not with the
sources and levels of exposure.
Therefore, significantly higher intakes
may require more stringent criteria to
protect human health.

EPA is seeking ways to implement
Executive Order 12898 (February 16,
1994, 59 FR 7629) regarding
environmental justice to ensure that
water quality criteria are developed
taking into account populations such as
Native Americans and other minorities,
as well as other subsistence fishers. This
would include working with the
scientific community and the public to
improve EPA’s health assessments and
risk assessments and incorporate
relevant issues into its policies and
guidance. This also includes
mechanisms for public participation
(e.g., meetings) for the purposes of fact-
finding, receiving comments, and
conducting inquiries concerning
environmental justice.

Relevant to water quality standards,
EPA recognizes the need to address
issues regarding different fish
consumption patterns among

subsistence, minority populations. EPA
acknowledges that these groups may
consume a greater quantity of fish than
the national average. In addition, these
groups have asserted that States and
Tribes should be required to take a more
aggressive role in protecting them.

Guidance for Assessing Chemical
Contaminated Data for Use in Fish
Advisories (Vol. 1–IV, USEPA, 1993 and
1994) notes that fish and shellfish
consumption rates vary greatly for
sections of the U.S. population (e.g., by
gender, race, age, cultural and
recreational activity, and income levels).
Given the wide variations in
consumption patterns, it would not
seem to be possible for States and Tribes
to provide the same level of protection
from contaminated fish for all
consumers. EPA believes criteria should
ensure adequate protection of all
significant populations and
subpopulations from reasonable risks.

States and Tribes are encouraged to
consider local surveys when selecting
fish consumption rates to protect their
populations since the national average
value may not be indicative of local
consumption habits. In its Water
Quality Guidance for the Great Lakes
System (60 FR 15366, March 23, 1995),
EPA included a Great Lakes-specific fish
consumption rate of 15 grams per day.
This rate was based on several fish
consumption surveys from the Great
Lakes (see 60 FR 15366 at 15374, March
23, 1995.) EPA has also published for
external peer review ‘‘Draft Guidance
for Conducting Fish and Wildlife
Consumption Surveys.’’ (U.S. EPA
1997).

States and Tribes could be encouraged
to modify criteria on a site-specific basis
to provide additional protection
appropriate for highly exposed
subpopulations. That is, where high-end
consumers would not be adequately
protected by criteria derived using the
default fish intake assumption, the State
or Tribe may modify this assumption to
provide appropriate additional
protection. Again, such a
recommendation was made in the Great
Lakes Guidance. This preference will
also be stated in the proposed revisions
to the human health methodology for
deriving ambient water quality criteria.

c. Maximum Contaminant Levels.
Under the Safe Drinking Water Act
(SDWA), EPA develops chemical-
specific numeric values for use in
protecting public drinking water
supplies. They are maximum
contaminant level goals (MCLGs) and
maximum contaminant levels (MCLs). A
MCLG is a non-enforceable
concentration of a drinking water
contaminant that is protective of
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adverse human health effects and allows
an adequate margin of safety. A MCL is
the maximum permissible level of a
contaminant in water which is delivered
to any user of a public water system.
MCLGs are based solely on human
health considerations (i.e., an identified
adverse effect to human health,
combined with an exposure intake
estimate). In contrast, MCLs are to be as
close to the MCLG as feasible, taking
into consideration the availability and
the cost of treatment technologies as
well as the availability of analytical
methodologies. When these two
additional factors beyond health
(treatment cost and analytical factors)
are considered, the MCL for some
chemicals is a higher (i.e., less stringent)
value than the MCLG. However, there
are also many chemicals for which the
MCL is equal to the MCLG. This is
particularly true for noncarcinogens.
Over 80% of all current MCLs for
noncarcinogens are identical to the
corresponding MCLG for that substance.
For carcinogens, MCLs are always
higher than MCLGs because MCLGs for
carcinogens are routinely set to zero.

Some States and Tribes utilize MCLs
and MCLGs, as criteria to protect human
health under the CWA. For some
chemicals, the MCL or MCLG is more
stringent than CWA section 304(a)
human health criteria. In other cases,
CWA criteria are more stringent than the
MCL or MCLG. These differences come
about for three basic reasons. First, as
noted above, the 304(a) criteria under
the CWA and MCLGs under the SDWA
are strictly health-based values that do
not account for treatment costs or
analytical limitations. The MCL,
however, does take into account
treatment costs and analytical
limitations. Second, the methodologies
used to calculate the 304(a) criterion
and the MCLG—both health-based
values—for the same chemical often
differ. Third, the MCLG and the 304(a)
criterion sometimes have been
calculated at different times, often years
apart, using the current risk and
exposure information at the time. Where
different information on risk and
exposure was used, differences in the
numerical values can be expected.

It is important to consider some of the
methodological differences between the
derivation of 304(a) criteria and MCLs
and MCLGs. Although the methods
under SDWA and CWA both use the
same reference dose (RfD) or cancer
potency slope, and both methods
assume a 70 kg adult and consumption
of 2 liters of water per day, there are
several important differences. One
difference is that MCLGs for chemicals
that are known or likely carcinogens are

usually set equal to zero, while CWA
section 304(a) criteria for carcinogens
are based on an incremental cancer risk
level and are never set equal to zero. For
chemicals with limited evidence of
carcinogenicity, the MCLG is usually
based on the chemical’s reference dose
(RfD) for noncancer effects with the
application of an additional uncertainty
factor of 1 to 10 to account for its
possible carcinogenicity. In contrast, the
1980 CWA section 304(a) criteria
guidelines do not differentiate among
carcinogens with respect to the weight
of evidence grouping; all were derived
based on lifetime carcinogenic risk
levels.

Another important difference between
the two methodologies is that a single
determined risk value (single reference
dose or single cancer risk value within
the 10¥4 to 10¥6 range) is used in
setting an MCLG, while CWA section
304(a) criteria have been derived for
each of the three incremental risk levels
spanning 10¥5 to 10¥7, with the
decision on which value to adopt left to
the State or Tribe.

Another important methodological
difference is in the approach to
accounting for exposure sources.
MCLGs for RfD-based chemicals
developed under the SDWA follow a
relative source contribution (RSC)
approach in which the percentage of
exposure that is attributed to drinking
water is determined relative to the total
exposure from all sources (e.g., drinking
water, food, air). The rationale for this
approach is to ensure that an
individual’s total exposure to a
chemical does not exceed the RfD. To
develop CWA human health criteria for
noncarcinogens, the 1980 CWA National
Guidelines recommended taking non-
fish dietary sources and inhalation into
account. However, data on these other
sources were generally not available.
Therefore, it was typically assumed that
an individual’s total exposure to a
chemical came solely from drinking
water from the water body and
consumption of fish and shellfish living
in the water body. Also, CWA criteria
are based on a prediction of exposure
from fish and shellfish using a
bioconcentration factor (BCF) to
estimate the bioconcentration of the
individual chemical, and a fish/shellfish
consumption rate. To date, under the
current MCLG methodology, BCFs have
not been used in the exposure estimates
and fish/shellfish consumption rates
have been only marginally accounted
for (e.g., via general FDA dietary
estimate or conservative default
assumption).

Because of the differences in the
approach to exposure and the basis of

toxicity values, the health-based
drinking water goal (MCLG) is
sometimes more stringent than the CWA
human health criterion (304(a)
criterion). However, the opposite is
sometimes true. An example of the
former is 1,4-dichlorobenzene, for
which both the MCL and MCLG are 75
ug/L and the 304(a) criterion (for
protection of human health from the
exposures of drinking water and
consuming contaminated fish) is 400
ug/L. In this case, the MCLG was
developed based on an assumption that
20% of the total exposure is from
drinking water (the RSC factor applied
to this noncarcinogen), whereas the
CWA criterion effectively assumes that
non-water exposure is negligible.
Additional sources of difference
between the two values are: (1) the BCF/
BAF for 1,4-dichlorobenzene is low and
thus does not make the 304(a) value
significantly lower; (2) the MCLG was
derived from an RfD of 0.1 mg/kg/day,
while the 304(a) criterion utilized an
Acceptable Daily Intake (ADI, now
replaced by the use of RfDs) of 0.013
mg/kg/day; and, (3) the MCLG included
a safety factor of 10,000, whereas the
water quality criterion included a safety
factor of only 1,000.

In contrast, for noncarcinogens where
the BCF/BAF is high, the CWA criteria
may be roughly equivalent or more
stringent than the health-based drinking
water levels because of the considerable
exposure via fish/shellfish consumption
that is assumed in deriving the CWA
criteria. As with the previous example,
the difference may be compounded if
the toxicological values have a different
basis. An example is endrin, for which
the MCL and MCLG are 2 ug/L and the
CWA section 304(a) human health
criterion (again, for protection from the
exposures of drinking water and
consuming contaminated fish) is 0.76
ug/L. In this case, the drinking water
level is, again, developed based on the
RSC assumption of 20%, whereas the
CWA criterion assumes that non-water
exposure is negligible. However, the
BCF/BAF for endrin is quite high
(3,970) and drives the 304(a) value
significantly lower. Furthermore, the
MCLG was derived from an RfD of 3.0
× 10¥4 mg/kg/day, while the CWA
criterion utilized an ADI of 1.0 × 10¥3

mg/kg/day. With endrin, both the MCLG
and the water quality criterion included
a safety factor of 100.

Of course as noted above, the MCL
takes into account the cost or
availability of treatment technology or
analytical methods, and may be much
less stringent than the CWA human
health criterion, regardless of the
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exposure assumptions or toxicological
basis (e.g., 1,1,2-trichloroethane).

Because of the differing methods used
to implement the SDWA and the CWA,
EPA has recommended that, where
consideration of available treatment
technology, costs, or availability of
analytical methodologies has resulted in
MCLs that are less protective than
MCLGs or CWA section 304(a) criteria,
States and Tribes should consider using
MCLGs and/or health-based CWA
section 304(a) criteria to protect surface
waters that are designated for water
supply use under the State’s or Tribe’s
water quality standards. Furthermore,
when adopting water quality criteria to
protect a surface water designated for
drinking water supply use, States and
Tribes should carefully consider what
value (e.g., the MCLG or the 304(a)
value) provides a defensible estimate of
the water quality level necessary to fully
protect the use, and whether relevant
exposure routes have been adequately
considered in the derivation of each
value.

EPA stated its policy on the use of
Section 304(a) human health criteria
versus MCLs in 45 FR 79318, November
28, 1980. Additionally, a memorandum
from R. Hanmer to the EPA Regional
Water Management Division Directors
dated December 12, 1988, provided
detailed guidance with regard to this
policy. Specifically, for the protection of
public water supplies, EPA encouraged
the use of MCLs. When fish ingestion is
considered an important activity, EPA
recommended the use of 304(a) criteria
to protect human health. In all cases, if
a 304(a) criterion did not exist for a
chemical, an MCL was deemed a
suitable level of protection.

The forthcoming proposed human
health criteria guidelines (scheduled for
publication in 1998 and cited above) are
expected to recommend a slightly
different approach. Although EPA
considers the use of MCLs to protect
surface waters under the CWA to be
acceptable in the absence of 304(a)
criteria, EPA expects to recommend
that:
—MCLs only be used when they are

numerically the same as the MCLG
and only when the sole concern is the
protection of public water supply
sources (e.g., where the chemically
toxic form in water is not the form
found in fish tissue and, therefore,
fish ingestion exposure is not an issue
of concern);

—where consideration of available
treatment technology, costs, or
availability of analytical
methodologies has resulted in MCLs
that are different than MCLG values or

304(a) criteria, States and Tribes
consider using MCLGs and/or 304(a)
criteria to protect surface waters
designated for water supply use;

—where fish consumption is an existing
or potential activity, States and Tribes
ensure that their adopted human
health criteria adequately address this
exposure route;

—where fish consumption is a
designated use, States and Tribes use
304(a) criteria to protect that use
because fish consumption and
bioaccumulation are explicitly
addressed by the 304(a) methodology;

—where water monitored at existing
drinking water intakes has
concentrations at or below MCLGs,
then the water could be considered to
meet a CWA designated use as a
drinking water supply and a criterion
reflecting that level could be adopted;
and,

—for carcinogens where the MCLG is
equal to zero, States and Tribes base
a criteria value at the drinking water
intake on an acceptable cancer risk
level (i.e., a level within the range of
10–4 to 10–6), to protect human
health. It is not intended that MCLGs
of zero would be used as the basis for
State or Tribal water quality criteria.
As States and Tribes may be more

stringent than EPA, States and Tribes
may adopt an MCL or MCLG as a water
quality criterion that is more stringent
than EPA’s recommended section 304(a)
criterion. In situations where a
recommended 304(a) criterion is less
protective than an MCL, EPA expects to
recommend in the 1998 human health
criteria methodology proposal use of the
MCL instead of the recommended 304(a)
criterion because it would help to
ensure adequate source water protection
and avoid costly compliance problems
for downstream water supply utilities.

EPA has considered extensively this
issue of equivalency between the
drinking water component of CWA
section 304(a) criteria and MCLGs or
MCLs. EPA expects to move toward
similar assessment methodologies
(including its exposure and relative
source contribution [RSC] policies) for
deriving CWA criteria and MCLGs.
Consistent exposure evaluation
methodologies for deriving CWA 304(a)
criteria for human health protection and
MCLGs under SDWA, would, over time,
eliminate the need to consider using
MCLs for adopting State water quality
standards. In the meantime, where there
are differences between the MCLG and
the 304(a) criteria for human health
protection, EPA expects to continue to
recommend using as the water quality
criterion the value that, in the

judgement of the State or Tribe, best
accounts for the relevant routes of
exposure. Of course, EPA will also
approve use of the more stringent value.

Request for Comments on Human
Health Criteria

EPA seeks public comment on the
following questions:

1. Should the regulation require, or
should guidance recommend, higher
intake assumptions for site-specific or
regional situations when
subpopulations that are highly exposed
have been identified? If so, what should
be the basis for such intake
assumptions?

2. Should the regulation be modified
to clarify (beyond the guidance being
proposed in 1998) the use of MCLs and
MCLGs in State water quality standards?
[Note: Comments on the establishment
of similar assessment methodologies for
deriving CWA criteria and MCLGs
should be made during the public
comment period following the
anticipated 1998 Human Health Criteria
Methodology proposal.]

15. Microbiological Criteria
Currently EPA has a criteria

document titled ‘‘Ambient Water
Quality Criteria for Bacteria—1986’’
which provides information on
microbiological indicator organisms,
sampling frequencies, and risk based
criteria guidance which States and
Tribes can use in establishing State or
Tribal standards, especially for
recreational waters. The indicators used
are the Enterococci for fresh and salt
waters (33/100mL and 35/100mL
respectively) and E. Coli for fresh waters
(126/100mL). It is recommended that
sampling be performed on a weekly
basis and the acceptability criteria are
based on a running average level of the
indicators on a monthly basis. The EPA
Office of Research has completed a new
Enterococci method (See ‘‘Membrane
Filter Test Method for Enterococci in
Water,’’ EPA–821–R–97–004, May
1997). This indicator method allows
samples to be read in 24 hours rather
than the 48 hours of the old Enterococci
method.

In 1997, EPA established the Beaches
Environmental Assessment Closure and
Health Program (‘‘BEACH’’ Program) to
protect the health of beach goers
through assistance to State, Tribal, and
local health officials in designing,
developing and implementing beach
monitoring and advisory programs. The
BEACH Program will also survey local
beach authorities about their programs
and develop an Internet website to
provide the public with information on
local beach water quality conditions,
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beach advisories and closures, and
health risks associated with swimming
in contaminated water.

While the Enterococci and E. Coli
indicators and criteria guidance are
satisfactory for determining risks from
acute gastrointestinal disease they are
not necessarily acceptable for
determining risks from enteric viruses
nor from pathogenic enteric protozoa
such as Giardia and Crypto Sporidium
since these pathogens are much more
resistant environmentally and
experience different treatment
effectiveness. EPA is currently
evaluating how it may develop human
health criteria for protection from these
organisms.

EPA may conduct additional research
to develop indicator methods for non-
enteric pathogens that cause skin,
respiratory, eye, ear, and throat
infections that are not detected by the
current indicator methods. EPA also
intends to examine the phenomenon of
regrowth of the current indicators on
soil and vegetation in tropical areas, and
if deemed necessary add indicator
development studies to replace the
current indicators in tropical
recreational areas. Further studies are
proposed to examine rapid chemical
indicators of fecal pollution to see if a
tiered sampling protocol can be
established for recreational water
monitoring. Also, EPA plans to examine
the development of improved
monitoring strategies that States, Tribes
and local authorities could use to assess
the true impact of pollution during wet
weather events. Finally, EPA will
examine various computer models that
could be used to predict microbial
pollution from storm water events in
watersheds and at recreational areas.
These models would be validated by
microbiological monitoring.

Request for Public Comment on
Microbiological Criteria

EPA seeks public comment on the
following questions:

1. Where and how is it best to conduct
future programs to determine the safety
of recreational waters?

2. What communication strategies
would best inform the public about
pathogen exposures?

3. What guidance should EPA provide
to States, Tribes, and local governments
on how to conduct beach monitoring
activities?

16. Nutrient Criteria
In the National Water Quality

Inventory 1994 Report to Congress,
nutrients (nitrogen and phosphorous)
are cited as one of the leading causes of
water quality impairment in our

Nation’s rivers, lakes and estuaries.
While nutrients are essential to the
health of aquatic ecosystems, excessive
nutrient loadings can result in the
growth of aquatic weeds and algae,
leading to oxygen depletion, increased
fish and macro invertebrate mortality
and other water quality impairments. In
December 1995, EPA held a National
Nutrient Assessment Workshop with the
goal of developing a comprehensive
nutrient strategy which would provide
tools that can be used in assessing and
controlling nutrients in all types of
water bodies. Major conclusions from
that workshop were: (1) a single set of
national nutrient criteria is not a
realistic goal, and (2) nutrient criteria
need to be set on an ecoregional or
watershed basis. EPA has since been
developing a national nutrient strategy
in order to communicate the specific
approach and activities necessary to
meet the goals and major conclusions of
the National Nutrient Assessment
Workshop.

On February 14, 1998, the ‘‘Clean
Water Action Plan’’ was announced by
the Administrator of EPA and the
Secretary of Agriculture. The ‘‘Clean
Water Action Plan’’ is a blueprint for
restoring and protecting the Nation’s
precious water resources. As part of this
Action Plan, EPA intends to identify the
major sources of nitrogen and
phosphorous in our waters and to
identify actions to address these
sources. In particular, EPA intends to
accelerate development of nutrient
criteria guidance for waters in every
geographic region in the country, so that
EPA and the States and Tribes can begin
implementing a criteria system for
nitrogen and phosphorous runoff for
lakes, rivers, and estuaries by the year
2000. EPA will assist States and Tribes
in adopting numeric water quality
criteria for nitrogen and phosphorous,
which EPA expects will take the form
either of State- or Tribe-derived criteria
where data is available, or criteria based
on EPA default ranges applicable to
their ecoregion(s). Where a State or
Tribe does not adopt appropriate
nutrient standards, EPA intends to begin
the process of promulgating nutrient
standards. To support meeting these
expectations, EPA anticipates the
following actions described below.

First, EPA intends to publish a
National Nutrient Strategy which will
present currently available tools for
assessing eutrophication, identify
important implementation issues related
to controlling eutrophication, and
provide the Agency’s plan for
developing water body-type guidance
on nutrient over enrichment.

This national strategy will also
present EPA’s expectations for action on
the part of States and Tribes, namely,
development of numeric nutrient
criteria and standards on a regional/
watershed basis. Second, by the end of
the year 2000, EPA expects to publish
the water body-type guidance
documents which would serve as ‘‘user
manuals’’ for assessing and controlling
nutrient over enrichment for specific
water body types: lakes and reservoirs,
rivers and streams, and estuarine and
coastal waters. These documents will
include techniques for assessing the
trophic state of a water body and a
methodology for developing region-
specific nutrient criteria. In each
document, EPA intends to provide
regional nutrient ranges for phosphorus
and nitrogen (and other parameters),
which EPA would expect States and
Tribes to use in setting nutrient criteria
in the absence of any criterion that has
been developed site-specifically. EPA
intends to use existing State and Tribal
projects and data, supplemented with
new regional case studies and
demonstration projects that are being
conducted to collect information in
data-limited areas of the country. An
important component in developing
default nutrient values is determining
the appropriate scale of application
(e.g., watershed, ecoregion, Northern
lakes/Southern lakes, etc.). Finally, in
order to promote the use of the water
body-specific guidance, and ensure the
development of nutrient criteria on a
watershed or ecoregional basis
nationwide, EPA will undertake several
activities, including: (1) training in EPA
regions and States, and Tribes, through
the use of Regional Technical
Assistance Centers; (2) appointing EPA
Regional Nutrient Coordinators who
will oversee the development and
implementation of nutrient criteria and
standards in each of the EPA Regions;
and (3) offering assistance grants which
will provide financial support to States
and Tribes in their efforts to assemble
existing data, including nutrient
endpoint data, and to establish nutrient
criteria either by watershed or
ecoregion, where sufficient data are
available.

Request for Comments on Nutrient
Criteria

EPA requests comment on the
following questions:

1. Should the regulation specifically
require States and Tribes to adopt and
implement numeric nutrient criteria?

2. What capabilities do States and
Tribes have right now for developing
and implementing water quality criteria
for nutrients?
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3. What are the institutional
impediments to collecting nutrient data
and developing nutrient standards, for
example, staff numbers and expertise
and financial resources?

4. Which States or Tribes are using an
ecoregion or watershed approach to
develop numeric nutrient standards
(EPA is aware of some States doing
this)? For those States and Tribes that
do not, on what scale do their nutrient
standards apply—statewide or by water
body type?

D. Antidegradation

1. Background
The Federal antidegradation policy

has its roots in the Water Quality Act of
1965 (Pub. L. 89–234), which stated in
its declaration of policy, ‘‘The purpose
of this Act is to enhance the quality and
value of our water resources and to
establish national policy for the
prevention, control, and abatement of
water pollution.’’ Policy guidelines
established by the Department of the
Interior in 1966 for use in the approval
of States’ water quality standards
contained additional direction on
antidegradation, stating that ‘‘In no case
will standards providing for less than
existing quality be acceptable’’ and
‘‘The water quality standards proposed
by a state should provide for: . . . The
maintenance and protection of quality
and use or uses of waters now of a high
quality or of a quality suitable for
present and potential future uses.’’
Secretary of the Interior Udall further
defined the Federal policy on
antidegradation in 1968, when he said
that each State was to include a
statement similar to the following in
their water quality standards:

Waters whose existing quality is better
than the established standards as of the date
on which such standards become effective
will be maintained at their existing high
quality. These and other waters of a State
will not be lowered in water quality unless
and until it has been affirmatively
demonstrated to the State water pollution
control agency and the Department of the
Interior that such change is justifiable as a
result of necessary economic or social
development and will not interfere with or
become injurious to any assigned uses made
of, or presently possible in, such waters. This
will require that any industrial, public or
private project or development which would
constitute a new source of pollution or an
increased source of pollution to high quality
waters will be required, as part of the initial
project design, to provide the highest and
best degree of waste treatment available
under existing technology, and, since these
are also Federal standards, these waste
treatment requirements will be developed
cooperatively.

The Federal Water Pollution Control
Act Amendments of 1972 (Pub. L. 92–

500) continued to emphasize the
prevention of pollution and, in 1973,
EPA developed guidance for State water
quality standards under the
Amendments that essentially repeated
the 1968 statements of Secretary Udall.

In 1975, EPA promulgated regulations
at 40 CFR 130.17(e) that required the
States to develop an antidegradation
policy and implementation procedures.
The 1975 rule contained provisions that
are very similar to those in 40 CFR
131.12, and provided protection for
existing uses, high quality waters, high
quality waters that constituted an
outstanding National resource, and
waters impaired by thermal discharges.
EPA issued final rules on November 8,
1983 (48 FR 51400) that retained, with
certain changes, the 1975
antidegradation policy and incorporated
it into the regulations at 40 CFR 131.12.
The changes to the 1975 antidegradation
policy are discussed in the preamble to
the 1983 rulemaking (48 FR 51402–
51403), but they were generally
intended to clarify the policy with no
change in coverage or effect. An
exception to this was the change in the
provisions applicable to outstanding
National resource waters, which
eliminated the strict ‘‘no degradation’’
requirement in favor of a limited
exception for activities that result in
temporary and short-term lowering of
water quality. The 1983 regulation (40
CFR 131.12(a)) provides that a State or
Tribe is to identify its method for
implementing the antidegradation
policy, i.e., decision measures for
assessing activities that may impact the
integrity of a water body.

The 1987 Water Quality Act
Amendments to the Clean Water Act
(CWA) explicitly incorporated reference
to antidegradation policies in section
303(d)(4)(B), which requires that such
antidegradation requirements be
satisfied prior to modifying certain
NPDES permits to include less stringent
effluent limitations (this concept is
referred to as antibacksliding).

On March 23, 1995, EPA published
the final Water Quality Guidance for the
Great Lakes System (the Great Lakes
Guidance). The Great Lakes Guidance
includes an antidegradation component
that is intended to work in conjunction
with the other components of the Great
Lakes Guidance to address the most
pressing threats to water quality in the
Great Lakes. In order to achieve this
end, the focus of the antidegradation
component is on decisions pertaining to
new or increased loadings of specified
bioaccumulative chemicals of concern
within the Great Lakes basin. For other
types of pollutants, States and Tribes are

required to comply with the existing
regulations at 40 CFR 131.12.

In the course of establishing a
framework for making decisions
regarding increased loadings of
bioaccumulative chemicals of concern,
the Great Lakes Guidance touches on a
number of issues. The Great Lakes
Guidance provides a procedure for
identifying high quality waters on a
pollutant-by-pollutant basis. The Great
Lakes Guidance also defines how a
significant lowering of water quality
will be identified for purposes of
determining whether or not an
antidegradation review is required.
Finally, the Great Lakes Guidance
includes implementation procedures
that describe how an antidegradation
review should be conducted. In all
cases, the antidegradation components
of the Great Lakes Guidance are tailored
to the control of bioaccumulative
chemicals of concern; other solutions
may be necessitated by environmental
threats faced elsewhere in the Nation.

EPA’s current thinking is that on a
national scale, antidegradation is not
being used as effectively as it could be
and that a structured national debate on
antidegradation is key to improvement.
The debate needs to identify
deficiencies in antidegradation policy
and implementation provisions and
begin the process of strengthening
antidegradation as a meaningful
mechanism to attain and maintain water
quality standards. EPA invites
comments and suggestions on the three-
tiered approach currently in use and
described below, as well as possible
other approaches to more effectively
accomplish the intent of the
antidegradation requirements. As part of
the ‘‘Clean Water Action Plan’’
announced on February 14, 1998 by the
Administrator of EPA and the Secretary
of Agriculture, EPA plans to develop
additional guidance on Antidegradation.
The discussion below articulates current
EPA thinking in several areas of
antidegradation. Elements of this
current EPA thinking will likely be
incorporated into the Antidegradation
guidance EPA develops under the
‘‘Clean Water Action Plan.’’

2. General Description of
Antidegradation

An antidegradation policy performs
an essential function as part of the of
States’ and Tribes’ water quality
standards. Designated uses establish the
water quality goals for the water body,
water quality criteria define the
minimum conditions necessary to
achieve the goals and an
antidegradation policy specifies the
framework to be used in making
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decisions regarding changes in water
quality. The intent of an antidegradation
policy is to ensure that in all cases, at
a minimum, water quality necessary to
support existing uses is maintained (tier
1), that where water quality is better
than the minimum level necessary to
support protection and propagation of
fish, shellfish and wildlife, and
recreation in and on the water
(‘‘fishable/swimmable’’), that water
quality is also maintained and protected
unless, through a public process, some
lowering of water quality is deemed to
be necessary to allow important
economic or social development to
occur (tier 2), and to identify water
bodies of exceptional recreational or
ecological significance and maintain
and protect water quality in such water
bodies (tier 3). Antidegradation plays a
critical role in allowing States and
Tribes to maintain and protect the finite
public resource of clean water and
ensure that decisions to allow
reductions in water quality are made in
a public manner and serve the public
good.

The watershed approach may be a
powerful tool to achieving
antidegradation goals (i.e., maintaining
the chemical, physical, and biological
integrity of the Nation’s waters). Many
and varied uses are made of the Nation’s
waters and in some cases, these uses
conflict. The ability of particular waters
to accommodate all uses is limited. High
quality surface waters are an important
and finite resource whose availability
affects the health, welfare, and
economic well-being of all the citizens
of the United States. When operating
properly, the antidegradation policies of
States and Tribes ensure that water
quality is conserved where possible and
lowered only when necessary, and that
those affected by the lowering of water
quality have a say in the final decision.
As a result, antidegradation policies are
well-suited to assist States, Tribes and
local communities in establishing and
achieving watershed goals. Sensitive or
highly valued water bodies can be
identified and protected from
degradation through outstanding
national resource water (ONRW) or
related designations. In other water
bodies, where water quality is better
than the minimum necessary to support
fish and aquatic life and recreation,
water quality should be maintained
unless there is a demonstrated need to
lower water quality. Consistent with the
watershed approach and community-
based environmental management,
States’ and Tribes’ antidegradation
policies and procedures can be a basis
for a systematic and accessible planning

process that protects against
development having negative impacts
on water quality. Additional authorities
exist at the local level beyond State,
Tribal and federal authorities which
may allow additional protections to be
put in place in accordance with the
watershed management plan.

The water quality standards
regulation requires each State and
authorized Tribe to adopt, as part of its
water quality standards, an
antidegradation policy consistent with
40 CFR 131.12 and identify
implementation methods for such a
policy. This antidegradation policy
provides a multi-level approach for the
protection of water quality and applies
to both point and non-point source
activities. The level of protection that is
provided to a specific segment depends
upon a number of factors (e.g., a key
determinant is whether existing water
quality is found to exceed levels
necessary to support ‘‘fishable/
swimmable’’ uses). Antidegradation
requirements are typically triggered
when an activity is proposed that may
have some effect on existing water
quality. Such activities are reviewed to
determine, based on the level of
antidegradation protection afforded to
the affected water body segment,
whether the proposed activity can be
authorized. ‘‘Antidegradation reviews’’
under all three tiers of antidegradation
should be documented and subjected to
public review and comment (e.g., as part
of the public review of the water quality
certification, NPDES permit, or other
regulatory action).

Identifying the universe of activities
that trigger antidegradation
requirements is a fundamental and often
controversial issue because of the
number and variety of activities that can
affect water quality. Clearly, a wide
range of activities that affect water
quality may be subject to
antidegradation requirements, and
States and Tribes have considerable
flexibility in applying antidegradation
policies.

The federal antidegradation
requirements do not create, nor were
they intended to create, State or Tribal
regulatory authority over otherwise
unregulated activities. It is the position
of EPA that, at a minimum, States and
authorized Tribes must apply
antidegradation requirements to
activities that are ‘‘regulated’’ under
State, Tribal, or federal law (i.e., any
activity that requires a permit or a water
quality certification pursuant to State,
Tribal or federal law, such as CWA
§ 402 NPDES permits or CWA § 404
dredge and fill permits, any activity
requiring a CWA § 401 certification, any

activity subject to State or Tribal
nonpoint source control requirements or
regulations, and any activity which is
otherwise subject to State or Tribal
regulations that specify that water
quality standards are applicable). Where
a State or Tribe wishes to require
antidegradation reviews for activities
that are not currently ‘‘regulated’’ under
this definition, EPA recommends that a
complete discussion of the activities
requiring an antidegradation review be
included in the State or Tribal water
quality standards or other State or Tribal
regulation. Although States and
authorized Tribes have discretion to
apply antidegradation requirements
more broadly than minimally required,
application of antidegradation
requirements to activities that are
otherwise unregulated under State,
Tribal, and federal water law is not
required by the federal water quality
standards regulation.

EPA’s current thinking is that
antidegradation principles can and
should be considered in connection
with a number of activities even where
application of the antidegradation
review requirements is not explicitly
required by the regulation. EPA is
interested in identifying ways to better
implement antidegradation, especially
for activities such as urban and
agricultural run-off. As part of general
planning for development that is likely
to affect surface water quality, it makes
sense to consider existing ambient water
quality and evaluate available means to
protect that water quality. Thus,
although a State or Tribe may not
require a formal antidegradation review
for a particular activity (e.g., an
unregulated nonpoint source), there
may still be value in applying the
antidegradation principles in an
analysis of potential environmental
impacts.

In sum, EPA’s current thinking is that
the antidegradation policy is
significantly underused as a tool to
attain and maintain water quality and
plan for and channel important
economic and social development that
can impact water quality. EPA believes
this is especially true for nonpoint
source run-off. This ANPRM provides
an opportunity to identify and evaluate
options for clarifying and strengthening
antidegradation policy and its
implementation.

States and authorized Tribes often
submit implementation procedures to
EPA for review as part of the water
quality standards triennial review
required by section 303(c) of the Act.
This enables EPA to determine if the
implementation procedures fulfill the
requirements of the antidegradation
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policy. The antidegradation policy itself
is expressly required by 40 CFR
131.20(c) to be submitted to EPA for
review. EPA’s longstanding policy is
that the implementation procedure
should also be submitted to EPA for
review. Often, however, implementation
procedures are not submitted to EPA.
EPA’s current thinking is that an
important change to the regulation
would be to clarify under 40 CFR
section 131.20(c) that State and Tribal
antidegradation implementation
procedures (in addition to the policy)
must be included in the submittal of a
State’s or Tribe’s water quality
standards. Such a change could
establish the foundation for additional
substantive changes to the regulation
concerning national norms for
antidegradation implementation
procedures.

A State’s or Tribe’s implementation
method is on occasion so constructed as
to essentially set aside the intent of the
antidegradation policy. EPA has
disapproved this aspect of State
standards where the implementation
procedure is inconsistent with the
policy. Revising the regulation to
specify requirements addressing the
content of such implementation
procedures (e.g., a core set of issues that
must be resolved), and clarifying that
implementation procedures must be
included in the submittal package, may
help to clarify EPA’s role in determining
whether State or Tribal antidegradation
implementation procedures adequately
uphold and implement the State’s or
Tribe’s antidegradation policy. In
addition, specifying in the regulation
the basic elements of an implementation
procedure could serve to better establish
national norms for State and tribal
antidegradation procedures. EPA is
considering whether it would assist
States and Tribes if the regulation were
amended to identify the basic elements
that must be included in an
antidegradation implementation
method.

Guidance on developing
antidegradation implementation
methods is provided through EPA’s
Regional Offices. EPA has not issued
national guidance on these
implementation methods and is
interested in comments on whether
national guidance on antidegradation
implementation methods is needed, and
whether elements of such guidance
should be referenced or included in the
Regulation.

Request for Comments on General
Antidegradation Policy

EPA requests comment on the
following questions:

1. What changes or clarifications
could be made to the current tiered
approach to protecting waters under
antidegradation that would streamline
and enhance antidegradation
implementation?

2. Should the regulation be amended
to identify the basic elements that must
be included in an antidegradation
implementation method and would
such changes assist States and Tribes in
understanding the requirements and in
utilizing the flexibility available?

3. Is national guidance on
antidegradation implementation
methods needed and should elements of
such guidance be referenced or included
in the Regulation?

3. 40 CFR 131.12 (a)(1) ‘‘tier 1’’
Section 131.12 (a)(1) of the

antidegradation policy contained in the
water quality standards regulation
requires that existing uses and the water
quality necessary to protect them be
maintained and protected. This
provision, in effect, establishes the floor
of water quality in the U.S. It also
protects the environment where the
existing use of a water body happens to
be better than the use designated by the
State or Tribe. An existing use as
defined in 40 CFR 131.3 can be
established by demonstrating that a use
has actually occurred since November
28, 1975, or that the water quality is
suitable to allow such uses to occur,
whether or not such uses are designated
uses for the water body in question. All
waters of the U.S. are subject to tier 1
protection. In general, waters that are
subject to only tier 1 antidegradation
policies are those water bodies that do
not exceed the CWA Section 101(a)(2)
goals, or do not have assimilative
capacity to receive additional quantities
of a pollutant(s) without jeopardizing
the existing use. Existing uses and
additional issues related to defining
them and their relationship to
designated uses are further discussed in
section III(B)(3) of this document.

Antidegradation policies are generally
implemented for tier 1 by a review
procedure that evaluates any discharge
to determine whether it would impair
an existing use. Prior to authorizing any
proposed activity, a State or authorized
Tribe shall ensure that water quality
sufficient to protect existing uses fully
will be achieved. In addition to ensuring
that existing uses will be protected, the
State or Tribe should ensure that all
existing uses are designated in
accordance with 40 CFR 131.10(i).

a. Tier 1 Implementation. In order to
implement tier 1, a State or Tribe must
define what is meant by the term
‘‘existing in-stream water use’’ (40 CFR

131.12(a)(1)) and must also be able to
identify the level of water quality that
is required to permit an existing use to
continue to occur. Section 131.3 defines
existing uses as, ‘‘those uses actually
attained in the water body on or after
November 28, 1975 * * *’’
Traditionally, when establishing
designated uses, States and Tribes tend
to define uses in terms of broad classes,
such as warm water fishery or
secondary contact recreation. Inherent
in each of the broad use categories are
specific uses that may be affected by a
change in water quality. For example, a
warm water fishery designated use may
include the existing use of large mouth
bass fishery. Many people would be
upset if the warm water fishery
designated use was protected in such a
way as to allow a decline in the bass
population. The central question faced
by States and Tribes in determining
whether or not a proposed action will
impact existing uses is whether each
specific use within a use class must be
maintained (each individual type of
species), or whether only the use class
itself must be maintained (allow
changes in species composition, but
maintain a fishery). State and Tribal
interpretations of this requirement vary
considerably and are often tied to the
degree of precision the State or Tribe
achieves in defining designated uses.

Many States and some Tribes have
addressed these questions by using the
same degree of precision for both
designated and existing uses. EPA’s
current thinking is that this is an
acceptable approach as long as the
State’s or Tribe’s designated uses and
criteria applicable to those uses are
adequate to ensure that existing uses are
maintained under the federal
antidegradation provisions. It would not
be acceptable, for example, for a state to
allow the loss of an existing natural cold
water community in favor of a warm
water community because both satisfy
the general use designation of ‘‘aquatic
life.’’ Nor would it be acceptable to
allow shifts from existing pollution
intolerant communities to communities
that tolerate degraded conditions. The
advantage of this approach is that the
same criteria used to protect the
designated use can be assumed to also
protect the existing use. Under this
approach, however, the protection
afforded to existing uses is limited by
the degree of refinement associated with
the designated uses. States and Tribes
that have more specific designated uses
(i.e., including a number of use sub-
categories) can potentially provide more
protection by addressing more subtle
changes to the existing use. States and
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Tribes with less specific designated uses
would have less precision associated
with their existing use protection
scheme.

An important tier 1 implementation
issue concerns how a State or Tribe will
prevent negative or harmful impacts to
existing uses when water quality criteria
that have been established to protect the
designated uses are not adequate to
protect the existing uses. For example,
a regulated discharge of uncontaminated
sediment may result in significant
negative or harmful impacts to aquatic
life habitat and loss of aquatic life use.
In such cases, where clean sediment or
siltation criteria have not been
developed for the site, and where the
State or Tribe has not established clear
procedures to implement narrative
criteria governing sedimentation, it may
be difficult to prohibit such loss of use,
particularly where a State or Tribe has
not adopted biological criteria.

A second example arises where a
proposed activity will result in the
discharge of a substance for which
numeric criteria have not been adopted
by the State or Tribe, but sufficient data
to derive criteria or a numeric
translation of the narrative criteria are
available. Where a range of numeric
criteria can potentially be justified for
the particular substance to protect the
designated and/or existing use, it may
be difficult or contentious for the State
or Tribe to derive effluent limits
protective of the existing use.

A third example arises where a
proposed hydrologic modification will
result in diminished flow in a water
body and create the potential for loss of
existing aquatic life use either through
increased temperatures or turbidity, or
loss of habitat. State and Tribal water
quality criteria generally do not describe
minimum acceptable flows and may
not, by themselves, adequately protect
against such loss of use. In P.U.D. No.
1 of Jefferson County and City of
Tacoma v. Washington Department of
Ecology, (114 S.Ct 1900 (1994)), the
Supreme Court ruled that State
certifications under section 401 of the
CWA may include conditions to ensure
compliance not only with a State’s
water quality criteria, but also with a
State’s designated uses or
antidegradation policy. The Court
concluded that a State could require, in
this case, a dam to be designed and
operated in such a way as to maintain
stream flows necessary to protect the
designated use of a stream. While this
specific case had to do with a dam and
stream flows necessary to protect a use,
it should be noted that the opinion
applies more broadly than to just flow
and that in addition to maintenance of

in-stream flows to protect water quality
standards, States may also apply any
other parameter that may not be
specifically identified in the State’s
standards. EPA notes that where such
implementation methods are spelled
out, as a practical matter, they may be
more easily implemented. (See related
discussion in Section III.B. on uses).
EPA believes that tier 1 methods or
policies for addressing situations such
as those described above may need to be
included in an antidegradation
implementation procedure.

Request for Comments on
Antidegradation Tier 1

EPA specifically requests public
comment on the following questions:

1. Do State and Tribal programs under
the existing regulation do an adequate
job of protecting existing in-stream
uses?

2. Is a more detailed definition of
‘‘existing in-stream water uses’’ needed
in the regulation? Should it be the same
as ‘‘existing uses?’

3. Should the regulation define what
constitutes loss of an existing in-stream
water use?

4. Should a clear approach to
maintaining and protecting existing uses
that may not be adequately protected by
strict application of water quality
criteria be a required element of an
antidegradation implementation
procedure?

5. Should the regulation specify under
antidegradation that protection of both
existing and designated uses is
required?

4. 40 CFR 131.12 (a)(2) ‘‘tier 2’’

‘‘Tier 2’’ (§ 131.12(a)(2))
antidegradation policies are intended to
protect the waters in which water
quality is better than necessary to
support propagation of fish, shellfish
and wildlife, and recreation in and on
the water body. These are called high
quality waters. For such high quality
waters, existing water quality must be
maintained and protected unless it is
demonstrated that a lowering of water
quality is necessary to accommodate
important economic or social
development. The protection of high
quality waters envisioned by the
regulation encourages a systematic,
public decision making process for
determining whether or not to allow
limited deterioration of water quality in
high quality waters.

a. Identification of ‘‘High Quality’’
Waters. Identifying waters that are ‘‘high
quality’’ and subject to tier 2 protection
is an important antidegradation issue.
The water quality standards regulation
requires application of tier 2

requirements ‘‘where the quality of the
waters exceed levels necessary to
support propagation of fish, shellfish,
and wildlife and recreation in and on
the water.’’ However, the regulation
does not include specific guidelines for
identifying high quality waters. Various
EPA guidance documents, including
those issued by EPA’s Regional offices,
make a variety of suggestions
concerning approaches to defining tier 2
waters. Not surprisingly, States and
Tribes have developed various ways to
identify tier 2 waters.

Existing approaches for identifying
high quality waters fall into two basic
categories: (1) pollutant-by-pollutant
approaches, and (2) water body-by-
water body approaches. States and
Tribes following the first approach
determine whether water quality is
better than applicable criteria for
specific pollutants that would be
affected by the proposed activity. Thus,
available assimilative capacity for any
given pollutant is always subject to tier
2 protection, regardless of whether the
criteria for other pollutants are satisfied.
Such determinations are made at the
time of the antidegradation review (i.e.,
as activities that may degrade water
quality are proposed). States and Tribes
following the second approach weigh a
variety of factors to judge a water body
segment’s overall quality. Such
determinations may be made prior to
the antidegradation review (i.e., the
State or Tribe may assign ‘‘high quality’’
designations in the State or Tribal
standards), or during the course of the
antidegradation review. Under this
water body-by-water body approach,
sometimes referred to as the
‘‘designational’’ approach, assimilative
capacity for a given pollutant may not
be subject to tier 2 protection if, overall,
the segment is not deemed ‘‘high
quality.’’

There are advantages and
disadvantages to each approach. EPA’s
current thinking is that neither
approach is clearly superior and that
either, when properly implemented, is
acceptable. EPA has approved both
approaches in State standards. Some
States and Tribes have found the
pollutant-by-pollutant approach to be
easier to implement because the need
for an overall assessment considering
various factors is avoided. Also,
decisions are driven strictly by water
column data (i.e., rather than judgments
concerning a segment’s overall value or
quality) and thus may be less
susceptible to challenge. The pollutant-
by-pollutant approach may result in
more waters receiving some degree of
tier 2 protection because it would cover



36783Federal Register / Vol. 63, No. 129 / Tuesday, July 7, 1998 / Proposed Rules

waters that are clearly not attaining goal
uses (i.e., waters which are not
supporting ‘‘fishable/swimmable’’ goal
uses but that possess assimilative
capacity for one or more pollutant).

The water body-by-water body
approach, on the other hand, allows for
a weighted assessment of chemical,
physical, biological, and other
information (e.g., unique ecological or
scenic attributes). In this regard, the
water body-by-water body approach
may be better suited to EPA’s stated
vision for the water quality standards
program: refined designated uses with
tailored criteria, complete information
on uses and use attainability, and clear
national norms. The water body-by-
water body approach preserves water
quality even if criteria for certain
pollutants are not attained or if criteria
for certain uses may be limited, such as
fish consumption. This approach also
allows for the high quality water
decision to be made in advance of the
antidegradation review (and included in
the water quality standards for the
segment), which may facilitate
implementation. A water body-by-water
body approach also allows States and
Tribes to focus limited resources on
protecting higher-value State or Tribal
waters. The water body-by-water body
approach can also distinguish between
high quality waters and high water
quality and preserve high quality waters
on the basis of physical and biological
attributes, rather than high water quality
attributes alone. However, the flexibility
of the water body-by-water body
approach is also its principal
disadvantage where a State or Tribe
does not develop inclusive qualification
criteria. For example, where a State’s or
Tribe’s implementation guidelines
define a narrow universe of waters,
many deserving high quality waters may
not receive tier 2 protection. Thus water
quality may actually decrease in the
waters not classified for tier 2 protection
without a public review of the
development decision. Also, a potential
problem can arise if the process of
identifying high quality waters becomes
so complicated, resource-intensive, and
data-intensive that the primary purpose
of tier 2 (i.e., seeking to maintain and
protect existing quality by identifying
whether there are reasonable less-
degrading or non-degrading alternatives)
is not adequately accomplished. In other
words, the limited resources available
for water quality protection could be
spent on the identification process at
the expense of analysis of the necessity
for degradation.

b. Tier 2 Implementation. The current
regulation provides a great deal of
flexibility to States and Tribes in

implementing tier 2 requirements. Some
States and Tribes devote little effort to
implementing their tier 2 requirements,
some States and Tribes apply tier 2
requirements in an inconsistent or
infrequent manner, and other States and
Tribes have active programs that
routinely and consistently implement
tier 2. In general, those States and Tribes
that actively implement their tier 2
requirements do so by conducting an
antidegradation review to determine
whether proposed activities that might
affect water quality may be authorized.
EPA’s current sense is that the
antidegradation policy, in reality, has
little effect on decisions related to
surface water quality unless the State or
Tribe adopts an implementation
procedure and uses it. EPA currently
reviews all State and Tribal water
quality standards at the time of
adoption/revision to ensure they
establish a clear approach to
implementation. A brief discussion of a
number of the major implementation
issues is presented below.

i. Triggers for tier 2 Review. Although
not discussed in 40 CFR 131.12 of the
water quality standards regulation, State
and on occasion Tribal tier 2
implementation procedures often
include guidelines which are used to
determine when the water quality
degradation that will result from a
proposed activity is significant enough
to warrant further antidegradation
review. Where the degradation is not
significant, the antidegradation review
is typically terminated for that proposed
activity. The significance evaluation is
usually conducted on a pollutant-by-
pollutant basis, even where a water
body-by-water body approach is used to
identify high quality waters, and
significant degradation for any one
pollutant triggers further review for that
pollutant.

Applying antidegradation
requirements only to activities that will
result in significant degradation is a
useful approach that allows States and
Tribes to focus limited resources where
they may result in the greatest
environmental protection. However,
there is a great deal of variation in how
States and Tribes define significant
degradation. Significance tests range
from simple to complex, involve
qualitative or quantitative measures or
both, and may vary depending upon the
type of pollutant (e.g., the approach may
be different for highly toxic or
bioaccumulative pollutants). In some
cases, States have also created
categorical exemptions from tier 2
review (e.g., they have exempted entire
categories of activities from
antidegradation reviews based on a

general finding that such activities do
not result in significant degradation).
States or Tribes that define a high
threshold of significance may be unduly
restricting the number of proposed
activities that are subject to a full
antidegradation review. Further the
approach currently used by some States
may not adequately prevent cumulative
water quality degradation on a
watershed scale. The current regulation
does not specify a significance threshold
below which an antidegradation review
would not be required. EPA’s current
thinking is that a clear national norm
regarding this ‘‘significance test’’ is
necessary and should be developed and
established in either the regulation or
national guidance.

A related issue concerns whether tier
2 should be applied to pollutants where
numeric criteria have not been adopted.
For example, where there is a proposed
discharge of a pollutant to a ‘‘high
quality’’ segment, and the background
concentration of the pollutant is at or
near zero in the water body, should
significant degradation be evaluated and
should it be evaluated any differently
where numeric criteria for the pollutant
have not been adopted? For example,
where a State or Tribe lacks numeric
criteria for nutrients such as nitrogen
and phosphorus (a common
occurrence), increased discharges of
these nutrients can be expected to result
in changes in plant life or species
diversity. If the State or Tribe relies
entirely on a pollutant loadings
comparison to numeric criteria for the
tier 2 evaluation, new loadings of
nutrients may not even be evaluated
under tier 2.

EPA’s sense is that, in practice, the
current tier 2 requirements tend to be
used to protect high quality waters only
where such high quality supports
fishing and swimming uses. However,
limiting tier 2 protection to assimilative
capacity associated with only fishing
and swimming uses means that the
protection afforded by tier 2 can end up
being narrower than intended. For
example, where a water has unique
ecological significance (e.g., acid bog or
thermal spring) not captured by
‘‘fishable/swimmable,’’ the State or
Tribe may not believe it is appropriate
to designate the water as high quality
under tier 2. In this case, the unique
ecological characteristic would warrant
protection as an existing use. The State
or Tribe also has the option of
designating the water ONRW, yet, as
discussed elsewhere in this section,
EPA believes that many States and
Tribes are not inclined to designate
waters ONRW. The result in this
example is that a water with unique
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ecological significance that may warrant
a relatively high level of protection, falls
through the crack between tiers 1 and 2
where the State or Tribe interprets the
level of protection afforded by those
tiers too narrowly.

ii. ‘‘Necessary’’ Lowering of Water
Quality. The water quality standards
regulation requires that the water
quality of high quality waters not be
lowered unless the State or Tribe
determines that such degradation is
necessary to accommodate important
social and economic development.
Given the variety of available
engineering approaches to pollution
control and the emerging importance of
pollution prevention, the finding of
necessity is among the most important
and useful aspects of an antidegradation
program and potentially an extremely
useful tool in the context of watershed
planning. An approach that has been
recommended by EPA is to require the
proponent of the proposed activity to
develop an analysis of pollution
control/pollution prevention
alternatives. In conducting its
antidegradation review, the State or
Tribe then ensures that all feasible
alternatives to allowing the degradation
have been adequately evaluated, and
that the least degrading reasonable
alternative is implemented. Also, note
that where less-degrading alternatives
are more costly than the pollution
controls associated with the proposal,
the State or Tribe should determine
whether the costs of the less-degrading
alternative are reasonable. EPA believes
that such an alternatives analysis
approach can be an effective tool for
maintaining and protecting existing
assimilative capacity. EPA’s current
thinking is that specifying what would
constitute an acceptable alternatives
analysis in the regulation, could result
in the addition of substance and rigor to
the ‘‘tier 2’’ antidegradation reviews
conducted by States and Tribes.

iii. Identification of ‘‘Important’’
Social or Economic Activities. Another
task that must be completed as part of
an antidegradation review is to evaluate
whether a proposed activity that will
result in degradation is necessary to
accommodate important social or
economic development in the area in
which the waters are located. (40 CFR
131.12(a)(2)) The significance of
determining if an activity will provide
for important social or economic benefit
is that, absent important social or
economic benefit, degradation under
tier 2 must not be allowed. Factors that
may be addressed in such an evaluation
include: (a) employment (i.e.,
increasing, maintaining, or avoiding a
reduction in employment), (b) increased

production, (c) improved community
tax base, (d) housing, and (e) correction
of an environmental or public health
problem. Some States or Tribes have
addressed this issue by requiring the
applicant to bear the burden of
demonstrating the social and economic
importance of the proposed activity.
However, approaches for evaluating
social and economic importance vary
widely. EPA published Interim
Economic Guidance for Water Quality
Standards: Workbook, Appendix M to
the ‘‘Water quality Standards
Handbook—Second Edition’’ in March
1995 (EPA–823–B–95–002, March
1995). This guidance specifically
addresses the determination of social
and economic importance in the context
of a tier 2 antidegradation review and
should be useful to States and Tribes in
determining the relative economic
consequences of various development
proposals and their relationship to
water quality standards. EPA’s current
thinking is that determining the social
and economic importance of a proposed
activity is an important public question
best addressed by State, Tribal or local
interests, perhaps as part of the
development of a basin plan.

iv. Tier 2 and Identification of Waters
under CWA Section 303(d). Section
303(d) of the Clean Water Act and EPA
regulations require States to develop
lists of waters that do not meet State
water quality standards, even after point
sources of pollution install the
minimum required levels of pollution
control technology. Section 303(d) lists
must be submitted to EPA every two
years. The waters on the lists are called
water quality-limited waters and are
defined in EPA regulations as waters
‘‘where it is known that water quality
does not meet applicable water quality
standards, and/or is not expected to
meet applicable water quality standards,
even after the application of the
technology-based effluent limitations
required by section 301(b) and 306 of
the [Clean Water] Act.’’ 40 CFR 130.2(j).
States are then required to develop total
maximum daily loads (TMDLs) for
water quality-limited waters.

EPA’s current policy is that States
include waters on section 303(d) lists if
applicable water quality standards are
not met or are not expected to be met
by the next list submission deadline,
i.e., within two years (see memorandum
from Robert Wayland, Director Office of
Wetlands, Oceans and Watersheds, to
Water Management Division Directors,
Regions I–X, Directors Great Water Body
Programs and Water Quality Branch
Chiefs, Regions I–X, Subject: National
Clarifying Guidance for 1998 State and
Territory Section 303(d) Listing

Decisions, August 27, 1997). In
determining whether to list waters,
States should consider all aspects of
applicable water quality standards,
including narrative and numeric
criteria, designated uses, and
antidegradation policies.

EPA is currently discussing with
stakeholders possible changes and
clarifications to the water body listing
regulations and guidance under section
303(d) of the Act. Changes and/or
clarifications could include a statement
in the regulation, or a clarification, that
identifies existing tier 2 antidegradation
analyses and decisions as ‘‘existing and
readily available water quality-related
data and information’’ that must be
considered under 40 CFR 130.7(b)(5)
when deciding whether to place a water
body on a section 303(d) list.
Information from existing
antidegradation tier 2 reviews on
assimilative capacity for particular
water bodies could be used to determine
whether a water body is likely to not
meet water quality standards in the near
future and thus required to be included
on the section 303(d) list. In addition,
EPA could amend the existing
antidegradation regulations to direct
States and Tribes to consider the 303(d)
listing status of a water body, and the
information supporting that status,
when determining whether a proposed
activity that is expected to degrade
water quality in that water body can be
authorized under tier 2 of the State’s or
Tribe’s antidegradation provisions.

v. Achieving all cost-effective and
reasonable best management practices
for nonpoint sources. This
implementation issue arises from one
sentence that is included in the federal
antidegradation policy at 40 CFR
131.12(a)(2):

Further, the State shall assure that there
shall be achieved the highest statutory and
regulatory requirements for all new and
existing point sources and all cost-effective
and reasonable best management practices
for nonpoint source control.

This sentence has been somewhat
controversial over the years because it
could be interpreted to require a State
or Tribe to include, in its water quality
standards, a provision requiring
adoption of authority for, as well as
achievement of, best management
practices (BMPs) for nonpoint sources
prior to allowing degradation of high
quality waters. EPA has interpreted
131.12(a)(2) as not requiring a State or
Tribe to establish BMP requirements for
nonpoint sources where such BMP
requirements do not exist. As EPA
clarified in a February 22, 1994
guidance memorandum, State and
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Tribal antidegradation rules need only
include provisions to assure
achievement of BMPs that are required
under State or Tribal nonpoint source
control laws or regulations.
(Memorandum from Tudor T. Davies,
Director EPA Office of Science and
Technology to EPA Water Management
Division Directors, Regions I–X, Subject:
Interpretation of Federal
Antidegradation Regulatory
Requirement, February 22, 1994) Thus,
States and Tribes that have adopted
nonpoint source controls must assure
that such controls are properly
implemented before authorization is
granted to allow point source
degradation of water quality.

EPA’s current thinking is that the
term ‘‘all cost-effective and reasonable
best management practices for nonpoint
source control’’ in 40 CFR 131.12(a)(2)
would be more effective if read more
broadly. In other words, the term could
include nonpoint source best
management practices established
through Federal, State, Tribal, and local
authorities and programs that address
activities on the land or water that
create or exacerbate impacts to surface
waters. This construction is consistent
with EPA’s Total Maximum Daily Load
(TMDL) program under Section 303(d)
of the Clean Water Act. There, EPA’s
current policy is that in achieving
pollutant load reductions from nonpoint
sources, EPA and States should work in
partnership, using all available Federal,
State, and local authorities and
programs. As EPA stated in an August
1997 TMDL guidance memorandum,
States are expected to achieve nonpoint
source pollutant load reductions
through such authorities and programs,
including non-regulatory, regulatory, or
incentive-based programs. EPA is
considering applying the same test to
§ 131.12(a)(2).

In addition, EPA’s current thinking is
that it may be time to begin to more
actively ensure implementation of this
requirement: to implement cost effective
and reasonable best management
practices for nonpoint source control
before allowing lowering of water
quality in a water body. One way to do
this would be to specify that State and
Tribal antidegradation implementation
procedures include a step under which
States and Tribes inventory their
nonpoint source authorities and
programs, and, as part of each
antidegradation review, include in the
record documentation on how those
authorities and programs were applied
to activities in a watershed in which
additional loadings subject to an
antidegradation review have been
considered. Emphasizing this

requirement by specifying it as a
required aspect of a State or Tribal
antidegradation implementation
procedure, in EPA’s view, would
facilitate use of antidegradation policy
as a tool to ensure that nonpoint sources
are controlled where possible in
accordance with water quality
standards, before any additional
assimilative capacity in a water body
can be allocated to an activity. EPA is
interested in comment on this current
thinking and specifically on whether it
would be helpful to revise the
regulation to clarify the relationship
between nonpoint source controls and
tier 2 antidegradation requirements.

In summary, numerous stakeholders
have commented to EPA that
antidegradation reviews are conducted
inconsistently across the country and
that EPA should attempt to improve the
national consistency of such reviews.
EPA is interested in comment on the
appropriate balance between national
consistency and State and Tribal
flexibility in the implementation of the
tier 2 provision and on what changes
may be needed to the regulation or EPA
policy or guidance to ensure that the tier
2 provision is implemented in a
nationally consistent manner that is
consistent with the intent of the
antidegradation provision, and whether
a consistent approach should be the goal
of States’ and Tribes’ watershed
programs.

Request for Comments on
Antidegradation Tier 2

EPA requests comment on the
following questions:

1. Does the existing requirement to
apply tier 2 ‘‘where the quality of the
waters exceed levels necessary to
support propagation of fish, shellfish,
and wildlife and recreation in and on
the water’’ while at the same time
‘‘protecting existing uses fully’’ need to
be clarified with respect to which
waters are afforded tier 2
antidegradation protection, and if so,
should the Agency clarify the
requirement with additional guidance,
or with revisions to the regulation?

2. What factors should be considered
in identifying ‘‘high quality’’ waters?
Should the decision be based strictly on
chemical water column quality (i.e., a
pollutant-by-pollutant approach), or
should a segment’s overall quality or
other factors be considered (i.e., a water
body-by-water body approach)?

3. Given EPA’s current thinking that
both approaches may be acceptable and
neither is necessarily superior, are the
two approaches compatible and could
they be implemented together?

4. Should application of tier 2 be
clarified so that protection of
assimilative capacity associated with
non-fishable/swimmable uses is clearly
required?

5. What methods are currently being
used by States and Tribes to define
‘‘significant degradation’’?

6. How should ‘‘significant
degradation’’ be defined? Is there a need
for a nationally consistent approach?
Should EPA issue additional guidance,
or revise the regulation to include, for
purposes of implementing tier 2
requirements, a definition of significant
degradation? Are categorical exemptions
appropriate, and if so, under what
circumstances?

7. How should cumulative effects in
a watershed be considered in assessing
the significance of the degradation that
will occur as a result of a proposed
activity?

8. How should the ‘‘necessity’’ of
degradation be determined? When
should the costs of less degrading
alternatives be considered reasonable?

9. How should significant degradation
be evaluated for pollutants where no
numeric criterion has been adopted?

10. Is additional Agency guidance or
regulatory requirements necessary to
help States and Tribes address social
and economic importance (e.g.,
additional methods or options beyond
those discussed in the March 1995
Interim Economic Guidance document)?

11. Should evaluating the importance
of proposed discharges be entirely a
State or Tribal determination and not be
a required element for EPA review?

12. Would it be appropriate to revise
the regulation to clarify the relationship
between nonpoint source controls and
tier 2 antidegradation requirements?

13. Should EPA revise the regulation
to expressly state that States and Tribes
are to consider the 303(d) listing status
of a water body, and the information
supporting that status, when
determining whether a proposed
activity that is expected to degrade
water quality in that water body can be
authorized under tier 2 of the State’s or
Tribe’s antidegradation provisions?

14. Is greater consistency between
individual State and Tribal programs
desirable and, if so, what changes may
be needed to the regulation or EPA
guidance to ensure that the tier 2
provision is implemented in a
nationally consistent manner?

5. 40 CFR 131.12 (a)(3) ‘‘Tier 3’’

Tier 3 of the antidegradation policy is
intended to identify and protect waters
of extraordinary ecological, recreational
or other significance. Tier 3 of the
antidegradation policy incorporates the
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concept of Outstanding National
Resource Waters (ONRW). The rationale
for this provision is that some water
bodies are of such high quality or of
such exceptional ecological significance
that the commonly applied designated
uses such as warm water fishery and
primary contact recreation and criteria
to protect those uses are not suitable or
may not provide adequate protection to
maintain the high water quality or
ecological significance in a given water
body.

ONRWs are intended to include the
highest quality waters of the United
States. Additionally, the ONRW
antidegradation classification offers
special protection for waters of
‘‘exceptional ecological significance,’’
i.e., those water bodies which are
important, unique, or sensitive
ecologically, but whose water quality, as
measured by the traditional
characteristics such as dissolved oxygen
or pH, may not be particularly high,
such as thermal springs. Waters of
exceptional ecological significance also
include waters whose characteristics
cannot adequately be described by
traditional parameters (such as wetlands
and estuaries).

Tier 3 of the antidegradation policy
provides the highest level of protection
to water bodies by prohibiting the
lowering of water quality. The only
exception to this prohibition as
discussed in the preamble to the water
quality standards regulation is for
activities that result in short-term and
temporary changes in the water quality
of the ONRW. EPA guidance has not
defined temporary and short-term
specifically, but views these terms as
limiting water quality degradation for
weeks or months, not years. The intent
is to limit degradation to the shortest
possible time.

a. Designating ONRWs. The
designation of water bodies as ONRWs
has been limited in its application.
Overall, there are relatively few water
bodies designated as ONRWs in the
United States, although some States
have designated a high percentage of
State waters as ONRWs. Several States
have been reluctant to adopt ONRWs
because of concerns regarding the
process for adopting ONRW
classifications and the level of
protection afforded to a water once it is
classified as an ONRW.

Regarding the process for adoption of
ONRWs, the existing regulation requires
the State or Tribe to provide an ONRW
level of protection in their
antidegradation policies, but there is no
requirement that any water body be so
designated or any specificity as to how
that is to be done. One way to address

this issue may be for EPA to amend the
regulation to require States and Tribes
to establish a nomination process with
criteria guidelines in which the public
could petition the State or Tribe for
designation of certain waters as ONRWs.
It would then be up to the State or Tribe
to set criteria for the ONRW selection
process with the final decision made by
the State or Tribe after consideration of
the public comment. EPA currently
recommends three categories of waters
which could be eligible for ONRW
designation: waters of (1) National and
State parks, (2) wildlife refuges, and (3)
exceptional recreational or ecological
significance.

Regarding the level of protection that
is afforded to a water body once it is
classified as an ONRW, a common
concern is that classifying a water as
ONRW will result in a federal
prohibition on any further development
of any kind in the watershed. As
described above, the federal
antidegradation policy regarding
ONRWs is that once classified as an
ONRW, the water quality of the ONRW
must be maintained and protected. One
way, but perhaps not the only way, to
ensure that the water quality is
maintained and protected would be to
prohibit activities that would generate
additional pollutant loads and or water
quality impacts in the ONRW. This
approach is commonly referred to as
‘‘no new or increased discharge’’ and
was explained by EPA in its
promulgation of antidegradation
provisions for the State of Pennsylvania
in 1996 (61 FR 64816, December 9,
1996). As discussed in the Pennsylvania
rule, the federal policy requiring the
water quality to be maintained and
protected is subject to some
interpretation by States and Tribes.

EPA believes there is considerable
uncertainty from jurisdiction to
jurisdiction concerning the impact of
the ONRW classification on the local
community or the State or Tribe. How
will the State or Tribe handle future
needs for development in the area of the
ONRW? What role does EPA play in
ensuring that the State or Tribe provides
the highest protection measures to
ONRWs? EPA’s current thinking is that
this ‘‘no further development in the
watershed prohibition’’ may be an
overly strict interpretation of the
protection required by tier 3 and that a
public debate is necessary to clarify the
level or range of protection that is
afforded to a water by classifying it as
an ONRW, and how that level or range
should be determined.

One way to remove uncertainty
surrounding the implications of ONRW
designations is for States and Tribes to

adopt concurrent with the ONRW the
implementation methods for that water
body that define what attributes of the
water will be protected and how this
will be accomplished by both point and
nonpoint sources. It may make sense for
the regulation to include this
requirement in order for all parties
concerned to know the impact on
development of such a designation
before adopting an ONRW.

i. Relationship of Tier 3 to the Wild
and Scenic Rivers Act. Additionally
some States have not adopted waters as
ONRWs when there has been concern
regarding ONRW requirements and the
requirements of a wild, scenic, or
recreational water body. Although the
Department of Interior (DoI) founded the
antidegradation policy from which the
concept of an outstanding national
resource water (ONRW) that EPA
currently uses evolved, an ONRW is
different from the Wild and Scenic
Rivers program administered by DoI.
ONRWs are designated by the State or
Tribe in their water quality standards.
Wild and scenic rivers are given their
designation by Congress or the
Department of Interior pursuant to the
Federal Wild and Scenic Rivers Act.
The main purpose of the Wild and
Scenic Rivers Act is to keep waters free-
flowing. The main purpose of an ONRW
designation is to maintain and protect
high quality waters that constitute
outstanding resources due, for example,
to their exceptional recreational or
ecological significance, which can
include free-flowing water. EPA does
not see any conflict between these two
programs.

b. Tier 3 Implementation. EPA in
chapter 4 of the Water Quality
Standards Handbook interprets the
‘‘water quality to be maintained and
protected’’ provision of the regulation as
requiring no new or increased
discharges to ONRWs and no new or
increased discharge to tributaries to
ONRWs that would result in lower
water quality in the ONRWs. The only
exception is for short-term and
temporary changes. In contrast, some
States, Tribes, and EPA Regions have
interpreted this provision to allow new
discharges as long as the water quality
is either maintained or improved.
Alternatively, some States, Tribes and
Regions have interpreted water quality
in terms of the characteristics for which
the water body was selected to be an
ONRW and have strictly maintained
those characteristics while allowing
other characteristics to become
degraded. EPA has also allowed a
proposed activity that will result in a
new or expanded source where the
applicant agrees to implement or
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finance upstream controls of point or
nonpoint sources sufficient to offset the
water quality effects of the proposed
activity. This offset is generally called
trading and is accomplished through a
TMDL pursuant to CWA Section 303(d)
requirements. Such TMDLs include an
appropriate margin of safety and
address, in particular, the uncertainties
associated with any proposed nonpoint
source controls, as well as variability in
effluent quality for point sources.

This variability in interpretation has
created ONRWs across the Nation that
vary in terms of the stringency of point
source controls, and types of water
bodies considered to be ONRWs.
Restrictions on physical changes have
also been implemented in an
inconsistent manner. EPA is considering
whether the existing ONRW protection
program is addressing an appropriate
universe of waters and whether the
flexibility provided under the
regulation, in terms of coverage and
protection requirements, needs to be
further restricted, maintained, or
expanded. It may make sense to have an
ONRW designation which is permanent
and allows no change in water quality
and applicable to few waters while
creating a subset of waters which can
have some change in water quality
under certain circumstances.

c. Tier 21⁄2. Several States and Tribes
have already created, as part of their
antidegradation policy, a provision that
is in between EPA’s recommended tier
2—high quality waters and tier 3—
Outstanding National Resource Waters,
sometimes referred to as Tier 21⁄2. This
additional tier is given various names,
such as Outstanding State Resource
Waters, Outstanding Tribal Waters,
Special Protection Waters, or Water of
Exceptional Significance. When it
supplements tier 2 and tier 3 provisions,
EPA has accepted this provision as
being consistent with the intent and
spirit of the antidegradation policy.
Inclusion of a tier 21⁄2 within the
regulation would encourage States and
Tribes to apply more stringent controls
than would be required under tier 2 but
with more flexibility to make
adjustments in criteria and permitting
decisions than would normally be
allowed if the water body in question
were designated as an ONRW. Any
additional flexibility that might be
created by a tier 21⁄2 classification to
allow additional activities that could
marginally affect water quality, might
not be necessary where a State or Tribe
(or EPA) considers such flexibility to
already exist in the context of the
ONRW classification. In commenting on
the flexibility afforded by the tier 21⁄2
classification, commenters are urged to

state their understanding of the
flexibility currently afforded in the
ONRW classification.

Request for Comments on
Antidegradation Tier 3

EPA seeks comment on the following
questions:

1. Should EPA add definitions of
important terms to the ONRW part of
the regulation, including a definition of
‘‘degradation’’ which clarifies that
temporary or short-term effects on
ONRW waters could be authorized?
Should definitions of ‘‘short-term’’ and
‘‘significant’’ also be included?

2. Should EPA require States and
authorized Tribes to establish both a
process and qualification criteria which
would allow the public to nominate
waters for the ONRW designation?
Would EPA guidance be helpful?

3. Should the tier 21⁄2 antidegradation
policy concept be explicitly recognized
in the federal regulation and what, if
any, limits or factors for application of
the tier should be included?

4. States (and Tribes) have differing
interpretations of the level of protection
afforded ONRWs. Should EPA further
specify in the regulation what
maintaining and protecting water
quality in ONRWs means?

6. 40 CFR 131.12 (a)(4) ‘‘Thermal
Discharges’’

The requirement to prevent potential
water quality impairment associated
with thermal discharges contained in
§ 131.12 (a)(4) of the regulation is
intended to coordinate the requirements
and procedures of the antidegradation
policy with those established in the
CWA for setting thermal discharge
limitations. Regulations implementing
section 316 may be found at 40 CFR
124.66. The statutory scheme and
legislative history indicate that
limitations developed under section 316
take precedence over other requirements
of the CWA. EPA is not requesting
comment on this section of the
regulation. This provision is mentioned
here only in the interest of
completeness.

E. Mixing Zones

1. Background

The current regulation (at 40 CFR
131.13) describes States’ and Tribes’
discretionary authority to include, in
their water quality standards, policies
that affect the implementation of those
standards. For example, States and
Tribes may adopt policies on mixing
zones, variances, and schedules of
compliance for water quality-based
NPDES permit limits. If included in

their water quality standards or other
implementing regulations, States and
Tribes are required to submit such
policies to EPA for review and approval.
The policies governing the
implementation of water quality
standards are inseparable from the
standards themselves and,
consequently, EPA reviews both to
determine whether implementation
policies are compatible with the State or
Tribal water quality standards
provisions, technically well founded
and consistent with the CWA.

Concerns have been expressed both
by the regulated community and
environmental groups over the lack of
specificity in State and Tribal mixing
zone policies and implementation
procedures adopted under this general
policies provision. These groups believe
that this lack of specificity may result in
rather subjective and inconsistent
implementation of water quality
standards, from site-to-site. EPA has
also, through its ten regional offices, not
always applied uniform standards in
reviewing individual States’ and Tribes’
mixing zone provisions.

In encouraging the implementation of
water quality management activities
consistent with a broader watershed
approach, EPA has encountered
inconsistent implementation of mixing
zone provisions across State and Tribal
borders, within whole watersheds, and
sometimes along a single water body.
Remedies to water quality problems
designed along watershed boundaries
can be limited in their effectiveness as
a result of differing policies, procedures
and treatment of the same water body by
different authorities. A certain amount
of flexibility is, however, essential when
dealing with complex water quality
problems on a watershed or basin scale.
EPA’s current thinking is that it is
preferable to be more explicit about
where the program requires consistency
and where flexibility is allowed or
encouraged.

The current regulation does not
articulate any EPA requirements
regarding the content of mixing zone
implementation procedures. Rather,
EPA guidance addressing mixing zones,
and stream design flows is contained in
several documents, including the Water
Quality Standards Handbook: Second
Edition (the Handbook) and the
Technical Support Document for Water
Quality-based Toxics Control, March,
1991 (the TSD). Although program and
technical guidance identifies the
approaches to standards
implementation which EPA
recommends and considers protective of
water quality, guidance is not equally
effective at delineating what constitutes
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minimally acceptable content or the
approaches EPA considers to be not
approvable or inconsistent with the
CWA. Further, most regulatory agencies,
as well as the regulated community, are
most concerned with what is required
rather than what is recommended.
Policy or guidance is not binding
whereas regulation is. Guidance is better
designed to provide detailed
descriptions of the variety of technically
sound implementation approaches and
their underlying scientific basis;
regulation provides the clearest
direction regarding required minimal
program content and identification of
those components of the program where
flexibility is allowed.

EPA is considering an expansion of
the section of the regulation addressing
general policies to provide clear,
detailed and specific direction to States
and Tribes on the development and
content of mixing zone policies and
implementation procedures. EPA’s
current thinking is that greater
specificity within this portion of the
regulation may be needed to clarify the
minimum necessary elements of State
and Tribal mixing zone policy and
implementation procedures. EPA’s
current thinking is that this area of the
regulation needs to articulate a clear
level of national consistency in mixing
zone implementation that results in a
consistent level of protection across the
country and at the same time, where
State and Tribal flexibility is not only
encouraged, but possibly essential to
program efficiency and accuracy.

2. EPA Policy and Guidance on Mixing
Zones

The concept of mixing zones as a
regulatory tool to address the
incomplete mixing of wastewater
discharges in receiving waters has been
embraced by both EPA and its
predecessor agencies as part of a larger
regulatory effort to ensure that point
source discharges of wastes do not
impair beneficial uses. EPA interprets
the CWA as allowing the use of mixing
zones as long as the provisions
addressing toxicity at section 101(a)(3)
are met and the designated uses of the
water body as a whole are protected.
One court has considered the
application of a mixing zone in a
discharge permit and upheld EPA’s use
of a limited mixing zone (See Hercules
v. EPA, 598 F.2d 91 (D.C. Cir. 1978)).
The concept of a mixing zone is covered
by a series of guidance documents
issued by EPA and its predecessor
agencies (see, for example: Water
Quality Criteria (Green Book), Federal
Water Pollution Control Administration,
1968, pp. 29–31; Water Quality Criteria

1972 (Blue Book), EPA, March 1973, pp.
112–115, 231–232, 403–457; Guidelines
for Developing or Revising Water
Quality Standards, January 1973;
Chapter 5—Guidelines for State and
Areawide Water Quality Management
Program Development, November, 1976;
Allocated Impact Zones for Areas of
Non-Compliance, EPA Region 1,
October 1986; The Water Quality
Standards Handbook, August, 1994,
pp.5–1 to 5–11; Technical Support
Document for Water Quality-based
Toxics Control (TSD), March, 1991, pp.
31–34, 56–60, 69–89).

Many definitions of mixing zones
have been offered, differing primarily by
perspective (i.e., engineering,
hydrological, ecological, regulatory) and
their application. From a hydrological/
engineering perspective, mixing zones
can be defined based upon the
recognition of incomplete mixing of an
effluent with its receiving water (e.g.,
‘‘that area or volume of dilution water
necessary to reduce contaminant
concentrations to some acceptable level
or to a totally mixed condition’’).
Biologically, mixing zones can be
defined based on the premise that
surface water quality criteria can be
exceeded under limited circumstances
without causing unacceptable toxicity
or, more broadly, impairment of the
designated beneficial uses (e.g., ‘‘the
area contiguous to a discharge where
receiving water quality is not required
to meet water quality criteria nor other
requirements applicable to the receiving
water’’).

EPA’s policy on the use of mixing
zones has evolved since its early
recognition within general water quality
guidance, primarily in association with
the institution and evolution of the
NPDES permit program (e.g., the TSD).
Initially, guidance emphasized the need
to ensure that the biological integrity of
the aquatic community in the receiving
stream was protected and that such
determinations must be based on site-
specific evaluations. In the late 1980’s
EPA and authorized NPDES States
began increasing the development and
issuance of water quality-based effluent
limits. With this increase, came a
demand for widely applicable national
guidance to support those programs.
EPA and States, in essence, needed
wasteload allocation and water quality-
based permit limit derivation methods
that were relatively simple to use and
could be implemented with little site-
specific data. EPA met this demand by
issuing revised guidance (the TSD and
Handbook, cited above, are examples)
and by accepting a wide range of State
mixing zone practices. As a result,
mixing zone provisions have become

less prescriptive than earlier guidance
that envisioned data rich, site-specific
studies, and more reliant on often
cursory evaluations, general mixing
assumptions, and best professional
judgement.

EPA’s current policy addresses
mixing zones as allocated impact zones
(AIZs) where certain numeric water
quality criteria may be exceeded as long
as: there is no lethality to organisms
passing through the mixing zone, there
are no significant risks to human health,
and the designated and existing uses of
the water body are not impaired as a
result. These AIZs or mixing zones, if
disproportionately large, could
unacceptably impact the integrity of the
aquatic ecosystem and have
unanticipated ecological consequences
on the water body as a whole resulting
in impairment of the designated or
existing uses. Therefore, EPA’s policy
has emphasized a holistic approach to
mixing zone regulation which considers
location, size, shape, outfall design and
in-zone quality. Mixing zone guidance
produced by EPA since 1972 has
consistently emphasized the need to
protect both nonmotile benthic and
sessile organisms in the mixing zone as
well as swimming and drifting
organisms (Water Quality Criteria 1972).
States and Tribes, however, have
focused primarily, if not exclusively, on
the protection of swimming and drifting
organisms and the need to provide
‘‘zones of passage’’ within waters with
mixing zones. In its dependence upon
conditions protective of swimming and
drifting organisms to define mixing
zones, this approach results in an
incomplete implementation of the
original concept supporting mixing
zones. As originally designed, EPA’s
mixing zone policy provided for the
prevention of lethality to swimming and
drifting organisms by limiting the size of
the mixing zone and to nonmotile
organisms by limiting the placement or
location of mixing zones.

Although existing EPA guidance on
the implementation of mixing zones
(cited above) is quite detailed, at
present, the regulation itself simply
provides that States and Tribes may
adopt, as part of their water quality
standards, mixing zone policies and that
such policies are subject to EPA review
and approval (40 CFR 131.13). In
addition, EPA may separately review
individual State and, once approved to
administer NPDES, Tribal mixing zone
determinations as part of the wasteload
allocation and NPDES permit review
process, outside the standards adoption
and review process to ensure
appropriate implementation of the
State’s mixing zone policy.
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EPA is considering expanding the
current provisions at 40 CFR 131.13
addressing State and Tribal
development of mixing zone policies
within their water quality standards
program to address the content and
design of those policies.

3. State and Tribal Mixing Zone Policies

While there are advantages to the
more flexible general approach adopted
in the late 1980’s, the generality of the
current regulation has led to some
uncertainty as to what constitutes an
approvable mixing zone policy. Because
the regulation lacks detailed
requirements concerning EPA’s
standards of review of State and Tribal
mixing zone provisions, EPA is
considering changing the language
regarding State and Tribal adoption of
mixing zone policies to address
specifically the content of such policies.
EPA’s current thinking is that greater
specificity would provide for increased
public participation in State, Tribal and
Federal decision-making; a clearer
understanding by the State, Tribe and
public of what EPA considers an
approvable mixing zone policy; a
reduction in the number of NPDES
permit appeals and objections based on
differing interpretations of a State or
Tribal mixing zone policy; and a more
consistent review of State and Tribal
submissions by EPA itself.

Fundamental to any such policy, EPA
is considering requiring States and
Tribes to indicate explicitly in their
water quality standards whether or not
they allow mixing zones for each of the
various uses designated for a given
water body. Such provisions could
address mixing zones applied to either
acute or chronic aquatic life and other
water quality criteria (e.g., public water
supply, livestock watering, wildlife
protection, etc.). Under this approach, if
the State or Tribe does not explicitly
authorize mixing zones, then no mixing
zones would be allowed in State or
Tribal waters, and all applicable criteria
would have to be met at the end-of-pipe.
(Memorandum from Robert Perciasepe,
Assistant Administrator for Water to
Water Program Directors, Regions I-X,
Subject: EPA Guidance on Application
of State Mixing Zone Policies in EPA-
Issued NPDES Permits, August 6, 1996).
Alternatively, States and Tribes could
determine that such prohibitions would
be applied to only a subset of uses or
pollutants rather than across all use
categories and pollutants. Some States
or Tribes have used this approach to
prohibit mixing zones in their highest
use classes (e.g., class AA), while
allowing mixing zones in more highly

impacted watersheds (e.g., class C or D
waters).

States and Tribes could also be
required to specify the conditions under
which mixing zones are allowed in each
site-specific application and the
limitations to those applications (e.g.,
size, shape, length, placement, etc.). In
addition, States and Tribes could be
required to identify any circumstances,
pollutants, locations or conditions for
which the use of mixing zones is
prohibited. States and Tribes could
specify circumstances where only
chronic mixing zones would be allowed
(i.e., no acute mixing zone or zone-of-
initial dilution) and circumstances
where acute and/or chronic mixing
zones would be prohibited. Current EPA
guidance, for example, recommends
States and Tribes consider prohibition
of mixing zones when bioaccumulative
pollutants are present in the discharge
or where an effluent is known to attract
biota. Other circumstances where
mixing zone prohibitions or location
restrictions might be appropriate
include areas used by aquatic life for
breeding or feeding, locations of
shellfish beds, locations of critical
habitat for threatened and endangered
species, across tributary mouths,
shallows, near shore areas and in areas
of critical habitat.

This change would clarify in the
regulation the State and Tribal general
authority to provide mixing zones, the
scope of that authority, and the site-
specific factors evaluated by States and
Tribes when deciding whether a mixing
zone is authorized in each individual
case. EPA is considering making this
potential clarification to the regulation,
its implications, and how mixing zone
policies can be designed to better
support and foster a watershed
management framework.

4. Mixing Zone Requirements
Some States and Tribes that have

adopted mixing zone provisions within
their water quality standards have not
specified mixing zone requirements
(e.g., water quality within mixing zones,
the allowable size of mixing zones, etc.)
under their mixing zone policies. EPA is
therefore considering including as
regulatory requirements certain
specifications derived from EPA’s
guidance on mixing zones. Regarding
policy content, EPA might revise the
regulation to require that State and
Tribal mixing zone policies address a
minimum number of elements. Those
required elements might include
provisions that: identify conditions and
circumstances (e.g., particular locations)
when mixing zones are not permitted;
identify any pollutants or classes of

pollutants for which mixing zones are
prohibited; identify the mechanisms to
be used to ensure that mixing zones do
not impinge on ecologically or
recreationally sensitive areas; identify
the mechanisms to be used to determine
complete and incomplete mixing of
effluent and receiving water; identify
conditions when a mixing analysis is
required; identify default design flows
for implementing criteria; identify
maximum allowable mixing zone size
and configuration, as well as how
mixing zones dimensions are
determined; specify what water quality
conditions must be met within mixing
zones; state whether zones of initial
dilution are allowed; and state whether
there are special conditions established
for bioaccumulative pollutants.

Identification in the regulation of
minimum elements of State or Tribal
mixing zones procedures would
establish the basis for EPA review and
approval of State and Tribal mixing
zone provisions. It would also facilitate
the review of individual mixing zone
determinations made under the
wasteload allocation/permit approval
process by EPA, other agencies and the
public. This would not significantly
change EPA’s guidance or current
approach to mixing zone policies.
Rather, it would clarify and codify the
basis by which EPA will review and
approve or disapprove State and Tribal
mixing zone policies and their site-
specific implementation through NPDES
permits.

As discussed previously, EPA’s
mixing zone guidance is premised
fundamentally on the prevention of
lethality within the mixing zone and
siting such that areas of critical habitat
are avoided, resulting in the protection
of designated uses. One aspect of this
guidance is that, for aquatic life uses,
water quality within the mixing zone
should be such that, at a specified
concentration of a contaminant (i.e.,
magnitude), any ‘‘swimming or drifting’’
organism would not remain in the
mixing zone long enough to receive an
exposure that is sufficiently long (i.e.,
duration) to cause lethality. If the
combination of the concentration of a
given pollutant or the combined effect
of multiple pollutants (e.g., whole
effluent toxicity) in a discharge and the
duration of exposure to that
concentration are low enough, there is
no lethality within the mixing zone, and
the criteria (magnitude and duration
components together) are met.

This approach, however, only
provides protection in situations in
which water column organisms pass in
and out of the mixing zone. This
interpretation does not adequately
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protect stationary or sessile organisms
within the mixing zone; organisms that
remain within the mixing zone for
extended periods because the mixing
zone extends into feeding or breeding
areas or critical habitat (e.g., tributary
mouths, shallows, shoreline habitat in
large, fast-flowing rivers); critical habitat
areas for endangered or threatened
species; or instances where mixing zone
conditions attract organisms. EPA’s
mixing zone policy and guidance
address those instances where the
provisions protecting swimming and
drifting organisms are not adequate to
protect nonmotile benthic and sessile
organisms or critical habitat areas by
limiting the location, size and shape of
mixing zones. In some instances, this
policy has been implemented in a
fragmented manner. In such instances,
these latter restrictions to mixing zone
placement are inadequately addressed.
EPA always has discretion to object to,
and take over if necessary, permits that
provide site-specific mixing zones in
cases where such mixing zones would
fail to protect all aspects of designated
uses. However, oversight of individual
permits is not an efficient approach to
resolving program-level issues. To
clarify the meaning of its policy and
ensure a more complete implementation
of protective mixing zone provisions,
EPA is considering changes to the
regulation.

EPA could require that State and
Tribal mixing zone policies specifically
identify prohibitions (where
appropriate) or limit mixing zones
where necessary to protect existing or
designated uses. Some States and Tribes
already include prohibitions against the
use of mixing zones where they could
intrude upon public drinking water
supply intakes or public swimming
beaches, or where mixing zones prove to
be attractive to aquatic life or wildlife
(e.g., water temperature). EPA might
require that State and Tribal mixing
zone provisions specifically address
instances such as these where
restrictions on mixing zones are
appropriate. Additionally, EPA is
considering requiring that State and
Tribal water quality standards include a
description of the State’s or Tribe’s
methodology for specifying the location,
geographic boundaries, size, shape and
in-zone quality of mixing zones.

EPA could also clarify its current
policy that an approvable mixing zone
methodology must be scientifically
defensible and ensure the protection of
designated uses in the water body as a
whole. This would require that the
methodology, at a minimum, be
sufficiently precise to support
consistent regulatory actions (e.g., an

NPDES permit). EPA is considering this
change to ensure that State and Tribal
mixing zones do not adversely affect the
integrity of State and Tribal waters and
to address inconsistent allocation of
mixing zones from site-to-site. Under
this approach, for example, when a
State or Tribe assumes that either
complete or incomplete mixing occurs,
the State’s or Tribe’s implementation
procedure could require the analyses
supporting the mix assumption to be
documented in the record (e.g., permit
fact sheet). EPA is considering the need
for additional language in the water
quality standards regulation to clarify
the essential elements of State or Tribal
mixing zone provisions and,
alternatively, whether such language
would be better established in guidance.
EPA’s current thinking is that a certain
amount of professional judgement is
necessary in making site-specific mixing
zone determinations and that
clarifications to the regulation regarding
the minimum mixing zone policies and
implementation procedures should not
preclude such flexibility. However, the
policy and implementation procedures
should be clarified so that the
guidelines and framework for making
site-specific mixing zone determinations
are clear to everyone.

5. Mixing Analyses

The above discussion focuses on
establishing State and Tribal mixing
zone policies and procedures. The
following discussion addresses the
application of such procedures in
individual permitting decisions.

Where point source discharges mix in
a slow or ‘‘incomplete’’ manner with
receiving waters and the State or Tribe
has authority to provide a mixing zone,
EPA guidance recommends that a
mixing zone analysis be incorporated
into the derivation of water quality-
based effluent limits (WQBELs) in
NPDES permits. The mixing zone
analysis should demonstrate
compliance with State or Tribal mixing
zone requirements (e.g., size, shape,
location and in-zone quality) that are
included in the water quality standards.
Providing a mixing zone in incomplete-
mix situations acknowledges the mixing
behavior of the discharge and limits
excursions above criteria to a specified
zone. Where a discharge mixes with the
receiving water in a rapid and
‘‘complete’’ manner, by definition a
mixing zone analysis is not needed and
an evaluation of the assimilative
capacity of the receiving water and a
dilution allowance based on stream
design flow conditions specified in the
State or Tribal water quality standards

is often incorporated into the derivation
of WQBELs.

Presently, all State-issued NPDES
permits are reviewable by EPA. EPA
may object to individual permits and
assume authority to issue such permits.
When EPA is the permit issuing
authority, it must follow the applicable
State or Tribal water quality standards
and ensure that any water quality-based
effluent limits in the permit are derived
from and comply with the applicable
State or Tribal water quality
requirements. A permit that does not
include a defensible mixing zone
analysis might not fully protect
downstream designated uses. A
common example is where a discharge
mixes slowly (i.e., incomplete mixing is
occurring), but the permit limit is based
on an assumption that the entire design
flow of the stream rapidly and
completely dilutes the effluent. When
this does not occur and not all of the
dilution water mixes rapidly with the
effluent discharge, the result may be a
lengthy downstream plume (i.e.,
mixture of effluent and surface water)
with water quality characteristics that
exceed applicable chemical-specific or
toxicity criteria, are potentially lethal to
aquatic life, and may impair the
designated use. Such plumes are of
concern because:

(1) Chemical-specific criteria, ambient
toxicity criteria or other narrative
criteria may not be achieved in the
extended plume;

(2) Effluent plumes can extend far
downstream, causing impact beyond the
limited area of a mixing zone and
resulting in use impairment;

(3) There may be intakes for public
drinking water systems located
downstream, but within reach of an
extended plume;

(4) Effluent plumes may be located
along the shore in shallow waters that
are critical nursery areas for sensitive
species and which constitute important
or critical habitat, particularly in large,
channelized rivers;

(5) Aquatic life might be attracted to
the plume because of its temperature
differential or other characteristics;

(6) Threatened or endangered species
may reside within or near the plume
area, and

(7) Additional dischargers may be
located downstream and the cumulative
effects of all discharges may not be
adequately considered, particularly
regarding unintended overlapping
plumes.

EPA believes the rate of ambient
mixing and the complete versus
incomplete mix decision is a critical but
frequently overlooked component of
water quality-based permitting.
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Although a mixing zone analyses
requires site-specific information and
additional resources, EPA believes that
the approach currently followed by
some States and Tribes might be too
simplistic, might allow lethality within
areas of critical habitat or ecological
importance and may not fully protect
designated uses. EPA’s current thinking
is that the regulation should be made
more explicit as to the circumstances
under which mixing zones must be
supported by site-specific data and
analysis. EPA is considering the need
for specific requirements within the
regulation governing the development
and content of mixing zone analysis
procedures as part of State and Tribal
implementation procedures.

6. Narrative Criteria for Mixing Zones
Historically, States have relied on

narrative criteria as a means to provide
baseline protection for water quality, to
address toxicity from combinations of
pollutants or unknown pollutants
through whole effluent toxicity testing
and limits, and to control pollutants for
which there are no chemical-specific
criteria available. EPA has consistently
maintained that prevention of nuisance
conditions (e.g., materials that will
settle to form objectionable deposits,
floating debris, oil, scum, foam and
other matter, toxic conditions, etc.),
through the application of narrative
criteria, apply to all waters, at all times,
including mixing zones. Despite this
long-standing policy, EPA is unaware if,
in practice, States and Tribes have had
any difficulty ensuring the maintenance
of these narrative criteria within mixing
zones. EPA is interested in comment
which might identify any instances
where the application of narrative
criteria has created difficulties for States
and Tribes implementing these
provisions in mixing zones.

In addition, EPA has traditionally
interpreted these narrative ‘‘free froms’’
as including a prohibition against
lethality in all waters, including within
mixing zones. However, lethality is a
non-conservative endpoint for
measuring toxicity. Section 101(a)(3) of
the CWA establishes a goal of
prohibiting ‘‘the discharge of toxic
pollutants in toxic amounts’’ which
could be interpreted as applying to
chronic as well as acute toxicity. EPA
guidance on appropriate water quality
within mixing zones also recommends
that ‘‘the total time-toxicity exposure
history must not cause deleterious
effects in exposed populations of
important species, including post-
exposure effects’’ (EPA, 1973). EPA is
considering how such an interpretation
(i.e., applying chronic toxicity

endpoints to water quality within a
mixing zone) could be implemented in
the context of the application of
narrative criteria within a mixing zone.

Guidance developed by EPA in 1985
(TSD) established a rationale for
allowing zones-of-initial-dilution (ZIDs)
or acute mixing zones. That guidance
limited the use of ZIDs to extremely
small areas of the receiving water under
limited conditions and to discharges
using rapid diffusers which produce
effluent discharge velocities exceeding
10 feet per second. That guidance was
premised on the rationale that
organisms would be physically
precluded from maintaining a position
within the ZID, thus preventing lethal
exposures. Benthic and sessile
organisms were also protected where
ZID placement was controlled and
directed away from such critical areas
(e.g., near shore, shallows, etc.). In
addition, EPA reasoned, high rate
diffusers achieve compliance with both
acute and chronic criteria within a
smaller area, utilizing less receiving
water volume for dilution than other
discharge designs. Consequently, high
rate diffusers are believed to provide
greater protection of water quality by
their rapid dispersion of effluent within
a smaller volume of surface water.
Where acute criteria are not applied at
the end-of-pipe, current EPA guidance
provides for a number of alternative
means of protecting against lethality in
a mixing zone, even in situations that do
not rely on high rate diffusers.
Alternatives to requiring compliance
with acute criteria at the end-of-pipe or
employing a high-rate diffuser to ensure
compliance ‘‘within a very short
distance from the outfall’’ require a
significant amount of site-specific data.
Such site-specific data could be
requested of NPDES permit applicants.
It is EPA’s experience that the collection
of this kind of data does not occur on
a routine basis. EPA is interested in
public comment on the relationship
between ZIDs or acute mixing zones and
narrative criteria prohibitions against
lethality and States’ and Tribes’
experiences with the application of
acute mixing zones under varying site-
specific and discharge-specific
conditions. EPA is also interested in
comments on whether the water quality
benefits of using high rate diffusers
justify potentially detrimental effects on
stream bed or shore line habitat.

7. Mixing Zones for Bioaccumulative
Pollutants

States and Tribes should exercise
caution when evaluating whether a
mixing zone is appropriate in cases
where bioaccumulative pollutants are

present. The impacts of bioaccumulative
compounds may extend beyond the
boundaries of a given mixing zone with
resulting impairment of a water body’s
designated uses, particularly where
stationary species (e.g. shellfish) are
present, where uncertainties exist
regarding the assimilative capacity of a
water body or where bioaccumulation in
the food chain is known to be a
problem. Sediment contamination has
also become a major concern in both
flowing and non-flowing water bodies.
Concerns about sediment contamination
require additional attention since
typical mixing zone evaluations focus
only on water column toxicity. The
effects of persistent and
bioaccumulative pollutants may not be
detected for some distance from the
point of discharge, well outside the
mixing zone, or possibly not in the
water column at all. Some members of
the public have expressed concern
regarding the use of mixing zones in
situations where bioaccumulative
pollutants are present in a discharge and
have urged EPA to develop specific
regulatory requirements prohibiting the
use of mixing zones where these
pollutants are present.

Mixing zone policies are developed to
address complete and incomplete
mixing conditions associated with point
source discharges. These policies
identify whether mixing zones are
allowed and define how a State or Tribe
will limit the amount of surface water
allocated to mixing under a variety of
circumstances. These circumstances
include considerations specific to the
effluent and pollutants discharged (e.g.,
toxicity, solubility) and to the water
body receiving the waste (e.g., shallow,
flowing or non-flowing, high flow or
low flow, critical habitat). The potential
for bioaccumulation problems can
depend on a number of site-specific
factors and the use of mixing zones for
bioaccumulative pollutants may be best
dealt with on a site- or basin-specific
basis. EPA’s mixing zone guidance
emphasizes that the determination by a
State or Tribe that a mixing zone is
appropriate must be preceded by a
separate determination that there is
available assimilative capacity in the
receiving water. Localized water quality
concerns are to be balanced with the
larger scale issue of overall pollutant
loading to the entire water body or
segment. Perhaps concerns about the
fate and transport of bioaccumulative
pollutants are more effectively
addressed under total maximum daily
load (TMDL) development and
determinations of assimilative capacity
which incorporate information on water
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column, sediment and tissue
contamination. EPA is considering the
appropriateness of using mixing zones
when controlling for bioaccumulative
pollutants.

As discussed in more detail in Section
C of this Notice, EPA has recently
developed methodologies for deriving
sediment quality criteria for non-ionic
organics and metals and has proposed
sediment quality criteria for five
organics. In addition, EPA is working on
implementation procedures or a ‘‘user’s
guide’’ for these sediment criteria which
will address risk management decisions
such as the application of mixing zones.

The regulatory impact of special
restrictions on mixing zones for a
particular family of pollutants is largely
determined by how that family of
pollutants is defined within the
regulation. The issue of definition of
bioaccumulative pollutants is also
addressed in the discussion of water
quality criteria in Section C of this
notice.

In its Great Lakes Guidance, EPA
established a twelve year phase out of
mixing zones for existing discharges of
bioaccumulative chemicals of concern
(BCCs) in the Great Lakes Basin and a
ban on such mixing zones for new
discharges (effective March 1997). The
Great Lakes Guidance also allowed
States and Tribes to establish limited
exceptions to the mixing zone phase-out
for existing discharges based on water
conservation or economic and technical
considerations. The general prohibition
on mixing zones for BCCs was
established largely because of the
persistent and toxic nature of even
minute amounts of BCCs in the
environment; an effect amplified in the
Great Lakes by the tendency of the
Lakes to act as ‘‘sinks’’ for pollutants
discharged to the Great Lakes Basin. In
addition, there are documented
problems with effects of BCCs in Great
Lakes waters (e.g., contamination of
Great Lakes salmonid sport fisheries
with PCBs and Basin-wide mercury
contamination). The Great Lakes
Guidance provision phasing out mixing
zones for BCCs reflected the Agency’s
thinking that, in general, mixing zone
allowances for BCCs are not
appropriate.

On June 6, 1997, the United States
Court of Appeals for the District of
Columbia Circuit issued its decision in
American Iron and Steel Institute, et al.
v. EPA, 115 F.3d 979 (D.C. Cir. 1997).
The Court’s decision upheld the Great
Lakes Guidance on all but three issues.
One of these three issues was the phase
out of on mixing zones for BCCs.
Specifically, the Court vacated the final
Guidance insofar as it would eliminate

mixing zones for bioaccumulative
chemicals of concern (BCCs). While the
Court acknowledged the possibility of
environmental benefit of the mixing
zone provisions, the Court found that
EPA failed to show that the provisions
were justified in light of the costs. EPA
continues to support elimination of
mixing zones for BCCs within the Great
Lakes Basin wherever it is technically
and economically feasible to do so.
Thus, EPA intends to propose
reinstating this provision in the near
future.

8. Stream Design Flow Policies
States and Tribes typically identify,

within their water quality standards,
stream design flow conditions to
implement numeric water quality
criteria. The stream flow conditions are
typically expressed as predictable low
flow conditions below which numeric
water quality criteria do not apply.
Examples of commonly used stream
design flows include: the lowest seven
consecutive day average stream flow
that has the annual probability of
occurring once in ten years (7Q10); the
lowest single day stream flow that has
the annual probability of occurring once
in ten years (1Q10); and the harmonic
mean stream flow. The stream design
flows typically employed with aquatic
life criteria (i.e., 7Q10 and 1Q10),
sometimes referred to as critical low
flows or drought flows, are intended to
define stream flow conditions at and
above which the designated uses are
presumed to exist and applicable
numeric water quality criteria must be
met in order for those uses to be
attained. The underlying concept is that
these low flow events are a part of the
dynamic hydrologic character of all
flowing water bodies. Low flow
conditions present special challenges to
the integrity of the aquatic community.
Even under these low flow conditions,
however, the long-term beneficial use
could be maintained unless toxic
conditions stress the aquatic community
beyond its ability to tolerate and
recover.

In practice, stream design flows serve
several purposes in addition to defining
the minimum stream flows below which
numeric water quality criteria do not
apply. Many States and Tribes have
used the stream design flows, or
fractions thereof, to define the amount
of stream flow that can be assumed to
always be available to dilute effluent.
Under rapid and complete mixing
conditions, the entire stream design
flow is used as the basis for determining
permit limits. That is, no mixing zone
is necessary. Under slow or incomplete
mixing conditions, where a mixing zone

is necessary, fractions of stream design
flow are used to calculate assimilative
capacity on which permit limits can be
based; in other words, to crudely define
the mixing zone. Often this default
approach is used by regulatory agencies
in response to limited resources, lack of
site-specific information and the time
pressures of permit reissuance. This
default approach to defining the mixing
zone is, in EPA’s view, acceptable as
long as the mixing of the effluent in the
receiving water occurs away from
critical areas and the amount of dilution
provided is conservative for a broad
range of possible effluent/receiving
water dilution scenarios. However,
where a complete mixing assumption
does not hold true, such as where an
effluent plume does not disperse
quickly, and too much of the receiving
water is allocated for dilution, this
default assumption approach will not
ensure attainment of water quality
standards because numeric water
quality criteria will be exceeded in a
larger area than anticipated (outside the
regulatory mixing zone). The default use
of fractions of stream design flows
instead of more exacting mixing zone
determinations is not always
appropriate. In some instances, the
effluent plume may never fully mix
with the specified amount of receiving
water, resulting in plumes where
criteria are exceeded extending far
beyond what may be considered
protective of designated uses or allowed
under standards. EPA has recommended
that site-specific information on the
mixing characteristics of a discharge be
collected to verify the level of protection
assumed to be provided to a water body
using default mixing zone provisions.

EPA believes it is important for
individual States and Tribes to make
consistent dilution allowance decisions
from one site to the next. Requiring
States and Tribes, as part of their water
quality standards, to specify how
dilution allowances under complete and
incomplete mix situations will be
established may be an appropriate way
to ensure consistent decision-making.

To best define dilution allowances for
implementing water quality standards,
it is useful to define both stream design
flows and effluent design flows. In
particular, a distinction should be made
between the stream design flows to be
used for different ambient water quality
criteria (e.g., aquatic life acute, aquatic
life chronic, human health carcinogen).
In addition, effluent design flows may
vary in some cases based upon seasonal
changes or production cycles. Stream
design flows may be applied as a
maximum dilution allowance or
adjusted in individual cases based on
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any stream-specific or pollutant-specific
considerations. Stream design flows, if
they are used, must correspond to the
duration and frequency components of
the ambient water quality criteria
contained in the State or Tribal water
quality standards. Currently, States and
Tribes must justify the scientific validity
of their stream design flow policies
where they differ from EPA’s
recommendations. States and Tribes
may also establish specific guidelines
for restricting dilution allowances in
individual cases (e.g., States and Tribes
may adopt special restrictions on
dilution allowances for human health
criteria where a discharge is within 2
miles of a drinking water intake).

EPA’s Great Lakes Guidance and its
Technical Support Document for Water
Quality-Based Toxics Control identify
acute and chronic stream design flows
to be utilized in drafting permit limits.
The Guidance establishes a 7Q10 or 4-
day, 3-year biologically-based stream
design flow for implementation of the
aquatic life criterion continuous
concentration (chronic criteria); a 1Q10
for the implementation of the aquatic
life criterion maximum concentration
(acute criteria); harmonic mean flow for
implementation of human health
criteria; and a 90Q10 for the
implementation of wildlife criteria.

In cases where complete and rapid
mixing of effluent with receiving water
does not occur, site-specific mixing
determinations must be made. Although
the selection of fractions of stream
design flows for the assignment of
available dilution for point source
discharges does affect the size of the
regulatory mixing zone, such default
assignments are not hydrologically
linked to the actual behavior of the
effluent plume in the receiving water,
may not protect swimming and drifting
organisms or sessile or benthic
organisms and are not equivalent to a
mixing analysis. There may be other
instances where the reliance on a fixed
percentage of flow or cross-sectional
area of the receiving stream in lieu of an
actual mixing analysis may not reflect
the mixing behavior of an effluent. In
some high dilution situations, there may
be more rapid dilution occurring than is
assumed in dilution calculations.

If complete and instantaneous mixing
actually occurs, using less than 100% of
the design flow can be a means of
accounting for situations where the
actual assimilative capacity of the water
body is unknown. States and Tribes
typically determine water body
assimilative capacity based on ambient
background concentration of a
pollutant, when data on such
concentrations is available. The

assimilative capacity is the difference
between the background level of a
pollutant and the highest level that
would comply with the water quality
criterion. Where information on all
sources of a given contaminant to a
specific water body is incomplete, or
where the State or Tribe wishes to
reserve assimilative capacity for the
future, States and Tribes should allocate
less than 100% of the assimilative
capacity of that water body at design
flow by utilizing less than 100% of the
design flow for dilution. EPA is
interested in comment addressing the
use of these stream design flows or
fractions of stream design flows in
setting mixing zones and in reserving
assimilative capacity in a water body.

The Great Lakes Guidance allows
States and Tribes to use default
assumptions for available dilution in the
absence of site-specific mixing data. The
default dilution assumption for open
waters (e.g., lakes) provides for ten-to-
one dilution. The Guidance also allows
for a demonstration to determine actual
mixing zone water quality, size,
placement and behavior. Under the
Guidance, for open waters, in no case
can mixing zone size exceed that area in
which discharge-induced mixing
occurs. As a default, the Guidance
restricts the mixing zone for protection
of aquatic life from acute effects (i.e., the
dilution allowed in calculating limits
based on an acute aquatic life criterion
or CMC) to 2 parts receiving water to 1
part effluent, at water body design flow
or volume.

As a default for implementing criteria
for the protection of aquatic life from
chronic effects (CCC) in flowing waters
(e.g., rivers and streams), the Great
Lakes Guidance allows States and
Tribes to use up to 25% of the design
flow for dilution. If a site-specific
mixing analysis is performed, a larger
mixing zone may be established. Mixing
zones for acute aquatic life criteria in
flowing waters are limited to the final
acute value or FAV (2× the acute
criterion) just as in open waters. EPA is
interested in comment on whether this
FAV default ‘‘cap’’ approach is
appropriate for waters outside the Great
Lakes Basin.

As stated above, the Great Lakes
Guidance allows increases above the
default mixing zone allowances when
site-specific mixing zone analyses are
conducted. These demonstrations
compile data on the mixing behavior of
the effluent at a particular site (e.g., the
size, shape and location of the mixing
zone). The Guidance also required that
mixing zones maintain existing and
designated uses and comply with

narrative water quality criteria (e.g.,
‘‘free froms’’).

The Great Lakes Guidance also
specifies that mixing zones may not
jeopardize the existence of threatened or
endangered species or their critical
habitat.

EPA advocates the watershed
approach to water quality protection.
For the water quality standards
program, the emphasis has been toward
refinement of designated uses and
incorporation of new and emerging
sophisticated and integrated analytical
tools as a means to better characterize
the ecological condition of water
resources and more effectively protect
designated uses (see section I(A)
‘‘General Purpose and Vision’’ of this
document). The development and
implementation of mixing zone policies
by States and Tribes constitutes risk
management at the sub-watershed level.
EPA has consistently emphasized the
need to ensure that State and Tribal
mixing zone provisions protect the
designated uses of receiving waters.
Site-specific data collected through a
mixing zone analysis will ensure that
designated uses will be protected the
loss of ecological integrity from the
discharge of effluents will be prevented.
An emphasis on the protection of
designated uses and maintenance of
ecological integrity is essential to the
watershed approach. The watershed
approach requires increased site-
specific information on local aquatic
systems and an assessment of the
impact of all discharges to local
ecosystems. The watershed approach
also depends upon the meaningful
involvement of local communities in
risk management decision-making.
Explicit, clear implementation policies
provide the public with the information
necessary to understand decisions being
made by regulators and the impact of
those decisions on local resources.

Request for Comments on Mixing Zone
Policies and Implementation Procedures

EPA requests comment on the
following questions:

1. Should the regulation be changed
to expressly require States and Tribes to
include a statement in their water
quality standards indicating whether
mixing zones are allowed?

2. Should the regulation be changed
to expressly require States and Tribes to
specify procedures by which mixing
zone decisions for individual discharges
would be made?

3. Should the regulation be modified
to identify the minimum requirements
or elements for State and Tribal mixing
zone policies (including size, location,
and methodologies)?
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4. Consistent with current EPA policy,
should the regulation explicitly require
narrative criteria to apply in mixing
zones?

5. Should the regulation require States
and Tribes to identify in their mixing
zone provisions what minimum water
quality conditions are required within
mixing zones?

6. Are there any circumstances, types
of pollutants or water body types (e.g.,
wet weather discharges) where mixing
zones should be restricted or
prohibited?

7. Should mixing zones for
bioaccumulative pollutants be
prohibited? If so, under what
circumstances? Should such
prohibitions be addressed on a water
body- or basin-specific basis? Should
EPA allow exceptions to any such
prohibitions?

8. Should the regulation require States
and Tribes to specify procedures and
decision criteria for evaluating complete
and incomplete mixing?

9. Should the regulation require
different mixing zone/dilution
procedures for complete and
incompletely mixed situations?

10. Should an assumption of rapid
and complete mixing within State and
Tribal implementation procedures be
prohibited except where a defensible
technical rationale is included in each
site-specific determination?

11. Should the regulation explicitly
allow the use of default mixing zone
assumptions based on fractions of
stream design flow in the absence of
site-specific data?

12. Should the regulation be clarified,
consistent with current EPA policy, to
require States and Tribes to identify the
water body design flows or volumes
upon which their water quality
standards are based?

F. Wetlands as Waters of the United
States

The current water quality standards
regulation contains no definition of
‘‘waters of the United States,’’ although
this term is used in the definition of
‘‘water quality standards.’’ The phrase
‘‘waters of the United States’’ has been
defined elsewhere in Federal
regulations, including regulations
governing the National Pollutant
Discharge Elimination System (NPDES).
That definition at 40 CFR 122.2 includes
wetlands whose use, degradation or
destruction could affect interstate
commerce and wetlands adjacent to
other waters of the U.S. However,
because this definition does not appear
in 40 CFR 131, some have questioned
whether Part 131 applies to wetlands.
EPA’s position is that the Part 131

regulations do apply to wetlands. EPA
is considering including the definition
for ‘‘waters of the United States’’ under
the standards regulation as well, or, at
a minimum, cross-referencing the
definition at 40 CFR 122.2 as a means
of clarifying that the existing regulation
applies to wetlands that fall within the
definition of waters of the United States.
Currently, EPA plans no review or
revision of the existing definition of
‘‘waters of the United States’’ as part of
any revision of the water quality
standards regulation. Therefore, under
the ANPRM, EPA is interested in
comment limited to whether the
existing definition should be included
within the standards regulation in some
form.

EPA believes that some States or
Tribes may not be providing the same
protection to wetlands that they provide
to other surface waters, including
designation of attainable uses consistent
with the CWA and assignment of
protective water quality criteria.
Therefore, EPA wishes to emphasize
that wetlands require the same
protection under water quality
standards as other waters of the U.S.
Section 303 of the CWA requires the
protection of all ‘‘waters of the U.S.’’
under standards. Addition of the
definition of ‘‘waters of the U.S.’’ under
a revision of the regulations would not
constitute an expansion of authority or
application, but merely a clarification of
those requirements already contained
within the CWA. Treatment of
jurisdictional issues would not be
affected by such a revision, including
treatment of waters constructed as waste
treatment systems (e.g., wetlands
constructed for wastewater treatment).
Notwithstanding protection of wetlands
under other provisions of the CWA (e.g.,
Section 404), Section 303 clearly
establishes a baseline level of protection
applicable to all waters. Further, it is
this treatment under water quality
standards which provides for protection
of wetlands as applied under Section
404.

Necessary components of water
quality standards for wetlands are
designated uses and criteria, as defined
in 40 CFR 131.6. EPA recognizes that
uses and criteria should reflect the
unique physical, chemical and
biological characteristics of wetlands.
States and Tribes are encouraged to
develop and adopt appropriate
classification systems which provide
protection of beneficial uses of wetlands
through the application of physical,
chemical and biological criteria. EPA
also recognizes that certain parameters,
conditions or even pollutants may be
most appropriately addressed by criteria

which specifically reflect differences
between wetlands and other surface
waters.

Request for Comments on Wetlands

EPA requests public comment on the
following questions:

1. Should ‘‘waters of the United
States’’ be defined in the water quality
standards regulation?

2. Should EPA provide explicit
reference in the regulation to the
applicability of water quality standards
to wetlands?

3. Do the current regulation and
existing guidance provide the necessary
regulatory clarity, technical tools, and
incentives for States and Tribes to
develop appropriate standards for
wetlands?

4. Are specific programmatic changes
needed to facilitate the development of
water quality standards for wetlands?

G. Independent Application Policy

1. Introduction

Section 101(a) of the Clean Water Act
states: ‘‘The objective of this Act is to
restore and maintain the chemical,
physical, and biological integrity of the
Nation’s waters.’’ To this end, States
and Tribes designate single or multiple
uses for their waters including aquatic
life protection. For the purposes of
assessing the extent to which aquatic
life is protected and whether actions to
protect aquatic life are needed, the CWA
requires that States and Tribes adopt
water quality criteria necessary to
support designated uses. For waters
where aquatic life protection is an
applicable designated use, the extension
of the CWA requires States and Tribes
to adopt criteria protective of aquatic
life. Taken together, chemical, physical,
and biological integrity define the
overall ecological integrity of an aquatic
ecosystem. Over the years, EPA, States
and Tribes have developed various tools
to assess the extent to which water
quality attains this objective. These
tools have been developed to build on
and support the capabilities of each
other and provide a comprehensive set
of elements necessary for implementing
water quality standards and achieving
the objective of the CWA. EPA policy
and guidance recommends that States
and Tribes use chemical-specific,
toxicity, and biological criteria to
monitor and protect designated uses. In
1991, EPA established its policy on
independent application (U.S. EPA,
transmittal memorandum of final policy
on biological assessment and criteria
from Tudor Davies to Regions, June 19,
1991). EPA’s independent application
policy speaks to how assessments based
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on these three kinds of criteria are to be
integrated into all forms of water quality
management decision-making. EPA’s
independent application policy and the
ensuing discussion here address the
issue of how the three different kinds of
assessments are interpreted only in the
context of protection of aquatic life and
aquatic life uses and not in the context
of protection of human health or
wildlife.

With the advent of different ways of
assessing the health of aquatic systems
comes the possibility of conflicting
results. To address such conflicts, EPA
developed the policy of independent
application. Independent application
states that where different types of
monitoring data are available for
assessment of whether a water body is
attaining aquatic life uses or for
identifying the potential of pollution
sources to cause or contribute to non
attainment of aquatic life uses, any one
assessment is sufficient to identify an
existing or potential impact/
impairment, and no one assessment can
be used to override a finding of existing
or potential impact or impairment based
on another assessment. The
independent application policy takes
into account that each assessment
provides unique insights into the
integrity and health of an aquatic
system. In addition, each assessment
approach has differing strengths and
limitations, and assesses different
stressors and their effects, or potential
effects, on aquatic systems. For
example, while biological assessments
can provide information in determining
the cumulative effect of past or current
impacts from multiple stressors, these
assessments may be limited in their
ability to predict, and therefore prevent,
impacts. While chemical-specific
assessments are useful to evaluate and
predict ecosystem impacts from single
pollutants, chemical-specific methods
are unable to assess the combined
interactions of pollutants (e.g.,
additivity). Similar to biological
assessments, toxicity testing provides a
means of evaluating the aggregate toxic
effects of pollutants, and like chemical
assessments, can also be used when
testing effluent to predict single
chemical impacts. One of the limitations
of toxicity testing, however, is that the
identification of pollutants causing
toxicity is not always possible or cost-
effective. Each of these three assessment
approaches relies on different kinds of
water quality data, measures different
endpoints and, in practice, will be
interpreted in the context of
implementing a water quality
management program that includes

assessment and pollution control. EPA’s
policy on independent application is
based on the premise that any valid,
representative data indicating an actual
or projected water quality impairment
must not be ignored when determining
the appropriate action to be taken.
Independent application recognizes the
strengths and limitations of all three
assessment approaches.

The next three sections briefly
describe three assessment approaches
(biological, toxicological and chemical)
one could likely be evaluating when
using independent application. Those
three sections are then followed by two
parallel discussions on different uses of
water quality data. One use relates to
the NPDES permits program to
determine whether a permit must
contain water quality-based chemical or
toxicity limits, and what those numeric
limits should be. The other relates to the
use of such data to evaluate the quality,
or condition, of waters under the CWA
section 305(b) and 303(d) programs. At
the core of both of these contexts is the
question ‘‘are the present applicable
water quality criteria complete and
appropriate for the water body, and how
are we to measure attainment of the
present or future criteria that apply to
any water body in question?’’ Thus, in
its most basic sense, independent
application remains a water quality
standards question. Any changes to or
clarifications of the policy on
independent application must therefore
be considered first under the rubric of
water quality standards and then in the
separate contexts of permitting and
water quality evaluation which are
based on water quality standards.

States and Tribes routinely determine
whether water bodies are attaining their
designated uses and whether existing
pollution controls adequately protect
those uses. Some States and Tribes have
recommended to EPA that it modify the
independent application policy.
Currently, EPA’s policy of independent
application is the same for both NPDES
permitting and water quality assessment
programs. However, EPA recognizes that
each of the programs has somewhat
different data needs and attributes.
Therefore, today’s notice separates the
two distinct uses of independent
application to better focus the
discussion.

a. Biological Assessments. Biological
assessments are based on quantifying
differences between expected biological
community attributes such as structure,
function and condition (known as a
reference condition) and the biological
community attributes found at a specific
site being evaluated. The extent to
which the community at the site

deviates from the reference conditions is
indicative of the degree of impairment
at the specific site. The strength of
biological assessments is their ability to
provide a direct measure of the health
of aquatic ecosystems. Biological
assessments are also able to detect non-
chemical impacts (e.g., habitat loss,
sedimentation, temperature effects) in
addition to chemical toxicity problems.

States and Tribes that use biological
assessments, use them primarily to
evaluate the ecological condition of
water bodies and to determine whether
a water body is healthy, threatened, or
impaired (i.e., aquatic life use
attainment decisions). In some
instances, States and Tribes have used
biological assessments to establish
monitoring requirements in an NPDES
permit, but generally, most use
bioassessments to make non-regulatory,
general, water resource management
decisions. Data from a biological
assessment can be compared to a
gradient that shows the reference
(expected) conditions without
impairment on one end and the worst
situation on the other. States and Tribes
generally use the results to determine
whether additional measures are needed
to protect the water segment, or
determine how close to attainment an
impaired system is. Biological
assessments can also play a role in
linking impairment to causative agents.
This link is often not definitive, but can
be very useful in helping to identify the
causes and sources of many
impairments. Some States and Tribes
have used indicator species or groups to
distinguish effects of toxicity from
effects of organic enrichment. For
example, one State documented that a
midgefly larvae is found to be
predominant in areas contaminated by
electroplating or metal wastes. Although
biological assessments cannot be used to
predict conditions in a mathematical
modeling sense, over time they can be
used to indicate the direction of change,
and the degree of that change, in the
condition at a particular site. This
information, where it is based on
enough data using relatively sensitive
appropriate metrics, can be very
valuable in deciding whether the
current condition is likely to be
maintained under similar conditions in
the future, or whether there are early
warning signs of biological impacts
giving reason to believe that additional
regulatory actions may be needed to
prevent water quality standards
impairment. Regulatory actions that are
a response to measured change in
biological condition will tend to be
restorative more than preventative (i.e.,
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once biological impact is measured, by
definition, that impact was not
prevented). Although, slight changes
that are not sufficient to render a water
in non-attainment of its aquatic life use,
can provide early warning of potentially
more significant future changes. In
contrast, as noted above, regulatory
actions based on impairment predicted,
for example via a chemical-specific
modeling analysis, tend to be
preventative. To the extent that
conditions in a water body do change
(e.g., flow), biological assessments do
not reveal potential future impacts
under other exposure conditions (e.g.,
low-flow conditions). Programmatically,
there are concerns regarding quality
assurance and quality control for
various biological assessment
techniques since they have yet to be
promulgated, or standardized, in any
EPA programs. This is mainly due to the
site-specific nature of biological
assessments. Implementation of
biological criteria is also discussed in
section (B) of this notice.

b. Toxicological Assessments.
Toxicological assessments are
conducted by exposing aquatic
organisms to effluent or ambient water
samples or sediment samples in a
laboratory and determining the effects
on the exposed organisms. Because
toxicity assessments evaluate the overall
effects of the entire suite of constituents
in a sample, they are ideal for
identifying interactions between
chemicals that can alter the expected
effects of individual chemicals on
exposed organisms. Toxicity
assessments also capture the toxic
effects of chemical compounds not
commonly monitored for or for which
chemical-specific criteria are lacking. In
addition, because it can be manipulated
in the laboratory, toxicity testing can
predict the likelihood of ecological
impacts before they occur. This allows
safeguards to be put into place before an
actual ecological impact occurs.

Toxicity assessments are usually
limited by the variety of species that can
be cultured in the laboratory. While
numerous test species can be used to
evaluate the toxicity of individual
samples, typically only two or three
species are used for such tests. By
comparison, eight different families are
required to develop chemical-specific
criteria. For some toxicants, the broader
sensitivity range provided by testing
eight different families is particularly
important, for example, where the mode
of toxicity action is specific (e.g.,
pesticides). Identifying the cause of
toxicity can, in some situations, be a
difficult, expensive, and lengthy
process. Another consideration is that

toxicity testing does not detect habitat
perturbations which can greatly limit a
water resources aquatic life use. Finally,
toxicity assessments are only valid for
as long as all the sample testing
conditions remain the same. Ambient
conditions affecting toxicity may change
over time necessitating additional
testing.

c. Chemical Assessments. Chemical
assessments measure individual
chemical constituents (e.g., copper,
lead) or chemical conditions (e.g., pH,
temperature, hardness, organic content)
in a medium. Chemical assessments
may be performed on effluent or
ambient water samples or sediment
samples. Chemical analyses are usually
simpler to conduct and generally less
expensive than toxicity assessments or
bioassessments, particularly if there are
only a few chemicals of concern, but the
information from these tests may
provide limited insight into the
ecological condition of the water body.
If information is available on pollutant
persistence and degradation, modeling
can be used to predict pollutant fate and
transport under a variety of exposure
scenarios. Further, chemical-specific
assessments are ideal for predicting the
likelihood of ecological impacts where
they may not yet have occurred either
because a proposed activity affecting
water quality has not been implemented
or critical exposure conditions have not
yet been experienced by the aquatic
community. For these reasons,
regulatory actions based on chemical-
specific assessment can be preventative
as well as restorative.

Basing regulatory and management
decisions on chemical assessment of
water quality is an important and
proven aspect of water quality
assessment and protection. However, as
an indirect measure of aquatic health,
one of the principal limitations to
chemical assessments is dependence
upon chemical-specific benchmarks
(such as chemical water quality criteria)
for determining whether water quality is
suitable or unsuitable for attaining and
maintaining aquatic life uses. As noted
elsewhere in this notice, stressors other
than specific chemicals in a water body
are often a significant or even
predominant cause of nonattainment of
aquatic life uses. EPA’s current thinking
is that complete reliance on chemical-
specific assessments of water quality is
too narrow of a focus and fails to
provide information on other important
ecosystem stressors. In addition, as
noted elsewhere in this notice, there are
currently water quality criteria for the
protection of aquatic life for 31
chemicals. There are tens of thousands
of chemicals discharged into surface

waters. (Note, however, that the
chemicals for which there are criteria
tend to be the most frequently
discharged). Thus there is the added
problem of too few criteria and too
many chemicals, making it
inappropriate to rely exclusively on the
chemical-specific approach. Another
substantial limitation of chemical-
specific benchmarks is that for a given
site, the benchmarks that are used, may
not be the best that are available to
reflect the level of protection applicable
at the site. For example, site-specific
aquatic life criteria are generally
different (higher or lower) than the
national recommendations for the same
chemical. And yet absent site-specific
criteria, the national recommendations
are often used.

2. Independent Application and Water
Quality Assessments

a. Independent Application. States
and Tribes often collect or have access
to monitoring data that measure the
concentration of specific chemicals in
an effluent or water body, the level of
toxicity present in ambient water or
discharges to a water body and/or the
biological community composition
within a water body. These data are
then interpreted by comparing them to
reference conditions or criteria to
determine whether or not aquatic life
uses are attained. EPA’s 1991 policy on
independent application was explicit
about the use of independent
application in water quality programs:
‘‘This policy, therefore, states that
appropriate action should be taken
when any one of the three types of
assessment determines that the standard
is not attained. States and Tribes are
encouraged to implement and integrate
all three approaches into their water
quality programs and apply them in
combination or independently as site-
specific conditions and assessment
objectives dictate.’’ In implementing
this policy, EPA recommends that data
from the three assessment approaches
be applied independently in water
quality programs since each method
provides unique and distinct
information on the characteristics of the
water body. In other words, EPA
recommends that differences in
assessment results be resolved in one of
two ways: either presume an adverse
impact when any one source of data
indicates an adverse impact, or
reevaluate the complete data set and
modify the applicable criteria to account
for the new site-specific information.
Given EPA’s mission to protect the
environment and absent definitive data
to demonstrate that an assessment is in
error or otherwise biased, EPA presumes
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where an assessment indicates
impairment, that assessment is valid.

In the context of applying the
independent application policy to the
assessment of water bodies, there are
two distinct CWA provisions to
consider: (1) section 305(b), which
requires States and Tribes to report to
EPA and EPA to report to Congress a
description of the quality of the Nation’s
waters; and (2) section 303(d), which
relates to identification of waters where
technology-based limitations and other
required controls are not stringent
enough to ensure that applicable water
quality standards will be attained and
maintained. With respect to the section
305(b) Report, the CWA broadly calls for
States and Tribes to assess water quality
conditions in a biennial report. EPA
transmits these reports to Congress,
together with an analysis of the reports
describing water quality conditions.
Because these are water quality
assessment reports that States and
Tribes submit to EPA, and not specific
regulatory decisions, there may be
sufficient flexibility in the interpretation
of data to allow a more integrated
approach to evaluating limitations and
inconsistencies in the interpretation of
data produced under various
approaches. For example, direct
assessments of the condition of the
waters (e.g., biological assessment)
could be weighted more heavily than
indirect measurements (e.g., chemical
and toxicity).

With respect to section 303(d), the
CWA and EPA’s implementing
regulations require States and Tribes to
identify those waters for which
technology-based limitations and other
required controls are not stringent
enough to achieve water quality
standards applicable to such waters. See
303(d)(1)(A), 40 CFR 130.7(b)(1). When
identifying waters pursuant to 303(d),
the methods used to determine non-
attainment of standards for water
quality reporting under 305(b) should
also be used. However, water bodies are
eliminated from 303(d) list
consideration if technology-based
controls or other required Federal, State,
Tribal or local requirements will result
in the attainment of applicable water
quality standards. TMDLS developed to
secure restoration of designated uses are
largely dependent upon chemical
criteria and assessment to define
acceptable pollutant loadings.

The question arises as to whether
States and Tribes have the flexibility to
exclude a water body from 305(b)
reports and 303(d), i.e., conclude that
the designated use was protected, even
in the face of data indicating one or
more excursions of the applicable

chemical-specific water quality criteria.
EPA would like to consider possible
mechanisms under the existing CWA
and the legal theories supporting them
to address these questions.

As with determining the need for
regulatory controls (permit limits),
similar data evaluation issues face
States, Tribes and EPA in performing
water body assessments for purposes of
sections 303(d) and 305(b) of the CWA.
With respect to such assessments, EPA’s
goals for States and Tribes are twofold:
(1) to encourage the use of chemical,
toxicological, physical and biological
data in making water body assessments;
and, (2) to ensure that the data are
interpreted and reported in a consistent
and scientifically defensible manner so
that documents such as the 305(b)
report to Congress provide valid and
useful information on the status of the
Nation’s waters as a whole, irrespective
of State or Tribal boundaries.

EPA recognizes that there may be
instances where these goals appear to be
in conflict. It is possible that as States
and Tribes implement biological
assessment programs, they may identify
new areas of impact that were
previously undetected using other
assessment techniques and that this may
lead to a reluctance on the part of States
and Tribes to develop the expertise
necessary to conduct biological
assessments. Although this tendency is
contrary to the goals and objectives of
the CWA, the fact is that addressing new
and previously unaddressed threats to
surface water quality places additional
strain on already limited State and
Tribal resources. Some also feel that
adherence to a strict independent
application policy for assessment
purposes discourages the use of more
data than minimally needed to make an
aquatic life use assessment. In most
cases, the minimal amount of data
would be a chemical grab sample for a
few water quality characteristics such as
temperature, pH, BOD, or dissolved
oxygen. Collecting minimal data for
assessment reporting is much easier and
less resource intensive for States and
Tribes that are required to increase their
reporting coverage, and these States and
Tribes would not have to deal with
differing interpretation of assessment
results.

However, EPA believes that
placement of waters on section 303(d)
and section 305(b) lists should be based
on broad thorough assessment data, not
on limited and narrow data. The former
will help ensure that targeted water
quality controls and management
actions are appropriate and will result
in water quality standards attainment;
the latter can result in significant

outlays of State and Tribal resources
targeted on waters where water quality
problems are not well understood. EPA
is considering how best to obtain
accurate, high-quality assessment data
and how to reconcile differences
between assessments conducted using
different techniques in a manner that
fosters consistency and remains
scientifically defensible.

b. Alternatives to Independent
Application.

There is considerable sentiment
among various stakeholder groups that
there is a need to better incorporate
more comprehensive data, particularly
biological data, into the water quality
assessment framework described above
and that doing so will facilitate
collection and use of more integrated
and insightful water quality data. EPA
shares this view. Some have used the
term ‘‘weight-of-evidence’’ to describe
an alternative to the present EPA policy
of independent application that could
facilitate integration of chemical,
physical, toxicological and biological
data into the assessment program.
However, EPA recognizes that
individuals’ views about the meaning of
the term ‘‘weight of evidence’’ vary
considerably and this variation should
be addressed. The term ‘‘weight-of-
evidence’’ has been interpreted by some
to mean that one approach to
assessment, e.g., biological, could
routinely be used to override
conclusions drawn using another
assessment technique, e.g., chemical.
EPA believes that approach is
hierarchical, not a weight-of-evidence
approach. EPA’s position is that each
approach, chemical, toxicological,
physical and biological has inherent
strengths and limitations and that all
valid water quality assessment data
generated under any of these
approaches should be used in assessing
the health of aquatic ecosystems, in
ways that adequately take into account
the strengths and limitations of each
approach.

EPA’s current thinking is that as
forms of water quality assessment data
have become broader (chemical,
physical, biological and toxicological),
and as the amount of such data
increases, the water quality standards
and assessment programs need to
facilitate continued collection and use
of such data, and that doing so will lead
to more thorough water quality
assessments, more insightful water
quality criteria, and better descriptions
of aquatic life designated uses. EPA
would not support an approach that
could lead to collecting fewer and
narrower water quality data by States,
Tribes and dischargers. On the contrary,
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EPA’s current thinking is that to employ
a weight-of-evidence approach, a State
or Tribe (or EPA) would need to have
a comprehensive set of water quality
data to evaluate the chemical, physical,
toxicological and biological conditions
in a water and to conduct ecological
impact assessment to determine the
precise causes of impacts (chemical,
physical, biological, and toxicological)
and how best to address them. EPA’s
current thinking is that the most
appropriate context for using a weight-
of-evidence approach would be in
establishing criteria. In addition, as
discussed below, EPA is interested in
evaluating the use of a weight-of-
evidence approach for assessment and
reporting under section 305(b) of the
CWA. However, once the criteria are
established for a water body, the
assessment for purposes of listing under
section 303(d) of the CWA and
permitting under NPDES, must be based
on all applicable water quality criteria.

EPA’s 305(b) reporting guidelines
interpret the independent application
policy to apply to aquatic life use
assessments for State 305(b) reports, not
just to permitting for protecting waters
due to reasonable potential to violate
water quality standards. This policy
helps protect against dismissing
valuable information when evaluating
aquatic life use attainment, particularly
in detecting impairment. This approach
is most protective when there is limited
data available and when there is no
documentation on the rigor of the
assessment. EPA is concerned that lack
of information can provide false
confidence about the health of the
nation’s water bodies. However, EPA is
now developing a comprehensive
approach for conducting aquatic life use
assessments which integrates chemical,
toxicological, physical and biological
data, and includes consideration of the
strengths and limitations of the
assessment methods and the data. This
shift toward more integrated
assessments is reflected in EPA’s most
recent guidance to the States and Tribes
on conducting 305(b) assessments,
particularly in determining
nonattainment (EPA’s Guidelines for
Preparation of the 1996 State Water
Quality Assessments (305(b)) reports,
EPA 841 B–95–001) and is the primary
focus of the Office of Water’s Criteria
and Standards program Plan. The 1996
305(b) guidelines are consistent with the
Policy on Independent Application
while incorporating a weight-of-
evidence approach in determining the
degree of impairment (partial or
nonsupport). The 1996 guidelines do
not allow for a finding of full support,

or attainment, of aquatic life use when
there are differences in assessment
results. Under certain circumstances,
however, the guidelines allow for the
possibility of a finding of partial
support, even where results of different
assessments are not fully consistent.
Generally, in assessing severity of
impairment, assessments based on data
with high levels of information, or rigor,
should be weighted more heavily than
those based on data with low levels of
information, and, rigorous biological
data should be weighted more heavily
than other data types. EPA recommends
that the results of biological
assessments, especially those with high
levels of information, be the basis for
the overall aquatic life use support
(ALUS) determination if the data
indicate impairment. This is because
rigorous biological data provide a direct
measure of the status of the aquatic
biota and detect the cumulative impact
of multiple stressors on the aquatic
community, including new or
previously undetected stressors.

Determining the level of information
or rigor for each assessment is a critical
component of the 305(b) guidelines on
making an ALUS determination. The
levels of information allow
characterization of the quality and the
temporal and spatial coverage of the
data States and Tribes utilize to conduct
their use assessments. Levels of
information are identified for
assessments based on biological,
physical, chemical and toxicological
data. For example, measures of the
condition of the aquatic community
using indices incorporating multiple
assemblages of aquatic organisms based
on a regional reference approach would
rate higher than a measure of a single
organism or single metric or annual
fixed station monitoring for chemical
contaminants. Likewise, three years of
bi-monthly fixed station monitoring for
chemical contaminants would rate
higher than annual fixed station
monitoring for the same chemicals or a
biological measure of a single organism
or metric. Understanding the breadth
and robustness of the assessment
methods used in evaluating whether a
water body is attaining its designated
aquatic life use is important information
for EPA, the States, and the public.

In the future, EPA will be evaluating
possible scenarios where a finding of
full support could be justified despite
differences in assessment results. For
example, a finding of full support based
on rigorous biological data may be
justified despite differences with
chemical specific assessment results
depending on the magnitude and
frequency of the chemical exceedances

and the applicability of the chemical
benchmark to the site. It will be
important for EPA to carefully evaluate
such potential scenarios and to define
the adequate data requirements and
level of rigor necessary to support a
determination of full support despite
differences in assessment results.
Equally important, EPA will need to
carefully consider the ramifications of
such determinations on other parts of its
water program.

Another permutation of the weight-of-
evidence approach to aquatic life use
assessment is to establish a hierarchy in
which the results of one method could
always override the other methods
should there be difference in assessment
results. Most frequently, it has been
argued that biological assessments could
always override chemical assessments
in determining whether the designated
aquatic life uses are being attained.
Some prefer this approach because a
rigorous biological assessment provides
a direct measure of existing ecosystem
health and have expressed concern that
the policy of independent application
oversimplifies the relationship among
different data sets used to assess current
water quality conditions. Proponents of
this approach contend that biological
assessment is an integrated assessment
that incorporates the information that
would be provided through either
chemical or toxicological assessments
into a single, comprehensive measure of
aquatic ecosystem health. Some
advocate the acceptance of rigorous
biological data as the ultimate arbiter of
aquatic life use attainment. They also
suggest that, at least with respect to
current aquatic life condition
assessments, chemical, toxicological,
and biological assessments are not
independent; each measures the same
assessment endpoint, but from different
stressors. These proponents say that
biological assessment is the only
assessment approach available to
integrate and reflect current effects from
chemical, toxicological, physical, and
nonpoint source stressors. Because of
this they suggest that rigorous data
based on biological assessments and
criteria should automatically supersede
data from other sources when
determining aquatic life use attainment.
Some contend that if biological data
demonstrate that biological criteria are
attained, then the water body is
attaining its designated use, even if
other monitoring data such as
toxicological or chemical data
demonstrate an excursion, or potential
for an excursion, above a water quality
criterion.

Some also contend that rigorous
biological assessments should be used
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to supersede assessments based on
predicted impacts such as water quality
modeling and wasteload allocations in
decision making for aquatic life use
assessments. One concern with this
perspective is that non-rigorous
biological assessments could be used in
such situations, though EPA has 305(b)
reporting guidance which suggest
minimum quality of biological
assessments that could also be used for
these situations. In this guidance, EPA
recommends using more than one
assemblage (fish and/or macro
invertebrates/and or algae), several
index values or metrics (multiple
metrics), an index period for sampling,
and ecoregional or other biogeographic
regional calibration.

EPA agrees that rigorous biological
assessment based on adequate site-
specific data is a direct assessment of
aquatic ecosystem health, unlike
chemical and toxicity assessments.
However, biological assessments are less
well suited for use in preventing water
quality impacts and will only reflect
impacts once they have occurred.
Though this may be less of a concern in
waters with a relatively constant level of
discharge where there has been ongoing
biological assessment. A second
objective of water quality assessment
under the CWA, beyond assessing when
the aquatic life use is impaired, is
assessing when stressors, if left
unchecked, will cause impairment. As
discussed above, the chemical-specific
approach is especially strong for use in
identifying and predicting impacts
before they happen.

EPA is concerned that the use of a
hierarchical approach may ignore or
undermine valuable information,
whether that information is biological,
physical, chemical, or toxicological, and
not trigger the appropriate action to
address the inconsistency (e.g.,
evaluation of existing criteria and
development of site-specific criteria).
Therefore, EPA does not support such
an approach. EPA has a number of
concerns with any approach wherein
data from certain assessment techniques
may be automatically superseded by
those from others. A primary concern is
the failure of such a system to make use
of all valuable information. In all cases,
criteria, whether chemical-specific,
toxicological, physical or biological, are
derived with the intent of identifying a
threshold beyond which unacceptable
impacts to aquatic ecosystems are
expected to occur. In most cases, it is
expected that when different assessment
techniques (i.e., chemical and
biological) are used for determining
attainment of aquatic life uses, the
techniques will yield similar results if

all are done rigorously. In addition, it is
expected to be rare for chemical
assessments to indicate nonattainment
where biological assessment indicate
attainment; analyses conducted by the
State of Ohio confirm this. (See Yoder,
C., ‘‘Answering Some Concerns about
Biological Criteria Based on Experiences
in Ohio.’’). However, it is also expected
that in certain cases, different
assessment techniques will result in
different determinations of aquatic life
use attainment due to the fact that each
technique evaluates aquatic life use
attainment differently, and some take
into account safety factors for ensuring
future attainment while others focus on
the current status of the condition.
When different assessment techniques
that are intended to measure similar
environmental endpoints and yield
comparable results fail to do so, it may
be an indication that assumptions
underlying the criteria are not valid for
a particular site, or that the data were
not rigorous.

While in some cases it may be
appropriate to weigh one set of data
more heavily than another in making a
use attainment determination, in others
it may be preferable to take advantage of
such circumstances as opportunities to
validate and cross-check criteria,
making adjustments as indicated by the
data. This could result, for example, in
an adjustment to a specific chemical
criterion in a particular water if rigorous
biological assessment indicated that
such an adjustment is appropriate. Such
information is also useful to EPA in
improving national criteria development
methodologies.

Lack of comparability in assessments
is also a concern for either a weight-of-
evidence or a hierarchical approach to
aquatic life use assessments. Therefore,
it is important that there be a common
understanding between States, Tribes
and EPA as to how conflicts in data
interpretation will be resolved in
evaluating and reporting water quality.
Developing comparable methods to
handle data conflicts will make
comparisons between States and Tribes
more useful, such as in 305(b) reports.
Without a consistent approach to
resolving data conflicts, assessments of
water quality data at the national level
becomes problematic. EPA’s policy of
independent application is one way of
providing a consistent and defensible
framework for data evaluation in order
to minimize this problem.

Request for Comments on integration of
data in water quality assessments

EPA is interested in comment on how
chemical, physical, toxicological, and
biological assessments can be effectively

incorporated and implemented in State
and Tribal water quality standards
programs to achieve the goals of the
CWA.

EPA requests comments on the
following questions:

1. How can conflicting interpretations
of water quality assessment data be
reconciled in a scientifically defensible
manner? Should each kind of water
quality information stand alone as a
scientific measure of current water
quality conditions and ecosystem
health? Alternatively, are there
situations where one type of data should
be given more weight than another in
determining use attainment?

2. How should States and Tribes
evaluate water quality information
generated using chemical, toxicological,
physical, and biological methods when
determining use attainment status?

3. When interpretation of water
quality data indicate inconsistent
results, what factors (i.e., data richness),
if any, should EPA consider relevant to
determining ‘‘appropriate actions’’?

4. Should EPA explicitly address in
the water quality standards regulation
the evaluation assessments using
chemical, toxicological, physical and
biological assessment methods?

5. Should an approach be instituted
where independent application may be
relaxed for water quality assessment
strategies and decisions when a State or
Tribe has established a comprehensive
monitoring and assessment program
including biological monitoring and
assessment? What guidelines should be
used to evaluate a State or Tribal
biological monitoring and assessment
program?

6. How should the policy of
independent application address the
distinction between situations where
adequate rigorous data are available for
each assessment technique and
situations where available data for one
or more of the assessment techniques
are limited in quantity or quality?
Specifically, should the policy be
modified to more explicitly encourage
or require, where feasible, additional
monitoring, particularly where limited
data are to be used as a basis for
regulatory action?

3. Independent Application and NPDES
Permitting

a. Independent Application. Clean
Water Act section 101(a) states that
‘‘[t]he objective of this Act is to restore
and maintain the chemical, physical,
and biological integrity of the Nation’s
waters.’’ In the context of implementing
water quality-based pollution controls
under the NPDES program, EPA has
maintained that independent
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application of all forms of water quality
assessment data (i.e., chemical,
physical, toxicological and biological) is
clearly consistent with this objective. In
addition to restoring impaired surface
waters, water quality-based pollution
controls are often implemented to
prevent water quality standards
impairment that projections indicate
will occur in the absence of the water
quality-based controls. Thus, predictive
assessment tools are necessary and have
proven effective in the NPDES water
quality-based program.

An important question in NPDES
permitting that EPA’s policy of
independent application was
specifically developed to address is:
how should differences in interpretation
of water quality data produced using
different water quality assessment
techniques for aquatic life uses be
reconciled? Upon examination of this
question, EPA determined that
differences in data interpretation do not
necessarily equate to contradictory
results. Different assessment results may
be complementary since the different
approaches can measure different
aspects of water quality. For aquatic life
uses, all three data types (chemical,
toxicological, and biological) provide
useful information and should be used
to protect designated uses. Because the
different types of assessments often
focus on different aspects of aquatic
community health and each has
different strengths and limitations, it is
possible that any one type of assessment
may fail to detect impairments, or
potential impairments of the designated
use. For that reason, EPA’s current
interpretation of the CWA and its
implementing regulations is that all
three types of data (chemical,
toxicological, and biological) should be
used when evaluating the reasonable
potential for a discharge to cause or
contribute to an excursion above a water
quality criterion and, if one approach
indicates that water quality is, or will
be, impacted, the results from the other
methods could not be used to refute that
finding. Under this approach, where
‘‘reasonable potential’’ is found, the
NPDES permitting authorities must take
appropriate ‘‘actions;’’ that is,
implement water quality-based effluent
limits that are derived from and comply
with the applicable water quality
criteria. These ‘‘actions’’ may also
include additional monitoring to
determine whether a problem exists, or
to derive site-specific criteria if a
particular criterion is found to be
inaccurate for a site. The policy on
independent application is presented in
further detail in Chapter 1 of EPA’s 1991

Technical Support Document for Water
Quality-based Toxics Control (TSD) and
in chapter 1 of EPA’s Water Quality
Standards Handbook—Second Edition,
September 1994 (Handbook) (both
documents cited above).

In the Great Lakes Guidance, EPA
maintained its policy of independent
application with respect to determining
the need for water quality-based effluent
limits, making it an explicit
implementation requirement in the
Great Lakes States. The Guidance, in
Appendix F, Procedure 5, section F
‘‘Other Applicable Conditions,’’ states
‘‘When determining whether WQBELs
are necessary, information from
chemical-specific, whole effluent
toxicity and biological assessments shall
be considered independently.’’ (40 CFR
Part 132, Appendix F, Procedure 5,
Section F.3.).

In the permitting context, EPA’s
independent application policy reflects
language in sections 301(b)(1)(C) and
303 of the CWA and permit regulations
implementing these statutory provisions
at 40 CFR 122.44(d). Pursuant to section
303 of the CWA, States and Tribes adopt
chemical-specific numeric criteria and
toxicity criteria as part of their water
quality standards. Section 303(c)(2)(B)
of the CWA further requires States and
Tribes to adopt, as part of their water
quality standards, numeric criteria for
toxic pollutants for which EPA has
published guidance under section
304(a), and whose discharge or presence
in State or Tribal waters could
reasonably be expected to interfere with
the designated uses adopted by the State
or Tribe for those waters. (As discussed
elsewhere in this document, all States
and Tribes have narrative water quality
criteria as well.)

Section 301(b)(1)(C) of the CWA
requires effluent limitations in NPDES
permits that are ‘‘necessary to meet
water quality standards’’ or necessary to
‘‘implement any applicable water
quality standard.’’ Consistent with this
provision, EPA’s permitting regulations
at 40 CFR 122.44(d) require that effluent
limits be imposed where the discharge
has the ‘‘reasonable potential’’ to cause
or contribute to an excursion above
water quality criteria and specifically
describe how those limits are to be
expressed (e.g., chemical-specific versus
WET limits). Therefore, once a numeric
(or narrative) water quality criterion
becomes part of a State’s or Tribe’s
water quality standards, and a
permitting authority determines that a
discharge of a pollutant would have a
reasonable potential to cause or
contribute to an excursion above the
applicable numeric or narrative
criterion, the regulation requires that a

limit for that pollutant be established as
necessary to meet the water quality
criterion. Although the CWA specifies
that permit limits must meet water
quality standards, it is the permitting
regulations that specify the factors that
must be considered when determining
whether or not there is reasonable
potential to cause or contribute to an
excursion above a State or Tribal water
quality standard, and specifically
describe how such limits are to be
expressed.

EPA regulations at 40 CFR
122.44(d)(1)(iii)–(v) describe the
conditions under which water quality-
based effluent limits for specific
chemicals and for whole effluent
toxicity are required in NPDES permits.
While these regulations do not
specifically use the term ‘‘independent
application,’’ the concept is expressly
laid out. These regulations require
chemical-specific limits when the
permitting authority determines there is
a reasonable potential for the discharge
to cause or contribute to the excursion
above the chemical-specific criterion.
Likewise, the regulations require limits
for whole effluent toxicity if the
permitting authority determines there is
a reasonable potential for the discharge
to cause or contribute to the excursion
above the numeric criterion for toxicity
or narrative criterion for water quality.
Except under limited circumstances
(where the State or Tribe lacks a
chemical-specific criterion for a
pollutant of concern), these regulations
do not allow a permitting authority to
forgo one type of limit, e.g. a chemical
limit, where another type of data, e.g.,
toxicity, indicate no toxicity. Instead,
the two types of data are required to be
considered independently.

The independent application policy
provides a consistent and coherent
protocol for resolving conflicts in
interpreting monitoring data when
determining ‘‘reasonable potential.’’
Where such conflicts exist and cannot
be reconciled, independent application
directs States and Tribes to presume
that the data that indicate a current or
potential impact are valid and to take
appropriate steps to prevent or
remediate the impact. The
reconciliation phase allows a State or
Tribe to gather additional or more
detailed data prior to taking regulatory
action. Data interpretation conflicts may
be best addressed by identifying the
cause of the conflict and recalibrating
the models and criteria to better reflect
the newly acquired site-specific
information. However, if the causes of
the data interpretation conflicts cannot
be resolved, under independent
application, the State or Tribe must take
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action based on the data indicating
impairment or the reasonable potential
for impairment of the water body.

EPA believes this procedure for
addressing conflicting interpretations of
monitoring data is appropriate for a
number of reasons. First, as stated
earlier, each of the different assessment
techniques monitors aquatic ecosystem
health from a slightly different
perspective. Consequently, it is entirely
plausible that only one of the
assessment techniques would detect a
real or potential impact. Second,
assuming that the data generated by the
different techniques are of comparable
quality and relevance, an indication of
a water quality problem using any of the
techniques is sufficient reason to
implement controls. That being the case,
EPA believes the independent
application of water quality data in
determining when water quality-based
effluent limits are necessary for
individual dischargers is consistent
with the CWA.

Reconciliation of data interpretation
conflicts allows flexible evaluation of
data. Once a permit application is
received from a discharger, States and
Tribes frequently engage in discussions
with the discharger over the quality and
representativeness of the data. This
period of data review and evaluation is
also an ideal time for addressing any
data interpretation conflicts in order to
ensure that permitting decisions are
defensible and the permit limits that are
imposed are necessary to protect
designated uses. States and Tribes,
together with permittees, may obtain
additional data to verify earlier data or
conduct timely studies to support the
development of site-specific criteria.
Ultimately, these site-specific criteria
may serve as the basis for a permit limit,
or a decision that it is not necessary to
limit a pollutant in a particular
discharge. All of the actions above are
consistent with the independent
application policy and the CWA.

Critics of EPA’s policy believe either
that data from certain types of water
quality assessments have inherently
greater value than data obtained by
other means or that, in a sense, data
quality and ecological significance
should be averaged, such that if data
obtained from two different assessment
methods agree and data from a third
disagree with the other two, the two
could ‘‘outweigh’’ the one. In either
case, all of the available data would be
considered together, under the
assumption that each assessment
technique measures a similar endpoint.
Under such an approach to data
evaluation, limits on effluent toxicity
would be appropriate and acceptable as

surrogates for chemical-specific limits.
Similarly, biological assessment data
that do not indicate unacceptable levels
of impact on the biological community
could serve as the basis for a decision
not to include either chemical-specific
or effluent toxicity limits designed to
support an aquatic life use in a facility’s
discharge permit. Proponents of this
view argue that independent application
forces them to take inappropriate
regulatory actions when faced with
conflicting assessment data. EPA does
not agree in principle with this view.

b. Alternatives to Independent
Application. States, Tribes,
municipalities, and dischargers have
expressed concerns that the policy of
independent application results in more
protection than is necessary to attain
and maintain aquatic life designated
uses. Many express a preference for an
approach which invests data obtained
using certain assessment techniques
with greater credibility than those
obtained in other ways. Such an
approach, as discussed above, is
sometimes referred to as a weight-of-
evidence approach. Under such an
alternative approach, assuming a high
level of confidence in all the available
data, one form of data—usually it is
argued biological data— would be the
ultimate arbiter of whether water
quality-based effluent limits are needed
in a discharger’s permit. To determine,
for example, whether a water quality-
based effluent limit is needed for a
particular chemical pollutant, the risk of
adverse impact on the aquatic
community would be determined based
on all of the available data relying more
heavily on high quality, thorough
biological data and on the judgment of
the individual conducting the
evaluation. Several States and members
of the regulated community have
advanced this approach as preferable to
EPA’s independent application policy,
arguing that such flexibility to exercise
judgment is appropriate.

EPA’s current thinking is that it
should not promote an alternative
approach to making ‘‘reasonable
potential’’ decisions that places greater
emphasis on biological data. Instead,
EPA’s current thinking is that such an
evaluation of water quality and
ecosystem health to determine the
appropriate and applicable criteria
against which discharges will be
evaluated is most appropriately done
during the setting of the applicable
criteria for a water body. In that arena,
it may be feasible to use biological
assessment as a basis for determining
the appropriate criteria for a given water
body. However, once the criteria are set,
EPA believes that the current regulation

requires ‘‘reasonable potential’’
evaluations against all the applicable
criteria, and that the policy of
independent application in this context
is appropriate.

If biological data indicate that
designated uses are being attained in
spite of projected or actual chemical-
specific criteria exceedances, then
additional site-specific analysis should
be done to ensure that controls are
developed that are necessary to
adequately protect the water body from
use impairment. Site-specific
approaches could include mixing zone
studies, more refined water quality
modeling to support wasteload
allocation, or the development of site-
specific criteria. In any case, chemical-
specific and toxicity criteria are proven
and necessary bases of water quality-
based effluent limits. In ‘‘reasonable
potential’’ analysis, chemical-specific
monitoring is usually focused on
pollutant concentrations in the effluent
and the projected ambient result of
those concentrations being discharged.
Thus, this type of analysis commonly
yields projected rather than measured
water quality impacts. Where biological
impact is not detected using biological
assessment methods, it is possible that
impairment that is projected and
plausible, may simply have not yet
occurred. However, where discharges to
a stream have been relatively constant
over time and there has been ongoing
biological assessment, this would be
less of a concern. EPA’s view is that it
would be inappropriate to ignore
projected impairment simply because
the impairment has not yet been
observed in the environment.

An additional argument in favor of
retaining the independent application
policy for ‘‘reasonable potential’’
determinations has to do with the
suitability of certain types of data and
the unsuitability of others for certain
applications within the water pollution
control program. For example,
biological data are not amenable in the
same way as chemical-specific data for
use in waste load allocations, load
allocations, total maximum daily load
calculations or antidegradation reviews.
An approach that would allow
biological data to negate a finding of
‘‘reasonable potential’’ would suggest
possible site-specific inadequacies of
particular criteria without providing the
information needed to determine
definitively whether or not the criteria
are appropriate or what any alternative
criteria should be. As a consequence, a
void would be created in the
implementation of State or Tribal water
quality standards which would render
them unable to perform all of their
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intended functions. Proponents of
independent application contend that
instead of discarding data and
invalidating criteria where conflicting
interpretations exist, an effort should be
made to determine why the
interpretations conflict and to refine the
applicable criteria to better reflect the
conditions found at the site. Taking this
step would ensure that, over time, a full
suite of appropriate criteria would be
developed for every site and that all
appropriate and necessary pollution
controls are implemented. In addition,
such an approach is consistent with the
CWA. Some States and Tribes may be
concerned, however, that revising water
quality standards, especially where such
revision is to deal with a single
permitting decision, may be so resource
intensive that it is not a realistic option.

As discussed above, if numeric water
quality criteria exist and are applicable
to a water body, permits for dischargers
to the water body must ensure that those
criteria are met under section
301(b)(1)(C) and the implementing
regulations at 40 CFR 122.44(d). On
occasion, States, Tribes and dischargers
have asserted that biological and
toxicity data from specific waters
conflict with chemical data. EPA’s
current thinking is that instances of
clear disagreement between biological
and toxicity data and chemical data are
infrequent. Based on this belief, EPA
would not support a radical shift away
from chemical criteria and limits or
toxicity criteria and limits. Those tools
are simply too important as proven tools
for assessing potential impacts to
surface waters and improving water
quality. EPA’s current thinking also
suggests that it is important for there to
be flexibility to resolve instances of
disagreement between different forms of
data and that perhaps mechanisms for
such flexibility can be clarified or
improved. EPA’s current thinking is that
through collection of broader and more
thorough water quality data, EPA, States
and Tribes will be able to develop more
complete profiles of water body
conditions and stressors and that
through such evaluation the ‘‘necessary
actions’’ (e.g., water quality-based
effluent limits for one or more
pollutants, listing of the water body as
not attaining its aquatic life designated
use, or best management practices to
address nonpoint sources of pollution)
to improve water quality in a given
water will become more obvious.

Disagreement between biological,
toxicity and chemical data for the same
water is cited by some States and
dischargers as a potential situation in
which independent application would
force unnecessary and burdensome

requirements on dischargers. Those
opposed to independent application of
criteria would like to see States and
Tribes given greater latitude to
determine when limits based on a given
criterion are necessary. They suggest
that this could be achieved if States and
Tribes were to include, in the chemical-
specific criteria or toxicity criteria
portions of their water quality
standards, statements explaining
circumstances under which the
otherwise applicable criteria would not
apply at a particular site or would have
to undergo some review and revision,
while assuring the designated use of the
water body would be maintained. Such
circumstances could include where the
form of the pollutant in the effluent or
receiving water is not the form
addressed by the chemical criterion in
the State or Tribe’s standards; or, where
a substantial amount of biological and
or toxicity data indicate that discharges
of the pollutant at levels that would
exceed the chemical criteria are not
causing the aquatic life use in a
particular water body or segment of the
water to be impaired. If these conditions
could be met, permitting authorities
would have the flexibility to determine
that a numeric water quality-based
effluent limit for the pollutant in
question is not required, or that an
alternate limit should apply. This type
of flexibility, to rely on biological
evaluations in the criteria setting phase,
where data are sufficient to support
such flexibility, could be a strong
incentive for States and Tribes to
develop stronger biological criteria and
assessment programs including
monitoring reference areas and
complete chemical and toxicity
monitoring programs, including site-
specific data on most sensitive species
to chemical(s) for which flexibility is
being sought. EPA approval of water
quality standards implementing such an
option requires acceptance of an
interpretation that sections 301(b)(1)(C)
and 303(c)(2)(B) of the CWA allow
States and Tribes to identify, within
their water quality standards, conditions
or circumstances which would render
specific numeric criteria not applicable
to certain waters in specific instances,
or alternatively in need of refinement.

EPA has significant technical
questions about how such an option
could be implemented within the
context of a State’s or Tribe’s water
quality standards. EPA is especially
interested in detailed technical
comments describing how such an
option would be included in a State’s or
Tribe’s water quality standards, how
such an option would ensure protection

of designated uses in water bodies
where criteria are deemed not
applicable. In addition, EPA is soliciting
comment on specific procedures that
could be used by a State or Tribe to
arrive at a decision that a criterion is not
applicable at a specific site. In
particular, EPA is interested in technical
evaluations of what types of data would
be necessary to support such a decision,
the quantity and quality of the data and
how the data would be evaluated.
Finally, EPA seeks detailed technical
comments indicating how other
elements of the water quality standards
program would function in situations
where chemical or toxicological water
quality criteria were adjusted based on
biological assessments. For example, if
a State or Tribe were to employ the
option discussed above, it is not
apparent how critical water quality
program elements such as determining
the need for permit limits or whether or
not a new discharge could be allowed to
a stream segment could occur absent
chemical-specific or toxicity-based
criteria applicable to the water body. To
be workable, this option may need to be
paired with a scientifically defensible
mechanism for making decisions about
activities such as permit limits and load
increases. Since chemical criteria and
chemical-specific interpretations of
narrative criteria currently are the
principal benchmark used for these
functions, would pursuing the option
discussed above be workable, or would
it introduce a level of complexity into
State and Tribal water quality standards
that could result in slowed or
suspended water pollution control
programs, and expose aquatic
ecosystems to greater risk because of the
lack of an identified threshold of
impact?

EPA’s current thinking is that
significant flexibility already exists
within the current regulatory framework
to account for available biological and
toxicity data. For example, numeric
criteria, once adopted, may be modified
to better reflect conditions at a specific
site. Bioassessment and toxicity data
can play a valuable role in identifying
sites where conditions differ sufficiently
from those assumed in the calculation of
the national or State or Tribe-wide
criteria to warrant site-specific
modification of the criteria.
Bioassessment and toxicity data can also
provide useful information in
identifying instances where a given
constituent in an effluent is
toxicologically distinct from a similar
substance for which a criterion is
available, indicating the need for a
separate criterion for the constituent in
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question. Establishing site-specific
criteria would provide relief similar to
that contemplated in the option
proposed above.

Lastly, public participation is a basic
tenet of the water quality standards
development process. Public
participation is also sought in the
context of issuing NPDES permits.
During standards development, public
input is sought to assist the regulatory
agency in identifying the appropriate
water quality goals for the waters under
the jurisdiction of a State or Tribe.
During NPDES permit issuance, public
input is again sought to verify that the
permit proposed to be issued is
consistent with the water quality goals.
Some assert that these two public
participation steps seek input on
different questions and are not
interchangeable. Does the weight-of-
evidence option discussed above reduce
the opportunity for meaningful public
participation in the standards setting
process by making it more difficult for
the public to determine which water
quality criteria will apply to which
water bodies, and, as a result, what the
water quality goals for an individual
water body are? EPA is considering how
a weight-of-evidence approach might be
implemented in a manner that does not
restrict the opportunities for meaningful
public participation in the water quality
goal setting process.

Request for Comments on Independent
Application

EPA requests comment on the
following questions:

1. What is the rationale for modifying
the independent application policy as it
pertains to NPDES permitting? Under
what circumstances could it be
justified?

2. If there are circumstances where an
approach other than independent
application is acceptable, should any
one type of water quality data receive
greater weight and why?

3. How should States and Tribes
evaluate effluent data generated using
chemical, toxicity and biological
methods in determining reasonable
potential to cause or contribute to an
impairment?

4. Would checks or oversight
mechanisms be necessary to ensure that
where decisions about reasonable
potential are based on chemical, toxicity
and biological methods, such decisions
are made with integrity? For example,
EPA or public oversight?

5. Are there any cases which indicate
that either chemical-specific, whole
effluent toxicity or biological
approaches do not legitimately

represent some aspect of use
attainment?

6. Should EPA explicitly incorporate
into the water quality standards
regulation the independent application
policy?

7. Should independent application be
addressed the same or differently for
permitting than for assessment and use
attainment decisions under 305(b)
reporting and 303(d) listing?

8. If EPA were to separate the use of
independent application in determining
the use attainment status of a water
body from the use of independent
application when determining
reasonable potential for an effluent,
what approach, independent
application, weight-of-evidence, or
hierarchical, should be used for use
attainment decisions? NPDES
permitting? What would the
implications be if the programs used
two different policies?

9. Would a policy allowing numeric
criteria to not apply to all waters where
supported by scientifically defensible
data be workable? Would it
unnecessarily complicate the regulatory
program, for example by delaying the
issuance of permits? Are existing
mechanisms of criteria setting and
permit issuance sufficiently flexible?

IV. Summary and Potential Program
and Regulation Changes

EPA believes that the water quality
standards program and decisions it
yields will continue to be the focus of
growing pressure and scrutiny as
solutions to remaining surface water
quality problems in this country are
found to be increasingly elusive,
difficult, and/or expensive. The task set
forth by the Clean Water Act is to
improve water quality even where it is
difficult to do so. To accomplish this
task, EPA envisions a national water
quality standards program in which: the
best possible information on whether
designated uses are being attained and
how to attain and maintain them is
available and used; water quality
criteria are selected from a wide-ranging
menu of scientifically sound criteria and
tailored to each watershed; and national
norms of consistency and flexibility in
State and Tribal water quality standards
are clear.

With this vision in mind, EPA,
through this ANPRM, begins a review of
the water quality standards regulation in
a public forum in an attempt to identify
possible amendments to the regulation
and new guidance or policy that may be
needed to address three distinct
objectives: (1) eliminate any barriers to,
and otherwise enhance State and Tribal
implementation of, watershed-based

water quality planning and
management; (2) facilitate use of new,
more integrated water quality
assessment and criteria science in water
quality standards programs, and; (3)
improve the regulation so that it can be
implemented more efficiently and
effectively (including cost-effectively).

The preceding pages of this ANPRM
outline current regulatory provisions,
accompanying guidance and policy, and
current practices in the core areas of the
water quality standards program. Each
section of the ANPRM identifies issues
that have been raised to EPA that come
out of the collective experiences of
States, Tribes, cities, industry and
environmental advocates, as well as
EPA’s experience. The issue discussions
are followed by specific questions that
are intended to elicit focused comments.
It is important for commenters to focus
on these specific questions as a vehicle
for developing comments. It is equally
important for commenters to develop
ideas that address the three objectives
above in a more general sense and to
identify the five to seven highest
priority issues the commenter believes
EPA should address in a follow-on
regulatory proposal. EPA welcomes
ideas on how the water quality
standards regulation, policy and or
guidance can be revised to facilitate
water quality management on a
watershed basis. In requesting comment
on eliminating barriers to and
facilitating implementation of
watershed-based water quality planning
and management, EPA directs
commenters’ attention primarily to the
sections on designated uses, criteria,
antidegradation, mixing zones and
independent application. In requesting
comment on how to facilitate use of
new, more integrated water quality
assessment and criteria science in water
quality standards, EPA directs
commenters’ attention primarily to the
sections on biological criteria, and
independent application. In requesting
comment on how to improve the
efficiency and effectiveness (including
cost-effectiveness) of the water quality
standards program, all sections of the
ANPRM are relevant for review.

EPA seeks a water quality standards
program that protects the nation’s
waters as envisioned in the CWA, that
establishes requirements that are
necessary to attain and maintain healthy
and sustainable ecosystems, and that is
flexible enough for States and Tribes to
protect water quality and at the same
time avoid costly requirements that
have little or no environmental benefit.

Below is a brief summary outline of
the potential changes to the water
quality standards program and
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regulation that are discussed and
considered in this ANPRM. The list of
potential changes includes the potential
changes to the program and regulation
on which EPA is specifically requesting
comment. Each area of potential change
is discussed in detail in the specified
section of the ANPRM. It is possible that
EPA will ultimately propose some of the
changes outlined below. It is also
possible that EPA will conclude based
on the public comments it receives that
some or all of the issues presented in
the ANPRM can be best addressed
through non-regulatory mechanisms
such as guidance or policy.

A. Uses
1. Refinement of use designations to

achieve increased specificity in aquatic
life and recreation uses being protected.

2. Minimum elements of a use
attainability analysis (UAA).

3. When is UAA required/not
required?

a. UAAs whenever an aquatic life use
is designated (beyond fishable/
swimmable) to see if the use reflects the
highest potential for the water body.

b. Periodic review of marginal or
limited aquatic life use designations.

c. When is a use considered
attainable?

d. Conditions under which
refinements in designated uses may be
considered actions not requiring
analysis to support use removal and
alternatively the conditions under
which such action is considered a use
removal requiring justification under
§ 131.10(g).

e. Circumstances under which UAA is
required and circumstances under
which UAA must be reviewed.

4. Removal of designated uses.
a. Minimum aquatic life uses for all

waters, because even degraded water
bodies support some form of aquatic
life.

b. Evaluate use removal provision at
§ 131.1(10)(g) allowing removal of a use
due to the existence/operation of a dam.

c. Clarify whether the physical factors
reason for removing a use includes
removal of a recreational use due to
poor physical access to the water.
Alternatively, the removal of a use for
physical factors could be limited to
aquatic life uses only.

d. Clarify in § 131.10 that at least one
of the six use removal criteria must be
met to remove any use, not just aquatic
life and recreation uses.

5. Alternatives to use downgrade such
as variances, temporary standards and
ambient-based criteria.

a. Recognize site-specific criteria set
to natural background levels as a
permissible alternative to use
downgrade.

b. Recognize site-specific criteria set
to irreversible anthropogenic
background levels as a permissible
alternative to use downgrade.

B. Criteria

1. Ambient Water Quality criteria for
Aquatic Life Protection.

a. Examination and possible interim
revisions to EPA recommendations on
the duration and frequency of criteria
excursions to account for organism
response model and population
response model.

2. Site-specific criteria and
procedures.

a. Specify that States and Tribes must
have regulatory procedures for
establishing site-specific criteria.

b. Minimum requirements for
development of site-specific criteria.

3. Narrative criteria and interpretation
procedures.

a. Identify additional methods for
implementation of narrative criteria.

b. Clarify that States and Tribes are
required to adopt narrative criteria for
all waters. (all States already have).

4. Codification of CWA requirement
to adopt numeric toxics criteria.

a. Define ‘‘reasonable expectation’’
under 303(c)(2)(B). (‘‘States and Tribes
may adopt numeric chemical-specific
criteria for those stream segments where
the State or Tribe determines that the
priority toxic pollutants for which EPA
has issued CWA section 304(a) criteria
guidance are present and can reasonably
be expected to interfere with designated
uses.’’ emphasis added)

5. Chemical criteria beyond priority
pollutants.

a. Develop and recommend or require
criteria for certain non-priority
pollutants.

6. Numeric values in the absence of
criteria or data sufficient for criteria.

a. States and Tribes develop method
for derivation of alternative values
where minimum data requirements for
criteria not satisfied. Specific EPA
derivation procedure or guidelines.

7. Require or recommend that State
and Tribes adopt numeric toxicity
criteria.

8. Sediment quality criteria.
a. Require or recommend that States

and Tribes adopt sediment criteria
(narrative or numeric).

b. Specify in regulation that States
and Tribes have the flexibility to adopt
sediment quality criteria.

9. Biological criteria.
a. Require or recommend that States

and Tribes adopt biological criteria
(narrative or numeric).

b. Specify in regulation that States
and Tribes have the flexibility to adopt
biological criteria.

c. Specify linkage between biological
criteria and stressor identification.

10. Wildlife Criteria.
a. Recognize in regulatory text that

wildlife criteria are valid forms of water
quality criteria.

b. Recognize in regulatory text that
wildlife criteria endpoints other than
bioaccumulation endpoints are valid
bases for wildlife criteria.

11. Physical criteria: Existing and
potential future role of.

a. Identify physical criteria such as
habitat (including clean sediment) and
hydrologic balance criteria in 40 CFR
131 as valid forms of criteria that States
and Tribes can adopt in their water
quality standards.

12. Human Health Criteria.
a. Higher fish consumption

assumptions for site-specific or regional
situations when subpopulations that are
highly exposed have been identified.

b. Clarification of the use of MCLs and
MCLGs in State and Tribal water quality
standards.

C. Antidegradation
1. Minimum elements of State and

Tribal antidegradation implementation
procedures.

a. Revise regulation to include the
minimum elements of a State and Tribal
antidegradation implementation
method.

b. Revise the regulation to explicitly
say that State and Tribal antidegradation
implementation procedures (in addition
to just the policy) must be submitted in
triennial review package and are
reviewable by EPA.

2. Tier 1 protection (protection of
existing uses).

a. Define or clarify what constitutes
loss of an existing in-stream water use.

b. Specify that a clear approach to
maintaining and protecting existing uses
that may not be adequately protected by
strict application of water quality
criteria is a required element of an
antidegradation implementation
procedure.

3. Waters covered by tier 2 level
protection.

a. Clarify waters subject to tier 2 level
protection.

b. Clarify tier 2 provision requiring all
cost effective and reasonable best
management practices for nonpoint
sources prior to allowing a lowering of
water quality.

c. Clarify that States and Tribes are to
consider the 303(d) listing status of a
water body, and the information
supporting that status, when
determining whether a proposed
activity that is expected to degrade
water quality in that water body can be
authorized under tier 2 of the State’s or
Tribe’s antidegradation provisions.
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4. Outstanding national resource
water (ONRW) classification, level of
protection, and public role in
nominating.

a. Public nomination of ONRWs.
b. Level of protection afforded to

ONRWs.
5. Creation of Antidegradation tier

2.5.
a. Revise the regulation to explicitly

recognize tier 2.5 protection.

D. Mixing Zone Policy and
Implementation Procedures

1. Specify that, to use mixing zones,
States and Tribes must indicate in their
water quality standards whether they
allow mixing zones, conditions under
which mixing zones are allowed,
minimum requirements for mixing
zones.

2. Procedures and decision criteria
used in addressing complete and
incomplete mixing.

3. Site-specific technical justification
for rapid and complete mix assumption.

4. State and Tribe policies and
procedures to address rate of mixing.

5. Clarify in regulation that narrative
criteria apply in mixing zones.

6. Restrict Mixing zones for
bioaccumulative chemicals of concern.

E. Applicability of Water Quality
Standards to Wetlands

1. Clarify in 40 CFR Part 131 that
wetlands with interstate commerce
connection are waters of the U.S.
requiring water quality standards.

F. Evaluation of EPA Policy of
Independent Application (IA)

1. Increase use of chemical,
toxicological, physical and biological
data in making water body assessments
in a consistent and scientifically
defensible manner.

2. Specify how, and the circumstances
under which, different forms of
assessments (chemical, toxicological,
physical and biological) can be used
together to determine:

a. When a designated aquatic life use
is or is not attained,

b. The type and value of criteria that
should apply to a water, and

c. When water quality-based effluent
limits are required in a permit.

3. Specify the adequate data base and
level of rigor necessary in biological
assessments to support a determination
of full use support despite differences in
assessment results.

In addition to the potential program
and regulation changes outlined above,
EPA is also requesting comment on the
costs and benefits and potential
reporting and record keeping
requirements that might be associated

with these changes. These issues are
discussed more fully in the next section.

V. Regulatory Assessment
Requirements

A. Executive Order (E.O.) 12866,
Regulatory Planning and Review

Under Executive Order 12866, [58
Federal Register 51,735 (October 4,
1993)] the Agency must determine
whether the regulatory action is
‘‘significant’’ and therefore subject to
Office of Management and Budget
(OMB) review and the requirements of
the Executive Order. The Order defines
‘‘significant regulatory action’’ as one
that is likely to result in a rule that may:

(1) Have an annual effect on the
economy of $100 million or more or
adversely affect in a material way the
economy, a sector of the economy,
productivity, competition, jobs, the
environment, public health or safety, or
State, local, or tribal governments or
communities;

(2) Create a serious inconsistency or
otherwise interfere with an action taken
or planned by another agency;

(3) Materially alter the budgetary
impact of entitlements, grants, user fees,
or loan programs or the rights and
obligations of recipients thereof; or

(4) Raise novel legal or policy issues
arising out of legal mandates, the
President’s priorities, or the principles
set forth in the Executive Order.

While this advance notice of proposed
rule making establishes no regulatory
requirements it could ultimately result
in a rule that would satisfy one or more
of the above criteria. It has therefore
been determined that this action is a
‘‘significant regulatory action’’ under
the terms of Executive Order (E.O.)
12866. As such this action was
submitted to OMB for review. Changes
made in response to OMB suggestions or
recommendations have been
documented in the public record.

Under the terms of E.O. 12866, EPA
is to prepare for any significant
regulatory action an assessment of its
potential costs and benefits. If that
action satisfies the first of the criteria
listed above, this assessment must
include, to the extent feasible, a
quantification of these costs and
benefits, the underlying analyses
supporting such quantification, and an
assessment of the costs and benefits of
reasonably feasible alternatives to the
planned regulation. Because the
purpose of this notice is to initiate a
structured national debate on a broad
set of issues rather than to propose
specific regulatory changes, it is not
feasible to quantify the costs and
benefits of any resulting regulations at

this time. The Agency is aware,
however, that this notice could lead to
a regulatory action for which the
preparation of a quantitative assessment
of costs and benefits would be
appropriate. The Agency is thus
requesting comment on the costs and
benefits of any of the possible regulatory
changes discussed in this notice, as well
as on appropriate methodologies for
assessing them. The Agency would be
particularly interested to hear from
States and Tribes that may already have
experience implementing some of the
measures discussed in this Notice and
may already have prepared analyses of
the costs and/or benefits of such
measures. Other members of the public
are also encouraged to submit any data
they may have on the costs and benefits
of specific measures (e.g., conducting
biological assessments).

B. The Regulatory Flexibility Act (RFA)
as Amended by the Small Business
Regulatory Enforcement Fairness Act
(SBREFA) of 1996

Under the RFA, (5 U.S.C. 601 et seq.),
as amended by SBREFA, for proposed
rules, EPA generally is required to
conduct an initial regulatory flexibility
analysis (IRFA) describing the impact of
the regulatory action on small entities as
part of rulemaking. However, under
section 605(b) of the RFA, if the
Administrator for the Agency certifies
that the rule will not have a significant
economic impact on a substantial
number of small entities, EPA is not
required to prepare an IRFA. The
requirement applies to proposed rules
only and as this notice is an ANPRM,
these requirements do not apply to this
notice.

C. Paperwork Reduction Act
Under the implementing regulations

for the Paperwork Reduction Act, an
agency is required to certify that any
agency-sponsored collection of
information from the public is necessary
for the proper performance of its
functions, has practical utility, is not
unnecessarily duplicative of
information otherwise reasonably
accessible to the agency, and reduces to
the extent practicable and appropriate
the burden on those required to provide
the information (5 CFR 1320.9). Any
proposed collection of information must
be submitted, along with this
certification, to the Office of
Management and Budget for approval
before it goes into effect. Most of the
potential regulatory changes discussed
in this Notice could entail new
reporting and record keeping
requirements for States and Tribes and/
or members of the regulated public. EPA
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is interested in comments on any and all
aspects of these potential paperwork
requirements, and in particular on how
they should be structured to fulfill the
requirements that they have practical
utility, are not unnecessarily duplicative
of other available information, and are
the least burdensome necessary to
satisfy the purposes of the Water
Quality Standards Program.

Dated: June 25, 1998.
Robert Perciasepe,
Assistant Administrator for Water.
[FR Doc. 98–17513 Filed 7–6–98; 8:45 am]
BILLING CODE 6560–50–P



General Direction of New 
Criteria

Grace M. Robiou
U.S. EPA

June 14, 2011



Water Quality Criteria 
Recommendations 

 Intended to be used by states in adopting water quality 
standards to protect the designated use of swimming and 
similar water contact activities. 

 Current recommendations are from 1986, and are based on 
protecting swimmers from exposure to water that contains 
organisms that indicate the presence of fecal contamination.
– E. coli (freshwater), Enterococci (freshwater and marine)

 State water quality standards are used to derive NPDES 
permit limits, make listing decisions, develop Total Maximum 
Daily Loads (TMDLs) and for beach monitoring and 
notification programs.

2Stakeholder Meeting on the Development of New or Revised Water Quality Criteria



Chronology of Events (1)

 BEACH Act required EPA to conduct studies by 
October 2003, publish new or revised criteria by 
October 2005 based on these studies, and review 
every 5 years.

 In March 2007, EPA convened an Experts Workshop 
to discuss the state-of-the-science and obtain input 
on research needed for the next 2-3 years to develop 
the scientific foundation for the new criteria.

 In August 2007, EPA developed Critical Path Science 
Plan identifying research studies to be completed.   
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Chronology of Events (2)

 In 2008, EPA entered into a Settlement Agreement 
and Consent Decree to conduct studies in support of 
criteria development.  Many of the studies were from 
the Critical Path Science Plan.

 By December 2010, EPA completed research studies 
in accordance with Consent Decree and Settlement 
Agreement. 

 Current date for new criteria is October 15, 2012, per 
Consent Decree. 
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Stakeholder Engagement (1)

 February 2008 (Washington, D.C.)

– Purpose, content & status of Critical Path Science Plan. 

– Early input on what you would like criteria “to do for 
you”. 

– Early input on inland waters research. 

 October 2009 (Chicago, IL )

– Status update on research. 

– Discuss key elements of criteria -- protection of 
children, rapid methods, sources of fecal contamination.  
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Stakeholder Engagement (2)

 March 2010 (Webinar) – recap of October 2009 meeting

 October 2010 (Webinar)

– Status update on research. 

– Framing main issues associated with new criteria. 

 June 2011 (New Orleans, LA)

– Report out on research findings. 

– EPA’s evaluation, synthesis, summarization and 
analysis of research studies. 

– Development of options for overall structure and 
content of new criteria.  
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Historical Perspective on 
Past Criteria Development (1)

 1948 – U.S. Public Health Service epi studies found elevated 
GI illness when mean total coliforms density exceeded 2300 
CFUs.

 1976 – EPA published recommendations for Fecal coliform at 
200 CFU/100ml. 

– Based on one water quality study in Ohio, EPA determined 
that 2300 CFU/100ml Total coliforms translated to  400 
CFU/100ml Fecal coliforms.

– A 2X safety factor was applied, resulting in a Fecal coliform
criteria of 200 CFU/100ml

– At the time, this was believed to represent ZERO risk.
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Historical Perspective on 
Past Criteria Development (2)

 1983/1984 – EPA epi studies determined that associations 
between GI illness and E. coli and Enterococcus were better 
indicators than Fecal coliforms.

 1986 – Criteria values were developed to be “as protective 
as” the 200 CFU/100ml Fecal coliform criteria by maintaining 
the same water quality.

– Criteria values were directly calculated by translating Fecal 
coliform criteria to Enterococcus criteria using ratios of 
observed water quality data from epi studies.

– Risk levels THEN estimated using epi curves: 8 
illnesses/1,000 for freshwaters and 19 illnesses/1,000 for 
marine waters (assumes GI illness with fever).
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9

Current Thinking (1)

 Recommend 304(a) criteria that apply to all waters. 
– Consistency with 1986 criteria. 

– Allow for all states to take advantage of the newer 
science/qPCR tool.

– Encourages consistency, as waters flow between 
states.

 Derive criteria based on research at POTW-impacted 
sites. 

 Aim to carry forward into new criteria level of water 
quality protection afforded by current criteria 
recommendations. 
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Current Thinking (2)

 Recommend culture methods for Enterococcus and E.coli
in freshwaters, and Enteroccocus in marine waters. 

 Recommend Enteroccocus qPCR method in freshwater 
and marine waters.  

– Faster approach to measuring fecal indicator bacteria. 

– EPA’s qPCR method performed well in temperate 
coastal waters as demonstrated at four Great Lakes 
and four Atlantic and Gulf Coast epi study locations.

– Inhibition of the qPCR reaction have been observed. 
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Current Thinking (3)

 Use the general population epidemiological curve (the central 
tendency of the data).  

– Consistent with 1986 criteria approach. 

– Children are included in the general population. 

– Stronger statistical power.  

 Use new definition of gastrointestinal illness that does not require 
fever.  

– The new definition gives an estimate of illness that is 4.5 times 
greater than the old definition at the same level of water 
quality. 

– Communication challenge to avoid the impression that more 
illnesses are being tolerated when water quality standard 
remains unchanged. 
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Current Thinking (4)

 Clarify the expression of criteria construct.  

– Maintain Geometric Mean and something akin to SSM. 

– Clarify intended uses for beach advisories, permitting, and assessment 
programs. 

– Eliminate “use intensity” range. 

– Identify explicit “duration” and “frequency “ aspects of criteria. 

 Provide tools for site-specific criteria derivation (QMRA with sanitary 
survey)  and other flexibilities. 

– Science does not permit us to recommend different, nationally 
applicable criteria values for different sources (e.g., gulls). 

– Predictive models as tool to enhance implementation of criteria, 
particularly for beach programs. 

 Use EPA and non-EPA research studies. 
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2011-2013 Schedule

 Conduct Scientific Peer-Review of Draft Criteria:  
Summer 2011 

 Propose criteria (for public comment) : February-
March 2012

 Sign for publication final criteria:  October 2012

 Provide Draft Implementation Guidance: 

December 2012

 Provide Final Implementation Guidance: 

December 2013
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For More Information

 EPA’s Rec Criteria and Beach Web Pages
– www.epa.gov/waterscience/criteria/recreation

Completed Research
Experts Scientific Workshop Report and Executive Summary
Critical Path Science Plan
Criteria Development Plan & Schedule
Consent Decree & Settlement Agreement
Literature reviews
Stakeholder meeting summaries

– www.epa.gov/beaches
BEACH Act text
Grants information
Beach Guidance Document
Local beach information

– www.epa.gov/waterscience/criteria/humanhealth/microbial/#wqs
 BEACH Act rule

– Technical fact sheets
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Letter of Transmittal

Hon. Stewart L. Udall, Secretary

U.S. Department of the Interior

This letter transmits the report of the National Technical Advisory Com-
mittee on Water Quality Criteria. The chairmen of the five Subcommittees are to

be commended for an excellent job in pulling together a mass of information and
coordinating the efforts of the members to complete the report by the requested

date of June 30, 1968.

This volume constitutes the most comprehensive document on water quality

requirements to date, and as such, will be used as a basic reference by groups and

agencies engaged in water quality studies and standards setting activities. At the

same time, the Committee members and I wish to emphasize that this report is not

sufficiently conclusive or inclusive to serve as the only guide in determining water

quality criteria or requirements. Regional variations in climate, topography,

hvdrology, geology, and other factors must be considered in applying the criteria

offered by the Committee to the establishment of water quality standards in specific

localities.

I would also like to note that the Committee members have occasionally

departed from the task of developing water quality criteria, with which you charged

them, to make recommendations which are more properly the province of regulatory

agency policy makers or designers of pollution abatement facilities. A few examples

are:

1. A recommendation that all waters, except those adjacent to waste outfalls,

provide for the maintenance and production of fish.

2. Recommendations of engineering design criteria for waste treatment plants.

3. A recommendation that incineration replace ocean disposal of sludge solids.

The tendency to consider broad issues of policy and design criteria was per-

haps inevitable. While the mission was directed at water quality requirements, it was
easy for the experts to wander and propose approaches that attempt to account for

uncertainties and disagreements concerning scientific criteria. It is to the great credit

of the chairmen that they were able to properly maintain primary attention on water

quality criteria rather than the other two major components of water quality stand-

ards—water use designations and implementation and enforcement plans.

This report is as valuable for what it does not say as for what it does say. The
work of the Committee illuminates the fact that the unknowns still far exceed the

knowns in water quality requirements—even to the experts. Therefore, requirements

should be applied with the best of judgments. One of the most valuable aspects of

the Committee's work was the examination of research needs and the guidance

offered in such needs. A report of research needs is published as a separate docu-

ment.

The FWPCA is grateful to the many participating organizations and individuals

who comprised the Committee. They are to be congratulated for their cooperation

and enthusiasm in this monumental task.

Joe G. Moore, Jr.

Commissioner
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preface

THE FEDERAL WATER POLLUTION CONTROL ACT, as amended by the

Water Quality Act of 1965, authorizes the States and the Federal Government

to estabUsh water quality standards for interstate (including coastal) waters by
June 30, 1967. The water quality standards submitted by the States are subject to

review by the Department of the Interior and, if found consistent with Paragraph 3

of Section 10 of the Act, will be approved as Federal standards by the Secretary of

the Interior.

Paragraph 3, Section 10, reads as follows:

Standards of quality established pursuant to this subsection shall be such as to protect the

public health or welfare, enhance the quality of water and serve the purposes of this Act. In

establishing such standards the Secretary, the Hearing Board, or the appropriate state authority

shall take into consideration their use and value for public water supplies, propagation of fish

and wildlife, recreational purposes, and agricultural, industrial, and other legitimate uses.

If a State does not adopt water quality standards consistent with the above para-

graph, the Act provides the Secretary with the opportunity to set the standards.

On February 27, 1967, the Secretary established the first National Technical

Advisory Committee on Water Quality Criteria to the Federal Water Pollution Con-
trol Administration. The Committee's principal function was to collect into one
volume a basic foundation of water quality criteria. A smaller but equally important

function was to develop a report on research needs. This latter report will appear as

a separate publication. The Committee was subdivided to develop criteria for five

general areas of water use: (1) Recreation and Aesthetics; (2) Public Water Sup-

pUes; (3) Fish, Other Aquatic Life, and Wildlife; (4) Agriculture; and (5) Industry.

An interim report was printed and presented to the Secretary of the Interior on
June 30, 1967. It was prepared primarily for two purposes: to assist in setting and
evaluating standards and for Committee review and comment.

After all the comments and revisions were considered, the various subcommit-

tees accepted a final version in the form here presented. Evaluation by knowledge-

able agencies and individuals is welcomed and any one who wishes to make
comments should forward them to:

Water Quality Standards Staff

Federal Water Pollution Control Administration

U.S. Department of the Interior

633 Indiana Avenue NW.
Washington, D.C. 20242



introduction

THE FWPCA is grateful for the assistance of the Committee in implementing the

Federal Water Pollution Control Act by recommending criteria for the various

legitimate water uses.

One troublesome problem encountered in the initial meetings of the Committee

was that of semantics. The Committee faced the task of sorting out meanings among
the terms "criteria" and "standards." Regardless of any other uses of the words, the

following definitions are considered appropriate

:

Standard—a plan that is established by governmental authority as a

program for water pollution prevention and abatement.

Criteria—a scientific requirement on which a decision or judgment

may be based concerning the suitability of water quality to support a

designated use.

The standards adopted by the States include water use classifications, criteria

necessary to support these uses, and a plan for implementation and enforcement.

Occasionally, among water pollution control authorities, the words "criteria" and

"requirement" are used interchangeably. The same can be said for the words
"standards" and "objectives."

The Federal Water Pollution Control Act authorizes the States to set standards.

Quality characteristics of a physical, chemical, or biological nature demanded by

aquatic life, industrial process, or other use, are requirements or criteria. This Report

of the National Technical Advisory Committee concerns criteria—a significant part

of water quality standards. The Committee considered the water use criteria set forth

in this report with the objective of assisting the State and Federal agencies in setting

and evaluating standards so they can meet water pollution abatement objectives.

The Committee was concerned about several issues relating to water quality

standards for the control and abatement of water pollution. Foremost among these

is the lack of adequate knowledge concerning many of the quality characteristics

upon which criteria and, hence, standards should be based. The unknowns still out-

weigh the knowns. Complicating factors in setting standards are varying natural

conditions affecting water quality, such as climate, geography, and geology of a

specific location. The Committee does not want to be dogmatic in recommending
these criteria. They are meant as guidelines only, to be used in conjunction with a

thorough knowledge of local conditions. Further, it is anticipated that future research

will provide considerable basis for refinements in the recommendations.

The Committee recognizes that the protection of water quality for legitimate

uses requires far more than scientific information. There is an urgent need for data

collected from systematic surveillance of waters and waste sources and for an

expanded research effort. Research needs are described in a separate document.

Achieving water quality goals, however, requires more than research and data

collection. It will depend on people: alert and responsible administrators at all

levels of government and industry, well-trained scientists, engineers, and technicians,

sympathetic legislators and stockholders, and an informed public.

Determining water quality criteria for various water uses is an important step in

solving the Nation's water pollution problems. Along with vigorous implementation

programs, it is a necessary step in achieving water quality management on a scien-

tific basis. The Committee firmly believes that preserving and improving the quality

of our water resources is well worth our best efforts.

Federal Water Pollution Control
Washington, D.C. Administration

April 1, 1968

vu
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foreword

THE NATIONAL Technical Advisory Sub-

committee for Research and Aesthetics has

been asked to

—

( 1 ) recommend water quality criteria for recre-

ation and aesthetic uses; and

(2) identify research needs and priorities relat-

ing to water quality for recreation and aes-

thetic uses.

This report is addressed to the first of these as-

signments. It includes observations on aesthetic

and recreation values as these are understood by
the Subcommittee. Criteria—descriptive and nu-

merical—are based upon evaluation of existing

information by members of the Subcommittee and
others whose counsel has been sought infonnally.

There are serious gaps, and considerable conflict,

in available information. Research recommenda-
tions are offered in a separate paper.

The Subcommittee is grateful for the opportu-

nity to assist in implementing the Water Quality

Act of 1965 by recommending criteria for aes-

thetic and recreation purposes. The Subcommittee

notes, however, that the protection of water qual-

ity for desired uses requires far more than tech-

nical data. There is urgent need for systematic

surveillance (traditional sanitary surveys broad-

ened to Include aesthetic qualities) of waters and

of waste sources to make effective use of criteria

in practice. And in the last analysis, accomplish-

ment of water quality goals will depend on
people: alert and responsible administrators at

all levels of government and industry, well-trained

scientists, engineers, and technicians, sympathetic

legislators and stockholders, and an informed

public.

With this somewhat modest view of its assign-

ment and its performance, the Subcommittee is

pleased to offer this report. In the interest of or-

derly exposition, the Subcommittee has chosen to

consider aesthetics first, followed by recreation.

NOTES

1. The Subcommittee has found that criteria are needed

for water quality management for de facto, as well as

designated, water uses. This finding is reflected through-

out the report and particularly in criteria for recreation.

2. The Subcommittee has not proposed delicate grada-

tions in criteria, assuming that in natural waters—even

for specific uses at specific points—management neces-

sarily involves sizable reaches of water.

3. The recommendations in this report should be con-

sidered as subject to periodic adjustment as better in-

formation becomes available.



tected by development of appropriate cri-

teria for each individual case.

Recreation

summary

of recommendations

Aestlietics

A. General Requirements

I. All surface waters should be capable of

supporting life forms of aesthetic value.

II. Surface waters should be free of sub-

stances attributable to discharges or wastes

as follows:

(a) Materials that will settle to form ob-

jectionable deposits.

(b) Floating debris, oil, scum, and other

matter.

(c) Substances producing objectionable

color, odor, taste, or turbidity.

(d) Materials, including radionuclides, in

concentrations or combinations

which are toxic or which produce

undesirable physiological responses

in human, fish, and other animal life

and plants.

(e) Substances and conditions or combi-

nations thereof in concentrations

which produce undesirable aquatic

life.

B. Desirable Additional Requirements

I. The positive aesthetic values of water

should be attained through continuous en-

hancement of water quality.

II. The aesthetic values of unique or outstand-

ing waters should be recognized and pro-

A. General Recreational Use of Surface Waters

I. Surface waters, with specific and limited

exceptions, should be suitable for human
use in recreation activities not involving

significant risks of ingestion without refer-

ence to oflflcial designation of recreation

as a water use. For this purpose, in addi-

tion to aesthetic criteria, surface waters

should be maintained in a condition to

minimize potential contamination by uti-

lizing fecal coliform criteria for monitor-

ing. In the absence of local epidemiologi-

cal experience, the Subcommittee sug-

gests an average not to exceed 2,000

fecal coliforms per 100 ml and a maxi-

mum of 4,000 per 100 ml, except in

specified mixing zones adjacent to out-

falls.

II. Surface waters, with specific and limited

exceptions, should be of such quaUty as

to provide for the enjoyment of recrea-

tion activities based upon the utilization

of fishes, waterfowl, and other forms of

life without reference to official designa-

tion of use. The Subcommittee recom-

mends by reference criteria developed by

the National Technical Advisory Sub-

committee on Fish, Other Aquatic Life,

and Wildlife for guidance relative to

various species and waters.

III. Species available for harvest by recreation

users should be fit for human consump-
tion. In areas where taking of mollusks is

a recreational activity, the criteria shall be

guided by the U.S. Public Health Service

manual, "Sanitation of Shellfish Growing
Areas," 1965 revision.

B. Enhancement of Recreation Value of Waters

Designated for Recreation Uses Other Than
Primary Contact Recreation

I. In waters designated for recreation use

other than primary contact recreation, the

fecal coliform content, as determined by
either multiple-tube fermentation or mem-
brane filter techniques, should not exceed

a log mean of 1,000/100 ml, nor equal or

exceed 2,000/100 ml in more than 10%
of the samples.

II. In waters designated for recreation use,



optimum conditions for recreation based

upon utilization of fish, other aquatic life,

and wildlife should apply, with specific and

limited exceptions. The Subcommittee en-

dorses by reference the criteria for these

purposes recommended by the National

Technical Advisory Subcommittee on

Fish, Other Aquatic Life, and Wildlife.

C. Primary Contact Recreation

I. Criteria for mandatory factors.

(a) Fecal coliform should be used as the

indicator organism for evaluating the

microbiological suitability of recrea-

tion waters. As determined by mul-

tiple-tube fermentation or membrane
filter procedures and based on a mini-

mum of not less than five samples for

any 30-day period of the recreation

season, the fecal coliform content of

primary contact recreation waters

shall not exceed a log mean of 200/
100 ml, nor shall more than 10 per-

cent of total samples during any 30-

day period exceed 400/100 ml.

(b) In primary contact recreation waters,

the pH should be within the range of

6.5-8.3 except when due to natural

causes and in no case shall be less

than 5.0 nor more than 9.0. When
the pH is less than 6.5 or more than

8.3, discharge of substances which
further increases unfavorable total

acidity or alkalinity should be limited.

II. Criteria for desirable factors.

(a) For primary contact waters, clarity

should be such that a Secchi disc is

visible at a minimum depth of 4

feet. In "learn to swim" areas, the

clarity should be such that a Secchi

disc on the bottom is visible. In div-

ing areas, the clarity shall equal the

minimum required by safety stand-

ards, depending on the height of the

diving platform or board.

(b) In primary contact recreation waters,

except where caused by natural con-

ditions, maximum water temperature

should not exceed 85 F (30 C).

III. Marine waters

The Subcommittee suggests, as a gen-

eral practice, application of a single set of

criteria for fresh, estuarine, and marine
waters.

aesthetics



Observations on aesthetic values

It is not surprising that water has occupied an

important position in the concerns of man. The
fate of tribes and nations, cities and civiUzations

has been determined by drought and flood, by

abundance or scarcity of water since the earliest

days of mankind.

Artists have reflected man's fascination with

water. Literature and art of a variety of cultures

dwell upon brooks, waves, waterfalls, and lakes

as superlatives among the delights of the environ-

ment.

Aesthetically pleasing waters add to the quality

of human experience. Water may be pleasant to

look upon, to walk or rest beside, to contemplate.

It may provide a variety of active recreation ex-

perience. It may enhance the visual scene wher-

ever it appears, in cities or wilderness. It may
enhance values of adjoining properties, public and
private. It may provide a focal point of pride

in the community.

The appearance of pollution and the fear of

pollution reduces aesthetic value; the knowledge
that water is clean enhances both direct and in-

direct aesthetic appreciation.

The Subcommittee is charged with recommend-
ing aesthetic criteria for water itself. But the Sub-

committee notes that the aesthetic appeal of visual

scenes in which water is an element involves the

uses and activities on the water's surface; i.e.,

boats, ships, wildlife.

Thus the management of water for aesthetic

purposes must be planned and executed in the

context of the uses of the land, the shoreline, and
the water surface.

It is clear that Americans are becoming increas-

ingly concerned about aesthetic quality of the

physical environment. And it seems probable that

aesthetic expectations wiU rise with increases in

education and leisure, and that these rising ex-

pectations will be reflected in continuing and
accelerated public demand for "clean" water. The
recent history of public policy in water pollution

control would seem to support these observations.

On a number of occasions, the President has

expressed a growing national concern for the qual-

ity of the envirormient and specifically for the

quality of water resources. In his 1965 message
on "The Natural Beauty of Our Country," the

President said:

A prime national goal must be an environment that is

pleasing to the senses (as well as) healthy to live in.

In the same message, the President called for

intensified action to clean up "waterways that were
once sources of pleasure and beauty and recrea-

tion," but are now "objectionable to sight and

smell," as well as dangerous for human contact.

The concern of the new conservation, the Presi-

dent has said, "Is not just man's welfare, but the

dignity of man's spirit."

Congress has affirmed and reaffirmed its deter-

mination to enhance water quality in a series of

actions strengthening the Federal role in water

pollution control and strengthening Federal sup-

port for water poUution control programs of State

and local governments and industry.

In a number of States, political leaders and
voters have overwhelmingly supported costly pro-

grams to restore water quaUty, with aesthetics

—

as well as recreation—as one of the values in-

volved.

The recognition, identification, and protection

of the aesthetic values and qualities of water should

be an objective of all water quality management
programs. Withdrawn water that is not consumed
returns to the common supply. The retention of

suitable characteristics, including aesthetic quality,

in the common supply is more likely to be achieved

through control of discharges at the source than

by excessive dependence upon assimilation by re-

ceiving waters. The Subcommittee emphasizes the

values that aesthetically pleasing water provides

are most urgently needed where pollution prob-

lems are most difficult—in cities, and particularly

in the central portions of cities where population

and industry are likely to be most heavily concen-

trated.

Recommended criteria for aesthetic

purposes

Recommendation: All surface waters should contribute

to the support of life forms of aesthetic value.

This recommendation is made in recognition

of the significance of fishes, waterfowl, and other

water-dependent species to human aesthetic satis-

faction.

Wildlife is a significant element of the aesthetics

of the physical environment, adding beauty in a

variety of forms and life to otherwise static scenes.

Beyond the direct experience of viewing (which
may include educational and recreational nature

study) is the aesthetic satisfaction of knowing
that these life forms are present. Conversely,

periodic disruptions in the aquatic environment

by pollution—reflected in fish kiUs, damage to

waterfowl, odors, noxious vegetative growths—de-

grade aesthetic qualities and appreciation. These
aesthetic losses extend beyond the periods during

which the conditions may occur. A river that is

offensive periodically wiU lose much of its aes-

thetic value untn suitable quahty conditions are
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restored—and maintained consistently.

This recommendation, as well as others relative

to aesthetics, is to be applied in the context of

local conditions.

Numerical criteria of the National Technical

Advisory Subcommittee on Fish, Other Aquatic

Life, and Wildlife will provide guidance for water

management.

In addition to supporting life forms of aesthetic

value, surface waters should themselves be aes-

thetically pleasing. Because natural conditions vary

widely, the Subcommittee recommends a series

of descriptive rather than numerical criteria for

this purpose. The criteria are intended in general

terms to provide for the protection of surface

waters from substances or conditions which might

degrade or tend to degrade the aesthetic quality

of water from other than natural sources. In

this context "natural sources" includes only sub-

stances or conditions which may affect water qual-

ity independent of human activities. Human ac-

tivities which cause degradation from otherwise

natural sources, such as accelerated erosion from

surface disturbances, are not considered to be

natural. The criteria are intended to cover degra-

dation "from discharges or waste." This phrase

is intended to cover pollution from all sources

attributable to human activities whether carried

in over-the-surface flow, point discharges, or sub-

surface drainage.

The word "free" in the list of minimum require-

ments is acknowledged to be a practical impos-

sibility; the presence of pollutants in some degree

is inevitable. The Subcommittee assumes that ad-

ministrators and courts will interpret the term in

a manner that will accomplish the purposes of

the criteria.

Recommendation: Surface waters should be free of

substances attributable to discharges or waste as

follows:

(a) Materials that will settle to form objectionable

deposits.

(b) Floating debris, oil, scum, and other matter.

(c) Substances producing objectionable color, odor,

taste, or turbidity.

(d) Materials, including radionuclides, in concentra-

tions or combinations which are toxic or which

produce undesirable physiological responses in

human, fish and other animal life, and plants.

(e) Substances and conditions or combinations thereof

in concentrations which produce undesirable

aquatic life.

Substances and conditions referred to in (e), above,

would include factors such as excessive nutrients and
temperature elevation. Undesirable aquatic life would
include objectionable abundance of organisms such as

a bloom of blue-green algae resulting from discharge

of a waste with a high nutrient content and an elevated

temperature. We would encourage the use of numerical

limitations on nutrients in specific waters where present

or future knowledge may permit or other water use

requirements (e.g., public water supply) justify such

actions. However, the Subcommittee feels their recom-

mending numerical limitations that would meet the

many varying requirements of aesthetics for individual

waters and regions would result in nothing more than

a welter of numbers.

The Subcommittee wishes to emphasize that

aesthetic qualities—notably color and clarity—of

natural waters vary sharply among regions and
within regions or even on specific streams, lakes,

reservoirs, bays, and estuaries. The recommended
criteria are intended to be applied in the context of

natural conditions.

The Subcommittee considered recommending
numerical criteria for aesthetic uses. It concluded

that numbers would add littie to the usefulness

of descriptive criteria because the effect of vari-

ous substances on waters is so largely dependent

on local conditions.

Quality above minimum requirements

The Subcommittee notes that "Guidelines for

Establishing Water Quality Standards for Inter-

state Waters," published by the Department of the

Interior in 1966, provides that "water quality

standards should be designed to enhance (italics

supplied) the quality of water" and "in no case

will standards providing for less than existing

water quality be acceptable."

Generally speaking—especially when psycho-

logical factors are considered—the aesthetic values

of water are enhanced by continuing improvement

in quality conditions in microbiological, chemical,

and physical terms and reduced as quality de-

clines. Aesthetic values may be best realized by

continuing efforts, as implied by the Water Quality

Act of 1965, toward enhancement of water quality

for all uses.

Unique or outstanding waters

Certain bodies of water in the United States

merit special considerations in establishing water

quality criteria and standards. Examples include

Lake Tahoe, Crater Lake, portions of Biscayne

Bay and other coastal and estuarine areas, rivers

(including a number which may be designated as

"scenic" or "wild" rivers under State or Federal

law) reservoirs, and lakes—^waters which by rea-

son of clarity, color, scenic setting, or other char-

acteristics provide aesthetic values of imique or

special interest. The Subcommittee recommends
that such special waters be identified and specific

standards developed in each case to protect their

unique values.



recreation

Observations on recreation values

Recreation uses of water in the United States
have historically occupied an inferior position in

practice and law relative to other uses.

Where maintenance of recreation quality water
placed no significant burden on other water users,

recreation has customarily been considered an ap-
propriate use. If other uses degraded quality below
recreation quality, the recreation user has usually
been expected to seek alternative waters, a task
constantly rendered more difficult by rapidly ex-
panding urbanization and industrialization.

In a number of Western States, recreation does
not appear in the roster of "beneficial uses" enu-
merated by statute. The recognition of recreation
as a benefit and a purpose of water resource de-
velopment is a matter of recent history for such
Federal agencies as the Corps of Engineers, the
Bureau of Reclamation, and the Soil Conservation
Service.

The reasons for these priorities in the uses of
water are found in the transition from an agrarian
to an industrial and urban society. Now the Nation
faces a new order of social problems including, for
the first time in history, a serious concern for the
creative uses of the increasing amounts of leisure

available to our people. Today there is a growing
realization that recreation is a full partner in water
use; one that, with associated services, represents
a multimillion dollar industry with substantial

prospects for future growth as well as an important
source of psychic and physical relaxation.

Outdoor recreation is a preferred form of leisure

activity for increasing millions of Americans;
water and shorelines serve as a focal point for
many preferred forms of outdoor recreation. Quan-
tity, location, and accessibility as well as quality

of water are prime factors in satisfying outdoor
recreation demands. These facts are set forth in

"Outdoor Recreation for America," the 1962 re-

port of the Outdoor Recreation Resources Review
Commission (ORRRC), and are confirmed by
subsequent surveys of outdoor recreation activities

and demands carried out by the Bureau of Out-
door Recreation (BOR), Department of the
Interior.

One of the major findings and pervasive themes
of the ORRRC report was that most people seek-
ing outdoor recreation (90 percent of all Ameri-
cans) seek it associated with water—to sit by,

to walk alongside, to swim and to fish in, and to

boat on.

Based on a 1960 survey, ORRRC found—for

example—that swimming was second among out-

door recreation activities and was likely to be



the most popular by the turn of the century. Boat-

ing and fishing were among the top 10 activities.

Walking, camping, picnicking, and hiking—also

high on the user preference list—are more attrac-

tive, higher quality experiences near clean water.

A 1965 survey by the Bureau of the Census,

Department of Commerce, for BOR indicates that

present and anticipated increases in all water-re-

lated activities far surpass ORRRC projections.

BOR's 1965 survey found—for example—that

the popularity of swimming, now second only to

"walking for pleasure," is increasing so fast that

it is expected to be the number one outdoor ac-

tivity by 1980 and continue to hold that place

in 2000.

Expressed in other terms, BOR found that out-

door swimming "participation occasions" increased

44 percent between 1960 and 1965 (while the

population of individuals 12 years old and older

increased 8 percent). Between 1965 and 1980,

BOR expects that swimming will increase 72 per-

cent (while population is expected to increase

29 percent), and between 1965 and 2000, 207
percent (while population is expected to increase

76 percent).

Expressed in terms of individuals, rather than

"occasions," BOR's 1965 survey found that 49
percent of the population (12 years old and older)

went swimming outdoors that year, an increase of

15 percent since 1960. Comparable figures for

some other water-related activities:

Fishing—30 percent of population participated,

an increase of 12 percent since 1960.

Boating (other than canoeing and sailing)—
24 percent, an increase of 18 percent.

This intimate connection between water and

recreation suggests the need for coordination of

outdoor recreation planning programs and water

resources planning programs. Under the Land
and Water Conservation Fund Act of 1965, and

the Water Quality Act of 1965, the States are

required to prepare comprehensive long-range

plans for meeting the outdoor recreation needs of

their people, and for the management of water

quality on interstate waters, respectively. State

and Federal water quality officials should draw
upon statewide outdoor recreation plans (and the

nationwide outdoor recreation plan now being

prepared by the Bureau of Outdoor Recreation)

for guidance in assessing recreation needs, and in

developing and applying standards and criteria to

waters under their jurisdictions. Similar coor-

dination should be effective between water quality

and comprehensive water resources planning pro-

grams now underway or planned for river basins

throughout the country.

The Subcommittee emphasizes that the manage-
ment of water resources to enhance recreational

opportunities requires more than the maintenance

of water quality. In addition to quantity, location,

and accessibility of water, management for recrea-

tion may involve seasonal and even daily water

level regulation during seasons and hours of peak

Recreation activities for which criteria

are recommended

The Subcommittee has been asked to recom-

mend criteria for water to be used for recreation.

In draft materials prepared for consideration by
the Subcommittee, and in much of the available lit-

erature, water quality criteria for recreation con-

centrate on the protection of the health and safety

of the recreation user.

It is the Subcommittee's conviction that water

quality management programs for recreation

should include criteria to

—

(a) provide for and enhance general recreation

use of surface waters;

(b) enhance recreation value of waters desig-

nated for recreation use; and

(c) provide special protection for the recreation

user where significant body contact with

water is involved.

Criteria for these purposes are set forth in suc-

ceeding sections.

Criteria for general recreational use

of surface waters

The Subcommittee has concluded for reasons

set forth below that it is necessary to recommend
criteria for general recreation use of surface

waters without rejerence to specific designation

of recreation as a water use.

Considerations related to the recreation user

Recommendation: Surface waters should be suitable

for use in "secondary contact" recreation—activities

not involving significant risks of ingestion—without

reference to official designation of recreation as a

water use. For this purpose, in addition to aesthetic

criteria, surface waters should be maintained in a

condition to minimize potential health hazards by

utilizing fecal coliform criteria. In the absence of local



epidemiological experience, the Subcommittee recom-
mends an average not exceeding 2,000 fecal coliforms

per 100 ml and a maximum of 4,000 per 100 ml,

except in specified mixing zones adjacent to outfalls.

This level of fecal coliforms could be expected

when concentrations of viral and other pathogens

in receiving waters have been reduced to less than

infectious levels for casual water contact by hu-

mans, with the risk considered to be one-tenth

that for primary contact recreation (see criteria

for primary contact recreation on p. 12). Further

research will be necessary to arrive at precise cri-

teria for secondary contact recreation activities.

This recommendation is intended to provide for

the enjoyment, in relative safety, of uses custom-

arily described as "secondary contact recreation,"

including boating, fishing, and limited contact with

water incident to shoreline activities. Swimming,

wading by children, and other activities usually

referred to as "primary contact recreation" are not

adequately provided for by this recommendation.

The recommendation recognizes the undeniable

attraction of water to human beings: water has

value, and is used, for a variety of recreational

activities without regard to specific mcmagement

for or designation of these uses.

In the Subcommittee's opinion, public policy

and water quality criteria should provide for these

values and uses as a normal and desirable manage-

ment objective on surface waters of the United

States.

The Subcommittee notes certain qualifications in

its recommendation. There are, depending on local

conditions, waters—typically below points of dis-

charge and before mixing—where recreational uses

should be discouraged, or in certain cases pro-

hibited. (The Subcommittee assumes that zones

for mixing are limited, and are specified and de-

fined in water quality programs.) Quite apart

from water quality, physical hazards—such as in-

tensive navigation use—may make recreation use

undesirable. If the Subcommittee's recommenda-

tion is accepted, an additional burden will be

placed upon public agencies to develop positive

programs to discourage recreation use where such

use is clearly inadvisable.

Time is a factor in the Subcommittee's recom-

mendation. The Subcommittee assumes that plans

and programs for implementation of standards

prepared by the States will set forth schedules for

accomplishment of water quality criteria for vari-

ous uses including secondary contact recreation

uses.

The burden of the Subcommittee's finding is

that surface waters—wherever there are people

—

have recreational potential, are likely to be used

for recreation even if grossly polluted, and provide
increased recreation value as quality improves.

Thus both protecting the public health and en-

hancement of water quality for human satisfaction

support the Subcommittee's recommendation. As
in the case of aesthetic value, demands on water
for recreation are likely to be most intense in

urban areas, where suitable quality is most difficult

to achieve.

The Subcommittee emphasizes that this recom-
mendation is a suggested minimum requirement.

Many of the most-sought-after forms of water rec-

reation as described in user preference studies by
the Bureau of Outdoor Recreation—swimming
and "going to the beach," water skiing, surfing

—

call for water of significantly lower microbiological

content than recommended here. Thus, while reali-

zation of secondary contact recreation water would
involve a substantial upgrading of the quality of

significant portions of surface waters, the mini-

mum level suggested here still constitutes a severe

limitation on the potential recreation value of

surface waters. The Act of Congress under which
these criteria are being developed specifies that

one of its purposes is to enhance the value of the

Nation's water resources. The Subcommittee em-
phasizes strongly that continuing improvement be-

yond the minimum levels specified for aesthetics in

this section will add to the recreation value of

surface waters.

In addition to criteria to permit safe public en-

joyment of secondary contact recreation, the Sub-

committee has concluded that a companion recom-
mendation is necessary to provide for recreation

based on utilization of fishes and other aquatic or

water-related species as a general use of surface

waters.

Recommendation: Surface waters, with specific and
limited exceptions, should be of such quality as to

provide for the enjoyment of recreation activities based
upon the' utilization of fishes, waterfowl and other

forms of life, without reference to official designation

of use. The Subcommittee recommends by reference

criteria developed by the National Technical Advisory
Subcommittee on Fish, Other Aquatic Life, and Wild-
life for guidance relative to various species and waters.

Recreation based on utilization of aquatic and
water-related animals is, in number of participants,

a major recreation use of surface waters. The Sub-

committee suggests that the maintenance and pro-

duction of fish and wildlife utilized for recreation

purposes must be assumed to be an objective of

management of surface waters for general recrea-

tion use.

As in the preceding section, exceptions should

be confined to specific mixing zones adjacent to

outfalls.

The 1965 survey by the Bureau of the Census



reported that over 42 million Americans engaged

in recreational fishing—not counting children

mider 12 years of age. Over H million hunted

waterfowl. Recreation based upon taking of mol-

lusks and crustaceans is significant, although data

on use are not available. (Mollusks and crusta-

ceans, in varying degrees, tend to concentrate cer-

tain pollutants beyond concentrations m water.

Note is made of this fact in a succeeding recom-

mendation. )

Another Subcommittee has been asked to rec-

ommend criteria for fish and wildlife. The recom-

mendation in this section is made to underscore

the nearly universal value and appeal of surface

waters for recreation based on these life forms, and

to recommend that these forms of recreation be

provided for as a general recreation use of surface

waters.

The Subcommittee realizes that optimum condi-

tions for fish and wildlife are not attainable in all

surface waters, even with the recommended excep-

tions for mixing zones. Significant recreation op-

portunities based on fish and wildlife may, how-

ever, be provided by less than optimum conditions,

and these recreation values may be expected to

increase as conditions are improved under careful

management.

The use of specific waters for recreation based

upon fish and wildlife may be undesirable for a

number of reasons, including potential conflicts

among recreation activities. Limitations on the

recreational values of waters capable of providing

recreational fishing and hunting under practical

management for these purposes should not, how-

ever, be imposed by water quality.

The effect of the Subcommittee's recommenda-
tion is that recreation based upon utilization of

fishes, other aquatic life forms, and waterfowl is

logically assumed to be an objective of the man-
agement of surface waters. Criteria which fail to

provide for these recreation activities constitute a

limitation on recreation uses, except where such

use is inappropriate for reasons other than water

quality.

A significant part of fishing, hunting, and similar

activities is consumption of the species involved.

Water quality management should protect this use

by controlling taste, odor, and safeness for con-

sumption of harvestable species. It is the position

of the Subcommittee that the recreation harvester

of aquatic life is entitled to the same protection

afforded the commercial producer and consumer.

Recommendation: Species available for harvest by
recreation users should be fit for human consumption.
In areas where taking of mollusks is a recreational

activity, the criteria shall be guided by the U.S. Public

Health Service manual "Sanitation of Shellfish Growing
Areas," 1965 revision.

Criteria for the enhancement of

recreation value of waters designated

for recreation uses other than primary

contact recreation

The preceding recommendations on criteria for

general recreational use of surface waters note

that regardless of whether or not such use is en-

couraged, people are drawn to and make use of

water for a variety of recreation activities, and

suggest criteria in recognition of this fact.

The recommendations in this section are in-

tended to apply where recreation is a designated

use for water quality management purposes (but

not in cases where primary contact recreation

is involved).

Water quality managers and recreation-supply-

ing agencies share the opportunity and obligation

to seek high quality in waters designated for recre-

ational use and especially so in waters associated

with public or private areas and facilities provided

for recreation uses.

Water suitable for primary contact recreation

uses is a desirable goal on all waters designated for

recreation use. Criteria for primary contact use

(set forth in a succeeding recommendation) should

be applied wherever feasible and should be ap-

proached as closely as possible wherever recreation

is a designated water use—especially where recrea-

tion use is encouraged by facilities such as boat

launching ramps, campgrounds, fishing access

points, and shoreline trails. Where wading and

dabbling by children is a customary use in these

areas, primary contact criteria should apply.

Where primary contact criteria can be applied,

health hazards are minimized and the full range

of recreation opportunities assured.

Aesthetic criteria apply, of course, to waters

designated for recreation use. In addition, the

Subcommittee recommends fecal coliform criteria

designed to enhance and protect recreation use.

This recommendation is intended to establish

microbiological criteria for "secondary contact"

recreation activities on waters designated for

recreation use. It is more stringent than the recom-

mendation providing for secondary contact recrea-

tion on surface waters generally.

Recommendation: In waters designated for recreation

uses other than primary contact recreation, the Sub-

committee recommends that the fecal coliform content,

as determined by either multiple-tube fermentation or

membrane filter techniques, should not exceed a log

mean of 1,000/100 ml, nor equal or exceed 2,000/

100 ml in more than 10 percent of the samples.
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Additional reductions of microbiological con-

tent wUl serve to further protect public health and

enhance and encourage recreation enjoyment.

The Subcommittee recommends further that op-

timum conditions for recreation based upon fish,

other aquatic forms, and water-related wildlife be

assumed to be an objective of management of

waters designated for recreation use.

Recommendation: In waters designated for recreation

use, optimum conditions for recreation based upon
utilization of fish, other aquatic life, and wildlife should

apply, with specific and limited exceptions. The Sub-

committee endorses by reference criteria for these pur-

poses recommended by the National Technical Ad-
visory Subcommittee on Fish, Other Aquatic Life, and

Wildlife.

The Subcommittee has noted earlier its judg-

ment that fishing, certain forms of hunting, and

other recreation activities based upon fish and

wildlife should be considered as a general recrea-

tion use of surface waters, with specific and limited

exceptions.

It follows that, where recreation is a designated

water use calling for special quality management
efforts, optimum conditions for the species which

provide these forms of recreation—as recom-

mended by the National Technical Advisory Sub-

committee on Fish, Other Aquatic Life, and Wild-

life—should be assumed to be a management ob-

jective.

The Subcommittee notes that, even in major

water areas designated for recreation use, water

used for mixing adjacent to outfalls may fall below

optimum conditions in specific and limited areas.

The Subcommittee also notes that certain water-

related recreation activities at a given site may
conflict during certain seasons and times. The limi-

tations on recreation use should not, however, be

imposed by water quality.

Criteria for primary contact recreation

On the basis of microbiological criteria, water

quality managers customarily divide water recrea-

tion users into two groups: those engaged in pri-

mary contact recreation and those engaged in

secondary contact recreation.

The Subcommittee has provided for secondary

contact recreation in earlier recommendations and
will not deal with criteria for the purpose in this

section.

The Subcommittee defines primary contact rec-

reation as activities in which there is prolonged and
intimate contact with the water involving consider-

able risk of ingesting water in quantities sufficient

to pose a significant health hazard. Examples are

wading and dabbling by children, swimming, div-

ing, water skiing, and surfing. (Secondary contact

sports include those in which contact with the

water is either incidental or accidental and the

probability of ingesting appreciable quantities of

water is minimal.

)

While similarities in water contact involved in

trout or surf fishing and wading and dabbling by
children seem to call for their inclusion in the

same category, there are significant differences.

Children are more likely to ingest water and may
be more susceptible to pathogens in water. In

this light, it would seem wise to set a goal of cri-

teria for the protection of primary contact recrea-

tion for most waters adjacent to organized recrea-

tional areas such as picnicking areas and camping

grounds customarily used by children.

The establishment of special criteria (e.g., public

health requirements) necessary for the protection

of the primary contact recreation user has been a

major problem for the Subcommittee. Moreover,

in recommending specific water quality criteria for

this purpose the Subcommittee is faced with a

sharp dilemma—that of balancing reasonable safe-

guards for the public health and physical well-

being against possible undue restrictions on the

availability of waters for contact recreation. The
problem is further complicated by the inadequacy

of studies correlating epidemiological data on

water-borne diseases with degrees of pollution in

recreational waters.

Two factors, microbiological contamination and

pH, are so intimately associated with the health

and physical well-being of the primary contact

recreation user that they should be considered

in management of waters for use for these pur-

poses. While the inclusion of pH might be ques-

tioned, the Subcommittee believes its relation to

eye irritations and subsequent infections justifies

its consideration (see appendix at end of this sec-

tion). None would question the necessity of in-

cluding microbiological criteria in a "must" cate-

gory, thus leaving only the question of what

indicators and what limits should apply.

In attempting to resolve the safety versus un-

necessary restriction dilemma, the Subcommittee

considered at length the selection of most useful

indicators of contamination. The ideal solution

might be in the continuous and instantaneous de-

termination of pathogens. However, time factors,

multiplicity, and complexity of tests, economics of

equipment, and other materials, and manpower
requirements rule out use of pathogens as criteria

for general application. The optimum solution

then becomes one of monitoring an indicator

organism.
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The feces and urine of wannblooded animals

are the most significant potential sources of water-

borne pathogens capable of infecting man. Man
has contracted cholera, typhoid, leptospirosis,

schistosomiasis, and other diseases, witii water as

the vector, where the source of contamination was
traced to animals. Time lapse and magnitude of

contamination are critical factors in the degree of

hazard. The problem now becomes one of selecting

an appropriate indicator and numerical limits that

will indicate contamination by excreta of warm-
blooded animals.

The use of total coliforms as an indicator has a

long history, most recently through counts on
membrane filters. While the total coliforms count

may be a satisfactory indicator in certain respects,

the Subcommittee believes that the variable corre-

lation of total coliform content with contamination

by excreta suggests that coliforms are not a satis-

factory indicator of the possible presence of patho-

gens in recreational waters.

The portion of the total coliforms in water that

are of fecal origin may range from less than 1 per-

cent to more than 90 percent. At the 1 percent

level, a limit of 1,000/100 ml total coliforms

would constitute an undue limitation on availabil-

ity of water for contact recreation. At the 90 per-

cent level, a limit of 1,000/100 ml would consti-

tute a threat to the health of the contact recreation

user. Thus, total coliform criteria are not adequate

for determining suitability of waters for use for

contact recreation.

Fecal streptococci in combination with total

coliforms are being used in sanitary evaluation.

Selection of techniques to be applied and the inter-

pretation of results are in a state of flux and un-

certainty. Problems include the vmresolved ques-

tion of whether or not all types of fecal strepto-

cocci found in warmblooded animals are revealed

by the tests, the fact that appreciable numbers of

streptococci from other sources (plants and in-

sects) yield positive test results, and added time

and manpower requirements for monitoring agen-

cies. Fecal streptococci should not be used as pri-

mary criteria, but are useful as a supplement to

fecal coliforms where more precise determination

of sources of contamination is necessary.

It is the Subcommittee's opinion that of the

groups or organisms commonly employed in evalu-

ating sanitary conditions in surface waters, fecal

coliform is by far the best choice for use in criteria

for contact recreation. Two facts will demonstrate

that fecal coliforms are superior indicators of re-

cent contamination with feces of warmblooded
animals. Approximately 95 percent of the total

coliform organisms in the feces of both birds and

mammals yield positive fecal coliform tests. A
similar portion of the total coliform organisms in

samples of uncontaminated soils and plant mate-

rials yield negative fecal coliform tests. It is im-

portant to note that use of fecal coliforms as an
indicator does not add to the complexity or ex-

pense of monitoring.

There is an urgent need for research to refine

correlations of various indicator organisms, in-

cluding fecal coliforms, to water-borne disease.

The Subcommittee feels that the Public Health

Service's three epidemiological studies on bathing

water quality and health are the only base available

for setting criteria. These studies were far from
definitive and were conducted before the accept-

ance of the fecal coliform as a more realistic meas-

ure of a health hazard. The studies at the Great

Lakes (Mich.) and the Inland River (Ohio)

showed an epidemiologically detectable health ef-

fect at levels of 2,300-2,400 coliforms per 100 ml.

Later work on the stretch of the Ohio River where
the study had been done indicated that the fecal

coliforms represented 1 8 percent of the total coli-

forms. This would indicate that detectable health

effects may occur at a fecal coliform level of about

400 per 100 ml; a factor of safety would indicate

that the water quality should be better than that

which would cause a health effect.

The Santee project correlated the prevalence of

virus with fecal coliform concentrations following

sewage treatment. Virus levels following secondary

treatment can be expected to be 1 PFU per milli-

liter with a ratio of one virus particle per 10,000

fecal coliforms. A bathing water with 400 fecal

coliforms per 100 ml could be expected to have

0.02 virus particles per 100 ml (one virus particle

per 5,000 ml.)

On these bases, the committee recommends the

following.

Recommendation: Fecal coliforms should be used as

the indicator organism for evaluating the microbiologi-

cal suitability of recreation waters. As determined by
multiple-tube fermentation or membrane filter pro-

cedures and based on a minimum of not less than five

samples taken over not more than a 30-day period,

the fecal coliform content of primary contact recreation

waters shall not exceed a log mean of 200/100 ml, nor
shall more than 10 percent of total samples during any
30-day period exceed 400/100 ml.

It is the position of the Subcommittee that, if

neither excessive health hazards nor undue restric-

tion on availability of recreational waters are to

occur, sanitary criteria for water contact recreation

should reflect the foregoing recommendations. The
Subcommittee recognizes that localized bacterial

standards may be justified, if based on sufficient

experience, sanitary surveys, or other control and

monitoring systems. For greatest value, such ac-
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tions should include a thorough analysis of the

sources of contamination and the degree of threat

of pathogens from specific sources.

The Subcommittee notes that fecal discharges

from vessels are individually a small contribution

to contamination and may not be reflected in bac-

terial sampling, but represent a rather direct health

hazard and must be controlled in or near primary

contact recreational areas.

In addition to sanitary criteria, the Subcommit-

tee recommends criteria on pH for primary con-

tact recreation waters. While the Subcommittee

recognizes that many waters (marine, naturally

alkaline, or acidic fresh waters) cause eye irrita-

tion, the relation of pH to eye irritation justifies

inclusion of pH criteria to enhance recreation en-

joyment where pH can be controlled.

In the light of its coordinate effect, the buffering

capacity should be considered in criteria to prevent

eye irritation.

The lacrimal fluid of the human eye has a

normal pH of approximately 7.4 and a very high

buffering capacity, due primarily to the presence of

buffering agents of the complex organic type. As is

true of many organic buffering agents, those of the

lacrimal fluid are able to maintain the pH within

a very narrow range until their buffering capacity

is exhausted. When the lacrimal fluid, through

exhaustion of its buffering capacity, is unable to

adjust the immediate contact layer of a fluid to a

pH of 7.4, eye irritation results. A deviation of no

more than 0. 1 unit from the normal pH of the eye

may result in discomfort. Appreciable deviation

will cause severe pain (see appendix at the end of

this section).

Recommendation : In primary contact recreation waters,

the pH should be within the range of 6.5-8.3 except

when due to natural causes and in no case shall be less

than 5.0 nor more than 9.0. When the pH is less than

6.5 or more than 8.3, discharge of substances which

would increase the buffering capacity of the water

should be limited.

There are additional criteria the Subcommittee

considers to be desirable but not mandatory.

Among these are criteria for clarity and tempera-

ture. Clarity in recreational waters is highly de-

sirable from the standpoint of visual appeal, recre-

ational enjoyment, and safety. Variation in natural

conditions makes it difficult to set absolute criteria

for this factor. However, turbidity attributable to

human activity should be controlled in recreation

waters where feasible in the light of natural con-

ditions.

Recommendation: For primary contact recreation

waters, , clarity should be such that a Secchi disc is

visible at a minimum depth of 4 feet. In "leam to

swim" areas the clarity should be such that a Secchi

disc on the bottom is visible. In diving areas the clarity

shall equal the minimum required by safety standards,

depending on the height of the diving platform or

board.

The Subcommittee is cognizant that recommen-
dations on clarity may have more value for plan-

ners of primary recreation areas than for water

quality administrators.

Temperature is another factor which may be

important to recreation enjoyment. In some locali-

ties and at certain times, elevation of temperature

may be desirable (to lengthen a recreation season,

for instance), but in most cases total recreation

values (including particularly recreational fish-

ing) are more likely to be reduced than enlarged

by excessive temperature elevation. Except in

cases where temperature elevations for primary

contact recreation are justified, the Subcommittee

suggests a stringent restriction on permissible

temperature rises.

Excessively high temperatures may lessen the

pleasure of some water contact sports, as well as

be damaging to biota. Moreover, high tempera-

tures limit the dissipation of body heat and may,

through elevation of the deep body temperature,

produce serious physiological disturbances. It has

been determined that a person swimming expends

energy at the rate of approximately 500 calories

per hour. This is about five times the rate when
sitting still and about twice the rate when walking.

This energy must be dissipated to the environment

to avoid a rise in the deep body temperature. When
conduction is the principal means of heat transfer

from the body and exposure to the environmental

conditions is prolonged, 32.2 C (90 F) is the ap-

proximate limit for persons expending minimal

energy. Since most swimmers utilize energy at a

moderate rate, the maximum water temperature

that will not induce undesirable physiological ef-

fects after prolonged exposure must be less than

32.2 C (90 F). Experience with military person-

nel exposed to warm water continously for several

hours indicates that 30 C (85 F) is a safe maxi-

mum limit.

Limited exposure to water warmer than 30 C
(85 F) can be tolerated for short periods of time

without causing undesirable physiological effects.

In fact, some people get particular enjoyment from

bathing in water from hot springs. However, these

are special circumstances and persons bathing in

such water usually limit their exposure to short

periods of time and do not engage in moderate

exercise such as swimming for prolonged periods.
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Recommendation: In primary contact recreation waters,

except where caused by natural conditions, maximum
water temperature should not exceed 30 C (85 F).

Other aspects of water quality for the primary

contact recreation user, including those associated

with mental satisfaction rather than health or

physical well-being, can be met by adherence to

recommendations for realization of aesthetic val-

ues and enhancement of recreation enjoyment.

a single set of criteria for recreation in fresh, estua-

rine, and marine waters. Given the lack of defini-

tive data, reasonable latitude for criteria in marine

waters should be provided in specific instances

where acceptable monitoring and observation sup-

port other criteria.

Recreation criteria for marine waters

The Subcommittee has considered the advis-

ability of establishing separate criteria for marine

and estuarine waters. While some studies would

seem to indicate that nothing short of actual inges-

tion of particulate fecal matter constitutes a threat

to the recreation user in marine waters, the Sub-

committee does not feel that information now
available justifies separate criteria.

Several additional arguments favoring more
lenient microbiological criteria in marine waters

have been advanced, but upon careful considera-

tion these have been rejected by the Subcommittee

as not being sufficient justification for relaxation of

the criteria.

It is frequently stated that salt water is less

palatable than fresh water and when accidentally

taken into the mouth is ejected rather than in-

gested, thus materially lessening the chance of

intake of water-borne pathogens. However, salt

water is not so unpalatable that it is automatically

ejected. This is particularly true in the case of

children where the sophistications of adults have

not developed.

Another argument posed in favor of the lessened

threat of pathogens from fecal contamination in

marine waters is the bactericidal properties of

these waters. However, the bactericidal properties

of marine waters are weak; their effectiveness in

providing a safety factor is questionable. More-

over, if marine waters were bactericidal, the

presence of indicator organisms would indicate

very recent fecal contamination, which, in the

absence of demonstrated selective bactericidal ef-

fect on pathogens, might suggest a greater threat

to health than comparable concentrations of indi-

cator organisms in fresh water. One might cite the

outbreaks of infectious hepatitis traced to marine

sources as a further refutation of the protection

afforded by bactericidal properties of marine

waters.

In view of the foregoing, the Subcommittee
would suggest, as a general practice, application of
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appendix

The role of some physico-chemical

properties of water as causative

agents of eye irritation of swimmers

by Eric W. Mood, M.P.H.

An important consideration of the physico-

chemical characteristics of water used for recrea-

tion purposes involves those properties that may
cause eye irritation to bathers and swimmers.
Water is a foreign environment to the human eye.

Under certain conditions, water may be very irri-

tating to the eyes of most swimmers and bathers,

but under other conditions it may be non-irritating

to all but a few.

Some knowledge about the characteristics of

water that generaUy is irritating to the eyes of

swimmers has been developed through research

efforts of ophthalmologists and others, many of

whom were interested in the preparation of oph-
thalmic solutions. These researchers assumed that

an ideal non-irritating solution would have similar

physico-chemical properties as tears. Therefore,

studies were undertaken initially to determine the

chemical composition of lacrimal fluid, particularly

of the following: (l)hydrogen-ion concentration

orpH, (2) buffer capacity, and (3) tonicity.

Early studies of the hydrogen-ion concentration

of tears developed values ranging from 6.3 to 8.6.

Diligent efforts by Hind and Goyan (1,2) yielded

more precise data. They found that lacrimal fluid

has a pH of approximately 7.4. This result is not

unexpected as the pH of human blood normally is

found to range from 7.4 to 7.5.

Correlated with the hydrogen-ion concentration

is buffer capacity of the fluid. A solution of low
buffer capacity can have its pH level changed
easily, but a solution with a high buffer capacity

may not have the hydrogen-ion concentration

easily or appreciably altered. Analyses for the

chemical constituents of tears denoted the presence

of carbonic acid, weak organic acids and proteins

(3). These elements allow lacrimal fluid to neu-
tralize both weakly acidic and weakly basic solu-

tions to the approximate pH of the lacrimal fluid.

It has been demonstrated that tears have the ca-

pacity to bring the pH of an unbuffered solution

from as low as 3.5 or as high as 10.5, to within

tolerable limits in a very short time (3)

.

If the chemical constituents of the solution in

contact with the eye are such as to resist the buf-

fering action of the lacrimal fluid and the pH of the

solution in direct contact with the eye is 0.1 or

15



more units of pH higher or lower than pH-7.4, a

pain response may be elicited.

In addition to the factors concerning hydrogen-

ion concentration and buffer capacity, the tonicity

of the fluid in contact with the eye is an important

consideration to minimize irritation or pain re-

sponse. Lacrimal fluid is isotonic (i.e., having the

same osmotic pressure) with blood and has a to-

nicity equivalent to that of a 0.9-percent sodium
chloride solution. Early studies by Hind and
Goyan ( 7 ) showed that a sodium chloride equiva-

lent range of 0.5 percent to 2.0 percent concentra-

tion was well tolerated. Later, Riegelmann,

Vaughan and Okumoto (5 ) , and Riegelmann and

Vaughan (4) suggested that the range be nar-

rowed to the equivalence of between 0.7 percent

to 1.5 percent sodium chloride.

Tonicity of water used for recreation will be

important in reducing or preventing eye irritation

only in those cases where there is prolonged ex-

posure of the eye to water. The usual type of

recreational bathing and swimming which most
people engage in does not usually involve pro-

longed exposure of the eye to water. Hence, tonic-

ity of recreation waters is of much less importance

than the hydrogen-ion concentration and the buffer

capacity in preventing or reducing eye irritation to

bathers and swimmers.

An ideal water that would be non-irritating to

the majority of bathers would be one that is rela-

tively unbuffered and has a sodium chloride

equivalent of 0.9 percent and a pH of 7.4. Since

the ideal can seldom, if ever, be achieved, alter-

nate values are necessary. While the lacrimal fluid

can adjust the pH of an unbuffered solution from
as low as 3.5 or as high as 10.5 to within tolerable

limits withm a short time, these limits of pH have
no practical value as unbuffered water is not

found in nature under usual conditions. Almost
all natural waters have some buffer capacity.

Therefore, to minimize eye irritation to bathers, it

seems desirable to suggest that for natural waters

with low buffer capacity, the pH range be between
5.0 and 9.0. Since most natural waters have more
than a low buffer capacity, a more desirable range

of pH would be 6.5 to 8.3.

In summary, when water quality standards are

proposed for swimming, bathing, and other similar

uses, consideration should be given to those

physico-chemical properties that may cause or

contribute to eye irritation. Of principal impor-

tance is the hydrogen-ion concentration with code-

pendence upon the buffer capacity of the water.

Ideally, the pH of water should be approximately

the same as the pH of lacrimal fluid which is about

7.4 for most people. Since the lacrimal fluid has a

high buffering capacity, a range of pH values from

6.5 to 8.3 can be tolerated under average condi-

tions. If the recreation water is relatively free of

dissolved solids and has a very low buffer capacity,

pH values from 5.0 to 9.0 should be acceptable.

However, for recreation water having a pH less

than 6.5 or greater than 8.3, waste discharge

standards should include prohibition against re-

leases that will increase the buffer capacity of the

receiving waters and yet maintain the pH below
6.5 or greater than 8.3. Tonicity standards do not

seem to have any practical value.
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public water supplies



mentation (6 hours or less), rapid sand filtration

(3 gal/sq ft/min or less) and disinfection with

chlorine (without consideration to concentration

or form of chlorine residual). A wide variety of

modifications of this basic treatment process are in

use for removing various impurities or altering

quality characteristics, but we have arbitrarily

excluded these modifications in our deliberations

because of the difficulty in deciding where to stop

in considering the many modifications and elabora-

tions of the basic process.

introduction

THE NATIONAL Technical Advisory Sub-

committee on Public Water Supplies has

found it necessary to make some rather arbitrary

decisions in order to proceed with its task of de-

veloping raw water quality criteria for public water

supplies. Because public water supplies commonly
involve processing of the raw water to improve its

quality before distributing it to consumers, and

because treatment processes exist which can, at a

price, convert almost any water including sea

water and grossly polluted fresh water into a pot-

able product, it is necessary to consider the type

of treatment in any discussion of raw water quality

criteria for public water supplies.

We have adopted as the considered treatment

the most common processes in use in this country

in their simplest form for the treatment of surface

waters for public use. This may include coagula-

tion (less than about 50 ppm alum, ferric sulfate,

or copperas with alkali addition as necessary but

without coagulant aids or activated carbon), sedi-

We have listed two types of criteria defined as

follows

:

(a) Permissible criteria.—Those character-

istics and concentrations of substances in

raw surface waters which will allow the

production of a safe, clear, potable, aes-

thetically pleasing, and acceptable public

water supply which meets the Umits of

Drinking Water Standards (10) after

treatment. This treatment may include,

but will not include more than, the proc-

esses described above.

(b) Desirable criteria.—Those characteristics

and concentrations of substances in the

raw surface waters which represent high-

quality water in all respects for use as pub-

lic water supplies. Water meeting tiiese

criteria can be treated in the defined plants

with greater factors of safety or at less cost

than is possible with waters meeting per-

missible criteria.

Several words used in the table and in the text

require explanation in order to convey the Sub-

committee's intent:

Narrative.—The presence of this word in the

table indicates that the Subcommittee could not

arrive at a single numerical value which would be

applicable throughout the country for all condi-

tions. Where this word appears, the reader is

directed to the appropriate explanatory text.

Absent.—^The most sensitive analytical pro-

cedure in Standard Methods (9) (or other ap-

proved procedure) does not show the presence of

the subject constituent.

Virtually absent.—This terminology implies

that the substance is present in very low concen-

trations and is used where the substance is not

objectionable in these barely detectable concen-

trations.
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discussion

treating such supplies. This is the importance of

the factors of safety mentioned in the definition of

"desirable criteria". However, managers of all sup-

plies would welcome improved raw water quality.

This Subcommittee believes that the criteria set

forth herein can be used in setting standards of

raw water quality only with a substantial amount

of understanding and discretion. To a considerable

extent this is related to the very great regional

variations in water quality entirely aside from

manmade pollution. In addition, human oc-

cupance and activity have inevitable effects on
water quality. These facts make it difficult and

sometimes impossible to develop uniform numeri-

cal criteria suitable for national application.

The criteria selected by the Subcommittee are

listed in the table and discussed in the numbered
paragraphs cited in the table. The paragraphs also

include some rationale of the basis for the criteria.

The fact that a substance is not included in these

criteria does not imply that its presence is innocu-

ous. It would be quite impracticable to prepare a

compendium of all toxic, deleterious, or otherwise

unwelcome agents that may enter a surface water

supply.

Sampling

THE SUBCOMMITTEE recognizes that sur-

face waters are used for public water supply

without treatment other than disinfection. Such

waters at the point of withdrawal should meet

Drinking Water Standards (10) in all respects

other than bacterial quality.

It should be emphasized that many raw water

sources which do not meet these permissible cri-

teria have been and are being used to provide satis-

factory public water supplies by suitable additions

to and elaboration of the treatment processes de-

fined above. In some instances, however, the water

delivered to the customer is of marginal quality.

Also the finished water is much more likely to be-

come unsatisfactory if treatment plant irregularities

occur. It is recognized that most of the surface

water treatment plants providing water for do-

mestic use in the United States are relatively small

(7) and without sophisticated technical controls.

Marginal quality characteristics, therefore, assume
considerable importance to the managers of plants

Sampling should be of such frequency and of

such variety (time of day, season, temperature,

river stage or flow, location, depth) as to properly

describe the body of water designated for public

water supply. Sampling should also be conducted

in full cognizance of findings of the sanitary sur-

very. Judgment should be exercised as to the rela-

tive desirability of frequent sampling at one point,

such as the raw water intake, as compared to less

frequent sampling at numerous locations, such as

is required for stream profiles or cross sections.

It is clearly not possible to apply these criteria

solely as maximum single sample values. The cri-

teria should not be exceeded over substantial por-

tions of time. If they are exceeded, efforts should

be made to determine the cause, and corrective

measures undertaken.

Analytical methods

The criteria are based upon those analytical

methods described in Standard Methods for the

Examination of Water and Wastewater (9) or

upon methods acceptable to water pollution con-

trol agencies.
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TABLE ll-l. Surface Water Criteria for Public Water Supplies

Permissible Desirable
Constituent or characteristic criteria criteria Paragraph

Physical:
Color (color units) 75 <10 1

Odor Narrative Virtually absent 2
Temperature * do Narrative 3
Turbidity do Virtually absent 4

Microbiological:
Coliform organisms 10,000/100 mr <100/100 mP 5
Fecal coliforms 2,000/100 ml' <20/100 mP 5

Inorganic chemicals: (mg/l) (mg/l)

Alkalinity Narrative Narrative 6
Ammonia 0.5 (as N) <0.01 7
Arsenic * 0.05 Absent 8
Barium * 1.0 do 8
Boron * 1.0 do 9
Cadmium * 0.01 do 8
Chloride * 250 <25 8
Chromium,* hexavalent 0.05 Absent 8
Copper * 1.0 Virtually absent 8
Dissolved oxygen >4 (monthly mean) Near saturation 10

>3 (individual sample)
Fluoride * Narrative Narrative 11
Hardness * do do 12
Iron (filterable) 0.3 Virtually absent 8
Lead * 0.05 Absent 8
Manganese * (filterable) 0.05 ^ do 8
Nitrates plus nitrites* 10 (as N) Virtually absent 13
pH (range) 6.0-8.5 Narrative 14
Phosphorus* Narrative do 15
Selenium * 0.01 Absent 8
Silver * 0.05 do 8
Sulfate * 250 <50 8
Total dissolved solids * 500 <200 16

(filterable residue).

Uranyl ion * 5 Absent 17
Zinc * 5 Virtually absent 8

Organic chemicals:
Carbon chloroform extract * (CCE) 0.15 <0.04 18
Cyanide * 0.20 Absent 8
Methylene blue active substances * 0.5 Virtually absent 19
Oil and grease * Virtually absent Absent 20
Pesticides:

Aldrin * 0.017 do 21
Chlordane * 0.003 do 21
DDT * 0.042 do 21
Dieldrin * 0.017 do 21
Endrin * 0.001 do 21
Heptachlor * 0.018 do 21
Heptachlor epoxide * 0.018 do 21
Lindane * 0.056 do 21
Methoxychlor * 0.035 do 21
Organic phosphates plus 0.1 do 21

carbamates.*
Toxaphene * 0.005 do 8

Herbicides:
2,4-D plus 2,4,5-T, plus 2,4,5-TP * 0.1 do 21

Phenols * 0.001 do 8
Radioactivity: (pc/i) (pc/i)

Gross beta * 1,000 <100 8
Radium-226 * 3 <1 8
Strontium-90 * 10 <2 8

' The defined treatment process has little effect on this limit may be r.elaxed if fecal coliform concentration does not
constituent. exceed the specified limit.

^Microbiological limits are monthly arithmetic averages = As parathion in cholinesterase inhibition. It may be neces-
based upon an adequate number of samples. Total coliform sary to resort to even lower concentrations for some com-

pounds or mixtures. See par. 21.
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Paragraph 1: Color

A limit of 75 color units (platinum-cobalt

standard) has been recommended to permit the

defined plant to produce water meeting Drinking

Water Standards (10) with moderate dosages of

coagulant chemicals. At optimum pH the dosage

usually required is linearly related to the color of

the raw water, and higher color of the type com-

monly associated with swamp drainage and similar

nonindustrial sources can be removed by increas-

ing the coagulant dose. These criteria do not apply

to colors resulting from dyes and some other in-

dustrial and processing sources which cannot be

measured by the platinum-cobalt standard. Such

colors should not be present in concentrations

which cannot be removed by the defined method

of treatment.

Paragraph 2: Odor

The effectiveness of the defined method of treat-

ment in removing odorous materials from water is

highly variable depending on the nature of the

material causing the odor. For this reason, it has

not been feasible to specify any permissible cri-

terion in terms of threshold odor number. The raw

water should not have objectionable odor. Any
odors present should be removable by the defined

treatment. It is desirable that odor be virtually

absent.

Paragraph 3: Temperature

Surface water temperatures vary with geo-

graphical location and climatic conditions. Conse-

quently no fixed criteria are feasible. However,

any of the following conditions are considered to

detract (sometimes seriously) from raw water

quality for public water supply use:

( 1 ) Water temperature higher than 85 F;

(2) More than 5 F water temperature increase

in excess of that caused by ambient con-

ditions;

(3) More than 1 F hourly temperature varia-

tion over that caused by ambient condi-

tions;

(4) Any water temperature change which ad-

versely affects the biota, taste, and odor, or

the chemistry of the water;

( 5 ) Any water temperature variation or change

which adversely affects water treatment

plant operation (for example, speed of

chemical reactions, sedimentation basin

hydraulics, filter wash water requirements,

etc.);

(6) Any water temperature change that de-

creases the acceptance of the water for

cooling and drinking purposes.

Paragraph 4: Turbidity

Turbidity in water must be readily removable by

coagulation, sedimentation, and filtration; must

not be present in quantities (either by weight or

volume) that will overload the water treatment

plant facilities; and must not cause unreasonable

treatment costs. In addition, turbidity in water

must not be frequently changing and varying in

characteristics or in quantity to the extent that

such changes cause upset in water treatment plant

processing.

Customary methods for measuring and report-

ing turbidity do not adequately measure those

characteristics harmful to public water supply and

water treatment processing. A water with 30 Jack-

son turbidity units may coagulate more rapidly

than one with 5 or 10 units. Similarly water with

30 Jackson turbidity units sometimes may be more

difficult to coagulate than water with 100 units.

Sometimes clay added to very low turbidity water

will improve coagulation. Therefore, it has not

been possible to establish a turbidity criterion in

terms of Jackson turbidity units. Neither can a

turbidity criterion be expressed in terms of mg/1

"undissolved solids" or "nonfilterable solids." The

type of plankton, clay, or earth particles, their size

and electrical charges, are far more determining

factors than the Jackson turbidity units. Neverthe-

less, it must be clearly recognized that too much
turbidity or frequently changing turbidity is

damaging to public water supply.

The criterion for too much turbidity in water

must relate to the capacity of the water treatment

plant to remove turbidity adequately and continu-

ously at reasonable cost. Water treatment plants

are designed to remove the kind and quantity of

turbidity to be expected in each water supply

source. Therefore, any increase in turbidity and

any fluctuating turbidity load over that normal to

a water must be considered in excess of that per-

missible.

Paragraph 5: Coliform and Fecal Coliform Or-

ganisms

Bacteria have been used as indicators of sani-

tary quality of water since 1880 when B. coli and

similar organisms were shown to be normal in-

habitants of fecal discharges. The coliform group

as presently recognized by Drinking Water Stand-

ards (10) is defined in Standard Methods for the

Examination of Water and Wastewater (9). This

group includes organisms that vary in biochemical

and serologic characteristics and in their natural

sources and habitats; i.e., feces, soil, water, vege-

tation, etc.

Because the sanitary significance of the various
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members of the coliform group derives from their

natural sources, differentiation of fecal from non-

fecal organisms is important to evaluate raw water

quality (5). Fecal coliforms are characteristically

inhabitants of warmblooded animal intestines.

Members of other coliform subgroups may be

found in soil, on plants and insects, in old sewage,

and in waters polluted some time in the past.

The objective of using the coliform group as an

indicator of the sanitary quality of water is to eval-

uate the disease-producing potential of the water.

To estimate the probability of pathogens being

contributed from feces, the coliform and fecal

coliform content must be quantified.

In relation to raw water sources, the following

suggestions are offered to help resolve some of the

difficulties of data interpretation.

Fecal coliform organisms may be considered

indicators of recent fecal pollution. It is necessary

to consider all fecal coliform organisms as indica-

tive of dangerous contamination. Moreover, no

satisfactory method is currently available for dif-

ferentiating between fecal organisms of human and
animal origin.

In the absence of fecal coliform organisms, the

presence of other coliform group organisms may
be the result of less recent fecal pollution, soil run-

off water, or, infrequently, fecal poUution contain-

ing only those organisms.

In general, the presence of fecal coliform or-

ganisms indicates recent and possibly dangerous

pollution. The presence of other coliform orga-

nisms suggests less recent pollution or contribu-

tions from other sources of non-fecal origin.

In the past the coliform test has been the prin-

cipal criterion of suitability of raw water sources

for public water supply. The increase in chlorina-

tion of sewage treatment plant effluents distorts

this criterion by reducing coliform concentrations

without removing many other substances which the

defined water treatment plant is not well equipped

to remove. It is essential that raw water sources be

judged as to suitability by other measures and cri-

teria than coliform organism concentrations.

The defined water treatment plant is considered

capable of producing water meeting Drinking

Water Standards (70) bacteriological criteria from
these limits. The difference between the suggested

concentration of 10,000 coliforms per 100 ml and
the erstwhile figure of 5,000 per 100 ml is justified

by the difference between the Phelps Index and
the MPN. The Subcommittee suggests these num-
bers and the additional consideration of fecal coli-

forms in order to provide more realistic parame-
ters in full recognition of modern knowledge and
not as a means of sanctioning increased bacterial

pollution of waters destined for public water sup-

ply use.

Paragraph 6: Alkalinity

Alkalinity in water should be sufficient to

enable floe formation during coagulation, must not

be high enough to cause physiological distress in

humans, and must be proper for a chemically bal-

anced water (neither corrosive nor incrusting). A
criterion for minimum and maximum alkalinity in

public water supply is related to the relative

amoimts of bicarbonates, carbonates, and hydrox-

ide ions causing the alkalinity; and also to the pH,

filterable (dissolved) solids, and calcium content.

Because the permissible criterion for filterable

solids is 500 mg/1 and the pH range is 6.0 to 8.5,

alkalinity should not be less than about 30 mg/1.

The criterion for maximum alkalinity cannot be

expressed in calcium carbonate equivalents as

determined from 0.02n H2SO4 titration because of

the interrelationships stated above. However, al-

kalinity values higher than about 400 mg/1 to

500 mg/1 would be too high for public water sup-

ply use. Within the range of 30 mg/1 to 500 mg/1,

the alkalinity criterion should be that value which

is normal to the natural water and which from
experience is satisfactory for public water supply

use. Frequent variations from normal values are

detrimental to public water supply processing

control.

Paragraph 7: Ammonia

Ammonia is a significant pollutant in raw water

for public water supplies because its reactions with

chlorine result in compounds with markedly less

disinfecting efficiency than free chlorine. In addi-

tion, it is frequentiy an indicator of recent sewage

pollution.

In the early days of waste treatment, the oxida-

tion of ammonia to nitrates was one of the major

objectives of waste treatment, but with the de-

velopment of the BOD test, this objective became
neglected. Greater attention to the design and

operation of waste treatment plants for the oxida-

tion of ammonia and organic nitrogen is needed to

minimize the concentration of pollution forms in

these receiving waters.

Paragraph 8: Arsenic, Barium, Cadmium,
Chromium (Hexavalent), Copper, Chloride, Cya-

nide, Iron, Lead, Manganese, Phenols, Selenium,

Silver, Sulfate, Zinc, and Radioactive Substances

The significance of these substances as con-

taminants of drinking water is discussed in Drink-

ing Water Standards (10). The permissible cri-

teria in this report are those included in Drinking

Water Standards. With the possible exception of

iron and in some instances copper and zinc, the

defined treatment plant does little or nothing to

remove these substances.
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Paragraph 9: Boron

Boron is found in the natural ground and sur-

face waters in some areas of the United States,

notably in the Western States where as much as

5 to 1 5 mg/1 are encountered. However, extensive

data on boron in both well and surface waters in

North America show that the amount of boron

normally encountered is less than 1 mg/1. The

ingestion of large amounts of boron can affect the

central nervous system and protracted ingestion

may result in a clinical syndrome known as

borism.

Boron is an essential element to plant growth

but is toxic to many plants at levels as low as

1 mg/1. The Public Health Service has established

a limit of 1 mg/1 which provides a good factor of

safety physiologically and also considers the do-

mestic use of water for home gardening.

Paragraph 10: Dissolved Oxygen

Criteria for dissolved oxygen are included, not

because the substance is of appreciable significance

in water treatment or in finished water, but because

of its use as an indicator of pollution by organic

wastes. It is intended for application to freeflowing

streams and not to lakes or reservoirs in which

supplies may be taken from below the thermocline.

Paragraph 11: Fluoride

The Subcommittee recognizes the potential

beneficial effects of fluoride ion in domestic water

supplies but recommends no "desirable" concen-

tration since any value less than that recommended
for the permissible limit would be acceptable from

the point of view of a water pollution control pro-

gram. Rapid fluctuations in raw-water fluoride ion

levels would create objectionable onerating prob-

lems for communities supplementing raw-water

fluoride concentrations. The permissible criterion

is the upper limit of the recommended range in

Drinking Water Standards (10).

Annual average of Maximum daily air

temperatures ^ F: Limit mg/l

50.0 to 53.7 1.7

53.8 to 58.3 1.5

58.4 to 63.8 1.3

63.9 to 70.6 1.2

70.7 to 79.2 1.0

79.3 to 90.5 0.8

^ Based on temperature data obtained for a minimum
of 5 years.

Paragraph 12: Hardness

A singular criterion for the maximum hardness

in public water supply is not possible. Hardness in

water is largely the result of geological formations

with which the water comes in contact. Public ac-

ceptance of hardness varies from community to

community. Consumer sensitivity to objectionable

hardness is related to the hardness with which he

has become accustomed. Consumer acceptance of

hardness may also be tempered by economic

necessity.

Hardness should not be present in concentra-

tions that will cause excessive soap consumption,

or which will cause objectionable scale in heating

vessels and pipes. In addition, varying water hard-

ness is objectionable to both domestic and indus-

trial water consumers. With varying hardness, the

soap required for laundry, the effect on manu-

factured products, and the damage to process

equipment (such as boilers and cooling coils) can-

not be anticipated and compensated without facili-

ties which are not available to most water users. A
water hardness criterion must relate to the hard-

ness which is normal to the supply and exclude

hardness additions which will cause variations.

A criterion for objectionable hardness must be

tailored to fit the requirements of each community.

Hardness more than 300-500 mg/1 as CaCOs is

excessive for public water supply. Many consum-

ers will object to water harder than 150 mg/1. In

other communities, the criterion for maximum wa-

ter hardness is considerably less than 150 mg/1. A
moderately hard water is sometimes defined as

having hardness between 60 to 120 mg/1.

Paragraph 13: Nitrate plus Nitrite

A limit of 10 mg/l(N) of nitrate ion plus nitrite

ion will be recommended by Drinking Water

Standards (10). Because the nitrite ion is the

substance actually responsible for causing methe-

moglobinemia, a combined limit on the two ions

is more significant than a limit on nitrates only.

Paragraph 14: pH
Most unpolluted waters have pH values within

the range recommended as a permissible criterion.

Any pH value within this range is acceptable for

public water supply. The further selection of a

specific pH value within this range as a desirable

criterion cannot be made.

Paragraph 15: Phosphorus

The Subcommittee has considered establishing

criteria on phosphorus concentrations but has not

been able to establish any generally acceptable

limit because of the complexity of the problem.

The purpose of such a limit would be twofold:

(a) To avoid problems associated with algae

and other aquatic plants, and

(b) To avoid coagulation problems due par-

ticularly to complex phosphates.

Phosphorus is an essential element for aquatic

life as well as for all forms of life and has been

considered the most readily controllable nutrient in

efforts to limit the development of objectionable

plant growths. Evidence indicates that high phos-
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phorus concentrations are associated with the

eutrophication of waters that is manifest in un-

pleasant algal or other aquatic plant growths when

other growth-promoting factors are favorable; that

aquatic plant problems develop in reservoirs or

other standing waters at phosphorus values lower

than those critical in flowing streams; that reser-

voirs and other standing waters will collect phos-

phates from influent streams and store a portion of

these within the consolidated sediments; that phos-

phorus concentrations critical to noxious plant

growths will vary with other water quality char-

acteristics, producing such growths in one geo-

graphical area but not in another.

Because the ratio of total phosphorus to that

form of phosphorus readily available for plant

growth is constantly changing and will range from

two to 17 times or greater, it is desirable to estab-

lish limits on the total phosphorus rather than the

portion that may be available for immediate plant

use. Most relatively uncontaminated lake districts

are known to have surface waters that contain 10

to 30 /ig/1 total phosphorus as P; in some waters

that are not obviously polluted, higher values may
occur (4). Data collected by the Federal Water

Pollution Control Administration, Division of Pol-

lution Surveillance, indicate that total phosphorus

concentrations exceeded 50 /tg/1 (P) at 48 percent

of the stations sampled across the Nation (6).

Some potable surface water supplies now exceed

200 /xg/1 (P) without experiencing notable prob-

lems due to aquatic growths. Fifty micrograms per

liter of total phosphorus (as P) would probably

restrict noxious aquatic plant growths in flowing

waters and in some standing waters. Some lakes,

however, would experience algal nuisances at and

below this level.

Critical phosphorus concentrations will vary

with other water quality characteristics. Turbidity

and other factors in many of the Nation's waters

negates the algal-producing effects of high phos-

phorus concentrations. When waters are detained

in a lake or reservoir, the resultant phosphorus

concentration is reduced to some extent over that

in influent streams by precipitation or uptake by

organisms and subsequent deposition in fecal pel-

lets or dead organism bodies. See the report of the

Subcommittee for Fish, Other Aquatic Life, and

Wildlife, and the section on Plant Nutrients and

Nuisance Organisms for a more complete dis-

cussion of phosphorus associations with the en-

richment problem.

At concentrations of complex phosphates of

the order of 100 /xg/1, diflSculties with coagulation

are experienced.

Paragraph 16: Total Dissolved Solids (Filterable

Residue)

Drinking Water Standards (70) recommend
that total dissolved solids not exceed 500 mg/1
where other more suitable supplies are available.

It is noted, however, that some streams contain

total dissolved solids in excess of 500 mg/1. For
example, the Colorado River at the point of with-

drawal by the Metropolitan Water District of

Southern California has a total dissolved solids

concentration up to 700 mg/1.

High total dissolved solids are objectionable

because of physiological effects, mineral taste, or

economic effect. High concentrations of mineral

salts, particularly sulfates and chlorides, are asso-

ciated with corrosion damage in water systems.

Regarding taste, on the basis of limited research

work underway in California, limits somewhat
higher than 500 mg/1 are probably acceptable to

consumers of domestic water supplies. It is likely

that levels set with relation to economic effects are

controlling for this parameter.

Increases in total dissolved solids from those

normal to the natural stream are undesirable and

may be detrimental.

It is recommended that the permissible value

for total dissolved solids be set at 500 mg/1 in

view of the above evaluation. Further, it is recom-

mended that research work be sponsored to obtain

more information on total dissolved solids in

water relating to physiological effects, consumer

attitudes toward taste, and economic considera-

tions.

Paragraph 17: Uranyl Ion

The standard for uranyl ion (UOj^) is estab-

lished on the basis of its chemical properties rather

than on the basis of its being a radioactive mate-

rial. It is being added to Drinking Water Stand-

ards (10). Uranyl ion is of concern in drinking

water because of possible damage to the kidneys.

The threshold level of taste and the appearance of

color due to uranyl ion occur at about 10 mg/1

which is much less than the safe limit of ingestion

of this ion insofar as adverse physiological effects

are concerned.

The Public Health Service adopted the figure

of 5 mg/1 which is one-haff the limit based on taste

and color and, therefore, there is a considerable

factor of safety in the adoption of 5 mg/1.

Paragraph 18: Carbon Chloroform Extract (CCE)

A limit of 0.2 mg/1 carbon chloroform extract

in drinking water is recommended in the Drinking

Water Standards "as a safeguard against the intru-

sion of excessive amounts of potentially toxic ma-
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terial into water" {10, 3). Although the analytical

procedure then in use leaves much to be desired

from the standpoint of simplicity, reproducibility,

and interpretation, it was the best available at that

time. The analytical procedure has been improved
since then and the newer technique (,1,2) gives

substantially higher results than the one originally

used. The defined method of treatment generally

removes very little of the CCE present in the raw
water. In many instances there is an increase dur-

ing treatment. Whether this is real or apparent is

not known.

The permissible criterion of 0.15 mg/1 recom-
mended is based on use of the procedure cited in

Drinking Water Standards (10). We do not as

yet have sufficient information on which to base a

recommended limit using the lower flow rates and
sample volumes of the newer procedure. When this

information is available, a change in the criterion

is advisable. This limit is generally attainable

where vigorous efforts at pollution control are

carried out.

Paragraph 19: Methylene Blue Active Substances

This is an operationally more precise name for

substances discussed in Drinking Water Standards

(10) as alkyl benzene sulfonate. The permissible

criterion is the same as the limit recommended in

those standards. Those standards have been re-

vised to reflect this change in nomenclature.

Paragraph 20: Oil and Grease

It is very important that water for public water
supply be free of oil and grease. The difficulty of

obtaining representative samples of these mate-
rials from water makes it virtually impossible to

express criteria in numerical units. Since even very

small quantities of oil and grease may cause

troublesome taste and odor problems, the Sub-
committee desires that none of this material be
present in public water supplies. An additional

problem attributable to these agents is the un-
sightly scumlines on water treatment basin walls,

swimming pools, and other containers.

Paragraph 21: Pesticides and Herbicides

Consideration was given by the Subcommittee
to three groups of pesticides: the more common
chlorinated hydrocarbons, herbicides, and the

cholinesterase-inhibiting group which include the

organic phosphorus types and the carbamates. The
permissible levels are based upon recommenda-
tions of the Public Health Service Advisory
Committee on Use of the PHS Drinking Water
Standards. These values were derived for that Com-
mittee by an expert group of toxicologists as those

levels which, if ingested over extensive periods,

could not cause harmful or adverse physiological

changes in man. In the case of aldrin, heptachlor,

chlordane, and parathion, the Committee adopted
even lower than physiologically safe levels;

namely, amounts which, if present, can be detected

by their taste and odor. It should be noted that this

National Technical Advisory Subcommittee on
Public Water Supplies is not a group of toxico-

logical experts. Hence, the promulgation of addi-

tional criteria by the Public Health Service would
also be accommodated by this Subcommittee,
tempered—as was done above—by its experience

and judgment in the area of water treatment, as,

for example, in public acceptance of organoleptic

properties.

The limit for the cholinergic pesticides is estab-

lished relative to parathion and is expressed as

0.1 mg/1 parathion equivalent. This equivalence is

the ratio that a given pesticide of this group has to

parathion as unity in its cholinesterase inhibiting

properties. This makes it incumbent upon an ad-

ministrator of this limit to determine the pesticide

involved and to obtain expert toxicological opinion

on its parathion equivalence. Nearly all the or-

ganophosphorus compounds and the cholinergic

carbamates have high acute toxicity to mammals
and some have even higher toxicity to fish. Inges-

tion of small quantities of these compounds over

long time periods causes damage to mammalian
central nervous systems. Many organophosphorus

pesticides hydrolyze rapidly in the environment to

harmless or less harmful products. The hazards

from the chlorinated hydrocarbon pesticides in

water results from both direct effects, because they

tend to persist in their original form over long

periods, and indirect effects because they may be

concentrated biologically in man's food chain.

The values which were selected by the Public

Health Service as limits for this group of pesticides

are, however, set with substantial safety factors

insofar as they adversely affect the human body.

Generally, fish are more sensitive to this group of

pesticides and, therefore, may serve as a rough

method for determining when the chlorinated hy-

drocarbon pesticides content of water is approach-

ing a danger level. See the report of the Fish,

Other Aquatic Life, and Wildlife Subcommittee
for pesticide limits relative to maintaining healthy

and productive aquatic life.

It should be noted that limits for pesticides and
herbicides have been set with relation only to

human intake directly from a related domestic

water supply. The consequence of higher and pos-

sibly objectionable concentrations in fish available

to be eaten by man due to biological concentration

is considered not within the scope of the charge to

this Subcommittee.
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and wildlife



letter

from the chairman

THE MEMBERSHIP of the National Techni-

cal Advisory Subcommittee on Water Quality

Criteria for Fish, Other Aquatic Life, and Wild-
life represents training and experience in several

phases of freshwater, marine and wildlife ecology,

physiology, and toxicology. The task of this Sub-
committee is to describe, insofar as possible, un-
der present knowledge: (1) the environmental
requirements of aquatic life and wildlife, (2) the

environmental concentrations of potential toxi-

cants that are not harmful under long-term ex-

posure, and (3) to suggest indirect methods for

determining safe concentrations through bioassays

and application factors. Because present knowl-
edge of environmental requirements is incomplete

and information on safe concentrations of toxi-

cants is nonexistent for most organisms, the recom-
mendations for water quaUty criteria of necessity

are incomplete, tentative, and subject to change as

additional information becomes available. In the

determination of these criteria, the Subcommittee
has utilized the broad knowledge, the many years

of experience, and the understanding and com-
monsense of the Subcommittee members.

In order to expedite this task, the Subcommittee
was divided into three groups: one for freshwater

organisms; one for marine and estuarine orga-

nisms; and a third for wildlife.

Six task forces were set up in each of the first

two groups. Each of these task forces was assigned

certain environmental factors to review present

knowledge and determine environmental condi-

tions essential for the survival, growth, reproduc-

tion, general well-being, and production of a

desired crop of aquatic organisms. Members as-

signed to each task force were experts on that

particular subject or had wide experience with the

factors or materials in question. They were se-

lected with this in mind so that the whole subject

could be covered most effectively. The composite
report thus prepared was reviewed by the full

Subcommittee and approved on October 31 and
November 1, 1967, in Washington, D.C.

Clarence M. Tarzwell,
Chairman.
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introduction

DURING the course of geologic time, orga-

nisms which were able to adapt so they were
better fitted to live under existing environmental

conditions were the ones which survived and now
form the biota. Geologic change is a slow process

and biota developed which were adapted not only

to the physical and chemical but also to the bio-

logical factors of the environment. The environ-

mental factors to which organisms adapted through

the evolutionary process are now their environ-

mental requirements. Therefore, any relatively

rapid change in these conditions can be detri-

mental or even disastrous. Because the biota is the

result of long evolutionary processes during which
delicate balances were established, a change in

conditions or in a portion of the biota can have
far reaching effects.

Man has now attained the ability to alter

drastically his environment and that of other

organisms. Many of his activities already have im-

paired seriously his own environment and that of

other living things. Water pollution engineering

works and other changes that modify the aquatic

environment rank high in causmg detrimental

effects.

Water pollutants may be harmful through alter-

ations m natural environmental conditions (such

as temperature, dissolved oxygen, pH, carbonates,

etc.), through physiological and other changes due
to the addition of toxicants, or through both. Thus,

in determining the effects of pollutants we must
consider environmental, physiological, and ac-

cumulative effects.

Substances in suspension and solution, whether

solid, liquid, or gas, largely determine the quality

of the water. Aquatic organisms are affected not

only directly by these materials, but also indirectly

through their effects on other forms of aquatic life

which comprise their food, competitors, and pred-

ators. Hence, the determination of water quality

requirements for aquatic life is a very involved

task. The problem is further complicated by the

fact that different species and different develop-

mental or life stages of the same or different

species may differ widely in their sensitivity or

tolerance to different materials, to ranges in en-

vironmental conditions, and to the cumulative

synergistic and antagonistic effects of toxicants.

In determining water quality requirements for

aquatic Ufe and wildlife, it is essential to recognize

that there are not only acute and chronic toxic

levels but also tolerable, favorable, and essential

levels of dissolved materials. Lethal, tolerable, and
favorable levels and conditions may be ascertained

by: (1) determining the environmental factors and
concentrations of materials which are favorable in
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natural waters; (2) determining by laboratory

studies the relative sensitivity of organisms to

various environmental factors, and ranges which

are tolerable and favorable; (3) determining by

means of different bioassay studies the behavioral,

physiological, and other responses of organisms to

potential toxicants and concentrations of these

materials which are not harmful under continuous

exposure; and (4) testing laboratory findings in

the field to determine their adequacy for the pro-

tection of aquatic and wildlife resources.

In approaching this problem of protecting our

aquatic and wildlife resources, it must also be

realized that: (1) certain natural complexes of

dissolved materials to which aquatic organisms

have become adapted are favorable whereas other

concentrations or compositions may not be; (2)

unnatural materials added by man can be unfa-

vorable; (3) altering the amounts of substances

normally found in the environment can be harm-

ful; (4) toxicity is a quantitative term—any mate-

rial becomes toxic when its concentration exceeds

certain levels. It is essential, also, to realize that

requirements must be maintained throughout pe-

riods of low water, maximum discharge, maximum
temperature, minimum DO, variations in pH,

turbidity, salinity, etc. Further, it should be under-

stood that: (1) unfavorable conditions which may
be resisted for long periods by adults may be en-

tirely unfavorable for the survival of the species;

(2) conditions need to be unfavorable for only a

few hours to eliminate a population or group of

species; and (3) levels of environmental factors

and concentrations of toxicants that appear to

cause no harm during a few hours of exposure

may be intolerable for extended periods or for

recurring short-term exposures.

In defining water quality requirements for

aquatic life and wildlife, it is necessary to define

the extreme upper and lower limits of the various

environmental factors as well as the optimum

values. These extremes are outer limits and con-

stitute the minimum objectives to be obtained in

the improvement of waters for aquatic life. It is

not the intention of the Subcommittee that such

levels are to be considered as satisfactory. Fur-

ther, it is stressed that waters of higher quality

should not be degraded towards approximation of

the extremes. For example, the dissolved oxygen

content of water should be near saturation for best

production. The lower limits for oxygen indicated

in the report, therefore, represents the objective to

be obtained in the improvement of water, and not

the level to which good waters may be lowered.

It is essential that the various recommendations be

considered in context with the body of the report,

taking due consideration of the variability of local

conditions and native biota.

Within the United States there are great varia-

tions in environmental conditions and in the flora

and fauna. The environmental requirements of the

biota are different not only for different regions but

for different portions of the same region. Overlying

these differences are seasonal changes and daily

variations that have become essential factors in the

environment. Ideally, therefore, water quality cri-

teria for aquatic life and wildlife should take into

consideration local variations in requirements, sea-

sonal changes, and daily variations. They should

be national in scope. They should be applicable to

streams of various size and character, to all types

of lakes, to reservoirs, estuaries, and coastal

waters.

It is obvious that more research is needed on the

character, conditions, and interrelations in fresh

water, marine, and estuarine ecosystems which are

subjected to degradation or alteration as well as on
the physiological requirements and tolerances of

the various species involved in these different eco-

systems. This need must be satisfied for the estab-

lishing of sound criteria to maintain and preserve

aquatic resources and to permit the most economi-

cal and productive use of these resources by man.

Further, water quality requirements must be

expressed so as to allow for environmental modifi-

cations where such modifications are justifiable

and deemed to be in the public interest.

All these factors have been considered in de-

veloping the following recommended water quality

requirements for aquatic life.

It is the purpose of this document to define the

water quality requirements which must be met to

insure a favorable environment for fish, other

aquatic life, and wildlife. This report will do this

by identifying those aspects of water quality that

are most important in the light of current knowl-

edge and quantifying them where possible. Where
quantification is not yet possible, narrative guide-

lines will be offered. There is no doubt that the

water quality requirements contained herein must

be reviewed periodically and updated in the light

of additional and improved scientific data. The
recommendations given in this report are consid-

ered to be satisfactory for aquatic life. In all

instances where natural conditions fall outside the

recommended ranges, this environment may be

marginal and should not be changed in such a way
as to make it more unfavorable.
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zones of passage

ANY BARRIER to migration and the free

movement of the aquatic biota can be
harmful in a number of ways. Such barriers block

the spawning migration of anadromous and cata-

dromus species. Many resident species make local

migrations for spawning and other purposes and
any barrier can be detrimental to their continued

existence. The natural tidal movement in estuaries

and downstream movement of planktonic orga-

nisms and of aquatic invertebrates in flowing fresh

waters are important factors in the re-population

of areas and the general economy of the water.

Any chemical or thermal barrier destroys this

valuable source of food and creates unfavorable

conditions below or above it.

It is essential that adequate passageways be pro-

vided at all times for the movement or drift of the

biota. Water quality criteria favorable to the

aquatic community must be maintained at all

dmes in these passageways. It is recognized, how-
ever, that certain areas of mixing are unavoidable.

These create harmfully polluted areas and for this

reason it is essential that they be limited in width

and length and be provided only for mixing. The
passage zone must provide favorable conditions

and must be in a continuous stretch bordered by
the same bank for a considerable distance to allow

safe and adequate passage up and down the

stream, reservoir, lake, or estuary for free-floating

and drift organisms.

The width of the zone and the volume of flow

in it will depend on the character and size of the

stream or estuary. Area, depth, and volume of flow

must be sufficient to provide a usable and desirable

passageway for fish and other aquatic organisms.

Further, the cross-sectional area and volume of

flow in the passageway will largely determine the

percentage of survival of drift organisms. There-

fore, the passageway should contain preferably

75 percent of the cross-sectional area and/or
volume of flow of the stream or estuary. It is

evident that where there are several mixing areas

close together they should all be on the same side

so the passageway is continuous. Concentrations

of waste materials in passageways should meet the

requirements for the water.

The shape and size of mixing areas will vary

with the location, size, character, and use of the

receiving water and should be established by

proper administrative authority. From the stand-

point of the welfare of the aquatic life resource,

however, such areas should be as small as possible

and be provided for mixing only. Mixing should be

accomplished as quickly as possible through the

use of devices which insure that the waste is mixed
with the allocated dilution water in the smallest

possible area. At the border of this area, the water

quality must meet the water quality requirements

for that area. If, upon complete mixing with the

available dilution water these requirements are not

met, the waste must be pretreated so they will be

met. For the protection of aquatic life resources,

mixing areas must not be used for, or considered

as, a substitute for waste treatment, or as an exten-

sion of, or substitute for, a waste treatment facility.
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summary

and key criteria

RECOMMENDATIONS given below are con-

sidered to be satisfactory for aquatic life. In

all instances where natural conditions fall outside

the recommended ranges, these conditions may
be marginal and should not be changed in such a

way as to make them more unfavorable.

Freshwater organisms

Dissolved Materials

(1) Dissolved materials that are relatively in-

nocuous; i.e., their harmful effect is due to osmotic

effects at high concentrations, should not be in-

creased by more than one-third of the concentra-

tion that is characteristic of the natural condition

of the subject water. In no instance should the

concentration of total dissolved materials exceed

50 milliosmoles (the equivalent of 1500 mg/1
NaCl).

(2) Dissolved materials that are harmful in

relatively low concentrations are discussed in the

section "Toxicity."

pH, Alkalinity, Acidity

(1) No highly dissociated materials should be

added in quantities sufficient to lower the pH be-

low 6.0 or to raise the pH above 9.0.

(2) To protect the carbonate system and thus

the productivity of the water, acid should not be

added in sufficient quantity to lower the total al-

kalinity to less than 20 mg/1.

(3) The addition of weakly dissociated acids

and alkalies should be regulated in terms of their

own toxicities as established by bioassay pro-

cedures.

Temperature

Warm Water Biota: To maintain a well-

rounded population of warm-water fishes, the fol-

lowing restrictions on temperature extremes and

temperature increases are recommended:

( 1 ) During any month of the year heat should

not be added to a stream in excess of the amount
that will raise the temperature of the water (at the

expected minimum daily flow for that month)
more than 5 F. In lakes, the temperature of the

epilimnion in those areas where important orga-

nisms are most likely to be adversely affected

should not be raised more than 3 F above that

which existed before the addition of heat of artifi-

cial origin. The increase should be based on the

monthly average of the maximum daily tempera-

ture. Unless a special study shows that a discharge
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of a heated effluent into the hypolimnion will be

desirable, such practice is not recommended and

water for cooling should not be pumped from the

hypolimnion to be discharged to the same body of

water.

(2) The normal daily and seasonal tempera-

ture variations that were present before the addi-

tion of heat due to other than natural causes

should be maintained.

(3) The recommended maximum temperatures

that are not to be exceeded for various species of

warm-water fish are given in table III-l.

Cold Water Biota: Because of the large number
of trout and salmon waters which have been de-

stroyed, made marginal, or nonproductive, remain-

ing trout and salmon waters must be protected if

this resource is to be preserved.

Inland trout streams, headwaters of salmon

streams, trout and salmon lakes, and the hypolim-

nion of lakes and reservoirs containing salmonids

and other cold water forms should not be warmed
or used for cooling water. No heated effluents

should be discharged in the vicinity of spawning

areas.

For other types and reaches of cold-water

streams, reservoirs and lakes, the following re-

strictions are recommended:

( 1 ) During any month of the year heat should

not be added to a stream in excess of the amount
that will raise the temperature of the water more
than 5 F (based on the minimum expected flow for

that month). In lakes, the temperature of the

epilimnion should not be raised more than 3 F by
the addition of heat of artificial origin.

(2) The normal daily and seasonal temperature

fluctuations that existed before the addition of heat

due to other than natural causes should be main-

tained.

TABLE III-l

[Provisional maximum temperatures recommended as compati-
ble witli tlie well-being of various soecies of fish and

their associated liiota]

93 F: Growth of catfish, gar, vi^hite or yellow bass,
spotted bass, buffalo, carpsucker, threadfin shad,
and gizzard shad.

90 F: Growth of largemouth bass, drum, bluegill, and
crappie.

84 F: Growth of pike, perch, walleye, smallmouth bass,
and sauger.

80 F: Spawning and egg development of catfish,
buffalo, threadfin shad, and gizzard shad.

75 F: Spawning and egg development of largemouth
bass, white and yellow bass, and spotted bass.

68 F: Growth or migration routes of salmonids and for
egg development of perch and smallmouth bass.

55 F: Spawning and egg development of salmon and
trout (other than lake trout).

48 F: Spawning and egg development of lake trout,
walleye, northern pike, sauger, and Atlantic
salmon.

Note.—Recommended temperatures for other species, not
listed above, may be established if and when necessary in-
formation becomes available.

(3) The recommended maximum temperatures
that are not to be exceeded for various species of

cold-water fish are given in table III-l

.

Dissolved Oxygen

The following environmental conditions are

considered essential for maintaining native popula-
tions of fish and other aquatic life.

( 1 ) For a diversified warm-water biota, includ-

ing game fish, DO concentration should be above
5 mg/1, assuming normal seasonal and daily

variations are above this concentration. Under
extreme conditions, however, they may range be-
tween 5 and 4 mg/1 for short periods during any
24-hour period, provided that the water quality

is favorable in all other respects. In stratified

lakes, the DO requirements may not apply to the

hypolimnion. In shallow unstratified lakes, they

should apply to the entire circulation water mass.
These requirements should apply to all waters

except administratively established mixing zones.

In lakes, such zones must be restricted so as to

limit the effect on the biota. In streams, there must
be adequate and safe passageways for migrating

forms. These must be extensive enough so that the

majority of plankton and other drifting organisms
are protected (see section on zones of passage).

(2) For the cold-water biota, it is desirable that

DO concentrations be at or near saturation. This
is especially important in spawning areas where
DO levels must not be below 7 mg/1 at any time.

For good growth and the general well-being of

trout, salmon, and their associated biota, DO con-
centrations should not be below 6 mg/1. Under
extreme conditions, they may range between 6
and 5 mg/1 for short periods provided the water
quality is favorable in all other respects and nor-

mal daily and seasonal fluctuations occur. In large

streams that have some stratification or that serve

principally as migratory routes, DO levels may
range between 4 and 5 mg/1 for periods up to

6 hours, but should never be below 4 mg/1 at any
time or place.

(3) DO levels in the hypolimnion of oligo-

trophic small inland lakes and in large lakes should
not be lowered below 6 mg/1 at any time due to

the addition of oxygen-demanding waste or other

materials.

Carbon Dioxide

According to our present knowledge of the sub-

ject, it is recommended that the "free" carbon
dioxide concentration should not exceed 25 mg/1.

Oil

Oil or petrochemicals should not be added in

such quantities to the receiving waters that they
will—

33



( 1 ) produce a visible color film on the surface;

(2) impart an oily odor to the water or an oily

or other noxious taste to fish and edible in-

vertebrates;

(3) coat the banks and bottoms of the water

course or taint any of the associated biota;

(4) become effective toxicants according to the

criteria recommended in the "Toxicity"

section.

Turbidity

( 1 ) Turbidity in the receiving waters due to the

discharge of wastes should not exceed 50 Jackson

units in warm-water streams or 10 Jackson units

in cold-water streams.

(2) There should be no discharge to warm-
water lakes which would cause turbidities exceed-

ing 25 Jackson units. The turbidity of cold-water

or oligotrophic lakes should not exceed 10 units.

Settleable Materials

Since it is known that even minor deposits of

settleable materials inhibit the growth of normal
stream and lake flora, no such materials should be
added to these waters in quantities that adversely

affect the natural biota.

Color and Transparency

For effective photosynthetic production of oxy-

gen, it is required that 10 percent of the incident

light reach the bottom of any desired photosynthe-

tic zone in which adequate dissolved oxygen con-

centrations are to be maintained.

Floating Materials

All floating materials of foreign origin should be

excluded from streams and lakes.

Tainting Substance

All materials that will impart odor or taste to

fish or edible invertebrates should be excluded

from i-eceiving waters at levels that produce
tainting.

Radionuclides

(1) No radioactive materials should be pres-

ent in natural waters as a consequence of the fail-

ure of an installation to exercise appropriate con-

trols to minimize releases.

(2) No radionuclide or mixture of radionu-

clides should be present at concentrations greater

than those specified by the USPHS Drinking Water
Standards.

(3) The concentrations of radioactive mate-

rials present in fresh, estuarine, and marine waters

should be less than those that would require re-

strictions on the use of organisms harvested from
the area to meet the Radiation Protection Guides

recommended by the Federal Radiation Council.

Plant Nutrients and Nuisance Growths

The Subcommittee wishes to stress that the con-

centrations set forth are suggested solely as guide-

lines and the maintenance of these may or may not

prevent undesirable blooms. All the factors caus-

ing nuisance plant growth and the level of each

which should not be exceeded are not known.

(1) In order to limit nuisance growths, the

addition of all organic wastes such as sewage, food

processing, cannery, and industrial wastes contain-

ing nutrients, vitamins, trace elements, and growth

stimulants should be carefully controlled. Further-

more, it should be pointed out that the addition of

sulfates or manganese oxide to a lake should be

limited if iron is present in the hypolimnion as

they may increase the quantity of available

phosphorus.

(2) Nothing should be added that causes an in-

creased zone of anaerobic decomposition of a lake

or reservoir.

(3) The naturally occurring ratios and amounts

of nitrogen (particularly NO3 and NH4) to total

phosphorus should not be radically changed by the

addition of materials. As a guidehne, the concen-

tration of total phosphorus should not be increased

to levels exceeding lOO/^g/l in flowing streams or

50 /ig/1 where streams enter lakes or reservoirs.

(4) Because of our present limited knowledge

of conditions promoting nuisance growth, we must
have a biological monitoring program to determine

the effectiveness of the control measures put into

operation. A monitoring program can detect in

their early stages the development of undesirable

changes in amounts and kinds of rooted aquatics

and the condition of algal growths. With periodic

monitoring, such undesirable trends can be de-

tected and corrected by more stringent regulation

of added organics.

Toxic Substances

( 1 ) Substances of Unknown Toxicity: All efflu-

ents containing foreign materials should be con-

sidered harmful and not permissible until bioassay

tests have shown otherwise. It should be the obli-

gation of the agency producing the effluent to dem-
onstrate that it is harmless in the concentrations

to be found in the receiving waters. All bioassays

should be conducted strictly as recommended in

the body of this report and the appropriate appli-
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cation factor applied to determine the permissible

concentration of toxicant.

(2) Pesticides.

(a) Chlorinated hydrocarbons: Any addition

of chlorinated hydrocarbon insecticides is likely to

cause damage to some desired organisms and

shotild be avoided.

(b) Other chemical pesticides: Addition of

other kinds of chemicals used as pesticides and
herbicides can cause damage to desirable orga-

nisms and should be applied with utmost discretion

and caution. Table III-5 (p. 62) lists the 48-hour

TLm values of a number of pesticides for various

types of fresh water organisms. To provide rea-

sonably safe concentrations of these materials in

receiving waters, application factors ranging from

Mo to Vioo should be used with these values

depending on the characteristic of the pesticide in

question and used as specified in (4), below.

Concentrations thus derived may be considered

tentatively safe under the conditions specified.

( 3 ) Other Toxic Substances.

(a) ABS: Concentration of continuous expo-

sure to ABS should not exceed Vr of the 48-hour

TLm. A concentration as high as 1 mg/l may be

tolerated occasionally for periods of time not ex-

ceeding 24 hours. ABS may increase the toxicity

of other materials.

(b) LAS: The concentration of LAS should

not exceed 0.2 mg/l or Y-, of the 48-hour TL„.

(4) Application Factors: Concentration of ma-
terials that are nonpersistant (that is, have a half-

life of less than 96 hours) or have noncumulative

effects after mixing with the receiving waters

should not exceed %o of the 96-hour TLn, value

at any time or place. The 24-hour average of the

concentration of these materials should not exceed

1/4 of the TLn, value after mixing. For other toxi-

cants the concentrations should not exceed Yoq

and Vioo of the TL^ value under the conditions

described above. Where specific application factors

have been determined, they will be used in all

instances.

(5) General Considerations. When two or more
toxic materials that have additive effects are pres-

ent at the same time in the receiving water, some
reduction is necessary in the permissible concen-

trations as derived from bioassays on individual

substances or wastes. The amount of reduction re-

quired is a function of both the number of toxic

materials present and their concentrations in re-

spect to the derived permissible concentration. An
appropriate means of assuring that the combined
amounts of the several substances do not exceed a

permissible concentration for the mixture is

through the use of following relationship:

\K^u +L„-V
Where C;„ Cb, . . . Cn are the measured concen-
trations of the several toxic materials in the water
and La, Lb, . . . L„ are the respective permissible

concentration limits derived for the materials on
an individual basis. Should the sum of the several

fractions exceed one, then a local restriction on
the concentration of one or more of the substances

is necessary.

Marine and estuarine organisms

Salinity

To protect estuarine organisms, no changes in

channels, basin geometry, or freshwater influx

should be made which would cause permanent
changes in isohaline patterns of more than 10 per-

cent of the naturally occurring variation.

Currents

Currents are important for transporting nutri-

ents, larvae, and sedimentary materials for flushing

and purifying wastes, and for maintaining patterns

of scour and fill. To protect these functions, there

should be no changes in basin geometry or fresh-

water inflow that will alter current patterns in such
a way as to adversely affect existing biological and
sedimentological situations.

PH

No materials that extend normal ranges of pH
at any location by more than 0. 1 pH unit should

be introduced into salt water portions of tidal tribu-

taries or coastal waters. At no time should the in-

troduction of foreign materials cause the pH to be
less than 6.7 nor greater than 8.5.

Temperature

In view of the requirements for the weU-being
and production of marine organisms, it is con-

cluded that the discharge of any heated waste into

any coastal or estuarine waters should be closely

managed. Monthly means of the maximum daily

temperatures recorded at the site in question and
before the addition of any heat of artificial origin

should not be raised by more than 4 F during the

fall, winter, and spring (September through May),
or by more than 1.5 F during the summer (June
through August), North of Long Island and in

the waters of the Pacific Northwest (north of

California), summer limits apply July through
September; and fall, winter, and spring limits ap-
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ply October through June. The rate of tempera-

ture change should not exceed 1 F per hour except

when due to natural phenomena.

Suggested temperatures are to prevail outside

of established mixing zones as discussed in the

section on zones of passage.

Dissolved Oxygen

Oxygen levels sufficient for the survival, growth,

reproduction, general well-being, and production

of a suitable crop must be maintained. The dis-

solved oxygen concentrations necessary to attain

this objective in coastal waters, estuaries, and tidal

tributaries are:

( 1 ) Dissolved oxygen concentrations in surface

coastal waters should be greater than 5-0 mg/1

except when upwellings and other natural pheno-

mena may cause this value to be depressed.

(2) Dissolved oxygen concentration in estu-

aries and tidal tributaries should not be less than

4.0 mg/1 at any time or place except in naturally

dystrophic waters or where natural conditions

cause DO to be depressed.

No oil or petroleum products should be dis-

charged into estuarine or coastal waters in quanti-

ties that: (1) Can be detected as a visible film,

sheen, or by odor; (2) cause tainting of fish or

edible invertebrates; (3) form an oil sludge de-

posit on the shores or bottom of the receiving body

of water; (4) become effective toxicants according

to the criteria recommended in the "Toxicity"

section.

Turbidity

No effluent that may cause changes in turbidity

or color should be allowed to enter estuarine or

coastal waters unless it can be shown to have no

deleterious effects on the aquatic biota.

Settieabie and Floating Substances

No materials that contain settieabie solids or

substances that may precipitate out in quantities

that adversely affect the biota should be introduced

into coastal or estuarine waters. It is especially

urgent that areas which serve as habitat or nursery

grounds for commercially important species be

protected from any impairment of natural

conditions.

Tainting Substances

Substances that taint or produce off-flavors in

fish and edible invertebrates should not be pres-

ent in concentrations discernible by bioassay or

organoleptic tests.

Radionuclides

The recommendations made for freshwater or-

ganisms apply to marine and estuarine organisms.

Plant Nutrients and Nuisance Organisms

(1) No changes should be made in the basin

geometry, current structure, salinity, or tempera-

ture of the estuary until studies have shown that

these changes will not adversely affect the biota or

promote the increase of nuisance organisms.

(2) The artificial enrichment of the marine en-

vironment from all sources should not cause any

major quantitative or qualitative alteration in the

flora such as the production of persistant blooms

of phytoplankton (whether toxic or not), dense

growths of attached algae or higher aquatics, or

any other sort of nuisance that can be attributed

directly to nutrient excess or imbalance. Because

these nutrients often are derived largely from

drainage from land, special attention should be

given to correct land management in river basins

and shores of embayments to control unavoidable

erosion.

(3) The naturally occurring atomic ratio of

NO3-N to PO4-P in a body of water should be

maintained. Similarly, the ratio of inorganic phos-

phorus (orthophosphate) to total phosphorus (the

sum of inorganic phosphorus, dissolved organic

phosphorus, and particulate phosphorus) should

be maintained as it occurs naturally. Nutrient im-

balances have been shown to cause a change in the

natural diversity of desirable organisms and to

reduce productivity.

Toxic Substances

( 1 ) Substances of Unknown Toxicity: All efflu-

ents containing foreign materials should be con-

sidered harmful and not permissible until bioassay

tests have shown otherwise. It should be the obli-

gation of the agency producing the effluent to dem-

onstrate that it is harmless in the concentrations

that will be found in the receiving waters. All bio-

assays should be conducted strictly as recom-

mended in the body of this report and the appro-

priate application factor applied to determine the

permissible concentration of toxicant.

(2) Pesticides for Which Limits Have Been
Determined: The pesticides are grouped according

to their relative toxicity to shrimp. Criteria are

based on the best estimates in the light of present

knowledge and it is to be expected that acceptable

levels of toxic materials may be changed as a result

of future research.
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Pesticide group A.—The following chemicals

are acutely toxic at concentrations of 5 /xg/1 and

less. On the assumption that ^oo of this level rep-

resents a reasonable application factor, it is rec-

ommended that environmental levels of these

substances not be permitted to rise above 50 nano-

grams/!. This level is so low that these pesticides

could not be applied directly in or near the marine

habitat without danger of causing damage. The 48-

hour TLm is listed for each chemical in /^g/l.

Organochloride pesticides

0.04 DDT 0.6Aldrin

BHC 2.0

Chlordane 2.0

Endrin 0.2

Heptachlor 0.2

Lindane 0.2

Dieldrin 0.3

Endosulfan 0.2

Methoxychlor 4.0

Perthane 3.0

TDE 3.0

Toxaphene 3.0

Organophosphorus pesticides

Coumaphos 2.0 Naled 3.0

Dursban 3.0 Parathion 1.0

Fenthion 0.03 Ronnel 5.0

Pesticide group B.—The following types of

pesticide compounds are generally not acutely

toxic at levels of 1.0 mg/1 or less. It is recom-

mended that an application factor of ^Xoo be used

and in the absence of acute toxicity data that an

environmental level of not more than 10 /ig/1

be permitted. An acute toxicity factor must be es-

tablished for each specific chemical in this group

to determine that it is not more toxic than related

compounds as indicated above:

Arsenicals

Botanicals

Carbamates
2,4-D compounds

2,4',5-T compounds.
Phthalic acid compounds.
Triazine compounds.
Substituted urea compounds.

Other Pesticides.—Acute toxicity data are avail-

able for approximately 100 technical-grade pesti-

cides in general use not listed in the above groups.

These chemicals are either not likely to reach the

marine environment or, if used as directed by the

registered label, probably would not occur at levels

toxic to marine biota. It is presumed that criteria

established for these chemicals in fresh water will

protect adequately the marine habitat. It should

be emphasized that no unlisted chemical should

be discharged into the estuary without preliminary

bioassay tests.

(3) Industrial and Otiier Toxic Wastes.

(a) Safe concentrations of metals, ammonia,
cyanide, and sulfide should be determined by the

use of appropriate application factors to 96-hour

TLm values as determined by flow-through bioas-

says using dilution water that came from the re-

ceiving body. Test organisms should be local

species or life stages of organisms of economic
and ecologic importance which are the most sensi-

tive to the waste in question. Application factors

should be ^Xoo for metals, %o for ammonia, \xo
for cyanide, and %o for sulfide.

(b) Fluoride concentrations should not exceed
those for drinking water.

(c) Permissible levels of detergents in fresh

waters should also be applied to the marine and
estuarine waters.

(d) Bacteriological criteria of estuarine waters

utilized for shellfish cultivation and harvesting

should conform with the standards as described in

the National Shellfish Sanitation Program Manual
of Operation. These standards provide that

—

( 7 ) examinations shall be conducted in accord-

ance with the American Public Health Association

recommended procedures for the examination of

sea water and shellfish;

(2) there shall be no direct discharges of un-

treated sewage;

(3) samples of water for bacteriological exami-

nation to be collected under those conditions of

time and tide which produce maximum concentra-

tion of bacteria;

(4) the coliform median MPN of the water

does not exceed 70/100 ml, and not more than

10 percent of the samples ordinarily exceed an
MPN of 230/100 ml for a five-tube decimal dilu-

tion test (or 330/100 ml, where the three-tube

decimal dilution test is used) in those portions of

the area most probably exposed to fecal contami-

nation during the most unfavorable hydrographic

and pollution conditions;

(5) the reUability of nearby waste treatment

plants shall be considered in the approval of areas

for direct harvesting.

(e) Wastes from tar, gas, coke, petrochemical,

pulp and paper manufacturing, waterfront and
boating activities, hospitals, marine laboratories

and research installation wastes are all complex
mixtures having great variability in character and
toxicity. Due to this variability, safe levels must be
determined at frequent intervals by flow-through

bioassays of the individual effluents.

For those operations having persistent toxicants,

an application factor of ^oo should be used while

for those composed largely of unstable or biode-

gradable toxicants, an application factor of %o is

tentatively suggested.

(4) General Considerations.—When two or

more toxicants that have additive effects are pres-

ent, they must be treated as suggested earlier under
fresh water organisms.
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Wildlife

Dissolved Oxygen

In addition to the DO requirements for aquatic

organisms, the bottoms of areas used by wildfowl

must be kept aerobic to suppress botulinus

organisms.

PH

Aquatic plants of greatest value as food for

waterfowl thrive best in waters with a summer pH
range of 7.0 to 9.2.

Alkalinity

Waterfowl habitats, to be productive, should

have a bicarbonate alkalinity between 30 and 130

mg/1. Fluctuations should be less than 50 mg/1
from natural conditions.

through biological magnification. Special consid-

eration must be given to keep edible wildlife safe

for consumption by humans.

Disease

Offal from poultry houses, meatpacking plants,

as well as other possible sources of disease orga-

nisms, must be excluded from areas supporting

wildlife to guard against transmission of such dis-

eases as botulism, fowl cholera, and aspergillosis.

General

Water quality suitable for fish and other aquatic

organisms will be adequate for wildlife.

Salinity

Salinity should be kept as close to natural condi-

tions as possible. Fluctuations in salinity during

any 24-hour period should be limited as follows:

Natural salinity

:

permitted

to 3.5^„ V/oc

3.5 to n.5%c 2%c

13.5 to 35.0^r A%c

Light Penetration

Optimum light requirements for aquatic wildlife

habitats should be at least 10 percent of incident

light at the surface to a 6-foot depth; the tolerable

limit should be 5 percent of the light at the surface

to the same depth.

Settleable Substances

Settleable substances destroy the usefulness of

aquatic bottoms for waterfowl. Settleable sub-

stances should be excluded from areas expected to

support waterfowl.

Oil is an especially dangerous substance to

waterfowl. Oil and petrochemicals must be ex-

cluded from both the surface and bottoms of any

area used by waterfowl.

Toxic Substances

Toxic substances should be excluded from
wildlife habitats to the degree that they affect the

health and well-being of wildlife, either directly or
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Dissolved materials

fresh water

organisms

Water devoid of dissolved materials is intoler-

able in nature because pure water will not support

aquatic life. Natural waters contain endless varie-

ties of dissolved materials in concentrations that

differ widely from one locality to another as well

as from time to time. Many of these dissolved ma-
terials are essential for growth, reproduction, and

the general well-being of aquatic organisms. The
chlorides, carbonates, and silicates of sodium, po-

tassium, calcium, and magnesium are generally

the most common salts present. Traces of most

other essential substances are also found.

Aquatic organisms live in different concentra-

tions of dissolved substances but productivity de-

clines as the concentrations move away from the

optimum. Seldom, if ever, are the dissolved sub-

stances at the optimum concentrations as we know
them. The range of tolerance may be relatively

wide, but when the concentrations reach too low or

too high a level, organisms degenerate and die.

Different organisms vary in their optimum require-

ments as well as in their ability to live and thrive

under variations from the optimum. Some orga-

nisms are equally at home in sea water and in

fresh water. Other organisms will tolerate only one

or the other.

Any of the substances necessary to aquatic or-

ganisms has a range of concentration that is both

essential and tolerable. The tolerance levels for

any one substance vary depending on the concen-

trations of other substances present. The presence

of certain substances synergizes the effects of some
materials but antagonizes the effects of others.

Under optimal concentrations, the synergistic and

antagonistic effects are in balance and relatively

high concentrations can be tolerated without ad-

verse effects.

Although several measures of dissolved mate-

rials are available, no measure in itself is adequate

as an index of optimum concentration nor is any

single measure adequate to express the range of

tolerance. The biological effects depend on the

concentrations of the individual solutes, some of

which are tolerated in terms of grams per liter but

others only in nanograms per liter. Some exert con-

siderable osmotic pressure, but for others the

osmotic effect is negligible. Some substances con-

tribute greatly to conductivity, while others have

little or no effect.

In general, the concentrations of dissolved ma-
terials in natural fresh waters are below the opti-

mum for maximum productivity. In many in-

stances, therefore, the addition of any of a large
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number of substances will be beneficial. In this

way, many water courses have a capacity to ab-

sorb materials to advantage. But the addition of

what may be considered beneficial substances must

be controlled so that they will not exceed favorable

limits.

The osmotic concentration of the body 'fluids of

a fresh water animal is generally the maximum
concentration of dissolved material that the ani-

mal will tolerate. In some animals, notably some of

the fresh water moUusks, the body fluids have an

osmotic concentration as low as 50 milliosmoles

(the equivalent of about 0-025 molar or 1,500

mg/1 sodium chloride). If the dissolved materials

are relatively innocuous, having only an osmotic

effect, it is judged that the total dissolved materials

in a water course may be increased to a certain

extent but they should not exceed 50 milliosmoles

if the fauna is to be maintained.

Many species of diatoms are very sensitive to

changes in chloride and other salt concentrations.

Some species, such as those in mountain streams

and in black water streams of the coastal plains,

can live only in waters with extremely low concen-

trations of salts. The addition of salts to such

streams will eliminate many desirable species of

diatoms and permit undesirable species to flourish.

Such changes may reduce the desirable food

sources and bring about nuisance problems as

well. It is believed that the total dissolved mate-

rial in a water course should not be increased by

more than one-third of that which is characteristic

of the natural conditions of such a water course.

The toxicity of substances added to natural

waters often depends on the substances already

present in the receiving waters. With synergism,

the toxicity increases, and with antagonism it de-

creases. Again the reaction of the toxic substances

may produce, in some cases, new products of

greater toxicity, and in others, products of lesser

toxicity.

In view of the many factors that become in-

volved in the disposal of soluble materials in na-

tural waters, it is evident that no simple answer is

available. Therefore, bioassays should be used to

determine the amounts of the materials that may
be tolerated without reducing the productivity of

the water course in question.

Recommendation: Dissolved materials are of two

types: those that are toxic at very low concentrations

and those, such as the salts of the earth metals, that

are required in certain concentrations for a productive

water and become harmful only at high concentrations

by exerting an osmotic effect. If the dissolved materials

are relatively innocuous, i.e., their harmful effect is an

osmotic one at high concentrations, it is judged that the

total dissolved materials of this type may be increased

to a certain extent but they should not exceed 50 mil-

liosmoles in waters where diversified animal popula-

tions are to be protected. Further, to maintain local

conditions, total dissolved materials should not be in-

creased by more than one-third of the concentration

that is characteristic of the natural condition of the

water. When dissolved materials are being increased,

bioassays and field studies should be used to determine

how much of the materials may be tolerated without

reducing the productivity of the desired organisms.

Acidity alkalinity, and pH

Acidity and alkalinity are reciprocal terms.

Acidity is produced by substances that yield hydro-

gen ions on hydrolysis and alkalinity is produced

by substances that yield hydroxyl ions. Other defi-

nitions state that a substance is acid if it will neu-

tralize hydroxyl ions and a substance is alkaline if

it will neutralize hydrogen ions. The terms "total

acidity" and "total alkalinity" are often used to

express the buffering capacity of a solution. Acidity

in natural waters is caused by carbon dioxide, min-

eral acids, weakly dissociated acids, and the salts

of strong acids and weak bases. Alkalinity is

caused by strong bases and the salts of strong

alkalies and weak acids.

An index of the hydrogen ion activity is pH.

Even though pH determinations are used as an

indication of acidity and/or alkalinity, pH is not a

measure of either. As pointed out in the first sen-

tence in the previous paragraph, acidity and al-

kalinity are reciprocal terms. Indeed, a water may
have both an acidity and alkalinity at the same

time. Total acidity, by definition, is the amount of

standard alkali required to bring a sample to pH
8.3. Total alkalinity, similarly, is the amount of

standard acid required to bring a sample to pH
4.5. Both are expressed in equivalents of CaCOg.
Under these circumstances, there is a relation-

ship between pH, acidity, and alkalinity since, by

definition (see Standard Methods for the Exami-

nation of Water and Wastewater, 12th edition.

1965), any water with a pH of 4.5 or lower has no

measurable alkalinity and a water with a pH of

8.3 or higher has no measurable acidity.

In natural waters, where the pH is in the vicinity

of 8-3, acidity is not a factor of concern. In most

productive, fresh, natural waters, the pH falls in

the range between 6.5 and 8.5 (except when in-

creased by photosynthetic activity). Some aquatic

organisms have been found to live at pH 2 and

lower and others at pH 10 and higher; however,

such organisms are relatively few. Some natural

waters with a pH of 4 support fish and other or-

ganisms. In these cases the acidity is due primarily

to carbon dioxide and humic acids and the water
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has little buffering capacity (low total alkalinity).

Other natural waters with a pH of 9.5 also support

fish, but in such situations the waters are not

regarded as highly productive.

Acids that dissociate to a high degree do not

appear to be toxic at pH values above 6.0. They

are toxic if added in sufficient quantities to reduce

the pH to less than 6.0 Acids that dissociate to a

low degree are often toxic at pH values consider-

ably above 6.0. In the latter condition, toxicity is

due either to the anion or to the compound itself;

e.g., hydrogen cyanide (HCN), hydrogen sulfide

(H2S), and hypochlorous (HCIO) and tannic

acids.

Alkalies that dissociate to a high degree do not

appear to be toxic at pH values below 9.0. Alka-

line compounds that dissociate to a low degree are

often toxic at pH values less than 9.0 and their

toxicity is due either to the cation or to the undis-

sociated molecule. Ammonium hydroxide is an

example. Temporarily high pH levels often are

produced in highly productive waters through pho-

tosynthetic activity of the aquatic plants by con-

verting the carbonate to the hydroxide, which re-

sults in an increased pH. Because these high pH
levels prevail for only a few hours, they do not

produce the harmful effects of continuous high

levels due to the presence of strong alkalies.

Addition of either acids or alkalies to waters

may be harmful not only in producing adverse acid

or alkaline conditions, but also by increasing the

toxicity of various components in the waters. The
addition of strong acids may cause the formation

of carbonic acid (free CO2) in quantities that are

adverse to the well-being of the organisms present.

A reduction of about 1.5 pH units can cause a

thousand-fold increase in the acute toxicity of a

metallo-cyanide complex. The addition of strong

alkalies may cause the formation of undissociated

NH4OH or un-ionized NH3 in quantities that may
be toxic. The availability of many nutrient sub-

stances varies with the acidity and alkalinity. At
higher pH values, iron tends to become unavail-

able to some plants.

The nonlethal limits of pH are narrower for

some fish food organisms than they are for fish.

For example, Daphnia magna does not survive

experimentally in water having a pH below 6.0.

The major buffering system in natural waters is

the carbonate system. This system not only neutra-

lizes acids and bases so as to reduce the fluctua-

tions in pH, but also forms an indispensable reser-

voir of carbon for photosynthesis, because there is

a decided limit on the rate at which carbon dioxide

can be obtained from the atmosphere to replace

that in the water which becomes fixed by the

plants. Thus the productivities of waters are

closely correlated with the carbonate buffering

systems. The addition of mineral acids preempts

the carbonate buffering capacity and the original

biological productivity is reduced in proportion to

the degree that such capacity is exhausted. It is as

necessary, therefore, to maintain the minimum es-

sential buffering capacity as it is to confine the pH
of the water within tolerable limits.

Recommendation: (1) In view of the above con-

siderations and their importance for the production and
well-being of aquatic organisms, no highly dissociated

materials should be added in quantities sufficient to

lower the pH below 6.0 or to raise the pH above 9.0.

(2) To protect the carbonate system and thus the

productivity of the water, acid should not be added
sufficient to lower the total alkalinity below 20 mg/1
expressed as CaCOs.

(3) The addition of weakly dissociated acids and
alkalies should be regulated in terms of their own
toxicities as established by bioassay procedures.

Hardness

Hardness was originally considered as the

capacity of water to precipitate or neutralize soap.

In natural waters, hardness is chiefly attributable

to calcium and magnesium ions. Other ions, such

as strontium, barium, aluminum, manganese, iron,

copper, zinc, and lead also are responsible for

hardness, but since they are present in relatively

minor concentrations, their role usually can be
ignored. Hardness, like acidity and alkalinity, is

expressed in terms of CaCOa but the hardness of

a water is not necessarily equal to either the acidity

or alkalinity. Hardness in natural waters is gener-

ally correlated with dissolved solids but there are

exceptions.

Generally, the biological productivity of a water

is directly correlated with its hardness, but hard-

ness per se has no biological significance because

productivity depends on the specific combination

of elements present. Calcium and magnesium con-

tribute to hardness and to productivity. Most other

elements that contribute to hardness reduce biolog-

ical productivity and are toxic when they produce

a substantial measure of hardness. Because hard-

ness of itself has no biological significance, and
because some elements which contribute to hard-

ness may enhance biological productivity (while

other contributing elements are toxic), it is rec-

ommended that the term hardness be avoided in

dealing with water quality requirements for aquatic

life.
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Temperature

The relationships of temperature and aquatic

life have been well studied. Extensive bibliogra-

phies and detailed surveys of the subject have been

published by the American Society of Civil Engi-

neers (1967), Brett (1960), Mlhursky and Ken-

nedy (1967), Raney (1966), U.S. Department of

Interior, Federal Water Pollution Control Admin-
istration (1967), and Wurtz and Renn (1965).

The temperatures of the surface waters of the

United States vary from 32 to over 100 F as a

function of latitude, altitude, season, time of day,

duration of flow, depth, and many other variables.

The agents that may affect the natural temperature

are so numerous that it seems unlikely that two

bodies of water, even in the same latitude, would

have exacrty the same thermal characteristics. The

fish and other aquatic life occurring naturally in

each body of water are species or varieties that are

competing there with various degrees of success

depending on the temperature and various other

conditions existing in that habitat. This adaptation

extends not only to temperature and the range over

which it can vary, but also to such factors as day

length and the other species of animals and plants

in the same habitat. The interrelationships of spe-

cies, day length, and water temperature are so inti-

mate that even a small change in temperature may
have far-reaching effects. An insect nymph in an

artificially warmed stream, for example, might

emerge for its mating flight too early in the spring

and be immobilized by the air temperature. Simi-

larly, a fish might hatch too early in the spring to

find an adequate amount of its natural food orga-

nisms because the food chain depends ultimately

on plants whose abundance in turn, is a function of

day length and temperature. The inhabitants of a

water body that seldom becomes warmer than 70 F
are placed under stress, if not killed outright, by

90 F water. Even at 75 to 80 F, they may be un-

able to compete successfully with organisms for

which 75 to 80 F is a favorable temperature. Simi-

larly, the inhabitants of warmer waters are at a

competitive disadvantage in cool water.

Although in a rigorous climate, an animal can

endure the extremes of temperature at appropriate

seasons; it must be cooled gradually in the fall if it

is to become acclimatized to the cold water of

winter and warmed gradually in the spring if it is to

withstand summer heat. Further, an organism

might be able to endure a high temperature of 92

or 95 F for a few hours, but it could not do so for

a period of days. Having the water change gradu-

ally with the season is important for other reasons:

an increasing or decreasing temperature often

serves as the trigger for spawning activities, meta-

morphosis, and migration. Some fresh water orga-

nisms require that their eggs be chilled before they

will hatch properly.

In arriving at suitable temperature criteria, the

problem is to estimate how far the natural tem-

perature may be exceeded without adverse effects.

Whatever requirements are suggested, a seasonal

cycle must be retained, the changes in temperature

must be gradual and the temperature reached must
not be so high or so low as to damage or alter the

composition of the desired population. In view of

the many variables, it seems obvious that no single

temperature requirement can be applied to the

United States as a whole, or even to one State; the

requirements must be closely related to each body
of water and its population. To do this a tempera-

ture increment based on the natural water tempera-

ture is more appropriate than an unvarying num-
ber. Using an increment requires, however, that

we have information on the natural temperature

conditions of the water in question, and the size of

the increment that can be tolerated by the desired

species.

If any appreciable heat load is introduced into a

stream, it must be recognized that the species'

equilibrium will likely be shifted towards that char-

acteristic of a more southerly water.

The seasonal temperature fluctuation normal to

the desired biota of a particular water must be

maintained. Further, the sum of any increase in

temperature plus the natural peak temperature

should be of short duration and below the maxi-

mum temperature that is detrimental for such

periods.

Recommendation for Warm Waters: To maintain a

well-rounded population of warm-water fishes, the fol-

lowing restrictions on temperature extremes and tem-
perature increases are recommended:

( 1 ) During any month of the year, heat should not
be added to a stream in excess of the amount that will

raise the temperature of the water (at the expected

minimum daily flow for that month) more than 5 F.

In lakes and reservoirs, the temperatures of the epi-

limnion, in those areas where important organisms are

most likely to be adversely affected, should not be
raised more than 3 F above that which existed before

the addition of heat of artificial origin. The increase

should be based on the monthly average of the maxi-
mum daily temperature. Unless a special study shows
that a discharge of a heated eflluent into the hypolim-
nion or pumping water from the hypolimnion (for dis-

charging back into the same water body) will be desir-

able, such practice is not recommended.
(2) The normal daily and seasonal temperature

variations that were present before the addition of heat,

due to other than natural causes, should be maintained.

(3) The recommended maximum temperatures that

are not to be exceeded for various species of warm-
water fish are given in table III-l.
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Recominenclation for Cold Waters: Because of the

large number of trout and salmon waters which have
been destroyed, or made marginal or nonproductive,

the remaining trout and salmon waters must be pro-

tected if this resource is to be preserved:

(1) Inland trout streams, headwaters of salmon
streams, trout and salmon lakes and reservoirs, and the

hypolimnion of lakes and reservoirs containing sal-

monids should not be warmed. No heated effluents

should be discharged in the vicinity of spawning areas.

For other types and reaches of cold-water streams,

reservoirs, and lakes, the following restrictions are

recommended.

(2) During any month of the year, heat should not

be added to a stream in excess of the amount that will

raise the temperature of the water more than 5 F
(based on the minimum expected flow for that month).
In lakes and reservoirs, the temperature of the epi-

limnion should not be raised more than 3 F by the ad-

dition of heat of artificial origin.

(3) The normal daily and seasonal temperature
fluctuations that existed before the addition of heat due
to other than natural causes should be maintained.

(4) The recommended maximum temperatures that

are not to be exceeded for various species of cold water
fish are given in table III-l.

Note.—For streams, total added heat (in BTU's)
might be specified as an allowable increase in tempera-
ture of the minimum daily flow expected for the month
or period in question. This would allow addition of a

constant amount of heat throughout the period. Ap-
proached in this way for all periods of the year, sea-

sonal variation would be maintained. For lakes the

situation is more complex and cannot be specified in

simple terms.

TABLE III-l

[Provisional maximum temperatures recommended as compati-
ble witli the well-being of various species of fish and

their associated biota]

93 F: Growth of catfish, gar, white or yellow bass,
spotted bass, buffalo, carpsucker, threadfin shad,
and gizzard shad.

90 F: Growth of largemouth bass, drum, bluegill, and
crappie.

84 F: Growth of pike, perch, walleye, smallmouth bass,
and sauger.

80 F: Spawning and egg development of catfish,
buffalo, threadfin shad, and gizzard shad.

75 F: Spawning and egg development of largemouth
bass, white, yellow, and spotted bass.

68 F: Growth or migration routes of salmonids and for
egg development of perch and smallmouth bass.

55 F: Spawning and egg development of salmon and
trout (other than lake trout).

48 F: Spawning and egg development of lake trout,
walleye, northern pike, sauger, and Atlantic
salmon.

Note.—Recommended temperatures for other species not
listed above, may be established if and when necessary in-
formation becomes available.

Dissolved oxygen

Oxygen requirements of aquatic life have been
extensively studied. Excellent survey papers are

presented by Doudoroff (1957), Doudoroff and
Shumway (1967), Doudoroff and Warren
(1962), Ellis (1937), and Fry (1960). Much of

the work on temperature requirements also con-
siders oxygen and those bibliographies are equally

valuable.

Most of the research concerning oxygen require-

ments for freshwater organisms deals with fish, but
since fish depend upon other aquatic species for

food and would not remain in an area with an in-

adequate food supply, it seems reasonable to as-

sume that a requirement for fish would serve also

for the rest of the community. The fish themselves

can be grouped into three categories according to

their temperature and oxygen requirements:

(1) the cold-water fish (e.g., salmon and trout),

(2) the warm-water game and pan fish (e.g., bass
and sunfish), and (3) the warm-water "coarse"

fish (e.g., carp and buffalo). The cold-water fish

seem to require higher oxygen concentrations than
the warm-water varieties. The reason is not known,
but it may be related to the fact that, for half

saturation, trout hemoglobin requires an oxygen
partial pressure three or four times that required

by carp hemoglobin under similar circumstances.

Warm-water game and pan fish seem to require a

higher concentration than the "coarse" fish, prob-

ably because the former are more active and
predatory.

Relatively little of the research on the oxygen
requirements of fish in any of these three categories

is applicable to the problem of establishing oxygen
criteria because the endpoints have usually been
too crude. It is useless in the present context to

know how long an animal can resist death by as-

phyxiation at low dissolved oxygen concentrations;

we must know instead the oxygen concentration

that will permit an aquatic population to thrive. We
need data on the oxygen requirements for egg de-

velopment, for newly hatched larvae, for normal
growth and activity, and for completing all stages

of the reproductive cycle. It is only recently diat

experimental work has been tmdertaken on the

effects of oxygen concentration on these more
subtle endpoints. As yet, only a few species have
been studied.

One of the first signs that a fish is being affected

by a reduction of dissolved oxygen (DO) concen-
tration is an increase in the rate at which it venti-

lates its gills, a process accomplished in part by an
increase in the frequency of the opercular move-
ments. The half dozen or so species (chiefly

warm-water game and pan fish) that have been
reported so far show a significant increase in fre-

quency as the DO concentration is reduced from
6 to 5 mg/1 (at about 72 F) and a greater increase
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from 5 to 4 mg/1. If the opercular rate is taken as

the criterion by which the adequacy of an oxygen

concentration is to be judged, then such evidence

as we have indicates 6 mg/I as the required dis-

solved oxygen concentration. Several field studies

have shown, however, that good and diversified

fish populations can occur in waters in which the

dissolved oxygen concentration is between 6 and
5 mg/1 in the summer, suggesting that a minimum
of 6 mg/1 is probably more stringent than neces-

sary for warm-water fishes. Because the oxygen

content of a body of water does not remain con-

stant, it follows that if the dissolved oxygen is

never less than 5 mg/1 it must be higher part of

the time. In some cases, good populations of

warm-water fish, including game and pan fishes,

occur in waters in which the dissolved oxygen may
be as low as 4 mg/1 for short periods. Three mg/1
is much too low, however, if normal growth and

activity are to be maintained. It has been reported

that the growth of young fish is slowed markedly if

the oxygen concentration falls to 3 mg/1 for part

of the day, even if it rises as high as 18 mg/1 at

other times. It is for such reasons as this that oxy-

gen criteria cannot be based on averages. Five and

4 mg/1 are close to the borderline of oxygen con-

centrations that are tolerable for extended periods.

For a good population of game and pan fishes,

the concentration should be considerably more

than this.

The requirements of the different stages in the

life cycles of aquatic organisms must be taken into

account. An oxygen concentration that can be

tolerated by an adult animal, with fuUy developed

respiratory apparatus, less intense metabolic re-

quirements, and the ability to move away from

adverse conditions, could easUy be too low for eggs

and larval stages. The eggs are especially vulner-

able to oxygen lack because they have to depend

upon oxygen diffusing into them at a rate sufficient

to maintain the developing embryos. Hatching,

too, is a critical time; recently hatched young need

relatively more oxygen than adults, but until they

become able to swim for themselves (unless they

are in flowing water) they must depend upon the

oxygen supply in the limited zone around them.

These problems are not as great among species

that tend their eggs and young, suspend their eggs

from plants, or have pelagic eggs, as they are for

salmonids. Salmonids bury their eggs in the gravel

of the stream away from the main flow of the water

thereby requiring a relatively high oxygen concen-

tration in the water that does reach them.

Recommendation: In view of the above considerations

and with the proviso that future research may make
revision necessary, the following environmental con-

ditions are considered essential for maintaining na-

tive populations of fish and other aquatic life

:

( 1 ) For a diversified warm-water biota, including

game fish, daily DO concentration should be above
5 mg/1, assuming that there are normal seasonal and
daily variations above this concentration. Under ex-

treme conditions, however, and with the same stipula-

tion for seasonal and daily fluctuations, the DO may
range between 5 mg/1 and 4 mg/1 for short periods of

time, provided that the water quality is favorable in

all other respects. In stratified eutrophic and dystrophic

lakes, the DO requirements may not apply to the

hypolimnion. In shallow unstratified lakes, they should

apply to the entire circulating water mass.

These requirements should apply to all waters ex-

cept administratively established mixing zones. In lakes,

such mixing zones must be restricted so as to limit the

effect on the biota. In streams, there must be no blocks

to migration and there must be adequate and safe

passageways for migrating forms. These zones of pas-

sage must be extensive enough so that the majority of

plankton and other drifting organisms are protected

(see section on zones of passage).

(2) For the cold water biota, it is desirable that DO
concentrations be at or near saturation. This is espe-

cially important in spawning areas where DO levels

must not be below 7 mg/1 at any time. For good growth
and the general well-being of trout, salmon, and other

species of the biota, DO concentrations should not be
below 6 mg/1. Under extreme conditions they may
range between 6 and 5 mg/1 for short periods provided

that the water quality is favorable and normal daily

and seasonal fluctuations occur. In large streams that

have some stratification or that serve principally as mi-

gratory routes, DO levels may be as low as 5 mg/1 for

periods up to 6 hours, but should never be below 4

mg/ 1 at any time or place.

(3) DO levels in the hypolimnion of oligotrophic

small inland lakes and in large lakes should not be
lowered below 6 mg/1 at any time due to the addition

of oxygen-demanding wastes or other materials.

Carbon dioxide

An excess of "free" carbon dioxide (as distin-

guished from that present as carbonate and bicar-

bonate) may have adverse effects on aquatic ani-

mals. These effects range from avoidance reactions

and changes in respiratory movements at low con-

centrations, through interference with gas ex-

change at higher concentrations, to narcosis and

death if the concentration is increased further. The

respiratory effects seem' the most likely to be of

concern in the present connection.

Since the carbon dioxide resulting from meta-

bolic processes leaves the organisms by diffusion,

an increase in external CO, concentration will

make it more diflicult for it to diffuse out of the

organism. Thus, it begins to accumulate internally.

The consequences of this internal accumulation

are best known for fish, but presumably the princi-

ples are the same for other organisms. As the CO2
accumulates, it depresses the blood pH, and this
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may have detrimental effects. Probably more im-

portant, however, is the fact that the greater the

blood CO2 concentration, the less readily will the

animal's hemoglobin combine with dissolved oxy-

gen. Thus the presence of much CO2 raises the

minimum oxygen concentration which is tolerable.

Since the combination of oxygen with hemoglobin

is inversely related to temperature, it is obvious

that CO2, temperature, and oxygen are closely

related. Insufficient data are available at present

to permit us to state the greatest amount of dis-

solved carbon dioxide that all types of aquatic

organisms can tolerate and how these tolerable

concentrations vary with temperature and dis-

solved oxygen. Studies of the effect of CO2 on
the oxygen requirements of several species of fish

indicate that CO2 concentrations of the order of

25 mg/1 should not be detrimental, provided the

oxygen concentration and temperature are within

the recommended limits.

Recommendation: According to our rather meagre
knowledge of the subject, it is recommended that the

free CO2 concentration should not exceed 25 mg/1.

Oil

Oil slicks are barely visible at a concentration of

about 25 gal/sq mi (Amer. Petroleum Inst. 1949).
At 50 gal/sq mi, an oil film is 3.0x10" inches

thick and is visible as a silvery sheen on the sur-

face. Sources of oil pollution are bilge and ballast

waters from ships, oil refinery wastes, industrial

plant wastes such as oil, grease, and fats from the

lubrication of machinery, reduction works, plants

manufacturing hydrogenated glycerides, free fatty

acids, and glycerine, rolling mills, county drains,

storm-water overflows, gasoline filling stations, and
bulk stations.

Wiebe (1935) showed that direct contact by fish

(bass and bream) with crude oil resulted in death

caused by a film over the gill filaments. He also

demonstrated that crude oil contains a water-solu-

ble fraction that is very toxic to fish. Galtsoff, et al.

(1935) showed that crude oil contains substances

soluble in sea water that produce an anaesthetic

effect on the ciliated epithelium of the gills of

oysters. Free oil and emulsions may act on the

epithelial surfaces of fish gills and interfere with

respiration. They may coat and destroy algae and
other plankton, thereby removing a source of fish

food, and when ingested by fish they may taint

their flesh.

Setteable oily substances may coat the bottom,
destroy benthic organisms, and interfere with
spawning areas. Oil may be absorbed quickly by
suspended matter, such as clay, and then due to

wind action or strong currents may be transported

over wide areas and deposited on the bottom far

from the source. Even when deposited on the bot-

tom, oil continuously yields water-soluble sub-

stances that are toxic to aquatic life.

Films of oil on the surface may interfere with

reaeration and photosynthesis and prevent the

respiration of aquatic insects such as water boat-

men, backswimmers, the larvae and adults of

many species of aquatic beetles, and some species

of aquatic Diptera (flies). These insects surface

and carry oxygen bubbles beneath the surface by
means of special setae which can be adversely af-

fected by oil. Berry (1951) reported that oil films

on the lower Detroit River are a constant threat to

waterfowl. Oil is detrimental to waterfowl by de-

stroying the natural buoyancy and insulation of

their feathers.

A number of observations made by various

authors in this country and abroad record the con-

centrations of oil in fresh water which are dele-

terious to different species. For instance, penetra-

tion of motor oil into a fresh water reservoir

used for holding crayfish in Germany caused the

death of about 20,000 animals (Seydell, 1913).
It was established experimentally that crayfish

weighing from 35 to 38 g die in concentrations of

5 to 50 mg/1 within 1 8 to 60 hours. Tests with two
species of fresh water fish, ruff (small European
perch), and whitefish (fam. Coregonidae) showed
that concentrations of 4 to 16 mg/1 are lethal to

these species in 18 to 60 hours.

The toxicity of crude oil from various oil fields

in Russia varies depending on its chemical com-
position. The oil used by Veselov (1948) in the

studies of the pollution of Belaya River (a tribu-

tary in the Kama in European Russia) belongs to a

group of methano-aromatic oils with a high con-

tent of asphalt, tar compounds, and sulfur. It

contains little paraffin and considerable amounts
of benzene-ligroin. Small crucian carp (Carassius

carassius) 7-9 cm long were used as the bioassay

test animal. This is considered to be a hardy fish

that easily withstands adverse conditions. The
water soluble fraction of oil was extracted by
shaking 15 ml of oil in 1 liter of water for 15

minutes. The oil film was removed by filtration.

Dissolved oxygen was controlled. A total of 154
tests were performed using 242 fishes. The average

survival time was 17 days at the concentration of

0.4 ml/1 of oil but only 3 days at the concentration

of 4 ml/1. Further increase in concentration had no
appreciable effect on fish mortality.

Seydell (1913) stated that the toxicity of Rus-
sian oil is due to naphthenic acids, small quantities

of phenol, and volatile acids (Veselov, 1948).
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Cairns (1957) reports the following 96-hour TL,„

values of naphthenic acid for bluegill sunfish

(Lepomis inacrochirus)—5.6 mg/1; pulmonate

snail (Physa heterostropha)—6.1 to 7.5 mg/1 (in

soft water), and diatom (species not identified)

—

41.8 to 43.4 mg/1 in soft water and 28.2 to 79.8

mg/I in hard water. Naphthenic acid (cyclohexane

carboxylic acid) is extracted from petroleum and

is used in the manufacture of insecticides, paper,

and rubber.

Chipman and Galtsoff (1949) report that crude

oil in concentrations as low as 0.3 mg/1 is ex-

tremely toxic to fresh water fish. Dorris, Gould,

and Jenkins (1960) made an intensive study of the

toxicity of oil refinery effluents to fathead minnows

in Oklahoma. By standard bioassay procedures,

they found that mortality varied between 3.1 per-

cent to 21.5 percent after 48 hours of exposure to

untreated effluents. They concluded that toxicity

rather than oxygen demand is the most important

effect of oil refinery effluents on receiving streams.

Pickering and Henderson (1966b) reported the

results of acute toxicity studies of several impor-

tant petrochemicals to fathead minnows, bluegills,

goldfish, and guppies in both soft water and hard

water. Standard bioassay methods were used. Be-

cause several of the compounds tested have low

solubility in water, stock solutions were prepared

by blending the calculated concentrations into 500

ml of water before addition to the test container.

Where necessary, pure oxygen was supplied by

bubbling at a slow rate. The petrochemicals tested

were benzene, chlorobenzene, 0-chlorophenol, 3-

chloropropene, 0-cresol, cyclohexane, ethyl ben-

zene, isoprene, methyl methacrylate, phenol, 0-

phthalic anhydride, styrene, toluene, vinyl acetate,

and xylene. These petrochemicals are similar in

their toxicities to fish, with 96-hour TL,,, values

ranging from 12 to 368 mg/1. Except for isoprene

and methyl methacrylate, which are less toxic,

values for all four species of fish for the other

petrochemicals ranged from 12 to 97 mg/1, a rela-

tively small variation. In general, 0-chlorophenol

and 0-cresol are the most toxic and methyl meth-

acrylate and isoprene are the least toxic.

Recommendation: In view of available data, it is con-

cluded that to provide suitable conditions for aquatic

life, oil and petrochemicals should not be added in

such quantities to the receiving waters that they will:

(1) produce a visible color film on the surface, (2)

impart an oily odor to water or an oily taste to fish

and edible invertebrates, (3) coat the banks and bot-

tom of the water course or taint any of the associated

biota, or (4) become effective toxicants according to

the criteria recommended in the "Toxicity" section.

Turbidity

Turbidity is caused by the presence of suspended

matter such as clay, silt, finely divided organic

matter, bacteria, plankton, and other microscopic

oragnisms. Turbidity is an expression of the optical

property of a sample of water which causes light to

be scattered and absorbed rather than transmitted

in straight lines through the sample. Excessive

turbidity reduces light penetration into the water

and, therefore, reduces photosynthesis by phyto-

plankton organisms, attached algae, and sub-

mersed vegetation.

The Jackson candle turbidimeter (Standard

Methods for the Examination of Water and Waste-

water, 12th edition. 1965) is the standard instru-

ment for making measurements of turbidity. Field

determinations, however, are made with direct-

reading colorimeters calibrated for this test and the

results are expressed as Jackson turbidity units

(JTU).

Silt and sediment are particularly damaging to

gravel and rubble-type bottoms. The sediment fills

the interstices between gravel and stones, thereby

eliminating the spawning grounds of fish and the

habitat of many aquatic insects and other inverte-

brate animals such as mollusks, crayfish, fresh

water shrimp, etc. Tarzwell (1957) observed that

bottom organisms from a silted area averaged only

36 organisms/sq ft compared to 249/sq ft in a

non-silted area. Smith (1940) reported that silting

reduced the bottom fauna of the Rogue River by

25 to 50 percent. Observations in Oregon by Wag-
ner (1959) and Ziebell (1960) showed an 85-

percent decline in productivity of aquatic insect

populations below a gravel dragline operation.

Turbidities in the affected area were increased

from zero to 91 mg/1 and suspended solids from

2 mg/1 upstream to 103 mg/1 downstream.

. Buck (1956) investigated several farm ponds,

hatchery ponds, and reservoirs over a 2-year

period. He observed that the maximum production

of 161.5 lb/acre occurred in farm ponds where

the average turbidity was less than 25 JTU. Be-

tween 25 and 100 JTU, fish yield dropped 41.7

percent to 94 lb/acre, and in muddy ponds, where

turbidity exceeded 100 JTU, the yield was only

29.3 lb/acre or 18.2 percent of clear ponds.

Herbert and Merkens (1961), using a mixture

of kaolin and diatomaceous earth, demonstrated

that long-term exposure of rainbow trout to 100-

200 mg/1 could be harmful. At 270 and 810 mg/1,

a high percentage of the fish died. Wallen ( 1951

)

studied the effects of montmorillonite clay on 16

species of warm-water fish. Results are shown in

table III-2. It is shown that fish can tolerate high
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turbidities for short periods, a fortunate adaptation

for river species. Fish productivity is ultimately

dependent upon plant life and a good bottom

fauna. There can be little of either above 200 JTU
if that turbidity is maintained continuously. The
Aquatic Life Advisory Committee of the Ohio
River Valley Water Sanitation Commission
(ORSANCO) Second Progress Report (1956)
points out that fish withstand turbidities of 5,000

mg/1 or more with no direct harmful results, but

the productivity of the bottom areas is very low

and the fish populations are small.

TABLE III-2. Average Turbidities Found To Be
Fatal to Fish

Length of Turbidity
Species exposure (days) (mg/l)

Large mouth bass 7.6 101,000
Pumpkin seed sunfish 13 69,000
Channel catfish 9.3 85,000
Blacl< bullhead 17 222,000
Golden shiner 7.1 166,000

Ellis (1937) summarized the results of 2,344
light penetration determinations made at 585 sta-

tions on streams throughout the United States. The
determinations were made of the millionth inten-

sity depth (m.i.d.), which is the depth in milli-

meters of water of the given turbidity required to

screen out 99.9999 percent of the light entering at

the surface. A photoelectric apparatus described

by Ellis (1934b) was used and determinations

were made after filtering the water through bolting

silk.

The turbidity of rivers varies widely in different

parts of the country. Ellis (1937) defined clear

streams as those with a m.i.d. of 5.00 to infinity;

cloudy streams, 4.90-1.00 meters; turbid, 0.99-

0.50; very turbid, 0.49-0.30; muddy, 0.29-0.15;

very muddy, 0.14-0.00 meters.

In Mississippi River side channels and flowing

stream tributaries with good fish fauna, 4 percent

were clear, 1 1 percent cloudy, 3 percent were very

muddy. In these waters, with medium, poor, or no
fish fauna 1 percent were clear, 1 8 percent cloudy,

11 percent turbid, 14 percent very turbid, 38 per-

cent muddy, and 18 percent very muddy.

Based on 6,000 light penetration determinations

on inland streams, he concluded that, for good pro-

duction of fish and aquatic life, the silt load of

these streams should be reduced so that the mil-

lionth intensity depth would be greater than 5

meters.

Good farming practices can do a great deal to

prevent silt from reaching streams and lakes. Road
building and housing development projects, placer

mining, strip irtining, coal and gravel washing, and
unprotected road cuts are important sources of

turbidity that can be reduced with planning, good
housekeeping, and regulation.

Natural turbidities within watersheds should be
determined. For example, in some Western States

many streams have a turbidity below 25 JTU for

most of the year. In those states, the water pollu-

tion control agency might specify that no wastes

should be discharged which would raise the tur-

bidity of the receiving water above 25 JTU.
From the above discussion it can be seen that

natural turbidity varies greatly in different parts of

the country.

Recommendation: Turbidity in the receiving water
due to a discharge should not exceed 50 JTU in warm-
water streams or 10 JTU in cold-water streams.

There should be no discharge to warm-water lakes

which will cause turbidities exceeding 25 Jackson Units.

The turbidity of cold-water or oligotrophic lakes should
not exceed 10 units.

Settleable solids

Settleable solids include both inorganic and or-

ganic materials. The inorganic components include

sand, silt, and clay originating from such sources

as erosion, placer mining, mine tailing wastes, strip

mining, gravel washing, dusts from coal washeries,

loose soils from freshly plowed farm lands, high-

way, and building projects. The organic fraction

includes such setrieable materials as greases, oils,

tars, animal and vegetable fats, paper mill fibers,

synthetic plastic fibers, sawdust, hair, greases from
tanneries, and various settleable materials from city

sewers. These solids may settle out rapidly and
bottom deposits are often a mixture of both inor-

ganic and organic solids. They may adversely af-

fect fisheries by covering the bottom of the stream

or lake with a blanket of material that destroys the

bottom fauna or the spawning grounds of fish.

Deposits containing organic materials may deplete

bottom oxygen supplies and produce hydrogen

sulfide, carbon dioxide, methane, or other noxious

gases.

Some settleable solids may cause damage by
mechanical action.

Water Quality Criteria for European Freshwater

Fish (European Inland Fisheries Advisory Com-
mission, 1964) discusses chemicaDy inert solids

in waters that are otherwise satisfactory for the

maintenance of freshwater fisheries. It is indicated

that good or moderate fisheries can be maintained

in waters that normally contain 25 to 80 mg/1 sus-

pended solids, but that the yield of fish might be
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lower than in waters containing 25 mg/l or less.

Waters normally containing 80 to 400 mg/l sus-

pended solids are unlikely to support good fresh-

water fisheries.

Recommendation: Since it is known that even minor
deposits of settleable materials inhibit the growth of

normal stream or lake flora and fauna, it is recom-
mended that no settleable materials be added to these

waters in quantities that adversely affect the natural

biota.

Color

The color of water is attributed to substances

in solution after the suspensoids have been re-

moved. It may be of organic or mineral origin.

Organic sources are humic materials, peat, plank-

ton, rooted and floating aquatic plants, tannins,

etc. Inorganic sources are metallic substances such

as iron and manganese compounds and chemicals,

dyes, etc. Many industries discharge materials that

contribute to the color of water. Among them are

pulp and paper mills, textile mills, refineries,

manufacturers of chemicals and dyes, explosives,

nailworks, tanneries, etc.

Standard Methods for the Examination of Water
and Wastewater, 12th edition (1965), describes

the standard platinum-cobalt method of determin-

ing color after centrifugation. The unit of color

considered as standard is the color produced by

one mg/l of platinum in water. Results are ex-

pressed as units of color. Color in excess of 50
units may limit photosynthesis and have a dele-

terious effect upon aquatic life, particularly phyto-

plankton, and the benthos.

Water absorbs light differentially. A layer of

distilled water 1 meter in thickness absorbs 53 per-

cent of the solar radiation. It absorbs 30 percent of

the red-orange band (6,500 angstrom units) but

less than 5 percent of the blue (4,500 angstrom

units). These are the portions of the spectrum that

are absorbed and utilized to the greatest extent by

chlorophyll. The band at 7,500 angstrom units is

over 90 percent absorbed.

Natural waters absorb far more light. The light

intensity at which the amount of oxygen produced

photosynthetically is balanced by the amount of

oxygen used for respiration in some submerged
vascular plants is 5% of full sunlight on clear

summer days. It is estimated that 25 to 50 percent

of full sunlight is necessary for many green aquatic

plants to reach maximum photosynthesis. The
ORSANCO committee observed that the 25-per-

cent level of solar radiation is not reached in many
of the larger streams and they considered it desira-

ble to restrict the addition of any substances that

reduce light penetration and hence limit the pri-

mary productivity of aquatic vegetation.

Recommendation: For effective photosynthetic pro-

duction of oxygen, it has been found that at least

10 percent of incident light is required. Therefore,

10 percent of the incident light should reach the bottom
of any desired photosynthetic zone in which adequate
dissolved oxygen levels are to be maintained.

Floating materials

Floating materials include sawdust, peelings

and other cannery wastes, hair and fatty materials

from tanneries, wood fibers, containers, scums, oil,

garbage, floating materials from untreated munic-

ipal and industrial wastes, tars and greases, and

precipitated chemicals.

Wastes from paper mills, vinegar plants, cane

mills, and other industries may contribute nutrients

or produce conditions in streams that foster the

growth of Sphaerotilus (Chlamydobacteriales) or

similar iron or sulfur bacteria. These floating

growths not only clog fishermen's nets, but also

smother out the spawning grounds and habitat of

all forms of aquatic life.

Recommendation: All such floating and settleable sub-

stances should be excluded from streams and lakes.

Tainting substances

Among the materials that are responsible for

objectionable tastes in fish are hydrocarbons,

phenolic compounds, sodium pentachlorophenate

(used for slime control in cooling towers), coal

tar wastes, gas wastes, sewage containing phenols,

coal-coking wastes, outboard motor exhaust

wastes, and petroleum refinery wastes. Kraft paper

mill wastes, sulfides, mercaptans, turpentine,

wastes from synthetic rubber and explosives fac-

tories, algae, resins and resin acids also contribute

to objectional tastes in fish. Twenty gallons per

acre of kerosene or diesel fuel will produce an off-

flavor in bass and bluegills which persists for 4 to

6 weeks. The Aquatic Life Advisory Committee

of ORSANCO in its Third Progress Report

(1960), lists the concentrations (table III-3) of

phenolic substances that cause taste and odor.

Albersmeyer and Erichsen (1959) found that car-

bolated oil and light oil, both dephenolated, im-

part a taste to fish flesh more pronounced than

that caused by naphthalene and methyl naphtha-

lene. They concluded that the hydrocarbons are

more responsible for tastes in fish flesh than the

phenolic compounds. Boetius (1954) found that

chlorophenol could produce unpleasant flavor in

fish at a concentration of only 0.0001 mg/l.
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TABLE III-3. Concentration of Phenolic Com-
pounds That Cause Tainting of Fish Flesh

After Bandt (1955) page 77 (except for phenol).

Concentration
affecting taste
and odor (mg/l) Fish tested

Pure compounds:
Phenol 15 to 25 Trout, carp, tench,

chub, eel, min-
now, perch, blue-

gill, pike, gold-

fish.

Cresols 10 Tench, carp, eel,

trout, minnow.
Xylenols 1 to 5 Roach, perch, carp.
Pyrocatechol 2 to 5 Perch, carp, roach.
Pyrogallol 20 to 30 Roach, carp.
P-Quinone 0.5 Carp, tench, roach.
Pyridine 5 Roach, carp.
Naphthalene 1 Roach.
Alpha NaphthoL_0.5 Roach, carp.
Quinoline 0.5 to 1.0 do.
Chlorophenol __-0.1

Mixed phenolic wastes:
Coal-coking

wastes 0.02 to 0.1 Freshwater fish.

Coal-tar wastes__0.1 do.
Phenols in

polluted river_-0.02 to 0.15__- Minnows.
Sewage contain-

ing phenols ..0.1 Freshwater fish.

A preliminary laboratory study (English, Mc-
Dermott, and Henderson, 1963) shows that out-

board motor exhaust damages the quality of water

in several ways, the most noticeable of which is

causing unpleasant taste and odor in the water and
off-flavoring of fish flesh. A later field study, Eng-
lish et al. (1963a, b) and Surber et al. (1965)
determined the threshold level of tainting of fish in

pond and lake waters to be about 2.6 gal/acre-foot

of fuel, accumulating over a 2-month period. The
gasoline used was regular grade and the lubricating

oil ( 1/2 pint/gal) was a popular brand of packaged
outboard motor oil.

Recommendation: Materials that impart odor or taste

to fish flesh or other freshwater edible products such as

crayfish, clams, prawns, etc., should not be allowed to

enter receiving waters at levels that produce tainting.

Where it seems probable that a discharge may result in

tainting of edible aquatic products, bioassays and taste

panels are suggested for determining whether tainting

is likely.

Radioactive materials in fresh

and marine waters

Ionizing radiation, when absorbed in living

tissue in quantities substantially above that of nat-

ural background, is recognized as injurious. It is

necessary, therefore, to prevent excessive levels of

radiation from reaching any organism we wish to

preserve, be it human, fish, or invertebrate. Beyond
the obvious fact that they emit ionizing radia-

tion, radioactive wastes are similar in many re-

spects to other chemical wastes. Man's senses can-
not detect radiation unless it is present in massive
amounts. Radiation can be detected, however, by
means of electronic instruments and quantities

present at very low levels in the environment can
be measured with remarkable accuracy. Because
of the potential danger, the disposal of radioactive

materials has been well planned and controlled.

Injuries and loss of life from disposal of radioactive

materials or from accidents involving these mate-
rials have been minimal. Four factors have con-
tributed to this safety record: (1) scientists and
legislators were aware of the dangers associated

with the release of radioactive materials into the

environment prior to the need for disposal; (2) re-

search has progressed to protect man against ra-

diation effects and levels of radiation that could be
released; (3) as knowledge of nuclear energy in-

creased, standards were developed for handling,

shipping, and disposing of radioactive substances;

and (4) an extensive monitoring program was in-

augurated and has been functioning for years.

Upon introduction into an aquatic environment,

radioactive wastes can: (1) remain in solution

or in suspension, (2) precipitate and settle to

the bottom, or ( 3 ) be taken up by plants and ani-

mals. Immediately upon introduction of radioac-

tive materials into the water, certain factors inter-

act to dilute and disperse these materials, while

simultaneously other factors tend to concentrate

the radioactivity. Among those factors that dilute

and disperse radioactivity are currents, turbulent

diffusion, isotopic dilution, and biological trans-

port. Radioactivity is concentrated biologically by
uptake directly from the water and passage

through food webs, chemically and physically by
adsorption, ion exchange, coprecipitation, floccula-

tion, and sedimentation.

Radioactive wastes in the aquatic environment
may be cycled through water, sediment, and the

biota. Each radionuclide tends to take a charac-

teristic route and has its own rate of movement
from component to component prior to coming to

rest in a temporary reservoir, one of the three

components of the ecosystem. Isotopes can move
from the water to the sediments or to the biota. In

effect, the sediments and biota compete for the

isotopes in the water. Even though in some in-

stances sediments are initially successful in remov-
ing large quantities of radionuclides from the

water, and thus preventing their immediate uptake
by the biota, this sediment-associated radioactivity
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may later affect many benthic species by exposing

them to radiation. Also, any radioactivity leached

from the sediments back to the water again be-

comes available for uptake by the biota. Even be-

fore the radioactivity is leached from the sediment,

it may become available to the biota due to a

variation in the strength of the bonds between the

different radionuclides and the sediment particles.

Loosely bound radionuclides can be "stripped"

from particles of sediment and utilized by bottom-

feeding organisms.

Plants and animals, to be of any significance in

the cycling of radionuclides in the aquatic environ-

ment, must accumulate the radionuclide, retain it,

be eaten by another organism, and be digestible.

However, even if an organism accumulates and

retains a radionuclide and is not eaten before it

dies, the radionuclide will enter the "biological

cycle" through organisms that decompose the dead

organic material into its elemental components.

Plants and animals that become radioactive in this

biological cycle can pose a health hazard when
eaten by man.

Aquatic life may receive radiation from radio-

nuclides present in the water and substrate and

also from radionuclides that may accumulate

within their tissues. Humans can acquire radionu-

clides via many pathways, but among the most

important are drinking water or edible fish and

shellfish that have concentrated nuclides from the

water. In order to prevent unacceptable doses of

radiation from reaching humans, fish, and other

important organisms, the concentrations of radio-

nuclides in water, both fresh and marine, must be

restricted.

The effects of radiation on organisms have been

the subject of intense investigation for many years.

Careful consideration of pertinent portions of the

vast amount of available information by such or-

ganizations as the International Commission on

Radiological Protection (ICRP), the National

Committee on Radiation Protection and Measure-

ments (NCRP), and the Federal Radiation Coun-

cil (FRC) has resulted in recommendations on the

maximum doses of radiation that people may be

allowed to receive under various circumstances

(U.S. Department of Commerce, 1963). The rec-

ommended levels for the general public are sub-

stantially more conservative than those for persons

who work with radiation sources or radionuclides,

but in both cases the recommended levels assume

that the exposure will be sustained essentially

throughout the life or period of employment of the

person.

The ICRP and NCRP have calculated the quan-

tities of individual radionuclides that a person can

ingest each day without accumulating levels in

various body organs that deliver radiation doses

in excess of the recommended limits. These quanti-

ties contained in the volume of water ingested

daily (2.2 liters) are referred to as "maximum per-

missible concentrations (MPC) in water." The
FRC, recognizing that people may jngest radio-

nuclides from foods and other sources as well as

from drinking water, has provided guidance on

the basis of transient rates of intake from all

sources, but only for a few nuclides (radium-226,

iodine-131, strontium-90, and strontium-89).

The PHS Drinking Water Standards (US-

DHEW, 1962) are responsive to the recom-

mendations of the FRC, ICRP, and NCRP, and

provide appropriate protection against unaccept-

able radiation dose levels to people where drinking

water is the only significant source of exposure

above natural background. Where fish or other

fresh or marine products that have accumulated

radioactive materials are used as food" by humaiis,

the concentrations of the nuclides in the water

must be further restricted to provide assurance

that the total intake of radionuclides from all

sources will not exceed the recommended levels.

The radiation dose received by fish and other

aquatic forms will be greater than that received by

people who drink the water or eat the fish. Even

so, this does not place the fish in risk of suffering

radiation damage. The radiation protection guides

for people have been established with prudence,

for continued exposure over a normal life span,

and with appropriate risk (safety) factors. Virtu-

ally all of the available evidence shows that the

concentrations of radionuclides in fish and shell-

fish that would limit their use as food are substan-

tially below the concentrations that would injure

the organisms from radiation. Therefore, at this

time there appears to be no need for establishing

separate criteria for radioactive materials in water

beyond those needed to limit the intake to humans.

Recommendation: (1) No radioactive materials

should be present in receiving waters as a consequence

of the failure of an installation to exercise practical and

economical controls to minimize releases. This recom-

mendation is responsive to the recommendations of the

FRC that: "There can be no single permissible or ac-

ceptable level of exposure without regard to the reason

for permitting the exposure. It should be general prac-

tice to reduce exposure to radiation, and positive effort

should be carried out to fulfill the sense of these recom-

mendations. It is basic that exposure to radiation should

result from a real determination of its necessity."

(2) No radionuclide or mixture of radionuclides

should be present at concentrations greater than those

specified in the PHS Drinking Water standards

(USDHEW, 1962). This recommendation assures that

people will receive no more than acceptable amounts
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of radioactive materials from aquatic sources and that

fish living in the water vi'ill not receive an injurious

dose of radiation.

(3) The concentrations of radioactive materials

present in fresh, estuarine, and marine waters should be

less than those that would require restrictions on the

use of organisms harvested from the area in order to

meet the Radiation Protection Guides recommended
by the Federal Radiation Council.

This recommendation assures that fish and other

fresh water and marine organisms will not accu-

mulate radionuclides to levels that would make
them unacceptable for human food. It also limits

the radiation dose that the organisms would receive

from internally deposited nuclides to levels below

those that may be injurious. Some workers (Car-

ritt, 1959; Isaacs, 1962; Pritchard, 1959) have

recommended "maximum permissible levels for

sea water" based on various assumptions of dis-

persion, uptake by marine organisms, and the use

of the organisms as food by people. While these

recommendations are most useful as a first ap-

proximation in predicting safe rates of discharge

of radioactive wastes, their applicability as water

quality criteria is limited and they are not intended

for use in fresh or estuarine waters where the con-

centrations of a great variety of chemical elements

vary widely. Because it is not practical to general-

ize on the extent to which many of the important

radionuclides will be concentrated by fresh water

and marine forms, nor on the extent to which these

organisms will be used for food by people, no at-

tempt is made here to specify MPC for either sea

water or fresh water in reference to uptake by the

organisms. Rather, each case requires a separate

evaluation that takes into account the peculiar fea-

tures of the region. Such an evaluation should be

approved by an agency of the State or Federal

Government in each instance of radioactive con-

tamination in the environment. In each particular

instance of contamination, the organisms present,

the extent to which these organisms concentrate

the radionuclides, and the extent to which man
uses the organisms as food must be determined, as

well as the rates of release of radionuclides must be

based on this information.

Plant nutrients and nuisance

organisms

All terrestrial biological processes plus the ma-
jority of man's activities ultimately result in waste

products in various stages of decomposition. A
portion of these sooner or later enter surface fresh-

waters. These waste products include a rather

abundant amount of plant nutrients such as nitro-

gen, phosphorus, carbon, and other elements.

Subsequently, these plant nutrients are incorpo-

rated into organic matter by aquatic plants.

Surface water areas are like land areas in that

some type of vegetation will occupy any suitable

habitat. Thus, the more abundant the nutrient sup-

ply, the more dense the vegetation, provided other

environmental factors are favorable. In the aquatic

habitat, these growths may be bacteria, aquatic

fungi, phytoplankton, filamentous algae, sub-

mersed, emersed, floating, and marginal water

plants. Practically all aquatic plants may be de-

sirable at one time or another and in one habitat

or another. However, when they become too dense

or interfere with other uses of the water or of the

aquatic habitat, they become nuisance growths.

Some sheath-forming bacteria are the primary

nuisance-type growths in rivers, lakes, and ponds.

A notable problem associated with this group oc-

curs in areas subjected to organic enrichment. The
most common offenders belong to the genus Sphae-

rotilus. These bacteria are prevalent in areas re-

ceiving raw domestic sewage, improperly stabilized

paper pulp effluents or effluents containing simple

sugars. The growths they produce interfere with

fishing by fouling lines, clogging nets, and gener-

ally creating unsighdy conditions in the infested

area. Their metabolic demands while they are liv-

ing and their decomposition after death impose a

high BOD load on the stream and can severely

deplete the dissolved oxygen. It has been suggested

that large populations of Sphaerotilus render

the habitat noxious to animals and hence its

presence may actively exclude desirable fish and
invertebrates.

The freshwater algae are diverse in shape,

color, size, and habitat. A description of all spe-

cies of algae would be as comprehensive as writing

about all land plants, mosses, ferns, fungi, and
seed plants.

They may be free floating (planktonic) or they

may grow attached to the substrate (benthic or

epiphytic types). They may be macroscopic or

microscopic and are single-celled, colonial, or fila-

mentous. They are the basic link in the conversion

of inorganic constituents in water into organic

matter. When present in suflicient numbers, these

plants impart a green, yellow, red, or black color

to the water. They may also congregate at or

near the water surface and form so-called "water-

bloom" or "scum."

A major beneficial role of algae is the removal

of carbon dioxide from the water by photosyn-

thesis during daylight and the production of oxy-

gen. Algae, like other organisms, continually
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respire and produce carbon dioxide. The amount
of oxygen produced during active photosynthesis

is many times the amount of carbon dioxide re-

leased during the night or on cloudy days when
photosynthesis is inhibited or stopped.

Limited concentrations of algae are not trouble-

some in surface waters; however, overproduction

of various species is considered undesirable for

many water uses. A relatively abundant growth of

planktonic algae in waters 3 feet or deeper will

shade the bottom muds sufficiently to prevent

germination of seeds and halt the growth of prac-

tically all rooted submersed and emersed aquatics,

thus removing an important source of food for

ducks and other water fowl.

Some blue-green algae, many green algae, and
some diatoms produce odors and scums that make
waters less desirable for swimming. Dense growths

of such planktonic algae may limit photosynthetic

activity to a layer only a few inches beneath the

surface of the water. Under certain conditions, the

populations of algae may die and their decomposi-

tion will deplete dissolved oxygen in the entire

body of water. Certain sensitive people are allergic

to many species of planktonic algae blooming in

waters used for swimming.

It is claimed that some species of algae cause

gastric disturbances in humans who consume such

infested waters. Several species of blue-green algae

produce, under certain conditions, toxic organic

substances that kill fish, birds, and domestic ani-

mals. Some of the genera that contain species

which may produce toxins are Anabaena, Ana-
cystis, Aphanizomenon, Coleolosphaerium, Gloeo-

trichia, Microcystis, Nodularia, and Nostoc. Some
species of Chlorella, a green alga, also are toxic.

Various species of single, as well as branched

filamentous forms of algae, grow in both cool

and warm weather and when they become over-

abundant are generally considered to be a nui-

sance in whatever body of water they occur. Most
species of these algae are generally distributed over

the United States.

Many forms of plankton and filamentous algae

clog sand filters in water treatment plants, produce

undesirable tastes and odors in drinking water,

and secrete oily substances that interfere with do-

mestic use and manufacturing processes. Some
algae cause water to foam during heating as well

as metal corrosion and the clogging of screens,

filters, and piping. Algae also coat cooling towers

and condensers causing these units to become in-

effective. In Lake Superior, complaints have been

made that diatoms such as Tabellaria, Synedra,

Cymbella, and Fmgilaria, and the chrysophyte,

Dinobryon, may be the cause of slimes on fishnets.

Filamentous algae may interfere with the opera-

tion of irrigation systems by clogging ditches,

wires, and screens and thus seriously impede the

flow of water. Filamentous algae in ponds, lakes,

and reservoirs may cause depletion of naturally

occurring and added nutrients that could other-

wise be used to produce unicellular algae that are

more commonly used as food by fish. Dense
growths of filamentous algae may reduce the total

fish production and seriously interfere with har-

vesting the fish either by hook and line fishing,

seining, or draining. Such growths can also cause

overpopulation, resulting in stunting and the pres-

ence of large numbers of small fish. Under cer-

tain conditions, growths of filamentous algae on
pond or lake bottoms become so dense that they

eliminate spawning areas of fish and possibly inter-

fere with the production of invertebrate fish food.

Submersed plants are those which produce all

or most of their vegetative growth beneath the

water surface. In many instances these plants have

an underwater leaf form, a totally different floating

or emersed leaf form, and flowers on an aerial

stalk. Abundant growth of these weeds is depend-

ent upon depth and turbidity of water, and sub-

stratum. For most submersed plants in clear water,

8 to 10 feet is the maximum depth for growth in

clear water as they must receive sufficient light

for photosynthesis when they are seedlings. Most

of these submersed aquatic plants appear capable

of absorbing nutrients as well as herbicides through

either their roots or vegetative parts.

Emersed plants are rooted in bottom muds and

produce a majority of their leaves and flowers at

or above the water surface. Some species have

leaves that are flat and float entirely upon the

water surface. Other species have leaves that are

saucer-shaped or whose margins are irregular or

fluted. The latter types of leaves do not float

entirely upon the water surface.

Marginal plants are probably the most widely

distributed of the rooted aquatic plants. Members
of this group are varied in size, shape, and prefer-

ence of habitat. Many species are adapted for

growth from moist soils into water up to 2 feet

deep or more. Other species are limited to moist

soil or entirely to a watery habitat.

There are some species of floating plants that are

rather limited in their distribution while others

are widespread throughout the world. Plants in

this group have true roots and leaves, but instead

of being anchored in the soil they float about on

the water surface. Buoyancy of the plant is ac-

complished through modification of the leaf (in-

cluding covering of the leaf surface) and leaf

petiole. Most species have well-developed root
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systems which collect nutrients from the water.

Species designated as weeds are not necessarily

such in all places and at all times. For example,

many submersed, floating, and emersed plants that

normally interfere with boating, swimming, and

fishing are regarded as desirable growths in water-

fowl refuge areas. Rooted plants with floating

leaves, such as water lillies and watershield, and

those that float upon the surface, such as water

hyacinth, elodea, parrotweed, alligatorweed, and

duckweed, are considered highly objectionable for

many water uses. In clear water areas, however,

where artificial or natural fertilization is moderate,

the removal of these surface-shading plants may
permit sunlight to penetrate to the bottom muds
and submersed plants soon will occupy these

waters. These submersed plants generally are more
objectionable in an area than the original surface-

covering plants.

Most emersed, marginal, and a few submersed

plants and filamentous algae produce growths that

provide a suitable habitat for the development of

anopheline and other pest-type mosquitoes as well

as a hiding place for snakes. They are excellent

habitats for damselflies and some aquatic beetles.

Most rooted and floating aquatic plants can

seriously interfere with navigation of small rec-

reational craft and large commercial boats in in-

fested areas. Such problems are prevalent in

intercoastal waterways and in some streams in

the Gulf States area. Water shortages due to con-

sumption by undesirable aquatic plants or reduc-

tion in carrying capacity of an irrigation or drain-

age canal through excessive vegetation can result

in decreased crop quality, yield, or even crop

failure.

Submersed and emersed weeds consume nutri-

ents, either available or added, that could other-

wise be used to grow desirable planktonic algae

in impounded waters. Thus, the presence of ex-

cessive rooted plants may reduce total fish pro-

duction in the infested body of water. Extensive

growth of weeds provides dense cover that allows

the survival of excessive numbers of fish resulting

in overcrowding and stunting as well as interfer-

ing with harvesting the fish by hook and line or

other methods. There is evidence that rank growths

of submersed, emersed, or floating weeds may de-

plete the dissolved oxygen supply in shallower

water and that fish tend to leave these areas if

there are open-water areas available of better

quality. Although they carry on the process of

photosynthesis, their multicellular structure often

makes them less effective in re-oxygenating the

water.

All the elements essential for plant growth are

yet to be determined. Some of the elements known
to be important are nitrogen, phosphorus, potas-

sium, magnesium, calcium, manganese, iron, sili-

con (for diatoms), sulfur (as sulfates), oxygen,
and carbon. In many habitats, abundance of the

first two elements, N (nitrogen) and P (phos-
phorus), promotes vegetative production if other

conditions for growth are favorable. Most algae

also require some simple organics, such as amino
acids and vitamins, and many trace elements, such
as manganese and copper. Not only are the various

factors important, but their relative abundance and
combined affect can be of even greater importance.

Limited laboratory studies made to date indicate

that different species of algae have somewhat dif-

ferent phosphorus requirements with the range
of available phosphorus usually falling between
0.01 and 0.05 mg/1 as phosphorus. At these levels,

when other conditions are favorable, blooms may
be expected. As has been pointed out by the Sub-
committee on Water Quality Criteria for Public

Water Supply, the total phosphorus is of outstand-

ing importance. While there is no set relationship

between total and available phosphorus (because

the ratio varies with season, temperature, and plant

growth), the total phosphorus is governing as it

is the reservoir that supplies the available phos-

phorus. It is believed that allowable total phos-

phorus depends upon a variety of factors; e.g.,

type of water, character of bottom soil, turbidity,

temperature, and especially desired water use. Al-

lowable amounts of total phosphorus will vary,

but in general it is believed that a desirable guide-

line is 100 lUg/l for rivers and 50 ;Ug/l where
streams enter lakes or reservoirs (recommended
by the Public Water Supply Subcommittee).

The nitrogen-phosphorus ratio is also of impor-

tance. The ratio varies with the water, season, tem-

perature, and geological formation, and may range

from 1 or 2:1 to 100:1. In natural waters, the

ratio is often very near 10:1, and this appears to

be a good guideline for indicating normal condi-

tions.

The major sources of nitrogen entering fresh

waters are atmospheric (approximately 5 lbs/

acre/year), (Hutchinsen, 1957), domestic sewage
effluents, animal and plant processing wastes, ani-

mal manure, fertilizer and chemical manufacturing

spillage, various types of industrial effluents, and
agricultural runoff.

The major sources of phosphorous entering

fresh waters are domestic sewage effluents (in-

cluding detergents), animal and plant processing

wastes, fertilizer and chemical manufacturing spill-

age, various industrial effluents, and, to a limited

extent, erosion materials in agricultural runoff.
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Phosphorous entering an ecosystem may produce

a high oxygen demand. It has been pointed out

that 1 milligram of phosphorous from an organic

source demands about 160 milligrams of oxygen

in a single pass through the phosphorus cycle to

complete oxidation. Thus the oxidation of organic

matter, the growth of which has been induced by

adding phosphorus, may bring about a great reduc-

tion of oxygen in a lake or stream.

Dissolved carbon in the form of simple organic

compounds can be utilized by many kinds of algae.

These types of carbon compounds are also used

directiy as a source of food by many animals.

Varying amounts of simple organic compounds
containing carbon are found in sewage and several

types of industrial wastes. Other more complex

forms of organic carbon can be utilized by bac-

teria. The most common nuisance growth that

becomes very abundant in the presence of very

small amounts of carbon is Sphaerotilus. Patrick

(unpublished data) has shown that the addition

of 0.05-0.1 mg/I of glucose, without changing

other ecological conditions, may produce nuisance

growths.

Knowledge of the nutrient requirements of fungi,

phytoplankton, and filamentous algae is more ex-

tensive than for rooted aquatic plants. Laboratory

data on nutrient requirements must be used with

caution, however, because the maintenance of

most long-term cultures has required that extracts

of soil be incorporated into the inorganic culture

medium. Analyses of field grown algae have indi-

cated a wide divergence in elemental composition

among various species and among the same species

from different localities. Excessive growths often

seen to be triggered by small amounts of so-called

minor or trace elements and vitamins, particularly

One of the most obvious effects of increases or

imbalances in nutrients is the change in the kinds

and abundance of species composing the algal

flora. Historical studies of Lake Erie show a

change from an Asterionella dominance in the

spring and a Synedm dominance in the fall of

1920 to a Melosira dominance in the spring and

a Melosira, Anabaena, Oscillatoria dominance in

the fall of 1962. Between 1919 and 1934, the

number of cells per ml, with two exceptions, al-

ways were less than 4,000/ml. Since 1934, the

cell count, with one exception, has always been

greater than 4,000/ml. In 1944, it reached 11,032

cells/ml. It should be pointed out that blue-green

algae are a poor source of food for most aquatic

life.

Benthic forms also indicate the increase in nu-

trients in an ecosystem. Various species of Clado-

phora become abundant in lakes and rivers when
nutrients are abundant and replace the original

diverse benthic flora.

This demand for a wide variety of nutrients

is also characteristic of many of the rooted

aquatic plants. Their affinity for numerous metals,

however, does not appear to be comparable to

that of the algae.

Extensive data exist on the concentration of

nitrogen and phosphorus in fresh waters through-

out the United States. (Allee, et al., 1949; Ellis,

1940; Engelbrecht and Morgan, 1961; Juday,

et al., 1927; Lackey, 1945; USDHEW, 1962a)
In evaluating these data, it must be remembered
that algae and most other aquatic plants are capa-

ble of utilizing any available N and/or P in a very

short time providing other growth conditions are

favorable. Thus, analyses of filtered water would
not provide an evaluation of all elements existing

in the original water sample. A more meaningful

figure would result if all materials in an original

water sample were digested and then analyzed.

Often, the dissolved or available phosphorus may
be very low, while the total amount in the orga-

nisms and organic matter may be quite large. Not
only does this determination of total phosphorous

give a better estimate of the existing nutrient load

of an area, but it also provides an index to the

potential release that would occur if these plants

should all die within a short period of time.

This information would also point out the fact

that in many freshwaters, various species of rooted

aquatic plants are excellent receptors for this nu-

trient load. Their use in effluent treatment might

be one of the cheaper waste-treatment procedures.

The chemical composition of several species of

plants is given in table III-4. Indications are that

the N-P content of freshwaters in the United

States is quite varied, and their presence in fairly

large amounts may or may not produce algae

blooms.

It must be remembered that factors other than

plant nutrients also are operative in the establish-

ment and maintenance of aquatic plant growths.

There must be sufficient light reaching the plant

for photosynthesis to occur. If turbidity from

muds, dyes, other materials, or even phyto-

plankton is too great, plants at lower depths can-

not grow. These same plants, however, if estab-

lished in an area, can trap large amounts of

intermittent silt and other materials and clear the

waters for downstream uses.

Another factor that might be operative in pre-

venting aquatic plant growth would be the lack

of free CO, and bicarbonate ions in a particular
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aquatic environment. Certainly in an area where

the pH is high (9.5 or above) or low (below 5.5),

productivity would not reach high levels due to

a lack of sufficient bicarbonates.

Temperature also is an important factor in de-

termining the amount of growth. For each species,

there is an optimum range in which the greatest

growth occurs.

Wave action on large expanses of water may
also be a factor in regulating all types of aquatic

plant growths. This appears contradictory to the

concept that winds cause mixing of surface and

bottom waters, thereby renewing plant nutrients

in the euphotic zone. However, in certain lakes

and reservoirs, wind-induced waves and currents

mechanically agitate bottom materials and waters

to an extent that interferes with the production of

phytoplankton and rooted aquatic plants.

Various workers have discussed the concentra-

tions of nitrogen and phosphorus that are needed

for an algal bloom. Sawyer (1947) suggests that

a concentration of at least 1 5 fig/\ of phosphorus

is necessary for growth. Hutchinson (1957) states

that Asterionella can take up phosphorus from

where it is present at less than one /xg/1. As a re-

sult of the study of 17 Wisconsin lakes, Mac-
kenthun (1965) cites results indicating that in-

organic nitrogen at 0.30 mg/1 and inorganic

phosphorus at 0.01 mg/1, at the start of an active

growing season, subsequently permitted algal

blooms. As yet, there is no definite information on

the amount of wastes that will produce predictable

harmful effects in a lake. There are indicators,

however, of developing or potentially undesirable

conditions.

There are several conditions, analyses, or meas-

ures that will indicate eutrophication and dystro-

phication. Since these parameters are not infallible,

it is well to use them in combinations. Conditions

indicative of organic enrichment are:

( 1 ) A slow overall decrease year after year in

the dissolved oxygen in the hypolimnion

as indicated by determinations made a

short time before the fall overturn and an

increase in anaerobic areas in the lower

portion of the hypolimnion.

TABLE III-4. Chemical Composition of Some Algae From Ponds and Lakes in Southeastern
United States

^

Analysis Pithophora Spirogyra Spirogyra Rhizoclonium Oedogonium Mougeotis Anabaena

Ash percent 43.4 27.77 13.06 13.86 17.36 12.69 14.54 5.19
C percent 29.3 35.38 42.40 41.16 39.10 40.84 40.74 49.70
N percent 2.46 2.57 3.01 2.35 3.46 2.64 1.77 9.43
P percent 0.25 0.30 0.20 0.23 0.43 0.08 0.25 0.77
S percent ._ 0.55 1.42 0.27 0.24 0.27 0.15 0.36 0.53
Ca percent 8.03 3.82 0.57 0.84 0.52 0.44 1.68 0.36
Mg percent 0.92 0.20 0.45 0.30 0.21 0.16 0.57 0.42
K percent 2.35 3.06 0.92 0.99 1.90 3.03 1.20 1.20
Na percent 0.13 0.07 1.42 1.43 0.09 0.06 0.49 0.18
Fe mg/1 2,520 2,836 1,368 1,793 1,820 1,645 60 80
Mn mg/1 2,926 829 1,641 1,658 1,687 1,729 1,080 800
Zn mg/1 89 29 72 46 89 119 520
Cu mg/1 19 23 47 34 75 75 143 70
B mg/1 6.7 65 4.2 4.3 1.8 8.1 8

Analysis Cladophor Euglena Hydrodictyon Microcystis Lyngbya Nitella Aphanizomenon

Ash percent 23.38 4.12 17.94 6.2 17.20 19.11 7.21

C percent 35.27 48.14 39.96 46.46 40.23 38.43 47.65
N percent 2,30 5.14 3.87 8.08 5.01 2.70 8.57
P percent 0.56 0.67 0.24 0.68 0.31 0.23 1.17

S percent 1.58 0.19 1.41 0.27 0.28 0.34 1.18
Ca percent 1.69 0.05 0.69 0.53 0.45 1.89 0.73
Mg percent 0.23 0.07 0.17 0.17 0.14 0.95 0.21

K percent 6.08 0.34 4.21 0.79 0.42 3.73 0.68
Na percent 0.18 0.02 0.38 0.04 0.06 0.28 0.19
Mn mg/1 1,040 240 1,373 2,751 5,230 2,388 167
Fe mg/1 2,300 1,545 1,963 322 3,866 2,180 833
Zn mg/1 10 73 129 48 171 240 120
Cu mg/1 190 290 114 37 101 39 187
B mg/1 . 84.6 3.8 ... 3.6 112 9.8

Lawrence (personal con
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(2) An increase in dissolved solids—especially

nutrient materials such as nitrogen, phos-

phorus, and simple carbohydrates.

(3) An increase in suspended solids—espe-

cially organic materials.

(4) A shift from a diatom-dominated plankton

population to one dominated by blue-green

and/or green algae, associated with in-

creases in amounts and changes in relative

abundance of nutrients.

(5) A steady though slow decrease in light

penetration.

(6) An increase in organic materials and nu-

trients, especially phosphorus, in bottom

deposits.

Recommendation: The Subcommittee wishes to stress

that the concentrations set forth are suggested solely as

guidelines and the maintenance of these may or may
not prevent undesirable blooms. All the factors causing

nuisance plant growths and the level of each which
should not be exceeded are not known.

( 1 ) In order to limit nuisance growths, the addition

of all organic wastes such as sewage, food processing,

cannery, and industrial wastes containing nutrients,

vitamins, trace elements, and growth stimulants should

be carefully controlled. Furthermore, it should be

pointed out that the addition of sulfates or manganese
oxide to a lake should be limited if iron is present in

the hypolimnion as they may increase the quantity of

available phosphorus.

(2) Nothing should be added that causes an in-

creased zone of anaerobic decomposition of a lake or

reservoir.

(3) The naturally occurring ratios and amounts of

nitrogen (particularly NOn and NHi) to total phos-

phorus should not be radically changed by the addition

of materials. As a guideline, the concentration of total

phosphorus should not be increased to levels exceeding

100 Mg/1 in flowing streams or 50 |Ug/l where streams

enter lakes or reservoirs.

(4) Because of our present limited knowledge of

conditions promoting nuisance growth, we must have a

biological monitoring program to determine the effec-

tiveness of the control measure put into operation. A
monitoring program can detect in their early stages the

development of undesirable changes in amounts and
kinds of rooted aquatics and the condition of algal

growths. With periodic monitoring such undesirable

trends can be detected and corrected by more stringent

regulation of added organics.

Toxic substances

Aquatic life too frequently is considered only

in terms of harvestable species. The fact that nu-

merous other organisms are essential to produce

a crop of fishes often is overlooked or given litde

attention. To produce a harvestable crop of fish,

it is essential to have supporting plants and ani-

mals for food. Requirements are established on

the basis that the needed criteria are those that

will protect fish, the harvested crop, and the food

organisms necessary to support that crop. At this

time, it is believed that every important species

should be protected. One can appreciate that un-

important organisms may be sacrificed if the

following criteria are adopted. Fish too often

are considered as a single species instead of a

multitude of species. Many are distinctly and
greatly different from other related species and
have their own distinctive requirements. Because

of this, and because the important species, essen-

tial food organisms, and water quality will be
different in different habitats, a single value or

concentration has very limited applicability unless

appropriate margins of safety are incorporated.

For these reasons, the bioassay approach de-

scribed later in this section is favored. It is believed

that bioassays are the best method for determining

safe concentrations of toxicants for the species

of local importance. Bioassays are essential also

to determine safe concentrations for food orga-

nisms of those species and the effect of existing

water quality, including environmental variables

as well as existing pollution. Pertinent to this

stance is the fact that the majority of specific pol-

lution problems are ones involving discharges of

unknown and variable composition. Almost with-

out exception, more than one toxicant or stress is

present. Further, suggested safe concentrations

probably will not be adequate in instances where

more than one adverse factor exists. It is believed

that these recommended levels will be adequate

for a particular pollutant if dissolved oxygen,

temperature, and pH are within the limits recom-

mended. If the latter parameters are outside

recommended limits, appropriate alterations in the

criteria for toxicants must be made.

Most of the available toxicity data are reported

as the median tolerance limit (TLm), the concen-

tration that kills 50 percent of the test organisms

within a specified time span, usually in 96 hours

or less. This system of reporting has been mis-

applied by some who have erroneously inferred

that a TLm value is a safe value, whereas it is

merely the level at which half the test organisms

are killed. In many cases, the differences are great

between TL,,, concentrations and concentrations

that are low enough to permit reproduction and

growth.

Substantial data on long-term effects and safe

levels are available for only a few toxicants, per-

haps 10. The effect of toxicants on reproduction

is nearly unknown, yet this is a very important

aspect of all long-term toxicity tests. In chronic

tests with six different toxicants, there were three
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toxicants with which certain concentrations per-

mitted indefinite survival and normal appearance

but blocked spawning completely. Such evidence

makes estimates of safe concentrations based on
acute lethal test data alone very difficult and fre-

quently erroneous. Equally problematical is the

near-total lack of information on the sensitivity

of the various life stages of organisms. Many or-

ganisms are the most sensitive in the larval,

nymph, molting, or fry state; some may be the

most sensitive in the egg and sperm stage.

A further difficulty is encountered in recom-
mending criteria because continuous acceptable

concentrations must be lower than the intermittent

concentrations that may be reached occasionally

without causing damage. There seems to be only

one way in which to resolve this difficulty and
that is to use both maximum concentration and a

range of concentrations. It is recognized that the

extremes do limit organisms, but, within these ex-

tremes there is a range in concentration that can
be tolerated and is safe for prolonged periods of

exposure.

Average 24-hour concentrations can be deter-

mined by using a small water pump to collect 1 to

5 ml samples every minute. After 24 hours, the

sample is mixed and analyzed. The concentration

found represents the average concentration. Sam-
ples obtained this way are more reproducible and
easier to secure than the maximum instantaneous

concentration. Maximum concentrations must be
considered in the criteria, however, because an
average concentration alone could be met and yet

permit a lethal concentration to exist for a critical

period.

Bioassay

The use of some type of bioassay to determine
the toxicity of a material or waste can be the most
effective and accurate method of assessing poten-

tial danger. With these methods, no assumptions

need be made concerning the chemical structure

or form of the pollutant, nor does the investigator

have to know the constituent substances. The ef-

fects of water quality on toxicity also may be
measured. Naturally, the more that is known about
the chemical and physical behavior of a toxicant

in water, the more precise the assay can be.

While there are many types of assays, two
are in general use: ( 1 ) the static bioassay in which
the test solution is not changed during the period

of exposure, and (2) the flow-through bioassay

in which the test solution continually is renewed.
It is nearly impossible in a static test to use the

introduced test concentration for calculating TLn,
values, especially for substances or wastes that are

toxic at concentrations of 1 mg/1 or less, because
the quantity taken into the test organism may be
a very large percentage of the amount contained
in the test water. A 48-hour TLm based on the

introduced concentration could give a value much
higher than the true concentration because of this

decrease in toxicant concentration. The initial test

concentration is usually not measured in static

tests because of the changing concentration.

Knowledge of the concentration of the toxicant

at the end of the test can be of value.

The static test can give useful relative measures
of toxicity for wastes of high toxicity, but for the

reason mentioned above, it should not be used

for absolute values. Less toxic substances can -be

assayed much more accurately and lethal concen-
trations can be determined with confidence. The
chemical nature of the tested substances has an
important effect on the accuracy of the results

as well. Substances that are volatile, unstable, or

relatively insoluble may not be accurately assayed

whUe substances having opposite properties can
be assayed more accurately.

The problem of maintaining oxygen concen-

trations suitable for aquatic life in the test chamber
can be very difficult. Insufficient oxygen may be
present in the test water volume because a BOD
or COD may consume much of the available dis-

solved oxygen and aeration or oxygenation may
degrade or remove the test material. Devices for

maintaining satisfactory dissolved oxygen in static

tests have been proposed and used with some de-

gree of effectiveness. A rather complete account of

static assays can be found in Sandard Methods
for the Examination of Water , and Wastewater,
12th edition (1965), and Doudoroff, et al.

(1951).

In the flow-through type of bioassay a device

is used to add toxicant to a flow of water and the

mixture is discharged into the test container. This

method of testing has few of the problems men-
tioned in connection with the static test and has

other advantages in addition. Its important dis-

advantage is the more complicated work of build-

ing the necessary equipment; namely, a water

supply system, metering devices, and the provision

of a large quantity of the test substance.

Its important advantages are that a predeter-

mined concentration of test material can be main-

tained, oxygen concentrations can be kept high

or be controlled, metabolites and waste products

are removed (animals can be fed), absolute rather

than relative TL^ values can be obtained, and
volatile, unstable, and sparingly soluble materials

can be tested. Additionally, multifactor experi-

ments are possible in which several variables can

be controlled (pH, dissolved oxygen, carbon diox-
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ide, etc.). The constant renewal test is superior for

monitoring effluents, water supplies, or streams on

a continuous or intermittent basis and is the only

suitable method for long-term tests.

Several systems for adding the test material to

the water have been devised since this type of

bioassay has been in use. Lemke and Mount
(1963) describe a system using a controlled water

flow balanced against a chemical metering pump.

Henderson and Pickering (1963) describe a sim-

ple drip system and a controlled water flow; a

similar system is proposed by Jackson and Brungs

(1966). Both of these latter references describe

the use of fish and flowing systems as continuous

monitors. Mount and Warner (1965), Mount and

Brungs (1967), and Brungs and Mount (1967)

describe systems suitable for continuous short or

long-term tests.

Most criteria for toxic substances must be based

on a bioassay made for each specific situation.

This is dictated by the lack of information and

the wide variation in situations, species, water

quality, and the nature of the substance being

added to the water.

Most of the bioassay work on algae has meas-

ured the threshold concentrations that reduce phys-

iological processes by 50 percent rather than the

concentrations that cause 50-percent death in the

population tested. It is very difficult to determine

the death point of algae cells, but some workers

have used it as a criterion. Physiological measure-

ments have been based largely on 50-percent

reduction in photosynthesis and 50-percent reduc-

tion in number of divisions that have taken place

during a period of time. This is determined by
the number of cells present at the beginning and
end of the experiment. A bioassay method employ-

ing diatoms has been recognized by the American
Society for Testing Materials ( 1964)

.

Application Factors

Short-term or acute toxicity tests provide in-

formation on the overall toxicity of a material

and thus precede meaningful long-term toxicity

studies. They may also be used to compare toxic-

ities of different materials. When water for dilu-

tion is taken from the receiving stream, these tests

may also indicate additional stresses due to mate-

rials already present in the receiving water. These
acute studies do not indicate concentrations of a

potential' toxicant that are harmless under condi-

tions of long-term exposure. It is desirable, there-

fore, to develop a factor that can be used with 96
or 48-hour TLn, values to indicate concentrations

of the waste or material in question that are safe

in the receiving water. Such a factor has been
called an application factor.

Ideally, an application factor should be deter-

mined for each waste or material. To do this, it

would be necessary to determine the concentration

of the waste or material in question that does not

adversely affect the productivity of the aquatic

biota on continuous exposure, in water of known
quality, and under environmental conditions (DO,
temperature, pH, etc.) at which it is most toxic.

This concentration is then divided by the 96-hour

TLn, value obtained under the same conditions

to give the application factor.

safe concentration for continuous exposure

96-hour TL^

For example, if the 96-hour TL^ is 0.5 mg/1 and
the concentration of the waste found to be safe

is 0.01 mg/1, the application factor would be:

safe concentration _0.01 _ 1

96-hour TU, ""050 "50

In this instance, the application factor is %o or

0.02. Then in a given situation involving this

waste, the safe concentration in the receiving

stream would be found by multiplying the 96-hour

TU by 0.02.

To effectively determine the application factor

for a given waste, it is necessary to determine the

concentration of that waste which is safe under

a given set of conditions. For those materials

whose toxicity is not significantly influenced by
water quality and in streams free of other wastes

that influence the waste in question or that have

water qualities similar to those under which the

waste was tested, the above-mentioned concen-

tration would be the one that is safe in the re-

ceiving water. However, differences in water qual-

ity and lack of information on the toxicity of

waste materials already present make the direct

use of laboratory-determined safe levels unwise

at present, and a different approach is recom-

mended.

In this approach, a 96-hour TL„, is determined

for the waste using water from the receiving stream

for dilution and, as test organisms, the most sensi-

tive species or life stage of an economically im-

portant local species or one whose relative sensi-

tivity is known. This procedure would take into

consideration the effects of local quality and the

stress or adverse effects of wastes already present

in the stream. The TL^, value thus found then is

multiplied by the application factor for that waste

to determine the safe concentration of that waste

in that stream or stream section. Such bioassays

should be repeated at least monthly and at each

change in process or rate of waste discharge.

This procedure must be used because of the
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extreme difference in sensitivity among species and
among necessary fish food organisms. Henderson

(1957) has discussed various factors involved

in developing application factors. Results of studies

by Mount and Stephan (1967), in which con-

tinuous exposure was used, reveal that the appli-

cation factor necessary to reduce the concentration

low enough to permit spawning ranged from %
to /^oo- It is recognized that exposure will not be
constant in most cases and that higher concentra-

tions usually can be tolerated for short periods.

At present, safe levels have been determined

for only a few wastes and hence only a few appli-

cation factors are known. Since the determination

of safe levels is an involved process, it will be nec-

essary to use indirect or stopgap procedures for

estimating tolerable concentrations of various

wastes in receiving waters. To meet this situation,

it is proposed to use three universal application

factors selected on the basis of present knowl-
edge, experience, and judgment. It is proposed
that these general application factors be applied

to TLn, values determined by those discharging

wastes in the manner described above to set toler-

able concentrations of their wastes in the receiv-

ing stream.

It should be evident that when these general

application factors are used for all wastes the re-

sulting concentrations at times will be more strin-

gent than needed for some wastes and inadequate

for others. The derived concentrations wiU be
tolerable, however, for a considerable number of

wastes in the midrange of relative toxicity.

Recommendation for the Use of Bioassays and Appli-
cation Factors To Denote Safe Concentrations of
Wastes in Receiving Streams : ( 1 ) For the deter-

mination of acute toxicities, flow-through bioassays are

the first choice. Methods for carrying out these flow-

through tests have been described by Surber and
Thatcher (1963), Lemke and Mount (1963), Hender-
son and Pickering (1963), Jackson and Brungs (1966),
Mount and Warner (1965), Mount and Brungs (1967),
and Brungs and Mount (1967). Flow-through bio-

assays should be used for unstable, volatile, or highly
toxic wastes and those having an oxygen demand. They
also must be used when several variables such as pH,
DO, CO- and other factors must be controlled.

(2) When flow-through tests are not feasible, tests

of a different type or duration must be used. The kinds
of local conditions aff'ecting the procedure might be a
single application of pesticides or lack of materials and
equipment.

(3) Acute static bioassays with fish for the deter-

mination of TLn, values should be carried out in ac-

cordance with Standard Methods for the Examination
of Water and Wastewater, 12th edition (1965). Such
tests should be used for the determination of TL,„ val-

ues only for persistent, nonvolatile, or highly soluble
materials of low toxicity which do not have an oxygen
demand because it is necessary to consider the amount

added as the concentration to which the test organisms
are exposed.

(4) When application factors are used with TLm
values to determine safe concentrations of a waste in

a receiving water, the bioassay studies to determine
TLn, values should be made with the most sensitive

local species and life stages of economical or ecological
importance and with dilution water taken from the
receiving stream above the waste outfall. Other species
whose relative sensitivity is known can be used in the
absence of knowledge concerning the most sensitive of
the important local species or life stages or due to

difficulty in providing them in sufficient numbers.
Alternatively, tests may be carried out using one species

of diatom, one species of an invertebrate, and two
species of fish, one of which should be a pan or game
fish. Further, these bioassays must be performed with
environmental conditions at levels at which the waste is

most toxic. Tests should be repeated with one of the

species at least monthly and when there are changes in

the character or volume of the waste.

(5) Concentration of materials that are nonper-
sistent (that is, have a half life of less than 96 hours)
or have noncumulative effects after mixing with the
receiving waters should not exceed Ho of the 96-hour
TLm value at any time or place. The 24-hour average
of the concentration of these materials should not
exceed V20 of the TLm value after mixing. For other
toxicants the concentrations should not exceed %o and
Moo of the TLm value under the conditions described
above. Where specific application factors have been
determined, they will be used in all instances.

When two or more toxic materials whose effects are
additive are present at the same time in the receiving
water, some reduction in the permissible concentrations
as derived from bioassays on individual substances or
wastes is necessary. The amount of reduction required
is a function of both the number of toxic materials
present and their concentrations in respect to the de-

rived permissible concentration. An appropriate means
of assuring that the combined amounts of the several

substances do not exceed a permissible concentration
for the mixture is through the use of following rela-

tionship:

/C, Cb

VlT+u
c„

<1

Where Ca, Cb, . . . Cn are the measured concentra-
tions of the several toxic materials in the water and
La, Lb, . . . Ln are the respective permissible concen-
tration limits derived for the materials on an individual

basis. Should the sum of the several fractions exceed
one, then a local restriction on the concentration of
one or more of the substances is necessary.

Heavy Metals

An extensive discussion of the physiological

mode of action of heavy metals is found in the

toxicity portion of the section on water quality re-

quirements for marine organisms.

Zinc: While much information has been pub-
Ushed regarding zinc, a large amount of the data

cannot be used because of incomplete description
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of methods, type of water, or concentrations. The
authors of many of the papers dealing with zinc

toxicity have used various specific sublethal effects

as endpoints and there is no way to compare these

findings with other work.

Since the concentration of calcium and mag-
nesium influences heavy metal toxicity, permissible

levels of heavy metals are dependent on the cal-

cium and magnesium concentrations. Certain stud-

ies with zinc (Moxmt, 1966; and unpublished work
of the FWPCA National Water Quality Lab., Du-
luth, Minn.) and cadmium indicate that for a

given calcium and magnesium concentration the

acute toxicity of zinc and cadmium increases

(TLn, concentration decreases) as pH is raised

from 5 to 9. This seems contrary to prevalent

opinion that metal toxicity is related to metal in

solution and that as pH increases (solubility de-

creases) the toxicity decreases. The reason for this

apparent contradiction is that conceptions con-

cerning the effect of pH are based on natural

waters in which pH does not vary independently

of calcium and magnesium concentrations, but

rather is closely related to it. In those cases where
this relationship has been studied, except for one

(Sprague, 1964b), the toxicity has increased with

an increase in pH. This concept also is consistent

with the work of Lloyd (1961b) and, more re-

cently, that of Herbert and Wakeford (1964) who
concluded that colloidal or flocculated, but sus-

pended, zinc exerts a toxic influence on fish.

The significance of temperature and the cal-

cium-magnesium content on the toxicity of zinc

to plankton has been pointed out by Patrick (un-

published data). In these tests, a 50-percent re-

duction in growth of the population was used as

a measure. Results of these tests are summarized

as follows

:

Concentration in mg/l which reduce:,
growth of population by 50 percent

Ca~Mg concentra-
tion—44 mg/l as
CaCOi Nilzchia

linearis

Ca-Mg concentra-
tion—170 mg/l as
CaCOs Navicula

seminulum

72 F-
82 F_
86 F.

-4.29 mg/l 4.05 mg/l.

-1.59 mg/l 2.31 mg/l.

-1.32 mg/l 3.22 mg/l.

Palmer (1957) found that zinc dimethyl dithio-

carbamate (ZDD) inhibited growth of Micro-

cystis at 0.004 mg/l. A concentration of 0.25 mg/l
controlled all diatoms, 43 percent of the blue-

green algae, and 18 percent of the green algae.

The above evidence implies that permissible levels

of zinc cannot be related to the calcium-magne-

sium concentrations or to pH alone.

Herbert and Wakeford (1964) described the

effect of salinity on the toxicity of zinc to rain-

bow trout. Since zinc was most toxic to trout in

freshwater, it is assumed that concentrations which
are safe in freshwater will be safe for the salmonids

in brackish water. The maximum reported affect

of a reduction of dissolved oxygen from 6-7 mg/l
to 2 mg/l on the acute toxicity of zinc is a 50-

percent increase in its acute toxicity (Lloyd,

1961a; Pickering, in press; Cairns and Scheier,

1958a). Since 4 mg/l is the minimum permitted,

this effect is small in comparison to the differ-

ence between safe and acutely toxic concentra-

tions. The use of an application factor, there-

fore, should provide adequate protection. Simi-

larly, Herbert and Shurban (1963a) found that

the 24-hour TL^ for zinc was reduced only 20
percent for rainbow trout forced to swim at 85

percent of their maximum sustained swimming

speed.

The effect of calcium and magnesium con-

centrations on the toxicity of zinc for plankton,

invertebrates, fishes, and their embryonic stages

is reflected in the spread of values reported as

toxic by many sources (Anderson 1950; Brungs,

in press; Cairns and Scheier 1957, 1958b; Grande,

1966; Herbert and Shurben, 1963a, b; Jones,

1938; Lloyd, 1961b; Patrick, personal communi-
cation; Pickering, in press; Pickering and Hender-

son, 1966a; Pickering and Vigor, 1965; Skid-

more, 1964; Sprague, 1964a, b; Sprague and

Ramsey, 1965; Williams and Mount, 1965; and

Wurtz, 1962).

Recommendation: The relationship between calcium

and magnesium concentration, pH, and zinc toxicity is

confusing and the separate effects have been little

studied. Brungs (in press) has determined that '^oo of

the 96-hour TLm value is a safe concentration for con-

tinuous exposure.

Copper: The same general considerations apply

to the determination of safe levels of copper as

apply to safe levels for zinc and the discussion of

copper will be based on the same assumptions.

From the published data, differences in species

sensitivity to copper appear to be somewhat greater

than for zinc (Anderson, 1950; Grande, 1966;

Herbert and Vandyke, 1964; Jones, 1938; Lloyd,

1961b; Mount, in press; Pickering and Hender-

son, 1966a; Sprague, 1964a, b; Sprague and

Ramsey, 1965; Trama, 1954; TumbuU, DeMann,
and Weston, 1954). Mount (in press) has found

that Yso of the 96-hour TL^ value is a safe concen-

tration for continuous exposure of fish.

Bringmann and Kuhn (1959a, b) report that

0.15 mg/l copper is the threshold concentration

which produces a noticeable effect on Scenedes-

mus. Maloney and Palmer (1956) report that 0.5
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mg/1 copper as copper sulfate produces the fol-

lowing percents of death in algae:

57 percent in 17 species of blue-green algae.

35 percent in 17 species of green algae.

100 percent in 6 species of diatoms.

Fitzgerald, Gerloff, and Borg (1952) report that

0.2 mg/1 of copper (as copper sulfate) produces

a 100-percent kill of Microcystis aeruginosa.

Crance (1963) found 0.05 mg/1 kills Microcystis.

Hassall (1962), working with Chlorella vulgaris

found that 25 g/1 of copper sulfate did not in-

hibit respiration if cultures were shaken. If shaking

stopped, concentrations greater than 250 mg/1

were toxic. Preliminary experiments indicate that

lack of air increases toxicity of copper. Hale

(1937)—according to Jordan, Day, and Hendrix-

son (1962)—reported that the following concen-

trations were necessary to control the indicated

0.5 mg/1

—

Cladophora.

0. 1 mg/1

—

Hydrodictyon.

0.12 mg/1

—

Spirogyra.

0.20 mg/l—Ulothrix.

Calcium and magnesium concentrations are usu-

ally not given for algal tests, but it would seem
that the concentrations deemed safe for fish

would also be acceptable for plankton.

Recommendation: The maximum copper (expressed

as Cu) concentration (not including copper attached

to silt particles or in stable organic combination) at

any time or place should not be greater than Ho the

96-hour TLm value, nor should any 24-hour average

concentration exceed '/^o of the 96-hour TLm value.

Cadmium: Few studies have been made of the

toxicity of cadmium in the aquatic environment.

Mammalian studies have shown it to have sub-

stantial cumulative effects. Permissible levels in

drinking water are 0.01 mg/1 (USDHEW,
1962b), and concentrations of a few /^g/g in

food (McKee and Wolf, 1963) have caused

sickness in human beings. Mount (1967) found

accumulations in living bluegills as high as 100

ixg/g (dry weight) and in the gills of dead catfish

up to 1000 yu-g/g. Little accumulation was found

in the muscle. Consideration should be given to

acceptable residue levels in fish when establishing

cadmium criteria.

Daphnia appears to be very sensitive to cadmium
(Anderson, 1950). Bringmann and Kuhn (1959a)

indicate Scenedesmus, and Escherichia coli are

about equally sensitive. Data as yet unpublished

(Pickering, in press) reveal that following pro-

longed exposure there is a large accumulation of

cadmium m fish. Even though very little data are

available yet, the evidence warrants a more re-

strictive requirement for cadmium than specified

under the general bioassay section.

Recommendation: The concentration of cadmium
must not exceed V^o of the 96-hour TLm concentration

at any time or place and the maximum 24-hour average
concentration should not exceed %oo of the 96-hour
TLm concentration.

Hexavalent Chromium: The chronic toxicity

of hexavalent chromium to fish has been studied

by Olson (1958) and Olson and Foster (1956,

1957). Their data demonstrate a pronounced
cumulative toxicity of chromium to trout and sal-

mon. Mr. P. A. Olson (personal communication)

of Battelle Memorial Institute advises that some
recent comparisons of 48 and 96-hour TL^ con-

centrations with concentrations not adversely af-

fecting the same species indicate that the applica-

tion factor for hexavalent chromium is ^^oo.ooo
for salmon and ^oo.ooo for rainbow trout. He
also feels however, that such factors are not valid

for carp. Doudoroff and Katz (1953) found that

bluegills tolerated a 45 mg/1 level for 20 days in

hard water. Cairns (1956), using chromic oxide

(CrOa), found that a concentration of 104 mg/1
was toxic in 6 to 84 hours. Daphnia and Micro-

regma exhibit threshold effects at hexavalent

chromium levels of 0.016 to 0.7 mg/1.

Some data are available concerning the toxicity

of chromium to algae. The concentrations of chro-

mium that inhibit growth (Hervey, 1949) for the

test organisms are as follows: Chlorococcales, 3.2

to 6.4 mg/1; Euglenoids, 0.32 to 1.6 mg/1; and
diatoms, 0.032 to 0.32, mg/1. Chromium at sub-

lethal doses sometimes stimulates algae. Patrick

(unpublished data) has studied the effects of tem-

perature on the toxicity of chromium to certain

algae. Her findings on the concentrations which re-

duce population growth by 50 percent are as fol-

lows:

Nitzschia linearis.—50 percent reduction in

growth of population as compared with control

(soft water 44 mg/1 Ca-Mg as CaCOa)
22 C—0.208 mg/1 Cr
28 C—0.261 mg/1 Cr
30 C—0.272 mg/1 Cr

Navicula seminulum var. hustedtii (hard water

170 mg/1 Ca-Mg as CaCOg)
22 C—0.254 mg/1 Cr
28 C--0.343 mg/1 Cr
30 C—0.433 mg/1 Cr

Recommendation : Data are too incomplete to do more
than urge caution in the discharge of chromium. Con-
centrations of 0.02 mg/1 in soft water have been found
safe for salmonid fishes.
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TABLE III-5A. Pesticides *

INSECTICIDES

[48-hour TLm values from static bioassay, in micrograms per liter. Exceptions are noted.]

stream invertebrate ^

Species TLn
Cladoceran

Species
Fish'

Species TU

Abate Reronarcys --

californica.

Aldrin= P. californica__

Allethrin P. californica__

Azodrin
Aramite
Baygon '^ P. californica.

.

Baytex ^
P. californica—

Benzene hexachloride p. californica.-
(lindane).

Bidrin P. californica—
Carbaryl (sevin) P. californica..
Carbophenothion

(tritliion).

Chlordane= P. californica..
Chlorobenzilate
Chlorthion
Coumaphos
Cryolite

Cyclethrin

DDD (TDE) >
P.'caMforniJa-

DDT" p. californica..
Delnav (dioxathion)
Delmeton (systex)
Diazinon= P.'caiifornical-
Dibrom (naled) p californica..

-P. californica

P. californica.

-P. californica.

-P. californica.

Dieldrin

Dilan

Dimethoate
(cygon).

Dimethrin
Dichlorvos= (DDVP) ..

Disulfoten (di-syston).
Dursban Peteronareella

badia
Endosulfan (thiodan) .- p. californica
Endrin= p. californica..

.

EPH
Ethion p. californica...
Ethyl guthion '^

Fenthion p. californica...
Guthion =

p. californica...
Heptachlor= p. badia
Kelthane (dicofel) p. californica...
Kepone
Malathion '^ p. badia
Methoxychlor'^ P. californica...
Methyl parathion "

Morestan p. californica...
Ovex p. californica...
Paradichlorobenzene
Parathion = P. californica...
Perthane
Phosdrin = P. californica...
Phosphamidon P. californica...
Pyrethrins P. californica...
Rotenone P. californica...
Strobane ^

P. californica
Tetradifon (tedion)
TEPP=
Thanite
Thimet
Toxaphene" p. caiifornica...
Trichlorofon p. badia

(dipterex).^

Zectran p. californica...

100

8

28

110
130

1,900
1.3

1,100
19

60
16
1.3

140

10
18
1.8

5.6
0.8

14

3'9

4
3,000

40
1,500

11

9
460
64

900
7

7
22

Daphnia .

pulex.

D. pulex .

D. magna

Simocephalus
serrulatus.

D. pulex

D. pulex
D. pulex
D. magna

S. serrulatus..
S. serrulatus..
D. magna
D. magna
D. pulex
D. magna
D. pulex
D. pulex

28

21

'345

460

600
6.4

0.009

20
550
4.5

1

5,000
55
3.2

0.36

D. pulex ..

D. pulex ..

D. pulex --

D. magna
D. magna

14
0.9
3.5
240
21

2,500

D. pulex 0.07

D. magna
D. pulex ..

D. magna
D. magna
D. pulex ..

D. pulex ..

D. magna
D. pulex ..

D. magna

240
20
0.1

0.01

4
0.2
42
390

D. pulex -.

D. pulex ..

D. magna

1.8
0.8
4.8

D. pulex ._

D. magna
D. pulex ._

D. magna
D. pulex ._

D. pulex ..

0.4
9.4

0.16
4
25
10

D. magna

D. pulex ..

D. magna

16 D. pulex

Brook trout-.

Rainbow
trout.

do
do

Bluegill

Fathead_
Brown t.'

Rainbow t

1,500

3

19
7,000

35
25
80

18

do



Pesticides

A general description of the use and the effects

of pesticides on aquatic life is given in the marine

section. Basically, their effects are similar in both

the marine and fresh water environments.

The addition of any persistent chlorinated

hydrocarbon pesticides is likely to result in dam-
age to aquatic life. Therefore, as concentrations

of these chemicals increase in the aquatic environ-

ment, progressive damage will result. The acute

effects usually will be recognized, but the chronic

consequences may not be observed for some time.

The use of other kinds of chemical pesticides in

or around fresh waters may produce a variety of

acute and chronic effects on fish and the other

components of the biota. Because these other

chemicals are usually not as persistent as the

chlorinated hydrocarbons, the Subcommittee feels

some of them can be used around water, but only

in amounts below those that produce chronic dam-
age to desirable species.

Recommendation: (1) Chlorinated hydrocarbons.—
Since any addition of persistent chlorinated hydro-
carbon insecticides in likely to result in permanent
damage to aquatic populations, their use should be
avoided.

(2) Other chemical pesticides.—Addition of other

kinds of chemicals used as insecticides, herbicides,

fungicides, defoliants, acaracides, algicides, etc., can
result in damage to some organisms. Table III-5 lists

the 48-hour TL,,, values for a number of pesticides for

various types of fresh water organisms. To provide
reasonably safe concentrations of these materials in

receiving waters, application factors ranging from Mo
to Vioo should be used with these values depending on
the characteristic of the pesticide in question and used
as specified earlier in the section on application factors.

Concentrations thus derived tentatively may be con-
sidered safe under the environmental conditions rec-

ommended.

Other Toxic Substances

Detergents and Surfactants: The toxicity of

ABS has been reported by many workers. A wide
range of endpoints have been used as criteria and
while comparison is difficult, a reasonable conclu-

sion is possible. There is no agreement on the

effect of calcium and magnesium concentration.

Recommendations are based on the data from
table III-6.

Recommendation: With continuous exposure, the con-
centration of ABS should not exceed Vt of the 48-
hour TL„, concentration. Concentrations as high as

1 mg/1 may be tolerated infrequently for periods not
exceeding 24 hours. ABS may increase the toxicity

of other materials.

Much less work has been done on LAS, a

newer, degradable detergent, than on ABS. Bar-

dach, Fujiya, and Holl (1965) report that 10 mg/1
is lethal to bullheads and 0.5 mg/1 will erode 50
percent of the taste buds within 24 days. For fat-

head minnow fry, Pickering (1966) reports a

9-day TL„, of 2.3 mg/1. Thatcher and Santner

(1967) report 96-hour TL„, values from 3.3 to

6.4 mg/1 for five fish species. Swisher, O'Rourke,
and Tomlinson (1954), testing bluegills, found

TL,u values of 3 mg/1 for LAS and 12 carbon
homologs and 0.6 mg/1 for 14 other carbon homo-
logs. An intermediate degradation product had a

TLn, of 75 mg/1. Dugan (1967) found that sensi-

tivity to chlorinated pesticides possibly increased

after exposure to detergent. Other studies as yet

unpublished indicate a surprising increase in tox-

icity at low dissolved oxygen concentrations.

Pickering and Thatcher (in press), in the only

reported study on reproduction, found that 0.6

mg/1 had no measurable effect on reproduction or

growth but 1.1 mg/1 had an effect. In tests with

five species of fishes. Thatcher and Santner

(1967) found two species which were more sensi-

tive to LAS than fathead minnows.

With both ABS and LAS detergents, the more
readily degradable components are the more toxic.

As a result, the components remaining will be less

toxic than the original product.

Recommendation: The concentration of LAS should

not exceed 0.2 mg/1 of V^ of the 48-hour TL,,, con-

centration, whichever is the lower.

Cyanide: Although it has been studied exten-

sively, cyanide is not well understood as a hazard

to aquatic life. Certain unique and peculiar char-

acteristics necessitate special treatment of this

chemical even though acceptable concentrations

cannot be given.

Recent work on fish by Doudoroff et al. ( 1966),
has demonstrated that HCN rather than CN is the

toxic component. Except for certain extremely

toxic heavy metals (silver, for example) the tox-

icity of metallo-cyanide complexes can also be
attributed to the HCN. This then makes the effect

of pH on cyanide toxicity of great importance.

Doudoroff (1956) demonstrated a thousandfold

increase in the toxicity of a nickelo-cyanide com-
plex associated with a drop in pH from 8.0 to 6.5.

A change in pH from 7.8 to 7.5 increases the tox-

icity ten times. The data reported by Cairns and
Scheier (1963b) indicate that the calcium-mag-

nesium concentrations (hardness) do not mate-
rially affect cyanide toxicity. It should be noted

that in their test solutions while the calcium-

magnesium concentration of their soft and hard
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TABLE III-5B. Pesticides, cont.

HERBICIDES, FUNGICIDES, DEFOLIANTS, ALGICIDES

Pesticide

Stream invertebrate ^

Species TLm
Cladocerans -

Species 1

Fish 3

Species

Ametryne
Aminotriazole
Aquathol
Atrazine

Azide, potassium
Azide, sodium
Copper chloride
Copper sulfate

Dichlobenil Pteronarcys 44,000
californlca.

2,4-D, PGBEE
2,4D, BEE P. californica 1,800
2,4-D, isopropyl

2,4D, butyl ester
2,4-D, butyl +

isopropyl ester.

2,4, 5-T isooctyl ester

2,4, 5-T isopropyl ester

2,4,5-T PGBE
2(2,4-DP) BEE
Dalapon P. californica

Very low toxicity

Dead-X P. californica 5,000
DEF P. californica 2,300
Dexon P. californica 42,000
Dicamba
Dichlone
Difolitan P. californica 150
Dinitrocresol P. californica 560
Diquat
Diuron P. californica 2,800
Du-ter
Dyrene
Endothal, copper
Endothal,

dimethylamine.
Fenac, acid P. californica 70,000
Fenac, sodium P. californica 80,000
Hydram (molinate) P. californica 3,500
Hydrothol 191
Lanstan (korax)
LFN
Paraquat P. californica

Very low toxicity

Propazine .

Silvex, PGBEE
Silvex, isoctyl

Silvex, BEE
Simazine P. californica 50,000
Sodium arsenite P. californica

Very low toxicity

Tordon (picloram)
Trifuralin P. californica 4,200
Vernam "' (vernolate)

Daphnia 3,600
magna.

Daphnia 3,700
pulex.

D. pulex 3,200

D. magna 6,000

D. pulex 3,700

D. magna 26

D. pulex 1,400

D. magna 490

D. pulex 4,500

D. pulex 3,700

D. pulex 2,000

Simocephalus 1,400
serrulatus.

D. pulex 240

Rainbow t 3,400

Bluegill

Rainbow t

257
12,600

10,000
9,000

1,500

1,800
760

Bluegill 1,400
do 980
do 1,100
do 150
do 20,000

Rainbow t 960
Bluegill 2,100
do 800
do 1,300
do 1,500

do 16,700
do 1,700
do 560
do 1,100

Very Low toxicity.

Rainbow t 9,400
Bluegill 36
Bluegill 23,000
non-tox.
Rainbow t 48
Channel Cat_ 31
Rainbow t 210

do 12,300
do 4,300

Bluegill 33
15

Rainbow t 290
do 1,150

5,600
230

6,000
5,800

11,500
6,500

do



water was greatly different, the pH and toxicity

were similar.

Burdick and Lipschuetz (1950) show that some

metallo-cyanide complexes decompose in sunlight

and become highly toxic due to release of cyanide

from the complex. Cairns and Scheier (1963b)

found some increase in toxicity at reduced oxygen

concentrations and Henderson, et al. (1961)

demonstrated marked cumulative toxicity of an

organic cyanide in 30-day tests.

The toxicity of cyanide to diatoms varied little

with change of temperature and was a little more

TABLE III-6. Effect of Alkyl-Aryl Sulfonate, Including ABS, on Aquatic Organisms

Organisms Concentration (mg/i) Effect References

Trout 5.0
3.7
5.0

Bluegills 4.2
3.7
0.86

16.0
5.6

17.0
Fathead minnows 2.3

13.0
11.3

Fathead minnow fry 3.1

Pumpklnseed sunfish 9.8
Salmon 5.6
Yellow bullheads 1.0
Emerald shiner 7.4
Bluntnose minnow 7.7
Stoneroller 8.9
Silver jaw 9.2
Rosefin 9.5
Common shiner 17.0
Carp 18.0
Black bullhead 22.0
"Fish" 6.5

Trout sperm 10.0
Daphnia 5.0

20.0
7.5

Lirceus fontinalis 10.0

Crangonyx setodactylus ' 10.0

Stenonema ares 8.0

16.0
Stenonema heterotarsale 8.0

16.0
Isonychia bicolor 8.0
Hydropsychidae (mostly 16.0

cheumatopsyche).
32.0

Orconectes rusticus 16.0
32.0

Goniobasis livescens 16.0

32.0
Snail 18.0

24.0
Chlorella 3.6

Nitzchia linearis 5.8

Navicula seminulum 23.0

26 to 30 hours.
24 hours

24 hours
48 hours

30 days _

90 days _

96 hours

96 hours .

96 hours _

7 days
3 months
3 days ._.

10 days __

96 hours _

96 hours _

96 hours _

96 hours .

96 hours _

96 hours _

96 hours .

96 hours _

96 hours
24 hours
96 hours
14 days _

14 days _

10 days .

10 days _

10 days _

10 days _

9 days __

12 days _

12 days _

9 days ._

9 days __

12 days .

12 days _

96 hours
96 hours

.Death Wurtz-Arlet, 1960.
-TU
_Gill pathology Schmid and Mann, 1961.
TLm Turnbull, et al., 1954.
.TLm
-Safe
.TLm Lemke and Mount, 1963.
-Gill damage Cairns and Scheier, 1963.
.TU
.Reduced spawning Pickering, 1966.
.TLm Henderson, et al., 1959.
.TL„ Thatcher, 1966.
.TL„ Pickering, 1966.
.Gill damage Cairns and Scheier, 1964.
.Mortality Holland, et al., 1960.
.HIstopathology Bardach, et al., 1965.
TL„ Thatcher, 1966.
TL„ Thatcher, 1966.
TLm Thatcher, 1966.
.TLm Thatcher, 1966.
TLm Thatcher, 1966.
.TLm Thatcher, 1966.
TLm Thatcher, 1966.
.TLm Thatcher, 1966.
. Min. lethality Leclerc and Devlaminck,

1952.
.Damage Mann and Schmid, 1961.
.TLm Slerp and Thiele, 1954.
.TLm Godzch, 1961.
.TLm Godzch, 1961.
.6.7 percent survivaL-.Surber and Thatcher, 1963.

(hard water).
.0 percent survival Surber and Thatcher, 1963.

(hard water).
.20-33 percent Surber and Thatcher, 1963.

survival.

-0 percent survival Surber and Thatcher, 1963.
.40 percent survival... Surber and Thatcher, 1963.
.0 percent survival Surber and Thatcher, 1963.
_0 percent survival Surber and Thatcher, 1963.
.37-43 percent Surber and Thatcher, 1963.

survival.

-20 percent survival... Surber and Thatcher, 1963.
.100 percent survival.. Surber and Thatcher, 1963.
.0 percent survival Surber and Thatcher, 1963.
.40-80 percent Surber and Thatcher, 1963.

survival.

.0 percent survival Surber and Thatcher, 1963.

.TLm Cairns and Scheier, 1964.
_TLm Cairns and Scheier, 1964.
.Slight growth Maloney, 1966.

reduction.
.50 percent reduc- Cairns, et at., 1964.

tion in growth
in soft water.

.50 percent reduc-
tion In growth
in soft water.

-Cairns, eta!., 1964.

^ Misidentified originally as Synurella.
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toxic in soft water than in hard water (Patrick,

unpublished data). For Nitzchia linearis a 50-per-

cent reduction in growth of the population in soft

water (44 mg/1 Ca-Mg as CaCOg) occurred as

follows: 0.288 mg/1 (CN) at 72 F, 0.295 mg/1 at

82 F, and 0.277 mg/1 at 86 F. For Naviciila semi-

nulum var. hustedtii, the concentrations that re-

duced growth of the population 50 percent in hard

water (170 mg/1 Ca-Mg as CaCOs) were as fol-

lows: 0.356 mg/1 at 72 F, 0.491 mg/1 at 82 F,

and 0.424 mg/1 at 86 F.

Recommendation: Permissible concentrations of cy-

anide should be determined by the flow-through bio-

assay method described in the bioassay section. These

tests should be conducted with DO, temperature, and

pH at recommended levels for the factors under which

the cyanide (HCN) is most toxic or under local water

conditions at which it is the most toxic.

Ammonia: The toxicity of ammonia has been

studied by several investigators but because of in-

adequate reporting and unsatisfactory experi-

mental control, much of the work is not usable.

Doudoroff and Katz (1950), Wuhrmann, et al.

(1947), and Wuhrmann and Woker (1948) give

a complete account of the pH effect on ammonia
toxicity and demonstrate that toxicity is dependent

primarily on undissociated NHjOH and nonionic

ammonia. They found no obvious relationship be^

tween time until loss of equilibrium and total

ammonium content. They also demonstrated a

striking synergy between ammonia and cyanide.

McKee and Wolf (1963) state that toxicity is in-

creased markedly by reduced dissolved oxygen.

Field studies by Ellis (1940) and other observa-

tions lead to the conclusion that at pH levels of 8.0

and above total ammonia expressed as N should

not exceed 1.5 mg/1. It has been found that

2.5 mg/1 total ammonia expressed as N is acutely

toxic.

Recommendation: Permissible concentrations of am-
monia should be determined by the flow-through bio-

assay with the pH of the test solution maintained at

8.5, DO concentrations between 4 and 5 mg/1, and

temperatures near the upper allowable levels.

marine

and estuarine

organisms

Others: Especially significant sources of wastes

that must be considered individually are derived

from tar, gas, and coke-producing plants, pulp

and paper mills, petroleum refining and petro-

chemical plants, waterfront boating activities, and

special-purpose laboratories. These problems are

discussed in the toxicity portion of the section on

water quality requirements for marine organisms.
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ESTUARIES are recognized as being of critical

importance in man's harvest of economically

useful living marine resources. It is in these areas

that the maximum conversion of solar energy into

aquatic plant life takes place and they are jusdy

identified as "nurseries" since so many animals

utilize them for feeding their early life stages. Some
species, such as the oyster, spend their entire life

span in the estuary, while the shrimp and men-

haden reside there only as juveniles. The salmon

and a few others use the estuary primarily as a

pathway. In sum, however, more than half of the

over 4.5 billion pounds of fishery products har-

vested by U.S. fisherman annually is derived from
animals dependent for their existence on clean

estuarine waters during some part or all of their

life cycle.

Pollution of estuarine and coastal waters is diffi-

cult to assess because of the special qualities of

this environment. Technically, any foreign sub-

stance or environmental condition that inter-

feres with a desired use may be considered a pol-

lutant, but we are concerned with those substances

present at high enough concentrations or en-

vironmental changes great enough to cause de-

leterious effect. Many naturally occurring sub-

stances in salt water become toxic when their

concentrations are increased artificially or by
natural processes.

The problem in establishing criteria in estuaries

arises from the fluctuating nature of the water

quality, both daily and seasonally, and geograph-

ically within the estuary. Changes in salinity, pH,
turbidity, and temperature may alter greaUy the

critical toxic concentration of a pollutant. Most
chlorinated hydrocarbon pesticides, for example,

are significantly more acutely toxic at summer
rather than winter water temperatures and at least

one of the common detergents becomes decidedly

more toxic to fish as salinity levels increase.

The most obvious effect of tidal action in the

estuary is to change water depth. This indirectly

changes current patterns, water temperature, and
the density of motile animal populations. Depend-
ing on the geography of the estuary and the

amount of fresh water drainage into it, salinity

patterns may vary from relatively uniform condi-

tions throughout a tidal cycle to situations in

which the> water is clearly stratified with a layer of

relatively fresh water overlying the bottom salt

water, or to situadons in which the major portion

of the water mass changes from fresh to salt and
back to fresh again.

In shallow, broad estuaries, wind may be the

dominant factor in causing water movements
which change salinity and temperature patterns.

The volume of fresh water discharged into an
estuary may be a major factor in establishing

coastal currents that transport pollution loads from
one region to another.

We are dealing, then, with an environment in

which the characteristics of the receiving water are

usually fluctuating, frequently unexpectedly. As a
result, its ability to dilute and disperse a burden of

toxicants is unpredictable without detailed local

investigations.

Pollution in the estuary may be derived from
contamination hundreds of miles upstream in the

river basin or it may be of purely local origin. Silt

plays a major role in the transport of toxicants,

especially pesticides, down to the estuary. Agri-

cultural chemicals are adsorbed on silt particles.

Under poor farming practices, as much as 11 tons

of silt per acre per year may be washed by surface

water into a drainage basin. Surface mining and
deforestation further accelerate the process of ero-

sion and permit the transport of terrestrial chemi-

cal deposits to the marine environment.

Atmospheric drift is also an important factor in

the transport of pollutants to the aquatic environ-

ment (Cohen and Pinkerton, 1966). Much of the

tonnage of aerially applied pesticides fails to reach

the designated spray areas and the presence of

5 /xg/1 of DDT in presumably untreated Alaskan
rivers indicates the magnitude of this facet of the

pollution problem. The continuous presence of

5 /xg/1 of DDT in the marine environment would
decrease the growth of oyster populations by
nearly 50 percent.

Toxic pollutants may be passed directly into

the marine environment as contaminants of in-

dustrial and domestic waste effluents or they may
be intentionally placed there as in the control of

various noxious insects by spraying marsh and
littoral habitats with synthetic pesticides. Experi-

mentally, some synthetic insecticides have been
applied direcfly to estuarine bottoms in efforts to

control oyster pests.

Finally, there are naturally occurring substances

such as lignins and phosphate compounds which
in times of flood may be carried to the estuary in

sufficient quantity to constitute a pollution hazard.

Salinity

The spadal and temporal distribution of salinity

profoundly affects the activides of many estuarine

species in tidal tributaries (Andrews, 1964; Emery
and Stevenson, 1957; Hargis, 1965 and 1966;
Pearse and Gunter, 1957; Pritchard, 1953). Some
bottom organisms, e.g., Crassostrea virginica, are
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able to survive lower salinities than can their

predators and disease-causing organisms. Hence,

in some tidal tributaries, oysters thrive in regions

where they are sheltered from these pests by low

salinity. Natural alterations in salinity distribution

have been reportedly followed by increased mor-
tality of oysters. It is clear that care must be

exercised in the approval of engineering projects

or industrial processes that will alter salinity re-

gimes in tidal tributaries and lagoons and in their

associated wetlands.

Salinity patterns can be caused to vary from
"normal" by alterations in character of freshwater

inflow and basin geometry. These are the same
factors that produce changes in circulation. In fact,

salinity alterations are precursors to changes in

density currents.

Recommendation: For the protection of estuarine

organisms, no changes in channels, in the basin geom-
etry of the area, or in fresh water inflow should be

made that would cause permanent changes in isohaline

patterns of more than ±10 percent of the natural

variation.

Currents

Despite their large volumes, tidal waters, espe-

cially those in tributaries of the seas, have special

circulatory characteristics that may affect their

ability to assimilate wastes. For example, tidal ac-

tion slows the already slowed (due to lowered

slope and resulting reduced speed of gravity-in-

duced flow) seaward movement of water in tidal

rivers and streams. This alternate up and down
stream movement of the water in the freshwater

portion of the tidal tributary is confounding

enough in itself (Ketchum, 1950 and 1951; Stom-

mel, 1953a, b) but in the estuarine reach, the area

where sea salts are noticeable, further complexi-

ties often occur (Bowden, 1963; Hargis, 1965;

Redfield, 1951). In horizontally and vertically

stratified mixing estuaries, there are two streams.

The upper stream, fresher and lighter, has a net-

flow downstream while the lower stream, saltier

and heavier, flows inward or upstream. Since

these surface currents and bottom counter-cur-

rents often extend far to sea off the mouths of

large tidal tributary or estuarine systems, as well as

far upstream, significant upstream transport of ma-
terials in solution or suspension in the counter-

current can occur. These circulatory features are

important in the life cycles of many estuarine

species. For example, oyster and barnacle setting is

related to tidal and nontidal currents (Barlow,

1955; Bousfield, 1955; Emery and Stevenson,

1957; Hargis, 1966; Ketchum, 1954; Pritchard,

1953). Large disturbances of current patterns can

disrupt the life cycles of estuarine organisms.

Hence, projects that alter current patterns should

be carefully evaluated and controlled.

It is possible to alter circulatory patterns in tidal

tributaries by (1) changing the quantity, timing,

and location of fresh water inflow, (2) changing

the geometry of the basin. The former can be ac-

complished by construction and operation of reser-

voirs above or below the fall line (defined as the

uppermost limit of ocean's tidal activity). The
latter can be accomplished by shoreline or bottom
modification; e.g., drainage, bulkheading and fill-

ing, channel dredging, and subaqueous spoU dis-

posal or mining. Oyster harvesting practices have

been known to produce marked changes in bot-

tom geometry (Hargis, 1966).

Recommendation : In view of the requirements of

estuarine organisms and the nature of marine waters,

no changes in basin geometry or fresh water inflow

should be made in tidal tributaries which will alter

current patterns in such a way as to cause adverse

effects.

PH

Despite the great emphasis given to the impor-

tance of pH in the literature, little is known of its

direct physiological effects on marine organisms.

Its indirect effects, however, are extremely sig-

nificant. Even a slight change in pH indicates that

the buffering system inherent in sea water has been

altered radically and that either a potential or

actual carbon dioxide imbalance exists. This im-

balance can be deleterious or disastrous to marine

life. A second indirect effect is that pH can in-

fluence the toxicity of other materials. Cyanide and

ammonia, discussed under "Toxicity," are out-

standing examples of this kind of action.

Recommendation: Materials that extend normal ranges

of pH at any location by more than ±0.1 pH unit

should not be introduced into salt water portions of

tidal tributaries or coastal waters. At no time should

the introduction of foreign materials cause the pH to

be less than 6.7 or greater than 8.5.

Temperature

Temperature requirements of marine and estua-

rine organisms in the biota of a given region may
vary widely. Therefore, if we are to maintain tem-

perature favorable to the biota, all important spe-

cies, including the most sensitive, must be pro-

tected. It has been found that organisms in the

intertidal zone vary considerably in their ability

to withstand high temperatures. Those in the up-

permost areas of the tidal zone generally can with-
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stand higher temperatures than those in the lower

portions of the tidal zone and these in turn gen-

erally can withstand higher temperatures than the

same species of animals living in the subtidal

zones. In addition, when considering the coastline

as a whole, we must recognize that there are vari-

ous races within a given species which may vary

considerably in their environmental requirements,

or in their ability to withstand extreme conditions.

In our marine waters, there is a great mixture

of species. Species typical of higher latitudes are

found with species that are more abundant farther

south. Tropical or subtropical species generally

will spawn in the summer months. Species from the

higher latitudes require low water temperature for

spawning and the development of the young. Thus,

they usually spawn in the winter months and tem-

peratures at that time are critical. Any warming of

the water during the cold weather or winter pe-

riod could be disastrous from the standpoint of the

elimination of the more northerly species. In some
instances, a rise in winter temperatures of only 2

or 3 F might be sufficient to prevent spawning and

thus eliminate these species from the biota.

In the northern portions of the country there is

generally a great range in natural temperatures. In

southern areas, as we approach the tropics, we find

smaller overall temperature ranges. In the tropics

or subtropics, optimum temperatures for many
forms are only a few degrees lower than maximum
lethal temperatures. Great care should be exer-

cised, therefore, to prevent harmful increases in

maximum summer temperatures in tropical areas.

In general, temperatures in the marine waters

do not change as rapidly nor do they have the

overall range from extreme to extreme as they do
in fresh waters. Marine and estuarine fishes, there-

fore, are less tolerant of temperature variation.

They can accommodate somewhat, but overall

temperature range and rate of change are even

more important here than they are in fresh waters.

It has been observed that when surface water tem-

peratures over the Georges Bank increased from

46 to 68 F, the larval fish died at 65 F. It has been
found that species in subtropical and tropical en-

vironments are living at temperatures that are only

a few degrees less than their lethal temperatures.

In the most northern forms, extensive variations

in seasonal temperatures are a necessity for orderly

development and growth. Spawning and develop-

ment frequently occur at lower temperatures and
the sexual products ripen on rising temperatures

after a period of low temperatures. Temperatures
above or below the optimum range may delay or

speed up development. They may inhibit swim-
ming ability and the effectiveness of food utiliza-

tion may be decreased with increasing tempera-

tures in the upper viable range. Fishes and other

forms are also more susceptible to parasites and

diseases at temperatures outside of their optimum
range. In regard to rapid changes in temperature,

it has been found that a drop in temperature from
58 to 43 F kills sardines. Tolerable temperature

minima vary with the population and its past tem-

perature history. Kills have occurred off the Texas

coast at 40 F whereas kills of the same species

have occurred off Bermuda at a drop to 59 F.

Many kills have occurred in nature due to unusu-

ally low temperatures. Kills also occur due to

natural high temperatures. Yellowtail flounder and

whiting larvae died when they drifted from an area

of 44 F to one of 64 F. It has been reported that

61 F is best for the developing of mackerel, but

70 F is too high. These are merely illustrations of

what might happen to species occurring in inshore

waters.

It is apparent from the foregoing that data are

very sparse on temperature requirements of marine

and estuarine species. It is very difficult, therefore,

to attempt to suggest temperature requirements

for marine and estuarine forms. The difficulty is

compounded by the great extent of the Nation's

shorelines, the differing natural temperature varia-

tions from north to south, and the geographic over-

lapping of species native to different latitudes.

Consideration must be given to maximum allow-

able temperatures for both the summer period and

the winter period.

In attempting to establish permissible levels of

temperature increase in receiving waters due to

heated waste discharges, precaution must be taken

to prevent

—

(a) excessive incremental increases above

background values even though such in-

cremental increases lie below maximum
limits, and

(b) exceeding maximum natural background

limits.

Such precautions are necessary to prevent grad-

ual net increases in background temperatures due

to the continuously increasing volumes of heated

wastes being discharged into receiving waters.

The discharge of heated wastes into estuaries

and other tidal tributaries must be managed so that

no barrier to the movement or migration of fish

and other aquatic life is created.

Recommendation: In view of the requirements for

the well-being and production of marine organisms, it

is concluded that the discharge of any heated waste

into any coastal or estuarine waters should be closely

managed. Monthly means of the maximum daily tem-

peratures recorded at the site in question and before

462-246 0-72-6
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the addition of any heat of artificial origin should not

be raised by more than 4 F during the fall, winter, and

spring (September through May), or by more than

1.5 F during the summer (June through August).

North of Long Island and in the waters of the Pacific

Northwest (north of California), summer limits apply

July through September, and fall, winter, and spring

limits apply October through June. The rate of tem-

perature change should not exceed 1 F per hour except

when due to natural phenomena.

Suggested temperatures are to prevail outside of

established mixing zones as discussed in the section on
zones of passage.

coastal waters shall not be less than 5.0 mg/1, except

when natural phenomena cause this value to be de-

pressed.

(2) Dissolved oxygen concentrations in estuaries

and tidal tributaries shall not be less than 4.0 mg/1
at any time or place except in dystrophic waters or

where natural conditions cause this value to be de-

pressed.

The committee would like to stress the fact that, due
to a lack of fundamental information on the DO re-

quirements of marine and estuarine organisms, these

requirements are tentative and should be changed when
additional data indicate that they are inadequate.

Dissolved oxygen

Dissolved oxygen requirements of marine orga-

nisms are not as well known as those for freshwater

forms. Studies have been made indicating that

minimum dissolved oxygen concentrations of 0.75

to 2.5 are required for test species to resist death

for 24 hours. Most marine species died when the

dissolved oxygen dropped below 1.25 mg/1 for a

few hours. Reduced swimming speed and changes

in blood and serum constituents occurred at dis-

solved oxygen levels of 2.5 to 3 mg/1. It was

foimd that DO levels between 5.3 and 8 mg/1 were

satisfactory for survival and growth. Levels above

17 mg/1, however, produced adverse effects. Large

fluctuations in dissolved oxygen from 3 to 8 mg/1,

diurnal or otherwise, produced significantly more

physiological stress in fishes than fluctuations from

3 to 6 mg/1. In tests made to date, it has been

found that 5 to 8 mg/1 of DO is apparently suffi-

cient for all species of fish for good growth and

general well being. It is generally recognized that

in deeper waters DO values are often considerably

less than 5.0 mg/1. In estuaries where there is a

reduction in salinity, levels may drop to as low as

4 mg/1 at infrequent intervals and for limited pe-

riods of time. It is probable that many marine ani-

mals can live for long periods of time at much
lower levels of DO. Experimental studies with

freshwater organisms have demonstrated, how-

ever, that low concentrations of DO at which adult

fishes can live almost indefinitely, can inhibit feed-

ing and growth. In determining DO requirements,

it is essential to consider growth, reproduction,

and other necessary life activities.

Recommendation: For the protection of marine re-

sources, it is essential that oxygen levels shall be suffi-

cient for survival, growth, reproduction, the general

well-being, and the production of a suitable crop. To
attain this objective, it is recommended that dissolved

oxygen concentrations in coastal waters, estuaries, and

tidal tributaries of the Nation, including Puerto Rico,

Alaska and Hawaii, should be as follows:

(1) Surface dissolved oxygen concentrations in

Crude oil and petroleum products

The discharge of crude oil and petroleum prod-

ucts into estuarine and coastal waters presents spe-

cial problems in water pollution abatement. Oils

from different sources have highly diverse proper-

ties and chemistry. Oils are relatively insoluble in

sea and brackish waters and surface action spreads

the oil in thin surface fihns of variable thickness,

depending on the amount of oil present. Oil, when
adsorbed on clay and other particles suspended in

the water, forms large, heavy aggregates that sink

to the bottom. Additional complications arise

from the formation of emulsions in water, leach-

ing of water soluble fractions, and coating and

tainting of sedentary animals, rocks, and tidal

flats.

Principal sources of oil pollution are numerous.

Listed in order of their destructiveness to ecosys-

tems, they are

:

(1) Sudden and uncontrolled discharge from

wells towards the end of drilling operation.

(2) Escape from wrecked and submerged oil

tankers.

(3) SpiUage of oil during loading and unload-

ing operations, leaky barges, and accidents

during transport.

(4) Discharge of oil-contaminated ballast and

bilge water into coastal areas and on the

high seas.

(5) Cleaning and flushing of oil tanks at sea.

On the average, a ship's content of such

wastes is estimated to contain 2 to 3 per-

cent oil in 1,000 to 2,000 tons of waste.

(6) Spillage from various shore installations,

refineries, railroads, city dumps, garages,

and various industrial plants.

Spillage From Wrecked Oil Tankers

Even though wrecks of oil taiikers along the

Atlantic coast and subsequent spillage of oil into

the sea have been reported several times, no thor-
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ough examination has been made of the effect of

oU pollution on local marine life, except for fre-

quent references to the destruction of waterfowl.

One of these disasters attracted the general atten-

tion of the public and members of the Audubon
Society of New England. One night in 1952, two

tankers, the Fort Mercer and the Pendleton, went

aground on the shoal of Monomoy Point, Cape
Cod. Large amounts of oil spilled from the broken

vessels, spread long distances along the shore, and

were responsible for high mortality of ducks (scot-

ers and eiders). Many thousands of oil-smeared

dying birds were seen along the coast. Attempts to

save some of the birds by removing the oil with

various solvents failed. No published records are

found on the effect of this massive spillage on
aquatic life. According to the records of the Mas-
sachusetts Audubon Society, serious oil spreads

threatening fish and bird life have occurred at least

six times since 1923 along the beaches of Cape
Cod. The latest occurrence was on Sunday,

April 16, 1967. Heavy films of crude oil appeared

along the coast from Chatham to Provincetown,

Mass. and spread to Cape Cod Bay, Nantucket

Island, and Boston. The shores of the National

Seashore Park were seriously affected and hun-

dreds of ducks and brant were found dead or

dying.

The massive spillage of oil may constitute a

disaster of a national and even international mag-
nitude as has been dramatically demonstrated by
the wreck in March 1967 of the super tanker Tor-

rey Canyon carrying 118,000 tons of crude oil.

About one-half of the load gradually spilled near

Seven Stones Reef, off the southern coast of Eng-
land, where the tanker was stranded. By the middle

of April, patches of crude oil began to appear on
the French coast in Brittany, threatening the pro-

ductive oyster farms in the inlets and estuaries. It

is obvious that a disaster of such magnitude is be-

yond the scope of an ordinary pollution problem
in coastal waters. The probability of a recurrence

of heavy oil spillage is, however, very real because

of the present trend in the methods of transporting

oil in very large and apparently vulnerable tankers.

It has been reported that Japan operates a tanker,

Idemitsu Maru, of 205,000 tons holding capacity.

A super tanker of over 300,000 tons capacity is

under consideration and a design of a 500,000-
ton tanker appeared in the press.

the spillage, the investigators were engaged in a
study of bottom fauna and flora of the cove and
were in possession of background information

which made it possible for them to record the

changes that took place after the water of the cove
was contaminated by the 59,000 barrels of oil that

escaped from the wreck of the tanker Tampico on
March 29, 1957. Among the many dead and dying
species observed a few weeks after the disaster, the

most frequenfly found were abalones (Haliotis

julgens, H. rufescens, and especially H. crachero-

dii), lobsters (Panulirus interruptus)
,
pismo clams

(Tivela stultorum), mussels {Mytilus sp.), sea

urchins {Strongylocentrotiis franciscanus, S. pur-

puratus), and sea stars (Pisaster giganteus, P.

ochraceus). A slight improvement of the bottom
fauna was noticeable a few months after the dis-

aster, but extensive recovery became apparent only

2 years later. Four years after the accident, the

populations of abalones and sea urchins still were
reduced greatly and seven species of animals pre-

viously recorded in the cove had not been found
at all.

Combined Effect of Oil and Sewage Pollution

The oil and sewage pollution effects on aquatic

organisms of the Novorossiyak Bay (Black Sea,

U.S.S.R.) was recently studied by Kalugina, et al.

( 1967) . For a number of years, this bay has been
receiving a mixed daily discharge of 15,000 to

30,000 cubic meters of petroleum refinery wastes

and domestic sewage. There is marked decrease of

various valuable species of moUusks {Spisula

subtruncata, Tapes nigatus, Pecten ponticus) and
complete destruction of oyster beds {Ostrea

taurica) due to the combined effect of pollution

and depradations by a carnivorous gastropod

(Rapana). Samples were collected 1 to 25 meters

from the outfall for bioassay. Copepods (Acartia

clausi) placed in samples taken 25 meters from
the outfall were killed in 24 hours. Larvae of

decapods and gastropods in samples taken 10 to

25 meters out perished in 3 to 4 days. Calamis was
killed in 5 days in samples taken 1 meter out, but

survived the 10-day test in the samples taken 5,

10, and 25 meters from the outfall. There also was
a noticeable change in the distribution and species

composition of benthic algae.

Effect of Oil Spillage on Aquatic Life

of a Small Marine Cove

W. J. North, et al. (1965) made a valuable

study of the effect of massive spillage of crude oil

into a small cove in lower California Bay. Prior to

Color of Oil Film on the Surface of Water

The color of the oil film on the water surface is

indicative of the thickness of the slick and may be

used as an indicator of the volume of oil spilled.
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According to data published by the American
Petroleum Institute ( 1 949 ) , the first trace of color

that may be observed as a surface film on the sea

is formed by 100 gallons of oil spread over 1

square mile. Films of much darker colors may
indicate 1,332 gallons of oil per square mile. Ex-

periments conducted by the Committee" on the

Prevention of Pollution of the Seas (1953) showed

that 15 tons of oil covered an area of 8 square

miles. In 8 days, it had drifted about 20 miles

from the point of discharge. The same committee

(1953) indicated another source of oil pollution

that should not be neglected. It has been found that

unburned fuel oil escaping through the funnels of

oil-burning ships may comprise 1 to 2 percent of

the total oil consumed and it may be deposited on

the sea surface. British investigators attributed the

disappearance of eel grass (Zostera) to minute

quantities of oil. Oil weakens the plant and makes

it susceptible to attacks of a parasitic protozoan

(Labyrinthula) . Observations made several years

ago at Woods Hole showed that young Zostera

that began to reappear in local bays after several

years of absence were already infected by this

microorganism even though they appeared to be

healthy.

Adsorption of Oil by Sand, Clay, Silt, and

Other Suspended Particles

Oil of surface films is easily adsorbed on clay

particles and other suspended materials, forming

large and relatively heavy aggregates that sink to

the bottom. The surface of the water may appear

free from pollution, until the sediment is stirred by
wave action and the released oil floats up again.

During World War II, a product known as

"carbonized sand" was manufactured for the U.S.

Navy and used for the primary purpose of rapidly

removing oil spilled or leaked from ships. Carbon-

ized sand was used principally as a rapid method
to prevent and stop fires. Sand and oil aggregates,

being much heavier than sea water, sank very

rapidly and remained on the bottom. Experimental

work has shown that the toxic effect of oils is not

diminished by this method (Chipman and Galts-

off, 1949). Since the end of World War II, a num-
ber of preparations to be used as solvents, emulsi-

fiers, and dispersing agents of oil slicks in harbor

v/aters appeared in New Zealand, Western Europe,

and the United States. These preparations are be-

ing offered under various trade names and their

chemical composition is not always stated. It is

often claimed that such compounds remove oil

slicks more efficiently than mopping with straw or

coarse canvas fabric (skrim), a method exten-

sively used in Auckland Harbor (Chitty, 1948).
It is, however, generally recognized that various

detergents and emulsifiers are toxic to aquatic life

and therefore compound the danger of oil pollu-

tion. Mechanical means such as preventing the

spread of a slick by surroimding it with floating

barriers (plastic booms), spreading sawdust and
removing an oil aggregate by scooping or raking,

and erecting grass or straw barriers along the

beaches are probably more effective at present

than the chemical methods of dispersing or dis-

solving oil. Even anchoring oil by combining it

with relatively heavy carbonized sand seems to be

preferable to chemical methods.

Toxicity of Crude Oil and Petroleum Products

Oil may injure aquatic life by direct contact

with the organism, by poisoning with various water

soluble substances that may be leached from oil,

or by emulsions of oil which may smear the gills or

be swallowed with water and food. A heavy oil

film on the water surface may interfere with the

exchange of gases and respiration.

A number of observations have been recorded

of the concentrations of oil in sea water which are

deleterious to various species. Experimental data,

however, are scarce and consequently the toxicol-

ogy of oil to marine organisms is not well under-

stood.

Nelson (1925) observed marine mollusks (Mya
arenaria) being destroyed by oil on tidal flats of

Staten Island, N.Y. The Pacific coast sea urchin,

Strongylocentrotus purpuratus, dies in about 1

hour in a 0.1 percent emulsion of diesel oil. After

20 to 40 minutes in this concentration the animals

fail to cling to the bottom and may be washed
away (North, et al, 1964).

Crude oil absorbed by carbonized sand does not

lose its toxicity. This has been shown by laboratory

experiments conducted at Woods Hole (Chipman
and Galtsoff , 1 949 ) . The amount of oil used was

limited to the quantity held in the sand, hence no

free oil was present in the water. The oil-sand

aggregates were placed in containers filled with sea

water but never came into contact with the test

animals. Four species were bioassayed: the very

hardy toadfish {Opsanus tau) in the yolk sac

stage, the moderately tolerant barnacle (Balanus

balanoides), and oyster (Crassostrea virginica),

and the extremely sensitive hydrozoan, (Tubularia

croced).

The survival of toadfish embryos was indirectly

proportional to the concentration of oil in water.
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In a concentration of 0.5 percent, the embryos sur-

vived for 13 days (end of test); in 1.25 percent,

8i days; in 2.5 percent, 6 days; and in 5 percent,

4i days. Barnacles suffered 80 to 90-percent

mortality within 70 hours in 2.0-percent mixtures

of oil in sea water. They became inactive in 23

hours in concentrations of 2 percent and above.

Tubularia suffered 90 to 100-percent mortality

within 24 hours after being placed in water con-

taining a 1:200 oil-carbonized sand aggregate.

Water extracts of crude oil were lethal within 24

hours at concentrations of 500 mg/1 and greater.

Experiments with oysters consisted primarily of

determining the effect of oil adsorbed on carbon-

ized sand on the number of hours the oysters re-

main open and feeding and on the rate of water

transport, across the gills. A paste-like aggregate of

oil in carbonized sand (50 ml crude oil to 127 g
sand) was prepared, wiped clean of excess oil, and

placed in the mixing chamber. Sea water was de-

livered through this chamber to the recording ap-

paratus at a rate slightly in excess of the rate of

water transport by oyster gills (Galtsoff, 1964;

Chipman and Galtsoff, 1949). There was a notice-

able decrease in the number of hours the test

oysters remained open and in the daily water trans-

port rate through the gills. The time open was re-

duced from 95 to 100 percent during the first 4

days of testing to only 19.8 percent on the 14th

day. The total amount of water transported per

day, and presumably used for feeding and respira-

tion, was reduced from 207 to 3 10 liters during the

first 6 days to only 2.9 to 1 liter per day during

the period between the eighth and 14th day of

continuous testing. These tests indicate that oil

incorporated into the sediments near oyster beds

continues to leach water-soluble substances which

depress the normal functions of the mollusk.

Critical observations are lacking on the effect of

oil on pelagic larvae of marine invertebrates, but

there is good reason to assume that crude oil and

petroleum products are highly toxic to free-swim-

ming larvae of oysters. Speer (1928) considers

that they are killed by contact with surface oil film.

Laboratory experience of Galtsoff (impublished

records) shows that oyster larvae from 5 to 6 days

old were killed when minor quantities of fuel oil

were spilled by ships in the Woods Hole harbor

and the contaminated water penetrated into the

laboratory sea water supply.

The tests described above leave no doubt that

water-soluble substances are leached from oil

spilled into water and adversely affect marine life.

It is reasonable to assume that the water soluble

materials of oil may contain various hydrocarbons,

phenols, sulfides, and other substances toxic to

aquatic life. The water-soluble fraction leached

from crude oil is easily oxidized by aeration and
loses its toxicity (Chipman and Galtsoff, 1949).

Carcinogenic Substances From

Oil-Polluted Waters

Presence of hydrocarbons similar to benzo-

pyrene in oil-polluted coastal waters and sediments

of France in the Mediterranean was reported by
Mallet (1965) and Mallet and Sardou (1965).

The effluents from the industrial establishments on
the shores at Villefranche Bay comprise tar sub-

stances, which contain benzopyrenes, benzo-8,

9-fluoranthene, dibenzanthracenes, chrysene, 10-

methyl anthracene, and nitrogenous derivatives

such as dimethylbenzacridine. These substances

are carried out into the bay water and settle on the

bottom. The pollution is augmented by incom-

pletely burned oils discharged by turbine ships.

The content of benzopyrene in bottom sediments

ranges from 500 micrograms in 100 g sample col-

lected at the depth of 8 to 13 cm to 1.6 micro-

grams at 200 cm. Similar contamination is of im-

portance in the Gulf of Fos, Etang de Berne, and
in the delta of the Rhone River.

Carcinogenic hydrocarbons were foimd to be

stored in plankton of the bay of Villefranche, in

concentrations varying from 2.5 to 40 micrograms
per 100 g. Fixation of benzopyrenes was found
also in the bodies of holothurians (Lalou, 1965)
in a bay near Antibes. The reported concentration

in the visceral mass of holothurian was slightiy

higher than that in the bottom sediment.

Observations on storage of carcinogenic com-
pounds found in oil-polluted water are biologically

significant. The important question of biological

magnification as these compounds are ingested by
plankton feeders remains unanswered and needs

to be investigated.

Sampling of Oil-Polluted Sea Water

The question of the minimal concentration of oil

and petroleum products consistent with unin-

hibited growth and reproduction of aquatic species

is more difficult to answer than it is in the case of

other contaminants. As has been shown above, oil

is found in water in four distinct phases: (1) sur-

face oil film, (2) emulsion in sea water, (3) ex-

tract of water soluble substances, and (4) semi-

solid aggregate of oil and sediment covering the

bottom. Obviously, no single sample could include

all four phases and the method of sampling should
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vary accordingly. Collection of samples of a heavy

oil slick near the origin of spillage presents no par-

ticular difficulty because an adequate quantity may
be scooped easily and placed in a proper container.

Serious difficulty arises, however, in case of an

irridescent film of oil approaching the thickness of

a monomolecular layer. Garrett (1964), made a

special study of slick-forming materials naturally

occurring on sea surfaces and demonstrated their

highly complex composition. The collection of

very thin layers of surface water was made by
means of a specially constructed plastic screen.

The entrapped compounds were washed off into

a large container (Garrett, 1962). He found sur-

face-acting substances in all areas where the sea

surface was altered by monomolecular films and
concluded that "a chemical potential exists

whereby such surface alterations can occur when
conditions are suitable for the adsorption and
compression of the surface-active molecules at

the air/water boundary." The oil film at the

air/water boundary may be composed of several

interacting organic compounds. This complexity

must be kept in mind in studies of oil pollution in

sea water.

If a relatively thick layer of contaminated water

is needed, the sample may be scooped or sucked

from an area of sea surface enclosed by a floating

frame. Interference due to wave ripples is mini-

mized in this way.

For analysis of an oil emulsion in sea water, a

sample of a desired volume may be collected by
pump or by any type of self-closing water bottle

lowered within the surf area.

For obtaining water soluble substances leached

from oil sludge, sampling should be made by
pumping or by using a water sampler lowered as

close as possible to the oil-covered bottom.

Samples of oil adsorbed on sediments can be

obtained by using bottom samplers designed to

take quantitative samples.

Contamination of beaches by floating tar ballast

and cleaning water discharged by ships sailing

along our coast is of such common occurrence that

at present it is almost impossible to find a pubhc
beach free from this nuisance. Cakes of solidified

oil tar can be picked by hand from the tidal zone
of any beach along the Atlantic and Gulf coasts.

Recommendation: Until more information on the

chemistry and toxicology of oil in sea water becomes
available, the following requirements are recommended
for the protection of marine life. No oil or petroleum
products should be discharged into estuarine or coastal

waters in quantities that (1) can be detected as a

visible film or sheen, or by odor, (2) cause tainting

of fish and/or edible invertebrates, (3) form an oil-

sludge deposit on the shores or bottom of the receiving

body of water, or (4) become effective toxicants ac-
cording to the criteria recommended in the "Toxicity"
section.

Turbidity and color

Turbidity, color, and transparency are closely

interrelated phenomena in water. They must be
observed simultaneously because transparency is

a function of turbidity, water color, and spectral

quality of transmitted light. For practical pur-
poses, however, it is more convenient to discuss

them separately.

Turbidity

By observing the turbidity of sea water it is pos-
sible to determine the depth of the euphotic zone;

i.e., the depth in which organic carbon is produced.
Various particles suspended in water reduce the

intensity of light by absorption and scattering. In
the sea, the maximum depth of growth of attached

plants varies. It is 160 m in the Mediterranean,

30 m in Puget Sound, and 10 m off Cape Cod. In

general, benthic plants will not grow at a depth at

which the light intensity is less than 0.3 percent of

its surface value (Clarke, 1954). In any environ-

ment, the rate of photosynthesis decreases with the

attenuation of light but the respiration rate remains
approximately the same. Because the role of

phytoplankton in organic production is far more
important quantitatively than that of benthic

plants, an increase in the turbidity of water di-

minishes primary productivity of the ocean bio-

mass as indicated by the rate of growth of various

planktonic algae.

For each species of plant, a level of light inten-

sity may be reached at which the rate of photo-

synthesis becomes equal to the rate of respiration.

This level is designated as compensation intensity

and the depth at which this value is found is called

the compensation depth. For marine phytoplank-

ton, it has been determined that compensation in-

tensity is about 100 ft-candles, or 1 percent of the

value of full sunlight (Clarke, 1954). In natural

waters, the compensation depth varies; e.g., in the

Gulf of Maine it was found to be 30 m while at

Woods Hole only 7 m.

In many coastal waters, the principal cause of

turbidity is the discharge of silt carried out by the

principal rivers. Secchi disc readings show that the

transparency of water at the mouths of large rivers

during flood stage may be reduced to a few centi-

meters. At normal river stages, the disc may be
visible at several meters below the surface. Ob-
servations from an airplane are useful in recording
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the distribution of brackish, silt-laden waters along

the coast. Silting of the estuaries and adjacent

coastal water should be considered as a special

case of pollution resulting from deforestation,

overgrazing and faulty agricultural practices, road

construction, and other land management abuses.

Mixed efHuents from various industrial plants

and domestic sewage increase the turbidity of

receiving water. It is difficult to distinguish be-

tween the effect of the attenuation of light due to

suspended particles and the direct effect of the

particles in suspension on the growth and physi-

ology of aquatic organisms. Natural silt taken

from the bottom of the sea and kaolin affect the

development of eggs and the growth of larvae of

oysters and hard shell clams {Mercenaria merce-

naria). In a suspension of 2 g of dry silt in a liter

of sea water, only 39 percent of oyster larvae com-

pleted development. In 3 g per liter there was no
development (Loosanoff, 1962). Growth of

Mercenaria clams was retarded in the concentra-

tion of 1 to 2 g/1, but appeared to be normal at

0.75 g/1. Development was completely suppressed

in the concentration of silt from 3 to 4 g/1 (Davis,

1960). Silt concentration of 0.1 g/1 caused a 57-

percent decrease in the water transport of an adult

oyster. In 4 g/1, the depression was 94 percent

(Loosanoff, 1962). The turbidity used in these

experiments probably is equivalent to 750 to

4,000 mg/1 of turbidity standards, although direct

comparison of figures cannot be made accurately.

The principal significance of turbidity observa-

tions in a study of pollution is the determination of

the depth of the euphotic zone as a factor affecting

primary productivity of the sea (Ryther, 1963).

Determination of the coefficient "k" defined as the

natural logarithm of the fraction of incident light

penetrating to a given depth is of great importance

in studies of organic production. In the temperate

and northern parts of the ocean, values of "k"

range between 0.10 to 0.20 and correspond to

depths of 50 to 25 m. In more turbid coastal

waters, the coefficient of extinction is as high as

1.0 and a compensation depth of 5 m is com-
monly encountered. These values may be used as

a basis for comparing the characteristics of uncon-

taminated waters with those of highly turbid and

polluted waters of coastal and inshore areas. A
considerable part of the turbidity of these areas is

attributable to nonliving particles.

It must remembered, also, that very high tur-

bidity of sea water may be due entirely to blooms
such as are known to occur in red tide areas

(Galtsoff, 1949) or as a result of unbalanced over-

fertilization such as is induced by organic wastes

from duck farms in Great South Bay, N.Y. Tur-

bidity may be determined practically by use of a

Secchi disc. Turbidity may be determined more
accurately by using the techniques described in

Standard Methods for the Examination of Water
and Wastewater, 12th edition (1965). Any tur-

bidity of less than 1 m (by Secchi disc) or in cor-

responding Jackson units should be regarded with

suspicion and the nature of suspended material as

well as the composition of plankton determined.

Color

The color of sea water, expressed as dominant
wave length in millimicrons (m/x) covers the

range from violet (400 to 465 vafj.) to red-purple

(530 to 700 m/t). Spectrophotometric methods, as

described in Standard Methods for the Examina-
tion of Water and Wastewater, 12th edition

(1965), should be used if careful study is re-

quired, particularly for determining the exact color

of water contaminated with industrial wastes.

Monitoring the color changes of sea water yields

information on the extent of intrusion of fresh

water into the sea, the intensity and extent of silt-

ing, the location and extent of plankton blooms,

the extent and distribution of pollution from indus-

trial waste effluents, and the presence and probable

thickness of oil film.

In brackish waters, the blue hue of the open sea

is replaced by a greenish or yellowish color. Silting

areas are recognizable by brown or yellowish dis-

coloration. Red-brownish color is typical of the

red tide caused by Gymnodinium and other spe-

cies of dinoflageUates. Some of these are toxic to

fishes and benthic invertebrates (Galtsoff, 1948,

1949). Mass production of forms such as the blue-

green alga Trichodesmium gives the surface of the

sea an appearance of "green meadow" as described

for the Azov Sea by Knipowich (Galtsoff, 1949).

Swarming of Phaeocystis pouched, P. globosa, and
Rhizosolenia have been reported to extend over

hundreds of square miles of the open sea causing

a distinct brownish discoloration.

Systematic studies have not been made yet to

determine the optical characteristics of discolored

sea water. It is reasonable to expect that such an

investigation would be valuable in explaining the

cause of discoloration and, in certain instances,

may indicate the presence and nature of pollution.

Light components specific for the contaminant

entering sea water may be detected by the use of

a spectrophotometer or with the recording SPOT
spectroradiometer recently developed by Alfred C.

Konrad of the Massachusetts Institute of Tech-
nology. This type of instrument is being used at

present at the Woods Hole Oceanographic Institu-
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tion and is proving very useful. Spectroradiometer

observations can be made either from an airplane

or from shipboard.

Recommendation: No effluent which may cause

changes in turbidity or color should be added to, or

discharged into, inshore or coastal waters unless it has

been shown that it will not be deleterious to aquatic

biota.

Settleable and floating substances

Settleable solids entering coastal waters include

various products of forest industries such as saw-

dust, bark chips, wood fibers, sewage solids,

and many industrial wastes. The old practice of

dumping sawdust into tidal rivers was discon-

tinued long ago, but its effect is still visible in

the rivers of Maine. For instance, an area of the

bottom of the Damariscotta River was still cov-

ered with a loose layer of sawdust about 2 to 3 feet

deep in 1940, although operation of the lumber
mills responsible for this deposition had ceased

more than 50 years previous. The Damariscotta
kitchen-midden on the banks of the river contains

a huge accumulation of river oyster shells and
some artifacts left here by the Indians who lived

there for several centuries of pre-Colonial times.

The habitat was so completely changed by pollu-

tion that at present there is hardly any benthic

organism found on this formerly productive bot-

tom (Galtsoff and Chipman, unpublished report).

Decay-resisting organic matter from wood fibers

and waterlogged bark and chips constitutes, in

places, a serious handicap to aquatic life. Settle-

able materials from mining operations and gravel

and sand washing make the bottom unsuitable for

aquatic life in the affected areas of the receiving

bodies of water. Silting may be so heavy that the

sediment brought in may completely fill the bay.

One can see this in the eastern branch of Mata-
gorda Bay, Tex., an area that has been completely

obliterated within the last 25 years by the Colo-
rado River.

Dredging of bays and tidal rivers for improve-
ment of navigation occasionally presents serious

problems. Benthic communities in the area near

dredging operations may be destroyed or damaged
by spoil deposition, increase in water turbidity,

release of toxic substances accumulated in the mud
of the polluted areas, and by changing the pattern

of currents in the dredged area.

Careful studies of the effects of dredging on
oyster-producing bottoms of the Santee River,

S.C, were made in 1936 by G. Robert Lunz, Jr.

(unpublished report), for the U.S. Corps of Engi-

neers. No deleterious effect on oyster-producing

bottoms was found. An examination made by the

Bureau of Fisheries Laboratory at Woods Hole of

dredging operations to deepen and enlarge the

Cape Cod Canal disclosed that several productive

oyster beds near the site of dredging were covered
by 2 to 3 feet of sand and silt. The oysters were
destroyed, but the grounds soon were re-populated

by hard-shell clams and the productivity of the

area restored.

Disposal of the huge quantities of garbage ac-

cumulated by large cities presents a special and
difficult problem. The old practice of barging this

waste out to sea and dumping it is highly objection-

able. Incineration seems to be the answer. This

creates, however, the problem of proper incinera-

tion of large quantities of materials without in-

creasing air pollution over the metropolis. The city

of Boston disposes of large amounts of accumu-

lated garbage and trash by incineration and by
dumping the ashes into the sea at a distance from

shore. State and Federal authorities are engaged

presently in a study of the chemical composition

of ash and its possible effect on aquatic life in the

sea. Preliminary analysis of an incinerated sample

made by Ronald Eisler (personal communication)

of the National Marine Quality Laboratory of the

Federal Water Pollution Control Administration

shows that aluminum, iron, and calcium were most

abundant, followed by zinc, sodium, potassium,

and lead. Other metals comprising more than 1

percent of the fraction soluble in 6nHC1 include

barium, chromium, and magnesium. It is evident

that ash from this waste contains a fairly large

percentage of heavy metals which may be accumu-

lating in the bodies of fish and shellfish. The effect

of ash on the behavior of fish is now being studied,

but the results are not yet available.

Examples of industrial effluents containing ma-
terials that precipitate in sea water are the waste

from titanium paint plants or the soap portion of

the effluents from Kraft pulp mills. This fraction of

the black liquor is precipitated from solution by

salt, carried by the current of the receiving river,

and evenmally deposited on the bottom (Galtsoff,

et al., 1947). Waste from several plants extracting

titanium dioxide from ilemenite (ferrous titanate)

produces serious pollution in the lower Patapsco

River area near Baltimore. Because of the re-

stricted circulation of water in the upper Chesa-

peake Bay, the effect is quite pronounced. Ferric

hydroxide flocculation in the Patapsco River has

been found detrimental to plankton. Diatoms were

destroyed by flocculation and removed from

plankton by settling with the iron particles. Con-

siderable amounts of iron accumulated on the

bottom and iron precipitate was found coating the
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gills of minnows, silverside, and white perch

(Olson, etal., 1941).

Recommendation: Water quality requirements for

specifying the permissible limits of settleable solids and

floating materials cannot be expressed quantitatively at

present. Since it is known that even minor deposits may
reduce productivity and alter the benthic environment,

it is recommended that no materials containing settle-

able solids or substances that may precipitate out in

quantities that adversely affect the biota should be in-

troduced into estuarine or coastal waters. It is espe-

cially urgent that areas serving as habitat or nursery

grounds for commercially important species (scallops,

lobsters, oysters, clams, crabs, shrimp, halibut, floun-

ders, demersal fish eggs and larvae, and other bottom
forms) be protected from any infringement on natural

conditions.

Tainting Substances

Substances found in industrial wastes are fre-

quently responsible for objectionable or offensive

tastes, odors, and colors of fish and shellfish. Even
slight amounts of oil or petroleum products in

bays and estuaries will impart an oil or kerosene

flavor to mullet, mackerel, and other fishes and
also to oysters, clams, and mussels making them
unmarketable. Oysters collected in Louisiana

waters polluted by crude oil retained a distinct

flavor and odor associated with this type of pollu-

tion for several weeks after the escape of crude oil

from wells and leaky barges had been stopped

(Galtsoff, et al., 1935).

Anaerobic conditions associated with the de-

posit of sewage sludge on the bottom are accom-

panied by the production of hydrogen sulfide, a

substance that causes black discoloration of bi-

valve shells and imparts an offensive flavor and

odor to their flesh. In the waters receiving black

liquor from Kraft pulp mills in the York River,

Va., the gills and mantles of oysters developed a

gray color. This condition also is found in oysters

grown in waters receiving domestic sewage (Galt-

soff, etal., 1957).

Contamination of water with copper results in

the accumulation and storage of this metal far

above its normal content in the tissues. The cop-

per content of oyster flesh from uncontaminated
waters off Cape Cod varied from 0.170 to 0.214
mg copper per oyster or from 8.21 to 13.77 mg
per 100 g dry weight. In green colored oysters

collected from adjacent areas only slightly con-

taminated with copper salts, the copper content in

the flesh ranged from 1.27 to 2.46 mg per oyster

or from 121.71 to 271 mg per 100 g dry weight

(Galtsoff and Whipple, 1931; Galtsoff, 1964).
In a current study conducted at the Northeast

Marine Health Sciences Laboratory, at Narragan-

sett, R.I., Dr. B. H. Pringle (unpublished data)

found that the average copper content of oysters

collected from unpolluted areas along the east

shore ranged from 20 to 80 mg/1, wet weight;

oysters from areas known to be polluted contained

from 124.5 to 392.0 mg/1 wet weight. The copper

content of sea water ranged between 0.0038 to

0.005 mg/1 in areas not known to be polluted. In

certain polluted places, concentrations as high as

0.019 mg/1 were recorded.

Other metals are easily absorbed, stored, and

concentrated by oysters in great excess of their

concentration in sea water. Experimentally, it has

been shown that iron and iodine can be absorbed

within a relatively short time by oysters from water

to which these metals have been added in excess.

The flavor of so-called superiodized oysters pro-

duced before World War II in Arcachon, France,

was pronounced because the iodine content of flesh

was many times higher than that in vmtreated

oysters (Galtsoff, 1964). The color of the oysters

was not affected.

Green color of the gills of the European oyster

in France and in the American oyster occasionally

found in North Carolina and Chesapeake Bay is

due to absorption of the blue-green pigment of the

diatom, Navicula, present in large numbers on

oyster grounds. The color is not associated with

the increased copper content of flesh (Ranson,

1927).

Recommendation: To prevent the tainting of fish and
other marine organisms, substances that produce tastes

and off-flavors should not be present in concentrations

above those shown to be acceptable by means of bio-

assays and taste panels. Experience has shown that test

organisms should be exposed to the materials under
test for 2 weeks at selected concentrations to determine

the maximum concentration that does not produce

noticeable off-flavors as determined by organoleptic

tests. (Cooking should be done by baking the material

wrapped in aluminum foil.)

Plant Nutrients and Nuisance Organisms

Plant nutrients and nuisance organisms are in-

terrelated in many ways. There also are many
other factors in the environment, such as tempera-

ture and salinity, that are closely correlated and,

in many instances, seem to be contributing factors

to nuisance organisms.

Man, through altering the hydrography of his

environment by building dams and diverting

waterflows from their natural courses, has pro-

duced conditions in many areas that have caused

nuisance growths and brought about an imbalance

of natural conditions. He also has enriched surface

waters and created imbalances in dissolved mate-
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rials and organisms through careless land man-
agement and by allowing the introduction of

nutrients from sewers, food processing industries,

fertilizer plants, feed lots, and farms. As a result,

natural communities of aquatic life are altered

and the functioning of these ecosystems often

is changed severely or destroyed.

To maintain natural distribution, abundance,

and interrelations of the aquatic biota, and to

control unwanted growths, it is necessary to de-

termine and maintain levels of dissolved materi-

als required for this balance. This is an extremely

difficult task, however, because there are a great

many interrelated factors that contribute to the

development of excessive populations of a species.

Although a considerable amount of work has been

done on the nutrition of aquatic organisms, most

of this work has been done on a very few different

species. Very little research has been done to deter-

mine what interaction of factors causes a shift in

diversity or in the kinds of species that compose a

community. For these reasons it is impossible to

set any definite requirements. At this time the only

meaningful thing that can be done is to develop

guidelines.

Plant Nutrients: The increase of nutrients in the

sea is accelerated by deposition of material derived

from the land as sediments from the rivers, by

settling and filling caused by water movements

produced by tide or wind, and by biological activ-

ity. To date, no serious problems resulting from

abnormal enrichment of nutrients have been iden-

tified in the open sea except perhaps locally around

outfalls that extend several mUes out to sea. With

the increased disposal of wastes in the sea, this

potential problem should be carefully watched.

Estuaries and tidal embayments have long been

recognized as some of our most valuable and pro-

ductive resources. They are the most ephemeral of

the natural marine habitats and consequently most

easily affected by man's activities. They serve as

sinks for most of the organic and inorganic mate-

rials resulting from land erosion. Because of the

lack of scouring and the nature of the sediments

that occur in some areas, anaerobic conditions

often develop in the beds of estuaries and bays.

Increases in the deposition of suspended solids

intensifies this condition. An excellent discussion

of the role of sediments in an estuary is given by

Carriker(1967).

Many industries and municipalities discharge

nutrient-rich wastes into estuaries. Because of the

nature of the estuary, these are recycled and ac-

cumulated over a period of time. Because of this

recycling, effluents with low concentrations of nu-

trients may, in time, produce serious problems.

The complete flushing of the estuary often takes

many years. With controlled water discharges, this

problem may become more severe.

Plant nutrients consist of many types of chemi-

cals. For example, we have the chemicals com-
monly recognized as being important in plant

nutrition such as nitrate, phosphate, sulfate, car-

bonate, calcium, magnesium, sodium, and potas-

siiun. There are also the so-called "trace elements"

which are equaUy important but are required in

small amounts such as iron, manganese, molybde-

num, cobalt, zinc, etc. More recenfly the impor-

tance of organic compounds in plant nutrition has

been recognized. These include vitamins, such as

vitamin Bj,, organic forms of nitrogen, such as

urea, various amino acids, and amides, and the

simple sugars, such as glucose.

The role of dissolved organic compounds in the

nutrition of plants as well as animals appears to be

important. Darnell (1967) refers to the aquatic

medium as a "vegetable soup" to indicate its rich-

ness in dissolved organic materials. The work of

Ryther (1954) points out that the organic forms

of nitrogen are best utilized by the less desirable

species {Natmachloris atomus and Stichoccus sp.).

Nitzschia, a desirable diatom, often grows poorly

in their presence. This is no doubt a major reason

why sewage effluents often bring about the devel-

opment of undesirable species.

If the increased nutrients in a system are well

balanced, many species wUl have larger popula-

tions, the predator pressure will increase, and the

productivity of the whole ecosystem will increase.

If, however, the increased nutrients are of undesir-

able composition for most forms of aquatic life, or

not in the correct ratio, excessive blooms of spe-

cies with low predator pressures may develop.

Examples of these are certain blue-green algae. Of

course, environmental factors other than nutrients

are important in the development of blooms. Any
one important factor, such as temperature, light,

or water mass stability, if limiting, may prevent

blooms even though other conditions are suitable

for their development. As a result, blooms some-

times do not develop even though most of the

conditions are favorable.

Nuisance Organisms: Nuisance organisms in

the marine environment are usually defined as

those organisms which interfere with the use that

man wishes to make of a particular water. Some

examples are abnormally abundant growths of or-

ganisms that make bathing beaches unattractive,

produce unpleasant odors, foul the bottoms of

boats, spoil the esthetic appearance of water and

the coastline, clog fishing nets, interfere with the

78



flow of water within intake and effluent pipes, and

interfere with navigation. This category of nuisance

organisms should also include those organisms that

interfere with the growth and reproduction of or-

ganisms important to man. For example, excessive

populations of boring sponge or oyster drills,

rooted and floating aquatics can interfere with the

movement and reproduction of fish; bacteria and

red tide organisms such as Gymnodinium and

Gonyaulax may have toxic effects on other orga-

nisms, including man (Rounsefell and Nelson,

1966;Felsing, 1966).

The groups of organisms that may cause nui-

sances or become severe pests include algae (in-

cluding red tide organisms), coelenterates,

sponges, mollusks, such as oyster driUs and mus-

sels, and Crustacea. These organisms are com-

monly encountered in the natural marine environ-

ment. Organisms may become nuisances because

of excessive growth and changes in distribution

patterns and predator-prey relationships. The main
causative factors are excessive and, often, imba-

lanced nutrients, considerable changes in the na-

tural regimes of temperature, turbidity, and salin-

ity, and changes in current patterns.

In some instances, nuisance growths seem to be

directly related to the nutrients that are available.

In other situations, nuisance growths may not be

directly affected by artificial enrichment, so far as

we know, and seem to be more strongly affected

by changes in the temperature, salinity, or turbid-

ity. Included here are various fouling organisms:

barnacles, mussels and other mollusks, polyzoa

tube worms, marine borers, and pests to useful

marine products (oyster drills, boring sponges,

crabs, parasitic fungi, and protozoans), and

swarms of jellyfish, which make bathing in some

coastal waters hazardous during certain seasons.

The effect of increased nutrients may be an in-

crease in the populations of certain species already

present in the environment and a decrease of spe-

cies that are not tolerant of such nutrients. Exam-
ples of such conditions are the increase of Entero-

morpha and sea lettuce. Viva lactuca, in the zone

of mineralization of sewage which occurs in some
areas of the lower Potomac. In areas of higher

salinity, abundant growths of Ascophyllum often

occur in waters containing mineralized effluents

from sewage treatment plants. In Biscayne Bay,

Fla., the following organisms became abundant

under such conditions: the flowering plants, Halo-

phila baillonis and Diplanthera wrightii; and the

echinoderm, Amphioplus abditus. Under heavy

organic enrichment, the algae, Gracilaria blodgettii

and Agardhiella tenera, the worm, Diopatra cu-

pera, and the amphipods, Erichthonius brasiliensis

and Corophium acherusicum, became very com-
mon (McNulty, 1955).

In other cases, an imbalanced organic enrich-

ment together with changes in temperature and
salinity brings about an almost complete change in

the species composing an aquatic community plus

excessive growths of some species. An excellent

example of this type has been described by Ryther

(1954) in his studies of Moriches Bay and Great

South Bay, Long Island. In this area, duck farm
wastes enrich the bay waters with organic com-
pounds that produce a low nitrogen-to-phosphorus

ratio. At the times of the largest algal blooms, low
salinities and high temperatures exist in the area.

As a result, desirable marine diatom species of

Nitzschia which prefer cool water (5 to 25 C), ni-

trates, and nitrites as a source of nitrogen, and are

not benefited by a low N/P ratio (5:1) were re-

placed by Nannochloris atomus and Stichococcus

sp. These species can grow well in nitrates, nitrites,

ammonia, urea, uric acid, and cystine, and prefer

a N/P ratio of 5:1. As Ketchum (1967) points

out, these weed species are undesirable food

sources and the natural productivity of the estuary

is destroyed. Ketchum also points out that the

greatest amount of plankton does not always oc-

cur in the waters of greatest enrichment. This is

because the development of a maximum standing

crop of phytoplankton is also governed by the con-

centration of predators, stability of the water

column, transparency of the water, etc.

Nutrient imbalance may affect the ratio of inor-

ganic phosphate to total phosphorus, here defined

as the sum of inorganic, organic, and particulate

phosphorus. It is known from the work of Pomeroy

(1960) and others that inorganic phosphorus is

rapidly taken up by actively growing plants. At the

same time, inorganic phosphorus is regenerated as

a result of bacterial degradation and excretion by

animals. The net effect over the short run is to pro-

duce a steady state between the various fractions

of phosphorus in the environment. There should

be some ratio of inorganic to total phosphorus in

the euphotic zone that would be characteristic of a

balanced nutrient regime and this ratio should be

lower than the same ratio for the imbalanced

system in which inorganic phosphorus can

accumulate.

Data from Moriches Bay and Great South Bay
on Long Island, Charlestown Pond, R.I., the North

Atlantic, and the North Pacific have been ex-

amined. In the obviously poUuted portion of Mori-

ches Bay, the inorganic total phosphate ratio gen-

erally exceeds 0.6, while the Charlestown Pond, an

uncontaminated estuary of similar characteristics

to Moriches Bay, this ratio was less than 0.4. In
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the open ocean at high latitudes and in the winter

when phytoplankton density is low, the fraction of

inorganic phosphorus may increase to 0.65 or

thereabout.

Recommendation: The ecological factors most often

associated with nuisance growths are changes in the

natural temperature and salinity cycles and increases

in nutrients. The change in any of these factors may
directly or indirectly affect the response of the orga-

nisms to other factors. Increase or decrease in current

and, indirectly, its effect on available nutritional ma-
terials have also been found to be important.

To maintain a balance among nutrients and a bal-

anced biota most conducive to the production of a

desired crop, it is recommended that:

(1) No changes should be made in the basin geom-
etry, current structure, salinity, or temperature of the

estuary without first studying the effects on aquatic life.

For example, these studies should be made before dams
are erected, water diversion projects are constructed,

or dredge and fill operations carried out.

(2) The artificial enrichment of the marine en-

vironment from all sources should not cause any major
quantitative or qualitative alteration in the flora. Pro-

duction of persistant blooms of phytoplankton, whether
toxic or not, dense growths of attached algae or higher

aquatics or any other sort of nuisance that can be
directly attributed to nutrient excess or imbalance
should be avoided. Because these nutrients often are

derived largely from drainage from land, special atten-

tion should be given to correct land management in a

river basin and on the shores of a bay to prevent ero-

sion.

(3) The naturally occurring atomic ratio of NO:i-N

to PO.-P in a body of water should be maintained.

Similarly, the ratio of inorganic phosphorus (ortho-

phosphate) to total phosphorus (the sum of inorganic

phosphorus, dissolved organic phosphorus, and par-

ticulate phosphorus) should be maintained as it occurs

naturally. Imbalances have been shown to bring about

a change in the natural diversity of the desirable orga-

nisms and to reduce productivity.

Toxic Substances

Relatively few of the many substances recog-

nized as potential toxic pollutants of the marine

environment have been studied sufficiently to en-

able us to define their maximum allowable concen-

trations. Specific pollutants and classes of pollu-

tants are discussed in terms of current knowledge.

In some cases, data are adequate to set definite

criteria, while in others, criteria are educated

guesses at best and can serve only as temporary

guidelines.

Lethal concentrations of some persistent sub-

stances as determined by acute toxicity tests are

so low that we are not justified in allowing their

deliberate introduction into the natural environ-

ment. On the other hand, a few waste products

appear to offer little threat to the marine environ-

ment because of their rapid degradation and
dispersal.

Our concern is not primarily with what polluting

substances are present, but whether or not they are

present in sufficiendy large amounts to cause dele-

terious effects on the biota and the environment.

Many naturally occurring substances, including

clean fresh water, would be toxic if discharged into

the estuarine and coastal marine environment in

sufficiently large amounts.

Determination of the toxicity of known and un-

known effluents, either simple or complex mix-

tures, can best be made by determining the reac-

tions of endemic fauna exposed to them at levels

that might be expected in receiving waters. Chemi-
cal assays may determine the presence of such pol-

lutants at levels as low as nanograms per liter, but

biological systems may be affected by even smaller

amounts. Many animals have the ability to accu-

mulate toxic residues of substances present in the

environment in only trace amounts until body resi-

dues are large enough to cause damage when re-

leased internally through normal metabolic proc-

esses. Animals differ in their sensitivity to the same

toxicant and it is essential that toxicity data be

related, in the final analysis, to animals of eco-

nomic importance.

A fundamental concept in attacking the pollu-

tion problem is the assumption that effluents con-

taining foreign materials are harmful and not per-

missible until laboratory tests have shown the

reverse to be true. It is the obligation of the agency

producing the effluent to demonstrate that it is

harmless rather than require pollution abatement

agencies to demonstrate that the effluent is causing

damage.

Specific methods are suggested here for the

determination of the toxicity of proposed effluents.

While certain procedures are desirable, they are

not always reasonable and certain permissible

alternatives are also given.

Basic Bioassay Test: The basic bioassay test

shall consist of a 96-hour exposure of an appro-

priate organism, in numbers adequate to assure

statistical validity, to an array of concentrations of

the substance, or mixture of substances, that will

reveal the level of pollution that will cause ( 1 ) ir-

reversible damage to 50 percent of the test orga-

nisms, and (2) the maximum concentration caus-

ing no apparent effect on the test organisms in

96 hours. Tests should be conducted, when pos-

sible, in a "flow-through" system so that the or-

ganisms are exposed continuously to a fresh

solution of the test material appropriately diluted

with water of the same quality as that at the site

of the proposed discharge. Adequate safeguards
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should be taken to insure that the test will be

conducted under the least favorable environmental

conditions that are allowable in the natural en-

vironment. Tests should be conducted at water

temperatures typical of the mean of maximum
daily temperatures during critical periods at the

proposed effluent discharge site.

Test organisms should be selected either on the

basis of their economic importance in the area

receiving the discharge and their sensitivity or on
the basis of their importance in the food web of

economically important animals. In the event that

organisms meeting these criteria are not suitable

or available for the confined conditions of the tests,

substitute forms endemic to the area may be uti-

lized. Appropriate tests must be undertaken to

demonstrate the relative sensitivity of economi-

cally important species and substitute species to the

test material so that meaningful interpretations of

the data can be made.

Application Factor: It is recognized that the

most obviously deleterious effect of toxic sub-

stances is increased mortality. More subtle changes

such as reduced growth, lowered fecundity, altered

physiology, and induced abnormal behavior pat-

terns may have more disastrous effects on the

continued existence of the species. Evaluations of

such sublethal effects generally will provide more
meaningful guidelines.

It is recognized that there should be an applica-

tion factor for each waste or material and that

these factors may vary widely for these different

wastes and materials. The concept and use of ap-

plication factors is defined and discussed at length

in the toxicity portion of the section on water

quality requirements for fresh water organisms.

Due to a lack of knowledge of application factors

for specific wastes and materials, a single applica-

tion factor to be applied to all wastes is being sug-

gested at this time. This application factor may
require a lower concentration than is necessary in

some instances, particularly for those materials

that are subject to biological degradation, but it is

known that it is not restrictive enough for some
materials. Ideally, the determination of application

factors should be the result of studies for the de-

termination of safe levels of potential toxicants

under long-term or continuous exposure. The ap-

plication factor is the concentration of a material

or waste that is not harmful, divided by the 96-

hour TLn, value for that material. A few applica-

tion factors have been so determined at the Bureau
of Commercial Fisheries Laboratory at Gulf
Breeze, Fla. (unpublished data). In the future, as

application factors are determined for specific sub-

stances, they will replace the recommendation for

the generalized application factor for these particu-

lar materials or wastes. It is clearly understood that

as additional data become available recommenda-
tions on water quality requirements will be
changed so that they conform with the new
knowledge.

Biological Magnification: Biological magnifi-

cation is an additional chronic effect of toxic

pollutants (such as heavy metals, pesticides, radio-

nuclides, bacteria, and viruses) which must be rec-

ognized and examined before clearance can be

given for the disposal of a waste product into na-

tural waters. Many animals, and especially shellfish

such as the oyster, have the ability to remove from

the environment and store in their tissues sub-

stances present at nontoxic levels in the surround-

ing water. This process may continue in the oyster

or fish, for example, until the body burden of the

toxicant reaches such levels that the animal's

death would result if the pollutant were released

into the bloodstream by physiological activity. This

may occur, as in the case of chlorinated hydrocar-

bon pesticides (such as DDT and endrin) stored

in fat depots, when the animals food supply is re-

stricted and the body fat is mobilized. The appear-

ance of the toxicant in the bloodstream causes the

death of the animal. Equally disastrous is the

mobilization of body fat to form sex products

which may contain sufficiently high levels of the

pollutant so that normal development of the young
is impossible.

The biological magnification and storage of

toxic residues of polluting substances and micro-

organisms may have another serious after effect.

Herbivorous and carnivorous fish at lower trophic

stages may gradually build up DDT residues of

1 5 to 20 mg/1 without apparent ill effect. Carniv-

orous fish, mammals, and birds preying on these

contaminated fish may be killed immediately or

suffer irreparable damage because of the pesticide

residue or infectious agent.

In the final analysis, laboratory tests alone are

not sufficient to assess completely the toxic effects

of a substance. These data must be interpreted in

combination with field observations. Criteria es-

tablished under the artificial conditions of labora-

tory tests will probably require adjustment in

the light of later and more prolonged field

observations.

Recommendation : In the absence of toxicity data other

than the 96-hour TL„,, an arbitrary application factor

of Vioo of this amount shall be used as the criterion of

permissible levels.

Additional chronic exposure tests will be conducted
within a reasonable period to demonstrate that the

estimated maximum safe levels as indicated by the
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96-hour TLm and the application factor do not, in fact,

cause decreases in productivity of the test species dur-

ing its life history.

Monitoring the Marine Environment: The chief

problem in monitoring the marine habitat for pol-

lution lies in the fact that the discharge of toxic

materials may be intermittent. This is not neces-

sarily true, but it means that water samples col-

lected periodically reflect only the conditions at

the time they were collected. Significantly higher or

lower levels of pollution may have existed between

sample collections. A second major factor for con-

sideration is that trace amounts of pollutants or

effluent mixtures toxic to the biota may not be

readily susceptible to chemical analysis. For these

reasons, the analysis of resident biota for abnor-

mal changes offers a better tool for interpreting

environmental fluctuations.

Mollusks are being collected for analysis at

monthly intervals in estuaries on both the Atlantic

and Pacific coasts (Butler, 1966 a, b). Analysis

of resident populations by electron capture, gas

chromatographic techniques reveal changes in

residues of 11 of the more common organochloride

pesticides which oysters, mussels, and some spe-

cies of clams readily store. These methods are use-

ful for rapid surveys of recent pollution. By appro-

priate spacing of samples in time and location, it

has been possible to pinpoint sources of pollution.

It is suggested that a monitoring system of this

type, appropriately expanded to include fish and

plankton, would quickly identify areas where pol-

lution problems exist. Suitable analytical tech-

niques are available to make these samples equally

useful for the identification of pollution by heavy

metals and other toxic substances.

Monitoring for the presence of organophosphor-

ous materials is feasible, but less specific for indi-

vidual toxic compounds. This group of pesticides

exerts its toxic effect on living systems by inhibiting

the enzyme acetylcholinesterase, which is essential

to conduction in nerve fibers. The nervous tissue of

fish and some invertebrates, appropriately ana-

lyzed, reveals whether the organism has been ex-

posed to organophosphorous materials within the

past 2 to 4 weeks (Holland, et al., 1967). Identifi-

cation of such changes can be made before toxi-

cant levels are high enough to cause serious

mortalities.

A particularly efficient nonspecific method for

monitoring changes in the estuarine habitat is

based on the periodic collection of sedentary ani-

mals and plants which have attached themselves to

artificial cultch plates. Squares of asbestos cement

boards placed in strategic locations will be utilized

by resident biota as a habitat. At 30-day or shorter

intervals these plates can be changed, the orga-

nisms enumerated, volumetrically measured or

chemically assayed, and an index of their relative

abundance obtained (Butler, 1954).

Such plates have been maintained for nearly 20
years at one laboratory in Florida (Butler, 1965),
and they supply detailed information on the rela-

tive productivity of the environment in relation to

hydrologic changes. They will be equally useful as

monitors of newly introduced pollutants in this

area. The monitoring method of choice—and there

are others besides the ones suggested—will depend
on the specific environment and the animals of

particular interest. No one method will be adequate

and a combination of methods should provide the

most information in the shortest time period.

Pesticides: Pesticides may be described as na-

tural and synthetic materials used to control un-

wanted or noxious animals and plants. They exert

their effect as contact or systemic poisons, as repel-

lents, or in some cases as attractants. It is conveni-

ent to classify them according to their major usage

such as fungicides, herbicides, insecticides, fumi-

gants, and rodenticides. Although data are not

available as to the total amount of pesticides used

in the United States, total production figures (in-

cluding exports) show that more than 875 million

pounds were produced in 1965. This represents an

increase of approximately 10 percent over 1964,

and more than a fivefold increase in the past two

decades. In recent years, the use of herbicides has

increased relatively more rapidly than that of other

pesticides. In 1964, more than 100 million acres of

the continental United States were treated with

some kind of pesticide. The trend in pesticide pro-

duction is towards the manufacture of more granu-

lar formulations. This physical adsorption of the

pesticide on clay particles makes possible better

control during application and should result in less

dissipation of the chemical into atmosphere and

into nontarget areas.

Despite better control of pesticide applications,

their dispersal in drainage systems and possible

eventual accumulation in estuaries makes our

coastal fisheries especially vulnerable to their toxic

effects. Estuarine oyster populations, juvenile

shrimp, crab, and menhaden, for example, all

occupy the habitat where fresh and salt water mix

and where deposition of river silt with its load of

adsorbed pollutants takes place. Laboratory tests

show that these economically important animals

are especially sensitive to the toxic effects of low

levels of pesticides. Oysters, for example, will exist

in the presence of DDT at levels as high as 0-1

mg/1 in the environment. But at levels 1,000 times

less (0.1 /xg/1), oyster growth or production
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would be only 20 percent of normal, shrimp popu-

lations would suffer a 20-percent mortality, and

menhaden would suffer a disastrous mortality.

Some insecticides are toxic enough to kill 50 per-

cent or more of shrimp populations after 48 hours

exposure to concentrations of only 30 to 50 nano-

grams per liter of the compound.

Pesticides may be classified by their chemical

affinities and a large number of economically im-

portant insecticides are chlorinated hydrocarbon

compounds. These include the well-known DDT
and aldrin-toxaphene group. Typically, these are

persistent compounds, but they may be degraded

by living systems into less toxic metabolites. As
residues in soil and marine sediments, they may
persist unchanged for many years and conse-

quently present a continuing threat to animal

communities. As a general rule, the acute toxicity

of this group of pesticides increases with the level

of metabolic activity so that their presence may
cause two or three times more damage in summer
than in winter months.

The organophosphorous pesticides are also pri-

marily insecticides. Typically, they hydrolyze or

break down into less toxic products much more
readily than the organochloride compounds. Prac-

tically all persist for less than a year, while some
last only a few days in the environment. Most of

them are degraded rather quickly in warm water

and consequently are more hazardous to aquatic

animals at winter rather than summer tempera-

tures. They exhibit a wide range of toxicity, both

more and less damaging to marine fauna than the

organochlorides. They are usually preferable as

control agents because of their relatively short life.

Other major chemical categories including the

carbamates, arsenicals, and 2,4-D and 2,4,5-T

compounds are generally, but not necessarily, less

toxic to marine biota.

Pesticides registered for uses which might per-

mit their dispersal into the marine environment

must be evaluated for their toxic effect on oysters,

fish, and shrimp. Consequendy, there is a con-

siderable amount of information on the 48 or 96-

hour TLni values of these compounds. Unfortu-

nately, information is still lacking on their long-

term effects at sublethal levels on the productivity

of economically important marine species.

The extreme sensitivity of marine crustaceans,

such as crabs, lobsters, and shrimp, to the array of

insecticides is to be expected because of their phy-

logenetic relationship with terrestrial arthropods.

In general, shrimp are also much more sensitive

than fish or oysters to the other pesticides. This fact

and their economic importance make shrimp a
valuable yardstick for establishing safe levels of

pesticides that might be expected as toxicants in

the marine environment.

A much broader spectrum of pesticide pollutants

can be anticipated in the fresh water (salinity

<0.5 %o) zones of tidal estuaries. Fresh water

criteria listed in another section will apply under

these circumstances.

Recommendation: The pesticides are grouped accord-

ing to their relative toxicity to shrimp, one of the most
sensitive groups of marine organisms. Criteria are based

on the best estimates in the light of present knowledge
and it is expected that acceptable levels of toxic ma-
terials may be changed as the result of future research.

Pesticide group A.—^The following chemicals are

acutely toxic at concentrations of 5 /ig/1 and less. On
the assumption that Hoo of this level represents a rea-

sonable application factor, it is recommended that en-

vironmental levels of these substances not be permitted

to rise above 50 nanograms/ 1. This criterion is so low
that these pesticides could not be applied directly in

or near the marine habitat without danger of causing

damage. The 48-hour TL„ is listed for each chemical

in parts per billion (Mg/1).

Organochloride pesticides

Aldrin ^ 0.04 DDT 0.6

BHC 2.0

Chlordane 2.0

Endrin 0.2

Heptachlor 0.2

Lindane 0.2

Dieldrin 0.3

Endosulfan 0.2

Methoxychlor 4.0

Perthane 3.0

TDE 3.0

Toxaphene 3.0

Organophosphorous pesticides

Coumaphos 2.0 Naled 3.0

Dursban 3.0 Parathion 1.0

Fenthion 0.03 Ronnel 5.0

Pesticide group B.—The following types of pesticide

compounds generally are not acutely toxic at concen-
trations of 1 mg/1 or less. It is recommended that an
application factor of Hoo be used and, in the absence of

acute toxicity data that environmental levels of not

more than 10 Mg/1 be permitted.

Arsenicals

Botanicals

Carbamates

2,4-D compounds

2,4,5-T compounds.

Phthalic acid compounds.

Triazine compounds.

Substituted urea compounds.

Other pesticides.—Acute toxicity data are available

for approximately one hundred technical grade pesti-

cides in general use not listed in the above groups. These
chemicals either are not likely to reach the marine en-

vironment, or, if used as directed by the registered

label, probably would not occur at levels toxic to marine
biota. It is presumed that criteria established for these

chemicals in fresh water will protect adequately the

marine habitat. It should be emphasized that no un-
listed chemical should be discharged into the estuary or
coastal water without preliminary biossay tests and the

establishment of an adequate application factor.

83



Heavy Metals: Heavy metal salts in solution

may constitute a very serious form of pollution

because they are stable compounds, not readily

removed by oxidation, precipitation, or any other

natural process. A characteristic feature of heavy

metal pollution is its persistence in time as well as

in space for years after the pollutional operations

have ceased.

The number of substances that may be described

as "poisonous" is very large and they vary enor-

mously in the degree of their effect. For man and

other air-breathing animals, the threshold dose of

a toxic material generally means the maximum
quantity that can be taken without causing death.

For aquatic animals living in a water environment

containing a toxic substance, the situation is some-

what different. Instead of receiving an absolute

quantity at one time, they are being continually

exposed to a given concentration of the toxic mate-

rial. This is similar to a man regularly drinking

water containing lead or breathing air containing a

noxious gas or vapor. It is not surprising, therefore,

that the student of pollution problems turns his at-

tention toward the concentration of the poison he

is investigating and the manner in which the effect

is related to this, rather than to the absolute

amount required to harm or kill. Animals have the

ability to eliminate poisons at least to some degree

or even to destroy them. Their ability to do this at

a rate permitting survival depends on the concen-

tration of the toxic material to which they are

exposed.

One of the characteristics of living cells is their

abihty to take up elements from a solution against

a concentration gradient. This is perhaps most ob-

vious for marine organisms, especially for auto-

trophic algae which obtain all their nutrients di-

rectly from seawater. The ability of marine

organisms to concentrate elements above that level

found in their environment has been recognized

for some time. The following points should be

noted in relation to their concentrating ability.

( 1 ) All elements are concentrated to a degree

with the exception of chlorine, which is rejected,

and sodium, which is weakly rejected. The concen-

tration factors are of the order of one for bromine,

fluorine, magnesium, sodium, and sulfur, and

higher for all other elements.

(2) Among cations (including metallic ele-

ments such as iron, which may exist as colloids in

the sea), the order of affinity for living matter is,

generally: tetravalent and trivalent elements> di-

valent transition elements> divalent group II-A

metals> univalent group I metals. The tetravalent

and trivalent subgroup have rather different afiini-

•ties for plankton and brown algae.
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plankton: Fe>Al>Tl>Cr, Si>Ga
brown algae: Fe>La>Cr>Ga>Li>Al>Si

Similar differences are found between these orga-

nisms in their affinities for the divalent transition

metals.

plankton: Zn>Pb>Cu>Mn>Co>Ni>Cd
brown algae: Pb>Mn>Zn>Cu, Cd>Co>Ni

Of interest is the affinity of both organisms for lead,

which has no known biological function.

It is clear that the heavier elements in these

groups tend to be more readily taken up than the

lighter ones, which may be connected with their

greater, ease of polarization.

(3) The order of affinity of living matter for

anions is:

nitrate> trivalent anions> divalent anions>
univalent anions

It is probable that most polyvalent metallic ele-

ments are more or less chelated by organic matter.

The main features of the uptake of ions by cells

can be accounted for by assuming that another

process operates apart from simple diffusion. This

process is called active uptake and is closely linked

with metabolic activities within the cell. The meta-

bolic processes provide the energy necessary for

the uptake against a concentration gradient. Active

uptake has a larger temperature coefficient than

does uptake by diffusion. In long-term experi-

ments, the effect of temperature is probably com-

plicated by increased rates of growth, cell division,

and so on. Active uptake requires oxygen and oc-

curs only in cells which are respiring freely. Sub-

stances which inhibit respiration also inhibit up-

take of ions. The rate of uptake of ions may be

limited either by the rate of exchange at the cell

membrane or by bulk phase diffusion inside the

cell. The former is usually limiting for ions present

at low external concentration and the latter for

ions at high external concentrations. It has been

suggested that bulk phase diffusion limits the rates

of uptake of most cations. There appears to be at

least two active transport systems in addition to

the diffusion processes. A large number of theories

have been advanced to explain active transport.

One of the most popular is the carrier hypothesis.

Accordingly, the ions are transported across mem-
branes as chelates with metabolically produced or-

ganic molecules.

Uptake by invertebrate animals.—The most

primitive animals, the unicellular protozoa, take

up ions from solution by diffusion in the same

ways as do algae. Many marine species have

vacuoles and these are able to open at intervals

and extrude fluid from the cell. The vacuole regu-



lates the osmotic pressure of the cell and thus con-

trols its volume.

Multicellular invertebrate animals can be di-

vided into two groups as far as uptake is con-

cerned: those with permeable integuments and

those without. The majority of marine inverte-

brates (colenterates, annelids, mollusks, and

echinoderms) have soft bodies with permeable

integuments through which ions can diffuse freely.

In this situation, the body fluid or blood is quite

similar to sea water in composition. The gills of

mollusks are coated with a layer of complex carbo-

hydrate sulfates which may function as ion ex-

changers. The gills of marine Crustacea, which

have hard impermeable carapaces, are fully per-

meable to water and salts.

Mode of toxic action.—An element is said to be

toxic if it injures the growth or metabolism of an

organism when supplied above a certain concen-

tration. All elements are toxic at high concentra-

tions and some are notorious poisons even at low

concentrations. For example, the essential micro-

nutrient, copper, which is a necessary constituent

of all organisms, is highly toxic at quite small con-

centrations. The other essential micronutrients are

also toxic when supplied in excess, though not all

in such striking fashion. There is an optimum range

of concentration, which is sometimes quite narrow,

for the supply of each element to each organism.

When excessive amounts of an element are fed

to an organism, they frequently cause death. The
usual measure of the amount required to cause

death is called the LD50. This is the amount which,

when fed to each individual in a population, kills

half of the population. The LD^o is an imprecise

measure unless it is qualified by specifying:

( 1 ) The chemical state of the element.

(2) The means of feeding.

(3) The age or developmental stage of the

organism.

(4) The time elapsed between feeding and

death.

The most important mechanism of toxic action

is thought to be the poisoning of enzyme systems.

The more electronegative metals, notably copper,

mercury, and silver, have a great affinity for amino,

imino, and sulfhydryl groups which are doubtless

reactive sites on many enzymes. These metals are

readily chelated by organic molecules. We thus

have discovered attempts to correlate metal toxi-

cities with such factors as their electronegativities,

the insolubility of their sulfides, or the order of

stability of their chelated derivatives:

(1) Order of electronegativities of some diva-

lent metals : Hg>Cu> Sn> Pb> Ni>Co>
Cd>Fe>Zn>Mn>Mg>Ca>Sr>Ba

(2) Order of stabihty products of the sulfides:

Hg>Cu>Pb>Cd>Co>Ni>Zn>
Fe>Mn>Sn>Mg>Ca

(3) Order of stability of chelates: Hg>Cu>
Ni>Pb>Co>Zn>Cd>Fe>Mn>Mg>
Ca.

It appears likely that all the divalent transition

metals, as well as the other electronegative metals,

that form insoluble sulfides, such as Ag, Mo, Sb,

Tl, and W, are poisons by virtue of their reactivity

with proteins and especially with enzymes. In view

of the large number of enzymes in living cells, the

variations in toxicity indicated above are hardly

surprising. Studies have shown that metals giving

rise to similar toxic effects may be acting on quite

unrelated enzymes and also many more atoms of

metal are absorbed by an inactivated enzyme than

are required to block the reactive sites. Other

modes of toxic action are:

( 1 ) Substances behaving as antimetabolites.

This might be arsenate and chlorate occu-

pying sites for phosphates and nitrates,

respectively. (Fluoride, borate, bromate,

permanganate, antimonate, selenate, tellu-

rate, tungstate, and beryllium.)

(2) Substances forming stable precipitates or

chelates with essential metabolites. (Al,

Be, Sc, Ti, Y, Zr, reacting with phosphate,

Ba with sulfate, or Fe with ATP.)

(3) Substances catalyzing the decomposition of

essential metabolites. (La and other lan-

thanide cations decompose ATP.)

(4) Substances combining with the cell mem-
brane and affecting its permeability. (Au,

Cd, Cu, Hg, Pb, U.) These elements may
affect transport of sodium, potassium,

chlorine, or organic molecules across mem-
branes or even rupture them.

(5) Substances replacing structurally or elec-

trochemically important elements in the

cell and then failing to function. (Li replac-

ing Na, Cs replacing K, or Br replacing

CI.)

Metal-organic compounds may be either more
toxic than the metal ion (ethyl mercuric chloride)

or much less so (cupric ion and copper salicyl-

aldoxime).

Silver.—Silver is present in seawater in a con-

centration of about 0.0003 mg/1. It is found in

marine algae at concentrations up to 0.25 mg/1

and in marine mammals in the range of 1 to 3 mg/1

(Vinogradov, 1953). It is highly toxic to plants

and mammals.

Arsenic.—Arsenic is found to a small extent in

nature in the elemental form. It occurs mostly in

the form of arsenites of true metals or as pyrites.
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Its major commercial use is for pesticides (insects,

weeds, fungi). Arsenic is cumulative in the tissues

of many organisms and, therefore, it eventually

exerts its effects even though the environmental

level is low. It has been demonstrated to be a pos-

sible carcinogen in water.

Arsenic is found in seawater at a concentration

of about 0.003 mg/1. It has been found in marine

plants at concentrations up to 30 mg/1 and is high-

est in the brown algae. It is found in marine ani-

mals in a range of 0.005 to 0.3 mg/1. It is accumu-

lated by coelenterates, some mollusks, and

crustaceans (Vinogradov, 1953). It is moderately

toxic to plants and highly toxic to animals especi-

ally as AsHa.

Arsenic trioxide, which also is exceedingly toxic,

was studied in concentrations of 1.96 to 40 mg/1

and found to be harmful to fish or other aquatic

life. Work by the Washington Department of Fish-

eries (1944) on pink salmon has shown that at a

level of 5.3 mg/1 of AS2O3 for 8 days was extremely

harmful to this species. Ellis (1937), using the

same compound on mussels at a level of 1 6 mg/I,

found it to be quite lethal in 3 to 16 days. Surber

and Meehan (1931) carried out an extensive study

on the toxicity of AsoO^ to many different fish food

organisms. Their results indicated that important

fish food organisms can tolerate an application rate

of 2 mg/1 of As.,03. The amount actually in the

water is considerably less.

Cadmium.—The elemental form of cadmium

is insoluble in water. It occurs largely as the sulfide

which is often an impurity in zinc ores.

Cadmium is found in seawater at a level of less

than 0.08 mg/1. Its level in marine plants is ap-

proximately 0.4 mg/1, while in marine animals a

range of 0.15 to 3 mg/1 has been found. It is low-

est in the calcareous tissues and is accumulated

within the viscera of the moUusk, Pecten novazet-

landicae (Brooks and Rumsby, 1965). Cadmium
is moderately toxic to all organisms and it is a

cumulative poison in mammals.

Cadmium is used widely industrially to alloy

with copper, lead, silver, aluminum, and nickel. It

is also used in electroplating, ceramics, pigmenta-

tion, photography, and nuclear reactors. Cadmium
salts sometimes are used as insecticides and anti-

helminthics. The chloride, nitrate, and sulfate of

cadmium are highly soluble in water. The carbo-

nate and hydroxide are insoluble, thus cadmium
will be precipitated at high pH values.

Most quantitative data on the toxicity of cad-

mium are based on specific salts of the metal. Ex-

pressed as cadmium, these data indicate that the

acute lethal level for fish varies from about 0.01 to

about 10 mg/1 depending on the test animal, the

type of water, temperature, and time of exposure.

Cadmium acts synergistically with other substances

to increase toxicity. Concentrations of 0.03 mg/1
in combination with 0.15 mg/1 zinc causes mor-
tality of salmon fry (Hublou, et al., 1954)

.

Pringle (in press), in a study of adult American
Eastern oysters, Crassostrea virginica, found an 8-

week TL,„ value of 0.2 mg/1 of Cd^+[Cd(N03)2]
and a 15-week TLn, value of 0.1 mg/1.

The most obvious effect, in addition to lethality,

was lack of shell growth. A similar study on the

clam, Mercenaria mercenaria, indicated that a

much longer period of exposure at the same con-

centration was required to kill half of the test

organisms.

Chromium.—Chromium is found in seawater at

a concentration of 0.00005 mg/1. Marine plants

contain approximately 1.0 mg/1 while marine ani-

mals contain chromium within a range of 0.2 to

1.0 mg/1. Chromium compounds may be present

in wastes from many industrial processes or they

may be discharged in chromium-treated cooling

waters. The toxicity of chromium varies with the

species, temperature, pH, its valence, and synergis-

tic or antagonistic effects (especially with hard-

ness). Most evidence points to the fact that under

long-term exposure the hexavalent form is no more
toxic towards fish than the trivalent form. Doudor-

off and Katz (1953), studied the effect of Y^jCr^i^

on mummichaugs and found that they tolerated a

200 mg/1 level in sea water for over a week.

The effects of hexavalent chromium on photo-

synthesis by the giant kelp, Macrocystis pyrijera,

were as follows: at 1 mg/1 chromium, photosyn-

thesis was not diminished by 2 days contact. It

was reduced 10 to 20 percent by 5 days contact

and 20 to 30 percent after 7 to 9 days. The con-

centration of chromium required to cause a 50-per-

cent inactivation of photosynthesis in 4 days was

estimated at 5 mg/1 (Clendenning and North,

1958, 1960; North and Clendenning, 1958, 1959).

Haydu (unpublished data) studied oyster mor-

talities and his results point out the long-term ef-

fects of low concentrations of chromium, molybde-

num, and nickel. The levels of all three metals were

in the range of 10 to 12 ^g/1 over a 2-year period.

In addition, his data indicated that there were sea-

sonal variations. The mortalities at these levels in-s

creased with an increase in temperature. Approxi-

mately 63 to 73 percent of the mortalities occurred

in the period of May through July, perhaps due to

increased physiological activity (increased feeding

and higher pumping rates)

.

This study substantiates the available evidence

indicating that as the environmental level of these

metals increases, the ingestion-elimination balance
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is upset, causing accumulation to take place.

Raymont and Shields (1964), in studies with

the small prawn, Leander squilla, found a thresh-

old level of a litde less than 5 mg/1 Cr. Thus, at

chromium concentrations ranging from 10 to 80

mg/1 Cr, 100-percent mortality occurred in 1

week; at 5 mg/1 Cr no deaths occurred in 1 week
although a few animals died over the subsequent

21 days. Larger prawns of the same species ap-

peared to be considerably more resistant to chro-

mium poisoning. The threshold was about 10 mg/1
Cr. Raymont and Shields in additional experiments

on the toxicity of chromium to crustaceans (the

shore crab, Carcinus maenas), indicated that chro-

mium concentrations above 50 mg/1 (NaoCrOi)

were definitely toxic for a period of exposure of

12 days. At 60 mg/1 Cr, 50-percent mortality oc-

curred after 12 days. At 40 mg/1 Cr, 9 percent

died within 1 2 days, while at 20 mg/1, an 8-percent

mortality was observed. In studies on the marine

polychaete worm, Nereis virens, these same inves-

tigators working in the range of 2 to 10 mg/1 Cr
found that there was heavy mortality with all solu-

tions in 2 to 3 weeks. The threchold of toxicity ap-

pears to be at about 1.0 mg/1 Cr level.

Pringle (in press), in experiments using a well-

controlled, flow-through system and chromium
concentrations of 0.1 and 0.2 mg/1 (NajCroO,),

showed the average weekly mortality to be ap-

proximately 1 percent over a 20-week period. This

was about the same as that for the sea water

controls.

Copper.—Copper is found in seawater at a level

of 0.003 mg/1. It is found in marine plants at

about 1 1 mg/1, while marine animals are found to

contain 4 to 50 mg/1. It is accumulated by some
sponges and is essential for the respiratory pig-

ment in the blood of certain annelids, Crustacea,

and mollusks. In excess, it is highly toxic to algae,

seed plants, and to invertebrates and moderately

toxic to mammals. Copper is not considered to be

a cumulative systemic poison like lead or mercury.

The toxicity of copper to aquatic organisms

varies significantly not only with the species but

also with the physical and chemical characteristics

of the water. Copper acts synergistically with zinc,

cadmium, and mercury, yet there is a sparing

action with calcium.

Barnacles and related marine fouling organisms

were killed in 2 hours by 10 to 30 mg/1 copper.

Clarke (1947) showed that the mussel, Mytilus

edulis, was killed in 12 hours by 0.55 mg/1. Lob-
sters transferred to tanks lined with copper after

living in aluminum, stainless steel, and iron tanks

for 2 months, died within 1 day. Copper is concen-

trated by plankton from surrounding water in

ratios of 1,000 to 5,000 or more (Krumholz and
Foster, 1957).

Concentrations of copper above 0.1 to 0.5

mg/1 were found to be toxic to oysters by Galtsoff

(1932). The 96-hour TLn, for oysters was esti-

mated at 1.9 mg/1 (Fujiya, 1960). Oysters cul-

tured in waters containing 0.13 to 0.5 mg/1 ac-

cumulated copper in their tissues and became unfit

as a food substance. Pringle (in press) found the

soft clam, Mya arenaria, extremely sensitive to

copper. At a concentration of 0.5 mg/1, 100-per-

cent mortality took place in 3 days. Using a 0.2

mg/1 concentration at 10 and 20 C, all clams died

within 23 days at the lower temperature, while at

the higher temperature all succumbed in 6 to 8

days. When 0.1 mg/1 Cu at 20 C was used, all

animals died in 10 to 12 days. Raymont and

Shields (1964) in studies with the marine poly-

chaete worm Nereis, showed that a concentration

of 1.5 mg/1 Cu was lethal in 2 to 3 days, and con-

centrations exceeding 0.05 mg/1 Cu were lethal in

approximately 4 days.

Clendenning and North (1958, 1960) and

North and Clendenning (1958, 1959) evaluated

the effect of copper (from the chloride and sulfate

salts) on the rate of photosynthesis of the giant

kelp, Macrocystis pyrijera. With 0.1 mg/1 of cop-

per, net photosynthesis was inhibited by 50 percent

in 2 to 5 days and 70 percent in 7 to 9 days. Visi-

ble injury appeared in 10 days. Copper was
slightly less toxic than mercury but more so than

nickel, chromium, lead, or zinc. Marvin, Lansford,

and Wheeler (1961) found 0.05 mg/1 Cu toxic to

Gymnodinium breve (red tide organism).

Mercury.—Mercury is found in seawater at a

level of 0.00003 mg/1. It is found in marine plants

at approximately 0.03 mg/1.

Irukayama (1966) reported on a mercurial pol-

lution incident in Japan, which was first recognized

in 1953. A severe neurological disorder resulted in

the area^of Minamata Bay as a result of eating fish

and shellfish from these waters. Many species of

animals including waterfowl were succumbing to

the "disease" called Minamata disease. Clinical

features were cerebellar ataxia, constriction of vis-

ual fields, and dysarithia. Pathological findings

were regressive changes in the cerebellum and

cerebral cortices. Investigation through 1965 sug-

gested that the main cause was the spent factory

waste of the Kanose Factory upstream from the

Minamata Bay area. Methyl mercury compounds,
waste byproducts from the acetaldehyde synthesis

process, were being discharged and concentrated

especially in shellfish.

Ukeles (1962) made a study of pure cultures of
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marine phytoplankton in the presence of toxicants.

One of the toxic materials used was lignasan

(ethyl mercury phosphate) a bactericide-fungi-

cide. She found lignasan to be lethal to all species

at 0.06 mg/1 and 0.0006 was the highest level used

not causing drastic inhibition of growth.

Clendenning and North (1960) and North and

Clendenning (1958) found that 0.5 mg/1 of mer-

cury added as mercuric chloride caused a 50-per-

cent inactivation of photosynthesis of the giant

kelp, Macrocystis pyrifera, during a 4-day expo-

sure. A concentration of 0.1 mg/1 caused a 15-

percent decrease in photosynthesis in 1 day and

complete inactivation in 4 days. Mercury was more

toxic than copper, hexavalent chromium, zinc,

nickel, or lead. For phytoplankton, the minimum
lethal concentration of mercury salts has been re-

ported to range from 0.9 to 60 mg/1 of mercury

(Hueper, 1960). The toxic effects of mercury salts

are accentuated by the presence of trace amounts

of copper (Comer and Sparrow, 1956).

Lead.—Lead is found as a local pollutant of

rivers near mines and from the combustion of

leaded gasolines. The lead concentration in sea-

water is in the order of 0.00003 mg/1. It is found

in marine plants at a level of approximately 8.4

mg/1. Residues in marine animals reach a concen-

tration in the range of 0.5 mg/1. It is highest in

calcareous tissue.

Wilder (1952) found that lobsters died within

20 days when kept in lead-lined tanks, while in

steel-lined and other types of tanks, they survived

for 60 days or longer.

North and Clendenning (1958) found that lead

was less toxic to the giant kelp, Macrocystis pyri-

fera, than mercury, copper, hexavalent chromium,

zinc, or nickel.

Pringle (unpublished data), in studies on the

effects of lead on the Eastern oyster, Crassostrea

virginica, found a 12-week TLn, value of 0.5 mg/1

and an 18-week TL^ value of 0.3 mg/1. Concen-

trations of 0.1 to 0.2 mg/1 induced noticeable

changes in mande and gonadal tissue under 12

weeks of exposure.

Nickel.—Nickel is found in sea water in a con-

centration of about 0.0054 mg/1. Marine plants

contain up to 3 mg/1 and this may be higher in

plankton. Marine animals contain levels in the

range of 0.4025 mg/1. Nickel pollution is caused

by industrial smoke and other wastes. It is very

toxic to most plants but less so to animals. Haydu
(unpublished data), in long-term studies with oys-

ters, found that a level of 0.121 mg/1 nickel

caused considerable mortality.

Zinc.—Zinc is found in sea water in a concen-

tration of 0.01 mg/1. Marine plants may contain

up to 150 mg/1 of zinc. Marine animals contain

zinc in the range of 6 to 1500 mg/1. It is accumu-
lated by some species of coelenterates and mol-

lusks. Speer (1928) reports that very small

amounts of zinc are dangerous to oysters.

Clendenning and North (1960) and North and
Clendenning (1958) tested the effect of zinc sul-

fate on the giant kelp, Macrocystis pyrifera. Four-

day exposure to 1.31 mg/1 of zinc showed no ap-

preciable effect on the rate of photosynthesis, but

10 mg/1 caused a 50-percent inactivation of kelp.

Other Toxicants

Ammonia-ammonium compounds.—Ammonia
is found in the discharge of many industrial wastes.

It has been shown that at a level of 1 .0 mg/1 NH3,
the ability of hemoglobin to combine with oxygen

is impaired and fish may suffocate. Evidence indi-

cates that ammonia exerts a considerable toxic ef-

fect on all aquatic life within a range of less than

1.0 mg/1 to 25 mg/1, depending on the pH and

dissolved oxygen level present.

Cyanides.—Hydrocyanic acid or hydrogen cya-

nide and its salts, the cyanides, are important in-

dustrial chemicals. The acid and its salts are

extremely poisonous.

Hydrogen cyanide is largely dissociated at pH
levels above 8.2 and its toxicity increases with a

decrease in pH. The toxic action of cyanides in-

creases rapidly with a rise in temperature.

Fish can recover from short exposure to con-

centrations of less than 1.0 mg/1 (which seems to

act as an anaesthetic) when removed to water free

of cyanide. They appear to be able to convert cya-

nide to thiocyanate, an ion that is not inhibitory

on the respiratory enzymes. Complex cyanides

formed by the reaction of CN with zinc or cad-

mium are much more toxic. However, the reaction

between CN and nickel produces a cyanide com-
plex less toxic than the CN itself at high pH levels.

Sulfides.—Sulfides in water are a result of the

natural processes of decomposition, sewage, and

industrial wastes such as those from oil refineries,

tanneries, pulp and paper mills, textile mills,

chemical plants, and gas manufacturing facilities.

Most toxicity data available are based on fresh

water fish. Concentrations in the range of less than

1.0 mg/1 to 25.0 mg/1 are lethal in 1 to 3 days.

Fluorides.—Fluorides are present in varying

amounts in the earth's crust. They are used as in-

secticides as well as in water treatment and many
other uses. While normally not present in industrial

wastes, they may be present in trace or higher con-

centrations due to spillage. Data in fresh water in-

dicate that they are toxic to fish at concentrations

higher than 1.5 mg/1.

Detergents and surfactants.—During the past



twenty years, synthetic detergents have replaced

a majority of the soap products. Concern about

their importance in pollution was heightened by

the visible evidence of their foaming in the Na-

tion's waterways. Their toxicity to the aquatic

fauna has been very extensively studied, but for

the most part it is difficult to establish safe criteria

because of the varying conditions of the tests. Rela-

tively little bioassay work on their effects on marine

biota has been published, but it is indicated that,

unlike soap, detergents are more toxic in highly

saline water than they would be in the fresh water

areas of tidal estuaries (Eisler, 1965; Eisler and

Derrel, 1966).

The 96-hour TL^, values of an ABS detergent

to five species of marine fish ranged from 7 to

22 mg/1 (Eisler, 1965). Marine kelp were more
sensitive and photosynthesis was inhibited 50 per-

cent after 96-hour exposures to about 1.0 mg/1.

Pathogenic organisms.—Oysters, clams, and

mussels have a demonstrated ability to accumulate

microorganisms, including bacteria and viruses,

from their aquatic environments and to serve as

a vehicle for the transmission of these micro-

organisms to their consumers (U.S. DHEW, 1956,

1958, 1962, 1965a; Liu, et al., 1967).

Controls to prevent the transmission of disease

through this route have been provided in the

United States through the National Shellfish Sani-

tation Program (NSSP) administered by the Pub-

lic Health Service, Department of Health, Educa-

tion, and Welfare on the behalf of the interested

State and Federal agencies and the shellfish in-

dustry (1965b). This program has established

bacteriological quality standards for those waters

from which shellfish are to be harvested for direct

marketing. These standards, as described in the

NSSP Manual of Operation, should be observed

for those estuarine areas used for commercial pro-

duction of shellfish for direct marketing (U.S.

DHEW, 1965). The standards that are applied to

shellfish harvesting areas have been revised peri-

odically through the mechanism of a shellfish sani-

tation workshop held at 2 or 3-year intervals. As
these standards are revised so should the water

quality criteria be modified.

Tar, gas, and coke wastes.—The distillation of

coal for the production of gas, coke, and tarry ma-
terials used in the manufacture of dyes and vari-

ous organic chemicals results in a watery waste

known as ammoniacal gas liquor, the disposal of

which can cause detrimental effects. Ammoniacal
gas liquor contains free ammonia, ammonium
salts, cyanide, sulfide, thiocyanate, and a variety

of aromatic compounds including pyridine,

phenols, cresols, xylenols, and aromatic acids.

After treatment to remove ammonia, the waste is

called "spent gas liquor." Phenol or carboxylic

acid is the most abundant of its many phenolic

substances, probably the most dangerous to fish.

Phenolic substances are also present in materials

used in road surfacing, sheep dips, and many in-

dustrial wastes such as those associated with the

manufacture of plastics, dyes, and disinfectants.

Gas liquor, discharged untreated to a stream, has

an extremely high oxygen demand, many times

greater than that of sewage. These various groups

of organic substances produce a variety of effects

on fish varying from intoxication and anaesthesia

to paralysis and death.

Pure compounds representative of these groups

found in such coal tar wastes have been shown to

be toxic in ranges of 2 to 75 mg/1 for cresols and

0.1 to 50 mg/1 for phenols, for fresh water fish

and lower aquatic life.

Petroleum refining and petrochemical wastes.

—

The volatile components of petroleum consist

mainly of aliphatic hydrocarbons. In addition to

paraffins and olefins, some petroleums contain

relatively high percentages of naphthenes and

aromatic hydrocarbons. The less volatile fractions

of petroleum are used as fuels, lubricants, and

construction materials (asphalt). These substances

are somewhat more irritating to the skin and some
are carcinogenic, but less so than coal tar products.

Pulp and paper manufacturing wastes.—^The

types of pulp produced and pulping technology

have undergone considerable change in the last

20 years and the trend continues. Modem pulp-

mills are geared to produce a variety of pulp

grades due to the increasing demands for specialty

products. The characteristics of the waste waters

from these specialty pulp grades can vary con-

siderably. An example of this can be seen in the

BOD loadings of the following sulfite grade pulps

produced in a west coast mill:

Paper making—130 lb BOD/ADT (air dry

ton).

Alpha hardwood—300 Ib/ADT.

FAC-SAC—450 Ib/ADT.

The major pulping processes include kraft, sul-

fite, semichemical, and nonchemical such as

groundwood. The kraft process accounts for ap-

proximately 75 percent of the total pulp produc-

tion in the United States. The number of mills

using the sulfite process are declining, some are

being converted to the kraft process.

From the standpoint of water pollution, kraft

and sulfite mills are of great signfficance. The prin-

cipal problems associated with pulpmill wastes are

toxicity, depressed DO's, and slime growths. Clear-

cut cases of acute toxicity attributable to pulpmill

wastes in modern times seldom exist except when
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spiUs or other accidents occur. It is much more

common to encounter problems related to slime

growths, depressed DO's, and to long-term or

chronic effects on the biota.

A substantial portion of pulpmill wastes includ-

ing the toxic components are very amenable to

microbial degradation. In one study, kraft mill

wastes were found to be nontoxic to oysters at a

dilution of 1:20 when the BOD of the waste was

reduced by 80 percent employing biological treat-

ment. In a similar study, the toxicity of kraft

wastes to silver salmon was found to diminish pro-

portionally to the degree of BOD reduction above

50 percent, again using biological treatment. The
results of a recent study by scientists of the Inter-

national Pacific Salmon Commission indicate a

fairly close relationship between BOD reduction

and decrease in the toxicity of kraft wastes. They

found no apparent toxicity to salmon when the

BOD was reduced by 65 percent. While similar

studies have not been made with sulfite liquors,

there is some evidence that the toxic components

of this waste are also degradable. It is important to

recognize that the biological mechanism or degra-

dation involved in secondary treatment is essen-

tially similar to that in receiving waters. Given

sufficient time, the process of degradation of the

toxic components of pulp wastes also take place in

receiving waters.

Because of the great complexity and variability

of pulpmill wastes, it is difficult to find a satisfac-

tory expression for concentration. Attempts have

been made to relate toxicity to BOD, COD, total

solids, PBI (Pearl Benson Index—a measure of

the lignin content of pulp wastes), and various

reference animals. There is a general relationship

with all of these criteria; i.e., the higher the values,

the greater the toxicity. Pulpmill dosages or dilu-

tions have been used in bioassays on the basis of

applied initial BOD. The response of the test ani-

mals has been found to vary considerably to given

concentrations of applied BOD even from the

wastes of the same mill. This would indicate that

the concentration of toxicants in the total biolog-

ically amenable fraction is subject to considerable

variation. This would not only explain the lack of

a good relationship between the toxicity and initial

BOD, but it would also explain why, on the other

hand, there can coexist a good relationship be-

tween BOD reduction and reduction in toxicity.

The latter is subject to degradation regardless of

the proportions of toxicants and the other to bio-

degradable substances-

The shortcomings of BOD as an expression of

the concentration of toxicity would seem to be

equally applicable to the PBI test. This test has

been recommended as a measure of SWL (sulfite

waste liquor) concentration. It measures the

lignins in SWL which constitute an appropriate

substance for tracing in receiving waters and for

analysis due to their stability and high concentra-

tions. As indicated earlier, critical tests to deter-

mine the relationship between BOD reduction and
reduction in toxicity have not been conducted with

SWL. Nevertheless, there is sufficient evidence to

indicate that the toxic components of SWL also

reside in the biodegradable fraction and are also

degradable. The composition of SWL in receiving

waters at different distances from the point of dis-

charge would therefore differ even though similar

PBI values may occur. The toxicity of fresh SWL
at a PBI concentration of 50 mg/1 would be much
greater than of biologically stabilized SWL at the

same PBI concentration. There is clear indication

that further study of SWL toxicity and biodegrada-

tion is necessary.

The toxicity of kraft and sulfite wastes to

aquatic life is amply reported in the literature.

Deleterious effects produced by SWL (generally

considered less toxic than kraft wastes) are re-

ported from PBI values as low as 2.0 mg/1 for

oyster larvae to concentrations greater than 1,000

mg/1 for the adult clams Mya and Macoma. Long-

term bioassays with Pacific and Kumamoto
oysters, carried out at Oregon State University

using calcium-base SWL (10 percent solids),

showed no adverse effects at 50 mg/1 after 266

days of exposure. Slightly deleterious effects were

noted at 100 mg/1, indicating maximum safe

limits lie between 50 to 100 mg/1. Continuing field

studies at Grays Harbor, Wash., support these

findings. In bioassays conducted in salt water by

the Washington State Department of Fisheries, sal-

mon exposed for 30 days to concentrations of ap-

proximately 500 mg/1 of 10-percent SWL showed

no apparent ill effects. Herring eggs, on the other

hand, were adversely affected at concentrations

greater than 96 mg/1.

The apparent tolerance level for salmon in salt

water using kraft wastes was found by the above

investigation to range from dilutions of 1:16 to

1:90 after 14 to 30 days of exposure. Growth

studies conducted at Oregon State University by

the National Council for Stream Improvement

using raw kraft wastes in fresh water showed no

adverse effects to salmonid fishes after 3 to 5

weeks exposure in dilutions of 1:100. English (in

press), in his field studies of the English sole in

Puget Sound, reports a sustained and thriving

fishery in an area affected by SWL. Recent work

by the Federal Water Pollution Control Adminis-

tration (USDI 1967a) in Puget Sound showed
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damage to oyster larvae and developing English

sole eggs at concentrations greater than 10 mg/1

of 10-percent SWL. According to this report,

oyster growth and market condition is adversely

affected and phytoplankton productivity is in-

hibited at SWL concentrations over 50 mg/1.

Determining the toxicity of complex wastes like

oil, refinery petrochemicals, and pulpmill wastes

presents a number of problems. For one thing,

they contain many known and, perhaps, equally

as many unknown toxic substances in small quan-

tities. The toxicological and other physical and

chemical characteristics can vary considerably dur-

ing any given day, in any given plant, due to

changes in processes, sources of supplies, and the

end product being produced. Considerable varia-

tion in effluent characteristics can occur even in a

1-day period. The resulting wastes from these in-

dustries contain upwards of several hundreds of

compounds representing a number of homologous

series of compounds from different organic groups.

This complexity is augmented by the treatment of

the wastes, as well as by the spectrum of products

manufactured from the complex starting material

used. The relative ability to react biochemicahy

and to exert an oxygen demand is characteristic of

organic materials of such primary significance.

Many groups or series of compounds indicated

to be present in such wastes have been shown to

be toxic in varying degrees to aquatic life. It is

extremely difficult at this time, however, to place a

concentration limit or set threshold criteria for

such complex systems and hence should be indi-

vidually bioassayed and their discharge managed

accordingly.

Waterfront and boating activities.—Increasing

activities by commercial, military, and recreational

vessel operators raise the specter of introduction of

toxic materials in quantities sufficient to affect

marine organisms adversely. This is particularly

likely in the case of confined waters of small tidal

tributaries, lagoons, embayments, and other ma-
rine areas employed as harbors.

Toxic materials are used to prevent activities of

boring and fouling marine organisms. Usually,

however, every effort is bent in the case of toxic

coatings to prevent rapid release of toxic materials

into the environment since rapid loss reduces ef-

fectiveness of such coatings and increases costs.

Some leaching is unavoidable—even necessary.

Thus, the presence in confined harbors of many
vessels whose bottoms are coated with toxic mate-

rials already presents hazards in some places. This

would be especially true after spring "fitting out"

for small boats.

Boatowners, boat and boatyard operators, fish-

ing and commercial pier and marina operators are

not especially noted for the care extended to

nearby waters. Commonly, everything that can be

is flushed or jettisoned into the water. Purposeful

discharges are many—though perhaps decreasing

as emphasis on water pollution has increased.

Paint leaching, paint spillage, oil and gasoline

spillage, detergents, wood preservatives, ex-

hausted containers, metallic objects of all types

(zinc, copper, brass, iron, etc.), and other jetsam

contribute to contamination from these sources.

Except for confined areas where there are many
of these operations such as large shipyards, major
military and commercial anchorages, and large

and small boat anchorages, it is doubtful that tox-

icity from these operations is of serious proportions

in tidal waters at this point. As with other fouling

or contaminating activities of society, however,

efforts should be made to keep biological damage
from these sources to a minimum. Some discharges

are controllable and should fall under the same
rules as industrial or community discharges. In the

case of large marinas, shipyards, or major anchor-

ages, requirements suggested elsewhere may have

to be applied. Future research should include spe-

cific attention to this aspect.

Similar comments can be made about water-

front structures and port operations. There is con-

siderable use of toxic materials in preservation of

wood, steel, and masonry structures used on ma-
rine waterfronts. Discharge of toxic materials,

surfactants, petroleum products, other materials

and jetsam is common. Similar recommendations

can be made for control and research as those for

boat, boatyard, and vessel operations.

Disposal of laboratory wastes.—The rapid

growth of marine sciences during the past decade

is reflected in an ever-increasing number of sta-

tions and laboratories engaged in the study of

various aspects of oceanography. These institu-

tions are located along the entire coastline of the

United States: 28 on the Atlantic, 12 on the Gulf,

and 29 on the Pacific. About 2,500 persons (in-

vestigators, students, technicians, and laboratory

assistants) are employed in these 66 establish-

ments (Hiatt, 1963).

The above number includes institutions operated

by Federal and State governments, by universities

or privately endowed concerns which receive their

main support from the government and national

foundations. Other laboratories, hospitals, and re-

search institutions operated by industrial concerns

for their specific needs are not included in this

total. The laboratories range from small establish-

ments, with less than four investigators, to very

large institutions employing or providing research

space for 200 to 500 investigators.
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The types of research cover various fields of

biology, microbiology, experimental physiology,

biochemistry, chemistry, biophysics, molecular

biology, radiobiology, fishery biology, fishery man-

agement, and industrial research. Consequently,

the effluents discharged into estuarine and coastal

waters vary from ordinary household sewage to

mixtures containing an array of organic and inor-

ganic compounds, drugs, and radioactive isotopes.

The composition of these effluents cannot be pre-

dicted with certainty because the type of research

varies gready from year to year. The laboratory

effluent is separated usually from the sea water

system, which as a rule has independent plumbing,

but is mixed with the domestic sewage and fre-

quendy is discharged into natural waters. When
many scientific establishments are concentrated in

a relatively small area, the situation may become

serious. Chlorinated raw sewage entering the

harbor a short distance from shore may be caught

by a tidal eddy and for several hours circulate

close to the sea water intakes of several labora-

tories before it is carried out by tides.

To maintain desired water quality requirements

for aquatic life, it is necessary to separate labora-

tory effluents from domestic sewage and provide

treatment that renders them harmless to aquatic

biota. Under no conditions should highly toxic

chemical compounds or drugs be permitted to be

discharged into natural waters if toxic concentra-

tions of them can be detected by chemical and

physical methods.

Many marine laboratories are utilizing exotic

and endemic microorganisms, some pathogenic,

in research. Extreme caution must be exercised to

prevent contamination of water by introduction

of biological materials which can harm marine

organisms.

Laboratory administrators should be responsible

for the periodical examination of the toxicity of

the effluent discharged into natural waters by their

institutions.

Recommendation: (1) Allowable concentrations of

metals, ammonia, cyanides, and sulfides should be

determined by the use of 96-hour TLm values and

appropriate application factors. Preferably, the TLm
values should be determined by flow-through bioassays

in which environmental factors are maintained at levels

under which these materials are most toxic. Tests

should utilize the most sensitive life stage of species of

ecological or economic importance in the area. Tenta-

tively, it is suggested that application factors should

be Hoo for pesticides and metals, Yzo for ammonia,
lAo for cyanide, and %o for sulfides.

(2) There is evidence that fluorides are accumula-
tive in organisms. It is tentatively suggested that

allowable levels should not exceed those for drinking

water.

(3) The further dilution of wastes in marine waters

suggests that the adoption of criteria established for

detergents and surfactants in fresh water also will

protect adequately biota in the marine environment.

(4) Bacteriological criteria of estuarine waters

ultilized for shellfish cultivation and harvesting should

conform with the standards as described in the Na-
tional Shellfish Sanitation Program Manual of Opera-

tion. These standards provide that:

(a) Examinations shall be conducted in accord-

ance with the American Public Health Association

recommended procedures for the examination of

sea water and shellfish.

(b) There shall be no direct discharges of un-

treated sewage.

(c) Samples of water for bacteriological examina-

tion to be collected under those conditions of time

and tide which produce maximum concentration of

bacteria.

(d) The coliform median MPN of the water does

not exceed 70/100 ml, and not more than 10 percent

of the samples ordinarily exceed an MPN of 230/

100 ml for a 5-tube decimal dilution test (or 330/

100 ml where the 3-tube decimal dilution test is

used) in those portions of the area most probably

exposed to fecal contamination during the most un-

favorable hydrographic and pollution conditions.

(e) The reliability of nearby waste treatment

plants shall be considered in the approval of areas

for direct harvesting.

(5) It is also essential to monitor continuously waste

from tar, gas, and coke, petroleum refinery, petrochemi-

cal, and pulp and paper mill operations. They all

produce complex wastes of great variability, not only

from facility to facility, but also from day to day.

This should be done on an individual basis with bio-

assays. These tests should be made at frequent inter-

vals to determine TLm values as described for other

wastes. For the more persistant toxicants, an applica-

tion factor of %oo should be used while for unstable or

biodegradable materials an application of %o is tenta-

tively suggested.

(6) Concentration of other materials with noncumu-
lative toxic eff'ects should not exceed '-io of the 96-hour

TLm value. For toxicants with cumulative effects, the

concentrations should not exceed Yio and Hoo for the

above respective values.

When two or more toxic materials that have additive

effects are present at the same time in the receiving

water, some reduction in the permissible concentrations

as derived from bioassays on individual substances is

necessary. The amount of reduction required is a func-

tion of both the number of toxic materials present and

their concentrations with respect to the derived per-

missible concentration. An appropriate means of assur-

ing that the combined amounts of the several substances

do not exceed a permissible combination for the mix-

ture is through the use of following relationship:

Ct
C. Cb -£-:

Where C, Cb . . . C„ are the measured concentra-

tions of the several toxic materials in the water and

La, Lb . . . L„ are the respective permissible concen-

trations (limits) derived for the materials on an in-

dividual basis. Should the sum of the several fractions

exceed one, then a local restriction on the concentra-

tion of one or more of the substances is necessary.
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wildlife

WILDLIFE require water of a quality ade-

quate to maintain their health, as well as

optimum production of beneficial biota in their

environment. A healthy animal is one that can

survive to an average lifespan, display normal be-

havior and migration patterns, and reproduce suc-

cessfully. We are fully as concerned with the

impact of pollution on the wildlife habitat as we
are with the direct or indirect efEects on the vari-

ous species of wildlife. Optimum production of

beneficial biota in the multifarious wildlife habitats

implies maintenance of natural, balanced ecosys-

tems unaltered by pollution.

Wildlife is defined herein as all species of mam-
mals, birds, reptiles, and amphibians. Because of

the dependence of waterfowl on aquatic habitats,

their needs form the primary basis for definition

of water quality requirements for wildlife. In most

instances, water quality satisfactory for waterfowl

and their habitat would be satisfactory for most

other wildlife species. It is axiomatic that water

quality that can be tolerated by, and is productive

of, fish and their food organisms is generally ade-

quate for waterfowl and their habitat. Indeed, fish

and many of the organisms upon which they feed

are also important in the diet of many species of

wildlife; e.g., pelicans, loons, mergansers, other

ducks, herons, otters, bears, raccoons, snakes, alli-

gators, etc. It is obvious that requirements for sur-

vival of fish and aquatic organisms also constitute

the same requirements for preservation of the wild-

life habitat. Because of the greater sensitivity of

fish and their food organisms to pollution, much
more intensive research has been required and

conducted with those forms than with wildlife.

The water quality requirements stipulated for

fish and aquatic organisms generally are acceptable

for wildlife in regard to the following environ-

mental factors and materials: dissolved oxygen,

temperature, pH, carbon dioxide, alkalinity, hard-

ness, salinity, sulfides, ammonia, nutrients, floating

materials, surface active agents, tainting materials,

radionuclides, heavy metals, pesticides, and other

chemicals. Certain of these factors including DO,
pH, alkalinity, salinity, light, settleable solids, oil,

and nuisance growths must be considered in their

special relations to wildlife and waterfowl and

their habitats. These are discussed separately.

Dissolved oxygen

In waterfowl habitats, in addition to DO re-

quirements for the open water, there is need to

keep the bottom aerobic for the suppression of

botulinus organisms. Botulism, caused by Clos-

93



tridium botulinum, has killed millions of water

birds. Jensen and Williams (1964) state "When
conditions are favorable—suitable temperature,

an organic medium to satisfy food requirements,

and an absence of atmospheric oxygen (the orga-

nism is a strict anaerobe)—the spores germinate

and multiply." Although the exact qualities of the

water favoring its production cannot always be

categorized, anaerobic conditions in shallow, fringe

areas of ponds or reservoirs often are indicted as

contributory to botulism outbreaks. Maintenance

of adequate water circulation in all parts of these

shallow reservoirs might deter production of the

toxic bacteria. Also, accumulation of organic

wastes from mills and other sources should be

prevented in aquatic habitats, particularly where

botulism has been a problem.

PH

The chapter in Waterfowl Tomorrow, by Mc-
Callum (1964), entitled "Clean Water, and

Enough of It," summarizes many of the water pol-

ludon problems of aquatic habitats. McCallum
states "Acid mine water has destroyed or seriously

damaged the waterfowl value of more than 4,000

miles of streams in the United States. Working as

well as abandoned coal mines discharge an esti-

mated 3.5 million tons or more of acid each year

into streams, most of them east of the Mississippi

River." Mardn and Uhler (1939) point to the fact

that "acidity may affect the growth of plants by

checking the work of nitrifying bacteria and

thereby preventing the normal decay of humus, or

by increasing the accumulation of carbon dioxide

and accompanying toxic organic substances."

In bioassays with aquatic plants, Sincock

(1966) found that when the pH of the water in

some test vessels dropped to 4.5, readhead-grass

(Potamogeton perjoUatus), a valuable waterfowl

food plant, died within a few days. Similarly, in

Back Bay, Va., between August and November,

1963, the aquatic plant production in pounds per

acre declined from 1 64 to 1 3 ; this atypical decline

was immediately preceded by an atypical decline

in pH to 6 5 compared to previous midsummer
readings of 7.7 to 8.5.

Generally, the submerged aquatic plants of

greatest value as waterfowl foods thrive best in

waters with a summer pH range of 7.0 to 9.2.

Alkalinity

bicarbonate alkalinity. Few waters with less than

25 mg/1 bicarbonate alkalinity can be classed

among the better waterfowl habitats. Many water-

fowl habitats productive of valuable waterfowl

foods, such as sago pondweed {Potamogeton

pectinatus) , widgeongrass (Riippia maritima and

R. occidentalis) , banana waterlily (Castalia

flava), wild celery {Vallisneria americana) and

others, have a bicarbonate alkalinity range of 35

to 200 mg/1.

Definitive, submerged aquatic plant communi-
ties develop in waters with different concentrations

of bicarbonate alkalinity. It is logical to presume

that excessive and prolonged fluctuation in alkalin-

ity would not be conducive to stabilization of any

one plant community type. There is not sufficient

experimental evidence available to define the ef-

fects of various degrees and rates of change in

alkalinity on aquatic plant communities. Fluctua-

tions of 50 mg/1 probably would contribute to

unstable plant communities. Fluctuations of this

magnitude are quite possible due to canals con-

necting watersheds, diversion of irrigation water,

flood diversion canals, etc.

Salinity

Generally, waters with reasonably high bicar-

bonate alkalinity are more productive of valuable

waterfowl food plants than are waters with low

Salinity may have a twofold effect on wildlife: a

direct one affecting the body processes of the spe-

cies involved and an indirect one altering the en-

vironment, making living and species perpetuation

difficult or impossible.

Direct Effect of Salinity

A review of the available literature produced

very little information on possible effects of salinity

upon game mammals. There was a single reference

made in which a 0.9-percent solution of sodium

chloride was listed as innocuous to mammals
(Selye, 1943).

As evidenced by the literature, salinity has a

very detrimental effect on all of the domestic

species of the order Galliformes (chickens and

turkeys). A solution of 0.9-percent sodium chlo-

ride used by Barred Rock chickens for drinking

purposes was extremely toxic, causing numerous

deaths (Krista, et al., 1961). The birds exhibited

water retention in the body and marked renal

changes. While working with turkey poults, it was

found that a 0.5-percent sodium chloride solution

was fatal to 50 percent of the individuals tested

and in addition that various sodium compounds
(sodium citrate, sodium carbonate) in 0.75- per-

cent solutions also were very toxic (Scrivner,
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1946) . There was a significant drop in egg produc-

tion by wliite leghorn chickens that drank a 1.0-

percent salt solution and a 0.7-percent salt solution

used for drinking water caused a significant mor-

tality in day-old chicks. It is reported that a 0-52-

percent salt solution used for drinking water

retarded growth in domestic chickens (Rosenberg

and Sess, 1954). Using a 0.35-percent salt solu-

tion for drinking water increased mortality of baby

chicks, however, water containing 0.30, 0.26, and

0.25 percent salt was nontoxic (Doll, et al., 1946).

Correlation of this toxicity to avian game was

indicated when a group of ornamental pheasants

(order Galliformes) and chickens were salt poi-

soned; all the pheasants succumbed, but only a

few of the chickens (Field and Evans, 1946).

Young ducklings were killed or retarded in growth

as a result of salt poisoning by solutions equal to

those found on the Suisun Marsh, Calif., during

the summer months (Suisun Marsh is formed by

the combined deltas of several rivers; i.e., Sacra-

mento, San Joaquin, and the Middle River. Grif-

fith, 1963). Salinity maxima during July (1956 to

1960) varied from 0.55 to 1.74 percent; the

means varied from 0.07 to 1.26 percent. During

3 of these years the mean salinity level exceeded

levels reported as causing mortality in domestic

chickens. Adult quail preferred dehydration to

drinking water having a salt concentration that

would be fatal to juvenile chickens and detrimental

to egg production (Bartholemew and MacMillan,

1961).

These conditions must be kept in mind because

there is a potential hazard of a sodium compound
buildup in the Lower Colorado River area to levels

that would be toxic to avian game.

Indirect Effects of Salinity

Indirect effects of salinity on wildlife would gen-

erally be restricted to that action imposed upon the

vegetative growth along the river. Modification of

a segment of the associated vegetation can result

in a complete change in the environment. The
game animals affected by a modification of sub-

mergent and emergent vegetation would be mainly

the various species of waterfowl.

Different habitats, of use to a great variety of

wildlife, develop under different concentrations of

salinity. In coastal areas, where the salinity gen-

erally represents various dilutions of sea water, the

habitats can be categorized as fresh to slightly

brackish (0 to 3.5%o), moderately brackish (3.5

to 13.5%c), and strongly brackish to marine

(13.5 to 35.0%o). Valuable submerged aquatic

plants occurring in the first category are bushy

pondweed, Najas quadalupensis, northern naiad,

Najas flexilis, several pondweeds, Potamogeton

spp., wild celery, Vallisneria americana, and

watershield, Brasenia schreber.

In moderately brackish waters, some of the

better waterfowl foods are sago pondweed, Pota-

mogeton pectinatus, muskgrasses, Chara spp,

homed pondweed, ZanichelUa pahistris, and a few

pondweeds, Potamogeton spp-, that thrive in both

fresh waters and moderately brackish waters.

Important food plants for waterfowl in the most

saline waters are widgeongrass, Ruppia maritima,

shoalgrass, Diplanthera wrighti, spiny naiad, Najas

marina, and eelgrass, Zostera marina.

Probably the most important consideration, in

regard solely to salinity and the plant communities

which develop, is the degree of fluctuation. Ob-
servations and bioassays by Bourn (1932), Martin

and Uhler (1939), Sincock (unpublished data),

and others have demonstrated the destructive ef-

fects of rapid fluctuations in salinity on aquatic

plants. Plasmolysis of the tender leaves and stems,

induced by changes in osmotic presure of the

varied water salinities, results in death of the

plants.

Based on empirical knowledge, it is believed

that salinity fluctuations in a 24-hour period could

be 1, 2, and A^cc in each of the three respective

salinity classes without causing harm to most of

the aquatic plants.

Emergent marsh plants also have varying toler-

ances to water salinity; generally, they are not as

sensitive to minor changes as are the submerged

aquatic plants. Fresh water marshes are normally

much more productive of wildlife food plants than

strongly saline marshes.

The reaction of vegetation associated with

waterfowl marshes to salinity has become an im-

portant consideration in the management of those

marshes. Salinity of 6%c and above is detrimental

to many prime, submergent waterfowl food plants

(Tester, 1963). Controlled salinity levels, how-

ever, have become a valuable tool in marsh man-

agement. Undesirable marsh plants can be con-

trolled or eliminated and desirable plants encour-

aged by manipulation of salinity levels (California

Department of Fish and Game, 1963). For ex-

ample, the seeds of cattail (an undesirable plant)

will not germinate in a solution having 7 mmhos
conductivity while alkali bulrush (desirable plant)

will germinate in solutions of up to 9 mmhos con-

ductivity (Kauship, 1963). Therefore, raising

salinity levels to 8 mmhos conductivity would

eliminate cattail, but allow alkali bulrush to

flourish.

The germination of seeds and the growth of
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seedlings are critical stages in the plant-salinity

relationship; plants become more tolerant to salin-

ity with age. Adult plants of cattail, hard-stem

bulrush, and alkali bulrush can withstand saline

solutions of 10, 15, and 18 mmhos conductivity,

respectively.

There is an increasing amount of cultivation of

agricultural crops for waterfowl feeding purposes

(barley and Bermuda pasture grass) on waterfowl

management areas along the lower Colorado River

(Land, personal communication). An increasing

level of salinity in the river, if the crops are irri-

gated with river water, may have a detrimental

effect upon this practice. It has been stated that

alkali bulrush grows in soil having salinity levels

well above the survival range of agricultural crops

(Nelson, 1953). Therefore, though natural marsh

growth along the lower Colorado River should not

be affected by an increase in salinity, artificially

developed waterfowl feeding areas on wildlife

management areas may be detrimentally affected.

Factors Associated with Increased Salinity

There are three other aspects of water quality

that are normally associated with irrigation return

water. They are toxic residues, turbidity, and high

temperature.

These waters may contain toxic residues of

insecticides and herbicides used as a part of agri-

cultural practices, which may affect avian game
species (Rudd and Genelly, 1956). Turbidity has

a very definite effect on submerged aquatic plants,

limiting growth or even eliminating all submergent

vegetation. Another characteristic of irrigation

return water is high temperature. A rise in tem-

perature causes an amplification of the effects of

salinity upon vegetative growth (Ani and Powers,

1938).

Assessment of any of these possible sources of

wildlife damage would necessitate thorough ex-

amination of existing conditions for correlation to

projected conditions.

Light penetration

Algae, turbidity from silts and clays, and color

of the water all affect one environmental factor of

major importance in the productivity of aquatic

wildlife habitat—light penetration of the water.

The results of many of man's activities, including

agriculture, industry, navigation, channelization,

dredging, land modification, and eutrophication

from sewage or fertilizers, often reduce light trans-

mission to the degree that aquatic angiosperms of

value to wildlife cannot grow.

Bioassays and field studies by Bourn (1932)
and Sincock (unpublished data) demonstrated

that at least 5 percent of the total incident light at

the surface was required for growth of several

aquatic plants (as measured while the sun was
near its apex, between 10 a.m. and 2 p.m.). Opti-

mum production occurred where 10 to 15 percent

of the light reached the bottom. Most aquatic

plants will grow in water depths of 6 feet or more
if sufficient light is available. For optimum growth

in aquatic wildlife habitats the light at the 6-foot

depth should be 10 percent of incident light at the

surface; tolerable limits would be 5 percent of the

light at the surface to the same depth. In situ deter-

minations of light penetration, as measured with a

subsurface photometer, provide the best indication

of suitability for plant growth.

Observations have indicated that prolonged ex-

clusion of adequate light results in the destruction

of submerged aquatic plants; the period during

which the plants must endure less than 5 percent

of the incident light at the surface should probably

not exceed 7 consecutive days if they are to

survive.

Of course, light penetration and the factors

affecting it; e.g., turbidity, color, and algal con-

centrations, vary in intensity daily, seasonally, and

annually. In most areas, the submerged aquatic

plants die back in the fall and winter and the

quantity of light required becomes less critical as

a requirement. In the spring and summer, how-
ever, sufficient light is imperative to growth.

Settleabie substances

Accumulation of silt deposits is destructive to

aquatic plants, not only by the associated turbidity,

but by the creation of a soft, semiliquid sub-

stratum inadequate for anchoring the roots. Back
Bay, Va., and Currituck Sound, N.C., serve as

examples of the destructive nature of silt deposi-

tion. Approximately 40 square miles of bottom are

covered with soft, semiliquid silts up to 5 inches

deep; these areas, constituting one-fifth of the total

area, produce only 1 percent of the total aquatic

plant production.

Waterbirds, muskrats, otters, and many other

wildlife species require water that is free of surface

oil. Studies by Hartung (1965) demonstrated that

egg laying was inhibited when mallards ingested

small quantities of oil. When oil from the plumage

was coated on mallard eggs, it reduced hatching

from 80 to 21 percent. The full significance of this
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type of damage to wildlife populations is unknown.
Dramatic losses of waterbirds (ducks, geese,

coot, swans, gannets, murres, and others) result

from contamination of the plumage by oil from the

surface of the water. Once the bird's plumage is

soaked with oil, the bird loses its natural insula-

tion to the cold and dies. Many hundreds of thou-

sands of birds have died from oil pollution in

some years in North American waters.

Oil that settles to the bottom of aquatic habitats

can blanket large areas and destroy the plants and
animals of value to waterfowl. Reportedly, some
oil sludges on the bottoms of aquatic habitats tend

to concentrate pesticides, thus creating a double

hazard to waterfowl that would pick up these con-

taminants in their normal feeding process.

Pesticides

No pesticides should occur in water to the

degree that they affect the health, reproduction,

and natural growth of wildlife. Although tolerable

limits of pesticides for fish and aquatic inverte-

brates presently serves as the best guideline to

limits that might not cause excessive harm to wild-

life, we must call attention to the paucity of our
knowledge on the significance of biological mag-
nification. Keith (1966) and Hickey, Keith, and
Coon (1966) reported 14 ^g/1 of DDT and its

metabolites in lake bottom muds. About 50 times

that quantity was reported in amphipods (Ponto-

poreia affinis), 500 times as much in fish and old

squaw ducks, and 15,000 times as much in herring

gulls that ate the fish. Reproduction of the gulls

decreased.

DDT residues in wildlife are cosmopolitan, oc-

curring even in penguins from the Antarctic. Con-
centration of insecticides in the flesh of edible wild

animals poses a potential hazard to man's well

being. Recently, the hunting season for pheasants

in California was closed for a while because of

concern about secondary poisoning to man.

In our infinite ignorance of the dynamics of

biological magnification in wildlife habitats, toler-

able limits for pesticides in water cannot be real-

istically established.

Seldom do we observe mass mortality of wildlife

from pesticide application, but occasionally iso-

lated examples occur. Sincock (personal com-
munication) observed an aerial spraying operation

of 2 pounds of toxaphene and 1 pound of DDT
per acre for armyworm control on soybeans in

Virginia in September 1960; 2 days later he was
called to determine the cause of death of several

geese and ducks penned in the area. Dead fish in

adjacent canals also confirmed the presumptive
diagnosis of death from pesticidal poisoning.

Nuisance and toxic growths

Algae present several problems to wildlife and
their habitat. Excessive blooms can reduce light

penetration, as already mentioned; Nostoc spp.

and other colonial algae often attach to higher

aquatic plants and virtually weigh them to the

bottom, causing their destruction. Cladophora sp.

growths in Great South Bay, Long Island, have
become a major problem as a result of fertilization

by sewage effluents and wastes from duck farms.

Although problems with sewage disposal occur
throughout the Nation, some of the most severe

occur in small, coastal resort areas that must ac-

commodate a massive influx of tourists during the

warm, summer season, along with the skyrocketing

use of boats with toilet facilities.

Sincock, Inglis, and Irby (unpublished data)

contacted most agencies concerned with pollution

and conservation problems along the Atlantic and
Gulf Coast in August 1966. Many examples of

sewage pollution were found. One large southern

city dumped 15 million gallons of untreated

sewage each day into its harbor. Another mid-

Atlantic city had major problems with odors

caused by the disintegration of sea lettuce {Viva

lactuca) that thrived upon sewage effluent in the

harbor.

Several of our national wildlife refuges are,

unfortunately, downstream from the inflow of

treated and untreated sewage. The problems in-

clude offensive odors, sterility of the entire aquatic

biota, excessive algal blooms that exclude light,

and toxic algae. Some algae, e.g., sea lettuce, re-

portedly taint the flesh of brant and other water-

fowl that consume it.

Several of the blue-green algae are toxic. Olson

(1964) states, "When a toxic strain becomes
predominant in a water bloom, hundreds of birds

may die in a few hours. Then any living creature

that drinks the water is a potential victim, and
shorelines may be strewn with bodies of mammals,
land birds, and waterfowl." Gorham (1964),
discussing livestock and wildlife poisoning from
his notable research on algae poisoning, states

"Five species have been most implicated in such

poisonings: Microcystis aeruginosa (including

Mic. toxica), Anabaena flos-aquae (including /In.

lemmermannii) , Aphanizomenon flos-aquae,

Gloetrichia echinulata, and Coelospaerium kutz-

ingeanum." In controlled tests, Olson (1964)
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found that time of death was generally related to

the size of the dose. Four teaspoonfuls of an un-

concentrated suspension of Anabaena lemmer-

manni killed a great blue heron in 14 minutes.

Olson further states "Extensive algae blooms are

potentially dangerous to waterfowl, especially

where the principal component is Anabaena flos-

aquae or Anabaena lemmermanni, . . . To fore-

stall wildfowl losses, it would be desirable to keep

surface waters free of heavy algae growths".

Lead poisoning

The most demonstrative cause of waterfowl

mortality from pollution is lead poisoning. Twelve

million pounds of lead shot are expended annually

over the Nation's best waterfowl habitats. The
shot remains there relatively unchanged. Water-

fowl frequently ingest these shot and die. Annual
mortality is estimated at roughly 1 million birds.

The major ammunition companies and several

conservation organizations currently are conduct-

ing research to develop a relatively nontoxic shot;

this endeavor should be continued until a satis-

factory solution is discovered and this annual

source of pollution is stopped. A change in shot-

type and adjustment of industry to its production

and use would seem possible in 4 years.

Disease

An understanding of the ecological relationships

of wildlife disease, water pollution, and water

quality characteristics is yet to be obtained.

Botulism, fowl cholera, and aspergillosis all can

affect birds in aquatic habitats. Although certain

conditions of temperature, alkalinity, organic mat-

ter, and other factors in the environment are

suspect as contributing to disease outbreaks no

exact parameters can be defined. Offal from poul-

try houses, dumped directly into estuaries in

Maine, was suspected of causing recent wildlife

losses from fowl cholera.

no species become extinct because of water pollu-

tion.

The bald eagle, the symbol of the United States,

has declined drastically in parts of the United

States. Studies are underway to determine the

cause. Although pesticides are largely suspect, it

has been suggested that lead poisoning, due to

eating ducks that died from crippling or lead

poisoning, might be involved.

Water quality requirements for endangered

species of fish and wildlife should receive State and

Federal review on all applicable interstate waters

and be of the highest quality obtainable.

Recommendation: To preserve suitable waterfowl

food plants, salinity fluctuations in a 24-hour period

should not exceed \%r in fresh to slightly brackish water

(0 to "i.S'/cc); I'U in moderately brackish water (3.5 to

13. 5%^); and A7cc in strongly brackish to marine waters

(13.5 to 35^^.).

For optimum growth of aquatic food plants, at least

10 percent of incident light at the water surface should

reach a depth of 6 feet. Light penetration to this depth

must not be less than 5 percent of the incident light.

To prevent the destruction of food plants, reductions

in light below the 5-percent levels should not prevail

for more than 7 days. This is especially important dur-

ing the local growing season.

The submerged aquatic plants of greatest value as

wildfowl foods thrive best in waters with a summer pH
range of 7.0 to 9.2.

For the protection of water birds, the habitat

should be free of oil. No pesticides should occur in the

water at concentrations which adversely affect the

health and use of wildlife either directly or through

accumulation of these materials which render them
unfit for food of other wildlife or for man. Levels satis-

factory for aquatic organisms should also be safe for

wildlife, but biological magnification must be con-

sidered.

Fertilization by the addition of organic wastes, fer-

tilizers, or other materials should be so limite'd that

nuisance growths are not induced.

Rare and endangered species of wildlife

Finally, it is believed that the preservation of

individual wildlife species presents a challenge

and obligation to this generation and to those that

follow. To meet this challenge environmental re-

quirements for wildlife must be maintained so that

98



literature cited

(1) Albersmeyer, W., and L. V. Erichsen. 1959.

Investigations on the effects of tar constituents

in waste waters. Z. Fisch. 8(1/3) : 29-65.

(2) Allee, W. C, a. E. Emerson, O. Park, T. Park,

and K. P. Schmidt. 1949. Principles of ani-

mal ecology. W. B. Saunders Co. Philadelphia.

837 pp.

(i) American Fisheries Society. 1960. A list of

common and scientific names of fishes from the

United States and Canada. 2d ed. Spec. Publ.

No. 2. 102 pp.

(4) American Petroleum Institute. 1949. Waste
water containing oil. In: Manual of Refinery

Wastes, Sect. 1,4th ed.

(5) American Society of Qvil Engineers. Com-
mittee ON Thermal Pollution, Sanitary En-
gineering Division. 1967. BibHography on
thermal pollution. I. San. Eng. Div., Amer. Soc.

CivilEng., Proc. 93(SA 3): 85-113.

(6) American Society for Testing and Materials.
Tentative method of test for evaluating inhibi-

tory toxicity of industrial waste waters. ASTM
Standards, par. 23: 517-525.

(7) Anderson, B. G. 1950. The apparent thresh-

olds of toxicity to Daphnia magna for chlorides

of various metals when added to Lake Erie water.

Amer. Fish. Soc. Trans. 78: 96.

(S) Andrews, J. D. 1964. Effects of river flow

regulation by Salem Church Dam on marine

organisms. Va. Inst. Mar. Sci. Spec. Scientific

Rep. Appl. Mar. Sci. Ocean Eng. No. 4. 20 p.

(9) Ani, S. M., and W. L. Powers. 1938. Salt

tolerances of plants at various temperatures.

Plant Physiol. 13:767-789.

(10) Bandt, H. J. 1955. Fischereischuden durch

phenolabwasser. Wasserwitrsch.-Wassertech. 9:

1.

(11) Bardach, J. E., M. FujryA, and A. Holl. 1965.

Detergents: Effects on the chemical senses of

the fish Ictaliirus natalis (leSueur). Science 148:

1605.

(12) Barlow, J. P. 1955. Physical and biological

processes determining the distribution of zoo-

plankton in a tidal estuary. Biol. Bull. 109(2):

211-225.

(13) Bartholemew, G. W., and R. E. MacMillan.
1961. Water economy of the California quail

and its use of sea water. The Auk. 78(4):

505-514.

(14) Berry, A. E. 1951. Survey of industrial wastes

in the Lake Huron-Lake Erie Section of the In-

ternational Boundary Waters. Sew. Ind. Wastes

23(4): 508^538.

(15) BoETius, J. 1954. Foul taste of fish and oys-

ters caused by chlorophenol. Medd. Denmarks
Fishlog Havundersdg. N.S. 1: 1-8.

(16) Bourn, W. S. 1932. Ecological and physiologi-

cal studies on certain aquatic angiosperms.

Boyce Thompson Inst. Contrib. 4: 425-496.

(17) BousFiELD, E. L. 1955. Ecological control of

the occurrence of barnacles in the Miramichi

estuary. Natl. Mus. Canada Bull. No. 137:

69 p.

(18) Bowden, K. F. 1963. The mixing processes

in a tidal estuary. Int. J. Air Water Poll. 7: 343-

356.

(19) Brett, J. R. 1960. Thermal requirements of

fish—three decades of study, 1940-70. pp. 110-

117. In: Biological Problems in Water Pollu-

tion. 1959 seminar, Trans. PHS Tech. Rep.

W60-3. (Robert A. Taft Sanitary Engineering

Center, Cincinnati, Ohio.)

(20) Bringmann, G., and R. Kuhn. 1959a. The
toxic effects of waste water on aquatic bacteria,

algae, and small crustaceans. Gesundheits-Ing.

80: 115.

(21) Bringmann, G., and R. Kuhn. 1959b. Water
toxicology studies with protozoans as test or-

ganisms Gesundheits-Ing. 80: 239.

(22) Brooks, R. R., and M. G. Rumsby. 1965.

The biogeochemistry of trace element uptake by

some New Zealand bivalves. Limnol. Oceanogr.

10: 521-527.

(23) Brungs, W. a. Effect of exposure of zinc on
minnow reproduction. In press.

(24) Brungs, W. A., and D. I. Mount. 1967. A
device for continuous treatment of fish in hold-

ing chambers. Amer. Fish. Soc, Trans. 96(1):
55-57.

(25) Buck, D. H. 1956. Effects of turbidity on fish

and fishing, p. 249. In: 21st North Amer.
Wildlife Conf. Trans.

99



(26) BURDICK, G. E., and M. Lipschuetz. 1950. (42)

Toxicity of ferro- and ferri-cyanide solutions to

fish and determination of the cause of mortality.

Amer. Fish. Soc. Trans. 78: 192.

(27) Butler, P. A. 1954. Selective setting of oyster (43)

larvae on artificial cultch., Natl. Shellfish Assoc,

Proc. 45: 95-105.

(28) Butler, P. A. 1965. Reaction of some estua-

rine mollusks to environmental factors, pp.92- (44)

104. In: Biological problems in water pollution,

3d seminar, 1962. (Robert A. Taft Sanitary En-

gineering Center, Cincinnati, Ohio.) (45)

(29) Butler, P. A. 1966a. Fixation of DDT in

estuaries, pp. 184-189. /«.• 31st No. Am. Wildl.

and Nat. Resources Conference, Trans. Mar. 14, (46)

15, and 16, 1966.

(30) Butler, P. A. 1966b. Pesticides in the environ- (47)

ment and their effects on wildlife. J. Appl.

Ecol. 3 (Suppl.): 253-259.

(31) Cairns, J., Jr. 1956. The effects of increased

temperatures upon aquatic organisms. 10th Ind. (48)

Waste Conf., Proc. Purdue Univ. Eng. Bull.

40(1): 346.

(32) Cairns, J., Jr. 1957. Environment and time in

fish toxicity. Industrial Wastes 2: 1. p. 177.

In: McKee and Wolf, 1963. Water Quality Cri- (49)

teria, 2d edition, State Water Quality Control

Board, Sacramento, Calif.

(33) Cairns, J., Jr., and A. Scheier. 1957. The ef-

fects of temperature and hardness of water upon
the toxicity of zinc to the common bluegill

(Lepomis macrochirus Raf.). Notulae Naturae (50)

1(299): 12.

(34) Cairns, J., Jr., and A. Scheier. 1958a. The ef-

fect of periodic low oxygen upon the toxicity of

various chemicals to aquatic organisms. 12th (51)

Ind. Waste Conf. Proc. 1957. Purdue Univ.,

Lafayette, Ind.

(35) Cairns, J., Jr., and A. Scheier. 1958b. The ef-

fects of temperature and hardness of water upon

the toxicity of zinc to the pond snail, Physa (52)

heterostropha (Say). Notulae Naturae 308: 11.

(36) Cairns, J., Jr., and A. Scheier. 1963a. The
acute and chronic effects of standard sodium (53)

alkyl benzene sulfonate upon pumpkinseed sun-

fish, Lepomis gibbosus (Linn.), and the bluegill

sunfish, Lepomis macrochirus (Raf.) 17th Ind.

Waste Conf., Proc. Purdue Univ., Ext. Ser 112 (5^)
(14).

{37) Cairns, J., Jr., and A. Scheier. 1963b. En-

vironmental effects upon cyanide toxicity to fish.

Notulae Naturae 361. (55)

(55) Cairns, J., Jr., and A. Scheier. 1964. The ef-

fects of sublethal levels of zinc and of high

temperature upon the toxicity of a detergent to (56)
the sunfish, Lepomis gibbosus (Linn.). Notulae

Naturae 367.

(39) Cairns, L, Jr., A. Scheier, and N. E. Hess.

1964. The effects of alkyl benzene sulfonate on
aquatic organisms. Water Wastes 9(1): 22-28.

(40) California Department of Fish and Game
and Department of Water Resources. 1963. (57)
Delta fish and wildlife protection study. Rep.

No. 2. 66 pp.

(41) Carriker, M. R. 1967. Ecology of estuarine

benthic invertebrates: a perspective, pp. 442- (55)

487. In: Estuaries. Amer. Assoc. Advance. Sci.

Publ. No. 83., Washington, D.C.

Carritt, D. E. 1959. Radioactive waste dis-

posal into atlantic and coastal waters. National

Academy of Sciences-National Research Council,

Publ. No. 655. Washington, D.C. 37 pp.

Chipman, W. a., and P. S. Galtsoff. 1949.

Effects of oil mixed with carbonized sand on
aquatic animals. U.S. Fish and Wildlife Service,

Spec. Rep. Fish. No. 1. 52 pp.

Chitty, D. 1948. Dispersal of fuel oil from
harbor waters. Commonwealth Eng. (New
Zealand) 36(5): 214-215.

Clarke, G. L. 1947. Poisoning and recovery

in barnacles and mussels. Biol. Bull., Woods
Hole 92: 73; Water Pollution Abs. 20.

Clarke, G. L. 1954. Elements of ecology.

John Wiley & Sons. New York 534 pp.

Clendenning, K. a., and W. J. North. 1958.

The effects of waste discharges on kelp. Quart.

Progress Rep. Inst, of Marine Resources, Univ.

California, La Jolla, IMR Ref. 58-6.

Clendenning, K. A., and W. J. North. 1960.

Effects of wastes on the giant kelp, Macrocy'stis

pyrifera. p. 82. /;;; 1st Int. Conf. on Waste
Disposal in the Marine Environment, Proc. Per-

gamon Press, N.Y.

Cohen, J. M., and C. Pinkerton. 1966. Wide-

spread translocation of pesticides by air trans-

port and rain-out pp. 163-176. In: Organic

pesticides in the environment. Advances in

chemistry levies No. 60. American Chemical

Society, Washington, D.C.

Committee on the Prevention of Pollution
OF the Sea by Oil. 1953. Report to the Min-

istry of Transport, H. M. Stationery Office, Lon-

don, 50 pp.

Corner, E. D. S., and B. W. Sparrow. 1956.

The modes of action of toxic agents. I. Obser-

vations on the poisoning of certain crustaceans

by copper and mercury. J. Mar. Biol. Assoc.

United Kingdom 35: 531.

Crance, J. H. 1963. The effects of copper sul-

phate on Microcystis and zooplankton in ponds.

Prog. Fish-Cult. 25(4): 198-202.

Darnell, R. M. 1967. Organic detritus in re-

lation to the estuarine ecosystem, pp. 376-382.

In: Estuaries. Amer. Assoc. Advance. Sci. Publ.

No. 83. Washington, D.C.

Davis, H. C. 1960. Effects of turbidity-produc-

ing materials on eggs and larvae of the clam

(Venus/Mercenaria mercenaria). Biol. Bull. 118

(1): 48-54.

Doll, E. R., F. E. Hull, and W. M. Luskar, Jr.

1946. Toxicity of sodium chloride solution for

baby chicks. Veterinary Med. 41(10): 361-363.

Dorris, T. C, W. Gould, and C. R. Jenkins.

1960. Toxicity bioassay of oil refinery effluents

in Oklahoma, pp. 276-285. In: Biological

problems in water pollution. 1959 Seminar,

Trans. PHS Tech. Report W60-3. (Rebert A.

Taft Sanitary Engineering Center, Cincinnati,

Ohio.)

Doudoroff, P., et al. 1951. Bioassay methods

for the evaluation of acute toxicity of industrial

wastes for fish. Sew. Ind. Wastes 23(11): 1380-

1397.

Doudoroff, P. 1956. Some experiments on the

toxicity of complex cyanides to fish. Sew. Ind.

Wastes 28(8): 1020.

100



(59)

(60)

(61)

(62)

(63)

(64)

(65)

(66)

(67)

(68)

(69)

(70)

(71)

(72)

(73)

(74)

(75)

(76)

DouDOROFF, P. 1957. Water quality require-

ments of fishes and effects of toxic substances.

Chap. 9, In: M. E. Brown, The physiology of

fishes. Vol. 2. (Behavior). Academic Press,

Inc. New York, 402 pp.

DouDOROFF, P., and M. Katz. 1950. Critical

review of literature on the toxicity of industrial

wastes and their components to fish. I. Alka-

lies, acids, and inorganic gasses. II. Metal as

salts. Sew. Ind. Wastes 22: 432-458.

DOUDOROFF, P., and M. Katz. 1953. Critical

review of literature on the toxicity of industrial

wastes and their components on fish. II. Metal

as salts. Sew. Ind. Wastes 25(7) : 802-839.

DouDOROFF, p., G. Leduc, and C. R. Schneider.

1966. Acute toxicity to fish of solutions con-

taining complex metal cyanides, in relation to

concentration of molecular hydrocyanic acid.

Amer. Fish. Soc, Trans. 95(1 ) : 6-22.

DOUDOROFF, p., and P. L. Shumway. 1967.

Dissolved oxygen criteria for the protection of

fish. Amer. Fish. Soc, Trans. Suppl. to Vol.

96 (Spec. Publ. No. 4): 13-19.

DOUDOROFF, p., and C. E. Warren. 1962.

Dissolved oxygen requirement of fishes, pp.

145-155. In: Biological problems in water pol-

lution: 3d Seminar, 1962. (Robert A. Taft

Sanitary Engineering Center, Cincinnati, Ohio.)

Dugan, p. R. 1967. Influence of chronic ex-

posure to anionic detergents on toxicity of pesti-

cides to goldfish. J. Water Poll. Control Fed.

39(1): 63-71.

EiSLER, R. 1965. Some effects of a synthetic

detergent on estuarine fishes. Amer. Fish. Soc,

Trans. 94(1): 26-31.

EiSLER, R., and D. G. Derrel. 1965. Acute

toxicity of soaps to estuarine fishes. Prog. Fish-

Cult. 26(1): 45-48.

Ellis, M. M. 1934. A photoelectric apparatus

for turbidity and light .penetration measurement.

3ci. 80: 37-38.

Ellis, M. M. 1937. Detection and measure-

ment of stream pollution. U.S. Bur. Fish. Bull.

48(22): 365-437.

Ellis, M. M. 1940. Water conditions affecting

aquatic life in Elephant Butte Reservoir. U.S.

Bur. Fish. Bull. 34(39) : 257-304.

Emery, K. O., and R. E. Stevenson. 1957.

Estuaries and lagoons, pp. 673-750. In: Hedg-
peth, J. W. (ed.), Treatise on marine ecology

and paleoecology, Mem. 67, Vol. 1, Geol. Soc
America.

Engelbrecht, R. S., and J. J. Morgan. 1961.

Land drainage as a source of phosphorus in Illi-

nois surface waters, pp. 74-79. In: Algae and
metropolitan wastes. U.S. Public Health Serv-

ice, SEC TR W6 1-3.

English, J. N., G. N. McDermott, and C.

Henderson. 1963a. PoIIutional effects of out-

board motor exhaust-laboratory studies. J. Water
Poll. Control Fed. 35(7): 923.

English, J. N., E. W. Surber, and G. N. Mc-
Dermott. 1963b. PoIIutional effects of out-

board motor exhaust-field studies. J. Water Poll.

Control Fed. 35(9): 1121-1132.

English, T. S. Preliminary assessment of the

English sole in Port Gardner, Wash. In press.

European Inland Fisheries Advisory Com-

mittee; Working Party on Water Criteria

FOR European Freshwater Fish. 1964. Water
quality criteria for European freshwater fish.

Report on finely divided solids and inland fish-

eries. Tech. Paper No. 1. 21 pp.

(67) Felsino, W. a., Jr. 1966. Proceedings of joint

sanitation seminar on North Pacific clams.

Alaska Department Health and Welfare, U.S.

Department of Health, Education, and Welfare,

Washington, pp. 1-34.

(78) Field, H. I., and E. T. Evans. 1946. Acute
salt poisoning in poultry. The Veterinary Rec.

38(23): 253-254.

(79) Fitzgerald, G. P., G. C. Gerloff, and F. S.

Borg. 1952. Studies on chemicals with selective

toxicity to blue-green algae. Sew. Ind. Wastes

24(7): 888-897.

(80) Fry, F. E. J. 1960. The oxygen requirements

of fish. pp. 106-109. In: Biological problems

in water pollution. 1959 Seminar, Trans. PHS
Tech. Rep. W60-3. (Robert A. Taft Sanitary

Engineering Center, Cincinnati, Ohio.)

(81) Fujiya, M. 1960-61. Studies on the effects

of copper dissolved in sea water on oysters.

Bull. Japan Soc. Sci. Fish. (Japan) 26(5): 462.

J. Water Poll. Control Fed. 33: 685.

(82) Galtsoff, p. S. 1932. Life in the ocean, from
a biochemical point of view. Wash. Acad. Sci.

22(9): 246.

(83) Galtsoff, P. S. 1948. Red Tide. Spec. Sci.

Rep. No. 46, Fish and Wildlife Service. 44 pp.

(84) Galtsoff, P. S. 1949. The mystery of the

red tide. Sci. Monthly 68(2) : 108-117.

(85) Galtsoff, P. S. 1964. The American Oyster,

Crassostrea virginica, Gmelin. Fish and Wild-

life Service Fish. Bull. 64: 1-480.

(86) Galtsoff, P. S., W. A. Chipman, Jr., J. B.

Engle, and H. N. Calderwood. 1947. Eco-

logical and physiological studies of the effect of

sulfate pulpmill wastes on oysters in the York
River, Va. Fish and Wildlife Service Fish. Bull.

43(51): 59-186.

(57) Galtsoff, P. S., H. F. Prytherch, R. O. Smith,

and V. Koehring. 1935. Effects of crude oil

pollution on oysters in Louisiana waters. Bull.

Bur. Fish. 48(18): 209.

(88) Galtsoff, P. S., and D. V. Whipple. 1931.

Oxygen consumption of normal and green oys-

ters. Bull. Bur. Fish. 46: 489-508.

(89) Garrett, W. D. 1962. Collection of slick-

forming material from the sea. U.S. Naval Res.

Lab. Rep. 5761.

(90) Garrett, W. D. 1964. The organic chemical

composition of the ocean surface. U.S. Naval

Res. Lab. Rep. 6201.

(91) Geckler, J. R., K. M. Machenthun, and W.
M. Ingram. 1963. Glossary of commonly used

biological and related terms in water and waste

control. USDHEW. Public Health Service

Publ. No. 999-WP-2. 22 pp.

(92) Godzch, S. 1961. The toxic effect of Nekal

BXG on Daphnia magna. Acta Hydrobiol. 3

(4): 281.

(93) Gorham, p. H. 1964. Toxic algae as a pub-

lic health hazard. J. Amer. Water Works Assoc.

56(11): 1481-1488.

(94) Grande, M. 1966. Effect of copper and zinc

462-246 0-72-8 101



on salmonid. fishes. 3d Int. Conf. on Water Poll.

Res. Messagelande, theresienhohe, Munich, Ger-

many. Sec. I, Paper No. 5.

(95) Griffith, W. H., Jr., 1962-63. Salt as a pos- {112)

sible limiting factor to the Suisan Marsh pheas-

ant population. Annual Report, Delta Fish and

Wildlife Protection Study, Cooperative Study of

California.

(96) Harms, W. J., Jr. 1965. Multidisciplinary re- (113)

search on an estuarine engineering project, pp.

45^6. In: Seminar on multidisciplinary research

as an aid to public policy formation. V.P.I.

Water Resources Res. Center Bull. No. 2.

(97) Hargis, W. J., Jr. 1966. An evaluation of (114)

physical and biological effects of the proposed

James River Navigation Project. Va. Inst. Mar.

Sci. Spec. Sci. Rep. Appl. Mar. Sci. Ocean Eng.

No. 7. 73 pp. (115)

(98) Hartung, R. 1965. Some effects of oiling on
reproduction of ducks. J. Wildlife Manage.
29(4): 872-874.

(99) Hassall, K. A. 1962. A specific effect of the (116)

respiration of Chlorella vulgaris. Nature

(Lond.) 193: 90.

(100) Henderson, C. 1957. Application factors to (117)

be applied to bioassays for the safe disposal of

toxic wastes. Biol. prob. in water pollution.

U.S. Public Health Service, pp. 31-37. (118)

(101) Henderson, C, and Q. H. Pickering. 1963.

Use of fish in the detection of contaminants in

water supplies. J. Amer. Water Works Assoc.

55(6): 715-720. (119)

(102) Henderson, C, Q. H. Pickering, and J. M.
Cohen. 1959. The toxicity of synthetic deter-

gents and soaps to fish. Sew. Ind. Wastes 31

(3): 295-306.

(103) Henderson, C, Q. H. Pickering, and A. E. (120)

Lemke. 1961. The effect of some organic

cyanides (nitriles) on fish. 15th Purdue Ind.

Waste Conf. Eng. Bull, of Purdue Univ. Series

No. 106. 45(2): 120.

(104) Herbert, D. W. M., and G. C. Merkens. 1961. (121)

The effect of suspended mineral solids on the

survival of trout. Int. J. Air Water Poll. 5: 46-

55..

(105) Herbert, D. W. M., and D. S. Shurben. 1936a.

A preliminary study of the effect of physical (122)

activity on the resistance of rainbow trout to two
poisons. Ann. Appl. Biol. 52: 321-326.

(106) Herbert, D. W. M., and D. S. Shurben. 1936b. (123)

The toxicity to fish of mixtures of poison, I.

Salts of ammonia and zinc. Ann. Appl. Biol.

53: 33.

(107) Herbert, D. W. M., and J. Vandyke. 1964.

The toxicity to fish of mixtures of poisons. II. (124)

Copper-ammonia and zinc-phenol mixtures, Ann.
Appl. Biol. 53: 415-421.

(108) Herbert, D. W. M., and A. C. Wakeford.
1964. The susceptibility of salmonid fish to

poisons under estuarine conditions. I. Zinc sul-

phate. Int. J. Air Water Poll. 8: 251-256. (125)

(109) Hervey, R. K. 1949. Effect of Chromium on
the growth of unicellular Chlorophyceae and
diatoms. Bot. Gaz. 11 1(1) : 1-1 1. (126)

(110) Hiatt, R. W. 1963. (Ed.) World directory of

hydrobiological and fishery institutions. Amer.
Inst. Biol. Sci., Washington, D.C., 320 pp.

(///) Hickey, J. J., J. A. Keith, and F. B. Coon. (127)

1966. An exploration of pesticides in a Lake
Michigan ecosystem. J. Appl. Ecol. 3: 141-

154.

Holland, G. Z., G. A. Lasater, E. D. Neu-
mann, and W. E. Eldridge. 1960. Toxic ef-

fects of organic and inorganic pollutants on
young salmon and trout. State of Washington,

Department of Fish., Res. Bull. 5.

Holland, H. T., D. L. Coppaoe, and P. A. But-
ler. 1967. Use of fish brain acetylcholinester-

ase to monitor pollution by organophosphorus
pesticides. Bull, of Environmental Contamina-
tion and Toxicol. 2(3) : 156-162.

HUBLOU, W. F., J. W. Wood, and E. R. Jef-

FERIES. 1954. The toxicity of zinc or cadmium
for Chinook salmon. Ore. Fish Comm. Briefs

5(1): 1-7.

HuEPER, W. C. 1960. Cancer hazards from
natural and artificial water pollutants. Conf.

Physiol. Aspects of Water Quality, Proc.

USPHS, Washington. 181 pp.

Hutchinson, G. E.' 1957. A Treatise on lim-

nology. Vol. 1. John Wiley & Sons, Inc. New
York. 1015 pp.

Irukayama, K. 1966. The pollution of Mina-
mata Bay and Minamata disease. Advance
Water Poll. Res. 3: 153-180.

Isaacs, J. D. 1962. Disposal of low-level radio-

active waste into Pacific coastal waters. Na-
tional Academy of Sciences-National Research

Council, Pub. No. 985, Washington, D.C. 87 pp.

Jackson, H. W., and W. A. Brungs, Jr. 1966.

Biomonitoring of industrial effluents. 21st Pur-

due Ind. Waste Conf., Proc. May 3-5, 1966, Pt. I

50(2): 117-124 (March 1967), Eng. Bull.,

Purdue Univ., Eng. Ext. Series No. 121.

Jensen, W. I., and C. S. Williams. 1964.

Botulism and fowl chlorea. pp. 333-341. In:

Waterfowl tomorrow. Bur. Sport Fish and Wild-

life. Superintendent of Documents U.S. Govern-

ment Printing Office, Washington, D.C.

Jones, J. R. E. 1938. The relative toxicity of

salts of lead, zinc and copper to the stickleback

(Gasterasteus aciilealus L.) and the effect of

calcium on the toxicity of lead and zinc salts.

J. Exp. Biol. 15: 394-407.

Jordan, I. S., B. E. Day, and R. T. Hendrixson.
1962. Chemical control of filamentous green

algae. Hilgardia 32(9): 432-441.

JuDAY, L., E. A. BiRGE, G. J. Kemmerer, and
R. J. Robinson. 1927. Phosphorus content of

lake waters of Northeastern Wisconsin. Wiscon-
sin Acad. Sci., Arts and Letters, Trans. 23: 233-
248.

Kalugina, a. a., N. Y. Milovidova, T. V.
Sviridova, and I. V. Uralskaya. 1967. Effect

of pollution on marine organisms of Novoros-
siysk Bay of the Black Sea. Hydrobiol. 3(1):
47-53. (In Russian; English Resume). Kiev,

U.S.S.R.

Kauship, D. K. 1963. The influence of salinity

on the growth reproduction of marsh plants.

Ph.D. Thesis, Utah State Univ. 123 pp.

Keith, J. A. 1966. Reproduction in a popula-

tion of herring gulls (Larus argentatus) con-

taminated with DDT. J. Appl. Ecol. 3: 57-

70.

Ketchum, B. H. 1950. Hydrographic factors

102



involved in the dispersion of pollutants intro-

duced into tidal waters. J. Boston Soc. Civil Eng.

37(3): 296-314.

(128) Ketchum, B. H. 1951. The flushing of tidal

estuaries. Sew. Ind. Wastes 23(2) : 198-208.

(129) Ketchum, B. H. 1954. Relation between cir-

culation and planktonic populations in estuaries.

Ecology 35(2): 191-200.

(130) Ketchum, B. H. 1957. Phytoplankton nutri-

ents in estuaries, pp. 329-335. In: Estuaries.

Amer. Assoc. Advance. Sci. Publ. No. 83,

Washington, D.C.

(131) Krista, L. M., C. W. Carlson, and O. E. Ol-
SEN. 1961. Mortality of chicks as influenced

by addition of various NaCl levels to the drink-

ing water. Poultry Sci. 40(4): 938-944.

(132) Krumholz, L. a., and R. F. Foster. 1957.

Accumulation and retention of radioactivity from
fission products and other radiomaterials by
fresh-water organisms. National Academy of

Sciences—National Research Council, Pub. No.

551, Washington, D.C. 88 pp.

(133) Lackey, J. B. 1945. Plankton productivity of

certain Southeastern Wisconsin lakes as related

to fertilization. II. Productivity. Sew. Works J.

17(4): 795-802.

(134) Lalou, C. 1965. Concentration des benzo
3,4-pyrenes par les holothuries de de la region

de Villefranches et d'Antibes. pp. 363-366. In:

Pollution marines par les microorganismes et les

produits petroliers. Symposium de Monaco
(Avril, 1964).

(135) LeClerc, E., and F. Devlaminck. 1952. Na-
tural or synthetic detergents and fish. Bull, cen

beige et Document Eaux 17: 165.

(136) Lemke, a. E., and D. I. Mount. 1963. Some
effects of alkyl benzene sulfonate on the blue-

gill, Lepomis macrochirus. Amer. Fish. Soc,
Trans. 92(4): 372.

(137) Liu, O. C, H. R. Seraichekas, and B. L. Mur-
phy. 1967. Viral depuration of the Northern

quahog. Appl. Microbiol. 15: 307-315.

(138) Lloyd, R. 1961a. Effect of dissolved oxygen
concentrations on the toxicity of several poisons

to rainbow trout (Salmo gairdnerii Richardson).

J. Exp. Biol. 38: 447.

(139) Lloyd, R. 1961b. The toxicity of mixtures of

zinc and copper sulphates to rainbow trout

(Salmo gairdnerii Richardson). Ann. Appl.

Biol. 49: 535-538.

(140) LoosANOFF, V. L. 1962. Effects of turbidity

on some larval and adult bivalves, pp. 20-94. In:

Gulf and Caribbean Fish. Inst. 14th Annual Ses-

sion, November, 1961.

(141) Mackenthun, K. M. 1965. Nitrogen and phos-

phorus in water. U.S. Department of Health,

Education, and Welfare, Public Health Service.

111pp.

(142) Mallet, L. 1965. Pollution par les hydro-

carbures en particulier du type benzo 4,4- pyrene
des rivages mediterranneens francais et plus spe-

cialement de la baie de Villefranche. pp. 325-
33. In: Pollutions marines par les microorgan-
ismes et les produits petroliers. Symposium de
Monaco (Avril, 1964).

(143) Mallet, L., and J. Sardou. 1965. Recherche
de la presence de I'hydrocarbure polybenzenique

benzo 3,4-pyrene dans le moilieu planctonique

de la region de la baie de Villefranche. pp. 331-
334. In: Pollutions marines par les microorgan-

ismes et les produits petroliers. Symposium de

Monaco (Avril, 1964).

(144) Maloney, T. E. 1966. Detergent phosphorus
effect on algae. J. Water Poll. Control Fed.

38(1): 38^5.
(145) Maloney, T. C, and C. M. Palmer. 1956.

Toxicity of six chemical compounds to 30 cul-

tures of algae. Water Sew. Works. 103: 509-
513.

(146) Mann, H., and O. J. Schmid. 1961. The in-

fluence of detergents upon sperm, fertilization,

and development in the trout. Int. Rev. Hydro-
biol. 46(419), Water Poll. Abs. 36 (818).

(147) Marvin, K. T., C. M. Lansford, and R. S.

Wheeler. 1961. Effects of copper ore on the

ecology of lagoon. U.S. Fish and Wildlife Serv-

ice Fish. Bull. 184: 153-160.

(148) Martin, A. C, and F. M. Uhler. 1939. Food
of game ducks in the United States and Canada.
Res. Rep. 30, U.S. Fish and Wildlife Service.

Superintendent of Documents Government Print-

ing Office Washington, D.C.

(149) McCallum, G. E. 1964. Clean water and
enough of it. pp. 471-478. In: Waterfowl to-

morrow. Bureau of Sport Fish, and Wildlife.

Superintendent of Documents Government Print-

ing Office Washington, D.C.

(150) McKee, J. E., and H. W. Wolf. 1963. Water
quality criteria. The Resources Agency of Cali-

fornia, State Water Quality Control Board, Pub.

No. 3-A. 548 pp.

(151) McNulty, J. K. 1955. The ecological effects

of sewage pollution in Biscayne Bay, Fla.:

Sediments and the distribution of benthic and

fouling macroorganisms. Bull. Mar. Sci. of the

Gulf and Caribbean 11(3): 394-447.

(152) MiHURSKY, I. A., and V. S. Kennedy. 1967.

Water temperature criteria to protect aquatic

life. pp. 20-32. //;. A Symposium on water

quality criteria to protect aquatic life. Amer.
Fish. Soc. Spec. Publ. No. 4.

(153) Mount, D. I. Chronic toxicity of copper to fat-

head minnows. In press.

(154) Mount, D. I. 1966. The effect of total hard-

ness and pH on acute toxicity of zinc to fish.

Int. J. Air Water Poll. 10: 49-56.

(155) Mount, D. L 1967. A method for detecting

cadmium poisoning in fish. J. Wild. Mgt. 31(1):
168-172.

(156) Mount, D. L, and W. A. Brungs. 1967. A
simplified dosing apparatus for fish toxicology

studies. Water Res. 1:21-22.

(157) Mount, D. I., and C. E. Stephan. 1967. A
method for establishing acceptable toxicant limits

for fish—malathion and the butoxyethanol ester

of 2,4-D. Amer. Fish. Soc, Trans. 96(2): 185-

193.

(158) Mount, D. I., and R. E. Warner. 1965. A
serial-dilution apparatus for continuous delivery

of various concentrations of materials in water.

U.S. Public Health Service, Environmental
Health Series, WSPC, PHS Publ. 999-WP-23.

(159) Nelson, N. F. 1953. Factors in the develop-

ment and restoration of water fowl habitat at

Ogden Bay Refuge, Weber County, Utah. Utah
State Fish and Game Department, Federal Aid
Division, Publ. No. 6., 87 pp.

103



(160) Nelson, T. C. 1925. Effect of oil pollution on

marine and wild life. pp. 171-181. In: Appen-

dix V to the report of the U.S. Commissioner of

Fisheries for 1925.

(161) North, W. J., and K. A. Clendenning. 1958.

The effects of waste discharges on kelp. Ann.

Prog. Rep., Inst, of Marine Resources, Univ.

California, LaJoUa, IMR Ref. 58-11.

(162) North, W. J., and K. A. Clendenning. 1959.

The effects of discharged wastes upon kelp.

Ann. Rep. Inst, of Marine Resources, California.

(163) North, W. J., M. Neuschul, Jr., and K. A.

Clendenning. 1965. Successive biological

changes observed in a marine cove exposed to

a large spillage of mineral oil. pp. 335-354. In:

Pollutions marines par les microorganismes et

les produits petroliers. Symposium de Monaco
(Avril, 1964).

(164) Ohio River Valley Water Sanitation Com-
mission, Aquatic Life Advisory Committee.
1956. Aquatic life water quality criteria. 2d

progress report. Sew. Ind. Wastes 28(5): 678-

690.

(165) Ohio River Valley Water Sanitation Com-
mission, Aquatic Life Advisory Committee.
1960. Aquatic life water quality criteria. 3d

progress report. J. Water Poll. Control Fed.

32(1): 65-82.

(166) Olson, P. A. 1958. Comparative toxicity of

Cr(VI) and Cr(III) in salmon, pp. 215-218.

In: Hanford biological research annual report

for 1957. HW-53500, unclassified (Hanford

atomic products operation, Richland, Wash.).

(167) Olson, P. A., and R. F. Foster. 1956. Effect

of chronic exposure to sodium dichromate on
young Chinook salmon and rainbow trout, pp.

35-47. In: Hanford biological research annual

report for 1955. HW-41500, unclassified (Han-

ford atomic products operation, Richland,

Wash.).

(168) Olson, P. A., and R. F. Foster. 1957. Fur-

ther studies on the effect of sodium dichromate

on juvenile chinook salmon, pp. 214-224, In:

Hanford biological research annual report for

1956. HW-47500, unclassified (Hanford atomic

products operation. Richland, Wash.).

(169) Olson, R. A., H. F. Brust, and W. L. Tressler.

1941. Studies of the effects of industrial pollu-

tion in the lower Patapsco River area. I. Curtis

Bay Region. Chesapeake Biological Laboratory,

Solomons Island, Md., Pub. No. 43, 40 pp.

(170) Olson, T. A. 1964. Blue-greens, pp. 349-
356. In: Waterfowl tomorrow. Bureau of Sport

Fisheries and Wildlife, Superintendent of Docu-
ments U.S. Government Printing Office Washing-
ton, D.C.

(171) Palmer, C. M. 1957. Evaluation of new algi-

cides for water supply purposes. Taste and Odor
ControlJ. 23(1): 1-4.

(172) Pearse, a. S., and G. Gunter. 1957. Salinity,

pp. 129-158. In: Hedgpeth, J. W. (ed.), Trea-

tise on marine ecology and paleoecology, Mem.
67, Vol. 1, Geol. Soc. America.

(173) Pickering, Q. H. 1966. Acute toxicity of alkyl

benzene sulfonate and linear alkylate sulfonate

to the eggs of the fathead minnow, Pimephales
promelas. Int. J. Air Water Poll. 10: 385-

391.

(174) Pickering, Q. H. Effect of chronic exposure to

cadmium on minnow reproduction. In press.

(175) Pickering, Q. H. The effects of dissolved oxy-

gen concentrations upon the toxicity of zinc to

the bluegill, Lepomis inachochirus, Raf. In

press.

(176) Pickering, Q. H., and C. Henderson. 1966a.

The acute toxicity of some heavy metals to dif-

ferent species of warm-water fishes. Amer. Fish.

Soc, Trans. 91(2): 175-184.

(177) Pickering, Q. H., and C. Henderson. 1966b.

Acute toxicity of some important petrochemicals

to fish. J. Water Poll. Control Fed. 38(9):
1419-1429.

(178) Pickering, Q. H., and T. O. Thatcher. Chronic
toxicity of LAS to fathead minnows. In press.

(179) Pickering, Q. H., and W. N. Vigor. 1965. The
acute toxicity of zinc to eggs and fry of the fat-

head minnow. Prog. Fish. Cult. 27(3): 153.

(180) Pomeroy, L. B. 1960. Residence time of dis-

solved phosphate in natural waters. Science 131:

1731-1732.

(181) Pringle, B. H. Trace metal accumulation by
estuarine molluscs. In press.

(182) Pringle, B. H. Uptake and concentration of

toxic chemicals. I. Trace Metals. In press.

(183) Pritchard, D. W. 1953. Distribution of oyster

larvae in relation to hydrographic conditions.

123-132. In: Gulf and Carribbean Fish. Inst.

Proc. 5th Annual Session, November, 1952.

(184) Pritchard, D. W. 1959. Radioactive waste

disposal from nuclear-powered ships. National

Academy of Sciences-National Research Council,

Pub. No. 658, Washington, D.C. 52 pp.

(185) Raney, E. C. 1967. Bibliography. Heated dis-

charges and effects on aquatic life with emphasis

on fishes. Division of Biological Sciences, Sec-

tion of Ecology and Systematics, Fernow Hall,

Cornell Univ. Ithaca, N.Y. 90 pp. (mimeo.).

(186) Ranson, G. 1927. L'absorption de matieres

organiques dissoutes par la surface exterieure

du corps chez les animaux aquatiques. These.

249-175. In: Annales de LTnst. Ocean, t. IV,

1927.

(187) Raymont, J. E. G., and J. Shields. 1962, 1964.

Toxicity of copper and chromium in the marine

environment, pp. 275-290. In: Recommended
procedures for the bacteriological examination of

sea water and shellfish. 1962. APHA, New
York.

(188) Redfield, A. C. 1951. The flushing of harbors

and other hydrodynamic problems in coastal

waters, pp. 127-135. In: Hydrodynamics in

modern technology. Hydro. Lab., M.I.T.

(189) Rosenberg, M. M., and E. Sess. 1954. Toler-

ance of growing chickens to solution of Hawaiian
salt. World's Poultry J. 10(4) : 344-351.

(190) Rounsefell, G. A., and W. R. Nelson. 1966.

Red-tide research summarized to 1964 including

an annotated bibliography. U.S. Department
of the Interior, Fish and Wildlife Service, Spec.

Sci. Rep. No. 535. 85 pp.

(191) Rudd, R. L., and R. E. Genelly. 1956. Pesti-

cides, their use and toxicity in relation to wild-

life. State of California Fish and Game Depart-

ment, Game Bull. No. 7.

(192) Ryther, J. H. 1954. The ecology of phyto-

plankton blooms in Moriches Bay and Great

104



South Bay, Long Island, N.Y. Biol. Bull. 106:

198-209.

(193) Ryther, J. H. 1963. Geographic variations in (211)
productivity, pp. 347-480. In: The sea. M.
N. Hill, editor, Vol. 2, Interscience Publishers,

New York. 554 pp.

(194) Sawyer, C. N. 1947. Fertilization of lakes by (212)
agricultural and urban drainage. J. New Eng-

land Water Works Assoc. 61(2): 109-127.

(195) SCHMID, O. J., and H. Mann. 1961. Action of

a detergent (dodecyl-benzene sulfonate) on the

gills of the trout. Nature (Lond.) 192: (675), (213)
WaterPoU.Abs. 35(1868).

(196) ScRiVNER, L. H. 1946. Experimental edema
and ascites in poults (1 day old turkeys). J.

Amer. Veterinary Med. Assoc. 108: 27-32.

(197) Selye, H. 1943. Production of nephroscle-

rosis in the fowl by sodium chloride. J. Amer. (214)

Veterinary Med. Assoc. 103(798): 140-143.

(198) Seydel, E. 1913. Ueber die Wirkung von
Minerololen auf Fischwasser. Mitteilungen

d'Fisherei-Vereins fiir die Provinz Brandenburg (215)

5(3): 26-28.

(199) SiERP, F., and H. Theile. 1954. Influence of

surface-active substances on sewage treatment

and on self-purification in streams. Vom Wasser (216)

21: 197.

(200) Skidmore, J. F. 1964. Toxicity of zinc com-
pounds to aquatic animals, with special refer-

ence to fish. Quart. Rev. Biol. 39(3): 227- (217)

248.

(201) Smith, O. R. 1940. Placer mining sih and its

relation to salmon and trout on the Pacific coast. (218)

Amer. Fish. Soc. Trans. 69: 225.

(202) Speer, C. J. 1928. Sanitary engineering aspects

of shellfish pollution. Maryland State Depart-

ment of Health, Bull. No. 3, April, 1928.

(203) Sprague, J. B. 1964a. Avoidance of copper- (219)

zinc solutions by young salmon in the labora-

tory. J. Water Poll. Control Fed. 36(8): 990-
1004. (220)

(204) Sprague, J. B. 1964b. Lethal concentrations of

copper and zinc for young Atlantic salmon. J.

Fish. Res. Bd. Canada 21(1): 17.

(205) Sprague, J. B., and B. A. Ramsay. 1965. Le-

thal levels of mixed copper-zinc solution for

juvenile salmon. J. Fish. Res. Bd. Canada 22 (221)

(2): 425.

(206) Standard methods for the examination of
WATER and waste WATER INCLUDING BOTTOM
SEDIMENT and SLUDGES. 1965. 12th Ed. APHA, (222)

Inc., New York.

(207) Stommel, H. 1953a. Computation of pollu-

tion in a vertically mixed estuary. Sew. Ind. (223)

Wastes 25: 1065-1071.

(208) Stommel, H. 1953b. The role of density cur-

rents in estuaries, pp. 305-312. In: Part 3, (224)

Density currents. Int. Assoc. Hydraulic Res. and
Hydraulics Division, Amer. Soc. Civil Eng., Proc.
Minnesota Int. Hydraulics Convention. (225)

(209) SURBER, E. W., I. N. English, and G. N, Mc-
Dermott. 1965. Tainting of fish by outboard
motor exhaust wastes as related to gas and oil (226)
consumption, pp. 170-176. In: Biological prob-
lems in water pollution, 3d seminar, Aug. 13-

17, 1962. U.S. Department of Health, Educa-
tion, and Welfare. Pub. 999-WP-25. (227)

(210) SuRBER, E. W., and O. L. Meehan. 1931. Le-

thal concentrations of arsenic for certain aquatic

organisms. Amer. Fish. Soc. Trans. 61: 226.

Surber, E. W., and T. O. Thatcher. 1963.

Laboratory studies of the effects of alkyl ben-

zene sulfonate (ABS) on aquatic invertebrates.

Amer. Fish. Soc, Trans. 92(2) : 152-160.

Swisher, R. D., J. T. O'Rourke, and H. D.
Tomlinson. 1954. Fish bioassays of linear

aklylate sulfonates (LAS) and intermediate bio-

degradation products. J. Amer. Oil Chem. Soc.

41(11): 746.

Tarzwell, C. M. 1957. Water quality criteria

for aquatic life. pp. 246-272. In: Biological

problems in water pollution. U.S. Department
of Health, Education, and Welfare, Robert A.
Taft, Sanitary Engineering Center, Cincinnati,

Ohio.

Tester, I. W. 1963. The influence of sodium
chloride on the growth and reproduction of

sago pondweed (Potomogeton pectinatus L.).

M. S. Thesis, Utah State Univ. 73 pp.

Thatcher, T. O. 1966. The comparative lethal

toxicity of a mixture of hard ABS detergent

products to eleven species of fishes. Int. J. Air
Water Poll. 10: 585-590.

Thatcher, T. O., and J. F. Santner. 1967.

Acute toxicity of LAS to various fish species.

21st Purdue Ind. Waste Conf. Eng. Bull. Purdue
Univ. No. 121.

Trama, F. B. 1954. The acute toxicity of cop-
per to the common bluegill (Lepomis macrochi-
rus Rafinesque). Notulae Naturae No. 257.

Turnbull, H., J. G. DeMann, and R. F. Wes-
ton. 1954. Toxicity of various refinery ma-
terials to freshwater fish. Symposium on waste

disposal in the petroleum industry. Ind. Eng.

Chem. 46: 324.

Ukeles, R. 1962. Growth of pure cultures of

marine phytoplankton in the presence of toxi-

cants. Appl. Microbiol. 10:. 532-537.

U.S. Department of Commerce. 1963. Maxi-
mum permissible body burdens and maximum
permissible concentrations of radionuclides in air

and in water for occupational exposure. Na-
tional Bureau of Standards Handbook 69. Gov-
ernment Printing Office, Washington, D.C. 95 pp.

U.S. Department of Health, Education, and
Welfare. 1962a. National water quality net-

work annual compilations of data. Oct. 1, 1961-
Sept. 30, 1962. PHS Publ. No. 633.

U.S. Department of Health, Education, and
Welfare. 1962b. Public health service drink-

ing water standards. PHS Publ. No. 956.

U.S. Department of Health, Education, and
Welfare. 1956. Shellfish sanitation workshop.
U.S. Public Health Service. Proc. (mimeo.)

U.S. Department of Health, Education, and
Welfare. 1958. Shellfish sanitation workshop.
U.S. Public Health Service. Proc. (litho.)

U.S. Department of Health, Education, and
Welfare. 1961. 1961 Shellfish sanitation work-
shop. U.S. Public Health Service. Proc. (litho.)

U.S. Department of Health, Education, ani)

Welfare. 1965a. 1964 Shellfish sanitation

workshop. U.S. Public Health Service. Proc.

(litho.)

U.S. Department of Health, Education, and
Welfare. 1965b. National shellfish sanitation

105



program manual of operations. Public Health

Service Publ. No. 33. Superintendent of Docu-

ments Government Printing Office. Washington,

D.C.

(22S) U.S. Department of the Interior. 1967a.

Pollutional effects of pulp and paper mill wastes

in Puget Sound. Federal Water Pollution Con-

trol Administration.

(229) U.S. Department of the Interior. 1967b.

Temperature and aquatic life. Federal Water

Pollution Control Administration.

(230) Veselov, E. a. 1948. The effect of crude oil

pollution on fishes. Rybnoe Khoziastvo 12: 21-

22. (In Russian.)

(231) Vinogradov, A. P. 1953. The Elementary

chemical composition of marine organisms.

Sears Foundation, New Haven, Conn.

(232) Wagner, R. 1959. Sand and gravel operations.

Fifth Symposium Pacific Northwest on Siltation,

Proc. U.S. Public Health Service, Portland,

Oreg.

(233) Wallen, I. E. 1951. The direct effect of tur-

bidity on fishes. Bull. Okla. Agr. Mech. Coll.,

Biol. Sen 48: 27.

(234) Washington Department of Fisheries. 1944.

Annual Report. Olympia, Wash.

(235) WiEBE, A. H. 1935. The effect of crude oil

on fresh water fish, Amer. Fish. Soc, Trans.

65: 324-350.

(236) Wilder, D. G. 1952. The relative toxicity of

certain metals to lobsters. J. Fish. Res. Board.

Canada, 8, 486; Water Poll. Abs. 25: 11,264.

(237) Williams, L. G., and D. I. Mount. 1965. In-

fluence of zinc on periphytic communities.

Amer. J. Bot. 52(1): 26-34.

(238) Wuhrmann, K., and H. Woker. 1948. Ex-

perimentelle Untersuchungen iJber die Ammon-
iak-und Blausaurevergiftung, Schweiz. Zeits.

Hydrologic. 1 1 : 20.

(239) Wuhrmann, K., F. Zehender, and H. Woker.
1947. Uber die Fisherei-Biologische Bedentung

des Ammonium-und Ammoniakgehaltes Fliessen-

der Gewasser. Vierteliahrsschr. naturfarsch.

Gesellsch. Zurich 92: 198.

(240) WuRTZ, C. B. 1962. Zinc effects on fresh water

moUusks. Nautilus 76(2): 53.

(241) WURTZ, C. B., and C. E. Renn. 1965. Water
temperature and aquatic life. Edison Electric

Inst. Publ. No. 65-901. 99 pp.

(242) Wurtz-Arlet, J. 1960. Laboratory study of

the toxicity of certain synthetic detergents to the

rainbow trout. Vortraege Originalfassung In-

tern. Kongr. Grenz Flaechenaktive Stoffe, 3 Co-
logne, 3(329), CA 57(10374).

(243) Ziebell, C. D. 1960. Problems associated with

spawning and growth of salmonids in Northwest

Watersheds. Seventh Symposium on Water Pol-

lution Research, Proc. Pub. Health Service,

Portland, Oreg.

appendix

106



Glossary of Commonly Used Biological and Related Terms in Water and Waste Water Control*

Acclimation—^The process of adjusting to a change in

an environment.

Adaptation—A change in the structure, form, or habit

of an organism resulting from a change in its environ-

ment.

Aerobic Organism—An organism that thrives in the

presence of oxygen.

Algae (Alga)—Simple plants, many microscopic, con-

taining chlorophyll. Most algae are aquatic and may
produce a nuisance when conditions are suitable for

prolific growth.

Aloicide—A specific chemical highly toxic to algae.

Algicides are often applied to water to control nuisance

algal blooms.

Algology—The study of algae.

Amphipods— (see Scuds).

Anadromous Fishes—Fishes that spend a part of their

life in the sea or lakes, but ascend rivers at more or

less regular intervals to spawn. Examples are sturgeon,

shad, salmon, trout, and striped bass.

Anaerobic Organism—An organism that thrives in the

absence of oxygen.

Annelids—Segmented worms, as distinguished from the

nonsegmented roundworms and flatworms. Most are

marine; however, many live in soil or fresh water.

Aquatic forms may establish dense populations in the

presence of rich organic deposits. Common examples
of segmented worms are earthworms, sludgeworms,
and leeches.

Assimilation—The transformation of absorbed nutri-

ents into body substances.

Autotrophic Organism—An organism capable of con-

structing organic matter from inorganic substances.

Benthic Region—The bottom of a body of water. This

region supports the benthos, a type of life that not

only lives upon but contributes to the character of the

bottom.

Benthos—Aquatic bottom-dwelling organisms. These in-

clude: (1) Sessile animals, such as the sponges, barna-

cles, mussels, oysters, some of the worms, and many
attached algae; (2) creeping forms, such as insects,

snails, and certain clams; and (3) burrowing forms,
which include most clams and worms.

BioASSAY—A determination of the concentration of a

given material by comparison with a standard prepara-

tion; or the determination of the quantity necessary to

affect a test animal under stated laboratory condi-

tions.

BiOMASS—The weight of all life in a specified unit of
environment or an expression of the total mass or
weight of a given population, both plant and animal.

Biota—All living organisms of a region.

Bivalve—An animal with a hinged two-valve shell; ex-

amples are the clam and oyster.

Bloom—A readily visible concentrated growth or ag-
gregation of plankton (plant and animal).

Blue-Green Algae—A group of algae with a blue pig-

ment, in addition to the green chlorophyll. A stench
is often associated with the decomposition of dense
blooms of blue-green algae in fertile lakes.

Catadromous Fishes—Fishes that feed and grow in

fresh water, but return to the sea to spawn. The
best known example is the American eel.

Clean Water Association—An association of orga-

nisms, usually characterized by many different kinds

(species). These associations occur in natural unpol-

luted environments. Because of competition, predation,

etc., however, relatively few individuals represent any

particular species.

Coarse or Rough Fish—Those species of fish considered

to be of poor fighting quality when taken on tackle

and of poor food quality. These fish may be undesir-

able in a given situation, but at times may be classified

differently, depending upon their usefulness. Examples
include carp, goldfish, gar, sucker, bowfin, gizzard shad,

goldeneye, mooneye, and certain kinds of catfish.

Coelenterate—A group of aquatic animals that have

gelatinous bodies, tentacles, and stinging cells. These

animals occur in great variety and abundance in the

sea and are represented in fresh water by a few types.

Examples are hydra, corrals, sea anemones, and jelly-

fish.

Cold-Blooded Animals (Poikilothermic Animals)

—

Animals that lack a temperature regulating mecha-

nism that offsets external temperature changes. Their

temperature fluctuates to a large degree with that of

their environment. Examples are fish, shellfish, and

aquatic insects.

Consumers—Organisms that consume solid particles of

organic food material. Protozoa are consumers.

Crustacea—Mostly aquatic animals with rigid outer

coverings, jointed appendages, and gills. Examples are

crayfish, crabs, barnacles, water fleas, and sow bugs.

Daphnia (see Water Fleas).

Dermatitis—Any inflammation of the skin. One type

may be caused by the penetration beneath the skin of

a cercaria found in water; this form of dermatitis is

commonly called "swimmers' itch."

Dystrophic Lakes—Brown-water lakes with a very low

lime content and a very high humus content. These

lakes often lack nutrients.

Ecology—'The science of the interrelations between liv-

ing organisms and their environment.

Emergent Aquatic Plants—Plants that are rooted at

the bottom but project above the water surface. Ex-

amples are cattails and bulrushes.

Environment—The sum of all external influences and
conditions affecting the life and the development of an
organism.

Epilimnion—^That region of a body of water that ex-

tends from the surface to the thermocline and does not

have a permanent temperature stratification.

Estuary—Commonly an arm of the sea at the lower end
of a river. Estuaries are often enclosed by land except

at channel entrance points.

Eulittoral Zone—The shore zone of a body of water
between the limits of water-level fluctuation.

EuPHonc Zone—The lighted region that extends ver-

tically from the water surface to the level at which

* Extracted from: Geckler, J. R., K. M. Mackenthun, and W. M. Ingram. 1963.
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photosynthesis fails to occur because of ineffective light

penetration.

EuRYTOPic Organisms—Organisms with a wide range of

tolerance to a particular environmental factor. Ex-

amples are sludgeworms and bloodworms.

EuTROPHiCATioN—The intentional or unintentional en-

richment of water.

EuTROPHic Waters—Waters with a good supply of nu-

trients. These waters may support rich organic pro-

ductions, such as algal blooms.

Facultative Aerobe—An organism that although fun-

damentally an anaerobe can grow in the presence of

free oxygen.

Facultative Anaerobe—An organism that although fun-

damentally an aerobe can grow in the absence of free

oxygen.

Fall Overturn—A physical phenomenon that may take

place in a body of water during the early autumn.

The sequence of events leading to fall overturn in-

clude: (1) Cooling of surface waters, (2) density

change in surface waters producing convection cur-

rents from top to bottom, (3) circulation of the total

water volume by wind action, and (4) vertical tem-

perature equality, 4 C. The overturn results in a uni-

formity of the physical and chemical properties of the

water.

Fauna—The entire animal life of a region.

Flatworms (Platyhelminthes)— Nonsegmented worms,
flattened from top to bottom. In all but a few of the

flatworms, complete male and female reproductive sys-

tems are present in each individual. Most flatworms

are found in water, moist earth, or as parasites in

plants and animals.

Floating Aquatic Plants—Plants that wholly or in

part float on the surface of the water. Examples are

water lilies, water shields, and duckweeds.

Flora—^The entire plant life of a region.

Fry (Sac Fry)—^The stage in the life of a fish between

the hatching of the egg and the absorption of the

yolk sac. From this stage until they attain a length

of 1 inch, the young fish are considered advanced fry.

Fungi (Fungus)—Simple or complex organisms without

chlorophyll. The simpler forms are one-celled; the

higher forms have branched filaments and complicated

life cycles. Examples of fungi are molds, yeasts, and
mushrooms.

Fungicide—Substances or a mixture of substances in-

tended to prevent, destroy, or mitigate any fungi.

Game Fish—Those species of fish considered to possess

sporting qualities on fishing tackle. These fish may
be classified as undesirable, depending upon their use-

fulness. Examples of fresh water game fish are sal-

mon, trout, grayling, black bass, muskellunge, walleye,

northern pike, and lake trout.

Green Algae—Algae that have pigments similar in color

to those of higher green plants. Common forms pro-

duce algal mats or floating "moss" in lakes.

Herbicide—Substances or a mixture of substances in-

tended to control or destroy any vegetation.

Herbivore—An organism that feeds on vegetation.

Heterotrophic Organism—Organisms that are depend-
ent on organic matter for food.

Higher Aquatic Plants—Flowering aquatic plants.

(These are separately categorized herein as Emergent,
Floating, and Submerged Aquatic Plants.)

HoLOMicnc Lakes—Lakes that are completely circu-

lated to the deepest parts at time of winter cooling.

Hypolimnion—^The region of a body of water that ex-

tends from the thermocline to the bottom of the lake

and is removed from surface influence.

Insecticide—Substances or a mixture of substances in-

tended to prevent, destroy, or repel insects.

Invertebrates—Animals without backbones.

LDm (see Median Lethal Dose).

Lenitic or Lenitic Environment—Standing water and
its various intergrades. Examples of lenitic environ-

ments are lakes, ponds, and swamps.
Life Cycle—The series of stages in the form and mode

of life of an organism: i.e., the stages between succes-

sive recurrences of a certain primary stage such as

the spore, fertilized egg, seed, or resting cell.

Limnetic Zone—The open-water region of a lake. This

region supports plankton and fish as the principal plants

and animals.

Limnology—The study of the physical, chemical, and
biological aspects of inland waters.

Littoral Zone—The shoreward region of a body of

water.

LoTic Environment—Running waters, such as streams

or rivers.

Macro-organisms—Plants, animal, or fungal organisms

visible to the unaided eye.

Median Lethal Dose (LD.-„)—The dose lethal to 50
percent of a group of test organisms for a specified

period. The dose material may be ingested or in-

jected.

Median Tolerance Limit (TLm)—The concentration of

the tested material in a suitable diluent (experimental

water) at which just 50 percent of the test animals
are able to survive for a specified period of exposure.

Meromictic Lakes—Lakes in which dissovled sub-

stances create a gradient of density differences in

depth, preventing complete mixing or circulation of

the water.

Microorganism—Any minute organism invisible or

barely visible to the unaided eye.

MoLLUSciciDE—Substances or a mixture of substances in-

tended to destroy or control snails. Copper is com-
monly used.

MoLLUSK (Mollusca)—A large animal group including

those forms popularly called shellfish (but not includ-

ing crustaceans). All have a soft unsegmented body
protected in most instances by a calcareous shell.

Examples are snails, mussels, clams, and oysters.

Moss—Any bryophytic plant characterized by small,

leafy, often tufted stems bearing sex organs at the

tips.

Motile—Exhibiting or capable of spontaneous move-
ment.

Mycology—The study of fungi.

Nekton—Swimming organisms able to navigate at will.

Nematoda—Unsegmented roundworms or threadworms.

Some are free living in soil, fresh water, and salt

water; some are found living in plant tissue; others live

in animal tissue as parasites.

Neuston—Organisms resting or swimming on the sur-

face film of the water.

Osmole—The standard unit for expressing osmotic pres-

sure. One osmole is the osmotic pressure exerted by
a one-molar solution of an ideal solute.

Oceanography—The study of the physical, chemical,

geological, and biological aspects of the sea.

Oligotrophic Waters—Waters with a small supply of

nutrients; thus, they support little organic production.

Organic Detritus—The particulate remains of disin-

tegrated plants and animals.
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Oxygen-Debt—A phenomenon that occurs in an orga-

nism when available oxygen is inadequate to supply

the respiratory demand. During such a period the

metabolic processes result in the accumulation of

breakdown products that are not oxidized until suf-

ficient oxygen becomes available.

Parasite—An organism that lives on or in a host or-

ganism from which it obtains nourishment at the ex-

pense of the latter during all or part of its existence.

Pelagic Zone—The free-water region of a sea. (Pelagic

refers to the sea, limnetic refers to bodies of fresh

water.

)

Periphyton—The association of aquatic organisms at-

tached or clinging to stems and leaves of rooted plants

or other surfaces projecting above the bottom.

Photosynthesis—The process by which simple sugars

and starches are produced from carbon dioxide and
water by living plant cells, with the aid of chlorophyll

and in the presence of light.

Phototropism—Movement in response to a light gradi-

ent; for example, a movement towards light is positive

phototropism.

Phytoplankton—Plant plankton that live unattached

in water.

PisciciDE—Substances or a mixture of substances in-

tended to destroy or control fish populations.

Plankton (Plankter)—Organisms of relatively small

size, mostly microscopic, that have either relatively

small powers of locomotion or that drift in that water

with waves, currents, and other water motion.

Platyhelmenthes (^see Flatworms).

PoiKiLOTHERMic ANIMALS {see Cold-Blooded Animals).

Pool Zone—The deep-water area of a stream, where
the velocity of current is reduced. The reduced veloc-

ity provides a favorable habitat for plankton. Silt

and other loose materials that settle to the bottom of

this zone are favorable for burrowing forms of benthos.

PORIFERA (see Sponges).

PoTAMOLOGY—The study of the physical, chemical, geo-

logical, and biological aspects of rivers.

Producers—Organisms, for example, plants, that syn-

thesize their own organic substance from inorganic

substances.

Production (Productivity)—A time-rate unit of the total

amount or organism grown.

Profundal Zone—The deep and bottom-water area

beyond the depth of effective light penetration. All of

the lake floor beneath the hypolimpion.

Protozoa—Organism consisting either of a single cell

or of aggregates of cells, each of which performs all

the essential functions in life. They are mostly micro-

scopic in size and largely aquatic.

Rapids Zone—The shallow-water area of a stream, where
velocity of current is great enough to keep the bottom
clear of silt and other loose materials, thus providing

a firm bottom. This zone is occupied largely by
specialized benthic or periphytic organisms that are

firmly attached to or cling to a firm substrate.

Redd—A type of fish-spawning area associated with run-

ning water and clean gravel. Fish moving upstream
sequentially dig a pocket, deposit and fertilize eggs,

and then cover the spawn with gravel from the next

upstream pocket. Fishes that utilize this type of spawn-
ing area include some trouts, salmons, and minnows.

Red Tide—A visible red-to-orange coloration of an area

of the sea caused by the presence of a bloom of certain

"armored" flagellates.

Reducers—Organisms that digest food outside the cell

wall by means of enzymes secreted for this purpose.

Soluble food is then absorbed into the cell and re-

duced to a mineral condition. Examples are fungi,

bacteria, protozoa, and nonpigmented algae.

Rheotropism—Movement in response to the stimulus

of a current gradient in water.

Riffle—A section of a stream in which the water is

usually shallower and the current of greater velocity

than in the connecting pools; a riffle is smaller than a
rapid and shallower than a chute.

Rotifers (Rotatoria)—Microscopic aquatic animals, pri-

marily free-living, fresh water forms that occur in a
variety of habitats. Approximately 75 percent of the

known species occur in the littoral zone of lakes and
ponds. The more dense populations are associated with

a substance of submerged aquatic vegetation. Most
forms ingest fine organic detritus for food, whereas
others are predaceous.

Scavenger—An organism that feeds upon decomposing
organic matter.

Scuds (Amphipods)—Macroscopic aquatic crustaceans

that are laterally compressed. Most are marine and
estuarine. Dense populations are associated with
aquatic vegetation. Great numbers are consumed by
fish.

Secchi Disc—A device used to measure visibility depths
in water. The upper surface of a circular metal plate,

20 centimeters in diameter, is divided into four quad-
rants and so painted that two quadrants directly op-
posite each other are black and the intervening ones
white. When suspended to various depths of water
by means of a graduated line, its point of disappearance
indicates the limit of visibility.

Seiche—A form of perodic current system, described as

a standing wave, in which some stratum of the water

in a basin oscillates about one or more nodes.

Sessile Organisms—Organisms that sit directly on a

base without support, attached or merely resting unat-

tached on a substrate.

Shellfish Poison (Mussel Poison)—^A poison present in

shellfish that have fed upon certain small marine
phytoplankters in which the toxic principles exist. The
shellfish concentrates the poison without harmful ef-

fects to itself, but man is poisoned through consump-
tion of the toxic flesh.

Species (Both Singular and Plural)—A natural popula-

tion or group of populations that transmit specific

characteristics from parent to offspring. They are re-

productively isolated from other populations with

which they might breed. Populations usually exhibit a

loss of fertility when hybridizing.

Sphaerotilus—A slime-producing, nonmotile, sheathed,

filamentous, attached bacterium. Great masses are

often broken from their "holdfasts" by currents and
are carried floating downstream in gelatinous flocks.

Sponges (Porifera)—One of the sessile animals that

fasten to piers, pilings, shells, rocks, etc. Most live

in the sea.

Spore—^The reproductive cell of a protozoan, fungus,

alga, or bryophyte. In bacteria, spores are specialized

resting cells.

Spring Overturn—A physical phenomenon that may
take place in a body of water during the early spring.

The sequence of events leading to spring overturn in-

clude: (1) Melting of ice cover, (2) warming of sur-

face waters, (3) density change in surface waters pro-
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ducing convection currents from top to bottom, (4)

circulation of the total water volume by wind action,

and (5) vertical temperature equality, 4 C. The over-

turn results in a uniformity of the physical and chemi-

cal properties of the water.

Standing Crop—The biota present in an environment on
a selected date.

Stenotopic Organisms—Organisms with a narrow range

of tolerance for a particular environmental factor. Ex-

amples are trout, stonefly nymphs, etc.

SUBLITTORAL ZoNE—The part of the shore from the low-

est water level to the lower boundary of plant growth.

Submerged Aquatic Plant—A plant that is continu-

ously submerged beneath the surface of the water.

Examples are the pondweed and coontail.

SwiMBLADDER—An internal, membranous, gas-filled or-

gan of many fishes. It may function as a hydrostatic

or sense organ, or as part of the respiratory system.

Swimmers' Itch—A rash produced on bathers by a para-

sitic flatworm in the cercarial stage of its life cycle.

The organism is killed by the human body as soon

as it penetrates the skin; however, the rash may per-

sist for a period of about 2 weeks.

Symbiosis—Two organisms of different species living

together, one or both of which may benefit and neither

is harmed.

Systematics—The science of organism classification.

Thermocline—That layer in a body of water where the

temperature difference is greatest per unit depth. It

is the layer in which the drop in temperature equals

or exceeds 1 C (1.8 F) per meter (39.37 inches).

TLm (see Median Tolerance Limit).

Tolerant Association—An association of organisms

capable of withstanding adverse conditions within the

habitat. It is usually characterized by a reduction in

species (from a clean water association) and an in-

crease in individuals representing a particular species.

Trophogenic Region—The superficial layer of a lake

in which organic production from mineral substances

takes place on the basis of light energy.

Tropholytic Region—The deep layer of a lake, where

organic dissimilation predominates because of light

deficiency.

Vertebrate—^Animals with backbones.

Warm and Cold-Water Fish—Warm-water fish include

black bass, sunfish, catfish, gar, and others; whereas

cold-water fish include salmon and trout, whitefish,

miller's thumb, and blackfish. The temperature factor

determining distribution is set by adaptation of the eggs

to warm or cold water.

Waterfleas (Daphnia)—Mostly microscopic swimming
crustaceans, often forming a major portion of the zoo-

plankton population. The second antennae are very

large and are used for swimming.
Zooglea—Bacteria embedded in a jellylike matrix formed

as the result of metabolic activities.

Zooplankton—Protozoa and other animal micoorga-

nisms living unattached in water. These include small

Crustacea, such as daphnia and Cyclops.
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agricultural uses



introduction

ration for sale. Particularly critical is the use of

water in the production of market milk where

clean, bacteriologically safe water is mandatory.

In addition, the current time lag between milk

production on the farm and use in the home re-

quires the control of psychrophiles which adversely

affect milk quality.

The purity of water consumed by livestock has

far-reaching implications; polluted water can cause

death or disease of livestock and contaminate ani-

mal products. Many pollutants are important to

the livestock industry. Some understanding of the

tolerance level of these in water is important even

though animals also inevitably acquire organisms

and contaminants from soils or feeding and water-

ing locations. A dependable source of livestock

water of good quality is necessary for the profitable

production of animals.

Irrigation is the largest, single-purpose beneficial

consumptive use of water in agriculture. Water
quality criteria for irrigation become more critical

as fuller use is made of both available water and

irrigable land. Early irrigation developments were

largely on streams where only a small part of the

annual flow was used. Such streams contained

mainly dissolved solids resulting from the normal

leaching and weathering processes. Additional

uses concentrated the dissolved solids and intro-

duced other chemical and microbiological pol-

lutants that have become potentially hazardous to

crops, livestock, and to man.

Sources of water for agriculture

AMERICAN AGRICULTURE is both a

modem industry and a way of life. Not only

does water quality affect the safety and value of its

products, but also the health and welfare of farm-

ers and their families. Farmers do not usually have

access to the large, weU-controlled water supply

and waste disposal systems of the great munici-

palities.

The Subcommittee on Water Quality for Agri-

cultural Uses is concerned with water used on indi-

vidual farmsteads, for livestock, and for irrigation

of crops.

For farmstead waters, particular attention is

given to the use of water by the human farm popu-

lation for drinking, food preparation, bathing, and

laimdry. Other important uses include washing

and hydrocooling of fruits and vegetables in prepa-

Other than from precipitation, about three-

fourths of the water used in agriculture comes

from surface supplies and one-fourth from wells

and springs.

Man has been able to make better use of the

water by constructing dams, reservoirs, and dis-

tribution systems. During the period of greatest

need for irrigation and livestock, streamflows are

often minimal or even nonexistent. The highly

productive irrigated areas of the West have water

available because of the very large investment in

dams, reservoirs, and water charmels.

Another large segment of land is irrigated by

pumping water from the ground. The total usable

underground water supply has been estimated to

be equivalent to 10-year's total rainfall or 35-year

runoff (172). Underground waters supply more
than 20 billion gallons of water a day for irrigation.

The States of California, Arizona, Texas, and New
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Mexico alone pump about 14 billiou gallons a day

for this purpose. Pumping of ground water for sup-

plemental irrigation in the more humid portion of

the country has increased greatly in recent years.

Most of the water for individual farmstead use

comes from wells. Water from deep wells is more
apt to be free from pathogenic organisms than

that from springs, shallow wells, and surface

sources. Because on-farm treatment may be diffi-

cult, deep-well water is ordinarily desirable for

individual farmsteads unless dissolved solids are

excessive.

A dependable source of livestock water of good
quality is necessary for the profitable production

of animals.

Problems of agricultural water quality

Because the factories of agriculture are living

things, water quality affects not only the end prod-

uct, but also the efficiency of the production

machinery. Livestock, ill because of waterborne

disease or excess minerals, and irrigated crops

suffering from high salinity of irrigation water are

inefficient tools of production.

Agriculture, like any other industry or activity

of man, must deal with the quality-lowering impact

of all man's activities on water. Excessive quanti-

ties of silt from agricultural activities, road con-

struction, and urban development plague many of

our streams. Pollution from sewage, domestic and

industrial, continues to add each year to the water

quality problems of the farmer and urban dweller.

Upstream irrigation, reservoir evaporation, and

lowering or recycling of ground water impose in-

creasingly difficult problems for downstream irri-

gators because of increased salt concentrations.

Effects of water quality deterioration or the im-

pact of low-quality supplies on agriculture are

commonly insidious rather than dramatic. Even
relatively small-scale changes may result in large

economic consequences because of the sheer size

of the activity involved.

Excess salinity has been the instrument of de-

struction of profitable irrigation from the earliest

history of man. Besides the common ions, trace

elements in small concentrations, such as boron,

may be extremely harmful; and in many areas of

the world, pollution of water supplies by un-

treated or inadequately treated sewage in irrigation

results in widespread diffusion of enteric diseases.

While a great deal is known about the inhibiting

effects of salinity on plant growth, only very pre-

liminary assessments have been made of the eco-

nomic consequences in terms of the cost of reduc-

ing salinity. Thome and Peterson (166) estimate

that approximately 1.35 billion acre feet of river

flow in the United States each year carries to the

sea between 250 and 330 million tons of salt. This

reflects a continuing geological process, which, in

total, man may not have changed greatly. But in

many places man's activities have made local

changes of great importance in the vast process.

For example, the total flow ot salt down the Colo-
rado River system may not be much greater than

it was 100 years ago, but the amount of water

transporting the salt has decreased appreciably,

thus raising the salt concentration.

Besides direct pollution, management of water

resources may result in indirect environmental

consequences. Improper irrigation practices may
provide favorable environments for vectors of

disease, such as mosquitoes for malaria or en-

cephalitis, or snails in schistosomiasis (fortunately,

the latter is not prevalent in the United States at

the present time). Other aspects of irrigation

water resource management include control of

weed seeds and insect pests.

Very little attention has been given to the opti-

mum quality of drinking water for farm animals.

While the standards of quality for human con-

sumption may not be justified here, this could be a

desirable goal because such waters often also serve

other uses on the farmstead. There are certain

contaminants which may be hazardous to live-

stock. The danger of direct infection to livestock

through the consumption of water contaminated

with pathogenic agents is definite and deserves

attention.

Private farm systems provide water for drinking

purposes, food preparation, laundry, bathing, and

preparation of products for marketing. Many farms

rely on springs or shallow wells for their water

supplies and such supplies may be contaminated.

Both the farmer and consuming public benefit

from the use of good quality water.

Dairy farming requires large quantities of water

for cooling and for washing milk-handling equip-

ment. This must be of drinking water quality even

though other uses may not require this degree of

purity.

The multiple uses of water in agriculture require

that streams and other irrigation supplies be of

such quality that potable water can be produced

economically on the farm and without serious

fluctuations in quality. Furthermore, raw water

supplies should be satisfactory usuaUy without

treatment, for irrigation of vegetable and fruit

crops. The frequency and accuracy of monitoring

farm water supply sources should depend in part
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on the contaminating agents and the probability

of peak loading of contaminants in the raw water

source. Wherever practical, comments on monitor-

ing needs are included along with the appropriate

recommendations for criteria in this report.

Monitoring water quality

Historical water quality data should be reviewed
when considering the type, location, and frequency

of sampling. If such data are not available, a sys-

tematic sampling program to provide background
information may be necessary. Continuing water

quality data are necessary to evaluate changes

which may occur with time. By Executive Order
[Bureau of the Budget Circular A-67 (1964)],
the Department of the Interior was given responsi-

bility to coordinate collection of both water quality

and quantity data and to design and operate a na-

tional network for these purposes.

Most hydrological, climatic, and quality vari-

ables can be obtained and recorded or transmitted

in real-time at both remote and nearby locations

using sensors, transducers, and telemetering de-

vices available or under development. Improved
sensors, however, are needed for most variables,

and continued improvement of entire monitoring

systems is desirable.

In interpreting water quality characteristics,

consideration should be given to the procedures

used in measuring them. This report, therefore,

contains references to accepted chemical and bio-

logical analytical procedures. One should recognize

that these will be continually changed and im-

proved. As new methods are introduced, results

should be correlated with those obtained by pre-

viously accepted methods.

Scope and objectives of the report

This report gives consideration to water quality

criteria of concern to agricultural users. The ob-

jectives are to describe limits of use for agricul-

tural purposes. Wherever possible, criteria are ex-

pressed as quantitative ranges. Some of these are

necessarily broad because of lack of information

or of wide flexibility in specific uses; others which
may be better understood or more critical, are

narrow. Where quantitative estimates are presently

impossible, general criteria characteristics are de-

scribed. In suggesting values for criteria, considera-

tion has been given to both health and economic
factors affecting the farmer, food processors, and
the ultimate consumers.

summary

and key criteria
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Farmstead water supplies

In view of the wide variety of sources used

for farmstead water supplies and uncontrolled

influences of geographic location and climatic

conditions, no single set of values can realistically

be established as criteria for farmstead supplies

and accordingly most of the values are given in the

form of acceptable ranges at point of use. In de-

veloping the criteria summarized in table IV-1,

considerable reliance has been placed on the U.S.

Public Health Service Drinking Water Standards.

Water which meets these standards is generally

safe and acceptable to the user. Farmstead water

supply includes water to be used for all house-

hold purposes, washing of raw agricultural com-

modities, and for milk sanitation. Specific require-

ments above those for general farmstead use are

indicated also. This summary should be used only

in conjunction with the text of this report and

appropriate references. See table IV-1, below.

Livestock water supplies

Available literature on various substances which

occur as contaminants of drinking water for live-

stock has been reviewed. Such contaminants in-

clude inorganic elements and their salts, organic

wastes and mill effluents, pathogens and parasitic

organisms, herbicide and pesticide residues, and

radionuclides. Important and significant variables,

including nature and intake of dietary dry matter,

species, age and productivity of animals, and in-

terrelationships among the contaminating ingre-

dients, make establishment of a single set of water

purity values for livestock unfeasible. The relation-

ship of water intake to total dietary intake by live-

stock is of particular significance. For example,

much lower levels of a toxic contaminant should

be set for water if the dry feed to be ingested is

unavoidably high in the same substance. In gen-

eral, the risk of toxicity is less from water than

from feed sources.

Employment of biological indicators, such as

fish, in livestock water supplies is proposed as a

means of monitoring their safety from the stand-

point of chemical toxicity. Fish do not, however,

normally indicate presence of pathogenic orga-

nisms with sufficient sensitivity to protect livestock

from these contaminants.

Animal pathogens may occasionally enter into

a water cycle and management of water resources

can materially influence distribution of some
diseases. The involvement of the water supply in

such cases should be supported by epidemiological

studies in addition to presumptive or definitive iso-

lation from the water environment. Danger from

certain microbiological pathogens may be in-

creased in situations where water supplies are

alkaline.

In some instances, water quality standards are

set in conformity with accepted residual levels in

marketable animal tissues or products rather than

in relation to any demonstrable toxic effect upon
the animal themselves.

Irrigation water supplies

Variations and interactions of soils, plants,

water, and climate preclude the establishment of a

single set of criteria to evaluate all water quality

characteristics for irrigation purposes. It is the

intent of this report to list tentative criteria where

possible and to suggest guidelines where specific

criteria cannot be defined. These recommenda-

tions are subject to revision as more knowledge

accumulates.

The following summary of criteria should be

used in conjunction with references to the text of

the report as noted.

Salinity

ARID AND SEMIARID REGIONS

Table IV-3 of recommended criteria for salin-

ity or total dissolved solids (TDS) assumes that

related factors set forth in this report are taken

into consideration. This includes good irrigation

practices and soil and plant variables (pp. 167-

171).

HUMID REGIONS

Where irrigation is practical in humid areas, it

is unlikely that any great accumulations of salt will

occur over a period of time. For this reason, cri-

teria suggested above for arid regions may be sig-

nificantly increased for humid regions. More ap-

propriate criteria are indicated in pages 173-174.

SAR and Sodium

Water having sodium adsorption ratio (SAR)
values between 8 and 18 may have an adverse

effect on the permeability of soils containing an

appreciable proportion of clay because its use

causes undesirable amounts of sodium to be ad-

sorbed. Where used on sensitive crops, SAR val-
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TABLE IV-1. Key Water Quality Criteria for Farmstead Uses.

Characteristic

Recommendations (at point of use)

General farmstead uses Additional special-use requirements Page

Taste and odor
Color
pH
Total dissolved inorganic solids

Substantially free

do
6.0 to 8.5
500 mg/l (under certain circum-

stances, higher levels are
acceptable).

Dissolved organic compounds No recommendations for total

organ ics.

The concentration of persistent
chlorinated organic pesticides
should not exceed the follow-

ing:

Compound /xg/l

Endrin 1

Aldrin 17
Dieldrin 17
Lindane 56
Toxaphene 5
Heptachlor 18
H. epoxide 18
DDT 42
Chlordane 3
Methoxychlor 35
Substantially free
Levels in excess of those shown

are grounds for rejection of a
supply:

Substances mg/l
Arsenic 0.05
Barium 1.00
Cadmium 0.01
Chromium 0.05
Cyanides 0.2
Lead 0.05
Selenium 0.01
Silver 0.05
Levels shown below should not be

exceeded if alternate sources
are available:

Substances mg/l
Manganese 0.05
Iron 0.3
Copper 1.0
Zinc 5.0
Fluoride 0.7-1.2
Nitrate 45.0

6.8 to 8.5 dairy sanitation.

124
124
124
124

124

Turbidity
Hazardous trace elements

125
125

Other trace elements.

In dairy sanitation, water should
contain <20 mg/l potassium
and <0.1 mg/l iron and copper.

Radionuclides

Nonpathogenic microorganisms.

pc/l
.Strontium-90 10
Radium-226 3
In absence of above radionu-

clides, 1,000 pc/l gross /3

activity.

-To conform to USPHS drinking
water standards.

For dairy sanitation, water should
not contain more than 20 orga-
nisms per ml and contain not
more than 5 lypolytic and/or
proteolytic organisms per ml.

125
125

125
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TABLE IV-2. Key Water Quality Criteria for

Livestock Use

Characteristic Recommendations

Total dissolved solids (TDS)_-< 10,000 mg/l, depend-
ing upon animal spe-
cies and ionic com-
position of the water.

Hazardous trace elements:
Arsenic <0.05 mg/l
Cadmium <0.01 mg/l
Chromium <0.05 mg/l
Fluorine <2.40 mg/l
Lead <0.05 mg/l
Selenium <0.01 mg/l

Organic substances:
Algae (water bloom) Avoid abnormally heavy

growth of blue-green
algae.

Parasites and Conform to epidemic-
pathogens. logical evidence.

Dissolved organic Biological accumulation
compounds. from environmental

sources, including
water, shall not ex-

ceed established,
legal limits in live-

stock products.
Radionuclides Conform to recommen-

dations for farmstead
water supplies.

ues above 4 may be detrimental because of sodium

phytoxicity (pp. 155, 164). Water low in salt but

high in bicarbonate content may present a permea-

bility hazard Bven with low SAR values (pp. 170—
171).

Chlorides

Although not phytoxic to most crops, some
chloride phytotoxicity has been found for some
fruit crops. No limit has been established for chlo-

ride-tolerant crops because detrimental effects

from salinity per se ordinarily deter crop growth

first. For chloride-sensitive crops, chloride content

in the soil solution may range from 10 to 50 me/1

with permissible levels in irrigation water ranging

from 1 to 20 me/1 (16). More restrictive criteria

should be considered where sprinkler irrigation is

used (pp. 155-156).

Trace Elements

Toxic limits which would be generally ap-

plicable to all soils and all crops are not easily

defined. Research literature is inadequate to permit

even well-defined guidelines. The limits suggested

in table IV-15 are tentative and are designed only

to serve as guides for well-drained soils (p. 152).

TABLE IV-3. Suggested Guidelines for

Salinity in Irrigation Water

Radionuclides

There are many considerations involved regard-

ing radioactivity in irrigation water (pp. 163-

164). One hazard is the potential accumulation of

a radionuclide in a soil reaching levels in excess of

that applied in the irrigation water. On the basis of

existing knowledge, USPHS Drinking Water
Standards (175) is the best guide; the standards

are: Strontium-90, 10 pc/1; radium-226, 3 pc/1.

In the absence of these radionuclides, 1,000 pc/1

gross beta activity.

Crop response TDS mg/l

Water for which no detri-

mental effects will usu-
ally be noticed <500 <0.75

Water which can have detri-
mental effects on sensi-
tive crops 500-1,000 0.75-1.50

Water that may have ad-
verse effects on many
crops and requiring care-
ful management prac-
tices 1,000-2,000 1.50-3.00

Water that can be used for
salt-tolerant plants on
permeable soils with
careful management
practices 2,000-5,000 3.00-7.50

' Electrical conductivity.

Microorganisms

It is impractical to monitor irrigation water for

the numerous pathogenic organisms which may be
present (pp. 160-163). For this reason, the fol-

lowing guidelines for coliform limitations are sug-

gested for interim use subject to research confir-

mation. These are especially applicable where the

tops or roots of the irrigated crop are to be con-

sumed directly by man or livestock. The monthly

arithmetic average density of the coliform group of

bacteria shall not exceed 5,000 per 100 milliliters

and the monthly arithmetic average density of fe-

cal conforms shall not exceed 1,000 per 100 milli-

liters. Both of these limits shall be an average of
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at least two consecutive samples examined per

month during the irrigation season and any one

sample examined in any 1 month shall not exceed

a coliform group density of more than 20,000 per

100 milliliters, or a fecal coliform density of more

than 4,000 per 100 milliliters.

For the control of plant pathogens, guidelines

for irrigation water are best framed in terms of

preventive measures rather than by assay pro-

cedures.

Ph

Acidity or alkalinity as such in irrigation water

is seldom directly detrimental to crop growth.

Normally, water with pH values of 4.5 to 9.0

should not present any insurmountable problems,

but a range of 5.5 to 8.5 would be more desirable

(p. 155).

Temperature

Excessively high or low temperatures in irriga-

tion water may aifect crop growth and yields (pp.

157, 160). A desirable range of water tempera-

tures is from 55 to 85 F.

Suspended Solids

Sediment and suspended solids may be detri-

mental in irrigation water because of their effect

on irrigation structures and equipment and on the

soil to which the water is applied. No guidelines

are available to establish standards for either

particle size or quantity, (pp. 163, 175)

Pesticides

On the basis of the limited information avail-

able, levels of herbicides at which crop injury has

been observed are shown in Table IV-4. There

is little evidence to indicate that other pesticide

contamination of irrigation water would be detri-

mental to plant growth or accumulate in or on
edible plants in toxic concentrations under normal

use (pp. 156-157).

Biochemical Oxygen Demand (BOD) and

Dissolved Oxygen

Insufficient information is available to suggest

guidelines or to indicate that low BOD values or

dissolved oxygen content of an irrigation water as

such will have a deleterious effect on plant growth

or well-drained soils.

TABLE IV-4. Levels of Herbicides in Irrigation

Water at Which Crop Injury Has Been

Observed

'

Crop injury threshold in

irrigation water mg/l

Acrolein Flood or furrow: beans-60,
corn-60, cotton-80, soy-

beans-20, sugar beets-60.
Sprinkler: corn-60, soybeans-

15, sugar beets-15.

Aromatic solvents .__ Alfalfa-> 1,600, beans-1,200,

(xylene). carrots-1,600, corn-3,000,

cotton-1,600, grain sor-

ghum->800, oats-2,400,
potatoes-!,300, wheat-
1,200.

Copper sulfate Apparently, above concentra-
tions used for weed control.

Amitrole-T Beets (rutabaga)->3.5, corn-

>3.5.
Dalapon Beets->7.0, corn-<0.35.
Diquat Beans-5.0, corn-125.0.

Endothall Na and K Corn-25, field beans-<1.0,
salts. alfalfa->10.0.

Dimethylamines Corn->25, soybeans->25,
sugar beets-25.

2,4-D Field beans->3.5<10, grapes-
0.7-1.5, sugar beets-3.5.

Dichlobenil Alfalfa-10, corn->10, soy-
beans-!.0, sugar beets-
1.0-10.

Fenac Alfalfa-1.0, corn-10, soybeans-
0.1, sugar beets-0.1-10.

Picloram Corn->10, field beans-0.1,

sugar beets-<1.0.

1 Data submitted by crops research division, ARS, USDA
(unpublished).

NOTE.—Where the symbol ">" is used, the concentrations in

water cause no injury. Data are for furrow irrigation unless
otherwise specified.
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farmstead

water supplies

Scope of taskforce considerations

The purpose of this part is to give considera-

tion to water quality criteria that will be of con-

cern in the use of water by the human farm popu-

lation for their own needs and for all other pur-

poses associated with the operation of a farm

excluding use for livestock production and the ir-

rigation of crops. Specifically included will be con-

sideration of quality criteria for water to be used

by humans for drinking, food preparation, laundry,

and bathing. Consideration will also be given to

its use for the washing and hydrocooling of fruits,,

vegetables, milk, and other animal products in

preparation for sale either on the fresh market or

to food processors.

Water for Use by the Human Farm Population:

An essential requirement for health and corh-

fortable living in rural areas is that every farm

have a dependable water supply for domestic use

that is palatable, convenient, safe, and of adequate

quantity. The ability of the individual farm opera-

tor to treat water is limited to simple disinfection,

filtration, and softening. Accordingly, the quality

of the raw supply and that of the finished water

should be the same, unless otherwise indicated.

Farm water supplies can be of ground or surface

origin. Ground sources are generally regarded as

providing a more dependable supply and as being

less variable in composition than surface water.

However, it should be recognized that all supplies

are subject to pollution and care must be exercised

in both the installation and maintenance of water

systems.

In general terms, raw waters should be free of

impurities which are offensive to sight, smell, and

taste. They should be free of any significant con-

centrations of toxic substances. They should be

free also of bacteria or other living forms which

cannot be controlled or eliminated by simple proc-

essing techniques such as chlorination. The water

should be relatively free of radioactive substances

since all forms of exposure to radioactivity are

considered detrimental to man.

In the development of specific quality character-

istics, much reliance has been placed on the Drink-

ing Water Standards developed by the U.S. Public

Health Service (USPHS) for water and water sup-

ply systems (175) used by interstate carriers and

others subject to Federal quarantine regulations.

Over the years these standards have been found

to be reasonable in terms of the possibility of

compliance and acceptability of such water for

domestic use. The absence of specific references

for the quality criteria listed in this report indicates
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that the values have been taken from the 1962

revision of the USPHS Drinking Water Standards.

Water for Washing and Hydrocooling Raw
Farm Products: Advances in agricultural tech-

nology relating to the production and handling of

farm products has brought about changes in water

requirements. An increasing number of large

growers are preparing raw fruits and vegetables

for direct shipment to the market. Many root crops

and some fruits and vegetables are washed before

they leave the farm. Changes in fruit production

associated with mechanical harvesting and bulk

handling and emphasis on quality have made
hydrocooling of fruits a common farm practice. To
gain greater consumer acceptance of fresh fruits

and vegetables, as well as to minimize problems in

the processing of fruits and vegetables, washing

and hydrocooling of certain crops on the farm is

expected to increase in the future.

Although the use of water for hydrocooling and

washing has increased, its use in the slaughtering

and preparation of livestock for marketing has

decreased. The slaughter of animals for home use

and commercial marketing has largely been taken

over by firms specializing in this operation. Water

use in the preparation of poultry products, meat

and eggs, for market is also of little importance in

the present farm system since this operation has

largely been taken over by poultry and egg proc-

essing firms.

Water used in the washing or hydrocooling of

farm products destined for human consumption

on the farm, for sale on the fresh market, or for

delivery to a processing plant for canning, freez-

ing, or other type of preparation prior to market-

ing, should meet drinking water standards.

Water for Use in Washing Milk Handling

Equipment and Cooling Dairy Products: To
maintain and improve the quality of milk, farmers

must produce a premium product. The quality of

water used to clean milk utensils may greatly affect

the quality of milk. Since modern methods for

bulk handling milk on farms require large volumes

of water and provide many opportunities for

chance contamination of milk, water must be safe

and not injurious to milk quality.

Steadily increasing demand for water in the

rural areas due to intensified production of live-

stock, milk, and agricultural crops has required

many farm operators to develop additional sources

of water. Generally, these secondary sources are

of inferior quality and must be treated before use

in milk-handling equipment.

The grade A Pasteurized Milk Ordinance of the

USPHS {176) is accepted as the basic sanitation

standard for an ever-increasing portion of our raw
milk supply. By December 1964, the Milk Ordi-

nance (1953 edition) was the basis of the milk

sanitation laws or regulations of 37 States. The
1965 ordinance has been accepted by the Inter-

state Milk Shippers Conference as its basic sanita-

tion standard. Additional States are accepting these

requirements as the basic standard for the develop-

ment of local inspection regulations and for re-

ciprocal inspection agreements. Milk supplies for

the Interstate Milk Carrier program and for many
Government installations and programs must com-
ply with requirements of the 1965 ordinance. The
sanitation requirements for grade A raw milk for

pasteurization describe farm water supplies as a

major compliance item. Item 8r in section 7 of the

1965 ordinance defines acceptable water supplies

under this USPHS standard. It states that "water

for milkhouse and milking operations shall be

from a supply properly located, protected, and

operated, and shall be easily accessible, adequate,

and of a safe sanitary quality." Specific instruc-

tions for location of water sources, construction

of individual farm and milk plant water systems,

and disinfection of these supplies are described in

appendix D of the 1965 ordinance. The bacterio-

logical requirements for private supplies and re-

circulated cooling water are listed in appendix G
of the ordinance.

While contributing greatly to the development

of a safe, sanitary raw milk supply in this country,

the water quality standards described in the 1965

ordinance (as well as in previous USPHS model

milk codes) are inadequate. Farm water supplies

may meet these standards, yet have a detrimental

efi'ect on the quality of our modern milk supply.

Traditional concepts of "potability" and "soft-

ness" no longer suffice in this era of mechanized

milk-handling systems. Lengthy storage of raw

milk prior to pasteurization is common in today's

marketing operation. The breakdown of normal

milk constituents by organisms able to grow at

refrigeration temperatures produces quality

changes not tolerated in fluid milk or manufactured

dairy products. Since many of these low-tempera-

ture-tolerant species of microorganisms are com-

mon soil and water contaminants, water quality

standards must be developed for farms producing

milk to prohibit the presence of those species

which can cause the breakdown of milk con-

stituents.

The following characteristics are considered es-

sential in a water supply to produce a milk supply

able to meet the demands of a modern marketing

system.

1 . Sufficient quantity.—Enough water must be
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available every day throughout the year. Failure of

the supply, such as during a drought or freezing

weather, has serious consequences in milkhouse

sanitation. Sanitary care of milk-handling equip-

ment is an everyday must and when water is scarce,

sanitation suffers.

2. Clear, colorless, good taste, relatively soft.

—Soft water requires less detergent and gives bet-

ter cleaning. Dirty water results in dirty utensils.

Milk is susceptible to off flavors; poor tasting water

does not help.

3. Free from harmful bacteria, yeast, and

molds.—Unsafe water may cause disease. Some
bacteria cause rancid flavors in milk while others

can cause bitter, fruity, and/or other unpleasant

flavors. Yeasts and molds also contribute to flavor

defects of milk products.

4. Noncorrosive water.—Corrosion shortens

the life of piping and water heaters. Copper and

iron dissolved from piping by acid water may
cause oxidized flavors in milk products.

5. Nonscale-forming water.—Scale may clog

pipes, faucets, boilers, and water heaters {111).

General problem areas

Limitations of On-Farm Treatment: The raw

water supply available to farmers must be of such

quality that it can be used in the raw state or be

made acceptable for farmstead use with minimum
treatment such as disinfection, filtration, and/or

softening. Economic considerations alone will

prohibit use of raw supplies that require extensive

treatment to make them suitable for farmstead

uses.

Many surface waters have turbidities in excess

of what can be used effectively in home or farm

operations. The coagulation, settling, and filtration

systems used in municipal water plants are imprac-

tical for small-scale use. Pressure sand filters or

diatomaceous earth filters are not recommended
for farm use when turbidities exceed 20 units and

are not effective at this level if the supply has ex-

cessive bacteria or organic materials present.

Small in-line filters with porous rigid media or

composition disc filters are used successfully for

small systems but are not successful if high capac-

ity is desired or if turbidities exceed 5 to 10 units

{89).

Control of water hardness is desirable for do-

mestic uses and is essential for proper sanitary

control of milk contact surfaces. However, except

for supplies containing in excess of 100 to 150

mg/1 total hardness, cleaning compounds can be

formulated which provide adequate softening.

Such water may produce waterstone in heaters or

milk cooling tanks when used for ice-bank cooling

or for water-cooled compressors.

For farm supplies exceeding 100 mg/1 total

hardness, control can be effective using cation

exchange processes. When properly operated, ion

exchange systems are quite inexpensive and gen-

erally satisfactory. However, unless the equip-

ment is properly maintained and operated the

ion exchange capacity of the system will be de-

pleted and sanitation will suffer if the resultant

untreated hard water is used to prepare cleaning

solutions. At the same time, temporary hardness

chemicals (bicarbonates) will precipitate to cause

continuing heat transfer problems in water heaters

and milk coolers.

Tests for total hardness do not indicate the spe-

cific type of hardness and, consequently, the farm

water supply may contain ions other than calcium

and magnesium. These may be treated with ap-

proximately the same efficiency if specific methods

are applied but are not removed by simple systems

designed for calcium and magnesium alone.

Ion exchange softeners will filter some particles

from water but are not intended for that purpose.

Thus, if the supply also has a sediment problem,

filters should be installed ahead of the softener,

since sediment in the exchange bed will greatly

reduce the capacity of the softener. Water with a

high iron concentration will form a precipitate

which also will interfere with softener operation.

Sources of Supply Limitations: Water for farm

use can be obtained from three general sources of

supply. These include: (1) Precipitation (rain,

snow, etc.); (2) surface water (exposed bodies of

fresh water); and (3) ground water (water from

a saturated zone in the earth)

.

Atomospheric water is likely to be the most pure

of available supplies. When impounded in suitable

cisterns, it is a source of soft, high-quality, and

inexpensive water which may not need further

treatment for many farm uses. When used for

drinking purposes or for final rinsing of milk con-

tact surfaces, it should be treated to destroy any

pathogenic or psychrophilic bacteria.

Surface water may be defined as atmospheric

water which is not collected in cistern^, but rather

runs off to collect in streams, ponds or lakes,

swamps, etc. Such waters will collect all types of

bacteria and organic and inorganic materials as

they flow over (or through) the topsoil. All such

supplies should be treated by filtration and disin-
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fection before use for domestic purposes, washing

or hydrocooling of agricultural products, or in

milkhouse operations.

Surface water is subject to wide fluctuations in

temperature and mineral content as well as bac-

terial flora. Passing through decaying vegetative

matter, it may pick up colors and odors which,

though they may not be a deterrent to proper sani-

tation, may make the water objectionable for

drinking and other domestic uses.

Ground water is that which exists in a saturated

zone of the earth's crust. Most of this supply

originates as atmospheric water. Sewage and other

types of liquid waste usually have relatively little

effect on ground water quality in deep formations.

Surface water may be important to ground water

levels in the area of rainfall but may be deposited

far from the point of extraction.

The principal ground supplies are springs or

wells. Quality may differ greatly between deep and
shallow wells. Water from relatively deep wells is

usually of acceptable bacteriological quality and

can be used for drinking without treatment, al-

though it frequently has high mineral concentra-

tions. Shallow well water is seldom this pure.

While bacteria and colloidal materials are com-

monly removed as water seeps through the ground,

mineral substances are frequently dissolved to

create waters with varying degrees of hardness.

Occasionally, objectionable gases such as hydro-

gen sulfide may be dissolved which produce un-

desirable odors or tastes. More commonly, carbon

dioxide is dissolved, creating acid water with an

enhanced ability to dissolve minerals.

Shallow wells may yield appreciable numbers of

many types of bacteria and, less commonly,

yeasts. It has been reported that infectious hepa-

titis and typhoid fever are problems arising from

contaminated shallow wells in some areas {77).

This pollution may be caused by seepage of con-

taminated surface waters. Fragmented or cavern-

ous rock formations may contain crevices which

extend to the surface, particularly in limestone

areas. Shallow wells may decrease in quantity (or

dry up completely) under drought conditions.

Wells and springs should be properly disinfected

usually by chlorination after construction and after

any repair or alteration to the system.

In some locations, sand and gravel strata exist

below a stable water table. These strata may pro-

vide a dependable source of water similar in qual-

ity to that of shallow wells in the area. These sys-

tems are commonly located near a lake or stream;

however, an adequate distance should separate the

source from the system to allow for suitable filtra-

tion. The area above the infiltration system also

must be protected to prevent pollution by animals

or sewage (104).

Other Considerations Regarding Sources of

Water: Farm water supplies which are obtained

from municipal systems usually are free from

pathogenic bacteria and objectionable odors,

colors, or tastes. The primary problem with such

sources, in addition to cost considerations, is re-

lated to the control of nonpathogenic micro-

organisms and minerals occurring in the supply.

Many farm operations utilize water from sev-

eral sources during the year. Assuming the relative

quality of supplies as noted above, such combina-

tions of sources may cause problems in dairy sani-

tation. Sanitation chemicals are selected to soften

hard water and provide sufficient reserve to remove

dairy films. Several sources which are intercon-

nected in one system and then utilized as needed

during the year, may have entirely different hard-

ness and pH relationships, greatly affecting the

strength of cleaning solutions. Incomplete sanita-

tion for even a short period can cause film develop-

ment (milk and/or water) which will have a long-

term effect on raw milk quality unless removed by

supplemental treatment.

Objectionable Natural Constituents of Water:

The objectionable foreign materials commonly
present in water can be divided into several groups.

These are

:

( 1
) Suspended matter. This includes clay, silt,

and sand. The first two are found chiefly

in untreated surface supplies while sand is

commonly associated with well supplies.

(2) Materials causing taste, odor, and color.

These impurities normally occur as the

result of one or more of the following:

dissolved organic matter, dissolved organic

gases, hydrogen sulfide, earthy constitu-

ents, algae, phenols, or other wastes. Hy-

drogen sulfide is more commonly asso-

ciated with ground supplies, while the other

impurities occur more often in surface

waters.

(3) Materials causing hardness. As water

moves on or through the earth, it may col-

lect salts of calcium and magnesium, and

to a lesser extent other minerals. While

many of these salts are of little concern in

drinking water, they can affect seriously

water to be used in cleaning and cooling.

Bicarbonates, sulfates, and chlorides are the
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common anions in farm water supplies, while cal-

cium, magnesium, and sodium are the most fre-

quently encountered cations. The bicarbonates

produce a condition known as temporary hardness.

This is the major cause of hardness problems in

farmstead water supplies, but precipitation is

rapid if bicarbonates are present. A hardness film

also forms when equipment is rinsed with hard

water. Upon evaporation of the water, hardness

minerals remain as a film on equipment.

Hardness is objectionable for most domestic

uses and causes problems in dairy sanitation since

precipitation of hardness chemicals (waterstone)

will trap milk residues. These then harbor and

provide nutrients for microorganisms which, in

turn, affect both the keeping quality and the sani-

tary quality of the raw milk supply as measured

by usual regulatory procedures. "Stone" buildups

on milk-handling equipment can only be removed

by special cleaning procedures.

(4) Iron, copper, and manganese. These ele-

ments are troublesome in the water supply

of dairy farms. They can be deposited on

milk contact surfaces during normal sani-

tation procedures, then be removed by

milk due to its slightly acid nature. When
iron and copper are present in milk in

concentrations as low as 0.1 mg/1, they

will contribute to the development of

oxidized (cardboardy) flavors {72).

These minerals may exist in the water

supply itself or result from corrosion of

the water pipes. Acid waters (pH<7.0)
are particularly troublesome in causing

corrosion and subsequent copper or iron

contamination in the water.

Iron and manganese may be found in some well

water supplies. When present, they cause a par-

ticularly objectionable red-brown stain which is

difficult to remove from surfaces being cleaned

without special techniques.

Nonpathogenic Bacterial Contaminants: Micro-

organisms are commonly present in surface waters

and waters held in reservoirs. Coliform bacteria in

a water supply have been accepted as presumptive

evidence that contamination with pathogenic spe-

cies is likely since isolation of every potential type

of pathogen is not practical at this time. Likewise,

the dairy industry has been concerned with the

coliforms since they are commonly used as an

indication of contamination with fecal pollutants

in the vicinity of the sampling location.

Many other nonpathogenic species of micro-

organisms are found in farm water supplies. Al-

though most of these are harmless, certain of them

contribute to the development of colors, odors,

tastes, and turbidity. Algae, diatoms, and protozoa

produce odors in the water but these are seldom

factors in milkhouse sanitation. One group of orga-

nisms known as "iron bacteria" actually feed on
iron pipes. These slimy, mucoid cells may multiply

in the presence of iron, produce undesirable flavors

and clog pipes or seriously depress flow rates

{200). Ropy milk is a classical example of a

fault which may be due to contaminated water.

There is considerable recent evidence that one

group of water organisms, commonly referred to

as psychrophilic (cold loving) organisms, may
have a considerable effect on the keeping quality

of raw milk. The pychrophiles include many
species capable of breaking down the fat and

proteins in milk to produce serious physical and

chemical changes in the product (165).

Research has shown farm water supplies to be

of variable but generally poor quality. While the

majority of water samples would be acceptable by

presumptive coliform determinations, tests could

indicate the supplies contained other organisms

capable of affecting milk quality (79).

Studies have shown that coliform bacteria and

most other bacteria are easily destroyed, even

when water is quite turbid. While treated waters

may satisfy standards for potable supplies, certain

psychrophilic bacteria and other spoilage orga-

nisms may survive chlorine treatment and con-

tinue to be a factor in milk quality control (6, 7,

77, 79, 82, 186). Laboratory studies indicate that

some of these putrefactive bacteria will survive

even 10 mg/1 residual chlorine (6, 7, 79, 81).

Results with iodine treatments were similar {6, 7,

79). The literature shows that certain psychro-

philic organisms are quite resistant to all sanitizing

agents {81). Sublethal doses of chlorine may effect

a temporary decrease in the growth of surviving

organisms but the rate of increase after this tem-

porary lag may be greater than that of the control

sample {32). Many of these organisms grow at

low levels of organic matter. They are actively

proteolytic, lipolytic, or putrefactive. They grow

well at temperatures barely above freezing and

may have serious consequences in present milk

handling methods where lengthy storage of raw

milk is common. As modern milk handling meth-

ods make it likely that at least small amounts of

water will enter the milk, it is evident that farm

water supplies must be free of these microorga-

nisms.
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Quality considerations

Taste and Odor

The water supply should be substantially free

of substances offensive to sight, taste, or smell.

Taste and odor in water may result from the pres-

ence of a wide variety of substances including or-

ganic compounds, inorganic compounds, and al-

gae. Knowledge concerning the source of taste and

odor components is useful in determining what

treatment, if any, is necessary to make the water

acceptable.

The odor of water is usually due to the presence

of dissolved gases such as hydrogen sulfide and

volatile organic compounds. Threshold odor values

in excess of three units (159) are generally con-

sidered objectionable. Dissolved inorganic salts

of iron, zinc, manganese, copper, sodium, potas-

sium, and others may be detected by taste. Limits

for many of these ions are listed later in this

report.

Color

The water supply should be substantially free of

color. Dissolved organic material from decaying

vegetation and certain inorganic matter cause color

in water. Occasionally, excessive blooms of algae

or the growth of aquatic microorganisms may also

impart color. While color itself is not usually ob-

jectionable from the standpoint of health, its

presence in excess of 15 color units (159) is aes-

thetically objectionable and suggests that the water

needs appropriate treatment.

Temperature

The temperature of the water supply is not an

important quality consideration for most farm-

stead uses. Where large volumes of water are to be

used for hydrocooling farm products, however, the

natural temperature can be a factor influencing its

acceptability for such use.

Ph

The pH of waters can range from 5.5 to 9.0

(177) but most surface waters fafl between pH
7.0 and 8.5 (179) usually due to the presence of

bicarbonate and carbonate ions. Waters with a

pH below 6.0 can cause excessive corrosion in

plumbing systems while waters with a pH above

8.5 suggest excessive sodium. Knowledge of the

water pH is useful in determining necessary meas-

ures for corrosion control, sanitation, and ade-

quate disinfection. It is recommended that the pH

of farmstead water for milkhouse use fall between

6.8 and 8.5.

Total Dissolved Inorganic Compounds

Firm standards for total dissolved inorganic

solids are not realistic in view of the naturally

occurring difference in waters from various sources

and geographical locations. The importance of

total dissolved inorganic solids in farmstead waters

for domestic use relates largely to taste, hardness,

and laxative properties. It is desirable that the total

dissolved inorganic solids not exceed 500 mg/1.

Chlorides and sulfates should not exceed 250
mg/1. No general recommendations are appropri-

ate for sodium, magnesium, potassium, phos-

phorus, sulfur, or calcium.

Although in excess of the above recommenda-

tions, waters containing up to 5,000 mg/1 total

dissolved inorganic solids can be used if alternate

sources are not available. Under these conditions,

however, the acceptability of the water depends

upon the ionic composition of the dissolved solids

and the feasibility of treatment to remove ob-

jectionable ions.

Dissolved Organic Compounds

Determination of total dissolved organic com-
pounds in water by measurement of carbon

chloroform extractable substances (CCE) is too

involved and expensive to be considered for ap-

plication to farmstead water supplies. If surface

waters are being used, an estimate of the CCE may
be obtained from nearby municipalities using the

same or similar sources. If deep ground waters are

being used on the farmstead, the problem of total

dissolved organic compounds may be ignored

unless there is reason to expect contamination.

The organic compounds of possible concern in

connection with farmstead supplies are persistent

chlorinated organic pesticides. Although the data

currently available (55, 120, 171) indicate that

contamination of both ground and surface water

with any of these materials rarely exceeds 0.1

fxg/l and, accordingly, is negligible in terms of

human health, it is highly desirable that water

supplies remain in such a condition. Some criteria,

such as those suggested by Ettinger and Mount
(52) are too low to be broadly applied at the

present time in water quality evaluation. It is

considered appropriate, therefore, that the permis-

sible levels of specific pesticides in a farmstead

water supply should not exceed the limits sug-

gested by the PHS advisory committee, on use of

the PHS drinking water standards. The work of
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that Committee has been described in the section

on Public Water Supplies (par. 21). These recom-

mendations are shown in table IV—5.

TABLE IV-5. Recommended Limits for

Chlorinated Organic Pesticides in

Farmstead Waters

TABLE IV-6. Allowable Concentrations of

Trace Ions in Farmstead Waters

Compound



per 100 ml in the raw water supply can be toler-

ated. Coliform densities above this level may re-

quire special treatments.

It should be kept in mind that negative test

results cannot be considered as an assurance of a

continuously safe supply unless the results of sani-

tary surveys and subsequent negative tests support

such a position.

In addition to limitations for coliform orga-

nisms, water used for dairy sanitation should con-

tain no more than 20 organisms of all other types

per milliliter and no more than 5 proteolytic and/

or lipolytic organisms per milliliter {111).^

Determination of quality

Monitoring and Periodic Checks

Water for farmstead use should be sampled and

examined for bacteriological contamination upon
completion of the supply system and when the sys-

tem is repaired or changed. Samples should be

taken also to determine the physical and chemical

characteristics of the supply at the time of initial

use of the system. Bacteriological analysis should

include testing for important groups of nonpatho-

genic bacteria in addition to usual coliform deter-

minations.

Samples of water for farmstead use should be

taken periodically during the year and analyzed

for bacteriological, physical, and chemical charac-

teristics. If there is any likelihood that composi-

tion has changed, more frequent sampling may
be necessary if the source is known to be of vari-

able quality. During a temporary shortage when
water is hauled to a dairy farm producing milk

under a sanitary code based on the USPHS grade

A Pasteurized Milk Ordinance (176), it is man-
datory that a sample of such water be taken each

month at the point of use and submitted to a

laboratory for bateriological examination. When
the quality is such that treatment is necessary to

meet USPHS standards described above, the farm

operator or his representative should make fre-

quent tests (at least weekly) to determine that the

equipment is operating properly.

^ Standard methods for the examination of dairy

products. 1960. 11th ed. APHA, Inc., N.Y. Hammer,
B. W., and F. J. Babel, 1957. And, Dairy bacteriology,

4th ed. John Wiley & Sons. pp. 15-16.

Procedures for Analysis

Procedures used in the determination of water

quality factors are, for the most part, standard

methods applicable in the examination of water

regardless of its source or intended use. In view of

this fact, methods for sampling and analysis are

found in the section on Sampling and Analytical

Procedures of this report.

Specific recommendations

Discussion of Limiting Criteria

Water for use by the human farm population,

for washing and preparation of raw farm products

for marketing, and for dairy sanitation should be

potable as a minimum requirement. Also, in de-

veloping water sources, attention should be given

to assure that the supply used does not contain

microorganisms or chemicals which can cause

product deterioration or adversely affect sanita-

tion procedures.

Farms using multiple sources of water should

keep supplies separate and have each analyzed

with reference to the quality criteria previously

listed. Withdrawal from each of the several sources

should be planned and adjustments made in sanita-

tion and treatments based on the composition of

that water.

Many species of bacteria are capable of estab-

lishing cultures in unclean or corroded pipes.

Samples of water for analysis should be taken at

the outlet as well as at the source to determine

.the presence of any microbial buildup in piping

systems. Pipes may become perforated by corro-

sion, or leaks may develop at pipe joints permitting

polluted water to be drawn into the normal supply

system.

Evaluation of Recommendations

—

Needs and Their Achievement

The history of American agriculture indicates

that a suitable water supply for general farm use

can be obtained usually with little trouble if at-

tention is paid to developing proper sources. The
use of low-quality water can normally be traced

to lack of knowledge as to what constitutes an

acceptable supply, rather than any inability to

correct known, undesirable conditions.

Certain nonpathogenic bacteria have the ability

to withstand high chlorine residuals. When such

bacteria are present, they may be controlled by
alternative methods.
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In some instances, water sources near bodies

of salt water may be contaminated with salt due

to lowering of the water table. Once contamina-

tion occurs in this manner, restoration of the

underground aquifers is not considered economi-

cally feasible.

In dairy sanitation, cleaning chemicals can be

selected to correct many problems of common, un-

desirable chemicals in the farmstead water supply.

Removal requiring expensive treatment systems

is unusual.

Water Treatment Possibilities, Including

Economics

The quality requirements for water to be used

on a farm are not difficult to meet in most cases.

Treatments which render a supply potable, com-

bined as necessary with treatments to remove un-

desirable chemicals, are sufficient for most ground

water sources.

The use of surface water should not be con-

sidered unless ground sources are undependable

or unavailable. Surface water should always be

considered contaminated and individually tailored

treatment processes must be used to make it safe

as well as satisfactory for farm uses encompassed

by this report. Farm ponds, if properly maintained,

can provide raw water of high bacteriological

quality requiring a minimum of treatment to be

made suitable for domestic and livestock uses

UOO).
Microbial Contaminants and Their Control: The

common method for controlling pathogenic bac-

teria has been chlorination in any one of several

ways. Certain problem areas must be considered

if the system is to be successful. The following

are important:

(1) The chlorine demand in the raw water

supply may vary greatly. This is particu-

larly true of surface water or when it is

obtained from several sources. When chlo-

rine demand is low, the water may be

objectionable to taste because of excess

chlorine in the system. The operator may
reduce the rate at which chlorine is fed

into the system which then becomes inade-

quate when chlorine demand again in-

creases.

(2) Chlorine-feeding equipment differs greatly

in cost and design. Venturi systems which
become inoperative may disrupt the entire

water system. Sediment may be a prob-

lem in some systems and equipment should

be recommended by competent authority.

(3) Chlorine mixing must be complete and an

adequate residual maintained. The system

must allow sufficient contact time for maxi-

mum killing efficiency. This is not possible

in some types of equipment nor is it pos-

sible in systems which do not include a

mixing tank as a basic component. Com-
plete mixing is unlikely in the piping sys-

tem alone (755).

(4) An adequate supply of chlorine must be

available at all times. Chlorine residuals

must be checked and equipment inspected

on a regular basis. Human error and ne-

glect are common problems in the opera-

tion of individual, small water systems.

(5) Certain water supplies may give a false

picture of the efficiency of a chlorination

system. Nitrites, manganic manganese, or

ferric iron in water will produce a false

color when a free-chlorine residue test

is made. Water which is highly alkaline or

very cold is more difficult to disinfect. In

some hard waters, precipitates may par-

tially clog the check valves of the feeder

pump, reducing its effectiveness.

Shaw {155) has commented on some of the

problems commonly encountered in treating indi-

vidual farm water systems to remove pathogenic

bacteria. He states that:

The big problem today is not whether or not something

should be done about individual water systems, but rather

what and how. It is a problem that is at the same time

both extremely simple and frustratingly difficult.

The simple part is that the bacteriologists can tell us

what kills most pathogenic organisms and the sanitary

engineers can tell us what methods and equipment have
been in successful use for years in municipal waterplants.

The difficult part is the adaptation of proven methods
and techniques, or the development of new ones, which
will, at a low cost, automatically and surely perform an
operation that in a municipal water treatment plant re-

quires expensive equipment, constant maintenance, super-

vision, adjustment, and testing by trained personnel.

It is also reported by Shaw that about half

of the individual water supplies tested in Penn-

sylvania were found to be polluted. Many of the

water treatment devices in use are not doing an

effective job even though they satisfy regulatory re-

quirements. He points out that monthly sampling

of individual water systems "seems unreasonably

troublesome and expensive," yet the usual require-

ment of annual sampling is inadequate.

There are three common methods and many
pieces of commercial equipment which may be

used in the treatment of water in individual sys-

tems. The methods are chlorination, ultraviolet

sterilization, and heat treatment.

Chlorination is best accomplished by the method
known as superchlorination. Efficient equipment
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at a reasonable cost can be secured for adding

chlorine to water in the proper dosage to destroy

harmful microorganisms. Such chlorinators are

essentially small liquid pumps that measure out

a certain dosage of chlorine and inject it into the

correct quantity of water. Chlorinators may be

operated by an electric motor, by a belt drive

from a water pump, or by a watermeter.

An advantage of an automatic chlorinator is

that it can be used to add other chemicals to the

water to remove manganese and iron, destroy

iron bacteria, neutralize acid waters, control algae,

and correct certain tastes and odors.

Ultraviolet sterilization is a practical alternative

method of water treatment. Certain psychrophilic

bacteria, known to be able to break down the fat

and protein in milk, resist very high concentrations

of chlorine (81). Concentrations of chlorine neces-

sary to destroy viruses and protozoa which have

formed cysts are not well understood. The latter,

which are particularly chlorine resistant (64) may
be present in ground water in areas where frac-

tured rock or limestone channels exist. Recent

developments in the design of components make
ultraviolet (UV) radiation an inexpensive and

generally successful method of treatment. Re-

cently, the USPHS accepted UV purification of

water if the installation includes safety devices

which shut off the flow of water if the intensity of

the light falls below acceptable levels. Meters have

been developed to keep a permanent record of UV
treatment. Ultraviolet treatment has the advantage

that it will destroy all types of microbial life known
to be a problem in farm water supplies (70).

Limitations to the UV treatment of farm water

supplies include the fact that UV treated water

has no residual action, thus any contamination

beyond the point of treatment will pass to the

finished water supply. Periodic flushing and dis-

infection of the water distribution system must be

provided. Turbid waters will quickly coat the lamp,

reducing UV intensity. If automatic signalling

devices, instaUed to stop the flow of water, are not

properly treated, such coating could occur during

a period of abnormally heavy demand (as in fire-

fighting) . Insurance underwriters may cancel con-

tracts when UV systems are instaUed if an outlet

is not provided ahead of the treatment site for

fire protection.

Heat treatment is satisfactory for destroying

normal water flora just as UV sterilization is

advantageous for treating chlorine-resistant bac-

teria. The system simply requires heating water

to a prescribed temperature for a sufficient length

of time. An ordinary water heater can be used

if the temperature is high enough (756). Sediment

or temporary hardness will cause problems unless

removed prior to heating. When cool water is

needed, the heat must be removed, thus creating

a cost for cooling as well as heating. The water

pasteurizer has been accepted in some parts of the

country but is generally considered to be somewhat
expensive in comparison with chlorination and UV
treatment.

Removal of Iron and Manganese: Insoluble

iron and iron bacteria will intensely foul the

mineral bed and the valves of a water softener.

Therefore, it's best to remove iron and manga-
nese before the water reaches the softener.

Iron and manganese can be removed by a com-
bination of automatic chlorination and fine fil-

tration. The chlorine chemically oxidizes the iron

(forming a precipitate), kills iron bacteria, and
eliminates disease bacteria. The fine filter then

removes the iron precipitate. Some filters may
dechlorinate also. This chlorination-filtration

method corrects the iron problems and assures

disinfection as well.

Iron can be removed effectively from water by

aeration and by some types of softening equip-

ment.

Neutralization of Acid Water: Acidity of water

is usually caused by dissolved carbon dioxide.

The carbon dioxide, from decaying vegetation,

forms carbonic acid. Acid water can cause corro-

sion of the water system and release of objection-

able metallic ions. Acidity of water is easily cor-

rected by addition of a neutralizing solution.

To correct acidity and disinfect with the same
equipment, a neutralizing solution may be fed

into the water supply by mixing with the chlorine

solution. Satisfactory equipment for adding soda

ash in powdered form is also available.

Other methods for minimizing the effect of acid

water are:

(a) Installation of plastic pipe for cold-water

lines when constructing new systems;

(b) Reduction of the temperature of hot water;

and

(c) Removal of oxygen or acid constituents

from the water.

Control of Tastes and Odors: Depending upon

the cause, taste and odor can be removed or re-

duced by aeration or by treatment with activated

carbon, copper sulfate, or an oxidizing agent such

as chlorine.

Aeration is an effective treatment for water
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having a rotten egg odor indicating the presence of

hydrogen sulfide (commonly referred to as sulfur

water). To remove, spray the water into the air

over a collecting basin, or cause it to flow over

baffles so that the hydrogen sulfide gas will be re-

leased into the air. Protect the aeration equip-

ment so that contaminants cannot enter the water.

Activated carbon treatment consists of passing

the water through granular or powdered activated

carbon which adsorbs large quantities of dissolved

gases, liquids, and finely divided solids. This

treatment is extremely effective in taste and odor

control. Activated carbon can be used in filters

available from manufacturers of water-condition-

ing and treatment equipment.

Superchlorination also is effective in reducing

tastes and odors present in water. Add chlorine

to the water in excessive amounts (superchlorina-

tion) to provide a minimum chlorine residual of

3.0 mg/1 for a contact period of at least 5 min-

utes. Remove the excess chlorine (dechlorination)

to eliminate the objectionable taste. A good
method is to Use filters of activated carbon.

Algae are the most frequent cause of taste and

odors in farm water supply systems. To control

algae, treat the water with copper sulfate or,

when feasible, cover the storage unit to exclude

sunlight. The amount of copper sulfate required

varies with the particular species or organism in-

volved. A dose of 0.3 mg/1 (1 ounce in 25,000
gallons of water) will generally control most algal

growth likely to cause trouble in drinking water.

Even this small amount will damage milk flavors

if the treated water is used in milkhouse sanitation

without removing the copper.

Softening: Hardness of water is due, in large

part, to the presence of calcium and magnesium
compounds. Water dissolves these minerals as it

passes through soil and rock formations.

Water softening is not usually considered neces-

sary or economical unless the total hardness ex-

ceeds 100 mg/1. In this case, the better and easier

cleaning obtained along with the savings in de-

tergent probably will pay for the softener.

Water softeners are simple machines and the

cost of operation is low. Before a water softener

is installed, the water should be analyzed to de-

termine how much softening capacity is required.

Most dealers who handle water softeners provide

this service.

The Water Systems Council's publication,

"Water System and Treatment Handbook," sum-
marizes methods of water treatment in a useful

table (797).

livestock

water supplies
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introduction and

general problem areas

Relationship of water to total diet

Domestic livestock represent an important seg-

of the complex, interdependent organization of

living things on earth. As plants are considered

the "great anabolizers," animals are the "great

converters" which provide energy and other basic

necessities in forms that are both useful and palata-

ble to mankind. It is significant that they are a part

of the world's renewable sources of energy, as

opposed to the fixed sources, such as fossil fuels.

Because of these attributes, the future of domestic

animals must be carefully guarded.

Both domestic animals and man occupy the

paradoxical position of contributing to, and being

affected by pollutants in their environment. Much
of this environment, even for land animals, is

aqueous, and water is of paramount importance

as a vehicle for metabolites and their degradation

products—hence the purity of water consumed

by livestock has far-reaching implications. There

are many ways in which livestock water supplies

may be contaminated. These may be direct, as

for example where ground water rises from a

parent soil or rock formation having unusual

mineral content—either excessive or deficient in

relation to the nutrient requirements of animals.

They may also be indirect in the sense that fertil-

izers added to aid crop production may stimu-

late biological growth (microbial, algal) in

impounded water to the point where animals con-

suming that water may be affected. These ma-
terials may also produce varied effects. They may
impede the husbandry of livestock either by caus-

ing death losses or by interfering with reproductive

processes. They may also contaminate animal

products (e.g. milk) to the point where human
consumption may be objectionable. Pollutants may

be of varied types including mineral salts, organic

growth, parasitic organisms, pesticide and herbi-

cide residues, and more recently, radionuclides.

It is important to have some understanding of the

levels of these various substances that can be

safely tolerated by livestock and the levels that

constitute hazards.

In approaching this study, it is axiomatic that

although water is universally needed and consumed
by farm animals it does not constitute their entire

ingested intake. Thus, the tolerance levels that

have been established for many substances in

livestock feed do not accurately represent the

tolerance levels in water. In this connection, some
assessment of the amounts of water consumed by
various species of livestock is useful; however, the

literature on this subject is not voluminous. Since

water is usually given ad lib., it is not customary

to measure its uptake by individual animals except

on an experimental basis. Terminology may also

sometimes be confusing. "Water consumption"

usually denotes free water drunk by an animal,

whereas "total water intake" includes the moisture

content of the feed. The former designation is more

appropriate for the purpose of this study; however,

the interaction between water and dry diet cannot

be ignored. Many factors influence the water

consumed by livestock so that generalizations be-

come unwise if not impossible. Some of the more

obvious of these factors are species, age, and con-

dition of animal; the coat covering (as related to

evaporation losses); ambient temperature, and

the nature of the diet—particularly with relation

to its moisture content. With the reservations noted

above, table IV-8 has been assembled as repre-

sentative of approximate "normal" ranges of water

consumption for various classes of livestock (/,

85,161).

TABLE IV-8. Normal Water Consumption

Water consumed.
Animal gallons per day

Beef cattle, per head 7-12
Dairy cattle, per head 10-16
Horses, per head 8-12
Swine 3-5
Sheep and goats, per head 1-4
Chickens, per 100 birds 8-10
Turkeys, per 100 birds 10-15

Effect of water on plant composition

The effects of water pollutants upon livestock

may be mediated directly through water drunk by
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the animals or secondarily through the effect of

ground water pollutants upon composition of plant

forages subsequently consumed. In some cases

plants serve as a protective buffer against animal

damage since they cannot themselves tolerate

amounts of contaminants that would be hazardous

to livestock. A case in point is boron which, al-

though required by growing plants, cannot be

tolerated by them in soil water concentrations of

over 4.0 mg/1 on a continuous basis. No evidence

has been found that such a level in drinking water

is injurious to animals. On the other hand, some

plants take up from either soil water or the parent

soil material considerably larger amounts of cer-

tain materials than animals can ingest with safety.

One of the best examples of this type of situa-

tion is the "selenium accumulator" type of plant,

like the genus Astragalus, which has been reported

to contain from 1,000 to 10,000 mg/kg of sele-

nium (143). When one considers that the toxic

level of selenium in feeds consumed by animals

on a routine basis is about 4 mg/kg, it is obvious

that plant growth cannot be accepted as a valid

criterion of safety to animals. A further example

of dangerous contamination of water, as far as

livestock are concerned, is molybdenum. In Flor-

ida, where cases of molybdenosis have occurred,

the molybdenum content of ground water varied

from to 8.5 mg/I (38) and in some instances

forages were produced that were so high in molyb-

denum that severe scouring occurred among live-

stock. It is perhaps unwise to deal with mineral

contaminants individually as distinct entities since

there are frequently metabolic interrelationships

among them. It is generally accepted, for example,

that molybdenum toxicity may be alleviated to a

considerable extent by increasing copper content

of the diet (707).

Other, less direct effects of water contamination

upon livestock production are evidenced by the

relationships of soil and irrigation water salinity

to plant growth. Here the effects are measured in

terms of reduced forage yield, or perhaps inability

to produce certain desirable forage plants, rather

than in terms of any direct action upon the animals

themselves.

Fish as indicators of water safety for

livestock

The presence of fish in a source of water for

livestock may be an excellent measurement of

toxicity and to a limited extent its acceptability

from an aesthetic viewpoint. Ultimately, livestock

standards may include aesthetic values applied to

water used by man despite the fact that animals

may consume water which is grossly contaminated

with fecal organisms, animal matter, and dissolved

substances available in the environment.

Considerable evidence is available in the sci-

entific literature suggesting lower tolerance levels

for various agricultural chemicals (including pesti-

cide residues) for fish than for livestock. Accord-

ingly, presence of living fish in agricultural water

supplies indicates their safety for livestock (105).

Some examples of individual effects in fish and

animal species are included in table IV-9.

TABLE IV-9. Examples of Fish as Indicators of

Water Safety for Livestock (105)



water on the production premise, this may be more
readily accepted as a criterion of safety than if the

only visible measurement is an anaerobic, black,

stinking, open pool of sewage. The latter situation

is often the case and public demand is strong to

induce modifications whether or not economically

feasible.

It is apparent that large livestock establishments

need help in designing practical waste disposal

systems. The system must be able to handle odors

and gases as well as solids and the net result must

not create an excessive Biological Oxygen Demand
(BOD) in the terminal water. Some operations

avoid excess contamination of flowing water by
spreading liquid manure onto fields. The BOD may
be partially satisfied by introducing air under pres-

sure into sewage, by anaerobic digestion with pro-

duction of methane and other flammable gases, or

by other procedures. The total nutrients available

in solution, however, create problems in the

aquatic environment which can readily be meas-

ured by fish livability in terminal ponds. The possi-

bility of a marketable product of fish is a reality,

but only under unusual circumstances should

public fishing be encouraged.

Fish in association with livestock will not meas-

ure the presence of pathogenic, enteric, or other

microorganisms except as biologic accumulators.

Fish disease organisms are usually of different

genera from those causing livestock diseases, al-

though some diseases, like salmon poisoning in

dogs and numerous parasitisms including fish in

their life cycles, are exceptions.

Relationship between animal and human

water quality criteria

Water is a vehicle for transmission of many
infectious diseases (viral, parasitic, and fungal)

affecting both animals and man. Generally speak-

ing, however, it is less significant than food or other

contact situations as a route of infection. Mineral

and chemical contaminants of water are hazards

from a health and economic standpoint for both

animals and man. The quality criteria for mineral

and chemical contaminants established for human
water supplies have been based primarily on ani-

mal experimentation and not human tests. Simi-

larly, the 50-percent lethal dose (LD^o) for most
drugs for humans is derived from animal experi-

mentation using the chick, duck (eggs), dog,

swine, rat, and rabbit as test subjects. Desirable

quality criteria for livestock drinking water should

ultimately be no less than for man. At the same

time, it must be appreciated that a large segment

of the grazing livestock population obtains its

water from surface sources.

Livestock are maintained in an environment

where exposure to coliform and other organisms

can be an everyday experience. Remarkable ad-

vances in animal production have been accom-

plished through management practices which have

eliminated many pathogens. The more advanced

the management program, the more important

the need for water criteria which approximate

human standards. Enteric organisms and viruses

may cause serious losses where management prac-

tices allow livestock to become more susceptible

to infection through lack of immunity. Nutritional

factors may also change the resistance to disease.

Although antibiotics in poultry and swine feeds

increased weight gain and improved feed effi-

ciency, the resulting reduction and alteration of

intestinal bacteria created an environment for

those organisms resistant to the antibiotics.

There is evidence also that water is a vehicle

for the transmission of such diseases as colibacil-

losis, swine erysipelas, leptospirosis, listeriosis,

salmonellosis, streptococcosis, staphylococcosis,

and tuberculosis. Moreover, many fungus diseases

are transmitted by water although less frequently

than by other methods. Practically all of the trema-

tode, cestode, and nematode (parasitic) infections

may be waterborne. It is also suspected that many
virus diseases are waterborne. Under otherwise

ideal conditions for livestock, specific organisms

or viruses spread by water can cause explosive

epidemics and sometimes serious losses, as in the

case of amoebic dysentery and waterborne diar-

rhea.

Not infrequently, livestock are watered from

the same source which supplies the home. Here

the standards must obviously be human oriented.

Watering livestock may provide additional prob-

lems through float-controlled tanks which either

leak or concentrate toxic substances through evap-

oration. Automatic float-controlled devices for

swine and poultry are particularly likely to over-

flow and the muddy, damp environment may in-

crease the hazard of disease. If the water supply

is from deep wells and artesian aquifers, the water

itself may be safe although its mineral content

may differ materially from surface water of the

area. When spilled on the soil, this deep-well

water may create environments suitable for para-

sitisms, acid-fast infections, leptospirosis, and

other diseases not common to the neighborhood of

shallow wells and surface water supplies.

Some diseases are very dependent on water.

132



Leptospirosis can be spread by urine splash to

the face of other animals, but spreading via water

is the more common and normal situation in epi-

demics. A piped water supply may not affect the

distribution of such diseases as anthrax, blackleg,

botulism, bacillary hemoglobinuria, and footrot

infections, all of which occur in circumstances in-

volving various water-related environmental fac-

tors. For example, soil and rainfall distribution

materially influence the occurrence of these dis-

eases. Preventive management practices should in-

clude a sanitary water system which does not pond

or puddle water on the yards or pastures. Such dis-

eases as dysentery, typhoid, and cholera of man
also have their counterparts in livestock produc-

tion. A pathogen-contaminated water supply

should no more be permitted for livestock than

for the human because the separation of human
and animal pathogens in their ability to cause

disease is not distinct.

The economic importance of optimum water

intakes by farm animals is obvious. Thus, palata-

bility and toxicity due to dissolve mineral salts

are of concern. The most abundant mineral salts

present in surface and deep-well waters are the

carbonates, bicarbonates, chlorides, and sulfates

of sodium, potassium, magnesium, and calcium.

Together they comprise 95 to 99 percent of the

total mineral content of most natural waters.

Water begins to decrease in palatability when the

total amount of these minerals exceeds from 500

to 1,000 mg/1, depending on the nature and com-

bination of the minerals. Beyond these limits, the

water becomes increasingly unpalatable and fi-

nally toxic. The common belief that cattle and

sheep are more tolerant to highly mineralized

waters than poultry, swine, and horses may not

be true. Limited research work indicates little

species differences in salinity tolerance when the

moisture content of the rations is similar.

Practical experience and a limited amount of

controlled experimental work indicate that chick-

ens, swine, cattle, and sheep can survive and re-

main healthy on saline waters containing up to

15,000 mg/1 of minerals such as bicarbonates,

chlorides, and sulfates of sodium and calcium and

up to 10,000 mg/1 for the corresponding salts of

potassium and magnesium. The limits of tolerance

to alkaline waters, those containing sodium and

calcium carbonates, are around 5,000 mg/1.

Surface and underground waters nearly always

contain trace amounts of toxic minerals. Of these,

lead, arsenic, selenium, chromium (hexavalent

forms), cadmium, silver, barium, and fluorine are

cumulative poisons. When present in excess, they

are not eliminated from the body fast enough to

prevent the buildup of toxic levels in the bones,

soft tissue, and other body parts. They thus be-

come hazards .to man who consumes them as well

as to the animal which may very well survive the

insult and reach market without outward notice-

able effect. Many other minerals, such as salts of

zinc, copper, manganese, and iron, are also pres-

ent. However, they are not cumulative poisons and

become toxic at much higher levels.

A quantitative mineral analysis of water is

highly informative relative to its content of lead,

arsenic, and other toxic minerals. In only a few

cases will these minerals be present in harmful

amounts. In nearly all cases, the decisive factor

affecting the suitability of water will be the amount

of sodium, potassium, magnesium, and calcium

contained.

Since no two waters are similar in their relative

content of sodium, potassium, magnesium, and cal-

cium, no attempts have been made to determine

the exact magnitude of their detrimental effects

on water and feed intakes and feed efficiencies

during the time required to develop tolerance to

them. The detrimental effects will be roughly pro-

portional to the total amount of these four minerals

in excess of 1 ,000 mg/1.

Variable considerations

Geographical

The foregoing discussion has implied some-

thing of the breadth and diversity of the -water

pollution situation as it bears on domestic live-

stock. Some classification of the resultant prob-

lems is possible on the basis of the variety of fac-

tors influencing pollution.

Certain geographical areas of the United States

are recognized as related to specific types of water

contamination. These may be concerned with geo-

logical soil formation, or with production patterns

indigenous to the areas in question. Examples

of the first type are the presence of boron in natural

waters of Southern California and of sulfates as

teachings from gypsum and other soil minerals in

several of the Western States. An indirect exam-

ple of the same relationship is the effect that cer-

tain alkaline soil conditions have upon the pH of

soil water and the subsequent implications for

viability of livestock disease organisms. Micro-

organisms responsible for erysipelas in swine,

sheep, and turkeys, vibrio fetus in cattle and

sheep, and vibrio dysentery ("winter dysentery")

of cattle all thrive in an alkaline medium (13).
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Nitrate toxicity, while it is still imperfectly under-

stood, tends to show some tendency toward preva-

lence in areas of the Great Plains having high-

soil fertility and a high water table.

Sulfates and their derivatives may also be used

as examples of product-oriented contamination

in discharge waters from paper mills which are

located in various regions of the country where

geographical conditions support timber growth.

Development of large-scale livestock feedlots has

generally taken place in dryer regions where dis-

ease control is easier. Consequently, specific prob-

lems of water pollution related to this industry

acquire a regional pattern.

description of major

quality considerations

Species

Some interesting species differences also exist

among livestock tolerances to water pollutants.

A pertinent example of these is the variable re-

sponse of different types of animals to salinity con-

centrations. Standards developed in western Aus-
tralia as safe upper limits for livestock are listed

in table IV-10 (122,190).

TABLE IV-10. Proposed Safe Limits of Salinity

for Livestock

Threshold salinity
concentration ^

Animal TDS mg/l

Poultry 2,860
Swine 4,290
Horses 6,435
Dairy cattle 7,150
Beef cattle 10,000
Sheep (adult, dry) 12,000

1 Total salts, mainly NaCI.

These values should not be taken as absolute,

but rather interpreted as indicative of the signifi-

cant species variation that exists. They were de-

veloped in a subtropical environment and may not

be readily translatable to more temperate areas.

Obviously, when feed is also high in salt content,

a lower water salinity would be desirable. More-
over, when animals are consuming high-moisture

forage they can tolerate more saline water than

when they are grazing dry "bush" or "scrub."

Discussion of individual items as they

affect livestock

Mineral Salts

One of the commonest types of water contami-

nants is the mineral salts due to their ubiquitous

occurrence and their solubility characteristics.

Highly mineralized waters can cause physiological

disturbances in animals including gastrointestinal

symptoms, wasting disease, and sometimes death.

Animals subjected to physiological stresses, such

as reproduction, lactation, or rapid growth, are

particularly susceptible to mineral imbalances,

hence they pose a real threat to animal production.

It is not prudent to generalize on overall "salt"

levels in water since some salts are specifically

toxic, such as nitrates, fluorides, selenates, and
molybdates (77). "Alkalinity" of water, while it

does not represent a single polluting substance,

but rather a combination of various effects and

conditions, is a common measurement that carries

some significance. Caustic alkalinity in concentra-

tions of 50 mg/l and 170 mg/l has been reported

to cause diarrhea in chickens and other animals

(77). The following data are pertinent to estab-

lishment of tolerance levels for specific inorganic

elements or their salts.

The establishment of criteria for every poten-

tially hazardous material which might occur in

water is not feasible. Allowable concentrations of

certain trace elements, as listed in table IV-1 1 , are
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TABLE IV-11. Suggested Maximum Allowable

Concentrations of Certain Inorganic Elements

in Farm Animals' Water Supply

Substance

Suggested maximum
allowable

concentration, mg/i

Arsenic 0.05
Cadmium 0.01
Chromium (hexavalent) 0.05
Lead 0.05
Selenium 0.01

satisfactory for farm use and presumably safe for

livestock. Further data on specific mineral salts

are listed in the subsequent discussions.

Antimony may find its way into water supplies

as antimony potassium tartrate, or "tartar emetic",

since this is sometimes used as a mordant in tex-

tile and leather manufacturing {110) and for the

control of ants and other insects. The minimum
lethal oral dose of this compound for rats is listed

at 300 mg/kg body weight, however, horses can

apparently take 5.8 g and cattle 3.8 g three times

daily without harm {124).

Arsenic has long enjoyed notoriety as a poison,

but more recently, arsenicals have found some
usefulness in livestock production mainly as a

coccidiostat in poultry feeding or in "dip" solu-

tions for animals. There is also recent evidence

that arsenic functions in some way to reduce selen-

ium toxicity when present in drinking water at

levels of 5 mg/1 as sodium arsenate {36). The
toxicity of arsenic depends to a considerable ex-

tent upon the form in which it occurs. Thus, LD50
doses for female rats are 112 mg/kg as elemental

arsenic or 298 mg/kg as calcium arsenate {60).

Wadsworth {185) has listed toxic dose ranges for

arsenic as shown in table IV-12.

TABLE IV-12. Proposed Toxic Dose Ranges
for Arsenic (185)

Animal
Toxic dose of As,

g/animal

Poultry 0.05- 0.10
Dogs 0.10- 0.20
Swine 0.50- 1.00
Sheep, goats, horses 10.00-15.00
Cattle 15.00-30.00

Beryllium is a rare element unlikely to occur in

natural waters, although it could conceivably be
involved in effluents from metallurgical plants.

Laboratory rats survived 2 years on a diet which
supplied about 18 mg/kg beryllium daily. If these

data are transposable to cattle, it has been calcu-

lated a cow could drink 250 gallons of water con-

taining 6,000 mg/1 beryllium, without harm
{133).

Boron may enter water supplies naturally, from

geological boron deposits, or in the form of syn-

thetic boranes. The latter are more highly toxic

(57). The lethal dose of boric acid varies from 1.2

to 3.45 g/kg body weight, depending on the ani-

mal species {27). Concentrations of 2,500 mg/l
boric acid in drinking water have inhibited animal

growth.

Cadmium salts are found in effluent waters of'

various industrial plants, including electroplating,

textile, and chemical concerns. Ground water con-

tamination of 3.2 mg/1 cadmium has been reported

from Long Island, N.Y. {88). Data on cadmium
toxicities are fragmentary. The lethal dose of cad-

mium has been set at 0.15 to 0.3 g/kg body
weight for dogs and 0.3 to 0.5 g/kg for rabbits

{124).

Chlorides may enter ground waters from a vari-

ety of sources, including natural mineral origin,

or sea water infiltration of subterranean water

supplies, from oilfield operations, and from in-

dustrial effluents (papermaking, galvanizing,

water-softening). Concentrations of chlorides of

1,500 mg/1 in livestock water supplies has been
reported safe for cattle, sheep, swine, and poultry.

Chromium, in common with most of the trace

elements, appears to serve some essential func-

tion for animals in small concentrations, but also

poses a toxicity problem if present in excess. As
data for establishing a specific criterion for live-

stock use are inadequate, the criterion for farm-

stead water supplies appears to be satisfactory for

livestock as well (66).

Cobalt: The range between adequate levels of

cobalt required by animals in extremely low con-

centrations and toxic levels is quite wide. Ac-
cordingly, cobalt toxicity is a rare problem and
is more likely to arise from contamination of the

dry matter of the diet than from water contamina-

tion. Cobalt toxicity is evidenced by a striking

polycythemia in various species of animals {86).

Levels of 100 mg/1 cobalt in drinking water for

rats has been reported to cause tissue damage
{124).

Copper: Little information is available on toxic

levels of copper in drinking water for livestock

although the toxic effects of copper have been ex-

tensively studied. One is led to the conclusion that

most copper toxicities are feed-related rather than

water-related. There are, however, a number of
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opportunities for copper contamination of water

supplies since copper in various forms is widely

used in agriculture. One reference indicates that

levels of about 160 mg/1 copper inhibits water in-

take for turkeys whereas 500 to 600 mg/1 is

"harmful" to turkeys when such water is the only

drinking water available (67). Even these levels,

however, are generally higher than those recom-

mended for control of fungus infections in turkeys,

suggesting that any damage would be accidental.

Fluorine may become a ground water contami-

nant from underlying strata containing fluorides

and may perhaps enter in effluents from certain

types of manufacturing processes. The latter,

however, are more likely to be airborne than

waterborne. The U.S. Public Health Service rec-

ommends rejection of drinking water supplies con-

taining from 1.4 to 2.4 mg/1, depending on pre-

vailing temperatures {175). It is noteworthy that

addition of up to 500 mg/1 of fluoride to either

the feed or drinking water for cattle did not raise

the fluoride level in their milk above 0.5 mg/1

(157).

Iron: Reports on direct toxicity resulting from

iron in water are not available. However, it has

been suggested that intake of water by livestock

may be inhibited if it is high in iron {164).

Lead may arise as a contaminant of ground

waters, both from natural sources (deposits of

galena) or as a constituent of various industrial

and mining effluents. A complication as far as lead

is concerned in livestock waters is caused by the

fact that it is a cumulative poison. There is a report

of chronic lead poisoning among animals by 0.18

mg/1 of lead in soft water {198), and there is

fairly general agreement that 0.5 mg/1 of lead is

the maximum safe limit in a drinking water supply

for animals {129). There is a considerable differ-

ence in the relative toxicities of various forms of

lead.

Magnesium: Some salts of magnesium, particu-

larly magnesium chloride, may contaminate

ground water supplies as a component of waste

waters from oil wells, road runoff, and industry.

Certain magnesium salts such as the sulfate caused

scouring or diarrhea among livestock; however,

the level they can tolerate safely appears to be

fairly high. It has been reported that livestock

will tolerate 2,050 mg/1 of magnesium sulfate

in their drinking water without laxative effects

(9).

Manganese: Toxicity data on manganese con-

tents in drinking water are not readily available.

However, cattle are reported to have suffered no

serious effects following dosages of up to 600
mg/kg in their diet for 20 to 45 days.

Mercury: Contamination by mercury may re-

sult from natural soil sources, tailings from lead

mining, or from a variety of chemical wastes. Like

lead, mercury is a cumulative poison and its con-

tinued ingestion should be carefully controlled.

Wide variations in responses to various mercury

salts make generalizations dangerous. For exam-
ple, the LD50 value for mercuric chloride for rats

is 37 mg/kg, while that for mercurous chloride

was 210 mg/kg {5, 158). The use of mercury in

American agriculture has been restricted.

Molybdenum salts can be significant water pol-

lution problems. Plant growth is not a sufficiently

sensitive criterion of molybdenum occurrence to

be used as an indicator of water safety for live-

stock since some plants can apparently accumulate

fairly large stores of molybdenum. Effects of mo-
lybdenum toxicity are aggravated by conditions

of copper deficiency in livestock. In Nevada, with

unusual local forage copper levels, molybdenosis

occurs only above forage levels of 5 to 6 mg/kg
for cattle and 10 to 12 mg/kg for sheep {46).

Although specific data on molybdenum toxicity

from drinking water sources are not readily avail-

able, some Florida waters where molybdenum
toxicity has occurred have contained up to 8.5

mg/1 molybdenum {38).

Nitrates: Heavy application of nitrogenous ferti-

lizer can lead to leaching of nitrates in percolating

ground waters {128). Nitrates may also be sup-

plied as end products of aerobic stabilization of

organic nitrogen in sewage lagoons. There are

some indirect effects which complicate the nitrate

contamination picture. In ruminant animals, ni-

trates may be reduced in the rumen by the micro-

flora to nitrites which then exert toxic effects on

the animals. When present in waters in high con-

centrations, nitrates may also stimulate growth

of undesirable plants.

Despite considerable interest in the potential

problems of nitrate toxicity, there are few specific

data. Campbell and others have reported met-

hemoglobinemia in catfle receiving water contain-

ing 2,790 mg/1 of nitrate.

Selenium: Another case where plants cannot

serve as satisfactory indicators for animals is

presented by selenium, as previously indicated.

In some cases drainage water from irrigated areas

has been found to contain appreciable quantities

of selenium {143). Also, some selenium reaches

ground water by leaching from seleniferous plants.
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Only in isolated cases has evidence been presented

that selenium occurs in water in sufficient amounts

to produce selenosis in man or animals. Moreover,

water containing high concentrations of selenium

is generally unpalatable to livestock {143). Un-

like certain of the other elements considered,

selenium poses an additional problem in that it

is readily transmitted through the mammary gland

to the milk (747).

Selenium is an essential trace mineral and of

special concern in the small safety range between

requirement (1 to 2 mg/kg of feed) and toxicity

(5mg/kg).

Sodium: Various salts of sodium occur in con-

siderable concentrations in the earth's crust and

these may be leached into surface waters. Also, in

some areas there is considerable production of

sodium salts from deep wells of the petroleum

industry. High concentrations of various sodium

salts in water are deleterious to both plants and

animals. Waters containing 2,700 mg/1 of Na
(as NaCl) were toxic to chicks {168) and a

threshold limit of 2,000 mg/1 of sodium for live-

stock has tentatively been suggested {160). There

are considerable differences in the sensitivities of

different species of livestock to sodium concen-

trations in water.

Sulfate: A threshold limit of 1,000 mg/1 for

sulfates in drinking water has been suggested

by Stander {160). There are reports that levels

of 2,104 mg/1 of sulfate caused progressive

weakening and death in cattle (2 ) and 2,500 mg/1

of sulfate caused diarrhea in dogs {19).

Vanadium: It is questionable that significant

levels of vanadium will occur in surface waters.

Little data .are available on toxic effects of vana-

dium in water per se; however, increased mortality

on a seleniferous ration has been attributed to

addition of 5 mg/1 of vanadium {115).

Zinc: There are very many opportunities for

contamination of water by zinc, both from natural

sources and from its many industrial uses. Animals

appear to tolerate significant amounts of zinc.

Rats fed water containing 50 mg/1 of zinc show
no harmful effects {3, 199).

Organic Wastes and Algae: A vast number of

organic compounds too numerous to list here can

find their way into soil and surface waters as con-

taminants. Since the most numerous and perhaps

the most important of these will be discussed in the

section on herbicides and pesticides below, they

will not be further described here. Attention is di-

rected, however, to contamination of waters used

for livestock by organic matter, particularly algal

growths.

It is difficult to generalize on effects of algae

because they differ markedly. Some types of green

algae serve as food for certain aquatic species and

their harvest for use as livestock feeds has been

suggested. Other types of algae, notably the blue-

green type, are patently toxic and can cause death

both of aquatic species and of livestock. Probably

the first report of livestock poisoning by "water

bloom" was recorded in Austraha in 1878 {59)

and similar descriptions have appeared since. In

late July 1946, numerous deaths occurred among
animals drinking algae-contaminated water from

upper Des Lacs Lake in North Dakota {25).

Canadian studies have implicated Aphanizome-

non, Anabaena, and Anacystis blooms in such

situations. The first-named genus was much more
plentiful than the other two and it was apparently

the major factor in toxicity. Animals were reported

to have died shortly after drinking water from a

lake containing these plants and a suspension of

the algae killed laboratory mice and rats within

20 hours.

A freshwater dinoflagellate, Gymnodinium was

apparently responsible for mass death of plankton-

feeding shad {126). Fish poisoned by phytoplank-

ton and consumed by birds have been reported to

cause their death {189), presumably a similar

fate could befall animals and man.

Pesticides and Herbicide Residues: Pesticide

and herbicide residues have been a cause of con-

cern to livestock owners from the time the agri-

culturalist first used these materials to protect

crops or livestock from pests or disease. The
cheapest diluent and spreading agent is water and

even relatively insoluble compounds are formu-

lated so they may be dispersed in water. Leftover

formulations in open containers may be consumed

by thirsty livestock, or may enter the water supply

through improper dispositions. To a lesser degree,

a water supply may be accidently contaminated

with these compounds, leading to poisoning. In

the presence of microorganisms, silt, or other

colloidal or suspended matter in water, many com-

pounds accumulate in the nonaqueous substances.

These, rather than the water itself, when assimi-

lated, provide the poisoning effects which assume

increasing importance in water supplies today.

To date, however, no reported example has been

found of toxicity in livestock due to pesticides or

herbicide contaminants of water supplies in

general.

Pesticides and herbicides, along with other com-

pounds which have dangerous properties when out
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of natural balance, are called economic poisons.

If these poisons occur in food, they may also be

considered as adulterants or additives. In addition

to the loss in healthy condition, productivity, re-

productivity, or death, the producer may suffer

further loss through condemnation of meat, milk,

or other products before they reach the ultimate

consumer. Water, much more than the terrestrial

environment, has great mobility and can carry

economic poisons and adulterants to areas remote

from the origin. It is imperative that drinking

water quality be maintained so that intolerable

levels of either economic poisons or adulterants

in livestock or their products will not occur. Such

levels do not necessarily endanger livestock health,

it should be noted.

The problem of accumulated pesticides in ani-

mal tissue is complicated by the similarity of patho-

logical changes induced by naturally occurring

dysfunctions, some of which are not clearly under-

stood. Potentiation of toxicity may occur particu-

larly in young and old animals as the result. The
effects of stress and some dysfunctions related to

steroid hormones may cause diseases in poultry

which are also induced by organic phosphates. The
interplay of arsenic in the phosphorus metabo-

lism and the role of copper in phosphorus-molyb-

denum interplays indicates the complexity which

can be influenced by residues.

Before 1940, the principal insecticides were

compounds of arsenic, lead, lime, sulfur, and fluor-

ine. Herbicides included the arsenicals, copper

compounds, oils, and chlorates. All of these com-

pounds have toxic effects and poisoning continues

to be a problem when these materials are handled

improperly. Criteria for water, on the other hand,

recognize that in the absence of demonstrable

disease these compounds should be disregarded.

Herbicides which contaminate water supplies

fall into two general categories: those which afi'ect

the metabolism and are toxic to animals, and
growth regulators of plants. The most important

is probably sodium arsenite which is still used for

reasons of economy. Mercurial compounds used as

fungicides may occasionally enter water supplies.

Pentachlorophenol and various derivatives have

wide uses as herbicides, fungicides, and insecti-

cides, but apparently the reactivity of these com-
pounds in the presence of soil or other organic

matter is such that toxicity to livestock in water

seldom follows. Sulfur dioxide is a well known
general protoplasmic poison, but it is more toxic

as a gas than in solution. Herbicides which act

as growth regulators in plants, causing derange-

ments in plant organization and function, are not

usually a threat to livestock. The organic herbi-

cides are primarily toxicants of plants and usually

have little toxic effect on other forms of life.

Generally, they are less toxic than the solvents,

surfactants, granules, or other adjuvants used in

their formulation (151).

Since 1940, a number of organic insecticides

have come into general use. As in the case of

inorganic compounds, the action is often directed

at some important tissue or metabolic function

so that toxicity is influenced by the reactivity of

the target tissue as it is in turn acted upon or

reacts in the whole organism. The net result of

the use of organic insecticides sometimes becomes
a race between dosage which will kill and resis-

tance of the host which will protect. It is seldom

that acute poisoning of livestock is anything but

accidental, but today's public attitude is that live-

stock water as well as livestock food shall not

result in unwholesome residues in meat or other

animal products. It may be enough to follow the

rule that when the insecticide is used properly,

no unusual or long time residue problems will

follow. But a much wiser course to follow is to

use biodegradable insecticides where possible and

to phase out those which have a tendency to

accumulate.

If it is true that the principal action of the

organic insecticide is to bring about a derangement

of a metabolic pathway or enzyme system, then

it follows that under some conditions such anoma-

lies may occur naturally. Therefore, the mere pres-

ence of an insecticide, such as DDT, in the serum

or fat of a diseased animal is not proof that the

DDT is responsible for the effect. On the other

hand, there is a point beyond which the amount

of DDT or other adulterant may not occur with-

out representing a threat to health or causing

financial loss due to an accumulation in excess of

the legal tolerance for the compound.

Microbiological Pathogens: Water has assumed

a major role through the ages in the dissemination

of infectious bacteria, protozoa, and vifuses. Man,

more than livestock, has profited from knowledge

of waterborne diseases. Grazing animals herded

on common pastures come in contact with orga-

nisms which find in the environment the factors for

a complete life cycle. Very few pathogenic micro-

organisms can resist desiccation, although some

form spores or encyst. Waterborne infections arise

through contamination of water supplies, life cy-

cles involving a water phase, or through organisms

with pathogenic capabilities adapting to growth

and reproduction in water.

Water quality, including pH, mineral, and or-

ganic composition, may be very important in
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the distribution of infectious diseases. Scientific

interest is usually directed at the whole problem

with little attention given to the water phase.

Some diseases are so water oriented that attention

is directed at the quality and characteristics of the

water environment as a factor in the distribution

of disease. This interest is increasing as the ecol-

ogy of waterborne diseases becomes of greater

concern.

Enteric microorganisms, including the vibrios

and amoebae, have a long record as water pollut-

ing agents. Chlorination, filtration, and other water

treatments are directed at making water safe, but

total microbial elimination in natural water appears

to be an impractical procedure for man, let alone

livestock.

The spread of animal infections through fecal

contamination of the environment is a constant

threat, but epidemiological evidence should sup-

port more criteria which directly relate specific

diseases to water. The Escherichia-Aerobacter

group of enterics is so widely distributed in nature,

feed, water, and the general environment, that

contamination of the intestinal tract can hardly

be avoided. When they escape from these innocu-

ous locations, as they sometimes do, to cause

urinary disease, abscesses, and mastitis, they are

very potent pathogens. Their invasiveness is low

and unless some stress is involved infections are

generally regarded as accidents. In contrast, Sal-

monella are more invasive and the carrier state

is easily produced and persistent, but often with-

out any general evidence of disease. This means

that waterborne epidemics follow the introduction

of specific microorganisms into the environment;

e.g., where untreated sewage continually enters

the water supply.

Water criteria directed against pathogenic mi-

croorganisms are divisible into two general areas

of concern. The purely mechanical spread of mi-

croorganisms by way of water is very important,

since desiccation is destructive of most living

agents. The mobility of water also increases the

chance of spread with greater dispersion of diluted

but infective doses of pathogenic organisms. There

is a more important aspect of water and water

management which deserves greatly expanded

study. The virulence of microorganisms is in-

fluenced by their environment. When a pathogen

enters an aqueous environment, its ability to infect

a new host may be influenced by water quality.

The reports of waterborne disease substantiate

this situation and serve as the principal basis for

criteria. With the substantial scientific base for

chemistry, soil microbiology, ecology, and geology

available to the agricultural community, the ob-

vious presence of water-related disease in one farm
area or region and its absence in another should

serve as a basis for comparison.

One of the best examples of water-related dis-

ease is bacillary hemoglobinuria, caused by an

organism found in western areas of North and
South America. This organism resembles Clos-

tridium novyi, and may be classed in several spe-

cies, CI. hemolyticum, CI. sordellii, the Newhall
strain, and possibly others. It has been linked

with liver fluke injury, but is not dependent on the

presence of liver flukes. Once the disease has been
properly diagnosed, the characteristic liver infarct

is not easily confused. The particular concern has

been the spread of this disease to new areas in

the Western States. Far from an indiscriminate

spread, each new premise is like the endemic areas

which have alkaline, anaerobic soil-water envir-

onments in which the organisms have a soil phase
outside the host animals. This disease may make
its appearance in new areas of the West when
these areas are cleared of brush and irrigated. To
avoid this problem, western irrigation waters

should be managed to avoid cattail marshes, hum-
mock grasses, and other environments of pro-

longed saturation. The significant ecological dis-

tinction is measured by pH which must persist

in alkaline ranges usually around pH 8.0.

The anthrax organism, Bacillus anthracis, is

found in a soil environment above pH 6.0. The
organism forms spores which, in the presence of

adequate soil nutrients, again vegetate and grow.

The spore is most likely the cause of infection,

coming from an "incubator area" of killed grass

found in the pasture where the loss occurred

(183). Some very rich alluvial soils may lack

the grass-kill feature, but these soils at the time

of losses are powdery and dry. The killed grass

is brown rather than blackened, a significant dif-

ference from water-drowned vegetation in general.

The spread by water of disease caused by drink-

ing water containing spores has never been proved.

Bits of hide and hair waste may be floated by

water downstream from manufacturing plants, but

very few outbreaks have been reported through

this source. Numerous outbreaks studied in recent

years have always had the "killed grass" potential.

The organism and spore are nonmotile and sink

in quiet water to the mud, where they are de-

stroyed by biological competition. It is a soil or-

ganism not adapted to survival in water.

A relatively new and widespread disease entity

in the United States, leptospirosis, is probably

the most intimately water-related disease problem

today. Criteria for the control of this disease are

simple with some exceptions. The pathogenic
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leptospira leave the infected host through urine.

They lack protection against drying and direct

animal-to-animal spread occurs through urine

splash to the eyes and nostrils of another animal.

This is most likely to occur in dogs, cattle, and

possibly swine. Rodents are a most common source

of leptospira. When caught, their voided urine

may infect man and contamination of damp forage

by rodent urine may cause infection in cattle.

Infection by leptospira may not always cause very

serious disease, as serological testing of livestock

indicates widespread exposure often without ob-

servable disease. Some serological types are more

virulent for cattle and swine and, more important,

cause the carrier problem. One of these, Lepto-

spira pomona, occurs with such regularity that,

when found in man, a livestock source is immedi-

ately sought. Similarly, another serotype, Lepto-

spira canicola, occurs in dogs, coyotes, and jackals

and these are thought of when outbreaks occur.

Most leptospira have rodent sources with some

species acting as true carriers.

The relationship of leptospirosis to water in the

infectivity cycle is many times direct; that is, water

which is contaminated by leptospira in urine infects

by way of water consumed, splashed, or inhaled

by man or animals. Birds apparently do not enter

into the leptospira cycle.

An indirect water relationship also exists when
mineral composition and pH influences continued

motility of voided leptospira. Even if growth and

multiplication does not occur, motile leptospira

are a threat for some time in this water environ-

ment. Thus, most episodes of leptospirosis are

traceable to swimming holes, ricefields, and natural

waters of definable pH and mineral composition.

The source of the leptospira is often relatively re-

mote in time and distance which on an epidemio-

logical basis indicates prolonged survival and vi-

tality in the leptospira. Active programs of study

of water survival were carried on in Montana
and Washington and have continued in Illinois,

Iowa, and Louisiana. In these States, water pH
is often neutral or alkaline within the criteria for

leptospira motility and survival. For leptospira

control, livestock cannot be allowed to wade in

water. Indirect contamination of water through

sewage is unlikely, although free-living leptospira

occur in such an environment.

Water- plays a vital role in the creation of en-

vironments leading to other anaerobic diseases of

livestock. The organisms causing these diseases are

the Clostridia and are important through spore

formation and production of toxins. For the or-

ganism, the toxins are probably nothing more than

food gathering and survival enzymes, but in the

animal they cause pronounced nervous system de-

rangements, tissue coagulation and liquefaction,

blood hemolysis, and food poisoning. Clostridia

range through many species, some of which have

no destructive characteristics. Although some, such

as Clostridium perfringens and CI. tetani, may be-

come adapted to an enteric existence in animals,

almost all are soil adapted. Diseases associated

with the soil include gas gangrene, botulism, black-

leg of cattle, bacillary hemoglobinuria, and tetanus.

Rich organic mud, rotting vegetation, and decaying

animal matter serve as ready sources of these

organisms. Soil in a dried form contains spores,

since growth occurs in wet phase where oxygen is

reduced through utilization by other organisms.

These spores are resistant to heat and canned foods

which are not acid or sterile may allow the growth

of the Clostridia which cause disease.

Water management to avoid oxygen depletion

serves to control the anaerobic problem. Mineral

content and pH are undoubtedly important factors

but these are very seldom factors which should or

could be controlled. A system of dykes and water

level management for oxygen control in the Bear

River Marshes of Utah has reduced botulism of

wild birds. This system may ultimately fail, how-
ever, through silting and growth of water vege-

tation. Temporary and permanent areas of anaero-

bic water environment are dangerous to livestock;

some only a few feet wide are found from time to

time. These areas of water management on the

farm are important, but control is usually tempo-

rary and often only after livestock loss from the

anaerobic toxins or organisms. Livestock should

be barred from consuming blackened water not

adequately oxygenated.

The role of water in dissemination of viruses

is confused by the total ecological picture of the

several virus-host relationships. Recent advances

in virus study and nomenclature has made previous

systems of classification obsolete and any criteria

for viral pollution of water should recognize these

changes. Viruses cannot multiply except in a suit-

able living system and a variety of biological

phenomena limit this to a very narrow range of

host cells. They resemble spore-forming bacteria

in that the spore stage does not grow and multiply

outside a suitable environment. The resemblance

ends here as the bacterial spore returns to a vege-

tative form in the presence of nutrients and a

suitable environment. In water, the presence of

viruses represents a dilution which increases pro-

gressively through volume change and degradation

of the virus particle.

The epidemiology of virus infections tends to

incriminate direct contact; e.g. fomites, mechani-
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cal, and biological vectors, but seldom water sup-

plies. No clear distinction exists between fomites

and sewage nor should one be made. On-the-farm

management of water to avoid dissemination of

viruses is compounded by the use of water in

the removal of manure prior to the use of dis-

infectants or other biological control procedures.

It may, therefore, be an oversimplification that

viruses generally can be disregarded in water cri-

teria. Episodes of diseases and epidemiological

studies following them may indicate from time

to time that sewage contaminated water supplies

are incriminated in outbreaks. In herd manage-

ment of livestock virus diseases, direct contact,

manure contamination, and water contamination

are interlinked and must usually be treated as one

problem.

Viruses are classified by size, ether sensitivity,

tissue effects (which include viruses long known
to cause recognizable diseases, such as pox and hog

cholera), and by other criteria. The first two are

important in water criteria, since organization

of the infective virus particle and ether sensitivity

reflect the susceptibility of the virus particle to

degradation in a hostile environment. Small size

and ether resistance very likely indicate a greater

threat of water transmission over distances; more
complex particles with lipid envelopes destroyed

by ether may derive benefit from moisture, but

are susceptible to degradation by enzymes and

electrolytes in the sewage environment. No pur-

pose would be served by listing all viruses, but

some of those which are ether resistant may call

to mind the relationship of these viruses to sewage

contamination. These viruses are listed in table

IV-13.

TABLE IV-13. Ether-Resistant Viruses

Picornaviruses:
Polioviruses.

Coxsackie viruses

—

Group A.

Group B.

Enteric cytopathic human orphan (ECHO) viruses.
Rhinoviruses.
Picornaviruses of lower animals.
Foot and mouth virus (not present in United States).
Teschen's disease of svj'ine (not present in United

States).

African horse sickness (not present in the United
States).

Bluetongue virus of sheep and cattle.

Parasitic Organisms: Parasites serve as pollu-

tants of water supplies when part of their life

cycles involve a phase in water. Water supplies

in general carry animal forms, which are much
reduced in numbers by alum or other precipitation,

settling, sand filtration, and chlorination. After

such treatment, very few parasitic forms can sur-

vive the effects of dilution and soil filtration.

Natural waters, whether on the surface or under-

ground, may play an active role in parasitism,

dangerous not only to livestock, but to man as

well.

A careful distinction may be made between the

presence of free-living forms and parasites in

water. Livestock consume myriads of microor-

ganisms found in surface water and even very

clear underground water may actually contain

many microscopic forms. These organisms may
be digested, but sometimes they may be found

in lesions where their presence suggests they might

be related to the cause.

Parasitic protozoa include numerous forms

which are capable of causing serious livestock

losses. Most outbreaks are accomplished by direct

spread from animal to animal, but rain water

and overflow of piped water supplies may me-
chanically spread the infection. Once manure en-

ters biologically active environments, such as

streams, ponds, or overflow vegetated areas, these

organisms rapidly lose their capability of causing

disease outbreaks. Very important in human water

criteria, these organisms may justifiably be dis-

regarded.

Some of the most important parasitic forms

for livestock water criteria are the various flukes

which develop as adult forms in man and live-

stock. Important ecological factors include pres-

ence of snails and vegetation in the water, or

vegetation covered by intermittent overflow. This

problem is very serious in irrigated areas, but only

when snails or other intermediate hosts are avail-

able for the complete life cycle. Fluke eggs passed

by the host, usually in the manure (some species,

in the urine), enter the water and hatch into mira-

cidia. These seek out a snail or other invertebrate

host where they develop into sporocysts. These

transform into redia which in turn may form other

redia or several cercariae. The cercariae leave the

snail and swim about in the water where they

may find the final host, or may encyst on vege-

tation to be eaten later. The life cycle is completed

by maturing in a suitable host and establishment

of an exit for eggs from the site of the attachment.

It is not unusual for the fluke to develop in an

unsuitable site for egg elimination and unusual

tissue reactions sometimes follow location in these

aberrant sites.

Flukes may generally be eliminated in the host

by medication or isolation, control of snails, and

control of vegetation. An unusual aspect of the

problem is water control. In areas of Florida where
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fluke of cattle was previously unknown, mineral

water flowing from artesian wells furnished a suit-

able environment for snails. This was followed by

fluke problems when carrier cattle were brought to

the pasture. The solution was to regulate the

artesian flow into tanks to conserve the artesian

pressure in the area. These measures also showed

that the black water of the swamps did not sup-

port the proper snail host. Water criteria for live-

stock disease control, therefore, include pH dif-

ferences, mineral composition of water, and other

biological factors measurable in water quality

itself.

Tapeworms of livestock, including poultry, do

not commonly utilize a water pathway. A tape-

worm of man does utilize a copepod and fish in its

life cycle.

Roundworms include numerous species which

may use water pathways in their life cycle. The
appearance of these so-called, free-living nema-

todes in a piped water supply is a cause for much
concern, but is probably of little health signifi-

cance. However, moisture is an important factor

in the life cycle of many roundworms and live-

stock are maintained in an environment where

contamination of water supplies is a possibility

every day. It is usually thought that roundworm
eggs are eaten, but water-saturated environments

provide ideal conditions for maintaining popula-

tions of these organisms and their eggs.

Parasitic roundworms probably evolved through

evolutionary cycles exemplified by the behavior

of the genus Stwngyloides. Their life cycle is pri-

marily a soil-to-host phase, but serious Strongy-

loides problems evolve along drainageways

through the washdown of concrete feeding plat-

forms and other housing facilities for livestock,

although the classification of the Strongyloides

implies a reasonably restricted host range for each

species, this may be more environmental than

genetic. Certainly, the range of activity of Strongy-

loides as parasites of insects, crabs, amphibians,

and reptiles as well as mammals, indicates their

capabilities as pollutants of water.

Most parasitic roundworms complete their life

cycles without entering into a water phase, but

mosquitoes, blackflies, and other intermediate

hosts which may be associated with water man-
agement are sometimes involved. The Guinea
worm, Draciincidus, is dependent upon water, as

the adult lays eggs only when the host comes in

contact with water. Man, dogs, cats, or various

wild mammals may harbor the adult and the larva

develop in Cyclops. The life cycle is thus main-

tained in a water environment when the Cyclops

is swallowed by another suitable host.

Criteria for water concerning roundworms
would not be complete without mentioning "horse-

hair worms." Eggs are laid by the adult in water

or moist soil. The larva encyst and if eaten by an

appropriate insect will continue development to

the adult stage. The cycle may be interrupted and
if eaten again by another insect the growth to

adult form will be resumed. Worms do not leave

the insect unless they can enter water. The life

cycle is completed as free-living adults in water.

The prevention of water-born parasitisms de-

pends on interruption of the parasite's life cycle.

The most obvious is to keep Hvestock out of

water which carries the means of perpetuating

the cycle. Treatment for the removal of the para-

site from the host and destruction of the inter-

mediate host are the usual measures of control.

Measures for the eradication of parasitic diseases

usually require area or regional control programs.

The insidious nature of parashisms, the lack of

spectacular mortality, or other evidence of disease

in livestock result in general unawareness of the

extent of these problems.

Radionuclides: All radiation exposure is re-

garded as harmful and any unnecessary exposure

to ionizing radiation should be avoided. The ac-

ceptability of livestock water supply containing

radioactive materials should be based upon the

determination that the intake of radioactive sub-

stances from such water when added to that from

all other sources is not likely to result in exposure

greater than that recommended by the Federal

Radiation Council {56, 57). Supplies containing

radium-226 and strontium-90 are acceptable with-

out consideration of other sources of radioactivity

if the concentrations of these radionuclides do
not exceed 3 and 10 pc/1, respectively. In the

known absence of strontium-90 and alpha-emitting

radionuclides, the water supply is considered ac-

ceptable if the gross beta activity does not exceed

1,000 pc/1. If the gross beta activity is in excess of

this, a more complete radiochemical analysis is

required to determine that the sources of radiation

exposure are within the limits of the radiation

protection guides.

Monitoring and Measurement: Chemical analy-

sis of ground and surface waters for minerals is

feasible and is an integral part of good livestock

management. The monitoring of surface waters for

other chemical toxicants (pesticides, herbicides,

etc.) which may occur at sporadic intervals (due

to usage) is very difficult. Thus, the use of fish

indicator ponds at the terminal watersheds is un-

doubtedly an economical safety precaution that

should be encouraged.
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Method of analysis is extremely important. The
organic and inorganic contents of water influence

the presence of pesticides and because these

compounds are biologically active, they tend to

accumulate in certain phases of the aquatic en-

vironment. As the result of alteration of the

environment, altered levels of pesticides may ap-

pear in an active biological role. Biological accu-

mulations represent the greatest variabilities which

affect the method of analysis.

The Agricultural Research Service of the De-
partment of Agriculture seeks to develop morbidity

and mortality records of livestock losses. Criteria

for waterborne diseases are dependent upon mass
statistics for losses which relate the incidence of

disease to the water environment. Laboratory

studies provide evidence on which to base criteria.

The occurrence of disease as the result of ecologi-

cal situations which involve water serve to prove

the validity of the laboratory observations. Without

this mass of epidemiological information, concepts

which are not applicable or unnecessarily expen-

sive may be perpetuated in relation to water man-
agement. In reference to the diseases (virus, para-

sitic, bacterial, or fungal) transmitted by water,

reliance should be placed upon epidemiological

studies to define the source of contamination and
to develop the remedial measures for control.

irrigation

water supplies
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introduction

Impact of irrigation on U.S. agriculture

Irrigation is an important factor in providing

food and fiber requirements of the Nation's popu-

lation. Irrigation farming not only increases pro-

ductivity of croplands, but also provides flexibility

which enables shifting from the relatively few

dryland crops that are grown without irrigation

to many other crops which may become greater

in demand. Irrigation also creates new employment

opportunities in processing and' marketing agri-

cultural products.

Among the multipurposes for which water re-

sources are developed and used, irrigation is the

largest single-purpose beneficial consumptive use.

Therefore, water quality criteria for irrigation be-

come more and more significant as water resource

developments increase within each river basin.

Early irrigation developments in the arid and semi-

arid West were largely along streams where only a

small part of the total annual flow was put to use.

Such streams contained dissolved solids accumu-

lated through the normal leaching and weathering

processes with only slight additions or increases

in concentration resulting from man's activities.

Additional uses of the resource may have concen-

trated the existing dissolved solids, added new
salts, contributed toxic elements, microbiologically

polluted the streams, or in some other way de-

graded the quality of the water for irrigation and

most other consumptive uses. More intensive de-

velopment in recent years and the generally short

water supply in most western streams has ac-

centuated water quality deterioration in a down-
stream direction. The significance of establishing

water quality criteria for irrigation can be evalu-

ated best by examining: (1) the impact of irri-

gation on long-term food and fiber production in

the United States, and (2) the effect of water

quality deterioration on that production.

An estimated total of 458 million acres of crop-

land in the United States during 1966 was utilized

for crop production, of which about 44 million

acres, located largely in the Western States, were

irrigated. This irrigated acreage, amounting to

about 10 percent of the total cropland, provides

about 25 percent of the total value of all crop

production. Value of production during the crop

year 1959, the latest year for which census data

are available, amounted to about $55 per acre

for all cropland in comparison to about $150 per

acre for irrigation land.

For the most part, irrigated farms produce

crops that cannot be grown successfully in the West
under dryland conditions.

From the value standpoint, irrigation's greatest

contribution is in the category of fruit, vegetable,

and other specialty crops. The environment of

the irrigated western areas is especially favorable

for these crops. Most of the commercial produc-

tion of apricots, artichokes, honeydew mellons,

hops, lemons, olives, dates, figs, garlic, nectarines,

prunes, English Walnuts, almonds, and filberts

come from the irrigated areas of the Western

States. During late fall, winter, and early spring,

the warm irrigated valleys of the Far West and

Southwest grow most of the Nation's supply of

fresh vegetables. The off-season production of

these fresh vegetables and fruits adds variety and
balance to the Nation's diet.

Soil-Plant-Climate interrelationships

Evaluation of water quality criteria for irri-

gation purposes must take into consideration the

interactive effects of soil, plant, and climate. Each
of these factors is highly variable. Yet, they are

important in determining the quality of water that

can be used for irrigation under a specific set

of conditions.

Soil

The physicochemical properties of a soil de-

termine the root environment that a plant en-

counters following an irrigation. The soil consists

of an organo-mineral complex which has the abil-

ity to react both physically and chemically with

constituents present in irrigation water. The degree

to which these added constituents will leach out

of a soil, remain available to plants in the soil,

or become fixed and unavailable to plants depends

largely on the soil characteristics.

In irrigated areas, a water table frequently ex-

ists at some depth below the ground surface, with
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a condition of unsaturation existing above it. Dur-

ing and immediately following periods of precipi-

tation or irrigation, water moves downward
through the soil to the water table. At other times,

water losses through evaporation from the soil

surface and transpiration from plants (evapotrans-

piration) may reverse the direction of flow in the

soil so that water moves upward from the water

table by capillarity. The rate of movement is de-

pendent upon water content, soil texture, and

structure. In humid and subhumid regions, this

capillary rise of water in the soil is a valuable

water source for use by crops during periods of

drought.

Evapotranspiration removes pure water from

the soil leaving the salts behind. Since salt uptake

by plants is negligible, salts accumulate in the

soil. A favorable salt balance in the root zone can

be maintained by leaching through the use of irri-

gation water in excess of plant needs. Good drain-

age is essential to prevent a rising water table

and salt accumulation in the soil surface and to

maintain adequate soil aeration.

Soils vary greatly in their physicochemical

properties; therefore, the resultant effect of a given

irrigation water quality on the plant root environ-

ment will also be quite variable.

Plant

Plants can be affected in two ways by irrigation

water quality. First, where sprinkler irrigation is

used, foliar absorption or adsorption of constitu-

ents in the water may be detrimental to plant

growth or consumption of aifected plants by man
or animals. Secondly, where surface or sprinkler

irrigation is practiced, the effect of a given water

quality on plant growth is determined by the com-
position of the equilibrium soil solution. This is

the growth medium available to roots after soil

and water have reacted.

Plants vary considerably in their tolerance to

water quality constituents. Genetic considerations

apply not only to differences between species,

but to varietal differences as well. Many species

and varieties of plants have been observed for

tolerances to salinity, trace elements, pesticides,

and pathogens. A good start has been made in

classifying plant tolerance to salinity, but much
remains to be learned regarding the effects of

irrigation water.

Climate

Irrigation is necessary for intensive crop pro-

duction in arid and semiarid areas and is used to

supplement rainfall in humid areas. The need for

irrigation is determined to a large extent by rain-

fall and snow distribution; but temperature, radia-

tion, and humidity are also significant factors.

The effects of water quality characteristics on
soils and on plant growth are directly related to the

frequency and amount of irrigation water applied.

The rate at which water is lost from soils through

evapotranspiration is a direct function of tempera-

ture, radiation, wind, and humidity. Soil and plant

characteristics also influence- this water loss. Aside

from water loss considerations, water stress in a

plant as affected by the rate of evapotranspiration

will determine the plant's reaction to a given soil

condition. For example, in a saline soil at a given

water content, a plant will usually suffer more
in a hot, dry climate than in a cool, humid one.

Considering the wide variation in these climatic

variables over the United States, it is apparent that

water quality requirements also vary considerably.

Rainfall and snowmelt are also significant be-

cause they affect not only the amount of available

water in the soil, but may also be a factor in leach-

ing constituents applied in irrigation water out

of the plant root zone. Because precipitation pat-

terns are so variable, they influence the degree of

hazard presented by use of water of a given quality.

The soil, plant, and climate variables must be

considered in developing criteria for evaluation of

irrigation water quality. A wide range of suitable

water characteristics is possible even when only

a few variables are considered. Even under favor-

able conditions of soil, drainage, and environ-

mental factors, too-sparing applications of high

quality water with total dissolved solids of less

than 100 mg/1 would ultimately damage sensitive

crops such as citrus fruit, whereas with adequate
leaching water containing 500 to 1,000 mg/1 might
be used. Under the same conditions, certain salt-

tolerant field crops might produce economic re-

turns using water with more than 4,000 mg/1. Cri-

teria for judging water quality standards must take

these factors into account.

Past and current trends in

water quality classification

From the very beginning of irrigation in the

United States, farmers have observed differences

in water quality that have influenced their crops.

In some areas, they soon learned to bypass water

that contained excessive amounts of sediment or

that originated from tributaries known to be saline.

Means {106) observed in 1903 that safe salin-

ity limits previously set for irrigation water were
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too low. Since that time, various schemes for clas-

sification of the suitability of water for irrigation

have been developed. Scofield (152) discussed

increasing soil solution salinity through the use

of saline irrigation water and recognized the need

for use of leaching water and adequate drainage.

He established a classification system ranging from

excellent to unsuitable based upon the concentra-

tion of chlorides and sulfates. He strongly em-

phasized that the classification was applicable to

a specific region considering crops, soil, climate,

and the quantity of irrigation water relative to

rainfall.

Some of the later schemes of classification at-

tempted to establish ratings of "average" condi-

tions having general applicability. In all cases,

the interpretation of the suitability of water for

irrigation use was largely empirical. Current trends

in research are based upon relating quality of

irrigation water to specific soils and crops for

specific irrigation methods (195, 196, 197, 181).

A knowledge of the basic mechanisms involved is

fundamental to the prediction of irrigation water

effects on soils and plants. No single set of cri-

teria can currently be established to evaluate water

quality characteristics for irrigation purposes. It

is the purpose of the following discussion to point

out the various soil-plant-water-climate interrela-

tionships and how they apply to specific water

quality characteristics. Where possible, criteria or

guidelines will be designed for specific character-

istics.

water quality

considerations

for irrigation

Effects on plant growth

Irrigation is practiced primarily for the pur-

pose of increasing economic returns from agricul-

ture. Successful sustained irrigated agriculture,

whether in arid regions or in subhumid regions,

requires skillful water application based upon the

characteristics of the land and the requirements

of the crop. Through proper timing and adjust-

ment of frequency and volumes of water applied,

detrimental effects of poor quality water may often

be mitigated.

Undesirable water quality characteristics can

affect plant growth either directly or indirectly.

Plants may be affected directly by either the de-

velopment of high osmotic conditions in the plant

substrate, or by the presence of a phytotoxic

constituent in the water. In general, plants are

more susceptible to injury from dissolved con-

stituents during germination and early growth

stages (77) than at maturity. Plants affected dur-

ing early growth stages may result in complete

crop failure or severe yield reductions. Effects of

these undesirable constituents may be manifested

in suppressed vegetative growth, reduced fruit de-

velopment, impaired quality of the marketable

product or a combination of these factors. The
presence of sediment, pesticides, or pathogenic

organisms in irrigation water, which may not spe-

cifically affect plant growth, may affect the ac-

ceptability of the product. Another aspect to be

considered is the presence of elements in irrigation

water which are not detrimental to crop produc-

tion, but may accumulate in crops to levels which
may be toxic to animals or humans.
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Plant growth may be aflfected indirectly through

the influence of water quality on soil. For example,

the adsorption by the soil of sodium from water

will result in a dispersion of the clay fraction.

This decreases soil permeability and often results

in a surface crust formation which deters seed

germination and emergence. Soils irrigated with

highly saline water will tend to be flocculated and

have relatively high rates of infiltration (23). A
change to waters of sufficiently lower salt content

will reduce soil permeability and rates of infiltra-

tion by dispersion of the clay fraction in the soil.

This hazard increases when combined with high

sodium content in the water. Much depends upon

whether a given irrigation water is used continu-

ously or occasionally.

If irrigations are applied frequently enough,

and with sufficient extra amounts to leach salts

from the root zone to maintain a favorable growth

environment, irrigation water with relatively high

salt concentrations may be used indefinitely. The

degree to which a saline water can be used to

irrigate a given soil is closely related to the drain-

ability of that soil.

Other irrigation water quality considerations

may affect plant growth. Temperature of the wa-

ter, if excessively high or low, and its resultant

effect on the soil temperature in the root zone,

could depress plant growth. Soil aeration and oxy-

gen availability may be a factor deterring plant

growth if water having high BOD values is used

although no specific information is available.

Osmotic Effects

The effect of salinity, or total dissolved solids,

on the osmotic pressure of the soil solution is one

of the most important water quality considerations.

This relates to the availability of water for plant

consumption. Plants have been observed to wilt

in fields apparently having adequate water content.

This is usually the result of high soil salinity creat-

ing a physiological drought condition. Specifically,

the ability of a plant to extract water from a soil

is determined by the following relationship:

TSS = MS-I-SS

In this equation, the total soil suction (TSS) repre-

sents force with which water in the soil is withheld

from plant uptake. In simplified form, this factor

is the sum of the matric suction (MS), or the

physical attraction of soil for water, and the solute

suction (SS), or the osmotic pressure of the soil

water.

As the water content of the soil decreases due
to evapotranspiration, the water film surrounding

the soil particles becomes thinner and the remain-

ing water is held with increasingly greater force

(MS). Since only pure water is lost to the atmos-

phere during evapotranspiration, the salt concen-

tration of soil solution (SS) increases rapidly dur-

ing the drying process (97). Since the matric

suction of a soil increases exponentially on drying,

the combined effects of these two factors can pro-

duce critical conditions with regard to soil water

availability.

The dissolved solids or saline content of the soil

solution results from natural dissolution of soil

minerals and primarily from that added as irri-

gation water or fertilizers. Water moves downward
primarily through gravitational and capillary forces

until it approaches a state where further movement
is slow; then moves back toward the surface as a

result of evapotranspiration. With adequate leach-

ing, however, excess water passes through the root

zone carrying the salt towards the ground water.

Soil salinity in the root zone will vary between

irrigations, but may, under certain circumstances,

present a stable pattern over long periods of time.

Plant growth is related to salinity level of the

soil solution within the root zone. In assessing the

problem, criteria must be developed for assessing-

the salinity level of the soil solution. It is most

difficult to extract the soil solution from a moist

soil within the range of water content available

to plants. It has been demonstrated, however, that

salinity levels of the soil solution and their resultant

effects upon plant growth may be correlated with

salinity levels of soil moisture at saturation. The
quantity of water held in the soil between field

capacity and the wilting point varies considerably

from relatively low values for sandy soils to high

values for soils high in clay content. The U.S.

Salinity Laboratory developed the concept of the

saturation extract to meet this need (181). This

involves the addition of demineralized water to a

soil sample to a point at which the soil paste glis-

tens as it reflects light and flows slightly when the

container is tipped. The amount of water added is

reasonably related to the soil texture. For many
soils, the water content of the soil paste is roughly

twice that of the soil at field capacity and four

times that at the wilting point. This water content

is called the saturation percentage. When the satu-

rated paste is filtered, the resultant solution is re-

ferred to as the saturation extract. The salt con-

tent of the saturation extract does not give an exact

indication of salinity in the soil solution under field

conditions because soil structure has been de-

stroyed, nor does it give a true picture of salinity

gradients within the soil resulting from water ex-

traction by roots. Although not truly depicting

salinity in the immediate root environment, it does
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give a usable parameter which represents a soil

salinity value which can be correlated with plant

growth.

Salinity is most readily measured by determining

the electrical conductivity (EC) of a solution. This

method relates to the ability of salts in solution to

conduct electricity and results are expressed as

miUimhos (mhosx 10'^) per cm at 25 C. Salinity

of irrigation water is expressed in terms of EC,

and soil salinity is indicated by the electrical con-

ductivity of the saturation extract (ECe).

Temperature and wind effects are especially im-

portant as they directly affect evapotranspiration.

Periods of high temperature or other factors, such

as dry winds, which increase evapotranspiration

rates, not only tend to increase soil salinity but

also create a greater water stress in the plant. The

effect of climatic conditions on plant response to

salinity was demonstrated by Magistad, et al. (99).

Some of these effects can be alleviated by more

frequent irrigations to maintain safer levels of

soil salinity. Particular problems occur where high

rates of evapotranspiration occur on soils with

low infiltration rates so that it may be sometimes

virtually impossible to replace the soil moisture

rapidly enough during the crop growing season to

prevent stress.

Plants vary in their tolerance to soil salinity and

there are many ways in which salt tolerance can

be appraised. Hayward and Bernstein (65) point

out three: (1) the ability of a plant to survive

on saline soils—salt tolerance based primarily on
this criterion of survival has limited application in

irrigation agriculture, but is a method of appraisal

which has been used widely by ecologists; (2)

the absolute yield of a plant on a saline soil

—

this criterion has the greatest agronomic signifi-

cance; (3) relative yield on saline soil compared
to nonsaline soil—this criterion is useful for com-
paring dissimilar crops whose absolute yields

cannot be compared directly. The U.S. Salinity

Laboratory (181) has used the third criterion in

establishing the list of salt tolerance of various

crops shown in table IV-3 (p. 117). These salt

tolerance values are based upon the conductivity

of the saturation extract (ECe) expressed in

mmhos/cm at which a 50-percent decrement in

yield may be expected when compared to yields

of that plant grown on a nonsaline soil under

comparable growing conditions.

Work has been done by many investigators,

based upon both field and greenhouse research, to

evaluate salt tolerance of a broad variety of plants.

In general, where comparable criteria were used

to assess salt tolerance, results obtained agree quite

well with those shown in table IV- 14.

Early investigations considered the question of

how increasing salinity levels in the substrate

affect plant growth i.e., is there a threshold con-

centration at which damage to the crop will occur

FIGURE IV-1. Salt tolerance of vegetable crops*

2 4 6 14

ECe IN MILLIMHOS

PER CM. AT 25 C

Beets

Spinach . .

Tomato . .

Broccoli . .

Cabbage . .

Potato ...

Corn

Sweetpotato

Lettuce ...

Bell pepper

Onion ....

Carrot ...

Beans ...

X. ::^a

*The indicated salt tolerances apply to

the period of rapid plant growth and
maturation, from the late seedling stage
onward. Crops in each category are

ranked in order of decreasing salt tol-

erance. Width of the bar next to each
crop indicates the effect of increasing

salinity on yield. Crosslines are placed

at 10 , 25 , and 5Q-percent yield reduc-

tions.

YIELD REDUCTION
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FIGURE IV-2. Salt tolerance of field crops*
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ECe
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IN MILLIMHOS PER CM. AT 25 C
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Barley ....

Sugarbeets

Cotton . . .

Safflower .

Wheat ....
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Rice (Paddy)

Corn
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Flax

Beans
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*The indicated salt tolerances apply to

the period of rapid plant growth and
maturation, from the late seedling stage
onward. Crops in each category are
ranked in order of decreasing salt tol-

erance. Width of the bar next to each
crop indicates the effect of increasing
salinity on yield. Crosslines are placed
at 10 , 25 , and 50-percent yield re-

ductions.

only if that threshold were exceeded? Most studies

indicated that some damage began with any in-

crease and that there was no threshold where

damage first appeared or became markedly worse.

Recent data by Bernstein (14) give EC values

causing 10, 25, and 50-percent yield decrements

for a variety of field and forage crops from late

seedling stage to maturity, assuming that sodium

or chloride toxicity is not a growth deterrent.

These values are shown in figures 1, 2, and 3. The

FIGURE IV-3. Salt tolerance of forage crops*

ECe IN MILLIMHOS PER CM AT 25 C
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Bermuda grass

Tall wheatgrass ...

Crested wheatgrass

Tall fescue

Barley hay

Perennial rye

Hardinggrass

Birdsfoot trefoil . . .

Beardless wildrye . .

Alfalfa

Orchardgrass

Meadow foxtail ....

Clovers, alsike & red

:m
::^
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The indicated salt tolerances apply to

the period of rapid plant growth and
maturation, from the late seedling stage
onward. Crops in each category are
ranked in order of decreasing salt tol-

erance. Width of the bar next to each
crop indicates the effect of increasing
salinity on yield. Crosslines are placed
at 10 , 25 , and 50-percent yield re-

ductions.

YIELD REDUCTION
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TABLE IV-14. Relative Tolerance of Crop

Plants to Salt, Listed in Decreasing

Order of Tolerance ' (181).

High salt tolerance Medium salt tolerance Low salt tolerance

VEGETABLE CROPS

High salt tolerance Medium salt tolerance Low salt tolerance

ECeXlO== 12
Garden beets
Kale
Asparagus
Spinach

EC„xlO' = 10

EC. X 10= = 10
Tomato
Broccoli
Cabbage
Bell pepper
Cauliflower
Lettuce
Sweet corn
Potatoes (White

Rose)
Carrot
Onion
Peas
Squash
Cucumber
EC, X 10^ = 4

EC„XlO'=4
Radish
Celery
Green beans

EC, X 10= = 3

FIELD CROPS

ECeXl0'= 16
Barley (grain)

Sugar beet
Rape
Cotton

ECeXlO= = 10

EC„xlO= = 10
Rye (grain)

Wheat (grain)

Oats (grain)

Rice
Sorghum (grain)

Corn (field)

Flax
Sunflower
Castorbeans
ECeXlO= = 6

EC, X 10= = 4
Field beans

FORAGE CROPS (in decreasing order tolerance)

EC, X 10= = 18
Alkali sacaton

Saltgrass

Nuttall alkali-

grass
Bermuda grass
Rhodes grass
Rescue grass
Canada wildrye
Western wheat-

grass
Barley (hay)

Bridsfoot trefoil

ECeXl0= = 12

150

ECeXlO= = 12
White sweet-

clover
Yellow sweet-

clover
Perennial rye-

grass
IVIountain brome
Strawberry clover
Dallis grass
Sudan grass
Hubam clover

Alfalfa (California

common)
Tall fescue
Rye (hay)
Wheat (hay)
Oats (hay)
Orchardgrass
Blue grama
Meadow fescue
Reed canary
Big trefoil

Smooth brome
Tall meadow

oatgrass
Cicer milkvetch
Sourclover
Sickle milkvetch
EC. X 10= = 4

ECeXlO==4
White Dutch

clover
Meadow fox-

tail

Alsike clover

Red clover
Ladino clover
Burnet

ECeXlO== 2

FRUIT CROPS

Date palm Pomegranate



Salt tolerance may affect the marketable por-

tion of the plant. In some instances, vegetative

growth is more affected than fruiting and vice

versa (8,75,95).
A 50-percent yield decrement may be within

the profitable production range for field and forage

crops in certain cases; but a yield decrement as

little as 1 5 percent, or a normal yield accompanied

by a deterioration of quality, might be sufficient

to eliminate most of the profits from fruit and

vegetable enterprises having a narrow margin of

income over costs.

Nutritional Effects

Plants require a balanced nutrient content in

the soil solution to maintain optimum growth. Use
of saline water for irrigation may or may not

significantly upset this nutritional balance depend-

ing upon the composition, concentration, and vol-

ume of irrigation water applied.

Some of the possible nutritional effects were

summarized by Bernstein (14) as follows:

High concentrations of calcium ions in the soil solu-

tion may prevent the plant from absorbing enough
potassium, or high concentrations of other ions may af-

fect the uptake of sufficient calcium.

Different crops vary widely in their requirements for

given nutrients and in their ability to absorb them. Nu-
tritional effects of salinity, therefore, appear only in

certain crops and only when a particular type of saline

condition exists.

Some varieties of a particular crop may be immune to

nutritional disturbances while other varieties are severely

affected. High levels of soluble sulfate cause internal

browning (a calcium deficiency symptom) in some let-

tuce varieties, but not in others. Similarly, high levels of

calcium cause greater nutritional disturbances in some
carrot varieties than in others. Chemical analysis of the

plant is useful in diagnosing these effects.

At a given level of salinity, growth and yield are de-

pressed more when nutrition is disturbed than when nu-

trition is normal. Nutritional effects, fortunately, are not

important is most crops under most saline conditions;

when they do occur, the use of better adapted varieties

may be advisable.

Many variables are involved and each adverse

condition must be diagnosed and treated accord-

ingly.

Piiytotoxic Substances and Specific Ion Effects

In addition to the effect of total salinity on os-

motic soil-plant relations, individual ions may have

varying effects on plant growth. These ions include

both common and trace elements occurring natu-

rally in irrigation water, those introduced by man's

activities, and those which enter the soil solution

through a reaction between the soil and the irri-

gation water. Considerable information is avail-

able regarding the effects of nutritional balance of

the major plant nutrients. Although complicated

by interactive effects of soil and plant character-

istics, these nutritional effects are not as serious as

phytotoxicity which may be caused by trace ele-

ments or specific ions.

Trace elements are those which normally occur

in water or soil in very small quantities. Some
may be essential for plant growth in very small

amounts while others are nonessential. Some of

these elements do not occur naturally in most
waters or soils, but will be discussed here since

they may enter water supplies as a result of in-

dustrial pollution.

When an element is added to the soil in toxic

amounts, it may combine with it to give either of

two results. First, it may decrease in concentra-

tions so that it is no longer toxic. Second, it may
increase the store of that element in the soil. If

the process of adding irrigation water containing

a toxic level of the element continues, a steady

state will be approached with time in which the

amount of the element leaving the soil in the

drainage water will equal the amount added with

the irrigation water, and no further change in

concentration in the soil will occur.

In many cases, these elements are held very

strongly by soils and in some cases, they may
be toxic in relatively low concentrations. There-

fore, irrigation water containing toxic levels of

trace elements may be added for many years

before steady state is approached. A situation ex-

ists then where toxicities may develop in years,

decades, or even centuries from the continued ad-

dition of polluted irrigation waters. The time would

depend on factors apart from properties of the

water itself. Changes in technology and economy

could easily alter circumstances significantly in

such a long time.

Genetic differences in tolerance of plants to

different elements or ions has been mentioned.

Variability among species is well recognized. Re-

cent investigations by Foy (58), working with

soluble aluminum in soils, has demonstrated that

there is also variability among varieties within

a given species. This suggests the possibility of

breeding varieties to minimize phytotoxicity which

may result from a constituent in irrigation water.

Research dealing with effects of trace elements

on plant growth does not permit, in general, any

conclusions regarding threshold values beyond

which specific plants will react unfavorably. Most
studies have been carried out with several plant

species in sand or solution cultures under a wide

variety of environmental conditions. It is difficult
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to extrapolate from these sand and solution cul-

tures to soil conditions. Toxic limits determined in

solution cultures might apply to irrigation water

if it were not for the fact that soil conditions could

influence the element's availability to the plant.

Comprehensive reviews of literature dealing with

trace element effects on plants have recently been

published {20, 35, 105). Another reference {68)

deals with reactions of trace elements in soils.

Additional research is needed to predict reactions

between ions in irrigation water and various soil

types, and the resultant effect on various plant

species.

In developing a workable program of acceptable

limits for trace element pollution of irrigation

waters, three considerations should be recognized :

^

( 1 ) The inherent difficulty of establishing gen-

eralizations. Many factors affect the uptake

of and tolerance to trace elements. The
most important of these being genetic

variability of plants and animals, reactions

within the soil, and nutrient interactions,

particularly in the plant.

(2) A system of tolerance limits must, to the

greatest extent possible, provide sufficient

flexibility to cope with the more serious

factors above.

(3) At the same time, restrictions must be

defined, as precisely as possible.

To translate these considerations into workable

recommendations, two types of soil groupings that

may be irrigated are defined:

(a) Lands having a significant fraction of well-

drained soils classified as sands, loamy
sands, or sandy loams.

(b) Lands made up principally of finer textured

soils and generally more slowly drained.

Individual minor element limits for water to

be used on type 'a' lands are calculated assuming

that steady state may be approached in a relatively

short period of time and, therefore, that the con-

centration in irrigation waters approximates that

of the soil solution. In areas where irrigation

water accounts for most of the water applied to a

field, the values may have to be adjusted down-
ward to allow for concentration in the soil.

Upper limits that may be set for minor element

tolerances in water for type 'b' lands are somewhat
more arbitrary. They are drawn largely from maxi-

mum safe fertilizer additions that might be applied

to soils under the most favorable conditions for

fixing the element in the soil. The term "short

time" used in table IV-15 means a period of

time as long as two decades.

It is beyond the scope of this report to present

a critical literature review on phytotoxic ions.

Some references are cited to illustrate both the

importance and the complexity of the problem.

Emphasis must be placed, however, on research

needs. Due to the vast scope of the problem, it

is recommended that research be initiated as prob-

lems arise to derive specific recommendations.

The following list of trace element effects indicate

in part the potential problem and suggested trace

element tolerances for irrigation waters are shown
in table IV-15.

Aluminum: Aluminum toxicities to plants have

been reported for both acid and alkaline condi-

tions, but are probably of little consequence at

near-neutral pH values. One milligram per liter

is taken as the tolerance limit, even though sev-

eral reports of toxic effects have been observed

at 0.5 mg/1 {35). The reason for this is that even

sandy soils could be expected to reduce aluminum

toxicities somewhat and management practices

could be used to avoid marginal toxicities.

Arsenic: Arsenic may be present in fairly high

concentrations without inducing injury to some

plants such as lemons and sudan grass (55), but

toxic effects on other species have been observed

down to 1 mg/1 {105). This value is selected as

the tolerance level here, but a better understand-

ing of the effects of management practices on
the uptake of arsenic might indicate that a higher

value could be used.

TABLE IV-15. Trace Element Tolerances for

Irrigation Waters

For short-term use
on fine textured

soils only

^ Basic information on trace elements was supplied by
J. F. Hodgson of the U.S. Soil, Plant, and Nutrition

Laboratory, Ithaca, N.Y.

mg/1

Aluminum LO
Arsenic 1.0
Beryllium 0.5
Boron 0.75
Cadmium 0.005
Chromium 5.0
Cobalt 0.2
Copper 0.2
Fluorine Q)
Iron O
Lead 5.0
Lithium 5.0
Manganese 2.0
Molybdenum 0.005
Nickel 0.5
Selenium 0.05
Tin O
Tungsten Q)
Vanadium 10.0
Zinc 5.0

mg/l

20.0
10.0
1.0
2.0
0.05

20.0
10.0
5.0

O
Q)

20.0
5.0

20.0
0.05
2.0
0.05
(')

10.0
10.0

' See text.
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Beryllium: Beryllium is toxic to both animals

and plants. Growth of beans has been inhibited at

0.5 mg/1 (20), and this value is selected as the

tolerance limit. Beryllium toxicity will be moder-
ated by reaction with soils, but because it repre-

sents a relatively serious problem, its limits for

water use even for type 'b' land should be restricted

to 1 mg/1 until better information is available on
its uptake from soils.

Boron: Boron is an essential plant micronu-
trient almost up to concentrations of 0.5 mg/1
in irrigation water. However, boron in irrigation

water has caused destruction of, or damage to,

sensitive crops when concentrations in the irri-

gation water are somewhere between 0.5 and 1.0

mg/1. Most of the work on boron, done under the

leadership of Eaton (49), found a range of toler-

ance of crops, as shown in table IV-16. Water
containing more than 4 mg/1 of boron is generally

unsatisfactory for all crops. In general, sensitive

crops will show slight to moderate injury at boron
levels of 0.5 to 1.0 mg/1; semitolerant, 1.0 to 2.0

mg/1; and tolerant crops, 2.0 to 4.0 mg/1. In terms

of content in the soil saturation extract, a limit

of 0.7 mg/1 of boron is considered safe. Probably
the effect varies inversely with the percentage of

applied water that is passed through the root

zone, but this has not been evaluated. Most prob-
lems of excess boron have been encountered in

waters derived from the coast range mountains
of California and from the Hot Creek area in the

Owens Valley of California on the eastern slope

of the Sierra Nevada Mountains.

Cadmium: Cadmium toxicities have been impli-

cated in hypertensive diseases of man. Its contri-

bution to pollution, therefore, bears very close

scrutiny. Present understanding of the problem is

sufficiently limited so that cadmium will definitely

require reappraisal as evidence accumulates for

or against its toxicity and as understanding of its

behavior in the soil-plant-animal chain is im-
proved. The tolerance Hmit of 0.005 mg/1 is sug-

gested assuming: (1) reported toxicities are valid

(88, 149, 150); (2) cadmium behaves similarly

to zinc in its uptake by plants and reactions with

soil. It is very likely that higher levels of cadmium
could be regulated by appropriate management
practices; but in the absence of yield depression,

farmers have little inducement to employ such
practices.

Chromium: Both the chromic and chromate
ions display toxicities. Use of large amounts of

chromium for processes, such as tanning, increase

the importance of controlling this element.

Tolerance to the two ions varies with plant

species, but more sensitive plants are adversely
affected at about 5 mg/1 for each ion (35).

The chromic ion could be expected to combine
fairly strongly with neutral soils so that class 'b'

soils could likely tolerate considerably more
chromic ion than the above value. There is not
sufficient information available on chromate ion
to recognize the presence of type 'b' situations for

this ion. Furthermore, the possibility of oxidizing

chromic to chromate ions is too great to include

water of a higher chromium content for irrigating

alkaline soils of type 'b' lands even when the chro-
mic ion is present in the water, until further in-

formation is available.

Cobalt: Cobalt toxicities have been observed on
several species grown in sand culture. On the other

hand, field occurrence, of cobalt toxicity is rare.

The tolerance limit suggested here is somewhat
higher than the 0.1 mg/1 cobalt which has been
observed to be toxic to tomato plants. It is felt

that management practices should be capable of

relieving marginal toxicities of this element (105).

Copper: Copper toxicities have been observed
at copper concentrations as low as 0.1 mg/1 in

nutrient solution (35, 105). A value of twice this

is taken for the tolerance limit for water for type

TABLE IV-16. Relative Tolerance of Plants to
Boron (181)

[In each group, the plants first named are considered as being
more tolerant and the last named more sensitive.]

Tolerant



'a' lands. Copper combines strongly with most

soils as evidenced by the many soils that have been

treated for decades with copper sulfate as a fungi-

cide without displaying copper toxicities. Only

water irrigating sands very low in organic matter

would need to remain classified for use on type 'a'

lands. Limits for water to be used on type 'b' lands

could safely vary up to at least 5 mg/1.

Iron: Iron is not likely to be a problem with

irrigation waters. In those instances where im-

balances due to excess iron develop, they can be

controlled with management practices.

Fluoride: The most serious effect of fluoride is

not its effect on plant growth, but the ultimate

effect on the consuming animal including man.

The uptake of fluoride by plants is restricted

both by a combination of the element with soils,

favored by low pH, and a discrimination against

fluoride by plant roots (20). Some plant species

do accumulate large amounts of fluoride, but for

the most part they are not consumed by man or

livestock. The principal pathway for fluoride poi-

soning then is through direct imbibition of toxic

waters or plant accumulation of fluoride from the

air. No limits are proposed at this time, but it

is recommended that it be placed in a warning

category to be considered as specific cases arise.

Lead: Results from adding lead to nutrient so-

lutions are somewhat contradictory (35, 105).

Toxicities have been reported from additions of

as little as 1 mg/1. But considerably higher levels

have been used in some cases without injury. Since

even sandy soils can be expected to adsorb lead,

the tolerance limit of 5 mg/1 is proposed.

Lithium: Crops sensitive to sodium are also

sensitive to Hthium. Most crops can tolerate 5

mg/1 and this limit is proposed for water to be

used on type 'a' lands {18, 20). The same limit

is proposed for water to be used on type 'b' lands,

since it might be expected that a steady state

will be approached within a period of years on
most soils.

Manganese: Manganese toxicities have been ob-

served down to 0.5 mg/1, but a great deal af varia-

tion occurs among species and conditions of nu-

trient imbalance. With suitable management prac-

tices, it should be possible to tolerate up to 2 mg/1

for nearly all species of plants.

Molybdenum: Molybdenum presents a particu-

larly unique problem in that ground waters fre-

quently carry levels of the element that give rise

to plant concentrations toxic to cattle. In nutrient

solution and soil solution measurements, 0.01

mg/1 molybdenum in solution will produce leg-

umes containing in order of 5 mg/kg molyb-

denum or more in the tissue (82). This level is

commonly accepted as the upper limit for safe

feeding to cattle and is, therefore, proposed as the

tolerance limit, even though levels of 0.001 to

0.002 mg/1 molybdenum in river waters are not

uncommon; and the Colorado River at Yuma,
Ariz., is reported at 0.0069 (44).

An upper limit of 0.05 mg/1 is proposed when
the irrigation water is added to acid soils with

a large capacity to combine with the element.

The reason for this action is to protect against

the possibility of inducing molybdenum toxicity

at a later date as a result of overtiming in humid
and subhumid areas.

Nickel: Nickel toxicities occur in nature in con-

junction with high levels of chromium in soils

developed from serpentine rock. These soils may
contain 400 to 5,000 mg/kg, compared with

about 5 to 100 for most soils (35). Surprisingly,

when the occurrence of serpentine-derived soils

is considered, few results are available relating

nickel toxicity to solution concentrations. Growth
of flax is depressed by the presence of 0.5 mg/1

nickel and this value is suggested here for a tenta-

tive tolerance limit. Examination of more sensitive

crops may suggest a lower value.

Selenium: Tolerance limits for selenium should

be based on animal toxicities, rather than those

of plants. Plants containing 4 to 5 mg/kg sele-

nium are commonly considered to induce toxic

symptoms in animals. From results of Broyer

(28), this level of selenium could result in many
species from a level of 0.05 mg/1 selenium in

solution. Tolerance limits will, therefore, be placed

at this value. The assumption is made that there

will be sufficient management of irrigated lands

so that selenium-accumulating plants will not be

a factor. Fertilizer trials in greenhouse experi-

ments indicate that the same limit might best be

applied to water used on type 'b' lands as well.

Tin, Tungsten, and Titanium: Tin, tungsten,

and titanium are effectively excluded by plants.

The first two can undoubtedly be introduced to

plants under conditions that wiU produce specific

toxicities, but not enough is known about any of

the three to prescribe tolerance limits at this time.

Titanium is too insoluble to be of great concern.

Tungsten has been observed to interfere with

ascorbic acid metabolism in animals (162).

Vanadium: Vanadium toxicities have been in-

duced in several plant species in concentrations in

the neighborhood of 10 mg/1 of the vanadate
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ion (105). Since this represents additions of

about 100 pounds per acre of vanadium per year

for 40 inches of irrigation, no increased level of

vanadium for water use on type 'b' lands is pro-

posed.

Zinc: Zinc has produced toxic symptoms in

various plants in concentrations from 3 to 10 mg/1

(35, 105). A tolerance limit of 5 mg/1 is pro-

posed here, since zinc is bound strongly to even

coarse-textured soils. A limit of 10 mg/1 is sug-

gested even for water used on type 'b' land until

evidence is presented to indicate that larger addi-

tions are acceptable. At irrigation additions of

40 inches per year, this would introduce about

100 pounds of zinc per acre per year.

Other Considerations

Acidity and alkalinity and common elements,

including chlorides and bicarbonates, are discussed

here only as they relate to irrigation water in gen-

eral. Specific quality characteristics relating to

arid region irrigation agriculture, or to water for

supplemental irrigation in humid regions, will be

discussed later. No attempt will be made to assign

criteria to each, but appropriate guidelines and

extent of importance will be described.

Acidity and Alkalinity in normal irrigation

water, as measured by pH, have little direct sig-

nificance. Since water itself is unbuffered, and the

soil is a buffered system (except for extremely

sandy soils low in organic matter), the pH of the

soil will not be significantly affected by application

of irrigation water. There are, however, some ex-

tremes and indirect effects.

Water having pH values below 4.8 applied to

acid soils over a period of time may possibly render

soluble iron, aluminum, or manganese in concen-

trations large enough to be toxic to plant growth.

Similarly, addition of a neutral or acid irrigation

water high in salts to an acid soil could result in a

decrease in soil pH, thereby rendering these ele-

ments soluble. In some areas where acid mine

drainage contaminates water sources, pH values

as low as 1.8 have been reported. Waters having

unusually low pH values such as this would be

strongly suspect of containing toxic quantities of

certain heavy metals or other elements.

Water having pH values in excess of 8.3 are

highly alkaline and may contain high concentra-

tions of sodium, carbonates, and bicarbonates.

These constituents affect soils and plant growth

directly or indirectly and these effects will be dis-

cussed later under specific ions.

Since most of the effects of acidity and alkalinity

in irrigation waters are indirect as they relate to

soils and plant growth, it is not practical to set

narrow limits. Water having pH values in the

range of 4.5 to 9.0 should not present any insur-

mountable problems assuming that no indirect

limitations develop resulting from its use.

An imbalance of common nutrient elements can

create an unfavorable environment for plant

growth. Among the common ions which are essen-

tial for plant growth in relatively large quantities,

there is a wide variation in their effect upon spe-

cific crops according to their total and relative

concentrations. Essential ions such as calcium,

magnesium, potassium, and sulfate may deter

growth if the total or relative concentrations are

out of balance. Plants vary in their tolerance of

high concentrations of calcium in the soil solution.

Masaewa (103) found that both calcium chloride

and calcium nitrate were more toxic to soil cul-

tures of flax than added sodium chloride. Wad-
leigh and Gauch (184), however, found some spe-

cies such as guayule to be more tolerant of added

calcium salts than of other neutral salts. Although

harmful concentrations of calcium are rare, this

illustrates a potentially unfavorable effect of one

of the most beneficial ions. Magnesium is fre-

quently more toxic than other elements at the same
osmotic concentration and potassium may have

effects similar to those of magnesium which may
be alleviated by the presence of high calcium con-

centrations in the substrate. Sulfate has specific

deleterious effects on many crops and has been

found to limit calcium uptake. Sodium, which is

very common in saline waters, affects irrigated

crops in many ways. In addition to its effect on
soil structure and permeability, sodium has been

found by Lilleland, et al. (90) and Ayers (8) to

be absorbed by plants and cause leaf bum in

almonds, avocados, and in stone fruits grown in

culture solutions. Bernstein (16) has indicated

that water having SAR ^ values of 4 to 8 may
injure sodium-sensitive plants. It is difficult to

separate the specific toxic effects of sodium from
the effect of absorbed sodium on soil structure.

This latter factor will be discussed later. The
complex interactions of the total and relative con-

centrations of these common ions upon various

crops preclude their consideration as individual

components for general irrigation use, except for

sodium and possibly chlorides in areas where fruit

would be important.

Chlorides are not generally phytotoxic to most
crops. For this reason, no limits should be estab-

lished because detrimental effects from salinity

per se ordinarily deter crop growth first.

' SAR: Sodium Adsorption Ratio =^

pressed as me//.

Na+

|/s^ Mg"
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Certain fruit crops are, however, sensitive to

chlorides. Bernstein (16) has indicated (table IV-
17) that maximum permissible chloride contents

in the soil solution range from 10 to 50 me/1 for

TABLE IV-17. Maximum Permissible Chloride

Contents in Soil Solution for Various

Fruit-Crop Varieties and Rootstocks (16)

Limit of
tolerance to

chloride in soil

Crop Rootstock or variety solution me/I

ROOTSTOCKS

Citrus Rangpur lime, Cleopatra 50
mandarin

Rough lemon, tangelo, sour_ 30
orange

Sweet orange, citrange 20
Stone fruit Marianna 50

Lovell, Shalil 20
Yunnan 14

Avocado West Indian 16
Mexican 10

VARIETIES

Grape Thompson seedless, Perlette 50
Cardinal, Black Rose 20

Berries Boysenberry 20
Olallie blackberry 20
Indian summer raspberry 10

Strawberry Lassen 16
Shasta 10

certain sensitive fruit crops. In terms of permissible

chloride concentrations in irrigation water, values

up to 20 me/1 may be used, depending upon en-

vironmental conditions, crops, and irrigation man-
agement practices.

Foliar absorption of chlorides can be of impor-

tance in sprinkler irrigation (48, 50). The adverse

effects vary between day and night (varying

evaporative conditions) and the amount of evapo-

ration that can occur between successive wettings;

i.e., time after each pass with a slowly revolving

sprinkler. There is less effect with nighttime sprin-

kUng and less effect with fixed sprinklers (applying

water at a rapid rate) as contrasted with slowly

revolving sprinklers (required to apply water at a

low rate). Concentrations as low as 3 me/1 of

chloride- in the irrigation water have been found

harmful when used on citrus, stone fruits, and
almonds (16).

High Bicarbonate water may induce iron chlo-

rosis by making the iron unavailable to plants

(26). Problems have been noted with apples and

pears (134) and with some ornamentals (98). Al-

though concentrations of 10 to 20 me/1 of bicar-

bonate will cause chlorosis in some plants, it is of

little concern in the field where precipitation of

calcium carbonate minimizes this hazard. It is

difficult to set up specific criteria for such indirect

effects.

Pesticides: Insecticides, fungicides, rodenti-

cides, and herbicides, as a group, include both

organic and inorganic compounds, all of which

can directly or indirectiy have a bearing upon the

irrigation water in which they are found. The
effects of some of these can be detrimental to

crops, livestock, wildlife, and man. Some are easily

broken down and disappear quickly while others

are persistent. Some are only sparingly soluble in

water, but all cause problems if accidental spillage

produces high concentrations in water or if they

become adsorbed on colloidal particles subse-

quently dispersed in water.

Compounds derived from petroleum are used

direcdy for pest control or are involved in formu-

lation and synthesizing other pesticides. Many of

these substances produce no serious pollution haz-

ards because they break down rapidly. Synthetic

materials developed within the last 20 years pro-

duce most of the hazard potential. There are sev-

eral types such as halogenated hydrocarbons,

organophosphates, carbamates, phenoxys, thio-

cyanates, substituted ureas, and triazines. Many
of the halogenated hydrocarbons appear to be

quite persistent in the environment. Aldrin and

dieldrin, chlorinated hydrocarbon insecticides,

have been found to be absorbed by vegetable crops

from contaminated soil. DDT, a widely used in-

secticide for many years, has been found to be very

persistent and can be transported in runoff from

agricultural areas as well as being transported by

air currents (193).

Herbicides are used widely in agriculture di-

rectly on the crop and on the soil, on cropped and

noncrop areas in the vicinity of agricultural areas,

and for aquatic weed control. Petroleum solvents

are effective aquatic weed killers which are rapidly

dissipated and degraded. These aromatic solvents

are widely used for keeping irrigation canals clear

of weeds and are not harmful to crops (29).

Copper sulfate is also widely used in irrigation for

algae and other aquatic weed control. The copper

concentration is maintained at a low level and has

little or no history of producing harmful effects on

crops. The fate of copper applied for weed control

in irrigation canals is being studied in cooperative

aquatic weed research programs by the U.S.

Bureau of Reclamation and Agricultural Research

Service.
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The phenoxy acid herbicides 2,4-D and 2,4,5-T

have become suspect as contaminants of irrigation

water. Some research has been initiated by various

groups. These materials are known to be subject to

rapid biological degradation in soils, but their fate

in irrigation water and runoff water is still not well

understood. Recent findings indicate that water

temperature and dissolved oxygen content may
influence the rate of biological decomposition of

these herbicides in impounded water (40).

Millions of acres of farm, range, and forest lands

are treated annually with millions of pounds of

pesticides. It has been predicted that present use

of pesticides will increase tenfold in the next 20

years. There is too litde known about the ultimate

fate of the many compounds and their influence on

irrigated agriculture as well as the total environ-

ment. This stresses the need for further work to

determine the potendal effect of the many pesti-

cides in irrigation water. Some work is currently

underway by industry, universities, and Federal

agencies to study the fate of these pesticides in

irrigated agriculture; but as yet the state of science

is very incomplete.

There is little evidence to indicate that under

normal use insecticide contamination of irrigation

water would be detrimental to plant growth or

accumulate in or on plants in toxic concentrations.

Herbicides, on the other hand, could be harmful

to crop growth if misused. Since many herbicides

break down in water, permissible limits should be

established for the point of application to crops.

Suggested permissible levels are shown in table

IV-18 along with information on treatment rates

of application and estimated concentrations in

water reaching the field or crop. These levels are

tentative and subject to change as indicated by

future research.

Temperature: Excessively high or low tempera-

tures in irrigation water can deter plant growth. It

is not the temperature of the water per se that

affects plant growth, but the resultant temperature

of soil to which it is applied. Numerous investiga-

tions have been carried out relating the tempera-

ture of the substrate to plant growth; but few,

regarding the direct effects of irrigation water tem-

perature. Adverse soil temperature conditions can

affect seedling emergence, growth rate, time of

maturity, and yields of various crops. Here again,

the effect on the plant is governed by specific soil

characteristics and the genetic characteristics of

specific plants. Furthermore, the temperature of

the root zone and effects are governed by tempera-

ture changes occurring between irrigations.

In greenhouse studies with the Calora variety

of rice, Raney (138) allowed the soil solution

temperature to drop from 70 to 50 F for a period

of 4 days. He found that if this were done in the

stage between emergence and tillering, or 30 to

60 days after planting, the yield was depressed by

approximately 10 percent. He also found a com-
parable critical period during the flowering period,

about 100 days after planting.

Other water temperature effects were noted by
Wieringa (194) on kidney beans. In greenhouse

experiments, he found that yields would increase

with soil temperature increasing from 70 to 86 F.

With temperatures of 50 F, no germination oc-

curred. By decreasing the temperature from 77 to

50 F for a period of 3 days, a 17-percent decrease

in root and foliar growth occurred if the tempera-

ture decrease was made at the three-leaf stage. The
same process produced a 40-percent decrease in

root and foliar growth at the six-leaf stage and the

yield itself decreased 1 5 percent when the process

was carried out at the nine-leaf stage.

In regard to tomatoes, Martin and Wilcox

(102) in greenhouse studies found minimum tem-

peratures for satisfactory growth at 56 to 58 F.

Increasing temperatures produced increased yields.

Holekamp and others (69) studied the effects

of water temperatures upon cotton in the green-

house. For emergence, best results were obtained

in the 60 to 70 F range. With temperatures less

than 60 F average minimum soil temperature, only

40 percent of the plantings produced seedlings.

They concluded that there was a 1.7-percent de-

crease in percentage of emergence for each degree

less than the 60 F average minimum.

The adverse effects of cold water on the

growth of rice were suddenly brought to the atten-

tion of rice growers when cold water was first re-

leased from Shasta Reservoir in California (138).

Summer water temperatures were suddenly

dropped from about 61 F down to 45 F. Research

is still proceeding and some of the available in-

formation was recently reviewed by Raney and

Mihara (140). Dams such as the Oroville Dam
are now being planned so that water can be with-

drawn from any reservoir depth to avoid the cold-

water problem. Warming basins have been used

(139). There are opportunities in future planning

to separate waters—the warm waters for recrea-

tion and agriculture; the cold waters for cold-

water fish, salmon spawning, etc.

Review of research accomplishments does not

offer guidelines for establishing temperature cri-

teria for irrigation waters. Aside from the other

complicating variables previously mentioned, the

manner in which irrigation water is applied, sur-

face or sprinkler, could influence changes in the

resultant soil temperature. Assuming that the soil
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temperature would not be lowered beyond that

of a cold irrigation water, nor raised above that of

a warm irrigation water, a desirable range of tem-

peratures would be from 55 to 85 F.

Effect on plant quality

There are certain water quality considerations

which are not directly concerned with plant

growth per se. They are significant, however, in

that they adversely affect the quality of the plant

for its intended use. For example, water may carry

microorganisms either directly pathogenic to the

plant, or to animals or humans consuming these

plants. Water may contain a material which is not

toxic to plant growth, but may be absorbed by

and accumulate in plants at levels which may be

toxic to animals or humans which consume them.

Finally, there are materials such as sediment which

affect the appearance and, hence, the marketability

of the crop.

Microorganisms, Pathogenic to Plants,

Animals or Humans

In general, the danger of spread of plant patho-

gens in irrigation water is so slight that it is usually

ignored. Some plant pathogens, however, can sur-

vive and be transported in irrigation water. In

irrigated areas where runofif water from infected

cultivated fields is used again downstream for ir-

rigation, there is definite probability that disease

organisms will be spread from one field to another.

The importance of this is uncertain compared to

other means of spread such as dust storms, farm-

to-farm movement of farm equipment, or direct

wind transport of spores.

Faulkner and Bolander {54} confirm that large

numbers of nematodes, including plant parasites,

are transported in irrigation water. No attempt has

been made to ascertain the economic importance

of nematodes distributed by water. However, there

is little doubt that irrigation water could be a sig-

nificant source of nematode infestations. Data indi-

cate that each time an acre of land in the Lower
Yakima Valley is irrigated, it may receive from

approximately 4 million to over 10 million plant

parasitic nematodes.

The most likely situation to cause trouble is

where the contaminated water is used for over-

head sprinkling. Some bacterial diseases, and dis-

eases caused by the so-called watermold group of

fungi, may be increased by this practice. Root dis-

ease organisms in general can probably be intro-

duced into clean soils this way also. Recommenda-
tions have been made in the tobacco growing

areas, where the wildfire disease is a problem, that

drainage water from infected tobacco fields not be

used to irrigate other fields. Also, fruit growers are

advised to avoid using drainage water for sprinkler

irrigation in orchards ( 109 )

.

Lack of efforts to control or eliminate plant dis-

ease organisms in irrigation water is partiy due to

the difficulty of doing anything effective about

them. Usually, any plant disease control based on
sanitation is limited to the easiest or least expensive

procedures because, at best, they are only a partial

answer. The disease organisms are microscopic

and cannot be screened from water like weed seeds.

Chemical treatment of the water is expensive and
has many undesirable consequences.

Water may be assayed for plant pathogens; but

there are thousands, or perhaps millions of harm-

less microorganisms for every one that causes a

plant disease. While such selective bioassays are

valuable in research, they are not practical for

monitoring.

If plant disease organisms are to be included in

water quality criteria, they should be framed in

terms of preventive measures rather than by any

assay procedure. For example, dumping of plant

material, which could be diseased, into lakes,

streams, or irrigation systems should be prohibited.

Water used in washing of fresh produce, such as

potatoes, may have to be treated before return to

water supplies that will be used to irrigate crops. It

is also desirable to prevent storage of irrigation

water in a quarantined area for downstream use.

Pests such as the soybean cyst nematode or other

plant nematodes could easily be spread in this way.

Plant infection is not considered serious unless

an economically important percentage of the crop

is affected. The real danger is that a trace of plant

disease can be spread by water to an uninfected

area where it can then spread by other means and
become important. It is unlikely that any method
of water examination would be as effective in pre-

venting this as would be prohibitions such as those

suggested above.

Many microorganisms, pathogenic for either

animals or humans, or both, may be carried in ir-

rigation water, particularly that derived from sur-

face sources. The list comprises a large variety of

bacteria, spirochetes, protozoa, helminths, and

viruses, which find their way into the irrigation

water from municipal and industrial wastes, in-

cluding food-processing plants, slaughterhouses,

poultry-processing operations, and feedlots. The
diseases associated with these organisms include

bacillary and amebic dysentery, Salmonella gastro-

160



enteritis, typhoid and paratyphoid fevers, leptospi-

rosis, cholera, vibriosis, and infectious hepatitis.

Other infections less commonly seen, at least in

the United States, are tuberculosis, brucellosis, lis-

teriosis, coccidiosis, swine erysipelas, ascariasis,

cysticercosis and tapeworm disease, fascioliasis,

and schistosomiasis. Isolation of the pathogens

themselves is far too slow and costly to consider

other than for research purposes and correlation.

Of the types of irrigation commonly practiced,

sprinkling undoubtedly requires the best quality of

water from a microbiological point of view, as the

water and organisms are frequently applied directly

to that portion of the plant above the ground, and
especially for fruits and leafy crops such as straw-

berries, lettuce, cabbage, alfalfa, clover, etc.,

which may be consumed raw. Flooding the field

may pose the same microbiological problems if the

crop is eaten without thorough cooking. Subirriga-

tion and furrow irrigation present fewer problems
as the water rarely reaches the upper portions of

the plant; and root crops, as well as normal leafy

crops and fruits, ordinarily do not permit penetra-

tion of the animal and human pathogens to the in-

side of the plant. Criteria for these latter types may
also depend upon the characteristics of the soil,

climate, and other variables which affect the sur-

vival of the microorganisms.

Benefits can be obtained by coordinated opera-

tion of reservoir releases with downstream inflows

to provide sedimentation and dilution factors to

reduce markedly the concentrations of pathogens

in the water applied in irrigation (31, 84).

Tanner (755) and Rudolfs, Falk, and Ragotzkie

{146) have reviewed the literature on the occur-

rence and survival of pathogenic and nonpatho-

genic enteric bacteria in soil, water, sewage, and
sludges, and on vegetation irrigated or fertilized

with these materials. It would appear from these

reviews that fruits and vegetables growing in in-

fected soil can become contaminated with patho-

genic bacteria and that these bacteria may survive

for periods of a few days to several weeks or more
in the soil and on vegetation.

Falk (55) and Rudolfs, Falk, and Ragotzkie

{144) studied the relative incidence of coliform

organisms on tomatoes grown on three plots of

ground : one plot irrigated with settled sewage con-

currently with growth, one irrigated previous to

planting but not further, and one with no previous

or concurrent irrigation. Except for the tomatoes
wth abnormal stem ends, there was no material

difference in coliform counts per gram of tomatoes
from the three plots. These same authors further

found that Salmonella cerro and Shigella alkales-

cens organisms sprayed on growing tomatoes dis-

appeared within 2 to 7 days, whereas organisms of

the coliform group remained for considerably

longer periods.

Norman and Kabler {121) made coliform and
other bacterial counts in samples of sewage-con-

taminated river and ditch waters and of soil and
vegetable samples in the fields to which these

waters were applied. They found that although the

bacterial contents of both river and ditch waters

were very high, both soil and vegetable washings

had much lower counts. For example, where irri-

gation water had coliform counts of 230,000/100
ml, leafy vegetables had counts of 39,000/100
grams and smooth vegetables, such as tomatoes

and peppers, only 1,000/100 grams. High entero-

coccus counts accompanied high coliform counts

in water samples, but enterococcus counts did not

appear to be correlated in any way with coliform

counts in soil and vegetable washings.

Dunlop and Wang {43) have also endeavored
to study the problem under actual field conditions

in Colorado. Salmonella, Ascaris ova and Enta-

moeba coli cysts were recovered from more than

50 percent of irrigation water samples contami-

nated with either raw sewage or primary-treated,

chlorinated effluents. Only one of 97 samples of

vegetables irrigated with this water yielded 5a/-

monella, but Ascaris ova were recovered from two
of 34 of the vegetable samples. Although cysts of

the human pathogen. Entamoeba histolytica, were
not recovered in this work, probably due to a low
carrier rate in Colorado, their similar resistance to

the environment would suggest that these orga-

nisms would also survive in irrigation water for a

considerable period of time. It should be pointed

out, however, that this work was done entirely

with furrow irrigation on a sandy soil in a semiarid

region, and the low recoveries from vegetables

cannot necessarily be applied to other regions or

to sprinkler irrigation of similar crops. In fact,

MUller {116) has reported that two places near

Hamburg, Germany, where sprinkler irrigation

was used, Salmonella organisms were isolated 40
days after sprinkling on soil and on potatoes, 10

days on carrots, and 5 days on cabbage and
gooseberries.

MUller {117) has also reported that 69 of 204
grass samples receiving raw sewage by sprinkling

were positive for organisms of the typhoid-paraty-

phoid group {Salmonella). The bacteria began to

die off 3 weeks after sewage application; but 6

weeks after application, 5 percent of the samples

were still infected. These findings emphasize the

importance of having good quality water for

sprinkler irrigation.
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Tubercle bacilli have apparently not been

looked for on irrigated crops in the United States.

However, Sepp (154) states that several investiga-

tions on tuberculosis infection of cattle pasturing

on sewage-irrigated land have been carried out in

Germany. The investigators are in general agree-

ment that if sewage application is stopped 1 4 days

before pasturing, there is no danger that the cattle

will contract bovine tuberculosis through grazing.

In contrast, Dedie (39) has reported that these

organisms can remain infective for 3 months in

waste waters, and up to 6 months in soil. The

recent findings of atypical mycobacteria in intes-

tinal lesions of cattle with concurrent tuberculin

sensitivity in the United States may possibly be

due to ingestion of these organisms either from

soil or irrigated pastures.

Both animals and human beings are subject to

helminth infections—ascariasis, fascioliasis, cysti-

cercosis and tapeworm infection, and schistosomia-

sis—all of which may be transmitted through sur-

face irrigation water and plants infected with the

ova or intermediate forms of the organisms. The

ova and parasitic worms are quite resistant to sew-

age treatment processes (IS?) as well as to chlori-

nation (22) and have been studied quite exten-

sively in the application of sewage and irrigation

water to various crops (125, 153, 187).

The common liver fluke, Fasciola hepatica, the

ova of which are spread from the feces of many
animals, affects cattle and sheep (2, 169, 171)

commonly, in the United States, and man to a

lesser extent. The intermediate hosts, certain spe-

cies of snails, live in springs, slow-moving swampy
waters, and on the banks of ponds, streams, and

irrigation ditches. After development in the snail,

the cercarial forms emerge and encyst on grasses,

plants, bark, or soil. Cattle and sheep become in-

fected by ingestion of the grasses and plants, or the

water, in damp or irrigated pastures where vegeta-

tion is infested with metacercariae. Man contracts

the disease by ingesting plants such as watercress

or lettuce containing the encysted metacercariae.

Ascaris ova are also spread from the feces of

infected animals and man and are found in irriga-

tion water (187). Cattle and hogs are commonly
infected, where the adult worms mature in the

intestinal tract, sometimes blocking the bile ducts.

Ascaris ova have been reported to survive for 2

years in irrigated soil and have been found on irri-

gated vegetables even when chlorinated effluent

was used for irrigation (61, 145).

Schistosomiasis, although not yet prevalent in

the United States except in immigrants from en-

demic areas, should be considered for the future as

these individuals move about the country into irri-

gated areas. The life cycle of these schistosomes is

similar to that of the liver fluke in that eggs from
the feces or urine of infected individuals are

spread from domestic wastes and may reach sur-

face irrigation waters where the miracidial forms
enter certain snails and multiply, releasing fork-

tailed cercariae. Although these cercariae may pro-

duce disease in man if ingested, the more common
method of infection is through the skin of indi-

viduals working in the infested streams and irriga-

tion ditches. Such infections are most common in

Egypt (70) and other irrigated areas where work-

ers wade in the water without boots. It is unlikely

that the cercariae would survive long on plants

after harvest.

Little is known of the possibility that enteric

viruses such as polioviruses, Coxsackie, ECHO,
and infectious hepatitis viruses may be spread

through irrigation practices. Murphy and his co-

workers (118) tested the survival of polioviruses

in the root environment of tomato and pea plants

in modified hydroponic culture. In a second paper,

Murphy and Syverton (119) studied the recovery

and distribution of a variety of viruses in growing

plants. The authors conclude that it is unlikely

that plants or plant fruits serve as a reservoir and/

or carrier of poliovirus. However, their findings of

significant absorption of a mammalian virus in the

roots of the plants suggest that more research is

needed in this area.

Many other microorganisms than those specifi-

cally mentioned in this section may be transmitted

to plants, animals, and human beings through irri-

gation practices. One of the more serious of these

is vibriosis. In some cases, definitive information

on other microorganisms is lacking. In others,

such as the cholera organisms, while their signifi-

cance in other parts of the world is well estab-

lished, they are no longer important in the United

States.

Direct search for the presence of pathogenic

microorganisms in streams, reservoirs, irrigation

water, or on irrigated plants is too slow and cum-

bersome for routine control or assessment of

quality. Instead, accepted index organisms such as

the coliform group and fecal coli (74), which are

usually far more numerous from these sources,

and other biological or chemical tests, are used to

assess the quality of the water.^ Two extensive in-

^ For a more complete discussion, see Geldreich, E. E.

1966. Sanitary significance of fecal coliforms in the

environment. U.S. Department of the Interior. FWPCA.
Pub. WP-20-3.
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vestigations of stream basins {178, 180) have

demonstrated the value of these criteria in assessing

the quahty of raw water. Maintenance of quality

within these recommendations should insure suffi-

ciendy low concentrations of pathogenic micro-

organisms that no hazard to animals or man should

result from the use of the water on even those crops

which are consumed raw.

In the study of the Red River of the North,

North Dakota-Minnesota (178), Salmonella were
not recovered from a reference point upstream

from the Fargo and Moorhead municipal treatment

plants and from a sugar company plant at Moor-
head. Total and fecal coliforms at this upstream

reference point were 500/100 ml and 100/100
ml, respectively. Salmonella were recovered in the

three sources of waste and in the river below the

discharges, the river samples showing 75,000 coli-

forms/ 100 ml and 15,500 fecal coli/100 ml. It is

suggested in that report that the stream should be
maintained at not more than 5,000 coliforms/100

ml even at critical periods of riverflow. Such a

standard could be maintained by secondary treat-

ment plus disinfection of the waste sources.

In a similar, but more extensive, study of the

South Platte River Basin in Colorado {180), Sal-

monella recoveries have not yet been reported, but
maximum total coliforms of 5,000/100 ml and
maximum fecal coli of 1,000/100 ml were recom-
mended. In this study also, attention was given to

dissolved oxygen (DO) and 5-day, 20 C BOD
levels. Minimum levels of 4 mg/1 DO and a maxi-
mum of 20 mg/1, 5-day 20 C BOD levels were also

recommended for water used primarily for irriga-

tion. These criteria likewise are consistent with

quality that can be maintained by secondary treat-

ment plus disinfection of all waste sources.

Toxicity to Animals or Humans Through

Accumulation in Plants

Selenium is an example of an element which
may occur in soils in trace amounts, yet which may
be accumulated in certain cereals and pasture

plants without apparent injury, but in quantities

harmful to animals or humans when consumed.
Deficiencies of this element in animal diets may
result in white muscle disease, but an excess pro-

duces conditions known as "alkali disease" and
"blind staggers." Trelease and Beath (767) have
noted that selenium absorbed by grasses and ce-

reals enter the food chain of animals and humans.
Molybdenum is another example of an element

which can accumulate in plants and become detri-

mental to livestock.

There is no evidence to date to indicate that

selenium or molybdenum occurrence in natural ir-

rigation water is a significant factor. It is important
to point out, however, that pollution of irrigation

waters by industrial sources could introduce harm-
ful concentrations of these and other elements.

Suspended Solids: Suspended solids in irrigation

water can affect plant growth and quality in sev-

eral ways. Deposition of colloidal particles on the

soil surface can produce crusts which inhibit water
infiltration and seedling emergence. This same de-

position and crusting can reduce soil aeration to a
level where it impedes plant development. High
colloidal content in water used for sprinkler irriga-

tion could result in deposition of films on leaf sur-

faces which could reduce photosynthetic activity

and thereby deter growth. Where sprinkler irriga-

tion is used for leafy vegetable crops such as let-

tuce, sediment may accumulate on the growing
plant, affecting the marketability of these products.

Radionuclides: There are no generally accepted
standards for control of radioactive contamination
in irrigation water. For most radionuclides, the

use of USPHS Drinking Water Standards (775)
appear to be reasonable for irrigation water. Sup-
plies containing not in excess of 3 and 10 pc/1,

respectively for radium-226 and strontium-90
would be acceptable without consideration of other

radioactive sources. In the known absence of

strontium-90 and alpha-emitting radionuclides, the

water supply is considered acceptable if the gross

beta activity does not exceed 1,000 pc/1. If the

gross beta activity is in excess of this amount, a

more complete radiochemical analysis is required

to determine that the sources of radiation exposure
are within the limits of the Radiation Protection

Guides. One state, Washington, has proposed such

a standard for irrigation water {188).

The limiting factor for radioactive contamina-

tion in irrigation is its transfer to foods and even-

tual intake by humans. Such a level of contamina-
tion would be reached long before any damage to

plants themselves could be observed. Plants can
absorb radionuclides in irrigation water in two
ways: direct contamination of foliage through

sprinkler irrigation, and indirectly through soil con-

tamination. The latter presents many complex
problems since eventual concentration in the soil

will depend on the rate of water application, the

rate of radioactive decay, and other losses of the

radionuclide from the soil. Some studies relating to

these factors have been reported {96, 107, 108,

112,114,127).

Calculations, using the drinking water standards

listed above, indicate that irrigation water having
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the maximum permissible concentrations of stron-

tium-90 and radium-226 would be permissible for

at least nine and 40 years, respectively, before det-

rimental effects would be noted.

Impairment of soil quality

Sodium Hazard

Sodium in irrigation water may become a prob-

lem in the soil solution as a component of total

salinity increasing the osmotic concentration, and

as a specific source of injury to fruits. It is mainly

a problem, however, due to its effect on soil struc-

ture, infiltration, and permeability rates. Since good

drainage is essential for management of salinity in

irrigation, and for reclamation of saUne lands, good

soil structure and permeability must be main-

tained. A high percentage of exchangeable sodium

in a soil containing swelling-type clays results in a

dispersed condition unfavorable for water move-

ment and plant growth.

The organic and clay fractions of the soil possess

ion exchange properties. These fractions carry pre-

dominantly negative charges and, therefore, ab-

sorb positive ions (cations); predominantly cal-

cium, magnesium, potassium, sodium, hydrogen,

and aluminum. The distribution of adsorbed ca-

tions in the soil is in equilibrium with the soil solu-

tion. Anything that alters the composition of the

soil solution, such as irrigation or fertilization, dis-

turbs the equilibrium and alters the distribution of

adsorbed ions in the soil. When calcium is the pre-

dominant cation adsorbed on this exchange com-

plex, the soil tends to have a granular structure

which is easily worked and readily permeable.

When the amount of adsorbed sodium exceeds 10

to 15 percent of the total cations on the exchange

complex, the clay becomes dispersed and slowly

permeable unless a flocculated condition is main-

tained due to a high concentration of total salts.

Where soils have a high exchangeable sodium con-

tent and are flocculated due to the presence of free

salts in solution, subsequent removal of salts by

leaching will cause sodium dispersal to occur un-

less leaching is accomplished using additions of

calcium or calcium-producing amendments.

Adsorption of sodium from a given irrigation

water is a function of the proportion of sodium to

divalent cations (calcium and magnesium) in that

water. To estimate the degree to which sodium will

be adsorbed by a soil from a given water when
brought into equilibrium with it, the U.S. Salinity

Laboratory (181) proposed the sodium adsorption

ratio (SAR); see footnote, page 155. As soils tend

to dry, the SAR value of the soil solution increases

even though the relative concentrations of the

cations remain the same. This is apparent from

the above equation where the denominator is a

square-root function. This is a significant factor in

estimating sodium effects on soils.

The SAR value can be related to the amount of

exchangeable sodium in the soil expressed as a

percentage of the total exchangeable cation con-

tent. This latter value is called the exchangeable

sodium percentage (ESP). From empirical deter-

minations, the U.S. Salinity Laboratory obtained

an equation for predicting a soil ESP value based

on the SAR value of a water in equilibrium with it.

This is expressed as follows

:

100[a+b(SAR)]
l + [a+b(SAR)]

The constants "a" (intercept representing experi-

mental error) and "b" (slope of the regression

line) were determined statistically by various in-

vestigators who found "a" to be in the order of

— 0.06 to 0.01 and "b" to be within the range of

0.014 to 0.016. Thus, ESP as calculated from SAR
value will normally have a value slightly higher

than the SAR. This relationship is shown in the

nomogram [fig. IV-4 developed by the U.S. Salin-

ity Laboratory (181)]. For sensitive fruits, the

tolerance limit for SAR of irrigation water is about

4. For general crops, a limit of 8 to 1 8 is generally

considered within a usable range although this

depends to some degree on the type of clay min-

eral, electrolyte concentration in the water, and

other variables.

The ESP value that significantly affects soil

properties varies according to the proportion of

swelling and nonswelling clay minerals. An ESP of

10 to 15 percent is considered excessive if a high

percentage of swelling clay minerals such as mont-

morillonite is present. Fair crop growth of alfalfa,

cotton, and even olives, have been observed in

soils of the San Joaquin Valley with ESP values

ranging from 60 to 70 percent {148). This condi-

tion is being studied further and is apparently the

result of a high percentage of nonswelling clay

minerals.

Prediction of the equilibrium ESP from SAR
values of irrigation waters is complicated by the

fact that the salt content of irrigation water be-

comes more concentrated in the soil solution. Ac-

cording to the Salinity Laboratory {181), shallow

ground waters 10 times as saline as the irrigation

waters may be found at depths of 10 feet and a salt

concentration two to three times that of irrigation

water may be reasonably expected in the first-foot

164



Figure IV-4—Nomogram for determining tlie SAR value of irrigation water and for estimating

the corresponding ESP value of a soil that is at equilibrium with the water {]Q])

462-246 0-72-12
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depth. Under conditions where precipitation of

salts and rainfall may be neglected, the salt con-

tent of irrigation water will increase to higher con-

centrations in the soil solution without change in

relative composition. The SAR increases in pro-

portion to the square root of the concentration;

therefore, the SAR applicable for calculating equi-

librium ESP in the upper root zone may be as-

sumed to be two to three times that of the irriga-

tion water.

Many attempts have been made to predict ca-

tion exchange reactions in soils {45, 51, 80, 181).

Some of these have been used to predict the degree

to which sodium will be adsorbed by a soil from a

water of given quality. Many variables can influ-

ence the cation equilibria attained in the soil. These

include the relative proportions of cations and

anions in the water added and those present in the

soil, the presence of slightly soluble constituents

such as lime and gypsum, clay mineral types pres-

ent, and the salt concentrating action of evapo-

transpiration. For this reason, field studies are

needed to support predictive relations developed

under laboratory conditions.

BOD and Soil Aeration

The need for adequate available oxygen in the

soil for optimum plant growth is well recognized.

To meet the oxygen requirement of the plant, soil

structure (porosity) and soil water contents must
be adequate to permit good aeration. Conditions

that develop immediately following irrigation are

not clearly understood.

Soil aeration and oxygen availability normally

present no problem on well-structured soils with

good quality water. Where drainage is poor, oxy-

gen may become limiting. Utilization of waters

having high BOD or COD values could aggravate

the condition by further depleting available oxygen
and produce reducing conditions in the soil. Aside

from detrimental effects of oxygen deficiency for

plant growth, reduction of elements such as iron

and manganese to the more soluble divalent forms

may create toxic conditions. Other biological and

chemical equilibria may also be affected.

There is very little information regarding the

effect of using irrigation waters with high BOD
values on plant growth. Between source of con-

tamination and point of irrigation, considerable

reduction in BOD value may result. Sprinkler

irrigation may further reduce the BOD value of

water. Infiltration into well-drained soils can also

decrease the BOD value of the water without

seriously depleting the oxygen available for plant

growth.

Where irrigation is used for disposal of waste

effluents with high BOD, lack of oxygen and
reducing conditions could easily become signifi-

cant factors for plant growth. However, if amounts

of water applied do not greatly exceed crop re-

quirements, it is probable the crop will not be

adversely affected.

Suspended Solids

Large quantities of suspended solids in irrigation

water can affect irrigation in many ways. In sur-

face irrigation, suspended solids can interfere with

the flow of water in conveyance systems and struc-

tures. Deposition of sediment not only reduces the

capacity of these systems to carry and distribute

water, but can also decrease reservoir storage ca-

pacity. For sprinkler irrigation, suspended mineral

solids may cause undue wear on irrigation pumps
and sprinkler nozzles as well as possibly plugging

up the latter, thereby reducing irrigation efficiency.

Soils are specifically affected by deposition of

these suspended solids, especially when they con-

sist primarily of clays or colloidal material. These

cause crust formations which reduce seedling emer-

gence. In addition, these crusts reduce infiltration

thereby reducing irrigation efficiency and hinder-

ing the leaching of saline soils. The scouring action

of sediment in streams has also been found to affect

soils adversely by contributing to the dissolution

and increase of salts in some areas {130).

Conversely, sediment high in silt may improve

the texture, consistence, and water-holding capac-

ity of a sandy soil. An example of this beneficial

effect has occurred by irrigation from the silt-laden

waters of the Virgin River in Southwestern Utah,

where silt loams have been deposited over loamy
sands to depths of 1 foot or more over a period of

many years.
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specific irrigation water

quality considerations

for arid

and semiarid regions

must supply one-half to all or most of the soil mois-

ture required for crops for annual periods ranging

from 3 to 12 months.

Annual precipitation varies in the Western
United States from practically zero in the south-

western deserts to in excess of 100 inches in the

upper western slope of the Pacific Northwest. The
distribution of precipitation throughout the year

also varies, with no rainfall during extended pe-

riods in many locales. Often the rainfall occurs

during nongrowing seasons.

The amount of precipitation and its distribution

is one of the principal variables in determining the

diversion requirement, or "demand," for irrigation'

water.

Environmental factors

Climate

Climatic variability exists in arid and semiarid

regions. In the Far West, the Pacific Ocean pro-

vides considerable moderation, preventing ex-

tremely high summer temperatures and extremely

low winter temperatures; this influence de-

creases with distance from the coast and with the

presence or absence of intervening mountains.

There are differences due to altitude, the highest

elevations having the shortest frost-free growing

season, and the lowest elevations having the long-

est. The latitude affects the length of the growing

seasons, permitting subtropical fruits and winter

vegetables, etc., to be grown in the low-elevation

southern portions. Deciduous fruits with a winter

chilling requirement are examples of crops favor-

ing the northern latitudes. There can be heavy

winter precipitation, generally increasing from

south to north, and increasing with elevation.

Summer showers are common, increasing north

and east from California. The only thing common
through this Western part of the country is the

inadequacy of precipitation during the growing

season. In most areas of the West, intensive agri-

culture is not possible without irrigation. Irrigation

Land

Soils of the arid and semiarid regions were de-

veloped under a drier regime than the soils of the

more humid areas. They have more weatherable

minerals and consequently are generally better sup-

plied with the nutrient elements except for nitro-

gen. These soils generally have relatively high ex-

changeable cation status, base status, and a low

degree of acidity. Also, if they have developed pro-

files, the topsoils are not as deep as in the more
humid areas. Because of less frequent passage of

rainfall through the soil profiles, they are shallower

and are more apt to be saline.

For irrigation purposes, soils are sometimes

grouped in accord with their topographic position.

Upland soils are those formed in place by the

weathering of the underlying parent material or to

some extent, from materials moved laterally by

coUuvial forces. They are also the soils where the

greatest erosion is usually taking place. Most of the

material eroded and transported downstream as

sediments, largely during floods, is deposited on
the flood plain and deltas. The deep, medium-tex-

tured soils of the flood plains are recognized as the

prime agricultural soils. Farther down the river

system, soils of the basin are normally found.

These basins are regions of flat gradient where

drainage is impeded. They may be swampy, at least

during time of flood, but can be a filled lake or

estuary. The distinctive features are a high water

table and fine-textured materials.

One other soil position should be mentioned

—

the terrace. The terrace is created as a flood-plain

alluvium. Because of stream lowering, there is no

longer deposition, but its gradient is flat enough

to limit erosion hazard. Over thousands of years,

the soil can develop a profile. Percolating water

causes the leaching of colloidal material and solu-

ble constituents from the top soil to be deposited
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or precipitated out in the subsoil. The subsoil con-

stitutes a horizon below the surface and usually is

of finer texture and more compact. The surface

horizon varies in thickness from a few inches to a

few feet and can provide a good environment for

plant roots if deep enough; but the subsoil often

cannot, and water often does not penetrate it

readily. Soils with restrictive horizons are not the

best for irrigated agriculture; but if in an elevated

position relative to surrounding land, the night air

currents may make them more frost-free and suit-

able for sensitive crops that cannot be grown

elsewhere.

Water

Each river system within the arid and semiarid

portion of the United States has quality character-

istics peculiar to its geologic origin and climatic

environment. In considering water quality charac-

teristics as related to irrigation, both historic and

current data for the stream and location in question

should be used with care because of the large

seasonal and sporadic variations which occur.

Both chemical composition and sediment load

in surface waters will vary with the stage of flow.

Salt concentration during low-flow periods is us-

ually greater than during peak flows. Storm runoff

not only affects the salt content, but frequently

tends to increase the sediment burden. Because of

variations in rainfall distribution, water quality

characteristics will differ significantly. Where rain-

fall is more uniformly distributed, the maximum

concentrations of dissolved solids are two to three

times the minimum, whereas this factor may vary

from 5 to 10 where rainfall distribution is more
sporadic.

The range of sediment concentrations of a river

throughout the year usually is much greater than

the range of dissolved solids concentrations. Maxi-
mum concentrations may be 10 to more than a

thousand times the minimum concentrations. Usu-
ally the sediment concentrations are higher during

high flow than during low flow. This differs in-

versely from dissolved-solids concentration which

is usually lower during high flows.

Four general designations of water have been

used {136), based on their chemical composition:

calcium-magnesium, carbonate-bicarbonate; cal-

cium-magnesium, sulfate-chloride; sodium-potas-

sium, carbonate-bicarbonate; and sodium-potas-

sium, sulfate-chloride. Although a listing of data

for each stream and tributary is beyond the scope

of this report, an indication of ranges in dissolved-

solids concentrations, chemical type, and sediment

concentration are given in table IV-19 (136).

Customarily, each irrigation project diverts

water at one point in the river and the "return

flow" comes back into the mainstream somewhere

below the system. This return flow consists in the

main of: (1) regulatory water, the unused part of

the diverted water required so that each farmer

irrigating can have the exact flow he has ordered;

(2 ) tail water, that portion of the water which runs

off the ends of the fields; and (3) underground

drainage, required to provide adequate application

TABLE IV-19. Variations in Dissolved Solids, Chemical Type, and Sediment (136). Rivers in

Arid and Semiarid United States

Dissolved solids
concentrations, mg/l
From To

Prevalent chemical type >

Sediment concentrations,
mg/l =

From To

Columbia River Basin <100 300
Northern California <100 700
Southern California <100 +2,000
Colorado River Basin <100 +2,500
Rio Grande Basin <100 +2,000
Pecos River Basin 100 +3,000
Western Gulf of Mexico Basins.. 100 +3,000

Red River Basin <100 +2,500
Arkansas River Basin 100 +2,000

Platte River 100 +1,500
Upper Missouri River Basin 100 -|-2,000

Ca-Mg,
Ca-Mg,
Ca-Mg,
Ca-Mg,
Ca-Mg,
Ca-Mg,
Ca-Mg,

S-C.

Ca-Mg,
Ca-Mg,

S-C.

Ca-Mg,
Ca-Mg,

C-b.

C-b <200 300
C-b <200 +500
C-b; Ca-Mg, S-C <200 +15,000
S-C; Ca-Mg, C-b <200 +15,000
C-b; Ca-Mg, S-C +300 +50,000
S-C +300 +7,000
C-b; Ca-Mg, S-C; Na-P, <200 +30,000

S-C; Na-P, S-C +300 +25,000
S-C; Ca-Mg, C-b; Na-P, +300 +30,000

C-b; Ca-Mg, S-C +300 +7,000
S-C; Na-P, C-b; Na-P, <200 +15,000

Ca-Mg, C-b= Calcium-magnesium, carbonate-bicarbonc
Ca-Mg, S-C= Calcium-magnesium, sulfate-chloride.
Na-P, C-b= Sodium-potassium, carbonate-bicarbonate.
Na-P, S-C= Sodium-potassium, sulfate-chloride.

- Sediment concentration
Annual Load
Annual Streamflow
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and salt balance in all parts of the fields. The ini-

tial flush of tail water may be somewhat more
saline than later, but rapidly approaches the same

quality as the applied water (141).

In many projects, however, a large part of the

unused water supply does get into the soil, through

seepage from ditches and from amounts entering

the irrigated soil in excess of that utilized in evapo-

transpiration. Such waters that have entered the

soil are more saline and do return to the down-
stream supply by one means or another. It is

axiomatic that water is actually used and reused

numerous times in a river system and there will be

progressive concentration of salts except as the

mainstream is diluted by tributaries.

Drainage and leaching requirement

Addition of irrigation water in excess of that

required for plant use is necessary to prevent salt

accumulation in the soil. This is referred to as the

leaching requirement. It is possible to predict the

approximate salt concentration that would occur

in the soil after a number of irrigations by estimat-

ing the proportion of applied water that will perco-

late below the root zone. In any steady state leach-

ing formula, the following assumptions are made:

(1) No precipitation of salts occurs in the soil;

(2) Ion uptake by plants is negligible;

(3) Uniform distribution of soil moisture

through the profile and uniform concentra-

tion of salts in the soil moisture;

(4) Complete and uniform mixing of irrigation

water with soil moisture before any of the

moisture percolates below the root zone;

and

(5) Residual soil moisture is negligible.

A steady state leaching requirement formula has

been developed by the U.S. Salinity Laboratory

(181) designed to estimate that fraction of the

irrigation water that must be leached through the

root zone to control soil salinity at any specified

level. This is given as:

Dj^, ECdw

where LR= leaching requirement;

Dd„= depth of drainage water;

Diw= depth of irrigation water;

EQw= salinity of irrigation water;

ECd„= salinity of water percolating past root

zone.

Hence, if ECdw is determined by the salt toler-

ance of the crop to be grown, and the salt content

of the irrigation water ECi^ is known, the fraction

can be calculated. This will then determine the

relationship between the depths of irrigation and

drainage water which must be applied. Since ECe
(electrical conductivity of the soil solution extract)

is a diluted index value relative to the actual EC of

the soil water, and since ECdw is the permissible

salt concentration at the bottom of the root zone

with the mean level of soil salinity being consider-

ably less, the ECe value for 50-percent yield reduc-

tion for a particular crop has been recommended
as a guide for ECdw. The actual yield reduction

probably would be less than 50 percent (75).

Bernstein (16) has developed a leaching frac-

tion formula which takes into consideration factors

that control leaching rates such as infiltration rate,

climate (evapotranspiration), frequency and dura-

tion of irrigation, and, of course, the salt tolerance

of the crops. He defines the leaching fraction as

LF= 1 — ETc/ITj where LF= the leaching fraction

or proportion of applied water percolating below
the root zone; E= the average rate of evapotrans-

piration during the irrigation cycle, Tc; and 1= the

average infiltration rate during the period of infil-

tration, Ti. By utilizing both the required leaching

derived from the steady-state formula

LR =

and the leaching fraction based upon infiltration

rates and evapotranspiration during the irrigation

cycle, it is possible to estimate whether adequate

leaching can be attained or whether adjustments

must be made in the crops to be grown to permit

higher salinity concentrations.

In addition to determination of crops that should

be grown, leaching requirements may be used to

indicate the total quantities of water that will be

required. For example, irrigation water with a

conductivity of 2 millimhos requires one-sixth

more water to maintain root zone salt concentra-

tions within 8 millimhos than would water with a

salt concentration of 1 millimho under the same

conditions of use. In other words, where 600 acre-

feet of less saline water would suffice, 700 acre-

feet of the more saline water would be required to

accomplish the same result.

There are problems with applying the leaching

requirement concept in actual practice. In the first

place, it is not practical to apply water with com-

plete uniformity. In surface irrigation, the objec-

tive is to apply the same amounts of water to all

parts of the field; but particularly in view of the

ever-increasing cost of skilled labor, some parts of

a field may receive more water than others. Gen-
erally, land is not sufficiently leveled to achieve
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an even depth of water application. With sprinkler

irrigation, there is a common need, particularly in

the arid and semiarid regions, of keeping applica-

tion rates low. This need is in conflict with attempts

to approach complete uniformity of coverage. Op-
timum sprinkler uniformity of coverage is about

85 percent under still conditions and less with

wind.

Secondly, soils are far from uniform, particularly

with respect to vertical hydraulic conductivity.

Considerable nonuniformity must be expected, far

more in areas of discontinuous stratification than

elsewhere.

Thirdly, the effluent from tile or ditch drains

may not be representative of the salinity of water

at the bottom of the root zones. The streamlines of

flow from the water table to the tile go to consid-

erable depths; and in a newly reclaimed area par-

ticularly, the ground water below the tile system

may be undergoing considerable freshening. Re-

cent studies in the San Joaquin Valley of Califor-

nia indicate that this freshening will go on for 50

years {134).

Fourthly, there is a considerable variation in

drainage outflow which has no relation to leaching

requirement when different crops are irrigated

(131). This results from variations in irrigation

practices for the different crops.

The leaching requirement concept while very

useful should not be used as a sole guide in the

field. The leaching requirement is a long-period

average value which can be departed from for

short periods with adequately drained soils to make
temporary use of water poorer in quality than

customarily applied.

The exact manner in which leaching occurs and

the appropriate values to be used in leaching re-

quirement formulae require further study. The
many variables and assumptions involved preclude

a precise determination under field conditions.

Specific problem areas

Salinity Hazard

Waters with TDS less than about 500 mg/1 are

used by farmers without awareness of any salinity

problem, unless, of course, there is a high water

table (97). Also, without dilution from precipita-

tion or an alternative supply, waters with TDS of

about 5,000 mg/1 usually have little value for irri-

gation (130). Within these limits, the value of the

water appears to decrease as the salinity increases.

Where water is to be used regularly for the irriga-

tion of relatively impervious soil, its value is lim-

ited if the TDS is in the range of 2,000 mg/1.

The following classification as to salinity hazard

is suggested:

TDS mg/l EC mmhos/cm

Water for which no detri-

mental effects will usually

be noticed <500 <0.75
Water which can have det-

rimental effects on sensi-

tive crops 500-1,000 0.75-1.50

Water that may have ad-

verse effects on many
crops and requiring care-

ful management practices- 1,000-2,000 1.50-3.00

Water that can be used for

tolerant plants on perme-

able soils with careful

management practices — _ 2,000-5,000 3.00-7.50

Permeability Hazard

There are two criteria that are used to evaluate

the effect of certain salts in the irrigation water on

soil permeability. One of these is the sodium ad-

sorption ratio (SAR) and its relation to the ex-

changeable sodium percentage. The other of these

is the bicarbonate hazard which is particularly

applicable to arid region irrigation agriculture.

Eaton (47) developed the concept of "residual

sodium carbonate" (RSC) for characterizing water

quality. More recently, Bower, et al. (23, 24)
found that the hazard is related to the tendency

of calcium carbonate to be precipitated from the

soil solution, as indicated by the Langelier index

(83) and to the fraction of inflow water evapo-

transpired. In other words, the greater the tend-

ency of the soil water to precipitate CaCOa during

the evapotranspiration concentration process be-

tween irrigations, the more rapidly SAR of that soil

water increases. Thus, there is a relationship be-

tween SAR and bicarbonate hazard, as suggested

by Doneen (41, 42), but any specific relationship

is affected by irrigation management practices. In

general, the bicarbonate hazard presents the great-

est problem at low salt concentrations.

Another problem with a permeability hazard is

that permeability tends to increase and the stability

of a soil to any ESP level increases as the salinity

of the soil water increases (135). The work of

Rollings gives the most recent information on the

interrelationships of EC, SAR, and soil structure

stability (144).

Doneen (41) has long suggested that precipi-

table calcium carbonate and the precipitable cal-

cium sulfate be deducted from total salinity to get

what he calls "effective salinity." Christiansen and
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Thome (57) raise a similar question regarding the

bicarbonates. Waters high in bicarbonate relative

to other anions can affect permeability more than

their SAR would indicate. Coachella Valley of

California was formerly irrigated with well water.

Some well waters low in salt and low in SAR but

relatively high in bicarbonate created highly im-

pervious soils. The problem disappeared upon in-

troduction of Colorado River water, higher in

salts than the well water used, but having a positive

Langelier index—a strong tendency to deposit

calcium carbonate.

In summary, water with SAR values between

eight and 18 may have an adverse effect on per-

meability of soils containing an appreciable

amount of clay. The specific SAR value that has

this effect increases as the salinity increases. Low
salt water high in bicarbonates may present a

permeability hazard even at low SAR values.

specific irrigation water

quality considerations

for humid regions

Suspended Solids

Suspended organic solids in surface water sup-

plies seldom give trouble in ditch distribution sys-

tems except for occasional clogging of gates and

for carrying weed seeds onto fields where subse-

quent growth of weeds can have a severely adverse

effect on the crop, but also may have a beneficial

effect by reducing seepage losses. Where surface

water supplies are distributed through pipelines, it

is often necessary to have self-cleaning screens to

prevent clogging of the pipe system appliances.

Finer screening is usually required where water en-

ters pressure-pipe systems for sprinkler irrigation.

There are waters diverted for irrigation that

carry heavy inorganic sediment loads. The effects

that these loads might have depends in part on the

particle-size distribution of the suspended material.

The ability of sandy soils to store available mois-

ture has been greatly improved after being irri-

gated with muddy water for a period of years.

More commonly, sediment tends to fill canals and

ditches, causing serious cleaning and dredging

problems. It also tends to further reduce the

already low infiltration characteristics of slowly

permeable soils. Kennedy (76) developed criteria

to keep sediments moving in irrigation canals to

prevent deposition. These criteria worked very

well with the somewhat coarser sediments of the

Indus River system where they were developed,

but are not universally adaptable. In most waters

carrying appreciable amounts of sediments, provi-

sion is usually made now for most to be settled out

and be bypassed back to the mainstream near the

point of diversion.

Environmental factors

Climate

The most striking feature of the climate of the

humid region that contrasts with that of the far

West and intermountain areas is the larger amoimt
of, and less seasonable distribution of, the precipi-

tation. Rainfall, rather than lack of it, is the normal
expectation. There are perhaps more cases in

which crops are damaged because of too much
water than because of too little. Yet, droughts are

common enough to require that attention be given

to supplemental irrigation. These times of shortage

of water for optimum plant growth can occur at

irregular intervals and at almost any stage of plant

growth.

Water demands per week or day are not as high

in humid as in arid lands. But rainfall isn't easily

predicted. Thus a crop may be irrigated and imme-
diately thereafter receive a rain of one or two
inches. Supplying the proper amount of supple-

mental irrigation water at the right time is not easy

even with adequate equipment and a good water

supply. There can be periods of several successive

years when supplemental irrigation is not required

for most crops in the humid area. There are times,
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however, when supplemental water can increase

yield or avert a crop failure. Supplemental irriga-

tion for high-value crops will undoubtedly increase

in humid areas in spite of the fact that much capi-

tal is tied up in irrigation equipment during years

in which little or no use is made of it.

The range of temperatures in the humid region

in which supplemental irrigation is an appreciable

factor is almost as great as that mentioned for the

arid and semiarid areas. It ranges from the spe-

cialty crop production in the short growing season

of upstate New York and Michigan to the continu-

ous growing season of southern Florida. But in

the whole of this area, the most unpredictable fac-

tor in crop production is the need for additional

water for optimum crop production.

Soils

The soils of the humid region contrast with

those of the West primarily in being lower in avail-

able nutrients. They are also generally more acid

and may have problems with exchangeable alu-

minum. The texture of soils is similar to that

found in the West and ranges from sands to clays.

Also, some are too permeable while others take

water very slowly.

Soils of the humid region generally have clay

minerals of lower exchange capacity than soils of

the arid and semiarid regions and hence lower

buffer capacity. They are more easily saturated

with anions and cations. This is an important con-

sideration if irrigation with brackish water is nec-

essary to supplement natural rainfall. Organic mat-

ter content ranges from practically none on some

of the Florida sands to the high amounts found in

some irrigated mucks and peats.

One of the most important characteristics of

many of the soils of the humid Southeast is the un-

favorable root environment of the deeper horizons

containing exchangeable aluminum and having a

strong acid reaction. In fact, the lack of root pene-

tration of these horizons by most farm crops is the

primary reason for the need for supplemental irri-

gation during short droughts. If soil and water

management practices would permit roots to pene-

trate another foot or two, many irrigations would

not be needed. Sometimes normally deep-rooted

crops such as alfalfa will wilt or stop growing when
there is plenty of available water at a depth as

shallow as 2 feet.

Though there are some relatively level irrigated

areas in the humid region, as a whole the land-

scape is more uneven than the irrigated areas of

the arid and semiarid regions. Because of this, and

because of the occasional nature of supplemental

irrigation in the humid area, sprinkler systems are

used almost exclusively. The nature of the land-

scape limits the naturally available supplies of

water that can be used for supplemental irrigation.

Specific Difference Between Humid and

Arid Regions

The effect of a specific water quality deterrent

on plant growth is governed by related factors.

Basic principles involved are almost universally

applicable, but the ultimate effect must take into

consideration these associated variables. It has

been previously stated that the effect of any given

water quality deterrent on plant growth is greatly

affected by the sensitivity of that plant to the de-

terrent, soil characteristics, and the climatic en-

vironment. The amount of irrigation water used

and soil drainability are also contributing factors.

For this reason, water quality criteria for supple-

mental irrigation in humid areas may differ from

those indicated for arid and semiarid areas where
the water requirements of the growing plant are

met almost entirely by irrigation.

Plant sensitivity to a given deterrent is a fixed

characteristic of a given species. When irrigation

water containing a deterrent is used, its effect on

plant growth may vary, however, with the stage of

growth at which the water is applied. In arid areas,

plants may be subjected to the influence of irriga-

tion water quality continuously- from germination

to harvest. Where water is used for supplemental

irrigation only, the effect on plants will depend not

only upon the growth stage at which applied, but

to the length of time that the deterrent remains in

the root zone (95). Leaching effects of interven-

ing rainfall must be taken into consideration.

Quality of water applied by sprinkler irrigation

will affect both foliar absorption and absorption of

the constituents found in that water. Although

some sprinkler irrigation is found in arid and semi-

arid regions, it is the dominant type used for sup-

plemental irrigation in humid regions. It is, there-

fore, of primary concern in the latter.

Climatic differences between humid and arid

regions also influence criteria for use of irrigation

water. The amount of rainfall determines in part

the degree to which a given constituent will accu-

mulate in the soil. Other factors associated with

salt accumulation in the soil are those climatic con-

ditions relating to evapotranspiration. In humid
areas, evapotranspiration is generally less than in

arid regions and plants are not as readily subjected

to water stress. The importance of climatic condi-
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tions in relation to salinity was demonstrated by
Magistad, et al. (99). In general, criteria regard-

ing salinity for supplemental irrigation in humid
areas can be more flexible than for arid areas.

Soil characteristics represent another significant

difference between arid and humid regions. Soils

in arid regions generally tend to be neutral or

alkaline, whereas those in humid regions tend to

be acidic. Mineralogical composition will also vary.

The composition of soil water available for ab-

sorption by plant roots represents the results of an

interaction between the constituents of the irriga-

tion water and the soil complex. The final result

may be that a given quality deterrent present in the

water could be rendered harmless by the soil, re-

main readily available, or that the dissolved consti-

tuents of a water may render soluble toxic concen-

trations of an element which was not present in the

irrigation water. An example of this would be the

addition of a saline water to an acid soil resulting

in a decrease in pH and a possible increase in solu-

bility of elements such as iron, aluminum, and

manganese (51).

Another significant characteristic of soils is their

adsorption, or ion exchange, properties. Not only

is the composition of the soil solution altered by

dissolved constituents in irrigation water, but the

physical properties of the soil may also be altered

by changes in ions adsorbed by the soil.

General relationships previously derived for

SAR and adsorbed sodium in neutral or alkaline

soils of arid areas do not apply equally as well to

acid soils found in humid regions (92). Further-

more, the effect of a given level of adsorbed sodium
(exchangeable sodium percentage) on plant

growth will be determined to some degree by the

associated adsorbed cations. The amount of ad-

sorbed calcium and magnesium relative to ad-

sorbed sodium is of considerable consequence,

especially when comparing acidic soils to ones

which are neutral or alkaline. Another example

would be the presence of a trace element in the

irrigation water which might be rendered insoluble

when applied to a neutral or alkaline soil, but

retained in a soluble, available form in acid soils.

For these reasons, soil characteristics, which differ

greatly between arid and humid areas, must be

taken into consideration.

Certain economic factors also influence water

quality criteria for supplemental irrigation. Al-

though the ultimate objective of irrigation is to

insure efficient and economic crop production,

there may be instances where an adequate supply

of good quality water is unavailable to achieve

this. A farmer may be faced with the need to use

irrigation water of inferior quality to get some

economic return and prevent a complete crop
failure. This can occur in humid areas during
periods of prolonged drought. Water quality cri-

teria are generally designed for optimum produc-
tion, but consideration must be given also to sup-

plying guidelines for use of water of inferior quality

to avert a crop failure.

Specific quality criteria for

supplemental irrigation

A previous discussion of potential quality de-

terrents contained a long list of factors indicating

the current state of our knowledge as to how they

might relate to plant growth. Criteria can be es-

tablished in two ways: (a) by determining a con-

centration of a given deterrent which when ad-

sorbed on, or absorbed by, a leaf during sprinkler

irrigation results in adverse plant growth, and (b)

by evaluating the direct and/or indirect effects that

a given concentration of a quality deterrent will

have on the plant root environment as irrigation

water enters the soil. Neither evaluation is simple,

but the latter is most complex since so many vari-

ables are involved. Since sprinkler application is

most common in humid areas for supplemental

irrigation, both types of evaluation have consider-

able significance. The following discussion relates

only to those quality criteria that are specifically

applicable to supplemental irrigation.

Salinity

General concepts regarding soil salinity as pre-

viously discussed are applicable. Actual levels of

salinity which can be tolerated for supplemental

irrigation must take into consideration the leaching

effect of rainfall and the fact that soils are usually

nonsaline at spring planting. The amount of irriga-

tion water having a given level of salinity that can

be applied to the crop will depend upon the num-
ber of irrigations between leaching rains, the salt

tolerance of the crop, and the salt content of the

soil prior to irrigation. Since it is not reaUstic to set

a single salinity value, or even a range, that would
take these variables into consideration, a guide was
developed to aid farmers in safely using saline, or

brackish, waters (93). The following eC[uation was
used as a basis for this guide

:

ECe(() = ECe(i)-|-
n(EC,„)

where ECe(f) = electrical conductivity of the satu-
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ration extract after irrigation is

completed;

ECe(i) = electrical conductivity of the soil

saturation extract before irriga-

tion;

ECiw= electrical conductivity of the irriga-

tion water; and

n= number of irrigations.

To utilize this guide, one must first consider the

salt tolerance of the crop to be grown and the soil

salinity level [ECe(f)] which will result in a 15 or

50-percent yield decrement for that crop. Then,

after evaluating the level of soil salinity prior to

irrigation [ECed,] and the salinity of the irrigation

water, the maximum number of permissible irri-

gations can be calculated. These numbers are

based on the assumption that no intervening rain-

fall occurs in quantities large enough to leach salts

from the root zone. Should leaching rainfall occur,

the situation could be reevaluated using a new
value forECc(i).

Using values based on a 50-percent yield decre-

ment (table IV-14, p. 150), and categorizing the

salt tolerance of crops as highly salt tolerant,

moderately salt tolerant and slightly salt tolerant,

the guide shown in table IV-20 was prepared to

indicate the number of permissible irrigations

using water of varying salt concentrations. This

guide is based on two assumptions:

(1) That no leaching rainfall occurs between

irrigations, and

(2) That there is no salt accumulation in the

soil at the start of the irrigation period. If

leaching rains occur between irrigations,

the effect of the added salt will be mini-

TABLE IV-20. Permissible Number of Irriga-

tions in Humid Areas With Saline Water
Between Leaching Rains for Crops of

Different Salt Tolerance ' (97)

Number of irrigations for
Irrigation water crops having

Electrical
Total conductivity Low Moderate High
salts mmhos/cm. salt salt salt

mg/l at 25 C tolerance tolerance tolerance

640 1 7 15
1,280 2 4 7 11
1,920 3 2 4-5 7
2,560 4 2 3 5
3,200 5 12-3 4
3,840 6 12 3
4,480 7 — 1-2 2-3
5,120 8 -. 1 2

1 Based on a 50-percent yield decrement.
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mized. If there is an accumulation of salt

in the soil initially, such as might occur

when irrigating a fall crop on land to which

saline water had been applied during a

spring crop, the soil should be tested for

salt content and the irrigation recommen-
dations modified accordingly.

SAR Values and Exchangeable Sodium

The principles relating to this parameter and

the degree to which sodium is adsorbed from water

by soils are generally applicable in both arid and

humid regions. Some evidence is available (92),

however, to indicate that, for a given water quality,

less sodium is adsorbed by an acid soil than by a

base-saturated soil. For a given level of exchange-

able sodium, preliminary evidence indicates more
detrimental effects on acid soils than on base-

saturated soils (94). Since experimental evidence

is not conclusive at this point, detrimental limits

for SAR values previously listed will also apply to

supplemental irrigation.

Acidity and Alkalinity

The effect of the pH of irrigation water on crops

results primarily from the resultant effect on the

soil to which it is applied. The only consideration

not previously discussed relates to soil acidity

which is more prevalent in humid regions where

supplemental irrigation is practiced. Any factor

which will drop the pH below 4.8 may render

soluble toxic concentrations of iron, aluminum,

and manganese. This might result from application

of a highly acidic water, or from a saline solution

applied to an acidic soil. Since the nature of the

soil is the major determining factor, it is not feasi-

ble to set limits on the pH of the water. Specific

consideration must be given to each individual set

of conditions.

Trace Elements

Criteria and related factors previously listed are

equally applicable to supplemental irrigation. Cer-

tain related qualifications must be kept in mind,

however. First, foliar absorption of trace elements

in toxic amounts is direcfly related to sprinkler

irrigation. Critical levels established for soil or cul-

ture solutions would not apply to direct foliar

injury. Regarding trace element concentrations in

the soil resulting from irrigation water application,



the volume of the water applied by sprinkler as

supplemental irrigation is much less than that

applied by furrow or flood irrigation in arid re-

gions. In assessing trace element concentrations in

irrigation water, therefore, total volume of water

applied and the physicochemical characteristics

of the soil must be taken into consideration. Both
of these factors could result in different standards

or criteria for supplemental irrigation as compared
with surface irrigation in arid regions.

Other considerations

Organic Compounds

These are primarily pesticides, but may also con-

tain other types of organic quality deterrents origi-

nating from domestic and industrial sources. Here
again, quantity applied, soil characteristics, and
plant sensitivity must be taken into consideration.

BOD and Aeration

Although not a problem in normal irrigation

waters, it could be a problem where certain proc-

essing plant effluents are involved. Using sprinkler

application for supplemental irrigation, the com-
bined effects of the sprinkling and infiltration into

the soil provide considerable aeration which would
minimize this hazard. Where sprinkler irrigation is

used for effluent disposal and where the soil re-

mains excessively wet for long periods of

time, BOD may become a deterring factor, but

no specific information is available to enable

quantification.

Suspended Solids

Two factors regarding suspended solids must be

taken into consideration for sprinkler irrigation,

which are not significant for surface irrigation. The
first deals with the plugging up of sprinkler noz-

zles by these sediments. Size of sediment is a defi-

nite factor, but no specific particle size limit can be
established. Of the larger sediment particles that

do pass through the sprinkler, much of these can

be washed off certain leafy vegetable crops. Some
of the finer fractions, suspended colloidal material,

could accumulate on the leaves and, once dry, are

extremely difficult to wash off, thereby impairing

the quality of the product. These hazards increase

with frequency of irrigation and volume of water

applied.

Adequacy and achievability of criteria

Of all the criteria discussed, most information is

available regarding salinity. Yet a careful review

of this material indicates that it is most difficult to

assign tolerance limits, or even ranges of values,

for irrigation water. All research points to the

interactive effects of water table depth, soil type,

plant tolerances, and climatic conditions. Soil

salinity itself is not only a function of salinity level

of the irrigation water, but also the volume and
rate of application and leaching effects of inter-

vening rainfall. The same is true for the sodium
hazard involved in certain saline waters. Adequate
guidelines do exist regarding salinity; and, although

a specific limit cannot be set, these guidelines can
be used to judge the suitability of a given water for

irrigation.

Our knowledge of the effect of trace elements in

irrigation water on plant growth is extremely lim-

ited. Work cited as being done in nutrient solutions

seldom provides sufficient information on toxic

limits for a variety of crops. Even if this were
available, the gap must be bridged between the

175



content of that element in a given irrigation and

the resultant content in the soil solution following

irrigation. Here, again, availability of a given ele-

ment to plants will vary with soil characteristics.

In general, criteria for trace elements are inade-

quate and guidelines previously described are the

best generalizations that can be made with existing

information.

The BOD or COD value of water is important

for many uses, but its significance in irrigation

water has not been fully assessed. As previously

mentioned, it is not likely to be a problem where

sprinkler irrigation is used predominantly and ade-

quate soil drainability is maintained. For these

reasons, no specific criteria are prescribed.

It is evident that there is a great lack of informa-

tion regarding quality deterrents in water for irri-

gation in general. Guidelines are available for

some naturally occurring deterrents; but as the

pollution pattern of our water sources changes,

additional research will be necessary to evaluate

effects of these wastes on various crops and for a

range of soil conditions. This information is neces-

sary before adequate and achievable criteria can

be developed.

In view of the above discussion, it is apparent

that judicious use of water of impaired quality may
be more practical than water treatment. Adequate

guidelines are available for salinity, but additional

research is needed to develop comparable guide-

lines for other mineral and organic contaminants.

Steps to improve water quality

It is outside the scope of this report to discuss

water treatment in detail. Limited water treatment

possibilities must be reconciled with the economic

value of the crop being produced. For field irriga-

tion in general, treatment is not usually practical.

Where good quality water is necessary for high

value crop production in greenhouses, water treat-

ment may be feasible. Each case must be consid-

ered on its own merits.

Nevertheless, since good water management is

so germane to quality characteristics of irrigation

water, brief mention will be made of several meth-

ods whereby the quality of irrigation water can be

maintained or improved.

contents in streams are frequently high during low
flows and low during periods of high flow, inter-

mixing in the reservoir and strategic releases of

water can provide more uniform salinity levels in

the irrigation water.

Evaporation of water from reservoirs tends to

increase the salt content. Continuing studies are

being conducted on new materials and application

techniques to minimize this effect.

Elimination of nonbeneficial uses of water by
phreatophytes not only lessens the concentration of

salts through transpiration, but conserves water as

well. Lowering the water table and developing

mechanical and chemical techniques for elimina-

tion of phreatophytes will insure more efficient

water use and minimize salt hazards.

Salts are frequently added to irrigation water

from mineral springs, oil wells, industrial enter-

prises, mine waters, and urban areas. Each of these

sources must be considered individually to deter-

mine effective control measures.

Regulation of return flows according to quantity

and quality is another means of maintaining and

improving irrigation water quality. Utilization of

ponds and reservoirs to control streamflow can be

helpful in this respect.

Drainage water from irrigated lands in arid re-

gions is commonly more saline than the applied

water. This is especially true where reclamation of

saline soils is in progress. In coastal areas, irriga-

tion water quality can be maintained by bypassing

saline return flows directly to the ocean.

Desalting water may be a potential in the future

when technology permits production at a relatively

low cost. Desalted water can be used directly for

irrigation, for augmenting low flows, or for mixing

with poor quality water. For the use of desalted

water to be feasible, adequate opportunities for

disposal of the resulting brine must be available.

Water shortages in some areas emphasize the

need for conjunctive use of ground and surface

waters. One aspect of this involves more effective

use of ground water storage potential. Increasing

ground water recharge to make use of this potential

would be most beneficial. The threat of gradual

deterioration in ground water quality through diffi-

culties in achieving basin salt balance could be

mitigated by greatly expanded utilization of ground

water storage resources.

Total Dissolved Solids Sediment

Uniformity of irrigation water quality can be

achieved through stream regulation by controlling

release of water from storage reservoirs. Since salt

One of the major ways of minimizing the sedi-

ment burden of streams is through proper water-

shed management. Practices designed to provide
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effective ground cover, improve soil infiltration

characteristics, and stabilize waterways will insure

both efficient water conservation and help avoid

excessive soil loss. Sediment control is best effected

at its source : the watershed.

Unstable stream channels are another important

source of sediment. Rectification of stream chan-

nels and stabilization of streambanks will minimize

sediment production from this source.

Once sediment occurs in streams, it can be re-

moved where impoundments are used. The con-

struction of sediment traps has proved to be very

effective for this purpose, if properly designed.

Another possibility is the construction of desilting

works at diversion points. Chemicals have also

been used for flocculating colloidal sediments.

Phytotoxic Substances

The control of phytotoxic substances in irriga-

tion water is difficult. Where these materials origi-

nate from industrial or municipal sources, control

should be focused at the point of origin. Once they

are present in irrigation water, removal is not eco-

nomically feasible. Substances such as insecticides

and herbicides can be hazardous if misused. Con-

trol of the use of these materials can prevent their

becoming a problem in irrigation agriculture. There

are good indications that eliminating tail water and

other surface returns from irrigation provides an

excellent means for reducing and controlling pesti-

cide residues in return flows (73).

Monitoring and measuring

Certain principles relating to monitoring and

measuring water quality are common to all agricul-

tural uses. These will be discussed later. There are,

however, certain factors peculiar to irrigation

water sources which should be pointed out.

Sampling of water for analysis on a daily or

periodic basis will depend upon numerous varia-

bles, including: sources and adequacy of water

supply, crops grown, discharges of water quality

deterrents into the stream above the points of diver-

sion, and geographic location of irrigated areas

with respect to sources of supply.

Monitoring of water supplies on a scheduled or

unscheduled basis provides information for daily

or weekly irrigation unit operational purposes and

checks on changes in water quality resulting from

upstream changes. The frequency of sampling and

analysis for operational purposes will be dependent

upon previously obtained and correlated data with

the timing of additional samples and parameters

to be evaluated, based upon conditions peculiar to

each geographic area. If significant changes in con-

centrations or constituents are noted from water

samples taken, increased frequency of sampling

and additional monitoring points may be desirable.

Possibility of industrial wastes upstream should be

evaluated.

Historical water quality data should be reviewed

when considering the type, location, and frequency

of sampling. If such data are not available, a sys-

tematic water quality sampling program to provide

background information is often desirable to evalu-

ate changes in water quality which may occur with

time.

Water for a given area may be obtained from

one or more sources; i.e., ground water, one or

more surface reservoirs, unregulated streamflows,

and return flows from other uses. The ground

water source may be directly used by pumping
from the formation, or by ground water discharges

to a river upstream of the point of irrigation diver-

sion. As quality variations usually occur very

slowly in underground supply sources, sampling of

the source can be at intervals of several months

and often can be safely taken on a yearly basis.

In instances where ground water discharges up-

stream from the point of diversion form a signifi-

cant portion of the total supply, depletion of the

ground water discharge may affect the quality of

water in the stream. Under such conditions, pru-

dent management would provide for regular as-

sessment of sources and the quality implications of

changes in available supplies.

Unregulated streams can be expected to have

the largest fluctuations in water quality throughout

the year. Monitoring programs for such streams

generally will require sampling at more frequent

intervals. During periods of flood flows, monitor-

ing of suspended solids is important. The fre-

quency of sampling can be reduced as the percent-

age of the stream system regulated by reservoirs is

increased.

Operation of reservoirs can improve the quantity

and quality of water at downstream locations. At

locations where water temperatures may be an

important variable to monitor, vertical profiles of

reservoir water temperature should be obtained

before releases; and, where possible, water should

be released from that segment of reservoir having

the most favorable temperature. With reservoirs

on two or more streams supplying water to the

same lands, adequate data should be obtained to

provide for either operational blending of supplies

or to indicate that direct delivery will not have any

adverse effects on lands or crops.
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sampling and

analytical procedures

MONITORING water for specific pollutants

requires acceptable sampling and analyti-

cal procedures and the following references con-

tain such guides and procedures. This doesn't pre-

clude the use of other reliable methods {21, 123,

137,159,175,181).

The methodology for pesticides is currently

somewhat dispersed. For purposes of clarity and

as an aid to laboratories, the following recom-

mended instructions for extraction and analysis

are set forth.

Methods for Analyses of Chlorinated and

Phosphate Pesticides in Water

For extraction and preparation of the samples

for multple detection (electron capture or therm-

ionic gas-liquid chromatography and confirma-

tion by thin-layer chromatography), follow the

methods of Burchfield, et al. as outlined in Analysis

of Pesticide Residues {174).

General Discussion of extraction of pesticides

from water. Generally, in batch-method extrac-

tion, chloroform is the solvent of choice, with the

following modifications. After extraction, pass the

combined chloroform extracts through a column

of anhydrous sodium sulfate, collecting the eluate

in a 500 ml Kuderna-Danish evaporator fitted with

a calibrated collection tube. When all of the extract

has passed through, rinse the column with three

5 ml portions of hexane. Add a 20-mesh carborun-

dum boiling chip and place a Snyder column on

the Kuderna-Danish evaporator and concentrate

to about 5 ml. Add 25 ml hexane to evaporator

and concentrate to about 5 ml. Repeat addition of

hexane and concentrate two more times to elimi-

nate most of the chloroform. After last evapora-

tion, dilute to 10 ml with hexane for determination

by electron-capture gas chromatography and con-

firmation by thin-layer chromatography.

Continuous methods are used only when it is

necessary to extract large volumes of water and are

adapted more to research purposes than to routine

analysis.

In determinations, no cleanup is necessary if

potable water is being analyzed and the analyst can

go directly to electron-capture or thermionic gas

chromatography with thin-layer chromatography

for confirmation if necessary. Operating parame-

ters, retention times, and supporting data are found

in the FDA pesticide analytical manual {173).

The complete methods are given A.O.A.C. 79th

annual meeting {33) and changes in these methods
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are discussed in the A.O.A.C. 80th annual meeting

{34).

For chlorinated pesticides, use electron-capture

chromatography and methods described in

A.O.A.C. 79th annual meeting (33). Use of the

thermionic gas chromatography is discussed in the

1967 changes in methods (34). Additional infor-

mation on use of thermionic gas chromatography

can be found in other references (62, 63).
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introduction

WATER QUALITY requirements differ so

widely for the hundreds of uses to which

water is put industrially that no meaningful criteria

for surface water supplies can encompass a ma-

jority of such uses. Furthermore, water treatment

technology in its present state of development per-

mits the utilization of surface water of literally any

available quality to create waters of any desired

quality at point of use. Such treatment may be

costly, but this cost is usually a small part of the

total production and marketing costs. The National

Technical Advisory Subcommittee for Water Qual-

ity Requirements for Industrial Water Supplies has

identified the appropriate quality characteristics of

raw waters that have been used and the quality

requirements of waters at the point of use for each

industry.

Each value given in this report for a quality

characteristic of raw water supplies for industrial

purposes has occurred in water that has been used

somewhere in this country. However, the charac-

teristic values may be altered by treatment to pro-

duce the quality of water required at point of use.

Hence, tables listing desired water quality criteria

at the point of use prior to internal conditioning

have been developed for each major industrial

requirement.
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Conclusions

summary

and key criteria

The Subcommittee has reached the following

conclusions regarding the water quality character-

istics and requirements for industrial supplies.

(1) The quality characteristics of the water

supply for an established industry at a given site, if

allowed to deteriorate from the range usually ex-

perienced for those characteristics of significance

to that industry, can cause an undesirable increase

in the cost for treatment. On the other hand, an

improvement in the quality of the same supply

will not significantly decrease the cost of treatment

at an existing installation.

(2) Marked variations in the quality of an in-

dustrial water supply can result in deterioration of

product quality for some industries.

(3) The water quality requirements at the

point of use in each process in each industry as

distinguished from the quality characteristics at

the point of supply are generally well established

for each existing industrial process use. These
water quality requirements, however, vary consid-

erably even for the same process depending upon
the technological age of the design and other

factors.

(4) The quantity of water employed for process

use by difl'erent plants in the same industry may
vary considerably between plants depending on the

cost of treatment, the age of the plant design, op-

erating practices, and the quality and quandty of

the available supply.

TABLE V-1. Task Forces and Their

Assignments

I steam generation and cool-
ing.

II Textile, lumber, paper, and
allied products.

III Chemicals and allied prod-
ucts.

IV Petroleum and coal products.
V Primary metal industries „.
VI Food and kindred products,

and leather tanning and
finishing.

All SIC codes
and electric

utilities.

SIC 22, 24,
and 26.

SIC 28.

-SIC 29.
-SIC 33.
SIC 20 and 31.

Industries considered

The Subcommittee was subdivided into six task

forces. Task force I was concerned with water used

for cooling and steam generation for all industries.

Each of the other task forces was assigned one or

more industrial groups as defined by the 2-digit

Standard Industrial Classification (SIC) coding

used by the Bureau of Census (6). Table V-1
lists the task forces and identifies the industrial

group or groups of concern. Additional detail on
the material considered is included in the sections

prepared by the several task forces.

Although it has not been feasible to cover all

industries, the major users of water, including some
industries that require process waters having a wide
range of quality, have been considered.

Water use

The total water intake of both industrial manu-
facturing plants and investor-owned thermal elec-

tric utilities was approximately 49,000 billion gal-
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Ions during 1964. About 90 percent or 44,000
billion gallons per year (bgy) of all intake water

was used for cooling or condensing purposes.

Water used for processing, including water com-
ing into contact with the product as steam or as

coolant, amounted to nearly 8 percent (3,700
bgy) of the total water intake. The remaining 2
percent (960 bgy) was used for boiler-feed water.

Brackish water, water containing more than

1,000 mg/1 dissolved solids, amounted to nearly

30 percent (15,000 bgy) of the total intake water.

Most (32,000 bgy) of the fresh water intake (34,-

000 bgy ) was surface water delivered by company-
owned water systems.

The manufacturing industry used approximately

4,300 billion gallons of water that they treated or

secured from a public supply in 1964. This was 30
percent of water intake for manufacturing and

approximates 90 percent of all water that they

used for boiler feed and processing.

Table V-2 summarizes the information on water

intake, recycling, and consumption, for each indus-

trial group considered.

Raw water quality

In general, the procedure used by the individual

task forces involved first establishing the quality

requirements for various waters at point of use ex-

clusive only of the addition of internal conditioning

chemicals such as biocides, or corrosion or deposit

inhibitors. Second, the consideration of methods of

external treatment (e.g. clarification, softening,

demineralization, etc.) that have been used; and
finally establishing the quality characteristics of

raw surface waters that have been used by the

various industries.

Minimum standards

Minimum standards that should be met by all

surface waters for all uses include the following

(3). The water should be:

( 1 ) Free from substances attributable to mu-

TABLE V-2. Industrial and Investor-Owned Thermal Electric Plant Water Intake, Reuse, and
Consumption, 1964

[Source: 1963, census of manufacturers, water use in manufacturing (7) and water resources activities in the United States—electric
power in relation to the Nation's water resources (9)]
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nicipal, industrial, or other discharges, or

agricultural practices that will settle to form

putrescent or otherwise objectionable

sludge deposits;

(2) Free from floating debris, oil, scum, and

other floating materials attributable to

municipal, industrial, or other discharges,

or agricultural practices in amounts suffi-

cient to be unsightly or deleterious;

(3) Free from materials attributable to mu-
nicipal, industrial, or other discharges, or

agricultural practices producing color,

odor or other conditions in such a degree

as to cause a nuisance.

Additional quality characteristics of surface

waters that have been used as sources for industrial

water supplies are summarized in table V-3. The
specific water characteristics are maximums and

no water will have ail of the maximum values

shown.

Because of the very extensive use of water for

cooling and boiler-feed purposes, the quality char-

acteristics for surface waters for these purposes

have been given special emphasis. In general, the

surface water quality characteristics for process

waters are applicable for the 2-digit SIC group of

industries.

Part I.

steam generation

and cooling
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Description of industry

Task force I was concerned with quality criteria

for water used by virtually all industries for steam

generation and cooling. The task force's study in-

cluded Standard Industry Classifications 20

through 39, with the exception of 23 and 27, plus

the electrical utility industry. Water used for steam

that comes into direct contact with a product and

cooling water that comes into contact with a prod-

uct were, by definition, considered to be process

waters and, therefore, were not included in the

report of this task force.

Steam generation and cooling are unique water

uses in that they are required in almost every in-

dustry. Both uses are encountered under a very

wide variety of conditions that require a corres-

pondingly broad range of water quality criteria.

For example, steam may be generated in boilers

that operate at pressures ranging from less than 10

pounds per square inch (psig) for space heating to

more than 3,500 psig for electric-power generation.

For any particular operating pressure, the required

boiler water quality criteria depend upon many
factors in addition to the water temperature in the

steam generator. Thus, the amount of potentially

scale-forming hardness that is present in the make-

up water to a very low pressure boiler is of far less

importance when the steam is used for space heat-

ing than when it is used for humidification of air.

In the first case, virtually all of the steam is re-

turned to the boiler as condensate, whereas in the

second case, none of it returns to the boiler. Even
when operating at the same drum pressure and

makeup rate, a higher hardness is acceptable in

the makeup water to boilers with low-heat transfer

ratings than to those with high ratings.

From these few examples, it should be apparent

that any general criteria for boiler feed water

quality could not be applied directly to an indi-

vidual boiler plant without further consideration of

operating temperatures and pressures, boiler de-

sign, makeup rates, and steam uses. All of these

afi'ect the nature of the water-caused problems that

might be anticipated in the boiler and its

auxiliaries.

Cooling water uses are similarly diverse. They
may be once through or recirculated. Once through

cooling waters are drawn from amply large sources

such as rivers, lakes, or extensions of the sea. They
are returned to those sources or to other large bod-

ies of water after having passed through heat ex-

change equipment just once. The quantities of

water required for once through cooling are so

huge that it is rarely economically feasible to alter

their quality by treatment. The most common ex-

ception is chlorination for control of biological

organisms that interfere with waterflow or heat

transfer.

In recirculating, cooling water systems, the water

withdrawn from the river or lake is small in com-
parison with the rate of circulation through the

heat transfer equipment. Under these conditions,

water treatment is economically feasible. Indeed,

it becomes a necessity because of the changes in

water composition produced by evaporation and
other processes encountered during recirculation.

As in the case of steam generation, there is such

a great variety of cooling equipment used, such a

wide range of chemical and physical changes that

can take place in the cooling water, and such a

variety of water treatment and conditioning meth-

ods available, that quality criteria for makeup
water to recirculating cooling systems can have

only very limited practical significance. The needs

of any specific system must be established on the

basis of the construction and operating character-

istics of that particular system.

Processes utilizing water

steam Generation

Intake: In 1964, manufacturing plants used

about 960 billion gallons of water for boiler feed

(makeup), sanitary service, and uses other than

process or cooling (7). No basis is given for a

breakdown of this figure into its components, but

boiler feed (makeup) is the larger part.

No data are available for boiler makeup require-

ments of thermal electric powerplants. However,

these are small compared with their cooling water

requirements. It is estimated, therefore, that the

boiler makeup requirements of thermal power-

plants approximate the "boiler-feed, sanitary serv-

ice, and other uses" (7) in the industrial require-

ments so that the total intake for steam generation

in the year 1964 is assumed to have been approxi-

mately 960 billion gallons.

Recycle: Recycle of condensed steam back to

the boiler will vary from 0-percent for some indus-

trial uses and district steam plants to almost 100

percent for thermal power generation plants.

Consumption: Boiler makeup will vary from
negligible losses and blowdown in the thermal

powerplants to substantially the total water intake

in district steam plants with no returned steam

condensate. Even for these, the condensate usually
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goes to a sewer from which it ultimately returns to

a surface water course and so cannot be said to

have been consumed.

It is estimated that 10 percent of the intake

water is either lost to the atmosphere or incorpo-

rated in products. Thus, the total water consump-

tion for steam generation is about 96 bgy.

Discharge: Discharge is boiler blowdown and

steam condensate that is lost to sewers. This cor-

responds to the difference between intake and con-

sumption or 860 bgy.

Cooling Waters

Once through cooling: Once through cooling

water use in industry during 1964 was at the rate

of approximately 2,900 bgy for steam electric

power generation and 6,500 bgy for other uses

(7).

Total cooling water use in thermal electric

power plants was 27,000 bgy in 1959 and is esti-

mated at 57,000 bgy for 1970 (9). Assuming for

simplicity that the rate of change will be linear, the

probable use for 1964 was 41,000 bgy. It is esti-

mated that recirculation in these plants is 5,800

bgy, so that once through cooling required 35,000

bgy. These figures do not include water used in

public-owned steam generation plants for which

no data were available.

The totalwater quantities used for once through

cooling are summarized in detail on the following

page.

TABLE V-4. Quality Characteristics of Surface Waters That Have Been Used for Steam Generation

and Cooling in Heat Exchangers

[Unless otherwise indicated, units are mg/I and values are maximums. No one water will have all the maximum values shown.]

Characteristic

Boiler makeup water

Low and
medium High pressure
pressure 700 to 1,500 High pressure
to 700 psig psig > 1,500 psig

Cooling water

Brackish >

Makeup for recycling

Fresh Brackish '

Silica (SIO2) 150
Aluminum (Al) 3
Iron (Fe) 80
Manganese (Mn) 10
Copper (Cu) O
Zinc (Zn) O
Calcium (Ca) (-)

Magnesium (Mg) O
Ammonia (NH3) O
Bicarbonate (HCO3) 600
Sulfate (SO4) 1,400
Chloride (CI) 19,000
Nitrate (NO3) (-)

Phosphate (PO.) C)
Dissolved solids 35,000
Hardness (CaCOj) 5,000
Acidity (CaCOj) 1,000
Alkalinity (CaCO,) 500
pH, units (")

Color, units 1,200
Organics:

Methylene blue active 1

substances.
Carbon tetrachloride 100

extract.

Chemical oxygen demand (O:) 100
Odor C)
Hydrogen sulfide (H.S) O
Dissolved oxygen (O2) O
Temperature, F 120
Suspended solids 15,000

150
3

80
10
O
O
(0

C)
600

1,400
19,000

O
O

35,000
5,000
1,000
500
C)

1,200

100

100
O
C)
C)

120
15,000

150
3

80
10

n
(=)

(')

600
1,400

19,000
n
50

35,000
5,000
1,000
500
C)

1,200

10

100

500
C)
C)
(=)

120
15,000

50
3
14
2.5
(.')

500

600
680
600
30
4

1,000
850

500
5.0-8.9

C)

1.3

O
(=)

C)
C)

100
5,000

25
(=)

1.0
0.02

C)
(.')

1,200
O
C)

180
2,700

22,000
(=)

5
35,000
7,000

C)
150

5.0-8.4
(=)

C)

O
(=)

C)
4
C)

100
250

150
3

80
10

O
500
n
o

600
680
500
30
4

1,000
850
200
500

3.5-9.1
1,200

1.3

100

100
(=)

n
120

15,000

25
O
1.0

0.02

C)
n

1,200
C)
C)

180
2,700

22,000
O
5

35,000
7,000
O

150
5.0-8.4

O
1.3

100

200
C)
4
O

120
250

1 Brackish water—dissolved solids more than 1,000 mg/I by
definition 1963 census of manufacturers.

= Accepted as received (if meeting total solids or other limit-

ing values); has never been a problem at concentrations
encountered.

= Zero, not detectable by test.

* No floating oil.

NOTE.—Application of the above values should be based
upon analytical methods in Part 23, ASTM book of standards
(1) or APHA Standard methods for the examination of water
and wastewater (5).
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Use:

Water
quantities,

bgy

Industrial-steam electric generation 2,856

Other 6,529

Commercial power 34,849

Total 44,234

A further detailed breakdown of these water

quantities can be made by identifying the water as

fresh or brackfish.



TABLE V-5. Quality Requirements of Water at Point of Use for Steam Generation and Cooling
in Heat Exchangers

[Unless otherwise indicated, units are mg/l and values that normally should not be exceeded. No one water will ha
maximum values shown.]

Boiler feed water Cooling water

Quality of water prior to the addition of
substances used for internal conditioning

Characteristic

Low
pressure

to 150
psig

Industrial

Inter-
mediate
pressure
150 to 700

psig

High
pressure

700 to 1,500
psig

Once through Makeup for recirculation

Fresh Brackish ^

Silica (SiO.) 30
Aluminum (Al) 5
Iron (Fe) 1

Manganese (Mn) 0.3
Calcium (Ca) (=)

Magnesium (Mg) (")

Ammonia (NHi) 0.1
Bicarbonate (HCOa) 170
Sulfate (800 O
Chloride (CI) (=)

Dissolved solids 700
Copper (Cu) 0.5
Zinc (Zn) (-)

Hardness (CaCO.i) 20
Free mineral acidity C)

(CaCO:,).

Alkalinity (CaCO.,) 140
pH, units 8.0-10.0
Color, units (°)

Organics:
Methylene blue active__ 1

substances.
Carbon tetrachloride 1

extract.

Chemical oxygen demand 5
(O.).

Dissolved oxygen (O.) 2.5
Temperature, F C)
Suspended solids 10

10
0.1
0.3
0.1

e)
O
0.1
120
e)
(')

500
0.05

C)
C)
o
100

8.2-10.0

1

5

0.007
(=)

5

0.7
0.01
0.05
0.01

C)
C)
0.1

48
C)

200
0.05

C)
n
C)

40
!.2-9.0

(-")

0.5

0.5

0.5

0.007
(=)

C)

0.01
0.01
0.01

(')

(')

(')

0.7
(')

C)
(')

0.5
0.01

(')

C)
C)

(')

!.8-9.2

(=)

C)

(.')

0.007
(=)

C)

50
(=)

C)
(=)

200
o
C)

600
680
600

1,000

C)
C)

850
O

500
5.0-8.3

(=)

C)

C)

75

(=)

C)
5,000

25
C)
O
o

420
O
O

140
2,700

19,000
35,000

C)
(=)

6,250
O

115
6.0-8.3

(=)

(=)

C)

75

(=)

2,500

50
0.1
0.5
0.5
50
O
O
24

200
500
500

(=)

130
C)

20
C)
(=)

75

C)
C)

100

25
0.1
0.5

0.02
420
C)
C)

140
2,700
19,000
35,000

(=)

(=)

6,250
O

115
C)
(=)

C)

100

^ Brackish water—dissolved solids more than 1,000 mg/l by
definition 1963 census of manufacturers.
-Accepted as received (if meeting total solids or other limit-

ing values): has never been a problem at concentrations en-
countered.

3 Zero, not detectable by test.

* Controlled by treatment for other constituents.
= No floating oil.

NOTE.—Application of the above values should be based on
Part 23, ASTM book of standards CD. or APHA Standard
methods for the examination of water and wastewater (5).
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Part II.

textile, lumber, paper

and allied products

textile mill products

(SIC 22)

Description of industry

The production of textiles is an ancient house-
hold art, but with the industrial revolution the

production of textiles was rapidly changed to mills

with mass production processes. At first, mills were
located near rivers for water power. The mills also

needed clear soft water for processing and there-

fore the textile industry developed in New England
where both water power and good quality process
water were available. Because much of their raw
material (cotton) was produced in the Southeast,
the textile plants gradually moved their cloth pro-
duction and then their finishing process plants to

the Southeast. By this time, mills were powered by
coal or electricity so that many of them moved to

communities which were located on the ridges.

Many plants located on the Piedmont Plateau
where the raw process water was soft but turbid.

The technology of water treatment was sufficiently

well developed that the turbidity was easily

removed.

With time, the new synthetic fiber plants were
located near the natural fiber plants. (The syn-
thetic fiber production is part of the chemical
industry.)

Natural fibers are spun, teased, and woven in

the dry state, except for some stiffening of the
warp; this latter process is known as sizing. The
thread is run through the size which is dispersed
in a highly concentrated water suspension. The
natural fibers in the cloth are generally scoured
to remove the sizing and natural waxes before
bleaching and dyeing. Synthetic fibers which may
be mixed with natural fibers in the cloth are
also scoured, but this is incidental. The cloth is

bleached before dyeing to obtain a more repro-
ducible color each time a specific dye is used.

Water is used for scouring, bleaching, rinsing,

and dyeing. The quality requirement for dyeing
approaches that of distilled water.

In a very new development, water is used in

place of a mechanical shutde for weaving synthetic
fibers. Except for dissolved gases and viscosity,

the quality characteristics of this water have no
significance.

Processes utilizing water

The sizing or stiffening of the warp fibers by
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starch or modified starches and cellulose com-

pounds requires only small amounts of water for

making the 10-percent suspensions, but because

of the large number of mills and changes in size

suspensions needed, the total water used is about

2 percent of the process water for cotton (SIC's

2211, 2221, 2231). No recycling is practiced.

The scouring of cotton and wool fibers and/or

fabrics is widely practiced. While water quantity

requirements are large, the quality requirements

for specialized textile or fiber products are quite

rigorous. Scouring is done at temperatures of 80

to 120 C and at pH 12 for cotton, but at much
lower temperatures of 30 to 50 C and at pH 2 to

4 for wool. The water is not recycled in the scour-

ing though large volumes of fabric may be scoured

in one batch. The rinsing operation may be de-

signed with counter current flow with use of the

discharge for makeup water in scouring operation.

The reuse of water in the textile industry is

limited to the newest mills, for any reuse or con-

servation is not common in the older mills. The
desizing of fabric is a cleaning operation that is

similar to scouring in its water requirements. These

operations involve 23 percent of the total process

water for the cotton textile industry. Mercerizing

of cotton is a specialized process which is becom-

ing much less significant with the introduction of

fiber blends and several cotton finishing plants

have discontinued its use. In 1963, when the cot-

ton textile industry figures were obtained, 13 per-

cent of the cotton was mercerized but this required

28 percent of the process water.

The bleaching of textiles is done with either

chlorine or hydrogen peroxide. Chlorine is gen-

erally used with cotton while hydrogen peroxide

TABLE V-6. Quality Characteristics of Surface

Waters That Have Been Used by the Textile

Industry (SIC 22)

[Unless otherwise indicated, units are mg/l and values are
maximum. No one water will have all the maximum values

shown.]

Characteristic

Iron (Fe)

Manganese
(Mn)

Copper (Cu) .._

Dissolved
solids

1.0
0.5

Suspended
solids 1,000

Hardness
(CaCO,) 120

pH, units 6.0-8.0
Color, units C)

1 Accepted as received (if meeting total solids or other limit-

ing values); has never been a problem at concentrations
encountered.

NOTE.—Application of the above values should be based on
Part 23, ASTM book of standards (1). or APHA Standard
methods for the examination of water and wastewater, (5).

is used with blends containing synthetic fibers and
with wool. When chlorine is used, the solution is

generally adjusted to pH 9, but when hydrogen

peroxide is used, the pH is adjusted in the range of

2.5 to 3.0. Rinsing of the bleached fibers or cloth

requires a high quality water. Recent academic

studies have suggested reuse of this water for

preparing chlorine bleach, but the reuse is not

now practiced (SIC 226). The bleaching opera-

tions in the cotton textile industry uses 20 percent

of the process water.

Water for dyeing operations has very high qual-

ity criteria, but no higher than those needed in the

other processes. Cotton fibers (cloth) are dyed at

moderately high pH values while wool is generally

dyed at mildly acidic pH values. Synthetic fibers

are dyed at various pH values depending upon
the chemical character of the synthetic fiber. Water
from the dyeing operations cannot be reused. The
dyeing operations in the cotton textile industry use

approximately 32 percent of the process water.

Significant indicators of water quality

Table V-6 shows the quality characteristics of

raw waters that have been treated by existing proc-

esses to produce waters acceptable for the process

waters used by the textile industry. Table V-7
shows the water quality requirements at point of

use for the various processes within the textile in-

dustry. These processes are sizing, scouring,

bleaching, and dyeing.

TABLE V-7. Quality Requirements of Water at

Point of Use by the Textile Industry (SIC 22)

[Water quality prior to addition of substances used for internal
conditioning. Unless otherwise indicated, units are mg/l and

values that normally should not be exceeded.]

Sizing
suspen-

Characteristic sion Scouring Bleaching Dyeing

Iron (Fe) 0.3 0.1 0.1 0.1

Manganese (Mn)_ 0.05 0.01 0.01 0.01
Copper (Cu) 0.05 0.01 0.01 0.01
Dissolved solids__ 100 100 100 100
Suspended

solids 5 5 5 5
Hardness

(CaCOc) 25 25 25 25
pH, units:

Cotton 6.5-10 9.0-10.5 2.5-10.5 7.5-10.0
Synthetics 6.5-10 3.0-10.5 C) 6.5-7.5

Wool 6.5-10 3.0-5.0 2.5-5.0 3.5-6.0

Color, units 5 5 5 5

^ Not applicable.

NOTE.—Application of the above values should be based
upon analytical methods in Part 23 of the ASTM book of

standards (1), or APHA Standard methods for the examination
of water and wastewater (5).
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Water treatment processes

Textile mills require clear process water. Clarifi-

cation of surface water is practiced by all textile

mills that do not purchase potable water or use

ground water.

The early mills located on soft water supplies.

As available soft water sites were filled, mills

moved to hard water areas and practiced softening

or bought city water. Batch softening or seques-

tering with EDTA or polyphosphates is now prac-

ticed in the critical processes even when a mill has

a soft water supply. Demineralization is used by

a few mills where color matching in dyeing opera-

tions is critical.

Chlorination is used to prevent slime on the

piping but the concentration must be kept at a

minimum since reducing agents are frequently

required with sensitive dyes. Adjustment of the

pH to a slightly alkaline value for enhancing the

effectiveness of chlorine or chlorine dioxide in the

removal of manganese creates a problem in meet-

ing the pH requirements for some of the mill's

processes.

Control of corrosion is very critical in the water

distribution system because the corrosion products

can stain cloth. Manganese removal may be nec-

essary because loosened deposits of manganese

dioxide which accumulate on copper water heat-

ing pipes (coils) may create disastrous results in

rinsing operations.

lumber

and wood products

(SIC 24)

Description of industry and processes

utilizing water

In general, the lumber industry collects logs

from the forest and prepares them for use by saw-

ing the log into various shapes. In the early years

in this country, the logs were cut in the winter

when the snow was on the ground to lubricate their

transfer by dragging them overland to the river.

The river transported the log to a millsite. The
logs were frequently left in the water if they could

be fenced off or driven into a back water to pre-

vent them from going further downstream. While
the log was floating, the water prevented the log

from drying and cracking at the cut end.

Today, lumber may be transported to a mill

which may not be near a river. If the logs accumu-
late, it is necessary to keep their ends moist to pre-

vent cracking. This can be done by floating them
in a pond or by spraying the log pile. The log is

frequently debarked by water jets before cutting

it into the desired shape.

Some lumber is treated with chemicals to reduce

fire hazards, to retard insect invasion, or prevent

"dry rot." These preservation processes use small

volumes of water to prepare the solutions of

chromates, cupric ions, aluminum ions, silicates,

fluorides, arsenates, and pentachlorophenates.

Some forest products are processed mechanicaUy

or chemicaUy to make a variety of consumer

products.

Significant indicators of water quality

There are few significant indicators of water

quality for the lumber industry. The suspended

solids should be less than 3 mm in diameter and

the pH should preferably be between 5 and 9 to

minimize corrosion of the equipment. Water used

for transportation hardly qualifies as process water.

Water used for spraying logs or jet debarking

should be free of particles that clog the nozzles or

jet openings. Such water is frequently recirculated.

Water for preparation of solutions for treatment of

the lumber should be reasonably free of turbidity

and those ions which might react to form precipi-

tates. Frequently, because of the highly toxic

nature of these solutions, efforts are made to re-

cycle as much solution as possible. Thus, makeup
water is required to compensate for the portion of

the solution forced into the lumber under pressure

and then evaporated during seasoning.

Water treatment processes

For the lumber production phase only, straining

may be required. Clarification may be practiced

for water used in lumber preservation but this

would be necessary on only a very small volume.

TABLE V-8. Quality Characteristics of Waters
That Have Been Used by the Lumber Industry

(SIC 24)

Characteristic Value

Suspended solids <3 mm, diameter.
pH, units 5 to 9.

NOTE.—Application of the above values should be based on
Part 23, ASTM book of standards (1), or APHA Standard
methods for the examination of water and wastewater (5).
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paper

and allied products

(SIC 26)

Description of industry

The pulp and paper industries are those de-

scribed under the SIC Code Number 26. Since the

principal product is paper, including paperboard,

and the principal pulping processes are kraft and

groundwood, the data given will be for these major

processes. Specialty processes and products having

unique water quality requirements should be con-

sidered as special cases.

Processes utilizing water

The manufacture of pulp and paper is highly

dependent upon an abundant supply of water.

The major process water uses are preparation of

cooking and bleaching chemicals, washing, trans-

portation of the pulp fibers to the next processing

step, and formation of the pulp into the dry

product.

Census data (7) for 1964 indicate that about

1,300 bgy of water were used by this industry

and that about 74 percent or 990 billion gallons,

required treatment prior to use. However, these

data include water used for cooling, bearing

lubrication, pulp seals, and other non-process re-

quirements. If process water is defined as only

water that contacts the product, the estimated

usage is 500 bgy.

The process water required per ton of product

is estimated in figures V-1 and V-2. Figure V-1
illustrates the typical Kraft process that is similar

to the major pulping processes having chemical

recovery. Wash water was estimated at 2,600 gal/

ton for unbleached and 10,000 gal/ton for wash-
ing bleached pulp. Transportation of the pulp was
estimated to require 4,000 gal/ton after each proc-

ess. The amount of water recycled was based on
the dilution required at each processing step and
is much higher than the data given by the Bureau
of the Census. Figure V-2 shows similar data for

a typical mechanical pulping mill. A summary of

the water used to produce finished paper products

by the three major processes is given below.

Process water requirements, gallons per ton
of product

Consump- Dis-
Intake^ Recycle tion charge

Mechanical
Pulping 1,000 47,000 1,000 250

Unbleached
chemical pulp
and paper 7,000 115,000 1,000 6,000

Bleached chemi-
cal pulp and
paper 20,000 250,000 1,000 19,000

^ Does not include about 250 gallons per ton of water present
in the woodchips.

CHEMICAL PULPING

CHIPS

EVAPORATION
550

1750
BROWN STOCK
WASHING AND
SCREENING

>lr 4040>lr>lr>lr

4^

14040

1750

2400T \T

BLEACHING

il750

CHEMICALS
1510

240 \2640 11,960

Additional water required

for bleaching pulp

PAPER
MAKING

5230

390

Figure V-1— Pulp and paper industry: water intake, recycle, and discharge,

gallons of water per ton of product.)

^ PAPER

TRODUCT
10

(All data given as
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Significant indicators of water quality

The quality characteristics of untreated surface

\yaters used by the pulp and paper industry are

given in table V-9. Treatment of the raw water

should provide water to the process with the qual-

ity requirements described in table V-10. Process

TABLE V-9. Quality Characteristics of Surface

Waters That Have Been Used by the Pulp and
Paper Industry (SIC 26)

[Unless otherwise indicated, units are mg/l and values are
maximums. No one water will have all the maximum

values shown.]

Chemical pulp and paper

Characteristics
Mechanical
pulping Unbleached Bleached

Silica (SiOs) C) 50 50
Aluminum (Al) C) O C)
Iron (Fe) 2.6 2.6 2.6
Manganese (Mn) C) C) O
Zinc (Zn) () C) O
Calcium (Ca) C) O O
Magnesium (Mg) C) C) C)
Sulfate (SO.) O O O
Chloride (CI) 1,000 200 200
Dissolved solids 1,080 1,080 1,080
Suspended solids C) C) C)
Hardness (CaCOs) 475 475 475
pH, units 4.6-9.4 4.6-9.4 4.6-9.4
Color, units 360 360 360
Temperature, F Q) (') 95

1 Accepted as received (if meeting total solids or other limit-
ing values); has never been a problem at concentrations
encountered.

NOTE.—Application of the above values should be based on
Part 23, ASTM book of standards (1), or APHA Standard
methods for the examination of water and wastewater (5).

Steam quality requirements are the same as those

given under the steam generation and cooling

water section.

In general, clarification, sedimentation, or filtra-

tion, either singly or in combination, and some-

times followed by softening, are employed in treat-

ing water for the pulp and paper industry.

TABLE V-10. Quality Requirements of Water at

Point of Use by the Pulp and Paper Industry

(SIC 26)

[Unless otherwise indicated, units are mg/l and values that
normally should not be exceeded. Quality of water prior to the

addition of substances used for internal conditioning.]

Chemical pulp and paper

Characteristics
Mechanical
pulping Unbleached Bleached

Silica (SiO.) C) 50 50
Aluminum (Al) C) C) O
Iron (Fe) 0.3 1.0 0.1
Manganese (Mn) 0.1 0.5 0.05
Zinc (Zn) C) C) C)
Calcium (Ca) C) 20 20
Magnesium (Mg) C) 12 12
Sulfate (SO.) C) C) C)
Chloride (CI) 1,000 200 200
Dissolved solids C) C) C)
Suspended solids C) 10 ^^ 10 =

Hardness (CaCOa) C) 100 100
pH, units 6-10 6-10 6-10
Color, units 30 30 10
Temperature, F C) C) 95

1 Accepted as received (if meeting total solids or other
limiting values): has never been a problem at concentrations
encountered.

- No gritty or color-producing solids.

NOTE.—Application of the above values should be based on
Part 23, ASTM bool< of standards (1), or APHA Standard
methods for the examination of water and wastewater (5).

MECHANICAL PULPING

EVAPORATION
390

950 EVAPORATION
,550

240

28,100 f219Qi I
4040^11^^ I

SCREENING ^i^ THICKENING aj^ DRYING ^SCREENING

2750

240

Figure V-2— Flow diagram showing water intake, recycling, and discharge in gallons per ton of

product for pulp and paper making- by a typically mechanical pulping mill.
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Significant indicators of water quality

Part III.

chemical

and allied products

(SIC 28)

The number and diversity of manufacturing

facilities in the chemical and allied products in-

dustries and their wide geographic location in the

United States are such that the surface waters

which they use will vary widely in chemical con-

stituents. Water quality characteristics for raw
water supplies that have been used to provide

water for process use for each industry are listed

in table V-12. Table V-13 gives water quality

requirements at point of use by the various

industries.

Water treatment processes

The cost of water treatment is a very small part

of the overall cost of manufacturing in the chemi-

cal industry. The normal water purification con-

sists of clarification (coagulation, sedimentation,

filtration). This may be supplemented by soften-

ing, cold lime, lime soda, zeolite, and deminerali-

zation, singly or in combination to provide the

quality required from any source of raw surface

water. The technical skills available in the chemi-

cal industry are of such nature that proper water

treatment can be provided to produce water of

satisfactory quality for manufacturing processes,

under all conditions.

Description of industry

Task force III was concerned with the water

quality criteria for the chemical and allied products

industries. This is in accordance with the 1963

census of manufacturers water use in manufactur-

ing SIC's 2812-15, -18, -19, -21, -22, -34, -41,

-51, -61, 07, -71, -92. These waters are for

process use only and do not include either boiler

feed or cooling waters.

Processes utilizing water

The subject industries and their process water

intake are shown in table V-11. No breakdown
has been made of the use by each process within

a given 4-digit SIC coding.

TABLE V-13.

[Unless otherwise indicated, units are mg/l and values

(1) (2)

SIC 2812 SIC 2815
alkalies and Interm. coal

Characteristic chlorine tar products

Silica (SiO.) O C)
Iron (Fe) 0.1 O
Manganese (IVln) 0.1 C)
Calcium (Ca) C) O
Magnesium (Mg) (") O
Bicarbonate (HCO3)— O C)
Sulfate (SO,) C) C)
Chloride (CI) (=) (=)

Nitrate (NO3) C) (°)

Total solids (') CO
Hardness (CaCOa) C) O
pH n (=)

Color O n
Suspended solids (') (')

Odor n n
5-day BOD (0=) (') (0
COD (0.) o n
Dissolved oxygen (O2)- C) C)
Alkalinity (CaCOa) C) C)

1 Potable water.
^ Accepted as received (if meeting total solids
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TABLE V-1 1. Process Water Intake by Chemical
and Allied Product Industries With Total Water

Intake of 20 or More bgy During 1964

Process water intake

Industry group and industry Bgy

2812 Alkalies and chlorine 16 2.8
2815 Intermediate coal tar

products 9 1.6

2818 Organic chemicals, n.e.c.^— 314 55.5
2819 Inorganic chemicals, n.e.c.^ 74 13.3
2821 Plastic materials and

resins 25 4.4
2822 Synthetic rubber 11 2.0
2834 Pharmaceutical prepara-

tions 3 0.5
2841 Soaps and other deter-

gents 2 0.4
2851 Paints and allied

products 1 0.2
2861 Gum and wood

chemicals 2 0.4
2871 Fertilizers 32 5.6
2892 Explosives 2 0.4

Subtotal 491 87.1
Nonlisted industries = 73

_
12.9

28 Chemicals and allied

products 564 100.0

1 Not elsewhere classified.
2 Although the industries selected for study probably deter-

mine the range in values of the various quality criteria for
process waters for chemical and allied products, it is noted
that 3 industries (SIC 2823, Cellulosic Man-Made Fibers;
SIC 2824, Organic Fibers Noncelluloslc;- and SIC 2891, Glue
and Gelatin) use 23, 8, and 6 bgy, which is more than
of the industries under consideration.

TABLE V-12. Quality Characteristics of Surface
Waters That Have Been Used by the Chemical

and Allied Products Industry (SIC 28)
[Unless otherwise indicated, units are mg/l and values are
maximums. No one water will have all the maximum values

shown.]

Characteristic

Silica (SiOz) „. C)
Iron (Fe) 5
Manganese

(Mn) 2
Calcium (Ca).-. 200
Magnesium

(Mg) 100
Ammonia (NHs). C)
Bicarbonate

(HCO3) 600
Sulfate (SO.) .. 850
Chloride (CI) _.. 500
Dissolved

solids 2,500

Characteristic

Suspended
solids 10,000

Hardness
(CaCOa) 1,000

Alkalinity

(CaCOs) 500
pH, units 5.5-9.0
Color 500
Odor
BOD (O2)

COD (O2)

Temperature ._

DO (O.)

1 Accepted as received (if meeting total solids or other
limiting values); has never been a problem at concentrations
encountered.

NOTE.—Application of the above values should be based on
Part 23, ASTM book of standards (1), or APHA Standard
methods for the examination of water and wastewater (5).

Quality Requirements of Water at Point of Use by Chemical and Allied Products Industry (SIC 28)

that normally should not be exceeded. Quality of water prior to the addition of substances used for internal conditioning.]

(3)



Description of industry

Part IV.

petroleum and

coal products (SIC 29)

Today's oil industry is engaged in finding oil,

getting it out of the ground, transporting it, mak-
ing it into useful products, and marketing and
delivering these products to consumers.

The principal withdrawal of water is for refin-

ing. Other operations such as transportation of

crude oil and products and marketing rely on it,

but do not use significant amounts of water. Some
water is used in the producing branch for drilling

wells and operation of natural gasoline plants, but

the amount is insignificant in relation to that used

in the refining process.

Processes utilizing water

Separation, conversion, and treating operations

use large quantities of water. The 1963 Census of

Manufacturers (7) indicates a gross water use of

about 6,100 bgy in 1964. However, the water

intake to refineries for this same period shows that

only 1,400 billion gallons was taken in as supply.

This indicates substantial reuse of water. Ninety-

two percent of those reporting indicated that they

were reusing water.

Of the total water intake, 87 percent is used for

cooling purposes, 7 percent for boiler feed and

sanitary purposes and only 6 percent for process-

ing. Process water uses include desalting, washing,

barometric condensing, and product transpor-

tation.

One use of process water in refining operations

is the removal of brine from crude oil to prevent a

buildup of solids in the processing equipment and

to prevent hydrochloric acid corrosion problems.

Water quality for this operation is not critical.

Actually, waste water is frequently used for this

purpose because it provides a means whereby cer-

tain impurities, such as phenols, can be eliminated

from the waste water.

Most refinery products must be treated to im-

prove color, odor, or stability, or to remove sulfur,

gums, or other corrosive substances before the

product is marketable. Caustic, acid, and clay

treating, various sweetening operations, and sol-

vent extraction are some of the methods used.

Water is used in these operations for makeup of

caustic and acid solutions and for product wash-

ing. Lubricating oils are treated with acids, by

contact with or percolation through clay, or by

solvent extraction methods. Both steam and water

are used to recover solvents and to clean the filter

clays.

202



Numerous operations use barometric con-

densers for creating low pressure conditions in

fractional distillation. The condenser water con-

tacts overhead products thereby dissolving pol-

lutants. For this reason, barometric condensers

are being replaced by surface condensers in

many cases.

Water under high pressure from cutting heads

is used to reduce the size of coke particles so that

they can be removed from the coking chambers.

Frequently, coke fines are removed by clarification

and the water reused. Wax manufacturing proc-

esses sometimes use water as a transporting

medium and the process water is then generally

recirculated.

Specific indicators of water quality

For process water requirements, refiners use

treated or untreated cooling water, public water

supplies, or ground water. Of the total water in-

take by refineries, about 84 percent is secured from
surface supplies, 7 percent from ground water,

and the remaining 9 percent from public water

supplies.

The primary treatment of water for process use

is for suspended solids and turbidity removal.

Some washing operations are normally provided

with water of about 10 mg/1 or less suspended

solids. However, there are many refineries that

do not treat process water.

The quality characteristics of surface waters

that have been treated by existing processes to pro-

duce waters acceptable for process use are given in

table V-14. The quality requirements at point of

use are given in table V-15.

TABLE V-14. Quality Characteristics of Surface
Waters That Have Been Used by the Petroleum

Industry (SIC 29)

[Unless otherwise indicated, units are mg/l and values are
maximums. No one water will haue all the maximum values

shown.]



Description of industry

Part V.

primary metals

industries (SIC 33)

The industries which are incorporated within

the category of primary metals in this report are

those which are included in the Standard Indus-

trial Classification (SIC) Manual (6) as industry

group 33. This industrial group is defined as those

"establishments engaged in the smelting and re-

fining of ferrous and nonferrous metals from ore,

pig, or scrap; in the rolling, drawing, and alloying

of ferrous and nonferrous metals; in the manufac-

ture of castings, forgings, and other basic products

of ferrous and nonferrous metals; and in the manu-
facture of nails, spikes, and insulated wire and
cable. The major group also includes the produc-

tion of coke."

This section defines, as accurately as possible

at this time, the process water quality require-

ments for the industry.

Process water utilization by the primary metals

industry as given in the Bureau of the Census (7)

is summarized by the following table.

Process water utilization

Process water
used, 1964

Industry SIC No. (billion gals.)

Iron and steel production 331 885
Iron and steel foundries 332 12
Copper industry 3331, 3351 36
Aluminum industry 3334, 3352 20
All other primary metal

industries 43
Total process water, primary

metals 33 996

The production of iron and steel utilized almost

90 percent of all process water used by the in-

dustry. For this reason, water quality requirements

have only been included for this segment of the

industry.

Processes utilizing water

The iron and steel industry as defined for this

report includes pig iron production, coke produc-

tion, steelmaking, rolling operations, and those

finishing operations common to steel mills, such as,

cold reduction, tin plating, and galvanizing. Al-

though many steel companies operate mines for

ore and coal, ore beneficiation plants, coal cleaning

plants, and fabricating plants for a variety of spe-

cialty steel products, these are excluded from this

report.

Most of the iron and steel making facilities in
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the United States are centered in integrated plants.

Tiiese have generally been located in the midwest

and east where major water sources are available.

A few mills have been built in water-short areas

because of economic advantages which outweighed

the increased cost of recirculating water. The
major processes involved in the manufacture of

steel all require process water, some in several

ways. The succeeding paragraphs present a brief

description of the process and the process use of

water.

The production of coke involves the heating of

coal in the absence of air in order to rid the coal of

tar and other volatile products. Process water is

used in the direct cooling of the incandescent coke

after removal from the coke oven in a process

called coke quenching. This quenching process is

nothing more than dousing the coke with copious

amounts of water.

Pig iron production is accomplished in the blast

furnace. Process water is used to cool or quench
the slag when it is removed from the furnace. The
major use of process water in the blast furnace is

for gas cleaning in wet scrubbers. Steel is manu-
factured in open hearth or basic oxygen furnaces.

Process water may be used in gas cleaners for

either of these furnaces.

The major products of the steelmaking processes

are ingots. Ingots, after temperature conditioning,

are rolled into blooms, slabs, or billets depending

upon the final product desired. These shapes are

referred to as semifinished steel. Water is used for

cooling and lubricating the rolls. These semi-

finished products are used in finishing mills to

produce a variety of products such as plates, rails,

structural shapes, bars, wire, tubes, and hot strip.

Hot strip is a major product and the manufactur-

ing process for this item will be briefly described.

The continuous hot strip mill receives tempera-

ture conditioned slabs from reheating furnaces.

Oxide scale is loosened from the slabs by mechani-

cal action and removed by high pressure jets of

water prior to a rough rolling stand, which pro-

duces a section that can be further reduced by the

finishing stand of rollers. A second scale breaker

and series of high-pressure water sprays precede

this stand of rolls in which final size reductions are

made. Cooling water is used after rolling for cool-

ing the strip prior to coiling. Most hot-rolled strip

is pickled by passing the strip through solutions of

mineral acids and inhibitors. The strip is then

rinsed with water.

Much hot-rolled strip is further reduced in

thickness in cold rolls in which the heat generated

by working the metal is dissipated by water sprays.

Palm oil or synthetic oils are added to the water

for lubrication. After cold reduction, the strip is

often cleaned by using an alkaline wash and rinse.

Tin plate is made from cold-rolled strip by either
an electrolytic or hot-dip process, most commonly
by the former. The electrolytic process consists of
cleaning the strip using alkaline cleaners, rinsing
with water, light pickling, rinsing, plating, rinsing,

heat treating, cooling with water (quenching),
drying, and coating with oil. The galvanizing or
coating of steel strip with various other products
is carried out basically by the same general scheme
as tinning.

The volume of water used in the manufacturing
of steel is a variable which depends on the quantity

and quality of the available supply. The quantity

presently being used varies from a minimum of

about 1,500 gal/ton of product, where water is

reused intensively, to about 65,000 gal/ton, where
water is used on only a once through basis. Both
of these figures include total water utilized, not
just process water. These figures contrast the range
of water intake between plants in areas having:

(1) extremely limited, and (2) almost unlimited
water supplies.

The only definitive information available to the

task force on the amount of process water required
as compared with other water uses was found in

the census of manufacturers (7). The following is

a summary of this information for 1964 for the

steel industry (SIC 331).

Water use: Volume, bgy

Intake water 4,051
Process water 885
Cooling 3,008
Boiler feed, etc 159

This tabulation indicates that only 22 percent

of the water taken into a steel plant is termed

process water. Representatives of the industry

have indicated that process water may account

for as much as 30 to 40 percent of the total water

intake.

Recycling of water is receiving much attention

from the industry as a method to reduce water

utilization, reduce stream pollution, and minimize

the cost of controlling this pollution. Although in-

dividual plants within the iron and steel industry

have been practicing reuse of water to varying

degrees for some years, the major changes are yet

to come. According to the Census of Manufac-

tures, the gross water used in the industry in 1964

was approximately 5,800 billion gallons. This

gross water use when compared with a water

intake of about 4,000 billion gallons indicates

that 1,800 billion gallons were reused. This quan-
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tity reflects total water reuse not just of process

water. The consumption of water4)y the industry

amounted to approximately 240 billion gallons in

1964. No corresponding calculation may be made
at this time for process water only because no

data on process water discharge are available.

Significant indicators of water quality

The water quality indicators which will be con-

sidered are settleable, suspended, and dissolved

solids, acidity and alkalinity, hardness, pH, chlo-

rides, dissolved oxygen, temperature, oil, and

floating material. In the judgment of the task

force, this short list incudes those process water

qualities that are considered important to the

industry.

The quality of surface waters that are being

utilized by the iron and steel industry varies con-

siderably from plant to plant. Ranges of values for

the selected quality characteristics for existing

supplies are listed in table V-16. The quality of

the water available has been much less important

than the quantity in determining where a steel mill

should be built and even severe limitations on

water availability have not precluded the building

of new mills where the controlling economic

factors were considered favorable.

TABLE V-16. Quality Characteristics of Surface

Waters That Have Been Used by the Iron and
Steel industry (SIC 33)

[Unless otherwise indicated, units are mg/l and values are
maximums. No one water will have all the maximum values

shown.]



TABLE V-17. Quality Requirements of Water at Point of Use for the Iron and Steel Industry

(SIC 33)

[Unless otherwise indicated, units are mg/l and values that normally should not be exceeded
of substances used for internal conditioning.]



food canning industry

(SIC's 2032 and 2033)

Description of industry

Part VI.

food

and liindred products

and leatlier

and leather products

(SIC's 20 and 31)

Nearly 2,000 canneries make up the Nation's

canning industry. These are located in 49 of the

50 States, Puerto Rico, and the Virgin Islands.

These plants produce all of the basic canned foocjs

—vegetables, fruits and fruit juices, milk, meat,

seafoods, soups, and infant foods, as well as nu-

merous specialties and combinations. More than

1,200 different canned items and combinations

are made available from the production of these

canneries. The 1965 pack of canned foods was

more than 765 million cases containing over

27 billion tin and glass containers divided among
these main categories: seasonal vegetables, 227

million cases; fruits, 124 million cases; juices, 114

million cases; milk, 44 million cases; fish, 3 million

cases; canned meat, 46 million cases.

Processes utilizing water

One of the most important operations in com-
mercial canning is thorough cleaning of the raw

foods. The procedures of cleaning vary with the

nature of the food; but all raw foods must be freed

of adhering soil, dried juices, insects, and chemical

residues. This is accomplished by subjecting the

raw foods to high-pressure water sprays while

being conveyed on moving belts or passed through

revolving screens. The product wash water may be

fresh or reclaimed from an in-plant operation, but

it must be of potable quality.

Washed raw products are transported to and

from the various operations by means of belts,

flumes, and pumping systems. This is a major use

of water. Although the fresh water makeup must

be of potable quality, recirculation is practiced to

reduce water intake. Chlorination is used to main-

tain recycled waters in a sanitary condition.

A third major use of water is for rinsing chem-

ically peeled fruits and vegetables to remove excess

peel and caustic residue. Water of potable quality

must be used.

Green vegetables are immersed in hot water

or exposed to live steam in blanching operations

to inactivate enzymes and to wilt leafy vegetables

to facilitate their filling into cans or jars. The
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blanch waters are recirculated, but makeup waters
must be of potable quality. Steam generation,

representing about 15 percent of water intake,

when used for blanching or injection into the prod-
uct must be produced from potable waters, free of
volatile or toxic compounds. Syrup, brine, or water
used as a packing medium must be of high quality
and free of chlorine.

After heat processing, the cans or jars are

cooled with large volumes of potable water. This
water must be chlorinated to prevent spoilage of
the canned foods, by microorganisms in case that

cooling water is aspirated during formation of a
vacuum in the can.

A final significant use of water is for transport-

ing from the cannery, the inedible product, spil-

lage, and trimmings that are discarded as waste.

A flow sheet showing the various uses of water
and origin of waste streams is attached as figure

V-3.

Most fruit and vegetable canning, as opposed to

canning of specialty products, is highly seasonal.

The demand for water may vary 100 fold among
months of the year. The water-demand variation

may be several fold even for plants that pack sub-
stantial quantities of nonseasonal items.

The gross quantities of water used per ton of
product vary widely among products, among can-
neries, and among years in the same cannery. The
proportion of gross water supplied by recirculation

has increased over the years and the trend is ex-
pected to continue. A tendency has been noted to

use more water per ton of product as the propor-
tion of recirculated water increases. The consump-
tive use of water is also expected to increase with
recirculation.

The following tabulation gives the fate of gross
water intake as based on the 1963 census of
manufacturers (7) for canning plants having an
annual water intake of 20 or more million gallons.

Water quantity
Item (bgy)

Intake 48
Reuse 18
Consumption 4
Discharge 44

Percent of
intake quantity

100
37

LIQUID WASTE

Figure V-3 -Uses of water and steam in canning.

A breakdown of the quantities and percentages
of the total water used in the various process oper-
ations based on data from the National Canners
Association is as follows:
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Water quantity
(bgy)

Raw product washing 9.9
Product transport ' 6.6
Product preparation - 6.6
Incorporation in product^ 4.0
Steam and water sterilization

of containers 9.9
Container cooling 23.7
Plant cleanup 5.3

15
10
10
6

15
36

1 Fluming and pumping of raw product.
2 Blanching, heating, and soaking of product.
3 Preparation of syrups and brines which enter the container.

Significant indicators of water quality

Of the 48 billion gallons of water intake for the

two groups (canned and cured seafoods and

canned fruits and vegetables), 24 billion gallons

were drawn from public water supplies and more
than 20 billion gallons from ground sources. Ap-
proximately 4 billion gallons came from surface

water supplies.

The quality of raw surface waters for use in the

food canning industry should be that prescribed

by the NTA Subcommittee on Water Quality

Criteria for Public Water Supplies, in this volume.

Table V-18 has been prepared to indicate the

quality characteristics of raw waters that are now

TABLE V-18. Quality Characteristics of Surface
Waters That Have Been Used by the

Food Canning Industry

[Unless otherwise indicated, u



Water treatment processes Processes utilizing water

Where used by the food canning industry, sur-

face waters will require treatment before use as

process waters. Usually, this treatment involves

coagulation, sedimentation, filtration, and disinfec-

tion. More extensive treatment may be required

for those waters incorporated in the product.

Container cooling waters are routinely treated

by heavy chlorination to render them free of sig-

nificant types of bacteria. Waters used for washing

and transporting raw foods are generally chlori-

nated particularly if all or a portion of the water is

recirculated. In some cases, waters in which vege-

tables are blanched, may require treatment to

reduce hardness.

bottled and canned

soft drinks (SIC 2086)

Description of industry

While essentially local in nature, the soft drink

industry is national in character because it operates

on a franchise system. A soft drink franchise grants

the right to produce and distribute a specific

beverage in a certain area.

There has been a marked reduction in the num-

ber of producing plants—from 5,469 in 1954 with

a production of 1,176,674,000 cases to 3,619 in

1965 with a production of 2,104,282,000 cases.^

It is obvious that numerous small plants have

been discontinued as producing units. This trend is

likely to continue in future years.

^ A case is defined as 24 bottles containing 8 ounces

of beverage. In the above figures, bottles larger or smaller

than 8 ounces have been converted to 8-ounce equiva-

lents. Data obtained from National Soft Drink Associa-

tion, 1128 16th Street, NW, Washington, D.C.

In the production of soft drinks, water is used

not only in the finished product itself but also for

the following purposes

:

—Washing containers.

—Cleaning production equipment.

—Cooling refrigeration and air compressors.

—Plant clean up.

—Truck washing.

—Sanitary purposes (restrooms and showers)

.

—Lawn watering.

—Low-pressure heating boilers.

—Air conditioning.

Water quantity utilized by each process is esti-

mated as:

Intake—approximately 25 bgy.

Recycle—6 bgy.

Consumption—3 bgy.

Discharge—22 bgy.

A comprehensive survey of the quantity of water

intake and reuse has not been made. The 1963

census of manufacturers (7) lists the total water

intake of bottled and canned soft drinks as 6 bil-

lion gallons. However, this quantity is the amount
used by only 1 14 of the largest plants whose water

intake was 20 or more million gallons per year.

This is less than 3 percent of the total number of

plants. The 1963 census does not give the total

quantity of beverage produced by the 114 plants,

so the water usage data cannot be extrapolated to

give an estimate of the total industry usage.

The figure of 25 billion gallons intake is based

upon production of 2.1 billion cases per year and

an average of 12 gallons of water used per case.

The figure of 12 gallons per case came from the

limited data now available.

The 1963 census of manufacturers (7) lists the

gross water usage, including recycle, as 8 billion

gallons and total water intake as 6 billion gallons.

There is no similar data for the entire industry.

However, the reuse of water within the industry has

for some years increased and is still increasing as

the older and smaller plants are replaced by new
and larger plants which use recirculating rather

than once through cooling water equipment, mod-
ern bottle washers which use less water per case

washed than does older equipment, and other

water reuse devices.

The consumption figure of 3 billion gallons is

based upon the water content of the total quantity

of beverage produced in 1965.

The discharge figure of 22 billion gallons is the

difference between the estimated 25 billion gallons

of intake and the 3 billion gallons of product

water.
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Significant indicators of water quality

Water which is mixed with flavoring materials

to produce the final product must be potable. Like-

wise, potable water is needed for washing fillers,

syrup lines, and other product handling equip-

ment. The water used for washing product con-

tainers must also be potable.

Although other water uses do not require po-

tability, it has not been customary to use non-

potable water for any purpose in a soft drink plant.

The water which becomes a part of the final

product must not only be potable, but must also

contain no substances which will alter the taste,

appearance, or shelf life of the beverage. Because

beverages are made from many different syrup

bases, the concentration and type of substances

which affect taste, or other characteristics, are not

the same for all beverages. For this reason a single

standard cannot apply to all types of soft drinks.

This is the conclusion reached by the water treat-

ing committee of the Society of Soft Drink Tech-

nologists after conducting a survey of the water

composition required by the various franchise

companies.

The majority of plants use only water from a

public supply. Some use water from private wells.

None use water directly from surface sources.

Hence, the quality characteristics for intake water

are the same as quality requirements for potable

water.

Uniformity of water composition is most de-

sirable. Control of in-plant processing is difficult

when the composition of the water varies from
day to day. Surface waters which are subject to

heavy biological growths or heavy pollution with

organic chemicals are also difficult to process.

Except for process water, most public water

supplies are suitable without external treatment

for all other usages. Occasionally, cation exchang-

ers are used to soften bottle washing, cooling, and

boiler feed water, but internal conditioning is used

in most plants for scale and corrosion control.

Water treatment processes involved

There are few, if any, public water supplies

which are suitable as product water without any

in-plant processing whatsoever. Almost 100 per-

cent of the bottling plants have a sand filter and an

activated carbon purifier. About 80 percent of the

plants also coagulate and super-chlorinate the

water preceding sand filtration and carbon purifi-

cation. When the total alkalinity of the intake water

is too high, lime is used to precipitate the alkaline

salts.

There are very few bottling plants whose intake

water is so highly mineralized that the brackish

taste affects soft drinks. This is due to several

facts: flavoring components in soft drinks mask

the taste of salts so that many waters which taste

brackish do not alter the taste of soft drinks; towns

with highly mineralized water supplies are avoided

as locations for bottling plants or suitable private

supplies are used.

TABLE V-20. Quality Requirements of Water at

Point of Use by the Soft Drink Industry

(SIC 2086)
[Unless otherwise indicated, units are mg/l and values that
normally should not be exceeded. Quality of water prior to the

addition of substances used for interna! conditioning.]

Characteristic

Alkalinity (CaCOs) 85
pH, units C)
Hardness

(CaCO,,) O
Chlorides (CI) 500 =

Sulfates (SO.) 500 =

Iron (Fe) 0.3
Manganese (Mn). 0.05

Characteristic

Fluoride (F) C)
Total dissolved

solids C)
Organics, CCE — 0.2'

Conform bacteria- C)
Color, units 10'
Taste C- =)

Odor C' =)

1 Controlled by treatment for other constituents.
- If present with equivalent quantities of Mg and Ca as sul-

fates and chlorides, the permissible limit may be somewhat
below 500 mg/l.

' Not greater than USPHS Drinking Water Standards.
' In general, public water supplies are coagulated, chlori-

nated, and filtered through sand and granular activated carbon
to insure very low organic content and freedom from taste and
odor.

^Zero, not detectable by test.

NOTE.—Application of the above values should be based on
Part 23, ASTM book of standprds (1), or APHA Standard
methods for the examination of water and wastewater (5).
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Significant indicators of water quality

The chemical composition of the water is im-

portant in producing high quaUty leather. For
some processes, such as the finishing of leather,

distilled or demineralized water is best. The
microbiological content of the water is equally

important, but this can be controlled by use of

disinfectants. The quality requirements at point

of use are shown in table V-21.

tanning industry

(SIC 3111)

Water treatment processes

Most tanning and leather product industries are

located in urban areas and use public water sup-

plies or ground water. A few tanneries use surface

supplies. Such waters are usually chlorinated.

They may also need additional treatment, such as

clarification and iron and manganese removal.

A limited volume of water, whether from the

public water supply or company-owned systems,

may be softened, distilled, or demineralized.

Description of industry

The tanning-leather industry is many industries

as each type of leather constitutes a different

process. Basically there are only three or four

types of tannage (vegetable, mineral, combination

of vegetable-mineral, and syntans) but many
finishing processes.

Processes utilizing water

Water is used in all processes of storage, sorting,

trimming, soaking, green fleshing, unhairing,

neutralizing, bating, pickling, tanning, retanning,

fat-liquoring, drying and finishing of the hides.

It is an essential factor in each process. The chemi-

cal composition of the water is considered critical

in obtaining the desired quality of leather. For this

and other reasons there is little reuse of water in

the tanning industry.

The following tabulation gives data on water

utilization by the leather tanning and finishing in-

dustry as reported in the 1963 census of manu-
facturers (7).

Water use: Water quantity,
bgy

Intake 15.
Reuse Negligible.
Consumption do.

TABLE V-21. Quality Requirements of Water
at Point of Use by the Leather Tanning and

Finishing Industry (SIC 3111)
[Unless otherwise indicated, units are mg/i and values that
normally should not be exceeded. Quality of water prior to the

addition of substances used for internal conditioning.]

Characteristic

General
finishing
processes Coloring

Alkalinity (CaCO^) O
pH, units 6.0-8.0
Hardness (CaCO-,) 150
Calcium (Ca) 60
Chloride (CI) 250
Sulfate (SO.) 250
Iron (Fe) 50
Manganese (Mn) ('')

Organics: Carbon
chloroform extract (°)

Color, units 5
Coliform bacteria (°)

Turbidity (')

C)



Part VII.

cement industry

(SIC 3241)

TABLE V-22. Quality Characteristics of Surface
Waters That Have Been Used by the Hydraulic

Cement Industry (SIC 3241)
[Unless otherwise indicated, units are mg/l and values are
maximums. No one water will have all the maximum values

shown.]
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ABS see Alkylbenzene sulfonates

Absorption see Foliar absorption

Acidic soils

humid areas, p. 174

humid climates, p. 172

supplemental irrigation, p. 174

Acidity

alkalinity—pH recommendation, p. 40
irrigation water, p. 155

Acrolein

irrigation water, p. 158

Activated carbon
water purification, p. 129

Adsorption
oil, p. 72
soil chemical properties, p. 173

see also Sodium adsorption ratio

Aeration

supplemental irrigation, p. 175

water purification, p. 128, 129

water treatment, p. 128, 129

Aesthetics

national goal, p. 5

surface waters, p. 3

water quality, p. 3

water quality recommendations, p. 5, 6

Aldrin

toxicity, p. 37, 83

Algae
beneficial role, p. 51

bioassay, p. 57

chemical composition, p. 55
fresh water, p. 51

mortality effects, p. 52

nutrients, p. 51

photosynthetic affect, p. 53

recommendation on nuisance growth, p. 56
species description, p. 51

stock water, p. 137

toxins, p. 53

see also Phaeophyta
Algal control

heavy metals, p. 61

Algal poisoning

stock water, p. 137

Algal toxins, p. 52

Algicides

fresh water recommendation, p. 63

median tolerance limit, p. 64

Alkaline soils

humid areas, p. 174

supplemental irrigation, p. 174

Alkalinity

acidity—pH recommendation, p. 40
irrigation water, p. 155

public water supplies, p. 22
waterfowl, p. 94

Alkalinity (Cont'd)

wildlife, p. 38

Alkylbenzene sulfonates

effect on aquatic life, p. 65

fresh water, p. 35

median tolerance limit, p. 65

toxicity, p. 65

see also Methylene blue active substances

Aluminum
phytotoxicity, p. 152

Amitrole-T
irrigation water, p. 755

Ammonia
chlorine reaction, p. 22

fresh water bioassay, p. 65

pollutants, p. 22

public water supplies, p. 22

toxicity—fresh water, p. 65

toxicity—sea water, p. 88

water pollution, p. 22

Anabaena, p. 137

chemical composition, p. 55

Anacyslis, p. 137

Anadromous fish

spawning migration, p. 3

1

Anaerobic conditions

sea water, p. 77

Animal diseases

livestock, p. 132, 133

waterborne, p. 132

wildlife, p. 98

Animal parasites

flukes, p. 141, 142

livestock, p. 141

water pollution sources, p. 141

Animal wastes (wildlife)

fecal coliforms, p. 12

fecal streptococci, p. 12

primary contact recreation waters, p. 12

Aphanizomenon, p. 137

chemical composition, p. 55

Application methods
irrigation water, p. 169, 170

Aquatic algae

nutrients, p. 51

Aquatic environment
monitoring problems, p. 82

pesticides, p. 82

radioisotopes, p. 49

Aquatic habitats

nuisance growth, p. 51

water temperature, p. 42

see also Waterfowl

Aquatic life

acidity, alkalinity and pH recommendation, p. 40

biochemical oxygen demand, p. 57

carbon dioxide, p. 44
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Aquatic life (Cont'd)

chemical oxygen demand, p. 57

cold water fish, p. 33

currents, p. 35

dissolved oxygen—fresh water, p. 33

dissolved solids recommendation, p. 40
floating materials, p. 48

fresh water pH alkalinity, acidity, p. 32

fresh water temperature effects, p. 32
introduction to Subcommittee report, p. 29

marine and estuarine, p. 35

radioactive wastes, p. 49

salinity, p. 35

spawning migration, p. 31

Subcommittee report, p. 28-110
summary of recommendations, p. 32

toxic substances, p. 56

turbidity, p. 47

warm water fish, p. 32
zones of passage, p. 31

Aquatic plants

emersed plants and nutrients, p. 52
floating plants and nutrients, p. 53

light penetration, p. 96
marginal plants and nutrients, p. 52

nuisance organisms and nutrients, p. 51

nutrients and nuisance organisms, p. 78
recommendation on nuisance growth, p. 56

rooted plants and nutrients, p. 53

salinity fluctuation effects, p. 95
submerged plants and nutrients, p. 52

Aquatic weeds
nuisance growth, p. 53

nutrients, p. 53

Arid climates, p. 167

Arid lands

humid areas, p. 172

soil chemical properties, p. 173

Arkansas River Basin

dissolved solids, p. 168

Arsenicals (pesticides)

toxicity, p. 37

toxicity—livestock, p. 135

Arsenic compounds
phytotoxicity, p. 152

toxicity—sea water, p. 85-86

Ascaris

irrigation water, p. 161, 162

Aspergillosis

prevention, p. 38

Asterionella

phosphorus, p. 55

Bacillary hemoglobinuria

epidemiology, p. 139

waterborne diseases, p. 139

water pollution effects, p. 139

Bacillus anthracis, p. 139

Back Bay, Va.

silts, p. 96

Bacteria

farmstead water supplies—nonpathogenic, p. 123

fresh water, p. 5

1

nuisance-type growth, p. 51

Sphaerotilus, p. 51

stock water, p. 138

see also Psychrophilic bacteria

Barriers

zones of passage, p. 3

1

Benthic flora

ecosystem indicator, p. 54
nutrients, p. 54

Beryllium

phytotoxicity, p. 153

BHC
toxicity, p. 37, 83

Bicarbonates

alkalinity—waterfowl habitat, p. 94
phytotoxicity, p. 156

Bioassay

algae, p. 57

dissolved solids, p. 40
industrial wastes, p. 37

oils, p. 46
seawater, p. 80
toxicity, p. 35, 58

waste treatment, p. 37
Biochemical oxygen demand (BOD)

aquatic life, p. 57

farm wastes, p. 132

irrigation water, p. 118, 166

pulp wastes, p. 90
Sphaerotilus, p. 5

1

supplemental irrigation, p. 175

Biodegradation

application factor, p. 37

Bioindicators

fish, p. 115

stock water, p. 115, 131, 131

Biological magnification

water pollution, p. 81

Biological terms see Glossary

Boating

recreation, p. 8

waste water (pollution), p. 91

BOD see Biochemical oxygen demand
Boiler feed water, p. 191

demineralization, p. 193

heat exchanger, p. 192

industrial water, p. 187, 188, 188, 194
separation techniques, p. 193

water consumption, p. 191, 192

water properties, p. 189, 190, 194

water quality, p. 191, 194

water purification, p. 193

water softening, p. 193

water treatment, p. 193

Boilers, p. 191

BOR see Bureau of Outdoor Recreation

Boron
phytotoxicity, p. 153, 153

public water supplies, p. 23

Botanicals

toxicity, p. 37

Botulism

waterfowl, p. 93

wildlife transmission prevention, p. 38

Brackish water

color, p. 75

cooling water, p. 193

Brown algae see Phaeophyta

Bureau of Outdoor Recreation

recreation, p. 7, 8

Cadmium
phytotoxicity, p. 153

toxicity—fresh water, p. 61

toxicity—sea water, p. 86
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Calcium carbonate

cause of acidity, p. 41

hardness (water), p. 41

California river systems

dissolved solids, p. 168

Canneries
chlorination, p. 210, 21

1

food cleaning, p. 208
surface waters, p. 210
waste water (pollution), p. 209
water consumption, p. 209, 210
water properties, p. 210
water purification p. 21

1

water quality requirements, p. 210
water utilization, p. 208, 209

Canning, p. 208, 209

Carassius carassius

oil, p. 45
Carbamate pesticides

toxicity, p. 37

Carbonated beverage industry

food industry, p. 21

1

potable water, p. 212
water consumption, p. 211

water properties, p. 212
water quality requirements, p. 212
water treatment, p. 212
water utilization, p. 211

Carbon chloroform extract

farmstead water supplies, p. 124

public water supplies, p. 24, 25

Carbon dioxide

aquatic life, p. 44
excess of "free", p. 44
fresh water, p. 33

marine and estuarine organisms, p. 68

recommendations, p. 45

respiratory effects, p. 44
temperature and oxygen relationship, p. 45

Carcinogenic substances

oil polluted waters, p. 73

Carnivores

pesticide residues, p. 8

1

Catadromous fish

spawning migration, p. 31

Cattle

saline water tolerance, p. 134
CCE see Carbon chloroform extract

Cement industry

surface waters, p. 214
water properties, p. 214
water quality requirements, p. 214
water utilization, p. 214

Chara
chemical composition, p. 55

Chemical industry

industrial water, p. 187
surface waters, p. 201

water consumption, p. 188, 201
water properties, p. 207
water purification, p. 200
water quality requirements, p. 200
water treatment, p. 200

water utilization, p. 200

Chemical oxygen demand (COD)
aquatic life, p. 57

irrigation water, p. 166

pulp wastes, p. 90

Chlordane

toxicity, p. 37, 83

Chlorides

irrigation water, p. 117

phytotoxicity, p. 155

Chlorinated hydrocarbon pesticides

farmstead water supplies, p. 125
fresh water recommendation, p. 63
public water supplies, p. 25
toxicity, p. 37

Chlorination

canneries, p. 210, 211
farmstead water supplies, p. 127
water purification, p. 127, 128

water treatment, p. 18, 127, 128, 129
Chlorine

ammonia reaction, p. 22
psychrophilic bacteria, p. 123

Chromium
phytotoxicity, p. 153

toxicity of hexavalent-fresh water, p. 61

toxicity—sea water, p. 86
Cladophora

chemical composition, p. 55
Climate

irrigation efficiency, p. 145
Clostridia, p. 140
Coal, p. 205

Cobalt
phytotoxicity, p. 153

COD see Chemical oxygen demand
Coke, p. 205
Cold water fish, p. 33

dissolved oxygen, p. 33, 43, 44
water temperature, p. 43

Coliforms

dairy sanitation requirements, p. 125, 126
irrigation water, p. 118

public water supplies, p. 20, 21, 22
shellfish, p. 37

waste waster (pollution), p. 92
see also Fecal coliforms

Color
brackish water, p. 75

determination, p. 48
dissolved oxygen, p. 48
farmstead water supplies, p. 116, 124
fresh water, p. 34, 48
light intensity, p. 48
origin and definition, p. 48
photosynthetic oxygen, p. 48
public water supplies, p. 20, 21

recommendation, p. 48
restriction on light penetration reducers, p. 48
sea water, p. 74
spectroradiometer, p. 76
tainting substances, p. 77
see also Oil

Colorado River Basin

dissolved solids, p. 168
Columbia River Basin

dissolved solids, p. 168

Consumptive use

irrigation water, p. 169, 170

Cooling water, p. 191

brackish water, p. 193

demineralization, p. 193

fresh water, p. 193

heat exchangers, p. 192

industrial water, p. 187, 188, 188, 194

recirculated water, p. 191, 193

separation techniques, p. 193
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Cooling water (Cont'd)

water consumption, p. 192, 193
water properties, p. 759, 194
water purification, p. 193
water quality, p. 191, 194
water softening, p. 193
water treatment, p. 193

Copper
farmstead water supplies, p. 123

phytotoxicity, p. 153

tainting substances, p. 77

toxicity—fresh water, p. 60
toxicity—sea water, p. 87

Copper compounds
sulfate concentration—irrigation water, p. 158

Coumaphos
toxicity, p. 37

Crop injury levels of herbicides

irrigation water, p. 118

Crops
irrigation effects, p. 144

salt tolerance, p. 148, 150
Crude oil see Oil

Crustaceans

pesticides, p. 82

Currents

aquatic life, p. 35

marine and estuarine organisms, p. 35, 68

Currituck Sound, N.C.
silts, p. 96

Cyanides

fresh water bioassay, p. 65
toxicity—fresh water, p. 65
toxicity—sea water, p. 88

Cyanophyta
livestock poisoning, p. 137

Cyclops
Nematodes, p. 142

2,4-D

irrigation water, p. 157, 159
Dairy products

water quality for cooling, p. 120
Dairy sanitation requirements

conforms, p. 125, 126

farmstead water supplies, p. 116, 120, 121

hydrogen ion concentration, p. 124

Pasteurized Milk Ordinance, USPHS, p. 120

water quality criteria, p. 120, 121

Dalapon
irrigation water, p. 158

Daphnia magna
pH, p. 41,61,62, 64

Daphnia pulex, 61, 62, 64
DDT

irrigation water, p. 156

residues and wildlife, p. 97
toxicity, p. 37, 83

Deep wells

irrigation wells, p. 113

Definitions see Glossary

Defoliants

fresh water recommendation, p. 63

median tolerance limit, p. 64

Degradables see Alkylbenzene

sulfonates; Linear alkylate sulfonates

Demineralization

boiler feed water, p. 193

cooling water, p. 193

water treatment, p. 206

Detergents

permissible levels, p. 37
toxicity, p. 65, 88

Dichlobenil

irrigation water, p. 159
Dieldrin

toxicity, p. 37, 83

Dimethylamines
irrigation water, p. 159

Diquat
irrigation water, p. 158

Diseases see Animal diseases

Dissolved oxygen
botulism, p. 93

cold water fish, p. 33, 43, 44
color, p. 48

fish reproduction, p. 43

fresh water, p. 33

hypolimnion, p. 33, 44
irrigation water, p. 118

lakes, p. 44
marine and estuarine organisms, p. 36, 70
public water supplies, p. 23

recommendations, p. 44
reduction effects, p. 43

requirements by category, p. 43
salmonids, p. 44
streams, p. 44
tolerance variables, p. 44
warm water fish, p. 33, 43, 44
waterfowl, p. 93

wildlife, p. 38

Dissolved solids

Arkansas River Basin, p. 168
bioassay, p. 40
California river systems, p. 168
Colorado River Basin, p. 168
Columbia River Basin, p. 168
concentrations, p. 39

farmstead water supplies, p. 116, 124

fresh water, p. 39, 40
Gulf of Mexico Western Basins, p. 168
Pecos River Basin, p. 168
Platte River, p. 168
Red River Basin, p. 168
Rio Grande, p. 168
stock water, p. 117
toxicity synergism, p. 40
Upper Missouri River Basin, p. 168

Diuron
irrigation water, p. 158

DO see Dissolved oxygen
Domestic water

farms, p. 119

farmstead water supplies, p. 119

water quality, p. 119

Dranunculus
nematodes, p. 142

Drinking Water Standards—USPHS, p. 119, 163

methylene blue active substances, p. 25

public water supplies, p. 19, 20, 21, 22, 23

radioisotopes, p. 50

treatment facilities, p. 19

Dursban
toxicity, p. 37

ECHO viruses

water pollution sources, p. 141

Ecosystems

benthic flora, p. 54
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Effluents

laboratories, p. 92
marine and estuarine, p. 37

oil refinery, p. 46
titanium, p. 76

Electric power industry

industrial water, p. 188, 188

water consumption, p. 188

Endosulfan
toxicity, p. 37, 83

Endothall Na and K salts

irrigation water, p. 159

Endrin
toxicity, p. 37, 83

Entamoeba coli

irrigation water, p. 161

Enteric cytopathic human orphan viruses

see ECHO viruses

Epilimnion

water temperature, p. 43

ESP see Exchangeable sodium percentage

Estuaries

floating materials, p. 76

pesticides, p. 82

plant nutrients and nuisance organisms, p. 77-80

sediments, p. 76
water pollution sources, p. 67

Estuarine organisms see Marine and estuarine organisms

Euglena
chemical composition, p. 55

European Inland Fisheries Advisory Commission
sediments, p. 47

Eutrophication

nutrients, p. 51

Evapotranspiration

humid areas, p. 173

plant growth, p. 148

saline soils, p. 148

soil water movement, p. 145, 148

Exchangeable sodium percentage soils, p. 164

Eye irritation

swimming, p. 15

Farm ponds
farmstead water sources, p. 121

water quality, p. 122

Farms
domestic water, p. 1 19

Farmstead water sources

farm ponds, p. 121

groundwater, p. 122
precipitation (atmospheric), p. 121

Farmstead water supplies

bacteria, nonpathogenic, p. 123

carbon chloroform extractable substances, p. 124
chlorinated hydrocarbon pesticides, p. 125
chlorination, p. 127

coliforms, p. 125

color, p. 116, 124

copper, p. 123

dairy sanitation requirements, p. 120, 121

dissolved solids, p. 116, 124

domestic water, p. 119

hardness (water), p. 121, 122

hydrogen ion concentration, p. 124

iron, p. 123

manganese, p. 123

microorganisms, p. 116, 125

odor, p. 124

organic pesticides concentration, p. 116, 124

Farmstead water supplies (Cont'd)

psychrophilic bacteria, p. 123

radioisotopes, p. 116, 125

taste, p. 116, 124

trace elements, p. 116, 125, 725
turbidity, p. i7(5, 121

water analysis, p. 126

water pollution sources, p. 122
water quality, p. 113

water quality control, p. 114, 126

water quality criteria, p. 116
water sources, p. 121

water treatment, p. 121, 122, 127
Farm wastes

biochemical oxygen demand, p. 132

Fasciola hepatica

irrigation water, p. 162

Fecal coliform monitoring criteria

secondary contact recreation waters, p. 9, 10
surface waters, p. 3, 9, 12

Fecal coliforms

animal wastes, p. 12

Phelps Index, p. 22
primary contact recreation waters, p. 4, 12, 13

public water supplies, p. 20, 21, 22
secondary contact recreation waters, p. 8, 9, 10

see also Coliforms
Fecal streptococci

animal wastes, p. 12

Federal Radiation Council
Radiation Protection Guides, p. 51

Federal Water Pollution Control Act
Water Quality Act of 1965, p. vi, 6

Fenoc
irrigation water, p. 159

Fenthion

toxicity, p. 37

Fiber scouring—textiles

water quality, p. 196

Field crops

salt tolerance, p. 149, 150
Filtration

water purification, p. 128

water treatment, p. 18

Fish

bioindicators, p. 115

stock water, p. 131, 131

see also Anadromous fish; Catadromous fish; Cold
water fish; Fresh water fish; Warm water fish

Fishing

recreation, p. 8

Fish migration

water temperature, p. 69

Fish reproduction

dissolved oxygen, p. 43

Fish and wildlife see Wildlife

Flavor see Taste

Floating materials

aquatic life, p. 48

estuaries, p. 76

exclusion from streams and lakes, p. 48

sea water, p. 76

spawning, p. 48

Floating plants

navigational threat, p. 53

nuisance growth, p. 52
nutrients, p. 52

Flukes

animal parasites, p. 141, 142

221



Fluorides

industrial wastes, p. 37

phytotoxicity, p. 154

public water supplies, p. 23, 23
toxicity—sea water, p. 88

Foliar absorption

irrigation water, p. 172

Food cleaning

canneries, p. 208
Food industry

carbonated beverage industry, p. 211

industrial water, p. 187

water consumption, p. 188

water quality requirements, p. 210
water utilization, p. 208

see also Canneries; Carbonated beverage industry

Foods
waterfowl, p. 94

Forages

salt tolerance, p. 149, 150
Fowl cholera

transmission prevention, p. 38

Fresh water

algae, p. 51

alkylbenzene sulfonates, p. 35

bacteria, p. 51

bioassay and application factor recommendation, p. 59
carbon dioxide, p. 33

color, p. 34, 48
cooling water, p. 193
dissolved materials, p. 32

dissolved oxygen, p. 33

dissolved solids, p. 39

heavy metals, p. 59

hydrogen ion concentration, p. 32

light penetration, p. 34

linear alkylate sulfonates, p. 35

nuisance algae and plant nutrients, p. 34-35

oil, p. 33

pesticides toxicity, p. 35

radioactive wastes, p. 49

sediments, p. 34
tainting prohibition, p. 34

tainting substances, p. 48
temperature effects on organisms, p. 32

toxicity, p. 34

turbidity, p. 34

waste concentration recommendation, p. 59
water quality, p. 39-66

Fresh water fish

oil, p. 46
sediments, p. 47

tainting substances, p. 48
water temperature, p. 32, 43

see also Fish

Fruit crops

chloride concentration in soil solution, p. 156

salt tolerance, p. 150
Fungicides

fresh water recommendation, p. 64
median tolerance limit, p. 64

Garbage dumps
sea water, p. 76

Gas chromatography
water analysis, p. 178, 179

Germination

prevention through growth of planktonic algae, p. 51

Giant Spirogyra

chemical composition, p. 55

Glossary

water and waste water control, p. 107-110

Groundwater
farmstead water sources, p. 121

irrigation practices, p. 112, 113

water quality, p. 122
Growth inhibitors

heavy metals, p. 60
Growth stages—plants

salt tolerance, p. 150, 151

Gulf of Mexico Western Basins

dissolved solids, p. 168
Gyinnodinium, p. 137

Habitat

waterfowl requirements, p. 38

Hardness (water)

ambiguity, p. 41

calcium carbonate, p. 41

causes, p. 41

farmstead water supplies p. 121, 122

public water supplies, p. 23
Heat exchangers

boiler feed water, p. 192
cooling water, p. 192
water properties, p. 192

water quality, p. 192

Heat treatment

water purification, p. 128

water treatment, p. 128

Heavy metals

algal control, p. 61

calcium-magnesium influence, p. 60
copper—freshwater, p. 60
fresh water, p. 59

mode of toxic action, p. 85

phaeophyta, p. 84

plankton, p. 84

sea water, p. 84

temperature influence on toxicity, p. 60
toxicity—sea water, p. 84

uptake by invertebrates, p. 84

zinc—fresh water, p. 59

Helminth transmission

irrigation water, p. 162

Heptachlor

toxicity, p. 37, 83

Herbicides

fresh water recommendation, p. 63

irrigation water, p. 118, 118, 156, 158
median tolerance limit, p. 64
residues—public water supplies, p. 25

stock water, p. 137, 138

Herbivores

pesticide residues, p. 81

Hogs
saline water tolerance, p. 134

Horsehair worms
nematodes, p. 142

Horses
saline water tolerance, p. 134

Humid areas

arid lands, p. 172

evapotranspiration, p. 172 '

irrigation water quality criteria, p. 172

salinity, p. 173

soil chemical properties, p. 173

Humid climates

acidic soils, p. 172

irrigation water quality, p. 171
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Humid climates (Cont'd)

precipitation (atmospheric), p. 171

root zone, p. 172

soils, p. 172

sprinkler irrigation, p. 172

supplemental irrigation, p. 172

Hydrocarbons
tainting substances, p. 48

Hydrodictyon
chemical composition, p. 55

Hydrogen ion concentration

alkalinity—acidity recommendation, p. 40

dairy sanitation requirements, p. 124

farmstead water supplies, p. 124

fresh water, p. 32

human tears, p. 15, 16

irrigation water, p. 1 18

level non-irritating to human eye, p. 16

marine and estuarine organisms, p. 36, 68

primary contact recreation waters, p. 4, 13

public water supplies, p. 23

waterfowl, p. 94

wildlife, p. 38

Hypolimnion
dissolved oxygen, p. 33, 44
iron vs. sulfate or manganese oxide level, p. 34

Industrial and other wastes

toxicity, p. 37

Industrial plants

water quality requirements, p. 207
water supply, p. 206
water treatment, p. 206
see also Canneries; Carbonated beverage industry; Pulp

and paper industry

Industrial wastes

bioassay, p. 37

fluorides, p. 37

marine and estuarine waters, p. 37

safe concentration levels, p. 37

sewage effluents prohibition, p. 37

Industrial water

boiler feed water, p. 757, 188, 188, 194

chemical industry, p. 187
cooling water, p. 187, 188, 188, 194
electric power industry, p. 188, 188

food industry, p. 187
leather industry, p. 188, 213
lumbering, p. 187
metals industry, p. 187
oil industry, p. 187
pulp and paper industry, p. 187
textile industry, p. 187, 187
water quality, p. 187, 759, 190, 194
water treatment, p. 193

Industrial water quality

thermal powerplants, p. 792
Inorganic compounds

public water supplies, p. 20
stock water, p. 134, 135

Insecticides

fresh water recommendation, p. 62
median tolerance limit, p. 62

stock water, p. 138

Ion adsorption

soils, p. 164

Iron

coating gills of minnows, etc., p. 76
farmstead water supplies, p. 123

phytotoxicity, p. 154

Iron (Cont'd)

water purification, p. 128

Irrigated lands

soil types, p. 152

soil-water-plant relationships, p. 144, 145
Irrigation

river systems, p. 168

water quality control, p. 144
Irrigation effects

crops, p. 144

osmotic pressure, p. 147

permeability, p. 170

phytotoxicity, p. 151, 152

plant growth, p. 146, 147

plant morphology, p. 146

plants, p. 145

soil properties, p. 147

Irrigation practices, p. 112

leaching requirement, p. 169

subsurface waters, p. 112, 113

Irrigation water

acidity, p. 155

Acrolein, p. 158
alkalinity, p. 155

aluminum, p. 152

Amitrole-T, p. 158
application methods, p. 169, 170
arsenic, p. 1 52
beryllium, p. 152

biochemical oxygen demand, p. 118

boron, p. 152

cadmium, p. 152

chlorides, p. 117

chromium, p. 152

climate and salinity, p. 115

conforms, p. 1 1

8

consumptive use, p. 169, 170

copper sulfate, p. 75S
crop injury levels of herbicides, p. 77S

2,4-D, p. 157,759
Dalapon, p. 75S

DDT, p. 156

Dichlobenil, p. 759
dimethylamines, p. 759
Diquat, p. 75S
dissolved oxygen, p. 118

Diuron, p. 158
Endothall Na and K salts, p. 759
Fasciola hepatica, p. 162

Fenoc, p. 759
foliar absorption, p. 172

helminth transmission, p. 162

herbicides, p. 118, 775, 156, 755
leaching fraction formula, p. 169
leaching requirement, p. 169

Monuron, p. 759
nematodes, p. 160

pesticides, p. 156

pH, p. 118

Pichloram, p. 759

plant growth, p. 146, 147

plant growth substances, p. 172, 173

radioisotopes, p. 117, 163

residual sodium carbonate, p. 170

return flow, p. 168

salinity, p. 113, 115, 777, 145, 147, 148, 169

salinity for supplemental irrigation, p. 174
SAR value and soil ESP value, p. 765

schistosomiasis, p. 162

sediment load, p. 171
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Irrigation water (Cont'd)

sewage bacteria, p. 162

Silvex, p. ]59
sodium adsorption ratio, p. 1 15

suspended load, p. 118, 163, 166, 171

2,4,5-T, p. 157

trace elements, p. 117

trace element tolerances, p. 152

tuberculosis bacilli, p. 162

viruses, p. 162

water management (applied), p. 113, 176, 177

water pollution, p. 163

water quality control, p. 145, 176

water quality criteria, p. 115, 145, 146

water temperature, p. 118, 157

water treatment, p. 176

xylene, p. 158

Irrigation water quality

humid areas, p. 172

humid climates, p. 171

salinity, p. 170

total dissolved solids, p. 170

Irrigation wells

deep wells, p. 113

Jackson turbidity units, p. 46

turbidity, p. 21

Kraft and sulfite wastes see Pulp wastes

Lacrimal fluid see Tears

Laboratories

effluents, p. 92
waste water (pollution), p. 91

Lakes
algae chemical composition, p. 55

dissolved oxygen, p. 44
floating materials exclusion, p. 48

iron, manganese and phosphorus levels, p. 34

nuisance growth prevention, p. 34

sediments, p. 47
turbidity, p. 47

water temperature, p. 43

Land and Water Conservation Fund Act of 1965, p.

Langelier index

permeability, p. 170, 171

LAS see Linear alkylate sulfonates

Leaching
fraction formulae, p. 169

irrigation practices, p. 169

irrigation water, p. 169

Lead
phytotoxicity, p. 154

poisoning—waterfowl, p. 18

toxicity—sea water, p. 88

Leather industry

water consumption, p. 188
water properties, p. 213
water quality requirements, p. 213
water treatment, p. 213
water utilization, p. 213

Lepomis machrochirus

oil toxicity, p. 46

Leptospira canicola, p. 140

Leptospira pomona, p. 140

Leptospirosis, p. 139, 140

Light intensity

color, p. 48

Light penetration

aquatic plants, p. 96

Light penetration (Cont'd)

fresh water, p. 34

photosynthetic production of oxygen, p. 48
turbidity, p. 47
wildlife, p. 38, 96

Lindane
toxicity, p. 37, 83

Linear alkylate sulfonates

fresh water, p. 35

median tolerance limit, p. 63

toxicity, p. 63

Lithium
phytotoxicity, p. 154

Livestock

animal parasites, p. 141

arsenic toxic dose ranges, p. 135

saline water tolerance, p. 133, 134

water pollution effects, p. 132, 133

see also Stock water

Livestock water see Stock water

Lower Colorado River

salinity, p. 96

Lumbering
industrial water, p. 187
surface waters, p. 197

water consumption, p. 188

water quality, p. 197, 797
water utilization, p. 197

Lyngbya
chemical composition, p. 55

Manganese
farmstead water supplies, p. 123

lake hypolimnion limits, p. 34

phytotoxicity, p. 154

water purification, p. 128

Marine animals see Marine and estuarine organisms

Marine and estuarine organisms

carbon dioxide, p. 68

color, p. 75

currents, p. 35, 68

dissolved oxygen, p. 36, 70

DO concentration recommendation, p. 70
fish, p. 67, 69, 77, 82

floating materials, p. 76

hydrogen ion concentration, p. 36, 68

nuisance algae, p. 36, 79

nutrients, p. 77-80

oil, p. 36, 70-74

pulp wastes, p. 89-91

radioisotopes, p. 34, 36

salinity, p. 35, 67

sediments, p. 36, 76

tainting prohibition, p. 36

tainting substances, p. 77

toxicity, p. 80

turbidity, p. 36, 74

waste water (pollution), p. 82-92

water pollution, p. 67

water quality p. 66-92

water temperature, p. 35, 68-70

see also Fish

Marine and estuarine waters

recreation, p. 14

Marine fish see Fish; Marine and estuarine organisms

Marine microorganisms see Marine and estuarine organ-

isms

Marsh management
waterfowl, p. 95
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Matric suction

plant growth, p. 147

Median tolerance limit

algicides, p. 64

alkylbenzene sulfonates, p. 65

defoliants, p. 64
fungicides, p. 64

herbicides, p. 64
insecticides, p. 62

toxicity reporting system, p. 56

Mercury compounds
toxicity—sea water, p. 87

Metals industry

industrial water, p. 187

water consumption, p. 188, 204
water utilization, p. 204

Methoxychlor
toxicity, p. 37, 83

Methylene blue active substances

Drinking Water Standards, USPHS, p. 25

public water supplies, p. 25

Microcystis

chemical composition, p. 55

Microorganisms
farmstead water supplies, p. 116, 125

pathogenic organisms, p. 89

sea water, p. 89

shellfish, p. 89

stock water, p. 117, 118

Milk
psychrophilic bacteria, p. 123

water cooling, p. 120, 121

Milk-handling equipment
water quality for cleaning, p. 120

MoUusks
oil, p. 71

Molybdenum
phytotoxicity, p. 154

Monuron
irrigation water, p. 159

Mougeotis
chemical composition, p. 55

MS see Matric suction

Naled
toxicity, p. 37

Naphthenic acid

toxicity, p. 46

National goal

aesthetics—water quality, p. 5

National Technical Advisory Committee on Water
Quality Criteria establishment, p. vi

National Technical Advisory Subcommittee for Water
Quality Requirements for Industrial Water Supplies,

p. 186

National Technical Advisory Subcommittee on Public

Water Supplies, p. 18

National Technical Advisory Subcommittee for Recrea-

tion and Aesthetics recommendations, p. 3

Navigation

nuisance growth danger, p. 53

Nematodes
Cyclops, p. 142

Dranunculus, p. 142

Horsehair worms, p. 142

irrigation water, p. 160

Strongyloides, p. 142

water pollution sources, p. 142

Neutralization

water purification, p. 128

Neutralization (Cont'd)

water treatment, p. 128

Nickel

phytotoxicity, p. 154

toxicity—sea water, p. 88

Nitella

chemical composition, p. 55

Nitrogen

major sources, p. 53

phosphorus ratio, p. 53

Nuisance algae

marine and estuarine organisms, p. 79

nutrients, p. 51

plant nutrient control—fresh water, p. 34

plant nutrient control—marine and estuarine waters,

p. 36

recommendation, p. 56

wildlife, p. 97

Nutrient requirements

plant growth, p. 151, 155

Nutrients

algae, p. 51

aquatic algae, p. 51

aquatic plants and nuisance organisms, p. 77

aquatic weeds, p. 53

Benthic flora, p. 54
efi^ect of increases or imbalances on algae flora, p. 54
eutrophication, p. 5

1

floating plants, p. 52

imbalance effects—sea water, p. 79
marine and estuarine organisms, p. 77-80

nuisance algae, p. 51

plankton, p. 51

rooted aquatic plants, p. 52

scum, p. 51

submerged plants, p. 53

Odor
farmstead water supplies, p. 124

public water supplies, p. 20, 21

tainting substances, p. 48, 77

Odor-producing algae

water purification, p. 129

Oedogonium
chemical composition, p. 55

Oil

adsorption, p. 72

aquatic life, p. 45

bioassay, p. 46
Carassius carassius, p. 45

carcinogenic substances in polluted waters, p. 73

color as volume indicator, p. 71-72

crude oil toxicity, p. 72-73

Detroit River, p. 45

effect on aquatic life—small cove, p. 71

fresh water, p. 33, 38

fresh water fish, p. 46

marine and estuarine organisms, p. 36, 70-74

mollusks, p. 71

oysters, p. 73

public water supplies, p. 25

receiving water recommendation, p. 46
sea water pollution sampling, p. 73-74

sewage synergism, p. 71

slick spreading prevention, p. 72

source of pollution, p. 45

spillage from wrecked tankers, p. 70-71

toxicity, p. 45, 71, 72

waterfowl, p. 38, 45

water pollution sources, p. 70-74
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Oil (Cont'd)

wildlife, p. 96
Oil industry

condensers, p. 203
industrial water, p. 187
refining, p. 202
surface waters, p. 203, 206
water consumption, p. 188, 202
water properties, p. 203
water quality requirements, p. 203
water reuse, p. 202
water treatment, p. 203
water utilization, p. 202

Organic compounds
public water supplies, p. 20

Organic pesticides concentration
farmstead water supplies, p. 116, 124
see also Pesticides

Osmotic pressure

irrigation eflfects, p. 147

Outdoor recreation see Recreation
Outdoor Recreation Resources Review Commission, p. 7
Oxygen see Biochemical oxygen demand; Chemical oxy-

gen demand; Dissolved oxygen
Oysters

oil, p. 73

taste, p. 77

Parathion

public water supplies, p. 25
toxicity, p. 37

Pasteurized Milk Ordinance, USPHS
dairy sanitation requirements, p. 120

Pathogenic bacteria

irrigation water, p. 160
shellfish, p. 89

PBI see Pearl Benson Index
Pearl Benson Index

pulp wastes, p. 90
Pecos River Basin

dissolved solids, p. 765
Permeability

irrigation effects, p. 170
Langelier index, p. 170, 171
soils, p. 170

Perthane

toxicity, p. 37, 83

Pesticide residues

carnivores, p. 8

1

herbicides, p. 25
herbivores, p. 81

irrigation water, p. 156, 157
plant growth, p. 156, 157
public water supplies, p. 25
supplemental irrigation, p. 175
water analysis, p. 178

Pesticides

acute toxicity data, p. 37
aquatic environment, p. 82
classification, p. 83
crustaceans, p. 82
estuaries, p. 82
fish toxicity, p. 25

fresh water recommendation, p. 62
fresh water toxicity, p. 35
public health, p. 25
public water supplies, p. 20
sea water, p. 82

stock water, p. 137

wildlife, p. 97

Pesticides (Cont'd)

see also Algicides; Defoliants; Fungicides; Herbicides;
Insecticides

Petroleum products see Oil
pH see Hydrogen ion concentration
Phaeophyta

heavy metals, p. 84
Phelps Index

fecal coliform levels, p. 22
Phenols

sea water, p. 89
tainting substances, p. 49
toxicity, p. 89
waste water (pollution), p. 89

Phosphorus
Asterionella, p. 55
Federal Water Pollution Control Administration, Divi-

sion of Pollution Surveillance, p. 24
major sources, p. 53

nitrogen ratio, p. 53

public water supplies, p. 23, 24
streams, p. 34
water pollution, p. 24

Photosynthetic oxygen
color, p. 48

Phthalic acid compounds see Botanicals
Physa heterostropha

oil toxicity, p. 46
Phytoplankton, p. 36
Phytotoxicity

aluminum, p. 152

arsenic, p. 152

beryllium, p. 153

bicarbonates, p. 156
boron, p. 153, 153
cadmium, p. 153

chlorides, p. 155
chromium, p. 153

cobalt, p. 153

copper, p. 1 53

fluorides, p. 154
iron, p. 154

irrigation effects, p. 151, 152
irrigation water, p. 177
lead, p. 154

lithium, p. 154

manganese, p. 154
molybdenum, p. 154
nickel, p. 154
plant growth, p. 151, 152
selenium, p. 154
tin, p. 154

titanium, p. 154
tungsten, p. 154

vanadium, p. 154
zinc, p. 155

see also Toxicity

Pichloram
irrigation water, p. 159

Picornaviruses

water pollution sources, p. 141
Pig iron, p. 205

Pithophora

chemical composition, p. 55
Plankton

heavy metals, p. 84
nutrients, p. 51

Plant growth

evapotranspiration, p. 148

irrigation water, p. 146, 147
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Plant growth (Cont'd)

irrigation water acidity, p. 155

irrigation water alkalinity, p. 155

matric suction, p. 147

nutrient requirements, p. 151, 155

osmotic pressure, p. 147

phytotoxicity, p. 151, 152

root zone, p. 147

saline soils, p. 148, 150

salt tolerance, p. 148, 150

soil chemical properties, p. 151

soil temperature, p. 157

soil water movement, p. 147

soil water salinity, p. 147

solute suction, p. 147

total soil suction, p. 147

trace elements, p. 151, 152

water temperature, p. 55, 157

waves (water), p. 55
Plant growth substances

irrigation water, p. 172, 173

Plant morphology
irrigation effects, p. 146
soil-water-plant relationships, p. 147

Plants

boron tolerance, p. 153
irrigation effects, p. 145

salt tolerance, p. 148, 148, 149, 150
water pollution effects, p. 1 3

1

Platte River

dissolved solids, p. 168
Pollution see Waste water (pollution); Water pollution

Ponds
algae chemical composition, p. 55

Potable water, p. 132

carbonated beverage industry, p. 212
surface water criteria for public water supplies, p. 20
water quality p. 20
water properties, p. 20
see also Drinking Water Standards—USPHS

Poultry

saline water tolerance, p. 134
Precipitation (atmospheric)

farmstead water sources, p. 121
humid climates, p. 171

Primary contact recreation waters

animal wastes (wildlife), p. 12
clarity, p. 4, 13

fecal coliform level, p. 4, 12, 13

pH, p. 4
pH level, p. 13

pH level non-irritating to human eye, p. 16
pollutants, p. 12

public health, p. 11, 12
viruses, p. 12

waterborne disease, p. 12
water pollution sources, p. 12
water quality, p. 4, 11, 12
water temperature, p. 4, 13, 14

Psychrophilic bacteria

chlorine effect, p. 123

farmstead water supplies, p. 123
milk, p. 123

water purification, p. 123

Public health

pesticide toxicity, p. 25

primary contact recreation waters, p. 11, 12
Public water supplies

alkalinity, p. 22

ammonia, p. 22

Public water supplies (Cont'd)
boron, p. 23

carbon chloroform extract^ p. 24, 25
coliform concentration, p. 20, 21, 22
color, p. 20, 21

dissolved oxygen, p. 23
fecal coliform level, p. 20, 21, 22
fluorides, p. 23, 23

hardness (water), p. 23

herbicide residues, p. 25
inorganic compounds, p. 20
methylene blue active substances, p. 25
nitrate plus nitrite, p. 23
odor, p. 20, 21

oil, p. 25

parathion, p. 25

pesticide concentration, p. 20
pesticide residues, p. 25
pH, p. 23

phosphorus, p. 23, 24
radioisotopes, p. 20
sampling, p. 19

surface water criteria, p. 19

total dissolved solids, p. 24
turbidity, p. 20, 21

uranyl ion concentration, p. 24
water analysis, p. 19

water pollution, p. 22
water properties, p. 20
water temperature, p. 20, 21

Pulp and paper industry

industrial water, p. 757
recirculated water, p. 198, 198
surface waters, p. 199, 199
waste water (pollution), p. 89
water consumption, p. 188, 198, 198
water properties, p. 199
water quality requirements, p. 199, 799
water utilization, p. 198

Pulp wastes

biochemical oxygen demand, p. 90
chemical oxygen demand, p. 90
marine and estuarine organisms, p. 89-91
Pearl Benson Index, p. 90
salmon tolerance level, p. 90
toxicity, p. 90

Radiation Protection Guides, p. 51

Radioactive wastes

aquatic life, p. 49
biological cycle, p. 49
dispersion and concentration factors, p. 49
fresh water, p. 49
recommendation, p. 50-51

restrictions, p. 49
safety record, p. 49
sea water, p. 49

Radioactivity effects

aquatic life, p. 49
man, p. 49

Radioisotopes

aquatic environment, p. 49
concentration in fresh, estuarine and marine waters,

p. 34, 36

Drinking Water Standards—USPHS, p. 50
farmstead water supplies, p. 116, 125

irrigation water, p. 117, 163

public water supplies, p. 20
stock water, p. 117, 142

water quality control, p. 163
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Rainbow trout

turbidity, p. 47

Recirculated water

cooling water, p. 191, J93

pulp and paper industry, p. 198, 198

Recreation

boating, p. 8

BOR survey, p. 8

Bureau of Outdoor Recreation, p. 7, 8

fishing, p. 8

ORRRC report, p. 7

secondary contact recreation waters, p. 8, 9, 11

surface waters, p. 3, 8, 9

swimming, p. 7, 8

water quality, p. 3, 8, 9, 11

Recreation waters see Primary contact recreation waters;

Secondary contact recreation waters; Surface waters

Red River Basin

dissolved solids, p. 168

Regulatory water

return flow, p. 168

Residual sodium carbonate

irrigation water, p. 170

water quality, p. 170

Return flow

irrigation water, p. 168

regulatory water, p. 168

subsurface drainage, p. 168, 169

tailwater, p. 168

Rhinoviruses

water pollution sources, p. 141

Rhizoclonium
chemical composition, p. 55

Rio Grande
dissolved solids, p. 168

River basin development

plant nutrient and erosion control, p. 36

Rivers

turbidity, p. 47

River systems

irrigation, p. 168

suspended load, p. 168

Ronnel
toxicity, p. 37

Rooted aquatic plants

navigational threat, p. 52

nuisance growth, p. 52

nutrients, p. 52

Root systems

chloride concentration in soil solution, p. 156

Root zone

humid climates, p. 172

plant growth, p. 147

RSC see Residual sodium carbonate

Saline soils

evapotranspiration, p. 148

plant growth, p. 148, 150

Saline water

livestock tolerance, p. 133, 134

supplemental irrigation, p. 174

Saline water fish see Fish; Marine and estuarine organ-

isms

Saline water tolerance

cattle, p. 134

hogs, p. 134

horses, p. 134

poultry, p. 134

sheep, p. 134

Salinity

aquatic life, p. 35

categories for habitats, p. 95

direct and indirect efi'ects on wildlife, p. 94-95
fluctuation effects, p. 95
humid areas, p. 173

irrigation water, p. 113, 115, 117, 145, 147, 148, 169

irrigation water quality, p. 170

Lower Colorado River, p. 96
marine and estuarine organisms, p. 35, 67

temperature, p. 96
toxicity, p. 95

toxic residues, p. 96
turbidity, p. 96

waterfowl, p. 94
wildlife, p. 38

wildlife management, p. 95

Salinity formulae

supplemental irrigation, p. 173, 174

Salmon
water temperature, p. 43

Salmonella

irrigation water, p. 161

Salmonids
dissolved oxygen, p. 44

Salt tolerance

crop response, p. 148, 150

crops, p. 148, 150

field crops, p. 149, 150
forages, p. 149, 150
fruit crops, p. 150
plant growth, p. 148, 150

plants, p. 148, 148, 149, 150

soil-water-plant relationships, p. 148

vegetable crops, p. 149, 150

Sampling
public water supplies, p. 19

water management (applied), p. 177, 178, 179

San Joaquin Valley

tile drainage, p. 170

SAR see Sodium adsorption ratio

Schistosomiasis

irrigation water, p. 162

Scum
nutrients, p. 51

Sea water

anaerobic conditions, p. 77

application factor, p. 81

bioassay, p. 80

color, p. 74

floating materials, p. 76

garbage dumps, p. 76

heavy metals, p. 84

microorganisms, p. 89

oil pollution sampling, p. 73-74

pesticides, p. 92

phenols, p. 89

plant nutrients and nuisance organisms, p. 77-80

radioactive wastes, p. 49

sediments, p. 76

tainting substances, p. 77

turbidity, p. 74
waste water (pollution), p. 89

Secondary contact recreation waters

fecal coliform level, p. 8, 9, 10

fecal coliform monitoring criteria, p. 9, 10

recreation, p. 8, 9, 11

water quality, p. 8, 9, 10, 11

Sedimentation

water treatment, p. 18
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Sediment load

irrigation water, p. 171

watershed management, p. 177

Sediments

adverse effects, p. 47

aquatic life, p. 47

estuaries, p. 76

European Inland Fisheries Advisory Commission, p. 47

fresh water, p. 34

fresh water fish, p. 47

lakes, p. 47
marine and estuarine organisms, p. 36

sea water, p. 76

streams, p. 47
suspended solids and fresh water fisheries, p. 47
turbidity, p. 47
waterfowl, p. 38

water quality, p. 168

yield of fish relationship, p. 47
Selenium

phytotoxicity, p. 154

plants concentration, p. 163

Semiarid climates, p. 167

Separation techniques

boiler feed water, p. 193

cooling water, p. 193
water analysis, p. 178

Settleable solids see Sediments

Sewage bacteria

irrigation water, p. 162

Sewage effluents

prohibition against untreated, p. 37

Shellfish

bacteriological criteria, p. 37

conforms, p. 37

microorganisms, p. 89

pathogenic bacteria, p. 89

Sheep
saline water tolerance, p. 134

Shrimp
relative toxicity of pesticides, p. 37

Silts

Back Bay, Va., p. 96
Currituck Sound, N.C., p. 96
turbidity, p. 47

Silver

toxicity—sea water, p. 85-86
Silvex

irrigation water, p. 159

Snails

intermediate hosts, p. 141, 142

Society of Soft Drink Technologists, p. 212
Sodium

irrigation water, p. 115, 164

Sodium adsorption ratio

acidic soils, p. 173

humid areas, p. 173

irrigation water, p. 115, 155

soil contamination, p. 164, 166
Sodium arsenite, p. 138

Soft drink industry see Carbonated beverage industry

Soil chemical properties

adsorption, p. 173

arid regions, p. 173

humid areas, p. 173

plant growth, p. 147, 151

salinity, p. 173

trace elements, p. 151, 152
Soil chemistry, p. 44
Soil classifications, p. 167

Soil contamination

sodium adsorption ratio, p. 164, 166
Soil environment, p. 144
Soils

humid climates, p. 172
permeability, p. 170

Soil temperature
plant growth, p. 157

Soil types

irrigated lands, p. 152

Soil water movement
evapotranspiration, p. 145, 148

plant growth, p. 147

water table, p. 145
Soil-water-plant relationships, p. 131

irrigated lands, p. 144, 145

nutrient requirements, p. 151, 155

plant morphology, p. 147

salinity and plant growth, p. 147

salt tolerance, p. 148

Solar radiation

ORSANCO committee stream findings, p. 48
see also Ultraviolet radiation

Solute suction

plant growth, p. 147

Southwest U.S.

water quality, p. 168

Spawning
floating materials, p. 48
water temperature, p. 69
zones of passage, p. 31

Spectroradiometer

color, p. 76
Sphaerotilus

biochemical oxygen demand, p. 51

growth fostered by floating materials, p. 48
Spirogyra

chemical composition, p. 55
Sprinkler irrigation

chlorides adsorption, p. 156

humid climates, p. 172

pathogens transmission, p. 161

sediment load—irrigation water, p. 175

SS see Solute suction

Standard Methods for the Examination of Water and
Wastewater, p. 21

Steady state leaching requirement formula
U.S. Salinity Laboratory, p. 169

Steam, p. 191

Steel industry

water properties, p. 206
water quality requirements, p. 207
water reuse, p. 205
water treatment, p. 206
water utilization, p. 205, 205

Steel plants see Industrial plants

Stock water, p. 112, 113

algae, p. 137

algal poisoning, p. 137

antimony, p. 135

arsenic, p. 135, 135
bacteria, p. 138

beryllium, p. 135

bioindicators, p. 115, 131, 131

boron, p. 135

cadmium, p. 135

chlorides, p. 135

chromium, p. 135

cobalt, p. 135

copier, p. 135
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Stock water (Cont'd)

dissolved solids, p. 117
fish, n\,131
fluorine, p. 136

herbicides, p. 137, 138

inorganic compounds, p. 134, 135
insecticides, p. 138

iron, p. 136

lead, p. 136

magnesium, p. 136

manganese, p. 136

mercury, p. 136

microorganisms, p. 117, 118

molybdenum, p. 136

nitrates, p. 136

pesticides, p. 137

radioisotopes, p. 117
silenium, p. 136

sodium, p. 137

sulfates, p. 137

trace elements, p. 117
vanadium, p. 137

water consumption, p. 130, 130
water pollutants, p. 1 15

water pollution, p. 130

water quality, p. 132

water quality criteria, p. 115, 117
zinc, p. 137

Streams

floating material exclusion, p. 48

phosphorus, p. 34

sediments, p. 47

turbidity, p. 47

waste concentration recommendation, p. 59

water temperature, p. 43

Strongyloides

nematodes, p. 142

Subcommittee for Aesthetics and Recreation membership,

p. ii

Subcommittee for Agricultural Uses membership, p. iv

Subcommittee for Fish, Other Aquatic Life and Wildlife

membership, p. iii

Subcommittee for Industrial Water Supplies membership,
p. iv, V

Subcommittee for Public Water Supplies membership,

p. ii, iii

Submerged plants

nuisance growth, p. 53

nutrients, p. 53

Subsoil, p. 167

Subsurface drainage

return flow, p. 168, 169

Subsurface waters

irrigation practices, p. 112, 113

Sulfides

toxicity—sea water, p. 88
Sulfite wastes see Pulp wastes

Supplemental irrigation

aeration, p. 175

biochemical oxygen demand, p. 175

crop salt tolerance levels, p. 174
humid climates, p. 172

pesticides residues, p. 175

saline water, p. 174
salinity formulae, p. 173, 174

suspended load, p. 175

trace elements, p. 174, 175

water quality criteria, p. 173

Surface waters

aesthetics, p. 3

canneries, p. 210
cement industry, p. 214
chemical industry, p. 201
fecal coliform monitoring criteria, p. 3, 9, 12
industrial quality criteria, p. 188, 189, 190
lumbering, p. 197

mollusks in recreation, p. 3, 10

oil industry, p. 203
pulp and paper industry, p. 199, 199
recreation, p. 3, 8, 9

steel industry, p. 206
textile industry, p. 196
water properties, p. 196
water quality, p. 196
water treatment for public water supplies, p. 18

Surfactants

toxicity, p. 65, 88
Surf-boarding, p. 9

Suspended load

irrigation water, p. 118, 163, 166, 171

river systems, p. 168

supplemental irrigation, p. 175

Suspension

settleable solids and fresh water fisheries, p. 47
Swimming, p. 9

eye irritation by water, p. 15

recreation, p. 7, 8

Swine see Hogs

2,4,5-T

irrigation water, p. 157

Tailwater

return flow, p. 168

Tainting prohibition

fresh water, p. 34
marine and estuarine organisms, p. 36

Tainting substances

anaerobic conditions, p. 77
color, p. 77
concentration affecting taste and odor, p. 49
copper, p. 77
fresh water fish, p. 48
hydrocarbons, p. 48
marine and estuarine organisms, p. 77
odor, p. 48, 77

phenolic compounds, p. 49
sea water, p. 77

taste, p. 48, 77

Tanning industry see Leather industry

Taste

farmstead water supplies, p. 116, 124
oysters, p. 77

tainting substances, p. 48, 77

Taste-producing algae

water purification, p. 129

TDE
toxicity, p. 37, 83

TDS see Total dissolved solids

Tears

buffer capacity, p. 15, 16

pH, p. 15, 16

toxicity, p. 15, 16

Temperature
effect on salinity, p. 96

irrigation water, p. 118

see also Soil temperature; Water temperature

Textile industry, p. 195

water consumption, p. 188
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Textile industry (Cont'd)

water quality requirements, p. 196

water treatment, p. 197

water utilization, p. 196

Textiles

bleaching, p. 196

dyeing, p. 196

scouring, p. 196

sizing, p. 195, 196

Thermal powerplants

industrial water quality, p. 192

water quality, p. 192

Tile drainage

San Joaquin Valley, p. 170

Tin
phytotoxicity, p. 154

Titanium
effluents, p. 76

phytotoxicity, p. 154

TL„, see Median tolerance limit

Topsoil, p. 167

Total dissolved solids

irrigation water management, p. 176

irrigation water quality, p. 170

Total soil suction

plant growth, p. 147

Toxaphene
toxicity, p. 37, 83

Toxicity

Aldrin, p. 37, 83

algicides, p. 64
alkylbenzene sulfonates, p. 35, 65

ammonia—fresh water, p. 65

ammonia—sea water, p. 88

application factor, p. 58, 81

arsenicals (pesticides), p. 37, 83

BHC, p. 37, 83

bioassay, p. 35, 41,57, 58, 80

biodegradable toxicants, p. 37

biological magnification, p. 81

botanicals, p. 37, 83

carbamate pesticides, p. 37, 83

Chlordane, p. 37, 83

chlorinated hydrocarbon pesticides, p. 37, 83

Coumaphos, p. 37, 83

cyanides—fresh water, p. 65

cyanides—sea water, p. 88

DDT, p. 37, 83

defoliants, p. 64
detergents, p. 65, 88

Dieldrin, p. 37, 83

Dursban, p. 37, 83

Endosulfan, p. 37, 83

Endrin, p. 37, 83

Fenthion, p. 37, 83

fluorides—sea water, p. 88

fresh water, p. 34

fungicides, p. 64
heavy metals—fresh water, p. 60-61

heavy metals—sea water, p. 84-88

Heptachlor, p. 37, 83

herbicides, p. 64

industrial and other wastes, p. 37

insecticides, p. 62

Lindane, p. 37, 83

linear alkylate sulfonates, p. 35, 63

marine and estuarine effluents, p. 37, 80-92

marine and estuarine organisms, p. 80
median tolerance limit, p. 56
Methoxychlor, p. 37, 83

Toxicity (Cont'd)

Naled, p. 37, 83

oil, p. 45, 70-74
organophosphorus pesticides, p. 37, 83

parathion, p. 37
persistant toxicants, p. 37
Perthane, p. 37, 83

pesticides, p. 35, 41, 82

phenols, p. 89

pulp wastes, p. 90
Ronnel, p. 37, 83

salinity, p. 95

sulfides—sea water, p. 88

surfactants, p. 65, 88
synergism, p. 35, 41, 43, 87

TDE, p. 37, 83

toxaphene, p. 37, 83

see also Phytotoxicity

Toxicity, synergism

dissolved solids, p. 40, 87

Toxic residues

salinity, p. 96
see also Pesticide residues

Trace elements

farmstead water supplies, p. 116, 125, 125

irrigation water, p. 117, 152

nuisance growth control, p. 34

phytotoxicity, p. 151, 152

plant growth, p. 151, 152

stock water, p. 117

supplemental irrigation, p. 174, 175

Treatment facilities

Drinking Water Standards—USPHS, p. 19

Triazine compounds see Carbamate pesticides

Trout
water temperature, p. 43

TSS see Total soil suction

Tuberculosis bacilli

irrigation water, p. 162

Tungsten
phytotoxicity, p. 154

Turbidity

aquatic life, p. 47

causes, p. 46
farmstead water supplies, p. 116, 121

fatality to fish, p. 47

fresh water, p. 34

harmful effects, p. 46
Jackson turbidity units, p. 21

lakes, p. 47
light penetration, p. 47
marine and estuarine organisms, p. 36

measurement, p. 21, 46
Mississippi River, p. 47
prevention—good farming practices, p. 47
public water supplies, p. 20, 21

rainbow trout, p. 47
recommendation, p. 47
rivers, p. 47
salinity, p. 96

sea water, p. 74

sediments, p. 47

silts, p. 47

streams, p. 47

variations by region, p. 47
Western States, p. 47

Ultraviolet radiation

water purification, p. 128

water treatment, p. 128
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Ultraviolet radiation (Cont'd)
see also Solar radiation

Upper Missouri River Basin
dissolved solids, p. 765

Uranyl ion concentration

public water supplies, p. 24
USPHS Drinking Water Standards see Drinking Water
Standards—USPHS

U.S. Salinity Laboratory
salt tolerance tables, p. 148, 150
soil ESP value, p. 164
steady state leaching requirement formula, p. 169

UV see Ultraviolet radiation

Vanadium
phytotoxicity, p. 154

Vegetable crops

salt tolerance, p. 149, 150
water temperature, p. 157

Viruses

ECHO viruses, p. 141
ether-resistant, p. 141
irrigation water, p. 162
picomaviruses, p. 141
primary contact recreation waters, p. 12
rhinoviruses, p. 141
water pollution sources, p. 140
in watersheds (basins), p. 163

Warm water fish, p. 32
dissolved oxygen, p. 33, 43, 44
water temperature, p. 43

Wastes

bioassay recommendation, p. 59
safe concentrations in streams, p. 59

Waste treatment

bioassay, p. 37
reliability of plants, p. 37

Waste water (pollution)

boating, p. 9

1

canneries, p. 209
coliforms, p. 92
glossary of biological and related terms, p. 107-110
laboratories, p. 91
marine and estuarine organisms, p. 82-92
petroleum refinery, p. 89
phenols, p. 89

pulp and paper industry, p. 89
recommendation, p. 92
sea water, p. 89

tar, gas and coke, p. 89
Water analysis

farmstead water supplies, p. 126
gas chromatography, p. 178, 179
pesticide residues, p. 178
primary contact recreation waters, p. 12
public water supplies, p. 19
separation techniques, p. 178
water management (applied), p. 177
water quality control, p. 126

Waterbloom see Eutrophication
Water chemistry

eye irritation in swimming, p. 15
Water conservation, p. 5, 6

Water consumption
boiler feed water, p. 191, 192
canneries, p. 209, 210
carbonated beverage industry, p. 211
chemical industry, p. 188, 201
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Water consumption (Cont'd)
cooling water, p. 192, 193
electric power industry, p. 188
food industry, p. 188
leather industry, p. 188
lumbering, p. 188
metals industry, p. 188, 204
oil industry, p. 188, 202
pulp and paper industry, p. 188, 198, 198
stock water, p. 130, 130
textile industry, p. 188

Water control

glossary of biological and related terms, p. 107-110
Water cooling

water quality for, p. 120
see also Cooling water

Waterfowl
algae, p. 97
alkalinity, p. 94
alkalinity of habitat, p. 38
botulism, p. 93

dissolved oxygen, p. 93
foods, p. 94
hydrogen ion concentration, p. 94
lead poisoning, p. 98
marsh management, p. 95
oil, p. 38, 45
salinity, p. 94
sediments, p. 38
water free of surface oil, p. 96
see also Wildlife

Water management (applied)
irrigation water, p. 176, 177
monitoring, p. 177, 178, 179
sampling, p. 177, 178, 179
water analysis, p. 177
water quality control, p. 177

Water pollution

ammonia, p. 22
animal wastes (wildlife), p. 12
bioassay—marine and estuarine waters, p. 80
biological magnification, p. 81
geographical regions, p. 133
irrigation water, p. 163
marine and estuarine organisms, p. 67
phosphate ratio—nutrients, p. 79
phosphorus, p. 24
public water supplies, p. 22
stock water, p. 115, 130
wells, p. 122

Water pollution control

water quality recommendations, p. 6
Water pollution effects

bacillary hemoglobinuria, p. 139
diseases, p. 139
livestock, p. 132, 133
plants, p. 131

Water pollution sources
animal parasites, p. 141
estuaries, p. 67
oil, p. 70-74

farmstead water supplies, p. 122
nematodes, p. 142
primary contact recreation waters, p. 12
viruses, p. 140

Water properties

boiler feed water, p. 189, 190, 194
canneries, p. 210
carbonated beverage industry, p. 212
cement industry, p. 214



Water properties (Cont'd)

chemical industry, p. 201

cooling water, p. 189, 194

heat exchangers, p. 192

leather industry, p. 213

oil industry, p. 203

potable water, p. 20
public water supplies, p. 20
pulp and paper industry, p. 199

steel industry, p. 206
surface waters, p. 196

Water purification

activated carbon, p. 129

aeration, p. 128, 129

boiler feed water, p. 193

canneries, p. 211

chemical industry, p. 200

chlorination, p. 127, 128

chlorinators, p. 127, 128

cooling water, p. 193
filtration, p. 128

heat treatment, p. 128

iron, p. 128

manganese, p. 128

neutralization, p. 128

odor-producing algae, p. 129

psychrophilic bacteria, p. 123

taste-producing algae, p. 129

ultraviolet radiation, p. 128

water softening, p. 128

water treatment, p. 206

Water quality

boiler feed water, p. 191, 194

cooling water, 191, 194

domestic water, p. 1 19

farm ponds, p. 122

farmstead water supplies, p. 113

fiber scouring—textiles, p. 196

fresh water, p. 39-66
groundwater, p. 122

heat exchangers, p. 792
industrial water, p. 187, 189, 190, 194

irrigation water, p. 145

lumbering, 197, 197

marine and estuarine organisms, p. 66-92

non-irritating to human eye, p. 1

6

objectionable natural constituents, p. 122, 123

potable water, p. 20
primary contact recreation waters, p. 4, 11, 12

residual sodium carbonate, p. 170

secondary contact recreation waters, p. 8, 9, 10, 11

sediments, p. 168

Southwest U.S., p. 168

stock water, p. 132

surface waters, p. 196
thermal powerplants, p. 192
water cooling of crops, p. 120
wells, p. 122

wildlife, p. 38, 93-98

Water quality above minimum requirements

unique bodies of water, p. 6

wild rivers, p. 6

Water Quality Act of 1965, p. 8

Federal Water Pollution Control Act, p. vi, 6

Water quality control

agricultural water, p. 114

farmstead water supplies, p. 1 14, 126

irrigation, p. 144

irrigation water, p. 145, 176

plant growth, p. 173

Water quality control (Cont'd)

radioisotopes, p. 163

water analysis, p. 126

water management (applied), p. 177
Water quality criteria

boiler makeup and cooling, p. 193, 194
dairy sanitation requirements, p. 120, 121

farmstead water supplies, p. 116
fresh water organisms, p. 39

irrigation water, p. 115, 145, 146
marine and estuarine organisms, p. 67

stock water, p. 115, 117

supplemental irrigation, p. 173

wildlife, p. 93

Water quality criteria report

introduction, p. vii

preface, p. vi

transmittal letter, p. i

Water quality recommendations
aesthetics, p. 5, 6

fresh water organisms, p. 32

marine and estuarine organisms, p. 35

recreation, p. 3

water pollution control, p. 6

wildlife, p. 38

Water quality requirements

canneries, p. 210
cement industry, p. 214

food industry, p. 210
industrial plants, p. 207
leather industry, p. 213

oil industry, p. 203

pulp and paper industry, p. 199, 199

steel industry, p. 207
textile industry, p. 196

Water reuse

oil industry, p. 202

steel industry, p. 205

Watershed management, p. 177

sediment load, p. 177

Watersheds (basins)

virus concentrations, p. 163

Water skiing, p. 9

Water softening

boiler feed water, p. 193

cooling water, p. 193

water purification, p. 128

water treatment, p. 128, 129, 206
Water sources

farmstead water supplies, p. 121

sampling, p. 177, 178, 179

see also Farmstead water sources

Water supply

industrial plants, p. 206

public, p. 18

water treatment, p. 18

Water table

soil water movement, p. 145

Water temperature

aquatic habitats, p. 42

cold water fish, p. 43

effects on fresh water organisms, p. 32

epilimnion, p. 43

fish migration, p. 69

fresh water fish, p. 32, 43

heavy metals toxicity, p. 60

irrigation water, p. 157

lakes, p. 43

marine and estuarine organisms, p. 35, 68-70

plant growth, p. 55, 157
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Water temperature (Cont'd)

prevention of increases through heated wastes, p. 69

primary contact recreation waters, p. 4, 13, 14

public water supplies, p. 20, 21

recommendations by fresh water species, p. 33, 43

salmon, p. 43

seasonal fluctuation, p. 42

spawning, p. 69

streams, p. 43

trout, p. 43

variations and effect of changes, p. 42

warm water fish, p. 43

see also Temperature

Water treatment

aeration, p. 128, 129

boiler feed water; p. 193

carbonated beverage industry, p. 212

chemical industry, p. 200

chlorination, p. 18, 127, 128, 129

coagulation, p. 18

cooling water, p. 193

demineralization, p. 206

farmstead water supplies, p. 121, 122, 127

filtration, p. 1

8

heat treatment, p. 128

industrial plants, p. 206

industrial water, p. 193

irrigation water, p. 176

leather industry, p. 213

oil industry, p. 203

neutralization, p. 128

sedimentation, p. 18

steel industry, p. 206

textile industry, p. 197

ultraviolet radiation, p. 128

water purification, p. 206

water softening, p. 128, 129, 206

water supplies, p. 18

Water types

calcium-magnesium, carbonate-bicarbonate, p. 168

calcium-magnesium, sulfate-chloride, p. 168

sodium-potassium, carbonate-bicarbonate, p. 168

sodium-potassium, sulfate-chloride, p. 168

Water utilization

canneries, p. 208, 209
carbonated beverage industry, p. 211

cement industry, p. 214

chemical industry, p. 200
food cleaning, p. 208

Water utilization (Cont'd)

food industry, p. 208

leather industry, p. 213

lumbering, p. 197

metals industry, p. 204

oil industry, p. 202
pulp and paper industry, p. 198

steel industry, p. 205, 205

textile industry, p. 196

Waves (water)

plant growth, p. 55

Wells

water pollution, p. 1 1

1

water quality, p. 122

Wildlife

alkalinity, p. 38

animal diseases, p. 98

conservation, p. 5, 6

criteria, p. 10, 11,38,93
disease prevention, p. 38

dissolved oxygen, p. 38

light penetration, p. 38, 96

nuisance algae, p. 97

pesticides, p. 97

pH, p. 38

rare and endangered species, p. 98

recommendation, p. 98

salinity, p. 38

toxic substances and habitat, p. 38

waterfowl—basis for water quality requirements, p. 87

water free of surface oil, p. 96

water quality, p. 38, 93-98

see also Waterfowl
Wildlife habitats

toxic growths, p. 97

Wildlife management
salinity, p. 95

Wild rivers

water quality above minimum requirements, p. 6

Xylene
irrigation water, p. 158

Zinc

dimethyl dithiocarbamate growth inhibitor, p. 60

phytotoxicity, p. 155

toxicity—fresh water, p. 60

toxicity—sea water, p. 88
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The extent to which states are changing designated uses varies considerably. 
Individual states made anywhere from no use changes to over 1,000 use 
changes during the 5-year period, from 1997 through 2001.  Regardless of the 
number of use changes states made, nearly all states report that some water 
bodies within their states currently need changes to their designated uses.  
To do so, many states said they need additional EPA assistance to clarify the 
circumstances in which use changes are acceptable to EPA and the evidence 
needed to support those changes. 
 
While EPA has developed and published criteria for a wide range of 
pollutants, the agency has not updated its criteria documents to include  
sedimentation and other key pollutants that are causing approximately 50 
percent of water quality impairments nationwide. In addition to needing new 
criteria documents, states need assistance from EPA in establishing criteria 
so that they can be compared with reasonably obtainable monitoring data.   
 
Changing either designated uses or criteria is considered a standards 
modification.  Twenty-two states reported that an improvement in the 
process for changing designated uses would result in different water bodies 
being slated for cleanup; 22 states also reported that an improvement in the 
process for modifying criteria would have that effect.  Collectively, 30 states 
would have different water bodies slated for cleanup with an improvement 
in the process of modifying standards. 
 

States Reporting That Different Water Bodies Would Be Slated for Cleanup if the Process of 
Changing Standards Were Improved 

 
 

Water quality standards comprise 
designated uses and water quality 
criteria.  These standards are 
critical in making accurate, 
scientifically based determinations 
about which of the nation’s waters 
are most in need of cleanup. GAO 
examined the extent to which (1) 
states are changing designated uses 
when necessary, (2) EPA is 
assisting states toward that end, (3) 
EPA is updating the “criteria 
documents” states use to develop 
the pollutant limits needed to 
measure whether designated uses 
are being attained, and (4) EPA is 
assisting states in establishing 
criteria that can be compared with 
reasonably obtainable monitoring 
data. 

 

GAO recommended in its January 
2003 report that the Administrator, 
EPA (1) provide additional 
guidance regarding use changes, 
(2) follow through on plans to 
assess the feasibility of establishing 
a clearinghouse of approved use 
changes, (3) set a time frame 
specifically for the development of 
sediment criteria, (4) develop 
alternative, scientifically defensible 
monitoring strategies that states 
can use to determine if water 
bodies are meeting their water 
quality criteria, and (5) develop 
guidance and a training strategy to 
help EPA regional staff in 
determining the scientific 
defensibility of proposed criteria 
modifications.  EPA agreed with 
GAO’s recommendations and plans 
to take steps to address them. 

 
 

www.gao.gov/cgi-bin/getrpt?GAO-03-881T. 
 
To view the full product, including the scope 
and methodology, click on the link above. 
For more information, contact John B. 
Stephenson at (202) 512-3841 or 
stephensonj@gao.gov. 
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Page 1 GAO-03-881T  Water Quality 

 

Mr. Chairman and Members of the Subcommittee: 

Thank you for the opportunity to discuss our work assessing the 
Environmental Protection Agency’s (EPA) and states’ actions under the 
Clean Water Act to improve water quality standards. Water quality 
standards are critical in making accurate, scientifically based 
determinations about which waters are most in need of attention. Without 
accurate standards, our nation runs the risk of wasting valuable resources 
by “overprotecting” some waters or facing unacceptable environmental 
consequences by “underprotecting” others. 

Water quality standards comprise two key components—designated uses 
and water quality criteria. States are responsible under the Clean Water 
Act both for determining uses and for setting criteria. Both actions require 
EPA approval. 

Designated uses identify the purposes for which a given body of water is 
intended to serve, such as drinking water, contact recreation (e.g., 
swimming), and aquatic life support (e.g., fishing). Water quality criteria 
are used to determine whether a water body is achieving its designated 
uses by specifying pollutant limits, such as the maximum allowable 
concentration of a pollutant, or an important physical or biological 
characteristic that must be met (for example, an allowable temperature 
range). To develop criteria, states rely heavily on EPA-developed “criteria 
documents.” These documents contain the technical data that help states 
adopt pollutant levels that, if not met, may preclude a water body from 
supporting its designated uses. States may adopt these criteria as 
recommended by EPA, adapt them to meet state needs, or develop their 
own criteria using other scientifically defensible methods. 

The Clean Water Act also requires that states periodically review their 
standards and revise them as needed. Before any revisions can take effect, 
however, a state must submit them to its EPA regional office for approval. 
Periodic review and revision of water quality standards is important 
because the standards serve as the foundation of several water quality 
programs, such as the Total Maximum Daily Load (TMDL) program. Under 
this key program, waters that do not achieve water quality standards are 
listed as impaired and then targeted for cleanup. According to EPA, over 
20,000 bodies of water throughout the United States are impaired by one 
or more pollutants. 

In recent years, questions have been raised as to whether current water 
quality standards are accurate and, therefore, whether the right waters are 
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being targeted for cleanup. My testimony will discuss our January 2003 
report on this subject, which was prepared at this Subcommittee’s 
request.1 As requested, we examined the extent to which (1) states are 
changing designated uses when necessary, (2) EPA is assisting states 
toward that end, (3) EPA is updating the criteria documents states use to 
develop the pollutant limits needed to measure whether designated uses 
are being attained, and (4) EPA is assisting states in establishing criteria 
that can be compared with reasonably obtainable monitoring data. 

To respond to the request, we conducted a Web-based survey of the 50 
states and the District of Columbia. We also interviewed officials from the 
10 EPA regional offices and conducted site visits to Kansas, Montana, and 
Ohio. We also met with, and obtained information from, officials from 
EPA’s headquarters and the Association of State and Interstate Water 
Pollution Control Administrators. Finally, we interviewed representatives 
of various interest groups, such as Earthjustice and the American Farm 
Bureau Federation. 

In summary, Mr. Chairman, we found the following: 

• The extent to which states are changing designated uses varies 
considerably. Individual states made anywhere from no changes to over 
1,000 changes during the 5-year period, from 1997 through 2001. 
Regardless of the number of use changes states have made to date, 
however, nearly all states reported that they have water bodies within 
their states that currently need changes to their designated uses. 
According to the states, they have not made needed designated use 
changes because of a number of barriers, including inadequate monitoring 
data and resistance from interest groups and affected parties. Importantly, 
another key reason has been uncertainty over the circumstances in which 
use changes are acceptable to EPA and the evidence needed to support 
those changes. 
 

• Many states said they need additional assistance from EPA to make 
accurate and defensible decisions on what some believe will be a much 
larger number of designated use changes in coming years. Specifically, 
they cited a need for additional EPA guidance to clarify both the 
circumstances under which use changes are acceptable and the type of 

                                                                                                                                    
1U.S. General Accounting Office, Water Quality: Improved EPA Guidance and Support 

Can Help States Develop Standards That Better Target Cleanup Efforts, GAO-03-308 
(Washington, D.C.: Jan. 30, 2003).  

http://www.gao.gov/cgi-bin/getrpt?GAO-03-308
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evidence needed to support those changes. EPA headquarters officials 
acknowledge this need and have formed a national working group to 
develop additional guidance on designated use changes. Such guidance 
would also (1) help clarify to EPA regional officials what state-proposed 
changes are acceptable and (2) promote more consistent review and 
approval policies across EPA’s 10 regional offices. 
 

• As required, EPA has developed and published criteria for a wide range of 
pollutants. However, EPA has not developed criteria for sedimentation 
(e.g., sand and silt accumulation) and is currently developing the complex 
criteria needed for nutrients (e.g., phosphorus from fertilizers and nitrogen 
from animal waste). According to EPA data, sedimentation and nutrients 
are key pollutants responsible for a relatively large share of the nation’s 
impaired waters. Hence, it is not surprising that states responding to our 
survey rank these two pollutants as their highest priorities for criteria 
development. 
 

• Even when EPA has developed criteria documents, some states have 
reported difficulty in using the documents to establish criteria in such a 
way that the criteria can be easily compared with reasonably obtainable 
monitoring data. As a related matter, states also expressed difficulty in 
modifying the criteria they already have in place, when necessary, to 
reflect new data or changing ecological conditions. While most states cited 
resource constraints as a barrier that affects their ability to make criteria 
modifications, more than half of the states also cited EPA’s approval 
process—noting, for example, insufficient assistance from their respective 
EPA regional offices in helping them understand the data necessary to 
justify a criteria modification. 
 
The difficulty states have had in developing accurate water quality 
standards has important implications for their efforts to correctly identify 
which of their waters are impaired. If they cannot use their standards to 
accurately target their impaired waters, they risk focusing their limited 
resources on cleaning up the wrong water bodies and/or exposing their 
citizens to health and environmental risks. Thirty states reported in 
response to our survey that if EPA improved the process of modifying 
standards through changes to designated uses and/or criteria, they would 
identify different waters for TMDL development. Significantly, this total 
does not reflect the effects on lists of impaired waters of new criteria for 
sedimentation and other pollutants being developed by EPA and the 
states. These criteria are also likely to affect which waters states list as 
impaired. 
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Designated uses are the purposes that a state’s waters are intended to 
serve. Some waters, for example, serve as a drinking water source, while 
others are designated to serve as a source of recreation (swimming or 
boating) and/or to support aquatic life. The state must also develop water 
quality criteria, which specify pollutant limits that determine whether a 
water body’s designated use is achieved. These water quality criteria can 
be expressed, for example, as the maximum allowable concentration of a 
given pollutant such as iron, or as an important physical or biological 
characteristic that must be met, such as an allowable temperature range. 

To develop water quality criteria, states rely heavily on EPA-developed 
“criteria documents.” These documents contain the technical data that 
allow states to develop the necessary pollutant limits. EPA is responsible 
for developing and revising criteria documents in a manner that reflects 
the latest scientific knowledge. States may adopt these criteria as 
recommended by EPA, adapt them to meet state needs, or develop criteria 
using other scientifically defensible methods. 

States are also required to periodically review both their waters’ 
designated uses and associated criteria, and make changes as appropriate. 
Before those changes can take effect, the state must submit them to EPA 
and obtain approval for them. EPA is required to review and approve or 
disapprove standards changes proposed by a state within 60 to 90 days. 

Figure 1 illustrates how states use water quality standards to make key 
decisions on which waters should be targeted for cleanup. States generally 
determine if a water body’s designated use is achieved by comparing 
monitoring data with applicable state water quality criteria. If the water 
body fails to meet the applicable standards, the state is required to list that 
water as “impaired”; calculate a pollution budget under EPA’s Total 
Maximum Daily Load program that specifies how compliance with the 
standard can be achieved; and then eventually implement a cleanup plan. 
Thus, as noted in 2001 by the National Academy of Sciences’ National 
Research Council,2 water quality standards are the foundation on which 
the entire TMDL program rests: if the standards are flawed, all subsequent 
steps in the TMDL process will be affected. 

                                                                                                                                    
2National Research Council, Assessing the TMDL Approach to Water Quality Management 

(Wash., D.C.: 2001) 

Background 
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Figure 1: Water Quality Standards as the Basis for Cleanup Decisions 
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We asked the states to report the total number of designated use changes 
they adopted from 1997 through 2001. While some states made no use 
changes, others made over 1,000 changes. At the same time, nearly all 
states told us that designated use changes are needed. Twenty-eight states 
reported that between 1 to 20 percent of their water bodies need use 
changes; 11 states reported that between 21 and 50 percent of their water 
bodies need use changes; and 5 states reported that over 50 percent of 
their water bodies need use changes. 

These percentages suggest that future use changes may dwarf the few 
thousand made between 1997 and 2001. For example, Missouri’s response 
noted that while the state did not make any use changes from 1997 
through 2001, approximately 25 percent of the state’s water bodies need 
changes to their recreational designated uses and more changes might be 
needed for other use categories as well. Similarly, Oregon’s response 
noted that while the state made no use changes from 1997 through 2001, 
the state needs designated use changes in over 90 percent of its basins. 

Many states explained their current need to make designated use changes 
by noting, among other things, that many of the original use decisions they 
made during the 1970s were not based on accurate data. For example, 
Utah’s response noted that because of concerns that grant funds would be 
withheld if designated uses were not assigned quickly, state water quality 
and wildlife officials set designated uses over a 4- to 5-day period using 
“best professional judgment.” As states have collected more data in 
ensuing years, the new data have provided compelling evidence that their 
uses are either under- or over-protective. 

In addition to changing designated uses for individual waters to reflect the 
new data, some states are seeking to develop more subcategories of 
designated uses to make them more precise and reflective of their waters’ 
actual uses. For example, a state may wish to create designated use 
subcategories that distinguish between cold and warm water fisheries, as 
opposed to a single, more general fishery use. Developing these 
subcategories of uses has the potential to result in more protective uses in 
some cases, and less protective uses in others. 

 

States’ Practices in 
Changing Designated 
Uses Vary Widely 
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According to responses to our survey, a key reason state officials have not 
made more of the needed designated use changes is the uncertainty many 
of them face over the circumstances in which use changes are acceptable 
to EPA and the evidence needed to support these changes. EPA 
regulations specify that in order to remove a designated use, states must 
provide a reason as to why a use change is needed and demonstrate to 
EPA that the current designated use is unattainable. To do this, states are 
required to conduct a use attainability analysis (UAA). A UAA is a 
structured, scientific assessment of the factors affecting the attainment of 
the use, which may include physical, chemical, biological, and economic 
factors. The results of a state’s analysis must be included in its submittal 
for a use change to EPA. States that want to increase the stringency of a 
designated use are not required to conduct a UAA. 

UAAs vary considerably in their scope and complexity and in the time and 
cost required to complete them. They can range from 15-minute 
evaluations that are recorded on a single worksheet to more complex 
analyses that might require years to complete. A Virginia water quality 
official explained, for example, that some of the state’s UAAs are simple 
exercises using available data, while others require more detailed analysis 
involving site visits, monitoring, and laboratory work. In their responses to 
our survey, states reported that the UAAs they conducted in the past 
5 years have cost them anywhere from $100 to $300,000. 

In 1994, EPA published guidance regarding use changes that specifies the 
reasons states may remove a designated use. Nonetheless, our survey 
shows that many states are still uncertain about when to conduct UAAs, or 
about the type or amount of data they need to provide to EPA to justify 
their proposed use changes. Forty-three percent of states reported that 
they need additional clarifying UAA guidance. Among them, Oregon’s 
response explained that water quality officials need guidance on whether a 
UAA is required to add subcategories of use for particular fish species. 
Virginia’s response indicated that the state needs guidance on what 
reasons can justify recreational use changes, noting further that state 
water quality officials would like to see examples of UAAs conducted in 
other states. Louisiana’s response similarly called for specific guidance on 
what type of and how much data are required for UAAs in order for EPA to 
approve a designated use change with less protective criteria. 

EPA headquarters and regional officials acknowledge that states are 
uncertain about how to change their designated uses and believe better 
guidance would serve to alleviate some of the confusion. Of particular 
note, officials from 9 of EPA’s 10 regional offices told us that states need 

EPA Assistance and 
Guidance Needed to 
Help States Make 
Defensible Designated 
Use Changes 
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better guidance on when designated use changes are appropriate and the 
data needed to justify a use change. Chicago regional officials, for 
example, explained that the states in their region need clarification on 
when recreational use changes are appropriate and the data needed 
to support recreational use changes. 

In this connection, an official from the San Francisco regional office 
suggested that headquarters develop a national clearinghouse of approved 
use changes to provide examples for states and regions of what is 
considered sufficient justification for a use change. A 2002 EPA draft 
strategy also recognized that this type of clearinghouse would be useful to 
the states. The strategy calls on EPA’s Office of Science and Technology to 
conduct a feasibility study to identify ways to provide a cost-effective 
clearinghouse. According to EPA, the agency plans to conduct the 
feasibility study in 2004. 

EPA headquarters officials have also formed a national working group to 
address the need for guidance. According to the officials, the group plans 
to develop outreach and support materials addressing nine areas of 
concern for recreational uses that states have identified as problematic. In 
addition, the group plans to develop a Web page that includes examples of 
approved recreational use changes by the end of 2004. 

The national work groups’ efforts may also help address another concern 
cited by many states—a lack of consistency among EPA’s regional offices 
on how they evaluate proposals by their states to change designated uses. 
Some states’ water quality officials noted in particular that the data needed 
to justify a use change varies among EPA regions. For example, Rhode 
Island’s response asserted that the state’s EPA regional office (Boston) 
requires a much greater burden of proof than EPA guidance suggests or 
than other regional offices require. The response said that EPA guidance 
on UAAs should be more uniformly applied by all EPA regional offices. 
Several EPA regional officials acknowledged the inconsistency and cited 
an absence of national guidance as the primary cause. 

EPA headquarters officials concurred that regional offices often require 
different types and amounts of data to justify a use change and noted that 
inconsistency among EPA regional offices’ approaches has been a long-
standing concern. The officials explained that EPA is trying to reduce 
inconsistencies while maintaining the flexibility needed to meet region-
specific conditions by holding regular work group meetings and 
conference calls between the regional offices and headquarters. 
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While EPA has developed and published criteria documents for a wide 
range of pollutants, approximately 50 percent of water quality impairments 
nationwide concern pollutants for which there are no national numeric 
water quality criteria. Because water quality criteria are the measures by 
which states determine if designated uses are being attained, they play a 
role as important as designated uses in states’ decisions regarding the 
identification and cleanup of impaired waters. If nationally recommended 
criteria do not exist for key pollutants, or if states have difficulty using or 
modifying existing criteria, states may not be able to accurately identify 
water bodies that are not attaining designated uses. 

Sedimentation is a key pollutant for which numeric water quality criteria 
need to be developed. In addition, nutrient criteria are currently being 
developed, and pathogen criteria need to be revised. Together, according 
to our analysis of EPA data, sediments, nutrients, and pathogens are 
responsible for about 40 percent of impairments nationwide. (See fig. 2.) 
Not surprisingly, many states responding to our survey indicated that 
these pollutants are among those for which numeric criteria are most 
needed.3 

                                                                                                                                    
3Specifically, when asked to identify the top three such pollutants, the pollutants most 
frequently cited were nutrients, followed by sediment and pathogens. 

EPA Has Not 
Developed and 
Updated Key Criteria 
Documents 
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Figure 2: Percent of Impairments Nationwide Caused by Various Pollutants 

 
Recognizing the growing importance of pathogens in accounting for the 
nation’s impaired waters, EPA developed numeric criteria for pathogens in 
1986—although states are having difficulty using these criteria and are 
awaiting additional EPA guidance. EPA is also currently working with 
states to develop nutrient criteria and has entered into a research phase 
for sedimentation. EPA explained that the delay in developing and 
publishing key criteria has been due to various factors, such as the 
complexity of the criteria and the need for careful scientific analysis, and 
an essentially flat budget accompanied by a sharply increased workload. 
EPA also explained that for several decades, the agency and the states 
focused more on point source discharges of pollution, which can be 
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regulated easily through permits, than on nonpoint sources, which are 
more difficult to regulate.4 

 
Even when EPA has developed criteria recommendations, states reported 
that the criteria cannot always be used because water quality officials 
sometimes cannot perform the kind of monitoring that the criteria 
documents specify, particularly in terms of frequency and duration. Our 
survey asked states about the extent to which they have been able to 
establish criteria that can be compared with reasonably obtainable 
monitoring data. About one-third reported that they were able to do so to a 
“minor” extent or less, about one-third to a “moderate” extent, and about 
one-third to a “great” extent. Mississippi’s response noted, for example, 
that the state has adopted criteria specifying that samples must be 
collected on 4 consecutive days. The state noted, however, that its 
monitoring and assessment resources are simply insufficient to monitor at 
that frequency. Mississippi is not alone: a 2001 report by the National 
Research Council found that there is often a “fundamental discrepancy 
between the criteria used to determine whether a water body is achieving 
its designated use and the frequency with which water quality data are 
collected.” To address this discrepancy, regional EPA officials have 
suggested that EPA work with the states to develop alternative methods 
for determining if water bodies are meeting their criteria, such as a 
random sampling approach to identify and set priorities for impaired 
waters. 

If a state believes that it can improve its criteria, it has the option of 
modifying them—with EPA’s approval. In fact, states are required to 
review and modify their criteria periodically. A state might modify a 
criterion, for example, if new information becomes available that better 
reflects local variations in pollutant chemistry and corresponding 
biological effects. 

In response to our survey, 43 states reported that it is “somewhat” to 
“very” difficult to modify criteria. Not surprisingly, a vast majority of states 
reported that a lack of resources (including data, funding, and expertise) 
complicates this task. Nevada’s response, for example, explained that, like 

                                                                                                                                    
4Point source discharges include discrete discharges from individual facilities, such as 
factories and wastewater treatment plants. Nonpoint sources of pollution are diffuse 
sources that include a variety of land-based activities, such as timber harvesting, 
agriculture, and urban development.   

States Need EPA 
Assistance to 
Establish Criteria 
That Can Be 
Compared to 
Reasonably 
Obtainable 
Monitoring Data 
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many states, it typically relies on EPA’s recommended criteria because of 
limited experience in developing criteria as well as limited resources; in 
many instances, developing site-specific criteria would better reflect 
unique conditions, allowing for better protection of designated uses. 
Significantly, however, more than half of the states reported that EPA’s 
approval process serves as a barrier when they try to modify their criteria. 
In this connection, respondents also noted that EPA’s regional offices are 
inconsistent in the type and amount of data they deem sufficient to justify 
a criteria change. Some regional officials told us that this inconsistency is 
explained, in part, by staff turnover in the regional offices. Likewise, a 
2000 EPA report found that less tenured staff in some regional offices 
often lack the technical experience and skill to work with the states in 
determining the “scientific feasibility” of state-proposed criteria 
modifications. Our report concluded that additional headquarters 
guidance and training of its regional water quality standards staff would 
help facilitate meritorious criteria modifications while protecting against 
modifications that would result in environmental harm. 

 
Because designated uses and criteria constitute states’ water quality 
standards, a change in either is considered a standards modification. We 
first asked the states whether an improvement in the process of changing 
designated uses would result in different water bodies being slated for 
cleanup within their states, and 22 states reported affirmatively. We then 
asked the states whether an improvement in the process of modifying 
criteria would result in different water bodies being slated for cleanup 
within their states, and 22 states reported affirmatively. As figure 3 shows, 
when we superimposed the states’ responses to obtain the cumulative 
effect of improving either designated uses or the process of criteria 
modification, a total of 30 states indicated that an improvement in the 
process of modifying standards (whether a change in their designated 
uses, their criteria, or both) would result in different water bodies being 
slated for cleanup. 

 

 

 

 

Improvements to 
Designated Uses and 
Criteria Could Have a 
Large and Cumulative 
Impact on Impaired 
Waters Lists 
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Figure 3: States Reporting That Different Water Bodies Would Be Slated for 
Cleanup if Improvements Were Made to the Process of Changing Standards 

 
Importantly, the 30-state total does not reflect the impacts that would 
result from EPA’s publication (and states’ subsequent adoption) of new 
criteria for sedimentation and other pollutants, nor does it reflect states’ 
ongoing adoption of nutrient criteria. As these criteria are issued in 
coming years, states will adopt numeric criteria for these key pollutants, 
which, in turn, will likely affect which waters the states target for cleanup. 

To help ensure that both designated uses and water quality criteria serve 
as a valid basis for decisions on which of the nation’s waters should be 
targeted for cleanup, we recommended that the Administrator of EPA take 
several actions to strengthen the water quality standards program. To 
improve designated uses, we recommended that EPA (1) develop 
additional guidance on designated use changes to better clarify for the 
states and regional offices when a use change is appropriate, what data are 
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needed to justify the change, and how to establish subcategories of uses 
and (2) follow through on its plans to assess the feasibility of establishing 
a clearinghouse of approved designated use changes by 2004. To improve 
water quality criteria, we recommended that EPA (1) set a time frame for 
developing and publishing nationally recommended sedimentation criteria, 
(2) develop alternative, scientifically defensible monitoring strategies that 
states can use to determine if water bodies are meeting their water quality 
criteria, and (3) develop guidance and a training strategy that will help 
EPA regional staff determine the scientific defensibility of proposed 
criteria modifications. 

According to officials with EPA’s Water Quality Standards Program, the 
agency agrees with our recommendations, has taken some steps to 
address them, and is planning additional action. They note that, thus far, 
EPA staff have already met with a large number of states to identify 
difficulties the states face when attempting to modify their designated 
uses. The officials also noted that, among other things, they plan to release 
support materials to the states regarding designated use changes; develop 
a Web page that provides examples of approved use changes; and develop 
a strategy for developing sedimentation criteria by the end of 2003. 

 
Mr. Chairman, this completes my prepared statement. I would be happy to 
respond to any questions you or other members of the Subcommittee may 
have at this time. 

 
For further information, please contact John B. Stephenson at (202) 512-
3841. Individuals making key contributions to this testimony included 
Steve Elstein and Barbara Patterson. Other contributors included Leah 
DeWolf, Laura Gatz, Emmy Rhine, Katheryn Summers, and Michelle K. 
Treistman. 
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Dave - I was part of the survey you referenced and personally saw Pacific 
Pond turtles in the channel in 1997. We have done more recent surveys and 
only detected red-eared sliders. I think the pond turtles are still there 
but there are only a few and they are chased away by the sliders. I think 
it is one of these sliders in your pictures. 
Sara is our lead for OC turtle work and can give you more specifics on the 
more recent surveys. 
Thanks for sending this. 
Robert 
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
Robert Fisher 
U. S. Geological Survey 
San Diego Field Station 
4165 Spruance Road, Suite 200 
 
From: Sara L Schuster <sschuster@usgs.gov> 
To: DWoelfel@waterboards.ca.gov 
CC: rfisher@usgs.gov 
Date: 6/3/2010 8:12 AM 
Subject: Re: SW Pond Turtle 
Dave, 
USGS trapped within the Delhi Channel in 2003. We only trapped with a 
handful of traps and captured 1 painted turtle. I agree with Robert, the 
pond turtle still occupies the channel, but they are out numbered by 
non-native turtles making them hard to detect. Let me know if you have any 
additional questions. 
Sara 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Sara L. Schuster 
Wildlife Biologist 
US Geological Survey 
Western Ecological Research Center 
San Diego Field Station - Irvine Office 
4727 Portola Parkway Bld. C 
Irvine, CA 92620 
Office (714) 508-4705 
Cell (619) 988-3870 
Fax (714) 508-4701 
sschuster@usgs.gov 
http://www.werc.usgs.gov/sandiego 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Santa Ana-Delhi Watershed: TMDL Compliance Alternatives 

Existing and Potential TMDLs - Upper Newport Bay 

The Santa Ana Regional Water Quality Control Board (Regional Board) has established a Total 
Maximum Daily Load (TMDL) for selenium discharges to Upper Newport Bay. This TMDL 
includes waste load allocations for MS4 dischargers in the Upper Newport Bay watershed, 
including discharges from the Santa Ana-Delhi Channel watershed which includes MS4 facilities 
owned and operated by the Cities of Costa Mesa, Newport Beach, and Santa Ana, the County of 
Orange, and the Orange County Flood Control District (Stakeholders). Currently, it is believed 
that the primary source of selenium to Upper Newport Bay is caused by rising groundwater 
seeping into MS4s in the watershed. Additional TMDLs for Upper Newport Bay that are in the 
development and/or implementation process include: 

• Metals; 

• Nutrients; 

• Bacterial indicators; 

• Pesticides; and, 

• Siltation . 

In addition to the TMDLs that are being developed or are being implemented, Upper Newport 
Bay is also listed as impaired for: 

• Chlordane; 
• Copper; 
• DDT; 
• Metals; 
• Polychlorinated biphenyls (PCBs); and, 
• Sediment toxicity. 

It is anticipated that TMDLs will be developed for the above listed constituents in the near 
future and require the Stakeholders to reduce loadings in discharges from the MS4. It is likely 
that additional impairments may also be added to the 303(d) list and associated TMDLs will be 
developed to address them. Figure 1 illustrates the drainages to the MS4 facilities owned and 
operated by the Stakeholders in the Upper Newport Bay watershed that drain to the Santa 
Ana-Delhi Channel. 

Beneficial Uses 

A beneficial use is one of the various ways that water can be used for the benefit of people 
and/or wildlife. As such, the Basin Plan 1 identifies the beneficial uses for the waters in the 
Santa Ana Region . The beneficial uses of Upper Newport Bay, which receives runoff from the 

1 Water Quality Control Plan - Santa Ana River Basin (8), California Regional Water Quality Control Board, 
Santa Ana Region, updated February 2008. 
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watershed, are Water Contact Recreation (RECl), Non-contact Water Recreation (REC2), 
Commercial and Sport Fishing (COMM), Preservation of Biological Habitats of Special 
Significance (BIOL), Wildlife Habitat (WILD), Rare, Threatened or Endangered Species (RARE), 
Spawning, Reproduction, and Development (SPWN), Marine Habitat (MAR), Shellfish Harvesting 
(SHEL), and Estuarine Habitat (EST). At this time the Basin Plan does not specifically identify 
beneficial uses for the Santa Ana-Delhi Channel, although a Basin Plan amendment is in 
development. In the interim, presumptive beneficial uses of Reel and WARM based on the 
Clean Water Act objectives of "fishable and swimmable" apply to the Santa Ana-Delhi Channel. 2 

Santa Ana-Delhi Channel 

The Santa Ana-Delhi Channel is the primary 
regional drainage facility. It receives discharges 
from the tributary drainage facilities that include 
the Santa Ana Gardens Channel watershed, and the 
Paularino Channel Watershed ultimately entering 
the northwest area of Upper Newport Bay 
downstream of Irvine Boulevard with a total 
tributary area of 10,158 acres. This watershed is 
largely in urban land uses. The Santa Ana-Delhi 
watershed is illustrated in Figure 2. 

The Santa Ana-Delhi Channel is a man-made MS4 
consisting of a combination of underground storm drains and below-grade channels armored 
with rip-rap and concrete lining. During a review of portions of the channel from Sunflower to 
Irvine Boulevard on August 12, the weep holes were dry, suggesting no groundwater 
contributions to the flow. Access to the open channel sections of this MS4 is restricted and the 
non-storm flows are minimal and too shallow to support REC 1 activities. Deep and high flows 
create deadly conditions during storm conditions. Improvements to the MS4 (rip rap, concrete 
lining, underground facilities) limit habitat value to species that may be sensitive to elevated 
selenium concentrations (piscivourous, invertivorous, and omnivorous birds and fish 3) . 

Selenium concentrations were highest in surface flows above the confluence of the Santa Ana
Delhi Channel with the Santa Ana Garden Channel (13.4 j..lg/L) and was lowest in the Santa Ana 
Garden Channel (7.l1Jg/L).4 

Santa Ana Garden Channel 

2 Personal Communication, Mike Adackapara, August 8, 2011. 
3 Conceptual Model for Selenium - Newport Bay Watershed, Nitrogen and Selenium Management 
Program, Figure 3. 
4 Sources and Loads for Selenium in the Newport Bay Watershed, Nitrogen and Selenium Management 
Program, June 12, 2009, p. 82 . 
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The Santa Ana Gardens Channel is a man-made 
MS4 consisting of surface and underground 
channels armored with concrete and rip-rap lining 
from Sunflower Avenue to West Alton Avenue. 
Upstream of West Alton Avenue the majority of the 
channel is unlined to Segerstrom with the remaining 
portions of the channel rip-rap lined. The Santa Ana 
Gardens Channel watershed is tributary to the Santa 
Ana Delhi and confluences at Sunflower Avenue. 
During a field review of the channel system on 
August 12, the channel appeared to be conveying 
urban runoff from the tributary watershed with no 
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groundwater intrusion. The weep holes within the concrete lined portions of the channel 
appeared to be dry suggesting no groundwater seepage within the area. Access to the open 
channel sections of this MS4 is restricted and the non-storm flows are minimal and too shallow 
to support REC 1 activities. Deep and high flows create deadly conditions during storm 
conditions. Improvements to the MS4 (rip rap, concrete lining, underground facilities) limit 
habitat value to species that may be sensitive to elevated selenium concentrations 
(piscivourous, invertivorous, and omnivorous birds and fish ). Figure 1 outlines the watershed 
tributary to the Santa Ana Gardens Channel with a total watershed area of 2,857 acres. 

Paularino Channel 

The Paularino Channel is a man-made MS4 
consisting of surface earthen channels from its 
confluence point with the Santa Ana Delhi Channel 
to it terminus at the intersection of Fairview Road. 
A small portion of the channel is located upstream 
of Fairview but appears to only provide local 
drainage for the surrounding residential and 
industrial area. During a field review of the 
channel system on August 31 it appeared the 
channel was conveying only urban runoff with no 
indications of groundwater intrusion. Access to the 
open channel sections of this MS4 is restricted and 
the non-storm flows are minimal and too shallow to support REC 1 activities. Deep and high 
flows create deadly conditions during storm conditions. Improvements to the MS4 (primarily 
maintenance and vegetation removal) limit habitat value to species that may be sensitive to 
elevated selenium concentrations (piscivourous, invertivorous, and omnivorous birds and fish ). 

Sources of Selenium 

5 
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Selenium is a naturally occurring element found in rocks and soils. Groundwater appears to be 
the greatest contributor of selenium, with 96 percent of the selenium entering Newport Bay 
from groundwater sources in the watershed.5 It is estimated that groundwater accounts for 75 
percent of the selenium load in the Santa Ana-Delhi Channel.6 The concentrations of selenium 

and the resulting selenium loadings from the reach of the Santa Ana/Santa Fe Channel must be 

determined. 

As noted by the USEPA, urban runoff is found to contain very low selenium concentrations 
(<1.5 1Jg/L).7 For the Upper Newport Bay watershed, the Costa Mesa Channel monitoring 
station was selected to represent predominantly urban runoff with no possibility of the influence 
of elevated selenium concentrations from rising groundwater. Winter storm flow concentrations 
from that site were considered characteristic of urban runoff for the entire Upper Newport Bay 
watershed. Although the estimated selenium load from urban runoff is relatively high compared 
to other non-point sources, the selenium concentrations are below the water quality criterion of 
5 1-Jg/L (most between 1 and 2 1-Jg/L), which suggests that this source is less of a concern from 
a bioaccumulation perspective.8 

A dewatering site near the Santa Ana-Delhi Channel is located 1,000 feet below the confluence 
with the Santa Ana Gardens Channel at Sunflower Avenue in Costa Mesa. This dewatering site 
is associated with shallow groundwater drainage systems near several high rise buildings close 
to Interstate 405. It is estimated that this dewatering site discharges about 175,000 galjday 
with a selenium concentration of 11.2 1-Jg/L, with an annual selenium loading of 0.017 lbs/day or 
6.0 lbsjyr.9 Diversion of this source of selenium to the sanitary sewer may reduce selenium 
loading to Upper Newport Bay from the Santa Ana-Delhi Channel. 

Selenium TMDL 

The water quality objectives established for selenium in the California Taxies Rule (CTR)10 are: 

• Freshwater Chronic Effects: < 51-Jg/L 
• Saltwater Chronic Effects: 71 1-Jg/L 

Although selenium concentrations measured in shallow groundwater collected from weep hole 
seeps in the Santa Ana-Delhi Channel ranged from 1.5 to 53 1-Jg/L, selenium concentrations in 
wet and dry weather flows in the Santa Ana-Delhi Channel are much lower11 : 

5 Ibid, p. 12. 
6 Ibid, p. 97. 
7 Total Maximum Daily Loads for Toxic Pollutants- San Diego Creek and Newport Bay, California, 
Summary Document, USEPA Region 9, June 14, 2002, p. 32. 
8 Sources and Loads for Selenium in the Newport Bay Watershed, Nitrogen and Selenium Management 
Program, June 12, 2009, p. 93. 
9 Ibid, p. 28. 
10 Establishment of Numeric Criteria for Priority Toxic Pollutants for the State of California, Federal 
Register Volume 65, No. 97, USEPA, May 18, 2000, p. 31712. 
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Date Flow (cfs) Dry Weather [Se] Wet Weather [Se] 
IJg/L IJg/L 

07/05/99 18 

02/12/2000 23.7 <0.39 

02/21/2000 23.7 3.4 

05/31/2000 3.29 11.9 

These selenium concentrations in the discharge from the Santa Ana-Delhi Channel to Upper 
Newport Bay are in compliance with the Saltwater Chronic Effects selenium objective specified 
in the CTR. Although the dry weather selenium concentrations exceed the CTR objective 
applicable in the channel for freshwater chronic effects, the habitat value in this man-made 
channel is limited and significant impacts would not be expected. The selenium concentrations 
in wet weather discharges from the Santa Ana-Delhi Channel to Upper Newport Bay are in 
compliance with the CTR. 

The loading capacity for the Santa Ana-Delhi Channel as specified in the Upper Newport Bay 
Selenium TMDL is 185.3 lbs/year. 12 This compares to an average of 85 lbs/yr for data collected 
in Water Years 2002 through 2007. Selenium loading is generally greater during the wet 
season when selenium concentrations tended to be lower, but flow was high. The exception is 
Water Year 2007 in which selenium was high and flow was low due to the drought conditions 
during that yearY Based on this data, the selenium loading in the discharges from the Santa 
Ana-Delhi Channel are in compliance with the loading specified in the TMDL. The following 
table summarizes the selenium loads at the Santa Ana-Delhi Channel monitoring station 14: 

Water Season Average Average Average Sum of Load Annual 
Year [Selenium] Flow Daily by Season Total 

(IJg/L) (cfs) Load (lbs/season) Load 
(lbs)d) (lbs/yr) 

2002 Dry 12.95 1.9 0.13 24.6 

2002 Wet 11.3 8.9 0.54 99.2 123 

11 Total Maximum Daily Loads for Toxic Pollutants - San Diego Creek and Newport Bay, California, 
Technical Support Document Part D - Selenium (Se), USEPA Region 9, June 14, 2002, Table D-1. 
12 Total Maximum Daily Loads for Toxic Pollutants - San Diego Creek and Newport Bay, California, USEPA 
Region 9, June 14, 2002, p. 36. 
13 Sources and Loads for Selenium in the Newport Bay Watershed, Nitrogen and Selenium Management 
Program, June 12, 2009, p. 82. 
14 Ibid, Table 7. 
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2003 Dry 6.66 4.0 

2003 Wet 8.45 13.9 

2004 Dry 6.13 2.2 

2004 Wet 5.78 8 

2005 Dry 9.82 2.5 

2005 Wet 8.45 7.8 

2006 Dry 15.36 5.1 

2006 Wet 8.01 5.3 

2007 Dry 11.74 4.1 

2007 Wet 14.26 3.8 

2002-2007 9.91 5.63 
Averages 

0.14 

0.27 

0.05 

0.25 

0.14 

0.24 

0.24 

0.22 

0.26 

0.32 

0.23 
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26.4 

49.2 75.6 

9.3 

45.7 55 

26.0 

44.3 70.3 

43.7 

39.9 83.6 

46.8 

57.9 104.7 

85.4 
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Monitoring results for dissolved metals (1-J/L) in the Santa Ana-Delhi Channel are summarized in 
the following table: 

Metal Collection Org. Min Max Mean Median Freshwater CTR 
dates Limits 

Max Continuous 

Copper 1996-00 OCPFRD 9.3 74 22.2+12 18.1 13 9 

2000 Lee & 5.0 6.3 6.4 6.3 
Taylor 

Lead 1996-00 OCPFRD 1.0 45 5.3+7.4 2.0 65 2.5 

2000 Lee & 0.03 0.95 0.63 0.90 
Taylor 

Zinc 1996-00 OCPFRD 10.0 532 95+102 57.4 120 120 

2000 Lee & 5.4 35.9 31.8 27.7 
Taylor 

Cadmium 1996-00 OCPFRD <1.0 10.0 1.6+2.9 1.0 4.3 2.2 

2000 Lee & 0.08 0.14 0.12 0.10 
Taylor 

Pollutant Trading 

The Nitrogen and Selenium Management Program has evaluated the concept of water quality 
trading programs as a mechanism to implement TMDLs in the Upper Newport Bay watershed.15 

The status of implementation of a trading program will be determined in the development of 
the feasibility study. 

County/IRWD TMDL Compliance Proposal 

To meet the selenium TMDL, the County of Orange (County) in cooperation with the Irvine 
Ranch Water District (IRWD) has proposed the construction of a treatment facility in the vicinity 
of the intersection of Barranca Parkway and Peters Canyon Wash. The location of this facility is 
illustrated in Figure 1. This facility would provide treatment to reduce selenium in low flows 
from the tributary areas of Peters Canyon Wash and San Diego Creek, but would bypass storm 
flows. The proposed facility would not provide significant benefit for reduction of selenium 

15 Memorandum "Water Quality Credit Trading Programs," Larry Walker & Associates, Inc., and CH2M Hill, 
March 2, 2007. 
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discharges from the Cities of Newport Beach, Costa Mesa or Santa Ana. Further, it is unclear if 
this facility would address other pollutants or the three Cities compliance with the other adopted 
TMDLs or anticipated TMDLs resulting from the other pollutants on the 303(d) list. 

The County has proposed funding the construction and maintenance of this treatment facility 
based on the same approach as the cost sharing formula that has been used to fund the 
County-wide stormwater compliance program. Not only is the cost allocation for construction 
and maintenance of the proposed treatment facility assigned to the three Cities significant, but 
as noted above, additional TMDLs for other constituents are in process and additional control 
measures and associated costs may be required. Further, the proposed treatment facility would 
only treat runoff from the small portion of Santa Ana tributary to the Santa Ana-Santa Fe 
Channel (minor discharge from the City of Santa Ana, no discharges from the Cities of Newport 
Beach and Costa Mesa). Runoff from the other larger areas of the above stated Cities tributary 
to Upper Newport Bay would not be treated for selenium or any of the other potential TMDL 
constituents, leaving the Cities exposed for additional, potentially significant, compliance costs. 

Alternative TMDL Compliance Feasibility Study 

The Stakeholders are working collaboratively seek to evaluate alternatives to comply with the 
selenium and future TMDL compliance requirements. Potential reasonable methods of 
compliance with the selenium TMDL identified by the Regional Board include reduction of 
irrigation and other water use reduction measures, and diversion of runoff to the sanitary sewer 
system. 16 Alternatives to be investigated by the Stakeholders include source control of selenium 
Hot Spots, the construction of low-flow diversion facilities to eliminate non-storm discharges 
from the study area. The proposed facilities would divert low flows to the sanitary sewer 
system, and, as with the facility proposed by the County, bypass storm flows. 

Elevated levels of selenium are typically associated with groundwater discharges from soils with 
elevated concentrations of selenium. In the Upper Newport Bay watershed, the area with the 
highest selenium concentrations is found in the area of Peters Canyon Wash, just upstream of 
the confluence with San Diego Creek. Selenium concentrations in groundwater decline 
significantly with distance from this area. 17 Low flow discharges from the Santa Ana-Delhi 
Channel may not exceed the CTR objectives for selenium. Sampling of low flow runoff from the 
Santa Ana-Delhi Channel will be critical in assessing compliance with the Basin Plan and the 
selenium TMDL and for verification and further definition of the location of selenium "Hot 
Spots." 

As such, the Stakeholders propose to develop a feasibility report to: 

• Identify selenium Hot Spots for source control. Based on evaluation of documents 
provided on the Regional Board web site, the primary source of selenium is associated 

16 Site Specific Selenium Water Quality Objectives and TMDLs for the San Diego Creek and Newport Bay 
Watersheds, CEQA Scoping Meeting, Presentation by Terri Reeder, Santa Ana Regional Water Quality 
Control Board, November 20, 2008, Slide 79. 
17 Ibid, slide 25. 
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with shallow groundwater conditions that may enter below grade MS4 facilities. These 
conditions will be evaluated in the identification of the selenium hot spots; 

• Assess dry weather and wet weather selenium concentrations in non-storm flows during 
dry and wet weather. This information will be useful in siting and sizing of diversion 
facilities; 

• Identify measures to reduce irrigation and other non-storm water runoff and estimate 
runoff reductions. These reductions would be consistent with the intent of the water 
conservation requirements of AB1881 and the Low Impact Development (LID) 
requirements of provision XII.C of Order No. RS-2009-030 by providing for pollutant 
removal and re-use of runoff; 

• Divert existing groundwater dewatering discharge to the OCSD and prohibit dewatering 
discharges exceeding the 5 1-Jg/L CTR freshwater chronic effect limit to the MS4. 

• Identify alternative locations, design, implementation and operation of 
stormwater/sanitary sewer diversion facilities to capture non-storm discharges tributary 
to Upper Newport Bay. 

To provide a complete understanding of the potential diversion scenarios available to the 
Stakeholders, two alternatives are proposed for evaluation: 

Scenario One - Evaluate the feasibility of diverting dry-weather discharges directly within 
areas considered as selenium "Hot Spots" within the Santa Ana-Delhi Channel watershed. This 
approach would utilize sanitary sewer diversions within the Stakeholder's MS4 facilities. 
Recognized limitations to this scenario are that this approach will not provide wide-area 
coverage for other regulatory requirements anticipated in the future and may require the direct 
dewatering of groundwater within the area. 

Scenario Two - Evaluate the feasibility of developing stormwater diversion facilities in the 
lower reaches of the Santa Ana-Delhi Channel (FOl) to direct low flow discharges into the 
Orange County Sanitation District (OCSD) sanitary sewer facilities. This alternative is anticipated 
to include the implementation of inflatable dams as a diversion structure within the existing 
channel sections, gross solids removal systems and diversion facilities into the OCSD facilities. 
The inflatable dams would be designed to collapse to allow conveyance of high flows. 

The proposed preliminary feasibility report will provide the Stakeholders with information on 
which to base decisions on the viability of the proposed diversions of low flows. The report will 
include preliminary costs, effective site layouts at each location, identify site requirements 
potential grant funding opportunities and necessary permits and evaluate regulatory 
requirements from both a stormwater perspective and environmental permitting aspect. 

It is anticipated that the OCSD may restrict the proposed stormwater diversions to the water 
reclamation plant to periods of low flow in the sanitary sewer system, opposite of the diurnal 
peak flows of the day. At this time, it may be premature to approach OCSD as to their 
preference for accepting the water-quality flows. As such, two project scenarios will be 
developed for the purposes of this report. The first scenario will be based on a free-flowing 
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discharge to the sanitary sewer system. The second scenario will be based on a capture and 
pump discharge to the sanitary sewer system. 

Storm water 

Diversion 

Auto Shut-off 

Valving 

Process No. 1 -Free-flow Discharge Schematic Diagram 

Stormwater 

Diversion 
Wetwell 

Storage 

Diversion 

Pump Station 

Sanitary Sewer 

Discharge 

Sanitary Sewer 

Discharge 

Process No. 2- Capture and Pump Discharge Schematic Diagram 

The potential effectiveness of controlling other pollutants addressed by TMDLs or included in 
the CWA 303(d) list applicable to the Santa Ana-Delhi Channel will also be considered in 
evaluating each alternative. 

Urban Runoff Requirements- Orange County Sanitation District 

Orange County Sanitation District Urban Runoff Program provides a maximum treatment for 10 
million gallons per day of urban discharge with a payment threshold of 4 million gallons per 
day. Currently, watershed discharges less than 4 million gallons per day do not have any 
surcharge costs associated with treatment, but it is expected that within the next 5 years, 
surcharges will be required by the District as a cost recovery method. All required permits 
and/or agreements are coordinated with the Orange County Watershed Group with specific 
permits issued for each specific connection. 

OCSD has the following requirements for connection: 

• All flow entering into the sanitary sewer required flow meters 
• Currently there are no time/discharge restrictions 
• Automated flow control is required in the form of motor actuated valves 
• Sediment and Debris removal is required 
• Water Quality Sampling is required on a quarterly basis 
• Discharge into the Sanitary Sewer is to shut-down during storm events and cannot be 

re-engaged for 48-hours after a qualifying storm event. 
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Description of Proposed Project 
The City of Santa Ana in association with the Cities of Newport Beach and Costa Mesa is currently developing 

conceptual engineering for a proposed urban discharge diversion facility The proposed project is intended to 

capture and divert Urban Discharge Low-Flow into the sanitary sewer system to address urban surface water 

quality in accordance with the Orange County MS4 permit and the Total Maximum Daily Load (TMDL) for 

selenium discharge to the Upper Newport Bay. The primary impetus of developing the proposed Urban 

Discharge Water Diversion System is to address the current Selenium TMDL, but also to address potential future 

TMDL's including bacteria, trash, toxics, metals and nutrients. The proposed diversion system has the ability to 

essentially eliminate discharges to the Upper Newport Bay and, therefore, eliminate the threat of pollutants 

entering the Backbay. 

An urban discharge water diversion system will be designed to direct low flow discharges into the Orange County 

Sanitation District (OCSD) sanitary sewer facilities. The proposed diversion system will include grate inlet catch 

basins located along the bottom of the Santa Ana Delhi Channel to collect the low flows and divert them via 

gravity feed to a storm water treatment device. The treatment device will capture sediment, trash , and debris prior 

to discharging the flows into an underground storage vault where it will eventually be pumped into the OCSD 

sanitary sewer line or harvested for irrigation use at the Newport Beach Golf Course. Figure 1 below is the 

primary location for the diversion system while Figure 2 is an alternative location. 

Figure 1: Proposed project site location Figure 2: Alternative project site location 

Each project location will develop two scenarios for discharging the treated non-storm water flows. The first 

scenario will be based on a capture and pump discharge to the sanitary sewer system. The second scenario will be 

based on a capture and harvesting for irrigation use at the Newport Beach Golf Course. 

Process No. 1 -Discharge to Sanitary 
Sewer Flow Diagram 

Discharge to Sanitary 
Sewe< 

Dhcharge Puml)s 

Process No. 2 -Discharge to Newport Beach 
Golf Course Flow Diagram 
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ABSTRACT

J . VAN HEERDEN, M.M. EHLERS, J .C . V IV IER AND W.O.K. GRABOW. 2005.

Aims: Human adenoviruses (HAds) have previously been detected in sewage and polluted river and dam water, as

well as treated drinking water. The 51 serotypes of HAds cause a wide range of infections with clinical

manifestations associated with the gastrointestinal, respiratory and urinary tracts, and the eyes. Water may play a

meaningful role in the transmission of many of these HAd serotypes, specifically the enteric HAds which are

transmitted via the faecal–oral route. The presence of these viruses in water used for drinking and recreational

purposes is considered to constitute a potential health risk. In this study, the risk of infection by the group of HAds

previously detected over a period of 1 year in selected drinking water supplies, as well as river and dam water used

for recreational purposes, was assessed.

Methods and Results: Adenoviruses were previously detected in nine of 204 (4Æ41%) samples of two drinking

water supplies (A and B) treated and disinfected according to international specifications, in four of 51 (7Æ8%)

samples of river water and nine of 51 (17Æ7%) samples of dam water. Application of these previously published

results in an exponential risk assessment model indicated an annual risk of infection of 1Æ01 · 10)1 and 1Æ7 · 10)1

for drinking water supplies A and B, respectively, assuming a daily consumption of 2 l day)1. The daily risk of

infection constituted by HAds in the river water was calculated as 1Æ71 · 10)4, and in the dam water as 3Æ12 · 10)5,

assuming a consumption of 30 ml of water per day.

Conclusions: The risk of infection exceeded the tolerable risk of one infection per 10 000 consumers per year

proposed for drinking water. However, the results for river and dam water used for recreational purposes were

within the tolerable risk of one infection per 1000 bathers per day proposed for environmental waters used for

recreational purposes.

Significance and Impact of the Study: The study showed that the risk of HAd infection calculated for the

drinking water supplies and the recreational water may overestimate the actual risk of infection, as conservative

values were assumed for some of the variables. For a more accurate assessment of the potential risk of infection

research should at least include a thorough investigation of the water consumption of individuals in South Africa,

and the efficiency of recovery of the glass wool adsorption–elution method.

Keywords: adenovirus, dam water, drinking water, risk assessment, river water.
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INTRODUCTION

Several studies have reported the presence of human

adenoviruses (HAds) in raw and treated drinking water

(Gerba and Rose 1990; Muniain-Mujika et al. 2000;

Formiga-Cruz et al. 2002; Van Heerden et al. 2003).

Detection of the viruses in river and dam water used for

recreational purposes has been described by Van Heerden

et al. (2003). Adenoviruses in drinking and recreational

water are considered to constitute a potential health risk

because water may play a meaningful role in the transmis-

sion of many of these serotypes, specifically the enteric

HAds, which are typically transmitted by the faecal–oral

route (Gerba and Rose 1990; Hunter 1997).

Statistical tools have been established to assess the risk of

infection constituted by enteric viruses and other pathogens

in water used for human consumption (Gerba and Rose

1990; Haas et al. 1999; Fewtrell and Bartram 2001; Vivier

et al. 2002). The process of risk assessment may be

described as the task to define the relationship between

the probabilities of infection, illness and fatal diseases (Haas

et al. 1993; WHO 2003). Regli et al. (1991) stated that no

specific virus is suitable for risk assessment in general. A

combination of characteristics for different viruses was

suggested to determine acceptable levels of risk and to

prescribe appropriate levels of treatment (Regli et al. 1991).
Therefore, the United States Environmental Protection

Agency (EPA) has recommended a tolerable risk of one

infection per 10 000 consumers per year for drinking water

(Macler and Regli 1993; Macler 1993). In the case of

environmental waters used for recreational purposes, a

tolerable risk of one infection per 1000 bathers per day has

been recommended (EPA 1986; Canadian Guidelines 1987).

The aim of this study was to assess the risk of infection

constituted by HAds detected in a survey of two selected

drinking water supplies (A and B), and water in a river and

dam used for recreational purposes, over the period July

2000 to June 2001 (Van Heerden et al. 2003). The quality of
the raw surface water as well as treatment by coagulation,

sedimentation, filtration and disinfection by chlorine, com-

plied with international specifications for drinking water

(WHO 1996, 1997). An exponential risk assessment model

based on the following steps was used: (i) hazard identifi-

cation, (ii) dose–response assessment, (iii) exposure assess-

ment and (iv) risk characterization (National Research

Council 1983; Haas et al. 1999).

MATERIALS AND METHODS

Hazard identification

Human adenoviruses are members of the family Adeno-

viridae and the genus Mastadenovirus (mammal) (Levy

et al. 1994). The 51 serotypes of HAds have been classified

into six species (A to F) according to their biological

properties (Hunter 1997). Public health importance is

linked to a variety of clinical manifestations associated with

the gastrointestinal, respiratory and urinary tracts, as well

as the eyes (Horwitz 1996; Hunter 1997). Initial infection

may occur via the respiratory route, but faecal–oral

transmission accounts for most adenovirus infections in

children (Horwitz 1996; Maier et al. 2000). Outbreaks of

eye infections caused by non-enteric HAds (pharyngo-

conjunctivitis) have been associated with swimming pool

water (Papapetropoulou and Vantarakis 1998; Harley et al.
2001). This suggests the possibility of similar transmission

by environmental water used for recreational purposes.

Enteric HAds may pose a potential health risk in water

intended for human consumption because these viruses are

typically transmitted by the faecal–oral route (Cabelli 1983;

Godfree et al. 1990; Fewtrell 1991; Kay and Jones 1992;

Department of Water Affairs and Forestry 1996). Adeno-

viruses occur in large numbers in many water environ-

ments, and these viruses are exceptionally resistant to

purification and disinfection processes (EPA 1998). Enteric

HAds have a double-strand DNA genome which is more

resistant to UV-light than the single-strand RNA of

other human enteric viruses such as polio and hepatitis A

viruses (Maier et al. 2000). This may be due to the repair

of UV-induced pyrimidine dimers in the viral genome

by host cell DNA-repair mechanisms (Bernstein and

Bernstein 1991; Maier et al. 2000). In addition, both

HAd DNA strands may serve as template for replication, if

one strand is damaged by environmental factors (Kelly

1984; Enriquez et al. 1995).

Exposure assessment

Drinking water. Adenoviruses detection results used in

this risk assessment study were previously published by

Van Heerden et al. (2003) as nine of 204 (4Æ41%) samples

containing HAd DNA from two drinking water supplies

(A and B) analysed from July 2000 to June 2001. These

supplies were derived from acceptable quality surface

water sources, and treated and disinfected according to

international specifications for the production of safe

drinking water (WHO 1996, 1997; Van Heerden et al.
2003). The water treatment systems supply water to

approx. 10 million consumers in South Africa (Grabow

et al. 2001).

Recreational water. Adenoviruses detected in four of 51

(7Æ8%) samples of river water, and in nine of 51 (17Æ7%)

samples of dam water, analysed from July 2000 to June 2001

used in this risk assessment study was published by Van

Heerden et al. (2003).
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Concentration of viruses. The polymerase chain reaction

gave qualitative and not quantitative values of the HAd

DNA concentrations. The fraction of positives detected by

PCR ¼ total positive samples/quantity of samples analysed.

The negative P(0) ¼ 1 ) the fraction of positives detected

by PCR. In order to obtain values for the quantitative

concentration of viruses required for risk assessment, a

random distribution of the viruses within and between

samples was assumed, which is described by a Poisson

distribution (k ¼ ) ln [P(0)]) (Regli et al. 1991; Teunis

et al. 1997; Vivier et al. 2002). The Poisson parameter (k)
was calculated for drinking water supplies A and B, and for

the river and dam water (Table 1). The average concentra-

tion of HAds detected (C) ¼ k/mean volume (V) of water
analysed (Vivier et al. 2002). The concentration of HAds

(viruses l)1) was thus calculated as 1Æ4 · 10)4 for A,

2Æ45 · 10)4 for B, 5Æ46 · 10)3 for the river water and

9Æ97 · 10)4 for the dam water (Tables 1 and 2).

Exposure analysis. An exposure analysis consists of four

principles: (i) the average concentration of viruses in the

water, (ii) the efficiency of the recovery procedure, (iii) the

viability of the viruses and (iv) the average volume of water

consumed per individual. The daily exposure (N) was

determined using the following equation (Table 2):

N ¼ C � 1

R
� I � 10�DR � V ;

where C ¼ average concentration of HAds in treated

drinking water or recreational water; R ¼ efficiency of the

recovery method; I ¼ fraction of detected HAds that is

capable of infection (viability); DR ¼ removal or inacti-

vation efficiency of the treatment process (DR ¼ 0 when

counts in treated drinking water are used); V ¼ daily

individual consumption of unboiled treated drinking water

or recreational water (Teunis et al. 1997; Haas et al.
1999).

Efficiency of the recovery method. The efficiency of the

glass wool adsorption–elution method used for the recovery

of HAds from water samples was estimated at 40%, based

on findings reported by Grabow and Taylor (1993),

Vilaginès et al. (1993) and Vilaginès et al. (1997).

Viability. Water samples were inoculated onto PLC/PRF/

5 human liver carcinoma and CaCo-2 human colon carci-

noma cell cultures prior to the detection of replicated HAd

nucleic acid by means of nested PCR (Grabow et al. 2001;
Van Heerden et al. 2003). All the adenoviruses detected in

this study were considered viable and infectious because

they were able to infect cell cultures and replicate at least

their nucleic acid.

Consumption. The figures for default average volumes of

water consumed in this study are based on previous risk

assessments for HAds in which the daily consumption of

drinking water was assumed to be 2 l for healthy adults

(Haas et al. 1993), and the daily volume of water consumed

during swimming in recreational water as 30 ml for healthy

adults (Crabtree et al. 1997). As previously stated by Genthe

Table 1 Determination of the Poisson parameter (k), and the presence of human adenovirus (C) for drinking water supplies A and B, and river and

dam water

Equation

Drinking water supplies

River water Dam waterA B

Poisson parameter (k) k ¼ ) ln [P(0)] 0Æ029853 0Æ060625 0Æ147636 0Æ194156
Mean volume (V) 212Æ7382 247Æ7902 27Æ01961 194Æ6686
Human adenoviruses concentration (C) C ¼ k/V 1Æ40 · 10)4 2Æ45 · 10)4 5Æ46 · 10)3 9Æ97 · 10)4

Table 2 Model parameters used to estimate the risk of human adenoviruses infection associated with the consumption of the treated drinking water,

and the river and dam water

Model parameters

Mean value of drinking supplies
Mean value

(river water)

Mean value

(dam water) DimensionA B

Human adenoviruses concentration (C) 1Æ40 · 10)4 2Æ45 · 10)4 5Æ46 · 10)3 9Æ97 · 10)4 Viruses l)1

Recovery (R) 0Æ4 0Æ4 0Æ4 0Æ4
Infectivity (I) 1 1 1 1

Decimal reduction by treatment (DR) NA NA NA NA

Volume consumed (V) 2 2 0Æ03 0Æ03 l day)1

Dose–response parameter (r) 0Æ4172 0Æ4172 0Æ4172 0Æ4172
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and Rodda (1999) as well as Vivier et al. (2002) the

assumption that healthy adults consume 2 l of water per

day represents the higher consumption rate and will

therefore not underestimate the risks.

Hazard characterization

An exponential model was used to assess the risk of HAd

infection associated with the consumption of water:

Pi=day ¼ 1� expð�rNÞ;
where Pi/day ¼ probability of becoming infected;

N ¼ number of viruses ingested; r ¼ dose–response param-

eter (Table 2, Haas et al. 1999). The yearly risk was simply

calculated using:

Pi=year ¼ 1� ð1� Pi=dayÞX ;

where Pi/year ¼ probability of one or more infections over a

1-year period; X ¼ number of days exposed; Pi/day ¼ daily

risk (Haas et al. 1999).

Estimated risk of infection, morbidity and mortality

The dose–response parameter, r (0Æ4172), determined by

Crabtree et al. (1997) was used in this study. The risk of

clinical illness was determined by multiplying the proba-

bility of infection (Pi) with the morbidity rate of 0Æ5 (Haas

et al. 1993). The probability of mortality from an infection

was calculated by multiplying risk of illness with the

mortality rate of 0Æ01% (Bennett et al. 1987).

Uncertainty analysis

Point estimates do not reveal the degree of uncertainty in the

risk determination. Differences in water consumption may

occur between different age-, population- and income

groups as well as in different seasons (Bourne et al. 1987).
The concentration of HAds may change depending on the

virus recovery method and viability of the viruses detected.

In this study the estimate for the annual risk of infection for

drinking water supply A was 1Æ01 · 10)1 and 1Æ70 · 10)1

for drinking water supply B. This annual risk of infections

assumed that for an individual, the daily risk is constant

throughout the year. A more realistic determination of the

yearly risk of infection would be to estimate 365 independ-

ent values (results not included). The yearly risk determined

in this study was calculated as a product of all estimated

daily risks over a 1-year period.

Sensitivity analysis

Sensitivity analysis demonstrates the model’s response to

variation in certain input parameters. The sensitivity

analysis was conducted to determine the influence of

variation in recovery, consumption and dose–response

values on the output data.

RESULTS

The average concentration of HAds was calculated at 1Æ40 ·
10)4 l)1 for drinking water supply A, 2Æ45 · 10)4 l)1 for

drinking water supply B, 9Æ97 · 10)4 l)1 for the dam water,

and 5Æ46 · 10)3 l)1 for the river water (Tables 1 and 2).

The data show that the daily risk of HAd infection was

2Æ93 · 10)4 for drinking water supply A and 5Æ10 · 10)4 for

drinking water supply B, assuming a daily consumption of

2 l. The daily risk of HAd infection associated with

recreation in the river water was 1Æ71 · 10)4 and 3Æ12 ·
10)5 in the dam water, assuming a daily consumption of

30 ml of this recreational water. The yearly risk of infection

constituted by HAds in treated drinking water supply A was

1Æ01 · 10)1 and 1Æ7 · 10)1 for drinking water supply B,

assuming consumption of 2 l day)1.

Variation in the efficiency of recovery (R) of the method

used for the recovery of viruses has an effect on assessment

of the risk of infection. The effect of variation in the value of

the efficiency of recovery (R) estimated as 40% for the glass

wool adsorption–elution method used on the risk of

infection calculated for the two drinking water supplies is

indicated in Fig. 1. Figure 2 indicates the effect of variation

in the value of the efficiency of recovery (R) on the risk of

infection calculated for recreation in the river and dam

water. These results indicate an exponential influence of the

value of the efficiency of recovery (R) on the risk of

infection. If the value of the efficiency of recovery (R) for
treated drinking water was not 40% as assumed in this

study, but 80% as claimed by Vilaginès et al. (1997), the risk
of HAd infection constituted by the drinking water supplies

would be lower (Fig. 1).
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efficiency on the yearly risk of infection for treated drinking water

supplies A (r) and B (j)
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The viability and infectivity of HAds detected may have a

meaningful effect on the calculated risk of infection. The

assumption in this study that all HAds detected were viable

and infectious, may overestimate the actual risk of infection

associated with the consumption of the drinking water

supplies and recreation in the river and dam water. Figure 3

indicates that the consumption (C) had a marked influence

on the risk of infection constituted by the drinking water

supplies. Figure 4 shows the same influence for the value of

C in assessment of the risk of infection constituted by

recreation in the river and dam water. As the volume of

water consumed or the exposure to water by an individual

increases the risk of infection will increase.

The effect of the dose–response parameter (r) on the risk

of infection per year for drinking water supplies A and B is

presented in Fig. 5. Figure 6 indicates the effect of the

dose–response parameter (r) on the risk of infection per

year for the river and dam water. The probability of

infection per year increased linearly with the dose–response

parameter (r).

DISCUSSION

The daily risk of infection for drinking water supplies A and

B is higher than the proposed tolerable daily risk of

2Æ7 · 10)7 per person (Haas et al. 1999). The results

indicated that the daily risk of HAd infection associated
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with recreation in the river and dam water was less than the

tolerable risk of one infection per 1000 bathers per day for

recreational water recommended by the USA (EPA 1986)

and Canada (Canadian Guidelines 1987).

The yearly risk of infection for drinking water supplies A

and B is higher than the tolerable mean yearly risk of

infection of 10)4 recommended by the EPA (Macler and

Regli 1993; Macler 1993). Risks of HAd infection which

exceed the tolerable risk proposed by the EPA have been

reported for other drinking water supplies (Crabtree et al.
1997). The drinking water units (A and B) were treated and

disinfected according to international specifications, and

they conformed to international guidelines for indicator

organisms in treated drinking water (WHO 1996, 1997). In

this study, a deterministic approach is followed, however in

future research a stochastic approach should be included,

which can include the use of a beta distribution curve of

possible efficiencies of recovery.

The risk of infection calculated for the drinking water

supplies and the recreational water cannot be directly com-

pared as the efficiency of recovery (R) is higher for treated
drinking water than for turbid untreated water (Vilaginès

et al. 1997). However, when assuming 40% recovery a deter-

ministic approach is followed, therefore future research

should include a stochastic approach which can include the

use of a beta distribution curve of possible efficiencies of

recovery. Further studies should include the effect of the

volume of the sample on the efficiency of recovery, whichmay

have an effect on the estimated risk of infection.

Most, if not all, of the HAd DNA detected in cell cultures

probably was from viable and infectious HAds. Naked DNA

is unstable in water environments and would not be

recovered by the glass wool adsorption–elution method

used to recover intact viral particles. The absence of

detectable levels of HAd DNA from intact but inactivated

virions was confirmed by negative results obtained in PCR

tests carried out directly on the water samples prior to the

inoculation of cell cultures. In addition, inoculated cell

cultures were sub-passaged which would dilute out any

naked viral DNA or inactivated virions in the original test

samples to undetectable levels. This implies that the HAd

DNA detected in cell cultures was from HAds that had

infected the cell cultures and replicated their DNA to levels

detectable by PCR. This strongly suggests that the HAd

DNA detected was from viable and infectious HAds. The

viability of HAds that had infected cell cultures can be

confirmed by the RT-PCR detection of HAd mRNA in cell

cultures (Ko et al. 2003). This procedure eliminates the

possibility of detecting non-infectious HAd DNA, and

confirms HAd viability and infectivity even before the

replication of viral DNA. In addition, the detection of HAd

mRNA in cell cultures is sensitive and specific. Interference

in HAd DNA replication by fast-growing viruses such as

members of the enterovirus group (Tina et al. 1995; Pina
et al. 1998) seems unlikely in the case of the cell culture

propagation procedures carried out in the present study

because no cytopathogenic effect typically expected from

these viruses was visible.

Variability in the efficiency of recovery, viability and dose–

response was not accounted for because of the lack of data on

these variables. When more reliable data on these variables

should become available in the future, they can be included

in the risk assessment model to obtain more accurate risk

assessments. Sensitivity analysis indicated that variation

in the input parameters (efficiency of recovery, water con-

sumption, and dose–response parameter) have a significant

influence on the model output value. The susceptibility of

various individuals and communities to adenovirus infections

may differ. The development of clinical illness depends on

various factors, including the immune status and age of an

individual as well as the virulence, serotype and route of

infection of the virus (Regli et al. 1991). Evidence has been
presented that immunocompromised patients are more

susceptible to viral infections than the average population

(Crawford-Miksza and Schnurr 1996). This implies that

lower doses of viruses may be required to cause infection or

to establish a persistent infection in an immunocompromised

population including acquired immunodeficiency syndrome

individuals, pregnant women, children and the elderly

(Crawford-Miksza and Schnurr 1996). This higher suscep-

tibility may result in higher dose–response figures. In this

study a deterministic dose–response parameter (0Æ4172),
which does not reflect variability has been used. An increase

in the dose–response parameter would therefore increase

the risk of infection by HAds in these water supplies

for the immunocompromised population. Future research

should therefore include multiple dose–response curves to

adequately reflect the level of risk for each individual group,

not only healthy adults as was used in this study. Differences

in the morbidity and mortality rates of immunocompromised

and healthy individuals should be taken into account in

future risk assessment studies.

The risks of infection calculated in this study may

overestimate or underestimate the actual risk because of

unknown inaccuracies in assumed values for variables. For

instance, the assumed volume of 2 l of drinking water

consumed per day, and 30 ml of recreational water ingested

per day, may exceed actual volumes consumed by the

communities concerned (Bourne et al. 1987; Genthe and

Rodda 1999; Vivier et al. 2002). This would imply that the

risk of infection is overestimated (Figs 3 and 4). Likewise,

the efficiency of recovery of the glass wool adsorption–

elution method used in this study for the recovery of viruses

may be higher than the assumed 40% (Vilaginès et al. 1993,
1997). This would imply that the risk of infection was

overestimated (Figs 1 and 2). However, the number of
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HAds recovered from the water concerned may be lower

than the assumed value of 40%, which would underestimate

the calculated risk of infection (Figs 1 and 2). The numbers

of infectious HAds determined by means of the cell culture

procedures used here is an underestimate of the real

numbers of infectious HAds present because the in vivo
infectivity of viruses, notably injured viruses, is known to be

higher than that for cell cultures (Grabow et al. 2001). The
probability of infection, risk of clinical illness and mortality

rate for the consumers concerned in this study may be

higher than the assumed figures derived from data in other

parts of the world (Bennett et al. 1987; Haas et al. 1993;
Crabtree et al. 1997). This would imply an underestimate of

the risks, particularly for undernourished and immunocom-

promised members of the communities concerned (Figs 5

and 6). However, even conservatively low estimates of risks

calculated in this study indicated that the risk of HAd

infection constituted by the treated drinking water con-

cerned exceeded acceptable risks of infection (Haas et al.
1993, 1999; Macler and Regli 1993; Crabtree et al. 1997).
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Research

Swimming in coastal waters is a favored pas-
time in the United States. In a survey of
> 75,000 households, 42% of respondents
≥ 16 years of age, equivalent to approximately
89 million individuals, reported swimming in
recreational waters annually (National Survey
on Recreation and the Environment
2000–2002). Such waters are often contami-
nated by human sewage as a result of dis-
charges or overflows [U.S. Environmental
Protection Agency (EPA) 2001]. Swimming in
fecally contaminated recreational waters has
consistently been associated with gastro-
intestinal (GI) illness (Pruss 1998; Wade et al.
2003). The incidence of illness attributable to
recreational water exposure appears to be
increasing. The Centers for Disease Control
and Prevention (CDC) reported 21 recrea-
tional water outbreaks in 2000, more than any
single previous year since systematic surveil-
lance began (Lee et al. 2002). The Natural
Resources Defense Council (Dorfman 2005)
reported that there were more beach closings
and advisories in 2000 than in any previous
year; 85% of these closings and advisories were
due to bacteria levels that exceeded standards. 

Because of the great diversity of patho-
genic microorganisms transmitted by conta-
minated water and the difficulty and cost of
directly measuring all microbial pathogens in
environmental samples, organisms that may
indicate the presence of sewage and fecal

contamination (indicator organisms) are
often used for monitoring and regulation of
recreational and drinking waters. Indicator
organisms are common inhabitants of the
intestinal tract of warm-blooded animals.
They are found in fecal material at high con-
centrations and are easier to measure in the
environment than are pathogens. Although
indicator organisms do not cause illness
under normal conditions, they represent a
measure of fecal contamination. Human
sewage is a source of fecal contamination and
also is known to contain pathogenic micro-
organisms (Griffin et al. 2003; Jones 2001;
Madore et al. 1987). Direct and indirect
exposure to sewage has been associated with
illness (Alexander et al. 1992; El-Sharkawi
and Hassan 1982; Fleisher et al. 1996;
Khuder et al. 1998; Mac Kenzie et al. 1994;
Yamamoto et al. 2000).

Current recreational water-quality guide-
lines are based on studies conducted in the
1970s and 1980s (Cabelli et al. 1975, 1979,
1982; Dufour 1984). The currently recom-
mended bacterial indicators are based on
microbiological methods that involve cul-
turing fecal indicator bacteria, such as
Enterococcus spp. or Escherichia coli, and
counting the colony-forming units. One
shortcoming of these methods is that the bac-
teria require at least 24 hr to grow visible
colonies, making it impossible for beach

managers to assess the quality of water on the
day of sample collection.

Because microbial water quality can
change rapidly (Boehm et al. 2002), guide-
lines based on indicator organisms that require
24 hr to develop are likely to result in both
unnecessary beach closings and the exposure
of swimmers to poor-quality water. A recent
study estimated that up to 40% of beach clo-
sures are in error (Kim and Grant 2004).

In 2000, Congress passed an amend-
ment to the Clean Water Act, the Beaches
Environmental Assessment and Coastal
Health (BEACH) Act (2000). Among other
provisions, the BEACH Act required the U.S.
EPA to conduct research to provide the sup-
port of new criteria for recreational waters.
Methods have been developed to measure
microorganisms more rapidly. A modified ver-
sion of polymerase chain reaction (PCR),
quantitative TaqMan PCR (QPCR; Applied
Biosystems, Foster City, CA), has been devel-
oped to quantify indicator bacteria in recre-
ational waters (Santo Domingo et al. 2003) in
≤ 2 hr. Because these methods provide a faster
assessment of water quality, they have the
potential to significantly reduce illnesses
resulting from exposure to recreational waters
and also to reduce errors in beach closings or
public notifications.

In 2003, we conducted the first in a series
of studies designed to evaluate the ability of
QPCR to predict health effects of recre-
ational-water exposure. Secondary goals were
to evaluate specific study design and analytical
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Standard methods to measure recreational water quality require at least 24 hr to obtain results,
making it impossible to assess the quality of water within a single day. Methods to measure recre-
ational water quality in ≤ 2 hr have been developed. Application of rapid methods could give con-
siderably more accurate and timely assessments of recreational water quality. We conducted a
prospective study of beachgoers at two Great Lakes beaches to examine the association between
recreational water quality, obtained using rapid methods, and gastrointestinal (GI) illness after
swimming. Beachgoers were asked about swimming and other beach activities and 10–12 days later
were asked about the occurrence of GI symptoms. We tested water samples for Enterococcus and
Bacteroides species using the quantitative polymerase chain reaction (PCR) method. We observed
significant trends between increased GI illness and Enterococcus at the Lake Michigan beach and a
positive trend for Enterococcus at the Lake Erie beach. The association remained significant for
Enterococcus when the two beaches were combined. We observed a positive trend for Bacteroides at
the Lake Erie beach, but no trend was observed at the Lake Michigan beach. Enterococcus samples
collected at 0800 hr were predictive of GI illness that day. The association between Enterococcus
and illness strengthened as time spent swimming in the water increased. This is the first study to
show that water quality measured by rapid methods can predict swimming-associated health effects.
Key words: bathing beaches, cohort studies, diarrhea, gastrointestinal diseases, Great Lakes Region,
recreational water, swimming, water quality. Environ Health Perspect 114:24–28 (2006).
doi:10.1289/ehp.8273 available via http://dx.doi.org/ [Online 1 September 2005]



methods, such as methods for averaging indi-
cator values, assignment of exposure measures
to swimmers, and swimming definitions.

Materials and Methods

We conducted a prospective cohort study of
beachgoers at two beaches in the Great Lakes
region. One beach was located in the Indiana
Dunes National Lakeshore, in Indiana, on
Lake Michigan (beach A), and the second was
located near Cleveland, Ohio, on Lake Erie
(beach B). The study consisted of a health sur-
vey of beachgoers and water-quality evaluation.

The beaches were selected specifically
because they were affected by discharges from
waste treatment plants. The sources of fecal
contamination affecting beach A are waste-
water treatment plant effluents from at least
four communities that collectively contribute
about 16 million gallons per day to small
streams. The streams are tributaries of Burns
Ditch, which empties into Lake Michigan
approximately 2 miles east of the beach.
Beach B is a short distance west of metropoli-
tan Cleveland, Ohio. The beach is potentially
affected by sewage treatment plant discharges
into Lake Erie to the east and west. An outfall
about 7 miles to the west discharges 6.5 mil-
lion gallons of wastewater per day. Within
5 miles to the east of the beach, two other
wastewater treatment plants discharge about
40 million gallons of treated sewage per day.

The study design, questionnaires, and
materials were reviewed and approved by an
Institutional Review Board for the CDC. All
participants provided verbal informed consent
before enrollment. We complied with all
applicable ethical requirements, in accordance
with all federal regulations for the protection
of human subjects, in conducting this study.

Beachgoer health surveys. The health sur-
vey was administered in three parts: enroll-
ment, beach interview, and telephone
interview. Interviewers approached beachgoers
on weekends and holidays during the summer.
Beachgoers who agreed to participate provided
verbal informed consent and returned to com-
plete the beach interview as they left the
beach. An adult (≥ 18 years of age) answered
questions for other household members. The
beach interview included questions about
demographics, swimming and other beach
activities, consumption of raw or undercooked
meat or runny eggs, chronic illnesses, allergies,
acute health symptoms in the past 48 hr, con-
tact with sick persons in the past 48 hr, other
swimming in the past 48 hr, and contact with
animals in the past 48 hr. The telephone inter-
view was conducted 10–12 days after the
beach visit, and an adult ≥ 18 years of age
answered questions for other household mem-
bers who visited the beach. The telephone
interview consisted of questions about health
symptoms experienced since the beach visit,

and other swimming- or water-related activi-
ties, contact with animals, and consumption
of high-risk foods since the beach visit.
Bilingual (English–Spanish) interviewers were
available. Interviews were conducted at
beach A between 1 June 2003 through
3 August 2003 and at beach B between
2 August 2003 and 14 September 2003.

Although respiratory, ear, eye, and skin
rash symptoms were also evaluated, we present
results only for GI illness. GI illness was
defined as any of the following: diarrhea (three
or more loose stools in a 24-hr period), vomit-
ing, nausea and stomachache, and nausea or
stomachache that affect regular activity
(inability to perform regular daily activities).
This definition of GI illness is consistent with
definitions used in recent studies (Colford
et al. 2002; Payment et al. 1991, 1997).

Water sample collection and analysis.
Water samples were collected on each study
day. Three times a day (0800 hr, 1100 hr,
and 1500 hr), two water samples were col-
lected at beach A along each of three transects
perpendicular to the shoreline, one in waist-
high water (1 m deep) and one in shin-high
water (0.3 m deep). A representation of the
sampling locations and additional details of
the sampling protocol have been described
previously (Haugland et al. 2005). Transects
were located ≥ 60 m apart to include the area
used by most beachgoers. Water samples were
collected at beach A on weekends and holi-
days during the period from 31 May 2003
through 3 August 2003. Samples also were
collected three times a day at nine beach B
locations. Because jetties divided the beach
and prevented free circulation of water, addi-
tional samples were collected to characterize
the beach (Haugland et al. 2005). Samples
were kept on ice at 1–4oC during the time
before analysis.

A detailed description of sample prepara-
tion and QPCR analysis for Enterococcus spp.
has been described elsewhere (Haugland et al.
2005). Primers and probes for the Bacteroides
analyses were conducted as described by Dick
and Field (2004), and analyses were con-
ducted using conditions described by
Haugland et al. (2005). Additional details
regarding the estimation of cell equivalents
have also been described (Applied Biosystems
1997). In brief, we used QPCR to detect and
quantify Enterococcus and Bacteroides in water
samples based on the collection of these organ-
isms on membrane filters, extraction of their
total DNA, and PCR amplification (i.e., a
process whereby the quantity of DNA is dou-
bled in each cycle of amplification) of a genus-
specific DNA sequence using the TaqMan
PCR product detection system. The reactions
were performed in a specially designed state-of-
the-art thermal cycling instrument (SMART
Cycler TD System, Cepheid, Sunnyvale, CA)

that automates the detection and quantitative
measurement of the fluorescent signals pro-
duced by probe degradation during each cycle
of amplification. Cell equivalents were esti-
mated by comparing the cycle threshold to
standard samples containing a known quantity
of the target organism cells. If no threshold was
achieved after 45 cycles, the sample was con-
sidered below the limit of detection. Because a
separate set of calibrator reactions was con-
ducted for each test sample, the limit of detec-
tion (LOD) can vary from sample to sample.
This process has been described previously
(Applied Biosystems 1997; Haugland et al.
2005). Water samples were filtered at the local
laboratory (Great Lakes Scientific, Inc.,
Stevensville, MI, and Cuyahoga County
Sanitary Engineering Division, Cleveland,
OH), and filters were shipped on dry ice to the
contract laboratory (EMSL Analytical Inc.
Laboratory, Westmont, NJ) for QPCR analy-
sis. Results for the QPCR analyses are expressed
as QPCR cell equivalents (QPCRCE) per
100-mL volume.

Data analysis. We created two variables to
represent exposure to indicator organisms: an
average of all measures collected by day, and an
average of measures specific to day and reported
swimming location. The base 10 log (log10) of
the geometric mean (the mean of the log10 of
the count) was used for averaging results.
Measures below the LOD were assigned values
using maximum likelihood, assuming a log-
normal distribution (El-Shaarawi and Viveros
1997). Quantile–quantile plots confirmed the
approximate log-normal distribution of the
water-quality measures, which are often approx-
imately log-normally distributed (El-Shaarawi
1989; El-Shaarawi and Viveros 1997; Noble
et al. 2003). We defined swimming in three
ways: “any contact” included anyone reporting
contact with water; and “body immersion” and
“head immersion” included swimmers who
reported a minimum of immersing their body
or head, respectively. 

We used logistic regression to model the
effect of swimming and water quality on ill-
ness. Models included continuous measures
of water quality as predictor variables and a
0/1 indicator of illness as the outcome. We
used nested interaction terms to allow con-
trasts among swimmers and between swim-
mers and nonswimmers. To evaluate the
overall risk associated with swimming, we
excluded the water-quality measures from the
models. We determined odds ratios (ORs) by
taking the exponent of the regression coeffi-
cients from the logistic regression models. We
estimated adjusted predicted probabilities
from logistic regression models, holding
covariates constant at their mean.

Variables that were related to GI illness or
swimming in tabulations, or were suspected by
investigators to correlate with GI illness, were
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considered for regression models. As a result,
we evaluated the following variables in initial
models: age; sex; race; allergies; swimming
within 48 hr before the beach visit or between
the beach visit and telephone interview; con-
tact with animals; contact with persons with
GI illness; consumption of raw meat, fish, or
undercooked eggs; presence of chronic GI ill-
ness, skin conditions, or asthma; frequency of
beach visits; and use of nose plugs. We
excluded from the analysis beachgoers who
reported any GI symptoms within 48 hr of the
beach visit. 

We selected final regression models using
backward deletion as described by Rothman
and Greenland (1998). Initially, all covariates
were included in the model. Covariates were
then removed in an iterative fashion until
removal of any remaining covariates resulted
in > 5% change in the exposure–illness
relationship.

We used SAS, version 8.0 (SAS Institute,
Cary, NC), S-plus, version 6.1 (Insightful
Corp. 2002), and Stata, version 8.2 (Stata
Corp., College Station, TX) for data analysis.

Results

We interviewed beachgoers at beach A from
1 June 2003 through 3 August 2003 on
weekends and holidays, for a total of 20 days.

We interviewed beachgoers at beach B from
2 August 2003 through 14 September 2003,
for a total of 13 days. At beach B, no inter-
views were conducted because of bad weather
on 17 August and 1 September. There were
5,796 household interview attempts at both
beaches. The household interviewing response
rate (completed/attempted) through the com-
pletion of the telephone interview was 56%.
Data were available for a total of 3,221 house-
holds (5,717 individuals), 1,639 households
(2,840 individuals) at the Lake Erie beach
(beach B), and 1,582 households (2,877 indi-
viduals) at the Lake Michigan beach
(beach A). After excluding subjects with GI
illness at baseline, data were available for
5,667 individuals.

Water quality. QPCRCE results for the
measurements of indicator organisms on study
days are shown in Table 1. The QPCRCE for
Bacteroides was considerably higher than that
for Enterococcus, although there were more
results below the LOD for Bacteroides. At
beach A, 28% of Bacteroides samples were
below the LOD, and at beach B, 21% of
Bacteroides samples were below the LOD.
Enterococcus QPCRCE at beach A was slightly
higher than at beach B (p = 0.06). There was
no difference in Bacteroides QPCRCE
between beach A and beach B.

Swimming and GI illness. The incidence
of GI illness among swimmers and nonswim-
mers is shown in Table 2. At beach A, the inci-
dence of GI illness was 10% among swimmers,
compared to 5% among nonswimmers. At
beach B, the incidence among swimmers
ranged from 12% for those with any contact
with water and to 14% for those who
immersed their head, compared to 10% in
nonswimmers. Fewer beachgoers reported
swimming at beach B than at beach A: at
beach A, 75% of respondents reported contact
with water, whereas only about 50% reported
contact with water at beach B. GI illness was
associated with swimming at both beaches. At
beach A, those with any contact with water
were almost twice as likely to have GI illness
compared with nonswimmers [adjusted OR
(AOR) = 1.96; 95% confidence interval (CI),
1.33–2.90]. Those immersing their body and
head were at slightly higher risk (for body
immersion: AOR = 2.26; 95% CI, 1.51–3.39;
for head immersion: AOR = 2.14; 95% CI,
1.41–3.27). The risk of GI illness associated
with swimming was slightly less at beach B (for
head immersion: AOR = 1.50; 95% CI,
1.06–2.13). 

At both beaches, swimmers were younger,
more likely to be male, more likely to eat food
or consume beverages at the beach, and more
likely to report allergies. At beach A, swimmers
were more likely to have consumed raw or
undercooked meat within 48 hr of the beach
visit, more likely to have had contact with
known or unknown animals, and slightly less
likely to report chronic GI illness (1.2% vs.
2.2%). At beach B, nonswimmers were more
likely to have GI symptoms at baseline (3.4%
vs. 1.7%) and more likely to report asthma.

Water quality and GI illness. Table 3
shows the associations between QPCRCE and
the risk of GI illness for each beach and both
beaches combined. In these models, contrasts
were created to show ORs of a unit increase in
exposure among swimmers. At both beaches,
we observed a trend between increasing mean
log10 QPCRCE of Enterococcus and risk of
GI illness. 

We observed a slightly stronger associa-
tion with GI illness for the overall daily aver-
age of Enterococcus QPCRCE than for
averages specific to a beachgoer’s reported
swimming location. At beach A, a log10
increase in the daily average of Enterococcus
QPCRCE was associated with a 1.43 (95%
CI, 1.08–1.90) increase in the odds of GI ill-
ness for those immersing their bodies. At
beach B, estimates for trends between GI ill-
ness and Enterococcus QPCRCE daily aver-
ages were also elevated but slightly lower. 

Bacteroides QPCRCE was positively asso-
ciated with illness at beach B, but trends were
of borderline statistical significance (p < 0.1).
Again, we found little difference between the
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Table 1. Summary statistics for log10 indicator organisms, measured by QPCR.

Enterococcusa Bacteroidesb

Beach A Beach B Beach A Beach B

No. of days 20 13 20 13
No. of samples 329 350 329 350
QPCRCE/100 mL

Mean 2.04 1.90 3.08 3.02
Median 2.07 2.05 3.34 3.63
SD 0.97 1.03 1.12 1.56
Minimum/maximum –1.53/4.20 –1.75/4.17 0.97/5.37 –0.23/5.57

No. (%) < LOD 9 (2.74) 11 (3.14) 91 (27.66) 74 (21.14)
ap = 0.06 for difference in log QPCRCE (t-test). bp = 0.55 for difference in log QPCRCE (t-test). 

Table 2. GI illness among swimmers and nonswimmers.

No. reporting
GI illness

No. (% of total) (% of exposed) AOR (95% CI)

Beach A
No contact with water 722 (25) 36 (5.0)
Any contact with water 2,154 (75) 208 (9.7) 1.96 (1.33–2.90)*
Body immersion 1,667 (58) 169 (10) 2.26 (1.51–3.39)*
Head immersion 1,210 (42) 117 (9.7) 2.14 (1.41–3.27)*
Total respondents 2,876a

Beach B
No contact with water 1,535 (54) 147 (10)
Any contact with water 1,305 (46) 159 (12) 1.27 (0.97–1.67)**
Body immersion 757 (27) 101 (13) 1.45 (1.06–1.98)*
Head immersion 524 (18) 71 (14) 1.50 (1.06–2.13)*
Total respondents 2,840

Both beaches
No contact with water 183 (8)
Any contact with water 367 (11) 1.45 (1.17–1.80)*
Body immersion 270 (11) 1.63 (1.29–2.07)*
Head immersion 188 (11) 1.61 (1.25–2.07)*

aOne missing value. *p < 0.05. **p < 0.1.



overall daily average and averages based on a
beachgoer’s reported swimming location. No
association was observed between Bacteroides
QPCRCE and GI illness at beach A.

Trends tended to be stronger when we
defined swimming as body or head immersion
than when we defined swimming as any con-
tact with water. Defining swimming as head
immersion at beach B resulted in a weaker
trend than did body immersion or any contact
with water, but at this beach only 18% of
respondents reported immersing their head.

We included an indicator for beach in the
models that combined the results for both
beaches. No trend between GI illness and
Bacteroides QPCRCE was observed when both
beaches are combined because of the lack of an
observed trend at beach A. Trends between ill-
ness and daily averages of Enterococcus
QPCRCE were statistically significant (p =
0.005). A log10 increase in Enterococcus
QPCRCE was associated with a 1.37 (95%
CI, 1.10–1.71) increase in the odds of GI ill-
ness. A likelihood ratio test comparing the sat-
urated model with the restricted model
indicated that the interaction between beach
and daily averaged water-quality measure was
not statistically significant (p = 0.48). The
beach effect was statistically significant (AOR =
0.64; 95% CI, 0.52–0.73, beach B vs.
beach A), reflecting the lower overall incidence
of GI illness at beach A.

Figure 1 illustrates the predicted probabil-
ities for GI illness as a function of the log10
QPCRCE Enterococcus measures for swim-
mers immersing their bodies at both beaches
combined.

We examined the 0800 hr samples sepa-
rately to see if water samples tested in the
morning were predictive of GI illness among
swimmers that day. As shown in Table 3,
Enterococcus QPCRCE measured at 0800 hr
was associated with GI illness that day.
Although the trends are not as strong as the
daily or location-specific averages, Enterococcus
QPCRCE measured at 0800 hr was predictive
of GI illness that day, with a log10 increase

associated with an approximately 1.2 increase
in the odds of GI illness.

The trend between increasing Enterococcus
QPCRCE with illness was stronger among
swimmers who spent more time in the water
(Table 4). A log10 increase in Enterococcus
QPCRCE and GI illness among those spend-
ing > 2 hr in the water was associated with a
nearly 3-fold increase in the odds of GI illness
(AOR = 2.89; 95% CI, 1.55–5.40).

Discussion

This is the first study to demonstrate the ability
of rapid indicator methods to predict health
effects. The results showed that Enterococcus
measured by QPCR can predict GI illness after
swimming in fecally contaminated fresh water.
The results also demonstrate that samples col-
lected each morning could allow beach man-
agers to assess the microbiological safety of the
beach before most beachgoers are exposed.
Incorporation of rapid measurements such as
these into a regulatory framework has the
potential to improve beach management deci-
sions and protect swimmers’ health.

Swimmers at the two Great Lake beaches
had a higher incidence of GI illness than did
nonswimmers. Among swimmers at beach A,
risk of illness increased as daily averages of
Enterococcus QPCRCE increased. Among
swimmers at beach B, daily averages of
Enterococcus QPCRCE were also positively
associated with GI illness, although the 95%
CI of the OR included 1.0. This power to
detect a significant effect at beach B may have
been limited because of fewer swimmers at this
beach. Combining beaches produced signifi-
cant trends with both daily averages and aver-
ages of samples collected at 0800 hr only. The
association between Enterococcus QPCRCE
and GI illness strengthened as the time spent
in water increased, possibly reflecting an
increased risk of illness resulting from increased
exposure to fecal contamination among those
spending longer periods in the water.

Using QPCRCE averages specific to a
beachgoer’s reported swimming location did

not improve the relationship between illness
and water quality. This may be because swim-
mers swam in several locations and did not
restrict their swimming along one transect.
Also, recall or reporting errors in swimming
location would lead to misclassification. As a
result, the daily averages that combined results
at each location, time, and water depth may
have been a better characterization of the expo-
sure of an average swimmer.

Results for Bacteroides QPCRCE were less
promising, and interpretation of the results is
limited because a relatively high proportion of
samples were below the LOD. Although a
borderline trend was noted at beach B, where
fewer samples were below the LOD, no trend
was observed at beach A. Imputing the cen-
sored values using one-half the LOD did not
improve the relationship, nor did eliminating
the censored data points. Efforts are being
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Table 3. AORs (95% CIs) for a 1 log10 increase in Enterococcus QPCRCE and GI illness.a

Enterococcus QPCRCE Bacteroides QPCRCE
Average by day and Average Average by day and Average

Exposure Average by day location of swimming 0800-hr sample Average by day location of swimming 0800-hr sample

Beach A
Any contact 1.36* (1.05–1.76) 1.32* (1.04–1.67) — 0.89 (0.75–1.06) 0.87 (0.74–1.02) —
Body immersion 1.43* (1.08–1.90) 1.34* (1.03–1.74) — 0.89 (0.74–1.07) 0.87 (0.73–1.04) —
Head immersion 1.49* (1.07–2.08) 1.41* (1.04–1.90) — 0.84 (0.67–1.05) 0.87 (0.37–1.17) —

Beach B
Any contact 1.25 (0.93–1.67) 1.20 (0.87–1.66) — 1.15 (0.94–1.41) 1.12** (0.97–1.31) —
Body immersion 1.38** (0.94–2.01) 1.27 (0.90–1.81) — 1.24** (0.96–1.60) 1.17** (0.97–1.40) —
Head immersion 1.17 (0.76–1.82) 1.15 (0.77–1.71) — 1.28** (0.95–1.73) 1.20* (0.97–1.49) —

Beaches A and B combined
Any contact 1.30* (1.08–1.57) 1.25* (1.05–1.49) 1.18* (1.03–1.34) 0.99 (0.87–1.13) 1.01 (0.90–1.12) 0.95 (0.86–1.05)
Body immersion 1.37* (1.10–1.71) 1.26 (1.04–1.53) 1.21* (1.04–1.40) 1.00 (0.86–1.16) 1.01 (0.89–1.14) 0.94 (0.84–1.06)
Head immersion 1.35* (1.05–1.75) 1.29* (1.03–1.63) 1.21* (1.02–1.44) 0.99 (0.83–1.17) 1.00 (0.86–1.15) 0.92 (0.80–1.06)

aORs estimated from multivariate logistic regression of GI illness on the log (base 10) indicator measure. *p < 0.05. **p < 0.1. 

Figure 1. Predicted probabilities of GI illness as
a function of Enterococcus QPCRCE, predicted
from the logistic regression model, adjusted for
age and beach.
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Table 4. AORs (95% CIs) for a 1 log10 increase in
the daily average of Enterococcus QPCRCE and GI
illness among swimmers by time spent in water,
beaches A and B combined.a

Time spent AOR per 1 log10
in water (min) No. increase (95% CI)

≥ 15 2,477 1.45 (1.14–1.85)*
≥ 30 1,572 1.48 (1.12–1.96)*
≥ 60 735 1.84 (1.25–2.72)*
≥ 120 289 2.89 (1.55–5.40)*
aBody immersed in water. *p < 0.05. 
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made to improve the sensitivity of the
Bacteroides assay with the hope of improving its
reliability as a predictor of illness. One of the
advantages of the QPCR method is the ability
to archive samples, and if improvements are
made to the assay, they will be retested.

The two beaches differed with respect to
swimming, demographic characteristics, and
baseline illness. At beach B, more respondents
were > 35 years of age (59% vs. 39%) and
white (90% vs. 73%) than at beach A. A
higher proportion of nonswimmers at beach B
reported illness than at beach A (10% vs. 5%).
Differences in the study populations may have
been responsible for the higher overall risk in
illness among swimmers compared with non-
swimmers at beach A.

We observed no striking difference in the
trend between illness and water quality for the
different types of swimming definitions. With
the exception of Enterococcus at the Lake Erie
beach (beach B), trends tended to be stronger
when swimming was defined as body immer-
sion and head immersion compared with any
contact with water. This is consistent with the
hypothesis that more active types of swim-
ming would result in greater exposure to
fecally contaminated water.

Because trends were evaluated among
swimmers, it is unlikely that the observed asso-
ciations could be attributed to unmeasured
confounding factors. It is unlikely that swim-
mers associated themselves with different water
quality with respect to characteristics that
could affect GI illness. Adjusting for covariates
tended to strengthen the trend and association
between illness and water quality.

Although we selected beaches affected by
human fecal contamination, we do not know
whether fecal contamination from other bathers
was an important contributor to the overall
level of fecal contamination. Although there
was no significant difference in Enterococcus
QPCRCE by collection time, the average
QPCRCE increased slightly throughout the
day, suggesting that swimmers may have con-
tributed some fecal contamination.

Because QPCR relies on DNA to quantify
organisms, viable organisms are not necessary
for measurement. As a result, indicators meas-
ured by QPCR may differ in their sensitivity to
some environmental conditions. For example,
we did not see a reduction in QPCRCE over
the course of the day, an effect that has been
observed for culture-based indicator organisms
resulting from die-off caused by ultraviolet
radiation (Whitman et al. 2004). There is a
need for additional studies to better under-
stand how indicators measured by QPCR are
affected by physical and environmental factors
in recreational waters.

Because this is the first and only study to
evaluate the ability of rapid water-quality indi-
cators to predict GI illness, additional studies
will be required to evaluate the generalizability
of these findings. Additional studies and
analyses will help determine whether these
preliminary findings are consistent and robust
enough from a regulatory perspective to rec-
ommend a rapid indicator for recreational
water quality, and to evaluate the conditions
under which such indicators can successfully
be applied. Ultimately, the use of faster indica-
tors of recreational water quality will result in
the ability to make decisions about recre-
ational water quality on the day of sample col-
lection. This, in turn, could lower GI illnesses
in communities, especially in those dependent
on beach-related tourism.
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RE: Clapper rail and least terns 
'Susan Hoffman' <sue-hoffman@sbcglobal.net> 
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Hi David: The tidal portion of the Delhi Channel closest to the bay currently supports two stands of bulrush and 
sometimes cattails. These stands have been used as nesting cover by Light-footed Clapper Rails in recent 
years. The rails roam along the channel foraging well inland. Their occurrence with regularity further inland 
would be proportionate to the occurrence of reed stands. The more abundant such stands are, the more likely 
they are to be there to the point of residency within extensive omnipresent stands. Without such cover, their 
occurrence would be sporadic and by mostly foraging individuals. In San Diego County there are many current 
records of rails breeding along channels many miles inland of the coast in fresh and brackish marsh. They get 
to these areas during foraging bouts partly through extensive stretches of very poor habitat along a water 
course; they linger and are more regularly detected where the habitat is suitable for year round occupation. 

CA Least Terns use the Delhi Channel well inland for foraging. There have been issues in recent years at 
several colonies with poor availability of the very small fishes they require to adequately feed young. Inland 
water ways like the Delhi Channel may provide a critical alternative for foraging least terns in times of otherwise 
poor reproduction due to inadequate food supply closer to the colony. We are managing a small nesting colony 
of least terns on the Santa Ana River located 14.5 miles inland of the Pacific Ocean in Burris Basin. The terns 
undoubtedly discovered the site during foraging bouts up the river from the colony at the mouth. The site affords 
forage fish of species not subject to the same conditions experienced in the tidal and splash zones; such 
alternatives may be critical in the future during poor conditions for fish reproduction/occurrence in the marine 
zone. Hope this helps. Dick 

Richard Zembal 
Natural Resources Director 
Orange County Water District 
18700 Ward Street, Fountain Valley, CA 92708 
tel: (714) 378-3213 
email: rzembal@ocwd.com 
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From: David Woelfel [mailto:DWoelfel@waterboards.ca.gov] 
Sent: Friday, January 06, 2012 4:16PM 
To: Zembal, Richard 
Subject: Clapper rail and least terns 
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